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S e s a v a l i 

 

mrewvelobis da meurneobis ganviTarebisa da momsaxurebis sferos 

srulyofisaTvis udidesi mniSvneloba aqvs arsebuli saxis satransporto 

saSualebebis optimalur da mizanswraful gamoyenebas, risTvisac saWiroa 

maTi rekonstruqcia da srulyofa, cxovrebisa da konkretuli pirobebis 

mier dasmuli problemebis Sesabamisad. 

udidesi mniSvneloba aqvs rogorc samTamadno,ise sxva sawarmoebis sa-

transporto manqanebis optimalur da srulyofil eqspluatacia-momsaxu-

rebas, risTvisac saWiroa maTi perspeqtiuli saxeebis, daniSnulebis, ga-

umarTaobis, mtyunebis mizezebisa da  gaumjobesebis mimarTulebaTa Rrmad 

Seswavla-analizi. 

amJamad garegani xaxunis bunebaze cnobilia ramdenime Tvalsazrisi 

da misi ganmartebisaTvis Semotanilia cnebebi: moxaxune zedapirebis 

urTierT gadafarvis koeficientis (a. WiWinaZis mier), xaxunis ormagi 

bunebis (molekulur-meqanikuri), sakontaqto zedapirebs Soris mesame _ 

xaxunis Sris; plastikuri, drekadi da drekad-plastikuri deformaciis; 

adgeziuri, kogeziuri, simSvidis, srialisa da gorvis, sveli, zRvruli da 

mSrali xaxunis, histerezisis, molekuluri (SeduRebis) bogirakebis, myari 

fazis wakveTis, zedapirze kavSirebis mimarTuli rekombinaciisa da sxva. 

xaxuni disipaciuri procesia, igi Sesabamisad mimdinereobs winaRobebis 

gadalaxvasa da sakontaqto zedapirebis formis cvlilebebSi, damokide-

bulia mraval reologour faqtorze, amitom xSirad avtorTa kvlevis 

Sedegebi urTierTs srulad ar emTxveva da iwvevs polemikas. magaliTad, 

kvlevebis mixedviT, xaxunis koeficienti umniSvnelod icvleba da norma-

luri Zalis 16-jeradi gazrda xaxunis kieficients zrdis mxolod orjer. 

germaniasa da CexoslovakiaSi Sesrulebuli kvleviTi samuSaoebis mixedviT 

ki dolisa da lentis sakontaqto zedapirebze kuTri wnevis 105-dan _ 7×105 

pa-mde gazrdiT (dolis sakontaqto zedapiris maRalfriqciuli sworkuTxa 

naWdevebiani reziniT amogebis miuxedavad) xaxunis koeficienti mcirdeba 

0,7-dan 0,46-mde, xolo Tu sakontaqto zedapirebi amavdroulad sveldeba da 

kaliumis marilebis an Tixis Semcveli xsnariT WuWyiandeba, maSin xaxunis 

koeficienti 0,7-dan 0,11-mde da ufro metadac. xaxunis koeficientis funda-
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mentur kvlevebSi aRniSnulia, rom daSvebebi laboratoriuli eqsperimen-

tebis dros, romelic iTvaliswinebs mxolod moxaxune sxeulebis bunebis 

gavlenas xaxunis koeficientis sidideze, arasakmarisia da ufro metad igi 

damokidebulia mogvianebiTi da Tanamedrove kvlevebSi motanil cnebebsa da 

pirobebze, romelsac, rogorc aRvniSneT, zogadad reologiuri ewodeba. 

yuradsaRebia erTi SeniSvna  [2]: Tu myari tanis zedapiri gaTavisuf-

lebulia afskisagan (rac SeiZleba ganxorcieldes vakuumSi an mkacr-

gansakuTrebul reJimSi xaxunisas), maSin garegani xaxuni gadadis SinaganSi, 

zedapirebi eWideba-duRdeba da erTimeoris mimarT gadaadgilebisas 

mniSvnelovnad ziandebian. zogjer am movlenas `sufTa xaxuns~ uwodeben, 

Tumca misi garegan xaxunad ganxilva arsebiTad ar SeiZleba. paradoqsulia 

Sarlota iakobis 1912 wels Sesrulebuli pirveli samuSaos Sedegebi. 

vakuumSi xaxunis koeficientis mniSvneloba aRmoCnda bevrad dabali, vidre 

haerze [1]. SemdgomSi misi cdis meTodikis arasrulfasovneba dadasturda. 

uaxlesma kvlevebma uCvenes, rom vakuumSi xaxuni ar warmoadgens 

principulad axal process. igi emorCileba imave zogad kanonzomierebebs, 

rasac atmosferul pirobebSi. kerZod, vakuumSi xaxunisaTvis sruliad 

mizanSewonilia xaxunis molekulur-meqanikuri Teoria. aseve miTiTebulia, 

rom vakuumSi xaxunis adgeziuri mdgeneli gacilebiT maRalia, vidre haeris 

garemoSi, Sesabamisad, didi unda iyos xaxunis koeficientic [1,2,4].  

winamdebare naSromi warmoadgens lenturi konveierebis vakuumuri 

amZravebis sakontaqto zedapirebis optimaluri parametrebis kvlevisadmi 

miZRvnil samuSaos, romelic ZiriTadad emyareba (sveli xaxunis pirobebSi) 

amZravis moxaxune zedapirebis (vakuum-doli, sakonveiero lenti) 

standartul parametrebs da iTvaliswinebs mTel sakontaqto zedapirze 

vakuumis  Tanabrad ganawilebis uzrunvelyofas, sakonveiero lentis 

parametrebis (simqise, sixiste, konstruqcia, kuTri dawneva, gaglejis 

zRvari  da a.S.) gaTvaliswinebiT. 
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laboratoriuli samuSao № 1 

 

1.lenturi konveieris erTdoliani HCveulebrivi amZravis Teoriuli 

weviTi Tvisebis eqsperimentuli Semowmeba 

 

1.1. samuSaos mizani 

samuSaos mizania moqnil sawev organoze xaxunis amZravi meqanizmiT 

(doliT) wevis Zalebis Teoriuli mniSvnelobis eqsperimentuli wesiT 

Semowmebis meTodebis gacnoba, agreTve angariSisa da stenduri kvlevebis 

safuZvelze miRebuli monacemebiT,amZravis weviTi Tvisebis gamomsaxveli 

Teoriuli da eqsperimentuli grafikebis ageba da cdomilebaTa analizi. 

gamzomi aparaturis saSualebiTsamuSaos Sesrulebis procesSi, studentebi 

gamoimuSaveben eqsperimentuli kvlevebis Catarebis Cvevebs da  gaecnobian 

eqsperimentis Sedegebis damuSavebis meTodebs. 

