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danarTi 1. modelis maTematikuri aRwera 
 

I. monacemebis statistikuri analizi 
 

rogorc zemoT aRvniSneT, dReisaTvis sadazRvevo industriaSi ukve sakmarisad 
dagrovda umweoTa samedicino dazRvevis monacemebi da amdenad qvemoT Catarebuli 
analizi, wina angariSebisagan gansxvavebiT, swored am tipis monacemebs eyrdnoba. 
kerZod, Cven gavaanalizeT 70000 dazRveulis samedicino daxmarebaze ukanaskneli 
erTi wlis manZilze gaweuli danaxarjis sidideebi. am monacemebis mixedviT, 
weliwadSi mimarTvaTa saerTo raodenobam Seadgina 11 457, jamurma danaxarjma ki 
_ 3 076 055 lari. 

 
miuxedavad imisa, rom calkeul mimarTvaze danaxarjis („zaralis“) sidideebi 
Zalze araerTgarovania da sakmarisad farTe diapazons moicavs (2-dan 18678 
laramde), Cveni analizis mTavar samiznes am etapze ar warmoadgenda mimarTvaTa 
erTgvarovani jgufebis mixedviT danaxarjis sidideTa ganawilebebis Sefaseba 
(rogorc amas aqamde vakeTebdiT); axla mTavar miznad Cven calkeul dazRveulze 
(da ara calkeul mimarTvaze) gaweuli danaxarjis gaanalizeba davisaxeT.  

 
gasagebia, rom dazRveulTagan zogs saerTod ar miumarTavs daxmarebisaTvis; 
arseboben adamianebi, romlebmac kompanias wlis manZilze mxolod erTxel 
mimarTes, magram arseboben klientebi, romlebsac erTze meti mimarTva daWirda (da 
momavalSic daWirdebaT). amdenad, sainteresoa gaanalizdes, Tu rogoria 
calkeuli dazRveulis mimarTvianoba weliwadSi da jamuri wliuri danaxarji. am 
mizniT mimarTvaTa saerTo raodenobidan (11 457) Cven gamovyaviT calkeul 
dazRveulis mimarTvaTa raodenobebi da swored am niSnis mixedviT movaxdineT 
met-naklebad erTgvarovani jgufebis gamoyofa. Sedegad Semdeg cxrilSi 
warmodgenili suraTi miviReT (ix. cxrili 1). rogorc cxrilidan Cans, yvelaze  
warmomadgenlobiTi pirveli jgufia, dazRveulebi erTjeradi mimarTviT, 
SedarebiT naklebia dazRveulebi, romlebmac orjer mimarTes kompanis da a.S., 
TiTqmis ar arsebobs klientebi, romlebsac weliwadSi 6-ze ufro metjer 
daWirdaT (daWirdebaT) daxmareba.   

 
cxrili 1. dazRveulTa mimarTvianoba weliwadSi 

dazRveulTa 
mimarTvianoba 
weliwadSi,  

N 

dazRveulTa 
raodenoba 

dazRveulTa  
raodenoba 

procentulad

mimarTvebis 
raodenoba 

dazRveulTa 
raodenoba 

procentulad

1 6738 76.68% 6738 58.81% 
2 1555 17.70% 3110 27.14% 
3 390   4.44% 1170 10.21% 
4 84   0.96% 336   2.93% 
5 17   0.19% 85   0.74% 
6 3   0.03% 18   0.16% 

sul 8787 100% 11457 100% 
 
am cxrilis mixedviT, dazRveulis saSualo mimarTvianobam weliwadSi Seadgina μN 
=  1.304, standartuli gadaxriT σN  =  0.6227. Cven SevecadeT Sesaferisi albaTuri 
modelis morgebas da unda aRiniSnos, rom monacemTa saerTo raodenobis sakmaod 

maRali maCveneblis gamo, 8787, χ2 kriteriumma uaryo tradiciuli, puasonis, 
binomuri da uaryofiTi binomuri modelebis monacemebTan Tanxmoba. dasaSvebi 
modeli moiZebna e.w. „aRdgenadi“ ganawilebebis klasSi, romelsac aseTi saxe aqvs: 
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sadac dadebiTi t, α da β parametrebis mniSvnelobebi gamovida: 

