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3emgdb  oggademgds. bsdgbo  dologngdol  gobo-
39®-39dob0g9@0  mg0Lgdgool swagbol 3GmEgL-
‘do, 9dgBgbow godmoygbgds aobmdggdols dgrgyg-
b0l bo@dsenygdo  3obmbomn  aobsfoamgdol  Jodm-
»gbs, @mdgols msbobdoe dowgdymo dmbszgdy-
b0l godbggs obdodmdgdymos dg@bgyaro dgmm-
>9GoEgogeo  gredoggdon @S jgeggol
0609JHob sMsghmygs®mgbgoom [2,3].
9JL39M0dgbHyms© domgdygmo X;.. X, Lowo-
©gg60l Lodygomm s@omdg@ogyemo dbodgbgermds

©ols

3°dMomgen gds GO Ymom:
()

_ 1
x = ZZ?:lx’f,

oo X~ o®ol bodydol dgdsbogy@o dobobos-
0 gdge00; N- yodmaeomo bodydgdol Homgbmds.

GO390 3obmdggdol  Ygdmbggzomo  GEm-
dogmgdols  dgusligdolomgol, @mymei  Fglbo  go-
33RAO>H Yo
33o0s5@gmo  omdomgdols

dmoygbgds

030839
360dgbganmds:

Lodygoenm aoabmols,

Lodygoam

o~S= Jﬁmlm - X)? )
oo bodygomm 3goe@s@dygeo o aosb®s s@ols
bpgodo, GmIamoliizgbsi dool{@oggol § Lowogy
309%0L glolidgemm Gomgbmdolbsngols n — oo.
X Lodgomm

395603900 dobslosmgdanols

360dgbgemmdols  gosb@ol «a dobo
d9ddomodo X 3b0dgbganmdowsb AX  Lowowom,

‘dgodangds hoofgdml dgdegao Labom:

SEDASMMOS,

p(X—AX <X <X+AX)=a 3)

oo a-b gfmegds bobwpm sandsmmds.
9JL39M039bBgdol  Ygwgaoe  Lsdysgrm  Ibodg-
bgenmdoby Ve oYM Ebmdom sy gbogno  Bobo-
39®-3gdobogy®o 3oModgd@ol X Lo-
DybEg bobosmpgds Lobwm 0b@gmgsgmom, boanm

936mdo

dobo Loodgommds bsbpem sadsmmdom.bsobgob®m
Lo 3do@olo LobyliGols
9bAYbggenbogmagom dobswgdos a = 0.9 + 0.95.

3odmmga gdobomgols

Lobm  0b@gdgoemol otgh  wobspygbo AX
ooy 3s3momgagds Bm@IyYEom:

S

A)C:\/Z

4)
oot 9.F. LEoygogb@ol gmgnoEogb@os ©s oo
530 300gd90s (309005 MomEgbmdaby 7 o
domgoyga Lobpm sgdsmmdaby a [4] (gbGogno 1).
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3gbtoano 1
bBoaRgbHol gmggogogbdade ()
Lobpm 0b@gMgoao
©54300390g00b
HomEgbmds
050 | 090 0.95 0.98 0.99
2 1.00 | 631 12.71 81.82 | 63.66
3 0.82 | 292 430 6.96 992
4 077 | 235 3.18 4.54 5.84
5 074 | 213 2.78 3.75 4.60
6 073 | 201 257 3.65 4.03
7 0.72 1.94 245 3.14 3.71
8 0.71 1.90 236 297 3.50
9 0.71 1.86 231 290 336
10 0.70 1.84 226 2.76 325
15 069 | 176 2.14 2.60 298
20 0.69 1.73 2.09 253 2.86
30 068 | 170 2.04 246 2.76
60 068 | 167 2.00 239 2.66
120 068 | 166 1.98 236 2.62
00 0.67 1.65 1.96 233 2.58
Lodmgmme dogomgdo:
p(J?T‘;t <X< 3?+\/i%t) =a (5)
3ol Ygsmgdomn  d3odg  Gomwgbmdols
‘dgdombgggedo (n <20) Lodygomm  3350@0@ @0

@emdoggds bsgds@obo LobylEom dgodengds go-
doomngs@ml go@dgmon:

.

5 =4 (©)

ooz w,=X,, - X; oMol gJl3g@m0dgbdemsm yo-
bmdogno X Lowowggdols doJbodsgnyg@o  Lbgomds,
bogo  d, 309803609600 ©oIM0YdYmos o
bm33950L MomEgbmdsoby s dobo 3boTgbgenmdy-
b0 dmygsboanos d9-2 3bGogodo [4].

gboogoo 2

n a, n d, n d,

2 1.128 8 2.847 14 3407
3 1.693 9 2970 15 3472
4 2.059 10 3.078 16 3532
5 2.326 11 3.173 17 3.588
6 2.534 12 3258 18 3.640
7 2.704 13 3.336 19 3.689
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obggg godo@m@oggdgeo Fgbom dgodmgds Lob-
M 0bBgHgomol LobmgMgdol woagbos:

AX =K, w, (7)

ooz Ky 3mg803096@0 wodmgowgdgeos  bob-
M Sandsmmdols mbgby o dobo 3b0dgbgenmdy-
b0 dmygsboanos d9-3 gbGogndo [4].

gboogno 3
GRgoob Ko
oM bmds 7
a =0.95 a =099
3 1.30 3.00
4 0.72 132
5 051 0.84
6 0.40 0.63
7 033 0.51
8 0.29 043
9 025 037
10 023 033
11 021 03
12 0.19 0.28
15 0.16 022
20 0.13 0.17
sbgmo  gJb3@gldgmmpon  dowgdyemo  Ladgdbo

X bowowol ¢g9ddo@odo dbodgbgermds  aodmom-
30905 BOOIYE0om:

— — St
X=XtAX =X iﬁ
bHogeabHolb  t,  gmggo-
309630 doomgds l-gano  gbMogowpsb dglsdsdolo
a
bemdobsmgols.

MmO 3 gbgsgm, 53 gm@OIgmon sy gbo-
@wo X 499ds@o@o 360dgbganmds a sgodsmmdom
9JU39M0396@ e s©
Jowgdamo X LoVgomem  3609536gmmdowsb  AX

®)

o0 gm@dygansdo,

sgndommdol o (11— 1) gobmdggdol @omwy-

‘dgodargds  goblbgogogdmogls
Loowon.

dogdyao ge@dgmgdo  go®esgdbols  Igdwgy
dgodangds  ©ogoyzebmm  gu@m  dmbydbgoygw
QoAdodeg.  godmiapgool  olgmo  dobodsgny@o
oM bmdol  sbowygbs®, ®mdgao a ogndo-

0mdomn  YbHybgganygmal  Lodgomm  s@omdg@o-
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ho@omgdae
233 o0l

3900l asdbggol  Igboggoligdems,

06yl Fobolfomo 9Jl3gm0dgb@gdo

bogemgdo Mompgbmdom m.
dogomgdm:

"= (Stm)z (a)mtm)z_ )2
~ \ax dmprx)

3%l Logodm @omegbmdbols Lobylpg wo-

(‘Um Ko
AX

©)
dmgopgdygmos 49ddoModo  Lodgomem  3350658%-

00
Lobgom

S @rmdoggdol  aodmmgmols  LobylEgby.
sendommdobsmgol a = 0.68, @mIgelsi
‘dggbodsdgds 28 Lobpm 0b@Ggdgomo s gg9d6gds:

(1%

domgdymo gm@dygemon (10) dgagodenos gobo-
39M-89Jobogg®o  mgoligdgdols 3oMsdgB®gool o-
Lowggbow oy3ogdgeo 3egdols Gosmwgbmdols n

WmKe
AX

wemle )]

3obbobmgds s dobo 3b0dgbganmds  wsdmowy-
b0 0dbgds Lokodm a sgdommdsby s fo-
bolodo gJl3g@odgbBgdols m @omgbmdstby.

3. ©oliggho

bEo@osdo dmygsbogmo dgmmwogs Fodds@gdom
‘dgodagds  godmygbgdage 0dbgl Lodgbo dobiogng-
b0l gobogy®-3gdoboggdo mgoligdgdol wowygbols
30m39Ldo. 3gBhdme, @ogmbsbsw dgodangds odbgls
oy gboao  Lodgdbo  3oMadg@@gdl Lako®m  Lo-
DybGoon @

S dsmMbom  25blobmg®obomgols

Lo gdo@olo bodydgdols m3@Godsgny@o Homgbmds.

moBIBGIH

b. d9630. Loobgobdm 9Jl3g@ModgbGgdols  mgm-
®0s, dnlgmgo: dJod, 1972 §.

s@g®o. dgbsgogmo  9Jb3gMH0dgb@gdol  ©e-
398350 9dsdo.  Imbgmgo: dg@oeydaos, 1969 §.
3. bsgnodmgo, b. hgmbmgs. gJbEGgdsgy@o gb-
3903963900l ©opgadamgdol  LEsGoLE0ZgMO
dobgmgo: baggs, 1965 §.

b, gobs@go, o ggohobo, @. gmdsbmgo, 3. 3og-

0.

dgomogdo.

BMAsg0, 3. 3mangbobo, b. hohgbomgo. gnm™-
3530900L s dodggool godmggenggs  9Jldgmo-
3960 o Jgmmegdom. 3bmdsto. joggo: boy-

3Mgs dgs, 1981 §.



LSI-L ‘d@(M3J50 — TRANSACTIONS OF GTU — TPYAbI I'TY Nel (491), 2014

UDC 658.5:338.984
ORGANIZATION AND PLANNING OF EXPERIMENTAL WORKS
V. Dvalishvili, Z. Gubelidze, N. Tabatadze

laboratory of educational, scientific and experts of construction faculty, Georgian Technical University, 68b, M. Kostava
str, Thilisi, 0175, Georgia

Resume: There is substantiated the need for using of planning an experiment to determine the optimal volume of
experiments and their rational sequenced. There is considered specific example using the statistical methods for plan-
ning an experiment in the process of determining the physical and mechanical properties of building materials. There
is presented the technique by which it is possible to determine the minimum required number of samples without af-
fecting the accuracy and reliability of the required parameters.

Key words: strained-deformed state of constructive elements; ultimate strength; planning an experimental
works; optimal number of samples.

YK 658.5:338.984
OPTAHU3AUUA U NTAHUPOBAHUE SKCNEPUMEHTA/IbHbIX PABOT

Osannwewunun B.B., ly6enunpse 3.6., Tabataase H.H.
YyebHasn, Hay4yHasa M aKcnepTHaa nabopatopusa ctpoutenbHoro ¢akynbteta, [PY3UHCKUA TEXHUYECKUIA YHUBEPCUTET,
Mpyswua, 0175, Téunncwu, yn. M. KocTasa, 68°

Pe3stome: B ctatbe 060CHOBaHa HEOOXOAMMOCTb MIAHUPOBAHUA 3KCMEPUMEHTANbHBIX PAaboT, ¢ onpeaeseHnem
pauMOHANbHOW NOCNeA0BaTENIbHOCTUM WUCCNEAO0BAHWA M ONTMMANbHOTO KOJ/IMYECTBa OMbITOB, C LEeNbl MOoAy4YeHus
MaKCMMas/ibHO MCHepnbiBaloWen MHPopMauMM C MUHMMA/bHbIMM 3aTpaTamu CPeacTs M BpemeHn. PaccmoTtpeHd
KOHKPETHbIN Npumep NAaHMPOBAHUA 3KCMEPUMEHTAIbHBIX PAaboT ¢ UCNO/b30BaHMEM CTAaTUCTUYECKMX METOL0B Mpu
onpeaeneHnn GU3MKO-MeXaHUYECKMX CBOWCTB CTPOMUTENbHbIX MaTepuanos. [pusegeHbl MeToAMKa M OCHOBHblE
3aBMCMMOCTU ONS YCTAHOB/MEHWA MUHMMANbHOMO KosmyecTBa 06pasLoB C LEblo MOMYYEHWA OMbITHLIX AAHHbIX C
Tpebyemoi TOYHOCTbIO M 3aaHHOM BEPOATHOCTLH.

KntoueBble cnosa: HaI'IpH)KEHHO-ﬂ,ed)OpMVIpOBaHHoe COCTOAHME; npeagen NpPoYHOCTU, N/1aHUPOBaHUE 3KCne-
PUMEeHTaNbHbIX pa60T; OonNTUMaibHOE KO/IN4YeCTBO O6pa3LI,OB.

domgdaeos sbsdgdwse 11.02.14
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030@5860L 10353@0L LOLIOL G3RORIBOL (M3B0FOIRIAO 3596(M60L KOR3I6S

©. hoJmgsbo
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0175, mdbdognolo, 3. 3eliGogols 68°

E-mail: d_chikovani@gtu.ge
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»goaool  boggydggerby o gobbmyswgdymo
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gl gmmpo  slggg  ao-
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QO gmo  do@mggmbs  jmbG o s FoTslowasdy,

35M0dgdols  dgmmpoon.
(NGRS

3003900 babg@gBol 0do@sios. LYmege sbgmo
Lobolos  a3065d0 Lodspa@ol  bolJols

330 gdol m3Bodsgdo jobmbo oy gbognos.

HMdeols

boggobdm  Lodyggdo: 23000005 2obbmasmgdy-

o ggbJios;  kGoaro;  bobg®gdo; s
3®dogo dogngdols g3oy@gdo.

356030

1. Igbsgoano

©99mMOdsEmdobs s IpaMsEmdols 30GmMdgddo
dymxzo  bobgtgBgoosbo goagbol gosbyomodgdols
30mdgds  Logdomo @mygmos, G goeg@os ©s
doombmgl aoobas®0dgdol yoblsgymdgdyemo dg-
0mEgdols dgdgdsggdol. bgdgdgdol dJmby goang-
S0l odsggRm®do®gdye
300620009900l oG gomydmds  aob30@mbdgdymos

damdotgmdatby

Boagdols boggdmdgdols o3Mmmg]@gosdo, mobsdy-

©OOMZY  gmblH@YJeogmo  dobaggdols  sdmygby-
dom, oaMgmgg  Loobgobdm  gosbys®odgdbolsmgols

9989JB9®0 >0l gdomolio
Mgd0ms s obgMag0m. @Il MmomJdol 5@ o@-
Lgomdl  0bgob@gamo  asdmmgmgdolomgols
dgeegdo. 399 dgoo 3@0GoggEmo
Bob9bGosEmdols  2sblobmg@obomgols, oM 339%-
o gobbdagJaogmo  mgolgdgdols asmgoeolifo-
bgd0m, dom Im@ol bg@gBgools ©s I@oagdols
dglglRgool aobaspqgdolsmgols.

sbigmogg 0do@o@ool 3Jmbgs 350056930, oby
bogg®ogmo  @amaado  bolgdgoo,
BOONME  25dm0yghgds 5GS Fo@FM LoBAsblidm®-
B™ abgdol 39gbgdemdsdo, smodge bosdmem bog-

dgomegdols aobgome-

ROO-
53 30Mmg0ls

OmIggdo

d9do  godmdydoggogmo  Jobgdol  aobadog@gd-
@oE. JAM-gO0  y39esby  YogOGIm@Io YL Job-

LA®gJcos oMol ago®adols Lodsg@o Lodbsbldos-
bo mowols Laboo.

2. doGomspo bsFoao

Lodoa@ol bgws bofoeno dmbobyemos §@gfo-
Aol @goeol s gy gdymos ggdobodo o-
boogo LEma g0bmgeb 3390090056 mowmo  go-
bogeol Lodg@@mogmmep gsbsfomgdgmo wo@gom-
03gd0l Jdgegosl, @mmdmgoo omodgdgos Lsdmm
Jobgdols db@owsb. Lodog@mols bmdgdo ©s bosbys-
®0dem Ugdgoo bobggbgdos (1 o, &, @) bobsbgdby.

dp
No WU
> - -
4s P02, ]
oo il qs
H
4 ]
V
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moeols Lagdegbo @godiogdo LodgdHogmmdo-
©ob godmdwobotg 0bgde:

V,=V, =V =0,& H,=H, =H.

H 25bdxgbols @oagboli dobbom aobgobogomm
C Igomgeyg®  geodol bsblo®do dweybogo dm-
39600 bygmmsb  Gmemdol  JoGmds
bofogobomgols (bob. 1 ). dgbsdodobow g39]690s:

domxggbo

boowsbsz dogomgdm

_ G g

2h 2

‘Jogo  dogrggdoli 3oblsbwgdols dobbom  ¢dxm-
bgbos 2obglobegBmm xg@ geoBols Loblba®do Ng
3®dogo dogns (3Mdogo dogns s doygbsgo 3mdgb&o
go@ol Loblo®do byanos). 1 g bob-ols dobgogom
go@ol Loblo®do a@dogo\dsgrolismgols dogomgdo:

_ %, A

2h 2

Lodgd@ogemmdols  godm  asbgobommm  momols
dodxggbs  bofoamo s  godmgmgommm  mo@ols
Yooygmo dmbobymmdol bgdoldogm I-II 3390530,
oy gambon (bob. 1 @),
dmgbogo dmdgb@ol gobogo wo aMdogo dogngdols
Lowowggdo.

