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meqanikuri), ar SeiZleba gamoyenebul iqnas gamomcemlis werilobiTi nebarTvis 

gareSe. 
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Sesavali 

gamoyenebiTi meqanikis kursis Seswavla damyarebulia 
sxvadasxva zogadteqnikur mecnierebebSi miRebuli codnis 
Seswavlaze da maTze dayrdnobiT miiRweva saxalxo meur-
neobis sxvadasxva dargebisaTvis aucilebeli ZiriTadi 
Teoriebis srulyofa, sxvadasxva sirTulis manqanebisa da 
avtomatizirebuli xazebis proeqtirebisa da gaangariSebis 
axali meTodebis Camoyalibeba, Tanamedrove xelsawyoebisa 
da gamoTvliTi teqnikis Seqmna. 

warmodgenil saxelmZRvaneloSi ganxilulia mxolod 
zogierTi sakiTxi, romlebic warmoadgenen zemoT aRniS-
nuli zogadteqnikuri mecnierebebis safuZvels. es masala 
saWiroa studentisaTvis im aucilebeli codnis misaRebad, 
rasac iTvaliswinebs gamoyenebiTi meqanikis sagnis codna. 

ganxilulia sxvadasxva meqanizmebis struqturis, 
kinematikisa da dinamikis SeswavlisaTvis aucilebeli 
sakiTxebi; manqanebsa da meqanizmebSi gamoyenebuli gada-
cemebis klasifikacia; gadacemebis saxeebi; maTi gaangari-
SebisaTvis saWiro aucilebeli damokicebilebebi. moce-
mulia detalebisa da nagebobebis mdgradobaze gaangari-
Sebis sxvadasxva meTodebi; warmodgenilia manqanebsa da 
kvanZebSi gamoyenebuli detalebis SeerTebis sxvadasxva 
saxeebi; maTi gaangariSebis magaliTebi. 

warmodgenilma ilustraciebma mniSvnelovnad unda 
Seuwyos xeli studentebs masalis SeswavlaSi. 
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 Tavi 1 
 

1.1. zogadi debulebebi 
 

materiis arsebobis ZiriTadi formaa moZraoba. materiis 
yovelgvar cvlilebas moZraoba ewodeba. materiis im 
raodenobas, romelic avsebs sivrcis garkveul moculo-
bas materialuri sxeuli ewodeba. 

sxeulis nawilakebis urTierTmdebareobis Secvlas 
droSi meqanikuri moZraoba ewodeba. am sxeulis nawila-
kebis meqanikuri moZraobis cvlilebas meqanikuri urTi-
erTqmedeba ewodeba. 

mecnierebas, romelic Seiswavlis meqanikur moZraobas 
da meqanikur urTierTqmedebas meqanika ewodeba. 

Teoriulo meqanika swavlobs materialuri sxeulebis 
meqanikuri moZraobisa da meqanikuri urTierTqmedebis 
zogad kanonebs. 

sxeuls, romlis zomebi ugulvebelyofilia materia-
luri wertili ewodeba. 

materialur sxeuls, romlis geometriuli forma da 
zomebi ar icvleba droSi absoluturad myari sxeuli 
ewodeba. 

Teoriuli meqanika pirobiTad 3 nawilad iyofa: 
statika, kinematika da dinamika. 

statika Seiswavlis ZalTa sistemis tolfas gardaqm-
nebs da adgens sxeulis wonasworobis pirobebs. 

kinematika Seiswavlis sxeulis moZraobis geometriul 
mxares. is ar ganixilavs im mizezebs ramac gamoiwvia 
moZraoba. 

dinamika swavlobs sxeulis moZraobis kanonebs 
gamomwvev mizezebTan erTad (ZalebTan erTad). 

 
 

1.2. Zala. ZalTa sistema 
 
meqanikaSi Zalis qveS igulisxmeba sxeulebis urTierT- 

qmedebis raodenobiTi zoma, romlis Sedegad urTierT-
qmedi sxeulebi erTmaneTs aniWeben aCqarebas an ganicdian 
deformacias. meqanikaSi Zalis fizikuri buneba ar Seis-
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wavleba. dakvirvebam gviCvena, rom Zala warmoadgens 
veqtors. is xasiaTdeba sididiT, modebis wertiliT da 
mimarTulebiT. 

wrfes, romelzec mdeba- 
reobs Zala Zalis fuZe 
ewodeba (nax. 1). aq modebis 
wertilia A, bolo wer-

tili B, F -anu AB  Zalaa, 
xolo fuZea (L, M) wrfe. 
Zalis sidides anu moduls 

|| F -iT an F-iT aRniSnaven. 
saerTaSoriso sistemaSi 
Zalis erTeulad miRebu-

lia niutoni, teqnikur erTeulTa sistemaSi kg-i. 1 kg≈9,81 n. 
Zala SeiZleba mocemuli iyos imave meTodiT, rogorc 
veqtori, saxeldobr modebis wertiliT da misi gegmi-
lebiT oxy sistemis koordinatTa RerZebze (nax. 2)  

FzkFyjFxiF ++= ; 

sadac Fx, Fy da Fz aris Zalis gegmilebi Sesabamis 

RerZebze; i , j , k  koor-

dinatTa RerZebis mge-
zavebia. Zalis sidide 
tolia 

  222|| FzFyFxF ++= ; 

Sedgenili kuTxeebis 

kosinusebi: 
||

cos
F
Fx

=α , 

||
cos

F
Fy

=β ;
||

cos
F
Fz

=γ . 

ZalTa sistema ewodeba 

ramdenime nFFF ,,, 21  Zalis erTobliobas da aRniSnaven 

( nFFF ,,, 21 ) simboloTi. ( nFFF ,,, 21 ) da ( kPPP ,,, 21 ) ori 

ZalTa sistemas tolfasi (eqvivalenturi) ewodeba, Tu 
erTsa da imave sxeulze cal-calke moqmedebisas erTnair 
meqanikur moqmedebebs axdenen da aRniSnaven ase: 

M

B 
 

L A 

F  

nax. 1 

z 

Fz 
k  

F

y i  

Fy 
x 

Fx 

o j  

nax. 2 
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),,,(~),,,( 2121 nn PPPFFF . 

iseT R  Zalas, romelic ),,,( 21 nFFF  ZalTa sistemis 

tolfasia ZalTa sistemis  tolqmedi ewodeba. 

R ),,,(~ 21 nFFF  ZalTa sistemis Secvlas tolqmediT 

ZalTa Sekreba ewodeba. 
ZalTa sistemas, romlis moqmedebiT absoluturad 

myari sxeulis wonasworoba ar icvleba, gawonasworebuli 

anu nulis tolfasi sistema ewodeba 0~),,,( 21 nFFF . 

sxeuli wonasworobaSia Tu masze moqmedebs mxolod 
gawonasworebuli ZalTa sistema.  

 

1.3. statikis aqsiomebi. bmis cneba 
 
or Zalas, romlebic erT fuZeze mdebareoben sididiT 

toli arian da sawinaaRmdegod mogezulni, pirdapir 
TanawinaaRmdegi Zalebi ewodeba. 

I aqsioma. ori pirdapir TanawinaaRmdegi Zala sxeulze 
araviTar meqanikur moqmedebas ar axdens. 

II aqsioma. Tu myari sxeuli wonasworobaSia ori 
Zalis moqmedebiT, maSin es Zalebi pirdapir TanawinaaRm-
degia. 

III aqsioma. myari sxeulis romelime wertilze moqmedi 
ZalTa sistema tolfasia erTi iseTi Zalisa (tolqmedis), 
romelic amave wertilzea modebuli da mdgeneli Zalebis 

geometriuli jamis tolia )( 21 nFFFF +++=  (nax. 3). 

nax. 3 

IV aqsioma. ori sxeulis urTierTqmedebis Zalebi war-
moadgens pirdapir TanawinaaRmdeg Zalebs. 

A 

B C 

α

iF  

zF  
nF  

3F  

1F  
2F  

3F  

nF  
F
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V aqsioma. Tu deformadi sxeuli wonasworobaSia 
ZalTa sistemis moqmedebiT, maSin wonasworoba ar dairR-
veva Tuki sxeuli gamyardeba. 

sxeuls Tavisufali ewodeba Tu mas sivrceSi SeuZlia 
nebismier mimarTulebiT da nebismier adgilze gadaadgi-
leba, xolo araTavisufali, Tu misi gadaadgileba 
SezRudulia sxva sxeulebiT. sxeuls, romelic zRudavs 
mocemuli sxeulis gadaadgilebis bma ewodeba. bmisgan 
sxeulze moqmed Zalas reaqciis Zala ewodeba. 

VI aqsioma. yoveli araTavisufali sxeuli SeiZleba 
gavxadoT Tavisufali Tu bmis moqmedebas sxeulze Sevcv-
liT reaqciis ZaliT. 

 
 

1.4. sami Zalis Teorema 
 
Tu sxeuli winasworobaSia sami Zalis moqmedebiT da 

aqedan ori Tavmoyrilia, maSin samive Zala Tavmoyrilia 
da erT sibrtyeSi mdebareoben.  

(ZalTa sistemas Tavmoyrili ewodeba, Tu maTi fuZeebi 
erT wertilSi ikveTeba). 

damtkiceba. vTqvaT, 
sxeulze moqmedebs 

),,( 321 FFF  ZalTa sis-

tema (nax. 4). 1F  da 2F  

Zalebi Tavmoyrilia; 
gavasrialoT es Zalebi  
fuZeebis gaswvriv da 
movdoT Tavmoyris A 

wertilSi. mesame aqsiomis ZaliT RFF ~),( 21 . aqedan gamom-

dinareobs, rom sxeulze moqmedebs R  da 3F  Zalebi 

romelTa moqmedebiT sxeuli wonasworobaSia. meore 

aqsiomis ZaliT R  da 3F  iqnebian pirdapir TanawinaaRm-

degi Zalebi, e.i. 3F YZalis fuZe gaivlis A wertilSi da 

samive Zala erT sibrtyeSi moTavsdeba. 
 
 

A 

2F  

3F  

1F

R  

nax. 4
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1.5. Zalis veqtoruli momenti da misi analizuri 
warmodgena 

   
 vTqvaT, sxeulis 

),,( zyxA  wertilSi mo-

debulia ),,( zyx FFFF  

Zala. koordinatTa 
RerZebis mgezavebi 

aRvniSnoT i , j , k -Ti 
(nax. 5). 

F  Zalis veqto-
ruli momenti O wer-
tilis (momentTa cen-
tris) mimarT ewodeba 

iseT M  veqtors, ro-
melic ganisazRvreba Semdegi pirobebiT: 
1. misi sigrZe tolia Zalis sididisa da mxris namravlis 

(momentTa O centridan Zalis fuZeze daSvebul 
marTobs, Zalis mxari ewodeba) 

OABShFM Δ=⋅= 2||||  

2. modebulia O wertilze, im sibrtyis marTobulad, 

romelic gadis O wertilze da F  Zalaze. 
3. mogezulia ise, rom mis gaswvriv mdgom damkvirvebels 

Zala uvlides dadebiTi mimarTulebiT (saaTis isris 
moZraobis sawinaaRmdegod).  
Tu gavixsenebT ori veqtoris veqtoruli namravlis 

ganmartebas, maSin cxadia, rom Zalis veqtoruli momenti 
tolia Zalis modebis wertilis radius-veqtorisa da 
Zalis veqtoruli namravlisa: 

FrM ×= . 
ori veqtoris veqtoruli namravli warmoidgineba 

mesame rigis determinantis saxiT: 

)()()( xyxzyx

zyx

yFxFkzFxFjzFyFi
FFF
zyx
kji

M −+−−−== .   (1) 

z B 

A 

x 

y 

h 

F
M  k  

r

i  
j  

nax. 5 
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veqtoruli momentis gegmilebi koordinatTa RerZebze 
aRvniSnoT Mx, My, Mz-iT; maSin (1) tolobis dagegmile-
biTYkoordinatTa RerZze miviRebT 

;yzx zFyFM −=  ;zxy xFzFM −=  xyz yFxFM −= .      (2) 

 veqtoruli momentis mier Semdgari kuTxeebis konu-
sebi gamoiTvleba formulebiT: 

;
||

cos
M
M x=α  

||
cos

M

M y=β ; 
||

cos
M
M z=γ , 

222|| zyx MMMM ++= . 

veqtoruli momentis ganmartebidan gamomdinareobs 
Semdegi Tvisebebi: 
1. veqtoruli momenti nulis tolia Tu Zala aris 

nulis toli an Zalis fuZe gadis momentTa centrze. 
2. veqtoruli momenti ar Seicvleba Tu Zalas gavas-

rialebT fuZis gaswvriv. 
3. Tu Zalas SevcvliT pirdapir TanawinaaRmdegi ZaliT, 

maSin veqtoruli momentic Seicvleba pirdapir Tana-
winaaRmdegi momentiT. 
 

1.6. Zalis skalaruli momenti  
 

vTqvaT sxeulze moqmedi F  
Zala moTavsebulia Oxy 
sibrtyeSi (nax. 6), maSin 

=F ),,( OFFF yx , 

),,( OyxAA = . 

(2)-is Tanaxmad, Zalis 

veqtoruli M  momentis gegmi-
lebi koordinatTa RerZebze 
iqneba: 

0== yx MM ; xyz yFxFMM −== .          M(3) 

F  Zalis skalaruli momenti O wertilis mimarT ewo-
deba Zalis sididisa da mxaris namravls aRebuls `+~ an 
`_~ niSniT imisda mixedviT, Tu rogor uvlis Zala am 
wertils (momentTa centrs). 

nax. 6

y 

A

B

O x 

h

F
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hFM ⋅±= || . 

(3) warmoadgens Zalis skalaruli momentis analizur 

gamosaxvas. naxazidan Cans OABSM Δ±= 2  skalaruli momen-

tis ganmartebidan gamomdinareobs misi Semdegi Tvisebebi: 
1. Zalis skalaruli momenti nulis tolia Tu Zala aris 
nulis toli an Zalis fuZe gadis momentTa centrze. 2.Tu 
Zalas SevucvliT mimarTulebas pirdapir winaaRmdegze, 
maSin skalaruli momenti niSans Seicvlis. 3. Tu Zalas 
gavasrialebT fuZis gaswvriv misi skalaruli momenti ar 
Seicvleba. 

 

1.7. Zalis momenti RerZis mimarT 
  

Zalis momenti RerZis mimarT ewodeba am RerZis mar-
Tobul sibrtyeSi Zalis gegmilis skalarul moments 

RerZisa da sibrtyis gada-
kveTis wertilis mimarT.  

vTqvaT, mocemulia F  

Zala da Δ RerZi (nax. 7). 

Zalis momenti Δ RerZis 

mimarT aRvniSnoT )(FM Δ -

iT, xolo Zalis gegmili ∏ 

sibrtyeze ab -iT. gan-
martebis Tanaxmad 
 

OabShababFM ΔΔ ±=⋅±== 2||)( 0mom  

e.i. 1. Zalis momenti RerZis mimarT nulis tolia, Tu 
Zala paraleluria RerZis an misi fuZe kveTs RerZs. 

2. Zalis momenti RerZis mimarT ar Seicvleba Tu 
Zalas gavasrialebT fuZis gaswvriv. 

3. Tu Zalas SevucvliT mimarTulebas pirdapir wina-
aRmdegze, maSin momenti niSans Seicvlis. 
 

 
 

Δ A 

B

b 

a 

O

h 

∏ 

F

nax. 7 
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1.8. wyvilZala da misi momenti 
 
wyvilZalis cneba meqanikis erT-erT ZiriTadi cnebaa, 

ise rogorc Zalis cneba. 
ori Zalis erTobliobas, romlebic sididiT tolia, 

mdebareoben paralelur fuZeebze da sawinaaRmdegod 
arian mogezulni, wyvilZala ewodeba. 

vTqvaT, myar sxeulze 

moqmedi P Pda Q  Zalebi 

Seadgens wyvilZalas, aRv-

niSnoT igi ),( QP -Ti (nax. 8). 

am Zalebis fuZeebs Soris 
umokles manZils – wyvil-
Zalis mxari ewodeba da 
aRvniSnoT h-iT. wyvil-
Zalis nakrebi veqtori 

nulis tolia 0=+= QPF , 

amitom wyvilZalis nakrebi 
veqtoruli momenti ar aris damokidebuli momentTa 
centrze. 

wyvilZalis nakreb veqtorul moments wyvilZalis veq-
toruli momenti ewodeba.  

).()()()()()( OMPMQMPMQMPMM ABAABB ==+=+=  

veqtoruli momentis ganmartebis Tanaxmad gveqneba: 

                  QABPBAM ×=×=  

               hQhPM ⋅=⋅= |||||| . 

wyvilZalis veqtoruli momenti ewodeba iseT Tavisu-

fal M , veqtors, romlis sigrZe tolia erT-erTi Zalis 
sididesa da mxaris namravlis; modebulia wyvilZalis 
sibrtyis romelime wertilSi am sibrtyis marTobulad 
da mogezulia ise, rom mis gaswvriv mdgomi damkvirebli-
saTvis wyvilZala brunavdes dadebiTi mimarTulebiT 
(saaTis isris sawinaaRmdegod).  

erT sibrtyeSi mdebare ZalTa sistemis ganxilvisas 
saWiro xdeba wyvilZalis skalaruli momentis cnebis 
Semotana. 

nax. 8 

A 
h 

B 
Q  

M

P  
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wyvilZalis skalaruli momenti ewodeba misi erT-
erTi Zalis sididisa da wyvilZalis mxaris namravls, 
aRebuls `+~ an `_~ niSniT imisda mixedviT, Tu rogor 
brunavs wyvilZala. amrigad, 

hQhPM ⋅±=⋅±= |||| . 

  

1.9. myari sxeulis brtyeli paraleluri moZraoba. 
  brtyeli-paraleluri moZraobis gantolebebi 

da brtyeli figuris wertilis siCqare 
 
sxeulis iseT moZraobas, rodesac sxeulis yvela 

wertili moZraobs uZravi sibrtyis paralelur sibrt-
yeebSi (nax. 9), sxeulis brtyeli paraleluri anu 
brtyeli moZraoba ewodeba.  

brtyeli figuris mdebareoba drois nebismier momentSi 

ganisazRvreba misi ori ),( AA yxA da ),( BB yxB  wertilis 

mdebareobiT (nax. 10). am wertilebs Soris manZili d 
ucvlelia, amitom oTxi koordinatidan sami damoukidebe-
lia. damoukidebel parametrebad miviRoT A wertilis xA, 
yA koordinatebi da AB monakveTis ϕ  mobrunebis kuTxe. 

es parametrebi warmoadgenen drois funqciebs: 

),(1 tfxA = ),(2 tfy A = ).(3 tf=ϕ  

          nax. 9                             nax. 10 
 

es gantolebebi warmoadgens myari sxeulis brtyeli 
paraleluri moZraobis gantolebebs.  

myari sxeulis brtyeli-paraleluri moZraoba warmoid-  

y A

(S) M 
O 

B 

x

y

O

A

(S) B

x 

ϕ

П1

П
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gineba ori moZraobis jamis saxiT: arCeul polusTan 
erTad gadataniTi moZraobisa da polusze gamavali 
sibrtyis marTobuli RerZis mimarT brunviTi moZraobis 
erToblioba. 

         BAAB VVV += . 

myari sxeulis brtyeli-para-
leluri moZraobisas misi nebis-
mieri wertilis siCqare tolia 
polusisa da mis mimarT brunviTi 
moZraobis siCqareTa geometriuli 
jamisa (nax. 11). 

 

1.10. siCqareTa myisi centri 
 

brtyeli figuris wertils, romlis siCqare drois 
mocemul momentSi nulis tolia siCqareTa myisi centri 

ewodeba.  
vaCvenoT, rom Tu brtyeli 

figuris brunvis kuTxuri siC-
qare ar udris nuls ( 0≠ω ), 
maSin aseTi wertili arsebobs. 

vTqvaT A polusis siCqarea AV , 

xolo figuris brunvis kuTxuri 

siCqare ω. gavataroT AN sxivi 
(nax. 12), romelzedac gadavzo-

moT 
ω

AV
AP =  monakveTi da ganv-

sazRvroT P wertilis siCqare. polusad miviRoT A wer-
tili. 

               PAAP VVV += ; APA VAPV =⋅= ω , 

           APA VV −= ; 

           0=−=+= AAPAAP VVVVV . 

amrigad, figuris P wertili siCqareTa myisi centria 
mocemul momentSi. 

