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TEPMOYIIPYT'OE PABHOBECHE TPAHCTPOIIHOI'O
SJVIMIITUNYECKOI'O IWINHAPA

T'opruaze I.A., I'yaya H.I'., KBapuxasa JL.T'.
I'py3uHckuii TeXHMYECKUH YHUBEPCUTET
Beenenne

CBsi3p MEXaHWYECKHX MPOIIECCOB C TEIIOBHIMHU IPOSBIIIETCS B TEPMOYIPYTHX 3(deKrTax
BciencTBre AeopManny MPOUCXOAUT N3MEHEHHE TEeTIONPOBOAHOCTH, a, CIeIOBATEIHHO, N3MEHEHHNE
temrneparypHoro mons. K Tomy ke mpu amedopMupoBaHWM Teda BEIeNsAeTca TeruioTa. M3-3a
W3MEHEHHUS TeMIIEPaTypHOTO TIOJIA MIPOUCXOIUT TeMIleparypHas aedopmMarusi, a IpH €€ CTeCHEeHHH
BO3HUKAIOT TEMIIEpATyPHBIE HATPSKEHUSI.

I'panudHO#l 3amauelt 00 ympyromM paBHOBECHH CIUIOIIHOTO JIUIMIICA 3aHUMAIUCh MHOTHE
WCCIIeIOBAaTeNN. OJTUM BONpPOCaM IIOCBSIIEHH MHOTo4YucieHHble paboTel H. Xomacypumse w
H. 3upakamumm [1].

B mHacrosimeit paGote, HMCIONB3yss HEKOTOpPHIE PE3YJbTaThl M3 BBHIIIEYKAa3aHHBIX paboT
H. Xomacypunze pemaercst 3ajad4a 0 TEpMOYIIPYTOM paBHOBECHH IIJTUITHUYECKOTO HUIHHIPA.

3ametuM, 4TO KO3(¢uiueHts Jlame [2] HMMIMHAPO-3IUIMITAYSCKOW CHCTEMBI KOOpPIUHAT
s a,0

x=achf-cosa,y=ashf-sina,z=¢,

2 2 2 2
h,=h,=h= (QJ +(Qj = (ﬁj +(QJ = aJch?0—cos? o =~ \Jch20—cos 2ar,
00 00 oa

oa

N

h, =1,

rJie —JCKapTOBbI KOOPAMHATHI.
OcHoBHAad YacTh

B UMIMHIPO-3UTMIITHYECKOW CHUCTEME KOOpAMHAT &,&,6 HAXOIUTCA TEPMOYIPYroe
paBHOBECHE  TPAHCTPOMHOTO (TPAaHCBEPCATHHO- M30TPOMHOTO) AITUITHYECKOTO KOOPIWHATHOTO

napawrenermnena Q= {91 <0<0,a,<a<a,s <¢< gz} , € INIOCKOCTBIO  H30TPOIUH

¢=const. Ha Teno BO3AEHCTBYIOT CTAallMOHAPHOE TEMIIEPATypHOE IOJI€ M IOBEPXHOCTHBIE

BO3MYIIEHUS (33JaHbl HATIPSKEHHUSI WJTH CMEIICHHUS, MK UX COYETAHUE).

Ecnu MaccoBBIX cHJI HET U TEMIIEpaTypHOE TOJI€ HE 3aBUCUT OT BPEMEHH, TOI1a YpaBHEHUSA
paBHOBECHS OAHOPOJIHOTO TPAHCTPOMHOrO Teja B IMJIMHIPO-3IUTUNTUYECKON CHUCTEME KOOPAMHAT
MOTYT OBITH HamKMCaHbI B BUE [3].
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oo, 9a a(ch20-cos2a) Oqz _ sin2a

+ + o+
oa 00 ﬁ«/chZQ—cosZa da  ch20—-cos2a ¢

2sh26 sin 2«
ch26—cos2a Y% (ch26-cos2a)

00y 9794 ach20—cos2a %70z
+ + +

00  oa 2 da n
sh26 2sh20
o, + 7, —(ch20 -cos2¢)sh26-7,,, =0,
ch20-cos2a ¢ ch20-cos2a 92 ( ) za
0oy J2 77 J2 97, sin 2a
+ + + Oy +
0z a\/ch20—-cos2a Ja a\ch20-cos2a 00  ch20—cos2a
\/Esh 20 \/E sin2a
T, — 7, =0,
3 0z 3 ba
a\/(chZH—cos 2at) a\/(ChZH—COSZOC)
TIc O, 07 O @’ O S - HOpMaJ'IBHBIC Hal'[prKeHI/Iﬂ; ng = Tg& 5 THZ = TZH N Taz = Tza — KaCaTCJIbHBIC HaHpH)KeHI/ISI.

3akon ['yka (¢u3uueckuil 3aK0H), KOTOPBIM MpEANONOraeT camMylo MpPOCTYIO, JHHEHHYIO
3aBHCHMOCTh MEXJIy KOMIIOHEHTaMbl HAIPsDKEHUS W COOTBETCTBYIOIIMMHU MM KOMIIOHEHTaMH
nedopMariy, 3auChIBaeTCs TaK:

a(hu) o(hv)  ow

Ty =C1¢gp +(c1—2c5)gaa +Cg677 —KpoT :C1—86? +(c1—2c5)—aa +035—I&0T,
o(hu) o(hv)  ow

e =(01=2% )2y + e + Sy ~HaqT = (0 =205 )= L+ L reg— kT,

o(hu) 8(hv)j+ ow

=C + +C -k AT =C +—
o¢ =3(#gp + fara ) + Spe22 K 3( 0 om

3 3 3 of(v o (u 5
Y0a = a0 = 5%pa =C5 20\ h +£ Pk )

3 3 3 ou 1ow
T0z27720 ~%4%p0 =%\ 5, 1 oa )

c c ov N 1 ow

Ty =T =CpE7,y = —+—.

al o Y404

4 oz hoa

rac u,v,wWw - KOMIIOHEHTHI BeKTOpa CMCIICHUS UB)IOHB KOOpJII/IHaTHBIX JIUHUN

0,0,6 £4,6,,6,Eg, = EpprEg. = €9 €y = €, — NEGOPMALIY; C, (i = 1,5) — yIpyrue XapaKkTepHc-

tky; k) = [Z(Cl - )]{1 + C3k2], k,, = [2C3](1 + C2k2] ,a k u k,— xo>QUIMEHTB THHEHHOTO

TEIUIOBOTO PACIIMPEHHs B INIOCKOCTH H30TPOIMHU M BIOJNb ¢ . 3JeCh U Be3je Janee sl yaoocTBa
a

3aliCH BBIPQKEHHUH TIpe/ronaraeTcsi, 4ro h = T \ch26 —cos2a — kosddunment Jlame; T — Temme-
2

paTtypa B YIIPYIroMm TCJIC NOAYMNHAIOIIAACA YPAaBHCHUTIO
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82
AT+, —5=0 (3)
" og”

1 COOTBCTCTBYIOIIMUM I'PAHUYHBLIM YCJIOBHAM,

npu =0 a—T:O wm 1 =0;
00
AT (4)
mpua=co,. —=0 wm 7' =0;
oo
npu ¢ =¢,: T' =T, (9,0!) WITH or :f"j (0,0() WIH a—T+77iT :ﬁ(ﬁ,a). ®)
dg dg
Bnece 1=0,1, 77— samaunbie mocrosiHubie; A, W A, — KOd(DOUIMEHTH TEIUIONPOBOJHOCTH B
a’ (cb20—c052a) 2 B
TLIOCKOCTH H30TPOIHH H BJIOJb OCH Z . A, = st— |5
2 00" OJa
C yuetoMm dopmyn (2) u (3) ypaBHEHHUSI paBHOBECHS MEPETIHIIIEM B CIIEAYIOMIEM
BUJIE
2 KB, a\/ch20 - cos2a 976 .
00 oa 2 o ’
b) @ % a~/ch260 —cos 2o 07q z _
00 oa NG oz ’
6 2 0 a\/ch26 — cos 2a ., B 2 0 a\/'ch26 —cos 2a . ~
a(ch26 - cos2a) 90 J2 %% ) a(ch26-cos2a) da J2 o1
(6)
c
__4§ o
az
c 2 2 J
3 0K GGy —C" 0%w 2 0 | avch26 —cos2a
d) —=—+ 5+ — Tgz |+
¢ & ¢ a? a(ch20-cos2a) oo J2
2 0 [ ach26 —cos2a , Czkzo 3K o%T
a(ch26 - cos 2 dax 2 01 ¢ a2’
rae
o(hu) o(hv -
2) K =, ( )+ (hv) +c3%—klOT; o a/ch260 —cos 2a |
00 oa oz J2

()

o(hv) o(hu
y a2 o)
h 00 oa
PaCCMOTpI/IM TECPMOYIIPYTOC pPABHOBECUC KpHBOHHHCﬁHOI‘O KOOPAWHATHOI'O MapaCiiein-
nena /7 = {(H,a,g) €ER:0,<0<0,a,<a<a,,6,<5< §1} CO CIEIYIONUMHA TPAaHUIHBIMA

YCIIOBHSIMH:

T
npu 6 =6, a)a =0, u=0, B=0, Tg, = 0;
00 (8)

b) T =0, K=0,v=0, w=0;
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npu =0, a) ﬂ =0,v=0,B=0, 7, =0;
oa 9)
b) T =0, K=0,u=0, w=0;

npus =6; a) O'€=Fil(19,05), thezFiz (9,0[), h‘[az = Fi3 (9,0{);

b) w=f,(0,a), hu=f,(6,a), hv=~,(6,2); (10)

cyw=f,(6,a),hr,=F,(0,a), hr,, =F,(0,a);

d)o.=F,(0,a), hu=f,(6,a), hv= i3((9 a);
mpu ¢ =¢;: a)T =t(6,a), b )ﬁ—t (0,a), )ﬁﬂrT =t,(0,a), (11)

og og

3necs  1=0,1, mpmaem ¢, =0; Y,- samaHHble HOCTOSHHEIC. ['paHWdHBlC  (YHKIHH
1‘;1(6’,05),1”1.2 (9,0{),1‘;3 (H,a)BMGCTe CO CBOMMH IIEPBBIMH M BTOPBIMH IIPOM3BOAHBIMH pas3iia-
rajorcss B aOCONIOTHO M PaBHOMEPHO  cxomsummiics  psag  Dypee, a  QyHKIUH
F;l(e,a),sz (9,&),}71 5 (Q,a)BMeCTe CO CBOMMH  TIEPBBIM pa3iaraloTcs B pPaBHOMEPHO W

a0COJIOTHO cXofsIuecs psAAbl MO COOCTBEHHBIM (YHKIHUSM, COOTBETCTBYIOmMM 3anmad llltypma-
JlroBumma. Kpome 3toro, 3Tu (yHKIMU TaKOBBI, YTO Ha peOpax KPHUBOIUHEWHOTO KOOPIWHATHOTO
napajule/ieIinea BBIIOIHIIOTCS YCIOBHSI COITIaCOBAHMUS.

UYroObl Uil penieHuss TPaHWYHBIX 3aJad INPHUMEHUTh METOJ pa3leNieHHs IepEeMEHHBIX,
1e71eco000pa3HO BBIICTIPHBEACHHbIEC TPaHIYHbIE ycitoBus (11) mpencTaBuTh B ClIeAyIONIEM BHIE

npus =¢; ) O-g:Fil(g’a)’Fl(hrgﬁ’hraz):iEiZ (G,a), FZ(hTaZ'thH):r:i?a (‘9'0‘);
b) w=f,(8,a), I, (hu,hv)=f, (8,&), I,(hv,hu)=F,(6,a);

C)W:fil(e,a),Fl(hrge,hr ) F,(0,a), 2(hrm,hz' ) F.(0,a); (12)
d)o.=F,(0,a), I (hu,hv)=f,(8,a), I,(hv,hu)=F,(6,a);
a771 a772 6772 %
rae Iy (m.m,) = h2£8 80{) Iy (mym) = hz(ag (%J

B Hacrosieii pabote CTPOUTCS PeryJIsipHOE pelieHne s TpaHudHbix 3amad  (3), (6, 7), (9),
(10, 11) wmwm (3), (6, 7), (9), (11,12). B cBs3u ¢ 3THM JaJ1M OTPEIETICHUE PETYISIPHOTO PEIICHHS.
Onpenenennoe pyakuusmu U, V, W pemenue cuctemsl (6, 7) OyJeM Ha3bIBaTh PETYISIPHBIM,

eciu QyHKIMM U, V, W Tprxzael HenpepblBHO AuddepeHnupyemMsl B 00J1acTH IT ,tne IT - obnacts

C rpaHullaMH 0 = 9| H &= ai , 4 Ha MMOBCPXHOCTHU G = gi MOTYT OBITh MNpeaACTaBJICHbBI BMECTC CO

CBOMMU TEPBBIMH M BTOPBIMH MPOHM3BOJHBIMH a0COJIIOTHO W PABHOMEPHO CXOISIIUMHUCS PsIaMu
®Dypbe 110 COOCTBEHHBIM (QYHKLHUAM 33a41

Azl//mn + lef//mn = O '

mpu 6=6,: a) y, =0 wm b)alg—g”mz&
mpu a=¢,: )y, =0 wm b) 6w—’"”zO,

oa
T.e.(u, Vv, W) IS C'g (17)
Teopema. [l paccMaTpuBaeMoro Kiacca TPaHMYHBIX 3a7ad  TEPMOYIPYrOCTH B

JJJIUNITAYECKOW CHCTEME  KOOPJIWHAT, TOYHBIE pEIIeHWS B KJIAcCe PETYJSIPHBIX  (YHKIUH
MIPEJICTABIISIOTCA B BUAC
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0
hu=i W3+LV/2 +l£,
og 2c, cs Oa

hV:i(W3+L%J_i%
2 4

oa c c, 0’
0 1 1 oy
hw=-—|y,+—vy, |[+——2
oz (‘”3 2c, "'ZJ c, oz
Tae Y, ¥,,Y, PEIICHUS CICIYOMHUX YPaBHEHUI
c, Oy
a) +—++Ay, =0,
) S aZZ 21//1

v
b) 23 +V, AW, +V,A, =V

82
2
c) Yo fv A, +v.A v.T
2 182V V3R W, = Vsl
371ech
2 2
2
oo CC,—Cy (03 +204) o= C\C, —Cy (c3 +2C4) S A c,k, —(03 +2c4)]c20
1 > Vo ™ V3 T V4 — ’
2c,c, 4c,c, c, 2c,c,
V. = Cykiy —C3kyy

5

)

B 3akmroueHne 3aMeTHM, 4TO TOJIYYEHHBIE TOUHBIEC PEIICHNs] MO3BOJSIOT ISl TPAHCTPOITHBIX
T€J, OrPAaHUYEHHBIX KOOPAWHATHBIMU IMOBEPXHOCTSAMH IMJINHAPO-IIIMITHYECKOH CHCTEMBI KOOP-
JIMHAT, peliaTh HEKOTOPbIe KOHKPETHBIE TPaHWYHBIE 3a]la4d TEOPHU TepMOYNpyroctu. B Gnmkariniee
BpeMsi OJTHAM U3 aBTOPOB OYyJyT OIMyOJIMKOBaHBI COOTBETCTBYIOIINE PAOOTHI.
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SUMMARY

THERMOELASTIC EQUILIBRIUM OF A TRANSTROPIC ELLIPTIC CYLINDER

Gorgidze D.A., Gulua N.G. and Kvartskhava L.G.

Georgian Technical University

Connection of mechanical processes with thermal ones manifested in thermoelastic effects is discussed. In the
result of deformation, changes in heat conductivity and hence in the temperature field take place. In addition,
during deformation, heat is released. Due to the change in the temperature field, temperature deformation takes
place, and there emerges temperature stress. The exact solutions obtained allow solving some particular
boundary value problems of the theory of thermoelasticity for transtropic bodies bounded by the coordinate
surfaces of a cylinder-elliptic coordinate system.

Keywords: thermoelastic equilibrium, transtropic body, elliptic cylinder, exact solutions.
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JEKTPOYIPYTI'OE PABHOBECHE IIUJINHAPUYECKOM ITAHEJIA
TI'opruaze .A., Kpapuxasa JL.I'., I'yaya H.I'.
I'py3uHckmii TeXHHYeCKHii yHUBepCUTET

B kpyroBoii nmumuHApUYECKONH CHCTEME KOOpAUHAT I, O, Z pacCMOTPUM 3JIEKTPOYIPYroe
paBHOBECHE TeJa OTPaHMYEHHOTO KOOPAMHATHBIMU TIOBEPXHOCTSAMH, KOTOPOE 3aHUMAET 00JIacTh

7= {(r,a,z) eR:0<sr<r<r, 0<a<q, 0<z< Zl} . KpuBonuHeiHbI  KOOPIWHATHBIN
napajieNienurnes — TPAHCTPOMHOE (TPaHCBEPCATbHO-U30TPOIHOE) TENO C IUIOCKOCTBIO HM30TPOITHH

Z = const . B nanpHeimeM Takoe Teno OyZeM Ha3bIBaTh IMIIMHAPHIECKON nanensio. CIoBO MaHeTh

MOJUYEPKUBAET TO 0OCTOATENBCTBO, YTO HA HMIMHAPUUECKON MOBEPXHOCTHU 3a/1aI0TCSI HEOJHOPOIHBIE
yCIIOBUS, T.€.

npu r=r:oo,+ynu="t,, 67, +rnv=", &r,+yw="fy; 1)
a Ha 60KOBI>IX rpadiax 3aJaHbl YCIIOBUA CUMMETPUYHOI'O WM aHTUCUMMECTPUYHOI'O IMMPOAOIKEHUA, T.C.
Ha GOKOBBIX IPAHAX HMMEEM CIIEAYIOUIUE YCIOBHS
mpu  a=0,: 60,+y0=0, SW+yr,=0 0u+yr, =0; 2
mpu  2=0,z,: 60,+yW=0, ou+yur, =0, ov+yr,, =0; (3)

B pasenctBax (1), (2), 8) 1=0 wmu 1, npuuem B (2) u (3) 6,=17,=0,
wmo, =0, y,=1, p=123 a8(1) 8,7,=0, 6,+y,=1 p=12.

VpaBHEHMs1 PABHOBECHS M JJIEKTPOCTATUKU MOYKHO 3amucath B Buae [1]:
oo, +161ra N or,, L0170 _
o r da oz r ’
0 10 0 2
fa 299 | Ol +—7, =0, 4)
oo roa 0z r
or, 1lor,, 0o

+= +

Lt+—7, =0
or r oa oz r
6D,+lDr+18Da+8DZ:0,
or r r oo 02

rae. o,,0,,0,- HOpMalbHble, aT,,T,,T,- KacatenbHele Hanpspkenus; D,,D,, D,— xommoneHTs!

BEKTOpa dJeKTpudeckoid MHAyKIMH D Bob KacarelbHBIX K KOODAMHATHBIX JIMHUMA. YpaBHEHHs
COCTOSIHUSI TIhE303JIEKTPUIECKOM CPeIbl MMEIOT Clieayroruii Bu [1]:

ou
o, =g, +(c,—2c5)¢,, +c6,, —eE, =c 6_1'+(C1 —2cy) ;—a+—u +

lov 1 ) ow o¢
c;—+e —,
r 0z
o, =(c,—2c)¢,, +ce,, +c,6,—eE, =(c —2c*5)a—u+c1 (l@+luj+c3 a—W—i-e1 %,
or roa r z Oz
1 1
o,=¢¢,+¢&,)+cE, —6,F =c, (a—u+—a—u+—u)+cza—w+eza—¢.
or roa r 0z 0z
Taz :C4gaz _eSEa :C4 (@_'_la_w)_'_eSl%’
0z r oa r oa (5)
(6W 6uj o¢p
T,=CE, 6Lk =c,| —+— |+e;,—,
or 0z or

10u ov 1
Tra:CSSra:C4 —£+8—r—;u .
r
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Dr=e3g,2+31E,:e3(8—W+a—uj—31%;
or oz or
Da=638a2+31Ea263(1@+6_Uj_3l%;
roa oz r oa
D, =e(e, +6,,)+8¢, +E, =¢ a_U+l5_U+luj+ezﬁ_W_93%. ©)
or roa r 0z 0z

~ Op- 10¢ -~ 0¢-

E=—-grad¢ = — j——=Kk;
gradg or ran 0z

£ 0 g _ 10 o _ 0
or r da 0z

rae &,,&,,&, - KOMIOHEeHTH! TeHsopa aedopmarm; E ,E,, E, -kommnonenTs! BekTopa HanpsmkeHHO-
crtu snekrpudeckoro mons;, E = —¢ I’adgo, e (0 - 3IEKTPOCTaTUYECKUN MOTEHIMA; c; (1' =1,2,...,5)-
YIpyrue XapaKTepUCTHKH;€; - INbe30CKTPHYECKHE TOCTOSHHbIC; ), 3, - IMANEKTPUYECKHe II0-

CTOSIHHBIE.
Ecnu ynpyrue xapakrepuctuku Tena ¢, (1 =1,2,...,5) ynosnersopsior ycnosusm,

2 [—
c,c, —(c3 +2c; ) =0, (7)
HpI/I 3TOM KOMITOHCHTHI 3ﬂeKTp0prerFO I10JI4 HC 3aBUCAT oT KOOpHI/IHaTBI a nu
u= u(r,z), v=0,w== W(r,z), B,=0,K=0,7,=0,7,=0 D,=0,rtorza (456) moxuo

nepenucaTh B caeayromeM suse [2,3]:

ou 1 ow 0O
G’:ClEJr(Cl_ZCS)FUJFCSEJrelg'
ou 1 ow 0
O'a=(C1—205)5+01FU+035+918—? ®)
Eau 1 j ow  0¢
0,=C;| —+—=U|+C,—+€,—,
or r 0z 0z
(&N 6u) 0¢
T,=C,| —+— |[+&,—,
or oz or
ow ou 0
Dr =e3 —+— _91_¢!
or oz or (9)
ou 1 o¢
D;=¢| —+—-U|[+6;, — =0, —
g el(ar r ) Z oz 3 a

(10)
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2
3K, 4271 o*w LLolrrgr) | G9%27%% 0%

e ¢ a? ot o o &
(K o) (11)
or 0z
(rrzg)  C4 0(rB;) 0
or Cg 0z
1
K:cl(a—u+—u)+c3@+e1% (12)
or r 0z 0z
Taxum o0pazom B obnactu

17 = {(r,a,z) €eR:ry<r<r, 0<a<qa, 05z<z } AMEEM OCCCHMMETPHYHOE HAIPSHKEHHO-

ne(GOPMHPOBAHHOE COCTOSHHE CO CIIEAYIOMIUMH IPAHMYHBIMH YCIOBSMU:
mpul =T, : o,=%t,7, =%, 7 =1

mpua =0,a,: V=0, 7,=0, 17,=0; (13)
mpu 2=0,z,: w=0, 7, =0, 7,=0;
O6o3HaYNM Yepes ¥/, , i/, ©s ¢ GyHKIMH, yI0BICTBOPSIOINE yPABHEHHUAM

0° 0 0’

1/122 ) l//21 8 ¢25 =0,
0z 0z 0z
o’y o’y o’¢
Ay, +a azzl -4, 8222 —a o7’ =0,

62¢ aZl// 82!,//
A +a, 0z % 8222 % 8221 =0

rae a, (i =1, 6) KOMOHMHAIIUHU YIIPYTHX MbE303ICKTPUICCKUX U TUIICKTPUUECKUX TOCTOSHHBIX.

Ay, +3,

KoMImoHeHTB! ynpyroro moJist, BBIpaKEHHbIE Yepe3 dTH (YHKIIUU, UMEIOT CIIEeAYIOmni U3 ]

0 1 110y
(‘//2"'_'//1)"'___0’

u=—
or 2c, c, I da
10 1 1 dy,

V=——- + — -,
r@a(% 2c, l/llj cs or

Jns Hamero cny4as GyHKuuu ¥/, WZI/I¢ HMMEIOT CIEAYIOUUN BUT

v, = Z|:Almes1(”r1) +A2meSZ(roir):|SiIl(IHZ),
m=0

o0

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

m=0
¢= Z ASmesl(Frl) + AGmeSZ(I”ﬁ) J sin (mz),
m=0
Tm _
e m=——-y, m=0,1,2,.. A]- = A]- (S ,m) - HEKOTOpBIe TOCTOSTHHBIE. iMest 3Tn hopMyIIH,

Z
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7, u npupaBHseM ux Kk ¢ymkmusm T, f,, ;)

ra’ Z

npu I = I; COCTaBUM BBIpaKCHHUA It O,, T
pasnoxxeHHbIM ¢ yueToM (13) B psin Dypre. B pesynbrare aiisi onpeAeseHUs: MOCTOSHHBIXIOIYYUM
OECKOHEUHYIO aIreOpandyecKkylo CHCTEMY C KBasHAMArOHAILHOW MaTtpuiel A ¢ auaroHalbHBIMH

6noxkamu A ,.  HenocpencTsennoift nposepkoil  yoexnaemcs, uro detA #0(detA, =0,

Korja p —> ).
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SUMMARY

ELECTROELASTIC EQUILIBRIUM OF A CYLINDRICAL PANEL

Gorgidze D.A., Kvartskhava L.G. and Gulua N.G.

Georgian Technical University

The article deals with the electroelastic equilibrium of a cylindrical panel in the cylindrical coordinate system.
For determination of the constants, an infinite algebraic system with a quasi-diagonal matrix is derived. By direct
verification we see thatthe determinant of the system is different from zero.

Keywords: cylindrical panel, electroelastic equilibrium, infinite algebraic system, quasi-diagonal matrix..
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él © éz M0 gaoligdss € 3oG0dgH@obmgols, s E(él,0)<|:(éz,9), 35906 0 356o-

d9B®obogols él gBolgds omgmgds gROM  gody  dggaslgosw, goweyg 0, Jgxolgds
(BmEgdgmo ©sbsgsmggdol L@, 8) gubzool d0dsdm).
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9b500), My LOYEEgds Jo@Mds:
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oby bgdolidog@o &>0 Aoibgobomgol LOY@gds Mobogs@momds:
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6, —9‘<8} =1.
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0 3553930l hoybogegdgemo s doggdgmo 6, guolgdgdo domygdod oy
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330935l gofo@dmgdbo  [1]  65I@™Ido  [o@mdmeagboeno  33amgzol  bemaswo
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I 9Bo30: Imbogdms s ges
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9603560 xa9ngdol  3m3gmsizoobomngol go Y dgdmbgggomo  Lowowom. X s Y-ob
obofogmgdols ¢Ebmdo 3s@sdgB@gdo gbws ,,dggeoxsLmm™ LEsGobEogy®o Imbszgdgdols
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35650 gdol 35@5398@gd0l godmmgmols sengm@ondo

gbBogo 1. LoFgome 360836gmmdols s LEsbsGEAYmo gowsbHols

3odmmgms X xang0l LEAEIbGMs 3dm3gmsiEoolsngols

X (X-M) (X-M)A2 (X-M)"3 (X-M)"4

1 71 0620689655 0385255648 0239124195 0.143421914
2 93 2262068966 511.6956005 1157490738 2618323875
3 76 5620689655 315921522 1775696831 998.0640806
4 87 1662068966 2762473246 459142105 7631258436
5 57 -1337931034 179.0059453 -2394.976096 32043.12845
6 64 -6.379310345 40.69560048 -259.6098651 1656.131898
7 61 9379310345 87.97146254 -825.1116487 7738978222
8 18 -5237931034 2743592152 -143707 4648 7527297898
9 51 -19.37931034 3755576694 7278048628 1410435631
10 [ 100 29.62068966 877.3852556 25988.75637 769804.8863
11 | 48 2237931034 500.8335315 -1120830903 2508342263
2| 73 2620689655 6.868014269 17.99893395 4716962

B3| 68 2379310345 5661117717 -1346955595 32.04825381
14 | 60 -1037931034 107.7300832 -1118.163967 11605.77083
5| 60 -10.37931034 107.7300832 -1118.163967 11605.77083
16 | 97 2662068966 708.6611177 18865.04769 5022005798
17 | 66 ~4379310345 19.1783591 -83.98798639 367.8094576
18 | 77 6.620689655 4383353151 2902082086 1921378485
9 | 6 -8.379310345 7021284185 -5883351921 4929843161
20 | 85 14.62068966 213764566 3125385379 4569528967
21 | &2 1162068966 135.0404281 1569262905 1823591721
2| 9 2462068966 606.1783591 1492452925 367452203
23 | 66 ~4379310345 19.1783591 -83.98798639 367.8094576
24| =8 -12.37931034 1532473246 -1897.096191 234847425
25 | 100 29.62068966 877.3852556 25988.75637 769804.8868
26 | 95 2462068966 606.1783591 14924 52925 367452203
27 | 6l 9379310345 8797146254 -825.1116487 7738978222
28| 56 -1437931034 206.764566 2973131863 4275158575
29| 54 -16.37931034 2682818074 ~4394270983 71975.12817

. dmbsigdms

3. 5G0mdgHoggmo bsTgomem goEdgmon M, =

xo80 Y X= 2041
2. Jmbsgdms Imyermds N=29

X
== _ =70.3793103 .
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4. IgL{magoygmo  LEsbs®@ymo aoob@s (‘dglfmagdbymo  Lodygomm  33500s@F o

D (X -M)
2o5b@As) S, = =1 =18.7738682 2.

5. bHbsOFYo yosb®ols 3Mmdom gds m1=i:3.486219809.

Jn

6. dms@y®o 0b@gMgomols Jobgwgom dmws Mo=61lws dgwosbs Me=66.

1
—Z(X—M)3

_n
AS_—S3

7. sbodg@@ools 3mgxoi30gb@o = 0.295636.
1Z(x -M)*
8. dgdbggomo gJbgbol gmgnocogbdo E, = n X =3.141428115.
LEgegbdoms X xaggobsmgol Jyegdol Lobdodgms 3obGma@sdsls gl ‘dgdmgao
Loby:
P{X=x)

0.30

0.27

0.24

0.21

0.18

015

0.12

0.09

0.06

0.03

Category(X): 0-5051-6061-7071-8081-9091-100
P(X=x): 0.103 0276 0207 0.103 0103 0207

bob. 2. X Jymsms gs@pmdon Lobdodggdol gobsfomgds

3O0B0gge  0b@gdgomgddo dJmbsigdms 3M0Egbd o @omegbmds X xaygol
3m3gesioobogols

[M-S; M+S]; [51,60544212 ; 89,15317857] 69%
[M-2S; M+2S]; [32,8315739 ;107,9270468] 97%
[M-3S; X+3S]; [14,05770567;126,700915] 100%

aobofoagdols d@ ool Loby osbanmgdomn bo®dsgny@os, sbodg@@doyeos dmwols
dodzbbog,  dgbodsdolo  gd3o@oygao  Gogbgomo  dsboslosmgdangdo  godmgmgog gm
3b®. 1-ols dobgogom.

e Lpyogbdms X xa9golb  be®dsbygmo  3m3gmsiool  gEbmdo  domgds@ogg®o
@ mE0bolomgol LEAOLEA03YM0 dmbsgdgdol dobgogom Bogo@Mm® Yo gdIE0
(hogbo33e0 gdo©0) Fg®OBo@mgsbo, ,,35020” LESGOLA0gYM0 dgisligds, Gmdgeoi Bmero
sdmhbps 70.379. g.o. LEYLgbdms Lodgegm @godobyygmo Jyms dgxslbes 70 Jymomn
M(x)~ 70.

o o3 3m3yasiool  Yibmdo  LEHSbosdEYmo o)  powob®obomgol, LEsLE0gy®0
dmbo3gdgdoll dobgwgom dogowgm  [gd@ogmgsbo, ,,35020° LEsGobEogydo dggslgds,
Omdgero3 YgLYmegogao 993000900 bEobosdFgao aoab®ols BOEoS:
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S=18.77386822. @o@gto@yg®@sdo  LEAobps@@ymo  aoobdol  dgaomdols  gomgognols-
Jobgdom,  3m3ymsiool mgm@ogmo  gobosfoangdol yibmdo  LESbsGE Yo
yosob®obomngol dogomgmn dgdwgao dgeaoligds:

S
m, = —— =3.486219809

Jn
gbGogo 2. LsVgome 360Tgbgmmdols s LEBEIGAmo dosb@ol gsdmmgms Y xaugol
3m3gmozoobsngols
N X (Y-M) (Y-M)"2 (Y-M)"3 (Y-M)M4
1 75 4.290322581 18.40686785 78.97140076 338.8127839
2 64 -6.709677419 45.01977107 -302.0681414 2026.779787
3 69 -1.709677419 2.922996878 -4.99738176 8.54391075
4 64 -6.709677419 45.01977107 -302.0681414 2026.779787
5 88 17.29032258 298.9552549 5169.032795 89374.24446
6 61 -9.709677419 94.27783559 -915.4073714 8888.310283
7 32 -38.70967742 1498.439126 -58004.0952 2245319.814
8 | 100 29.29032258 857.9229969 25128.84133 736031.8686
9 81 10.29032258 105.8907388 1089.649861 11212.84857
10 | 65 -5.709677419 32.60041623 -186.1378604 1062.787139
11| 61 -9.709677419 94.27783559 -915.4073714 8888.310283
12| 75 4.290322581 18.40686785 78.97140076 338.8127839
13 | 63 -7.709677419 59.43912591 -458.2564869 3533.009689
14| 83 12.29032258 151.0520291 1856.478165 22816.71551
15| 80 9.290322581 86.31009365 801.848612 7449.432266
16 | 59 -11.70967742 137.1165453 -1605.590514 18800.94699
17 | 60 -10.70967742 114.6971904 -1228.36991 13155.44549
18 | 96 25.29032258 639.6004162 16175.70085 409088.6924
19 | 88 17.29032258 298.9552549 5169.032795 89374.24446
20| 73 2.290322581 5.245577523 12.01406465 27.51608355
21| 68 -2.709677419 7.342351717 -19.89540465 53.91012874
22 | 67 -3.709677419 13.76170656 -51.05149206 189.3845673
23| 87 16.29032258 265.3746098 4323.037998 70423.68352
24 | 53 -17.70967742 313.6326743 -5554.33349 98365.45439
25| 55 -15.70967742 246.7939646 -3877.053573 60907.26097
26 | 57 -13.70967742 187.9552549 -2576.805915 35327.17786
27 | 92 21.29032258 453.2778356 9650.431338 205460.7962
28 | 66 -4.709677419 22.18106139 -104.465644 491.9994846
29 | 68 -2.709677419 7.342351717 -19.89540465 53.91012874
30 | 63 -7.709677419 59.43912591 -458.2564869 3533.009689
31| 79 8.290322581 68.72944849 569.7892988 4723.73709
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LEAYegbdms Y xagxobongol ogogg dgmmeogomn ho@odgogmo LEs@obEogsy®o
Sbogobo aodmoyydgds dgdogabso@s:

L. dmbsigdms xod0 ZX= 2192

2. Jmbsgdms Imyermds N=31
3. s@omdg@oggeo Lodygsgom M, =70.70968
4. bAbsAOR Yo gosb®s (dgbTm@gdymo LoTygomm JgoEEASEY@o gosob®s)

Z(Y—M)2
S, = - =14.4342037

5. bAobps@Rymo aosb@ol  (3mdogngds m2=%=2’%=2.5924595166. deogy®o
n )
063 g goe0ls dobgogom, dmws M0=75 s dgwosbs Me=68.
1
RNV,
7. dgehggomo sLodgB®ools 3mgx03096@0 ASZ n 53 =-0.069511822
1
=Y -M)!
8. dg@bggomo gdbiglbol 3mgxnozogbdo E, = n X =3.083480592

LEAYegbdms  xagxRobsmgol  Jymsms Lobdodgms aobsfomgbol JolGma®sdsls

5J3L Ygdwgao Loby:
0,20
016
0.12
0.08
0,04 I
0 [ |

Category(X): 0-50 51-6061-7071-8081-2091-100
P(X=x): 0.0323 0226 0323 0194 0129 00968

65b. 3. Y Jumsms gsdpmdon LobBomggdol gsbsfomgds

[M-S; M+S]; [56,27547372; 85,14388112] 71%
[M-2S; M+2S]; [41,84127001;99,57808483] 94%
[M-3S; X+3S]; [27,40706631;114,0122885] 100%

e Lpyegbdms Y xagx0l  bo@dsgoyg@o  3m3gemsgool  g3bmdo  dsmgds@ogg®o
goemEobolsmgol LEsGoLE0gy®o dmbsigdgdbol dJobgogom dogomgm  googoy0e gdgeo
(hogboger gdowo) g@@Gogmgsbo, ,,35020° LEsGobEogy®do Jggslgods, GmIgamoi Gmaos
70,71, go. Lodygsgm  Jyems ggobes  Tl-om, M(Y)=T7L. o3  3m3gesiool  ¢3bmdo
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LRobs@@Bgmo  aoob®ol  Jguolgdss  S=14.4342037. LEobpos®@ygmo  gowsb@ols
dgaemdol  gomgoeolifobgdom, 3m3ygasiools  mgm@ogmo  gobofoagdols  giEbmdo
LEobEs@B o aosb@obomgols dowgdyaos dgdpgao dgxobgds:

m,= S = 854 =2.592459516

Jn 547

I g@o3o: bpmdol o0bBgogomgdols  sggds  3m3ges@ools  9Ebmdo  3s0gds@ogg@o
eEobobsmgob.

