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winasityvaoba 

Teoriuli meqanika aris mecnierebis dargi, romelic 

swavlobs nivTieri sxeulebis meqanikur moZraobas da ad-

gens am moZraobis zogad kanonebs. 

Teoriuli meqanika Tavisi safuZvlebidanve mWidrod aris 

dakavSirebuli teqnikasTan. igi iqmneboda da viTardeboda 

teqnikis ganviTarebasTan erTad. teqnikis ganviTareba sul 

axal-axal amocanebs ayenebda meqanikis winaSe, rac xels uw-

yobda TviT meqanikis ganviTarebas. Tavis mxriv, meqanikac did 

zegavlenas axdenda da xels uwyobda teqnikur progress. 

Teoriuli meqanika aris erT-erTi is fundamenturi sagani, 

romelzec dafuZnebulia Tanamedrove teqnikis yvela dargi. 

Teoriul meqanikas erT-erTi wamyvani adgili ukavia da 

warmoadgens Teoriul bazas iseTi teqnikuri sagnebisaTvis, 

roforicaa masalaTa gamZleoba, meqanizmebisa da manqanebis 

Teoria, drekadobisa da plastikurobis Teoria, samSeneblo 

meqanika, hidroaeromeqanika da mravali sxv. 

rogorc yovel mecnerebas, Teoriul meqanikasac kvlevis 

safuZvlad udevs dakvirveba, cda, praqtika. Teoriul meqani-

kaSi farTod gamoiyeneba maTematikuri meTodebi, abstraqtu-

li (ganyenebuli) cnebebi, movlenaTa modelebi, logikis ka-

nonebi. 

Teoriul meqanikaSi SemoRebuli TiTqmis yvela sawyisi 

cneba arsebiTad warmoadgens garkveul abstraqcias an mo-

dels. maTi SemoRebisas gaTvaliswinebulia is ZiriTadi, gan-

msazRvreli, rac arsebiTia gansaxilvel meqanikur moZrao-

baSi. ase, magaliTad, realuri nivTieri sxeulis magivrad 

meqanikaSi ganixilaven mis iseT abstraqtul models, rogo-

ricaa nivTieri wertili, absoluturad myari sxeuli da 

sxv. mxolod aseT modelebze agebuli meqanikisaTvis SeiZ-

leba SemuSavdes is meTodebi, romlebic saSualebas iZlevi-

an SeviswavloT realuri obieqtebis moZraoba. Semdeg miRe-

buli Teoriuli Sedegebi mowmdeba cdiT, praqtikiT.  
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Teoriuli meqanikis sakiTxebi cnobilia uZvelesi droi-

dan. jer kidev aristotele (ΙV s. Cv. er-de) icnobda Teoriu-

li meqanikis zogierT kanons. masve ekuTvnis sagnis saxel-

wodebis - ,,meqanikis” – SemoRebac. meqanikis kanonebis dasad-

genad maTematikuri kanonebis gamoyenebas yvelaze adre ber-

Zenma arqimedem (287-212 Cv. er-de) mimarTa. meqanikis swrafi 

ganviTareba iwyeba aRorZinebis xanaSi. igi dakavSirebulia 

italiel leonardo da vinCis (1452- 1519), poloneli niko-

loz kopernikis (1473-1543), germaneli iohan kepleris (1571-
1630) da sxvaTa saxelebTan. am mecnierebis mier miRebulma 

Sedegebma moamzades safuZveli meqanikis, rogorc mecniere-

bis, Semdgomi winsvlisaTvis. dinamikis, rogorc mecnierebis, 

SeqmnaSi didi wvlili miuZRvis italiel mecniers gali-

leo galileis (1564-1642). klasikuri meqanikis safuZvlebi 

Camoayaliba da sistematurad daamuSava ingliselma mecni-

erma isaak niutonma (1643-1727), romelmac Tavis wignSi ,,na-

turaluri filosofiis maTematikuri sawyisebi” mogvca 

klasikuri meqanikis ZiriTadi kanonebi. 

XVΙΙΙ s-is Teoriuli meqanikis ganviTareba xasiaTdeba ori 

ZiriTadi TvisebiT: pirvelia misi maTematizacia: meqanikis 

yvela kanoni da ZiriTadi debuleba gamohyavdaT maTematiku-

ri analizis meTodiT. Jozef-lui lagranJi (1736- 1813) imasac 
ki amTkicebda, rom misi meqanika warmoadgens maTematikuri 

analizis axal Tavs. meorec, ZiriTadi debulebebi fiziku-

rad ar zustdeboda: ra aris Zala – ganusazRvreli rCebo-

da, gars uvlidnen am cnebas; bmebi CaTvlili iyo idealu-

rad; sayrdeni zedapirebi – xaxunis gareSe; Rero da Toki – 

uwonadi. 

meqanikis sakiTxebis Seswavla analizuri meTodebis gamo-

yenebiT daiwyo Sveicarielma leonard eilerma (1707- 1783). 
meqanikis Semdgom ganviTarebaSi didi mniSvneloba hqonda 

frangi mecnierebis Jan leon dalamberis (1717-1783) naSroms 
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,,traqtati dinamikaSi” da lui lagranJis naSroms ,,anali-

zuri meqnika”. 

gansakuTrebiT aRsaniSnavia lagranJis naSromi gadmoce-

mis originalobiTa da meTodebis erTianobiT. am naSromis 

SesavalSi lagranJi wers: ,,ukve arsebobs mravali traqtati 
meqanikaSi, magram Cemi traqtati sruliad axalia. me miznad 
davisaxe meqanikis Teoria da masTan dkavSirebuli amoca-
nebis amoxsnis meTodebi miviyvano saerTo formulebze, 
romlis martivi gafarToeba iZleva yvela im formulas, 
romelic saWiroa TiToeuli amocanis amosaxsnelad”. lag-

ranJma Seqmna analizuri meqanikis mwyobri sistema. 

umaRles teqnikur saswavleblebSi Teoriuli meqanika 

teqnikuri sagnebis uSualo dasayrdenia. amave dros cnobi-

lia, rom Tavisi specifikurobis da sirTuleebis gamo zo-

gadad Teoriuli meqanikis, gansakuTrebiT ki misi praqtiku-

li nawilis Seswavla sakmaod rTulia; ramdenadac am sagnis 

Teoremebis dazepireba SesaZlebelia, imdenad Znelia maTi 

gamoyeneba praqtikuli amocanebis gadasawyvetad. 

amas emateba umaRles saswavleblebSi saswavlo kursi-

saTvis gamoyofili saaTebis raodenobis simcire. am siZne-

leTa gadalaxva Sesalebelia, Tu Seiqmneba meqanikaSi amox-

snili amocanebiT iseTi tipis saxelmZRvanelo, romelic 

Sualeduri da damakavSirebeli iqneba sagnis Teoriul kur-

ssa da amocanaTa krebuls Soris da romelic daexmareba da-

interesebul pirebs Teoriuli meqanikis amocanebis amox-

snis meTodebis gamomuSavebaSi. 

aqve unda aRiniSnos, rom winamdebare krebulSi dinamikis 

amocanebis amoxsnebis procesSi intensiuradaa gamoyenebuli 

umaRlesi maTematikis iseTi fundamenturi sakiTxebi, rogo-

ricaa diferencialuri da integraluri aRricxva, erTgva-

rovani da araerTgvarovani wrfivi diferen- cialuri gan-

tolebebi da sxv. umaRlesi maTematikidan am sakiTxebis 

codnis gareSe SeuZlebelia amocanebis amoxsnebis procesis 

srulyofilad gacnobiereba. 
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Teoriuli meqanikis Sesaswavlad didi mniSvneloba aqvs 

studentebis mier Teoriis sakiTxebTan erTad praqtikuli 

amocanebis damoukideblad amoxsnis dauflebas. swored am 

amocanas emsaxureba am krebulSi Setanili meToduri miTi-

Tebebi. 

winamdebare krebulSi warmodgenilia amocanebi, romle-

bic sakmaod asaxaven umaRles teqnikur saswavleblebSi Ta-

namedrove saswavlo programebiT gaTvaliswinebuil Temati-

kas. yovel Temaze krebulSi moyvanilia amocanis dawvrile-

biTi amoxsna saWiro meToduri miTiTebebiT. 

yoveli Temis dasawyisSi mokled Camoyalibebulia Teo-

riis ZiriTadi sakiTxebi da mocemulia Sesabamisi formule-

bi. mocanis garCevamde da amoxsnis dawyebamde saWiroa stu-

dentma aucileblad Seiswavlos Teoriuli kursis Sesabami-

si sakiTxebi, vinaidan am krebulSi moyvanili mokle Teori-

uli cnobebi ver Secvlian Teoriul saxelmZRvanelos. sa-

survelia amocanebis amoxsna warmoebdes rekomendebuli mim-

devrobiT da gaTvaliwinebuli iqnes Sesabamisi meToduri 

miTiTebebi. 

ukanasknel aTwleulebSi mniSvnelovnad gaizarda amox-

snili amocanebis krebulebis gamocemaTa raodenoba fizika-

Si, maTematikaSi da meqanikaSi umaRlesi teqnikuri saswav-

leblebis studentebisaTvis. es ganpirobebulia bazis Seq-

mnis aucileblobaze damoukidebeli muSaobisas grafikuli 

gaangariSebisa da sakontrolo samuSaoebisaTvis drois Sem-

cirebis gamo. meqanikis mravali dargis amocana, romelTa 

amoxsna moiTxovs didi drois daxarjvas, ar SeiZleba deta-

luri ganxilvis gareSe saWiro xarisxiT damuSavdes praq-

tikul mecadineobaze, ris Sedegadac SeuZlebeli xdeba Te-

oriuli meqanikisa da mTlianad misi calkeuli ganyofile-

bebis rTuli masalis aTviseba 

dinamika warmoadgens Teoriuli meqanikis yvelaze ufro 

rTul nawils. nivTieri wertilis dinamikas aqvs pirvelsaw-

yisi mniSvneloba niutonis veqtoruli dinamikis gasagebad, 
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vinaidan masSi TvalsaCinod ganixileba meqanikis ZiriTadi 

Teoremebis gamoyeneba. myari sxeulis meqanika, misi modele-

bi, principebi, kanonebi warmoadgenen yvela mimarTulebis 

inJinrebis momzadebis fundaments, gansakuTrebiT manqanaT-

mSeneblobis, xelsawyoTmSe- neblobis, samSeneblo da energe-

tikis specialistebisaTvis. mocemuli ganyofilebis amocane-

bi umeteswilad Seesabamebian im amocanebs, romlebis amox-

snac uxdebaT inJinrebs maTi praqtikuli moRvaweobisas. sas-

wavlo masalis aTvisebis xarisxi uSualod damokidebulia 

amoxsnili amocanebis raodenobaze da mravalsaxeobaze. 

i.v. meSCerskis amocanaTa krebuli warmoadgens sakmaod 

cnobil damxmare saswavlo saxelmZRvnelos Teoriul meqa-

nikaSi, romelmac gauZlo aTeulobiT gamocemas msoflios 

mraval qveyanaSi, romlebic dResac farTod gamoiyeneba 

teqnikuri ganxris umaRles saswavlo dawesebulebebSi. am 

krebulis pirveli damxmare saxelmZRvanelo amoxsnili amo-

canebiT gamocemuli iqna 1963 wels germaniaSi (H. Neuber, 
Losungen zur Aufgabensammlung Mestscherski, 1963, DVW, 465 S.). Tumca 

Semdgom krebuli mravaljer xelaxla gamoica, amasTanave is 

swordeboda da ivseboda. 

SemoTavazebul damxmare saxelmZRvaneloSi mocemulia 

yvela amocanis amoxsna i. v. meSCerskis krebulis ,,dinami-

kis” ganyofilebidan (Мещерский И. В. Сборник задач по теоретиче-
ской механике/ И. В. Мещерский, 36-е изд., испр. М.: Наука, 1986). ag-
reTve qarTul enaze Targmnili: i.v. meSCerski, ,,Teoriuli 

meqanikis amocanaTa krebuli”, Tbilisi, 1963. winamdebare 

damxmare saxelmZRvanelos pirveli nawili Seicavs ,,nivTie-

ri wertilis dinamikis” IX Tavis amocanebs ($ 26-33). amocane-

bis amoxsna moyvanilia dawvrilebiTi axsna-ganmartebiT, 

rac gansakuTrebiT mniSvnelovania damoukidebeli muSaobi-

saTvis. yoveli paragrafis dasawyisSi mocemulia ZiriTadi 

Teoriuli debulebebi da meToduri miTiTebebi dawvrilebi-
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Ti axsna-ganmartebiT. rogorc wesi, amoxsnas Tan sdevs naxa-

zi, romelzec miTiTebulia moqmedi Zala, siCqare, aCqareba. 

aRsaniSnavia, avtorTa jgufis sxvadasxva universiteteb-

Si `Teoriuli meqanikis” kursis swavlebis didi gamocdile-

ba. iv. javaxiSvilis saxelobis Tbilisis saxelmwifo uni-

versitetSi, saqarTvelos teqnikur universitetSi, n. musxe-

liSvilis saxelobis quTaisis politeqnikur institutSi, a. 

wereTlis saxelobis quTaisis saxelmwifo universitetSi, i. 

gogebaSvili saxelobis Telavis saxelmwifo universitetSi, 

saqarTvelos saaviacio universitetSi, daviT aRmaSeneblis 

saxelobis saqarTvelos erovnuli Tavdacvis akademiaSi, sa-

qarTvelos agrarul univesritetSi, baTumis saxelmwifo 

sazRvao akademiaSi, m. lomonosovis saxelobis moskovis sa-

xelmwifo universitetSi, leningradis samSeneblo sainJin-

ro institutSi, n. baumanis saxelobis moskovis saxelmwifo 

teqnikur universitetSi, sankt-peterburgis saxelmwifo ar-

qiteqturul-samSeneblo universitetSi, vladimiris sax-

lmwifo universitetSi. 

avtorebi madlierebis grZnobiT arian gamsWvalulni re-

cenzentebis: iv. javaxiSvilis saxelobis Tbilisis saxelmwi-

fo universitetis meqanikis kaTedris gamges, i. vekuas saxe-

lobis gamoyenebiTi maTematikis direqtors, fizika-maTemati-

kis mecnierebaTa doqtors, profesor giorgi jains, saqar-

Tvelos teqnikuri universitetis sainJinro meqanikisa da mSe-

neblobis teqnikuri eqspertizis departamentis ufross, peda-

gogikis mecnierebaTa doqtors, teqnikis mecnierebaTa doq-

tors profesor tariel kvicians, a. wereTlis saxelobis qu-

Taisis saxelmwifo universitetis gamoyenebiTi meqanikis de-

partamentis ufross, teqnikis mecnierebaTa doqtors, prof-

rsor omar kikviZes, saqarTvelos erovnuli universitetis 

profesors teqnikis mecnierebaTa doqtors, Tamaz obgaZes. 

romelTa saqmianma SeniSvnebma da miTiTebebma srulyo wigni. 

avtorebi agreTve madlierni arian qalbaton TinaTin 

maRraZis, gamomcemloba `universali~-s direqtoris baton 
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goCa xarebavas xelmZRvanelobiT, romelTa Tavdauzogavi 

Sromis Sedegad srulyofil iqna saxelmZRvanelo. SemoTava-

zebuli damxmare saxelmZRvanelo dagexmarebaT praqtikuli 

mecadineobis Catarebis meTodikis srulyofaSi. profesors 

SeuZlia SesTavazos studentebs garkveul Temaze praqtiku-

li mecadineobisaTvis mzadebisas damoukideblad gaecnos 

zogierTi amocanis amoxsnas, xolo Semdeg mecadineobis 

procesSi amoxsnas analogiuri amocanebi. 

winamdebare saxelmZRvanelo krebuli avtorTa pirveli 

mokrZalebuli cdaa. amitom, mkiTxvelis yoveli safuZvlia-

ni SeniSvna da winadadeba madlierebiT iqneba gaTvaliswine-

buli avtorebisagan. 

redaqtori profesori gela yifiani 

E-Mail: gelakip@gmail.com; g.kipiani@gtu.ge
 599106263, 591801188


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ІΧ. nivTieri wertilis  dinamika

Sesavali 

dinamika – Teoriuli meqanikis nawili, romelSic Seiswavleba 
nivTieri wertilis (sxeulis) moZraoba masz modebuli Zalebis 
moqmedebisas.  

   nivTieri wertili –  ì è å ç è ä ð è   ü ä ð ò è ê è  äüíãäáà  ñþäóêñ, 
romelsac gaaCnia masa da  ðíëêèñ  âàìæíëèêäáäáè  ëíúäëóê  øäëçþåäåàøè  

øäèûêäáà óâóêäáäêåყíç. myari sxeulis gadataniTi moZraobisas, 
rogori ganzomilebisac ar unda iyos, igi SeiZleba ganvixiloT 
rogorc nivTieri wertili, radganac am SemTxvevaSi sxeulis yvela 
wertilisaTvis traeqtoria, siCqareebi da aCqarebebi erTnairia. 

   sxeulis masa – es aris sidide, romelic damokidebulia 
mocemul sxeulSi moTavsebuli nivTierebis raodenobaze da 
gansazRvravs mis inertiulobis zomas warmtani (winsvliTi) 
moZraobisas.  

      ganvixiloT nivTieri wertilis  dinamikis kanonebi romlebic 
cnobilia rogorc galilei-niutonis kanonebi. 

 Ppirveli kanoni (inerciis kanoni): 
      gareSe zemoqmedebisagan Tavisufali (izolirebuli) nivTieri 

wertili inarCunebs Tavis uZrav mdgomareobas an moZraobs wrfivad 
da Tanabrad manamdis, sanam am mdgomareobidan ar gamoiyvans masze 
modebuli Zalebi. 

 Ees kanoni  1638 w-s daadgina  g. galileim. 
   inerciis kanoni asec gamoiTqmis: izolirebuli nivTieri 

wertili an uZravia, an moZraobs wrfivad da Tanabrad. 
wertilis moZraobas Zalebis gareSe, an ZalTa gawo- 

nasworebuli sistemis moqmedebiT, ewodeba inerciuli moZraoba. 
  meore kanoni (dinamikis ZiriTadi kanoni): 

   nivTier wertilze moqmedi Zala mas aniWebs aCqarebas, 
romelsac Zalis mimarTuleba aqvs da sididiT Zalis modulis 
proporciulia. 

  maTematikurad es kanoni veqtoruli saxiT ase Caiwereba: 

m a


= F


.  (ІΧ.1) 

E es toloba samarTliania skalaruladac: 
m a  =  F.

     meore kanoni i. niutonma daadgina. 
  dinamikis rogorc pirveli, aseve meore kanoni sruldeba (anu 

adgili aqvs) mxolod aTvlis inerciuli sistemis mimarT, romelic 
pirobiTad miRebulia uZrav sistemad. 

 mesame kanoni (qmedebisa da ukuqmedebis toloba): 
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yoveli ori nivTieri wertili (sxeuli) erTmaneTze moqmedeben 
ZalebiT, romlebic sididiT tolni arian, mdebareoben erT wrfeze 
da urTierTsawinaaRmdegod arian mimarTulni. 

ori nivTieri sxeulis urTierTmoqmedebis am kanons 
gansakuTrebuli mniSvneloba aqvs meqanikuri sistemis dinamikaSi. 
Aamitom, es kanoni asec SeiZleba Camoyalibdes: erTi sxeulis meore 
sxeulze yovelgvar moqmedebas Seesabameba sididiT toil da 
sawinaaRmdegod mimarTuli ukuqmedeba.   

meoTxe kanoni (Zalebis moqmedebis damoukideblobis kanoni): 
Tu nivTier wertilze erTdroulad moqmedebs ramdenime Zala, 
maSin am wertilis aCqareba tolia im aCqarebaTa geometriuli 
jamisa, romelsac es wertili iRebs TiToeuli am Zalis moqmedebiT 
cal-calke. 

vinaidan wertilze erTdroulad moqmedi ramdenime Zala 

SeiZleba SevcvaloT erTi tolqmedi ZaliT R


= Σ F


k, amitom, es 
kanoni SeiZleba Caiweros aseTi saxiT 

m a


= R


=Σ F


k,.  (ІΧ.2) 

dinamikis amocanebis amoxsnisas mniSvnelovania davicvaT 
ZiriTadi meqanikuri sidideebis ganzomilebebi, iseTi, rogorica 
sigrZe, dro, masa da Zala. 

Cveulebriv iyeneben  CИ erTeulebs, romlebSic meqanikuri 
sidideebis ZiriTadi erTeulebia: metri (m), kilogrami (kg) da wami 
(wm). Zalis ganzomilebad miRebulia warmoebuli erTeuli – 
niutoni (n). erTi n Zala – es aris Zala, romelic 1 kg masis 
sxeuls aniWebs 1 m/wm2 aCqarebas;  1 n = 1 kg·m/wm2. 

Tu (ІΧ.1) an (ІΧ.2) gantolebas CavwerT dekartis 0xyz 
koordionatTa RerZebze an bunebriv samwaxnagas RerZebze (mTavari 
normalis n,  mxebisa τ da binormalis b) gegmilebSi, miviRebT 
Semdeg skalarul gantolebebs: 

koordinatTa x, y, z RerZebze dagegmilebisas: 

m a x = mx = Σ Fkx,

m a y  =  my = Σ Fky,  (ІΧ.3) 

m a z  =  mz = Σ Fkz .

koordinatTa n, τ, b RerZebze dagegmilebisas: 

m a n = m


2v
   = Σ Fkn , 

m a τ = m
dt

dv
 = Σ Fkτ,    (ІΧ.4) 

m a b = m · 0 = Σ Fkb . 
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 (ІΧ.3) da (ІΧ.4) gantolebebis analizis Sedegad, SeiZleba 
CamovayaliboT nivTieri wertilis dinamikis ori ZiriTadi amocana: 
 Ppirveli (ZiriTadi) amocana – viciT ra wertilis masa da 
moZraobis kanoni, ganvsazRvroT wertilze moqmedi Zala; 
 meore (Sebrunebuli) amocana – viciT ra wertilze moqmedi 
Zala, masa da moZraobis sawyisi pirobebi, ganvsazRvroT wertilis 
moZraobis kanoni an sxva romelime kinematikuri maxasiaTebeli. 
 Aam tipis amocanebi Sesabamisad ganxilulia §26 da §27   
paragrafebSi. 
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26. Zalis gansazRvra mocemuli moZraobiT 

 

meToduri miTiTebani amocanebis 

amosaxsnelad 

 

 am tipis amocanebSi Cveulebriv mocemulia an aCqareba, an 
wertilis moZraobis kanoni, romlis Sesabamisadac SeiZleba 
ganisazRvros aCqareba. 
 magaliTad, Tu wertilis moZraoba mocemulia dekartis 
koordinatebSi, anu  x = f1(t),  y=f2(t) da  z=f3(t), maSin ganisazRvreba 
aCqarebis gagmilebi koordinatTa RerZebze: 

       x = 
2

2

dt

xd
,     y=

2

2

dt

yd
,     z=

2

2

dt

zd
, 

xolo, Semdeg – Zalis gegmilebi amave RerZebze: 
          Fx=mx, Fy=my, Fz=mz.                      (26.1) 

 

     Zalis sidide ganisazRvreba formuliT                                                                                               

                     F =  222

zyx FFF   .          (26.2)                                                                                                                                             

 Tu wertili asrulebs mrudwirul moZraobas da cnobilia 
moZraobis kanoni s = f(t), wertilis traeqtoria da misi simrudis 
radiusi, maSin moxerxebulia (ІΧ.4) gantolebebiT sargebloba, xolo 
aCqarebis gegmilebi am RerZebze ganisazRvreba formulebiT: 

                       a τ = 
dt

dv
= 

2

2

dt

sd
 - mxebi aCqareba,       

                        a n



2
2 )(

dt

ds

v
  - normaluri aCqareba, 

sadac,   - traeqtoriis simrudis radiusia. 
        aCqarebis gegmili binormalze nulis tolia   a b = 0. 
        Zalis gegmilebi τ da n  RerZebze aseTia: 

                 Fτ = m 
dt

dv
, 

                   Fn = m


2v
.                        (26.3) 

    Zalis sidide ganisazRvreba formuliT 
                      

                                                     
22

nFFF   .                                                   (26.4) 
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A    aseve SegviZlia ganvsazRvroT wertilis aCqareba, Tu mocemulia 
moZraobis dro t, wertilis mier ganvlili gza s, an saboloo 
siCqare Tanabari moZraobisas. 
 wrfivi moZraobis SemTxvevaSi 

               a τ = a ,      a n =


2v
 =  



2v
 = 0, 

xolo,  vinaidan       s = tv0  + 
2

2at
  .                                                                                               

                 0vv at                        (26.5)A 

amitom, im pirobiT, Tu sawyisi siCqare  0v = 0, aCqareba SeiZleba 

gamoiTvalos formuliT 

                                           a  = 
t

v
     a = 

2

2

t

s
      ,                (26.6) 

 umravles amocanebSi wertilis moZraoba araTavisufalia, 
amitom maTi amoxsnisas aucilebelia bmisagan ganTavisuflebis 
principis Sesabamisad ukuvagdoT wertilze dadebuli bma da igi 
SevcvaloT bmis reaqciiT da ganvixiloT wertili, rogorc 
Tavisufali. 
 maSin, dinamikis meore kanoni miiRebs Semdeg saxes 

                            m a


=  a

kF


 + N


 ,                                         (26.7) 

sadac   a

kF


 – wertilze moqmedi aqtiuri Zalebis jamia; N

 - bmis 

reaqcia. 
 Tu am gantolebas CavwerT dekartis koordinatTa sistemis  
an bunebriv koordinatTa sistemis RerZebze gagmilebSi, maSin 
SeiZleba ganvsazRvroT N Zala. 
 
 am paragrafis amocanebis amoxsnis Tanamimdevroba: 

1.  ganvsazRvravT moZraobis obieqts, e.i. romeli sxeulis an 
wertilis moZraobaa gansaxilveli. 
 2.  avirCioT sistemis RerZebi.  amasTanave RerZebi (an RerZi) 
mivmarToT sxeulis moZraobis mxares. 
 3.  naxazze gamovsaxoT moZraobis obieqti aTvlis arCeul  
sistemaSi Sualedur mdebareobaSi da sxeulze moqmedi yvela Zala, 
reaqciis Zalis CaTvliT. 
 4.  CavweroT dinamikis meore kanoni veqtoruli saxiT da 
arCeul RerZebze (an erT RerZze) gegmilebSi. 
 5.  zemoT moyvanili miTiTebebis Sesabamisad  ganvsazRvroT 
sxeulis (wertilis)  moZraobis aCqareba, Tu igi ar aris mocemuli. 
 6.  vipovoT saZebni sidideebi zogadi saxiT, xolo Semdeg 
CavsvaT ricxviTi mniSvnelobani. 
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amocanebi da amoxsnebi 
 
 

                        A  Aamocana  26. 1 

  
 SaxtSi TanabaraCqarebulad eSveba 280 kg masis lifti. 
pirvel 10 w-Si gadis 35 m-s. gansazRvreT bagiris daWimuloba, 
romelzec liftia dakidebuli. 
 
  a m o x s n a: radganac lifti asrulebs wrfiv 
moZraobas, amitom x RerZi mivmarToT moZraobis 
mimarTulebiT (aTvlis sawyisia 0 wertili). 
gamovsaxoT lifti Sualedur mdebareobaSi da 

gamovsaxoT naxazze masze moqmedi Zalebi:  m g

 –

simZimis Zala,  N


 – bagiris daWimuloba. CavweroT 
moZraobis gantoleba x RerZze gegmilebSi: 

             mx = mg – N.              (1) 

          (1) formulidan 

                          N = m (g -x).   (2) 

       radganac lifti moZraobs wrfivad da TanabaraCqarebulad, 
SeiZleba CavweroT 

           s =   
2

2at
     a =

2

2

t

s
 , 

sadac s = x,    a  = x. 
 CavsvaT (2) formulaSi x-is gamosaxuleba da ganvsazRvroT 
bagiris daWimuloba 

             N = m (g - 
2

2

t

s
) = 280 · (9,8 - 

210

352 
) = 2548 (n). 

Pp a s u x i:  2548 n. 

 

   Aamocana  26. 2 

 
 Hhorizontaluri baqani, romelzec devs 1,02 kg masis tvirTi 
vertikalurad eSveba qveviT 4 m/wm2 aCqarebiT. gansazRvreT wnevis 
Zala, romelsac tvirTi axdens baqanze maTi erTdrouli daSvebisas. 
 Aa m o x s n a.Nnax.1 naCvenebia baqanis moZraoba tvirTTan erTad, 

nax. 2 – tvirTis moZraoba da masze moqmedi Zalebi:   m g

 – simZimis 

Zala, R

 – sayrdenis reaqcia. amasTanave, sayrdenis R


 reaqcia 

ricxobrivad tolia tvirTis - baqanze N wnevisa da mimarTulia mis  
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                                             N 
 
 

                             

სaწinaaRmdegod, e.i. R


= _ N


 .  miviRoT tvirTi nivTier wertilad, 
maSin SeiZleba CavweroT x RerZze gegmilebSi  

                          m a   = mg – R.           (1)   
 aqedan 

    R = m (g - a )  1,02(9,80 – 4,00)=5,92 (n).  
 
 pAa s u x i: 5,92 n.  

 
                          amocana  26. 3 

 
 Mmagidaze mdebare 3 kg masis sxeuls gamoabes Zafi, romlis 
meore bolo damagrebulia  A wertilSi. rogori aCqareba unda 
mivaniWoT  A wertils, rom Amisi zeviT vertikalurad awevisas Zafi 
gawydes, Tu  igi wydeba T=42 n daWimvisas?   
 
    Aa m o x s n a. Nnaxazze gamovsaxoT sxeulze 

moqmedi Zalebi:  m g

 – simZimis Zala,  N


 – Zafis 

reaqcia. CavweroT sxeulis moZraobis gantoleba x 
RerZze gegmilebSi: 

 m a  = N- mg.                           (1) 
 vinaidan Zafi wydeba roca N=T, amitom (1) 
formulidan gveqneba 

               a =  
m

T
 – g = 0,3

0,42
 9,8 = 4,2 (m/wm2).   

Pp a s u x i: 4,2 m/wm2. 
 
    A 
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amocana  26. 4 

 
 liftis kabinis awevis siCqaris grafiks aqvs naxazze 
gamosaxuli saxe. kabinis masaa 480 kg. gansazRvreT bagiris T1,T2,T3 
daWimuloba, romelic Seesabameba kabinis mdebareobas drois sami 
Sualedis ganmavlobaSi: 1) t = 0–dan t = 2 wm-de;  2) t = 2–dan t  =8 wm-de;  
3) t = 8-dan t = 10 wm-mde. 
 
   a m o x s n a.Nnaxazze gamovsaxoT liftis kabinaze moqmedi 

Zalebi: m g

 – simZimis Zala,  T


 – bagiris daWimulobis Zala. 

CavweroT liftis kabinis moZraobis gantoleba x RerZze gegmilebSi: 

             m a  = T- mg      T = m(g + a ). 

 

          siCqareTa grafikis mixedviT,  gveqneba:  
1)   0 ≤ t ≤ 2  moZraoba TanabaraCqarebulia,  

         a  =  

01

01

tt

vv




  =  

2

5
= 2,5 (m/wm2). 

maSasadame       T1 = 480(9,8 + 2,5) = 5904 (N); 
2)   2 ≤ t ≤ 8     moZraoba Tanabaria - a  =0.  
                      

                                  T2 = 480·9,8  = 4704 (N); 

3) 8 ≤ t ≤ 10    moZraoba TanabarSenelebulia,       

             a  = 

23

23

tt

vv




 = 

810

50




  = - 2,5 (m/wm2). 

maSasadame              T3 = 480(9,8 - 2,5) = 3504 (N); 
 

pasuxi: T1 = 5904 N;     T2 = 4704 N;   T3 = 3504 N; 

 

 

                                                Aamocana  26. 5 

 

    1 m sigrZis Zafze mibmuli 0,3 kg masis qva 
vertikalur sibrtyeSi aRwers wrewirs. 

gansazRvreT qvis umciresi kuTxuri siCqare , 

romlis drosac moxdeba Zafis gawyveta, Tu 

wyvetisadmi misi winaRoba 9 n-is tolia. 
 
Aa m o x s n a. radganac Zafis daWimuloba, 
romelzec dakidebulia qva, udidesi iqneba 
qveda mdgomareobaSi, amitom qvaze moqmedi 
Zalebi naxazze gamovsaxoT am mdgomareobaSi: 
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simZimis Zala – m g

, Zafis  daWimuloba - T


. CavweroT dinamikis 

meore kanoni veqtoruli saxiT: 

      m a


 =  m g

 + T


 

da davagegmiloT igi n  RerZze: 

                    m


2v
 = m

2 l  = - mg + T . 

             CavTvaloT, rom  T  -s mniSvneloba tolia Zafis wyvetisadmi 
winaRobis dasaSvebi mniSvnelobisa, maSin  Zafis brunvis umciresi 

kuTxuri  siCqare, rodesac moxdeba misi gawyveta, iqneba  

                 min = 494,4
0,13,0

8,93,00,9









ml

mgT
 (rad/wm). 

P p a s u x i: min = 4,494  rad/wm. 
 
 

                          amocana  26. 6 

 

 rkinigzis mrudwirul ubanze gare relss amaRleben Siga 
relsTan SedarebiT imisaTvis, rom moZravi matareblis dawola 
(wnea) relsebze mimarTuli iyos rkinigzis vakisis 
perpendikularuli. gansazRvreT gare relsis Siga relsTan 
amaRlebis h sidide Semdegi 
monacemebisas: gzis momrgvalebis 
radiusia 400 m, matereblis siCqare 
10 m/wm, relsebs  Soris manZilia 1,6 
m. 
 
 a m o x s n a.  CavTvaloT, rom 
momrgvalebis radiusi Seefardeba 
gzis RerZula xazs.  avirCioT 
koordinatTa bunebrivi  sistemis 
RerZebi (n, τ, b)  ise, rom mimxebi sibrte (τ, n) iyos horizontaluri. 

naxazze gamovsaxoT matarebelze moqmedi Zalebi: m g

- simZimis Zala, 

N

 - gzis vakisis normaluri reaqcia, romelic absoluturi 

sididiT tolia vakisis sibrtyeze matareblis dawolisa (wnevisa) da 
mimarTulia mis marTobulad. moZraobis diferencialuri 
gantolebebi CavweroT arCeuli sistemis RerZebze gagmilebSi: 

        m a n = m 
R

v 2

 =  N sinα;  
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               m a τ = m
dt

dv
 = 0       v =const;                           

      m a b = 0 =  N cosα  - mg      N =
cos

mg
.  

maSin     

  m 
R

v 2

  =   mg tgα, 

sadac     R – momrgvalebis radiusia;   tgα =
l

h
. 

amis gaTvaliswinebiT 

  h = 
Rg

lv2

  =  
8,9400

106,1 2




= 0,041 (m) = 4,1 (sm). 

 p a s u x i:  h= 4,1 sm.  
 
 

                         amocana  26. 7   
 
 matareblis vagonSi, romelic midioda jer wrfiv, xolo 
Semdeg momrgvalebul gzaze 20 m/wm siCqariT, axdenen garkveuli 
tvirTis awonvas zambarebiani sasworiT;  saswori piorvel 
SemTxvevaSi aCvenebda 50 n-s, xolo momrgvalebaze 51 n-s. gansazRvreT 
gzis momrgvalebs radiusi. 
 
  Aa m o x s n a. matareblis wrfiv gzaze 
moZraobisas (nax. 1) asawoni tvirTisaTvis gveqneba 
                   0 = F1 – mg, 
saidanac 
      mg =  F1                   (1) 
       momrgvalebul gzaze  matareblis moZraobisas 
avirCioT koordinatTa bunebrivi sistema da mis n, da 

b RerZebze davagegmiloT tvirTze  moqmedi Zalebi 
(nax.2). Ddinamikis meore kanonis Sesabamisad miviRebT:                                                         
                                                              nax. 1 

         m 
R

v 2

 =   F2 sinα ,                                    (2) 

                  0=F2cosα  - mg.             (3)  

  

                 (1) da (3)  formulebidan miviRebT 
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  Cosα = 

2

1

2 F

F

F

mg
                                           

maSin                                                     nax. 2             

 F2 sinα = F2 2cos1  = F2
2

2

2

11
F

F
 =  

2

1

2

2 FF  . 

Semdeg,  (2)  formulidan ganvsazRvravT gzis momrgvalebis  R 

radiuss:                                     

 R = 
2

1

2

2

1

FF

F

 g

v 2

 = 
22 5051

50

 8,9

202

 = 203 (m) . 

 
Pp a s u x i:  203 m. 

 
 

                                  amocana  26. 8 

    
 1 m sigrZis  Zafis boloSi dakidebulia 0,2 kg masis sawoni; 
biZgis Sedegad sawonma miiRo 5 m/wm horizontaluri siCqare. 
gansazRvreT Zafis daWimuloba uSualod biZgis Semdeg. 
 