Tu  siCqareTa  P myisi centri cnobilia mocemul mo- 

nax. 11 

A

B 

ω
AV  

BAV  BV  
AV  

P 

N 

A 

ω 

AV  

PBV  

nax. 12 
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mentSi da mas miviRebT 
polusad, brtyeli figuris 
(nax. 13) siCqareebisaTvis 
gveqneba Semdegi gamosaxu-
lebebi 

 APABPA VVVV =+= ; APVA ⋅= ω , 

BPBPPB VVVV =+= ; BPVB ⋅= ω . 

amrigad, brtyeli figu-
ris nebismieri wertilis 
siCqare sididiT tolia fi-

guris brunvis kuTxuri siCqaris da im monakveTis sigrZis 
namravlis, romelic aerTebs mocemul wertils siCqareTa 
myis centrTan, marTobulia am monakveTis da mimarTulia 
brunvis mxares.  

 

1.11. myari sxeulis gadataniTi moZraoba 

 
sxeulis iseT moZraobs, romlis drosac sxeulis or 

wertilze gamavali wrfe Tavis paraleluri rCeba drois 
yovel momentSi, sxeulis gadataniTi moZraoba ewodeba. 

 
 
 
 
 
 
 
 

 
 
 
 

nax. 14 

vTqvaT sxeuli moZraobs gadataniT Oxyz uZravi 

sistemis mimarT. aviRoT sami A, B, C wertili. Ar , Br , Cr  

radius-veqtorebia. avagoT ABC samkuTxedi (nax. 14).  

nax. 13 

B 

A 

P 

C 

D

BV

AV

DV

A 

B

A1

B1

C

ArΔ

BrΔ

Ar

crΔBr
C 

k

i
j

cr  
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tΔ  drois Semdeg samkuTxedi daikavebs A1, B1, C1 
mdebareobas.  

            1AArA =Δ ; 1BBrB =Δ ; 1CCrC =Δ . 

            ,11BAAB  ,11CBBC 11CAAC . 

radgan BBAA 11 , CCAA 11 , 11BBCC  paralelogramebia 

mravalwaxnagi warmoadgens samkuTxa prizmas, amitom  

CBA rrr Δ=Δ=Δ , 

e.i. sxeulis yvela wertils erTnairi traeqtoria aqvT. 
rom miviRoT B wertilis traeqtoria saWiroa A werti-
lis traeqtoria gadavaadgiloT AB -iT, C wertilisTvis 

AC -iT, gavyoT tΔ -ze da gadavideT zRvarze, roca 0→Δt  

t
r

t
r

t
r C

t

B

t

A

t Δ
Δ

=
Δ
Δ

=
Δ
Δ

→Δ→Δ→Δ 000
limlimlim . 

veqtoruli siCqaris ganmartebis ZaliT 

CBA VVV ==  

 misi gawarmoebiT 

CBA WWW == . 

e.i. myari sxeulis gadataniTi moZraobisas misi yvela 
wertili Tavsebad traeqtoriebs aRweren da maT erTnairi 
siCqare da aCqareba aqvT.   

amrigad, myari sxeulis gadataniTi moZraoba SeiZleba 
davaxasiaToT misi romelime erTi wertilis moZraobad, 
mag. A wertiliT 

)(1 tfxA = ; )(2 tfy A = ; )(3 tfz A = . 

aqedan gamomdinare gadataniT moZravi sxeulis Tavi-
suflebis xarisxi samis tolia. 
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Tavi 2  
 

2.1. masalaTa gamZleobis ZiriTadi cnebebi, 
Sinagani Zalebi 

 
nebismier nagebobas (Senoba, manqana-meqanizmi, kosmo-

suri xomaldi da a.S.), romelic adamianis xeliTaa 
Seqmnili, ewodeba xelovnuri nageboba. 

masalaTa gamZleobis mizania daamuSavos nagebobis 
Semadgeneli nawilebis (elementebis) gaangariSebis iseT-
nairi xerxebi, romlebic gamoricxaven rogorc mis 
dangrevas, aseve misi formisa da zomebis mniSvnelovan 
Secvlas. 

radganac nageboba ganxorcielebulia myari sxeule-
bisagan, SeiZleba iTqvas, rom simtkice aris myari 
sxeulis Tviseba gauZlos garegan meqanikur zemoqmedebas 
ise, rom ar dairRves misi mTlianoba:Lsixiste aris myari 
sxeulis iseTi Tviseba, romelic ewinaaRmdegeba garegani 
zemoqmedebis Sedegad misi pirvandeli geometriuli 
zomebisa da formis sagrZnob Secvlas. 

masalaTa gamZleobaSi upiratesad ganixileba nage-
bobis umartivesi elementis - Reros gaangariSeba. 

Rero warmoadgens iseT sxeuls, romlis erTi zoma 
(sigrZe) gacilebiT aRemateba or danarCens (siganes da 
simaRles) (nax. 15). Reros ZiriTadi geometriuli ele-
mentebi grZivi RerZi da ganivi kveTi.  
 

 
 

nax. 15 
 
garegani zemoqmedeba iwvevs Reros gaWimvas (kumSvas), 

Zvras, grexas da Runvas. 
nax. 16-ze  warmodgenilia   Reroebis   simtkicis  (a),  

ganivi kveTi 

grZivi RerZi 
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sixistis (b) da mdgradobis (g) pirobebis darRvevis 
magaliTebi. 

 
  
 
 
 
 
 
 
 
 

nax. 16 
 
 

2.2. garegani Zalebis klasifikacia. 
Sinagani Zalebi 

 

meqanikuri zemoqmedebebi nagebobaze (saeqspluatacio 
datvirTvebi, miwisZvris Sedegad aRZruli Zalebi da sxva) 
warmoadgens garegan Zalebs, romlebis moqmedebis 
adgilis mixedviT iyofa moculobiT Zalebad da zedapi-
rul Zalebad. 

moculobiTi Zalebi moqmedeben sxeulis Siga werti-
lebSi mTel moculobaSi. moculobiTi Zalebia: sxeulis 
sakuTari wona, inerciis Zalebi da sxva (kg/sm3, t/m3, 
kn/m3...).  

zedapiruli Zalebi warmoadgenen sxeulis zedapirze 
moqmed datvirTvebs an sxva sxeulebisgan gadmocemul 
reaqciis Zalebs. zedapiruli Zalebi Tavis mxriv iyofa 
or jgufad: Seyursul (Tavmoyril) Zalebad da sxeulis 
zedapirze ganawilebul Zalebad. 

Seyursuli ewodeba iseT Zalas, romelic sxeuls 
gadaecema misi zedapiris Zalian mcire farTobze. es 
cneba Semotanilia gaangariSebis gamartivebis mizniT. mag. 
rkinigzis vagonis borblis fersos dawola relsze da 
sxva. misi ganzomilebaa: kg, t, kn da a.S. 

ganawilebuli Zalebi nagebobis elementebs gadaecema 
maTi zedapiris garkveul farTobze. magaliTebia: Tovlis 

F F F 

F 

a) 

b) 

g) 
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dawola saxuravze, siTxis dawola sacavis fskerze da 
sxva. maTi ganzomilebebia kg/sm2, t/m2 da a.S. 

droSi cvalebadobis mixedviT datvirTvebi iyofa 
statikur da dinamikur datvirTvebad. statikuri dat-
virTvebi neli tempiT izrdeba, ris gamoc ar aRiZvreba 
inerciis Zalebi, xolo dinamikuri datvirTva swrafad 
icvlis sidides da mimarTulebas, e.i. inerciis Zalebs. 

garegani Zalebi, romlebic moqmedeben myar drekad 
sxeulze, iwveven misi formisa da zomebis cvlilebs. am 
cvlilebas ewinaaRmdegeba sxeuli. winaaRmdegobis Zalebs, 
romlebic am dros aRiZvrebian sxeulSi, uwodeben Sinagan 
Zalebs. 

Sinagani Zalebis komponentebs warmoadgenen sidideebi, 
romelTa raodenobac eqvsia da maT uwodeben Sinagan 
Zalovan faqtorebs Reros ganiv kveTze, anu ubralod 

Sinagan Zalvebs (nax. 17). 
TiToeul maTgans aqvs 
Tavisi saxeli: Nz aris 
normaluri Zala; Qx da 
Qy – ganivi Zalebi; Mx 
da My – mRunavi momen-
tebi da Mz aris mgre-
xavi momenti. 
  sxeulze moqmedi gare- 
gani Zalebis moqmedebis 
Sedegad warmoiqmneba 
iseTi Sinagani Zalebi, 

romlebic aneitraleben garegani Zalebis moqmedebas. 
sxeulis aseT mdgomareobas wonasworobis mdgomareoba 
ewodeba. wonasworobaSi myofi sxeulisaTvis ufleba 
gvaqvs SevadginoT wonasworobis eqvsi gantoleba: 

                 0=∑+=∑ xx FQx ; 

                 0=∑+=∑ yy FQy ; 

                 0=∑+=∑ zz FNz ;                       (4) 

                 0=∑+=∑ F
xxx MMm ; 

                 0=∑+=∑ F
yyy MMm ; 

                 0=∑+=∑ F
zzz MMm  

y 

z

x 

My 

Qy 

Nz 

Mz 

Qx 

Mx 

O 

nax. 17 
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2.3. cneba Zabvis Sesaxeb 
 

rogorc cnobilia ganivi kveTis zedapirze moqmedeben 
Sinagani Zalebi, romlebic uwyvetad arian ganlagebuli 
am zedapirze. zedapiris nebismieri k wertilis garSemo 
gamovyoT mcire AΔ  farTobi, romlis farglebSic moqmedi 
Sinagani Zalebis tolqmedi aRvniSnoT RΔ -iT (nax. 18, a). 

am tolqmedis gegmilebi sakoordinato RerZebze 

iqnebian kNΔ , k
xQΔ  da k

yQΔ  (nax. 18, b).  gamosaxulebas 

k
kk

A dA
dN

A
N σ==
Δ
Δ

→Δ 0
lim                      (5) 

nax. 18 
 
ewodeba normaluri Zabva ganivi kveTis k wertilSi. 
analogiurad  

k
x

k
x

k
x

A dA
dQ

A
Q

τ==
Δ
Δ

→Δ 0
lim                    (6) 

aris mxebi Zabva ganivi kveTis k wertilSi ox RerZis 
mimarTulebiT. 

 
2.4. Reros gaWimva (kumSva) Sinagani Zalebis, 

Zabvebisa da deformaciebis 
gansazRvra 

 
sworxazovani (wrfivi) Reros gaWimvis (kumSvis) umar-

tivesi SemTxvevaa centraluri anu RerZuli gaWimva 
(kumSva), romelsac adgili aqvs maSin, rodesac garegani 

y 

z 

 

x 

y 

O 
z 

 

x 

O 

a) 
b) 

k k 
 ΔR  ΔNk 

k
yQΔ  

k
xQΔ  
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gamWimavi (mkumSavi) Zala moqmedebs Reros grZivi RerZis 
gaswvriv. 

ganvixiloT wrfivi Reros Rer-
Zuli gaWimvis SemTxveva (nax. 19). 
warmodgeniT gavkveToT Rero misi 

grZivi RerZisadmi marTobuli α 
sibrtyiT. ganvixiloT mxolod qveda 
nawilis wonasworoba. vinaidan 
mTeli Rero wonasworobaSia, wonas-
worobaSi unda iyos misi gansx-
vavebuli nawilic. 

mivmarToT wonasworobis (4) 
gantolebebs. wonasworobis eqvsi 
pirobidan xuTi igivurad kmayofil-
deba da gvrCeba mxolod erTi: 

0=+−=∑ zNFz , saidanac 

FN z = .                            (7) 

cdebis saSualebiT damtkicebulia, rom RerZuli 
gaWimvis (kumSvis) SemTxvevaSi Zabva praqtikulad mudmivi 
sididea ganivi kveTis mTel zedapirze da gamoisaxeba 

const
A

N z
z ==σ                          (8) 

sadac A ganivi kveTis mTliani farTobia. CasmiT 

A
F

z =σ .                    (9) 

axla ganvixiloT imave Reros 
deformireba RerZuli gaWimvis dros. 
gaWimvis Sedegad Rero dagrZeldeba 

lΔ  sididiT, romelsac absolutur 
wagrZelebas anu absolutur xazovan 
deformacias uwodeben. nax. 20-dan 

lll −=Δ 1 . 

Tu absolutur wagrZelebas Sevu-
fardebT Reros sawyis sigrZes, miviRebT 
fardobiT wagrZelebas anu fardobiT 
xazovan deformacias.  

F F 

α Nz 

z 

nax. 19 

b1 
b 

l l 1 

Δ
l 

F 
nax. 20 
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l
lΔ

=ε                           (10) 

romelic uganzomilebo sididea. 
ingliselma fizikosma robert hukma cdebis 

saSualebiT daamtkica, rom RerZuli gaWimvis SemTxvevaSi 
normalur Zabvasa da fardobiT xazovan deformacias 
Soris arsebobs wrfivi damokidebuleba, e.i. 

εσ E= .                         (11) 
(11) damokidebulebas uwodeben hukis kanons RerZuli 

gaWimvis SemTxvevaSi. 
E koeficients drekadobis moduli ewodeba, igi axa-

siaTebs masalis sixistes, e.i. unars winaaRmdegoba 
gauwios drekad deformaciebs. igi mudmivia sxvadasxva 
masalebisaTvis. 

 
 

2.5. masalebis meqanikuri Tvisebebis  
eqsperimentuli Seswavla 

 

 praqtikuli amocanis gadawyvetisaTvis saWiroa 
vicodeT masalis meqanikuri maxasiaTeblebi, romlebic 
ganisazRvrebian nimuSis gamocdiT gaWimvaze (kumSvaze) 
specialuri mowyobilobis saSualebiT. 

 

gaWimvis diagrama: 
cdebis Sedegebis erTmaneTTan Sedarebis mizniT, 

dadgenilia gamosacdeli nimuSebis garkveuli zomebi, 
romlebic aRiarebulia tipiur saxeebad (standartebad). 
erT-erTi nimuSi warmodgenilia naxazze 21. 

  grafiks, romelic 
asaxavs damokide-
bulebas statikurad 
moqmed gamWimav F 
Zalasa da nimuSis 

absoluturad lΔ  
wagrZelebad Soris, 

gaWimvis diagrama ewodeba. 
ufro mosaxerxebelia diagrama warmovidginoT iseTi 

wesiT, romelic daamyarebs damokidebulebas normalur σ 

F 

α

α100 =l

nax. 21 

F
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Zabvasa da ε deformacias Soris. amisaTvis saWiroa F 
Zala gavyoT nimuSis ganivi kveTis sawyis A0 farTobze, 

xolo lΔ  wagrZeleba gavyoT nimuSis sawyis l0 sigrZeze. 
ganvixiloT gaWimvis diagrama, romelis miiReba mcire 
naxSirbadiani foladis nimuSis gamocdiT (nax. 22). 

 
 
 
 

 

 
 

 
 

nax. 22 
 

diagramis OA ubani warmoadgens TiTqmis swor xazs, 
rac imas niSnavs, rom am sazRvrebSi daculia Zabvebsa da 
deformaciebs Soris wrfivi damokidebuleba. 

proporciulobis zRvari ewodeba Zabvis iseT udides 
mniSvnelobas, romlisTvisac ZalaSi rCeba hukis kanoni. 

OA xazis daxris α kuTxis tangensi tolia dreka-

dobis modulisa, radganac 
ε
σα =tg , xolo hukis kanonis 

(11) Tanaxmad 
ε
σ

=E .  

A wertilis zeviT diagrama mruddeba, cxadia hukis 
kanoni irRveva. A wertilTan axlosaa B wertili, 

romlisTvisac masalis drekadoba ZalaSi rCeba. dr.zσ  

uwodeben drekadobis zRvars. vinaidan B wertili Zalian 
axlosaa A wertilTan, amitom xSirad Tvlian SeTavsebu-
lad A wertilSi. 

diagramis C wertilidan xdeba mkveTri, xarisxobrivi 
cvalebadoba-datvirTvis gazrdis gareSe deformacia 
swrafad izrdeba. es movlena diagramaze gamosaxulia 
TiTqmis horizontaluri ubniT, romelsac Seesabameba 

σ 

O 
εpl εdr 

σ s
im
et

r
.  

σ p
r
o
p.
 

σ d
r
ek
ad

.  

σ s
en
ad

.  A 
B C 

K D

E 

α

K2 

α 

ε
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denadobis zRvari ( )den.z.σ  e.i. denadobis zRvari ewodeba 

Zabvas, romlis drosac deformaciebi izrdeba datvir-
Tvis gauzrdelad. aRniSnul horizontalur ubans dena-
dobis baqans uwodeben. denadobis procesis damTavrebis 
Semdeg nimuSi kvlav iZens winaRobis unars. xdeba 
foladis `TviTganmtkiceba~, romlis mizezic jer ar 
aris sakmarisad Seswavlili. 

D wertilSi iwyeba deformaciis xasiaTis axali 
xarisxobrivi cvla. D wertilamde nimuSis ganivi kveTebis 
zomebi Tanabrad mcirdeba mTeli sigrZis mixedviT. 
Semdeg yvelaze sust kveTaSi Cndeba adgilobrivi 

Seviwroveba. e.w. yeli, romelic 
swrafad viTardeba (nax. 23). D 
wertilis Sesabamis Zabvas 
uwodeben simtkicis zRvars. 
sabolood nimuSi gawydeba, 

rasac Seesabameba E wertili.  
K wertilis Sesabamisi sruli deformaciaa: 

=+= 211 KKOKε drpl εε + . aseTi diagramebi saSualebas 

iZleva masalebi davyoT plastikur da myife masalebad. 
plastikurs uwodeben iseT masalebs, romelTa rRvevas 

win uZRvis didi narCeni plastikuri deformaciebi. aseTi 
masalebia: sufTa rkina, Cvens mier ganxiluli mcire-
naxSirbadiani foladebi, alumini da sxva. 

myife ewodeba masalebs, romlebic irRveva mcire 
narCeni deformaciebis SemTxvevaSi. maT miekuTvneba 
naxSirbaduxvi foladebi, Tuji, cementi, betoni, kiri, 
marmarilo da sxva. 

zogierT plastikur masalas, mag.: brinjaos ar gaaCnia 
gaWimvis diagramaze denadobis baqani (nax. 24, a). aseTi 
masalisaTvis SemoRebulia pirobiTi denadobis zRvris 
cneba, aseT zRvrad miiCneva Zabva, romelic Seesabameba 
narCeni deformaciis 0,2%-s. es meqanikuri Zabva aRiniSneba 

2,0σ . 

myife masalebi (Tuji, betoni, mina) gaWimvis dros 
irRvevian denadobis ubnisa da yelis gaCenis gareSe (nax. 
24,b). maTi rRveva xasiaTdeba imiT, rom adgili aqvs mcire 
narCen plastikur deformaciebs. 

nax. 23 
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nax. 24 
 

kumSvis diagrama (nax. 24, g) warmodgenilia foladisa 
da Tujis nimuSebisaTvis. Tu foladisaTvis datvirTvis 
gazrda iwvevs deformaciis gazrdas raime bzarebis 
gaCenis gareSe, Tujis nimuSis darRveva iwyeba uecrad da 
pirveli bzarebis gaCenasTan erTad Zabva mkveTrad ecema. 
masalebis meqanikuri gamocdis mTavari mizania davad-
ginoT is zRvruli Zabva, romlis miRwevisas konstruqciis 
elementebSi xdeba normaluri muSaobis pirobebis darRveva. 

plastikuri masalebisaTvis statikuri datvirTvebis 
SemTxvevaSi zRvrul Zabvad iTvleba denadobis zRvari, 
xolo myife masalebisaTvis – simtkicis zRvari. 

Reros simtkicis uzrunvelyofisTvis aucilebelia, 
rom eqspluataciis pirobebSi masSi aRZruli Zabva 
naklebi iyos mis zRvrul mniSvnelobaze. 

amitom SemoviRoT cneba dasaSvebi Zabvis Sesaxeb. 
dasaSvebi Zabva ewodeba Zabvis im udides mniSvnelobas, 
romlis moqmedebisas konstruqcia imuSavebs xangrZlivi 
drois ganmavlobaSi darRvevis yovelgvari saSiSroebis 
gareSe. 

dasaSvebi Zabva aRiniSneba ][σ  simboloTi da gani-

sazRvreba zRvruli (saSiSi, saxifaTo) zRσ  Zabvis Sefar-

debiT masalis simtkicis maragis koeficientTan: 

n
zRv.σ

σ =][ . 

kerZod, plastikuri masalebisTvis 

1

][
n

den.zR.σ
σ = ; 

O O O

σ σ σ

σ 0
,2
 

Tuji foladi 

a) b) g) 

ε ε ε 0,002εpl 
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myife masalebisaTvis  

2

][
n

simtk.zR.σ
σ = , 

1n  da 2n  datvirTvebis mier ReroSi aRZrul Zabvebs, muSa 

Zabvebi ewodeba. 
konstruqciis usafrTxo, normaluri muSaobisTvis 

saWiroa, rom muSa Zabvebi ar aWarbebdes dasaSveb Zabvebs. 
calkeul SemTxvevebSi nebadarTulia dasaSvebi Zabvebidan 
3-5%-iani gadaxra. gaWimvis (kumSvis) SemTxvevaSi muSa 
Zabvebis maqsimaluri mniSvneloba iqneba: 

][max σσ ≤=
A
N

. 

am utolobas uwodeben simtkicis pirobas. 