 

 

1.2. Teoriuli wanamZRvrebi 

lenturi konveieris Cveulebrivi amZravis normaluri  muSaobis 

ZiriTad pirobas warmoadgens, garegani xaxuniT wevis Zalebis gadacema, 

dolze lentis srialis gareSe.es piroba maTematikurad aRiwereba eileris 

formuliT 

sw CS / S e
                     

 (1.1.) 

sadac Ssw  
 arisamZrav dolze swrafobis wertilSi sakonveiero lentis 

daWimuloba. 

SC  
 amZravi dolidan Camoqanebis wertilSi sakonveiero lentis 

programuli (sawyisi) daWimuloba; 

e
  amZravi dolis wevis faqtori.e=2,71-naturaluri logariTmis 

fuZe (neperis ricxvi); 

   μ  amZrav dolze sakonveiero lentis CaWidebis koeficienti (ix. 

cxrili 1.1.); 

  amZrav dolze sakonveiero lentis Semoxvevis kuTxe, rad 

(gradusebSi). 

amZravis mier ganviTarebuli wevis Zala, sayrden sakisrebSi 

warmoSobili winaaRmdegobebis gaTvaliswinebis gareSe. 
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F S S sw C                          
(1.2.) 

F S (e 1) C ������������������������������������(1.3.)�

(1.3.) gamosaxulebaSi (S )C  programuli daWimuloba vcvaloT 50...500 dkn 

farglebSi, 50 dkn Zalis bijiT;xolo (e )  wevis faqtoris Teorიul 

mniSvnelobas vangariSobT cxrilidan (1.1.). SerCeuli CaWidebis 

koeficientisa da dolze lentis faqturiSemoxvevis kuTxis mixedviT (cdiს 

Catarebis yvela detali; magaliTad, amZravis samuSao piroba, amonagis 

xasiaTi,  s  SerCevis wesi da a.S. unda miuTiTos laboratoriuli 

samuSaos maswavlebelma), an viRebT specialuri cxrilidan (cxrili 1.2).  

(1.3) formuliT naangariSevi wevis FT Zalis mniSvnelobebi unda Sevi-

tanoT cxrili 1.3-is grafebSi dolisa da lentis muSaobis Sesabamis 

sakontaqto pirobebisaTvis. Sesabamisi sakontaqto pirobebi ki ganisazRvre-

ba cxrilSi 1.1. mocemuli pirobebis mixedviT 24 variantidan romelime 

maTgani. (magaliTad, samuSao pirobisa da amonagis gaTvaliswinebiT, T.1,3 - 

iTvaliswinebs: mSral, sufTa pirobas; metalis gaCarxuli  dolisaTvis. 

T.3,7 -sveli vakuum-dolisaTvis da a.S.) 

cxrili 1.1. 

dolze lentis CaWidebis koeficientis mniSvnelobebi 

# amZravi dolis 
amonagi 

 
 
amZravis     
samuSao  
piroba 

me
t
al

iს
g
aC
ar

x
u
l
id

o
l
i 

 

g
l
u
vz

ed
ap
ir

ia
ni

 
l
en
t
iT

.(
S
o
r
is

 
s
ka
l
iT

 6
0 
er

T
 

s
im
ag

r
iT

) 
am
o
na
g
is

 
s
is

qi
T
 8
 m
m 

po
l
iu

r
eT

an
u
l
i 

o
d
na
v 
t
al

R
u
r
i 

(S
o
r
is

 S
ka
l
iT

 7
5 

er
T
.s
im
ag

r
iT

) 

ke
r
am
ik
u
l
i 

am
o
na
g
is

 
s
is

qe
 1
1 
mm
 

va
ku

u
m-
d
o
l
i 

va
ku

u
m-
d
o
l
i 

va
ku

u
mi
s
g
ar

eS
e 

1 2 3 4 5 6 7 8 
1 
 
 

odnav teniani siTxe 
(wyali) 1-2gr/m2 sa-
kontaqto farTobze 

0,1...0,15 0,4 0,4 0,6  

 

2. mSrali, sufTa 0,5...0,6 0,6...0,7 0,5...0,6 0,6...0,7   

3. Zlier teniani, wylis 

raodeno bა50 gr/
2m  0,1 0,25...0,3 0,3...0,35 0,5...0,6 0,63 

 

4. TixnariT Zlier da-

Wuჭyianebuli. Tixis 

raodeნoba 300 gr/m3 

3% wyali  

0,05 0,15...0,25 0,1...0,15 0,25...0,35  
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cxrili 1. 2. 

e -wevis faqtoris mniSvnelobebi 

α0, 
rad. 

