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ABSTRACT

The extra responsible buildings and constructions, including the objects
for mass rest and tourism, public buildings, in extremely situations are subject
to influence of action of unwanted factors, that often is a source of structural
failures, breakdowns and accidents.

World practice of operation of the extra responsible objects shows, that
often there are cases of damage and destruction of these objects which in most
cases terminate in catastrophic results. Not so rarely are the failures of the
industrial and civil buildings, objects for mass rest and tourism, sports
constructions. The reasons causing them are various; including caused due the
extremely situations and public functioning reasons. (vibrations, dynamic
loadings, non-standard exclusive loadings, etc.).

From the above mentioned is clear, that the determination of arisk level of
buildings and constructions and definition of principles of ther safe
construction is necessary. All it will allow to avoid the large-scale failures and
accidents.

In the presented work “Risk control in resorts, sites of mass rest and
tourism” are considered noted problems and are defined the ways of their
decision that specifiesin its topicality.

The work objective. Definition of principles of risk control in resorts, sites
of mass rest and tourism. In this connection our aim isto considered:

- Factors of reduction of safety and estimation of the sustained loss
as aresult extremely situation.

- Estimation of risk of failures of potentially dangerous objects and
selection of their risk level.

- Keeping of safety by application of construction methods and
nondestructive methods of testing.

- Estimation and control of tolerated risk, recommendations for

reliable construction.

Vii



Principles of the methodological approach of the estimation and the

analysis of risk of failures are developed for carrying out the tasks, for the

purpose of safety keeping are developed the construction methods and

nondestructive methods of testing.

To opponency the following basic statements are presented:

Estimation of risk of failures of potentially dangerous objects,
selection of risk level, the forecast of development of failure and
the expected | oss.

Application of the analysis of risk for an estimation of state of
buildings and constructions and keeping of safety of buildings and
constructions by nondestructive methods of testing.

control of risk and recommendations for reliable construction.

Research methods are based on a principle of the general system approach

and methodology of the recommendation for reliable construction and
definition of risk levels.
Scientific novelty of work consistsin the following:

Factors of reduction of safety and technique of an estimation of the
loss are defined at extremely situations.

The methodology of an estimation of risk of failure of potentialy
dangerous objects and the selection of risk level is developed.
Modern construction methods and nondestructive methods of
buildings and constructions testing are analyzed and compl eted.
The system of the estimation and control of risk is developed.

Practical value. The spent complex researches develop the risk control

technique. Application of the developed technique gives possibility of an

estimation of risk levels for reliable and safe construction.

Reliability of the basic resultsis reached in the first place by application of

amathematical apparatus which has been taken as a basis of the algorithms and

programs, on the basis of the obtained results are agreed the accuracy also

known results from the literature.
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Work approbation. The basic results of the dissertation have been
presented on:

- The expanded scientific seminars of department “technologies of
construction, the footings and foundations and diagnostics® of the Georgian
Technical University.

Publications. On a dissertation theme are published 23 scientific articles.

Work volume. The dissertation consists of 4 chapters, the basic
conclusions and the list of the references, contains 133 pages, including 20

drawings and the references contain 120 items.
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Tavi 2. meToduri midgomebi avariebis anallizis da
riskis Sefasebisadnmi

2.1 Sesavali

Fizikis poziciidan, avaria es aris damangreveli arakontro lirebadi
energiis an qimiurad (biolBogiuri, radiaciull) agtiuri komponentebis
gamonTavisuflBeba.  tegno B ogiuri sagangebo  situaciebis, adamianis
sawarmoo-sameurneo mowyobi I obasTan mizez-Sedegobrivi kavSiris
gaana B izebisas, SeiZlBeba gamoiyos, avariebis raodenobis da misi masStabebis
zrdis mixedviT, sami jgufi:

obieqturi (axasiaTebT ganviTarebuli nrewveBobis qveynebs)
tegnologiuri  datvirTvebisa da parametrebis amaRBeba  (wnevebis,
temperaturebis, sinZBavreebis, Zabvebis koncentraciis, siCgaris da aS)
anaR Beba, adamianis sawarmoo-sameurneo moRvaweobis gaZliereba, warmoebis
koncentraciis amaR leba.

subieqturi — ugullebelByofa, an arakompetenturi damokidebu leba
sanreweBlo  usafrTxoebis sakiTxebisadmi, daSvebuli  Secdomebi an
defeqtebi  proegtirebisas, montalisas da  obiegqtebis  (sistenis)
eqsp Buataciis stadiaze.

specifikuri (qveynebisaTvis am etapze) _ ZiriTadi fondebis cveTa,
rigi tegno B ogiebis CamorCeni B oba, mowyobi B obis arasakmarisi
eqsp Buataciis done dacvis sistemnebis, romBebic yove B Tvis ar pasuxoben
standartebs.

absoButuri usafrTxoeba gaaCniaT mxoBod im sistemebs, romllebsac
saerTod ar gaaCniaT energetikuli potenciali, agreTve agtiuri gimiuri
da bioBogiuri komponentebi. sxva SemTxvevebSi avariis riski ar aris
nullis toli.

riskis Semcireba SeiZBeba, mxoBlod SesazBlod nmcire sidideebande,
dacvis safexurebis gazrdis, samedoobis amaR Bebis, efeqturi kontrolis

gazdris da regBanenturi samuSaoebis Tavisdrouli Sesrulebis xarjze.
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2.2. avariaTa riski potenciurad saSiS obieqtebze

avariis allbaTobis HBogika es aris ori an randenime arasasurveli
SemTxvevis warmoSobis Sedegi (magalliTad, gazgayvani Bobis hermetulobis
mwvyobridan gamosvla da dacviTi sistemis umognedoba).

mecnierebaSi ganasxvaveben movMBenaTa sam tips: determinirebuls,
SemTxveviTsa da ganusazRvrell's. SemTxveviTi da ganusazRvreli mov lenebi
SeiZBleba warmoiSvas an ar warmoiSvas, anu maTi  gamov H ineba
araerTmniSvne Bovania. rogorc wesi avariebs adgili agvT SemTxveviTi da
ganusazRvre b1 movBenebis danmTxvevis Sedegad, amitomac avariis warmoSobis
saSiSroebas afaseben albaTobis maCveneb BebiT.

