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CONEPXAHUE
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Abstract. In order to store meat products for a long period of time, to maintain their quality and safety, meat
producing companies use preservatives and antioxidants, which prove to be quite effective. However, they constitute
some threat for the consumer.

Various types of preservatives are used in meat processing companies in Georgia: “BOMBAL® ASC Super®,
~BAKSOLAN-4", “Standard Conservative”, “Standard Conservative Plus” and others. All of them represent a complex
additive obtained through a chemical synthesis. For example, “BOMBAL ACS SUPER” is a mixture of three chemical
compounds: Sodium Pyrosulphite (E223), Sodium Acetate (E262), and Sodium Citrate (E331). There is a high
probability of causing problems to digestive system, kidneys, and cardiovascular system, as well as allergic reactions
when these conservatives get into a human organism.

Consequently, it is essential to study the possibilities of much safer herbal conservatives usage. It is well known
that many species of plants, such as ginger, rosemary, oregano (Origanum vulgare L), thyme (Thymus), pennyroyal
(Mentha pulegium), garlic and others possess antimicrobial and antioxidant qualities. These plants are wide-spread
in a natural habitat in Georgia and are cultivated in the country as well. As it appears, the use of these herbs as
conservatives in sausage making as well as other meat products will significantly reduce the risk of disease in

customers. We find that a scientific research in this field has a lot of prospect.

Key words: herbal additives; meat products; preservative; safety.
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O¢eKTHBHOCTS KOHCEPBAHTOB, MCIIOIE3yeMbIX B IPOM3BOJICTBE MACOIPOLYKTOB

T'oua YymOypuaze JlemmapraMeHT IHMINEBEIX TEeXHONOTHH, I[Py3sMHCKMII TeXHHYeCKMI YHHMBEPCHUTeT,
Ipysus, 0192 r. Témnucu. Ip. . I'ypamumsuau 17

E-mail: gocha.chumburidze@gmail.com

Penensentsr:
B. I'nursameuimm, mpodeccop dakxyipTeTa arpapHbIX HAYK U WHXeHepuHra 6uocucrem ['TY
E-email: Vasil-gligvashvili@mail.ru
A. Yxyacenu, mpodeccop, nupexrop MHCTUTYTa )KUBOTHOBOZCTBA AIpapHOTO YHUBepcUTeTa ['pysunu

E. email: a.chkuaseli@agruni.ge

Awnnotanus. /|4 yBequaeHNsA CPOKOB XpaHeHHs MACHON IIPOAYKIMY, COXPAHEHN ee Ka4eCcTBa 1 Ge30I1acHOCTH,
IepepabaTsIBatolIyie IPeANPUATHA UCIOIb3YIOT KOHCEPBAHTH M aHTHOKCHUAHTHI, KOTOPBIE JOCTATOYHO 3(hheKTHB-
HBI, HO IIPe/ICTABJIAIOT OIIPe/leIeHHYIO OIIACHOCTH JIJI 3I,0POBEA MOTpebuTeseH.

B Hacrosmee BpeMsf Ha MACOIEpepabaTHIBAIOIIMX NPENUPUATUAX [Py3HHM KCIOIB3YIOTCA Pa3IUdYHBIE BU[BI
KOMILIEKCHBIX KOHCepBaHTOB: «bombai», «Bakconan-4», «Crangapr koHcepBaHT», «CTaHAAPT KOHCEPBAHT ILTIOC» U
Iopyrue. Bce oHM SABIAIOTCS KOMIUIEKCHBIMM HO0aBKaMM U, B OCHOBHOM, IIOJIY4eHBI B Pe3yJIbTaTe XUMHUIECKOTO
cunresa. Hampumep, «BOMBAL ACS SUPER» cocTouT 13 Tpex XMMHUYECKUX COeLUHEHHH, MUIIEBBIX [JOOaBOK:
nupocynbdura Hatpus (E223), aumerara matpusa (E262) u mutpara marpus (E331). Opmako, mpu momaZaHuu B
MUIIeBAPUTEIBHBINA TPAKT UeIOBEKAa, CYLIECTBYyeT BBICOKAA BEPOATHOCTH TOTO, YTO MOXET BBI3BATH IIPOOJIEMSBI C
JKeJTyJOYHO-KUIIeYHbIM TPAKTOM, II0YKaMU U KPOBEHOCHBIMHU COCYZaMHU, a TAKKe aJIeprudecKue peakluy U T. [.

Ha ocHOBaHWMM BBHINIEM3IOKEHHOTO, BA)KHO OIIPE/IIUTh BO3MOXXHOCTH HCIIONIB30BAHUSA A DTOH Iexu Goiee
6e30IIaCHBIX MUINEBBIX JOOABOK PACTHTENIBHOTO IIPOUCXOXAeHHs. VI3BeCTHO, YTO aHTUMUKPOOHBIMU U aHTHOKCH-
ITAHTHBIMU CBOMCTBaMM 06JIaZialoT BO3ZeJbIBaeMble X IIMPOKO PACIpOCTpaHEHHbIe B Ipupofe ['pysuu MHOrHe
pacTeHus, HalpuMep: HUMOUPH, PO3MApHUH, THUMBSH, MATa JIyropas, ZAyuniia, decHoK u zp. [lo-Bupumomy,
HCIIO/NB30BaHUE STHX PACTEHUH B KaueCTBe KOHCEPBAHTOB I[P IIPOU3BOACTBE KOJIOACHBIX U3/eIUM U SPYTUX MACHBIX
IIPOAYKTOB, 3HAYUTEIBHO CHU3MIO OBl PUCK HEKOTOPBIX 3aboseBaHuil y morpebuteneil. C sTOH TOYKM 3peHUL

IIpOBEAEHYE HAyTHBIX I/ICCJIE,ELOBHHI/II;I B OTOM HAIIPABJIEHUY CYWTA€M BeCbMa II€PCIIEKTHUBHBIM.

KJIIO‘-IeBBIe CJIOBa: 6630HaCHOCTL; KOHCEPBAHTHI; MACOIIPOAYKTDI; TPABAHBIE ,IL0621BKI/I.

356boemnzol mstowo 24.11.2020
d90mbzerol ostoeo 25.11.2020
b9emdefigtoemos osbsdg s 29.03.2021
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To the Issue of Editing the New Technical Terminology

Liana Sutidze Department of Building Machines, Georgian Technical University, Georgia, 0160,
Thilisi, 68* M. Kostava str.E-mail: Lsutidze@gtu.ge
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L. Karosanidze, Head of the Department, Scientific Terminology and Translation Dictionaries of the Institute of
Linguistics named after Arn. Chikobava, TSU
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M. Osadze, Researcher, Head of the Department, Scientific Terminology and Translation Dictionaries of the
Institute of Linguistics named after Arn. Chikobava, TSU

E-mail: marineosadze@mail.ru

Abstract. Georgian technical terminology (Georgian-Russian and Russian-Georgian parts of it) became obsolete
long ago and cannot correspond to the modern demands. This terminology needs not only to renew but change
structurally.

The growing progress of modern communication and information technologies demands updating of the
scientific terminology in general and of the technical terminology particularly.

It is obvious that foreign terms took their place not only in speech but in the scientific literature as well. The
examples of terminology using which we meet in our everyday life, especially when reading or listening to the ads,
are absolutely unacceptable. For example, the ads propose us to restore so called rulevoi — from the Russian pyzs
(steering wheel); they also suggest the grids against grokhot — that is rpoxor in Russian (clatter) and so on; as usual,
technical terms in ads are always given in Russian, sometimes in some other languages, but almost nobody uses
Georgian technical terms. Unfortunately, sometimes already existed terminology also favors using untranslated terms
such as: bremsbergi (bremsberg — cross entry); versori (versor- a unit length), lafeti (lafet — gun carriage) and many
others. True, it is impossible to translate all of the foreign terms always and only in Georgian. Some of such terms
may be included in the new technical terminology unchanged, without translation. It is especially conditioned by

the fact that nowadays a huge stream of the foreign terms floods the Georgian language.
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If we want the term and its function be easy to understand and use, then the new technical terminology should
be arranged in the form of the explanatory dictionary without so called headwords; this will enable us to avoid
diverse interpretations of the terms in the technical literature and manuals.

We suggest here some faults found in the existed terminology which are absolutely necessary to improve during
editorial work.

Many terms need to refine: not oa®obgdso (crooking) but amgbso (crookable); ofj3gds0 — {35000 (burning
— burnable) and some others.

Synonymic terms should be used without non-Georgian corresponding words: for example, we meet in the
technical terminological dictionaries such pairs as: 93530 — 3565¢s (a wardrobe — in Russian and in Georgian);
mx396M0 — ddomero (a driver); dmgg®o — dgdobozmbo (driver-mechanic); gmo0d9MH0 — LozsfGgwo (scriber).

Besides that, some terms which denote the notions which we classify as visible and invisible should merge, e.g.
®gMdo (axis) - Axis can be a part of a car, an eye, also axis of symmetry, of coordinates and so on; also s®bo (channel)
— it can be in melioration, in television and so on.

Some obsolete terms should be extracted from terminological dictionaries, such as: Gen3sosampaBouHas KOIOHKa
(Rus.) - 396%060L Bobislbdgero Lgg@o // 396%Bobol Bolisllbdgaro; there must be 396%0bysLsds@mo (Petrol station).

Key words: terminology; terminological dictionaries; technical terminology; translation.
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K Bompocy pezakTupoBaHus HOBOTO CI0BapS TEXHHYECKOH TEPMHHOIOTUN

Jlnana CyTtupze JlemapTaMeHT CTPOMTEIBHBIX MAIIWH, |[PY3MHCKHH TeXHUYECKHIl YHUBEPCHUTET,
I'pysus, 0160, T6unucu, M. Kocrasa 68°
E-mail: 1.sutidze@gtu.ge

PeriensenTsr:

JI. Kapocaumuzse, pyKoBOAUTeNb OTZeNa HAyYHOH TEPMUHOJOTHMM U IlepeBOAYeCKuX cyoBapeit VHcTuTyTa
A3bIKO3HAaHUA UM. ApH. Ynko6aBa TOMIICCKOTO TOCYapPCTBEHHOTO YHUBEPCHUTETA

E-mail: L.Karosanidze@gmail.com

M. Ocapze, HayuHBIH COTPYZHUK, 3aBeIYIOUIUI OT[ie/IOM HAyYHOH TEPMUHOJIOTUU U IepeBOAYECKUX CIOBapei
WHcruTyTa a3pikosHaHuA uM. ApH. Yuko6aBa TOUIMCCKOTO TOCYapCTBEHHOTO YHUBEPCUTETA

E-mail: marineosadze@mail.ru

AnHorarua. [pysuHCKas TexHWYeCKas TEPMHHOJNIOTWA JABHO yXK€ YCTapeaa W HEe OTBEYaeT COBPEMEHHBIM
tpeboBanuAM. OHa TpeGyeT He TOJIBKO BO30OHOBJIEHNUS, HO ¥ CTPYKTYPHOT'O U3MEHEHU .

YCKOpeHHBIM TeXHHUYECKUI IIPOrpecc HOBEMIINX KOMMYHHMKAI[MOHHBIX M WH(OPMAILMOHHBIX TEXHOJIOTHU
TpeGyeT OGHOBJIEHUS BCell HayYHOM TEPMUHOJIOTHH U, B YACTHOCTH, TEXHUYIECKOM TEPMIHOJIOTHH.

VIHOCTpaHHBIe TepMUHBI IIMPOKO BHEAPSIOTCS He TOJIBKO B YCTHOI pedH, HO U B Hay4HOi1 uTeparype. OcobeHHO
TPElINT peKJaMHas CIyX0a, 4eMy CIIOCOOCTBYeT caMa CYILIECTBYIOLIas TeXHWYeCKas TEPMHHOJOTHS B KOTOPOM
BCTPeYaloTCs OYeHb MHOTHE HellepeBeJeHHbIe TEPMUHbI, KaK HallpuMep: OpeMcOepr, BepIl, Bepcop, 1adeT, meTapaa,
pym6oproH u zp. Pasymeercs, TpymHO pasoparbcs M HOOHTBCS II€peBOJia BCEX HOBBIX TEPMHHOB, HANTH COOT-
BETCTBYIOIIVE FM HOBBIE.

Ecnn xorum, 4TOGBI TEPMUH U €r0 (PyHKIHS ObLIM IOHSTHBI BCEM, TO HOBYIO TEXHUYECKYIO TEPMUHOJIOTHIO
HY)XHO IIOCTPOUTD B BUZI€ TOJKOBOTO CJIOBapsi 0e3 BCIKHUX T.H. THe3Z. JTO JACT BO3MOXKHOCTD U30eXKaTh HONafaHIe
110 pasHOMY HHTEpIPETHPOBAHHBIX TEPMUHOB B TEXHUYECKOH TUTEpaType U yIeOHUKAX.

B cratse IIpenjaraeTcAa IepeveHb HEKOTOPBIX TEPMHUHOB, IIOAJIEKAIINX YTOYHEHNIO ¥ Pa3MEXXEBAHUIO.

KJIIO‘IeBBIe CJIOBA: THOCTPAaHHbIE TEPMHUHBI; CJIOBAPbh; TEXHUYECKAA TEPMUHOJIOTUA; TEPMUHOJIOTHA.

356boenzol mstowo 16.09.2020
d90cmbzemol ostowo 28.09.2020
bgerdmfgeoemos sbsdg s 29.03.2021
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5060900, ATLAS-ob 9Ju39M0096@0L d0dobs-
900l BMbo399900 J000Mgds gMmo dbMog Mgogovy-
60 9du39Mm0d963H 06, bmwm dgmeg dbGmog dmg-
woMgdol 3OHm3gLosh (Data vs. MC). Hmymés do-
0900 8mbo399900L sbogroBbo sB3969dL, ATLAS-ob
©93HJEHMOHOL  Dmaoghom  Mgyuombldo  gojdboMgds
Data vs. MC 3m®0ob bbgomds. bbgomds 8g0dangds ao0m-
§39@0 0gmb bgsslibgs 3obgBom, Mmdgeoms dm-
6ol gOH»-9mH 0 bLoIMES30580 Fodmygbgdmwo dgm-
393H®090 s0fig®qd0L “BMLEHMdYOO0S.

CERN-0L 39m39@®0mwmo 90ngaeo®gdol 3Ohmy-
450900 ©sx3d6gdM0s B3gE0SWIMHO 3OIMYMSTMEO
MHgbyOLoL — Geant-4-ob 25dmygbgdaty, M®IgEos
M6390wYgmxl BoHozMo 3OHm39L9d0L dmEgEro-
6903l [4]. sdobomzgol Geant4-b bFoMqds ATLAS-ob

©93HIEHMMOL 3gMmIgEHOowo s©fgdgdo. ATLAS-ob
©9GIIO™H0, Bb30nO0 ©boBEIEIdOL Jobye-
300, OYMBO0s 3JBH0WG o 35L0M 30mI3MbgbE)-
050. 5JBH0wMH0s ol 3mI3MbgbEJo0, MMIgdoE wdv)-
0@  dmbsfoegmdgb  boffoarszgool  ogodliomg-
0500. Y439 BsMBYbo 3m33Mbg6E0 B0l dslorMo.
3dBHoMEO s 35L0EOO 30003MmbgbEHGOOL gqmBgEHHOvY)-
o dmEywo®gdolsmzgol CERN-o 0ggbgdl ULbgs-
©olBZs 3MIMAMTM Lodrsegdsl. 0dolomzgol, Hma
Geant4-bomzgol dofirmade 0odbgl 4gmdgGHmowo
30PgMgool gMmosbo gm®mds@o, sdmoygbgds Geo-
Model-o [5]. GeoModel-0 50l g9mdgEHGHOMEwo 360-

90303900l 30dWOM™Y35, HMIYEoE 0dwg3s IGII-
GMOHOL 39mIgEHM09d0L s©HgHOL Lodmowqdsl [6].

Geo2G4

|
VP1 GeoModel 1|~ Mrlos :
|| GeoModel |
: Calo |
T o —, || GeoModel I
AGDD2Geo | '
ID |
T I GeoModel |
| ‘ | A\ |
)] | :
| e
_d i L___dpoate godintaboato |
Smarteam CDD

by, 2. 9010g0M9dOl 3EodBm®ads
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©939JBHMO0L 35b0M0 3033mbgbEHIOOL doMHoos-
©0 Bsfoawo smofjgmgds AGDD/XML 36ma6sdoeo
960b Lodmoggdom, Hmdgwog 99ddbowos bdgEosw -
o ATLAS-0b 9du3g60dgb@olsmgzol. AGDD/XML-do
5ffg00s @IGIIO™OOL Org@OE LdsbHogs, 39
60Eb30m0 35M1599BHMJO0 (MMAMO0OEss LogMdg, Logs-
69, LoTowg, M5EOMLO s 5.9.). 50B0d6MEO sEfgmg-
00 AGDD2Geo 3mb396HGHMmOH0L 158¢15¢09000 25050l
GeoModel-do.

39BH0oM0o 3m33mb76Egd0LS s LgM3zoLYdOL (3sL0w-
60 3m33mb96G900) 3oM339w9wo bsfoerol Lgdsb@ogs
sefighowos GeoModel-do, bmwm Hogbzomo 3s6rs-
9946900, AGDD/XML-256  0blbgoggd0m, 0bsbgds
ORACLE-0b 9tbs390095 35%530. bodmermm, ©9é9d-
AMO0L g9m3gEHOH0MEo 50fgMgd0 o3l 0yMol Geo-
Model-8o, ®Hmdgerog Geo2G4 30b39MGHMMOL badwys-
@300  25o©ol  Geant4-do. bgdmo  sefigHowo
30mEgbol JsMm3s bmGEogwgds Athena-l 3GOMyMs-
9990 3539F0L LodroEgdom, Hmdgwog 09gbgdl b3g-
BOSE SEAMOHO0TOL.

Lodo®mggeml 39dbozm®o »bogg®lo@g@ol dom-
0370 0b7063Mm00l 396&H®oL Joge ©sdMdsgs dg-
0MEO, HMIJ0o3 ©53v9dbgdmE0s LsobgobMm 3Mmy-
60> CATIA-L 909mygbgdaty [7]. dgomeol Lsdws-
©@9g00m 25bbmM309w©s AGDD/XML g9mdg@®ormeo
30H9mgd0L  gJLdmME0 IMYXP0MHYOOL 35393000
5 3500 CATIA-U bodmoegdoo dgbfogars. 99099,
doMomo@ dgdmbgggzsdo, swdmbgboen odbs dmgaro-
M900L 353939000 sMLYIME s MY YH  JgMIE)-
60 8mYEgdl Mol bbgomds, Mg 0s30l dbMog
2939b5L sbgbl Data vs. MC Lbgomdsby.
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653 9995905 GeoModel/Oracle g9m9EHMm0owe sffg-
90, 5070 565 0BO 59 OMAY 5O F939MJOIs. Tg-
Lsdsdolo, GeoModel/Oracle aqmdgGMomwo sefgcg-
0oL 965¢oBol dgomEol  ©sFMTo390s 5GP MO

50m(39699.

doMomsEO bsfjoero

1. a9m3g@HGovrmmo 3b6seoBbols dgomeols
50mPo3905
390209@®0v90 565¢0Bo Folibdmdl dmgeo-

6900l 353939000 56O 4gmIgEHOMEo SefgMg-
d0ls s CERN-0b boobgob®m dmbsggdoms dsHsdo 49b-

05359010, Y MOHO EIAIIGMOOL Tglsdsdolo, ls-
065066 dmgeol dsbigdol  MO@POIOHTIIOIO.
OHMmO3 3bmdowos bbgmeol dobs go8mom3¢gds
R0OIMWo0 M=v*p, Loz m sGob Lbgerol dsbs, v—
F3wEmds, bogrm p (Om) — dobo Lodzgzmogy [8]. dqbs-
0500b5Q, YMHN0YM01d)EMGOOLIMZ0L Mbs Imzo3m-
3000 0683mOT5305 3gMmIgG©HoEo ImEaErgdol dobs-
@ob dgbobgd, 3s9mygbgdwyeo dslogrgdol gomzowol-
§obgdom olbobo Mbs s0yml J393¢33mbgbEgdsc,
00MMYMwo §393330696@F 030l bos ©oy0b-
b ImEMEMdS s 9©0bodbmmo 0bgm®dsiool bs-
9509800 b 298M30035¢Mo dobs. ATLAS-0b ©9-
399BHMM0L 30003mbgbBHgdoL GeoModel-do s©fgMolbols
3ol gobomogligdgh 309M0L goMlido, o3 3Mm33mbgbRL
135602536 ©9gBH0Do30L s F9dwgdgenl bol
dobo 3oL 25TMMZERsL. gLsdsdobo, LoFoMms 3ma-
306963 9g00Lsb 35960 g5MLOL BmAmMMYdS.
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byy6. 3. 303mBgBBHId0 359M0L asGBLO

by, 4. 303306963900 35960b oMol 456989

GeoModel/

ATHENA
Oracle

JobOption
(-py)

GDML

Modifica

Modified

Geant4 GDML

©99m0o 043w0Esb Qo8mdEobstg dgmmeobl bs-
329090000 dglodengdgero vbs ogmb:

L. 3m33mbgbEol sdws §393m33mbgbEHJds® do0m-
496999900 dobogngdol smzowolifjobgdoo;

II. 8cm@gEomgdols 353989030 SO0 9mdgd-
0o 50f9MHgd0L Fobsemgdols sgbs;

II1. 3m33mbybGHgdbY 359600l oGl dMBmMEdS .

Rodmmzomo  300@gM03gool  gemzaobijoby-
00m, 3900OL 53853900l 30039 93Dy, dg0ddbs
139(305¢MOO 3000Mb Boogro (JobOption.py), GmIgerog
Athena-U s{3c00L 0bbEHMJ3090L. 506086 gsowwdo
00000mgdweos 08 3md3mbgbEgool Lsbgergdo, Gmad-
ol 9Ju3mOG0E 330bs GeoModel-sb. JobOprion.py
33000 30050Mmogb ATHENA-U o {30l dglisdsdols
0bLbEOMJ3090L. ATHENA 030l db6og 13538060090
GeoModel/Oracle-Us s 39m9GMoo sefjg®ol GDML
3300l Lobood BsdmEHZ0M053L of swfigdowo ATLAS-ob
©939JH™M0L 00 30093mBgbEL, HMTgeroE docom oY)
@0 0ym JobOprion.py gsogwdo.
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000l 25035wobfjobgdom, Hmd Igomm©o Mbos 93-
0ogmxz30wgdgl Bgdmom Bsdmmgwow 3Mo@)Movy)-
390L, gobbmME0gwEs 3596MH0L 3gmdgEHMogdol ©sd-
@ob, 95Loegdol AsBLLBEZMOL s 35960l QoMLOL
98mmgd0L 3 dgboderm 356MH0sbEHOL BHILEHMYdS o
0000MJME0 BP0 OIOOMO/SOYMBOMO Tbo-
$9900L Bodmyseodgds:

396036GH0 1. JobOption.py gsogol 9m@ogoso-
6905 0bg, ™I F0gOoOML STMbS®gdo 3m33mbybE ol
365 0560 565§ymdob, 5653900 J39565594mdgdoL Lo-
bgargdo.

50 aboom GeoModel-sb 9gmdgEHMomwo owfg-
®900L 9Ju3MOEOL IGO0 TbsMYy SGHOL FMTomdols
LOToMH039, MY LoFoMms Fbmeme JobOption.py
33500l 3EOGOEOMYds. Fgbsdsdols, s0bodbmwo
35605630 Imombmgl 330609 OHMOL sbsbotx .

MoMYMBomno Fbsggdos:

¢ qJu3mOG0MIMOo 30033mB36¢0 39BmsgLgdw-
05 39600 (03563905 LodMmEIMM 3MBOEFOM-
BoMgds) o 535LMsb539 WBIMME0s 3596M0L
290Lom. 359600 oMLl IMLETMMIdWs© boFo-
M5 5353HIO00 0FIMSF0S.
965Hgmod0lL 4393033mbgbEHFdOL Loboo gJudmm-
Aol 890mbgg35d0, bgds dbmeme ghmo J39-
30036363 0L gu3mEE0, MMIgaerog Jobmagly-
005 395@®00. 0vy. 00 dgdmbggzsdo, GMmY-
Lo 965gmddo go9mygbgdwgenos Moo s 03039
3003mbgbGHo 6-x9M, bpgds Tbmwmo goHmo
Fom960L 9JU3MMEO. BMBIBO 5 30 0356gds.
299099693990 Toborgdol goa9ds G9o9dangdg-
@05. 530LomMz0L LoFoMmMs sToEJO0MO Lodv-
35m9d0b Bootgds
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39605630 I1. 3D max-ob 25dmygbgds — se0bodbmwo
39obbdmdl  Igomol  4s8mygbgdom dowgdmwo
3M033mbgbEHOL dg@Esbsls 3D max-do s adwgdsggdsb.

50 oo GeoModel-ob g9mdgE®omwo s@figmg-
00l gdl3mMEGH0OL IO TbsMY 5HOL 39Tsmdol Lo-
0503039, Y90 dTboMgdgeol F+9dsmds MfHggL bd-
296BmB0omgd0sb 3gmIg@Hoe ImEgwmsb s dgmd-
@05 Jobo BMEOR0EOMYds (Tsy. 359M0L 2oMLOL dm-
FHg05, IS s 5.9.). Gglsdsdobo, dmombmgl dg-
3 35610563256 890569000 F306MHg EOHMOL BIBIOKL.

3D Max

9O

by, 6. 3D Max-ols g59myg69d00m mdogdBgdol
§965330900l Asg5e0mo

Msygmzomo dbsmygdos:
e 0{393L6 ™d0gdEgdol s3@MBoEnH 3mBogombo-
905 — 3595Y0G05/3gdMdONMBIDS [L©.6].
Toloengdol goagds dgwydengdgaros. sdobsmgzgol
Lo FoMms 05370000 LodToml Bo@oMgds.

39560560 1II. GDML ®s0¢nol 8m@ognoz00985
— OMymO3 HBgdmo s0obodbs, JobOprion.py gso-
@ob bsdgowgdom HoMmImgdl dmEoMgdols
353990036 39mdgHOono sefjgOgdol gdu-
300G GDML-350¢0b bsboo. 0dosb ¢s9ma-
006567, ®™M3 dogdwo GDML gsowo 9du-

GO0 Bo00d, dglsdengdgeros dobo dmogo-
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306405 Bgdmo s0bodbrero 3HoE M0Igdol
F9l005d0Ls. 58 3HBom gMdgEHMOEO SOf9Mg-
00l 9Ju3MOEHOL IO bty SGOL:
L503gEMMdS — 59tm0Yy96gds Fbmenm ol 3Gmy-
45099000 35393500, Mmdgalisg CERN-0 0g4gbgdl
LodOE00L 58MEBIdOL TLoliE¥YEGdESW;
F9l0dgd9wos 3083mbg6EHdOL @sdws bgdol-
3096 ©mbyby;
F9l0dgd9w0s 35960L oMLOL INTMEYDS;
F9lodgdgwos gsdmyqbgdmeo dslisengdols 8-
Lobgd LOwEo 0bRMmEMIszool dowgds.
295692020000 Fbs(399805:
¢ GDML ®50@ol biS®mvJ@mmosb 258mdobs-
69, 35Ldo Q9633935 SMOL CMWO, MSE 393~
FoMqdw905 OO EOHMOL obsJIMYB;
¢  GDML 3500l 6070 BEGHOJEHIOH0D go-
9m00bsMy, 5MHOL 5053056vM0 (3MmToEgdols
RdgGHMOo0.

296b0mo 356MH05BEHIO0B, sJO0O S WO~
94mxzomo 030190900l gom3zseolfjobgdom, Yzgewsby

33 00s¢rMo© dohbgmar 0dbs GDML gsogrol dmeo-
3030Mg0s [bwy. 5.]. Fgbodsdobo, dgmm@ol odmds-
39%0L 898930 93930 39olbdmdl dowgdmwo GDML
53000l 3mEOgBoEoMYdL. sdol 9909y, dmEOxOEO-
M9d9o GDML gsoeo dogfim@gds Geant4-b, boog
bgds GDML 3500l 3mb6396M¢)9305 Wil gs0ws. bo-
MM, omgdmwo .wrl gsogo 990dwgds dg@obogn
0969 CATIA-80 sbsgroBolismgzob.

2. 9900m©OL 53OHMBS(305

0509935390100 AgmMmEOol 59mygbgdoo gobbmm-
309> GeoModel-8o sMLgdmwo ATLAS-ob gd9gd-
AMMoL 9O»-90m0 30033mbg6EHOL — FHddmL (Pump)
999mfjdgds. sdmEobols dobobo ool 0dol sygbo,
) 65009bs dggbsdsdgds GeoModel-8o s®LYdEO
GNMOdML 3gmIgBMoneo sofigms ATLAS-ob ©g®gd-
GMob Jgbodsdol 3gmAgEH®osl. s90Lom3z0L Bod Mo
05000 905093000 565¢0B 0o, M3 FmEwolbImdlL dgm-
39@HM0900L oboms MMPOYMHMTGEIMYGOS.

by, 7. ATLAS-ob ©©93gddmdol @vmodm
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390056090000 5bseobol oMz gBs3bY gobo-
LobEz®s ATLAS-0b ©9GgJB™OOL GHvddmls dobs. ds-
Lol 2odmbom3zmgEs© ©sR0bs GHMAdmL dm3v)-
@mds s 103336039 [8]. s0bodbmEo 0bRMMIs30s
3©YOME0S dOMMZMEo 0b70bgMmool (396GHMOL doge
900-96000 360MmYIEHOL BoMygddo Ro@oMgdmwo bo-
09050903005b. MmO E 50IMRbs, Gvddml dmavy-
@Mds 560U 0,02744 33 @5 ©s9Ds©gdm@os 9563530

Reoobogsb (Stainless Steel 304), HmIol bodzz-
60395 8000 3p/0%. 0m3m390w9o 0bxzmMIsgool Lo-
03Mdz9wbHg ©oEA0bEs BHvIdML oo, HMIgEos
GMos 219,5 33-0b.

990056090000 9Bs¢groBol ImIg3bm g@s3bg gob-
bmOE309©s, 5305390990 dgonm©ol gsdmygbyg-
00m, GeoModel-sb EmAdmL Tglsdsdobo  gmdgd-
600 50figmgdolL gdudmmEo GDML gsowol bsboo.

1. Base Envelope

2. Bridge Envelope

3. Base

by6. 8. GeoModel-do s6Gsgdwmo Bddmb Jgbisdsdobo ggmdgE®Hommo swfgHndo

0Josb 50mdobstyg, Mmd ATLAS-ob ©g®9d-
&ML Gmddm GeoModel-do {o0dmagbowos 3 Jo®-
3030 3600303030l Lsbom, Gog GoHoIMGMs© LEW)-
WO0O®  2oblbgaggdmmos  MgoerEmobysh, dmbos
GDML gsool 9m©ogo3o®gds ©s Lsdogg 3mao-
3mbgbBOL 39e-30e3g 3b39HGo30s wrl gsows
00000936m 9Bs3Bg obbmOEogwEs .wrl gsoggdols
d9®obs CATIA-80 @5 FmEwemdgdoly omgs. s3sL-
056 900, 3m33mbybEJdOL Foboerols s bodzz-

6030l Jgbobgd 0bxm®Ts30s IM3m3zgdwyeos GDML
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33500 56. 00O 0bxgm®MTs300L bogwdzguwby
30 QQIMZOEI0S MOMMIY0 3nI3MbgbE oL dobs.

05500mo, 89-9 LE-Bg dmEgdnwo GHMAdML
9O®-ghmo 303369630l — Base Plate dsliogns 5ol
s¢0dobo, dobo bodzgmoggs 2,7 /Ld® = 2700 3p/0°
03 CATIA-Go Bo@o0gdmeds sboeo®ds shgabs,
dobo dmEwemdss 0.0027 83. dglsdsdobo, Base Plate -
ol dsbs seols:
m=v * p=0.0027 3 * 2700 33/3%=7.29 33.
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<volume name="LArMQLoslAr: -DM:-BasePlatesOx3bf89e60">

<materialref ref:l”lﬁ\luminiumOXBaCJZ5960”
<solidref refs4LAr::DM::BasePlatesOx

12300" />]

<material zZ="13" name:IAluminium0x3a925960”|state:"solid">

<T unit="K" value="293.15"/>
<MEE unit="eV" value="166"/>
<D unitd"g/cm3" value="2.7"/}
<atom unit="g/mole” value="26.9815"/>

</material>

by6. 9. BmIdML 36myMsdEo 3mEol BMsydgbdo (GDML)

3bMoo
&NMBdMUL 3003663 dOL 5b5¢coBol Gggao
ATLAS-0ob ©3g39d&m®molb Godm (Ggowmwymo)
Lobgaro Jobogmo bod33Mm039 (33/9%) I3weemds (9%) 0oL (39-)
GModm 5969530 RO 8000 0.02744 219.5
GeoModel-8o sGlsgdwao Grddem
Lobgaro Jobogmo bod33Mm039 (33/9%) Ic3weemds (9%) 0oL (39-)
bbgomds (3):
BaseEnvelope LArServices8 350 0.06704 23.46
180.8
BridgeEnvelope LArServices8 350 0.02278 7.97
BasePlate sgrydobo 2700 0.0027 7.29
Lyge: 38.7

B99mm  s0fgMowol  AAs3LO©  FITMMILIOWOS
Lbgs 3md3mbgb@gools doligdo (ob. gbGowo), d90g-

2905 §mbol  4oblbgoggdols, sw0dmbbs, ®Mmd
GeoModel-d0 sMbgdveo  GMadmb  gqmdg@©HovEo

390, GeoModel-80 s®LgdMo GHMIdML 29m39GHM0-  s0fgMs BoB0IMMI© LOWOosE bLblsgwYds B1gs-

@0 50fgMgdol dobsd Ggoy0bs 38.72 33, Mo 180,8 33-  cov®obogsb. GeoModel-80 sMLgdEo GHwyddml dm-

oo bo3wgdos ATLAS-ob ©9dHgd@™®mol dglodsdol  3memds =3.3 xgM 99305 Ggow®by. dgbsdsdobo,

239M39EM05DY.

&NMBdML LodYsEool 3539330 MF0MIZL MBREGM ©O-
QO BoMMNMBO, 3000609 Lobsdz0wmgdo.
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o333 0PgMgoo o6 gqLodsdgds ATLAS-ob 9@ gd@meob
1. 39m39EH0mo 50fgmols §ogombgol dgmmeols  BgLsdsdol 3gmBgBHOosl.
05093537050 FgbodegdgEo gobos Bo@stogl GeoMo- 3. 8sbob FgaMgdoMs Borobd> sBz9bs 180,8 -
del -8o sGgdrI0 39mIgEHOro s0ffgMol sbogobo.  30W®0s60 bbgsmds ATLAS-0l ©@y&gdd™eol (Go-
2. ATLAS-0l ©93ddmcol Goddml sbsaobds 00U 3gmdghHosbs s GeoModel ggm3yBOore s@ffy-
B39, ®md GeoModel-8o sGlsgd«ymo aqgmdg@Gommo  ®JOL Fmdob.
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Abstract. Simulation of physical processes is ongoing together with ATLAS Experiment at European
Organization for Nuclear research (CERN). As a result, data are obtained from real experiment (data) and simulation
(MC), which is different for some areas of the ATLAS detector. The reason of differences could be geometrical
description existed in simulation software packages, therefore their investigation is required. Geometric descriptions
of the ATLAS detector are stored in AGDD / XML and GeoModel / Oracle. The main part of the geometric
descriptions of AGDD / XML has been studied by the Nuclear Engineering Center of the Georgian Technical
University and significant inaccuracies have been identified. GeoModel / Oracle geometric descriptions are not
investigated so far. Therefore, a special method has been developed in order to investigate geometric descriptions
existed in GeoModel / Oracle. The method has been tested using comparative analyses of pump which is part of

ATLAS detector.
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Pa3pabGoTka MeTO/ja reOMETPUIEeCKOTO aHA/IN3a aKTUBHEIX KOMIIOHEHTOB AeTekTopa ATLAS
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Amnnortanusa. B Esponeiickoii opranusanuu spepusix uccaegosanuil (CERN) coBMecTHO ¢ TeKymuM sKcmepu-
merToM ATLAS ocymectBiasgerca MogmenupoBaHMe OQU3MYECKHX IIPOLleCCOB. B pesynbrare, u3 peasbHOTO
akcnepuMenTa (Data) u u3 sxcrepumenTa Mogenuposanzoro (MC) moxy4aiorcsa JaHHBIE, KOTOPbIe He COBIAZAIOT B
HeKOTOpbIx obsacTax gerektopa ATLAS. PasHuma MoxeT OBITH CBf3aHA C TeOMETPHYECKMMHU IIapaMeTpaMu
ZeTEeKTOPOB, KOTOPhIe COZEpPKATCsA B MaKeTax MOJAENIMPOBAHUA, TOITOMY HEOOXOZMMO MCCIenoBaTh uX. [lo GyHK-
nuoHaIbHOMY HazHaueHHIo ATLAS merexTop mompaszgesnfeTcsa Ha aKkTUBHbIE U IIACCUBHEBIE KOMIIOHEHThI. OCHOBHBIE
YaCTH HAaCCUBHBIX KOMIIOHEHTOB B IIAKETAaX MOJEJMPOBAHUA YyXKe OBLIH U3ydYeHBI LeHTPOM ANEPHON HHKeHEpUU
I'py3sMHCKOTO TeXHHYECKOTO YHUBEpCHTeTa M OBIIM OGHApyXeHbl 3HAUYHTENbHBIE HETOYHOCTH. UTO KacaeTcs
aKTUBHBIX KOMIIOHEHTOB, TO OHHU IO CHUX IIOp He MCCIeIOBaHBL. JII9 M3ydyeHUA aKTUBHBIX KOMIIOHEHTOB OBLI
Pa3paboTaH CIeluaIbHbIIA METO, IIPU IIOMOIIY KOTOPOTO IIPOBOAMIICS CPaBHUTEIBHbIH aHAIN3 OJHOTO U3 aKTUBHBIX

xomioHeHTOB feTektopa ATLAS - Hacoca. B pesynbTaTe 06HapyXUI0Ch 3HAYUTETbHBIE HETOUHOCTH.