  

180 

3,14 

185 

3,23 

190 

3,32 

195 

3,4 

200 

3,5 

205 

3,58 

210 

3,67 

220 

3,84 

240 

4,19 

270 

4,71 

0,05 1,17 1,17 1,18 1,18 1,19 1,19 1,20 1,21 1,23 1,26 

0,1 1,37 1,38 1,39 1,41 1,42 1,43 1,44 1,47 1,52 1,60 

0,15 1,6 1,62 1,65 1,67 1,69 1,71 1,73 1,78 1,88 2,03 

0,2 1,88 1,91 1,94 1,98 2,01 2,05 2,08 2,16 2,31 2,57 

0,25 2,2 2,24 2,29 2,34 2,4 2,45 2,5 2,62 2,86 3,25 

0,3 2,57 2,64 2,71 2,78 2,85 2,93 3,01 3,17 3,52 4,12 

0,35 3,01 3,1 3,2 3,3 3,4 3,5 3,61 3,84 4,34 5,22 

0,4 3,52 3,65 3,78 3,91 4,05 4,19 4,34 4,65 5,35 6,6 

0,5 4,81 5,02 5,26 5,47 5,75 5,99 6,26 6,82 8,12 10,54 

0,6 6,58 6,94 7,33 7,69 8,17 8,57 9.04 10,01 12,35 16,88 

0,7 9,02 9,59 10,22 10,80 11,59 12,25 12,94 14,70 18,78 27,03 

 

(1.3) formuliT naangariSevi wevis FT Zalis mniSvnelobebi unda Sevi-

tanoT cxrili 1.3-is grafebSi dolisa da lentis muSaobis Sesabamis sa-

kontaqto pirobebisaTvis. Sesabamisi sakontaqto pirobebi ki ganisazRvreba 

cxrilSi 1.1. mocemuli pirobebis mixedviT. 

24 variantidan romelime maTgani (magaliTad, samuSao pirobisa da 

amonagis) FT  iangariSeba studentis mier im variantisaTvis, romlisTvisac 

momzadebulia laboratoriuli samuSao (miuTiTebs maswavlebeli). labora-

toriuli samuSao sruldeba stendze (nax.1.1.), romelic aRwerilia qvemoT.   

 

 

1.3. laboratoriuli stendis aRwera 

stendis sqema warmodgenilia nax.1.1-ze. stendi Sedgeba Semdegi Ziri-

Tadi nawilebisagan: amZravi dolisagan - 1, romelic yoveli konkretuli  

laboratoriuli amocanis Sesrulebisas, garkveuli poziciiT fiqsirdeba 

dgarze. dolze raime ( 90...270 )    kuTxiT Semoxveulia lenti - 2, romlis 

dolidan Camoqanebis Sto dinamometris - 3 saSualebiT xistad fiqsirdeba 

dgamze, dolze lentis swrafobis Sto ki foladis bagirisa da 

dinamometris - 5 saSualebiT ukavSirdeba lentis daWimulobis Semqmnel - 4 

meqanizms. aRwerili stendiT xdeba Cveulebrivi tipis amZravi dolebis 

wevis Zalebis (wevis faqtoris) eqsperimentuli kvleva. 
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sakvlevi amZravi dolis parametrebia: 

 tipi – avm-1 

 diametri – 0,36 m; 

 sigane – 0,52 m; 

dinamometrebi 

    I.  tipi DПY - 0,5 

 maqsimaluri dasaSvebi Zala _ 500 dkn  

 danayofis fasi skalaze _ 5 dkn. 

II.  tipi  DПY - 5,0 

o maqsimaluri dasaSvebi Zala – 5000 dkn 

 

 cxrili 1.3  

 

# 

 ...n 1 2 3 4 5 6 7 8 9 10 SeniSvna 

SC

Ssw.T  
50 100 150 200 250 300 350 400 450 500 

1 
 

            

2             

3             

4 
 

            

5 
 

            

6             

7             

8             

9             

10             

11             

12             
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danayofis fasi skalaze – 50 dkn. doli dgarze magrdeba xistad. Len-

tis Camoqanebis Stos asrialeba yoveli konkretuli (S )C programul sawyis 

daWimulobamde xorcieldeba xraxnuli damWimavi mowyobilibis saSualebiT. 

miRebuli wevis Zalebis Teoriul mniSvnelobebs(ix.cxr.1.3) vamowmebT 

eqsperimentulad,laboratoriaSi arsebul specialur stendze,romlis 

konstruqciuli sqema da gamzomiaparaturis teqnikuri daxasiaTeba 

mocemulia laboratoriulisamuSaoebis Sesrulebis meToduri miTiTebebis 

specialurTavSi (ix.1.3.Tavi). 

 

 

1.4 samuSaos Catarebis meTodika 

stendis samuSao mdgomareobaSi mosayvanad da samuSaos Sesrulebi-

saTvis saWiroa Semdegi operaciebis Sesruleba: 

1. dgarze amZravi doli fiqsirdeba samuSaos Sinaarsis Sesabamis 

poziciaSi (pozicias miuTiTebs maswavlebeli). 

2. stendis sqemaSi moqnili sawevi organos SC  da Ssw Sesabamis StoebSi 

irTveba dinamometrebi 3 - DПY  da  5 – DПY 

3. lentis daWimulobis saregulirebeli meqaniზmis - 4 saSualebiT 

vcvliT SC  mniSvnelobebs 50 – 500 dn. zRvrebSi 50 dn 

daWimulobis nazrdis bijiT. 

4. TiToeuli bijis Sesabamisad viRebT dinamometridan – 5 Ssw  

mniSvnelobebs. 

5. yvela CamonaTvali xelsawyos Cveneba Segvaqvs cxrilSi (cxr.1.4.) 

6. eqsperimenti tardeba im reJimis mixedviT, romelzec Catarebulia 

Teoriuli gaTvlebi. 

cxrili 1.3 da cxrili 1.4-is monacemebis mixedviT nax.1.2._ze          

warmodgenil koordinatTa sistemaSi vagebT mrudebs, vudarebT Teoriul 

monacemebs eqsperimentuls da vsazRvravT cdomilebis saSუალო 

mniSvnelobas. igi ar unda aRematebodes (10...15) %. 

F ,SsT swT - wevis Zalisa da swrafobis wertilSi moqnili sawevi  orga-

nos daWimulobis Teoriuli mniSvnelobebia. 

F Seqsp. sw.eqsp. -winas Sesabamisi sidideebis eqsperimentuli mniSvnelobebia. 

