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warmodgenilia merqnis da merqnuli masalebis dammuSavebeli 

Carxebis, saCarxo sistemebis da instrumentebis saerTo teqnikuri cnobebi, 
Carxebis klasifikacia jgufebis mixedviT, teqnologiuri da 
konstruqciuli sqemebi, mowyobilobebi. moyvanilia konstruqciebis 
variantebi, teqnologiuri da konstruqciuli parametrebi. aRwerilia 
Carxebis muSaobisaTvis aucilebeli ZiriTadi da damxmare meqanizmebi da 
mowyobilobebi. mocemulia teqnologiuri gaangariSebebi eqspluataciis 
pirobebTan dakavSirebiT, agreTve teqnologiisa da mowyobilobebis 
Tanamedrove mdgomareoba da ganviTarebis perspeqtivebi. 

naSromSi ganxilulia merqnuli masalebis WriT damuSavebis 
sakiTxebi, kerZod mocemulia kinematikuri da dinamikuri Tanafardobani 
Wrisas, Wris procesis Teoriuli da eqsperimentuli kvleva, damuSavebis 
xarisxi, damuSavebis sizuste da sisufTave. 
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specialobis mimarTulebis bakalavrebis, magistrantebis da doqtoran-
tebisaTvis, aseve daxmarebas gauwevs merqnisa da merqnuli masalebis 
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praqtikuli sakiTxebis gadaWraSi. 
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Sesavali 

 
bolo periodSi merqnis da merqnuli masalebis dasamu-

Savebelma Carxebma da instrumentebma, romlebic Setanilia 
teqnikuri umaRlesi saswavleblebis saxelmZRvaneloebSi, 
ganicades SesamCnevi progresi teqnologiaSi da merqnis 
meqanikuri damuSavebis teqnikaSi. 

teqnikuri moTxovnebis kompleqsis gaTvaliswinebiT 
racionaluri struqturis sapovnelad da gasaumjobeseb-
lad mniSvnelovani konstruqciuli cvlilebebi ganicades 
mrudwiruli rTulprofiliani detalebis dasamuSaveblad, 
meqanikuri, hidromeqanikuri da eleqtrohidromeqanikuri 
moTvalTvale sistemebiT aRWurvilma makopirebelma Carxebma 
da saCarxo sistemebma, CarCoxerxebma, lentaxerxiani, 
merqnis teqnologiur nafotad dasaqucmacebelma farTo-
lentebianma saxerxma Carxebma da sxva. mniSvnelovnad 
gaizarda maTi mwarmoeblobis parametrebi, agreTve 
meqanizaciisa da avtomatizaciis done. 

aRniSnuli cvlilebebisa da gaumjobesebebis gaTvalis-
winebiT da, arsebuli meToduri mosazrebebidan gamomdi-
nare, Carxebis da saCarxo sistemebis Seswavlis principi 
Camoyalibebulia ara konstruqciuli naxazebidan, aramed, 
ganzogadoebuli da gamartivebuli sqemebis mixedviT, 
romlebic iZlevian warmodgenas manqanis teqnologiuri da 
saerTo konstruqciuli arsis Sesaxeb, rac students 
damatebiT aZlevs meqanizmebis da mowyobilobebis muSaobis 
principebisa da konstruqciis gaanalizebis saSualebas. 
aRniSnuli gamarTlebuli da Sepirobebulia imiTac, rom 
xangrZlivdeba saswavlo masalis daZvelebisagan dacva, 
imis miuxedavad, moxdeba Tu ara Carxebis modelebis 
daZveleba da axliT Secvla. am mosazrebebiT saxelmZR-
vaneloSi, Carxebis tipebis TiToeuli jgufisaTvis Camoya-
libebulia teqnologiur-konstruqciuli sakiTxebis komp-
leqsi. ganxiluli TiToeuli jgufis Carxebisa da saCarxo 
sistemebis mocemuli klasifikacia uzrunvelyofs zomebis 
farTo tip-zomebis farTo mocvas tipiuri modelis 
ganzogadoebuli ganxilvis bazaze. 

konstruqciuli aRweris garda, mocemulia racionaluri 
Wris da miwodebis siCqareebis gansazRvris meTodebi, 
aucilebeli saWiro simZlavris, teqnologiuri dawnevis da 
im pirobebis, romlebic uzrunvelyofen damuSavebis maRal 
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xarisxsa da sizustes, optimalur mwarmoeblobas, 
daregulirebis meTodebsa da samuSaos marTvas. statikisa 
da dinamikis zogierTi Zaluri maxasiaTeblebis garkveva 
dakavSirebuli Carxebis specifiuri muSaobis pirobebTan, 
miznad isaxavs aixsnas dinamikisa da statikis zegavlena 
manqanaSi warmoqmnil procesebze. 

doqtorantebisa da magistrantebisaTvis saxelmZRvane-
loSi Setanilia Carxebisa da saCarxo sistemebis axali 
sqemebis analizi da maTi marealizebeli mimyoli 
meqanizmebisa da mowyobilobebis kvlevis sakiTxebi: meTo-
debisa da meTodikebis damuSaveba, maTematikuri da 
dinamikuri gamokvleva, romelTa mizans warmoadgens 
racionaluri struqturis povna da misi calkeuli 
rgolebis parametrebis dadgena. 

saxelmZRvanelo Sedgenilia specialobis _ `merqnuli 
masalebis damuSaveba~ programis mixedviT da qveyndeba 
pirvelad. gaTvaliswinebulia da mxedvelobaSia miRebuli 
is sakiTxebi, romlebic gamoyenebulia merqnuli masalebis 
WriT damuSavebis saxelmZRvaneloebSi. didi adgili aqvs 
daTmobili avtorebis mier Seqmnili da damuSavebuli 
Carxebis da saCarxo sistemebis sqemebis analizs da maTi 
marealizebeli mimyoli meqanizmebisa da mowyobilobebis 
kvlevis sakiTxebs, sadac gamoyenebulia maT mier gamoqvey-
nebuli samecniero Sromebi. aRniSnuli Sromebis simravlis 
gamo gadawyda saxelmZRvanelo momzaddes sam tomad. aqedan 
pirvel tomSi mocemulia xisdammuSavebeli Carxebis saerTo 
monacemebi, kerZod ganxilulia zolura da lentaxerxiani, 
agreTve mrgvalxerxiani Carxebis konstruqciebi, muSaobis 
– eqspluataciis principebi da maTi teqnologiuri gaanga-
riSebebi. saxelmZRvanelo gankuTvnilia merqnuli masale-
bis damuSavebis mimarTulebis umaRlesi profesiuli ganaT-
lebis, bakalavrebis, magistrantebis da doqtorantebi-
saTvis. 

winaswar vuxdiT madlobas yvela im pirs, vinc 
gamogvexmaureba Cvens gamocemasTan dakavSirebiT. 

gamoZaxilebi da SeniSvnebi gamoagzavneT misamarTze: 
Tbilisi, kostavas 70, stu, I korpusi, satransporto da 
manqanaTmSeneblobis fakulteti, satyeo-teqnikuri departa-
menti. 

 

             avtorebi 
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Tavi I 

Carxebis konstruqcia da merqnis 

meqanikuri damuSavebis meTodebi 

1.1. merqnis da merqnuli masalebis Carxebze 
 meqanikuri damuSavebis teqnologiuri 

principebi 
  

meqanikuri damuSavebis dros merqnis pirveladi nedleu-
lisagan an merqnuli masalebisagan (fanera, filebi da 
merqnuli plastikatebi) Rebuloben gansazRvruli zomebis, 
formebis da xarisxis detalebsa da nakeTobebs, agreTve 
awyobil kvanZebsa da nakeTobebs aZleven saboloo formas 
da zomebs. 

damuSavebis procesebis mravalsaxeobaze, dasamuSavebeli 
namzadebis da miRebuli produqciis  saxeebisa da zomebis, 
agreTve xisdammuSavebeli mowyobilobebis saerTo xasiaTze 
dayrdnobiT ganixileba merqnis WriT damuSavebis saerTo 
teqnologiuri sqema moridan saboloo produqciamde. 

mors aqvs wakveTili konusis aramrgvali kveTis forma 
wowebiT (saSualod 1-3 m), Cveulebriv damaxinjebuli grZivi 
mrudwirulobiT, korZebiTa da gamsxvilebebiT wowebis 
mokveTis areSi. zomebi (diametri 14-50 sm da meti, sigrZe 
2,5-7 m, masa 50-700 kg), rTuli forma da defeqtebi rokebis, 
damplobis da sxva saxiT gansazRvraven moris pirveladi 
damuSavebis teqnologias da damamuSavebeli Carxebis 
ZiriTad maxasiaTeblebs, agreTve satransporto da 
damtvirTav-ganmtvirTav saSualebebs. 

morebi rig SemTxvevebSi eqvemdebareba gaqerqvas. qerqs 
acileben xe-tyis gadamamuSavebel qarxnebSi. qerqis winaswari 
moxsnis mizandasaxuloba dakavSirebulia saWrisebis dab-
lagvebis SemcirebasTan, misi Semdgomi damuSavebis dros 
moris mineralebiT dabinZurebuli gare zonis mocilebis 
saSualebiT; garda amisa gaqerqili merqani iZleva qerqiT 
narCenebs burbuSelis, naxerxis da CamonaWrebis saxiT, 
romlebic Semdgom gamoiyeneba rogorc meoradi nedleuli 
celulozis, merqnis fqvilis da dawnexili filebis 
warmoebisaTvis. 

garkveuli  damuSavebis Semdeg mori SeiZleba gamoyene- 
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buli iqnas boZebis misaRebad, romlebic gamoiyeneba 
sainJinro konstruqciebSi. 

nax. 1.1-ze warmodgenilia merqnis meqanikuri damuSavebis 
saerTo teqnologiuri sqema. 

isari I gviCvenebs morebis damuSavebas nawilebad 
dayofis gareSe, isari II damuSavebis teqnologiur sqemas 
mokle naWrebad dayofis dros da isari III damuSavebis 
sqemas ficrebad da Zelebad gamoWris dros. 

gauqerqavi 1 an gaqerqili 2 Rero SeiZleba gamoiCarxos 
3. samSeneblo miznisaTvis masSi iReben naxevradwriul 
kiloebs 4, awarmoeben oTxkantian damuSavebas an CamoWras 
5, xolo boloebSi asruleben kodur amoWrebs 6 kuTxiT 
Sesakvrelad. 

morebis didi zomebis gamo mocemuli teqnologiiT damu-
SavebisaTvis saWiroa mZime saCarxo mowyobiloba, romelic 
Zireulad gansxvavdeba analogiuri mowyobilobisagan, 
romlis daxmarebiTac muSavdeba mokle wvrili Zelebi. 

imave sqemaze II isriT naCvenebia meqanikuri damuSavebis 
procesebis jgufi moris sigrZeSi mokle nawilebad (kotre-
bad) winaswari daxerxviT, romelTa sigrZe Cveulebrivad 
Seadgens 0,5-3 m. 

kotrebs xerxaven Spalebad 8 an firfitebad, agreTve 
awarmoeben mis pobas sxvadasxva daniSnulebis namzadebad 9. 

ganivi randvis gziT kotrisagan Rebuloben mosapirke-
Tebel Spons, an taris ficars 10 da 11, xolo grZivi 
randviT – merqnis SesafuT burbuSelas 14. 

axdiT 12, romlis drosac mbrunavi kotri iWreba daniT, 
iSleba furclad, rogorc qaRaldis ruloni, Sedegad 
miiReba 1-5 mm sisqis axdili Sponi. 

axdil Spons Wrian makratliT formatiseul furc-
lebad romlebidanac awebeben Sewebil faneras 13 an sxva 
saxis fenovan merqans. mosapirkeTebel garandul Spons 
Wrian da aSalaSineben grZiv wiboebze, Semdgom saWiro 
siganis furclebis saxiT dasawebeblad. 

furclovan masalebs – garandul Spons, dawebebul 
faneras, merqanboWkovan filebs amuSaveben WriT, maT Soris 
tvifriT amokveTiT figuruli nakeTobebis misaRebad. 

isari III gviCvenebs meqanikuri damuSavebis procesebis 
jgufs, moris winaswari grZivi daxerxvis gziT daxerxili 
masalis misaRebad. amasTan Rebuloben Camouganav ficrebs 15, 
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       nax. 1.1. Carxebze merqnuli masalebis meqanikuri 
               damuSavebis saerTo teqnologiuri sqema 
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orkantian Zelebs 16 da nagverdulebs 17. orkantian Zelebs 
zogjer amuSaveben samkuTxa kilos da qimis 18 warmoqmniT. 
ufro xSirad Zelebs Wrian an or naSur kantze 21, an 
xerxaven Camoganil ficrebad 22. 

Camouganavi ficrebi moris gaxerxvis Sedegad warmoad-
gens nedleuls sxvadasxva warmoebisaTvis an daixerxeba 
Camoganil ficrebad 19. amis Semdeg darCenili lartyebi 20 
daixerxeba wvril Tamasebad. 

nagverdulebs (yuaficrebi) ufro meti gamoyenebisaTvis 
Wrian (anawileben) Txel ficrebad 17. nagverdulebs da 
wvril lartyebs xSirad aqucmaceben sanafotebel manqaneb-
ze. teqnologiur nafotad celulozis, merqanburbuSe-
lovani filebis da merqanboWkovani filebis sawarmoeblad. 

daxerxil masalebs Camoganil an Camouganavi ficrebis 
saxiT gamoWrian siganeze 24 an sigrZeze 25 mokle Zelur 
namzadebad, romlebic iseve, rogorc zogierT SemTxvevaSi 
Camoganili ficrebi 23 miewodebian  Carxebze saWiro ganivi 
kveTis formirebisaTvis 27, zusti zomebiT da sufTa 
zedapiriT. 

Zeluri detalebisaTvis (sigrZiT 300-2000 mm, sigrZiT 10-
120 mm da sisqiT 10-80 mm) gaTvaliswinebulia boloebis 
damuSaveba kotebis an yunwebis saxiT 28, zusti datorsva 
swori an iribi kuTxiT an momrgvalebuli torsis 29 
warmoqmniT, yuTiseburi sworebiT, mercxliskuda formis 
da dakbiluli Sesapirispirebeli kotebis 30 formiT. 
budeebi (kiloebi), agreTve mrgvali naxvretebi 31 dama-
xasiaTebelia mniSvnelovani raodenobis detalebisaTvis. 

Zeluri namzadebi gamoiyeneba agreTve saxarato Carxebze 
brunviTi sxeulebis 32 detalebis misaRebad cilindruli 
an fasonuri msaxvelebiT. 

detalebi da nakeTobebi, romlebic Semofarglulia 
sivrciTi mrudwiruli zedapirebiT, iqmneba moculobiTi 
kopirebis 33 gziT (aseve Rebuloben mxatvrul ornamentebs). 

calke jgufs Seadgenen brtyeli detalebi da nake-
Tobebi, Semofargluli mrudwiruli konturebiT (skamis 
ukana fexebi, ovaluri saxuravebi da a.S.). mrudwirul 
detalebs Rebuloben ori gziT – moRunviT 34 da ficrebi-
sagan mrudwirul konturze gamoWriT 35 Semdgomi mrud-
wiruli zedapirebis 36 gafrezviT. 

WriT meqanikuri bolo operacias warmoadgens detalis  
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zedapirebisaTvis sigluvis miniWeba, rac upiratesad 
xorcieldeba abraziuli elementebiT xexviT, an 0,03-0,1 mm 
sisqis burbuSelis moxsniT ciklovkis meTodiT (randviT). 

naturaluri merqnis garda, meqanikur damuSavebas gadis 
merqnuli masalebi – fanera, sadurglo, burbuSelovani, 
merqanboWkovani, merqanfenovani filebi, agreTve dawnexili 
merqani da merqnis nawilakebisagan dawnexili detalebi. am 
masalebs frezaven, burRaven, Carxaven da xexaven. 

specialur mowyobilobebze meqanikur damuSavebas 
gadian awyobili kvanZebi da nakeTobebi, romlebsac 
SeiZleba hqondeT sxvadasxvanairi formebi da zomebi. 

didi mniSvneloba SeiZina arasaqmiani merqnis an 
sawarmoo narCenebis nawilebad daqucmacebam, romlebic 
Semdeg gamoiyeneba rogorc nedleuli plastmasisa da 
filebis da, agreTve rogorc nedleulma qimiuri warmo-
ebisaTvis. 

 dasamuSavebeli merqnuli masalebis zomebisa da 
formebis, agreTve teqnologiuri procesebis da miRebuli 
produqciis formebis mravalsaxeoba asabuTebs sxvadasxva 
saxeobis saCarxo mowyobilobebis saWiro aucileblobas 
merqnis meqanikuri damuSavebisaTvis. 
 

1.2. merqnis da merqnuli masalebis 
   meqanikuri damuSavebis meTodebi 

 

merqnis meqanikuri damuSaveba xorcieldeba WriT, pobiT, 
wneviT, msxvreviT, xexviT. 

merqnis WriT damuSavebis dros kavSiri masalis nawi-
lebs Soris irRveva mkacrad mocemuli mimarTulebiT, 
roca dasamuSavebeli obieqti iyofa nawilebad burbuSelis 
warmoqmniT an mis gareSe. burbuSelad Cveulebriv 
gulisxmoben merqnis nawils, romelic saWrisiT mocilebis 
procesSi ganicdis damaxasiaTebel deformaciebs (SekumS-
vas, Seklebas, Runvas, daxleCvas). 

am TvalsazrisiT burbuSelas warmoadgenen nawilakebi, 
romlebic CamoeWrebian xerxvis, randvis, frezvis, burRvis, 
msxvrevis, daSlis, xexvis, agreTve ficarsaWrel Carxebze 
ganivi randvis dros CamoWrili Txeli ficrebi, yavris 
ficrebi da a.S. 
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merqnis nawilebi, romlebic mocilebulia makratlebiT 
an amosakveTi StampiT, arian monaWrebi. 

maTi mocilebis procesSi ZiriTadad adgili aqvs 
drekad zedapirul deformaciebs. burbuSelisa da monaW-
rebis mocilebis dros deformaciebis sxvadasxva xasiaTi 
ganapirobebs Wris burbuSelis warmoqmniT da mis gareSe 
procesebs Soris gansxvavebas.  

gapoba – merqnis gayofa fenebis mixedviT. 
cxrili 1.1 

merqnis meqanikuri damuSavebis meTodebi 

damuSavebis  
meTodi 

procesebi SeniSvna 

Wra: 
burbuSelis 
warmoqmniT 
 
uburbuSelo 
 
 
 
 
 
dapoba 
 
 
 
 
dawneva 
 
 
 
damsxvreva 

xerxva, randva, da-
Sla, frezva, burR-
va, texva, xarate-
ba, xexva 
tvifrva-amokveTa, 
makratliT an  
daniT gaWra. 
Txeli saWrisiT – 
_ firfitiT gaWra 
(vibroWra) 
soliT fenebad 
dayofa 
 
 
 
Runva, dawnexva 
 
 
 
dartymiTi damsxv-
reva, abraziuli 
cveTa (dafqva) 

procesi gamoiyeneba  
merqnis meqanikuri  
damuSavebis dros 
 
faneris da sxva furc-
lovani masalebis da- 
muSaveba. 
meTodma jer ar miiRo 
sawarmoo gavrceleba 
 
meTodi gamoiyeneba xe-
tyis damamzadebel  
warmoebaSi da iSvia-
Tad xe-tyis damuSave-
baSi 
procesebi sruldeba  
wnexebze da ekuTvnis 
specialuri warmoebis 
viwro wres 
procesebi gamoiyeneba 
plastmasis, kartonis  
da merqanboWkovani fi-
lebis warmoebis dros 

 
wneviT damuSaveba, Runvis an dawnevis gziT, cvlis 

merqnis formas. merqnis mcire plastikurobasTan dakavSi-
rebiT ukanasknelma xerxma ver miiRo sagrZnobi gavrce-
leba.  
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gansakuTrebiT dgas sakiTxi merqnis msxvrevis procesTan 
dakavSirebiT, romlis drosac nawilebad dayofa warmoebs 
ara organizebulad, nawilebis mocemuli geometriis 
dacvis gareSe, Cveulebrivad masalis ufro metad susti 
mimarTulebiT. aseT process adgili aqvs dartymiTi 
msxvrevisa da abraziuli dafqvis dros. 

cxrilSi 1.1 mocemulia merqnuli masalebis meqanikuri 
damuSavebis klasifikacia. 

miuxedavad imisa, rom Wris dros merqnis nawili 
gadaiqceva burbuSelad, am meTodis Secvla ufro progre-
sul-dawnexviT an liTonis damuSavebaSi miRebuli 
Camosxmisa da tvifrvis meTodebis gamoyenebiT garTule-
bulia, merqnis specifiuri Tvisebebisa da misi organuli 
warmoSobis gamo. 

naturaluri merqnis plastikurobis Tviseba Zalian 
dabalia, xolo maRali temperaturis dros irRveva, amitom 
merqnis bunebrivi Tvisebebis mniSvnelovani cvlilebis 
gareSe SenarCuneba SesaZlebelia merqnis WriT damuSavebis 
dros. 
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Tavi II 

Carxebis struqtura 

2.1. Carxi, rogorc muSa manqana 
  
xis damamuSavebeli mWreli Carxi, rogorc muSa manqana 

warmoadgens meqanizmebis SeuRlebas, romlebic asruleben 
aucilebel moZraobebs garkveuli samuSaos Sesasruleb-
lad. 

muSa manqanis daxmarebiT icvleba forma, zomebi, Tvise-
bebi da samuSao obieqtebis mdgomareoba. xe-tyis mWreli 
muSa manqanebi, romlebic cvlian merqnis zomebsa da 
formas, uwodeben Carxebs, im dros roca dawnexvis 
meTodiT momuSave manqanebs uwodeben wnexebs. 

damxarisxebeli an dastamwyobi manqanebi iwodebian 
ubralod manqanebad, xolo manqanebi, romlebic dasamuSa-
vebel obieqtze axorcieleben fiziko-meqanikur zemoqmedebas 
aparatebi. praqtikaSi am dasaxelebebs ara aqvT namdvili 
sazRvrebi. ase, CarCo-xerxs uwodeben Carxs, xolo zogjer 
xe-tyis saxerx manqanas; igive SeiZleba iTqvas Sponis 
mwarmoebeli damSleli manqanebi. 

Carxze (manqanaze) damuSavebis dros xdeba dasamuSa-
vebel obieqtsa da muSa organoebs Soris urTierTmoqme-
deba. 

muSa organoebi iyofa mTavar da damxmared. 
mTavari (damamuSavebeli) organoebi asruleben moZrao-

bebs, romlebic sazRvraven damuSavebis process, magaliTad 
Wras, miwodebas, xolo damxmareebi asruleben bazirebis, 
mimarTulebis, daWeris, fiqsaciis, datvirTva-gadmotvir-
Tvis, maregulireblis,  sakontrolo da sxva funqciebs, 
romlebic Tanxvdebian damuSavebas. 

muSa organoebi, iseve rogorc dasamuSavebeli obieqti, 
SeiZleba orive iyos moZravi, an erT-erTi maTgani uZravi. 
maTi urTierTmoqmedeba xorcieldeba fardobiTi moZraobis 
dros.  

meqanikuri damuSaveba xorcieldeba mxolod im SemTxve-
vebSi, Tu muSa organos mxridan moqmedeben gansazRvruli 
Zalebi, romlebic gadalaxaven dasamuSavebeli obieqtis 
teqnologiur winaaRmdegobebs. amitom urTierTmoqmedeba 
muSa organosa da dasamuSavebel obieqts Soris yovelTvis 
xasiaTdeba  ori  ZiriTadi  parametriT – kinematikuri  da  
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  nax. 2.1. xis damamuSavebeli Carxebis struqturuli sqemebi: 
  a – saerTo; b – naxevradmeqanizirebuli Carxis Semsrulebeli 
  meqanizmis; g – igive, meqanizirebuli Carxis; d – mTavari da  
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Zaluri, rac varaudobs muSa manqanaSi gansazRvruli 
kinematikisa da simtkicis meqanizmebis arsebobas. 

xis mWreli (damamuSavebeli) Carxi, rogorc yvela muSa 
manqana, Sedgeba sami meqanizmisagan: amZravi, gadamcemi da 
Semsrulebeli. 

eleqtro, hidro, pnevmo da sxva saxis amZravi meqaniz-
mebi daniSnulia muSa manqanebisaTvis mamoZravebeli 
energiis misacemad. 

gadamcemi meqanizmi gadascems moZraobas Zravadan 
Semsrulebel meqanizmamde da warmoadgens meqanikur an 
sxvadasxva tipis gadacemebs. 

Semsrulebeli meqanizmi xSirad asrulebs mxolod 
damuSavebisaTvis aucilebel (Wra an miwodeba) muSa 
moZraobebs. xolo damxmare samuSaoebi sruldeba muSis mier 
xeliT. 

 Semsrulebeli meqanizmis mTliani ganviTareba, roca 
Carxi meqanikurad awarmoebs yvela muSa operacias, 
romlebic adre iwarmoeboda muSis mier, anu operaciebs, 
romlebic aucilebelia masalis uSualo damuSavebisaTvis 
da masTan dakavSirebul damxmare samuSaoebTan damuSave-
bas mivyevarT avtomatur muSa manqanasTan. 

nax. 2.1-ze naCvenebia xis dasamuSavebeveli Carxebis 
struqturuli sqemebi. 

saerTo sqema nax. 2.1,a gviCvenebs sami mTavari meqanizmis 
aucilebel arsebobas, romelic damaxasiaTebelia yvelanair 
muSa manqanisaTvis. nax. 2.1,b sqema axasiaTebs Carxebis 
Semsrulebel meqanizms meqanizebuli miwodebiT, mxolod 
zogierTi damxmare operaciebis xeliT SesrulebiT. nax. 
2.1,d sqema gviCvenebs srulad meqanizirebuli Carxis 
Semsrulebeli meqanizmis struqturas. 

Semsrulebeli meqanizmebis moZraobebi avtomaturi 
xdeba mxolod avtomaturi marTvis meqanizmis arsebobis 
dros, rac ganapirobebs mocemul Tanmimdevrobas da am 
meqanizmebis moZraobebis urTierTkavSirs. 

 
2.2. funqcionaluri meqanizmebis saxeebi 

CarxebSi 
  
Carxis struqturaSi, rogorc muSa manqanaSi, ZiriTads 

warmoadgenen Semdegi meqanizmebi da elementebi: Wrisa da 
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miwodebis, bazirebis, damxmare moZraobebis, amZravi, gadam-
cemi, maregulirebeli an mmarTveli mowyobilobebi, 
sayrdeni elementebi da usafrTxoebis mowyobilobebi. 

ganasxvaveben Wris meqanizmebis sam ZiriTad saxes: 
brunviTi moZraobebis Spindelis saxiT (lilvebis), romlebic 
mWrel iaraRTan an dasamuSavebel namzadTan erTad ata-
reben; winsvliT-ukusvliTi araTanabari moZraobiT (CarCo-
xerxi); winsvliT-ukusvliTi Tanabari moZraobiT da rever-
sirebiT moZraobis boloebSi (faneraasaTleli Carxis 
suporti). 

miwodebis meqanizmebi. ganasxvaveben friqciuli moqme-
debis meqanizmebs mimwodebeli valcebis saxiT da konveie-
rebs, agreTve merqanze xisti uSualo moqmedebis konveie-
rebs (magaliTad, jaWvuri konveierebis sabiZgelebi) an 
suportebi, urikebi da karuseluri magidebi – maTze damag-
rebuli namzadebiT. 

moZraobis xasiaTis mixedviT miwodeba SeiZleba iyos 
Tanabari an araTanabari moZraobiT, sworxazovani da 
mrudxazovani, Caketili an Ria traeqtoriiT. 

bazirebis elementebi arian gadaadgilebis procesSi 
maorintirebeli (filebi, saxazavebi, sayrdenebi, wkirebi, 
macentrebeli mowyobilobebi da sxva), momWeri (damafiqsi-
rebeli) da mimWeri (zambaruli, hidravlikuri, pnevmatikuri 
da satvirTo-gravitaciuli moqmedebis), romlebic detalis 
muSa gadaadgilebis procesSi axorcieleben orientaciis 
ucvlelobas. 

damregulirebeli elementebi uzrunvelyofen teqnolo-
giuri elementebis zomier gadaadgilebebs (mWreli 
iaraRebis an bazirebis elementebis) damuSavebis an 
gadaadgilebis mocemul zomaze, romelic Sepirobebulia 
aucilebeli teqnologiuri dawoliT. orive SemTxvevaSi 
daregulirebis zoma ganisazRvreba gazomviT. 

mowyobilobebi daregulirebisaTvis SeiZleba iyos xeliT 
moqmedebis, meqanizirebuli da programul-distanciuri. 

damxmare funqcionaluri meqanizmebi asruleben mraval-
saxeobriv funqciebs. ufro gavrcelebulia CasatvirTi da 
gadmosatvirTi meqanizmebi da sakontrolo mowyobilobebi. 
CasatvirTi meqanizmebi igeba bunkerebis, savazneebis, kon-
veierebis, asawevi magidebis da paketebSi Camwyobebis saxiT. 
sakontrolo mowyobilobebi, akontroleben zomebs, xarisxs,  
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teqnologiur dawolebs, siCqares, zRvrul datvirTvas, 
Carxis meqanizmebis muSaobis pirobebs (sakisrebis tempera-
turas, vibraciis xarisxs da sxva). 

amZravi meqanizmebi axorcieleben miwodebis, agreTve 
bazirebis da damxmare funqcionaluri meqanizmebis da Wris 
muSa mTavar moZraobebs. 

gamoyenebuli energiis saxiT ganasxvaveben eleqtruls, 
hidravlikurs da pnevmatikur amZravebs. eleqtruli amZravi 
SeiZleba iyos erTsiCqariani, mravalsiCqariani, safexure-
biani da siCqaris uwyveti usafexuro regulirebiT. hidro 
da pnevmoamZravebs aqvT usafexuro regulireba. 

gadamcemi meqanizmebi emsaxurebian amZravi meqanizmidan 
muSa elementebze moZraobebis da Zalis gadacemas. maT 
ekuTvniT xraxnuli, kbilana, Rveduri, jaWvuri, friqciuli, 
diferencialuri gadacemebi, reduqtorebi, variatorebi, 
reversorebi. gadacemis kolofebi meqanikur gadacemebSi, 
agreTve muSa cilindrebi, mkveTara gamanawileblebi, 
wnevisa da siCqaris saregulireblebi da a.S. hidravlikur 
da pnevmogadacemebSi. 

sayrden elementebs ekuTvnian lilvebis sayrdenebi da 
specialuri magidebi. 

dgarebi CarxebSi zidaven Tavis Tavze Carxis yvela 
funqcionalur da sxva meqanizmebs maTi urTierTmoqmedebis 
SesabamisobiT; isini agreTve asruleben vibraciebis 
mimRebis da Carxis fundamentTan kavSiris rols. 

xis damamuSavebeli Carxebis dgarebi igeba upiratesad 
Camosmuli Tujisagan an foladisagan, agreTve SeduRebiT. 
am ukanasknelebs ZiriTadad iyeneben erTeuli manqanebis an 
mcire seriis damzadebis dros. Camosxmuli da SeduRebuli 
dgarebis vibraciebis miRebis-CaxSobis saSualeba erTnairia, 
Tu uzrunvelyofilia konstruqciis saTanado sixiste. 

dgarebs formis mixedviT ansxvaveben monoliTurs da 
blokurs (asawyobi); ukanaskneli damaxasiaTebelia didi da 
gansakuTrebiT agregatul CarxebisaTvis, awyobili damou-
kidebeli agregatebisagan. 

lilvebis sayrdenebi xis damamuSavebel CarxebSi 
zidaven, rogorc wesi, swrafmaval muSa Spindelebs, 
romlebisTvisac iyeneben burTulovan radialur-sabrjen 
erTrigian Spindelis sakisrebs, e.i. maRali sizustis 
kargad dabalansirebuli separatorebiT. 
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muSa lilvebis saSualo siCqareebis dros SeiZleba 
gamoyenebuli iyos orrigiani sferuli burTulovani, 
xolo mZimeebisaTvis – gorgolaWovani sakisrebi. 

iSviaTad gvxvdeba nemsiseburi gorvis sakisrebi mcire 
diametris lilvebis sayrdenebisaTvis da mcire centrTa-
Soris manZilebian sistemebSi. 

gadamcemi da sxva meqanizmebis nelsvlian lilvebs rig 
SemTxvevebSi aqvT srialis sakisrebi. 

regulirebis an marTvis meqanizmebis ZiriTadi daniSnu-
lebaa, xelis an avtomaturi, ZiriTadi dasaregulirebeli 
an reJimuli parametrebis regulireba: miwodebis an Wris 
siCqareebi, Wris kuTxeebi, damuSavebis koordinatebi 
amZravis datvirTvisagan, damuSavebis xarisxis, mrgvali 
namzadebis cvladi diametris an daxerxili masalis 
siganisagan damokidebulebiT. 

gasamarTi regulirebebi SeiZleba ganxorcieldes Ska-
lebis da siCqareTa kolofebis maCveneblebis mixedviT da 
agreTve variatorebis saxelurebis an samarTavi Rilakebis 
daxmarebiT. Cveulebriv siCqareebis regulireba (safexure-
biani) sruldeba safexurebiani borblebis, Sesacv-leli 
kbilanebis, wyvili polusebis an denis sixSiris 
eleqtruli gadarTvis saSualebiT. reJimuli parametrebis 
usafexuro regulirebisaTvis gamoiyeneba meqanikuri varia-
torebi, mudmivi denis tiristoruli marTvis saregulire-
beli eleqtro amZravebi, srialis quroebi da sxva. 

regulireba SeiZleba iyos cikluri, roca is sruldeba 
damuSavebis erTi ciklis cvladi parametrebis Sesabamisad, 
da xangrZliv droSi, roca gamoikveTeba samuSao pirobebis 
arakanonzomieri cvlilebebi, magaliTad nedleulis zomebi 
saxerx Carxebze an gare faqtorebze daqvemdebarebuli 
operaciuli mocemulobebi. 

cikluri regulirebis magaliTs warmoadgens xis saxerx 
Carxebze miwodebis siCqaris regulireba wowebis gaTva-
liswinebiT an Sponsaxdeli Carxis Spindelis brunTa 
ricxvisa da Wris kuTxeebis regulireba nedleulis 
diametris mimdinare cvlilebiT. 

cikluri regulireba SeiZleba ganxorcieldes xeliT 
an avtomaturad zusti programebis saSualebiT (muStebiT, 
TargebiT, perforuqebiT, magnituri lentebiT da sxva) an 
mimyoli sistemebiT. 
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ufro Tanamedrove avtomatebs aqvT xangrZlivi marTva 
impulsuri sistemebis saSualebiT da, optimaluri paramet-
rebis amoxsniT specialur eleqtronul mmarTvel mowyo-
bilobebze, eleqtro-gamomTvleli manqanebis gamoyenebiT. 
 

2.3. Carxebis kinematikuri struqtura da 
sqematuroba 

 

Carxebis Semsrulebeli rgolebi axorcieleben iaraRis 
an dasamuSavebeli namzadis gansazRvruli moZraobis 
uSualo gadacemas. 

Semsrulebel rgolebs Soris kinematikur kavSirs 
ewodebaT Siga kinematikuri kavSirebi, xolo am rgolebis 
kavSirs moZraobis wyarosTan – gare kinematikuri kavSiri. 

kinematikuri kavSirebi Sedgebian erTi an ramodenime 
meqanikuri, hidravlikuri, eleqtruli da sxva kinematikuri 
jaWvebisagan. 

nax. 2.2,a naCvenebia reismusis Carxis kinematikuri 
struqturis sqema, sadac Wris Semsrulebeli moZravi 
rgoli – daniTi lilvi 1 dakavSirebulia uZrav rgolTan 
Siga kinematikuri kavSiriT, romelsac warmoadgenen 
lilvis sakisrebi. gare kinematikuri kavSiria lilvidan 1 
Zravamde 3 gadacema. am Carxis miwodebis Semsrulebel 
meqanizms aqvs agreTve ubralo Siga kinematikuri kavSiri 
moZravi rgolis mimwodebeli lilva-kis 4 uZrav rgolTan 
– warmodgenili sakisrebiT 5. 

gare kinematikuri kavSiri warmodgenilia Zravidan 6 
mimwodebel lilvakamde 4 gadacemebiT. am jaWvSi aris 
meqanikuri marTvis 7 saregulirebeli rgoli siCqareTa 
yuTis saxiT da, saregulirebeli rgoli eleqtruli 
marTvis 8 orsiCqariani eleqtro Zravis saxiT. 

kinematikuri struqturis sqema gviCvenebs Carxis 
meqanizmebs Soris saerTo kavSirebis sqemas, magram ar 
iZleva mis dawvrilebiT daxasiaTebas. 

kinematikuri kavSirebis dawvrilebiT daxasiaTebas meqa-
nikuri, hidravlikuri, pnevmatikuri da eleqtruli kavSi-
rebis dros iZlevian Sesabamisad maTi kinematikuri sqemebi.  

nax. 2.2,b mocemulia reismusis Carxis kinematikuri sqema, 
romelic gviCvenebs amZravisa da Wris miwodebis meqaniz-
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mebis elementebis konstruqciul xasiaTs da raodenobriv 
parametrebs. 

    nax. 2.2. reismusis Carxis kinematikuri struqtura da 
       sqematuroba: a – kinematikuri struqturis sqema; b – kine- 
       matikuri sqema; g – teqnologiuri sqema; d – eleqtruli 
       sqema; I – Wris Zravas sistema; II – miwodebis Zravis sqema; 
       III – gaSvebis da blokirebis sistema; B1, B2 _ avtomaturi 
       gamomrTvelebi; K1 – K4 _ magnituri gamSvebi; P1, P2 _ denis 
       Tburi releebi; M1 _ Wris meqanizmis Zrava; M2 _ miwodebis 
       meqanizmis Zrava (orsiCqariani) samkuTxedidan ormag  
       varskvlavaze gadarTviT; Tp _ transformatori; П11- П13 _ 
       damcvelebi; KH1- KH8 _ marTvis Rilakebi 
 

teqnologiuri sqema gadacemis jaWvebis sqemebisagan 
gansxvavebiT gviCvenebs muSa, mimwodebeli, bazirebis, 
mimWeri da sxva elementebis dasamuSavebel obieqtTan 
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urTierTqmedebas, rac uzrunvelyofs damuSavebis procesis 
normalur mimdinareobas da Carxebis maRalxarisxovan 
sawarmoo da usafrTxo muSaobas. reismusis Carxis 
teqnologiur sqemaze (nax. 2.2,g) naCvenebia dasamuSavebeli 
detali 1, romelic magidaze 2 bazirebulia simaRleSi 
xraxnebiT 4 regulirebadi gorgolaWebiT 3. miwodeba 
xorcieldeba wina 5 da ukana 6 valecebiT, romelTa 
dawola uzrunvelyofilia zambarebiT 7. 

kargi damuSaveba uzrunvelyofilia namzadis saimedo 
bazirebiT da vibraciis gamoricxviT, rac xorcieldeba 
wina 8 da ukana 9 mimWerebis dawolis Zalis regulirebiT 
da gasawyobi simaRliT, agreTve wina mimWeris RrubeliT 
burbuSelis alagebiT. burbuSelis damuSavebis zedapirze 
CaTelvisagan damuSavebis zonis gadaRobva warmoebs ukana 
mimWeris amreklavi kedliTa da saCexiT 10, romelic faravs 
xvrels ukana mimwodebeli lilvakis win. 

muSaobis usafrTxoeba miiRweva danis lilvis 11 
saxuraviT gadaRobviT, samuxruWe lartyebis 12 mowyobi-
lobiT, romlebic abrkoleben detalebis Carxidan 
gamosrolas, mimwodebeli valcebis gadaRobviT specia-
luri zemofargvliT, romlebic agreTve icaven xelebis da 
tansacmlis mimwodebel valecebSi moxvedras. 

reismusis Carxis eleqtruli sqema (nax. 2.2, d) iZleva 
eleqtrodenis komunikaciebze dacvisa da avtoblokirebis 
CarTvis saSualebebze warmodgenas. 

 
 

 
 
 
 
 
 
 
 
 
 

 

 



 21 

Tavi III 

Carxebis klasifikacia 

3.1. ZiriTadi sakvalifikacio kategoriebi 
 

damuSavebis mravalferovneba, dasamuSavebeli masalebis 
forma da zomebi, sizuste da damuSavebis sisufTave, 
kinematikuri niSan-Tvisebebi, erTdroulad dasamuSavebeli 
elementebis raodenoba, universalobis xarisxi, speciali-
zacia da avtomatizacia warmoadgenen Carxebis sakvalifi-
kacio niSan-Tvisebebs (nax. 3.1). 

gavrcelebis xarisxis an zogadi daniSnulebis 
mixedviT, ganasxvaveben farTo gavrcelebis an saerTo 
daniSnulebisa da specialuri warmoebis Carxebs. 

pirvelebs aqvT gamoyeneba sxvadasxva warmoebebSi, maga-
liTad mrgvalsaxerxi an saburRi Carxebi. 

magaliTad sakasro an sakoWe, damaxasiaTebelia mxolod 
mocemuli warmoebisaTvis. 

universalurobis an specializaciis xarisxis mixedviT, 
ansxvaveben universalur, specializirebul da specialur 
Carxebs. 

universalur Carxebs xasiaTisa da zomebis mixedviT 
SeuZliaT Seasrulon sxvadasxva samuSaoebi. universaluri 
Carxis magaliTad SeiZleba davasaxeloT xeliT miwodebis 
safrezi Carxi, romelzedac SeiZleba Sesruldes brtyeli, 
profiluri, mrudwiruli, kotasaWreli, sakopiro safrezi 
da sxva mTeli rigi samuSaoebi. 

arseboben farTouniversaluri Carxebi, romlebic aRWur-
vilia sxvadasxva universaluri mimarTulebiT sabruni 
SpindelebiT da agreTve mowyobilobebiT, rac iZleva 
saSualebas masze Sesruldes saxerxi, safrezi, saburRi da 
sxva samuSaoebi. 

specializirebuli Carxebi (magaliTad kotasaWreli) 
asruleben mxolod gansazRvrul damuSavebas, romelTa 
zomebi SeiZleba Seicvalos asawyobis saSualebiT. 

dasamuSavebeli detalis da mWreli iaraRis miwodebis 
fardobiTi gadaadgilebis xasiaTis mixedviT Carxebi iyofa 
or jgufad: cikluri-detalis an saWrisis wyvetili 
gadaadgilebiT da gamWoli-detalis uwyveti gadaadgilebiT. 
TiToeul jgufs aqvs saxeebi da sxvadasxva saxeobebi. 



 22 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

miwodebis moZraobis traeqtoriis 
mixedviT 

Spindelebis ricxvis mixedviT 

erTi da 
mravalpoziciuri 

xis damamuSavebeli Carxebi 

saerTo daniSnulebis gavrcelebis xarisxis mixedviT specialuri warmoebis 

ciklo-gamavali 

erTdroulad Sesrulebuli 
detalebis mixedviT 

ubralo 

kombinirebuli 

sakopire  

universaluri universalurobis mixedviT specializirebuli  

erTi da 
mravalnakadiani  

mravaloperaciuli 
da mravalmxrivi  

cikluri merqnis gadaadgilebis xasiaTis 
mixedviT 

specialuri  

poziciuri 
erTdroulad dasamuSavebeli 

detalebis mixedviT 

gamavali  

erToperaciuli 
da erTmxrivi 

erTSpindeliani 

Caketili 

araCaketili 

mravalSpindeliani 

sworxazovani 
mrudxazovani 

2
2
 

 



 23 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CarCoxerxebi 

xerxianebi 

burbuSelis warmoqmniT 

teqnologiuri Sinaarsis mixedviT 
moZravi  

cikluri 
naxevradavtomatebi 

meqanizaciis saxisa da xarisxis 
mixedviT naxevradmeqanizi-

rebuli 

gamoyenebis xerxis mixedviT 

pnevmatikuri  

kompoziciis xasiaTis mixedviT 

avtomatizaciis xarisxis mixedviT 

hidroficirebuli  

meqanizirebuli 

erTi da mravalopera-
ciuli avtomatebi  

agregatuli  

gansakuTrebiT zusti 
gazrdili sizustis  

individualuri 
kompoziciis 

samuSaos sizustis mixedviT 

stacionaluri 

dabali da saSualo 
sizustis 

burbuSelis warmoqmniT gareSe 

lenturi 

mrgvalxerxiani 

safrezi 

profiluri 

sakopire 

kotamWreli 

saburRi 

satexi 

saxarato 

asaxdeli 

sarandavi 

saxexi 

damqucmacebeli 

danebi da 
makratlebi 

amomkveTi 

uburbuSelo 

nax. 3.1. xisdamamuSavebeli Carxebis saklasifikacio sistema 
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cikluri Carxebis daxmarebiT (nax. 3.2, a-v) damuSaveba 
SeiZleba warmoebdes detalis poziciaze gaCerebis dros – 
poziciuri Carxebi (nax, 3.2, a) an misi moZraobis dros, e.i. 
roca detali gadis mWreli iaraRis gverdis avliT –
Carxebi ciklurgamavalia (nax. 3.2, b). Tu damuSaveba xdeba 
poziciazec, da gadaadgilebis drosac, Carxebs ewodebaT 
ciklur-kombinirebuli an poziciur-ciklurgamavali (nax. 
3.2, g, v). 

 
nax. 3.2. cikluri da gamavali Carxebis sqemebi: 

  a – erTpoziciuri cikluri saburRi; b – ciklurgamavali 
  erTpoziciuri satorsi mravaladgiliani; g – igive, oropera- 
  ciuli sators-saburRi; d – orpoziciuri saburRi; e – mraval- 
  poziciuri oTxSpindeliani saburRi; v – oTxSpindeliani  
  kombinirebuli ciklurgamavali, Caketili wriuli moZraobiT; 
  z – gamavali erTSpindeliani (reismusi); T – gamavali samS- 
  pindeliani wriuli, Caketili moZraobiT; i – sakorpe gamavali  
  erTSpindeliani Caketili wriuli moZraobiT  
 

ciklur Carxebze SeiZleba operaciebis TanmimdevrobiTi 
an paraleluri Sesruleba. pirvel SemTxvevaSi es Carxebi 
erTpoziciuria, radganac detals poziciaze SeuZlia 
miewodos  mxolod  wina detalis gavlis Semdeg (nax. 3.2, 
a, b, g). 
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operaciebis paraleluri (erTdrouli) Sesrulebis Car-
xebisaTvis SeiZleba maTi droSi damTxveva. detali am 
SemTxvevaSi ikavebs ramodenime poziciis, xolo Carxebs 
ewodebaT mravalpoziciuri (nax. 3.2, d, e, v). 

gamavali Carxebi aris Cveulebrivi da sakopire. gamaval 
CarxebSi detalebi erTmaneTis miyolebiT, uwyvet nakadad, 
damuSavebis mimarTulebiT miewodebian mWrel iaraRze (nax. 
3.2, z, T). 

sakopire CarxebSi uwyvetad moZravi detalebi muSav-
debian mWreli iaraRebiT, romlebsac kopirisagan aqvT 
damatebiTi miwodeba detalis moZraobis perpendikula-
ruli mimarTulebiT (nax. 3.2, i). gamavali Carxebi ciklurTan 
SedarebiT ufro maRalmwarmoeblia. 

erTdroulad dasamuSavebeli detalebis (sagnebis) an 
nakadebis raodenobisagan damokidebulebiT cikluri Carxebi 
iyofa erTadgilian da mravaladgilian Carxebad, xolo 
gamavali – erT da mravalnakadurad. 

damuSavebis dros gamoyenebuli Spindelebis raodeno-
bis mixedviT ganasxvaveben erT da mravalSpindelian 
Carxebs. 

detalis moZraobis formis mixedviT Carxebi arian 
Caketili (nax. 3.2, v, T, i) an Ria (nax. 3.2, e, z), sworxazovani 
an wriuli formis moZraobiT. 

Carxebze Sesrulebuli operaciebis raodenobis mixedviT 
ganasxvaveben erT da mravaloperaciul Carxebs. SeiZleba 
iyos agreTve erTi- ori da mravalmxriani Carxebi detalze 
dasamuSavebeli gverdebis ricxvidan gamomdinare. 

meqanizaciis saxisa da xarisxis mixedviT ganasxvaveben, 
meqanizirebuls, hidroficirebuls, pnevmaturs, naxevrad-
meqanizirebuls da mTlianad meqanizirebul (avtomatebi) 
Carxebs. 

naxevradmeqanizirebul Carxebs meqanizirebuli aqvT 
mxolod mTavari muSa moZraoba (magaliTad, Carxebi xelis 
miwodebiT). Carxebs, romlebsac meqanizirebuli aqvT mTavari 
da damxmare moZraobebi, magram ara aqvT avtomaturi marTva, 
ewodebaT mTlianad meqanizirebuli Carxebi an nawilobriv 
meqanizirebuli, Tu meqanizirebulia am moZraobebis nawili. 

avtomatizaciis  xarisxis  mixedviT ganasxvaveben naxev- 
radavtomatebsa da avtomatebs – erToperaciulebs da mra-
valoperaciulebs. 
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nax. 3.3.  Carxebis teqnologiuri klasifikacia

Ca
r
Co

x
er

x
eb

i 

g
r
Zi
vs

af
r
ez

i 

l
en
t
ax

er
x
ia
ni
 

mr
g
va
l
x
er

x
ia
ni

 

s
af

r
ez

i 

s
af

r
ez

i 

s
ak
o
pi
r
e 

ko
t
as

aW
r
el

i 

s
ar

an
d
av
i 

s
at

ex
i 

s
ax

ar
at

o
 

as
ax

d
el

i 

s
ar

an
d
av
i 

s
ax

er
x
i 

f
ir

f
it

iT
 

W
r
iT

 

g
an
iv
s
ax

er
x
i 

xis damamuSavebeli Carxebi 

burbuSelis moxsnis 
gareSe muSaobiT 

 

burbuSelis moxsniT 
 

ma
kr

at
l
eb
i 

d
a 
d
an
eb

i 
 

s
ax

ex
i 

d
as

aq
u
c
ma
c
eb
el

i 

qe
r
qs

aW
r
el

i 

mr
av
al

o
pe
r
ac

iu
l
i 

2
6
 

 



 27 

naxevradavtomatebs nawili, xolo avtomatebs yvela 
mTavari da damxmare cikluri operaciebi avtomatizire-
bulia e.i. sruldeba meqanikurad, garkveuli Tanmimdevro-
biTa da formiT, avtomaturi marTvis saSualebebisagan 
damokidebulebiT. 

naxevradavtomatebs uwodeben agreTve ciklur Carxebs, 
romlebic operaciebis kompleqss asruleben mxolod erTi 
ciklis farglebSi. 

Carxebis xazSi gaerTianebis dros, saerTo avtomaturi 
marTviT, yalibdeba avtomaturi xazi an manqanaTa sistema. 

kompoziciis xasiaTis mixedviT ganasxvaveben indivi-
dualur da agregatul Carxebs. agregatulebi awyobilia 
calkeuli TavisTavadi, xSirad normalizebuli kvanZebisa 
da agregatebisagan (Zaluri TviTmoqmedi an ubralo muSa 
Spindelebisagan-Tavebisagan, miwodebis meqanizmebisagan, 
fiqsaciis meqanizmebisagan, amZravisagan da a.S.). 

Carxebis agregatireba normalizebuli agregatebisagan 
(kvanZebisagan) warmoadgens progresul meTods sxvadasxva 
daniSnulebis Carxebis gamosaSvebad. 

damuSavebis sizustis mixedviT Carxebi SeiZleba iyos 
dabali sizustis (H-klasi), saSualo sizustis (C-klasi), 
maRali sizustis (П-klasi), gansakuTrebiT zusti (O-klasi). 

gamoyenebis mixedviT Carxebi arian stacionaluri, 
romlebic dayenebulia mudmiv saZirkvelze da gadasaadgi-
lebeli-moZravi Tvliani an muxluxa svliT. 

Sesasrulebeli samuSaos teqnologiuri Sinaarsis 
mixedviT Carxebis klasifikacia mocemulia nax. 3.3, sadac 
xis damamuSavebeli Carxebi gayofilia Sesasrulebeli Wris 
procesis niSnis mixedviT. 

