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HO/IAPY JIOMHUHA/I3E — 80 JIET

JeiictBurenpHbiii uieH MmkeHnepHoit Akanemuu ['py3uu, TOKTOp TEXHUYECKHUX Hayk, mpodeccop
Hopnap Jlomnuanze poanncs B 1937 r. B . barymn.

OxoHunB cpenHioo mKoay c. Lxymmuexuan O3yprerckoro p-Ha ¢ otnuaneM, Homap JlommHanze
noctynwi B ['py3WHCKUI MONUTHUYECKUNA WHCTUTYT W B 1960 T. monmyuwmn kinaccu(UKalUo HHKEHEpa-
3NEKTPHUKA.

Ilocne okoruanus mHCTUTYTa H. JlIoMrHAM3€ paboTan B HAy9IHO-HCCIIEI0BATEIbCKOM JTa00PAaTOPHH B T.
Ilensa, Poccus.

B 1968 r. oH 3amUTHI KaHAUTATCKYIO NHUCCEPTAIUIO, a 4Yepe3 HECKOJIBKO JIET — JOKTOPCKYIO
JCCePTaINIO, M OBUT yIOCTOEH CTETICH! TOKTOPA TEXHUYECKUX HaYK.

IIpodeccop Homap JlomuHanze - MOCTOWHBIA NPEACTABUTENH TOM IUIESABI TPY3UHHCKHUX YYCHBIX,
KOTOpasi co3jaja 310Xy B I'PY3MHCKOM WH)KEHEPHOM HayKe M BOCHHTAaja IEJI0€ MOKOJIEHUE YCTIEHUIHBIX
nHxeHepoB. [lox ero pykoBoACTBOM 3amuiieHo Oonee 50 AOKTOPCKHX U emie Ooiblle KaHAWAATCKUX
JUCCePTALIM.

IIpod. H. Jlomunamze B Tedenue 25 ner pykoBommn DakymbreToM HH()OPMATHKA W CHCTEM
ynpaBieHus [ py3sHHCKOTo TEXHUYECKOTO YHUBEPCHUCETA.

B 1997 rony H. Jlomunan3e ocHoBan JlemapTaMeHT 3KOHOMHYECKON MH(POPMATUKH, KOTOPBIA CO
JTHSI CBOETO OCHOBAHMS ABIISICTCS OMHUM U3 JTHJIepoB DakyinpTeTa MHPOPMATHKH U CUCTEM YTIPABICHUS.

Kenaem npod. Homapy JlomuHaaze monarosieTHst U IJIOJOTBOPHON TBOPUECKON JESTENBHOCTH Ha
Onaro Haiiei cTpaHbl.

NODAR LOMINADZE - 80

Member of the Georgian Engineering Academy, Doctor of technical sciences, Professor Nodar
Lominadze was born in Batumi in 1937. Having finished the secondary school, he entered the Georgian
Polytechnical Institute. He graduated from the Institute as an electrical engineer in 1960. Having graduated
from the institute, he worked at a research laboratory in the city of Penza, Russia. In 1968 N. Lominadze
defended the candidate’s thesis, and a few years later — the doctor’s thesis, and was awarded the Doctor’s
degree.

Prof. N. Lominadze belongs to that galaxy of scientists who have created an era and brought up a
whole generation of successful engineers. More than 50 doctor’s theses and even more candidate’s ones
were defended under his direction.

Prof. N. Lominadze had headed the Faculty of Informatics and Control Systems of the Georgian
Technical University for 25 years. In 1998 he established the Department jf Economical Informatics, which
has been one of the leaders of the Faculty of Informatics and Control Systems since its inception.

We wish Prof. N. Lominadze long life to live and fruitful creative work for good of our country.

Georgian Technical University
Georgian Engineering Academy
Editorial group of GEN
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SUMMARY

LOG-LINEAR ANALYSIS IN THE INSURANCE SECTOR

Prangishvili A.l. and Namicheishvili N.O.

Georgian Technical University

In this paper a method of log-linear analysis explores the relationship between the gender of the assured
(insured) policy holder / owner and fraud in the insurance industry.

The loglinear model is one of the specialized cases of generalized linear models for Poisson-distributed data.
Loglinear analysis is an extension of the two-way contingency table where the conditional relationship between
two or more discrete, categorical variables is analyzed by taking the natural logarithm of the cell frequencies
within a contingency table. Although loglinear models can be used to analyze the relationship between two
categorical variables (two-way contingency tables), they are more commonly used to evaluate multiway
contingency tables that involve three or more variables. The variables investigated by log linear models are all
treated as ,,response variables“. In other words, no distinction is made between independent and dependent
variables. Therefore, log linear models only demonstrate the association between variables. If one or more
variables are treated as explicitly dependent and others as independent, then logit or logistic regression should be
used instead. Also, if the variables being investigated are continuous and cannot be broken down into discrete
categories, logit or logistic regression would again be the appropriate analysis.

Keywords: log-linear analysis (model), contingency table (frequency table), categorical variables, fraudulent
insurance claim, insured (policy holder), observed frequency, theoretical (expected) frequency)
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OPERATIONAL RISK MODELING IN THE INSURANCE SECTOR
Namicheishvili O.G. and Lekiashvili L.B.
Georgian Technical University

Abstract. We suggest the approach to the operational risk modeling that distinguishes two types of risks from
their multiplicity. They are: the frequency risk or frequency of occurrence and the risk of gravity.
Keywords: operational risks, probability, assessment, management, modeling.

Solvency Il Directive - one of the main news of the document is to raise a demand to the
insurance companies about mobilization the part of their own sources foreseeing the tendency to
operative risks. The regulative document names two approaches for detecting this amount of capital:
standard and extended.

The standard approach is simplified and implies distribution of the reserve fund or the
percentage of premiums. The extended model is an inner model, where the risk really coincides with
the circumstances of the company. In this part of the paper, we offer an approach that distinguishes
two types of risks. These are: risk frequency or frequency of risk and the risk of gravity of results.
First one characterizes a large group of risks, which high frequency of risk and low gravity of results is
characteristic for. They are modeled according to the loss distribution method. Another type of the
relationship between risk frequency and gravity of the results is characterized by low frequency, is
distinguished with rarity, but with high gravity of results, and big loss. Such risks are modeled by
Bayesian networks.

Frequency risks modeling: Loss distribution approach

Loss Distribution Approach (LDA) aims to detect statistical regularities with the data on the
loss, and also, on the one hand, to determine the frequency of operating incidents, and, on the other
hand, to perform more accurate modeling of their gravity and then to consolidate these data for
determining the total loss distribution.

The necessary condition for application of this method is the existence of those historical data
that refer to loss. The data of this kind are necessary for model calibration.
Stage 1: Selection and calibration of frequency and gravity laws (Calibration — the procedure
accomplished in specified terms, which, at the first stage, sets the attitude by the measurement unit
standard, providing the mean value and the relevant testimony)

Modeling of loss distribution for each the K-like risk is based on the following ratio:

Ny _
Sk — Zx(l),
j=1

where N, is the randon variable, which represents the number of loss for the K-like risk; X is the

random variable, which represents the risks caused by j -like loss for the k-like risk; Sk is the random
variable representing the amount of loss for the K-like risk.
Stage 2 : Construction of the distribution of unified losses

By using the Monte Carlo method (Monte Carlo Methods are a broad class
of computational algorithms that rely on repeated random sampling to obtain numerical results. Their
essential idea is using randomness to solve problems that might be deterministic in principle. They are
often used in physical and mathematical problems and are most useful when it is difficult or
impossible to use other approaches. Monte Carlo methods are mainly used in three distinct problem
classes: optimization, numerical integration, and generating draws from a probability distribution.), a
good approximation can be obtained for the distribution function of S¢ loss probability through
modeling.
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Frequency Law: Poisson,
' Negative Binominal
Risk of total loss

distribution from K
@L Monte-Carlo, Pinger,
Gaussi, Pareto

- ~

-

Specific costs of Law:
Weibull, Log-Normal

Practical problem: Data collection threshold

As a rule, employees who directly manage the case in the company do not provide complete
information about all losses, do not reveal everything. Therefore, it will be essential to define the
threshold, the marginal value of the information of this kind. If we do not take into consideration the
fact that the data is reduced, we could reduce the frequency and specify incorrectly the individual loss
[1,2].

Risk gravity modeling: Bayesian method

Bayesian approach is the realization of the qualitative analysis of risks with experts and its
transformation into the quantitative analysis. We are considering the XOG method that determines and
models three characteristic values of risk, namely, exposure, occurrence and gravity.

These three values are among the Key Risk Indicators (KRI are the characteristics, which
indicates the concentration of risks, including gathered negative occurrences in business processing
and so on, for example: deviation from the plan, failure to comply the plan, according to some
indicators of the target rate of the activity, can be considered as key risk indicator, As well as failure,
car crash, delay, accidents, product defects, insurance claims and lawsuits, publication in the press of
negative points etc. quantity (or the share of the total mass of the deals) for a certain period of time.
Sometimes key indicator can even controls the risk (such indicator is, for example, quantity of limits
and violations) variables. Here we present the methods for evaluation of various elements of the
Bayesian network.

Exposure (Exposure — is a literary device used to introduce background information about
events, settings, characters etc. to the audience or readers.)

valuation. Exposure is a set of elements of entrepreneurial activities that are at a certain risk
or contain it. Exposure must be defined so that risk occurred only once during some period of time.
Occurrence valuation. Since the object at risk is selected so that risk can affect it only once, the

occurrence probability construction B(n, p), where n is the number of objects at risk and p is the

probability of risk occurrence that is to be evaluated, is described by the binomial law.

Gravity evaluation. We must imagine ourselves in a situation when the occurrence of the loss
is recognized, and define the representation of quantitative variables that are involved in the
calculation of gravity. The structure of the Bayesian network is to be defined by experts by means of
determined scenario. Bayesian network parameters can be identified empirically or according to
experts’ opinions.
When the Bayesian network has been constructed, it remains only to determine design algoriithms.

(Xl, ) ST Xn) are the studied objects at an operation risk. Also, suppose that

P = P(Exposition = X;) represents the probability that the exposure consists of X, objects. Suppose
that PS; = P(Occurence=(YES)|Exposition = X;) is the probability of risk occurrence on
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condition that the value of exposure is X.. These two probabilities are known.

Suppose that PG, = P(Severity|Occurence =(YES)Exposition = X;)is the gravity distribution on

condition that the risk has occurred and it showed up on X; objects. The algorithm consists in the
implementation of the following stages in a sequence:
1. In Bayesian trust network, exposure must be fixed at Xi -, by settled at variable « yes» the gravity

distribution ~ must be read PG, = P(Severity|Occurence =(YES)Exposition = X,).

2. The discrete representation of the F; amount of loss must be B(nb(X;); PS;i according to the binomial
law.
3. For all these cases from 1 to F; - discrete representation must be implemented according to

distribution of PG, variable.

4. Gravities F; must be summed up.

These four stages must be repeated many times by conserving the sums of gravity in each repetition.
In this manner we will obtain the total loss distribution. The Bayesian method has many advantages,
namely:

o It allows taking into account both quantitative and qualitative factors, which s excluded in the
majority of models.

o It allows visualization of the cause-effect relationship between variables: risk aggregation
(enlargement, joining, merging) is implemented by constructing such networks that free us from
evaluating the correlations.

o It allows revealing the factors of risk reduction by means of logical conclusions.

o It iss possible to use risk management for the realization of action plans and the evaluation of the
effectiveness of these plans;

The major disadvantage of Bayesian networks is that it takes a lot of time to construct them, as each
risk requires a thorough analysis [3].
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PE3IOME

MOJIEJIUPOBAHUE OIIEPAIIMOHHBIX PUCKOB B UHAYCTPUU CTPAXOBAHUS
HamuuenmBuian O.I'., Jleknamsuian JI.B.

I'py3uHckunii TeXHMYeCKMII YHUBEPCUTET

B cratee mpemnaraercss moaxoj K MOAEIHUPOBAHUIO ONEPALIOHHBIX PUCKOB, KOTOPBIM U3 MHOECTBA PUCKOB
BBIJIEJIAET JIBa BUJIA: YACTOTA PUCKA U PUCK TSKECTH MOCHEICTBUH.

KiroueBble c10Ba: OnepalMOHHBIN PUCK, BEPOSITHOCTD, OLIEHKA, YIIPaBIEeHHE, MOJEIHNPOBAHUE.
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MOAEJIUPOBAHUE BBICOKOI'O YPOBHS OIIEPALIMOHHBIX PUCKOB
HamuuenmBuiau O.I'., JTeknamsuiau JI.b.
I'py3uHckmii TeXHHYeCKHIi yHUBEPCUTET

BbankoBckoe peryaupoBanue. Pa3symMHOE peryaupoBaHHE, TO €CTh PEryJHpOBaHUE C
COBELIATEILHBIM IIPAaBOM, 3a TIOCJICAHUE ABAIUATD JIET 3HAYUTEIBHO PAa3BHIIOCH B pe3yJbTaTe PadOTHI
bazensckoro Komurera mo 6ankoBckomy Haazopy (BCBS). HecMotpst Ha TO, 4TO peKOMMEHIaUU
ykazanHoro Komurera He 007amaroT CHiIOi 3aKOHA, NMPAaBUTEIBCTBAMU DPA3IUYHBIX TOCYIApCTB
OCYLIECTBISIOCH He3aMEIUTENIbHOE UX BhIMOMHEeHHE [1].

Onepauuonnpie pucku. OnepannoHHeld puck (OnepanvoHHBIA PHCK — 3HAYUTENbHBIN
ONEPALMOHHBIA PHUCK BO3HUKACT B CHCTEME KOHTPOJII KauecTBa M3-32 BO3MOKHBIX IPOBAJIOB,
Hed(PPEKTUBHOCTH OKa3aHHOTO OOCTY)XMBaHUS, a TaKKe OMIMOOK, MOMYIICHHBIX B YIPABICHHH)
MOJKeET OBITH OTpe/ieNicH, KaK PUCK YOBITKA, KOTOPBIN SBISETCS PE3YJIbTaTOM HEaJanTUPOBAHHBIX WU
HETPaBWIBHBIX BHYTPEHHUX IPOLENYp, UYEIOBEUSCKHX OLIMOOK, MOTPELIHOCTH HH(POPMALMOHHON
CHCTEMBl U BHEIIHUX ABJICHUH. Takum 00pa3oM, 3T0O HMEHHO T€ PUCKHU, KOTOPBIE BCEr1a CYIIECTBYIOT
B OaHKax ¥ KommaHusx. OmepanuoHHBIA PUCK — 3TO PHUCK, PE3yJIbTaT HACTYILICHUS KOTOPOTO MOXKET
OUYeHb JIOpOro O0OWTHCh. st Toro, 4roObl OBUI JaH OTBET MHOTO00PAa3WI0 TMOTPEIIHOCTEH,
AQHAJIOTMYHBIX OIEPALlMOHHBIM PHUCKaM, U JaHHbIE 00 yObITKax ctanu Obl OJHOPOIHBIMH, bazenbckuit
Komuter nmpencrapiser Kiaccu()UKALNIO MOTPEITHOCTEH pa3IMuHON KaTeropuH, B KOTOPON HOTAIHs
EL nns xateropun pucka npunsaTa u3 ¢passr Event Line [1].

Kaaccudukauus kaTeropuii onepauoHHbIX PHCKOB, corjiacHo Bropomy ba3enbckomy corJianeHnio

Kareropus pucka HasBanue
EL1 BHYTPCHHEE MOIICHHIYECTBO
EL2 BHEIITHEE MOIIEHHINYECTBO
EL3 MIEPCOHAITBHBIC OITHOKH
EL4 3aTPYAHEHUS B OCYIIECTBICHUH OM3HEC-TIPOIIECCOB U OOCITY>KUBAHHS KIIFICHTOB
ELS5 MpUYHHEHUE (QU3HYECKOTo yniepoa akTHBaM
EL6 MTOBpEKICHHE MH(POPMAITMOHHON CHCTEMBI
EL7 HapyIIeHHEe IPOIecCOB 00PaOOTKA M XPaHSHHS JaHHBIX

Jlis u3MepeHust YpOBHS OTEpaMOHHBIX pruckoB Bropoe Baszensckoe cormamenne (Basel 1)
COTJIACHO MEPBOMY KOMIIOHEHTY TpejIaracT HaM TPYU OCHOBHBIX METO/IA.
Iloaxon ¢ mpuMeHeHHeM O0a3MCHOr0 HHAMKATOpPAa. OTO OIWH M3 (UKCHPOBAHHBIX, 3apaHee
OIpeIeIeHHbIX MPOYHBIX M01X010B. basenbckuii Komute T (basensckuii Komurer 6611 co3nan B 1974
rojy 10 WHHUIMATHBE BEAYIIUX CTPaH MHUpa, U 00beAWHSIET B cBoeM cocraBe Oonee 130 rocynmapcTs.
Ero ocHOBHBIM Ha3HaueHHWEM SIBISIETCS CONMKEHHE OAHKOBCKHX 3aKOHONATENLCTB pPa3HBIX CTpaH.
DT0, KOHEYHO, HEe 03HAYaeT MJCHTHU(HUKAIIMHA 3aKOHOIATEIhCTBA WIM HOPMATUBHOW 0a3bl, pedyb HICT
00 MX B3aMMHOM COBMECTUMOCTH C T€M, YTOOBI OAHKH Pa3TMIHBIX TOCYIAPCTB MOTJIH JIETKO O0IIaThCs
Ipyr C APYrom) Ipemiaraer coxpanuTh uHamkarop oskcrnosuuuu (lE), xoropeii ommpaercs na

CPEIIHIOI YHCTYIO TpubbUTh Ganka 3a mociennue Tpu roga (PNB). Dkcnosurms n-wHoro roja
ompeenseTcs no cieaytomeii popmyie:

3
IE, = %Z max (PNB,_,, 0).
i=1

Takum 00pa3oM, WHIUKATOP DKCHO3UITUN, (DAKTUIECKH IO CBOEH CYTH SIBIISETCS CPEIHUM
TOJTIOBBIM TIOJIOKUTEIHHBIM OOIIMM J0X0JIOM B TEUEHHUE MPEABIIYIINX TPEX JICT.
CranaapTu3oBaHHbli (YHU(PUUMPOBAHHBIH) MOAX01. B paMkax cTaHIapTH30BAaHHOTO TTOX0]1a BCS
OaHKOBCKas NEATEIHHOCTh JCIHUTCS Ha 8 HAIpaBJICHHA: KOPIOPATHBHBIE (DMHAHCHI, TOPTOBIS H
MPOJaKH, POZHUYHOE OAHKOBCKOE 00CITyXMBaHHE, KOMMepUYecKue OaHKOBCKHE OTIEpaIiy, HAJOTH H
pacdeThl, areHTCKOe OOCITy>KWBaHWE, YIPABICHUE aKTHUBAMH, PO3HUYHBIC OpPOKEPCKHE OIEpaIlvy.
O0mass mpuOBUTF OT KAXKIOTO HAINpaBIEeHUS SBIAETCS OCHOBAaHHUEM [Jisi YCTAaHOBJIEHHS €ro
MPOIIEHTHON HOPMBI. JTa MPOIEHTHAs HOpPMa, KOTopas Mmoiy4yiia Ha3BaHue «beray, komednercs ot
12% 1o 18% B COOTBETCTBHM C YPOBHEM PHUCKOB M HUX BUJAMH, XapaKTEPHBIMHU [JISI KaKIOTO
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HanpaBieHus. CymMapHas BeNMYMHA KaluTaja, HEO0OXOAWMOTO JUIS TOKPBITHS ONEpallMOHHBIX
PHCKOB, OIpeAensercs Kak CpeJHHH TOAOBOW pa3Mep KamuTana 3a NpeAblIylire TpU ToAa,
HEOOXOMMOTO IS TIOKPBITHS PUCKOB MO KaKAOMY HampaBieHuio. Tak 4To, K N-HHOMY IOy Yy Hac
Oyner:

FP, = Y FR () =Y. A() - IE, ()

YcoBepuieHcTBOBAaHHBIH moaxoa (YcoBepmieHCTBOBAHHBIM mmoaxon (AMA) — 3To omuH u3
TpeX BO3MOYKHBIX METOJIOB ONEPALIMOHHBIX PUCKOB, KOTOPBIM MOXKET IMPUMEHSAThCS coriaacHo Basel Il
JIpYTHM KpeIUTHBIM yupexkaenueM u 6ankom) (AMA - Advanced Measurement Approach). Oto
YCOBEPLICHCTBOBAHHBII METOX, KOTOPBIM ONUpaeTcs Ha COOCTBEHHBIH CIIOCOO pacueTa BEeIUYMHBI
KaluTajga, HeoOXOOUMOTo Ul ITOKPBHITUS OIEPalMOHHOTO pucka. OH MOXET ObIThb HCIOJIb30BaH
TOJIBKO TeM O0AHKOM, KOTOPBIH HECET OTBETCTBEHHOCTH 32 OIpPECICHHOE MHOXKECTBO KA4YeCTBEHHBIX U
KOJINYECTBEHHBIX CTaHAAapTOB. PykoBoacTBO OaHKa IODKHO YOeOWTh OpraH IO HaA30py B
BO3MOXXHOCTSIX CBOCH CHCTEMbl OIIGHKHM OIEPAlMOHHBIX PHCKOB, KadecTBa cOopa [aHHBIX,
MEXaHU3MOB KOHTPOJIS, CLIEHApUEB ONEPaIlMOHHBIX PUCKOB U OpraHMU3aluy yrpasieHus. HezaBucumo
OoT BbIOpaHHOTO OaHKOM METOJa, ONpeAeiICHHWEe YPOBHS OINEPAallMOHHOTO pHCKa JIOJKHO
COOTBETCTBOBATh  OAHOJETHEH mepcrnekTBe W 99,9  OpOLEHTHOMY  YpPOBHIO  JTOBEpHSL.
YcoBeplieHCTBOBaHHBIH MOJIX0J], IO CPAaBHEHHIO C JPYTUMHU METOJIaMH, Kak MpaBUIIO, XapaKTepU3yeT
COKpallleHie COOCTBEHHOTO KanuTaa, He0OXOJUMOTO ISl TIOKPBITHS OIIEPAIlHOHHOTO PUCKA, XOTS 3TO
HE Bcerzaa nposepsierca. B ycoBepmenctBoBaHHOM noaxonae bazenbckuii Komuter npegycMmarpuBaer
TPH pa3iuyYHbIX MeToza [2].

IMoaxon ¢ ucnosb30BaHneM BHYTpeHHUX n3MepeHuii (Internal Measurement Approach),
NMoAX0jA, onupamommiics Ha Tadauuny oumeHku (Scorecard Approach), u moaxox ¢
HCIOJb30BaHueM pacnpenesneHus yObiTkoB (Loss Distribution Approach). Otor nocnennuit
Yarie BCEro NMPUMEHsSIETCS Pa3IMYHbIMH OaHKOBCKMMH TPYIIIAMH, a TAKXKe MPU TapUPHUKAINN TaKHX
CTPaxOBBIX KOHTPAKTOB, KOTOPHIE HE CBA3aHBI CO CTPAXOBAHHWEM JKM3HU. DTO IMO3BOJISET yCIIEIIHEe
npecKa3aTh ONEPalUOHHBI PUCK M COKPAaTHTh B 0OIIEM MOTPEOHOCTh HAa COOCTBEHHBIM KamuTail
banka [3].

Hrorosas nngopmanms 00 ocHOBHBIX 3Tanax meroaa LDA.

Ouenka pacnpedenenus ypoeHsa puckog. ITO CaMblil BXXHBIM U B TO ke BPEeMsI OCOOEHHO CIIOHBIH
sranm Mmeroaa pacmhpeneneHus yOeiTkoB LDA. IlpumeHseMblii Ha CETOAHSIIHMI E€Hb B HPAKTHKE
3aKOH YpOBHS PHUCKOB sBisieTcs JorHopManbHeiM ([Ipomecc norapudmudecku HOPMaTBLHOTO
pacrnpeneneHusl, CTAaTUCTUYECKas pealu3alys MYJbTUIUIMKATUBHOTO TPOM3BEIACHUS MHOTHX
HE3aBHCHUMBIX CIy4alHBIX BEIMYHH, KaKAasd U3 KOTOPBIX ABIAECTCS IOJIOKUTEIBHOM), TapaMeTPbL L1 U

O KOTOpOro OLCHUBAIOTCS 10 METOIy MaKCHMallbHOW yOeautenbHocTH (aHri. ML - Maximum-
Likelihood method) wiu mo meroxy ompenenenust momerroB (anri. GNN - Generalized Method of
Moments) [4].