X %3980 LEgegbdms  Jymgdol  domgds@ogy®o  gmeobols  (mgm@oyeo
Lodygoaml)  dggobgdobomgols  3@o]Gogyemo  ©s  ogm@ogmmo  Iobsb@gdowsb

3°dmdobo®y, 3boswos bgdmm gobboanygmo Ygxaelgdgoo @sdsdogmaom gdgmo Serdsm
390 0Jbgds, sdoGmd Jobobdgfmboaos  sgoamm  dgRsligdols bpmdol 0b@gmgsgmo. o3
9603bg 5@  0]bgds  Logodomm  my  Lobpmmdol w©mbge  dogowgdm 90%-L.  oby

LobEm®dols sEndommds p=0,9, 3603369 mgbmdols wmby o =1-p =01 beoewwen %20,05.

Goa0b LA YLIbRAms 33 gmsiools sblabmgdgamo X dgdmbgggomo Lowowyg bea@dogny-
GoEss aobsfoggdyao, gddoMoygmo Lsdygoam dogowgom M=70,37931034.

ssbamgdom 70, 3m3yasiool  LEAsbs®@Gygmo  aosb®s  gibmdos, dop®sd
Bbe0gOmo 53¢m®ol Jobgogom ol dbodgbgermdsw sgomgdbm M= 18,77386822

Zo’005=1,65 5>doBmd 90% bpmdol 0bBgdgoml X 3m3ymsiool gEbmdo domgds@ogy®o
gemEobolsngol oJgl Loby:

18,77 18,77
70 -1,65-~2; 70 +1,65- —t
( 75 725

sbognmyoy@o dgmmpom 3m0dgdbgds bpmdols 0b@gdgomo Y 3m3gesiools ¢3bmdo
do0gdo®ogg®o @meobolsmngol.

14,43 14,43
71-165-——"; 71+165 ——
( J31 \/ﬁ)

III. LEoYPEI6HOL HoGgH0xdol Fsmges

sd@opo©, hggb ogydgom, M3 dgdmbggzomo dg@dhgzol 3@0bizo300 dm3mggdyeno
dmbo3gdgd0  LHYgbHms ™M0gg Xaunobsmgols bo@dsgygdo  gobsFomgdol  dglod-

43005, dJoMomsE ©533003905ms AomMEgbmds 29 s 3l-0s. 1229 (3bmdogros, M3 sligm

‘dgdmbgggedo Loddg a3odgl bm@dogry@ s dosbermgbom bo@dogy@ gobsfogdgdmsb.

L50bEgAgbm sdmzsbss LEYPgbms o3 m@o xaygol dgosmgds. Labgbgs m@o —

X @5 Y xa9g0b dgdmbgggomo sdm@hggs, oby dgdmbgggomo ©s3306390s ghmo  ©s

03539 ©@®ggddo s gOHmo s 0dsgg 30MMdgddo. dowgdymos LAsA0LEZM0 Imbszgdgdo

M®0 xa980bsmgol. goygbgdm LEoywgbGol 3OoRg@oydl bbgsslibgs doEygmmmdol m@o

bAoGobR0gy®do dgahggolbsmngol s dggenslmm dJomgdbyano dgwgao.

2oblibgoggoyen  dJmEgemdosbo  dg@hgggdol dgdmbgggsdo  LEoywgbBol  3®odg-

@073L 53l Loby:

_M-M,
s* §?
7+7
n n

t 2
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Lo S2@olidg@lools gog@mosbgdamo dggslgdes m@o Vg@bhggolbomgols:
(n,-1)S?—(n,-1)S;
n+n,—2

S =

©)

aodmmgmgdol dgogasw gwgdagemdm:

(29-1)18,77% —(31-1)14,342
29+31-2

S* = =63,73

03 033 .

" 22+21 43

IV g@o30. o@o x3980L  bsTgommmns Ygodgds  LEogwgbGol  HoGg@oydols
334969800

Lo0b@gMgbms 3obygbo gombgsby, Msdegbo o Aogegbsl sbgbls Jomomgdye
Lo obdo  bHyegbms  sgogdoyg®o  dmlf@gdol Lodygsmm w©mbgbg obyaoly@o  gbols
YBOM 0OIoE 3MEbs. 569 53 GoJBl dogysgomm szogdoyg®o wmbol sds@engdolsg6?

3o30bogrmm  byyamgobo Ho dodmmgbs: xauagdol sgoegdoyg@do dmlf®gdols ©omby
555 ddM o dygmo  gbol MEbsby o SR g@bs@oymo dodmmgbs Hi: obaolyd@o
960l @@do 3mEbs 0§393L o@dsmmdbols mgm@obls o domgdsBogy® LEoGHOLE0 S0
535093099@0 ©mbols sdomangdsls.

gb0dgbs: Ampamaz [glo, bymmgsb 3Jodmmgbols  gogogmodgdbm olg, ®@md ol

3obobogngdmegl MmO E s @g@bs@oygmo go@mosbGo Loggerggo dgEbogdgmo owgobs,
Aolo s@BgObs@oyga Hi dodmmgbols gyfmwgdm.

Fgga9%0L 063G gA3MYGHS305

3003 gM0dol dggnsbgool bmgswo 3@0bz030 AodmdEobs@mgmdl LEoygwgbdol T
(1 3®0d9Moydol  dobgogom dogdymo Lobowsb. @oi3 gR®OM sbambss jModg@ogdols
Fogoopol  dGoibggeedo  Jmmoglgdgemo  Lodgogmmms  bbgomds  (odmmgaowo
©053300396900L  LEASE0LE0 GO0 Jmbo3gdgdols dobgwgom), doo 9g@m JEodgs, by dom
YBOM  ©oos byemmgsbo Jo3dmmngbol Jomgdol sepdommds s 3oMoJom, Go3 YBRO®
©oos Bl Jomgdyao  dbodgbgamds, dom  YROMm  owos  Logydggero  bygrmgsbo
303mmgbol godymazols s mJds 03 goJdobs, GmI goblbgoggds Lodgommgdl dm@ols
bAoGoLR0gydo©  360dgbgamgabos.  bEsGoLE0godo  3bmdogros, @md I s I ago60
dgaemdgdols ©sdggds. t 3@o@g@oymdol ol 3@oBogygeo  360dgbgermds, @mIosbs
o7ygdgemo  byamgeb  303mmgbols  gyodymaym, asbobomgds GOmam®E  3M0H0 Y0
360dgbgermds s 5@0bodbgds ti-mo, Lowsi a g@odgmoydol 3b0dgbgermgbgdol ©mbgs,
ol byermgobo dodmmgbols Jgaemdom godymgols sadsmmdss s hggbmgol (3bmdogno
LAsBoLA0ggO0  Jnbob®gdgdowsb aodmdpobodyg, oO 9bos o®gdo@gdmwgl  slisdggd
3003399 Lobwg®gol, ©ogydgem, 5%-U, sby hogfgdm: a=0,05.

mogobagmadol bodolbo ¥ =71y + 1, —2 =29+ 31— 2=58 ps (s6dmswygbls
‘dgdmnbgggomo  dg@hggols 03 dowgdye dmEygemdols Lowowgl, GmdgmoE 3O 9
36093690 mdobg ImJdgegdl. (Jol godmlbosmganganse bbgs gm@dgagdoi >s@OLgdbmdl).

hggbl aomgmgddo Ibodgbgenmdbols mbgs a=0,05, msgolyxgegdol bo@olibo y=58.
g0bodagoegdm  LAsEobE0gg®0 bEogogb@ol gobsfoamgdol 3@o@ogyco §gdEomgdols
Lbodmgbgamo  gbdogom  [3].  dm@Egdygmo  a-mgol  mogoliyggegdols  bo@olbols  58-ols
dglododolo dbodgbganmds 5@ dmodgdbgds, sdo@dmd sgowgdm gobermgls d60dgbgermdsls
y=60 s ododmd  Yglodsdolo  g@oGogymot, = fyaz-ol 3b0dgbgermdss  2,00.  g.0.
3M000gamo  Tgodomo t, =thas = 2.00, @og 0ol 60Tbogl, @®md og (2) w©s (3)
ROAOIYmgdon  godmmgmomo  t-I yggers  Ibodgbgemdbs t>2.00, d5Tob  byenmgsbo
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dodmmgbs  Ho 9bps  9odgymom  ©s 30HYg00m, M3 s53o9dog®d  xayngol  dm@ol
3oblbgoggds  LEs@obGoggse  360dgbgemgobos, dog@sd hggbls dgdmbgggsdo t= -0,16.
Ogo@ao  LEs@obEogy®  dmbsgdgdby  w©oydbmdom, t= -0,16<2,00 (gbGogom
Lo@ygd@mds  mA@IbM0gos, gOmboso®Mos oEgdomo s FPodygmgomo t-Lomgol [3]), Go3
9339 0d5L b0dbogl, @md  Lobsdpgoangdo dgdmbgggom  Ig@hgyemo m@o X ©s Y
X3 9R0bomgol LEs@obEogy®o dmbsi3gdgdols dobgogomn yodmmgeomo t 3@0Fg@0ydols
Jgbododobo  d03mmgbol  Ho:  sgogdogdo  dobfdgdol  Lodgogmm  ©mby  s@os
0byeoliyg®o gbol @3> 3MEbsby ©sdmowgdygeo, godymgol bogydggemo ggsdsl. g.o.
sliggbs:  Logydggano o  gagdmbos  ©gdyemgdol: X w©o Y xaygngdol  sgogdoydo
dob{ogdol  Lodgomm  Juagdl dm@ol dJomomgdyge  Logobdo goblbgoggds o@ss -
950ymx0l Logydggao @ ggo]3b.
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SUMMARY

GENERAL METHOD OF STATISTICAL DATA PROCESSING AND ANALYSIS

Buadze T.G.

Georgian Technical University

The article deals with a general statistical method of processing, analysis and prediction of statistical data by the
example of academic groups randomly selected from electronic base of students’ testing.The offered general
statistical method allows predictingthe probability distribution of basic characteristic factors and components of
the teaching-academic process and establishing the correlation dependence between them.

Keywords: statistical data, Gaussian distribution, arithmetic mean, corrected standard deviation, confidential
interval, Student’s criterion.
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OB OIITUMAJIbHOM PEIIEHUAW JIMHENHBIX 3AIAY BYJEBOI'O
ITPOI'PAMMMWPOBAHUA

MectnamBuiau K.B., MrepanamBuiau T.U., Mectuamsuian B.K.

I'py3unckuii TeXHMYECKUH YHUBEPCUTET

Beenenue

B Teopum onTuMu3anmmM 3agadaMu TICEBAOOYNIEBOH ONTHMM3AaLUHM HA3bIBAIOTCS 3a1aud
ONTUMH3ALINH BEUICCTBEHHBIX (DYHKIMHA, ONPEACTICHHBIX HA MHOKECTBE OYJIEBBIX MEPEMEHHBIX.

dopmanpHas NOCTAaHOBKA 3a7a4yd IICEBIOOYJNEBOM ONTHMHU3ALMM BBITJSIAUT CIEAYIOIIUM
obpa3zom:

F(x) > ext,
e F:S—>R. ScB] - Hekoropas mnomoGnacTb NpOCTPAHCTBA OYJEBBIX MEPEMEHHBIX,

omnpenensemMas 3aJaHHOM CUCTEMOM OTPaHUYEHUN.

OpnomepHasi 321242 0 PIOK3aKe
ITox »TuM O0OBIYHO MOHHMMAETCs CJEAyIOIas 3afada IEeJIOYUCICHHOTO JMHEHHOro
nporpammupoBanus (JIIT) ¢ matpureid, uMeroIel OJHy CTPOKY:

Z =Y ¢X; —>max, )
j=1

Dax;<b x,e€{01}; j=12,.,n. )

j=1

I[Tpeamnonoxum, uto Bee Kodpduuuentsr A j (J =12,.., n) nensle, A i >0 ygro b nemoe

¥ HEOTpHUIATENbHOE; Kodpuuments! C; ( 1=12,.., n) MOT'YT OBITh JIFOOBIMH BEIIECTBEHHBIMHU.

J1J1s IPOCTOTHI U3JIOKEHUS OYeM CUUTATh, YTO
€, >C,>...>C, . @3)

Psn mpakTudeckux 3amad (3aada O pIOK3aKe OJHOMEpHAss M MHOTOMEpHas, 3ajada W3
kpunrorpaduu 1], hopmMupoBaHHEe ONTHMAILHOTO KPEIUTHOTO TOPTQelis 0aHKa , HEKOTOPhIE 3aauu
9KOHOMHUKH [2] (Teopus urp), 3amauu u3 Teopuu rados [3] u ap.) mpuBOIAT K 3aga4am Buaa (1)-(2).

JInst ompeneneHuss ONTHMAJIBHOTO pEIIeHMs BbIIIeyKa3aHHOH 3amaun (1)-(2) paccmorpum
CIIe YOI METOT:

0 0 0 0
Onpenenum HauanbHoe npubmmkenne X~ = (X, X, ,..., X, ) CIEIYIOUMM 00pa3oM:
Honoxkum b, =D,

X, =
0, ecnu b, <a,

, (4)

k=12,.,n=-1n
bk+l = bk _akXI((J )

0 {l, eciu b, >a,,

0 0 0,0 0\T
Jns wynesoro npubmmwkenns X npumem X = (X, X,,..., X;) . COOTBETCTBEHHO,

z°=Z(x°)=zn:cjx§’. (5)
j=1
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3ameuanne 1. Hu oxgun koMmmomeHT BekTopa X° HeTb3s YBENMUHTb HA CIMHHILY, MHAYE
TIOJTyYMM HEOMYCTUMBIN BEKTOP.

3ameuanne 2. Ecau XOTs-0bI OMMH KOMIOHEHT BeKTOpa X yMEHBIIMTh HA EIUHHIY, TO
TIOJIyYMM HIJIH HEIOMYCTUMBbIN BEKTOP, UIIH JOIYCTHMBIH, HO ¢ MEHBIINM 3HaueHueM (QyHKIuH e Z .

U3 5THX 3aMeYaHWil BBITEKAET, YTO IS TOJYYCHHS! ONTUMAIBHOTO pernenust 3anadun (1)-(2)
BAPHPOBAHHIO [TOUTE/KHT TIePBas HEHYJIeBasi KOMIIOHEHTa BeKTopa X °.

Wrepanmonnslii nporiece s pemenus 3anaun (1)-(2) npeioxknM B CIEAYIOIEM BUJIE:

Mycrs X" mssectno (k>1). Jlnn ynyamemms X ompemennv X cremyrommm
o0Opa3om:

7 k-1 k-1 k-1 k-1 gk-1 T
X =000 e X K X X X)) (6)

k-1 k-1

ok-1 k-1, k-1 k-1
e X, =1-X"; X, X, .., X, nepsbie K—1 xommonents Bektopa X, @ X1, Xeipreer X,

HCKOMbIEC HEU3BECTHBIE, JIS OINIPEIEICHUS KOTOPBIX pellaeM cleayromyro 3anaqy JIII:
_ ok-1
A1 X TR X T T X, < bk+1 J bk+l - bk — & X )
7 k-1 k-1 k-1 k-1 ~k
L7 =C X  HCX .+ C X g FC X FC Xy T Cn Xy Tt O X, > MaxX  (8)

3anauy (7)-(8) pemaem ciienys Gopmynam us (4).

Ecmu Z (AN’ H) >7Z (X H) , TO MOJyYeHHBIH Bektop X' cumraem yaydmenmem X7,

K _ k-1 k k-1 k ok
npumeM X =X (uxaue X' = X' ) ¥ U ONTUMHU3AMH X = MEPEXOUM K BeKTopy X H T.JI.
1y2 N
U3 crocoba moctpoenust Bekropo X, X °,..., X" BUIHO, YTO MOMyYeHHBIH B pe3yibTaTe

9TOI'0 UTCPALTMOHHOT'O ITpoLeCCa BEKTOP X " SABJIACTCSA ONITUMAJIBHBIM.
HOKaSaTeJ'IBCTBO MMPOBOAUTCS METOAOM MaTeMaTHIEeCKON HWHAYKOWHA.

3amevanue 3. BBIMIEH3NOKEHHBI METO NMPUMEHUM W JIJIS JFOOBIX 3HAYCHWH YUCEeT ai , Ci

(i=1,2,...n)ub>0.

MHoromepHas 3aa4a 0 plOK3aKe
PaccMoTtpum 3aauy 0 MHOTOMEPHOM pPIOK3aKe, KOTOpas SBISETCS NPSIMbIM pPacIIUpEHHEM
NpeabIyIIEeH 3aJauu U KOTOpasi MOXKET OBbITh 3allMcaHa B MaTpUYHOM (hopme:

Z:ZCJ.Xj —>max )
=]
8y 8, X, ot Ay X, <by

Ay X +apX, +..+ 8, X, <b (10)

A X Fa,X +..+a, X, <b
6{0,1}, 1=12,...,n,

3necy A- matpuiia mopsiaka MXN, ¢ HEOTPUIATENBHBIMHU HEJBIME KoeduiueHtamMu, X - BEKTOP
pasmepHoCTH N, B - BEKTOp ¢ HeIbIMU MOJIOKUTEIBHBIME KOMIIOHCHTAMH Pa3MepHOCTH M.

DT MaTpuIlbl BCTPEHYAIOTCSI MPH ITOCTAHOBKE TAKMX 3a1ad, KaK OMpPEIEIeHHEe BO3MLYIIHOTO
¢utota, TpeOyemMoro Al peann3aluy JAaHHOTO MHOKECTBO IOJIETOB ¢ MUHHMAJIBHOM CTOMMOCTBIO (CM.
[2]), 3amaun u3 Teopuu rpadoB u ap.
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ANTOpPUTM perIeHus] MHOTOMEPHON 3a/1a4H:

Ornpeenum HadanbHoe mpubexkerne X ° = (Xf , Xg yeees Xg ) CJICTYFOIUM 00pa3oM.

Monoxum B*=B.

1, ecwu bl>mina,,
XE = 0 l_ (11)
0, ecnu b, <mina,
k=12,.,n
B“!=B"-A. X"

Takum oOpazom X 0 onpenencH. COOTBETCTBEHHO IPUMEM
n
Z°=>c;x (12)
j=1

Jus perenust 3agauu (9)-(10) mpeutoskuM ey oNHii UTepalMOHHBIN POIIECC:

ITycte X KL= (Xlk_l, Xg_l, ey er_l) onpenenen (K >1).

Jlst yayamenns X < onpenenam X “ cnenyrommm o6pasom:

~ k-1
k-1 k-1 _ k-1 k-1
X = (xl 1 Xy ey Xy 1a Xk 3 X Xieyp e xn) (13)

k-1
Xe =1-x (14)

k1 k-1 k1 k-1 k-1
rae, X; 4 X, . X g, X mepsoie (K—1) xommonents Bektopa X, a Xy X, 5 .oy X - HCKOMBIE

HEU3BECTHBIE, IS ONPEJIeNIEHUs] KOTOPBIX pelaeM cienyromyro 3axaqgy JIII:

a1,k+1 K T a’l,k+2 Kt t al,n X, < bk _ai,k - Xy
a2,k+1 K T a?,k+2 Ky Foent az,n X, < bk _az,k "Xy

a X, +a -xk+2+...+amvn-xnsbk—amvk-xk, (15)

m,k+1 m,k+2

5 k-1 k-1 k-1 ok-1
27 =C X +..+C X +C X +Cy Xy TC oy Xy ++C - X, > max  (16)

3anmagy (15)-(16) permaem, ciemxys (11).
Ecm Z ( X H) >Z (X kfl) , To moyuennsiii Bekrop X cunraem ynyumennem X7, u

kK _ k1 k k-1 k ok
npumem X' = X" (mHaue X' = X' )W 1yt onTUMH3anKME X MEPEXOAUM K BeKTOpy X ' | T.JI.
3ameuyanue 4. BrINIEU3IOKEHHBIA METOI TPUMEHHM U JUIsl JIOOBIX 3HAYEHWH YHCEN

a; (i=12,..,m),(j=12,.,n),b>0(i=12,...m) uc (i=12,..,n),
B 3akmrouenue OTMCTHUM, YTO H3 cnoco6a IMOCTPOCHUA BCKTOPOB Xl, XZ,..., Xn BUJHO, 4YTO

TIONyYECHHBIH B PE3yNbTaTe 3TOT0 HTEPALMOHHOrO Mporecca BekTop X' SBIAETCA ONTHMAIBHBIM.
Jloka3aTenbCTBO MPOBOJUTCS METOIOM MaTeMaTHYECKOH MHYKIHH.

B kadectBe mpumMepa ObLIH pacCMOTpeHbI 3a1aun u3 [1,5].

Pe3ynbraThl  YMCICHHBIX  SKCHEPHUMEHTOB  IMOTBEPXKAAIOT  BBICOKYIO  3((EKTHBHOCTDH
HPEUI0KEHHOTO MOAXO0/a.
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SUMMARY

ON THE OPTIMAL SOLUTION TO LINEAR PROBLEMS OF BOOLEAN PROGRAMMING
Mestiashvili K.V., Mtvralashvili T.I. and Mestiashvili V.K.

Georgian Technical University

For optimal solution of the Boolean programming problem in both one- and multi-dimensional cases, there is
offered an iteration method that is easily realized and more effective than the known ones. Moreover, the method
does not require the compilation of tables.

Keywords: linear programming, Boolean variables, iteration process, objective function.
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CODE SCHEME BASED ON THE RINGS OF GAUSSIAN INTEGERS
AND CONTINOUS PHASE MODULATION

Shavgulidze S.A. and Asanidze A.V.
Georgian Technical University

Abstract. The ¥ rate channel encoder over the ring of integers modulo 4 combined with a 4-ary continuous
phase modulation scheme (CPM) is considered. We are designing a serial interleaved concatenated channel
code scheme, with inner CPM and outer non-binary convolutional encoder. Hard decoding techniques based on
the Viterbi algorithm are investigated. We present the simulation results over additive white Gaussian noise
channel and the Rician fading channel. The results can be easily generalized for the codes over Gaussian
integers.

Keywords: convolutional codes, continuous phase modulation, concatenated codes, Viterbi decoder.

1. Introduction

The radio frequency spectrum is a limited natural resource. Therefore, digital satellite
communication, digital radio links and digital land mobile radio schemes should use as narrow a
bandwidth as possible. For many applications, power is also a limited resource. Therefore, it is
advantageous to have a modulation method that is both power and bandwidth efficient. Another
requirement for many applications is a constant amplitude. Continuous phase modulation (CPM) can
be considered as an efficient constant amplitude modulation scheme with memory that simultaneously
has a narrow main lobe, low spectral side lobes and good power efficiency.

In work [1], it is suggested that CPM could be decomposed into two parts: a continuous
phase encoder (CPE) with memory and a memoryless modulator (MM). Such decomposition has two
advantages [2]. Firstly, the “encoding” operation can be studied independently of modulation. The
second advantage is that the isolation of the MM would allow the cascade of the MM, the wave form
channel (e.g. additive white Gaussian noise (AWGN)) and the demodulator to be modeled as a
discrete memoryless channel.

In [2,3], B. Rimoldi derived a generic decomposition model of a M-level CPFSK, comprising
a continuous-phase encoder (CPE) and a memoryless modulator (MM). He showed that the CPE is a
linear time-invariant encoder and the MM is another time-invariant device. It is of interest to combine
optimally a convolutional coder with the CPE.

Gaussian integers are a subset of complex numbers such that the real and imaginary parts are
integers. Block codes over Gaussian integers were first studied by K. Huber [4] and J. Rifa [5]. K.
Huber also introduced the Mannheim distance as a performance measure for codes over Gaussian
integers. Codes over Gaussian integers can be used for coding over two-dimensional signal spaces,
e.g. using QAM signals. Similar code constructions were later considered in [6].

In this paper, a % rate channel encoder (CE) over the ring of Gaussian integers combined
with a 4-ary CPM scheme is considered. More specifically, a 2 raised cosine (2RC) scheme with a
modulation index of h=Y% is considered. The study concentrates on designing an effective serial
interleaved concatenated channel code scheme, where the inner encoder is the extended CE and the
outer encoder is another convolutional encoder. Hard decoding techniques based on the Viterbi
algorithm are investigated. The design of each component is described in Section 2. Section 3
discusses the simulations executed and the results obtained. The construction can be easily applied to
Gaussian integers. The conclusion is given in Section 4.
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2. System Design

The structure of the coding scheme is shown in Fig. 1. The outer encoder is a quaternary
convolutional encoder over the ring of integers modulo 4, while the inner encoder is the extended CE.
No mapper is required between the two encoders, as both of them operate over the same algebra
structure. Both the inner and outer quaternary decoders perform hard decision decoding based on the
Viterbi algorithm. The 10X10 block interleaver/deinterleaver is used.

Quaternary
Inner Encoder

v

Quatemary
Outer Encoder

A 4

Signal Source — —» Block Interleaver

Channel
. . Quatemary |, Block Quaternary
Signal Sink <=5 ter Decoder [* Deinteleaver [« | Inner Decoder

Fig. 1. Block diagram of the serial interleaved concatenate decoding system

Figure 2 shows the design of the extended CE. With the aim of evaluation of the system, a
2RC (partial-response) scheme with h = ¥ (M=4) was implemented using the base band decomposed
CPM model. The CPE has two memory (delay) cells. One cell stores the previous transmitted symbol,
while the other memory cell stores the sum (mod 4) of all previously transmitted symbols. The
channel encoder (CE) is a quaternary convolutional encoder over the ring of integers modulo 4. It has
3 memory cells (memory cells D1 and 1D2 in Fig. 2 for the m part of the CPE). The total number of

states generated by the extended CE will be MY, where M is the alphabet size of the input symbol and
v (3 in this case) is the constraint length of the extended CE. Hence, the coded quaternary scheme will

need to process 43=64 states for each received channel symbol. As there are 4 branches/waveforms
emanating from and arriving at each state and each “analog” waveform is made of 8 samples, the total
of 8X4X64=2048 waveform samples would require processing for the extended CE at each iteration
of the Viterbi algorithm.
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To Memoryless

+

2 5 ————Modulalor _,
B , |
Input ‘ !
» D L M L D2 > |
| |
'_________CPE__ _____ I

Feedback from CPE

Fig. 2. The % rate extended CE with feedback from the CPE. D denotes the memory cell, and M denotes
the multiplexer. Additions are all modulo 4. D1and D2 are the memory cells of the CPE

The raised-cosine (RC) phase function is implemented using two finite impulse response
(FIR) digital filters, namely FIR filter A and FIR filter B as shown in Fig. 3. In this study, each output
waveform is made of eight samples.

Up sample ——» FIR Filter A 4fw

Up sample ——» FIR Filter B

Output

Repeat X

2hn

Fig. 3. Block diagram of the memoryless modulator. The Up Sample and Repeat blocks increase the
samples of the input signals by a factor of 8; h denotes the modulation index
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The outer encoder is a quaternary design as shown in Fig. 4. It has the constraint length of 3
and a generator polynomial of (6.17),,.

Input

n

'

(O

Output

Fig. 4. The % rate quaternary outer encoder. Additions are all modulo 4. D and M denote
the memory cells and multiplexer, respectively

A general overview of the Viterbi decoder is shown in Fig. 5. The Viterbi algorithm was used
to facilitate maximum-likelihood decoding of the convolutional code. It works by assigning
probabilities (or metrics) to the states and branches in the receiver trellis. These probabilities aim to
match the path made by the received symbols in the receiver trellis to the path made by the
transmitted symbols in the transmitter trellis. In the trellis, all the branches connecting the states
correspond to waveforms (from a finite set of 11 waveforms) that in turn correspond to a given
transmitted symbol.

Received Waveform State Transition
EE— Table
[
4 \ 4 y
Branch Compute branch Update state U%iaéithesitgrl\)/ll;/or
Waveform Table metric metrics i
(SPT)
Y
; Search SPT
l— Decoding Table [« b HETS

Output decoded symbol

Fig. 5. High-level diagram of the Viterbi decoder
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When a waveform (corrupted by additive noise or fading) is received, the Euclidean metrics)
serve as a probability that the given waveform/symbol was actually sent. However, these branch
metrics are not used in isolation. They are used in conjunction with the probabilities (state metrics)
associated with the states of the trellis that each of the branches departs from. In this way, the
Euclidean distance between the entire received sequence and the most likely path through the trellis
can be calculated on a symbol-by-symbol basis. To implement the demodulator, three tables are
required. They were generated using the decomposed CPM modulator and are used by the
demodulator to decode the transmitted symbol sequence. The three tables are:

a) State Transition Table — which takes the current state and the symbol as its inputs, and the
next state as outputs.

b) Waveform Table — which takes the current state and the symbol as its inputs, and the
output waveform as outputs.

c) Decoding Table — which takes the current state and the previous state as its inputs, and the
transmitted symbol as outputs.

In this design, we assume there are no parallel transitions between states. The advantage of
the use of these tables is that the Viterbi demodulator does not need to be redesigned for each new
scheme to accommodate more or less states or a different symbol alphabet size.

3. Simulations and Results

The entire code scheme (encoders, extended CE, Viterbi hard decision decoders) was built in
software and tested using Monte-Carlo-based simulations. The results obtained were in terms of the
bit error rate (BER) as a function of the signal-to-noise ratio (SNR). The simulations were executed in
two types of channels, namely, the additive white Gaussian noise (AWGN) channel and the Rician
fading channel. For the simulations in the Rician fading channel, the channel was designed with a
Rician parameter (K) of 10. This parameter is defined as K - power of the dominant path/power of the
scattered path. When K= 0, the channel is a Rayleigh fading channel, and, when K is infinite, the
channel is Gaussian. The fades have a high probability of being very deep when K = 0 to being very
shallow when K = 32 (approaching Gaussian) [7]. In all the simulations, it was assumed the
normalized bandwidth of BTs=1.2, where B is the bandwidth, and Ts is the symbol duration. For the
guaternary 2RC scheme, this bandwidth contains approximately 99.97% of the total power. The
scheme has 64 states and the overall code rate of ¥ (both the inner and outer encoders have the code
rate of %2).

The results of the simulations are shown graphically in Fig. 6. ABER of 2.8X10™ at 0.6d
BSNR is obtainable in the AWGN channel. The scheme clearly shows the superior error correcting
capability as compared to other modulation schemes like QPSK.

The results can be easily generalized for Gaussian integers [8]. We consider the set &5z, which
contains 25 elements. With maximum minimal distance partitioning, we obtain 5 subsets with 5

elements, where each subset has minimum the squared Euclidean distance & = 5. Note that,
according to the construction presented in [9], there exists a complex residue ring with 25 elements

Gas = {zmod (4 + 3i),2€L,5}

which is isomorphic to the residue class ring Z.5. It can also be partitioned into 5 subsets, where the
subsets have the minimum squared Euclidean distance 5. However, the two signal constellations are
not equivalent. G-s has energy E = 104, whereas 45z has E = 100. Hence, with the same minimum
squared Euclidean distance, the new construction results in lower signal energy.
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Each subset can be used for signal-code construction presented in this paper. The simulation results
show 0.1 dB gain compared to the above-described scheme.