t  = 0.1, α = 0.219 da β = 100.35.     (2) 

 aq Γ(t;α; β) aris gama-ganawilebis funqcia, romelsac aseTi saxe aqvs: 
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 gavixsenoT, rom χ2 kriteriumis statistikas aseTi saxe aqvs: 
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sadac n monacemebis saerTo raodenobaa (CvenTan n  =  8787), k aris jgufebis 
(Sesakrebebis) raodenoba (Cvens SemTxvevaSi, k = 6), rac Seexeba f1,  f2,...,  fk sidideebs, 
isini jgufebSi moxvedrili monacemebis fardobiT sixSireebs warmoadgens (Cvens 
SemTxvevaSi, cxrili 1-is mesame svetSi moTavsebul ricxvebs), xolo p1,  p2,...,  pk 
Sesabamisad aris jgufebSi moxvedris (Teoriuli) albaTobebi (CvenTan p1,  p2,...,  p5 
aris (1) formuliT gamoTvlili albaTobebi da p6  =  1  –  (p1  +   p2  +  ...  + p5)). rogorc 
cnobilia, (4) SemTxveviT sidides modelis (Cvens SemTxvevaSi, (1) modelis) 

vargisianobis SemTxvevaSi aqvs χ2-ganawileba Tavisuflebis xarisxiT, d  = k  – 1 – m, 

sadac m aris Sefasebuli parametrebis raodenoba (CvenTan, m = 3). (4) formuliT χ2 
kriteriumis statistikis mniSvnelobis gamoTvlis procedura warmodgenilia 
Semdeg cxrilSi:  

 
cxrili 2. χ2 kriteriumis statistikis mniSvnelobis gamoTvla 

klientis 
mimarTvianoba 
weliwadSi, 

i 

klientebis 
fardobiTi 
sixSire, 

fi 

(1) modelis 
albaTobebi, 

pi 

χ2 -kriteriumis 
statistikis 
Sesakrebebi 

1 0,7668 0,7590 0,00008 

2 0,1770 0,1863 0,00047 

3 0,0444 0,0429 0,00005 

4 0,0096 0,0094 0,00000 

5 0,0019 0,0020 0,00000 

6 0,0003 0,0005 0,00005 

 sul 1,000 1,000 8787*0.00065 = 5.73 
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rogorc vxedavT, χ2 kriteriumis statistikis mniSvnelobaa 5.73, rac ar aRemateba 

χ2-ganawilebis 0.95 donis zeda kvantils, Tavisuflebis xarisxiT, d = k – 1 – m = 6 – 1 
–  3  =  2, romlis mniSvnelobac χ2-ganawilebis statistikuri cxrilebis mixedviT 
aris 5.99. aqedan ki vaskvniT, rom (1) modeli savsebiT eTanxmeba cxrili 1-is 
mimarTvianobis monacemebs.  

 
gadavideT axla danaxarjebis sidideTa analizze. daviwyoT imiT, rom cxrili 1-is 
mimarTvianobaTa bolo or jgufSi (me-5 da me-6 jgufebSi) monacemebis raodenoba 
sul 20-ia. amitom es jgufi bunebrivad mivuerTeT winas da axal jgufs davuZaxeT 

„ ≥ 4 “ saxeli, sadac axla ukve 104 moncemia. Sedegad cxrili 1 aseTnairad 
Seicvleba: 

 
cxrili 3. jgufebSi mimarTvianoba 

dazRveulTa 
mimarTvianoba 
weliwadSi,  

N 

dazRveulTa 
raodenoba 

dazRveulTa  
raodenoba 

procentulad 

mimarTvebis 
raodenoba 

dazRveulTa 
raodenoba 

procentulad 

1 6738 76.68% 6738 58.81% 
2 1555 17.70% 3110 27.14% 
3 390   4.44% 1170 10.21% 

≥ 4 104   1.18% 439   3.83% 
 Sul 8787 100% 11457 100% 

 
cxril 3-Si warmodgenili 1, 2, 3 da ≥ 4 jgufebis analizi daviwyoT am jgufebSi 
danaxarjis sidideTa ricxviTi maxasiaTeblebis ganxilviT, romlebic 
warmodgenilia Semdeg cxrilSi: 