Tu Reros ganivi kveTi gvinda SevarCioT, maSin 
][σ

NA ≥ , 

xolo Tu gvinda gansazRvrul ReroSi aRZrul Sinagani 
Zalis dasaSvebi mniSvneloba, maSin AN ⋅≤ ][σ . simtkicis 

pirobebis uzrunvelyofis meTods uwodeben dasaSveb 
ZabvaTa meTods. 
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Tavi 3 

3.1. meqanizmebis struqturuli analizi. 

kinematikuri wyvilebi da maTi klasifikacia 
  

ori sxeulis iseT moZrav SeerTebas, rodesac Seer-
Tebis xasiaTi gansazRvravs erTi sxeulis meoris mimarT 
moZraobis saxes, kinematikuri wyvili ewodeba.  

nax. 25-ze naCvenebia dgu-
Siani Zravas mrudmxara-cocia 
meqanizmi. igi Sedgeba oTxi 
nawilisagan: A (mrudmxara), B 
(barbaca), C (dguSi) da D 
(cilindri-dgari). 

meqanizmi dguSis ukuqceviT-
winsvliT moZraobas gardaqmnis 
mrudmxaras brunviT moZraobad. 
aq gvaqvs oTxi kinematikuri 
wyvili: A da D (I), A da B (II); B 
da C (III); C da D (IV). I, II da 
III brunviTi kinematikuri wyvi-
lebi ewodeba, xolo IV-s 

gadatanili kinematikuri wyvili. 
meqanizmis im nawilebs, romlebic erTmaneTs ukavSir-

debian kinematikuri wyvilebis saSualebiT, rgolebi 
ewodeba. A, B, C da D-rgolebia; aqedan A, B, C moZravia, 
xolo D uZravi. 

kinematikur wyvilebs vajgufebT, anu vaxdenT maT 
klasifikacias ama Tu im saerTo niSnis mixedviT, 
rogoricaa: 
a) rgolebis Sexebis xasiaTi; 
b) rgolebis fardobiTi moZraobis xasiaTi; 
g) rgolebis fardobiTi moZraobis SemzRudveli bmis 

pirobaTa ricxvi da sxva. 
rgolebis Sexebis xasiaTis mixedviT iyofa or jgufad: 

udablesi da umaRlesi rigis kinematikur wyvilebad. 
udablesi  rigis  kinematikuri  wyvili  ewodeba iseT  

kinematikur wyvils, romelSic rgolebi erTmaneTs 
sasrul zedapirze exeba (nax. 26). 

nax. 25 

D 

C 

D

B 

A 
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umaRlesi rigis kinematikuri wyvili ki ewodeba iseT 
kinematikur wyvils, romelSic rgolebi erTmaneTs exeba 
wertilze an wirze (nax. 27). 

 nax. 26. udablesi rigis           nax. 27. umaRlesi rigis  

 
fardobiT moZraobis xasiaTis mixedviT kinematikuri 

wyvilebi iyofa brtyel da sivrciT wyvilebad. 
brtyeli kinematikuri wyvilebi ewodeba iseT wyvilebs, 

romlebSic rgolebis Sexebis zedapiris forma da 
Sexebis xasiaTi gansazRvravs rgolebis brtyel 
fardobiT moZraobas (nax. 26). 

sivrciTi wyvilebi 
ewodeba iseT wyvilebs, 
romlebSic rgolebis 
Sexebis zedapiris forma 
da Sexebis xasiaTi gan-
sazRvravs maTs fardo-
biT gadaadgilebas sivr-
ceSi (nax. 28). 

rodesac ori rgoli 
erTmaneTs SeuerTdeba 
kinematikuri wyvilis  
saSualebiT, maSin Ti-
Toeuli am rgolTagani 

kargavs Tavisuflebis xarisxis garkveul raodenobas, e.i. 
am rgolebis fardobiT moZraobas SezRudavs garkveuli 
bmis pirobebi. 

kinematikuri wyvilebis klasifikacia xdeba kinemati-
kur wyvilSi Semavali rgolebis fardobiTs moZraobaze 

z 

x 

y

O 

nax. 28 

A 

B 

B 
A 
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wyviliT ganxorcielebili bmis pirobebis ricxvis 
mixedviT; kinematikuri wyvilis klasis nomeri ganisazRv-
reba mis mier rgolebis fardobiTi moZraobis 
SemzRudveli bmis pirobebis ricxviT.  

bmis pirobaTa ricxvi gamoiTvleba Semdegi gantolebiT 
HS −= 6  
H Semavali rgolebis 

Tavisuflebis xarisxia. 
nax. 29-ze naCvenebia kinema-

tikuri wyvili, B sibrtye da 
A burTula, romelic masze 
gadagordeba. aq xuTi Tavi-
suflebis xarisxia da ganxor-
cielebuli erTi bmis piroba, 
amitom 

156 =−=S , 
e.i. gvaqvs pirveli klasis 
kinematikuri wyvili. 

 
 

 
3.2. kinematikuri jaWvebi da maTi klasifikacia 

 
kinematikuri wyvilebis saSualebiT SeerTebuli 

rgolebis erTobliobas kinematikuri jaWvi ewodeba.  
kinematikur jaWvebs yofen or jgufad: a) martiv da 

rTul; b) Ria da Caketil kinematikur jaWvebad. 
martivi kinematikuri jaWvi ewodeba iseT jaWvs, 

romelSic TiToeuli rgoli Sedis ara umetes ori kine-
matikuri wyvilis SemadgenlobaSi (nax. 30). 

rTuli kinematikuri jaWvi ewodeba iseT jaWvs, 
romelSic erTi rgoli mainc Sedis orze meti kinema-
tikuri wyvilis SemadgenlobaSi (nax. 31). 

Ria kinematikuri jaWvi ewodeba iseT jaWvs, romelSic 
aris mxolod erTi kinematikuri wyvilis SemadgenlobaSi 
Semavali rgolebi. mag. 3 da 5 (nax. 31).  

Caketili kinematikuri jaWvi ewodeba iseT jaWvs, 
romelSic yvela rgoli Sedis aranaklebi ori kinemati-
kuri wyvilis SemadgenlobaSi (nax. 30). 

B 

z 

O 

A 

x y 

nax. 29 



 29

 
 

3.3. kinematikuri wyvilebisa da rgolebis 
pirobiTi gamosaxva 

 
ori (1) da (2) rgolis erTmaneTTan SeerTeba brunviTi 

kinematikuri wyvilis saSualebiT (nax. 32). 
kerZo SemTxveva, rodesac erT-erTi rgoli uZravia 

(nax. 33). 
 

mexuTe klasis gadataniTi kinematikuri wyvili (nax. 
34) da rodesac masSi erT-erTi rgoli uZravia (nax. 35). 

 
nax. 36-ze sqematurad gamosaxulia rgoli, romelic 

Sedis ori brunviTi kinematikuri wyvilis Semadgenlo-
baSi, nax. 37-ze ki sami brunviTi kinematikuri wyvilis 
SemadgenlobaSi Semavali rTuli (xisti) rgoli. rgoli 
nax. 38 Sedis sami brunviTi kinematikuri wyvilis Semad-
genlobaSi, romelTa brunvis RerZebi erT sibrtyeSi 
mdebareoben. 

C 
D

E 

F 

A 

B 

A 

B D

C 

1 

2 

3 

4 

5 

nax. 30 

nax. 31 

A 
A 

A 

1 

2 

1 

2 

2 

1 
nax. 32 

nax. 33 
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3.4. kinematikuri jaWvis struqturuli formula 
 

damoukidebel parametrebs, romlebic gansazRvraven 
moZravi myari sxeulis mdebareobs, am sxeulis Tavisuf-
lebis xarisxi ewodeba.  

rogorc viciT, sivrceSi Tavisuflad moZrav abso-
luturad myar sxeuls aqvs eqvsi Tavisuflebis xarisxi: 
sami gadataniTi da sami brunviTi moZraoba. brtyeli 
moZraobis dros absoluturad myar sxeuls eqneba sami 
Tavisuflebis xarisxi: ori gadataniTi da erTi brunviTi. 

rom ganvsazRvroT kinematikuri jaWvis Tavisuflebis 
xarisxi, saWiroa 6K Tavisuflebis xarisxTa ricxvs, 
romelic hqonda rgolebs kinematikuri wyvilebiT erT-
maneTTan SeerTebamde, gamovakloT Tavisuflebis is 
xarisxebi, romlebic maT dakarges wyvilebiT erTmaneTTan 
SeerTebis Sedegad: 

nax. 34 nax. 35 

A 

A 

B 

B 

A 

A 

B 

B 

nax. 36 
nax. 37 nax. 38 

B 

A 

B 

C 

A 

B

C A 

B 

C 

A 
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12345 23456 PPPPPKH −−−−−=  

P1, P2, P3, P4, P5 – kinematikur wyvilTa klasebia.  
kinematikuri jaWvis struqturuli formula (moZrao-

bis xarisxi): 

12345 23456 PPPPPnW −−−−−= , 

n _ kinematikuri jaWvis moZrav rgolTan ricxvia. 
brtyeli kinematikuri jaWvisaTvis struqturul 

formulas aqvs saxe: 

4523 PPnW −−= . 

 

3.5. meqanizmi 
 

ganvixiloT brtyeli oTxrgoliani kinematikuri jaWvi 
OABC (nax. 39).  
 
 
 
 
 
 
 

 

 
 
 

nax. 39 
 

im rgolebs, romelTa moZraobis kanoni mocemulad 
iTvleba, uwodeben wamyvan rgolebs, xolo im rgolebs, 
romelTa moZraobis kanoni ganisazRvreba wamyvani 
rgolebis moZraobis kanoniT, – amyol rgolebs.  

amrigad, Tu gamosaxul kinematikur jaWvSi OA 
rgolis moZraobis kanoni cnobilia, maSin igi iqneba 
wamyvani rgoli, AB da BC rgolebis moZraobis kanonebi 
damokidebuli iqneba OA wamyvani rgolis moZraobis 
kanonze, amitom isini amyoli rgolebia. 

OC rgoli, (rogorc uZravi) dgaria. am kinematikur 
jaWvSi sami moZravi rgolia (OA, AB da BC) da oTxi 

A 
B

B1 
A1

C

α 

O 

β

ϕ 
β 

α
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mexuTe klasis brunviT kinematikuri wyvili (O, A, B, C), 
amitom  misi moZraobis xarisxi 

10423323 45 =−⋅−⋅=−−= PPnW , 

e.i. aseTi kinematikuri jaWvis rgolebis moZraoba OC 
dgarisaTvis unda ganisazRvrebodes erTi damoukidebeli 
parametriT, rogoricaa am SemTxvevaSi OA wamyvani 

rgolis mobrunebis kuTxe ϕ. 
 marTlac, Tu OA rgoli Semobrunda 1ϕ  kuTxiT da 

miiRo OA1 mdebareoba, imisaTvis, rom gavigoT AB da BC 
rgolebis axali mdebareobebi, saWiroa A1 wertilidan, 
rogorc centridan, AB radiusiT movkveToT rkali B 
wertilis ββ  traeqtoriaze, sadac ββ  traeqtoria BC 
radiusiani rkalia C centriT, A1B1 da B1C ki _ AB da BC 
rgolebis axali mdebareobebi.  

amrigad, meqanizmi ewodeba iseT Caketil kinematikur 
jaWvs, romlis erTi rgoli uZravia da erTi an ramdenime 
rgolis mocemul moZraobs Seesabameba danarCeni rgole-
bis sruliad garkveul moZraoba. 

 

3.6. meqanizmebis ZiriTadi saxeebi 
 
a) berketuli meqanizmebi 

aseTi meqanizmebi farTodaa gavrcelebuli manqanaT-
mSeneblobaSi. berketuli meqanizmis umartivesi saxea 
orrgoliani meqanizmi (nax. 40), romelic Sedgeba mbrunavi 
berketisa (2) da dgarisagan (1). aseTi meqanizmebi gamoyene-
bulia eleqtroZravebSi, ventilatorebSi da sxva. mag. 
eleqtroZravSi dgari statoria, romlis uZrav sakisrebSi 
brunavs rotori. 

nax. 41-ze gamosaxulia brtyelsaxsriani oTxrgoliani 
meqanizmi. igi Sedgeba sami moZravi da erTi uZravi (OC) 
rgolebisagan. yvela es rgolebi dakavSirebulia erTma-
neTTan mexuTe klasis brunviTi kinematikuri wyvilebis 
saSualebiT. 

rgols, romelic brunviTi wyviliT SeerTebulia 
dgarTan da brunviTi moZraobis dros SeuZlia aRweros 

sruli 360° kuTxe, mrudmxara ewodeba.  
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     nax. 40                                     nax. 41 
 

rgols, romelic brunviTi wyviliT SeerTebulia 
dgarTan da brunviTi moZraobis dros ar SeuZlia 

aRweros sruli 360°-iani kuTxe mxreuli ewodeba. 
brunviTi wyvilebis saSualebiT moZrav rgolebTan 

dakavSirebul rgols barbaca ewodeba. 
oTxrgolian meqanizms, romelsac aqvs erTi mrudmxara 

(OA) da erTi mxreuli (BC) uwodeben mrudmxara-mxreula 
meqanizms.  

Tu oTxrgolian saxsrian meqanizmSi dgarTan brun-
viTi wyvilebiT mierTebuli orive rgoli mrudmxaraa, 
maSin gveqneba ormrudmxariani oTxrgoliani saxsriani 
meqanizmi. Tu orive rgoli mxreulia miviRebT ormxreu-
lian oTxrgolian saxsrian meqanizms. 

naxazebze naCvenebia oTxrgoliani saxsriani meqaniz-
mis kerZo saxeebi saxsriani paralelogrami (nax. 42) da 
antiparalelogrami (nax. 43). 

   nax. 42                                   nax. 43 
 
Tu oTxrgolian saxsrian meqanizmSi mxreulis 

nacvlad movaTavsebT mcocias, romelic uZrav mimmarTve-
lebSi imoZravebs, miviRebT oTxrgolian mrudmxara-cocia 
meqanizms (nax. 44). 

1 

2 

O

A 

B 

C 

B 

A
A

B

C 

CO 
O
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nax. 44                                    nax. 45 

 

Tu oTxrgolian meqanizmSi cocia imoZravebs moZrav 
mimmarTvelebSi miviRebT oTxrgolian kulisa meqanizms 
(nax. 45). aq A cocia moZraobs  AB mimmarTvelis gaswvriv, 
romelic Tavis mxriv brunavs B centris irgvliv, moZrav 
mimmarTvels kulisa ewodeba.  

 
b) muSta meqanizmebi: 

am meqanizmebs farTod iyeneben teqnikaSi, gansakuTre-
biT avtomatebSi: 

imis mixedviT Tu rogor iqneba muStas (1) profili, 
miviRebT amyoli rgolis (2) moZraobis Sesabamis kanons. 
xaxunze danakargebis Sesamcireblad meqanizmSi Cveu-
lebriv ukeTeben gorgolaWebs (3) (nax. 46). 

 
g) kbilana meqanizmebi: 
 
RerZebs Soris mocemuli kuTxuri siCqareebiT brun-

viTi moZraobis gadasacemad iyeneben kbilana meqanizmebs. 
cilindruli kbilana meqanizmi Sedgeba kbilanebisagan, 
romlebic warmoadgenen mrgval cilindrul zedapirze 
ganlagebul gansazRvruli formis kbilebian sxeulebs 
(nax. 47). (1) kbilanas mocemuli kuTxuri siCqariT brunvis 
dros (2) kbilana ibrunebs srulad gansazRvruli 
kuTxuri siCqariT. Cven SeviswavliT cilindric, konusur, 
Wia kbilanur gadacemebs da maT saxesxvaobebs. 
 

 

A 

x x 

O 

A 

O B 

a 
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d) friqciuli meqanizmebi: 
 
friqciuli meqanizmi ewodeba iseT xistrgolian meqa-

nizms, romelSic xaxunis Zala gamoiyeneba moZraobis 
gadasacemad. 

48-e naxazze warmodgenilia martivi cilindrulsago-
ravebiani meqanizmi. Tu sagoravs (1) garkveuli ZaliTi 
davaWerT sagoravze (2) Sexebis adgilas aRZruli xaxunis 
Zalis gavleniT wamyvani Tvlis brunvisas brunvas iwyebs 
amyoli Tvalic (2). 
 

 
 

 
 
 
 
 

 

 
 

nax. 48 
 

Cven SemdgomSi ganvixilavT konusur sagoravebian 
gadacemebs, usafexuro variatorebs da sxva. 

nax. 46 

2 

3 

1
2 

1

nax. 47

1
2

O1 O2
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e) meqanizmebi Runvadi rgolebiT: 
 
garda xisti rgolebis Semcveli meqanizmebisa, teqni-

kaSi xSirad iyeneben iseT meqanizmebs, romlebSic Sua-
ledi rgolebi Runvadi rgolebia. aseTi meqanizmis maga-
liTia Rveduri an jaWvuri gadacema (nax. 49). 

Tvlebze (1) da 
(2) gadaWimulia 
Runvadi sxeuli-
Rvedi (3). erT-erTi 
Tvlis brunvisas 
Sualeduri Runvadi 
sxeulis saSuale-
biT moZraoba ga-
daecema meore 

Tvals, romelic ibrunebs garkveuli kuTxuri siCqariT. 
 

3.7. meqanizmTa rgolebis sxvadasxva wertilis mier 
aRwerili traeqtoriebis ageba 

 

meqanizmebis rgolebis sxvadasxva wertilis mier 
aRwerili traeqtoriebis asagebad gamoviyenoT mokveTis 
meTodi. 

pirvel yovlisa SevarCioT masStabi, rac aucilebelia 
meqanizmis sqemis gamosaxazavad. rgolebis sigrZeebi 
gaizomeba metrobiT, xolo maT gamovxazavT mm-obiT, 
amitom ganzomileba iqneba m/mm, xolo masStabi aRiniSneba 

eμ  simboloTi. 

ganvixiloT oTxrgoliani saxsrovani meqanizmi OABC 
(nax. 50), romelSic wamyvani rgoli OA mrudmxara. 

meqanizmis rgolis romelime wertilis mier aRwerili 
traeqtoriis agebis amocana daiyvaneba meqanizmis sxvada-
sxva, Tanmimdevruli mdebareobis agebis amocanaze. Tuki 
wamyvani rgolis, OA mrudmxaras, sxvadasxva mdebareobisa-
Tvis avagebT AB da BC amyoli rgolebis Sesabamis mde-
bareobebs (e.i. meqanizms avagebT sxvadasxva mdebareobaSi), 
SesaZlebeli iqneba meqanizmis nebismieri wertilis traeq-

O1 O2 

1 

3 

2 

nax. 49 
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toriis ageba. magaliTad,  AB barbacaze mdebare raime K 
wertilis traeqtoriis ageba unda moxdes Semdegi Tanmim-
devrobiT. 

nax. 50 
 
OA wamyvani rgolis A saxsris traeqtoria (wrexazi) 

davyoT ramdenime (mag. Tormet) tol nawilad. rodesac A 
saxsari daiWers A1 mdebareobas, B saxsris Sesabamisi 
mdebareobis gasagebad saWiroa A1 wertilidan, rogorc 
centridan, AB radiusiT movkveToT rkali B saxsris 
traeqtoriaze, romelic rkalia BC radiusiT da C centriT. 
miRebuli B1 wertilis A1 da C wertilebTan SeerTebiT 
miviRebT meqanizmis axal mdenareobs OA1B1C. K wertili 
mdebareobs AB rgolze da dacilebulia A wertilidan 
AK manZiliT. amitom K wertilis axali mdebareobis 
mosaZebnad saWiroa A1B1 barbacas mdebareobaze A1 wer-
tilidan gadavzomoT monakveTi AK. miviRebT K1 wertils, 
sadac gadaadgildeba K wertili, rodesac meqanizmi dai-
kavebs OA1B1C mdebareobas. Tu analogiurad moviqceviT im 
SemTxvevebisaTvis, rodesac A wertili daikavebs A2, A3 da 
a.S. Tanmimdevrul mdebareobebs, K wertilisaTvis mivi-
RebT Sesabamis mdebareobebs K2, K3 da a.S. miRebuli 
wertilebis mdovre mrudiT TanmimdebrobiT SeerTeba 
mogvcems K wertilis mier aRweril traeqtorias. 