3391690>:

N,—H-qh=0=N,

Amdganoig  balosmwgds

Nel (491), 2014

_ %X QY
2h 2’

Q,, =N, sing, —QzXcosp, —
—g;sing, 0<g, <@,
N, =N, cosg, +0zXsing, —q; cosg,,

M

Px

N,y

Lbowsz X=Rsing, y=R(1-cosg,).
0d 39®dm dgdmbgggsdo, GmEsS @, Z%; a=R
h=2R; g; =0, =g dogogmgdo:
3 5
V=R, H=-=9gR, N, ==0gR
q 4q o 4q

-1 33gmedo Bogs dognggdols 860dgbganmdgdo
‘dglodsdolop 0dbgdes:

q

R2
(I1-cos@,);

|
M‘ﬂx = 4

aR . Vi3
—sing,; 0<¢, <—
4 Px ?, 5

Q, =
| 1
N, = qR+Zcosqpk.
Lmabobmgeb 9dobbg II-I 3g9mdo Ddogo do-
mgd0l Lopowggdoos:
M, =% GR-2Y):

N, =qR
Lomsbowm g3oyg®gol gdbgdom 3g-2 bob-by bob-
396960 Loby:

bob. 2

dgmdg dogomomol baboom gobgobogmm hsgg-
Bomo  Ladbobl®osobo  Gamaado  bsdogmo, G-
dgamo aobogols bobydsgols s ggdol db@o-
b Bmeno o Lofobss@dogame dodo@mygan ao-
bofogdamo g 0bBgblogmdol ws@Ggotmgsb.
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0y aobgobogmogm A s B Loblidgool bgdmm
dmmoglgdyga  Lodog@ol  bofoenls  @mgmaE  bsd-
Lobl®oob > 25bglobmg@agm
635J3090L,  Lodg@@ogemmdols  gomgogolifobgdom

0ol Loydgb

dogomgdo:
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V, =V, =V =gRcos30’; 2394690>:
1 Rr, .
HA:HB:ZqR Qw:—%[2sm2(30°—(p)+cos(30°—(pﬂ;
35b3LobgAmo  LodlsblMosbo @ymaol bgos _OR 2 (a0 . 0
boFogols bgdolidogd 33gmsdo dogs dogrgdols Lo- Nw _7[4 cos <30 —(p)—sm(BO —(p)]
©009960. 33900L Esbsbolinsmgdgsw dgdmgo@mm o bofogolomaol, Lomobosm asdmm -
J439% < 3 ) 329
@ 39mbg, ®mdmol 330 gdol sMgs 0 <@ < 120°. 6ol gegyoe, dogomgdo:
4

Amam®ig Fobs dsgomomdo, oo Lodg@@ogenm- M, = —ﬂ[sin(mo +¢))—COSZ<300 +(p)];
b0l godm, doas dogngdol Lowowggdo ©ogfgdmm 4

33900l dodzbgbs bofogolismgols

= _&R 30° 25sin2(30° ;
M, =V-R[cos(30°—¢1)—cos30°}— < 4 [COS( +(p)+ s ( +¢)}’
aR :
—q—Rz[cos (300 ~ ¢) 08 30" T ~ N, = 7[4 cos’ (300 + gp) —sin (300 + (p)}
2 ooz @ ggobol ggeomgdols stgs 0<@< 60°
~HR[ sin30° ~sin (30° - p) | = :
domgdbymo  go@dygamgdo  Lodgoggdols ggodangals
_ —qTRZ[COSZ(3O° —(p)—sin(30° —(p)}. ogoamm  doygbsgo dmdgbRol, gobogo ©s a®dogo

aobogo s g@dogo  doangdol  aoblabwgmol 83 5, 3, o bobobgdby.

dogngdols 9309@gdo, @Omdmgdoi FomImweagbogros

Fobboon  godmgoggbmm  go@bimgol  ©oggMgbEos-
@O0 ©5IM oo oy gdsbo

Q- aMm,
* R-dg R
dQ ,
N, =—>+q,R, g, =gsin’ (300 —(o).
do
6ob. 4
o3lgom Logombo 9uem bmgswsw ggodsdols 3obbognygano ao@bol wodsdygao dpamds®gm-

bodspa®o, Gmame  Gogobp®gamo 3aslGoggdo  ds  Yglodengdgemos  omdmgopaobmm  bobggmow
3o®bo,  @mdmol  bgws  bofoao  Jmbsbymos  Fmdgbdydo  mgmmool  dobgegom. oy hogfgHm
FOgFodol  @gomomn ©s dggoemgdgmos  ggdo-  3o@lol  Fembolbfm@mdols  gob@mangdgdl ?X, z=
bogdo  ob@oge  LTo@bobogeb  390rgd0sb. =R6, Z) dogefodrgm jom@Eobsdms  Loldgds-
3000 (3g0@sd0l Ladsg@o) aoboiwol Lodg@@o- ;
Paoo  gobsFomgdamo  s@godmgol  Jdgogdsl,
Gmdgenoi o@odgtgos bodmem  Jobgdols dbmowasb.
3o0bol  dgo  bgosdo@mol  @spoyglio  aoboieols
300390 a35M0L  Fyz9dol  dgymangdol Fgd@o-
@a9ddo m@ bodgd@oge addog 3ggmgddo. 0,=0; q :(ql sinLR—q2 cosLstin%X;

do,  35Tob  0dol pomgogolifobgdom, @md oI
‘dgdmnbgggedo  o@goMmgol  3md3mbgbBgdolsmgols

339769 gdoga0 yodmlbobyagdgdo: [1]
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q,=-|4q cosL—q sinL sinZ x
: "R Y R) e
Fobobfm@mdols aob@mangdgdo Jgdge Lobgl
doomygol:
0T, 0S
X =
ox or
oT. oS
_+_
or oX

0;

+lNr+
R

r r T
+| g, sin——@, cos— [sin—X=0; 1
[ql R R] o ©)

al+lT -1 q cosL—q sinL sinZX—O'
o R "R "R e ’
_6M, -N, =0,
or

oo T (X)) ©s T.(Xr) boddsgydo dognggdos,
Omdagdox Inddgogdl dgbsdsdolow dbobgganols
©> dbgdols
S(X,r) dgdols dogmoas; N (X 1) oM (Xr) — go-
sdkMgaro dogns s dwgbogo ImdgbGo @ymeney-
®o dodotm g gdom: R — boddygeols Gsoyglbo; ¢
390003500 sAgoMmgols  0b@gbbogmdols
V990960 L0ddodol (3964@F0 O=7/2; G, — do-
H0bmbFoaydo 0b@gblogmdols

3obogo  @gomols dodo@mnygan gdbom

53 g0Mmgols

dgdggbo s 3g39mdo lezﬂ

053 o ogmagds bm@doy@ dognggdl dma@ols,
bobgg@oe dmdgbRgmo mgmmool Logydggebdyg dgy-
godgoos {omdmgopaobmon dgdwmgao Loboo [2]

T, =2T,, )
bo@m 3aslGoggdo 3oMmds jo dgdogyboo-
@ow [3]
am T [T 7T
Ll +3 | =1, 3
|:Gsh2:| |:O'Sh:| )

oo o oMol dslogrols @gbsmdols bmgsdo,

bogoem h — ao@lols badogogeno Loldg.

sda 30000, Fmbsbfmamdol gaob@meangdgdo (1)
©5dM30EgdEgds (2) ©s 3gobBogg®mdol 3ocm-
45 (3) JIbol o@of@g03 LEya  gobBmengdoms
Lol gdsls,
Lobmgmgds gggens dogs dogngs s dmdgbBo ©o
53 gggesby dmogs®os, h Lsdogogamo LobiJols
330 gdols 3obmbos, AmIgmoi YbOYbggaymeyls
306LEGYJ3E00lL  gBHnEAHMY  assligansl 3ansl-
B0ga® dpamdomgmdsdo.

sdm3obols aosdfyggdo ©oxngdgbiosamygmo yob-
Bomgds T, 9iEbmdo Lowowols dododo (1) ©s (2)

Omdgamms  bodgogmgdom  yobo-

3ob@magdgdol gomgomolifobgdom doowmgdl Lsbgls:
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T, T 1
2 r N O I 4
—E(ql COSE"F q2 SIHEJ SIHEX,

35b@mEgds  (4)-0l 5dImboblgbo ggdgdmo dgo-
g0 Loboo:

T,(x,r):t(r)sin%x. (5)

(5)-0L gomgogolifobgdom aobBmengds (4) doo-
®gol Lobgl:
d’t(r)

r

2 r LT
+a)2'[(r)=—E(q1 cosE+q2 smﬁj. (6)

(6) gob@mMagdol bmgswo 5dmbsblighos
t(r)=c coswr +c,sinwr —

—%[Q] cosLR—i- g, sinLRj, (7)
Lowoaz
, 2R +¢€
W :T.(S)
(7M-ol  gomgosmolifobgbom be@dsaado  Gam-
a0 dogngobsmgols 939690
T (xy) =

. e r T
= [Cl cos @r +C, sin wr _ﬁ[ql cosEJr 0, s1nﬁﬂx

. T
Xsin— X
e

)

3ob3Lsbegamm G s G, Lsob@gadm dywdo-
3900 Lobobmgam s LoFyobo 300mdgdowsb, Gmd-
SHELECIIN S
Gameg@o T dogngs. 39@dme, gohggbmm, @mI
00 53l Geommdgdls:
T.(o,r)=0, T.(er)=0,
oT, (X,0) _ (10)
or
306mds (9) s@ol (2) Fmeomdbols dgogyo, od
domBogo Jnbsb@gdols godm, @md godlols msgo-
T

r

5395gmxzomgdegls  bo@dsarydo

T, (X,0)=0, 0.

byggoe LFm@bobmgeb gowggdbg bo@dsaey@o
dogngs bygmols oeos. obggg Fmbolbfm@mdols dg-
bodg  obGmegdosb  aodmdpobomgmdls (10)  3o-
Omdols 49ddodo@gds.

C o> G 3ywdoggdo aobolobmg®gdosh 3odm-
bg600sb:

.
GoEs R=0, T.(%0)=0 oo w
] r

=0, Lbomo-

bome (8)-sb dogomgdm:
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2

e . . T
Oz{q—ﬁql}smgx = q:ﬂzqu. xsmEx (13)
8) Bmeomdol aofo®dmgdom s dgmeyg oG m- @pmmg@o dgbogo dmdghdo M (X y)  yobo-
b0l godmygbgdom dogomgdm: [4] Lobrmgmgds  Fmbslfm@mbol 8gmmbg  asbGmeng-
ot b0©sb. My goaywolbgddm, GmI [5]
o M, (X ) = m(r)sinZx,
: e’ T r e
=| —Cwsmar +C, COS&)I’+W q, Slnﬁ—q2 COSE X ‘3(‘]1)02)0301)099 6333632’0
M(r):_[n(r)dr+c4.
inZ x; 11
XS eX, (1) BMEmos (13)-0L gomgsaolifobgdom gg3946gds:
0—{0 —e—zq }sinzx = C —e—zq 2 2
PR € ' r’Ro M(r)=-q {%coswr+[R2—e—chosL}—
7"Rw T R
holidol Jgogyo 339J6gds:
T, (x1)= e (r L fj*
-,| ———| r——sinw
r 1 r % 'R’ 0]
= ql(coswr—cos—J+q2(—sina)r—sin—) X
R R R e T
+| R——= || r—Rsin— | | +c,. (14)
7 (12) 7°R R
x sin—X.
R e

Loob@gatm Igedogo G gobolisbmgmgds 3ansli@o-
sbans  asbglobegdmm N, aobogo dogngs o J6md0l 306mds (Bhesh, 0 wogdgge, Ged
M, Gaogg@o degbogo dodgbdo. 2000l Loldy godlodgdgem 2&£,0 % §gd@Eoe Do

bodogeone, (12-0b gomgomobiobybon gobogo 3bmdoenos N(£,0)=h) s obggg @Ebmdogmos dobs-
dogngolbomgols gogdyemdm

ol Egbosmdols begsto o ; ‘dgbsdsdols:

N, (X,y) =149 isincur+ R-— ¢ sin— |— .
r\ 1 7[2Ra) 7Z'2R R C4:n’(0):(75m )
4
-0, zez—z(l—cosa)r)+(R—esz(1_COSLj « Gameg@o M (Xr) dogbsgo 8mdgbGolomngols
7 Ro 7R R 030698
e e r
M, =—{q1 |:—7Z2R2a)2 cos or +(R2 —?]COSE:|+
e 1. e . rY| oH| . ~x
+4, {”z R (r —gsm a)r]+(R— ﬂsz(r - RsmEﬂ—To}smgx. (15)
dognggools o dmdgb@gdols dowgdyeno dbodg- 3. bed36°
bgemdgdol  holids  (3)  3arobiGoggd  30GmsTo Jowgdymos  goEdgams, @Gmdgmoa  LsTgsmg-

335dm g3l h-Lobol dodoGm doggoE@s@ga gob- 35l odgrggs gogssbo@obmm goggdols Iboweybe-
B gosl, @mImol  sdmblbsig  dgbsdmgdgemos  Hosbmdsby bobgmgdol  bmdgdols gogmgbs  wo-
doemgsizool bygdbol  godmygbgdom. 0dol gsdm,  sgmbsgnbyg dobo aobamsggdols dobgogom. ©owyg-
@3 goblobomggmo  go@lo  bodgd®oygmos  ©s  bogos ag0@so0l Lodog@ols LolJol Ggmoagdols
35600l Lodg@mogemo wo@godmgols Jdgogdst, m3@odosg o  3obmbo  dosbogmols  3awsbFogyg@o
Ygbodangdenmds  gggdaggs  Jommmgszool F90@o-  mgolgdgdols gomgsmolifobgdoom.

@ado dggodhomon Ibmam as@lols dgmmbgodo.
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@0 ISR O 4. ©. bhodmgsbo. bsbg@mgdgoosbo @ jz0bsdg@mbols
1. Muxaiinos b.K., Kununanu I.0. MNpakTuyecknini metos B0 9ol ©8dsd Ym0 ©IBM®do@gogmo M-
pacyeTa Ha YCTOMYMBOCTb 3/IEMEHTOB 3aHUI B BUAE dotgmdols  godmggagge.  mdogobo:  Logadmd-
TPEXCNOWHbIX NaHenel ¢ NPAMOYro/ibHbIM Npoemamu 3G9I bobgo  “Bgdboggdo  gbogg@lbodgdo”,

2011. — 1553
5. 9. 4ogosbo, . hogmgsbo. ©ospymbogby dwg-
dotg bobg®gBol 3Jmbyg gogngdo /1 LsJs@m-

390mb  Bgdboggdo 9bogg@lodgdol ‘dOmdgdo.
Ned(482).  mdognobo:  Lopodmdigderem  Lobgoo

“9dbogado gboggdlodg@o, 2011, ag. 14-17.

// TlpoeKkTupoBaHMe M pacyeT CTPOUTE/bHbIX KOHC-
TpyKumi. /1., 1988, c.59-64.

2. Mukenagse M.LL. BeegeHne B TEXHUUYECKYHOD TEOPUIO
NAeanbHO-NAACTUYHBIX TOHKMX obonoyek. Téuamcu:
MeuHuepeba, 1970. -182 c.

3. Mukenagse M.LW. YnpyrocTb M NAacTMYHOCTb 3ne-
MEHTOB KOHCTPYKLUMIA M MaWWH. Touamcn: MeuHu-
epeba, 1976. - 157c.

UDC 539.3:624.072
ESTABLISHMENT OF OPTIMUM LAW OF THICKNESS CHANGE OF TUNNEL HARDNESS
D. Chikovani

Department of information technologies, Georgian Technical University, 68b, M. Kostava str, Thilisi, 0175, Georgia

Resume: For the first time, on the basis of theory of slabs and use of theory of generalized elements function with
the method of one-section calculation, there is worked out a problem of right-angled skab, with limited length. This
method is used also in the time of calculation of hole, as far as four sections are able to make closed quadrangular
contour and so to receive imitation of hole, thus there is such tunnel, which optimum law of thickness change of
hardness is established.

Key words: tunnel; generalized function; section; hole; epyuras of transverse and longitudinal forces.

YAK 539.3:624.072
YCTAHOBJ/IEHUE ONTUMANBHOIO 3AKOHA USMEHEHUA TONLWMHDbI TBEPAOCTU TOHHENA
Yukosanu A.A.

JenapTaMeHT WHPOPMALMOHHbIX TEXHONOTNM, [PY3UHCKUIA TexXHUYECKUn yHuepcuteT, pysusa, 0175, Tébunucw,
6
yn. M. KoctaBa, 68

Pestlome: Brnepsble Ha OCHOBE TEOPUM MAUT U NPUMEHEHNEM TEOPUUN 31EMEHTOB 0606LLEeHHON GYHKLMN METOLO0M
pacyeTa O4HOro paspesa pelleHa 3a4aya NPSAMOYro/ibHON MAUTbI OFPaHUYEHHON A/IMHbI. DTOT METOA MCMOo/b3yeTca
TaKXKe Npu pacyeTe oTBEPCTUIA (NPOBOMHbI), NOCKObKY YeTblpe pa3pesa MOryT CO34aTb 3aKPbITbI YETbIPEXYro/bHbI
KOHTYP M TakMum 06pasom MNOAyYMTb MMUTALMIO OTBEPCTMM, T.e. TaKOro BWAA TOHHE/b, ONTUMA/bHbIA 3aKOH
W3MEHEHMSA TOLLMHbI TBEPLOCTU KOTOPOTO YCTAHOB/IEH.

KntoueBble cnoBa: 0606ueHHas pyHKLUMA; pa3pes; OTBEpPCTUE; 3NOPbl MPOAO0bHbIX U NOMEePeYHbIX CU.

domgdamos sbodgdwooe 14.12.13
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OCHOBHbIE COOTHOLLEHWA U PA3PELLAIOLME YPABHEHMA ANA HEIMHENHO
AEDPOPMMUPYEMbIX OBONIOYEK C U3NIOMAMMU CPEAUHHOW NOBEPXHOCTHU

r.0. Kunmnaun,* A.0. Kunuauum, 4.A. YukoBaHu**
[JenapTaMeHT 3KCMepTu3bl MHXEHEPHOW MeXaHUKM U CTPOUTENbCTBA, PY3MHCKUIA TEXHUYECKUNI yHMBepCuTeT, [py3us,

0175, Téuaucu, yn. M. KocTaBa, 68°

E-mail: gelaKip@gmail.com,* d_chikovani@gtu.ge **

Pe3tome: N3noxeHbl MeTOAbI pacyeTa reoMeTPUYEcKn
HenuHeltHo pedopmupyembix 060/104EK € M3/I0MaMKU
NOBEPXHOCTM Ha OCHOBE aHaNUTUMYECKMX pelleHui. B oc-
HOBY COCTaB/IIEMbIX PELUEHUI NMONOMKEH METOA, Pa3PbIBHbIX
GYHKUMI, cocToAWMIA B TOM, YTO WMCKOMOE  pelleHue
NPeACTaBAAETCA B BMAE /IMHENHbIX KOMBMHaUMI ux pery-
NAPHBLIX U CNEeLManbHbIX PaspbiBHbIX GYHKUMIA € HEKOTO-

PbIMM UCKOMbIMUK KO3 PrumeHTamu.

KnioueBble cnoBa: 0606uieHHble GyHKUMM; 060104-
KW; U3/10M; CXOAMMOCTb; PaspeLlatoLLme ypaBHEHN .

1. BBEAEHMUE
B pabote paccmaTpuBaeTcA 3afaya, CBA3AHHaA C
onpeaeneHMeM HanpsxeHHo — AedOopPMMUPOBAHHOIO COC-
TOAHWUA NONOroM 06ONOYKM C M3NOMaMW  CPeaUHHOM
NMOBEPXHOCTU B YC/NOBUAX FEOMETPUYECKU HENMHENHOrO
nedopmupoBaHusa.

MpeactaBneHbl OCHOBHblE COOTHO-

WEeHUA, ydyuTbiBalOWME pPaspesbl KPWMBU3HbI Ha JMHUAX
M3/10MOB MOBEPXHOCTM.

Ha ocHoBe COOTHOLEHWI W YPaBHEHW paBHOBECKS, a
TaKKe YCNOBMI  HepaspbiBHOCTM  AedOopMMPOBAHHOM
MOBEPXHOCTV MOJIyYeHa paspeLuatowan cuctema Asyx ano-
depeHuManbHbIX YPaBHEHUI OTHOCUTENbHO  QYHKUMIA

nporuba u ycunui.

2. OCHOBHAA YACTb

2. 1. OCHOBHbIE UCXOAHbIE COOTHOLLEHUA

Byaem MCcxoguTb U3 OCHOBHbIX AONyLWeHUi 1 obuen-
PUHATBIX MOJIOXKEHWUA TEOPUM NNOCKUX obosovek B
YC/IOBUAX TEOMETPUYECKN HenuHeliHon  aedopmaumu.
Mmeem TpU OCHOBHbIE FPYMMbl UCXOLHbIX COOTHOLLUEHWIA:
anddepeHumancHble, reomeTpuyeckme, YNpyroctm W
ypaBHeHMA paBHOBeCKA.

CornacHo runotesam Kupxrodpa—/1sBa KOMMOHEHTbI
BEKTOpa MepemelLeHMI TOUKM, OTCTOALLEN HA PAcCTOAHUK

Z OT CpeMHHOW NOBEPXHOCTM, onpeaenaoTca Gopmynamm

27

W?=W; UZ:U—Z[KI*U +%j;
oz

VZ=V—Z(K;\/+aﬂj, (1)
OX

rne U,V

TaHreHuuanbHbIX HaNpaBAeHUAX;

— KOMMOHEHTbl BEKTOpa NepemeLleHunin B

W — KomnoHeHTa BEKTOpPa nepemeu.l,eHm‘/'l TOYEK B
HanpaBAeHUM HOPManu K Cpe,CI,MHHOﬁ NoBEPXHOCTH;

Kl*, K; — rNaBHble KPWBU3HbI AedOPMUPOBAHHOM
NOBEPXHOCTH.
OTHOoCuTenbHble aedopmaumm B NPOU3BOIbHOM TOM-
Ke 060N0YKM, OTCTOAWEeW Ha pacctoAHuM Z OT cpe-
OMHHON MNOBEPXHOCTM, MPEACTaBAAIOTCA TaKXKe JIMHeN-
HbIMU GYHKLMAMM KOOPAUHATDI
g=6-22;
& =6-2%;
(2)

OTHOCUTENbHbIE AedOopMaLMM B TOUYKax CPeanHHOM

@' =w-22y, .