 Aa m o x s n a. sawonze moqmedeben  simZimis Zala m g

 da Zafis 

daWimulobis Zala T

. Nniutonis meore kanoni CavweroT veqtoruli 

saxiT 

                     m a


 =  m g

 + T


. 

 davagegmiloT igi n  RerZze: 

                     m
l

v 2

  =T -mg .  

 aqedan ganisazRvreba Zafis daWimuloba   

      T = m (g+
l

v 2

) = 0,2 (9,8 + 
1

52

) = 6,96 (n)  

Pp a s u x i:  6,96  n.  
     
        

                         amocana  26. 9 

 

 0,102 kg  masis M tvirTi, romelic 
hkidia uZrav 0 wertilSi damagrebuli 30 sm 
sigrZis Zafis boloSi, Tavis mxriv 
warmoadgens konusur qanqaras, e. i. Semowers 
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wrewirs horizontalur sibrtyeSi, amasTanave Zafi vertrikalTan 
adgens  600 kuTxes.  gansazRvreT tvirTis v    siCqare da Zafis T 
daWimuloba. 
 
  aAm o x s n  a. nivTier  M  wertilze moqmedebs simZimis Zala 

m g

 da Zafis daWimulobis Zala T


. SevadginoT  M wertilis 

moZraobis gantolebebi bunebriv RerZebze gegmilebSi. 
 imis gaTvaliswinebiT, rom                                      

            a τ = 
dt

dv
,  a n   =



2v
 ,       a b =0 , 

 miviRebT     m
dt

dv
= 0,             (1) 

          

              m 


2v
  = T sinα,                             (2) 

               0 = Tcosα  - mg .                  (3) 

 

(1) formulis  Tanaxmad  v =const. 

(3)  formulidan ganvsazRvravT Zafis daWimulobas 

           T = 
cos

mg
= 

060cos

8,9102,0 
 = 2 (n). 

(2) formulaSi CavsvaT  T-s da  R=l sinα gamosaxulebebi, miviRebT 

            m
sin

2

l

v
 =





cos

sinmg
   

Aqedan ganisazRvreba tvirTis siCqare 

                         
0

0

60cos

3,08,9
60sin

cos
sin







gl
v  = 2,1 (m/wm). 

 
 Pp a s u x i:   2,1 m/wm;  T=2 n. 
 
 

                         amocana  26. 10 
 
     100 kg masis avtomanqana moZraobs amozneqil 
xidze v =10 m/wm siCqariT. xidis SuaSi simrudis 

radiusia  ρ=50 m.  gansazRvreT avtomanqanis 
xidze dawolis Zala misi xidis SuaSi gavlis 
momentisaTvis.   
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amoxsna. ganvixiloT avtomanqana, rogorc nivTieri wertili, 

romelzec moqmedebs simZimis Zala m g

 da xidis mxridan normaluri  

reaqcia N

 (ix. naxazi). dinamikis meore kanoni CavweroT n RerZze 

gegmilebSi: 

            m


2v
 = mg –N. 

saidanac  

           N= mg – m


2v
= 1000(9,8 – 102/50) = 7800 (n). 

Pp a s u x i: 7800 n. 

 
                                         amocana  26. 11 

 

   amwes  kabinaSi xdeba sxeulis awona zambarebiani sasworiT. 
Kkabinis Tanabari moZraobisas zambariani sasworis Cveneba 50 n-is 
tolia, aCqarebuli moZraobisas – 51 n. gansazRvreT kabinis 
aCqareba. 
 
  Aa m o x s n a. kabinis Tanabari moZraobisas zambariani 
saswori aCvenebs sxeulis wonas, e. i. 
                                0 = N – mg ,  
sadac N – sasworis Cvenebaa.  
 TanabaraCqarebuli moZraobisas (ix. naxazi) sxeulze 

moqmedebs simZimis Zala m g


, xolo sasworis maCvenebelia  

N1. dinamikis meore kanonis Tanaxmad  
   m a  = N1 – mg . 

aqedan 

               a = 
50

8,9)5051(1 




m

mgN
 = 0,196 (m/wm2) . 

Pp a s u x i:  0,196 m/wm2.  
 

 

                         amocana  26. 12 

 

   tramvais vagonis Zaris masaa 10 000 kg. 
sazidaris masa borblebTan erTad 1000 kg.  
gansazRvreT vagonis udidesi da umciresi 
dawola (wneva) relsebze gzis horizontalur 
wrfiv  ubanze, Tu svlisas Zara resorebze 
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asrulebs vertikalur harmoniul rxevas  x = 0,02sin10t m kanoniT. 
 
amoxsna. CavTvaloT tramvais vagonis Zara nivTier wertilad da 
naxazze gamovsaxoT masze moqmedi Zalebi: Zaris simZimis Zala – 

m1 g


,  sazidaris simZimis – m2 g


, sayrdeni zedapiris reaqcia - N

. 

Zaris moZraobis diferencialuri gantoleba aseT saxes miiRebs: 

              m1 x= m1g +m2g –N,        

sadac  x = -2sin10t _ Zaris moZraobis aCqarebaa;  m1 _ Zaris masaa;  
m2 _ sazidaris masa. 
 Ggantolebidan 

    N= m1g +m2g - m1 x = (10 000 +100)9.8 +2·10 000sin10t. 

 maqsimaluri wneva iqneba sin10t –s udidesi mniSvnelobisaTvis, 
e. i. roca sin10t =1: 

                                    Nmaqs = 10 000(1,1·9,8 + 2) = 12,78·104  (n), 

U     umciresi wneva iqneba sin10t –s umciresi  mniSvnelobisaTvis, e. 
i. roca sin10t = -1: 

                                      Nmin = 10 000(1,1·9,8 - 2) = 8,78·104  (n). 

 
Pp a s u x i :  Nmaqs =  12,78·104  n;     Nmin  = 8,78·104  n. 
  
   

            amocana  26. 13 

 

 Siga wvis Zravis dguSi asrulebs horizontalur rxeviT 

moZraobas  x=r (cosωt + 
l

r

4
 cos2ωt) sm  kanoniT, sadac r – mrudmxaras 

sigrZea, l – barbacas sigrZe,  ω – mudmivi sidide-lilvis kuTxuri 
siCqare. gansazRvreT dguSze moqmedi Zalis udidesi mniSvneloba, 
Tu misi masaa  M.  
 Aa m o x s n a. radganac cnobilia dguSis moZraobis kanoni 
da misi masa mocemulia, amitom dguSze moqmedi Zala ganvsazRvroT 
niutonis kanoniT 

                     P=M x, 

sadac  M – dguSis masaa,  x - aCqareba, x= - rω2 (cosωt +
l

r
cos2ωt). 

 maSin      P = - M r ω2(cosωt + 
l

r
 cos2ωt). 

 dguSze moqmedi Zalebis udidesi mniSvneloba iqneba,  roca  ωt 

= 2πn,   n = 0, 1, 2, . . .…,                  
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                  P =- M r ω2 (1 + 
l

r
). 

   pa s u x i: P =  - Mrω2 (1+ 
l

r
).    

 

 

                                                 amocana  26. 14   
 
 madangamamdidrebeli cxrilis cxavi asrulebs vertikalur 
harmoniul rxevas a = 5 sm amplitudiT. gansazRvreT cxavis rxevis 
umciresi sixSire k, romlis drosac masze mdebare madnis 
namsxvtrevebi mas moscildebian da zeviT avardebian.   
 

a m o x s n a. madnis namsxvrevze moqmedeben simZimis Zala – m g


,   

cxavis normaluri reaqcia - N

.  Ddinamikis 

meore kanoni CavweroT veqtoruli saxiT: 

                          m a


 =  m g

 + N


 

 da davagegmiloT x RerZze.   

     m x= - mg +N. 

        radganac cxavi asrulebs harmoniul, 
amitom 
 
     x = a  sin(kt + α),    

    x = - a k2 sin(kt + α) = - k2x. 

       rodesac namsxvrevi cxavs moscildeba, N = 0. amitom 

    - m k2x = - mg. 
  Umciresi sixSire iqneba:  

                                                 k = 14
5

980

max


a

g

x

g
 (rad/wm). 

 Pp a s u x i:   k = 14  rad/wm. 
 
 

           amocana  26. 15 

 

   2,04 kg masis sxeuli asrulebs horizontalur wrfiv 

rxeviT moZraobas  x = 10 sin
2

t
m  kanoniT. 

gansazRvreT szeulze moqmedi Zalis 
damokidebuleba x koordinatze, agreTve am Zalis 
maqsimaluri sidide.  
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Aa m o x s n a. F

 Zalis moqmedebiT sxeulis moZraobis 

diferencialuri gantoleba  CavweroT x RerZze gegmilis saxiT: 

   F = m x = - m 
4

10 2
 sin 

2

t
= -

4

2
x · 2,04 = - 5,033x, 

sadac   x = - 
4

10 2
sin 

2

t
. 

  F

 Zalis udidesi mniSvneloba iqneba: 

              Fmax= 5,033 Іxmax І = 5,033 ·1 = 50,33 (n).  
 
pPa s u x i:  F = - 5,033 n;   Fmax= 50,33 n.  
 
 
amocana  26. 16 

 

    0,2 kg masis nivTieri wertili moZraobs kanoniT: 
           x = 3cos2πt  sm,    y = 4 sinπt  sm  (t wam.).  
gansazRvreT wertilze moqmedi Zala mis koordinatebze 
damokidebulebiT. 
 

Aa m o x s n a. P

 Zalis moqmedebiT nivTieri wertilis 

moZraobis diferencialuri gantoleba CavweroT sakoordinato  x  
da  y  RerZebze gegmilebSi: 

  Px = m x=-m 
100

43 2 cos2πt = -
100

14,34 2 ·0,2 x =-0,0789x (n),     

  sadac  x =  - 
100

43 2  cos2πt  m/wm 2; 

     Py = m y = -m 
100

4 2 sinπt = -
100

14,3 2

·0,2 y =-0,0197y (n), 

sadac   y =  - 
100

4 2  sinπt  m/wm 2. 

  p a s u x i:  Px = -0,0789x n;        Py = -0,0197y  n.    

  

                   amocana  26. 17 

 

 100 g masis burTula vardeba simZimis Zalis 
gavleniT da amasTanave ganicdis haeris winaRobas. 
burTula moZraobs kanoniT          

                x = 4,9t - 2,45 (1- e
-2t

) 
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sadac  x  - metrebSia,   t – wamebSi, 0x RerZi mimarTulia 

vertikalurad qveviT. gansazRvreT haeris winaRobis Zala R da 
gamosaxeT is, rogorc burTulis siCqaris funqcia. 
 
Aa m o x s n a. naxazze gamovsaxoT burTulaze moqmedi Zalebi: 

simZimis Zala – m g


,   haeris winaRobis Zala - R

. 

 burTulis moZraobis diferencialuri gantoleba CavweroT x 
RerZz egegmilis saxiT; 

   m x = mg – R, 

sadac    x= 9,8 e-2t  - aCqarebis gegmilia  x  RerZze. 
 Aaqedan 

  R,= mg– mx=mg(1- e-2t  ) = 0,1· 9,8(1 - e-2t  ) = 0,98 (1 - e-2t  ) = 0,2 v  (n), 

sadac  v = x′  = 4,9 (1- e
-2t

)    -  burTulis siCqarea.  

 
P p a s u x i:  R = 0,98 (1 - e-2t  ) = 0,2 v  n . 
  

                       amocana  26. 18 

 

 sarandi Carxis magidis masaa 700 kg, dasamuSavebeli detalis 
masa 300 kg,  svlis siCqare v = 0,5 m/wm, gaqanebis dro t=0,5 wm. 
gansazRvreT Zala, romelic aucilebelia gaqanebisaTvis (moZraoba 
CaTvaleT TanabaraCqarebuli) da Semdgom, magidis Tanabari 
moZraobisaTvis,  Tu gaqanebisas xaxunis koeficientia f1 = 0,14, 
xolo Tanabari moZraobisas  f2 = 0,07. 
 

Aa m o x s n a. avirCioT 
koordinatTa 0xy sistema da naxazze 
vaCvenoT yvela is Zala, romelic 
moqmedebs sarandi Carxis magidaze 
detalTan erTad. 
 CavweroT sarandi Carxis magidis 
TanabaraCqarebuli moZraobis 
gantoleba x RerZe gegmilebSi: 
 
    (m1 + m2) a  = F1 – Fxax = F1 –(m1 + m2)f1g, ,       (1) 

 

sadac  m1 – magidis masaa;  m2 - dasamuSavebeli details masa; a  - 

magidis aCqareba,  a = 
t

v
= 1 m/wm2;  F1 – magidis aCqarebisaTvis saWiro  

Zala; f1 -xaxunis koeficienti, f1 = 0,14; Fxax - xaxunis Zala, FTp = f1 N = 

f1g(m1 + m2)g.  
 maSin,  (1) gantolebidan 

  F1 = (m1 + m2) ( a  + f1g) = 1000 (1 + 0,14 · 9,8) = 2372 (n). 
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 Tanabari moZraobisas  a = 0, maSasadame 

                    F2 = (m1 + m2) f2g) = 1000 · 0,07 · 9,8 = 686 (n). 

 

p a s u x i:   F1 = 2372  n ,     F2 = 686  n . 

 

 

      amocana  26. 19 
 

   700 kg masis datvirTuli vagoneti eSveba α=150 daxrilobis 
sabagiro rkinigzaze v =1,6 m/wm siCqariT. gansazRvreT bagiris  
daWimuloba vagonetis Tanabari daSvebisas da damuxruWebisas. 
damuxruWebis dro t=4 wm-s. moZraobis winaRobis saerTo 
koeficientia  f = 0,015. damuxruWebisas vagoneti moZraobs 
TanabarSenelebulad. 
 
a m o x s n a. 1) ganvixiloT vagonetis Tanabari daSvebis 
SemTxveva, roca a =0. 
 mivmarToT  x RerZi vagonetis moZraobis mimarTulebiT da 

vaCvenoT vagonetze moqmedi Zalebi (nax. 1). simZimis Zala m g

, 

bagiris daWimulobis Zala T


1. winaRobis Zala cF


, sayrdenis 

reaqcia 
1N


 .CavweroT vagonetis moZraobis diferencialuri 

gantoleba  x    RerZze gegmilebSi:                                  
               

 mx=ΣFkx,=mgsin15
0
–T1-Fc,   (1) 

 

sadac    x= a = 0;  Fc =f N1 = f mg cos150. 

maSin (1) gantoleba miiRebs Semdeg  
saxes 
      0 = mg sin150 – T1 – f mg cos150,  
saidanac ganisazRvreba bagiris 
daWimuloba                                          nax. 1 
 
   T1= mg(sin150–fcos150)=700·9,8(0,258–0,015·0,966)=1676 (n). 

 
 2) ganvixiloT bagiris daWimuloba 
vagonetis damuxruWebisas. vaCvenoT am 
SemTxvevaSi vagonetze moqmedi Zalebi 

(nax. 2). simZimis Zala m g

, bagiris 

daWimulobis Zala T


2. winaRobis Zala 

cF


, sayrdenis reaqcia 
2N


.  
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                                                       Nnax. .2 
 CavweroT vagonetis moZraobis diferencialuri gantoleba  x         

RerZze gegmilebSi: 

             mx = Σ Fkx, = mg sin15
0
 –T1 - Fc ,   (2) 

sadac x - vagonetis aCqarebaa. 
 vagonetis aCqareba ganvszRvroT formuliT:  
             v k= v 0 + a t , 

  vinaidan vagoneti Cerdeba, moZraobis saboloo siCqare v k= 0,  

xolo v 0 - vagonetis damuxruWebis procesis sawyisi siCqarea, anu 
vagonetis Tanabari  moZraobis siCqare, e. i.  v 0 = v .  Amitom      

a = - 
t

v0
= - 

t

v
 .  Aaq niSani minusi migviTiTebs, rom moZraoba 

Senelebulia e. i. aCqarebis veqtori a

 mimarTulia vagonetis 

moZraobis sawinaaRmdegod. 

 Ees niSnavs, rom         x = - 
t

v
, 

 maSin (2) gantoleba miiRebs saxes 

- m
t

v
= mg sin15

0
 – f cos15

0
 - T2 . 

   aqedan 

     T2 = mg(sin15
0
 – f cos15

0
) + m

t

v
 = mg(sin15

0
 – f cos15

0
 + 

gt

v
) = 

700 · 9,8 (0,258 -  0,015 · 0,966 + 
48,9

6,1


) = 1956 (n). 

p a s u x i:  T1 = 1676 n;       T2 = 1956 n. 
 
 
                         amocana  26. 20 

 

 1000 kg masis tvirTi urikasTan 
erTad gadaadgildeba 
horizontaluri xiduri amwis 
gaswvriv v =1 m/wm siCqariT. 
manZili tvirTis simZimis 
centridan dakidvis wertilamdis 

aris l =5 m.  urikis uecari 
gaCerebis Sedegad tvirTi inerciiT 
ganagrZobs moZraobas da iwyebs 
rxevas dakidvis wertili 
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maxloblobaSi. gansazRvreT bagiris udidesi daWimuloba tvirTis 
rxevisas.  
 
A   a m o x s n a.  urikis uecari gaCerebis Sedegad tvirTi 

inerciiT ganagrZobs moZraobas raRac v 1 siCqariT l  radiusis  
wrewiris rkalze. ganvixiloT tvirTi, rogorc nivTieri wertili 
nebismier mdebareobaSi, romelic ganisazRvreba bagiris gadaxris α 
kuTxiT da avirCioT koordinatTa bunebrivi sistemis n da τ RerZi. 
 Nnaxazze gamovsaxoT tvirTze moqmedi Zalebi: simZimis Zala 

m g

, bagiris daWimulobis Zala T


.  SevadginoT tvirTis moZraobis 

diferencialuri gantoleba n RerZze gegmilebSi: 

                  Mm a n = Σ Fkn = T – mg cosα,                          (1) 

sadac  a n = 
l

vt

2

 - normaluri aCqarebaa. 

(1) gantoleba miiRebs aseT saxes 

                  m
l

vt

2

= T – mg cosα,  

saidana        T = m
l

vt

2

+ mg cosα. 

 daWimulobis T Zala maqsimalur mniSvnelobas iRebs roca α=0, 
maSin v t = v ,  amitom 

 T = m
l

v 2

+ mg cos0 = m(
l

v 2

+g cos0) =100(
5

12

+9,8) =10 000 (n). 

p a s u x i:  T = 10 000 n.  
 

 

amocana  26. 21 

 

  1500 kg masis vagoni moZraobs kiduli 
gzis  r =30 m-is radiusis momrgvalebaze 
v =10 m/wm siCqariT. gansazRvreT 

vertikalidan vagonis gadaxris α kuTxe da 
misi relsze dawolis N  Zala. 
 a m o x s n a. naxazze gamosaxulia 
vagoni nebismier mdgomareobaSi. gamovsaxoT 

masze moqmedi Zalebi: simZimis Zala m g

, 

relsis reaqciis Zala R

. avirCioT 

koordinatTa bunebrivi sistema. CavweroT 
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vagonis moZraobis diferencialuri gantolebebi am sistemis 
RerZebze gegmilebSi: 

                               m a n = m
r

v 2

 = Σ Fkn =R sinα, 

              m a τ = m
dt

dv
 = Σ Fkτ  = 0,                                             

                 m a b = m · 0  = Σ Fkb = R cosα – mg , 

sadac   a n =
r

v 2

;  a τ = 0. 

      vinaidan a τ =  Σ Fkτ  = 0,  amitom,   v =const;  amasTanave, a b=0, 
vinaidan vertikaluri mimarTulebiT moZraoba ar arsebobs.  maSin 

                m
r

v 2

  = Σ Fkn =R sinα ,                                                  (1) 

         0 = R cosα – mg .                                                        (2) 

 (2)  gantolebidan 

         R = 
cos

mg
 .                          (3) 

 (3) gamosaxuleba CavsvaT  (2) gantolebaSi, miviRebT 

  m
r

v 2

  l =
cos

mg
 sinα = mgtgα . 

  aqedan tgα = 
mgr

mv2

= 
gr

v 2

= 
308,9

102


 = 0,3401, 

           α = arctg0,3401 =18047′  . 

 relsis reaqciis Zala gamovTvaloT  (3)  formuliT: 

                     R = 
7418cos

8,91500
0 


 = 15527 n. 

 vinaidan   N = ІRІ ,   amitom,    N = 15527 n. 
  
    p a s u x i:   α =18047′ .    N = 15527 n. 
 
 

        amocana  26. 22 

 

 matareblis masa lokomotivis gareSe aris 
2·105 kg. horizontalur gzaze TanabaraCqarebuli 
moZraobisas, moZraobis dawyebidan 60 wm-is 
Semdeg miiRo 15 m/wm  siCqare. xaxunis Zala 
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tolia matareblis wonis 0,005. gansazRvreT gaqanebis periodSi 
matarebelsa da lokomotivs Soris gamwevis daWimuloba. 
 
 a m o x s n a.  gaqanebis periodSi ganvixiloT lokomotivi, 
rogorc nivTieri wertili, romelzec moqmedeben Zalebi (ix. nax): 

simZimis Zala m g

, matarebelsa da lokomotivs Soris gamwevis T


 

daWimuloba, xaxunis Zala TpF


. mivmarToT x RerZi lokomotivis 

moZraobis mimarTulebiT da CavweroT moZraobis diferencialuri 
gantoleba x RerZze gegmilebSi: 

  mx = T – FTp ,  
anu 

                            x = T – 0,005 mg .                              (1) 

      lokomotivis aCqareba SeiZleba gamovTvaloT gaqanebis 
periodSi TanabaraCqarebuli moZraobis pirobidan: 

       v  = v 0 + a t ,    saidanac   a =
t

v
. 

 vinaidan   x = a , amitom (1) gamosaxuleba miiRebs Semdeg saxes 

  m
t

v
 = T – 0,005 mg . 

 aqedan 

 T =  m
t

v
 + 0,005 mg = m (

t

v
 + 0,005 g ) = 2·105 (

60

15
+0,005·9,8)  = 59 800 (n). 

 
  p a s u x i :  59 800 n. 

 
 

                           amocana  26. 23 

 

      2000 kg masis sportuli TviTmfrinavi mifrinavs 
horizontalurad 5 m/wm2 aCqarebiT da aRebul  momentSi aqvs   200 
m/wm siCqare. qaris winaRoba aris siCCqaris kvadratis proporciuli 
da 1 m/wm siCqaris dros udris 0,5 
n. CaTvaleT, rom winaRobis Zala 
mimarTulia siCqaris 
sawinaaRmdegod da gamoTvaleT 
xraxnis wevis Zala, Tu igi 
frenis  mimarTulebasTan adgens 
100 kuTxes. Aaseve, gansazRvreT 
amwevi Zalis sidide aRebul 
momentSi. 
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    a m o x s n a.  CavTvaloT TviTmfrinavi nivTier wertilad da 
naxazze gamovsaxoT masze moqmedi Zalebi horizontaluri frenis 

dros: simZimis Zala m g

, amwevi Zala F


n , winaRobis Zala F


c,  

wevis Zala F


T. avirCioT koordinatTa 0xy sistema da CavweroT 
moZraobis diferencialuri gantolebebi x  da y  RerZebze 
gegmilebSi: 

                             mx = Σ Fkx  =  FT cosα – Fc ,                                                      (1) 

                           my = Σ Fky =   Fn + FT sinα – mg ,                                 (2) 

sadac   x = a ,      y= 0. 

 maSin  (1)  da  (2) gantolebebi miiReben Semdeg saxes: 
              
               m a  = FT cosα – Fc = FT cosα – 0,5 v 2  ,                                           (3) 

                            0  =   Fn + FT sinα – mg ,                                               (4) 

 (3) gantolebidan ganisazRvreba wevis Zala: 

                  FT  = 
cos

5,0 2vma 
 =

0

2

10cos

2005,052000  = 30463 (n), 

(4) gantolebidan ganisazRvreba amwevi Zala: 

           Fn = mg Fn - FT sin10
0
 =  2000·9,8 - 30463· 0,174 = 14310  (n) 

 

p a s u x i: wevis Zala FT=30 463 n,  amwevi Zala Fn =14 310 n. 
 
  

      amocana  26. 24 

 

 6000 kg masis satvirTo avtomanqana  Sedis boranze 6 m/wm 
siCqariT. boranze Sesvlis momentidanve avtomanqanam daiwyo 
damuxruWeba da 10 m-is gavlis Semdeg gaCerda. MMmanqanis moZraoba 
CaTvaleT TanabarSenelebulad. Bborani napirze dabmulia ori 
bagiriT. gansazRvreT NTiToeuli bagiris daWimuloba.Aamocanis 
amoxsnisas boranis masa da aCqareba 
ugulebelyaviT.LEB  
    a m o x s n a.  ganvixiloT 
avtomanqanis TanabarSenelebuli moZraoba 
boranze.U gamovsaxoT avtomanqanaze moqmedi 

Zalebi:L simZimis Zala m g

,  normaluri 

reaqcia N

, xaxunis Zala TpF


AD. (nax. 1). A 

gaviTvaliswinoT avtomanqanis wrfivi                nax. 1 
 moZraoba da x RerZi mivmarToT moZraobis mxares. CavweroT 
moZraobis diferencialuri gantolebebi x    RerZze gegmilebSi: 

  mx = Σ Fkx  =  - FTp , 

sadac  x = a . 
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  avtomanqanis moZraoba TanabarSenelebulia. wertilis 
kinwetikuri energies nazrdis Teoriis Tanaxmad 

   2

0

2

2

1

2

1
mvmvk

A = mas ; 

aqedan  
2

kv  - 
2

0v  = 2 a S, 

saidanac            a =
s

vvk

2

2

0

2 
=  -

102

62


= - 1,8  

(m/wm2),  

e.i. aCqarebis veqtori a

 mimarTulia 

avtomanqanis moZraobis sapirispirod. 

maSin FTp = - mx  = - 6000· (-1,8) = 10            800  

(n).                                                                                                     nax. 2 
 

Aaxla ganvixiloT boranis wonasworoba, romelzec moqmedeben 

Zalebi: avtomanqanisLsimZimis Zala m g

, arqimedis Zala 

AF


 , 

SeWidebis Zala TpF 


 (І TpF 


І =І TpF


І), bagirebis             

 
1T

 da 

2T


 daWimuloba, romlebic sididiT tolni arian (nax. 2). 

bagirebis daWimulobis gamoTvlisaTvis gamoviyenoT boranis 
wonasworobis gantolebebi: 

  Σ Fkx  = 0, 

            T1 + T2 - TpF '  =  2T - TpF '   = 0, 

 

vinaidan     T1 = T2 . 
     aqedan 

      T =  T1 = T2=
2

1
 TpF '  = 

2

10800
= 5400 (n). 

p a s u x i: TiToeuli bagiris daWimuloba  5400 n. 
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amocana  26. 25  
 
 A da B tvirTi, woniT PA=20n da PB= 40n 
erTmaneTTan SeerTebulia zambariT, rogorc 
naxazzea naCvenebi. A tvirTi vertikaluri 
mimarTulebiT  asrulebs Tavisufal rxevas 1 sm 
amplitudiT  da 0,25 wm periodiT. gansazRvreT is 
udidesi da umciresi Zala, romliTac A da B 

tvirTi awveba sayrden CD zedapirs. 
 
a m o x s n a.  ganvixiloT A  tvirTis wrfivi 

rxeva, romelzec moqmedebs simZimis Zala 
AP


 da 

zambaris drekadobis Zala F


dr .x RerZi 
mivmarToT vertikalurad zeviT (ix. naxazi) da 
CavweroT A  tvirTis moZraobis diferencialuri 
gantoleba am    RerZze gegmilebSi: 

          mAx = Σ Fkx  =  Fyp - PA. 
 aqedan 

          Fyp = PA ( 
g

x 
  +1).                                                             (1) 

 vinaidan amocanis pirobaSi naTqvamia, rom tvirTis rxeva 
Tavisufalia, amitom, misi moZraobis gantoleba SeiZleba Caiweros 
Semdegi saxiT 

      x = a  sinkt, 

sadac  k - rxevis cikluri sixSirea,  k = 
T

2
. 

 maSin     x = a  sin(
T

2
t).                                                                   (2) 

 gavawarmooT (2) gamosaxuleba orjer, miviRebT 

          )
2

cos(
2

t
TT

a
x


 ,       

              )
2

sin(
4

2

2

t
TT

a
x


 . 

 x -is  es mniSvneloba CavsvaT  (1) formulaSi: 

    Fyp = PA [1 - )]
2

sin(
4

2

2

t
TgT

a 
. 

          Fyp –is  maqsimaluri mniSvneloba iqneba, roca      
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           )
2

sin( t
T


= - 1,  xolo minimaluri, roca )

2
sin( t

T


= 1. 

    amitom, 

       Fmax = PA (1 +
2

24

gT

a
) = 20 (1 + 

2

2

25,08,9

14,301,04



 ) = 32,8 (n), 

    Fmin = PA (1 - 
2

24

gT

a
) = 20 (1 - 

2

2

25,08,9

14,301,04



 ) = 7,2  (n). 

 sayrden CD zedapirze B tvirTis dawolis Zalis 

gansasazRvravad ganvixiloT misi wonasworoba simZimis 
BP


 Zalis,  

drekadobis F 


dr = F


dr  Zalisa da zedapiris reaqciis N

Zala: 

  Σ Fkx =  0,        N - PB - F′ dr= 0, 
Saidanac  N = PB + F′ dr . 
vinaidan  F′yp= ІFypІ, amitom 

    Nmax  =  PB + Fmax = 40 + 32,8 = 72,8  (n), 
   Nmin  =  PB + Fmin = 40 +  7,2 = 47,2  (n). 
 B  tvirTis dawolis Zala sididiT tolia sayrdeni 
zedapirisreaqciis Zalisa,  e. i.  

   Rmax  = 72,8  n,    Rmin  =  47,2  n. 
 

 p a s u x i:  Rmax  = 72,8  n,    Rmin  =  47,2  n. 
 
 
 

                  amocana  26. 26 

   

   m=600 kg masis tvirTi jalambaris daxmarebiT 
aiweva horizontisadmi  α = 600 kuTxiT daxril 
sibrtyeze (ix. naxazi). tvirTis zedapirTan Sexebis 
koeficienti f =0,2 tolia. 0,2 m radiusis jalambari 
brunavs φ= 0,4t3 kanoniT. ipoveT bagiris daWimuloba, 
rogorc drois funqcia da am daWimulobis mniSvneloba 
awevis dawyebidan 2 wm-is Semdeg.  
 

 a m o x s n a. ganvixiloT tvirTis wrfivi 
moZraoba sibrtyeze zeviT. Nnaxazze gamovsaxoT 

tvirTze moqmedi Zalebi: simZimis Zala m g

,  zedapiris 

reaqcia N

, xaxunis Zala TpF


, bagiris daWimulobis 

ZalaAT

.D x RerZi mivmarToT tvirTis moZraobis 
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mimarTulebiT da CavweroT misi moZraobis diferencialuri 
gantoleba am    RerZze gegmilebSi: 

      mx=ΣFkx=T–mgsin60
0
–FTp ,        (1) 

sadac 

    FTp = f N= fmg cos60
0
;     x  -  aCqarebaa. 

   aCqareba ganisazRvreba  formuliT x  = R ε , 

sadac  R – jalambaris radiusia;   

                          ε = φ′ ′  = (0,4 t3 )′ ′  = 2,4t . 
  maSin    x = 0,2·0,48 t . 

 bagiris daWimulobis Zala ganisazRvreba (1) gantolebidan: 
 

      T = mx + mg sin60
0
  + Fyp = 0,48m + mg sin60

0
 + +f mg cos60

0
 = 

           = mg (
00 60cos60sin

48,0
f

g
 ) =  

              = 600·9,8( t
8,9

48,0
+0.866+0,2·0,5) = 288t +5680 (n). 

   moZraobis dawyebidan 2 wm-is Semdeg       

                 T = 288·2 +5680 = 6256 (n). 
 
p a s u x i:  T=288t +5680 kn;  roca t=2 wm, T  = 6256 kn. 
 
 

                            amocana  26. 27 

 

   TviTmfrinavma, daxrili pikirebisas, 
miaRwia 300 m/wm siCqares, ris Semdegac 
mfrinavma daiwyo pikirebidan gamosvla 
vertikalur sibrtyeSi, risTvisac Semowera 
R=600 m radiusis wrewiris rkali.  
mfrinavis masaa 80 kg. ra udidesi ZaliT 
awveba mfrinavi savarZels? 
 a m o x s n a.  TviTmfrinavis rkalze 
moZraobis nebismier momentSi mfrinavi 
ganvixiloT, rogorc  nivTieri wertili. 
naxazze gamovsaxoT masze moqmedi Zalebi: 

simZimis Zala m g

, savarZlis reaqcia N


. CavweroT wertilis 

moZraobis diferencialuri gantoleba mTavar normalze 
gegmilebSi: 
        m a n= Σ Fkn = N – mg cosα ,                 
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sadac α  aris kuTxe, romelic gansazRvravs TviTmfrinavis 
gadaxris sidides vertikaluri mdgomareobidan;  a n  - normaluri 

aCqarebaa,   a n = 
R

v 2

. 

 savarZlis reaqcia ase gamoisaxeba 

  N = m a n + mg cosα = m (
R

v 2

+ g cosα ). 

    N  maqsimalur mniSvnelobas iRebs, roca cosα = 1, e. i.  α = 0. 

 Nmaqs = m )(
2

g
R

v
  = 80 ( )8,9

600

3002

  = 12 784  (n). 

 Uudidesi Zala, romliTac mfrinavi awveba savarZels  

     І F


maqs І =  І N


maqs І = 12 784  n. 
p a s u x i:   12 784  n.   
         

                                                 
                                           amocana  26. 28 

 

 10 n masis M  tvirTi kidia l  = 2 m sigrZis 
gvarlze da gvarlTan erTad asrulebs rxevas  

φ=
6


sin2πt gantolebiT, sadac φ aris vertikalidan 

gvarlis gadaxris kuTxe radianebSi; t – dro 
wamebSi. gansazRvreT gvarlis T1 da T2 daWimuloba 
tvirTis zeda da qveda mdebareobaSi. 
 a m o x s n a. ganvixiloT M  tvirTis 

moZraoba simZimis P

 Zalisa da  bmis T


 reaqciis moqmedebiT. 

moZrav tvirTTan davakavSiroT koordinatTa bunebrivi sistema (ix. 
naxazi) da CavweroT dinamikis ZiriTadi gantoleba 
n RerZze gegmilebSi:   m a n = Σ Fkn , 

sadac   a n = 
l

v 2

;       Σ Fkn = T – P cosφ. 

maSin          m
l

v 2

 = T – P cosφ .       (1)  

 tvirTi zeda mdgomareobas miaRwevs maSin, 

roca sin2πt1 = 1. amitom, t1= 
4

1
wm.  maSin  φ = φ1 = 

6


. 
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  vipovoT tvirTis siCqare.  vinaidan M  tvirTis moZraobis 

traeqtoria aris l  radiusis wrewiri, amitom  misi siCqarea 

               v = l  φ′  ,                                           (2) 

sadac    φ′  = 
3

2
 cos2πt . 

     roca t1=
4

1
,  miviRebT, rom φ′  = 0, maSasadame  v 1 = 0.  maSin (1) 

gantoleba miiRebs Semdeg saxes   T – P cosφ1 =0.  

Aaqedan  T1 = P cosφ1 = 10 cos
6


 = 8,65 (n). 

 tvirTis qveda mdebareobaSi φ = φ2 = 0, e. i.  sin2πt2 = 0.  amitom, t2 

=
2

1
wm.  maSin  φ′  = φ′ 2 = - 

3

2
 rad/wm. 

 (2) formulidan vipoviT v 2 = - 
3

2
  da es gamosaxuleba (1) 

gantolebaSi CavsvaT:   m 
2

2

)
3

(


 · l  = T2 - P cos0
0
  . 

aqedan, Tu gaviTvaliswinebT, rom   m = 
g

p
,   gveqneba 

                   T2  = 
g

p
 

2
2

)
3

(


 · l   + P = 2
98,9

10 4





 +10 =  32,1 (n) 

 
p a s u x i:  T1 = 8,65 n.   T2 = 32,1 n. 
 

  amocana  26. 29 

 

 velosipedisti Semowers 10 m radiusis rkals 5 m/wm siCqariT. 
ipoveT velosipedis Sualeduri sibrtyis vertikalidan gadaxris 
kuTxe, agreTve velosipedis saburavebis gzis vakisTan Sexebis is 
umciresi koeficienti, rodesac uzrunvelyofili iqneba 
velosipedis mdgradoba.  
 a m o x s n a.  ganvixiloT velosipedistis moZraoba, 

romelzec moqmedeben simZimis Zala m g

,  zedapiris normaluri 

reaqcia N

 da xaxunis Zala F


yp  (ix. naxazi). 
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 velosipedistTan davakavSiroT koordinatTa bunebrivi 
sistemis n da b RerZebi da am RerZebze gegmilebSi CavweroT 
wertilis dinamikis ZiriTadi gantoleba: 

               m a n = Σ Fkn = FTp ,          (1) 

            0 = - mg + N .(2) 

 
  (2)   gantolebidan   N =  mg .     (3) 

  vinaidan normaluri aCqareba  a n = 
R

v 2

,  

 xolo minimaluri xaxunis Zala    
 

              FTp = fmin N = fmin mg , 
 amitom  (1) gamosaxuleba miiRebs aseT saxes 

   m 
R

v 2

 =  fmin mg , 

sadac     R  - simrudis radiusia.  

     aqedan      fmin =  
Rg

v 2

 =    
8,910

52


 = 0,255. 

      velosipedis Sualeduri sibrtyis vertikalidan gadaxris α 

kuTxe unda iyos xaxunis φ  kuTxis toli, romelic ganisazRvreba 
Semdegi gamosaxulebidan 

  tgα = tg φ = fmin ,     α = arctg0,255 = 14
0
20′  . 

       an kidev, wonasworobis gantolebidan  

 momc ( F


k) = 0 ↔ N· 0C· sin α = fminN·  OC· cos α ↔  tg α = fmin .  
 

  p a s u x i:   14
0
20′ ;  0,255 . 