0_2SNR (dBc}_:3

0 0.1 0.4 0.5 0.6

0.1

BER

0.01

0.001 A

0.0001

—&— Simulations in AWGN channel —ll— Simulations in Rician channel

Fig. 6. BER as a function of SNR

4. Conclusion

A serial concatenated interleaved code scheme was studied. The scheme consists of the
cascade of an outer encoder, an interleaver permuting the outer code word bits and an inner encoder
whose input words are the permuted outer code words. The scheme was tested using Monte-Carlo-
based simulations over AWGN and Rician channels. The scheme clearly shows good error correcting
capabilities as compared to the schemes employing QPSK modulation. The results can be easily
generalized for Gaussian integers. The main potential of application of these schemes is the
improvement of already established standards, for example, GSM and cellular digital packet data.

This project was implemented by financial support of Shota Rustaveli National Science
Foundation (Grant No. FR/45/4-101/14). Any idea in this publication is possessed by the authors
and may not represent the opinion of Shota Rustaveli National Science Foundation itself.

REFERENCES

1. J.L. Massey. The how and why of channel coding./Proc. Int. Zurich Seminar, Mar.1984, pp. F11(67)-
F17(73).

2. B. Rimoldi. A decomposed approach to CPM//IEEE Trans. Inform. Theory, Mar. 1988, vol. 34,
pp. 260-270.

3. B. Rimoldi. Design of coded CPFSK modulation system for bandwidth and energy efficiency.//IEEE Trans.
Commun., Sept. 1989, vol. 37, pp. 897-905. .

4. K. Huber. Codes over Gaussian integers.//IEEE Trans. Inform. Theory, January 1994, vol. 40, pp. 207-216.
5. J. Rifa. Groups of complex integers used as QAM signals,//IEEE Trans. Inform. Theory, September 1995,
vol. 41, No. 5, pp.. 1512-1517.

6. Xue-dong Dong, Cheong Boon Soh, E. Gunawan, Li-Zhong Tang. Groups of algebraic integers used for
coding QAM signals.//IEEE Trans. Inform. Theory, May 1998. Vol. 44, pp. 1848-1860.

7. Mobile Radio Communications, R. Steele, Ed. — London, Pentech Press, 1994.



34 bS3SANIILON LSObIN6H(™) LSS I60, GEORGIAN ENGINEERING NEWS, N3, 2017

8. G.Z. Tsiklauri, S.A. Shavgulidze, A.V. Asnadze, J. Freudenberger. Generalized concatenated codes based on
signal constellations over Gaussian Integers.//Georgian Engineering News, 2016, No. 1, pp. 5-13.

9. J. Freudenberger, F. Ghaboussi, S. Shavgulidze. Set partitioning and multilevel coding for codes over
Gaussian integer rings./9" International TG Conference on Systems, Communications and Coding (SCC), Jan.
2013.5p.

PE3IOME

KOJOBASI CXEMA HA BA3E I'AYCCOBBIX HEJIBIX YACEJ HAJL KOJbBIIOM U MOAYJISINUA
C HEITPEPBIBHOM ®A301

Iasrymmnaze C.A., Acanuase A.B.

I'py3uHcknii TeXHMYECKUI YHUBEPCUTET

PaccmarpuBaeTcs kojep KaHajla HaJ KOJIBLIOM TayCCOBBIX II€JIBIX YHCEN CO CKOPOCTBIO Y2, KOTOPBIN
oObeauHseTCS ¢ 4-M4HOM cXeMoil Monymsinuu ¢ HenpepbiBHOH ¢azoit (MHII). Mb1 crpoum cepuiiHyro
KacKaJIHyIO CXeMy C ITepeMEeKEeHUEM, TJie Ha BHYTPeHHEH cTynenn ucnons3yercs MHII, a Ha BHemHe# crynenn
- HEJIBOMYHBIN CBepTOUHbIHN KoA. [I[puMeHsieTcst aaroputM IeKoAupoBaHus Burepou ¢ “¥kecTKUMHU™ pellieHUsIMH.
MBI mpencTaBisieM pe3yNbTaThl JIEKOAMPOBAHUS B KaHAJaX C aJAMTUBHBIM O€NbIM TayCCOBBIM IIYMOM U B
KaHanax ¢ PaifccoBbIMU 3amMupaHusIMH, Pe3ynbTaTbl MOTYT OBITh JIETKO OOOOIIEHBI IS KOJIOB HAJ TayCCOBBIMU
LEIBIMH YHCIIaMH.

KaioueBble cioBa: cBEpTOYHBIE KOJABI, MOAYJSILMS C HENpepblBHOW (a3oil, kackamHble KOMBI, IEKOIEp
Burepon.
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MPUMEHEHUE JU®OEPEHIIMAJIBHBIX YPABHEHU PASHOI'O TUIIA
A AIIIPOKCUMAIIMYA TEOMETPUYECKOU ®OPMbI OPTOIEJUYECKOH
OBYBHOHM KOJIOAKHN

Hlanamoepunze M.M., Coxanze 3.11., JlomTanze H.3.
I'ocynapcTBennblii yausepceurer um. Akakus Leperenn, Kyraucn

B 00yBHOI mpOMBINIICHHOCTH OOJBIIOE BHUMAHHUE YIENSETCS BOIPOCaM IPOEKTUPOBAHMUS
KOJIOJIOK OpToneanyeckoil o0yBu. M3BecTHO, UTO 00yBHBIE KOJOAKH C TEOMETPUIECKON TOUKU 3pEHUS
UMEIOT CIIOKHBIE (OPMBI W HMX ONHCAHUE C TIOMOLIbI0O MAaTeMaTHYECKHX METOJOB HCCIIeIOBAHUS
MIPEJICTaBIsIeT CO00M JOBONBHO JIUTENBHBIA W TPYJOEMKHH TIporecc. TexHWYeckas CTOpOHa
MPOCKTHPOBaHMsI BHYTpeHHEH (opMbl 00yBH (KOJOJKM) IOBOJBHO pa3zHooOpasHa. B mpomecce
MPOEKTHPOBAHUSI KOJIOJIOK HEOOX0IMMO YUUTBHIBATh aHTPOIIOMETPUUYECKHE JaHHBIE U ()OPMBI CTOITHL. B
3aBUCUMOCTH OT OHMOMEXaHHYECKHMX CBOWCTB CTOIBI HEOOXOAMMO Ipeo0pa3oBaTh MOIYYEHHBIE
napamMeTpsl ¥ Ha UX OCHOBE OIPEICIIUTh MOBEPXHOCTHBIE KPUBBIE KOIOIOK.

Pa3zpaboTka HOBOTO anropuTMa, OMHCHIBAIOIIETO TEOMETPHUECKYIO MOBEPXHOCTh KOJOAKH, H
€ro NpUMEHEHHE Ha MpPaKTHKE SBJSIETCS OAHOM M3 IJVIABHBIX M HACYIIHBIX NpoOsieM B OOYyBHOM
MPOMBIIIIEHHOCTH. AJITOPUTMBI BHYTpeHHEH (HOpMBI OOYBH PacCMOTpPEHBI B HAyYHBIX TPYyAax psa
uccnenoparenein [1-4]. Hnsg pa3paOoTKe aNTOPUTMOB M OIMCAHUS TONEPEYHO-BEPTUKAIBHBIX U
MPOIOJIEHO-TOPU30HTANIBHBIX CEUEHUN KOJIOIOK MCIIOIb30BAINCH CIIEAYIOINE METObl UCCIIEIOBAHNUS!
pamuyc Tpaduyeckuil, OMKBaApaTHBIA CIUIAH, OWKYyOMYECKHII WMHTEPHONAPHBIA CIUTAalH H Ap.
IlepeuncnenHble METOABI JAOBOJBHO CIOXHBIE M TPEOYIOT CIMIIKOM MHOTO BPEMEHHM B IIpoLecce
MPOEKTHPOBAHMsI 00YBHOM KOJIOJIKH, a TAKXKE XapaKTEePU3YIOTCS ONPEAEICHHBIMU ITOTPELIHOCTAMHU.

I'pynma aBTOpOB CTaThbW, TMpHHSIA pEUICHHE ONKMCaTh TeOMETpUYecKue  (HopMsl
OpTONEeINYECKOW OOYBHOH KOJIOIAKH C IOMOIIBIO PEIICHUH PasM4HBIX TUHOB Au((epeHINaTbHBIX
ypaBHeHUl mepBoro mopsnka [5]. B aTom ciydae paGoTa Haj BOIPOCOM 3aiiME€T CPaBHHUTEIHHO
KOpPOTKOE BpeMs, a TMONlydYeHHbIe pe3yiabTaThl OyayT ropa3mo Oonee TouHbIMH. Omnucanue
reoMeTpuuecKiux (opM KOJOAOK SBISIETCS OCOOCHHO AaKTyalbHBIM, KOTrZJa pPEYb 3aXOOUT O
NPOEKTHPOBAHUM OPTONEIUMUYECKONH OOYBH ISl MAalMEHTOB C 1e(OPMHUPOBAHHBIMU M IAaTOJIOTHYEC-
KHMU CTOTIAMH.

Kak n3BectHo, cucrema qudQepeHnnaibHbIX ypaBHEHUH

d

=P

dz (1)
E:Q(X’ y)

rae Gynakmun P(X,y) u Q(X,y) HenpepsiBHO nuddepenimpyempie Ha miockoctiH XOV; MX Ha3bIBAIOT
JMHAMHYECKOH CHCTEMOI1, a IIOCKOCTh — (ha30BOM IUIOCKOCThIO. Pemenus cucrems! (1) Moryt ObITh
TpeX BUJOB: IIOCTOSHHBIE, IIEPUOAUYECKHUE U HEIIEPHOAUIECKHUE.

I'eomerpuyeckass KapTHHA IIOCTOSHHOI'O PEIIEHUs HAa3bIBA€TCS COCTOSHUEM PaBHOBECHS.
IleprognueckoMy PELIEHHIO COOTBETCTBYET 3aMKHYTas KpUBas, a HENEPHOIUYECKOMY PEIICHHUIO —
OTKpBITasi KpuBasi. ITH KpUBbIE Ha3bIBatoTcs (azoBbiMu. O003HaunM ux — L. Hanpasienue L dazoBoit
JIMHHY - 5TO HampasjieHne aBwkerns (X(t), y(t)) dazosoii Toukn Ha L x pocty U nepemennoii. Hama

LeNlb - WM3YYUTh T€OMETPHYECKYIO0 KapTHHY JAejieHus (pa3oBOH MJIOCKOCTH COOTBETCTBYIOLIMMHU
(ha30BBIMH KPUBBIMHU pelIeHUI uHamudeckoii cucremsl (1). PaccmoTtpum ciryuaid, korna cucrema (1)
JTUHEHHA U OJHOPOJTHA, T. €. UMEET BHI:
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gﬁzax+by

dy )
— =CX+d

dt d

Ecmu Bemonnsiercs ycnoue ad —cb # 0, To cucrema (2) uMeeT eMUHCTBEHHOE PABHOBECHOE
cocrogHue: X =Yy =0. ['eomerpuyeckas kapTuHa (Pa30BBIX JIMHUM OIpPENEISETCS PELICHUAMU
COOTBETCTBYIOIIETO XapaKTEPUCTHUYCCKOTO YpPaBHEHHS CHUCTEMBbI (2), Ha3bIBAEMOTO COOCTBEHHBIMH
3HAYCHUSAMH CHCTeMBI (2). XapakTepuCTHUECKOE YpaBHEHHE UMEET CIICTYFOIIMIA BHI:

a-4ib
=0
c d-4
2 _(@a+d)i+ad—-ch=0 3)

Ecnu pemenns (3) 1eHCTBUTENBHBI M TIPU STOM (ﬂi A, >0) , TO (ha30BbIE KPUBBIE HMEIOT BUJI,

npecTaBiIeHHbIi Ha puc. 1. Perrenus cucremsl (1) HEYCTONHYMBBI, 3HAYUT B OECKOHEYHOCTH OHU HE
MPHOTMKAIOTCS IPYT K IPYTY.

Puc. 1. Puc. 2

Ecnu cuctema (2) nmeer Bu:

dx
E:ax
4
LY
dt

TO (ha30BBIC KPUBBIE UMEIOT BU/, IIPEICTABICHHBINA HA PUC. 2 U PELICHUs CUCTEMBI (2) HEYCTONYNBHI.

a-A4, b

41 paBeH 1, ¢a3oBble KpuUBBIE HMEET BUJ,
C —
2

Ecimu 2, = 2,a panr matpuust

MIPEJICTaBICHHBINA Ha PUC. 3, U PEUICHHs CUCTEMBI HEYCTONYIHBHI.
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v/

Puc. 3

=)

7

Ecnu pemenus ypapHenuii (3) nelicTutenshbl U npu 3toM (4, - A, < 0), Toraa ¢hasobsie
KpUBBIE UMEIOT BUJI, IPEACTAaBICHHBIN Ha pHC. 4.

N

/A

Puc. 4

B srom cmydae pemieHHss aCHMMETPHYHO YCTOWYMBBI, 3HAYHT B OECKOHEYHOCTH OHH
MPUOIMKAIOTCS APYT K APYTY.
Ecini OCHOBBI XapaKTePHCTUYECKHX YPaBHEHHi KOMILIEKCHbIE, 3HaunT A, =« i . Eciu

o #0, ha3oBble KpUBBIE UMEIOT BUJI, TIPEJICTABJICHHBIN HA PHC. 5.

\‘

o Puc. 5
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Eciu d =0, da3oBble KpUBBIE UMEIOT BUI, TIPEACTABICHHBIN Ha pHC. 6

) '}
Y ¥

( i
DA N

Puc. 6

Lenbto Hamero uccieaoBaHus SABIsETCA Cilydail, korna cucrema (1) muHelHa U OJHOPOJHA,
T.€. KOIJla HMEEM CUCTEMY (2), IPH ITOM €€ COOCTBEHHBIE 3HAYECHHMS IOJOKHUTENbHB 4, >0 A, > 0
WIn A, = A,, NyTeM HM3MEHEHHs Kodpduuuentos a,b,c,d cucreMbl (2) BO3MOXKHO 0OeCTeyeHne
JIaHHBIX YCJIOBUH.

[IpuBenem npumep 1 u paccCMOTPUM CUCTEMY:

dx

d—:X

dz (5)
—=X+2

dt Y

Cucrema uMeeT €IWHCTBEHHOE COCTOSIHHE PaBHOBECHs, B YaCTHOCTH, ecnd x = y = O,
XapaKTEePUCTHUECKOEY PABHCHUE UMEET CIICIYIONTNI BU/I:

1-10

=0
1 2-1

A-A)(2-2)=04 =14, =2

A, A, NENCTBUTENLHBI, HEKPATHBIE M UMEIOT OJMHAKOBBIA 3HaK. Jlng A =1CoO0CTBEHHBIN
BEKTOp {1;—1}, a 1 A, = 2 COOCTBEHHBII BeKTOp {0:1}.

Ha XOY mmockoctu moctpoum mpsmbie X+ Y =0 u X =0, KoTopble HampaBieHbl K
BBIIICYIOMSHYTEIM BekTOopaM. (Pa3zoBble NpsAMbIE KacaroTcsl K X+ Yy = O mpsAMoMy, KOrza OHH
npudmmkaiorcs kK Touke O(0;0) . OTu npsMbie UMEIOT BUA, IPEACTaBIEHHBIN Ha pHC. 7.
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//

Puc. 7

[IpuBenem npumep 2 U pacCCMOTPUM CUCTEMY:

dx
a—:—x—4y
: ©)
dy
— =2X+5y
dt
XapaKTepUCTUYECKOE YPaBHEHUE:
A+14
-2 A-5
A2 —42+3=04=12,=3
Tpaexropuro peueHui JTaHHOM CUCTEMBI OIpeAeINM u3 YpaBHEHUS
(2x +5y)dx + (X + 4y)dy = 0. IToxyuaem:
dy  2x+5y -
dx X+4y

Ecim BcTaBuM B 3TO YpaBHEHHUE Yy = kX,HafI,I[eM TC 3HA4YCHHA k, A1 KOTOPBIX

JIMHUU Y = KXSBISIOTCS TPACKTOPUSIMHU PELLIECHMSI TaHHON CUCTEMBI.

K=—2+5K ok2 i3ki1-0 k1=—%' k, =1

1+ 4k

U3 (7) sicHO, UTO TpaeKTOpHH KPHUBBIX IepecekaroT ocb OX 1moja yriiom, TaHT€HC KOTOPOTO

paBeH 2, a ocs OY moj yriioM, TaHIE€HC KOTOPOTO PaBEH — % (puc. 8):
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Puc. 8

[IpuBenem npumep 3 1 pacCMOTPUM CUCTEMY:

(8)

XapaKTepHCTqucxoe YpaBHCHUEC UMCCT BU/:

A+11
-1 A+3
k? +4k+4=0 rtTe =4,=-2

UToObI HAWTH TPAEKTOPHUIO PEILICHHUIA, PACCMOTPUM YpaBHEHUE:

dy x-3y dx -x-y
- = wm -, =
dx —-x-y dy x-3y
Tpaekropust penienuii — sta npsMas y = kx, X > 0umu X <0, koropas onpenensiercst 1o

ypaBHEHUID K = % , orkyma k?—2k+1=0, xorma K=1, tormay=X. Eciau 3Haem

TPAEKTOPHIO PEIIEHUH, 3HaUUT 4, > 0 A, >0 A4 = A, = 0.1 5THuX Cly4aeB KpUBbIE PUOIMKAIOTCS
K TOUKE PABHOBECHS U CIEIYIOT TPACKTOPUH PELLICHUS.
B stom npumepe Touka paBHOBecHd - 0, TpackTopus pemeHui — npsmas Y = X, a pemeHus

HUMEIOT «y3JIOBYIO» (hopMy. DTH TpaeKTOpHH UMEIOT BH[, IPEICTABICHHbINH Ha puc. 9.
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/|

Puc. 9

PaccmoTpum nuddepennnanbHoe ypaBHEHHE, KOTOPOE UMEET CICAYIOIINI BU:

xydx+(a* —x*)dy =0 9)
2
2X 2dx+ﬂ:0 j%dx+ %zc
a2 —x y a?—x y

—%In(az—x2)+ln y =c?

U3 sToro cnexnyer:

2,2 2 o
HOHYCTI/IM ca = b , TOT1a MOJIYYUM KAaHOHHYCCKOC YPaBHCHHUE CEMCHCTBA DJIJIUIICOB!

XY (10)

2 2
2 bZ

(@]

OosbIlasi OCh KOTOPOTO POBHA 2a, a Majias pacroiioxkeHa B uHTepBajie - 0<b<a (puc. 10).
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Puc. 10

TakuM 00pa3oM, C TMOMOIIbI) HMHTETPAIBHBIX JIMHUM pEHICHUH pa3ndHbX auddepen-
UANTbHBIX YPABHEHUI MEPBOTO MOPSAKA MOXKHO C OOJBIION TOYHOCTHIO OMUCATH (POPMBI KOJIOOK IS
OpTOIEIUYECKON 00yBU. DTO TakKe JaeT HaM BO3MOXKHOCTh B HEOIPDAaHUYCHHOM KOJIMYESCTBE MCHSTH
clellbl KOJIOJOK TPH TEpexojie ¢ OJHOro pa3Mepa Koioaku Ha Apyromy. [locmennee ocobeHHO
aKTyalbHO B MPOU3BOJCTBE OPTONMEAMYECKON 00YBH, KOTJa pedb HJCT O MalUeHTax ¢ aedhopMHpo-
BaHHBIMHU U MAaTOJIOTHYCCKUMH CTOIIAMHU.

Pabooma evinonnena npu unancosoit noodepaycke Hayuonanvnozo Hayunozo @onoa I'pyzuu um. Illoma
Pycmaeenu, zpanm FR Ne 217386
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SUMMARY

APPLICATION OF DIFFERENTIAL EQUATIONS OF DIFFERENT TYPES TO THE
APPROXIMATION OF THE GEOMETRIC SHAPE OF ORTHOPEDIC SHOE PADS

Shalamberidze M.M., Sokhadze Z.P. and Lomtadze N.Z.

Akaki Tsereteli State University, Kutaisi

The article presents the approximation of the trace of the orthopedic shoe pads through the integral curves of the
solutions of the first-order differential equations. These curves allow describing accurately the traces of the pads
as well as give an opportunity, in an unlimited number, to change the shapes of the traces of orthopedic pads in
the transition from one size to another.

Keywords: orthopedic footwear, shoe pads, differential equations.
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SUMMARY

THE EFFECT OF THE PARAMETERS OF E-SUPPLY NETWORK ELEMENTS ON THE
GENERATION OF HIGH-ORDER HARMONICS OF HIGH VOLTAGE

Chunashvili B.M., Bezhanishvili J.G., Petrosyan A.M. and Gamrekelashvili T.G.

Georgian Technical University

To determine the effect of the parameters of the 10/10.4 kV e-supply network and the consumers connected to it
on the generation of high-order harmonics, the design and the replacement scheme of a typical transformer
substation were elaborated. The electrostatic equipment was taken as the source of load current distortion. There
are given formulae for calculation of the values of amplitudes of harmonics of the high-frequency spectrum and
the percentage of the coefficient of nonsinusoidality of the distribution bus load.

Keywords: power supply, e-network, parameters of network elements, harmonics, nonsinusoidality.
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RADIATION OF ENERGY: QUANTUM PROCESSES
Kadagishvili L.G.

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

Abstract.Determination of the interaction between two energy levels, considered as the difference between the
levels, is discussed from the standpoint of quantum processes. For large quantum numbers, the difference
between two neighboring levels gradually decreases, and the spectrum becomes continuous, i.e. for large
guantum numbers, the character of the spectrum is similar to that in classical physics. In quantum mechanics,
there are physical quantities the accurate measurement of which prevents knowing the values of other physical
quantities. The physical quantities characterizing the state are essentially different in different problems. When
the wave function is known, the state is determined, and it is possible to determine a complete set of physical
quantities. Thus, when the wave function for the system is given, we have a pure state, and, when the system has
no wave function, we have a mixed state.

Keywords: energy, radiation, quantum processes.

Energy is a discrete quantity. Hence, as radiation is determined by the difference between two
energy levels, the radiation spectrum must be a discrete pair. However, it is obvious that, for large
guantum numbers n, the difference between two neighboring levels gradually decreases, and the
spectrum acquires a continuous character, i.e., for large quantum numbers, the character of the
spectrum is similar to that in classical physics. From this example, it is evident that, for large quantum
numbers, the laws of elementary quantum mechanics must coincide with those of classical mechanics.
Exactly this is the essence of the Bohr’s correspondence principle. This principle played an import role
in the development of quantum mechanics, especially in the description of quantum processes, in
particular of bioresonance processes. Heizelberg based his micromechanics just on the correspondence
principle.

The atomic radiation spectrum must be continuous, as the electron tending to fall on the
nucleus must continuously lose energy. However, according to the Bohr’s theory, the energy of the
electron in the hydrogen atom is expressed in the following form

AN
" ol

This energy is a discrete quantity.

. . AE
For large quantum numbers, the energy varies almost continuously and thus . We can
T

... dE .
replace it with P As the total energy is

v
2
E="+v(q)
2p
and the full period of movement is
2
w=—
T

dE .
for o, we have w = 27rd—. As, for large quantum numbers, the energy changes almost continuously,
4

AE E
Ecan be replaced by 3— , and the correlation of energy formulae yields
v
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@Oy = (m - n)a)

This formula expresses the mathematical content of the correspondence principle. It shows
how we can calculate quantum frequencies for large quantum numbers via classical frequencies.

Einstein showed the dual wave-particle nature of light. According to Einstein, the light can be
considered as a flow of particles having zero rest mass (photons). Mauricede Broglie generalized the
concept of the dual nature of light for substances. He believed that not only the light, but also any
particle had the dual nature: wave and corpuscular.

After de Broglie, Schrodinger took into consideration the dual nature of particles and
calculated the total energy

pZ
E="—+U(x,y,2)
2p

where U(x, Y, z) is the potential energy. The electron flow gives the same diffraction pattern as the

wave having the wavelength 4 = i .
mv

The potential energy depends on a concrete problem. The function y must satisfy a number of
conditions: it must be 1) continuous and have the first-order derivatives, 2) finite, 3) andunambiguous.

For ., (+ic), the normalization condition should be determined. Due to this fact, quantum

mechanics has a statistical nature. The uncertainty rule takes place not only for the momentum and
coordination. There are a lot of pairs of uncertain quantities in quantum mechanics. The uncertainty
rule could not have had any meaning in classical mechanics, and it expresses the characteristic
principle of microworld.

The basic hypothesis of quantum mechanics can be formulated as follows: physical quantities
are described by linear Hermitian operators. The eigenvalues of these operators give the values of
physical quantities measured in the experiment. At the same time, there exist the same relationships as
among the physical quantities of these operators in classical mechanics.

For stationary states, the Schrédinger equation looks like

ﬁW:Ew

In this case, the total energy E does not change with time.In nonstationary cases when the state
changes with time, the wave function depends on time not only in terms of exp(icst) as in the case of

stationary states, but represents a time function.

In quantum mechanics, there exist such physical quantities the exact measurement of
whichprevents us from knowing the values of other quantities. Thus, characterization of states by
coordination and momentum does not make sense in quantum physics, because they do not have
simultaneously accurately measured values. It is obvious that in quantum physics the state should be
characterized differently, in particular, by the values that can be simultaneously measured. It is also
obvious that, in different problems, physical quantities characterizing the states are different. Say, for
the particle state, we want to determine the particle energy [1,2]. To this end, we use the appropriate
tool for measurement of this quantity and find sought values with a relevant experiment. If we are not
going to measure other quantity in this state, then one quantity can be measured with any desired
accuracy. Thus, say we measured accurately some characteristic physical quantity of the particle, for
example, the energy. Let us denote it by w. According to the provision on the representation of
physical quantities by operators, we infer that the found « quantity is the eigenvalue of the

corresponding W operator, i.e.

WW&) = a)l//w



50 bSdSENIILON LSObIN6H() LSS I60, GEORGIAN ENGINEERING NEWS, M3, 2017

As a result of solving this equation, we find the wave function yw(x). This function means that
the physical quantity taken in this state has thew value. There arises the question whether the function
y(X) enables us to describe the state of the particle, i.e. to calculate the values of those physical
quantities that are essential for characterization of the state of the particle.Description of the states by
the function y(x), by which the values of a group of physical quantities, i.e. a complete set of physical
quantities, are determined, is called the quantum description of the state.

Thus, if the function y(x) is known, the state in quantum mechanics is determined, and the
complete set of physical quantities can be found.We find the function wy(x, t) from the Schrodinger
equation. When the state varies with time, an additional condition is necessary for solving the
Schrédinger equation. It is the value of the wave function at the initial moment. In this case, by the
initial value (initial state) and solving the Schrddinger equation, we find the state of the particle at the
next moment.

Therefore, in quantum physics, the wave function gives maximum information about the state
of the particle (or system). If we know the wave function, we have the maximum data on the state of
the particle that quantum mechanics can provide. When, for the system, the wave function is given, we
have a pure state, and, when the system has no wave function, we have a mixed state.
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PE3IOME

N3JIYYEHUE DQHEPI'NU: KBAHTOBBIE ITPOLIECCHI

Kaparmmeuan JI.I.

HHceTutyT KNdepHeTnku uM. B. YaBuanunse, I'py3suHckmii TexXHMYecKHii yHHBepCUTeT

I'py3uHckasi HHKEHEPHAs aKaJeMus

Onpeznensiercs B3aUMOJEHCTBUE MEXAY IBYMs HSHEPreTHUECKUMH YPOBHSIMU C TOUYKHM 3PEHUS KBAHTOBBIX
MpOLECCOB. DTO B3aMMOAEHCTBHE paccCMaTpUBACTCS KaK pasHMIA MEXIy ABYMsS YpoBHAMH. [Ipu Gospmmx
KBAHTOBBIX YHCJIaX Pa3HUIA MEXTY JBYMS COCEHUMH SHEPreTUUYECKUMHU YPOBHIMHY ITOCTENEHHO YMEHIIAETC 1
CIIEKTP CTAHOBHTCS HEIPEPBIBHBIM, T.€. IPH OOJBIINX KBAaHTOBBIX YHCIIAX XapPAKTEP CHEKTPa CTAHOBUTCS TaKUM
JKEe Kak B Kiaccuueckod ¢usuke. B KBaHTOBOW MeXaHHMKE CYLIECTBYIOT (DU3MUECKHE BEJIMYMHBI, TOYHOE
U3MEpeHHe KOTOPBIX MEIIAeT OIpPEACNICHHIO 3HA4eHUIl Apyrux (u3ndecKux BeMWYMH. B pasHBIX 3amadax
(u3nyecKre BETUYUHBI, XapaKTEepU3YIOIINE COCTOSIHUE, OYAyT COBEPLIEHHO pa3HbIMU. Eciu BojaHOBas QyHKIMS
M3BECTHA, TO COCTOSHHME OIPENENICHO W MOXKHO OIpPEICIHUTh IMOJIHBbI Habop ¢(u3Mueckux BenuuuH. Takum
00pa3oM, eciu JUId CHCTEMBI JaHa BOJIHOBas (PyHKIHMS, MBI MMEEM YHCTOE COCTOSHHE, €CIIH )K€ Y CHCTEMBI
OTCYTCTBYET BOJIHOBAs (DyHKIIMS, TO COCTOSIHUE CMELIaHHOE.

KiroueBble c1oBa: SHEpPrus, U3Iy4yeHe, KBAHTOBBIE TIPOLIECCHI.
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OPTIMIZATION OF TELECOMMUNICATION TRANSPORT NETWORKS USING THE
BRANCH AND BOUND METHODS

Lomsadze S.l. and Shamanadze O.K.

Georgian Technical University

Abstract. The active use of the Internet and the dynamic development of the telecommunications impose strict
requirements on the telecommunication transport networks, which is due to the increasing multiservice traffic in
the network. Therefore, integration of the technologies used by telecommunication operators is one of the most
important issues of the optimal planning of the telecommunication transport networks. In this work, a
mathematical model of the telecommunication transport network is constructed and the optimization problem is
solved by using the branch and bound methods.

Keywords: telecommunication transport networks, optimization, multiservice traffic, branch and bound method.

Introduction. The active use of the Internet and the dynamic development of the
telecommunications impose strict requirements on the telecommunication transport networks, because
they are more sensitive to the given service due to the increasing multiservice traffic (Triple Play
Service) in the network. That is why the optimization of the telecommunication transport networks for
maintenance of both new and broadband services is a necessary and, at the same time, urgent task.

The classical theory of optimization of the telecommunication networks is based on the
concept of load that implies transmission of a certain amount of information between network nodes.
The optimization criterion is some function that depends on the value of transmission delay of a data
packet. We are considering an optimization model that differs from the classical one in that:

1. It does not involve the use of the load concept.

2. One of the means of optimization is a high capacity of the telecommunication network and
not the value of the transmission delay of a data packet.

3. The planning of the telecommunication network is realized not by one but at least two
methods, and not one but a few alternative methods are considered.

The first difference is caused by the fact that the use of the concept of load loses relevance
with transfer of telecommunication operators to unlimited tariffs, which implies payment of fixed
tariffs by subscribers. The second difference is due to that, over the past decade, the capacity of data
transmission channels has increased several times. At the same time, the size of transmitted data
packets did not change. The third difference is due to the fact that telecom companies offering the
consumers various services specify the correlation of the costs of technical solutions with returns, and
it is necessary to consider various alternative versions when choosing the design plan.

Experimental. We are considering the problem of optimization of the telecommunication
network which is a transport network of a single operator and is based on the classical flow model [1].
The network is described by the acyclic orientation graph G = (V, E) (Fig. 1) [2]. In the graph, the s
and t points indicate the transmission and receipt of information, respectively. The edges emerging
from point s represent the channels of the transport network operator, they connect the network
deployed in the region, the ISP operator, with the consumer connection network. The receipt point is
the element with the edges connecting the operator switch channels with the consumer connection
network.
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Transport network operator Data transmission network Conspumer connection network
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Fig. 1. Acyclic orientation graph G=(V, E)

The task of telecommunication transport network optimization can be formulated as follows:

to find the optimal values of the minimum cost of the capacity of the network (Q:(E")), min
Q2(EM) by the orientation graph G=(V, E), the set of edges (here we mean the transmission channels)
E’(E NE’ = @), the capacity matrices c(u, v) and ¢’(u, v), and the cost matrix of construction of edges
p (u, v).

Results and Discussion. To solve the problem, we used the branch and bound method
proposed by A.H. Land and A.G. Doig for solving discrete programming problems [3]. The essence of
the method consists in searching through a full set of feasible solutions, partitioning it in smaller
subsets, and evaluating these subsets until the best solution was found [4, 5]. The method is flexible
and allows obtaining optimal solutions in the desired period of time. The algorithm flowchart is shown
in Fig. 2.

To conduct the experiment, we numbered the edges from the E' set from 1 to 4 in the
following sequence: (1,7), (2,4), (2,6) and (3,4), where (u, v) indicates the edge from vertex u to vertex
v. We built the branch tree shown in Fig. 3 and entered the values of upper and lower estimates of the
Di-subset into the table. The values were obtained by fixing all the edges from the E’ set, starting from
the root of the tree and ending with the i vertex element. In the fourth column, a set of records
obtained for the i element of the tree are given.
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Fig. 2. Branch-and-bound algorithm

Fig. 3. Branch tree
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From the start the tree consists of a single apex (root) number 0. In the course of the algorithm,
edges and vortexes are added to the tree (the vortexes are numbered in a sequence). The edges have
number 0 or 1, which shows whether the added edge is from the E’ set or not.

Passing along the edges of the graph in this way, we construct the D; set of solutions, which
allows us to find the set of optimal solutions {{ @ }, {4}, {1,4}, {1,3,4}, which the estimates (0, -280),
(100, - 380), (225, - 450), (425, - 500), respectively, correspond to.