 
3.2. Carxebis indeqsacia 

 
Carxebs miekuTvneba nomrebi an indeqsaciebi, romlebic 

axasiaTeben tips da models. 
xis damamuSavebel CarxmSeneblobaSi miRebulia asosebri 

indeqsacia, Semdgari Carxis dasaxelebis tipis an saxis 
sawyisi asoebisagan (pirveli aso aRniSnavs tips, xolo 
meore da mesame – ZiriTad niSans). asoebis Semdeg moyole-
buli cifrebi axasiaTeben Carxis ZiriTad parametrebs an 
modelis momdevno nomers, magaliTad: PД 75-3-orsarTuliani 
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CarCo 75 sm-is RioiT, mesame aris modeli; ЛС 80 – lenturi 
sarandavi Carxi 80 sm SkiviT; ЦКД-4 – wriuli nawiluri 
(grZivi)  Carxi konveieruli miwodebiT, meoTxe modeli; ЦТ-
4 wriuli torsuli (ganivi) Carxi, meoTxe modeli; Ф-4 – 
safrezi Carxi, meoTxe modeli. 

cifruli indeqsacia gamoyenebulia liTonsaWrel 
Carxebze. mis safuZvelSi Cadebulia ЭНИМС-is numeraciis 
cxrili, mxolod farTo gavrcelebis CarxebisaTvis daniS-
nulebiT. cxrili dayofilia vertikalurad da horizon-
talurad 10 nawilad. vertikaluri cifrebi vertikalurad 
– aris ZiriTadi tipebis nomrebi, xolo horizontalurad – 
Carxebis ZiriTadi niSnebis nomrebi. mesame da meoTxe 
niSnebi adastureben Carxis xasiaTsa da parametrebs da 
mieniWeba Cveulebrivad damamzadebeli qarxnis mier. es 
indeqsacia ufro metad srulyofilia, radganac ufro 
mkacrad asaxavs klasifikaciis saerTo teqnologiur prin-
cipebs. 

xis damamuSavebeli CarxebisaTvis SeiZleba gamoyenebuli 
iyos analogiurad Sedgenili numeraciis cxrili. 
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Tavi IV 

 

merqnuli masalebis WriT damuSaveba 

 

teqnologia berZnuli sityvaa da niSnavs moZRvrebas 

xelovnebaze. teqnologia aris garkveuli wesiTa da Tanmim-

devrobiT ganxorcielebuli operaciebis erToblioba, 

romelTaganac Sedgeba masalis, nakeTobis damuSavebis 

procesi. 

arsebobs teqnologiia ori saxe: qimiuri da meqanikuri. 

meqanikuri teqnologia Seiswavlis merqnis masalis gareg-

nuli formis cvlilebas da fizikur procesebs. teqnolo-

giis am saxes ekuTvnis merqnis Runvis, texis, tvifrvis ope-

raciebi, romelTa drosac ar irRveva boWkoebs Soris kav-

Siri. 

iseTi operaciebi, rogoricaa merqnis danamceceba, poba 

da Wra ekuTvnis meqanikur teqnologias da mimdinareobs 

boWkoebs Soris kavSiris rRveviT. 

merqnis qimiuri teqnologia aris teqnologiuri pro-

cesi, romlis drosac icvleba TviT merqnis nivTierebis 

Tviseba (magaliTad, spirtis, skipidaris miReba da sxv.). 

merqnis meqanikuri teqnologiis ZiriTadi operaciaa 

Wra. 

 

4.1. Wris procesis ganmarteba 

 

Wris procesis mizania dasamuSavebeli obieqtidan gan-

sazRvruli formisa da zomebis nakeTobis an detalis 

miReba. nakeToba SemosazRvruli unda iyos mocemuli zeda-

pirebiT, risTvisac saWiroa dasamuSavebeli obieqtidan 

moixsnas misi arawaxazuli nawili, romelic Wris procesSi 

gadadis burbuSelaSi (nax. 4.1). amrigad, Wra aris iseTi 

teqnologiuri procesi, romlis drosac dasamuSavebeli 

obieqtidan unda moixsnas misi nawili solisebri saWrisis 

zemoqmedebiT, raTa miviRoT saWiro formis da zomis 

nakeToba. 
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dasamuSavebeli obieqtis aseTi 

gayofa SesaZlebelia solisebri 

formis masalis gamoyenebiT. 

umravles SemTxvevaSi Wris 

procesis dros miRebuli burbuSela 

iTvleba narCenad, magram aris merqnis 

Wris procesis iseTi SemTxveva, roca 

burbuSelis miReba aris damuSavebis 

mizani, am SemTxvevaSi narCeni iqneba 

merqnis is nawili, romelic darCa 

burbuSelis moxsnis Semdeg. 

 

4.2. Wrisa da miwodebis moZraoba 

 

Wris procesis gansaxorcieleblad saWiroa saWrisis da 

dasamuSavebeli obieqtis urTierTfardobiTi moZraoba. 

im SemTxvevaSi, rodesac saWrisi erT sibrtyeSi 

moZraobs uZravad damagrebuli merqnis mimarT, misi mWreli 

wibo qmnis damuSavebis zedapirs. xSirad saWiroa merqnidan 

moixsnas sakmaod didi nawili (nax. 4.2, a, b, g, d). vinaidan 

saWrisis Wris unari ver uzrunvelyofs erTi gavliT 

merqnidan CamoWras mTeli mosaxsneli nawili, amitom saWiro 

xdeba misi CamoWra ramde-

nime gavliT. saWrisis yovel 

gavlaze mis mier merqnidan 

CamoiWreba nawili an bur-

buSela. burbuSela ewodeba 

merqnis im nawils, romelic 

CamoiWreba dasamuSavebeli 

obieqtidan saWrisis erTi 

gavliT. merqnis es nawili 

Zalze mcirea da misi 

zomebi damokidebulia 

saWrisis Wris unarze. 

Wris procesis (nax. 4.2) 

SemTxvevaSi saWiroa Sesru-

lebul iqnas ori moZraoba – pirveli saWrisis an dasamu-

nax. 4.1. Wris procesis 

sqema 

masalix  

mosaxsneli  

nawili 

namzadi 

a 
v 

nax. 4.2. burbuSelis moxsnis 

Tanmimdevroba 

1-li Wra 

me-1 Wra 

n-uri Wra 
n-uri burbuSela 

1-li burbuSela 
me-2 burbuSela 

a 

d g 

b 
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Savebeli obieqtis ramdenimejer perioduli moZraoba da 

meore, maTi damatebiTi gadaadgileba, romelic ar emTxveva 

pirvels. saWrisis an dasamuSavebeli obieqtis absolutur 

moZraobas, romelic uzrunvelyofs erTi burbuSelis 

CamoWras, Wris moZraoba ewodeba. 

saWrisis an dasamuSavebeli obieqtis absolutur 

moZraobas, romelic uzrunvelyofs TanamimdevrobiT axal-

axali burbuSelis CamoWras, miwodebis moZraoba ewodeba. 

 

4.3. traeqtoria 

 
Wrisa da miwodebis moZraoba xorcieldeba erTdrou-

lad an sxvadasxva dros. Tu es moZraobebi xorcieldeba 

sxvadasxva dros, maSin yovel mocemul momentSi adgili 

aqvs erT-erT maTgans. 

traeqtorias, romelsac aRwers saWrisis mWreli piri 

an dasamuSavebeli obieqtis Sesabamisi wertilis Wris moZ-

raobisas Wris traeqtoria ewodeba. 

traeqtorias, romelsac aRwers saWrisis mWreli piri 

an dasamuSavebeli obieqtis Sesabamisi wertili miwodebis 

moZraobisas, miwodebis traeqtoria ewodeba. 

roca Wrisa da miwodebis moZraoba xorcieldeba erT-

droulad, maSin saWrisis mWreli piris da dasamuSavebeli 

obieqtis urTierTmimarT gadaadgileba xdeba fardobiT, 

anu namdvili Wris traeqtoriaze. moZraobas, romelsac 

axorcielebs saWrisis mWreli piri am traeqtoriaze, aris 

fardobiTi, anu namdvili Wris moZraoba. 

 

4.4. siCqare 

 

Wris siCqare ewodeba drois erTeulSi saWrisis mWreli 

piris an dasamuSavebeli obieqtis Sesabamisi wertilis 

gadaadgilebas Wris traeqtoriaze. 

Wris siCqare aRiniSneba V asoTi, misi ganzomilebaa m/wm. 

miwodebis siCqares uwodeben drois erTeulSi saWrisis 

mWreli piris an dasamuSavebeli obieqtis Sesabamisi werti-
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lis gadaadgilebas miwodebis traeqtoriaze. igi aRiniSneba 

U asoTi, xolo ganzomilebaa m/wT. 

davuSvaT, Wris procesSi 

Wrisa da miwodebis moZrao-

bebi mimdinareobs erTdrou-

lad, romelTa siCqareebi 

mocemul momentSi aris V da 

U (nax. 4.3). 

Tu SevkribavT siCqareTa 

veqtorebs geometriulad, 

miviRebT jamur veqtors Vu, 

romelic aris fardobiTi, 

anu Wris namdvili siCqaris veqtori. saWrisis mWreli 

piris moZraobis siCqare Wris namdvil a-b traeqtoriaze 

Tanamedrove xis damamuSavebel CarxebSi mniSvnelovnad 

aRemateba miwodebis siCqares, amitom kuTxe V-sa da Vu-s 

Soris Zalian mcirea, ris gamoc Wris namdvili siCqare 

umniSvnelod gansxvavdeba Wris siCqarisagan, rac 

saSualebas gvaZlevs Wris traeqtoria CavTvaloT Wris 

namdvil traeqtoriad, xolo Vu-s nacvlad aviRoT V 

sidide. im SemTxvevaSi, Tu fardoba 
V

U
 ar aris mcire 

sidide, maSin aseTi daSveba SeuZlebelia. 

 

4.5. burbuSelisa da saWrisis geometria 

 

burbuSelisa da saWrisis geometria ewodeba maTi 

formis, xazobriv da kuTxur sidideTa erTobliobas. 

nax. 4.4-ze mocemulia sworkuTxa paralelepipedis formis 

dasamuSavebeli obieqti, romlis damuSaveba xdeba solisebri 

saWrisis saSualebiT. Wris procesSi burbuSelis moxsnis 

Semdeg vRebulobT axal zedapirs, romelsac Wris 

zedapiri ewodeba da romelzec Zevs saWrisis mWreli piris 

nebismieri wertilis namdvili traeqtoria. Cvens SemTxvevaSi 

Wris zedapiria 4.3 naxazze abgd, romelic izrdeba saWrisis 

nax. 4.3. siCqareebi Wrisas 

b 

a 

Wris WeSmariti  

traeqtoria  

U 

Vu 

V 
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gadaadgilebasTan erTad da sabolood miiReba mTliani 

Wris zedapiri. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 4.4. elementaruli Wris sqema 

 

mosaxsneli burbuSelis fena (Tu ar CavTvliT aRunul 

nawils) SemosazRvrulia garedan evzT da Signidan bikg 

sibrtyeebiT. saerTod ki es zRvruli sibrtyeebi Wris 

zedapirebia, romlebic wamoiqmna burbuSelis wina fenis 

moxsniT. amitom geometriuli TvalsazrisiT burbuSela 

aris masalis nawili, romelic moTavsebulia wina da mom-

devno Wris zedapirebs Soris. 

burbuSelis nominaluri l sigrZe ewodeba Wris namdvili 

traeqtoriis sigrZes, romelic moTavsebulia burbuSelis 

konturis sazRvrebSi. moxsnili burbuSelis konturis 

sazRvrebSi. moxsnili burbuSelis faqtiuri sigrZe Cveu-

lebriv mcirea nominalurTan SedarebiT Seklebis gamo. 

burbuSelis nominaluri b sigane ewodeba Wris zedapirsa 

da burbuSelis gverdiTi zedapirebis gadamkveT xazebs 
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Soris manZils. moxsnili burbuSelis sigane SeiZleba iyos 

meti nominalur zomasTan SedarebiT burbuSelis ganivi 

gafarToebis gamo. 

burbuSelis nominaluri h sisqe mocemul wertilSi 

ewodeba wina da momdevno Wris zedapirebs Soris moTavse-

bul manZils, romelic gazomilia am wertilSi miRebuli 

zedapiris normaze. moxsnili burbuSelis faqtiuri sisqe 

Cveulebriv metia nominalurTan SedarebiT ganivi gafarTo-

ebis gamo. naxazze solisebri saWrisis wibo mn 

gadaadgildeba aikd sibrtyeze, romelic ai da kd xazebis 

perpendikularulia, xolo namdvili Wris Vu veqtori, Wris 

V siCqaris tolia da mWreli piris marTobulia. 

saWrisis zedapirs, romelzec Wris dros burbuSela 

gadaadgildeba, saWrisis wina waxnagi ewodeba – mnop. 

saWrisis zedapirs, romelic mimarTulia Wris zedapiris 

mxares, saWrisis ukana waxnagi ewodeba – mnJr. 

mpr da noJ zedapirebi saWrisis gverdiTi waxnagebia. 

saWrisis waxnagebi urTierTgadakveTisas warmoqmnian wiboebs: 

mTavar mWrel wibos, ani mWrel pirs – mn, wina gverdiT 

wiboebs – mp da no da ukana gverdiT wiboebs – mr da nJ. 

saWrisis geometriuli elementebia: Wris ukana, alesvis 

da wina kuTxeebi. 

Wris kuTxe ewodeba saWrisis wina waxnagsa da Wris 

zedapirs Soris moTavsebul kuTxes, romelic aRiniSneba  

asoTi. 

ukana kuTxe ewodeba saWrisis ukana waxnagsa da Wris 

zedapirs Soris moTavsebul kuTxes, romelic aRiniSneba  

asoTi. 

alesvis kuTxe ewodeba saWrisis wina da ukana waxnagebs 

Soris moTavsebul kuTxes, romelic aRiniSneba  asoTi. 

wina kuTxe ewodeba saWrisis wina waxnagsa da saWrisis 

mWrel pirze Wris zedapiris marTobulad aRmarTul 

sibrtyes Soris moTavsebul kuTxes, romelic aRiniSneba  

asoTi. 

aRniSnuli kuTxeebi izomeba saWrisis mWreli piris – 

mns perpendikularulad gavlebul stu sibrtyeSi. 
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naxazidan Cans, rom 

  ; 

  90 . 

 

4.6. elementaruli Wra. elementaruli Wris niSnebi 

 

merqani rTuli anatomiuri aRnagobisaa, romelsac 

gansxvavebuli fizikur-meqanikuri Tvisebebi gaaCnia, amitom 

merqnis Wra sakmaod rTuli procesia. misi SeswavlisaTvis 

umjobesia daviyvanoT igi Wris martiv procesamde. Wras, 

romelic aRar eqvemdebareba gamartivebas, elementaruli 

Wra ewodeba. igi xasiaTdeba oTxi niSniT: 

pirveli niSani. Wra xorcieldeba saWrisis mxolod 

erTi wiboTi da amasTan mWreli wibos, anu mWreli piris 

sigrZe dasamuSavebeli obieqtis sigane metia (nax. 4.4). 

saWrisis wina da ukana waxnagi brtyelia, Wris da ukana 

kuTxe ki mudmivi mWreli piris mTel muSa sigrZeze. 

saWriss, romelic akmayofilebs am moTxovnebs, solisebri 

forma aqvs da elementaruli saWrisi ewodeba. 

Wras, romelic xorcieldeba elementaruli Wris 

pirveli niSniT, Ria Wra ewodeba. warmoebaSi Ria Wra 

xorcieldeba saarmaturebeli da sarandi CarxebiT. ufro 

xSiria daxuruli Wris SemTxvevebi, rodesac burbuSelis 

moxsnaSi monawileobs 2 an 3 mWreli piri. am SemTxvevaSi 

saWrisis mTavari mWreli piris sigrZe dasamuSavebeli 

masalis sigane naklebia. aseT Wras rTuli ewodeba. 

meore niSani. saWrisis nebismieri wertilis traeqtoria 

sworxazovania, saWrisis siCqare mudmivia da mWreli piri 

saWrisis moZraobis mimarTulebis perpendikularulia (nax. 

4.5). 

mesame niSani. burbuSelis sisqe mudmivia rogorc 

siganis, aseve Wris mimarTulebiT (nax. 4.4). 

meoTxe niSani. Wris mimarTuleba garkveuli kuTxiT 

orientirebulia boWkoebis mimarTulebasTan. 
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4.7. boWkoebis gadakveTis kuTxe 

 

boWkoebis gadakveTis  kuTxe aris kuTxe boWkoebis 

mimarTulebasa (burbuSelisaken) da Wris V siCqaris mimar-

Tulebas Soris. rodesac 

 90 , mimdinareobs Wra (nax. 

4.6, a) Sris gaswvriv. am 

SemTxvevaSi SeiZleba adgili 

hqondes burbuSelis atkeCas, 

romelic Wris zedapiris 

xarisxze gavlenas ar axdens. 

rodesac  90 ,mimdinareobs 

Wra Sris sawinaaRmdegod, 

romelic iwvevs CanatkeCebs 

Wris sibrtyis qvemoT da 

auaresebs Wris zedapiris 

xarisxs (nax. 4.6, b). anatkeCis 

da CanatkeCis Tavidan 

asacileblad gamoiyeneba mimWeri xundi 

 
4.8. rTuli Wra 

 
Wras, romelic Tundac erTi niSniT mainc gansxvavdeba 

elementaruli Wrisagan, rTuli Wra ewodeba. rTul Wras 

ekuTvnis TiTqmis Wris yvela procesi, mag., elementaruli 

Wrisagan gansxvavebiT, romlis drosac warmoiqmneba erTi 

Wris zedapiri (Ria Wra) (nax. 4.7, a), rTuli Wris dros aris 

SemTxvevebi, roca warmoiqmneba erTi (nax. 4.7, b) – naxevrad 

ERia Wra an ori gverdiTi Wris zedapirebi (nax. 4.7, g) – 

daxuruli Wra. 

nax. 4.8, a-ze mocemuli gvaqvs randvis procesi, romelic 
Seesabameba elementaruli Wris pirvel niSans – Wia Wras. 
nax. 4.8, b-ze mocemuli gvaqvs rTuli Wris procesi 
(frezva), rodesac mbrunavi lilvi danebiT xsnis burbu-
Selas namglisebri profiliT (cikloiduri burbuSela).  

nax. 4.8, a-ze naCvenebi randvis procesis dros warmo-

iqmneba erTi da imave h sisqis burbuSela, radgan  kuTxe 

V 

Q 

V  >90 

V 

Q anatkeCi a 

 <90 

CanatkeCi 

nax. 4.6. a – Wra Sris gaswvriv,  

 < 90; b – Wra Sris  

sawinaaRmdegod,  > 90; 

b 
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nax. 4.7. Wris sqemebi: a – Ria Wra; b – naxevrad Ria Wra; 

b – daxuruli Wra 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 4.8. randvisa da frezvis sqemebi: a – randva boWkoebis 

gaswvriv; b – frezva;  

a b g 

1 

2 

4 
 

cc 

h
 

L=l 

 

e 

5 

V 

6 

2 

b 

3 

2 

4 

3 

1 
1 

4 
3 

8 

7 

u 

 =90 v 

в 

 

б 

а 

e 

 

e = c 
e 
 

д 

 

 

 

y 

 
 

k 

d 

h
 

 

D 

R+y 

H
 

R – h 
k 

O 

 

W
r
is

 w
r
ex

az
i 

C = Uz u 

n
 b
r
/w
T
 

V m/wm 

 Cmax = Uzmax 

U m/wT 

U m/wT 

C = Uz C = Uz C = Uz C = Uz lkon 

L lkon 

lmax 

 

a) 

b) 
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Wris siCqaris mimarTulebasa da miwodebis siCqaris mimar-

Tulebas Soris aris mudmivi da toli 90.  kuTxes kine-

matikuri Sexvedris kuTxes uwodeben. 

Tu kinematikuri Sexvedris  kuTxe icvleba 0-dan maq-

mde (nax. 4.8, b), miiReba cvalebadi sisqis burbuSela. 
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Tavi V 

Wrisas gasaTvaliswinebeli merqnis ZiriTadi 

Tvisebebi 
 

nebismieri masalis Wris dros mimdinareobs rTuli 

meqanikuri, fizikuri da fizikur-qimiuri procesebi, 

romlebic rTul urTierTkavSirSi imyofebian, ros gamoc 

gaZnelebulia Wris procesis saerTo analizuri Teoriis 

Seqmna. 

Wris procesis analizuri Teoria merqnis masalisaTvis 

garTulebulia agreTve im garemoebis gamoc, rom igi 

warmoadgens anizotropul masalas, garfa amisa, fizikur-

meqanikuri Tvisebebi erTi da imave merqnisaTvis, zrdis 

xangrZlivobis sxvadasxva periodisaTvis moris sigrZis 

sxvadasxva adgilebSi sakmaod did farglebSi icvleba. 

 

5.1. merqnis araerTgvarovani agebuleba. anizotropia 

 

merqani aris masala, romelsac aqvs araerTgvarovani 

agebuleba 3 urTierTmarTob sibrtyeSi (ix. nax. 5.1). 

torsuli (tr) – xis tanis perpendikularuli, radialuri 

(rd) – xis tanis RerZze da radiusze gamavali da 

tangencialuri (tg) – radialuri da torsuli sibrtyeebis 

perpendikularuli. 

merqani aris rTuli ujredovani cocxali organizmi, 

rad ganapirobebs mis zrdas. masSi yovelwliurad 

warmoiqmneba ujredis axali Sreebi (adreuli da gviani 

merqani). merqnis sam urTierTmarTob sibrtyes Seesabameba 

sami mTavari mimarTuleba: I – RerZuli, torsuli sibrtyis 

marTobuli; 

II – radialuri, tangenciuri sibrtyis marTobuli; 

III – tangenciuri, radialuri sibrtyis marTobuli. 

merqani warmoadgens anizortopul masalas, rac niSnavs, 

rom mas gaaCnia sxvadasxva mimarTulebis sxvadasxva 

Tvisebebi, magaliTad, wiflis merqnis xleCaze droebiTi 

winaRoba radialur sibrtyeSi Seadgens 35-38 kg/sm2, xolo 

tangenciur sibrtyeSi – 62-120 kg/sm2. 
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merqani aris agreTve orTotropuli masala, e.i. sami 

urTierTperpendikularuli mimarTulebis I, II, III, misi Tvi-

sebebi mkveTrad gansxvave-

bulia. maSasadame, merqani 

aris anizotropul-orTot-

ropuli masala, boWkovani – 

Sriani sxvadasxva ujre-

dovani agebulebiT. merqnis 

es Taviseburebani kidev 

ufro arTulebs erTiani 

Wris Teoriis sakiTxebis 

gadawyvetas. merqnis Wris 

Teoriis sakiTxebis gadawy-

vetas arTulebs is garemoe-

bac, rom merqnis sxvadasxva 

jiSebs gaaCniaT sxvadasxva 

meqanikuri Tvisebebi, rom-

lebic damokidebulia merqnis 

zrdis pirobebze da struq-

turul mravalferovnebaze, 

agreTve imaze, Tu merqnis 

romeli nawilidanaa aRebu-

li nimuSi, kintidan Tu 

wverodan, cilis nawilia Tu 

gulisa da sxv. 

ase. magaliTad, droebiTi winaRoba kumSvaze boWkoebis 

gaswvriv fiWvisaTvis aris 250-650 kg/sm2, muxisaTvis – 450-

625 kg/sm2, rac zemoTqmuli debulebis naTeli dadas-

turebaa. 

merqnis Wris TeoriaSi miRebulia Semdegi pirobiTi 

aRniSvnebi:  _ torsuli Wra, II – grZivi Wra, # _ ganivi 

Wra.  

 

 

 

 

 

  nax. 5.1. merqnis agebulebis sqema:  

  a – xis tanis Wrili, b – ZalTa  

  moqmedebis sami ZiriTadi  

          mimarTuleba 

 

rad 

rad=1000 
 kg/sm2 

tang. tang=13200 
 kg/sm2 

rad=3600 
 kg/sm2 11 

rad.mimarT 
 

a) 

b) 

I 

II 

III 

tg 

tangenc. 
mimarT 

R xis 
tanis 

hd 
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Tavi VI 

ZiriTadi kinematikuri da dinamikuri 

Tanafardobani Wrisas 

merqnis Wra sami ZiriTadi mimarTulebiT 

 

merqnis WriT damuSavebisas ganixileba Wris sami Ziri-

Tadi SemTxveva. 

 

6.1. torsuli Wra  

 

torsuli Wra  ewodeba Wris iseT saxes, rodesac 

burbuSelis moxsna mimdinareobs boWkoebis marTobulad. am 

SemTxvevaSi saWrisi A gadaadgileba boWkoebis marTobul 

sibrtyeSi (nax. 6.1, a, b). am SemTxvevaSi ganxilulia Wris 

procesi absoluturad basri saWrisiT ( 45 , 0 , 

1l mm), sadac ugulebelyofilia yvela is movlena, romelic  

nax. 6.1. torsuli Wra: a – burbuSelis warmoqmna,  

b – Zalebis cvalebadobis diagrama 
 

mimdinareobs gayofis zedapiris qvemoT (deformacia da 

xaxuni), mxolod gaTvaliswinebulia P Zalis zrda swori 

xazis kanoniT. P aris normaluri Zala, romliTac wina 

waxnagi zemoqmedebs merqanze, xolo P1 da P2 Sesabamisad 

misi Semdgenebia. P1 Wris Zalaa, romelic Wris siCqaris (V) 

paraleluria. P2 Zala moqmedebs burbuSelaze da iwvevs 

misi elementis xleCas boWkoebis gaswvriv. rodesac es 

P P2 
A 

v 
 

B 

P1 l 

P 

Pmax 

v 

    

   

a) b) 
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ukanaskneli miaRwevs mrRvev sidides, burbuSelis elementi 

ixliCeba da yvela Zala nulamde ecema. Semdeg iwyeba meore 

elementis warmoqmna, Sesabamisad izrdeba P, P1 da P2 

Zalebi saWrisis merqanSi SeWris sididis mixedviT. 

nax. 6.1, b-ze naCvenebia Wris Zalebis sididis cvlileba. 

diagramaze daStrixuli samkuTxedis farTobebi gamosaxavs 

muSaobas, romelic burbuSelis TiToeuli elementis 

moxsnaze ixarjeba. 

 

6.2. Wra boWkoebis ganivad – ganivi Wra # 

 

ganivi Wra ewodeba burbuSelis moxsnas saWrisiT, 

romlis mWreli piri boWkoebis 

paraleluria. saWrisi gadaad-

gileba boWkoebis sibrtyeSi 

maTi mimarTulebis marTobu-

lad. am SemTxvevaSi Wris zeda-

pirze miiReba amonaglejebi 

(nax. 6.2, a, b, g). 

burbuSelis sisqe e da Wris 

kuTxe  mniSvnelovan gavlenas 

axdens deformaciis xasiaTsa 

da mis sidideze.  

Wris sibrtyis qveda amo-

nagleji miiReba imis gamo, rom 

boWkoebis mikroelementebs aqvT 

garkveuli simtkice da Wris 

Zalis gazrdis SemTxvevaSi 

maTi gadaWrisaTvis saWiro Zala 

metia, vidre qvemoT mdebare 

naklebad susti elementebis 

mowvetaze, amoglejaze saWiro 

Zala. amitom ganivad Wris dros 

xdeba burbuSelis gamoyofa 

mowyvetiT da amoglejiT. am 

SemTxvevaSi damuSavebuli zeda-

  

nax. 6.2. Wra boWkoebis ganivad:  

  a – burbuSelis warmoqmna; 

  b – boWkoebis cvalebadobis  

   diagrama; g – burbuSelis 
       warmoqmnis sqema 

P P2 

A 

l 

 

B 

P1 l 

P 
Pmax 

v 
2 

 

1 

3 

 

a) 

b) 

l 

4 
A 

B 

g) 
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piri miiReba aradamakmayofilebeli sisufTavis da igi 

damokidebulia  Wris kuTxeze,  boWkoebis gadakveTis 

kuTxeze, V Wris siCqareze, e burbuSelis sisqeze da sxva 

mraval faqtorze. 

nax. 6.2, b-ze naCvenebia Wris Zalis cvalebadobis 

grafiki, saidanac Cans, rom saWrisis  manZilze gadaad-

gilebisas Wris Zala izrdeba, xolo l  manZilze gadaad-

gilebisas – nulis tolia. es ubani iqneba burbuSelis 

amoxleCis ubani. torsuli Wris SemTxvevaSi 0l , e.i. 

saWrisis gadaadgilebas Wris Zalis gareSe adgili ara 

aqvs. aRsaniSnavia agreTve is garemoebac, rom rogorc Wris 

Zala, aseve Wraze daxarjuli muSaoba ganivi Wris SemT-

xvevaSi naklebia, vidre torsuli Wrisas. 

 

6.3. Wra boWkoebis gaswvriv – grZivi Wra II 

  

grZivi Wra ewodeba burbuSelis moxsnas saWrisiT, 

romlis mWreli piri boWkoebis perpendikularulia da 

gadaadgildeba boWkoebis sibrtyeSi maTi mimarTulebis 

paralelurad. 

grZivi Wrisas (nax. 6.3, a) P Zalis  sididiT zrdis 

Sesabamisad warmoiqmneba winmswrebi bzari da saWrisis 

Zalian mcire i  gadaadgilebis dros burbuSelis elemen-

tis anatkeCi l)1210(   sigrZis, ris Semdeg Wris Zala ecema 

nulamde (nax. 6.1, b) da saWrisi gaivlis (10...12) )( il   

manZils muSaobis dauxarjavad, ris Semdegac procesi 

Tavidan meordeba. Wris Zalis winaRobebi torsuli, grZivi 

da ganivi Wris SemTxvevebSi Seefardeba, rogorc 6:3:1, 

xolo muSaobaTa fardoba saTanadod iqneba 15:1,5:1. SeiZleba 

es monacemebi mTlianad zusti ar iyos, magram aqedan 

naTlad Cans, Tu ra didi mniSvneloba aqvs merqnis 

damuSavebisas boWkoebis mimarTulebas. merqnis grZivi Wris 

dros SeiZleba miRebul iqnas 3 formis burbuSela: 

spiraluri, mravalkuTxa-texili da wyvetili. 
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nax. 6.3. grZivi Wra: a – burbuSelis warmoqmna; b – Zalebis 

cvalebadobis diagrama 

 

spiraluri burbuSela warmoiqmneba im SemTxvevaSi, 

rodesac misi sisqe 0,1-0,2 mm-ze naklebia. am SemTxvevaSi 

Wris kuTxis sidides mniSvneloba ara aqvs (nax. 6.4, a, b). 

 

 
nax. 6.4. grZivi Wrisas warmoqmnili spiraluri burbuSela: 

a – mcire gadidebisas; b – didi gadidebisas 

b) 

a) 
P P2 

A 

pirveladi 
bzari 

x 

P1 

=1,25 l  

PP2 

P1max 

v 
2 

 

1 3 

 

l 

l 

(1012)l 

1 

v 

P1 

(1012)l 

P1max P1max 

P1max P1max P1max 
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mravalkuTxa burbuSela SedarebiT meti sisqisaa 

( 2,01,0 e  mm) (nax. 6.5). igi Sedgeba daaxloebiT erTnairi  

l sigrZis monakveTebisagan (elementebisagan), romlebic 

SemosazRvrulia orive mxridan texili xazebiT. 

mravalkuTxa burbuSela miiReba mSrali merqnis Wris 

dros )7020(   . 

wyvetili burbuSela warmoiqmneba didi Wris kuTxis 

dros, roca 70  da burbuSelis sisqe 1e  mm. 

Tu mxedvelobaSi miviRebT merqnis Sreulobas, faqtiu-

rad miiReba ara sami, aramed Wris eqvsi mimarTuleba (nax. 

6.6). torsul-radialuri (pozicia 1), torsul-tangenciuri 

(pozicia 2), grZiv-tangenciuri (pozicia 3), grZiv-radialuri 

(pozicia 4), ganiv-tangenciuri (pozicia 5), ganiv-radialuri 

(pozicia 6). 

 
nax. 6.5. mravalkuTxa burbuSela      nax. 6.6. Sreuli merqnis 

          mcire gadidebisas             nimuSi Wris sqemebi 

 

radganac warmoebaSi yvela am SemTxvevis praqtikulad 

gamijvna SeuZlebelia, amitom gamoTvlebSi iyeneben defor-

maciaze saWiro winaRobebis gasaSualebul mniSvnelobebs, 

e.i. torsul-radialurs, torsul-tangenciurs, grZiv-radia-

lurs, grZiv-tangenciurs, ganiv-radialurs da ganiv-tan-

genciurs. 

 

4 

6 

5 

2 (1) 

V 

V 

1 

(1) 
(II) V 

V 

(II) 3 
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6.4. Wris kuTxis winaRoba 

 

Wris kuTri winaRoba K ewodeba Wris winaRobis Zalas, 

romelic modis burbuSelis ganivi kveTis farTobis 

erTeulze 

F

P
K  ,                         (6.1) 

sadac P Wris winaRobis Zalaa, kg; F – burbuSelis ganiv-

kveTis farTobi, mm2; K – Wris kuTri winaRoba, kg/mm2. 

burbuSelis ganivkveTis farTobi 

beF  ,                         (6.2) 

sadac e burbuSelis sisqea, mm; b – burbuSelis sigane, 

romelic dasamuSavebeli obieqtis siganis tolia, mm. 

maSin 

be

P
K


 .                        (6.3) 

Tu CavTvliT, rom 1b mm. miviRebT  

e

P
K  .                          (6.4) 

ganvsazRvroT Wris kuTri muSaoba. 

muSaoba A aris P Zalisa da Wris procesSi saWrisis 

gadaadgilebis manZilis L namravli: 

LPA  , kgm.                      (6.5) 

burbuSelis nominaluri moculoba , romelic moixsneba 

saWrisis mier L manZilze tolia 

LF  , sm3.                     (6.6) 

Wris kuTri muSaoba ewodeba Wris muSaobas, romelic 

modis burbuSelis nominaluri moculobis erTeulze. 

aRvniSnoT Wris kuTri muSaoba K  . gansazRvridan 

gamomdinareobs rom 




A
K , 

3sm

nmkg 
.                   (6.7) 

(6.5)...(6.7)-dan vRebulobT 

F

P
K  ,                          (6.8) 
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magram K
F

P
 , aqedan gamodis, rom KK  . 

amrigad Wris kuTri winaRobisa da Wris kuTri muSaobis 

sidideebi ricxobrivad tolia. 

Wris muSaoba miRebulia gamosaxuli iqnaa kgm-Si, burbu-

Selis moculoba – sm3-Si. 

Tu Wris kuTr muSaobas gamovsaxavT am erTeulebSi, 

maSin ricxovrivad igi Wris kuTri winaRobis toli iqneba, 

radgan  

2333 mm

kg

mm

mmkg

(100)

mm 1000kg

sm

mkg









. 

magram maTi fizikuri arsi sxvadasxvaa: K kg/mm2 wnevaa 

statikur mdgomareobaSi, xolo K   kg/sm3 – dinamikurSi. 

merqnis Wris TeoriaSi miRebulia Wris Zalebis Semdeg-

nairi aRniSvnebi: P - torsuli Wris dros, P|| – grZivi 

Wris dros, P# - ganivi Wris dros, xolo saSualo kuTri 

winaRobebia: 

eb

P
K 

  ; 
eb

P
K

||

||  ; 
eb

P
K #

#  .               (6.9) 

Wris yvela gardamavali SemTxvevisaTvis cdebiT dadge-

nilia Semdegi damokidebulebani: 

grZiv-torsuli WrisaTvis 




 

90
)( |||||| KKKK , 

2mm

kg
;          (6.10) 

ganiv-torsuli WrisaTvis 




 

90
)( ### KKKK , 

2mm

kg
;          (6.11) 

ganiv-grZivi WrisaTvis 















90
1)( #||#||# KKKK , 

2mm

kg
.       (6.12) 

 
6.5. Wris Zala da simZlavre 

 

Wris Zala da simZlavre Wris yvela SemTxvevisaTvis 

ganisazRvreba erTi da imave wesiT. magaliTisaTvis ganvixi-
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loT am parametrebis gansazRvra merqnis xerxviT damuSave-

bisas. 

erT wamSi moxsnili merqnis moculoba O, rodesac 

miwodebis siCqarea U m/wT, ganaxerxis sigane – b mm, 

ganaxerxis simaRle h mm, tolia (nax. 6.7). 

UhbO  , 
wm

sm3

.                    (6.13) 

 

 

 

 

 

 

 

 

nax. 6.7. ganaxerxis zomebi 

Tu cnobilia Wris kuTri muSaoba K   kgm/sm3, maSin simZ-

lavre, romelic ixarjeba 1 wm-Si Wraze, tolia 

UhbKOKN  , 
wm

mkg 
.           (6.14) 

N simZlavre iqneba 

102

UhbK
N


 , kvt.              (6.15) 

Tu viciT Wris Zala da Wris siCqare, maSin Wris simZ-

lavre  

102

VP
N


 , kvt.                    (6.16) 

(6.15) da (6.16) formulebidan vpoulobT Wris Zalis 

saSualo mniSvnelobas 

V

UhbK

V

N
P







102
, kg.              (6.17) 

u 

u 

b 

h 
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e.i. aucilebelia Wris kuTri muSaobis )(K   codna, 

romelic damokidebulia merqnis jiSze, tenianobaze, boW-

koebTan gadakveTis kuTxeze (), burbuSelis sisqeze (e), 

Wris kuTxeebze, Wris siCqareze da a.S. 

viciT ra K  , damuSavebis mocemuli pirobebisaTvis 

SeiZleba ganvsazRvroT N da P. Tu cnobilia N, maSin 

miwodebis siCqarea 

hbK

N
U






102
, 
wT

m
;                   (6.18) 

miwodebis simZlavrea 

102

QU
N m , kvt,                      (6.19) 

sadac U miwodebis Zalaa; kg; U – miwodebis siCqare, m/wT. 

 

6.6. Wris siCqare 

 

Tu merqnis damuSaveba xdeba brunviTi moZraobis mWreli 

iaraRiT (frezva, xerxva da sxv.), maSin Wris siCqare 

SeiZleba miviRoT miaxloebiT saWrisis absoluturi siC-

qaris toli, aseTi daSveba misaRebia, vinaidan saWrisis 

absolutur siCqaresTan SedarebiT miwodebis siCqare 

mcirea. Wris siCqare gamoiTvleba formuliT 

60000100060

ztnDn
V 





,               (6.20) 

sadac D Wris wrexazis diametria, mm; t – biji, mm; z -

kbilTa ricxvi; n – lilvis brunvaTa ricxvi wT-Si. 

sxva saxis CarxebisaTvis, sadac saWrisis moZraoba 

zemoaRniSnulisagan gansxvavebulia, Wris siCqareebi gamo-

iTvleba saTanadod maTi kinematikis gaTvaliswinebiT. 

 

6.7. miwodebis siCqare 

 

miwodebis siCqare U damokidebulia saWrisis erT Wraze 

(c) an erT brunvaze () miwodebis sidideze, agreTve 

merqanSi muSa svlisas SeWrili iaraRis kbilTa ricxvze 
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(z), e.i. ciklis im monakveTze, romlis ganmavlobaSic xdeba 

Wra, aseve iaraRis brunvaTa ricxvze wuTSi da gamoiTvleba 

Semdegi formuliT: 

10001000

nczn
U


 , 

wT

m
,                 (6.21) 

sadac zc  mm. 
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Tavi VII 

Wris procesis Teoriuli da eqsperimentuli 

kvleva 

7.1. merqnis saWrisis saerTo kanonzomierebebi 

merqanSi saWrisis Sesvlisas mimdinareobs merqnis 

araTavisufali kumSva naxevrad daxurul sivrceSi. kumS-

vis es SemTxveva mkveTrad gansxvavdeba wnexSi nimuSis 

Tavisufali kumSvisas (nax. 7.1) 

L

lL 
 ,                        (7.1) 

sadac L Zelakis pirvandeli sigrZea; l – SekumSuli Zelakis 

sigrZe;  _ merqnis Sekleba. 

 
 

 

 

 

 

 
 

 
 
 

 

nax. 7.1. merqnis Tavisufali (a) da araTavisufali (b) kumSva 

 

wneva () gadazomilia ordinatTa RerZze, xolo  _ 

abscisaTa RerZze. nax. 7.1, a-dan Cans, rom -is gazrdiT 

03,0 -mde  izrdeba sworxazovnad, romlis drosac 

mimdinareobs Zelakis rRveva nimuSis gverdiTi gamonazneqis 

gamo. 

sxva suraTi miiReba daxurul sivrceSi Zelakis daw-

nexvisas foladis garsakrSi. 

nax. 7.1-dan Cans, rom wneva  rCeba mudmivi Seklebis 

6,0  mniSvnelobamde, an moculobis 2,5-jer Semcirebamde. 

P a b 

5,0 

4,0 

3,0 

2,0 

1,0 

0 
0,03 0,1 0,1 0,2 0,2 0,3 0,3 0,4 0,5 0,6 

puasoni 
P 

  

40 

30 

20 

10 

 kg/mm2 
 kg/mm2 

garsakri 

nimuSi 
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amis Semdeg moculobis mcire cvlileba iwvevs wnevis () 

mniSvnelovan zrdas 40-50 kg/mm2-mde da zemoT. 

wnevis () mudmivoba aixsneba merqnis ujredovani da 

Sreuli agebulebiT. Tavidanve mimdinareobs adreuli 

merqnis boWkoebis kumSva, sanam maTi kedlebi ar dakargavs 

mdgradobas. amis Semdeg iwyeba boWkoebis kedlebis dar-

Rveva da maTi Semkvriveba, ris Sedegadac iwyeba gviani 

merqnis boWkoebis deformacia da adreuli merqnis daw-

nexa, wneva  iwyebs zrdas. araerTgvarovani merqnis dawne-

xili nimuSi uaxlovdeba ufro erTgvarovan nivTierebas. 

Wris dros miRebuli burbuSela arasodes arc erT 

procesSi ar aRwevs aseT Sewnexas. burbuSelis Sekleba () 

naklebia 0,45-ze. 

maSasadame burbuSelis warmoqmna mimdinareobs  wnevis 

mudmivobis dros. 

am urTierTdamokidebulebas sadurglo-meqanikuri war-

moebis yvela procesisaTvis, rodesac burbuSelis sisqe e 

meryeobs 0,1-dan 2 mm-mde da 45,0 , prof. a. berSadskim 

uwoda Wris saerTo kanonzomiereba. 

merqnis, rogorc boWkovan-Sreuli agebulebis masalis 

es mniSvnelobani Tviseba saSualebas gvaZlevs avxsnaT 

urTierTqmedeba merqansa da saWriss Soris. 

 

7.2. idealuri da realuri saWrisi 

 

saWrisis wina da ukana waxnagebis mnop da mnJr 

sibrtyeebis gadakveTisas miiReba mn xazi, romelsac mWrel 

pirs uwodeben, anu mWrel wibos (nax. 4.4). saWrisis mWreli 

piri aris misi ZiriTadi nawili. igi pirveli exeba merqans, 

arRvevs boWkoebs Soris kavSirs – axdens Wras. 

wina waxnagis daniSnulebaa merqnis mosaSorebel nawils 

(burbuSelas) mianiWos gansazRvruli mimarTuleba da moax-

dinos burbuSelis gadaadgileba saWrisis wina waxnagze. 

wina da ukana waxnagebis gadakveTis xazi, Teoriulad 

aris wertilTa geometriuli adgili, e.i. mas ara aqvs sisqe 

da sigane. e.i. mWreli piri aris ara xazi, aramed zedapiri. 
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es gamowveulia imiT, rom saWrisis mWrel pirze moqmedebs 

merqnis winaRoba, rac iwvevs saWrisis wveris motexas. 

mWreli piris, rogorc zedapiris warmoqmna xdeba upir-

velesad alesviT. alesva xorcieldeba abraziuli iara-

RebiT. ganvixiloT saWrisis 

alesvis procesi (nax. 7.2). 

alesvis SemTxvevaSi ga-

movyoT abraziuli iaraRis 

marcvali 1, romelic ze-

moqmedebs saWrisis ab wax-

nagze. abraziuli marc-

vlis iaraRze zemoqmedeba 

ganixileba ori ZaliT: erTi P1, romelic ab-s gaswvrivaa 

mimarTuli, meore ki P1 – ab-s perpendikularulad. N aris 

P1 da P2 Zalebis jami. am SemTxvevaSi  Zabva tolia 

EFS

P2 , 

sadac SEF aris EF kveTis farTobi. 

salesi iaraRis gadaadgilebisas a wverosken, 0EFS , 

Zala ki rCeba igive, Sesaba-

misad 
EFS

P2 , e.i.  , 

rac iwvevs wveros motexas. 

mWreli piris zedapirs, 

romelsac miviRebT alesviT, 

ara aqvs swori geometriuli 

forma (nax. 7.3, a, b,g), magram 

Wrisas merqanTan urTierTqme-

debis gamo miiRebs momrgvale-

bul formas, romelic 

xasiaTdeba momrgvalebis  

radiusiT, es ukanaskneli ki 

realuri saWrisis damatebiTi 

parametria. 

 

nax. 7.2. saWrisis alesvis procesi 

a b 

N 

F 

E 

1 

P1 

P2 

nax. 7.3. realuri saWrisi: 
a – saWrisis wveros motexa  
alesvisas; b – xiwvi alesvisas;  
g – mWreli piris momrgvalebis  
       muSaobisas 

P 

a b 

g 



 54 

7.3. saWrisisa da merqnis urTierTmoqmedeba 

 

saWrisis zedapirze normaluri wnevebis ganawilebis 

xasiaTi gavlenas axdens saWrisis dablagvaze. aseTi ganawi-

lebis zusti suraTi jerjerobiT cnobili ar aris, rac 

gamowveuli merqnis rTuli aRnagobiT, misi fizikur-meqani-

kuri Tvisebebis mravalferovnebiT da sxva faqtorebiT. 

amitom Wris Teorias mravalferovnebiT da sxva faqtore-

biT. amitom Wris Teorias safuZvlad udevs hipoTeza wnevis 

ganawilebis Tanaxmad saWrisis zemoqmedeba merqanze ganisa-

zRvreba ganisazRvreba saWrisis wina waxnagsa da merqans 

Soris kontaqtis sidide SeiZleba ugulebelvyoT, xolo 

gverdiTi waxnagebis zemoqmedeba SeiZleba gaviTvaliswinoT, 

rogorc wina waxnagis ganapira mcire ubnis zemoqmedeba. 

nax. 7.4-ze naCvenebia normaluri wnevebis ganawilebis 

grafikebi, kerZod abg grafikebiT SemosazRvruli S 

farTobi. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 7.4. normaluri wnevebis ganawilebis grafiki: 

a – Tanabari; b – samkuTxedisebri; g – paraboluri 

 

TiToeuli maTgani gansazRvravs waxnagisadmi normaluri 

mimarTulebis yvela Zalis tolqmedi N Zalis sidides. 

a 
b 

g 

N 

V 

x 

N 

V 

x 

N 

V 

x 

=const =oxa 
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i. times da s. voskresenski mixedviT es Zala Wris 

siCqaris mimarTulebiT saWrisis merqanSi Sesvlis x sididis 

pirdapirproporciulia. p. afanasievis da m. deSevois 

mixedviT ki es Zala merqanSi saWrisis Sesvlis sididis 

kvadratis proporciulia. 

yvela zemoT aRniSnul hipoTezaSi wina waxnagze nor-

maluri Zabvebis ganawileba ganixileba merqnis deforma-

ciis procesze saWrisis moZraobis siCqaris gavlenis 

gareSe. 

m. makenzis mier Catarebulma cdebma gviCvena, rom Wris 

siCqaris gavlena mis energotevadobaze umniSvneloa, ris 

gamoc makenzim daaskvna, rom merqnis deformaciis siCqare 

araa damokidebuli merqnis meqanikur Tvisebebze. igive 

azrisaa p. koxi (aSS), romelic aRniSnavs, rom Wris 

siCqaris gavlena Wris procesis energetikaze gamoixateba 

im damatebiTi muSaobis daxarjviT, romelic saWiroa 

moxsnili merqnis kinetikuri energiis gazrdisaTvis. 

normaluri Zabvebis ganawilebis kanonzomierebis gansa-

zRvra Wris Teoriis erT-erTi rTuli amocanaa, romlis 

gadaWrac aucilebelia 

saWrisis cveTis Sesamci-

reblad. garda amisa, saW-

risis wina waxnagis merqan-

ze zemoqmedebis Zalis 

gansazRvra aucilebelia 

imitomac, rom am Zalis 

mniSvneloba Sedis saWri-

sis simtkicis saangariSo 

da Wris procesis dros 

daxarjuli simZlavris 

gamosaTvlel formulebSi. 

merqanSi saWrisis SeR-

wevisas saWrisis merqanTan 

Sexebis wertilSi warmo-

iqmneba Zabvebi, romlebic aucilebelia axali zedapirebis 

warmoqmnisaTvis. 

nax. 7.5. dablaguli saWrisis  

urTierTmoqmedeba merqanTan 

1 


 

l 

K 

u 

O 

90 – –   

N 

N1 
P 

a1 

3 

11 

6 

2 

41 

1 a 

 

V 

O 

 

5 

 

 Pp 

MNT 

N 

I(=0) 
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dablaguli saWrisis merqanTan urTierTqmedebis SemTx-

vevaSi (nax. 7.5) merqnis nawilakebi, romlebic wonasworul 

mdgomareobaSia, iqceva burbuSelad, es ukanaskneli mibje-

nilia saWrisis wina waxnagze. am gadasvlisaTvis saWiroa 

mniSvnelovani Zabvebi. 

cdebi gviCvenebs, rom realuri saWrisis mWreli piriT 

Wrisas, Zabvebi aRemateba 50-60 kg/mm2, rac uzrunvelyofs 

merqnis nawilakebis gadasvlas burbuSelaSi. 

prof. a. verSadski ganixilavs gadasvliT epiuras 

absoluturi basri saWrisidan realur saWrisamde, romlis 

drosac gayofis zedapiris warmoqmna mimdinareobs 00 xazis 

gaswvriv (nax. 7.5) saWrisis sworxazovani moZraobisas. Tu 

SevajamebT  mudmiv wnevebs, miviRebT saerTo N Zalas, 

romelic saWrisis wina waxnagis perpendikularulia. 

burbuSelis gadaadgilebisas wina waxnagze saWrisis 

mWreli piridan a wertilis zemoT warmoiqmneba xaxunis 

Zala NT  , sadac  xaxunis koeficientia. 

xaxunis Zala burbuSelaze yovelTvis moqmedebs misi 

moZraobis sawinaaRmdego mimarTulebiT, e.i. T iqneba mimar-

Tuli saWrisis mWreli piris a wertilisaken. N da T 

Zalebis veqtoruli jami iqneba 

TNN 1  an NNN 1 .             (7.1) 

N1 Zalis gadaxris kuTxes normaluri N Zalidan xaxunis  

kuTxe ewodeba, romelic icvleba 20_25-mde. meqanikidan 

cnobilia, rom 

 tg . 

amrigad, xaxunis koeficienti  xaxunis kuTxis 

tangensis tolia. davSaloT N1 Zala Wris siCqaris para-

lelur da perpendikularul mimarTulebebze, miviRebT 

Wris Zalas Pw, romelis moqmedebs saWrisis wina waxnagze 

da mis marTob Pb Zalas, romelic burbuSelaze moqmedebs. 

Pw Zala ar aris mudmivi mxebi da wnevaTa jami, romelic 

damokidebulia burbuSelis e sisqeze 

keP w ,                       (7.2) 

sadac k mxebi dawnevaa burbuSelis sisqis erTeulze. 
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burbuSelaze moqmedi Zala 

)90(   tgPP wb .                (7.3) 

amrigad, miviReT gayofis 00 xazis zemoT moqmedi 

Zalebi. 