erT obieqtze avariis warmoSobis saSiSroebis Sefaseba SesaZlebelia
riskis Tfunqciis meSveobiT (Tundac erTi avariis allbaToba obieqtze T
drois ganmav B obaSi):

Q=1-exp(-w1) (2.1)
sadac w avariaTa nakadis parametria, wt _ T drois ganmav B obaSi obieqtze
avariaTa raodenobis maTematikuri Bodini [49]. T drois ganmavBobaSi N
eqspBuatirebull nmomxdar n avariaTa Soris Tundac erTi avariis
allbaTobis Sefaseba miiRebs saxes:

Q =1-exp(- wN,) (2.2)

avariaTa nakadis  parametrs xandaxan uwodeben “tegnikur Xxarisxs”.

an drois erTeullSi avariis allbaTobas mraval SemTxvevaSi  igi

warmoadgens  damokidebe B  Sefasebas, maCvenebeds avariis warmoSobis
saSiSroebaze da gamoiTvBeba Semdegnairad:

@ =n/(N-a7) sgotosiodogdoo-Famolos [VFpern] )

avariisas adamianis sicocxBlis xelyofas afaseben, rogorc

“individualuri riski”, romelic ganisazRvreba Semdegi formuliT:

Wing = NM /(N AT m; m, )...[daRup./ad.wel iwad.] (2.4)
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sadac n obieqtTa raodenobaa, romellzedac moxda avaria AT periodSi;
N _ egspRuatirebuli obieqtebis raodenoba imave periodSi; mgR
daRupulTa saSullo raodenobaa erT obieqtze avariisas, my, _ erT
obieqtze monuSaveTa saSullo raodenoba.

mosax Beobis daRupvis saSiSroebisas, romBebic obieqtis siaxBoves
cxovroben, myg,-is nacvlad, (2.4)-Si Caismeba mosax Beobis raodenoba,
romBebic cxovroben saSiS zonaSi mygs

individuaBuri riski SeiZlleba iyos +tegnikurze nakBebi an misi
toli. magaliTad, aviakatastrofaSi, rodesac iRupeba TviTnFrinavis
bortze myofi yvela adamiani, myr= Mo, da wj,g= W. saFrTxis Semcveli

warmoebis saamgqroSi individualuri riski tolia

m
Wy = %N A7) d%m <w (25)

mosax BeobisaTvis (m,qs), romBebic saSiS obigqtebTan cxovroben:

m £l
Wipg = %N AT) d%/ms sw (26)

aRsaniSnavia, rom cnebas  “individuaBluri  riski”  sxvadasxva
mkv Bevarebl xsnian sxvadasxvanairad. es mcneba SeiZBeba niSnavdes xallXxis
daRupvis maTematikur Bodins, wlis ganmavBobaSi mocemull teritoriaze,
an  ramdenime movBenis albaTobebis namravls, romeBTac nocenull
teritoriaze SeuZBiaT gamoiwvion adamianTa daRupva (magaliTad, avariaTa
allbaToba gamravBebuli Sedegebis albaTobaze).

proeqtirebad an mogmed obieqtze avariis warmoSobis saSiSroeba
SeiZlBeba miaxBoebiT Sefasdes erTtipiuri obieqtebis avariaTa arsebuli
statistikuri nmonacemebis mixedviT, anu Figsirebuli gamocdi Bebis
safuZve B ze. es Sefaseba xorcieldeba (2.1.)-is gamoyenebiT.

xarisxis maCvenebBis ncire mniSvneBobisas (rodesac N,t<0,1) N
obieqtebs Soris avariis allbaToba miaxBoebiT emTxveva avariebis
maTematikuri Bodinis mniSvne I obas:

Q=1-exp(-N7)=N,_ (2.7)
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saidanac Cans, rom obieqtebis N-jer tiralirebas mivyavarT, T drois
ganmav B obaSi, avariis albaTobis Tundac proporciull zrdasTan.

ganvixi BoT magaBiTi. atomuri energob B okebis avariull1 gaangariSeba
avariaTa mravalwliani statistikis mixedviT.

1986 wHlis mdgomareobiT (Cernobilis atomuri eleqtrosaduris
avariis welli) msofFBioSi moxda oTxi avaria (MATAT3)-s SkaliT simZimis
5-dan 7 donemde, ori ruseTSi da TiTo-TiTo aSS-sa da ingHBisSi. Tuki
miviRebT, rom msofBioSi am momentisaTvis Fungcionirebda 370 birTvuli
energob Boki, romelBTa egspBuataciis saSuallo xangrZBivoba (pirobiTad)
Seadgenda 11 well's, maSin avariaTa nakadis parametri (2.3)-idan gamomdinare

tolia
w=n/(N A7)=4/(370 11)=0,98 10 =107 (avaria/reagtweli) (2.8)

anu energobBokis avariis sixSire (ganmeorebadoba) Seadgens 1-s 1000
we B iwadSi. magram qveyanaSi im dros mogmedebda 40 birTvuli energobl oki,
amitom Tundac avariis allbaToba am bBokebze 1 wlis ganmavl obaSi (2.2)-is

mixedviT Seadgens:

0(n21)=1-exp(-Nor)=1-exp(-40.0,001-1)=0,04 (2.9)

anu 1 avaria 25 weliwadSi. es sidide, miuxedavaT misi daumuSaveblad
maRal i mniSvne Bobisa, SeiZleba CaiTvalos Semcirebulad, ramdenadac yvela
energob B oki, gamogveynebull statistikaSi, ar 1iyo Cernobilis (saSiSi

konstrugciis mixedviT), analogiuri.