Table
Element No. Lower estimate D, | Upper estimate D; Set of records

1 (900,-280) (0,-430) 7
2 (300,-280) (0,-430) @
3 (100,-280) (0,-380) @
4 (0,-280) (0,-280) @
5 (100,-380) (100,-380) (0,-280)
6 (300,-330) (200,-430) (0,-280), (100,-380)
7 (200,-330) (200,-330) (0,-280), (100,-380)
8 (300,-430) (300,-430) (0,-280), (100,-380), (300,-430)
9 (900,-330) (600,-430) (0,-280), (100,-380), (300,-430)
10 (1025,-350) (125,-500) (0,-280), (100,-380), (300,-430)
11 (425,-350) (125,-500) (0,-280), (100,-380), (300,-430)
12 (225,-350) (125,-450) (0,-280), (100,-380), (300,-430)
13 (125,-350) (125,-350) (0,-280), (100,-380), (300,-430)
14 (225,-450) (225,-450) (0,-280), (100,-380), (300,-430)
15 (425,-400) (325,-500) (0,-280), (100,-380), (225,-450)
16 (325,-400) (325,-400) (0,-280), (100,-380), (225,-450)
17 (425,-500) (425,-500) (0,-280), (100,-380), (225,-450)
18 (1025,-400) (725,-500) (0,-280), (100,-380), (225,-450), (425,-500)

Conclusion. In the end, as concluding, we should say that we constructed the mathematical
model of construction of a telecommunication network in the form of an acyclic orientation graph,
which takes into consideration the methods of construction of modern telecommunication transport
networks.

Within the framework of construction of the mathematical model of the telecommunication
network, we solved the problem of network optimization applying the branch and bound method to the
optimization of the transport transport network and found the set of optimal solutions for construction

of the transport network based on a concrete example.
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PE3IOME

ONTUMMU3BAILIMS TEJEKOMMYHUKAIIMOHHBIX TPAHCIIOPTHBIX CETEM C
MCHOJIb30BAHUEM METO/JOB BETBEM U 'PAHUIL

Jomcanze C.HU., lamananze O.K.

I'py3uHCcKHi TEXHHYECKHH YHUBEPCUTET

AKTHBHOE HCHONb30BaHKME VHTepHETa M ITWHAMHYHOE PA3BUTHE TEIEKOMMYHHKALMK MPEXBSIBISIOT CTPOTHE
TpeOOBaHUS K TEIEKOMMYHUKAIIMOHHBIM TPAHCHOPTHBIM CETSM, YTO CBS3aHO C YBEJINYEHHEM MYJIbTHCEpPBHUC-
Horo Tpaduka B ceTH. llo3TOMy HHTErpamus TEXHOJIOTHH, HCIIOIb3yeMBIX OIEpaTOpaMH TEIEeKOMMYHH-
KaIlMOHHBIX CETEH, SBISETCS OAHHM W3 Hauboiee BaXHBIX BONPOCOB ONTHMAIBHOTO IUIAHMPOBAHMS
TPaHCIIOPTHBIX ceTei. B 3Toit paboTe cTponuTcs MaTeMaTHYEeCKash MOJIETbh TPAHCIIOPTHOI CETH TEIEKOMMYHH-
Kallu¥, U 3a/1a4a ONTUMH3ALNHN PEIIaeTCs ¢ UCIOJIb30BaHUEM METO/a BETBEH U IPaHUL.

KaioueBble ci10Ba: TelIeKOMMYHUKAIMOHHBIE TPAHCIIOPTHBIE CETH, ONTUMH3ALUS, MYJIbTHCEPBUCHBIH TpaduK,
METOJ] BETBEU U FPaHUII.
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SUMMARY

A BRIEF OVERVIEW OF ADJARA'S NATURAL-GEOLOGICAL PHENOMENA

Loria M.D.

Shota Rustaveli State University, Batumi

The article briefly discusses the natural-geological phenomena of Adjara, the causes and consequences of their
origin.
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cchange, geologicalstructure.
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SUMMARY

ON THE ADVISABILITY OF REASSESSMENT OF HYDROPOWER RESOURCES

OF GEORGIAN RIVERS

Lomidze 1.B., Khelidze G.K. and Pipia B.J.

Georgian Technical University

The theoretical potential of hydropower resources of Georgian rivers were last assessed in 1987. Recently,
climate change studies showed thatthe climate change (global heating) causes the decrease in water resources.
From 1970 to 2005, the average temperature in Western Georgia increased by 0.2°C, while total annual
precipitation decreased by 27 mm. It is noteworthy that in Georgia hydrological observations of most rivers have
not been carried out since early 90-ties of the last century, which complicates the accounting and forecast of
water resources. Taking into consideration all the above-mentioned factors, it is urgent to reassess the energy
potential of main Georgian rivers with account for the available hydrological data.

Keywords: hydropower resources, assessment, climate change, ambient temperature. .
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ECOLOGICAL WATER CONSUMPTION AND MAIN DETERMINING FACTORS

Lomidze 1.B., Khelidze G.K., Chokheli Kh.O. and Mardaleishvili M.R.

Georgian Technical University

Due to the lack of the legislative framework for environment protection, there emerge serious obstacles in the
process of solving simultaneously the energy and ecological problems from the point of view of the rational use
of water. This fact creates an artificial barrier to the development of hydropower. The analysis of ecological
water consumption in 24 countries showed that, to determine the volume of ecological water consumption, it is
appropriate to take into consideration the length of an individually dewatered river section for water intake gates,
a natural climate zone, local landscape and habitat conditions of ichthyo-fauna, inhabited localities, agricultural
grounds, water management facilities, etc. The issue of ecological water consumption should be considered
comprehensively for each object taking into account energy-economic feasibility and ecological risk factors.
Keywords: runoff, river, ecological water consumption, environment protection, hydropower station, water
management.
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SUMMARY

BIOLOGICAL WASTE AS A SIGNIFICANT FEED RESOURCE

Andguladze Sh.N., Bazgadze 1.G. and Kolova S.M.

Georgian Technical University

South Ural State University, Cheliabinsk, Russia

The technological method of processing the waste of animal husbandry (and different branches of food industry)
and resulted products is considered. The method provides obtaining of valuable feed resources. The offered
technology of processing the biological waste is based on the extrusive method.

Keywords: biological waste, feed resource, processing, technology, extrusive method.
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CIIEKTPbI OIITUYECKOI'O IIOTJIOWEHUA APCEHUJIA UHAWUS, OBJIYYHEHHOI'O
BBICOKOHEPI'ETUYECKUMMU 3JIEKTPOHAMU

Kekeaunse H.II., Caapanze K.I'., KupkBenus b.B.

I'py3unckuii TeXHMYECKUH YHUBEPCUTET
HNucruryr Meranyprun u Marepuajiopenenusi um. ®. TaBajaze
Touancckuii rocyaapcTBeHHbIi yHuBepcuteT uM. UB. JlxkaBaxumiBuiu

Beenenne. ApceHusn MHAUS SBIAETCS BaKHBIM MaTE€pPUaIoOM sl IPUMEHEHHS B ONTORJICKT-
POHHUKE, MUKPORJIEKTPOHHUKE U B HAHOTEXHOJIOTHSIX, TAK KaK B HEM 3JIEKTPOHBI UMEIOT OUYEHb BHICOKHE
3HAYCHUS TOABIKHOCTH U INAS obnamaeT mpsSMBIMH JHEpreTHYeCKMMH 30HaMH. Ha ux ocHoBe
WU3TOTORJISIFOTCS  (DOTORIEMEHTBI C KBAaHTOBBIMU TOYKAMH C BBICOKHMM KO3((MHUIIMECHTOM Mpeo0-
pa3oBaHusl, a TAKKe HAHOCTPYKTYpbI 1 jp. [1-3]

Hamu mokazaHo, 4To apceHu UHIUS 00IaaeT YHUKAIBHBIMU PaIualliOHHBIMU CBOWCTBAMU,
YTO MO3BOJIMJIO OTKPHITH SIBICHHE B3aMMHOW KOMIICHCAIIMH PAJAUAIIOHHBIX TOHOPOB M aKIENTOPOB B
TBepAbIX pacTBopax INAs-INP u co3maTe MaTrepuanbl, KOTOpbIE BBIIEPKUBAIOT OUYCHb BEICOKUE MIOTOKU
xkecTkoro obmyuenust [4-11]. IIpu stom INAS obnamaer W HEKOTOPBIMH JPYTUMH WHTEPECHBIMU
CBOWCTBaMH, KOTOPBIE HCCIIEAOBAHbI U IPOAHAIN3UPOBAHbI B JaHHOW padoTe.

Monokpuctamibl INAS ObUTH BBIpaIlleHBl METOJIOM TPEeX30HHOHW maBku [12]. JlerupoBaHue
OCYIIECTBIISIOCH B OCHOBHOM TEJLTYPOM B INMPOKOH o6mactu konnentpanuu (10%-101%/cm?).

bouin m3mepeHsl cmekTpbl omnTuyeckoro noriomieHuss INAS B mmpokoil uH(paxkpacHOM
oOmactu cnekTpa. M3mepeHus CeKTPOB MOIJIOLICHUS OCYIIECTBISINCE Ha ciiekTpoMeTpe UR-20.

HuszkoremnepaTypHbele HM3MEpEHUs] BBINOJIHSUINCH C IMOMOIIBIO ONTHYECKUX KPHUOCTAaTOB C
onrtuaeckumu okHamu u3 KPC-5.

Boutn BeImosTHEHBI U3MepeHHs 10 U nociie 00mydenus. Kpucramibsl o0irydainch BBICOKOIHED-
reTUYECKUMH 2JIEKTpOHaMHu ¢ sHepruei E=50 MaB notokom ®=4-10"311/cm?,

Pe3yabTaThl 1 00cy:kaeHusi. OCHOBHBIE Pe3yJIbTaThl U3MEPEHUS MPEACTaBIEHB! Ha puc.l u
puc.2.

K,cn"

200

oo or8 026 03¢ 042 hH) sSB

Puc.1. 3aBucuMocTb K03 (UIHEHTa ONTHYECKOT0 MOIIOUICHUS OT YHepruu doTona B INAS,
No=3-10%em3: 1- 1o obmyuenus; 2- mocne obmydenns ®=4-107>n/cm?; T=300K
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Ha puc.] m300pak€HBI CIIEKTPHI ONTHYECKOro ToriomeHus INAS B mmpokoit obiactu
criekrpa. J{yis 06pasia ¢ HCXOAHOM KOHLIEHTpalyel HocuTeei 3apsaaa (3aekTpoHoB) No=3-10%cm 1o
oOmyuenust (kpuBas 1) m mocne oOmydenust (kpupas 2) moToKoM 3nekTtpoHoB ®=4-10s1m/cMm? ¢
sHeprueit E=50M»>B.

B IMHOBOJIHOBO# 00NacTH CreKTpa IMONYYCHHBIE KPHBBIE OTOOPAXKAIOT IOTJIONICHUE HA
CBOOOMHBIX HOCHTENEH 3apsga — Kak BHAHO W3 pHCyHKa (KpuBas 1) mo oOJydeHHs IUIa3MEeHHOE
MOTJIONICHUE HE HAOMIOMACTCsA, YTO SIBJISAETCS PE3yJabTATOM TOTO, YTO MPHU HU3KOH KOHIIEHTpAIUU
51ekTpoHoB (No=3-10%cm?®) mnasma eme ne o6pasyercs. IlnasMeHHOE MOIJIOMIEHHE YETKO BBIABICHO
TOJILKO Ha 00JyYeHHOM 00pasiie, YTO BEI3BAHO BO3pACTAHHEM KOHIIEHTPAIIMI IEKTPOHOB.

/f,cn" ‘
2
4001
200
200
00
0n2 070 078 ' 026 ' o03% ' o A) 5B

Puc.2. 3aBucuMocTb K03 (UIHEHTa ONTHYECKOT0 IOIJIOIeH s OT JHepruu gorona B INAS,No=2-10"cm3
1- 10 06ayuenus; 2- nocne o6ayuenus ®=4-10sn/cm?; T=300K

Ha puc.2 neMOHCTpHUPYIOTCS CIIEKTPBI ONTHYECKOro morjomieHus INAS 10 u rmociie 00y4deHus
JUIS MaTtepuana, B KOTOPOM HCXOIHAs KOHIICHTPAITUS JIEKTPOHOB IMOYTH HA TMOPSIOK BHINIC, Y€M B
MpeapIaymeM oOpasiie. BrIsIBIeHHOS HAIMYWE TUIA3MEHHOTO TIOTJIONMICHUS €CTh Pe3ybTaT BBICOKOM
HCXOJTHOM KOHIICHTPAIIUU DJICKTPOHOB.

CornacHo kimacudeckoit Teopun [pyne-JlopeHna, ontuveckoe MOTJIONIEHHE HAa CBOOOIHBIX
HOCHTEJISIX IPOTIOPIIMOHAIILHO KBIPaTy JIJIMHBI BOJHBI ()OTOHA,

3
en
k=T/12,
znc'mu

re A - JJIMHA BOIHBI (OTOHA; N - KOHIEHTPALMs SIeKTPOHOB; U — MOABMKHOCT, M’ - 2 dekTuBHas
Macca 3JIeKTpoHa; N - moKa3aTelb MPeIOMIICHHS; C - CKOPOCTh CBETA.

BrimonmHeHHBIE HAMU W3MEPEHHS TO3BOJISIOT 3aKIOYUTh, 4TO 3akoH [lpyae-JlopeHma He
cobmromaercs st INAS, HU 1T TETUPOBAHHBIX, HU JIJIsI 00TydEeHHBIX 00pa3IoB.
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N3 mammx HSMCpCHHﬁ, a TaK)XC Ha OCHOBC JIMTCPATYPHBIX JAaHHBIX MOXXHO 3aKJIIOYUTH, YTO
KOI)(b(i)I/ILII/ICHT OIITUYCCKOI'O ITOIJIOIICHUSA CBOGOI[HLIMI/I OJICKTPOHaMH, B 3aBUCHUMOCTH OT JJIMHBI
BOJIHBI CI)OTOHa, U3MCHSCTCA I10 3aKOHY:

K~AP

HaGmogaemast 3aKOHOMEPHOCTB COOJTIOAAeTCsl KaK PH M3MEHEHWH TEMITEPaTyphl, TaK U TPH
M3MEHEHNHN KOHILCHTPAIMK HOocuTenel 3apsiaa. K coxanenuro, 3Ha4eHUs MOKa3aTels P, MOJydeHHbIe
PasHBIMH aBTOPaMH, 3HAYUTEILHO OTIMYAIOTCS IPYT OT ApYTa.

KBanToBOMexaHn4eckasi TEOpHsl ONTHYECKOTO MOTJIOUICHUSI CBOOOAHBIMU HOcUTesMH [13]
CBSI3bIBACT TIOKA3aTelNb P ¢ JOMUHUPYIOIINM THUIIOM paccesiaus. CormacHo 3Toit Teopun, P=2,3; p=2,8;
p=3,8 mpu paccessHUM Ha aKKyCTHUECKHX, ONTUYCCKUX KOJNEOAHUSIX PEIIeTKH W Ha MOHH3UPOBAaHHBIX
MPUMECSX, COOTBETCTBEHHO.

OnHako Kak cleayeT W3 HalMx pe3yibTaToB, Teopuss Xaru u Kumypwr [13] Takke He
o0ecreyrBaeT MOJHYI0 KOJMYECTBEHHYIO TPAKTOBKY MPOOJIEMBI.

IIpu GonbIIMX KOHHEHTpauuax 3i1ekTpoHoB (N>10¥cM®) Hamm BBIABIEHO HE TOIBKO
KOJIMYECTBEHHOE, HO M KadecTBeHHOe oTiamune ot [13]. [TokazaHo, 94TO mokasaTenb P yMEHBIIAETCS C
pocTOM KOHIIeHTpanuu HocuTenedl. Habmiomaemoe sBneHHe OOBSCHSIETCS HA OCHOBE pPabOTHI
Hemunenko [14]. Jlemo B TOM, 94TO KBaHTOBAasl TEOPHUS CTAHOBHTCS 3KBUBAICHTHOW Teopwm Jlpyne-
Jlopennia, Korma BBIONHsACTCS HepaBeHCTBO Er/hv>1. TlocnemHee mmeer mecto i obpasia ¢
xonnenrpanueii 1.5-10%cm3 u B melicreurensrocTn p=2.

W3 Hammx pe3ysbTaToB, IMOJYYEHHBIX HAa OOJYYEHHBIX M HEOOTYyYeHHBIX 00paslax Clexyer,
9T0 HaOIIo/aeMasi 3aKOHOMEPHOCTh 3aBHCHMOCTH TIOKa3aTelsis P OT KOHLEHTPAIIMM HOCHTENICH ecTh
pe3yabTaT BIUAHHUA MCEXAHU3MOB pacCeaHUdA, a TaKKC CTCICHHU HeHapa6OJ'H/I‘-IHOCTI/I 30HbI
MPOBOJMMOCTH.

KpuBbie B KOPOTKOBOJIHOBOI 00aCTH CHEKTpa COOTBETCTBYIOT ONTHYECKOMY TOTJIOLICHHIO
BONMM3M (DyHIAMEHTAIBLHOTO Kpasi, KOrjJa UMEETCsl aHOMalbHOE JKCIIOHEHIMAaIbHOE MOTJIOUICHUE C
,Z[e(l)I/IHI/ITOM OHEPruu, BbIPa)KCHHOC COOTHOICHUEM

hv
K=K ek,
rne Eo - xapakrepucTuyeckuii mapamerp MaTepHana. YKa3aHHOE sBICHHE HaOII0JaeTcs W I0Cie
00Ty4YeHuUs.

OOumii MEeXaHU3M JIAHHOTO SIBJICHUs pa3dpabortan B pabore [15]. Ha ero ocHoBe MOCTUTHYTO
KOJIMYECTBEHHOE OOBSICHEHHE TONYyYCHHBIX KpPUBBIX. VIHTEpPECHO OTMETUTh, 4YTO MOBE/ICHHE
00rydeHHOTo 00pasiia NPaKTHUECKH TaKOe K€, Kak Ul He0OJIydeHHOr0 MaTepraa.

OTMedeHHOe TIO3BOJIIET ClIENIaTh BKHOE 3aKIFOUEHHE O TOM, YTO OOJNYYeHHE KPUCTAJUIOB
INAS BBICOKOPHEPIETHYECKMMH JJIEKTpoHaMu ¢ sHeprueii E=50MbsB u motokom ®=4-10s1/cm?
CO3/IaeT TMPEUMYIIECTBEHHO Je(PEeKThl TOYEYHOTO THIA, KOTOPBIE HIPAlOT POJIb PaJUAIIHOHHBIX
JIOHOPOB.

UzmepenusiMu B cpeiHeil 001acTH CHIEKTpa yAaIoch 00HAPYKUTH CEIEKTHBHOE TMOTJIONICHHUE
Ha paauanrMoHHOM gedexre B oOpasie ¢ Np=3-10%cm3. Kak Buano n3 puc.l (kpusas 1), ontuueckoe
TIOTJIONIEHHE JI0 OONMYYEHHUs MPaKTHYECKH HE MEHSEeTCs B YKa3aHHOW OOJIaCTH CIIEKTpa, TOrja Kak
nocie oosryueHus (kpuBas 2) 3auKCUpoBaHo moriouenue npu sHeprun Ec~(0,23+0,24)3B.

OTMeueHHBI paJuallMOHHBIA THK MOpOSIBIEH W B 00paslie ¢ HCXOAHOH KOHILIEHTpauuen
nocurenei Np=2-10"cm mocye 06myuenns norokom snextporos ®=4-10sn/cm? (puc.2). OueBuano,
3HAYUTEIIEHOE KOJIMUECTBO MMPUMECEH BBI3BIBAET HEKOTOPOE CMa3bIBAHUE PAJIMAIIMOHHOTO MTHKA.
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SUMMARY

OPTICAL ABSORPTION SPECTRA OF INDIUM ARSENIDE IRRADIATED WITH HIGH-ENERGY
ELECTRONS

Kekelidze N.P., Sadradze K.G. and Kvirkvelia B.V.

Georgian Technical University

Ferdinand Tavadze Instityte of Metallurgy and Materials Science

Iv. Javakhishvili Thilisi State University

The optical absorption spectra of indium arsenide before and after irradiation with high-energy electrons with
energy of E=50 MeV and ®=4-10% el./cm? were studied over a wide spectral range. Plasma absorption was
detected in the long wavelength range and analyzed. In the medium wavelength range, selective absorption on
the radiation defect with the energy E; ~0.23-0.24 eV was detected. From the analysis of the short wavelength
range, it follows that, in the result of irradiation, point-type defects playing the role of radiation donors are
mainly formed.

Keywords: optical absorption spectra, indium arsenide, point defects, high-energy electrons.
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KOJIMYECTBEHHBII AHAJIN3 MEXAHU3MOB PACCESIHUSI DJIEKTPOHOB B
MOHOKPUCTAJIJIAX APCEHUJIA NHUA

Kekeaunse H.II., Canpanze K.I'., Keupkseausi 5.B.

I'py3unckuii TeXHMYECKUH YHUBEPCUTET
HHucTuTyT MeTaiyprun u MarepuaJiopeaenus um. ®. Tapanze
TOnamncckuil rocyiapcTBeHHbIi yHUBepeuTeT nM. UB. JlxkaBaxumBuiIn

Beenenne. ApceHus UHANS SBIAETCS HHTEPECHBIM U NMEPCIIEKTUBHBIM MAaTEPUaJIOM, KOTOPBIH
oOnagaeT BaXHBIMU DBJCKTPUUYECKUMHM U ONTHYECKMMHM cBoiWicTBamu. (B mpenpimymeid cratse,
NPEACTAaBICHHON B [AaHHOM JK€ HOMepe JKypHaia [l], W37OXKEHBl pe3yabTaThl H3YYECHUS
WH(PPAKPACHBIX CHEKTPOB ONTHYECKOTO TOTIomeHuss MoHOKpucTtaiwioB INAS). B Apcenmne wamms
HO/IBIDKHOCTh JJICKTPOHOB MMEET BBICOKHME 3HaueHus. [Ipu 3ToM mo cpaBHeHuio ¢ InSb, apcennn
MHIUS XapaKTepU3yeTcss OONBLIMM M ONTUMAJIbHBIM 3HAYCHHEM IIHMPHHBI 3allpelieHHON 30HBL. INAS
o0namaer NPSMBIMH DSHEPreTHYECKUMHM 30HaMM, YTO IIO3BOJIIET CO3JaTh Ha MX OCHOBE
BBICOKO3()()EKTHBHbIC NMPUEMHUKA M W3JIy4aTeNd, B TOM YHCJIE Ja3epHbIE THOABI C KBAHTOBBIMHU
TOYKaMH, POBHO KaK H PsiJi HAHOCTPYKTYp [2-6].

Hamu nmokaszano, yTo apceHu MHAMA 00J1aJaeT YHUKAIbHBIMU PaJUalliOHHBIMI CBOMCTBAMH,
3aKJIFOYAIOLIMMUCS B TOM, YTO pPaiualysl BbI3BIBACT YBEIWYCHUE KOHIEHTPALMU 3JCKTPOHOB IPHU
moObIx  ycnoBusx [7-11]. Ham npuopuTer MOATBEpKIEH W3BECHBIMHA  HCCIIEIOBATEISIMHU
BamykueBnuem [12] u T'epcrenbeprom [13]. Mer obmydanu kpuctamiel INAS smekTpoHaMu C
sHeprusamu 3MsB, 7,5M»5B, a Takke BBICOKOPHEPreTHYECKUMU AJIEKTpoHaMu ¢ sHeprued S0MbsB u
OBICTPBIMM HEHTPOHAMH 10 GoIbIIUX 0ToKOB O=2-10' n/cMm?,

B Becbma nHTEpEcHBIX pabotax bpyaHoro ¢ koimieramu [14-15] uccneaoBaHbl 31EKTPUIECKIE
U ONTHYECKUE CBOWCTBa KpucTayuioB INAS, 001ydeHHBIX MPOTOHAMH M OOJNBLIMMH WHTETPAIbHBIMU
IOTOKaMHu 3IEKTPoHOB  (~2 M>B) ¢ ®=1-10%m™?. ABTOpaMHU BBICKa3aHO IIPEIINONOKEHHUE, YTO B
o01em ciyyae, epGEeKTUBHOCTD BIMSHUS PaIHAIIMOHHBIX e(DEKTOB Ha ICKTPOPU3NICCKHE CBONCTBA
INAS, 3aBHCHUT OT ypOBHS JIETUPOBAHUS MCXOJHOTO MaTepuaia. B 3Toil CBSI3M CTaHOBHUTCA IOJIE3HOM
M3yYEHUE DJJIEKTPUYECKUX CBOWCTB apceHWJa WHIUSA, B KOTOPBIX KOHIIEHTpAIUs TpUMecel

3. TlomyyeHHblE pE3YNBLTATH OYIYT

M3MEHSETCA B WHPOKMX npemenax or 10%cm™® mo 10¥em
WCIIOJIb30BaHbI [T aHajiu3a OOJyYeHHBIX MaTepHaioB. B paboTe M3I0XKEeHBI Pe3yNbTaThl JeTalbHbBIX
BBIYUCIICHUH, TPAKTUYECKH BCEX BO3MOKHBIX KOMIIOHEHTOB HOABHKHOCTH SJIEKTPOHOB M OTIPEACIICHBI
CyMapHble 3HAu€HHs MOJBIKHOCTH HOCUTeNed. Pe3ynbraTbl CpaBHEHBI C 3KCIEPUMEHTAIBHBIMHU
JaHHBIMU.

B pabote u3Mepsuuch 3JIEKTpHUYECKHE XapaKTepUCTUKN MaTepHaia, B HHTEpBajle TeMIIepaTyp
300K-77K, ©Ha oOpa3max OXBaTHIBAIONIUX MIMPOKHWMA JHMAla30H KOHIIEHTPAUH 3JIEKTPOHOB
(mpumecetit), ot 10%cm 1o 10%cm,

PesyabTaThl 1 06cy:kaeHne. OCHOBHBIE Pe3yJIbTaThl npejicTaBiensl B Tadbnuuax I, 11, 111 u na
pucyHkax 1-4.

Boutn BBINIOHEHB! BBIYMCIEHUS] KOMIIOHEHTOB MOJBMKHOCTH HOCHUTENIEH 3apsiia Ha OCHOBE
CYILIECTBYIOLUX TEOPHil.

PaccessHne Ha akycTH4ecKuMX KoJeOaHHMSX PELIETKH PACCUUTHIBAIIOCH C MOMOLIBIO TEOPUHU
Bapauna u Woxmu [16]. Baxkneiimmm napamerpom, gurypupyromuM B Teopun bapauna u Hlokmm,
aBysieTcst nedopMalMoHHBIN moteHIman - Ep. K coxanennio, Teopust HE MO3BOJISET ONPEACIHTH
TOouHble 3HaueHWs Ep AHanu3upys pe3yinpTaThl psijia HcClenoBaTeleid M CIocoObl OIpeneNeHus
JIe(OpMaOHHOTO MOTEHIMANA, YAaJI0Ch BBIYUCIUTD KOPPEKTHBIE 3HAYEHUS KOMIIOHEHTa MOJBHK-
HocTH Ua. HecMOTpst Ha TO, 4TO B XMMUYECKOW CBSI3U coequHEHUs INAS 3HauMTEeNbHO MpeodiagaeT
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TOMEOMOJISIPHAs 0I5, IOKa3aHo, 4To B oTinuKe oT Si u Ge paccesiHue Ha aKyCTHYECKHUX KOJIeOaHHsX
PELIETKY HUKOI' 1A HE UTPAET JaKe OLIYTHMYIO POJIb.

[loka3aHO, YTO OCHOBHBIMH MEXAaHHU3MaMM PAacCESHHs SIBJISIOTCS paccesHUE Ha IMOJISIPHBIX
(onTHYeCcKHX) KOJeOaHUIX PEIIETKH U HAa NOHMW3UPOBAHHBIX NMPUMECSAX. BrIunciIeHue COOTBETCTBYIO-
IIMX KOMIOHEHTOB NOABWXHOCTH Upo 1 Ui TpeOyeT mpeononeHus 3HaUYUTENbHBIX TPYJHOCTEH U3-3a
CJIO’)KHOCTH TE€OPHH PACCESIHUS Ha MOJIIPHBIX KOJIEOAHUSIX PEIIETKH M Ha 3HAYUTEIBHOM KOJIUYECTBE
IPUMECHBIX HOHOB.

Pa3zpaboTkoit TeoprH MOSIPHOTO paccesTHUs OBIIIO 3aHATO MHOTO M3BECTHBIX MCCIICIOBATEIICH,
HO B Hamboyiee YeTKOW aHANUTHYECKOW (popMe M K TOMY K€ MPUMEHHTENbHO K coenauHeHusM I11-V
teopusi copmymupoBan Ipenpeiixom [16]. OmxHako, 1 B 3TOM ciiydae MPUMEHEHHE TPUBEICHHOTO
YPaBHEHHUSI U TOYHOE ONpEAETICHUE IapaMeTpoB, GUIYpHUPYIOIIUX B TEOPUH, TPeOYIOT MPEOIOICHUS
3HAYUTEJIBHBIX CI0KHOCTEH.

Teopus paccesHrs Ha HOHU3UPOBAHHBIX MTpUMeECAX ObLTa pazpaboTana bpykcom u XepuHroMm
[16] mnst cmygaeB crnabonerHpOBaHHBIX MTOIYTIPOBOTHIUKOB.

Pazpabotka Teopum paccesHusl A7 3HAYUTEIBHO JIETUPOBAHHBIX IIOJYIPOBOJHUKOB U
COOTBETCTBYIOIIME BBIYMCICHUSI TaKKe TPEOYIOT NPEOJOJCHUs OOJBIIMX TPYAHOCTEH, KOTOpHIE
a¢dexTrBHO TpeoaoneHsl Manchungom . Teopust yuutbiBaeT 3QQGeKTl IKPaHUPOBKH CBOOOIHBIMU
HOCUTENSIMA. B BBIYMCIICHUSX MBI YYUTHIBAIM BIMSHHE HemapaOonuuHOCTH. M3BecTHO, 4TO mpH
3HAYUTENFHBIX KOHIICHTPAIMAX HOCHTEIEH, Koraa ypoBeHb depMu MPOHUKAET B 30HY MPOBOJMMOCTH,
MPOSIBIISIETCS HENapaboIUIHOCTh 30HBI MMPOBOJUMOCTH. J[€10 B TOM, YTO B pe3yibTaTe HEOOIBLIOrO
3Ha4YeHUs A(PQPEKTHUBHON Macchl AeKTpoHa B INAS UM COOTBETCTBYIOUIETO MOHIKEHHS IUIOTHOCTH
COCTOSIHUI SHEPTeTHUYECKUX YPOBHEW, ypoBeHb DepMu OBICTPO MPOABUTAETCS BBEPX K BBICOKUM
SHEPIUsIM, TAC YK€ CYNIECTBEHHBIM OKa3biBaeTcsi 3G ¢eKkT HemapabonmnyHocTu. [Ipu 3ToM BO Bcex
pacuerax HEOOXOIWMO YYHUTHIBATh 3HAYUTENbHBIE YBelU4eHUs 3((HEKTUBHBIX Macc 3JIEKTPOHOB
(m").Tounble 3HaYeHHss M° KOTOPHIMU MBI TIOJIB30BAIMCh B HAIIMX pacdyeTax, HAMM ObLIM paHee
ompeneneHsl B pabore [17].

B nammx obpasnax, B MccieayeMOM HaMU TEMIIEPaTypHOM HHTEpBalie pOJb PACCESHUS Ha
HEUTpaJbHBIX aTOMaxX MPUMECH He cieyeT YUUThIBaTh. TeM He MeHee HaMHU OCYyIIeCTBIIeHa POBEPKa
teopun Epruncos. [lokazaHo, 4yTO OHa JaeT HEKOPPEKTHBIE pPE3yNbTaThl, OCOOCHHO MpPHU 3HAYH-
TEJNIbHBIX KOHIEHTpaNusxX npuMeceir. M3 Teopum cienyeTr, 4To HEHTpalbHBIE IEHTPHI PAacCEHBAIOT
9JIEKTPOHBI HAMHOTO CHJIBHEE, YeM TaKOe e KOJIMYECTBO MOHM3MPOBAHHBIX IEHTPOB, YTO SIBISETCS
¢du3nuecKu HeOOOCHOBAHHBIM MOJIOKEHHUEM.

KoppekTHbie pe3ynbTaThl MOTYYatoTCs PH UCTIONB30BaHuU (opmyiibl CKIsipa.

['maBHBIM MeXaHWU3MaM BCETJa OCTAETCS PACCESIHUE Ha ONTHYECKHX KOJeOAHHSX PEIIECTKH U
Ha NOHU3WPOBAHHBIX MPUMECSX.

DJEeKTPOH-JIEKTPOHHOE B3aMMOJICHCTBUE OIlCHWBaJIOCh Tpu momomnn Tteopun Conxa u
Bapmnsl. [loka3aHo, 4To OHO WIpaeT OLIYTHMYIO POJib B 3HAYUTEIBHO M CHIIBHO JIETHPOBaHHBIX
Mmatepuaiax. OJHAKO NpU BBICHIMX KOHLUEHTPALUSIX 3JIEKTPOHOB (MPUMECEH) JOMHHUPYIOIIYIO POJIb
UTpaeT paccessHue Ha HOHU3UPOBAHHBIX IIEHTPax.

BrimonHeHs! pacdeTsl KOMIIOHEHTa IOJBM)KHOCTH, COOTBETCTBYIOLIETO pACCESHHIO Ha
MBE30UIEKTPUYECKOM NoTeHnuane. Pacuers! npoBoaunuch Ha 6a3e Teopun ['appucona. Conocrasisis
NOJy4YeHHBIC 3HAYEHHUS C JPYTUMH KOMIIOHEHTaMH IMOJBM)KHOCTH, MPUXOJUM K 3aKIIOYEHHIO, YTO B
WCCIIEyEMBIX HAMU KPHUCTAIIaX, B KOTOPBIX KOHIEHTparus npuMeceil N> 10%cm3, nbezosnexrpu-
YecKOe paccessHie BCeraa UrpaeT HeOUyTUMYIO POJIb.

Taxoe xe MoIo’KeHHE UMEETCS U ISl PACCEesIHUS Ha JUCTOKALHSIX.