 

7.4. dablaguli saWrisis da merqnis urTierTqmedeba 

 

rogorc aRvniSneT, saWrisis mWreli piri ar SeiZleba 

iyos miRebuli ori waxnagis gadakveTiT swor xazze. igi 

aris mdovre mrudi, romelic aerTianebs wina da ukana 

waxnagebs (ix, nax. 7.5). am mruds miaxloebiT Tvlian 

wnexazad dablagvis  radiusiT. realuri saWrisis mniSv-

nelovan cvlis warmodgenas Zalebze burbuSelis warmoq-

mnisas. rodesac dablagvebis radiusia  a wertilidan, 

saWrisis merqanTan Sexebisas adgili aqvs Zabvebis koncent-

racias da TandaTan mimdinareobs merqnis gayofa 00 xazze. 

am SemTxvevaSi mrudxazovani wina waxnagi a141 moqmedebs 

burbuSelaze 00 gayofis xazis zemoT, xolo ukana waxnagi 

a156 – damuSavebis zedapirze saWrisis siCqaris mimarTu-

lebiT gadaadgilebis dros. Pg mownexis (ganwolis) Zala 

wnexs mis qvemoT merqans da amave dros Telavs zeda Sres 

00 gamyofi xazis qvemoT waxnagze moqmedi Pu ZaliT. 

maSasadame, realuri saWrisis dros warmoiSoba Zalebis 

ori sistema: 00 xazis zemoT burbuSelaze moqmedi da ukana 

waxnagze moqmedi Zalebi: 

VP ||u , VP g , fPP gu  .               (7.4) 

f koeficienti iTvaliswinebs rogorc xaxuns, aseve plas-

tikur deformacias, mas dayvanili xaxunis koeficienti 

ewodeba: 

g

u

P

P
f  .                        (7.5) 

wina waxnagze wnevis epiura dablaguli saWrisis dros 

iqneba a,a,423a. es farTobi dawnevis 14234ª farTobis tolia, 

radgan 1 4ª da 1, 4, a,  farTobebi tolia. 
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maSasadame, constkeP w , radgan dawnevis farTobebi 

Tanabari sididisaa, e.i. keP w  damokidebulia e-ze, magram 

ar aris damokidebuli dablagvebaze. asevea 

consttgPP  )90( ww . gP  da gu fPP   Zalebi ar aris da-

mokidebuli burbuSelis sisqeze, isini damokidebulia -ze. 
Wris saerTo Zala 

kefPPPP  gwu .                 (7.6) 

nax. 7.6-ze naCvenebia Wris Zalis cvlilebis grafikebi 

burbuSelis sisqeze damokidebulebiT. 

nax. 7.6. Wris Zalis cvalebadobis grafikebi burbuSelis 
sisqeze damokidebulebiT 

ordinatTa RerZze gadazomilia kuTri Zala – keP   

kg/mm, abscisaTa RerZze ki burbuSelis sisqe e (mm). 

naxazidan Cans, rom kePP  u  aris ab wrfis ganto-

leba, am SemTxvevaSi 1tgk  , sadac 1  ab wrfis abscisaTa 

RerZisadmi daxris kuTxea. 

P
u

 

0
,8

P
u

 

0
,8

P
u

 

0
,2

P
u

 

0
,2

P
u

 

a 

b 

g 

l mm 

 

1 

2 

e < 0,1mm e > 0,1mm 

e  0 0,1 0,3 

PfW = 0,2Pu 

2 

P =ke, kg/mm 
 b=1 

e

tg


2
 

P
M

 =
 0

,2
P
u
+
0,
8+

k
e
=

P
u
+

k
e  

P

 =

 0
,2

P
u
+
0,
8+

k

e 

 

e
tg


1
=

k

e
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cdebiT dadgenilia, rom mikroburbuSelisaTvis, rodesac 

1,0e mm, Wris Zalis cvalebadobis grafiki gamoisaxeba a2a 

wrfis monakveTiT, romelic daxrilia abscisaTa 

RerZisadmi 2  kuTxiT, romelic k : 

12    e.i. kk  , 

k  Wris kuTri winaRobaa wina waxnagze mikroburbuSelis 

zonaSi ( 1,0e mm); k – Wris kuTri winaRoba wina waxnagze 

makroburbuSelis zonaSi ( 1,0e  mm). 

cdebiT dadgenilia agreTve, rom O a2 monakveTi 

gamosaxavs ukana waxnagze moqmed faqtiur Zalas: 

uuf2a PPO 2,0 .                   (7.7) 

zonisaTvis 1,0e m. 

  etgPekPP 22,0  uuf ,          (7.8) 

sadac 

kP
kP

tgK 


 u

u

2ga

ag
8

1,0

1,08,0
2 . 

a wertilisaTvis, rodesac 1,0e  mm. 

1,02,0 2  tgPkePP uuf .              (7.9) 

1,0e  mm zonisaTvis wina waxnagze moqmedi Zala 

etgPkePP 18,08,0  uuw ,               (7.10) 

xolo saerTo Wris Zala 

eKPPP  uu 8,02,0 .                     (7.11) 

Tu Wris Zala P gavyofT burbuSelis e sisqeze, miviRebT 

saSualo Wris wnevebis Semdeg mniSvnelobebs: 

rodesac 1,0e  mm, 

kP
e

P
k  uf

w

w 8




 ;                 (7.12) 




e

P
k

uf

u

2,0
 ;                      (713) 
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e

P
kPkkK

u
uuw

2,0
8  .           (7.14) 

1,0e  mm zonisaTvis vRebulobT: 

k
e

P

e

P
k 

uw

w

8,0
;                   (7.15) 

e

P
k

u
w

2,0
 ;                       (7.16) 

e

P
kkkK

u
uw  .                   (7.17) 

(714) da (7.17) formulebi marTebulia basri saWrisi-

saTvis. 

dablaguli saWrisis SemTxvevaSi Wris Zala, rodesac 

1,0e  mm, 

 ekPaP pp  u)8,0( ,               (7.18) 

xolo 1,0e  mm zonisaTvis 

kePaP pp  u ,                     (7.19) 

sadac ap aris dablagvis koeficienti. 

basri saWrisisaTvis 1pa . dablaguli saWrisisaTvis 

1pa . 

(7.18) da (8.19) formulebidan vRebulobT saSualo Wris 

wnevebis mniSvnelobebs dablaguli saWrisisaTvis. 

rodesac 1,0e  mm, maSin 

e

Pq
k

e

P
K

pp

p

u
 .                (7.20) 

rodesac 1,0e  mm, maSin 






e

Pa
k

e

P
K

pp

p

u)8,0( 
 .          (7.21) 

es formulebi marTebulia grZiv-torsuli ERia Wrisa-

Tvis. 
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7.5. damokidebuleba , P, kw da a Soris 

 

(7.8) formulidan Cans, rom 0P , roca 

02,0 2   etgPu , 

anu 




 w

uu

k

P

tg

P
e

2,02,0

2

 .                  (7.22) 

gavagrZeloT ra aa2 xazs abscisTa RerZis gadakveTamde 

(nax. 7.6), miviRebT RerZze saerTo uaryofiT mniSvnelobas 

b e . nax. 7.7-dan Cans, rom, Tu e -s aviTvliT 00 xazis 

zemoT (+) niSniT, xoli 00 xazis qvemoT (_) niSniT, 

miviRebT 

0P , Tu b e . 

 

nax. 7.7. e-s uaryofiTi da  

dadebiTi mniSvnelobebi 

O 

l >0 

O 

v 

O 
l =0 

O 

v 

O 
l <0 O 

v 

O 
l >_ 

O 

v 
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amgvarad 




w

u

w

uu
b

k

P

k

P

tg

P )8,01(2,02,0

2


 .               (7.23) 

gavzrdiT ra sawyis b -s, romlis drosac miRebuli iyo 

 1a -mde, roca 1a  (7.23) formuliT vRebulobT 






w

u

k

Pa )8,0( 
 .                      (7.24) 

 (7.23) da (7.24)-dan vRebulobT 

2,0

8,0






 a

b

,                        (7.25) 

saidanac  

8,0
2,0


b


a .                      (7.26) 

aRvniSnoT sawyisi dablagvebis radiusis nazrdi , 

miviRebT 

  b                      (7.27) 

da (7.26) formuliT 

bb

b
















2,0
18,0

)(2,0
a .            (7.28) 

viciT ra sawyisi dablagvebis radiusi  )105( b  da 

nazrdi  saWrisis merqanTan kontaqtis manZilze, (7.28) 

formuliT ganvsazRvravT a. a-s saSualebiT ganvsazRvravT 

f-s, romelic saWiroa miwodebis, normaluri da radialuri 

Zalebis gamosaTvlelad. 

dayvanili xaxunis koeficientisaTvis miaxloebiT 

Rebuloben qvemoT moyvanil cxrilSi aRniSnul Semdeg 

mniSvnelobebs: 

cxrili  

a= 1 1,1 1,2 1,3 1,4 1,5 1,6 1,7 
da 

meti 

f = 2 1,5 1,25 1,1 1,0 0,9 0,8 0,75 0,7 
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7.6. xaxunis gaTvaliswineba daxuruli  

Wris dros 

 

daxuruli Wris dros (magaliTad xerxvis procesi) 

unda gaviTvaliswinoT xaxunis ganaxerxis kedlebze. c 

miwodebisa da ganaxerxis h simaRlisas burbuSelis gver-

diTi zedapiris farTobi iqneba hc da xaxunis Zala 

hcF  ,                      (7.29) 

sadac  xaxunis intensiurobaa, anu xaxunis Zala, romelic 

modis burbuSelis gverdiTi 1 mm2-ze. es Zala moqmedebs 

burbuSelis bc kveTze. 

maSasadame, Wris damatebiTi wneva waxnagze iqneba 

2xax
mm

kg
  

b

h

bc

hc

bc

F
K


 ,               (7.30) 

sadac b ganaxerxis siganea. 

cxadia, rom kxax ar aris damokidebuli saWrisis  

dablagvebaze, maSasadame xerxvisaTvis (7.20) da (7.21) 

formulebSi emateba kxax. 

1,0e  mm dros 

b

Pq

b

h
kK

u




 ,                   (7.31) 

1,0e  mm dros 

e

Pa

b

h
kK

u)8,0( 







.            (7.32) 

aseTia formulebis saerTo 

saxe Wris saSualo wnevi-

saTvis (winaRobis) K  kg/mm2 

an Wris kuTri muSaobisaTvis 

K   kgm/sm3. 

mokled avxsnaT, Tu ratom 

icvleba ab wrfis kanoni (nax. 

7.6) aa2 wrfis kanoniT, sadac 

12  tgtg   e.i. kk  , nax. 7.8-

dan, rom e mosaxsneli Sris 
nax. 7.8. burbuSelis sisqis  

gavlena Wris kuTxeebze  

(mikroburbuSelis zona) 

1 2 3 
 

v 

e e3 
e2 

e1  
O O 
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sisqis SemcirebiT Wris kuTxe  blagvi saWrisis dros 

izrdeba da maSasadame Wra zonaSi 1,00e  mimdinareobs 

Wris kuTxeebis cvlilebiT   . amis gamo miiReba ab 

wrfis gardatexa a wertilTan (nax. 7.6), romelic 

Seesabameba  mm, radgan Wris kuTxe  izrdeba burbuSelis 

sisqis SemcirebasTan erTad 0,1 mm-is qvemoT, amitom kk  . 

 

7.7. saangariSo formulebi da sacnobaro monacemebi 

grZiv-torsuli Wrisas 

 

dablagvebis koeficienti 1a  basri saWrisisaTvis,  

54b  mikr. danisaTvis da 106b  mier. xerxisaTvis. 

cdebis ganzogadebiT miRebulia, rom 
b







2,0
1a , sadac  

 dablagvebis  radiusis nazrdia b-Tan SedarebiT 

saWrisis merqanTan kontaqtis L sigrZeze, 

b    an   b               (7.33) 

 nazrdi kontaqtis sigrZis proporciulia: 

L  ,                        (7.34) 

sadac  proporciulobis koeficientia, romelic gviCve-

nebs nazrds mikronebSi kontaqtis 1 m sigrZeze. 

erTi Semobrunebisas kontaqtis rkalis sigrZea l. 

kontaqtis sigrZe saWrisis 1 wuTis ganmavlobaSi brun-

visas metrebSi toli iqneba 

1000

 nl
L  , 

xolo T wuTSi kontaqtis sigrZe toli iqneba 

1000

  nlT
L  .                      (7.35) 

-is mniSvneloba dadgenilia cdebiT da mocemulia qvemoT 

moyvanil cxrilSi 
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cxrili 

jiSi 
-is mniSvneloba 

frezva 
lenturi da mrgvali 

xerxebiT xerxva 

CarCo xerxiT 

xerxva 

wiwvovani 0,0008 0,0010 0,002 

foTlovani 0,0010 0,0013 0,0026 

 

7.8. k, k da P-s saangariSo grafikebi Ria 

Wris da xerxvis dros 
 

Ria Wrisa II- da xerxvis dros Catarebuli cdebis 

(sxvadasxva jiSisa da sxvadasxva e, ,  da V mniSvnelobe-

bisaTvis) da Wris saerTo kanonzomierebebis ganzogadebis 

Sedegad dadgenilia Pu, k da k mniSvnelobebi (nax. 7.9, 7.10). 

nax. 7.9-ze abscisaTa RerZze gadazomilia  kuTxeebi, 

romlebic Cveulebriv SemTxvevaSi, rodesac miwodeba boW-

koebis paraleluria, tolia  kuTxis, xolo ordinatTa 

RerZze gadazomilia kuTri Zala P kg/mm (B = 1 mm). 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

nax. 7.9. saWris ukana waxnagze kuTri Zalis (P) 

gansazRvris nomograma  kuTxeze damokidebulebiT 

1,0 

 kg/mm 

0,9 

0,8 

0,7 

0,6 

0,5 

0,4 

0,3 

0,2 

0,1 

0 
10 20 30 40 50 60 70 80 90  

    
xerxis 

    
frezis 
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nax. 7.10. A da Б koeficientebis gansazRvris nomograma 

 kuTxeze damokidebulebiT 
 

 nax. 7.10 da 7.11-ze mocemulia А, Б, В da В koefi-

cientebi, romlebic Sedian saerTo formulebSi: 

1,0e  mm dros 

BБVAбk  ,                                    (7.36) 

1,0me  mm dros 

 BБVAбk  .                (7.37) 

Tu 50V  m/wm, V-s nacvlad aiReba )90( V , radganac 

20V  m/wm, Wris siCqaris SemTxvevasTan SedarebiT adgili 

aqvs Wris kuTri winaRobis – K kg/mm2 (Wris kuTri muSaobis 

K kgm/sm3) Semcirebas 50V  m/wm-mde da piriqiT zrdas, 

roca 50V  m/wm. (ix. nax. 9.1 da cxr. 9.4). 

Wris saerTo dawneva ganaxerxis kedlebze burbuSelis 

xaxunis gaTvaliswinebiT toli iqneba: 

1,0e  mm dros 

e

Pa

b

h
kK

u
 ,                  (7.38) 

0,1 

0,09 

0,08 

0,07 

0,06 

0,05 

0,04 

0,03 

0,02
2 
0,01 

0 
10 20 30 40 50 60 70 80 90  

A 

Б 

A, Б 
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nax. 7.11. B da B koeficientebis gansazRvris nomograma 

 kuTxeze damokidebulebiT 

 

1,0e  mm dros 









e

Pa

b

h
kK

u)8,0( 
 .                 (7.39) 

mrgvali xerxiT xerxvis dros -s aqvs Semdegi mniSv-

nelobani: 

gadayrili kbilebisaTvis (pirobiTi aRniSvna ) xaxunis 

intensiurobis koeficienti 

1,0 

5,0 

4,5 

4,0 

3,5 

0,5 

3,0 

2,5 

2,0 

1,5 

0 10 20 30 40 50 60 70 80 90  

_0,5 

_1,0 

_1,5 

_2,0 

_2,5 

_3,0 

B 
xexvis 

B 
frezis 

B 

B 

B 
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075,072,0  kg/mm2; 

gatyleJili kbilebisaTvis (pirobiTi aRniSvna ) 

6,0058,0  kg/mm2; 

lenturi da CarCo xerxebisaTvis 

02,0 kg/mm2, 025,0 kg/mm2. 

gadayrili kbilebisaTvis burbuSelis sisqe 

 sinc
s

b
e ,                      (7.40) 

xolo gatyleJili kbilebisaTvis 

 since .                        (7.41) 

moyvanili formulebi saSualebas gvaZlevs ganvsaz-

RvroT kuTri winaRoba (K) sxvadasxva Wris reJimebis dros. 

 

7.9. radialuri R, miwodebis Q, dawolis S da 

      magididan namzadis amogdebis S2U Zalebis 
gansazRvra wriuli Wrisas 

 

wriuli Wris dros warmoiqmneba radialuri Zalebi, 

romlebic mimarTulia radiusis gaswvriv da tolia (nax. 

7.12) 

ba PPR  . 

viciT, rom 

 

 

 

 

 

 

 

 

 

 

 
nax. 7.12. Zalebis moqmedebis sqema wriuli Wris dros 

 

Pa 

S2 
R 

Q U 

Q=Q1+Q2 
Q 

2 

S 
 

Pb 

O 
V S1 _S1=S 

P+Pu +Pw 
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f

P
P

uf

a  ; uuf PP 2,0 ;                (7.42) 

)90(   tgPP wb , 

maSin 

)90(
2,0

  tgP
f

P
R w

u
.              (7.41) 

2u PPP   Zalebi mimarTulia mxebad, amitom maT mxebi 

Zalebi ewodebaT. 

Pa da Pw mimarTulia radiusis gaswvriv V-s perpendiku-

larulad, ba PPR   Zala mimarTulia radiusis gaswvriv. 

Tu davSliT P da R Zalebs U-s gaswvriv da mis per-

pendikularulad, miviRebT miwodebis Q da normalur S 

Zalebs: 

 sincos RPQ ;                 (7.44) 

 cossin RPS .                  (7.45) 

Tu S Zala dadebiTia, mimarTulia magidisken, igi 

namzads abjens magidaze, xolo Tu uaryofiTia namzadisa-

ken, maSin agdebs mas magididan da am SemTxvevaSi saWiroa 

dawola SA , sadac 

SA )5,13,1(  .                    (7.46) 

mocemuli formulebi da sacnobaro monacemebi saSua-

lebas gvaZlevs amovxsnaT amocanebi mocemuli Wris 

reJimebis dros. 
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Tavi VIII 

damuSavebis xarisxi. damuSavebis sizuste 

da sisufTave 

8.1. gansazRvrebani da normatiuli monacemebi 

 
meqanikuri damuSavebis xarisxi ganisazRvreba detalebis 

formisa da zomebis sizustiT, agreTve zedapiris damuSa-

vebis sisufTaviT. detalebis namdvili zomebi gadaxris 

zRvrebi dadgenilia standartebiT, zedapiris sisufTave ki 

normirebulia. 

moTxovnebi damuSavebis sizustesa da detalebis zeda-

piris sisufTaveze sxvadasxva nakeTobisaTvis sxvadasxvaa, 

magaliTad, morebis ficrebad daxerxvisas didi mniSvne-

loba aqvs miRebuli daxerxili masalebis sxvadasxva 

sisqes, rac meoreuli damuSavebisaTvis iwvevs sxvadasxva 

nametebs. garda sxvadasxva sisqisa, didi mniSvneloba aqvs 

ganaxerxis sisufTaves, romelic ganisazRvreba kawrulebiT, 

amonaglejebiT, merqnis drekadi aRdgeniT da xaoianobiT. 

meoreuli damuSavebis dros isini iwveven merqnis dama-

tebiT danakargebs. 

arCeven zedapiris usworobis 3 saxes (nax. 8.1): makrous-

wobani, e.i. zedapiris gadaxra mocemuli swori geomet-

riuli formidan zedapiris SedarebiT did ubnebze (amoz-

neqiloba, Cazneqiloba – sibrtyeebisaTvis, elifsuroba, 

cilindruli formebisagan gadaxra da a.S.).  

talRovneba – ganmeorebadi da zomebiT axli amaRle-

bebi da CaRrmavebebi detalis zedapirze (mag., frezvis 

Semdeg, Savad axaratebis Semdeg da a.S.). 

mikrousworobani, au simqise, e.i. usworobani, romlebic 

gacilebiT mcirea talRebis zomebTan SedarebiT. 

makrousworobebis warmoSobis mizezia, erTis mxriv, 

merqnis Siga Zabvebi, romelTa moxsnisas (mag. daxerxvis 

dros) adgili eqneba merqnis dabrecvas, meores mxriv – 

namzadis arazust bazirebas, Carxebis, iaraRebis, danadga-

rebis sizustis da Carxis marTvis geometriuli sizustis 

darRvevas. amitom makrousworobani miekuTvneba ara damuSa-

vebis sisufTaves, aramed detalebis formebis sizustes. 
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nax. 8.1. zedapiris usworobis saxeebi 

 

damuSavebis sisufTaves miekuTvneba mcire talRovani, 

simqise, kawrulebi, amonaglejebi da xavsiseburoba. 

merqnis forianoba, ujredebis Rruebi, gulgulas sxi-

vebi, rogorc damuSavebisagan damoukidebelni, zedapiris 

sisufTavis Sefasebis dros mxedvelobaSi ar miiReba. 

 

8.2. damuSavebuli zedapiris simqise 

 

damuSavebuli zedapiri aris namzadze formirebuli 

realuri zedapiri, romelic teqnikuri dokumentaciiT 

mocemuli nominaluri geometriuli zedapirisagan gansxva-

vebiT xasiaTdeba mocemuli formisagan gadaxriT, uswo-

robebiT profilis Sverilebisa da Rrmulebis saxiT. 

zedapiris mocemuli formisagan gadaxra gansazRvravs 

meqanikuri damuSavebis sizustes. 

idealuri gluvi zedapiridan gadaxra axasiaTebs mis 

simqises. merqnis zedapiris damuSavebis simqisis klasebi 

mocemulia cxr. 8.1. Rmmaq parametris mniSvnelobebi Wris 

sxvadasxva procesebisaTvis mocemulia cxrilebSi 8.2...8.7. 

makrousworobani 

talRovneba 

simqise 

talRovneba da 
simqise 

makrousworebani 
talRovneba da 
simqise 
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cxrili 8.1 

merqnis zedapiris damuSavebis simqisis klasebi 

Rmmaq, mkm 

(araumetesi) 

1250-

1600 

800-

1250 

500-

800 

315-

500 

200-

315 

100-

200 

6-

100 

30-

60 

16-

30 

8-

16 

4-

8 
4 

, 

klasebi 
1 2 3 4 5 6 7 8 9 10 11 12 

 

cxrili 8.2 

damuSavebul zedapirze talRebis zRvrulad dasaSvebi 

sigrZe grZivi frezvisas 

usworobaTa 
simaRle 
Rmmaq, mkm 

ara umetesi 

talRebis zRvruli sigrZe l, mm Wris diametris 
SemTxvevaSi 

60 80 100 120 140 160 180 220 

16 2,0 2,4 2,7 2,9 3,2 3,4 3,6 3,8 

32 2,8 3,3 3,7 4,0 4,3 4,7 4,9 5,2 

60 4,0 4,7 5,2 5,6 6,2 6,6 7,0 7,4 

100 5,2 6,0 6,7 7,3 7,9 8,5 9,0 9,5 

200 7,2 8,5 9,5 10,3 11,0 12,0 12,6 13,6 

 

cxrili 8.3 

kbilze miwodebis maqsimaluri mniSvnelobebi grZivi 

xerxvisas ganaxerxis sxvadasxva simqisis SemTxvevaSi 

usworobis 
simaRle 

Rmmaq,  ara 
umetesi 

kbilze maqsimaluri miwodebisas c kbilebisaTvis 

gadayrili gatyleJili 
radialuri 
SigCarxviT 
(sarandi) 

gamosvlis gam kuTxis SemTxvevaSi, grad. 

20-50 60-70 20-50 60-70 20-50 60-70 
1200 1,2 1,2 1,8 1,5 _ _ 

800 1,0 0,8 1,5 1,2 _ _ 

500 0,8 0,5 1,2 0,75 _ _ 

320 0,3 0,1 0,45 0,15 _ _ 

200 0,1 0,1 0,15 0,15 _ 0,3 

100 0,1 _ 0,5 _ 0,3 0,15 

60 _ _ _ _ 0,15 0,07 

32 _ _ _ _ 0,07 _  
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cxrili 8.4 

maqsimaluri miwodeba kbilze ganivi xerxvisas 

ganaxerxis zedapiris sxvadasxva simqisis SemTxvevaSi 

(Wris saSualo sawarmoo pirobebi, kbilebi – basri) 

usworobebis simaRle 
Rmmaq mkm, ara umetesi 

gv _ 40 gv _ 60 

_35 _5 _35 _5 
800 0,2 0,2 0,2 0,2 

500 0,2 0,05 0,15 0,05 

320 0,05 _ 0,05 _ 

 

merqnis da merqnuli masalebis zedapiris simqisis para-

metrebi reglamentirebulia standartiT. 

cxrili 8.5 

ganaxerxis zedapiris simqise damyof Carxze lenturi 

xerxiT xerxvisas kbilze sxvadasxva miwodebis 

SemTxvevaSi 

usworobebis 
simaRle Rmmaq mkm. 

ara umetesi 

kbilze maqsimaluri dasaSvebi miwodeba c, mm 
gatyleJili kbile-

bisaTvis 
gadayrili kbile-

bisaTvis 
fiWvi muxa fiWvi muxa 

1600 2,0 2,5 1,4 1,8 

800 1,5 2,0 1,4 1,2 

500 1,0 1,2 0,65 0,8 

320 0,6 0,6 0,40 0,55 

200 0,3 0,4 0,20 0,25 

100 0,15 0,2 0,10 0,15 

 

cxrili 8.6 

CarCo xerxiT xerxvisas ganaxerxis zedapiris xarisxis 

maCvenebeli kbilze miwodebaze damokidebulebiT 

fiWvis Wris SemTxvevaSi 

xarisxis maCvenebeli 
kbilze miwodeba c, mm 

0,5 1,0 1,5 2,0 2,5 
maqsimaluri usworobis si-

maRle ganaxerxis gverdiT 

zedapirze Rmmaq, mkm 
480 560 710 750 990 

rRveviT Sesustebuli zeda-

piruli fenis sisqe, mm 
0,59 0,93 1,32 1,45 1,64 
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WriT damuSavebis sizustis Sesafaseblad dadgenilia 

Semdegi parametrebi:L 

Rmmaq _ zedapirze calkeuli udides usworobaTa simaR-

leebis saSualo ariTmetikuli 





n

i

im H
n

R
1

1
maqmaq ,                   (8.1) 

sadac Hmaqi i-uri udidesi usworobis umaRles da udables 

wertilebs Soris manZilia; n – udides usworobaTa ricxvi 

(ara umciresi 5); Rm – profilis usworobaTa udidesi si-

maRle, romelic gamoiTvleba, rogorc sabazo sigrZis 

zRvrebSi saSualo xazidan profilis umaRles wertilamde 

y1maq da sabazo sigrZis zRvrebSi saSualo xazidan pro-

filis udables R2maq wertilamde manZilebis jami. 

Pz _ profilis simaRle aT wertilSi 









  

 

5

1

5

15

1

i i

iiz hhP minmaq ,              (8.2) 

aq ihmaq  i-uri wertilisaTvis saSualo xazidan profilis 

umaRles wertilamde manZilia; ihmin i-uri wertilisaTvis 

saSualo xazidan profilis udables wertilamde manZili. 

    Ra – profilis absoluturi gadaxris saSualo ariT-

metikuli 

dxsy
l

R
e

a 
0

|)(|
1

,                   (8.3) 

sadac l  sabazo sigrZea. 

Sz – profilis bijis saSualo biji RrmulebSi 







n

i

ziz S
n

S
1

1
,                    (8.4) 

sadac n usworobebis bijis ricxvia RrmulebSi. 

damuSavebuli zedapiris sisufTavis Sesafaseblad praq-

tikulad gamoiyeneba mxolod Rmmaq parametri. 

zedapiris usworobebis iseT saxeebs, rogoricaa xavsia-

noba da xaoianoba ara aqvT ricxviTi maxasiaTeblebi, doku-

mentaciaSi aRiniSneba mxolod maTi arseboba an ararseboba. 
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cxrili 8.7 

zedapiris sisufTavis damokidebuleba 

dablagvebis radiusze 

dablagvebis radiusis 

mniSvneloba, mkr 

grZivi frezva ganivi frezva 

zedapiris sisufTave Rmmaq (mkm) 

wiwvovani 

jiSi 

foTlovani 

jiSi 

wiwvovani 

jiSi 

foTlovani 

jiSi 

<10 16-30 8-16 315-500 200-315 

<20 30-60 16-30 315-500 200-315 

<30 60-100 30-60 500-800 315-500 

<35 100-200 60-100 500-800 315-500 

<49 200-315 100-200 _ _ 

zedapiris xaoianoba da xavsianoba ganisazRvreba saWrisis dab-

lagvebis radiusiT (cxrili 8.9) 

 

8.3. damuSavebuli zedapiri frezvisas 

 

frezvisas zedapiris usworobani ganisazRvreba tal-

RovnebiT – amonaglejebiT. ramdenadac mcirea miwodeba 

danebze, imdenad naklebia talRebi da amonaglejebi. 

talRis sigrZe danebis raodenobaze ar aris damokidebuli. 

miwodeba danaze 
zn

u
c

1000
 , Tu danebi ise iqneboda 

damagrebuli, rom yvela danis mWreli piri mudmivad 

yofiliyo Wris wrexazze R radiusiT, maSin talRis sigrZe 

sigrZe toli iqneboda (nax. 8.2, a) sinamdvileSi danebis ase 

zustad damagreba  SeuZlebelia. erTi maTgani Semowers 

wnexazs R radiusiT, meore _ r radiusiT maTi araswori 

Camagrebis gamo (nax. 8.2,b). 

danis traeqtoria, roca Rr  , gadis qimis Tavze, 

romelsac tovebs pirveli dana. roca rR   (nax. 8.2. swori 

xazebi), talRis sigrZe toli iqneba 2c ori danis SemTx-

vevaSi, xolo z danis SemTxvevaSi 

n

u

zn

u
zzcc

10001000
t ,                 (8.2) 

nax. 8.2-ze swori xazebi aris saWrisis R radiusi, wyvetili 

xazebi – saWrisis r radiusi. 
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amgvarad, burbuSelis moxsnaSi monawileobs yvela dana, 

talRis warmoqmnaSi ki mxolod erTi dana. talRis siRrme 

miiReba milimetris meaTased nawilebSi, amitom danebi unda 

davamagroT milimetris meaTasedi nawilebis sizustiT, 

risi ganxorcielebac teqnikurad SeuZlebelia. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 8.2. talRovanebis warmoqmnis sqema frezvisas 
 

danebis damagrebis SesaZlebeli sizuste mocemulia 8.8 

cxrilSi prof. f. manJosis monacemebiT. 

cxrili 8.8 

danebis damagrebis sizuste 

danis damagrebisa da galesvis xerxebi 
damagrebis sizustis 

mniSvnelobebi, mm 

avtomatze galesili danis damagreba Ze-

lakebis mimarT 
0,1-0,15 

danebis Camagreba Sesamowmebeli saxazavis 

mixedviT gamarTuli saxexi ZelakiT 
0,07-0,1 

avtomatze galesili danis damagreba 

indikatoris mixedviT 
0,08-0,15 

danis galesva lilvze specialuri 

salesi aparatiT 
0,06-0,1 

saWrisis mWreli piris jifTva 0,02-0,03 

 

zedapiris sisufTavis klasebi talRebis warmoqmnaze 

damokidebulebiT prof. b. buglais monacemebiT mocemulia 

a 

b 

R
 

c1 

c 

cb 
R

 

r 

t 

2C=C1+ Cb 
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8.9 cxrilSi, aqvea mocemuli zedapiris xaoianoba da 

xavsianoba, romlebic ganisazRvrebian saWrisis dablagvebis 

 radiusiT. 

cxrili 8.9 

danis lilvis D diametris, cb da Rmmaq-ze 

damokidebuleba 

D, 

mm 

Rmmaq, 

16-30 

Rmmaq, 

30-60 

Rmmaq, 

60-100 

Rmmaq, 

100-200 

Rmmaq, 

200-315 
SeniSvna 

100 3,5 5,0 6,5 9,0 11 dasaSvebi miwodeba 

z

c
c

t
  

sadac z danebis 

raodenobaa 

120 4,9 5,5 7,0 10,0 12 

140 4,2 6,0 7,5 10,5 13 

160 4,5 6,5 8,0 11,0 14 

180 4,8 7,0 8,5 12,0 15 
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Tavi IX 

sxvadasxva faqtorebis gavlena Wris kuTr 

muSaobaze 

(Wris kuTr winaRobaze) 

 

Wris procesSi didi mniSvneloba aqvs kuTri muSaobis 

damokidebulebis im konstruqciul da teqnologiur faq-

torebze, romlebic monawileoben Wris procesSi. 

burbuSelis sisqe praqtikulad icvleba did zRvrebSi, 

milimetris measedi nawilidan ramdenime milimetramde da 

uSualod axdens gavlenas burbuSelis formaze, damuSavebis 

xarisxze, mwarmoeblurobasa da kuTr muSaobaze. 

kuTr muSaobasa da burbuSelis sisqes Soris damokide-

bulebis zogadi saxe gamosaxeba formuliT )(efKe  . 

cdebiT dadgenilia, rom burbuSelis sisqis gazrdiT 

Wris kuTri winaRoba (kuTri muSaoba) mcirdeba. 

fizikurad, Wris muSaobis Semcireba e-s gazrdiT 

SeiZleba aixsnas moxsnili fenis danamcecebiT, rac moiT-

xovs nakleb muSaobas.  

9.1, a naxazis mixedviT Zneli ar aris davadginoT, rom 

K  -s intensiuri vardna SeimCneva 0,2 mm sisqis burbuSelis 

zonaSi. maSasadame, energiis ekonomiuri xarjvisaTvis unda 

vimuSaoT sqel burbuSelaze, magram ukeTesi xarisxis 

zedapiri miiReba, rodesac 5,01,0 e  mm. amitom yvelaze 

ufro xelsayreli burbuSelis sisqe aRebul unda iqnes  

Wris procesSi sxvadasxva moTxovnaTa gaTvaliswinebiT. 

Wris kuTxeebi. 9.1, b naxazidan Cans, rom simZlavre Wraze 

N mcirdeba 14 -mde, Semdeg ki isev izrdeba.  kuTxis 

gazrda dakavSirebulia saWrisis ukana waxnagze defor-

mirebulia saWrisis ukana waxnagze deformirebuli fenebis 

Sexebis farTobis SemcirebasTan, romelzec damokidebulia 

mownexus  sisqis Pg Zala. -s Semdgomi gazrdis alesvis  

kuTxe mcirdeba, rac iwvevs saWrisis wveros vibracias, 

avariul cveTas da jamSi simZlavre Wraze izrdeba, amitom 

mis Sesamcireblad ar unda vimuSaoT, roca   1210a . Wris  
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nax. 9.1. sxvadasxva faqtorebis gavlena Wris kuTr muSaobaze: 
a – burbuSelis sisqis; b – ukana kuTxis; g – gadakveTis 

kuTxis; d – Wris siCqaris 

 

kuTxis    gazrdiT izrdeba burbuSelis deformacia 

da misi dawola wina waxnagze, rac iwvevs xaxunis Zalis da 

Wris mTliani muSaobis zrdas. praqtikulad Wris kuTxeebi 

meryeobs Semdeg zRvrebSi: 

 3015# ;  6045|| ;  8070 . 

kuTri muSaobis (kuTri winaRobis) sididis cvlileba Wris 

sxvadasxva kuTxis SemTxvevaSi mocemulia cxrilSi 9.1. 

cdiseuli monacemebis damuSavebis Sedegad Wris saerTo 

kanonzomierebis safuZvelze miRebulia: 

grZivi WrisaTvis 
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ganivi WrisaTvis 

e

P
k

e

P
BvБAK

uu #

#

#

#### ][   . 

cxrili 9.1 

jiSi 
Wris 

mimarTuleba 

K kuTri muSaoba (kuTri winaRoba), 

rodesac  tolia  

45 50 70 80 90 

fiWvi 
 1,75 2,10 2,75 3,60 5,25 

 0,50 0,65 1,65 1,55 3,0 

# 0,30 0,35 0,40 0,50 0,60 

muxa 
 3,15 0,75 5,00 6,40 9,50 

 0,70 0,90 1,45 2,15 4,15 

# 0,60 0,65 0,80 0,90 1,20 

aryi 
 2,85 3,30 4,50 5,80 8,50 

 0,56 0,80 1,25 1,80 3,50 

# 0,50 0,55 0,65 0,80 1,00 

 

А, Б, В, Pu mniSvnelobebi mocemulia 9.2 da 9.3 cxrilebSi. 

cxrili 9.2 

A da Б koeficientebis mniSvnelobani 

jiSi A A A# Б Б Б# 

fiWvi 0,056 0,02 0,003 0,02 0,007 0,0060,007 

aryi 0,070 0,025 0,0045 0,024 0,008 0,0070,001 

muxa 0,082 0,028 0,006 0,027 0,009 0,00850,012 

 

cxrili 9.3 

B da Pu koeficientebis mniSvnelobani 

jiSi B B B# Pu Pu P#u 

fiWvi 2 0,55 0,06 0,49 0,16 0,1 

aryi 2,3 0,7 0,085 0,55 0,19 0,14 

muxa 2,56 0,76 0,10 0,64 0,21 0,17 
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cdebiT dadgenilia, rom, Tu ganivi Wrisas Wris Zalas 

miviRebT 1-is tolad, maSin es ukanaskneli grZivi da 

torsuli Wris dros Sesabamisad iqneba 2 da 6-is toli. 

)(   fK  damokidebulebis grafiki naZvisaTvis moce-

mulia nax. 9.1, g-ze.  

merqnis jiSis gavlena Wris kuTr muSaobaze mJRavndeba 

misi meqanikuri simtkicis maCvenebliT. 

Tu miviRebT K sidides fiWvisaTvis 1-is tolad, igi 

sxva jiSebisaTvis saSualod Semdegia: 

cacxvi – 0,8; verxvi 0,89; naZvi – 0,95; muryani – 1,05; aryi 

– 1,25; wifela – 1,4 da ifani, muxa – 1,7. 

merqnis tenianobis zrda iwvevs Wris kuTri muSaobis 

Semcirebas, merqnis meqanikuri simtkicis xarjze (30% 

tenianobamde), Tavisufali tenis gavlenis gamo. es marTe-

bulia mxolod Ria WrisaTvis. daxuruli Wris dros 

SeimCneva Sebrunebuli suraTi, rac dakavSirebulia zeda-

piruli deformirebuli Sreebis mniSvnelovan drekad 

aRdgenasTan da ganaxerxSi saWrisis gverdiT waxnagze 

xaxunis Zalis zrdasTan. 

saWrisis dablagveba iwvevs misi mWreli piris momrg-

valebis radiusis  zrdas, rac Tavis mxriv iwvevs ukana 

waxnagze Wris Zalis da mownexis (ganwoli) Zalis zrdas 

saWrisis merqanTan kontaqtis farTobis gadidebis gamo, 

ris gamoc kuTri muSaoba izrdeba. 

Wris siCqare 20V  m/wm-ze qvemoT arsebiT gavlenas ar 

axdens Wris kuTr muSaobaze. 20 m/wm-ze maRali siCqaris 

dros K-s cvalebadoba mimdinareobs nax. 9.1, d-ze mocemuli 

kanonzomierebiT. 

Wris siCqaris (V) zrdiT izrdeba merqnis drekadi 

Tvisebebi, rac gamoixateba drekadi deformaciis poten-

ciuri energiis gazrdaSi, romelic nawilobriv gadadis 

moZraobis kinetikur energiaSi. 

burbuSelis daukavSirebeli elementis moZraobis siCqare 

1,5-jer metia Wris siCqareze, rac ar SeimCneva dabali 

siCqaris dros. 
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dabali Wris siCqaris gavlena burbuSelis warmoqmnaze 

gamoixateba winmswrebi bzaris gavrcelebis siCqaris 

zrdaSi, romelic aRwevs 300-400 m/wm, rodesac 20V  m/wm. 

randvisas, frezvisas da xerxvisas kuTr muSaobaze (K) 

Wris siCqaris gavlena mocemulia 9.4 cxrilSi aV Seswo-

rebis koeficientis saSualebiT. 

cxrili 9.4 

V, 

m/wm 

av 

1 5 10 15 20 30 40 50 60 70 80 90 100 

1 1,1 1,2 1,4 1,45 1,3 1,2 1,2 1,3 1,4 1,5 1,6 1,7 

 

cdebiT dadgenilia, rom Wris V<20 m/wm siCqaris Wris 

kuTri muSaoba _ K   kgm/sm3 (Wris kuTri winaRoba K kg/mm-s) 

da Wris Zala izrdeba, xolo 20V  m/wm Wris siCqaris 

SemTxvevasTan SedarebiT gvaqvs Wris kuTri muSaobis 

Semcireba V<20 m/wm Wris siCqaris SemTxvevasTan SedarebiT 

gvaqvs Wris kuTri muSaobis Semcireba V<50 m/wm-mde da 

piriqiT K-s mniSvnelobis zrda, roca V>50 m/wm. 

cdebiT aseve dadgenilia, rom mxolod ganivi xerxvis 

dros Wris kuTri muSaoba ar aris damokidebuli Wris 

siCqareze )1( Va , radganac burbuSelis warmoqmna xorci-

eldeba sxvagvarad, kerZod, moxsnis procesSi myofi burbu-

Selis sigane naklebia ganaxerxis siganeze da gverdiTi 

mWreli piri imyofeba normaluri Wris pirobebSi (ix. nax. 

8.3.1). 
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Tavi X 

xerxva 

10.1. burbuSelis warmoqmnis Tavisebureba 

grZivi xerxvis dros 

 

xerxva aris Wris procesi, romlis drosac warmoebs 

dasamuSavebeli masalis gayofa xerxis saSualebiT. rode-

sac ganaxerxi mimarTulia boWkoebis gaswvriv, xerxva 

grZivia, xolo Tu ganaxerxi mimarTulia boWkoebis perpen-

dikularulad – ganivia an torsuli. zogjer ki ganaxerxi 

garkveuli kuTxiTaa boWkoebis mimarT, maSin xerxva 

naxevrad torsulia. 

Tu ganaxerxi mrudxazovania, xerxva Sereulia. grZivi 

xerxvis dros kbilis mTavari wibo Wris torsulad, xolo 

gverdiTi wiboebi boWkoebis ganivad arian ganlagebuli. 

 ganivi xerxvis dros 
mTavari wibo Wris boWko-
ebis ganivadaa, xolo 
gverdiTi wibo – torsula-
daa. 

gverdiTi wiboebiT xer-

xvis dros, roca  901  

(nax. 10.1), adgili aqvs 
boWkoebis mniSvnelovan 
gadaRunvas da ara sufTa 
ganaxerxs. maSasadame, ganivi 
xerxvisas aucilebelia 
kbilebis saWrisebis ga-
lesili iyos iribad, sadac 

 901 . 

ganaxerxis kedlebis sisufTavis TvalsazrisiT auci-

lebelia iribi alesvis kuTxeebi  60451 , romlis 

drosac boWkoebis gadaRunva umciresia. 
boWkoebis gadaRunva mimdinareobs Wris xazis qvemoT. 

nax. 10.2, a-ze naCvenebia kbili, romelic SeWrilia Wris 1 mm 
miwodebis dros, xolo nax. 10.2, b-ze - 2c  mm miwodebis 
dros. orive SeTxvevaSi gayofis xazia 1-1. 

nax. 10.1. Wris kuTxeebi gverdiT 
wibosTan daxuruli Wris dros 

v 

u 

 

1 
1 
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boWkoebis gadaRunva gayofis 1-1 xazidan niSnavs, rom 
boWkoebi gadaweulia ganaxerxis kedlidan saWrisis gver-
diTi wiboebis gareSe.  

saWrisis pirdapiri 

alesva,  901 , savsebiT 

dasaSvebia grZivi xerx-
vis dros, radgan gver-
diTi wiboebi ki ar 
gadaWrian boWkoebs, 
aramed moasufTaveben 
ganaxerxis kedlebs boW-
koebis ganivad. cxadia, 
rom rac ufro metia c, 
miT metia gadaRunva 
Wris 1-1 xazidan, miT 
Rrmaa amonaglejebi ganaxerxis kedlebze, miT ufro 
dabalia ganaxerxis kedlis sisufTave, maSasadame ganivi 
xerxvis dros aucilebelia kbilebis iribi alesva, 

 60451 . grZivi xerxvis dros gamoiyeneba kbilebi 

pirdapiri alesviT,  901 . kbilze miwodeba (c) SemcirebiT 

ganaxerxis zedapiris sisufTave umjobesdeba. 
mrgvali da lenturi xerxebiT grZivi xerxvis dros 

boWkoebis gadaRunva mcirea, rodesac,  6045 . Wris es 

kuTxeebi uzrunvelyofs ganaxerxis zedapiris maRal 

sisufTaves. 

 

10.2. ganaxerxis gafarToeba 

 

xerxvis dros xerxis kedlebi iWreba merqanSi da 

ramdenadme afarToebs ganaxerxs. merqani drekadi ZaliT 

cdilobs daubrundes pirvandel mdgomareobas. amis gamo 

xerxis brtyela iqneba CaWeqili ganaxerxis kedlebs Soris, 

xolo xerxix moZraobis dros mimdinareobs Zlieri xaxuni 

xerxis tansa da merqans Soris, ris gamoc muSaoba Znel-

deba, merqani iwyebs gaxurebas, xerxis brtyela Rebulobs 

sidamwvres da SeiZleba gaxdes uvargisi. am movlenas 

xerxis CaWeqa ewodeba, romlis Tavidan asacileblad unda 

gavafarTooT ganaxerxi, e.i. unda gavadidoT manZili 

nax. 10.2. boWkoebis 
gadaRunva 

grZivad xerxvisas: 
a – c =1 mm; b – c = 2 mm 

v v 
I 

c=1 c=2 

I 

I 

I 

1 1 
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ganaxerxis kedlebs Soris. es gafarToeba ar unda iyos 

imaze meti, rac aucilebelia imisaTvis, rom Tavidan iqnas 

acilebuli xerxis xaxuni ganaxerxis kedlebze, radgan, 

winaaRmdeg SemTxvevaSi gaizrdeba danakargebi naxerxis 

saxiT. garda amisa, merqnis zedmet burbuSelad gardaqm-

nisas saWiroa energiis damatebiTi danaxarji. 

ganaxerxis gafarToebiT cdiloben Tavidan aicilon 

agreTve xaxuni xerxsa da ganaxerxis kedlebs Soris, 

romelic SeiZleba gamowveuli iqnes xerxis Carxze damag-

rebis uzustobiT, agreTve vibraciiT da sxva mizezebiT. 

aRvniSnoT ganaxerxis sigane b-Ti, xerxis sisqe S-iT, maSin 

SSb  2 , sadac S   ganaxerxis gafarToeba erT mxares 

5,0( S  mm). 

praqtikulad dadgenilia ganaxerxis gafarToebis nor-

mebi. kbilis brtyelas da ganaxerxis kedlebs Soris 

miiReba Semdegi RreCoebi. merqnis 30% tenianobamde: 

wiwvovani jiSebis daxerxvisas CarCo xerxiT 

S= 0,6 mm-dan 0,8 mm-mde, 

foTlovani jiSebis daxerxvisas CarCo xerxiT 

S= 0,45 mm-dan 0,6 mm-mde, 

lenturi xerxiT daxerxvisas 

S= 0,4 mm – 0,7 mm-mde, 

mrgvali xerxiT daxerxvisas 

S= 0,4 – 0,7 mm, roca D<800 mm; 

S= 0,9 – 1,2 mm, roca D>800 mm. 

ganaxerxis gafarToeba SeiZleba miviRoT kbilebis 

gadayriT () an kbilebis gatyleJiT (), e.i. an kbilebis 

gadayriT RreCos sidideze marjvena an marcxena mxares an 

kbilis gatyleJiT b siganemde. 

nax. 10.2, b-ze naCvenebia xerxebis sqema gadayrili 

kbilebiT. ori mosazRvre saWrisis pirebs Soris t manZils 

kbilis biji ewodeba. 

Tu SevxedavT xerxs miwodebis mimarTulebiT, maSin 

xerxis brtyela gamoCndeba viwro zolis saxiT da kbilebi 

gadaweuli rogorc marjvniv, aseve marcxniv S   manZilze, 

rogorc naCvenebia nax. 10.3, d-ze (kbilgadayrili xerxisa-
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Tvis) da S   manZilze xerxis brtyeladan gverdze, rogorc 

naCvenebia nax. 10.2, b-ze (gatyleJili kbilebisaTvis). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 10.3. xerxvis sqema gadayrili da gatyleJili kbilebiT: 

a, b – gatyleJili kbilebi; g, d – gadayrili kbilebi; 

e – ganaxerxis gegmili gatyleJili kbilebisas; 

v, z – igive gadayrili kbilebisas  
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gadayrili kbilebis mokle mWreli nawiburebis sigrZea 

S sisqis toli, gatyleJilebis ki ganaxerxis b siganis 

toli. 

amgvarad, kbilebis sxvadasxva momzadebam migviyvana 

ganaxerxis erTi da imave zomiT gafarToebamde – b-mde. 