 
 

B1 
B2 B B3 B11 B4 B10 B5 

B9 
B6 

B7 
B8 

K11 K 
K1 

K2 

K3 
K4 K5 K6 
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Tavi 4 
 

4.1. manqanaTa nawilebis sagani. klasifikacia 
manqanaTa nawilebis gaangariSebis safuZvlebi 

  

sazogadoebisaTvis manqanis mniSvneloba metad didia. 
manqana aTavisuflebs adamianebs mZime fizikuri Sromi-
sagan da maqsimalurad zrdis maT Sromis nayofierebas, 
xels uwyobs dasamzadebeli produqciis xarisxis gaum-
jobesebas da misi TviTRirebulebis Semcirebas. 

Tanamedrove mrewvelobaSi wamyvani roli manqanaT-
mSeneblobas uWiravs imdenad, ramdenadac manqanaTmSeneb-
lobis bazaze viTardeba mrewvelobis yvela danarCeni 
dargi, rogoricaa mSenebloba, soflis meurneoba, 
medicina da sxva. 

manqana ewodeba mowyobilobas, romelic erTi saxis 
energias gardaqmnis sxva saxis energiad da asrulebs 
winaswar gansazRvrul sasargeblo muSaobas. 

manqanis umartives (dauSlel) saamwyobi erTeuls 
manqanis nawili (detali) ewodeba. 

yoveli srulyofili manqana Sedgeba sami meqanizmisa-
gan: 1) amZravi meqanizmi; 2) gadamcemi meqanizmis; 3) Sems-
rulebeli meqanizmi. 

manqanaTa nawilebis sagani Seiswavlis zogadi daniS-
nulebis manqanaTa nawilebis gaangariSebis da konstrui-
rebis sakiTxebs. 

funqciuri daniSnulebis mixedviT zogadi daniSnu-
lebis manqanaTa nawilebi da kvanZebi SeiZleba daiyos 
oTx ZiriTad jgufad: 

1. SemaerTebeli detalebi da SeerTebebi, romlebic 
Tavis mxriv iyofa: a) dauSlel SeerTebebad, moqlonebiT 
SeerTeba, SeduRebiT SeerTeba, garantirebuli WeqiT 
SeerTeba, rCilva da SewebebiT SeerTeba, b) dasaSlel 
SeerTebebad, rogoricaa: WanWikebiTa da xraxnuli 
SeerTebebi, sogmanebiT SeerTeba, wkirebiT SeerTeba, 
kbiluri anu SlicebiT SeerTeba da profiluri SeerTeba. 

2. brunviTi moZraobis gadacemebi, romlebsac miekuTv-
neba friqsiuli, kbilanuri, Wia, RvedebiT, jaWvuri da 
sxva saxis gadacemebi. 
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3. manqanis nawilebi da kvanZebi, romlebic emsaxureba 
gadacemebs. aseTebiaLRerZebi, lilvebi, sakisrebi, quroebi 
da sxva.  

4. manqanis sakorpuso nawilebi: sadgarebi, filebi, 
kolofebi da zambarebi.  

manqanaTa nawilebis gaangariSebisa da racionaluri 
daproeqtebisaTvis aucilebelia Sromisunarianobis Ziri-
Tadi kriteriumebis codna da gaTvaliswineba. aseTebia: 

simtkice – detalis unari winaaRmdegoba gauwios mis 
rRvevas an plastikuri deformaciebis warmoSobas. 

manqanis saangariSo detalis simtkicis piroba norma-
luri, mxebi Zabvebis da maragis koeficientebisaTvis 
gamoisaxeba utolobebiT: 

][σσ ≤ ; ][ττ ≤ ; ][ss ≥ , 

sadac σ  da ][σ  Sesabamisad faqtobrivi da dasaSvebi 

normaluri Zabvebia; τ  da −][τ faqtobrivi da dasaSvebi 

mxebi Zabvebi; s da [s] – namdvili da dasaSvebi simtkicis 
maragis koeficientebia. 

sixiste – detalis unari winaaRmdegoba gauwios 
moqmedi datvirTvis gavleniT misi formisa da geomet-
riuli zomebis Secvlas. 

cveTamedegoba – detalis unari SeinarCunos moxaxune 
zedapirebis aucilebeli zomebi (daSvebis farglebSi) 
samsaxuris mocemuli vadis ganmavlobaSi. 

agreTve gasaTvaliswinebelia iseTi kriteriumebi, 
rogoricaa vibromedegoba, Tbomedegoba, teqnologiuroba, 
maRali margi qmedebis koeficienti da sxva. 

saxalxo meurneobis dargebSi momuSave danadgarebSi 
gamoiyeneba mravali masala, rogoricaa: sxvadasxva daniS-
nulebis naxSirbadovani da legirebuli foladebi, 
Tujebi, feradi liTonebis Senadnobebi (alumini, spilenZi, 
brinjao), babiti, xe, plastmasi, rezini, tyavi da sxva. 

 

4.2. moqlonuri SeerTebebi. moqlonuri SeerTebebis 
saxeebi da misi gaangariSeba 

  
dauSleli SeerTebebi ganekuTvneba SeerTebebis im 

saxeobas, romelTa daSla iwvevs SeerTebaSi monawile 
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elementebis mwyobridan gamosvlas da am elementebis 
SesaerTeblad, saWiroa SeerTebis procesis xelmeored 
ganxorcieleba. dauSleli SeerTebis erT-erT saxes 
warmoadgens moqlonebiT SeerTeba. moqlonebiT SeerTeba 
dauSleli SeerTebis sxva saxeebTan SedarebiT ufro 
ZviradRirebulia, SedarebiT rTulia konstruqciis 
damoqlonebis teqnologiis procesi, amave dros amZimebs 
konstruqciis wonas, ris gamoc praqtikaSi misi gamoyeneba 
TandaTan mcirdeba. miuxedavad amisa aris SemTxvevebi, 
rodesac aseTi saxis SeerTebis ganxorcieleba aucile-
belia, mag. TviTmfrinavTmSeneblobaSi, gemTmSeneblobaSi 
da teqnikis sxva dargebSi. moqloni ZiriTadad gamoiye-
neba furclovani detalebis SesaerTeblad. SesaerTebel 
nawilebSi winaswar keTdeba d0 diametris naxvreti 
gaburRvis an Catexvis gziT, romelic mcirediT metia 
moqlonis d diametrze (nax. 51). TviTon moqloni (1) 
warmoadgens l sigrZis cilindrul Reros erT mxares 
gakeTebuli raime formis (upiratesad momrgvalebuli, 
naxevrad wriuli) TaviT, romelsac sayari Tavi (4) 
ewodeba. naxvretSi moTavsebuli moqlonis Tavs vafiqsi-
rebT Semkaveblis (2) saSualebiT, xolo meore mxridan 
CaquCis an specialuri saxeinklo iaraRi (3) saSualebiT 
xdeba Semkvreli Tavis (5) formireba. damoqlonebis 
procesSi Rero, SekumSvis gamo, dajdeba da mkvrivad 
amoavsebs naxvretis d0 diametrian sivrces (nax. 52). 

nax. 52 

nax. 51  

d=d0 – 1 mm

l 1=
 (1

,4
-1

,7
)d

  
l 

1

3

5

4

2
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moqlonebs Tavis formis 
mixedviT ZiriTadad amzadeben 
momrgvalebulTavians (nax. 53, 
a) an malulTavians (nax. 53, b), 
Tumca gvxvdeba sxva Tavis 
formis moqlonebic. 

mtkice moqlonuri nakeris 
gaangariSeba. ganvixiloT erT-
riga nadebiTi nakeri moqlo-
nebis erTkeci WriT (nax. 54). 
moqlonis diametri aRvniSnoT 

d0-iT; SeerTebuli furclis sisqe δ -Ti; moqlonuri 

nakeris biji tP -iT; moqlonis centridan furclis 

napiramde manZili e-Ti; bijis siganis zolze datvirTva 

F-iT; Wraze dasaSvebi Zabva ][ Wrτ -iT; furclebisaTvis 

gaWimvaze dasaSvebi Zabva ][ gaW.σ -iT; moqlonsa da 

furclebs Soris Telvaze dasaSvebi Zabva ][ Telσ -iT. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 54 
 

miRebulia, rom δ20 =d , biji 03dPt = , furclis napi-

rebamde manZili 0)25,1( de ÷= . gaangariSebas Semdegi saxe 

eqneba: 
moqlonis Wraze simtkicis pirobaa 

δ 
 

F  

F  

F

F

e e

1

1

P t
  

d0

a)  

b)  

nax. 53 
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( )[ ] ][4][ 2
0 WrWr τπτ ≤= dF ; 

moqlonis mier furclis Telvaze simtkicis piroba  

][)( 0 TelTel σδσ ≤= dF ; 

Sesustebul 1-1 kveTSi gaWimvaze simtkicis piroba ki 

][)( 0 gaWgaW σδσ ≤−= dPF t . 

 

4.3. SeduRebiT SeerTeba. misi saxeebi da  
gaangariSeba 

 
 SeduRebiT SeerTeba dauSleli SeerTebebis erT-erT 

ZiriTad saxes warmoadgens. SeerTebis procesi damyare-
bulia molekuluri SeWidulobis Zalis gamoyenebaze. 

arsebobs SeduRebis ori ZiriTadi meTodi: 
1. dnobiT (airiT, eleqtruli da sxva); 2. plastikuri 
deformaciiT (civi, kontaqturi, wertilovani da sxva). 

SeduRebis farTobi, romelic warmoiqmneba SeduRebis 
Sedegad sxvadasxva formisaa da damokidebulia SeduRebis 
meTodze. yvelaze farTod gamoyenebaSia eleqtruli 
SeduRebis ori ZiriTadi meTodi, eleqtrorkaluri da 
eleqtrokontaqturi, romelTa Semdegac nawilebis Seer-
Tebis zonaSi gamagrebul liTons, romelic erTmaneTTan 
aerTebs manqanis SesaerTebel nawilebs – SenaduRi nakeri 
ewodeba. 

SenaduRi nakeris dadebiTi mxareebia: liTonis eko-
nomia, simsibuqe, nakeris simkvrive da simtkice, nebismieri 
sisqisa da mrudxazovani profilis urTierTSeerTebis 
SesaZlebloba, mcire Sromatevadoba da siiafe. uaryo-
fiTi mxareebia: nakeris xarisxis Semowmebis sirTule da 
misi xarisxis damokidebuleba SemduReblis kvalifika-
ciaze, SeduRebis zonaSi liTonebis fizikur-meqanikuri 
Tvisebebis cvlilebebi, ris gamoc SeduRebis Semdeg 
moTxovs specialur Termul damuSavebas. SesaduRebeli 
sxeulebis urTierTmdebareobis mixedviT ZiriTadad 
gvaqvs: pirapiruli, nadebiTi, kuTxisebri da marTobuli 
konstruqciuli saxeebi. 

nax.  55  da  nax.  56  naCvenebia pirapiruli SeerTebis  
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saxeebi Subluri nakeriT, xolo nax. 57-ze nadebiT 
SeerTebis magaliTi flanguri (gverdiTi) nakeriT. 

 
 
 
 
 
 
 

 
 
 
 
 
 

nax. 55 

        nax. 56                                    nax. 57 
 

pirapiruli da nadebiTi nakerebis gaangariSeba. 
praqtikulad dadgenilia, rom dazianeba da SeerTebis 
rRveva xdeba upiratesad Termuli zemoqmedebis zonaSi. 
pirapiruli SeduRebiTi nakeri gaiangariSeba gaWimvaze 
simtkicis pirobidan (nax. 56). 

][ gaWgaW σδσ ≤= lF  n/mm2, 

sadac F gamWimavi Zalaa; −δ SesaduRebeli detalebidan 

ufro Txeli detalis sisqe, l _nakeris sigrZe; −][ gaWσ ga-

Wimvaze dasaSvebi Zabva. Runvis dros 

][6 2
RRRRR σδσ ≤== lMWM ; 

60°÷70°

60°÷70°

60°÷70°  

F

F

F

F

F F

F F

δ
k

δ 
 

l ≤50k

m

m
45° 

b=
l 
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sadac −][ Rσ Runvaze dasaSvebi Zabva; W_marTkuTxa kveTis 

winaRobis momenti, 62δlW =R . 

nadebiTi SeerTeba kuTxuri nakeriT (nax. 58) 
iangariSeba Wraze kveTis minimaluri farTobis mixedviT, 
romelic ganlagebulia nakeris ganivkveTis marTi kuTxis 
biseqtorul sibrtyeSi. A-A warmoadgens saSiS kveTs, 

romlis saangariSo simaRlea h. naxazidan 7,045sin ≈°= δh . 

radgan k=δ , amitom kh 7,0≈ . nakeris saSiS kveTSi Wris 
saangariSo Zabvaa  

][7,02 WrWr ττ ≤⋅⋅= klF , 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

nax. 58 
 

sadac l calmxrivi nakeris sigrZea, ][ Wrτ - nakeris Wraze 

dasaSvebi Zabva. l sigrZes iReben misaduRebeli detalis 
siganis tols, xolo flanguri (gverdiTi) nakeris 

SemTxvevaSi ]).[7,0(2 WrτkFl =  

 
 

 
 

  
 

F  

F  

F

F

A  

A
k

δ 
 

δ 
 

l 
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4.4. xraxnkuTxvilebiT SeerTebebi. zogadi cnobebi 
da gaangariSeba 

 

xraxnkuTxvilebiT SeerTeba dasaSleli SeerTebebis 
erT-erT ZiriTad saxes warmoadgens, romelic xorciel-
deba samagri detalebis saSualebiT, rogoricaa: WanWiki, 
sarWi, qanCi da sxva. xraxnkuTxvili warmoiqmneba cilind-
ruli formis detalis gare an Siga zedapirze xraxnuli 
Raris gakeTebis gziT; Sverils am Rarebs Soris xvia 
ewodeba. profilis formis mixedviT xraxnkuTxvilebi 
iyofa 5 ZiriTad tipad: samkuTxa (nax. 59, a), kvadratuli 
(nax. 59, b), trapeciuli (nax. 59, g), sayrdeni (nax. 59, d) da 
wriuli (nax. 59, e). 

 

nax. 59 
 
yvelaze gavrcelebuli samagri detalia – WanWiki, 

romelsac ZiriTadad eqvswaxnaga prizmatuli formis 
Tavi aqvs (nax. 60). 
 
 
    
 
 
 
 
 
 
 
 
 
 
 

nax. 60 

qanCi 

sayeluri 

xraxnkuTxvili 

Rero 

Tavi 

 a 

d1 

d 

P t
 

2β
 

a 
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daniSnulebis mixedviT xraxnkuTxvilebis dayofa 
SeiZleba Semdeg jgufebad: 1. samagri xraxnkuTxvilebi; 
2.samagr-gamamkvrivebeli xraxnkuTxvilebi, rogoricaa mi-
lebis da armaturis SemaerTebeli xraxnebi. am jgufis 
xraxnebi samkuTxa profilisaa. 3. Zalebisa da moZraobis 
gadamcemi xraxnebi savali – satvirTo xraxnebis saxiT. am 
jgufis detalebis kuTxvilebi xaxunis Semcirebis mizniT 
mzaddeba trapeciuli. samkuTxa profiliani kuTxvilebi 
SeiZleba damzaddes duimuri an metruli sistemiT. 
duimuri sistemis kuTxvilis profiluri kuTxea °= 552β , 

misi gare diametri duimebiT izomeba (1 duimi = 25,5 mm). 
metruli sistemisas °= 602β . 

manqanaTa nawilebis urTierTSeerTeba SeiZleba, rogorc 
erTeuli WanWikebiT, aseve WanWikebis jgufiT. orive SemT-
vevaSi SeerTeba SeiZleba iyos dauZabavi an daZabuli. 
SeerTeba daZabulia, Tu igi datvirTulia mxolod 
gamWimavi, SemkumSavi an gadamWreli ZaliT. Tu amis garda 
masze moqmedebs grexvac, maSin SeerTeba daZabulia. 

ganvixiloT SemTxveva, roca 
WanWikze moqmedebs mxolod gamWi-
mavi Zala (nax. 61) WanWikis Reros 
vangariSobT gaWimvaze simtkicis 

pirobidan 4/][2
1 gaWσπdF =  aqedan Wan-

Wikis Siga diametri ][/41 gaWσπdFd = , 

sadac F aris xraxnze moqmedi 

RerZuli Zala, −][ gaWσ masalis gaWim- 

vaze dasaSvebi  Zabva. angariSiT 
miRebuli Siga diametris mixedviT 
xraxnkuTxvilebis standartidan 
vpoulobT d gare diametrs, romlis 
saSualebiTac WanWikebis standar-
tidan SevirCevT mis yvela zomas. 

axla ganvixiloT RerZuli Za-
liTa da mgrexi momentiT datvir-
Tuli WanWikis gaangariSeba, e.i. 

daZabuli SeerTeba. 
aseTi  SeerTebis  SemTxvevaSi  WanWikis Reroze qanCis  

nax. 

F 

h 

d 
d1
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moWeras ganvagrZobT mas Semdegac, rodesac qanCi mosa-
Weri detalis zedapirs Seexeba. amis gamo WanWiki 
ganicdis, rogorc gaWimvas, aseve grexasac. am SemTxvevaSi 
xraxnkuTxvilis Siga diametri gaiangariSeba formuliT 

][
4

1
gaW

saang

σπ
F

d =  

sadac .)35,125,1( FF ÷=saang  mocemuli diametris mixedviT 

standartidan SeirCeva WanWikis zomebi. 
rodesac WanWikis Rero xvretilze zustadaa morge-

buli da masze moqmedebs simetriis RerZis marTobi Zala 
(nax. 62, a), maSin igi ganicdis Wras. Sesabamisad WanWikis 
diametri gaiangariSeba Wraze simtkicis pirobidan. saSiSi 
kveTi mdebareobs detalebis SeerTebis sibrtyeSi, sadac 
mosalodnelia WanWikis Reros gadaWra. 

nax. 62 

  
diametri gaiangariSeba formuliT:  

][
4

0
Wrτπ
Fd =  

sadac F aris SeerTebul detalebze moqmedi ganivi Zala; 

][ Wrτ -Wraze dasaSvebi Zabva, romelic aiReba WanWikis masa-

lis mixedviT .)3,02,0(][ denWr στ ≈  denσ  aris masalis dena-

dobis zRvari. roca WanWiki xvretilSi RreCoTia Casmulia 
(nax. 62, b), WanWikze qanCis moWeris Zalam unda aRZras 
pirapiris zedapirze xaxunis Zala, romelic winaaRdego-

A0 

d 

d1 

d 

F 

F 

F 

F 

a) b) 
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bas gauwevs SeerTebaze moqmed F gare Zalas. WanWikis 
diametrs angariSoben gaWimvaze simtkicis pirobidan, 

sadac .)35,125,1( FF ÷=saang  

 

4.5. meqanikuri gadacemebi 
 

meqanikuri gadacemebis saSualebiT xorcieldeba meqa-
nikuri energiis gadacema Zravebidan Semsrulebel meqa-
nizmebze (muSa organoze) (nax. 63). meqanikur gadacemebs 

(SemdgomSi gada-
cemebs) iyeneben: 
Zravisa da muSa 
organos kuTxuri 
siCqareebis urTi-
erTSesaTanxmeblad; 
muSa organos wi-
naswar mocemuli 

kanoniT moZraobaSi mosayvanad; mabruni momentisa da Za-
lebis gardasaqmnelad, brunviTi moZraobis mimarTulebis 
Sesacvlelad da sxva. 

energiis gadasacemad sxvadasxva saxis energiis gamo-
yenebaa SesaZlebeli. Cven ganvixilavT meqanikur gadace-
mebs.  

yovel gadacemaSi arCeven wamyvan (swrafmaval) da 
amyol (nelmaval) lilvebs (nax. 64). maT Soris SesaZle-
belia ganlagebuli iqnas Sualeduri lilvebi. 

 
 
 
 
 
 
 

sadac P _ simZlavrea, (kvt); 
       −ω kuTxuri siCqare (rad/wm); 
       n _ brunTa ricxvi (br/wT); 
       T _ mgrexavi momenti (kn.m). 