 

 

 

                        amocana  26. 30 

 

 velosipedis treks gzis momrudebul ubnebze aqvs viraJebi, 
romelTa profilebi ganiv kveTaSi warmoadgenen horizontisadmi 
daxril wrfes ise, rom momrudebul ubanebze trekis gare napiri 
Sidaze maRalia. rogori umciresi da rogori udidesi siCqariT 
SeiZleba viraJis gavla, romlis radiusia R da horizontisadmi 
daxris kuTxe  α, Tu rezinis saburavis trekis gruntTan Sexebis 

koeficientia f . 
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 a m o x s n a.  ganvixiloT 
velosipedistis moZraoba, romelzec 

moqmedeben simZimis Zala m g

,  zedapiris 

normaluri reaqcia N

 da xaxunis Zala 

F


Tp .  es Zalebi gamovsaxoT naxazze 
(xaxunis Zala naCvenebia im SemTxvevisaTvis, 
roca siCqare maqsimaluria). . 
 velosipedistTan davakavSiroT 
koordinatTa bunebrivi sistemis n da b 
RerZebi da am RerZebze gegmilebSi CavweroT 
wertilis dinamikis ZiriTadi gantoleba: 

    m a n=m
R

v 2

=Nsinα+FTp cosα      (1) 

   m a b =0=Ncosα-FTpsinα - mg ,      (2) 

sadac, xaxunis Zala   FTp = f N . 
 (2) gantolebidan gveqneba  

           N (1 -  f tgα) = 
cos

mg
, 

               N  = 
 cos)1( ftg

mg


. 

 Ees gamosaxuleba CavsvaT (1) formulaSi 

 m 
R

v 2

 = N ( sinα  + f cosα) =
)1(

)(





ftg

ftgmg



  

aqedan 

                 v 2 = 

)1(

)(





ftg

ftggR



 ,  

                       v = v max = 





ftg

ftggR





1

)( . 

 Mminimaluri siCqariT moZraobisas xaxunis Zala mimarTuli 
iqneba sawinaaRmdego mxares da (1) gantolebaSi Seva ,, - “ niSniT. 
maSin gveqneba  

             v = v min = 





ftg

ftggR





1

)( . 

 p a s u x i:  v min =





ftg

ftggR





1

)( ;   v max =





ftg

ftggR





1

)( . 
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    amocana  26. 31 

 

 mqnevaras gawyvetiT gamowveuli ubeduri 
SemTxvevis Tavidan asacileblad, ageben 
Semdeg mowyobilobas. mqnevaras fersoze 
Tavsdeba  A sxeuli, romelic mis SigniT 
Sekavebulia S zambariT; rodesac mqnevaras 
siCqare aRwevs zRvrul sidides,  A sxeuli 
Tavisi boloTi wamoedeba CD urdulis B 
Sverils, romelic ketavs manqanaSi orTqlis 
miwodebas. vTqvaT A sxeulis masa aris 1,5 kg, 
manZili e mqnevaradan B Sverilamde  2,5 sm-s 
tolia, mqnevaras zRvruli kuTxuri siCqarea       
120 br/wT. gansazRvreT zambaris zRvruli 
sixistis koeficienti c (e. i. im Zalis 
sidiode, romlis moqmedebisas zambara 1 sm 
SeikumSeba), im daSvebiT, rom A sxeulis masa 
Tavmoyrilia wertilSi, romlis daSoreba 
mqnevaras brunvis RerZidan naxazze 

gamosaxul mdgomareobaSi l =147,5 sm-s tolia. 

   a m o x s n a.  ganvixiloT A sxeulis moZraoba simZimis m g

 

Zalisa da zambaris drekadi ypF


  Zalis moqmedebiT. gamovsaxoT es 

Zalebi naxazze. A sxeulTan davakavSiroT koordinatTa bunebrivi 
sistemis n RerZi da am RerZze gegmilebSi CavweroT wertilis 
dinamikis ZiriTadi gantoleba: 

  m a n =  Fyp - mg, 
sadac   

  a n = 
el

v



2

, v ω( l +e) = 
30

n
( l +e);  FYP =c(λst+e),    

 c λst =mg . 

maSin  
el

mv



2

 = ce, 

saidanac    c = 
eel

mv

)(

2


 = 

e

elm )(2 
=  

e

elmn
2

22

30

)( 
 = 

                            = 
025,0900

)025,0475,1(5,112014,3 22




= 14198 (n/m) 

 
p a s u x i:  14198 n/m.   
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                      amocana  26. 32 

 

 regulatorSi moTavsebulia 30 kg masis 
sawonebi A, romelTac SeuZliaT sriali 
horizontaluri  MN wrfis gaswvriv; es 
sawonebi SeerTebulia zambarebiT M  da  N  

wertilebTan. sawonebis simZimis centrebi 
emTxvevian zambarebis boloebs. aradaZabul 
mdgomareobaSi TiToeuli zambaris bolodan 
manZili naxazis sibrtyis marTobul 0 
RerZamdis aris 5 sm; zambaris sigrZis       1 
sm-iT cvlilebas iwvevs 200 n Zala. 

gansazRvreT l  manZili sawonebis simZimis 
centrebidan 0 RerZamdis, rodesac 
regulatori, 0 RerZis garSemo Tanabari 
brunvisas akeTebs 120 br/wT. 
 
    a m o x s n a.  A  sawonebze moqmedebs 

drekadobis Zala ypF


. es Zala mivmarToT n 

RerZis gaswvriv (ix. naxazi). am RerZze gegmilebSi CavweroT 
wertilis dinamikis ZiriTadi gantoleba: 

         m a n =  Fyp ,             (1) 
sadac   

     a n = ω2 l  ,     ω = 
30

n
= 4π ;      Fdr = c ( l  – l 0 ), 

aq  l 0  da l    arian manZilebi 0 RerZidan sawonebis simZimis 
centramdis, Sesabamisad zambarebis aradaZabuli da daZabuli 
mdgomareobisaTvis. 
 (1) gantolebaSi CavsvaT  Fdr –is mniSvneloba. miviRebT 

           16 π2m l  = c ( l  – l 0 ),  

Aaqedan        l  = 
22

0

14,3301620000

05,0200000

16 




 mc

cl
= 0,0655 (m) 

 
 
p a s u x i:  6,55 sm.  
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    amocana  26. 33 

 

 orTqlis turbinis damcveli 
amomrTveli Sedgeba m=0,225 kg masis  A 
TiTisagan, romelic moTavsebulia 
turbinis lilvis wina nawilSi RerZis 
perpendikularulad gaburRul 
xvrelSi da  SigniT momWimavi 
zambarisgan. turbinis brunvis 
normaluri n=1500 br/wT siCqaris 
dros, TiTis simZimis centri  lilvis 

brunvis RerZidan daSorebulioa l =8,5 
mm manZiliT. brunvaTa ricxvis 10%-iT 
gazrdisas TiTi gadalaxavs zambaris 
reaqcias, gadadis Tavis normalur 
mdebareobidan x = 4,5 mm manZiliT, 
wamoedeba B berketis bolos da 
gaanTavisuflebs C sasxlets, romelic 
dakavSirebulia berketebis sistemiT 
zambarasTan, da xuravs turbinis 
orTqlis ganmanawilebeli meqanizmis 
sarqvels. gansazRvreT  A sxeulis 
damWeri zambaris sixiste,  e. i. Zala, 
romelic aucilebelia misi 1 sm-iT SekumSvisaTvis, CaTvaleT, rom 
zambaris reaqcia misi SekumSvis proporciulia. 
 a m o x s n a.  naxazze vaCvenoT A TiTze moqmedi Zalebi: 

simZimis m g

 Zala da zambaris drekadi Zala ypF


. A sxeulTan 

davakavSiroT koordinatTa bunebrivi sistemis n RerZi da am 
RerZze gegmilebSi CavweroT wertilis dinamikis ZiriTadi 
gantoleba: 

  m a 1= mω1
2 l   =F1yp  - mgcosα, 

sadac   a 1= ω1
2 l  . 

 TiTis x  manZilze  gadaadgilebisas  

                 m a 2= mω2
2 l   =F2yp -  mgcosα, 

sadac   a 2= ω2
2 ( l +x) . 

 am SemTxvevaSi, zambarebSi warmoqmnili drekadi Zalebi iqneba: 

                    F1yp  =  mω1
2 l  + mgcosα,                                             (1) 

  F2yp =  mω2
2 ( l +x)  + mgcosα.                                     (2) 

 
 zambarebis sixistes ganvsazRvravT Semdegi pirobidan 

    F2yp -  F1yp = cx.                                                         (3) 
 CabvsvaT (1) da  (2) gamosaxulebebi  (3) gantolebaSi  da 
amovxsnaT  igi  c-s mimarT: 
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  c = 
x

lmxlm 2

1

2

2 )(  
 . 

 sadac   ω1 =
30

1n
,   ω2 =

30

2n
.  

 brunvaTa ricxvis 10% procentiT gazrdisas n2= n1+0,1n1 = 1,1 n1,       

amitom   ω2 =
30

1,1 1n
. 

 maSin c = 
x

xlnm
2

2

1

2

30

)21,121,0( 
= 

        = 
0045,0900

)0045,021,10085,021,0(150014,3225,0 22



  = 0,892   (n/m) 

 p a s u x i:  c = 89,2  n/sm. 
 
 
 
 
 

     
amocana  26. 34 

 

 m masis nivTieri wertili moZraobs elifsze  1
2

2

2

2


b

y

a

x . 

wertilis aCqareba y RerZis paraleluria. roca  t = 0, maSin 
wertilis koordinatebia x=0,  y=b, da wertilis sawyisi siCqarea 

0v . gansazRvreT Zala, romelic moqmedebs wertilze misi 

moZraobisas traeqtoriis yovel wertilSi. 
 a m o x s n a.  wertilis moZraobis gantolebidan 

ganvsazRvroT y:  
22 xa

a

b
y  .                            (1) 

 mxedvelobaSi miviRoT, rom  
dt

dx
= 0v , saidanac x = 0v t. 

CavsvaT x-is  mniSvneloba (1) gamosaxulebaSi: 

                  
22

0

2 tva
a

b
y  .                               (2) 

 (2) gamosaxuleba gavawarmooT orjer droTi: 



 45 

 y (
dt

d

dt

dy
 )22

0

2 tva
a

b
 = 

22

0

2

2

0

tvaa

tbv


 ; 

     (
dt

d
y 

22

0

2

2

0

tvaa

tbv


 ) 







)( 22

0

22

22

0

2

2

02

0

22

0

22

0

tvaa

tva

tv
tabvtvaabv

     

y
b

a
y

b

a
a

abv

tvatvaa

abv







2

2

2
2

32

0

22

0

222

0

22

32

0

)(

.
32

2

0

4

ya

vb
  

radganac wertils aqvs ya   aCqareba,  amitom 

            ymmaFy
 .

32

2

0

4

ya

vmb
  

p a s u x i:   yF .
32

2

0

4

ya

vmb
  

 
      
   
 
 

 amocana  26. 35 

 

 m masis burTula damagrebulia vertikalur drekad Reroze, 
romelic qveda boloTi CaWedebulia uZrav 
dgarze. Reros mcire gadaxrisas  mis 
vertikalur wonasworobis 
mdgomareobidan, SeiZleba miaxloebiT 
CavTvaloT, rom burTulis centri 
moZraobs horizontalur  0xy sibrtyeSi, 
romelic gadis burTulis cantris  zeda 
wonasworobis mdgomareobaSi. gansazRvreT 
Zalis cvlilebis kanoni, romliTac 
drekadi gaRunuli Rero moqmedebs 
burTulaze, Tu Tavis wonasworobis 
mdgomareobidan gamoyvanili, romelic 
miRebulia koordinatTa saTaved, burTula moZraobs  Tanaxmad 

gantolebebisa        x = a coskt,   y = b sinkt,   sadac a , b, k – mudmivi 
sidideebia. 
 
 a m o x s n a.   CavweroT wertilis dinamikis ZiriTadi 
gantoleba  x da y RerZebze gegmilebSi: 
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  mx′ ′  = Fx ,                                                                          (1) 

         my′ ′  = Fy .                                                                         (2) 

  

 vipovoT   x  da   y –s  meore  warmoebulebi: 

      x′ ′  =  - a k
2
coskt,                   (3) 

          y′ ′  =  -  b k
2
 sinkt .                 4) 

 (3) da (4) gamosaxulebebi CavsvaT (1) da (2)  gantolebebSi: 
 

  Fx =  - m a k
2
coskt , 

  Fy =  - m b k
2 
sinkt , 

aqdan 
     

,sincos 22222222222 rmkyxmkktbktamkFFF yx   

 

sadac   
22 yxr  .  

 

 p a s u x i:  rmkF 2   ,   sadac   22 yxr  . 
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27. moZraobis diferencialuri gantolebebi 
 

meToduri miTiTebani amocanebis 

amosaxsnelad 

 

 am paragrafis amocanebi miekuTvneba meore tipis amocanebs, 
rodesac xdeba nivTieri wertilis dinamikis meore ZiriTadi 
amocanebis amoxsna, romlis arsia wertilis moZraobis kanonis 
gansazRvra mocemuli ZaliT, masiT da moZraobis sawyisi pirobebiT. 
 moZraobis sawyisi pirobebi – es aris moZraobis dawyebis 
momentSi wertilis mdebareoba da siCqare, e. i. Tu moZraoba 
ganixileba dekartis koordinatTa sistemaSi, roca  t=0 mocemuli 
unda iyos wertilis koordinatebi:   x0, y0, z0, da sawyisi siCqaris 
gegmilebi sakoordinato RerZebze:  x′ 0, y′ 0, z′ 0. 
 aseTi amocanebis amoxsna daiyvaneba moZraobis 
diferencialuri gantolebebis Sedgenasa da maT amoxsnaze, aseve 
miRebuli Sedegebis analizze. 
 nivTieri wertilis moZraobis diferencialuri gantolebebis 
Sedgenis dros iyeneben dinamikis meore kanons. 
 miRebuli gantolebebis amoxsna xdeba an uSualo integrebiT, 
an diferencialur gantolebaTa Teoriis gamoyenebiT. 
 (ІX.3) da (ІX.4) gantolebebi warmoadgenen nivTieri wertilis 
moZraobis diferencialur gantolebebs Sesabamisad koordinatTa 
dekartis da bunebrivi sistemis RerZebze. (ІX.4) diferencialur 
gantolebebs iyeneben wertilis mrudwiruli moZraobisas, Tu 
cnobilia wertilis traeqtoria da misi simrudis radiusi, 
magaliTad wrewirze moZraobisas. 
 Tu moZraoba wrfivia, maSin adgenen erT diferencialur 
gantolebas im RerZze gegmilebSi, romelic mimarTulia moZraobis 
mxares. 
 sibrtyeze mrudwiruli moZraobisas adgenen or diferenci - 
alur gantolebas x da y RerZebze  gegmilebSi. vinaidan, wertilze 
moqmedi Zalebi SeiZleba iyvnen, rogorc mudmivi, aseve cvladebi, 

damokidebuli t  droze, v

 siCqareze da wertilis  r


 radius-

veqtorze, amitom )(vFF


  da )(rFF


  Zalebis koordinatTa 

RerZebze dagegmilebisas mxedvelobaSi unda miviRoT, rom 

   xF = І )(vF


І )^,cos( iv


, 

                yF = І )(vF


І )^,cos( jv


,                                     (27.1) 

sadac          )^,cos( iv


= 
22 yx

x

v

vx




 , 
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                                    )^,cos( jv


= 
22 yx

y

v

v y




 . 

 dauSvaT   vkF


 .  maSin  

                  Fx = - k v 
v

vx
 - k xv = -k x′  , 

                                Fy = - k v 
v

v y
 - k

yv = -k y′  .                (27.2)   

        (27.2) formulidan Cans, rom Tu F

 Zala proporciulia 

siCqaris kvadratis, an nebismieri, erTis aratoli xarisxisa, maSin 
Zalis gegmili RerZze damokidebuli iqneba or cvladze -  x′  da  y′ . 

  magaliTad, Tu wertilze moqmedebs siCqaris kvadratis 
proporciuli winaRobis Zala, maSin 

             Fx = - k v 2 
v

vx
 - k v xv = - k x′

22 yx  ,   

                Fy = - k v 2 
v

v y
 - k v

yv = -k y′  
22 yx  .               (27.3) 

   Tumca, moZraobis  diferencialuri gantolebis analizuri 
amoxsnis miReba  dekartis koordinatTa sistemis RerZebSi, 
romelSic Sevlen  Fx  an Fy  (27. 3) gamosaxulebis saxiT, 
SeuZlebelia; magaliTad, horizontisadmi raime kuTxiT gasrolili 
sxeulis moZraoba. 
 Tu sxeulis moZraobis diferencialur gantolebebs CavwerT 
koordinatTa bunebrivi sistemis RerZebSi, maSin, am SemTxvevaSi 
SeiZleba vipovoT analizuri damokidebuleba siCqarisa wertilis 
traeqtoriisadmi mxebis daxris kuTxesTan. Semdeg SevadgenT 
analizur damokidebulebas x da y koordinatebsa da  
traeqtoriaze moZraobis t drosTan, magram es dakavSirebulia 
mniSvnelovan maTematikur sirTuleebTan. 

          )(rFF


  ZalisaTvis koordinatTa RerZebze gegmilebi 

ganisazRvreba formulebiT: 

   xF = І )(rF


І )^,cos( ir


, 

                yF = І )(rF


І )^,cos( jr


,                                (27.4) 

 

sadac              )^,cos( ir


= 
r

x

r

rx  , 
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                                    )^,cos( jr


= 
r

y

r

ry
 .                            (27.4) 

 x  da  y  - radius-veqtoris gegmilebia koordinatTa RerZebze. 
       
      Tu wertilze moqmedebs raime uZravi centridan ukumbiZgebi 

Zala  rmkF


2 , maSin   

        Fx = F


)^,cos( ir


=  mrk 2
 
r

x
 = mk 2

x               

               Fy = F


)^,cos( jr


= mrk 2
 
r

y
 = mk 2

y .         (27.5) 

 
           am paragrafis amocanebis amoxsnis Tanamimdevroba: 
 
    1. avirCioT aTvlis sistema, koordinatTa RerZebis saTave 
SeuTavsoT wertilis sawyis mdebareobas da RerZebi mivmarToT 
wertilis moZraobis mxares.  
    2. gamovsaxoT moZravi wertilis nebismieri mdebareoba, magram 
ise, rom x > 0,  vx > 0 da a. S. 
    3. naxazze gamovsaxoT wertilze moqmedi aqtiuri Zalebi da 
bmis reaqcia, Tu wertili araTavisufalia.  
    4. zogadi saxiT CavweroT diferencialuri gantolebebi 
(gantoleba), gamovTvaloT koordinatTa RerZebze an RerZe (wrfivi 
moZraobis dros) yvela Zalis   gegmilebis jami da CavsvaT 
diferencialuri gantolebis marjvena mxares. amasTanave, 
aucilebelia yvela cvladi Zala gamovsaxoT im sidideebSi (t, x, an 
vx), romlebzec isinia damokidebuli. 
    5. diferencialuri gantolebebis integreba xdeba im meTodebiT, 
romlebic cnobilia umaRlesi maTematikis kursidan da 
damokidebulia miRebuli gantolebis marjvena mxaris saxeze. 
 Tu gantolebaSi araumetes ori cvladia, maSin SeiZleba is 
gavaintegroT cvladTa gancalebis meTodiT. amasTanave, meore 
rigis diferencialuri gantoleba aucilebelia warmovadginoT 
pirveli rigis diferencialuri gantolebis saxiT, Tu SemoviRebT 

Secvlas, magaliTad  x′ ′  
dt

xd 
  an  x″  =

dt

dvx
 da a. S.  

 maSin, nacvlad gantolebisa 
       mx′ ′  = ∑ Fkx , 

miviRebT gantolebas 

       m
dt

dvx
=  ∑ Fkx .                                 (27. 6) 
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 Tu  (27. 6)  gantolebis marjvena mxare Seicavs raime mudmiv 

Zalas, an  xv  siCqareze damokidebul Zalas, maSin ganto;lebis 

marjvena mxare unda CavTvaloT xv -s funqciad, e.i.   ∑ Fkx = Fx( xv ). 

 cvladTa gancalebis Semdeg (27. 6) gantoleba miiRebs Semdeg 
saxes                                    

                            
m

dt

vF

dv

xx

x 
)(

.                 (27. 7) 

 (27.7) gantolebis integrirebiT, vipoviT xv = f1(t, C1). Semdeg xv -

s warmovadgenT aseTi saxiT 

         xv  = 
dt

dx
 f 1(t,C1), 

 kvlav ganvacalebT cvladebs da vaintegrebT, miviRebT 
 

           x =  f (t ,C1 ,C2),  

sadac  C1, C2 - integrebis mudmivebia.  
       integrirebis mudmivebi ganisazRvrebian moZraobis sawyisi 
pirobebis gaTvaliswinebiT. (27. 7) gantolebis amoxsna saSualebas 
iZleva agreTve vipovoT  t  dro, romlis ganmavlobaSc icvleba 
nivTieri wertilis moZraobis siCqare  v 0 -dan  v -mde, amitom   (27. 
6) gantolebaSi movaxdenT cvladTa Semdeg Secvlas: 

                     
dx

dv
mv

dx

dx

dt

dv
m

dt

dv
m x

x
xx  .         (27. 8) 

 aseTive Secvlas SemoviRebT im diferencialuri gantolebis 
integrirebisas, romlis marjvena mxare Seicavs Zalas, romelic 
damokidedebulia x koordinatze nebismier xarisxSi. 
 nivTieri wertilis moZraobis diferencialuri gantolebis 
cvladTa gancalebis meTodiT amoxsnisas integrirebis mudmivebis 
Semotanis magivrad SeiZleba tolobis orive mxares aviRoT 
gansazRvruli integrali integrirebis Sesabamisi sazRvrebiT. 
 zogjer, moZraobis diferencialuri gantolebebis amoxsna 
mosaxerxebelia diferencialuri gantolebebis Teoriis 
gamoyenebiT. 
 6. diferencialuri gantolebis amoxsnisas, aucilebelia 
Sesruldes Sesabamisi gardaqmnebi da miviRoT saZebni sidideebis 
zogadi saxis gamosaxuleba. Semdeg saWiroa SevamowmoT miRebuli 
Sedegis samarTlianoba ganzomilebaTa  daTvliT. 
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                 wrfivi  moZraoba 

 
                  Aamocanebi da amoxsnebi 

 
 

                        A  Aamocana  27. 1 

 

SaxtSi vardeba qva sawyisi siCqaris gareSe. Saxtis Zirze qvis 
dacemi xma gaisma misi vardnis dawyebis momentidan 6,5 wm-s Semdeg. 
xmis siCqarea 330 m/wm. gaigeT Saxtis siRrme. 
 
a m o x s n a. miviRoT qva nivTier wertilad da SevadginoT 

simZimis m g


 Zalis moqmedebiT misi moZraobis diferencialuri 

gantoleba x RerZze gegmilebSi (ix. naxazi): 
  mx″  =  mg, 

anu              x″  = g . 

am gamosaxulebis orjer integrirebiT 
miviRebT 

  x = 
2

2gt
  C 1t  + C 2 . 

 integrebis mudmivebs ganvsazRvravT moZraobis sawyisi 
pirobebis gaTvaliswinebiT:  roca t = 0, maSin  x0=0,  x′0 = 0. amitom   

C1=0,   C2 = 0. 
 maSasadame, qvis moZraobis kanonia 

   x = 
2

2gt
. 

 Qqvis dacemis momentisaTvis  x = h,   t = t1,  e. i. 

    h = 
2

2

1gt
,                               (1) 

sadac  h  Saxtis siRrmea,  t1 – qvis vardnis dro. 
 Mmeores mxriv  
                 h = v x t2 , 

  sadac  v x  - bgeris siCqarea,  t2 – Saxtis Zirze qvis dacemiT 
gamowveuli bgeris mier ganvlili dro. 
 radganac saerTo dro  tsr = t1 + t2 , amitom  t2 =  tsr - t1 .    maSin  

    
2

2

1gt
= v x (tsr- t1) t1

2 + 0
22

1 
g

tv
t

g

v cbb
 

 Tu am kvadratul gantolebas amovxsniT t1–is mimarT, miviRebT 
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                 t1 = 
g

tv

g

v

g

v cbbb 2
2

2

 . 

 SevitanoT t1-s  es mniSvneloba (1) formulaSi, miviRebT 

   175)
8,9

330

8,9

5,63302

8,9

330
(

2

8,9
)

2
(

2

2

2

2
2

2

2





g

v

g

tv

g

vg
h bcbb m. 

  
  p a s u x i: 175 m. 
  
 

                         amocana  27. 2 

  
 mZime sxeuli eSveba horizontisadmi 300 kuTxiT daxril gluv 
sibrtyeze. GgansazRvreT, ra droSi gaivlis sxeuli 9,6 m manZils, 
Tu sawyis momentSi misi siCqare iyo 2 m/wm. 
 
a m o x s n a. miviRoT mZime sxeuli nivTier wertilad da 
SevadginoT misi moZraobis diferencialuri 
gantoleba x RerZze gegmilebSi (ix. naxazi): 
                  mx″  =  mg sinα . 
 

anu                   x″  = g sinα. 
          am gamosaxulebis integrirebiT 
moZraobis sawyisi pirobebis 
gaTvaliswinebiT:  roca t = 0, maSin  x0=0,   

x′0 = v 0.      miviRebT  x′  = g t sinα. 

         x = 
2

2gt
 sinα. + v 0 t . 

 anu           0
sin

2

sin

2 02 
 g

x

g

tv
t . 

amovxsnaT es vadratuli gantoleba da gamovTvaloT dro, romlis 
ganmavlobaSic sxeuli gaivlis 9,6 m manZils: 
 

   61,1)1
2

5,08,96,92
1(

5,08,9

2
)1

sin2
1(

sin 22

0

0 






v

xg

g

v
t




 (wm). 

 
p a s u x i: 1, 61  wm. 
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amocana  27. 3 

 

  qvemexidan gasrolisas Wurvi gamovardeba horizontaluri 
siCqariT 570 m/wm. Wurvis masaa 6 kg. ra sididisaa denTis gazis 
saSualo wneva, Tu Wurvi qvemexis SigniT gadis 2 m? ra drois 
ganmavlobaSi moZraobs Wurvi qvemexis lulaSi, Tu CavTvliT, rom 
gazis wneva mudmivia? 
 
 a m o x s n a. miviRoT Wurvi nivTier wertilad, SevadginoT 
misi lulaSi moZraobis diferencialuri gantoleba x RerZze 
gegmilebSi (ix. naxazi): 
                  mx″  =  P, 
sadac  P=const – denTis gazis saSualo wnevaa. 

 Aam gantolebis integrirebiT moZraobis sawyisi pirobebis 
gaTvaliswinebiT:  roca t = 0, maSin  
x0=0, x′0 =0.  miviRebT 

   x′  = 
m

P
t , 

                 x = 
m

t
P

2

2

. 

 Wurvis gamovardnis momentSi   

             x′ = v =570 m/wm, x = l  = 2m. 
       amovxsnaT gantolebaTa sistema: 

  














m

t
Pl

t
m

p
v

2

,

2  

              

 Aaqedan    P = 
t

mv
,   

2

vt
l  . 

 maSin           P =
007,0

5706  51088,4   (n), 

             t =
570

222 


v

l
=0,007 (wm). 

 

 p a s u x i:  P 51088,4  n;  t = 0,007  wm.  
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                       amocana  27. 4 

 

 m masis sxeulma miRebuli biZgis Sedegad aragluv 

horizontalur sibrtyeze 5 wm-Si gaiara s = 24,5 m manZili da 

gaCerda.  gansazRvreT xaxunis koeficienti f . 

 a m o x s n a. miviRoT sxeuli nivTier wertilad da 

ganvixiloT misi moZraoba masze moqmedi simZimis m g

 ZaliT, 

xaxunis F


x ZaliT da normaluru N

 reaqciiT  (ix. naxazi). 

 mivmarToT x RerZi sxeulis moZraobis mimarTulebiT da 
SevadginoT misi moZraobis diferencialuri gantolebebi x da y 
RerZebze gegmilebSi (ix. naxazi): 

                     mx = Σ Fkx, = - Fx , 

                    my = Σ Fky, = N – mg . 

 vinaidan y= 0,  amitom   N = mg,   maSin   Fx = fN f mg .  

            

                maSasadame       mx = - f mg , 

        x = - f  g , 

anu     
dt

dv
= - f  g . 

 cvladTa gancalebisa da saTanado 
sazRvrebSi  integrirebis Sedegad gveqneba 

       

t

v

dtfgdv
0

0

,   fgtv   ,  anu    fgt
dt

dx
 .  

Aaqedan                  

ts

tdtfgdx
00

,   

miviRebT               
2

2t
fgs  , 

saidanac             2,0
258,9

25,242
2







gt

s
f . 

 

p a s u x i: f = 0,2. 
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amocana  27. 5 

 

 ra droSi da ra manZilze SeiZleba tramvais vagonis gaCereba 
muxruWiT, Tu igi midioda horizontalur gzaze 10 m/wm siCqariT, 
damuxruWebisas, moZraobisadmi ganviTarebuli winaRoba Seadgens 
vagonis wonis 0,3. 
   a m o x s n a. miviRoT tramvais vagoni nivTier wertilad da 

ganvixiloT misi moZraoba masze moqmedi simZimis m g

 ZaliT, 

winaRobis R

 ZaliT da normaluri N


 reaqciiT  (ix. naxazi). 

 mivmarToT x RerZi tramvais moZraobis mimarTulebiT da 
CavweroT vagonis moZraobis diferencialuri gantoleba x RerZze 

gegmilebSi:               mx = Σ Fkx, = -R , 

                                                         mx =  - 0,3 mg, 
        x = - 0,3 g . 

 SevcvaloT    x =  
dt

dv
 , ganvacaloT 

cvladebi da vaintegroT Sesabamis 

sazRvrebSi:   

v

v

t

dtgdv

0 0

3,0 , 

Aaqedan              .3,00 gtvv                             (1) 

  vinaidan, gzis bolos  siCqare  ,0v  amitom 

                  4,3
8,93,0

10

3,0

0 



g

v
t  (wm). 

 SevcvaloT v
dt

dx
, maSin (1) gamosaxulebidan miviRebT           

                    
dt

dx
= .3,00 gtv   

cvladTa gancalebisa da saTanado sazRvrebSi integrirebis 

Sedegad gveqneba    

4,3

0

4,3

0

0

0

3,0 gtdtdtvdx

s

. 

   17
2

4,3
8,93.04.310

2
3,0

2
4,3

0

2
4,3

00 
t

gtvs  (m) 

 

p a s u x i:  t = 3,4 wm;   s = 17 m. 
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                     amocana  27. 6 

  

 sagoravis winaRoba pirveli miaxloebiT CaTvaleT mudmivad da 
gansazRvreT savele qvemexis lulis gadagorebis xangrZlivoba, Tu 
gadagorebis sawyisi siCqarea 10 m/wm, xolo gadagorebis saSualo 
sigrZea 1 m. 
  
   a m o x s n a. miviRoT sagoravi nivTier wertilad da 

ganvixiloT misi moZraoba masze moqmedi simZimis m g

 ZaliT, 

winaRobis cF


 ZaliT da normaluri N

 reaqciiT  (ix. naxazi). 

 mivmarToT x RerZi moZraobis mimarTulebiT da CavweroT 
sagoravis moZraobis diferencialuri gantoleba x RerZze 
gegmilebSi:       

                           mx = Σ Fkx, = -Fc ,            (1) 

sadac    Fc = const. 

SevcvaloT     x =  
dt

dv
 , maSin (1) gantoleba miiRebs aseT saxes                

                    
m

F

dt

dv c . 

 ganvacaloT cvladebi da vaintegroT Sesabamis sazRvrebSi:  

                 
 

v

v

t

c dt
m

F
dv

0 0

, 

Aaqedan               .0 t
m

F
vv c                            

 vinaidan    v
dt

dx
,     gveqneba         

                       
dt

dx
 .0 t

m

F
v c  

cvladTa gancalebisa da saTanado sazRvrebSi integrirebis 

Sedegad gveqneba       
 

t

c

ts

tdt
m

F
dtvdx

00

0

0

, 

saidanac  s = v0t 
m

tFc

2

2

 . 

roca  v0 = 10 m/wm, gadagorebis sigrZea  s= 1 m,  e. i. 
           1=10 t – 5 t.        aqedan   t = 0,2 wm. 

 
p a s u x i:  0,2 wm. 
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                         amocana  27. 7 

 
 mZime wertili adis horizontisadmi α = 300 kuTxiT daxril 

aragluv sibrtyeze. sawyis momentSi wertilis siCqare iyo   0v =15 

m/wm.  xaxunis koeficienti f = 0,1.  ra manZils gaivlis wertili 

gaCerebamde? ra droSi gaivlis wertili am manZils? 
  
a m o x s n a.  ganvixiloT mZime M wertilis moZraoba masze 

moqmedi simZimis m g

 ZaliT, xaxunis cF


 ZaliT da normaluri N


 

reaqciiT  (ix. naxazi). 
 SevadginoT M wertilis moZraobis diferencialuri 
gantolebebi x da y RerZebze gegmilebSi da mivmarToT x RerZi 
sxeulis moZraobis mimarTulebiT (ix. naxazi): 

             mx = Σ Fkx, = - mgsinα  -  Fx ,                      (1) 

    my = Σ Fky, = N – mgcosα .                 (2) 

    vinaidan y= 0,   amitom (2) gantolebidan 
                             N = mgcosα. 

    maSin       Fx= fN f mgcosα 

da  (1)  gantoleba miiRebs aseT saxes                   

       mx  = - mgsinα  - f mgcosα  ,                   

anu 
dt

dv
=-g(sinα+ f cosα).          (3) 

ganvacaloT cvladebi da vaintegroT (3) Sesabamis sazRvrebSi:  

                  

v

v

t

dtfgdv

0 0

)cos(sin  , 

Aaqedan               .)cos(sin0 tfgvv     

vinaidan  v = 0,  da 0v =15 m/wm. 

amitom        61,2
)0866,05,0(8,9

15

)cos(sin

0 






 fg

v
t  (wm). 

Gganvlili manZilis gansazRvrisaTvis (3) ase CavweroT 

      
dx

dx

dt

dv
   

dx

dv

dt

dx

dx

dv
v  = - g(sinα + f cosα).  

  ganvacaloT cvladebi da vaintegroT x  cvladiT Sesabamis 

sazRvrebSi:       

v

v

vdv

0

 - g(sinα + f cosα) 
s

dx
0

. 

radganac  ,0v  amitom miviRebT 
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         
2

2

0v
 - g(sinα + f cosα)s. 

aqedan 57,19
)0866,05,0(8,92

15

)cos(sin2

22

0 






 fg

v
s  (m)                 

     p a s u x i:  s = 19,57 m;   t =2,61 wm. 
 
 

                         amocana  27. 8 

 

 wrfiv rkinigzaze, romelic daxrilia α=100 kuTxiT, vagoni 
migoravs mudmivi siCqariT. CaTvaleT xaxunis winaRoba normaluri 
wnevis proporciulad da gansazRvreT vagonis aCqareba da siCqare 
moZraobis dawyebidan 20 wm-s Semdeg, Tu man moZraoba daiwyo 
sawyisi siCqaris gareSe β=150 gradusiT daxril gzaze. gansazRvreT 
agreTve, ra manZili gaiara vagonma am droSi. 
 

   a m o x s n a. miviRoT vagoni 
nivTier wertilad da ganvixiloT 
misi moZraoba gzis AB ubanze masze 

moqmedi simZimis m g

 ZaliT,  xaxunis 

xF1


ZaliT da sayrdenis normaluri 

N


1 reaqciiT  (ix. naxazi). 
 mivmarToT x1 RerZi vagonis 
moZraobis mimarTulebiT da CavweroT vagonis moZraobis 

diferencialuri gantoleba x1 RerZze gegmilebSi:               mx1 = Σ Fkx1  , 

   anu     m gsinα  - f mgcosα = 0,     (1) 
radganac amocanis pirobis Tanaxmad gzis AB ubanze x1 = 0.      