Ouenka pacnpedenenus uacmomol. ViMeeTcs B BUIY, YTO 4acToTa YOBITKOB INapameTpoM A
nouuHsieTcss 3akoHy Ilyaccona. DTOT mapaMmeTrp, KOTOPBI TIO0 CBOEH CYyTH SBISETCS OOIIUM
KOJINYECTBOM T'OJIOBBIX YOBITKOB, JIETKO OIIEHUBAETCS 110 METOJIy MAaKCUMAIBHOHN yOeIUTETLHOCTH.
Onpedenenue HauucieHuii 0ja NOKPLIMUA OREPAUUOHHBIX DPUCKOE (anen. capital charges).
IMokasarens CaR (Capital at Risk) paccuutbiBaeTcss B pesysibTaTe MOJEIMPOBAHUS IO METOIY

4
Mosnrte-Kapio. IToaromy o6brarO Hamo Opate uncio cumymsiuun N, mopsaka 10°, ¢ tem aro6sr

TOYHOCTH COCTAaBJIsJIa XOTS OBl OIWH TPONCHT, IIOCKOJBKY TOYHOCTH METOAA MOHTC‘KapHO

MPOTOPLMOHATIEHA BEIUUMHE L .
v Nue
W, HakoHel, JBa JOMOJIHUTENBHBIX 3Tana BOCHOJHSIOT IOJIHBIA pacdeT COOCTBEHHOTO
kanutanga (PacueT kamuTana — OJMH W3 KIFOUEBBIX MOMEHTOB aHaM3a KPEAUTOCITOCOOHOCTH OaHKa-
KoHTparenTa. Cutyanusi B 0aHKOBCKOH CHCTEME 3aCTaBIIsieT MPE/IoNaraTh HaTM4ue pa3indyHoro poja
CXeM HCKYCCTBCHHOTO YBEIMYCHHS) JJIsS OICPAIIMOHHBIX PHCKOB OaHKa. TaKOBBIMU SBIISIFOTCS
WHTETpaIHs SKCIIEPTHBIX CIICHAPUEB U arperaius HauuCJICHUH JIJIs TIOKPBITUS ONIEPAIIMOHHBIX PHCKOB.
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HMHTerpanus 3KCNepPTHBIX CllEHAPUEB. DTOT METOJ JacT BO3MOXKHOCTh BOCIIONHEHHUSI HH(OpMALUN
BHYTpeHHe# 0a3bl naHHbIX. B kauectBe oOpasma skcmepTol OepyT ocoOeHHbIE YOBITKH, KOTOpBIE
WCTIBITAMH Apyrue OaHKOBCKWE TPYIIBI, MK K€ 00paIlaroTcsl K UCTOPUYECKHM CITydasiM, KOTOpEIE
KacaloTCs OTACHBIX HapyIIeHHH (JMHAHCOBOTO paBHOBECHs OaHKa.
HauucieHust U3 KanuTaja JJisl IOKPLITUS ONEPALMOHHBIX PUCKOB. HauncieHue 1y MOKPBHITUS
OTIepaIlOHHBIX pHUCKOB (aHri. capital charges) sBiseTca pa3HOBHIHOCTRIO aMOPTHU3AIMOHHBIX
HAYHCIICHHH, TO €CTh SBJSIETCA [EJIeBBIM HAKOTUIEHHEM JIEHEKHBIX CPEJICTB C IETBI0 UX NaTbHEUIIEeTo
NPUMEHEHUS, B 3TOM KOHKPETHOM CJy4ae — C IeJIbI0 MOKPBITHS OMEepaloOHHBIX pHCKOB. CoriiacHO
bazensckomy Kommurery, arperamms pucka (DPyHKUMIO arperali MOXXKHO HCIHOJIB30BaTh IS
VIUIOTHEHUSI JAaHHBIX O pa3Mepe pucka. B Om3Hec-KOHTeHTe T MOIENH KPEAWTHOTO MOpThemns
JIeONTHOTO peXrMa B KayecTBE YPOBHEW arperalyy MCIONIb3YIOTCS AEIOBON MapTHEP U COUETaHHE
CEKTOpa M IMaIa30HOB PUCKOB) — 3TO MpOoLEcC onpeeneHus, coopa u 00pabOTKH TaHHBIX, CBSI3AHHBIX
C PHUCKaMHU.
PacnpenesieHne BbICOKOTo YpoBHsI YObITKOB. CaMoii Goubioi croxunocthio Metoma LDA (Loss
Distribution Approach) siBisiercst crienuuKanusl ero mapaMmerpoB. BaxHo, 4ToObl pacrpeseneHue,
BBIOpaHHOE AJISI MOJCTUPOBAHUS YPOBHS, OBIJIO HEMPEPHIBHBIM M OCHOBAHHBIM Ha (akTax. A 3aTeM
pabouas mporemypa MoAenupoBaHus OyIeT IMpoBeleHAa B YCIOBHSX CIEAYIOIUX TpeOOBaHUM:
COIJIaCOBAHHOCTD, CTA0MIBLHOCTH, THOKOCTD, IPOCTOTA, PEATUCTHYHOCTD [5].
«ToJcToXxBOCTOE» pacnpeneaeHue BepPOTHOCTEH. JTa 4acTh 1aeT aHATUTHYECKYIO XapaKTEPUCTUKY
TaKUX «XBOCTOBY», KOTOpPbIE M3BECTHBI ITOJI HA3BAaHHEM «TOJICTOTO XBOCTay». VHTyHWIIMEH HETPYIHO
JIOTAAaThbCsA, YTO BaKHA BEPOSTHOCTh IIOJYYECHUS BBICOKOW BEIHYUHBI  «TOJCTOXBOCTBHIM
pacrpenesicHUeM CIy4YaiHOH nepeMeHYnBOCTH. DopMain3aliis 3TOro MOKET ObITh OCYIIECTBIICHA B
CIIEYIOIIEM OIpe/IeNICHHH, KOTOPOE OMUpaeTcsi Ha TeOpHIo cepOckoro Maremarrka Mosana Kapamara
(anri. Jovan Karamata, 1902-1967) [6].

HenpepbiHas noctostHHas X cilydaiiHas mepeMeHHas, Jjis KOTOPOM JOMYyCTHMA IUIOTHOCTh

f wu ¢dynxkums F pacnpenenenus, ssnsercs «rosncroxsocroit» (fat-tailed distribution), ecnn

cymectByer Takoii P >0, uro6sr |jm) ASRI0 =p>0
e 1— F (1)
Oco0ble orpaHuYeHust
Ilopor c6opa FaHHBIX — HCXO/s U3 pekoMeHaanuii bazenbckoro KomureTa u ¢ menpio odecriedeHus
HaJEeKHOCTH (CBOMCTBO 00BEKTa COXpaHITh BO BPEMEHHM B YCTAHOBICHHBIX MpeaciiaX 3HAYCHUS
BCEX MapaMeTPOB, XapaKTEPU3YIOIIUX CIHOCOOHOCTH BBINOJIHATH TpeOyemble (DYHKIUU B 3aJaHHBIX
peKHMax U yCIOBHUSIX MPUMEHEHHS, TEXHHYECKOTO 00CITY)KUBaHWs, XpPAaHEHUS U TPAHCTIOPTUPOBAHUS),
cOOp MaHHBIX O TIOTEPSIX, CBA3AHHBIX C ONEPAIMOHHBIMHA PUCKAMH, IIPOUCXOUT TOIBKO TOTJA, KOTJa
CyMMa TMPEBBIIIACT TPEAe], KOTOPBIM JOJDKEH YYUTBIBAThCS. Takod Tmpenaesn cOopa sBISETCS
3Haue€HHEeM, C KOTOpOTrO HauumHaeTcss cOop wH(OpManuu miisi cOopa CTAaTHCTHYECKOTO BEIBOJA.
[TosTroMy HE0OOXOAWUMO TMPHUHSTH 3TO BO BHUMAaHHE C TeM, YTOOBI MOJENb Obllla CTATUCTHYECKH
KOppeKTHOW. VIMEHHO IMOATOMY, IJIsS BBIHECEHUS 3aKIIOUEHHUS, BMECTO PACCMOTPEHHS IIIOTHOCTH
pacrpeneneHusl ypoOBHS, HY’)KHO YIUTBIBATh YCIIOBHYIO INIOTHOCTE B OTHOIIICHUH H:

fa(xl)(ZH):M”sz :
1-F,(x)

3TO0 MO3BOJISAET MPENBUAETh HAINYNE YCEUCHHBIX JAHHBIX B OIICHKE pPaclpeieieHus YPOBHEN
puckoB. Takum oO0pa3oMmM, O3TOT TapaMeTp SBISETCS MapaMeTpoM TII00AJBHOro, O0O0IIero
pacnperneneHus moTepb, MOCKOJIbKY BO BHUMaHHE IIPHHUMAIOTCS BCE TIOTEPH, HAUMHast ¢ Hyns [7].

O0o00uIeHHbIe TOKa3aTeau. Y 0a3bl JaHHBIX ONEPALMOHHBIX MOTEPh €CTh TAKXKE CIEAYIOIIas
0CcOOEHHOCTh — OHA BKJIIOYAaeT B ce0si 00OOIEHHbIE TOKa3aTeNd, TO ecTh arperatel. M mpasna,
CTOMMOCTh HEKOTOPBIX TOTEPh MPEACTaBIeHa C HEKOTOPOW IOTPEIIHOCThI0, CyMMa IOTEPh OT
KOTOpO# HewsBecTHA. bas3bl JaHHBIX MOCTPOEHBI MO TAKOMY NPHHLUIY, UCXOIS M3 COOOpaKeHUH
KOH(QHJICHIIMAILHOCTH, WU B CHIIy MPOQECCHOHANBHBIX IMPHYMH. Pe3ynbraToM 3TOr0 SBIISETCS
YHUUYTO)KEHHE Ba)KHOH HMH(OpManny, Tak Kak, HAIPUMEp, COBMECTHBIH pPe3yiabTaT OBYX MHOTEPb,
koTopbiii paBen 10 000 eBpo, mMoxer ObiTh TpencraBied kak 9999€+1€, a tawke xak cymma

5000€ +5000€. Bekrop ymcia IOrpemIHOCTEH, CBA3AHHEIX C OTOOPOM, O0O3HAYEH CHUMBOJIOM
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(Kypoon Ky,

«peryLUpOBaHHBIN» («CBOIHBIN») OTOOP:

HO3TOMy A1 pacCMOTpEHHA B pPOJIKM  HCCICAYCMOI'0 MHOKECTBA BI)I6I/IpaIOT

xk=| 2 X
K, K

3akoH BeposATHOCTH. /I MOJENMPOBAaHUS BEIWYHMHBI ONEPALMOHHBIX IOTEPh MCIOJIB3YyETCs
MHOXECTBO 3aKOHOB BEPOSITHOCTU. DTH 3aKOHBI JOJDKHBI OBITH OMpENeNeHbI ISl HEOTPHLATEIHLHOTO
3HAYEHHUS CIy4YaliHOW mepeMeHHOHN (3TO MaTeMaTUYECKOe MOHSTHE, ClIyKallee JJIsi MaTeMaTU4eCKOro
NPEACTABICHUSI COCTOAHUS OOBEKTOB M  TPOLECCOB, CBOWCTB OOBEKTOB, IMpPOLECCOB U
CO6I>ITPII>1, KOTOPbIC IPUHIUIIMAIBHO HC MOI'YyT 6blTb OAHO3HAYHO OIPCACJICHBLI N0 IMMPOBCACHUA ONbITA
0 WX U3MEPEHHUIO0, WIH JIISI COOBITHI - IO X OCYIIECTBICHNUS), JOJDKHA MTOSBUTHCS ACCUMETPHUYHOCTh
(oTcyTcTBHME WM HapylleHHE CHMMETpUH. Yarie BCero TEPMUH YIMOTPEOJsIeTCS B OTHOIICHHH
BHU3YyaJIbHBIX OOBEKTOB U B H306pa3HTCHbHOM HNCKYCCTBC. B XYA0KCCTBCHHOM TBOPYCCTBC
ACUMMETPHUSI MOYKET BBICTYIAaTh B KAa4e€CTBE OJHOTO M3 OCHOBHBIX CPENCTB (hopMOOOpa3oBaHUs) U
TOJICTBIN MPaBBIA «XBOCT». BHU3Y JaH mepedeHb 3aKOHOB, KOTOPBIE 0COOCHHO YacTO HUCIOIB3YIOTCS B
CBSI3H ¢ onepaiuonHbMu pruckamu [9].

n

3aKoH BEpPOATHOCTEH IUIOTHOCTD f (X)
SKCHOHCHIMAIBHEIN A exp(=4x)
Beiibyia a0x?1 exp(—ax)
“ a1
Tamma X% exp(=Ax)
['(a)
. 1 exp 1( logx—u
JIOTHOPMAaJTbHBII I e e —
\N2zox 2 o
n-1
n(x-a)
JIOTJIOTUCTUYECKU I 7 2
[1 + (x = a) }
—(a+1
[Tapero (mBMWXKECHHEM, | « 1 (a+D)
3aMeIeHIEeM) 0 + P

IIpocThie mapameTpuueckre 3aKOHBI (MAaKCUMYM TI0 JIBYM MapaMeTpam), KOTOpPbIe MUCTIONb3YIOTCS IS
MOJICJIMPOBAHUS YPOBHS PUCKOB B CTPAaXxOBaHWUHM M (PHHAHCAX, JAaeT AHAJIUTHKAM 3S(PQEKTUBHBIC
MHCTPYMEHTHI JIOCTYINIa K MeXaHu3MaM OyIylmIMX HOTepb, UCXOMSAmMX U3 chepbl puckoB. OgHaKO
CYIECTBYET MHOXKECTBO SIBHCHI/II)’I, KOTOPBIEC HE MOAYMHAIOTCA TaKUM 3aKOHaM, U Tpe6}/}OT IIPUHATHA
3aKOHOB, MPHUCIIOCOOIEHHBIX K OOJBIINM TPYAHOCTSAM. B TakoMm citydae HMHTepecyroTcs ceMeiHCTBaMu
pacrpenencHus, Ha3blBaeMBIMH OOOOIIEHHBIMHU, YTOOBI CTaJ0 BO3MOKHBIM oOecrieueHue Ooblueit
TOYHOCTU MEXIY (I/ICC.HCZIOBEIHI/IC 00OBEKTOB MO3HAHHUA HA WX MOACIIAX; IMOCTPOCHUEC N H3YUYCHUC
MoJieNiell  peallbHO  CYHIECTBYIONIMX  OOBEKTOB, IPOIIECCOB WIIU SIBIICHHN C  LIEJIBI0  MTOJNYYCHUS
OOBSICHEHMI 3THX SBJICHHUH, a TakKe Ul NPEJCKa3aHHs SBJICHUM, WHTEPECYIOUIMX HCCIIEI0BATEIs)
JaHHBIMU U MOAEISIMU. BTOpoil MoTHBamuel xenanust 0000IUTH 3aKOHBI BEPOSITHOCTEH SIBIISIETCA TO,
YTO aJC€KBATHBIC IMPOCTHIC MApaMETPUICCKHUE 3aKOHBI 4aCTO MEHAKOT BUJ PHUCKOB C O)IHOI71 KaTeropumn
Ha JIPYTyl0 U OJUMH TOJOBOH IJIaTeX — HA JAPYTroil. A 3TO CO3JaeT peaibHble MPOOJIEMBl YIPABICHUS
(MHAHCOBBIM YUPEKICHUSAM U YCIOXKHSET 3a/auy aBTOMAaTHU3alUK NpoLecca yNpaBieHHUs PUCKAMHU.
CemelicTBO OOOOIIEHHBIX pACTpeneleHUi BKIIOYAET B ce0sl 3aKOHBI, y KOTOPHIX KaK MHHHUMYM
YCTBIPE TMapaMeTpa, M H3 IOTHUX 3aKOHOB MOXHO IIPOM3BECTU HECKOJIBKO IPYIuX, MIPOCTBIX
napaMeTPHUYECKHUX paclpeaeieHHH WU MPUOIN3UTENIBHO OTPA3UTh CTATyCOM YacTHOT'O CITydasl.
YnoMsHyTBIe YeTIpE TapaMeTpa, Kak IPaBHiIO, TAKOBBI:

. Jlokanmzanus (MeguanbHasl, NN CPEeIUHHA);



30 bSISENIILON LSObIN6H™) LOSERI60, GEORGIAN ENGINEERING NEWS, A24, 2016

. [lkana (BomatuibHOCTH/M3MeHUHBOCTD - Volatility unu cranmaptaoe otkinonenue — Standard
Deviation);

o Accumetpus (Skewness);

o CrumromeHHOCTB (3Kcnecc - Kurtosis).
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SUMMARY

MODELING OF HIGH-LEVEL OPERATIONAL RISKS

Namicheishvili O.G. and Lekiashvili L.B.

Georgian Technical University

Conventional parametric laws that include not more than two parameters are very often used for modeling of
high-level risks. However, not so often the data are too complex for such distribution and require application of
more flexible methods easily adapting to the specificity. This paper deals withthe law belonging to the family of
so-called generalized parametric distributions. First we studied the elementary properties of this family in the
aspect of one generalization and then the most convenient methods for estimation of these parameters. Finally,
based on the factual data, they were compared with the results of the log-normal law, which currently is used
almost by financial institutions.

Keywords: operational risk, modeling, generalized parametric distribution.
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SUMMARY

ELLECTRONIC CALCULATOR OF THE INFORMATON COMMUNICATION TECHNOLOGY
DEVELOPMENT INDEX

Tsikhistavi T.T. and Svanidze R.G.

Georgian Technical University

For assessment of the information communication technology (ICT) development index (IDI), it is essential to
obtain and process timely the data. The paper deals with the development of software (electronic calculator) for
computation of IDI. The schematic diagram of the algorithm and the principles of application of the software are
given. The developed software allows computing, correlating and analyzing quickly the ICT indicators,
subindices and indices of any country as well as of any administrative or geographical territorial unit.

Keywords: information communication technology, IDI, software.
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SUMMARY

ASSESSMENT OF THE BIT ERROR RATE (BER) IN FIBER OPTIC DIGITAL TRANSMISSION
SYSTEMS

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

Georgian Technical University

The paper deals with the assessment of the bit error rate (BER) in fiber optic transmission systems. The Q-factor
for different values Sof the symbol rate and dispersion of binary signals was determined. The regularity of BER
variation was determined.

Keywords: bit error rate, Q-factor, binary signal, digital transmission, fiber optic communications.
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SUMMARY

GENERAL METHOD OF STATISTICAL PROCESSING AND ANALYSIS OF THE LABORATORY
DATA. PART I.

Buadze T.G.

Georgian Technical University

The paper discusseS the clinical and laboratory data processing and analysis of the main aspects; t- criteria to
calculate different groups of donors' blood hemoglobin level gender attitude.

Keywords: statistical data, arithmetic mean, standard deviation, Gauss normal distribution, stiudentis t- criteria.
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CJEISIIUE CUCTEMBI C HEJIMHEMHOCTBHIO YCUJIUTEJIS
TlonnamBuau J.C., Bamakuaze A.A., IN'orunamBuau H.I'., Ukagya H.B.
I'py3uHckmii TeXHHYeCKHIi yHUBEPCUTET

Jns aHanmza cieismieil CHCTeMBl ¢ HETMHEHHOCHIO YCHIIUTENS NMPUMEHSEM IPHBEACHHOE B
[1] muddepenunansHOE ypoBHEHHE!

* 2
Ta+ta+2ha+w,a=T'1-¢) v-(1-¢&)'v (1)
Beenem B ypasuenne (1) menuueiinocts ycuimrens, nonoxus Bmecto K =K a(a;)n
BBIJACIUM ﬂeﬁCTBHTCHBHyIO 1 MHUMBIC YaCTH YpaBHCHUA. TOr1a

X(a,,v) = -2+ a)gza(ao) =0 }

)
Y(a,,v) =-TV?+2h'v+2H"a(a,)v
Ha ocHoBaHMH COBMECTHOTO peleHus cucTeMsl [ 1] momyunm:
k:oe
aley)=—2——
( 0) kse(T*_kk)
*2 1, * (3)
@, K.
V= %
kog (T - kk)

Ot0 pasencTso Boinonusercs npu  T>K, . Crenosarensno, npu T° < K nim nepuoanuec-
KHX PEIICHHI HE CYIIECTBYET.

T <Ky (1 T'2T) 4)

[epuoanyvecknue peuieHHss YCTOWYMBBI NpH BHUMOJHeHWH HepaBeHcTBa [2]. CocraBisimue
3TOr0 HEPABEHCTBA!
x (ﬂ) |y (%j >0
Oa, ) \Ov Oa, ) \ OV
ﬁ — a)*é a_a '(gj — —2V;
oa, oa, ov
L. 2H" [a_aj v;(a—yj =-3T"v*+2h’ + 2H"a.
oa, ov ov

Th.v? =2ty + 218 ol 27| _ ~2(2h; +2H"a)
T )

Tor;[a YCJI0BUC YCTOI;'I‘II/IBOCTI/I NEepUOANICCKUX peIHeHI/Iﬁ 6y,Z[€T:

20" (ﬁJ (2h',+2H"a)+4H" (a_aj v2>0 ()
oa, ov

oa
Tak kak u3 ypaBHeHus (3) BHIHO, YTO 6‘_ =0, TO npH OTHOLIEHWH BEIMYMHBI JTHMHEHHON
14

a o
30HBI YCWJIMTCIIA K BCJIUMYNHC 30HbI HCUYBCTBUTCIBHOCTU YCUIIUTCIIA =L 21,5 3HaK IMPOU3BOAHOU

Heu

oalday - orpunatenbHbIi U, cenoBaTenHo (5) MPUHUMAET BUIL:

2h! +2H'a >0 6)
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Takum o6pa3oM, yclIoBUE YCTOMYMBOCTH MEPUOJUUECKUX PELICHUH CUCTEMBI C YIpaBIeHHEM
110 IByM 06MOTKaM Bhinosusiercs mpu T > K, .

PaccMoTpuM mnepexoHble MPOCEChl CIENAIIUX CHCTEM C HEIMHEHHOCTSIMU 3JIEKTPOHHOIO
Tpakta. Koadduunentsr ncxomnoro ypasuenus [1],

Ta+ (1+ 2th)5+ 2h, o+ 2HF (a0)0.5+ oiF (o) a =

=T(1-£) v+ (1-+2nT)o+ 20 D,
NPUBEJCHHOrO K BUy [2] npu F(ao ) = a(ao ), 3aIUILIEM:
PP+AP*+A,P+A,=0 ©)

1+2hT 2(h, +Ha o’a
A1: Tl ,A2= (1T )’A3: 0

T

[ToxcTaBum 3HaUeHHs 3THX KO3 duimeHTos B [3]
C=- AA, — Ag
2|A, + (A, +2£)?
V2 — A3 _ 4/2
A +28

(8)

MOITYYHM:
2h (1+ 2hT)+ ac?[(k, —T) + 2h Tk, ]
AT(h, + Ha) + 2L+ 2h T + 2(T)°
,  wa
Yo 1+2h T+ 2T -

[lpu & >0 - mpocecc pacxomsimmiicst, mpu ¢ <0 - mpocecc cxomsuiics.

(9)

¢ =

- (10)

UYto0s! mporiecc ObUT PACXOSAIIUNACS, HEOOXO0IUMO BBITIOJTHEHUE HEPABEHCTRA!
2 k
Tm(l+2}11T)+[(l+2th)?k—l}a)§a-<0, (11)

xotopoe crpaseamso npu T > K, / (l— 2hk, ) , COBIaaroiee ¢ yciouem [3].
T L
1-2hk,

[TapameTpbl NEPEXOJHBIX MPOIECCOB C YYETOM MOMEHTA CYXOTO TPEHUS B MEXAHUYECKOU
nepeiadn MoACYUTHIBAETCA

2(h1 + 2h1j(1+ 2hT)+awf|(k, —T)+2hTkK,]
f=- oV . (12)
4T[h1 +Ha +h1j +2(1+ 2T + 2£TY

oV

Ve = Lza -
1+2h T+ 24T
HOJ'Iy‘IeHHBIe (bOpMYJ'H:I IMMO3BOJIIFOT ONPCEACIIUTL TIpPAaHULY MCEXKAY MOHOTOHHBIMU U

KoJIe0aTeTbHBIMH MIPOIIECCAMH, a TAKXKE MIEPHUOTUIECKIE PEIICHHS.
IMpu £ =0 MOXHO MOCTPOMTH TPaHMILYy KOJECOATEABHBIX TEPEXOAHBIX IPOLECCOB IO

dbopmyie:

- (13)

2
wya

2 _
6 = 1+2h T+ 24T 14
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lpn &% > wial (1+ 2h T+ 24T ) HEPEXOIHBIE TPOLECCHl HOCAT MOHOTOHHBIA Xapakrep,
mpu {2 < wfal (1+ 2hT+2(T ) HEePEXOAHBIE MPOIECCHl HOCAT KonebarenbHbli xapakrtep. [lpu

¢=0;v'=wlal (1+ Zth). D10 BEIpaXeHue coBmanaer ¢ [3],

2
2 ®a(a)
1+2hT

KOTOPOE ONPEAEIISET TPAHHUILY IEPHOINIECKBIX PEIICHHIA.

IlepexoaHbIE TPOLECCH ¢ HEIMHEWHOCTIO MCIOIHUTEIBHOTO JBHMIATENs OMPENCIIAIOTCS Ha

ocHoBannu (8). CrenyronMMu BBIPRKCHUSMH, 3alMCAHHBIMU 4epe3 KOA(QHUIMEHTH ypaBHEHUS,
SIBIISTFOTCS

TG+ {1+ 2hT-2HcM, (v)lujo}b'{zh +2H-6HCM, (1)U —ZeM, (v) - u? }é+
|4 1%

70 70

+[a)§ —3wicM, (v) uyz0 ] 0= gT.z.).+ {g —-2Hc M, (v)ui0 l} ;).+ (15)
14
[ZH —wieM, (v)lu;O —6HeM, (v)u, })Jr [a)g —3w5e M, (v)u? :'l)
14
[Tocne HEKOTOPBIX TPe0Opa3OBaHUH.

(1+ 2th—2HclM11U720) 2h + o} | k —CikU? sing, £3$+1)—T(1—BQMZU§0)
14 14
£=- " (16)

2
2@&2@T—2HCA@1U2+ZQJ +Zr2m+aﬁIq—CﬁJ%ﬂn%{éTk+lj
b v

v
o5 (1-3CM,U? )
y2 = T -¢? A7)
1+2h T-2HCM, ~U? +2(T

1%
2
Jlns ciyvaes, Korja wieHsl, cogepxanue U 7, » MaJIbl ypaBHCHHUsI (10,11) mepexomsr B (9,10).

IIpy ManbIX 3HAYEHUSAX HAYAJIBHOIO OTKJIIOHEHUS IIapaMeTpbl IEPEXOJHBIX IPOLECCOB MaJIo
OTJIMYAIOTCA OT NAPaMETPOB JTUHEHHOU CHUCTEMBI.

OCOOEHHOCTIO TIONYYEHHBIX BBIPAKEHUH B OOIEM Cllydae SIBISIETCS HAIMYNEe HCKOMBIX
apaMeTpoOB MEPEXOTHBIX MPOIECCOB { © V B TPaBbIX YaCTSIX CHUCTEMbI ypaBHEHHH. YI0OHBIM
pEIIeHnEeM 3TUX BBIPAKEHHUH SBISETCS METON TMOCIEI0BATENbHBIX NpuOmmkeHnid. OH MOXeT OBITh
OCYIIECTBIEH B CIEAYIOLIEH MOocaeAoBaTebHOCTH. OMNpenensoT 3HauYe€HUE V 10 3aJaHHBIM
HaYaJbHBIM OTKJIOHEHHUSIM CHCTEMBI U e€ mapameTpam. [lomydenHoe nepBoe mpuOIKeHNe 3HAUYSHUS
YaCTOTBI U MAPAMETPBI CHCTEMbI MO/ICTABIISIOT B MPABYIO YacTh (POPMYIIbI ISl § U OMPEACISIOT €ro

3Hauyenue.I1ocTaBIsis MONyYeHHbIC TPHOIKEHHST TO0YEPETHO B (OPMYIIBI CHCTEMbI Ui { U V,

NOJy4aloT ciefymue npuommkeHus. OObIYHO JOCTaTOYHO 2-3 MpUOMMKEHMH IJisi AOCTaTOYHOIO
COBIIAJICHUS TIOCIIEAYIONIETO MPUOIMKEHUS ¢ TPeAbIAyIM. 110 K03 UIHEeHTy 3aTyxaHust { JIETKO

OMpeaACIUTb MOCTOAHHYKO BPEMCHU IICPEXOAHOIO IMpoLecca T= m .

B Tabnuiie mnpencraBiieHBl 3HAUYCHUS § , MOJACYMTAaHHBIE IO Gopmyie (14) mwis pasTudHbIX

suavennii @, mpu 2h ~ 10%{ u T=1-10"cex. mpuv =0
ce
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ol 1
\ CeKZ
50000 40000 19000 13000
a(ap)
3nauenust npu v =0

1 222 200 139 115
0,74 200 172 119 98,5
05 164 141 98 81
0,254 117 100 70 57,5

B cucreme cymiecTBYIOT KojeOaTelbHbIE MEPEXOJHBIC MPOLECCHl MPU 3HAYCHUSX § , HE
MPEBBIIAOIUX IPEACTABICHHBIX B TaOnuIe.
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SUMMARY

TRACKING SYSTEMS WITH THE NONLINEARITY OF AN AMPLIFIER

Goniashvili E.S., Vashakidze A.A., Goginashvili N.G. and Chkadua N.V.