2.3. misaRebi riskis donis SerCeva

“individuaBuri riski” SeiZlBeba gamoyenebul ignas misaRebi riskis
donis SesarCevad, ramdenadac mas SeuZBia Sefaseba adamianis Fsiqo B ogiuri
wonasworobis, masze mosallodneli safrTxisas. individualuri riskis

kriteriumi  gamoaSkaravebulia sazRvargareTeli  fsigoBogebis nmier,
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rome I Tac daadgines, rom adamianTa umravBesoba subieqturad grZnobs Tavs
srullad usafrTxod, Tuki daRupvis albaToba Seadgens 106, anu 1 Sanss
mi Bionidan. adamianTa mniSvne Bovani nawi Bi ganicdis aRelvebas, rodesac
daRupvis allbaToba Seadgens 107,

amgvarad, individuaBuri riskis sidide warmoadgens fsiqoRogiur
indikators adamianisaTvis da SeiZleba CaiTvalos misaRebi riskis doned.
riskis es sidide 10% daedo safuzvlad usafrTxoebis standartebis
momsaxure personalis da mosax Beobis usaFrTxoebas.

zenoT aRniSnuli miekuTvneba “iZuBebiT” individualur risks, anu
pirobebs, rodesac adamians ar Seswevs unari piradad moaxdinos mogmedeba
situaciaze (izolBirebulia gadawyvetiBebis miRebaSi, marTvaSi da aS.).
“nebayoFBobiTi” riskis fFsigoBogiuri zRurbBi mniSvneBovnad maRalia,
vidre “iZullebiTi”-s dros. magaliTad, mZRolBi avtomobilis saWesTan,
miuxedavad daRupvis riskisa 2,7 104, Tavs grZnobs ufro Tavdajerebulad,
vidre igi mifrinavs, rogorc aviangzavri riskiT 91056,

cxadia, misaRebi individualuri vriskis done unda dadgindes
sakanonndeb o aqtiT. es done damokidebulia qveynis ekonomikur
ndgomareobaze. zogierT ganviTarebull qveyanaSi igi 107 da 108 tolia.

misaRebi riskis gamosavlenad, zogierTi eqspertebis  mier
SemoTavazebu B ia riskis ramodenime donis gamoyofa: msoflio, erovnulli da
regionaluri, xolo potenciurad saSiSi obieqtis daproeqtebisas, riskis
done SedarebiT minimaBuria

obieqtis  (sistemis) avariis allbaTobis gamoTvla TiTqos
SesaZlebelia arasasikeTo movHBenebis gamoTvBebiT. magram yovelBTvis ar
aris garkveuli, Tu romeli nmovBenebi warmoadgenen arasasikeTo
Tanmimdevrobas (jawWvs), ramdeni aseTi jaWvi arsebobs da rogoria allbaToba
am mov B enebis.

aniton Fagtorebis mizez-Sedegobrivi kavSiris analizisaTvis,
ronlBebic 1iwveven avariebs, sasargebBoa movBenaTa da mdgomareobaTa

grafikuli gamosaxvis gamoyeneba, romBis meSveobiTac TvalnaT Biv Cndeba
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saboBoo Sedegebi da SesaZlebelia arasasikeTo Sedegebis daTvBa. aseTi
meTodi gamoiyeneba potenciurad saSiSi obieqtebis daproeqtebisas.
magaBi1Tis saxiT gavaanalizoT Senoba, romel@mac miiRo dazianebebi
(bzarebis saxiT). msgavs dazianebebs xSirad agqvs adgili Zvel SenobebSi.
nax. 2.1-ze mocemulia dazianebis ganviTarebis samdonian movBenaTa ,xe”
(diagrama). diagranis Tavze mocemulia yoveli donis movBenaTa dasaxe leba.
yovel1 movBenaTagani ganixileba or alternatiull ndgomareobaSi: moxda
Tu ara (adgili1 hgonda Tu ara). magaliTad, "norma-dazianeba” (mwyobridan
gamosvla), an ‘ki-ara”’, anu yovel diagramas SeuZlia mogvces ori

ganStoeba.

a b g
E("}l‘]a-.\ P| P2
5(‘)(4)80 Pz
bm®ds Py
- 604do Py Py Py
4o Py
ddybgds P s —{ dazianeba P; P, P;
s>tha Py
Aabgds P | 6m6as PP,
g0 P
— dazianeba P; P,
5645 P3

nax. 2.1. dazianebis ganviTarebis samdoniani diagrama
a _ gamosavali mdgomareoba (komstrugciis gadatvirTva);

b _ bzarebis ganviTareba;, g _ eqspBuataciis Sewyvets;

mocenul  diagramas gaaCnia Semdegi  Tvisebebi: yoveBi Sedegis
allbaToba (movBenaTa Tanamimdevrobis yovelBi jJaWvi) tolia am movHenaTa

albaTobebis namravlisa:
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=117 (2.10)

Sedegebis allbaTobis jani tolia erTis (rogorc arasrulli jgufi

araerTobRivi movlenebisa):

b p o (2.11)

i=1

Lows@E: M — ebggdol Gomegbmdss (=1,...m), n — Jgrgagdol,
356056@ 30l GomEgbmds ymggm (i=1,...n) embgby.

yve Ba sasikeTo Sedegebis (an callke-arasasikeTo) dajamebiT, CvenTvis
saintereso movlenisa (mwyobridan gamosvla, avariebi da aS.). miviRebT
albaTobas Tuki daigramaze yvelBla arsebulli Sedegebidan mxoBod erTi
(erTi jJawviT) aris arasasikeTo, anu iwvevs avariebs, maSin gamoTvla

martivdeba da avariis allbaToba SeiZBeba dadgindes formuliT (2.10).
ganxi Bull magaBiTST xuTi Sedegidan ori warmoadgens arasasikeTos.

anitom (2.9)-is safuzve B ze sistenis Senobis rRvevis allbaToba:

F:E--}zz-Pz. +§|'53 (2.12)

xoBo sapirisporo movHlenis albaToba (sasikeTo Sedegebis):
(2.13)

P=1-P
tegnikur sistemebSi nebismieri nmwyobridan gamosvBa (dazianeba)
miekuTvneba  SemTxveviT  movMBenebs. moyvanill magaBliTSI es aris
konstrugciis mwyobridan gamosvBa (magal iTad, bzarebis gaCena da zrda).
amgvari dazianebis  allbaTobis  gamosamJRavneb I ad gamoiyeneba
saimedoobis Teoriis cnobili standartulli nmeTodebi struqturul-
Bogikuri sgemis sistenis saimedoobis elementarulli gaTvBiT. amasTan,
auci Bebelia elementebisa an kvanZebis mwyobridan gamosvlis statistikis
Seswav Ba, ukeTesia _ dazianebaTa gadanawi Bebis kvanZebis codna.
Cveu Bebriv, gadanawi B ebis kanonebi mJRavndeba dazianebaTa
statistikidan SeTanxmebis kriteriumebis meSveobiT. Tuki ar arsebobs

sakmarisi statistika, maSin gadanawi Bebis xasaiTi (kanoni) SeiZBeba ignas
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miRebuli iribi meTodebis meSveobiT (kombinirebuli, apriorulli niSniT,
entropiis magsimumis principebis gamoyenebiT).