B Hammx BBICOKOKAYECTBEHHBIX MaTepHajaxX HE MPOSABISIETCS OLIyTUMasl POJIb PACCESIHUS Ha
BO3MOXKHBIX HEOJIHOPOAHOCTSIX MaTepHaa.

Ananusy noasepriich o6pasipl INAS, ¢ KOHIEHTpalKeii 31eKTpoHoB ¢ No~(10'¢, 107, 108 u
10%%)cm3, koTOpBIE HEOOXOAUMBI IS JOCTUKEHHUS 0OOOIEHHBIX PEICTABICHHUIA.
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B Tabn. 1 cBeieHbl SKCIEPUMEHTAIbHBIE M PACUETHBIE JaHHbIE KOMIIOHEHTOB MOJBUKHOCTH
oOpasua apcenua UHaUA N-Tuna ¢ Konnentpamuer N=2,9-10%cm3 (cootsercTyrommii rpadux U(t)

npenctasien Ha puc.l), rme T - Temmeparypa 1O IIKAle KENbBHHA; LI :E - MPUBEJCHHBIN
ypoBerb ®Depmu; K - nocrosiHHas Bonbimana; Upol - MOJBMIKHOCT 3JICKTPOHOB, COOTBETCTBYIOLIAS
paccesHUIO Ha MOJISIPHBIX (ONTHYECKHX) KomebaHusx pemeTkd; Ua - Ha aKyCTHUECKHX KOJeOaHHUsIX
pewetkd; Ui - Ha HOHU3UPOBAHHBIX MPUMECSX; Usye - SKCIIEpUMEHTANILHOE 3HaYeHUE TIOABHIKHOCTH, a
Us-cymMMmapHasi TeopeTHYeckass BelW4YMHA. EcCTecTBEHHO, YTO B JaHHOM HEJIETHPOBAaHHOM,
NPaKTUYEeCKH YUCTOM oOpasue, MpuBeAeHHBIH ypoBeHb depmu BIIOTH A0 TemmepaTypbl T~130K
HaXOJUTCS HIKE 30HBI IPOBOANMOCTH U, COOTBETCTBEHHO, UMEET OTpULIATEIbHbIC 3HAaUeHUs. PacueTsl
MOKAa3bIBAIOT, YTO B YHCTOM O0Opa3lle OCHOBHYIO POJIb MIPAeT paccesHHe Ha MOJSPHBIX KOJeOaHHUIX
pemetkn. MoHHOE paccessHHE CTaHOBUTCS CpaBHMMBIM ¢ HUM okojo T~150K. Tonpko mnpu
Temreparype KuneHusi kuakoro aszora (T=77K) mpeoOmamaer paccesHue Ha HOHWU3UPOBAHHBIX
npuMecsix. AKyCTHUECKOE paccessHie HUKOTa He UTpacT BaKHYIO pOJib U UM MOXKHO TpeHeOpeub. B
o0J1acT! KOMHATHBIX TEMIIEpaTyp OHO Ha JiBa NOpsAKa ciabee MOIIPHOrO pacCestHuUsL.

CyMMapHble 3HAueHHsI MOJBMKHOCTEH OMPENeNsUINCh C TMOMOINBIO CIIOXEHHUS OOpaTHBIX
BEJINYMH COOTBETCTBYIOIIMX KOMIIOHCHTOB.

1 1 1
= 4+
u U poi U,
Ta6auua | InAs n=2,9-10%¢m3
Upol Uak Ui Us U3KC
T,K Ty x10* cM¥B-cex | x108cm?B-cex | X10° cm%/B-cex | X10*cm?/B-cex | X10%cm?/B-cek
290 -1,05 2,8 3,8 2,2 2,48 2,2
250 -0,8 3,5 4.7 1,9 2,95 2,8
200 -0,4 5,0 6,3 1,6 3,8 3,4
170 -0,1 7,3 7,8 1,43 48 3,9
150 -0,15 9,9 9,2 1,34 5,66 4,2
130 0,45 15,1 11,4 1,16 6,5 4.4
100 1,0 42,2 15,5 0,94 7,67 4.6
77 1,7 14,2 22,7 0,88 8,2 4.5
cM%/B-cex
E
X
51
L
3 L
2
4
]f’ T L
0 7 100 150 200 250 300 THK

Puc.1. 3aBucuMOCTb NOJABH:KHOCTH 3JIEKTPOHOB OT TeMIIePATYPhbl I 00pa3ua
apceHH/Ia HHUSA ¢ KOHIEHTPaueii 31ekTponos N=2,9-10%cm 3




78 bSISEOIIL I bSO6IN6H() bOSbKI60, GEORGIAN ENGINEERING NEWS, N3, 2017

BhlunciieHHbIe 3HAUEHHS TTOABHKHOCTH HAXOMATCS B XOPOIIEM COTJIACHH C KCIIEPUMEHTAITb-
HBIMHU BEJTMYHUHAMH BO BCEM HCCIICyEMOM HHTEpBAJe.

B Tab;i. 2 mpeacraBieHbl AaHHBIE IJIs JETHPOBAHHOrO oOpasma INAS ¢ KOHIECHTpaluei
snextponoB N=1,56-10cm. CoorBercrByrommii rpapuk U(t) mpencrasien Ha puc. 2. BugHo, uto
ypoBeHb ®DepMH, HE3HAYHUTENLHO, HO TPOHUKAET B 30HY IPOBOJWMOCTH, a C TIOHWKCHHEM
temreparypsl, ipu 1=200K HaumHaercs BeIpokIeHHe. Kak W clemoBalio OKUIaTh, aKyCTUYECKUE
KOJICOAHHUST HE UTPAOT OIYTUMOM posi. OCHOBHBIMH MEXaHM3MaMHU PACCESIHUS SIBISIOTCS PACCESHUS
Ha TOJSIPHBIX KojebaHWAX M Ha HoHax. IIpu 3TOM, B 0ONACTH KOMHATHBIX TEMIIEPATyp BCE eIlle
JIOMUHHPYET paccessHUEe Ha ONTHYECKUX KOJEeOaHMSIX, KOTOPOE CTAHOBUTCS CPaBHUMOW C WMOHHBIM
paccestaueM B Ommszu T=230K, a Hmke yxe mpeolOiiagaer paccessHue Ha HOHU3UPOBAHHBIX MPUMECSX.
JIis JOCTYDKCHUS JTYYIIErO COTJIACHS TEOPETHYECKUX M DKCICPUMEHTAIBHBIX JAaHHBIX, HEOOXOIUM
YUET NEKTPOH-JICKTPOHHOTO PacCesTHHUS.

Ta6auna 2. n=1,56-10Ycm3

TK * Upol Uak Ui Us Uaxc
' H x10* cM%/B-cex x10° cM%/B-cex x10%cm?%/B-cex | x10* cM%/B-cex x10* cM%/B-cek
290 | 0,87 3,15 3,08 6,7 2,13 1,65
250 1,2 4,25 3,88 6,2 2,51 1,8
230 1,4 5,0 4.4 5,8 2,67 1,94
200 1,8 7,6 5,2 5,48 3,17 2,0
170 2,3 11,6 6,5 4,46 3,23 2,14
150 2,7 16,2 7,6 4,2 3,3 2,17
130 3,2 26,8 9,5 4,16 3,58 2,19
100 4,3 28,6 13,3 4.0 3,8 2,24
77 5,7 36,0 19,0 3,8 3,73 2,2
cM?/B-cek
5 +
4 -
% of
X
= . ’ ‘
'\
{ -
3
0 {4 7’? ,‘ t t ' 3
& (Y 150 200 250 300 LK

Puc.2. 3aBucuMOCTb NOABH:KHOCTH 3JIEKTPOHOB OT TeMIIEPATYPhbI 1JIf 00pa3ua
apCeHH/Ia MU ¢ KOHIEHTpanueii 3nekTponos N=1,56-107cm3

Pesynbrarel u3Mepenuii Ha obpasue ¢ n=2,5-10%cm® wu coorBercTBYrommit rpaduk
npejicTaBieHsl B Ta0bn. 3 u Ha puc.3. OueBuaHO, 0Opasell SBISETCS BBIPOXKICHHBIM. YXKe TpHU
KOMHATHOM TeMIlepaType NpUBEIEHHBIN ypoBeHb PepMu W'=5,6, a ¢ NMOHMKEHMEM TEMIIEPATYPHI
CTETIeHb BBIPOXKICHUS pe3Ko Bo3pacTaeT. OUeBUIHO, TIPU CTOJbh BBICOKMX KOHIICHTPAIUSIX TpUMecei
OCHOBHBIM MEXaHM3MOM DAaCCEsIHUsSI JIOJDKHO OBITh paccesHue HAa WOHWU3UPOBAHHBIX IEHTPAx, 4TO
XOpOIIIO TOATBEpXKAaeTcs pacueTamu. M3 Tabmumpl BupHo, uto mpu  1=290K KOMIOHEHTHI
noasuwknoct Ui 10000cM?/B-cex, Upo=57000cM?/B-cek, a JKCIEPUMEHTAILHOE 3HAYEHHE
U»=9600cM?/B-cex B xopomeMm cornacuu ¢ Ui - PaccesHne Ha HMOHM3MPOBAHHBIX IPUMECAX
BBIYUCIISUIOCH C TIOMOIIBIO TEOPHH MOTTa U COOTBETCTBYIOIIAS TIOABHIKHOCTh HOCHTENEH HE 3aBUCHT
or Temmeparypel - Uj=const. AxycTmyeckoe paccesHue onath HesHauutenbHa (Ux=8,7-10°
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CMZ/B'CCK). BKCHepI/IMCHTaJ'II)HLIG 3HAQYCHUA IMOABUIKXHOCTU XOPOHIO COTIACYHOTCA C PaCUCTHBIMH
JaHHBIMH BO BCEM UCCJIIEAYEMOM TEMIIEPATYPHOM HHTEPBAJIC.

Ta6auna 3. n=2,5-10%cm3

TK * Upol Ui Uak Us U')KC
’ H x10* cM%/B-cek x10%cMm?/B-cex x10° cM¥/B-cek | x10°% cm%/B-cex x10%cMm?/B- cex
290 5,6 57 1,06 8,70 8,9 9,6
270 6,0 7,2 1,06 9,65 9,2 9,7
250 6,6 8,9 1,06 10,5 9,5 10,0
230 7,1 12,2 1,06 11,6 9,8 10,5
200 8,2 20,5 1,06 14,3 10,1 10,6
170 9,7 96,7 1,06 14,8 10,4 10,8
150 11,1 41,4 1,06 20,9 10,6 10,9
130 12,8 46,8 1,06 26,0 10,6 11,0
100 16,6 1,06 10,7 11,3
77 17,4 1,06 10,7 11,0
cM?/B-cek

i ) \‘\\
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Puc. 3. 3aBUCMMOCTH MOABH:KHOCTH JIEKTPOHOB OT TEMIIEPATYPHI 1JIsl 00pa3ia
apceHnIa HHIUA ¢ KOHIEHTpanueii 31ekTponos N=2,5-10%cm

Hamu Obutn umcciemnoBaHbI
n=1,6-10cm3.

B ykasanHoMm obpasiie npuBeneHHbIi ypoBenb ®epmu (mpu T=300K) W'=11,3. EcrecTBeHHO,
BEJIMYMHA TT0/IBU)KHOCTH TIOJTHOCTBIO OIIPEICNISETCS pacCesiHUEM Ha HOHM3UPOBAHHBIX puMecsx. [Ipu
T=290K ee Benmumna Ui=3900cm?/B-cek. TlonspHOE PEIIETOYHOE PACCESHUE yXKE HE CPABHHMO C
COOTBETCTBYIOILIMM pAcCesTHUEM Ha MOHAX M MM MOXKHO NpeHeOpedb. B 3THX yclloBHsX paccesiHue Ha
AKKYCTHYECKUX KOJEOAHUSX PEUICTKH HrpaeT OOJBIIYI0 pOJib, YeM pacCesHHe Ha MOJSPHBIX
KOJICOAHHUSX PEIICTKH, HO €0 POJIb B BEJIMYMHE CYMMApPHOH IMOJBH)KHOCTH MPAKTUIECKH HE OLIyTHMA
npu T=290K, Ux=300000 cm?%B-cek. JIOCTMIHYTO TaKXe€ XOpOIUEE COrIacHe TEOPHU C
IKCTIEPUMEHTOM.

O1eHEeHO MhEe302JIEKTPUIECKOE pAaCCesTHUE, a TAKIKE PACCESHIE Ha JUCIOKANUSIX ¥ BO3MOXKHOE
paccesiHue Ha HEOJIHOPOAHOCTIX KPHUCTALIOB. [l0ka3aHO, YTO HU OJHO M3 HUX HE MIPACT OIIYTHMYIO
posib B (hOPMHPOBAHUH MOIBHKHOCTH JJICKTPOHOB B HCCJIEAYEMbIX MOHOKPHCTA/IAX apceHHIa
UH]VS.

Ha puc.4 mpencraBieHbl KpHBBIE OKCHCPHUMEHTAIBHBIX M TCOPETUYECKHX JaHHBIX
TIOIBHKHOCTH 2JIEKTPOHOB B 006pasue INAS ¢ KoHIeHTpanueii anekTponos N=2,5-10%cm,

takke INAS ¢ OYeHb BEICOKHM COACPIKaAaHNEM HpHMeCCfI
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cM?/Brcex

a 7 77 100 150 200 250 300 T

Puc.4. CpaBHeHue 3KCIIEPUMEHTANbHBIX (IYHKTHPHAS KPUBAsl) M TeOPeTHYEeCKUX (CIVIOIIHAS KPUBAasl)
AAaHHBIX MOJABMKHOCTH HOCHTeIeil B MOHOKpHcTaie INAS ¢ n=2.5" 10%8¢em3
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SUMMARY

QUANTITATIVE ANALYSIS OF SCATTERING MECHANISMS OF ELECTRONS IN INDIUM
ARSENIDE SINGLE CRYSTALS

Kekelidz N.P., Sadradze K.G. and Kvirkvelia B.V.

Georgian Technical University

Ferdinand Tavadze Institute of Metallurgy and Materials Science

lv. Javakhishvili Thilisi State University

In InAs single crystals, in which electron concentration varied over a wide range from 10% to 10%m=, we
computed the components of carrier mobility corresponding to the scattering of electrons by polar lattice
vibrations, acoustic lattice vibrations, ionized impurities (both in lightly and heavily doped materials), neutral
centers, and also to scattering of electrons by electrons. Besides, we assessed piezoelectric scattering, dislocation
scattering and scattering by alleged inhomogeneity. Theoretical values of total mobility were determined and
compared with experimental data. The correlation was good.

Keywords: electron scattering, mobility, effective mass, indium arsenide, single crystal.
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MATHEMATICAL-CHEMICAL INVESTIGATION OF HYDROGEN HALIDES
Gverdtsiteli M.1., Kvernadze M.S. and Kizikurashvili V.N
lv. Javakhishvili Thilisi State University

Abstract. The mathematical-chemical investigation of hydrogen halides was carried out within the scope of the
ANB-matrices method. Five correlation equations of the structure-properties type were derived. The correlations
are satisfactory.

Keywords: hydrogen halides, ANB-matrices, correlation equations.

Mathematical chemistry is a new branch of modern theoretical chemistry. By application of
the categories of higher algebra (graphs, matrices, etc.) it investigates and solves considerable
problems of structural chemistry [1-2].

Contiguity matrices of molecular graphs and their various modifications are widely used in
mathematical chemistry for investigation of molecules and their transformations and the ANB-matrix
falls into their type [3-4].

The diagonal elements of the ANB-matrix represent the atomic numbers of chemical elements;
the nondiagonal elements represent the multiplicities of chemical bonds. For an arbitrary XYV
molecule, the ANB-matrix has the form:

Zy Axy Ay
Ay Zy Ay @
A Z

XV AYV \

where: Zx ,Zv,Zyv are the atomic numbers of the X,Y,V chemical elements; Axy, Axv,Ayv are the
multiplicities of the chemical bonds X~ Y, X ~V,Y ~ V.

The mathematical-chemical investigation of hydrogen halides was carried out within the scope
of the ANB-matrix method. The general formula of these compounds is:

H-X @)
whereX=F, ClI, Br, I, At.
The corresponding ANB-matrix has the form:

@)

11
1z,

In the table, the values of Ig (4418 ) AH 505, S%0s, AG% 208, Erix and o for hydrogen halides are
given [5-6].

The values of Ig [ Aare ), AHC% 298, S%08, AG®t.298, Er.x and o for hydrogen halides

HX | Ig Aar® ) | AH% 9 Ccal/mol. | SPgs Cal/(k.mol) | AG%20sccal/mol | Enx Kd/mol K 102 cl*m
HF 0.90 -64.8 41.5 -63.3 565 0.640
HCI 1.20 -22.1 44.6 -22.8 431 0.347
HBr 1.53 -8.7 47.5 -12.8 364 0.263
HI 1.72 +6.3 49.4 +0.4 297 0.127
Hat 1.92 (+18.2) (51.3) (+9.6) (246) (0.043)
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Five correlation equations were derived using a computer:

AHY 505= 54,6 Ig ( AarB )86, 6 ()
S%05= 9,2Ig ( Aar® )+33 6 (5)
AGYs 205= 44,6 Ig (A2 )76 3 (6)
Epx= -258 Ig (Aar )4+741 )
1=-0,423 Ig ( Aarz )+0,855 (8)

The correlation coefficient r is equal to: 0,981; 0,982; 0,981; 0,983; 0,981, respectively. Thus,
in accordance with Jaffe’s criterion [7], the correlations are satisfactory.

The data for HAt were calculated theoretically (given in brackets) based on correlation
equations (4) - (8).
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IIpoBeneHO MaTeMaTHKO-XMMHYECKOE HCCIIEOBAaHME TaJOT€HBOJOPOAOB B pamkax Meroga AHC-marpwi.
ITocTpoeHs! NATh KOPPENALUOHHBIX YpaBHEeHUH. Koppensaiuu y10BIeTBOPUTEIBHBI.
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MATHEMATICAL-CHEMICAL INVESTIGATION OF
ARSENIC (111) HALIDES

Sidamonidze N.N., Koiava N.A., Rtskhiladze N.I. and Gverdtsiteli M.I.

lv.Javakhishvili Thilisi State University
Thilisi State Medical University

Abstract. The mathematical-chemical investigation of arsenic (I11) halides was carried out within the scope of
the ANB- and GANB-matrices methods. Six correlation equations of the structure-propertiestype were derived.
The correlations are satisfactory.

Keywords: arsenic (I11) halides, ANB-matrix, GANB-matrix, correlation equations.

By using the categories of higher algebra (groups, graphs, matrices, etc.),
mathlematicalchemistry investigates and solves considerable problems of theoretical chemistry [1,2].

Contiguity matrices of molecular graphs and their various modifications are widely used in
mathematical chemistry for investigation of molecules and their transformations (chemical
reactions);ANB- and GANB-matrices fall into this type [3,4].

The diagonal elements of the ANB-matrix represent the atomic numbers of chemical elements,
andthe nondiagonal elements represent the multiplicities of chemical bonds. For an arbitrary XYV
molecule, the ANB-matrix has the form:

Zy Ay Ay
Ay Zy Ay (1)
A Z

XV AYV Vv

wehereZ,, Zy, Z, are the atomic numbers of X, Y, V chemical elements; Ay, Ax, Ay are
themultiplicities of the chemical bonds X~Y, X~V, Y~V.

The mathematical - chemical investigation of arsenic (I11) halides was carried out within the
scope of the ANB-matrices method. The general formula of these compounds looks like

As—X 2

whereX= F, CI, Br, |.
The corresponding ANB- matrix has the form:

w

3

1
ZX

3
0 ®)
0

N o o~

1
0
Zy
0

= = =

X

where 33 is the atomic humber of arsenic.
In the table the data on Ig (Aans), 19(&cans), Toei, AH% and AG or arsenic (111) halides are
given [5].
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The data onlg(Aans), lg(&cans), Tooit, AH% and AGt[5] for arsenic (111) halides

Compound |10 A, ) | 19(Reane) | g oc | aHoyRIMOl | 4G, RIMol

AsF3 437 2.95 50 -921 - 908

AsCLs 5.68 3.22 130 - 305 - 268

AsBrs; 6.14 3.54 221 -199 - 162

N nAsl; 6.69 3.72 403 - 58 - 66
There correlation equations were constructed on computer:

Tooit. = 273 Ig(&ANB) - 1419 (4)
AHy = 247 lg(Aans) - 1702 5)
AGs = 202 lg(Aane) - 146 (6)

The coefficient r is equal to 0.983; 0.984; 0.081, respectively. Thus, according to Jaffe's
criterion [6], the correlations are satisfactory.

The group-type ANB (GANB) is modified from the ANB-matrix, where the diagonal
elements are the sums of atomic numbers of chemical elements; in some structural fragment of the
molecule, thenondiagonal ones are formal multiplicities of the chemical bonds. The GANB-matrix is
constructed on the basis of some formal model. For arsenic (lll) halides, a simple model was
elaborated:

As = (Xs) @)
The data for lg(&cane) are given in the table. Three correlation equations were
constructed:
Tooit. = 540lg(&cane) - 1609 (8)
AHs = 494 Ig(&GANB) - 1895 (9)
AGs = 404 Ig(Acans) - 1609 (10)

The correlation coefficient r is equal to 0.980; 0.912; 0.981, respectively. The correlations
are satisfactory.
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PE3IOME

MATEMATHUKO-XUMHWYECKOEUCCJIEJJOBAHUE

TAJIOTEHU10OB MBIHIBSKA (111)

Cugamonnze H.H., Konaa H.A., Puxunanze H.U., I'eepaunrean M.A.

Tonaucckuii rocyfapcTBeHHbI yHuBepceuTeT uM. UB. IxaBaxumBuim

TOonaucckMii rocyiapcTBeHHBbIH MeIMIMHCKMIT YHUBEpCUTET

[IpoBeneHo MaTeMaTHKO-XMMHUYECKOE HCClieoBaHne TanoreHnoB Meimbsika (II1). Iloctpoeno miects Koppe-
JSILMOHHBIX ypaBHeHuil. Koppensuuu yaoBIeTBOPUTENBHBI.

KuaroueBble cjioBa: ramoreHuan! Mbimibsika, AHC marpuna, TAHC marpuna, KOppessIIuOHHBIE ypaBHEHUSI.
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SUMMARY

MATHEMATICAL-CHEMICAL INVESTIGATION OF SOME DERIVATIVES

OF 2-P-NITROPHENYLINDOLE

Chikvaidze 1.Sh., Khitiri G.Sh., Samsonya Sh.A. and Gverdtsiteli M.1.

lv. Javakishvili Thilisi State University,

P. Melikishvili Institute of Physical and Organic Chemistry

Mathematical-chemical investigation of the derivatives of 2—p-nitrophenylindole was carried out within the

scope of ANB _matrices method. Two correlation equations were derived and investigated. Correlations are
satisfactory.

Keywords: derivatives, 2—p-nitrophenylindole, ANB -matrix, correlation equation.
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NEW NONTOXIC MACROCYCLIC AZOMETHINES
Chelidze N.T., Ochkhikidze N.T., Matitaishvili T.R., Didebulidze K.A. and Elizbarashvili E.N.
Agricultural University of Georgia

Abstract. The 24-membered macrocyclic Schiff bases and their metal complexes were synthesized from
dihydroxyl derivatives of bisphenol or azobenzene under the conditions of the Reimer—Tiemann reaction and
cyclization with diamines. The antibacterial activity of the Schiff base and its complexes against E.coli, S.aureus,
and Paeruginosa were studied. It was found that nor macrocyclic azomethines nor their complexes showed
antibacterial activity.

Keywords: macrocyclic azomethines, Schiff bases, metal complexes, antibacterial activity.

INTRODUCTION

Azomethines are used as substrates to prepare a large number of industrial and biologically
active compounds via ring closure, cycloaddition and condensation reactions between primary amines
and aldehydes. Moreover, azomethines are also known to have biological activities such as
antimicrobial [1], antifungal [2], antitumor biological activities [3] and are used as herbicides. In
industry, they have a wide range of application such as dyes and pigments with luminescent
properties.

Optical imaging with dyes permits visualization of biological activities [1-4]. Among the
compounds with fluorescent properties, azomethines are one of the important dyes.

The aim of this work was to find the synthetic path of 24-membered macrocyclic Schiff bases
and their metal complexes. In addition, the biological role of prepared Schiff bases and their metal
chelateswas to be determined.

RESULTS AND DISCUSSION

The synthesis was carried out according tothe scheme below.The key compounds were
dihydroxyl derivatives of bisphenol or azobenzene. Carbonylation was performed by the Reimer-
Tiemann reaction. Cyclization was performed by action of hydrazine hydrate or ethane-1,2-diamine in
acetonitrile or methanol. Copper and chromium acetates were used for formation of complexes.

The antibacterial activity of the Schiffbase and its complexes against E.coli,S. aureus, and
P.aeruginosa were studied. All the Schiffbase complexes individually exhibited varying degrees of the
inhibitory effect on the growth of the tested bacterial species.

Based on all these observations, we believe that the synthesis of macrocyclic azomethines,
having the properties both of azomethines and macrocyclic compounds, ishighly interesting and
beneficial for the development of the field. Earlier we reported the method of synthesis of 20-
membered cyclic polyazomethine compounds [5]. Some chemical and physical properties of these
macrocycleswasalso studied [6]. They are excellent azo partners and have the ability to produce
tetrakisazo dyes via one-pot azo coupling reaction.

There is a need to design stable dyes that possess desirable photophysical properties, stability,
and targeting ability. We synthesized of novel substituted macrocyclic polyazomethines with
methylene spacers. Polyazomethines were synthesized via conversion from bisphenol by
carbonylation and condensation with ethylene diamine or hexamethylene diamine.
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where: X is none or -N=N-, nis0,1,2,3; M* is Cr3*, Cu,"
Scheme. Synthesis of new polyazomethine

Experimental

Biological screening

The est was performed by the disk diffusion method adopted with some modifications for the
prepared compounds using Gentamycine and Ampicelline as references. The prepared compounds
were tested against one strain. The antibacterial activity of the Schiff base and its complexes against 5
pathogens Salmonella Enteritidis, E.Coli, Pseudomona Aeroginosa, Strephtylococcus Aureus and
Strephtylococcus was studied. Whatman No. 1 filter paper disks 5mm in diameter were sterilized by
autoclaving for 15 min at 121°C. Sterile disks were impregnated with different compounds (600 pg
/disk). Agar plates were surface uniformly inoculated from the broth culture of the tested
microorganisms. The impregnated disks were placed in the medium suitably spaced apart and the
plates were incubated at 5°C for 1 h. to permit good diffusion and then transferred to an incubator at
37 °C for 24 h for bacteria, and at 28 °C for 72 h for yeast and fungi. The inhibition zones caused by
various compounds on the microorganisms were examined. The results of the preliminary screening
test are listed in Table.

Data on the Antibacterial Activity

Pseudomona Strephtylococcus

Aeroginosa AUTEUS Strephtylococcus O1s

Salmonella Enteritidis | E.Coli

1 - - - - -

2 - - - - -

3 - - - - -
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All the azomethine macrocycles individually did not exhibit any inhibitory effect on the
growth of the tested bacterial species.

Antibacterial activity test

Materials and Methods

All the chemicals used were of commercial grade and were further purified by
recrystallization and redistilled before use. The solvents used were of spectroscopic grade. The
'H-NMR spectra were detected by using spectrometer BRUKER WM-300 (300 MHz). Standard pulse
sequences were used for the NMR experiments. Chemical shifts (§) are given in ppm and coupling
constants (J) in Hz. The IR spectra were recorded by using the Thermo Nicolet spectrometer with
scanning over the range of 4,000-400 cm using KBr pellets. The UV-vis absorption spectra were
recorded by using the CF-26 spectrometer (produced in Russia). Elemental analyses were performed
using Heraeus CHNO Rapid Analyzer. Melting points were determined by melting point apparatus
Electrothermal 1A9100. Hydrazine hydrate was prepared from hydrazine sulfate and ammonia as
described earlier.

General procedure of preparation of aldehydes 2a and 2b. The solution of sodium hydroxide (3.2
g, 80 mmol) in water (20 mL) was added to a stirred solution of 1a or 1b (35 mmol) in ethanol (150 mL).
The reaction mixture was heated up to 80 °C. Then chloroform (9 mL, 0.11 mol) was added dropwise
and the reaction mixture was boiled for 1 hour. The excess of ethanol and chloroform was distilled.
Hydrochloric acid was added subsequently until pH 5-6. The residue was dissolved in the minimal
amount of diethyl ether and an equal amount of saturated solution of Na,S,0s was added. The mixture
was kept for 24 hours and the precipitated solids were filtered off. The solid was dissolved in water and
treated with sulfuric acid (10%). Yellow crystals were obtained by filtration and dried on air.

4,4'-dihydroxybiphenyl-3,3'-dicarbaldehyde (2a). (3.18 g 13.14 mmol, 45%); white crystals,
m.p. 260-262 °C; IR (KBr) vma/cm™: 3240 (OH), 3069 (Car - H), 2820 (H - CO), 2765 (H - CO),
1705 (H - CO), 1615 (C = C), 1580 (C = C), 1513 (C = C), 1455 (C = C),1380 (OH), 1270 (C - O),
1210 (CAr = H), 1150 (CAr - H), 1030 (CAr = H), 930 (CAr = H), 890 (CAr - H), 780 (CAr - H)n
710 (Car - H). *H NMR (DMS0-ds,300 MHz,)  6.98 (d, J 7.8 Hz, 2H, H-5), 7.86 (s, 2H, H-2),
7.88 (d,J 7.8 Hz, 2H, H-6), 9.83 (s, 2H, OH), 10.24 (s, 2H, H-CO). Analysis Found C, 69.88; H, 4.10.
Calc. for C14H1004: C, 69.42; H, 4.16%);

5,5'-diamino-4,4'-dihydroxybiphenyl-3,3'-dicarbaldehyde (2b): (4.00 g, 14.7 mmol, 43%);
white crystals, m.p. 247-250 °C; IR (KBr) vma/cm™: 3376 (NH), 3305 (NH.), 3220 (OH),
3010 (Car - H), 2810 (H - CO), 2695 (H - CO), 1695 (H - CO), 1630 (C = C), 1590 (C = C),
1470 (C = C), 1430 (C = C), 1340 (OH), 1220 (C - 0), 1200 (Car - H), 1120 (Car- H), 1010 (Car - H),
905 (Car- H), 860 (Car - H), 750 (Car - H), 705 (Car - H) cm™. *H NMR (DMSO0-ds,300 MHz) 5 5.85
(s, 4H, NH>), 6.79 (s, 2H, H-6), 7.22 (s, 2H, H-3), 9.56 (s, 2H, OH), 10.02 (s, 2H, H-CO). Analysis
Found C, 61.55; H, 4.50; N, 10.40. Calc. for C14H12N204: C, 61.76; H, 4.44; N, 10.29%.

General procedure of preparation of macrocyclic polyazomethines 3a and 3b. Into the four-
necked flask fitted with two dropping funnels, a mechanical stirrer and a reflux condenser, 2-propanol
(100 mL) was poured and heated until boiling. The solution of 2a or 2b (1.0 mmol) in 2-propanol (10
mL) and freshly obtained hydrazine hydrate (2.2 mmol, 50%) were added from different dropping
funnels simultaneously for 30 min. The reaction mixture was heated for 1 hour, and precipitated pale
yellow crystals were isolated.

Polyazomethine 3a. (0.27 g, 0.58 mmol, 58%); yellow crystals, m.p. 280-282 °C
(isopropanol); UV-vis Ama/nm (Ethanol), (log &) 297.8 (3.99), 316.72 (3.56), 329.4 (3.48), 340.7
(3.60), IR (KBr) vmax/cm™: 3340 (OH), 3030 (Car - H), 2854 (H - CO), 1704 (H - CO), 1604 (C = C),
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1457 (C = C), 1373 (C = N), 1295 (OH), 1234 (C - 0), 1172 (Car - H), 817 (Car - H), 725 (Car - H),
509 (Car - H). *H NMR (CDCls, 300 MHz) § 6.84 (d, J 8.0 Hz, 4H, Car- H), 6.88 (s, 4H, H C = N),
7.32 (d,J 8.0 Hz, 4H, Car - H), 7.36 (s, 4H, Car - H), 7.96 (s, 4H, OH). Analysis Found C, 70.50; H,
4.28: N, 11.72. Calc. for C2sH20N4O4: C, 70.58; H, 4.23; N, 11.76%.

Polyazomethine 3b. (0.28 g, 0.53 mmol, 53%); yellow crystals, m.p. 253-255 °C; UV-vis
Amax/nm (Ethanol), (loge) 300.5 (3.85), 320.5 (3.65), 335.4 (3.35), 345.6 (3.55); IR (KBI) vma/cm™:
3370 (NH), 3315 (NH2), 3305 (OH), 3015 (Car - H), 1600 (C - C), 1435 (C - C), 1355 (C = N),
1280 (OH), 1230 (C - O), 1170 (Car - H), 815 (Car- H), 720 (Car - H), 510 (Car - H). *H NMR (CDCl;,
300 MHz) 6 5.83 (s, 8H, NH>), 6.79 (s, 4H, Car - H), 6.85 (s, 4H, H - C=N), 7.22 (s, 4H, Car- H), 7.92 (s,
4H, OH). Analysis Found C, 62.60; H, 4.50; N, 20.92. Calc. for CH2NsO4: C, 62.68; H, 4.51; N,
20.88%.

Polyazomethine 4. Bromine (22.68 mmol) was added dropwise to the solution of macrocyclic
polyazomethine 3a (1.8 g, 3.78 mmol) in ethanol (60 mL) stirred at 30 °C. The temperature was
maintained at 30-32 °C for 45 min after complete addition of bromine. The reaction mixture was cooled
to room temperature and filtered. The solid was washed with hot water and ethanol (2.39 g, 3.01 mmol,
80%); yellow crystals, m.p. 113-115 °C; IR (KBr) vma/cm™: 3350 (OH), 3020 (Car - H), 1600 (Ca =
Car), 1450 (Car = Car), 1380 (C=N), 1290 (OH), 1240 (C - O), 580 (Br). Analysis Found C, 42.50; H,
2.10; Br, 40.30; N, 7.00. Calc. for CsH16BraN4Os: C, 42.46; H, 2.04; Br, 40.35; N, 7.07%.