NMOBEPXHOCTU C YYETOM TFeOMETPUYECKU HeAMHEeNHOoro
AebopMmnpoBaHMA ONpPeaenaloTCA BblpaXKeHNAMM

U . 1(owWY
& =—-K +=| — | ;

OX 2\ OX

v . 1(ow

2
K, +=| —1
2\ oy

o ov oW ow
W=—+—+——.
oy oOx ox oy
KomnoHeHTbl 3rnbHoi aepopmaumm
o'W ) B o'W _ B
o BT oxoy

C y4eTom M3/10MOB, MOBEPXHOCTU KPUBM3HbI, COrnac-

o'W

X = (4)

112

Ho [1], npeacTtaBaatoTCA B BUAE
K =K +285(x-x);
K=K, +X0,6(y-y,). (5)
roe K, K,— KpuBu3HbI perynapHoi Yactu cpeguHHowM
MOBEPXHOCTW B MPOMEXKYTKaX MEXIY U3/I0Mamu,

(9i ) 9]- — YFNbl U3/1I0MOB CPeANHHOMN NOBEPXHOCTY,
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5(X— X ), 5(y— Y )— AenbTa—dyHKUMK.

B TOuKe M3/10Ma IMHUA KPUBU3HBI ONpeaenseTcs Kak
npesen OTHOWEHUA yria CMEXHOCTU af K AanHe ayrm
MeXAy TOYKaMW, B KOTOPbIX MPOBEeAEHbl KacaTesbHble,
obpasytoLLme 3TOT YroN CMEKHOCTU:

N

K=lim—=wo
A

AS—>0.

C Apyroi CTOPOHbI, MOCKONbKY KPMBU3HA €CTb NPou-
3BO4HAA OT yrja CMEXHOCTU NO A/IMHE AyrW, TO, 3Has
KPUBU3HY, MOXKHO HallTM BECKOHEYHO Manoe npupaLlle-
HMe yria CMeXHOoCTH

dé = Kds.

Mpy NepemelleHnn Ha KOHEYHYI AAWHY Ayru yron
NoBOPOTa KacaTe/NbHOW BbIpasuTCA Yepes UHTerpasbHoe
BbIpaXkKeHue

TK*dS:T(K +6?i5(x—)g))ds:JS. Kds+0].

Ecnv nonoras 060/104Ka COCTOUT TONbKO U3 MAOCKUX
3/1IEMEHTOB, TO KPMBM3HbI B MPOMENKYTKaX MeXKay U3N10-

Mamu pasHbl Hynto: K, =K, =0, Torga umeem
Ki =286(x=-x);
K, =20,6(y-y;)- (6)

COOTHOLWEHWA YPYroCTY UCTONB3YIOTCA B BUAE
T =B(g+us); T,=B(& +ue);

s=B 74, ,
2
MlzD(;ﬁ"'ﬂZz);
M, =D(x, +ux) H=D(1-x)x,. (7)
YpaBHeHWA paBHOBeCHA:
ﬂ-ﬁ-@:();
ox oy
@+§:0;
oy OX
2
@+6Q2+T1 Kf+ﬂ +
ox oy oX
2 2
+T, K;+w +288W+q:0;
oy oxoy
Mo R
ox oy oy OX

rae T, T,, S — cootBeTcTBEHHO HOpMasbHble U Kaca-

TeNbHOEe YCU/IMA B TOYKAX Ha CPeAMHHOM NOBEPXHOCTH,
Q. Q,,— nepepesbiBatoLLue CUbI,

Nel (491), 2014
— COOTBETCTBEHHO u3rnbatowme wu

M,, M,, H

KPYTALLMIA MOMEHTDI.

2.2. OcHOBHbIe pa3spelialoume ypaBHeHUA

[na obonoyek ¢ M3NOMaMM NOBEPXHOCTW, B YCNOBUAX
reomMmeTpuyeckn HeanHeHoro AedopMUPOBaHUA, Lieneco-
06pa3HO cucTemMy paspeLLaloLLMX YpaBHEHWI NpeacTaBuTb
B CMeLlaHHoW Gopme, T.e. OTHOCUTENbHO GyHKLUMIA Npornba
W YCUAWK, TaK KaK B 3TOM CNy4ae KpUBM3HbI NMOBEPXHOCTU
BXOZAT B YpaBHEHWA NePBOM CTEMNEHMU.

310 nosBonset usberatb TPYLAHOCTEN, CBA3AHHbLIX C
dopManbHbIM NOABAEHUEM KBAAPATOB Ae/bTa-QyHKLMN
B MOJIly4aeMoW CUCTEME PaspeLLaoLLUX YPAaBHEHUA.

MoactaBuMe u3rnbalowme MOMEHTbI U KpPyTALLUA
MOMEHT C MOMOLLbI COOTHOLWEHUN ynpyroctn (7) B
ypaBHeHuA paBHoBecus (8), uckAoYas W3 TPeTbero

ypaBHeHMA nepepesblBaloWwye CuUabl C  MNOMOLLBIO
nocneaHunx AByx ypaBHeHUM u BBeaA GYHKUMIO yCcuaui
no ¢popmynam [2]
2 2 2
1 OF g _OF g OF
oy X oxoy
nosyYynMm nepBoe M3 CUCTEMbI ABYX PaspeLuatomx
ypaBHeHW B BUAE

; (9)

o'w o'w o'W OF( . O°W
4 + 2 A2 + 4 =q+ 2 Kl + 2 +
dx dx’oy>  dy oy dx
2 2 2 2
+af K;+6V;/ g OF OW (10)
oX dy OXoy OXoy

B 6onee KpaTKOW 3anucy 3TO ypaBHEHUE MOMKHO
NpeacTaBUTb Tak:

DA’W-A,F =q+LW,F), (11)

rae eeeeHbl 0603HayeHun ana JINHEWHBbIX onepartopos

o &Y
A’ :(ﬁJer ;

2 2
A = K:%-ﬁ- K;‘;? (12)
n aonAa HeAuHeMHoro onepartopa
2 2 2 2y
L(\N,F)=a IZ.aV;/+6 |2='av2v_
oy dx* ox° dy
2 2
L O0F oW (13)
OX0y Oxoy

[Ona nonyyeHus BTOPOro paspeLlatollero ypaBHeHuUn
ncnosbsyem cooTHolweHue Maycca—Kogauum ans gedop-
MWPOBAHHOM MOBEPXHOCTM, KOTOPOE C Yy4yeTom nJony-
LLLeHHOI TeopuM NoNOrnX 060104EK UMEET BUA,
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o', 0, Ow .OW .0W
5 o oy oy e T
oW ow (ow Y
Tl oy +(6xayj (14)

Mepenuwem cooTHoWweHUA ynpyroctv (7) 8 suae

1 1 ( &*F 0°F
& =gy (= 4T:) Eh(@yz ”asz

oo 20+ 20+ p) o°F
Eh Eh oxoy

o°F
oy’

0°F
ox?

&= _/UT1) —H

—(T
Eh(2

(15)

MNoactasume (15) B ypaBHeHue (14), nonyyaem

2
3 Joics

oy
W 18w azw_(

+K =—— :
o 2l X oy
) 1
A’F =—EL0N,W).

o'F
+
oy*

o'F
ox*oy’

o'F
+
ox*

+

ow Y’
8x6yj . (16)

B 6onee KoMNaKTHOWM 3anucu

1

AW +— 17
K En (17)

30ecb HeNMHEWHbIM onepaTop onpeaenseTca Bblpa-
HeHnem
Al

R

Takum obpasom, nNpu [enNCcTBUM HOPMANbHOWM Har-

o'W o'W
Lw,wy=2"02
W.W) dx*>  dy’

pysku [ 3agsava 06 MccnepoBaHUM HaNPsAMKEHHO—Ae-

$GOPMMPOBAHHOrO COCTOAHUA HeAMHelHo aedopmupye-
MOI nosioro 060M104YKN C M3TOMOM MOBEPXHOCTU CBO-
ANTCA K WHTErpupoBaHUIO cUCTeMbl ABYX auddepeH-
LMaNbHbIX YPaBHEHWUI C HEZIMHENHBbIMUW ONepaTopamMu 1 ¢
KoaddnuneHTamm B BUAE AeNbTa—YHKUNMI, BXOAALWMX B
JIMHEWHble onepaTopbl:

DAZW—AkF =LW,F)+q;

1

1
AW +—A’F =——L(W,W). 19
N+ = 5 LW, W) (19)

Ecnrn obonoyka coctaBneHa M3 NAOCKUX CHOPHbIX
3/IEMEHTOB, T.€. UMEET CKIa4aTyto NOBEPXHOCTb B BUAE

*
NPOCTPAHCTBEHHOIO MHOrorpaHHMKa, To0 KPUBU3HbI Kl n

*
K2

NMPUHUMaET BUA

Bblpaxatotca ¢opmynamm (5) u cuctema (19)
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2
DAW - Y05 (x-x) S5~
0°F
->0,5(y-y;) = LW.F+g

24

$A2F+26§5(x—x)aw

>t

2
+Z¢9]é‘(y—yj)aa_vz\/:_l|_(w’W).
X 2
MonyyeHHas cucTema npeactaBnser coboit cuctemy
anbdepeHUNANbHBIX YpaBHEHUI HelnHernHO agedopmu-
pyemblx MNAaCTUHOK, OObeAMHEHHbIX MeXay Ccobol

CUHTYNAPHbIMU CnaraembiMmn.

2.3 PelueHMe UCXOAHbIX pa3peLualowmx ypasHeHU!
npyu UX NMHeapusauum MeToA40M NOcC/eAoBaTeNbHbIX

Harpy»KeHun

Paspewatowpe ypasHeHusa (19), nonyyeHHble B
npeablayuwiem naparpade, ABAATCA HENMHENHbIMM, TaK
Kak cofepsaT HenuHelHble onepatopbl L(W,F) wu

L(W,W). [na peleHns TaKoN CUCTEMbI MONKET ObITb

NPUMeHeH MEeTOZ NOCNefLOoBaTENbHbIX HarpyyKeHui, cyTb
KoTOporo coctout B cnegyrowem. CHayana K obonouke
NPUKNAAbIBAETCA TaKaA YacTb BHELIHEW HarpysKku, Kotopas
Bbi3biBaeT Aedopmauumio B AMHenHon obnactu. MNpu sTom
CXeMa pacrnpegeneHua Harpysku, uam oyHkuma g no

noBepxHOCTHN 060/104KM He meHseTcs. [Mocne onpeaeneHnAa

BCEX  KOMMOHEHTOB  HAMpPAMKEHHOTO  COCTOAHMA K
0edopMMpPOBaHHON 060/104Ke  MPWKAAbIBAeTCA HOBas
YacTb HarpysKu, Takas, YTobbl HoBas Aepopmaups bbina bl
onpegeneHa TaKXKe — C MOMOLLbIO JIMMHEHON Teopuu,
XOTA C HOBbIMWU TEOMETPMYECKMMM NapameTpamu, noc-
KO/MIbKY OTCYeT BeaeTcs oT AedopMMPOBAHHOM MOBEpX-
HOCTW. JTOT MpPOLECC MPOAO/KAEeTCA A0 TeX Nop, MNokKa
CYMMa BCeX NPUPALLEHNIA HAarPy3KN He AOCTUTHET 3HaYeHMs
€e 33,aHHOW BEe/IMUYMHBI.

BHewHAn HarpysKa 3ameHseTcs pagoM CTyneHen u
KpuBas HeAMHeMHOM 3aBMCMMOCTM 3aMEeHSEeTca cucTe-
MO OTPEe3KOB NPAMbIX, T.€. TOMaHOMN TNHUNEN.

MorpewHoCTb TAKOro PeLIEeHUs 3aBUCUT OT BEANYUHDI
CTyneHel NpUpaLLeHUit HarpysKku, 1, cneposaTesibHo, OT
BENMUYMHBI MpUpaLeHnit npornbos, M MOXKeT u3me-
HATbLCA, PEry/IMPOBaTbCA B NpOLLecce peLleHus.

B 06Lem BMAE TEOPETUYECKM CXEMA PELLEHMSA MOXKET
6bITb NpeacTaBieHa caeayroWwmm obpasom.

MycTb AaHO ypaBHEHMWe BUAA
L(p) = f(x),
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rae  L(@)— HenuHeliHbi onepatop; f(X) — usBectHas
byHKUMA: @ —MCKOMana GyHKLUMA.
Torga dyHKuMM @ n f moryT 6bITb NpeacTaBaeHbl B

Buae

(pzzn:é'@ ; f:Zn:é‘fi_
i=1 i=1

BennumnHbl 5f| BbI6VIpa}0TCFI AO0CTaTOYHO Masibimun B

3aBUCUMOCTU OT yCﬂOBMVl 3a4auyun. chHKU,MVl 5(r0|
HaxoA4ATCA U3 CUCTEMbI IMHEAPU30BaHHbIX YPAaBHEHUIA:
!
L'(@_)op, = op,,

i-1
roe ¢_ = Z5€0i ; L'(¢_,) — ecTb npoussogHas ®pewwa
i=1

oT onepatopa L B Touke @, .
CornacHo m3noxeHHomy, npeacrasum npornd W u
Harpysky ( B Buae
W, =W +dW; g, =0 +95q,
roe i=1,2,3,..n.
MpeactaBum rpaduk HennHeHon 3aBucumoctun W

oT ( BBMAE

gt

Torpa, pewas cuUCTeMy YPaBHEHWI, OMUCLIBAIOLLMX
reomeTpuyeckmne HelIMHeNHOCTH

DA’'W-A F =g+ LW,F);

1 1
AW +—A*F = ——L(W,W), 20
K En 2 (W,W) (20)

NpeanonoKMM, YTo Kpaa 060/104KM CBOBOAHO OMmepThbl
Ha BepTMKanbHble auadparmbl. byaem cumTatbh, 4TO
YKECTKOCTb KaKAoW M3 Takux auadparm oyeHb Be/MKa B
ee MA0CKOCTU, HO BecbMa Masa B HanpasieHuu, nep-
NeHAUKYNAPHOM K 3TOW naockoctu. CoOTBETCTBEHHO
3TOMY, rPaHMYHbIEe YCNOBMA MOXHO 3anmcaTb Tak:

npu Xx=0wmn x=a W=0,T, =0, M, =0,V=0;

npmy y=0umy=b W=0,T,=0, M, =0,

U=0 (21)
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M3 ycnosus (21) cnepyer:

2
npu x=0mn x=a 6—\/2\/:0, ﬂ:gﬁo;
oy
o°W ou
npmy=0mny=b —=0, —=¢ =
ny y ox’ ox

Bo Bcex Toukax KoHTypa BesnumuHbl T, T,, M,, M,

obpawatoTca B HyAb. Takum 06pasom, rpaHuyHble
ycnosusi (21) sKBMBaNeHTbI:
2 2
npu xXx=0 n x=a W=0, aVZV:O, 0 '2: =0,
oX oX
2
o°'W o°F
npu =0un y=b W=0, =0, —=0,
2
gy': =0. (22)

Ycnosus (21) yaoBneTBOPAIOTCA, €CAU BblpayKeHUA
ona W u F pacnpegenaioTcs B ABOMHOW TPUrOHO-
MEeTPUYECKUI paa;

W= ZZW,m sina, Xsin B,Y;

F= ZZ F ., sina,Xsin 3.V, (23)

roe W, v F,,, —HeonpegeneHHble NOCTOAHHbIE.
MoNoXUM, 4TO ( — COCTaBAAIOLWAA MNOBEPXHOCTHOM

Harpysku Ha 060N0YKY — pasnaraeTcs TOXKe B ABOWHOM
TPUrOHOMETPUYECKUI PAA:

q= qurm sina,,Xsin 3, Y, (24)
m n
4 ab
roe O = —Ijq sin &, Xsin £, ydxdy .
ab 00
PelweHus B nepsom npnbanxeHnm
MepsBomMy NPUBAMMKEHUIO COOTBETCTBYET nNepsas

CTyMNeHb Harpysku W, C1efoBaTeslbHO, peLleHne JNHEen-
HOM AW yNpyrow 3agauu, rae
L(W,F) = L(W,W) = 0.
Torga cuctemMa ypaBHeHWI B NepBom MNpUBAUKEHUN
3anuwerca Tak:

DA* W, — A Fy = qq; (25)

1 2
Ale +EA F1=0.

JInHeapuM3oBaHHbIE CUCTEMbI yYpaBHeHUI (25) ¢ ydye-
Tom (16) 3anuwyTcA TaK:
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a2 52
DAW, - [353:0:6(x - x) + 355,665 -y Fi = @ (26)

92 52 1,
a—}/zzeifﬁ(x—xi)+ﬁzej6(y—yi) W1 +E—hA Fl =0.
i j

Mocne moAcTaHOBKM BbipaxeHuit (24) un (25) B ypaBHeHue (26), ana onpegeneHua nocToAaHHbIX Win, U Finn
NONYYUM CNEAYIOLLYHO CUCTEMY YPABHEHWUWIA:

D Z Z(m, 1) Wy Sina,, xsinf,y — Z Z [— Z 0; 5(x — x;)B*n*

xsinay,xsinf,y — Z Hjé(y — yj)a,zn sinapxsinfny1Fimn =

j
= z Z Qimn Sinauxsinf,y;
m n
- z Z [2 0; 6(x — x;) B2 xsina,xsinf,y + Z 0,6(y — y;)ak x
m n i j

1
xXSiNa, xsinfn,y1Wimnn + Z Z Zh (m,n)?Fypyn = 0.
m n

Mocne ymHoxeHua Ha (Sina,,xsinf,y) W MWHTErpMpoBaHMA NO MIOWAAN MOAYYUM CAELYHIOLWYI CUCTEMY
anrebpanyeckunx ypasHeHui [3]:

b b
D(m,1)? <> Wi + [, ] Fimn = = Qimn, (27)
1 ab
[m: n]lemn + ﬁ?(m: n)zFlmn =0,
roe ap, = %; B = n?n; m, n—uneHHblit pag (m,n)? = (a? + B2)?, (28)

b . ,
[m,n] = [;Zi 0; Bisina,x; + %Zj 6; a,znsmzﬂnyj].

Pewas cucremy anrebpanyecknx ypaBHeHul (27), Haxoanm:

(ab)*(mn)q1mmn
W = : ; 29
tmn 16[Eh[m,n]2+0@(m,n)4] (29)
(ab)[[mn]Ehqimmn
F. = . . 30
tmn 4{Eh[m,n]2+D@(m,n)4} (30)
Ecnv BBecTM 0603HayeHne
b
Wmn = {ER[m,n]? + D(E)?(m,n)*}, (31)
TO UMeeMm:
_ (ab)z(m:")zlhm,n .
Wimn =  teomn (32)
ab[mn]Ehq
Fimn = =0 —"%, (33)
roe Qimn = %q (Npy M 1 N HeyeTHbIX); (34)

Gimn =0 (Mpmu nyeTHbIX).
Torpa B dopmynax (32) u (33) m 1 n NPUHMMAIOT TONBKO HeyeTHble 3HaveHua. PyHKumn Wi(x,y) n Fi(x,y) nmetot
BUA:

b\? oo oo (MM)? . .
Wi y) = () aZm Z7 -2 sinayxsin,y; (35)

n mnwm,n

ab AN [mn] . )
F,(x,y) = 4; q.Eh Z Z m sina,,sinf,y.
m n

31
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3. BAK/TKOYMEHUE CMCTEM C pa3pbiBHbIMKM napameTpamu. CaHkT—[le-
Pa3paboTaHHbI MeToA, pacyeta NoaorMx 060104eK ¢ Tepbypr: Ctpoitnsaat ClMB, 1996. —442 c.
M3/1I0MaMn B HEZIMHEMHOM NOCTAaHOBKE M NOJIly4YEHHbIE NPU 2. Kunuaun .0 M3rnb reomeTpuyeckn HeanHemHom
3TOM pac4yeTHble GOpMy/bl MO3BOAAKOT OMNWUCbIBATL BCe 060/104KM C pa3pes3om, noaxpenneHHbiMm pebpom//
0cobeHHOCTM B pacnpeaeneHn KOMMNOHEHTOB HaNpPAXeH- MaTemaTnyeckoe mogennpoBaHue, YNCIEHHble me-
HO—AepOPMMPOBAHHOIO COCTOAHUA B6/M3M HapyLLEHWi ToAbl M KOMMNeKcbl nporpamm. CaHkT—leTtepbypr,
perynapHocT1, OTpaxkaloT W3MeHeHMe W nepepacnpe- 1995, c. 136—141.
AeNeHve yCUauin U MOMEHTOB B NPOLLECCE Harpy)eHus. 3. Kipiani Gela. Design procedure on stability of
three—layered plate with cuts and roles//Georgian In-
JIUTEPATYPA ternational journal of Science and Technology,
1. Mwuxaiinos b.K., Kununanum .0. JedopmmnpoBaHHOCTb Vol.1.N4 New York 2008. p.p. 327_342.