 (1)  gantolebidan   f 



tg

cos

sin
 

 Semdeg SevadginoT gzis  BC ubanze nivTieri wertilis 

moZraobis diferencialuri gantoleba masze moqmedi simZimis m g

 

ZaliT, xaxynis TpF


 ZaliT da sayrdenis normaluri N

 reaqciiT  x  

RerZze gegmilebSi 

                     mx = Σ Fkx, 

anu 

         x = g(sinβ - f cosβ), 

       
dt

dv
 g(sinβ - f cosβ).            (2) 
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   aCqareba 
dt

dv
a  , amitom (2)  formulis Tanaxmad 

           a  g(sinβ - f cosβ) =  g(sinβ –tgα cosβ) = 

            = 













cos

)sin(

cos

cossincossin
gg   

            867,
9848,0

0872,0
8,9

10cos

5sin
8,9

0

0

o  (m/wm2 ).   

ganvacaloT cvladebi da vaintegroT (2) gantoleba Sesabamis 

sazRvrebSi: 00 v ,   t =20 wm,  

                 

v

v

t

dtfgdv

0 0

cos(sin  , 

Aaqedan   

 v  g(sinβ –tgα cosβ)t 




cos

)sin( 
 g t =0,867·20 = 17,35 (m/wm).   

 ganvlili manZilis gamosaTvlelad movaxdinoT Casma v =
dt

dx
 , 

maSin                 
dt

dx
= g(sinβ –tgα cosβ)t.   

 ganvacaloT cvladebi da vaintegroT: 

   

s

dx
0

 g(sinβ –tgα cosβ) 
t

tdt
0

. 

Aqedan s =g(sinβ –tgα cosβ)
2

2t





cos

)sin( 
 g

2

2t
= 0,867· 

2

202

173,5 (m). 

 

  p a s u x i:  a




cos

)sin( 
 g =0,867 m/wm2; v = 17,35 m/wm; S=173,5 m. 

 
 

     amocana  27. 9 

 

    ipoveT 10 kg masis r = 8 sm radiusis burTulas 
vardnis udidesi siCqare, Tu CavTvliT, rom haeris 

winaRoba  R=kσν
2,

,  sadac  v  - moZraobis siCqarea, ς – 
sxeulis moZraobis marTobul sibrtyeze sxeulis 
gegmilis farTobi, k – ricxviTi koeficienti, 
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damokidebuli sxeulis formaze da burTulisaTvis misi 
mniSvnelobaa  0,24 n· wm2/m4 . 
 a m o x s n a. miviRoT burTula nivTier wertilad da ganvixiloT 

misi moZraoba masze moqmedi simZimis m g

 ZaliT da winaRobis R


 

ZaliT (ix. naxazi). mivmarToT x RerZi wertilis moZraobis 
mimarTulebiT,  e.i. vertikalurad qvemoT da CavweroT misi 
moZraobis diferencialuri gantoleba x  RerZze gegmilebSi:                 

                                              mx1 = Σ Fkx , 

   anu 

          mx = m g – R = mg - k σ ν2 ,  

SemoviRoT Secvla    x =  
dt

dv
 ,   

 maSin   m 
dt

dv
 = mg - k σ ν2 . 

rodesac    
dt

dv
= 0   (siCqarisaTvis eqstremumis piroba) miviRebT 

         5,142
08,014,324,0

8,910
2max 






k

mg
v  (m/wm) 

p a s u x i:  maxv = 142,5  m/wm. 

 
 

                          amocana  27. 10 

 

 ori geometriulad toli da 
erTgvarovani burTula damzadebulia 
sxvadasxva masalisgan. burTulebis 
masalebis simkvrive Sesabamisad aris Υ1   

da  Υ2. orive burTula haerSi vardeba. 
CaTvaleT garemos winaRoba siCqaris 
kvadratis proporciuli da gansazRvreT 
burTulebis maqsimalur siCqareTa 
fardoba. 
 
 
  a m o x s n a. miviRoT burTulebi nivTier wertilad da 

ganvixiloT TiToeulis moZraoba masze moqmedi simZimis m1 g


1  da  

m2 g


2 ZalebiT da winaRobis 1R = 
2

1v  da 2R = 
2

2v   ZaliT       (ix. 

naxazi). mivmarToT x RerZi vertikalurad qvemoT da CavweroT 
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burTulebis moZraobis diferencialuri gantolebebi x RerZze 
gegmilebSi:   
 pirveli burTulisaTvis 

       gm
dt

dv
m 1

1
1 1R , 

sadac             gm1

3

1
3

4
rg


 ,   1R = 

2

1v  ;         

      meore burTulasaTvis 

             gm
dt

dv
m 2

2
2 2R ,                  (2) 

sadac             gm2

3

2
3

4
rg


 ,   2R = 

2

2v . 

 

     roca  01 
dt

dv
 da  02 

dt

dv
 (siCqarisaTvis eqstremumis 

piroba)   (1)  da  (2) gantolebebi miiReben Semdeg saxes 

  0 =
3

1
3

4
rg


  

2

max1v , 

  0 = 3

2
3

4
rg


 2

max2v . 

 Aaqedan     

2

1

max2

max1






v

v
. 

 

 p a s u x i:    

2

1

max2

max1






v

v
. 

 

          amocana  27. 11 

 

  90 kg masis moTxilamure 450–iT daxril ferdobze 
Cqarosnuli daSvebisas misrialebda joxebis 
gamouyeneblad. Txilamurebis Tovlze xaxunis 

koeficienti f = 0,1. moTxilamuris moZraobisas 

haeris winaRoba proporciulia moTxilamuris 
siCqaris kvadratisa da 1 m/wm siCqaris dros 0,635 
n-is tolia. ra udidesi siCqaris ganviTareba 
SeuZlia moTxilamures? ramdenad gaizrdeba 



 62 

maqsimaluri siCqare, Tu moTxilamure sacxis gaumjosebis Sedegad 
xaxunis koeficients Seamcirebs 0,05 –de? 
 
 
 a m o x s n a. miviRoT moTxilamure nivTier wertilad da 

ganvixiloT misi moZraoba masze moqmedi simZimis m g

 ZaliT . 

xaxunis TpF


 ZaliT, haeris  winaRobis R

 ZaliT da normaluri  

reaqciiT N

. mivmarToT x RerZi moTxilamuris moZraobis 

mimarTulebiT,  e. i. ferdobze qvemoT (ix. naxazi) da CavweroT 
moTxilamuris moZraobis diferencialuri gantoleba x  RerZze 
gegmilebSi:                 

                      mx = Σ Fkx , 
   anu 

   m
dt

dv
 = m gsin45

0
 – R – FTp ,                  (1) 

sadac  R = 0,635 2v ; 

                    FTp = f N.                                          (2) 
 CavweroT moTxilamuris moZraobis diferencialuri gantoleba 
y  RerZze gegmilebSi: 
       my = N – mgcosα . 

 vinaidan   y = 0,   miviRebT 
    0 = N – mgcosα, 
    N =  mgcosα,  
  (2) formulis Tanaxmad  

    FTp = f  mgcosα.                                                                    (3) 

 (3)–is gaTvaliswinebiT (1) gantoleba miiRebs aseT saxes 

  m
dt

dv
 = m gsin45

0
 – 0,635

2v - f  mgcos450.  

 rodesac  
dt

dv
= 0  (siCqarisaTvis eqstremumis piroba),  miviRebT 

  73,298,883
635,0

7071,0)1,01(8,990

635,0

45cos)1( 0

1
max1 







fmg
v (m/wm), 

  55,309,932
635,0

7071,0)05,01(8,990

635,0

45cos)1( 0

2

max2 






fmg

v (m/wm). 

   p a s u x i:   73,29max1 v  m/wm;  

                  siCqare gaizrdeba  55,30max2 v  m/wm – de. 
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 amocana  27. 9 

 

    ipoveT 10 kg masis r = 8 sm radiusis burTulas 
vardnis udidesi siCqare, Tu CavTvliT, rom haeris 

winaRoba  R=kσν
2,

,  sadac  v  - moZraobis siCqarea, ς – 
sxeulis moZraobis marTobul sibrtyeze sxeulis 
gegmilis farTobi, k – ricxviTi koeficienti, 
damokidebuli sxeulis formaze da burTulisaTvis misi 
mniSvnelobaa  0,24 n· wm2/m4 . 
 a m o x s n a. miviRoT burTula nivTier wertilad da 

ganvixiloT misi moZraoba masze moqmedi simZimis m g

 

ZaliT da winaRobis R

 ZaliT (ix. naxazi). mivmarToT x RerZi 

wertilis moZraobis mimarTulebiT,  e.i. vertikalurad qvemoT da 
CavweroT misi moZraobis diferencialuri gantoleba x  RerZze 
gegmilebSi:                 

                                              mx1 = Σ Fkx , 

   anu 

          mx = m g – R = mg - k σ ν2 ,  

SemoviRoT Secvla    x =  
dt

dv
 ,   

 maSin   m 
dt

dv
 = mg - k σ ν2 . 

rodesac    
dt

dv
= 0   (siCqarisaTvis eqstremumis piroba) miviRebT 

         5,142
08,014,324,0

8,910
2max 






k

mg
v  (m/wm) 

p a s u x i:  maxv = 142,5  m/wm. 

 
 

                          amocana  27. 10 

 

 ori geometriulad toli da 
erTgvarovani burTula damzadebulia 
sxvadasxva masalisgan. burTulebis 
masalebis simkvrive Sesabamisad aris Υ1   da  
Υ2. orive burTula haerSi vardeba. CaTvaleT 
garemos winaRoba siCqaris kvadratis 
proporciuli da gansazRvreT burTulebis 
maqsimalur siCqareTa fardoba. 
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  a m o x s n a. miviRoT burTulebi nivTier wertilad da 

ganvixiloT TiToeulis moZraoba masze moqmedi simZimis m1 g


1  da  

m2 g


2 ZalebiT da winaRobis 1R = 
2

1v  da 2R = 
2

2v   ZaliT       (ix. 

naxazi). mivmarToT x RerZi vertikalurad qvemoT da CavweroT 

burTulebis moZraobis diferencialuri gantolebebi x RerZze 
gegmilebSi:   
 pirveli burTulisaTvis 

       gm
dt

dv
m 1

1
1 1R , 

sadac             gm1

3

1
3

4
rg


 ,   1R = 

2

1v  ;         

      meore burTulasaTvis 

             gm
dt

dv
m 2

2
2 2R ,                  (2) 

sadac             gm2

3

2
3

4
rg


 ,   2R = 

2

2v . 

 

     roca  01 
dt

dv
 da  02 

dt

dv
 (siCqarisaTvis eqstremumis 

piroba)   (1)  da  (2) gantolebebi miiReben Semdeg saxes 

  0 =
3

1
3

4
rg


  

2

max1v , 

  0 = 3

2
3

4
rg


 2

max2v . 

 Aaqedan     

2

1

max2

max1






v

v
. 

 

 p a s u x i:    

2

1

max2

max1






v

v
. 
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 amocana  27. 11 

 

  90 kg masis moTxilamure 450–iT daxril ferdobze 
Cqarosnuli daSvebisas misrialebda joxebis gamouyeneblad. 

Txilamurebis Tovlze xaxunis koeficienti f = 0,1. moTxilamuris 

moZraobisas haeris winaRoba proporciulia moTxilamuris siCqaris 
kvadratisa da 1 m/wm siCqaris dros 0,635 n-is tolia. ra udidesi 
siCqaris ganviTareba SeuZlia moTxilamures? ramdenad gaizrdeba 
maqsimaluri siCqare, Tu moTxilamure sacxis gaumjosebis Sedegad 
xaxunis koeficients Seamcirebs 0,05 –de? 
 
 
 a m o x s n a. miviRoT moTxilamure nivTier 
wertilad da ganvixiloT misi moZraoba masze 

moqmedi simZimis m g

 ZaliT . xaxunis TpF


 ZaliT, 

haeris  winaRobis R

 ZaliT da normaluri  

reaqciiT N

. mivmarToT x RerZi moTxilamuris 

moZraobis mimarTulebiT,  e. i. ferdobze qvemoT 
(ix. naxazi) da CavweroT moTxilamuris moZraobis 
diferencialuri gantoleba x  RerZze gegmilebSi:                 

                                           mx = Σ Fkx , 
   anu 

   m
dt

dv
 = m gsin45

0
 – R – FTp ,     (1) 

sadac  R = 0,635 2v ; 

       FTp = f N.                                       (2) 
 CavweroT moTxilamuris moZraobis diferencialuri gantoleba 
y  RerZze gegmilebSi: 
       my = N – mgcosα . 

 vinaidan   y = 0,   miviRebT 
    0 = N – mgcosα, 
    N =  mgcosα,  
  (2) formulis Tanaxmad  

    FTp = f  mgcosα.              (3) 

 (3)–is gaTvaliswinebiT (1) gantoleba miiRebs aseT saxes 

  m
dt

dv
 = m gsin45

0
 – 0,635

2v - f  mgcos450.  

 rodesac  
dt

dv
= 0  (siCqarisaTvis eqstremumis piroba),  miviRebT 
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  73,298,883
635,0

7071,0)1,01(8,990

635,0

45cos)1( 0

1
max1 







fmg
v (m/wm), 

  55,309,932
635,0

7071,0)05,01(8,990

635,0

45cos)1( 0

2

max2 






fmg

v (m/wm). 

   p a s u x i:   73,29max1 v  m/wm;  

                  siCqare gaizrdeba  55,30max2 v  m/wm – de. 

 
 
    amocana  27. 12 
 
   gems moZraobisas uxdeba wylis winaRobis gadalaxva, 
romelic siCqaris kvadratis proporciulia da 1 m/wm siCqariT 
moZraobisas 1200 n-s tolia. xraxnis bjenis Zala mimarTulia 

moZraobis siCqarisken da icvleba T = 12·105 ·(1 
33

v
 ) n kanoniT, 

sadac  v  - gemis siCqarea, gamosaxuli m/wm-Si. gansazRvreT udidesi 
siCqare, romlis ganviTarebac SeuZlia gems. 

 
  a m o x s n a. miviRoT gemi nivTier wertilad da ganvixiloT 

misi moZraoba, masze moqmedi simZimis m g

 ZaliT, wylis  winaRobis 

R

 ZaliT, xraxnis sabjenis T


 ZaliT da amomgdebi F


 ZaliT (ix. 

naxazi).  
       mivmarToT x RerZi gemis moZraobis mimarTulebiT, da 
CavweroT gemis moZraobis diferencialuri gantoleba x  RerZze 
gegmilebSi:                 

                                           mx = Σ Fkx , 

   anu       m
dt

dv
 = T – R,  

sadac  R = μ
2v ,  μ =1200 n·wm2/m2 . 

 maSin  m
dt

dv
 = 12·105 (1 _ 

33

v
) _1200

2v .  

   Aaqedan, rodesac    
dt

dv
= 0  (siCqarisaTvis 

eqstremumis piroba) miviRebT  ,010003,30 max

2

max  vv  

    100057,22915,15maxv 20 (m/wm). 
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  p a s u x i:   20max v m/wm; 

                      amocana  27. 13 
 
    TviTmfrinavi mifrinavs horizontalurad. haeris winaRobis 
Zala siCqaris kvadratis proporciulia da 1 m/wm siCqariT 
moZraobisas 0,5 n-s tolia. wevis Zala mudmivia, 30760 n-s tolia da 
frenis mimarTulebasTan adgens 100 kuTxes. gansazRvreT 
TviTmfrinavis udidesi siCqare. 
 
  a m o x s n a. miviRoT TviTmfrinavi nivTier wertilad da 

ganvixiloT misi moZraoba masze moqmedi simZimis m g

 ZaliT, 

winaRobis R

 ZaliT, wevis T


 ZaliT (ix. naxazi).  

       mivmarToT x RerZi TviTmfrinavis moZraobis mimarTulebiT, da 
CavweroT moZraobis diferencialuri gantoleba x  RerZze 
gegmilebSi:                 

                   mx = Σ Fkx , 

   anu    m
dt

dv
 = Tcos100 – R,  

sadac  R = μ
2v ,  μ = 0,5 n·wm2/m2 . 

 maSin  m
dt

dv
 = 30 760cos100 - 0,5

2v .  

   Aaqedan, rodesac    
dt

dv
= 0  

(siCqarisaTvis eqstremumis piroba) 

      0 = 30 760 100 - 0,5
2

maxv .  

   246
5,0

9848,030760
max 


v  (m/wm).  

 

    p a s u x i:   246max v  m/wm; 

 
                 

                       amocana  27. 14 
 

 
410  kg masis TviTmfrinavi TxilamurebiT eSveba miwis 

horizontalur velze.  mfrinavs TviTmfrinavi mihyavs zedapirTan 
dajdomis momentSi vertikaluri siCqarisa da vertikaluri 
aCqarebis gareSe.N TviTmfrinavis Sublis winaaRmdedobis Zala 
siCqaris kvadratis proporciulia da 1 m/wm siCqariT moZraobisas 
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10 n-s tolia. amwevi Zala siCqaris kvadratis proporciulia da 1 
m/wm siCqariT moZraobisas 30 n-s tolia. gansazRvreT TviTmfrinavis 
gaCerebamde garbenis manZili da dro, Tu xaxunis koeficientia 

f =0,1. 

 
  a m o x s n a. miviRoT TviTmfrinavi nivTier wertilad da 

ganvixiloT misi moZraoba masze moqmedi simZimis m g

 ZaliT, 

winaRobis R

 ZaliT, xaxunis TpF


FZaliT, amwevi Q


 ZaliT da 

normaluri  N

 reaqciiT  (ix. naxazi).  Aam SemTxvevaSi 

                         R = μ
2v , 

sadac μ = 10 n·wm2/m2;   FTp  = f N;   Q= 2v , sadac   =30 n·wm2/m2. 

        CavweroT TviTmfrinavis moZraobis diferencialuri 
gantoleba x  da  y  RerZebze gegmilebSi:                 

                                  mx = - R – FTp              (1) 

                                                                            my =  N +Q – mg.       (2) 

   (2)  gantolebidan 
   0 =  N +Q – mg. 

    N = mg - Q = mg - 30
2v . 

maSin 

        FTp  = f N = f ( mg - 30
2v ). 

     (1) gsntoleba miiRebs aseT saxes 

 m
dt

dv
 = -10

2v - f ( mg - 30
2v ).         (3) 

   dedamiwaze dajdomis siCqares ganvsazRvravT pirobidan  N = 0, 

maSin 

        mg - 30
2
0v = 0,     

2v
30

mg
 . 

 TviTmfrinavis gaCerebamde garbenis manZilis mosaZebnaT (3) 
gantoleba ase CavweroT: 

      m 
dt

dv

dx

vdv
m

dx

dv

dt

dx
m

dx

dx
  = -10

2v - f ( mg - 30
2v ); 

 am gamosaxulebaSi ganvacaloT cvladebi da vaintegroT 
Sesabamis sazRvrebSi: 

   


0

7

0

2

1,0v m
v g

vdv
 =  - 

s

dx
0

, 

miviRebT  860)
3

7
1ln(

72

101 4





S  (m). 
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     TviTmfrinavis gaCerebamde garbenis drois mosaZebnaT 
vaintegroT (3) gantoleba. 
 

                 


0

7

0

2

1,0v m
v g

dv
 =  - 

T

dt
0

, 

saidanac   
8,37

3

7

14007

101

1.0

7

7

1,0
7

4

0 


 arctg
mg

arctgv
mg

m
T

  

 

p a s u x i:  S = 860 m;    T = 37,8 wm. 
 
 
    amocana  27. 15 

 
 TviTmfrinavi iwyebs pikirebas sawyisi vertikaluri 
siCqaris gareSe. haeris winaRobis Zala siCqaris kvadratis 
proporciulia. gansazRvreT damokidebuleba aRebul 
momentSi vertikalur siCqaresa, ganvlil manZilsa da 
pikirebis maqsimalur siCqares Soris. 
  a m o x s n a. miviRoT TviTmfrinavi nivTier wertilad 

da ganvixiloT misi moZraoba masze moqmedi simZimis m g

 

ZaliT da  winaRobis R

 ZaliT.  (ix. naxazi).  A  

mivmarToT x RerZi TviTmfrinavis pikirebis mimarTulebiT, da 
CavweroT moZraobis diferencialuri gantoleba x  RerZze 
gegmilebSi:                 

                                           mx = Σ Fkx , 

   anu       m
dt

dv
 = mg – R,  

sadac  R = α
2v . 

   A rodesac  
dt

dv
= 0  (siCqarisaTvis eqstremumis piroba) 

                      


mg
v max , 

saidanac              

maxv

mg
 . 

 visargebloT CasmiT 

   
dt

dv
=

dt

dv

dx

vdv

dx

dv

dt

dx

dx

dx
 , 
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miviRebT 
dx

vdv
m = mg - α

2v . 

ganvacaloT cvladebi  dx
vmg

mvdv


 2
 

da vaintegroT: )ln(
2

2vmg
m




 = x+C.                      (1) 

 integrebis mudmivi  C  ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0  x = 0,  v = 0.  maSin C = mg
m

ln
2

  da  (1) 

gantoleba miiRebs Semdeg saxes: 

     x = )ln(
2

2vmg
m




 + mg
m

ln
2

= 
2

m


mg

vmg 2

ln


, 

                          
mg

vmg 2

ln


= 
m

x2
 =

max

2

v

gx
 , 

          m

x

e
mg

vmg



22






.                                           (2) 

 roca  x = s,    (2) formulidan miviRebT 

  ),1(
2
max

2

2 v

gs

emgv


  

  
2
max

2

max 1
v

gs

evv


 , 

sasdac  


mg
v max . 

 p a s u x i:  
2
max

2

max 1
v

gs

evv


 .  

 
 
                     amocana  27. 16 

 
 rogor  H simaRleze da ra T droSi ava P wonis 

sxeuli, romelic asrolilia vertikalurad zeviT 0v   

siCqariT,  Tu haeris winaRoba SeiZleba gamovsaxoT 

formuliT 
22 Pvk , sadac  v  - sxeulis siCqaris 

sididea? 
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  a m o x s n a. miviRoT sxeuli nivTier wertilad da ganvixiloT 

misi moZraoba masze moqmedi simZimis m g

 ZaliT da haeris winaRobis 

R

 ZaliT. mivmarToT x RerZi sxeulis moZraobis  mimarTulebiT, e. 

i. vertikalurad zeviT (ix. naxazi). CavweroT moZraobis 
diferencialuri gantoleba x  RerZze gegmilebSi:                 

                      mx = Σ Fkx , 

   anu 

       m
dt

dv
 = - mg – 

22mgvk ,             

saidanac  
dt

dv
 = - g(1+ 

22vk ),                             (1) 

       (1) gantolebaSi ganvacaloT cvladebi : 

            ,
1 22

gdt
vk

dv



 

vaintegroT, miviRebT arctgkv
k

1
1Cgt                        (2) 

  integrebis mudmivi  C1  ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0    v = 0v .  maSin, (2) –dan miviRebT, rom       

1C
0

1
arctgkv

k
.  

 roca 0v , maSin wertili imyofeba umaRles mdebareobaSi da 
svlis dro 

    
g

C
T 1

kg

arctggkv0
 . 

    C1 – is mniSvneloba SevitanoT (2) gantolebaSi: 

     arctgkv
k

1
-gt + 0

1
arctgkv

k
, 

saidanac     

                 arctgkv -kgt + 0arctgkv , 

             ()( tgarctgkvtg  -kgt + )0arctgkv . 

maSin           
)cos(

)sin(

0

0

arctgkvkgt

arctgkvkgt

dt

ds
kkv




 . 

ganvacaloT cvladebi da vaintegroT, miviRebT 
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             20 )cos(ln
1

Carctgkvkgt
kg

ks  .      (3) 

 integrebis mudmivi  C2  ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0   s = 0.  maSin, (3) –dan miviRebT, rom             

                 2C )cos(ln
1

0arctgkv
kg

 . 

 SevitanoT  C2 –s mniSvneloba (3) gamosaxulebaSi, miviRebT 

  
)cos(

)cos(
ln

1

0

0

2 arctgkv

arctgkvkgt

gk
s


  , 

sadac   .
1

1

)(1

1
)cos(

2

0

2

0

2
0

vkarctgkvtg
arctgkv





  

 roca  t = T ,  maSin 

         s = 
gk

vk
vk

gk
H

2

2

0

2
2

0

2

2 2

)1ln(
1ln

1 
 . 

 S e n i S v n a. asvlis simaRlis gansazRvrisaTvis SeiZleba 
gamoviyenoT Casma, rogorc 27.15 amocanaSi: 

          
dt

dv
=

dt

dv

dx

vdv

dx

dv

dt

dx

dx

dx
 = -g(1 – k

2
v

2
). 

p a s u x i:   
gk

vk
H

2

2

0

2

2

)1ln( 
 ;     T

kg

arctgkv0 . 

 
 
                      amocana  27. 17 

 

 2 kg masis sxeuli asrolili vertikalurad zeviT 20 m/wm 
siCqariT, ganicdis haeris winaRobas, romelic v m/wm siCqaris dros 
aris 0,4 v  n-is toili. gansazRvreT, ramdeni wm-s Semdeg sxeuli 
miaRwevs umaRles mdebareobas. 
   a m o x s n a. miviRoT sxeuli nivTier 
wertilad da ganvixiloT misi moZraoba masze moqmedi 

simZimis m g

 ZaliT da haeris winaRobis R


 ZaliT. 

mivmarToT x RerZi sxeulis moZraobis  mimarTulebiT, 
e. i. vertikalurad zeviT (ix. naxazi). CavweroT sxeulis 
moZraobis diferencialuri gantoleba x  RerZze 
gegmilebSi:                 

                   mx = Σ Fkx , 

   anu 
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       m x  = - mg – R,             

    mx = - 0,4 ( 
4,0

mg
x′ ), 

   x = - 
m

4,0
 ( 

4,0

mg
x′ ), 

SevcvaloT  x = 
dt

xd 
 da ganvacaloT cvladebi, miviRebT       

                    
m

x
mg

xd 4,0

4,0






dt . 

 vaintegroT es gantoleba da mxedvelobSi miviRoT, rom 

umaRles mdebareobaSi siCqare nulis tolia ( v x′  = 0 ): 

                     
0

0v m
x

mg

xd 4,0

4,0







T

dt
0

, 

saidanac           ,
4,0

)
4,0

ln(
4,

ln 0 T
m

v
mg

o

mg
     

                    
T

mmg

v

mg

v
mg

4,0
)

4,0
1ln(

4,0

4,0
ln 0

0




. 

Aaqedan      71,1)
8,92

204,0
1ln(

4,0

2
)

4,0
1ln(

4,0

0 





mg

vm
T   wm. 

 
 p a s u x i:   1,71 wm. 
 
 
                       amocana  27. 18 

   

 wyalqveSa navma, romelic uZravad idga 
zedapirze, miiRo mcire uaryofiTi tivtivadoba 
p da daiwyo siRrmeSi CaZirva gadataniTi 
moZraobiT. wylis winaaRmdegoba mcire 
uaryofiTi tivtivadobisas SeiZleba miviRoT 
CaZirvis siCqaris pirveli xarisxis 

proporciuli da kSv -s toli, sadac k  – 
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proporciulobis koeficientia; S - navis horizontaluri 
proeqciis farTobi;  v  - CaZirvis siCqaris sidide. Nnavis masaa M. 

gansazRvreT  CaZirvis siCqare v , Tu, roca t = 0,  siCqare .00 v  

  a m o x s n a.  ganvixiloT wyalqveSa navis moZraoba CaZirvisas. 

masze moqmedebs simZimis m g

 Zala, wylis winaRobis F


c Zala da 

arqimedis
AF


 Zala. mivmarToT z RerZi navis moZraobis  

mimarTulebiT, e. i. vertikalurad qveviT (ix. naxazi). CavweroT navis 
gadataniTi moZraobis diferencialuri gantoleba z   RerZze 
gegmilebSi:                 

                        mz = Σ Fkz , 

   anu 

       m z  =  mg – FA – Fc , 

sadac  mg – FA = p  -  navis uaryofiTi tivtivadobaa.  
 maSin  

   m z  =  p – Fc   = p - kSv  = p - zkS  . 
 
 Ggardaqmnis Semdeg             

   z = 
m

kS
 ).( z

kS

p
  

    SevcvaloT:  z = 
dt

zd 
 da ganvacaloT cvladebi: 

   .dt
m

kS

kS

p
z

zd





 

   am gamosaxulebis integrebiT miviRebT 

   )ln(
kS

p
z  = 

m

kS
 t + C1 .                    (1) 

        integrebis mudmivi  C1  ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0   0v = z
′ =0.  maSin, (1) –dan miviRebT, rom 

   10)ln( C
kS

p
 ,  1C = )ln(

kS

p
 .   

SevitanoT C1-is mniSvneloba (1) formulaSi 

  )ln(
kS

p
z  = 

m

kS
 t + )ln(

kS

p
  
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Aanu      

kS

p
kS

p
z





ln  = )1ln(
p

kS
z  = t

m

kS
 . 

 Aam gamosaxulebis potencirbiT miviRebT  

                               
p

kS
z1 = 

t
m

kS

e


 

 saidanac       1(
kS

p
z

t
m

kS

e


) = v , 

 sadac    m = M. 

  p a s u x i:   v =  1(
kS

p
z

t
m

kS

e


)  . 

   
 
     amocana  27. 19 

 

 wina amocanis pirobebiT gansazRvreT CaZiruli navis mier T 
droSi ganvlili manZili. 
 
 a m o x s n a.  27. 18 amocanis amoxsnisas miviReT 

         1(
kS

p
z

t
m

kS

e


). 

   SevcvaloT:  
dt

dz
z   da ganvacaloT cvladebi: 

        dz 1(
kS

p
t

m

kS

e


) dt . 

   am gamosaxulebis integrebiT miviRebT 

              
kS

m
t

kS

p
z  (

t
m

kS

e


) + C .          (1) 

        integrebis mudmivi  C  ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0   0z =0.   maSin, (1) –dan miviRebT,  
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   ,)0(0 C
kS

m

kS

p
  

aqedan 

      C = -
22Sk

pm
. 

 Tu SevitanT C-s mniSvnelobas, maSin, roca  t=T , miviRebT: 
 

 
kS

p
z 

kS

m
T (

T
m

kS

e


) -
22Sk

pm
 = 

kS

p
 1([

kS

m
T

T
m

kS

e


)], 

 

sadac  m = M. 

 

 p a s u x i: 
kS

p
z 

kS

M
T [ )]1(

T
M

kS

e


 . 

 
 
           amocana  27. 20 

 

 rogori unda iyos TviTmfrinavis horizontaluri frenisas 
xraxnis mudmivi weva T, rom s metris gafrenis Semdeg TviTmfrinavma 

gazardos siCqare 0v  m/wm–dan 1v  m/wm–mde. xraxnis weva mimarTulia 

frenis siCqarisken. Ffrontaluri (Subla) winaRobis Zala 
mimarTulia siCqaris mimarTulebis sawinaaRmdegod, siCqaris 
kvadratis proporciulia da α n-s tolia 1 m/wm siCqaris dros. 
TviTmfrinavis masaa M kg.  
 
a m o x s n a. ganvixiloT 
TviTmfrinavis moZraoba horizontaluri 

frenisas xraxnis mudmivi wevis T


 Zalis, 

frontaluri winaRbis cF


 Zalis, simZimis 

m g

Zalisa da amwevi pF


 FZalis moqmedebiT. mivmarToT x RerZi 

moZraobis  mimarTulebiT. koordinatTa sistemis saTave SevuTavsoT 
TviTmfrinavis sawyis mdebareobas  (ix. naxazi). CavweroT 
TviTmfrinavis moZraobis diferencialuri gantoleba x   RerZze 
gegmilebSi:                 

                                                mx = T –Fc, 

   anu 

                   mx = T – α  Tv2
α

2x . 
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aqedan    

             x = 
m


 (

2x )


T
 . 

 movaxdinoT Casma: 

             x =
dt

xd 

ds

xd
x

ds

ds 
 , 

 
 cvladTa gancalebiT miviRebT 

                  







T
x

xdx

2

ds
m


 . 

vaintegroT es gamosaxuleba: 
 

                    
1

0

v

v

 





)(2

2

2



T
x

xdx


s

ds
m

0


 

miviRebT 

                     
1

0

)ln(
2

1 2 v

v

T
x


  = 

s

s
m 0


  , 

         




T

v

T
v





2

0

2

1

ln
2

1 = s
m


 ,  

 Aanu   

          




T

v

T
v





2

1

2

0

ln
2

1 = s
m


. 

 Aam gamosaxulebia potencirebiT miviRebT 

     




T

v

T
v





2

1

2

0
= m

s

e

2

,    


T
v 2

0 = 
2

1v m

s

e

2



T
 m

s

e

2

, 

             2

0v
2

1v m

s

e

2

 1(


T
m

s

e

2

). 

  saidanac 
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m

s

m

s

e

evv
T






2

2

2

1

2

0

1

)(




 , 

   sadac  m = M. 

         p a s u x i :   

m

s

m

s

e

evv
T






2

2

2

1

2

0

1

)(




  n. 

 
 
     amocana  27. 21 

   

   107kg masis gemi moZraobs 16 m/wm siCqariT. wylis winaaRmdegoba 
gemis  siCqaris kvadratis proporciulia da udris 3·105 n, roca 
siCqarea 1 m/wm. ra manZils gaivlis gemi, sanam misi siCqare 4 m/wm 
gaxdeba? ra droSi gaivlis gemi am manZils?  
      
  a m o x s n a.  ganvixiloT gemis moZraoba masze moqmedi simZimis 

m g

 Zalis, wylis winaRobis F


c Zalis da amomgdebi F


a Zalis 

moqmedebiT. mivmarToT x RerZi gemis moZraobis  mimarTulebiT (ix. 
naxazi). CavweroT gemis moZraobis diferencialuri gantoleba x   

RerZze gegmilebSi:                 

                               mz = Σ Fkx , 

   anu      m x  =  – Fc  = -3·105
252 103 xv 

 .               (1) 

 SevcvaloT: x=
dt

xd 
, maSin (1) gantoleba ase Caiwereba    

  m
dt

xd 
=

25103 x
 .  

anu     



2x

xd
dt

7

5

101

10
3


 = .103 2 dt  

am gamosaxulebis integrebiT miviReb     

        



x

1
1

2103 Ct  
.       (2) 

   integrebis mudmivi  C1  ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0    0x = 0v = 
16.  maSin, (2) –dan miviRebT,  

        
10

16

1
C ,    e. i.   

16

1
1 C .  
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 CavsvaT (2) –Si   



x

1

16

1
103 2   t , 

anu        
x

1

16

11048

16

1
103

2
2 




 t
t . 

 am gamosaxulebidan     
)08,2(103

1

11048

16
22 





 tt

x .  (3) 

 SevcvaloT: 
dt

dx
x   da ganvacaloT cvladebi, miviRebT 

   
)08,2(103 2 


 t

dt
dx . 

 vaintegroT es gamosaxuleba: 

   
22103

)08,2ln(
C

t
x 







.                      (4)  

  integrebis mudmivi  C2  ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0   0x =0 (radganac x RerZis saTave 

moTavsebulia gemis sawyis mdebareobaSi),  maSin, (4) –dan miviRebT: 

          
22103

)08,2ln
0 C





,          2C

2103

08,2ln


 .  

SevitanoT C2 –s mniSvnelioba (4) formulaSi, miviRebT 

      
2103

)08,2ln(





t
x

2103

08,2ln


 =
2103

1



2103

)1
08,2

ln(

08,2

08,2
ln








t

t
.    (5) 

ganvsazRvroT gemis moZraobis dro, sanam miaRwevs 4kv   m/wm  

siCqares.  roca  t = T   kvx  ,  maSin, (3) formulis Tanaxmad 

                 
)08,2(103

1
4

2 


 T
. 

  Aqedan  25,608,2
1034

1
2







T (wm). 

 T droSi ganvlil  x = s manZils vipoviT (5) formulidan: 

    s = 
2103

)1
08,2

25,6
ln(





 = 46,2 (m). 

   p a s u x i :  s = 46,2 m.  25,6T  wm 
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   amocana  27. 22 

  

 sxeuli vardeba sivrceSi usawyiso siCqariT. haeris winaRoba  
22PvkR  , sadac v -sxeulis siCqaris sididea, P–sxeulis wona. 

rogori iqneba sxeulis siCqare moZraobis dawyebidan t 
drois gasvlis Semdeg? rogoria siCqaris zRvruli sidide? 

  a m o x s n a.  ganvixiloT sxeulis moZraoba vardnisas romelzec moqmedeben simZimis m g

 Zalia da haeris winaRobis R Zala’ mivmarToT z RerZi sxeulis moZraobis  mimarTulebiT, e. i. vertikalurad qveviT (ix. naxazi). CavweroT sxeulis moZraobis 

diferencialuri gantoleba z   RerZze gegmilebSi:                 

                  mz = Σ Fkz , 

   anu 

  mgRmgzm   -
22mgvk = )1( 22vkmg  )1( 22 zkmg  . 