KnroueBbie CiI0Ba: AKTHBHBIE KOMIOHEHTHI; leomerpwueckue ommcanus; Jerextop; Mogenruposanue;

cummyanus gerekrapa ATLAS; CERN; GeoModel.
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35130) o 8B7dM0309, 3859MBOEEIL dobo Lw®-
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3. boHyobolidgwos 303 ghmo 139E0R03MO
909630 — 3903)9dbmEmy0qdol Logbol (Lagbgdobl)
@9dBHMOL  dowosh  b3oMo, 0omddol  ymgzgen
LgdgbBH®do ImYH93L LobgEddmgzsbgarmdo sMogHO
(33w0gdol 893sbs, 89@03, gbadergdgeos (s bo-
L®390Ess!) gl bEIdMEIL Ygm3ge 393eobgm-
059, 046905 030 Logrgdom, 36dEH03MWo M¥) Wo-
0MOSGMOO0o Lobob. oGmnwss, bdoMos dgdmb-
333% ®M©QLsE LAYWIEAL YosEIds 3NBINIGH IO
d930mbgs: M0 99l doz00gdm, vy JmEgdMe
50m356580 93039bm 585 034 00 Lobob (33e0Egdl?*
Lobgrddmgsbgem Lsdmowgdsl vbs a35dwg3wIL,
LYo IMPOB03E0d 505 FBMMWME FoMEH035 96~
bmMEogwEgl, oMsdg  bsFommgdol dgdmbggzsdo
053035bbM3OM®  3MMHYJGH0MHJOIMO Gsogol Lsbo-
053, 05360  gmgwom, Omd gl (33WoEgdgdo
0093565© b 256bMOE0gwEL, HMT 56 I0MO-
396 98mEsbgdolL LoFoMm Msbsd0dIzMMds s 5ol
3590 ol 505RYB© 96 R3F0MEIL BoOWGdOLm-
30l Lobgegdol 4oscmJdgzs. 50 dobbol dobomfigzoo
mbs0b Lobgrddm3zsbgerml  ©sd3MMgd@gdeolsom-
30U 30d@y30m 8939y M939bs3ogob:

5. 30639 MO0, Bo0mgdoL Lobgergdolsly «b-
5 35803094gbmm 09MHMJomwo bEHMJGWOS, oyo-
WOMOQ, 593500 LobolL (M39s3L BGMLRIB6GHO ™b-

@506 LobgEddMgs69wMsb):
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J5_01
J5.02
J5_03
J5.03_1
J5._04
J5.05
J5.05_1
J5_06
J5.07
J5_08
J5.08_1

0. 850900l ool Bgdmm Imygzsbowr BMLAINBEG-
o, HmEILsE LsFoOME Rsg3mM3E0m 535 0¥ 00 Goo-
ol dmogx030MgdsL Bggbo (56 LEvIbE L) Ms0dy
IbobOJOoL Fglodmfdgdes, 3sbgbo 53 gsowol
3M30609d5L. M39Mo30eo LobEgds 3m3oMmgdom do-

©OM Bool, B5400ms, JS_03-b, o3EHMTodvy-
65 56093l sbogn - JS_03 - Copy Lobgawl. i3s0edo

LSsFOOM (33¢00gdgdoL Fg@sbol 9909y,  0gMe-

Josdo dobomzgol Tglododolo 50Ol  lis3s39d-

s, 951 Mbs Fg3mE3swmm Lsbgwo, dm3gdmen
d9dmbggzsdo o3sMg3sm JS_03_02. g39gmws 58 8sbo-

37@s300L 8ggpd@ bgws BOHdgbdo 1339 Sbgmo
Loboo foMdmaz090s:

Js_01
Js_02
JS_03
15031
JS_03_2
JS_04
JS_05
J5_05_1
JS_06
IS_07
JS_08
J5_08_1
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@ME 535 099 00 b5339000L o380 (vydss, (3boO..
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99-0009 BOmM3L (sLgm dgdmbggzsdo Losdo gso-
@900l 565008g30MMds 56 IOMM3I35), 0L,
LogLgdom Jobowgdos.

sl 3365
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©3BsBO:

<IDOCTYPE html>
<html>
<body>

<center>

<h2>0599330600000 03] G5 goblbgaggdes 3m@do Fobs Bsowmsb dgsdgdom!</h2>
<h2 id="demo">write 390M©Om LoMAJOWMIOLIL obdmZoEolfobgdgwos gMHMO dogr0sb 360dzbgwrmgsbo
0md96¢0:</h2>
<h2>00v) 98 dgomEl  250m304369d0  ©M3MIGBEHOL RoBzo®mzol d9dwgy, dmbodm®bgy 95650y
299m@ 3600 dmgeo 0bgm®Tsgos <i>f o 0d @ g s Nl</i></h2>
</center>

<script>

document.write('<h2 align="center">J399mm ©0ws3bg ©[353bgdol d30®9y ©™3TIBEGHOL dmemdy
Bo@300Mmm3500g write-0m 259m@Hoboo gl 89@¢yYmdobgdsg § o 0 8 v g8 sl</h2>");

</script>

<center><button type="button" onclick="document.write('<h2><center> gbgogm, ©®md dmboGmOHby

Lbgoolbgs  aboom  3sbsdg  aodm@obowo  dogwo 0bgm®dsgos o o 8 5 @ o

I</center></h2>")"><h2>q05{ 3531690 og!</h2></button> </center>
</body>

</html>

<!DOCTYPE html>

<html>

<head>

<title>go8m3ombga</title>
<style>

body

{
background-color:aliceblue;
}
</style>

</head>
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<body>
<h2 align=center id="ans">5g *J6s s0Lsbml dg300bgzqd0l Hogbgo</h2>

<l-- begin - 59 1d56%g 298mEb0w0 Mbs 0gbgl JoMbgzs-3sbMbgdo -->
<br/><br/>
<h2 id="Sek" align="center">5g g5dm@ol dg3ombggdo</h2>
<br/><br/>

<h3 id="pasuxil">5g 5 43990 50Lsbgds EBHYMoE-GoMmoo 3sbwybgdo</h3>

<h3 id="pasuxi2"></h3>

<h3 id="pasuxi3"></h3>

<h3 id="pasuxi4"></h3>

<l-- end - 53 MBBEDY Fodm@sbowo Mbs 0dbgl Jombgs-3slmbgdo -->
<br/><br/>

<l-- begin - 53 *J0356%g s0MB935 35bwIbO -->

<center>

<input type="button" style="width: 123px; height: 26px" value=1 onclick="m(1);">

<input type="button" style="width: 123px; height: 26px" value=2 onclick="m

2);">

<input type="button" style="width: 123px; height: 26px" value=3 onclick="m(3);">

(
(
(
(

<input type="button" style="width: 123px; height: 26px" value=4 onclick="m(4);">

</center>
<br/><br/><br/><br/><br/>

<l-- end - 59 1B56%g s0MBg3s 3sbvgbo >

<script>
vari=1;  // 33@woo 3s5B030L gargdgb@ol sboMhgzo
varn=4; // 9sbogol, dobo bog®dol s0dbodzbyro (33wso
varq=0;  // Lfmco 3sbvbgdol Mogbgo

nom

document.all.item("ans").innerHTML = "893000bgo Ne" +i+" (" + n + " -0sb)";
// begin_1 - 300bgs, 3sLBY LM s F3sM0 3sLbgdo, MGl bmdgMo

function Card(shek,pl,p2,p3,p4,sworip)
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{
this.shek=shek;

this.pl=pl;
this.p2=p2;
this.p3=p3;
this.p4=p4;
this.sworip=sworip;

}

ques=new Array();

ques[1]=new Card(" * 45635690 Go 0ol CSS",

»BGH0EgO0L 3L bHOWIdO,

LUGH0YdOL 3Md3egdb®o bGowIdO,

»B3302gdM03b) 99H0 BI30YHO BB gdOL by HodvHo®1);

ques[2]=new Card(, * ®5909b &9aL 990353l 9ergdgb@o?*,
»36MEME MOLY, ,,90000IONL, ,gONL 56 MOL, 0L 56 bodl®,3);

ques[3]=new Card(," ®> 560861 gds 543 HR gegdqgb@li?®,

»>OIJLAHO 39039536 8999y LEAHMOJMEBY®, ,0fYgdlL Sbogw SBBOGL®, ,93wdL baBL®, ,dmEgdwEo
L50GH06 Q5399395Mm bbga®g*,3);

ques[4]=new Card(,* 59360 mgob dgbOHmEwgds s30bMos HTML 3mdo A gergdgb@L?e,
»JOIOMOLY, ,,000L%, ,,Lodol®, ,,bob gMmob, bab mMol, 4);
// end_1 - 30mbgo, Iy Lm0 s 30500 35bbgdo, Lol bmdgmo

ques[0]=new Card("", "","","","", 0); /1 b5398sc AsLogo

nwo,

var pasuxi=""; // 3sbvybo

// begin_2 - 30mbggdol dsLogol oFMo
var gr = 0; var grl = 0;

for (m1=0; m1<10; m1++) // 536Hobmz0L LszdoMols hogm3omo 10 Mm3gHogos
{
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gr = Math.round(Math.random()*n);
grl= Math.round(Math.random()*n);

if (gr 1= gr1)
{ ques[0] = ques[gr1]; ques[gr1] = ques[gr]; ques[gr] = ques[0]; }
}
// end_2 - 30mbgqdol dsbogol sFOs

// begin_3 - 30mbgs-35bx9bgdol q53m@Esbos
document.all.item("Sek").innerHTML =ques|[1].shek;
document.all.item("pasuxil”).innerHTML ='1._'+ques[1].p1;
document.all.item("pasuxi2").innerHTML ="2._"+ques[1].p2;
document.all.item("pasuxi3").innerHTML ='3._'+ques[1].p3;
document.all.item("pasuxi4").innerHTML ='4._"+ques[1].p4;

// end_3 - 3000b35-35bw1bgdOL AsdMFH b

function m(a)
{ // begin_4 - 35L1bob Lobffeaeolb dgdmfagds
if (a==ques[i].sworip)
q++;
else
alert (,005! LfmOo 3sbwbos” + ques|i].sworip);
// end_4 - 35Lv9bob LobeaMol dgdmfagds

// begin_5 - sbsgro 9930mbz0L go0mEebol dmdbogds
it++;
var p = 0; var p1 = 0;
if (i < (n+1))
for (m1=0; m1<10; m1++) // 15305M0Ls© Bogmz5¢Mm0o 10 MIgMo309
{
p = Math.round(Math.random()*4);
pl= Math.round(Math.random()*4);
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if (p > p1)

{ pasuxi=ques[i].pl;  // begin_5.1 - 3sbybgdol s3cs_1
ques[i].pl=ques[i].p2;
ques|i].p2=ques[i].p3;
ques|i].p3=ques[i].p4;

ques[i].p4=pasuxi;

--ques[i].sworip;
if (ques|i].sworip == 0)
ques[i].sworip=n;
} // end_5.1 - 3sLxybgdol 03Ms_1
else
{pasuxi=ques[i].p4; // begin_5.2 - 35Lwbadol s3Ms_2
ques|[i].p4=ques[i].p3;
ques|[i].p3=ques[i].p2;
ques[i].p2=ques[i].p1;

ques|[i].pl=pasuxi;

++ques|i].sworip;
if (ques|i].sworip == n+1)
ques|i].sworip=1;

} /] end_5.2 - 3sbeybadols 536s_2

document.all.item(,ans“).innerHTML = ,,d93000bgs Ne“ + 1 + "

// end_5 - sbsgro 8930mb30l 459mEHebols Imdbogds

// begin_6 - 3000b30L s 35LHgOOL A5BME6S
document.all.item("Sek").innerHTML =ques[i].shek;
document.all.item("pasuxil").innerHTML ='1._'+ques[i].p1;
document.all.item("pasuxi2").innerHTML ="2._'+ques[i].p2;
document.all.item("pasuxi3").innerHTML ='3._'+ques[i].p3;
document.all.item("pasuxi4").innerHTML ='4._'+ques[i].p4;

// end_6- 3000b30L s 35LIHgdOL QTG Sbs

(» + D+ ,-56)";
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" n n

alert (n + 9930mbg096  0d396  gogom + q + Lfmeo  35bvgbo");
document.write("<center><h2>a5330mb30l LgsbLol EalslMvo</h2></center>");

document.close();

}
}

</script>
</body>

</html>

@OGHIOGHYOS

1. akvobr.ru/mitio_kaku_obrazovanie_budushego.html (In Russian).
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Abstract. In recent years, no field of human activity has advanced as rapidly as in the field of computer
technology. Here, the most impressive advances have been made in the creation of the Internet and, as a
consequence, web technologies. The article deals with the formation of the concept of online leadership both in
general terms and taking into account the specifics of the educational environment of Georgia. Based on our interests,
it is proposed to provide training materials to users simultaneously in several, at least two languages. The concept of
the formation of such guides proposed in the article is considered on the example of teaching the Javascript language
of one of the subject on web technologies. In particular, the article deals with the development of structuring rules

and the name of files containing training materials that would make it easy to make the changes required over time.

Key words: Javascript; knowledge control system; online management.
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KOHIJ;el'IIJ;I/IiI IIPOEKTUPOBaHMA OHJIAMH PYKOBOZCTB
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Amnnorarua. B nociepnme rogst HU ogHA 0671aCTh YeI0BEYECKOM AeATEBHOCTH He IPOABIHYJIACH TaK GBICTPO,
KaK B 00JIaCTH KOMIIBIOTEPHBIX TEXHOJIOTHIL, U 37leCh HanboJlee BIeYaT/IAIONIYe YCIIeXU OBLIN JOCTUTHYTHI B 06J1aCTH
cosganua VIHTepHeTa U, KaK C/IeICTBHe, BeG-TexHOmoruil. B craThe paccMmaTpuBaeTcs BONIpOC (POpMHUPOBAHUA
KOHIIEIIIIY OHJIAMH PYKOBOCTB KaK B OOllleM ILIaHe, TaK U YYUTHIBas crennduKu 06pa3oBaTeIbHOM cpensl I'pysum.
Vicxonsa U3 HallMX MHTEPECOB, IpeAJaraeTcsa IpeJOCTaBIATh YieGHble MaTepPHaIbl II0Ib30BAaTe/IIM OJHOBPEMEHHO
Ha HECKOJIBKUX, MUHUMYM Ha BYX, A3bIKaX. [IpesoxenHas B craThe KOHIENIVA GOPMUPOBAHUSA TAKUX PYKOBOZCTB
paccMaTphIBaeTCA Ha IIpUMepe IIpelofaBaHUs A3bIKA Javascript - ofHOTO U3 IpeAMeTOB IO BeG-TexHONOrHAM. B
YaCTHOCTHU, 0OCYXKJAIOTCSA BOIPOCHI Pa3pabOTKM IPaBMJI CTPYKTYPU3AlMU ¥ HaUMEHOBaHUA (ailyIoB, coepKaIlux

Y‘Ie6HBIe MaTepHaabl, KOTOPBIE IIO3BOJININ GBI JIETKO IIPOBOAWTH BHECEHME Tpe6yeM},1x CO Bp€MEHEM M3MeHeHUH.
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2V kT +kT)+a(kT -1)°

QO 35053390 5dEOLMS gMAL 9O FgHEGH0wdo.
500095, 335436, MM LEBSEOMbIOME FaMEHowsdwg
I,(z) >0, boaewm 3ol 39800y 1,(7) <0, 9.0. bEsEgom-
Botren FodGHowdo 8mbdgos ©gdMEmdl dodlods-

@6 36093690mdL. Mg Mbs ©a379G303900b60.
356509 BHMoL Lsdmemem 3603369wMds, ™Aool

©OMBLs3g JoBBoL BMbdz0s MgdMeMdL gJuEMgds-
@6 36093690Mdsl, MmM039 AsBbowve dgdmbgg-
3500, 4500M0mM3w9ds GMOIMEOm:

T{a +Ja? + (KT + D[KT(KT +1) +a(kT—1)]}
KT(T +1)+ a(kT —1)

(23)

Tip =

5060350, dmyzsbowo mgmmgdqdo dglsdergdanm-
05l 0dg3s O350H0bM®m FoBbol FmbJsool ghom-
99b@®9899056Mds o6 339990 JwsLol bobEgdgdo-
Lomgol, MH@Iwgdoz 99agds Mmdogd@obs s Bs3m-
69930070900 Bmffymdowmdolagsb.

365¢rMma099H0 MgM©939d0L ©sdBHI0ENdS 0L, MM-
99003 99039396 MBGM™ Bowseo Mool ds3memgddo-
6909¢ ImfymdowmdIOL s MdOYJBHIOL, Mol do-
@056 3690 56 Bmys F9dmbgzgzsdo dgmdwgdgwog.
s30¢™d sbgom Gdmbggzgddo doBsbdgfimbowos Lbgo,
30600m© MO R030 F500935BH03MM0  dgomEadol
3990yg693s, beagm Mg 8ggbgds 363500 33WoEOL,
905359l EHM3MT0b0 O BMYIWI MM JMb-
B0p®5300L 3Jmby BbIgo0l Emdseryto gdue-
909/l dmdgdbsl, 53 9gdmbggzsdo dobsbdghimbo-

@05 358m30Ygbmo 990mbzg3000 d9dbol 96 1 - gom-
Q©obobgol  90m©Ydo,

Mo0bsg B3gbo  sHMom

Lfmoge gb dgom@gdo NBONB3gwymal g3gwsby
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26T (a - 1){1 +kT +

az
kT +kT)+a (kT — 1)}} ’

DMLGH©O O FoMBH0350 BgImm  s0bodbwo bo-
LosmMOL BMBI300L Mo MGo gdu@®gddol s
39L50590L0 356M599FMYOOL FMIgObL.

06535mgduBMgdmdosbo,  IHs35em35699EM0s60
©5 DMy Mo Imbxogw®sgool dobbol
a3mbJ00L 9gmby s3@ Mo Mo Jommgzol LobEgdgdo

o056 HBJoMms 3ModBHogwer s9m3sbgddo do%b-
Bol 3bd309dL 593l M EHOMEIErYHo bobg, sdo-
™3 d0Bsbg[mboos ds00 dobodwdol dmladgdbs
235030949bm®  AWMdIWYOHO 9B BLMEMEGO
99b&M9mdol dgdbol Igmmegdo.

9m3mgo gobgobowmm gdlGmgdmdol 3mgbols dg-
dmbg93000 dgdboL dgomo [5], HmBgarbsg d90gado
2490m30ygbgdm.  dgdmbggzomo  dgobol  dgmmo
20bMEEMOHO gbGMgdmdol dmbsbzol »dsdEHogzglo
090009, OMIg0g & LOBNLEHOD 3MGVEMBSL Tbm-
©WME W — o 6500g6m00L LEsGobGo3memo 30go0l
L8339 DY YBOYBIILYORL. S0boBEIEo Fgoe-
QO 3653500 33LdEOL FIBI300L FEMBo MO 9d-
LEBHOYIMAoL Indgdbs OO  MomEIbmdOL (300900l
Bo@oMgdsls 0m35eoljobgdl, Mog s8mmgmwomo bs-
L0500l 36033690356 FOMT53935MBNLMB 0ym ©o-
393006090900, 859058 M9bsdgMmgzgg 3mI30E M-
o $9d6030L Fglodegdermdols gomzawolfjobgdom
d90degds 0mgzol, MmI gl bodbgarggdo sEdmebg-
MHOW0).

FoODESE, 3007350, d9dbol olodzgd0 569 SHOL
n-256%M30 9830560 3900, GMIOL FMEEMdS Gm-
os V=1, bogom & 90sdmb dmnEmwmds Gmeos

V =¢g",08500b & dosdmbo 8gdmbggzomo fam@owol
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8cmbg9Mm0L 5@BMMdS p(N)= =1—(1-¢")". 859-
Losdg, LEIGOLEHOIMNOO (3PIOOL ol MOMEIbMds,
O0Iol LoxgdzgeBy p EBsMMdO0 Fgodengds
3993)303Mmm, O®mI & LoHBMLEBH0m dmdgdbowwo m3Eo-
Joerm®o  3608936gcmds  39305G0¢  9600369wmdsly
399L5059905, BHME0S

N= (&).111[1/(1 -p)].

0935W0M5Q, MORbbBMI0Egd0s60 5dm3560L d90-
0b393590 (n=2), Gmgs p=1/2 @s & =10, Lot
56056530090 N =(1/10").In[1/(1-1/2)]=10°In2 =

=0.69.10° LEAsEHOLAH0ZMIOO0 IO Bo®s@gds.

93¢MIsEHvMo AsMmmgol boliBgdol dsgsemomols

29bboangs
300J3om, 59l dgaqds dodazdmdoo (. 1) dg-
9ODIIo  353009dHoORgo W, (p) defjgmdogom-
00L> O W, (P) ™00gdEobogsb, 8glisdsdols.

_(Lp+1)T,p+1)
W=y @pey @9
W, (p)= K 25)

PTp + DT p+ D(Tp+1)
bodog 7, i=1,2,3,4, boagwoer T, j=1,2,3 @5 k 500l
0530699009090 dmfymdoEmdol s MmdogdEOL 3o-
65993900

L5dogdgo 35M5dgBHMYOOL BO3MYdOL ©Igbo-
Lol 99mbgg3000 s0dmBbs, Mmd T, =T;, sdo@mad
25bLBoEo LOLEYIOL A53I0L BBl o3l boby:

Wo(p) =W ()W, (p)=

_ k(T,p+1)
(T p+)Tp+ ) T,p+ )(Typ+1)

(26)

boerm 9936000 bobEgdob 4ows3gdol B3wbdosl
293L Laby:
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w,(p)

%(P):HWg(p)_

K(Typ+1)
P+ ) Tp+ ) Tp+ D(Tup+ D+ k(Tp+1)

(27)

Y] 3530035¢0bfjobgdm, ®md W,(0)=1 o

Bogligsdom (27) b gm®Imems (8)-do, 05d0b dogowmgdon:
1
Ym,n (p) = _[1 -
p

K(Typ+1) -
PTp+ )T p+ ) (Tp + )T p+ D+ KTp+1)

= [LT,p° + (T +T)p + UL, Ty p* + (T, + Ty p+1]
PP +(L+T)p + T Tysp* + Ty, + Ty) p+ 3 + kT, p+ k

(28)
(28) 250mbobEgdoL 45T EH03900LS S Lomsbo-
M 50b0d3b000L dg0mEsbols 8989y 3397690s:

byp* +b,p’ +b,p’ +bp+b,

Y,.(p)= » (29)

op’ +epttep top’ +opte
Loosgs

¢ =b, =TT,T, Ty,

¢, =by =TT,T, +TT,T; + TT,, Ty +T,T, T
¢y =b, =TT, + 1T, + T[Ty, + T, T, + T, 105 + T T
¢ =b =T +T,+T, +Ty

¢ =1+kT,

c, =k

b, =1

(30)

0bJsos 1, (p), OOymes b @ ¢; 3098030gb-
39%0L gMbdEos FoMdmmagbowos Bgdmm. GmymM;
(29) g59mbobvyengdo@sb Bsbl, B39b Jogm asbbowrvem
d900bgq3980 n=5 s m=4, 5doGH™d JoHBboL Bbj30sL
996905 Loby:

[0 = i[bjmo + (b32 + 2b2b4 )m1 + (b22 - 2b1b3 + 2b0b4)m2 +

+(b = 2byb, ymy +b7m, ], (31)
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Loosg

m;, =—C,C; +C,Cy,

1
my = _(CSml —cm, ),
s
m, =—c,cs +¢,Cy,
(32)

1
m; = _(czmz —c,m ),
0

m, =—(c,my —c,m,),
0

A =c,(¢;my —c;my +c,my)
0v) 899m300900 (33o@Jgdol d90gy s0bodg-
6oL 7, =1, 7, =1,, 7, =k, 7, =T, Q5 3530m35¢0b-
§0bgdm ™mdogdEHob 3s6599EBHMgdol d9dgy 9603369-
@MdYdL, HMIJOE GHME0d;

T, =0.02 sec
T,; =0.01sec

(33)
05806 59m 3565 890dgds FsdMgogoodmo 990g-
Bsotso:
LsFo®ms godmgmo 1,(7,, 7,, 7;, 7,) 00BboL ggwb-
Jg0o0ob gemdserm®o 806030, Losg 1, 3sbobobmg-
6905 (31,32,33) g3mM3mergdoom o 99090 dgb-

©903900L 250m35¢olfobgdom:
227<7 <10,
0.125<7, <0.5,
200 <7, <225,
0.02 <7, £0.03,

(33, 95)

59m(3360L 53mbLBOL SeaMm®00do 8godagds ©s3YMmo
0omb doM0MsE JBHO35Q ©s G90degds BsImZsyseo-
dmo 359gabsoMaco:

1. 8850d0l aLsfiyolidogg gabolismaMads yzgws
Lsfgobo dmbogdo. 5 ogwyeobdgds, 565 BotEm ol dm-
65399900, HMTGOLE 0mZ5coLHOBIOL 3OMYIEH0, 5=
39 obobog, H®MIgdog LsFoMmMS 3MIZ0MGOWWO Fo-
09010030900 BoboEeMadEs, 35450, BEGHOLE0-
3700 300900L  MomEgbmds S, 99brwzsms m s
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(335900l N MomEgbmds. Lsfiyol dmdgbEdo dobbols
5396300l 9603369MdOL  FglssMmdWO  MYMMOL)-
5@ G9lsderm OO Mobgzol Lowowg -1, -

2. bLEGHIGHOLEBHOZMMO 3009d0L BoBEoMmgdol 3OmEqLOL
5(ig4gds, MMl EMMbsg dgdmbzgzomo Gosbgg-
0L 2969M9GMOOL Joge A50Mm3dsgzgds Moiblndo,
H0Imgdog 9909y dglodsdolo  seymGomdol Lo-
F0gd0m s 9HBOMzsms  Fomzaeobfiobgdom
ROHIOOEID, OHMAMOE La3OMYIBHM 356599FBHMJOOL
36093690 mdgd0.

3. Gobolfo dm3909o 3oMMmdol Fgbsdsdobs
90{jdgds y39@s 99beEgs. ) 39b)©gdb) ©s-
QIO Y39ws 300MBs JOPOMNWI® FgbOE-
005, 350D O35 250059399 0mdg3bm 09-4 gdo-
30L dgLEOEgdsL, Fobssmdgy dgdmbgggzsdo, JsOmzs
23900593995 39-2 9B30L FguErmegdsl s S0MBg3s
LO3OMYIBHM 396539BHMYOOL sboero 360d3zbgamdYdO.

4. 250m0m3wgds 30BBoL mbdiool 360dzbqwmds
5 990050905 Fobolfod s®Bgmw o MHogbgl. ov
30Bb0oL gmbdizool 3608369wmds b53¢0gd0 0dbgds o0
Mogbgby, 35806 59 Mogbgl dogboFgds dobbol gbd-
300L 3608369mds s Gg0bsbgds Lsmsbom 3s6o-
09BH®IOMb g, MM odmygbgdrye 04bgls 990-
©J20 3593w qd0LsmM30L. Fobsomdgy dgdmbgg-
3580, 30035 35593995 99-2 gBo3ol gL gdsls
Q5 393M3GEIds (303WM0 3OMEgbo gdmbggzomo
Mobgqdol sboero 3609369 mdgdoLIMZ0L. b (303-
@O0 390MNZEGO0 oMY IOs 95650, Lobsd Bo-
GoM9d5 439ws S (3009. G99 0300900 Jobbol
3bdaool 80bodsgrme 3609369 mdsll s Fogm-
69dBHoM9d9wo  dmffgmdowmdol  356539GHM9d0L 0d
360036900 ™09dL, H™MIgdoa MBOHWbggymal dob-
Bol g969300L Mm3EH0ToH 36093690 MdIL.
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3™030GH9MBY 0m 360l STMbLBOL 3BMyMsds o~
Potoeoos VBA (Visual Basic For Application) boli@qdsbg.
9oLo BZoEoDOEO00L 3MHMYMSTs Lomsbom 3:mTgbEoMY-
0000 dm 39905 §390Mo.

30M39¢ 3bGoEdo dmygzs60wos HBgdmo s0bodbyy-
@0 59m3560L 5dmbLBOL dggagdo

gbMoo 1

o= 6.26757
o= 612412
o= 5.36912
o= 1.30625

O FYy O o

053HMIsGH Mo Jormz0L bobiGFol 3eMEsdsg5¢o
360Hm39LgdOL 5390

0530699306900 fYmdowmdOL  3s6539EHMY-
00l 4obLsBE3MOL g8y LELKYMZIE0S 5353MO J56-
©59535am0 3M03gL0L 46553030, MMBguog Ho@dma-
296L 53@MBoE«yMmo Fsmrmn3zolL LobEGgdol LobmyBob Lo-
0 9EHodl. Aol 5301005 GOHMPZ5M0, dg0mfdgdomo
bobosmol Bb30s3. F9MBIZsWo 3MMEglols AMs-
33030 (3bo©s© FoMdmaBgbl dob obsBogsL, 39MIme,
6bg350000 3MMELO vy IMbmEHMbMMo, 330639690l
93900 900L MMOL s FogdloToE OO YoabGOL
LoEOEYIdOL 6083690 MBPIL s SaGMgM3g MbgzoL
Bog®mdol 063 bLowGmMdL. gMmo Lo@yzom yzgus
300bgobg goliggdl  3slmbl, GMIgog oolgs 5L
LobmMgBOL sFYgooL §ob, s8oEma dob sggdsl doerosb
Q0O 365dEH03wwo 360d369wmmds 5Jgl.

36B9OMBL 5 Fotr1053535¢0 3MMEILOL s3900L A~
35000 390MEO, HMIgeoE LodwoEgdsly 0dwggzs d939-
a3l LobEJIol E0bsT03MMO Foboliosmgdergdo. 53
090070l InMHol 30M39W0s 3ol ZMOO JJOMO,

MmIgwog 2w9erobbdmdl bobEgdol oggMgbEosw-
60 2bGHMWdOL  3mEbLL,  Molv3z0M3gwos  dobo
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E04 T1= 7723682204434 12z ) 2503400743007 k= 214 488 T4= 2 28356246376036E 2
E-04 T1= 308223756161068 T2= 0 435760461 132131 k= 216,304 Td= 2.01570381654966€ 2
{4T1=301476716313639 T2= 0 4063078436762 k= 2068236 T4

04 T1= 4 3508767607204 T2= 0 3429411506323 k= 200,420 T

(0267 35406604613

i 07670886710022£ 2

Tox3965 BfoEol 4omz5¢oljobgdoom. gob@magdols
59bsblbgs LoFoMmms s3fgMMmod Jobsliosmgdgeo
2396¢M@gds JoMx39bs boffoemols ao6m9dg. Mmbs godm-
300> FobolosmgdIo bGHMEgdol B3qliggdo s ©O-
390963050MH0  396EMEgdoL BMAs©O  sdmbsblibo.
9900092 6o 39d90Mmm 39Mdm  58mboblibgdo, Gob-
m30L53 LoFoMms 0b@gaMom®mo 31803980l 3mgbs
Lsfgobo 306H:Mdgd0L gomzswobiobgdoom. sdol 990y
Lo oMM gosds35¢0  3MHMmE3gLol 53905, Looabag
D1UEH© 450mBBYds 5L MHZOLMBIOOMBOL yzgwns dob-
396909w0. gl 36MMmEgL0 SOHOL MM, MOEYRDE 5G
3030 853009J&0M9d)E0 IMFYMdOWMBOL 35M00gFH)-
6900L 293W9bs  FMT535w0  IMHME3gLol Foh3z9bgd-
@gd%bg. 590l AoLEM339350 LoFoMms 5353Mmm dog0sh
Q©OEO MOEHI0 FMT35¢0 3OM3EgLgdoLs ds3mMgd-
AOMPOIO 350539 EHMIdOL bbgosalbgs 30m3dobsools
d930mbgg35d0. Beags d900bgg3590 99099 gdge0s do-
30000  565¢0BMOO  ©TMI0EIOMGES  goMsTS-
3500 3OHMEgLOL MM, FoJboBoEIEH AoIBOLS
LolLEGgdob 35039 EHMIOL FmEMOU. F530bsi 3o MmEs dmo-
Bobgds 36535000 3000l RoBoMmgdol 99y 3961509¢)-

6900l 99@-b5309050 d53859MmBogdgero 8609369~
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@©M0dg00, 56 990dgds 304Mmm IMHIMbadmwo, H™A
36 5MLgdMBL MHMIGEoEss bbgs Ma3®m dg@ow Lalve-
390 3565993 MJO0L MbsBsMHEOMds. 53H0Ys©, dbgaro
Q5 M0 253NZ0M0 B3vBstgdOE 3O 9O 0dewg-
35 39M36E05L, HMI LsdMTomgdo TgLeYEgdYE0s dr-
@3 39Oy, 5d0@MI 3mzgbs MaG™ LabmEmzgwo
3005393MJOoL  3mTd0s300Ls, 585 v 08 MZoELsb-
Mobom, Mol dg@ s 96093bgwm3z560 sdm39bs.

2390505350 3MHM39L0L 53900l SOLYdNIE Tgorm-
90l dcmMol 36033690m3zs605 LobdoGweo Igomeo.
R39bL dgdmbgggzsdo, Lim®mg 58 9gmmol 4s8mygbgds
0093956605 439w By 80Bsbdgfimbors.

3930060 go610053535¢ bdzosls s dob Lobdo-
900 Joboliosmgdgels dmtol BsofigMads g3mmdv o,
Omdgos  osbwmgdom 180 fiewol §ob  doowm
36090

U(w)

=2 [ =Zsin(@ndo (34)
7% w

Loog U(@) 560l 89360190 53b 559300 (Ggoemey-
0) LobdoMYEo Jsbsliosmgdgwo.

U(w)-b go0mbomgegms@  BsFoMOms 3030090
993609900 bobEgdol gooEgdol Bbdsos, HGMIgulsg
293L Loby:

w,(p) _
1+W,,(p)

B KTp+1)
(T p+ (T, p+ DT p+ DTy p+ 1) +k(Typ +1)

W,(p)=

35)

09 (35) g58mbobyangdol 3609369l gos358603-
g0 5 990009y ©O35¢53Jdm  p -U baobbgdol
00bg30m s 39530035¢0lHobgdm (30) 50bodzbgdu,
dgLododolo 2394690ds:

k(Tp+1)
csp’+e,pt e p re,pi e pte

W.,(p)= (36)
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049 (36) 2o9mbobgdsdo p- 93333000 jw -0

©>  3930mz5olfobgdo, G@d P =-1, 05906
33095902
W,(jo)=
3 k(T,jo+1) _
jes@ +c,0" — je, —c,0” + jeo+c,
_ k(T,jo+1) (37)

(0" 0" +¢y)+ (e’ — @’ +c,m)

(37) g59mbabrmmgdol 360d36gedo 3033egdumdo
obzol Imb3mdol doBbom, LoFoMms 53 Aodmliobyy-
@gdol 360336gcr0 s IHOEblgEo  3o350Me3EMo
d60d3bgob 39990w9dmE Moabzby, 9.0.
(c,@" —c,@" +¢,)— j(c;@ — ;@ +c,m) -0y, 339d6905:

W,(jo)=

_kGTLo+ (0" - 6,0’ +¢,) - j(e0’ -0’ +¢ao] (38)

(c,@0'w—c,@ +c,) +(c,0 —c,@ +cw)

)3M0wgdom gobgobowmom Fbmerm@ dMogb-
390. 590530l A9353M3w Mo FMOEb3gEdo JyM-
9o §93M9%0 gMHTobgm by o, Tgsdsdolo, 239d69ds:

K jT,0(c,0* - c,0” +c,) + T,w(c;@ — ;@ +c,0) +

+e,0' —c,0” +¢,) - j(c,@ — ;0 +cw)] =
= k[T,0(c,0” — e, + )+ (c,0 —c,@” +¢,)]+
+jkle,@" —c,@” +¢,)— (c;@ — e, +c,0)]

b 3565b36900 4oBMbsbwegds g30@sbmom (38)
2300mbobmmgdol  IMoEbzgmdo s OIS
6950 @5 HoMdmbabgomo bafjowgdo 3owr-3oew3g.
33969d:

W,(jo)=U(w)+jV (@),
Lo

KT,0(c, — e, +c,0) +(c,0" —c,0” +c¢,

Ulw) = ) (39)

(c,0" —c, @ +¢,) +(c,@0° — 0 +c,m)°

Viw)= KTo(c,0* —c,@ +c,)— (c;@ —c,@” +c,m)] (40)

(c,0" —c,@" +¢,) +(c;0° — 0" +c,0)
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U(w) ©s V(w) s6ob 893000 93¢mIs@Eeo
9omHm30L  LoLEJIoL Moo s FoMmImLabgomo
LoObFoMEO FobslosMGIWYd0, Fglodsdolo.

39-2 byO-Bg dMEgdMos Moo LobdoMwwo
TobolosmgdWOol gMsx83030

1 586 @gsgmado bobBodgmo
- WW
0.8 \

0.6 \

0.4

0.2 \
O e R

op 1357 91113ﬁy1921232527293133353739414
0.4 \

0.6 bobTady

Ggsmndn Ssbsbosmgdgme

52965, 2.

05399060bgom 03 (34) BMOTMESL S OHMOL

g3ogboMgdmwo dmdgbEolbomgol, g.0. Gmgs =1,
BMEOHIMS oMM y0bogds 98gabsodac:

Sin (o)) do

¥ =2 [U(@) (41)
7[0

b 935653690 30 06GHIYMIOL  oBmmgzErol
&339(30900L IgmmEobL 459mygbgdom [6] dgodwgds
259m3Lobmo 999 gabsomaco:

1U(@)

(1) = 2 20t Y@ iy )+ Y2
T

1 2

D i1, 42

@y 2

A{Z

U(a)

Sin(tw,)+, . . ., +

—=Sin(t,w,)] =

U@ )Sln(t )+

1'

Sin(ha,)+ 242

2] 2

+0.5[— = Sin(tw)]}  (42)

BP0l 45850EH03900L 30Bbom d8m3z300Mm S-
60d3bs:

Sin(wt) =z

U(w)
1)
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05006 (42) 9odmboboyemgds Boofigtgds d99gy-
BooMoco:

2 /-1 )
() = ;Aa)[; z; +0.5(z,, +z,)], j=1,2,...M,(43)

Losg M @obg®g@obsgool ®ogbgos, bmeem [ — ob-
393000 gd0L Brzs®o.