Zravi 

gadacema 

Semsrulebe-
li meqanizmi 

nax. 63 

gadacema 

wamyvani lilvi 

  P1, ω1,n1,T1 
amyoli lilvi 

 P2, ω2, n2,T2

nax. 64 
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wamyvani lilvis parametrebi aRiniSneba indeqsiT 1, 
xolo amyolis indeqsiT 2. 

gadacemis margi qmedebis koeficienti 

112 1 PPPP Γ−==η , 

sadac ΓP  gadacemaSi dakarguli simlavrea. 

VFP t ⋅= , 

sadac tF  wriuli Zalaa (niutonebSi), V – wriuli siCqare 

(m/wm-Si).  
mabruni momenti tolia 

ωPT = . 

gadacemis ricxvi tolia 

)( 122121 ηωω ⋅=== TTnnU . 

mravalsafexuriani gadacemisaTvis saerTo gadacemis 
ricxvi 

nUUUU 21 ⋅=saerTo  

sadac nUUU 21 ,  safexurebis gadacemis ricxvebia. 

mravalsafexuriani gadacemisTvis saerTo mqk tolia  

nηηηηη 321 ⋅⋅= , 

sadac nηηηη 321 ,,  safexurebis mqk-ia. 

 

4.6. friqciuli gadacemebi. zogadi cnobebi 
  cilindruli friqciuli sagoravebiT 

gadacema 
 

friqciuli gadacemebis muSaobis principi damyare-
bulia xaxunis Zalebis gamoyenebaze, romlebic aRiZvre-
bian sagoravebis kontaqtis zonaSi. lilvebis ganlagebis 
mixedviT gvxvdeba paralelur da gadamkveTRerZebiani 
friqciuli gadacemebi. 

friqciuli gadacemebis dadebiTi mxarea: muSaoba 
xmauris gareSe; gadacemis muSaobis procesSi sagorave-
bis CarTva dartymebis gareSe; damzadebisa da momsaxu-
rebis simartive. 

gadacemis uaryofiTi mxarea: lilvebze da sayrde-
nebze moqmedi didi datvirTva; xaxunis Zalebis 
aRsaZvrelad specialuri sayrdenebis gamoyenebis auci-
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lebloba; sagoravebis sriali, rac iwvevs mqk-s Semcirebas, 
gadacemebis ricxvis cvlilebas da sagoravebis cveTas. 

gadacema Sedgeba lilvebze xistad damagrebuli 
wamyvan (d1) da amyol (d2) diametrebiani cilindruli 
sagoravebisagan (nax. 65). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

nax. 65 
 

erT-erTi sagoravis sayrdenebs SeuZliaT gadaadgi-
leba lilvebis centrebis SemaerTebeli xazis gaswvriv, 
raTa mudmivad iyos daculi sagoravebis urTierTdaWeris 
Zalis sidide, romelic cilindrebis kontaqtis zolze 
aRZravs xaxunis Zalas: 

Γ= fFFf , 

sadac f xaxunis koeficientia, damokidebuli sagoravebis 
masalaze da gadacemis muSaobis reJimze.  

gadacemis arsebobis aucilebel pirobas warmoadgens 
xaxunis Zalasa (Ff) da wriul Zalas (Ft) Soris damoki-
debuleba: Ff >Ft. SeWidulobis maragis koeficientis (K) 
gaTvaliswinebiT miviRebT: 

tKFfF =Γ , 

saidanac sagoravebis urTierTdaWeris anu CarTvis Zala 
ganisazRvreba formuliT 

T1 
ω1 

T2 

r2 
d2 d1 

r1 

Ff 

Ft 

ω2

a 

b 
FΓ 
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fKFF t /=Γ . 

Zaluri gadacemisaTvis 75,12,1 ÷=K , kinematikuri gada-

cemisaTvis 53 ÷=K . 
Tu sagoravebi damzadebulia foladisagan da muSaobs 

zeTis areSi, unda miviRoT 05,0=f  da 5,1=K , maSin 

tFF 30=Γ , rac friqciuli gadacemis uaryofiTi mxarea. 

kontaqtis zonaSi zedapirebis wertilebis drekadi 
gadaadgilebis gamo adgili aqvs sagoravebis asrialebas, 
ris gamoc wamyvani sagoravis zedapiris wertilebi 

uswrebs amyoli sagoravis zedapiris wertilebs 21 VV > . 

aRniSnul movlenas drekadi sriali ewodeba, romelsac 
iTvaliswineben koeficientiT 

05,001,0)( 121 ÷=−= VVVε  

maSin 

)]1([ 1221 ε−== ddnnU . 

ΓF  Zalis gavleniT sagoravebis kontaqti warmoebs 

mcire siganis zolze. liTonis sagoravebs vangariSobT 
kontaqtur simtkiceze. 

kontaqturi Zabva gamoiTvleba formuliT: 

HPH UbfaEUKT σσ ≤±= )()1(418,0 23
1 day . 

miRebuli gamosaxuleba SeiZleba gamoviyenoT arse-
buli friqciuli gadacemebis SemowmebiTi gaangariSebi-
saTvis. 

saproeqto gaangariSebisaTvis gamoiyeneba centrTa-
Sorisi manZilis saangariSo formula 

( ) .)(418,0)1( 3
1 fUEKTUa baHP Ψ±≥ σday  

sadac 4,02,0 ÷==Ψ abba  sagoravis siganis koeficientia, 

E _ dayvanili drekadobis moduli. 
sagoravebis diametrebi tolia^ 

                       );1(21 ±= Uad  

)1(22 ±= UaUd . 

sagoravis sigane ab ba ⋅Ψ= . 
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4.7. Rveduri gadacema. zogadi daxasiaTeba 

 
Rveduri gadacema friqciuli gadacemis msgavsad 

xaxunis Zalis arsebobazea damyarebuli, romelic 
aRmocendeba gadacemaSi monawile saRvede borblebsa da 
maTTan SexebaSi myof Rveds Soris (nax. 66). 

 
 
 
 
 
 
 
 
 
 
 
 

nax. 66 
 

Rvedis ganivkveTis formis mixedviT ansxvaveben 
brtyelRvedur (nax. 67, a) solRvedur (nax. 67, b), poli-
solRvedur (nax. 67, g), wriulkveTian Rvedur (nax. 67, d) 
da kbilaRvedur (nax. 67, e) gadacemebs. 

nax. 67 
 

wamyvan saRvede borbalze Semoxvevis 1α  kuTxis 

gadidebis mizniT gamoiyeneba Rveduri gadacema damWimi 
mowyobilobiY (nax. 68). 

gadacemis dadebiT mxared unda CaiTvalos: muSaobis 
simdovre da uxmauroba; moZraobis gadacemis SesaZleb-
loba didi RerZTaSorisi manZilis dros; muSaobis SesaZ-
lebloba brunvis maRali sixSirisas; dartymebis Serbi-

α1 

d1 
d2 

ω2 

a 

ω1

a) b) g) d) e) 
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lebis unari da SemTxveviTi gadatvirTvebisas damcvelis 
funqciis Sesrulebis SesaZlebloba; dabali TviTRire-
buleba; konstruqciisa da momsaxurebis simartive. 

nax. 68 
 

uaryofiTi mxarea: gadacemis ricxvis arastabiluroba; 
SedarebiT didi gabaritebi; mcire xangamZleoba; lilvebze 
da sayrdenebze mosuli didi datvirTva; damWimi 
mowyobilobebis gamoyenebis saWiroeba; Rvedze zeTis 
moxvedrisagan da usafrTxoebis mizniT gadacemis dacvis 
aucilebloba, garsacmis mowyoba. 

Rvedur gadacemaSi xaxunis Zala, romelic aucilebe-
lia muSa datvirTvebis gadasacemad, warmoiSoba Rvedis 
winaswari daWimulobiT a centrTaSorisi manZilis 
regulirebis Sedegad. yvelaze gavrcelebul RonisZiebad 
a centrTaSorisi manZilis regulirebisaTvis iTvleba 
cigurebze Zravis gadaadgileba. 

Rvedis praqtikuli sigrZe ramdenadme naklebia Teori-
ulze, amitom Rvedi saRvede borblebze SemoWidulia gan-
sazRvruli winaswari daWimulobiT, rac uzrunvelyofs 
gadacemis normalur muSaobas. winaswari daWimulobis 
SenarCuneba ganxorcielebulia RerZTaSorisi manZilis 
regulirebiT. 

gadacemis kinematika. wriuli siCqare saRvede borb-

lebze gamoiTvleba formulebiT 100060111 ⋅= ndV π , 

100060222 ⋅= ndV π . 

Rvedis gardauvali drekadi srialis gamo SeiZleba 

davweroT 12 VV <  an )1(12 ε−= VV , sadac ε  aris srialis 

koeficienti. 

tvirTi 

G 

R 

F1 

F2 

α 
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gadacemaTa ricxvi 

)1(12122121 ε−=== dddVdVnnU , 

sadac 002,0001,0=ε , SegviZlia davweroT 12 ddU ≈ . 

gadacemis geometria warmodgenilia 69 nax-ze. ZiriTadi 
parametrebia: a – centrTaSoris manZili; −β kuTxe Rvedis 

Stoebs Soris; α  _ Rvedis Semoxvevis kuTxe wayvan 
saRvede borbalze. 

nax. 69 
        

naxazis mixedviT SeiZleba ganisazRvros α kuTxe – 
βα −°= 180 .  

wyvetiliT agebuli samkuTxedidan ,2)(2sin 12 add −=β  

amitom add °−−°= 57)(180 12α . Rvedis sigrZe gamoiTvleba 

formuliT 

2)(2)(2cos2 21 βπβπβ ++−+= ddaL . 

radgan 12cos ≈β , amitom 

waddddaL 4)(2)(2 2
1212 −+++= π . 

am tolobidan SesaZlebelia centrTaSoriso a 
manZilis gamoTvla.  

RvedisTvis gamoyenebuli masalebi. brtyelRveduri 
gadacemisaTvis didi wnevis unariT gamoirCeva organuli 
tyavis Rvedi, magram siZviris gamo mxolod specialuri 
daniSnulebis gadacemisTvis iyeneben. farTod gamoiyeneba 
bambeulis qsovilisagan damzadebuli da morezinebuli 
Rvedi (muSaobs 30≤V  m/wm siCqarisa da 5≤U  gadacemebis 

O2 

d2 d1 

O1 

F2 

F1 

α 
β 

ω1

d2 – d1  

β/2

β/2

a

ω2
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ricxvis dros). yvelaze perspeqtiulia sinTezuri boWko-
sagan damzadebuli brtyeli Rvedi, romelsac maRali 
statikuri simtkice aqvs. misi droebiTi winaRobis 

zRvaria 10080=drσ  mgpa (megapaskali). muSaobs 60≤V  

m/wm siCqareze da gadascems 3000 kvt simZlavres. soluri 
tipis Rveds amzadeben morezinebuli qimiuri boWkos 
kordisagan (igi warmoadgens ZiriTadad wevis organos). 
Rveds aqvs trapeciuli forma. soluri tipis Rvedi gamo-
iyeneba, roca gadacemis fardoba 107=U  da wriuli 
siCqare 40≤V  m/wm.  

 
 

4.8. Rveduri gadacemis gaangariSeba 
 

Rveduri gadacemis muSaobis ZiriTadi kriteriumebia 
wevis unari da Rvedis xangamZleoba, romelic normaluri 
eqspluataciis pirobebSi ganisazRvreba daRlilobiTi 
rRveviT. 

uZrav Rvedur gadacemaSi, rodesac saRvede borblebi 
ar iReben mabrunebel momentebs (T1=T2=0), Rvedi datvir-
Tulia winaswari daWimulobis F0 ZaliT, romelic saWiroa 
xaxunis Zalis ganviTarebisaTvis. Tu  F1 da F2 wamyvan da 

mimyol StoebSi aRmocenebuli Zalebia )( 21 FF >  da 

mimyol lilvze modebuli T2 momenti. maSinD 

221 =− FF 122 FdT =  (nax. 69). 

Rvedis geometriuli sigrZe mudmivia. Sesabamisad 
wamyvan StoSi daWimvis sidide kompensirebulia mimyol 
StoSi Rvedis sigrZis damoklebiT.  

dadgenilia, rom 201 tFFF += ; 202 tFFF −= , Sesamabisad 

021 2FFF =+ . 

brtyelRveduri gadacema. 021 2FFF =+  formulis ana-

lizma aCvena, rom 00 22 σσ Ftt FF ==Ψ , sadac Ftσ  aris 

wriuli ZaliT gamowveuli Zabva; 0σ -winaswari daWimulo-

biT gamowveuli Zabva; Ψ - wevis koeficienti. roca misi 

sidide aRwevs kritikuls krΨ=Ψ , adgili aqvs gadacemaSi 

srul srials (buqsaobas). 
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dasaSvebi Zabvis sidide brtyel RvedSi ganisazRvreba 
formuliT 

[ ] 02 σσ krΨ=Ft . 

dadgenilia, rom modernizebuli da tyavis Rvede-

bisaTvis 6,0=Ψkr ; sinTezuri masalebisagan damzadebuli 

RvedebisaTvis 5,04,0=Ψkr . sinTezuri RvedebisaTvis 

540 =σ  mgpa, roca 801 ≤δd  (δ  aris Rvedis sisqe), 

gadacemisTvis periodulad regulirebad centrTaSoris 

manZiliT, 5,70 =σ  mgpa, roca 801 >δd . 

Ft wriuli ZaliT da  dasaSvebi [σ] sasargeblo ZabviT 

ganisazRvreba Rvedis sigane b: ][σδtFb = .  

saproeqto gaangariSebis dros mcire saRvede borblis 

diametri gaiangariSeba formuliT 3
11 )6452( Td = , sadac 

11 9550 nPT = nm aris mabrunebeli momenti wamyvan saRvede 

borbalze, P – simZlavre, −1n brunvaTa ricxvi, br/wT. 

mimyoli saRvede borblis diametri iqneba 12 Udd = . 

miRebuli diametri Seusabamdeba saRvede borblebis 
standarts. 

solRveduri gadacema. solRveduri gadacema gamoiye-
neba mcire centrTaSorisi manZilisa da didi gadacemis 
ricxvis dros. Rvedis solisebri forma zrdis mis 
SeWidulobas saRvede borbalTan daaxloebiT samjer. 
soluri Rvedi ZiriTadad mzaddeba Caketili, usasrulo 
konturiani. saerTo daniSnulebis gadacemisaTvis iyeneben 
Svidi saxis standartul Rveds. soluri Rveduri 
gadacemis gaangariSebisas gansazRvraven: saRvede borble-
bis diametrebs, centrTaSoris manZils, Rvedis tips da 
Rvedebis raodenobas. 

rekomendebulia miviRoT:  

)90(120 °≥α , 7≤U ; 2)(55,0 21 ≤≤++ ahdd  )( 21 dd + , 

sadac h aris ganiv kveTSi Rvedis sisqe.  

U-sa da 1d -is mixedviT cxrilebidan SeirCeva centr-

TaSirosi manZili. saWiro Rvedebis ricxvia SFZ t ][ 1σ= , 

sadac S aris Rvedis ganivi kveTis farTobi (saerTod 
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miRebulia ),8≤Z  ][ 1σ -dasaSvebi sasargeblo Zabva. saR-

vede borblis diametri SeirCeva cxrilebidan saangariSo 
simZlavrisa da dasaSvebi sasargeblo Zabvis mixedviT. 

 

4.9. kbilanuri gadacemebi 

4.9.1. zogadi cnobebi. klasifikacia. geometriuli 
parametrebi 

 
knilanuri gadacema zogadad gadacemebis yvelaze 

farTod gavrcelebuli saxeobaa. es iseTi meqanikuri 
gadacemaa, romelic uSualo modebiT gadascems moZraobas 
wamyvani, mcire zomis kbilanidan amyol, didi zomis, 
kbilaTvals. misi farTo gavrceleba aixsneba kompaqtu-
robiT, maRali mqk-iT, gadacemis ricxvis mudmivobiT, 
didi simZlavrisa da mgrexi momentis gadacemis unariT 
maRali brunTa ricxvis pirobebSi. 

kbilanebis aqsoidebis, sawyisi da gamyofi zedapirebis 
formis mixedviT asxvaveben cilindrul (nax. 70, a), 
konusur (nax. 70, e) da hiperboloidur (nax. 70, v) 
gadacemebs. 

nax. 70 
 

gadacemis fardobis mixedviT gadacema orgvaria: 
mudmivi da cvladi. pirveli jgufis gadacemaSi wamyvani 
da mimyoli kbilanebi moZraobs mudmivi kuTxuri siCqaree-

a) b) g) d) e) 

v) z) T) 

i) 
k) 
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biT (nax. 70, a-T), meore jgufis kbilanebSi wamyvani 
kbilanis mudmivi kuTxuri siCqariT moZraobisas mimyoli 
kbilana asrulebs moZraobas cvladi kuTxuri siCqariT 
(nax. 70, i). 

kbilis profilis mixedviT arsebobs gadacemebi: 
evolventuri, cikloiduri da novikovis meTodiT, Tumca 
ZiriTad evolventuri modebis kbilanebs ganvixilavT. 

kbilis xazis mixedviT kbilanebi gvxvdeba: swori (nax. 
70, a), xraxnuli (nax. 70, v), wriuli (nax. 70, z), TaRovani 
(nax. 70, d), agreTve iribi (nax. 70, b, e) da Sevronuli (nax. 
70, g) kbilebiT. 

kbilebis kbilanis zedapirze ganlagebis mixedviT 
gvxvdeba gare (nax. 70, a-z) da Siga (nax. 70, T) modebis, 
agreTve kbilanuri lartyuli gadacema (nax. 70, k). 

kbilanuri modebis asagebad saWiroa igi ganvixiloT 
ori wrewiris saxiT, romelic usrialod gadagordeba 
erTmaneTze. am wrewiris diametrebs sawyisi wrexazis 
diametrebi ewodeba da aRiniSneba dw1 da dw2. 

ZiriTadi wrewiris diametrebi 
1bd  da 

2bd  tolia: 

,cos 111 Wwb dd α=  222 cos Wwb dd α=  (nax. 71), sadac wα -s uwode-

ben kbilis modebis kuTxes. saWiro moZraoba xorcieldeba  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

O2 

db2 
dw2 df2 

da2 

n 

P 

hf 

a w
 

ha 

Pt 

db1 

da1 

df1 

αw

nax. 71 

O1 

dw1 

αw

αw
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kbilebis uSualo modebiT. ZiriTad parametrad kbilanur 
gadacemebSi miRebulia m moduli, Pt bijis propirciuli 

sididea πtPm = . modebis biji ewodeba manZils ori 

mezobeli kbilis erTsaxela wertilebs Soris, aRebuls 
sawyis wrexazze. ganvsazRvroT sawyisi wrexazis sigrZe: 

tw ZPd =π , aqedan mZZPd tw == π , (sadac Z aris kbilTa 

ricxvi). sawyisi wrexazis diametrebia: 11 mZd w = ; 22 mZd w = . 

mha =  kbilis Tavis simaRle modulis tolia, kbilis 

Ziris simaRle mht 25,1= , e.i. Sverebis wrexazis diamet-

rebia: 

)2(2 111 +=+= ZmhmZd aa , )2(2 222 +=+= ZmhmZd aa , −= 11 mZd f  

)5,2(2 1 −=− Zmh f ; )5,2(2 222 −=−= ZmhmZd ff . kbilanis da 

kbilaTvalis ZiriTadi zomebi modulzea damokidebuli, 
romelic standartulia. 

 

 
4.10. cilindrul sworkbilebian kbilanur 

gadacemaSi moqmedi Zalebi 
 

 

 

 

 

 

 

 

 
 

 

 

nax. 72 

O1 

d1 T1 

ω1

α
FΓ

Fn n 

Ft 

FΓ

Ft 
P 

Fn n d2 
T2 

α

α 

ω2

O2 
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modebaSi myofi kbilebis profilis marTob sibrtyeSi 

n-n normalis gaswvriv aRZruli Fn Zala davSaloT or 

mdenelad, Ft tangencialur, anu wriul da FΓ radialur 
Zalebad. 

wriuli Zala tolia 112 wt dTF = , 

radialuri Zala αtgFF t=Γ , 

normaluri Zala )cos(2cos 11 αα dTFF tn ==  

sadac α modebis kuTxea. 

xvedriTi datvirTva ),cos(2 11 αbdTbFq wnn ==  

saangariSo xvedriTi datvirTva  

)cos(2 11 ανβ ndKKTkqq n ==s . 