Georgian Technical University

The paper deals with the analysis of nonlinear tracking system with consideration of the nonlinearity of the
control system amplifier. The analytical calculation was performed for the boundary between monotonic and
vibrational processes.It was found that, at zero attenuation constant, it is easy to determine the boundary of
transient vibrational processes. By the attenuation constant, the time constant of the transient process was
determined. The peculiarity of the derived expressions consists in that, in the set of equations, there are transient
process parameters to be sought, the attenuation constant and vibration frequency. The sequential approximation
method is convenient for solving these equations. The value of vibration frequency is determined by the set
initial deviations of the system and by its parameters. They substitute the first obtained frequency approximation
into the expression for the attenuation constant and determine its value. The obtained approximations are
substituted one by one into the expressions for the attenuation constant and vibration frequency of the system.
Two or three approximations are usually enough for coincidence of the values of parameters of the subsequent
approximation with those of the previous one.

Keywords: tracking systems, amplifier, nonlinearity, attenuation constant, vibration frequency.
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SUMMARY

RESEARCH AND ESTIMATION OF ASYMMETRIC QUALITY OF REACTIVE

TENSION GENERATED BY ENERGY CONSUMERS

Tchunashvili B.M., Kobalia M.1., Petrosyan A.M., Kharebava D.N. and Gamrekelashvili T.G.

Georgian Technical University

Based on the results of experimental research conducted on the stand called ,,Control and Accounting of electric
energy quality indices“ we can substantiate that higher order harmonics generated in the network show a sharply
asymmetric frequency range when the load of power consumed by the customer is increased and it is essential to
be considered for while drawing up filter merging schemes. In order to assess the level of influence of
harmonics, the coefficient of harmonics effect is introduced, and the expressions to calculate the total effect of of
the higher-order harmonic spectrum are suggested.

Keywords: harmonics, unbalance, network, single phase, effect.
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PACYET OTKOCHBIX OT'PAJIMTEJBHBIX COOPYKEHUA MOPCKHX IIOPTOB
B PAMOHAX IIOTH Y AHAKJIUH

Carunanze U.C.
T'ocynapcrBennblii ynusepcurer Axkakus Heperean, Kyraucu

Mopckoit ITlopt ropoma IloTu oT nelcTBUM IITOPMOBBIX BOJH 3allUIICH JIJIAHHBIM
OTPaJUTENbHBIM COOPY)KEHHEM (MOJI) OTKOCHOTO NpOQMIs, KOTOPHIA 3akperuieH (HacOHHBIMHU
OeToHHBIMU OJOKaMu (Tekcaiieramu). B pesynbraTe CHIIBHOTO IITOpMa, KOTOPBIXA mpon3ommén B 2013
ToJly UIPOJOJDKAJICA OKOJIO JBYX HEZElNb, IPOU3AlLI0 YACTUYHOE pa3pylIeHHe OrpajuTeIbHOTO MOJia
(puc. 1). B Ommxaiimmee Bpemst B paifoHe [loTm Hamewaercsi pacliMpeHHE aKkBaTOPHH IOpTa MU
CTPOUTENBCTBO, CO CTOPOHBI CEBEPHOTO pyKaBa peku PuoHM, HOBoro mona jumHHOW 1,5-2 kM, a B
AHaKINU CTPOMUTENBCTBO TIIyOOKOBOAHOro moprta. IlosToMy mist 3ammMThl akBaTOpUil MOPTOB, C
YUETOM MECTHBIX YCJIOBHUH, HEOOXOJMMO HM3Yy4eHHE BOMPOCOB BHIOOpA HAAEKHOH M IKOHOMHUYECKH
BBITOJJHOM CXEMBI OIPaIUTENbHBIX COOPYXKEHUH, PACUET UX KOHCTPYKIMI U BOJHOBBIX BO3IECUCTBHIA, a
TaKXe pa3padoTka coco0OB BOCCTAHOBICHHS Pa3pyIIEHHBIX YYACTKOB CYILECTBYIOILETO Moja IOpTa
IToTn.

Puc. 1. PazpymieHnblii y4acToK orpagurebHOro MoJjia nopra Ilorun

OrpanuTenbHbIE COOPYKEHHS OTKOCHOTO MPOQWIS CTPOST W3 Pa3iMYHOTO BHJIA HAOPOCOK:
KaMEHHBIX, MACCUBHBIX 1 U3 (DaCOHHBIX OJIOKOB.

®daconnsle ONOKM 00JNaAal0T 3HAYUTENBHO OOJBINEH BOJHOTacsAmEeH CHOCOOHOCTBIO, YeM
OOBIKHOBeHHBIE MaccuBbl. Habpocka u3 (acoHHBIX OJOKOB HMMEET BBICOKYIO IOPUCTOCTh U
[IEPOXOBATOCTh, YTO MPHUBOIUT K Pa3leCHUIO HAaKaTHIBAIOLICHCS BOJHBI HAa OOJBLIOE KOJIMYECTBO
OT/ICNIBHBIX CTPYW. DHEPrHsi TUX CTPYH TepsieTCs MPU CTOIKHOBEHUH JPYT ¢ apyrom [1].

Haubonee mmpokoe pacrnpocTpaHeHHe W3 BceX (DaCOHHBIX OJOKOB MOJMYYMIIH TETPAIojbl.
Habpocka w3 TerpamogoB o0OyiaaeT OONBIIMM CLEIUICHHEM M, CJIJ0BaTEIbHO, OOJIBIION
ycTOMYMBOCTHIO. [lpuMeHeHHe TeTpamoAoB IMO3BOJISIET CO3/1aTh KPYTU3HY MOPCKOTO OTKOca B
npenernax ot 1:1,5 mo 1:1 [1,3].

[Momepeunple MPOPUIN OTKOCHBIX OTPaJUTENLHBIX COOPYKEHHM, KakK TPaBHIO, HMEIOT
TparnenenaaabHyo GOpMy ¢ IEPEMEHHON HIIH MOCTOSHHON KPyTU3HOW OTKOCOB.

B I'pysun, Henaneko ot [loTu u AHAKIMM MOXXKHO JOOBITH TBEPAbIE MAacChl TOPHBIX MOPOJ,
MOATOMY TIPH CTPOUTENILCTBE OTPAIMTEILHBIX COOPYXKEHHH B ITHX MECTaxX HCIOJB30BAHUE ITOTO
MaTepuaia 1eecoo0pa3Ho U SKOHOMUYECKH BBITOJIHO.

KoHcTpykTHBHAsT cxemMa CeYeHHIl OrpakgaoliX COOpPYKEHHE OTKOCHOrO THMA C
terpamonamMu B Anaknuiickux U lloTmiickux permoHax, mpemiokeHa Ha puc. 2. OmHaKO HamO
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Y4eCTh, UTO MpH TayOuHax Oonbiie 20 - 25 M u3-3a OOJBIIOTO PacXoja CTPOUTEILHBIX MAaTCPUAIIOB
Oosee 11e1eco00pa3Hbl COOPYKEHHUSI CMEIIAHHOTO MPOQHIIS.

Husa TloTtmiickoro permoHa, ¢ y4eTOM TIIyOWHBI BOJIBI - 12M, MPOMW3BENEM pacdeT BOJIHOBBIX
BO3JIEMICTBHI Ha OTKOC COOPYXEHHS (pHC. 2) ONpeIeTnM: BEICOTY HaKaTa BOJH Ha OTKOC, BO3BBIIIIEHUE
rpeOHsI OTKOCHOT'O COOPYXCHHsI, MAKCHMaJIhbHOS BOJIHOBOEC JIABJICHHWE HAa OTKOC U MacCy OTJICIBHOTO
aJIeMeHTa (TeTparnoia) KPEIIeHUsI 0TKOCa COOPYKEHHS.

MOp [ Kamens 2-
TeTDaIoI —
VpoBeHb

17

X

Puc. 2. [Tonepeunoe ceuenue [loTuiickoro MoJia ¢ TerpanogamMmu

Hcxoanble nannbie (puc. 2):
Dnements! BonH Ny, =5M; A=90M; rny6una Bozsl nepexn coopyxennem 0=12M ; riyouna
BoJIBI Haj noctenbio d, =9 M ; mupuHa coopykenus Ha pacyetHoM yposHe Boasl D=18m. Coopyike-

HHUE IpPEeJCTaBIsieT co00H HAaOPOCKYy COPTHPOBAHHOIO KaMHs MOPCKOH OTKOC KOTOPOIO 3aKpeIuleH
YKJIaJIKOM TeTpario/IoB, a THIJIOBOM OTKOC - YKJIaJAKOW KaMHsI Maccoit 2-41. CoopyKeHHe YCTaHOBJIEHO
Ha KaMEHHYIO MOCTENb, KOTOpasi COCTOUT U3 KapbepHOU Menouu u kaMHs maccod no 100 kr. Anpo
coopyxenns orceinmaH kamMHAMH 100-500kr. Iloctens m aapo 3akperviensl kamHaMu 500 kr-2T.

Kpytussa ortkoca COt@=3/2; mmotHocts GetoHa p, =2,4T/M°; IUIOTHOCTh KaMHS

3 3 .
Py =2,61/M”; mnotHOCTE BoAbl © =1T/M” . T10AX0/ BOJHBI K COOPYKEHHIO - YPOHTAIBHBII.

1. OnpenesieHue BLICOTHI HAKATA BOJIH HA 0TKOC
BricoTy HakaTa Ha OTKOC BOJH 00ecriedeHHOCThIO 1% 1o HakaTy /uis (DpOHTANBHO MOAXOAAIIUX BOJIH

omnpexensiercs o Gopmyie [4]:

hrun = kr ’ kp ’ ksp ' krun : ki ’ ka ' hl% (1)
rze K, u kp — K02 PUIMEHTHI MEPOXOBATOCTH U TPOHUIAEMOCTH OTKOCA, KOTOPbIE B HALIEM CIIY-
qae pasupl K =0,7wu kp =0,5; ksp— K03 UIMEHT,KOTOPBIii paBeH - kSp =1Lk, -
K02 dHUIMEHT, 3aBUCAIIMIA OT TTyGHUHbI BOABI IIepes COOPYKEHHWEM U IOJIOTOCTH BOMHBL A, /N, .
Jis mona Iormiickoro mopra yxiaonorkoca - COtop=3/2, A, /h,, =18 u Kk, =2,2;
K, — xoaddunuent obecnevensocru no Hakary - K =1, K, — xoaddunuent saucsmumit ot yria

a Mexpy ypesoMm Boasl u dportom Bonusl. [lna [Toruiickoro moma, mpu @ =0, K, =1, u npm

0
a=40", k,=0,87. Ilpu a=0 mnocne serancrenus nmorygaem: h, . =4,3M.

2. Omnpenelienne BO3BBILIEHUS IPeOHS 0TKOCHOTO COOPY KEHUS

[IpeBblimieHre rpeOHSI OTKOCHOTO COOPY KEHUS hrp HaJ CLIOKOMHBIM YPOBHEM BOJIBI OIIPENENAETCS 10

dopmyne [3,4]:
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h, =h,, +Ah+h;, 2)
rie h,, =4,3M; h, — 3amac BBICOTBI COOpYXEHHS, KOTOPBIH, Il COOPYXKEHUsT HAOPOCHOTO THIIA,

paser: h, =0,1-h,, =0,5M; Ah - BeicoTa BeTpoBOro HaroHa.

Hns Tlotuiickoro m AHAKIMIICKOTO PErMOHOB MaKCHUMAalbHBIA TMOAbEM BOABI ObT B 1998 romy —
1,29M, cpeanuii mogbeM BOIBI MOKHO B3SITh — (,6M. M AJIs1 BHICOTHI MPEBHILIEHHS TPEOHSI OTKOCHOTO

coopyxenusns (2) nonyuaem N =5,4m.

3. OmnpeneneHne MAaKCHMAJIBLHOTO BOJIHOBOTO TaBJIE€HUS HA 0TKOC.
MakcuManbHOE BOTHOBOE JaBIICHHE HA OTKOC ONpeJiensieTcs no ¢popmyie [4]:

pd:ks'kf'prel'p'hv (3)
rae koapduumentsr K, u K, ompexensrores no popmynam:
ks:0,85+4,8-%+C0t¢)-(0,028—1,15-%j; k; =1+0,092- i—10 . 4)
p

Py — MakCHMalbHOE OTHOCHMTEJIHLHOE BOJHOBOE JABICHUE B TOYKE 2 (pHC. 3), NIPUHUMAEMOE IPH

20 1/3
Prel z(r] J
Ipu h>4wm, p, =1,7 .

Opaunara Z,, TOYKH 2 NPHIIOKEHHS MAKCMMaJIbHOIO PACYETHOIO BOJIHOBOIO JaBJIeHHS [,

h<4m 3Hauenue

onpeaenseTcs no Gopmyne|3,4]

zz=A+%-(1—\/Z(cot¢)2+1)-(A+ B), (5)
(cotg)
rae A u B mapameTpsl, 3HaUEHHS KOTOPBIX OMPEIEISIFOTCS 110 (opMyIIam:
A 1+(cotp)’ A
A= h-[o,47+o,023-—j-—(p2 . B- h-[0,95—(0,84-cot(p—0, 25)-—} . (6)
(cotp) h

OpanHata Z,, COOTBETCTBYET BBICOTE HakaTa BOJIH Ha OTKoC - Z; =N, =4,Im.

Bepx coopy:xeHus

Pacu. ypoBennb

Puc. 3. 3]’“0[)21 MAaKCUMAJBbHOI'0 PACYE€THOI'0 BOJTHOBOI'0 1aBJICHUSA HA OTKOC, prel’l.]'leHl-lblﬁ IJIMTAaMH
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Ha yuacTkax KpemyieHHs MO OTKOCY BBIIIE M HIDKE TOYKM 2 (puc. 3) MOTYT HNpUHHUMATh
3Ha4YeHMs OpJUHAT SIIOPHI BOJHOBOTO JIaBJICHHS HA PACCTOSHUAX:

Ipu |, :0,0125~L¢ u |l =0,0125-L(p— p=0,4-p,;
A-cotg

:‘/(cot)2 1

[ocne pacueros momyuaem: | =16m, |,=4,2m, |;=3,4m u | =8,6m..

[Ipu |2=0,0325'L¢I/I |4=O,0675~L¢—p=0,1- Py, rae L(p:

Ha puc. 4 n 5 npescraBieHbl H3MEHEHUs MaKCUMAJIbHOTO BOJIHOBOIO JaBleHus P, T/mM? u
OpJMHATA €T TOYKH MPHUIOKCHUs Z, B 3aBHCUMOCTH OT GespasmepHoro mapamerpad, = A /h (A4 -

MEHSeTCs B AuarnasoHe oT 55 10125m).

10.4
10.2
10
Pi
— 938

9.6

9.4
10 15 20 25

ai
Puc. 4. Fpa(bmc NU3MCHCHUSIMAKCUMAJIBHOI'O BOJIHOBOI'O JaBJICHUA B 3AaBUCUMOCTH OT )IJIHHHOﬁ BOJIHBI

1

05 /
a0 /
- 0.5/

10 15 20 25 30
ai
Puc. 5. rpa(l)l/l]( HU3MEHCHUSA OPAUHATHI TOUYKU MPUI0KCHUA MAKCUMAJIBLHOI0O BOJHOBOIO J1aBJICHUA B
3aBUCHUMOCTH OT )IJII/IHHOﬁ BOJIHBI

4. Onpene.nelme MacCChl OTACJBHOIO 3JICMEHTA KPEIJICHUHA O0TKOCA COOPYKCHHUHA.

YCTOWYMBOCTh 3alIUTHOTO KPEIJIEHUS] OTKOCOB TIPU BO3JEWCTBUM BOJIH 3aBUCUT OT
YCTOMYHNBOCTH €r0 3JIEMEHTOB M KPYTH3HBI OTKOCOB. [[Isi HAOPOCHBIX COOPYKEHUU C TOCTOSHHOU
KPYTU3HOM OTKOCOB Maccy M OTAENBHOIO AJIEMEHTA, PACIIONOKEHHOT0 Ha yYacTKe OTKOCa OT Bepxa
coopysxenus 10 rayounsl Z =0,7-h, cooTBETCTBYIONIYIO COCTOSHUIO €ro NPENENbLHOI0 PAaBHOBECHS

OT JIeHCTBHS BOJIH ()POHTAIBHOTO MOX0/a, onpenensites mo popmyne [3,4]:

316-K, o, -h® A
o K, \E -
('Dm—lj '1,1+(C0t¢)3
o,

rie K- xoadoummenr yuurbBaromuii (GopMy 3aIlIUTHOrO 3IEMEHTA, NPHHUMAIOIIMN s

OOBIKHOBEHHBIX OeTOHHBIX MaccuBoB 3HaueHus 0,021, nas terpanogos — 0,008; ¢ — yron Hakinona
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OTKOCaK IrOpH30HTY, Py - IWIOTHOCTH MAaT€pHAJIan3 KOTOPOT'O BBINTOTTHCH OTJEIIbHBIN OJICMCHT, T/MS;

- TIOTHOCTH BOJBI, /M, h uw A — BbicoTa W mMHA BOJHBI 1%-HOH O0OECIEYEeHHOCTH B

MEJIKOBOHOM 30HE, M.
Bo BTOpOIi 30HE Macca 3JIEMEHTOB MOXKET OBITH OpeesieHa i3 Bepaxkenus [3,4]:
7,57
m,=m-e " | qpu z>0,7-h. (8)
Maccy 371eMeHTOB KpEIUIeHHUs] OTKOCOB COOPYXEHUN OT ACHCTBUS KOCO MOIXOASIIMX BOJIH
PEKOMEHAYETCS ONPENEsITh YMHOXCHHEMMACChl 3JIEMEHTOB, PAacCUUTAHHOW OT JACHCTBUS BOJH

¢poHTanbHOrO MOAX0Aa, Ha KO3 duIueHT - Ka , KOTOpBIil BIuHCIIseTCs o hopmye [2]:
K, =0,4+0,6cosa

TZIe d - Yroil MeX.Iy JIy9OM UCXOIHBIX BOJIH U HOPMAIBIO K COOPYKECHHIO.
Ucnonezys dopmyner (7) u (8) ompemennM maccy M OTAGTBHOTO 3JIEMEHTa OTKOCHOTO
OTPaUTENILHOTO  COOpYXeHHAIsl ciaydass [lotmiickoro mobepexxps Yepnoro wopst (puc.2).

Koadpdument K s rerpanonos pasen: K, =0,008 u oxonvarensHo noydaem:

1. Jlnst mepBO# 30HBI Macca TETPAIOOB, KOTOPas COOTBETCTBYET MX NPEIEILHOMY PaBHOBECHIO HA
oTKoc, momydaeM - M =8t. C yuerom koaddurmenta Hanexsoctn K =1,2 nomygaem: T,, =10T;

2. Jlns Bropoit 30HBI Macca TerpamogoB - M, =4,971, ¢ yderom kodpduumenra 3amaca K =1,2,
oepem Ty =6T.
J1st OOBIKHOBEHHBIX GETOHHBIX MACCHBOB COOTBETCTBeHHO: M =22,4T u m, =18T.

[IpoBenenHsle uccaenoBaHus MOKA3bIBAIOT, YTO MpeiaraeMas HaMH cXeMa OrpaJUTeIbHOrOo
coopyxeHus (puc. 2) SIBISIETCS YCTOWYHMBOW K MECTHBIM BOJHOBBIM BO3JCHCTBHUSAM, SKOHOMHUYECKH
BBITOJIHOM YW HANEXKHOM NIpHU dKcIulyaTauuil. IIpu cTpoUTENbCTBE MCHOJIB3YIOTCS TBEPAbIE KaMHU
TOPHBIX TTOPO/JT MacCOM 110 4 T., KOTOpbIE JOOBIBAIOTCS BOIHM3H YKa3aHHBIX PETHOHOB.

Paboma evinonnena 6 pamxax zpanma NeAR/22/3-109/14, ¢unancuposannozo I'py3unckum Hayuonanbuvim
Hayunvim ponoom um. L. Pycmagenu.
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SUMMARY

CALCULATION OF THE SLOPING PROTECTIVE STRUCTURES IN THE AREAS

OF POTI AND ANAKLIA SEAPORTS

Saghinadze I. S.

Akaki Tsereteli State University, Kutaisi

The paper presents the design scheme of building of the protective structures (moles) of the ports of Poti and
Anaklia. The slope of the structure is secured by tetrapods. The lateral dimensions of the structure were
established. The calculation takes into account the local conditions of the excitement. It is recommended to use
hard mountain stones that are mined in the vicinity of these regions. For the Poti region, taking into account the
depth of the water of 12m, the wave effects on slope structures were calculated. The height of waves rolling on
the slope, the elevation of the ridge of sloping structures over the calm sea level, the maximum wave pressure on
the slope and the weight of an individual item (tetrapod) mounting the slope facilities are defined. The studies
showed that the proposed scheme of the protective structures is robust to the local wave impacts, cost-effective
and reliable in operation.

Keywords: seaport, protective structures, sloping construction, tetrapod.
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PACYET HAKATA BOJIH HA BEPEI' B 30HE IIOABOJHOI'O KAHbOHA
IHOTUUCKOI'O U AHAKJIMUCKOI'O PETUOHOB YEPHOI'O MOPA

Carunanze U.C.
TI'ocynapcrBennblii yausepceurer Axkakus Hepereau, Kyraucu

B npuOpexHbIX 30Hax, TIe UMEIOTCS OABOAHBIE KAHBOHBI, TOIXOASAIINE U3 OTKPBITOTO MOPS
BOJIHBI 3HAUUTEIbHO TpaHchopmupyrorcs. Ilpu 3ToM Ha psige yd4acTKOB HaOMIONAETCsl YBEJINYEHHUE
BBICOT BOJIH, YTO MOXXET NPHUBOAMTH K CYIIECTBEHHOMY BO3pAacTaHMIO BOJHOBBIX HAarpy3ok Ha
TUAPOTEXHUUYECKUE COOPYKEHHUS.

[lombiTka 00OCHOBaHUS YBENWYEHHsI BHICOT BOJIH B 30HaX MOJBOJHBIX KaHBOHOB Oblia
npeanpuaata B pabore [1]. B Hell wuccnenoBanach KOHLEHTpalMs SHEPTUM BOJMH B 30HE HX
oOpymenus. HemocpeacTBeHHO B 30He KaHBOHA W HA €TO MOJABETPCHHOW CTOPOHE aMIUIUTY/Aa BOJHBI
OKa3bIBACTCA MCHBIIC, YEM aMIUIUTyda I/ICXOILHOI\/'I BOJIHBI, TaK KaK 494acCTb BOJIHOBO OHEPrun OTpaK€Ha
KaHbOHOM.

PesynpTaTel HaTypHBIX HAOMIONCHUH CBHUACTENBCTBYIOT O TOM, YTO HAkKaT BOJH Ha Oeper B
30HaX, pPAacIOJOKECHHBIX NPOTHUB IIOABOAHBIX KAHBOHOB, CYIIECTBEHHO MIPEBBIIIAET HAaKaT Ha
COCEHUX y4JacTKax OeperoB BHE 30HBI KAHHOHOB.

TakuM 00pa3oM, akTyabHOH 3amadeil sBIseTcs pa3paboTKa METOIUKA pacdeTa HaKaTa BOJIH
Ha IUBDKU ¢ YYETOM YKJIOHOB HX ITOJIBOJHBIX YacTel (KAaHbOHOB).
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Puc. 2. Pacnono:xkenne noaBoJHOr0 KAaHbOHA Ha Nolepekbe YepHOro Mopst AHAKJIMIICKOTO pernoHa
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Ha Ilotuiickom noGepexxbe UepHoro mMopst BOIM3M Oepera pacroyiosKeH MOIBOJHBIN KaHbOH.
BepmnHa kaHbOHa MakcHMManbHO HpuOIMKeHa K Oepery. Ero OpoBka BelpakeHa B penbede ¢
riryounoit 9—-10 M 1 paccTosiHEe 10 Oepera U orpaauTenbHOro Moja [loTuiickoro mopra cocTaBiser,
COOTBETCTBEHHO, OK0J0 750 m 200 merpoB (puc.l). B AHakium monBonHBIH KaHBOH HAauWHAETCS
okouio 200 meTpoB ot Oepera (puc. 2).

Paccmotpum 3amady o HakaTe BOJH Ha Oepera B 30HAaX, PacMOJIOKEHHBIX MPOTHUB ITOJABOIHBIX
KaHbOHOB. O003HAYNM CpeHUI YKIOH AHA MOpS — (X,

s [HoTtuiickoro u AHaKJIMHCKOTO perMoHOB, B KaUeCTBE KOHKPETHOI'O TpUMepa pacCMOTPUM
NPUOTMKEHHBIH pacdyeT TpaHc(HOPMAIMU 3aMalHbIX BOJH, KOTOPbIE pactpocTpansoTes oT Touku C,
HaXOJIAIINACS, COOTBETCTBEHHO, Ha pacctosamm 1,5 m 1,125 kM or Oepera. PaccmatpuBarorcs

urropMoBble ycnoBus. HadanpHast Beicota BoHbl H. B ykasannoii Touke paBua H. = 6™, mepuox
T =7,2c, rny6ouna h, =90M . I'my6uHa MOpst H3MEHSIETCS B 3aBHCHMOCTH OT PACCTOSIHHS Oepera 110

JIMHEHHOMY COOTHOIICHUIO TIO (opMmyJie: h(x):ax, rge kKoopaumHata X OTCYHUTBIBACTCS OT

OeperoBoil TUHHH.
JlnuHa BOJHBI A B Touke B BbIUmCIisieTcst mo IUCIepCHOHHOMY COOTHOIICHHUIO ISl JTMHEHHBIX

(mpu H >% ) BOJIH M paBHa:

gT?

Vs
W3 skcriepiMeHTaIbHBIX UCCIICIOBaHUN [2] U3BECTHO, YTO, HAYMHAS ¢ HEKOTOPOW TTyOWHBI

=81 m

A =

h, , umna o A ( h) u3MenseTcs ¢ rayounoit h ciemyrommm o6paszom:

A(h)=1,622%°h°% (1)
rae /1(? - Ha4YaJIbHas JJINHA BOJIHEI.
FJ'IY6I/IHy hb OIIPECACINM U3 YCIIOBUA:
i _ 1 6/10,666h0,333
c C !

win hy =0,0244 /., aro B paccmaTprBaeMoM cirydae paBHO 19,8M.

Takum o6paszom, HenuHelHble >P(EKTHI, CBS3aHHBIE ¢ TpaHCGOpMAIUeEN MOBEPXHOCTHOM
IPaBUTALMOHHON BOJIHBI M3-3a BIIMSIHIS JHA, HAYMHAIOT POSIBIATBCS ¢ riyouHsl mpumepHo hy = 20m
Ha PacCTOSIHUM X, OT GeperoBoit iuHUN. VI3MEHEeHNE JTHHBI BOJIHBI B 3aBHCHMOCTH OT PaCCTOSIHUS OT
Oepera BBIYUCIIAETCS MO CIEAYIOUIEMY COOTHOIECHHIO:

0,333
A(x)=29,9(h(x))" mpu X, <X<x, @)
rie X, — FOPU3OHTalIbHAsk KOOPJMHATA IPeOHs OOPYIIMBIIEHCS BOIHBL.