39M0535¢00  3MMEgLboL  sbgmo  Fomdmygbol
30653 gbumds 5MHOL Ol, HMBT 0O SEIOMIOE IGO0~
905000 bgds 3m3300EHgMBY. Gog Tgabgds 0bBgy-
M0M7d0L doxL, 0go LoFoMms 5350RoMmom obgmbso-
650, M3 063 JMm0M9d0L dox oL Botywqddo 0b@gy-
6593985 BbJ30s Mbs 0yml momddol O gogo.

) A
30639 byanmgsb 3609369 mdsl Sin(et) a3mbd-
®

(305 ©93MdL Jo80b, HMEs sMMdgbdHo wt =7 bso-

3Bs3 GgLodsd0LOE F90dgds godmz0mM3oIMOoD:

, (44)

7
0=—
tl

[@,0) 0bGHgM35¢00 , GMIgEoi Jowgdwwos (44)-

56 Fgodwgds ©s34mm, @ =Aw.l 8mb5339009050,
booobsg Aw = % , 653 096905 06¢)93H0Mgd0L dox oL

960083690 mdo.

BAIGOL b gPMmM30L 3OHMYM3YV0, Moo
Visual Basic for Application Lobi#gdsdo. HmIwgdos
23500mM3056 Jo3mMqdEH0Mgdgeo dmfymdowrmdols
3G085¢E 3560589GHMIOL O 5MIMNZg M3GH0Tov)-
HMd0L bsHg 90053500 3OHMEILOL EOML Fmowg-
MO0 356M599GMgd0L 3603369mdgdL. 89-3 LyMH-byg
65B39b9g005 930939 98 356589GHMIdOL  Tglsdsdolo
50l 296535350 3M1Mm39LJOOL MB03Jd0. FMOG039-
00056 Bono BBl yzgws 08 obsdozwm®mo dobsbios-
900l 3609369¢rmdgd0L  3sLybgdo, HMIgwos
5035 53 LobmgBOL sLLfigoldo.
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3b®owo 2
t y1(v) y2(t0 y3(t) y4(t)
0.01 7.80E-05 0.000392 0.000185 8.83E-05
0.02 0.000195 0.000932 0.000445 0.000218
0.03 0.000387 0.001739 0.000844 0.000426
0.04 0.000678 0.002889 0.001429 0.000738
0.05 0.001085 0.004396 0.00222 0.00117
0.06 0.001611 0.006211 0.003211 0.001725
0.07 0.002248 0.008232 0.004371 0.002392
0.08 0.002978 0.01031 0.005651 0.003151
0.09 0.003777 0.01228 0.006985 0.003975
0.1 0.004618 0.013982 0.008308 0.004834
0.11 0.005474 0.015281 0.009559 0.005698
0.12 0.006321 0.016091 0.010687 0.006542
0.13 0.007141 0.016379 0.011658 0.007349
0.14 0.007923 0.016168 0.012457 0.008105
0.15 0.00866 0.015534 0.013083 0.008807
0.16 0.00935 0.014587 0.01355 0.009454
0.17 0.009995 0.013457 0.013877 0.010049
0.18 0.010598 0.012275 0.01409 0.010598
0.19 0.011161 0.011158 0.014209 0.011104
0.2 0.011683 0.010194 0.014252 0.011569
0.21 0.012165 0.009442 0.014231 0.011993
0.22 0.012602 0.008928 0.014154 0.012373
0.23 0.012993 0.008647 0.014023 0.012708
0.24 0.013333 0.008577 0.013843 0.012993
0.25 0.013621 0.008682 0.013617 0.013229
0.26 0.013856 0.008923 0.013353 0.013414
0.27 0.014042 0.009262 0.013063 0.013553
0.28 0.014182 0.009668 0.01276 0.013651
0.29 0.014283 0.010114 0.012461 0.013714
0.3 0.014351 0.010578 0.012182 0.013751
0.31 0.014393 0.011039 0.011936 0.013766
0.32 0.014412 0.011476 0.011731 0.013767
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2536039905
0.33 0.014413 0.011869 0.01157 0.013757
0.34 0.014398 0.012194 0.011452 0.013736
0.35 0.014366 0.01243 0.01137 0.013706
0.36 0.014319 0.012562 0.011318 0.013665
0.37 0.014255 0.012581 0.011285 0.013613
0.38 0.014175 0.012491 0.011265 0.013549
0.39 0.01408 0.012305 0.011252 0.013474
0.4 0.013973 0.012048 0.011246 0.013391
0.41 0.013858 0.011752 0.011248 0.013302
0.42 0.013738 0.011454 0.01126 0.013211
0.43 0.013618 0.011187 0.011286 0.013123
0.44 0.013501 0.010979 0.011328 0.013041
0.45 0.013388 0.010846 0.011386 0.012966
0.46 0.013282 0.010794 0.011458 0.012899
0.47 0.013182 0.010817 0.011538 0.01284
0.48 0.013086 0.0109 0.01162 0.012786
0.49 0.012994 0.011023 0.011698 0.012736
0.5 0.012904 0.011166 0.011766 0.012687
0.51 0.012816 0.01131 0.011819 0.012638
0.52 0.012729 0.011442 0.011857 0.012589
0.53 0.012644 0.011555 0.011882 0.012542
0.54 0.012563 0.01165 0.011896 0.012496
0.55 0.012489 0.01173 0.011906 0.012455
0.56 0.012422 0.0118 0.011916 0.01242
0.57 0.012363 0.011866 0.011929 0.012393
0.58 0.012315 0.011928 0.011949 0.012373
0.59 0.012275 0.011986 0.011973 0.012361
0.6 0.012243 0.012035 0.012 0.012355
0.61 0.012216 0.012067 0.012026 0.012353
0.62 0.012194 0.012078 0.012048 0.012352
0.63 0.012174 0.012064 0.012063 0.012351
0.64 0.012155 0.012026 0.012069 0.012349
0.65 0.012138 0.011968 0.012067 0.012345
0.66 0.012122 0.011901 0.012059 0.012341
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3930dggds
0.67 0.012109 0.011836 0.01205 0.012338
0.68 0.0121 0.011787 0.012044 0.012337
0.69 0.012096 0.011762 0.012043 0.01234
0.7 0.012098 0.011768 0.012051 0.012347
0.71 0.012105 0.011804 0.012068 0.012359
354 96033b. 1.44E-02 0.016379 0.014252 1.38E-02

39-2 3bHoEdo SLsbE0s FoMEITIZ5¢0 3MIM3]-
Lol Gogbgzomo 860d36gwmdgdo. bMowOl Lggdol
(63HgdolL) dmbo3gdgdo Fggbodsdgds 4s1s0535¢0
36mEgLboL eM95303900L bmdMgdl. mommgmo bgg-
AobL dEMmdo 3000009005 ToJl0BoEIMHO Yoab-
60l LY, bOEm dm® LEHMoJMbol deagem wx-
90080 3000000903905 FodloToEM A5IBMYOL Tm-
6ol »93069L0L I60T3BYMBY. 53M0YS®, IF3MMYT-
3909b 5436 LEYYWOo 0bBMOToE30s MIGHOTs GO
3561509300 SLboMhY350.

g .
adhadsgsmo Iomglgdo
180602
2
1E0E02 A
140602 / \— — S
120602 /-\\ \_/.- —
/ == Series]
£100E02
¥ \/ e SEMIE52
¥
2 800E03 Series3
/ / == Seriesd
§.00E-03 /
Plot Area
400803 —/ / ‘\
200603 /
0.00E+00 45 AasasamuinEEe e R
1357 91113151719212325272931333537 30414345 47405153 555750 616365676971
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6596mddo obbormmos G030 dozmMgd@otg-
090 3mfigmdomdol 356599G MO0l M3GH0TsMHo
36033690 md0ob 556356:08900L 390000, 335MsE)-
@0 0639250 30:0¢gH0Tol dobgzom. bosb-
@95 ob, O™ Bgdmo dmygzsbowo sdmEsbs gobbognyy-
@05, MMYMOG 5MFOR0Z0 F500935¢3)032IM0 I3OIMY-
658900L 59m3sbs, bmem IMogzs¢0 (33wsOL, IMo-
35w 9dbGOIFN80sb0 Bbggool yermdorito giu®-
693w9ob Imbobsbo 4sdmyqbgdmamos dgdmbgggomo
dgobol dgoM@O. ASTMYMBOE0s sxMgmgg FJoMEH03
533M5GHO LobGHBoms Jobo, GMIWYOLE sJ30m
9609JbEH®9dMdosbo JoBboL BbdEos. sbgo ddmb-
3500 59(%H30370ME0s MYMGM9Fqd0 ©s dMm3gdEwos
3bseoHMMo 9uG®gdmdol FamEHowgdo. gobognyy-
05 MH0Eb3000 T545¢00g00. ETvYF5390E0s 301~
3M58900, GMIgwoyg ©sfgMowos Visual Basic for
Applikation Lol gdob LoggwydzwBy. 5390w9os dglss-
0590l M350 3MIMEILIOOL 4MB03GDO.
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©3bsGmmo 1

695000 LobdoGMryeno obsliosmgderols 53980l 30rmy™mds
“realuri maxasiatebelis programa

Dim T1, T2, T3, T4, TO1, TO2, TO3 As Single

Dim c0, c1, c2, c3, c4, c5, D,F, Om, U,q1,92, k As Single
T1=8.7

T2=0.47

T3 =200

T4 =0.02

TO1 = 0.150s

T02 =0.02

T03 =0.01

k =200

1=0

ForOm=0.1To50Step 1

I=1+1

c0=k

cl=1+k *T2

c2=T4+T1+T02+TO03

€3 =T1 * T4+T1*T02+T1*TO3+T4*T02+T4*T03+T02*T0O3
c4=T1*T4*T02+T1*T4*T03+T4*T02 *TO3 +T4 * TO2 * TO3
c5=T1*T4*T02 *TO3

D=c5*Om~5-c3*Om”3+c1*Om
F=c4*0Om”4-c2*Om”"2+c0
U=c0*(T2*Om*D+f)/(FA2+DA2)

Cells(1 +1, 2).Value=U

Cells(1 + 1, 3).Value =0Om

Next Om

39M3535¢00 361390l 3MBROIOL 53980l 3OHMYMS3s (89-2 FBGOEOL BMOHI0MYDS)
" gardamavalis agebis programa

Dim T1, T2, T3, T4, T01, TO2, TO3 As Single

Dim c0, c1, c2, c3, c4,c5,D, F, Om, U, k As Single

Dim x, y, delta As Single

Dim |, j As Integer

T1=7.72

T2=0.325

T4 =0.029

k=214.5

T01=0.1

T02 =0.02

T03 =0.01

delta =0.01

y=0

1=0

Fort=0.01To 0.72 Step 0.01

I=1+1

ForOm=0.1To50Step 1

c0=k
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cl =1+c0*T2

c2=T4+T1+T02+T03
c3=T1*T4+T1*TO2+T1*TO3+T4*T02+T4 *T0O3 +T02 *TO3
c4=T1*T4*T02+T1*T4*T03+T4*T02 *TO3 +T4 * TO2 * TO3
c5=T1*T4 *T02 * TO3

D=c5*Om”5-c3*Om”3+c1*Om

F=c4*Om”4-c2*Om”2+c0

U=c0*(T2*Om*D+F)/(FA2+D"2)

x=U/Om*sin(Om*t)

y=y+x

Next Om

y=2/3.14 * delta *y

Cells(1 +1, 2).Value =y

Cells(1+1,4).Value=t

Next t

353026994 BH0MIdI0 IMfYmdoE™dOl 35M539EMYO0L Mm3E0dsgrryMo 360dgbgermdgdols

3956256039008 3BMaMds (30MHZ39e0 bGOEOL BMOIOMmIDS)
Private Sub Command1_Click()

“makoreqtirebeli mowyobilobis parametrebis optim. mniShv.gaangariSebis programa
‘SemTxveviTi Zebnis meTodiT

Dim T1, T2, T3, T4, 0m, ql1, q12, 921, 922, 931, q32, g41, q42, b0, b1, b2, b3, b4, b5 As Single
Dim c0, c1, c2, c3, c4, ¢5, m0, m1, m2, m3, m4, d, Imin, lo As Single
Dim AA(4), BB(4), XM(4), X(4), g(8) As Single

Dim N, I, k, kk, J, M As Integer

Dim q1, g2, g3, g4 As Single

T1=0.1

T2 =0.02

T3=0.01

s =250

N=4

M=8

kk=1

Imin =300

qll=2.27

ql2=10

g21=0.125

g22=0.5

gq31=200

q32=225

g41=0.02

g42 =0.03

AA(1) = ql11

BB(1) = q12

AA(2) =g21

BB(2) = q22

AA(3) =931

BB(3) =q32

AA(4) = g41

BB(4) = q42

‘Randomize
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ForJ=1Tos
ForI=1ToN
X(i) = AA(i) + (BB(i) — AA(i)) * Rnd
Next i

g(1) =X(1) - q11
8(2) = q12 - X(1)
8(3) =X(2) - q21
8(4) = 22 - X(2)
8(5) =X(3) - qg31
8(6) = a32 - X(3)
8(7) =X(4) - q41
8(8) = q42 - X(4)
=0
Fork=1ToM
Ifg(k)>=0Thenll=11+1
Next k

If Il=M Then
ql=X(1)

a2 =X(2)

a3 =X(3)

a4 =X(4)

bo=1

bl=9l1+94+T2+T3
b2=q1*q4+ql*T2+ql*T3+q4*T2+q4 *T3+T2* T3
b3=q1*q4*T2+q1*g4*T3+ql*T2*T3+q4*T2*T3
bd=q1*q4*T2*T3

c0=q3

cl=1+93*q2

2=9l+9g4+T2+T3
3=ql*q4+ql*T2+ql*T3+q4*T2+q4*T3+T2*T3
cA=ql*gd*T2+ql*g4*T3+ql*T2*T3+q4*T2*T3
c5=q1*qg2*T2*T13

ml=-c0*c3+cl*c2

mO=(c3*ml-cl*m2)/c5

m2 =-co0 *c5+cl *c4

m3=(c2*m2—-c4*ml)/cO

m4=(c2*m3-c4*m2)/c0

d=cO*(cl1 *m4—-c3*m3+c5*m4)

0=0.5%((b4A2*mO+(b37A2+2%b2*bd)*ml+(b272—-2%bl*b3+2*b0*bd)*m2+_

(b1722-2*bl1*b2)*m3+b0*2*m4))/d
lo = Abs(lo)

If lo <= Imin Then

Imin =lo

ForlI=1ToN

XM(i) = X(i)

Next i

Print “lo="; Imin; “T1="; X(1); “T2="; X(2); “k="; X(3); “T4="; X(4)
Else

End If

End If

Next J

End Sub
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Automatic Control System by the Integral Quadratic Criterion
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Abstract. When designing an automatic control system (ACS), it is important to determine the optimal values
of the parameters of the correcting device according to any of the criteria.

Recently, more and more publications have appeared on the use of the method of nonlinear mathematical
programming for solving problems of synthesis of an automated control system.

The article discusses a method for determining the optimal parameters of linear correcting devices according to
the quadratic integral criterion. The novelty is the presentation of the above mentioned problem in the form of a
nonlinear mathematical programming problem. To find a multiparametric, multiextremal, i.e. complex, objective
function, a random search method is used.

Also, a class of automatic control systems having one extreme objective function is highlighted. For this case, the
theorems are proved, and the formula for determining extreme points is given in an analytical form. Numerical
examples are also considered. Programs have been developed for implementing the corresponding algorithms on a

computer in VBA language. The graphs of the corresponding transients are given.
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OmnpepeneHne ONTUMATbHEIX 3HAYEHUH TAPaMeTPOB THMHEHHBIX KOPPEKTUPYIOMMUX YCTPOHCTB

CHCTEMBI aBTOMaTHUYIE€CKOTO YIIPABJI€HHUA II0 HHTETPAJIbHOMY KBaJpaTHIYHOMY KPUTEPHUIO

Bazpu I'acanms JemapTaMeHT KOMIIBIOTEDHOTO IIPOEKTUPOBAHMS CTPOMTENBCTBA, | PySMHCKMI
TexHU4YeCKu# yHuBepcurer, ['pysus, 0160, Toumucu yi. M. Kocrasa, 68°

E-mail: b.gvasalia@gtu.ge

Penensentsr:
H. Jlomunazze, mpodeccop bakyapreTa HHGOPMATHKU U cUCTeM ynpasaeHus I'TY
E-mail: n.lominadze@gtu.ge
M.Ky6mamBunm, npodeccop crpoutensroro dakyasrera [TY

E-mail: m.kublashvili@gtu.ge

Awnnoranua. [lpu npoekTHpoBaHUM cHCTeMbl aBromaTuyeckoro ympasaenus (ACY) BaKHO oOIpenenuTh
ONTHMAaJIbHBIE 3HAUeHH I TAPaMeTPOB KOPPEKTUPYIOIIETO YCTPOICTBA IO JII000MY U3 KPUTEPHEB.

B mocnenmee BpeMsa mOABIAETCA BCe Oojblle ITyGIMKAnuili 06 MCIOAB30BAHUM METOAA HEJIMHEMHOTO
MaTeMaTH4eCKOro IIPOrpaMMUPOBAHUS [JI PelIeHHs 334 CHHTe3a aBTOMATH3HPOBAaHHOM CHCTEMBI yIIPaBIeHuUA.

B craree paccmaTpuBaeTcs MeTO[ OIpefeeHHs ONTHMAIbHBIX IIapaMeTPOB JIMHEMHBIX KOPPEeKTHUPYIOIIUX
YCTPOMCTB IO KBaZpaTUYHOMY HMHTErPaJbHOMY KpuTepuio. HoBusHOI ABidgeTcs Ipe/cTaBleHUe BhIIIe YKa3aHHOM
33/laYy B BHJe 33JaYd HeJIMHeHHOro MaTeMaTH4yecKOoro IIporpaMMupoBaHud. [lnd HaXoXeHus MHOTOIIapaMeT-
PpHYeCcKOi, MHOTOSKCTPeMaIbHOM’, T.e CIOKHOM, IIesieBoi PyHKIIMK MCIIOTb30BaH METO, CIyIaifHOTO IIOMCKA.

Taxoke, BEIZleIeH KJIaCC CHCTEM aBTOMAaTHUYeCKOTO YIIPAaBIeHM, Ubd IeseBasd QYHKIUA UMeeT OfUH SKCTPeMyM.
s maHHOTO Ciry4as JOKasaHa CIIpaBeIMBOCTh TeOpeM, a popMyIIa oIpesiesieHIA SKCTPEMaIbHBIX TOUeK TPUBejeHa
B QHAIUTHYECKOM Buje. PaccMOTpeHBI TakKe WHCIeHHBIEe IIPUMEpPHI. Pa3paGoTaHbl IpOrpaMMbl AJIA peaTH3aliy
COOTBETCTBYIOIIUX QJITOPUTMOB Ha KOMIIBIOTEpHOM sf3biKe VBA. IIpuBezeHs! rpadMKH COOTBETCTBYIOUIMX II€pe-
XOZIHBIX IIPOLIECCOB.

KiioueBble C/1OBa: wHTErpasbHBIA KBAAPATUYHBIA KPUTEPUY; JIMHEHHOE KOPPEKTHUPYIOLEe YCTPOUCTEO;
OITHMAJIbHBIA II€PEXOAHBIA IIPOIECC; CUCTEMA aBTOMATUY€CKOr'O YIIPaBIeHHUs.

3sb6boenzol mstowo 03.07.2020
d9dembizemol ostowo 28.09.2020
bgerdmfgeoemos sbsdg s 29.03.2021
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k =25) d06H0m5 Btdmegddo s 3593000350 Mmo
1,-0ob  90bodsgrm®o  3603369wmdgdo m-ob mo-
0MgMo 3odboMgdmwo 360d369wmdobsmzol s
®3929L 3300 qdoLsl Bgdmo dmyzsbogr Frseg-
09030 5 53Mg039 LodsToLO LO3MMYIG™ 356589¢)-
69003, HMPMMOES ¢, ©S ¢, . SWRMM00I0 Fdomdly
d99gabsoMs:

1. 89985md0ol abisfigolidogy gobolawgmgds y39-
@5 Lafgolio dmboigdo. sg 0gwgeolbdgds s6o @G ol
9mb5399900, GMIIPBLSE 0035¢0LHobgdL 3GMmgd@Eo,
56599 0boE, HMIWGOoE LsFoMms 3MIZ0MGIOMO
239933900l BolOGIMIOWS, Fo39¢0MO® LEBOGOL-
A03MOO 300900 s MMM, IgBE3sms M s N
(3305900l MomEabmds. Lafiyol dmdgbEdo doBbol
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53694300l 360d369mdOL GgloMYdYE0 0gMEOOY)-
5 JgLsdwm oo Gogbgol /| . Lowowy.

2. LASGHOLEHOIMOO 300900L RoBSMGOOL 3MMEILOL
519909, Mol EMmbsg d9dmbggz00m0 MHoEbzgdol
3969M9&™MOL FogM godmBw)dsgzgds Mobgqdo, HmI-
gd03 899009y Fglsdsdobo sEamGomdol bodrgowg-
000 5 G9BOIMS FoMN35olfobgdom FmMIom-
©905, OMAMOE LadOHMgdBHM 356599FHgdoL dodwo-
Botrg 36083690mdgd0.

3. Hobslifjot Om@Egdmao 30MmMdOL  dglodsdolo
9mfjagds Y39 890gs. 07 89ewEggdb) ws-
QIOVWO Y39s 306MBd JOMNEOMNWI® FYLOYE-
@905, 35906 Tor10035 290593995 I936m dg-4 9Ba30l
F9lermangdsl, Fobsomdogy 9gdmbggzedo, doMm3s
390593995 89-2 9B30L  Fgurgangdol o s0MBY3s
Lo3MMgd@m 356599EMOOL sbogro 360d369¢mdGdO.

4. 53m0m3wgds J0Bbol gmbJzool 360936gwm-
05 5 990050705 Fobslio® ImEgde o Mogbal.
091 90Bbob 536300l 8608369 Mds Bo3engdo 0dbgds

53mb6J00l o8mmzgeowo 3603369mmds s dgobo-
bgds Lomsbom 350539 BHMgdMb ghmo, 99990
2395003 gd0Lsm3z0L.  Fobssmdgy  dgdmbggzedo,
o035 39093995 99-2 9BHo30L LI gdL o
393039 gds (303w M0  3Mmagbo  dgdmbgggomo
Mobgqdol sboero 3609369 mdgdoLIMZ0L. b (303-
@O0 250MMN3WGB0 203Mdggds 35650, Lobsd oM
Bo@oMgds 439gews s 30s. 99099 30300900 d0b-
Bob 3bg300L dob0Tser 860dz69wMdsL s Mgyv-
WHGHMOHOL 35601599BHMYd0L 08 3609369 ™dgdL, HMI-
9003 BOHMb39wymal JoBEoL BMbJEool Mm3Eods-
96 3609369 MdsL.

5. 996003bs. aobobogds mGo d9dmbgags: 306-
390, MmEqbsg m 0d6gds BodloMgdwwo (g.0. m-b
9969ds dbmemo ghomo 3600369 mds), Fsdob yo-
ImomM3Eqds 505 FoMEM I, -0b Mm3GH0dseMo 960d3-
Bgeomds, 505090 Mm3@00oeMmb sberml dymdo
bbgs 3600d369mmdgd03 s y3zgws bbgs ULoFo®m
(0950005, @,q,,q,,m, ¥ ) 3560539GHMJd03, obowrgm

58 Gogbgby, 85806 59 Gogbgl dogboFgds dobBol  99-2 gbGowo.
3bGowo 2
I, o 4o q, m s

7.584121789E-02 13.460435341 0.7911609485 0.801473368 0.335 0.761598726
9.892724455E-03 13.804677069 0.6366017043 0.835602362 0.335 0.761598726
3.330686415E-03 13.856777163 0.6115971389 0.840822486 0.335 0.761598726
1.734377745E-03 13.850722695 0.6145247229 0.840215124 0.335 0.761598726
6.696982415E-04 13.841486051 0.6189804412 0.839288913 0.335 0.761598726

dgmg 99dmbgggzs, MHmELsg gobobowgds w -b
(330090 L3490 MO S PONMGMWO @ -Lom-
30L g99mom3mgds [ -ob TbmemE ®3EH0dsyHo
360036900930 dgbsdsdolbo 35653gGHMId0m, Y39

9l 99930 dm3gdmwos J3gdmo dmyzsboen d9-3

bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY
Nel (519), 2021

3b®0wdo s dgbodedolo 53g0E0s by, 3. 59539
3b®owol dobygzom.

9oomomo, I, (1) 860d3bgwmds Tgqliodsdgdes
m(1)-ob 3oM3zge 3603369 mdsL, 1,(2) dgmeg b0dg-
Bgarmds 9gqLodsdgds m(2)-ob dgmeg 9603369 mdL,
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bowm [(3) 9gbsdg 360d36gwmds m(3)-ol dgLsdy
9600369 mdsls s 5.9.

39-2 bLyO-Bg IMEgIMEO 2MSROZO  93JOMOS

Mbg3zol BodMmdol m  3m9n030g6G0L Lbbgoalibas,

0o 50 3603369 mdgd0bsmzgol

5304LOMYOMEO
(5bMowo 3, 3mBoEos 22,25 s 48).

dobbol ggbj(300b dobodserydo dbodgbgenmdols
wadmjopgdaengds gagers Ubgs 3atedgfdthy

0.018
0.014
& 0.012

0.01

% o008 A
= 0.006 |
5 2

= N

0
11 13 15 17 I

| |
| LM

1 23 25 27 253 31 33 35

37 35 41 43 45 47 49 51

3.:5;2"03;_161','4 3!"1%17(_].-.‘}-_1

b6, 3

dqlsdoedobs 99-3 3bMool dgmdg bzg@do do-
300900 1, (1) -0l 3sbogl, b 3bMHowol deagrmls fo-
Bs bggGdo m(n) dsboogl, d9-3 HOOEEOL deage bggEdo
30 (1) -ob BsbogL. 535b096 GO MBS 5©0bOdBMU,
6 1, -6 9O 3bGOEOL 08539 LEHMOJMBdo, o6~
5 Bgdmm  50bodbmmo  356589BHMgooLs, 093D
®,4,,q, 3609369mdgd0, Hmdwgdog I, 30Bbol g3wb-
J309L 96039896 dobodsgrme 360d369¢mdsl m-ob ggod-
LoMgdMo 3608369MmdOL M.

90390g9 530b 9930y d9oagdo 3o@s9d> VBA
36myMsdol Excel-ob @50l s gm&mdoMgds 99-3
3bOool bsbom. Excel-ob 3GmyMsdol dgbsdsdolo
31bdEool, 3ghdme, MIN(MAX) 93bJ30900L 450m-

ISSN 1512-0996
www.shromebi.gtu.ge

4969000 50b0dbmo 3bGowol 3oM3zgw L3gGdo
3030300 I, -0l 306005¢n6 3609369c0mdgdl dmerols

943900Bg 306005l (56 2MmdsEwOL, H™Ig-
o3 0L obmoglgdmwo dmEgdnwmo 3bGHowol
gy L3gEOL dMEM MXM9ETo) s dob dglodsdol
bbgs 356599BHcMgdL. bsFoMmmgdol dgdombzgzsdo sbg-
1, -ob

fgboo 3030300

0039 39830000

906085 36089369cmdgdL Mol 1, -ob y3gwmaby
0ogdL0BoEvMH0 (FEMdoMO) I60d36gEMds, (3boOs
9439005 o0 09bdbgdo Lbgs 396599EHMYO0.
50605©, 3JMBLAHOMJGHMOL  9dbgds  Lodwmowgds
03m3mb 565 FoMEHM MHYRMEsGHMOOL 356M539BHMJd0L
®3@0dogr@o  36033bgermdgdo 1) 3G0EGHIMHowdol
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dobg30m, 56539 51939 03m3mb BogMMdOL 3mgzo-
309630 Labrydzgeo 3608369wMdsg. 39-3 gbMHowrol
5 dgLsdsdolo T9-2 bLYH-ob Lobom Es33OMIIE9-
09l 543l 0bLEHMMBEEO, MMIwomss dgmdwos
20MBomL bgdoldogho MbgzolL hoddmdol £ 3mggo-
309530l dobgzom LsdHmgdGHm 3sM0dxGMIO0L g,

©o ¢, 36083690md9d0, bmewem dqdmfdgdol dobbom

559mUb gbsdsdolbo AsMmEsdogzswo 3MmEgbo (bw. 4.)
139305IHO  3OHMPEMHTOL  1sTMoEgdom, OHMIYEO3
939905 BsO™MT0. To®0 Lobod QoI 5T535¢0
36mEgLL 939390090 LSFOMMS R9MESTZ9WO 30~
39LOoL SbSRYS® TM(39TMEO  ToRIXOOLIMZOL Yo-
0m304356mm dqlsdsdobo gm®mImegdo.

gb®owo 3
NeNe Iy 2 9 a m Vi
1 0.000327069 48.11 3.534627 9.32542 0.1 0.466342
2 0.000834774 46.17784 2.609959 8.595352 0.105 0.482838
3 0.00022522 44.32501 1.976537 7.923609 0.11 0.498825
4 0.000567988 42.48404 1.672732 7.283993 0.115 0.514317
5 0.002418327 40.7114 1.541836 6.694099 0.12 0.529331
6 0.00104409 39.15429 1.316784 6.196328 0.125 0.54388
7 0.000729015 37.66684 1.192422 5.739169 0.13 0.55798
8 0.005882586 36.3661 0.97576 5.353497 0.135 0.571644
9 0.002769024 34.94147 1.077471 4.947813 0.14 0.584885
10 0.001472994 33.74409 0.996187 4.6188 0.145 0.597717
11 0.000923049 32.63047 0.918246 4.323075 0.15 0.610153
12 0.001344304 31.53717 0.910442 4.042691 0.155 0.622204
13 0.000727617 30.55056 0.856991 3.797673 0.16 0.633882
14 0.001300217 29.58625 0.850755 3.565948 0.165 0.6452
15 0.000575964 28.69928 0.821169 3.359263 0.17 0.656167
16 0.000716428 27.85467 0.802414 3.168359 0.175 0.666796
17 0.00080005 27.06673 0.774431 2.995354 0.18 0.677096
18 0.001346505 26.29614 0.773586 2.831138 0.185 0.687078
19 0.001805518 25.59772 0.740998 2.686206 0.19 0.696751
20 0.009417903 24.84586 0.794875 2.535181 0.195 0.706125
21 0.002707012 24.24008 0.742996 2.416129 0.2 0.715209
22 8.40432E-05 23.63658 0.719565 2.300645 0.205 0.724013
bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY ISSN 1512-0996
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2986d990s
23 0.003377463 23.0643 0.695371 2.193814 0.21 0.732544
24 0.000301596 22.48215 0.703692 2.08811 0.215 0.740812
25 0.010936472 21.88777 0.7421 1.983277 0.22 0.748824
26 0.010002039 21.4748 0.651849 1.911055 0.225 0.756588
27 0.001041293 20.94042 0.678525 1.820948 0.23 0.764112
28 0.001486104 20.46865 0.671524 1.743025 0.235 0.771404
29 8.87519E-05 20.00764 0.67117 1.668678 0.24 0.778471
30 0.006920061 19.53897 0.689432 1.595059 0.245 0.785319
31 0.000995069 19.14599 0.665239 1.534269 0.25 0.791955
32 0.00305399 18.7588 0.649129 1.475668 0.255 0.798386
33 0.00720793 18.38583 0.634255 1.420363 0.26 0.804618
34 0.002685301 17.96988 0.657963 1.360505 0.265 0.810658
35 0.001508556 17.61272 0.651173 1.309897 0.27 0.816511
36 0.000988335 17.27325 0.641488 1.262706 0.275 0.822183
37 0.002890809 16.94291 0.633959 1.217702 0.28 0.82768
38 0.001516707 16.59876 0.641916 1.171979 0.285 0.833006
39 0.001290848 16.28373 0.63866 1.130823 0.29 0.838169
40 0.007284536 16.01083 0.617068 1.095539 0.295 0.843171
41 0.004165458 15.70269 0.621803 1.056862 0.3 0.848019
42 0.001222366 15.39467 0.631287 1.019055 0.305 0.852717
43 0.008400314 15.08735 0.644561 0.982178 0.31 0.85727
44 0.000206247 14.84976 0.625042 0.953708 0.315 0.861682
45 0.001454413 14.58244 0.625665 0.922599 0.32 0.865958
46 0.000108136 14.33265 0.621209 0.893972 0.325 0.870101
47 0.000287527 14.08628 0.618779 0.866271 0.33 0.874117
48 0.013782417 13.78847 0.644293 0.833981 0.335 0.878008
49 0.001011575 13.61335 0.614385 0.814496 0.34 0.881779
50 0.004355172 13.36397 0.622632 0.78814 0.345 0.885434
51 0.002929381 13.14708 0.618567 0.765418 0.35 0.888975
52 0.006169637 12.91724 0.622842 0.741935 0.355 0.892407
Tomin= 0.013782417
=lomax
Tomin==Iomin | 8.40432E-05
ISSN 1512-0996 b3v-ob 3GM3gdo — Works of GTU — Tpyas: ITY
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250053535020 3OHMEgLOL 5390
©59M30090gds 93600 5L Q9MEsTo35e 3MM3EgLLY s ol MgsEwy®H Lobdomwyan Jobsbosmgdguls
Fmob BsofigMgds 3bmdowo gm®mdmwom:
0 =2 LD sin(or). (24)
Ty, o
M95¢00H0 LobdoOweo Fobolosmgdol —U(w)-b 4o8mbomzwgmes© bsFoMms d930mewo Lob@gdol
239053990L gMbdzos (10)-8o p - Fo03Mo R3LZsM p = jo , 0353OMMSE 3530035¢olfobmm, GmI

2

ji=-1, 09900093 30 535030 §oMmdmbobgomo ©s bsdgowo bsfowgdo Fow-3sw3g. Tgbodsdols
90300900:

(90 + jq, @)k _ (4 +Jq, @)k _
Jjo(=b,” + jho+b,)+(q, + jg,@)k —jb,@’ —b @’ + jbyw+q.k+ jgkw

W,(jo)=

_ (g + jq,k)
(gok _blwz) - Jv[bzw3 +9b, + g,k)w] .

(25)

9600d369¢do 3m33egdu®mo Hogbgol dmbdmdol dobboo (25) godmbsbmemgdol dMogbzgwo s 360dzbgero

39359M0gmm 36093690l FgmmEgde Goisbaby,
9:0. (qok —b,@*) + jlb,@" + (b, + kq,®)] , BgLd5F0OLO© J0300900:

k(q, +j‘]1a)){qok_b1w2)+ j[b2w3 + (b +kgq) 0]} )

w,(jo)=
L(Jo) (qok—bla)z )2 +[b2a)3 + (b, +kqla)]2

(26)

BP0l 890amdo 459503H03900L JoBbom (26) sdmlbsbwrergdol dMogbzgwo s036086mm A-mo, bowm
960393690 — B-mo.
39630bowmm (26) godmbabwyamgdols bmemo Ihozbgzgwo
A=ki{q,(qk —b0*) + jq,[b,0" + (b, + kg @]+ jg,0(qk — bo*) - q,0[b,0° + (b, + kg, 0]} (27)
§9360900L  ge035bgBg  290sTMOZWGIOL o MYoMO s FoMImbabgzomo  boffools  zow-3ow3g
fi>6dmqepgbob 899egy 83036902
A=kiq,(qok — b,0*) = q,0[b,0° + (b, + kq,0]} + jkig,[b,0 + (b, +kq,)0 + q,0(q.k —b,0*)} , (28)

borm B -Lomgol 43946900:

B =(q,k _blwz)z + [bza)3 +(b, + kql)a)]z (29)
dgLodedolo
W, (jo)= A _ kq,(q,k —b,@") —kq,alb,a + (b, + kq,)@] N
B B
+j qok[bza)3 +(b, +kq1))w+q1a)(‘Iok_bla)2]’ (30)
B

Loog U(w) 560l 89360 LobiEgdol Hgomrto LobdoMeeo dsboliosmgdgero s Gmeros:

bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY ISSN 1512-0996
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kq,(q.k — b’ ) —kqalb,0 + (b, + kq,)®)

U(w)= 31
(@) 2 @31

bogom V(@) s60b 99300 bobEgdol fomdmbsbgomo Lobdo®eo sbslosmgdgero
V(a))=j[b2w3 +(bo+kq1))w+%a)(%k_b1a)2] ‘ (32)

B
3oL 9900092, o3 3393006905 U(w)-b 36038369mmds (24) g3m®dMeol 4s8mygbgdom dgbodergdganos
390053500  3MMEILOL  2osbRsM0TGOs O 990, FoMETo35¢0  3MMEILOL  RoM™M3Es  Fglisdangdgaros
063936500l go0mm3eol GMo3g300l 96 Jsmrmgmombgol dgmmol 3sdmygbgdom. memogzg dgmmEo doxol
Lomobom dg6mbg3ol d90mbgqzs8o 0derg3s momgdol ghmbso® d9wgagdl, Moz 0bgobMmvmo mgzsmbsb@olom
dobo@gdos. J5OMIMbYEOL IgoMEOL 353mygbgdoo (24) gm®mdwes 990dwgds Bogligmmo 990gabsota:

36 = 2 8t sint0) + Y2 sinoy 4, -+ - + L% G,y + L Sin(,0)1 =
4 | @, O/= )
A {Z U( )Sm(t )} (33)
d99m300mm 50bodgbo:
MSin(a)t) =z, (34)
@
05906 (33) 359mbobwegds BoofigMgds 899gabsoMaco:
1
Y0 =AY 2,0 =120 M (35)
T i=1

Losz M @olighg@Bobsgool Gogbgzos, bowm I — 0b@gamomgdol Bngsdo.

09-4 bLE. 5a90E0s dg-4 (3bGOWOL Jobgz00m.