 

4.11. cilindruli sworkbilebiani kbilanuri 
    gadacemis Runvis simtkicis gaangariSeba 

 
nax. 73 

qs 

MR 

praqtikuli 

T
eo

r
iu

l
i 

qs cosγ 

qs 

a 

l 
γ 

σR 

σkum 

σF 

q s
 si

nγ
 

I I 

δ 
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kbilze moqmedi datvirTva (qs) gadavitanoT mis 

gaswvriv da movdoT kbilis simetriis RerZze mdebare O 
wertilSi, ris Semdegac davSaloT igi mdgenelebad, 

romelTaganac qscosγ iwvevs Runvas, xolo qssinγ - kumSvas. 
simtkicis pirobas aqvs saxe 

FPσσσσ ≤−= kumRj  

sadac  

        22 cos6)61( cos/ alqalqWM γγσ ssRR =⋅==  

        )1(sin ⋅= aq γσ sk  

sadac 1=b , CasmiT miviRebT 

[ ])cos(sin)cos(cos6 )/cos( 2 αγαγασ amalmmq −= sj . 

faqtiuri Zabvis formula, romelic gamoiyeneba gada-
cemis Sesamowmeblad, miiRebs aseT saxes: 

FPF mYq σασ ≤= coss . 

modulis saproeqto mniSvneloba gamoiTvleba for-
muliT 

3 2
11 )(2 FPbdFVF zKKTm σβ Ψ≥ , 

sadac T1 kbilis mabruni momentia (nm); bdΨ _ Runvaze 

dasaSvebi Zabvis sididea.  
Cveulebrivi modebis SemTxvevaSi 

)( σσσ KnK FLaFP ′= , 

sadac −0σ amtanobis zRvaria pulsirebuli ciklis 

SemTxvevaSi, 10 4,1 −= σσ ; −−1σ amtanobis zRvari simetriuli 

ciklisaTvis; −′n maragis koeficienti 5,22 ÷=′n ; −σK Zab-

vaTa koncentraciis efeqturobis koeficienti. 
 

4.12. cilindruli sworkbilebiani kbilanuri 
gadacemis kontaqturi simtkicis gaangariSeba 

 

gaangariSebas safuZvlad udevs hercis Teoria ori 
cilindris kontaqtis Sesaxeb, maTi erTmaneTze 
usrialod Semogorebis dros 

[ ] HPH qE σρμπσ ≤−= daysday )1(2 2 . 
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miRebul formulaSi zogierTi wevrebis mniSvnelo-
bebis SeyvaniT miviRebT formulas gadacemis SemowmebiT 
gaangariSebisaTvis 

HPHtMHH bUdKUFzzz σσ ε ≤±= )()1( 1 . 

 
 
 
 
 
 
 
 
 
 

 

 

 
 

nax. 74 
 

sadac α2sin2=Hz  iTvaliswinebs kbilebis formas, 

rodesac °= 20α , maSin 76,1=Hz . 

)]1([ 2μπ −= dayEzM  

iTvaliswinebs masalis meqanikur maxasiaTebels. foladis 

kbilanebisaTvis 310248 ⋅≈Mz . 

1≈εz  kontaqtis xazis jamuri sigrZea. maSin 

,)()1(10617 11
3

HPHVHH UbUKKTd σσ β ≤±⋅=  

 d1-s mniSvnelobis SetaniT miviRebT foladis kbila-
nebisaTvis Sesamowmebel formulas:    

.)()1()1(10308 1
3

HPHVHH UbUKKTaU σσ β ≤±±⋅=  

gamartivebiT miviRebT saproeqto gaangariSebisaTvis 
saWiro RerZTaSorisi manZilis formulas 

O1

αN 

A 
α 

P 

NB

d2

α

O2

a w
 

d1
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3 2
1 )()1(4580 HPbaHVH UKKTUa σβ Ψ±≥ . 

SerCevis Semdeg dgindeba moduli, kbilTa ricxvebi, 
gadacemis geometriuli parametrebi da moqmedi datvirT-

vebi; dazustdeba βHK  da HVK ; SeimCneva kbilanebis 

konstruqciebi. 
 

   4.13. iribkbilebiani da Sevronulkbilebiani 
  cilindruli kbilanuri gadacemebi. maTi 
geometriuli parametrebi. gadacemebSi 

moqmedi Zalebi 
 
iribkbilebian da Sevronulkbilebian gadacemebSi 

kbilis xazi gamyofi cilindris msaxvelis mimarT dax-

rilia β kuTxiT, ris gamoc modeba xorcieldeba Tanda-
Tan, iwyeba wertiliT da gadadis sakontaqto xazSi. 
aRniSnulis gamo mcirdeba dinamikuri datvirTva, gadace-
mebi muSaobs mSvidad, dartymebisa da xmauris gareSe. 
kbilis daxra iwvevs saSiSi kveTis farTobisa da kbilis 
simtkicis zrdas, amitom aseTi gadacema gamoiyeneba 
saSualo da maRal siCqareze momuSave manqanebSi. 

uaryofiTi mxarea modebaSi Zalis (Fa) arseboba (nax. 
75, a), romelic cdilobs gadaaadgilos kbilana lilvis 
gaswvriv. RerZuli  Zalis  moqmedebis  ugulebelsayofad  

a) 

Ft 

b) 

Fa 
Fa/2 Fa/2 

Ft/2 

FΓ

Fa 

β 

Pn 

β

P t
 

F 

d g
 

d g
 

d g
 

Fn tF ′  

tF ′  tF ′  

nax. 75 

b 
Pa 

α

F′t 
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akeTeben kbilanas erTi namzadisagan fersoze urTierT-
sawinaaRmdego daxrilobis mqone kbilebiT (nax. 75, b). mas 
Sevronulkbilebiani kbilana ewodeba; igi maRali simtki-
cisaa, muSaobs sakmaod mSvidad, SeuZlia gadasces didi 
simZlavre maRali siCqaris ( 7060=V  m/wm-mde) dros. 
iribkbilebiani kbilanebis kbilis daxris kuTxe 

°= 208β , Sevronulkbilebianisa °= 4025β . 

iribkbilebian da Sevronulkbilebian gadacemebSi 
gamoyofen: 

1) kbilis normalur da 2) kbilanis brunvis RerZis 
marTobul, torsul sibrtyeebs. Sesabamisad am sibrtye-
ebSi aTvlil parametrebs ewodebaT da aRniSnaven: a) nor-
maluri biji pn, normaluri moduli mn b) wriuli biji pt, 
wriuli moduli mt (nax. 75, a). damokidebuleba aRniSnul 

parametrebs Soris funqciuria. ΔABC-dan gvaqvs gamyofi, 
wriuli biji βcosnt pp = . 

normaluri moduli – πnn pm = . 

wriuli moduli 

βπ cosntt mpm == . 

iribkbilebiani da Sevronulkbilebiani kbilanebisa-
Tvis reglamentirebulia normaluri moduli. Sevronulkbi-
lebiani kbilanisaTvis, romlis kbilovani gvirgvini 
mWreli iaraRis gamosasvleli RariT aris gamoyofili, 
standartul moduls wriuli (torsuli) moduli warmo-

adgens. βπ sinna mp =  RerZuli bijia. gamyofi wrexazebis 

diametrebi ganisazRvreba ase: 

βcosnitii mzmzd == ; ).2,1( =i  

normaluri Seyursuli Zala (Fn) modebulia normalur 
kveTSi, kbilanis sigrZis Sua wertilSi modebis polusSi 
P (nax. 75, a). davSaloT igi radialur Fr da wriul 

tF ′ Zalebad. Tavis mxriv, tF ′  davSaloT kbilanis wriul 

(Ft) da RerZul (Fa) Zalebad. amrigad, iribkbilanebiani da 
Sevronulkbilebiani kbilanebis modebaSi moqmedebs sami 
Zala: wriuli 

112 dTFt = ; 

radialuri 
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βαα costgFtgFF ttr =′= ; 

da RerZuli 

βtgFF ta = . 

normaluri Zala 

)cos(coscos βαα ttn FFF =′= . 

saangariSo xvedriTi datvirTva, gveqneba: 

)cos(2 11 αλε tbdKTq =saang . 

 

4.14. iribi da Sevronulkbilebiani gadacemebis 
simtkicis gaangariSeba 

  

a. Runvis Zabvis mixedviT. iribkbilebiani kbilanebis 
simtkicis gaangariSebis dros SeiZleba gamoviyenoT 
sworkbilebiani gadacemisaTvis miRebuli formulebi. 
iribkbilebiani kbilanebi ukeTesad muSaoben Runvaze, 

vidre sworkbilebiani, kbilebi 
TandaTanobiT Sedian modebaSi da 
kontaqtis xazi daxrilia kbilis 
Ziris mimarT, ris gamoc saSiSi 
kveTi daxrilad mdebareobs. irib-
kbilebian kbilanur gadacemebSi 
xvedriTi datvirTva sakontaqto 
xazis gaswvriv Tanabrad ar 
nawildeba. modebis dasawyisSi 
gvaqvs minimaluri datvirTva 
maqsimaluri mxariT da modebis 

polusTan maqsimaluri datvirTva minimaluri mxariT. 
aRniSnulis gamo Runvis Zabva gamodis ufro naklebi, 
vidre sworkbilebiani gadacemis dros: 

irsaanir FPnFF mYq σβασ ≤= 2coscos . 

formulaSi CavsvamT qsaang, d1 da b mniSvnelobebs, 

gaviTvaliswinebT β, λ da εt saSualo mniSvnelobebs da 
miviRebT saproeqto formulas: 

( ).12,1 3 2
11 FPbdFvFFn zKKYTm σψβ≥  

β 

b 

q qmaqs

nax. 76 
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miRebuli mniSvneloba Seesabameba standarts. gamoiTv-

leba βcosnt mm = , Catardeba geometriuli gaangariSeba, 

gamoiTvleba gadacemebSi moqmedi datvirTvebi, dazust-

deba βFK  da FvK , Semowmdeba gadacema Runvaze, damu-

Savdeba kbilanebis konstruqciebi da Catardeba maTi ele-
mentebis gaangariSeba.  

 
b. kontaqturi Zabvis mixedviT. gaangariSebas safuZvlad 

udevs hercis formula ori cilindris urTierTkontaqtis 
Sesaxeb. 

dayvanili simrudis radiusi iribi kbilanebis SemTx-
vevaSi ganisazRvreba rogorc ekvivalenturi kbilanebis 

simrudis radiusi, e.i. βρρ 2cosswir =  da kontaqturi 

Zabvis saangariSo formula Caiwereba Semdegi saxiT: 

)(cos)(418,0 2
tHtnH Eq λεβσρλεσ sweqv(ir)daysaangir == . 

amrigad, SeiZleba davaskvnaT, rom irHσ  SeiZleba gavi-

angariSoT rogorc swHσ , gamravlebuli )(cos2
tλεβ -ze. 

saSualo mniSvnelobebis SetaniT miviRebT: 

HPHvHtHH buduKKF σσσ β ≤+== )()1(37674,0 21swir  

da 

3 2
1 )()1(4300 HPbaHHv uKKTua σψβ+≥ . 

gaangariSebis danarCeni msvleloba sworkbilebiani 
cilindruli gadacemis gaangariSebis analogiuria. 
 

4.15. konusuri kbilanuri gadacema. misi 
     geometriuli parametrebi. gadacemaSi 

moqmedi Zalebi 
  

nebismieri kuTxiT gadamkveT lilvebs Soris moZrao-
bis gadasacemad gamoiyeneba gadacema, romelic SeiZleba 
warmovidginoT rogorc ori wakveTili konusis erTma-
neTze usrialod Semogoreba, romelTa zedapirebze moW-
rilia kbilebi. 
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praqtikaSi farTodaa gavrcelebuli gadacema, rodesac 

lilvebis gadakveTis kuTxe °=+=∑ 9021 δδ  (nax. 70, e). 

konusuri kbilanebis 
damzadeba da montaJi 
cilindrulTan Seda-
rebiT rTulia. lil-
vebis RerZebis gadak-
veTa arTulebs sayr-
denebis mowyobas. erT-
erTi kbilana konso-
luradaa ganlagebuli, 
rac iwvevs kbilanis 
sigrZis gaswvriv dat-
virTvis araTanabar 
ganawilebas. praqtika-
Si gavrcelebulia 
sworkbilebiani, irib-
kbilebiani da wriul-
kbilebiani gadacemebi.  

konusur gadacemebSi gamyof konusebs erTi saerTo 
wvero aqvT (nax. 77). konusebs, romlebic erTmaneTze 
Semogordebian srialis gareSe, sawyisi an gamyofi konu-
sebi (arakoreqciuli gadacema) ewodebaT. gadacemis far-
doba 

12122121 sinsin
12

δδωω ===== zzddnni ee , 

sadac 1δ , 2δ  sawyisi konusebis naxevarkuTxeebia. 

geometriuli parametrebis gasacnobad ganvixiloT 
(nax. 77) da (nax. 78). 

eie mzd =1 , )2,1( =i . 

saSualo  diametri 

mimi mzd = . 

kbilis sigrZe 1mbd db ψ= . diametrebs Soris damokide-

bulebaa 

111 sinδbdd me += , 

saidanac gvaqvs: 

11sin zbmm me δ+= . 

kbilis zomebi: kbilis Tavis da Ziris simaRle 

b 
δ2

dm2 

Re 

Rm 
C 

O 

∑ 

δ1 D S1 

A 

de2 

S2 

O2 

dv2 

dm
1 

A′

d e
1 

dv1 

av 

α

P 

nax. 77 
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;*
eaa mhh =  ( ) eaf mchh ** += , 

sadac normaluri simaRlis kbilisaTvis 1* =ah  da radia-

luri RreCos koeficienti 2,0* =c . 

nax. 78 
 

gare sakonuso manZili _ 

                ,5,0 2
2

2
1 zzmR ee +=  

                ),sin2()sin2( 1111
δδ zmdR eee ==  

da gare moduli _ 

11sin2 zRm ee δ= . 

kbilebis modebisas moqmedi Zalebis gansazRvrisaTvis 
kontaqtis xazis gaswvriv moqmedi Tanabrad ganawilebuli 
datvirTva SevcvaloT kbilovani gvirgvinis SuaSi mode-
buli Fn ZaliT (nax. 79). Fn-is gansazRvrisaTvis vagebT 
ekvivalentur cilindrul kbilanur gadacemas. davSaloT 
Fn Zala mdgenelebad: 

ttn FFF += , 

sadac Ft wriuli Zalaa. 

112 mt dTF = . 

ekvivalenturi kbilanebis radialuri Zala _ 

11 arr FFF +=′ . 

(nax. 79) αtgFF tr =′   da 

Rl 
b 

θa δa1 

δf1 δ1 

d f
1 

d m
1 

d e
1 

d a
1 θf 
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nax. 79 

 

)cos(2cos
11 αα mtn dTFF == . 

kbilanis RerZuli Zala _ 

11 sinsin
1

δαδ tgFFF tra =′= . 

kbilanis radialuri Zala _ 

11 coscos
1

δαδ tgFFF trr =′= . 

saangariSo xvedriTi datvirTva ase gamoisaxeba 

)cos(2
11 αβ bdKKTbKFq mvn ==saang . 

    

4.16. konusuri kbilanuri gadacemis simtkicis 
gaangariSeba 

 
a) Runvis deformaciis gaangariSeba. radgan konusuri 

gadacemebis gaangariSeba unda vawarmooT ekvivalenturi 
cilindruli gadacemis mixedviT, amitom faqtiuri Zabvis 
saangariSo formula Semdegi saxiT Caiwereba: 

FPmF mYq σασ ≤= )85,0(cossaang . 

gaviTvaliswinoT, rom 

∑
Fr1 

Fr2 

Fa2 

Fa1 
O′1

dv1 

Ft F′r α

F′r

O1 

O2 Fn 

O′2

δ2
δ1

F′r



 70

    == )cos(2
11 αβ mFvF bdKKTqsaang  

          )cos(2 22
11 αψβ mbdFvF mzKKT=    

da  

    FPmmbdFvFF mmzYKKT σαψασ β ≤⋅= )8,0cos(cos2 22
11  

gamartivebisa da mm-s mimarT amoxsniT miviRebT          

3 2
11 )85,0(2 FPbaFFvm zYKKTm σψβ≥ . 

b) kontaqturi simtkicis gaangariSeba. miRebulia, rom 
konusuri kbilanebis kbilis simtkice kontaqturi Zabvis 
mixedviT iseTivea, rogorc kbilis sigrZis saSualo 
kveTSi aRebuli ekvivalenturi cilindruli kbilanis 
kbilis simtkice. kontaqturi Zabvis formulas aqvs saxe: 

FPvvHvHtH ubduKKF σσ β ≤+⋅= )85,0()1(10436
1

3 . 

saproeqto formulis misaRebad viTvaliswinebT, rom 

mt dTF 12=  da 
1mbd db ψ= , maSin 

FPmbdHvHtH uduKKF σψσ β ≤+⋅= )85,0(110436 323
1

, 

saidanac  

3 22
1 )85,0(17700

1 HPbdHvHm uuKKTd σψβ += . 

kbilanis gare gamyofi wrexazis diametri _ 

11111 sin1sin δψδ mbdmme ddbdd +=+= . 

gaiangariSeba gadacemis geometriuli parametrebi, 
gadacemebSi moqmedi Zalebi, wriuli saSualo siCqare; 

dazustdeba βHK  da HvK ; Semowmdeba gadacema Zabvebze σH 

da σF; damuSavdeba kbilanebis konstruqciebi da gaianga-
riSeba maTi konstruqciuli elementebi. 

 
4.17. planetaruli gadacema, zogadi cnobebi, 
  struqtura, klasifikacia da kinematika 

          
kbilanur gadacemas, romlis SemadgenlobaSi Sedis 

iseTi erTi rgoli mainc, romlis geometriuli RerZi 
icvlis mdebareobas sivrceSi, ewodeba planetaruli 
gadacema (nax. 80). g kbilanas, romlis geometriuli RerZi 
icvlis mdebareobas sivrceSi, ewodeba sateliti. a, b 
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kbilanebs, romlebic modebaSia satelitebTan da romelTa 
geometriuli RerZebi emTxveva moZraobis ZiriTad RerZs, 
ewodeba centraluri kbilanebi. wamyvani rgolia centra-
luri kbilana a, amyoli - matari H. planetaruli gadace-
mebis klasifikacia SeiZleba warmovidginoT Semdegi saxiT: 

nax. 80 
 
1) martivi planetaruli gadacema, rodesac erT-erTi 

rgoli (a an b) damagrebulia uZravad, aqvs moZraobis 
Tavisuflebis erTi xarisxi;  

2) diferencialuri gadacema, romlis yvela rgoli 
moZravia da aqvs moZraobis Tavisuflebis ori xarisxi, 
gamoiyeneba rodesac saWiroa ori moZraobis Sekreba an 
moZraobis daSla mdgenelebad; 

3) Caketili diferencialuri gadacema, romelic miiReba 
diferencialuri gadacemis ori ZiriTadi rgolis (mag. 
centraluri kbilanebis an erT-erTi centraluri kbila-
nis da mataris) martivi kbilanuri gadacemiT erTmaneT-
Tan SeerTebiT. 

gadacemis fardobis gansazRvrisaTvis gaCerebuli 

mataris SemTxvevaSi, roca ωH=0, gadacemis fardobas 
eqneba saxe  

)()()( 13 zzi HbHaba −=−−=′′=′ ωωωωωω . 

gadacemis fardobas eqneboda dadebiTi niSani, rodesac 
wamyvani da amyoli rgolebis brunvis mimarTuleba 
Tanxvdenilia.  

g(z2)

b(z3)

a(z1) 

a w
 

a

2

H1
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sadac z1 da z2 Sesabamisad a  da b kbilanebis kbilTa 
ricxvebia. 

mataris kuTxuri siCqaris gansazRvrisaTvis unda 
gaviTvaliswinoT, rom kbilana b xistadaa damagrebuli 

e.i. 0=bω , maSin  

)1()1( 13 zzi aaH +=′−= ωωω . 

gadacemis fardoba mocemuli sqemisaTvis ganisazRv-
reba formuliT 

1313
)( 1))1((/ zzzzi aaHa

b
aH +=+== ωωωω . 

 
 

4.18. planetaruli gadacemis simtkicis 
gaangariSeba 

 

gaangariSebas awarmoeben sworkbilebiani cilindruli 
kbilanuri gadacemebis analogiurad kbilis kumSvis 
kontaqturi Zabvis mixedviT, hercis Teoriis safuZvelze.  