...n   cxrilebSi 1,3 da 1,4 wevis Zalebisa da swrafobis wertilebSi 
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daWimulobebis rigia sawyisi daWimulobis Sesabamisad (ix.cxr.3 da cxr.4). 

n n

i ii 1 i 1
n

ii 1

F F

0,01 n F
 







 


� T eqsper

eqsper

                      (1.4) 

n n

i i
i 1 i 1

n

i .
i 1

S S

0,1 n S

 




 

 

� �

swT

sweqsp

swT.eqsp

                       (1.5) 

 
2000 

 
1800 

 
1600 

 
1400 

 
1200 

 
1000 

 
800 

 
600 

 
400   

 
200 
 

 
 
0  50   100   150   200   250   300   350   400   450    500  S ,C dkn  

 
nax. 1.2 

 

cxrili 1.4.   

# 

...n    1    2   3   4   5   6   7   8   9  10 

SeniSvna SC  

Ssw.eqsp.  
50 100 150 200 250 300 350 400 450 500 

 1             
 2             
 3             
 4             
5             
 6             

 

F,d, n  
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1.5.Sesrulebuli samuSaos gaformeba(oqmi) 

SeadgineT laboratoriuli stendis principuli sqema da mokled 

aRwereT (CaixazeT 1.3 da 1.4 Sesabamisi cxrilebi). gaiangariSeT amZravis 

weviTi Tvisebebi da miRebuli Sedegebi SeitaneT cxrilSi 1.3. 

miRebuli konkretuli pirobebisaTvis (miuTuTebs laboratoriuli 

samuSaos maswavlebeli) amZravis weviTi Tvisebebis gansazRvrisaTvis, 

laboratoriaSi arsebul stendze CaatareT cdebi da miRebuli Sedegebi 

SeitaneT cxrilSi 1.4. 

1.3 da 1.4 cxrilebis monacemebis mixedviT F S C  koordinatebSi aageT 

mrudebi (ix. nax. 1.2.) 1.4 da 1.5 gamosaxulobebis mixedviT SeafaseT 

cdomilebebi amZravis weviTi Tvisebis (an swrafobis wertilSi sawevi 

organos daWimulobis) Teoriul da eqsperimentul Sedegebs Soris. 

miRebuli Sedegebis mixedviT gamoitaneT saerTo daskvnebi. 
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laboratoriuli samuSao # 2 

 

2. lenturi konveieris vakuum-amZravis Teoriuli weviTi Tvisebis 

eqsperimentuli Semowmeba 

 

 

2.1 samuSaos mizani 

am SemTxvevaSi, samuSaos mizani, Cveulebrivi amZravebis kvlevis 

analogiuria. gansxvaveba ki imaSi mdgomareobs, rom specamZravebis 

SemTxvevaSi saWiro iqneba: haeris xarjis, sakotanqto zedpirebsa da 

recipientebSi vakuumis sididisa da hermetizaciis xarisxis, Sesabamisad 

moqnili sawevi organoebis daWimulobebisa da wevis faqtorebis 

cvlilebebis analizi. 

 

 

2.2. Teoriuli wanamZRvrebi 

vakuum-dolis normaluri muSaobis winapirobas warmoadgens lentisa 

da dolis zedapirebis iseTi xarisxobrivi mdgomareoba,rom maT Soris 

mTeli kontaqtis periodSi SesaZlebeli iyos, minimaluri danakargebiT, 

vakuumis Seqmna da SenarCuneba. am SemTxvevisaTvis swrafobis wertilSi 

lentis daWimuloba an amZravis mier ganviTarebuli wevis Zala Sesabamisad 

iqneba: 

n ( t(K 1

1

F e (1 e ). e ))( S (e 1)     



    T C  (2.1)

n ( t(k 1))) (e 1)

1

F e (1 e ). Pe S     



  T C
(2.2) 

am gamosaxulebebSi 

  - CaWidebis koeficientia (ix.cxr.1.1) 

 g - dolze lentis Semoxvevis geometriuli kuTxea (yovel konk-

retulSemTxvevaSi miuTiTebs maswavlebeli). 

  - grZiv Rarebs Soris segmentis Sesabamisi centraluri kuTxea  

(  = 0,22 rad., =12,6 an miuTiTebs maswavlebeli). 

ng - lentis qveS Rarebis raodenoba,romlebSic xdeba gaiSviaTe-

ba(aiReba konkretuli SemTxvevisaTvis).  
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P=pR -sakontaqtozedapirebze gaiSviTebiT miRebuli dolze lentis 

damatebiTi miWeris Zalaa, (ix.cxr.2.2)  

sadac:  

  -PgaiSviaTebis sididea paskalebSi (n/m2) 

R - vakuum-dolis radiusia,m 

  - sakonveiero lentis siganea, m. 

t 0,33 19     rad (an miuTiTebs maswavlebeli) 

0,11 6,4  rad -centraluri kuTxea,romelsac eyrdnoba grZivi Rari. 

(2.1) da (2.2) gamosaxulebebis Semadgenel sidideTa angariSi xdeba 

nawil-nawil, SemTxvevebisaTvis, rodesac 0 0   daK 2 KangariSi Segvaqvs 

Sesabamisad cxrilebSi 2.1; 2.2; da 2.3. 

cxrili  2.1 

  0,1 0,2 0,3 0,4 0,5 0,6 0.7 0,8 0,9 
wevisfaqtori 

e 
1,369 1,87 2,56 3,51 4,81 6,586 0,01 12,34 16,9 

e  0,977 0,955 0,933 0,912 0,893 0,872 0,861 0,833 0,813 

R  rad. 0,22  rad  

1 e  0,023 0,045 0,067 0,088 0,117 0,128 0,139 0,170 0,187 

 

cxrili 2.2 

5P,10 pa  0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 9,95 -1 SeniSvna 

P=pRB, dkn, 
R=0,18 m 
B=0,5 m 

90 180 270 360 450 540 630 720 810 855 900  

  

 

ცხრილი 2.3. 