1, 2 s 3 3Mv9gd0 Fggbsdsdgds LolEgIol FoMmEsTZoe 3MMEILL, MHMIms Fgbsdsdolo MYyYEsEHMGOL
356150900 FgLodsdols sMHOUL:

(3Bogos 22) IMY =8.40432E —05, m = 0.205, (y =0.724013), o = 23.636558, g, = 0.719565, ¢, = 2.300645;

0 min

(3mBogos 25)

I{Mers9) = 0.010936472, m =0.22, (y =0.748824), w =21.8877, q, =0.7421, ¢, =1.983277;

0 min

(3mBoEos 48)

I =0.011378417, m = 0.335, (y = 0.878008), @ =13.78847, g, = 0.644297, ¢, = 0.83398]1.

0 min
b 356599BHJO0 509005 39-3 LryM-sb s 3g-3 FBOHOEIOL Tgbsdsdolo 3mHoE0gdosb 22,25 s 48.
3905353500 3MM3E7LOL 465303900l bMAMYdO Fgglodsdgds 8g-4 3bMOEOL Tglsdsdolo b3gEHgdol bmamgdL.
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3503dsgsmo 30m3glgdols 66)6*303360

abMowo 4
t TominMax( 3) TominAve. (2) TominMin (1)
0.01 0.031539086 0.073456233 0.085662666
0.02 0.086815029 0.200156338 0.232658391
0.03 0.163946441 0.372354432 0.430746728
0.04 0.26379048 0.587820617 0.675905072
0.05 0.387603327 0.844739048 0.96457128
0.06 0.535442442 1.138320231 1.289863455
0.07 0.705256866 1.459061774 1.639709772
0.08 0.89260617 1.792538875 1.99674954
0.09 1.090915308 2.120490809 2.339724476
0.1 1.292132 2.422845117 2.645928874
0.11 1.487621579 2.680229587 2.89417791
0.12 1.669123059 2.876490509 3.067718977
0.13 1.829603135 3.000775683 3.156562775
0.14 1.963881295 3.0488478 3.15884397
0.15 2.068952092 3.023446692 3.081010264
bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY ISSN 1512-0996
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293Mdgegds
0.16 2.143990801 2.933692646 2.936850261
0.17 2.190084204 2.793683799 2.745565668
0.18 2.209770524 2.620561789 2.529239831
0.19 2.206495133 2.432383501 2.310128183
0.2 2.184087319 2.246134315 2.108189487
0.21 2.146343939 2.076157462 1.939197186
0.22 2.096770086 1.933169978 1.813638355
0.23 2.038486853 1.823913471 1.736452627
0.24 1.974278765 1.751371315 1.707516601
0.25 1.906726 1.715396378 1.722667206
0.26 1.838355248 1.713547328 1.774999064
0.27 1.771747528 1.741933416 1.856170156
0.28 1.709559663 1.795909457 1.957501533
0.29 1.65444389 1.87053247 2.070743431
0.3 1.60887803 1.960769911 2.188478012
0.31 1.574943803 2.061517063 2.30421855
0.32 1.554104048 2.16752626 2.412323476
0.33 1.547031036 2.273361179 2.507864586
0.34 1.553527263 2.373469429 2.58657028
0.35 1.572559061 2.462421245 2.644914801
0.36 1.602400011 2.535304669 2.680359835
0.37 1.640857322 2.588214944 2.691691737
0.38 1.685538611 2.618738072 2.679354393
0.39 1.734110598 2.626317144 2.645661188
0.4 1.784505184 2.612406506 2.594787998
0.41 1.835042966 2.580358943 2.532492818
0.42 1.884463968 2.535044292 2.465568678
0.43 1.931875406 2.48225382 2.401098283
0.44 1.976643871 2.427987725 2.345627066
0.45 2.018268769 2.377746319 2.304394525
0.46 2.056273967 2.335942478 2.280756807
0.47 2.090146929 2.305525338 2.275897746
0.48 2.119339477 2.287860847 2.288869858
0.49 2.143327514 2.282861987 2.316942751
0.5 2.161711392 2.289314619 2.356179821
0.51 2.174327894 2.30531099 2.402124681
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2986d990s
0.52 2.181342331 2.32869175 2.450467059
0.53 2.183293426 2.357406811 2.497572284
0.54 2.18107586 2.389735325 2.540797405
0.55 2.175859319 2.424344304 2.578568134
0.56 2.168958334 2.46020727 2.610243928
0.57 2.161678032 2.496436342 2.635841056
0.58 2.155166865 2.532098073 2.655705537
0.59 2.150303725 2.566081807 2.670228308
0.6 2.147640826 2.597069515 2.679672311
0.61 2.147408764 2.623625749 2.684143524
0.62 2.149577884 2.644390375 2.683696409
0.63 2.153956929 2.658328645 2.678526128
0.64 2.160303489 2.664974045 2.669177204
0.65 2.168419713 2.664599554 2.65669496
0.66 2.178211638 2.658266783 2.642660957
0.67 2.189700665 2.647731264 2.629085361
0.68 2.202988484 2.635214134 2.618166801
0.69 2.218187662 2.623082271 2.611964911
0.7 2.235338326 2.613499578 2.612056202
0.71 2.254334697 2.60811879 2.619250156
0.72 2.274881907 2.607874691 2.633431642
0.73 2.296496055 2.612915767 2.653568576
0.74 2.318549065 2.622682122 2.677886961
0.75 2.34034987 2.636104696 2.70417928
0.76 2.361243849 2.651876411 2.730182522
0.77 2.380708623 2.668733102 2.753948317
0.78 2.398425205 2.68568308 2.774130846
0.79 2.414309054 2.702139756 2.790138452
0.8 2.428495449 2.717937404 2.802125742
0.81 2.441284034 2.733237561 2.810839933
0.82 2.453055728 2.748360592 2.817365076
0.83 2.464182733 2.763591399 2.822829263
0.84 2.474951498 2.779013514 2.828143529
0.85 2.485515246 2.794414996 2.833830075
0.86 2.495886131 2.80929033 2.83997275
0.87 2.505965457 2.822937282 2.846291525
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2986d990s

0.88 2.51560297 2.834623013 2.852312608
0.89 2.524668752 2.843776612 2.857583721
0.9 2.53311874 2.850158532 2.861874973
0.91 2.541037105 2.853962491 2.865311126
0.92 2.5486448 2.85582252 2.868400485
0.93 2.556271878 2.856720453 2.871952357
0.94 2.564300226 2.857812393 2.876903322
0.95 2.573090268 2.860213608 2.884095542
0.96 2.582909373 2.864789247 2.894062962
0.97 2.59387874 2.871998185 2.906878346
0.98 2.605951207 2.881823899 2.922101238
0.99 2.618925094 2.89380664 2.938840801

1 2.6324904 2.90716693 2.955921176
1.01 2.646296358 2.920990191 2.972112899
1.02 2.66002451 2.934429249 2.986377183
1.03 2.673450572 2.946878076 2.998068044
1.04 2.686480949 2.958078436 3.00704768
1.05 2.6991568 2.968138508 3.013689608
1.06 2.711625671 2.977462106 3.018771855
1.07 2.724088582 2.986611325 3.023287147
1.08 2.736736835 2.996137177 3.028215002
1.09 2.74969282 3.006421524 3.034309707
1.1 2.762971336 3.017569488 3.041951088
1.11 2.776468387 3.029376857 3.051091357
1.12 2.789981685 3.041380151 3.061305423
1.13 2.803255932 3.052974658 3.071929199
1.14 2.816043087 3.063570886 3.082248968
1.15 2.828161364 3.07275007 3.091694632
1.16 2.83953998 3.080379852 3.09998897
1.17 2.850238332 3.086662243 3.107217766
1.18 2.860434718 3.092101255 3.113805212
1.19 2.870388309 3.097397697 3.120402124

2.870388309 3.097397697 3.15884397
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sl 3365

LGHoG0530 296boermEos PI Mgarens@m®ol 3sMo-
393 900L M3EH0Tor o 3609369cMmdOL 4550 M00]-
00l 59m(396s  33500MGWIEo  0bFgYMMGo  3Mo-
396030l Jobg3000 O AOMTZ5Wo 3MHME3gLOL
6bg30L BoddmdoL 3mgz303096¢ 0L LabvyMzgero 860dg-
Bgamdol 250350bobgdom. sdm3sbs Fomdmeoygbo-
@05 OHMAMOF F50935BH03MM0 ©3OMYMTJOOL 505~
P6O8030 53m396s.

doBbol g3Mbd3ool gemdswMo  gduEHMgdmdol
ealobobo  298mygbgdaos LEMdsbBozwdo dgomm-
0, 39Mdme, 9g0mbggzomo dqdbols dgommeo. PI ég-

©sbsmoo 1

AMWOGHMOOL  Losbas®0dm  RMEOTMEGIOL  25dmloy-
39650 399my9gbgdME0s FoBIMHNMIIMo SA3WOGY)-
©YH-g85HMM0 LobJoMHWYEo FobsliosmgdYErO.
6586:m3do M0 B3IMds sI3MMYIGHIdgwl do-
fonb 9539JGwO0 0BLEHMMAG6GH0, Moms 05bysMo-
ol OIRMEGHMOOL  M3BH0ToMOO  35M93gEHMIO0
39005350 3MHM39LoL MBY30L RoJMMdOL 3Mgz0-
3096@0L  Lsbmgawo  360dg6gwMmdol  gomzool-
§0obgdom. b5d0mIdo dmyzsbowo LmGamgdo s FbMo-
@700 5530l 3561599E Mgl FgMbgz0l dglsdangd-
@®dGOL.  3MI30GHIOHMO  3OMYMsIGOoL  dgloddbg-
@5 3990YggbgdYE0s 3OMYESF 0 LsdrYsegds VBA.

Pl 929053 MO0L 356599GHMJd0L Mm3EH0Tsev@o 3603369 mdgdols
3996925603900 3OHMa™53s (39-2 3bGOEOL BMOGToMYDS)

Private Sub Command1_Click()

Dim c0, c1, c2, c3, b0, b1, b2, q0, g1, m, Imin, 10, g00, g11 As Single

Dim I, k1, i, MM, LL, s As Integer

Dim x(1), xx, xm(2), B, A, AA(1), BB(1), g(2), Om1, Om2 As Single

b2=0.1

bl=1

b0 =20

k=25

c3=b2

c2=>bl

m =0.335

s=250

N=1

MM =2

Imin =300
Oml=bl/(3*b2*m)
Om2=bl/(2*b2*m)

Print "Om1="; Om1; "Om2="; Om2
AA(1) = Om1

BB(1) = Om2

Forj=1Tos

x(1) = AA(1) + (BB(1) - AA(1)) * Rnd
g(1) =x(1) -Om1

g(2) =0m2-x(1)

bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY
Nel (519), 2021

92

ISSN 1512-0996
www.shromebi.gtu.ge



3m33ovEgtymo dgsboghgds — Computer Science — KommeioTepHsre Hayku

I1=0

Forkl=1To MM

If g(kl)>=0Thenll=Il+1

Next k1

If = MM Then
g0=((M~22+1)*(b1-2*b2*m*x(1)) *x(1)*2)/k
gl=((b2*x(1)22+2*m*bl*x(1)-3*b2*mAr2*x(1)*2-1))/k
cl=b0+qgl*k

c0=q90 *k
B=b222*cO*cl+(b1722-2*b0*b2)*cO+b0"2*c2*c3
A=2*cO*c3*(-cO*c3+cl*c2)

I0=B/A

10 = Abs(10)

If 10 <Imin Then

Imin=10

xm(1) = x(1)

Fi=1-Exp(-2 * 2.14 * m)

Print " 10="; Imin; " Om="; x(1); " q0="; g0; " q1="; q1; "m="; m; " Fi="; Fi
Else

End If

End If

Next j

End Sub

©5bsG00 2

PI &93m¢@05@m®ob 3565993090l dbmemo m3E0dsery®o 3609369mmdols gosb6356Mm0d9ds
(89-3 gbGogrols ZnMIoMgds)

Private Sub CommandButton1_Click()

Dim c0, c1, c2, c3, b0, b1, b2, 0, g1, m, Imin, 10, 900, q11 As Single

Dim I, k1, i, MM, LL, s As Integer

Dim x(1), xx, xm(2), B, A, AA(1), BB(1), g(2), Om1, Om2 As Single

b2=0.1

bl=1

b0 =20

k=25

c3=b2

c2=hbl

ik=0

For m=0.1To 0.36 Step 0.005

s =250

N=1

MM =2

Imin =300

Oml=bl/(3*b2*m)

Om2=bl/(2*b2*m)

AA(1) = Om1
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BB(1) = Om?2

Forj=1Tos

' Randomize

x(1) = AA(1) + (BB(1) - AA(1)) * Rnd
g(1) =x(1) -Om1l

g(2) =0m2 - x(1)

I1=0

Forkl=1To MM

If g(kl)>=0Thenll=Il+1

Next k1

If = MM Then
g0=((M"2+1)*(b1-2*b2*m*x(1)) *x(1)*2)/k
gl=((b2*x(1)*2+2*m*bl*x(1)-3*b2*mA2*x(1)*2-1))/k
cl1=b0+ql*k

c0=q0*k
B=b222*cO*cl+(b1722-2*b0*b2)*cO+b0"2*c2*c3
A=2*cO*c3*(-cO*c3+cl*c2)
I0=B/A

10 = Abs(10)

If 10 < Imin Then

Imin =10

"Fori=1ToN

xm(1) = x(1)

Fi=1-Exp(-2 *3.14 * m)

Cells(1 + ik, 2).Value = Imin

Cells(1 + ik, 3).Value = x(1)

Cells(1 + ik, 4).Value = q0

Cells(1 + ik, 5).Value = q1

Cells(1 + ik, 6).Value =m

Cells(1 + ik, 7).Value = Fi

Else

End If

End If

Next j

ik=ik+1

Next m

End Sub

©sbsmoo 3

PI G305 @O0l 35050535000 3GmzgLol s U(w) gmbdsool 53930l 36Gma@eds

Private Sub CommandButton1_Click()

Dim q0, q1, k, b0, b1, b2, delta, y, t, Om, A, B, U, x As Single
Dim i, ii As Integer

g0 = 0.719565
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gl =2.300645

k=25

b0 =20

bl=1

b2=0.1

delta=1

i=0

ForOm=3To 50 Step 1

ii=ii+1
A=q0*k*(g0*k-bl*Om~*2)-gl*k*Om*(b2*Om~3-(b0+ql*k)*Om)
B=(q0*k-b1*0Om~2r2)"2+(b2*Om~3-(b0+ql*k)*Om)~2
U=A/B

Cells(1+ii,4).Value=Om

Cells(1 +ii, 5).Value=U

Next Om

y=0

i=0

Fort=0.01To 1.2 Step 0.01

i=i+1

ForOm=0.1To50Step 1
A=g0*k*(q0*k-b1*0Om~*2)-g1*k*Om* (b2*OmA"3-(b0+qgl*k)*Om)
B=(q0*k-b1*0Om~"r2)A2+(b2*Om~3-(b0+ql*k)*Om)~r2
U=A/B

x=U/Om *Sin(Om * t)

y=y+x

Next Om

y=2/3.14*delta*y

Cells(1 +i, 2).Value =t

Cells(1 +1i, 3).Value =y

Next t

End Sub
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Determination of the Optimal Values of the Parameters of the PI Controller by Minimum Integral
Quadratic Criterion Taking Into Account the Values Transient Damping Coefficient
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Abstract. The problem of determining the optimal the values of the parameters of the PI controller by the
quadratic integral criterion taking into account the coefficient of attenuation of the transition process. The problem
is presented as a nonlinear mathematical problem programming. Finding the global minimum of the objective
function carried out by random search, and to determine the parameters of the PI controller used the expanded
amplitude-phase frequency response of the system. An attempt is made to provide designers with an effective tool
for solving the above problem. The given graphs and tables facilitate the selection of parameters. To compile a
computer program, the visual programming system VBA (Visual Basic for Application) is used. Concrete examples

are given.

Key words: integral quadratic criterion; optimal parameters; proportional-integral controller; synthesis of an

automatic control system.
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OmnpepeneHne oNTUMAMBHEIX 3Ha4eHUH mapaMeTpoB [IW perynsropa mo MuHUMyMY
HWHTeTPaJbHOMY KBaJPaTHIHOMY KPHUTEPHIO C YIETOM 3Ha9eHHi K02 dUIIMeHTa 3aTyXaHUs

KoJieb6aHUi TepexofHOTO Ipolecca

Bagpu I'sacamus JlemapraMeHT KOMIIBIOTEPHOTO IIPOKTHPOBAHUA CTPOMUTENBCTBA, I pysmHCKMM
TexHUYeCKu# yHusepcurer, I'pysus, 0160, Toénaucu yu. M. Kocrasa, 68°

E-mail: b.gvasalia@gtu.ge

PeriensenTsr:
K. Ogumapmns, acconuupoBaHHsIi mpodeccop daxyabTeTa nHGOPMATH U cUcTeM yrpapiaenus ['TY
E-mail: O_korneli@yahoo.com
E. A6pamuzse, accorunpoBaHHbIi podeccop cTpouTtensHoro paxynsrera ['TY

E-mail: Edisoni.abramidze@mail.ru

AnnoTtanuda. Bo MHOIMX NMpakTHYeCKUX CIydasx, KOTAA MHTEIPAIbHBIA KPUTEPUH IPHHUMAET MUHUMAIbHOE
3HaueHUe, IIePEXOJHBIN IIPOLECC CHCTEMBI UMeeT JOCTATOYHO Goblive KomebaHNs, YTO HeJOIIyCTHUMO IO Pa3yIiy-
HBIM TeXHHYECKUM coobpaxkeHUAM. I[oaToMy Lenecoo6pasHO MCIIONB30BATh MHTETPANBHBIN KBaZPaTUUIHbIH KpHU-
Tepuil He U30JIMPOBAHHO, 2 B COUETAaHUU C KO3bduIeHTOM GIyKTyaluu IepexogHoro mpouecca. HeobxozumocTs
BBeJIeHUA STOr0 Kod(hGUIlMeHTa CMellaeT 3afady K 3aJade MHOTOKPUTEPHATIbHOHM onTMMusaunuu. B craTbe pac-
CMaTpUBaeTCs 3a/a4a OIpefesieHHs ONTHUMAIbHBIX 3HaYeHMi mapamerpoB IIM peryndropa IO KBaApaTHUYHOMY
HMHTETPaIbHOMY KPUTEPHUIO C yueTOM K03 (UIIMeHTa CTelleHH 3aTyXaHH II€PeXOAHOTO Ipolecca.

3ajaya mmpeZicTaBIeHa B BUZE 33aJavYM HEJIMHEHHOTO MaTeMaTH4eCKOro ImporpaMmupoBanus. HaxoxzeHue rio-
6aIbHOTO MHHMMYMa IiesIeBo# QyHKIIMY OCYILeCTBIIAeTCS METOAOM CIy4YaifHOTO ITOKCKA, a [JIA OIpe/ieIeHNs Tapa-
MmetpoB II1 peryaaropa ucmois30BaHa paclIupeHHas aMILIUTyAHO-(a30Bas YaCTOTHAS XapaKTePUCTUKA CHCTEMBEI.

B pabore chemaHa IONBITKA CHAGAUTH IPOEKTHPOBINUKOB 3(P(PEKTUBHBIM HHCTPYMEHTOM MJIA pelIeHUd
BBIIIEyKa3aHHOU 3ajaun. [IpuBeneHHBIe YepTexu U TabauIbl 06Ierd4aioT BRIOOp mapaMeTpoB. Jljid cocTaBieHUs
KOMIIBIOTEPHOI IIPOIpaMMBbl HCIIOJIB3YeTCA CHCTeMa BH3yaJbHOTO IporpamMmupoBaHus VBA (visual basic for

application)

KiroueBbie €10Ba: onTyMaibHbIe TAPAMETPHI; IPOIOPLNOHATFHO-UHTETPAIBHBIN PEryJIATOD; CHHTE3 CHCTEMbI

aBTOMAaTHU4Y€CKOTO YIIPAaBJIeHUA; MHTETPAJIbHBIN KBaJPaTUIHbINA KPUTEPUM.
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Abstract. The task of digital image analysis after
image segmentation requires the ability to operate
independently with each extracted segment (object),
determine the total number of segments, and define the
location of the segments on the image plane. This requires
knowledge of the coordinates of each extracted segment
on the image. This involves defining the coordinates of
the pixels that make up the segment.

For this purpose, an original algorithm was developed,
which during the process of implementation of early deve-
loped non-parametric segmentation algorithm extracts the
connected components (segments) on the image and deter-
mines the location of the each segment on the image based

on the values of indices i and j (coordinates) of its pixels.

Key words: cluster domain; cluster; density func-
tion; matrix cluster; mode; non-parametric segmenta-

tion; Parzen estimation; segment.
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Introduction

The task of digital image analysis after image segmen-
tation requires the ability to operate independently with
each extracted segment (object), determine the total
number of segments, and define the location of the seg-
ments on the image plane. This requires knowledge of
the coordinates of each extracted segment on the image.
This involves defining the coordinates of the pixels that
make up the segment.

For this purpose, an original algorithm was deve-
loped, which during the process of implementation of
early developed non-parametric segmentation algorithm
extracts the connected components (segments) on the
image and determines the location of the each segment
on the image based on the values of indices i and j

(coordinates) of its pixels.
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Main part

Segmentation Algorithm: Brief Overview

Here we'll briefly introduce the early developed seg-
mentation technique [1]. That involves two stages. The
first is cluster-analysis of the k-dimensional characte-
ristic features space, in which number of clusters, their
centres and radiuses of sameness are determined; and the
second is the extraction of segments on the digital image
on the bases of mapping the obtained clusters back to the
image domain.

Scene digital image is considered as a realisation of a
vector random field

G =1y =(FO@ fPO0),

with independent components and increases, where
in each image point (x,y) we have row vector G of k

characteristic features i.e. as a matrix

A=|a;|,i=TN,j=1M,
where each a;; is an observed value of a vector random
field in 2D space point (xi, yj) and
—_ (D (k)
aij = (aij ,...,aij s

where x; < x, <...< X0, V1 < V3 <...< Yy

Let’s consider in matrix A so-called 2D “window” of
size (2 X 2), in which is defined 6 pairs of adjacent
elements. Move the “window” in 4 element by element

and calculate the Euclidean distances p(-) between those
pairs of adjacent elements.

P(aij; ai,j+1)’ P(aiji ai+1,j+1)s P(aiji ai+1.j)’

P(ai+1,ji ai,j+1)) P(ai+1,ji ai+1.j+1)’
P(@iji1 Qiarjar) i=LN=1j=1M—1. (1)

We'll obtain sequence of non-negative numbers
{¢Ja=1Tn, where n=4(N-1DM-1)+N+M -
2 and ¢, denotes qth member of sequence {p(-; )}, and
which is considered as a sample of a parent population
with theoretical density function ¢(x). For statistical
estimation of unknown ¢(x) the Parzen function is
considered
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where h = h(n) > 0 and h(n) - 0, nh(n) - o, when
n — oo; k(x) is a Borel function which can be integrated
relative to Lebesgue measure.

If one takes into consideration that ¢(x) uniformly
continuous on whole numerical axis, then @,(x)
converges to ¢ (x) uniformly with probability 1 and con-
sequently computations are true with probability 1. For
definite types of kernels k(x) function @,(x) is
characterized with multi-modes. If M;i=1,p are
modes and m; are points of local minima of density
function @, (x), then we have m; < M; < m;,,. Hence
modes are considered as centers of extracting in the
sequence {&,},g=T,n clusters, while intervals
[m;;m;y,),i = 1,p formulate so-called clusters domain
which give us rough boundary of clusters. But only some

of the elements of sequence {Eq}, q = 1,n fall into ith
€, € {Eq}. The

,J = 1, e give us value of distances

interval [m;;m;,). Let’s say & ,&;,,..

differences |Eij - M;

of those elements from the cluster center M;. Let’s
consider them as a sample of a parent population, which
has some theoretical density function. The Parzen
function is computed to that again and maximal of its
modes is considered as a radius of sameness R; for cluster
domain [m;; m;,1). R; give us exact boundary of cluster
extracting in cluster domain [m;; m;,).

All§, € [m;;myy,),q = 1,n which satisfy the cluste-

ring criteria
|, = M| <R,i=Tpq=Tn 3)

define cluster K; with center M; and radius R;.

Segmentation of digital image i.e. matrix 4 implies its
partition into maximal connected disjoint unities of the
a;j elements according to each K;, i = 1, p cluster. At the
same time it should be realized in direction as modes are
ordered - M; < M, <...< M,,. Thus segments extrac-
tion process must start from the clusters with the most
similar elements and continues doing the same with all
other clusters until we reach the last one that has the
least similar elements, i.e. from cluster K; with a mi-
nimum mode M, and finish at cluster K,, with a ma-

ximum mode M,. For that, let’s move in matrix A
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“window” in the same way as before and find pairs of
adjacent elements distances (1) between which belong to
cluster K;. As a result we’ll obtain a set of elements called
“matrix” cluster 4; in matrix A. A maximal connected
unities of elements in A, create segments S{,t = 1,T;. If
after that in matrix A will remain non-segmented ele-
ments, we pass to cluster K, and repeat above-mentioned
procedure, etc. until process of segmentation of the
matrix A will not be terminated. At the same time the
matrix A elements extracted into segments on ith step do
not take part in extraction of segments on (i + 1) step.
The elements of image extracted into segments on ith
step are mark with one and the same identifying label
whose value is correspond to cluster’s current number.
After the termination of segmentation procedure some
elements of matrix A can be remained as non-segmented
and distributed on the image domain. Such elements

represent isolated elements on the image plane.

Algorithm Description

According to the above-mentioned segmentation
algorithm, at the ith step of the segmentation procedure
the elements of the A; matrix cluster, corresponding to
cluster K;, i = 1,p are assigned the same labels. The
value of the remaining elements of the matrix is equal to
0. Thus, we get a binary matrix cluster with labeled
elements. The task is to extract in such a matrix cluster
the connected components - segments on the image on
the bases of the elements marked with the labels
corresponding to the cluster K;, i = 1,p and define the
coordinates of each of them based on the values of the i
and j indices of their pixels. This will ultimately
determine the location of the segment on the image.

Suppose we have corresponding to cluster K;, i = 1,p
matrix cluster 4;, in which the elements are labeled with
a value corresponding to ith cluster, say, equal to 5, and
the remaining elements of the matrix are equal to 0
(Figure 1).

The task is to define the corresponding segment and
its location on the image plane based on the extraction
of the maximal subset of the connected elements in the
A; matrix cluster. The latter involves determining the

coordinates of the pixels that make up the obtained
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segments. To do this, start the element by element
movement in the matrix cluster A; (left to right and top
to down) and compose the corresponding sequences of
the indices i and j of elements with a value of equal to 5
in the matrix. The result is the following sequences of
indices i and j:

i=223333334447777
j=2312345,6,45,6,34,5,6

If we now sort these sequences in ascending order
without repeating the same index values, then we get the

following two sequences:

i=2347
j=1234,56

As we can see, in the case of index i, starting from the
value i = 2 and including i = 4, the index runs through
all natural values, that is, the difference between two
adjacent values in the sequence is 1. Accordingly, the
matrix cluster has labeled elements under these index
values i. Then we no longer have the values of the index
i from the value i = 4 to the value = 7 . This means that
there are no labeled elements in the fifth and sixth rows
of the matrix cluster. Labeled elements start from the
seventh row. Therefore, the set of elements labeled by
rows in the matrix A; is divided into two connected
subsets. Whereas index j runs all natural values from 1
to 6, i.e. labeled elements form a single connected set by
columns. Therefore, the sequence of the values of index
i is divided into 2 subsequences: 2,3,4 and 7, while the
sequence of the values of index j remains unchanged.

| O
a | A
a | A
o | o
o | o
o | o
o || o
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Thus, in order to extract the maximal number of
connected elements in the matrix cluster 4;, we need to
consider the following combinations of the values of the
sequences of indices i and j:

i=234
j=1234,5,6 (4)
and
i=7
j=1234,5,6 (5)

The above means that the set of labeled elements of
the matrix A;, corresponding to the cluster K; is divided
into 2 connected subsets. One of these is placed inside the

area (interval) bounded by the values of indices i and j

i =[234]
j=1[12345,6] (6)

defined by sequence (4). To determine the exact
indices of the elements of a connected subset in area (6),
we check whether all possible combinations of the pairs
of indices i and j correspond to the labeled elements in
the matrix cluster A4;. To do this, we will use the
following procedure: for all possible combinations of the
pairs [i, j] of indices i and j taken from (6), we check the
values of the corresponding elements labels in the matrix
cluster 4;. If it is equal to 5, then this is the element of
the first connected subset. After going through this
procedure, we will get the exact values for indices i and
j of the elements for the first connected subset in the
matrix cluster 4;. So, a segment on the image correspon-
ding to the first connected subset is formed by pixels

with the following coordinates:

[2,2], [2,3], [3,1], [3,2], [3,3], [3,4], [3,5], [3,6],
[4,4], [4,5], [4,6].

According to (5), the second connected subset in the
matrix cluster A; is placed inside the area (interval)

bounded by the values of indices i and j:

i =[7]
j=11,2345,6] @
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If we now repeat the above-mentioned procedure again
for all possible combinations of the pairs [i, j] of indices
i and j taken from (7), we will get the exact values for
indices of the elements for the second connected subset
in the matrix cluster 4;. Accordingly, a segment on the
image corresponding to the second connected subset is
formed by pixels with the following coordinates:

[7,3], [7,4], [7,5], [7,6].

It follows, that if indices i and j of the labeled elements
of a matrix cluster sequentially run natural values, then
their corresponding pixels on the image form single maxi-
mal connected set - a connected component or segment.

Now, consider the case when the corresponding to
cluster K;, i = 1, p matrix cluster 4; has the form shown

on Figure 2.

Figure 2

Let’s repeat the above-mentioned procedure again
for the given matrix cluster and compose the sequences
from the values of indices i and j of the labeled elements.
We'll obtain:

i=2346,7
j=2345389,10 (8)

As we can see, both indices i and j do not run sequen-
tially the natural values. In particular, the interrupt at
index i occurs from the fourth to the sixth row, i.e. there
are no labeled elements in the fifth row. Labeled

elements start from the sixth row. This also happens in
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the case of index j. Here also the interrupt occurs from
the fifth to the eighth column, i.e. there are no labeled
elements in the sixth and seventh columns. Labeled ele-
ments start from the eighth column. Thus, respectively,
each sequence of values of indices i and j is divided into

two subsequences, respectively:

2,3,4 and 6,7;
and
2,3,4,5 and 8,9,10.

Therefore, to extract the set of maximal number of
connected elements in matrix cluster, we must consider
the following combinations of the subsequences of

values of the indices i and j:

i=234

j = 2;314;53 (9)
i=234

j =89,10 (10)
i=67

j=234,5, (11)
i=67

j =89,10 (12)

Thus, the set of labeled elements in the matrix cluster
4; is divided into two connected subsets, respectively,
both by the indices i and j. Thus, we can consider 4 areas
of possible existence of segments on the image. This
means to determine if there are subsets of connected
elements within the areas bounded by the values of these
indices in the matrix cluster. Let's consider these cases
for each area separately:
1.
i =[2,3,4]
j=12,34,5]

To define a connected subset and its exact
coordinates in the area defined by (9), we first check
whether all possible combinations of the pairs [i, j] of
indices i and j taken from (9) correspond to the elements

labeled in the matrix cluster A;. For this we use the
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following procedure: for all possible combinations of the
pairs [i, j] of indices i and j taken from (9), we check the
value of the label of the corresponding elements in the
matrix cluster 4;. If it is equal to 5, then it is an element
of the first connected subset. After going through this
procedure for all pairs of indices, we will get the exact
indices i and j for the elements of the first connected
subset in the matrix cluster 4;. Thus, a segment corres-
ponding to the first connected subset in the matrix
cluster is formed on the image by pixels with the
following coordinates:

[2,2], [2,3], [3,3], [3.4], [4,4], [4,5]

i=[234]
j =189,10]

We repeat the same procedure in the matrix cluster
A; for the area bounded by the values of the indices (10).
None of the all possible combinations of the pairs [i, j] of
indices i and j correspond to the elements labeled in the
matrix cluster A;. Thus, the elements of the matrix
cluster defined by these indices values do not form a
segment on the image.

3.
i=1[67],
j=1234,5]

Here we have the same case for the area bounded by

the values of indices (11) as in case (10).

4.
i =1[6,7]
j =1[89,10]

For all possible combinations of the pairs [i,j] of
indices i and j taken from (12), we repeat the procedure
described in case 1. We see, that to all possible com-
binations of the pairs [i, j] of indices i and j in the matrix
cluster A; correspond the elements labeled equal to 5. As
aresult, a connected subset of the elements of the matrix
cluster with these indices corresponds to a segment in

the image whose pixel coordinates are:

[6,8], [6,9], [6,10], [7,8], [7,9], [7,10]
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Computational Algorithm

Based on the above-mentioned, we can formulate the
following computational algorithm for determining the
location of a segment on a segmented binary image:

Input: corresponding to cluster K;, i = 1,p matrix
cluster 4; of n X m dimensionality;

Output: [i,j] coordinates of the pixels that make up
the segment on the image;

e Move in the matrix cluster 4; element by element
(left to right and top to down) and form two
sequences i and j from the indices i and j of the
labeled elements corresponding to cluster K;, i =
1p;

e Arrange the sequences i and j in ascending order
without repeating the same index values;

e We are looking for interrupts in each sequence,
i.e. in the places where the difference between
two adjacent sequence values is greater than one;

e If there is no interruption in any sequence of
indices, then the coordinates of the labeled
elements of the matrix cluster, corresponding to
these indices form a segment on the image;
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Abstract. Nature creates its systems in the form of a
sequence of hierarchy levels that unite many heteroge-
neous objects, based on dual relationships.

The article discusses the general principles of work
and the manifestation of dual relations, as well as a measu-

ring instrument for their functioning.

Key words: duality; manifestation; measurement;

operators; relationship; structure.

Introduction

There are many viruses around a man, and they are
much older than humankind is. It often happens that
viruses are looking for a new field of activity and become
dangerous for man. When a virus changes its natural
habitat, crosses the interspecies barrier, and finds a man,
many problems and risks arise. Why do cells show philia
and love and begin to reproduce a virus? This is how
duality works. The cell has its own genome. It acts as a

scanner. If a fragment of specified external genetic
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material gets into the genome's area, the cell will try to
embed it into its genome. After all, if she survives, she
may be more perfect. For example, a cell can process
some chemical element that has not yet been absorbed,
produce a new enzyme, and so on. When viruses embed
their genetic material into the genome of host cells, the
cell may acquire some new qualities, or not acquire, and
even die. Nevertheless, cells always try to seize the
genetic material they meet so that a more updated and
perfect genome is transmitted to the offspring, which
provides program-genetic control to her existence.
Consideration of the described phenomena as dynamics
of the dual relationship <virus (V) |cell (C)> allows

obtaining a number of new results.

Main part

1. Operators

The main operators that regulate the whole life pro-
cess of the universal object <V|C> are their application,
assembly, multiplication and replication.

The application consists in superimposing new
generations of viruses and cells on old ones, which in the
temporal and spatial perspective takes on the character
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of an innovative-routine evolutionary stratification. The
application creates the basis for the progress and
continuity of the generations of viruses and cells that are
born in dual relations in various organisms in a changing
environment. The application obeys the law of additi-
vity. The results of the application can take curly multi-
color forms, in particular for viruses, these are their
crystalline states.

Assembling - mixing elements from one set.

Multiplication is about maintaining a variety of envi-
ronments and resources for generic objects. Viruses
travel through space and time to reach the cells that
target them. The multiplication operators provide an
increase in transport, communication, structural and
functional diversity for both the environment and re-
sources. Special instruments (multipliers) realize the
quantitative distribution and amplification of the trans-
mitted impact.

Replication consists in renewal, repetition of elements
of the universal object <V|C>, the meaning of which is to
ensure accurate copying of hereditary information and its
transmission from generation to generation. Replication,
as well as other important communication processes in
<V|C> - transcription and translation, is based on the mat-
rix principle of synthesis and complementary interaction
between pairs. All hereditary information necessary for
growth, development, metabolism and reproduction is
transmitted from the original to the copies in the form of
the source code of their existence. In replication cons-
tantly ongoing evolutionary process of local innovations
and interventions, as well as subsequent routines and
conventions. Through the variability of the structure and
functions of universal objects, the irreversibility of the
time and space of life is realized.

The life cycle of operators of dual relations (DR),
presupposes the number and forms of the combination
of the main endogenous factors. It is preserved from
generation to generation, while maintaining two types
of division: one for the material formation of the "body"
of viruses and cells of this generation in the process of
normal reproduction (through quantitative growth), the
other - through qualitative development, for the for-

mation of carriers of their innovative generations. The
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factorial and resource capabilities of a DR determine
both the level of its development and its ability to create
its own existence in a changing environment.

All nature is alive, both in whole and in parts. Bene-
ficial and hostile influences come from all directions.
Nothing is inactive, but, however, all actions and inte-
ractions of both things and beings are based on an active,
sympathetic affinity within. Sympathy is a link to the
previous one, its source is "engagement". "Engagement"
leads to imitation, which is a condition for saving energy
and resources. The versatility of imitation is also ma-
nifested in the effect of similarity, when similar objects
experience similar effects. Breaking the chain of "enga-
gement" leads to the collapse of DR.

In the integrity of the DR, opposites are complemen-
tary. The principle of complementarity is when two or
more quantities together form one whole. The whole can
be expressed by the sum of complementary parts or by
their multiplication. For example, the energies of the two
poles are additional, in total they will make up the total
energy of the whole: A1+A2 =A = Const. By increasing the
energy of one plus, we automatically reduce the energy of
another by the same amount. The same entity demo-
nstrates a different type of additional dependence in the
interaction. The pair is made by the resource of the A1and
the action Fi. Their mmultiplication (act y), is a constant
value for a given completely: y=A1-F1 = Const. At the other
pole of the whole, as a result of the similarity, there is a
second unit with an inverse ratio of resource and action,
but with the same constant: y=A»F2 = Const.

The first kind of complementarity is applicable to
variables that are measured by the same measure. Such
quantities are called additive. Variables related to the
second kind of complementarity are multiplicative,
qualitatively different, and it is not the sum that remains
constant, but the composition. In mechanical space,
additive and multiplicative complementarities look like
completely different patterns. However, they are trans-
lated one into another by the operation of logarithm or
potentiation, which confirms their "relationship” at the
next level of reality.