Polyazomethine 5. To the solution of polyazomethine 3a (0.5 g, 1.05 mmol) in DMF (45 mL)
stirred at 20 °C, POCI; (6.3 mmol) was added dropwise for 2 hours. The reaction mixture was heated

up to 80 °C until complete conversion of 3a (approximately 3 hours). The course of the reaction was
monitored by TLC (eluent toluene/ethyl acetate 2:1 (v/v)). The precipitated resinous residue was
filtered off, washed with ethanol and purified via the bisulphite derivative. For this purpose, the
obtained resinous residue was dissolved in saturated solution of Na2S205 and re-precipitated by
treatment with diluted (20%) sulfuric acid. (0.43 g, 0.735 mmol, 70%); yellow crystals,
m.p. 119-120 °C; IR (KBTr) vma/cm™: 3330 (OH), 3010 (Car- H), 2850 (H - CO), 1710 (H - CO), 1600
(Car = Car), 1375 (C = N), 1230 (C - O). Analysis Found C, 65.30; H, 3.40; N, 9.55. Calc. for
Ca2H20N4Os: C, 65.31; H, 3.43; N, 9.52%.
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PE3IOME

HOBBIE HETOKCUYHBIE MAKPOLIUKJINYECKHUE ASOMETHHbBI

Yeauaze H.T., Ouxukuaze H.T., Matutanmsuiau T.P., Iunedynunze K.A., dauzdoapamsuiau J. H.
ArpapHblii rocyiapcTBeHHbIN yHUBepcuTeT I'py3un

OcymiecTBieH cuHTe3 24-4JI€HHBIX MaKpOIMKIMYECKHX a30METHHOB M MX KOMIUIEKCOB C METaJUlaMH Ha OCHOBE
JMTHAPOKCHIIBHBIX MPOU3BOJHBIX OHcdeHoa 1 a300eH3071a B YCIOBHSIX peakinn Pelfivepa—Tumana n mukmm3anin
¢ quaMuHaMu. M3ydeHa ux aHTHOaKTepHalbHasl aKTUBHOCTB 10 OTHOWICHUIO kK E. coli, S aureus u P. Aeruginosa.
Y CTaHOBIIEHO, YTO HU MaKpOLMKINYECKHE a30METHHBI, HM X KOMIUIEKCHI HE MPOSBISIIOT aHTUMUKPOOHYIO aKTHB-
HOCTb.

KiroueBble cioBa: MAaKpPOIUKIIMYCCKUE a30METHUHBI, OCHOBAaHUA H_II/I(I)(i)a, MCETAJINIMYCCKUC KOMIIJICKCHI, aHTHU -
GakTepuanbHas aKTUBHOCTb.
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50330000 bbgopslbgs bogmogmgdgdbom (Fodemgdom, gobommmyoyg@e  o@oyg®o
bog@mgdom,  JogOmmeysbobdgdom).  8g-0l  bmdgbol  Dg@hggs  brgds  sdmEoboby
530 Jogd g gdom. Ispomoms, oy 33 9bos ©s0@ZoOMmL  obgmo  3Mg3s@s@gdols
blbsdgdom, @mdgemms  bmdgdo 5@  omgdo@gds  @odwgbody  sogye  obylBmgdl,
dobowgdos dzodg bmdol (Gsdwgbodg Jog@mmdgB®o ©osdg@®ol IJmbg) 33-gdo 5dslmasb,
09 83-900 9bes dmbgrbgb Lolbanol d0dmdiggol Lodgdsdo, dosmo ©osdgB®o @ ybos
o0gdoBgomegl 12 333-L, @oms o@ dmbogl 330 aodgegs  Jodoms®gddo. YBOM
dbgogno  (omdmbsJdbgdolmgol, @mdgmms  ©osdgd®o  o@{g3l  Godpgbodg  SLgye
b5bmIgB@al (bosbmlyldgbbogdo, doJBgdomasggdo o ULbg) osyEoegdgmos 9aG®M ©o©o
bemdol  33-b  godmygbgds, @oms  dmbegl o3 goomgdomn  dbbgogn  Fo®dmbsJdbms
Lbomsbom  ho@godmgs 33U 0bBgdogddo  (gyesdo).  hggb  Bogd  mgm@oygms
3oobaoM0dgdygmos 33-b ol Bggoemdols sdmogdygmgds ggmdgd®oye 3o@ModgE-
090bg  (ggeaol  Loldgbs ©o ©0sdgpdbyg). [obsdwgdsdyg Lodydom os@oli  gJlbdgdo-
396@ 9o bsloosmol  ©s  gdwgbgds  3m@odg@yemmo  33-bU gm@dodgdols  3@miEgLols
LolBgdody®d ggerggol Lbgswsbbgs (3o 30M5393O b ©odm gowgdym gdoom.
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3b39%039bB g0 bofomo

Smerody@ol dgdhgge

dg Jdolbomgdoe dggo®hogom 3mogl@g@sdowo Lgdsiobols dgogsls (8), sdobm Igogs
L-gngoobol (L) ©o L6-3gJbobomal (6) Logydggenbdg, @mdgembsis  oswgbodbogm
amam®i 8L6-L (Lgds 1).

0 0
H H
N /H\ N
8 (6] 60
o) o)
n

bJgds L ggarggodo aodmygbgoymo 3menogl@g@sdowo 8L6.

5bodbyao  3maoglb@g@sdowo  dggedbogm, gOmo  Ib®og,  dobo  ds@sgno
b00dgmogligdbomdols [5], boenm dgmeg dbcog, godmbsgs@mo bogmogdgdgdols ©odsao
golol o bgandolo(gomdmdols bodbom. 3meodgmo dogomgmn  LgdsiEmog Jerm@mols

3003mbogblsioom doli-(go3ob)-1,6 3gJLoagbwogl@g®ol 3-Gmegme ygaambs@msb
Boboms goymazols bgwsdodby [2].

dg-0b Joegdol bogowo Jgmmwogs

d43-0b ge®dodgdolomgols as3mgoggbgo Fyseo/(3bodo/Fysmo m@dsgo gdygalools-
2odblbgaols sm@mnJagdols dgmmeo (water-in-oil-in-water (W/O/W) double emulsion-solvent
evaporation method) [6]. 83-0l dobowgdoe gJb3gM0dgb@goo hogo@odgm mmsobol @9d3g-
5@ YO>bY.

In93geo 3gmmeols msbsbds, dodggeswo W/O gdgelools dobowgdsw 04 deo
1%-0560 (Fmbs/ImEgenmds, §/3) bgosdo@ygmse sJ@ogmo bogdmol (bsb) {gomblbsdl
35953 goom 4,0 dg» o Jerm®@dgmsbl (DCM), @mdgedoi aoblbogmo ogm goblsbmgdey-
0 @omEgbmdol (5 o6 13 % (/3) 3maoglb@g@sdowo 8L6, o 33cMg3mom domsmd@yb-
3500 dmdmagbobs@mmols (High shear strength disperse homogenizing emulsification machine
C25, Shanghai HC Mechanical Equipment Co., LTD, Shanghai, China) 3dgdggmdom 15 {9
3obdogermdsdo 10 000 da9bo/fm-bg (3o@ggemomo gdyeliools sdbopgdolols dmdmpgbo-
boools Lobdsdg gigeswo ogm - 10 000 d@O9bo/fm). Igmdspo gdgebools Jobswgdsg,
300390 o00W/0  gdygablos (@doldopggoto dolo) LYdogse  gowoggdmbos 10,0 den godo-
96500 30b39bHO>300L  bob-ob Fgdgye  Fyarol goboBo  wo  ggarey  §9Og3L00
doogd®ybgoo dmdmygbobs@m@ol dgdggmdom 3 Fo aobdogmmdsdo Iygwdogo (dog@sd
9JU39M039bHowsb  gJb3g®0dgb@do  go@Momgdswo)  LohJo®om  Jmeggol  3oGmdgbddo.
30093000 @dobdogge® dgm@s W/O/W gdgenlosl. o3 dgmmeogsl goggbgdwom 3oy
bemdols (<10 33d) 33-0L Bm@IoGgdolsmgol.

oo bmdol (>10 33d) 33-0Lb Gm@IoGgdolomgols gmese W/O/W  gdygalosls
300960000 Jo@o@dM7bgoo 3mdmagbobo@dm@ols godmygbgdols as®gdy, 3omggeemo W/O
999ebools {ggm§ggmmoon (1-2 §3900/§3) ©sds@gdom 10,0 dan  go®odgdopo  3mbzgb-
A®5300l bob-ol Vgd339e Tymol gobodo, dopbo@dydo Lo®gggmomn  dnwdogo (og@od
9JU3900396¢0wsb 9Jl3g®0dgb@ddo goMomgdswo) Lohds®om dm@ggol 3oGmdgddo.

odagodoE, dgm@so W/IO/W  gd3gembool  ©sdbopgdol  300mdgdols  go®omgdom
Jgbodgngdganos  33-0l bmdgdol gododgds Labiydgger bwg®gddo. Lsdmememe  83-0b
LgL3gbbosl gowgdom dgmeso W/O/W gdyanliools (bgdoldog@mol) dmcdggom dopbody®
Lo®gggaeoby dg@hgyeo Lobo@omn (400 d&/Fm) 8 Lo aobdogenmdsdo. o3 @A™ bpgds
MO25bg@o  2s53blbganols (DCM) Legmo sm@ndamgds ©s @bgos [ysedo dg@ogdogg-
00 30360mbBgamgdo (dogOmbylbdgbbos), Gmdgalsi gobsbogoom dsiogs®mdo.

(3Eoo  3oM5dgHMgool  aogargbs  dogOmgdgalogdol  gm@do®gosby  gobbo-
@geos Jggdmo.
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-0l Jobsmgdoe godmygbgdaaro bob-gdo

332093570 a0dmgoygbgom dgdwgao bob-gdo(yggens Sigma-Aldrich-cs6)«(i) Kolliphor
P188 (Poloxamer 188) — 3m@ogmog gbaeno 30 o-3enem -3t 03@m3oe 9ba @ o jmeno-3enem i
3o@ogmoegbaeogmeno  (PEG-PPG-PEG)  @@0dgom j-msbsdmanodgdo  dmangggea@o
Ymbom (MW) 7680-9510 Da, (ii) Poloxamer 407— PEG-PPG-PEG @®o0deom 3-mobodmenodg®o
domgsgeg@o  {mboo (MW)  9840-14600 Da, (iii)) 3menogobogools  L3o®@Fo, PVA,
Jogggeg@o fmboo (MW) 31 000 Da ©s Jo@meobols bodolboo (3.b.) 86,7%-88,7%,
(iv) PVA dmengsgaemag@o fmboo (MW) 84 000 —89 000 Da wo 3.b.-om 86%—89%.

CHj3
¢} (6]
n H O OH
X z

OH
PVA PEG-PPG-PEG (Kolliphor P188, Poloxamer 407)

bJgds 2. 3309350 aodmygbgdymo bsb-gdo

-0l bmdgdol., bmdgdol gobsfoergdol s JoGaemarmgool dgbfsgars

Jogdyedg-gol gobolosmgdom boFoas 3900l Lodgogom 00539 B 0m,
©05390®0l  Jggos brgs@om, ©osdgd@oll bgos bmgsdom ©s bofogsgzgdol bmdgdols
aobsfomgdom, @sbgdygmo dogdmmbsobg@ols (Laser particle sizer LS-C(111); Omec Instruments
Co.,, LTD, Guangdong, China) gs3mygbgdom. bofoesigdol  bmdgdol  gobsfogdsls
3o 9bom Rymgnoi3ogb@ol 360dgbgamdols dobgogom, @mdgmoi aobolsbwg@dgdmws
‘d9d0 g0 BOOIFYEom:

R= moadydfolbyoaBegs®o - posdydfHoldgoosbogafo
- Labwgsemergoosdgd o

0mgengds, M3 Amegbsig R<LS bofoasggdol bmdgools aobsfogmgds  gofyms,
boam  Oopglsg R>LS  bmdgdol  gobofommgds  godmms.  ggenggol  dgoga9ddo
(3b@ogogdo 1-8) bofogoggdol Lodgomm ©osdgd®o, ©osdg@d®ols Jggos begs®o o
©005d9B@0l  bgs  begsdo  IJmEgdygmos, OOamOGE  bymo  3s@emgmy@o  aobmdgols
Lodygoam + Aobpos®@ymo aowsb®s (SD).

oo bmdol  33-0b  ImOGmEemaogdo  3geggs  ho@odgdymos  m3Gogy®o
dog@mbim3ols  (Biological microscope XSG series) aodmygbgdom. 330l bmdgdol
‘Ygboggoligderom bodydgdo (Jog@mliygldgbbos) woygdmbs ammosggol dowgby, yowowgds
200 Xx.

G856 7a0 90 bo do_seerodg@Gol pmbrgbBdoool gogargbs dg-0b @ea@Gdodgds by

d43-0b  gm®dodgdsbg  3maodg@ol  gmb3gbd@dsEools  gogargbols  dglslifogarsw
3090M30949bgm  m@asbyen @sbsdo 3meodg@ols 3mbigbG®sEools m@o dbodgbgermds — 5
s 13% (§/9). 53 3mb3gbd®ms3ogdol aodmygbgdolsl sdbowgdyge Lyldgbbogddo 33-ob
3M6396BMo30s gy gbrs dglodsdobo 20 s 50 dp/dan. 3maodg@dols 3mbigb@®siools
o8 9bs dggolfogangom Gmam®i d3zodyg, oly oo bmdol 33-0l Bm@Io®gdsby. 33-0b
domgdols 3Om3gLbol 30M53gBMgdo (PYEgerowo s (3georo) Fo@mdmwagbogros b@. 1-Jo.
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3boogo 1. 33-0l dowgdol 3Bm3glol 35Gsdg@Mgdo
30m3glols 3o@sdg@@gdo

ICHENSINY (CHISREINY
Bob-0 J0@ggmee Fymol ¢obsBo 3egnodg@ols (3(')5563@606(11)30%2)0(%%(?606‘3@ aoboTo
Kolliphor P188 '

bob-0 Igm@op Fymol gsbsTo
PVA (MW84-89KDa)
Dob-0ls gmbigb@Moos J0Mggmom Fyanols
gobsTo - 1% (§/9)
bob-ol 3mbi3gbdAsE0s Jgm@sw Fymols
55b5T0-1% (§/3)
30Mggeowo gdgalbool dmdmygbobszools
LobJomg 10 000 d&gbo/fo
3ocggeoo gdgebool sds@gds dgmasE
Vyeool ggobodo - dgobogdo (830t bmdols
d3-0 domgds)
dgm@swo gdgelools d3mdmygbobsiools Lohfséy
10 000 d@gbo/For (3zodg bmdol 33-0l
dogmgds)
3odggeso gdgamlbool sds@gds dgm@sw
Vyemol gobodo LobJomom 1-2 §g900/§3 (oo
bmdols 33-0l5 Jowgds)
dgmeseo gdgebools dmeggols Lohjsmg 400
5@960/Fo (oo bemdols d3-0ls Jogmgds)

330930l Igegagdo Fo@mdmeagboanos b®. 2 s 3-To.

V909239000506 Hobl, O™MI @Oy Bobsdo  dmanodg@ol  3mbEgb@®siools
3ob®ws 5-ob 13 %-dpg (§/9) 0f393L 8g-0L Lodygomm ©osdgB@ol bdwsl 3,83-sb 5,30
HM-3g 330609 dmdol 3z-0b Jgdmbgggsdo (gbGoao 1), ©s 66,28-0sb 81,36 UM-Iwg
oo bmdoldg-ol dgdmbgggsdo (GbGogro 2). Gmam®E d30dg, obggy oo bmdol 93
bobosmgds gofOm aobsfoemgdom (R<LS).

GbGogo 2. mdysbam ¢sbsTo 3mEodg@ol Jwb3EgbG@SE00L gsgmgbs
3300y b™3ol 330l oMM gdsby

c (@] 2
) @) 2.0
22 2y g £ 8% =
= 5P S UL = 2 H SH 2
€42l d229 & TE E 225
S€ P |22 & g2 = 3 = 3 ~o U
TLys | LR yE< 2 e c = e x ges
SEEE| S22 fe | e | i L
LT 22T 238 =% =% S
s8R 222 - & o B) 2 >
5E 5 2 2 & 2 g €
£ S g &P
g &
5 20 3,83 0,014 | 1,57 0,004 | 5,18 0,030 | 094 g0y 6o
13 50 530 0,016 | 1,99 0,003 | 8,39 0,012 1,20 gofom
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3bGomo 3. @by gsb5To 3mmodgdol Jmbi3gbGmsEool gogamgbs
©oEo bmdol 33-0b oMo gdsby

” ~ c =
c £ = g
5 & 5 &g 20 2 q <
2 2y = Lo AL n o)
o HE € UdUS S S 4 L+ € .3
§2%- 255| Zg | e “E 2%
2572 22s ] =2 =2 = ¥
s YT X% = & & @ =
GSES| 228 g |t 5 22
[Ny 5 O A © e c© 2 DN
~ e D el = IR 2= g/ ©
=€ 2 %3 iy c « c « g
£ L B = &P &P <
5 20 66,28 0,231 | 31,56 0,074 | 105,53 1,614 | L12 | go{om
13 50 81,36 0,135 | 36,85 0,273 | 127,71 2242 | 1,10 | go{&m

Jgmdo@ Pyemolb 20bsdo bsb-0l ymbrgbbdopo0l 3030965 8g-0b qm@mdodgds by
d3-0b  gmAToMgosby  bsb-ob  3mbigb@®szool  (Igm@gym  Fymmol  Rsbsdo)
3080 9bols  gbFogerols  dobbom  dggodhogm  3mbEgb@dGs30gdol  bymo  Lbgowslibgs
d60dgbgermds — 0,1; 05 1,0; 2,5 wo 50 % ((/3). Bbsb-ol 3mb3gbd®sicools aogagbs
dggoblogengm  @mam®E dgocg, oly Igbgogro  bmdol 83-ol Rm@IoMgdsby. 83-0l
domgdols 3OmEgLbol 30M5dgBMgdo (YEgEswo s (33esrn) Vo@mdmwygbogros 3b@. 4-Jo.

3bGogo 4. 33-0l Jowgdol 3BeEgbol 35®53gGBgd0

30m3gbol 3o@edgB@gdo

RICHININY (GRS
3m@0dgdols 3mbi3gbBMmoos m@ysbym gobsdo bob-ol 3mb3gbdMsE0s Igm@op Fymols
5 % (/9) gobsdo  0,1; 0,5 1,0; 2,5 50 % (/9)
bob-0 3o@mggmoee Yymmol gsbsdo  Kolliphor
P188
bob-0 Jgm@e Fymols gsbsdo —PVA (MWE4-
89KDa)

Bob-0li 3mbigb@Mozos 30Mggmsw Fyaols
%obodo - 1% (§/9)
30Mggeowo gdygabools d3mdmygbobszools
LohJomg 10 000 d&gbo/Fo
3ocggeoo gdgelbool sds@gds dgmesw
Fyemol gobsdo - dgobogdo (3gocg bmdols
d3-ol domgds)
dgmeseo gdgebools 3m3magbobsizools Lobfemyg
10 000 dc9bo/fo (8300 bmdol 33-0l Jormgds)
306ggeoo gdygabool sds@gds dgm@sw
Vyemol gobodo Lobdomom 1-2 §3900/§3 (oo
bmdols d3-0l dowgds)
dgmeseo gdgebools dImeggol Lobjesmg 400
50960/ (oo bmdols d3-0ls Jogmgds)

30950l dggygdo Foddmwagboanos 3bMogrgdols Lobom (3bGogro 5 ©s 6).

Jowgdygmds  dgogagdds  ggohggbs, @md  Jzodg  bmdol 830l dgdmbgggsdo
(bdogoo  3) dgmagge  Fymol gobsdo  bSb-ol —3manogobognols  L3o@Eol (PVA)
3063963300l Aob®ws 0,1-sb 5,0 %-3pg (/3) 0fg93L 33-0L Lodgoemm wosdg@@ols
93306 gosl  4,02-ob 1,74 pmM-3pg.  s@lbobodbogos  spdgmgg, Gmd PVA-L  @odogn
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306396@®>3090%bg (0,1 s 0.5 % §/3) sppomo 3Jmbs d3-0b bofommdmog sa®gasiosl
> mgo@om bognyano 3m@odgdyeo sy@gasdgool [o®mdmJdbsl. PVA-L 0,1 s 0,5 %
¥/3  3mb3gbd®o30goby 83-0L GoGmdomo godmbogsgo dgopagbos 69 ©s 86 %-l
‘dgbodsdobow. PVA-I ©sbodhgh 3mbi3gb@dsiogdbyg (1,05 2,5 s 50 % §/3) 35-0b opdg-
300> O 5®0bodbgomEs, s Dglsdsdolow, 3g-0l FodEmdomo yodmbagsaoi 100 %-1s
‘9o gbes. oJgsb dgbsdgrms ogaliggbom, G®I 33-0l Jolowgdsw PVA-I m3@o0dsgny@o
3M639bB®sogoos 1,05 2,5 s 5,0 % (/3. o3 m3@odoemy® 30639603090y dowgdyen
0dbs oo bmdol 33-03. Ygegagoo (os®Imwagbogos 3b®ognr 4-Fo.wowo bmdols 830l
‘dgdmnbgggsdo PVA-l 3mb3gbd®scool aob®ws 1,0-0sb 50 %-3pg (/3) ofg9gL 83-0L
bodgogrm ©@osdgB®ols dgdocgdsl 67,63-sb 10,01 pM-dwg. o>@bobodbsgos sbggg, G™d
od dgdombgggsdo PVA-I 3mb3gb@@siool aob®ws 9a3@dm dbodgbganmgbse sdi0cmgols (6,7
xg®) bofoaszgdol Lodgogrem bmdgol, gowdg dzodg bmdol 83-ol Jgdmbgggsdo (2,2
@).

0 @o3  dggbgos  bofomsgygdol  bmdgdol  aobofomgdsl, d@odg  bmdols  83-ob
‘dgdmnbgggsdo PVA-l m3@odogny® 3mb3gbddsizogdby (1,05 2,5 ws 5,0 % {/3) gobsfogog-
b5 gof@ms (R<L5), bmam oo bmdol 330l dgdnbgggsdo PVA-I dopogr  3mbz96-
B®>305bg (5.0 % {/3) 5@0bodbgds bofomszgbol bmdgdol godmm aobsfomgds (R>1.5).
domgdamo dgogagdowsb dgyg0d@mos ©ogoliggbom, @md Bsb-ol 3mb3gbd@Mszos Igm@awe
Tyemol gobsdo 360dgbganmgobo  goJ@m@os, GmIgaoi aobs3o®mdgdl Gmam® 3 83-0l
bmdgdls, sbggg dom odmbogomls.

3bGomo 5. Fgmol gobs>Bo bob-ob gmbi396EHo300L yogmghs
33069 B30l 330l BMAoAHgdsby

PVA-L (Mw=84- "
89KDa) T ©05dgBGol | osdg@dols bofomsgadols dg-ob
Jaaces by RSOOME000
30639bHO>G0> ©osdgBH@o P Boondh R bdgdols e
dgm@ow {yamols (uM)£SD )kaisg) )S\aisg aoboFoagds 0o m;gov\no
0,1 4,02 0,018 1,31 0,001 10,11 0,054 2,18 NG 69
0,5 3,90 0,009 1,41 0,001 546 0,048 1,03 g0y o 86
1,0 3,83 0,012 1,57 0,004 5,18 0,030 0,94 g0 o 100
2,5 3,47 0,023 1,53 0,002 4,99 0,007 0,99 go{ o 100
5,0 1,74 0,002 1,23 0,003 2,60 0,018 0,78 g0y o 100
*86-01) q;oﬁ)ggmbomo 2)08“’1)03052'0 (%) = 30g00dg@ol LogHmem dobs - sg@ga0®gdyeo 3meodg@ol dobs XlOO%

3eg0dg@ol Log@omm dobss

3b®ogno 6. Fymol gobsTo bob-ob mb(3bEGsE00L dogmgbs oo bmdol d3-0b BmAIo@gdsby

PVA-L (Mw=84-89KDa) Lodgoenm ©00539BM0ls 053930l boFoas39d0l
306GbHGG0> ©005dgB®0 Jagos bmgodo bges begodo R bmdgdols
Aot Tymol (UM)+SD (UM)+SD (LM)SD ER
goboo (%§/9) Hm)= Hm)= Hm)= BoDOYORY

1,0 67,63 0,149 34,94 0,368 101,44 1,365 0,98 gofom
2,5 44,62 0,518 23,74 0,281 69,30 1,236 1,02 gofom
5,0 10,01 0,456 4,87 0,092 66,49 6,375 6,15 RO

bb-0b 16930 gogargbs Gg-0b qmGdo@gds by

330 Bm@JoMgdsby

L@ god@ob@gdols  dgbgdol  gogangbol  dglobfogmsw

ggodbogmn  Vgdgao bsb-gbdo: Kolliphor P188, Poloxamer 407, PVA (31KDa) ©o PVA (84-
89KDa). 33-0L dowgdols 3@mEglols 3oM539BMgdo (PEgerso s 33mowo) Fo®dmwyg-
bogros 3b@. 7-To.
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3bGogo 7. 340l dopgdol 3GmEglol 35@533@Ggd0

30m3glols 3o@Msdg@@gdo

DGRLOQ0 (452500
o Fenem bob-0 3oMggase Fymol gsbsdo
sogodg@ol dmg(gﬂg‘%f%ﬁ% OOyobger GoboBo | ishor P188, Poloxamer 407, PVA (MW 31KDa),

PVA (MW 84-89KDa )

bob-0l 3mbi3gbdAs3E0s doMggase{yamols
gobsdo-1 % (§/9)

bob-0 Igm@op Fymols gobsdo
Poloxamer 407, PVA (MW 31KDa), PVA (MW 84-

89KDa)

bob-0l 3mbi3gbdsEos Jgmdsw Fymols
gobodo-1 % (V/9)

30Mggeowo gdgebool dmdmygbobsiools
LobJomg 10 000 d&gbo/fo

3ocggenoo gdgebool sds@gds dgmesw
Vyeool gobodo - dgobogdo (8zotg bmdols
d3-0b domgds)

dgmeseo gdgebools 3m8mggbobsiEools LobhJsmyg
10 000 dcbo/Fo (3zodg bmdol 33-0b
dogmgds)

9JU39m0396@ 900l Jgegagdo [o@mdmagboaros 3ba. 8-o.

3bGogo 8. bsb-ol d9b6gdol gdogmghs 30@ggmsm ©s dgm@ee Fymol gsbsTo

33069 B30l 330l BeAodgdsby

bob-0 bob-0 ©053gH®0l | ©osdgB@ols
Fyeools Fyeools (LM)£SD bogodo bwgodo 68 2
gobodo | gobodo um)+ (UM*SD | (um)£SD vobofoery
Kolliphor PVA (MW
P188 31KDa) 2,16 0,001 1,53 0,001 4,61 0,002 1,42 30§ @ e
Kolliphor PVA (MW
P188 84-89KDa) 3,83 0,014 1,57 0,004 5,18 0,030 0,94 30§ @ e
Poloxamer PVA (MW
407 31KDa) 2,04 0,001 1,51 0,002 4,33 0,056 1,38 go{®m
PVA (MW | PVA (MW
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SUMMARY

SYSTEMATIC STUDY ON THE FABRICATION OF DRUG DELIVERY MICROCAPSULES MADE
OF AMINO-ACID-BASED BIODEGRADABLE POLYESTER AMIDE

Sinauridze N.O., Kantaria Tem.J., Kantaria Ten.J., Badzgaradze S.A., Kutsiava N.A.,

Tugushi D.S. and Katsarava R.D.

Agricultural University of Georgia

Georgian Technical University

The article deals with a systematic study on the fabrication ofmicr for numerous drug delivery applications. The
microcapsules were made of biodegradable poly(ester amide) constituted of amino acid leucine, 1,6-hexanediol
and sebacic acid using a water-in-oil-in-water (w/o/w) double emulsion—solvent evaporation method. The
influence of various parameters such as the concentration of the polymer in the organic phase (dichloromethane),
the concentration of the surfactant in the water phase, the nature of the surfactant in the water phase,and the
homogenization rate of the secondary emulsion were studiedin terms of the size and size distribution of the
microspheres.

Keywords: drug-delivering microspheres, biodegradable poly(ester amide), fabrication of microspheres, w/o/w
method.
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AHTHUBAKTEPHUAJIBHASI AKTUBHOCTbDb COITIOYHBIX U NJIOBBIX
HEJOUJA0B I'PY3UHU

Hdesnapuann H.I'., Jzkunuapanze J.I'., 3akanamsuiau T.T, Bokyuasa H.B.
I'py3unckuii TeXHMYECKUH YHUBEPCUTET

[Menonnpl (neyeOHBIE TIps3M) 3aHUMAIOT JOCTOMHOE MECTO B TPaJUIMOHHOW MEIHWIIMHE B
TeYeHHEe MHOTHX CTOojeThil. B mocneanue ronsl BO30OHOBUIICS MHTEPEC K MOUCKY M HCCIIEIOBAHUIO
Pa3INYHBIX BUIOB I'PA3CH C LEIbI0 UX TEPAeBTUUECKOrO HCIIOIb30BaHUS B KauecTBe 3(h(hekTUBHOrO
aHTHOAKTEPHAIBHOTO U JICUeOHOTO CPEACTBA.

B nedebHOI nmpakTHKe HCHONB3YIOTCS 00OTalIeHHbIE OPTaHUYECKUMH BEIICCTBAMH COTIOYHBIC
U WIOoBbIEe Ips3d. D(PPEeKTUBHOCTH JIEUEHUS PA3NUYHBIX 3a00JI€BaHUI B 3HAYUTEIBHOW CTCIICHU
3aBUCUT OT AHTHOAKTEPUAIBHBIX CBOWCTB BEIIECTB, HMPOXYLUPYEMbIX OaKTEpHsIMHM, IJICCHEBBIMHU
rpuOKaMu M aKTHHOMHIIETAMUAHTAarOHICTAMH B Tpsi3eBoii cydcTpaT. Kpome Toro, antnbakrepuanbHas
AKTUBHOCTH JICUEOHBIX Ipsizeil oOycnaBiMBaeT HX ,,CAMO3AILUTY,, OT Pa3IMYHBIX [AaTOTEHHBIX MU
YCIIOBHO-NIATOT€HHBIX MUKPOOOB, IOCTOSHHO MONAJAIOIIUX B IPSI3b.

U3zBecTHO, uTO NIevueOHOE JeiicTBUE Ipsizell B OoMbIneii Mepe 00yCIIOBICHO CoepKa-IIUMICS B
HUX OPraHuYCCKUMH BCUICCTBAMU, CPE€AM KOTOPBIX CJICAYET OTMCTUTH TYMHHOBBIC KHCJIOTHI,
o0amaronie aHTUCENTHISCKUM JeiicTBreM [1].

Lenpto paboOTBl sIBISIETCS HM3BIICUEHUE HEIKCTPATUPYEMBIX XJopodopMoM  (pakmimii
OpraHnYCCKUX BCIIECTB, B IICPBYIO OUCPECAb, T'YMUHOBBIX U Q)YJ'II)BOKI/ICHOT, JJIA 3TOI'O MCIIOJb30BaJIN
UX IIEJOYHYIO OKCTPaKUUIO W3 TIPsA3M TOCJIE MPOBEICHUS O3KCTPAKUUM OPraHWYECKUMHU

PacTBOPUTEIISIMH. OnTuManbHEIS YCJIOBUA UX U3BJICYCHUA HO,I[O6p3.HHI>IC HaMM, IPEACTABJICHBI B Ta0bII.
1.

Ta6aunal. [lapameTpsl 3KCTpaKIUi NeJ10MI0B

Hcnonp3yemsrit Yucno O6BeM 100aBIEHHOTO Bpewms xaxmoit
Hagecka rpsizu, r N
SKCTPareHT skcTpakiuii | pacrsopa NaOH, ma SKCTPAKIUU, MUH
1 NaOH 0,3N 3 10 30

Wzyuenne conepxkaHHWs W KadyeCTBEHHOI'O COCTaBa T'yMHUHOBBIX BEIIECTB B HCCIIEAYEMBIX
COIIOYHBIX M WJIOBOH I'ps3U MOKa3aJlo, YTO COAEpKaHuEe UX Kosebnerces (1o yriaypoxay) ot 35 mo 60%
(Mac), oT o0l CYyMMBI B TPSI3SX OPraHUYECKOro BemiecTBa. [Ipuuem i WIIOBOM Tpsi3u xapaKTepHa
OoJtee BbICOKAst KOHIIGHTPAIHS — Ha J0JII0 TYMHUHOBBIX BelIecTB puxoauTces o0 60 % (Mac) ot oOIei
CYMMBI OPTaHUYeCKHX BeIecTB (Tad. 2).

Tabauna 2. Coaep:kaHue ryMMHOBBIX U (PYIbBOKHCJIOT B COMOYHBIX M IVIOBOI Ipsi3six

ConepkaHue yriepoaa I'yMUHOBBIX
Hccnenyemas npoba Conepianne BEILECTB OT OOIIEro OpraHMYecKoro Crk./Chx
Co0m. Mr/t o
BelecTna, % (mac)
ConoyHas rps3b Taxtu-Tena 6,3 35,0 0,5
Comnounas rps3s Kuna- Kynpa 28,0 44,0 1,16
Wnosas rpsize Kymucu 13,0 60,0 1,09

[lomyuenHble AaHHBIE OBOJBHO XOPOIIO COTJIACYIOTCA C Ppe3ysbTaTaMH HCCIIEIOBAHUS
TYMHHOBBIX BeIIECTB JeueOHbIX Tpsizet Kuprusum [3], B KOTOpIX uX moins cocraBmgeT 23 ..59 %
(mac) oT 00111er0 KOJIMYECTBa OPraHMYECKOro BEIECTBa.