( (k 1)( ))
0e

    
     

t;

0,11;

   
          

0,22;  0;  t 0,33   

K  
  1 2 3 4 5 6 7 8 9 

      0,1 1,0 0,968 0,936 0,905 0,876 ,0848 ,0820 0,793 0,768 
      0,2 1,0 0,936 0,876 0,820 0,768 0,719 0,673 0,630 0,590 
      0,3 1,0 0,905 0,820 0,743 0,673 0,609 0,552 0,500 0,453 
      0,4 1,0 0,876 0,768 0,673 0,590 0,516 0,453 0,396 0,347 
      0,5 1,0 0,848 0,719 0,609 0,516 0,438 0,371 0,315 0,267 
      0,6 1,0 0,820 0,673 0,552 0,453 0,371 0,304 0,250 0,205 
      0,7 1,0 0,793 0,630 0,500 0,396 0,315 0,250 0,198 0,157 
      0,8 1,0 0,768 0,590 0,453 0,347 0,267 0,205 0,157 0,121 
      0,9 1,0 0,743 0,552 0,410 0,304 0,226 0,168 0,125 0.092 
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zemoT moyvanili cxrilebis saSualebiT yoveli konkretuli para-

metrebisaTvis 0 g 0( ,  ,  ,  n ,  p,  R,  ,  ,  t,  ),     
 
(2.1) da (2.2) gamosaxulebebiT 

SegviZlia viangariSoT vakuum-dolis Teoriuli weviTi Tvisebebi, rogorc 

sawyisi (programuli) daWimulobiT, ise daWimulobis GgareSe. 

gaangariSebiT miRebuli Sedegebi Segvaqvs cxrilSi 2.4.FT  da (S )sw.T

iangariSeba vakuum-dolis im parametrebisaTvis, romlisTvisac momza-

debulia (stendi) laboratoriuli samuSao (miuTiTebs maswavlebeli). 

laboratoriuli samuSao sruldeba stendze (nax.1.1) romelic 

aRwerilia qveviT. 

cxrili  2.4 

S .,
C dkn

 0 50 100 150 200 250 300 350 400 450 500 

S ,sw.T dkn             

F .,T dkn             

            

 

 

2.3. laboratoriuli stendis aRwera 

stendis sqema warmodgenilia nax.1.1 stendi Sedgeba Semdegi ZiriTadi 

nawilebisagan: amZravi dolisagan - 1, romelic yoveli konkretuli 

laboratoriuli amocanis Sesrulebisas garkveuli poziciiT fiqsirdeba 

dgarze dolze raime 0( 90....270 )    kuTxiT Semoxveulia lenti - 2, 

romlis dolidan Camoqanebis Sto dinamometris - 3 saSualebiT xistad 

fiqsirdeba dgarze; dolze lentis swrafobis Sto ki foladis bagirisa da 

dinamometri - 5 ukavSirdeba lentis daWimulobis Semqmnel meqanizms - 4.  

stendi aRWurvilia ventiliT – 7, vakuumis wyarosTan (wyal-rgolur

3  , an mimdevrobiTi moqmedebis or plunJerian 2    tipis vakuum-

tumbosTan) mierTebuli wrfivi koleqtoriT - 14, romlis hermetulad 

Caketili  moculoba (da bolos vakuumis wyaros muSa sivrce) ventilebiT -

6, vakuumnetris - 8, rotammetris - 9 da 10-11 rezinis sqelkedliani moqnili 

milebis saSualebiT ukavSirdeba vakuum-dolis zedapirze ganlagebul 

(amoRarul) TiToeul grZiv Rars - 13, maTSi centralurad ganlagebul 

naxvretebSi - 12 hermetulad Casmuli milisebis saSualebiT. 
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mTlianad vakuum-sistemaSi ventiliT -7,xolo TiToeul grZiv RarSi 

ventiliT - 6 xorcieldeba sasurveli vakuumis sididemde gauxSoebis 

regulireba. 

aRwerili stendiT xdeba specialuri amZravis – vakuum-dolis wevis 

Zalebis (wevis faqtoris) eqsperimentuli kvleva. 

sakvlevi amZravi dolis parametrebi: 

o tipi – avm-1. 

o grZivi Raris parametrebi: 

 sigrZe - 0,42 m. 

 sigane - 0,02 m. 

 Rarebis raodenoba –n   19 

 dolis diametri – 0,36 m; 

 Raris biji – 1857 

 dolis  sigane – 0,52 m; 

dinamometrebis teqnikuri maCveneblebi mocemulia erTdoliani 

Cveulebrivi tipis amZravis kvlevis meToduri miTiTebebis  1.3 TavSi. 

vakuum-dolis TiToeul arxSi vakuumis sidide izomeba vakuummetris 

saSualebiT. vakuummetris skalis danayofi gamoxatavs (0...-1) dn/sm an (0...760) 

mm v.w.s. 

recipientis mier Sewovili haeris raodenoba izomeba PG-3 tipis 

mSrali eJeqtoris (rotametris) saSualebiT, romlis skalis danayofebi 

Seesabameba l/wT-s. 

wrfivi koleqtori erTdroulad SeiZleba davakavSiroT lentis qveS 

ganlagebul yvela grZiv RarTan an CavrToT TiToeuli TandaTanobiT, 

rogorc dolis pirobiTi brunvis sawinaaRmdegod, ise Tanxvedrili 

mimarTulebiT. 

 

 

2.4. samuSaos Catarebis meTodika 

stendis samuSao mdgomareobaSi mosayvanad da samuSaosSesrule-

bisaTvis saWiroa Semdegi operaciebis Sesruleba: 

1) dgarze amZravi doli fiqsirddeba samuSaos Sinaarsis Sesabamis 

poziciaSi (pozicias miuTiTebs maswavlebeli). 
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2) stendis sqemaSi, moqnili organos SC  da Ssw  
Sesabamis StoebSi 

irTveba dinamometrebi .3- ДПУ-5 da 5- ДПУ-5,0 (teqnikuri monacemebi ixileT 

meToduri miTiTebebis 1.3 TavSi). 