The principle of complementarity is a fundamental

law of universal significance in Nature. Ultimately,
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similar restrictions in the interdependence of two quan-
tities exist between states that are inextricably linked,
but at the same time incompatible and are forced to
replace each other in time. The duality of opposites of
inseparable things and events, permeates all life
processes. The fundamental nature of dual relations DR,
universality and continuity in the existence of dual
forms, their regularities of limitation and isolation, ma-
nifestations of their symmetry and asymmetry, cha-
racterize different facets of this fundamental essence.

In reality, the dual relations are a universal integral
object (UO), the properties of which are unique. This is
the basic essence that serves as a "matrix" with which
"prints" are made in any spheres of existing, and thanks
to this, everything is created according to a single plan.
UO is the creator of all that is and carries its meaning.
This is the proto-intelligence of all things, dispersed
throughout the Existence. The form-forming individual
principle determines the ubiquitous intelligent inva-
riant, which carries the meaning of each object of
Nature. Therefore, for the analysis, the ideal UO is taken,
which manifests itself at any levels of the hierarchy.

From the point of view of the laws of limitedness and
isolation, DR has a limited number of permissible states
at each level of the hierarchy, which places UO within
the boundaries of normativity. DR between the two
parts of the UO completely affects both sides and
concerns all areas of their activities in which duality
manifests itself. In DR, the content of each part can
change from simple to complex. As a result of sequential
complication, there is a transition to the level of its
ultimate complexity (level 1). The process of change can
also go in the opposite direction, "from the complex to
the simple." Because of consistent simplification, a
transition to the level of proto-Essence occurs (level 0).

2. Dual Relationship Structure

Dual relationship (DR) is the vital axis of existing.
The interrelation of parts DR is characterized by the
unity and mutual complementarity of their boundaries.
The inner unity of two mutually complementary parts
characterizes the limit that reflects the intelligent design

of creation. Every time when the formation of an
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integral boundary is completed, it is renormalized. The
measure of the border is always outside the considered
DR and carries restrictions on the limits of change in the
values of the DR.

Any relation has its own measure and its own desig-
nated direction in "space-time". The measure ensures the
self-sufficiency of the relationship. The object type is
already set at the zero level. The levels in relation are
balanced relative to each other and form the "instrument
of assessment" of the (DR). Each level, in relation to the
adjacent one, is characterized by a negative dimensio-
nality of relations. This algorithm reflects the principles
of forming boundaries at all levels of organization of DR.

The Unified Formula of the Unified Law (®) of DR is
based on the fundamental concept of a universal object -
{UO} =<Xi|X2>, which consists of two parts: X1 and Xo.
Symbol "|" means DR is being investigated. To indicate
the state of the relationship, angle brackets of the form
<X1|X2> for the statics of the relationship and >Xi|Xo< for
the dynamics of the relationship are used.

UO does not carry a "subject aspect”, the subject of
research is not Objects and (or) Subjects, but the
relationship between them. All DR of any nature have
These

characterized as "external" and "internal". In DR with

common basic properties. properties are
external duality (1), two of its mutually complementary
aspects are observed at once. This attitude is called
"manifested." DR with internal duality () characterizes
the unity of the external and internal aspects of the dual
relationship. This attitude is called "un manifest".

In DR with external duality, the category "Measure"
reflects the degree of balance of the elements of the
relationship. It characterizes the measure of the
interpenetration of the parts of the dual relationship into
each other. Sense DR with internal duality is determined
by the external border of the "final limit" serving as a unit
measure of internal relationship. Because of this, DR with
internal duality is normalized and is characterized by a
complete balance of the relationship as a whole. For such
DO’s, the number one is the largest quantitative estimate.

Two procedures represent the natural operating
mechanisms in DR. Reflection and mapping of the subset

X1 into the subset X2 are the rules according to which
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each element of the subset Xi is associated with an
element of the subset Xo.

Because of the operation of reflecting the correspo-
nding external duality, the object changes its appearance,
which is analytically fixed by a change in sign:

¢: Xi—X2 and Xi=-X>

As a result of the display operations the correspon-
ding internal duality, the object is reborn and receives
an otherwise existence.

Y: X—Y and X=Y"!

The mapping that assigns to each element (Y) its prei-
mage Y!: Y—X is called inverse for the mapping 1.
Balance DR and the integrity of the object, suggests that
between the poles of internal duality there is an

inversely proportional relationship of the form:
X 1 1

T=yand T=—4 1

Those "turned inside out" "Y" is reborn into "X", and
"X" "turned inside out" becomes like "Y". This is how the
levels of existence and otherwise existence are con-
nected. At the same time, DR is not violated; it becomes
external, and acquires other, mutually complementary
properties:

(+X) = (-X) and (+Y) = (-Y)

The minus sign in these expressions determines not
the equality of positive and negative numerical values,
but their poise balance.

Formula (@) of Evaluation of the Participants of the
Relationship (1) can be used to determine the quanti-
tative and qualitative Measures of the balance of any
objects, regardless of their nature. This formula allows to
give a qualitative assessment of the essential and func-
tional aspects of UO. However, with such an “asses-
sment” (DR), the concepts of "identity" and "equality"
may differ from the generally accepted ones. They have
a deeper meaning, reflecting the laws of conservation of
symmetry DR.

3. Principles of Dual Relationship's Conservation

Any phenomenon in Nature and in society has not
only two extreme discrete static manifestations of the
"better-worse" type, but also four dynamic manifestations
in two pairs of qualitative-quantitative asymmetries. They

clearly and definitely reflect the unity of level and
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measure and show their complementarity "in IMAGE and
LIKENESS".

The laws of preservation of symmetry in a dual sense
reveal the principle of operation of its natural operating
mechanisms. DR with external and internal duality are
characterized by invariant transformations.

The law of conservation of dissymmetric of the dual
relation (a-invariance) operates at each level: For the
variables (xi) at the zero level, the following relation is
valid:

<X1|x2>=-<X2|X1>

For variables (y;) at level 1, the following relation is

valid:
<y1lyz>=-<y2|y1>.

These relations are related as "right" and "left",
characterizing the integrity of the external DR. Due to
this polarity, when the value of one-pole DR changes,
the other pole also changes its value. a-invariance is the
result of the law of reflection and characterizes of
dissymmetric (left becomes right and vice versa, right
becomes left).

If we associate the action F (x1, x2) with the relation
<x1|x2>, and with the relation <X2|X1> the action -F(x2, x1),
an additional to action F(x1, x2), then obtain a new
relation in which the action of objects on each other has
the character of interaction:

Fxx (x1, x2) = -Fxx(x2, x1) 2)

Actions with which objects act on each other are
always equal in magnitude, oppositely directed and act
along the straight line connecting these objects.

Resource conservation law of the symmetry of the
dual relation (B-invariance).

The designation <X|Y>, already initially characte-
rizes the mutual complementarity of the "poles of the
dual inter level relationship", which is characterized by
the law of conservation of the symmetry of the exchange
of resources (energy, charge):

"What decreases from one "pole" (X or Y) will be
added to another "pole" (Y or X) ".

B-invariance metamorphose "external to internal,
and internal to external." Those, the contents of objects
and subjects are "turned inside out". This procedure for

a dual inter-level relationship, taking into account the
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reciprocity of the corresponding actions, can be written
in the following general form:
Fxy(X) = FYX(Y)_l 3)

This identity means a balance between external and
internal actions, balancing the "external" and "internal"
environment of objects and subjects of any nature. Here,
the expressions on the left and right sides get different
dimensionality, reflecting the law of resource inversion

(reversibility).

OTHERWISE
EXISTENCE

EXISTENCE

v—(p)

o—(a)

Figure 1 Circuit

Operating mechanisms in a dual relationship repre-
sent sense the form of a circuit diagram shown in Fig. 1.
Consider the processes occurring in it.

» o-invariance characterizes dissymmetric - left

becomes right and vice versa, right becomes left.
As a result of the reflection operation, the object
changes its appearance and gets an idea, which is
analytically fixed by changing the sign.

» B-invariance transforms the external into the in-

ternal, and the object receives otherwise existence.

In Figure 1, when "reflected" and "turned out", the
pairs change the colors of their components. The uniform
color of the shape of the components indicates their com-
mon origin.

The law of combined conservation of the symmetry
of the (DR) (af-invariance).

If identity (3) is combined with the previous one (2),
then the general law of symmetry conservation is

obtained, in accordance with which tool of DR works:

F(X) = —(F() ™ )
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On the other hand, expanded DR (X|Y) and using the

variables at the appropriate levels, get:

X

yz)‘1

(Reflection > 5~ =~ 3- >

Reflection X (J’1 (5)
Recovery

This is the formula (®) conservation of the DR. Ac-
cording to the obtained expression, works the "asses-
sment tool", which determines the balance of relatio-
nships between the poles of any nature DR. Thus, the
invariant transformations contents determine the work
of "assessment tools" of DR.

The static expression of the Law of conservation of
DR for the “assessment tool” reflects the balance of mea-
sures (y) and corresponding actions (x), which, ac-
cording to (5), is written in multiplicative form as:

(1 x y2) = —(x2 X y1)

The law of the tool - "lose in action - win in resou-
rces, win in action - lose in resources", manifests itself in
full at all stages of activity of DR. In the instrument of
DR, balance is achieved by compensating for various
measures by finding the corresponding positions with
adequate resources.

Whenever there is an equilibrium relationship
between the left and right sides of the instrument:

IZLX):I-HL _ [L:I‘Fl (6)
1 F(Y)

action is normalized, that is, they are characterized

by a single measure:
FX)X[F(N)]t=-1

The universal law of conservation the symmetry of
the dual relation (oft-invariance) is obtained by
replacing in the above formula (6) the "unit" relation by
the "systemic" one:

FO YL ettt
[‘t(to,t)] - [ F(Y) @

Time (7) is used as a Measure. Already from the mea-

ning of the dual category "Measure" it follows that the
category "Time" is also characterized by duality and mu-
tual complementarity. In expression (7), on the left side,
time is directed "outside", and on the right side - it is

directed "inward".
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The formula (@) explains the interconversion of the
"four elements" during rotating invariant transforma-
tions in the circuit (see Fig. 1) and is written as the

following equality:

This formula reflects the statics of equilibrium of
conservation laws at T=1".

The unified law of DR indicates that as long as the
duality persists, the symmetry conservation law (aft-
invariance) DR is not violated. They move from one
form of conservation to another.

In this Equation, time on the left side flows from the
"Past (f)" through the Present (t) to the "Future (f)", and
on the right side, on the contrary, from the "Future (i)"
through the Present (*), in the "Past (£)". This means that
the time on the left and right sides is reversible in relation
to each other. It plays the role of a Measure and
determines the direction of self-regulation processes. The
formula expresses the unity of the two levels and the
meaning of the duality of time. Integrity of UO is
characterized by the unity and complementarity of its two
levels. The meaning of this postulate and the order of
activity DR are illustrated in a rotating circuit in Figure 1.

The manifestation of each species DR has a Single
Measure and a Single intelligent design, imprinted on
each specimen of the species. The intelligent design of
the future creation is stored in the unmanifest DR, for all
other components DR are determined in fractions of the
unit by which it is evaluated. This is the most important
property DR with internal duality.

A measure modulo can have three values. If the
Measure is equal to one, then the border of DR is com-
pletely balanced with its own intelligent design and is
stable. In other cases, DR will either disintegrate or
transform into a more complex formation. If the balance
is disturbed, the balancing process begins.

For the occurrence case:

+1

Measure (M) = >1

T*
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at using the resource, optimal self-regulation of the
relationship between the four "elements" will follow the

expression:

(o) = ()|

T
*

T
+1

-

This expression characterizes the process of transfor-

mation of the intelligent design into a formalized mate-
rialized object.

For the case:
+1
<1

T*
the reverse process of dematerializing the relation-

Measure (M) =

ship between the four "elements" follows another exp-

ression:

(=) " = - (B2

T
T

=) - (=2=) |

In this expression, forward and backward time is not

*

balanced, and the "excited" circuit generates changes in
the proportions of the four "elements" that determine a
new stable state. The formula directly shows the situa-
tion in which a violation of the conservation law can
take place: a violation of the absolute conservation law
DR can occur when UO goes beyond its own systemic
(time) limits of existence.

The patterns described above reflect the initial four
"elements”, the four foundations of the source code of
Being UO, generating their own "space-time". But the
fourth "element" is not necessarily time. Other system va-
riables of any nature can be used as it. The fourth "ele-
ment" reflects the "measure” and "systemic meaning" of
the 3-dimensional space of existence. During the inva-
riant transition to the "other space”, the self- correction of

its own "content", "goal" and "measure" takes place.
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4. Dual Relationship Manifestations

The dual relationship (DR) of reality forms can be
reduced to the following types:

"Object-Object", "Subject-Subject”, "Object-Subject".

"Object-Object" and "Subject-Subject" represent re-
lationships with external duality. "Object-Subject" rep-
resents a relationship with internal duality. The rela-
tionship between the Object and the Subject is that an
object with a structured resource manifest it explicitly.
The subject, being structureless, carries a message (of-
fers) about this resource. This is how the coherence and
unity of the structural and functional aspects of the
relationship is manifested.

Four components of DR are:

» OBJECT (x1) is a part of objective reality {X].

» SUBJECT (x2) is a physical image that coincides

with its content category, the likeness of an object.
The Subject expression carries all the properties of
the real object, but is not the original Object.

» IDEAL IMAGE (y2) is the Measure of the Object
in the subjective reality {Y}. The image is in
another being and is otherwise existence with an
independent content - an intelligent design. It is
a pure subject of natural idealism.

» IDEAL IMAGE (y2) is the Measure of the Object
in the subjective reality {Y}. The image is in
otherwise existence, with an independent con-
tent - an intelligent design. It is a pure subject of
natural idealism.

» LIKENESS IMAGE (y1) - these are congenital pro-
perties of an object, representing a memory (seed)
in which all previous revivals and all future
offspring of the object are stored.

The highlighted components are key. They represent
different poles of one holistic UO. The essence of these
four components is revealed using the following scheme
(Fig. 2). The diagram shows the real work processes of
DR <Object|Subject>.

"0" -level — Substantial reality. Variety of corpo-

reality. Physical actions and their limits.

"1" -level - Ideal actions, work - individual and social
thinking. The rational latent beginning as intelligent
that knows about the "0" - level.
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In the (Fig. 2), level 0 corresponds to objective
reality. The concept of "Measures" represents the rela-
tionship between the two poles of subjective reality at
level 1. Manifestation "by Image and Likeness" corres-
ponds to the Law of Evolution DR and reflect the
principles of natural operationalization. The figure
shows the content operands DR - Fxy and Fyx: there can
be no object (x1) without the image of the object (y2)
and likeness of the image (y1) without the subject (x2).

If the external relation <x11x2> at level 0 is identified
with the evolution of the Object (F12), and the external
relation at level 1 <y11y2> is identified with the work of
the Subject (Fa1), then the relationship in the "assessment
tool" evaluating the relation <Object|Subject> will be
represented by an identity:

( Object

)+1_ . (Measure ofsubject)_1 ®)
Measure of object -

Subject

Identity is composed in such a way that nothing can
be rearranged without violating the content of DR and
the content of proportion.

Algorithm is an instruction that includes a certain
order of final actions performed to solve the problem.
Algorithm - a scheme for implementing an idea. Prog-
ram is a record of a sequence of instructions for rea-

lization of an idea by concrete tools - instrumentality.

Superconsciousness

Fyx Fxy
LOADJING COD | ING
EXISTENS (X) Resources (0)
Original | | Fr Transfer
Level 0 X, X
<Object|Object -

Subconsciousness

Unconsciousness

Figure 2. DR <Object|Subject>
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The diagram in Fig. 2 shows the similarity of the
forms of direct and inverse proportions forming the
channels of penetration to levels 0 and 1. However, these
proportions are ambiguous and have different meanings.
The measure of transformation of the external relation
<x17x2> at level 0 shows the degree of balance between
the Object and the Subject. If this Measure is not a single
one, then it determines distortions in the relationship of
the <Subject-Object> pair. These distortions will be
present at all levels of materialization of the intelligent
design, giving rise to defects in the created object.

A similar transformation of the external relation
<y11y2> will also occur at level 1 of the scheme, when
the pair <Measure of object (y2) - Measure of subject (y1)>
functions. The measure of balance always stands outside
the considered dual relationship, performing the
functional role of regulation, control and management
of evolutionary processes. It determines the area of the
relationship <Object (x1) | Subject (x2)> and characterizes
its system parameters. At the same time, DR determines
the content, the goal, and the measure of the process.

The essence of subjective reality is INFORMATION
(I), which evaluates the ideal image of an OBJECT.
Information, carrying the properties of an Object, is not
an Object itself. It is located outside its poles and
characterizes the degree of their balance and the laws of
reflection and reflection between them. The function of
information is to be a measure of the manifestation of
these poles. The category "Measure", being universal, is
applicable to objects of any nature and is expressed by
information (I). "Incorporeal" DR, which is defined as
information, is used at measurement "conversion rate" of
an Object into a Subject and vice versa. If the outcome is
unity, there is a complete and adequate picture of
balance between the Object and the Subject. Otherwise,
the phenomenon of "information defect" arises. The
main principles that are used in such measurements are
the laws of conservation of these relations.

On the one hand, information characterizes a real
Object that manifests its material properties. Information,
carrying the properties of this object, thereby becoming

an object of information. On the other hand, it acts as the
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subject of information, coding the reflected by means of
the laws of display. Accordingly, information exists in two
forms - manifested information (Information Object) and
non-manifested (encoded) information created by a func-
tioning information subject.

The content of the "primordially" basic code words,
represents a beginning that never existed, but which
always exists as a "beginning", as a "principle". The "pri-
mordial" is by no means the past, but rather the future.
It is an active sympathetic means from within and is not
comprehended as a meaning, but it is built into and
inserted into the internal order of its alphabet.

Information is used in two ways, both for the materia-
lization of the Object, and for its dematerialization
(encoding). Dematerialization characterizes the process of
regeneration of the Information Object into the Infor-
mation Subject (into the seed), and then its reflection into
the Image (the intention of the future Creation). The
reverse process of materialization of an Object - creation,
comes from the Image, which carries its intelligent design
within itself. Thus, in subjective reality, a feedback loop
(FB) is formed, due to which the processes of materiali-
zation and coding in DR are stabilized.

The nature of the processes occurring in DR reveals
the meaning of the concepts of materialization and
coding. For a external

specific relationship

<ObjectSubject>, based on (8), obtain expression is:

B () = ©
X2 V1

Relationship between the manifested Information
Object and the Information Subject show in Fig. 3. The
measure of the formed FB chain includes the measure of
materialization and the measure of coding. It charac-
terizes the processes of balancing and stabilization in an
assessment tool that manifests the fundamental role of
Information. Information acts as a catalyst for the
relationship between the Object and the Subject of
information within a certain quality, fixed in the
contour <(xi—x2) | (y1—y2)>. In this case, the conversion
of Information (materialization, dematerialization) is

carried out in accordance with the laws of conservation.
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INFORMATION

Figure 3. "Incorporeal” DR

In figure 3 intermediate modes (not yet and no
longer) are designated by a dotted circle.

% o-invariance leads to the fact that at the level

"X", the object becomes no longer (x1), but its

mirroring (x2), is not yet "Y".

% p-invariance maps "x2" to (y1), for this the object
is transferred to an intermediate information
level, subjected to coding "C", and it is no longer
"X", after which it gets to the level "Y".

% o*-invariance leads to a mirroring (y1) in (y2),

that is, the object becomes further like (Y).

% p*-invariance maps "y2" (Y) to "X" (x1). First (y2)
gets to the intermediate information level, that
is, the object is no longer "Y", decoded by "D" and
returned to being.

The most important thing is beginning to keep this
"not yet" ("almost"). From "almost" to "already" there is
sometimes an insurmountable distance during life (in
time and/or in space).

The dimension of the Measure is not directly "mani-
fested" however, it carries limitations on the limits of
change in the values of the DR and can change the direction
of traversing the contour to the opposite. The closed loop
forms the infrastructure conducts the evolution of the
intelligence. At the same time, the four elements are
manifested at all levels of the hierarchy of the intelligence
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and their relationships correspond to the laws of conser-
vation symmetry. The embeddedness of an object in a
contour indicates that intelligence and matter are intercon-
nected, one exists only for the other, both appear and
disappear together, and one is only a reflection of the other.
In fact, they represent the same entity viewed from
different points of view. The consideration includes not
only the subject, but also space, time and causality, which
depend on how the subject is defined.

The subject's consciousness is manifested when it
interacts with objective reality through information.
Information, as a functioning subject of relations, is a
mediator with objective reality. Consciousness manifests
itself in work and at the end of which it disappears. As a
result of work, an image of an object is formed and
shown to the subject.

Consciousness manifests itself as a unity of its
structural and functional aspects. The structural aspect
of consciousness reflects events adequate to it, which are
perceived at the level of sensations. The functional
aspect of consciousness reflects certain changes associa-
ted with each event. The principle of long-range action
means a resonant exchange mode, in which distances
and time are rolled up into a unit.

The rotating contour manifests consciousness in the
four elements. The manifestations of consciousness in
the circuit occur in accordance with the laws of
conservation. Consciousness without an object is not
consciousness at all. If the attributes of non-local and
local behavior are used in the description of conscious-
ness, then reflection, long-range action and other effects
that look anomalous from the point of view of locality
are possible for "non-local" consciousness. The mind
without consciousness loses these properties [1].

Consciousness can bring information into the sur-
rounding reality by spreading the results of disclosure
and cognition of relationships. Everything social belongs
to the area of "consciousness", which is much broader
than the realm of the social itself. These are not spon-
taneous processes; consciousness has its own Measure,
which completely determines the direction of the
evolution of life.

Knowledge is a real-life resource. This resource is the
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life-giving core of the "four elements". Knowledge is
transformed into the Unified Knowledge (Unit), which
then goes again to "be fruitful and multiply". "Rotation"
in the contour and the process of cyclic renormalization
of Knowledge are determined by the Unified law of
evolution of "space-time".

The unconscious is the most important factor in exis-
tence and represents a powerful force that opposes cons-
ciousness. It is beyond consciousness. Among the uncon-
scious drives, there is also an innate tendency to destruction
and aggression, which finds its ultimate expression in the
"death instinct" opposed to the "life instinct".

The subconscious mind operates with local sensa-
tions, emotions and feelings. This is the units of the
program by which the consciousness operates.

Super consciousness is the ideals of all kinds and
types of life, "crystallized" ideals and norms of society.
The supra-individual "general significance" in the indi-
vidual is the result and expression of his psychophy-
siological organization.

The categories sub consciousness (P), unconscious-
ness (B), consciousness (C) and super consciousness (N)
represent four complementary "elements" of the infor-

mation space, which speak different languages.

5. Assessment Tool of Dual Relationship

Dual relationship (DR) is the universal encoder for
everything. The ideal sign character {0; 1} represents the
alphabet of exactly the "code" that is ubiquitous. Omni-
presence and unity do not mean uniformity. A universal
object (UO), like an encoder, stands at the crossroads of all
paths along which the processes of materialization and
dematerialization take place. It has an adequate mecha-
nism for carrying out such transformations and rebirths.
Its alphabet {0; 1} is always and everywhere applicable to
both the "input' and "output" of elements. Since the
duality is the most fundamental regularity of existence
and is reflected in properties of DR, its Law characterizes
changes in the properties of any self-sufficient DR,
regardless of its nature.

The systemic properties of the assessment tool are
manifested when, as a result of the "closure" of the

"output y2" of this circuit to the "input x1", an am-

ISSN 1512-0996
www.shromebi.gtu.ge

115

Decision Sciences — Hayxa o mpunaTuu pemenuii

phiphilic unification of levels occurs. The process of
materialization begins and holistic object, with the unity
of structure and function, appears. By closing the
"output” of the last element to the "input" of the first, the
dual relation leads to periodic variability DR, generates
a closed cycle of transformation of this ratio and its cyclic
renormalization.

Only after completing a circumvolution in the loop, at
the moment of "binding" of the Last element to the First,
there is return to level 0, to the source of the cyclically
repeating "rotating" process. The initial element at level 0,
being controlled from level 1, generates a qualitatively
new object in each period. When the output of the last
element becomes the input of the first, then at this
moment, the synthesis of a more complex structural form
is carried out and a new function is created.

The unity of the essential (structural, discontinuous,
local) and functional (structureless, continuous, nonlocal)
aspects of matter and the multilevel formation of this
unity allows us to reveal the nature of the closure of the
essential beginning (root cause) at the end (consequence
of consequences).The unity of discontinuous and con-
tinuous spaces characterizes the duality of any proper
space. Therefore, the initial DR of any proper space can
rightfully be called relationship <localjnonlocal>. The
local space defines the Information Object, and the non-
local space is already the Information Subject. Infor-
mation is always dual and carries in itself the memory of
both the Information Object and the Information Subject.
This
disappears and from which it is reborn.

is that otherwise existence in which matter

The assessment tool contains intelligent design of the
formula (®) of existence life DR. Any DR is "measured and
balanced" by the assessment tool and described by the
Formula (®). The instrument consists of two parts, which
are related to each other as "external" and "internal" [2].
These parts are proportional to each other and balanced
relative to each other in the process of objective and sys-
temic interaction (see Fig. 4). The formula (®) reflects not
the functional dependencies between the four compo-
nents of the instrument, but the operations of balancing
the relationship between them. The tool characterizes the

universal law of conservation of resource.
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Block diagram shows an integral two-level object
{O}=<X | Y> =<[<x1 | X2> | <y1 | y2>]>. The tool has cross-
feedback (FB) that provides the process: "Last (y2)
becomes first (x1)".

Conclusion

Information is a measure characterizing the "conver-
sion rate" in relation to <X | Y>. From the physical side,
it appears as an object of information (x2). In other-
being, it acts as the subject of information (y1). Objects
and subjects of information form an information space.
As a result of their activity, space is formed with its own
alphabet of symbols and its own single language. Objects
of information participate in this process as imprints of
physical signals of the original object {O}. They are
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Abstract. Life manifests itself as a purposeful positive
selection. Living, as a procedural, unmanageable itself to
the usual methods of analysis. The answer to the question
of how life is arranged and what a living system is based
on in reality is an urgent task.

The article discusses the general principles of work
and the manifestation of dual relations in the space of life,
taking into account cosmo-physical and geophysical
factors, using the example of the relationship between the

virus and the cell.

Key words: cell; duality; relationship; structureless

control; virus.

Introduction

An outbreak of pandemics is not just an accident, but
a coincidence, it is always a unique situation that is
caused as a result of a change in the state of the environ-
ment, in which the organism finds itself in new con-

ditions of interaction with other living beings. There are
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a lot of viruses around a man, and they are much older
than mankind. It often happens that viruses are looking
for a new field of activity and become dangerous for
man. When a virus changes its natural habitat, crosses
the interspecies barrier, and finds a man, many problems
and risks arise.

How does the virus work? It doesn't feed, it doesn't
generate energy. The virus does not multiply by division
like cellular organisms. It does nothing at all, except for
replicating. The virus uses the cells of the organism it has
entered, if it is specific and dual to these cells. Each virus
has its own characteristic, which it uses to embed into
the cells of a living organism, and this interaction
determines what the infection will lead to. How a virus
is protected globally and locally depends on its nature
and how the virus spreads. First, it is transferred to the
living cell, attaches to it, and then is embedded in the
cell. When the genomic nucleic acid of the virus is
“undressed” from the envelope, replication of the viruses
begins through protein synthesis. The cell repeatedly
reproduces the genome of the virus and, in parallel, the
protein for the envelopes of the virus copies. When new

genomes “dress” in their protein, replicated viruses are
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released into the intercellular space and the original cell
most often dies.

If the virus is not cell specific, then embedding will
not occur. Why do cells show philia and love, and begin
to reproduce a virus? This is how duality works. The cell
has its own genome. It acts as a scanner. If a fragment of
specified external genetic material gets into the
genome's area, the cell will try to embed it into its
genome. After all, if she survives, she may be more
perfect. For example, a cell can process some chemical
element that has not yet been absorbed, produce a new
enzyme, and so on. When viruses embed their genetic
material into the genome of host cells, the cell may
acquire some new qualities, or not acquire, and even die.
Nevertheless, cells always try to seize the genetic
material they meet so that a more updated and perfect
genome is transmitted to the offspring, which provides
program-genetic control to her existence. Consideration
of the described phenomena as dynamics of the dual
relationship <virus (V) |cell (C)> allows obtaining a

number of new results.

Main part

1. Structureless Control

How is life arranged and what is the basis of a living
system in reality? Life, like a stream, does not give in to
usual receptions of the analysis. In the biosphere, life is
the way nucleic acids exist. One of the variants of
existence of nucleic acids is viruses, which need other
organisms for life. They do not care at all about their
well-being, but only try to adapt to their environment,
like all organisms on the planet.

Negative selection is the controlling mechanism of
life's activity. Adaptation acts as the biological equivalent
of proto-intelligence. The role of the environment is to
preserve or destroy life. This excludes the absolute inter-
nal causality of life, which cannot be reduced to external
causes. The task is to achieve high accuracy of control over
the change in the parameters of the internal and external
environment of a living system. Everything that happens
around is the diversity and complexity of its mani-

festations, its transformation of forms, and its renewal by
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the generation of itself, and all metamorphoses are
observable, but invisible to ordinary vision.

The main principle that determines the functioning of
life at any level is the competitive interaction of
autonomous, uncorrelated actors - members of a certain
population. This is the principle underlying structureless
control. Its algorithm is realized without use of an exter-
nal organizational structure. Working tools in structu-
reless control are created based on such factors and tech-
nologies that can influence participants through activity
patterns, stereotyping, fear, pressure, use of natural needs,
etc. Technologies for structureless control of elements
without an external structure, i.e. not bound by any obli-
gations and not receiving directive commands and not
knowing each other until the moment of control.

Initially, extreme (polarized objects) are cultivated,
which are in tough opposition. This process has a special
quality, all who are in front of the process are involved
in it without knowing it. Thus, objects are involved in
certain events, as a rule, these events are informationally
significant for object. Further, an address-less informa-
tion module (virus) is launched for everyone who
directly perceives the reality, has a direct reflection of
information that fits into the real-time scale. This is
certain information that elements pick up and transmit
further beyond the conditional boundaries of coverage.
Elements pick up and convey information because of
their interests and the interests of its group.

The term "super-system" has been chosen to indicate
a system that contains a multitude of embedded system
elements. If the spread of the launched information
module is predictable, then a nonzero probability may
arise that a certain number of elements of the super-
system based on their own self-control, but under the
influence of the distributed information module, will
themselves fold into structures.

1. The number of structures can be from one to many,
but each of the structures will carry a control algorithm
that works to achieve the goals associated with the
launched information module.

2. The goals associated with the launched informa-
tion module will be achieved, but the structures that will

ensure the achievement of these goals will be formed in
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the process of structureless control and after they are
formed, each of them will begin to work in the already
structured control mode.

3. The established structures can compete, some of
the structures may fail to achieve the goal, some of them
will achieve the goal, but one way or another the
structureless control, started with the help of the
information module in the probabilistic and statistical
sense, will lead to the goal.

4. Structureless control is built on the basis of the
information that is already present in the memory of at
least a certain proportion of the elements that make up
the super-system in which the information module will
be distributed.

5. If there is no information and algorithmic stereo-
types for the response of elements included in the super-
system for the actions planned in the information
module, then the information module simply will not
find a response.

6. Structureless control begins immediately if there
are response stereotypes in the memory of the elements,
which allow the implementation of the appropriate
algorithm and achieve the goal, adequate to the infor-
mation disseminated by the module.

The guide for the progress of the process is what is
commonly called the "information environment”, the
information infrastructure in which the current data of
the elements is exchanged.

In the process of control, the closed system and its
part - the control system - form a structure determined
by the vector of goals and bearing the concept of control
as a component of its objective function. The quality of
control is ensured by two factors:

> the architecture of the structure, i.e. functional
load of its elements (including data exchange channels)
and ordering (organization, hierarchy) of elements in
the structure;

» performance characteristics, functional suitabi-
lity of the elements included in the structure for the
implementation of the functions assigned to them (the
level of complexity of the elements).

Structureless control is possible in super-systems,

which consist of many similar, in a sense, elements to
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each other. Each of the elements of the super-system has
the ability to memorize information passing through it
and transmit information in a probabilistic manner to
other elements included in this set; that is, the set can
have forward and backward mapping processes. The
behavior of the elements of this set is determined by
their internal informational-algorithmic state.

Circular dissemination of information (that is, the
same information passes through many elements),
subject to certain statistical characteristics and various
assessments of the possible course of events, carries a
probabilistic predetermination of changes in the
information state of the memory of the elements of the
set. Such a change leads to a change in the statistical
characteristics of the self-government of the elements.

If the dissemination of information in this set and its
consequences have stable predictability in the statistical
sense (that is, it generates predictable statistics of pheno-
mena), then it is possible to manage this set without
structure, as well as its structureless self-control. In such
a set of elements that have different informational states
of their memory, subject to statistical laws, there is a
probabilistic predetermination and the likelihood that
circular unaddressed passage of a certain content in the
environment of an information module will lead to the
fact that the elements of the set, on the basis of self-
management, will fold into one or more structures,
focused on a certain vector of goals corresponding to the
specified information module during a completely ac-
ceptable time interval. In other words, in case of
structureless control, a set of more or less similar ele-
ments to one another in a probabilistically predeter-
mined manner generates closed systems that correspond
to a given vector of goals and a set of admissible error
vectors. [1;2]

In case of structureless control, the structure is not
formed in a directive-targeted manner before the start of
the control process, but arises in a controlled and
probabilistically predetermined manner in the course of
the control process on the basis of a predominantly
address less circular dissemination of information.
Therefore, the set of elements in which the process of

structureless control takes place is itself a closed system
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of hierarchically ordered loops of forward and reverse
links, the architecture of which changes during the
process of managing the environment, which generates
structures from itself in the process of its self-control.

Structureless control in its essence is the control of
statistical characteristics of multiple (mass) phenomena
on the basis of probabilistic predeterminations of sto-
rage, dissemination and processing of information domi-
nating over a set of elements and their estimates based
on measures and statistical models. If the duration of the
process exceeds the maximum lifetime of the elements
of the system, then a stable matrix (frame), "staffing
table" appears in the system, which is filled with updated
elements as necessary.

The objective basis of structureless control is
statistical predetermination and probabilistic models
(subjective assessments of objective statistical predeter-
minations), which order mass phenomena in a statistical
sense, allowing to distinguish one statistic from another;
and in many cases, identify the reasons that caused the
difference in statistics. The value of the probability, the
statistical frequency, as well as their various estimates
are measures of the control uncertainty. They are also
measuring of the stability of the transition process
leading from a certain state (possibly identified with the
present) to each of the various options for the future in

the set of possible.

2. Language of Nature

The single language of Nature is the code of existence,
in which actors interact and comment on reality. The
activity of actors is largely reduced to competition, when
the actor produces his own codes (languages, terminology,
ways of expression) and absorbs or crushes others, turning
them into uninteresting for an external observer - and
ultimately - collapsing. Competition of codes: the death of
the subject, actor, and individuality shifts the emphasis to
small groups that have their own language (code) and
their own interpretations of the environment. The small
group is capable of collective action. Competition bet-
ween small groups and their languages (forms of exp-
ression, methods of interpretation) occurs within the

framework of the control system. Bilateral regimes are
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emerging and multilateral formats are being imple-
mented.

The life of nature is a language; an event in nature is a
text; and the meaning of the text is interpreted based on the
context. Context creates the dual relationships DR, which,
have integrity, inextricably combining (utility, meaning
and harmony) and claiming to harmonize Nature. The
system <V|C> component ambivalence represents as a
whole a universal object (UO). This object brings its data,
its own rules of the game and its information models into
the "information environment" (space), the information
infrastructure in which the current data of the elements is
exchanged as resources. Reading from this medium de-
termines the embedding at time. The distinction between
the “visible” and “significant” part of events creates their
categorical distinction into constant and virtual, where
virtuality is a new type of event which does not disappear.
In UO the language of nature gives one of its finished
products. From event to event, from image to image, the
content of the product unfolds as a connection of succession
in time and is represented as an arranged panorama in
space. No nature was made up of systems <V|C>, but, on the
contrary, the system <V|C> originated from the organic
totality of the language of nature.

Control implemented in the system <V|C> (see Fig.
1) includes procedure determined by the control code.
Code manages living systems (LS) and defines their
behavior. The alphabet of the code serves as the basis of
the system. These foundations - plan "Y" codes, define
the keys to understanding the plans of the considered
circuit. The code matrix is used to transfer information

between plans.

ENVIROMENT

-
(7]
y

EVENTS | —»

Figure 1. Control in DR
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Relationships <cell demand - virus supply> form their
own “Creation Field”. Between the levels there is a
“Potential of Creation” of relationship and there is a hunt
for resources. This "procedural" formation is formed due
to the "splitting" of the limit of field-forming relations,
and is no longer characterized by external, but by internal
duality. The determining factor is the "internal" dynamics.
In the formula (®), the left side characterizes the pro-
perties of supply and demand, and the properties of
relations on the right side, in relation to the properties of
the left side, are characterized by negative dimensions.
This is the relationship of the "external” and "internal",
they are, as it were, "turned inside out" in relation to each
other. In the interrelation of adjacent levels, when the
inner is reborn into the outer, an entry into the field
occurs. Not all complexes can move to "action" and remain
at the stage of "striving". Of the emerging aspiration com-
plexes, those that are in accordance with the goal complex
are retained and developed to the degree of "action". The
ability for conscious systemic effects is manifested as
direct operation.

"Supply-demand" is self-regulation engine of DR.
There are demand reactions and supply reactions. The
pressure causes reformatting, reallocation of resources
and operation. The imbalance represents a call to action
and begins to emerge from the state of inner balance.
When the balance <demand-supply> is violated, starts
the search for the positions of the poles in the relation
corresponding to stability, i.e. balance of operations.

Behind the "procedural" are the patterns of demand
and supply. There is no growth without demand. Each
of the relations of demand and supply is already initially
characterized by internal duality. However, the rela-
tionship between demand and supply is also to control
the "procedures" of a higher level of the hierarchy. It is
this level that determines the Design (the rules of the
game) that generates all relationships.

