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winasityvaoba 

 eqspluataciis procesSi avtomobilebis teqnikuri mdgoma-

reobis uzrunvelyofa dakavSirebulia organizaciul-teqnikuri 

RonisZiebebis SesrulebasTan da moicavs materialur da SromiT 

xarjebs. es exeba avtomobilebis teqnikur momsaxurebas da 

remonts. maTi Sesrulebis xarisxi damokidebulia moZravi 

Semadgenlobis konstruqciul Taviseburebebsa da saeqspluata-

cio pirobebis mixedviT normatiuli maCveneblebis Sesabamiso-

baze. amitom maTi Tanamedrove teqnologiebis gaTvaliswinebiT 

optimizacia, saTanado parametrebis dadgena da koreqtireba 

iZleva mniSvnelovan efeqts rac gamoisaxeba saeqspluatacio 

xarjebis SemcirebiT. 

 am poziciebidan gamomdinare praqtikuli sainJinro 

amocanebi miznad isaxavs iseTi mniSvnelovani sakiTxebis 

gadawyvetas, rogoricaa teqnikuri momsaxurebis periodulobis 

gansazRvra operaciebis mixedviT, teqnikuri zemoqmedebis 

saxeobebis formireba, saTadarigo detalebis nomenklaturuli 

raodenobis gansazRvra, detalebis Secvlis sistemis optimi-

zireba, teqnikurad mzadyofnis koeficientis diferencireba 

garbenis mixedviT, saimedoobis pasportis Sedgena da sxva. 

 praqtikuli samuSaoebis Sesrulebis meTodebs safuZvlad 

udevs statistikuri monacemebis maTematikuri damuSaveba da 

analizi rac iTvaliswinebs Tanamedrove moTxovnebis pirobebs 

da avtomobilis eqspluataciis safuZvlebis Teoriul codnas, 

es ki aucilebelia eqspluataciis sferoSi dasaqmebuli 

specialistebisaTvis.  
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praqtikuliAsamuSao #1.  
mtyunebaTa statistikuri monacemebis damuSaveba da  

saimedoobis maCveneblebis gamovlena 
E eqspluataciis procesSi avtomobilebze dakvirvebis 

Sedegad miRebuli iqna informacia detalis mtyunebebis Sesaxeb. 

mtyunebis kriteriums warmoadgens detalis gacveTa da muSaobis 

unaris dakargva. dafiqsirebuli iqna N=68 detalis Secvla. 1-el 

cxrilSi mocemulia maTi mniSvnelobebi namuSevrebis 

(garbenebis) mixedviT. davuSvaT, rom gansaxilveli detalis 

pirvel Secvlamde resursis ganawileba eqvemdebareba normalur 

kanons. 

 saWiroa ganisazRvros resursis ganawilebis parametrebi 

(maTematikuri molodini da saSualo kvadratuli gadaxra), 

Semowmdes ganawilebis kanonis saxeobis Sesaxeb hipoTeza, 

gamoiTvalos ganawilebis simWidrove, umtyunebo muSaobis 

albaToba da saSualo resursi. angariSis Sedegebis mixedviT 

gamoisaxos Sesabamisi mrudebi. 

cxrili 1 

resursis mniSvnelobebi (ganlagebulia zrdadi saxiT) aTasi km. 

66,3 132,5 156,4 164,1 180,3 188,4 197,0 211,4 219,6 229,1 241,9 

87,7 136,7 156,9 164,5 181,0 188,7 198,5 212,0 220,8 233,1 242,7

96,7 138,0 157,0 168,4 182,1 189,1 200,2 213,7 221,7 233,6 246,9

107,2 140,9 158,0 170,2 182,7 190,1 205,7 214,0 223,7 237,6 251,1 

112,5 151,6 158,8 172,7 187,3 190,9 206,8 214,2 226,0 238,4 268,8

126,4 155,0 159,4 173,9 188,2 194,5 211,3 214,6 221,5 241,7 312,5 

      ∑= 2,12470  aTasi km. 
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1.2. resursebis SemTxveviTi mniSvnelobebis  

dajgufebis intervalis sididis gansazRvra 

  gamovTvaloT garbenis maqsimaluri Lmax da minimaluri Lmin 

mniSvnelobebi da ganvsazRvroT intervalis sidide 

S
LLL minmax −=Δ  

sadac S aris namuSevris intervalebis raodenoba da 

gamoiTvleba formuliT: 766lg2,312,31 =⋅+=⋅+= gNS  

maSasadame intervalis sidide iqneba 

36
7

3,665,312
≈

−
=ΔL  aTasi km. 

 

1.3. ganisazRvros intervalebis sawyisi da saboloo 

mniSvnelobebi garbenebis maqsimaluri da minimaluri 

mniSvnelobebis gaTvaliswinebiT 

 

.318
;31836282;28236246;24636210;21036174

;17436138;13836102;1023666;66

7654
km aTasisab.

321sawy.

=
=+==+==+==+=

=+==+==+==

L
LLLL

LLLL

 

 gamovxazoT intervalebad dayofis sqema 

 

 

 

 

 

 

66              102               138                174               210               246               282               318 

Lsawy.              L1                 L2                 L3                         L4                 L5                 L6                  Lsab. 
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1.4. ganisazRvros intervalebis Sualeduri mniSvnelobebi da 
TiToeul intervalSi resursis SemTxveviTi sidideebis moxvedris 

raodenoba  
 

 angariSis Sedegebi SevitanoT me-2 cxrilSi. 

cxrili 2 
intervalSi resursebis moxvedris sixSiris gansazRvra 

intervalis 
# 

intervalebis 
sazRvrebi 
(aTasi km) 

intervalebis 
Sualedi 
(aTasi km) 

intervalSi 
moxvedris 
sixSire, 

ni 
1.  66-102 84 3 
2.  102-138 120 6 
3.  138-174    156 15 
4.  174-210 192 17 
5.  210-246 228 21 
6.  246-282 264 3 
7.  282-318 300 1 
                       ∑= 66  

 

1.5. ganawilebis normaluri kanonis parametrebis gansazRvra 
 

ganawilebis simWidroves aqvs Semdegi saxe: 

2

2

2
)(

)2
1)( σ
πσ

saS

−−
−

⋅
⋅

=

LLi

eLf  

sadac 
−−

σdaL  aris ganawilebis normaluri kanonis parametrebi; 

ganvsazRvroT maTematikuri molodini saS

−

L Semdegi formuliT: 

∑
=

−−−
⋅⋅=

r

i
ii nL

N
L

1

1
saS

 

sadac  r   - intervalebis raodenoba; 

        N   - dakvirvebis saerTo raodenoba; 

        iL  - intervalebis Sualedi; 
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        in   - intervalSi moxvedris sixSire 

km. aTasi

saS

73,1881245666
1

)130032642122817192151566120384(66
1

≈⋅=

=⋅+⋅+⋅+⋅+⋅+⋅+⋅=
−
L

 

 ganvsazRvroT saSualo kvadratuli gadaxra formuliT 

km. aTasi
saSsaS

29,46
)()166(

1
)()1(

1
22 ≈
⋅−−

=
⋅−−

=
∑∑

−

iiii nLLnLLN
σ  

ganvsazRvroT ganawilebis simWidrovis empiriuli mniSvne-

lobebi intervalebis mixedviT 

LN
n

Lf i
iэ Δ⋅
=

−
)(  

ganvsazRvroT intervalebis Sualedebis normirebuli da 

centrirebuli gadaxrebi: 

σ
)(

−−−
− saSLLy ii

 

ganvsazRvroT ganawilebis simWidrovis Teoriuli 

mniSvnelobebi formuliT: 

)(1)( 0 ii yfLf ⋅=
σ

T     

sadac 

2

2
0

2

1)(
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

⋅=

iy

i eyf
π  

 zemoT naCvenebi angariSis Sedegebi SevitanoT me-3 cxrilSi 
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cxrili 3 
ganawilebis simWidrovis (empiriuli da Teoriuli)  

mniSvnelobebis da intervalebis Sualedebis  
normirebuli da centrirebuli gadaxrebi  

  

ni  (parametri) yi )( iэ Lf  )(0 iLf  )( iLfT  

n1 -2,262 0,0013 0,0333 0,0007 

n2 -1,485 0,0025 0,1333 0,0029 

n3 -0,707 0,0063 0,3278 0,0071 

n4 0,071 0,0072 0,4 0,0086 

n5 0,848 0,0088 0,2857 0,0062 

n6 1,626 0,0013 0,1089 0,0023 

n7 2,404 0,0004 0,0222 0,0005 
 

 angariSis Sedegebis mixedviT avagoT histogramebi, ganawi-

lebis simWidrovis Teoriuli mrudi. (nax. 1) 

 

 

          

 

 

 

 

 

 

 

 

 

 
 
 
 
 

nax. 1. histograma, ganawilebis simWidrovis mrudi. 