3) lentis daWimulobis saregulirebeli meqanizmis - 4 saSualeebiT 

vcvliT SC  mniSvnelobebs 0...500 dn. zRvrebSi 50 dn daWimulobis nazrdis 

bijiT. 

4) TiToeuli bijis Sesabamisad viRebT me-5 dinamometridan Ssw -is 

mniSvnelobebs. 

5) eqsperimentis Catarebisas lentis qveS ganlagebuli yvela grZivi 

Rari CarTulia wrfiv koreqtorTan da, maSasadame, vakuumis wyarosTan. 

6) rotametris Cvenebis mniSvnelobiT ganisazRvreba rgoluri Wvritis 

(lentisa da dolis sakontaqto zedapirebis) hermetizaciis xarisxi. 

7) yvela CamonaTvali xelsawyoebis Cveneba Segvaqvs cxrilSi (cxr.2.5) 

8) eqsperimenti tardeba im reJimis mixedviT, romelzec Catarebulia 

Teoriuli gaTvlebi. 

 
SeniSvna: Teoriuli gaangariSeba da eqsperimentuli Semowmebac am 

SemTxvevisaTvis tardeba 3,7
 
poziciisaTvis (ix. cxr. 1.1).  

cxrili 2.5. 

SCeqsp.  0 50 100 150 200 250 300 350 400 450 500 

P S sw.eqsp             

P F eqsp.             

 

cxr.2.4 da cxr.2.5 monacemebis mixedviT nax.2.1. warmodgenil 

koordinatTa sistemaSi vagebT mrudebs, vudarebT Teoriul monacemebs  

eqsperimentuls da vsazRvrvT cdomilebis saSualo mniSvnelobas ( ).  igi 

ar unda aRematebodes (10...15)%. 

cdomilebis gansazRvra warmoebs imave meTodiTa daimave formulebiT  

[ix. form. (1.4) da (1.5)], romelic gadmocemulia lenturi konveieris 

Cveulebrivi amZrvis kvlevis meTodikis 1.4 TavSi. 
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2.5. Sesrulebuli samuSaos gaformeba (o q m i) 

SeadgineT laboratoriuli stendis principuli sqema da moaxdineT 

misi mokle aRwera. CaixazeT 2.4 da 2.5 Sesabamisi cxrilebi. 

2.1 an 2.2 formulebiTa da cxrilebis 2.1., 2.2 da 2.3 gamoyenebiT ian-

gariSeT SC  (0...500) dkn programuli daWimulobisaTvis (50 dkn-

isintervaliT) SswT  
mniSvnelobebi. Sedegebi SeitaneT 2.4-is Sesabamis 

cxrilSi. 

.,F, .(S )dkn dkn dkn.
 

 

 

 

 

 

 

 

 

S .,C dkn  

 

0500 

nax.  2.1 

 

moamzadeT stendi eqsperimentisaTvis (laboratoriuli samuSaos 

maswavleblis daxmarebiT). samuSaos Catarebis meTodikaSi (ix. 2.4. para-

grafi) aRwerili TanamimdevrobiT CaatareT cda da Sedegebi SeitaneT 2.5-is 

Sesabamis cxrilSi. 

nax. 2.1.-ze mocemul koordinatTa sistemaSi aageT 2.4 da 2.5 cxrilebis 

monacemebiT Sesabamisi mrudebi. 

pirveli samuSaos Sesabamisad gamoTvaleT wevis Zalebis Teoriul  

da eqsperimentul mniSvnelobebs Soris cdomileba da miRebuli Sedegebis 

mixedviT gamoiyeneT saerTo daskvnebi da Sedareba Cveulebriv da 

specialur amZravebis mimarT. 
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laboratoriuli samuSao #3 

 

3. vakuum-dolebSi vakuumis efeqturi zonis kvleva 

 

3.1. samuSaos mizani 

am samuSaos mizania, vakuum-dolebiani amZravebisas, maqsimaluri wevis 

Zalebis ganviTarebisaTvis,Ddolisa da lentis sakontaqto zedapirze 

(rgolur WvriteSi) vakuumis optimaluri zonis dadgena. 

 

 

3.2.Teoriuli  wanamZRvrebi 

rogorc cnobilia, dolze lentis mTeli Semoxvevis geometriuli 

kuTxe 

    g ds Ss                       
(3.2.) 

kvlevebis Sedegad dadgenilia, rom 

40
D

 


S.s.                        (3.2.) 

amZravi dolis rkalis Sesabamis kuTxeze wevis Zalebis realizacias 

adgili ara aqvs, vinaidan am ubanze dolsa da lentis sakontaqto 

zedapiris wertilebi erTnairi xazovani da kuTxuri siCqariT moZraoben; 

e.i. sakontaqto zedapirebi urTierTis mimarT ar gadaZravdeba. Teoriidan 

ki cnobilia, rom garegani xaxuniT wevis Zalebis gadacemis aucilebelda 

sakmaris pirobas warmoadgens sakontaqto zedapirebis urTierTis mimarT 

Zvradoba. 

aqedan gamomdinare, saWiroa dadgenil iqnas dolis zedapiris romel 

ubanze iqneba efeqturi vakuumis Seqmna:  Ss SedarebiTi simSvidis ubanze, 

Tu  ds drekadi srialis ubanze. 