Intelligent Natural language (notional, understan-
dable language) needs an alphabet as a hold and a word-
builder. This is the deepest, most stable and most es-
sential structure of existence, eternal and universal
necessity. This is the multiplicity that always remains

equal to itself. Action of the alphabet absolutely based
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on movement, transforms blind elements into intel-
ligent, in the form of a consistently unfolding presen-
tation. The alphabet is both the content of thought and
the expression of thought. It is both in activity and in the
manifestation of intelligent at the same time.

The alphabet belongs to the nature, but not to the
subject and serves to preserve the stability and harmony
of the world. It defines the totality of form-creating
potencies (seed), but it will not contain the power. The
alphabet forms the code of the intelligence, thanks to
which the system of the subject is included in the system
of the Universe. In this case, the alphabet indirectly
serves the essence of the subject. The alphabet serves as
a "mediator” as it determines what is sent and manifested
in the intelligence. What does it mean "to present this
foundation, this sense of reality, to yourself and to
others?" - It means to name it, i.e. give it a name and
proclaim it. In this case, the activity and manifestation
of intelligence are given in their unity. This event
becomes inextricably linked with interpretation. The
way of presentation is recognized as self-sufficient and
self-valuable. The narrative unfolds “for the sake of the
story itself,” and not for the sake of direct impact on
reality, that is, ultimately, outside of any function,
except for symbolic activity as such. Life "by itself" does
not exist: the main content of events is transferred into
the process itself and the way of narration, and an idea

of reality is formed.

3. Virus and Cell in Nature

Viruses are genetic formations consisting of one type
of nucleic acid, which is protected by an envelope that
also contains a combination of proteins, lipids and
carbohydrates. A virus is a non-cellular agent that lives
and can reproduce only inside the living cells of the host.
It does not contain the most complex element of living
systems - the translation apparatus (protein synthesis),
the degree of complexity of which exceeds the intrinsic
complexity of the virus.

Viruses are the oldest biological agents on Earth.
There are many types of viruses in the world that can

infect almost all types of living cells, while the hosts are
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all types of organisms, starting with unicellular, bacteria,
fungi, plants and ending with animals and humans.
However, different types of viruses can infect only a
limited range of hosts.

Viruses are a natural facility (container) for the
transfer of genes between different types of organisms,
which creates genetic diversity and guides evolution in
Nature. They play an important systemic role in the
regulation of the population of living organisms. The
spread and transmission of viruses is provided by a
variety of carriers, including natural elements and living
organisms. Viruses are believed to have played a crucial
role in early evolution to trigger the differentiation
process, during the time of the last universal common
ancestor of life on Earth. As a result, viruses have genetic
links with most of the earth's flora and fauna.

The main role of viruses in the biosphere is associated
with their activity in the waters of the oceans and seas.
The number of viruses in ocean bottom sediments is
practically independent of depth and is very high
everywhere. The abundance of ocean viruses has a
tremendous impact on life in Nature. The strength of
ocean viruses is their high potential for infection: every
second trillions of ocean viruses find their carriers.
Viruses kill about half of all bacteria in the oceans every
day. Their killer efficiency keeps the reproduction of
their carriers under control, and this serves as the basis
for optimizing the Earth's geosphere and biosphere,
since bacteria are the main geoengineers of the Earth.
When bacteria that fall prey to viruses die, their shell
breaks, and they release billions of tons of carbon. Part
of the released carbon stimulates the growth of other
bacteria, while the other part settles on the ocean floor.
For millions of years this "snow" of dead bacteria affects
the temperature of the planet. Moreover, dead organics
tend to turn into minerals.

Oceanic viruses are striking not only in their
number, but also in their diversity. To date, over a
million oceanic viral genes have been identified. Only
10% of these genes have analogs in the genome of
bacteria, animals, plants, or even other viruses. The
remaining 90% completely unknown to science. One of

the prerequisites for the existence of such a variety of
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oceanic viruses is the abundance of carriers. Repro-
ducing viruses, the host cell can add their own genes.
Carrying the genes of the former carriers, viruses begin
to introduce them, along with their own, into the
genetic material of the new carriers. Sometimes "bor-
rowed" genes make the carrier of the virus more adap-
table in the process of development and reproduction.
The success of the carrier automatically means the suc-
cess of the virus.

Viruses demonstrate a huge number of variants of
genome organization - the totality of hereditary material
necessary for their construction, preservation and rep-
roduction. According to this parameter, they are more
diverse than other organisms. Viruses are the largest
repository of genetic diversity on Earth. Gene circu-
lation has had a huge impact on the existence of life on
Earth. The genomes of all living organisms contain
hundreds of thousands of genes carried by viruses. The
oldest traces of viruses on Earth are the fossils of ocean
bacteria. Viruses do not leave fossils, but they leave a
mark in the genome of their carriers. These traces prove
the existence of viruses for billions of years.

Since viruses possess some, but not all, properties of
living things, the nature of viruses is characterized as
"organisms on the border of wildlife". The process at the
border can be represented as the interaction of a complex
of organic molecules with a living object. Viruses are
similar to living organisms in that they have their own
set of genes capable of creating viruses similar to
themselves and evolve by natural selection. However,
viruses lack such important characteristics as cellular
structure and their own metabolism, and it is these
characteristics that are usually considered as the
fundamental properties of living things.

Viruses are able to reproduce in special conditions, in
the cell infected by them, the self-reproduction abilities
of viral particles are actualized, which begin to create
their own copies by self-assembly. Self-assembly is one
of the manifestations of self-organization in Nature,
which consists in the fact that molecules with a complex
architecture are spontaneously assembled from prepared
"building blocks" - simpler molecules. This process

simulates the evolution of structures in nature. A variety
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of organic molecules are used as "building blocks" for
self-assembly results in highly symmetrical structures.

The cell provides special conditions for the virus, and
is a living multiplicity that provides a synergy of several
processes in which one can distinguish between the
cloning line, and the outflow as a passageway, and the
isolation of the reservation or habitat. The resource base
of the cell is one of the leading variables in its system
dynamics, along with the structural organization and
genetic potential. These variables have variability in
terms of potential, size, and feature set. Multiplicity is
manifested in the unity of all the processes occurring
(metabolism, replication, multiplication, etc.). Such
living multiplicity, in dual processes, demonstrate own
intelligence. The concept of "unity" is not applicable to
the concept of "system'. Unity is not something
observable from the outside. This is an intrinsic property
of any system. A system is a flexible unity of its elements,
each of which has its own irreplaceable and comple-
mentary function. If the system becomes obsolete, its
future is impossible without the arrival of novelty.
Coming newness transforms all old systems and goals
and directs to the future.

Outside the host cells, viruses are in a completely
inert state, but they have a set of instructions (a genetic
program) necessary to re-enter the cell and, subjecting it
to their instructions, make them produce identical
copies. The evolutionary significance of viruses lies in
the long-term storage of genetic information isolated
from changes in the external environment, retaining the
ability to read and reproduce when returning to the
cellular environment.

Viruses exist in the form of a protein envelope that
abduces the genetic material and protects this infor-
mation carrier. The envelope is composed of identical
protein subunits encoded by the viral genome, and its
shape is the basis for the classification of viruses by
morphological characteristics. The general form of the
protective protein envelope of the virus is characterized
by a high degree of symmetry, which determines the
ability of viruses to crystallize. Some viruses have a well-
defined icosahedral head and tail with spiral symmetry.

Many viruses appear spherical, but retain icosahedral
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symmetry. A regular icosahedron is the optimal shape
for a shell composed of identical subunits.

While the virus is in the extracellular environment or
in the process of cell infection, it appears in the form of an
independent particle that does not show signs of living
and behaves like crystals of biopolymers. The simple
structure, the absence of organelles and their own me-
tabolism, allows some viruses to crystallize in the external
environment, which is characteristic only of nonliving
material. It was found that their crystals are composed of
several hundred billion such particles closely pressed
together. However, the reproduction of viruses differs
from crystal growth in that viruses inherit mutations and
are under the pressure of natural selection.

Depending on what type of nucleic acid is the genetic
material inside the viral particles, the methods of its
replication are also determined. Viruses differ in the
localization of their replication, some viruses multiply in
the cytoplasm of the cell, and some - in its nucleus. Viral
genomes, regardless of the type of nucleic acid, are
almost always either single-stranded or double-stranded.
This determines the mechanism of genome replication.
RNA viruses usually use the RNA nucleus as a template
for the synthesis of viral genomic RNA and mRNA. The
viral mRNA directs the host cell to synthesize viral
enzymes, envelope proteins, and assemble new viruses.

An important factor in the case of a single stranded
genome is its polarity. For most RNA viruses, the
polarity of the nucleic acid is determined depending on
whether it can directly serve as a template for protein
synthesis. A (+RNA) molecule with positive polarity has
the same nucleotide sequence as the mRNA, so it can be
immediately translated by the host cell [3].

Genetic changes occur in viruses through different
mechanisms. These include random substitutions of
individual bases in genetic material. These point
mutations are "silent" - they do not change the structure
of the proteins encoded by the mutant genes, but
sometimes, as a result of such changes, the virus can
acquire evolutionary advantages, such as resistance to
antiviral drugs. RNA viruses often exist as quasi species

or an assembly of viruses of the same species, but with
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slightly different genome nucleotide sequences. Such
quasi species are the main target for natural selection.
In the external environment, the genome of the virus
is subject to various influences, for example, ultraviolet
radiation, solar radiation, chemicals, which leads to
various kinds of mutations, i.e. changes in the structure
of the nucleic acid. Depending on the nature of the
mutations, viruses can change their properties, and even

change the host.

4. Virus as a Nano-Object
The nano range "borders” on the scale with the
"micro" level (characteristic size - microns), which sets
the "structure-sensitive" properties of objects; and with
the

characteristics of matter. The synergy of the effects

an atomic level that determines quantum
observed at each of these levels characterizes the nano-
object as a whole, at the macro level.

The nano range is characterized by the manifestation
of properties that differ from the chemical, physical or
biological properties of the macro state of a substance. In
particular, the effects of quantization, tunneling, and a
decrease in the Coulomb barrier are manifested in the
nano range; the role of intermolecular interactions
becomes significant. And also, the formation of regular
nanostructures, in cells and viruses, capable of retaining
and capturing quantum particles and enter into
interaction with them.

Taking into account the above, consider the events in
the space of life. Proto-intelligence is not introduced
into nano-objects from the outside, but is a specialization
of information systems that are originally characteristic
of life. Information exchange is an integral component
of the activity of self-regulating functional systems. It is
in functional systems that there is an element for the
qualitative and quantitative assessment of information -
an acceptor of the result of an action, which constantly
analyzes and evaluates the state of useful adaptive
results, to which the activity of various subsystems of the
the

implementation of "intelligent activity" carried out by

body is directed. "Unitary" reactions in

the "basic dynamic element" aimed at satisfying the

leading biological or social needs of the organism. The
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properties of the "basic elements" fit corresponding DR
{need-satisfaction}, {cell demand D. - virus supply Sv}.

With a systematic approach, events in the informa-
tion space present the following phases. Data on the ne-
eds of actors enter the information space as a "reference
stream", and data on satisfaction of the need - as a
"stream of resources". The interaction of the reference
and resources streams on specific structures of space is
carried out on an interference basis. An integral acceptor
of the result of an action, organized by a multitude of
actors - functional systems of a homeostatic, behavioral
nature, acts as an information "screen".

Processes are formed by the universal object <V|C>.
Any changing of internal events in the virus and in the
cell always has an external projection. Projection is
manifested in the form of mass, quantity, density. As well
as, through the redistribution of resources and actions,
"compaction” and "exhaustion" of the space of objects.

Only together <V|C> forms a tandem, which quite
adequately balances the entire power of the environ-
mental impact, and provides a global balance. This form
of registration of relations determines their uncertainty
for competitors in the environment, the complexity and
ambiguity for them of determining the actions of the
parties to the pair. Competitors can be surrounded in a
privileged position, produce internal separatism in the
environment, tied to trans-dyadic structures. However,
the stability of the tandem indicates the lack of systemic
influence among competitors. The DR, while maintaining

intelligence, achieves much larger and more stable results.

SOCIETY CELLS

ruLEs | ORCGANISM I CrnomE
Dressing

OFPLAY ™ | [Q

Dc |Sy
VIRUS “Undressing” GENOME]|
‘ V3
VIRUS

Fig. 2. RELATIONSHIP <V|C>
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Figure 2 shows relationship <V|C>. An object, virus,
with a structured resource, manifests it explicitly. The
subject, being structureless, carries a message (proposal)
about this resource. This is how the coherence and unity
of the structural and functional aspects of the rela-
tionship is manifested. Not from the benevolence of
object, the subject demand is satisfied, but from
observance by object of their own interests. Demand is
directed not to humanism of object, but to its egoism.
The subject informs it only on its benefits. What the
object wants is received, when others, absolutely
indifferent to its goals, want to receive their own benefit.
In this case, its task is also “automatically” solved. This is
one of the “automatic” wonders of the DR. Its result is
using the population roles of actors, especially - the
systemic role of the virus. The subject reflects the
intelligent design of creation. The intention of the future
creation contains belonging to the generic essence and
determines the rules of play of process of materialization.
The result of materialization can be alienated from the
generic entity.

Content (V) is determined by its genotype. Each
genotype is “settling” in (V) the information process of
coding information. In this intelligent dematerialization
of oneself, a new genome is formed, which grows in the
further process of self-assembly into itself. What is the
function of content (V)? From outside the cell received,
taken by the cell from the treasury of the natural
language, someone else's creativity, in individual use it
is created anew by the cell, again becoming in a state of
origin and assembly of composition (V): fresh and
renewed every time.

Form serves as a logical function of content. (V) is an
intelligent entity, for it carries with it - the idea of its
being. The stability in it of the main type of its structure,
not a sensual, but an intelligent invariant (carrying its
own meaning), its form-forming individual principle, in
its own way guiding information processes, remains
equal to itself. Together with (V), the genome, when it
enters a favorable environment, penetrates into some
object of the surrounding space (cell), and makes in it the
change that it is able to receive. (V) is “reading” into the

object with all characters of the code contained in the
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genome (V), awakened to reproduction. The genome is
an algorithm for an individual structure; according to its
plan, a very different content is expressed. He predeter-
mines new clones and outlines the ideal boundaries for
their lives. (V) is an invariant, but this invariant itself is
not reproduced.

The information space is formed by actors carrying
information about the environment and responding
adequately to external influences. The information space
is formed in the unity of the structural and functional
(non-local) aspects, thus forming a network of partici-
pants, in which “each actor is really connected with
each”. In the information space, there are natural
operational mechanisms, which are based on the prin-
ciples of the “assessment tool” of DR. In the case under
consideration, the relationship (<C|V>), the following
patterns take place:

» Each virus already initially, at birth, shows
duality. It “searches” for one single “half” of its, with
which it then connects. That is why, in the process of
functioning, it already initially shows “intelligent”.

» (V) as the subject of the work conveys basic
connections. These “connections as such” are so “gene-
ral” that they turn out to be just as “insensible” and, as a
consequence, are devoid of any value at level (X).

» Such interaction on the physical plane gives rise
to an invisible level (Y), “non-sensory” connection and
the presence of a channel for such a dual pair.

» Non-material information space plays the role of
an amphiphilic interface, which begins to work in both
directions, connecting pairs (<C|V>) into single system-
forming tools.

» As soon as the chain of the operating mechanism
of the instrument “closes” on itself, as a result of its nor-
malization, an integral spatial image is created, which “in
the image and likeness” forms the instruments of a
fundamentally different level and purpose and, ultima-
tely, a single information space is formed.

» Reason is a multilevel concept and at each level it
is formed and functions “in the image and likeness”, in
accordance with the formula (®) of DR.

» This image is not material and as whole is at a

non-sensible level. Although it can manifest itself as

b3g-ols 36GIgdo — Work of GTU — Tpyas: ITY
Nel (519), 2021



9960gH9ds 35%y39B0wgdol Borgdol Jglsbad — Decision Sciences — Hayxa o mpunaTuu pemenuit

various indirect registered phenomena in the process of
formation and existence.

The image represents only an informational aspect,
but it does not represent the functions that the actors of
the process perform. As a signal, (V) is a certain minimum
energy of a physical order - (nano energy), in the general
case the least effective, and in this case, it is so small that
few people reckon with it as an action in the external
world. Those, despite this insignificant physical appen-
dage of its own, (V) cannot be considered a true reality
and there is only a content taken in the abstract.

However, the matter is not only in the amount of
energy, but also in its dependence on quality, order,
form, i.e. in what form is this amount of energy
presented. Introducing the concept of guiding signals,
one can find even the smallest amounts of energy
producing the most powerful actions and changing the
whole reality in the direction set by this ordered signal.

Nano energy (V) can be directed precisely towards a
certain action, and will produce it, despite its quan-
titative insignificance. (V) is nano-object, there is an
extremely developed object, its energy, very finely
organized, having a definite and highly differentiated
structure and, therefore, as the "energy of form", it has a
large intensity.

The physical substrate (V) contains a synergy of nano
energies that are in constant transformation. This subject
(V) can move in space as a whole and, while moving,
always has its own content with it. With appropriate
tuning and acceptance by the environment, modulations
(V) can be understood by the receiving cell as complex
natural signals.

The holistic organization of all this plexus of modu-
lations (V), its strictly outlined individuality, its non-
randomness, even in the smallest details, can be seen
from the fact that the smallest change in the integral
complex (V), a change that is hardly taken into account
by means of physical analysis, is immediately identified
and is recognized by the cell.

Two-component system is a molecular-biological
mechanism that allows cells to sense and respond to
changes in various environmental parameters. Two-

component systems are found in representatives of all
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three domains of life, and are encoded in the genomes of
their representatives. Typically, the two-component
system consists of a membrane-bound receptor that
senses changes in the environment and a corresponding
response regulator that provides a cellular response,
mainly through differential expression of target genes.

Two-component systems carry out biological signaling
through a response regulator (RR). Response regulators
may consist of a single recipient domain, but are usually
multi-domain proteins containing a recipient domain and
an effector domain, often with gene-binding activity.

The receptor transmission modulator senses a change
in the extracellular environment, it carries out a modu-
lation response and transfers the signal carrier to a re-
ceiver in the cell. The corresponding RR further cataly-
zes the carrier transfer reaction in its recipient domain.
As a result of this reaction, RR undergoes a conforma-
tional change that activates its effector domain, and it, in
turn, triggers a cellular response to a signal, activating or
repressing the expression of target genes

The existence of complex multicellular organisms is
possible due to the coordination of the processes taking
place in their cells. This coordination is based on inter-
cellular communication and signal transmission within
individual cells. Together, this enables one cell to cont-
rol the behavior of the others.

Signaling is one of the most difficult areas in the
study of cellular objects [4;5;6]. The term “signaling”
refers to any process by which a cell converts one type
of signal or stimulus to another. Signal transmission
pathways, or signaling pathways, are often organized as
signal cascades: the number of substances involved in
signal transmission increases at each subsequent stage
with distance from the original stimulus. Thus, even a
relatively weak stimulus can elicit a significant response
when the signal is amplified.

The intracellular signaling system consists of nume-
rous interacting signaling pathways leading from recep-
tors on the membrane to the cytoplasm, and further to the
nucleus, where the work of the genetic apparatus is re-
gulated, and then back to the cytoplasm, to the cell surface
and the extracellular environment. This system consists of

intercellular signaling molecules, receptors on the cell
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surface, cytoplasmic signaling cascades, transcription fac-
tors that control gene expression, and executive proteins
that determine the cellular response.

Extracellular signaling molecules are recognized by
receptors associated with membrane substances. Further,
the activated substances are transferred to the intended
targets of the dynamic action. All of these substances
regulate numerous executive proteins and transcription
factors that determine specific cell responses. Each type of
cell has its own individual set of proteins that provide

specific cell responses to various stimuli.

5. Cosmo-Earth

The influence of the “space climate” on Earth can
manifest itself in a decrease in the intensity of the flow
of ultraviolet radiation, on which the life of organisms,
especially viruses and bacteria, depends. Taking into
account the periodicity of the effect of near space on the
habitat of living organisms, the effect of ionizing galactic
radiation on the mutagenic potential of populations, it
can be assumed that pandemics develop with a signi-
ficant weakening of solar activity and corresponding
changes in the modes of functioning of the geosphere,
biosphere, and anthroposphere.

The direct and indirect mutagenic effect of the quiet
sun on micro and nano organisms is confirmed by the
observation that the formation of new strains of
pathogens is timed to each next similar phase of
weakening of solar activity. All acute respiratory viral
infections are seasonal, they are referred to as “recurrent
viral infections” and tend to recur. The strains return
after a time interval to where they circulated before.

The temporal ordering and synchronization of cosmo-
physical factors and the biosphere makes it possible to
obtain a general picture of cause-and-effect relationships
leading to destructive pandemic processes. External
influence originates in the depths of the galaxy, it controls
the activity of the solar system and through the sun
determines the functioning of all spheres of the Earth. Of
particular interest are the mechanisms of energy and
information transfer from near space, the receivers of
which are living organisms, which, being elements of the

biosphere, cause various fluctuations in Nature.
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The links of this cosmic system are observable, their
influence is measurable at the level of global processes.
In a particular case of a pandemic, these are the integral
parameters of the rate of mutations of pathogenic
organisms and the rate of their reproduction, the
changes of which reflect global processes. The challenge
is to capture these connections and trace their origins
and evolution.

Earth with an atmosphere is an open thermodynamic
system. Moving in space along its orbit, it is in a cons-
tantly changing gravitational field of influence from
other planets, as well as variable thermal and corpus-
cular influence from the Sun. In addition to external
influences, one should take into account the reaction of
the Earth itself to these influences. First of all, tectonic,
volcanic and electromagnetic.

Until now, in the reasons for the change in the global
climate of the Earth and the consequences of its change
for the anthroposphere, neither the corpuscular energy of
the Sun, nor the emission of hydrogen and methane from
the Earth's interior were taken into account. Although
both of these parameters are quantitatively comparable to
the flow of energy coming to the Earth from the Sun. Heat
flows from the Earth's interior are also not taken into
account. In fact, the Earth appears as a dead asteroid,
without volcanoes, earthquakes, without a magnetic field,
without interaction with the “solar wind”.

Under the influence of wave electromagnetic radi-
ation from the Sun, atmospheric gas is heated, ionized,
dissociated, etc. Thus, the wave radiation of the Sun de-
termines the thermal regime of the atmosphere, its
circulation and composition. In this case, the nature of
atmospheric processes depends not only on the time of
day, but also on the position of their localization, since the
position affects the amount of received wave radiation.

The action of the energy brought by solar corpuscular
streams - the “solar wind”, also affects the circulation,
dissociation and ionization of the atmosphere. But at the
same time the solar wave radiation is constant, and the
corpuscular streams are variable. With increasing latitude,
solar wave radiation decreases, and the influence of
corpuscular flows increases. Under the influence of cor-

puscular streams of the Sun, the conductivity in the lower
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atmosphere changes. This significantly affects the modes
of thunderstorm formation, the formation of clouds and
precipitation, as well as the weather in general.

If imagining the balance of energies, then in addition
to the wave radiation of the Sun and corpuscular flows,
the Earth's own energy is no less significant. Its
generation is due to the processes taking place in the core
of the Earth. As for the Earth's own energy, the
magnitude of the heat flow from the Earth's interior to
the surface of the continents is known today. In addition
to the heat of the earth's interior, hydrogen and methane
are constantly emitted into the Earth's atmosphere. In
the presence of lightning discharges, both gases burn in
the oxygen of the atmosphere, releasing heat. From the
combustion of billions of tons of methane released
annually through rift faults, the Earth's atmosphere
receives energy quite comparable to the energy of the
Sun entering the Earth.

The combustion of methane and hydrogen occurs in
the atmosphere in the presence of lightning discharges,
which in turn are activated due to the corpuscular
radiation of the Sun. In the absence of lightning
discharges, methane and hydrogen, escaping along rift
faults, do not burn in the atmosphere, do not heat it
additionally, and do not form carbon dioxide when
burned in oxygen. But, rising into the stratosphere, they
react with ozone and reduce its concentration, forming
“ozone holes”. If thunderstorm activity does not allow
methane with hydrogen to rise into the stratosphere,
then these gases, burning, form moisture and carbon
dioxide. All this directly affects the biosphere and the
mobility of living organisms, including dual ones.

Thus, the main actors of global climate change and
the main architects of the biosphere are still the Earth
and the Sun, since their heat and mass flows are not
subject to man. This does not mean that a person is
incapable of harming the environment.

The latest studies of geospheres indicate that their
complex multifaceted shape was formed due to the
growth of the inner iron core of the planet. Knowledge
of the patterns of its structure and growth dynamics
allows for a better understanding of the nature of the

observed changes in the environment and the features of
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the functioning of the biosphere. The existence of huge
crystals in the planet's body is manifested in the
localization at the edges and tops of these polyhedrons
of the centers of seismic and volcanic activity, centers of
mobility of the atmosphere, water and land, and other
anomalies [7; 8].

The most distant part of the planet from the surface
is a volume-centered cubic lattice consisting of iron
modifications. Such elements of the Earth's cubic figure
were found in the depths due to measurements of
variations in the wave propagation speed during
earthquakes, and it turned out that the diagonal of the
cube is located along the axis of rotation of the globe.
The impact of the tops of the cubic core on the properties
of the outer shells of the Earth is traced in the form of
geophysical anomalies. The cubic core leaves clear
imprints in the mantle, visible on the earth's surface
from volcanic eruptions. The symmetry of the cube is
reflected many times in the outer shells of the planet and
in the objects of the biosphere. The processes in the
lattice created by the crystalline matrix are also
manifested in the vertical migration of chemical
elements along tectonic faults, which contributes to an
increase in biological productivity in the ocean.

Signals of vertical links in the earth's geosystem have
increased dramatically in recent decades. The formation
of channels of these influences is associated with the
icosahedral and dodecahedral syngony in explaining the
Earth's infrastructure and the actions of similarity laws
at different levels of matter organization. The reflection
of the properties of the icosahedron and dodecahedron
in the nature of the Earth is confirmed by facts that can
only be explained by the projection and influence of the
tops and faces of these figures on the earth's surface.

The instrumental role of the long-range order is
determined by the fact that the inner polyhedrons are
endowed with energy, which deforms the earth's crust
and other shells, causing them to move. The manifes-
tation of the crystalline properties of the inner core in
the outer shells of the Earth helps to solve the problem
of the causes of modern environmental changes. First of
all, it focuses on the search for possible sources of

additional energy. At the same time, it turns out that in
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recent decades, natural processes have intensified in all
shells of the Earth.

The meaning of the search for order in nature, the
identification of “correctness” is consonant with the
ideas about the key role of symmetry in the picture of
the world. Generalization of the facts leads to the
understanding that the Earth, obeying the general law of
nature, grows due to the crystallization of the core, and
this process finds diverse manifestations in the outer
shells. They are united by the observed increase in
energy, in particular, manifested in an increase in the
density of biomass, which defies explanation, if we
proceed from the prevailing ideas. The geometry of the
dodecahedron and its dual icosahedron is directly related
to the “golden” ratio. The icosahedral type of symmetry
was considered convenient by living beings. Based on
the principle of symmetry in the interaction of the
crystal and the environment, it can be assumed that the
inner core of the planet is a growing crystal, which by
its growth induces the same symmetry in the shells of
the planet, including in the earth's crust and in the
objects of the biosphere.

The supposed “engine” of the general planetary
mechanism, which forms the symmetry of the crystal in
the earth's crust, received comprehensive theoretical
confirmation in the process of studying new achieve-
ments in crystallography. According to these data, the
surface of a crystal nucleus already has its own potential,
the range of which increases with the growth of the
crystal faces and thereby increases the length of its own
force field. For crystal growth, the participation of
external forces is not necessary, the crystal itself is an
active and main participant in the phenomenon,
organizing the growth process and creating quasi-crys-
talline structures at a certain distance from the crystal
surface in accordance with its symmetry.

The substance of the depths is embedded in the
earth's crust by vertical flows. Substances of all shells of
the Earth are strung on uniform radiuses, which “like a
hedgehog” diverge from its center and come out to the
surface in the form of nodes of the power frame. Part of
the substance of the streams of the subcortical envelope

penetrates into the earth's crust, and the bulk of each of
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the streams is closed on the envelope. Depth material
penetrating into the earth's crust along the edges of the
dodecahedron promotes the transformation of vertical
pressures into horizontal displacements of crustal blocks
in the directions from the edges of the dodecahedron
(rift zones) to the edges of the icosahedron. The uplifts
of the continental crust facilitate the movement of
surface water flows, and with them the particles of

matter (including living ones) in the same directions.

6. Role of Iron in the Organism

Just as the shape of the Earth's core induces its
properties on its surface, so the iron contained in the
core affects similar materials. In the organism, iron is
essential microelement. Despite its low iron content, it
plays a special role in maintaining its vital functions. The
lack of iron in the body, like its excess, negatively affects
many functions and the health of the body as a whole, as
it leads to damage to all organs and tissues.

The organism is unable to produce iron. Iron enters
the body through food. In food, iron is mainly in an
oxidized state and is part of proteins and organic acids. But
the absorption of ferrous iron is better, therefore, in the
stomach, under the action of gastric juice, ferric iron is
released from food and turns into ferrous iron. After
ferrous iron enters the small intestine, it enters ente-
rocytes (epithelial cells of the small intestine) and toge-
ther with them into the body, where part of it is involved
in many body processes and is constantly used, for
example, for the synthesis of heme (part of hemoglobin),
and the other a part is deposited in reserve. Iron me-
tabolism in the body is an optimally organized process.

The human body normally contains about 4.5g of
iron, which is involved in the respiration process. Iron is
part of about 100 different enzymes and therefore
indirectly affects oxidation reactions, the immune
response, energy balance, cholesterol metabolism, the
synthesis of genetic material, etc.

The main functions of iron in the body are:

» transport of oxygen from the lungs to organs and
tissues, including the skin. The actor is an erythrocyte.
The composition of the erythrocyte includes he-

moglobin, iron in the composition of hemoglobin binds
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and transfers oxygen from the lungs to all cells of the
body;

» participation in the processes of hematopoiesis -
the bone marrow uses iron to synthesize hemoglobin,
which is part of erythrocytes;

» detoxification of the body - iron is necessary for
the synthesis of liver enzymes involved in the des-
truction of toxins;

» regulation of immunity and increasing the tone of
the body - iron affects the composition of the blood, the
level of leukocytes necessary to maintain immunity;

» participation in the process of cell division - iron
is a part of proteins and enzymes involved in the
synthesis of genetic material;

> synthesis of hormones - iron is necessary for the
synthesis of thyroid hormones, which regulates the
metabolism in the body;

» providing cells with energy - iron delivers oxygen
to the energy molecules of the protein.

Iron in the body is stored in depot molecules. The
body creates a special microsystem - ferritin, which
“collects” and deposits iron from the entire body, which,
if necessary, spent on the needs of the body. Iron folds
and packs in a certain pattern up to 4500 iron atoms in
one ferritin molecule. The main function of this complex
water-soluble protein complex is the binding and
isolated temporary storage of iron inside cells in a
dissolved and non-toxic form for the body. Ferritin is
found in almost all cells, organs and tissues of the body
and is a donor of iron in cells that need it. Its amount
critically affects the state of the body.

The ferritin molecule consists of a central core, in
which iron is packed, and a protein membrane
surrounding it. The newly formed shell protein unfilled
with iron is called apoferritin. When apoferritin is
formed, its central cavity is subsequently loaded with
ferrous ions. This iron concentrates and crystallizes into
ferric hydroxide, which forms the mineral core.

Apoferritin is not a membrane protein. It serves as a
marker of a person's biological age and indirectly acts as
a tumor marker. To study the interaction of membrane
proteins, it is first necessary to understand how non-

membrane proteins interact with each other, and
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apoferritin is a good object for research here, as well as a
component for creating a vaccine against a wide range of
viral diseases.

For a deeper understanding of the structural features
of certain proteins, it is necessary not only to solve their
structure, but also to understand how proteins interact
with each other in solution and in the membrane.
Integral proteins embedded in cell membranes are
targets for many manufactured drugs. The study of such
proteins is necessary to decipher their structure. De-
ciphering the structure, in turn, is necessary for
understanding the structural and functional features of
the work of proteins, studying their interactions with
potential drug candidates, and selecting the most effec-
tive drugs.

Apoferritin ensures the absorption of iron in the
intestine, as well as the deposition of iron in the body.
Apoferritin also performs a catalytic function at the
beginning of the process formation of a ferroxidase core
inside the protein shell. The rate of absorption of iron by
apoferritin depends on the initial amount of iron in the
protein molecule. Apoferritin is involved in the removal
of iron from the ferritin molecule. It is one of the vital
proteins in any cell type.

The study of the interaction of membrane proteins in
the membrane is impossible without a deep understan-
ding of the processes occurring in the membrane itself,
and first of all, understanding the behavior of lipids in
different phase states and their interaction with each
other. The study and search for conditions for the for-
mation of lipid cubic phases is an integral and extremely
important part of the work. Lipid cubic phases were
studied to optimize the crystallization process as the
most promising and promising conditions for the crys-
tallization of proteins to date.

A search was made for lipids forming lipid cubic
phases. The basic set of parameters of the system was
determined, and also the quantitative determination of
the lattice parameters in lipid cubic phases was carried
out. Since lipids have hydrophobic and hydrophilic
parts, they are capable of structure formation in water.
An amphiphilic molecule was obtained. When am-

phiphilic objects are placed in an aquatic environment,
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depending on the lipid/water volume ratio, they are
capable of forming several phases and characteristic
types of structural organization, including inverted
objects with a “turned inside out” structure. It should be
noted that the phases and structural organization of
amphiphilic objects depend both on the properties of the
environment and on the properties of the objects
immersed in it, as well as on the external influence on

this integral complex.

Conclusion

Depending on the ratio of all these influences, va-
rious phase states of the complex were observed. The
most interesting are the so-called lipid cubic phases
forming a cubic lattice. In the experiment, with a certain
structure, a local increase in the concentration of pro-
teins in solution is observed. The study of crystallization
processes in dynamics made it possible to quantify them
and calculate the necessary ratios of parameters for the
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boem gsembzmdols s §gsedommdol 3g6o-
09ddo, dobsmgmmo Fywol Jodomdo T99-
Bowmds ImEgdueros 3oM39e bMowrdo. 3G EmgzoL
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w1b3mdoL 39H0MEYdT0, Bgs306+)eo (Jobsmgmmo)
Rodmbogbo  JodomMo  dgogagbowmdols  dobgwgom
3000MM35M0MBoE-35 30098056 s 30MHMIEMDM-
Bo@mee-39e030099-b5GH®03056 fyeols Bo3l dogzmma-
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09.933.%; SO4=21.91 9y.933.%; HCOs3 =70.22 99.933.%.
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9bombgdol dg9339cmds 1 @ fgoedo o@Egegde:
Cl=5.60-9.07 99.933.%; SO+=15.91-31.80 8g.933.%; HCO3

=62.60-77.65 99.933.%. bowm, 35m0mbgdol
990339@@ds 1 ¢ fgoendo o0ol: Na+K= =7.44-29.79
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t=20.5-23.70C. bm®3ob 500 qdd0s s3Mgm3g 96939-
Q©MdS s ph.

2015 fgeb Logzmgzo 6ol @gMobia®g gobbemem-
309 Es dMOEO30m0  Lsddomgdo s Tgmmbgmen
Boergdgddo dmgfiym @sfjbgem LEYWYmBowo Fodr®-
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39-3 gbGowol dmbs399gd0ol msbsbdo, Fargdol
29685300md530 60mbgdol 99;339emds 1 ¢ fysewdo

Cl=6.15-12.65 S04=0.39-

033! 83-033-%;
-22.13 89.933-%; HCO3=70.42-86.96 99.933-%. bmwm,
3500mbgd0L 9993390 mds 1 o fgoewdo goy9bl:
Na+K=6.72-25.84 09.933.%; Ca=50.21-82.47 99.933.%;
Mg=5.68-23.95 89.933.%. Loghomm dobgoeobsios
0330905 368-590 9y/aw; 93360030 bsdmo 105°C=0.296-
0.455 g/¢; bLobobdg 1.44-5.2 3y/933; 7963350Mds 2.3-
3.2 3/ goMaqddo; ph=7.0-7.8.

3060 fyoaro, oligzg, HMame 3 Fysmmgdol godm-
15390900 b 5¢0GOYO LObXJOO ML MBRIHM, §o0-
F306035¢09, 56 33653l sbm 299m 56 bybo s 3L
058530594 B0EGIG0 MEYbMI3EH03IMNMO N30L9dYg-
00. bsgd Jobgdmsb boba®mdwogo 3mbEod@Eolb 3o-
009090 {9400 35030999000 SGHOL FTILOMHYOINYCO.

0¥ 993500507300 {goegbgmdol 3gMHomgddo bg-
53060 dobsMgmeo Bs8mMbsgbols s Losd-
330639000 F539MLOWGOOEB 5050 fywol Lob-
X900l B30D03MO-J0dow® 9ab0EMdL, HMIgEms
Lobxgdol  s0gds JOHMNOOMMWsE  FJ0dEOBIGMYMODS
2015 ferosb 2020 ol Boogwrom, dsm momddol

3bseMy0wMo 35839698 gdo sHoliosmgdm. dsblbgagg-
3)2005 BbmEm figerol BgHo, Gemdgerog figserrgbge-
00l 3960mEYdTo M35¢olgdE FIBIOMOCMBIL ©VYdY-
@dl. 5439 Mb@s 5006086mL, MM 2016 gl Hgow-
930HMBI0LLL BoglLoMEJOS LIEGBHEJOOL F9T339EMds,
M3 Bgosdomnym Bsdmbswgbdo, obyg gMwbEol
§902980056 s0gdm Lobyxgddo [9].