mognedi  obieqtis (sistemis) avariis saSiSroebis Sesafaseblad
periodullad unda tardebodes misi naturaluri gamokvBeva (vizualuri da
instrumentulli), mudmivi dakvirvebiT. miRebuli monacemebi muSavdeba
Sesabamisi dargobrivi meTodebisa da egqspres-miTiTebebis meSveobiT, xolo
Semdeg tardeba analizi proeqtTan da usafrTxoebis dasaSveb normativebTan
Sesabamisobaze. analizis SedegebiT keTdeba daskvna obieqtis Semdgomi
eqsp Buataciis SesaZBebBobis an Sewyvetis, saSiSi defeqtebis aRmofxvris,

gauTvalisiwinebe 1 remontis auci BebBobis Sesaxeb.

24. avariebis ganviTarebisa da Sesazlo zaral is
prognozi

avariebi, iseve rogorc sxva TFTizikuri procesebi, rogorc wesi,
eqvendebareba Formalizacias, anu utolobaTa sistemebiT (maTematikuri
modeBebiT) aRweras, rac saSuallebas iZBeva nmiviRoT movHBenebis
raodenobrivi Sefasebebi drosa da sivrceSi.

yoveli potenciurad saSiSi  oboeqtisaTvis, misi specifikis
Sesabamisad, SeiZBeba SemuSavdes (SeirCes) procesis ganviTarebis model,
rome lic axasiaTebs mocemull obieqts (rRvevis, xanZris, afeTgebis da .aS.
modelB1). modelisaTvis sawyis monacemebs warmoadgens obieqtis xasiaTl,
misi tegno Bogia, saSiSi komponentebis Senaxvisa da gamoyenebis pirobebi da
sxva monacemebi saproeqto da saegpBluatacio dokumentebidan, agreTve
obieqtis usafrTxoebis dekBaraciidan.

galBagSi mSeneb BobisTvis, auciBebeBia kompBegsuri modelis Segmna,
ronmelic avariebis jJaWvuri reaqciebis Sesaxeb gafrTxilebis saSualebas
iZBleva. JaWvuri reagciebi iZBeva “dominos” efeqts.

miRebul nodeBSi Cadebulia movBenaTa ganviTarebis arasasikeTo
scenarebi, romeBTa SesaZBlo ganovBena aisaxeba konkretull generallur

gegnaSi, adgi Bmdebareobis relBiefSi, mSeneb Bobis simWidroveSi, kHimatSi,
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we Biwadis droSi, garebis mimarTulebis dadgenaSi, amindis pirobebSi da
a.S.
arsebiTad, aseTi prognozirebis saSuallebas warmoadgens ~samangano
eqsperimentis” anu ricxviTi eqsperimentis realizacia kompiuterulli
teqnikiT da saWiroebs specialur programull uzrunveBlyofas. igi iZBeva
garemoebis, agrTve zaralisa da saWiro resursebis prognozirebis
saSua I ebas.
an  mxriv ganvixiBoT magaliTebi cxovrebis uzrunvelyofis
sistenebis saimedobaze.
ganvixi BOT saThob-sawarmo sagvabe, romBis saimedoobis gaangariSeba
srulldeba Semdegnairad:
dgeba struqturull-Bogikuri sgema, dayofilli elementebad,
agregatebad da bHBokebad (nax. 2.2);
_gaiangariSeba yovel1 agregatis, bBokis da mT Rianad saimedoobis
paranetrebi;
xorcie B deba rezervirebis  gaTvaliswinebiT  saimedoobis
parametrebis ganmeorebiTi gamoTvBa (SeuferxebelBi1 muSaobis dagegmili

allbaTobis Py, miRebande).

5 > i I v \" VI
000 0 ! 00 0 0 ]
1 2 3 4 ! 1 2 3 4
5 3
~i
000 0 |7
1 2 3 4

bob. 22. Ly@eddaoam- Togikuri sqema
0 — gemgdgb@goo @o Jgobdgdo; @— 53098509005/

> — 903493sg9, & — GgbgAZ0; [:I dgme 3gd0.
1-qvabi, 2- ventiBatori, 3-kvanlgamwovi, 4-ekonomaizeri, 5-tumbo;
| - sagvabis agregatebi; Il - gseBuri tumboebi; Il - sakvebi tumboebr;

IV - kondencirebis tumboebi; V, IV -siThogadancenebi;
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(2.14)

sadac n=6 bHokebis raodenobaa; Pj(t) J-iuri bBokis Seuferxebe i muSaobis
allbaToba 1t drois ganmav B obaSi, aRdgenis gaTval iswinebiT.

Pij(t) Soris yvelaze ufro nmTavar Tanamanravls warmoadgens qvab
agregatis bBokis mier siThos SeuferxebelBi gamomuSavebis albaToba
Pi(t)=Pga. gaTbobis an saTbhob-sawarmo sagvabisaTvis saWiro raodenobis
siThos gamomuSavebaSi Seferxebebi SeiZBeba gamoiwvios erT-erTi muSa qvab
agregatis mwyobridan gamosvlam, rodesac es Seferxeba emTxveva daballi
temperaturis mdgomareobis periods. es periodi (saaTebSi) SeiZleba
ganisazRvros saqvabis mier siTbos gamomuSavebis mixedviT gaiangariSeba
siTbos raodenoba, romelsac uSvebs sagvabe erT-erTi qvabis mwyobridan
gamosvlisas da siTburi datvirTvis xangrZBivobis grafikis mixedviT
gamoiTvleba t;ZR _ gare haeris zRvrulli temperatura, romBis maCveneblis
dabBa ar igneba uzrunveByofili Thbogadacema, agreTve tye daballi
temperaturebis xangrZBivoba (nak Bebi, vidre thR).es xangrZ B ivoba miiReba,
rogorc saangariSo periodi qvabagregatis bl okis Seuferxebeli muSaobisa,
anu - Tyysaoba=Tdabali temp. dasaSvebi dro bBokis aRdgenisaTvis miiReba dro
tipiuri Senobis gacivebisa, saTavsoebSi haeris temperaturis ganmsazRvrel
minima B ur temperaturande.

saimedoobis Teoriis formulebis mixedviT elementebisa da kvanZebis
mwyobridan gamosvlisa da aRdgenis cnobilli statistikisas Tvlian
(angariSoben) agregatebisa da bBokebis saimedoobis parametrebs saTanado
TanmimdevrobiT.

mocenu B ia qvabis tipi da misi erTeulovani sinZBavre. sagvabis mier
saWiro  gasaSvebi  energiis sididis mixedviT  ganisazRvreba muSa

gvabagregatebis saWiro raodenoba:

— Qs.Tb.