 

10.3. burbuSelis ganivkveTi gadayrili da gatyleJili 

  kbilebis SemTxvevaSi erT kbilze erTi da igive 

miwodebis dros 

 

CarCo xerxis V mimarTulebiT moZraobis dros kbilis 

yvela wvero gadaadgildeba wrfeze (nax. 10.3, a, g). 

miwodeba erT kbilze (c) ewodeba kbilebis wveroebis 

gadaadgilebis mosazRvre xazebs Soris horizontaluri 

mimarTulebiT gazomil manZils, romelic erTnairia gaty-

leJili da gadayrili kbilebisaTvis, radganac kbilis 

biji (t) erTi da igivea. 

vgulisxmobT, rom CarCo xerxSi erTmaneTis gverdiT 

damagrebulia ori erTnairi xerxi, erTi gatyleJili 

kbilebiT (nax. 10.3, a,b), meore gadayrili kbilebiT (nax. 10.3, 

g, d). ganvixiloT gasaxerxi Zelis proeqcia A isris mimar-

TulebiT. nax. 10.3, e-ze naCvenebia ganaxerxi gatyleJili 

kbilebiT , xolo nax. 10.3, v, z-ze – ganaxerxi gadayrili 

kbilebiT . 

miwodeba da ganaxerxis sigane b orive SemTxvevaSi erTi 

da igivea. magram A isris mimarTulebiT proeqciebi sxvada-

sxvaa. 

kbilis saWrisis piris sigrZe gatyleJis dros aris b 

mm. yoveli kbilis, romelic eSveba vertikalze (nax. 10.3, a), 

moWris burbuSelas ganaxerxis mTel siganeze (nax. 10.3, e). 

yoveli burbuSelis ganivkveTi (ix. daStrixuli kveTi) 

iqneba erTi da igive, misi farTobia bc, sadac b ganaxerxis 

siganea, xolo c – miwodeba kbilze: 

bcS  mm2. 

gadayrili kbilebis dros kbilis saWrisis piris 

sigrZe xerxis sisqis tolia, marjvniv gadayrili pirveli 
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kbili xsnis burbuSelas, romlis ganivkveTis gverdebia c 

(miwodebaTa kbilze) da S (saWrisis mWreli piris sigrZe). 

nax. 10.3, v-ze vertikalurad 

daStrixuli )( Sbc   zomis 

farTobi aRniSnavs merqnis 

ganivkveTs ganaxerxis marcxena 

nawilSi, romelic ar aris 

amoWrili pirveli kbiliT. 

meore kbili aseve ar Wris 

)( Sbc   zomis merqans marjvena 

mxares, romelic modis Semdegi 

gadayrili kbilis nawilze da 

a.S. jamSi gadayrili kbili  

xsnis burbuSelas, romlis 

ganivkveTis farTobi igivea, 

rac gatyleJili kbilis dros, 

romelic tolia bcf   mm2. 

rogorc Cans, burbuSelis 

ganivkveTis forma, -is da -is 

dros sxvadasxvaa kbilze erTi 

da igive c miwodebis dros. 

nax. 10.4, a, b-ze naCvenebia burbuSelis warmoqmna 

gadayrili da gatyleJili kbilebis dros. 

davadgineT ra gadayril – da gatyleJilkbilebiani 

xerxebiT xerxvisas burbuSelis formebs Soris gansxvaveba 

kbilze erTi da imave miwodebis dros, vnaxoT, iqneba Tu 

ara burbuSelis saSualo sisqe e erTi da igive. Tu 

burbuSelis ganivkveTis farTobs (f) gavyofT saWrisis 

piris mTel sigrZeze, miviRebT burbuSelis saSualo 

sisqes, romelic iqneba  

c
b

cb

f

f
e 


 

  mm;                    (10.1) 

 c
s

b

s

cb

s

f
e 


 

  mm.                   (10.2) 

nax. 10.4. burbuSelis warmoqmna: 

a – gadayrili kbilebis,  

b – gatyleJili kbilebis  

         SemTxvevaSi 

2c  2c  

c c  

a 

b 
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amrigad, burbuSelis saSualo sisqe gadayrili kbile-

bis dros metia, vidre gatyleJili kbilebis dros, kbilze 

erTi da igive c miwodebisas. maSasadame SeiZleba gavakeToT 

daskvna, rom burbuSelis sisqe e imdenjer metia e-ze, 

ramdenjerad ganaxerxis sigane metia xerxis sisqeze. 

aqedan gamomdinareobs, rom gadayrili kbilebis dros 

saWiroa energiis naklebi xarji, vidre gatyleJili 

kbilebis dros. 

nax. 10.4 a-ze, rom kbilze c miwodebis dros gadayrili 

kbilebisas ganaxerxis kedelTan miiReba 2c miwodeba, gana-

xerxis SuaSi ki c. 

nax. 10.4, b-dan Cans, rom gatyleJili kbilebiT xerxvisas 

c miwodeba erTi da igive. 

ganaxerxis zusti gegma miiReba xerxis brtyelas mdeba-

reobis gaTvaliswinebiT ganaxerxis mimarT (nax. 10.3, z). 

gadayrili kbilebiT xerxvisas ganaxerxis kedlebze 

SeimCneva kawrulebi, xolo gartyleJili kbilebiT xerxvi-

sas aseTi kawrulebi ar miiReba (nax. 10.3, e). maSasadame, 

gartyleJili kbilebis dros ganaxerxis kedlebi miiReba 

ufro gluvi, vidre gadayrili kbilebi SemTxvevaSi. 

xerxis kbilis ganaxerxSi gadaadgilebisas merqnidan 

mis gamosvlamde burbuSela exaxuneba ganaxerxis kedlebze. 

xaxunis muSaobis gadasalaxavad saWiroa energiis damate-

biTi xarji. cdebiT gviCvenebs, rom burbuSelis xaxunis 

muSaoba gadayrili kbilebis dros daaxloebiT 25%-iT 

metia, vidre gartleJili kbilebis dros, e.i. xaxunis 

kuTri muSaoba (formula (7.30)) iqneba 

b

h

b

h 
 ,                      (10.3) 

sadac h Wris simaRlea. 

cdebiT dadgenilia, rom  

075,072,0   kg/mm2; 

                     06,0058,0   kg/mm2. 

maSasadame energiis xarji gadayrili da gatyleJili kbi-

lebiT xerxvis dros damokidebulia h-ze da b-ze. 
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xerxvis dros merqani ewinaaRmdegeba misgan burbuSelis 

mocilebas. 

winaRobis Zala aRvniSnoT Pk-Ti, cxadia, rom Pk gaty-

leJili kbilebis SemTxvevaSi ganlagdeba brtyelas RerZis 

gaswvriv (nax. 10.3, b) gadayrili kbilebis SemTxvevaSi – 

xerxis brtyelas orive mxares, rac iwvevs xerxis acdenas 

ganaxerxSi. 

xerxis axdenis Tavidan acileba an misi Semcireba xor-

cieldeba xerxis brtyelas daWimviT, agreTve maTi valcviT 

da gamokverviT. 

maSasadame xerxi gadayrili kbilebiT iqneba ufro nak-

lebad xisti, vidre gatyleJili kbilebiT. vinaidan xerxi 

gatyleJili kbilebiT ufro xistia, amitom is naklebad 

deformirdeba, amis gamo gartyleJili kbilebis dros 

SeiZleba gamoviyenoT ufro Txeli xerxi. es metad 

mniSvnelovani upiratesobaa, radgan gartyleJili kbilebis 

dros mcirdeba merqnis narCenebi naxerxis saxiT, e.i. daxer-

xili masalis sasargeblo gamosavali izrdeba da Sesaba-

misad metia mwarmoeblurobac, magram gatyleJvisaTvis 

saWiro ufro maRalxarisxovani legirebuli foladi, 

saTanado specialuri mowyobiloba, raTa Tavidan aviciloT 

bzarebi saWrisze da amonaglejebi. 

 

10.4. xerxis muSaobis unari kbilTa Soris 

Rrmulze damokidebulebiT 

 

xerxis V mimarTulebiT gadaadgilebiT (nax. 10.5) burbu-

Sela kbilis wina waxnagze TandaTan gadaadgildeba 

Rrmulis Zirisaken da roca daikavebs mdgomareobas 2, 

moxdeba burbuSelis motexa  kveTze. burbuSelis nawili 

b xaxuniT mieWireba kbilis wina waxnags, nawili ki g 

moevleba a-s, daawveba da Rrmulis ZirSi dawnexs mas. 

SemdgomSi es procesi meordeba manam, sanam RrmulSi ar 

Caiwnexeba saWiro raodenobis burbuSela. saboloo mdgoma-

reoba sqematurad naCvenebia nax. 10.5-ze, pozicia 6. xerxis 

kbilis wina waxnagi moqmedebs burbuSelaze N ZaliT, 

xolo xaxunis T Zala mimarTulia xerxis moZraobis sawi-
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naaRmdegod. am ori Zalis tolqmedi H Zala moqmedebs 

burbuSelaze Rrmulis siRrmisaken. xerxvis procesSi 

dawneva mudmivia manam, sanam kbilis Rrmuli ar Seivseba 101 

xazamde. Semdgomi Rrmulis Sevseba Zneldeba, radganac 

izrdeba Wris Zalebi da uaresdeba ganaxerxis xarisxi. 

dadgenilia, rom Rrmulis 

Sevseba SeiZleba misi moculobis 

0,5-mde, mas Sevsebis koeficients 

uwodeben da aRniSnaven R-iT, 

xolo burbuSelis SemWidroebis 

koeficients aRniSnaven S. xerxis 

normaluri muSaobisaTvis auci-

lebelia Sesruldes Semdegi 

piroba: dawnexili burbuSelis 

moculoba ar unda aRematebodes 

Sesavseb moculobas: 

bfbch RS   ,        (10.4) 

sadac b ganaxerxis siganea; c – 

miwodeba erT kbilze; h – gana-

xerxis simaRle; f – kbilis 

Rrmulis gverdiTi farTobi. 

(7.4.1) formulidan 

h

f
c

S

R




 ,               (10.5) 







R

S  Rrmulis daZabulobis koeficients uwodeben. 

ganaxerxis ukeTesi xarisxisaTvis aucilebelia sadurglo 

sawarmoebSi 1 . es piroba yovelTvis sruldeba Tanamed-

rove konstruqciis lenturi da mrgvali xerxebis gamoye-

nebiT. morsaxerxi Carxis xerxis muSaoba ufro daZabulia 

da 1 . 

cdebiT dadgenilia, rom Rrmulis Sevseba xdeba burbu-

Selis SemWidroebiT da Sevsebac SezRudulia. am pirobebSi 

Rrmulis profilis formas aqvs didi mniSvneloba. bijis 

Secvlisas da msgavsi profilebis SenarCunebisas arsebobs 

nax. 10.4. kbilis Rrmulebis 
burbuSelaTi Sevsebis sqema 

1 

2 

3 

4 

5 

6 

I 

M 

V 

a b 

g 
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Semdegi damokidebuleba Rrmulis farTobsa da kbilis 

bijis kvadrats Soris: 


22

2

2

2
1

1

n

n

t

f

t

f

t

f
 .                 (10.6) 

am sidides Rrmulis profilis zedapiris koeficients 

uwodeben, 
2tf  .                        (10.7) 

CarCo xerxisaTvis 5,04,0  , 5,0 . 

grZivad saxerxi mrgvali xerxisaTvis 35,025,0  . 

ganivad saxerxi mrgvali xerxisaTvis 6,035,0  . 

lenturi xerxisaTvis 3,012,0  . 

(10.5) da (10.7) formulebidan SeiZleba davweroT 




hc
t


,                        (10.8) 

romelic gansazRvravs xerxis kbilis bijs Rrmulis 

muSaobis unaridan gamomdinare. 
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YTavi XI 

diskuri da lenturi xerxebiT xerxva 

11.1. diskuri xerxiT xerxva 

  

merqnis danawevrebis process xerxis saSualebiT xerxva 

ewodeba. xerxvis dros merqani moculobiT aradeformire-

bul nawilebad iyofa, xolo am nawilebs Soris moTavse-

buli merqani burbuSelad iqceva. diskuri xerxiT xerxva 

aris xerxvis procesi, romelic xorcieldeba mravalsaWri-

siani mbrunavi diskuri formis iaraRiT (mrgvali xerxiT) 

mrgvalsaxerx Carxze. 

xerxva arsebobs grZivi, ganivi, Sereuli. nax. 11.1-ze 

naCvenebia burbuSelis warmoqmna diskuri (mrgvali) xerxiT 

grZivi xerxvisas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ses 

saS

/ 
gam 

Ses 
saS

/ 

gam 

Ses 

saS

/ 

gam 

saS 

saS 

90 

sin 

cos 

V 

V 
t 

u 

a
 

h
 

l 

 
C 

l 

 

 

 

V 

V 

u 

Q
 

h
 

l 

 
Q 

C 
Q1 

Q2 

VWr 

c=e 

O 

a 

b 
g 

h/2 

h
 

l 
a

+
 

h
 

2
 

a
+
 

nax. 11.1. burbuSelis warmoqmna diskuri xerxiT grZivi xerxvisas: 
a – saerTo sqema; b – nomomaluri burbuSelis sqema; 

  g – Wris siCqaris (V) geometriulad gansazRvris sqema 

 

h 

 

V 
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namzadi, romlis simaRlea h, miewodeba U mimarTulebiT 

diskur xerxs, romelic yofs mas aradeformirebul 

nawilebad. 

diskuri xerxiT xerxvisas nominaluri burbuSela 

miiReba namglisebri formis (SemosazRvrulia cikluri 

mrudebiT nax. 11.1, b). burbuSelis saSualo sisqe gadayrili 

kbilebisaTvis 

 sinc
s

b
e ,                      (11.1) 

sadac b ganaxerxis siganea; s – xerxis sisqe; c – miwodeba 

erT kbilze, xolo gatyleJili kbilebisaTvis 

 since ,                      (11.2) 

am formulidan Cans, rom burbuSelis sisqe cvalebadia, 

izrdeba minimaluri mniSvnelobidan maqsimumamde da damo-

kidebulia miwodebis sidideze da kinematikuri Sexvedris 

 kuTxeze. 

radganac 
t

c

V

U
 , sadac U gacilebiT naklebia V-ze, 

Wris traeqtoriad miiCneven moZraobis traeqtorias – 

wrexazs. 

xerxis lilvis mudmivi kuTxuri siCqariT brunvisas 

(n=const) da Tanabari miwodebisas (U=const) xerxis kbilTa 

traeqtoriebi (wrexazebi) gadaadgildebian miwodebis 

siCqaris mimarTulebiT. romlis sididea  

nz

U
c




1000
 mm.                     (11.3) 

gansaxilvelad aRebuli xerxis erTi kbilisaTvis  kuTxe, 

e.i. kuTxe miwodebis siCqaresa U da Wris siCqares V Soris 

cvalebadia da SeiZleba Teoriulad icvlebodes 0-dan 90-

mde. roca  0 , kbilis wveroze gavlebuli radiusi U-s 

perpendikularulia, xolo rodesac  90 , maSin igi U-s 

paraleluria. maSasadame, burbuSelis sisqec icvleba 0-dan 

maqsimumamde (nax. 11.1, a, b). amave naxazidan Cans, rom chel  , 

sadac l, kontaqtis rkali 
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)(
360360

Sg 






DD

l





,             (11.4) 

aq  kontaqtis kuTxea, grad; S – kinematikuri Sexvedris 

kuTxe kbilis merqanSi Sesvlisas, grad; g – kinematikuri 

Sexvedris kuTxe kbilis merqnidan gamosvlisas, grad. 

burbuSelis saSualo sisqe SeiZleba ganisazRvros 

Semdegi formuliTac: 














R

a

R

ha
R

ch

R

ch

l

ch
e

arcsinarcsin

5757


.         (11.5) 

kontaqtis kuTxe 

R

a

R

ha
arcsinarcsin 


 Sg ,           (11.6) 

sadac a magidis simaRlea xerxis brunvis RerZidan, mm; h – 

Wris simaRle, mm. 

radganac  since , kontaqtis rkali 




sin

h

e

ch
l .                    (11.7) 

nax. 11.1, g-ze mocemulia Wris siCqaris geometriulad gan-

sazRvris sqema. Tanabari brunviTi moZraobisas mTavari 

moZraobis siCqare V daaxloebiT Wris V  siCqaris tolia: 

100060100060 







ntzDn
V


 m/wm,              (11.8) 

sadac D xerxis diametria, mm; z – kbilTa ricxvi; t – biji; 

n lilvis brunvaTa ricxvia, br/wT 

ztD  .                        (11.9) 

miwodebis siCqare 

1000

nzc
U


  m/wT.                  (11.10) 

diskuri xerxiT xerxvisas 

t

c

ztn

czn

V

U


1000

1000 .                   (11.11) 
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Wris simZlavre (N) ganisazRvreba Semdegi formuliT: 

102

KbhU
N   kvt.                  (11.12) 

saSualo Wris Zala 

,
V

KbhU
P  kg.                   (11.13) 

mocemulia: 500F  mm, lilvis centridan magidis awevis 

sidide 100a  mm, ganaxerxis simaRle 50h  mm, miwodeba 

Wraze 55,0c  mm. saWiroa ganisazRvros: saS ; sin; cos; 

; l. 

amoxsna. nax. 11.1-dan Cans, rom ASesv.gam  . gam  

Seesabameba lilvis centridan magidis awevis a (mm) 

sidides, xolo ha Semv . nebismieri xerxis D diametri 

daiyvaneba nomogramaze (nax. 11.2) masStabiT 

D
M

100
 .                      (11.14) 

5

1

500

100
M ;                   (11.15) 

20100
5

1
Ma mm;              (11.16) 

30150
5

1
)(  haM  mm.            (11.17) 

gavataroT horizontaluri xazi (isari 1,2) 20 mm da 30 mm 

Sesabamisi wertilebidan, miviRebT  66gam ,  53Sesv. , 

 135366 . 

kontaqtis rkalis sigrZe 

5713
2

500
0175,00175,0  Rl  mm.      (11.18) 

burbuSelis saSualo sisqe 

44,0
57

505,0





l

h
cesaS  mm;             (11.19) 

88,0
57

5050
sin 

ll

h
saS .             (11.20) 
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nax. 11.2. sin da cos gansazRvris nomograma diskuri 
xerxebiT xerxvisas 

 

gadavzomoT ukanaskneli mniSvneloba sin RerZze da 

miRebuli wertilidan gavataroT vertikaluri xazi (isari 3), 

miviRebT  62saS , xolo Tu am ukanaskneli wertilidan 

gavatarebT horizontalur xazs (isari 4), miviRebT 

47,0cos saS . 

(amocanebi – ixileT danarTi). 

 

11.2. lenturi xerxiT xerxva 

 

lenturi xerxiT xerxva xorcieldeba sworxazobrivi, 

uwyveti, gadataniTi moZraobiT mravalsaWrisiani Txeli 

lentis saxis mWreli instrumentiT. lenturi xerxva 

gamoiyeneba morebis, nagverdulebis ficrebad dasanawevreb-

lad da mrudxazovani detalebis gamosaxerxad. foladis 

lenti kbilebiani wiboTi Rvedis msgavsad gadaWimulia or 
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borbalze – wamyvansa da amyolze. lentis wriuli siCqare 

V=const. merqani uwyvetad miewodeba xerxze U=const miwode-

bis siCqariT. Tu SevajamebT geometriulad U da V-s, 

miviRebT fardobiTi moZraobis siCqaris V  veqtors, romlis 

mimarTuleba emTxveva kbilis moZraobis traeqtorias 

merqanSi. 

vinaidan 

const
V

U
tg  ,                    (11.11) 

amitom xerxis kbilTa traeqtoriebi urTierTparaleluri 

swori xazebia, romlebic agreTve V  -is paraleluria, e.i. 

kbilTa traeqtoriebi gadaxrilni iqnebian mTavari moZrao-

bis V mimarTulebidan =const kuTxiT.  kuTxe aris Wris 

traeqtoriis gadaxris kinematikuri kuTxe mTavari 

moZraobis traeqtoriidan. 

roca U da t mudmivia, maSin miwodeba erT kbilze (c) 

mudmivi iqneba. am SemTxvevaSi Uc || , burbuSelis nomina-

luri sisqe Ve  , maSasadame  since  (nax. 11.3, b). 

am SemTxvevaSi Wris sigrZe 

cos

h
l  .                        (11.12) 

nax. 11.3, b-dan Cans, rom chel  . merqanSi SeWrili 

kbilTa ricxvi borblis erTi Semobrunebisas 
t

D
z


 . 

Tu CavsvamT Wris siCqaris formulaSi ztD  , miviRebT 

100060 


ztn
V m/wm.                    (11.13) 

miwodebis siCqare 

100060 


czn
U m/wm.                    (11.14) 

Tu gavyofT U-s V-ze, miviRebT 

t

c

V

U
 .                         (11.15) 
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nax. 11.3. lenturi xerxiT xerxvis sqema: a – burbuSelis  

warmoqmnis sqema; b – nominaluri burbuSelis 
sqema; g – saerTo sqema 

 

vinaidan VU   da amis gamo -is mniSvneloba Zalze 

mcirea, amitom SeiZleba davuSvaT, rom kuTxe  90  da 

ce  . 

lenturi xerxvisas Wris Zala 

V

KbhU
P

60
 kg;                     (11.16) 

Wris simZlavre 

102

KbhU
N  kgt.                   (11.17) 

(amocanebi – ixileT danarTi). 
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11.3. ganivi da grZiv-ganivi Wris ZiriTadi 

SemTxvevebi. ganivi xerxva 

  

ganivi xerxvis dros mTavari mWreli piri xsnis burbu-

Selas boWkoebis ganivad, gverdiTi mWreli pirebi ki Wrian 

merqans torsSi. ganivi xerxvis dros saWiro kbilebis 

iribi alesva. 

saWrisi pirdapiri alesviT naCvenebia nax. 11.4, a-ze, 

iribi alesviT ki nax. 11.4, b-ze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 11.4. kbilis alesva: a – pirdapiri; b - iribi 

 

Tu pirdapiri alesviT saWrisis gverdiT mWrel pirs 

gadavlesavT  901  (adgb) kuTxiT, miviRebT saWriss 

iribi alesviT, romlis drosac ganaxerxis fskeri 1-1-2-2 

daixreba gverdiT kedelTan  90  kuTxiT, magram 

a 

d 
g 

e 

d 
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P 

P2 

P1 

P3 

Pw 
Pb 

xedi A 

d xedi Б 

d xedi Б 

g1 v 
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vamcirebT ra iribi alesviT  901  kuTxes, amave dros 

izrdeba  902  (nax, 11.4, b poz. II) meore gverdiT mWrel 

pirTan. es araxelsayrelia, vidre  902 . 

Tu mTavari mWreli piri ab pirdapiri alesvisas Wris 

boWkoebs ganivad # (nax. 11.4, a poz. III), iribi alesvis dros 

(nax. 11.4, b poz. III) mTavari mWreli piri Wris ganiv-

torsuli mimarTulebiT )(#  , e.i. winaRoba izrdeba, 

maSasadame, ramdenadac naklebia 1  iribi alesvis kuTxe, 

miT ufro umjobesdeba ganaxerxis sisufTave da gverdiT 

mWrel pirs da uadvilebs Wras, magram izrdeba 1 , rac 

auaresebs xerxvis pirobebs. 

zemoT aRniSnulis miuxedavad, Wris pirobebis aseTi 

gauareseba aucilebelia da misaRebi, vinaidan Cven vuqmniT 

xerxis kbilis gverdiT mWrel pirs (romelic torsulad 

Wris) ukeTes pirobebs, radganac torsuli Wris winaRoba 

gacilebiT metia, vidre ganivi Wrisa da Wris zedapiri 

iqmneba ara mTavari mWreli piriT, aramed kbilis gadayris 

mxares mdebare gverdiTi mWreli piriT. amitom ganivi 

xerxvis erT-erTi aucilebeli pirobaa kbilis iribi 

alesva. 

ganvixiloT sakiTxi, SeiZleba Tu ara gamoviyvanoT 

gverdiTi mWreli piri  902  kuTxiT Wris procesidan. 

burbuSelis ganivkveTis warmoqmna gadayrili kbilebi-

saTvis pirdapiri alesviT, roca  9021  , naCvenebia nax. 

11.5, a-ze (ganivkveTi 1-2-3-4), xolo nax. 11.5, b-ze naCvenebia 

ganivkveTi iribi alesviT, rodesac 1  da Sesabamisad 

kuTxe ganaxerxis kedelTan  naklebia 90-ze, xolo 2  da 

Sesabamisad kuTxe ganaxerxis Sua nawilSi 1  metia 90-ze. 

rogorc nax. 11.5, a, aseve nax. 11.5,b-ze erT kbilze 

miwodebisas, ganaxerxis kedlebTan miiReba erT kbilze 

miwodeba 2c-s toli. 

ismis kiTxva – SegviZlia Tu ara gamoviyvanoT Wris 

procesidan mTlianad mTavari mWreli piri da gadavitanoT 
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muSaoba gverdiT mWrel pirze, Turme es SesaZlebelia im 

SemTxvevaSi, Tu oTxwaxnaga saWriss gadavakeTebT samwaxnaga 

danad, romlis gverdiTi mWreli piri gadaWris boWkoebs 

torsSi, daxrili wina waxnagi ki CaxleCs burbuSelis 

elementebs ganaxerxSi P1 ZaliT. saWrisze pirdapiri 

alesviT (nax. 11,4. poz. I) wina waxnagze moqmedi normaluri 

N Zala iSleba or Zalad _ Pw Wris Zalad da Pb Zalad, 

romelic Wris Zalis marTobia. wina waxnagis 1  kuTxiT 

daxrisas (nax. 11.4, b) ki warmoiqmneba wina waxnagze moqmedi 

normaluri P Zala, romelic P1, P2 da P3 Zalebis jamis 

tolia. P Zalis gavleniT xdeba merqnis moxleCa boWkoebis 

gaswvriv. saangariSo formulebi ganivi xerxvisas igivea, 

rac grZivi xerxvisas, magram aRsaniSnavia, rom Wris am 

SemTxvevaSi U da V veqtorebs Soris  kuTxis, Wris h 

simaRlis da Wris V siCqaris cvlileba praqtikaSi gamoye-

nebul sidideTa farglebSi ar iwvevs kuTri winaRobis 

cvlilebas, rac Catarebuli cdebidan mtkicdeba. es 

movlena SeiZleba aixsnas imiT, rom ganaxerxis sigane metia 

burbuSelis siganeze da gverdiTi mWreli wibo, romelic 

awarmoebs torsul Wras muSaobs normaluri Wris piro-

bebSi. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 11.5. burbuSelis ganivkveTi: a – saWrisis pirdapiri 

alesvisas; b – saWrisis iribi alesvisas 
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Wris kuTri winaRoba aRniSnuli Wris SemTxvevaSi ianga-

riSeba formuliT 

c

Pa
kK

u
 ,                      (11.18) 

sadac 

zn

U
c

1000
 .                        (11.19) 

Pu-s mniSvneloba fiWvisaTvis 1,0uP  kg/mm; 

  aryisaTvis 12,0uP  kg/mm; 

  muxisaTvis 15,0uP  kg/mm. 

Sesabamisad fiWvis, aryisa da muxisaTvis: 

  )]90(0006,0042,0[4,12,6  bk ; 

               )]90(0008,0058,0[8,18  bk ; 

               )]90(001,0007,0[2,210  bk . 

roca 05,0c  mm, maSin 315200 maqmP mkm; 

roca 5,006,0  c  mm, maSin 500315maqmP mkm;  

roca 5,02,0  c  mm, maSin 800500 maqmP mkm. 

ganivi xerxvis sxva parametrebis gaangariSeba warmoebs 

grZivi xerxvis analogiurad. 
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Tavi XII 

Wris reJimebis gaangariSeba da kinematika 

CarCo xerxiT xerxvisas 

12.1. CarCo xerxis kinematika. ZiriTadi 

kinematikuri Tanafardobani 

 

CarCo xerxiT xerxva aris morebis Zelebad da ficrebad 

grZivad daxerxvis procesi vertikaluri an horizontaluri 

saxerxi CarCoTi.  

saxerxi CarCo ori saxisaa: vertikaluri da horizonta-

luri. 

vertikalur saxerx CarCoSi raodenoba aRwevs 12-s da 
zogjer ufro metsac (nax. 12.1).  

CarCo xerxis Wris meqanizms warmoadgens mrudmxara-

cocia meqanizmi (nax. 12.2). mrudmxaras  kuTxeze mobru-
nebisas barbacas zeda bolo gadaadgildeba B wertilSi. 

am SemTxvevaSi barbacas RerZi I-I xazTan adgens  kuTxes. A 
wertilze gavataroT  I-I-is paraleluri II-II wrfe, amave 
wertilidan gadavzomoT barbacas sigrZis toli monakveTi 
Ac. davagegmiloT c wertili I-I wrfeze, xolo  B wertili 
– II-II wrfeze, miviRebT Sesabamisad B2 da c1 wertilebs. 

barbacas zeda bolos (CarCos) gadaadgileba  BBxS 1  

221 BBBB  , magram 2121 AABB   da ccBB 12  , amitom 

ccAAS 121  . 

nax. 12.2-dan Cans, rom 

)cos1(cos21   RRRAA , 

saidanac 

)cos1(cos1   LLLcc ; 

)cos1()cos1(   LRS .              (12.1) 

vertikalur CarCo xerxSi mrudmxaras radiusis Sefar-

deba barbacas sigrZesTan aris 
12

1


L

R
. aseTi Sefardebisas 

 5maq , xolo 19961,0cos maq , amitom (12.1) formula 

miiRebs saxes 
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nax. 12.1. saxerxi CarCos kinematikuri sqema centraluri 
mrudmxara-barbaca meqanizmiT: 1 – mrudmxara; 2 – barbaca; 

3 – saxerxi CarCos qvemoTa ganiva; 4 – mori. 
 

)cos1(   RS .                    (12.2) 

CarCos moZraobis siCqare 





 sinsinsin 0VR

dt

d
R

dt

dS
V  ,         (12.3) 

3 

1 

2 

V 
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N 

K h
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=
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sadac RV 0  mrudmxaras A wertilis wriuli siCqarea, 

romelic tolia 

const
nH

V 
60

0


, 

sadac RH 2  CarCo xerxis svlaa. 

winsvliT-ukusvliT moZravi masebis aCqareba 





 coscoscos

2
0

00
R

V
V

dt

d
V

dt

dV
W  .       (12.4) 

winsvliT-ukusvliT moZravi masebis inerciis Zala 

 cos
1800

cos
22

0 GHn

R

V

g

G
mWK  ,        (12.5) 

sadac g simZimis Zalis aCqarebaa da udris 9,81 m/wm2; C – 

winsvliT-ukusvliT moZravi masebis 

(m) wona. 

(12.5) formulidan Cans, rom K 

izrdeba H-is proporciulad da n-

is kvadratis proporciulad, rasac 

didi mniSvneloba aqvs mTeli rigi 

praqtikuli daskvnebisaTvis. 

xSirad sargebloben CarCos moZ-

raobis siCqaris saSualo mniSvne-

lobiT 

3060

2 HnHn
V s  m/wm.      (12.6) 

saSualo siCqaresa V da mrud-

mxaras TiTis (A wertilis) siCqares 

V0 Soris arsebobs Semdegi 

damokidebuleba: 




V

HnHn
V

230260
0  .    (12.7) 

miwodebis moZraoba (nax. 12.3) xor-

cieldeba daRaruli A valcebiT, 

romlebic moZraobaSi modian kontrmrudmxara-barbaca 

meqanizmiT (rL1). l sawevaris rxevis moZraoba iwvevs masze 

damagrebuli soluri muStas CaWedvas friqciul Б TvalSi, 

nax. 12.2. CarCo xerxis 
mrudmxara-barbaca 
meqanizmis sqema 

c1 

II 

c 

R 

H
 

L
 

max 

O 

V 

 

90 

A2 A 

I 

S 

II I 

S 

A1 

H=2R 

V 

 

O1 

O2 

 



 107 

ris gamoc es Tvali mobrundeba garkveuli kuTxiT. am 

ukanasknelTan xistadaa dakavSirebuli kbilana Tvali I, 

romelic modebaSia 2-2 kbilebTan. kbilana I Tavisufladaa 

moTavsebuli 0 RerZze, xolo kbilana 2 damagrebulia 

qveda daRaruli A varcebis RerZze da mohyavs isini 

moZraobaSi. zeda momWeri daRaruli 11 AA   valcebi moZ-

raobaSi modis jaWvuri gadacemiT da kbilanebiT. CarCo 

xerxis miwodebis siCqare 

sin0ViU  ,                     (12.8) 

sadac 
60

2
0

rn
V


  warmoadgens kontrmrudmxaras TiTis wriul 

siCqares; i gadacemaTa ricxvia kontrmrudmxara meqanizmi-

dan daRarul valcebze 











l

r

z

z
i 3

2

1 . 

miwodeba erT brunvaze (Cawodeba) tolia 

ri2 .                        (12.9) 

kontrmrudmxaras  kuTxeze Semobrunebis dros miwo-

deba gamoiTvleba formuliT 

)cos1(
2

 


 .                (12.10) 

damWeri urikis (morTan erTad) masebis aCqareba 

 cos

2

)( 2
0






Vi
W ,                 (12.11) 

Sesabamisi inerciis Zala 

 cos
1800

cos

2

)( 22
0 nGVi

g

G
K










 ,         (12.12) 

sadac G  moris damWeri urikis wonaa morTan erTad. 

brunvaTa ricxvis zrda iwvevs inerciis Zalebis zrdas 

brunvaTa ricxvis kvadratis proporciulad, rac uaryo-

fiTad moqmedebs miwodebis meqanizmze, vidre Wris meqa-

nizmze, radgan CarCos sistema xistadaa damagrebuli 

saZirkvelze, xolo miwodebis sistemaSi Sedis relsze 

moZravi urika. 
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nax. 12.3. saxerxi CarCos kinematikuri sqemebi biZguri miwodebebiT: 
a – erTmagi biZguri miwodeba; b – ormagi biZguri miwodeba; 
  r _ kontrmrudmxaras radiusi; s – sawevari; K _ soli;  
  L1 _ kontrmrudmxaras barbaca; Б _ friqciuli Tvali;  
 r3 _ daRaruli valcis radiusi, romelzec devs mori;  
 A1, A1 _ zeda valcebi; AA _ qveda valcebi; z1 _ wamyvani 
 kbilanis kbilTa ricxvi; z2 _ amyoli kbilanis kbilTa ricxvi. 

 

miwodeba SeiZleba ganxorcieldes srul muSa da uqm 

svlaze, agreTve nawilobriv uqm svlaze. 

arsebobs ormagi biZguri miwodebac, romlis drosac 

miwodeba xorcieldeba lilvis srul brunvaze ori 

kontrmrudmxaris gamoyenebiT. am SemTxvevaSi erTi biZgi 

muSa svlaze, meore uqm svlaze (nax. 12.3, b). miwodebis 

siCqare gamoiTvleba formuliT 

1000

n
U


 m/wT.                   (12.13) 

erTi da igive  Cawodebisas miwodebis siCqare U 

izrdeba brunvaTa ricxvis gazrdiT, rac Tavis mxriv iwvevs 

Carxis mwarmoeblurobis zrdas, magram, rodesac 250n  

br/wT, inerciis Zalis gavlena metad mniSvnelovania, 

K 

R 

L
 

2
r 

A1 

l1 

A1 

z2 

A 

L 

2 1  

O 

 

 

A 

L1 

1 

2 z1 

z3 

Б 

l 

a)  
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radgan igi izrdeba brunvaTa ricxvis kvadratis propor-

ciulad. inerciis Zalis moqmedeba aCqarebis sawinaaRm-

degod iwvevs moris TiTqmis Tanabar moZraobas. 

miwodebis meqanizmSi inerciis Zalis Tavidan acilebis 

mizniT Tanamedrove saxerx CarCoSi gamoyenebulia meqanizmi 

uwyveti miwodebiT (nax. 12.4). 

aseT meqanizmSi daRaruli 

valcebis brunva xorcieldeba 

ZiriTad lilvze moTavsebuli 

borblidan friqciuli wyvi-

liT 1,2, saidanac moZraoba ga-

daecema kbilanebs 5, 6 konusuri 

an Wiaxraxnuli wyviliT 3, 4. 

kbilanebs 5, 6 Tavis mxriv 

moZraobaSi d3 valcebi. 

am SemTxvevaSi 

constU   da 0K . 

miwodebis sididis Sesacvle-

lad saWiroa morbedis 2 mde-

bareobis Secvla friqciuli 

diskos 1 brunvis 0 centris 

mimarT. Tu morbeds gadavitanT 

friqciuli diskos brunvis 

centris meore mxares (mdeba-

reoba 21), maSin mori gadaad-

gildeba sawinaaRmdego mimar-

TulebiT. 

yovel mocemul momentSi U da V siCqareebis geomet-

riuli Sekrebis dros, roca CarCos muSa an uqmi svlis 

dasawyisi emTxveva miwodebis dawyebas, gveqneba 

consttg
V

Vi

V

U



 









sin

sin

0

0             (12.14) 

e.i. kbilanebis wveroebis traeqtoria paraleluri wrfeebia, 

miwodeba kbilze c=const da mudmivi bijis SemTxvevaSi 

burbuSelis mudmivi sididisaa. 

nax. 12.4. uwyveti miwodebis 
saxerxiCarCos mimwodi 
meqanizmis kinematikuri 

sqema 

4 
6 

2 

1 

2 

6 

d2 

3 

d2 
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rodesac miwodebis dasawyisi ar emTxveva muSa an uqmi 

svlis dasawyiss, maSin 




V

U
 iqneba cvalebadi sididis -s 

sxvadasxva mniSvnelobebisaTvis. 

am SemTxvevaSi mrudmxaras  kuTxiT mobrunebas Seesa-

bameba kontrmrudmxaras 1  kuTxeze mobruneba. amitom 

zemoT aRniSnuli fardoba 














V

U
 ar iqneba mudmivi. 





V

U
 cvalebadi sididea agreTve uwyveti miwodebisas, 

radgan constU  , rodesac )( fV  . maSasadame kbilebis 

wveroebis traeqtoria mrudwirulia da burbuSelis sisqec 

cvalebadi sididisaa. 

 

12.2. xerxis daxrilobisa da Cawodebis  
sidideTa fardoba 

 

burbuSelis nominaluri kveTis agebisaTvis aucilebe-

lia vicodeT xerxis kbilebis wveroebis urTierTganlageba 

wveroebis xazis mimarT. ganaxerxis fuZe yovelTvis xerxis 

kbilebis xazis paraleluri rCeba, romlebic vertikalur 

saxerx CarCoze xerxvisas yovelTvis erTmaneTis para-

leluria. Tu kbilis traeqtoria muSa svlaze mdebareobs 

ganaxerxis fuZidan marcxniv, maSin adgili aqvs xerxis 

kbilis SeWras merqanSi. 

Tu muSa svlaze traeqtoriis nawili mdebareobs gana-

xerxis fuZidan marjvniv, xerxva ar xdeba da muSa svla ga-

moiyena arasrulad (adgili aqvs muSa svlis danakargs).  

Tu traeqtoria uqm svlaze mdebareobs ganaxerxis  

fuZidan marcxniv, maSin kbilebis ukana waxnagiT xdeba 

moris ukan gdeba miwodebis sawinaaRmdegod (radgan kbilebs 

ar SeuZliaT Wra ukana waxnagiT), amis gamo adgili aqvs 

miwodebis danakargs. garda amisa, moris kbilebze dawo-

lisas xdeba danadgaris moSla da zogjer avariac. xerxis 

daxriloba SeirCeva am mosazrebebis gaTvaliswinebiT. 
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nax. 12.5. xerxis damagrebis mimarTulebani sxvadasxva 

mimmarTvelebSi: 
       a – mimmarTvelebis gamotanisas; b – mimmarTvelebis  

daxrisas; g – mimmarTvelebis vertikaluri RerZuli 
ganlagebiT 

 
 

uwyveti miwodeba daxrili mimmarTvelebiT 

 
mimmarTvelebis erT RerZze ganlagebiT (nax. 12.5) xerxis 

daxra SeiZleba ganvaxorcieloT misi daWimuli CamokidebiT, 

brtyelas RerZis mimarT daxriT. xerxis kbilebis gaswvriv 

Tanabari daWimuloba (nax. 12.5, b). risTvisac zeda mimmarT-

veli gadaadgilebulia ise, rom Seiqmnas 
2


is toli daxra, 

sadac xerxi iWimeba RerZis gaswvriv (nax. 12.5, a). roca 

gamoyenebulia daxrili mimmarTvelebiT Cakideba (nax. 12.5, 

b), maSin CarCo da masSi vertikalurad damagrebulia xerxi 

uaxlovdeba mors muSa svlisas da Sordeba mas uqmi 

svlisas daxril mimmarTvelebSi gadaadgilebis xarjze. 

g a b 
PdaW. PdaW. 

PdaW. 

PdaW. PdaW. PdaW. 

mimarTu-
lebis 
gamotana 
xerxis Caki- 
dulobis 
tolad. 
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uwyveti miwodeba moqanave mimmarTvelebiT 

 

am SemTxvevaSi 
l

KbhU
P

z
s  rxevis amplitudaa. rxeva 

xorcieldeba meqanizmiT, romelic uqmi svlisas gamoiyvans 

ganaxerxis fuZidan da xerxis vertikaluri ganlageba 

SesaZlebelia. am SemTxvevaSi 

maqmaq Htg2 , 

sadac maq  mimmarTvelebis rxevis maqsimaluri kuTxea. 

 

12.3. Wris procesis parametrebi CarCo xerxiT xerxvisas 

 

Wris procesis parametrebi CarCo xerxiT xerxvisas 

gamoiTvleba Semdegi formulebiT: 

Wris saSualo siCqare 

100060

2






nH
Vs  m/wm,                    (12.15) 

sadac H   xerxis svlaa, mm; n – mrudmxara brunvaTa ricxvi, 

wT. 

miwodeba xerxis erT muSa svlaze (Cawodeba) 

n

U 1000
 s mm,                       (12.16) 

sadac Us miwodebis saSualo siCqarea, m/wT. 

miwodeba xerxis erT kbilze 

cos
H

t
U z


  mm                   (12.17) 

(uqm svlaze, biZguri miwodebis dros), sadac  xerxis 

daxraa, grad; t – xerxis kbilis biji. 

muSa svlaze biZguri miwodebis dros 

H

t
U z


  mm.                        (12.18) 

uwyveti miwodebis dros 

cos
H

t
U z


 mm.                    (12.19) 

erTdroulad WraSi monawile kbilebis ricxvi 
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t

h
z  ,                        (12.20) 

sadac h ganaxerxis simaRlea, mm. 

CarCos xerxiT xerxvis dros Wris Zalebi gamoisaxeba 

Semdegi damokidebulebebiT:  

saSualo Wris Zala muSa svlaze 

H

hb
KP




s  kg,                 (12.21) 

sadac h xerxTa wyobaSi moTavsebuli xerxebis jamuri 

ganaxerxis simaRlea mm. 

saSualo Wris Zala xerxis ormag svlaze 

H

hb
K

P
P






22
s  kg,              (12.22) 

Wris simZlavre  

60102100012060 









nhb
K

hUb
KN s  kvt.        (12.23) 

(amocanebi – ixileT danarTi). 
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Tavi XIII 

randva 

 

randva aris merqnis WriT damuSavebis procesi burbu-

Selis gamoyofiT, romlis drosac dasamuSavebeli zeda-

piri, Wris zedapiri da Wris sibrtye erTmaneTs emTxveva. 

randvis principiT muSaobs faneraasaxdeli (nax. 13.1, b), 

saburbuSele, saarmature (nax. 13.1, a), sarand-mosapirkeTe-

beli Carxebi. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 13.1. randvis sqemebi: a – grZivi randva; b – ganivi  
randva; g – daxuruli ramdva - amotexa 

 

burbuSelis moxsnis procesi aRniSnul Carxebze Seesa-

bameba elementaruli Wris pirobebs, magram arsebobs 

rTuli Wris Sesabamisi randvis procesiT. 

randva aris ori saxis: ganivi da grZivi. 

ganivi randva xorcieldeba faneraasaxdel Carxze daniT, 

romelic moZraobs sworxazovnad uZravad damagrebuli 

namzadis mimarT (nax. 13.1, b). 

myari burbuSelis (faneris) misaRebad merqani winaswar 

unda SeiorTqlos da damuSavdes cxel (35C-mde) mdgoma-

g 

a b 

Vm. 

U 

dana 

 

 
 e=

c 

 

h
 

e=c 

Vm. 

Vmeq 

L 

B 

B 

V 
 

 
=90 

fanera 



 115 

reobaSi. burbuSelis moxsnis process Tan axlavs burbu-

Selis moxsnis process Tan axlavs burbuSelis moWimva 10-

25%-mde. randviT Wris saSualo siCqare miaxloebiT gani-

sazRvreba Semdegi formuliT: 

3060

2 HnHn
V  m/wm,                  (13.1) 

sadac H daniani suportis svlis sididea, m; n daniani su-

portis ormagi svlaTa ricxvi, wT. 

praqtikulad Wris siCqare V SeiZleba iyos 0,2-0,5 m/wm. 
danis kuTxuri parametrebia  52  ,  2318  . radganac 

miwodebis moZraoba Seadgens Wris siCqaris mimarTulebas-

Tan 90-ian kuTxes, amitom 
cce  sin , mm.                 (13.2) 

burbuSelis sisqe SeiZleba iyos 0,3...5 mm-mde. Wris Zala 

leKP  kg, 
sadac K Wris kuTri winaRobaa, kg/mm2; l – kunZis sigrZe 
(burbuSelis sigane), mm; e – burbuSelis sisqe, mm. 

Wris simZlavre 

102

PV
N  kvt.                     (13.3) 

grZivi randva xorcieldeba saarmaturebel, sarand-

mosapirkeTebel da saburbuSele CarxebSi (nax. 13.1, a). 

saburbuSele Carxze muSavdeba nedli merqani. am SemTx-
vevaSi Wris kuTxe  4030  , xolo burbuSelis sisqe 

105,0 e  mm. saastamurebel da sarand-mosapirkeTebel 

Carxebze muSavdeba mSrali merqani. burbuSelis sisqe 

05,0e  mm-mde. Wris kuTxe  80  (saastamurebel Carxze) 

da  5045    (sarand-mosapirkeTebeli Carxze). 
Wris Zala randvisas ganisazRvreba formuliT 

ebKP  kg,                    (13.4) 
sadac b namzadis siganea, mm. 

amotexvisas (nax. 10, g) Uc || ; Ve   da  

czL  ,                       (13.5) 

sadac L budis sigrZea, mm; z – budis sigrZis miRebisas Cana-

WerTa ricxvi. 

(amocanebi – ixileT danarTi). 
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Tavi XIV 

frezva 
 

frezva aris Wris procesi, rodesac miiReba sufTad 

damuSavebuli gansazRvruli formis detalebi. es procesi 

xorcieldeba mbrunavi saWrisebiT (frezebiT, daniani lil-

vebiT da sxv.), merqnis meqanikur damuSavebaSi frezva 

yvelaze gavrcelebuli Wris procesia. safrezavi Carxebis 

jgufs miekuTvneba saSalaSinebeli, saraismuso, oTxmriv 

sarandi, kotasaWreli, sakiloe da sxva Carxebi. 

frezviT Wris procesis Sesasruleblad saWiroa Ses-

ruldes ori moZraoba – Wris, anu mTavari moZraoba da 

miwodebis moZraoba. frezviT merqnis damuSavebisas, rogorc 

wesi, miwodebis moZraoba xorcieldeba dasamuSavebeli 

detaliT, mTavari moZraoba ki mbrunavi mWreli iaraRiT. 

cilindruli frezvis dros (ix. nax. 4.8, b) iaraRis RerZi 

dasamuSavebeli zedapiris paraleluria, xolo saWrisebis 

mWreli pirebi Semowers cilindrul zedapirs. frezvis es 

saxe sxva danarCen saxeebTan SedarebiT metad gavrcele-

bulia. 

torsuli frezvisas instrumentis brunvis RerZi damu-

Savebis zedapiris perpendikularulia. aseT frezebs aqvT 

mWreli piris gverdiTi da torsuli elementebi. ZireiTad 

muSaobas axorcielebs gverdiTi mWreli pirebi, romlebic 

muSaoben cilindruli frezvis principiT. frezvis es saxe 

merqnis masalebis damuSavebaSi TiTqmis ar gamoiyeneba. am 

meTodiT muSaobs kiduri da fasonuri frezvis calkeuli 

elementebi.  

fasonuri, anu profiluri frezvis dros mWrel pirs 

aqvs rTuli aRweriloba, igi Sedgeba mrudxazovani da 

sworxazovani elementebisagan. 

 

14.1. Wris traeqtoria 

 

frezvis procesi xorcieldeba iaraRis Tanabari brunvis 

da namzadis Tanabari miwodebis SemTxvevaSi. 
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mTavari moZraoba xasiaTdeba wriuli siCqariT – V m/wm, 

romelic Wris rkalze (saWris wveroze) radiusis perpen-

dikularulia, miwodebis moZraoba – miwodebis siCqariT – 

U m/wT. 

miwodebis moZraoba SeiZleba mimarTuli iyos instru-

mentis brunvis Semxvedrad an piriqiT, emTxveodes brunvis 

mimarTulebas. 

pirvel SemTxvevaSi miwodebas uwodeben Semxvedrs (nax. 

14.1, a), meore SemTxvevaSi ki Tanxvdenils (nax. 14.1, b). 

frezvis orive  moZraobis (brunviTi da gadataniTi) Seja-

mebiT saWrisis mWreli piris moZraobis traeqtoria XOY 

uZravi koordinatTa sistemis mimarT gamoisaxeba cikloi-

duri mrudiT. nax. 14.1, b-ze naCvenebia Wris traeqtoria 

Tamxvdenili miwodebisas. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 14.1. Wris traeqtoria cilindruli frezvisas: 
a – Semxvedri miwodebisas; b – Tanxvdenili miwodebisas 

 

V da U siCqareTa geometriuli jami 125D  aris 

WeSmariti Wris siCqare VW. 

c 

B 

B 

y 
a 

b 

x 

y 

x 

A 

A 

U Uz 

U 

Uz 

O 

D 

D 

O 

 

 

c 

c 
c 

O 

O 

H
 

H
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unda aRvniSnoT, rom praqtikuli gaangariSebisas, Wris 

traeqtoriad Tvlian ara cikloidas, aramed wrexazs. es 

ganpirobebulia imiT, rom Wris siCqaris fardoba miwodebis 

siCqaresTan Zalian didia 







 10030

U

V
. aqedan gamomdina-

re, mTavari moZraobis siCqare SeiZleba miviRoT, rogorc 

Wris siCqare VV W . yvelaze arasasurvel pirobebSi aseTi 

daSvebis cdomileba ar aRemateba 3%. 

 
14.2. grZivi frezva 

grZivi frezvis dros frezis mimarTuleba emTxveva boW-

koebis mimarTuleba (ix. nax. 4.8, a). 

danebiani lilvis brunvisas detalidan moixsneba namg-

lisebri profilis (cikloiduri) burbuSela. aseTi Wra 

miekuTvneba Ria Wras. wriuli siCqare V mudmivia, 

const
Dn

V 



10060


, misi veqtori mWreli piris wris radiusis 

perpendikularulia da icvlis mimarTulebas damuSave-

buli zedapiris mimarT, Wris kontaqtis l sigrZeze 

burbuSelis sisqe e cvalebadia. 

radganac grZivi frezvis dros boWkoebis mimarTuleba 
miwodebis mimarTulebis paraleluria, rogorc nax. 4.8, b-

dan Cans, icvleba boWkoebis gadakveTis kuTxe . kinemati-

kuri Sexvedris kuTxe ki 
2


s , max  sadac  kontaq-

tis kuTxea. 
frezvis dros miRebuli burbuSela SegviZlia warmo-

vidginoT rogorc marTkuTxedi (ix. nax. 4.8, b). am SemT-
xvevaSi 

lehU z  s ,                     (14.1) 

sadac Ux miwodebis sididea daniani lilvis erT brunvaze, 

mm; h – frezvis siRrme, mm; es – burbuSelis saSualo sisqe, mm. 

burbuSelis saSualo sisqe 

l

hU
e z s mm;                     (14.2) 
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saSualo Wris Zala 

ss beKP   kg,                    (14.3) 

sadac b Wris siganea, mm; K – Wris kuTri winaRoba, kg/mm2. 

(14.2) formulis gaTvaliswinebiT gveqneba  

l

KbhU
P zs  kg.                  (14.4) 

muSaoba, romelic ixarjeba erT Wraze tolia 

lPA  sWr  kgmm,                  (14.5) 

romelic (14.4) formulis gaTvaliswinebiT miiRebs saxes 

hKbUl
l

hKvU
A z

z Wr  kgmm,            (14.6) 

anu muSaoba kgmm-Si iqneba 

1000

hKbU
A zWr kgm,                 (14.7) 

simZlavre 

wm

kgm

T

A
N  ,                       (14.8) 

sadac 
n

T
60

  wm.  

CavsvaT A-s da T-s mniSvnelobebi (14.8) formulaSi, 

miviRebT erTi saWrisis muSaobis simZlavres  

100060 


hnKbU
N z  kgm/wm.                (14.9) 

z saWrisis muSaobisas gveqneba 

102100060 


hnzKbU
N z  kvt,             (14.10) 

miwodebis siCqare 

1000

znU
U z m/wT.                    (14.11) 

(14.11)-is gaTvaliswinebiT 

10260 


KbhU
N kvt.                  (14.12) 

cnobilia, rom simZlavre 

102

P
N  kvt.                    (14.13) 
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saidanac 

V

N
P

102
 kg.                   (14.14) 

(14.14) gamosaxuleba (14.12)-is gaTvaliswinebiT miiRebs 

saxes 

V

KbhU
P

60
  kg,                  (14.15) 

(14.12) da (15.15) formulebi Wris simZlavrisa da Wris Zalis 

gamosaTvleli formulebia. 

miwodeba Wraze 

nz

U
U z




100
mm.                   (14.16) 

Wris rkalis sigrZe 

360

0D
l  mm,                    (14.17) 

sadac  kontaqtis kuTxea. 

burbuSelis saSualo sisqe 

ss  sinzUe                    (14.18) 

sadac 
2


s . 

 

14.3. kinematikuri Sexvedris kuTxis gaangariSeba 

frezvis dros 

 

saSualo kinematikuri Sexvedris kuTxe (ix. nax. 4.8) 

2


s ;                       (14.19) 

2

cos1

2
sinsin

 
s ,                (14.20) 

magram 

R

hR 
cos ,                      (14.21) 

amitom 








 


R

hR
1

2

1
sin s ,                 (14.22) 
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anu 

D

h
ssin .                      (14.23) 

(14.23) aris kinematikuri Sexvedris kuTxis ganmsazRv-
reli formula frezvis dros. 

garda amisa konematikuri Sexvedris kuTxis (), kontaq-

tis kuTxis (), Wris rkalis sigrZis (l) da burbuSelis 

saSualo sisqis (esaS) gansazRvra SeiZleba nomogramis 

saSualebiT (nax. 14.2) 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 14.2. 

 

mocemulia: 125D  mm, 4h  mm, 5c  mm. 

unda ganisazRvros: ; l; saS da esaS. 

amoxsna. 4.8 nax-ze  wertilidan zemoT gadavzomoT h-is 
mniSvneloba da gavavloT horizontaluri wrfe marcxniv, 

wrewirTan miviRebT -s, saidanac ganvsazRvravT 




R
D

l 0175,0
360

 . 

CavataroT es moqmedebebi nomogramaze (nax. 14.2) masStabiT 

4
125

500500


D
M . 

masStabis gaTvaliswinebiT 0 wertilidan h-is nacvlad 

gadavzomoT qvemoT 164,4 Mh  mm. gavavloT xazi marjvniv 

da vipovoT  21 .  