HN3MeHeHne BBICOTHI K prHHOBOﬁ CKOPOCTH BOJIH IIPpHU U3MCHCHUHN FHY6I/IHBI WK paCCTOAHUSA
ot Oepera BbrumciseTcs o Gopmynam [1]:

47zh(x)
2T 2(x)-sh 47h(x)

A(x)

rac HC y ﬂ'C y UC - COOTBCTCTBCHHO, Ha4YaJIbHAsA BbICOTA, JJIMHA U I'PyHIioBasg CKOPOCTH BOJIHBI.

[ny6una h

r» Ha KOTOpOﬁ BOJIHA HAYUHACT TCPATH YCTOIZHHBOCTB, OmnpeacIdaCTCda 110

OMITUPHYECKOMY COOTHOIICHHIO [2].
h _ 4 368H 1,714 410,714 4
cr — C /’iC ' ( )
Jlis paccMaTprBaeMbIX yCIOBUH 3Ta BemunHa pasHa N, =4,Im, koopaunara X, s [otu
paBHa 68m, 151 AHaKIUU — S1M.
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3aBepmaromieil cragueil (QopMHUpOBaHMS BOJHBI NPU €€ BBIXOJE Ha Oeper sBIsSeTCS
oOpa3zoBaHue TpeOHs, KOTOPBI MOKET paccMaTpUBaThCS KakK yeAWHEHHAas BOJHA, COOTBETCTBYIOIIAs

ypaBHenuto Koptesera-ne @puse. [Ipoduib BOJHBI, ABHXKYIICHCS CO CKOPOCTBIO € yeTUHEHHON
BOJIHBI, UMEET BUJ;

¢ (x.t)=asech?[ B(x—ct)],
_ 3a . e2= .
_—4h2(h+a)’ c’=g(h+a); a=0,5H.

HOCTpOI/IM Fpa(pI/IK BOJIHOBBIX ITOJICH Ipu CJICAYIONUX 3HAUYCHUAX IMapaMETPOB CUCTCMBI:

rie

1. Jlns Ilotuiickoro pernoHaBosbMeMcpeiHuid ykioH a1Ha @y = 0,06 n 68 < x = 335;

2. JIna Anakmmiickoro peruona: @4 = 0,08 u 51 = x =< 250.
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Puc. 3. lIpoduib yennHeHHoi BoJIHBbI B 30He 00pywienusi: 1) — [loru; 2) — AHakiust
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Puc. 4. Tpaduk Bo3Bbimenust cBoGoanoii nosepxnocru ¢ (x,t): 1) —IMoru; 2) — Anakiaus

W3 puc. 4 BunHO, 9TO TIPHU YBETHMUEHUH TUIyOWH MOPSI, BBICOTA BOJH yBEITUYHUBAETCS, a IJTMHA
BOJIH YMEHBIIAIOTCSA. AMIUTUTY/1a BOJIH NpH oOpymiennu B [loTuiickom pernone YepHoro mops paBHa

Crex =41 M, a B Anaxnmiickom peruone ¢, =4,4Mm.

Ecimm mocne 06pyH.I€HI/I$I BOJIHBI npeHe6peqb MOTCPSAMHU SHCPIrUrM Ha MPEOHOJICHUC CHIIbL
TPCHUA JHA, Typ6yneHTH0171 BA3SKOCTH U IMPOHHUIACMOCTH OTKOCA, TO AJId ONPCACIICHUA NJIMHBI HAKaTa

BOJIHBI Ha CyXOil Oeper MOXHO ompenenuts ciepyomum obpasom: |=¢ . /fF, rne [ yxion
HaJABOAHOM yactu. B Hawewm ciyyae, npu  f =0,003 nonyuaem |, =141 m un |, =147 m.

PaccmoTpum pmanee HakaT BOJH Ha Oeper B 30HE MOJBOJHOIO KaHBOHA C YYETOM IOTEPb
SHEPIUH Ha MPEOAOJICHUE CHIIBI TPEHHUs JHA, TypOyJeHTHOW BS3KOCTU M MPOHHMLIAEMOCTH OTKOca. B
Cllydae paclpoCTPaHEHHUS! BOJHEHHs C BOJHOBBIMHU JIydaMH, MapajuleNbHBIMU OCH KaHbOHa ((PpOHT
BOJIHBI), LICHTPAIBHBIN JIy4d MPOHIET BAOJb OCH KaHbOHA, U BOJHA Pa3pyIIMTCS B HENOCPEACTBEHHOMH
onmuzoctu ot Oepera. Takum 00pa3oM, y4acTOK COOPYKEHHS, PACIIOJIIOKCHHBIH IPOTUB BEPIIUHBI
KaHbOHA OKa)KeTCs MPAaKTUYEeCKH B Havaje 30HBI HAaKaTa BOJH, TO €CTh ropa3lo Oimke K JTHHUU
oOpymeHus, 4yem cocenHue ydacTkd. CormacHo [1], BOJNHOBBIE Harpy3Ku Ha COOPY)KCHUS
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MaKCHUMAaJIbHBI Ha JJMHUUA OOPYIICHUS BOJIH M JIMHCHHO YOBIBAIOT MO MEPE yNAJICHUS COOPYKCHUS OT
Hee. CriefoBaTeNIbHO, BOJHOBBIE HATPY3KHM Ha YYacTOK COOPYXKEHHS, PACIOJIOKCHHBIA TPOTHB
BEPIIMHBI KAHbOHA, OYyT 3HAYUTEIIBHO BBIIIC, YEM HA COCEIHUX YYaCTKaX.

Ha peanbHblCe TUISDKM M COOPYXKCHMSI HAKATHIBAIOTCS (DAKTHUYSCKU BOJHBI IMEPEMEILCHHUS,
oOpa3oBaBmecss W3 KoJeOaTeNbHBIX BOJNH B pE3yJIbTaTe CKAadYKOOOPa3HOTO Iepexoma MpH UuX
nocieqHeM oOpyiieHud. [IpruemM 30HOUM Hakara CileQyeT CUUTATh 30HYy OT IOCICAHEro OOpYIICHUS
BOJTHBI W €€ Tepexojia U3 BOJHBI KoJeOaTeIbHON B BOJHY TEpeMENICHUS J0 TPAHUIBI e¢ Hakara Ha
cyxoii Oeper. B aToif 06macTi pacCMOTpEHHAss HAMHU TEOpHsl He pabOTaeT, MOATOMY BOCIIOIB3YEeMCS
SHEPreTHYECKUM METOJIOM OIIPE/ICIICHHS BRICOTHI HAKaTa BOJHBI Ha Oeper.

Bcro 30Hy Hakata oOpymaromuxcsi BOMH Ha Oepera W COOpYyKEHHS MOXKHO pPasJeliuTh Ha

h
. k
TOJIBOIHYIO YaCTh MIMPHHOH A = —, rje hkp - T1yOMHA MOCIeTHEero OOpyIIeH!sI BOHBL, & -
(24
YKIIOH TIO/{BOZIHOM YacTh GeperoBoro CKIOHa, M HaJBOAHYo mupuHoit | = —, rae h BeicoTa Hakara

BOJIHBI Ha Oeper, [ - YKIIOH HaJBOJHOM YaCTH IUISDKA.

Kunernyeckass »Heprusi €OUHMIBI MacChl BOAbl B TIpeOHE pa3pyllarolleiicss BOJHBI

OIIpeAeNsIeTCs CIeIYIOIUM 00pa3oM:

V2

2
rae 2 — IUIOTHOCTh BOJABI, V¥ - CKOPOCTH YacTHIBI B TpeOHE BOJIHBI, paBHas V=, ,g(hkp + kp) ;

¢\, — BBICOTA BOJHBI NPy 00pyIieHuu. [lonaras ais nocseiHero oGpymeHus hkp ~ (i, TONYdUM

V=2gh, wu

h,

Ex=p

EK =p ghkp (5)
p - ONPEIEIACTCA 11O Q)opMyne (4) u U1 HamIero clIydyasd paBHO: hkp =4,1m.
[Tocne O6pyH_IeHI/I}I BOJa TEPACT KHHETHYCCKYIO SHEPTHUIO HA IPECOJOJICHUEC CHUIT TypGyHeHTHOﬁ

BSI3KOCTH, TSDKECTH W TPEHHWS M IIOJHMMAeTCs Ha BBICOTY HakaTa -Il;. [Ipu sTOoM wactuma Oyner
00naaTe NOTEHINATFHON YJHEPTHEH
Eq=pgh . Q)

[Ipoxonst 30HYy MeXIy JIMHHEH OOpYyHICHHS M ype3oM BOJbI (IIOJBOJHAS YacTh OEpEroBoro
CKJIOHA), YaCTHIIA MTOTEPSET Ha TYpOYIHU3aIlHIO MOTOKA YacTh dHepruw [1,3]

E., =p9K,, No , @)
o
re kTyp - JUHEeapW30BaHHBIN (Oe3pa3sMepHbIit) KoddduimenT TypOymeHTHOM BsiskocTh (Battjes,
1975), KOTOpBIii paBeH: a=0,08h=2v =69 a=0,008, h =154m |=51Im
Sagh, T
vp T TND W

Ayp - MTMHA BOJTHBI HA iubuH 00pymenus, K, - sunupuueckuit kosddurment, pasubiii K, ~0,08 .

HpI/I noAbCME Ha BBICOTY 'II-: 10 HaHBOHHOﬁ qacTu 6eper0B0ro OTKOCa C YKIIOHOM B, qacTuua
3aTpaTUT HA TPCOAOJICHUEC CUJIbI TPCHUA U IPOHUIIAEMOCTb OTKOCA SHECPTHIO, PaABHYHO
(1-k)(21-k,)
2
Em = ,Ogh1 T, 8

rae K, K,- koaddumenTs! 1mepoxoBaTocT ¥ NPOHMIAEMOCTH HAJBOJHOIO OTKOCA ILISHKA, KOTOPBIE

ompeneceHs B [3].
Ha ocHOBe 3akoHa COXpaHEHHs JHEPruM NPUOOHHBIX BoJH u3 ypaBHeHus (5)-(7) u (8)
TOTYYHM
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h 1-k )(1-k
pahg = pgh +pgk,, f +pgh, Lﬂ(Z) :

_ ﬂ(a_kwp)
n =Ny af B+(1-k)(1-k,)]

HnIn

(9)

riae kTyp =0,002 .
I[IpoBeaeM pacueT ¢ y4eToB KaHbOHA IIPH CJIEAYIOIIUX 3HAYEHUAX T1apaMETPOB CHCTEMBI:
h, =415T=7,2c; 4, =48m; B=0,03; k =0,9;k, =0,7. 3aBucumocts BricoTsI Hakata h, 10

Ha/IBOJHOW 4acTH OEPEeroBOro 0TKOCa, MPU CpeTHEM YKJIOHE TIOABOAHOM 4acTH MOpS 0., TPeCTaBIeHa
Ha puc. 5.

2.1

T T

19
h(a)
18

17

1.6
0 0.05 0.1 0.15 0.2
o

Puc. 5. 3aBHCHMOCTD BBICOTBI hi OT YKJIOHA MOABOHOMH YaCTH MOPS Q.
W3 puc. 5 BuaHO, YTO h(a) npu 0,01<a<0,1c ysennuenwmeM @ pacTeT W TpH

0,1<a<0,2 nouyru He MeHSETCSL.
[IpoBoast pacueT HakaTa BOJIH 10 hopMmyiie (9), mojydaem:

1. otn -npu a=0,06, h, =1,98M u | =67m. Bre 30us kauponaipu @ =0,008: h, =1,54m
u |=51lm;
2. Anaxmis -tipu a=0,08, h, =2m u | =69m. Bue 30ub1 kaupona npu a=0,009: h =1,59m
u |=53m;

HpOBeI[eHHBIe pacyeThbl IMOKA3bIBAKOT, YTO IIPH HAKATC BOJIH Ha 6eper B 30HC IIOABOJHOTO
KaHbOHAa BbICOTAa M MIMpHMHA IIOABEMA BOJAblI Ha IIIIXK W COOTBETCTBECHHO BOJIHOBBLIC HArpysKu
CYHICCTBEHHO 60J'ILIH€, YEM BHEC 30HBI KaHbOHA.

Paboma evinonnena 6 pamxax zpanma NeAR/22/3-109/14, ¢punancuposannozo I'pysunckum HauuonaibHoim
Hayunvim ponoom um. L. Pycmagenu.
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SUMMARY

CALCULATION OF THE WAVE ROLLING ON THE SHORE IN THE SUBMARINE CANYON
AREA IN THE BLACK SEA NEAR ANAKLIA AND POTI

Saginadze I.S.

Akaki Tsereteli State University, Kutaisi

The paper discusses an approximate method for calculating the waves rolling on the shore in the submarine
canyon area in the Black Sea near Anaklia and Poti. The chart of wave fields was plotted, and the effect of the
submarine slope on the change in the elevation of the free surface of water. Using the energy method, the height
and width of the waves rolling on the beach were calculated. The calculation showed that, when the waves rolled
on the beach in the submarine canyon area, the height and width of the water rise on the beach and hence the
wave load are considerably higher than beyond the canyon area.

Keywords: wave rolling, seashore, submarine canyon, the Black Sea.
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3YBYATBIE BAPUATOPBI C HOBBIMU NIEPEJJAYAMHU NNEPEMEHHOI'O
HEPEJATOYHOI'O OTHOLEHUA

Bapcumamsuiu P.II1., Kaxuanu M.P.

HNu:xenepHas akaaemus I'py3un

1. BBenenne

K coBpemeHHBIM MamMHAM YacTO NPEAbSBIAETCS TpeOOBaHWE OCYIIECTBUTH IBM)KEHHE
HCIIOJIHUTENLHBIX OPTaHOB IO 33JJAHHOMY 3aKOHY MEPEMEHHOTO MEepeaaTOYHOTO OTHOIICHHUS.

Jlnst perieHus 3TOW 3ajayd, B HACTOAIICE BPEMS, WCIOJB3YIOTCS 3yOuaThie Mepenavyd C
HEKPYTJIBIMA [HJIUHIPHYECKAMHU KoyiecaMHu. VX OTpHIaTeIhHOW CTOPOHOM CUMTAIOTCS BBICOKHE
JTUHAMHYECKUE XapaKTEPUCTHKH MTEPEeIad, a TAK)KE TPYIHOCTA U3TOTOBIICHUS HEKPYTIIBIX KOJIEC.

2. OCHOBHOE€ colep:KaHue U pPe3yJabTaThl padoThI

s monmydeHusi 3aJaHHOTO 3aKOHA MEPEMEHHOI'O IEPeAaTOYHOro OTHOLICHUS BO3MOXKHO
HCIIOJIL30BaTh II€pcaayu, 3Y6‘-IaTbIe BCHIBI BCAYHIMX KW BCEAOMBIX KOJIEC KOTOPBIX OCHAIICHBI
PaBHOBBICOKMMU 3Y6I>$1MI/I MOJHONM W HEMOJIHOM OJIMHBI, PACHOJOKCHHBIMU BIAOJb INNIOCKHUX WJIA
MPOCTPAHCTBEHHBIX KPHUBBIX, KOTOPbIE IPEACTABISIOT CO00H (PYHKIMIO IEPEMEHHOTO NEPEeaaTOuYHOro
OTHOILICHUS. I[aHHI)Ie nepeaayu MoOryT 6I)ITL HCIOJIb30BAHHBI JII M3rOoTOBJICHMA BapuaTOpOB
CKOpPOCTHU, TaK KaK MOIyT 3aMCHHUTL UCIIOJBL3YCMBIC I 9TOM nean (I)pI/IKHI/IOHHLIC nepeaadyun uin
nepeaayy ¢ UCIOIb30BaHUEM HEKPYTIIBIX KOJIEC.

JIByXCTymeHYaTslii BapuaTop CKOpPOCTH (puc. 1) COCTOMT W3 BEAyIIETO0 TOPOWAAIBHOTrO 1,
MPOMEXYTOYHOTO cHepHUYECKOTO WM AIITUIICOUIHOTO 2, 3 (MM DIUTHIICOMAHOTO 2 U chepuieckoro 3)
U BemoMmoro TopouganbHoro 4 komec. Komeca 2, 3 JKeCTKO 3akpeiuieHbl MEXKAY COOOW C
BO3MOXXHOCTBIO BpallleHHss Ha HenoABmwkHOW ocu 5. Koneca 1, 4 ocHaiieHbl pPaBHOBBICOKHMH
npsSMBIMHU 3yObsiMu 6 monHOM JyuHbBL. Koneca 2, 3 ocHalieHbl paBHOBBICOKMMH TPSIMBIMU 3yObsIMHA 7,
8 HemosHOU JJIMHBI, KOTOPBIC PACIIOJIOXKCEHBLI BAOJb OJUHAKOBBIX HJIM PA3HBIX IMPOCTPAHCTBECHHBLIX
kpuBbiX 9, 10, KOTOpble MPEACTABISIOT 3aJaHHYIO (YHKIUIO IIEPEMEHHOI0 MepeaaTOYHOro
OTHOLICHHUS.

HepejlaTquLIe OTHOLICHUS UMECIOT BU.

Uoo = RpCOS@y  Tamax _ RoCOS@p Tamax .
max — - ’
Nmin  R3CoS@y R3COS@3  Mmin
U — RoCOSpy  Tamin  RoCOS@p Tymin 1
min — : . . ( )

1 max R3COspy  R3COS@3 Ipppx

JnanasoH peryiupoBaHus paBeH

D = fmax “M4min_
M min *T4min

TpexcTyneHuaTslii BapuaTop CKOPOCTH (pHUC. 2) COCTOUT M3 BEAYIIETO TOPOUAAIHHOTO Kojieca
1, IpOMEXYTOYHOTO c(HepUIECKOTO WM SIIMIICOUIHOTO Kojeca 2, MPOMEKYTOUYHBIX TOPOUAAIBHBIX
KoJiec 3, 4, KOTOpBIE COSAMHEHBI MEXIY COOO0H MOCPECTBOM BAOB 5, 6, KPYIJIbIX KOHHYECKHX KOJIEC
7, 8,9, 10, Bama 11 m Bemomoro cepruieckoro WM 3JUIHUICOUTHOTO Kojeca 12, KOTopoe »KEeCTKO
3aKkperuieHo Ha BegoMoM Bairy 13. Komeco 2 cBo6oHO 3akpernieHo Ha HenmoaBrkHOM ocu 14. Komeca
1, 3, 4 ocHalleHbl DPaBHOBBICOKMMH MpPSMBIMH 3yObsSMH 15 monHOW AnuHBI, a Komeca 2, 12
OCHAIIIEHBIMU PaBHOBBICOKMMH MPSMBIMH 3yObsiMu 16, 17 HEMONHOM JIMHBL, KOTOPBIE PACIIONOKEHBI
BIIOJIb KpHUBBIX 18, 19, KOTOpBIE MPEACTABIAIOT 33aaHHYI0 (YHKIHUIO IMEPEMEHHOTO IEPEIaTOIHOTO
OTHOLICHUSI.

[lepenarouHble OTHOLICHHUS:
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R-> cos I Rq» COS I
U e = 200592 TB3max ™205@12  T3max COS @ - COS Q1o |
1 min R, 4 min 1 min Y4 min
Ry '3 min Rio '3 min 1
Umin = ’ I ’ = I ) )

Nmax R2COSQ2 T4max  Mmaxfamax COS®2

Jwnana3oH peryiupoBaHus

M - T T
D = _lmax *'3max ''4max -0052 @ - COS QY.
M min “3min * 4 min

YertbIpecTyneHUaTbIid BapHaTOp CKOPOCTH (pHUC. 3) COCTOUT M3 BeMylIero 1, mpoMexyTOYHbIX 2,
3, BEIOMOIO TOPOMIANBHOIO Kojeca 4 M NPOMEXYTUHBIX CPEPHUSCKUX MM IIIMIIOUIHBIX Kojec 5,
6, KOTOpbIE C BO3MOKHOCTBIO BpallleHUS 3aKpeljeHbl Ha HemojaBWwkHOW ocu 7. Komeca 1, 2, 6
OCHAIICHbI PAaBHOBBICOKUMU NPAMBIMHA 3y6I)5[MI/I 8 HemoHOU JAJIMHBI, KOTOPBIC PACIIOJIOKCHBI BAOJb
MPOCTPaHCTBEHHBIX KpUBHIX 9, 10, 11, KOTOpBIE MPEACTABIAIOT 33aJaHHYIO (YHKIIHIO ITEPEMEHHOTO
nepenatouHoro otHomeHus. Komeca 3, 4, 5 ocHamieHbl paBHOBBICOKMMH TPSIMBIMH 3yObsiMH 12
nonHoi anmuubl. Koneca 2, 3 Mexay co0oii coelnHEHBI mocpencTBOM BajioB 13, 14, 15 u kpyrisix
KOHMYEeCKHX Kojec 16, 17, 18, 19.

IlepenatouyHble OTHOLICHUS

Rz cos I Rs cos I I - T,
U ax = 500505 Tomax M6 COSP6 Tamax _ M2max T4 max COS 5 - COS g,
1 min Rs I3 min Rs M min * 3min
Rs  Tomn Re  Tamin _ Momin "amin 1 3)
Mmax R5:COS5 T3max ReCOS®s  Mpmax *M3max COS@s5 - COS g
JlnanaszoH peryjaupoBaHus

Umin =

r or - -T,
D = -Llmax " '2max ' '3max ' '4 max -COSZ(/>5-COSZ(05.

M min “2min “3min "4 min

Ecnun HeoOxomumo, 4ToOBI BelOMbIE KoJieca M Bajlbl 3yO4aThlX Iepegad M BapHaTOpPOB
CKOPOCTH, C TIE€PEeMEHHBIM IE€PEeaTOUYHBIM OTHOLIEHHEM COBEpILAIM BpPAIIATEIbHOE JABHXCHUE
MEPEMEHHO-TIOCTOSIHHON YIJIOBOM CKOPOCTBIO, TO PAaBHOBBICOKHE 3yObsi HEMOJIHON JJIUHBI JOJDKHBI
OBITH PACIIOJIOKEHBI BIOJIb KPUBBIX, KOTOPHIE COCTOAT U3 YaCTEH ¢ M3MEHSIOMNMIUCS H TOCTOSTHHBIMU
panuycami .

PacueT OCHOBHBIX KHHEMAaTHYECKMX TMapaMeTpoB 3y04UaThIX KOJIEC BapUaTOpOB MOXKHO
MIPOBECTH COTJIACHO 33J]aHHBIX TEOMETPHUYECKHUX MTapaMeTPOB.

Pesynbrarhel pacuera npuBeAEHBI B TaONULE, MPH  (2=03=QP12=P5=Ps=62°,  R=Rs=190mm;
R3=140mm; Re=150mm

Pe3yJ’lLTaTLl pacueTa KHHEMAaTHYECCKUX NMapaMeTpoB

Ne HaumenoBanue £ 3 £ 3 < 3 £ 3 < S a)
£ £ £ £ g £ £ £ £ =
o o o o NG g N Ny D D
1 | Asyxerymemwmameii | | o 40 | 180 | 0222 | 525 | 2364
Bapuarop - - - -
2 Tpexcrynensarniii 40 210 | | _ | 40 | 210 | 40 | 210 | 0,0019 | 0,029 | 14,98
BapHaTop

g | Hereipexcrynemuathiid | g5q | 500 | 45| 200 | 45 | 185 | 45 | 185 | 0,192 | 5207 | 27,12
BapUaTOp
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puc. 1. IByxcryneHyaTbIi

BapHaToOp CKOPOCTH .
P P CKOP puc. 2. TpexcryneHuaThlii

BapHATOP CKOPOCTH

2 8\
_ L
13
16\ 9
NN
17 Y p——
10—
15 12
|
/\
18 6
A7 4 -
19 / 55:‘_ R "
4 = e N\ 4 =
| 7
I 12

puc. 3. YUersIipexcryneH4aTbiii
BapHATOP CKOPOCTH
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Ecnu HeoOxomumo, 4ToOBI BeIOMBIE KOJieca W Bajbl MEpeaydl OCYIISCTBISUIM BpalleHUS
pasHBIMH 3aKOHAMH IE€PEAaTOYHOrO OTHOMIICHUS, TO 3yObsi HEMONHOW MJJUHBI JIOJDKHBI OBITh
PAcIIONIOKEHHBl BOJIb PAa3JIMYHBIX KPHUBBIX, KOTOPbIE NPEACTABIISAIOT pa3Hble (YHKLIUH 3aAaHHOIO
3aKOHa [EPEMEHHOr0 IepeJaTodyHoro oTHomeHus. KpuBas, cocTaBieHHas W3  YacTew,
COOTBETCTBYIOIIMX Pa3HBIM (YHKLHUSIM MEPEMEHHOTO TepelaTOYHOr0 OTHOLICHUS], paclooraercsl Ha
Ha4aJIbHOW IOBEPXHOCTH BEIYILIETO WIH BEIOMOTO KOJIEC.

JByxcTyneHdatsiii BapuaTtop ckopoctu (puc. 1) padoraer cinemyrommm obpazom. Komecy 1
cooOUIMM BpallaTeIbHOE ABWXEHHE C TOCTOSIHHOW YIIIOBOM ckopocThio. [locpenctBom OOKOBBIX
MOBEPXHOCTEH 3yOBeB MOJHOW 6 U HETOMHON 7 INTMHBI KoJiec 1, 2, Koyeco 2 COBEpIIUT BpallaTeIbHOe
JBIDKEHHE C TIEPEMEHHOH YTII0BOH CKOPOCTHIO, KOTOPOE MEPEAAETCS AKECTKO COETMHEHHOMY Koulecy 3.
[TocpeacTBoM OOKOBBIX MOBEPXHOCTEH 3yObEB HEMONIHOM 8 M MOJIHOM 6 JIMHBI Koliec 3 u 4, koneco 4
COBEPUINT JBM)KEHUE C CyMMAapHOW EPEMEHHON YTIIOBOM CKOPOCTHIO.

TpexcTyneHuaTsii BapuaTop CKOpocTH (puc. 2) pabotaer cremyrommm odpazom. Komecy 1
COOOINMM BpaliaTelbHOE IABIKEHHE C IMOCTOSHHOW YTIIOBOW CKOpocThio. IlocpeacTBoM 3areruieHust
OOKOBBIX TIOBEpPXHOCTEH 3yObeB MONHOW 15 u HenonHoW 17 amuubl Konec 1, 2, 3 xomeco 3 coBepmiaeT
BpallaTelbHOE IBIDKCHUE C MEPEMEHHON YIIIOBOM CKOPOCTBIO, KOTOPOE MOCPEICTBOM BajloB 5, 6, 11,
koiec 7, 8, 9, 10, B3aumo3amnernieHrneM OOKOBBIX MOBEPXHOCTEH 3yObeB MonHOW 15 u HemomHo# 17
JIUTHBL, Kojnec 4, 12 mepemaeTcss BeqoMoMy Kojecy 12, KOTopoe COBEPIIUT IBIKEHUE C CyMMapHOM
IIEPEMEHHON YIIIOBOM CKOPOCTHIO.