 

cxrili 4. erT pacientze wliuri danaxarjis ricxviTi maxasiaTeblebi jgufebis 
mixedviT 

maxas.\jgufi 1 2 3 ≥ 4 

raodenoba 6 738 1 555 390 104 

jami 
1 676 
388 

869 
169 

331 
371 

199 
127 

minimaluri 2 4 12 25 

maqsimaluri 10 883 12 000 10 360 22 044 

saSualo 249 559 850 1 915 

gadaxra 714 1094 1276 2 971 

variacia 2.9 2.0 1.5 1.6 

asimetria 6.9 4.5 3.6 4.1 

eqscesi 59.4 27.7 17.8 22.2 
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vidre calkeuli jgufis statistikuri analizis aRweras SevudgebodeT, 
aRvniSnavT, rom jgufebSi moxvedril dazRveulTa raodenobebi klebadia da 
klebis xasiaTs gansazRvravs swored zemoT aRwerili (1) modeli. rac Seexeba, 
danarCen maxasiaTeblebs, raodenobebTan maT mimarTebaze kargad metyvelebs 
korelaciebisa da determinaciis koeficientebis (korelaciis koeficientTa 
kvadratebis procentuli mniSvnelobebis) Semdegi cxrili:  

cxrili 5. jgufebis maxasiaTebelTa raodenobebTan  korelaciisa da 
determinaciis koeficientebi  

 
 
 
 
 
 
 
 
 
 
 

rogorc vxedavT, im maxasiTeblebTan romlebTanac raodenobebis korelacia 
dadebiTia (jami, variacia, asimetria da eqscesi), determinaciis koeficienti 
sakmarisad maRalia, rac magaliTad jamisaTvis regresiis terminologiiT ase 
SeiZleba iqnas aRqmuli: jamuri danaxarjis 94% masSi Sesakrebebis raodenobiT 
SeiZleba aixsnas. maTematikurad ki es imas niSnavs, rom arsebobs raRac dadebiTi 
a da b ricxvebi iseTi, rom  

Sn = a⋅n + b + E,      (5) 
sadac n jgufSi monacemebis raodenobas aRniSnavs, Sn _ jgufis jamuri 
danaxarjia, xolo E (normalurad ganawilebuli) SemTxveviTi „Secdomaa“, romlis 

saSualoc 0-is tolia, μE  =  0, xolo σE gadaxra ucnobia. ra Tqma unda, Tu 
gvecodineba es ukanaskneli da a da b ricxvebi, SesaZlebeli gaxdeba jgufSi 
monacemebis raodenobis saSualebiT ganvsazRvroT ndobis intervali, romelSic 
didi albaTobiT moxvdeba jamuri danaxarji. regresiuli analizis meTodebiT 
SesaZlebelia am sami maxasiaTeblis Sefaseba, magram monacemebis, am SemTxvevaSi 
jgufebis raodenobis simciris gamo (isini sul oTxia), es Sefasebebi ar iqneba 
sando. magaliTad, Cvens SemTxvevaSi gamovidoda, rom a = 210.6 da b = 306 383, xolo 

σE = 405.15, rac 1, 2, 3 da ≥ 4 jgufebis jamuri danaxarjebisaTvis Sesabamisad aseT 
wertilovan prognozebs mogcemda:  

1 725 391, 633 863, 388 516, 328 285. 