OOpamaror Ha ce0s BHUMaHUE HEOOBIYHBIE COOTHOIICHHS TYMHUHOBBIX W (DyJTBBOKHCIOT
CI'K/Cdx, xoTopele s MOBEPXHOCTHBIX BOJ B OOJIBIIMHCTBE ciydaeB paBHel 1 : 10 [4]. B
UCCIIEAYEMBbIX TpA3sIX KOHLUEHTPALMU TYMHUHOBBIX M (yJBBOKHCIOT OJHOTO TMOPSAKA, U WX
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COOTHOIIIEHUsI KoyieOmoTess B ocHOBHOM oT 0,5 10 1,1. B To e Bpems 3TH COOTHOIICHHS TOpPa3lo
HIDKE HaWCHHBIX BEIMYMH IS WIOBBIX U TOpDsHbIX rpsseit Kuprusuu (1,07-1,75).

Brumn mpoBeieHsI HCCIeIOBaHNs aHTHOAKTEPHUATBHBIX CBOMCTB JIe4eOHBIX Tpsi3elt [ py3un kak
M0 OTHOIIEHUIO K TPaMITOJNIOKUTENBHBIM, TaK W TI0 OTHOIIEHHWIO K TPaMOTPUIATENFHBIM BUAAM
MUKpOOpraHu3MoB. Jljisg omnpeneiacHus aHTUOAKTEPUAIBLHOW AKTUBHOCTU OBUIM B3SITHI CIICAYIOIIUC
TECT-KYJIbTYPHI: OaKTepusi CHHE-3eJI€HOTO THOS, KUIIEeYHAas W JU3EHTepUitHas Majo4yku, Oenplid u
30JIOTHCTHIN CTaHUIOKOKKH [5].

B pe3ynbraTe yCcTaHOBICHO, YTO aHTHOAKTEPUAIBHBIC CBOWCTBA MO OTHOIICHUIO K OaKTepuH
CHHe-3eJIeHOT0 THO (Tabi1. 3) 60bIIe MPOSIBIAIOTCS B HIOBOM TPSI3H.

Tabauna 3. AHTHOaKTepHAIbHAA AKTHBHOCTB JIe4e0HBIX Ipsizeii

bakrepus Juzenre- Cradwuo-
Kumeunas N
HaumeHnos. I'ny6una ot CHUHe-3eI1e- puitHas CraduIoKOKK KOKK 30J10-
najoyKa o .
Tps3H 6opa ipo0, M | HOTO THOS, MKE/r rmaJjioyka, oensiii, MKB/T THCTBII
MKB/r MKB/r MKB/r
Conornbie 02-1,0 0-1 05-1,0 0 0-05 0
rpsi3u
Hnoaz 05-20 1-4 1,0-3,0 05-20 0-1,0 0-01
rpsi3b

B comoyHbIX TpsA3sX aHTHOAKTepHajbHBIE CBOWCTBA K JM3CHTEPUHHON Naloyke He
MPOSIBIISIFOTCSL.

TakuM 00pazom, COMTOYHBIE TPSA3U 00JaAar0T OONBIION aHTUOAKTEPHUATBHON aKTHBHOCTBIO TIO
OTHOIIICHUIO K TpaMOTpHIIaTeIbHBIM (OakTepus — Bakt.Pyocyaneum - cuHe-3emeHOro rHOS, KUIIEYHAS
nanouka — Escherichia coli u ausenrepuitnas manouka Schigella dysenteriae) Bumam
MHKPOOPTaHU3MOB M B MEHBIIIEH — K TpaMIIooxkuTeabHbIM (Oenbiii — Staphylococcus enidermidis u
30JI0THCTHIH cTaduiIokokkH - Staphylococcus aureus).

[Ipu u3ydeHun aHTHOAKTEPHUATBHOW aKTHMBHOCTH MO OTHOIIEHHIO K OelioMy cTadu-JIOKOKKY
YCTAaHOBJICHO, YTO OHA Oouiblie BbipakeHa (5...10 MM) B MJIOBO Irpsi3v ¥ MEHBIILIE B COMOYHBIX IPA3IX
(1...5 mm).

AHTHOAaKTepHaJbHbIE CBOWCTBA HM3YYEHHBIX TIps3eH 0 OTHONICHUIO K CTaMIOKOKKY
30JIOTUCTOMY 3HAYUTEIBHO HUXeE, YeM cTapHIOKOKKY Oernomy, CrepunbHyto 30Hy (1...5 MMm) Ha done
CTa(UIOKOKKA 30JI0THCTOr0 00pa3yeT TOJNBKO mioBast rpsa3b. COBCEM He MPOSBISAIOT OMOJIOrHMYEeCcKOi
AKTUBHOCTH K JTOMY TECT-MHUKPOOY COIMOYHBIE Tps3d. B oTiM4Me OT COMOYHBIX WIIOBAs TPS3b
NPOSIBIISIET AHTHOAKTEPHAJIbHYIO AKTUBHOCTH B OOJBILEH CTENEHH K IPaMIIOJIOXKHUTEIbHBIM BHIAM
MHUKPOOPraHU3MOB. JTO JaeT OCHOBAaHHME CUUTATh €€ CXOJHOM ¢ YepHOMOpcKuMH JuMaHamu (Cakw),
Kupruzckumu niamu u 1p. [3]. UTo kacaetcsi COMOYHBIX TPsi3eil, TO UX aHTHOAKTepHaIbHBIE CBOMCTBA
MPOSIBIISTIOTCS KaK K TEM, TaK U JIPYTHM BHJIaM OakTepHil HE3HAYUTENBHO.

B cocraBe wunoBoil TrpsA3M  TpeoOsaaloT OMONOTMYECKH aKTUBHBIE TYMHUHOBBIE U
(GYIBBOKUCIIOTHI, Ha JIOMIO KOTOPBIX mpuxomutcs 35..60% (mac) oT oOmiell CyMMBI OpraHUYecKHX
BemiecTB. B cOMOuYHBIX rps3six ux cojepxkanue Hmwke (35..44 % (mac). CooTHOIIEHHE MEXIY
KOHLEHTpAaMsIMU TYMUHOBBIX © (QynbBokucioT (C TK./C)K) CYIIECTBEHHO OTIMYAETCS OT
HAOII0JTaeMBIX IS MOBEPXHOCTHBIX BoA U cocrasiser (,5...1,2.

[lokazaHo, 4YTO COIOYHBIE W HJOBbIe Tpsizu [py3uu oO0JanaoT aHTHOAKTEPHATBHBIMU
CBOWCTBaMH 110 OTHOIICHHUIO K MATOI€HHBIM M YCIOBHO MATOr€HHBIM OaKTEepHsM, IpUUeM B OOJIbIICH
Mepe TpaMOTpHLATENbHBIM BHAaM OakTepud. MioBas rpsA3p OHMOJIOTHUECKH aKTUBHA K
TPaMIIOIOKUATEEHBIM OaKTEPHSIM.
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SUMMARY

ANTIBACTERIAL ACTIVITY OF VOLCANIC AND SLIT PELOIDS OF GEORGIA

Devdariani N.G., Jincharadze D.G., Zakalashvili T.T. and Bokuchava N.V.

Georgian Technical University

The experimental study of the antibacterial properties of volcanic and silt peloids of Georgia was performed. The
study revealed that, in volcanic mud, antibacterial properties are insignificant, while slit mud provides congenial
conditions for the growth of gram-positive bacteria.

Keywords: peloids, antibacterial activity, humic acids, fulvic acids.
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SUMMARY

JUICES PRODUCED FROM ECO-FRIENDLY FRUIT AND BERRIES BY INNOVATIVE
TECHNOLOGY OF CONCENTRATION OF POLYPHENOLS

Ebelashvili N. B.

Institute of Viticulture and Oenology, Georgian Agrarian University

The innovative technology for producing juices producing juices from eco-friendly black mulberry and
blackberry by concentration of phenolic substances having a high antioxidant activity was developed. To prepare
research objects - test and control juice samples, we used eco-friendly raw materials: black mulberry (Sagarejo)
and blackberry (Kaspi). The control samples were prepared using a standard technology; the test samples — using
the innovative technology we elaborated. The amount of phenolic compounds in the research objects was
investigated by the method of HPLC, and the antioxidant activity was studied by using a stable radical (DPPH).
The amount of phenolcarbonic acids and catechins, as well as the antioxidant effect in test samples where higher
than in the control ones. In the juice samples prepared using the innovative technology, the total amount of
phenolcarbonic acids increased mainly at the expense of the increased amount of chlorogenic, gallic, coumaric
and vanillic acids; the amount of catechins — at the expense of the increased amount of both catechins. We have
got a patent (P 5236, Sakpatenti, 2011) for this innovative technology.

Keywords: fruit and berries, juice, phenolic compounds, antioxidant activity.
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SUMMARY

TECHNOLOGY OF PRODUCTION OF A NATURAL VITAMIN FOOD SUPPLEMENT

Kintsurashvili N.J., Ergemlidze T.D., Karchava M.S. and Berulava 1.0.

Akaki Tsereteli State University, Kutaisi

The technology of production of a natural vitamin food supplement based on wheat bran and starch paste,
containing a lyophilic cornel concentrate, was developed. The technology provides high bioaccessibility of
vitamin C in the supplement, which is due to that first the vitamin complex is extracted from cornel fruit and
introduced in mechanically activated wheat bran or starch paste. Then the paste is subjected to lyophilic drying.
The food supplements produced are intended to enrich a wide range of therapeutic and prophylactic products.
They can be used for nutrition of both children and adults.

Keywords: food supplement, vitamin, cornel, wheat bran paste, starch paste.
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SUMMARY

TECHNOLOGY OF PRODUCTION OF A NATURAL MINERAL FOOD SUPPLEMENT
Kintsurashvili N.J., Ergemlidze T.D., Karchava M.S. and Berulava 1.0.

Akaki Tsereteli State University, Kutaisi

The technology of production of a natural mineral food supplement based wheat bran and starch paste,
containing a lyophilic concentrate of Lugela mineral water, was developed. The concentrate based on the starch
paste contains 63.97+1.15% CaCL2, i.e. 36.9+1.3%Ca, and the concentrate based on the wheat bran paste —
10.15+0.22% CacCl2, i.e. 5.8+0.16% Ca. The food supplements produced are intended to enrich a wide range of
therapeutic and prophylactic products. They can be used for nutrition of both children and adults.

Keywords: food supplement, mineral water, wheat bran paste, starch paste.
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HATOMOP®OJOI'NMYECKUE UBMEHEHHUS B BOJIbHOM PACTEHUH
Kanuagenu HI.C.
Hayuyno-uccienopareabckuii neHTp MuHuCTEpCTBA CeIbLCKOIO X03siiicTBa I'py3un

Kak wu3BecTHO, TpuOBI BO BpeMs BHEIPEHUS B PACTEHHS BBI3BIBAIOT LENBIA  PsiI
naToMOp(OIIOTHIECKUX U3MEHEHUH, KOTOPBIE TPOSIBISIFOTCS B HAPYIIEHUH POCTa U (HOPMBI PacTCHHUH,
a TaKXKe B IUTOJIOTHYECKUX M3MeHeHmsx [1-3].

[lon BNAHMAHWEM MATOTCHA OTMEYAETCS YCHJICHHBIA WIIM 3aMEJJICHHBIH POCT MOPaXKEHHBIX
pacTeHui.

[MopaxxeHnbie (y3apro30M BCXOJbI IMIICHUIIBI, BBIPOCIINE W3 MEJNKHX CEMsH, OTCTAIOT B
pOCTe, BBIPOCIIHE K€ M3 KPYIMHBIX CEMsH, KaK MPaBUIIO, AT CUJIBHBIC PACTCHHUS U OTMEYACTCS JTAKE
CTUMYIISIHS UX POCTA.

l'opazmo wame, dem oOmee cTuMynupoBaHue, HaOmromaercss oOIIee YrHETeHHWE pocTa
pacTeHus-X03siuHa. PacTeHus MIIEHUIIBI, MOpaXKeHHbIe TBepaoii roaosHel — Tilletia caries Tul., moutu
BCEr/la OTJIIMYAIOTCS OT 370POBBIX Ooyiee cilabbIM POCTOM W MEHbBLICH MNPOJYKTHBHOCTHIO. Y
NOPaKEHHBIX PACTCHHH HAOIOACTCS YMEHBIICHUE JUTMHBI CTEOJISI U YMClia KOJOCKOB, IPHYEM 3TO
UMEET MECTO M Y BHEIIHE HOPMAJIbHBIX, HO 3apaKCHHBIX 3K3EMIUIIPOB. Y TOpPaKCHHBIX PaCTCHHI
HaOJII0JaeTCS OTCYTCTBHUE OCTEH.

HarnsaHelM TpEMEpOM B 3TOM OTHOIICHHH MOXKET CIIY)KUTh BIMSHHUE MYYHHCTOH POCHI
(Erysiphe graminis DC.) na pa3BuTHe SI]pOBOIi MIIICHUIIBI.

JlrouiepHa, HE TMOpaKEHHAs aCKOXMUTO30M, JIy4lle KyCTHTCS, UMEeT OoJjbliee KOIMYECTBO
ctebsieit u OoJjiee MOITHOE BETBJICHHE, OOJIBIIYIO BHICOTY PacTeHUH, OOJIbIIEe KOJIMUECTBO 0000OB Ha
OJTHO pacTeHHe W ceMsiH B 000e, OONBIIMA MPOLECHT 30POBBIX CEMsIH, Ye€M JIIOLEPHA, MMOpPaKEeHHAs
3a00JIeBaHUEM.

W3BecTHO Tarke, 4TO TPH CKPYYMBAHMU JIMCTHEB TOMATOB CTEONM OOJIbHBIX pacTeHUil B
CPaBHEHHUU CO 3JI0POBhIMH OBIBAIOT Kopoue Ha 17,9% u ToHbIne Ha 9%; 100aBOYHBIX MOOETOB ObIBACT
Menbiie Ha 10,1%; mmomans TUCTOBOM MIIACTHHKH B cpeaHeM ymeHmnaeTcs Ha 51,02%, u miomoB
obpasyercs mensbie Ha 30,3%.

K siBneHusiM ieopMarini BCEro pacTeHusi MOKHO OTHECTH TOpaKEHHE MOJIOYasi PrKaBUMHOM
(Uromyces pisi Schroet.), B siuananbHOW CTagdd KOTOPOW HACTONBKO CHJIBHO H3MEHSETCS BCE
pacTEeHHUE, YTO OHO JJAXKE OIMUCHIBATIOCH KaK CAMOCTOSITEIIbHBIN BHI.

[Mpumepsl nedopmanu OTACTBHBIX OPTaHOB pacTeHUs — 3a00JeBaHHE 3JTaKOBBIX KYIBTYD,
BBI3bIBaEMOE MepOHOCTIOpoBbIM rpudom (Sclerospora graminicola Schroet.), u 3abosieBanne 1IBETKOB
TOMATOB CTOJIOYpOM. B TiepBOM cCilyyae MaTOreH BbI3bIBACT MPEBPAIICHHE THIYMHOK B JTMCTOBHUIHBIH
oprad. [loxoxme H3MEHEHUs BBI3BIBACT TIpUO y KYKypy3bl, KOIJa METEJKH YTOJIIAKTCA U
NPEBPBIIBIOTCS B OOJIBIIOE KOJMYECTBO HEPA3BUTHIX, T'YCTO CHUAALIMX JIMCTHEB. Bo BTOpOM cirydae
YalIeIUCTKH [[BETKOB YBEIMYMBAIOTCS B pasMepax M HEPEAKO CPACTAIOTCS MEXKAY COOOM Mo Beei
JUTMHE, BCIICACTBHE YEro Yaliedka MpruoOpeTaeT BU/ B3AYBIIETOCS KOJIOKOJIBYHKA.

WHoraa natoreH, pa3BUBAasCh Ha PACTCHUs, HE TOJBKO BHIOU3MEHSET €ro OpraHbl, HO BEJET K
o0pa3aBaHUIO YacTeil, OTCYTCTBYIOUIMX B HOPMAJIILHOM COCTOSIHUM, TaK, OJWH BHJ TOJIOBHEBBIX
rpuboB (Ustilago violacea Roussel.), mapasutupyrommii B TNbUIBHUKaxX pPACTCHUH CeMEHCTBa
I'BO3IMYHBIX, BBI3BIBACT 00pa30BaHHE THIYMHOK B )KEHCKHX, HOPMAJIbHO OJHOMOJBIX LBETKAX JIPEMBI
(Melandrium album (Mill.) Garcke).

[Tpu BupycHBIX 3a00JIeBaHUSIX BUHOTPaJa OTMEUYCHBI 3a00JIeBaHus Ha MOOErax M JHCThIX. B
HIEPBOM CJTyyae OHH HPOSBISIOTCS B BHUIE JBOWHBIX M TPOWHBIX Y3JIOB, 3UI3aroo0pasHOCTH MOOETOB,
JMXOTOMHYECKOTO BETBJICHHS; BO BTOPOM CJIydae — B YEPE3MEPHOH OIYLICHHOCTH, TUCHUMMETPUH
JIMCTBBI, CPACTAaHUU YEPELIKOB, U3MEIbYCHHOCTH.
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Mmuorne maTtorensl — Oakrepun (Pseudomonas tumefaciens Stew.), ronoBHeBble TPHOBI
(Ustilagozeae Unger), tadpunossie rpubsr (Taphrina cerasi Sadeb.) u gp. BrissBaror
[aTOJOTNIECKHE N3MEHEHUS], BBIPAXKAIOIINECS B MTOSBICHUH TAJIOB, B3Iy THI, HAPOCTOB, OIYXOJECH HIIH
nedopmaruii THIIA «BEABMUHONW METIIBI», KypYaBOCTH JIMCTHEB H T.JI.

Hapymennsi, Habro1aronyecs: B aHAaTOMHYECKOM CTPOSHHH KJICTOK M TKaHeH, CITyXKaT Kak Obl
BHYTPCHHHMH TIPOSIBICHUAMH OOJIC3HH. DTH HAPYILICHHUS, BBI3BIBAEMBIC NTATOT€HAMH, BBIPAKAIOTCS B
YTHETCHWW WM YCWICHHH pPOCTa, a TaKXKEe B Pa3pyIICHHH OIPEACTICHHBIX KIETOK M TKaHEH
0OJIEHOTOPACTCHHS.

['maBHeWmme THIBI aHATOMHYECKUX H3MEHEHMH, MPOHMCXOMAIINEe B OOJIBHOM PACTEHHH —
THIIepTPO U, TUIIEPIUIA3Ns, METAIUIa3ys, IeTeHepaIs 1 HEKPO3.

l'mneprpodueii  Ha3pIBaeTCs ~ yBeJNGUEHWE  pa3Mepa  KIETOK  pAacTeHus,  4acTo
CONPOBOJKAIOIIEeCs: N3MEHEHHEM HX (opMeL. [IpumepoM iy XuT pazpactaHue U U3MEHEHHE (HOPMBI
KJIETOK KOpHE# KarmycThl pu 3apaxenun kuoii (Plasmodiophora brassicae Woron.).

I'mneprasueil Ha3bpIBaeTCS yBENEUYEHHE KOJMYECTBA KIETOK B CBSI3H C HMX YCHIICHHBIM
pPa3MHOKEHHEM TMOJ BO3ICHCTBHEM IMATOTEHA WM WHOTO paszapaxwurens. [Ipumep rumeproiazum —
HAIUTBIBBI HA CTBOJIAX JIPEBECHBIX MOPO/I.

W3BecTHB 0OJIC3HM paAcTCHMil, KOTJAa OJHOBPEMEHHO HAOKIAITCS THIepTpodus u
runepuiasus KieTok. [IpumMepoM MOXET CIyXKuTh 0Opa3oBaHME rajia, BBI3BAHHOTO Iy3bIpYaToi
TOJIOBHEN KYKYPY3Bbl.

I'unonnasueil Ha3bIBAaCTCS HEJOPAa3BUTHE WIIM YMCHBIICHUE KOJIMYECTBA KIETOK HWIIM HX
COACPIKMMOTO. PazinvarT KOJTMYSCTBEHHYIO 1 KAU€CTBEHHYO THITOIUIA3HIO.

Meramnasueit  Ha3biBaeTcss 00pa3oBaHME B KIETKaX PAaCTeHHH HOBBIX  BEIIECTB,
HECBOWCTBEHHBIX 3/I0POBOMY pacTeHHIO. [IprMepoM MeTaruia3ud MOXET CIY)XKUTh 00pa3oBaHHe
XJIOpoduiia B CEpIEBUHE U CEPUCBUHHBIX JIy4aX PACTCHHUIl MOJ BIMSHUEM OCBCLICHUS M APYTUX
NPUYMH, TOSIBJICHUE B KJIETKaX MUTMEHTOB, MPUIAIOIIUX SIPKYIO0 OKPACKY TOBPEKICHHBIM KIETKaM.

JlereHepanueii, WM NEPEPOKICHUEM, HA3bIBACTCS TMPEBPAIICHUE KJICTOK WM 000J0YeK
KJIETOK, WJIM LENOH COBOKYITHOCTH KJIETOK B BEIIECTBA pA3JIMYHOTO XHMHYECKOTO COCTaBa,
HAKaIUIMBAOIIMECS B PACTCHUH.

B 3aBuUCHMOCTH OT TOro, Kakoe BEHIECTBO 00pa3yeTrcsi B KIETKaX B HEHOPMAaJbHOM
KOJIMYECTBE, Pa3JInYaloT ACreHEePAIIUIO KUPOBYIO, LIEIUTIOI03HYI0, CIIU3UCTYIO H JIp.

OnHuM u3 HauboJee APKUX MPUMEPOB JCTCHEPAIIMH MOXKET CIYXKUTh MPEBPAIICHHE KJICTOK B
KaMe[b; HaOJoaromIeecs Mpu 3a00JeBaHUM KOCTOYKOBBIX MMOPOJ] (CIMBA, BHIIHS), M3BECTHOE TOJ
Ha3BaHUEM KaMeJIeTeYeHUs WM TomMo3a. [lpu 3ToM 3a00sieBaHMHM IEJIble YYaCTKH KJIETOK
NPEBPAIAOTCS B KaMEb MyTeM Pa3KMKEHHs KIICTOUHBIX 000JI0YEK.

ITpu Hekpo3e B TKaHU TOTO MM MHOTO OpraHa OTMHPAIOT OTACIbHBIC KJIETKH, IPU ITOM B
KJIETKaX MPOHMCXOMAT TIyOOKHE M3MEHEHHs, XapaKTePU3YIOIINEeCsS WM MOHKEHHEM HCIEPCHOCTH
KOJIOW/IOB IUTOIUIa3MBl, MPHUBOSIIMM HMX K KOAryJslU¥, WX TOBBIIICHAEM JIHUCIEPCHOCTH
KOJUTOWIOB, IPUBOJISAIIEM K Pa3KIKEHHUIO IUTOILIA3MBI.

Hekpo3 BbI3bIBaETCS MM MEXaHUUYECKUM IOBPEKICHUEM KJIIETOK, HJIH JCHCTBHEM Ha KIICTKH
SIOBUTBIX BEIIECTB, BBIICISCMBIX IATOTCHAMM, HANPHMEpP, NPH TPHUOHBIX, OaKTEPHAIBHBIX W,
YaCTHYHO, BUPYCHBIX 3a00JIEBaHUSX, WIN NIPH JICHCTBUM Ha KIICTKH BBICOKMX M HHU3KHX TEMIIEpaTyp.
Hexpo3 kJIeTOK 4acTo HaOJIIOAeTCsl Ha JINCTBAX PACTCHUI M BBI3BIBACTCS HEKOTOPHIMU TpHOaMu,
KOTOpBIE 00pa3yIOT Ha JUCThSX MATHUCTOCTH.

OcoOblii MHTEpEC MPEACTABIAIOT MATOJIOTHYECKUE W3MEHEHHS, BBI3BIBAIOIINE pa3pyIICHHE
OT/ICJIBbHBIX TKAHEH PacTEHHUSI.

Hexpo3 ¢iosMel — 3TO moXenTeHHe W pa30yXaHWE CTEHOK CHTOBUIHBIX TPYOOK, MPOCBET
KOTOPBIX TIPH OTOM TIIOCTEIIEHHO CY)XKMBAeTCs, a COACPKHUMOE JIereHepUpYyeTcs; B TKaHIX
HaKaIUIMBaeTCs KpaxMaJl.

Hexpo3 ¢mosmbl 1 Apyrux TKaHel (MapeHXUMBbl M KOJUIEHXMMBI) ObUI OOHapy:KeH Kak Ipu
BUPYCHBIX, TaK U TIPH OaKTEPHATIBHBIX U TPUOHBIX OOJIE3HSAX PACTCHH.
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HekpoOno3 — 310 yTomieHne CTeHOK (PIIOIMHBIX IJIEMEHTOB C YPE3MEPHBIM OTIIOKEHHEM
EJUTION036I B HUX.

Obmutepanust — d5To aAedopmamus TKaHH, ee cMmopimBanue. lIpu ¢dysapumozHom u
BEPTHLMJUIE3HOM YBSITAHUM TOMaTa OTMEYAeTcCs, YTO MATOTeH, Mepexons W3 KJIETKH B KieTay, He
Hapymas OO0OJOYKH, YHHYTOXKAe€T MPOTOINIACT W TPUBOAUT K CHajgeHuio (oOmuTepanuu)
CMOPIIIMBAHAIO KOPEI.

[Ipu HEKOTOPBIX OONME3HAX pacTEHUI HAOIIOAAIOTCA BCE TP BBHIMICYKA3aHBIE MATOIOTUIECKIE
n3MeHeHUs. Tak, TmaroreH, BBI3BIBAIONIMKA CKPYyYMBaHUE JIMCTHEB KapTo(ens, CIoCOOCTBYEeT
YTOJNIIEHUIO OO0OJIOYEK KIETOK TNepBbIYHOW (hJIoeMBl B CTEOISIX W dYepeliKax JHCTbEB. 3aTeM
HAOIMOaeTcd 3HAYMUTENBHOE OTXOXACHHE O000J0YeK KIETOK, B pe3yibTrare dero o0pa3yroTcs
HEOOJIBIINE MEXKKJIETOUHBIE TPOCTPAHCTBA W MPOWCXOTUT OONHTEpanus CHTOBHAHBIX TPyOOK. Y
HEKOTOPBIX COPTOB KapTo(dens B KITyOHAX BO3HUKAIOT BHYTPEHHHE HEKPO3bl, OTYETIUBO Pa3TNINMbIE
HEBOOPYKEHHBIM TJIa30M.

Ckitepo3 — 3TO OJPEBECHEHHE KIETOK TKaHeW cTeOis, Hampumep 0oOpa3oBaHHWE BTOPUIHON
kcunembl. [Ipy BHPYCHBIX KIIETOK YCHJIEHHO OTKJIAIbIBACTCS IIEIIIF0JIO3a, B PE3yNbTaTe 4Yero OHU
MIPEBPAIIAIOTCA B MEXaHUIECKHE KIIETKH.

[Ipu onpeBecHennun oOpa3yercst TUrHuH. [Ipeamonaraercs, 4To 3TO CBA3aHO C OKHCIUTEIBHOM
KOHJICHCAIIUeH WM MoJMMepH3anneil peHoNpHBIX BellecTB. Bo3MOXkHO, 4TO ycuieHHOEe 00po30BaHKe
JIMTHAHA TPU IAaTOJIOTMYCCKOM IIPOLCCCC CBA3aHO C IMPCBpALICHUAIMU (bCHOJ]OB, Y4acCTBYIHOIIMX B
JAbIXaHUH.

PaspeiBel muepMuca — o0pa3oBaHUe TPELIMH B OpraHax pacTeHWi. Pa3pbiBbl snmjepmuca
npy TpUOHBIX OO0JIE3HSIX PACTEHUH — BeChbMa PacpOCTPaHEHHOE SIBJICHUE, HAIPUMED, IPH aHTPAKHO3€e
suHorpanaa (Gloeosporium ampelophagum Sacc.).

Marneparusi TKaHH — pa3MsTrdeHHe, pa3beIuHEHHE KIETOK B pe3yJibTaTe pPacTBOPEHHS
MEXKJIETOUHOTO BelecTBa. Mariepaius TkaHel HaOJr0AaeTCs IPU THUJISAX, BbI3bIBAEMBIX TPHOAMHU U
OakTepusMHU, TIPU «MJICYHOM OJIeCKe» IUIOZOBBIX KyinbTyp (Stereum purpureum Pers.) B Buje
pacTBOpEHHS MEXKJIETOYHOTO BEIIECTBA MEXKIY OSMHUIEPMUCOM M CTOJNOYATOW MapeHXUMOW, Mpu
pa3mouanuBanuu ctedis npu «macMoy JbHa (Phlyctaena linicola Garr.).

ITomumo HapylmieHWid B aHATOMUM TKAaHEH TATOT€HBl BBI3BIBAIOT  CYILECTBEHHBIE
MUTOJIOTUYCECKNE H3MEHCHUA, KOTOPLIC, ABJIAACH B 3HAYUTEILHOM CTEINEHHU O6IHI/IMI/I JJIA BCEX
3a00JIeBaHU, CBOJSTCS, B OCHOBHOM, K MMAaTOJIOTMYECKOMY H3MEHEHHIO S/Ipa M IIACTHIHOTO armapaTa
KJIETKH M K YMCHBIICHUIO KOJIWYECTBa XJopoduiuia. YMEHbIICHHE pa3Mepa KIETOYHBIX SJep MOJ
Bo3aeiicTBeM rpuba Botritis ormedueHo B TkaHsx Jsyka. Ha mepBbIX STamax MaTOJOTHYECKOrO
npoliecca B JTyKOBHIIE HaOII0aeTcs cxarue saep. [1o Mepe pa3BuTHs 00JIE3HH OCTOB si/Ipa JeNUTCS Ha
OTJIeNIbHBIE YUACTKH, a B 30HE AECTPYKIMH KIETOK, BOJIU3U TU], AP0 UCUE3aeT OKOHYATEIHHO.

Hambonee wacto maTojormueckne HW3MEHEHHMS IUTACTHAHOTO ammapara OTMEYEHBI IIpH
BUPYCHBIX Oone3Hsax pacteHuil. Ilpu BupycHBIX OONE3HSIX colepXaHue XJOpopWiia B IUIACTUAAX
cHiKkaercsi. Hampumep, npu Mo3zanke Tabaka MacTHAbl B MOPAKEHHBIX KJIETKAaX peayLUpPYIOTCH,
yacTh IJIacTua paspymaercs. [Ipu aTom 3a0oneBaHuM NPOUCXOAAT U3MEHEHHS B KJIETOYHOM sijpe. B
3apaXeHHBIX KIJIETKaxX B HayaJbHOH (a3e MaTOJOTHYecKOro Impolecca o0beM sapa 3aMeTHO
yMeHbIIaeTcs. B To ke Bpems ymeHbluaeTcsi abcopOuusi sapoM ynbTpaduOJETOBBIX JydeH, YTO
YKa3bIBaeT Ha CHIDKCHHE COJCPKaHUS B HEM HYKIEMHOBBIX KUCIOT. [lodke oObeM siapa MeIIeHHO
BOCCTaHAaBIIMBAETCS, HO BCE K€ yCTynaeT 00beMy pa B 310POBBIX KIETKaX.

[Ipu rpubkoBoM 3a00JeBaHUU COCHBI OOBIKHOBEHHOW KOpHEBOW TI'yOKOH OTMeyaercsi, YTO
AJIpO MOPAKEHHBIX MPOPOCTKOB MPETEPIEBAET NMUKHOTHUECKYIO JIET€HEPALHIO, NMPU3HAKU KOTOPOH
BBIPQKAIOTCSI B MI3MEHEHUH Pa3MepoB M (OPMEI siipa B pe3yibTaTe YIUIOTHEHHS] MacChl XpOMAaTHHA,
WCYE3HOBEHUH pAJla CTPYKTYPHBIX J€Taleld M, HAaKOHEL, B TOMOT€HHU3ALUN COAEPKUMOro spa. OTH
M3MEHEHUS COMPOBOXKIAIOTCS YBEINUCHNEM KOHIICHTPALIMK HYKJICHHOBBIX KUCIOT U OEJKOB B SApax.

WmeroTcs nmaHHBIE, YTO HEKOTOpBbIE OOJE3HM pacTeHHH CONMPOBOXKIAIOTCS YBETUUYECHHEM
KOJINYECTBA MUTOXOHAPHHA B MHQUIMPOBAHHBIX TKaHIX. Tak, 3HAUYUTEIBHO BO3PACTACT COIEPKAHUE
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MUTOXOHJIPUANEHOTO a30Ta B CTEOJSIX PACTCHUU TOMara B pe3yibTaTe 3apakeHHsl (y3apHO3HBIM
yesimanueM (Fusarium oxysporum Schl. f. Lycopersici).

Hamu n3yuensl maroMop(hoIOrHUeCKHe U3MEHEHHUS TUIOJIOBBIX KYIbTYpP MPU UCKYCCTBEHHOM
3apaKCHUH TPaXCOMMKO3HBIMH I'puOaMu. Y CTAHOBJCHO, YTO MEPBBIC MMATOJOTHYECKHE H3MCHCHHS B
TKaHsX MPOSBILIFOTCA Yepe3 4 - 5 JHel mociie 3apa)KeHusl, YTO BhIPAKACTCS B PA3pPYIICHUH KOPOBBIX
TKaHed B MecTaX BHECEHHS HMH(PEKIUU M IMOTEMHEHHS I[TOBEPXHOCTH ApeBecHHBbI. IlaTtonormueckue
WU3MEHEHHUS] B TKAHIX TOCTENICHHO YCWJIMBAIOTCS, B MOMEHT YCBIXaHUS KOCTOYKOBBIX MPOBOJISIINE
COCYJIbI TOJIHOCTBIO 3aKyMOPEHbl T'YMMHOOpPa3HBIMH BEIIECTBAMH M TWIUIAMH. 1€ e TPOIECCHI
MPOUCXOJST U B CEMEYKOBBIX, HO HAMHOTO ciabee, 4eM B KOCTOYKOBBIX. B CEMEUKOBBIX TYMMH He
obOpazyeTcss W 3aKylnOpHBaHUE COCYJOB TyMMHOOpa3HBIMH BEIECTBAMH CpPaBHHUTEIBHO HE3HA-
YUTENBHO.