 SevcvaloT: 
dt

zd
z


 , da ganvacaloT cvladebi: 

    .
1 22

gdtdt
m

mg

zk

zd





 

 vaintegroT es gamosaxuleba: 

              Cgt
zk

zk

k






1

1
ln

2

1 . 

   integrebis mudmivi  C  ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0    z′ 0

 = 0v =0;  C
k

 00
2

1
, e. i.  C=0.  maSin 

     kgt
zk

zk
2

1

1
ln 




,         kgte

zk

zk 2

1

1





, 

saidanac     





1

11
2

2

kgt

kgt

e

e

k
zv .

1
kgtkgt

kgtkgt

ee

ee

k 






  

 ganvsazRvroT siCqaris zRvruili v  mniSvneloba. amitom 

movaxdinoT gardaqmna: 

            
1

11

1
1

11

1

11
2

2

2

2












kgt

kgt

kgt

kgt

ek

e

ke

e

k
z . 

     

kkkek

e

k
z

kgt

t
kgt

t

t

1

1

11

1
1

11

1lim

11

lim

1
1

11
lim

2

2
























 . 

 maSasadame     v = .
1

k
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 anu, eqstremumis pirobidan:  v
v , roca  0

dt

dv
.  maSin 

               )1(
22

 vkmg = 0  v = .
1

k
 

    p a s u x i :  v .
1

2

2

kgtkgt

kgtkgt

ee

ee

k 






   v = .

1

k
 

 
 
 
   amocana  27. 23 

 

 1,5·106  kg masis gemi gadalaxavs wylis winaRobas, romelic 
2vR   n  tolia, sadac v  - gemis siCqarea m/wm-Si, xolo α aris  

1200 –is toli mudmivi koeficienti. xraxnis sayrdenis Zala 
mimarTulia moZraobis siCqaris mxares da icvleba 

)33/1(102,1 6 vT  n kanoniT. gansazRvreT gemis siCqare 

damokidebuli droze, Tu sawyisi siCqare 0v  m/wm-s  tolia. 

     

a m o x s n a.  ganvixiloT gemis moZraoba masze wevis T

Zalis, 

simZimis m g

 Zalis, wylis winaRobis R


 Zalis da amomgdebi 

AF


 

Zalis moqmedebiT. mivmarToT x RerZi gemis moZraobis  mimarTulebiT 
(ix. naxazi). CavweroT gemis moZraobis 
diferencialuri gantoleba x   RerZze 
gegmilebSi:                 

               mx = Σ Fkz = T – R ,  

   anu  m x  =1,2·106 ( )
33

1
v

  2v . 

Aaqedan  

     x 
m

1
 [1,2·106 (1 )

33

x
  2x ] = 
















26

6
1200)

33
1(102,1

105,1

1
x

x =             

                                              = - 0,8 (0,001 x′ 2 + 0,03 x′ -1). 

 SevcvaloT:   
dt

xd
x


 , da ganvacaloT cvladebi: 

           dt
xx

xd
8,0

103,0001,0 2




 . 

 vaintegroT es gamosaxuleba: 
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        Ct
x

x







8,0

1001,0403,003,0001,02

1001,0403,003,0001,02
ln

1001,0403,0

1

2

2

2

. 

 
 am gamosaxulebis marcxena mxaris gardaqmniT miviRebT 

    14,28 
1,0002,0

04,0002,0
ln





x

x
= - 0,8t + C.    (1) 

 integrebis mudmivi  C  ganvsazRvroT (1) formuliT da 

gaviTvaliswinoT moZraobis sawyisi pirobebi: roca  t = 0, x′ 0

 = 0v ;  

maSin 

     14,28 
1,0002,0

04,0002,0
ln

0

0





v

v
=  C. 

 C-s es mniSvneloba CavsvaT (1) formulaSi: 

    
t

v

v

x

x

8,0

1,0002,0

04,0002,0

1,0002,0

04,0002,0

ln28,14

0

0











  

anu 
A              
 
 
 
 Aam tolobis orive mxare gavyoT 0,002 –ze: 

               .
20

50

20

50 056,0

0

0 te
v

v

x

x









 

 aqedan    

 
70)50()50(

)50(20)50(2070

20)50(

)50(20100050

0

056,0

0

056,0

000

0

056,0

0

056,0

00











vev

evvv

vev

evv
x

t

t

t

t

= 

      .
)1)(50(70

)1)(50(2070
056,0

0

056,0

00






t

t

ev

evv  

 

 p a s u x i : v .
)1)(50(70

)1)(50(2070
056,0

0

056,0

00






t

t

ev

evv  

 
 
 
 
 

.

056,0

04,00002,0

1,0
0

002,0

04,0002,0

1,0002,0 te
v

v

x

x












 83 

    amocana  27. 24 

 

 wina amocanaSi ipoveT siCqareze damokidebuli ganvlili gza. 
 
 a m o x s n a.  amocana 27. 23 pirobis Tanaxmad 
 

          x  = - 0,8 (0,001 x′ 2 + 0,03 x′ -1)= - 0,0008( x′ 2 + 30 x′ -1000) 
anu 

  x = v - 0,0008( v
2 + 30 v -1000). 

 SevcvaloT:  
dx

vdv
v  ,  maSin 

  dx
vv

vdv
0008,0

100302



, 

Aanu gardaqmnis Semdeg 

  dx
v

vdv

v

vdv
0008,0

35)15(1225)15( 222






.   (1) 

 SemoviRoT axali cvladi: v +15= z , maSin ,15 zv  dzdv  ;    

(1) gamosaxuleba ase gamoisaxeba: 

      dx
z

dz

z

zdz

z

dzz
0008,0

35

15

3535

)15(
222222











. 

 Aam gantolebis marcxena mxare vaintegroT cal-calke: 

               )35ln(
2

1

35

22

22



z

z

zdz
; 

         35

35
ln

70

15

35

15
22 




 z

z

z

dz
. 

 maSin 

     Cx
z

z
z

v

vdv








0008,0

35

35
ln

70

15
)35ln(

2

1

35)15(

22

22
 

Magram,  radganac 15 vz ,   amitom 

 

            )35ln(
70

15
)35ln(

70

15
)35ln(

2

1
)35ln(

2

1
zzzz   

            

      )3515ln(
70

15
)3515ln(

70

15
)3515ln(

2

1
)3515ln(

2

1
vvvv  

           Cxvv  0008,0)50ln(
7

5
)20ln(

7

2
.  
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 integrebis mudmivi  C  ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0    x0

 = 0, v 0v ;  maSin 

         C )50ln(
7

5
)20ln(

7

2
00  vv . 

maSin       

 

   .
50

50
ln

7

5

20

20
ln

7

2 00











v

v

v

v
 

Aaqedan 

      














50

50
ln

70008,0

5

20

20
ln

70008,0

2 00

v

v

v

v
x  

      
50

50
ln893

20

20
ln357 00











v

v

v

v
. 

 

  p a s u x i : x  
50

50
ln893

20

20
ln357 00











v

v

v

v
 m. 

 
 
    amocana  27. 27 
 

  ipoveT  m masis nivTieri wertilis moZraobis gantoleba, 
romelic sawyisi siCqaris garerSe vardeba dedamiwaze. Hhaeris 
winaRoba siCqaris kvadratis proporciulia. Pproporciulobis 

koeficienti k -s tolia.  
     
a m o x s n a.  ganvixiloT dedamiwaze vardnili 
nivTieri wertilis moZraoba, romelzec moqmedebs 

simZimis m g

 Zala da winaRobis F c =

2kv  Zala. 

mivmarToT x RerZi wertilis moZraobis  mimarTulebiT, 
e. i. vertikalurad qveviT. CavweroT moZraobis 
diferencialuri gantoleba x   RerZze gegmilebSi:                 

            mx = Σ Fkx = mg –
2kv = mg 

2xk    , 

   anu              x = g- 
m

k 2x =
m

k
(-

2x + )
k

mg
. 

 )]50ln()50[ln(
7

5
)]20ln()20[ln(

7

2
0008,0 00 vvvvx
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 vinaidan  
dt

xd
x


 ,   amitom 

                       





k

gm
x

xd

2 m

k
dt. 

  Aam tolobis integrefiT miviRebT: 

    
1ln

2

1
Ct

m

k

k

gm
x

k

gm
x

k

gm





. 

    integrebis mudmivi  C1  ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0    x
 = 0;  amitom  C1 =0.    maSin  

                 ,22ln t
m

gk
t

m

k

k

gm

x
k

gm

x
k

gm






        

               x = 

1

1

2

2





m

kg

m

gk

e

e

k

gm
. 

               vipovoT wertilis moZraobis gantoleba.  movaxdinoT  

Casma:     ,
dt

dx
x   maSin 

      dx

1

1

2

2





m

kg

m

gk

e

e

k

gm
dt

k

gm
 ( dt

e

e

m

kg

m

gk

1
2

2

 1
2





m

kg

e

dt )= 

   
k

gm
 ( dt

e

e

m

kg

m

gk

1
2

2

 1
2

2








m

kg

m

gk

e

dte ).  

 SemoviRoT aRniSvnebi: 

    2 ,a
m

gk
      b

k

gm
 . 
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 miviRebT       


















dt
e

e
dt

e

e
bdx

at

at

at

at

11
. 

SemoviRoT axali aRniSvnebi: ,1 yeat     dydtaeat  . 

,1 ze at 
   dzdtae at  

.     maSin 

   



















z

dz

y

dy

a

b

az

dz

ay

dy
bdx . 

 vaintegroT es gamosaxuleba: 

  x
a

b   zy lnln
2C =

a

b  )1ln()1ln(  atat ee + 2C . 

   integrebis mudmivi  C2  ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca t = 0  x0
 =0;  0=

a

b
2ln2+ 2C  amitom  C2 2ln

2

a

b
 .    

maSin    x
a

b  2ln2)1ln()1ln(  atat ee = 
 

4

)1)(1(
ln

atat ee

a

b
 

    






















t
m

gk

t
m

gk
t

m

gk

e

ee

m

gk

k

gm

2

22

4

)1)(1(
ln

2
2

ln

t
m

gk
t

m

gk

ee

k

m



   

   p a s u x i : x t
m

gk
ch

k

m
ln .  ( ch - hiperboluri kosinusi). 

 
                      amocana  27. 28 

 

 bueri (ialqniani marxili), romelic mgzavrTan erTad iwonis Q 

=1962 n-s, wrfivad moZraobs gluv horizontalur yinulis 

zedapirze, ialqanze qaris dawolis Sedegad; ialqnis ab  sibrtye 
moZraobis mimarTulebasTan adgens 450 kuTxes. Qqaris absoluturi 

w

 siCqare mimarTulia moZraobis marTobulad. Qqaris wnevis  P


 

Zalis sidide gamosaxulia niutonis formuliT: 22 coskSup  , 

sadac  aris kuTxe, romelsac fardobiTi u

 siCqare adgens 

ialqnis N

 marTobTan, ialqnis farTobi S  =5 m2, k = 0,113 – 

cdiseuli koeficientia. wnevis P

 Zala mimarTulia ab  sibrtyis 

marTobulad. xaxuni ugulebelyaviT da ipoveT: 1) ra udidesi 
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maxv siCqare SeiZleba miiRos buerma;  2) rogor α kuTxes Seadgens 

am siCqaris dros anZaze moTavsebuli flugeri ialqnis 

sibrtyesTan;  3) ra 1x  manZili unda gaiaros buerma imisaTvis, rom 

SeiZinos wv
3

2
  siCqare, Tu misi sawyisi 

siCqare nulis tolia. 
     
a m o x s n a.  ganvixiloT bueris 
moZraoba, romelzec moqmedebs  qaris 

wnevis P

Zala. mivmarToT x RerZi bueris 

moZraobis  mimarTulebiT (ix. naxazi). 
CavweroT moZraobis diferencialuri 
gantoleba x   RerZze gegmilebSi:                 

                                 mx = Σ Fkx = 
045cosP , 

   anu, amocanis mocemulobebis gaTvaliswinebiT            

                mx = 22 coskSu
045cos . 

 ganvixiloT haeris nakadis moZraoba, rogorc rTuli: ,vuw


  

anu ialqnis normalze gegmilebSi nnn vuw  , saidanac 

 
00 45cos)(45cos)(cos xwvwvwuu nnn

  . 

maSin 

                 mx = 2)( xwkS 
03 45cos . 

 vinaidan  
dt

xd
x


 ,  ganvacaloT cvladebi:        

                   
2)( xw

xd




dt

m

kS 03 45cos . 

 SemoviRoT axali cvladi: ,zxw   dzxd  ,  maSin 

    
2z

dz
dt

m

kS 03 45cos . 

 vaintegroT es gamosaxuleba, miviRebT 

    
z

1 03 45cost
m

kS


1C . 

    integrebis mudmivi  C1  ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0    x
 = 0;  amitom  C1 =

w

1
.    maSin 
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wxw

x

wxw )(

11








03 45cost
m

kS
 .        (1) 

 SemoviRoT aRniSvna: a 03 45cos
m

kS
 ;  (1) ase Caiwereba: 

          x
wat

atw

1

2

.                  (2)  

 ganvsazRvroT bueris maqsimaluri siCqare: 

maxv 
maxx

t
lim

wat

atw

1

2

=
t

lim

1
1


wat

w
w

w

wat

w

t









1
1

1
lim

. 

 maxx  dros vipovoT qaris fardobiTi 

siCqaris mimarTuleba. 

      vinaidan w maxv maxx , amitom 045 . 

Ees niSnavs, rom u

 mimarTulia ialqnis 

gaswvriv  da .0  
 vaintegroT  (2) toloba: 

    dx
wat

atw

1

2

2Cdt  . 

  




























  22 1

1

1

11

C

t
wa

dt

wa
dtwCdt

t
wa

wawa
t

wx
 

   ln
1

a
wt 

2

1
Ct

wa









 . 

integrebis mudmivi  C2  ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca t = 0,  x0
 =0;  amitom  C2 

waa

1
ln

1
 .    maSin 

    )45cos1ln(
1

)1ln(
1 03t

m

kS
w

a
wtwat

a
wtx  .    (3)     

     ganvsazRvroT T dro, rodesac bueris siCqare iqneba 

.
3

2
wxv    (1) formulis Tanaxmad 
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.45cos

3

2
3

2

03T
m

kS

ww

w













              

  aqedan       .
45cos

2
03wkS

m
T    

   (3) formulidan ganvsazRvroT T droSi bueris mier ganvlili 

1x  manZili:    

  











o

o

o
o wkS

m

m

kS
w

m

kSwkS

m
wx

45cos

2
45cos1ln

45cos

1

45cos

2
3

3

3
31

 

 

 

   p a s u x i : 1) wv max ;    2)  ;0o    3)  9001 x  m. 

 
    amocana  27. 29 
 

  tramvais wamyvani reostatis TandTanobiTi gamorTviT zrdis 
savagono Zravis siZlieres ise, rom wevis Zala izrdeba nulidan  
drois  proporciulad  da yoveli  wamis 
ganmavlobaSi  imatebs 1200 n-s. ipoveT  
vagonis mier ganvlili manZilis 
damokidebuleba moZraobis droze Semdegi 
monacemebis mixedviT: vagonis masaa     10000 
kg, xaxunis winaRoba mudmivia da vagonis 
wonis 0,02 Seadgens, xolo sawyisi siCqare 
nulis tolia. 
     
a m o x s n a.  ganvixiloT tramvais moZraoba, romelzec moqmedebs 

simZimis m g

 Zala, wevis Zala 

TF


, winaRobis cF


 Zala da gzis 

normaluri reaqcia N

. mivmarToT x RerZi tramvais moZraobis  

mimarTulebiT (ix. naxazi). CavweroT moZraobis diferencialuri 
gantoleba x   RerZze gegmilebSi:                 

                          mx = Σ Fkx = cT FF    , 

   anu, amocanis pirobebis mixedviT            

                      mx = 1200t – 0,02 mg, 

900)3ln2(

)
2

2
(5113,08,9

1962
)3ln2(

45cos 3

3





okS

m
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saidanac        x = .02,0
1200

gt
m

  

 SevcvaloT: 
dt

xd
x


  da ganvacaloT cvladebi, miviRebT 

 xd ( gt
m

02,0
1200

 )dt=( gt 02,0
10000

1200
 )dt=0,12(t– 1,635)dt. 

 vinaidan moZraoba iwyeba im momentSi, roca cT FF  ,  e. i. roca  

t > 
1200

02,0 mg
1,635,  amitom, SemoviRoT axali cvladi: 

t1 = t – 1,635,    d t1 =d t.    maSin 

   xd 0,12 t1 d t1. 
 Ees gamosaxuleba  orjer vaintegroT: 

   
2

12,0
2

1tx 1C . 

    06,0x 
3

3

1t
1C 1t  + 2C . 

 integrebis mudmivebi 1C  da 2C   ganvsazRvroT moZraobis 

sawyisi pirobebidan: roca 1t  = 0,  x 0
 = 0, 00 x .  amitom  1C =0, 

2C =0.     maSin         s = .)635,1(02,002,0 33

1  ttx   

  p a s u x i : moZraoba daiwyeba denis CarTvidan 1,635 wm-is 

Semdeg; moZraobis kanonia  s = 0, 3)635,1(02 t  m. 

 
                     amocana  27. 30 
 

 1 kg masis sxeuli moZraobs cvladi F =10(1-t) n Zalis 
moqmedebiT, sadac  t – droa wamebSi.  ramdeni wamis Semdeg 

gaCerdeba sxeuli, Tu sxeulis sawyisi siCqare 200 v m/wm 

da Zala emTxveva sxeulis siCqaris mimarTulebas? ra 
manZils gaivlis sxeuli gaCerebamde.  
 
    a m o x s n a. sxeuli miviRoT nivTier 

wertilad da ganvixiloT misi moZraoba F

Zalis 

moqmedebiT. mivmarToT x RerZi sxeulis moZraobis 
mimarTulebiT, koordinatTa saTave SeuTavsoT 
sxeulis sawyisi mdebareobis 0 wertils (ix. 
naxazi). CavweroT moZraobis diferencialuri 
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gantoleba x   RerZze gegmilebSi:                 

                                     mx = Σ Fkx = F = 10(1 – t) . 
    aqedan                                       

                   x 
m

10
 (1 –t) = 10 (1 – t). 

 Ees gamosaxuleba  orjer vaintegroT: 

    )
2

(10
2t

tx 1C .                                  (1)           

   )
62

(10
32 tt

x  + 1C t + 2C .                                                  (2) 

 integrebis mudmivebi 1C  da 2C   ganvsazRvroT moZraobis 

sawyisi pirobebidan: roca t = 0,  x 0
 =0,  00 vx  =20 m/wm.  amitom  

1C =20, 2C = 0. CavsvaT 1C  da 2C  mniSvnelobebi (1) da (2) 

gamosaxulebebSi:        

     )
2

(10
2t

tx 20                                   

(3)           

   )
62

(10
32 tt

x  +20t .                                                               (4) 

 gaCerebamde sxeulis moZraobis dros gasagebad siCqare 

gautoloT nuls  0x , maSin, roca  t = T   gantoleba (3) aseT 
saxes miiRebs 

          ,20)
2

(100
2


T

T    anu   0422  TT . 

 Aam kvadratuli gantolebis amoxsniT miviRebT 

    236,351 T (wm)  

 gaCerebamde ganvlili manZili gamoiTvleba (4) formuliT; 

roca   t = T       x=s:     

     6,60236,320)
6

236,3

2

236,3
(1020)

62
(10

3232

 T
TT

s  (m).  

 

 

 

 p a s u x i :  t = 3,236 wm.   s = 60,6 m. 
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                      amocana  27. 31 
 

 m masis nivTieri wertili asrulebs wrfiv  moZraobas 

Zalis moqmedebiT, romelic icvleba F = 0F cosωt  kanoniT, 

sadac 0F  da ω mudmivi sidideebia. sawyis momentSi wertils  

hqonda 00 vx   siCqare. ipoveT wertilis moZraobis 

gantoleba. 
 
    a m o x s n a. ganvixiloT nivTieri wertilis wrfivi moZraoba 

F

Zalis moqmedebiT. mivmarToT x RerZi wertilis moZraobis 

mimarTulebiT, koordinatTa saTave SeuTavsoT wertilis sawyisi 
mdebareobis 0 wertils (ix. naxazi). CavweroT moZraobis 
diferencialuri gantoleba x   RerZze gegmilebSi:                 

               mx = Σ Fkx = F = 0F cosωt 

    aqedan           x 
m

F0 cosωt. 

 SevcvaloT:  
dt

xd
x


 , Semdeg ganvacaloT cvladebi, miviRebT  

   xd 
m

F0  cosωt dt . 

 vaintegroTEes gamosaxuleba: 

   x
m

F0  sinωt + 1C . 

 Aaxla SevcvaloT: x
dt

dx
 da ganvacaloT cvladebi, miviRebT 

   dx
m

F0(  sinωt+ 1C ) dt . 

  vaintegroTEes gamosaxuleba: 

   x
2

0

m

F
  cosωt+ 1C t ++ 2C .                         (1) 

   integrebis mudmivebi 1C  da 2C   ganvsazRvroT 

moZraobis sawyisi pirobebidan: roca t = 0,  x 0=0,  00 vx   

(koordinatTa saTave SeTavsebulia wertilis sawyis 
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mdebareobasTan)  Aamitom, integrebis 1C  da 2C  mudmivebis 

mniSvnelobebisaTvis miviRebT:       

                0v
m

F0  sin0
o
+ 1C     1C = 0v , 

                              0
2

0

m

F
  cos0

o 
+ 1C ·0+ 2C         2C

2

0

m

F
 . 

  1C  da 2C  mudmivebis mniSvnelobebi CavsvaT (1) formulaSi, 

miviRebT 

   x
2

0

m

F
  cosωt  + 0v t + 

2

0

m

F
2

0

m

F
 (1 - cosωt ) + 0v t . 

 p a s u x i :    x
2

0

m

F
 (1 - cosωt ) + 0v t . 

 
 
            amocana  27. 32 
 

  eleqtrobis e muxtis gadamtani m masis nawilaki imyofeba 

cvlad  E = Asinkt  (A da k – mocemuli 
mudmivebia) daZabulobis erTgvarovan eleqtrul 
velSi. gansazRvreT nawilakis moZraoba, Tu 
cnobilia, rom eleqtrul velSi nawilakze 

moqmedebs EeF


  Zala, romelic mimarTulia 

E

 daZabulobis mxares. simZimis Zalis gavlena 

ugulebelyaviT. nawilakis sawyisi mdebareoba 
miiReT koordinatTa saTaved; nawilakis sawyisi 
siCqare nulis tolia. 
   
     a m o x s n a. ganvixiloT eleqtruli nawilakis wrfivi 

moZraoba erTgvarovan eleqtrul velSi F

Zalis moqmedebiT.    

  mivmarToT x RerZi daZabulobis Zalxazebis gaswvriv. CavweroT 
moZraobis diferencialuri gantoleba x   RerZze gegmilebSi:                 

                    mx = Σ Fkx = F  
    anu, amocanis monacemebis Tanaxmad   

      mx = eE = kteAsin .   
 aqedan 
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                  x 
m

eA
 sinkt. 

 SevcvaloT: 
dt

xd
x


 , Semdeg ganvacaloT cvladebi, miviRebT  

      xd 
m

eA
  sinkt dt . 

 vaintegroTEes gamosaxuleba: 

              x
mk

eA
  coskt+ 1C . 

 Aisev SevcvaloT: x
dt

dx
 da ganvacaloT cvladebi, miviRebT 

   dx
mk

eA
 (  coskt+ 1C ) dt . 

  vaintegroTEes gamosaxuleba: 

   x
2mk

eA
  sinkt + 1C t ++ 2C .                         (1) 

  integrebis mudmivebi 1C  da 2C   ganvsazRvroT moZraobis 

sawyisi pirobebidan: roca t = 0,  x 0
 =0,  00 vx  = 0.  Aamitom, 

integrebis 1C  da 2C  mudmivebis mniSvnelobebisaTvis miviRebT:        

            0
mk

eA
  cos0+ 1C         1C

mk

eA
 ,   

                       0
2mk

eA
  sin0

o 
+ 1C ·0 + 2C           2C = 0. 

 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT (1) formulaSi, 

miviRebT moZraobis gantolebas 

   x
2mk

eA
  sinkt  + 

mk

eA
t  =

mk

eA
(t -

k

ktsin
). 

  

 p a s u x i :    x =
mk

eA
(t -

k

ktsin
). 
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                     amocana  27. 33 
 

  gansazRvreT mZime burTulas moZraoba warmosaxviTi wrfivi 
arxis gaswvriv, romelic gadis dedamiwis centrze, Tu miviRebT, 
rom mizidulobis Zala dedamiwis SigniT proporciulia dedamiwis 
centridan moZravi wertilis daSorebis manZilisa da mimarTulia 
am centrisaken. burTula arxSi CaSvebulia dedamiwis zedapiridan 
sawyisi siCqaris gareSe. aCveneT agreTve burTulis siCqare 
dedamiwis centrze gavlisas da  am centramde moZraobis dro. 

dedamiwis radiusi  R =6,37·10
6 m-is tolia; mizidulobis Zalis 

aCqareba dedamiwis zedapirze miiReT g = 9,8 m/wm2 –is toli. 

 a m o x s n a. moZraobisas burTulaze moqmedebs 

mizidulobis Zala F

, romelic dedamiwis zedapirze udris 

   F mgR      
R

mg
 . 

     mivmarToT x RerZi warmosaxviTi wrfivi arxis gaswvriv,    
koordinatTa  RerZis saTave SeuTavsoT 
dedamiwis 0  centrs      (ix. naxazi). CavweroT 
moZraobis gantoleba x RerZze gegmilebSi:                 

                                     mx = F = x  
    anu,    s mniSvnelobis Tanaxmad   

      mx = x
R

mg
 .       (1) 

 aqedan       x   0 x
R

g
.               (2) 

 SemoviRoT aRniSvna:  
2k

R

g
 .   maSin (2) 

miiRebs aseT saxes 

       x   02  xk . 
 am diferencialuri gantolebis amoxsniT miviRebT 

     ktCktCx sincos 21  .          (3)  

 gavawarmooT (3) gamosaxuleba droTi 

        ktkCktkCx cossin 21  .     (4) 

 sawyisi pirobebis Tanaxmad: roca t = 0,  x 0
 =R,  0x  0.  A   

     integrebis 1C  da 2C  mudmivebis mniSvnelobebisaTvis:  

 (3) formulidan:  x  = x 0
 = R = 1C ;     

 (4) formulidan:  0x 0 = 2C k     2C = 0 . 
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 maSin, (3) da (4) formulebi miiReben aseT saxes:                 

               ktRx cos ,      ktRkx sin .      

anu   ,cos t
R

g
Rx                        (5)    

   t
R

g
Rkx sin .                   (6) 

 vipovoT burTulas mier dedamiwis centrze gavlis T dro, 

roca  x = 0:     x = 0 = ,cos t
R

g
        

2


T

R

g
. 

        4,1266
8,9

1037,6

2

14,3

2

6





g

R
T


wm. 

 SevitanoT  T –s mniSvneloba (6) formulaSi, miviRebT 

     
36 109,71037,68,9

2
sin  gRgRxv


 m/wm. 

p a s u x i : manZili burTulidan dedamiwis centramdis icvleba 

Semdegi kanoniT t
R

g
Rx cos ;   

3109,7 v  m/wm; 

     T 1266,4 wm = 21,1 wT.  
 
 
                amocana  27. 34 
 

  sxeuli vardeba dedamiwaze  h simaRlidan sawyisi siCqaris 
gareSe.  Hhaeris winaRoba ugulebelyaviT, xolo dedamiwis 
mizidulobis Zala CaTvaleT dedamiwis centridan sxeulis 

daSorebis manZilis kvadratis ukuproporciuli. ipoveT T dro, 
romlis gavlis Semdeg sxeuli miaRwevs dedamiwis zedapirs. ra v  

siCqares iZens igi am droSi? Ddedamiwis radiusia R; simZimis Zalis 

aCqareba dedamiwis zedapirTan aris g. 

 a m o x s n a. vardnisas M sxeulze moqmedebs mizidulobis 

Zala F

. 

 gavavloT x RerZi 01 wertilidan (dedamiwidan h simaRleze) 
sxeulis moZraobis mimarTulebiT da SeuTavsoT koordinatTa 0 
saTave dedamiwis centrs (ix. naxazi). CavweroT moZraobis 
diferencialuri gantoleba x RerZze gegmilebSi:                 
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                     mx = ,
)( 2xhR

k


 

sadac k – proporciuobis koeficientia, romelsac vpoulobT im 
pirobidan, rom dedamiwis zedapirze mizidulobis Zala tolia 

sxeulis simZimis Zalisa, e. i. ,
2

mg
R

k
   saidanac .2mgRk   

     maSin                x =  
2

2

)( xhR

gR


.            (2) 

 SevcvaloT:  
dx

xdx
x


 , Semdeg ganvacaloT 

cvladebi da vaintegroT, miviRebT             

          


dx

xdx
 

2

2

)( xhR

gR


 , 

            


2

2x
 

xhR

gR



2

 + C1. 

          integrebis mudmivi 1C  ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  x  = 0,  0x , Aamitom,  1C = -
hR

gR



2

.   maSin 

       

          


2

2x
.

))((

11
2

2

hRxhR

xgR

hRxhR
gR
















 

 Aaqedan ganvsazRvravT siCqares 

    
xhR

x

hR

gR

dt

dx
v




22
.          (1)    

   roca x = h 

    .
2

.

2 2

hR

gRh

hhR

h

hR

gR
v





  

 sxeulis vardnis drois gansazRvrisaTvis (1) gamosaxulebaSi 
ganvacaloT cvladebi: 

    dt
hR

gR
dx

x

xhR




 22
. 

 vaintegroT es gamosaxuleba, miviRebT 
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    


 dx
x

xhR





 dx

xhRx

xhRxhR






2)(

)(

xxhR

dxxhR
= 

   = 














222 )(2

)(

)(2

)2(

)(2

]2)(2[

xxhR

dxhR

xxhR

dxxhR

xxhR

dxxhR
.  (2) 

 SemoviRoT axali cvladi: uxxhR  2)( ,  maSin 

   
2)(2

)2(

xxhR

dxxhR
du




 . 

  gamovTvaloT (2) gamosaxulebis pirveli integrali: 

         


 2

2
)(

)(2

)2(
xxhRdu

xxhR

dxxhR
.   

 (2) gamosaxulebis  integrali SeiZleba ase CavweroT: 
 

                 




2)(2

)(

xxhR

dxhR
= 





2)(2 xxhR

dxhR
. 

es aris cxrilis integrali 

  ,arcsin
2 2 a

ax

xax

dx 



   sadac  

2

hR
a


  

 maSin   




2)(2

)(

xxhR

dxhR

2

2
arcsin

hR

hR
x










 


 . 

   Aase, rom 

        


 dx
x

xhR
2)( xxhR 

2

hR 


2

2
arcsin

hR

hR
x










 


= 

         = .
2

2

2

Ct
hR

gR



                     (3) 

         integrebis mudmivi C2 ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0  x 0
 =0,  Aamitom, (3) formulis Tanaxmad       
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            C2 = 
22

)1arcsin(
2







 hRhR
. 

 CavsvaT C2 –s mniSvneloba (3) formulaSi, saidanac 

     















































2

2

)
2

(

arcsin
2

)(
2

2

2



hR

hR
x

hR
xxhR

gR

hR
t . 

 vinaidan  
2

arccosarcsin


 xx ,  

xolo          xx arcsin)arcsin(   , 

amitom 

 

2

)
2

(

arcsin
2 hR

hR
x









= 


























2

)
2

(

arcsin
2 hR

hR
x


 

          


























2

)
2

(

arcsin
2 hR

hR
x


.

2
arccos

hR

xhR




 

 maSasadame, 
 

 


























hR

xhRhR
xxhR

gR

hR
t

2
arccos

2
)(

2

2

2
. 

 saidanac, roca  hx  , mivioRebT 

    
















hR

hRhR
Rh

gR

hR
T arccos

22 2
. 

 
 
 

 p a s u x i: 
hR

ghR
v




2
; 

















hR

hRhR
Rh

g

hR

R
T arccos

22

1
. 
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    amocana  27. 35 
 

   m masis nivTioeri wertili ganizideba centridan manZilis 

proporciuli ZaliT (proporciulobis koeficientia mk2). garemos 
winaRoba moZraobis siCqaris proporciulia  (proporciulobis 

koeficientia 2mk1). sawyis momentSi wertili imyofeboda centridan 
a  manZilze, da misi siCqare am momentSi nulis tolia. ipoveT 
wertilis moZraobis kanoni. 

      

a m o x s n a. M wertili moZraobs ganmzidavi F

Zalis da garemos 

winaRobis R

  Zalis moqmedebiT. mivmarToT 

x RerZi nivTieri wertilis moZraobis 
mimarTulebiT, koordinatTa saTave 
SeuTavsoT wertilis sawyisi mdebareobis 0 
wertils (ix. naxazi). CavweroT moZraobis 
diferencialuri gantoleba x   RerZze 

gegmilebSi:           mx  = F R ,  anu, amocanis 
monacemebis Tanaxmad                                      

                    mx  = mk2 x xmk  12 . 

 aqedan   x   xk12 k2 x = 0.     (1) 

 amovxsnaT (1) diferencialuri gantoleba. amisaTvis 
SevadginoT misi maxasiaTebeli gantoleba 

   02 21

2  kk         (2) 

 (2) maxasiaTebeli gantolebis fesvebi namdvili da 

gansxvavebulia:   2

2

2

12,12,1 kkk  . 

 SemoviRoT aRniSvna:  2

2

2

111 kkk   ; 

            
1

2

2

2

12 kkk   . 

 maSin,  (1) diferencialuri gantolebis zogad amoxsnas aqvs 

aseTi saxe        
tt eCeCx 

21  
                 (3) 

 gavawarmooT (3) gamosaxuleba droTi: 

    
tt eCeCx   21  
.  (4) 

   integrebis mudmivebi C1 da C2 ganvsazRvroT moZraobis 

sawyisi pirobebidan: roca  t = 0  x 0
 = a , 00 v  Aamitom, (3) da (4) 

formulebis Tanaxmad: (3) formulidan  xx  0= ;21 CCa     

                  (4) formulidan 2100 0 CCvx   .      
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        maSin       ;21 CaC     21 CC



 . 

  Aaqedan      ,2







a
C    








a
C1 . 

 CavsvaT 1C  da 2C  mniSvnelobebi (3) gamosaxulebaSi, miviRebT 

     (






 








  a

e
a

e
a

x tt )tt ee   
.                 

p a s u x i:    (
 


a

x )tt ee   
,   sadac 

          
2

2

2

11 kkk  ,     1

2

2

2

1 kkk   

 
 
 
                       amocana  27. 36 
 

   m masis nivTioeri wertili iwyebs wrfiv moZraobas ( x  

RerZis gaswvriv) sawyisi siCqaris gareSe  x   mdgomareobidan 

koordinatTa saTavisken mizidulobis Zalis moqmedebiT, romelic 

icvleba 
2/ xR   kanoniT. ipoveT drois momenti, rodesac 

wertili aRmoCndeba 2/1 x  mdebareobaSi. gansazRvreT 

wertilis siCqare am mdebareobaSi. 
  
a m o x s n a.  avirCioT koordinatTa 0xy 

sistema.  M wertili moZraobs mizidulobis 

R

 Zalis moqmedebiT  (ix. naxazi). CavweroT 

moZraobis diferencialuri gantoleba x   

RerZze gegmilebSi:                 

            mx  = R
2x


 .         (1) 

  SevcvaloT:  
dx

xdx
x


 , CavsvaT (1) formulaSi, miviRebT 

        
dx

xdxm 
2x


 . 

         ganvacaloT cvladebi da vaintegroT, miviRebT    
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         
2x

dx
xdxm


, 

        .
2

1

2

C
x

x
m 

 
                   (2) 

   integrebis mudmiva C 1   ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0  x 0
 =  , 00 x  Aamitom, (2) formulis  




1C . CavsvaT 1C -is mniSvnelobebi (2) gamosaxulebaSi, 

miviRebT              







x

x
m

2

2

. 

saidanac       












xm
x

2
2,1

;     

                 











 112
1

xm
x                    (3) 

 sadac  x  aris siCqaris gegmili x  RerZze, amasTanave x < 0. 

 SevcvaloT  x
dt

dx
 ,  ganvacaloT cvladebi: 

    



11


x

dx
.