)( iэ Lf
 

0,01 
 

0,009 
 

0,008 
 

0,007 
 

0,006 
 

0,005 
 

0,004 
 

0,003 
    84              120           156            192             228            264             L 

25
n
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1.6. ganawilebis empiriuli da Teoriuli kanonebis SeTanxmebis 
Semowmeba pirsonis Tanxmobis 2χ  kriteriumiT. 

 
 ganvsazRvroT empiriuli da Teoriuli ganawilebis SeTan-

xmebis done (gansxvavebaTa sidide). angariSis gaadvilebis da 

moxerxebulobis mizniT 
2χ  kriteriumi viangariSoT formuliT: 

12,5
)(

)]()([ 2

12 =

−Δ⋅

=
−

−

=

−

∑
i

i

r

i
iэ

Lf

LfLfLN

T

T

χ
 

 gamovTvaloT Tavisuflebis xarisxis ricxvi m 

(intervalebi, romlebSic mi moxvedris raodenoba 5-ze naklebia, 

gavaerTianoT mezobel intervalTan) m= ri-k-1  sadac ri aris 

intervalebis raodenoba gaerTianebis Semdeg (ri=4). k–ganawilebis 

kanonis parametrebis raodenoba (k=2).  (maTematikuri molodini 

da saSualo kvadratuli gadaxra) maSasadame m=4-2-1=1 2χ  da m 

mniSvnelobebis mixedviT Tanxmobis albaToba )( 2χP  

05,0)(;0821,0)12,5()( 22 >== χχ PPP  

 maSasadame hipoTeza normaluri kanonis Sesaxeb 

gamarTlebulia. 
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1.7. umtyunebo muSaobis albaTobis gansazRvra 

 detalis saSualo resursi saSL  ganawilebis normaluri 

kanonis SemTxvevaSi tolia maTematikuri molodinis. e.i. 

km. aTasisaS 73,188=L  

 ganvsazRvroT umtyunebo muSaobis albaTobis mniSvnelobebi 

intervalebis mixedviT 

N

r

i
nN

iLP
∑
=

−

=
− 1)(  

0
66

6666)(;........95,0
66

366)( 71 =
−

==
−

=
−

LPLP  

avagoT umtyunebo muSaobis albaTobis mrudi L  garbenis 

mixedviT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

    84             120             156             192             228            264             300    L 

1,0 
 
 

0,80 
 
 
 

0,60 
 
 
 

0,40 
 
 

0,20 
 
 
 

0 

nax. 2. umtyunebo muSaobis albaTobis mrudi 

P(L) 
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praqtikuliAsamuSao #2 
dasakvirvebeli avtomobilebis raodenobis gansazRvra 

 
 avtomobilis saimedoobis Sesaxeb informaciis Segroveba da 

misi maCveneblebis gamovlena realur saeqspluatacio pirobebSi 

unda moxdes avtomobilebze xangrZlivi da swori  dakvirvebis 

Sedegad. am dros xdeba yvela mtyunebisa da uwesivrobis 

dafiqsireba im namuSevris (garbenis) zusti aRricxviT, 

romelzedac Sesrulda Sesabamisi teqnikuri zemoqmedeba 

(regulireba, detalis Secvla da sxva). 

 dasakvirvebeli avtomobilebis raodenoba damokidebulia 

SemTxveviTi sididis (avtomobilis garbena) saWiro sizustesa da 

maT gabnevaze. rac metia am moTxovnebis dakmayofilebis 

survili, miT meti unda iyos dasakvirvebeli avtomobilebis 

raodenoba. rodesac resursis ganawilebis kanoni normaluria, 

maSin dasakvirvebeli  avtomobilebis minimaluri raodenoba 

Semdegnairad gamoiTvleba: 

2

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ⋅
=

δ
VU

N p
 

sadac pU  - normaluri ganawilebis kvantili (aiReba 

cxrilebidan) 

          V   - variaciis koeficienti  (normaluri ganawilebis 

SemTxvevaSi aiReba 0,1-0,33 zRvrebSi) 

              δ  - fardobiTi cdomileba. 

rodesac  80,0=α  (sarwmulo albaToba),  

          

 842,032,0,05,0 80,0 === =PUV  daδ
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30
05,0

32,0842,0
2

≈⎟
⎠

⎞
⎜
⎝

⎛ ⋅
=N   avtomobili. 

 saSualo resursis sarwmuno zRvrebis dadgenis mizniT, 

winaswar saWiroa SemTxveviTi sidideebis ganawilebis kanonis 

parametrebis intervaluri Sefaseba, romelic ganisazRvreba ori 

ricxviT (intervalis boloebiT, romlebic faraven mocemul 

parametrs) 

  saSualo resursis sarwmuno zRvrebi warmoadgens 

sarwmuno intervals, romelic (ormxrivi) sarwmuno *α  

albaTobiT faravs saSL . 

{ },* zed
saSsaS

qv
saS LLLBep ≤≤=α  

calmxrivi 1α  da 2α  albaTobebi ganisazRvrebian Semdegi 

pirobiT: 

{ },1
qv
saSsaS LLBep ≥=α  

{ },2
zed
saSsaS LLBep ≥=α  

 

amasTan 
*

21 1 ααα =−+ , kerZo SemTxvevaSi, rodesac 

ααα == 21 , maSin  

12* −= αα  an 2
1* +

=
αα  

 sarwmuno intervalis sidide axasiaTebs Sefasebis sizustes, 

xolo sarwmuno albaToba, Sefasebis damajereblobas. 

 namuSevris SemTxveviTi sidideebis normaluri kanoniT 

ganawilebis SemTxveviTi sarwmuno zRvrebi ganisazRvreba 

Semdegnairad: 
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;

;

ε

ε

+=

−=

saS
zed
saS

saS
qv
saS

LL

LL
 

 

sadac ε  aris absoluturi cdomileba. 

N
t kk σ

ε α ⋅
= ,

 

 aq kt ,α  stiudentis koeficientia, romelic ganisazRvreba 

mocemuli α  da 1−= Nk  mniSvnelobebisaTvis cxrilebis 

mixedviT (danarTi 2).  

 pirveli samuSaos monacemebis mixedviT gamoTvlili 

parametrebis mniSvnelobebi da Sedegebi mocemulia me-4 

cxrilSi. 

 danarTi 3-is mixedviT ganvsazRvroT ε  rodesac 8,0=α  da 

841,0,65166 65 ==−= kk      

km. aTasi5
66

5,46841,0
=

⋅
=ε  

km. aTasi

km. aTasi
zed
saS

qv
saS

1935188

1835188

=+=

=−=

L

L
 

e.i. 193183 ≤≤ saSL  
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cxrili 4 

# dasaxeleba aRniSvna namuSevris intervali jami 
1 2 3 4 5 6 7 8 9 10 11 

1 intervalis 
zRvrebi 

Li – 1,  
Li 

66 
102 

102 
138 

138 
174 

174 
210 

210 
246 

246 
282 

282 
318 

 

2 intervalis 
Sualedi 

LisaS 84 120 156 192 228 264 300 
 

cxrili 4-is gagrZeleba

1 2 3 4 5 6 7 8 9 10 11 

3 mtyunebis 
sixSire 

ni 3 6 15 17 21 3 1 66 

ni 
. LisaS 252 720 2340 3264 4788 792 300 12492 4 saSualo 

mniSvne-
lobis 
gamoTvla 

73,188
66

12456
66

==
⋅

= ∑ saS

saS

Ln
L i  

Li -LsaS -105 -79 -33 3 61 75 111  

(Li - LsaS)2
 11025 6241 1089 9 3721 5625 12321 37441 

(Li - LsaS)2
. 

ni 
33075 37446 16335 153 78141 16875 12321 192346

5 saSualo 
kvadratul
i gadaxris 
Sefaseba  
da 
gamoTvla 5,46192346

166
1

=⋅
−

=σ  

 

ganvsazRvroT fardobiTi cdomileba da variaciis koefi-

cienti: 

02,0
188

5,247,0
188

5,46
==== δV  

 

 

 

 

 

 

 

 



 
 

16

praqtikuliAsamuSao #3 
avtomobilis optimaluri resursis gansazRvra 

 

resursi warmoadgens zRvrul mdgomareobamde avtomobilis 

garbenas. anu mis iseT namuSevars, romlis drosac efeqturobis 

maCveneblebi eqstremalur mniSvnelobebs miiRebs. resursis 

optimizaciis kriteriumad miRebulia avtomobilis damzadebisa 

da muSaobis unaris SenarCunebaze gaweuli kuTri xarjebis jami, 

romelic uzrunvelyofs mocemul saeqspluatacio pirobebSi 

maqsimalur mwarmoeblurobas. 

 

∑ ∫ →⎥
⎦

⎤
⎢
⎣

⎡
+= min)(1

0

dLLCC
L

C
L

s.S.avt.kuT  

sadac avt.C  - avtomobilis damzadebaze (SeZenaze) gaweuli 

xarjebi, lari; 

 

  )(LLs.S. - avtomobilis saimedoobis SenarCunebaze 

gaweuli xarjebi garbenis intervalebis 

mixedviT. 

 kuTri xarjebis minimaluri mniSvneloba ganpirobebulia 

imiT, rom avtomobilis damzadebasTan dakavSirebuli pirveladi 

xarjebi garbenis zrdasTan erTad mcirdeba, xolo saimedoobis 

SenarCunebaze gaweuli xarjebi izrdeba. maSasadame, maT jams 

eqneba minimaluri mniSvneloba garbenis romeliRac momenti-

saTvis.  

 optimaluri resursi analizurad iangariSeba Semdegnairad: 

 

km. aTasi
avt.

opt.
1

)1(
+

⋅

+⋅
= n

bn
nC

L  
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sadac n  - saimedoobis done, romelic warmoadgens 

avtomobilis SeZenisa da saimedoobis SenarCunebaze 

gaweuli xarjebis fardobas; 

       b  - saTadarigo detalebis xarjebis cvlilebis kuTxuri 

koeficienti kmn+1 

amocanis amoxsnisaTvis saWiro sawyisi monacemebi: 

- avtomobilis Rirebuleba - avt.C ; 

- saTadarigo detalebze gaweuli faqtiuri xarji garbenis 

intervalebis mixedviT - );(LCsaTd.   

- (A+B+C) koeficientebis jami, romelic axasiaTebs avto-

mobilis (agregatis) saimedoobis SenarCunebaze gaweuli 

xarjebis Tanafardobas. 

(A -SromiTi xarjebisa da saTadarigo detalebis xarjebis 

Sefardeba, B –masalebisa da igive saTadarigo detalebis 

xarjebis Sefardeba, C –mocdenis kompensaciisa da isev 

saTadarigo detalebis xarjebis Sefardeba) (aRniSnuli 

koeficientebis jami praqtikuli monacemebiT 1,5÷2,5 zRvrebSia). 

sawyisi monacemebi mocemulia me-5 cxrilSi 

 

 cxrili 5 

saTadarigo detalebis xarji 
lari/1000km. 