=2 2.15
Q. 0-k..) (215)
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sadac Qs7p _ saangariSo gasaSvebi Thoenergiaa, Qg _ davabagregatis
erTeuBovani simZBavre; ks _ sagvabis sakuTari saWiroebisaTvis siThos
xarjvis wili.

erTi gvabagregatis mwyobridan gamosv B isas ganisazRvreba

Thoenergiis gaSveba:

ans,(n—l) = qu‘ (n - 1)(1 - ks.s) (216)

erTi qvabagregatis mwyobridan gamosvlisas ganisazRvreba sagvabis
mier siTbos Semcirebis koeFicienti (qvabagregatebis bBokiT) moxmarebis
saThob-saventi Bacio sistemebze
(2.17)

k.= (Qa-»h(n-l) o Q(’).'lei) / Qaa

sadac Qteq tegno bl ogiaze gasaSvebi saangariSo siTboa;, Qgv -
gasaSvebi saangariSo siTbo gaTbobasa da venti Baciaze.

gare haeris saSuallo temperatura dabali temperaturebis periodSi
tolia

min

f, = 0,5(:‘”“ +t:“’) (2.18)

erTi qvabagregatis mwyobridan gamosvlisas qvabagregatis bHBokis
aRsadgenad dasaSvebi dro (romelic tolia tipiuri Senobis gacivebis
xangrZ B ivobisa haeris minimaBurad dasaSveb temperturande thR saTavsoSi):
-t -k -12)
5" —t, - k{ts -t7)

zR _
7, = f\n

(2.19)

sadac [ Senobis siThuri akumuBaciis koeFficientia (miiReba
sacnobaro an sacdeli monacemebiT; maTi arsebobis SemTxvevaSi miRebullia
=40sT).

Qvabagregatis saimedoobisa da qvabagregatis bBokis parametrebs
gansazRvraven TformulebiT cx.21, sadac aRniShulia A; p; elementebis
(kvanZebis mwyobridan gamosavBisa da aRdgenis intensiuroba statistikis

sacnobaro monacemebis mixedviT).
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agregatis bl okebi A, UsT A, UsT

sagavabe agregatebi n bBoki | A=Y\ Mka=Y Al Y (AU )

sagabeagregati AENAka M k=M ka

agregatis (normaluri) nmuSaobis albaToba Tt-dan | P=exp[-A«Tpexp(-M«Tb) P

T, drois inetrvalSi

rodesac Pov(quabagr-is b1 oki)<Pdan: gvabagregatis Semadgen B obaSi
gaTvaliswinebuBia sarezervo qavabagregati (qvabagregatebi) da gamoTvla
grZe B deba. qvabagregatebis bBokis saimedoobis parametrebs gansazRvraven
(2.13) formuliT.
allbaToba sagvabis PbBokis umtyunebo muSaobis saangariSo Ty
periodSi tolia
P{ar>0}=(3c,~2)/(z, —7, +1) (2.20)
sadac: At - daballi temperaturebis periodebisa da Seuferxebeli
monakveTebis muSaobis saangariSo drois saaTebis raodenobaTa damTxvevaa;
Tgp(gaThobis periodiy — gaTbobis periodis xangrZBivoba, sT Ts=Tg¢.
gvabagregatis bBokis mier Thoenergiis saWiro raodenobis gaSvebis

allbaToba (masSi m rezervuli qvabagregatebis arsebobisas)

P, =1-(1-p, ){47>0} (221)

a4

rodesaC Pg,>Pgq, arCeuli varianti akmayofillebs Py, daniSnull
(dagegmi B) saimedoobas.
zenoT moyvani Bia qvabagregatebis bBokis mier siTbos gaSvebis

saimedoobis gaangariSebis Tanmimdevroba (bBoki 1 nax. 21), anu pirveli
Tanamamravlis sidide Pj=I(t)=Py, formulaSi 21 sagvabis mier siTbos
gaSvebis saimedoobis mowyobi Bobis danarCeni bBokebidan yoveBi maTganis
Seuferxebe 1 nmuSaobisa, anu gseBuri dguSebis bHBokisa P=1I(t), kvebis
dguSebis DbHBokisa P;=IlI(T) da aS. saimedoobis Teoriis Fornulebis
mixedviT, Tuki cnobillia A; da p; Sesabamisi bHBokis elementebisaTvis
(kvanZebisaTvis), rogorc wesi  miiRebian sacnobaro statistikuri

monacemebiT.  amasTan, mwyobridan  gamosvlis  momentis  damTxvevis
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SesaZBebBobis gaTvaBisiwineba daballi temperaturebis dadgomis periodTan
ar moiTxoveba, radganac nebismieris am bBokidan mwyobridan gamosvlas
callkeu Bad mohyveba saqvabis mwyobridan gamosvBa nT N ianobaSi.

magaBiTi 1 samrewelBo sawarmos sagvabis samedoobis gaangariSeba.
daproeqtebu i saThob-sawarmo saqvabisaTvis saWiro Thoenergiis gaSveba
Seadgens  Qgs=11,6 mvt, maT Soris saThob-saventillacio datvirTva
Queqw=2,90 mvt. saqvabe iTvaliswinebs “de” tTipis qvabebis air-mazuTis
sawvavze. saWiroa airCes erTeulovani sinZBavris gvabi, muSa da sarezervo
gvabebis rodenoba, qvabagregatebis bHBokis nmier saWiro siTbos gaSvebis
Pioc=0,95, saimedoobis uzrunve I sayofad.