M YCTOMYMBOCTb MPOCTPAHCTBEHHbIX MAACTUHYATbLIX

‘353 539.3:624.075.8

J0B00SR0 NS65BIGRMBS60 RS dRIFGOL 356BH(MRIdId0) BHIbORI30S560 FId
BIRS30GO 3dM6T SOHSVABO3OR RIBMAH3N®HIdSRO dS>AOLIBOLSM 30O

3 408osbo, ©. 4oxgosbo, . hoJmgsbo

Loobgobdm 3gdsbojol s 3dgbgdamdols gJl3dg@mBobol wg3omEodgb@o, Lsdotmggerml @gdbogydo gbo-
3900 9A0, Lodotmggenm, 0175, mdognoblio, 8. 3mlbEsgol 68°

@3%0993g: Inigdynmos Ggbogo bgosdodols 3Jmby agmdgdHogmo sMsfORogee ©IRMAI0M om0
350Lgdols godmygenggol dgmmegdo sbogobydo sdmblbol Logydgganby. dgoygbogmo s8mblbgdols be-
dggenos Mgg30l gubJiool dgmmwo, @mdmol s@GLo oMol ol, Gmd Ladgdbo odmbosblbo FMx0g0
3033065309300, bmaogdmo bsdgdbo 3mgnoEogbdgdol 3Jmby dsmo @gayms@gmo s L3gEosmy®o
Om3930L G9bJ0900L Loboloss.

b53356dm Lodyggdo: Ty3900L #9bdEos; aodlo; Ggbogro; sdmbsblbgano aob@meangde.

UDC 539.3:624.075.8

FUNDAMENTAL CORRELATION AND SOLVABLE EQUATIONS FOR NON-LINEAR DEFORMABLE
COVERS WITH THE FRACTURES OF THE MIDDLE SURFACE

G. Kipiani, D. Kipiani, D. Chikovani

Department of examination of engineering machines and construction, Georgian Technical University, 68°, M. Kostava
str, Thilisi, 0175, Georgia

Resume: These are offered calculated methods of geometrical non-linnear deformable covers, with the fractures
of surface, on the basis of the analytical solution.The basis of compiled solution is the method of breaking function,
what includes the following, that unknown quantity of solution is presented as a linear combinations, their regular
and breaking functions with some unknown quantity coefficients.

Key words: generalized function; covers; fracture; likeness; solvabble equalition.

domgdaaos sbsdgdese 20.12.13
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3A0AYA ANHAMMUYECKOM YCTOMUYMBOCTU KOIOHH NPU BEPTUKAJIbHbIX CENCMUYECKUX

CMELLEHNAX OCHOBAHUA

C.10. 3capze*, WW.I. Ypywapze**, J1.B. Mupkynawsunn*

o o 6
* [lenapTaMeHT rMapOouHKeHepuu, IPY3UHCKUIN TeXHUYECKnA YHuBepeuTeT, Mpysua, 0175, Téuaucw, yn. M. Koctasa, 68

**UHCTUTYT TEOPETUUYECKOWN U NPUKNAAHON MexaHUKK AKagemnn HayKk Yexuu

E-mail: s_esadze@gtu.ge, urushadze@itam.cas.cz

Pe3lome: PaccmoTpeHa AMHaMMUYECKas YCTOMYMBOCTb
HeCyLLMX 31EMEHTOB — KOJIOHH 34aHUI C TMOKMM 3TaXKOM-
OT BO3AENCTBUA BEPTMKANIbHOW COCTaBAAIOWEN CencMmu-
YECKOro YCKOPEHWNA OCHOBAHMUS.

[daHa »n obocHOBaHa pacyéTHas MoAeNb Hecyluen
KOJIOHHbI HA AMHAMMUYECKYHO YCTOMUYMBOCTb, MPU PACCMOT-
peHMN BO3LENCTBMA B BUAE CYYaMHOIo npoLecca.

[daHa 1 060CcHOBaHa MoAeNb BEPTUKANbHOMO cercmu-
YecKoro BO34ENCTBMA B BUAE C/ly4alHOro npouecca,
obecneymBaloLWLEro pelleHne 334auM B paMKax Teopuu
HenpepbIBHbIX MapKOBCKMX NPOLLECCOB.

KnioueBble cnoBa: auHamuuyecKkas YCTOMYMBOCTD;
BEPTUKAZIBHOE CEWCMMYECKOE YCKOPEHWE; C/yYalHbIn
npouecc.

3. BBEAEHME
MocmaHoeka 3ada4u
MpU CUNBbHBIX 3EMNIETPACEHUAX MPUUMHON MNOBPENK-
AEHWA UK paspyLlleHua 34aHNI/CoopyXKeHU ¢ TMbKo
HUXHEeKN 4YacTblo YacTo bblBaeT 4acTUYHOE WAKU MOAHOe
paspylleHMe HEeCylMX KOJIOHH NepBOro 3Taska/ypoBHS.
BHe 3aBMCMMOCTM OT pPas/IMYHbIX MOKasaTenen, xapak-
TEpPU3YLNX BO3AENCTBME (MarHuUTyaa, 3nNUUEHTpasb-
HOe pPaccTOsiHMEe, OCHOBAHWE) U KOHCTPYKTMBHbIE pe-
weHunsa (byHaaMeHT, maTepuasnbl HECYLLUX KOMOHH, Tex-
HO/IOrMA/KauyecTBO BO3BEAEHMSA), B UHXKEHEPHbIX aHanu-
3ax NOCNeAcTBUNA CUNbHBIX 3emneTpsaceHunin [1, 2, 3.4 ]
(yka3aHbl TONbKO HECKOJIbKO OT PacCMOTPEHHbIX Hamu
paboT), ANA OTMEYEHHbIX Bbille TUMOB 343HWUIN Bblge-
nATCA cneaylolme obuime nokasaTtenu:
1. Moyt BO BCeEX CAyyaax TAXKENbIe NOBpPeXAeHUA
HabntoaaloTca B 30HAX OCHOBAHWUSA M Or0/I0BOK KO-
JIOHH, BCNEACTBME 4Yero npoucxXodsaT paspylle-
Hue/ocagaka/nepeKkoc 3gaHus.

33

BAvAHWE BEPTUKANBHOIO CECMUYECKOTO YCKOpe-
HMA Ha HeCYyLLYt CNOCOOHOCTb KOJIOHH.
CoxpaHeHMe HaAKONOHHOW/HAZKONOHHbIX Yac-
Tel/sTakel B BMAE eAMHON KOHCTPYKTUBHOWM
cucTembl B 6ONbLIMHCTBE ClyYaeB CEMCMMUYECKOTO
BO34elCcTBUA.
BAvAHME MOMEHTa OT FrOpU3OHTa/IbHOM Celncmu-
YecKOW Harpysku M BblBPOCOB MMKOBbIX YCKOpe-
HWIM Ha HeCyLLY CNOCOBHOCTb KOIOHH.
Mpn Hannumm 3anonHeHusA/ceA3en ypoBeHb MOB-
peXAeHna KONOHH CHUMXKaeTcA.
Paspywamowmn apPeKT ycuamnii, BO3HMKWKUX OT
BEPTUKANbHOM HAAKONOHHOW Harpysku (aHanor
apdekta P—A).

3Haa GU3NYECKYIO CYLLHOCTb ABIEHMA ANHAMUYECKOM
YCTOMUYMBOCTU, KMHEMATMUECKoe BO36yXaeHue/BepTu-
Ka/lbHOe CeMCMUYECKOoe YCKOPeHWe B AAaHHOM Clyyae
MOHO CYMTaTb NapaMeTPUYECKUM BO3LeNCTBMEM OTHO-
CUTENIbHO CTEPXKHEBbIX HECYLLMX 31eMeHTOB. Bcé Bbiwe -
oTMevyeHHoe, ocobeHHO nokasatein 1, 2, 3 wu 6,
YKa3blBalOT HA TO, YTO Pa3pyLIUTENbHbIN 3bIEKT Cub-
HbIX 3eM/IeTPACEHU Ha OTMEYEHHbIW Bblle TWUN 34a-
HWI1/COOPYXEHUIN BO MHOTUX C/yYanx ABAAETCA CNeacT-
BMEM NOTEPU AMHAMUYECKON YCTOMUMBOCTM HECYLUMX
KONOHH OT AeNCcTBMA BEPTUKANbHOW COCTaBAAOLLEN
CEeNCMMYECKOTO YCKOpeHUA OCHoBaHMA. COOTBETCTBEHHO
r’MHKMe OTHOCUTENBHO HAZAKONOHHOW YacTW 34aHUA UAU
6bITb

COOpYyXeHnA Harpy>xeHHble KOJIOHHbl A0/1XKHbl

nposepeHbl Ha ANHaMUYECKYHO yCTOVIHVIBOCTb.

4. OCHOBHAA YACTb

Bbi6bop n 060cHOBaHME PACYETHON MOAENUN KOHCT-
PYKUuKU 1 Bo3geicTeun

PaccmoTpum 3Ty 3agayy NPUMEHUTENIbHO K KOJIOHHE
NepBoOro aTaKa, HarpyXeHHoi OTHECEHHOM K Hel mac-
COM HaAKONOHHOM YacTu 34aHUSA U BEPTUKANbHOW celic-
MWYECKOM HarpysKkol (puc.l, 2, 3).
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BEPXHAA FPaHb
TPY30BOV NPH3IMbI

Puc.1. 3aaHue c rM6Kon HUXKHeM YacTblo.
MpuU3ma BO3AENCTBMA HAa KONOHHY

HILKHAR [PaHb
) py3080ii npHaMsI

|
——Jéﬂ——I—*E}“‘ﬁ——i}——
[ |
SN S i Mt D I —
A | | [ A
| |
S S
L L |

Puc.2. PacnonoxeHue KO/NIOHH B NiaHe

| coep e,qoruueHuJ

l\ M&CCbI!‘/!
z ¥ |
|
|

i
|
|

Puc.3. Paspes A-A

PaccmaTpuBaem ciyyait, Korga rubkas KoNoHHa nepBso-
ro ypoBHs NpeacTaBaseT coboii 3/1eMeHT PaMHOro KapKaca.

B nnaHe 34aHMe OrpaHUYEHo, T.e. HECOM3MEPUMO C
OJIMHOW ceiicMMYecKol BOAHbI. MoapasymeBaeTcs, YTo
BCE HEecyLiMe KOJIOHHbl BOCMPUHMMAIOT PaBHble BEPTU-
Ka/ibHble CEMCMUYECKME YCKOPEHWUSA, COOTBETCTBEHHO C
OAMHAKOBbIM NapameTpuyeckum sdbdexkTom:

— KOJIOHHA KECTKO 3a4enaHa B OCHoBaHMe (puc.4),
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— BEPXHWUI KOHeL, KOJIOHHbI NpeanonaraeTca XEcTKo
3aZleN1aHHbIM  OTHOCUTENbHO YIAOBbIX W cBOBOAHO
OTHOCUTE/IbHO MonepeyHbIX NepemeLleHnin (puc. 4),

— Ha YypoBHE 33Je/IKM BEPXHEro KOHLA KO/OHHbI
COCpPenoToYeHa Ta YacTb HAAKOMOHHOW Macchl 37aHus,
KOTOpas nepefaérca HernocpeacTBEHHO KOJIOHHE (3aK/o-
rpy3osom
naowagkm (puc.l, 2, 3)) U paccMaTpUBaETCA KaK BHELLHee

YeHa MmexXgy OCHOBaHMem U OronoBKOM

cunosoe BOSAEVICTBME.

Puc. 4. PacuétHas mogenb HecyLiei KONOHHbI

3anucas anddepeHumanbHoe ypaBHEHME U3OTHYTOM
ocK cTepykHA (puc.4), npeHebperasa nNpu 3TOM NPOAO/b-
HbIMU CUNaMU UHEPUUN MaCCbl CTEPXKHA, Y4YUTbiBaA
TONbKO nepByo Gopmy M3rMBHbIX KonebaHui, onpe-
JenAs ynpyryio ocb COOTBETCTBEHHO HaLlemy C/y4yato
paBeHCTBOM

vx,t) = f(O)e(t) = f(t)sin? %x (1)

C nocnemylowmm MUCnosb3oBaHWem Metogda bybHoBa-
FanépkuHa [5], nonyyaem ypaBHeHME KONebaHUA CTEPXKHA
MOAENNPYEMOI CUCTEMOI C OAHOW CTENEHbIO CBOBOAPI:

1+ f +28,f +o [1- us®)] f =0, ()
roe

Ma B, =’Elc
e=—, == = ;
mb Po m 2mi2b

P, +Mg(t 7*El

U= G(); P, = —;

P I

zz(zlx—xz)—lz(l—coslﬁ(l —x) -7l —x)sinlﬁ(l -X)
B= .
ar7? ’

| |
a= J'(l ~X)p(X)dx; b= I Bo(t)dx;
0 0

[
c= J‘coslz Xep(X)dXx.
0
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BepTuKanbHOe cecMUYECKoe YCKOpPeHWe, B Hallem
cnyyae napametpuyeckoe Bo3sgeinctene ¢(t), npeac-

TaBuMM B BMAe c/iydyaliHoro npouecca. CoKpalyeHuem

ypaBHeHua (2) Ha KoadduumeHT (1+e) nonyymm:
f+2ef +Q*[1-us®)] f =0,

roe

E =

B o2 o’
l1-¢

YpaBHeHue (3) ABNAETCA CTOXaCTUYECKMM aHa/orom
ypaBHeHua Matbe-Xunna [6]. B ocHoBHOM K uccnego-
BaHWIO 3TOr0 YpaBHEHMA CBOAWUTCA BOMPOC AMHaMU4ec-
KO YCTOMYMBOCTM MpPU CAYy4allHOM NapamMeTpUYECKOM
BO34ENCTBMM M CTAaBMTCA 334a4a YCTOMYMBOCTM €ro Tpu-
BMa/IbHOTO pPeLleHUs B CMbIC/IE OAHOTO U3 onpeaeneHuni
CTOXacTuyeckol ycrtonumsocTtn [6,9]. OcobeHHOCTM BO3-
OENCTBMA TaKXKe ABAAIOTCA ONpeaensowmmmn aaa meTo-
43 peleHuns 3agaun. Mpu HasHaYeHUU MOLENUn cayyam-
Horo Bo3geicteua ¢(t) pykoBoacTByemcA B OCHOBHOM

ABYMA YCNOBUAMM:

— MoAenb AoMKHa ¢ TpebyemMol TOYHOCTbIO OTpa-
¥aTb peasibHOEe BO34ENCTBUIE;

— HY)KHO OCTaTbCA B PamKax TEOPUM HEMpepbIBHbIX
MapKOBCKMX MPOLECCOB C MOCneaytowmmMm UCnonb30Ba-
HMEM CBS3U MeXAY WHTEHCMBHOCTAMM MapPKOBCKOro
npouecca U KoapopmuneHTamm cToxacTuyeckoro andoe-
peHUManbHOro ypasHeHua (3), 3anMCaHHOTO OTHOCK-
TeNbHO BBeAEHHbIX Ha30BbIX NEPEMEHHbIX.

CnyyaliHbli npouecc ¢ ApobHO-paLMOHaNbHOM CNeKT-
pasbHOM MAOTHOCTbIO AAET 6O0/blUME BO3MOMKHOCTM B
OTPa*KEHUN peanbHbIX CBOWCTB BO3AENCTBMA, HO B
OTHOLUEHUN BTOPOro ycnoBuA TpebyeT pacwmpenusa da-
30BOr0 MPOCTPAHCTBA C COMPOBOMKAAIOLLMM YCIOKHEHN-
em peleHusa 3agayu. [enbTa-KoppenMpoBaHHbIN Cay-
YalHbIi npouecc (6enbiit Wym) MNOAHOCTbIO YAOBAET-
BOPsieT BTOPOEe YC/NIOBME, HO HE COOTBETCTBYET peasib-
HOMY Mpoueccy M B OBWEM U B AAaHHOM KOHKPETHOM
cnyyae. Beuay Toro yto nobas peasnbHas MHEPLMOHHAA
cUCTEMA pearmpyeT Ha OrpaHUYEHHbIN 4Mana3oH YyacTorT,
B C/ly4ae LIMPOKOMOJIOCHOIO C/Ay4alHOTO BO3Z4ENCTBUA
peakums cucTeMbl Ha Hero 6yaeT TaKoBOW, Kak Ha
Bo3gencTene Tmna 6enoro wyma. CooTBETCTBEHHO NpWU
onpefenéHHbIX YCNOBUAX, KOTOpble He MpoTMBOpeYaT
CMbIC/Ty paccMaTpPMBAeMoOM 3aZayunm M He NpPMBOAAT K
bM3NYECKMM  HeZopasyMeHMAM, MOMKHO  3aMeHUTb
peanbHbIi NPOLECC Ha Ae/bTa-KoOppPennpoBaHHbIi [7,8].

Ha ocHoBe BbllEOTMEYEHHOrO, MNyTEM nNpeacTas-
NIeHNA CTaLMOHaApHOro C/yy4alHOro npouecca B BuAe
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mogenn benoro wyma, byaem obecneumBaTb cobnto-
[EHWE BTOPOro yC/N0BUA.

PaccmoTpum B KayecTBe TaKOM MOAEAN IKCMOHEH-
LMaIbHO-KOPPENUPOBAHHbIN CTaLlMOHAPHbIN C/yYalHbI
NPOLLECC C KOPPENALMOHHOMN QYHKUMEN

K. (7) = o’ exp(—a|r|) (4)

M CneKkTpan bHOW NJIOTHOCTbIO

o’ o

S, (w)= > (5)

T ot +o
rae o’— pucnepcua cayyaiHoro npouecca:

@ — KO3OOMUMEHT, XapaKTepusylowmi ObiCTpoTy
ybbIBaHNA KOPPENALUMOHHOW CBA3M MEXKAY 3HaYeHUAMMU
npotecca ¢(t) B MOMeHTbl BpeMeHu t U t + T, U umeto-
LM pasmepHOCTb, 06paTHYIO Pa3MepPHOCTU BpEMEHM.

[oCTaToyHbIM yC/IOBMEM, MPU KOTOPOM XapaKTepu-
3yemoe BblparkeHuamu (4) u (5) cnyyaliHoe Bo3aencTeme
MOYHO CYMUTaTb WMPOKOMONOCHBLIM, ABNAETCA YCI0BME.

a > Qmax (6)

MaKCMManbHaa cobCTBEHHAA 4acToTa

rae  Qmax—
cuctembl. MNpu cobaogeHnn 3TOro YCA0BUA, BHellHee
CnyyaliHoe BO34eNcTBME OTHOCUTENIbHO KOHKPETHOW
CUCTEMbI MOYKHO CYMTaTb MPOLLECCOM TUNa 6enoro wyma
CO CMeKTPasbHOM NNOTHOCTbIO Sc(0).

B 3aBMCMMOCTM OT MapamMeTpoB pacyéTHoM moaenu
(puc. 4) 1 xapaKTepucTUKN BepPTUKaNbHOro cericmmyec-
Koro yckopenus (T ,--Bpema Koppensumu), 6yaem
onpeaenatb 3HayeHua a.