0 
100 

100 
200 

200 
300 

300 
400 

400 
500 

500 
600 

koeficien 
tebis 
jami 

(A+B+C) 

avt-is 
Rirebuleba

avt.C lari 

0,88 7,01 11,2 26,4 33,4 55,7 1,93 13500 
 

saTadarigo detalebis kuTri xarjebi warmovadginoT 

xarisxovani funqciis saxiT: 

m.lari/1000ksaTd.saTd. ,)( nLbLC ⋅=  
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Tu am gantolebas gavalogariTmebT, miviRebT: 

LnbLC lglg)(lg += saTd.saTd.  

mocemuli gantolebis koeficientebi moiZebneba umciresi 

kvadratebis wesiT, amisaTvis SevadginoT ori gantolebis 

sistema: 

*2

*

lglg)(lglglg

lglglg

saTad.saTd.

saTad.saTd.

CLLnLb

CLnbm

∑ ∑ ∑
∑ ∑

⋅=+

=+
 

 sadac m aris namuSevris intervalis raodenoba (m=6) 

am sistemis gansazRvras aqvs Semdegi saxe: 

∑ ∑
∑

∑ ∑
∑∑

∑ ∑
∑

⋅
=Δ

⋅
=Δ

=Δ

*

*

3

2*

*

2

21

lglglg

lg

)(lglglg

lglg

)(lglg

lg

saT.d.

saT.d.

saT.d.

saT.d.

CLL

Cm

LCL

LC

LL

Lm

 

 

romelTa safuZvelze vipoviT: 

1

3

1

2 ;lg
Δ
Δ

=
Δ
Δ

= nbsaT.d.  

mocemuli sawyisi monacemebis mixedviT miRebuli angariSis 

Sedegebi mocemulia me-6 cxrilSi 
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cxrili 6 

L 

L 

 

*
saT.d.C  

 

Llg  

 

2)(lgL

 

*lg saT.d.C⋅

 

*lglg saT.d.CL ⋅

 

saT.d.Clg  

 

saT.d.C

 

50 0,88 1,70 2,89 -0,056 -0,096 -0,002 1,00 

150 7,01 2,18 4,74 0,846 1,84 0,785 6,10 

250 11,2 2,40 5,75 1,05 2,52 1,15 14,0 

350 26,4 2,54 6,47 1,42 3,61 1,38 23,7 

450 33,4 2,65 7,04 1,52 4,04 1,56 36,0 

550 55,7 2,74 7,51 1,75 4,78 1,70 50,5 

 134,6 14,21 34,40 6,53 16,69 6,57 131,3 
 

miRebuli jami warmoadgens sistemis ganmsazRvrel koefi-

cientebs  

∑∑

∑ ∑

=⋅=

===

59,16lglg53,6lg

40,34)(lg21,14lg6

*

2

saT.d.saT.d. CLC

LLm  

am mniSvnelobebis mixedviT viangariSoT ganmsazRvrelebi: 

48,4
40,3421,14
21,146

1 ==Δ
 

5,12
40,3421,16

21,1453,6
2 −==Δ

 

35,7
69,1621,14

53,66
3 ==Δ  

maSasadame, kuTxuri koeficienti da xarisxis maCvenebeli 

(saimedoobis done) tolia: 
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64,1
48,4
35,7

;79,2
48,4

5,12lg

1

3

1

2

==
Δ
Δ

=

−=
−

=
Δ
Δ

=

n

bsaT.d.

 

mocemuli variantisaTvis (sawyisi monacemebisaTvis) )(lg LCsaT.d.  

iangariSeba Semdegnairad: 

1
saT.d.

saT.d.

mlari/1000k +=⋅+=⋅+++=

−⋅=
nbCBAb

LLC

00475,000162,0)93,11()1(

79,2lg64,1)(lg
 

optimaluri resursi iqneba: 

km.000333
00475,064,1

)164,1(13500164,1 + =
⋅

+⋅
=L  

mrudebis asagebad angariSebis Sedegebi mocemulia me-7 cxrilSi  

cxrili 7 

LL 

aTasi 

km. 

)(LCsaTad.  

lari 

)(LCs.S.

lari 

)(LC saS
s.S.

lari 

)(LCSeZ.  

lari 

)(LCkuT.

lari 

50 1,0 2,93 1,11 270,0 271,0 

150 6,10 17,9 6,78 70,0 76,8 

250 14,0 41,0 15,5 54,0 69,5 

350 23,7 69,4 26,3 38,6 64,9 

450 36,0 105,0 39,8 30,0 69,8 

550 50,5 148,0 56,1 24,5 80,6 

 

m.lari/1000k
1

avt.
SeZ.

s.S.saS
s.S.

saTad.s.S.

L

C
LC

n

C
C

CCBAC

=
+

=

⋅+++=

)(;

)1(
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 miRebuli optimaluri resursis pirobebSi saTadarigo 

detalebis jamuri xarjis norma iangariSeba Semdegi 

gantolebiT: 

si.lari/resur
avt.

saTd. 2810
)93,11(64,1

50013
)1(

)( =
+

=
⋅+++

=
nCBA

C
LC

 

 

 

 

 

 

nax. 3.  kuTri xarjebis cvlilebis mrudebi 
1-SeZenis xarjebi, 2-saimedoobis SenarCunebis xarjebi, 

3-jamuri kuTri xarjebi 

          50                   150                  250                   350                   450               L, aTasi km.   

 
200 

 
 

160 
 
 
 

120 
 
 
 

80 
 
 
 

40 
 
 
 

0 

  3 

2 

1 

CkuTri lari/1000km. 
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praqtikuliAsamuSao #4 
detalebis SecvlaTa raodenobis gansazRvra 

 rodesac cnobilia romelime kritikuli detalis umtyunebo 

muSaobis albaTobis ganawilebios funqcia, maSin mis pirvel 

Secvlaze moTxovna ganisazRvreba sagegmo periodis intervalSi 

mtyunebaTa warmoSobis albaTobiT 

             i-uri avtomobilisaTvis 

)(
)(

1);(1)(
i

i
ii LP

LLP
LLLPLP geg

geg

+
−=+−=

−

 

avtomobilebis jgufisaTvis 

∑
=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ +
=

inv
geg

Secv. -1
A

i i

i

LP
LLP

N
1 )(

)(
 

sadac LLLgeg aris avtomobilis sagegmo garbena. 

samuSaos SesrulebisaTvis saWiro sawyisi monacenebi 

cxrili 8 

ganawilebis 
parametrebi 

avtomobilebis raodenoba 
jgufebSi 

1 2 3 4 5 6 7 8 9 10  

LsaS. 
aTasi km. 

 
σ  

aTasi 
km. 

sagegmo 
garbena

Lgeg.
 sawyisi garbena LsaS.=1000 km.  

60 17 20 20 25 30 35 25 30 40 45 30 35 
 

    viangariSoT resursis ganawilebis funqcia da avagoT misi 

grafiki (nax. 4). amisaTvis visargebloT 1-li samuSaos meTodikiT 

da gamoviyenoT normaluri ganawilebis kvantilebis cxrili 

(danarTi 1). 

 angariSis Sedegebi Segvaqvs me-9 cxrilSi, romlis me-5 

striqonis monacenebi warmoadgens grafikis agebisaTvis saWiro 

mniSvnelobebs  
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cxrili 9 

1 intervalis 
saSualo 

mniSvneloba 
10 30 50 60 70 90 110 

2 gamoTvla 

)( saS.LLi −  
-50 -30 -10 0 10 30 50 

3 normaluri ganawi-
lebis kvantili 

σ
)( saS.LLi −
 

12,941 -1,764 -0,588 0 0,588 1,764 2,941 

4 resursis 
ganawilebis 

funqcia )(LF  

0,01 0,06 0,27 0,50 0,73 0,94 0,99 

5 umtyunebo 
muSaobis 
albaToba 

)(1)( LFLP −=  

0,99 0,94 0,73 0,50 0,27 0,06 0,01 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 
 

1 
 
 

0,8 
 
 

0,6 
 
 

0,4 
 
 

0,2 
 
 

0 

nax. 4. umtyunebo muSaobis albaTobis mrudi 

)(LP

           20            40           60          80           100       120 

gegL

)( iLP

)( gegsawy LLP +

sawL
gegsawy LL +

L, aTasi km. 

)(LP
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detalebis SecvlaTa raodenobis angariSis Sedegebi naCvenebia 

me-10 cxrilSi, sadac sawyis monacemebad miRebulia funqciis 

mniSvnelobebi. Mme-4 naxazidan zemoT naCvenebi formulebiT 

gamoTvlili SecvlaTa raodenoba rogorc i-uri avtomobi-

lisaTvis, ise avtomobilis jgufisaTvis naCvenebia cxrilis me-4 

striqonSi. 

 

cxrili 10 

SecvlaTa raodenobis angariSi 

 Aavtomobilis 
raodenoba 1 2 3 4 5 6 7 8 9 10 

sawyisi garbenebi  
gamoTvla 

20 25 30 35 25 30 40 45 30 35 
1 )( sawyLP  0,96 0,95 0,94 0,89 0,95 0,94 0,84 0,77 0,94 0,89

2 )( gegsaS LLP +  0,84 0,17 0,72 0,62 0,77 0,72 0,50 0,38 0,72 0,72

3 );( gsaw LLLP i + 0,13 0,19 0,23 0,30 0,19 0,23 0,40 0,50 0,23 0,30

4 )(1 LP−  0,87 0,81 0,77 0,70 0,81 0,77 0,60 0,44 0,77 0,70
 

   Aavtomobilebis jgufisaTvis SecvalaTa raodenoba 

warmoadgens me-4 striqonis Sedegebis jams. 