UYetblpexcTyneHuaTelii  Bapuatop (puc. 3) pabortaer cruenyromuMm obpa3zom. Komecy 1
cooOUMM BpalaTeabHOe JABUKEHHE C MOCTOSHHOW YriioBoW ckopocThio. [locpeacTBoM 3arerieHust
OOKOBBIX MOBEPXHOCTEH 3yObeB MOJHON 12 M HEeMONMHOM 8 AyuHBI Kojec 1, 5, 2, kojieco 2 coBepliaet
BpallaTeIbHOE JBIKEHUE C MEPEMEHHOM YITIOBOM CKOPOCTBIO, KOTOPOE MOCPEACTBOM BaioB 13, 14,
15, xomec 16, 17, 18, 19, B3ammozareruieHHneM OOKOBBIX IOBEPXHOCTEH 3yObeB MONHON 12 u
HernoJHo! § AuHEI Kojiec 3, 6 u 6, 4 mepenaeTcs Be1OMOMY Koisiecy 4, KOTOPOE COBEPILIUT JABHKEHUE
CyMMapHOH NIEPEMEHHON YIIIOBOUM CKOPOCTBIO.

3. 3akouenue

TakuM 00pa3oM, BBITOJIHEHHBIE HCCIICIOBAHUS TO3BOJIMIIM PEAIU30BaTh CIACAYIOIICE:
1. Pa3zpabotaTh KOHCTPYKIIMM 3yO4yaThIX BapHaTOpPOB, IMO3BOJISIONINE HAMHOTO  YMCHBIIWUThH
JUHAMUYECKUE XapaKTEPUCTUKU MEXaHU3Ma.
2. 3HaYMTENILHO YIIPOCTHTH MPOIECC M3TOTOBJICHUS 3yOuaThIX Iepeiad BapoaTOPOB C HCIOJIb30BaHHUEM
CTaHJAPTHOTO CEPUIHHOTO 000PYIOBAHUS.
3. YBeNMW4NUTh qUara3oH peryJInpOBaHUS U KIIJ Iepelayn BapruaTopa.
4. Ilepenats OOIBITYI0 MOITHOCTD U YIIPOCTUTH KOHCTPYKITUIO BapruaTopa.
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SUMMARY

GEAR VARIATORS WITH NEW VARIABLE RATIO GEARS

Varsimashvili R.S. and Kakhiani M.R.

Georgian Engineering Academy

The paper discusses various designed speed variators with new gears which have drive and driven gears fitted
with uneven full and partial length teeth along plane and spatial curves. Some kinematic parameters of the
variators are given. The kinematic calculation of the variators with consideration of geometric parameters of
their constituent parts was performed.

Keywords: gears, speed variator, variable gear ratio, drive gear, driven gear, teeth.
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TEOPETUKO-3KCIEPUMEHTAJIbHBIN AHAJIN3 PE3YJIbTATOB
IITAMIIOBBIX UCIIBITAHUI

Bauapanse B.B., Bauapanze B.I11.
I'py3unckuii TeXHMYECKUH YHUBEPCUTET

CpaBHUTENBHBIE HCIIBITAHUS KECTKOTO IITaMIIa U PaBHOMEPHO-paclpeeICHHON Harpy3Kku Ha
CTPYKTYpHOM MaJOBJIa)XKHOM OCHOBaHMM B JAMana3zoHax Harpy3ok ot 0 nmo 0,4 MIla no3Bonuiu
OLIEHUTH HaNpsDKEHHO-Ie(OPMUPOBAHHOE COCTOSIHUE OCHOBAHUS.

AHanu3 DJKCIEPUMEHTAIBHBIX JAHHBIX [OKa3aJ, YTO C pOCTOM BHEIIHEH Harpyskw,
nepeJaBacMoll Ha OCHOBaHHME uepe3 >KECTKUH HITaMIl WM B BUJAE PaBHOMEPHO-pACIIpENEICHHON
Harpy3kd, NMPAaKTUYECKH BCE OTKIMKH OCHOBAHUS IO3BOJIIIOT XapaKTEPU30BaTh €ro HaNpSHKEHHO-
nedopmupoBaHHOe cocTostHEe [1].

JlabopatopHble HCCIICOBaHUSI IO OLEHKE JeQOPMUPYEMOCTH TpyHTa, BBIOJHCHHBIC B
KOMIIPECCHOHHOM YCTPOWCTBE, B 3aBHCUMOCTH OT BJIQ)KHOCTH IIOKa3ajy CYLICCTBEHHOE HM3MEHEHHE
Monyist nedopmaruu. OnbITH IPOBOAMINCE Ha 00pa3uax, OTOOpaHHBIX HA ONBITHOW IUIOIIAJKE Yepe3
20 cM mo rayOuHe, 10 TIyOuHBI 2,2 MEeTpa OT MOBEpXHOCTH. [Ipy M3MeHeHHH BIaKHOCTH TPyHTA OT 5
1o 25% monyie aedopmanuu Mensiics ot 2,5 no 37,5 Mlla.

HwxkHsis rpaHuna BIQKHOCTH HPU KOMIIPECCHOHHBIX HCIBITAaHMSX OrpaHuueHa 5%, a B
MIPUPOJHBIX YCIOBUSAX BIIQXHOCTh TPyHTa B BEpXHEM cioe, MpuMepHo 70 10 cM OT MOBEpXHOCTH,
cocTaBsia He 6omnee 2%.

XapakTep pacrpelefeHus KOHTAKTHBIX HAlpPSHKEHUH IO MOJOIIBE >KECTKOrO ILITaMIa,
JIMHEHHOE HapacTaHUE HANPSHKEHUH B OCHOBAaHMU M JIMHEHHOE TMpUpAILCHUE NEPEMEIICHUNA B
MIpOLIECCEe POCTa HAarpy3KHW Ha OCHOBAHWE, MO3BOJIAET B KAUECTBE PACUETHOM CXEMbI MPUHATH MOJEIb
JTUHEHHO-IeOPMHUPYEMOTO  MONYMpPOCTpaHcTBa.  PacueTsl  HampshKEHHO-Ie(OPMHUPOBAHHOTO
COCTOSIHUSI BBIIIOJIHSUIUCH C UCIIOJIB30BaHUEM METOJIa KOHEUHBIX HJIEMEHTOB.

Ha puc. 1 mpencraBieHbl pacdyeTHbIE CXEMBI MOJENM OCHOBaHHsS, IO KOTOPHIM OBLIH
BBITIOJIHEHBI pacyeThl. [lepBas cxema - OJHOPOIHOE IHHEHHO-IeOpPMUpYyEMOe TMONYIIPOCTPAHCTRO.
Bropas cxema - HEOAHOPOAHOE JIMHEHHO-IeHOPMHUPYEMOE MOITYIIPOCTPAHCTBO € IIEPEMEHHBIM MOJLYJIEM
JnedopMaluy TpyHTa 10 TIyOrHe, IPY 3TOM MOIylh MeHsiercs uHeitHo ot 100 Mlla, B 10 cm cioe ot
NoBepXHOCTH, 10 16 MlIla Ha rinybune 1,6 M. Himke 1,6 M Monysb edopmariuil octaetcsi HEeM3MEHHBIM
u paBabiM 16 MIla. Ilo pesymeraram nabopaTopHbeIXx ucciemoBanuit koddduument Ilyaccona V
n3mensiercs B auamnazone 0,10-0,20. B pacyerax oH NpUHAT NOCTOSHHBIM U paBHBIM 0,15.

375 E,Mna 375 E,Mna 100 E,Mn
0 > (| E— 0 >
160 160
375 16 s 16
Yz o Yz o Yz om

Puc. 1. PacueTHble cXeMbl MO/IeJIM OCHOBAHUS € Y4eTOM MoayJisi Aedopmanuu rpynra E

IIpunsTas KoHEeYHOANIEMEHTHas ceTka npu paaunyce mramma 0,4 M coctouT u3 288
TPEYTOJIBHBIX DJIEMEHTOB, TOKPHIBAIOIINX HA IIOCKOCTH 00NacTh pa3zMmepamu: TiyomHa — 3,1 M;
mupuHa — 3,733 M. Orpaanduenne pa3MepoB o0JacTH HEN30eKHO MPHU UCIonb3oBaHud MKD, omHako
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BBIOODP WX JIOJDKEH OBITH CTPOro 00OCHOBaH C TeM, YTOOBI UCKJIFOUUTH BJIMSHUE TPaHMIl 0071acTH Ha
pe3ynbTaThl pacuera [2]. BeiOpaHHbIe UIs pacuera pa3Mmepbl 00JacTH OTBEYAOT YKA3aHHOMY
TpeOOBAHMIO.

I'panuuHbIe YCIOBHS CIIEAYIONIUE: OTCYTCTBHE PAUATBHBIX TiepeMertienuit (U ) Ha JeBoi u
MpaBOi TpaHUIaX, OTCYTCTBHE BCAKHX IepeMerieHnid (U W V) Ha HIDKHEH TpaHUIlEe, OTCYTCTBHE

HANpPSDKCHNH Ha CBOOOMHON 4YacTH BepxHeil rpaHuusl (O, U 7,,), HOCTOSHCTBO BEPTHKAIBHBIX

nepemerteHnii (W) moJ )eCTKUM MITaMIIOM M OTCYTCTBHE TOPH30HTAIBHBIX mepemerieHuii (U ), T.e.
IITaMII UMEET TIOJHOE CIICTUIEHWE C OCHOBAaHMEM, a ISl PaBHOMEPHO-PACIPENICICHHOM Harpy3Ku

BepTHKanbHasg o, = P n oTcyTcTBHe KacaTenbHBIX HanpskeHnid 7, =0.

TpeyronabpHble 3J€MEHTHl OOBEOUHAIOTCS IONApHO, 00pa3ys MPSIMOYTOJBHYIO CETKY.
Ilepemerienns BBIYMCISIOTCS B y37ax CETKH, a HANPSKEHHS B LIEHTPaX TPEYTOJIBHBIX 3JEMEHTOB, U
3aTeM OCPENHAIOTCS MOMAPHO IS IBYX JIEMEHTOB, COCTABIISIFOIINX MPSMOYTOJIbHUK.

HepaBHoMepHocTe MoAyns JgegopManuy  yYUTHIBaeTCS NpUOMIKEHHO. B Kaxzom
TPEYroJbHOM 3JEMEHTE MOIYjb NPHUHUMAETCS MOCTOSIHHBIM W PaBHBIM €r0 3HAYEHUIO B LIEHTPE
TSKECTH, T.€., €CIIH JUIsl BEpXHEH 4acTH OCHOBAaHUS PUHUMAIIOCHh

E=E —-oaz, Q)
TO ISl K&XKJIOTO AIIEMEHTA B 3TOW YaCcTH MPUHUMAETCS MOIYIh NedhopMaIiuu
E,=E -az, 2

rjae Z,—riryOMHa HEHTPa THKECTH DJIEMEHTA.

B pesynbrare uncieHHOro pacdera ObUIM IOJIY4EHBl BCE KOMIIOHEHTHI HaNpsHKEHHO-
Ie(OPMUPOBAaHHOTO  COCTOSIHMSL ~ OcHOBaHWsl. OnmHako, Uil aHauM3a M CPaBHEHUS C
9KCIIEPUMEHPTATBHBIMI JaHHBIMH CAENAHA BBIOOPKA 3aKOHOMEPHOCTEH pacnpeneieHnsl BepTUKATIbHBIX U
TOPU30HTAJIBHBIX HANpPsDKCHUM, MEPEMEIICHUA W SHIOPhl KOHTAKTHBIX HAaNpsbKeHUU. PesynbTaTsl
Npe/ICTaBICHBl B BUJE dMMIOp Oe3pasMepHOro Buja. Tak, HampuMmep, HaNpsHKCHUS MPeNCTaBlIeHBI B
BUJIE:
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Harpys3ka.

be3pasmepHOCTh IEpeMEIIEHUI BbIPAYKE€HA B CJIEIYIOIIEM BUJIE:
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Ha puc. 2 npeacTaBieHsl 3KCIEpUMEHTATBHAS JITI0Pa PACTIPEACIICHUS KOHTAKTHBIX JTaBJICHUMA
W pacyeTHBIE JIMIOpPHI 10 CXeME€ OJHOPOAHOTO W HEOJHOPOIHOTO IJMHEHHO-Ie)OopMHUPYEMOTo
OCHOBaHUS C TIEpeMeHHBIM MojyjieMm nedopmarmu o riayomne. llpm pacdere, yder mM3MeHEHHS
MoayJis iehopMaliui TPyHTa, ¢ MAKCUMAJIbHBIM 3HAYCHUEM Ha MOBEPXHOCTH U IMOCIIEA0BATEIbHBIM
YMEHBITICHUEM C TITyOWHOH, MEHSET 3MI0OPY KOHTAKTHBIX NABJIEHUN MO CPAaBHEHUIO C OJHOPOIHBIM
MoJynpocTpaHcTBoM. [lpu STOM, mpakTUYEeCKHM BO BCEX TOYKAax, AJII HEOJHOPOIHOTO OCHOBAHUS
KOHTakTHOe maBienme Ha 10-25% weHsbIme, 4em Uil OJHOPOJHOTO, 3a HMCKIIOYCHHUEM KPACBBIX
obmacrei. Dmiopa KOHTAKTHBIX TABJICHUHN, C YY4ETOM HEOJHOPOIHOCTH OCHOBAHHS IO >KECTKOCTH,
OJIMXKe OMUCHIBACT IKCIIEPUMEHTAIBHYIO JITIOPY.

Ha puc. 3 mpencraBieHbl OTHOCUTENBHBIE OCAJIKH JKECTKOTO M THOKOTO IITaMIla U BEPTH-
KaJIbHBIC TEPEMEIICHUS MOBEPXHOCTH OCHOBAHHUS [UIS HEOJHOPOIHOIO JIMHEHHO-Ie)OpMUPYEMOTro
OCHOBaHUS, a0COJIOTHBIE 3HAYEHHUS OCAJOK JKECTKOTO M THOKOr0 INTaMIia W BEPTHKAIbHBIC
nepeMenieHus ocHoBaHus [3]. B akcmepuMeHTe MMEETCsl HEKOTOpOE pa3iudrie B MHTCHCUBHOCTH
3aTyXaHUs IEPEMEIICHUNA OT IEHTPa K MepruepHHBIM 00JIaCTIM.

Onmnako, 0o0BeM OCAJKH OCHOBAaHWS TI0J] PAaBHOMEPHO-PACIIPEACIICHHON Harpy3kod, Kak B
9KCIIEPUMEHTE TaK U B pacyere, Ha 25-40% OoJbIe YeM 1Mo/1 )KECTKUM IITaMIIOM.
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Puc. 2. DkcnepuMeHTAIbHAS M PAcYeTHbIE JMIOPbI KOHTAKTHBIX HANPSIsKeHU i
1 — skciepuMeHTalbHAS; 2 — OTHOPOIHOE JI.JI. OCHOBaHHUE; 3 — HEOJHOPOIHOE
JI.JI. OCHOBaHUeE C NepeMeHHbIM E 1o riyoune

THOKHHA ITaMn SRECTKHH IITAMIT
14 12 10 08 0.6 04 02 02 04 06 08 10 12 14
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Puc. 3. OTHOCHTEIbHBIE 0CAIKH H BePTHKAJIbHBIC IIepeMelll¢HHS OBePXHOCTH JJIsl
HEOHOPOJHOIO J.J. OCHOBAHHSA
1 — pacuetHsIe; 2 - SKCIIEpUMEHTAIbHEIC

Ha puc. 4 npencraBneHsl 3MIOPbl BEPTHUKAIBHBIX CKUMAIOMINX HANPSHKEHUH TOJ IEHTPOM,
KpaeM | 3a MpenenaMu, Ha paccTosHur 20 CM OT KpaeB IITAMIIOB, MOTYYEHHBIX B IKCIIEPUMEHTE H
pacyeToM It OJHOPOJIHOIO U HEOJHOPOAHOTO MOIYIIPOCTPAHCTBA.

Bo Bcex ciydasx BHJHO, YTO pAacyeT, BBINOJHEHHBIA C YYETOM HW3MEHEHHS MOIYJs
nedopmanyy no TayOuHE, MPHONMKACT PAacCUCTHBIC 3HAYEHHS K HKCIIEPUMEHTAIBbHBIM. M3 3TOTrO
CIIEAyeT, YTO MPH pacueTe HalpsHKEeHHO-AC(GOpPMUPYEMOro COCTOSHHS OCHOBAaHHSA TOA AEHCTBHEM
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JKECTKOW ¥ THUOKOW Harpy3ku HEOOXOJMMO YYUTHIBATh JKECTKOCTh OCHOBAaHUM U Xapakrep
pacripenenieHusl 3TOW JKECTKOCTU IO TiyOuHe. PacxokieHue SKCIEpUMEHTANBHBIX 3HAUCHUH C
pacueTHBIMU MOXXHO OOBSICHATH KaK HEKOTOPOU MOTPEITHOCTHIO M3MEPEHNH B IKCIIEPUMEHTE, TaK H
BO3MOKHOW HETOYHOCTBHIO 3aJ]aHHBIX B pacdyeTre 3aKOHOMEPHOCTEH paclpeneleHHs KXECTKOCTH II0
rryoune. Takxke cleyeT OTMETHTh, YTO YCTAaHOBKA JAaTYMKOB JABIICHUS B CTOJIb JKECTKUW MAacCHB,
KaKiUM SIBJSUICA B MOMEHT NPOBEACHHS WCIBITAHUN JIECCOBBI TPYHT, MOTPeOOBa0O W3MEHUTH
0TpabOTaHHYI0 METOAWKY 3aKJIaJKH JAaTYNKOB IyTEM WX BIIABJIMBAHHS, U MEPEUTH HAa WX 3a0UBKY.
3a0uBKka NPUBOAUT K OOJBIIEMY HApPYIICHUIO MPUPOJHOTO CIIOKEHUS TPYHTA W  BBI3BIBACT
JIOTIOTHUTEIHHBIE TTOTPEIIHOCTH B ONPEACIICHUN HATIPSDKCHUM.
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Puc. 4. Jnopbl BepTUKAJBHBIX CKMMAIOIIUX HANPSIPKEHUH B NpeAesax U 3a NpeAeiaMu IITaMIa
1 — 3KcriepUMEeHTaNbHBIE; 2 — pacyeTHBIE ISl OTHOPOJHOTO OCHOBAHHS; 3 — pacueTHbIE U1 HEOJTHOPOIHOTO
OCHOBAaHMS

CpaBHEHHE pACUETHBIX M OKCIHEPUMEHTAIBHBIX 3HAUYEHHH BEPTUKAIBHBIX CHKHUMAIOIINX
HaNpsOKEHUH MO/ LIEHTPOM M KpaeM IITaMIia, IMOKa3bIBaeT, YTO B OCHOBHOW C)KMMaeMOH 30HE, N0
OJTHOTO JMiaMeTpa IITaMIIa, HanpsbKeHUs 1Mo ruOKkuM mramnoM Ha 20-40% BbIlIe YyeM IO KECTKUM.
OTO U sBJISETCS MPUIMHOM, IPUBOISILIEH K OOJbIIeii Ocagke OCHOBAHUS 1101 ICHCTBHEM PAaBHOMEPHO-
pacnpeneneHHON Harpy3KH, YeM MoJI )KECTKUM IITaMIIaM.
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SUMMARY

THEORETICAL AND EXPERIMENTAL ANALYSIS OF THE RESULTS OF STAMP TESTS
Vacharadze V.V. and VacharadzeB.Sh.

Georgian Technical University

The paper deals with the results of comparative tests of a hard and a flexible stamps on a little wet loessial base.
The diagrams of distribution of contact and vertical compressive stresses, and of the base surface displacement
and stamp settlement are given. The design outline of the base in the form of inhomogeneous linearly
deformable half-space with a variable deformation modulus by depth is offered. In the result of the numerical
calculation, all the components of the stress-strained state of the base were determined. The comparison of
design and experimental data showed that it is necessary to take into consideration the base rigidity and rigidity
distribution in depth.

Keywords: hard stamp, flexible stamp, loessial base, contact stress, vertical compressive stress.



80 bddSENIILN LSObIN6AH() 0SS I60, GEORGIAN ENGINEERING NEWS, A24, 2016

ORI 3M6GBIBANMIBINR(O VISRTIIG3IN0 BIMJIdoRO 6030)03@AdIdOL
JFIRLOOL 33RI3dS RS3MAOSBHMB0IR 3065(MdIdT0

V565T960d9 0.3, 3od™dg g.g-

Lodotmnggameml &9db0s9600 96ogg@Lodagdo
Ldgbogoao

999 bos [o@dmoeagbls sdmboydols ygo®xogols boxg® blbos®do gdygmao®gdoen
obganol bgol ,,{ysa-bgmdo“. [o@mdmwagboano Lodydoml dobsbos bods@mggenmls
d5bombyg  oOlgdymo  bgoeggmon  Ygaggddbs  obgmo  Fyoadgdiggmo  gdgeloy@o
Qgmdgdoo  bogmogdgdgdo,  @Omdggdoz  msgolbo  gbgdygBogamo  dohggbgdargdoom,
sdbogdols  Lodo@Bogom s booosgom  oszdogmgomgds  dolby  [oygbgdyen
dombmgbgdl.  sdsgodmymsw  gdgambool  gOm-g@mo  do@omswo  dmmbmgbs b
53004mRo@ gdbegl 300mdsl - o3 gdgmbosby sdbowgdymds ggmgdomds bogmog®mgdsd
do0g@momols  Pyamol  bggddo aogmobsl s  dodydmomTo  boba@darogo  @G®om
4ogbolsls dgobs@hbml LEOYJH YOS ©s Towomo wgHMbsiEoy®o mgoligdgdo.

2. d0G0m>©o bsfomo

Jo@omsws gdgaloydo jmb3gbd®omgdymo ggmndgdbswo bomgggdo aodmoygbgds,
bgdoldog@o  Lodog@ols  Jobgddo, (ymosbo dodg@woemgdols  sboggmgdmsw.  @owo

IV omdmgdaa@dmdols 3oMm0gMgddbyg swbodbygmo ggmdgdowo bogmogdgdgdol hoGgodmgs
Tyeosb dodydmoamgdbdo bpgds b3gEosmymo sddgb@ggemo doblsbgdomn (yamol Lgg@ol
J39doob,  bomarm  Lbgs  dgdmbgggsdo  sbgmo  Godol  ggmgdowo  bogmog®gdgdols
hoBgo®@mgs bgds ©ogobbyao Josldgdom (Fobgdol goyk®garsw), Goms @ dmbogl
Rgndgdoo Iologrols Fyoendo goblibs (Isbognsdo Fyamol dgmFggs), gl ggoboligbgeno go
5330090L  dodydmoamTo  ggmdgdoo  bogmoggdgdol  bobmgsb  gbgdaosl, @owysb
dob@ol  kody@woendo  mogolyRmse  holiganol  3G0bGodosb  godmdwobs®yg  dobidols
©005d9BM0  dodyO@ools ©osdgB®ol 0,8%-1 dgoagbls [1].

obggg bmdogros, @mI gdgelos Fo®dmoagbl sdmboydol ggodx ool boy 9@
blbo@do gdyeao®gdye ©obgeols bgml, ,,{gomo-bgmdo®.

b9dm  obobymoEsb  Aodmdobamyg, dobbop  @ogolobgm  Ygaggddbs  oligmo
Tyoedgdiggero  gdgeboydo  bogmog®gdgdo, @mdmgdoz  msgobo  9bg@agB 0 90
dohggbgdegdom, ©odbowgdols Lodo®@ogoms ©s Loosgom  ssgdsgmgomgdos  doliby
Fodmygbgdyen  Jmonbmgbgdl.  sdogo@mygmos,  sbanswdgdbogro  Fyoendgdzggero
Qgndgdoo  dsbogngdols  gOm-gOmo  doGomswo  dmmbmgbs  gbrs  53dsgmuoe gdogls
300M35b-g90Jgdoo  b0gmog@gdols gok@oao JobBom (bsbmgobo gbgdaool asb@@ols
dobbom) dodg@woaol  Fyarol  Ugg@do aogmobol o  dody@womdo  boba®derogo
OOM0n  yoxnbolsl dgobs@hygbml LEOYJH YOS ©s dspomo ©gHmbszoyg®o mgolgdgdo.
999ebools  sdbowgds  bpgdbmes oo 3mbgbBMomgdygmo  (80-85%)  sdmboydols
a3o0x0ols boxg® blbo@do ULbgoslbgs dodizol obgemols bgmgdol gdyaaodgdom.
>d 935b5L3bge0 by ©05dM 30 Yo YE0s 999 lools Lodasb@g S Lod 336039,
9Jb39M0396@gbolomgol  godmygbgdyao  odbs  bobdo@fgomdogdols  bsgdmgdo, ddody
©obgeols bgmgbdosb 3o@ox0bols dgdig9e0 bgmgdsdwy.

boxg® blbo@To bgmol gdyaaodgds dmbps domogo bgwsdo@ygemo sJBogmdols
dJmbg bogmogdgdgdom. 3ocgger dgdmbgggsdo, Ladbol IMg(ggemdsdo  aodmygbgdyao
mdbogmogodgdygemo  ggbmaom  (OII-5), dgmeg dgdmbgggsdo CH,OHCHOHCHOH
Lado@mdosh Lb3odEbg wodbopgdymo aaoig®obol gmg@om. dowsao gmblolEgbizosby
boxg® blbo®do, Lbgowslbgs dodgzol bgmgdols (AC-4, AC-8, obpdyl@d@dogmo bgmo ©s
15W40) g3geao®gdom dogowgm gdgelogdo, Gmdgmms godmEesi dmnbes @sdbm®s@m-
M0 300md9ddo. godmis bpgdms gdgmasizool ba®obbbyg, gdgebool Lodyzg®oggby
s>  dob  gmblobRgbzosby ao(303900L  HYd3g@s@d Y@ ygmo  Mgg0dol (33580 gdoMdols



LSISANEIR I bS506IN6( bLOSELI60, GEORGIAN ENGINEERING NEWS, Ne4, 2016 81

dobgogom, sbggg Vyoerdgogamdoby. @odbmds@m@oyge  300mdgddo  9Jb3g@m0dgb@gdo
boBodws Mm@ g@odo: 30Mzge dgmbgggsdo bgdmm s@bodbyeo bgmgdols gdygmao®gdsls
boxg® blbo®do gobpgbwoon mJbogmomo®gdymo  ggbmmom, bmamem  gdymasios
Joddmgdms  Ggddml  Lodysangdom, @mdeols d@ybgoms @oigbgo  dgowygbos 900
6@/Fo-do. dgmdg dgdmbgggedo, 0dsgg doboagdby, gdygaasicos dmbws aaoig@obols
90g00m  L3gosmy@o  Logdygmaszom  835Ms@ol  obdo@gdom, @mdmols  d@ybgoms
Goibgo dgoagbes 300086/ (m-do. dmgobeobgmn ©s3300390s @m0l dobggom (wggdo,
3300 gd0), 100 33 ©osdgB®obs s 2000 33 Log@dols dobols dogndo.