Tu am ricxvebs realur  

1 676 388, 869 169, 331 371, 199 127 
danaxarjebs SevadarebT, SeiZleba mogveCvenos, rom prognozi arc Tu ise cudia, 
magram rogorc zemoT vTqviT, es prognozebi monacemTa simciris gamo ar SeiZleba 
iyos sando, miTumetes, rom Cven verafriT SevamowmebT (5) modelis mTavar 
daSvebas: E SemTxveviTi sididis normalurobas. 

 
amitom gadavideT calkeuli jgufis statistikur analizze. SevniSnoT, rom 
danarCeni jgufebisagan gansxvavebiT, pirvel jgufSi variacia gacilebiT maRalia, 
rac am jgufis maRal erTgvarovnebaze metyvelebs. es ki imiT aris ganpirobebuli, 
rom danarCen jgufebSi Cven jamur sidideebs (da ara calkeul Sesakrebebs) 
vakvirdebiT, rac am sidideTa SedarebiT „stabilur statistikur qcevebs“ 
ganapirobebs. amdenad miuxedavad monacemebis didi ganfenilobisa, am sam jgufSi 

Kკoeficienti maxasiaTebeli 
jgufSi korelaciis determinaciis 

jami 0,970782 94% 
minimaluri -0,697131 49% 
maqsimaluri -0,451409 20% 
saSualo -0,710488 50% 
gadaxra -0,645328 42% 
variacia 0,989894 98% 
asimetria 0,984371 97% 
eqscesi 0,991091 98% 
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(2, 3 da ≥ 4) Cven ar gagvWirvebia monacemebisaTvis albaTuri modelebis morgeba 

(ix. qvemoT): samive jgufSi ganawileba log-normaluria cxrilSi warmodgenili μ 
da σ parametrebiT: 

 
cxrili 6. me-2, me-3 da ≥ 4 jgufebis log-normalur ganawilebaTa μ da σ 
parametrebi  

 

 

 

 

gavixsenoT, rom X SemTxveviT sidides hqvia log-normalurad ganawilebuli 

parametrebiT μ da σ, Tu misi ganawilebis funqcias aseTi saxe aqvs: 
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sadac 
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aris standartuli normaluri ganawilebis funqcia. 

 
rac Seexeba pirvel jgufs, masSi monacemebis didi raodenobisa da maTi 
sakmarisad Zlieri araerTgvarovnebis gamo (masSi Sesulia yvelanairi tipis 
samedicino momsaxurebis yvelanairi xasiaTis xarji) ar moxerxda raime erTiani 
modelis morgeba. amitom monacemebSi „erTgvarovneba“ Cven xelovnurad gavaCineT, 
diapazonis sam nawilad dayofiT: 1000 laramde xarjebi (6380 monacemi), 1000-dan 
5000 laramde xarjebi (300 monacemi) da xarjebi 5000 lars zeviT (58 monacemi). am 
qvejgufebSi xarjebis modelireba moxerxda imave log-normaluri modelebiT, 
Tumca es ukve aris sam parametriani, e.w. Canacvlebuli log-normaluri modelebi, 

parametrebiT d, μ da σ, romelTa ganawilebis funqciasac aseTi saxe aqvs:  
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μΦ .    (8) 

axla rac Seexeba zemoxsenebul, monacemebze modelebis morgebas. aRwerili 

diskretuli SemTxvevis msgavsad (igulisxmeba (1) modeli), es kvlav niSnavs χ2 
kriteriumis statistikis agebas 

∑
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romlis mniSvnelobac naklebi iqneba dasaSveb cxrilur mniSvnelobaze. am 
SemTxvevaSi, f1, f2,..., fk sixSireebi ukve aris mocemul jgufSi dakvirvebuli x1, x2,..., xn 
danaxarjebis fardobiTi sixSireebi, romlebic moxvdeba ricxviTi RerZis 
TanaukveT [z0; z1), [z1; z2),..., [zk – 1; zk) intervalebSi, xolo p1, p2,..., pk aris Sesabamisad am 
intervalebSi moxvedris (Teoriuli) albaTobebi, anu Tu saZiebeli (mosargebi) 
ganawilebis funqciaa F(z), maSin  

jgufi 2 3 ≥ 4 

μ 5,369 6,075 6,947 

σ 1,487 1,297 1,263 
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pi = F(zi) – F(zi – 1), i = 1,2,..., k.      (9) 

ra Tqma unda, sixSireebis mniSvnelobebi damokidebulia z0,  z1,...,  zk wertilebis 
arCevaze, xolo albaTobebisa _ ara mxolod am wertilebis, aramed F(z) 
ganawilebis arCevazec. maSin gasagebia, rom χ2 kriteriumis statistikis 
mniSvnelobis simcire damokidebuli yofila z0,  z1,...,  zk wertilebisa da F(z) 
ganawilebis arCevaze da morgebis amocanac swored maT iseT arCevaSi 
mdgomareobs, romlis drosac statistikis mniSvneloba naklebi iqneba dasaSveb 
cxrilur mniSvnelobaze. 