(3.2.) gamosaxulebaSi:  lentis sisqea, m.; DamZravi vakuum-dolis 

diametria, m. 

vakuumis efeqturizonis dadgenis mizniT vatarebT Teoriul kvlevebs 

(2.2.) gamosaxulebis pirveli Sesakrebis erT-erTi Tanamamravlis                       

n

k 1

e ( ( )(k 1))



       
g

         
       (3.3.) 
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 an 
1

( ( ) ( 1)

n

e         

 
                    (3.4.) 

analiziT 
cxrili 3.1. 

n
( ( )(k 1))

k 1

e   


 ;      0;  0,11  ;  0,22;  t 0,33  

K  

  
n 1  

1 
n 2
1,2 

n 3
1,2,3 

n 4  
1...4 

n 5
1...5 

n 6  
1...6 

n 7  
1...7 

n 8
1...8 

n 9  
1...9 

0,1 1,000 1,9675 2,9036 3,8094 4,6857 5,5336 6,3540 7,1477 7,9157 

0,2 1,000 1,9361 2,8124 3,6328 4,4008 5,1197 5,7927 6,4227 7,0125 

0,3 1,000 1,9057 2,7261 3,4691 4,1421 4,7517 5,3038 5,8039 6,2568 

0,4 1,000 1,8763 2,6443 3,3173 3,9071 4,4239 4,8768 5,2738 5,6216 

0,5 1,000 1,8478 2,5668 3,1763 3,6932 4,1314 4,5030 4,8181 5,0852 

0,6 1,000 1,8203 2,4933 3,0454 3,4984 3,8700 4,1748 4,4249 4,6300 

0,7 1,000 1,7937 2,4237 2,9238 3,3207 3,6358 3,8858 4,0843 4,2419 

0,8 1,000 1,7679 2,3577 2,8106 3,1585 3,4256 3,6308 3,7883 3,9093 

0,9 1,000 1,7430 2,2951 2,7054 3,0102 3,2367 3,5050 3,5300 3,6230 

 

cxrili 3.2. 

1
( (k 1)( ))

k n

e   




m

0;  0,11;  0,22  t 0,33  

K  
  

n 1  
9 

n 2  
9,8 

n 3  
9, 8, 7 

n 4  
9...6 

n 5  
9...5 

n 6  
9...4 

n 7  
9...3 

n 8
9...2… 

n 9  
9...1 

 
   0,1 
   0,2 
   0,3 
   0,4 
   0,5  
   0,6 
   0,7 
   0,8 
   0,9     

 
0,7679 
0,5897 
0,4529 
0,3478 
0,2671 
0,2051 
0,1575 
0,1209 
0,0929 

 
1,5617    
1,2198    
0,9530   
0,7447 
0,5821 
0,4552 
0,3560 
0,2785   
0,2129   

 
2,3820 
1,8928 
1,5051 
1,1977 
0,9537   
0,7600 
0,6061 
0,4837 
0,3862   

 
3,2299 
2,6117 
2,1146 
1,7145 
1,3920 
1,1316 
0,9211 
0,7508 
0,6127 

 
4,1063 
3,3997 
2,7877 
2,3043 
1,9088 
1,5845 
1,3181 
0,0986 
0,9176 

 
5,0120 
4,2000 
3,5307 
2,9773 
2,5184 
2,1366 
1,8181 
1,5516 
1,3276 

 
5,9431 
5,0764 
4,3511 
3,7453 
3,2373 
2,8096 
2,4482 
2,1414 
1,8799 

 
6,9157 
6,0125 
5,2568 
4,6216 
4,0852 
3,6300 
3,2419 
2,9093 
2,6230 

 
7,9157 
7,0125 
6,2568 
5,6216 
5,0852 
4,6300 
4,2419 
3,9093 
3,6230 

 
laboratoriuli samuSaos Sesrulebis procesis gamartivebis mizniT 

(3.3.) da (3.4.) gamosaxulebebis analizi yvela misi parametrebis SesaZlo 

variaciis gaTvaliswinebiT Sesrulebulia winaswar da warmodgenilia (3.1) 

Dda (3.2) cxrilebSi. 

laboratoriuli samuSaos Sesrulebis Semdgom etapze saWiroa, gan-

tolebiT 

( t( 1)

a e
k

F e (1 e ) P S (e 1)
  

      C

    
    (3.5.) 
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(3.3.) da (3.4) gamosaxulebebis (3,1 da 3,2 cxrilis Sedegebis) gaTvalis-

winebiT gamoiTvalos F T is  yvela (maswavleblis mier miTiTebuli) varianti 

da Sedegebi Setanil iqnes cxrilebSi [cxr.3.3.-Si (3.3.) gamosaxulebis 

gaTvaliswinebiT da cxr.3.4-Si – (3.4.) gamosaxulebis gaTvaliswinebiT]. 

(3.3.) da (3.4) cxrilebSi miRebuli Sedegebi mowmdeba eqsperimentis 

gziT laboratoriul stendze, romlis aRwera da teqnikuri aRWurviloba 

mocemuli aris winamdebare meToduri miTiTebis 2.3. paragrafSi. 

 

 

3.3. samuSaos Catarebis meTodika 

stendis samuSao mdgomareobaSi mosayvanad da am samuSaos Casata-

reblad saWiroa 2.4. paragrafSi aRwerili pirveli oTxi operaciis 

Sesruleba. samuSaos gasagrZeleblad ki damatebiT unda Catardes Semdegi 

operaciebi: 

a) amZravze, lentis Camoqanebis Stos mxridan, dolis grZivi Rarebi, 

raodenobis TandaTanobiT matebiT, wrfivi koleqtoris saSualebiT ukav-

Sirdeba vakuumis wyaros (vakuum-tumbos). magaliTad: jer erTiRari #1, 

Semdgom ori Rari #1 +#2 da a.S. eqsperimentis am etapis dasasruls 

vakuum-tumbosTan  CarTuli unda iyos lentis qveS ganlagebuli dolis 

yvela grZivi Rari (#1 + #2+. . . +#n ). Cdebis Sedegebi Segvaqvs cxrilSi 3.3. 