OMam® 3 3bmdogmos, gdygalbool sxggmgdol gbodo ©sdmogdygaos ©sdgobagyg-
ol o Lolgogol gobgdol  dgmdo®gmdsbg. olobo  syEomgdmse  9bos  ogml
0nbggoo. bgdmo hodmmgeog bgmgdby wodbowgdygemo gdgalogools ©sdgsobyggeo s
Lofgog0  goboll Jpgmdodgmds  ©sdmgowgdgmos  gdygambools 5303900l Lobjomgby.
999 lools Lf®ogom go3oggdolol bpgds bo@d@s@dgdol blbos@oli jmogasios dgoe-
Mgb00m o (ggmgdse ©s domo g@ol@omobsios. 3bmdomos,@md mJbogmomodgdygero
RQgbmeon  gIgmaogdygmmo gdyambogdo JEy@smdsl 0bs®hybgdl 48 Losmol aobdsg-
gomdodo. d9dgy 07990l mobomsbmdom aogmasls s LOYmo goymas bpgds 7-8 wwg-
©539do. m@aobyo Lo gogol Bobogy® doboslosmgdangdbgs ©odmzowgdygeo gdyalools
Lodgnsb®dg s LodgMogg. @odm@s@m@oyge  300mogddo  aodmygmggo  0dbs
999 bogdols gobogy®o dobosbosmgdagdols dgwgagdo (3bGogro) [2].

999200930 Bobognco dsbsbosmgdengdo

999 bools
Lo gog0 999 bools bodarsb@g bodgaGog a/ba
©obgeol bgmo AC-4 nbgao gdm@hoangds aos@dddgsls 1,29
obganols bgmoAC-8 25-300 99m@hog gds gos@ddgels 1,31
0beyLE®oyg@o bgmo onbgeno 1,25
obgeols bgmo 15W-40 xgdobdsggodo, Lgemo 1,33

gbogols  dmbsigdgbosb  bomansw  Hobl,  GmI  ggmgdoeo  gdygalools
slodbogdasw  93gmgbos  3odmgoygbmo  @sdsgo bo@olbol bgmgdo, @owysh, Go3
bogargdos dolido gygobogro wods@gdomo dobs®gggdo, dom bogagdos gdyeliools Loly
35303909 Jpamdos@gmodsdo.  sa@dgmgg  o@bobodbsgos, Mmd  dzodgds  gdyalools
L0d 330039, o3 dob bogamsw 9bes hsomgoemls.

Amamai3 Fabo, goblbgsggoom Lyldgbbogdols s agagdobs, gdgabosl @3
Sbgargdgb s 5O ggeoBobo@gdols ¢39m9dgb, Moash gdyelosl o@ o3l Jodoy@o
LgbLodoobs@m®gdo, dobo Ig@dbmdgarmds, ©gH™bsizool ¥bodo s ©yEMbsEoy®O
LAsdogy@mods, sbggg dolo  bodiMogg ©sdmgogdygeos  gdgeliosdo  gobogygdo  ob
Jodoyg@o gboon dgyggboamo 3og@ols by yaszgdol dgdiggmmdaby [1]. hggbl dgdmb-
393570, gdgeobosdo dgygsbogro odbs  LgblodogoboGm@sew sdmboygdols ygo@dxomols
30067 gdo.  sdbowgdymo  gdgablogdol  godmEsd  Fyomdgwgamdsby,  @odm@e-
AMO0YgE 300mdg6do, oggobobs, MM 39A 3 gOhmo gdyabos Fymol bggddo gogenobsls
390 0b650hybgdls Jpa@omdsl. Fymol ULgghdo gogemomsl bpgds gdyeliosdo Fyanols
dgoFgge o dobo yoymags.

999 bools  (gomdgogamdol  Jobosw(ggo  dogdodmgm  gdgebools  LEHGYIH-
0@9b5L  bo@®oydbognogoBom. dglidgmgdsl gobwgbwom: gom dgdmbgggsdo  bygms

3506m JLbodgmog3gergamboon (393), bomam Jgmdg dgdnbgggsdo ds@sgn3menodg@yen
REM 39000 I5boBem 3-10-0m. godmEE oo hsBo®s @sdbm@sGM@oym 30GMbgddo.
3°3043093000L Jgrgpsr ©owyobrs, M Fgdolfjmgdman padmygbgdgme 33G-U
dgdmnbgggedo  gdgabos  Fyaol  ULggddo  goganolols  0bo@bhybgdl  dpg@dopmdsl.
sdogdmygas, gdgebos bpgds dogo®o ©s odmgggs  dobo  doGomswo  3M0bodo,
Lofgogobs o ©sdgobaggemols Bobgdo oG 0dymygos mbggee damds®gmdsdo. s@bs-
bodbogos, @md 333 gdgebools g@sgl gOmo dodsGmygmgdom, boerm  dos@og3meno-



82 bSISENIILN LSObIN6AH(™) 0SS I60, GEORGIAN ENGINEERING NEWS, A24, 2016

dgogamo  dogbogerm3-10-0m  gdgeliools dobs 033Gg0s yggers dods@mymgdom, bogds
danobBo, (gangowo s dob goohbos ¢bs®o  gdyebool ™m@ogg Bobs dgobo@hybmls
nbggo Jymds®gmdsdo. Fymol Ubggddo gogemogsl  gdygenlbos o0bodhybgdls dwyde-

OmdslL, OmEglsg LAOYIPHYGOoL dgdfdbgamo bs@@oydlbogmogs@ols s dgdslJgegdenols
doboge e 3-10-0l M3Fodo@yg@o @omegbmds dglsdsdolbs@ dgoygbl 0,15 s 0,26%-L.

3. ©sbggbs

999 bools 3Mb39bB®s300, 39(303907g damdo@gmdsdo, dogn0sbow
©05dM 30 dYEos MmAASbymo bo(gogol Bobogy@ doboslosmgdbagdby, boam Lsfgegol
999900965 oo 3mb(39bH®0Mgd e sdmboydol  ago@xomol  boxg®  blbs®To -
domoabgosdo@yme  o5JBoyg®  gdgmasdm@ by, domsao  ba@olbols  gdygenlools
dobowgdo, dobobdgfmboaos, sdmbogdols agodxomol  baxg®  blbo®do  Lofgogor,
Lodo@mdosh  L3odmAby  sdbowgdygemo  aeoig®obom, 0bEylGGoymo ob  obgamols
bgool  AC-4-ol  gdgmaodgds. gdgabools Fysadgogymool bOybggeymas  Fymols
bggBdo  gogeololl o  (yogdo  bobpdamogo  ©@@®ol  aobdoganmdsdo  gmeabolsl,

‘dglodgngdganos dolo LAO9JBaH0bgdom do@o3mer0dg@eyeno RED ) JYASEDOM
dogbogganm 3-10-0m s bo@®oydlognogs@om.

ROBIHOBIBS

1. bapon JL.U., Kantop B.X. Texnuka u texHonorust B3pbiBHBIX pabot B CLIIA. -Mocksa, Henpa, 1989, 376 c.
2. Kosanenko W.JI., Kympun B.II. O6GocHoBanue BBIOOpasMyJbraropa MaTpUl] 3MYJbCHOHHBIX
B3PBIBYATHIXBELICCTB Ha OCHOBE aMMHAYHOW M KaJbIMEBOH cenutp. //BOmpochl XUMHUM M XHMHYECKOM
texuoaorun, 2001, Nel, cc. 87-90.

SUMMARY

LABORATORY RESEARCH OF THE EMULSION OF HIGHLY CONCENTRATED
WATER-CONTAINING EXPLOSIVES

Sharashenidze T.V. and Gabodze V.K.

Georgian Technical University

The paper deals with the laboratory research of the emulsion of highly concentrated water-containing explosives.
It is possible to introduce air bubbles into the emulsion by using microporous or porous substance powder, but,
taproduce a concentrated waterproofemulsion explosive, we used ammonia nitrate granules. To prevent the
precipitation of granules in the emulsion, we condensed the emulsion chemically. We found that, withthe use of
Carboxymethylcellulose (CMC) as a thickener, the emulsion preserved its stability. At the same time, the
emulsion consolidated and its main character destructed, in the phase of burning and oxidation, it was not in a
liquid or viscous state. The emulsion bulkis bound by highlypolymeric Magnafloc 10 in all directions. It
becomes viscous and ropy. Testing of the prepared emulsions on waterproofness showed that, passing through a
water column, none of the emulsions preserved stability. When the emulsion passes through the water column,
water enters the emulsion, and the emulsion gets divided. Passing through the water column, the emulsion
preserves stability if the optimal amounts of structure-forming sodium silicate and thickener Magnofolc 10make
up 0.15 and 0.26 %, respectively.

Keywords: granules, detonation, emulsification, emulsion, coagulation, concentrated sensitizer, structure,
waterproofness.
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SUMMARY

ASSESSMENT OF THE EFFICIENCY OF THE CONCENTRATED EMULSION EXPLOSIVE IN
FIELD CONDITIONS

Sharashenidze T.V. and Gabodze V.K.

Georgian Technical University

The paper discusses the production of a simple concentrated emulsion explosive and the assessment of its
energetic effectiveness. The explosive substance used in Georgian mining industry is much simpler than other
explosives of the same purpose from the point of view of its production. Explosive components are available
locally. For research purposes, concentrated explosive substances of different percentage composition were
fabricated. For reliable assessment of the performance of the concentrated explosives, the test and reference
explosives were exploded in a homogeneous limestone massif. The tests showed that the determination of
specific performance of explosives by the method of crater formation is less accurate, but simpler and easier to
implement as compared to laboratory methods. The sensitivity of water-containing explosives to initiation
depends on the temperature of the explosive. As a rule, an increase in the temperature causes the sensitivity to
the initiation impulse, and a decrease in the temperature decreases the sensitivity. The results of the tests showed
that, passing through the water column of a well, the mixture of percentage 40/60 and 50/50 preserves high
waterproof and high energetic properties, which were no worse than those of the reference explosive. Besides,
with temperature fluctuations it is necessary to adjust the striking cartridge mass, particularly in winter period the
cartridge mass has to be increased by 60-70%.

Keywords: emulsion, water-containing explosive, explosive, detonation, sensitizer, initiator, waterproofness.
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JKEJIE30-MAPI AHIIEBBIE PYJIONPOSBJIEHUS MAHKOIICKOM CEPUU KABKA3A
Maxapanze A.H.
I'ocynapcTBennsblii yaupepcnter Axkakus Lleperesm, Kyrancn

Ha KaBkase B MaMKomnckoil cepun (ONHTOLIEH-HIDKHUN MHOIIEH) BO BCEX PETHOHAX eé
pacmpocTpaHensi BCTpPEUAIOTCS IKele30-MapraHUeBble pPYyIONPOSBICHUS, KOTOpPblE B OCHOBHOM
NpUYpPOYEHBl K MAaWKOINCKMM TJIMHAM, SIBIISIOIIUMUCS OOpa3oBaHUSIMHU 3aCTOMHOW, 3apakeHHOMH
CEpOBOJIOPOIOM CPEIBI OCATKOHAKOTIICHUSL.

B maiikornckoil cepun MOBBILICHHOE COAEp)KaHUE >Kelle3a U MapraHiia, B BUAe KapOOHATHBIX
COeIIMHEHNH (MaHTaHOKAJbIUT, CUACPUT, MAHTAHOCUIEPUT, OJTUTOHUT), IPUCYTCTBYIOT B CENTApHSIX,
JAMH3aX W JMH30BHIHBIX IPOCIOsSX. B 30HEe rumepreHesa STH Tena IOKPBHIBAIOTCS OKHCIAMH H
THIPOOKHCIIaMH JKejle3a M MapraHia, KOTOpble O0O0pa3yloT TakKe MPOIUIACTKH W TPHMAa3KH 110
TUTOCKOCTSIM HAIUIACTOBAHMS U TPELIMHAM MaWKONCKHX TTHH. COOTHOIICHUE COACPKaHMs Kele3a U
MapraiHma B PyZHBIX 00pa3oBaHHs BapbuUpyeT B MIMPOKHX npenenax. CopepkaHue Maprasia
nocturaer 20%, xenesa — 40%. B oTuX Temax oTMedaeTcss TakKe IOBBILICHHOE COIEpPXKaHUE
HEeKOTOpbIX MeTawioB (%): Zn — 0,27; Ni — 0,3; Cr — 0,5. MuHepasbl Maprasiia u xeiie3a B 30He
THIIEpreHe3a MPeCTaBICHBI OKMCIAMU M THAPOOKUCIAMH.

VYcnoBust (OPMHUPOBAaHHS STHX JKEIE30-MAapTaHIEBBIX PYHAONPOSBICHHH  CYIIECTBEHHO
OTIMYAIOTCS OT YCJIOBUH (POPMUpPOBAHUS HIDKHEONUTOICHOBBIX MapraHlEBBIX MECTOPOXKICHUN
Umnatypckoro tuna [1,2].

B oOpazoBanum jKene30-MapraHIeBBIX KapOOHATHBIX  JIMH3 M TIPOCIIOEB IECYAHUKOB
[IEMEHTOM TaKOBOTO € COCTaBa, 0cO00 BaXXKHYIO pOJb UTPaTH (U3HKO-XUMHUYECKHE PEKUMBI
0acceiiHOB O0CaJKOHAKOIJICHUSI W TMPOLECCHl AuareHe3a. BO3HMKHOBEHHE PYIHBIX Tel 00s3aHO
runeprene’y. Malkonckuid 0OacceiH, 3apaskeHHBI CEpOBOJOPONIOM, XapaKTEpU30BAJCS HUIKUM
sHaueHusmu PH, Eh  u BbIcOKMM comepaHHeM OpraHHYECKOro BellecTBa. Takue yCIOBHS
CIOCOOCTBYIOT HAKOIUICHHIO MapraHila B MOPCKOH cpele B pacTBOPEHHOM BHJIE B KOIMYECTBAX
NPEBOCXOJIAINX JKele30. B OacceliHax  3apakeHHBIX CEPOBOJIOPOJIOM, BBHICOKHE KOHIIEHTPAIUU
MapraHIa oObIYHBI IPU €ro MPUBHOCE B KOJIMYECTBAX, HE MPEBHIIIAIONINX KIapKoBble. B Maiikonckom
ke OacceliHe ['py3un yacTh MapraHiia, cojepkaascs B 3apakKeHHOM CEpOBOZOPOIOM MOPCKOIT BOJIE,
HE HCKIIOYEHO, Oblla paccesHa THAPOTEPMAaIbHBIMH PACTBOPAMU, SBISIONIMMUCS HCTOYHUKAMU
HIDKHEOJIMTOIICHOBBIX MECTOPOXKACHHH M TPOSBIEHWH MapraHia. He BbI3bIBA€T COMHEHHE, 4YTO
pacCesiHHBI THAPOTEPMAIBHBIA MapraHell Wrpajl OCHOBHYIO pOIb B (OpPMHPOBaHMH JKelne30-
MapraHieBbIX PyTHBIX Tel B 30HE NAIbHETO BBIKIMHUBAHUS HIKHEOJIUTOIICHOBBIX MECTOPOXKICHUN
Maprasia.

Co cpenHero onuromneHa, ¢ Ha4ajaoM Mporecca CepoBOIOPOIHOTO 3apayKeHNUs], B MOPCKOH BOJIE
NPOMCXOJMIIO TIOCTETICHHOE YBEJIMYeHHE cojaepkanus Maprania. Co BpeMeHEeM KOHIEHTPAaIus
Maprasiia JOCTHIJIA TpeJelia, MPEBBIIIAIONIEr0 ero pacTBOpUMOCTh. Kpome Toro, B pesynbTare
HayaBIICHCS PAaHHEMHOLICHOBOM perpeccuu npousouutn m3MeHenus pexxuma pH, Eh u pCO;
OacceiiHa, BbI3MBaBILINE MOHW)KEHUE PAaCTBOPUMOCTH Mapranua. OTMeueHHbIe (akTopbsl 00yCIOBHIN
BBINAJICHUE €r0 B TOHKO PACCEIHHOM W aJcOpOMpPOBAHHOM BHUJE W OOOTallleHHe WM TJIMHHCTO-
OJIEBPOJIUTOBBIX OCaIKOB. J[OKa3aTenbCTBOM TIOCIEAHETrO CIY)KUT JKele30-MapraHueBblii cocTaB
KapOOHATHBIX JIMH3, KOTOpBIE 00Pa3yloTca B MpoLEcce TUareHe3a MpH HU3KOM CeAMMEHTAHOHHOM
oborameHny ocajka MapranioMm. Urto KacaeTcsi IPOCIOCB TIECYaHWKOB, TO WX oOOoramieHue
MapraHieM OOBICHSETCA M0 cxeme, Koropas Opuia mnpemiokeHa H.M. CrpaxoBeim [3] s
o0bsicHeHus reHesuca Jlabuuckoro mecropoxzaeHus. CorimacHo €i, W3 OOOralleHHBIX B MEPUOJ
CEIMMEHTOTeHe3a MapraHIeM IJIMH U OJIEBPOJIUTOB, B IpoIlecce UareHesa, pu YIUIOTHEHHH 0CajIKa
MPOKCXOJMIO BhDKMMaHHE M NepeTeKaHue Kejle3a W MapraHia B BHJE OMKapOOHATOB B COCEIHHE,
Ooiee KpyHmHO3EpHHUCTbIE 00pa3oBaHHA — B IECYAHHCTBIE OCAAKH, TJI€ OHHU BbBIIAJald B BHIE
KapOOoHaTOB. DT0 OBLIO 00yCIOBIEHO pa3HbM peskumoM PH, Eh 1 pCO; B rimmHKUCTHIX M IECYaHUCTHIX
OTJIOKCHUSX. B MecuaHuCThIX OTIIOKEHUSIX, 10 CPABHEHHIO C TNIMHUCTHIMH, OTMEUYAETCs HEKOTOphIE
noseimeare pH, Eh u mommkenne pCO,.

[locne MoOunu3anuy MapraHua B cocTaBe KapOOHATHBIX TeJ MPH Mpoleccax TuarcHe3a ero
3HAUMTENNbHAsl YacTh OCTaBaJach B OCaJKe B paccesHHOM Buze. JlampHelmiee mepepacnpereneHne
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A&KeJe3a U MapraHia NpOUCXOJUJIO B 30HE THIepreHe3a. OToMy CIOCOOCTBOBAJIO OTAEIHHOCTb IOPOJ
M0 CJIOMCTOCTH U TPEIIMHOBATOCTh, 00ECIICUHBAIONINE [IUPKYJIIINAI0 HHPUIBTPAIUOHHBIX BoA. [lof
BO3/IEHCTBHUEM IIOCIIEIHUX OPIaHUYECKOE BEILECTBO OKHCISUIOCH, MapraHell U JKeJIe30 CBS3bIBAINCH B
OuxapOOHATHl ¥ BHIHOCHIIMCH U3 IMIMH. Ha MOBEpXHOCTH OHU OKHUCISUIUCH C 00Pa30BaHKEM JIMH30YEK,
NPOXXKUIOK M KOPOK  OKHCHBIX JKEJI€30-MapraHIeBbIX pPYyA, OOBOJIAKMBAIOMIMX M 3aMEIIAIOLINX
TJIMHUCTHIE TIOPOJBI.

OTH THUNBI PYNOHAKOIUICHMS HAa YPOBHE HIDKHETO OJIMIOLEHA 3aciyXHBalOT 0C000Tro
BHUMAaHMs, TOCKOJIBKY HE MCKIIOYEHO, 4YTO, palloHbl HMX pacHpOCTPAaHEHMs SIBISIOTCA 30HAMHU
JIabHETO BBIKIMHMBAHUS HI)KHEOJIMTOLIEHOBBIX MecTopoxaeHud Yumartypckoro tuma. [Ipumepom k
TOMY CiIykuT Banu-baraganckas mosjoca BEIXOAOB JKEN€30-MapraHIEBbIX PYAONPOSIBICHUNA PaHHETO
OJIUTOLIEHA, SIBIIAIOIIASACS 30HOM JalbHETO BBIKJIMHUBAHUS MAapraHlloBOTO MECTOPOKICHUS
KBupunbsckoit genpeccun.
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SUMMARY

IRON-MANGANESE ORES OF MAYKOP SERIES OF THE CAUCASUS

Makharadze A.l.

Akaki Tsereteli State University, Kutaisi

Iron-Manganese Deposits of Maykop Series of the Caucasus formed in the hypergenesis zone in the result of
oxidation of iron-manganese carbonate bodies contained in Maykop clays.

Keywords: iron-manganese ores, Maykop series, hypergenesis zone, carbonate bodies, oxidation.
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3boogmo 1. gem@sigool gJu3g@odgb@gdol gwgygdo

No ocu, % P, 33/ | dup® | R3@@ | Ba@E | Pou% | Paw% | v, %

1 2 3 4 5 6 7 8 9
1 0,3 1170 5 15 50 13,8 58 0,75

2 0,3 1190 10 15 100 14,2 6,1 11

3 0,35 1200 25 20 115 16,5 7 1.8

4 0,35 1200 25 25 115 17,3 7,2 2,1

5 0.4 1220 28 23 200 18,2 7,3 2,2

6 0,4 1225 30 25 200 19,1 8,1 2,3

7 0,35 1200 20 30 300 15,9 6,2 18

8 0,35 1190 26 30 250 18 6,9 1,7

9 0,4 1230 20 25 200 18,2 7,1 1,9

10 04 1250 20 25 200 19,5 7,8 2,1
11 0,35 1230 30 40 350 151 5,8 1,55
12 0,3 1190 35 40 400 14,8 5,2 1,35

13 0,3 1170 35 40 400 13,9 51 14

14 0,3 1170 10 20 100 12,9 53 13

15 0,3 1210 10 15 100 12,5 4,9 1
16 0,3 1190 35 40 400 11.9 4,7 1,35

17 0,4 1235 25 20 200 18.8 6.9 1,9

18 0,35 1240 20 25 150 19,1 6.8 18

19 0,33 1210 20 24 140 19,2 7 1,9

20 0,4 1250 20 25 115 19,3 7,1 2,5

21 0,4 1260 22 23 110 18,8 6,9 2,3

22 0,25 1180 35 38 400 12,1 51 1,5

23 0,3 1185 33 36 350 13,1 4,9 1,6

24 0,3 1190 30 35 300 14,5 5 1,8

25 0,35 1210 25 30 250 16.9 5,2 1,7
26 0,25 1175 11 12 100 13,2 4,8 1,25

27 0,25 1165 14 15 100 12.7 4,5 1,3

28 0,3 1180 10 15 50 12.8 39 1,2
29 0,28 1180 10 20 50 11,9 4 1,15

30 0,2 1155 15 12 100 115 3,8 1,2

dodomspo LEsGolBogndo 8mbyigdgdo

Lodygoem 0,33 1201,67 21,80 25,27 196,50 15,52 5,88 1,63
bEobw. 3mdomgds 0,01 5,14 1,64 1,63 21,25 0,51 0,22 0,08
dg0sbs 0,32 1195,00 21,00 25,00 175,00 14,95 5,80 1,65
6. popobOs 0,05 28,14 899 | 892 | 11641 | 277 | 122 | 043
©olidg@los 0,00 791,95 80,79 79,65 13551,9 7,70 1,50 0,19
sbodg@®dos -0,21 0,46 -0,12 0.35 0,61 0,11 0,01 0,11
90603430 0.20 1155,00 5,00 12,00 50,00 11,50 3,80 0,75
doJLodydo 0,40 1260,00 35,00 40,00 400,00 19,50 8,10 2,50
xod0 9,51 34880,00 | 649,00 | 743,00 | 5845,00 | 451,90 | 170,60 | 48,05
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30m@3gbol m3G0dobsios  aygeolbdmols  ddsdmggemo  bgdmdgogdgdol  olgmo
Lbowoggdol  3cmdgdbsl, Gmdgmgdoi dgdsdgmmgdgaro bgdmddgogdgdol 3gomgdsmdols
doygbgoogoe  9bOYbggmymeagb  Jos@mygmo  Lopowggdol  (3OmE Lol bo@olbmdodogo
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0ngol  dowgdgmos  Ggdbmemyomdo  g@odgmoygdo:  slobyeo bo@olbols  3mb96-
BBl doJLodsgy@oll 4sdmbaganols dJomgds ddo@mggamo bgdmJdgogdgdol ao® 3399
RO gbdo (33500 9d50Mb0l EAML:

7(0,,d,,0,) = max;
B(q,,9,,d;, &) = const; (1).
qlmin < ql < qlmax ’ q2min < q2 < q2max ’ quin < q3 < q3max'

OmamO3 gbgosgm, ®3Godobszool 3@odg®oydo (1) dgoggds bodo §gg@ologysb-
dobbols  gybjizos, Ygboygogol gubdaos s ddsdmggaro  bgdmJdggdgdol  (330a09-
bdomdols bwg@gdo.