gare haeris zanTris saangariSo tegmperatura (civi xuTdRiani)
t;5=-18°c. temperaturis absoButuri minimumi tmin®5=-33°C. gathobis sezonis
saSuallo  xangrZBivoba T4e=4680sT. haeris saangariSo temperatura
saTavsoSi t,S=18°c. mwobridan gamosvlis periodSi haeris nminimaBurad
dasaSvebi  temperatura (saTavsos gacivebis temperatura) tpdas=12°c.
Senobebis siThuri (Tho) akumuBaciis koeFficienti [(=40sT. saqvabis
sakuTari saWiroebisaTvis Thoenergiis will Kgys-=0,05. saimedoobis
paranetrebi moyvani Bia 2.2. cxrillSi.

cxrili 2.2

gvabagregatis ("de” tipis qvabebiT) e lemenetebis saimedoobis

paranetrebi
e B emenettebi A, UsT M, 1/sT
saqvabe 8,01104 0,0184
venti latori 5,05 107 0,168
ganwovi 5,44 104 0,102
ekonomaizeri 543104

ganvixi BoT ori varianti sxvadasxva erTeulovani sinZBavris mgone
gvabebis  sagvabeSi, 2-ze ara nakBebi qvabis dayenebis moTxovnis
gaTval iswinebiT.

varianti 1 _ qvabebi “de”-10-14mg (Q=6,6mvt.)

varianti 2 _ quabebi “de”-6,5-14ng (Q=4,2mvt.)
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sawiro  raodenoba  "de”-10-14mg  qvabagregatebisa  n=11,6/[6,6(1-
0,05)]=185=2.
erTi qvabagregatis nmwyobridan gamosvlisas saqvabis mier siThos

gaSveba tolia

Qyas (+1)=6,6(2-1)(1-0,05)=6,26mvE

anS-(ﬂ-l):6

rodesac Qgas-(n-1)=6,26MvE, zRvrulli temperatura tyZRv=-2°c,
Tsaang=Tdab. tenp.=800ST (0,0913 wlis).
sadaC  Tgpng - UmMtyunebo muSaobis saangariSO droa, Tympgesp — dabali
temperaturis periodi

k=(6,26-2,9)/8,7=0,387;

k — sagvabeSi siTbos danakargis koeficienti

tgare=0,5(-33-2)=-17,5°

18+17,5

-0,387
18+18

12+175
18+18

T,rg®25=408n =131sT=0,00148we l i,

- 0,387

Aquagr =23 1041/sT=20,2 1/wel i

Hqvagr. =23 10-4/(605 10-4)=0,038 1/sT=333 L/weli

Msaqv.= Mgvagr= 333 Lweli

Asaqr. _ Sagvabis umtyunebo muSaobis albaToba;

Ai _ gvabebis umtyunobis intensivoba;

Movagr _ Qvabagregatebis umtyunebo muSaobis albaToba;

Msaqw _ Sagvabis elementebis aRdgenis saimedobis parametri mtyunebis

statistikuri monacenebis mixedviT;

Movagr _ Qvabagregatebis elementebis aRdgenis saimedobis parametri.
qvabagregatebis bBokis umtyunebiTi muSaobis (P) allbaToba T,rqdes

drois ganmav B obaSi, arRgenis gaTval iswinebiT:
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P=eXp[-Asaqv. Tsaang€XP(-Msaqy. Tara¥)]=

=exp[-40,4 0,0913exp(-333 0,00148)]=0,105

ganvsazRvroT qvabagregatebis bBokis saimedoobis parametrebi, "DE-
10-14I'M» tipis sarezervo saqvabiT (dautvirTavi saburavi SezRuduli
SesaZleb B obiT), roca n=2dam=1

n— "DE-10-14FM» tipis gvabagregatis raodenobaa

m — sarezervo gvabis raodenoba;

Asav=(2 20,2)2/333=4,9 Liweli

Hsaqn=333 2=666 el i

qvabagregatis bBokis umtyunebo nuSaobis (Py.une) albaToba T,rqd8S
drois ganmav B obaSi rezervis gaTval iswinebiT:

Pgv.ure= exp[-4,9 0,0913exp(-666 0,00148)]=0,848

gvabagregatebis bBokis umtyunebo muSaobis saagariSo periodis,

dabal1 temperaturis SenarCunebis periodTan damTxvevis (P)albaToba
P{a7 > 0}= (3 800 - 2)/(4860 - 800 +1) = 0,591

gvabagregatebis bBokis mier saWiro raodenobis Tboenergiis gaSvebis
allbaToba (erTi sarezervo qvabagregatis arsebobisas) aRmoCnda ufro
dabali, vidre daniSnullisa. P=1-(1-0,848) 0,591=0,91

avariebma an teganikurad mwyobridan gamosvlam rasac mohyveba
Thoenergiis nmTHiani an nawiBobrivi gaTiSva, SeiZleba gamoiwvion
warmoebis mocdena, produqciis wuni, agreTve haeris parametrebis darRveva,
rac iwvevs Sromisunarianobis daqveiTebas, mwarmoebBurobis Semcirebas,
zrdis personallis daavadmyofebis SesaZlebl obas.

zaralli, avariidan an mtyunebidan gamomdinare, wHlis ganmavl obaSi,

fulad gamosaxu BebaSi, Sedagens:

y=aNTq4,+tbN
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sadac a—dolari/sT-Si, b—dolari/ mtyunebis konstantaze

a=Yyert anrx"'( ke KviTR)B,B

sadac Y,y — muSaTa xelfasi, roca ar xdeba produgciis gamoSveba
dolar/sT.

Ygarx —0arxnis danakargi, roca ar xdeba produqciis ganoSveba do Bar/sT.
k¢ —gamosaSvebi produgciis fasi dol/erT. prod.

ktvitrR —produgciis TviTRirebuleba dol/erT. prod.

B —mwarmoeb B oba, sawarmos normaBuri fungcionirebis dros erT.prod./sT.