ERerZTaSorisi manZili a kbilanasa da g satelits 
Soris ganisazRvreba formuliT:  

( )3 2
1 )/315)((1 HPW

H
agbaHvH

H
agW nuKKTua σψβ ′+= , 

sadac T1 aris satelitis mabruni momenti, n.mm; −′Wn sate-

litebis dayvanili ricxvi, SeirCeva satelitis kbilTa 

ricxvis mixedviT; −HPσ dasaSvebi kumSvis kontaqturi 

Zabva, n/mm2. 
RerZTaSorisi manZili Seesabameba standarts. gadacemis 

moduli ganisazRvreba ∑= zam 2  tolobiT, romelic See-

sabameba aseve standarts. saangariSo kontaqturi Zabva 
ganisaRvreba formuliT: 

( ) HP
H
agWHvH

H
agH unbKKTuau σσ β ≤′++= )(1)1(315 1 . 

gadacema Semowmebuli unda iqnes Runvaze: 

FPaWFvFtaFaFa bmnKKFY σσ β ≤′= )( . 
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3.19. Wiaxraxnuli gadacemebi. gadacemis 
geometriuli parametrebi 

 
Wiaxraxnuli gadacemebi gamoiyeneba urTierTacdenil 

lilvebs Soris moZraobis an mgrexavi momentebis 
gadacemisa da didi gadacemis ricxvis ganxorcielebis 
mizniT. acdenili lilvebis RerZTaSorisi kuTxe 

Tarazul gegmilSi, umravles SemTxvevaSi, 90°-is tolia. 
gadacema Sedgeba Wiaxrax-

nisagan 1 da Wia kbilanisagan 2 
(nax. 81). 

cnobilia Wiaxraxnis ori 
saxesxvaoba: cilindruli (nax. 
82, a) da globoiduri (nax. 82, b). 
pirvel SemTxvevaSi xraxni 
moWrilia cilindrul zeda-
pirze, xolo meore SemTxvevaSi 
zedapirze, romelic miiReba 
wris rkalis brunviT Wiaxrax-
nis RerZis irgvliv. 

xraxnis profilis mixedviT 
gvxvdebaL arqimedes, konvoluturi da evolventuri xraxnebi. 

arqimedes Wiaxraxns RerZul 
kveTSi aqvs trapeciisebri forma, 
xolo torsul kveTSi – arqimedes 
spiralis forma (nax. 83, a). 
konvolutur Wiaxraxns RerZul 
kveTSi aqvs amozneqili profili, 
xraxnis normalur kveTSi – wagr-
Zelebuli (iSviaTad damokle-
buli) evolventis forma (nax. 83, b). 
evolventur Wiaxraxns RerZul 
kveTSi aqva amozneqili profili, 
xolo torsul kveTSi – evolven-
turi (nax. 83, g). 

Wiaxraxnuli gadacemis muSaobis unari damokidebulia 
Wiaxraxnis xraxnuli zedapiris simqiseze da Termul 
damuSavebaze, amitom xraxnis moWrisa da Termuli damuSa-
vebis Semdeg saWiroa misi xexva. 

nax. 81 

nax. 82 

a

b
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nax. 83 

 
gadacemis dadebiT mxareebs miekuTvneba: erTi safexu-

riT SesaZlebelia ganxorcieldes gadacemis didi ricxvi 
500≈u ; gadacemis modebis simdovre da uxmauro muSaoba; 

TviTdamuxruWebis ganxorcieleba; masisa da gabaritebis 
simcire. 

uaryofiTi mxareebia: SedarebiT dabali mq koeficienti 
92,07,0=η ; Wiakbilanis gvirgvinisaTvis deficituri 

antifriqciuli masalis (brinjaos) gamoyeneba.  
Wiaxraxnebis dasamzadeblad gamoiyeneba naxSirbadiani 

foladebi, TermodamuSavebuli, Semdgomi xexva-gapria-
lebiT, TermodaumuSavebeli, sisaliT HB350. modebaSi 
didi srialis siCqarisa da gazrdili xaxunis arseboba 
iwvevs Wiakbilanis kbilebis zedapirebis intensiur 
cveTas, amitom igi damzadebuli unda iqnes xarisxovani 
antifriqciuli masalebisagan (fosforovani brinjao, 
kalis an aluminis SenadnobiT, antifriqciuli Tujebi da 
sxv.). 

arqimedes xviis mqone xraxnebisaTvis xraxnuli xazis 
asvlis kuTxe ganisazRvreba ase:  

qzdpzdptg z 1111 )()( === ππγ , 

mdq 1=  xraxnis gamyofi wrexazis diametris koeficientia. 

Wiakbilanis minimaluri kbilTa ricxvi daiSveba 
z1min=28, minimaluri gadacemis ricxvi 

,74/28 === 1maqs2minmin zzu  

b1 
ha1 p 

N 

d a
1 

d r
1 

d1 

hf1 

ha2 
hf2 

N 

d2 

α 

da2 

b1 d f
2 

d a
2 

a W
 

2δ
Π 

a 
b 

g 
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e.i. Wiaxraxnuli gadacemis erTi safexuriT SeiZleba 
ganvaxorcieloT gadacemis didi ricxvi. 

xraxnis gamyofi wrexazis diametri (nax. 83) 

.1 mqd =  

xviis simaRles yofs or nawilad: xraxnis Tavis 

simaRle mhh aa
*

1 =  da xraxnis Ziris simaRle mchh af )( **
1 += , 

sadac simaRlis koeficienti 1* =ah  da radialuri RreCos 

koeficienti 2,0* =c . Sesabamisad gveqneba xraxnis Sveris 
diametri _ 

).2(22 111 +=+=+= qmmqmhdd aa  

xraxnis Rrmulebis diametri _ 

)4,2(2,122 111 −=⋅−=−= qmmmqhdd ff , 

)07,012( 21 zmb +=  RerZul kveTSi xraxnis profilis kuTxe 

°= 402α . Wiakbilanis zomebi kbilanis siganis saSualo 
kveTSi ganisazRvreba cilindruli kbilanis msgavsad. 

gamyofi wrexazis diametri 22 mzd =  (nax. 83). 

kbilis Sverilebisa da Rrmulebis diametrebi: 

⎭
⎬
⎫

−=−=−=
+=+=+=

).4,2(4,22
);2(22

22222

22222

zmmmzhdd
zmmmzhdd

ff

aa
 

Wiakbilanis udidesi, anu gare SemoCarxvis diametri _ 

)2(6 122 ++= zmdd aaM . 

Wiakbilanis kbili nawilobriv Semoxveulia Wiaxraxnze, 
Semoxvevis kuTxe gamoiTvleba damokidebulebidan:  

)5,0(sin 121 mdb a −=δ . 

daculi unda iqnes °<<° 110290 1δ piroba. 

RerZTaSorisi manZili _ 

    =+=⋅+=+= 2)(2)(2)( 2221 zqmzmmqdda  

      2)1(2)1( 212 qzdqzmq +=+= , 

saidanac 

⎭
⎬
⎫

+=

+=

).1(2
)1(2

222

21

qzqazd
qzad da 
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4.20. gadacemaSi moqmedi Zalebi. Wiaxraxnuli 
gadacemis simtkicis gaangariSeba 

 
damyarebuli moZraobisas normaluri Zalebis Seyur-

suli Zalis veqtori moqmedebs sakontaqto xazze da 
modebulia polusSi. Wiaxraxnis wriuli Zala (Ft1) 
WiakbilanisaTvis warmoadgens 
RerZul Zalas (Fa2), xolo 
Wiakbilanis wriuli Zala (Ft2) 
WiaxraxnisaTvis warmoadgens 
RerZul Zalas (Fa1) (nax. 84). 

⎭
⎬
⎫

=
=

.2
,2

222

111

dTF
dTF

t

t  

radialuri Zalebi gamoiT-
vleba Semdegi damokidebule-
bebiT: 

)cos(cos2 γαtn FF = ; γα cos2tgFF tr = . 

xvedriTi datvirTva _ minLFq nm = . 

minL  sakontaqto xazis minimaluri sigrZea; 

)cos360(75,02cos 111 γεπδαλε °⋅== tt dbFmin , 

sadac b kbilis sigrZea, °= 3602 11 db πδ ; (na. 83). 

    λ _ sakontaqto xazis sigrZis koeficientis minima-

luri mniSvneloba, 75,0=λ . miviRoT saSualod °≈ 1002 1δ ; 

8,1=tε . 

saangariSo xvedriTi datvirTva  

)cos(8,1 212 αddKTqn =saang . 

Runvis deformaciis gaangariSebas awarmoeben susti 
rgolis mixedviT, romelsac Wiakbilana warmoadgens, 
radganac misi masala SedarebiT dabali sisalisaa Wia-
xraxnis masalaze. 

faqtiuri Zabva saproeqto gaangariSebisas iqneba: 

       =−= γαασ 2
2212 coscos)cos(8,1 mYddKT FF  

          FPF mqzKYT σγγ ≤= 2
2

22 coscos8,1 . 

saidanac 

d1 

d2 

Fr1 

Fr2 

Ft2 Ft1 

γ

nax. 84 
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3
222 )(8,1cos FPFFvF qzYKKTm σγ β≥ . 

miRebuli mniSvneloba Seesabameba modulebis stan-
darts. 

kontaqturi Zabvebis mixedviT gaangariSebisas miviRebT: 

     =⋅⋅⋅= )sin(2103,1)cos(8,1418,0 2
11

212 αασ β dddKKT HvHH  

     HPHvH dKKTd σβ ≤⋅= 122
310480 . 

ganvsazRvroT RerZTaSorisi manZili: 

3 2
2

3
22 )/(10170)1( HPHvH qzKKTqza σβ ⋅⋅+≥ , 

sadac HPσ  dasaSvebi kontaqturi Zabvis sididea. 

 

4.21. acdenilRerZebiani kbilanuri gadacemebi. 
     xraxnuli gadacemebi. hipoiduri gadacemebi. 

zogadi cnobebi 

 
acdenilRerZebian kbilanur gadacemebSi kbilanebi 

miiReba calkalTa hiperboloidebis calkeul nawilebze 
kbilebis moWriT. im SemTxvevaSi, rodesac kbilanis 
kbilebi moWrilia hiperboloidis yelis ubanSi, miviRebT 
xraxnul gadacemas (nax. 85, a1, a2), xolo im SemTxvevaSi, 
rodesac kbilebi moWrili yelidan daSorebul gafarTo-
ebul nawilSi, miviRebT hipoidur gadacemas (nax. 85, b1, b2). 

 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 85 

I 

II II 

I 

a1 

a2 

b1 

b2 

∑
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xraxnul gadacemebSi kbilanebis damzadebis gaadvi-
lebis mizniT hiperboloidur zedapirebs cvlian masSi 
Caxazuli cilindruli zedapirebiT. am SemTxvevaSi 
sawyisi kontaqti wertilovania, xolo kbilanebi xraxnul- 

kbilebiani. xraxnul gada-
cemas evolventuri kbi-
lebiT SeuZlia moZrao-
bis gadacema RerZebis ga-
dakveTis nebismieri kuTxis 
dros. mag. rodesac 

°≠+=∑ 9021 ββ  (nax. 86) 

xraxnuli xazebis mimar-
Tuleba orive kbilanisa-
Tvis erTnairia. rodesac 

°=+=∑ 9021 ββ , gadacemis 

fardoba iqneba 

   1121221 )( dtgdzzi βωω === . 

hipoidur gadacemebSi kbilebis moWris gaadvilebis 
mizniT (nax. 85) b1 da b2 zedapirebs cvlian masSi Caxa-
zuli konusuri zedapirebiT. gadacemebs amzadeben mrud-
wiruli da iribi kbilebiT. mrudwirulkbilebiani gada-
cema mzaddeba zedapirebis xazovani kontaqtiT da werti-
lovani kontaqtiT. 
 

4.22. kbilanuri gadacema novikovis meTodiT 
 

teqnikaSi farTod gavrcele-
bis miuxedavad evolventur mo-
debas gaaCnia naklovanebebic, ro-
goricaa: samuSao zedapirebis mcire 
dayvanili simrudis radiusebi; 
xaxunze danakargebi; montaJis 
maRali sizustis aucilebloba 
kbilebis xazovani kontaqtis gamo. 
aRniSnuli naklovanebani sagrZ-
noblad Semcirda novikovis 
modebaSi (nax. 87), sadac kbila-
nebis kbilis profili torsul 

nax. 87 

d2 

d f
2 

d f
1 d

1  da1 

n 

P 

1 

2 
n 

ω2 

ω1

β2 ∑

nax. 86 

β1 
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ganiv kveTSi Semoxazulia wrexazis rkalebiT. kbilanis 
kbilis profili amozneqilia, xolo kbila Tvalis 
Sezneqili, rac adidebs maT dayvanil simrudis radiusebs 
da gadacemis kontaqtur simtkices.  

novikovis modebaSi kontaqtis wertilis gadaadgile-
bis siCqare mudmivia, rac xels uwyobs mdgradi zeTis 
Sris warmoqmnasa da xaxunze danakargebis Semcirebas. 
 

4.23. talRuri kbilanuri gadacema 
 

talRur kbilanur gadacemaSi erT-erTi kbilana 
moqnilia da kbilebis modebis procesSi drekadad defor-
mirdeba. talRuri gadacema (nax. 88) Sedgeba sami ZiriTadi 
nawilisagan: xisti kbilana 1, romelzedac moWrilia Siga  
modebis kbilebi; moqnili kbilana 3, romelzedac moWri-
lia gare modebis kbilebi da matari H, romlis RerZa-
kebze damagrebulia Tavisuflad mbrunavi gorgolaWebi 2. 
kbilana 1 uZravia, moqnili kbilana 3 dakavSirebulia 
amyol lilvTan. wamyvania H matari. kbilanebs aqvT erT-
nairi moduli da sxvadasxva gadacemis ricxvi, xolo moq-
nili kbilanis gamyofi wrexazis diametri naklebia xisti 
kbilanis gamyofi wrexazis diametrze.  
 

 
 

 
 
 
 
 
 
 
 
 
 

nax. 88 
 

gorgolaWebTan 2 Sexebis zonaSi moqnili kbilana, 
mataris Sesabamisi diametris gamo, modebaSia xist kbila-

 
3 1 2 

3 

ω2;n2
ω1;n1

H 

H 
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nasTan, xolo gorgolaWidan moSorebiT modebaSi ar im-
yofeba. mataris moZraobis  SemTxvevaSi gorgolaWebi 2 
gadaadgildeba moqnili kbilanis 3 Siga zedapirze, 
gamoiwvevs am ukanasknelis drekad deformacias morbenali 
talRis saxiT da masTan erTad modebis zonis gadaadgi-
lebas. amitomac am gadacemas ewodeba talRuri gadacema. 

gadacemis erTi safexuriT SeiZleba ganvaxorcieloT 
gadacemis didi ricxvi 30050 ÷=U . 

gadacemis fardoba tolia 

)(2
)1(

2 zwh Knzi −= , 

sadac 2z  moqnili kbilanis kbilTa ricxvia; −wn modebis 

zonaTa raodenoba; −zK proporciulobis koeficienti 

( 3,2,1=zK . upiratesad aiReba )1=zK . 

  

4.24. jaWvuri gadacemebi. jaWvuri gadacemis 
gaangariSeba 

 
jaWvuri gadacemebi miekuTvneba meqanikur gadacemebs, 

romlebic axorcieleben moZraobas jaWvis saxsrovan 
elementebTan modebaSi myof Z1 da Z2 kbilTa ricxvebian 
wamyvan da mimyol varskvlavebs Soris (nax. 89). 

 
 
 
 
 
 
 
 
 

 
 

nax. 89 

daniSnulebis mixedviT gvxvdeba: amZravi, wevis da 
satvirTo jaWvebi. amZravi jaWvebi gamoiyeneba meqanikuri 
energiis (araumetes 100 kvt) gadasacemad. 

t 
3 

d1 

1 
2 

d2 
O1 O2 

z1 a 

ω1,n1

ω2,n2
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gadacemisaTvis rekomendirebulia Semdegi paramet-
rebis dacva. 

 

gadacema 
jaWvis siCqare 

(V m/wm) 
gadacemis 
fardoba (i) 

swrafmavali 6÷25 ≤3 
saSualo siCqariani 2÷6 ≤6 
nelmavali <2 10÷15 
 

jaWvur gadacemas Rvedur gadacemasTan SedarebiT 
aqvs sagrZnoblad mcire gabaritebi da lilvebze moqmedi 

datvirTva, maRali mq koeficienti )98,096,0( =η ;  

gadacemis uaryofiTi mxarea jaWvis saxsrebis cveTis 
Sedegad warmoSobili jaWvis dagrZeleba, ris gamoc 
aucilebelia damWimi mowyobilobis gamoyeneba. 

amZrav jaWvebad gamo-
yenebulia gorgolaWiani, 
milisiani da kbilebiani 
jaWvebi, romlebic stan-
dartizebulia.  

nax. 90-ze naCvenebia 
gorgolaWiani jaWvis 
konstruqcia, romelic 
Sedgeba Siga 1 da gare 2 
firfitebisagan. gare 
firfitis naxvretebSi 
Cawnexilia RerZaki 3, 
romlis boloebi damoq-
lonilia. RerZakze wamo-
gebulia milisa 4, ro-

melzec wamogebulia gorgolaWi 5. 
varskvlavas gamyofi wrexazis diametri iangariSeba 

formuliT 

)180sin( ii ztd °= , 

sadac zi varskvlavas kbilTa ricxvia )2,1( =i . t – biji. 

jaWvis saSualo siCqare da gadacemis saSualo 
fardoba iangariSeba formulebiT: 

3

4

5
1 

2 

d0 
D0 d 

t 

nax. 90 
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1000602)( 11 ⋅⋅=+= tnzVVV minmaqssaS  m/wm 

1221 zznni == . 

RerZTaSorisi manZili (nax. 89) aiReba zRvrebSi 

ta )5030( ÷= , aqedan maqsimaluri RerZTaSorisi manZili 

ta 80=maqs , xolo minimaluri  

)5030()(5,0 21 ÷++= ddamin mm. 

jaWvis sigrZe gamoxatuli bijiT 

[ ] )(2)()(5,02 2
1221 atzzzztaLt π−+++= . 

Lt-s mniSvneloba mrgvaldeba luw ricxvamde.  
faqtiuri RerZTaSorisi manZili ganisazRvreba 

formuliT: 

[ ] [ ]{ } 8)(8)(2)(2 2
21

2
2121 πzzzzLzzLta tt +−+−++−= . 

 

 
Tavi 5  

 
5.1. RerZebi da lilvebi. zogadi cnobebi da 

gaangariSeba 
 

lilvebze da RerZebze magrdeba ZiriTadad mbrunavi 
nawilebi: kbilanebi, varskvlavebi, saRvede borblebi, 
dolebi da a.S. RerZi SeiZleba uZravad iyos damagrebuli 
da mis irgvliv brunviT moZraobas asrulebdes masze 
damagrebuli nawilebi an asrulebdes brunviT moZraobas 
masze damagrebul nawilebTan erTad. RerZi ganicdis 
Runvas. lilvi RerZisagan gansxvavebiT yovelTvis asrulebs 
brunviT moZraobas, gadascems mabrun moments da ganicdis 
grexas da Runvas. 

RerZi yovelTvis sworxazovania (nax. 91, a). lilvi 
mzaddeba swori (nax. 91, b), drekadi (nax. 91, g) an muxla 
(nax. 91, d) saxiT. 

praqtikaSi miRebulia lilvis gaangariSebebis Semdegi 
wesi: 

1) lilvis diametris dasadgenad viyenebT grexaze 
simtkicis pirobis saangariSo formulas 
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nax. 91 

 

][2,097400 3
grτdnPT ==  kg⋅sm; 

saidanac 

3 ][2,0 grl τTd =  (sm) 

sadac P simZlavre (kvt); n – brunTa ricxvi (br/wT); ][ grτ              
- grexaze dasaSvebi Zabva (kg/sm2). miRebulia 

)300150(][ ÷=grτ kg/sm2. 

2) lilvis umciresi diametris mixedviT SemuSavdeba 
misi konstruqcia; 

3) Catardeba SemowmebiT gaangariSeba. aucileblobis 
SemTxvevaSi moxdeba koreqcia.  

RerZis diametris dasadgenad viyenebT Runvis SemTxve-
vaSi statikuri simtkicis saproeqto formulas 

][1,0 R
3
R σdM = ; 

saidanac 

3 ][10 RR σMd = . 

sadac −][ Rτ Runvaze dasaSvebi Zabvaa, romelic aiReba 

cxrilebidan RerZis masalis mixedviT. 
 