 
rogorc zemoT aRvniSneT, 2, 3 da ≥ 4 jgufebSi aseTi arCevania log-normaluri 

ganawileba cxril 6-Si mocemuli μ da σ parametrebiT, xolo rac Seexeba pirvel 
jgufs, es aris sam parametriani (8) saxis log-normaluri ganawilebebi 
zemoxsenebuli sami qvejgufisaTvis, Semdeg cxrilSi warmodgenili parametrebiT: 

 
cxrili 7. pirveli jgufis sami qvejgufis log-normalur ganawilebaTa d, μ da σ 
parametrebi  

 
 

 

 

 

sabolood pirveli jgufis ganawilebis funqcia warmodgeba rogorc am sami 
qvejgufis ganawilebaTa Sewonili jami, wonebiT, romlebic qvejgufSi moxvedril 
monacemTa fardobiTi wilebia, anu  
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sadac  

w1 = 6380/6738 = 0.946869, w2 = 300/6738 = 0.044524 da w3 = 58/6738 = 0.008608.  (11) 

da danarCeni parametrebis qveda indeqsebi gasagebia, miuTiTebs jgufisa da 
qvejgufis nomrebs. 
 

II. danaxarjis ganawilebaTa modelebisa da simulaciebis aRwera 
      II.1. calkeul dazRveulze wliuri danaxarjis ganawileba 
 
imisaTvis, rom aRvweroT calkeul dazRveulze wliuri danaxarjis C(x) ganawile-
ba, gamoviyenoT sruli albaTobis formula. cxadia, rom 

)()()()(}|{)(}|{}{)( APAPxFAPAxXPAPAxXPxXPxC +⋅=⋅≤+⋅≤=≤≡ , (12) 

sadac X aRniSnavs wliur danaxarjs SemTxveviT arCeul dazRveulze, A aris 
xdomiloba imisa, rom is erTxel mainc mimarTavs kompanias da F(x) aris calkeul 
dazRveulze wliuri danaxarjis pirobiTi ganawileba im pirobiT, rom is erTxel 
mainc mimarTavs kompanias, anu faqtiurad F(x) aris calkeul „pacientze“ wliurad 
daxarjuli Tanxa. kvlav sruli albaTobis formuliT, cxadia, rom 

qvejgufi ‐‐‐1000  1000‐‐‐5000  5000‐‐‐ 

d  670  ‐825  ‐1937 

μ 6.465  6.560  8.365 

σ 0.393  0,750  0.228 
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sadac F1(x) aris (10)-iT ganmartebuli ganawileba, μ da σ parametrebis 

mniSvnelobebi mocemulia cxril 6-Si, p1,  p2,  p3,  p≥4 albaTobebi ki, ganimarteba 
cxrili 2-is mixedviT,  

p1 = 0.7590, p2 = 0.1863, p3 = 0.0429, p≥4 = 0.0119.   (14) 

aRvniSnoT A xdomilobis albaTobas q-Ti. cxadia, rom misi Sefaseba SesaZlebelia 
rogorc “pacientebis” raodenobis fardoba dazRveulebis raodenobasTan, anu 
Cvens SemTxvevaSi q = 8787/70000 = 0.12553. 
 
amgvarad, Tu SevajamebT (10), (12) da (13)-s, sabolood calkeul dazRveulze 
danaxarjis C(x) ganawilebisaTvis miviRebT: 
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II.2. jamuri danaxarjis ganawileba 
 
gasagebia, rom jamuri danaxarjis ganawileba, anu yvela dazRveulis danaxarjTa 
jami, warmoadgens damoukidebel SemTxveviT sidideTa jams, romelTac aqvs (15) 
ganawileba. amdenad, jamuri danaxarjis ganawileba iqneba C(x) ganawilebis M-
jeradi naxvevi  