5 

10 
15 

20 
21 

25 

30 

sin 

(,) 

cos Mn 

1,0 

0,98 
0,96 

0,94 
0,92 

0,5 

0,88 

0,86 
0,84 

0,82 

0,0 50 

0
,0

2
 

10 

 0 

16 

20 

30 

40 

0
,0

4
 

0
,0

6
 

0
,0

8
 

0
,1

 

0
,1

2
 

0
,1

4
 

0
,1

6
 

0
,1

8
 

0
,2

 
0

,2
2
 

0
,2

4
 

0
,2

6
 

0
,2

8
 

0
,3

 

0
,3

2
 

0
,3

4
 

0
,3

6
 

0
,3

8
 

0
,4

 

0
,4

2
 

0
,4

4
 

0
,4

6
 

0
,4

8
 

0
,5

 

0.174 
(2) 

D
M

500
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kontaqtis rkalis sigrZe 

2321
2

125
175,0175,0  Rl  mm. 

burbuSelis saSualo sisqe 

88,0
23

54





l

hc
esaS  mm. 

viciT ra burbuSelis sisqe 
l

hc
ce


 saSsaS sin , 

gavsazRvroT 174,0
23

4
sin 

l

h
saS . abscisaTa RerZze gadav-

zomoT 174,0sin cfi , gavavloT vertikaluri xazi, miviRebT 

 10saS  da Semdeg miRebuli wertilidan gavavloT 

horizontaluri xazi RerZis gadakveTamde, miviRebT 

98,0cos saS . 

 

14.4. pirdapiri da Sebrunebuli amocanebi frezvisas 

grZiv-torsuli (||-) Wris dros 

 

pirdapiri amocaniT ganisazRvreba Wris saWiro simZlavre 

10260 


KbhU
N kvt.                   (14.24) 

im pirobiT, rom cnobilia yvela monacemi masalaze, damu-

Savebis zomebze (b, h), iaraRze (, , D, z), muSa moZraobaze 

(U, V), Wris droze T da sxv. viciT, agreTve Wris kuTri 

muSaoba K   kgm/sm3 an Wris kuTri dawneva K kg/mm2. 

rodesac 

1,0e mm, 
e

Pa

b

h
kK

u
w


 .              (14.25) 

rodesac 

1,0e  mm, 








e

Pa

b

h
kK

u
w

)8,0( 
 .         (14.26) 

garda pirdapiri amocanebis saWiroa gadawydes Sebru-

nebuli amocanebic, e.i. rodesac cnobilia yvela sidide, 

garda miwodebis siCqarisa. viciT ra 
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1000

znU
U z m/wT,                   (14.27) 

z da n, maSin 

zn

U
U z

1000
 mm.                   (14.28) 

(14.12) formula (14.27)-is gaTvaliswinebiT miiRebs saxes 

6106102100060 





znKbhIznKbhU
N zz kvt.         (14.29) 

am formulaSi cnobilia yvela wevri, garda K da Uz-isa 

bhzn

N
KU z




6106
2mm

kg
.                (14.30) 

Tu CavsvavT K-s mniSvnelobas (14.25), (14.26) formulebidan 

(14.30)-Si da movaxdenT saTanado gadraqmnebs, maSin rodesac 

1,0e  mm, miviRebT 

hbk

bPa

hzn

N

U z












w

u

sin

106 5

mm,               (14.31) 

rodesac 1,0e  mm miviRebT 

hbk

bPa

hzn

N

U z















w

u

sin

)8,0(106 5

mm.        (14.32) 

am formulebSi N, h, z, n, b, , a, uP , vkw ,  ganisazRvreba 

saTanado formulebiT da nomogramebiT. 

kbilze miwodebis miRebuli mniSvnelobebi gansazRvru-

lia simZlavris mixedviT, mxolod unda SevamowmoT, dasaS-

vebia Tu ara mocemuli parametrebi saWiro sisufTavis 

zedapiris miRebisaTvis. 

(amocanebi – ixileT danarTi). 

 

14.5. ganivi frezva 

 

ganivi frezvisas yvela geometriuli Tanafardoba rCeba 

igive, rac grZivi frezvisas, gamonaklisia is, rom Tu 

grZivi frezvisas miwodebis siCqaris mimarTuleba boWko-
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ebis mimarTulebis paraleluria, ganivi frezvisas miwode-

bis siCqaris mimarTuleba boWkoebis mimarTulebis perpen-

dikularulia. 

cdebiT miRebuli Sedegi mniSvnelobani. 

ganivi frezvis dros kuTri Wris Zala ukan waxnagze  

uP kg/mm. 

fiWvisaTvis 

07,0uR  kg/mm; 

muxisaTvis 

1,0uR kg/mm. 

Wris kuTri winaRoba wina waxnagze, roca 1,0e mm 

fiWvisaTvis 

07,001,0)(0075,0  hVk w ;          (14.33) 

muxisaTvis 

1,0014,0)(0012,0  hVk w ;          (14.34) 

roca 1,0e  mm, fiWvisaTvis 

5,001,0)(0075,0  hVk w ;          (14.35) 

muxisaTvis 

9,0014,0)(12,0  hVk w .           (14.36) 

ganivi frezvisas saWrisis mWreli piris    kuTxiT daxrisas, 

K-s koreqtireba unda vawarmooT Semdegi koeficientebiT: 

;0  10; 20; 30, 

1a ; 1,07; 1,25; 1,5. 

 gamoiTvleba 

fiWvisaTvis 

T
nh

1000sin
0008,0


 ;             (14.37) 

muxisaTvis 

T
nh

1000sin
001,0


 .              (14.38) 

, cos, sin kuTxeebi da yvela sxva Zaluri parametrebi 

gaiangariSeba iseve, rogorc grZivi frezvisas. 
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ganivi frezvis amocana 

 

magaliTi. fiWvisaTvis  60 , 

180D  mm, 4500n  br/wT, 42V  m/wm, 10h  mm, 

100b  m, 9U  m/wm, 2z , 0 . 

ganvsazRvroT N da sxva Zaluri parametrebi basri 

saWrisiT Wris dros: 

1. 24,0
180

10
sin 

D

h
; 

 14 ; 97,0cos  ; 07,0uP  kg/mm. 

2. ganvsazRvroT 

1
45002

90001000








nz

U
cU z mm, 

saidanac 

24,0sin  zUe mm. 

3. kuTri winaRoba wina waxnagze 

6,007,01001,0)4260(0075,0 wk  kg/mm2. 

4. saerTo kuTri winaRoba 

9,0
24.0

07,0
6,0 K  kg/mm2. 

5. Wris simZlavre 

25,1
10260

9101009,0

10260










KbhU
N  kvt. 

6. Wris Zala 

3
42

25,1102102








V

N
P  kg. 

7. faqtiuri Zala ukana waxnagze 

6,0
360

28210007,0)8,01(

360

)8,0(








 bzPa
P

u
u.f  kg. 

8. Zala wina waxnagze 

4,26,02 wP kg. 

9. radialuri Zala 

1,0104,2
2

6,0
)70(  tgtgP

f

P
R w

u.f
 kg. 
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10. miwodebis da masTan normaluri Zala  

9,224,01,097,03   kg; 

                  62,097,01,024,03 S  kg. 

 

siCqareTa grafikis ageba frezvisas 

  

magaliTi. muSaoba sruldeba СФЧ-4 Carxze. 

roca 9,0amgr , 8,2amgrN kvt, 125D mm, 5000n  br/wT, 

 55 , 2z . 

7,32
60000


Dn

V


 m/wm. 

saWiroa aigos siCqareTa grafiki fiWvis detalebis Wrisas 

basri danebiT, roca 

h = 1; 1,5; 2; 3 mm da b = 100; 200; 300; 400 mm. 

1. vsazRvravT 4
125

500500


D
M  da 1hMh  , e.i. 

411  Mh  mm; 65,12  Mh  mm; 

823  Mh  mm; 1234  Mh  mm. 

2. nax. 14.2-dan vsazRvravT 

101 ; 174,0sin 1  ; 

 122 ; 2,0sin 2  ; 

143 ;  184 ; 24,0sin 3  ; 31,0sin 4  . 

danarTidan, cxr. 1 (frezva) da cxr. 2 

h1 = 1,0 mm, k = 1,0, P = 0,18; 

h2 = 1,5 mm, k = 1,0, P = 0,19; 

h3 = 2,0 mm, k = 1,0, P = 0,19; 

h4 = 3,0 mm, k = 1,0, P = 0,19. 

3. yoveli h-iT da b-Ti ganisazRvreba zUc   mniSvnelo-

bebi (ix. formula (14.31)): 

h1 = 1,0 mm; h2 = 1,5 mm; h3 = 2,0 mm: h4 = 2,0 mm; 

c100 = 15,3; c100 = 9,6;  c100 = 6,86;  c100 = 4,66; 

                        c200 = 6,8; c200 = 4,1;  c200 = 2,86;  c200 = 1,83; 

c300 = 3,97; c300 = 2,27;  c300 = 1,48;  c300 = 0,89; 

c400 = 2,56; c400 = 1,35;  c400 = 0,81;  c400 = 0,42, 
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c-Tan indeqsebi gviCvenebs frezvis b siganes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 14.3. siCqareTa grafikis frezvisas 
 

viciT ra e1; 2z  da n =5000 br/wT, vsazRvravT yvela 

SemTxvevisaTvis 
1000

czn
U   m/wT, vagebT siCqareTa grafiks, 

gadavzomavT ra yoveli h-sTvis abscisaTa RerZze b-s 

mniSvnelobebs, xolo ordinatTa RerZze _ UN-is mniSvne-

lobebs (nax. 14.3). viRebT ra (cxr. 8.9) 
z

c
c

t
 , roca 125D  mm 

da 
1000

znc
U h

h  , vRebulobT paralelur wrfeTa rigs, 

romelic gansazRvravs dasaSvebi Uh frezvis xarisxs: 

200maqmR  Seesabameba 55U  m/wT; 

150maqmR  Seesabameba 50U  m/wT; 

100maqmR  Seesabameba 35U  m/wT; 

60maqmR   Seesabameba 5,27U  m/wT; 

30maqmR   Seesabameba 24U  m/wT. 

 

 

 

U m/wm 
h=1 mm 

h=1,5 mm 

h=2 mm 

h=1 mm 

h=1 mm 
h=1,5 mm 
h=2 mm 
h=1 mm 

b, mm 

140 

Rmmaq=200 = 315 mkm 

130 
120 
110 
100 
90 
80 
70 
60 
50 
40 
35 
30 
20 
10 

0 100 200 250 300 400 

Rmmaq=100 = 200 mkm 
Rmmaq=60 = 100 mkm 

Rmmaq=90 = 60 mkm 
Rmmaq=16 = 30 mkm 
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14.6. frezva-kopirebis procesi 

 

frezva-kopirebis procesis dros namzadis brunvis 

RerZi daniani Tavis brunvis RerZis paraleluria. kopireba 

aris ganivi da grZivi (nax. 14.4, a, b).  

daniani Tavi brunavs mTavari moZraobis siCqariT Vf 

(nax. 14.4) da garda amisa miwodebas adgili aqvs namzadis 

brunvis radiusis gaswvriv. 

namzadi brunavs mTavari moZraobis siCqareze naklebi 

siCqariT. am SemTxvevaSi traeqtoriebi epicikloiduri, 

xraxnuli da spiraluri mrudebis kombinaciaa. 

nax. 14.4, a-ze daniani Tavis brunvis sibrtye mTavari 

moZraobis siCqariT Vf, namzadis brunvis RerZis perpendi-

kularulia, romelic brunavs sawinaaRmdego mimarTulebiT 

fn VV   siCqariT (ganivi kopireba).  

nax. 14.4, b-ze daniani Tavis brunvis sibrtye mTavari 

moZraobis siCqariT Vf, namzadis brunvis RerZis paralelu-

ria, romelic brunavs saaTis isris mimarTulebiT fn VV   

siCqariT. 

am SemTxvevaSi miwodeba xorcieldeba namzadis brunvis 

RerZis gaswvriv (grZivi kopireba). 

ganivi kopirebisas 

60

ff

f

nD
V


 ;  

60

nn
n

nD
V


              (14.639) 

Wris siCqare nf VVV   da igi SeiZleba CavTvaloT fV -s 

tolad, radganac nV  umniSvneloa fV -Tan SedarebiT. 

aseve SeiZleba ugulebelvyoT traeqtoriis daxra 

xraxnul xazze kuTxiT 

0



V

V
arctg n ,                  (14.40) 

radgan Vn gacilebiT naklebia V  -ze. 

burbuSelis nominaluri kveTebi miiReba namglisebri 

formis. unda ganvasxvaoT miwodeba Wraze Ud mimarTulebiT, 

romelic tolia cd, miwodebisagan Vn, romelic tolia cn 
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zn

U
c






f

d

d

1000
, 

xolo 

zn

U
c






f

n
n

1000
. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 14.4. frezva-kopirebis procesi: a – ganivi kopireba; 

b – grZivi kopireba 
 
ganivi kopirebisas grZivi miwodebis gareSe saSualo simZ-

lavre iangariSeba formuliT 

10260

)( 21






T

nOOK
N  kvt,                 (14.41) 

sadac K kuTri winaRobaa, kg/mm2; O1 – namzadis moculoba, 
sm3; O2 – nakeTobis moculoba, sm3; n – saWrisis brunvaTa 
ricxvi, br/wT; T – muSaobis dro, wT. 

2 

 

 

Vf 

k 

B 

D 

a 
b 

s 

 

A 

U 

d0 

l 

h 

O O 

Vn 

O1 O 

e 

 

A 

l 

 

Vf t 

Vd 

l 
e 

O 

f 

O2 

a1 

Vn 

f1 b 
h O1 O 
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Wris saSualo pirobebisaTvis kuTri winaRoba K aiReba 

rbili jiSebisaTvis 1-1,5 kg/mm2, magari jiSebisaTvis – 1,5-2 

kg/mm2. 

ganivi frezvisas grZivi miwodebiT da grZivi frezvisas, 

simZlavre 

102

)( 21






L

UOOK
N  kvt,                (14.42) 

sadac L namzadis dasamuSavebeli nawilis sigrZea, mm; U – 

grZivi miwodebis siCqare, mm/wm; K-s mniSvnelobebia; rbili 

jiSebisaTvis 1,5 kg/mm2, ganivi frezvisas, 2 – grZivi frezvi-

sas. magari jiSebisaTvis 2,25 kg/mm2 ganivi frezvisas, 3 – 

grZivi frezvisas. 

 

14.7. jaWvuri frezva 

 

jaWvuri frezva gamoiyeneba gamWoli an aragamWoli 

sworkuTxa naxvretebis misaRebad kotebiT SeerTebisaTvis. 

safrezavi jaWvis mTavari moZraobaa brunviTi moZraoba 

siCqariT 

6000060000

LnDn
V


  m/wm,                (14.43) 

sadac D safrezavi Tavis diametria, mm (nax. 14.5); L – budis 

sigrZe (erTi gavlisas), mm (ix. cxrili 11). 

brunviT moZraobasTan erTad safrezavi jaWvi Rebulobs 

Tanabar RerZul gadaadgilebas – miwodebas radiusis 

gaswvriv. fardobiTi moZraobis traeqtoria am SemTxvevaSi 

aris cikloida, Wris mimarTuleba boWkoebis mimarT yovel-

Tvis icvleba, burbuSelis sisqe  since . Wris Zala 

gaiangariSeba ise, rogorc diskuri xerxiT xerxvisas da 

frezvis SemTxvevaSi. 

saWrisze RerZuli miwodeba 

c

R

R
nz

U
c   mm,                   (14.44) 

sadac zv aris wamyvani varskvlavas kbilTa ricxvi, 4vz . 

RerZuli miwodebis SemTxvevaSi burbuSelis sigrZe 
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nax. 14.5. jaWvuri frezva 

 

22

LD
l





R  mm;                 (14.45) 

burbuSelis sisqe 

RRR lce   mm,                    (14.46) 

burbuSelis saSualo sisqe RerZuli miwodebisas 

c
c

L

cL

l

cL
e 64,0

22





R
R.s  mm.           (14.47) 

radgan  sinRR.s ce , amitom 64,0sin   da  40 , xolo 

boWkoebis gadakveTis kuTxe 
 5090 .                (14.48) 

Tu saWiroa safrezavi Tavis siganeze meti naxvretis 

miReba, namzads aniWeben ganiv gadaadgilebas. nax. 14.5-ze 

naCvenebia Wra ganivi Ug miwodebiT, romlis drosac budis 

formirebisas mkveTrad izrdeba saWiro simZlavre. amitom 

muSaobis mZime pirobebSi rekomendebulia safrezavi Tavis 

CaRrmaveba budis napirebTan da Semdeg Sualedis frezva 

gverdiTi miwodebiT. 

saWrisze gverdiTi miwodeba 

v

g
gv

nz

U
C   mm,                   (14.49) 

UR 

B
 

L=D 

h
 

Ug 

 

t 

c R
 

cg 

2
t 

ug 

cg v
 

c
 

Fg Fg 

emaq 
et 
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burbuSelis sigrZe gverdiTi miwodebisas 

)(
2

Rh
R

l 


g  mm,               (14.50) 

sadac R safrezavi Tavis radiusia, 

22

LD
R  . 

am SemTxvevaSi burbuSelis saSualo sisqe 




sinsin

2

gvgv
g

gv cc

Rh
R

hc
e 



  mm,      (14.51) 

aqedan 

hR

h




57,0
sinsin  ,              (14.52) 

e.i. gverdiTi miwodebis SemTxvevaSi   . 

safrezavi jaWvi Sedgeba erT saxsarze damagrebuli 

firfitebisagan – kbilebisagan. 10 mm-mde siganis jaWvebi 

Sedgeba 3 firfitisagan, 12 da 16 mm siganis jaWvebi – xuTi 

firfitisagan da 20 da 25 mm siganis jaWvebi – 7 firfi-

tisagan. WraSi monawileobs TiToeuli firfitis mTavari 

da ori gverdiTi wibo, iseve, rogorc diskuri xerxis 

dros gatyleJili kbilebiT. jaWvuri frezva miekuTvneba 

daxuruli Wris saxes, amitom gaangariSebisas unda gaviTva-

liswinoT burbuSelis ganaxerxis kedlebze xaxunis kuTri 

winaRoba 

2x
mm

kg
  

2

1

1


  i

b

h
K


,                 (14.53) 

sadac   koeficientia, romelic iTvaliswinebs xaxunis 

intensiurobas, 06,0 , b1 – firfitis sigane; i – sigane 

firfitebis raodenoba (cxrili 14.1); 


2

1i
wyvili gverdiTi 

kedlebis ricxvi, romlebic warmoqmnilia firfitebiT 

budis b siganeze. 

jaWvuri frezviis dros iWreba mikroburbuSela, amitom 

Wris saSualo kuTri winaRoba 
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xu
u

s kkP
c

Pa
K 




 8

sin

)8,0( 
 

2mm

kg
.        (14.54) 

imisaTvis, rom ganvsazRvroT Ks, RerZuli miwodebis 

dros (14.54) formulaSi unda CavsvaT eR.s.-is mniSvnelobebi 

(14.47) formulidan da -s mniSvnelobebi (14.48) gamosaxu-

lebidan, xolo gverdiTi miwodebis dros Ks-s gansazRv-

risaTvis saWiroa (12.54) gamosaxulebaSi CavsvaT egv da sin 

(14.51) da (12.52) gamosaxulebebidan. Wris saSualo wriuli 

Zala RerZuli miwodebisas 

60

RR
R

bDUK
P   kg;                  (14.55) 

gverdiTi miwodebisas 

60

gg
g

bhUK
P   kg.                    (14.56) 

Wris simZlavre Sesabamisad 

120

R
R

P
N  kvt;                      (14.57) 

102

g
g

P
N   kvt.                     (14.58) 

jaWvuri frezvis dros damuSavebis reJimebi Semdegia: 

104  n/wm; 6,30RU  m/wT; Rg UU )7,05,0(   

(miwodebis siCqaris umciresi mniSvneloba aiReba magar 

jiSebSi Rrma budeebis amoRebis dros). 

safrezavi Tavis ZiriTadi zomebi mocemulia qvemoT 

moyvanil cxrilSi. 

cxrili 14.1 

safrezavi Tavis zomebi 

parametrebis dasaxeleba zomebi 

safrezavi jaWvis sisqe (budis sigane b), mm 8  10  12  16  20  25 

budis umciresi sigrZe L (safrezavi Tavis 

diametri), mm  

40 40  60  40  60  40 

   60  70  60  60 

budis udidesi siRrme h, mm 
 100  125  125  160 

 125  160  160  160  

jaWvis b siganeze firfitebis ricxvi 3  3  5  5  5  5  7  7 
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aragamWoli frezvis dros budis fuZe momrgvalebulia. 

fuZeze warmoiqmneba talRebi frezvis dros, xolo gverdiT 

zedapirebze kawrulebi. merqnis atkeCis Tavidan asacileb-

lad saWrisis merqnidan gamosvlis adgilze keTdeba 

sayrdeni, romelic awveba Pmaqs-ze meti ZaliT. 

magaliTi. mocemulia 3000n  br/wT; 602  RD  mm; 

safrezavi jaWvebis kbilebis biji 6,22t  mm; Wris kuTxeebi 

-  70 ; 15 ; 55 ; 20RU mm/wm; 1pa ; 4vz ; 70h mm; 

12b  mm; 4
3

12
1 

i

b
b . jiSi – fiWvi. 

ganisazRvros Wris Zalebi da simZlavre safrezavi 

Tavis RerZuli miwodebisas. 

amoxsna: 

1. Wris siCqare 

42,9
60000

30006014.2

60000





Dn
v


 m/wm. 

2. miwodeba saWrisze 

1,0
30004

206060










nz

U
c

v

R

R  mm. 

burbuSelis saSualo sisqe 

1,0064,064,01,0sin  RR cc  mm, 

sadac  40 . 
burbuSelis sigrZe 

2,94
2

6014,3

2





D
l


R  mm. 

3. saWrisis ukana zedapirze faqtiuri kuTri Wris Zala 

34,00036,016,0  uP  kg/mm, 

sadac  
 50409090 . 

4. saWrisis wina zedapirze fiqtiuri saSualo pirobiTi 

wneva  

      )90)(00015,0007,0()0004,002,0( k  

      )5000015,0007,0(70)500004,002,0()017,055,0(   

      62,2)50017,055,0()690(   kg/mm2. 
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5. gverdiT kedlebze xaxunis kuTri winaRoba 

1,2
2

13

4

7006,0

2

)1(

1










  i

b

h
k


x  kg/mm2. 

6. Wris saSualo pirobiTi wneva, roca 1,0Re  mm 

      






064,0

34,0)8,01(
8

)8,0(
xu

R

u
T kkP

e

Pa
K

p
 

               5,81,262,234,08   kg/mm2. 

7. Wris simZlavre 

2,1
1000102

2060125,8

1000102










RR

R

bDUK
N kvt. 

8. Wris saSualo mxebi Zala 

13
42,9

2,1102102





v

N
P

R

R  kg. 

9. saWrisis ukana zedapirze Wris saSualo Zala 

4,312
6,22

2,94
2,034,0)8,0(  b

t

e
aPP p

j

R

uu.f  kg. 

10. saWrisis wina zedapirze Wris saSualo Zala 

6,94,313  u.fRw PPP kg. 

11. radialuri Zala 

           14,35,0)90(5,0 xwu.f tgPaPR p  

            73,0)157090(6,9  tg kg. 

12. miwodebis Zala 

47,1064,073,077,013sincos  RPQ R  kg. 

13. normaluri Zala 

76,777,073,064,013cossin  RPS R kg. 
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Tavi XV 

axda 

 

axda aris erTi da igive sisqis uwyveti burbuSelis 

moWris procesi, romelic miiReba namzadis brunvisas danis 

ganivi (radialuri) miwodebis dros. 

axda xorcieldeba faneraasaxdel Carxze, romlis sqema 

mocemulia nax. 15.1-ze. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 15.1. axdis sqema: 1 – momWimi saxazavi; 
2 – dana; 3 – burbuSela. 

 

am SemTxvevaSi moixsneba Tanabari e sisqis Sponi. Sponis 

axda xorcieldeba merqnis hidroTermuli damuSavebiT da 

burbuSelis moxsnas Tan axlavs misi moWimva specialuri 

momWimi saxazaviT (nax. 15.1). 

manZili saWrisis pirsa da momWim saxazavs Soris 

radialuri mimarTulebiT Seadgens faqtiurad moxsnili 

Sponis sisqis 0,75-s. danis alesvis kuTxe Seadgens 16-20-s, 

Wris ukana kuTxe ki 1-3. 

merqanSi danis fardobiTi moZraobis traeqtoria am 

SemTxvevaSi warmoadgens arqimedis spirals, romlis 

gantolebaa 

 

 
R 

2 

 

 

s 

3 

h
0
 

e 

P 

1 

S0 P 

R 
R 

-R 

-R 

P 
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aR  ,                          (15.1) 

sadac R mocemul wertilSi kotris radiusia (radius-

veqtori); a – proporciulobis koeficienti, romelic Spo-

nis  S0 sisqis tolia;  _ mimdinare polaruli kuTxe ra-

dianebSi. 




2

1

Z
 ,                        (15.2) 

sadac Z aris spiralis xviaTa ricxvi 










0S

R
. 

rodesac Sponis Wra warmoebs asaxdeli daniT (nax. 15.1) 

maSin P   da R   Zalebis moqmedebiT xdeba merqnis SekumSva 

(Telva) boWkoebis perpendikularuli mimarTulebiT, xolo 

P  da R  ZalebiT – merqnis elementebis moxleCa boWko-

ebis sibrtyeSi maTi sigrZis paralelurad da saWrisis 

mWreli piris win warmoiqmneba winmswrebi bzari. bzaris 

mimarTuleba ar emTxveva Wris mimarTulebas, ris gamoc 

miiReba mqisezedapiriani Sponi. axdis procesSi Sponis 

qveda mxare gaWimulia umciresi bzarebi da Sponi tydeba. 

amis Tavidan asacileblad gamoiyeneba momWimi saxazavi. 

alesvis kuTxe  2016 ; Wris kuTxe  31 ; danis 

sigrZe L, axdisas 2700...850L  mm. anaTali faneraasaxdeli 

CarxiT 37503610 L  mm, ficarsaWreli CarxiT 740L  mm, 

danis sisqe Semdeg zRvrebSi icvleba; 2215S  mm. momWimi 

saxazavis sigrZe unda iyos Sesabamisi danis sigrZis toli. 

sisqe ki icvleba zRvrebSi 1612S mm, moWimvis sidide 

ganisazRvreba danis mWreli piris da saxazavis wibos 

Soris RreCoTi S0. 

moWimvis sidide ganisazRvreba formuliT 

%1000 



e

Se
,                      (15.3) 

sadac e Sponis sisqea, mm. 

rekomendebulia moWimvis da temperaturis Semdegi sidi-

deebi Sponis sxvadasxva sisqis dros (cxr. 15.1). 
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cxrili 15.1 

e, mm  0,8  1,5  2,5 > 2,5 meti 

, % 10-20 16-20 21-25 26-30 

t 20-25 25-35 25-35 35-45 

 

Wris saSualo siCqare axdisas 12,0 sV m/wm; randvisas 

25,0sV m/wm; ficarsaWreli Carxis ( 2,2V m/wm) Wris saSua-

lo siCqare 

2

)( fk

s

DDn
V





 m/wm,               (15.4) 

sadac Dk kunZis diametria, m; Df – fanqris diametri, m.  

kunZis dauSleli nawili aris fanqari da warmoadgens 

narCens. 

miwodebis siCqare 

const
ne

U 





100060
m/wm.               (15.5) 

Wris myisi siCqare 

601000 


nD
V





 m/wm,                  (15.6) 

sadac 




180




e
DD k , 

e.i. D ganuwyvetliv mcirdeba  kuTxis gazrdiT. 

gaxurebis temperatura merqnisaTvis kotris axdisas 

tolia 20-45C, randvisas 50-60C, ficrebis unaxerxod Wrisas 

90-100C. moWimvis sididis gavlena zedapiris simqiseze 

mocemulia 15.2 cxrilSi. 

temperaturis gavlena zedapiris sisufTavis klasze 

t =   20C   30C  40C   50C     60C 70C 

Rmmaq  200-315 200-315 200-315  100-200   100-200    100-200 

eqsperimentuli kvlevebiT miRebulia kuTri winaRobis 

(K) Semdegi mniSvnelobebi: 
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cxrili 15.2 

moWimvis sididis gavlena zedapiris simqiseze 

,% 

e = c/mm 

<1-mde 

Rmmaq 
1,2-mde 

Rmmaq 

1,5-mde 

Rmmaq 

2-mde 

Rmmaq 

5 200-315 200-315 200-315 200-315 

10 200-315 200-315 200-315 200-315 

15 100-200 200-315 200-315 200-315 

20 100-200 100-200 200-315 200-315 

25 60-100 100-200 100-200 200-315 

30 100-20 100-200 100-200 100-200 

 

aryisaTvis: 

            )00012,0016,0()0015,015,0( ttK  

c

ta )002,024,0( 


 ;                      (15.7) 

muxisaTvis: 

           )00021,0027,0()0025,025,0( ttK  

c

ta )005,04,0( 



;                       (15.8) 

wiflisaTvis 

           )00017,0023,0()0021,022,0( ttK  

c

ta )003,034,0( 



,                      (15.9) 

sadac a dablagvebis koeficientia. 

mxebi Zala P kotris L sigrZeze 

KcLP  .                           (15.10) 

Wris simZlavre 

102

saSPV
N  kvt,                      (15.11) 

amZramZ  NN ,                       (15.12) 

sadac 75,06,0 amZr . 

radialuri (R) aryisaTvis, roca  20t  









 5,0

42,0
)(185,02,0

125,0
c

c
LR kg.            (15.13) 
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nax. 15.2-ze mocemulia 42,0c , 5,0c  da 5,0  mniSvnelobebis 

gamosaTvleli grafiki. sxva temperaturebis SemTxvevaSi R-

sTvis unda SemovitanoT Sesworebis koeficienti 

t=10; 20; 30; 40; 50; 60, 

ta  = 1,1; 0,9; 0,8; 0,7; 0,6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 15.2. C
0,42, C

0,5 da 0,5-is gamosaTvleli grafiki 
 

Sesworebis koeficienti aS unda gaviTvaliswinoT sxva 

jiSebisTvisac. 

kedrisaTvis 8,0Sa ; aryisaTvis 0,1Sa ; wiflisaTvis 

3,1Sa ; muxisaTvis 7,1Sa . 

miwodebis Zala RQ   kg. 

momWim saxazavze moqmedebs Semdegi mxebi Zalebi: 

aryisaTvis 

cLtP  )00012,0016,0( kg;               (15.14) 

wiflisaTvis 

cLtP  )00017,0023,0(  kg;              (15.15) 

muxisaTvis 

cLtP  )0002,0027,0(                kg. (15.16) 

aryisaTvis radialuri Zala, roca Ct  20  tolia 

LCR 5,0)(185,0   kg.                  (15.17) 

1,0 

1,25 

0,75 

1,75 

2,25 

1,5 

2,0 

2,75 

3,25 

2,5 

0,5 

3,0 

3,5 

C0,42 C0,5 

1 0 2 3 4 5 6 7 C 

10 15 20 25 30  

0,5 

C0,42 

C0,5 
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sxva jiSebisaTvis da sxva temperaturis pirobebSi unda 

visargebloT Sesworebis at da av koeficientebiT. 

gamokvlevebiT dadgenilia, rom ficarsaWrel Carxze 

fiWvisaTvis 

c
K

13,0
025,0  ;                    (15.18) 

verxvisaTvis 

c
K

135,0
027,0  ;                   (15.19) 

aryisaTvis 

c
K

14,0
041,0  .                    (15.20) 
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Tavi XVI 

burRva 

 

burRvis procesis arsi mdgomareobs instrumentis 

(burRis) cilindruli tanis torsze ganlagebuli saWri-

sebiT WraSi, romelic muSaobs dros merqanSi Semowers 

xraxnul zedapirs. 

burRvis dros mTavari moZraobaa burRis brunviTi 

moZraoba. miwodebis meqanizmiT ki mbrunavi burRi gadaad-

gildeba brunvis RerZis gaswvriv uZravi namzadis mimarT 

an namzadi miewodeba burRs. 

burRs (nax. 16, a) aqvs bolo 4, romliTac igi magrdeba 

Carxis muSa SpindelSi. muSa nawilSi torsze aris mWreli 

elementi 1, xolo gverdiT zedapirze – mimmarTveli Raraki 

2, es ukanaskneli gankuTvnilia Wris zonidan burbuSelis 

gamosasvlelad. burRis gverdiTi (cilindruli) zedapiri 

damuSavebulia garkveul siRrmeze viwro lentis 3 mimarT, 

romliTac igi bazirdeba naxvretis formirebul zeda-

pirze. 

merqnis boWkoebis mimarT naxvretis RerZis mdebareobis 

mixedviT ganarCeven grZiv (detalis torsze) (nax. 16, b) da 

ganiv (detalis fenobze) (nax. 16, g) burRvas, ris mixedviTac 

burRis konstruqcias waeyeneba garkveuli moTxovnebi. grZivi 

burRvisas mTavari mWreli piris moTavseba instrumentis 

torsze brunvis RerZis perpendikularul sibrtyeSi sasur-

veli ar aris. mizanSewonilia gamoyenebil iqnas burRi 

mWreli nawilis konusuri alesviT (nax. 16, b), sadac 

mWreli piri 1 daxrilia brunvis RerZis mimarT  kuTxiT 

(standartuli burRebisaTvis 852 ) da muSaobis dros 

asrulebs ganiv-torsul Wras. burRis saWrisis 4 wina 

zedapiri aris Rarebis 3 xraxnuli zedapiri, ukana 

zedapiri 5 konusuri zedapiris nawilia. burRis mTavari 

mWreli piri 1 SeiZleba CavTvaloT sworxazobrivad. ukana 

zedapirebis gadakveTis Sedegad miiReba saWrisis mWreli 

piri 6, romelsac zRudari ewodeba. 
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nax. 16. burRvis sqema: a – burRvis konstruqcia; b – grZivi 
burRvisa da mWreli nawilis sqema; g – ganivi birRvisa 

da mWreli nawilis sqema 

 
saWrisis mTavari mWreli piri konusuri alesviT 

naxvretis ZiriTad Wris fenas, romlis zomebi burRvis 

RerZis gaswvriv erT saWrisze miwodebis tolia. 

muSaobis dros 1-2 ubanze monawileobas Rebulobs 

damxmare mWreli nawoburi, romelic miiReba wina zedapi-

risa da lentis 2 gadakveTiT, misi daxmarebiT formirdeba 

naxvretis zedapiri. 

ganivi burRvisas burRis elementebis muSaobis pirobebi 

gansxvavebulia. am SemTxvevaSi mizanSewonilia mTavari 

mWreli piris moTavseba brunvis RerZis mimarT perpendiku-

larul sibrtyeSi, romlis drosac sruldeba umetesad 

3 

a 

1 

L 

D
 

a 

g 

I 

d
 

2
 

 

r2 

b 

1 

2 4 

II 

I II 
7 
r1 

8 
b 

2 
1 
5 4 

2 
1 

3 

5 

2 
1 

6 

S
r
 

S
r
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ganiv-grZivi Wra. ganivi burRvisas gverdiTi mWreli piris 

muSaobis pirobebi gansakuTrebiT mZimea. merqnis burRvisas 

fenobsa da gverdiT nawiburebSi iqmneba miwodebis mimarTu-

lebidan burRis RerZis gadaxris saSiSroeba, rac, Tavis 

mxriv, gamoiwvevs operaciis Sesrulebis sizustis Semcire-

bas. amitom am SemTxvevaSi burRi aRWurvili unda iqnas 

macentrebeli elementebiT. aseT pirobebs pasuxobs stan-

dartuli spiraluri burRi mimmarTveli centriT da 

SemomWrelebiT. ganivi burRisaTvis gamoyenebul instru-

ments (nax. 16, g) aqvs mTavari mWreli piri 1, romelic 

moTavsebulia brunvis RerZis perpendikularul sibrtyeSi, 

mimmarTveli centri 7, romelic uzrunvelyofs burRis 

damatebiT dacentrebas da SemomWreli 8. 

burRvisas Wris siCqare damokidebulia mWreli piris 

gansaxilveli wertilis radiusze, kerZod, V1 kveTaSi I-I 

wertilisaTvis, romelic brunvis RerZidan daSorebulia r1 

radiusiT, xolo V2 kveTaSi – II-II wertilisaTvis, romelic 

brunvis RerZidan daSorebulia r2 radiusiT. 

mTavari (brunviTi) moZraobis siCqare 

60000

Dn
V


 m/wm                     (16.1) 

maqsimaluria wrexazis D diametrze (nax. 16, a) da 0V  

centrTan. amitomac gaangariSebebSi miiReba saSualo 

siCqare 

600002 


Dn
V


saS m/wm.                  (16.2) 

miwodebis siCqare burRis RerZis gaswvriv 

100060 


czn
U m/wm,                    (16.3) 

sadac z burRis torsze mWrel pirTa ricxvia da c – miwo-

deba erT Wraze. nominaluri burbuSelis sisqe ce . 

radgan VU  , miwodebis siCqare U gacilebiT naklebia 

Wris siCqareze (V). 

burbuSelis ganivkveTi 

c
D

f
2

 mm2.                      (16.4) 
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Wris Zala 

c
D

KKfP
2

 kg.                  (16.5) 

Wris simZlavre 

102

saSVP
N


 kvt.                    (16.6) 

miwodebis Zala RerZis mimarTulebiT gamoiTvleba empi-

riuli formuliT 

PDQ )07,025,0(  kg.                  (16.7) 

erTi Semobrunebisas torsuli mWreli piriT Wris 

procesi gadadis ganividan # grZivze ||, Semdeg grZividan || 

ganivze # da a.S. (nax. 16, b. g). mimWrelic erTi Semobrune-

bisas icvlis Wris mimarTulebas torsulidan  ganivze # 

da Semdeg isev torsulze da a.S. 

procesis sirTulis miuxedavad, mimmarTveli centris, 

mimWrelebis, torsuli danebis, romlebic axorcieleben 

Wras sxvadasxva mimarTulebiT, burRvisas adgili aqvs 

saerTo kanonzomierebis marTebulebas da Wris kuTri 

winaRoba gamoiTvleba formuliT 

c

Pa
kK

u
 kg/mm2,                    (16.8) 

sadac k Wris saSualo dawnevaa wina waxnagze; ad _ dablag-

vebis koeficienti; c – miwodebis sidide; Pu – Wris kuTri 

Zala ukana waxnagze. 

centruli burRisaTvis k da Pu-s mniSvnelobebi moce-

mulia qvemoT moyvanil cxrilSi (cxrili 16). 

cxrili 16 

k da Pu-s mniSvnelobebi centruli burRisaTvis 

D, 

mm 

fiWvi aryi muxa SeniSvna 

k Pu k Pu k Pu 

xraxnuli 

burRisaTvis 

kxr=1,5Kcent 

burRvis siRrme 

aris 10D 

5 15,6 6,3 27 11 37,5 15 

10 4,5 1,7 7,1 2,0 10 4 

15 2,0 0,8 3,4 1,4 5 1,8 

20 1,4 0,6 2,3 1,0 3,5 1,3 

25 1,0 0,4 1,7 0,7 2,5 1,0 

30 0,8 0,3 1,2 0,5 1,8 0,7 
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V, N da Q-s gansazRvra burRvisas 

mocemulia: centraluri burRis diametri D=20 mm; 

n=3500 br/wT; jiSi – muxa; z=1; U=1 m/wT. 

miwodeba Wraze 

3,0
35001

110001000










zn

U
c  mm. 

Wris kuTri wneva 

8,7
3,0

3,1
5,3 

c

P
kK

u
kg/mm2. 

Wris Zala 

4,233,0
2

20
8,7

2
 c

D
KP kg. 

Wris simZlavre 

42,0
600002102

35002014,3
4,23

102





 saSPV

N kvt. 

miwodebis Zala 

394.23)2007,025,0( Q kg. 

xraxnuli burRis SemTxvevaSi, rodesac z=2: 

15,0
36002

11000





c mm; 

18
15,0

3,1
5,35,1 








K kg/mm2, 

54215,0
2

20
18 P kg; 

1
102

 saSPV
N kvt; 

9054)2007,025,0( Q kg. 

 

 

 

 

 

 



 147 

Tavi XVII 

xarateba 

 
xarateba Wris procesia, rodesac namzadis (saWrisis) 

brunvisas saWrisi (namzadi) miewodeba RerZuli an ganivi 

mimarTulebiT. 

 
 
 
 
 
 
 
 
 
 
 
 

nax. 17. RerZuli xarateba grZivi miwodebiT: 
a – Savad xarateba; b – sufTa xarateba 

 

RerZuli xarateba xasiaTdeba namzadis brunviTi moZ-

raobiT, miwodeba ki xorcieldeba brunvis RerZis gaswvriv. 

RerZuli miwodebisas miRebuli xraxnuli tipisaa, 

ganivi miwodebisas ki spiraluri. 

xarateba aris Savad da sufTa. Savad xaratebis dros 

gamoiyeneba saWrisebi momrgvalebuli piriT (nax. 17, a), 

sufTa xaratebis dros – iribi mWreli piriT (nax. 17, b). 

dasamuSavebeli masalis miwodeba xorcieldeba xeliT an 

suportiT. RerZuli grZivi xaratebis dros saWrisis 

mWreli piri saxarato centris donezea, saWrisi ki gadaad-

gildeba detalis brunvis RerZis gaswvriv. 

xaratebisas moTxovnili sisufTavea 30100 maqmR  mkm 

da miiReba brunvaze 8,0 c  mm miwodebisas. 

imis gamo, rom damuSavebisas h nameti sakmaod didia, 

jer axorcieleben Savad xaratebas, moxsnian sqel fenas, 

d
1
 

 

c==c 

2


V  

= 

d
 

a 

h
 

 

 

c= 

e 

d
 

b
 

r 1 

 

 

y 

1 

1 

b 
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risTvisac gamoiyeneba momrfvalebuli saWrisebi r=10_30 mm 

radiusiT. am SemTxvevaSi 
r

h
ce

2
  naklebia h nametze. 

sworxazovani mWreli piris SemTxvevaSi e=h, amitom 

warmoiqmneba amonaglejebi da anatkeCebi saWrisis gverdiT 

wiboebTan. 

ZiriTadi monacemebi Savad da sufTad xaratebisas moce-

mulia qvemoT moyvanil cxrilSi (cxrili 17). 

cxrili 17 
Savad xarateba (nax. 17, a) sufTad xarateba (nax.17, b) 

1 2 

1. saWrisis geometria  

 1210 ,  45   1210 ,  5035  

2. miwodeba c  mm/br rekomendebulia  45  

n

U
c

1000
  

n

U
c

1000
  

(rekomendebulia 26,1 c  mm)  (rekomendebulia 8,0c  mm) 

 200100 maqmR mkm-dan 

 6030 maqmR mkm-mde 

 misaRebia saWrisis dabla-

gvebaze damokidebulebiT 

3. nameti h, mm  

52 h  325,0 h  

4. burbuSelis sisqe e, mm  

r

h
ca

2
 sadac mm 2010 r   sinsin ce  

r

h

2
sin   

 

5. mWreli piris sigrZe b, mm  

hDlB   



sin

h
b  

sadac l kontaqtis rkalis  

    sigrZea, mm 
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gagrZeleba 

1 2 

6. Wris saSualo siCqare Vs, 

m/wm 

 

1000602

)( 1






ndd
V


s , 

 

sadac d namzadis diametria, mm; 

d1 _ detalis diametri, mm 

 

7. Wris kuTxis winaRoba  




uPa
kK


 

e

Pa
kK

u
  

Pu kg/mm da k kg/mm2-s mniSvne- 

  lobebi 

 k kg/mm2-s mniSvneloba 

Pu       k  

   fiWvis   0,35   1,5 fiWvisaTvis 

 

)023,006,0(

)00016,0006,0(

)0006,0003,0(







V

k 

 

   aryi     0,55   2,1 aryisa da muxisaTvis 

   muxa     0,75   2,8 

)023,009,0(

)00022,0007,0(

)0095,0005,0(







V

k 

 

Pu kg/mm mniSvnelobebi fiWvi  0042,01,0uP  

aryi  0048,012,0uP  

muxa  006,015,0uP  

8. Wris Zala P, kg  

n

u
ddKchP )(500 1  

 

9. Wris simZlavre N, kvt  

102

PV
N   
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mWreli piris simrudis  radoisos gavlena zedapiris 

xaoianobaze. rodesac  

105    mkr, maSin miiReba 6030 maqmR  mkm; 

2010    mkr, maSin miiReba 10060 maqmR  mkm; 

4020    mkr, maSin miiReba 200100 maqmR  mkm. 

1 m-is Wraze mWreli piris simrudis radiusis nameti 

tolia 0,001 mm-is ХВГ foladisagan damzadebuli saWri-

sebisaTvis da 0,0008 mm – Х12Ф1 foladisagan damzadebuli 

saWrisebisaTvis 

1000
)0008,0001,0(

Dn
  ’ 

b




2,0
1pa , 

sadac 54b mkr. 

 

Wris reJimis gaangariSebis magaliTebi xaratebis 

procesis dros. 

magaliTi. mocemulia 50namzd mm, 45det.d mm,  50 , 

800n  br/wT. jiSi – aryi; U 2 m/wm; r 8 mm. 

saWiroa ganisazRvros N Savad xaratebisas. 

amoxsna. 

ganvsazRvroT Wris kuTri winaRoba (cxrili 17) 







1,2
55,0

uP
kK . 

miwodeba saWrisze 

5,2
800

20001000


n

U
mm, 

maSasadame 

39,1
5.2

1,2
55,0 K kg/mm2. 

Wris Zala 





2

4550
5,239,1hKP 8,67 kg. 

ganvsazRvroT Wris simZlavre 
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168,0
1000602102

)(768

102

1 





nddmPV
N

s  kvt. 

magaliTi 2. mocemulia 50namzd mm;  45detd ;  45 ; 

3000n br/wT; 2U  m/wT. jiSi – aryi. 

saWiro ganvsazRvroT Wris simZlavre N sufTa xarate-

bisas. 

amoxsna. 

ganvsazRvroT miwodeba Wraze (cxr. 17). 

66,0
3000

20001000


n

U
 mm, 

e.i. 

4,0sin  e mm. 

ganvsazRvroT (cxr. 14) k da Pu, viTvaliswinebT, rom 

7V  m/wm. 

         7)4500022,0007,0(45)4500096,0005,0(k  

1,1)45023,009,0(  kg/mm2; 

34,00048,012,0  uP kg/mm. 

saerTo kuTri winaRoba 

95,1
4,0

34,0
1,1 

e

P
kK

u
kg/mm2. 

Wris Zala 

2,35,266,095,1  hKP kg. 

Wris simZlavre 

2,0
102

72,3

102



 sPV

N kvt. 

SeniSvna. rodesac saWrisi aris damzadebuli ХВГ 

foladisagan da sufTa xaratebis dro 60 wT, 

2360
1000

)0008,0001,0( 
Dn

 mkr. 

92,1
5

232,0
1 


a mkr. 

maSasadame 

15,2
4,0

34,092,1
1,1 




e

Pa
kK

u
kg/mm2. 
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Wis Zala 

54,35,266,015,2  hKP kg; 

Wris simZlavre 

24,0
102

754,3

102






 sVP

N kvt, 

e.i. izrdeba, radgan 285  b  mkr. 

cxr. 17-is maqmP  iqneba 100-200 mkr. 
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Tavi XVIII 

xexva 

 

xexva sufTad damuSavebis procesia, romelic xorciel-

deba mravalricxovani saWrisebiT, abraziuli macvlebis 

saxiT, romlebic ganlagebulia moZrav instrumentze 

(lenti, cilindri, disko). am dros moixsneba Zalze Txeli 

burbuSela. 

Tanamedrove saavejo-sadurglo meqanikur sawarmoebSi, 

Zelakovani detalebis, yuTebisa da CarCoebis xexva, 

rogorc wesi, xorcieldeba universalur, lentur, diskur 

da cilindrul saxex Carxebze. 

farovani detalebi dafanerebamde (Savad xexva) ixexeba 

sam cilindrul Carxze, xolo mopirkeTebisaTvis (sufTa 

xexva) – lentur Carxze. 

xexvis procesis SeswavlisaTvis arsebiTi mniSvneloba 
aqvs erTeuli abraziuli marcvlis muSaobis meqanizmis 
codnas. imisaTvis, rom SeviswavloT abraziuli muSaobis 
meqanizmi, aucilebelia vicodeT ara marto zomebi, aramed 
misi geometria da konfiguracia. 

 
18.1. abraziuli marcvlebis geometria 

 
abraziuli marcvlebis misaRebad gamoiyeneba rogorc 

bunebrivi, aseve xelovnuri abrazivebi. Tavisi meqanikuri 

TvisebebiT xelovnur abrazivebs eniWebaT bunebrivTan Seda-

rebiT, amitom mrewvelobaSi gamoiyeneba ZiriTadad xelov-

nuri abrazivebi: korundi, karborundi da boris karbidi. 

xelovnuri korundi warmoadgens sinTezur produqts, 

romlis SemadgenlobaSi 92-98% kristaluri Tixa-miwaa. 

xelovnuri korundi miiReba eleqtroRumelSi Tixis boqsi-

tis gamodnobiT, romelic ZiriTadad Sedgeba aluminis 

Jangis Al2O3, siliciumis orJangis SIO2 da rkinis Jangisagan 

Fe2O2. 

xelovnuri karborundi (siliciumis karbidi) Sic xasiaT-

deba meti simtkiciT, vidre korundi, magram ufro myifea am 

ukanasknelTa SedarebiT. 



cxrili 18.1 

merqnis gasaxexad gamoyenebuli abraziuli masalebis ZiriTadi Tvisebebi 

abraziuli 

masalebi 
saxe feri forma 

plastiku-

roba 

simag-

re 
gamoyenebis sfero 

mina (mwvane 

boTlis) 
xelovnuri 

momwvano-

moTeTro 
maxvilkuTxa myife 4-6 xeliT xexvisaTvis 

kaJi bunebrivi nacrisferi maxvili metexi 5-6 

yvela jiSis merqnis 

xeliT da meqanikuri 

xexvisaTvis 

Zowi bunebrivi 

wiTeli 

momwvano-

moyavisfro 

fuWvilebiani 

maxvilkuTxa 

saS. 

simyifis 
7 

merqnis jiSis merqnis 

xeliT da meqanikuri 

xexvisaTvis 

zumfara  bunebrivi 
moSavo-

monacrisfero 
maxvili 

saS. 

simyifis 
6-8 

yvela jiSis merqnis 

xeliT da meqanikuri 

xexvisaTvis 

eleqtro-

korundi 
xelovnuri 

nacrisfer- 

moyavisfro 

marcvlovani 

fuWvilebiani 

maxvilkuTxa  

saS. 

simyifis 
8-9 

magari jiSi da 

Zvirfasi faneris 

meqanikuri xexvisaTvis 

siliciumis 

karbidi 
xelovnuri 

momwvano-

moSavo 
maxvilkuTxa myife 9 

Zalian magari jiSebis 

meqanikuri xexvisaTvis 

 

 

 

 

1
5

4
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saxexi zumfaris ZiriTadi maxasiaTeblebia: 

a) abraziuli masalis saxe; 

b) misi marcvlovaneba; 

g) marcvlebis simkvrive fuZeze; 

d) fuZis masala; 

e) webo (SemakavSirebeli); 

v) tenmedegoba. 

1) abraziuli masala fuZeze damagrebuli unda iyos 

sakmaod mtkiced, raTa ar amovardes misgan saTanado 

dablagvebamde. 

2) zumfaris fuZe unda iyos mtkice, raTa Tavidan iqnes 

acilebuli muSaobis dros warmoSobili Zalebis moqmede-

biT misi garRveva abraziuli masalis srul gacveTamde. 3) 

zumfaris zedapiri unda iyos erTgvarovani, masze Tanab-

rad unda iyos ganawilebuli webo masala da abraziuli 

marcvlebi saTanado sisqiT. 

saxexi zumfara, romelsac iyeneben merqnis masalis 

dasamuSaveblad, mzaddeba sxvadasxva saxis abraziuli 

marcvlebisagan. maTgan yvelaze gavrcelebulia eleqtro-

korundi, siliciumi da mina. iSviaTad gamoiyeneba Zowi, 

zumfara da siliciumis karbidi. 

18.1 cxrilSi mocemulia abraziuli marcvlebis daxasia-

Teba da xis damamuSavebel mrewvelobaSi maTi gamoyenebis 

sfero. 

abraziul marcvlebs Rebuloben gamyarebuli abraziuli 

masis damsxvreviT, ris gamic marcvlebis profili da 

zomebi sxvadasxva saxis miiReba. 