( kg kTviTr) B —mocdenisas mogebis danakargi do Bar/sT.

b= Ywuni+ Ydana\dg. mwy. gamos."' Yteqn.proc. aRdgen. SeuZ Beb B oba dol /mtyuneba

N —mtyunebaTa ricxvi weliwadSi, mtyuneba/we Iiwadi;
Tgr — T1Toeul1 mtyunebis aRdgenis dro sT.
Y zaralis saSuallo sidide SeiZleba ganvsazRvroT rogorc mytunebaTa
maTematikuri Bodinis fungcia N weliwadSi da sistenis (Targy aRdgenis
xangrZ B ivobiT:

y =aNT, +bN (2.22)
sadac a —doll/sT; b —dol/mtyunebis konstantaze
N da T,rq sidideebi SeiZBeba ganvsazRvroT Agjs¢ MEyunebaTa intensivobisa
da Mgise Sistemebis aRdgenis mniSvne Bobebis meSveobiT. mtyunebaTa
statistikidan im elementebisaTvis aris es parametrebi cnobili,
romBebisganac Sedgebian sistemebi, quesistemebi, bBokebi. (anu cnobiBia A

da pi).

zaralis saSuallo sidide 9 SeiZleba vipovoT rogorc N
we BiwadSi dazianebaTa maTematikuri Bodinis Ffunqcia da T, sistenis

aRdgenaTa xangrZl ivobebi:
y=aNT, +bN (2.23)

sadac adol/sT; b dol/ntyunebis konstantaze.

56



mtyunebaTa ganawi Beba eqvemdebareba puasonis kanons, xoBo mocdenis

(aRdgenis) xangrzBivoba _ egsponenciallurs. sidideehi N da T SeiZleba
ganvsazRvroT dazianebaTa intensiurobis Agjs¢ da sistemis aRdgenis sist
mniSvne Bobis meSveobiT. magram dazianebaTa statistikidan es parametrebi
cnobilia mxolod im elenentebisaTvis, romell Taganac Sedgebian sistenebi.
gvesistemebi, bWBokebi, anu cnobilia Ay da ;. amitom saWiroa
Thomomaragebis  sistemis saimedoobis strugturull-Bogikuri  sgemis

Sedgena, xolo Sendeg, saimedoobis Teoriis aparatis gamoyenehiT Sesabamisi

saangariSo formulebis SerCeva da N da T, sistemebis ganoTvla.
ganvixiBoT  samrewelo  sawarmos erT-erTi  t€ipis  sistema
Thomomaragebis, romelic Sedgeba gvesistemebisagan: sagvabe da Thotrasebi.

Sesabamisi strugturull-Bogikuri sgema mocemu lia nax. 2.4.-ze.

w

boJgodg

0omdmdsday ool

ORI
0foD ¥ 11 I VI v

./
g, 7777 V77 VS

— 1234 | @:\ _______ ]
0000

1234

0

mC)

L [

nax. 2.4. sawarmos siThomomaragebis sistenmis

saimedo muSaobis strugturull-Bogikuri sgema

QO - agregatebi@ - agregatis bl okebi, [ ] - qvesistenebi.
1 - gvabi, 2 — ventilatori, 3 — ganwovi, 4 — ekonomaizeri, 5 -
mi Bgayvani Boba, 6 — urduli.
I _ muSa qvabi, Il _ sarezervo qvabi, I, IV, V _ nkvebavi tumboebis

bBoki, V _ wyalnomaragebis bl oki.
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A, W 9egd6@gdel Loodgpmmdol 3s@sdgddgdol mixedviT goFo@dmgdom

sp0a58 by,  dmygebogmo  geGInmgdon,
Gedmgddo gHobomos >pbodghgoo: £ — dogasggeboenmdols  bog@dy,

aodmaogmadl e lementebidan

4% A —  dompoggobogmmdol  obosbgdsms 06 gblbog@mds 1 3d-ob
bop®dgdy nL —  seqciebis 1 ©om@gbmdy; Ai — seqciebis

3Fymd@opsb godmlgmol 0b§gblog@mds >@Eagbol LsBgomm ™, Lo;

dmiBis dianetri mm, T,z — sistemis aRdgenis saSuallo dro, sT.

zaralis sididis gazrdis allbaTobis gansazRvra SeiZlleba ori

xerxiT: zaralis ganawi Bebis kanonis agebiT, rogorc ori SemTxveviTi

argumentis kanonis kompoziciis (monte-kar Bos meTodi) an zaralis

ganawi Bebis dispersiis ganoTvliT, normaBuri ganawi Bebis cxrilebis

gamoyenebiT, im varaudiT, rom kompozicia ganawi Bebulia normalurad.

39meg abs NBGH@ Jo@Gogos, bodomol ©ob3g@loo:

D(y)= al[D(N)D(rs)+FD(¢E)+T;D(N)]+521)(N),... (2'24)

bogom a565F0mgdol gmbghgdamo obmbgdalismgols (3795Lmbols o

3Jb3mbgbosma@ol), obyg AmEgLsg D(N)=N ws D(z,)=T}
(2.25)

(2.26)

D(y)= aT¢(N+2)+b* N
boGomol LoBgoEm 33oRMoGYmo JdRsbMS a(y)=+D(»)
sgolobogm, @G> dobbo  O(y) bodomols  smdsmmdol  5&

2005393 gosl, 23.
Fomdmopagbl  od

gbGognol dobgegom godmgmo  t-b d60dgbgenmoy,

Fglgdol  @omEgbmdsl,  Gmgmgdos

O@dgeo;
fodm@hgds y bodomol Ladgomem  Logowgl. 85906 bos@ogmol Lowowy

Jolo sGass39B o0l ©opgalomo smdsmmdom Bgowpgbl:

- (2.27)
v=v+to(v)
gbGogno 23
t 0,84 1,04 129 1,65 233 3,09
o(y) 0,80 0,85 0,90 0,95 0,99 0,999
3535¢m0000 2. batromols bogopal 2oblob@g@s

bomdmddmdatoggdsBo dmEegbolisb.
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sanrewve Blo sawarmos Thomomaragebis sistema Sedgeba sawarmoo
saqvabiT (ori muSa qvabagregati qvabebiT) da ormiBiani ThotrasiT sigrZiT
lkn (orgayvani Bobis diametriT 200m da rva saketiT). TbomomaragebaSi
mwobridan gamosvBad (dazianebad) 1TvHBeba erT-erTi quabagregatis an
Thotrasis mwobridan gamosvBa  saqvabis danarCeni  mowyobi N obebis
saimedooba gaangariSebis mizniT ar aris gaTvaliswinebuli. saWiroa
ganisazRvros whiuri zarali Tbhomomaragebis sistemaSi (dazianebis
arsebobisas Seferxebebi orTqlis miwodebaSi) da wliuri zarali sagvabeSi
erTi sarezervo qvabagregatis damontalebisas. gaangariSebaSi gamoyenebull

unda ignas Semdegi pirobiT RirebuBebiTi maCveneb Bebi:

YBUHHFIOOOQMQ’Q,’bm; Kea =200gman/Lo;
ke =100@men/bo; Kty =T70me/ géo;
= =100g40/lo; YVaun =15000mgn;

Ygr,,v:jFlOOOnggm; Yéad_=4000g\)mg§’.