2
dt

m


   

        vaintegroT es gamosaxuleba; tolobis marcxena mxaris 
integrali gamovTvaloT misi dayvaniT cxrilis integralze 
(msgavsi axsna ix. 27. 34 amocanis amoxsnaSi):  
  















 22

)2(

211 xx

dxx

xx

xdx

x

dxx

x

dx













 

 


















222

24

2

)2(

2 







x

dx

xx

dxx . 

 Aam gardaqmnebis Sedegad miviRebT 

m
tCxxx








22
)

2
arcsin(

2
2

2  . (4) 
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   integrebis mudmivi C2  ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0  x =  , Aamitom, (4) formulidan  

22
2


C .  

CavsvaT 2C -is es mniSvneloba (4) gamosaxulebaSi, miviRebT      

          .
2

arcsin
222

2




















 









x
xx

m
t  

roca  
2

1


x  

     


















2
1

222222

2/32/32/3

1









mm
t . 

 maSin, (3) formulis Tanaxmad 

   








mm
v

2122
1 








 . 

 p a s u x i:   









2
1

22

2/3

1





 m
t ;  





m
v

2
1  . 

  S e n i S v n a:  dx
x

x
 

 SeiZleba daviyvanoT cxrilis or 

integralze, Tu gavnTavisufldebiT fesvisagan Semdegi aRniSvniT  

2z
x

x



, saidanac 

2

2

1 z

z
x





,   

22 )1(

2

z

zdz
dx





. 

 
                   amocana  27. 37 

   

   m masis nivTioeri wertili iwyebs wrfiv moZraobas  

sawyisi siCqaris gareSe  ax 0   mdgomareobidan, romelzec 

moqmedeben mizidulobis Zala, romelic 
koordinatTa saTavidan manZilis 

proporciulia mxcFx 1  da ganzidvis 

(ukumbiZgi) Zala, romelic manZiolis kubis 

proporciuilia:  
3

2mxcQx  . 

acc ,2,1 -s rogori Tanafardobisas 

miaRwevs wertili koordinatTa saTaves da 
gaCerdeba? 
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a m o x s n a.   M wertilis moZraobisas masze moqmedebs 

mizidulobis Zala F

 da ganzidvis Zala Q


. mivmarToT x  RerZi 

wertilis moZraobis mxares   (ix. naxazi). CavweroT moZraobis 
diferencialuri gantoleba x   RerZze gegmilebSi:                 

                       mx  =  xx FQ      

anu, amocanis  mocemulobebis Tanaxmad  

    mx  =
3

2mxc mxc1 . 

 

     Aqedan         x  =
3

2 xc xc1 . 

  SevcvaloT:  
dx

xdx
x


 ,   maSin 

        
dx

xdx 
 =

3

2 xc xc1 . 

        Aam gamosaxulebaSi ganvacaloT cvladebi da vaintegroT, 
miviRebT    

        dxxcxcxdx )( 1

3

2   , 

        A
x

c
x

c
x




242

2

1

4

2

2

                   (2) 

   integrebis mudmivi A  ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0  x 0
 = a , 00 x  Aamitom, (2) formulis 

Tanaxmad          
42

4

2

2

1 acc
A 


.  

CavsvaT A -s mniSvneloba (2) gantolebaSi, 

          


242

2

1

4

2

2 x
c

x
c

x

42

4

2

2

1 acc


 .         (3) 

  roca  t = t1  x 1
 =0, 0` x  Aamitom, (3) gantolebs miiRebs asweT 

saxes              
42

4

2

2

1 acc


 = 0. 

Aqedan       
2

2

2

1 a

c

c
  anu     

2

2

2
1

ac
c  . 

 p a s u x i:  
2

2

2
1

ac
c  . 
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              amocana  27. 38 

   

   sxeulis moZraobisas araerTgvarovan garemoSi winaRobis 

Zala icvleba 
s

v
F




3

2
2

n  kanoniT, sadac v  - sxeulis siCqarea 

m/wm-Si, xolo s – ganvlili manZili metrebSi. gansazRvreT 
ganvlili manZili, rogorc drois funqcia, Tu sawyisi siCqarea 

50 v m/wm. 

 a m o x s n a.   ganvixiloT sxeulis moZraoba garemos 

winaRobis F

Zalis da simZimis gm


 Zalis moqmedebiT.  s0  RerZi 

mivmarToT sxeulis moZraobis mxares (ix. naxazi). CavweroT 

moZraobis diferencialuri gantoleba s RerZze gegmilebSi:              

mx  = 
s

v
F




3

2
2

.                (1) 

 SevcvaloT:     
    

ds

dv
v

ds

sd
s

ds

sd

dt

ds

ds

ds

dt

sd
s 








 . 

 maSin (1) gantoleba aseT saxes 
miiRebs 

     
ds

mvdv

s

v




3

2
2

,    (2) 

sadac  1m . 
 ganvacaloT cvladebi da vaintegroT (2) gamosaxuleba,  

            


s

ds

v

dv

32
 , 

miviRebT          1ln)3ln(ln
2

1
Csv  . 

Aaqedan     











s

C
v

3

1 2
.                        (3) 

 moZraobis sawyisi pirobebidan: roca  t = 0  s0
 =0, 00 vs   

Aamitom, (3) formulidan 
9

2

1
0

C
v  , aqedan 459 0

2

1  vC . maSin 

(3)gamosaxuleba mioiRebs asset saxes  
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2)3(

45

s
v


 . 

vinaidan 
dt

ds
v  ,    amiotom    

2)3(

45

sdt

ds


 .         (4) 

 (4) gamosaxulebaSi ganvacaloT cvladebi  da vaintegroT,   

                     dtdss 45)3( 2
, 

miviRebT:            
2

3

45
3

)3(
Ct

s



.                (5) 

  moZraobis sawyisi pirobebis CasmiT (5) formulidan vipoviT             

                      2

2 93 C , 

 maSin (5) aseTi saxe aqvs 

    945
3

)3( 3




t
s

,  

saidanac )115(3327527 33  tts ’ 

 

p a s u x i:    )115(3 3  ts  m. 
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Mmrudwiruli  moZraoba 

 
                  Aamocanebi da amoxsnebi 

 
 
                        A  Aamocana  27. 39 

 

      sazRvao qvemexi isvris 18 kg masis 

Wurvs 0v =700 m/wm siCqariT. haerSi Wurvis 

namdvili traeqtoria gamosaxulia naxazze 
or SemTxvebvaSi: 1) rodesac kuTxe qvemexis 
RerZsa da horizonts Soris kuTxe 
Seadgens 450  da 2) es kuTxe 750-is tolia. 
TiToeulisaTvis orive SemTxvevaSi 
gansazRvreT, ramdeni kilometriT 
gaizrdeboda frenis simaRle da siSore, 
Tu Wurvi ar ganicdis haeris winaRobas. 
 

  a m o x s n a.   ganvixiloT Wurvis moZraoba simZimis gm

 

Zalis moqmedebiT garemos winaRobis gareSe. vaCvenoT igi 
koordinatTa 0xy sistemaSi nebismier mdebareobaSi (ix. naxazi). 
CavweroT moZraobis ZiriTadi gantolebebi arCeul RerZebze 
gegmilebSi  

          m x =0.              (1) 
          m y   = - mg.       (2) 

  amovxsnaT (1) diferencialuri 
gantoleba: 

     1Cx  .            (3) 

SevcvaloT: 
dt

dx
x  . ganvacaloT 

cvladebi da vaintegroT: 

                     dtCdx 1 , 

 miviRebT:         21 CtCx  .                          (4)  

   
 integrebis mudmivebi C1 da C2 ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0,  x 0
 = 0 , 000 cosvx   Aamitom, (3) da (4) 

gantolebebidan:   x 0= ;0 2C    1000 cos Cvx   .      

      maSin        x 0v t 0cos ,                        (5) 
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       00 cosvx  .                        6) 

 amovxsnaT (2) diferencialuri gantoleba: 

   y  
dt

yd 
  = - g. 

 ganvacaloT cvladebi da vaintegroT: 
 

                    gdtyd , 

 miviRebT:         3Cgty  .                          (7)  

   

SevcvaloT: 
dt

dy
y  . ganvacaloT cvladebi da vaintegroT: 

                     dtCgtdy )( 3
, 

 miviRebT:         
43

2

2
CtC

gt
y  .                    (8)  

      integrebis mudmivebi C3 da C4 ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0  y0
 = 0 , 0y 00 sinv , Aamitom, (7) da (8) 

gantolebebidan:   y 0= ;0 4C    3000 sin Cvy   .      

      maSin        
2

2gt
y  tv0 0sin ,                (9) 

       00 sinvgty  .                  (10) 

 (9)-dan vipoviT dros, rodesac Wurvi daecema dedamiwaze,     

e.i.   :0y                      
g

v
t 00 sin2 
 .                                             (11) 

 (11) gamosaxuleba CavsvaT (5) formulaSi da ganvsazRvroT 
Wurvis frenis siSore: 

     
g

v

g

v
x o 0

2

00

2

0 2sincossin2 
 .        (12) 

 vipovoT Wurvis asvlis maqsimaluri simaRle. Aam SemTxvevaSi 
(10) formulis Tanaxmad 

       
001 sin0 vgty  , 

saidanac             
g

v
t 00
1

sin
 . 
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 CavsvaT 1t  -is  es mniSvneloba (9) formulaSi, mivioRebT 

                        

                       
g

v
y

2

sin 0

22

0
max


 .                   (13)  

 (12) da  (13) formulebidan ganvsazRvroT  L  da  H, roca    

0

1 45   da  
0

2 75 : 

          50000
8,9

90sin700 02

1



L  (m), 

          25000
8,9

150sin700 02

2



L  (m),  

          12500
8,92

45sin700 022

1





H  (m), 

          23300
8,92

75sin700 022

2





H  (m). 

vipovoT simaRlis gadideba, Tu 5000
1
hH  m, 11300

2
hH  m 

(aRebulia amocanis pirobaSi mocemuli grafikidan): 

 
1

H =
1

H hH
1

 = 12500 – 5000 = 7500 m = 7,5km, 

 
2H =

2H hH
2

 = 23300 – 11300 = 12000 m=12km. 

     

vipovoT frenis siSoris gadideba, Tu 5000
1
hH m, 

11300
2
hH m (aRebulia amocanis pirobaSi mocemuli 

grafikidan): 

 
1

L =
1

L hL
1

 = 50000 – 13500 = 36500 m =36,5 km, 

 
2L =

2L hL
2

 = 25000 – 8300 = 16700 m = 16,7 km. 

 
 p a s u x i: simaRlis gazrda: 1) 7,5 km.    2) 12 km.  
     manZilis gazrda: 1)36,5 km.     2) 16,7 km. 
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   Aamocana  27. 40 

 

      TviTmfrinavi A  mifrinavs dedamiwis zedapiridan 4000 m 
simaRleze horizontaluri 140 m/wm siCqariT. horizontalur wrfeze 
mdebare mocemul  B wertilamde ra x  manZilze  unda iqnes 
TviTmfrinavidan sawyisi fardobiTi siCqaris gareSe raime tvirTis 
Camogdeba, rom igi daeces am wertilSi. haeris winaRoba 
ugulebelyaviT. 

 
  a m o x s n a.   ganvixiloT tvirTis 

moZraoba simZimis gm

 Zalis moqmedebiT garemos 

winaRobis gareSe. avirCioT koordinatTa 0xy 

sistema. y  RerZi gavavloT A  wertilSi, 
romelSoc tvirTma datova TviTmfrinavi H  

simaRleze. Nnaxazze naCvenebia tvirTis nebismieri 
mdebareoba. CavweroT moZraobis ZiriTadi 
gantolebebi arCeul RerZebze gegmilebSi:    

                    m x   = 0.                           
(1) 

       m y   = - mg.                  (2) 

  amovxsnaT (1) diferencialuri gantoleba: 

       1Cx  .                             (3) 

SevcvaloT: 
dt

dx
x  .   (3) gantolebaSi ganvacaloT cvladebi da 

vaintegroT: 

                     dtCdx 1 , 

 miviRebT:         21 CtCx  .                         (4)  

   
 integrebis mudmivebi C1 da C2 ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0  x 0
 = 0 , 0x 140 m/wm Aamitom, (3) da (4) 

gantolebebidan:   x 0= ;0 2C    10 140 Cx  .      

      maSin         x 140t,                             (5) 
        140x .                             (6) 

 amovxsnaT (2) diferencialuri gantoleba: 

   y  
dt

yd 
  = - g. 

 ganvacaloT cvladebi da vaintegroT: 
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                    gdtyd , 

 miviRebT:         3Cgty  .                          (7)  

   

SevcvaloT: 
dt

dy
y  . ganvacaloT cvladebi da vaintegroT: 

                   dtCgtdy )( 3
, 

 miviRebT:         
43

2

2
CtC

gt
y  .                    (8)  

      integrebis mudmivebi C3 da C4 ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0  y0
 = H =4000 m, 0y 0 Aamitom, (7) da (8) 

gantolebebidan:   y 0= ;4CH     30 0 Cy  .      

      maSin        
2

2gt
y  H ,                         (9) 

       gty  .                              (10) 

 (9)-dan vipoviT 1t  dros, rodesac tvirTi daecema dedamiwaze,     

e.i.   :0y                      
2

0
2

1gt
 H , 

    

g

H
t

2
1 

.                                                  

  es CavsvaT (5) formulaSi da ganvsazRvroT Wurvis frenis 
siSore: 

     140x 4000
8,9

40002
140

2





g

H
 m.  

  p a s u x i:  4000x  m.     
   
 
                       Aamocana  27. 41 

 

      TviTmfrinavi A  mifrinavs dedamiwis 

zedapiridan h simaRleze horizontaluri 1v  

siCqariT. B qvemexidan moxda gasrola 
TviTmfrinavis mimarTulebiT im momentSi, 
rodesac TviTmfrinavi imyofeboda qvemexTan 
erT verikalze. ipoveT:  1) ra pirobas unda 
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akmayofilebdes Wurvis sawyisi 0v  siCqare, rom is 

moxvdes TviTmfrinavs, da  2) horizontisadmi 
rogori  kuTxiT unda moxdes gasrola. haeris 
winaRoba ugulebelyaviT. 
 
  a m o x s n a.  avirCioT koordinatTa 0xy 
sistema. naxazze gamovsaxoT sibrtyeze Wurvi 
nebismier mdebareobaSi da masze moqmedi simZimis 

gm

 Zala. CavweroT moZraobis ZiriTadi gantolebebi arCeul 

RerZebze gegmilebSi:    

                    m x   = 0.               (1) 
              m y   = - mg.                               (2) 

  amovxsnaT (1) diferencialuri gantoleba: 

            1C
dt

dx
x  .                                     (3) 

   (3) gantolebaSi ganvacaloT cvladebi da vaintegroT: 

                    dtCdx 1 , 

 miviRebT:        21 CtCx  .                                     (4)

     
  integrebis mudmivebi C1 da C2 ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0  x 0
 = 0 , 000 cosvx   Aamitom, (3) da (4) 

gantolebebidan:   x 0= ;0 2C     10 Cx 00 cosv .      
      maSin  (3) da (4) gantolebebi miiReben aseT saxes: 

            x = 00 cosv ,                                  (5) 

        x 00 costv .                                 (6) 

 amovxsnaT (2) diferencialuri gantoleba, igi ase CavweroT 

   y  
dt

yd 
  = - g. 

 ganvacaloT cvladebi da vaintegroT: 
 

                    gdtyd , 

 miviRebT:        3Cgty  .                                   (7) 

    

SevcvaloT: 
dt

dy
y  . ganvacaloT cvladebi da vaintegroT: 
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                    dtCgtdy )( 3
, 

 miviRebT:        
43

2

2
CtC

gt
y  .                             (8)  

      integrebis mudmivebi C3 da C4 ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0  0y 00 sinv ,  y0
 = 0. Aamitom, (7) da (8) 

gantolebebidan:  0y 300 sin Cv  , y 0= ;0 4C  
   maSin  (7) da (8)   gantolebebi miiReben aseT saxes:  

       gty  00 sinv  .                          (9) 

        
2

2gt
y  00 sintv ,                        (10) 

 CavweroT TviTmfrinavis moZraobis gantoleba: 

          tvx 11   ,  

          hy 1 . 

 Wurvi rom moxvdes TviTmfrinavs, unda Sesruldes piroba: 

                 ,1 xx     ,1 yy     tt 1 . 

  maSin (6) gantolebis gaTvaliswinebiT 
 

         00 costv tv1 , 

 saidanac         0cos
0

1

v

v
 . 

 Wurvis frenis dros vipoviT (10) gantolebidan, Tu miviRebT, 

rom hy  .  maSin 

               h 00 sintv
2

2gt
  , 

saidanac  
2

0

22

000 2sinsin

g

hgv

g

v
t





. 

 TviTmfrinavze Wurvis moxvedra im SemTxvevaSi SeiZleba, roca    

             02sin 0

22

0  hgv  . 

 vinaidan     
2

0

2

1
0

2

0

2 1cos1sin
v

v
  , 

Aamitom moxvedris piroba ase CavweroT 
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   02)1(
2

0

2

12

0  hg
v

v
v . 

 Aaqedan   022

1

2

0  hgvv ,  anu   ghvv 22

1

2

0  . 

 
 

 p a s u x i:  1) ghvv 22

1

2

0  ;   2)  0cos
0

1

v

v
 . 

 
 
 
   Aamocana  27. 42 

 

       Wurvis tyorcnis udidesi horizontaluri manZilia L . 

gansazRvreT misi tyorcnis horizontaluri l  manZili 
030  

kuTxiT gasrolisas da traeqtoriis h  simaRle am SemTxvevaSi. 
haeris winaRoba ugulebelyaviT. 
 
 a m o x s n a. visargebloT 27. 39 amocanis amoxsnis (12) da (13) 
formulebiT: 

                           
g

v
x 0

2

0 2sin 
 .                          (1)                              

                        
g

v
y

2

sin 0

22

0
max


 .                         (2) 

        Wurvis frenis udidesi siSore  miiRweva, roca 

12sin 0  , anu, rodesac gasrolis kuTxe  :450

0   

    L 


g

v 02

0 90sin

g

v 2

0 ,                    (3) 

 roca 0

0 30 ,    l 


g

v 02

0 60sin

g

v

2

3 2

0 .                 (4) 

    (4) tolobidan (3)-s gaTvaliswinebiT 

     l L
2

3
. 

 roca 0

0 30 , maSin (2) gantolebidan vipoviT Wurvis 

traeqtoriis h  simaRles:  
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8

5,0
2

30sin
2

202
2

0
max

LL

g

v
hy  . 

 p a s u x i:   l L
2

3
;   

8

L
h  . 

 
 
    Aamocana  27. 43 

 

       Wurvis   kuTxiT tyorcnis udidesi horizontaluri 

manZilia l .  gansazRvreT misi tyorcnis horizontaluri  manZili 

2/  kuTxiT gasrolisas. haeris winaRoba ugulebelyaviT. 
 
 a m o x s n a. visargebloT 27. 39 amocanis amoxsnis (12) 
formuliT: 

                           
g

v
x 0

2

0 2sin 
 . 

  gansaxilvel SemTxvevaSi  x l ,    0 . maSin es 

formula aseT saxes iRebs:                                 

                           l
g

v 2sin2

0 .                  (1)  

 rodesac  
2

0


  , horizontaluri tyorcnis siSorea                

                          2/l
g

v sin2

0 .               (2) 

 (2) gamosaxuleba gavyoT (1) gamosaxulebaze, miviRebT 
                   

                            








cos2

1

2sin

sin2/ 
l

l
, 

 saidanac                    2/l




cos2

l
 . 

 
 

   p a s u x i:  2/l




cos2

l
 . 
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                         Aamocana  27. 44 

 

      gansazRvreT horizontisadmi qvemexis lulis daxris kuTxe, Tu 
mizani aRmoCenilia 32 km manZilze, xolo Wurvis sawyisi siCqarea  

6000 v m/wm. haeris winaRoba ugulebelyaviT. 

 
 a m o x s n a. visargebloT 27. 39 amocanis amoxsnis (12) 
formuliT: 

                           
g

v
x 0

2

0 2sin 
 . 

 Wurvis mizanSi moxvedris SemTxvevaSi (ix. 27. 39 amocanis 
amoxsnis naxazi) 

                     
g

v
Lx 0

2

0 2sin 
 , 

sadac   32000L   m. 
 aqedan 

              .872,0
600

8,932000
2sin

22

0

0 



v

Lg
  

Ees niSnavs, rom 

                63602 0

01
 , 81300

01
 . 

             
2

20


 24590

01
 . 

    p a s u x i:   81300

01
 ;   24590

02
 . 

 
 
 

                    Aamocana  27. 45 

 

     amoxseniT wina amocana im SemTxvevisaTvis, Tu mizani imyofeba 
saartilerio poziciis donedan 200 m-is simaRleze. 
 

 a m o x s n a. visargebloT 27. 39 amocanis amoxsnis (5) da (9) 
formulebiT: 

                  x 00 costv .       (1)  

            y 00 sintv
2

2gt
 ,   (2) 

   (1) formulidan  
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00 cosv

x
t  . 

    t -s mniSvneloba CavsvaT (2) gantolebaSi, miviRebT 

                  y 0xtg
0

22

0

2

cos2 v

gx
 .                (3) 

   (3) formulidan, imis gaTvaliswinebiT, rom 
0

2

0

2
1

cos

1



tg , 

miviRebT         y 0xtg )1(
2

0

2

2

0

2

tg
v

gx
 .           (4) 

saidanac         01
22

2

2

0
0

2

0
0

2 
gx

yv
tg

gx

v
tg  .         (5) 

(5) gantolebaSi SevitanoT ricxviTi mniSvnelobebi:    

               6000 v m/wm;  32000x m;  200y  m.  

miviRebT:       .0014,1293,2 00

2   tgtg              (6) 

amovxsnaT (6) kvadratuli gantoleba:  

                 ,598,01 tg  15300

1
 . 

                 ,6956,12 tg  13590

2
 . 

                   

   p a s u x i:    15300

1
 ;  13590

2
 . 

 
    
                         Aamocana  27. 46 

 

 0  wertilSi  mdebare qvemexidan horizontisadmi   kuTxiT 

moxda Wurvis gasrola sawyisi 0v  siCqariT. erTdroulad, 

horizontalze 0  wertilidan l  manZiliT daSorebuli A  
wertilidan moxda vertikalurad zeviT gasrola. gansazRvreT, 

rogori sawyisi 1v  siCqariT unda moxdes am Wurvis gasrola, rom is 

Seejaxos pirvel Wurvs, Tu siCqare 0v  da A  wertili mdebareoben 

erT vertikalur sibrtyeSi. haeris winaRoba ugulebelyaviT. 
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 a m o x s n a. visargebloT 27. 39 amocanis amoxsnis (9) 
formuliT. koordinatTa saTavesTan SeTavsebuli wertilidan 
gasrolili WurvisaTvis        

               y sin0tv
2

2gt
 .    (1) 

 CavweroT A  wertilidan 
vertikalurad zeviT moZravi Wurvis 
moZraobis gantoleba y  RerZze 

gegmilebSi (ix. naxazi): 

            gmym 111  . 

 aqedan 

             gy 1 .              (2) 

 amovxsnaT (2) gantoleba da gaviTvaliswinoT Secvla: y  

dt

yd 
 .   ganvacaloT cvladebi da vaintegroT: 

                     gdtyd 1
, 

 miviRebT:          
11 Cgty  .                            (3)  

 

 (3)-Si CavsvaT moZraobis sawyisi pirobebi: roca  t = 0  
01y

1v , 

miviRebT 

              
01y

11 Cv  . 

 maSin (3) aseT saxes miiRebs 

                 gty1 1v  .                           (4) 

 Kkvlav movaxdinoT Secvla 

                    
dt

dy
y 1

1    gt 1v . 

 ganvacaloT cvladebi da vaintegroT: 

                        dtvgtdy )( 11
, 

 miviRebT:            
21

2

1
2

Ctv
gt

y  .                     (5)  

       moZraobis sawyisi pirobebidan: roca  t = 0  01y 0. Aamitom,  

    2C = 01y 0. 

(5) gamosaxulebidan   tv
gt

y 1

2

1
2

 .                   (6) 
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 erTdroulad gasrolili Wurvebis Sejaxebis pirobaa 1yy  . 

gautoloT (1) da (6) gamosaxulebebi erTmaneTs: 
 

            sin0tv
2

2gt
 tv

gt
1

2

2
 .  

 Aqedan       1v sin0v . 

   amasTanave, l  manZili ufro naklebi unda iyos vidre 2sin
2

0

g

v
. 

 

       p a s u x i:  1v sin0v  (damoukideblad l  manZilisa,  

                    roca l < 2sin
2

0

g

v
). 

 
 
                           Aamocana  27. 47 

 
 gansazRvreT nivTier wertilTa mdebareobis geometriuli 

adgili t momentSi, romlebic gasrolilni arian vertikalur 

sibrtyeSi erTi wertilidan erTi da imave sawyisi 0v  siCqariT 

horizontisadmi yvela SesaZlo kuTxiT. 
 
 a m o x s n a. visargebloT 27. 39 amocanis amoxsnis (5) da (9) 
formulebiT:  

                x 0v t 0cos ,                         (1) 

       
2

2gt
y  tv0 0sin .                (2) 

 Ees gantolebebi aseTi saxiT CavweroT: 

        
0

0

cos
tv

x
                      (3) 

        
0

0

2

sin
2












tv

gt
y

                    (4) 

 (3) da (4) gamosaxulebebi aviyvanoT kvadratSi da SevkriboT, 
miviRebT 
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   
22

0

2

tv

x












22

0

2
2

2

tv

gt
y

1 . 

Aanu   
22

0

2
2

2

2
tv

gt
yx 








  - es aris wrewiris gantoleba. 

 p a s u x i:  wrewiri tv0  radiusiT, romlis centri 

mdebareobs gasrolis wertilis vertikalze, am wertilis qveviT 

2/2gt   manZilze. 

 
 
                         Aamocana  27. 48 

 
 gansazRvreT yvela paraboluri traeqtoriis fokusebis 

geometriuli adgili, romelic Seesabameba erTi da imave sawyisi 0v  

siCqariT da horizontisadmi yvela SesaZlo kuTxiT gasrolas. 
 
  a m o x s n a.  avirCioT koordinatTa 0xy sistema da 
CavweroT moZraobis diferencialuri gantolebebi arCeul x  da y   

RerZebze gegmilebSi:    

                    m x   = 0.                             (1) 
              m y   = - mg.                    (2) 

 es gantolebebi orjer vaintegroT droTi, miviReb 
  

   1C
dt

dx
x  .          (3) 

         21 CtCx  .           (4) 

     3Cgty  .          (5) 

      
43

2

2
CtC

gt
y  .   (6) 

     
  integrebis mudmivebi C1 da C2 ganvsazRvroT moZraobis sawyisi 

pirobebidan: roca  t = 0  x 0
 = 0 , y0

 = 0, cos00 vx  ,   

0y sin0v ,  (3) – (6)  gantolebebSi ganvsazvroT integrebis 

mudmivebi A           0x cos0v
1C .    
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                       x 0= ;0 2C   

               0y 30 sin Cv  ,  

                        y 0= ;0 4C  
     maSin 
                x = cos0v ,                        (7) 

            x cos0tv .                       (8) 

                         gty  sin0v  .               (9) 

            
2

2gt
y  sin0tv ,              (10) 

 (8) formulidan 

     
cos0v

x
t  . 

 Ees mniSvneloba CavsvaT (10) gantolebaSi da CavweroT 
traeqtoriis gantoleba: 

  


xtg
v

gx
y 

22

0

2

cos2
 - es parabolis gantolebaa.  (11) 

 Pparabolis wvero - A  wertilia. Aam wertilSi 

     gty  0 sin0v ,  

 saidanac    
g

v
t

sin0

1  . 

 CavsvaT 1t -s mniSvneloba (8) da (10) formulebSi: 

    
g

v
xA

2

2sin2

0 
 ,                                 (12) 

   2
2

0 sin
2g

v
yA  . 

 Pparabolis radiusi mdebareobs AK wrfeze (ix. naxazi): 

    
2

P
yFK A  , 

sadac  P - fokaluri parametria, 
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   



2
2

0

22

0

cos

cos2
2

1

g

v

v

g
P 



 . 

maSin   AyFK 2
2

0 cos
2g

v
)cos(sin

2

22
2

0  
g

v
. 

 Nnaxazis Tanaxmad 

   
22222 00 yxFKKF  , 

    K0
g

v

2

2sin2

0 
. 

 maSin 

  
g

v

g

v

g

v
F

2
)cos(sin

22

2sin
0

2

0222

2

0

2
2

0 


























 


. 

  yvela paraboluri traeqtoriis fokusebis geometriuli adgili, 

romelic Seesabameba erTi da imave sawyisi 0v const  siCqariT da 

horizontisadmi yvela SesaZlo   kuTxiT gasrolas, aris wrewiri 

g

v

2

2

0
 radiusiT. 

   p a s u x i:    22 yx
2

4

0

4g

v
. 

 
 

                        Aamocana  27. 49 

 

  P  wonis sxeuli, romelic gatyorcilia sawyisi 0v  

siCqariT da horizontisadmi   kuTxiT moZraobs simZmis Zalisa da 

haeris winaaRmdegobis R  Zalis moqmedebiT. gansazRvreT sxeulis 

udidesi h  simaRle sawyisi 
mdebareobis donidan, Tu winaRoba 
siCqaris pirveli xarisxis 

proporciulia: kPvR  . 

 a m o x s n a.  vaCvenoT 

nebismierad arCeul M  wertilSi 
 sxeulze moqmedi Zalebi: simZimis 
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Zala gm

 da haeris winaRobis Zala R


.  SevadginoT sxeulis 

moZraobis diferencialuri gantoleba y   RerZze gegmilebSi:       

m y   = - mg – Rsinα1 ,  

sadac   sinα1 
v

v y
;       kmgvR  .  

 maSin              )1( ykvgy  .    (1)  

SevcvaloT:      )(tyvy y  
dy

dv
v

dt

dy

dy

dv
y

y

y

y
 . 

 ganvacaloT cvladebi da (1) gantoleba ase warmovadginoT 

        gdy
kv

dyv

y

y


1
 gdy

kv

dv

kkv

kv

k y

y

y

y









1

1

1

11 . 

 vaintegroT:      
k

1

 

0

sin

2

0

sin 00

1

 vv

y
k

dv 


 h

y

y
dyg

kv

kvd

0
1

)1(
. 

   A aq igulisxmeba, rom sxeulis umaRlesi mdebareobis miRwevisas 

0yv :       
k

1 h

vyvy gyvk
k

v
0

0

sin2

0

sin 00

)1ln(
1




  

maSin      .)sin1ln(
1

sin
1

020 ghkv
k

v
k

   

aqedan vipoviT udides simaRles  

           )sin1ln(
1sin

02

0 


kv
gkgk

v
h  . 

  p a s u x i:   )sin1ln(
1sin

02

0 


kv
gkgk

v
h  . 

 

amocana  27. 50 

 

 (27. 49) amocanis pirobebiT ipoveT wertilis moZraobis 
gantoleba. 

 a m o x s n a. CavweroT M  wertilis moZraobis diferencialuri 
gantoleba x   RerZze gegmilebSi (ix. 27. 49 amocanis amoxsnisaTvis 
naxazi): 

 m x   = xkgxxkmgx
g

mg
Rx

 . 

     y  RerZze gegmilebSi moZraobis gantolebis gaTvaliswinebiT  [ix. 

27. 49 amocanis amoxsnis (1) formula], miviRebT diferencialur 



 124 

gantolebaTa sistemas, romelic aRwers wertilis moZraobas simZimis 
Zalisa da winaRobis Zalis moqmedebiT:   

   xkgx  ,                   (1) 

   )1( ykgy  .             (2) 

 amovxsnaT (1) diferencialuri gantoleba. SevcvaloT: 

)(tvx x ,  miviRebT 

   
dt

dvx
xkgv . 

     ganvacaloT cvladebi da vaintegroT 

                     

tv

v x

x dtkg
v

dvx

0cos0 

. 

       miviRebT 

      


cos
cos

lnln 0

0
00

kgt

x

xtv

osvx evvkgt
v

v
tkgv

x  . 

   SevcvaloT  
dt

dx
vx  , 

maSin               
dt

dx
cos0

kgtev  . 

 ganvacaloT cvladebi da vaintegroT es gamosaxuleba 

    






t

kgt

x

x

dtevdx
00

0 .cos

0

  

Aaqedan         

              
t

kgte
kg

v
x

0

0 cos
).1(

cos0 kgte
kg

v 


 

 amovxsnaT (2) gantoleba. SemoviRoT aRniSvna: )(tuy  , maSin 

   gdt
ku

du
kug

dt

du





1
)1( . 

 vaintegroT:  



tu

v

dtg
ku

kud

k
0sin0

1

)1(1



. 

miviRebT              
tu

v
gtku

k 0sin0

)1ln(
1




. 
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Aaqedan               kgt
kv

ku






sin1

1
ln

0

, 

   .sin
11

0

kgtev
kk

u 








   

 vinaidan  
dt

dy
u  , ganvacaloT cvladebi da vaintegroT, 

miviRebT 

  














t

kgt

ty

y

dtev
k

dt
k

dy
0

0

00

sin
11

0

 . 

Aaqedan         







  ttkgt t

k
ev

kkg
y

000

1
sin

11
  

             t
k

ev
kkg

kgt 1
)1(sin

11
0 








  . 

p a s u x i:  );1(
cos0 kgte
kg

v
x 


  t

k
ev

kkg
y kgt 1

)1(sin
11

0 







  . 

 

                   amocana  27. 51 

 

 (27. 49) amocanis pirobebiT gansazRvreT, horizontalis 
gaswvriv ra s manZilze miaRwevs wertili umaRles mdebareobas. 
    a m o x s n a. ganvsazRvroT wertilis h siomRleze asvlis 
dro. 27.50 amocanis amoxsnisas moZraobis (2) diferencialuri 

gantolebidan im pirobiT, rom asvlis umaRles wertilSi 0yv , 

vipoviT  

  )1( kug
dt

du






1

0 0

0

sin
1

)1(1
t

v

dtg
ku

kud

k


             

         
1

0 0

0

sin
)1ln(

1 t

v
gtku

k





kg

kv
t

)sin1ln( 0
1


 . 

 27. 50 amocanis amoxsnisas miviReT 

  ).1(
cos

)( 0 kgte
kg

v
tx 


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 )( 1ttxs  .]1[
cos )sin1ln(0 0 

  kv
e

kg

v
  

       






)sin1(

cossin
]

)sin1(

1
1[

cos

0

2

0

0

0









kvg

v

kvkg

v

)sin1(2

2sin

0

2

0





kvg

v


. 

 p a s u x i:  s
)sin1(2

2sin

0

2

0





kvg

v


 

  

   amocana  27. 52 

 

 vertikalur milSi, romelic moTavsebulia wriuli auzis 
centrSi da daxSulia zevidan, milis gverdiT zedapirze 1 m 
simaRleze gakeTebulia xvrelebi, romlebidanac gadmoedineba  

horizontisadmi sxvadasxva  kuTxiT ( < π/2) daxrili wylis 

Wavli; Wavlis sawyiosi siCqarea 
cos3

4
0

g
v  m/wm, sadac 

g simZimis Zalis aCqarebaa; milis simaRlea 1 m. gansazRvreT auzis 

umciresi radiui R , romlis drosac milidan gadmodinebuli wyali 
vardeba auzSi, rogori mcirec ar unda 
iyos misi kedlebis simaRle. 
    a m o x s n a. avirCioT 

koordinatTa xy0  sistema. SevadginoT 

simZimis gm

 Zalis moqmedebiT (ix. 

naxazi) gamowveuli wylis moZraobis 
diferencialuri gantoleba x  da y  

ReZebze gegmilebSi: 

      m x  = 00  x , 

          m y  = gymg  . 

 Ees gantolebebi amovxsnaT Semdegi sawyisi pirobebiT: ,00 x   

;cos00 ox vvx      00 y , 

 .sin00 oy vvy   

 maSin 

  ;cosovx   

  .sin gtvy o    

aqedan 
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 ;costvx o               (1) 

 .
2

sin
2gt

tvhy o      (2) 

 (1) formulidan 

  .
cos0 v

x
t   

SevitanoT es mniSvneloba (2) gantolebaSi, miviRebT 

  .
cos2 22

0

2




v

gx
xtghy   

 Aamocanis pirobis TanaxmadD 
cos3

42

0

g
v  ,  maSin 

         .
cos8

3 2




x
xtghy                     (3) 

  minr  SeiZleba ori xerxiT ganisazRvros. 

 
 1-li xerxi. (3) formulis gardaqmniT miviRebT: 

  
2

8

3
cos)(sin xyhx   .             (4) 

 movaxdinoT Casma: 

     

2
1

2
2

2
sin

2
cos

2
cos

2
sin2

2
cos

2
sin2sin

222 










tg

tg







 ; 

     

 

2
1

2
1

2
sin

2
cos

2
sin

2
cos

2
sin

2
coscos

2

2

22

22

22












tg

tg











 . 

 maSin (4) miiReba aseT saxes: 

      


















2
1

8

3

2
2

2
1)( 222 

tgxxtgtgyh , 

 Aanu        0
8

3

2
2

28

3 222 







 yhxxtgtgyhx


. 

 amovxsnaT es kvadratuli gantoleba: 
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yhx

yhxxx

tg






2

242

8

3

)(
64

9

2

  .  