 

18.2. marcvlis zomebi 
 

marcvlis sigane b (nax. 18.2) warmoadgens marcvlovnebis 

nomris ganmsazRvrels. marcvlis b siganis mniSvnelobebi 

mcirdeba marcvlovanebis nomris zrdasTan erTad. 

abraziuli masalebis marcvlovnebis klasifikacia 

mocemulia 18.2 cxrilSi. 
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nax. 18.2. abraziuli marcvlebis ZiriTadi 
geometriuli parametrebi 

 

cxrili 18.2 

marcvlovneba 

marcvlis zomiTi maxasiaTebeli 

mikronebSi (marcvlis siganis 

saSualo mniSvneloba `b~) 

200 

160 

125 

100 

80 

63 

50 

40 

32 

25 

20 

16 

12 

10 

8 

6 

2500-200 

2000-1600 

1600-1250 

1250-1000 

1000-800 

800-630 

630-500 

500-400 

400-315 

315-250 

250-200 

100-160 

160-125 

125-100 

100-80 

80-63 

 

marcvlis l sigrZe SeiZleba icvlebodes did zRvrebSi, 

magram misi saSualo sidide erTi marcvlovanebis 

farglebSi icvleba umniSvnelod magaliTad 

b
 

R1 

R2 

l 
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marcvlovaneba 40 – 620-740 mkr; 

                       ~    63 – 450-470 mkr; 

                       ~    80 – 300-380 mkr.  

b

l
 fardoba axasiaTebs marcvlis formas. igi icvleba 

zRvrebSi 0,6-1,5. gansazRvruli marcvlovanebis abraziuli 

masala unda Seicavdes 40-45% (wonis mixedviT) mocemuli 

marcvlovnebis normis marcvlebs, 15-30% _ uaxloesi msxvili 

fraqciis marcvlebs, 30-35% _ uaxloesi udidesi normis 

mqone marcvlebs da 3% _ wvrili fraqciis marcvlebs. es 

gviCvenebs, rom garkveuli normis marcvlebis Semadgenloba 

ar aris erTgvarovani. 

abraziuli marcvlebis fuZeze datanili unda iqnes erT 

fenad. maTi simkvrive ganisazRvreba zumfaris erTeulze 

mosuli marcvlebisa da webos raodenobiT. simkvrives aqvs 

arsebiTi mniSvneloba zumfaris muSaobis mwarmoeblurobisa 

da xarisxisaTvis. 

fuZed gamoiyeneba teqnikuri narma da teqnikuri sarJi. 

qaRaldis zumfaris fuZis masalad gamoyenebulia 4 

markis qaRaldi  

saxexi qaRaldi 100 woniT 100 g/m2; 

       -~- 120 – woniT 120 g/m2; 

       -~- 140 – woniT 140 g/m2; 

       -~- 200 – woniT 200 g/m2. 

marcvlebis kavSiri fuZeze unda iyos maRali simtki-

cis, magram amasTanave elastiuric. 

 

18.3. marcvlis wveros damrgvalebis  radiusi 

da waxnagTa  kuTxeebi 
 

rogorc wesi, yvela marcvals aqvs damrgvalebuli 

wvero (ix. nax. 18.2). 

pirveli miaxloebiT marcvlis wveros mrudi SeiZleba 

miviRoT R-radiusiani wrewiris rkalad, romelsac damrgva-

lebis an dablagvebis radiuss vuwodebT. 
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garda damrgvalebis (dablagvebis) radiusis xexvis pro-

cesSi burbuSelis warmoqmnaze did gavlenas axdens 

marcvlis kuTxeebi . analizi gviCvenebs, rom: 

a) damrgvalebis radiusi mcirdeba marcvlis zomis 

SemcirebasTan erTad. 

b) garkveuli marcvlovnebis jgufis farglebSi damrg-

valebis radiusi icvleba ararsebiTad. 

eleqtrokorundis marcvlebis damrgvalebis radiusis 

saSualo mniSvneloba Seadgens: 

          40 marcvlovnebisaTvis  = 29 mkr; 

        25 marcvlovnebisaTvis  = 19 mkr; 

  16 marcvlovnebisaTvis  = 13 mkr. 

siliciumisa da siliciumis karbidis marcvlebs aqvT 

ramdenime mcire damrgvalebis radiusi. 

marcvlis waxnagis kuTxis gazomvis Sedegebma gviCvena, 

rom igi icvleba farglebSi 45-145, kuTxis saSualo 

mniSvneloba mcirdeba zomebis SemcirebasTan erTad: 

  40 marcvlovnebisTvis  = 110; 

  25 marcvlovnebisTvis  = 108; 

  16 marcvlovnebisTvis  = 106. 

zogierTi marcvlis waxnagis kuTxe 45-90 zRvrebSicaa. 

aRsaniSnavia is garemoebac, rom marcvlis did RerZze 

moTavsebul wveroebs aqvT mniSvnelovnad naklebi damrgva-

lebis radiusi da waxnagis kuTxe, vidre mcire RerZze 

moTavsebul wveroebs. 

 

18.4. merqnis xexvis muSaobis balansis  
gantoleba 

 

dadgenilia, rom Wris muSaoba 

654321 EEEEEEE  ,           (18.1) 

sadac E1 aris Zalebis muSaoba, romlebic warmoSoben dre-

kad deformaciebs burbuSelaSi, damuSavebul detalSi da 

mWrel iaraRSi; E2 – muSaoba, romelic ixarjeba damuSave-

bis zedapiris garRvevaze da Siga molekulebis zedapirze 
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gamotaraze; E3 – muSaoba, romelic ixarjeba damuSavebuli 

masalis struqturis Secvlaze wnevisa da gaxurebis Sede-

gad; E4 – im Zalebisa muSaoba, romlebic iwveven moxsnil 

fenasa da damuSavebul detalSi plastikur deformaciebs; 

E5 – Zalebis muSaoba, romlebic iwveven burbuSelis Zvras 

(moWras); E6 – saWrisis wina, ukana da gverdiT zedapirze 

xaxunis Zalebis muSaoba. 

pirveli sami muSaobis jami 321 EEE   metad mcirea 

yvela liTonisaTvis, kristaluri masalebisa da merqni-

saTvis, amitom SeiZleba mxedvelobaSi ar miviRoT. 

amgvarad 

654 EEEE  .                  (18.2) 

 

18.5. zumfaris dawnexili haeriT  
gawmendis procesi 

 

lenturi zumfariT xexvis procesSi marcvlebs Soris 

sivrceSi adgili aqvs burbuSelis dawnexas, romelic 

damokidebulia xexvis parametrebze. 

zumfaris 1,2 sT-is muSaobis Semdeg mimdinareobs burbu-

Selis moxsnis mkveTrad Semcirda da es gasagebia, radgan 

adgili aqvs marcvlebs Soris sivrceSi burbuSelis sawyis 

Sewnexas. 

dawnexili burbuSela SekumSuli haeriT Znelad mosa-

cilebelia, maSin rodesac burbuSela, romelic moTavsebu-

lia marcvlebs Soris sivrcis zeda nawilSi (nax. 18.1) 

SekumSuli haeriT SeiZleba advilad mocildes da marcv-

lebis h simaRle garkveuli drois ganmavlobaSi ucvleli 

rCeba. 1 aris dawnexili burbuSela, romlis mocilebac 

sakmaod Znelia. analogiur garemoebas aqvs adgili 

marcvlovnebis nomris gadidebisas. 

marcvlovnebis normis gadidebiT mezobel marcvlebs 

Soris Rrmulis moculoba izrdeba burbuSelis dawnexa 

warmoebs ufro intensiurad, amitom gawmendis efeqti ecema. 

saxexi zumfaris haeriT gawmendis procesi aqtualuria, 

radgan iZleva did efeqts. xexvis procesis klasifikacia 
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(nax. 18.2) warmoebs abraziuli iaraRis dasamuSavebel 

detalTan kontaqtis zonis geometriuli formis mixedviT. 

 
 

 
 
 

 

 

nax. 18.1. abraziul marcvlebs Soris burbuSelis 
dawnexva 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 18.2. xexvis procesis sqemebis klasifikacia 
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nax. 18.3. xexvis procesis sqemebi 

 
nax. 18.3-ze naCvenebia xexvis procesis sqemebi: uZrav-

sayrdeniani lentiT – magidiT (a), lentze brtyeli uTos 

dawoliT (b), Tavisufali lentiT (g), diskos torsuli 

zedapiriT (d), lentiT Skiviani muSa nawiliT (e), cilind-

riT (v), lentze profiluri uTos dawoliT (z), elasti-

kuri (sahaero) cilindriT (T), jagrisis TaviT (i), profi-

luri diskoTi (k), 1 aris iaraRi, 2 – detali, 3 – magida, 4 

– sakontaqto mimWeri (uTo). 

 

18.6. saxexi Carxebis gaangariSeba 
 

xexvis Zala lenturi saxexi CarxebisaTvis horizonta-

luri magidiT 

))(( GQfp   kg,                    (18.3) 

sadac  zumfaris merqanTan SeWidulobis koeficientia (ix. 

cxr. 18.1),  4,0f lentis magidaze xaxunis koeficienti; 

lw 

2 
l 

a 

1 
a
 

3 

Q 
b 
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2 1 
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 )155()( GQ lentze detalis dawolis Zalisa da 

detalis wonis jami. 

cxrili 18.3 

 koeficientis mniSvnelobebi 

jiSi 

 koeficienti 

basri 

zumfariT 

xexvisagan 

Sualeduri 

zumfariT 

xexvisas 

blagvi 

zumfariT 

xexvisas 

rbili 0,65 0,5 0,4 

magari 0,6 0,45 0,35 

 

kuTri wneva ar unda aRematebodes 0,03 kg/sm2, e.i. 

03,0


F

GQ
kg/sm2, 

sadac F xexvis farTobia, sm2. 

xexvis Zala CarxebisaTvis vertikaluri magidiT 

1)( PfP   kg,                    (18.4) 

sadac 1051 P  dawolis Zalaa, kg. 

kuTri wneva 

03,01 
F

P
kg/sm2. 

xexvis Zala CarxebisaTvis Tavisufali lentiT 

1PP  ,                          (18.5) 

sadac 521 P  dawolis Zalaa, kg. 

kuTri wneva ar unda aRematebodes 06,01 
F

P
 kg/sm2. 

CarxebisaTvis moZravi magidiT 

1)( PfP   kg,                   (18.6) 

sadac 1051 P  kg. 

36,0f  uTos qvesadebze lentis xaxunis koeficientia. 

kuTri wneva ar unda aRematebodes 

06,01 
F

P
 kg/sm2, 

diskuri saxexi CarxebisaTvis xexvis Zala 
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QP  kg,                       (18.7) 

sadac 06,0
F

Q
 kg/sm2. 

)105( Q  detalis diskoze xeliT miWeris Zalaa, kg. 

cilindruli saxexi CarxebisaTvis xexvis Zala 

04,0q kg,                      (18.8) 

sadac 04,0q  aris kuTri wneva nakeTobis 1 mm siganeze an 

cilindris l sigrZeze, kg-Si. 

saxexi cilindris amZravis simZlavre 

102

PV
N amZr kvt,                     (18.9) 

sadac P xexvis Zalaa erTi cilindrisaTvis; V – cilind-

rul Carxze xexvis siCqare (20-30 m/wm). miwodebis meqanizmis 

amZravi simZlavre 

amZr

xc
amZr






10260

)( UPPm
N kvt,               (18.10) 

sadac mc saxexi cilindrebis ricxvia; Px – muxluxebis 

mimmarTvelebSi xaxunis Zalebis jami, kg, 

fmmPP )( vcx   kg,                (18.11) 

aq mv mimWeri valcebis ricxvia; U – miwodebis siCqare, 

m/wT; amZr miwodebis meqanizmis amZravis mq koeficienti; 

 1,0f muxluxebis mimmarTvelebSi xaxunis koeficienti. 

samcilindriani Carxis mwarmoebluroba cvlaSi (T cvlis 

xangrZlivobaa), romelsac aqvs namzadebis uwyveti miwo-

deba, ganisazRvreba Semdegi formulebiT: 

Zelakisebri detalebisaTvis 

Ln

UnKTK

u

n21  cali,               (18.12) 

sadac nn erTdroulad damuSavebadi namzadebis ricxvia; U 

– miwodebis siCqare, m/wT; ng – gatarebaTa ricxvi erT nam-

zadze da erT mxares; L – namzadis sigrZe, m. 

farebisa da filebisaTvis 

l

UabKTK 21  m2,                 (18.13) 
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sadac a faneris (filis, faris) sigrZea, m; b – faneris 

(filis, faris) sigane, m; l – furclebis, filebis, farebis 

sigrZe Carxebze maTi 10_15 kuTxiT miwodebis gaTvalis-

winebiT, m. 

K1 da K2 Sesabamisad samuSao droisa da samanqano 

drois gamoyenebis koeficientia. maTi mniSvnelobebi moce-

mulia cxrilSi 18.4. 

cxrili 18.4 

samuSao droisa da samanqano drois gamoyenebis 

koeficientis mniSvnelobebi 
Carxebi K1 K2 

lenturi 0,9 0,85 

diskuri 0,9 0,7 

erTcilindriani 0,85 0,7 

samcilindriani 0,95 0,75 
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Tavi XIX 

merqnis masalebis WriT damuSaveba 

19.1. merqanburbuSelis filebi, maTi WriT 

damuSavebis Taviseburebani 
 

merqanburbuSelis fila warmoadgens gansazRvruli 

wnevisa da temperaturis pirobebSi dawnexili merqnis nawi-

lakebs, Sereuls SemakavSirebelTan erTad. 

merqanburbuSelis filebis klasifikacia warmoebs: 

dawnevis meTodis, filebis konstruqciis, daqucmacebuli 

merqnis saxis, gamoyenebuli SemakavSireblis, filebis 

simkvrivis da sxva fizikur-meqanikuri Tvisebebis mixedviT. 

dawnevis meTodis mixedviT merqanburbuSelis filebi 

aris brtyeli dawnevis da eqstruziuli. pirveli miiReba, 

rodesac dawnevis Zala filis sibrtyis marTibulad aris 

mimarTuli, xolo meore – mis paralelurad. 

konstruqciis mixedviT merqanburbuSelis filebi iyofa 

mopirkeTebul da moupirkeTebel filebad. 

moupirkeTebeli brtyeli dawnevis fila aris erTfe-

niani, samfeniani, xuTfeniani da mravalfeniani. 

eqstruziuli fila erTfeniania. 

imisaTvis, rom filas mivceT ufro swori an dekora-

tiuli zedapiri da gavzardoT misi simtkice, igi unda 

movapirkeToT axdili an anaTali SponiT, sinTezur fisSi 

gaJRenTili qaRaldiT an qaRaldis fenovani plastikiT. 

filebi maTSi arsebuli daqucmacebuli merqnis nawila-

kebis saxis mixedviT mzaddeba: specialuri burbuSelis 

narCenis, damsxvreuli narCenisa da naxerxisagan. 

specialuri burbuSelisagan damzadebul filebs aqvs 

ufro gluvi zedapiri da maRali simtkice, vidre bir-

buSelis narCenisagan damzadebul filebs. 

damsxvreuli narCenisagan miRebuli filis zedapiri 

ufro mqisea, magram simtkiciT specialuri da narCeni 

burbuSelisagan damzadebul filebs Sorisaa, naxerxisagan 

damzadebul filebs sakmaod gluvi zedapiri aqvT, magram 

yvela naklebi simtkiciT xasiaTdebian. 
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gamoyenebuli SemakavSireblis mixedviT merqanburbuSelis 

filebi mzadeba: Sardovana-formaldehiduri, fenol-for-

maldehiduri, krezolformaldehiduri da Sardovana-mela-

min-formaldehiduri fisebisagan. 

simkvrivis mixedviT filebi iyofa 5 ZiriTad jgufad, 

romlebic xasiaTdebian Semdegi moculobiTi woniT. 

Zalian mcire simkvrivis (Zalian msubuqi wonis) – 0,35 

g/sm3;  

mcire simkvrivis (msubuqi wonis) – 0,36-0,50. 

saSualo simkvrivis (saSualo wona) – 0,51-0,65; 

maRali simkvrivis (Zalian mZime) – 0,66-0,80; 

Zalian maRali simkvrivis (Zalian mZime) – 0,81-1,00. 

ZiriTadad gamoiyeneba saSualo da maRali simkvrivis 

filebi. 

dawnexis dros merqnis 

nawilakebi marTobulad gan-

lagdebian dawnexis mimar-

TulebasTan sibrtyiT da 

qmnian e.w. nawilakTa sibr-

tyes da filaSi miiReba 

nawilakTa ramdenime Sre. 

nawilakebis sisqis erTgva-

rovnobis SemTxvevaSi mka-

fiod gamoCndeba filebis 

Sreuloba (nax. 19.1, a, b,g). 

brtyeli dawnexis fi-

lebSi nawilakTa sibrtye 

filis sibrtyis paralelu-

ria, xolo eqstruziuli 

dawnexis filebSi – perpen-

dikularuli. 

nawilakebis webovani bmis 

simtkice, cxadia, gansazRvravs filebis simtkices da Wris 

pirobebs. 

ganvixilavT ra filis struqturuli sqemas (nax. 19.2,a), 

mis wiboze SevamCnevT sicarieleebs (forebs), romlebic 

warmoqmnilia sxvadasxva zomis nawilakebiT da maTi erT 

nax. 19.1. filebis Sreuloba: 
a – filis wibo 1-li jg.;  
b – igive me-2 jg.; 3 – igive  

me-3 jg. 
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sibrtyeSi araTanabari ganawilebiT. aqve nawilakebis cudi 

Serevis gamo SeimCneva SemakavSireblis adgilobrivi dag-

roveba. 

 
 
 
 

 

nax. 19.2. filis modeli da struqturuli sqema: 
       a – nawilakTa Soris webovani kavSirebis sqema; 
       b – struqturuli sqema: 
       1 – nawilaki susti webovani kavSiriT; 2 – nawilaki 
       mtkice webovani kavSiriT; 3 – nawilaki Zalian mtkice 
       webovani kavSiriT; 4 – sicarieleebi (forebi); 
       5 – SemakavSireblis adgilobrivi dagroveba; 6 – Rrmad 
       Camjdari nawilaki; 7 – naklebad Camjdari nawilaki 

 
Tu ganvixilavT U1 mimarTulebiT filis brtyel Wras 

(nax. 19.2 b), SeiZleba Segvxvdes Rrmad da araRrmad 

Camagrebuli nawilakebi, romlebic gadaWris dros SeiZ-

leba amovardnen da datovon CaRrmaveba foris saxiT, rac 

auaresebs Wris zedapirs. 

Tu Wras ganvaxorcielebT U2 mimarTulebiT, maSin Wris 

zedapirze aRmoCndeba umetesad webovani Sreebi, rac imas 

migvaniSnebs, rom am mimarTulebiT Wris dros SemakavSi-

reblis abraziuli zemoqmedeba saWrisze iqneba gacilebiT 

meti da adgili eqneba saWrisis swraf cveTas, aseve 

Segvxvdes nawilakebi susti webovani bmiT, romlebic amo-

vardebian TavianTi adgilebidan da toveben kvals 

Rrmulis saxiT. 

rogorc pirvel, aseve meore SemTxvevaSi Wra xorciel-

deba nawilakebis boWkoebis grZivad, ganivad da torsulad. 

filis sibrtyis mimarT nawilakebis orientaciis 

mixedviT merqanburbuSelis filis Wris dros ganasxvaveben 

Wris sam ZiriTad mimarTulebas (nax. 19.3, a, b, v): 

brtyeli – rodesac Wris sibrtye da Wris mimarTuleba 

nawilakebis sibrtyis paraleluria. 

2 
a 

1 
u1 

b 

6 

5 

7 
u1 
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nax. 19.3. filebis Wris mimarTuleba: 
a – brtyeli; b – grZivi; g – ganivi; d – brtyel-grZivi; 

v – brtyel-ganivi; e – grZiv-ganivi 

 
grZivi – rodesac Wris sibrtye perpendikularulia, 

xolo Wris mimarTuleba nawilakebis sibrtyis paraleluria. 

ganivi – Wris sibrtye da Wris mimarTuleba nawilakebis 

sibrtyis perpendikularulia. 

Wris ZiriTad mimarTulebebs Soris aris gardamavali 

SemTxvevebi (nax. 19.3 d, v, e). 

brtyel-grZivi Wra. am SemTxvevaSi Wrisa da nawilakebis 

sibrtyeebi qmnian  kuTxe yovelTvis dadebiTia da 

icvleba 0-dan 90-mde. Tu 0 , Wra brtyelia, xolo, Tu 
 90  - grZivi. 

brtyel-ganivi Wra. am SemTxvevaSi Wris sibrtye da Wris 

mimarTuleba nawilakebis sibtyesTan qmnian  kuTxes.  

kuTxe izomeba saWrisis moZraobis paralelur sibrtyeSi 

da mis Sexvedris kuTxe ewodeba.  kuTxe dadebiTia, Tu 

Wra mimdinareobs nawilakebis sibrtyis Tanxvdenilad da 

uaryofiTia, Tu Wra mimdinareobs nawilakebis sibrtyis 

Semxvedrad. brtyeli Wris dros  0 , ganivi Wris dros 

ki  90 . 

g 

d 

e v 

a 

b 
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grZiv-ganivi Wra. am SemTxvevaSi saWrisis moZraobis 

paraleluri B sibrtye nawilakebis A sibrtyesTan qmnis  

kuTxes. mas gadaWris kuTxe ewodeba da izomeba Wris 

sibrtyis paralelur sibrtyeSi. gadaWris kuTxe dadebiTia. 

Tu 0 , gvaqvs grZivi Wra. ganivi Wris dros ki  90 . 

 
19.2. Wris Zala da simZlavre merqanburbuSelis 

filebis xerxvisas 
 

Wris parametrebis ZiriTadi saangariSo formulebi, 

maTi urTierTdamokidebuleba diskuri xerxiT merqanbur-

buSelis filebis da merqnis xerxvisas erTnairia (ix. nax. 

11.1). 

diskuri xerxiT merqanburbuSelis filebis xerxvisas 

Wris Zalisa da simZlavris mniSvnelobebi gamoiTvleba 

Semdegi formulebiT: Wris simZlavre 

10260 




bhUK
N kvt,                     (19.1) 

anu 

102

PV
N Wr kvt.                      (19.2) 

mxebi Zala 

V

bhUK
P

60


 kg.                      (19.3) 

radialuri Zala 

mPR  kg,                       (19.4) 

sadac K kuTri muSaobaa; b – ganaxerxis sigane, mm; h – gana-

xerxis simaRle, mm; U – miwodebis siCqare, m/wT; V – Wris 

siCqare, m/wm; m – koeficienti, romelic warmoadgens 

radialuri Zalis Sefardebas mxeb ZalasTan: 

P

R
m  ,                         (19.5) 

Wris kuTr muSaobas K vpoulobT cxrilidan (19.1). 

Wris kuTri muSaoba damokidebulia burbuSelis saSua-

lo sisqeze es an erT kbilze miwodebaze Uz. 

burbuSelis saSualo sisqe gamoiTvleba formuliT 
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l

hU
e z s ,                       (19.6) 

sadac l Wris sigrZea, mm; Uz – miwodeba erT kbilze, mm. 

eqsperimentuli monacemebiT burbuSelis saSualo sisqis 

mixedviT aseve SeiZleba ganisazRvris Wris kuTri muSaobis 

sawyisi mniSvneloba 

1,4
85,0

1 
se

c
K ,                   (19.7) 

sadac c koeficientia, romelic iTvaliswinebs dasaxerxi 

filebis jgufs: 

I jgufis filebis daxerxvis dros c=1; 

II jgufis filebis daxerxvis dros c=0,883;  

III jgufis filebis daxerxvis dros c=0,825. 

cxrili 19.1 
procesis 

parametrebi 

miwodeba kbilze, mm 

0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,08 0,2 0,22 

kuTri mu-

Saoba K 
12,3 8,5 6,8 5,8 5,3 5,1 5,06 5,04 5,04 5,0 4,98 

mxebi Zala 

P 
0,46 0,62 0,78 0,93 1,08 1,22 1,37 1,52 1,67 1,82 1,9 

radialuri 

Zala R 
0,53 0,51 0,49 0,47 0,45 0,43 0,41 0,39 0,37 0,35 0,33 

koeficienti 

m1 
1,15 0,82 0,63 0,5 0,42 0,35 0,3 0,26 0,22 0,19 0,170 

 

19.1 cxrilidan aRebuli Wris kuTri moZraobis mniSv-

neloba unda gadavamravloT Sesworebis koeficientze, 

romelic iTvaliswinebs dasaxerxi filebis jgufs. 

I jgufis filebis daxerxvis dros 1; 

II jgufis filebis daxerxvis dros 0,98; 

III jgufis filebis daxerxvis dros 0,97. 

I jgufis filebs miekuTvneba daWrili burbuSelisagan 

damzadebuli filebi. 

II jgufis filebs miekuTvneba damsxvreuli burbuSeli-

sagan damzadebuli filebi. 

III jgufis filebs miekuTvneba xis damamuSavebeli sa-

warmoebis narCenebisagan damzadebuli filebi. 
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Wris kuTri muSaobis cxriluri (sawyisi) mniSvneloba 

gadamravldeba sxvadasxva Sesworebis koeficientze, rome-

lic iTvaliswinebs sxvadasxva faqtoris gavlenas: 

 aaaaKK VP  s ,                (19.8) 

sadac a koeficientia, romelic iTvaliswinebs filebis 

moculobiTi wonis gavlenas (cxr. 19.2);  aP – koeficienti, 

romelic iTvaliswinebs filebis SemakavSireblis raodeno-

bis gavlenas (cxr. 19.3); aV – koeficienti, romelic iTva-

liswinebs Wris siCqaris gavlena (cxr. 19.4); a _ koefici-

enti, romelic iTvaliswinebs saWrisis cveTis gavlenas 

(cxr. 19.5). 

m koeficientis mniSvneloba, romelic warmoadgens 

radialuri Zalis mxebTan fardobas, mocemulia cxrilSi 

(19.1), xolo Sesworebis koeficientebis cxrilebSi 

(19.2...19.5). 

imisaTvis, rom miviRoT m koeficientis saangariSo 

sidide, aucilebelia 19.1 cxrilSi aRebuli misi mniSvne-

loba m gadavamravloT mTel rig Sesworebis koefici-

entebze, romelTa mniSvnelobebi mocemulia cxrilebSi 

19.2...19.5. 

pV mmmmmn   .                   (19.9) 

cxrili 19.2 

Sesworebis 

koeficienti 

moculobiTi wona, g/sm2 

0,5 0,6 0,7 0,8 0,9 

a 0,64 0,82 1 1,18 1,36 

m 1 1 1 1 1 

 

cxrili 19.3 

Sesworebis 

koeficienti 

SemakavSirebeli, % 

aP 0,84 0,88 0,92 0,96 1 1,04 1,08 1,12 1,16 

mP 0,86 0,9 0,94 0,96 1 1,04 1,07 1,09 1,13 

 

Wris faqtiuri gza ganisazRvreba Semdegi formuliT: 
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zU

cL
S

x 


f ,                     (19.10) 

sadac L damuSavebuli (daxerxili) masalis raodenobaa, 

grZ.m; z – kbilTa ricxvi. 

Wris rkalis sigrZe 

360

k D
l


 ,                      (19.11) 

sadac D xerxis diametria, mm; k_kontaqtis kuTxe, 

Sgk  ,                     (19.12) 











R

a
1arccosS ,                (19.13) 








 


R

Ha
1arccosg .             (19.14) 

19.5 cxrilSi mocemulia Sesworebis koeficientebi, 

romlebic iTvaliswineben xerxis kbilebis cveTas. kbilis 

cveTis sidide ukana waxnagze ganisazRvreba nomogramis 

mixedviT (nax. 19.4). 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

nax. 19.4. xerxis kbilebis ukana waxnagis cveTis sididis 
ganmsazRvreli nomograma 

12 

1,3 1,5 1,0 0,9 0,7 0,7 0,6 0,50,4 0,3 0,2 0,1 0 4  8 11  12  14 20 24 28 32  36 40 44 46 52 56 60 64 

B5* 6 4 8 0 

11 

10 

7 

X12/ 

P9 

X15 

saWrisis faqtiuri 
 mza 3 m aTas. m 

cveTa ukana 
waxnagze mm 

kr
it

ik
u
l
i 

c
ve
T
a 

d
as

aS
ve
b
i 

c
ve
T
a 

in
s
t
r
u
me
nt

al
u
r
i 
ma
s
al

a 

S
em
ak
av
S
ir

eb
el

is
 r

ao
d
.%
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cxrili 19.4 

Sesworebis 

koeficienti 

Wris siCqare, m/wm 

15 20 25 30 35 40 45 50 55 60 70 80 90 100 110 120 

aV 1,39 1,29 1,19 1,11 1,05 1 1 1,03 1,08 1,17 1,3 1,44 1,58 1,75 1,9 2,06 

mV 1,2 1,17 1,13 1,1 1,07 1,04 1 0,96 0,920 0,89 0,84 0,76 0,69 0,62 0,56 0,49 

 

 

cxrili 19.5 

Sesworebis 

koeficienti 

ukana waxnagis cveTa, mm 

0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0 

a 1,0 1,0 1,03 1,1 1,25 1,38 1,6 1,8 2,06 2,3 2,55 

m 0,436 9,6 0,815 1,0 1,22 1,38 1,48 1,6 1,76 1,86 2,1 

 

 

 

 

 

 

 

 

1
7

3
 

 



 174 

kbilis cveTa damokidebulia filebis SemakavSireblis 

raodenobaze, kbilis masalasa da Wris faqtiur gzaze. 

magaliTi. ganvsazRvroT Wris Zalebi da simZlavre 

mravalxerxa saformate Carxze II jgufis filis daxerxvis 

dros (moculobiTi wona 0,6 sm3; SemakavSirebeli 10%). 

mocemulia: xerxis diametri 400 mm; ganaxerxis sigane 

3mm; ganaxerxis simaRle 40 mm; xerxis brunvaTa ricxvi 2500 

br/wT; kbilTa ricxvi 36; miwodebis siCqare 12 m/wT; miwo-

deba Semxvedria. xerxis nawilis sidide a=10 mm; xerxis 

mier gaxerxili masalis sigrZe 400 grZ.m. 

amoxsna: 

1. ganvsazRvroT kbilze miwodebis sidide 

14,0
250036

1210001000












nz

U
U z  mm. 

2. kontaqtis kuTxis sidide 

Sgk  , 

424175,9arccos
200

4010
1arccos1arccos 







 








 


R

Ha
g ; 

    121895,0arccos
200

10
1arccos1arccos 



















R

a
S ; 

 23312312184241k . 

3. Wris rkalis sigrZe 

2,80
360

23400314

360








k D
l  mm. 

4. burbuSelis saSualo sisqe 

07,0
2,80

4014,0








l

HU
e z
s  mm. 

5. gavigebT Wris kuTri muSaobis cxrilur mniSvne-

lobas 

3
s

s
sm

mkg 



 17,51,4

07,0

883,0085,0
1,4

085,0

e

c
K . 

6. Wris siCqare 

6,58
100060

280040014,3

100060












nD
V


m/wm. 
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7. Wris faqtiuri gza erTi kbilisaTvis 

6365
3614,0

2,80400












zU

lL
S

z

f  m. 

8. nomogramis (nax. 19.4) mixedviT gavivebT kbilis ukana 

waxnagze cveTis sidides 400 grZ. m filebis daxerxvisas, 

mocemul pirobebSi igi toli iqneba 0,75mm. 

9. 19.2...19.5 cxrilebidan vpoulobT Sesworebis koefi-

cientebs: 

      14,1a ;  21,1Pa ;  82,0Va ;  08,1a , 

      1m ;    17,1Pm ;  9,0Va ;  07,1a . 

10. kuTri muSaobis sidide 

3s
sm

mkg 
 32,608,182,021,114,117,5 aaaaKK VP . 

11. m koeficienti 

338,007,1117,19,03,0  PV mmmmmm c . 

12. Wris mxebi Zala 

6,2
6,5860

1240332,6

60










V

bHUK
P kg. 

13- radialuri Zala 

88,06,2228,0 mPR  kg. 

14. Wris simZlavre 

5,1
102

6,586,2

102





PV
NWr  kvt. 

 

rekomendebuli parametrebi da merqanbirbuSelis 

filebis xerxvis reJimebi 

 

1. mrgvali xerxis kbilebis kuTxuri parametrebi: 

 _ wina kuTxe – 15; 

 _ alesvis kuTxe – 60; 

 _ ukana kuTxe – 15; 

iribi alesvis kuTxe 

wina waxnagze – 75; 

ukana waxnagze – 75-90. 
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2. gadayris sidide (gafarToebis) erT mxares 0,6-0,7 mm. 

3. miwodeba kbilze: 

a) 0,7 g/sm3-ze naklebi moculobiTi wonis filebis 

daxerxvis dros, romelSic SemakavSireblis raodenoba 8%-

ze naklebia, 

05,003,0 zU  mm; 

b) im filebis daxerxvisas, romelTa moculobiTi wona 

0,7-dan 0,9 g/sm3-mdea da romelic Seicavs SemakavSirebels 8-

dan 12%-mde 

1,005,0 zU  mm; 

g) im filebis daxerxvisas, romelTa moculobiTi wona 

0,9 g/sm3-ze metia da romelSic SemakavSireblis raodenoba 

12%-ze metia 

25,015,0 zU  mm. 

4. Wris siCqare – 50-70 m/wm. 

5. masalis zemoT amosuli xerxis nawilis sidide – 5-15 

mm. mcire mniSvneloba aiReba dabali moculobiTi wonis da 

naklebi SemakavSireblis Semcveli filebis daxerxvis 

dros. 

 

19.3. merqanSreuli plastikebis xerxva 

 

merqanSreuli plastikebi damzadebulia sinTezuri we-

boebiT Sewebebuli axdili Sponis furclebisgan Termuli 

damuSavebiT, maRali wnevis qveS. umetesad xerxaven iseT 

merqanSreul plastikebs, romelSic Sponis 10-20 paralelu-

ri Sre Senacvlebulia 90-iT. plastikis struqtura (nax. 

19.3) gansazRvravs xerxvis Semdeg saxeebs: boWkoebis ganivad 

(a), boWkoebis gaswvriv dawnexis mimarTulebiT (b), dawnexis 

ganivad mimarTulebis perpendikularulad (g), webos Sris 

paralelurad (d), boWkoebis grZivad maTi torsulad 

gadakveTiT (e).  

kuTri muSaobis sidide da merqanSreuli plastikebis 

mrgvali xerxiT rekomendebuli parametrebi mocemulia 

Sesabamisad cxrilebSi (nax. 19.6) da (19.7). 
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nax. 19.5. merqanSreuli plastikis xerxvis saxeebi 
 

cxrili 19.6 

merqanSreuli plastikebis mrgvali xerxiT xerxvis 

kuTri muSaobis mniSvnelobebi 
miwodeba 

kbilze 

Uz, 

kuTri muSaoba K, 
3sm

mkg 
 

ganivi (nax. 

16.3, a) 

grZivi (nax. 

16.3, b, e) 

grZivi (nax. 

16.3, g, d) 

0,025 50,96 57,1 40,8 

0,05 34,6 43,8 31,1 

0,10 25,5 34,6 25,5 

0,15 21,4 30,1 20,9 

0,20 20,4 26,5 18,3 

0,30 18,3 26,5 15,3 

0,50 15,3 26,5 14,3 

cxrili 19.7 

xerxis kbilebis rekomendebuli parametrebi da 

miwodebis sidide kbilze 

xerxvis saxe texili ukana waxnagiani 

kbilis kuTxeebi, grad 

miwodeba 

kbilze 

Uz, mm   gv 

ganivi (nax. 16.3, a) 15-20 0-5 75 0,15-0,20 

grZivi (nax. 16.3, b, e) 15-20 15 75 0,20 

grZivi (nax. 16.3, g, d) 15-20 15-20 90 
0,15-0,20 

(0,3-mde) 

 

a 

g 

e 

b 

d 
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19.4. merqanburbuSelis filebis frezva. sacnobaro 

monacemebi. frezvis Zalebis da simZlavris 

gaangariSeba 

 

merqanburbuSelis filebis da merqnis frezvisas Wris 

parametrebis ZiriTadi saangariSo formulebi da maTi 

urTierTdamokidebuleba erTnairia (ix. nax. 14.1). frezvis 

simZlavre da Zalebi Sesabamisad gamoiTvleba Semdegi 

formulebiT: 

12060 




bHUK
N  kvt;                 (19.15) 

V

N
P

102
  kg.                    (19.16) 

Wris kuTri muSaoba gamoiTvleba Wris muSaobis cxri-

luri mniSvnelobis gadamravlebiT (cxr. 19.7) Sesworebis 

koeficientze: 

cxrili 19.1 

 miwodeba saWrisze, mm 

kuTri 

muSaoba 

Ks kgm/sm3 

0,20 0,25 0,3 0,35 0,4 0,45 0,5 0,55 0,6 0,65 

45 34 28,7 25 22,5 18,3 17 16 13,7 15 

 

           cxrili 19.7 gagrZeleba 

 miwodeba saWrisze, mm 

kuTri 

muSaoba 

Ks kgm/sm3 

0,7 0,75 0,8 0,9 0,1 

13,7 12 12,5 11,2 10,2 

 

 aaaaaKK P  ns ,             (19.17) 

sadac an aris koeficienti, romelic iTvaliswinebs im 

nawilakTa tipis gavlenas, romlisganacaa damzadebuli 

fila (cxr. 19.8); a _ koeficienti, romelic iTvaliswinebs 

filis moculobiTi wonis gavlenas (cxr. 19.9); aP – koefi-

cienti, romelic iTvaliswinebs saWrisis cveTis gavlenas 

(cxr. 19.10); a _ koefienti, romelic iTvaliswinebs Wris 

kuTxis gavlenas (cxr. 19.11). 
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cxrili 19.8 

Sesworebis 

koeficienti 

frezvis 

saxe 

filebis jgufi 

1 2 3 

an 

nawiburis 

frezva 
1,0 0,89 0,83 

fenobis 

frezva 
1,0 1,1 1,23 

 

cxrili 19.9 

Sesworebis 

koeficienti 

moculobiTi wona, g/sm3 

0,5 0,6 0,7 0,8 0,9 

a 0,5 0,72 1,0 1,34 1,84 

 

Sesworebis koeficientis, ise rogorc Wris kuTri 

muSaobis mniSvnelobebi gansazRvrulia cdebiT da mocemu-

lia Sesabamis cxrilebSi. 

cxrili 19.10 

Sesworebis 

koeficienti 

SemakavSireblis raodenoba 

4 5 6 7 8 9 10 11 12 

aS 0,84 0,87 0,91 0,95 1,0 1,05 1,13 1,2 1,27 

 

cxrili 19.11 

Sesworebis 

koeficienti 
Wris kuTxe ,grad.  

55 65 75 85 

a 0,85 0,92 1,0 1,08 

 

cxrili 19.12 

 ukana 

kuTxe 

Wris faqtiuri gza, m 

200 400 600 800 1000 1200 1400 

ukana waxna-

gis cveTa  

_15 0,09 0,15 0,195 0,23 0,26 0,28 0,295 

_25 0,04 0,07 0,1 0,125 0,15 0,175 0,195 

 ukana 

kuTxe 

Wris faqtiuri gza, m 

1600 1800 2000 2200 2400 2600 2800 

ukana waxna-

gis cveTa  

_15 0,31 0,33 0,345 0,36 0,375   

_25 0,215 0,24 0,26 0,28 0,3 0,39 0,4 
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koeficientis sidide, romelic iTvaliswinebs saWrisis 

cveTas, ganisazRvreba saWrisis ukana waxnagis cveTaze 

damokidebulebiT. saWrisis ukana waxnagis cveTa ganisaz-

Rvreba 19.12 cxrilis mixedviT, sadac mocemulia cveTis 

sidideebi saWrisisaTvis, romlis ukana kuTxeebia, 15 da 

25.  

saWrisis cveTis sidide damokidebulia masalaze, rom-

lisganac saWrisia damzadebuli. 19.13 cxrilSi mocemuli 

koeficientebi iTvaliswinebs am damokidebulebas. 

ukana waxnagze cveTis sidide (cxr. 19.12) ganisazRvreba 

saWrisis mier gavlil faqtiur gzaze damokidebulebiT. 

Wris faqtiuri gza ganisazRvreba (19.10) formuliT. 

cxrili 19.13 

Sesworebis 

koeficienti 

saWrisis masala 

ХВГ Р4 9Х5ВФ 

ag 1,0 1,7 2,0 

 

cxrili 19.14 

Sesworebis 

koeficienti 

cveTa ukana waxnagze, mm 

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 

a 0,8 1,0 1,2 1,36 1,48 1,57 1,66 1,77 2,42 

 

Wris rkalis sigrZe ganisazRvreba formuliT 




360

kD
e ,                        (19.18) 

sadac D Wris wrexazis diametria. 

magaliTi. ganvsazRvroT Wris simZlavre, Wris kuTri 

muSaoba da Zala safrezav Carxze II jgufis filebis wibos 

frezvis dros. filis moculobiTi wonaa 0,6 g/m3, Semakav-

Sireblis raodenoba 10%. 

mocemulia: Wris wrexazis diametri 200 mm; Wris kuTxe 

 85 ; ukana kuTxe  15 ; frezis brunvaTa ricxvi 5000 

br/wT; saWrisebis ricxvi 4. saWrisi damzadebulia foladi-

sagan ХВГ. frezvis siRrme 200H mm; frezvis sigane 

100B mm. miwodebis siCqare 10 m/wT; damuSavebulia 200 

grZ.m fila. 
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amoxsna:  

1) ganvsazRvroT miwodeba erT kbilze 

5,0
50004

1010001000












nz

U
U z  mm. 

2) Wris kuTri muSaoba 

 aaaaaKK Pr  s . 

3) 19.7 cxrilidan vpoulobT Wris kuTri muSaobis 

cxrilur sidides 

3s
sm

mkg 
   3,18K . 

4) cxrilebidan 19.7...19.11 vpoulobT Sesworebis koe-

ficientebs  

89,0ra ;  72,0a ;  13,1a ;  08,1a . 

5) Wris faqtiuri gza 

zU

lL
S

z 


f  

Wris rkalis sigrZe  

360

k 


D
l . 

kontaqtis kuTxe 


















 1198,0arccos

100

2
1arccos1arccos

R

a
k . 

Wris rkalis sigrZe 

2,19
360

1120014,3

360








k D
l mm, 

maSasadame 

1920
45,0

2,19200












zU

lL
S

z

f . 

6) 19.12 cxrilidan vpoulobT saWrisis cveTis sidides 

ukana waxnagze, rodesac ukana kuTxe  15  

337,0  mm. 

7) 19.23 cxrilebidan vpoulobT saWrisis masalis 

(foladi ХВГ) Sesworebis koeficients 

1ga . 
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8) gadavamravloT ukana waxnagis cveTis miRebuli 

mniSvneloba Sesworebis ag koeficientze 

 337,01337,0 ga . 

9) 19.14 cxrilis mixedviT vpoulobT saWrisis cveTis 

Sesworebis koeficients 72,1a . 

10) Wris kuTri muSaoba 

3s
sm

mkg 
 6,2472,108,113,172,089,03,18 aaaaaKK Pr . 

11) Wris simZlavre 

04,8
1060

1021006,24

10260










KBHU
N kvt. 

12) Wris siCqare 

3,52
100060

500020014.3

100060










Dn
V


m/wm. 

13) mxebi Zala 

7,15
3,52

10404,8102








V

N
P  kg. 

 

merqanburbuSelis filebis frezvis 
rekomendebuli parametrebi da reJimebi 

 

1. saWrisis kuTxuri parametrebi 

ikana kuTxe 20-25; 

Wris kuTxe 0,6 g/sm3-ze naklebi moculobiTi wonis 

filebis frezvisas aris 60-65, xolo 0,6 g/sm3 meti mocu-

lobiTi wonis filebis frezvisas – 75-85. 

2. miwodeba saWrisze frezvisas 0,7 g/sm3-ze naklebi 

moculobiTi wonis da 8% naklebi SemakavSireblis mqone 

filebis damuSavebis dros aris 0,2-0,3 mm. 

0,7-0,9 g/sm3 moculobiTi wonis 8-12% SemakavSireblis 

mqone filebis damuSavebis dros – 0,5-0,7 mm. 

0,9 g/sm3-ze meti moculobiTi wonis da 12%-ze meti 

SemakavSireblis mqone filebis damuSavebis dros – 0,7-1,0 mm. 

filis fenobis frezvis filis Tvisebebisagan damouki-

deblad miwodeba saWrisze tolia 0,4-0,6 mm. 
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dawnexili merqnis frezvis Zaluri kanonzomierebani 

Seesabameba naturaluri merqnis frezvis rogorc Teoriul, 

ise eqsperimentul monacemebs. 

merqnis masalebis frezvisas iaraRis mWreli elementis 

cveTa ufro metia, vidre naturaluri merqnisa, aqedan 

gamomdinare, cveTamedegoba mcirdeba. 

 

19.5. merqanburbuSelis filebis Runva. sacnobaro 
monacemebi. burRvis Zalebis gaangariSeba 

 

merqanburbuSelis filebis da merqnis burRvis Wris 

parametrebis ZiriTadi saangariSo formulebi da maTi 

urTierTdamokidebuleba erTnairia (ix. nax. 16). 

merqnis masalis burRvisas burRis mWreli nawilis 

yvelaze gavrcelebulia formaa alesva mimWreliT da 

mimmarTveli centriT. am SemTxvevaSi burRs aqvs xuTi 

mWreli piri: ori mTavari mWreli wibo, ori mimWreli da 

mimmarTveli centri. ufro iSviaTad gamoiyeneba konusuri 

alesva, romlis drosac burRs aqvs brunvis RerZisadmi 

kuTxiT daxrili ori mWreli wibo. 

Wris Zalaze yvelaze did gavlenas axdens mTavari 

mWreli wibos kuTxuri parametrebi – Wris kuTxe  da 

ukana kuTxe . 

Wris kuTri winaRobis sidide filis burRvis dros 

gamoiTvleba Semdegi empiriuli formulebiT: 

8% SemakavSireblis SemTxvevaSi 

135,7 D mm, 

                DK )078,017,0(11,28,2   

 
zU

D)089,003,0(89,15,0  
 kg/mm2;         (19.19) 

2513D mm, 

               DK )078,017,0(11,28,2   

zU

D)042,0005,0(39,11,0  
  kg/mm2;        (19.20) 

12% SemakavSireblis SemTxvevaSi 
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135,7 D mm, 

 DK  25,08
zU

D182,0)242,0(3,2  
 kg/mm2;   (19.21) 

2513D mm, 

DK  25,08 
zU

D)009,00085,0(835,025,0  
  kg/mm2; (19.22) 

sadac  filis moculobiTi wonaa, g/sm3; D – burRis 

diametri, mm; Uz – miwodeba saWrisze, mm. 

imis gamo, rom jerjerobiT eqsperimentuli monacemebi 

arasakmarisia imisaTvis, rom gamoyvanili iqnes aseTive 

formulebi sxva SemTxvevebisTvisac. amitom zogadi SemTx-

vevisaTvis K-s gamosaTvlelad mogvyavs gaangariSebis 

cxriluri meTodi. 

cxrili 19.5 

miwodeba 
saWrisze 

Uz, mm 

burRvis diametri D, mm  

5 7,5 10 16 20 25 

0,1 26,7 12,4 9,2 7,3 6,4 5,65 

0,2 16,0 9,5 6,42 5,1 4,5 3,51 

0,3 11,7 7,65 5,4 4,1 3,41 2,84 

0,4 10,0 6,5 5,0 3,75 3,0 2,49 

0,5 8,96 5,96 4,63 3,6 2,82 2,29 

0,6 8,0 5,3 4,47 3,4 2,65 2,16 

0,7 7,55 4,95 4,33 3,3 2,5 2,12 

0,8 7,2 4,88 4,22 3,24 2,41 2,09 

0,9 6,96 4,73 4,14 3,19 2,34 2,07 

1,0 6,63 4,62 4,07 3,17 2,3 2,02 

 

19.5 cxrilSi moyvanilia Kc-s (kg/mm2) mniSvnelobebi 0,7 

g/sm3 moculobiTi wonis da 8% SemakavSireblis mqone 

filebis fenobis burRvis SemTxvevaSi, rodesac burRvis 

siRrme ar aRemateba fenobis siRrme ar aRemateba 2D-s. 

burRvis pirobebi: burRi spiraluri CamomWrelebiT da 

mimmarTveli centriT;  60 ;  20 ; 3150n  br/wT. sxva 

maxasiaTeblebis mqone filis SemTxvevaSi K aucileblad 

unda iqnes gaangariSebuli damxmare Sesworebis koeficien-

tis saSualebiT: 
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mc aaaaaKK rP   ,             (19.23) 

sadac a  koeficientia, romelic iTvaliswinebs moculo-

biT wonis cvlilebas (cxr. 19.16). 

cxrili 19.16 

moculobiTi wona, g/sm3 0,5 0,6 0,7 0,8 0,9 1,0 

a 0,72 0,86 1,0 1,14 1,29 1,43 

 

aP koeficienti, iTvaliswinebs SemakavSireblis Semcve-

lobas (cxr. 19.17) 

cxrili 19.17 
SemakavSireblis 

Semcveloba, % 
4 5 6 7 8 9 10 11 12 

aP 0,84 0,89 0,92 0,96 1,0 1,03 1,07 1,1 1,14 

 

cxrili 19.18 

burRvis siRrme 2 3 4 5 6 

ar rodesac filis moculobiTi wona  

<0,7 g/sm3 
1,0 1,2 1,35 1,44 1,85 

ar rodesac filis moculobiTi wona  

>0,7 g/sm3 
1,0 1,32 1,61 1,86 2,1 

 

aH koeficienti iTvaliswinebs burRis mimarTulebas 

(cxr. 19.19). 

cxrili 19.19 
burRvis mimarTuleba fenobze wiboze 

am 1,0 1,2 

 

aP koeficienti iTvaliswinebs iaraRis dablagvebas 

(cxr. 19.20). 

wriuli Zala da wriuli momenti moiZebneba Semdegi 

formulebiT: 

4

nUD
KP


wr  kg;                  (19.24) 

8

2
nUD

KM


wr .                   (19.25) 

RerZuli Zala SeiZleba gamovTvaloT formuliT 
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cxrili 19.20 

SemakavSireblis 

Semcveloba, % 

dablagvebis koeficienti aP masalis burRvis faqtiur gzaze damokidebulebiT, 

grZ/m (mricxveli qromsiliciumis foladi (XC, XC); mniSvneli – swrafmWreli 

foladi (P9, P18) 

200 400 600 800 1000 1200 

fenobze burRva 

4 1,31/1,11 1,31/1,11 1,32/1,12 1,34/1,12 _ _ 

8 1,30/1,11 1,32/1,12 1,35/1,13 1,38/1,14 _ _ 

12 1,35/1,13 1,41/1,15 1,49/1,18 1,56/1,21 _ _ 

 wibos burRva 

4 1,41/1,06 1,15/1,06 1,17/1,06 1,19/1,07 1,21/1,08 1,24/1,09 

8 1,15/1,06 1,17/1,06 1,19/1,07 1,22/1,08 1,26/1,09 1,29/1,1 

12 1,19/1,07 1,23/1,08 1,31/1,11 1,41/1,15 1,51/1,19 1,62/1,25 

 

 

 

 

 

 

 

1
8

6
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wrR mPP   kg.                   (19.26) 

m koeficientis mniSvneloba damokidebulia burRis 

diametrze. 5-dan 8mm-mde diametris burRebisaTvis 9,05,0 m . 

9-dan 12 mm-mde ~-~ 2,17,0 m ; 

13-dan 16 mm-mde ~-~ 5,10,1 m ; 

17-dan 25 mm-mde ~-~ 0,23,1 m . 