[Tomo0HBIE TATONOTMYECKHE W3MEHEHHS WUMEIOT MECTO B CaXEHIAX IUIOJIOBBIX B Ciydae
sapaxxenuss rpubamu Verticillium dahliae, Gliocladium roseum u Cylindrocarpon destructans, =o
WHTEHCHBHOCTbH TCUCHHS TATOJIOTHUYECKHX MPOIECCOB — pa3INJHA.

Boisicauiioch, uto koraa rpudsr V. dahliae, G.roseumu C. Destructans momamaroT B TKaHH
pacTeHus, OHH MOCEJSIFOTCS B IPEBECUHE M BBI3BIBAIOT €€ HEKPO3, KOTOPBI pacnpocTpaHsIeTcs Kak B
BCpTI/IKaIH)HOM, TaK U B I‘OpI/I3OHTaJH)HOM HaHpaBHCHI/IHX.

VY CTaHOBICHO, YTO MATOJIOTHYECKHE HM3MEHCHHS 3HAUYHMTEIFHO WHTEHCHBHEE MPOTEKAIOT B
TKaHH KOCTOUYKOBBIX KYJBTYp, YeM B ceMeukoBbIX. Ilocime 40 nHeil 3apakeHHs UIMHA HEKpo3a
JPEBECHHBI B YepeIllHE U B TIepCUKe JocTuraet 23-27 cM, s610uu u rpymm — 9-11 cm. Kpome Toro, Bo
BpeMs 3apakeHMsI Nepcuka U uepemHu Ha 10-bIi JeHb OTMEYaeTCsl CHWIBbHOE T'yMMHUTEUYCHHE, B
CEMEUKOBBIX 3TOr0 HeT. Ipu 3apaskeHuu O0JIE3Hb TMPOSIBISETCS TO3KE Y CEMEUKOBBIX 0 CPABHEHHIO C
KOCTOYKOBBIMMU.

ITaTonornvyeckne HM3MEHEHHS 10 PA3HOMY MPOTEKAIOT HE TOJMBKO CPEAM CEMEYKOBBIX H
KOCTOYKOBBIX, HO H cpeznzl COpTOB OAHOTO U TOrOo XK€ BHIA IIJIOJOBBIX. HaHpI/IMep, B HepCI/IKe
Xugucraypu Bapauclepud HaOmromaroTcs Oosiee TIyOOKHE MATOJIOTMUECKHE HM3MEHEHHUS, 4YeM B
Xuaucraypu TETpH, Takken BsOjgoHe: B Kexypa matojornyeckre n3MeHeHus 6ojiee TiyOOKHe, 4eM B
IIAMITAHCKOM PEHETE.

BrisicHMIIOCh, 4T0 TYMMH(UKAIUS COCY/IOB MPOUCXOIUT OOJiee MHTEHCHBHO B KOCTOYKOBBIX,
YeM B CEMEUYKOBBIX. Hekpo3 cepiAleBHHHBIX Jy4el y pa3HbIX BHUJOB pacTeHuil paznuueH. OH
WHTEHCHBHEE MPOTEKAET B KOCTOYKOBBIX 10 CPABHEHHMIO C CEMEUYKOBBIMH. MHTEHCHBHOCTH HEKPO3a
CEpAIICBUHBI TIEPCUKA B KOHIIE HMHKYOAaIMOHHOTO Teprojia pocturaetr 60%. [lo momydeHHBIM TaHHBIM
HAOJII0JaeTCS TOJIHAS KOPPEJISAMS MEXKIY MHTCHCHUBHOCTHIO OOpa30oBaHHs HEKpPO3a CEpPJIECBUHHBIX
Jaydell ¥ yCTOWYMBOCTHIO, KaK KOCTOYKOBBIX, TaK W CEMEUYKOBBIX. Kak IMOKa3ald OIBITH, HEKPO3
HpOI/ICXO[II/IT 0 BHEUIHETO HpOSIBJ'IeHI/ISI 60J'Ie3HI/I U C HUM CBSI3aHBI BCEC HOCHC}I}/IOHII/IC HapyIHeHI/IH;
KaK HU3BCCTHO y CepIIIIeBI/IHHBIX HyT-IeI‘/'I €CTh OHpe)Ie.HeHHI)IC q)yHKHI/II/I, B paCTeHI/II/I OHHU BBIIIOJHAOT
POJIb MPOBOJHUKA M CKIIAJa TUIACTHYECKHUX, W JPYTHX 3aMacHbIX BEIIeCTB. [[pMHUMAIOT aKTHBHOE
ydacTre B OOMEHE OPraHUYECKUX U HEOPraHMUECKHX BEIlecTB. [lopakeHnue CepleBUHHBIX JTy4el Ha
pasHo cTazuu 3a00JIeBaHNs BhI3BIBACT U3MECHEHHE B OOMEHE BEIECTB B MOJB3Y Mapasuta. Vcxoms u3
3TOT0, pACIPOCTPAHEHHUE HEKPO3a CEepALCBUHHBIX Jyded Ha OOJbIIeH IIOMAAN SBISETCS
MoKa3aTeieM BOCIIPUUMYHBOCTH PACTCHUS.

YCTaHOBIEHO, YTO HEKPO3 TMAPCHXHUMHBIX KJICTOK HAXOMUTCA B  KOPPESIIIUOHHOW
3aBHCUMOCTH C YCTOWYHMBOCTBIO. B YaCTHOCTH, MHTCHCHBHOCTh HEKPO3a MApEHXHUMHBIX KJIETOK
nepcuka B 8 pas Oosnbliie, yeM s1070Hu 1 B 10 pa3 Ooublile, ueM rpymd. Tak 4To HEKPO3 MapeHXUMHBIX
KJICTOK CUYUTAEM TAaKXKe IMOKAa3aTejIeM YCTOWYMBOCTH K ycbhixauuio. CepiAleBUHHBIC TYYH U
MApEHXUMHBIC KJICTKH MEPBBIMU UCTBITHIBAIOT 3aMETHBIC MATOJOTHUECKHE M3MEHCHUS B PE3ybTare
HapyIICHUsT OOMEHA BEIIECTB B 3apa)KCHHBIX PACTCHUSX, a MIyOWHA MATOJOTMYECKX HM3MEHCHHH
OTpakaeT ypoOBEHb UMMYHHUTETA PACTCHHUS.
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SUMMARY

PATHOMORPHOLOGICAL CHANGES IN DISEASED PLANTS

Kanchaveli Sh.S.

Scientific Research Centre of Agriculture

Dysplasia and changes in the shape of plants as well as cytological changes take place as a result of the disease.
The main types of changes of a diseased plant are the following: hypertrophy, hyperplasia, hypoplasia,
metaplasia, degeneration and necrosis. Pathogenic changes of fruit trees when diseased artificially with
tracheomicotic fungi were studied. It was found that the first pathological changes in plant tissues appear in 4-5
days after being diseased, which gradually intensified and caused clogging of xylem vessels with gummy-like
substances and necrosis of wood. The latter spreads both in vertical and horizontal directions. These processes
proceed more intensively in stone cultures than in seed ones.

Keywords: plant diseases, pathogenic changes, cytological changes.
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OU3NOJOI'MYECKUE U BUOXUMHNYECKHUE U3MEHEHUA
B BOJIbHOM PACTEHUU

Kanuagean II.C.
Hay4no-ucnenoBarteabcknii neHTp MHHHCTEPCTBA ceIbCKOr0 Xo3sicTBa I'py3nn

OU3HONOTHIECKHE U OMOJIOTHYECKHEe W3MEHEHHS B OOJBLHOM PAacTECHHH pa3HOOOpasHEI, B
OCHOBHOM OHH CBOJSTCS K HapyLICHUIO BOJHOTO PEXUMa, OCMOTHYECKOTO JABJICHUS KJIETOYHOTO
COKa, 3Hepruu (POTOCHHTE3a, SHEPTHH JAbIXaHUsI, ACATENEHOCTH (PEPMEHTOB H T.1I.

BoaHslii pesxum OOJBHBIX PACTCHUH, KaK IPAaBUIIO, HAPYILIAETCS, IPUYEM XapaKTep U CTEIEeHb
9TOTO HAapYLICHHUS 3aBUCAT OT pa3Mepa MOpPaKeHHs M XapakTepa CTPYKTYPHBIX U (PU3MOIOTHUYECKHX
W3MEHEHUH, MPOUCXOASIINX B MPOIIEcCe B3aUMOJICHCTBUS MKy PACTCHHEM H MATOTSHOM.

ITpu nopakeHUH MOACOTHEYHUKA JIOXKHOM My4uHucToi pocoit (Plasmopara helianthi Novot. f.
Helianthi) Ha Bcex (a3zax pa3BUTHs HHTEHCUBHOCTh TPAHCIIUPAIMU Y OOJBHBIX PACTEHHH BBIIIE, YEM Y
3I0POBHIX, a B (haze OyTOHM3aNWW OONbHBIE PACTEHHS MCIAPSIOT IMOYTH B 3 pa3a OOJbIe BOIBI, YEM
310poBble. bonbHBIE pacTeHHs Ha BCEX 3Talax Pa3sBUTHUS COAEpKaT OONbLIe BOIBI, YEM 3/10POBbBIE, U
oTJaya BOJABl Y HUX MPOHMCXOAWT MHTEHCHBHEE, T.. OHM 00JaJaroT MEHbLIEH BOAOYACP KHUBAIOMICH
crnoco6HocThi0. llo-BUOMMOMY, 3TO NPOUCXOAUT BCJIECACTBHE IIOBBILICHUS BOAONPOHULIAEMOCTH
LUTOIIa3Mbl KJIETOK MOJ IeHCTBUEM TOKCHHOB IpHuoa.

[lopaxeHrne pKaBUMHOM TaKKE COMPOBOKAAETCS B OOJBIIMHCTBE CIIy4acB IOBBIIICHUEM
TpaHcrupanud. Tak, npu 3a00jeBaHMU sTYMEHS W OBca cTeOI0BOM prkaBumHOiM (Puccinia graminis
Pers.) ormaua Boxpl TKaHSAMH SUMEHS mNoBbImaeTcs 10 155%, a oBca — mo 467%. [lpuumny
TIOBBIIICHHON TpaHCIIMpPAlMK Yy PacTEHUH OOJILHBIX PXKABUMHOH, aBTOpPHI [1,2] BUAAT B HapylUIeHUU
JUHAMHUKY JABWXXKCHHS YCTHUI, KOTOPBIE OCTAarOTCsA Oojiee HIMPOKO OTKPBITHIMH, YEM Y 3J0POBBIX
pacrenuii. C aApyroil CTOpOHBI, W3BECTHO,YTO 10| BJIMSHHUEM TOKCHHOB rpuda MOBBIIIAETCS
MIPOHUITAEMOCTD ITUTOTIA3MBI,  OTCI0JIa HEM30€XKHO U yCHIICHHEe BoAoOoTAauH [3].

BwMmecTte ¢ TeM, pu HEKOTOPHIX 0OJIE3HSIX pacTeHHH HaOJII0AeTCs] CHIPKEHHE TPaHCIUPALIH.
Ilo HammM JaHHBIM, B pE3yJbTaTeé M3MEHEHHH B COCYAaX, BBI3BIBAEGMBIX BO30YAMUTEISIMU
BEPTUIMJUIE3HOTO W TJIMOKIIAJMO3HOTO YCBIXaHUS TUIOMOBBIX, TPAHCIIMPAIIMOHHBIA TOK 3HAYUTEIHHO
3amemisierca. llpum BepTHHMIIE3e IUIOJOBBIX HApyLIEHHWS B BOJHOM PEXKUME BBIPAXKAIOTCS B
M3MEHEHUH COOTHOILEHHS Pa3HBIX (OpM BOABI: CHWKEHHMH coOnepXKaaHusi oOmed u cBOOOAHOM U
YBEITMUEHNH CB3sHHOM. OOIee KOMTUYECTBO BOABI BO BCEX PACTEHHSAX YMEHBIIAETCA. DTOT MPOIece
HauboJiee Pe3K0 OTMEYaeTCsl B KOCTOYKOBBIX, 110 CPAaBHEHHIO C CEMEUYKOBBIMH. OCHOBHYIO MPHUYHHY
YMEHBIICHUS] BOJOOTAaud OOJILHBIM PACTEHHEM OJHM aBTOPBI BUAAT B 3aKyNOPKE MHILEINEM Ipuda
COCYJIOB, MEXaHWYECKH TMPEKpaIlaromel JOCTyl BOJIBI K JHCTAM. Hammmu onbiTaMH YCTaHOBIICHO,
YTO TUOETIb PACTEHUSI BBI3BIBACTCS ICHICTBUEM TOKCHHOB, BBIIEISIEMBIX IATOTEHOM B TKaHU XO35IMHA U
HapyLIaIUX HOPMAJIbHYIO )KU3HEAEATEIbHOCTh PACTEHHS, B TOM YHCJIE M BOAHBIA PeXHUM. TOKCHHBI
BBI3BIBAIOT HEKPO3 JIPEBECHHBI W 3aKylOpPUBaHHE COCYZOB THIUIAMH M TyMMHOOpa3HBIMHU
BEIIECTBAMH, YeM B Hayaje 3aJepKUBaeTCs, a 3aTeM IpeKpalacTcs epeIBMKEHUE BOABI U PACTCHHE
YCBIXaeT.

YMeHbIlIeHHE KOJIMYeCTBA OOIIed ¥ CBOOOJHOW BOJBI OTPUIATEIILHO JEUCTBYET Ha
KU3HECTIOCOOHOCTH KJIETOK M OMOXMMHUYECKHUE MPOLECCHI, TPOTEKAIOIINE B PACTCHUH.

[lpu BepTHIIUIE3e TUIOMOBBIX CHIDKAETCS WHTEHCHBHOCTH TPAHCIHPAIUK, B OOJbIIEH
CTENICHHM B KOCTOYKOBBIX, @ CpEIM KOCTOYKOBBIX — B mnepcuke 77,6%; B Bumue — 70,1%.
WHTEeHCUBHOCTD TpaHCUpauu B si0NOHE Ooyiee CHIDKEHA, YyeM B rpyme. Kak mokazaiau OIBITHI,
WHTEHCHBHOCTH TPAHCIHMPAIIMU B Hayalie 3a00JIeBaHUs IMTOBBIIIACTCS, & 3aTEM CHIU)KAETCs, U 3TO OoJiee
MOKa3aTelnbHO BO BpeMs TposiBlieHHs Oone3Hn. CHIKEHHWE WHTEHCHBHOCTH TPAaHCIMPAIMU
00yCJIOBIEHO CHIDKEHHEM OOIIero Koju4yecTBa BOABI, HaOdronaBmieecss mnpu 3a0o0JieBaHHU.
AHaJIOTUYHO NPOTEKAaeT HUHTEHCUBHOCTD TPAaHCIIMPALUK P 3a00JIeBaHUU IPYTUMH rpubamMu.

OmnbITaMu YCTaHOBJIEHO, YTO Ha IIEPBOM 3Tale 3a00J€BaHUS KOHLEHTpALUs XJIOpoduiuia
HE3HAYUTEIBHO BO3pPACTaeT, a BO BpeMs NPOSABICHUS OOJE3HM Pe3KO CHUKaeTcs. Bmecte ¢ 3Tum
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WU3MEHSETCS COOTHOIICHUE MEXay XiopoduiaMd a U B. Y OOJNBHBIX PAcTCHUN COOTHOIICHUE
0oJbIIe, 9eM y 3I0pOBBIX. DTOT MPOIIecC OOIbIIE, YeM Y 3J0POBBIX. DTOT mpoliecc Oojiee MHTEHCHBHO
MPOTEKAET Y KOCTOYKOBBIX, UEM Y CEMCUKOBBIX.

BosznelictBie  maToreHoB Ha  (POTOCHMHTETUYECKYH) aKTHBHOCTh PAcTCHUS  BEChbMa
paszHooOpasHa. 37ech MOXET HaOM0JaThCcs KaK 3HAYNTEhbHAs CTUMYIIALUS MPOIECCa, TaK W ITOJHAS
MPUOCTAaHOBKa (POTOCHMHTE3a, YTO 3aBUCHT OT OCOOCHHOCTEH MaToreHa, CTENEeHH MOpaKeHHs, (asbl
pa3BuTUs 3a00JICBaHMSI, YCIOBHI CPE/IBI U T. 1.

Bonpimoe dmcnmo mcciaemnoBaHWN MOKAa3bIBAET, YTO 3a00JIEBAaHWE PACTCHHUU COIPOBOXKIACTCS
3HAYUTEIBHBIM OCNa0JeHUEeM WX (POTOCHHTETHYECKOW aKTMBHOCTH. [lo HammM JaHHBIM, BO BpeMs
MPOSIBICHUS 3a00JICBaHUS MHTEHCUBHOCTh (DOTOCHHTE3a CHIDKAETCS Y KOCTOYKOBBIX OOJIBIIE, YEM Y
CEMEYKOBBIX. B KOCTOUKOBBIX HHTEHCUBHOCTH (DOTOCHHTE3a HanboJee CHImxKaeTcs B repcuke (62%), a
HauMeHee B BUIIHE (56%), B CEMEUKOBBIX MHTCHCUBHOCTh (DOTOCHHTE3a HauOoJiee CHIDKACTCS B
s0JI0HE TI0 CPAaBHEHUIO C TPYLICH.

OcHOBHasi TIpUYWHA CHIDKEHUS (DOTOCHHTE3a TpH 3a00JIeBaHWU PACTEHUH — paspylIeHHE
xnopopmnna. HecomHeHHO, 4TO Ha mpomecc (OTOCHHTE3a OKa3bIBAIOT BIUSHHE TOKCHHBI,
BBIJIETISIEMbIE TTATOTEHAMH, a TaKkKe HapylleHHe OTTOKA YTIIEBOJOB B JIMCTE, BHI3IBAEMOE HEKPO3aMH
(hJ1I0AMHOM YaCTH COCYMCTO-BOJIOKHHUCTOTO ITyYKa U APYTUMH (pakTOpamu.

Mo>xHO mnpeamnojaratb, 410 MaTOIrCHHBLIC FpI/I6bI BBIACIAIOT NPOAYKTHI JXU3BHCACATCIIBHOCTH,
KOTOpBIE B CTa0O0¥ KOHIIEHTPAIMW OKAa3bIBAIOT CTUMYIHUpYIOIIEe ACHCTBHE Ha KU3HEACATEIHHOCTD
PaCTHTENHHOHN KIETKH MTOI00HO JIEHCTBUIO MHOTUX TOKCHHOB.

B mopasnsitonieM OONBIIMHCTBE CIIydaeB, Kak MPaBHIO, C MOMEHTA 3apakeHHs MaTOreHOM
HAYMHAETCS TIOCTENIEHHOE YCHUJICHHWE MBIXaTeNbHOTO T'a3000MEHa, BCIEN 3a KOTOPHIM JIbIXaTelbHas
aKTUBHOCTh HMH(UIIMPOBAHHBIX TKaHeW manaeT. [lOBHIIEHHYI0O aKTUBHOCTH SHEPTUHM IBIXaHHS
MOPAXCHHBIX TKAHEW HEKOTOPhIE aBTOPhI OOBACHSAIOT HEMOCPEACTBEHHBIM  pa3IpaKeHHUEM
[IUTOIUIa3MBbl KJIETOK pacTeHUs maroreHoM. [lo HammM AaHHBIM, pa3iU4yHbIE BBIJEIICHUS MAaTOTEHA,
HampuMep TOKCUHBI, B 3aBUCHMOCTH OT HMX KOJMYECTBA MOTYT OKa3bIBaTh CTUMYJIHUPYIOIIEE WIH
YTrHETAarouee I[eﬁCTBHe Ha CUCTEMY AbIXAaTCIIbHBLIX q)epMeHTOB, TEM CaMbIM CTUMYJIHPYS WX YTHETAsA
nporecc aprxanus. Kpome Toro, n3MeHeHe 3HEepPruu JbIXaHHusS TPy OOJE3HU MOXKET OBITh BHI3BAHO
YCHUIIEHUEM TPAHCIIUPAINH U IPYTUMHE (PaKTOpaMu.

HOI[ BJIMAHUEM IMATOT'CHOB OCMOTHYCCKOC OAaBJICHUC MCHACTCA KAaK B CTOPOHY INOBBIIICHHA,
TaKk U B CTOPOHY MOHWKeHus. [Ipn OGonpmmHCTBE MH(MDEKIMOHHBIX OoNe3Hel (pikaBuWHA. MBLTHHAS
TOJIOBHSI, MyYHHCTasi poca, Mo3anka Tabaka M Jp.) OCMOTHYECKOE JIaBIIEHUE MOHWKEHO BCIEICTBUE
OOMIJILHOTO Pa3BUTUA MATOTC€HA B TKAHAX U YCUJICHHOT'O HOTpe6J'IeHI/IH UM IIUTATCJIbHBIX BEHICCTB.

Hamwvu  omblTamMu  yCTaHOBIEHO. 4YTO TIpU  3a00JIEBaHUM YChIXaHHEM (BEPTHIIMILIE3
TUIOZIOBBIX), OCMOTHYECKOE JIABJICHHE TOBHIIIIEHO, TaK KaK HAPYIIAeTCss HOPMAIBHOE BOJOCHAOKEHUE
JIMCTA U 3aTPYAHACTCA OTTOK aCCUMUIIATOB BCIICACTBHUEC MATOJIOT'MYCCKUX N3MEHECHUI q)J]OSMBI.

Bonesnu pacrenuii, kak nMpaBuIilo, COMPOBOXKIAIOTCS CYIIECTBEHHBIMU N3MEHEHHSIMH (PU3UKO-
XUMHYECKHUX CBOMCTB NUTOILIa3Mbl. OTHO U3 XapaKTEPHBIX U3MEHEHHI — YBEIIMYCHHUE TPOHUIIAEMOCH
UTOINIa3Mbl, BBIPpAXKAIOIICCCA B YCHUJIICHHUHW BBIMBIBAEMOCTH M3 KIICTOK HEOPTaHHUYCCKHUX colnen u
OpPraHMYECKUX COeAWHEHWH. lcciieoBaHUsAMU II0Ka3aHO, YTO W3 JIUTHEB OOJBHBIX PACTCHHM
BBIMBIBAETCS 3HAUYUTEILHO OOJIBIIIE OPTAHUYECKUX BEIIECTB, YEM U3 JINCTHEB 37]0POBHIX.

Hamumm  onmbsITamMu YCTAaHOBJICHO, 4YTO IIpU BEPTHUUOUIIIC3C IIJIOJOBBIX ITOBBIMIACTCA
MPOHUIIAEMOCTh KJIETOYHOW MeMOpaHbl. B 30pOBBIX pacTEHHSX KOCTOYKOBBIX IIPOHHUIIAEMOCTH
KJIETOYHON MeM6paHBI BBIIIIC, YEM B CEMCYKOBBIX. rpH6BI, BbI3bIBAIONIUE YCBIXaHUC, OTPpULATCIIBHO
JIEHCTBYIOT Ha MPOHHUIIAEMOCTH KJIETOYHON MEMOpAaHBI; IMOCIE 3apaykeHUs] B BOCIIPHMMYHUBBIX COPTAX
OHA TMIOBBIIACTCA OOJbIIE, YeM B YyCTOHYMBHIX. llaronornmueckue W3MEHEHUS TPOHHUIIAEMOCTH
KJIETOYHON MeM6paHI)I JINCTA BBI3BIBAIOTCS TOKCHMHAMH MATOr€Ha. DTO MIpUBOAUT K TOMY, YTO pAn
BC€IICCTB, BBIACITACMBIX KJ'[eTKOfI, nonaga€t B TpPaHCIIUPAOWMOHHBIC TOKH, 4YEM HapyHiacTcCsd
OCMOTHYECKOE JIAaBJICHHUE U TYProp KIETKH.

HNHTeHCHBHOCTh (DPU3MOIOTHYECKHIX MPOIECCOB, KaK M3BECTHO, TECHBIM 00pa3oM CBs3aHA C
0oOMeHOM BemecTB B opraHm3Me pacteHus. CKopocTb oOMeHa BemiecTB (IIPOIECCOB OKHCIICHUS M
BOCCTAHOBJICHUSI, CHHTE3a ¥ TUAPOIIN3a) OMPECIIICTCS MPUCYTCTBUEM H aKTUBHOCTHIO (DEpMEHTOB.
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[Ipu HOpMaNbHOW JKU3HEACATEIBHOCTH pAaCTECHHS HAONIOJAaeTcsl CIaXeHHOCTh B pabote
(epMEeHTOB, y4YacTBYIOIIMX B INPEBPAIIECHUM BEIIECTB. Bcskue HapyIieHus B UX AEATEIBHOCTH
OpUBOIAT K OOIIEMy pacCTpOHCTBY OOMEHa BeEIIeCTB, KOTOPOE XapaKTepusyeT coOoi yiKe
MATOJIOTUYECKOE COCTOSIHME opraHu3Ma. P. Sorauer BmepBble ykas3al Ha 3HaueHHe (pepMEeHTOB NpH
(GU3M0I0TNIECKUX HApyIIeHUIX B pacTeHUU. OH BBIABUHYJ «3H3MMAaTHUYECKYIO TEOPHUIO» 3a00JI€BaHUS
pacTeHuid, COrJIacHO KOTOPOi (pepMEHTATUBHBIC OTKIOHEHHS 00YCIaBIMBAIOT «CIa00CTh» pacTeHUs, a
BCJIEJICTBHE 3TOr0 M 0oJiee JIETKYI0 BOCIPUUMYMBOCTH K MHGeKkiuu. OnHaKo, B HACTOsAIIEE BpeMs
W3BECTHO, YTO HApyIIeHMs B paboTe (pepMEeHTOB — HEe MPUYHHA, a CIE/ICTBHE 3a00JIeBaHNs PaCTEHHI.

U3 ruaponutnueckux ¢GepMeHTOB Haubojiee H3ydeHa aMmiasza, IesTeIbHOCTh KOTOpPOU
3aMETHO yCWJIMBaeTcsi mpu Oone3Hsx pacteHuil. llpm BepTHUMIUIE3HOM YCHIXaHWU IUIOJOBHIX B
00JIBHOM PAaCTEHHUH PE3KO MOBBIILACTCS aKTUBHOCTh aMUJIa3bl.

[Ipn BepTHLMIIIE3e MJIOJOBBIX HAaMHM HM3Yy4eHbl HW3MeHeHHs BuTammHa «C» u (epMeHTOB
(xaTanasa, mepokcuaasa, moJupEeHONOKCHa3a), YIACTBYIOIINX B OKHCIHTEILHO-BOCCTAHOBUTEIBHBIX
nporeccax.

Oxa3zanoch, 4TO B 3I0pPOBBIX PACTCHUSX CEMEUYKOBBIX aKTHBHOCTH ()EPMEHTOB BBIIIC U
cogepkanue BuUTamMuHa «C» Oombie, B pe3yibTare 3a00JeBaHUS AKTUBHOCTh KarTamasbl U
noJau(EeHOIOKCHAA3bl CHWXAETCSI KaK B KOCTOYKOBBIX, TaK M B CEMEYKOBBIX. CHMKAETCS TaKxKe
cojepkanue BUTaMuHa «C», HO 3TOT mpoliecc Oojiee MHTEHCHBHO TPOTEKAET B KOCTOYKOBBIX IO
CPaBHEHMIO C CEMEUYKOBBIMH. UTO KacaeTcs MEepOKCUAa3bl, B pe3ybTaTe 3a00I€BaHUs €€ aKTHBHOCTb
MOBBIIIAETCS OO0JIBIIE B CEMEUKOBBIX [0 CPABHEHUIO C KOCTOYKOBBIMHU.

[lony4yeHHple HaMM JaHHBIE T[IOKa3bIBAIOT, YTO B CEMEUYKOBBIX, KaK CPaBHUTEIHHO
YCTOMYMBBIX, MOBBIIICHUE AKTUBHOCTH MIEPOKCHAA3bI MOKET OBITh BBI3BAHO €€ aKTHBHBIM y4acTUEM B
3aLIUTHBIX PEaKUUAX pacTeHus. B cpaBHUTETHPHO BOCHPUUMYHBBIX COPTaxX (KOCTOUYKOBBIX) Ha MO3AHEH
cTamuu 3a00NeBaHMs POCT AKTUBHOCTH  IEPOKCHIA3bl IO-BUAMMOMY BBI3BaH OTKIOHEHHEM
OKHCIIUTENbHO-BOCCTAHOBUTEIBHBIX PEAKUUH K OKHCIEHHIO. UTO KacaeTcss aKTUBHOCTH KaTasla3bl U
noJau(eHOIOKCHAA3bl B pe3yibTaTe 3a00JeBaHNs, OHA HE3HAYUTEIbHO MEHSETCSl Y CEMEUYKOBBIX 10
CPaBHEHHIO C KOCTOUYKOBBIMH. AHAJIOTUYHO MPOTEKAeT CHIKEHHE cojaepikaHus BuTtammuHa «C». Tak
YTO BBICOKYIO aKTUBHOCTH (JEPMEHTOB, BBICOKOE cojep)kaHue BUTaMUHa «C» W UX HE3HAUYHUTENILHOE
KoJsiebaHue mpu 3a00JIeBaHUK MOXXHO CUMTATh [TOKAa3aTeIeM YCTOHUMBOCTH.

YcTaHOBIIEHO, YTO B HAMOOJIEE YCTOMYMBOM K YCHIXaHHIO COPTE SIOJIOHU IIAMITAHCKOM PEHETe
U3 aMUHOKHCIOT B HauOOJbIIEM KOJIMYECTBE BCTPEYAETCS alaHWH, [IIyTAMUHOBAs KHCIOTa M
TPEOHMH. B oTnMune oT BOCHpUMMYHMBOTO COpTa KeXypa BCTpeyaeTcsi MOPBEJIHH, TPUNTO(aH, BaJMH U
THUPO3UH.

B pesynbrate 3apaxenus rpubom Verticillium dahliae, kak B miamnanckom peHere, Tak U B
KeXypa MPOHMCXOAAT KOJIMYECTBEHHBIE M KaueCTBEHHBbIE M3MEHEHHMsI aMUHOKHCIOT. B wactHocTH, B
[IAMITAaHCKOM pPEHEeTe KOJMYECTBO aMHUHOKHCIOT BBIPOCIO Ha 2 KHCIOTHI (JIM3WH, OPHUTHH), a B
Kexypa Ha 4 (acmaparuH, JU31H, apTOHUH 1 OPHUTHUH).

Kak ™Mbl ykazamy, B yCTOHUMBOM copTe (IIaMIIAHCKUK pEHeT) B OOJNBIIOM KOJMYECTBE
COJiepKaTCsl allaHWH, TJIyTaMUHOBAas KHCJIOTa W TpeoHWH. Hannywe mepBhIX JBYX KHCIOT B
YCTOMYMBOM PaCTEHUH MBI CUMTAE€M OJHHUM M3 ITOKa3aTeneld yCTOHUYNBOCTH.

Uro KacaeTcs OpraHMueCKUX KUCIIOT, B JJUCThSIX 3J0POBBIX PACUTCHUI IIaMIIAHCKOT'O PEHETa U
KeXypa OTMEYaITCsS OJHW M T€ K€ OpPraHM4YecKHe KHUCIOTHI (I[aBenaBas, JIMMOHHAS, MaJHHOBAS,
BUHHAS U YKCYCHAs KHCJIOTHI).

B ymcTBSIX Kexypa 1O CpaBHEHHIO C IIAMIIAHCKHM pPEHETOM B OOJNBIIOM KOJIHYECTBE
00HApYKEHBI BUHHAS U S0JIOTHASI KUCIIOTHI.

[lo HammM JaHHBIM, BOCIPHHMMYHKBBIE COpPTa OTJIMYAIOTCS OTHOCHTEIBHO BBICOKHM
CoJlep’)KaHUEM OPTaHIMYECKUX KHCIIOT.

CoriacHO HalMM JaHHBIM, O0Iee KOJIUYECTBO ()EHOJOB BO BCEX IUIOJIOBBIX OOJbBINE B
YCTOMYMBBIX COpPTax, 4eM B BOCIPHUMMYMBBHIX. B pesynbrare 3a0oneBaHusi oOliee KOIUYECTBO
(eHOTIOB 3HAYMTENBLHO BO3PACTACT B YCTOMUYMBBIX COPTAaxX, a B BOCIPHUMYMBBIX 3TO H3MEHCHHE
OTHOCHTENIBHO HE3HAYUTEIbHO. BBIICHWIOCH, 4YTO (ECHOJBbHBIE COCAMHEHUS (THAPOXUHOH)
OTpPUIIATEIIFHO BIMSIOT Ha POCT — pa3BUTHE TpHOOB [4].



126 bSISAN3IR I bSO6IN6H3(D bLOSELI6(, GEORGIAN ENGINEERING NEWS, Ne3, 2017

Takum o6pa30M, B pe3yJibTaTe 3a00JIeBaHUs B pacTCHUKU OTMCYAIOTCA (1)I/ISI/IOJ'IOI‘I/I'-ICCKI/I€ n
OHMOXUMUYECKHUE HU3MCHCHUA, KOTOPBIC OTPULATCIIBHO BJIUAIOT Ha €TI0 POCT-Pa3BUTHUEC.
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SUMMARY

PHYSIOLOGICAL AND BIOCHEMICAL CHANGES IN DISEASED PLANTS

Kanchaveli Sh.S.

Scientific Research Centre of Agriculture

The changes in physiological and biochemical processes in plants in case of a tracheomicosis disease are studied.
It was determined that, as a result of the disease, the amount of common and free water in the plant reduces,
while the amount of binding water increases. The intensity of transpiration and photosynthesis and the content of
pigments decreases, the penetrability of the cell membrane increases. At the initial stage, the breathing process
becomes stronger, but, at the next stage, it slows down. The disease also affects the activity of enzymes
participating in the oxidation-reduction process and the content of vitamin C. As a result of the disease, the
activity of catalase and polyphenol oxidase decreases, while the activity of peroxidase increases. As for vitamin
C, its content decreases. Amino acids and organic acids change in quantity and quality, but the amount of phenyl
increases. Physiological as well as biochemical processes change more in stone fruit trees than in seed ones. This
phenomenon is due to the fact that seed cultures are more resistant than stone ones. Physiological and
biochemical changes caused by the disease affect the plant adversely, in particular, synthesis processes decrease,
while hydraulic processes increase.

Keywords: plant diseases, physiological processes, biochemical diseases, adverse effect.