NNSecv.=0,87+0,81+0,77+0,70+0,81+0,77+0,60+0,44+0,77+0,70=7 
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praqtikuliAsamuSao #5 
detalebis gamoyenebis donis Sefaseba maTi  

Secvlis sxvadasxva sistemis dros 
 

D detalebis mtyuneba sarwmuno xdomilebaa, xolo garbena, 

romlis drosac moxdeba mtyuneba, warmoadgens SemTxveviT 

sidides da amitom igi gansxvavdeba TiToeuli detalisaTvis. 

isini mwyobridan gamodian mxolod maTTvis damaxasiaTebeli 

garkveuli namuSevris Semdeg.  

    detalebi gansxvavdebian agreTve Rirebulebis mixedviT. 

amitom, efeqturobis poziciidan gamomdinare, aucilebeli da 

mizanSewonilia detalebis Secvlis sistemis SerCeva da 

optimizireba. 

 praqtikaSi gamoiyeneba konstruqciuli elementebis Secvlis 

Semdegi sistemebi: Secvla detalis mtyunebisas, dadgenili 

garbenis Semdeg Secvla, jgufuri Secvla erTi romelime 

detalis mtyunebisas. pirveli sistema gamoiyneba im SemTxvevaSi, 

rodesac detalis Secvlaze ar ixarjeba didi Sroma. meore 

sistema avtomobilis usafrTxo eqspluataciis pirobidan 

gamomdinareobs, xolo mesame sistema gamoiyeneba konstruqciuli, 

teqnologiuri da teqnikur-ekonomikuri TvalsazrisiT. 

 detalebis Secvlis ama Tu im sistemis SerCvea da Semdgomi 

analizi Sefasdeba TiToeuli i-uri resursis gamoyenebis irβ  

koeficientebisa da detalebis jgufis (an mTlianad agregatis) 

gamoyenebis detβ  koeficientebze. 

i
i L

L

saS

saS
r

L
=β
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∑

∑

=

== n

i
i

i

n

i
i

C

C

1

1

L

r

det

β
β

 

sadac    saSL   - SecvlaTaSorisi saSualo garbena; 

          iLsaS  - i-uri detalis saSualo resursi mis zRvrul 

mdgomareobamde; 

                   iC   -  i-uri detalis  Rirebuleba, lari; 

           n -  jgufSi detalebis raodenoba. 

vTqvaT, agregatis saimedooba ganisazRvreba sami detaliT 

TiToeuli detalis Sesaxeb monacemebi (saSualo resursi, 

Rirebuleba da variaciis koeficienti) mocemulia me-11 cxrilSi. 

cxrili 11 

1-li detali me-2 detali me-3 detali 

1saSL  
aTasi 
km. 

V1 
C1 

lari 

2saSL
aTasi 
km. 

V2 
C2 

lari

 

3saSL
aTasi 
km. 

V3 
C3 

lari

60 0,30 2,5 80 0,25 3,0 100 0,30 4 
 

viangariSoT da avagoT Sesacvleli detalebis umtyunebo 

muSaobis grafikebi. 

 Secvlis TiToeul variantSi Semavali detalebis 

jgufisaTvis ganvsazRvroT umtyunebo muSaobis albaToba. 

amisaTvis gamoiyeneba albaTobis namravlis Teorema 

)()(
11
APAP

k

ii

k

i ==
Π=Π  
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sadac K aris  jgufSi detalebis raodenoba (cxrili 12) am 

SemTxvevaSi sawyis monacemebs warmoadgens detalebis umtyunebo 

muSaobis mrudebi.  

detalebis erToblivi Secvlis jgufisaTvis ganvsazRvroT 

SecvlaTaSorisi namuSevris saSualo mniSvneloba: 

∫ ∑
∞

Δ==
0

)()( LLPdLLPL jgjgsaS  

sawyisi monacemebi angariSis Sesasruleblad da detalebis 

Serwymuli kombinacia maTi jgufuri Secvlisas SeiZleba 

warmodgenili iqnas Semdegi saxiT: 

 

cxrili 12 

Ddetalis # 
sawyisi monacemebi aRniSvnebi 

1 2 3 
saSualo resursi, 1000km. LsaS 60 80 100 
variaciis koeficienti V 0,30 0,25 0,30 
saSualo kvadratuli gadaxra, 
1000 km. σi 18 20 30 

detalis Rirebuleba, lari Ci 2,5 3,0 4,0 
A + + - 

B + - + 

C - + + 
SecvlaTa strategia 

D + + + 
 

(+ - jgufuri Secvla, - individualuri Secvla) 

ganvsazRvroT detalebis jgufebis resursebis ganawileba da 

angariSis Sedegebi SevitanoT me-13 cxrilSi. 
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cxrili 13 

garbena 

1000 km. 
P1 P2 P3 P1 P2 P1 P3 P2 P3 P1P2 P3 

20 0,987 0,999 0,996 0,986 0,983 0,995 0,982 

40 0,867 0,977 0,977 0,847 0,847 0,995 0,828 

50 0,711 0,974 0,953 0,953 0,644 0,890 0,632 

60 0,500 0,841 0,908 0,421 0,454 0,764 0,382 

70 0,289 0,690 0,841 0,199 0,243 0,580 0,163 

80 0,134 0,500 0,749 0,067 0,100 0,375 0,050 

90 0,048 0,308 0,631 0,014 0,030 0,194 0,008 

100 0,013 0,159 0,500 0,002 0,007 0,080 0,001 

110 0,003 0,076 0,369 0,000 0,001 0,024 0,000 

 

Ddetalebis umtyunebo muSaobis albaTobis grafikebi da maTi 

jgufuri Secvlis variantebi A, B, C, D strategiisaTvis 

mocemulia me-5 naxazze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 5. detalebis da detalebis jgufis umtyunebo 

       muSaobis albaTobis mrudebi 

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0 20 40 60 80 100 120

P3(L) 

P2(L) 

P1,2,3(L) 
P1,2(L) 

P1,3(L) 

L, aTasi  km 

P(L) 
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Ddetalebis SecvlaTaSoris saSualo garbenebi Secvlis 

sxvadasxva strategiisaTvis mocemulia me-14 cxrilSi. aqvea 

mocemuli detalebis gamoyenebis koeficientis angariSis 

Sedegebi. 

cxrili 14 

SecvlaTa sistema 
maCveneblebi 

A B C D 
LsaS. 57 58 74 55 

βP1 0,950 0,966 - 0,916 

βP2 0,712 - 0,925 0,687 

βP3 - 0,580 0,740 0,550 

C1βP1 2,375 2,415 - 2,250 

C2βP2 2,136 - 2,715 2,061 

C3βP3 - 2,320 2,960 2,200 

βdet. 0,820 0,728 0,819 0,689 
 

angariSis Sedegad aRmoCnda, rom detalebis resursis ukeTesi 

gamoyeneba xdeba A da C strategiis SemTxvevaSi, samive detalis 

erTdrouli Secvla ekonomiurad araa gamarTlebuli, vinaidan 

am SemTxvevaSi detalebis resursi daaxloebiT 30%-iT 

gamouyenebeli rCeba. 
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praqtikuliAsamuSao #6 
detalebis Secvlis optimaluri sistemis gamovlena 

teqnikur-ekonomiuri kriteriumiT 
 

teqnikur-ekonomiuri kriteriumi am SemTxvevaSi gulisxmobs 

saimedoobis SenarCunebaze gaweul xarjebs da moicavs 

saTadarigo detalebis xarjebs - CsaTad., SromiT xarjebs – CSr., 

masalebis xarjebs – Cmas. Dda mocdenis kompensaciis xarjebs - 

Cmoc. optimizaciis miznobrivi funqcia Semdegnairad gamoisaxeba: 

          Cs.S.(L)  = CsaT.d.(L)+ CSr. (L)+Cmas. (L) +  Cmoc.(L)→ min   

M mocemuli xarjebi gaangariSebuli unda iqnas detalebis 

SecvlaTa TiToeuli starategiisaTvis variantebis mixedviT da 

gamovlenili iqnas maTi jamis minimaluri mniSvneloba. 

P pirvel rigSi saWiroa dadgindes detalebis individualuri 

da jgufuri Secvlebis raodenoba. amisaTvis unda ganisazRvros 

(mocemuli iyos) detalebis resursebis ganawilebis parametrebi 

(LsaS., V, σ) maTi ganawilebis grafikebis mixedviT ganisazRvros 

jgufuri Secvlis saSualo resursebis mniSvnelobebi (ix. 

Amocana 5). amasTan mxedvelobaSi unda iqnas miRebuli is 

garemoeba, rom detalebisa da detalebis jgufis meore Secvlis 

saSualo resursi aiReba pirveli Secvlis 80% da yoveli 

Semdgomi Secvla ki erTimeoris tolia. 

 SecvlaTa raodenoba iangariSeba Semdegnairad: 

1+=
i

i L
L

N
saS

geg

Sec  

sadac Lgeg aris garbena im periodisaTvis, romlis drosac 

iangariSeba SecvlaTa raodenoba (kvartali, weliwadi  

an cikli – (kap. remontamde) an saamortizacio 

garbena) pirvel Secvlamde resursis gamoklebiT; 
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               LsaS i  aris saSualo resursis mniSvneloba 20%-is 

daklebiT. 

 saTadarigo detalebis xarji iangariSeba Semdegnairad: 

CsaT.d.= NSec. 
. CsaT.d. 

sadac CsaT.d. aris nomenklaturuli detalis Rirebuleba, lari. 

SromiTi xarjebi iqneba: 

CSr.= NSec. 
. T . CsaaT. 

sadac T aris (detalebis jgufis) Secvlis Sromatevadoba, ksT; 

      CsaaT. aris saSualo Tanrigis muSis saaTuri anazRaureba, 

lari. 