[IpeacTaBadeHUEM CAy4aliHOro BepTU-
KaJIbHOTO CEMCMWYECKOro BO3AENCTBMA B OMUCAHHOM WU
obocHOBaHHOM Bblille BUAe obecneumnsaetca cobaogeHme
YKa3aHHOro BTOPOro YC/0BUA pelleHna KOHeYHOM 3a4auu.

3. 3AK/IDYEHUE

[aHa n obocHoBaHa PacyéTHaA MOAENb HecyLlel Ko-
JIOHHbI Ha AMHAMMUYECKYHO YCTOMYMBOCTb, MPU PACCMOT-
peHuu nocnesHen B BUAe caydyaHoro npouecca.

[JaHa 1 obocHoBaHa MoAeNb BEPTUKANIBHOMO CEMCMU-
YeCKOro BO3AENCTBMA B BMAE C/Ay4YalHOro npouecca,
o6ecneynBaloLLEro pelleHne 3a43a4n B pamKax Teopuu
HenpepbIBHbIX MaPKOBCKUX NPOLLECCOB.

Paboma ebinosnHaemca npu gpuHaHcosoli nooddeprc-
ke HayuoHanbHo20 HayyHozo ®oHOa LLoma Pycma-
senu (Jozoeop Ne —13/03 20.X11.2012)
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THE TASK OF THE DYNAMIC STABILITY OF COLUMNS IN CASE OF VERTICAL SEISMIC
ACCELERATION OF THE BASE

S. Esadze*, Sh. Urushalze*#*, L Pirkulashvili*
*Department of hydroengineering, Georgian Technical University, 68b, M. Kostava str, Thilisi, 0175, Georgia
**|nstitute of theoretical and appled mechanics, Academy of Sciences of Czech Republic

Resume: There is reviewed the dynamic stability of bearing elements — building columns with flexible floor af-
fected by the vertical component of the base seismic acceleration.

There is shown and substantiated calculated model of the bearing column for dynamic stability, provided, that the
effect is viewed as a random process.

There is also shown and substantiated the model of vertical seismic effect, as random process, which allows solv-
ing the task under the theory of Markov processes.

Key words: dinamic stability; vertical seismic acceleration; random process.
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OPTIMUM PLANNING OF MAXIMUM TARIFF OF THE ELECTRIC POWER TRANSMISSIONS FOR
LANG-TERM PERIOD

D. Japaridze, N. Kikabidze

Department of electroenergetics and electromechanics, Georgian Technical University, 75, M. Kostava str, Thilisi,
0175, Georgia

Resume: On the basis of analysis of the well-known methods of forecasting there is established the economic-
mathematical model of hybrid multy-factor and neural Networks. In accordance with this model there hasse been de-
veloped method of maximum planning of electric power transmission tariff of forecasting dynamics. With this me-
thods in 2007-2012 years technical-economical indicators, relevant statistical data, extracted from existing reports are
carried out according to the program transmission tariff volatility forecast for the five-years period. The analysis
showed, that the program of Regulatory Commission of transmission tariff is set improperly. In fact, the real tariff is
likely to be more, than twice the current rate. There is shown, that the tariff increase will cause decrease of electricity
tariffs.

Key words: economic-mathematical model of forecasting; real tariff; maximum tariff.

VK 654.03

ONTUMANIbHOE NNTIAHUPOBAHUE NPEOQENBHOIO TAPU®A MNMEPEAAYU INNEKTPOSHEPTUUN HA
JONTOCPOYHbIA NEPUOA

Dxxanapugse A.A., Kukabuase H.I.

[enapTaMeHT 3/1eKTPO3HEPTreTUKN U SNEKTPOMEXAHUKN, [PY3UHCKUA TexHU4Yeckuit yHusepcuteT, [pysua, 0175,
Téunucu, yn. M. Koctasa, 75

Pe3lome: Ha ocHOBe aHanM3a M3BECTHbIX METOAOB MPOrHO3MPOBaHWA ChoOpMyanpoBaHa rMbpuaHaa MHO-
ropakTopHasa 3KOHOMMKO-MaTEMATUUYECKAA MOAEe/b MPOrHO3MPOBAHWUA HEMPOHOBbLIX ceTeil. B cooTBeTCTBMM C 3TOM
mogaenbto paspaboTaHa MeTOAMKa ONTMMANbHOIO MAAHMPOBaHWA Tapudba Ha nepenayy 3neKTposHepruu. Mo sToi
METOAMKE NO CTaTUCTUYECKMM AaHHbIM, NONYYEHHbIM M3 0TY4eTOB 0 paboTe sHeprocuctemsl Mpysmm B 2007-2012 rozbl,
onpegeneHbl NAaHOBbIE MOKa3aTeNu npefenbHOro Tapuda Ha nepesayvy 3/eKTPO3HEPrMM Ha MATUAETHUI Nepuos,.
AHaNU3 NOMYYEHHbIX Pe3yabTaToOB MOKa3aa,uTo Tapud Ha nepesayvy 3/1eKTPOIHEPIUM HALMOHANbHON peryampytoLei
opraHusaumen ycTaHOBNEH HenpaBw/bHO. PeanbHblit Tapud B ABa pasa M bonblue [OMKEH MNPeBbIWaTb HblHE
aencteytowmii. MokasaHo, YTo yKasaHHbIM Tapud 6€360/1e3HEHHO MOXKHO MOBbLICUTb 33 CYET YMEHbLLEHUA Tapuda Ha
pacnpegeneHue 31eKTPO3HEPTUN.

KnoueBble €noBa: nporHo3MpoBaHMWe; MaAaHWMpOBaHWe; Tapud; ONTUMM3ALMA; IKOHOMMKO-MaTEMATUYECKas
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uDC621.1
PRESENT SITUATION AND PERSPECTIVES OF APPLYING OF THE COMPLEX ENERGY EFFICIENT

HEAT-COLD PROVISION SYSTEMS IN GEORGIA

E. Kotorashvili, O. Vezirishvili, G. Arabidze, K. Vezirishvili-Nozadze
Department of heat and hydroenergetics, Georgian Technical University, 75, M. Kostava str, Thilisi, 0175, Georgia

Resume: There are given the results of theoretical and technical-economic investigations of the complex heat-
cold energy efficient provision systems working on the basis of the heat pumping plants.

There are offered characteristics for the development and design of heat pumping systems of heat-and cold provi-
sion, which, allow economizing energy resource and improvement of ecological condition in Georgia.

Key words: heat pump; refrigerating engine; heat productivity; heat-cold provision; coefficient of transformation;
cost price of heat energy.

YAK 621.1
COCTOAHUE U NEPCNEKTUBbI NPUMEHEHWA TENNTOXNTAAOCHABXAIOLLNX CUCTEM

B rryamum

Kotopawswuau 3.A., Beaupuwsunu O.LU., Apabugse I.0., Beaupuwsuau-Hosagze K.O.
[JenapTaMeHT Tenno- U rMAPO3HEpPreTMkKM, Py3UHCKUIA TeXHUYECKUn yHusepcuTeT, pysua, 0175, Téuaucu, yn.
M. Koctasa, 75

Pe3stlome: B cratbe NpMBOAATCA pe3y/nbTaTbl TEOPETUUECKUX U TEXHUKO-IKOHOMMUYECKUX UCCAef0BaHUN cucTem
KOMM/IEKCHOTO 3Heprocbeperarowlero TenaoxnafocHabKeHms, Talowmx Ha 6ase TenoHacoCHbIX YCTaHOBOK. Mpu-
BOAATCA O6OOLLEHHbIE XapaKTEPUCTUKM ANA Pa3paboTKM WM MNPOEKTUPOBAHMA CUCTEM TENNOHACOCHOro Tenso-
XNagocHabKeHus. B pa3sinyHbIX OTPACAAX HaMeYeHbl NepeooYepeHble NepcnekTMBHble 06bEKTbI BHEAPEHMA CUCTEM
KOMM/IEKCHOTO TenoXNafoCHabKeHWs, MO3BONAIOLME 3KOHOMUTb 3HEPropecypcbl M YAyYlWWTb 3KOJIOTMYECKYHO
cutyaumio 8 Mpysuu.

KntoueBble c€noBa: TennoBoit HACOC;, XONOAMAbHAA MalUMHA; TEnJ0NpPOU3BOAUTENbHOCTb; CHabXeHue Ten-
NIOX0NnoAom; KoadpduumMeHT TpaHchopmaLmm; cebecToMMOCTb TEMIOBOWN SHEPTUM.
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Resume: There are considered the properties of geological environment and current processes, caused by both
natural and man-caused impact. This impact is often equal to natural disasters. We can avoid it or minimize the possi-

ble damage by means of permanent monitoring.

Key words: geological environment; hydrolithosphere; technogenic factor; monitoring.
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YAK 551.49:553.7
FEO/NOTMYECKAA CPEAA U EE OXPAHA
Tatmwsunn A4.4., Nannawsunn M.LL.

[enapTameHT NPUKIaZHON reonoruu,
M. Kocrasa, 77

TPY3UHCKMIN TEXHUUYECKUA YHUBEPCUTET,

Nel (491), 2014

lpysua, 0175, Tébunuck, yn.

Pe3ome: B ctaTbe onucaHbl XapaKTepHbie CBOWCTBA re0/IorMyeckomn cpeabl U npoueccbl, npoTekaowmne nona
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. Heperean 3.M., bouopumsmiu 3.B. Otuér ceneBoit
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1:50 000 3a mepuon 1964 — 65. Beim. 1966 .

. byaunnmze .M., 3enrunnmze C.H. I'maporeosnorus u

MEPCIEeKTUBBl  MCIOJb30BaHUSl  TOA3EMHBIX  BOI

Ana3zaHo-ArpryaiCcKoOro apTEe3WaHCKoro OacceifHa.

Tounucu: Meunuepeba, 1985.
. T'mpporeomorms  CCCP, Tt.X, [Ipysunckas CCP.
Penakrop Toma .M. Byauunze. Mocksa: Henpa, 1970.
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MUDFLOW RIVER TELAVI’'S KHEVI AND ANTI — MUDFLOW GUIDELINES

U. Zviadadze, M. Mardashova, A. Kemoklidze, Ts. Kvernadze

Department of applied geology, Georgian Technical University, 77, M. Kostava str, Thilisi, 0175, Georgia

Resume: Trough the center of Kakheti region Telavi city the mudflow river Telavis Khevi flows with often passage
of mudflow with significant harming on municipal economy. In the presented article there are considered the engi-
neering — geological factors of origin and further development of mudflows and other geodynamical processes (ero-
sion, land-slides, weathering) and on the basis of their analysis the anti-mudflow guidelines are worked out.

Key words: r. Telavi’s Khevi, mudflow, anti-mudflow construction, erosion, land-slide.

YAK 624.131.131
CENNEHOCHAA PEKA TEJIABUC XEBU U NMPOTUBOCEJIEBbIE PEKOMEHOALUNU
3sunapapse Y.U., Mapgawosa M.J., Kemoknupgse A. M., KesepHapgse L.C.

[JenapTaMeHT NPUKNAZHON reonoruun, [PY3UHCKUIA TexHUYecKUin yHusepcuteT, pysusa, 0175, Tbuaucu, yn. M.
KocrtaBa, 77

Pe3stome: Yepes ueHTp KaxeTMHCKOro perMoHa r. Tenasu NpoTeKaeT cefleHOCHas peka TenaBuC XeBU C YacTbiMM
NPOXOXKAEHUAMWU CEeAN, YTO HAHOCUT 3HAUMTENbHbIA ywepb ropoAcKOMY XO3sicTBY. B cTaTbe paccMOTpeHbl
WH}KEeHepHOo-reonormyeckme GakTopbl MPOUCXOMKAEHUA M Pa3BUTUA CeM U APYIUX Fe0AMHAMMYECKMX MPOLLeccoB
(3po3us, ononseHb, BbIBETPMBAHME) U HA OCHOBE MX aHaiM3a pa3paboTaHbl MPOTUBOCENEBbIE PEKOMEHAALNM.

Kntouesble cnosa: p. Tenasuc xeBu; cenun; aHTUceneBana KOHCTPYKLUA; 3p03nNA; ONON3EHD.

domgdaeos sbsdgdwse 11.02.14

58



J030IJa0 &JI6MKRMINOLS Ko
dIBORIDHA00L 1AIGBNS

953 622.342.1:553.1

MJI ML dI3B3IR0O 3SR6OL JNFNIMO FIRFIGNRMdOL 33RI3S
b. YgHobopoTgomo*, 3. 3gomodgoao™*, 6. Ygy®oansdy
Jodog@o s domemmaoy®o B glbmemaogdol ©g3s®mEsdgbBo, LsdsMmggmmml Bgdbogy®o gbogg@liodgdo,

Lodos®mggenm, 0175, mdogrobo, 3. 3obEsgsl 69

E-mail: z_sherazadishvili@yahoo.com, mchedli@mail.ru

3%099g:  20dmggenggeos  boJodmgganmdo  s@-
Lgdygmo gom-gomo mJaml dgdcggero bodswml (LA
Lodom ) dopbols Jodogdo dgopgbognmds. ©o©ag-
boanos, AM3 LodomEsh sgdgeo Lbgswslbgs bo-
39do mJaml, ggoagbamol s ggBoo @omnmbgbdols

‘d99(33980md0l  mgoglob@obom  3b0dgbgarmgbog
3oblbgogegds  gOmdsbgmoligsb.  sdolinsh, ®Jamls

> Qg ommbms Jgd3g9ermdgdl Jm@ol o@-
Lgdmdl  aoM 33970  gM@GEo3E0YH0  IMJ0LJoT)-
@gds. bdoangbdo 9dbodgbgerm @omwgbmbom  0dym-
Rg0s dosbdo, OMIgarlsi Lsddyfggenm  360d3bg-
@eds 5@ goohbos o sA(3 sALgdomo dogmrgbs >
Ygdeoos 0Jmboml Bobosb MMl sdm§gmoen-
30L Bgdbmemaoyg® 3Mm3glby. dspsbo dgosdgdom
00 M5mEgbmdom dgozegl Hyzosl ws mgmosl,
OmIgdog boddgFgganem  3bodgbgarmdom  baliosm-
©gds, @53 aomgogolifobgdymo gbos ogml dow-
bosb  dgo@gslo  @ommbgdols oJombs  ©s

390Gbeol sdmfgenoagol B gdbmenmaon@o  Lijgdols
‘Ygebggolobs.

boggobdm Lodygggdo: mJam; g9@owo @ommbgdo;
Lobx ol s@gds; dmdbowgds; Jodog®o sbognobo.

1. dglogogmo

sdgodo, Lado®mggenmdo 0bBgblogmom dodwo-
bogmdl ggmenmyoydo Lodygdomgdo mJaml dgd-
(339800 bodomgdols dogdols s dgdwgmdo smgo-
Lgool dobboo.

59

3bmdogos, @mI Lsdmm oy bbgs boliosmols
dologrgdol gobogygd-Jodoydo 3gemgzolsl goblis-
390AJdgmo  gy@smgds 9d3gge Losbogmobm ws
Lo ggenggo bobyxgdol dmdbogdsl, dopadsd mJ@mls
‘d99339800 Bobgdol ggenggoliols Losbsgobm s
bogganggo bodydgdols Imdbowgdol 3GmEglo  go-
bmd  g&-
0ngge s bmaxg® dgomge a®sdgddo 0bmdgds

do@hgyeos mJoml  dg9Eggemds
1 doobby aowosbys®modgbom. dgodangds gemo
Sa0moEsh smgdygm somdom gy bodyddo ogo
Loy gdon o6 33Jmbegl, dgmegosb smgdyando

g0 dolo  dgdiggmomds omgdo@g-
dmegl  dol  Lodygognm  dgdggermdsls  dowsbo.

M58 gbxgMdg

hggbo ggenggol dobobos Lado@mggermPo  s@lg-

dgeo

‘dgdgado A Lodspme Fmwgdgmols aodmygmggs
dolaob dgo@xslo @ommbgdols sdm@gdol Hgdbm-

Lodomgdosb  ghm-ghmo  domasbols

@00l ©sd7doggdols dobbom.

2. doGomospo bsfomo

bggb dog®  ©sdydaggdgmos  ggenggolomgols
mJoml d993ggeo  dopbgdols b0dyndgdols dmdbe-
g0l Lgds Fomdmpagboenos 1-gan Lgd-by.

Lobyx ol dmdbowgds o@ol 3GmE Lo, GMm3gemos
590m0obgdl dowbols LoFygolo Lobyxol LEswoy®
©5dlbgMggol, oMggel (3mdmagbobodgdsl), dg439-
3oL ©s dobodoggdo obsdggdo dsbols Lobyxg-
0l o@gdol  Jodogdo  sbosgrobgdols s Hgdbm-
0900 BAgbGodgoolomgol. ogo ¢bps 3sUyb-
069l dgdegy dmmnbmgbgdl:



LSI-L ‘d@(M3J50 — TRANSACTIONS OF GTU — TPYAbI I'TY

Nel (491), 2014

bagdefmpma ms
o gbmapaemdin sb

sgpoho

by, 1. ggemggobsmgol mddml gdi3ggeo 6039Tgdols
dmdbowgdol Lgds

- Losboamobm s Loggarggo 60dydgdo domdo
‘dgdogogmo  3m33mbgb@gdols aobsfoamgdolis o @eo-
mEgbmdol dobgogom gbps oyml  Fo@mImdoweqb-
@000 by 0y gPbps gglsdsdgdmwgl LoFyobo
dobols dgg gbognmdsls;

- Lobxol dsbs 9bws ogml Lsgdo@obo Jodogdo
obogobol domogro  LobybEol §bOYbggalsgm-
B (90%-0560 Lo@{Iygbmgds, 15%-05b0 Ro®M-
000 (3mdogn gds).

Lobxols Lodmenmem dobs, ©sbodbyagdols dobgo-
300, dgodengds  ogml  Lbgo@slobgs. dsgomomasw,
sbogobols gobo y@-Jodoydo ©s 0blBGPIgbB o
dgmmpgdolbmgol  Lodgomm  @sdbm@s@m@oyeo
Lobyxo osowgds  l-ob  2003-dwg.  Lobobxo  sbsgno-
bobmgols (Fire Assay, [Ipo6upHblit aHamm3) s@s bo e gd
25020009, beoge  Ggdboemaondo  @gbGomgoolsm-
30b, 3ge0gg0L dobbgdowsb godmdwoabady, 50-2000 37,

Fo®3mdoygbenmdomo  Lobxol dobswgdee {om-
dmgdl LEopoy@o

o>Mggs> o dobo dgdgao 93393 ImEgdgee Lol

LoFygolo  dowbols sdlbg®ggs,

60

boby, dslols

dobboo.

39mogdmdogno s FgHowo JgBomgdols dgds-
39200 dobgdolmgol Fo@mdmdswygbenmbdomo  Lob-

dobodognyy@o  slsdggon dogdols

xolb  dobs  @odmgyopgdygamos  Goy  RoJdm@gdby,
LoFygobo
Lolbbe; Lobodggdem 3md3mbgb@ols d9dg9e0mds;

O0gemoysh  gImog@dglos: dolsgnols
LoloGagdenm  3md3mbgb@ols  gobsfomgdol  msbs-
b56bmIogdgds LoFyol boby do.

l-gen Ly@-byg Fomdmwagbogno Lgdol dobgogom
A Lodosml doboby dmdbopws Lobyxgdo ©s ho-
BoOEs  Jodoydo mJoaml, ggohibeols,
L3oggbdols, mygmools @s Gygools a3 mdoby.

sbagnobo

sbogrobo mJ@ml 9dzggemdsby Foddmgdos
305]B035d0  goMgo©  53MMdoMgdymo  dgmmeon,
399dme bodydol Lodggm Fymom sdeon, wo-
0bmdg@om 39Bmbom  gJliG@sJzoom s gdogy
dobo  aoblobrgds o@mIY®  Sdbm@dGogmo  dg-
0mon  (bgabsfyml ©slbobgangds: Agilent Tech-
nologies 200 series AA).