Sefardebis udidesi mniSvneloba aiReba mcire sisqis 

mqone burbuSelisaTvis (0,1-0,25 mm) da mcire Sefardeba ki 

didi sisqis burbuSelisaTvis (0,25-0,75 mm). 

burRvis simZlavre gamoiTvleba formuliT 

408

VDU
KN n  .                    (19.27) 

burRis masalaSi SeWris faqtiuri gza gamoiangariSeba 

Semdegi gamosaxulebiT: 

1000


nU

DHi
S


m,                    (19.28) 

sadac H burRvis siRrmea; i – amoburRvis raodenoba. 

merqanburbuSelis filebis burRvisas adgili aqvs 

iaraRis swraf dablagvebas da damuSavebis defeqtebis amo-

burculi boWkoebis saxiT. 

mizanSewonilia gamoviyenoT salSenadnobiani foladis 

spiraluri burRi, mWreli nawilis konusuri alesviT (kuT-

xe wveroSi 170), brunvis sixSire burRvisas 3000-4000 
wT

br
. 

magaliTi. iburReba merqanburbuSelis fila, romlic 

moculobiTi wonaa 0,88 g/sm3 da 8% SemakavSireblis mqone, 

9XC foladisagan damzadebuli 10 mm diametris spiraluri 

burRiT. burRis alesvis forma_mimWrelebiT da mimmar-

Tveli centriT; ukana kuTxe 20; Wris kuTxe 60; burRvis 

pirobebi: miwodebis siCqare 5U  m/wT; brunvaTa ricxvi 

3000n  br/wT; burRvis siRrme 30 mm. gaburRulia 750 

naxvreti filis fenobSi. ganvsazRvroT Mbr, PR da N. 

amoxsna:  

1. miwodeba erTsaWrisze da erT brunvaze  
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67,1
3000

100051000








n

U
U n  mm; 

83,0
2

67,1


z

U
U z

z mm. 

2. 19.15 cxrilSi vpoulobT cxrilur mniSvnelobas, 

2,14cK . 

3. cxrilebSi 19.16...19.19 vpoulobT Sesworebis koefi-

cientebis mniSvnelobebs: 

14,1a ; 1Pa ; 32,1ra ; 1ma . 

4. saWrisiT gavlili grZivi metri 

423
100067,1

750301014.3

1000










nU

DHi
S


 grZ.m. 

5. 19.20 cxrilidan vsazRvravT a 1,32. 

6. Wris kuTri winaRoba 

34,832,1132,1114,12,4   aaaaaKK PrVw kg/mm2. 

7. radgan SemakavSireblis Semcveloba filaSi  8%-ia,  

K-s gaangariSeba SegviZlia Semdegi formuliT: 

 DK )078,017,0(11,28,2   




 8,011,28,2
)089,003,0(89,15,0

zU

D
 

4,5
5,0

10)8,0089,003,0(8,089,15,0
10)8,0078,017,0( 


  kg/mm2. 

SemoviyvanoT Sesworebis koeficienti 32,1a , 

12,732,14,51  aKK  kg/mm2. 

gansxvaveba K-s am or mniSvnelobas Soris Seadgens 3%-s. 

8. wriuli Zala 

8,34
4

67,110
34,8

4






 nUD

KPwr  kg. 

mabruni momenti 

174
4

67,110
34,8

8

2







 nUD
KMbr  kgmm = 17,4 kgsm. 

RerZuli Zala 
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36,248,347,0  wrR mPP kg. 

9. Wris siCqare 

57,1
100060

30001014,3

100060












nD
V


 m/wm. 

10. burRvis simZlavre 

54,0
408

57,167,110
34,8

408





VDU
KN n  kvt. 

 

burRvis rekomendebuli kuTxuri parametrebi da 
burRvis reJimebi 

 
kuTxuri parametrebi: ukana kuTxe  2518 , Wris 

kuTxe  6045 ; 

1. Tu iaraRis Wris kuTxe metia 60-ze, rekomendebulia 

ukana kuTxe gavadidoT 30-40-mde. 

2. brunvaTa ricxvi 2500-3500 br/wT. 

3. filis Tvisebebze damokidebulebiT saWrisze miwo-

debis sidide unda iyos Semdegi: 

0,7 g/sm3-ze naklebi moculobiTi wonis da 8%-ze nak-

lebi SemakavSireblis Semcveli filis damuSavebisas 

5,015,0 zU mm. 

0,7 g/sm3-ze meti moculobiTi wonis da 8%-ze meti Sema-

kavSireblis Semcveli filis damuSavebis dros 

75,025,0 zU mm. 

SkantiT SeerTebisaTvis naxvretis burRvisas filis, 

romlis moculobiTi wonaa 0,65-dan 0,75 g/sm3; 8,07,0 zU mm. 

4. burRvis alesva mimWrelebiT da mimmarTveli centriT 

aris yvelaze saukeTeso yvela tipis filis burRvis dros. 

5. filis fenobis burRvis dros, naxvretis Sesasvlel-

ze maRali xarisxis misaRebad aucilebelia gamoviyenoT 

qvesadeni, nawiburis burRva SeiZleba qvesadebis gamoye-

nebis gareSec. 

Tu iburReba gamWoli naxvreti, maSin naxvretis gamo-

sasvlelze aucilebelia davamagroT qvesadebi. 
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6. 0,7 g/sm3-mde moculobiTi wonis da 7%-mde Semakav-

Sireblis Semcveli filis burRvis dros unda gamoviyenoT 

burRi, romelic damzadebulia qromsiliciumiani XC, 9XC 

da swrafmWreli P9 da P18 foladebisagan. iseTi filis 

burRvisas, romlis moculobiTi wona da SemakavSireblis 

Semcveloba aRemateba zemoT aRniSnuls, unda gamoviyenoT 

mxolod swrafmWreli foladisagan damzadebuli burRi. 
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Tavi XX 

merqnis masalebis Wra zesali iaraRebiT 

20.1. saerTo cnobebi 

 

zesal masalebs miekuTvneba bunebrivi da sinTezuri 

almasi, agreTve boris kuburi nitridi. 

bunebrivi almasi warmoadgens naxSirbadis kristalur 

modifikacias. almasis kuTri wona icvleba 3,48-dan 3,56 

g/sm3 zRvrebSi. almasSi naxSirbadis atomebs gansakuTrebiT 

mtkice kovalenturi kavSiri aqvT, riTac aixsneba maTi 

gansakuTrebuli simtkice da sxva Tvisebebi. almasi anizo-

tropiulia, e.i. misi simtkice da cveTamedegoba sxvadasxva 

mimarTulebiT sxvadasxvaa. 

sixistis maRali xarisxi warmoadgens almasis erT-erT 

mniSvnelovan Tvisebas. misi drekadobis moduli bunebaSi 

arsebuli magari nivTierebebis drekadobis modulze metia. 

igi 2,5-jer aRemateba boris karbidisa da siliciumis 

drekadobis moduls da mniSvnelovnad metia, vidre sali 

Senadnobebis drekadobis moduli, rac uzrunvelyofs 

deformaciis da Siga Zabvebis Semcirebas dasamuSavebel 

masalaSi. 

garda amisa almass axasiaTebs maRali Tbogamtaroba da 

aqvs gafarToebis mcire koeficienti, xaxunis dabali koe-

ficienti. almasis maRali Tbogamtaroba da dabali kuTri 

Tbotevadoba uzrunvelyofs siTbos arinebas da Wris tem-

peraturis Semcirebas. 

almasis xazovani gafarToebis koeficienti gacilebiT 

mcirea sali Senadnobisa da siliciumis karbidis xazovani 

gafarToebis koeficientze, amitom iaraRi kristaluri 

almasiT xasiaTdeba naklebi temperaturuli deformaciiT. 

almasis es Tviseba gansakuTrebiT mniSvnelovania erT-

kristaluri mWreli iaraRisaTvis. almasis dabali adhezi-

uri Tvisebebi mniSvnelovnad amsubuqebs burbuSelis 

moZraobas. almasis struqturis erTgvarovneba da simkvrive 

saSualebas gvaZlevs miviRoT mWreli wiboebi Zalian mcire 
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damrgvalebis radiusiT 0001,000005,0   mm, rac mniSvne-

lovania mcire ganivkveTis burbuSelis damuSavebisaTvis. 

almasis maRali simtkice da drekadobis moduli 

uzrunvelyofs mWreli elementebis maRal cveTamedegobas. 

almasis saWrisis medegoba aseuljer aRemateba sali 

Senadnobisagan damzadebuli iaraRis medegobas. 

almasis maxasiaTebeli Tvisebebidan aRsaniSnavia misi 

maRali qimiuri koroziamedegoba, yvelaze Zlieri mJavebic 

ki ar moqmedebs masze. 

zemoT CamoTvlil dadebiT TvisebebTan erTad almass, 

rogorc mWreli iaraRis dasamzadebel masalas aqvs speci-

fikuri uaryofiTi Tvisebebi: xelovnuri almasisagan damza-

debuli saWrisis Rirebuleba mniSnelovnad aRemateba sali 

Senadnobisagan damzadebili saWrisis Rirebulebas. defici-

turobis gamo erTkristaluri almasis iaraRi gamoiyeneba 

Zaliab SezRudulad. 

am problemis gadasawyvetad saWiro Seiqmna zesali 

polikristaluri masalis Seqmna. erT-erT aseT masalas 

warmoadgens maRali wnevisa da temperaturis dros Secxo-

bili wvrili almasis fxvnili. Secxobis saboloo pro-

duqts warmoadgens mocemuli zomebis mqone 3,2-3,48 g/sm3 

simkvrivis polikristaluri almasis bloki, romelic 

simtkiciT ar Camouvardeba bunebriv almass. polikrista-

luri almasis bloki mzaddeba sxvadasxva formisa da 

zomis, ufro xSirad cilindruli Casadgmelebis an kvad-

ratuli Casadgmelebis an kvadratuli firfitebis saxiT 

(sididiT 3-8 mm da woniT 0,5-1 karati). 

polikristaluri Secxobili almasi ufro xelsayrelia, 

vidre bunebrivi almasis monokristalebi, romlebsac, 

rogorsac, rogorc zemoT iqna aRniSnuli, axasiaTebT ani-

zotropiis Tviseba, aqedan gamomdinare – simyife, Termuli 

zemoqmedeba da meqanikuri dartymebisadmi gadidebuli 

mgrZnobiaroba. 

polikristalur Seucxobel almass kristalebis sxva-

dasxva orientaciis gamo axasiaTebs izotropiuloba, ara 

aqvs bzarebis sibrtyeebi, rac mniSvnelovnad zrdis misi 

simtkicis maCveneblebs da pirvel rigSi – dartymiT 
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siblantes. amis gamo polikristaluri almasisagan damza-

debuli iaraRebi SeiZleba gamoyenebuli iqnes wyvetili 

WriT damuSavebisas. 

amJamad farTo gavrceleba pova balasis da karbonados 

tipis polikristalurma almasebma, romlebsac Rebuloben 

grafitisagan sxvadasxva gamxsnelebisYTanxlebiT, uSualod 

sinTezis gziT. maTi simkvrive liTongamsxnelebis xarjze 

aRwevs 3,5-4,0 g/sm3, aqvT erTgvarovani wvrilmarcvlovani 

struqtura da amzadeben cilindruli blokebis an burTu-

lebis saxiT, zomebiT 3-6 mm. didi zomis polikristaluri 

almasisagan SeiZleba damzaddes 1,5-2 mm siRrmeze dasamu-

Savebeli da specialuri konstruqciis saW-risebi (6 mm-mde), 

rac saSualebas gvaZlevs gamoviyenoT isini mxolod sufTa 

operaciebisaTvis. 

boris kuburi nitridi axali sinTezuri zesali masa-

laa, romelic simtkiciT uaxlovdeba almass, mxolod aqvs 

ufro maRali Tbomedegoba. boris kuburi nitridi war-

moadgens ori elementis – boris (43,6%) da azotis (56,4%) 

SenaerTs. mas aqvs TiTqmis iseTive kristaluri meseri, age-

buleba da parametrebi, rac almass. boris kuburi nitri-

dis simkvrive ramdenjerme mcirea almasTan SedarebiT da 

Seadgens 3,45 g/sm3. misi mikrosisale Seadgens 8000-10000 

g/mm2. boris kuburi nitridis polikristalebs Rebuloben 

maRal temperaturaze da wnevis qveS boris nitridis mikro-

fxvnilis (heqsogonaluri, kuburi) SecxobiT an heqsagonuri 

boris nitridis uSualo sinTeziT. 

ukanasknel wlebSi Catarebulma gamokvlevebma boris 

kuburi nitridis, rogorc saiaraRo masalis, fizikur-meqa-

nikuri da saeqspluatacio Tvisebebis farTo zRvrebSi 

cvalebadobis saSualeba mogvca. amitom boris kuburi 

nitridi arsebiTad gansxvavebuli saxisaa da gamodis sxva-

dasxva markis. 

polikristaluri masalebidan cnobilia, elbori, heqsa-

niti, kompoziti da sxv. 

elbori polikristaluri zesali masalaa da boris 

nitridis fuZeze sxvadasxva danamatebiT mzaddeba. 

ismiti polikristaluri boris kuburi nitridia. 
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almasi 3,01-3,56 7000-10000 90000-100000 200 0,350 0,63-1,45 21-29 0,12 

boris kuburi 

nitridi 
3,5-3,54 8000-10000 _ _ _ _ _ _ 

sali Senadno-

bebi BK8 
14,8-14,4 1560-1690 54000-2220 400-500 0,140 5 160 0,04 

swrafmWreli 

foladi P18 
8,7 700-1000 _ 360 0,058 11 370 0,03 
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 heqsaniti polikristaluri masalaa boris nitridis 

fuZeze, romelsac aqvs kargi Termomedegoba da dabali 

simyife. 

garda zemoT aRwerili msxvili polikristalebis mar-

kebisa mzaddeba kompoziciuri masalebi: slavutiCi, kompo-

ziti da sxva. 

aSS-Si polikristalebi boris kuburi nitridis fuZeze 

mzaddeba saxelwodebiT borizoni. 

am masalebis fizikur-meqanikuri Tvisebebi mocemilia 

cxrilSi 20.1. ukanasknel xans xis damamuSavebel mrewvelo-

baSi farTod gamoiyeneba axali merqnis masalebi, kerZod: 

merqnis burbuSelis da merqanfenovani filebi. am masale-

bis Tvisebebi mniSvnelovnad gansxvavdeba merqnis Tvise-

bebisagan maTSi SemakavSireblis arsebobis gamo, romelic 

damuSavebis procesSi moqmedebs rogorc abraziuli masala 

da iwvevs iaraRis swraf dablagvebas. 

 

20.2. boris kuburi nitridis gamoyeneba Wris 
procesebSi (torsuli frezva, xerxva) 

 

fenobis damuSavebam torsuli frezviT bolo periodSi 

farTo gamoyeneba pova, mTeli rigi upiratesobebis gamo: 

1. ganieri detalebis damuSavebis maRali mwarmoeblu-

roba; 

2. damuSavebuli zedapiris ukeTesi xarisxi cilind-

ruli frezvisas; 

3. naklebi simZlavre Wraze; 

4. saiaraRo masalis naklebi xarji da mWreli saiaraRo 

masalebisagan, kerZod sinTezuri almasisa da boris 

kuburi nitridisagan damzadebuli saWrisebis gamoyenebis 

SesaZlebloba. 

zesali masalebisagan damzadebuli iaraRebis gamoyene-

bisas torsuli frezvis dros ZiriTadia: 

1) zesali masalisagan damzadebuli iaraRis (saWrisis) 

radionaluri gamoyenebis sferos dadgena; 

2) zesali masalisagan damzadebuli iaraRis medegobis 

gansazRvra; 
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3) zesali masalisagan damzadebuli saWrisis frezvisas 

xarisxobrivi da Zaluri maxasiaTeblebis gansazRvra saW-

risis cveTaze damokidebulebiT. 

torsuli frezvis (nax. 20.1) Taviseburebas warmoadgens 

frezis 1 saWrisis 2 brunvis sibrtyis paraleluroba 

dasamuSavebeli masalis 3 zedapirTan. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 20.1. torsuli frezvis sqema 
 

torsuli frezvis Wris sqema da aucilebelia aRniS-

vnebi naCvenebia nax. 20.2-ze. 

dablagvebis r radiusis SemTxvevaSi (kveTi XY) miiReba 

kontaqtis kuTxe 1, romelsac Seesabameba rkali aul   

mosaxsneli fenis h simaRleze, igi ganisazRvreba formuliT 

r

hr 
1cos .                      (20.1) 

burbuSelis ganivkveTi 

lech saS ,                      (20.2) 

sadac c miwodebaa saWrisze, mm; h – mosaxsneli fenis sisqe, 

mm; esaS – ganivkveTis saSualo sisqe, mm; l – SeWris rkalis 

sigrZe, mm. 

burbuSelis saSualo sisqe 

2 

3 

=10 
1 

=45 

1=20 

r=1,2 
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r

hr
r
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r
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e
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e






arccos

57

360

2
1

saS .            (20.3) 

nax. 20.2-dan 

r
R

r

b 2

sin


 , 

R

b

2
arcsin22  . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 20.2. torsuli frezvis Wris sqema 
 

dasamuSavebel masalaSi saWrisis Sesvlisa da gamosvlis 

dros (wertilebi 1 da 3) 
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kveTaSi, romelic Seesabameba 0-1 mdebareobas 
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nominaluri burbuSelis sisqe icvleba simetriulad 

saWrisis dasamuSavebeli masalis SeWridan Sua nawilamde 

da Semdeg masalidan gamosvlamde. amgvarad, 

r

hr
r

R

b
ch

ee
e



























arccos2

2
arcsincos157

2

saSsaS .          (20.6) 

Wris siCqare gamoiTvleba formuliT 

100060 


Dn
U


m/wm.                  (20.7) 

miwodebis siCqare 

1000

czn
U


  m/wT,                   (20.8) 

sadac D Wris diametria, mm; n – frezis brunvaTa ricxvi, 

br/wT; c – miwodeba erT saWrisze, mm; z – saWrisTa ricxvi 

frezSi. 

merqnis burbuSelis filis dakalibrebis arsebuli 

xerxi ver uzrunvelyofs filis erTnairi sisqis da saWiro 

sibrtyivobis moRebas. filis dasakalibreblad da sabo-

loo dasamuSaveblad torsuli frezvis gamoyeneba aris 

erT-erTi perspeqtiuli mimarTuleba. 

pirvelad karbonados, elboris da kompozirebisagan 

damzadebuli iaraRebi (saWrisebi) gamoyenebuli iqna Cvens 

mier saqarTvelos politeqnikuri institutis merqnis 

teqnologiis kaTedris laboratoriaSi 1972 wels. 

torsuli frezvis merqnis burbuSelis filis daka-

librebisas frezis diametri Seadgenda 700D  mm. am saia-

raRo masalis Wris Tvisebebis gamovlenisaTvis Catare-

buli iqna gamokvlevebi sali Senadnobis BK-8-Tan Sesada-

reblad. Wris siCqare iyo 60 m/wm, miwodebis siCqare saW-

risze 0,25 mm, Wris siRrme – 1,5-2 mm; Wris Tvisebebi fasde-

boda saWrisis ukana zedapirze cveTis farTobis mixedviT 

cveTis 4,0h  mm miRwevamde. 

torsuli frezvisas Catarebuli gamokvlevebis analizma 

gviCvena, rom elborisagan damzadebuli saWrisis cveTame-
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degoba daaxloebiT 20-jer metia, vidre sali Senadnobisa. 

daaxloebiT 1,5-jer meti cveTamedegobiT xasiaTdeba elbo-

risagan damzadebul saWrisTan SedarebiT karbonadosagan 

damzadebuli saWrisi (nax. 20.3). 

 
 
 
 
 
 
 
 
 
 
 

nax. 20.3. saWrisis cveTis damokidebuleba damuSavebis 
       xangrZlivobasa (T) da damuSavebuli masalis 

sigrZeze (L) 
 

amJamad mrewveloba uSvebs cilindruli formis meta-

lizebul elbors P, zomebiT 44 sm, rac maTi gamoyenebis 

saSualebas iZleva, kerZod, maTgan SeiZleba damzaddes 

iseTi merqansaWreli iaraRebi, rogoricaa diskuri xerxi, 

frezi, burRi da sxv. 

saqarTvelos teqnikuri universitetis araliTonuri 

masalebis dargobriv samecniero-kvleviT laboratoriaSi 

damuSavebuli da damzadebulia xerxebi daarmaturebuli 

elboriT. metalizeburi elboris P damagreba xerxis tanze 

xorcieldeba mirCilviT. 

rogorc sawarmoo gamocdis analizma gviCvena, elbo-

riani xerxis mdgradoba salSenadnobian xerxTan SedarebiT 

10-15-jer maRalia. amasTan unda aRvniSnoT, rom elboriT 

aRWurvili xerxi 4,0h  cveTis miRwevisas ukana waxnagze 

inarCunebs mWrel Tvisebebs da ganaxerxis saWiro xarisxs 

(nax. 20.4).  

1974 wels zemoaRniSnuli laboratoriis TanamSromlebma 

daaproeqtes da daamzades naxevrad avtomaturi Carxi 

kompoziti elbori P karnonado 

0,3  

0,1  

0,2  

0,4  

0 
48 32 16 64 80 96 

T sT 

L grZ.m 

h mm 
BK-8 

9600 19200 28800 38400 48000 57600 
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merqnis burbuSelis filis dasakalibreblad, sadac mWrel 

elementad gamoyenebuli iqna zesali masalisagan (elbori 

P, kompoziti, karbonado) damzadebuli saWrisi. 

aseTi tipis Carxebma didi gamoyeneba pova yofil ssr 
kavSiris mraval xis damamuSavebel sawarmoSi. 

 
 
 
 
 
 
 
 
 
 
 

 
    nax. 20.4. xerxis hu cveTis damokidebuleba damuSavebis 
              T xangrZlivobasa da damuSavebuli masalis L  
              sigrZeze diskuri xerxiT xerxvisas 
 

naxazebze 20.5 da 20.6 warmodgenilia elborisa P da 
karnadosagan damzadebuli saWrisebis wina zedapirebis 
mikrofotografiebi merqnis burbuSelis filis frezvamde 

da frezvis Semdeg Wris 60 m/wm da miwodebis 25,0zU mm 

siCqariT. 
rogorc naxazebidan Cans, elboris iaraRis forianoba 

karbonadosagan damzadebuli iaraRis forianobasTan Seda-

rebiT, gansazRvruli statikuri meTodiT 19% tolia, maSin 

rodesac karbonadosagan damzadebuli iaraRis forianoba 

Seadgens 8%-s. xanmokle Wris Semdeg uSualod mWrel 

wiboze warmoiqneba elbori calkeuli nawilebis mikro-

anatkeCebi, isini ZiriTadad miiReba forian adgilebSi. 

rogorc Cans, forebSi adgili aqvs ZabvaTa koncentracias 

da warmoebs mWreli iaraRis mikrorRveva. imis gamo, rom 

elborisa da karbonados simtkice, sali Senadnobebis 

simtkicesTan SedarebiT ramdenadme maRalia, maTi abrazi-

uli cveTis intensiuroba gacilebiT dabalia. 

elbori P 

0,3  

0,1  

0,2  

0,4  

0 
16,8 8,4 

T sT 

L grZ.m 

h mm 

BK-15 

10000 20000 30000 40000 50000 

25,2 33,6 42,0 
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nax. 20.5. elborisagan damzade-    nax. 20.6. karbonadosagan dam-    

 buli iaraRebis wina waxnagebis   zadebuli iaraRebis wina wax- 

 mikrofotografiebi: a – damu-     nagebis mikrofotografiebi:  

 Savebamde; b – 52 wT muSaobis      a – damuSavebamde; b – 52 wT  

 Semdeg; g – 100 wT muSaobis        muSaobis Semdeg; g – 100 wT  

          Semdeg                          muSaobis Semdeg 

    

unda vigulisxmoT, rom iaraRis sakontaqto zedapi-

rebis mikrorRvevis mizezi aris daRlilobiTi movlenebi. 

ufro cveTagamZlea karbonadosagan damzadebuli iaraRebi 

(nax. 20.6). aRniSnuli saiaraRo masalebis forianoba 

arsebiTad mcirea forianobasTan SedarebiT, rac saboloo 

jamSi iwvevs karbonados simtkicis zrdas. amitom karbona-

dosagan damzadebuli iaraRebis mikrorRvevis intensiuroba 

mniSvnelovnad mcirea. 

SevadaroT am maCvenebliT elborisa da karbonadosagan 

damzadebuli iaraRebi bunebrivi almasisagan damzadebul 

iaraRs. 

bunebrivi almasi TiTqmis ar xasiaTdeba forianobiT 

(nax. 20.7). 

b 

a 

g 

b 

a 

g 
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cveTis meqanizmis Seswavlam gviCvena, rom elborTan da 

karbonadosTan SedarebiT naklebi simyifis gamo, bunebriv 

almasSi cveTas iwvevs mWreli iaraRis sakontaqto fenebis 

intensiuri mikroamofSvna, amitom bunebrivi almasis iara-

Ris cveTamedegoba naklebia, vidre karbonados iaraRebisa, 

xolo TiTqmis igivea, rac elboris. zemoT aRniSnuli 

saSualebas iZleva xis damamuSavebel mrewvelobaSi farTod 

dainergos zesali masalebiT (elborisa da karbonados) 

aRWurvili merqnis saWreli iaraRebi, gansakuTrebiT 

merqnis burbuSelis filis dakalibrebisaTvis da misi 

meqanikuri damuSavebisaTvis. 

 
 
 
 
 
 
 
 
 
 

nax. 20.7. bunebrivi almasisagan    
  damzadebuli iaraRebis wina 
  zedapirebis mikrofotografiebi: 
  a – damuSavebamde; b – 52 wT 
  muSaobis Semdeg; g – 100 wT 
  muSaobis Semdeg 

a 

b 

g 
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danarTi 
cxrili 1 

saangariSo formulebi da sacnobaro monacemebi 

# procesi 
gansaz- 
Rvrebebi  
da aRniSvnebi 

randva (nax. 
4.8, a) 

frezva nax. 
4.8, b) 

xerxva diskuri 
xerxiT (nax. 11.1) 

xerxva len-
turi xerxiT 

(nax. 11.3) 

xerxva CarCo 
xerxiT (nax. 12.1) 

1 2 3 4 5 6 7 
1 H, mm – muSa 

svla 
H=L mm, 
sadac L 
namzadis 
sigrZea 

ztDH    H=2R = D, = zt 
R mm – mrudmxaras 
radiusi; 
z – erTi muSa 
svlis ganmavloba-
Si WraSi monawile 
kbilTa ricxvi 

D mm – Wris wrewiris diametri, z – 
erTi brunvis ganmavlobaSi WraSi 

D – borblis 
diametri 

monawile saWrisTa ricxvi; t – kbilTa biji 

2 z – erTi brunvis 
ganmavlobaSi 
WraSi monawile 
saWrisTa ricxvi; 

z = 1 
t

D
z


  

t

H
z   

3 l mm – kontaqtis 
rkalis sigrZe  l = L 


R

D
l 0175,0

360
  h 

4  _ kontaqtis 
kuTxe 

_ 

kontaqtis 
kuTxe nax.14.2 
nomogramis 
mixedviT 

R

hR 
 arccos

 

=gamos. Sesv. nax. 
11.2 nomogramis 
mixedviT an  





R

hR
arccos  

R

ha
arccos  

_ _ 

2
0

3
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gagrZeleba 

1 2 3 4 5 6 7 
5 zl da zh – kbilTa 

ricxvi l-ze an h-ze zl =1 
t

l
zl    

t

h
zh   

6 esaS /mm/ - burbu-
Selis saSualo 
sisqe 

e=c ganisaz-
Rvreba danis 
gamonaSveriT 

esaS =csinsaS= 

l

hc 
  

 sinc
S

b
e  

l

ch

s

b
  

 since  

l

ch
  

c
S

b
e  _ xerxis sisqe 

ce  ganaxerxis sigane 

niSani  - kbilebis gadayris simbolo: 

 _ gatyleJis simbolo 

7 sinsaS,sadac saS  
saSualo Sexved-
ris kinematikuri 
kuTxea 

sinsaS=1 

saS = 90 
sinsaS=

l

h
 

sinsaS= 1 

saS= 90 

8 c mm – miwodeba 
Wraze 

c – danis ga-
monaSveri zn

U
c

1000
  

9 U m/wT – miwode-
bis siCqare 

miwodeba war-
moebs uqm 
svlaze c mm 1000

czn
U   

10  mm – miwodeba 
svlaze an brun-
vaze 

 = c 
t

D
ccz


  
l

H
ccz   

 

2
0

4
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gagrZeleba 
1 2 3 4 5 6 7 
11  V m/wm – Wris 

siCqare wm

mm

T

L
V   

6000060000

ztnDn
V 


 

3000060000

2 HnHn
V   

12 U : V 
_ 

t

c

V

U
)11(:)9(   

t

c

V

U

2
  

13 N kvt – Wris 
simZlavre 

102102

KbcVPV
N   

102102

KbhUPV
N   

102

102

UKbZh

PV
N

saS



  

Z – xerxva ricx-
vi xerxTa wyobaSi 

14 PsaS.kg. – saSu-
alo Wris Za-
la brunvaze; 
Pkb. – 1 kbil-
ze moqmedi 
Zala 


V

N
P

102
saS.kg  

Kbc  

Pkb.= PsaS.=Pfaqt.  

 

t

Kbhc

V

KbhU

V

N
P 

102
saS.kg  

lP
t

l
P

t

l
KbeP  kb][  

nax. 1.8.2. da 8.1.1 mixedviT 
lech   

 


V

N
P

102
 


V

UKbZsaS  


t

c
KbZ

2
saS  

t

Ph

t

Zh
P

22
 saS

k  


t

h
KbcP ][  

hP
t

h
P kb  

15 Pu –ukana wax-
nagze moqmedi 
Zala erT 
brunvaze, kg PbaP )8,0(  u  

 )8,0( aPu  

t

l
Pb  




)8,0( aPu  

t

l
Pb  




)8,0( aPu  

t

l
Ps  




)8,0( aPu  

t

l
Pb  




)8,0( aPu  

t

l
Ps  




)8,0( aPu  

t

Zh
Ps

2

saS  




)8,0( aPu  

t

Zh
Pb

2

saS  

2
0

5
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gagrZeleba 

1 2 3 4 5 6 7 
16 Pw – wina waxnag-

ze moqmedi saSua-
lo Zala, jg 

uw PPP   

17 R – radialuri 
Zala ,tgP

f

P
R w

u
  )90(                  – xaxunis kuTxea = 20 

18 f – xaxunisa da 
plastikuri de-
formaciis dayva-
nili koeficienti 

       )( aff         a  = 1 – 1,1 – 1,2 – 1,3 – 1,4 – 1,5 – 1,6 – 1,7 – 1,8 – 1,9 – 2,0 

                        f = 2 – 1,5 – 1,25 – 1,1 – 1,0 – 0,9 – 0,8 – 0,75 – 0,7 – 0,65 – 0,6 

19 a – dablagvebis 
koeficienti 

basri







2,0
1a , sadac 54basri  mkr danebisaTvis 

                      108basri  mkr xerxebisaTvis 

20 
a  _basri saWri-

sis dablagvebis 

// nameti Wris 
sigrZeze T, wT-Si  

L  , sadac  mkr/m saWrisis  basri nazrdi 1 m-ze: L Wris sigrZe, m. 

VTL   
1000

lnT
L   













D

L

hnT
L



2
11000

 

1000

hnT
L   

21 /k m fiWvi 0008,0                fiWvi 001,0                       fiWvi 002,0  

muxa  001,0                  muxa  0013,0                      muxa 0026,0  

22   basrit  

dablagva Wris 
bolos 

  bt  

23 Q – mimWeri Zala  sincos RPQ  

 

2
0

6
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gagrZeleba 

1 2 3 4 5 6 7 
24 s _ mimWeri 

an ukugdebis 
Zala 

 sincos RPQ  

25 
K 

2mm

kg
Wris 

kuTri wneva 

an K 
3mm

kg
 

Wris kuTri 
muSaoba 

e

pa
kK


  

BVAk  Б  

rodesac e >0,1 an +B rodesac  

1,0e   

pa
e

K )8,0(
1

  , 

rodesac V<50 m/wm, maSin V-s 

nacvlad viRebT )90( V  k da k   

gansazRvrisaTvis 





sinc
s

b

pa

b

h
kK





 


 


sinc

pa

b

h
kK


 






sin

)8,0(

c
s

b

pa

b

h
kK





 




 


sin

)8,0(

c

pa

b

h
kK





 

p ganisazRvreba 
nax. 7.9-dan, А da Б 
ganisazRvreba nax. 

7.10-dan B da B 
ganisazRvreba nax. 
7.11-dan. 

26 cN – miwodeba 
1 kbilze 
(Wraze) 
N-is mixedviT kb

pba
V

N

cN





102

 





bk

V

N

cN


102

 

bk

pba








 )8,0(
 







bk

hzn

N

cN

6106

 

bk

pba








sin



 







bk

hzn

N

cN

6106

 

 










habk

spa

hzn

N

cN
1

6

sin

106





 















  aviRoT nacvlad is

 aviRoT nacvlad is bs
cN  










habk

spa

hzn

N

cN
1

6

sin

)8,0(106





 

 

hbk

pba
hbzn

Nt

cN
1

6106










  

hbk

pba









 

cN-Si S-is nacv-
lad aviRoT b da 

 -s nacvlad 

aviRoT    

2
0

7
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gagrZeleba 

1 2 3 4 5 6 7 
   

bk

pba








sin

)8,0( 

 













  aviRoT nacvlad is

 aviRoT nacvlad is bs
cN  

 

27 


2mm

kg
 xaxunis in-

tensiurobis 
koeficienti 

  0        0       075,0072,0   

                          06,0058,0   

025,0  

02,0  

rodesac 
50 Hh mm 

28 cN simZlavris mixedviT unda Sedardes sisufTavis mixedviT ck-s.  
  cxrili 8.8 da 8.9 cxrili 8.3 cxrili 8.5 cxrili 8.6 
29 unda gaviTvaliswinoT agreTve 0 kbilTaSorisi Rrmulis tevadobis mixedviT 
    

h

Dt

3
0


  

h

Dt

5
0


  

h

Ht

2
0   

30 
saangariSod viRebT NN c

t

H
 , kk c

t

H
  da 00 c

t

H
  Soris umciress. unda gaviTvaliswinoT, rom 

mrgvali saWrisebisaTvis DH  . N – Cawodebaze amZravis simZlavris mixedviT 0 – xerxebis 
muSaobis unaris mixedviT 

 mocemuli formulebisa da sacnobaro monacemebis mixedviT amoixsneba rogorc pirdapiri, ise Sebru-

nebuli amocanebi. amasTan unda gaviTvaliswinoT, rom, rodesac 1,0Nc  an 0Nc , procesi 

mikroburbuSelebis zonaSia 1,0e mm da cN-s formuliT. danarTis me-2 da me-3 cxrilebSi mocemulia 

pirdapiri amocanebis amoxsna, sadac gamoyenebulia danarT 1-l cxrilSi mocemuli formulebi da 
sacnobaro monacemebi. 

  lenturi xerxiT xerxvisas ciklia ara erTi brunva, aramed 
D

L

D

LD



 2
1

2



, sadac L mm aris manZili 

borblebis centrebs Soris. 

 

2
0

8
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cxrili 2 

pirdapiri amocanebis gadawyvetis magaliTebi 

randva (nax. 4.8, a) frezva (nax. 4.8, b) 
grZivi xerxva 

diskuri xerxebiT 
(nax. 11.1) 

grZivi xerxva 
lenturi xerxebiT 

(nax. 11.3) 

grZivi xerxva CarCo 
xerxebiT (nax. 12.1) 

1 2 3 4 5 
mocemulia: 
U = 30 m/wT =  
=0,5 m/wm 

z = 1;  = 50 
h =0,08 mm; 
b = 200 mm; fiWvi; 

b= 4 mkm; T= 100 wT 

mocemulia: 
U =10 m/wT; D=120mm; 

 =60; h = 6 mm 
b = 200 mm; fiWvi; 

b = 4 mkr; T=160 wT 








60000

300012014,3

60000

DN
v



 

 6,19
wm

m
 

 

mocemulia: 
U =50 m/wT; D=500mm; 
n = 3000; z = 60; 

 =60; h = 6 mm 
a=100 (magidis awe-
vis sidide); 
S = 2,4 mm; b= 3,6 mm; 

1 =0,072, fiWvi;  

b =10 mkr; T=170 wT 








60000

300050014,3

60000

DN
v



 

 5,78
wm

m
. 





60

50014,3

z

D
t


 

=26,2 mm 

mocemulia: 
U =33 m/wT; D=1400mm; 
n=500 br/wT; fiWvi; 
h = 40 mm; t = 50 mm;  

S =1,2 mm;  =60; 
=2 mm; =2000 mm 
(borblebis Rer-
Zebs Soris manZili) 
T =120 wT 








60000

500140014,3

60000

DN
v



 

 37
wm

m
  

b = mkr 
 

mocemulia: 

=20 mm; H =600mm; 
n =300 br/wT; 
h = 200 mm; Z =10 
xerxi; t = 22 mm;  

s =2,2 mm; b = 3,6 mm; 
T =190wT;  

b = 10 mkr;  

6
60000

2


Hn
V m/wm 

 

 
 

2
0

9
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gagrZeleba 

1 2 3 4 5 

ganisazRvros N da 
yvela Zaluri pa-
rametri: 

amoxsna: 
1. c = h= 0,08 mm; 

=90,  =0 

sin =1, cos=0 
  kontaqtis sigrZe 
1 wT-Si    
30 m/wT = m/wT 
SeniSvna. 
miwodeba c =0,08 m 
xorcieldeba magi-
dis zemoT danis 
amoweuli nawilis 
xarjze (nax. 13,1 a) 
 

ganisazRvros N da 
yvela Zaluri pa-
rametri: 

amoxsna: 
1. nax. 14.2-dan vpo-
ulobT: 

4
120

500500


D
M  

1644 Mh mm 
ordinatTa RerZze 
gadavzomoT 0-dan 
qvemoT 16 mm da ga-
vataroT horizon-
taluri xazi, mi-
viRebT  21  da  

 Rl 0175,0  

2321
2

125
0175,0  mm 

maSasadame, 
l

ch
esaS  

35,0
23

62



 mm 

sadac 





30002

100001000

zn

U
c  

= 2 mm, xolo 

ganisazRvros N da 
yvela Zaluri pa-
rametri: 

amoxsna: 
1. nax. 11.2-dan vpo-
ulobT 

5

1

500

100100


D
M . 

20
5

100
Ma mm 

30
5

150
)(  haM mm 

ordinatTa RerZze 
gadavzomoT 20 mm. 
gavataroT hori-
zontaluri xazi 
(1). 1. vpoulobT 

gam=53, xolo, Tu 
gadavzomavT 30 mm 
da gavavlebT hori-
zontalur xazs (2), 

vpoulobT Sem=53, 

aqedan  = 66 _53= 

=13 da 
 
 
 

ganisazRvros N da 
yvela Zaluri pa-
rametri: 

amoxsna: 

1.  =90, sin= 1, 

cos= 0, l=h=400 mm 


l

ch
esaS  

75,0

500
50

1400

33000






mm 

sadac 
t

D
z


 

88
50

140014,3



 

ganisazRvros N da 
yvela Zaluri pa-
rametri: 

amoxsna: 

1.  =90, sin= 1, 

cos= 0, l=h=400 mm 





H

h
cesaS  

74,0
600

2220



mm 

2
1

0
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gagrZeleba 

1 2 3 4 5 
 

174,0
23

4
sin 

l

h
 

gadavzomoT 0,174 

sin RerZze, mivi-
RebT  10  da  

98,0cos    

 Rl 0175,0  

57132500175,0  mm 





57

5028,0

l

ch
esaS  

= 0,245 mm. 

sadac 
zn

U
c

1000
 

28
300060

50000



 mm 

887,0
57

50
sin 

l

h
 

gadavzomoT 0,887sin 
RerZze, maSin mivi-

RebT  62saS   

da 
48,0cos   

  

2. rodesac 0  

e.i. V boWkoebis pa-
raleluri 7.9 nax-
dan p=0,16. nax-dan 
7.10, A =0,02,  

Б = 0,007 

2. rodesac  10  

nax.-dan 7.9. 
p =0,2 
nax-dan 7.10. 
А =0,024, Б =0,008 

2. rodesac  62  

nax-dan 7.9 
p =0,64 
nax-dan 7.10 
A =0,045, Б =0,015 

2. rodesac  90  

nax.-dan 7.9 
p =0,75 
nax-dan 7.10 
A =0,056, Б =0,02 

2. rodesac  90  

nax-dan 7.9 
p =0,75 
nax-dan 7.10 
A =0,056, Б = 0,02 

 

 

2
1

1
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gagrZeleba 

1 2 3 4 5 

nax.-dan 7.11 B =0,55 
da 

 )90(Б VAk 

 5002,0B  

 55,05,89007,0  

=2,18
2mm

kg
 

nax.-dan 7.11 B =0,7 
da 

 )90(Б VAk 

 008,060024,0B  

 7,0)6,1990(  

=1,3
2mm

kg
 

nax.-dan 7.11 B =_1,55 
da 

 BVAk Б

 015,060045,0  

33,255,15,78 
2mm

kg
 

nax.-dan 7.11 B =_2,0 
da 

 )90(Б VAk   

 02,060056,0B

 2)3790(  

=2,42
2mm

kg
 

nax.-dan 7.11 B =_2,0 
da 

 )90(Б VAk 

 02,085056,0B

 2)690( 2,88
2mm

kg
 

3.  Tl  

8,4200300008,0   

sadac  gansazRv-
rulia danarTi  
cxr. 1 punqti 21. 





b




2,0
1  

24,1
4

8,42,0
1 


  

3. 



1000

0008,0 Tln
  





1000

160300023
0008,0   

= 8,5 mkr. 





b


 

2,0
1  

42,1
4

5,82,0
1 


  

3. 



1000

001,0 Tln
  





1000

170300057001,0
 

= 29 mkr. 





b




2,0
1  

58,1
10

292,0
1 


  

3. 














D

L

Tlh




2

11000

001,0  

















140014,3

4000
1000

120500400001,0
 

=12 mkr. 





b




2,0
1  

24,1
10

122,0
1 


  

3. 



1000

002,0 Tlh
  





1000

190300200002,0

= 22,8 mkr. 





b




2,0
1  

46,1
10

8,222,0
1 


  

 

 

 

2
1

2
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gagrZeleba 

1 2 3 4 5 

4. 







e

pa
kK

)8,0(
 

08,2

)8,024,1(18,2 
  

1,3
08,0

16,0



2mm

kg
 

1,0 ce mm. 





10260

kbcV
N  





102

3008,02001,3
 

= 0,243 kvt. 

4. 
e

pa
kK


 





35,0

2,042,1
3,1  

=2,1
2mm

kg
 





10260

kbhU
N  







10260

420010,2
 

=3,33kvt. 

4. 
1

1

e

pa

b

h
kK


 








245,0
4,2

6,3

64,058,1
33,2  

05,6
6,3

50072,0





2mm

kg
 

sadac 
4,2

6,9


s

b
 





10260

kbhV
N  

=8,8 kvt 

4. 
1

1

e

pa

b

h
kK


 





75,0

45,024,1
42,2  

8
2

40002,0





2mm

kg
 





10260

kbhV
N  







10260

334002,8
 

=35,2 kvt. 

4. 
e

pa

b

h
kK

1  





74,0

75,046,1
88,3  

5,6
2

20002,0





2mm

kg
 







10260

100

n
kbh

N  

47
1000

300200



kvt. 

5. 



V

N
P

102
 

6,49
5,0

243,0102



 kg. 

 bpaP )8,0( u  

 16,0)8,024,1(  

46,1200  kg. 

 uw PPP  

359,146,49  kg. 

5. 



V

N
P

102
 

17
6,19

33,3102



 kg. 


t

h
psaP )8,0( u1  

 2,0)8,042,1(  

8,2
2,196

22
200  kg. 

5. 



V

N
P

102
 

2,11
5,78

88102



  kg. 


t

h
psaP )8,0( u1  

6,2
2,26

57
 kg. 

 uw PPP  

6,86,22,11  kg. 

5. 



V

N
P

102
 

1,95
37

2,35102



 kg. 


t

h
pbaP )8,0( u  

 275,0)8,024,1(  

3,5
50

400
 kg. 

 uw PPP  

8,893,51,95  kg. 

5. 



V

N
P

102
 

750
6

44102



 kg. 


2

)8,0(
hZ

phaP u  

 6,375,0)8,046,1(  

8010
2,22

200
 kg. 

 uw PPP  

= 750 – 80 = 670 kg. 

2
1

3
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gagrZeleba 

1 2 3 4 5 
 sadac  





2

12014,3

z

D
t


 

= 196,2 mm 

2,148,217 wP kg 

   

6.  w
u

P
f

P
R  

 )90( tg  

  35
15,1

6,14
 

 )205090(tg  

= 0,1 kg. 
rodesac 

26,1a , 15,1f  

(danarTi, cxr. 1, 
punqti 18)  

 sincos RPQ  

 90sin90cos6,49  

=0,1 kg. 
 90cos90sin RPS  

= 49,6 kg.  

6.  w
u

P
f

P
R  

 )90( tg  

 2,14
1

8,28
 

 )206090(tg  

= 0,2 kg. 
rodesac 

42,1a , 1f  

(danarTi, cxr. 1, 
punqti 18)  

 sincos RPQ  

 18,902,098,017  

= 16,7 kg. 
 cossin RPS  

= 2,8 kg. 

6.  w
u

P
f

P
R  

 )90( tg  

 6,8
8,0

6,2
 

 )205090(tg  

= 1,75 kg. 
rodesac 

58,1a , f=0,8 

(danarTi, cxr. 1, 
punqti 18)  

 sincos RPQ  

 48,02,11  

9,688,075,1  kg. 

 90cos90sin RPS  
 88,02,11  

948,075,1  kg. 

6.  w
u

P
f

P
R  

 )90( tg  

 8,89
15,1

3,5
 

 )205090(tg  

= 3,1kg. 
rodesac 

24,1a , 15,1f  

 (danarTi, cxr. 1, 
punqti 18)  

 sincos RPQ  

= 3,1 kg. 
 90cos90sin RPS  

= 95,1 kg. 

6.  w
u

P
f

P
R  

 )90( tg  

 0875,0670
9.0

80
 

= 148 kg. 
rodesac 

46,1a , 9,0f  

(danarTi, cxr. 1, 
punqti 18)  

 sincos RPQ  

= 148  
 cossin RPS  

= 750kg. 

 

2
1

4
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gagrZeleba 

1 2 3 4 5 
7. damuSavebis si-
sufTave, rodesac 

e <0,11 mm 

  b  

8,88,44   mkr. 

cxrilidan, 8.7 
rodesac 10  

zedapiris sisufTa-
ve Rmmaqs=16 – 30 mkm, 
rac dasaSvebia 

7. rodesac c =2 mm, 
z=1, talRis sigrZe 

22  zCCl = 4 mm 

D =125mm da Cl = 4mm 
cxrilidan 8.2 ze-
dapiris sisufTavea 
= 32 mkm 
Rmmaqs= 32 mkm 

  b  

5,1284   

romelsac Seesaba-
meba zedapiris si-
sufTave ara ume-
tesi 

Rmmaqs= 30  60mkm, 
(cxrili 8.7) 
 
rac misaRebia. 

7. sisufTave Rmmaqs, 
rodesac 

 66gamox.  da 

28,0c mm 

gadayrili kbile-
bisaTvis aris ara 
umetesi 
Rmmaqs=320 – 500 mkm 
(cxrili 8.3) 
rac misaRebia 

7. sisufTave Rmmaqs, 
rodesac 
c =0,75 mm. 
Rmmaqs =320-500 mkm, 
(cxrili 8.5),  
rac misaRebia. 

7. sisufTave, ro-

desac  =90, c=0,74 
sm, gatyleJili kbi-
lebisaTvis (cxri-
lidan 8.6)  
Rmmaqs=480_560 mkm, 
rac misaRebia.  

 

 

 

 

 

 
 

2
1
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cxrili 3 

Sebrunebuli amocanebis gadawyvetis magaliTebi 

frezva 
(nax. 4.8, b) 

diskuri xerxiT xerxva 
(nax. 11.1) 

lenturi xerxebiT 
xerxva (nax. 11.3) 

CarCo xerxebiT xerxva 
(nax. 12.1) 

1 2 3 4 

moc.:  N =2,6 kvt, 
n = 3000 br/wT; D =125 mm, 

6,19
60000


Dn

V


m/wm, 

z =2,  60 , h =4 mm 

b = 200 mm 
jiSi – fiWvi, = 4 mk, 
T = 3,5 sT, =0,9 
= 0,8 

moc.: N = 9 kvt, 
n =3000 br/wT; D = 500 mm 

60000

Dn
V


 =78,5 m/wm, 

z =60,  60 , h = 50mm, 

S = 2,4 mm, b = 3,6 mm, 
magidis awevis sidide 
lilvis centridan a=100 
mm, xaxunis koeficienti 

1 =0,072, jiSi – fiWvi, 

b =10mk, T=3,5sT, s.d. =0,9,  

saC.d =0,9, kbilebi gaday-

rilia 

moc.: N = 3,5 kvt, 
n =500 br/wT; D = 1400 mm 

60000

Dn
V


 =37 m/wm, 

S = 1,2 mm, b = 2 mm, 
 60 , t = 40 mm 

borblebis RerZebs Soris 
manZili LL=2000mm,  

s.d. =0,5, saC.d =0,5. 

kbilebi  gaWyletilia,  
T =4 sT, h =500 mm jiSi – 

fiWvi b =10 mk  

moc.: N = 80 kvt, H = 600mm 
n =300 br/wT;  

30000

Dn
V


 =6 m/wm, 

t = 2,6 mm Zelis daxerxva; 
h = 200 mm, 
xerxTa wyobaSi xerxebis 
raodenoba Z= 10, 
kbilebi gatyletilia,  
S =2,2 mm, b =3,8 mm 

 75 , T =3,5 sT. 

s.d. =0,9, saC.d = 0,9. 

jiSi – fiWvi, b  =10 mk.  

ganisazRvros U, m/wT ganisazRvros U, m/wT ganisazRvros U, m/wT ganisazRvros , mm 

 
 

 

 

 

2
1

6
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gagrZeleba 

1 2 3 4 

1. 174,0
125

4
sin 

D

h
 . 

 10 . 98,0cos   an no-

mogramis (nax. 14.2) mixed-

viT 4
125

500
M ,  

1644 Mh mm, rasac 
Seesabameba nomogramidan 
kontaqtis kuTxe  21 , 

230175,0  Rl mm. 

10 , 98,0cos   

 

1. nomogramidan (8.12) vpou-

lobT
5

1

500

100
M , 20

5

100
Ma mm 

30
5

150
)(  haM mm 

ordinatTa RerZze gadavzomoT 

20 mm, maSin  66gam  (mimarTu-

leba 1), Tu ordinatTa RerZze 
ga-davzomavT 30 mm, maSin 

 53Sem  (mimarTuleba 2), 

aqedan  135366  da  

 Rl 0175,0  

57132500175,0  mm 

1. radgan VU    

amitom  90 , 

1sin  , 0cos  mm, 
400 hl mm. 

 

1. radgan VU    

amitom  90 , 

1sin  , 0cos  mm, 
200 hl mm. 

 

2. 
1000

lnT
  , sadac 

130605,3  saC.ds.d. T  





1000

130300023
  

= 0,0008 = 7mk 





b




2,0
1a  

35,1
4

72,0
1 


  

2. 
1000

lnT
  , sadac 

17060  saC.ds.d. T  

29
1000

001,0170300057



 mk 





b




2,0
1a 56,1

10

292,0
1 


  

2. am SemTxvevaSi kbili 
brunavs ara erT brun-
vaze, aramed ciklSi. 

2
140014,3

4000
1

2







D

LD




, 





 5,0604

21000

500400
001,0  

= 12 mk 

24,1
10

122,0
1 


a  

2. 



 5,2

21000

300200
002,0  

209,09,060  mk da 

4,1
10

202,0
1 


a  

 

 

2
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gagrZeleba 

1 2 3 4 
3. nax. 7.9; 7.10; 7.11-dan 

ganvsazRvroT vA , Б  da 

Б rodesac  10 , 

024,0A , Б =0,008, B=0,7, p= 

0,2, 008,060024,0 k  
3,17,0)6,1990(  kg/mm2  

3.  62 , 045,0A ,  

Б =0,015, B=1,55, p= 0,64, 
 5,78015,060045,0k  

32,255,1  kg/mm2 

3.  90 , 056,0A ,  

Б =0,02, B=2, p= 0,75, 
 )3790(02,060056,0k  

42,22  kg/mm2 

3.  90  (nax. 4.8.2; 4.8.3) 

056,0A , Б =0,02, B=2,  

nax-dan 4.8.2. p= 0,75, 
 2)690(02,075056,0k  

88,3 kg/mm2 

4. viciT ra p, p, sin da 

a , ganvsazRvravT miwo-

debas Wraze  












2003,1

174,0

2002,095,1

30024

6,2106 6

c  

=1,3 mm 
formulidan vRebulobT 

1000

300023,1 
U  m/wT 

4. 1 cxrilidan (punqti 
26) 












500072,06,332,2

88,0

4,264,068,1

6030050

9106 6

c  

273,0 mm 

1,49
1000

300060273,0



U m/wT 

4. 