Bem@oizool 30miEglol 3garggol dobbom hogodws gdldg®odgb@gdo, @mIgmms
dmbso3gdgd0 Imgdymos gbdoaTo 1. odgg dmygsboaos mommgymo 3o@sdg@eols do®o-
0500 bEAsGoLBgg®o dohggbgdgano.

gbogo 1-0l dmbszgdgdom oygdgemo ofbs gam@siools 3GmEglol doGomswo
LAsB0gg®0  dobsbosmgdangdo, 3g@dme, Jds®mggero bgdmJdgogdol s@bom  3m@gas-

(309YO0 g0 s oIMI0EgdYmgdgdo (bob. 2, 3, wo 4):

vy=F(), v=71(@,), v=F(,). (2)

y = -0.0042x" +{0.1988x - 0.3992
1 R*=[0.7144

0 10 20 30 Oi,3®/@ 40

65b2. sImgopgdmgdgdo: 1 - Fygomo y=f(ql); 2 - @sgmmdomo y=F(q1,020s3),
GoEgbs3 g1 0(3gegds, 42 ©s q3-I 5Jgn Lodyseom 360Tgbgermdgdo



LSISANEIR I bS506IN6H( bLOSELI60, GEORGIAN ENGINEERING NEWS, 24, 2016 93
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R:= 0608

923603
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BmEgLsG 02 033E0gds, Ji s 0z - sdgm bsBgsee 860336genmdgdo

1%

2.5

2
15

1 ‘/ :

S| y|= -3E-05x° + 0)0127x + 0.5115

05 RE= 03707 :

0 | 03,36/
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bob4. ©SImgowgdgmgdgdo: 1 - Fggomo y=f(qs); 2 - ddsgemmdomo y=F(q1,02,03),
GmEgLss 0z 033Egds, 01 @5 G2 -b sJgo LsBgsem 3603g6gemdgdo

3OO s309M0 gganol 53GmJLodszos Inbes 3gs@s@Y@0 ©sIM 0 oY gbom,
Omdgamsi ofgm Loby
vy =-0,0042q; +0,1988q, —0,3992,

y=-3-10"¢% +0,0127q, +0,5115.

gbsdsdolbo  gm@gaszools  3mgnoEogbdgdos:  1(d)=71,4%, r(g2)=60,8% o
r(0s)=47,07%. sUggg, (1) gHoBg@odol  dgbsdsdolow, gobolsbwgds Jobbol (3mbgb-
AOSB0L Loghmem asdmlsgemol)  ©s dgbeyegol (bLogBom 3mbi3gb@@sddo 3o gbdols
> mJaml  dgdEggermdol)  ddsGmggemo s dgdsdgmmgdbgano  bgdmJdgogdgdoliogsh
05360060000 ©oIM 0 oY gdgdo:
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Y= aaqukzokse( €105 —C,0, —C403)

4
B — b2 ;1121 ‘V22q§/320€ ( )
BCu — b \V11 WZlq;VBla

gb®. 1-l dmboigdgdom  ©o  3md3oydgdgmo  3Gma®sds  Matlab-il  Lsdygoemgdom
dobes 53 20dmbobyargdgddo  dgdogogo  gEbmdo  3mgR03096B 0l Goibgomo
d60dgbgermdgdols sbyomodo. dgogpoe dogomgm (3bG.2):

3bGogmo 2. Ggadgbol gsd3mbobymgdgddo (4) Fgdsgsmo gmgx03096@gdol 36Tgbgmmdgdo

a 0.002951 bl 49.92718 b2 23.5008
K1 0.908863 yl.1 0.106871 y2.1 0.072974
K2 1.535314 yl.2 -0.11183 y2.2 -0.16606
K3 0.228258 yl.3 -0.02059 y2.3 0.024307
C1 0.026573 61 0.918995 02 1.075181
C2 0.055998
C3 0.00234

od  dmbogdgdols  aomgogolfobgdom  (4)-om  dmigdygeds  godmbabya gdgdds
doomgl bobg:

y= O 003q0 91q254qg .228 (—0.027q,-0.056¢,-0.00205) , (5)
B _ 49 93q0 107q20 112q 0021(X,0919, (6)
B — 23 5q0 073q20 166q2024 1075 (7)

gbdogro l-0l dobgogom dds@mggaro bgdmJdgogdgdol goegdsmdols brgmagdos:

5<q, <35 12<q,<40; 50<q, <400. (8)

Tygogo ©5dM 30 d g gdgddo, obiggg dobbol o Igboyogol gubiogddo
‘dgdsgo@o 9i3bmdo 30953030963 gd0l Goibgomo 360dgbgemdgdo yoboliobwgms ¢do@gl

33oRO5FmS dgmmeom 3m3309EgO Yo 3Gmy@sds «Matlab»-ols bsdygsa gdoo.

S3B0oE,  MMRMAE  J@EeGoge  gamby  9db3gO0dgbdgmo Tyt GHomgdol
dobmoggde,  obggy  opgdgmo  ggomo  ©odmgoegdymadgdo  Ggomg@oe  oegmgb
Aadbmemapoyg®o  3OmEglbol  bobosol.  39@dme, @mameE gbgosgm  dds@mggano
bgdmJdgegdgdol bdaws 0f393L 3mbEgbBOSEOL aodmlsagmmol 7 (%) 3obdsl.  dog@sd,
530839 @M, dds@mggano bgdmJdgogdol aom3ggyero, m3Bodsgydo Lowowols dgdwge
d300©gds aodmbogoamo 7. gl go@gdmgds  dogmomgdl 3OmEglol Fgdbmamaoy®o
390690030l (1)-1 dobgegomn Mm3G0dsgy@do do@mgol >¢y30egdenmdsby.

s@bodbgaro  BsBos FgbGaangdaaos dmms Gybosggarolb goGmgbaaro bsdyzboghem  @mboob
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SUMMARY

STUDY ON THE PROCESS OF ENRICHMENT OF MADNEULI DEPOSIT REFRACTORY COPPER-
GOLD ORE BY FLOTATION METHOD FOR OPTIMAL CONTROL

Enageli R.P., Gamtsemlidze M.N., Talakhadze D.G., Javakhishvili G.V., Samkharadze N.O. and
Tutberidze M.L.

LEPL G.Tsulukidze Mining Institute, Georgian Technical University

The paper deals with the study on the process of enrichment of Madneuli Deposit refractory copper-gold ore by
flotation method with the aim of its automation. . To resolve this task, based on the results of the experiments,

paired and multiple dependences between control variables (consumption of reagents: (], -the collector

represented by 1 part of butyl xanthate and 0.3 parts of Aeroflot 247; (, - the foaming agent, MIBC; (|, - the

regulator — sulphidizer of semi-oxidized copper minerals NaHS) and controlled variables (concentrate output and
content of copper and gold) were constructed. The corresponding analysis showed that, based on these
dependences, the parameters of the flotation process can be determined.

Keywords: copper-gold ore, enrichment, flotation, paired and multiple dependences.
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SUMMARY

DEVELOPMENT OF THE METHOD OF NOBLE METAL ENRICHMENT

Gigineishvili A.A. and Tevzadze D.M.

Georgian Technical University

Enrichment of minerals by a magnetic method is based on magnetic susceptibility of mineral particles (frag-
ments) and the coercive force under the influence of an inhomogeneous magnetic field. When studying the
permanent magnetic field, we analyzed the Arago phenomenon in a new fashion. The objective of the investi-
gation was to achieve the effect of ore separation by making a motionless nonmagnetic conductor move. By the
developed magnetic separation method, it is possible to obtain three, instead of traditional two, products.
Because of the novelty, the complete description of the device and the details of the obtained results in the paper
are limited.

Keywords: noble metal enrichment, magnetic separator.
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MINING AND EXTRACTIVE INDUSTRIES WASTE MANAGEMENT: MODERN
APPROACHES

Andguladze Sh.N., Berejiani A.M. and Mchedlishvili G.S.

Georgian Technical University

Abstract. The paper discusses modern waste management methods and relevant European Directives, in
particular the Directives that are aimed at mining and extractive industries waste management, ensuring
prevention or reduction of an adverse impact on the environment and human health.

Keywords: waste management, mining and extractive industries, EU Directives.

Waste management problems are becoming increasingly important in the world. Mining
industry remains a major source of pollution [1]. Elaboration of safe and techno-economically feasible
non-waste techniques for waste treatment and disposal for processing businesses operating in Georgia
[2,3] in relevance to modern requirements is a pressing task.

A number of positive steps have been taken during the recent years in the field of waste
management in Georgia. However, since challenges have been accumulated in the waste management
sector for many years, there is a need for a systemic approach and the implementation of effective
actions.

International Conventions are not fully transported into national legislation. Practice proves
that, without complete adjustment of the national legislation, the implementation of the conventions is
not effective. Therefore, further transposition of EU waste legislation, its effective implementation and
enforcement are crucial for the establishment of the robust waste management system throughout the
country.

Challenges existing in the country:

* Need for further transposition of EU requirements of the AA and International Conventions
into the national legislation

* Need for full implementation of national and international requirements

* Need for strengthening the enforcement

Waste management shall be carried out in accordance with the following principles:

a) Precaution means that in order to avoid the threat or danger to the environment deriving
from waste, measures shall be taken even if full scientific certainty is not available;

b) Polluter pays means that the producer or holder of waste shall cover the costs of waste
management;

¢) Proximity means that the treatment of waste shall be undertaken at the nearest appropriate
waste treatment facility, taking into consideration the environmental and economic efficiency.

The overall objective for the Georgian waste management system is to have a good waste
management in place that meets the international legal requirements as laid down by the EU through
the AA and International Conventions ratified by Georgia.

Depending on its type, properties and composition, waste shall be collected, transported and
treated in a manner not impeding its further recycling. Waste shall be collected, transported and
treated in a manner which excludes as much as possible the pollution of the environment and risks for
human health [4].

Over time the waste management hierarchy leads to a gradual change in any waste
management system in the world. In most countries, the most common practice of waste management
was landfilling. However, as a result of resource limitations, currently waste is seen as a kind of
valuable resources. ‘“Recycling” means any recovery operation by which waste materials are
reprocessed into products, materials or substances whether for the original or other purposes. It
includes the reprocessing of organic materials, but does not include energy recovery and the
reprocessing into materials that are to be used as fuels or for backfilling operations.

Directive 2006/21/EC of the European Parliament and of the Council of 15 March 2006 “on
the management of waste from extractive industries” provides for measures, procedures and guidance
to prevent or reduce as far as possible any adverse effects on the environment, in particular water, air,
soil, fauna and flora and landscape, and any resultant risks to human health, brought about as a result
of the management of waste from the extractive industries [5].
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According to the Association Agreement between the EU and Georgia, the following provisions of
that Directive shall apply:

¢ Adoption of national legislation and designation of competent authorities.

o Establishment of a system to ensure that operators draw up waste management plans; identification
and classification of waste facilities.

o Establishment of a permit system, of financial guarantees and of an inspection system.

e Establishment of procedures for the management and monitoring of excavation voids.

e Establishment of closure and after-closure procedures for mining waste facilities.

e Drawing up an inventory of closed mining waste facilities.

International experience shows that waste management is a complex process and the creation of the
management system similar to those of the developed countries is a long process.
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PE3IOME

OBPAIIEHUE C OTXOJAMH I'OPHOJOBBIBAIOIIUX IMTPOU3BOACTB — COBPEMEHHBIE
HoaXxoabl

Anarymamse HIL.H., Bepe:xxunanu A.M., Muenaumsuim I'.C.

I'py3uHcKHii TEXHHYECKHI YHUBEPCUTET

W3n0KeHbl COBpEMEHHBIE METOJBI M COOTBETCTBYIOIIHNE €BPONEHCKHE IUPEKTHBBI 0OpamieHust C OTXOJAaMH, B
YaCTHOCTH — JAMPEKTHBBI, OTHOCSIIHECS K OOpalleHHI0 C OTXOJaMH TOPHOAOOBIBAIOIIMX IPOU3BOJCTB,
HaIpaBJICHHbIE Ha MPEAOTBPAILECHUE WIM YMEHBIICHUE BPEJHOIO BO3JECUCTBUSA Ha OKPYKAIOLIYIO Cpely U
3710pOBbE JIOJIEH.

KiroueBble ciioBa: obpaiieHne ¢ 0TX0JaMH, TOpHO00BIBatoIee IPOU3BOJICTBO, TUPEKTUBEI EBpocoro3a.
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PA3PABOTKA TEXHOJIOTMMA ABTOMATHYECKOM CBAPKH CTAJIEH MAPOK THIIA
12X3CMOIOT U 12X4CMPIOT , IPEJHA3ZHAYEHHBIX 111 IPUMEHEHUS B
HE®TET'A30BOI MPOMBIIIJIEHHOCTH

Xymumsuian M.I'., Jannannase I'.A., Capanunze b.P., Xmananze M.I.
I'py3uHckuii TeXHMYECKUH YHUBEPCUTET

[anbHeilliee pa3BUTHE W COBEPLICHCTBOBAHUE ITPOM3BOJICTBA METAJUIO-KOHCTPYKLHMHA B
Pa3IMYHBIX OTPACSIX MPOMBIIUIEHHOCTH TIIOBBICHJIM YPOBEHb TpPEOOBAHHN, TPEABSBIIEMBIX K
MaTepuanaM. B cieacTBe 3TOro cTano HeoOXOUMBIM CO3/IaHNE HOBBIX KOPPO3ZHOHHOCTOWKHX CTaJei
1 pa3paboTKa NepeaoBOil TEXHOIOTHH UX CBAPKH.

Oco00 OOJBIIMMHU TIOTEPSAMH BBI3BAHHBIMH KOPPO3HEH XapaKTEPHU3YIOTCS METaNTMYEeCKIe
KOHCTPYKITUH, JKCIUTyaTHpyeMble B XHMHUYECKOH ¥ He(]TerazoBodl NpoOMBIINUIEHHOCTH. Ecimm B
XUMHYECKAX Cpelax, XapaKTepH3YIONIMXCS BBICOKOM  arpecCMBHOCTHIO, TpPEOYIOTCS  JIWIIb
BBICOKOJIETUPOBAaHHBIE CTalld, TO B HE(PTETra30BOW MPOMBIIIJICHHOCTH, B CBSI3W C MEHBIIEH
arpecCUBHOCTBIO CPeIbl, MOTYT OBITh HCIIOTb30BaHbI HI3KO M CPETHENICTHPOBAHHBIE CTAIIH.

[Ipu aBTOMaTHYECKOW CBapKe IMojada CBapOYHOW MPOBOJIOKH W TEPEIBMKEHHE ITyTH BIOJb
CBapHBAEMOT0 COCAMHEHUS MEXaHW3MPOBAHEI. DTOT CIIOCO0 MPU3BAH HE TOJBKO 3aMEHHUTDH TSKEIbIH
TPy CBapIIMKAa-PyYHHKA, HO W TOBBICUTH MPOU3BOAUTEIHHOCTh MPOU3BOJCTBA KPYITHOTA0APUTHBIX
m3nenuid. Mimest psii TEXHONIOTHYECKUX MPEUMYIIECTB 3TOT CIIOCO0 CBapKH METAIIOB MPEIOCTABISET
BO3MOXKHOCTh B KOpHE W3MEHHUTHh TEXHOJOTHIO MPOU3BOJCTBA B PsAAE OTpacieil MPOMBIIIICHHOCTH
[1,2].

Kopennble wn3MeHeHUs BHecla aBTOMAaTH4yeckas cBapka moj (IocoM B HePTETra3oBYIO
MIPOMBIIIUIEHHOCTh U XUMHUYECKOE MAllTHHOCTPOSHHE.

Capka mox (rocoM CpeHENernpoBaHHBIX CTallell Halmuia MIUPOKOoe NpuMeHeHue. B
HACTOSIIIIEE BpPEMsI M3TOTABJIMBAIOT CBAapHBIC KOHCTPYKLIMH pa3HOOOPa3HOTO Ha3HAYEHHs pa3zHOH
TOJIIIIMHEI, B OCHOBHOM, B npefenax 4-50 M.

[Ipu cBapke cpeaHENErHpOBAHHBIX CTajllel C MOHMKEHHOM CTOMKOCTBIO K OOpa3oBaHMIO
TpeurH (TIOBBIIIEHHOE COAEPIKaHUe yriiepoAa, JIETHPYIOUIUX MPUMEcei, Ooblas TOMIIUHA JTHCTOB,
OorbIIas )KeCTKOCTh 3aKPEIICHUS) PUXOTUTCS IPUMEHSATH JOMOTHUTEIBHBIE MEPHI: HCIIOIh30BAHUE
MIOCTOSIHHOTO TOKa OOpaTHOW MOJSIPHOCTH, TPEABAPUTENBbHBINA TOAOTPEB WIIH Pa3orpeB 00J1acTH IIBa
MpU HAJIO)KEHWH MHOTOCIIOMHOTO IIBa CBApPKy IMEPBOrO CIJIOS IO IMPHCAJOYHON TMPOBOJOKE U IPH
YBEJIMYEHHOM YTJIE Pa3JIeNKH KPOMOK.

Hnst cBapku ToA  (UIFOCOM CpEIHENIETUPOBAHHBIX CTaliei, B OCHOBHOM, TPHUMEHSIOT
BBICOKOKPEMHHMCTBIC MapraHieBbie (IIOCHI W HU3KOKPEMHHUCTbIE (JIFOCHL. BBICOKOKPEMHHUCTHIMH
MapraiieBsIMd  (DJIFOCAMU  CBapHBAIOT COCIUHCHMs, K KOTOPBIM HE NPEIAbSBISAIOTCS BBICOKHE
TpeOOBaHMUS TIO yNApHOW BA3KOCTHM METajUla IBA, a HHU3KOKPEMHHUCTHIE (IFOCHI € HEOONBIINM
COJIep’)KaHUEM OKHCIIOB MapraHIla TO3BOJISIOT NIOJy4YaTh CBApHbIE COEAMHEHMUS CO 3HAUUTEIBHO Oojiee
BBICOKUMH TTOKa3aTeSIMUA YJIAPHOW BS3KOCTH; CBApKa BBIMOJHICTCS HA TIOCTOSHHOM TOKE 00paTHOH
MOJIIPHOCTH.

s ceapku craneir 12X3CMOIOT n 12X4CMOIOT namu 66u1 BEIOpaH HU3KOKPEMHHUCTBIH
¢droc AH-22, xoTophlii miepe] CBApKOW MPOKaIHUBACTCS. XHMHUYECKHA COCTaB (Itoca MPHUBEICH B
tabu. 1.
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Tadanna 1. Xumundeckwuii cocras ¢urroca AH-22

XuMmuueckuii coctaB B %-ax

He Oonee
SiO, MnO Ca0 Mg0 Al03 K20 u Nay0 | CaF; Fex03 | S P
18,0-21,5 | 7,090 | 12,0-15,0 | 11,5-15,0 | 19,0-23,0 | 1,0-2,0 20,0-24,0 10 0,05 | 0,05

CBapoyHO¥ TPOBOJIOKOM CITy>kMjIa MpoBosoka u3 ctanu 12X4CMOLIOT .

[Tapamerpsl pexxkuma npu aBToMatudeckoit cBapke ctane 12X3CMOIOT u 12X4CMOIOT,
IaHbI B Ta0. 2.

XUMHUYECKHH COCTaB CBAapHBIX IIBOB JaH B TaOia. 3. MexaHW4YecKhe CBOWCTBAa CBapHOTO
coenquHenus crane  12X3CMOIOT u  12X4CMOIOT mpu aBTOMAaTU4YeCKOW CBapKe CBE/ICHHI B
Tab. 4.

Ta6auua 2. Pexxum cBapku cranei 12X3CM®PIOT u 12X4CMPIOT noa ¢uirocom

TommmHa MeTaa, VCB KaXIoro V noJ 351.1poBo- Ypciio
Tun mBa lcB A Un B 3 3
KatTCThI HIBa,MM cnost x10 ,m/c | sokm x10 ,m/c | CIIOCB
CTBIKOBOM 10 400-500 32 8,89 30 3

Tabauna 3. XumMuyeckuii COCTaB CBapHBIX LIBOB

XUMHUYECKHUH cocTaB B %-ax

Mapka craneir | C Mn Si Cr Mo V Ti
2X3CM®IOT 0,13 0,48 1,08 3,4 0,3 0,09 0,1
12X4CMOIOT 0,11 0,48 1,1 4,31 0,3 0,1 0,035

XuMuueckuii cocrtas B %-ax

Mapxka craneit

Al W Ni Cu XP3M S P
12X3CMOIOT 0,25 cren 0,065 0,085 0,026 0,015 0023
12X4CMOIOT 0,12 cren 0,15 0,06 0,026 0,012 0,023

Taoauna 4. Mexanuuyeckue coiicTa 12X3CM®PIOT u 12X4CM®IOT craJjieii npy aBTOMATHYECKO# cCBapKe

. MexaHHUYeCKHUEe CBOMCIBaA
Mapxa craneii 6B Mma a" M/JIx/m? o, Tap
12X3CM®I0T 1100 0,57 >115
12X4CM®IOT 1070 0,55 >115

Ha puc. 1 u 2 mpencraBieHbl, COOTBETCTBEHHO MHUKPOCTPYKTYPHI CBApHBIX IIBOB CTajei
12X3CM®@IOT u  12X4CM®IOT, crapernsix mpoBookoi 12X4CMOHKOT, mox nmepexomaHoi 30HbI
OcitauTHas. OJHAKO, B CBS3M C TEM, YTO CKOPOCTh OXJQX/CHHS CBapHOTO IIBA OTHOCUTEIHLHO
BBICOKAs1, €r0 CTPYKTYpPa XapaTepus3yeTcsi MEIKO3EPHUCTOCTHIO.
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Puc. 1. MukpocTpyKTYphbl cBapHbIX coequHenmii n3 crann 12X3CM®PIOT, cBapeHHBIX noa caoeM ¢Jiroca
npoBoJiokoii mapku 12X4CM®IOT : x 450;
a) moB HV - 392,6; 6) okosomosHas 3052 HV — 416; B) ocHoBHO# MeTamt HV — 413.

Ceapka moa (IIOCOM 3THX CTajel cTaja BEAYIIUM TEXHOJIOTHYECKHM TPOIECCOM B
NPOUM3BOJCTBE  HE(PTEra3oBOW MPOMBIIIJICHHOCTH, CBAapPHBIC BBl XapaKTEPU3YIOTCS TJIAAKON
MIOBEPXHOCTHIO, MPAKTUIECKU OHU 03 YellyeK, C MJIaBHUM Iepexo/ oM K OCHOBHOMY MeTailty. Takue
BBl OTJINYAIOTCS Oo0Jiee BBICOKOW KOPPO3MOHHOM CTOMKOCTBIO II0 CpPABHEHHMIO CO IIIBaMH,
BBIMOJMHCHHBIMUA  Bpy4Hyi0 [3]. K 0COOEHHOCTSIM 3TOrO0 pojaa CBapKh OTHOCHUTCS paboTa
NPEUMYIIECTBEHHO Ha MIOCTOSTHHOM TOKE.

Ceapka monx (JIFOCOM 3THX CTalled M CIUIaBOB XapaKTepH3yeTcs I[IBaMH OTHOCHUTEIHHO
HEOONBIIOTO ceucHHs (00Jee CTOWKHI MPOTHUB KPUCTAJUTM3AIMOHHBIX TPEIIUH), YTO OOYCIOBHIIO
MPEUMYIIIECTBCHHOE UCTIOIL30BAHNE TOHKON MPOBOJIOKU AUAMETPOM 2-3 MM.
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CBapouHas MPOBOJIOKA M3 AyCTEHUTHBIX M ()ePPUTO-ayCTCHUTHBIX CTalel M3-3a MOHMKEHHOM
TEIUIONPOBOJIHOCTH M BBICOKOTO 3JIEKTPUUYECKOTO CONPOTHUBIEHUS NMPH NMPOYUX PABHBIX YCIOBHAX
IUTABUTCS OBICTpee, YeM OObIYHAs HU3KOYTJIEPOAUCTAs MPOBOJIOKA, TOATOMY IS TIOyIEHHS XOPOIIO
(OpMHpPOBAaHHBIX CBAapHBIX IIBOB, BBUIET JJIEKTPOJA MPUXOTUTCS yMeHbmate B 1,5-2 pasa
OTHOCUTEIILHO CTAJIbHOM IIPOBOJIOKU.

CpenHeyraepoaAnCThIe CTAIIN CBApUBAIOTCS, B OCHOBHOM, HHM3KOKPEMHHUCTBIMHU (IIIOCAMHU.

Puc.2.  MHKPOCTPYKTYpPHI CBapHBIX coequHeHui U3 craau 12X4CMOIOT,
CBapeHHBIX Mo cj1oeM (uitoca mpoBoJiokoid Mapku 12X4CM®IOT: x 450;
a) moB HV — 386; 6) oxostomoBHasi 30Ha HV — 427; B) ocHoBHO#i MeTann HV — 405;

Taxum oOpaszom, Bromaruueckas ceapka 12X3CMOIOT u 12X4CM®PIOT craneit ynyuaer
Ka4eCTBO CBapHBIX IIBOB U MOBBIILIACT IPOU3BOAUTEIBHOCTD U3EIINU.
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SUMMARY

DEVELOPMENT OF THE TECHNOLOGY OF AUTOMATED WELDING OF STEEL GRADES
12X3CMFUT AND 12X4CMFUT INTENDED FOR THE OIL AND GAS INDUSTRY

Khutsishvili M.G., Dadianidze G.A., Saralidze B.R. and Khmaladze M.G.

Georgian Technical University

Submerged arc welding of steel grades 12X3CMFUT and 12X4CMFUT has become a leading technological
process in the oil and gas industry. The welds are characterized by a smooth surface, practically without scales
with a smooth transition to the base metal. The welds of this kind are more corrosion resistant than the welds
made by hand. Automated welding of steel grades 12X3CMFUT and 12X4CMFUT improves the quality of
welds and the product performance.

Keywords: submerged arc welding, gas and oil pipes, automated welds.
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SUMMARY

SPOT WELDING BY A BILATERAL SCHEME

Metreveli-Mandaria A.B., Kapanadze M.B. and Sabashvili Z.V.

Georgian Technical University

The structures manufactured by spot welding are mainly made of ferromagnetic sheet steels. As is well known,
introduction of a ferromagnetic material into the welding circuit increases significantly its reactive resistance.
During welding of the ferromagnetic metal framework, both the dimensions of the welding circuit and the
dimensions of the structure placed into the circuit affect the reactive resistance of the reactive circuit. During
spot welding of metal framework by the bilateral scheme, the angle shift between current and voltage and hence
the required power increases.

Keywords: spot welding, bilateral circuit, metal framework.
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SUMMARY

REDUCTION OF THE FLUIDITY OF RADIOACTIVE WASTE MOTOR OILS FOR MINIMIZATION
OF THE POSSIBILITY OF THEIRLEAKAGE INTO THE ENVIRONMENT

Razmadze M.T., Kiknadze G.G., Imnadze P.M., Ambardanishvili O.P. and Rostomashvili Z.1.
Andronikashvili Institute of Physics, Iv.Javakhishvili Thilisi State University

Georgian Technical University

The paper deals with the reduction of the fluidity of radioactive waste motor oils with the aim to minimize the
possibility of their leakage into the environment. The effect of highly porous substances on the fluidity of
radioactively contaminated waste technical oil before storage was studied. The tests for determination of the
stable efficient effect were performed for a year. The investigation yielded positive results: the waste oil fluidity
reduced, and the volume of the mixture decreased by 15-20 vol.%, which is beneficial to reduce the storage
space for storage of radioactively contaminated oils. At the same time, it was observed that cleaning of the
contaminated oil by porous adsorbents during storage took place, which is additional protection in case of
violation of the integrity of the stored container.

Keywords: radioactive waste, contaminated motor oils, environment protection, storage, porous adsorbents.
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STYUDY ON THE ENERGY STRUCTURE OF MULTI-IONIZED ATOMS
Tsirekidze M.A., Bzhalava T.N., Chkhaidze M.G. and Sikharulidze M.M.

Georgian Technical University

Abstract. The zero-order approximation model potential of the perturbation theory applied to the one-particle
problem is considered. The dependence of energetic levels of multi-ionized atoms on the nuclear charge (Z) of
atoms was studied. Theoretical calculations based on a model potential technique were carried out to present the
energy spectrum of Cu-like ions over the Z range from 38 to 60. The comparison between the theoretically
calculated values of transition wavelengths and the experimental data showed a slight difference.

Keywords: multi-ionized atoms, relativistic effects, energy spectrum, perturbation theory, model potential,
transition wavelength.

Introduction

Spectroscopy is one of the most significant techniques used in astrophysical studies, space
physics, investigation of the radiation from the Sun and stars, analytical research, etc.. Spectroscopy of
multi-ionized atoms is related to the problems of space exploration as well as to the controlled
thermonuclear fusion reactions. The study on the spectrum of multi-ionized atoms should include the
consideration of relativistic and correlation effects, important in the high nuclear (Z) charge cases.

Theoretical calculation of relativistic and correlation effects is related to the problems
concerning the energy level shift and width, transition probabilities, transitional wavelengths, etc.

Several methods of modern quantum theory have been developed for theoretical calculation of
multi-electron and complex systems. Reviews of theories such as the secondary quantization method,
the relativistic perturbation theory, the Green’s function technique, the variation method and others are
given in monographs [1-3]. The energy spectrum theory, as well as the theory of electronic transitions
in atoms and ions, is based on the variation method [4].