LSI-L ‘d@(M3J50 — TRANSACTIONS OF GTU — TPYAbI I'TY

0goools

3903beol,  Ldoangbdol, @Byggools o

Nel (491), 2014

A badspml bmgogdmo 6odndol Jodoydo

3obLobegds  Foddmgdws. bodydol wsdenom  Lodg- Vg3 960@mds
gm Fgodo s s@mdyg@o sdlmdoom.
bogogdmo  bodydol  Jodoygdo  goggbogmds . g . c o
dmyggoboaros bGogno. 2 ,-g g no:-% g § § §
l-gmo  3b@ognols dmbsig9960wsb 0@ 33935, G™3 &l €2 <E e i _o\; f
LodomEsh s@gdye 60d9d90T0 dmame 3 mOml, S 2% £ g © e N
obg ggo@Ebeol  dgdggemmdgdo  (330emgdswo  be- <
Losmobss ©s 8339m@op  aoblbgogogds gohmdsbg- 1 6 3 5 1 5
00lgob. bmaog@m domaobdo dosmo dgdggermdgdo 2 6 3 4 1 4
Lodygogmbg o300 9d00 ©sdseos, do>dob GmEg- 3 7 3.5 5 1 5
Loz bmaoghom b0odyddo @sdgbyxg®dy omgds@dgds 4 10 7 9 1 8
dom  bodgoenem  360dgbgarmdgdl. bmaswew  ‘dgod- 5 10 6.5 5 1 6
@905 0mJgol, ®mI Mool s ggOEbmmol d9d;- e 0 s 6 4 3
390mdgdols  (gomgdsmds  dg@bsgmgdo  @-
7 30 25 3.4 1 11
009003533000 0dymggds, MYz JNMGES30A0
©53M3opgdgmgds  dosgmo  badolboom  o@  9bes 8 30 10 1 2 ’
35dm0@hgmEgl, Go3 bomas hsbl dg2 Liyd-ols 9 45 29 4.6 6 10
dmbozgdgdom. 10 55 430 1.8 25 24
b0y dg6do L3ogngbdol dgd(3g9e0mds wsdsenos — 11 85 280 34 64 69
dodbodogog@o Fgdgammds 0.11%-b o6 s@gdodgos, 12| 130 500 5.7 75 74
@bdoando  Foddmpagboano bodydgbowsb dbmanmeo 13 140 3325 71 71 177
90mdo goJbodegds Ldogngbdol dgd3g9emmds 0.1%- 1 170 20 107 67 131
by 3930 Gomwgbmdom, dgBfow bodydgodo jo do- 1 330 = 62 . 123
Lo 3mb3gbd®sios 0.03%-bg wodsgros.
Au-Ag
600
500 |
g C
% 400 yox
5 300 o = Wﬁf‘
¥ —R2-0074
< 200 ;
< /%
100
0 M — : : . .
0 50 100 150 200 250 300 350
Au 306).900m.

Ug@. 2. @Jdmbs ©s gghbmol Bgd;3ggermdgdl Jm@ol godgmsiogdo
©39mgogdgmgdol saLsbggemo a@exg0z0, gwGgmsi300l gmgR30gbGol hggbgdom

l-gmo  gbGogno sbggg 330h39690L, @M O™
> GghoEo  @onmbgdols  gd(339e0mdgdls  dmdols
>@lgdbmdl  dgomgdom oo  bodolbols  3mdg-
@5309M0  3ogdoMo, @53 bomasw hobl 3 s 4

61

bg@omgdby, Lowsi dmagdgeos mJoml 999359
edols  Gygools o
JMOIES(30%M0 odm o gdoen gbdols
359503900, 3MAgas300l 3M9n03096B0L hggbgdom.

0gmools  ‘d9d(339e0m6gdmsb
>dbobggeno



LSI-L ‘d@(M3J50 — TRANSACTIONS OF GTU — TPYAbI I'TY

Nel (491), 2014

Au,Pb 306.960.

350
300
250
200
150
100

Au-Pb

v;/{‘

=

=1

/

y="0,252x+6,771

Em L//WI_

0 T T T T T 1
0 50 100 150 200 250 300 350
Au 306.96m.
by, 3. oJdobs s Gygool Fg8339mmdgdl Jm@ob jmegmszoydo
©3dmgoegdgmgdol sdbsbggero a@egoge, jodgmsieol jmgxneiogbgol hggbgoom
Au-Zn
350
300 /vz)_,{‘
. R*=1
& 250
€
£ 200 oL tET
€ y=0,521x+6,812
B 150 = R2=0668—
(= / .
N |
s 100
< § =
50
0 T T T T T 1
0 50 100 150 200 250 300 350
Au 306).900m.

bg@. 4. @Jdmbs ©s ngmool JgdEggmmdgdl Im@al gudgmsiog@o
es3mgorgdymgdol s3bsbggmo a@Msxgogo, JO@gms30ol gmgnn30gbGol hggbgdom

53 dggbgds gg@oo @ommbgdols gogangbsls
dobowsb dgo@mslio @ommbgdol sdmmgdols 3MMm-
39b%bg, L3ogngbdo, mogobo wsodogno dgdiggermdols
3500, 2o3agbols 9@ dmobpgbl. Lyan Lbgs Uy-
om0 335J3l mgmool s Gygool dgdiEggemdols
ngsbsb@obom. domo  dgdggemmds g fomsw
10-xg® ©s JgHoe swgds@gods L3ogngbdol dgd-
39e0mdsl, Mol aodmi dgodmrgds s@lgdomo gog-
@gbs 0Jmboml dobowsb dgo®gslo @mommbgdols
sdmwgdols 3GmEgliby.

62

3. ©oliggho

L godmygmggmos Logs®mgganmTo s@lgdyao
9o0-gamo mJamb dgdiaggeo Lodoml (bodswm)
Jodogdo Ygoagbognmde.

2. Lodopml  Ubgoswslbgs  ¢dbowsb  s@gdyyen
mJoml, ggacbmol s ggBowo @ommbgdols bo-
d99g0do  Igdg9e0mdgdo 360dgbgarmgbo  goblb-
330905 gOmdsbgmolipsb.

3. doobo gmbpozogmos Gmam®E Mdmb s
3903barol, olyg Bygool s mgmools dgdiEggenm-
b0l mgoglsb@oboo.



LSI-L ‘d@(M3J50 — TRANSACTIONS OF GTU — TPYAbI I'TY Nel (491), 2014

@0 ISR O 3. Mutpodanos CU., Bapckmii JLA., Cambirun B.JI.
L @&, gobsdgoao, ™. dogdodg, 3. 8dgoerodgomo. HccnenoBanne MONE3HBIX MCKONAEMBIX Ha obora-
0Ol s  gghabamol  g@omydgos.  mdo- tumocTe. M.: Henpa, 1974.
@olo, 2013. 4. TexHonoruueckas OIIEHKA MHUHEPAILHOTO CBIPBS.
2. TexHuueckasi OLIEHKa MHUHEPAJIBHOTO ChIpbs. Omnpo- Metonsr wuccinenoBanus: CrpaBounuk / Ilox. pen.
OOBaHHE MECTOPOXXICHHUHA. XapaKTePUCTHKA CHIPHS. ILE. Ocranenko. M.: Heapa, 1991.
Cnpasounuk/mon pen. ILE. Ocramenko. M.. Hen-
pa, 1990.
UDC 622.342.1:553.1

RESEARCH OF THE CHEMICAL COMPOSITION OF THE GOLD-CONTAINING ORE
Z. Sherazadishvili, M. Mchedlishvili, N. Shekriladze

Department of chemical and biological technologies, Georgian Technical University, 69, M. Kostava str, Thilisi, 0175,
Georgia

Resume: There was researched one of the gold-containing ore existing in Georgia. There was determined that,
various samples taken from ore are significantly different from each other with content of gold, silver and non-ferrous
metals. In addition, there is definite correlation between gold and non-ferrous metals content. Copper is presented in
small quantities in ore, which does not have any significant impact on the industrial importance and may not have any
effect on the gold extraction technological process. Ore contains relatively large amounts of lead and zinc. They have
industrial importance and must be considered in the selection of the gold and silver extraction technological scheme.

Key words: gold; non-ferrous metal; testing; preparation; chemical analysis.

YAK 622.342.1:553.1
UCCNEAOBAHUE XMMUYECKOTO COCTABA 30/1I0TOCOAEPALLEEA PYAbl

Wepasaauwsunum 3.6., Mueagnnwsunm M.WU., LWekpunaase H.LL.
[enapTameHT XMMUYECKOW M BUONOTMYECKON TeXHONMOMMIA, TPY3UHCKUI TeXHWYeckuin yHusepcuteT, pysua, 0175,
Tounucnm, yn. M. Koctasa, 69

Pe3slome: WccnenoBaH XMMMUYECKMIA COCTaB OAHOM M3 3010TOCOAEPMKAWMX pya [py3un. YcTaHOB/AEHO, YTO MO
cofep’KaHuIo 3010Ta, cepebpa M LUBETHbIX METaNN0B, NPOobbl, B3ATbIE M3 Pa3HbIX CKBAaXKMH, CYLLECTBEHHO OT/IMYalOTCA
APYr OT ApYra; UMeeTca onpeae/ieHHan KOPPeaauma Mexay Coaep X aHUAMM 30/10Ta U LBETHbIX META/I/I0B — CBUHLA U
UMHKa. Meab HaxoamTca B pyAe B HE3HAUYMTENbHOM KOAMYECTBE M HEe MMEET MPOMbILAEHHOMO 3HAYEHMA C TOYKM
3PEHUA M3B/IGYEHUA €e M3 Pyabl; MPM 3TOM OHa HE MOXET OKa3aTb CYLLECTBEHHOrO B/IMAHUA Ha TEXHOJ0TMYECKMI
npouecc n3BaeYeHUa 3010Ta U3 pyapl. Pyaa XxapakTepusyerca CpaBHUTENbHO BONAbLIMMU COAEPKAHUAMM CBUHLA U
LUMHKa, Y4TO U A0NXKHO BbITb yUYTEHO Npu noabope TEXHO0rMYECKON CXeMbl M3B/IeYeHUA 30/10Ta U cepebpa m3 pyabl.

Knwouesble cnosa: 30/10TO; LUBETHbIE METaNNbl; B3ATUE I'Ip06bI; noAaroTtoBKa, XMMMUYECKUI aHaNuns.
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UDC 801.55
SEMASIOLOGICAL ASPECT AND ITS SYSTEMATIC MARKERS

N. Gamkrelidze
Department of liberal sciences, Georgian Technical University, 77, M. Kostava str, Thilisi, 0175, Georgia

Resume: There is considered specific semantic side of language and dynamics of semantic study in linguistic
works. Semantic regularity and conformity are considered against a background of world outlook, culture, history, tra-
dition, linguistic adequacy and culturological specificity.

Key words: semantic side of language; semasiology; semasiological regularity; world outlook of language; linguis-
tic adequacy.

Y/IK 801.55
CEMACUONOMMYECKWUIA ACNEKT M EFO CUCTEMHbIE MAPKEPbI

Famkpenunase H. O.
JdenapTameHT nnbepanbHbix HayK, FPY3UHCKMIA TeXHUYECKUIA yHuBepcuTeT, Mpy3ua, 0175, Téuaumcu, yn. M. KocTasa, 77

Pe3slome: PaccmoTpeHbl CUCTEMHbIA XapaKTep CeMaHTUYECKOM CTOPOHbI A3blka M AMHAMMKA CEMAHTMYECKOro
NUCCNeA0BaHUA B NIMHIBUCTMYECKMX Tpydax. CemaHTMYecKne 3aKOHOMEPHOCTM PacCMOTPEHbl Ha ¢$OHe A3bIKOBOro
MWPOBO33PEHUA, KYAbTYPbI, UCTOPUU, TPAZULMIA, TUHTBUCTUYECKOW afeKBAaTHOCTU U Ky/IbTYPO0rMYECcKoMn cneunduKm.

KntoueBble cnoBa: cemaHTMyecKas CTOPOHa A3blKa; Ccemacnonorma; cemacnonormyeckme 3aKOHOMepPHOCTHU; A3bl-
KOBO€ MNPOBO33peHUNE; NMHIBUCTUYECKaA adeKBaAaTHOCTb.
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UDC 801.55

SPECIFICITY OF BRANCH COMMUNICATION

N. Gamkrelidze

Department of liberal sciences, Georgian Technical University, 77, M. Kostava str, Thilisi, 0175, Georgia

Resume: There is considered specificity of branch communication, branch language and symmetrical transfer of
branch text.

Key words: branch communication; branch language; transfer of branch text; symmetrical social relations; com-
plex of scientific paradigms; lexical system; level of branch lexic; decodetion of text; reconstruction of text.

Y/IK 801.55
CMNELIUDPUKA OTPAC/IEBON KOMMYHUKAL MU

Framkpennase H.O.
[enapTameHT nnbepanbHbix HayK, FPY3UHCKUIA TEXHMYECKUIA yHuBepcuTeT, Fpy3ua, 0175, Téuaumcu, yn. M. Koctasa, 77

Pe3slome: B cTatbe paccmaTtpuBaeTcs crneumduKa oTpacneBoll KOMMYHUKALMKM, OTPAC/NEBOrO A3blka M CMMMET-
puyecKkoro TpaHcdepa oTPac/sIeBoro TeKCTa.

KnioueBble cnoBa: oTpac/ieBas KOMMYHWKaUMA; OTPacNeBoW A3blK; TpaHcdep OTpacNeBoro TeKcTa; CMMMeT-
pUYHble CcoUManbHble OTHOLIEHUS; KOMMNEKC HAy4HbIX Mapaaurm; JeKCMYyecKkas CUCTEMa; YPOBEHb OTPAc/ieBOW
NNEKCUKU; AeKOANPOBaHME TEKCTa, PEKOHCTPYKLMA TEKCTa.
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MARKETING IN INNOVATIVE POLICY OF THE PHARMACEUTICAL ENTERPRISES
N.Pailodze, G. Sulashvili, L. Vachadze, M. Papiashvili

Department of business administration, Georgian Technical University, 77, M. Kostava str, Thilisi, 0175, Georgia

Resume: The marketing policy in the field of innovative activity consists in close and effective interaction between
the following components of innovative process in pharmaceutical industry: goods, technologies and materials. De-
velopment of the special plan of the marketing including formation of strategy of distribution of production, calcula-
tion of the prices, planning of advertising and sales, is the most important stage of development and realization of in-
novations.

Key words: pharmaceutical enterprises; marketing; price regulation; innovative strategy.
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MAPKETUHTI B UHHOBALMOHHOW NONUTUKE ®APMALLEBTUYECKUX NPEANPUATUN
Mauwnopgse H.P., Cynawsunu I'.B., Bauagse /1.10., MNanunawsuan M.C.

JenapTaMeHT aAMUHUCTPUPOBAHUA Bu3Heca, MPy3MHCKUA TexHU4YecKkuit yHmusepcuteT, Mpysus, 0175, Téuauck, ya.
M. Kocrtasa, 77

Pestome: MapkeTuHrosas noiMTMKa B 061acT MHHOBALMOHHOMN AEATE/IbHOCTM 3aK/YaeTcd B TECHOM U
3GPEeKTMBHOM B3aMMOAENCTBUM MeXAY CAeAyloWMMM COCTaBAAWMMM MHHOBALMOHHOIO npouecca B dapma-
LEBTUYECKOW MPOMbILWAEHHOCTU: TOBaPbl, TEXHONOMMKN U MaTepuanbl. PaspaboTKa cneunanbHOro naaHa mapKeTUHra,
BKlOYatoLero B cebs popmmpoBaHue cTpaTernu pacnpeaeneHusa NpoayKLmmn, pacyeT LeH, N1aHupoBaHue peknambl 1
npoAax, ABNAeTcA Hanbonee BaXKHOW cTaguelt paspaboTKM 1 peanmsaummn HoOBOBBEAEHMIA.

KnioueBble cnosa: d)apmaLJ,eBqueCKme npeanpuAaTnuAa; MapKeTUHr, peryamnposaHune uUeH; UHHOBAUWOHHbIE
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UDC 681.3
DIALOGUE MANAGEMENT IN KNOWLEDGE BASED SYSTEMS

R. Kutateladze, A. Kobiashvili, K. Kutateladze
Department of business administration, Georgian Technical University, 77, M. Kostava str, Thilisi, 0175, Georgia

Resume: There is representeda brief survey of approaches to describing dialogues with computers, which are re-
levant to improve communication between users and knowledge based systems. There is offered an approach to im-
prove achieving human communication conventions. Forms of co-operative behaviour, which reflect these conven-
tions are considered. The ways of identification the required knowledge are analyzed. The examples rules of speaker
and hearer are illustrated.

Key words: knowledge; based systems; dialogue management; communication; expert system.

YK 681.3
YMNPABJIEHUE OUANOIOM B CUCTEMAX, OCHOBAHHbIX HA 3HAHUAX
Kyratenapse P.l., Kobuawsunm A.A., Kytatenagse K.I.

JenapTaMeHT aAMUHUCTPUPOBaHUA Bu3Heca, MPy3MHCKUA TexHU4YecKkuit yHmusepcuteT, Mpysus, 0175, Téuauck, ya.
M. Kocrasa, 77

Pestome: MNpeacrasneHo KpaTkoe o0603peHue Tex crnocobos OnucaHWA Amanora C KOMMbIOTEPOM, KOTOpble
YAYULIAOT KOMMYHMKaLMIO MeXAy NoNb30BaTeNeM W CUCTEMAMM, OCHOBAHHbIMM Ha 3HaHMAX. lMpeanoxeH noaxoa,
KOTOPbIA  yAydwaeT AOCTUMKEHME KOHBEHLMI 4YesioBeYecKon KOMMYHMKauumu. PaccmoTtpeHbl Te  ¢dopmbl
KOOMEepaLMOHHOro NOBEAEHNA, KOTOPbIE OTPAXKAKOT 3T KOHBEHUMWU. AHAaAU3MPYIOTCA NYTU UAEHTUGUKALUM HYKHbIX
3HaHWA. MPoOUANOCTPUPOBaHbI MPUMEPBI NPABWU FOBOPALLETO U CAyLIATENS.

KntoueBble cnosa: CNCTeMbl, OCHOBaHHblE Ha 3HAHWUAX; ynpaBaeHmne gnanorom; KOMMyHUKaLUMA;, 3KCNepTHaA
cucrtema.
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UDC 336.71
CLASSIFICATION OF ELECTRONIC PAYMENT, PARTICIPANTS OF SYSTEMS, ANALOGIES,
MECHANISMS, CONFIDENTIALITY AND REQUIREMENTS

L. Gochitashvili, M. Karseladze
Department of economic informatics (information systems), Georgian Technical University, 77, M. Kostava str, Thilisi,
0175, Georgia

Resume: There is discussed general issue related to the notion of "electronic money," there is presented a review
of electronic money on the basis of smart-cards and nets. There is described the features of payment systems in seg-
ment of the Internet and request of their security.

Key words: el. commerce; emitent; acquirer; server; transaction.

YAK 336.71
KNACCUPUKALUA INNEKTPOHHDbIX I'Il'lATE)KEVl, YYACTHUKU CUCTEMDbI, AHANIOTH,
MEXAHU3MbIl, KOHPUAEHUNANBHOCTb U TPEBOBAHUA
Nouutawsunun J1.U., Kapcenagse M.A.
JenapTaMeHT 3KOHOMUYECKON MHPOPMATUKKN (MHOOPMAUMOHHBIX cucTemM), TPY3UHCKUIM TEXHUYECKUI YHUBEPCUTET,
lpyswua, 0175, Téuancu, yn. M. Koctasa, 77

Pe3tome: PaccmoTpeHbl 06LWmMe BOMPOCbI, CBA3AHHbIE C TMOHATMEM «3/IEKTPOHHbIE AeHbrv». [aH o0630p
3NEKTPOHHbIX AeHer Ha 6ase cmapT-KapT M Ha 6ase ceTeld. [aHbl KpaTKME XapaKTEPUCTUKKU MNATEXKHbIX CUCTEM B

cermeHTte MIHTepHeTa 1 Tp96OBaHVIe nx 6esonacHoOCTW.