0dmdMdoMopgdols Lolgdol 9099963 g0l Loodgreememdols
306538 ®go0 dmgdgmos b@ogBo 24.
(2.18) BmEIPeol dobywgoo: a=4200 @ee/lor; b=20000me/ L.
asbglsbpg@ma  bodogmo  baGgbghgem Jasdopdgao@ol oG
>@Lgdmdolal.  (2.9) gm@dgmol  dobgrgom 9600 J35053M 90800
©ob0s6gd50ms 0bBblogmds A y,=20.2 V§gex.

(2.11) BoAIPgeol dobyegom J30052093500b dgnmgol obabgdoms
0b@®gblogmds  Ay=40.4 I§geo.

(210) GeEdgmol  Jobgmgom  gamo  JgedepGaasdol  srwygbol
06 gblogmds  Ay=333 V/{gem.

(2.12) ' BOGIgmol Bobgegom  Jgsdep@gashol dmrmgol  speygbol
06&gblogmds  p=py,=333 V§jee.

ganvsazRvroT M3mdmdodopggodols Lol gdol Lsodgommdols
306039HGg0.  dompoyasbommdgdol  (bog@doo  233)  eabosbgdol
06 gblogmds  £4,=2-0,05=0,1 Ufgem. &g Loggommol  @abosbgool
06®gLbogmds  nA, =8-0,002=0,016 U§aee. (2.20) BOIgeol  dobgmgoo
ndm@@GLOL Esbosbgdsms 06Ggblogmds 4, =0,1-0,016=0,116 1/§jeo.

(2.27)  geédgmol  8obgegon ®dm@@sLol  seEygbol Ls3gogmm
©EA® T, =5,06+14,93-0,2 =8 »=0,91-10-3 Fgemo, 06 gbbogmds
Hony, =1/(0,91:107)=1100 1/§gewo.
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2563Lob@gHmm mdmIdodoggsol  LobEgdol  Loodgmmemdols
3565893980 (Lodgedg Ggbg@gol as@ydy dmgl MdMBH@SLY).

bobEgdol @obosbgdols 0bBgblogmds Gemos:

Dung = A+ A, =40,4+0,116=40,5 1/ Fgem.

Lob@gdol  @sbosbgooms GompEgbmdols  maTematikuri enmobo
FgmofopBo N=1.40,5=40,5 ©>b/§ge.

sistenis aRdgenis saSuallo dro
an:(40,4/333+0,116/1100)1(40,4+O,1]6)=0,003V3g3.=26,2bm

zarallis maTematikuri Bodini

) =4200-40,5-26,5+20000-40,5=5,26-10° @.

bodomol ©olidgdlos dgowygbl:

D(y) = 40,5[ 42007 -26,2" (40,5 +2)+20000° | = 2084-10"

B> B0 M FoEASG Y0 JoRsbOS

o(y) = D(y) ~1/2084-10° = 4,56-10°

E3g0Lsbagm G Bobbo betsmol > o539 gdol sedsnmdsh
b(y)=0,9, 23 @EbGomol dobgpgom gimgmemde =129 @d (2.27)
e dgmon ghodpghogn boGaml y=5,26-10‘5+1,29-04,56-106=11,14-1061 dolari

sdggodo, 0.9 smdsmmdon botogo 5@ aso@akomdgel 11,14

dolars,

Bggomobom  bodogo  gemo  LadgbyHgo Jgo00aM 935G 0L
(oygbgdolol).  aobglobeg@mm boggedol  Laodgommdols 3oM589H 900,
Godmgdoz  Tgppgds m@o  dgdy @ gomo  boAgbgdgm
Jaodsp@gas@obogsb (=2, m=1).

(2.14) go@dgmol  dobgrgon obosbgdsms  0b@gblogmds
©9G30O0msg0 Ggbgagolol goblivbpg@ymo soEagbon

A =(2-20,2)%/333=49 1/{ge.

bogdgodol s@epgbols 06§gblogmds 1, =333-2=666 1/§ geo.
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3obglobEghme  mdmybAbggmygmgol LolBgdol  Laodgemmdol
3565998 @ 930 (Lodgadgh Lodgbg@gm Jaodoa®gasdom 3googls MIME@SLY).

LobEgdol  Eobosbgdoms  0bGbogmds Myo=4,910,116=5,016  1/§gem.

(2.22) Bo@dgmol  dobgpgoo  LobEgdol >bosbgdsms  Gompgbmdols

domgds@ognmo mmpobo Feol pobdsgamdsdo N =5,16~5 ©ob/{ g

(222) go@Igmol Jobgwgon bobHgdol spwygbol bBgsme e@e:

T 00 =(4,9/666+0,116/ 1100Y/(4,9+0,116)=0,00149F geo=13 L.

bo@omol Jomgdo®oigeo mmwobo Gomos:

3 =4200-5-13+20000-5 =0,375-10° @eog.
botogol ©oldg@los Gmaos:

D(y)=5[42002-132(5+2)+200002]=10,6-10“‘
botomol LoBgomem jgoe@s@ e aosbs Gomos;
o(»)=410,6-10" =0,325-10° m@ED.

©agolsbgm, @ bo@omol @ gopsdydgdols samdsmmds  d(y)=0,9,
g3mmmdn =1,29 s (3526) gm@Igmoel dobyregon boBogo

y=0,375-10%+1,29-0,325-10°=0,794-10° o 7.

o6 09 smdsmmdomn  bodogno o6 aomodko@mdgdl 0,794  davb.
eEs@b.
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