400500140014,3

4035106 6

c  

6,0
40002,042,22

275,024,1





mm 

55,0
40

6,0
37 

t

c
VU m/wm= 

=0,33 m/wT 

4. 





60030010200

2680106 6

c  

4,1
2002,08,388,3

8,375,04,1





mm 

N unda SevamowmoT dasa-
Svebi mwarmoeblurobis, 
Rrmulebis tevadobisa 

39
2002

26600

2
0 






h

Ht
 mm da 

sisufTavis mixedviT 
5. talRis sigrZe  

6,23,12  czcs mm; D=125 

mm-is mixedviT cxr-dan 8.2 
vpoulobT zedapiris sisu-
fTaves Rmmaqs=16 mkm 

1174   b mkm, ro-

melsac cxr.-dan 8.7 Seesa-
bameba Rmmaqs=30-60 mkm  

2.  66gam  da c=273 

mniSvnelobebisaTvis cxri-
lidan 8.3 vpoulobT 
sisufTaves 
Rmmaqs = 320_500 mkm 
 

5. c=0,6 mm-is Sesabamisad 
(cxrili 8.5) Rmmaqs=320 mkm 

5. cxrilidan 8.6, rodesac 

4,1c  da 4,1
26

600
s 28  

mm, Cawodebis 3 mniSvne-

lobidan N=32,3 mm. 0=39 

mm da s=28 aviRebT um-

cires _ =28 mm.  
 

2
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Tavi XXI 

Carxebis teqnikuri da ekonomikuri 

maCveneblebi 
 

 Carxebis teqnikuri daxasiaTeba ganisazRvreba raode-
nobrivi da xarisxobrivi maCveneblebiT. 

raodenobrivi daxasiaTebebi sazRvraven dasamuSavebeli 
detalebisa da elementebis udides da umcires zomebs, 
reJimebis parametrebs (brunvisa an svlebis ricxvebs, 
miwodebis da Wris siCqareebs), Spindelebis an instrumen-
tebis raodenobas, amZravis simZlavres, Carxis gabaritul 
zomebsa da masas. 

xarisxis maCveneblebi axasiaTeben daniSnulebas, Carxis 
mwarmoeblobas, mis ekonomiurobas, damuSavebis sizustesa 
da sisufTaves, energetikul efeqts, avtomatizaciis xarisxs, 
muSaobis saimedobas da sxva. 

 

21.1. Carxebis mwarmoebluroba 
 

Carxebis mwarmoebluroba gamosaxavs erTeulze gamomu-
Savebuli produqtis raodenobas. 

ganasxvaveben calobriv, moculobiTs, formaTwarmoqmnis 
da Wris mwarmoeblurobas. 

calobrivi mwarmoebluroba gviCvenebs drois erTeulSi 
gamomuSavebuli produqciis raodenobas calebSi. 

moculobiTi mwarmoebluroba gamosaxavs drois 
erTeulSi miRebul produqcias raodenobas moculobiT 
erTeulebSi. moculobiT gamosaxvaSi (kubur metrebSi) Cveu-
lebrivad aRricxaven morsaxerxi Carxebis mwarmoeblurobas. 

formaTwarmoqmnis mwarmoebluroba gansazRvravs zeda-
piris sidides kvadratul metrebSi, romelic formirdeba 
Carxze drois erTeulSi. 

Wris mwarmoebluroba aRricxavs merqnis raodenobas, 
romelic gadadis burbuSelaSi drois erTeulSi. 

Carxze erTeuli produqciis damuSavebis dros ixar-
jeba dro ZiriTad da damxmare operaciebze. ZiriTadi teq-
nologiuri an manqanuri ewodeba operaciebs, romlebic 
iZlevian uSualo teqnologiur efeqts (Wra, dapresva da 
a.S.). damxmares ekuTvnis sxva damuSavebisaTvis aucilebeli 
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operaciebi, magaliTad CatvirTva, damagreba, gadmotvirTva, 
kontroli, marTva, detalis moxsna. 

TiToeuli detalis damuSavebis cikli Sedgeba ZiriTadi  
da damxmare operaciebisagan; gamomdinare aqedan Carxis 
mwarmoebluroba damokidebulia ciklis xangrZlivobaze. 

Carxis muSaobis dros adgili aqvs aracikluri drois 
xarjvas Carxis gamarTvaze, Carxis damuSavebaze, muSis 
reglamentirebuli dasvenebaze da a.S., romlebic gavlenas 
axdenen Carxis mwarmoeblurobaze. 

mwarmoebluroba SeiZleba iyos teqnologiuri, Teoriuli 
da namdvili. 

teqnologiur mwarmoebluroba Qtm gviCvenebs drois 
erTeulSi gamomuSavebeli produqciis raodenobas, Tu ar 
aris damxmare operaciebi da aracikluri danakargebi, es 
maCvenebeli warmoadgens fiqtiurs da iZleva mxolod Carxis 
teqnologiuri efeqtis racionalurobis zomas damatebiTi 
organoebis konstruqciuli Taviseburebebis gaTvaliswine-
bis gareSe: 

0

1

t
Q tm  1/wT,                     (21.1) 

sadac t0  aris damuSavebis (Wris) ZiriTadi dro, wT. 
Carxis Teoriuli mwarmoebluroba gamosaxavs produqtis 

raodenobas, gamomuSavebuls drois erTeulSi, aracikluri 
danaxarjebis aRricxvis gareSe: 

wTdc

T

1
   

11

0 ttt
Q


 ,                  (21.2) 

sadac ct  aris damuSavebis ciklis dro, wT; 

dc ttt  0 ,                        (21.3) 

sadac dt  aris damxmare dro, wT. 

namdvili mwarmoebluroba iTvaliswinebs drois yvela 

saxis danaxarjs, maT Soris araciklurs act , romelic 

modis produqciis erTeulze: 

accacd

n
ttttt

Q






11

0

 1/wT.              (21.4) 

Sefardebas 
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m

ctm

T K
t

t

Q

Q
 0                      (21.5) 

ewodeba Carxis mwarmoeblurobis koeficienti da axasia-
Tebs mas damuSavebis ciklis drois teqnologiuri gamo-
yenebis sisrulisagan damokidebulebiT. zogjer koefici-
ents samanqano drois gamoyenebis koeficientsac uwodeben. 

fardobas 

g

dcc

c

T

n K
tt

t

Q

Q



                  (21.6) 

ewodeba Carxis gamoyenebis koeficienti da gviCvenebs misi 
muSaobis drois fardobiT gamoyenebas. Semdgom miekuTvneba 
samuSao dRes da am maCvenebels ewodeba samuSao dRis 
gamoyenebis koeficienti. 

bolo (21.6) formulaSi 

gTn KQQ   1/wT,                  (21.7) 

SevitanoT mniSvneloba 

mtgT KQQ  ,                      (21.8) 

da miviRebT 

gmtgn KKQQ   1/wT,                 (21.9) 

saidanac gamomdinareobs, rom Carxis namdvili mwarmoeb-
luroba damokidebulia teqnologiuri mwarmoeblurobaze 
Qtg, Carxis mwarmoeblurobaze Km, Carxis droSi gamoyenebis 
Kg koeficientze, romelTa sidideebi damokidebulia Carxis 
konstruqciaze da misi gamoyenebis teqnikur organizaciaze. 

cvlaSi Carxis namdvili mwarmoebluroba gamoisaxeba 
formuliT: 

gamavali CarxebisaTvis 

g

gm

cvg
Li

KKuTi
Q

0
  cali,                 (21.10) 

sadac u _ detalis miwodebis siCqare damuSavebis mimarTu-
lebiT, m/wT; 

       T _ samuSao cvlis xangrZlivoba, wT; 

       0i erTdroulad damuSavebuli erTeulebis raode-

noba; 
       ig _ gatarebebis raodenoba, saWiro erTi aRricxuli 

erTeulisaTvis; 
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              L – damuSavebis sigrZe, m. 

cv

cvdcvdcv

cvcv

m

T

TTT

T

T

T
K








1

1
,               (21.11) 

sadac cvT  aris Carxis muSaobis dro samuSao cvlis 

ganmavlobaSi; 

       cvdT drois aracikluri cvluri danaxarjebi ga-

marTvaze, SezeTvaze, dasvenebaze cvlis ganmav-
lobaSi.  

cikluri damuSavebis CarxebisaTvis 

c

cm

cvg
t

iTK
Q   cali,               (21.12) 

sadac ct  aris damuSavebuli erTeulebis raodenoba ciklis 

ganmavlobaSi. 
formulebi (21.1) da (21.10) struqturulad erTmniSvne-

lovania. 
Tu formulaSi (21.10) SevcvliT tc gamosaxulebebidan  

g
c

K

t
t 0 ; 

U

L
t 0  da 

m

c
i

i
i 0 , 

miiRebT 

g

gm

cvg
Li

KKUT
Q

i0 cali.               (21.13) 

aqedan gamomdinareobs, rom damoukideblad Carxis gam-
taruli Tu cikluri tipis teqnologiisagan, cvluri iqneba 
cvlis mwarmoebluroba aris pirdapir damokidebulebaSi 
miwodebis siCqaresTan U, agreTve Km, Kg koeficientebTan 
da ic damuSavebuli erTeulebis raodenobasTan – ciklis 
ganmavlobaSi, mocemuli sigrZisa L da damuSavebis T drois 
xangrZlivobis dros, e.i. 

L

iKUKf
Q

)( gm

cv   cali.              (21.14) 

miwodebis siCqare 

1000

ZnU
U z  m/wT,                    (21.15) 

sadac zU  aris miwodeba saWrisze, mm; 
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      Z saWrisebis raodenoba; 
      n _ wuTSi ciklebis raodenoba (brunvebi – brunviTi 
moZraobis dros da svlebi – winsvliT-ukusvliTi moZraobis 
dros). 

z da n sididebi Cveulebrivad cnobilia. amitom 

)( zUfU  .                       (21.16) 

sidide Uz burbuSelis (naTalis) adekvaturia, amitom 
misi sidide dakavSirebulia Wris ZalasTan da aqedan gamom-
dinare amZravis simZlavresTan N, zedapiris damuSavebis 
klasTan   da rig SemTxvevebSi damuSavebis sizustesTan, 

agreTve instrumentis teqnologiur SesaZleblobebTan . 
saidanac 

),,(2  NfU ,                   (21.17) 

e.i. dasaSvebi miwodebis an miwodebis siCqaris angariSi 
aucilebelia vawarmooT amZravis simZlavris, mocemuli 
damuSavebis klasisa da instrumentis teqnikuri SesaZleb-
lobis mixedviT.  

cnobilia, rom 

60

KbHU
N  ,                       (21.18) 

sadac K  aris Wraze xvedriTi winaaRmdegoba, kg/mm2;  
       b – burbuSelis sigane, mm;  
       H – damuSavebis siRrme, mm. 

Tu gaviTvaliswinebT, rom 
1000

ZnU
U z , miviRebT 

100060 


ZnKbHU
N Z  kvt,                   (21.19) 

saidanac 

bHZn

N
KU NZ

100060
)(


  kgZ/mm.               (21.20) 

)()( ZNZ KUfU   sidide SeiZleba ganisazRvros cdebis 

Sedegad. gvecodineba ra )(NXU , amZravis simZlavris mixedviT 

gansazRvraven miwodebis siCqares 

1000

)(

)(

ZnU
U

NZ

N   m/wm.                  (21.21) 
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zedapiris simqise ZiriTadad damokidebulia saWrisze 
miwodebis sididisagan UZ, xolo UZ yvela tipis Carxe-
bisaTvis dakavSirebulia simqisis klasTan  

)()(  fU Z ,                    (21.22) 

ris safuZvelzedac ganisazRvreba miwodebis siCqare damu-
Savebis simqisis mixedviT 

1000
)()(

Zn
UU Z    m/wm.                (21.23) 

mWreli iaraRis teqnikuri saSualebebi ganisazRvreba 
iaraRis mdgradobis kriteriumebiT datvirTvebis moqmede-
bisagan an saWrisisSoris Rrmulebis SevsebiT. orive 
kriteriums upiratesi damokidebuleba aqvT xerxebTan nawi-
lobrivad burRebTan da satexelebis jaWvebTan: 

)()( yfU YZ  ; )()( HFfU Z Rr ,            U(21.24) 

sadac )(YZU  aris dasaSvebi miwodeba mdgradobis krite-

rimis mixedviT; 

        )(ZU dasaSvebi miwodeba saWrisisSoris Rrmulebis 

Sevsebis kriteriumebis mixedviT.  
mdgradobis kriteriumebi ganisazRvreba tipiuri inst-

rumentebisaTvis kursis Sesabamis nawilSi. 
sazogadod 

H

F
U Z




Rr
)( mm,                    (21.25) 

sadac RrF Rrmulebis farTobia, mm2;  

       H – ganaxerxis simaRle, mm; 

        _ Rrmulis muSaobis daZabulobis dasaSvebi koe-
ficienti 

0

2

)( sBU YZ  ,                     (21.26) 

sadac S – xerxis sisqe, mm;  
       B – xerxis sigane, mm; 

       0 xerxis Tavisufali sigrZe, mm. 

cnobilia )(ZU  da )(YZU -is dros ganisazRvrebian  

1000
)()(

Zn
UU Z    m/wm; 

1000
)()(

Zn
UU YZY   m/wm. 
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dasaSveb miwodebis siCqares CarxisaTvis warmoadgens 
angariSebSi naCvenebidan umciresi; ris mixedviTac gani-
sazRvreba Carxis mwarmoebluroba. 

mwarmoeblurobis koeficienti Km axdens pirdapir 
gavlenas mwarmoeblurobaze. formulidan  

0

dd0

0

c

0
m

t

ttt

t

t

t
K








1

1
,                   (21.27) 

Cans, rom Km dakavSirebulia td-sTan da t0-Tan; amasTan gamo-
saxulebaSi Sedis ara TiToeuli maTgani, aramed maTi 

fardoba 0/ ttd . 

roca 00 ttd , maSin 1mK , e.i. is maqsimaluria; roca  

00 ttd , maSin mK  mcirdeba asimptoturad nulTan miaxlo-

vebul mrudze. 
Carxis gamoyenebis koeficienti agreTve pirdapir pro-

porciulad moqmedebs mwarmoeblurobaze 

cv

dandancv

cv

g

T

TTT

T
K








1

1
.                (21.28) 

samuSao drois danakargis sidide Tdan Sedgeba auci-
lebeli danakargebisagan Carxis gamarTvaze. teqnikur mom-
saxurebaze samuSao cvlis ganmavlobaSi (dazeTva da sxva), 
Carxis dasufTavebaze, reglamentirebul dasvenebaze, saor-
ganizacio danaxarjebze Carxis Cabarebisa da miRebis 
droze, ostatis instruqtaJze, SemTxveviT gacdenebze. 

aucilebeli danakargebis Sesamcireblad Carxi unda 
uzrunvelyofdes gasamarTi mowyobilobebisa da meqanizmebis 
moxerxebul da swraf moqmedebas, moxerxebul da 
xangrZliv dazeTvas, muSaobaSi saimedoobas. agreTve Carxis 
moxerxebul dalagebas, burbuSelisa da mtvris pnevmati-
kurad mocilebas. 

operatoris normaluri dasveneba damokidebulia misi 
fsiqofizikuri datvirTvis xarisxze, rac pirdapir 
kavSirSia Carxis meqanizaciisa da avtomatizaciis xarisx-
Tan, agreTve samuSao pirobebis sanitarul mdgomareobaze, 
rac ganisazRvreba xmauris xarisxiT, vibraciiT da esTeti-
kuri komfortiT. 
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21.2. Carxebis sizuste, sixiste da 
zedapirebis damuSavebis xarisxi 

  

Carxis sizuste ganisazRvreba misi unariT normalur 
sawarmoo pirobebSi uzrunvelyos merqnis damuSaveba moce-
muli sizustis klasiT. 

Carxebze damuSavebis cdomileba formirdeba Carxis 
maxasiaTeblebis, mWreli iaraRis, merqnis da muSa-funqcio-
nirebis moqmedebis qveS da warmoadgens miTiTebuli cdomi-
lebebis jams. amitom erTi da igive Carxze, CamoTvlili 
faqtorebis xasiaTisagan damokidebulebiT SeiZleba 
mivaRwioT damuSavebis sxvadasxva sizustes. 

ganasxvaveben xisdamamuSavebeli Carxebis sizustis oTx 
klass: gansakuTrebuli sizustis (O), maRali sizustis (П), 
saSualo sizustis (C) da dabali sizustis (H) – cxrili 21.1. 

Carxebis moyvanili sizustis klasebis kriteriumebi 
Seesabameba maTi muSaobis normalur mdgomareobas da 
muSebis Sesabamis kvalifikacias. 

Carxis ama Tu im sizustis klasis cdebiT gansazRvra 
efuZneba damuSavebuli jgufis detalebis gazomvebs da 
daSvebebis velis albaTobas, romelic edreba cxrilSi 2 
monacemebs.  

ganasxvaveben damuSavebis cdomilebebis statikur da 
dinamikur wyaroebs. 

cdomilebebis statikur wyaroebs ekuTvnis Carxis 
teqnologiuri sqemis iaraRis da damuSavebuli namzadis 
elementebis geometriuli formis cdomilebebi (Secdomebi). 

nax. 21.1, a-ze naCvenebia damuSavebuli detalis formaze 
da zomebze sabazo filis grZivi arasworxazobrivobis f 

sabazo filasTan araparalelurobis  moqmedebis umarti-
vesi sqema. 

am moqmedebebis Sedegad warmoiqmneba detalis ganivi da 
grZivi kveTis formis da zomebis darRveva-usworoba. 

amasTan damuSavebis jamuri Secdoma  iqneba 

21 ifi  sist                      (21.29) 

sadac i1 da i2 – gadacemis ricxvebi, romlebic gviCveneben 
damuSavebis cdomilebisa da Carxis geometriuli cdomi-
lebas Soris fardobas. 



 227 

cxrili 21.1 
Carxebis sizustis klasebi 

nominaluri 
zomebi 

mm 

O П C H 

1 
Tavisufali 
zomebis 1-li 

klasi da 2-e rigi 

Tavisufali 
zomebis 1-li 

klasi da 2-e rigi 

Tavisufali 
zomebis 1-li 

klasi da 2-e rigi 
5 

1 2 2a 3 3a 4 4a 5 

cdomilebebi zomebSi (daSvebis veli), mm 
10-mde 0,13 0.25 0.37 0.5 0.75 1 1,5 2,0 
10-18 0,15 0,3 0,25 0,6 0,9 1,2 1,8 2,4 
18-30 0,18 0,35 0,52 0,7 1,05 1,4 2,1 2,8 
30-50 0,2 0,4 0,60 0,8 1,2 1,6 2,4 3,2 
50-80 0,23 0,45 0,67 0,9 1,35 1,8 2,7 3,6 
80-100 0,25 0,5 0,75 1,0 1,5 2,0 3,0 4,0 
120-260 0,3 0,6 0,9 1,2 1,8 2,4 3,6 5,0 
260-500 0,35 0,7 1,05 1,4 2,1 2,8 4,2 6,0 
500-800 0,4 0,8 1,3 1,6 2,5 3,2 5,0 7,0 
800-1250 0.5 1,0 1,5 2,0 3,0 4,0 6,0 8,0 
1250-2000 0,6 1,2 1,8 2,4 3,6 4,8 7,2 10,0 
2000-3150 0,7 1,4 2,1 2,8 4,2 5,6 8,4 12,0 

SeniSvna: mricxvelSi mocemulia xis detalebis sizustis klasebi, xolo mniSvnelSi Carxebis 
muSaobis sizustis klasebi. 

 

2
2

7
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nax. 21.1. zonawarmoqmna Carxebze damuSavebis dros: 

              a – cdomilebebis statikuri wyaroebi;  
       b – damuSavebis dinamikuri wyaroebis Secdomebi 

 
damuSavebis miTiTebuli cdomilebebi sistematurad 

meordeba momdevno dasamuSavebel detalze, amitom maT 
ewodebaT sistematuri. 

damuSavebis cdomilebebis dinamikur wyaroebs warmoad-
genen (nax. 21.1, b) iaraRis 1, Carxis bazis 2 da merqnis 3 
deformaciebi gamowveuli muSa datvirTvebis moqmedebiT 
(Wris Zalebi) da dakavSirebuli merqnis praqtikul ara-
erTgvarovnebis TvisebebTan, namatis sididesa da miwodebis 
siCqaresTan, agreTve bazis da iaraRis Termiul gadaadgi-
lebasTan gacxelebisa da iaraRis mWreli nawilis cveTasTan. 

nax. 21.1, b-ze damuSavebis zoma ganisazRvreba dasayenebeli   
manZiliT y, instrumentis mWreli piridan sabazo zedapi-
ramde. damuSavebis procesSi y zoma icvleba saWrisis 
mWreli piris O da XX bazis damuSavebis zedapiris mimarT 
normalze gadaadgilebis Sedegad. es gadaadgilebebi gamow-
veulia Wris ZalebiT, amasTan mimdinareobs instrumentis 
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drekadi moZraoba )( ju  sidideze, gadaadgileba )(tu  gacxe-

lebisagan da saWrisis mWreli piris gacveTisagan )(iu . 

Carxis baza (magida) gadaiweva XX mdgomareobidan axal 

x1x1 mdgomareobaSi – imave Wris Zalebis moqmedebiT )( j  da 

gacxelebisagan )(tB  sidideze. 

deformirdeba agreTve dasamuSavebeli merqani qveda 

bazaze )(HD  sididis uswormasworobis xarjze, xolo 

zedaze _ )( yD  sididiT, Wris zedapiris drekadi aRdgenis 

gamo. 
drekadi aRdgena datvirTvebis pirdapirproporciulia 

da ukuproporciulia elementebis sixistisa. 
merqnis araerTgvarovnobis TvisebebTan dakavSirebiT 

erTi detalis zomis sigrZeze da miT umetes datvirTvisa 
da aRdgenis partiaSi agreTve cvalebadia; amasTan ara 
gvaqvs cvlilebis kanonzomiereba cvalebadobis cdomile-
bebi SemTxveviTebi arian. 

SemTxveviTi jamuri cdomileba ganisazRvreba formuliT 
2

)(

2

)(

2

)(

2

)(

2

)(

2

)( yДИДtБjБtИiИ S .         (21.30) 

saWrisis cveTa )(iИ  warmoadgens sistematurad cvlad, 

kanonzomierad cvalebad faqtors, amitom is ariTmetikulad 
jamdeba SemTxveviT SecdomebTan. 

jamuri cdomileba sistematurad mudmivi cvladi da 
SemTxveviTi moqmedebebisagan 

)(iИслсист  .                 (21.31) 

ganxilulidan gamodis, rom Carxi rogorc damuSavebis 
cdomilebebis wyaro gamovlindeba teqnologiuri sqemis 
geometriuli sizustiT da saCarxo elementebis sixistiT, 
Semavali drekad teqnologiur sistemaSi Carxi-iaraRi-
detali (Cid). 

Carxis geometriuli sizuste xasiaTdeba misi sabazo 
elementebis cdomilebebiT, romlebic atareben saWrisebs 
(instrumentebs), agreTve maTi urTierTganlagebisa da muSa 
gadaadgilebebis cdomilebebiT. 

miTiTebuli geometriuli cdomilebebi saerTo SemTxve-
vaSi gaizomeba Semdegi parametrebiT (nax. 21.2):  
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nax. 21.2. xisdamamuSavebeli Carxebis teqnologiuri 
        sqemis ZiriTadi geometriuli cdomilebebi 
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a _ filebis, saxazavebis arasworxazovnoba (arasibtye-
oba) da suportebis, urikebis, bazebis da sxva 

gadaadgilebis traeqtoriebi _ Lf0 , mm/1000; 

b, g, e – sabazo da mWreli elementebis urTierTganla-
gebis da maTi gadaadgilebebis traeqtoriebis 

araparaleluroba da araperpendikularoba _ La0 , 

mm/1000; 
d – muSa lilvebis wyvetili ubnebis araTanaRerZuloba 

_ e, mm; 
v, z, T, i _ muSa Spindelebis radialuri dr da RerZuli 

d0 cema, mm; 
k, l, m – lilvebis da suportebis (urikebis) gadanacv-

leba sayrdenebisa da mimmarTvelebis RreCoSi, _ 
d0, mm. 

mbrunavi elementebis cema, sizusteze zemoqmedebis 
garda, maRali siCqareebis dros apirobebs vibraciebsa da 
xmaurs, agreTve aris Carxis elementebis daCqarebuli 
cveTis mizezi. 

Carxis elementebis (lilvebis, urikebis) gadanacvleba 
arsebiTad axdens gavlenas damuSavebis sizusteze, rogorc 
SemtxveviTi Secdomebis faqtori. 

ZiriTadi Carxebis dasaSvebi geometriuli cdomile-
bebis raodenobrivi normebi mocemulia standartebSi 
`sizustis normebi~. damuSavebis cdomilebebi Carxis 
geometriuli cdomilebisagan saerTo balansiT ar war-
moadgens dominirebuls da da Seadgens 20-25%-s. 

Carxebis elementebis teqnologiuri sixiste axasiaTebs 
drekadi teqnologiuri sqemis elementebis aRdgenas. teqno-
logiuri sqemis drekad elementebs warmoadgenen Spinde-
lebi suportebTan erTad da sabazo elementebi. 

sixiste ganisazRvreba muSa Spindelis an sabazo 

elementis, rogorc datvirTvis P namatis fardoba defor-

maciis aRdgenas Y namatTan dasamuSavebeli zedapiris 
normalis mimarTulebiT: 

Y

P
j




  kg/mm.                     (21.32) 

Tu deformacia warmoadgens drekads, formula iRebs 
saxes: 
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Y

P
j   kg/mm.                    (21.3) 

sixistis sacdeli gazomvebi xorcieldeba specialuri 
datvirTvis dinamometrebis aRdgenas indikatorebiT gazomviT. 

nax. 21.3-ze naCvenebia sixistis gazomvis sqemebi: hori-
zontaluri Spindelisa da horizontaluri bazis (nax. 21.3, a) 
da Spindelisa da vertikaluri mimmarTveli bazis (nax. 21.3, b); 
agreTve (nax. 21.3, g) gamosaxulia Spindelis sixistis tipi-
uri diagrama. gadanacvleba deformaciis dasawyisSi nulo-
vani datvirTvis dros Seesabameba RreCos sidides, xolo 
datvirTvis da gantvirTvis xazis ardamTxveva (histere-
zisis maryuJi) adasturebs xaxunis Zalebis muSaobas.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

      nax. 21.3. sixiste da misi gazomva: a – horizontaluri 
      Spindelis da horizontaluri bazis sixistis 
      gazomva; 1 – indikatori; 2 – ganmbrjeni dinamometri; 
     b – vertikaluri Spindelisa da vertikaluri bazis 
     sixistis gazomva; 1 – indikatori; b – mimmarTveli 
     saxazavi; g – Spindelis sixistis diagrama; 1 – sawyisi 
     datvirTvis mrudi; 2 – sixistis gaSualebuli mrudi; 
     3 – histerezisis maryuJi; l – RreCo sakisarSi 



 233 

mTeli drekadi jgufis (mocemul SemTxvevaSi sistemis 
Spindeli-baza) sixiste gansazRvravs jamur deformacias 

bS YYY  ,                        (21.34) 

sadac SY Spindelis deformacia, mm; bY bazis deformacia, 

mm. 
radganac moqmedi datvirTva sistemaSi erTnairia sistemis  

yvela elementebisaTvis, xolo deformacia warmoadgens 
sixistis sididis uku sidides,  

bS jjj

111
                         (21.35) 

an 

bS jj

j
11

1



  kg/mm.                    (21.36) 

xisdamamuSavebel CarxebSi aRmdgen datvirTvas qmnis 
Wris Zalis mdgeneli, iSviaTad miwodebis bazasTan norma-
luri. es Zala simZlavris proporciulia, amitom, naTelia, 
Carxis sixistis norma damokidebulia muSa simZlavreze. 
erTgvari  Carxebis sixistis SedarebisaTvis, romlebsac 
sxvadasxva simZlavre aqvT, unda gaviTvaliswinoT 
dayvanili sixiste, anu sixiste mosuli 1 kvt simZlavreze 

N

j
J day  kg/mmkvt.                   (21.37) 

muSa kvanZebis sixiste damokidebulia drekadi elementis 
zomebze, agreTve SeerTebebis sixisteze, anu kvanZSi Seer-
Tebuli elementebis kontaqtis zedapirebze. rac dabalia 
maTi simqise da kargia grZiva, miT metia sixiste, amitom 
Carxebis sixiste ZiriTadad ganisazRvreba misi nawilebis 
awyobis sizustiT. 

Carxebis teqnologiuri sixistis normebi ganisazRvreba 
teqnologiurad dasaSvebi aSvebebis sididiT (anu damyo-
lianobiT) da dasaSvebi vibraciebis aRricxviT, romlebic 
dakavSirebulia sixistesTan Semdegi formulis Sesabamisad  

2mpj

P
A


  mm,                        (21.38) 

sadac A – rxevebis amplituda 1/wm;  
       P  – aRmgznebi Zala, kg;  
       j  – sixiste, kg/mm;  
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     m  – dayvanili rxevadi masa;  
     p  – iZulebiTi rxevebis sixSire, 1/wm. 

safrezi Carxebis elementebis sixiste mocemulia 
cxrilSi 21.2. 

cxrili 21.2 
safrezi Carxebis sixistis saSualo sidideebi 

Carxebis elementebi 
dayvanili 
sixiste 

magaliTebi 

muSa Spindelebi: 
 orsayrdeniani lilvebi 
 uZrav suportze 

 
2000-3000 

 
reismusis, sarandavi da 
oTxmxrivi Carxebis dane-
biani lilvebi 

orsayrdeniani Spindelebi 
moZrav suportze: 
 sayrdenebs Soris dat- 
 virTviT 

 
 

2000 

 
oTxmxrivi Carxebis hori-
zontaluri danebiani  
lilvebi 

konsoluri datvirTviT 250-200 safrezi, kotasaWreli,  
oTxmxrivi Carxebis Spin-
delebi 

sabazo magidebi (filebi)  2000-3000 safrezi Carxebis sabazo 
magidebi 

muSa suportebi da uri-
kebi (ganivi saerTo si- 
xiste) 

200-400 safrezi da kotasaWreli 
Carxebis magidebi, mimmarT-
veli sabazo saxazavebi 

 

xarisxi, an merqnis zedapiris damuSavebis simqise gani-
sazRvreba maqsimaluri araTanasworobebis (simqiseebis) 
saSualo ariTmetikuli sididiT da xasiaTdeba simqisis 12 
klasiT (cxrili 21.3). 

 Carxebze damuSavebis dros simqisis klasi damokide-
bulia Carxis tipze da misTvis damaxasiaTebel Wris 
saxeze, samuSaos reJimze (saWrisze miwodebaze, Wris 
siCqareze, saWrisebis simaxvileze) da Carxis vibromedego-
baze, agreTve merqnis agebulebaze. 

Teoriul gaangariSebas eqvemdebareba mxolod kinemati-
kuri siRrmis uTanabroba 

zk aUH  , mm                     (21.39) 

sadac a –Uz-is da Hk-s kavSiris koeficientia, damokidebuli 
damuSavebis saxeze da mWrel iaraRze, agreTve 

saWrisebis radiusebis  sizusteze.  
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cxrili 21.3 
merqnis damuSavebis simqisis klasebi 

simqisis 
klasi 

maqsimaluri uTa-
nabrobebis simaR-
leebis saSualo 
ariTmetikuli 

sidide Rzmax, ara 
umetes, mkm 

simqisis 
klasi 

maqsimaluri uTa-
nabrobebis simaR-
leebis saSualo 
ariTmetikuli 

sidide Rzmax, ara 
umetes, mkm 

1 1600 7 100 

2 1200 8 60 

3 800 9 32 

4 500 10 16 

5 320 11 8 

6 200 12 4 

 

danarCeni saxeobebis uTanabrobebi ganisazRvreba empi-
riulad da warmodgenilia cxrilebiT, romlebic gamoxa-

taven damokidebulebas )( zz UfR  .  

radganac 
nz

U
U z

1000
 , klasis asawevad saerTo SemTx-

vevaSi saWiroa amaRldes, saerTo tenikuri mizanSewoniloba 
gamomdinare, brunvis siCare n br/wT da saWrisebis raode-
noba instrumentze saWrisebis radiusebis maRali sizustis 
dros. 

saSualo reJimebze muSaobisa da iaraRis da merqnis 
normaluri mdgomareobis dros Carxebi xasiaTdebian 
xarisxis gansazRvruli klasiT maTze damuSavebuli zeda-
pirebis simqisis mixedviT.  

21.4-e cxrilSi moyvanilia meqanikuri damuSavebis xarisxis 
saSualo maxasiaTeblebi, anu ZiriTadi Carxebis muSaobis 
klasebi da maTze damuSavebuli zedapirebis simqiseebi. 

 
21.3. Carxebis ekonomiuroba 

 
Carxis ekonomiuroba xasiaTdeba mocemuli CarxisaTvis 

tipiuri erTeuli produqciis RirebulebiT. Carxze gamomu-
Savebuli erTeuli produqciis saerTo Rirebuleba S 
warmoadgens  am erTeulze mosuli danaxarjebis jams: mom- 
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cxrili 21.4 
merqnis meqanikuri damuSavebis xarisxi 

Carxebi da damuSavebis saxe 

Carxebis 
muSaobis 
sizustis 
klasi 

ganivi Savi xerxva:  
   CarCoxerxebi 4-5 
   lentur Carxebze 4-5 
   mrgvalsaxerx Carxebze 3a-5 
sufTa xerxva mrgvalsaxerx Carxebze 2a-4 
grZivi xerxva mrgvalsaxerx Carxebze:  
   Savi 3a-5 
   sufTa 2-3a 
frezva:  
   Savi, brtyeli sibrtyeebis ganiv- 
   safrez Carxebze 

2-3a 

   sufTa safrez Carxebze _ 
   kotasaWrel Carxebze 2-2a 
naxvretebis burRva, budeebis amotexva 2-3a 
Carxva:  
   Savi 3-4 
   sufTa 2-2a 
Sponis randva 2-3 
Sponis CeCva saCeC Carxebze 1-2a 
randva teqnologiuri burbuSelis 
sarandav Carxebze 

2-3 

xexva Carxebze  
   sufTa  _ 
   Savi _ 
   dakalibreba 2-3 
 
saxure muSebis samuSao xelfasi S1, energiis saerTo Rire-
buleba (eleqtruli, SekumSuli haeri da sxva) S2 Carxis 
Rirebulebidan saamortizacio da Carxis mier dakavebuli 
Senobis nawilis danaricxebi S3 Carxis eqspluataciaze da 
remontze danaxarjebis S4:  

4321 SSSSS   lari erTeul produqciaze.   (21.40) 
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samuSao xelfasi S1 ganisazRvreba ZiriTadi da damxmare 
muSebis cvlis samuSao xelfasis 3 gayofiT Carxis cvlur 
mwarmoeblurobaze 

cvQ
S

124,1
1   lari erTeul produqciaze,      (21.41) 

sadac 1,124 – saSualo mamravli, romelic iTvaliswinebs 
damatebiT samuSao xelfass da masze danaric-
xebs. 

eleqtroenergiis fasi 

cvQ

NKЭK
S


2  lari erTeul produqciaze,     (21.42) 

sadac N – Zravebis simZlavre, kvt;  

       K,  _ Sesabamisad Zravis datvirTvis koeficienti 
da misi margi qmedebis koeficienti saSualo 
datvirTvaze;  

             Э _ 1 kvt.sT eleqtroenergiis Rirebuleba, lari;  
             T – samuSao cvlis xangrZlivoba, sT. 

daWirxnuli haeris Rirebuleba imdenad mcirea, rom mas 
CarxebSi ar aRricxaven. 

saamortizacio danaricxebi 

wlQ

aCCa
S 33

3

15,1 
 lari erTeul produqciaze, (21.43) 

sadac 1,15 – saSualo koeficienti, romelic iTvaliswinebs 
Carxis montaJze danaxarjebs;  

       C – Carxis Rirebuleba, lari;  
              a – Carxis amortizaciis procenti kapitaluri re-

montebis gaTvaliswinebiT (13% universaluri 
da 15-20% specialuri CarxebisaTvis);  

             Qwl – produqciis wliuri gamoSveba; 
             C3 – Carxis mier dakavebuli Senobis nawilis Rire-

buleba, lari;  
      a3 – Senobis amortizaciis procenti, romelic iTva-

liswinebs kapitaluri remontis danaricxebs. 
saeqspluatacio xarjebi Sedgeba Sualeduri remonte-

bis P, mWreli iaraRebis U da damxmare masalebis momsa-
xurebisaTvis (dasazeTi da gasawmendi) B xarjebisagan 

BUPS 4  lari erTeul produqciaze,   (21.44) 
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saremonto xarjebi erTeul produqciaze gamsxvilebu-
lad ganisazRvreba mTel periodSi amortizaciis Rirebu-
lebidan – 10% saSualo xarjebidan gamomdinare 

wliQ

C
P

1,0
 lari erTeul produqciaze,   (21.45) 

sadac t _ amortizaciis wlebis ricxvi. 
iaraRebis eqspluataciis Rirebuleba U moicavs maT 

damrgvalebul Rirebulebas, gadalesvis da sxva saxis mom-
saxurebebis Rirebulebas. 

damxmare masalebze danaxarjebi saSualod fasdeba 1 
TeTri cvlaSi. maSin 

cvQ
B

01,0
 lari erTeul produqciaze.   (21.46) 

  
21.4. Carxebis saimedooba da xangamZleoba 

 
saimedooba, saerTo SemTxvevaSi, axasiaTebs Carxis Seu-

ferxebeli muSaobis drois, an misi elementebis mdgenelebis 
mniSvnelobebis albaTobebs. Carxebis funqcionirebis darR-
vevis mizezebi ufro xSirad warmoadgenen: Semadgeneli 
nawilebis mtyuneba; Carxis normaluri muSaobis paramet-
rebis droebiTi dakargva; cveTa, romelic arRvevs mocemul 
sizustes da xarisxs. umtyunebo muSaobis dro warmoadgens 
SemTxveviT sidides da emsaxureba saimedoobis erT-erT 
kriteriums. 

saimedoobis cvlileba droSi mimdinareobs ase: Carxis 
pirvel periodSi muSaobis dros misi mwyobridan 
gamoyvanis albaToba SedarebiT maRalia, Semdeg male ecema 
da didi xnis ganmavlobaSi inaxavs Tavis mniSvnelobas, 
Semdeg isev iwyebs momatebas. fizikurad pirveli periodi 
Seesabameba Carxis misaxmarisebas da gawyobas, meoreSi – 
mimdinareobs kargad mimuSavebuli nawilebis normaluri 
muSaoba, xolo mesame periodSi adgili aqvs fizikur 
daberebas, cveTas da daSlas. 

saimedoobis Teoria adgens, rom Carxis elementebis 
saimedo muSaobis albaToba t drois ganmavlobaSi Seadgens 

PH 1 ,                        (21.47) 
sadac P – t drois ganmavlobaSi uaris albaToba. 



 239 

Carxis TiToeuli calke elementis saimedoobis, sxva 
elementebisgan damoukideblad, albaToba, imasTan dakavSi-
rebiT, rom yvela n elementi t drois ganmavlobaSi iqneba 
muSaunariani, gamoisaxeba formuliT 

)1(
1

321 i

n

i
n PHHHHHH 


saerTo .          (21.48) H 

radganac Carxis erTi elementis mainc uari warmoad-
gens mTliani Carxis muSaobis uaris faqts, albaToba 
mTlianad Carxis an erTi elementis 

)1(11
1

i

n

i
PHHP 


saerTosaerTo .             (21.49) 

iqedan gamodis, rom rac met elementebs Seicavs Carxi, 
miT naklebia misi saerTo saimedooba, amisaTvis Carxis 
elementebis saimedooba unda iyos ramodenime rigiT maRali 
Carxis saerTo saimedoobasTan SedarebiT. 

puasonis kanonidan gamomdinare, romelic axasiaTebs 
aRniSnul kanonzomierebebs, imis albaToba, rom Carxi 
imuSavebs Seuwyvetlad t droze met xans, tolia 

etP )( ,                     (21.50) 

sadac  _axasiaTebs mocemuli Carxis xarisxs, romelic 
tolia erTeul droSi uarebis ricxvisa (Carxis 
samedoobis zoma); 

        e _ naturaluri logariTmebis fuZe (e = 2,72).  

Tu gvecodineba uarebis ricxvi  da erTi gacdenis 
saSualo xangrZlivoba tgac, romelic saWiroa Carxis muSa-
unarianobis aRsadgenad, vipovoT gacdenebis saerTo 
xangrZlivobas Tgac, romelic dafiqsirdeba Carxis uaris 
gamo t droSi da, romelic Seesabameba Carxis saimedoobis 
dones: 

gacgac tT  . 

fardoba 

sk

gacgac
K

t

T

t

Tt



1 .               (21.51) 

Ksk gamosaxavs Carxis saimedoobis koeficients, romelic 
yovelTvis erTze naklebia da Carxis srulyofis dros 
miiswrafis erTisaken. farTo gavrcelebis CarxebisaTvis Ksk 
meryeobs 0,7-0,95 zRvrebSi. 
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xangamZleoba aris Carxis Tviseba SeinarCunos muSauna-
rianoba (SesvenebebiT remontis dros) dangrevamde an 
zRvrul ekonomikurad optimalur mdgomareobamde. 

xangamZleoba fasdeba teqnikuri resursiT, anu misi 
eqspluataciis zRvruli droiT, romelic ganisazRvreba 
fizikuri da moraluri cveTiT. farTo praqtikaSi xelmZ-
Rvaneloben amortizaciis pirobiTi vadiT, rac romelime 
xarisxiT Seesabameba xangamZleobis minimalur vadebs. 

xismWreli CarxebisaTvis saamortizacio vadas Rebulo-
ben 5-dan 10 wlamde maTi sirTulis xarisxisagan damoki-
debulebiT. Carxebis modernizacia, rogorc wesi, axangrZ-
livebs sawarmoo eqspluataciis minimalur normebs orjer 
da metjerac. 

 

21.5. teqnikuri da ekonomikuri maCveneblebi 
 

Sromis avtomatizaciis xarisxi Carxze ganisazRvreba 
avtomatizirebuli procesebis drois fardobiT mTeli 
procesis drosTan 

%100
T

T
A a .                      (21.52) 

samuSao farTobis Carxis mier gamoyenebis koeficienti 
gamoisaxeba erTeul droSi gamomuSavebuli produqciis 
saSualo raodenobiT (Cveulebrivad samuSao cvlaSi), 
romelic modis Carxis mier dakavebuli 1 m2 teqnologiur 
farTobze 

F

Q
K

cv

f   1/m2.                    (21.53) 

Carxze muSebis Sromis mwarmoeblurobis xarisxi gani-
sazRvreba samuSao cvlaSi erTi pirobiTi muSis mier 
gamomuSavebuli produqciis raodenobiT: 

pir

cv

P

Q
KQ   

pirP
1 ,                   (21.54) 

sadac pirP ZiriTadi da damxmare muSebis raodenoba, day-

vanili satarifo cxrilis pirvel Tanrigze 

t
taPtaPtaPP

1
)( 332211 momdamZirpir  ,             (21.55) 

sadac ZirP ZiriTadi muSebis raodenoba; 
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       damP damxmare muSebis raodenoba; 

       momP momsaxure muSebis raodenoba; 

       321 ,, aaa ZiriTadi, damxmare da momsaxure muSebis 

pirvel Tanrigze gadayvanis satarifo cxrilis 
koeficientebi; 

       321 ,, ttt ZiriTadi, damxmare da momsaxure muSebis 

samuSao cvlaSi muSaobis dro, sT; 
       t _ samuSao cvlis dro, sT. 

energetikuli efeqturoba xismWreli CarxebisaTvis 
gamoisaxeba 1 dm3 burbuSelis moxsnaze daxarjuli 
eleqtroenergiiT (pirobiT erTeulze analogiuri Carxebi-
saTvis): 

QC

Nt
Э   kvt sT/dm3,               (21.56) 

sadac N  – eleqtroZravas saSualo saaTuri simZlavre, kvt; 
       t  – muSaobis dro, sT;   
       Q – mwarmoebluroba t  droSi;  
       C – erTeul produqciis warmoebis dros moWrili 

burbuSelis moculoba, dm3.  
xvedriTi liTontevadoba gviCvenebs, mwarmoeblurobas, 

romelic miRebulia samuSao cvlaSi Carxis liTonis 
erTeuli masidan: 

M

Q
M xv  1/kg.                     (21.57) 

 
21.6. sawarmoo sanitariisa da usafrTxoebis 

saerTo pirobebi 

 
mWreli iaraRebis maRali siCqareebisa da dasamuSave-

beli namzadebis didi siCqariT miwodebasTan dakavSirebiT 
xisdamamuSavebeli Carxebi ekuTvnis saSiS muSa manqanebs. 

muSis travmireba SeiZleba moxdes Carxze muSaobis 
procesSi da misi daregulirebisa an teqnikuri momsaxu-
rebis dros. Carxze muSaobis dros travmebis ZiriTadi 
saxeebi xdeba: mWreli iaraRis uSualo moqmedebis; Carxis 
mbrunavi da ukuqceviT-winsvliTi meqanizmebis moqmedebis; 
damuSavebuli detalis an misi nawilis gamosrolis; 
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iaraRis gamosrolis, gaglejili mWreli iaraRis an 
gadacemis meqanizmebis muSa nawilebis gamosrolis; 
manqanis cudad damagrebuli nawilebis davardniT; CarxTan 
muSis davardniT dazianebebis; dauSvebeli vibraciisa da 
xmauris moqmedebis; eleqtruli denis moqmedebis Sedegad. 

Carxebis daregulirebis, iaraRebis gamocvlis da 
teqnikuri momsaxurebis dros SesaZlebelia Semdegi 
travmebi; uZrav mWrel iaraRze Wrilobebis miReba; TiTebis 
Camagreba da xelebis dazianeba; seriozuli travmebi 
Carxis SemTxveviTi CarTvis dros daregulirebis an 
teqnikuri momsaxurebis procesSi. 

ubeduri SemTxvevebis Tavidan asacileblad xismWrel 
Carxze muSaobis dros da sanitaruli da ergonomikuri 
pirobebis Sesaqmnelad aucilebelia Semdegi: 

mWreli iaraRebis saimedo da mTliani SeRobva muSaobis 
dros; 

miwodebis meqanizacia, raTa muSas ar mouxdes xelebis 
iaraRebTan miaxloveba; 

mbrunavi elementebis mTliani da saimedo SeRobva, 
agreTve Carxis swrafmoZravi ukuqceviT-winsvliTi nawilebis 
SeRobva; 

damuSavebuli detalis an misi nawilis Carxidan 
gamosrolis acileba: diskur xerxebTan specialuri 
mimmarTveli gamsroli danebis; diskur xerxebTan da 
safrez CarxebTan samuxruWe Tamasis an seqtorebis; sareis-
muso CarxebTan mimWeri seqciuri mkvebavi lilvebis an 
Rrubelis; satorso, kotasaWreli da sxva CarxebTan amri-
nebeli Tamasebis da agreTve gamwovi sistemis burbuSelis 
saimedo mimRebebis mowyobis gziT; 

Cqarosnuli mWreli iaraRebisTvis, maTi damsxvrevis 
dros, nawilebis gamosrolis Tavidan asacileblad mtkice, 
saimedo Robeebis gamoyeneba; saimedo iaraRebis gamoyeneba, 
romelTa simtkice unda Semowmdes centridanul-gamrRvev 
manqanaze; Sedgenili iaraRebis gamoyeneba saWrisebis 
centridanul-solisebri CamagrebiT. 

mWreli da mimwodebeli meqanizmebis avtomaturi bloki-
reba, raTa Wris meqanizmis SemTxveviTi gamorTvis dros 
gamoirTos miwodeba, xolo Carxis gaSvebis dros ar 
moxdes miwodebis gaSveba Wris meqanizmis CaSvebamde da 
Carxis gamorTvis dros blokirebam gamoricxos mxolod 
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Wris meqanizmis gamorTva miwodebis meqanizmis gamorTvis 
gareSe; 

Carxis nawilebis garantirebuli damagreba, romlebsac 
davardnis dros SeuZliaT miayenon travma momsaxure muSas, 
magaliTad, lentursaxerxi Carxebis satvirTo daWimva an 
qanqara xerxis satvirTo wonwinaRis dayeneba da a.S.; 

muSis davardnis dros travmebis miRebis Semcireba  
CarxisaTvis gars Semodinebis formis micemiT, gamoSverili 
mWreli nawilebis gareSe, agreTve xaliCebis iatakze da 
Carxis nawilebze friqciuli poziciebis gziT, sadac 
SesaZlebelia mocureba; 

Carxebis eleqtroZravebisa da dgarebis damiweba da 
daxuruli eleqtroaparaturis gamoyeneba eleqtruli trav-
mebisagan dasacavad. 

Carxis vibraciisa da xmauris dasawevad mbrunavi nawi-
lebis guldasmiTi gawonasworebis gziT, maT Soris mWreli 
iaraRisa; mbrunavi nawilebis cemis gamoricxva gamowveuli 
geometriuli uzustobebiT da SeerTebebSi RriWoebis 
arsebobiT; Carxis elementebis sixistis amaRleba; Carxis 
Ziris saZirkvlis saimedo mowyoba; vibrosafenebis gamoye-
neba; naklebxmauriani mWreli iaraRebis gamoyeneba, romlebic 
formiT uaxlovdeba brunvis tans, didi Sverebis gareSe. 
danebiani lilvebisaTvis mizanSewonilia danebis xraxnuli 
ganlageba. sasurvelia agreTve mWreli iaraRis zonis xmis-
saizolacio Robis mowyobilobis, naklebxmauriani Sevro-
nuli da iribkbilebiani kbilaTvlebis, gorgolaWebiani 
gadamcemi jaWvebis da unakero Rveduri gadacemebis 
gamoyeneba. 

zogierTi saxerxi da safrezi Carxebis xmauris maxasia-
Teblebi aWarbeben sanitarul normas (80 db), rac 
adasturebs xisdamamuSavebeli Carxebis Semdgomi sanitarul-
higienuri srulyofis aucileblobas. 

Carxebis gawyobisa da teqnikuri momsaxurebis procesSi 
travmebis dawevis saSualebebad gamoiyeneba:  

iaraRebis Secvlis dros muSa Spindelebis, lilvebis da 
mimwodebeli organoebis uZravi mdgomareobis fiqsatorebi; 

WanWikebisa da qanCebis racionalurad mowyobili Tavebi 
da saxelurebi saqanCe gasaRebebis magivrad, romelTa 
asxletva muSaobis dros warmoadgens xelebis dazianebis 
ZiriTad mizezs; 
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blokirebuli gamSvebi mowyobilobebi, romlebic gamo-
ricxaven Carxis CarTvas gawyobisa da teqnikuri momsaxu-
rebis dros (gamSvebi mowyobilobebi am SemTxvevaSi 
blokirdeba Carxis im organosTan, ronelic unda iyos Ria 
momsaxurebis dros, magaliTad saxerx CarCoebSi – zeda 
valecebis karebebTan da barbacas Robis karebTan, 
reismusis CarxebSi – danebiani lilvis Robis saxuravTan). 

samuSao komfortis uzrunvelyofa Carxebze dakavSire-
bulia marTvis organoebisa da samuSao areebis raciona-
lurad ganlagebasTan, agreTve maTi antropometriul 
kriteriumebis SesatyvisobasTan. 

bio da fsiqokomfortis arsebiT faqtors warmoadgens 
Seferiloba da Carxisa da samuSao areebis ganaTebuloba. 

teqnikuri esTetika rekomendacias iZleva Carxis SeReb-
visaTvis Semdeg ferebs: Ria mwvane – saerTo SeRebvisaTvis; 
narinjisferi, yuradRebis asamaRlebeli, _ marTvis, dasazeTi 
da sxva organoebis SesaRebad; wiTeli – saxifaTo zonebis 
aRsaniSnavad. 
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