KntoueBble CNOBa: 3/1. KOMMEPLMSA; SIMUTEHT; 3KBaep; cepBep; TPAH3aKLMA.
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uDC 681.3

THE MAIN ELEMENTS OF AUTOMATION SYSTEM OF INFORMATION SUPPORT OF THE LEARNING
PROCESS

K. Bakuria

Departament of information technologies, Georgian Technical University, 77, M. Kostava str, Thilisi, 0175, Georgia

Resume: At present many higher educational institutions are working on own automation sistem of information
support of the learning process, most of them provide only a specific or ongoing criteria of learning process. Previous
educational standar, in better case, is accounted in other earlier accounting tasks, which causes breakage of the in-
formation and, also abolishes the integrity of the information environment. In the educational sphere, expectations of
change are ignored almost completely.

Therefore creation of such information system is actual, which will foresee expected changes. The presented work
discusses principles of construct of such systems and solving ways of the basic components of realization.

Key words: service-oriental architechure; automation system of information support; business process; informa-
tion system; web service; detailing of processes; IT infrastructure; open portal; knowledge base.
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VK 681.3

OCHOBHBbIE 3/IEMEHTbl ABTOMATU3UPOBAHHOM CUCTEMbI UHOOPMALMOHHOM
NoAAEPKKU YYEBHOIO NMPOLECCA

bakypwma K.C.

[JenapTamMeHT MHPOPMALMOHHBIX TEXHONOTMIA, [PY3UHCKUIA TeXHUYecKuin yHmusepcuteT, Fpy3ua, 0175, Téunucu, yn.
M. Kocrasa, 77

Pe3tome: BO/MbWMHCTBO BbICWIMX y4ebHbIX 3aBeAeHUIN ceroaHa paspabaTbiBaeT aBTOMATU3MPOBAHHbIE CUCTEMbI
MHPOPMALIMOHHOM NOAAEPIKKM COBCTBEHHbIX YYEeOHbIX MPOLLECCOB, KOTOpPble B OCHOBHOM YYMTbIBAOT KpUTEPUM
TONbKO KOHKPETHbIX WM 4YacTblX CAyvyaeB TeKylwero yyebHoro npouecca. MNpepblaywmin obuieobpasoBaTtesbHbIf
CTAHAAPT B JIyYLIEM CAy4Yae YYuUTbIBAACA B APYyrvx, 6osee pPaHHUX PacYeTHbIX 3aJayax, YTo Bbi3biBaeT WHOP-
MaUMOHHYIO NPEPbLIBHOCTb M TaKMKe paspblBaeT LesbHOCTb MHGOPMALMOHHOM cpedbl. A B 06wWeobpasoBaTesibHOM
cdhepe 0XKNaaeEMOCTb USMEHEHUI KaK Bbl MOIHOCTbIO MTHOPUPYETCA.

Mcxods M3 3TOrO aKTyanbHbIM ABAAETCA MOCTPOEHME TaKoM MHPOPMAUMOHHOW CUCTEMbI, B KOTOpPOM 6yayT
npeaycMoTpeHbl OXuAaemble M3MeHeHWa. B JaHHOM paboTe paccMOTpeHbl MPUHUMMbI NOCTPOEHUA nogobHOM
cocTembl U Npes/IoXKeHbl MyTU Peann3aLmm ee OCHOBHbIX KOMMNOHEHTOB.

KnioueBble cnoBa: cepBUC-OPUEHTUPOBAHHAA apXUTEKTYPa; aBTOMATU3MPOBaHHaA cuctemMa UHGOPMALLMOHHOM
noagnepKu; busHec-npouecc; MHGOPMaLMOHHAA CUCTeEMA; Beb-cepBUC; AeTannsalumna npoLeccos; MHopacTpykTypa IT;
OTKPbITbIA NopTan; 6a3a 3HaHUMA.
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UDC 621.397.13
MEASURING OF THE ENERGETIC SPECTRUM OF THE FLICKER-NOISE ON THE BASIS OF COMPUTER
TECHNOLOGIES

I. Chkheidze, O. Tomaradze
Department of microprocessor and measuring systems, Georgian Technical University, 77, M. Kostava str, Thilisi, 0175,
Georgia

Resume: There is considered one of the methods of measuring of energetic spectrum of the FLICKER-noise with
the help of modern computer technologies. The method nullifies the noise of intensifiers on the one hand and in-
creases the exactness of the measurement.

Experiments of MATHCAD and LABVIEW in software environment showed, that the above-mentioned method
measures the speqtrum compactness (energetic spectrum) of the FLICKER-noise and in both cases excludes the noise
of the intensifiers.

Key words: spectral solidity; flicker-noise; pink-noise; correlation; korrelator.

YK 621.397.13

M3MEPEHUE SHEPTETUYECKOI'O CMNEKTPA FLICKER-LUYMA HA OCHOBE KOMIMbIKOTEPHbIX
TEXHO/IOMNiA

Yxeunase U.M., Tomapapgse O.K.

[enapTaMeHT MMUKPOMPOLLECCOPHbIX U UBMEPUTESIbHbIX CUCTEM, [PY3NUHCKMIA TEXHMYECKUI YHUBepcuTeT, Mpysus, 0175,
Téunucu, yn. M. Koctasa, 77

Pe3lome: PaccmaTpuBaeTca oauMH M3 METOAOB U3MepeHus sHepreTuyeckoro cnektpa flicker-wyma, ¢ nomoubto
KOTOPOro COOCTBEHHbIN LYM YCUAUTENEN UCKAKYAEeTCA, YTO B CBOK oyepeAb YBEMUYMBAET TOUYHOCTb U3MEPEHUA.
JKcnepuMMeHTbl, NpoBeaeHHble B cpeae Mathcad u Labview, nokasanu, 4To yKasaHHbIN MeTOZL M3MepseT 3Hepre-
Tnyeckuin cnekTp flicker-wyma 1 ncknouaeT cobCTBEHHbIN WYM yCUAUTeNEeN.

KntoueBble CN0OBa: cnekTpabHas NAoTHOCTb; flicker-lym; po3oBbiit Wym; Koppenaunusa; KoppenaTtop.
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UDC 551

GASES COMPOSITION, EXTRACTED FROM THE BIOLOGICAL TREATMENT OF WASTE, ORES AND
ROCKS OF CHIATURA MANGANESE AND MADNEULI COPPER DEPOSITS.

T. Dzadzamia, L. Tsertsvadze, D. Chutkerashvili, Sh. Petriashvili, L. Glonti.
Institute of gydro geology and engineering geology, Georgian Technical University, 1, Chanturia st. Digomi village, Thilisi,
0175, Georgia

Resume: There is considered gases composition extracted from the biological treatment of waste, ores and rocks
of Chiatura manganese and Madneuli copper deposits. Studies have shown, that during the microbiological treatment
in the process of leaching metals from various substrates of the same region, the qualitative and quantitative indica-
tors of extracted gases are almost identical. This indicates, that the micro flora of leaching solutions, formed in the
ecological niche of the same region, is characterized by the same type of metabolism.

Key words: rosk; extraction; leaching solution.
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COCTAB rA30B, BbIAENEHHbIX B PE3Y/IbTATE BUO/IOTMYECKOM OBPABOTKU OTXO/40B
NMPOU3BOACTBA PYA U NOPOA YNATYPCKOIO MAPTAHLUEBOIO U MAAHEY/1IbCKOIO
MEOHOI0 MECTOPOXAEHUN

A3ap3amua T.4., UepuBagse J1.A., Yytkepawsunu A.T., Netpuawsunn LW.T., FTnoHTH J1.E.

NHCTUTYT r’MApOreosiorMn n UHeHepHon reonornun, FPy3sMHCKNIN TeXHUYECKUt yHuBepcuteT, Mpysus, 0175, Téunucn,
ceno Auromn, yn.Hautypmsa, 1

Pe3slome: PaccmatpuBaerca cocTaB rasoB, BblAe/EHHbIX B pesynbTate 6Guonormyeckoin o6paboTkM 0TX0408B
Npo13BOACTBa Py4 M Nopog YnaTypcKoro MmapraHLesoro U MagaHey/ibCKOro MegHOro MecTopoXaeHunin. Kak nokasanu
nccnenoBaHus, Npu MUKpobuonormyeckoit obpaboTke B MpoLecce BblilEeNauyMBaHWA METANN0B M3 Pa3/IMYHbIX
cybCcTpaToB OAHOrO M TOFO e PEernmoHa, KayecTBeHHble M KOJIMYECTBEHHble MOKasaTe/Nn Bbl4eNeHHbIX ra3oB MoyTy
MOEHTUYHbI. ITO YKa3biBaeT Ha TO, YTO MUKPOdopa BbILLENAYEHHbIX PacTBOPOB, CHOPMMPOBAHHAN B 3KOJOrMYECKOM
HULLIE O4HOTO U TOTO YKe PerMoHa, XapaKTepu3yeTcs O4HOTUMHbLIM METaboIM3MOM.

KnioueBble CN0Ba: nopoaa; 3KCTPaKLUms; BbllenadyeHHbI PacTBop; BbiNeKaHue.
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THE NEW, MORE ACCURATE TECHNOLOGICAL METHOD TO CREATE REFLECTING SURFACE OF

REFLECTOR

M. Sanikidze , O. Tusishvili, N. Medzmariashvili *, G. Gratiashvili.

Institute of constructions, special systems and Engineering Maintenance of Georgian Technical University, 68°, M. Kostava

str, Thilisi, 0175, Georgia

E-mail: icssem@gtu.ge

Resume: The paper is dedicated to the one of the
newest methods to create reflecting surface in antenna ref-
lectors. The advantage of such method is the high range of
more approximated accuracy of the surface, that is gained
in case of its application. The work is intended to reduce
elasticity, arrangement of tensioners and to experimental
research of its tensioning force. Here is determined average
meaning of mesh reduce elasticity, also the dependence na-
ture among tensioning force and tangent points of dis-
placement of tensioners on mesh.

Key words:
berth; mesh; modulus of elasticity; tensioners; tensioning

reflector; reflecting surface; building

force.

1. INTRODUCTION

In the reflecting antennas special responsibility task
represents issue of its reflecting surface - screen ar-
rangement technology. This task is even more compli-
cated, when it is related to large-sized deployable space
reflecting antenna. In the earth's environment as well as
in space the reflecting antennas screens are characte-
rized by very high precision design geometry. If the con-
ventional building structures variation of the elastic lim-
its for designs makes range up to 1/100 - 1/1000 of span,

in the reflecting antenna its reaches up to 1/10000 and
sometimes 1/100000 of overall dimensions. The solution
of such tasks requires the development of current tech-
nologies [1, 2, 3, 4, 5, 6].

2. THE BODY OF THE ARTICLE

1. A deployable space offset reflector antenna con-
struction for the area of 4:25 m

Construction has (Fig 1): an upper functional mesh 1
and screen (not shown in the figure), that are fixed in a
contour element (2); a lower technological mesh (3) with
rarefied cells in the units of which a technological knitted
fabric type mesh (not shown in the figure), also having
contour elements (2), are attached; the contour elements
are mounted on a deploying oval load-bearing ring having
posts (4), upper and lower pantograph elements (5), elas-
tic cross rods (6) for attaining accuracy; shaping of the sys-
tem is ensured by means of tensioners (7) engaged in re-
spective units of the functional mesh and technological
mesh and provided with length compensators (8), as well
as tensioners (9) disposed in the units of the technological
mesh and respective functional mesh, that in turn are
passed through the screen mesh cells.

The folded construction transport package size is al-
ways fallen within cylindrical dimensions having the sizes
of D =800 mm, H=4000 mm (Fig 1., b).
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b) c)

Fig. 1 a, b — The construction in deployed and folded states; c — fragment of coupling the functional and technological meshes

1 - functional mesh; 2 — contour elements; 3 — technological mesh; 4 — posts; 5 — pantographic elements; 6 — elastic cross rods; 7 — tensioners for

coupling the functional and technological meshes; 8 — compensators; 9 — tensioners disposed within the units of the technological knitted fabric

mesh and respective functional mesh

2. new technological method of reflecting antenna

screen

Reflecting surface of the reflector is carried out by

various methods. The advantage of stated, new method
consists in this method application case would be
reached higher design precision.

On the | stage there is carried out deployment of ref-
lector’s ring up to design position and ring arrangement

on the zero-weight stand by fixing of upper points in one
plane (Fig 2.1.).

b
=
—tty

(4 Ring
unweighting
Ring
unweighting
Fixing Fixing

Support

Low pressure inflatable or
less precision rigid berth

Fig. 2.1. The deployment of reflector ring up to design
position and hanging on zero-weight stand with fixing in one plane

On the Il stage there is carried out inflation of ar-
ranged on special support low pressure inflatable berth,
that in inflated condition reproduce the technological
mesh surface. It is possible to apply the rigid hard berth

with less precision. On the berth there is arranged the
technological mesh. Thus, the lower technological mesh
has some temporary curvature, after shaping up to de-
sign curvature, of which the lower technological mesh by

edges will be attached to the deployment ring lower sur-
face (Fig. 2.2).

Ring
unweighting
Ring

unweighting

Functional mesh

Fixing

Low pressure inflatable or

Technological less
mesh

rigid berth

Fig. 2.2. Attaching of functional and technological meshes in ref-
lector ring deployed almost in design position

At attaching of upper technological mesh due to the
influence of Earth's gravity force mesh itself makes the
shape, but it's still not the final shape and it still requires
the tension by certain forces.

On the lll stage there is carried out the installation of
hosiery technological mesh from upper (inner) side and
under the upper functional mesh installation of reflect-
ing mesh and attachment with ring (Fig. 2.3).
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Ring
unweighting

Ring /ﬁ

unweighting Hosiery

technological mesh

Functional mesh
Reflecting mesh

Fixing

Support

Low pressure inflatable or

Technological less precision rigid berth

mesh

Fig. 2.3. Attachment of hosiery technological
and functional meshes

On the Stage IV there is carried out installation (gluing)
of the length compensating tensions in the technological
mesh nodes, that also represents the hosiery technological
mesh fixing points with technological mesh. At the same
time the tensions attachment occurs only in the lower
nodes, on the upper nodes they are not attaching — their
passing is executed in the similar to functional mesh (sym-
metric) nodes, and continues up to hanging on guide pul-
leys and will be tensioned by weights with preliminary cal-
culated masses (Fig. 2.4).

Ring
unweighting Hpsie

mpensation

Support

Low pressure inflatable or

Technological less precision rigid berth

mesh

Fig. 2.4. The tension of lower technological mesh

On the V stage there is carried out the upper func-
tionality mesh tension. The upper mesh tension is car-
ried out as follows: the attached in the technological
mesh nodes compensating tension that, in turn, are free-
ly passed through symmetrical nodes of functional mesh,
upward on the tensions are attaching cutting with one
side weights, whose mass is similar to the hanging on ar-
ranged on guide pulleys the lower technological mesh

Nel (491), 2014

tension P weight. Thus, the upper and lower symmetrical
points under the influence of gravity force were ten-
sioned by same value (Fig. 2.5).

i Tl —

; ERing
I]\ unweighting
PP | B PP P| P P| P
Ring

unweighting

Fixing

Support

Low pressure inflatable or

Technological less precision rigid berth

mesh

Fig. 2.5. Shaping of technological and functional meshes by
symmetrical loadings

On the VI stage there is carried out tensions attach-
ment in the hosiery technological mesh nodes and
straining also by similar to length compensating tensions
weights, but, in contrary to the attached in technological
mesh nodes tensions, the attached in hosiery techno-
logical mesh tensions are not installed length compen-
sating springs. Further, similarly to the above considered
V stage it is executed the functional mesh tension with
removable weights (Fig. 2.6).

3
|
/ﬁ £
Ring

unweighting

—

‘h Ring
unweighting

Hosiery
technological mesh

L

Fixing A =] Fixin

Links with length
compensation

Attached in technological
. hosiery mesh tensions
Technological

mesh Low pressure inflatable or

less precision rigid berth

Fig. 2.6. tension of hosiery technological mesh an
its symmetrical points

On the VIl stage there is carried out fixing of tensions
with functional mesh by glue and after this is possible to
cut off excess part of tensions (Fig. 2.7).
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1 I t 3.1. Experimental determination of reduced elasticity
/ﬁ | R g module of the reflecting mesh
m@m Hosiery The test of bench manufactured for experimental study

of the elasticity module of the reflecting mesh is a frame

Attached in technological
hosiery mesh tensions

consisting of upper and lower fixed bars (1) and posts (2)
(Fig. 3.1). A special reflecting mesh (3) knitted with metal
wire of the diameter of 0.05 mm and having the size of
100x100 cm (1m’ mesh weight is 80 g) was prepared for
testing (Fig. 3.1, 3.2) that is fixed on the test bench upper
bar by its upper end, and, with its lower end, — on a vertical-

Low pressure inflatable or

Tﬁ;lmmgim less precision rigid berth ly movable bar (4) whereon loads (5) are hanged.
puil
1000 /1_
Fig. 2.7. Tensions cutting and berth deflating Bilgnna il |
B 2 2
i i I
As a result of the technological cycle’s completion the AL /_

received reflecting surface is characterized by high level

1000

of approximation precision.

L

3. Experimental research reflecting mesh of reflector , i

The meaning of reflecting mesh is to reflect different
radio waves. The highest meaning is given to the reflect-
ing mesh, that’s why we carried out experimental re-
searches on mesh, to determine: reduce elasticity of

mesh for different meaning of tensioning force; and de- \ /

pendence between motions of joints fastening tension-

ers on mesh and tensioning force [7, 8].
Fig. 3.1. Testing bench
1 - Stand log; 2 - Stand rod; 3 - reflecting mesh;
4 - vertically movable log; 5 — load

Fig. 3.2. Tested reflecting mesh (fragment)
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The mesh was tested on static vertical evenly distri-
buted load in longitudinal and transversal directions of
the knitted structure. The initial load was 0.25kg. The
load was increased gradually, namely by 0.2kg up to
2.05kg (see table 1 and 2). At each step of increasing the
load, vertical displacement € was recorded on a centime-
ter scale mounted on the post by the delay of 2-3 mi-
nutes. As can be seen from the tables, at different steps
of the load, increase in the displacement of the mesh
structure A in longitudinal and transversal directions
varies within the range of 4-6 cm. At the final, 11th step
of the loading (P=2.05kg), vertical displacements of the

mesh structure in longitudinal and transversal directions
were 66cm and 64.2cm respectively (difference -
1.8cm). Maximal and minimal differences between the
longitudinal and transversal directions were notice at the
loads of P=0.25kg and P=1.65kg and were 3.8sm and
0.3sm respectively. It can be noted, that there is small
difference between the displacements in longitudinal
and transversal directions.

In Fig. 3.3, the mesh structure stretched by 2.05kg is
shown. As can be seen from the figure, the stretched
mesh structures in longitudinal and transversal direc-
tions slightly differ from each other.