3900 33wgmo {4egdol Jodom®mo 3z69demdols
©5 ©5053054MB09dI0 MmEMbMEg33H03Ho Job-
39690900l dobgogs, om0 Lsldgwo oMolm-
00l 99x35b9d0Lsm30L 2019 fierol omELs s sa30L-
™00 BG5S 303MHMBOMELMY0YMHO 350033 g3900.
59 3o8m33g3sms  Bggagdo  dmpgdywos  dg-4
3b®owdo, MMl Mobobdoss, Loghmm 3mewo-
3MOINEOo 35dGHIM0gd0L Mom©gbmds 300 dgw-do o6
©500d3900. 9939, M 10335 bgAsEBHOMMmO Jmembool
§968mdJdbgaro geHmgMwol MomEgbmds 100 der-do.
653 99gbgds  IgBMBowMGmO  5gMMdJBOLS o
BOIMNWGHIGHMO0  9b59MHMBIOOL  3membogdol  Foo-
dngddbowo dodBHgmogdol 05639690 gdlL, bmETsEo-
3900l dobg30m, 5000 MoMmEgbmds LbogMdbmds©

509353905 BOZMHYo© L3790 BmMAYOL [3].

3bOoo 4
900. 396H930Lbg30L Fywrol FozMMmdomemaovMo s65¢robol 39wgagdo
1 L59OOM 3MEORMOTMWO 05J3H9M0900L Mom@gbmdo Nl o
B59BHM0gdo 300 d¢»-80 xodboMgds BogbodEgds
2 99BMGBOWMOHO 59MHMBIOO ©
393N AIGMO0 965960930
3Mmmbogdol Fo@dmddbowo 37 C <20 188 47
0594B9M0gd0L HomEbmds
1 9¢n-do
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293Mdgegds
3 3M0%352900, 9O J1ool Homgbmds 100 & 6
5 5
69393060 3membool d¢—do
LoMJD.
Bo63mBgIbgwo godhotegts gogbotegds

6.6.%.8-0b GomEbmds 100 3¢ §goedo 46 28

5 E. coli 05d3H9M0gd0L Mom@YbMdS o o6 gogboMEYds
3000¢» g0dloMgds

153393 19d6BY BmMIoMgdmwo ywgdol dogz-
HMdME0 boMolbol gorsmgligds 50060d69ds Boggbywy-

ol bgbmbby. MMIEs, 9OE FoOGOL dmbso3gdgdos
LoboMdogeem.

9. F969dobbggzol Fywol dmbo@m@mobyol 30639-
@O0 9GHS30 FobbmMogws 2015-2016 §f-9o. 53 yo-
0m333509 890929008 mebsbds, 3mermbogdols
§o63m3Jabgeo dodBHgmogdols s JMEoRMGIGOOL
0539690900l MomEgbmdsd 110-170 dgoy0bs, bm-
o 3neoobogdbobs — 21-39 [9].

2019 §gb Bo@omgdreno dmbo@m®mobyol 89w99-
00056 299mIobaMg 990dgds 0mg3zsL, MmA d. F9-
69dobbgzol Fyswo 996931003690 BmIogo @o-
006dmH9de dobstgms Gosbgl.

53360

8ogdwo 89©Qpgdol Lsxdzgwby godwrgds
535033600, ®M™MT 3. F9MHgdolbbgzol F9mP g wdsb-
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Evaluation of the Quality of Waters Formed in the River Cheremiskhevi Bed for the Purposes of
Drinking and Domestic Water Supply
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Abstract. Increase in quantity of population, development of industry and agriculture has created a systemic
growth of demand on water. Despite the fact that Georgia is rich in natural water resources having high quality
drinking properties, in many regions and, especially, in semi-arid and humid zones, the problem of supplying the
population with clean drinking water is quite acute.

The article is about the issue of utilizing the waters formed in the River Cheremiskhevi bed for prospectively
supplying with water the villages (Village Velistsikhe, Village Zegaani, Village Mukuzaani) in Gurjaani municipality
situated on the North-East slope of Tsiv-Gombori Ridge. With this purpose, in 2013-2020, the chemical and sanitary-
microbiological characteristics of the filtrate waters in alluvial-proluvial sediments and surface (river) runoff of the

River Cheremiskhevi were studied in field and stationary conditions.

Key words: drinking water supply; hydrology; hydrogeology; water quality.
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Omnenka xagecTBa BOJ, GOpPMUPOBABIINXCA B pycie peku Uepemucxesw, B IeI9X TUTHEBOTO U

XO03AHCTBEHHOTO BOJAOCHA0XKeH U

'mopruit WHCTUTYT THApPOreOJOTMH M HUHXEHEepHOH reosoruu, ['PysMHCKMI TeXHUYeCKHi
OmcapamBrmm yHusepcuret, I'pysusa, 0126, T6umucu, moc. [luromu, ynuna PaBHOamocToNBHOM
Caaroit Huno, 4

E-mail: g.omsarashvili@gtu.ge

PeriensenTsr:
M. Mapzgamosa, mpodeccop ropao-reosorndeckoro paxyuasrera I'TY
E-mail: m_mardashova@gtu.ge
3. BapasamBmiu, BeAylIuii HAYYHBIH COTPYLHUK TOPHO-Teoorudeckoro ¢akyasrera ['TY

E-mail: gezuravaraz@yahoo.com

Annoranuda. UncieHHBIH POCT HaceleHWs, PasBUTHE IIPOMBILIIEHHOCTH U CEIBCKOTO XO3SHCTBA IIOPOAUIO
CHCTeMHOe yBeJIMdeHue clpoca Ha Bogy. Hecmorps Ha To, ¥To I'py3us GoraTa BBICOKO KadeCTBEHHBIMU PeCypCaMu
IUTHEBOM BOZBI, BO MHOTUX PETMOHAX CTPAaHBI U OCOOEHHO, B IIONYapUIHBIX M IOIYTYMUZHBIX 30HAX, BOIIPOC
obecreyeHNs HaceleHHUA YUCTOM ITUTHEBOM BOJON CTOUT JOCTATOYHO OCTPO.

CraTbhs KacaeTcs BOIIPOCOB MCIIOIB30BaHMA BOZI, GOPMHUPOBABIINXCS B PyCJIe peKu UepeMUCXeBH, IJI MePCIIEKTUB-
HOTO BOZOCHAG)KeHHs PaCIIONIOKEHHBIX Ha ceBepo-BocTouHOM cKoHe [luB-T'omGopckoro xpebra cén I'ypaxkaaHcKoro
myHununanurera (c. Bemuciuxe, c. 3eraanu, c. Mykysauu). B atux nensax, 8 2013-2020 rr. B osIeBbIX U CTAI{HOHAPHBIX
yCTIOBUAX OBLIM HCCIENOBAHBI XMMHYECKUE U CAHUTAPHO-MUKPOOGHOIOTMYECKHEe XapaKTEePHUCTUKU IIOBEPXHOCTHBIX
(pe4HBIX) U CylLIeCTBYIOIUX B AJLTIOBUAIBHO-IIPOTIOBUATBHBIX OTIOXKEHUAX (DUIBTPATOB BOZEL.

B pesyrpraTe XMMUYECKUX aHAIU30B GBLIO YCTAHOBJIEHO, YTO BOZA MIPUHAJIEXKHUT T IpOKapOOHATHO-KaIBI[IEBOMY
TUITYy 1 ee MuHepanusanus He mpesbiaer 0,5 rp/i1. CoriacHo MHAMUKe Ce30HHBIX U3MEHEHUH TIaBHBIX NOHOB, BCe
HCCTeflOBAHHBIE TIOKAa3aTeN KOJMEGIIOTC B paMKax JOITyCcKaeMbIX KOHIeHTpanuil. OLHaKo, pesyIbTaTsl MUKPOOHO-
JIOTMYeCKUX aHAJU30B IIOKA3aIHd, YTO HCCIefOBAHHAS BOJA 3arpA3HAETCS aHTPOIIOTEHHBIM BO3ZeHCTBUEM H He

COOTBETCTBYET CAHUTAPHBIM HOPMAaM yCTaHOBJI€HHBIM TEXHNIECKHUM PETIaMEHTOM TMTUTHEBOM BO/IBI.

KJIIO‘-IeBBIe CJIOBA: Ka4eCTBO BOJBI, cHab>XeHue MUTHEBOM BO,ILOﬁ; TUAPOTreoIoTrsA; TUAPOJIOTHA.
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Determining the Geometric Dimensions of the Mudflow Sedimentation Along the Watercourse

Taking Into Account the Physico-mechanical and Hydraulic Characteristics of the Mixture
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Abstract. In this article there were selected main hydraulic function with the physical, mechanical and
rheological characteristics mudflow mixture, according to which the dimensions and shapes of the mudflow profile

are determined quite easily and accurately in the watercourse.

Pst

Using the proposed algorithm and € = f formula, it is possible to carry out environmentally friendly and

Psolid

economically viable measures to combat mudflows.

Key words: cohesive mudflow; dynamic coefficient of mudflow mixture; height of mudflow sedimnetation;
incline of the bottom of the cone; initial resistance of mudflow sedimnetation; length of mudflow sedimnetation;
living cross-sectional area; profiles of mudflow surface; the thickness core and gradient layer of the mudflow mixture;

volume of mudflow mixture.
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AnmoTtamus. B crathe GbUH BEHIOPaHBI OCHOBHBIE THAPABINYECKAE 3aBUCHMOCTH C YIETOM (PU3MKO-MEXAHHIECKHX

U PEOJIOTHIECKUX XapaKTEPHUCTHK CEJICBOW CMECH, COTJIACHO KOTOPBIM T'€OMETpHUYEeCKHe pasMepsl U (HopMbI mpodurs

CCJICBOI'0 BBIHOCA OIIPEACIIAIOTCA JOBOJBHO JICTKO K TOYHO B BOJIOTOKE.
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Abstract. In relation with the mountainous relief of the territory of Georgia, the prevalence and frequency of
erosion-avalanche phenomena, due to both exogenous-endogenous processes and anthropogenic-climatic conditions,
have been studied. The article proposes a mathematical model for calculating the volume of mudflow mass, which
provides for both an increase and a decrease in the mass of the mixture when the mud flows in the watercourse. The
coefficients of increasing and decreasing its mass are calculated for various types and movements of the mudflow. The
proposed methods make it possible to determine not only the total volume of removal, but also the geometrical
dimensions of the area, taking into account the morphological parameters of the mudflow channel, which is very

important for predicting negative environmental impact and for determining effective anti-mudflow measures.
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MaremaTuyeckas MOJieb I pacueTa 00beMa ceIeBOro BhIHOCA

Maiis Kynpasumeunu ~ JlemapTaMeHT arpoWH>KeHepuHU, ['pysMHCKUII TeXHHYECKUH YHUBepcUTeT, [pysus,
0192, Téunucu. np. . I'ypamermsunu 17
E-mail: m.kupravishvili@gtu.ge

Penensentsr:

. Kepecemnpaze, npodeccop baxynbrera TOUYHBIX U €CTECTBEHHBIX HAayK TOGHIMCCKOTO TOCYZapCTBEHHOTO
yHuBepcuteta uM. M. /xaBaxunisuimn

E-mail: davit.kereselidze@tsu.ge

T. OpunaBazse, acconuupoBaHHbIHM mpodeccop daKyIbTeTa arpapHbIX HayK U HHxXeHepuu 6uocucrem I'TY

E-mail: odilavadze2004@yahoo.com

AmnHoTaua. B casu ¢ ropusiv pensedom Teppuropun ['pysun nsydeHa pacIipoCTPaHEHHOCTD U IIOBTOPAEMOCTD
9PO3HOHHO-TaBUHHBIX ABJIEHU, 00yCIOBIeHHAI KaK SK30T€HHO-DHI,OT€HHBIMHU IIPOLLeCCAMH, TaK U aHTPOIIOTeHHO-
KJIMMAaTUYeCKUMHU YCIOBUAMHE. B cTaThe IpefoxeHa MaTeMaTHyecKas MOZEIb I pacieTa oobeMa ceeBOH MacCEI,
KOTOpasA IpeLyCMaTPHBaeT KaK yBeJMYeHHe, TAK U YMeHbIIEHHe MAcChl CMECH IIPH ABIDKEHUM CelH B BOJOTOKE.
Paccunransr koaddureHTs yBeIudeHNA U yMEeHBIIEHHA €T0 MAcChl IIPY PAa3INYHBIX THIAX U ABIKEHUAX CeJei.
IIpenmoxxeHHbIE METOZBI IIO3BOJIAIOT ONIPEEIUTD He TOJIBKO OOLIHil 06BheM BRIHOCA, HO M TeOMEeTpUYIeCKre Pa3Mephl
IJIOIAZY, C Y9IeTOM MOP(OIOrMIeCKHUX IIapaMeTPOB PyCJIa CeIeBOTO BOJOTOKA, YTO OYEeHb BAXKHO I IIPOTHO3HPO-

BaHUA HETaTHBHOTO BO3[EHCTBHUA Ha OKPYXKAIOWIYIO Cpefy U A onpefeneHus 3bGeKTUBHBIX IPOTHBOCEIEBBIX
MEepOIpUATUH.
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CceJIeBOUM MacCChI; MeTOZ, pacdera o6BeMa ceyiv; HaYaIbHBIH 00BeM ceneii; OCaXZleHHe pycCeJl CeJIeBOro BOAOTOKA,
IIPOMBIBAHHNE PYyCeJI CEJIEBOTO BOAOTOKA; THUIIBL cejen.
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Abstract. The article contains a description of the hydrodynamic features of the Mukhran artesian basin and a
generalization of the hydrogeological conditions. Based on the results of experimental filtration studies carried out
in the wells of existing water intakes, the hydrodynamic parameters of pressure aquifers were determined, according
to which a map of the permeability of aquifers of the Quaternary period was compiled. The peculiarities of changes
in water conductivity indicators formed the basis of isolated hydrodynamic zones, which is a clear expression of the

filtration structure of the Mukhran artesian basin, in terms of the distribution of pressurized groundwater resources.

Key words: Artesian basin; freshwater; hydrodynamic zone; pressure waters; water intake; water permeability

coefficient.
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Amnnotanua. CraTss COLEPKUT XapaKTePUCTUKY TUAPOAMHAMUIECKUX 0COGeHHOCTEH 1 06061 e NS TUAPOreo-
OrmYecKHx ycnoBuil MyxpaHcKoro apresuaHckoro 6acceifHa. Ha ocHoBe pe3ynbTaToOB ONBITHO — (QMIIBTPallMOHHBIX
KCCIIeJOBaHUM, IPOBeJeHHbIX 10 CKBaYKMHAM [IefICTBYIOMIUX BOJ03a60POB, OIIpe/ieIeHbI THAPOANHAMUYECKUe Tapa-
MeTPhI HAaIIOPHBIX BOJJOHOCHBIX TOPH30HTOB, II0 KOTOPBIM COCTaBJIeHA KapTa BOZOIPOBOJAMMOCTY BOZOHOCHBIX IIOPOZ,
yeTBepTUYHOTO Bo3pacTa. OcOGeHHOCTH M3MeHeHH ITOKasaTeell BOZOIPOBOAUMOCTH JIETJIN B OCHOBY BBIJeJIeHUA
TUAPOAMHAMUYECKUX 30H, KOTOpBIe ABIAIOTCA YeTKUM OTpakeHueM (GUIBTPAI[MOHHON CTPYKTYPHI apTe3HaHCKOTO

GacceifHa 110 pacIpeeeHUIO peCypCOB HAIOPHBIX OA3€MHBIX BOJ,.

KiioueBble C0Ba: apreswaHckuil GacceiiH; Bomo3a60p; ruAposMHAMUYECKAs 30HA; KOIQOUIMEHT BOJOMpPO-

BOJMMOCTH; HAIIOPHBIE BOABI; IIPECHBIE BOBI.
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Groundwater Resources of Mukhrani Artesian Basin
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Abstract. The Mukhrani artesian basin is a reservoir containing high quality groundwater. Well-known aquifers
and galleries are located within the artesian basin, which are one of the main sources of drinking and household
water supply for the city of Tbilisi. The article summarizes the hydrogeological conditions of the Mukhrani artesian
basin. The hydrogeological parameters of the productive aquifer were determined based on the results of studies
carried out at the existing water intakes. A hydrodynamic map of the artesian basin was compiled. The spatial and
quantitative distribution of groundwater resources in the basin has been estimated. Established dynamic (natural)

resources and static (natural) reserves of groundwater.

Key words: aquifer; confined water; dynamic (natural) resources; groundwater; hydrodynamic zoning; Mukhran

artesian basin; resource formation; static (natural) reserves; water conductivity coefficient; water intake.
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AnnoTtanua. MyxpaHCKuii apTe3naHCKuii 6acceiiH - 3TO pesepByap, COAepKalluii MoA3eMHbIe BOABI BEICOKOTO
KavecTBa. B Ipesiesax apTe3MaHCKOro OaccedHa PaCIIONOXKEHBI XOPOLIO WM3BECTHBIE BOZOHOCHBIE TOPU3OHTHI U
rajepen, KOTOpble ABJIAIOTCA OLHWM M3 OCHOBHBIX HCTOYHHKOB IINTHEBOTO K X03SHUCTBEHHOTO BOI[OCHH6)K€HI/ISI
ropoga Tounucu.

B crarse 06001eHb! rUApOreoIorudeckre ycaosusa MyxpaHcKoro apresuaHckoro GacceiiHa. Ilo pesysipraTam
HCCIeIOBAHUM, IMPOBEJEHHBIX HA [eHCTBYIOUMX BOZ03a00paX, OIpefiesleHbl THPOre0IOTHYECKHe IIapaMeTpsl
IIPOAYKTUBHOTO BOZOHOCHOrO KoMmIulekca. CocraBieHa Kapra I'MIpPOAMHAMUYECKOM 30HAIBHOCTH apTe3HaHCKOTO
Gacceiina. OmeHeHb! IPOCTPAHCTBEHHOE U KOJIMYECTBEHHOE pacipefie/leHre pecypCcoB MOA3eMHBIX BOJ, B OacceiiHe.

YcTaHOBIEHBI AUHAMHUYeCKUe (IIPUPOJHBIE) PeCYPChl U CTaTUYeCKue (IIPUPOAHBIE) 3aIIachl TOJ3€MHBIX BOJ.

KirioueBbie c1oBa: Bozo3aGop; BOZOHOCHBIA KOMILTIEKC; THAPOAUHAMMYECKAs 30HAJIBHOCTD; NMHAMUYECKHE
(mpupozHsIe) pecypcsl; KO3bGHUIMEHT BOZOIPOBOAUMOCTH; MyXpaHCKuUit apTe3MaHCKU# 6acceiiH; HalIOPHbIE BOJSI;

IIoJ3eMHBIe BOIBI; CTATUYeCKHe (IPUPOHbIE) 3aIIachl; POpMHUpPOBaHUE PeCcypCOB.
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Abstract. The slope stability calculation is quite time-consuming, which requires first selecting the correct
method and then calculating the coefficient of stability using different formulas. It should also be noted that
visualization of the analysis results requires a great deal of time, which is quite impractical. To solve this problem,
many geotechnical computer programs have been created, which can be used to report slope stability reports in a
split of a second.

The most common geotechnical software in Georgia is GEO5 slope stability, which allows us to calculate slope

stabilities very quickly and effectively with various methods and standards.

Key words: geotechnical software GEOS5; landslide; slope stability.
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AmnoTanud. Pacuer yCcTOHYMBOCTY CKJIOHA 3aHUMAeT JOBOIBHO MHOTO BpeMeHH, 4TO TpeGyeT cHavana BeiGopa
IIpaBUIBHOTO METOZA, a 3aTeM pacuera KoadduireHTa yCTOHUYUBOCTY TI0 pasnuyHbIM dopmyaaMm. Taxke cremyer
OTMETHTH, UTO BHU3yalIM3allMsd Pe3yIbTaTOB aHaju3a TpeGyeT MHOTO BpPeMeHH, UTO, B CBOIO OYepelb, ABIAETCT
HEIPaKTUYHBIM. JIJIS pelleHusa 3Toil HpoGieMbl OBLIO CO3ZAHO MHOXECTBO IeOTEXHUYECKHX KOMIIBIOTEPHBIX
IIPOrpaMM, KOTOpBIE MOXXHO HCIIOJIb30BAaTh AJIA COCTABIEHNUA OTIETOB 00 YCTOMIMUBOCTU OTKOCOB 33 JOJIH CEKYHIBL.

CaMBIM pacIpOCTpaHEeHHBIM TeOTeXHHYEeCKMM IIPOTpAMMHBIM obecmedeHueM B ['pysum aBmagerca GEO5,
II03BOJIAIONIEe OUYeHb O6BICTPO U 5 GHEKTUBHO PACCIUTHIBATH YCTOMINBOCTS OTKOCOB C IIOMOIIBIO PA3IMIHBIX METO/IOB

" CTaHZapTOB.

KirtoueBbie cioBa: reorexnndeckoe nporpammuoe obecrnedenre GEOS; onosseHs; yCTORYMBOCTS CKIIOHA.
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bBstmngdo

BIMHEMI0L 3EaMsEMdNL sBagmao

Slope stability analysis
Input data

Settings o
Standard - safety factors

Stability analysis

Safety factors
Permanent design situation
Safety factor : SFs = 1.50 [-]
Interface ) ‘
No. iefece location Coordinates of interface points [m]
X z X z X z
1 ! 0.00 660.00 50.00 657.00 75.00 653.00
100.00 650.00 125.00 644.00 150.00 641.00
169.00 63400 18453 62943 186.00 629.00
200.00 627.00
2 0.00 654.05 19.31 651.81 3496 650.21
50.21 648.65 60.30 647.06 75.10 645.01
90.48 643.82 99.83 642.01 113.69 639.54
126.34 638.11 14348 637.13 15483 636.15
167.07 633.30 182.72 629.70 184.53 629.43
Settings of the stage of construction
Design situation : permanent
Results (Stage of construction 1)
ARy e
Circular slip surface .. . A
Slip surface parameters
x= 171.57 [m] 1= -19.15 []
Center : |Angles :
z= 1002.03 [m] _ o2 = -1.53 [°]
Radius : R=365.52 [m]
Slip surface after grid search.
Slope stability verification (Bishop) )
Sum of active forces: Fz=  1324.59 kN/m
Sum of passive forces : F,=  1626.56 kN/m
Sliding moment : M, = 484164.94 kKNm/m
Resistingmoment: ~_ Mp= 584541.07 KNMIM e S e
Factor of safety = 1.23 < 1.50
Slope stability NOT ACCEPTABLE
Slip surface grid search (Bishop)
Center Radius . :
No. x [m] 2 [m] R [m] FS Verification
1 171.57 1000.03 365.52 1.44 NOT ACCEPTABLE
2 171.57 1000.03 366.52 1.46 NOT ACCEPTABLE
3 171.57 1000.03 367.52 1.47 NOT ACCEPTABLE
4 171.57 1000.03 368.52 1.49 NOT ACCEPTABLE
[ 1]
[GEOS - Slope Stability (demoversion) | version 5.2021.3.0 | Copyright © 2020 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
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BIOEMOOL dEaMEMINL sBsgmobn

No. — = i} R;‘[’r':]s FS Verification

5 171.57 1000.03 369.52 1.50 ACCEPTABLE

6 171.57 1001.03 365.52 1.30 NOT ACCEPTABLE
7 174.57 1001.03 366.52 1.45 NOT ACCEPTABLE
8 171.57 1001.03 367.52 1.46 NOT ACCEPTABLE
9 171.57 1001.03 368.52 1.48 NOT ACCEPTABLE
10 171.57 1001.03 369.52 1.49 NOT ACCEPTABLE
1" 171.57 1002.03 365.52 1.23 NOT ACCEPTABLE
12 171.57 1002.03 366.52 1.30 NOT ACCEPTABLE
13 171.57 1002.03 367.52 1.45 NOT ACCEPTABLE
14 171.57 1002.03 368.52 1.46 NOT ACCEPTABLE
15 171.57 1002.03 369.52 1.48 NOT ACCEPTABLE
16 171.57 1003.03 365.52 1.24 NOT ACCEPTABLE
17 171.57 1003.03 366.52 1.23 NOT ACCEPTABLE
18 171.57 1003.03 367.52 1.30 NOT ACCEPTABLE
19 171.57 1003.03 368.52 1.45 NOT ACCEPTABLE
20 171.57 1003.03 369.52 1.46 NOT ACCEPTABLE
21 171.57 1004.03 365.52 1.24 NOT ACCEPTABLE
22 171.57 1004.03 366.52 1.24 NOT ACCEPTABLE
23 171.57 1004.03 367.52 1.23 NOT ACCEPTABLE
24 171.57 1004.03 368.52 1.30 NOT ACCEPTABLE
25 171.57 1004.03 369.52 1.45 NOT ACCEPTABLE
26 170.57 1000.03 365.52 1.45 NOT ACCEPTABLE
27 170.57 1000.03 366.52 1.47 NOT ACCEPTABLE
28 170.57 1000.03 367.52 1.48 NOT ACCEPTABLE
29 170.57 1000.03 368.52 1.50 NOT ACCEPTABLE
30 170.57 1000.03 369.52 1.51 ACCEPTABLE

31 170.57 1001.03 365.52 1.30 NOT ACCEPTABLE
32 170.57 1001.03 366.52 1.45 NOT ACCEPTABLE
33 170.57 1001.03 367.52 1.47 NOT ACCEPTABLE
34 170.57 1001.03 368.52 1.49 NOT ACCEPTABLE
35 170.57 1001.03 369.52 1.50 ACCEPTABLE

36 170.57 1002.03 365.52 1.23 NOT ACCEPTABLE
37 170.57 1002.03 366.52 1.31 NOT ACCEPTABLE
38 170.57 1002.03 367.52 1.46 NOT ACCEPTABLE
39 170.57 1002.03 368.52 1.47 NOT ACCEPTABLE
40 170.57 1002.03 369.52 1.49 NOT ACCEPTABLE
41 170.57 1003.03 365.52 1.24 NOT ACCEPTABLE
42 170.57 1003.03 366.52 1.23 NOT ACCEPTABLE
43 170.57 1003.03 367.52 1.31 NOT ACCEPTABLE
44 170.57 1003.03 368.52 1.46 NOT ACCEPTABLE
45 170.57 1003.03 369.52 1.47 NOT ACCEPTABLE
46 170.57 1004.03 365.52 1.25 NOT ACCEPTABLE
47 170.57 1004.03 366.52 1.24 NOT ACCEPTABLE
48 170.57 1004.03 367.52 1.23 NOT ACCEPTABLE
49 170.57 1004.03 368.52 1.31 NOT ACCEPTABLE
50 170.57 1004.03 369.52 1.46 NOT ACCEPTABLE
51 169.57 1000.03 365.52 1.46 NOT ACCEPTABLE

[ 2|
[GEOS - Slope Stability (demoversion) | version 5.2021.3.0 | Copyright © 2020 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
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Overview of Hazardous Geological Processes on the Thilisi Bypass Railway
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Abstract. The slope stability calculation is quite time-consuming, which requires first selecting the correct
method and then calculating the coefficient of stability using different formulas. It should also be noted that
visualization of the analysis results requires a great deal of time, which is quite impractical. To solve this problem,
many geotechnical computer programs have been created, which can be used to report slope stability reports in a
split of a second.

The most common geotechnical software in Georgia is GEO5 slope stability, which allows us to calculate slope

stabilities very quickly and effectively with various methods and standards.

Key words: geotechnical software GEOS5; landslide; slope stability.
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O630p omacHBIX Te0JIOrIYeCKUX IpoueccoB Ha TOUIMCCKO 06Be3HOI XKele3HOMH Jopore

Huxo ITonopaaze JemapraMeHT IpHUKIaZHOM reonoruu, I[PysMHCKHMIE TeXHUYECKUH YHHUBEPCHUTET,
I'pysus, 0160, T6unucu, yn. M. Kocrasa, 75

E-mail: nick.poporadze@gmail.com

Penensentsr:
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E-mail: olikoseskuria@gmail.com
J. Biryamsuim, acconurpoBaHHbIH mpodeccop ropHo-reosorudeckoro dakyasrera ['TY

E-mail: datoblu@yahoo.com

Amnnorarua. Pacuer ycTORYMBOCTY CKJIOHA 32aHUMAeT LOBOJIBHO MHOTO BPEMEHH, 9TO TpeGyeT cHavama Bbroopa
IIPaBHJIBHOTO METOJA, a 3aTeM pacdyeTa KoapduIreHTa yCTONINBOCTH 10 Pa3nudHeIM dpopmynaM. Taxke ciremyer
OTMETHTh, YTO BU3yaJM3al[Md pe3yJIbTaTOB aHANIM3a TpeOyeT MHOTO BpeMeHH, ITO, B CBOIO OYepelpb, ABJIAETCA
HEIPaKTUYHBIM. JIIS pelleHusa 3Toil HpoGieMbl OBLIO CO3ZAHO MHOXECTBO I€OTEXHUYECKHX KOMIIBIOTEPHBIX
IIPOrpaMM, KOTOpBIE MOXXHO HCIIOJIb30BaTh AJIA COCTABIEHNA OTIETOB 00 YCTOMIMUBOCTU OTKOCOB 33 JOJIH CEKYHIBL.

CaMBIM pacCIpOCTpaHEHHBIM T'eOTEXHMYECKMM IIpPOrpaMMHBIM obecmedeHueM B ['pysum sBngercs GEOS,
IIO3BOJLAIONIEe OYeHb OBICTPO U 3 HEKTUBHO PAaCCUNUTHIBATH YCTOMYMUBOCTD OTKOCOB C IIOMOIIBIO Pa3IMYHBIX METOLOB

U CTAaHJAPTOB.

KiroueBsie coBa: reorexangeckoe nporpammuoe obecrreuenne GEOS; ononsens; yCTORIMBOCT CKIIOHA.
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b9emdefgtoemos osbsdg s 29.03.2021
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Abstract. The aim of researching the current hydrogeological state of the territory adjacent to the Tskneti-
Samadlo highway is to present such anti-landslide measures with the help of which normal operating conditions of
the highway should be created.
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The study area is located on the northern side of the southeastern fork of the Trialeti Range, from the slopes of
which many deep erosional ravines originate, filled in the spring-summer period with water that flows into the gorge
of the r. Vere. The river is the main basis of erosion of the study area.

To carry out hydrogeological studies, two water samples were taken - the water found on the landslide slope,
which flowed along the surface of the bare slope, and a small amount of ground water from under the slope.

The data of the chemical analysis of waters showed that these two samples are identical in chemical composition.
The results of the total mineralization correspond to M = 1.9 g/ 1. Consequently, the water is not suitable for drinking,
as it belongs to the category of slightly saline waters and is classified as sulphate-hydrocarbonate calcium-sodium.

In addition to water samples along the road, one soil sample was taken to determine the degree of soil
contamination. In the extract of a soil sample, the indicator of total mineralization is slightly increased (M = 0.3 g/
1), according to its chemical composition, it is classified as hydrocarbonate-sulphate sodium-calcium.

With regard to the anti-landslide measures proposed for the investigated area, the main one is the regulation of
surface water flows using a system of spillways and drainages, which requires an accurate calculation of the height
and steepness of slopes, in addition, maximum preservation of vegetation cover on deluvial slopes is required.

Key words: geodynamic processes; hydrogeological conditions; landslide slopes; r. Vere.
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OIIOJI3HEBBIX MEPOIPUATHIH, C IIOMOILIBIO KOTOPBIX JOJDKHBI OBITH CO3ZAHBI HOPMAJIbHBIE YCIOBUS OSKCILTyaTallUy
TPacChL.

W3zyyaemas TeppUTOpUA HAXOAUTCS HA CeBEPHON CTOPOHE I0T0-BOCTOYHOTO Pa3BeTBIEHH A TpHUanIeTCKOro XxpeoTa,
13 CKJIOHOB KOTOPOTO GepyT HadaJo MHOXECTBO I'TyGOKUX SPO3MOHHBIX OBPAroB, 3alI0THAEMBIX B BeCeHHe-JIeTHUN
IIepUOJ, BOZOI, KOTOpas CTeKaeT B yllelbe P. Bepe. OTa peka ABIAeTCA OCHOBHBIM 6a3lCOM SPO3UU HCCIIeLyeMOH
MECTHOCTH.

s TmpoBeleHMs THUIPOTEOJOTMYECKUX HCCIENOBAaHUI GBUIM B3ATHL ABA O0paslja BOABI — BBIABJIEHHAs Ha
OIIOJI3HEBOM CKJIOHE BOZA, KOTOpas TeKJa IO ITOBEPXHOCTU OTOJIEHHOTO CKJIOHA, X He3HAYHTEIbHOE KOJIHMYECTBO
TPYHTOBOM BOABI U3-TIOJ, CKJIOHA.

JlaHHBIe XMMHYeCKOTO aHa/JM3a BOJ IIOKA3ald, UTO II0 XMMHMYECKOMY COCTaBy STH ABa oOpaslia MAEeHTHUIHBI.
PesynpTaThl 06LIell MUHEepaIM3alluKi COOTBETCTBYIOT M=1.9 1/, cllemoBaTeIbHO, BOJA He NPUTOLHA IJIA MUTHA T.K
IPUHAAIEXUT K KaTeropuu cnabo3acoleHHBIX BOJ, U KJIACCHPUUUPYeTCs KaK CyabhaTHO-TUAPOKAapOOHATHAL
KaJIpLIMeBO-HATpUeBas BOZA.

Kpome BomHBIX TPO6 BLOJIH JOPOTH OBLI B3AT OIUH 06pasel IPYHTA [JI1 YCTAHOBIEHUS CTEIIEHU 3aCOPEHHOCTH
TPYHTa. B BBITSXKKe IPyHTOBOII IIpOGBHI ITOKa3aTeab OOLIeil MUHepalIu3aluy He3HauuTenbHO nossimeH (M=0.3 r/x),
II0 XUMUYECKOMY COCTaBY OHa KIaCCUGHUIUPYeTCs KaK THAPOKapOOHATHO-CyIbdaTHasA HaTpHeBO-KaIbl[eBasl.

Yro kacaeTcA IpeIIOKEHHBIX IJII HCCIeLYeMOTO y4YacTKa IIPOTHBOOIIOJI3HEBBIX MEPONPHATHH, OCHOBHBIM
ABJIAETCA PETyINpPOBaHKE TIOBEPXHOCTHBIX BOAHBIX IIOTOKOB C IOMOIIBIO CUCTEMBI BOZOCGPOCOB U BOZOCIYCKOB, UTO
TpeOyeT TOYHOTO pacueTa BBICOTHI M KPYTHU3HBI CKJIOHOB, KpOME TOTO HEOOXOZMMO MAaKCHMaJIbHOE COXpaHEHMe

PaCTUTEJIPHOT'O IIOKPOBa Ha AETIOBHAIPHBIX CKJIOHAX.

Kirouessie ciona: TreofHaMHYeCKHeEe ITPOLECChL; THAPOTr€0JIOTUIECKHEe YCIOBUA; P. Bepe; OIIOJI3BHEBBI€ CKJIOHBI.

356bogrzol mstoeo 20.10.2020
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Abstract. Facades of buildings are of special importance for the preservation of the traditional architectural
appearance of cities. The facade of the building is a living expression of the era in which it was built and it is an
integral part of history. Therefore, demolition of buildings declared as historical or cultural heritage sites is
categorically unacceptable. It is necessary to carry out their reconstruction work, keeping the facade intact. In Thilisi,
back in the 70s of the last century, the restoration of houses with balconies began, and today the rehabilitation-
reconstruction of old neighborhoods is being successfully carried out. Many famous buildings have been completely
renovated as a result of the reconstruction, but sometimes it is necessary to completely renovate the interior of the
building. The main problem at this time is to maintain the stability of the fagcade walls, which often, during the
reconstruction process, no longer have any connection with the main frame part. That is why they are temporarily
strengthened. Due to the conditions of the reconstruction, the reinforcement constructions are arranged in different
ways and after the completion of the works, the facade becomes an integral part of the new building again. In recent

years, several such interesting reconstruction works have been carried out in Tbilisi.

Key words: building; construction; dismantling; facade; installation; maintenance; reconstruction; restoration;

reinforcement; wall.
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Coxpanrenue ¢dacaza CTaporo 3ZJaHHUs BO BpeMs €r0 PeKOHCTPYKITUU

Wpaxiu Ksapas JlemapTaMeHT TeXHOJIOTHI IPaXKAAHCKOTO ¥ MIPOMBIIIIEHHOTO CTPOUTEIBCTBA U CTPOU-
TeJIBHBIX MaTepuasnoB, [PySMHCKUII TexXxHHW4YeCKUU yHuBepcuter, I'pysus, 0175,
T6unucu, yri. M. Kocrasa 68°
E-mail: irakvara@yahoo.com

JInana I'mopro6uanu JemapraMeHT apXuUTEKTYpsl U TEOPHH, [PY3SMHCKHI TeXHWYECKHH YHUBEPCUTET,
I'pysus, 0160, Téunucu, yia. M. Kocrasa, 682

E-mail: lika.giorgobiani@gmail.com

PeriensenTsr:
P. XKremtu, npodeccop crpoutensHoro daxyasrera I'TY
E-mail: righenti@yahoo.com
J.TaGaranze, mpodeccop crpoutensuoro dakyasrera ['TY
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Awnoramua. Qacag 3panus umeer ocoboe 3HAYEHUE B COXPAHEHUH TPAAUIMOHHOTO 06JIMKA TOPOAA. DTO KUBOE
BBIpaXKEHMe CBOEH SII0XM M HeoTheMIeMas 4acThb MCTOpuM. IloaToMy cHOC 37aHMi, OOBABIEHHBIX OO0BEKTAMU
HCTOPHUYECKOTO MM KyJIbTyPHOTO HACIeI s, KATeTOPUIeCKH HEZOIYCTUM. VX HeoOGXOAMO PeKOHCTPYHPOBAThH U
nozaepxuBath acazsl. B Téuancu eme B 70-X rozax IpouUIIOTo BeKa HaYanach PeCTaBpalusi JOMOB C OTKPBITHIMU
6aIKOHAMH, a CETONHA IPOBOAUTCS peabMINTalUA-PEeKOHCTPYKIUA CTaphIX KBapTaaoB. MHOTrHe u3BeCTHBIE 3MaHUA
OBLIY IIOJHOCTHIO OTPEMOHTHPOBAHEI, HO MHOTZA HEOOXOLUMO II0JTHOCTHIO OOHOBUTH UHTEphep 3hanusd. OCHOBHAS
mpobjeMa, B 3TOM CJIy4ae, 3aKJI0YAeTCA B COXPAHEHUU yCTOMYMBOCTU (PacafHBIX CTE€H, KOTOpHIE B IIpOIiecce pe-
KOHCTPYKLIMM YacCTO He CBSI3aHBI C OCHOBHBIM KapKacoM. B aTmx ciyvasx crpourtesnbHble paGoOTHl TpeGyIOT WX
CaMOCTOSTEIPHOIO YCHUIIEHH S, KOTOPOE MOXHO YCTPOUTH II0-PasHOMY, HO IIOCJIE 3aBeplIeH I paboT dacas Bce paBHO
IOJDKEH CTaTh HEOTheMJIEMOM JacThi0 HOBOCTPOMKHM. 3a IOCaeAHue Tobl B TOUINCH GBLIO IPOBELEHO HECKOIHKO

TaKUX MHTE€PECHBIX PAbOT IO PEKOHCTPYKIUU.