5.2. sakisrebi. srialisa da gorvis xaxunis 
    sakisrebi, maTi saxeebi da gaangariSeba 

 
sakisrebi warmoadgenen lilvebisa da mbrunavi 

RerZebis sayrdenebs. isini iReben Tavis Tavze lilvebze 
moqmed radialur da RerZul datvirTvebs da gadascemen 

a 
b 

g 
d 
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manqanis dgars, amasTan lilvi unda iyos dafiqsirebuli 
garkveul mdgomareobaSi da brunavdes mocemuli geomet-
riuli RerZis garSemo. 

xaxunis saxisa da maTze moqmedi datvirTvis mixedviT 
sakisrebi iyofa: srialis sakisrebad, romlebSic lilvis 
sayrdeni nawilebi srialebs sakisris Siga zedapirze; 
gorvis sakisrebad, romlebSic srialis xaxuni Secvli-
lia gorvis xaxuniT burTulebis an gorgolaWebis 
saSualebiT. 

srialis sakisari. srialis xaxunis sakisari konst-
ruqciuli TvalsazrisiT ornairia:L1. damzadebuli calke 
saamwyobo erTeulis saxiT da 2) detalTan erTad mTlia-
nobaSi (manqanis dgarebSi, reduqtoris korpusebSi da 
sxv.). 

pirveli saxis konstruqciis sakisrebi iyofa or 
saxeobad: 

a. gauxsneli korpusiT 1 (nax. 92, a), romelSic Cawne-
xilia mTliani sadebi 2 milisas saxiT. es ukanaskneli, 

saimedoobis mizniT, 
magrdeba korpusTan 
saCerebeli xraxnis 
3 meSveobiT. xelis 
amZravebSi, sadac 
cveTa umniSvneloa, 
gamoiyeneba sria-
lis sakisari sade-
bis gareSe (nax. 92, 

b), b) igi Sedgeba korpusisagan 1 da korpusis 
saxuravisagan 2, romelic korpusTan erTdeba WanWikebis 
(sarWebi) 3 da qanCebis 
4 saSualebiT. korpussa 
da saxuravs Soris 
Tavsdeba qveda 5 da 
zeda 6 sadebebi, rom-
lebic fiqsirdeba fiqsa-
torebis saSualebiT. 
sakisari magrdeba Car-
Coze an dgarze 7 WanWi-
kiTa da 8 qanCiT. 

nax. 92 

a 
1 

2 

3 

b 4 

3 
2 

1 

nax. 92 
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srialis xaxunis sakisrebSi arCeven xaxunis Semdeg 
saxeobebs: 

1. mSrali xaxuni; 
2. naxevrad mSrali xaxuni; 
3. naxevrad Txevadi xaxuni. 
sakisarSi lilvis brunvas ewinaaRmdegeba xaxunis 

Zalis momenti. xaxunis Zalis muSaoba iwvevs satacisa da 
sakisris zedapiris gaxurebas. mosriale zedapirebidan 
siTbo gadaecema sakisris korpusidan lilvs da aseve 
SemzeTi zeTis fenas. nebismieri damyarebuli muSaobis 
reJimis SemTxvevaSi arsebobs Tburi wonasworoba. siTbos 
gacema siTbos gamoyofis tolia. Tu es Tanafardoba 
dairRva da siTbo gadaaWarbebs mis zRvrul mniSvnelo-
bas, adgili eqneba mosriale zedapirebs Soris zeTis 
fenis (siblantis daqveiTebis gamo) gamodenas. Sedegad 
ganviTardeba satacisa da sakisris zedapirebs Soris CaW-
devis procesi, rac iwvevs sakisris gadaxurebas da 
rRvevas. sakisris muSaobas Tan sdevs misi cveTa lilvis 
satacTan erTad, romelic arRvevs konstruqciis norma-
luri muSaobis pirobebs, amitom SezeTvis pirobebs gansa-
kuTrebuli mniSvneloba eniWeba meqanizmis normaluri 
muSaobisaTvis. gamokvlevebma aCvena, rom sakisrebSi 
(garkveuli geometriuli parametrebiT) zeTis fenis sisqe 

(h) aris sakisris muSaobis reJimis funqcia _ ( )Fh μωΦ= , 

sadac Fμω  aris srialis sakisris muSaobis reJimis 

maxasiaTebeli; μ -zeTis dinamikuri siblante; −= 30nπω  

lilvis kuTxuri siCqare; F-sakisris pirobiTi datvirTva. 
srialis sakisrisaTvis gamoyenebuli masalebi. srialis 

sakisrisaTvis masalebs Semdegi moTxovnebi waeyeneba: 
1)dabali xaxunis koeficienti;  2) maRali cveTamedegoba; 
3) mdgradoba (dartymis Sedegad) myife msxvrevis mimarT. 
sakisris masalad iyeneben: brinjaos, rux Tujs, babits, 
alibastrs. srialis sakisrisaTvis cvlad da dartymiT 
datvirTvebze simtkicis gazrdis mizniT msubuqi anti-
friqciuli masalebis – babitis da tyvianarevi brinjaos 
sadebs amzadeben bimetalebisagan. 

gorvis xaxunis sakisars srialis xaxunis sakisarTan 
SedarebiT aqvs mTeli rigi dadebiTi mxareebi: 1. Sedare-
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biT mcire danakargebi xaxunze, Sesabamisad maRali mq 

koeficienti )995,0( =η  da naklebi gaxureba; 2. gaSvebis 

dabali momenti; 3. RerZuli mimarTulebiT naklebi gaba-
tuli zomebi; 4. deficituri masalebis babiti, brinjao 
ekonomia; 5. momsaxurebis da Secvlis simartive; 6. zeTis 
mcire xarji; 7. mcire Rirebuleba masiuri warmoebis 
gamo. 

uaryofiTi mxareebia: 1. didi datvirTvisa da siCqaris 
SemTxvevaSi SezRuduli gamoyeneba; 2. dartymiTi datvir-
Tvisa da vibraciis SemTxvevaSi didi kontaqturi Zabvis 
warmoSobis gamo maTi gamoyeneba rekomendirebuli ar 
aris; 3. radialuri mimarTulebiT didi gabarituli 
zomebi; 4. gauxsneli konstruqcia, ris gamoc gamoiyeneba 
mxolod swori lilvis sayrdenebad. 

gorvis xaxunis sakisari (nax. 
93) Sedgeba ori rgolisagan: Siga 
1 daismeba satacze, gare 2 Cais-
meba sakisris budeSi, gorvis 
elementebisagan burTulebi 3 an 
gorgolaWebi, romlebic dagora-
ven rgolebis sarben bilikebze 
da separatorisagan 4, romlis 
saSualebiT gorvis elementebi 
garkveuli mudmivi manZiliTaa 
daSorebuli erTmaneTisagan. 

gorvis sakisrebis klasifika-
cias ZiriTadad axdenen Semdegi 
niSnebis mixedviT: 1) gorvis 
elementebis formis mixedviT _ 

a.burTula;  b. gorgolaWovani (cilindruli, konusuri). 
2) datvirTvis mimarTulebis mixedviT, _ a. radialuri; 
b.radialur-sabjeni; g. sabjeni. 

TviTdayenebis meTodis mixedviT – TviTdayenebadi da 
araTviTdayenebadi. 

datvirTvis amtanobisa da gabarituli zomebis 
mixedviT sakisrebi dayofilia zomaTa seriebad: 
radialuri, gare D diametris mixedviT – zemsubuqi, gan-
sakuTrebiT msubuqi, saSualo da mZime. 

94 naxazze gamoxazulia sakisrebi: 

nax. 93 

B

D
 d 

1

2

3

4
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a) erTriga gorgolaWovani; b) orriga sferuli TviT-
dayenebadi; radialuri burTula sakisari; g) orriga TviT-
dayenebadi gorgolaWovani; d) radialur-sabjeni konusur-
gorgolaWovani sakisari; e) erTriga burTula sabjeni, 

nax. 94 
 
 gorvis xaxunis sakisrebi stansartizirebulia da 

maTze dasmulia daRi – sakisris pirobiTi aRniSvna. 
gorvis sakisris gaangariSeba da SerCeva. sayrdenebis 

gorvis sakisrebTan erTad daproeqtebis dros, rogorc 
wesi, sakisrebs irCeven standartidan saangariSo xangamZ-
leobis mixedviT. xangamZleoba (L) gaiangariSeba C 
dinamikuri tvirTamweobiT da P eqvivalenturi dinamikuri 
datvirTviT niutonebSi. damokidebuleba L xangamZleobas, 
P eqvivalentur dinamikur datvirTvas da C dinamikur 

tvirTamweobas Soris aseTia: kPCL )/(=  an LPC k= , sadac 

koeficienti K=3 - burTula sakisrebisaTvis da 33,3≈K  
gorgolaWiani sakisrebisaTvis. formula marTebulia, 
roca sakisris rgolis brunvaTa ricxvi 10≥n  wT_1 da ar 
aRemateba mocemuli sakisris zRvrul brunvaTa ricxvs. 

a 
b g 

d e 

B 

d1 

B B 

C 

B 

D
 

d D
 

d d 

D
 

d 

D
 

D 

Tmaqs 

H
 

β 
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5.3. quroebi. zogadi cnobebi 
 

mowyobilobas, romelic gankuTvnilia RerZebisa da 
lilvebis grZivi mimarTulebiT SesaerTeblad da mabruni 
momentebis gadasacemad, quro ewodeba. quro SeiZleba 
gamoyenebul iqnes agreTve manqanis gadatvirTvisagan 
dasacavad. quroebi iyofa Semdeg jgufebad: 1) mudmivi 
CarTvis quro lilvebis SeerTebas axdens ise, rom maTi 
erTmaneTisgan daSoreba SeuZlebelia manqanis muSaobis 
procesSi. aRniSnul jgufs ekuTvnis xisti, makompensi-
rebeli, saxsriani da drekadi quroebi; 2) samarTi quro 
saSualebas gvaZlevs SevaerToT an ganvacalkevoT 
lilvebi erTmaneTisagan manqanis muSaobis procesSi an 
gaCerebisas. aRniSnul jgufs ekuTvnis muStebiani da 
friqciuli quroebi; 3) TviTmarTvadi quro avtomaturad 
asrulebs erT-erT Semdeg funqcias: a. gadasacemi mabruni 
momentis SezRudva (damcveli quro); b. momentis gadacema 
mxolod erTi mimarTulebiT (gamswrebi quro); g. CarTva 
an amorTva mocemuli siCqaris dros (centridanuli quro).  

quros SerCeva da susti rgolebis SemowmebiTi 
gaangariSeba unda movaxdinoT saangariSo momentiT: 

cxrnomsaang TKTT ≤= , sadac 425,1=K  muSaobis reJimis 

koeficientia, damokidebulia manqanis daniSnulebaze da 
muSaobis maxasiaTeblebze, Tnom lilvze moqmedi 
nominaluri momentia. 

CamoTvlili sami jgufidan gavecnoY TiTo magaliTs. 
1. xisti quro gamoiyeneba RerZebisa da lilvebis 

gadasabmelad, rodesac maT moeTxovebaT geometriuli 
RerZebis maRali sizustiT dacentreba. xisti quroebiT 
gadabmuli RerZebi da lilvebi muSaoben, rogorc erTi 
mTliani, amitom quros, garda mgrexi momentisa, SeuZlia 
miiRos mRunavi momenti, ganivi da RerZuli datvirTvebi. 

yvelaze martivi konstruqcia aqvs milisur quros. igi 
mzaddeba foladis an Tujisagan milisis saxiT 1, romelic 
SeerTebulia lilvebTan konusuri wkirebis 2 (nax. 95) 
SeerTebiT; uaryofiTi mxarea daSlis sirTule. daSlisa-
Tvis aucilebelia quros lilvis gaweva quros sigrZis 
toli manZiliT. 
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quro gamoiyeneba erTnairi 
diametris mqone lilvebis 
SesaerTeblad. quros zomebi 
SeirCeva lilvis diametris 

mixedviT: dD 6,1≈ ; dL 45,3= . 
SerCeuli zomebi unda akma-
yofilebdes grexaze simtki-
cis pirobas: 

[ ] [ ]grsaanggr τβτ ≤−= )1(5 43DT  

sadac Dd=β . 

2. muStovandiskuri quro (nax. 96) Sedgeba ori 
naxevarqurosagan 1,2, rom-
lebsac torsul zedapi-
rebze gakeTebuli aqvT 
prizmuli Rrmulebi da 
Sualeduri diskosagan 3, 
romelsac torsul zeda-
pirebze aqvs TiTo priz-
muli Sverili, isini erTmaneTis mimarT sxvadasxva 
zedapirebze marTobuladaa ganlagebuli. quros akrebisas 
diskos Sverilebi jdeba naxevarquroebis RarebSi. naxe-
varquroebi lilvebTan dakavSirebulia sogmanebis saSua-
lebiT. 

quros zomebi SeirCeva standartidan gadasacemi saan-
gariSo momentis Tsaan mixedviT. quros SerCevis Semdeg 
Sverilebi unda Semowmdes Telvaze. Sverilze Zabva 
nawildeba  samkuTxedis  formiT  (nax. 97),  romlis fuZe  

L 

1 2 

nax. 95 

nax. 96 

1 
3 2 

h 

Ft 

h 

0,
8D

 

D 

Ft 

nax. 97 
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Sverilis simaRlis tolia Dh 3,0= , sadac D – quros 
diametria. mabruni momenti udris 

][12,0 2 phDT = . 

faqtiuri xvedriTi wneva _ 

][)(8 2 phDTp ≤≈ saang . 

3. damcveli quroebi 
gamoiyeneba zRvruli mo-
mentis gadasacemad, manqa-
nis mwyobridan gamosvlis 
Tavidan acilebis mizniT, 
rodesac mosalodnelia 
gadatvirTva an momentis 
cvalebadoba. 

umartivesi damcveli 
quroa quro gadasaWreli 
wkiriY (nax. 98). foladis 
wkiriT 1, romelic Casmu-
lia nawrTobi foladis 

milisaSi 2, aerTebs naxevarquroebs 3,4. mabruni momenti 
erTi naxevarqurodan meores gadaecema wkiris saSualebiT. 
gadatvirTvis SemTxvevaSi wkiri gadaiWreba, ris gamoc 
amyoli lilvis brunva Sewydeba. moZraobis ganaxlebi-
saTvis aucilebelia wkiris Secvla. 
 

Tavi 6 
 

6.1. zambarebi. zogadi cnebebi. geometriuli 
  parametrebi da gaangariSeba  

 

drekadobis gamo zambarebi farTod gamoiyeneba 
sxvadasxva xelsawyoebsa da manqanebSi, kerZod: dartymisa 
da vibraciis STanTqmisaTvis (amortizatorebi da sxv.); 
manqanebis nawilebis erTmaneTze damWeri da damWimi 
Zalebis Sesaqmnelad (friqciuli gadacemebi, muxruWebi 
da sxv.); energiis dasagroveblad, raTa SemdgomSi igi 
gamoyenebuli iqnes rogorc Zrava (saaTis meqanizmebSi); 
Zalis sididis gasazomad (dinamometrebSi da sxva sazom 
xelsawyoebSi). konstruqciis mixedviT mravalnairia. 

D
1 

d 

1 2 4 3 

nax. 98 
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yvelaze didi gavrceleba hpova wriulprofilianma 
cilindrulma zambarebma. zambarebs amzadeben maRal-

naxSirbadovani da legi-
rebuli foladebisagan. 

wriulkveTiani mavTu-
lidagan daxveuli ci-
lindruli zambarebis 
ZiriTadi parametrebia 
(nax. 99): d – mavTulis 
diametri; Dg da D –zam-
baris gare da saSualo 
diametrebi; t – zambaris 
biji; −= dDC   zambaris 

indeqsi; −α xviis asvlis 
kuTxe; L0 – gaSlili zam-
baris sigrZe (zambaris 
sakavis gareSe). zambaris 
damyoloba pirdapir pro-
prorciulia indeqsis, 

romelic SeirCeva mavTulis diametris mixedviT 124=C . 
muSaobis procesSi xviis nebismier kveTSi aRiZvreba 

RerZis mimarTulebiT moqmedi F Zala da momenti 

2FDM = , romlis veqtori zambaris simetriis RerZis 

marTobulia. davSaloT F Zala ganiv αcos1 FF =  da grZiv 

αsin2 FF =  mdgenelebad. M momentis daSlisas zambaras 

xviis RerZuli xazis mimarTulebiT da mis marTobulad 

xviis ganivkveTSi aRiZvreba mgrexi 2cosαFDT =  da 

mRunavi 2sinαFDM =R  momentebi. radgan kuTxe °< 1210α , 

mRunavi mometi (MR) sakmaod mcire sididisaa, vidre 
mgrexi momenti (T), amitom gaangariSebis gamartivebisa-
Tvis iTvaliswineben mxolod mgrex moments. gaangariSebas 
awarmoeben grexis simtkicis pirobis mixedviT: 

].[)(8)(8 23
grgr τππτ ≤== dKCFdKFD  

zambaris daproeqtebisas mavTulis diametri –  

][6,1 grτKCFd ≥ , 

t

d 

D 

M 

T 
F2 

F1 F 

MR 

Dg 

nax. 99 
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sadac )34()24( −+= CCK . 

d-s ricxviTi mniSvneloba unda Seesabamebodes specia-
lur-sazambare mavTulis standarts. 

zambaris saSualo da gare diametrebi: 

                        ;CdD =  

                        dDD +=g . 

zambaris sigrZis cvalebadoba (Cajdoma) ganisazRvreba 
zambarebis sixisteze gaangariSebidan: 

),(8 3 GdzFC=λ  

sadac G zambaris masalis Zvris modulia (foladebisa-
Tvis G =80000 mpa). 

muSa xviaTa ricxvi –  

)8( 3FCGdz λ= . 

kumSvaze momuSave zambarebisaTvis xviaTa mTliani 
ricxvi  

25,10 += zz . 

maqsimalurad datvirTuli zambarisaTvis xviebs 
Soris minimaluri RreCo –  

zλ)2,01,0(=Δ . 

maqsimalurad datvirTuli zambaris biji _  

Δ++= dzt λ . 

xviebis urTierTSexebamde SekumSuli zambaris sigrZe _ 

.)5,0( 0 dzL −=  

dautvirTavi zambaris sigrZe _ 

)(0 dtzLL −+= . 

zambaris dasaxvevad saWiro mavTulis sigrZe _ 

απ cos0Dzl = . 

 
 

Tavi 7. korpusuli nawilebi 

 

korpusuli nawilebi ganixileba reduqtoris korpusis 
(an siCqaris kolofis) magaliTze. reduqtori ewodeba  
agregats, romlis Sedgenil korpusSi moTavsebulia 
modebiTi gadacema da gamoiyeneba: kuTxuri siCqaris 
Sesamcireblad da mabruni momentis gasadideblad. 
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gadacemis safexurebis mixsedviT reduqtorebi gvxvdeba 
erT, or da mravalsafexuriani. 

reduqtoris (nax. 100) ZiriTadi nawilebia: 

  
nax. 100 

 
korpusi 1 da korpusis saxuravi 2, romlebic erTma-

neTTan SeerTebulia WanWikebis 3, qanCebis 4 da konusuri 
wkirebis 5 saSualebiT. korpusis saxuravs zeda nawilSi 
aqvs gadacemis dasaTvalierebeli da zeTis Casasxmeli 
marT-kuTxa formis naxvreti. naxvretis saxuravze 6, 
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romelic WanWikebiT 7 magrdeba korpusis saxuravze, 
mowyobilia sasule 8. aqvea xraxnkuTxviliani naxvretebi, 
romlebSic Caxraxnilia rimWanWikebi 9. maTi saSualebiT 
reduqtori gadaitaneba erTi adgilidan meoreze. 

korpusi aRWurvilia zeTis donis sazomiT 10 da 
zeTis gamosaSvebi xraxnkuTxviliani naxvretiT, romelSic 
Caxraxnilia sacobi 11, agreTve naxvretebiani TaTebiT, 
romliTac WanWikebis gamoyenebiT reduqtori magrdeba 
CarCoze an fuZeze. 

SexebaSi myofi zedapirebis da sakisrebis cveTis Sem-
cirebis mizniT iyeneben SezeTvas, amisaTvis reduqtoris 
karterSi asxamen zeTs, warmoiqmneba zeTis abazana. 

SezeTvisaTvis gamoyenebuli zeTis saWiro siblante 
damokidebulia gadacemaSi moqmed datvirTvasa da kbila-
nebis wriul siCqareze. zeTis siblante miT ufro meti 
unda  iyos,  rac  ufro  metia  kbilanebis datvirTva da 
mcire maTi wriuli siCqare. yvelaze didi gamoyeneba aqvs 
mineralur industriul zeTebs, romelTa siblantea 30...60 
mm/wm. swrafmaval gadacemebSi iyeneben dabali siblantis 
zeTebs. mZimed datvirTul reduqtorebSi, roca 5≤v  m/wm, 
iyeneben mZime industriul zeTebs. 
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