 
2


tg  namdvil mniSvnelobas miiRebs, roca 

                     
422

64

9
)( xyhx  ;  

              4

64

9
x

22 )( yhx     -  parabolis gantolebaa. 

 roca 0y  da  1h   miviRebT 

    
4

64

9
x 012  x . 

 aRvniSnoT Zx 2
 da amovxsnaT kvadratuli gantoleba: 

      01
64

9 2  ZZ . 

      

32

9

16

9
11

2,1



Z
. 

 radganac  02  xZ ,  amitom 

   8
4

5
1

9

32









Z . 

 maSasadame,    83,28max  ZxR  (m).  

 
     2-e xerxi.  vipovoT parabolis ojaxTa momvlebis amoxsna, 
rogorc    kuTxis funqcias. 

 vinaidan (3) formulis Tanaxmad  ,0
d

dy
  amitom 

  0
cos

sin

8

3

cos 2

2

2








xx
, 

sadac 0cos  , vnaidan pirobis Tanaxmad 
2


  . 
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 maSin   
x3

8
sin  ,     2sin1cos  . 

 CavsvaT sin  - s es mniSvneloba (3) formulaSi im pirobiT, 

rom  ,max Rxx   1,0  hy .   miviRebT 

  




2

2

2 sin1

1

8

3

sin1

sin
10





 R

R
, 

  
2

2

2

3

8
1

1

8

3

3

8
1

3

8

10

























R

R

R

R
R

, 

   
3

8

8

3

9

64
1 2

2
 R

R
, 

Aanu 
    

   









2

2

2 9

64
1

8

3

9

64
1

R
R

R
, 

   
22 9

64
1

3

8

RR
 , 

    649
8 2  R
R

, 

            064649 24  RR . 

 SemoviRoT aRniSvna ZR 2
, miviRebT kvadratul gantolebas 

           064649 2  ZZ , 
saidanac 

   ,8
92

64946464 2





Z  

 maSin   83,28  ZR  (m) 

 

    p a s u x i:   83,2R  m.  
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             amocana  27. 53 

 

  gansazRvreT m masis nivTieri 
wertilis moZraoba, romelic uZravi 0 
centrisaken miizideba manZilis pirdapir 
proporciuli ZaliT. moZraoba xdeba 
sicarieleSi; mizidulobis Zala manZilis 

erTeulze mk 2
 -s tolia; 0t  momentSi 

,ax   0y , 0x , 0y , amasTanave, 

y0  RerZi mimarTulia vertikalurad qveviT. 

  a m o x s n a.  CavweroT wertilis moZraobis diferencialuri 
gantoleba x  da y  ReZebze gegmilebSi (ix. naxazi): 

              m x  = cosF , 

                m y  = mgF  sin . 

    vinaidan 
r

x
cos , 

r

y
sin ,   

 mrkF 2 , sadac r  - manZilia wertilidan uZrav centramde, 
amitom 

       m x  = mxk 2 , 

          m y  = mg
r

y
mrk  2

, 

anu    x  02  xk ,                              (1) 

              y  gyk  2
.                                (2) 

 (1) gantolebi amoxsnas aseTi saxe aqvs 

               ktCktCx sincos 21  , 

             ktkCktkCx cossin 21  . 

 Ggamomdinare sawyisi pirobebidan: 0t  ,ax    0x , 

vipoviT integrebis mudmivebs:  0, 21  CaC .  maSin 

            ktax cos .                                 (3) 

 (2) gantolebis amoxsnas veZebT aseTi saxiT
 yyy , sadac    

ktCktCy sincos 43  - aris (2) gantolebis Sesabamisi 

erTgvarovani gantolebis amoxsna, xolo  Ay kerZo amoxsna. 

  
y  CavsvaT (2) gantolebaSi, miviRebT 
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   gAk 2
 

2k

g
A  . 

 maSasadame, 
243 sincos

k

g
ktCktCy  , 

   ktkCktkCy cossin 43  . 

 visargebloT sawyisi pirobebiT: 0t  ,0y  0y , 

vipoviT integrebis mudmivebs:  
23

k

g
C  ,  04 C   maSin 

          ).cos1(
2

kt
k

g
y                            

(4) 

(3) gantolebidan  ;cos
a

x
kt   CavsvaT es gamosaxuleba (4) 

tolobaSi; miviRebT traeqtoriis gantolebas: 

   x
ak

g

k

g
y

22
   -  wrfe, 

sadac  ,ax    vinaidan  1cos kt . 

p a s u x i:  harmoniuli rxeviTi moZraoba:   ktax cos .  

         x
ak

g

k

g
y

22
 , ax   wrfeze monakveTi ).cos1(

2
kt

k

g
y   

 
 

                    amocana  27. 54 

 

  gansazRvreT m masis nivTieri wertilis moZraoba, romelic 

uZravi 0 centridan ganizideba ZaliT, romelic icvleba rmkF


2  

kanoniT, sadac r


wertilis radius-veqtoria. sawyis momentSi 

wertili imyofeboda )0,(0 aM  mdebareobaSi da gaaCnda y  RerZis 

paraleluri 0v  siCqare. gansazRvreT 

wertilis traeqtoria. 
  a m o x s n a. avirCioT koordinatTa 0xy 
sistema. CavweroT wertilis moZraobis 
diferencialuri gantoleba x  da y  ReZebze 

gegmilebSi (ix. naxazi):          

                m x  = mxk 2
, 
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             m y  = myk 2
, 

anu    x  02  xk ,     (1) 

                  y  02  yk .      (2) 

 (1) gantolebi amoxsnas aseTi saxe aqvs          

shktCchktCx 21  , 

             kchktCkshktCx 21  . 

sadac     
2

ktkt ee
chkt


   - hiperboluri kosinusia, 

    
2

ktkt ee
shkt


   -  hiperboluri sinusia. 

 Ggamomdinare sawyisi pirobebidan: 0t  ,ax    0x , 

vipoviT integrebis mudmivebs:  aC 1 ,   02 C .   maSin  

       achktx  .                          (3) 
    analogiurad 

           shktCchktCy 43  , 

    kchktCkshktCy 43  . 

 integrebis mudmivebs:  03 C ,  04 vkC    maSin 

          shkt
k

v
y 0  .                     (4) 

 (3) da (4) tolobebidan:  
a

x
chkt  ,    

0v

ky
shkt  . 

        visargebloT tolobiT 

   122  ktshktch , 
miviRebT traeqtoriis gantolebas koordinatebSi: 

  1

2

0

2





















v

ky

a

x
  -  hiperbolis gantoleba. 

 
 
 

   p a s u x i: 1

2

0

2





















v

ky

a

x
 (hiperbola). 
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                    amocana  27. 55  

A  wertilSi Camagrebuli drekadi Zafi gadis 

uZrav gluv 0  rgolSi; mis Tavisufal boloze 

mimagrebulia m masis M  burTula. dauWimavi 

Zafis sigrZea 0Al  ; Zafis 1 m dagrZelebisaTvis 

saWiroa mk 2
-s toli Zalis modeba. imisaTvis, 

raTa AB  wrfis gaswvriv Zafi ise gaiWimos, rom 
misi sigrZe orjer gaizardos, burTulas  mianiWes 

AB  wrfis marTobulad 0v


 siCqare. simimis Zalis 

moqmedeba ugulebelyaviT da gansazRvreT 
burTulas traeqtoria; CaTvaleT, rom Zafis 
daWimuloba misi dagrZelebis proporciulia. 
 a m o x s n a. avirCioT koordinatTa 
0xy sistema. SevadginoT wertilis moZraobis 
diferencialuri gantoleba x  da y  ReZebze 

gegmilebSi (ix. naxazi):          

                m x  = mxk 2 ,                      

             m y  = myk 2 , 

anu    x  02  xk ,     (1) 

             y  02  yk .      (2) 

 (1) gantolebi amoxsnas aseTi saxe aqvs: 

               ktCktCx sincos 21  , 

               ktkCktkCx cossin 21  . 

 GvisargebloT sawyisi pirobebiT: 0t  ,0x   00 vx  , 

vipoviT integrebis mudmivebs:  01 C ,   ovkC 2  maSin  

       kt
k

v
x o sin .                              (3)  

   Aanalogiuri saxe aqvs (2) gantolebis amoxsnas 

            ktCktCy sincos 43  , 

     ktkCktkCy cossin 43  . 

 sawyisi pirobebis Tanaxmad: 0t  ,lyo   00 y , vipoviT 

integrebis mudmivebs:  integrebis mudmivebs: lC 3
, 04 kC   maSin

                 ktly cos  .                     (4) 
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 (3) da (4) tolobebidan: 

0

sin
v

kx
kt  , 

l

y
kt cos ,    . 

 Tu visargebloT tolobiT 

   1cossin 22  ktkt , 
miviRebT traeqtoriis gantolebas koordinatebSi: 

  1

22

0





















l

y

v

kx  - elifsis gantoleba. 

   p a s u x i:   elifsi   1
2

2

2

22


l

y

v

xk

o

. 

 
 

       amocana  27. 56 

 

 m masis M  wertili 

miizideba n  uZravi nCCC ,...,, 21  

centrebisaken manZilis proporciuli 

ZalebiT; M  wertilis mizidulobis 

Zala iC  ( ),...,2,1 ni   centrisaken 

ii MCmk  n-is tolia;  M  wertili 

da mizidulobis cantrebi 0xy 

sibrtyeSi mdebareoben. gansazRvreT M  wertilis traeqtoria, Tu 

roca  0t : 00 , yyxx  ,  0,0 vyx  .  simimis Zalis 

moqmedeba ugulebelyaviT. 
 
   a m o x s n a. avirCioT koordinatTa 0xy sistema. 
SevadginoT wertilis moZraobis diferencialuri gantoleba x  da 
y  ReZebze gegmilebSi (ix. naxazi):          

                m x  = )(
1

i

n

i

i xxmk 


,                      

               m y  = )(
1

i

n

i

i yymk 


, 

anu           x  







 



xk
n

i

i

1

i

n

i

i xk
1

,     (1) 
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               y  







 



yk
n

i

i

1

i

n

i

i yk
1

 .  (2) 

(1) gantolebi amoxsnas aseTi saxe aqvs:  xxx ,  

sadac tkCtkCx sincos 21   - aris (1) gantolebis 

Sesabamisi erTgvarovani gantolebis amoxsna, xolo 








n

i

i

n

i

ii

k

xk

aax

1

1
   - kerZo amoxsna.  

 maSasadame, ,sincos 21 atkCtkCx   

          ,cossin 21 tkkCtkkCx   

sadac    k 


n

i

ik
1

,   
i

n

i

i xk
k

a 



1

1
. 

 visargebloT sawyisi pirobebiT: 0t  ,0xx   0x , 

vipoviT integrebis  
1C  da 2C  mudmivebs: 

   ;0110 axCaCx   

    .00 22  CkC   

 Sedegad miviRebT: 

          .cos)( 0 atkaxx              (3) 

 Aanalogiuri saxe aqvs (2) gantolebis amoxsnas 

            ;sincos 43 btkCtkCy  , 

     ,cossin 43 ktkCktkCy   

sadac    i

n

i

i yk
k

b 



1

1
 

 sawyisi pirobebis Tanaxmad: 0t  0yy    0vy  . vipoviT 

integrebis  
3C  da 4C  mudmivebs:  

      ;0330 byCbCy   

 .0

440
k

v
CkCv    
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 Sedegad miviRebT: 

        .sincos)( 0

0 btk
k

v
tkbyy           (4) 

  (3) da (4) tolobebidan miviRebT 

   ,cos
0 ax

ax
tk




  

 

0

0

0

)()(sin
v

k
yb

ax

ax
bytk 













 . 

visargebloT tolobiT 

   1sincos 22  tktk , 

miviRebT M wertilis traeqtoriis gantolebas koordinatebSi: 

     













2

0 ax

ax
1)()(

2

0

2

0

0
















v

k
yb

ax

ax
by      

 elifsis  gantoleba. 

   p a s u x i: 













2

0 ax

ax
1)()(

2

0

2

0

0
















v

k
yb

ax

ax
by -elifsi. 

 

      sadac i

n

i

i xk
k

a 



1

1
; i

n

i

i yk
k

b 



1

1
;   k 



n

i

ik
1

. 

 
 

           amocana  27. 57 

 m masis M  wertili miizideba ori 1C  da 2C  centrebisaken 

manZilebis proporciuli ZalebiT: 

1MCkm   da 
2MCkm ;  1C  centri 

uZravia da imyofeba koordinatTa 

saTaveSi, 2C  centri Tanabrad 

moZraobs x0  RerZze ise, rom 

)(22 btax  . ipoveT M  wertilis 

traeqtoria, Tu miviCnevT, rom 0t  
momentisaTvis wertili imyofeba xy  

sibrtyeSi da misi koordinatebia ayx  , xolo, siCqaris 

gegmilebia bzx  , 0y . 
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   a m o x s n a. avirCioT koordinatTa 0xyz sistema da am 
sistemis RerZebze gegmilebSi SevadginoT wertilis moZraobis 

diferencialuri gantolebebi 
1F

 da 

2F


 Zalebis moqmedebiT, 

romlebic mimarTulni arian 1C  da 2C  centrebisken. 

               m x  = kmxxxkm  )( 2 ,                      

                               m y  = kmy2 , 

     m z   = kmz2 . 
 Ees gantolebebi aseTi saxiT CavweroT     

         x  )(22 btakkx  ,                   (1) 

                              y  02  ky ,       (2) 

     z   02  kz .                           (3) 
(1) diferencialuri gantolebis amoxsna aseTi saxiT 

warmovadginoT:         xxx , 

sadac   tkCtkCx 2sin2cos 21  ;    BtAx  . 

  x  CavsvaT (1) gantolebaSi,  miviRebT 

  )(2)(2 btakBtAk  , 

saidanac ,, bBaA   e. i.   btax 
.   maSin 

     ,2sin2cos 21 btatkCtkCx             (4) 

           btkkCtkkCx  2cos22sin2 21
 

 
1C  da 2C  mudmivebis gansazRvrisaTvis visargebloT sawyisi 

pirobebiT: 0t  ,0 ax   bx 0 :        

                        ,011  CaCa  

    .02 22  CbkCb   

 Sedegad miviRebT: 

            .btax                            (5) 
 Aanalogiuri saxiT veZebT (2) da (3) gantolebebis amoxsnas 

            ,2sin2cos 43 tkCtkCy  , 

     ,2cos22sin2 43 tkkCtkkCy   

 vinaidan  aC 3
 da 04 C ,  amitom:  

           tkay 2cos .                      (6) 

 Aaseve      ,2sin2cos 65 tkCtkCz  , 
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      ,2cos22sin2 65 tkkCtkkCz   

vinaidan  05 C  da 
k

b
C

2
6  ,  amitom:  

           tk
k

b
z 2sin

2
 .                  (7)  

 (6) da (7) gantolebebidan  

    ,2cos
a

y
tk      .

2
2sin

b

kz
tk   

 miRebuli gamosaxulebebis orive mxare aviyvanoT kvadratSi 
da SevkriboT. amasTanave, visargebloT tolobiT 

   12sin2cos 22  tktk , 

miviRebT M wertilis traeqtoriis gantolebas koordinatebSi:   
            

               1
2

2

2

2

2


b

kz

a

y
       - elifsuri cilindri., 

 (6) da (7) gantolebebidan vipoviT periods: 

            
k

TtkTtk
2

22)(2   , 

        bx 0
k

bTxxh

2
0    - xraxnuli wiris biji. 

 
    p a s u x i: elifsur cilindrze mdebare xraxnuli wiri,     
               romlis RerZia 0x, xolo gantolebas aqvs aseTi   

               saxe    1
2

2

2

2

2


b

kz

a

y
; xraxnis bijia  

k
b

2
 . 

 

amocana  27. 58 

 m masis  nawilaki, romelic atarebs 

eleqtrobis uaryofiT e  muxts, Sedis E

 

Zabvis erTgvarovan eleqtrul velSi 0v  

siCqariT, velis daZabulobis mimarTulebis 
marTobulad. gansazRvreT nawilakis 
Semdgomi moZraobis traeqtoria, Tu viciT, 

rom eleqtrul velSi masze moqmedebs EeF


  Zala, mimarTuli  E

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Zabvis mimarTulebis sawinaaRmdegod. simZimis Zalebis moqmedeba 
ugulebelyaviT. 
 
   a m o x s n a. avirCioT koordinatTa 0xy sistema saTaviT 

0M  wertilSi. SevadginoT wertilis moZraobis diferencialuri 

gantoleba EeF


  Zalis moqmedebiT x  da y  ReZebze gegmilebSi 

(ix. naxazi):          
                 m x  = 0,                      

              m y  =Ee, 

anu                                                              

  x  = 0,          (1)                  

              y  =
m

Ee
.        (2) 

 (1) diferencialuri gantolebis amoxsnas aseTi saxe aqvs 

            21 CtCx  , 

                         1Cx   .   

           mudmivebis gansazRvrisaTvis visargebloT sawyisi 

pirobebiT: 0t , 00 x , 00 vx  ; miviRebT  
01 vC   da 02 C .  

maSin      tvx 0 .                         (3) 

      amovxsnaT (2) gantoleba. vinaidan 
dt

yd
y


 ,  (2) gantolebidan 

cvladTa gancalebiT miviRebT 

                      yd
m

Ee
dt . 

 visargebloT gansazRvruli integraliT: 

        





y

y

yd
0)0(

m

Ee

t

dt
0

     )0(yy
m

Ee t
t

0
  y

m

Ee
t. 

              SevcvaloT: 
dt

dy
y  , ganvacaloT cvladebi da vaintegroT : 

               

y

y

dy
)0(

m

Ee

t

tdt
0

 

       aqedan             y
2

2
t

m

Ee
.                                       (4)  
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    (3) gantolebidan 

0v

x
t  .Ees mniSvneloba CavsvaT (4) formulaSi, 

miviRebT nawilakis traeqtoriis gantolebas koordinatebSi: 

              
2

2

02
x

mv

eE
y      -  parabola. 

 Tu parabolis gantolebas CavwerT kanonikuri saxiT 

pyx 22  , maSin misi parametri 
eE

mv
p

2

0 . 

    p a s u x i: parabola, romlis parametria 
eE

mv 2

0
. 

 
 
 

     amocana  27. 59 

 m masis  nawilaki, romelic atarebs 

eleqtrobis uaryofiT e  muxts, Sedis H

 Zabvis 

erTgvarovan magnitur velSi 0v  siCqariT, velis 

daZabulobis mimarTulebis marTobulad. 
gansazRvreT nawilakis Semdgomi moZraobis 
traeqtoria, Tu viciT, rom eleqtrul velSi 

masze moqmedebs HveF


 ( )  Zala.  

 Aamoxsnisas ukeTesia isargebloT wertilis moZraobis 
gantolebis gegmilebiT traeqtoriis mxebze da mTavar normalize. 
 
   a m o x s n a. avirCioT dekartis koordinatTa sistema 
ise, rom 0xy sibrtye emTxveodes mn sibrtyes, xolo z RerZi iyos 
am sibrtyis marTobuli.  maSin  

     HveF


 ( ) ,

zyx HHH

zyx

kji

e 



  

sadac kji


,, zyx ,,  RerZebis ortebia;  .0,0,  zyx HHHH

 aqedan ganvsazRvravT 

           yeHFx
 , 

                  xeHFy
 , 
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     0zF . 

           maSin, nawilakis moZraobis diferencialur gantolebebs x, 

y, z   RerZebze gegmilebSi aseTi saxe aqvT:   

      yeHxm  ,  

                    xeHym  , 

       0zm , 
anu 

       02  ykx ,   (1) 

                     02  xky ,      (2) 

        0z ,            (3) 

sadac   
m

eH
k 2

. 

 (1) gantoleba ase CavweroT 

       
dt

dy
k

dt

xd
x 2


 ,                  

maSin                     

                             1

2 Cykx  . 

 visargebloT sawyisi pirobebiT: 0t :  00 vx  ;  00 y , 

amitom  
01 vC   .  maSin 

         ykvx 2

0  .                    (4) 

 (4) mniSvneloba CavsvaT (2) gantolebaSi:      

                
2ky  0)( 2

0  ykv , 

anu 

                              
4ky  .0

2vky                   (5) 

 araerTgvarovani (5) gantolebis amoxsna veZeboT aseTi saxiT 

     yyy , 

sadac y erTgvarovani gantolebis amoxsnaa, 

                          tkCtkCy 2

3

2

2 cossin  . 

 (5) gantolebis kerZo amoxsnaa 4Cy  ;  0

2

4

4 vkCk  . 

Aaqedan   
2

0
4

k

v
C  .  

  maSin (2) gantolebis srul amoxsnas aseTi saxe aqvs 
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2

02

3

2

2 cossin
k

v
tkCtkCy  .         (6) 

      integrebis C2  da C3  mudmivebis gansazRvrisaTvis (6) 
gamosaxuleba driT gavawarmooT: 

  tkkCtkkCy 22

3

22

2 sincos  .         (7) 

 moZraobis sawyisi pirobebidan gamomdinare: 0t :  00 y ;  

00 y ,   (6) da (7) gantolebebidan miviRebT ,02 C  
2

0
3

k

v
C  . 

 maSin, nawilakis y  RerZis gaswvriv moZraobis gantoleba 

iqneba   )cos1( 2

2

0 tk
k

v
y  .        (8) 

       gavawarmooT (8) gantoleba droTi da miRebuli gamosaxuleba 
CavsvaT (1) gantolebaSi: 

    tkvy 2

0 sin ,                           (9)   

    
2kx  tkv 2

0 sin .                      (10) 

    SevcvaloT 
dt

xd
x


 , ganvacaloT cvladebi (10) gantolebaSi da 

vaintegroT: 

       
2kxd  tkv 2

0 sin dt , 

                     
dt

dx
x

4

2

0 cos Ctkv  .             (11) 

    ganvacaloT cvladebi (11) gantolebaSi da vaintegroT:    

                     dx dtCtdtkv 4

2

0 cos  . 

                    x
54

2

2

0 sin CtCtk
k

v
 .              (12) 

 visargebloT moZraobis sawyisi pirobebiT: 0t : 00 x , 

00 vx  ;   amitom, (11) da (12) gantolebebiodan  0,0 54  CC .  

maSin, nawilakis x   RerZis gaswvriv moZraobis gantoleba iqneba 

              tk
k

v
x 2

2

0 sin .                          (13) 

 (3) gantolebis integrebisas, Tu gaviTvaliswinebT sawyis 

pirobebs 0t : 00 z , 00 vz  , miviRebT 0z ,  e.i.  nawilaki 

imoZravebs 0xy sibrtyeSi.        
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  vipovoT nawilakis moZraobis traeqtoriis gantoleba 
koordinatebSi; amisaTvis, (8) da (13) gantolebebidan gamovricxoT 

tk 2cos   da tk 2sin : 

  









2

0

0

2
2cos

k

v
y

v

k
tk ,  

0

2
2sin

v

xk
tk  . 

 Aam gamosaxulebebis kvadrstSi ayvaniTa da SekrebiT miviRebT: 

   
2

0

24

v

xk
1

2

2

0

2

0

4











k

v
y

v

k
, 

anu 

            2x  
4

2

0

2

2

0

k

v

k

v
y 








 . 

 Ees aris  
eH

mv

k

v
R 0

2

0   radiusis wrewiri 0xy sibrtyeSi, 

romlis centri gadaweulia y  RerZis dadebiTi mimarTulebiT R  

manZiliT. 

       p a s u x i:  wrewiri, radiusiT  
eH

mv
R 0 . 

 

     amocana  27. 60 

 

            gansazRvreT m masis nawilakis moZraobis 

traeqtoria,   romelic atarebs eleqtrobis e  
muxts, Tu nawilaki Sevida cvladi 

ktAE cos  ( A  da k  mocemuli mudmivebia) 

Zabvis erTgvarovan eleqtrul velSi 0v


 

siCqariT, velis  daZabulobis mimarTulebis 
marTobulad; eleqtrul velSi nawilakze 

moqmedebs EeF


  Zala. simZimis Zalebis 
moqmedeba ugulebelyaviT. 
    a m o x s n a. avirCioT dekartis koordinatTa 0xy sistema 
(koordinatTa  saTave -  0 wertili SeuTavsoT nawilakis sawyis 

mdebareobas). SevadginoT M  nawilakis moZraobis diferencialuri 

gantoleba F

 Zalis moqmedebiT x  da y  ReZebze gegmilebSi (ix. 

naxazi):          

                 m x  = 0,                      
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                                  m y  = kteAcos , 

anu                                                              

        x  = 0,              (1)                  
                                                           

             y  =
m

eA
ktcos .      (2) 

 (1) diferencialuri gantolebis amoxsnas aseTi saxe aqvs 
    

                   1Cx  , 

                    21 CtCx  ,   

  sawyisi pirobebidan gamomdinare: 0t , 00 x , 00 vx  ;  

integrebis mudmivebi:  
01 vC   da 02 C .  maSin     

              tvx 0 .                              (3) 

          amovxsnaT (2) gantoleba: vinaidan   
dt

yd
y


 . 

   ganvacaloT cvladebi  

                      yd
m

Ee
dt  

da visargebloT gansazRvruli integraliT: 

        





y

y

yd
0)0(



t

ktdt
m

eA

0

cos   )0(yy kt
mk

eA
sin


. 

                                    y kt
mk

eA
sin


. 

              SevcvaloT: 
dt

dy
y  , ganvacaloT cvladebi da vaintegroT : 

               

y

y

dy
)0(

mk

eA

t

ktdt
0

sin . 

       aqedan         y )cos1(
2

kt
mk

eA
 .                            (4)  

    (3) gantolebidan 

0v

x
t  .Ees mniSvneloba CavsvaT (4) formulaSi, 

miviRebT nawilakis traeqtoriis gantolebas koordinatebSi: 
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                        ).cos1(
0

2 v

kx

mk

eA
y       

  p a s u x i: )cos1(
0

2 v

kx

mk

eA
y  , sadac  y  RerZi    mimarTulia   

                 velis daZabulobis mxares,  koordinatTa  saTave   
                 emTxveva velSi nawilakis sawyis mdebareobas. 
  
    

amocana  27. 61 

 

        aragluv daxril sibrtyeze moZraobs 

mZime M  sxeuli, romelic mudmivad 
ganizideba Zafis saSualebiT 

horizontaluri mimarTulebiT AB  wrfis 
paralelurad. Ggarkveuli momentidan 
sxeulis moZraoba xdeba wrfivi da Tanabari, 
amasTanave, siCqaris ori urTierT marTobuli 

mdgenelidan is, romelic mimarTulia AB  

wrfis paralelurad, udris 12 m/wm. gansazRvreT siCqaris meore 1v  

mdgeneli, agreTve Zafis T daWimuloba Semdegi monacemebisaTvis: 

sibrtyis daxra ,30/1tg   xaxunis koeficienti 1,0f , sxeulis 

masa 30kg. 
 
    a m o x s n a.  arsebobs amoxsnis ori xerxi. 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ppirveli xerxi. vinaidan nivTieri wertili moZraobs daxril 
sibrtyeze wrfivad da Tanabrad, amitom, masze moqmedi sibrtyeSi 
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mdebare Zalebi ,T


 singm


 da xaxunis Zala TpF


 (nax. 1) qmnian 

gawonasworebul sistemas. 
 ZalTa samkuTxedidan (nax. 2) vipoviT Zafis daWimulobas: 
        

      22222 sincos)sin()cos( fmgmgfmgT  

 

















900

1
1

900

1

100

1

8,930
111 2

22

2

2

2

2









 tg

tgf
mg

tg

tg

tg

f
mg 7,27  (n). 

 ganvsazRvroT siCqaris meore Semadgeneli (nax. 3): 

          













22

2

2221

1
sin

sin

tgf

tg
v

T

mg
vtgvv  

       24,4

900

1

100

1
900

1

12
22

2

2 











tgf

tg
v  (m/wm). 

      meore xerxi. CavweroT sxeulis moZraobis diferencialuri 

gantoleba x  da  y  RerZebze gegmilebSi (nax. 4): 

    m x  =  sinsin Fmg  ,           (1)                     

              m y  = cosFT  ,                 (2) 

sadac, xaxunis Zala cosfmgfNFTp  ; 

    ;sin
22 yx

x

v

x







    

            
22

cos
yx

y




 . 

(1) da (2) diferencialuri gantolebebi 
miiReben aseT saxes 

 x = fgg sin ;cos
22


yx

x




,   (3)                                         

   m y  = fmgT  cos
22 yx

y




.    (4) 



 147 

     vinaidan, garkveuli momentidan moZraoba wrfivi da 

Tanabaria, amitom 0x  da  0y .  maSin,  (3) gantolebidan 

  tg
22 yx

xf




 

anu        2tg
22

22

yx

xf




 




22

22
2

tgf

tgy
x




 , 

sadac  12y  m/wm;  30/1tg ;  1,0f . 

amis gaTvaliswinebiT 

  
900/1100/1

900/1144
1




 vx = 4,24 (m/wm). 

   vinaidan y  = 0, amitom (4) formulidan ganvsazRvravT Zafis 

daWimulobas: 

 fmgT  cos
22 yx

y





22 1224,4

128,9301,0




 

 21

1

tg

  

     
14498,17

8,936




 

901

30 27,7  (n). 

  

  p a s u x i:  24,41 v  sm/wm;     T=27,7 n. 

 

           amocana  27. 62 

 m masis M  wertili ganicdis ori mizidulobis Zalis 

zemoqmedebas, romlebic mimarTulni arian uZravi 10  da 20  

centrebisaken (ix. naxazi).Aam Zalebis 

sidide proporciulia 10 da 20  

centrebamdis manZilisa. Pproporciulobis 
koeficienti erTnairia da c -s tolia. 

    moZraoba iwyeba 0A  wertilidan 0v  

siCqariT, 2100  xazis marTobulad. 

gansazRvreT rogor traeqtorias aRwers 

M  wertili.  ipoveT drois momenti, roca 

is gadakveTs 2100  xazis mimarTulebas da gamoTvaleT misi 

koordinati drois am momentSi. manZili 0A  wertilidan y RerZamdis 

a2 -s tolia. 
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 a m o x s n a. SevadginoT wertilis moZraobis 

diferencialuri gantolebebi  x da y  RerZebze gegmilebSi: 

            m x  = )]()[( axaxc  ,                      

                         m y  = )( yyc  , 

   
anu     

                   x  02  xk ,      (1) 

                                                 y  02  yk ,     (2) 

sadac  
m

c
k

22  .  

         (1) diferencialuri gantolebis amoxsna aseTi saxisaa 

  ktCtCx sincos 21   

 
maSin 

  ktkCktkCx cossin 21  .          

 moZraobis sawyisi pirobebidan gamomdinare: 0t :  ax 20  ;  

00 x ,   miviRebT aC 21  , 02 C . 

 integrebis mudmivebis am mniSvnelobaTa gaTvaliswinebiT (1) 
gantolebis amoxsna ase Caiwereba: 

    .cos2 ktax                            (3) 
 Aanalogiurad amovxsniT (2) gantolebas: 

                 ktCtCy sincos 43   

   ktkCktkCy cossin 43  .          

 moZraobis sawyisi pirobebidan gamomdinare: 0t :  00 y ;  

00 vy  ,   miviRebT 03 C ,  
k

v
C 0

4  . 

 integrebis mudmivebis am mniSvnelobaTa gaTvaliswinebiT (2) 
gantolebis amoxsna ase Caiwereba: 

     .sin0 kt
k

v
y                             (4)    

 (3) da (4) gantolebebidan  

     
a

x
kt

2
cos  ,                           (5) 
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0

sin
v

ky
kt  .                              (6) 

 miRebuli gamosaxulebebis orive mxare aviyvanoT kvadratSi 
da SevkriboT. amasTanave, visargebloT tolobiT 

   1sincos 22  ktkt , 

miviRebT M wertilis traeqtoriis gantolebas koordinatebSi:              

         1
)/()2( 2

0

2

2

2


kv

y

a

y
       - elifsis gantoleba.  

sadac  
m

c
k

2
 . 

 wertili gadakveTs 2100  xazs, e.i.  x  RerZs, roca 0y . 

Aam SemTxvevaSi (4) gantolebidan gamomdinareobs, rom 

       
k

m
tmktkt


  0sin ,   ,3,2,1,0m . . .  . 

 Tu 0m ,  maSin ,00 t aax 20cos2 0

0  ,  ;00 y  

 Tu 1m ,  maSin  ,1
k

t


  aax 2cos21   ,  ;01 y  

 Tu 2m , maSin ,
2

2
k

t


 aax 22cos22   , 02 y  da a.S. 

 maSasadame, roca m   luwia  ,2axm   0my , 

 roca m   kentia              ,21 axm   01 my . 

 wertilis elifszemoZraobisas, misi garSemovlis periodia 

   
k

T
2

 . 

p a s u x i:   elifsi  1
)/()2( 2

0

2

2

2


kv

y

a

y
,   sadac  

m

c
k

2
 . 

  ,00 t ax 20  ,  ;00 y   ,/1 kt   ax 21  ,  ;01 y  

         ,/22 kt  ax 22  , 01 y   da a.S.   dro, romelsac   

         wertili andomebs elifsis garSemoweras,  kT /2 . 
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amocana  27. 63 

 m masis A  wertilze, romelic 

moZraobas iwyebs 0rr


  mdebareobidan 

(sadac r

- wertilis radius-veqtoria) 

0r

-is marTobi 0v


 siCqariT, moqmedebs 

0  centrisken mimarTuli mizidulobis 
Zala, romelic misgan daSorebuli manZilis proporciulia. 

proporciulobis koeficientia .1mc  amasTanave, wertilze moqmedebs 

mudmivi Zala 0rmc

. ipoveT wertilis moZraobis gantoleba da 

traeqtoria.  rogori unda iyos cc /1  Sefardeba, raTa moZraobis 

traeqtoriam gaiaros 0  centrze? rogori siCqariT gaivlis 

wertili 0  centrs? 
 
a m o x s n a. SevadginoT wertilis moZraobis diferencialuri 
gantolebebi x  da y RerZebze gegmilebSi: 
 

               m x  =  1F


F

,                    

                               m y  
1F


  

anu, amocanis pirobebis gaTvaliswinebiT 

    m x  = 01 mcxxmc  ,                    

                               m y  ymc1 . 

aqedan 

    x  01 cxxc  ,                      (1)                   

y  01  yc .                           (2)                      

(1) gantolebis amoxsnas veZebT aseTi saxiT      

               xxx , 

sadac  x erTgvarovani gantolebis amoxsnaa, 

                    tcBtcAx 1111 sincos  . 

 Dy   - (1) gantolebis kerZo amoxsnaa da am gantolebaSi 

misi CasmiT miviRebT 0

1

x
c

c
D  . maSin (1) gantolebis srul amoxsnas 

aseTi saxe aqvs 



 151 

  0

1

1111 sincos x
c

c
tcBtcAx  ,     

  tccBtccAx 111111 cossin   

 moZraobis sawyisi pirobebidan gamomdinare: 0t :  0xx  ;  

00 x ,  ganvsazRvravT mudmivebs:   
0

1

01 x
c

c
xA  ,  01 B . 

 maSin,  (1) gantolebis amoxsna aseTi saxisaa      

                       .cos)1( 0

1

1

1

0 x
c

c
tc

c

c
xx          (3) 

 Aanalogiurad amovxsniT (2) gantolebasac:  

  tcBtcAy 1313 sincos  ,     

  tccBtccAy 113113 cossin  . 

 moZraobis sawyisi pirobebidan gamomdinare: 0t :  00 y ;  

00 vy  ,  ganvsazRvravT integrebis mudmivebs: 03 A ,  

1

0
3

c

v
B  . 

 maSin,  (2) gantolebis amoxsna aseTi saxisaa  

   tc
c

v
y 1

1

0 sin .                      (4) 

 gavamravloT (3) da (4) gamosaxulebebi Sesabamisad  i

 da 

j

veqtorebze, SevkriboT isini da Tu gaviTvaliswinebT tolobas  

ixr


00  , miviRebT moZraobis gantyolebas veqtoruli saxiT: 

   0

1

r
c

c
r


tc

c

v
1

1

0 sin



.cos)1( 1

1

0 tc
c

c
r 


 

 vinaidan  00 rx  , amitom (3) gantolebidan 

          















1

0

0

1
1

1

cos

c

c
r

r
c

c
x

tc , 

(4) gantolebidan 
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0

1

1sin
v

cy
tc  . 

            miRebuli gamosaxulebebis orive mxare aviyvanoT 
kvadratSi da SevkriboT. amasTanave, visargebloT tolobiT 

   1sincos 1

2

1

2  tctc , 

miviRebT M wertilis traeqtoriis gantolebas koordinatebSi:              

               1

1

2

0

1

2

1

0

0

1 















































v

cy

c

c
r

r
c

c
x

  - elifsis gantoleba.   (5) 

 A  wertilis traeqtoria 0  centrze gaivlis, Tu 

koordinatebi x=0 da y=0 daakmayofileben (5) gantolebas, romelic 
am SemTxvevaSi aseT saxes miiRebs: 

                      









1

00

1

1
c

c
rr

c

c
. 

   aqedan miviRebT 

   21 
c

c
. 