KJIIO‘IeBBIe CJIOBA: apMUPOBaHHWE; JE€MOHTAX; 3MaHNE; MOHTAX; 06CJIY>KI/IBEIHI/IE; PEKOHCTPYKIMA; pECTaBpal I,

CTPOUTEIBCTBO; CTEHA,; (1)3(33,[(.
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Abstract. The first tall building was built in 1938 in Tbilisi. This is the famous "11-storey house" on Heroes'
Square. Until the end of the XX century, the tallest building in Tbilisi was the 22-storey hotel "Iveria". It was built
in 1967, according to the decision by the former Soviet government that there should be at least one tall building in
every capital of the Soviet republics. From the beginning of this century, Georgia completely switched to the
construction of monolithic reinforced concrete and the number of high-rise buildings immediately increased both
in Tbilisi and throughout the country. The first real skyscraper with a height of more than 100 meters was built in
2016 in Thilisi. It was the 138-foot tower of Hotel Biltmore. After that, six more skyscrapers were built, which should

be considered as the beginning of a new phase of Tbilisi urban planning.

Key words: building; core; construction; frame; metal; pillar; pylon; reinforced concrete; skyscraper; tower.
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CrpoutenscrBo Tommmcckux HeGockpe6oB

Wpaxnu Keapas JemapTaMeHT TeXHOJIOTHH IPaXAAHCKOTO U IPOMBIIIEHHOTO CTPOUTEIbCTBA U CTPOHU -
TeJIbHBIX MAaTepUaoB, [Py3MHCKHI TeXHUYeCKUU yHuBepcureT, I['pysma, 0175,
T6unucu, yia. M. Kocrasa 68°
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Jluana I'Hopr06na}m JemaprameHT ApXUTEKTYPHl M TEOPHH, l"pysymcxm?l TeXHUYECKUN YHUBEPCUTET,

I'pysus, 0160, T6unucu, yn. M. Kocrasa, 682

E-mail: lika.giorgobiani@gmail.com
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Annorarua. B T6wincu mepsoe BbICOTHOe 3zaHme Gbuto mocrpoeHo B 1938 romy. Dto smamenutsii «11-
STaXHBIM JoM» Ha romasu [epoes. [lo xoHia XX Beka caMBIM BBICOKUM 3faHueM 10waucu Obta 22-3TaXcHas
roctununa «Msepus». OHa 6511a moctpoeHa B 1967 rozxy 6iarogaps pelieHu:o ObIBIIETO COBETCKOTO IIPAaBUTENIBCTBA,
COTJIACHO KOTOPOMY B KaXKAOI CTOJIMIIE COBETCKUX PECIyOINK ZOKHO OBLIO OBITH XOTS GBI OZHO BBICOTHOE 3[aHUe.
C Havasa 3TOro Beka I'pysst MOTHOCTHIO IepelIa Ha CTPOUTEIBCTBO M3 MOHOJIUTHOTO JKee3060eTOHA 1 KOJIIIeCTBO
BBICOTHBIX JOMOB Cpasy yBeJIMYMIOCh Kak B TOmiamcu, Tak ¥ 1o Bceil crpare. [lepBsiii Hacrosmuii HeGockped
BbIcoTO# Gosee 100 mMeTpos 611 mocTpoeH B Tomnucu B 2016 rozy. Oto 6siaa OaurHa orens «buirMop», BeICOTOM
6osee 138 merpos. Ilocie 3TOTo GBLIN MOCTPOEHE! ellle LIeCTh HeGOCKPe6GOB, UTO CIeAyeT PacCMATPHUBATh KaK HAYaJIO

HOBOT'O 3Talld I'paZOCTPOUTEIBCTBA Toumucu.
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1. Constitution of Georgia https://matsne.gov.ge/ka/document/view/30346?publication=36 (In Georgian);

2. Association Agreement between Georgia, on the one hand, and the European Union, the European Atomic

Energy Community, and their Member States, on the other. (In Georgian);

https://matsne.gov.ge/document/view/2496959?publication=0

3. Paris Convention for the Protection of Industrial Property (1883) (In Georgian);

http://www .sakpatenti.gov.ge/ka/page/39/

4. Patent Cooperation Agreement (PCT) (1970) http://www.sakpatenti.gov.ge/ka/page/39 (In Georgian);

5. Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS) (1994) (In Georgian);

http://www.sakpatenti.gov.ge/ka/page/39/

6. Patent Law of Georgia https://matsne.gov.ge/document/view/11470?publication=7 (In Georgian);

7. Resolution # 586 of the Government of Georgia of September 17, 2020 (In Georgian);

https://matsne.gov.ge/ka/document/view/4995577?publication=0
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8. General Course in Intellectual Law. Author and compiler WIPO / SAKPATENTI, Module 7 "Patents" (In
Georgian);

9. General Course in Intellectual Law. Author and Compiler WIPO / SAKPATENTI, Module 1. (In Georgian);

10. Introduction to Intellectual Property 2020. D. Gabunia (ed.) "Intellectual Property", Sakpatenti. Tb. 2001 (In
Georgian);

11. D. Dzamukashvili, "Industrial Property: Invention, Utility Model, Industrial Design." Tbilisi, 1997. (In Georgian);

12. D. Dzamukashvili, Intellectual Rights Law, Tbilisi, 2012. (In Georgian);

13. A. Eide, K. Krause, A. Rossi (ed.) Economic, social and cultural rights, with the financial support of the Swedish
Internationl Development Agency. (In Georgian);

14. Guy Tretton “Intellectual Property in Europe” - London, 2002 (In English);

15. Donald S. Chisum, Craig allen Nard, Herbert F.Schwartz, Pauline Newman, F.Scott Kieff. “Principlies of Patent
Law” New York, Foundation Press, 1998. (In English);

16. Nuno Pires de Carvlho “The TRIPS Regime of Antitrust and Undisclosed Information”. 2008. The Netherlands.
(published by Kluwer Law International) (In English);

17. http://www .sakpatenti.gov.ge/ka/page/18/ (In Georgian);

18. https://www.wto.org/english/tratop_e/trips_e/public_health faq e.htm (In English);

19. https://medicinespatentpool.org/ (In English).
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Abstract. This issue is not new in international patent law. However, this institution was abolished in the
Georgian legislation in 2010-2017 and its re-formulation has become active after it was put in the agenda in
accordance with the provisions of Chapter IV (Intellectual Property Rights) of Chapter 4 (Intellectual Property
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Rights) between Georgia and the European Union and the European Union and their Member States. The necessity
of fulfilling the undertaken liabilities and to bring the Georgian legislation in line with the above-mentioned
agreement, as well as the aspects related to the intellectual property rights trade (TRIPS) and the EU legislation.

The presented scientific article Aspects of Compulsory Licensing in Patent Law concerns with a topical issue such
as mandatory licensing of a patented invention and / or utility model within the territory of Georgia without the
permission of patent owner, which combines the principles of compulsory licensing, as well as the mentioned
licensing procedures and procedure for issuing the compensation to the patent holder.

The authors have studied the issues of compulsory licensing in Georgian patent law in this article, as well as the
international agreements related to the issue of compulsory licensing themes.

The introduction reviews the exclusive rights of the patent holder and the grounds for restricting those rights.

The first chapter provides a legal analysis of the international agreements where we find the regulatory norms
for involuntary / compulsory licensing of patents.

The authors discuss the issues of compulsory licensing in the Georgian patent system in the second chapter. This
problem is very relevant, interesting and innovative from the legal point of view, because with the issue of
compulsory licensing, the rule of granting compensation to the patent owner is activated, which in itself is related
to his property rights, and finally the main directions of the compulsory license that we find in the international

patent and national system are reconciled and summarized.

Key words: compulsory licensing; compensation in compulsory licensing; patent Law.
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Téunucu, yx. M. Kocrasa, 77
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AHHOTa]’.'l;I/UI. HPB,Z[CTaBJIeHHa}I Hay4YHasA CTaTbi «AcmekThl 00s13aTEILHOTO JULNEH3NPOBAaHNA B IIdTEHTHOM

3dKOHE» IIOCBAILEHA TAKOMY aKTyaJIbHOMY BOIIPOCY, KaK 006s13aTeIbHOE JINIEH3NPOBAHME MICIIOJIb30BaHN A 3alTUIIEH-
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HOTO IIATEHTOM M300peTeHUs /UK II0Ie3HOI MOZe ! B IIpefieiaX Tepputopuu I'pysun 6e3 paspelleHus BIafeablia
IaTeHTa, KOTOpOe codueTaeT B cebe KakK (yHAaMeHTanbHbIe IPUHIMIBI 0043aTeIBHOTO JIUIEH3UPOBAHUA, TaK U

IIponeaAypsl YKa3aHHOT'O JIMIEH3NPOBAHUA, U IIOPAMOK BbIILZIATHI KOMII€HCAIIUY BJIaZI€JIbIy IIATEHTA.

OTOT BOIIPOC He ABJIAETCA HOBBIM B MEXIYHAapOAHOM IIATEHTHOM IIpaBe, OAHAKO, STOT UHCTUTYT OBLI yIIpasfHeH
B rpy3uHCKOM 3akoHozaTenbcTBe B 2010-2017 romax, a ero dopMupoBaHue B HOBOH ¢hopMe aKTUBU3UPOBAIOCH ITOCTIE
TOTO, KaK Ha IIOBECTKy IHA ObLIa IIOCTAaBJI€HA HEOOXOZUMOCTb BBHINIOJHEHUSA B3ATHIX HAa ceOf 00I3aTeNBCTB B
COOTBETCTBUU C ITOJIOXKeHUAMHU I1aBbl 9 pazzeina IV (IlpaBa nHTeIIeKTyaIbHOM COGCTBEHHOCTH) ACCOIUMPOBAHHOTO
cornamenus Mexny I'pysueit u CoobuiecTBoM IO aToMHOM sHepruu EBpocorosa u EBpomsl, u ux rocyzapcTBaMu-
wieHaMu. HeoOxonuMO BBIIIOTHEHME B3ATHIX Ha ce0A 00A3aTENBCTB U IPUBEJEHME 3aKOHOJATeNIbCTBA ['pysuu B
COOTBETCTBUE C BhINIEyMOMAHYThIM CorjaleHHeM, a TaKke C COIJIAlleHWeM II0 TOPTOBBIM acIleKTaM IIpaB

nHTennekTyansHoi cobcrBerHocTH (TRIPS) 1 3axonozaTenscTBoMm EC.

B rZ[ElHHOIL/'I CTaThe aBTOpaMHU ObLTH M3y4deHbI BOIIPOCHI 0013aTeIBHOTO JIMIEH3UPOBAHUA B I'PY3MMHCKOM IIATEHTHOM

IIpaBe, a TAKXKE€ paCCMOTPEHBI MEXAyHAPOAHbIE JOTOBOPAI, KaACAOIECI TEMATHKH 003aTeIBHOTO UL EeH3VPOBaHUA.

CTaThs COCTOUT U3 BBeI€HU, JBYX IJIaB U 3aKII04YeHNA. Bo BBeIleHUH pacCMaTpUBAIOTCA OCOOBIE IIpaBa BIae Iblia

IIaT€HTa 1 OCHOBAaHM:A AJII OTPaHUYEHNA 3TUX IIPpAB.

B HepBOfI YacCTH IIpeACTaBIE€H HPaBOBOfI aHa/JIN3 MEXAYHApPOAHBIX OOTOBOPOB, B KOTOPBIX BCTPEYAIOTCA

peryIupyloliyie HOpMbI HeJOGPOBOJIbHOIO/IPUHYAUTEIFHOTO JTHIIeH3UPOBAHNUA IIATEHTOB.

Bo BTOpOI1 4acTH aBTOPBI OOCYKIAIOT HEIIOCPEICTBEHHO BOIIPOCH AEHCTBYIOIETO 00A3aTeIPHOTO JTUIEH3HPO-
BaHUA B MATeHTHOH cucTeMe ['pysun. Ota mpobieMa OYeHb aKTyaabHasd, HHT€pPeCHasd U HOBATOPCKAaA C IOPUANIECKOH
TOYKH 3peHH, IOTOMY YTO HapsAZYy C BOIIPOCOM 00 00:A3aTeIbHOM JINIIeH3UPOBAHUY aKTUBUPYETCA IOPALOK BBIJAUH
KOMIIEHCAllUM BJIaZesIblly IAaTeHTa, YTO CaMo IO cebe CBA3aHO C €r0 MMYIUIECTBEHHBIMM IIPaBaMU, U, HAKOHEI] B
3aKJIIOYEHUU COIJIACOBBIBAIOTCA U PE3IOMHUPYIOTCA OCHOBHBIE HAllpaBIeHHA 00A3aTeIbHON JUIEH3UU, C KOTOPbIMU

MBI CTAaJIKUBAEMCA B Me)K,II;yHaPO,ILHOﬁ TaTeHTHOU U Hal[I/IOHaJII:HOfI cucreMme.

KiaroueBsie cioBa: KOMII€eHCauuA IIpU 00s13aTeTBHOM JINLEH3VPOBAaHUH,; 06s13aTeIbHOE JINT€H3NUPOBAHUE;

TIAaTEHTHOE IIPaBo.

356bogrgol mstoeo 15.01.2020
d90embizemol ostowo 26.01.2020
bgerdmfgeoemos sbsdg s 29.03.2021
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- ©0935035996¢0L ©lobgEgds. MmMms6oBsEool LEMmwo Lobgufimgds — ymgzgwo 93G®Mol 31dsmdols
500, J399969, Jowsdo.

- ©9396D96G s 3350900 s Lobgargdo LOKWs, JugdEOMbMEo FmbEOL JoledsOmo, Lsdgsbogmm
§0905, ©935M¢H599BEGOL 96 LsFMTom 5EFOWOL bYW gds.

L&od0s bos 8g03s3w9L:

o B30 Joomwm, 0byolyy® s O gbgdbg (100—-150 Lo®ygs). “bmaero dzoobzgemobsor-
30l sbmBspos stob bhsdool Jobsslbobs s dsbido gsdempgdanemo 33a930 dacogsgdob dgbsbgd obxmmdsgool
9O0s@IBD0 fystrm. bfm@go 0g0o 3sblbsbma®szal 0bdgtigbl dgzbog®ol bsdmbmdol dodstor s, dsdsbssdy,

beytr300ml, sofyerls olizelbios s3¢9m60956, 3s9moobmgml bdsdool bteaamo Badbdo ©s 5.0.

3b6mBsgos #9bs oyeals:

06%06G053029¢70 (56 =965 Tgops309l bmgs body390bs @s (s by0b);
A976H0 0bgcroboyts s Gybeyer 96989 9bs 0yl mHogobseryto;

2963 sbsbsgIb bhoool dotGooms Jobsstbls s 33¢m930L 89c093900;

- BABAIA 098290 (00393980090 bhod0osdo 890989800 s@pPigmob ¢rmgasb).

abs Jgopszogb:
= UHoool bsgsbl, 093sl, doBsbl (GmdcrgBbsg 9000039800 08 898006399580, 0y gb 56 s6Gol zbso
byo§ool bsosepmosb);

33¢29306 B5¢hs980L dgorm@l 56 Ggormmermgost (bsdwdsmb BsHsgbol Ggom@ol sb6 dgormeem-
@300l s@Pgcs JdoYsbdgpeabocros od d9dmb393500, 0w 080 350000935 Losberoom, Usobdg®gbers
e g0-9em0 b33HmI0b 0395¢7b5 bGoboo);

— 33I50b Fggsgdl;
G90098960b 35002996980 5695¢l;
@ol33650;
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Lo3396dm LoGY3gdL, OEIsRgOMEL s6dBOL BobgEZ0m (JsHME, 0bawolw® s MM 9bgdBY);
LEoG05d0 J39L5m0OHIOOm 459M33gMO Fglog¢ml, JoM0MsE Bsffowl s olizzbal;

LYOSMGOIOL 9B FBMEHMIIOL  3MIZ0BHIOME 39M0BEL, FglErIMEgdMEl  5gdoldogMo  AMIGOZMEO
3mOI>G00m, 39MBJ35MBs — 5Mob53¢gd 150 dpi-Lo.

@OoBHIOGIOS
LogH@odmOMObm LsdgbogMm  Fm@Mboegdol Imbsggdoms BBl Mg3mIgbEsoom, Asdmygbadwmwo
WOGHIMGHYOOL MomIbMds BobMZ9gE0s 0gml 5M9Bs3wgd s00LY.

§9MIma00960m 339mbsdzgybadge BESE0580 gsdmygnbgdmEo o@gMHsGYIOHOL gosxmMIgdoL Fll:

g439@s 93GMMOL 3395Mm0 o 0bogoswgdo dmEgdneo Mbs 0gml Womoby®mo s6ds6ol sbmgdom, g.0.

AOBLEOGHIM53000, LEIGHO00L LabgEfimEgds — MsMAT60EO 0baEolMsE, FYs®ml (79Hbsol, FHMIgdOL

369090, 306839096300l Foboegdol) Lebgafim@gds — GMBLEIOEHIMIG0m; odmbslgaegwo dmbsigdgdo

— 0baol® 965%g (LESEHO0L 9bs Bogmomgds BOHRbowgdYO).

@0GhIMsGHMMs (6odmdo)

1.

Jacques Sapir. Energy security as a common advantages.
http://www.globalaffairs.ru/rumbler/n_7780 (In Russian).
“Official website of the International Energy Agency:

http://www.iea org/topics/energysecurity/” (In English).

3. International Energy Agency “Key World Energy Statistics” 2014 (In English).

Energy strategy of France McDoleg_butenko20 May, 2009 (In Russian)

5. G.G.Svanidze, V.P. Gagua, E.V. Sukhishvili “Rene-wable energy resources of Georgia”, Leningrad, Hydrometizdat,

1987, pp. 75-76 (In Russian).

Revaz Arveladze, Tengiz Kereselidze "The Georgian Full Independence of Electry Power Is Supported By
Hydropower”. Sakartvelos Teqgnikuri Universitetis Archil Eliashvilis Saxelobis Martvis sistemebis Institutis
Proceedings. N18 2014. Thilisi (In Georgian).

300035DMd0 BEEHOOL FoMBmgbolimzol bsFoMm M 3MAgbEEOOL BsdmMmbsmzal bodsMmgzguml gdbogmmo

6039ML0GHIEHOL 056533OMIGBOLS S MIEHMMBEHJILMZ0L:

* M0 M9396%0s (ob. 6odwdo)
http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx

* 35399 GIAOL Logodmd39dcm boJdol EIMYMOIMOZ0 3nToLbool mddol sdmbsfgMo

(ob. bodnm3o) http://publishhouse.gtu.ge/site_files/aqtis forma.docx

©039996000 ©adefjagdreo bes 0gmb Bo3wdIdoL 39300 .
33006 dgeyderos bodwds gs0moggbmls 3598-9¢rols 9650r-96G020 Beagner beadgtoo.
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39Hob bod~do

baga®mggeral $ggbozreo gboggdlodadhol B3I HIOOL

Lobfogerm-LsdgbogMm wo@gms@mol QMHZMIM 030 3ndobool
s doNe

Ubomdst gfimgdmeobab:

QMRMIM030 3mdobool gzcgdo:

(Bozamoonges gemBoliools Byfsppgbarmbs)

296Lsbogamo  BEIG0L 53EMM0/53GHMMYV0: (Goricomgor bsbgero @s 3zs60 bBGers®, bsdxdsr sogoo s

bs89609002 fea098s, 3350900960 bsobbo btryemsgo, ger. 3mbhs, bszmbdsgider Ggergimbo)
1

2

3

09396%963900: ([Gorymocmgo bsbgero @s ggsto beGeemso, bsddsm sogoo s bsdypbogber fmmgds, 33509902960
botolbbo beeyers, ger. 3ebBs, bszmbBs95 B3gerggembo)
1

2

M0 dmfiggmeo b3gEgosolidgdo:

1. 659030l gobbogrgs

2 (Bogmomgo gs3eedgdol @sbsbyergds)
LoLHogErM-bs893b0gOM WO EIHIEIOHOL IMYMIMOZ 3ToL0sGo Foblabowrggws 9dmzos
33BMOHOL/53EMMHO0L doge FmIBogdeno badgboghm LEsEos

(6'030)007‘70; bo.)dooll bﬁg(vo @debm&.))

LOLHogEM-Lsdg3EbogMM WO EIH OOl IMHYMIMOZ0 3nIolool JogM sdmymgoos Mg396%gbEJdo:
1
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2.

2. 653Gm3ob Loy sm gsbbowgs

1. 3mobdobgls: 53BMMOL/53EMMYd0L (GoL109009902) 0b6RMGTo305 3oBLabOEIZ s FoMmIm®ygbowo bBs@ool
dqLobgd.

653080l 5b6mahsgos

3. 8mobdobgl:  MgE96BgbEOL/MY396%96¢ oL (Borm0mgm)  SGymAgbBomgdmmo  Fgxnsbgds  bGs@ool
39BHsOHMd0L, Losbrol s gsdmEgdol JoBsbdgfimbowmdol glsbgd.

4. 9mobdobgl: B3 GHIGHOL BaHOLbOL M HHYB3gEYma3ol LEALIHLMOL sL3Zbs-MY3MBgbEsE0s (Foryooogo
Feadbligbgderol 3065028s) LBoGoob godmigdol dglabgd.

sBMo 353modaql:

055¢00b9L:
Bagdo®mggml ¢9dbogn®o 1boggdLodgdol s3nwdgéol

(Bo590200900 B3I GG Pbsbyergds)

Lobfogerm-s9g36096: oM@l sMRMOdM0Z 3MTobosdo dsblsbowggms dgdmgos
93GHMOOL/53BHMMgd0L Foge ImTBsYdwo Lsdgaboghm bEsGos

(6'030)007‘70; IIO.)OOOII bﬁg@o @llébmﬂ.))

93089605305L MHazl bGHsEHOoL Fdmg399bgdol bEvy-ob dBmToms 3MHgddo.

39379 AGEHOL ©EIMMOdM030 3MIoLOOL M3dxXEMISMY

3m0oliools dogsbo

3mdolbool §930gd0: 35379EYEHOL EIMMDdM030 3mIolool 0sg3dxMTsMOl
bgandmfigmol Lobsdgzoagls 350sliG¥IMgd
B9IIWAGIGOL ©g3s6o (bgerdeafigtrs)
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®9696 ool bod~do

1. 6596030l b gds BLOYIES©
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068335300, gaw. MG

3. 6596™Ido LMo sIMEsboL dmzeg dodmbogngs
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5. 060050 51399900, OMIWYGO0E 29bbOMWos 53EHMMOL Joge
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30000 9do)
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bo3mbE OB ™ 0bgMmMTo305, . BMLEAES (LESG00L MyEgbHoMYdOL dgdmbggzsdo
©9396%96E0L 8mbs399900 359tmd39969d99c00 046935 LG oEH0LMD ghm)
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Guidelines for Authors

Collection of Academic Works of Georgian Technical University is a multidisciplinary quarterly refereed

periodical included in Index Copernicus International.

An article (accepted in Georgian, English or Russian) is published in the original language;

The number of authors of an article should not exceed three;

Authors should submit original copies of one or more articles for publication to the publishing house or send
scan versions to sagamomcemlosakhli@yahoo.com along with supporting documentation, but only two articles

from the same author(s) will be published in one edition;

To submit scan versions via email please follow the instructions:
—  In the Subject line indicate the collection of works and the name(s) of author(s).
—  Attach the file(s) properly;

—  Use ZIP or RAR file compressors in case of large files to attach.

The article should be literal, well-structured and apply proper terminology to convey the author’s constructive
arguments relevant to the subject. The authors and reviewers are responsible for the content and quality of an article;
The collection of works of GTU is a non-commercial publication and running the articles of our researchers and
for PhD students is free of charge;

According to the Resolution No.200 of GTU Academic Council (22.01.2010), authors who are not the employees
at the University, should make the preliminary payment by cash or transfer to have their paper published (10
GEL per page). Copy of the payment receipt should be enclosed with the supporting documentation (two reviews
and a reference by the organization’s academic board on publishing the article in GTU collection of scientific

papers). “Cost of article publication” shall appear as subject in the “purpose of payment” field.

GTU bank details: LEPL Georgian Technical University; organization’s identification number 211349192;

beneficiary bank: State Treasury; beneficiary: joint treasury account; bank code: TRESGEZ2; Account number:
treasury code 708977259.

How to form an academic article:

o The text should be presented in print-out form (A4), no less than 5 pages (margins - 2 cm, line spacing - 1,5);
e Only MS Word versions of texts are accepted (doc or docx) presented electronically on any magnetic carrier;
e For Georgian texts: font - Sylfaen, font size - 12 pt;

e For English and Russian texts: font - Sylfaen, font size - 12 pt.

ISSN 1512-0996 b&m-ob dGmdgdo — Works of GTU - Tpyas ITY
www.shromebi.gtu.ge 267 Ne4 (518), 2020



The accompanying information to the article should include:
e Universal Decimal Classification (UDC)
¢ Information about the author(s) and reviewers in Georgian, English and Russian:
— Full name, academic title, email and phone number of each author;
— Department, full name of organization — place of employment of each author, area/town, country;

— Full name, email, academic title, department or place of employment of each reviewer.

The article should include:

e An abstract in Georgian, English and Russian (100-150 words long). For foreign readers an abstract is the only
source of information about the content of an article and results of the research conveyed by it. An abstract
therefore defines the reader’s interest towards the article and possibility of further outreach to the author for
the full text, etc.

An abstract should be:
—  Informative (free of generalized terms and statements);
—  Original (with quality translations in English and Russian with the proper application of terminology);
—  Specific (conveying the core content of an article);

—  Properly structured (consistent with the research results given in the article).

An abstract should contain:

— The subject, topic and objective of an article (indicated in case if these are not clear from the title);

— Method or methodology of research performed (expected to be described when and if this method or
methodology are new and interesting with reference to the article);

— Research results;

— Area of application of research results;

— Conclusion.

¢ Key words sorted by alphabet (Georgian, English and Russian);
e Sections should be outlined Introduction, Main Part and Conclusion;

e Digital version of drawings or images in any graphic format, resolution 150 dpi;

e Reference
— By the recommendations of Databases of International Scientific Journals the number of references should

be no less than ten.

How to form the reference section in the article:
Name and surname of each author should be given in Latin letter initials, title of the articles — translated in
English, name of the source (journal, collection of works, conference materials) — with transliteration (original

language of the article should be indicated in brackets).
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References (sample)

1. Jacques Sapir. Energy security as a common advantages.
http://www.globalaffairs.ru/rumbler/n_7780 (In Russian).

2. “Official website of the International Energy Agency:
http://www.iea org/topics/energysecurity/” (In English).

3. International Energy Agency “Key World Energy Statistics” 2014 (In English).

4. Energy strategy of France McDoleg_butenko20 May, 2009 (In Russian).

5. Svanidze G.G., Gagua V.P., Sukhishvili E.V. “Rene-wable energy resources of Georgia”, Leningrad,
Hydrometizdat, 1987, pp. 75-76 (In Russian).

6. Revaz Arveladze, Tengiz Kereselidze "The Georgian Full Independence of Electry Power Is Supported By
Hydropower”. Sakartvelos Teqnikuri Universitetis Archil Eliashvilis Saxelobis Martvis sistemebis Institutis

Proceedings. N18 2014. Tbilisi (In Georgian).

Requirements for the submission of articles by the employees and for PhD students of Georgian Technical
University:
e Two reviews (see the sample at)
http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx
e Minutes of the sectoral committee of the faculty publishing (see the sample at)
http://publishhouse.gtu.ge/site_files/aqtis forma.docx

Documents should be verified with the faculty stamp.

Notice to Authors

Authors may consider one of the previous editions of GTU Collection of Academic Works as an example
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K cBemenmio arTOpOB

COOpHMK HAaydYHBIX  TPYZOB I'DY3MHCKOrO TEXHWYECKOTO VHHBEPCUTETa SBISETCS eXKeKBAPTAIbHBIM
MyJIBTUAUCIMIIMHADHBIM  pedepupyeMbIM IE€pUOZMYECKMM M3JaHUEM, KOTOPOe 3aperMCTPUPOBAaHO B
MeX/yHaponHoi 6ase 51eKTpoHHBIX JaHHBIX _ Index Copernicus International.

e Crarbu (IPUHUMAIOTCA Ha TPY3UHCKOM, aHTJIUHCKOM, PYCCKOM f3BIKaX) IIyGIMKYIOTCA Ha A3bIKE OPUTHHAJIA.

¢ KomnuecTBOo aBTOPOB CTaThH HE JOJKHO IIPEBBIIIATSH 3.

e ABTOp MOXET IpefOCTaBIATh IJIA IyOIMKaUUK B VI3maTeIbckoM AOoMe WM IIO 3JIEKTPOHHON IHoduTe (Ha

cremytomuii agpec: sagamomcemlosakhli@yahoo.com) ogay mau HeckoIBKO CTaTel, a TaKXKe B CKAHUPOBAH-
HBIX (daiilax COMYyTCTBYIOIIYIO ZOKYMEHTALIUIO, HO B OJHOM HOMEpPE MOTYT GBITh OIyGINKOBAaHBI TOIBKO JBE

paboTsl.

* Bcayvae craTeH, IpHChLIAEMBIX II0 5]1. ITOYTE, IIPOCE0a MPEAYCMOTPETS CAEAYIOIHE TPEOOBAHHA:
- ykaszars B 271. Subject-e HazBaHHe COOpHHKA (TeMa) H QPaMH/IHIO aBTOpA (ABTOPOB);
- HcrIoIs308aTh Attach (mprroxurs Qan);

- B cIy9ae OoxbIIoro obsema Qariia npuMeHuTs apxuBarop (ZIP, RAR).

¢ Crarba fo/DKHA OBITH COCTAaBIEHA TPAMOTHO, C COOIIOfeHIEeM TEPMUHOIOTUN. ABTOP (aBTOPHI) U PelleH3eHTHI
HECYyT OTBETCTBEHHOCTb 3a CO/lepyKaHIe U KaueCTBO CTAThH.

o TJlockombKy COOPHHK TPYZOB I'PySHHCKOTO TEXHMYECKOTO YHUBEPCHUTETA ABIAETCA HEKOMMeEPYeCKUM
U3JaHUeM, i1 COTPYAHUKOB CTaThH ITyOIMKYIOTCA GeCILIaTHO.

e CoracHo ocTaHOBIeHHIO akazemudeckoro cosera N°200 (22.01.2010 r.), dusudeckoe IUI0, He ABIAIOLIEECS
COTPYAHUKOM YHHMBEPCHUTETa, i NyGIUKAIMH CTaThu B COOPHMKE TPYZOB [O/DKHO 3apaHee BHECTH MU
IePeYUCInuTh HeobxomuMyIo cymmy (1 crpanuna crout 10 ysapu) 3a cTaThio U COOTBETCTBYIONIYIO JOKYMEHTALIUIO
(oBe peueH3uU M HaIpaBIeHMe HAYYHOTO COBETA OPTAaHM3AI[UU O IyOIMKAI[UU CTaThu B cOopHUKe Tpyzos I'TY),

IIPHUJIOXXUB CIIPABKY 006 ortate. B rpa(be «Hasnavuenwue ormiaTei» ciaenyeT 3alliCaTh «CTOMMOCTD I'[y6JII/IKaIJ;I/II/I CTATbU».

banrosckwe persuzursr ITY: IOpuandeckoe xuro mybameroro npasa (FOJIIII); Ipy3sHHCKHE TeXHHYeCKHH
VHHBEPCHTET; HACHTHOHKATHOHHBIH K0Z 211349192; baHk nmprueMa; rocyZapCTBeHHAA Ka3Ha; HA3BAHHE MOy IaTe/IA:

eqHHEIN cYeT KasHEI; ko 6anka: TRESGE22; cver moxydarens: kog xkasHsr 708977259,

ITpeparaem nopamox obOpMIEHHS HAYYHOH CTaThH:
® CTaThA JOJDKHA OBITH IIpe/CTaBIeHa B Halle9aTaHHOM BHZe Ha cTpaHuIe ¢popmara A4, cofiep)XaTh He MeHbIIIe

5 crpanur (mons — 2 cM, nuHTEpBaI — 1,5);
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CTaThs BOJDKHA OBITH BhITIONHEHA B Buje daitna doc miau docx (MS Word) u sanucana Ha 11060M MaTHUTHOM
HOCHTEJIE;
IJI TPY3MHCKOTO TeKCTa IpuMeHATs wpudT Sylfaen, pazmep 12;

mpudT AT aHIIUUCKOTO U PycCKOTo TekcToB Sylfaen, pasmep 12;

CraTbs JOIDKHA CONPOBOXKIATECA CleAyiomei nHbopManmeii:

xog, Y/IK (YHuBepcanpHas gecaTUYHAs KIacCUPUKAIIA).

CBenenus o6 aBTope (aBTOpax) Ha TPY3MHCKOM, aHTJIMMCKOM U PyCCKOM fA3BIKaX:

IIOTHOCTBIO MM U (hamMuius aBropa (aBTopoB), E-mail, HayuHas cTeneHb 1 KOHTaKTHBIH TeledOH;
HasBaHMe JlellapTaMeHTa, II0JTHOe Ha3BaHUe OPTaHU3aIIK — MeCTO PaboTHI KaXXJOTO aBTOpa — CTPaHa, TOpoz;

IIOJITHOCTBIO (1)aMI/IJII/II/I 1 MMEHa PELEH3€HTOB, aapec BHEKTPOHHOﬁ IIOYTBI, HAYYHOE 3BaHHE, Ha3BaHNE JeIlap-

TaME€HTa UJIN MeCTa paGOTBI.

K craTtne AOJDKHBI IIPHJIATATHECA:

AHHOTAanMA Ha IPy3HHCKOM, aHITIUHCKOM U pycckoM a3bikax (100-150 cnos). Jrg #HOCTpaHHEIX YHTaTEMEH

AHHOTaLHd AB/ITE€TCA €JHHCTBEHHBIM HCTOYHHKOM HH¢OPMHIIIIII O pe3yjIpTarax HCC}IB,JOBHHIII?, IIDHBEJE€HHBIX B

COZ€EP>KAHHH CTAaThH. HwmerrO 510 OIIPpEAE/ITET HHTEPEC YIE€HOIO K pa60m H, COOTBETCTBEHHO, >K€JIAHHE Ha4dTh

AHCKYCCHIO C aBTOPDOM, ITO3HAKOMHTBECA C ITOJIHBIM TEKCTOM CTATHH H T.J.

AHHOTAIIHAI ZOIKHA OBITH:

HHQOpMagHOHHOH (He JO/KHA COZEPKaTh OOL[HX CTOB H Ppa3s);

OPHFHHHJIBHOIZ' (HepeBo,q HAa aHTJTHHCKOM H FPY3HHCKOM A3BIKAX JO/DKEH 6bITb Ka YECTBeHHEIIZ, IIpu rmepesojge
CIeAyeT HCIOIB30BaTh CIIeHAIbHY 0 TEPMHHOJIOIHIO);

cogep)KareIbHOH (JO/DKHA OTPAXKATh OCHOBHOE COLEPKAHHE CTATHH H PE3YIBTATE HCC/IELOBAHHA);

CTPYKTYPHPOBAHHOH (CI€Z0BATH B CTATHE JIOTHKE OIIHCAHHA PE3Y/IbTATOB).

Zo/pxHa cozepxars:

IIpeAMET CTAThH, TEMY, LeIb (KOTOPHIE YKA3bIBAIOT B TOM C/Iy4ae, €C/IH 9TO HE ACHO H3 3aI/IABHA CTATBH);
MeT0Z HIIH METOLOJIOTHIO MPOBELEHHOI0 HCCAELOBAHHUA (OIIHCAHHE METOLA HIH MEeTOZO0IOTHH IIPOBEZEHHOH
paboTHI 1je1eco06pasHo B TOM CIyYae, eC/IH OHH BBIAEIAIOTCA HOBH3HOH, HHTEPECHHI C TOIKH 3PEHHA JAHHOH
paboTsr);

DE3YIBTATEI HCCIEZOBAHHA;

apeasr HCIOIb30BAHHA PE3YIbTATOB;

BBIBOJBI;

KJIIO49€BBIE CJIOBA, PACIIOJIOXEHHBIE II0 aJI(baBI/ITy (Ha TPY3HHCKOM, AHTJIUHACKOM U PYCCKOM }IBLIKaX);
B CTAaThe OOJIXKHBI GBITH BBIZICJICHBI IIOA3daTOJIOBKHU: BBE€AEHNE, OCHOBHAA YaCTh U 3aKJIIOYCHUE (BI:IBO,ILBI);

KOMIIBIOTepHbIe BApUaHTHI YepTeXxkei nin ¢pororpaduil FOKHEI GBITH BBIIIOTHEHHI B 1I060M rpaduieckomMm
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e dopmare, paspemerrem — He MeHee 150 dpi.

e Jlurepartypa

Ilo pexomeHzanyuy 6a3bl JaHHBIX MEXAYHAPOLHBIX HAYYHBIX JKypPHAJIOB, YHCJIO MCIIOJb30BAHHOI JIUTEPATyPhI
JKeJIaTeJIbHO JODKHO GBITh He MeHbre 10.

ITpexcraBngem nopAKok odopMIeHHS B MyOINKyeMO# CTaThe MCII0Ib30BaHHOM JINTEPATyPHI:

Qamunusa u WHHUIMAJIBI BCEX aBTOPOB OJI>KHBI GBITH BBIIIOJTHEHBI 6yKBaMI/I JIATUHCKOTO aJI(baBI/ITa, T.€. TPAHCIN-
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