CS(x) = CM*(x),     (16)   
sadac M dazRveulTa saerTo raodenobaa (Cvens SemTxvevaSi, M = 70000). 
 
ra Tqma unda, Teoriulad zust am faqts naklebi praqtikuli Rirebuleba aqvs, 
ramdenadac Cven ver SevZlebT (15) ganawilebis araTu 70000 rigis, aramed me-2 
rigis naxvevis daTvlasac ki. amitom aq arsebobs aseTi gamosavali: 
davasimuliroT C(x) ganawilebis mqone damoukidebeli 70000 SemTxveviTi sidide da 
SevkriboT; Semdeg ki, es jamebi davasimuliroT bevrjer, vTqvaT 1000-jer, 
miRebuli Sedegebi ganvixiloT rogorc damoukidebeli, CS(x) ganawilebis mqone 
SemTxveviTi sidideebis realizaciebi da am monacemebe dayrdnobiTa da zemoT 
aRwerili morgebis proceduriT movZebnoT CS(x) ganawilebis dasaSvebi modeli. 
magram am gzasac aqvs Tavisi didi minusi: imisaTvis, rom davamodeliroT C(x) 
ganawilebis mqone SemTxveviTi sidide, saWiroa moiZebnos C(x) funqciis Seqceuli 
funqcia, rac gamomdinare (15)-dan kvlav sakmarisad rTul amocanas Seadgens. 
am sirTuleebs Cven ase SegviZlia avuaroT gverdi. gamomdinare iqidan, rom M 
dazRveulidan TiToeulma erTmaneTisagan damoukideblad SeiZleba mimarTos an 
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ar mimarTos kompanias wlis ganmavlobaSi erTxel mainc, „pacientebis“ raodenoba 
gamodis binomurad ganawilebuli SemTxveviTi sidide, parametrebiT M da q. amitom 
mocemuli q-saTvis (rogorc gvaxsovs, q  =  0.12553) da M-saTvis (es parametri ki, 
momavalSi ra eqneba calkeul kompanias, damokidebulia sxvadasxva faqtorebze, 
razec Cven aq ar SevCerdebiT da savarjiSos saxiT M = 70000-Tan erTad aviRebT M 
=  5000;  10000;  20000), gavaTamaSoT pirvel rigSi momaval „pacientTa“ raodenoba n. 
Tu miRebul ricxvs gavamravlebT (14)-iT ganmartebul p1,  p2,  p3,  p≥4 albaTobebze, 

avtomaturad gaTamaSebuli gveqneba 1, 2, 3 da ≥ 4 jgufebSi moxvedrilTa n1, n2, n3, 
n≥4 raodenobebi, romelTaTvisac cxadia sruldeba n  =  n1  +  n2  +  n3  +  n≥4 toloba. 
analogiurad, Tu n1-s gavamravlebT (11)-iT ganmartebul w1,  w2 da w3 wonebze 
avtomaturad gaTamaSebuli gveqneba pirveli jgufis sam qvejgufSi moxvedril 
„pacientTa“ n11, n12, n13 raodenobebi, romlebic cxadia akmayofileben tolobas n1 = 
n11  +  n12  +  n13. amgvarad, gamzadebuli gvaqvs ra damoukidebel SesakrebTa 
raodenobebi, Tav-Tavisi ganawilebiT gavaTamaSoT eqvsive saxis ganawilebis mqone  
SemTxveviTi sidideebi, amasTan SemTxveviT sidideTa swored is raodenobebi, 

romlebzec zemoT iyo saubari, anu gavaTamaSoT n11 cali ⎟⎟
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 ganawilebis mqone SemTxveviTi sidide da miRebuli yvela realizacia 

SevkriboT. Sedegad cxadia, miviRebT CS(x) ganawilebis mqone SemTxveviTi sididis 
realizacias, ramdenadac rom Segvekriba zemoT CamoTvlilidan TiTo SemTxveviTi 
sidide, jami mogvcemda C(x) ganawilebis mqone SemTxveviTi sididis realizacias.  