Mmasalebis xarji aiReba saTadarigo detalebis xarjis 15% 

CSr.= 0,15 . CsaaT. 

 mocdenis kompensaciis  xarjebi aiReba SromiTi xarjebis 65% 

 Cmoc.=CSr.
. 0,65  

ganvsazRvroT detalebis Secvlis optimaluri varianti sami 

detalisaTvis Semdegi sawyisi monacemebis magaliTze (cxrili 

15). 

cxrili 15 

Ddetalis # 
sawyisi monacemebi aRniSvnebi

1 2 3 
saSualo resursi, 1000 km. LsaS 80 120 150 
variaciis koeficienti V  0,30 0,25 0,30 
Rirebuleba, lari CsaT.d. 25 40 50 
Sromatevadoba, ksT T 1,0 1,5 2,0 
 

sagegmo periodad aviRoT Lgeg=300 aTasi km. 

muSis saaTuri anazRaureba CsaaT.=3 lari. 

Ddetalebis jgufis saSualo resursis gansazRvrisaTvis 

saWiroa aigos umtyunebo muSaobis diagramebi, romelTa 

mixedviTac saSualo resursis mniSvnelobebi mocemulia me-16 

cxrilSi 
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cxrili 16 

SecvlaTa sistema 
maCvenebeli 

A B C D 
LsaS, 100 km. 75 115 130 70 

 

viangariSoT SecvlaTa raodenoba SecvlaTa sistemis 

TiToeuli variantisaTvis. 

4,41
8,080
80300N1 =+

⋅
−

=                                             4,51
8,075
75300N A =+

⋅
−

=  

   9,21
8,0120

120300N 2 =+
⋅
−

=                                         0,31
8,0115

115300N B =+
⋅
−

=  

    25,21
8,0150

150300N3 =+
⋅
−

=                                    6,21
8,0130

130300N C =+
⋅
−

=  

    1,51
8,070
70300N D =+

⋅
−

=  

saTadarigo detalebis xarji TiToeuli variantisaTvis: 

C1=4,4. 1. 3=110 lari                          CA=5,4 (25+40)=351 lari 

C2=2,9. 40=116 lari                           CB=3,0(25+50)=225 lari 

C3=225. 50=112,5 lari                       CD=5,1(25+40+50)=586,5 lari 

 CC=2,6(40+50)=234 lari 

SromiTi xarjebi TiToeuli variantisaTvis: 

C1Sr=4,4. 1. 3=13,2 lari                            CASr =5,4 .1,5. 3=24,3 lari 

C2Sr =2,9. 1,5. 3=116 lari                         CBSr=3 .25. 3=18,0 lari 

C3Sr =2,25. 2. 3=13,5 lari                         CCSr=2,6 .2. 3=15,6 lari 

                                                                        CDSr=5,1.2. 3=30,6 lari 

masalebis xarjebi: 

C1mas=110. 0,15=16,5 lari                       CAmas=351 .0,15=52,65 lari 

C2mas=116. 0,15. 3=17,4 lari                    CBmas =225 .0,15=33,75 lari 
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C3mas =112,5. 0,15=16,9 lari                   CCmas =234 .0,15=35,1 lari 

                                                                      CDmas =586 .0,15=87,9 lari 

Mmocdenis kompensaciis xarjebi: 

C1moc=13,2. 0,65=8,58 lari                    CAmoc =24,3 .0,65=15,79 lari 

C2moc=13,05. 0,65=8,48 lari                CBmoc =18,0 .0,65=11,70 lari 

C3moc =13,5. 0,65=8,77 lari                CCmoc =15,6 .0,65=10,14 lari 

                                                                   CDmoc =30,6 .0,65=19,89 lari 

 

SevkriboT yvela saxis xarji TiToeuli variantisaTvis da 

SevitanoT cxrilSi 

cxrili 17 

 1-2-3 A B C D 
     110 

338,5   116 CsaT.d. 
      112,5

351 225 234 586,5 

      13,2 
39,75   
13,05 

Cmas. 

     13,5 

24,3 18,0 15,6 30,6 

      16,5 
50,8    
17,4 

CSr. 

      16,9 

52,65 33,75 35,1 87,9 

      8,58 
25,83   
8,48 

Cmoc. 

      8,77 

15,79 11,70 10,14 19,89 

sul 454,88 443,86 288,50 294,84 724,89 
 

miviReT rom optimalurad (ΣC=288,50 lari) iTvleba B 

varianti, e.i. rodesac me-2 detali icvleba individualurad, 

xolo 1-li da me-3 jgufurad. 

 

 



 
 

34

praqtikuliAsamuSao #7 
 Zravis gagrilebis sisitemis teqnikuri momsaxurebis 

optimaluri periodulobis gansazRvra 
 

Zravis resursi mniSvnelovnad aris damokidebuli 

gagrilebis sistemis, kerZod radiatoris teqnikur 

mdgomareobaze. Mmisi gauareseba uSualod ar iwvevs Zravis 

mtyunebas, magram mkveTrad amcirebs mis saSualo resurss, rasac 

ekonomikuri zarali moaqvs. Zravis gagrilebis sisitemis 

teqnikuri momsaxureba (magaliTad radiatorSi minaduRis 

mocileba) dakavSirebulia gansazRvrul xarjebTan, amitom maTi 

xSirad Sesruleba ekonomikurad gaumarTlebelia, saWiroa 

ganvsazRvroT teqnikuri momsaxurebis optimaluri perioduloba 

xarjebis minimizaciis kriteriumis mixedviT. Mmiznobrivi 

funqcia Semdegnairad gamoisaxeba: 

min→+=
moms

moms

saS

mty

kuT L
C

L
C

C  

sadac Cmty. Aaris ZiriTadi sistemis (Zravis) muSaobis unaris 

aRdgenis Rirebuleba (mtyunebis aRmofxvris 

Rirebuleba) lari; 

                Cmoms. A- damxmare sistemis (gagrilebis sistemis) 

teqnikuri momsaxurebis Rirebuleba, lari; 

                Lmoms. A- ZiriTadi sistemis teqnikuri momsaxurebis 

perioduloba; 

   LsaS. A- ZiriTadi sistemis saSualo resursi damxmare 

sistemis momsaxurebis Lmoms. periodulobis SemTxve-

vaSi, e.i. LsaS = ϕ(Lmoms.).;  

Zravis saSualo resursisa da gagrilebis  sistemis 

momsaxurebis periodulobas Soris urTierTkavSiris 

dasamyareblad gamoiyeneba Semdegi gamosaxuleba  
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)()( minmax
momssaSmomsdamx.sissaSsaS LPLLPLL

−

⋅+⋅=  

sadac max
saSL  aris Zravis saSualo resursi im pirobiT, rom 

gagrilebis sistema yovelTvis muSaobis unaris mqonea, 

e.i. min→momsL ; 

min
saSL  - Zravis resursi im pirobiT, rom gagrilebis sistema ar 

muSaobs              e.i. max→momsL ; 

              )( momsLP - damxmare sistemis umtyunebo muSaobis albaToba, 

rodesac ;momsLL =   

)(1)( momsmoms LPLP −=
−

 

amocanis sawyisi monacemebi mocemulia me-18 cxrilSi 

cxrili 18 

ZiriTadi sistema (Zrava) 
 

Lmoms→min Lmoms→max 

damxmare 
sistema 

(gagrilebis 
sistema) 

max
saSL  

aTasi 
km. 

σmax 
aTasi 
km. 

min
saSL  

aTasi 
km. 

σmin 
aTasi 
km. 

LsaS 
aTasi 
km. 

σ 
aTasi 
km. 

Cmty., 

 
lari 

Cmoms., 

 
lari 

380 80 240 60 60 17 80 40 
 

am monacemebiT miznobrivi funqcia Semdegnairad  

Caiwereba 

momssaS

kuT LL
C 480

+=  

xolo saSualo resursi iqneba: 

)(240)(380 momsmomssaS LPLPL
−

+⋅=  

umtyunebo muSaobis albaTobis mrudis asagebad  (nax. 6) 

visargebloT normaluri ganawilebis kvantilebis cxriliT 

(danarTi 1) 
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0,17
60 momsmomssaS LLLU i

Pi
−

=
−

=
σ

km. aTasisaS 0,1760 ⋅⋅=⋅±= PiPii UULL σ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

 

 

 

optimaluri periodulobis gaangariSebis sqema SeiZleba 

Semdegnairad gamovsaxoT: 

kuTmaSsmomsmomsmoms CLLPLPUL iPi →→→→→
−

)()(  

imisaTvis rom ganvsazRvroT (min)kuTC , romelsac Seesabameba 

optimaluri perioduloba, saWiroa moyvanili sqemis mixedviT 

SevasruloT mravaljeradi (ara nakleb 6 wertilisa) 

gaangariSeba iLmoms  TiToeuli mniSvnelobisaTvis gaangariSebis 

gaadvilebis mizniT Sedgenilia me-19 cxrili 

P(L) 

    40                 60                80                100                120   L,aTasi km. 

0,95 

1 
 
 
 

0,8 
 
 

0,6 
 
 

0,4 
 
 
 

0,2 
 
 

0 

 

Nnax. 6. damxmare sistemis umtyunebo muSaobis  
          albaTobis mrudi 

moms.
optL
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cxrili 19 
angariSis variantebi 

# saangariSo formulebi 
1 2 3 4 5 6 

1 iLmoms  35 40 45 50 55 60 

2 
17

60 momsLUPi
−

=  1,470 1,176 0,882 0,566 0,204 0,000

3 )( iLP momssist  0,92 0,88 0,81 0,72 0,61 0,50 

4 )(1)( iii LPLP momsmomssist −=
−

 0,08 0,12 0,19 0,28 0,39 0,50 

5 max)( saSmomssist LLP i ⋅  294,4 281,6 259,2 230,4 195,2 160,0 

6 min)( saSmomssist LLP i ⋅
−

 19,2 29,8 45,6 67,2 93,6 120,0 

7 
min

max

)(

)(

saSmomssist

saSmomssistsaS.