Fig. 3.3. The reflecting mesh in stretched state (fragment)

The mesh elasticity module is calculated by the formula
Pe

E = m ) (1)
where: E is elasticity module, kg/cmz; P —force applied
to the mesh, kg; A — surface area, where the force is dis-
tributed, smz; € — length, or width of the mesh, cm; A€ —
gain of the length, or width of the mesh, cm.
In our case, cross section of the mesh of the length,
or width of €=100 cm, where the force P is distributed,

A=0.0266 cm’, then from the formula (1) we assume:

E =3759 — . (2)

Based on the conducted tests, the elasticity module
values calculated by the formula (2) for longitudinal and
transversal directions of the mesh structure at different
loads are given in tables 1 and 2. The elasticity module
values at the initial load P=0.25kg where E=41.4kg/cm2
and E=50.0kg/cm” respectively, and at the final step load
P=2.05kg - E=116.7kg/cm’ and E=120.0kg/cm’.
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Table 1. Elasticity module E in the longitudinal direction of the fabric

Ne P, kg €,cm A, cm E, kg/cm2 EF, kg
1 0 100.0 0 - -

2 0.25 122.7 22.7 41.4 1.101
3 0.45 124.8 24.8 68.1 1.811
4 0.65 128.4 28.4 85.9 2.285
5 0.85 133.6 33.6 95.2 2.461
6 1.05 139.5 39.5 100.0 2.660
7 1.25 145.4 45.4 103.5 2.753
8 1.45 150.9 50.9 107.2 2.852
9 1.65 156.1 56.1 110.6 2.942
10 1.85 161.2 61.2 113.6 3.022
11 2.05 166.0 66.0 116.7 3.104

Table 2. Elasticity module E in the transversal direction of the fabric

Ne P, kg €, cm A8, cm E, kg/cm2 EF, kg
1 0 100.0 0 - -

2 0.25 118.9 18.9 50.0 1.330
3 0.45 124.2 24.2 70.0 1.862
4 0.65 130.2 30.2 81.0 2.155
5 0.85 136.0 36.0 88.7 2.359
6 1.05 141.7 41.7 94.6 2.516
7 1.25 147.0 47.0 100.0 2.660
8 1.45 152.6 52.6 105.0 2.793
9 1.65 156.4 56.4 110.0 2.926
10 1.85 160.5 60.5 115.0 3.059
11 2.05 164.2 64.2 120.0 3.192

In Fig. 3.4, curves of the elasticity module of the re-
flecting mesh structure in longitudinal and transversal di-
rections are shown. As can be seen, there is non-linear
dependence between the load (P) and elasticity module
(E). Apparently, the elasticity modules of the longitudinal
and transversal directions slightly differ from each other
and it is possible to draw an average elasticity module
curve (Fig. 3.5). It should be noted, that two charac-
teristic areas (I - P=0+0.45kg and Il - P=1.05+2.05kg)
can be marked on the curve, where the elasticity (rigidi-
ty) coefficients are constant values and are calculated by
the formula (1)

K=r=2, (3)
A8 8
Then from equation (2) we receive that
E =3759K. (4)

For the area | (Emean=57.4 kg/cmz, £€=100cm,
A=0.0266 kg/cmz) K=0.015 kg/cm, and for

the area Il (Eyean=107.8 kg/cmz, €=100cm, A=0.0266
kg/cm’) K,=0.029 kg/cm.

P ke
205 g width

B lengt

1,05
085
0.65

045

kg/em®

10 20 30 a0 50 60 0 80 90100 no120

Fig. 3.4. Curve of dependence of the reflecting mesh elasticity module
on load in longitudinal and transversal directions
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Fig. 3.5. Curve of dependence of the reflecting mesh
elasticity module on load
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25

Based on the experimental studies it can be con-
cluded the elasticity modules of the present reflecting
mesh are the same in longitudinal and transversal direc-
tions of the knitted structure.

3.2. Experimental study of the tensioners arranged on
the reflector technological knitted fabric type wire mesh

The testing bench (Fig. 3.6) consists of two rigidly
connected parallel frames. On one frame (1) contour, a
reflecting mesh (3) of the sizes of 1540x1820x2350 cm,
that was prepared for testing purposes is stretched by
the force of 1.8 kg/m, and rollers (4) are arranged on
another frame (2), whereon tensioners (5) fixed in the
mesh are hanged over for stretching the mesh, and loads
(P) are hanged on the ends of the tensioners (Fig. 3.7).

Fig. 3.6. Test bench 1 - Stand framework; 3 - Reflecting Mesh; 6 - lo ad points

The mesh was tested on static loads vertical to the
mesh plane, which were applied in longitudinal and
transversal directions of the mesh in points (6) arranged
in every 25 centimeters (44 points) (Fig. 3.6). Initially,
(tension force P=0) the above-mentioned points where
fixed above the tested mesh (3), with respect to the
bench frame (1) plane (Fig. 3.7 a). The initial load was
P=20 g and the displacements of the points where
measured. Maximum displacement was observed in 3-6
points and was A=52 mm. In Fig. 3.7 b, distribution dia-
gram (3,), of the displacement of the points arranged on
the 5th vertical (Fig. 3.6) is shown. It can be seen, that 3-
5 points where displaced to a maximum degree (A8=49
mm), with respect to the non-stretched mesh (3).

At the further stages of the experiment, the load of
P=80 g were applied in 9 points (2-3, 2-4, 2-5, 2-6), (3-3, 3-4,
3-6), (4-4, 4-5), and in the tenth 3-5 point, the load was in-
creased by the steps of 20 g, from P=20g to P=160g.

Dynamics of increase in the displacement values ob-
served at each step of loading does not have any regular-
ity for the point 3-5. By the way of example, in case of
increase of the load from 20 g to 40 g A8=4 mm, from 40
g to 60 g - A8=8 mm, from 60 g to 80 g — A€=5 mm, from
80 g to 100 g — A€=4 mm, from 100 g to 120 g - A8=14
mm, from 120 g to 140 g - A8=8 mm and from 140 g to
160 g - A8=1 mm.

In Fig. 3.7 c, distribution diagram (3,), of the dis-
placement of the points arranged on the 5th vertical is
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shown, where the load of P=80 g is applied to all of the
ten points. Like as in the previous case, maximum dis-
placement was observed in 3-5 point - A=106 mm and
when P=160 g, A=133 mm (Fig. 3.7d). From P=80 g to
P=160 g, the 3-5 point was displaced by 27 mm.

It should be noted, that some “bosoms” are created
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in the engagement points (6) (Fig. 3.6) of the tensioners
(5), on time of load influence (Fig. 3.7).

During the experiment, influence on neighbouring
points was observed, when the load of P=100-160g was
applied on the 3-5 point and the same was observed on
second degree neighbouring points when P=160g.

39 1-5
T‘ =i P=20g
46 _2—5
‘i P=20g
49 |35
L peg
36 4-5
:j P=20g
33

I [ss nl p=20g
& R P=20g

34

Fig. 3.7. Distribution diagrams of the mesh stretch in loaded (a) and non-loaded (b, c, d) states
1, 2 - Stand frameworks; 3 - reflecting mesh; 3, - P=20g in case of load; 3, - reflecting mesh P=80g in case of load;
3; - reflecting mesh actuating in 3-5 points the P=160g in case of load; 4 - roller; 5 — tensioner

3. CONCLUSION
Due to the application of new technological method

of receiving considered in the paper reflecting surface of
reflector is reaching reflecting antenna screen higher de-
sign precision in comparison with current methods.

On the basis of results, received from experimental re-
searches we can conclude, that elasticity modulus of re-
flecting mesh is similar for longitudinal and lateral directions
of knitted structure. There is established the mesh elasticity
coefficient. Within the particular loads they are constant
magnitude. Increment dynamic of fixed motion magnitude
in tensioners joints are non-linear. Tensioning force was de-
termined. In case of load influencing in tensioning points
arises the so called convexities.
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DEPLOYABLE SPACE REFLECTOR WITH DEPLOYABLE BEARING RING, COMPOSED FROM TWO

PANTOGRAPHIC SYSTEM

G. Bedukadze, N. Medzmariashvili,* O. Tusishvili, L. Philipenko, A. Jakhua

Institute of Constructions, Special Systems and Engineering Maintenance of Georgian Technical University, 68"

M.Kostava st. Thilisi, 0175, Georgia
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Resume: There are discussed researches, that are
based on ESA Patent 596. The works are performed un-
der the close co-operation of European Space Agency,
Munich Technical University and Georgian Technical
University. The work is logical continuation of the im-
provement and lightening of first Georgian Space Object
— Reflector. There is described double pantograph sys-
tem composed from deployable bearing ring, that is dep-
loyed by bearing cables and motors. The central part is
the pre-stressed spatial cable system.

Key words: Reflector; cable; pantograph; deployable;
antenna.

1. INTRODUCTION

Georgia started the use of deployable bearing ring
since 80" of past century [1][2]. The Georgian space ref-
lector, that was created in this direction was successfully
tested on orbital station “MIR” [3].

After the successful test in space Georgia started re-
searches on creation of light deployable reflectors.

The new logic became a bases of its creation
[7][8][9](10].

2. THE BODY OF THE ARTICLE

The reflector antenna with 4 meters in diameter, that
is provided with a deploying load-bearing ring consisting
of two pantographic systems has been designed and
tested (Figure 1).

Figure 1. The ring consisting of pantographic systems arranged in two rows and
the pre-stressed elastic center of the reflector antenna. a) general view; b) fragment
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Let us have a look at the deployable reflector anten-
na ring structure (Figure 2), each section, of which has
equal length load-bearing rods-levers arranged in a
cross-like fashion, that intersect in a central cylindrical
unit. The lever ends are fixed in posts by means of cylin-
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drical units. The edge cylindrical units are motionless
with respect to a post. The intrinsic units are “slidable” in
the direction of the post, which determines the deploy-
ment and folding of the ring.

Upper Panto
graph ;
pantographic (e M(?T.IOF?ESS .
svstem B ‘ cylindrical unit
bt A I T A A
\ * P - g 1‘, * b o H\ 1 A *
Wi { ‘ R AN
. waw SN | 11 1 \ ‘H‘ 1 L Post
N A A A TH— L
. S S g S e S P ' W i
{1 1 e ., P i Movable/slidable
L T L o Ul
(N A ‘ cylindrical unit
| A & T~~~y | |9
i | p el | | 1A
£l 7T i | | A
‘ \ ‘ A
w_k | . * “'.* d 4
P \ ‘ ‘ |  d
P P4 A 4“1-,
" o 2 i Central cylindrical unit
L ot Lower pantographic system

Figure 2. Structural diagram of the four meter deploying ring model and of a single section

The units, which are “slidable” along the post are
moved by the deploying cable, that passes over them
and motionless units and passes through the units dis-
posed on each subsequent post and finally it coils on a

Upper panto-
graphic system

—

rotary shaft of an electrical drive, while its another end is
fixed in a motionless cylindrical unit being disposed sev-
eral next posts apart (Figure 3).

Lock of the mova-
ble units on a post

Lower panto-
graphic system

Figure 3. The deploying ring fragment depicting the deploying cable system and drive

As can be observed from the carried out experimen-
tal studies, the mentioned unit has significant rigidity. It
is capable of creating a powerful stretched central part.
The weight of the experimental structure with 4 meters

in diameter, along with the central part and cable, is
22kg. In accordance with the drawn up schedule (Figure
4) the weight of an operable version of a reflector an-
tenna with 6 meters in diameter is 17.5 kg.
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Dependence between weight and diameter
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100
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Figure 4. Plot of the dependence between the weight of the reflector antenna having the deploying ring,
made as a double pantograph system and its diameter

The main advantage of the deploying ring is its fixed
height during the entire shaping process, which makes it
different from the ASTRO type ring.

However, the ring has some drawbacks:

1. Though being within the flexibility range, the ring
posts bend anyway, which is caused by the forces trans-
mitted from the central stretched part and the ring
structure itself. The mentioned forces, with respect to
individual section posts, are eccentrically applied at its
ends in the units that slide with respect to the post locks
(see Figure 1).

2. The intersecting pantographic levers, that are ar-
ranged in pairs in upper and lower chords cause the cre-
ation of a single chord element with two elements,
which leads to the overexpenditure of the material and
increase in the units number.

3. Interesting, yet negative picture is assumed at the
final stage of the ring deployment.

Due to the rigidity of the ring as well as of the reliabil-
ity of the shape fixation, it is unacceptable to retain the
deployed ring shape solely by stretching the deploying
cable.

Accordingly, the “slidable” units, that are disposed on
the pantographic lever ends must be fixed in the mo-
ment, where they have attained the designed position.
The mentioned fixation means constitute quite sensitive
structural system, that requires some quantity of ma-
terial for its manufacturing, and thereby leads to the in-
crease in the ring weight.

The matter is even more complicated anyway. Let us
discuss the deployment diagram (Figure 5).

Retainer

Figure 5. The ring fragment deployment diagram, with a single retainer
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We will allocate a single retainer to each “slidable”
unit on every post, after overcoming of which the slida-
ble units will have no possibility to return back. The dep-
loyed ring shape will be retained no matter a deploying
cable is operating or not operating therein after deploy-
ment of the ring.

However, in case of mounting one by one fixation
means it is not always possible to deploy the panto-
graphic ends with equal values, i.e. a; < a, and so forth.

R
retainer

Nel (491), 2014

Under these conditions it may happen, that the value
of a, dramatically decreases and a3 cannot overcome
the retainer barrier. This will lead to the change in the
ring deployment geometry to compare with the de-
signed outline, as well as to other anomalies, preventing
of which is a quite difficult task.

This effect can be eliminated in constructional way
only, if each slidable unit motion is restricted not only
from the overcoming side, but from another side, where
resting retainers can be mounted (Figure 6).

esting |

Figure 6. The ring fragment deployment diagram with two retainers

In this instance the slidable units motion is restricted
from both sides, which ensures that a; = a_ Thus the
process of further displacement of the “slidable” units
will be suspended and only the second unit will continue
moving further by the deploying cable a, = a; = a. The
mentioned method enables to resolve the task positive-
ly, but the ring weight still increases due to the addition-
al retainer use.

3. CONCLUSION

In view of the above-mentioned drawback, a system
provided with “V-fold bars” has been manufactured and
tested, that has been designed in accordance with a dia-
gram provided by the European Space Agency.
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6
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Pe3tome: B cTaTbe pacCMOTPeHbl UCCNea0BaHMA, OCHOBaHHble Ha EBponaTteHTe 596. PaboTa BbinoNHEHa B TECHOM
coTpyaHuyecTse co cneumanuctamm EKA, MTY u ITY. PaboTa npeacraBnseT N0orMyeckoe NpoAo/iXKeHne nepsoro
rPY3MHCKOrO KOCMMUYECKOro obbekTa - pedektopa - ANA NOCNeayHoLWero yCoBepLEeHCTBOBAaHUA U obaerdyeHus. B
paboTe pPacCMOTPEHO pasBepTbiBAOWEE CUIOBOE KOJMbLO, COCTOsLWEe W3 ABYXMAHTOrpadHbIX CUCTEM, KOTOpas
pa3BepTbiBAaeTCA C MOMOLLBIO CU/IOBOFO KaHaTa WM anekTponpusoja. LieHTpanbHaa 4YacTb npeactasnset cobou
npegHanpaAXeHHy BaHTOBYIO CUCTEMY.
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K cBenenuio aBTopos!

COOpHHMK HayuyHBIX TpPYAOB ['py3MHCKOrO0 TEXHHYECKOTO YHHBEpPCHUTETa sIBIsEeTCS pedepu-
POBaHHBIM MEPUOJNYECKUM H3JAaHMEM, KOTOPOE BBIXOJUT B CBET YETHIPE pa3a B roJ (MEpBbIi
HOMEp BKJItOUaeT nepuoa ¢ lsuBaps no 31 mapra, BTopoit Homep — ¢ 1 anpens no 30 utoHs, TpeTuit
HoMep — ¢ | utosst mo 30 ceHTa0ps u yeTBepThid — ¢ 1 okTa0ps o 31 nexadps).

Ha3znauenne cOOpHHMKAa — COACHCTBHME pAa3BUTUIO HAYK, HOBBIX JIOCTH)KCHHUH YUYEHBIX U
CIEIMAIMCTOB, OTIepaTUBHAs My OIMKAIUs MAaTepUAIOB U Pe3yIbTaTOB UCCIIEIOBAHHIMA.

[IpuHUMAIOTCS CTaThH HA TPY3HUHCKOM, aHTJIMHCKOM U PYCCKOM Si3bIKaX (MyOJUKYIOTCS Ha SI3bIKE
OpUTHHAJA).

ABTOp MOXET IPeACTaBUTh TOJILKO JIBE CTAThU.
g coTpyiHUKOB ['py3MHCKOTO TEXHUYECKOTO YHUBEPCUTETA CTaTbU IyOIMKYIOTCS OECIUIaTHO.

KosnnuecTBO aBTOPOB CTaTbW HE JOJKHO MPEBBIIIATH 3.

B C60pHI/IKe neyaTaroTCad CTaTbH, KaCAalOMUMCCA HOBBIX PC3YJILTATOB I/ICCJIG,Z[OBaHI/Iﬁ 1o
CICOYIOIUM TCOPETUUCCKUM U IPUKITAAHBIM OTPACIIAM:

e CrpoutenbcTBo

e DHepreruka, TeJI€KOMMYHUKALIUN

o ['opHOE neno-reonorus

e XUMHYECKas TCXHOJIOTHA, MCTAJLITYPrus

e ApxuTrekTypa, ypOaHUCTHKA, TU3aWH

o Hudopmaruka, cCTEMBbI yIIpaBICHUS

e TpaHCHOpT, MAIMHOCTPOEHUE

o busnec-urxxeHepuHr

o CoopyxeHus, ClieIUaIbHbIE CUCTEMBI, TH)XEHEPHOE 00€CTICUeHNE

[Tpenyiaraem nopsiiok ohOpMIIEHUS HAYYHBIX CTaTeil:

e OObeMm pabotel ompenensercss Gopmarom Oymaru A4 ¢ uHTepBamoMm 1,5, 5-7 meuaTHBIMU
cTpaHuaMu (moyist = 2¢M), ¢ TIEPEUNUCICHUEM PHCYHKOB, rpadMKOB, TAOJMIl U CIUCKA JIUTE-
paTypbl,

e Crarbs momkHa ObITH BeIMONHEHA B BHUje (aitma DOC (MS-Word), 3anucanHoro Ha JIr000M
MarHUTHOM HOCHUTEJIE;

e JIns1 rpy3MHCKOTO TeKCTa ucnonb3yercs mpudt Acadnusx, paszmep 12;

e Jlyig aHrIUHCKOTO M pycckoro TekctoB — mpudt Times New Roman, pasmep 12;

o B Hayane cTathu JOMHKHA COEPIKATHCA ClEAYyOIIas HH(OpMAaLIUS:

= VJIK (VHuBepcanbHas NeCATUYHAS KIIaCCU(DUKAIINSA);
» damuims, UMs, OTYECTBO aBTOPA/aBTOPOB;
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* Azpec 3JeKTPOHHOMU MOYTHl aBTOPA/aBTOPOB U KOHTAKTHBIN TeedOH;

= Ha3paHue nenapramMeHTa Ha TpeX s3bIKax;

= KirouyeBble clioBa Ha TpexX S3bIKaXx.
B cratbe nmoa3aroiioBkamMu cienyeT BhIISINTh BBEICHUE, OCHOBHYIO YaCTh U 3aKIIOUYCHHUE;
KomnbioTepHblii  BapHaHT PUCYHKOB WM ()OTO JOJDKeH ObITh BbimosiHeH B (opmare TIFF
pacriozHaBanueM 150 dpi;
CraThs JOJDKHA HIMETh PE3OMe Ha TPYy3WHCKOM, aHTJIMHCKOM U PyCCKOM SI3BIKAX;
Cratesi MOKHA OBITH HAMKWCaHA TPAMOTHO, C COOJIIOJICHHEM TEPMHUHOJOTUH, 0€3 CTHIIHC-
TUYECKHUX U TPAMMAaTHYECKHUX OIMINOOK;
ABTOp/aBTOPBI OTBETCTBEH/bI 32 COJIEPKAHUE M KAYECTBO CTATHH.

Jlg nmpencraBiaeHus cTaTbi HEOOXOJUMBI CIIETYIOIINE JOKYMEHTHI:
o JIBe peueHsum;

e Brimmcka u3 mpoTokosia 3aceiaHus OTPACIeBO KOMUCCUU YUCHBIX IKCIIEPTOB (haKyJIbTETa;
e Brinncka u3 mpoTokona ceMuHapa (haKkyJIbTeTa WIK HalpaBIeHUs.
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