 
rac Seexeba TviTon gaTamaSebis proceduras, radgan yvela SemTxvevaSi 
Canacvlebul log-normalur ganawilebazea saubari (bolo sami SemTxveva aris 
amis d = 0 kerZo SemTxveva), amitom ganawilebaTa Seqceuli funqciebis sapovnelad 
yvela SemTxvevaSi saWiroa x-is mimarT amoixsnas gantoleba: 

udx
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rac cxadia, sirTules ar warmoadgens. amonaxns aseTi saxe aqvs: 

( ) dux −Φ⋅+= − )(exp 1σμ .     (17) 

amitom Tu ukanaskneli gamosaxulebis marjvena mxareSi u argumentis nacvlad 
CavsvamT xls redaqtorSi “=RAND()” brZanebiT miRebul [0;1] intervalze Tanabrad 
ganawilebul U SemTxveviTi sididis realizacias, Sedegad miviRebT mocemuli 
ganawilebis mqone X SemTxveviTi sididis realizacias: 

( ) dUX −Φ⋅+= − )(exp 1σμ .    (18) 

(17)-sa da (18)-Si monawile standartuli normaluri ganawilebis Seqceuli 

)(1 u−Φ  funqcia xls redaqtorSi aRiwereba “=NORMSINV()” brZanebiT. 
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rac Seexeba Tavdapirvelad gasaTamaSebel binomur SemTxveviT sidides, 
parametrebiT M da q, aqac simulacia umartivesia: sakmarisia gavaTamaSoT 
damoukidebeli M cali bernulis SemTxveviTi sididis realizacia warmatebis q 
albaTobiT da isini SevkriboT. bernulis am SemTxveviTi sididis gaTamaSeba ki 
xdeba brZanebiT: „=IF(RAND() < q; 1; 0)“. 

      
III.  simulaciis Sedegebi da daskvnebi 

 
rogorc zemoT vaxseneT, Cven davasimulireT modelebi oTxi sxadasxva scenaris 
mixedviT, M  =  5000;  10000;  20000;  70000-saTvis (yvela SemTxvevaSi 1000-1000 
realizacia), rac SeiZleba Seesabamebodes Zalze mcire, mcire zomis, zomieri da 
didi kompaniebis portfelebs. sainteresoa, rom oTxive SemTxvevaSi CS(x) 
ganawilebis karg modelad gamovida Canacvlebuli log-normaluri ganawileba. 
parametrebi moyvanilia Semdeg cxrilSi:  

 
cxrili 8. simulirebis Sedegad miRebuli log-normalur ganawilebaTa d, μ da σ 
parametrebi portfelis zomis mixedviT  

 portfelis sidide 

parametri 5000 10000 20000 70000 
D  183000 316250 0 90000 
μ 11.9729 12.8136 14.12961 15.014
σ 0.2398 0.140528 0.057113 0.033 
 

Tu yuradRebas ar mivaqcevT parametrs, romelic log-normaluri 
ganawilebisaTvis mxolod Canacvlebis maCvenebelia, modelis ZiriTadi 
parametrebisaTvis advilad aRmovaCenT saintereso dinamikas portfelis sididis 

zrdis mixedviT: μ parametris mniSvnelobebi izrdeba, xolo σ parametrisa – 
klebulobs. 

 
praqtikuli gamoyenebisaTvis ki, ra Tqma unda, ufro sainteresoa jamuri 
danaxarjis, anu S SemTxveviTi sididis maxasiaTeblebi, romlebic Semdeg 
cxrilSia warmodgenili: 

 
cxrili 9. jamuri danaxarjis maxasiaTeblebi portfelis zomis mixedviT  

 

portfelis sidide 
maxasiaTeblebi 5000 10000 20000 70000 

μS 163 024  370 820 1 371 262 3 316 911

σS 39 662  52 369 78 381 109 488

          

X CS
-1(x) CS

-1(x) CS
-1(x) CS

-1(x) 

0.9  32 392  123 381 1 472 989 3 368 312 

0.95  51 999  146 409 1 503 872 3 410 023 

0.99  93 719  192 909 1 563 560 3 489 628 
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0.999  149 348  250 607 1 633 285 3 581 011 

 

 