LLP

LLPL

i

ii

⋅+

+⋅=

−  313,6 310,4 304,8 277,6 288,8 280,0 

8 
saS

mty
kuT L
C 80

=  0,255 0,257 0,262 0,288 0,277 0,387 

9 
iL

C
moms

moms
kuT

4
=  0,114 0,100 0,038 0,080 0,072 0,060 

10 moms
kuT

mty
kuTkuT CCC +=  0,369 0,357 0,350 0,348 0,349 0,353 

  

gaangariSebis Sedegebma gviCvena, rom Lmoms.opt=50 aTasi km. 

LsaS=297,6aTasikm., xolo CkuT=0,348lari/aTasikm me-19 cxrilis 8, 9 

da 10 striqonebis monacemebiT avagoT CkuT=ϕ (Lmoms) grafiki 

(nax.7) 

 
 

 

 

 

 

 

 

 

 

 

 

 

CkuT 

 20            25             30             35             40             45             50           55   L aTasi 
m

 
 
 
 

0,5 
 

0,4 
 

0,3 
 

0,2 
 

0,1 
 

0

CkuT 

Cmty 

Cm

nax. 7. kuTri xarjebis grafikebi
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praqtikuli 8 

Zravis SezeTvis sistemis teqnikuri  
momsaxurebis periodulobis gansazRvra 

 

 Zravis SezeTvis sistema, ise rogorc gagrilebis sistema 

miekuTvneba sistemaTa jgufs, romlebic moqmedeben ZiriTadi 

sistemis (Zravis) resursze da ar iwveven mis mtyunebas. 

mxedvelobaSi gvaqvs zeTis Secvlis perioduloba, haeris 

filtris gawmenda, Secvla da sxva, romelic mniSvnelovan 

gavlenas axdens saimedoobis SenarCunebis xarjebze da amave 

dros misi maqsimaluri mniSvneloba mkveTrad amcirebs Zravis 

resurss. (iSviaTad Secvlis gamo). maSasadame, amocanis amoxsna 

gulisxmobs optimaluri resursis moZebnas minimaluri kuTri 

xarjebis SemTxvevaSi. saimedoobis SenarCunebis kuTri xarjebi 

iangariSeba Semdegi pirobis dacviT:  

[ ] iiii LLLPLLPL rrmomsistrmomsistr <⋅−⋅= minmaxmaxminmin )(1)(  

minmax )()( rmom

saS

srmom
saS
sr LLPLLPL iii ⋅+⋅=

−

 

 

 vTqvaT samuSaos Sesrulebis sawyisi maCveneblebi Semdegia 

 

cxrili 20 

ZiriTadi sistema damxmare sistema 

Cmty. 

 
max
rL  

aTasi km. 

 
min
rL  

aTasi km. 

Ctm. 

lari 
Lr. 

aTasi km. 

variaciis 
koefi 
cienti 

ν 
250 316 55 1,5 50 0,681 

 

moyvanili gamosaxulebebis mixedviT Tanmimdevrulad 

Sesrulebuli angariSebis Sedegebi mocemulia 21-e cxrilSi 
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cxrili 21 
momsaxurebis perioduloba, aTasi km. # maCveneblebi 
9 12 15 18 21 24 27 

1 )(min
ii LP moms  0,946 0,912 0,888 0,855 0,821 0,786 0,750 

2 )(min
iLP momss  0,978 0,967 0,954 0,940 0,920 0,911 0,895 

3 min
iLr  

302,0 294,7 286,7 278,2 269,3 260,2 250,8 

4 
iLr  

310,3 307,3 304,0 300,4 296,6 292,6 288,5 

5 )( momss.S. LC min
rL -s 

dros 
0,995 0,973 0,972 0,982 1,000 1,023 1,.052

6 )( momss.S. LC min
iLr -s 

dros 

0,972 0,938 0,922 0,915 0,914 0,917 0,922 

 

 rogorc cxrilSi mocemuli angariSidan Cans, jamur 

xarjebs minimaluri mniSvneloba aqvs periodulobis Lmoms=15 

aTasi km-is dros (me-5 sveti) da Lmoms=21 aTasi km-is dros (grafa 

me-7 sveti. imis da mixedviT, rogoria sawyisi monacemebi, 

gansxvavebac SeiZleba iyos met-naklebi, magram yvela SemTxvevaSi 

mocemuli gamosaxulebis gamoyeneba iZleva optimaluri 

periodulobis gansazRvris SesaZleblobas. 

 mocemuli monacemebis safuZvelze avagoT kuTri xarjebis 

momsaxurebis periodulobaze damokidebulebis mrudi (nax. 8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 8. Zravas zeTis Secvlis optimaluri  
      periodulobis gansazRvra 

CsaS(Lmoms)

0.4 

0.8 

1.2 

perioduloba, 1000 km. 
 

0 
0 6 12 18
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praqtikuliAsamuSao #10 
Zravas sawvavis miwodebis sistemis teqnikuri  

momsaxurebis periodulobis gansazRvra 
 

 sawvavis miwodebis sistema miekuTvneba Zravas (ZiriTadi 

sisitema) funqcionirebaze moqmed sistemaTa jgufs. aseTi 

sistemebis teqnikuri momsaxureba moicavs iseTi mtyunebebis 

aRmofxvras, romlebic momsaxurebebs Soris warmoiqmnebian iseTi 

albaTobiT, romlis sidide damokidebulia momsaxurebis 

periodulobaze. 

 momsaxurebis dros mtyunebis aRmofxvris Rirebuleba mniS-

vnelovnad naklebia momsaxurebebs Soris warmoqmnil mtyunebebis 

aRmofxvrisaTvis gaweul xarjebze. amitom mizanSewonilia 

momsaxurebis perioduloba Semcirdes, magram aRniSnuli mtyune-

bebis aRmofxvris regularuli samuSaoebis Sesruleba 

dakavSirebulia damatebiT xarjebTan, rac ganpirobebulia 

resursis arasruli gamoyenebiT, vinaidan Lmoms<<Lr es ki 

moiTxovs periodulobis gazrdas. aRniSnuli garemoeba 

gvaiZulebs moinaxos kompromisuli gamosavali, kerZod daiyos 

mtyunebaTa aRmofxvris samuSaoebi or nawilad. pirveli nawili 

(mcire), romelic Sesruldeba momsaxurebebs Soris, meore 

nawili (didi) romelic Sesruldeba teqnikuri momsaxurebis 

dros. Tu miviRebT mxedvelobaSi operaciebis gameorebis 

aucileblobas (rac gameorebis koeficientiT ganisazRvreba Kg) 

kuTri xarjebis saangariSo gamosaxulebas eqneba Semdegi saxe:  

min1)()1()( →
⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
+−+= momsg

moms

tm
mty

momss.S.
L

LPKK
L

C
LC

 

            sadac tm
mty

mty

C

C
K =  

magaliTis sawyisi monacemebi mocemulia 22 cxrilSi  
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cxrili 22 

mtyunebis 
Rirebuleba 
tm-is dros 

tm
mtyC  

mtyunebis 
Rirebuleba 
Cmty, lari 

gameorebis 
koeficienti

mtyunebaTa_ 
Sorisi 

namuSevari 
Lr, 

aTasi km. 

saSualo 
kvadratuli 

gadaxra 

σ, 
aTasi km. 

 
20 60 1 35,0 10,0 

 

 

cxrili 23 

 
)( momsLP

−
da )( momsL -is 

gansazRvra 

∑ −s.S.C isgansazRvra 

ari/1000km. 

# 

 
 

)( momsLP
−

 
UP UPσ P

P

i

U
UL

L

1035 −=
=−

=
σr

moms

iL

L
C

mom

mom

tm
mty

L

20
=

=

 

1)(3

1)(

)1( 21

+=

=+×

×−+

−

−

i

i

LP

LP

KK

mom

mom

 

 
∑ s.S.C  

lari/1000 
km. 
 

1 0,05 1,645 16,4 18,5 1,08 1,15 1,242 
2 0,10 1,282 12,2 22,2 0,90 1,30 1,171 
3 0,15 1,036 10,40 24,6 0,81 1,45 1,176 
4 0,20 0,842 8,40 25,7 0,75 1,60 1,200 
5 0,25 0,674 6,7 28,3 0,71 1,75 1,240 
6 0,30 0,524 5,2 29,7 0,67 1,90 1,280 
7 0,35 0,385 3,8 31,1 0,64 2,05 1,360 

 

rogorc mocemuli sidideebidan Cans, sistemisaTvis gvaqvs 

normaluri ganawilebis kanoni (ν=σ/Lr=10/35≈0,26). amitom 

umtyunebo muSaobis albaTobebis SerCeuli mniSvnelobebisaTvis 

gamoyenebulia normaluri ganawilebis kvantilebi da 

gansazRvrulia momsaxurebis periodulobis i-uri sidideebi. 

 angariSis mimdevroba da Sedegebi mocemulia 23-e cxrilSi 

 rogorc saangariSo cxrilidan Cans jamuri kuTri xarjebis 

minimaluri mniSvneloba 1,171 lari/1000 km miRebulia, rodesac 
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momsaxurebis perioduloba tolia 22,2 aTasi km da mtyunebis 

albaToba 0,10 xolo umtyuneblobis albaToba 90,0)( =
−

momsLP . 

grafikulad periodulobis gansazRvra mocemulia me 9 naxazze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

18 24

nax. 9. kuTri xarjebis cvlilebis diagrama 

Cs.S(Lmoms) 