b) amZravze lentis swrafobis Stos mxridan, dolis grZivi Rarebi, 

raodenobis TandaTanobiT matebiT, wrfivi koleqtoris saSualebiT 

ukavSirdeba vakuumis wyaros. ase magaliTad: jer erTi Rari -#n , Semdeg  

ori Rari #n+#n -1 da a.S. eqsperimentis am etapis dasasruls vakuum-

tumbosTan CarTuli unda iyos lentis qveS ganlagebuli dolis yvela 

grZivi Rari #n+ #n 1 +. . . 1. cdis Sedegebi Segvaqvs cxrilSi 3.4. 

dolis grZivi Rarebis danomvra lentis qveS xdeba 1,2...n dolidan 

lentis Camoqanebis wertilidan swrafobis wertilisaken n - lentis qveS 

dolze lentis swrafobis mxares ganlagebuli bolo grZivi Raris nomeria. 

eqsperimenti tardeba im reJimis mixedviT, romelzec Catarebulia 

Teoriuli gaTvlebi. monacemebi Segvaqvs cxr. 3.3. da 3.4. Sesabamis grafebSi. 

cxr. (3.3) da cxr. (3.4.) monacemebis mixedviT nax. (3.1) warmodgenil 

koordinatTa sistemaSi vagebT mrudebs. vudarebT Teoriul monacemebs 
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eqsperimentuls da vsazRvravT cdomilebis saSualo mniSvnelobebs ( ). igi 

ar unda aRematebodes (10. . . 15) %. 

cdomilebis gansazRvra warmoebs imave meTodiTa da imave formu-

lebiT [ix. formulebi (1.4) da (1.5)], romelic gadmocemulia lenturi 

konveieris kvlevis winamdebare meToduri samuSaos 1.4. TavSi. 

samive laboratoriuli samuSaos Sesrulebis Semdeg gamogvaqvs 

daskvnebi rogorc calkeul amocanaze, ise zogadad mTel samuSaoze 

mTlanad.  

 

 

3.4. Sesrulebuli samuSaos gaformeba (o q m i) 

SeadgineT laboratoriuli samuSaos principuli sqema dolis 

Rarebis normebis CvenebiT da moaxdineT misi mokle aRwera. CaixazeT 3.3. da 

3.4 Sesabamisi cxrilebi. daadgineT ricxviTi mniSvnelobebi e
g -Tvis 

cxrilidan 1.2 da e(1 ) -Tvis cxrilidan 2.1. 

3.3. da 3.4. gamosaxulebebis mniSvnelobebi ipoveT Sesabamisad 

cxrilebidan. P pR  s  mniSvneloba 2.2. cxrilidan. 

 

F .(S ).,dn sw.,dn  

 

 

 

 

 

SC.,dn  

0 

nax.3.1. 

aRniSnuli operaciebis Sesrulebis Semdeg 3.5. gamosaxulebiT ipoveT 

F T is mniSvnelobebi, rodesac:  

a) dolis zedapiris samuSao Rarebi koleqtoris vakuum-tumbos 

uerTdeba lentis Camoqanebidan swrafobis wertilisaken 
n

k 1

( )

 , Sedegebi 

SeitaneT cxrili  3.3.-is Sesabamis ganyofilebaSi; 
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b) dolis zedapiris muSa Rarebi, koleqtoriT, vakuum-tumbos 

uerTdeba lentis swrafobidan Camoqanebis wertilisaken 
1

k n

( )

 da Sedegebi 

SeitaneT cxrilSi 3.4-is Sesabamis ganyofilebaSi. 

Teoriuli gaTvlebisas miRebuli analogiuri pirobebisaTvis moamza-

deT stendi eqsperimentisaTvis (laboratoriuli samuSaos maswavleblis 

daxmarebiT) samuSaos Catarebis meTodikaSi (ix.3.3. paragrafi) aRwerili 

TanamimdevrobiT, CaatareT cdebi da Sedegebi SeitaneT 3.3 da 3.4 Sesabamisi 

cxrilebis saTanado ganyofilebebSi. 

nax.3.1 –ze mocemul koordinatTa sistemaSi aageT 3.3 da 3.4. cxrilis 

monacemebiT Sesabamisi mrudebi. 

pirveli da meore samuSaos Sesabamisad gamoTvaleT cdomilebebi 

Teoriuli gamoTvlebiT da eqsperimentiT miRebul erTsaxela sidideebs 

Soris da miRebuli Sedegebis mixedviT gamoitaneT saerTo daskvnebi dolis 

zedapirze vakuumis zonis efeqturi ganlagebis analizisaTvis. 

 

cxrili 3.3 

               vakuum - dolis wevis Zala F (S )Tdn. sw.T  

k  

SC,dn  
n 1  

1 
n 2  
1, 2 

n 3  
1, 2, 3 

n 4  
1...4 

n 5  
1...5 

n 6  
1..6 

n 7
1..7 

n 8
1...8 

n 9
1...9 

0          
50          
200          
400          
500          

vakuum - dolis wevis Zala F (S ),eqsp. swr.eqsp. d.n.  

0          
50          
200          
400          
500          
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cxrili 3.4. 

vakuum-doliswevisZala FT,dn.  

 grZivi 
 Rarebis 

K  

SC,dn.  

n=1 
 
9 

n 2  
 

9,8 

n 3  
 

9, 8, 7 

n 4  
 

9...6 

n 5  
 

9...5 

n 6  
 

9...4 

n 7  
 

9...3 

n 8
 

9...2 

n 9  
 

9...1 

   0          
   50          
   200          
   400          
   500          

                   vakuum-dolis wevis Zala Feqspr.,dn.  

   0          
   50          
   200          
   400          
   500          

 

 

saerTo  daskvnebi 

 

 

#1 – laboratoriul  samuSaoze: 

 

 

 

 

 

# 2 -  laboratoriul  samuSaoze: 

 

 

 

 

 

#3 -   laboratoriul  samuSaoze:            
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weviTi Tvisebis eqsperimentuli Semowmeba - - - - - - - - - - - gv.5 

2. lenturi konveieris vakuum-amZravis TeoriuliweviTi Tvisebis 
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