Method

Many of the methods mentioned above are related to complex mathematical calculations, are
time-consuming and labor-intensive. The study on the energy structure of multi-ionized atoms based
on the single-electron wave function in the zero-order approximation model potential is considered.
The technique proposed in this paper is less complicated and fully satisfies the zero-order
approximation requirements. Based on the relativistic disturbance theory, the single-electron wave
function is estimated by zero-order approximation.

The Hamiltonian of the zero-order approximation to the perturbation theory, which satisfies
the boundary conditions, may be given in the following form

HOZZh(ri)+ZV(I’i/b) 1)

where h(r;) is the Hamiltonian of the Dirac equation of the single-electron system in the Coulomb

field. The sum in equation (1) is summarized by the number of electrons — of occupied electron shells
and valence electrons. Model potential V (r /b) is expressed by the equation:

V(r/b) = —%{Z —2[1—exp(—-2r)(14+7)] —

3 1,2.9 1,3 2
—[N—E][l—exp[—brj(l-l—;br RPN R )]} 2)

In equation (2), b is the extrapolation parameter that depends on quantum numbers of
electrons n | j and nuclear charge Z of the atom.

Two-stage extrapolation includes: 1) elaboration of model potential and 2) theoretical
calculation of the energy of levels (n | j / Z) for any values of Z, in case of known extrapolation
parameter b (n | j / Z) [5]. Parameters b of the model potential are different for various n I j, therefore
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the energies corresponding to the known experimental-based parameters b (n I j / Z) are considered as
eigenvalues of the Dirac equation. The extrapolation parameter is represented as:

b=1by+byZ+byZ+byZ% | @)

Difference in the theoretical calculation results is related to the experimental data accuracy
and to the fact that the nuclear size and radiation effects were not taken into consideration in the
theoretical calculations.

Theoretical calculations make possible to select precise parameters with the purpose of
carrying out the experiments with atoms ionization processes and correct schemes for studying auto-
ionization states of rare earth elements.

The model potential method should be used for estimation of energy spectra of multi-ionized
atoms with high accuracy if the experimental study of those seems impossible for certain physical or
chemical reasons.

Results

Zero-order approximation model potential is used for investigation of the dependence of
energy levels on the nuclear charge (Z) of atoms (see the Figure) and estimation of theoretical and
experimental values of transition wavelengths (1) (see the Table). Theoretical calculations based on
the model potential technique were carried out to present the energy spectrum of Cu-like ions over the
Z range from 38 to 60. The comparison between the theoretically calculated values of transition
wavelengths and the experimental data showed a slight difference.

Conclusion

The given version of the perturbation theory, namely the zero-order approximation model
potential, is widely used for two- and three-particle problems concerning the energy spectral
characteristics of multi-ionized atoms. The advantage of the proposed technique is related to precise
results, obtained by less complex mathematical calculations in contrast with other complicated
approaches and theories.
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Dependence of energy levels on the nuclear charge (Z) of atoms
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Transition wavelengths ()) - theoretical and experimental data, in angstroms (A%

Transitions Ag X1X CdXX
A theoretical | A experimental | A theoretical A experimental

4P12-5d3 54.765 54.762 50.472 50.470
4P32-5ds)2 56.594 56.685 52.241

4P3/2-5d3/ 56.792 56.787 52.436

4P1/-5S112 70.170 70.160 64.288 64.279
4P32- 5S1p2 73.530 73.520 67.508 67.484
4d32-5P3 98.348 88.897 88.884
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PE3IOME

UCCJIEJOBAHUE SHEPTETUUYECKOMN CTPYKTYPbI

MYJIbTU-NOHU3NPOBAHHBIX ATOMOB

Hupexunze M.A., baxanasa T.H., Uxaunze M.I'., Cuxapyaunze M.M.

I'py3unckuii Texuuyeckuii YHUBepcUuTeT

PaccmarpuBaeTcst MOJAETBHBIM IMOTEHIMAN HYJIEBOTO NPHUONMKECHHS TEOPUM BO3MYIIECHHUII B NPUMEHEHHH K
OJHOYACTUYHOM 3ajaue. 3ydeHa 3aBUCIMOCTb YHEPT€TUUECKUX CIEKTPOB MYJIbTH-HOHU3UPOBAHHBIX aTOMOB OT
anepHoro 3apanga (Z) aromos. IIpoBeneHBI TEOpeTHUYECKHE BBIUMCICHHS Ha OCHOBE METO/AA MOJEIHHOTO
MOTEHIMAaIa sl IPeACTaBICHUS dHepreTundeckoro crnekrpa Cu-mogo6HEIX HOHOB B anamnaszone Z ot 38 mo 60.
CpaBHEHHE TEOPETHYECKH BBIUMCICHHBIX 3HAYEHHMN UIMH BOJH IEpPEX0Ja U DKCHMPEMAHTAIBHBIX JaHHBIX
MOKA3aJI0 HE3HAYUTENbHYIO Pa3HUIYy MEXKIY HUMH.

KaioueBble cioBa: MyJIbTH-MOHU3UPOBAHHBIE aTOMBI, PEJSTHBUCTCKHE 3(GQEKThI, SHEPreTHYECKUH CHEKTp,
TEOpHUsl BO3MYILECHUH, IJIMHA BOJHBI IEPEX0/A.
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SUMMARY

INVESTIGATION OF CHEMICAL STABILITY AND MECHANICAL PROPERTIES OF ION-
EXCHANGE MEMBRANES IN LEAD CROCOITE CONTAINING INDUSTRIAL WASTEWATER
Chkhubianishvili N.G., Mchedlishvili G.S., Kristesashvlil L.VV., Mamulashvili M.A. and Kerkadze J.G.
Georgian Technical University

The influence of aqueous solutions of lead nitrate, potassium bichromate and lead crocoite on the functional and
mrchanical properties of membranes at 20°C and 50°C was studied. It was inferred that, in these solutions,
membranes MA — 40 and MK — 40 were chemically and thermally stable and could be used in electrodialytic
purification of lead crocoite containing industrial wastewater.

Keywords: electrodialysis, ion-exchange membranes, chemical stability.
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SUMMARY

POLYCONDENSATION OF CARBAMIDE FOR PRODUCTION OF PROLONGED
BIODEGRADABLE NITROGEN FERTILIZERS

Papava G.Sh., Gugava E.D., Gurgenishvili M.B., Dokhturishvili N.S., Gelashvili N.S., Gavashelidze E.Sh.,
Liparteliani R.G. and Khotenashvili N.Z.

P. Melikishvili Institute of Physical and Organic Chemistry, Iv.Javakhishvili Thilisi State University

To prevent the environmental pollution (soil, air etc.) with nitrogen fertilizers, polycondensation of carbamide, a
fertilizer used worldwide, with the aim of obtaining the polymeric fertilizer was conducted. A method of
production of the carbamide-based polymerized fertilizer was developed. The polymeric fertilizer is poorly
soluble in water, it slowly transfers into a soluble form to be assimilated by plants under the action of urease
bacteria, and the plant has time to assimilate it. When the polymerized fertilizer is used for cereals, the plant is
provided with dosed nutrition during the vegetation period, which guarantees its normal growth, increased crops
and ecologically pure products.

Keywords: environment protection, nitrogen fertilizer, polymeric fertilizer, polycondensation, carbamide.
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SUMMARY

MATHEMATICAL-CHEMICAL INVESTIGATION OF SILICON TETRAHALIDES
Sidamonidze N.N., Koiava N.A.and Guverdtsiteli M.I.

lv. Javakhishvili Tbilisi State University

Thilisi State Medical University

Silicon tetrahalydies were studied within the scope of ANB matrices method. Four correlation equations were
derived and investigated. The correlation is satisfactory.

Keywords: silicon tetrahalydies, ANB matrix, correlation equations
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SUMMARY

MATHEMATICAL-CHEMICAL INVESTIGATION OF BORON HALIDES
Ovsyanikova N.N., Kvartskhava G.R. and Gvertsiteli M.I.

lv. Javakhishvili Thilisi State University

Georgian Technical University

Boron halides were studied within the scope of the ANB-matrices method. We derived and investigated four
correlation equations. The correlations are satisfactory.

Keywords: boron halides, AINB -matrix, satisfactory correlations.



LSISANEIR I bS506IN6( bLOSELI60, GEORGIAN ENGINEERING NEWS, Ne4, 2016 129

S0MRM30IBGO 65@HIBIBOL dSRSFITD3TdS AFLBAHIDNIGO 330IRO0)

Sbpmymsdgy 9.6, d>bEsdg 0.3., gomegs b.0.

Lodotmnggameml §9dbosa@0 96ogg@Lodagdo
LodbOgm @l Lobgedfogm 9bogg@lodgdo, J- hgeosdobl o

EYgobgm  gm@myoY@  3Omdmgdoms dm@ol gOm-ghm  3[3o39 3O gdsls
Fo®dmopagbl  33900L 0byglE®@ool Lofo@mdmgdols Lbgopslbbgopgo®o os®sgg9d0mo bo®-
hgbgdol yBogobsizools Logombgdo. bo@hgbgdols gowsdydsggdolbomgol godmygbgdeyano
B9dbm@maogdo  bps GbOYbggymMREbgb 3GMEgLbol  MgbRsdgmmdsls s  dobswgdo
30mJaool  bo@olbl, odobmsbogg 25335309090 gam@myo@o  3obmbdgdamds
ombmgl  dgodg  bodhgbosbo s  ¢bo®hgbm,  gbgdamesdbmysgo  Ggdbmenmyogdols
©5bg®agol.  Lofo®dmm  bo®hgbgdol  gowsdydoggdobswdo  Lobgadfoxnm  3meroGogzols
dJo@omso 3M0b3039d00s:

¢ J300965MNgbosbo s 9bs®dhgbm Bgdbmmmaogdol yodmygbgdolsmgols obenglo
1539(36096M-Ggdbogydo Jom§gggdols godmygbgds s obg@ygs;

® 6oMhgbgdols  @osmEgbmdol  dgdizodgdolomgol o g@Mosm®-bobgoa guem
Agbydbgool 3md3agdbyg@o gowsdydeggds.

domemyoy®o  [o@dmdmdol  dgo@ggslo  bogggdol  domgdol  gods  dgm@swo
bgo@gymol  gosdydoggdol  ogl  ggmemgoyn®o  sL3gd@o, @edpgbswsi  I30MEIods
35093mbg  Sbm®M3Mgbymo  woRgodmgs 03 ba@hgbgdoli  bodxbg, OmIagdoz  o@
9J39809650 98056 BgE0ge0@mgdsl.  bgdoldog@o  Jggybolbomgol Igm@swo  @gly@Lgdols
QAN 253mYygbgds  [o®dmoagbl g3mbmdogols  ggm@myoydse Ylog@mbem asbgomes-
G900l gO®-gH0 300MdSL.

553390000 bodhgbgdol gosdydsggdologol BH®o©oGogms© 353039 gd a0
0535 bosm0sbo  mgMdmEsdydaggds, 3g@omymoa  dmdydegg o35G gddo, dssgno
76930L 300md98To, 39@dm©  go391d-Jgo09ddo (sdlols Jgod-gBomobs@mmgddo). sbgm
J30090T0 gowsdydoggos bpgds Id@ogo (5@ brgds MO®Jmnsh ob (ysmmmsb jmb@od-
®0) ob Lggawo dgommwom [L2]. Jgod96To bgomgyemo byans 3bgerwgds LEgHogobaizools
®99390589Msdwg (118-130°C), Gmdmol @Amlbsi d5]Bg®0gdols doMomswo Jobs o@g3gds
s bgds LHgOomobsizos 30-60 Fymols gobdsgarmdsdo 03-04 33> {bggolol, dgdwgy
dobo@Igaoo dobs dAgds @odmegbody Losmol gobdsgmmdsdo 0,05-0,06 33> Fbggol Jg9'd
70-80°C 39339053 9Mobyg.  0g@I s ©sdydoggdymo  bo®hgbgdowsb  @gdymmdgb
Lbgoaslbgs Lobol Logggd s 3g9dboga®d 3omeydiosl. Logggdo 3Gmwydicool do@omswo
Lbobgs  3bmggeag@o  (o@dmdmdol  gdgoemo  (bo@ig-dgenmgsbo,  bm@aEol,  Lobbenol,
dgeool, Joe®meobgdygmo b9ddygaol, Jgdols ©s henodgdol, mggbgdol gdgoemo ©o
bbgo). s@bsbodbogos, Gmd  dmenm  bobgddo  ggdmgogdodol  Jggybgddo  domgdymos
bAg@oobsios 133°C Ggdsg@s@yg@ols 0,3 33> {bggolisl, 30 Fyomol gobdsgmmdsdo. o9
Amdo o6 dgool Jgod-gBogobs@dm®do m@mJeols §bgg0lL gob@wols s dgdiodgdols
OO.

AO>030Ymo Ggdbmemyogdol doGomspo godymgomo dbs@ggdos:

1) 3bs 3OmEyd@ol dowgdols dGsgsmlssmosbo boby@denogmdbdol 3@mizglbo (10-12
Losmo);

2) Idogoelboomosbo  mg@dymo a3y doggdolols  3bodgbgermgboe  I30M©YdS
30mE9]Bol 3ggd0m0 bs@olbbo (Bowgdymo 3Gmy]do s dgomgolgds Ebmggeg-
dols s g@obggergdol  m@asbmgdom).  bobyddmogo  mg@dmesdydoggds  0f 393l
bodhgbgdols 30MEgobgdols 70-75% ©gbs@y@dsiosl. dylgmols ggogdsiEools Lodgibog@m-
3389300 0bbGoRyYRdo (BHUUIL) 3Omxggbod g, go@ogol  @sdm@s@m@osdo
hoBodgdygemds  godmgygangggods  ohggbs, @mI  bgomgymol  goby®goolsl 5 Fymols
J9dgy  bgedobs(gemdo  @obobols  dgdiaggermds  Igodpgds  63,8%-dog  LoFyobmob
‘Jgodgdom, bogoem 20 Fymosbo 0mg@dmesdydeggds 330098 36,8%-dwy;



130 65ISEN3IL (I bSO6IN6H(D bLOSELI6(, GEORGIAN ENGINEERING NEWS, Ne4, 2016

3) doomo  gbgdam@Ag3omobs:  @obsasmgdols  Igdombolomgol g gdB®Mgbg®-
300l oGS 5930 gdgE0s S0M0, MmAmJeo s 3bgmo Fyseo;

4) 9g3mmyog6o bgdmddgogds: gomgdml aokadgosbgds 3ywo Lybol dJmby wo
AMJbogy®do bogmoggdgbom (HzS, SOz, dg@ 3033 obgdo ©s Lbg., @mdggdoi [oddmodby-
5056 boba®d@ogo mg@dygeo aosdydaggdolsl ogrmgsbo bsg®mgdols sdaol w@™L;

5) 36m3gbl msb obansgl 3bodol dgdiggero hodwobodyg (yangdol [omdmJdbs,
OMdegdo bOEosh [o®dmgdol @mgoma@o 2s3(dgbwo ©obswas®gdols ws@godmgsls
0@ ma0y@0 bodhgbgdol yEogobsioobamgol.

9093980  bobol  godmygbgds  bomamyoy@o  bo®hgbgdol  gHoobsizoobmgols
5330090k dbs 3OMYJEol (33900l 3OMEYIHgd0) Jowgdol EAML. sdsbmobogg 0bG©gds
dobo 3390000  @o@ligds. 9Fgg90m0 bobgdo goblibgogwgdosh Gmam® i  byoegyeols

3obg@9d0l  3M0bi030m, Sbgzg  GgI3gOoG YOm0 M gg0dgdom. bgoegaeo  dgodmgds
3oGbgmegl by mbggo MdMISFoMgdgmmsb  gdygsam  dgbgdom. sligmo  mdmds-

BoMgoagdos (3bodo, mAMJmo ob 3mboyd@oyg®o dgmmeo. bgowmggemoli ©sdydoggdols
#9939 Mg dgodangds 0gml Gmym@ 100°C-bg dg@o, sbggg Iobbyg bogangdo. domogo
96903mGIFORMES, M@0 sBEZYZIS0  ©S  @mgseg@o  3odfdgbro  wsbow-
350900l boby@daogo sds@gdomo @oBz0Mmmgs o3 bobgbolbmgolsi wadsbaslosmgdganos.

od@M0yo, dosmogbomolbmgobo  Logggdo 30meyd@ol  dobowgdow, @mIganToc

doJLodogg@omss ‘dgbo@hybgdyero aodmbogogmo by gyeols 0@ MY0YA0

AoLgEmds, SyEoggdms  dobodydsdpg vbps 9oyl by gyamols  mg@dyao
0539 doggdoll @M.  domemaog®o  bo®hgbgbol  Aowsdydaggbols dgmmel, @mIgeocs

53904mR0agdl 53 dmmbmgbgdls doggymgbgds gJbBOYboydo Hgdbmmmaos.

9JE®9Ybos  (gomobydo  Lodygowsb extrudo -  gs3dmdgggds) —  3Gm@EgLos,
Omdgandoi  Igmogbgoygmos  bygogymol  mg@dm, Joem s  dgobogy®-Jodoydo
539353905,  @oms  dogo@mo  sbogro  LAOYJHYMobs s mgoligdgbol  3@OMEYIEo0.
9JLAOYboyg@o Jgmmwo LoIygoagdsls odarggs gOm 3obdobodo (9JuAOYg@do) LFMogswE

©> 3obalggaoe gldgmegl Jogmo Gogo ®3)H3060, F9HINE,  3GJH0 Yo
9JONEOMYms©  bogds dg@ggs, ©s{bgbgs, aoabgmgds, LEgMomobgds, ywogo  ©s
30mEg]dol gm@dodgds [3]. wOmol dgodg dmbsiggmdo bgoemgnado 0dpobs@gmdls
30m39Lgdo, OMImagdoi  gmobowgds  boby@darog  0g@dmEsdydoggdsl.  mobsdgw®mgy
9JLAOYPgM9d o obsdydoggdgaro  dobogngdols  mgolgdgdol  gomgomolifobgdom

B9339053 Mg dgodangds  200°C-l s@(93009L, bomam  (bggs 4-5 d3s-0l  Geagoo.

o539 dog900l  godymgomo  989JBgd0 d0b0dydsdwgs waygsbogmo 3GMEgLol domogmo
Lohdo@ols  godm. gowobsdsydaggdgaro  dobogns  gJle®gog®@do  20-30  (odol  aobdog-

Eebdsdos,  Sdo@dmd  gJbBOYboydo  Ggdbmmmaogbo  doginmgbgds  bobdmgang,
oo B 9d3go@ydya  3Om3gLgol. 33gdol d@gFggemdsdo  gJlGOgLodmgdols Jgmmewo
3°dmoygbgds oM 33 gyeol (Lodobwo, Jgdo, bo@dsgno, GEoF0goag) s 3G mbsbo
390 BHgdol  (doBs, Lmos)  gosledydeggdmasw.  dlbgoamo  @Jmbsbo  30Gy@ggol,
m@gdol,  gOobggagdol  2odmgggoolsl  doBEgagygeo  ©s  dobo  Aosdydsggdols
30mYJdgool 40% 3bmggegbols Lokdaols dmdbgergdgano LoliGgdol gobomenmyoy@o
0030l9d 7096950l aodm 5@ dgomgolgds  (Isldo  Lobsdgogmols oo  GomEgbmdom
d993390mdol  godm).  2oblogym@gdom Yo  bobsdgdgero  Jmbodgyeols  dog®
‘dgomgolgds. gJLiOYboydo gosdydeggdolol dodgmgymo aoboiol 360dgbgermgsb
(330 gdgdl. dJodomso s dbodgbgamgsbos  {bggols o Bgd3g@s@ydols d33gm@o
‘93306905, @53 989 Jgdol Lobgamomss 3bmdbogno. gJlEOYLgHosb  3GMmEyJBol
3odmbgaololl 0M®gggs PxOgoms  Jgoagdo, Jodogco 3ogdodgdo, oEgmgds LEGY]-
BYOo.  Js@oImen g g@o  3m@olsfo@opo  Lobsdgdgano, @mdgeoi  do@3ger gyaols
do@omso  Jgdoeagbgeros, Jo@memmobogds ©s aoMsndbgds dmbmbsdo®owgdo®  ©
©gJbAM0bs. blbowo bogAmgdol @omEgbmds 0bMgds 5-8-x9@. sdslbmsbogg dgbo@-
hybgdgemos 30MEJobols 3g39d0m0 WoMgdygds s Jneosbo® b bofoermddog 0dangds
olbgmo  5bR0g3900m0  b0gmogMgdgdo, @mamA0GESS  3OMEGJobgdol,  A@odlbobols @
9Dg5bol 0bdodo@m@gdo. gJbBHOYLgH0SE  godmbgmolsls Fysmo ULf@sgsw ©ygmegds
(Tgomo, @Omdganoi ©obodydsggogamn dobodos), 3Gmeyd@o bogds gm@mgsbo, 0ds@gol

dJogyemdsdo.  sdGopse, 030 dgHoe  939dgoedgds  Logggd  aowedsdydeggdgmno



LSISANEIR I bS506IN6( bLOSELI60, GEORGIAN ENGINEERING NEWS, Ne4, 2016 131

Vg9bgd0bs s 99@39bGgdol  bgdmJdgogdsl.  0bOEgds  Logggdol  gosdydeggdols
bodolbo s ULopagdmgbm mgolgdgdo. g.o. ob@egds ULsygggoo 3GmEyddol wodligdgdo.
dod3germgobo  Logggool mgolgds 0b@wgds 90%-3wg. gL 0fg93L Fmboli do@gdsl o
d300©gds 3bmggedymggemdols bo@hgbgdols ImEymmds.

9JbAOgboygdo  Bgdbogol  gobgomodgded  Yglodargdgeno  asbos 33960l
dag(g9e0mdol,  Igibmggergmdol, dgmmegmdols s  Jgu®obggagmbdols  bo@hgbgdols
B0 0obszool shbogo dgmmegdols dgdydoggdes.

ROBIHOBGIBS

1. IlepepaboTka M WCIIOJIB30BaHHE MOOOYHBIX CHIPHEBBIX PECYPCOB MSICHOW IPOMBIIUICHHOCTH M OXpaHa
okpy»katomieit cpeasl. Cnpasounuk. — M.: BHUMMII, 2000.

2. Cuunaps AWM., UBamos B.U., Aynun M.B. CnpaBouHUK MacTepa 1iexa TeXHHYECKHX (padpukaroB. — M.:
Penaxmms xyprana ,,MscHas uagyctpus”’, 1996.

3. Ilmutman B.A. Texsnomorus mnepepaOOTKH OHMONOTHMYECKHX OTXOJOB, BKJIIOYAsS OTXOIBI JKHBOTHOTO
npoucxoxaeHus. 3A0, DKOPM®, Uensiounck, Poccus. http://vIplitmandogmail/ru.

SUMMARY

EXTRUSION METHOD FOR PROCESSING OF BIOLOGICAL WASTES

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

Georgian Technical University

South Ural State University, Chelyabinsk, Russia

The paper deals with the extrusion method for processing of biological wastes. The use of the extrusion
technology guarantees the value of the initial raw material and mild heat treatment. The extrusion technology
can be used for processing of the wastes of food industry, animal breeding and aviculture.

Keywords: extrusion method, biological wastes, processing.
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SUMMARY

INVESTIGATION OF SPONTANEOUS FERMENTATION YEASTS OF TELAVI MICROZONE
Andguladze S.N., Bazgadze 1.G. and Kolova S.M.

Jacob Gogebashvili State University, Telavi

The paper deals with spontaneous fermentation yeasts of Telavimicrozone and their use for production of
various wine materials and bakery products. The spontaneous yeast fermentation of grape cultivars from
vineyards of Akura, Napareuli and Saniori was studied.

Keywords: yeasts, spontaneous fermentation, wine materials.
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SUMMARY
THE INFLUENCE OF OAK CHIPS, CUBE, EXTRACT AND TANNIN ON THE COLOR INTENSITY
AND HUE OF RED WINE

Andguladze S.N., Bazgadze 1.G. and Kolova S.M.
Based on the conducted experiment, the influence of oakbarrel alternatives on the color hue and color intensity

of red wine was studied. The red wine was produced from the Saperavi grape variey. Various materials were
used during the research: the chips produced by high, medium, heavy roast and without roast; the cubes
produced by medium roast; oak and Quebracho tannins powder; liquid extract. Aging was carried out for 3-6
monthes. Based on the obtained results, the recommendations for application of the used materials were worked
out.

Keywords: red wine, color intensity, oak chips, extract, tannin.
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SUMMARY

JUJUBES - A SOURCE OF BIOLOGICALLY ACTIVE SUBSTANCES

Berulava 1.0. and Namchevadze Ts.V.

Akaki Tsereteli State University, Kutaisi

Jujubes are a rich source of biologically active substances. Thus, the work was directed to the production of
powder from jujubes and its use in functional foods. The lipid complex of the jujubes was studied, their
biological significance and physiological activity was assessed.

Keywords: jujubes, biological active substances, lipids, physiological activity.
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SUMMARY

NON-TRADITIONAL RAW MATERIALS IN THE PRODUCTION OF SHIP BREADS

Kipiani A.V.

Akaki Tsereteli State University, Kutaisi

The paper describes the use of blackthorn powder rich in phenolic substances in the production of dry baked
products, such as ship bread. The thorn powder, in the a mount of 7%, was added when preparing dough,
partially at the stage of sponge-yeasts activation, and partially directly during dough kneading together with a
recipe mixture. It was revealed that by using the thorn powder, it is possible not only to improve the
technological process, but also to obtain the products of a high biological value for medicinal and prophylactic
food purposes.

Keywords: ship bread, nontraditional raw materials, black thorn powder, biological value.
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SUMMARY

NATURAL BIOLOGICALLY ACTIVE SUPPLEMENTS FOR CHILDREN’S FOOD

Karchava M.S., Berulava 1.0., Jinjolia M.Sh., Jinjolia Sh.R., Ergemlidze T.D. and Kintsurashvili N.J.
Akaki Tsereteli State University, Kutaisi

The paper deals with the analysis of the positive integral part of dietary supplements for correction of the
nutritional status of pre-school children. The results of development of natural biologically active supplements
from local vegetable raw materials are discussed.
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SUMMARY

NUTRITION-RELATED PROBLEMS OF PRE-SCHOOL AND SCHOOL CHILDREN IN GEORGIA
Ergemlidze T.D., Kintsurashvili N.J., Jinjolia M.Sh., Karchava M.S. and Berulava I.0O.

Akaki Tsereteli State University, Kutaisi

The paper discusses the state of the art in the preschool children’s nutrition in some regions of Western Georgia.
The study is based on the analysis of the ten-day menu. In pre-school children, macro- and micronutrient
deficiency was observed: Vitamin a — 78.1%, Vitamin ¢ — 63.5%, Vitamin B6 — 44.5%, Vitamin B9 — 76%,
Vitamin B12 — 38.9%, Ca - 67.6%, Se — 85.5%, Zn — 86.2%, |- 88%.
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