12 per-ba, 1000 
m

0 

0.4 

0.8 

1.2 

1.6 

0 6 
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praqtikuliAsamuSao #10 
avtomobilebis teqnikurad mzadyofnis  

koeficientis gansazRvra 

avtomobilebis efeqturi gamoyenebis TvalsazrisiT didi 

mniSvneloba aqvs maTi teqnikuri mizezebiT gamowveul mocdenebs, 

rac ganpirobebulia teqnikuri momsaxurebisa da mtyunebaTa aR-

mofxvriT gamowveuli mocdenebiT, e.i. samuSao drois danakar-

gebiT. garbenis zrdasTan erTad aRniSnuli mizezebiT 

gamowveuli mocdena izrdeba da maSasadame mcirdeba 

avtomobilis mwarmoebluroba.  

mocdenebi damokidebulia mtyunebaTa sixSireze, e.i. avto-

mobilis umtyuneblobaze, agreTve mtyunebaTa aRmofxvris droze, 

e.i. saremonto vargisobaze, saimedoobis am Tvisebebis 

Semfasebel maCvenebels (kompleqsuri maCvenebeli) warmoadgens 

teqnikurad mzadyofnis koeficienti. es aris albaToba imisa, 

rom avtomobili garda gegmiT gaTvaliswinebuli mocdenisa, 

drois nebismier momentSi aRmoCndeba muSaobis unariani, 

maSasadame, igi warmoadgens avtomobilis muSaobisunarian 

mdgomareobaSi yofnis drois Sefardebas am droisa da 

mtyunebaTa aRmofxvraze daxarjuli drois jamTan. zogadad igi 

Semdegnairad iangariSeba: 

dRmoc
t LB ⋅+
=

1
1α

 

sadac, dRL
. aris avtomobilis sadReRamiso garbena   

        mocB  – xvedriTi mocdena teqnikur momsaxurebaze, 

mtyunebaTa aRmofxvraze (mimdinare remonti) da kapitalur 

remontze dRe/1000km. (Tu kapitaluri remonti gaTvaliswinebuli 

ar aris, maSin es komponenti amovardeba). 
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 aRniSnuli koeficienti icvleba (mcirdeba) avtomobilis 

garbenis zrdasTan erTad. imis gamo, rom izrdeba mtyunebaTa 

nakadis parametri da maSasadame izrdeba remontebis moTxovnebi  

 

da Sesabamisad izrdeba mocdenebic. am cvlilebis 

kanonzomiereba eqsperimentuli avtosatransporto sawarmoebis 

monacemebis mixedviT mocemulia me-10 naxazze. 

 

  
 
 

 

 

 

 

 

 

 

 

 

 

 

Tu ganvixilavT garbenas 0-dan kapitalur remontamde (an 

Camoweramde _ mTel saamortizacio periods) maSin angariSis 

gaadvilebis mizniT saWiroa es garbena davyoT zonebad (minimum 

sami zona I-III) TiToeuli zonisaTvis koeficientebis 

mniSvnelobebi mudmivad miiReba, rogorc es naxazzea mocemuli. 

rodesac parkSi gvaqvs sxvadasxva `xnovanebis~ (sxvadasxva 

garbenebis mqone) avtomobilebi, saWiroa saSualo 

mniSvnelobidan gadavideT diferencirebul mniSvnelobebze da 

avtomobilebi davajgufoT garbenebis mixedviT Sesabamisad Njg1, 

0 
1,0Lkr 

nax. 10. mocdenis Semfasebeli koeficientis 
cvlileba garbenisagan damokidebulebiT 

αt. 

0,75Lkr 0,5Lkr 

0,98 

0,89 

0,82 

L 

100% 

90,2% 

81,6% 
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Njg2, da Njg3  e.i. avtomobilebis raodenoba TiToeul zonaSi. 

aseT SemTxvevaSi teqnikurad mzadyofnis koeficientis saSualo 

mniSvneloba tolia: 

jg3jg2jg1

t3jg3t2jg2t1jg1saS
t NNN

NNN
++

⋅+⋅+⋅
=

ααα
α  

Tu gamoviyenebT naxazze mocemul damokidebulebebs, 

gveqneba: 

jg3jg2jg1

jg3t2jg2jg1t1saS
t NNN

NNN
++

+⋅+
=

816,0902,0( αα
α  

saidanac miviRebT, rom 

jg3jg2jg1

saS
tjg3jg2jg1

t1 NNN
NNN

⋅+⋅+

++
=

816,0902,0
)( α

α  

rodesac mocemulia avtomobilebis wliuri sagegmo garbena 

wl
gegL , SegviZlia  ganvsazRvroT sagegmo garbenebi TiToeuli 

jgufisaTvis 

saS
t

t1wl
geggeg α

α
⋅= LL i  

ganvixiloT magaliTi, mocemulia Njg1=50 avtomobili 

                                                                        Njg2=100 avtomobili  

                                                                        Njg3=150 avtomobili 

                                    85,0=saS
wlα  

             km.wl
geg 00050=α  

ganvsazRvroT sagegmo garbenebi jgufebis mixedviT 

917,0
150816,0902,010050
)15010050(85,0

=
⋅+⋅+

++⋅
=t1α  
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876,0916,0902,0 =⋅=t2α  

792,0917,0816,0 =⋅=t3α  

2,57
85,0

917,050 =⋅=geg1L   aTasi km. 

6,51
85,0

876,050 =⋅=geg2L  aTasi km. 

 

7,46
85,0
792,050 =⋅=geg3L  aTasi km. 
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praqtikuliAsamuSao #11 
avtomobilis (agregatis, kvanZis, sistemis)  

saimedoobis pasportis Sedgena 

      saimedoobis pasporti warmoadgens agregatis eqspluataciis 

procesSi saimedoobis garkveul doneze uzrunvelyofis 

teqnikur-ekonomikuri maCveneblebis erTobliobas. misi 

SedgenisTvis saWiroa normaluri da statistikuri monacemebis 

Segroveba, maTi damuSaveba, analizi da saimedoobis 

maCveneblebis gaangariSebis Sesruleba. qvemoT mocemulia 

saimedoobis pasportis Sedgenis Tanmimdevroba, saTanado 

monacemebis, cxrilebis da grafikebis saxiT. 
 

saimedoobis pasporti (magaliTi) 

avtomobili kamaz-5320-is wina Tvlebis samuxriWe  meqanizmis . 

saimedoobis pasportis Sedgena 

I. agregatis (sistemis) teqnikuri daxasiaTeba: 

- tipi pnevmatikur - amZravi detalebois saerTo raodenoba 

(katalogiT) 157(2) 

- sabalanso Rirebuleba agrC (lari) 1200 lari  

- kritikuli detalebis raodenoba, krN  4 

- II. saimedoobis malimitirebeli (kritikuli) detalebi da maTi 

resursebis ganawilebis parametrebi 

-  

 
# 

D 
detalis dasaxeleba 

saSualo 
resursi 

saSL . aTasi 

km. 

saSualo 
kvadratuli 

gadaxra σ 
aTasi km. 

variaciis 
koefi- 
cienti 

ν 
1. samuxruWe doli (2) 150 66,3 0,42 
2. samuxruWe xundebi (4) 40 15,2 0,38 
3. gamSleli muSta (2) 60 21,0 0,35 
4. saregulirebeli berketi (2) 50 16,0 0,32 
5.     
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Ш. umtyunebloba: 
1) mtyunebaTa nakadis parametri     2)  umtyunebo muSaobis  
                                                     albaToba 
                                                               

 

 

 

 

 

 

 

 

3) saSualo resursi, saSL  aTasi km - 145  

4) sagarantio resursi γL  aTasi km-150  

5) mtyunebaTa saerTo raodenoba 10 

6) mtyunebaTaSorisi namuSevari mtyL    14,5 

IV. saremonto vargisoba: 

7) kritikuli detalebis SecvlaTa raodenoba (L=300000km.) 
N1= 2                                 N3=  5                                        
N2= 7,5                              N4=   6                                       
7) detalebis Secvlis Sromatevadoba - ksT  
T1=  2,5                             T3= 1,5                                         
T2=  2,0                             T4= 1,0                                         
V. saimedoobis done: 
-  ekonomikuri maCveneblebi 

 
# 

D 
detalis dasaxeleba 

saT.det.C . 

lari 
mas.C  

lari
Sr.C  

lari
a.kompensaci 

mocdenisC  

lari 

jamuri 
xarjebi
lari 

1 samuxruWe doli  180,0 27 12,5 8,12 227,6 
2 samuxruWe xundebi  60 9 10 6,5 85,5 
3 gamSleli muSta  50 7,5 12,5 8,12 78,12 
4 saregulirebeli berketi  70 10,5 5,0 3,25 88,75 
5       
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normaluri ganawilebis kvantilebi 

danarTi 1

U P U P U P U P 

0.01 0.5040 0.55 0.7088 1.09 0.8621 1.63 0.9484 

0.02 0.5080 0.56 0.7123 1.1 0.8643 1.64 0.9495 

0.03 0.5120 0.57 0.7157 1.11 0.8665 1.65 0.9505 

0.04 0.5160 0.58 0.7190 1.12 0.8686 1.66 0.9515 

0.05 0.5199 0.59 0.7224 1.13 0.8708 1.67 0.9625 

0.06 0.5239 0.6 0.7257 1.14 0.8729 1.68 0.9535 

0.07 0.5279 0.61 0.7290 1.15 0.8749 1.69 0.9545 

0.08 0.5319 0.62 0.7324 1.16 0.8770 1.70 0.9554 

0.09 0.5359 0.63 0.7357 1.17 0.8790 1.71 0.9564 

0.1 0.5398 0.64 0.7389 1.18 0.8810 1.72 0.9573 

0.11 0.5438 0.65 0.7422 1.19 0.8880 1.73 0.9582 

0.12 0.5478 0.66 0.7454 1.2 0.8849 1.74 0.9571 

0.13 0.5517 0.67 0.7486 1.21 0.8869 1.75 0.9599 

0.14 0.5557 0.68 0.7517 1.22 0.8888 1.76 0.9608 

0.15 0.5596 0.69 0.7549 1.23 0.8907 1.77 0.9616 

0.16 0.5636 0.7 0.7580 1.24 0.8925 1.78 0.9625 

0.17 0.5675 0.71 0.7611 1.25 0.8944 1.79 0.9633 

0.18 0.5714 0.72 0.7642 1.26 0.8962 1.80 0.9641 

0.19 0.5753 0.73 0.7673 1.27 0.8980 1.81 0.9649 

0.2 0.5793 0.74 0.7703 1.28 0.8997 1.82 0.9556 

0.21 0.5832 0.75 0.7734 1.29 0.9015 1.83 0.9664 

0.22 0.5871 0.76 0.7764 1.3 0.9032 1.84 0.9671 

0.23 0.5910 0.77 0.7794 1.31 0.9049 1.85 0.9678 

0.24 0.5948 0.78 0.7823 1.32 0.9066 1.86 0.9686 

0.25 0.5987 0.79 0.7852 1.33 0.9082 1.87 0.9693 

0.26 0.6026 0.8 0.7881 1.34 0.9099 1.88 0.9699 

0.27 0.6064 0.81 0.7910 1.35 0.9115 1.89 0.9706 

0.28 0.6103 0.82 0.7939 1.36 0.9131 1.90 0.9713 
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danarTi 1-is gagrZeleba

U P U P U P U P 

0.29 0.6141 0.83 0.7967 1.37 0.9147 1.91 0.9719 

0.3 0.6179 0.84 0.7995 1.38 0.9162 1.92 0.9726 

0.31 0.6217 0.85 0.8023 1.39 0.9177 1.93 0.9732 

0.32 0.6255 0.86 0.8051 1.40 0.9192 1.94 0.9738 

0.33 0.6293 0.87 0.8078 1.41 0.9207 1.95 0.9744 

0.34 0.6331 0.88 0.8106 1.42 0.9222 1.96 0.9750 

0.35 0.6368 0.89 0.8133 1.43 0.9236 1.97 0.9756 

0.36 0.6406 0.9 0.8159 1.44 0.9225 1.98 0.9761 

0.37 0.6443 0.91 0.8186 1.45 0.9265 1.99 0.9767 

0.38 0.6480 0.92 0.8222 1.46 0.9279 2.00 0.9772 

0.39 0.6517 0.93 0.8238 1.47 0.9292 2.10 0.9821 

0.4 0.6554 0.94 0.8264 1.48 0.9306 2.20 0.9861 

0.41 0.6591 0.95 0.8288 1.49 0.9319 2.30 0.9893 

0.42 0.6628 0.96 0.8315 1.50 0.9332 2.40 0.9918 

0.43 0.6664 0.97 0.8340 1.51 0.9345 2.50 0.9938 

0.44 0.6700 0.98 0.8365 1.52 0.9357 2.60 0.9953 

0.45 0.6736 0.99 0.8384 1.53 0.9370 2.70 0.9965 

0.46 0.6772 1 0.8413 1.54 0.9382 2.80 0.9974 

0.47 0.6808 1.01 0.8437 1.55 0.9394 2.90 0.9981 

0.48 0.6844 1.02 0.8461 1.56 0.9406 3.00 0.9986 

0.49 0.6879 1.03 0.8485 1.57 0.9418 3.10 0.9990 

0.5 0.6915 1.04 0.8508 1.58 0.9428 3.20 0.9993 

0.51 0.6950 1.05 0.8531 1.59 0.9441 3.30 0.9995 

0.52 0.6985 1.06 0.8554 1.6 0.9452 3.40 0.9997 

0.53 0.7019 1.07 0.8577 1.61 0.9463 3.50 0.9998 

0.54 0.7054 1.08 0.8599 1.62 0.9474 3.60 0.9998 

3.70 0.9999 3.80 0.9999 3.90 1.0000   
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danarTi 2 

stiudentis koeficientis mniSvnelobebi tα, k 

k/α 0,80 0,90 0,95 0,975 0,990 0,995 

10 0,879 1,372 1,812 2,228 2,764 3,169 

11 0,876 1,363 1,796 2,201 2,718 3,106 

12 0,873 1,356 1,782 2,179 2,681 3,054 

13 0,870 1,350 1,771 2,160 2,650 3,012 

14 0,868 1,345 1,761 2,145 2,624 2,977 

15 0,866 1,341 1,753 2,131 2,602 2,947 

16 0,865 1,337 1,746 2,120 2,583 2,921 

17 0,863 1,333 1,740 2,110 2,567 2,898 

18 0,862 1,330 1,734 2,101 2,552 2,878 

19 0,861 1,328 1,729 2,093 2,539 2,861 

20 0,860 1,325 1,725 2,086 2,528 2,845 

21 0,859 1,323 1,721 2,080 2,518 2,831 

22 0,858 1,321 1,717 2,074 2,508 2,819 

23 0,858 1,319 1,714 2,069 2,500 2,807 

24 0,857 1,318 1,711 2,064 2,492 2,797 

25 0,856 1,316 1,708 2,060 2,485 2,787 

26 0,865 1,315 1,706 2,056 2,479 2,779 

27 0,855 1,314 1,703 2,052 2,473 2,771 

28 0,855 1,313 1,701 2,048 2,467 2,763 

29 0,854 1,311 1,699 2,045 2,462 2,756 

30 0,854 1,310 1,697 2,042 2,457 2,750 

32 0,853 1,309 1,694 2,037 2,449 2,739 

34 0,853 1,307 1,691 2,032 2,441 2,729 

36 0,852 1,305 1,688 2,028 2,434 2,719 

38 0,852 1,304 1,686 2,024 2,429 2,712 

40 0,851 1,313 1,684 2,021 2,423 2,704 
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danarTi 3

 2χ   mniSvnelobebis α da K-gan damokidebulebiT    

# 0,99 0,98 0,95 0,90 0,80 0,70 0,50 0,30 0,20 0,10 0,05 0,02 0,01 

1 0,000 0,001 0,004 0,016 0,064 0,148 0,455 1,074 1,642 2,71 3,84 5,41 6,64 

2 0,020 0,040 0,103 0,211 0,446 0,713 0,713 2,41 3,22 4,60 5,99 7,82 9,21 

3 0,115 0,185 0,352 0,584 1,005 1,424 1,386 3,66 4,64 6,25 7,82 9,84 11,34 

4 0,289 0,429 0,711 1,064 1,649 2,20 2,37 4,88 5,99 7,78 9,49 11,67 13,28 

5 0,554 0,752 1,145 1,610 2,34 3,00 3,36 6,06 7,29 9,24 11,07 13,39 15,09 

6 0,872 1,134 1,635 2,20 3,07 3,83 4,35 7,23 8,56 10,64 12,59 15,03 16,81 

7 1,239 1,564 2,17 2,83 3,82 4,67 5,35 8,38 9,80 12,02 14,07 16,62 18,48 

8 1,646 2,03 2,73 3,49 4,59 5,53 6,36 9,52 11,03 13,36 15,51 18,17 20,10 

9 2,09 3,53 3,32 4,17 5,38 6,39 7,34 10,66 12,24 14,68 16,92 19,68 21,7 

10 2,56 3,06 3,94 4,86 6,18 7,27 8,34 11,78 13,44 15,99 18,31 21,2 23,2 

11 3,05 3,61 4,58 5,58 6,99 8,15 9,34 12,90 14,63 17,28 19,68 22,6 24,7 

12 3,57 4,18 5,23 6,30 7,81 9,03 10,34 14,01 15,81 18,55 21,00 24,1 26,2 

13 4,11 4,76 5,89 7,04 8,33 9,93 12,34 16,22 18,15 19,81 22,4 25,5 27,7 

14 4,66 5,37 6,57 7,79 9,47 10,82 12,34 16,22 18,15 21,10 23,7 26,9 29,1 

15 5,.23 5,.98 7,.26 8,.55 10,.31 11.,72 13,.34 17,32 19,31 22,3 25,0 28,3 30,6 

16 5,81 6,61 7,96 9,31 11,15 12,62 14,34 `18,42 20,5 23,5 26,3 29,6 32,0 

17 6,41 7,26 8,67 10,08 12,00 13,53 15,34 19,52 21,6 24,8 27,6 31,0 33,4 

18 7,02 7,91 9,39 10,86 12,86 14,44 16,34 20,6 22,8 26,0 28,9 32,3 34,8 

19 7,63 8,57 10,11 11,65 13,72 15,25 17,34 21,7 23,9 27,2 30,1 33,7 36,2 

20 8,26 9,24 10,85 12,44 14,58 16,27 18,34 22,8 25,0 28,4 31,4 35,0 37,6 

21 8,90 9,92 11,59 13,24 15,44 17,18 19,34 23,9 26,2 29,6 32,7 36,3 38,9 

22 9,54 10,60 12,34 14,04 16,31 18,10 20,3 24,9 27,3 30,8 33,9 37,7 40,3 

23 10,20 11,29 13,09 14,85 17,19 19,02 21,3 26,0 28,4 32,0 35,2 39,0 41,6 

24 10,86 11,99 13,85 15,66 18,06 19,94 22,3 27,1 29,6 33,2 36,4 40,3 43,0 

25 11,52 12,70 14,61 16,47 18,94 20,9 23,3 28,2 30,7 34,4 37,7 41,7 44,3 

26 12,20 13,41 15,38 17,29 19,82 21,8 24,3 29,2 31,8 35,6 38,9 42,9 45,6 

27 12,88 14,12 16,15 18,11 20,7 22,7 25,3 30,3 32,9 36,7 40,1 44,1 47,0 

28 13,56 14,85 16,93 18,94 21,6 23,6 26,3 31,4 34,0 37,9 41,3 45,4 48,3 

29 14,26 15,57 17,71 19,77 22,5 24,6 27,3 32,5 35,1 39,1 42,6 46,7 49,6 

30 14,95 16,31 18,49 20,6 23,4 25,5 29,3 33,5 36,2 40,3 43,8 48,0 50,9 
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