 A  wertili 0  centrze gaivlis drois im momentSi, roca 

0y , anu 

1

11 0sin
c

tcttc


  , 

xolo misi siCqare  tolia 

 0

1

10

1

0 cos v
c

cv
c

tyv y 































, 

    0sin)1(
1

11

1

0

1

0 






























c
cc

c

c
x

c
txvx


. 

 maSasadame,      00000 vjvjvivv yx


 . 

p a s u x i:  1)   0

1

r
c

c
r


tc

c

v
1

1

0 sin



tc
c

c
r 1

1

0 cos)1( 


; 
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               2) eifsi 1

1

2

0

1

2

1

0

0

1 















































v

cy

c

c
r

r
c

c
x

; 

  3) A  wertilis 0  centrze gaivlis, Tu 21 
c

c
; 

  4) A  wertili 0  centrze gaivlis 00 vv    

                   siCqariT drois  

1c
t


   momentSi. 

 
      
 
 

  amocana  27. 64 

  
m masis mZime wertili vardeba im mdebareobidan, romelic 

ganisazRvreba koordinatebiT: roca ,0t  ,00 x  hy 0 . masze 

moqmedebs simZimis Zala ( y  RerZis paraleluri) da y RerZidan 

ukumgdebi Zala, romelic am RerZidan 
manZilis proporciulia (proporciulobis 
koeficientia c ). wertilis sawyisi 
siCqaris ggmilebi koordinatTa RerZebze 

0vvx  , 0yv . gansazRvreT wertilis 

traeqtoria, agreTve x  RerZis gadakveTis 

drois 1t  momenti. 

 a m o x s n a. SevadginoT M  wertilis 
moZraobis diferencialuri gantolebebi x  

da y RerZebze gegmilebSi: 
 

               m x  = F ,                    

           m y  mg , 

anu, amocanis pirobebis gaTvaliswinebiT 

    m x  = cx ,                    

             m y  mg . 

Aaqedan    x  02  xk ,         (1)                                       



 154 

y  g .               (2) 

sadac  
m

c
k 2

.  

                                             
(1) gantolebis amoxsnas aseTi saxe aqvs  

                   shktCchktCx 21  , 

sadac  
2

ktkt ee
chkt


  - hiperboluri kosinusia, 

 
2

ktkt ee
shkt


   - hiperboluri sinusia. 

 maSin          kchktCkshktCx 21  .       

moZraobis sawyisi pirobebidan gamomdinare: 0t :  00 x ;  00 vx  ,  

ganvsazRvravT integrebis mudmivebs: 01 C ,  
k

v
C 0

2  . 

 maSin,  (1) gantolebis amoxsna aseTi saxisaa  

   shkt
k

v
x 0 .                      (3) 

 (2) gantolebis Tanmimdevruli integrebiT vipoviT mis 
amoxsnas: 

          









y

y

ty

y

t

y

y

t

tdtgdygtytgydtgyd
)0(

0)0(

0

)0(0

 

         
22

)0(
2

22

0

2

)0(

t
ghy

t
gyy

t
gy

t

y

y
 . 

Aaqedan               
g

yh
t

)(2 
 .                        (4)  

 CavsvaT t -s miRebuli mniSvneloba (3) gantolebaSi, miviRebT 

M wertilis traeqtoriis gantolebas koordinatebSi: 

                       )(
20 yh
g

shk
k

v
x  .   

sadac  
m

c
k  .  

 wertilis x RerZTan gadakveTis 1t  momentSi 0y , maSin (4) 

formulis Tanaxmad 
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g

h
t

2
1 

. 

p a s u x i: traeqtoria )(
20 yh
g

shk
k

v
x  ,sadac

m

c
k  , 

g

h
t

2
1 

. 

 

                    amocana  27. 65 

  

          m masisM  wertili simZimis Zalis moqmedebiT moZraobs r  
radiusis damreci cilindris Siga gluv zedapirze. sawyis momentSi 

kuTxe 2/0   , xolo wertilis siCqare nulis tolia. 

gansazRvreT M wertilis siCqare da cilindris zedapiris reaqcia 
030  kuTxisaTvis. 

a m o x s n a. SevadginoT M  wertilis moZraobis  gantoleba  

simZimis gm

 Zalisa da normaluri N


reaqciis Zalis(ix. naxazi) 

moqmedebiT  n   da    RerZebze gegmilebSi: 

             sin
2

mgN
r

v
m  , 

             cosmg
dt

dv
m  , 

Aanu        







 sin

2

g
r

v
mN ,    (1) 

     cosg
dt

dv
 .             (2) 

 Tu CavTvliT, rom (2) gantolebaSi 

)(vv  , SegviZlia CavweroT 

  





 rd

vdv

d

dv

dt

d

d

dv

dt

dv
 . 

  maSin (2) gantoleba miiRebs aseT saxes 

  


cosg
rd

vdv
 .  

ganvacaloT cvladebi da vaintegroT, vipoviT M  wertilis 
siCqares:          
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                 

v

o

drgvdv

3/

0

cos



 
3/

0

0

2

sin
2


rg

v
v

    

                       grvgr
v

 4

2

3
2

3

2
. 

 (1) gantolebidan, roca 
3


  , miviRebT 

         mgmgg
r

gr
mNT

2

33

2

3
3

2

33






























 . 

p a s u x i:  grv  4 3 ;  .
2

33
mgT   
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28. nivTieri wertilis moZraobis raodenobis   

      cvlilebis Teorema. nivTieri wertilis     

    moZraobis raodenobis momentis cvlilebis  

                    Teorema. 
 

meToduri miTiTebani amocanebis                            
amosaxsnelad 

 

  moZraobis raodenoba aris meqanikuri moZraobis erT-erTi 
sazomi, anu wertilis moZraobis erT-erTi dinamikuri maxasiaTebeli 
da warmoadgens veqtorul sidiodes, romelic tolia wertilis 
masisa da misi siCqaris veqtoris namravlisa: 

   vmK


 .                               (28.1) 
 Zalis moqmedebis maxasiaTebeli am SemTxvevaSi aris Zalis 
impulsi. Gganasxvaveben Zalis elementarul impulss da Zalis 
impulss drois sasrul SualedSi. 
 Zalis elementaruli impulsi ewodeba usasrulod mcire 

veqtorul sidides Sd

, romelic tolia Zalis veqtorisa da Zalis 

moqmedebis drois usasrulod mcire dt Sualedis namravlisa: 

   .dtFSd


                               (28.2) 

 Nnebismieri F

 Zalis S


 impulsi t drois raime sasrul 

SualedSi gamoiTvleba, rogorc Sesabamisi elementaruli 
impulsebis integraluri jami: 

   
t

dtFS
0

.


                              (28.3) 

 Tu Zala mudmivia, maSin Zalis impulsi drois sasrul 
SualedSi moqmedebisas warmoadgens veqtorul gamosaxulebas: 

   .tFS


   
 Zalis impulsis moduli (sidide) am SemTxvevaSi 

warmoidgineba imave formuliT  ,FtS    sadac  FS ,  arian  S

 da 

F

veqtorebis modulebi. 

 zogad SemTxvevaSi, Zalis impulsis sidide SeiZleba 
ganisazRvros misi gegmilebiT sakoordinato RerZebze: 

      
222

zyx SSSS  ,                     (28.4) 

sadac     
t

xx dtFS
0

;   
t

yy dtFS
0

;   
t

zz dtFS
0

. 
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 (28.4) tolobidan gamomdinareobs, rom Zalis impulsi 
SeiZleba gamovTvaloT mudmivi ZalisaTvis an, droze damokidebuli 
ZalisaTvis.  sxva cvladi ZalebisaTvis impulsis gamosaTvlelad 
saWioroa vicodeT am Zalebis moqmedebiT wertilis moZraobis 
kanoni, e. i. gantolebebi 

  )(1 tfx  ,  )(2 tfy  ,   )(3 tfz  . 

 wertilze moqmedi Zalebis impulsi SeiZleba gamovTvaloT 
sxva gziTac, romelic efuZneba nivTieri wertilis moZraobis 
raodenobis cvlilebis Teoremas:  
 nivTieri wertilis moZraobis raodenobis cvlileba drois 
raime SueledSi tolia wertilze moqmedi yvela Zalis impulsebis 
geometriuli jamisa drois imave SualedSi. 

integraluri formiT es ase Caiwereba: 

  kSvmvm


0 .                           (28.5)  

amocanebis amoxsnisas veqtoruli (28.5) gantolebis nacvlad 
iyeneben skalaruli formis gantolebebs: 

     



















.

,

,

0

0

0

kzzz

kyyy

kxxx

Smvmv

Smvmv

Smvmv

                      (28.6) 

(28.6) formulidan gamomdinare, Tu viciT moqmedi Zalebi da 
dro, SeiZleba vipovoT siCqare, romelsac SeiZens nivTieri wertili, 
an, Tu cnobilia sawyisi da saboloo siCqare, ganvsazRvravT 
wertilze moqmedi Zalis impulss. 

moZraobis raodenobis cvlilebis Teorema SeiZleba CavweroT 
diferencialuri formiT: 

   F
dt

vmd

dt

Kd 


)(

                          (28.7) 

Aan, dekartis koordinatTa RerZebze gegmilebSi: 

                 





















.
)(

,
)(

,
)(

z
z

y

y

x
x

F
dt

mvd

F
dt

mvd

F
dt

mvd

                            (28.7′ ) 

 (28.7) gantoleba warmoadgens sxva arafers, garda nivTieri 
wertilis dinamikis meore kanons, xolo (28.7′ ) gantoleba P_ es aris 
nivTieri wertilis moZraobis diferencialuri gantolebebi. 
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 amocanebis amoxsnisas moZraobis raodenobis cvlilebis 
Teoremis diferencialuri formiT gamoyeneba saWiroa im SemTxvevaSi, 
rodesac wertilze moqmedeben mudmivi da cvladi Zalebi.  
 am paragrafis amocanebis amoxsnis Tanamimdevroba: 
 1.  amocanis pirobis monacemebiT ganvsazRvroT, nivTieri 
wertilis moZraobis raodenobis cvlilebis Teoremis rogori 
formiT Caweraa umjobesi (an, ufro misaRebi). 
 2. avirCioT koordinatTa RerZebi (an, erTi RerZi wrfivi 
moZraobisas), mivmarToT isini wertilis (sxeulis) moZraobis mxares. 
 3. naxazze miuTiToT moZravi wertili nebismier mdebareobaSi 
da masze moqmedi yvela aqtiuri Zala da bmis reaqciis Zala, Tu 
wertili araTavisufalia. 
 4. CavweroT zogadi saxiT (SeiZleba skalaruli formiT) 
moZraobis raodenobis cvlilebis Teorema moqmedi Zalebis 
gaTvaliswinebiT. 
 5. amovxsnaT miRebuli (diferencialuri an algebruli) 
gantolebebi da ganvsazRvroT saZebni sidideebi zogadi saxiT. 
 6.  CavataroT gamoTvla, yuredReba mivaqcioT yvela sididis 
ganzomilebas. 
 am paragrafis amocanaTa nawili amoixsneba moZraobis 
raodenobis momentis cvlilebis Teoremis da misi Sedegebis 
gamoyenebiT. 
 ansxvaveben nivTieri wertilis moZraobis raodenobis moments 
raime centris (wertilis) da RerZis mimarT.  

 nivTieri wertilis moZraobis raodenobis momenti raime 0  
centris mimarT ewodeba skalarul sidides, aRebuls plus an minus 
niSniT da tolia moZraobis raodenobis mv  sididis namravlisa am 

centridan umokles h  manZilze im wrfemde, romlis gaswvrivac 

minarTulia vm

 veqtori,  e.i.  

   mvhl 0 ,                     (28.8) 

sadac  h  - marTobia, daSvebuli 0  wertilidan vm

 veqtoris 

moqmedebis wrfeze.  

 moZraobis raodenobis momenti 0  centris mimarT SeiZleba 

warmovadginoT 0l

 veqtoris saxiT, romelic marTobia sibrtyisa, 

romelSic ganlagebulia veqtori vm

 da veqtori ,r


 romelic 

gavlebulia 0  centridan  vm

 veqtoris sawyisamde, da mimarTulia 

im mxares, saidanac Cans vm

 veqtoris mcdeloba Semoabrunos Tavisi 

mxari saaTis isris brunvis sawinaaRmdego mxares. es veqtori 
SeiZleba warmovadginoT veqtoruli namravlis saxiT:   

         vmrl


0 .                       (28.9) 
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 moZraobis raodenobis momenti raime z  RerZis mimarT 

skalaruli sididea zl : 

     hmvl xyz  ,                      (28.10) 

sadac  xymv  aris vm

 veqtoris gegmili xy  sibrtyeze, romelic z  

RerZis marTobulia; h  aris z  RerZisa da xy  sibrtyis gadakveTis 

wertilidan daSvebuli marTobi im wrfeze, romlis gaswvrivac 

mimarTulia vm

 veqtoris gegmili. 

 (28.10) formulidan gamomdinareobs, rom nivTieri wertilis 
moZraobis raodenobis momenti  z  RerZis mimarT nulis tolia, Tu 

vm

 veqtori paraleluria am RerZis an kveTs mas. 

 centris mimarT moZraobis raodenobis momentis cvlilebis 
Teorema (momentTa Teorema) : 
 raime centris mimarT nivTieri wertilis moZraobis 
raodenobis veqtoruli momentis warmoebuli droTi geometriulad 
tolia wertilze moqmedi Zalis momentisa imave centris mimarT: 

   )(0
0 FM

dt

ld 


 .                         (28.11) 

   Sedegi 1.  Tu wertilze modebuli Zalebis tolqmedis fuZe 
yovelTvis gadis uZrav centrze, maSin nivTieri wertilis moZraobis 
raodenobis momenti am centris mimarT rCeba mudmivi. 
 amas didi praqtikuli mniSvneloba aqvs im SemTxvevaSi Tu 
moZraoba  xdeba centraluri Zalis moqmedebiT. 
 centraluri Zala ewodeba Zalas, romlis fuZe miZraobis 
mTeli drois ganmavlobaSi gadis raime centrze, xolo am Zalis 
moduli (sidide) damokidebulia am centrsa da Zalis modebis 
wertils Soris manZilze. 

         radganac am SemTxvevaSi ,0)(0 FM


 amitom ,0 constmvhl   

anu  constvh  , sadac 
dt

ds
v  .  maSin 

   
dt

d

dt

hds 2
 , 

sadac d - im samkuTxedis farTobia, romelsac qmnian 0 centridan 

gavlebuli radiusebi traeqtoriis ds  monakveTis Tavsa da 
bolosTan. 

       sidides 
dt

d
 ewodeba wertilis seqtoruli siCqare. is 

gansazRvravs siCqares, romliTac izrdeba farTobi, romelic 
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aRwerilia 0 centridan moZrav wertilamdis gavlebuli r

 radius-

veqtoriT:  

   ,
2

1
vh

dt

d



                        (28.12) 

sadac h  aris 0 centridan siCqaris v

 veqtorze daSvebuli marTobi. 

 maSasadame, centraluri Zalis moqmesdebiT wertili 
moZraobs brtyel wirze mudmivi seqtoruli siCqariT, e.i. ise, rom 
wertilis radius-veqtori drois nebismier tol SualedSi aRwers 
tol farTobs. 
 Ees aris farTobTa kanoni, romelsac aqvs didi praqtikuli 
mniSvneloba mzis garSemo planetebis moZraobis, an Tanamgzavrebis 
planetebis garSemo moZraobis Sesaswavlad. 
 zogierTi amocana, romelSic ganixileba wertilis moZraoba 
centraluri Zalis moqmedebiT, amoixsneba bines formulis 

gamoyenebiT, romelic zogadi saxiT gamosaxavs centralur F  
Zalas: 

    


















rrd

d

r

mc
F

11
2

2

2

2


,               (28.13) 

sadac c  - wertilis gaormagebuli seqtoruli siCqarea; r

- 

radiusia, gavlebuli uZravi centridan moZrav wertilamdis. 
 RerZis mimarT momentis Teorema: 
 raime  RerZis mimarT nivTieri wertilis moZraobis  raodenobis  
momentis warmoebuli droTi tolia wertilze moqmedi Zalis 
momentisa imave RerZis mimarT: 

   )(FM
dt

dl
z

z


 .                       (28.14) 

      Sedegi 2. Tu wertilze moqmedi Zalis momenti raime RerZis 
mimarT nulis tolia, maSin, imave RerZis mimarT moZraobis 

raodenobis momenti rCeba mudmivi sidide.                     

       am paragrafis amocanebis amoxsnis Tanamimdevroba moZraobis 
raodenobis momentis cvlilebis Teoremis gamoyenebis SemTxvevaSi: 
 1. naxazze vaCvenoT moZravi wertili (sxeuli) nebismier 
mdebareobaSi da masze moqmedi yvela aqtiuri Zala da bmis reaqciis 
Zala, Tu wertili araTavisufalia, da moZraobis raodenobis 
veqtorebi (an veqtori). 
 2. ganvsazRvroT ZalTa momentebi RerZis an centris mimarT 
imis mixedviT, ris garSemo brunavs wertili.               
 3. 1 an 2 Sedegis Sedegis Sesrulebis SemTxvevaSi CavweroT 
wertilis moZraobis raodenobis momenti sawyis da saboloo 
mdebareobaSi da maTi gatolebiT, ganvsazRvroT saZebni sidide.  
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4. centraluri Zalis moqmedebiT wertilis moZraobisas raime 
centris garSemo, gamoviyenoT bines formula an, msoflio 
mizidulobis formulebi. 
  5. CavataroT gamoTvla, gaviTvaliswinoT gamosaxulebaSi 
Semavali yvela sididis ganzomileba. 
 
   
 
 
 

  Aamocanebi da amoxsnebi 

 

                       Aamocana  28. 1 

 

 rkinigzis matarebeli moZraobs horizontaluri da wrfivi 
gzis ubanze. damuxruWebisas viTardeba winaRobis Zala, romelic 
matareblis wonis 0,1 tolia. damuxruWebis dawyebis momentisaTvis 
matareblis siCqare iyo 20 m/wm. ipoveT damuxruWebis dro da 
damuxruWebis gza. 
 
  a m o x s n a. ganvixiloT moZravi matarebeli, rogorc nivTieri 

wertili, romelzec moqmedeben: simZimis m g

 Zala, winaRobis F


c 

Zala da normaluri N

 reaqcia  (ix. naxazi). mivmarToT x RerZi 

matareblis moZraobis mimarTulebiT. 
 moZraobis raodenobis cvlilebis Teoremis Tanaxmad 
CavweroT gantoleba                      

    kSvmvm


12 , 

Aan x RerZze gegmilebSi   

  .12 tFSmvmv ckxxx      (1) 

 vinaidan ,00 t  xolo 01 vv x  , xv x
2 , amitom (1) 

gantoleba aseT saxes miiRebs  

       .1,0
1,0

0 gt
m

mgt
t

m

F
vx c       (2) 

aqedan miviRebT diferencialur gantolebas 

   .1,00 gtvx                           (3) 

 vaintegroT (3) gantoleba: 

                     .
2

1,0
2

0 C
t

gtvx   

 integrebis mudmivs vipoviT sawyisi pirobebidan: roca 
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00 t   .0;00  Cx  

 maSasadame          .
2

1,0
2

0

t
gtvx                      (4) 

  vipovoT damuxruWebis dro .T  roca Tt   ,0x   maSin (2) 

formulis Tanaxmad 

        gTv 1,00 0  , 

saidanac   4,20
8,91,0

20

1,0

0 



g

v
T  (wm). 

 ganvsazRvroT damuxruWebis gza: roca 4,20 Tt  wm, Lx  ,    

maSin (4) formulis Tanaxmad 

        204
2

4,20
8,91,0204,20

2
1,00 



















T
gvTL  (m). 

  p a s u x i:  20,4 wm; 204 m. 
 
 

           amocana  28. 2 

 

  horizontisadmi 030  kuTxiT daxril aragluv sibrtyeze 

sawyisi siCqaris gareSe eSveba mZime sxeuli. gansazRvreT, ra T  

droSi gaivlis sxeuli 2,39l m sigrZis gzas, Tu xaxunis 

koeficienti .2,0f  

   a m o x s n a. ganvixiloT moZravi sxeuli, 
rogorc nivTieri wertili, romelzec 

moqmedeben: simZimis m g

 Zala, xaxunis F


c 

Zala da normaluru N

 reaqcia. mivmarToT x 

RerZi sxeulis moZraobis mimarTulebiT, e. i. 
qveviT, daxrili sibrtyis gaswvriv (ix. naxazi). 
 moZraobis raodenobis cvlilebis 
Teoremis Tanaxmad CavweroT gantoleba 

         kSvmvm


12 , 

Aan x RerZze gegmilebSi   

        tFmgSmvmv ckxxx )sin(12                

 vinaidan ,00 t  xolo 001  vv x , xv x
2 , amitom  

gantoleba aseT saxes miiRebs  

         tFmgxm c )sin(   . 
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 radganac cosfmgNfFc  , amitom 

   tfgtf
m

mg
x )cos(sin)cos(sin   . 

 am gamosaxulebis integrebiT miviRebT 

   C
t

fgx 
2

)cos(sin
2

 . 

   integrebis C  mudmivs vipoviT sawyisi pirobebidan: roca 

00 t   .0;00  Cx  maSin 

   
2

)cos(sin
2t

fgx   .                   (1) 

   vipovoT moZraobis dro .T  roca Tt   ,lx    maSin (1) 

formulis Tanaxmad 

       
2

)cos(sin
2T

fgl   , 

saidanac    

  5
)866,02,05,0(8,9

2,392

)cos(sin

2










 fg

l
T   (wm) 

 p a s u x i:   5T  wm. 
  
 

    amocana  28. 3 

 

  5104  kg masis matarebeli adis aRmarTze  006,0 tgi , 

(sadac  aris aRmarTis kuTxe)  15 m/wm siCqariT. matareblis 
moZraobisas xaxunis koeficienti (jamuri winaaRmdegobis koeficienti) 

0,005 tolia. matareblis aRmarTze asvlis dawyebidan 50 wm-s  Semdeg 
misi siCqare ecema 12,5 m/wm-de. ipoveT Tbomavlis wevis Zala. 

   a m o x s n a. ganvixiloT moZravi matarebeli, rogorc 

nivTieri wertili, romelzec moqmedeben: simZimis m g

 Zala, 

winaRobis F


c Zala, wevis TF


 Zala da normaluri N

 reaqcia. 

mivmarToT x RerZi sxeulis moZraobis mimarTulebiT. (ix. naxazi). 
 moZraobis raodenobis cvlilebis Teoremis Tanaxmad 
CavweroT gantoleba veqtoruli saxiT 

         kSvmvm


12 , 

Aan x RerZze gegmilebSi:   
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TmgFFSmvmv cTkxxx )sin(12  
   vinaidan  11 vv x  , 22 vv x  , amitom  

 ,sin)( 12 mgFvv
T

m
F cT   

sadac cosfmgNfFc   amitom 

    










 )cos(sin12  fg

T

vv
mFT

.          (1) 

 Ppirobis Tanaxmad 006,0tg , amitom 
0343,0 , xolo 

006,0sin  ,  maSin  1cos  . 

  CavsvaT sawyisi monacemebi (1) formulaSi da vipoviT 

  23120)1005,0006,0(8,9
50

0,155,12
104 5 











TF  (n). 

   p a s u x i:   23 120 n 
 
                       Aamocana  28. 4 

 

      M sawono mibmulia uWimadi MOA 

Zafis boloze, romlis OA nawili 
gatarebulia vertikaluri milis SigniT; 
sawoni moZraobs milis RerZis garSemo 

MC=R radiusis wrewirze da akeTebs 120 

bruns wuTSi. milSi Zafis OA nawilis nela 
SeweviT amokleben Zafis gare nawils OM1 
sigrZemde, romlis drosac sawoni                        
aRwers R/2 radiusis wrewirs. wuTSi 
ramden bruns akeTebs sawoni am wrewirze? 
a m o x s n a.  ganvixiloT sawonis 

moZraoba. masze moqmedebs simZimis Zala gm

 

da Zafis reaqciis Zala N

. gavavloT z RerZi 

vertikalurad zemoT  (ix. naxazi) 
   CavweroT gantoleba, romelic 
gamosaxavs nivTieri wertilis moZraobis 
raodenobis momentis cvlilebis Teoremas z 
RerZis mimarT              

                 ,M
dt

dlz
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radganac   ,0M  amitom  .constlz   

 sawyis momentSi  

 
2

30
R

n
mRRmMCmvl z


  , 

xolo, saboloo momentSi 

43022

2

1
11111

Rn
m

RR
mCMmvl z


  . 

 Tu ,constlz   maSin  zl 1zl ,  amitom  

  
2

30
R

n
m


430

2

1 Rn
m


 480120441  nn  (br/wT) 

 
   p a s u x i:   480br/wT.   
 

    Aamocana  28. 5 

 

             datvirTuli rkinigzis Semadgenlobis masis gansazRvrisaTvis 
Tbomavalsa da vagonebs Soris dgamen dinamometrs. 2 wuTis 
ganmavlobaSi dinamometris saSualo Cveneba aRmoCnda 106 n. imave 
droSi Semadgenlobam ganaviTara 16 m/wm siCqare (dasawyisSi 
Semadgenloba uZravad idga). gansazRvreT Semadgenlobis masa, Tu 

xaxunis koeficienti .02,0f . 

 
 a m o x s n a.  ganvixiloT moZravi Semadgeneloba, rogorc m 

masis nivTieri wertili, romelzec moqmedebs simZimis Zala gm

, 

winaRobis Zala cF


, wevis Zala 
TF


 da normaluri reaqcia N

. 

mivmarToT x RerZi Semadgenlobis moZraobis mxares  (ix. naxazi) 
   CavweroT gantoleba, romelic gamosaxavs nivTieri wertilis 
moZraobis raodenobis cvlilebis Teoremas: 

   kSvmvm


12 , 

Aan  x RerZze gegmilebSi 

 tFFSmvmv cTkxxx )(12   . 

 vinaidan ,011  vv x  22 vv x  , 

amitom    tFtFmv cT 2 , 

sadac     mgffNFc  .  maSin 

   mgfttFmv T 2 . 
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 Aqedan     6
6

2

10036,3
12002,08,916

10120










gftv

tF
m T   (kg). 

    p a s u x i:  3036 t.          

 

 

                         Aamocana  28. 6 

   
 rogori unda iyos damuxruWebuli avtomanqanis borblebis 

gzasTan Sexebis xaxunis koeficienti f , Tu 20v  m/wm siCqariT 

moZraobisas igi gaCerda damuxruWebis dawyebidan 6 wm-s Semdeg. 
 
 a m o x s n a.  ganvixiloT  moZravi avtomanqana, rogorc m 

masis nivTieri wertili, romelze moqmedebs simZimis Zala gm

, 

winaRobis Zala cF


 da normaluri reaqcia N

. mivmarToT x RerZi 

avtomanqanis moZraobis mxares  (ix. naxazi). 
   CavweroT gantoleba, romelic 
gamosaxavs nivTieri wertilis moZraobis 
raodenobis cvlilebis Teoremas: 

       kSvmvm


12 , 

Aan  x RerZze gegmilebSi 

        tFSmvmv ckxxx  12 . 

 vinaidan ,11 vv x   022  vv x , xolo mgffNFc  , amitom  

                gftv 1 . 

Aaqedan ganisazRvreba xaxunis koeficienti 

           34,0
68,9

201 



gt

v
f .  

   p a s u x i:  .34,0f      

 

 

A    amocana  28. 7 

   
  20 gr masis tyvia SaSxanis lulas gaivlis 
t=0,00095 wamSi da lulidan gamovardeba 

650v m/wm siCqariT. gansazRvreT tyviis 
gamomgdebi gazis idealuri wnevis saSualo 
sidide, Tu lulis arxis ganikveTis farTobi 

150 mm2. 
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 a m o x s n a.  tyviaze moqmedebs simZimis Zala gm

, denTis 

gazis wnevis Zala F

 da normaluri reaqcia N


(ix. naxazi). 

 CavweroT nivTieri wertilis moZraobis raodenobis cvlilebis 
Teorema  x RerZze gegmilebSi 

    Ftmvmv  0 .               (1) 

 sadac 00 v , xolo qFc  , q – gazis wnevis saSualo 

sidide. maSin (1) gantoleba aseT saxes iRebs 

                 qmv  t, 

saidanac ganisazRvreba gazis saSualo wneva 

   
4

6

1012,9
00095,0150

10650020,0







t

mv
q


 (kn/m2). 

  p a s u x i:  saSualo wneva 
41012,9   n/mm2. 

 
 
 
 

      amocana  28. 8 

 

 M wertili moZraobs uZravi O centris garSemo am centrisken 
mizidulobis Zalis moqmedebiT. ipoveT centridan udides manZiliT 

daSorebuli wertilis siCqare 2v , Tu misgan yvelaze axlos mdebare  

wertilis siCqare 301 v  sm/wm, xolo 2r  

xuTjer metia 1r -ze. 

 

    a m o x s n a.  M wertilis moZraobisas 
uZravi  centris garSemo masze moqmedebs 

mizidulobis Zala F

. Nnaxazze vaCvenoT 

wertili M1 – traeqtoriaze O centridan 
yvelaze axlos mdebare wertili, da M2 – misgan udides manZilze 
daSorebuli wertili. 
   CavweroT gantoleba, romelic gamosaxavs nivTieri wertilis 
moZraobis raodenobis momentis cvlilebis 
Teoremas O centris mimarT:           

. 00
0  M

dt

dl
,  

amitom   .0 constl     e. i.  
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         01l 02l ;                       (1) 

     1101 rmvl  ,   2202 rmvl  .     (2) 

 (2) gamosaxuleba CavsvaT (1) gantolebaSi: 

        11rv 22rv , 

sadac  2r 15r . 

 Aaqedan ganvsazRvravT wertilis siCqares  M2 mdebareobaSi: 

   6
5

30

2

11
2 

r

rv
v  (sm/wm). 

  p a s u x i:   62 v  sm/wm. 

 

 

Aamocana  28. 9 

   
 ipoveT yumbaraze moqmedi Zalebis tolqmedis impulsi im droSi, 
rodesac yumbara sawyisi  0 mebareobidan  gadadis umaRles M 

mdebareobaSi.Mmcemulia: 5000 v m/wm; 200;60 1

0

0  v m/wm; 

yumbaris masa 100 kg. 
 
 a m o x s n a. gamoviyenoT Teorema, romelic gamosaxavs 

nivTieri wertilis moZraobis raodenobis cvlilebas x da y ReZebze 
gegmilebSi: 

          xxx Smvmv  0 ,                   (1) 

           yyy Smvmv  0 .                 (2) 

       aq       ,1vvx     
0

00 60cosvv x  ; 

         0yv ,  
0

00 60sinvv y  . 

 SevitanoT es gamosaxulebebi (1) da (2) gantolebebSi, miviRebT 

 5000)5,0500200(100)60cos( 0

01  vvmSx  (n•wm). 

 43300
2

3
50010060sin 0

00  mvmvS yy  (n•wm). 

 
 

   p a s u x i:  tolqmedis impulsis gegmilebia 5000xS n•wm; 

    43300yS n•wm. 
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      Aamocana  28. 10 
   
  Oori, M1 da M2 asteroidi aRweren erTi 
da igive elifss, romlis S fokusSi imyofeba 
mze. maT Soris manZili imdenad mcirea, rom 
elifsis  M1 M2 rkali SeiZleba CavTvaloT 
wrfis monakveTad. cnobilia, rom M1 M2 rkalis 
sigrZe iyo a -s toli, roca misi Suaguli 
imyofeboda P periheliumSi. Tu dauSvebT, rom 
asteroidebi moZraoben toil seqtoruli siCqareebiT, gansazRvreT  
M1 M2 rkalis sigrZe, rodesac misi Suaguli gaivlis A afeliumze, 
Tu cnobilia rom  SP=R1  da SA=R2. 

 a m o x s n a. asteroidis 
seqtoruli siCqare proporciulia 

21 MSM   da  21SMM  samkuTxedebis 

farTobebisa (ix. naxazi). Sesabamisi 
farTobebis tolobidan gamomdinareobs, 

rom     )(
2

1

2

1
2121 MMRaR


 . 

Aaqedan             

2

1
21 )(

R

aR
MM 


 

   p a s u x i:   a
R

R
MM

2

1
21  . 

 

    amocana  28. 11 

   
  40 kg masis bavSvi dgas sportuli marxilis Tavkavze, romlis 
masaa 20kg da yovel wamSi akeTebs 20 n•wm intensivobis biZgs. ipoveT 
siCqare, romelsac SeiZens marxili 15 wamSi, Tu xaxunis koeficienti 

.01,0f  

 a m o x s n a.  marxilze moqmedebs 

bavSvis simZimis Zala gm


1 , marxilis 

simZimis Zala gm


2 , xaxunis Zala TpF


, 

biZgis Zala F

 da sayrdenis normaluri 

reaqcia N

(ix. naxazi). 

 CavweroT nivTieri wertilis 
moZraobis raodenobis cvlilebis Teorema  

x RerZze gegmilebSi 

                  tFFmvmv Tp )(0  .                                      
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 sadac 00 v ; ;21 mmm  biZgis Zala 20
1

20





t

S
F  n, 

fNFTp  .   

maSin     

                      tgmgmfFvmm )()( 2121  , 

saidanac vipoviT marxilis siCqares 

 53,315
2040

)2040(8,901,020)(

21

21 








 t

mm

mmfgF
v  (m/wm). 

p a s u x i:  53,3v  m/wm. 

 
   Aamocana  28. 12 

 

 wertili asrulebs Tanabar moZraobas 

wrewirze 2.0v m/wm siCqariT da erT srul bruns 

akeTebs 4T wamSi. ipoveT wertilze moqmedi 

Zalebis impulsi S , drois erT naxevarperiodSi, Tu 

wertilis masa 5m kg. gansazRvreT F  Zalis 
saSualo mniSvneloba. 
 a m o x s n a. gamoviyenoT Teorema nivTieri wertilis 
moZraobis raodenobis cvlilebis Sesaxeb da CavweroT Zalis 

impulsi x da y ReZebze gegmilebSi: 

        xxx mvmvS 0 ,                                  

        yyy mvmvS 0 .                                 

       vinaidan  ,0 vv   amitom 

          cos2)coscos( mvvvmS x  ,                                  

          sin2)sinsin( mvvvmS y  . 

 maSin 

 22,0522sincos2 2222  mvmvSSS yx  (n•wm). 

 Tu CavTvliT, rom F

Zalis saSualo mniSvneloba mudmivia,  

misi gegmilebi sakoordinato RerZebze iqnebian 

    
t

mv

t

S
F x

x

cos2
 , 

    
t

mv

t

S
F

y

y

sin2
 . 
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 maSin         

      1
2

2,0522
sincos

2 2222 



t

mv

t

mv
FFF yx  (n).

 p a s u x i:  2S n•wm;   1F n. 
 
 
   Aamocana  28. 13 

 

 O ori maTematikuri qanqara, romlebic dakidebulni arian 1l  

da 2l )( 21 ll   sigrZis Zafebze, asruleben erTnairi amplitudebis 

rxevebs. Oorive qanqaram Tavisi udidesi gadaxris mdgomareobidan 
erTdroulad daiwyo moZraoba erTi mimarTulebiT. ipoveT piroba, 

romelic unda daakmayofilon 1l  da 2l  sigrZem imisaTvis, rom 

drois garkveuli Sualedis Semdeg qanqarebi erTdroulad 

daubrundnen Tavis wonasworobis mdgomareobas. gansazRvreT T  
drois umciresi Sualedi. 
 
 a m o x s n a. qanqarebs Tavis sawyis mdgomareobaSi 
dabruneba SeuZliaT im pirobiT, roca tolia maTi mTeli jeradi 
periodebi:   

    12 nTkTT  . 

e. i. roca              
n

k

T

T


2

1
.                           (1) 

 maTematikuri qanqarebis peiodebia 

    
g

l
T 1

1 2 ,  
g

l
T 2

2 2 .               (2) 

 (2) formulis gaTvaliswinebiT (1) aseT saxes miiRebs 

       
n

k

l

l


2

1 .  

 p a s u x i: 
n

k

l

l


2

1 , sadac nk, - mTeli ricxvebia da wiladi      

                  
n

k
 ukvecia;     12 nTkTT  . 

 
 
    Aamocana  28. 14 

 

          uWimad Zafze mibmuli  m masis burTula srialebs gluv       
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horizontalur sibrtyeze; Zafis meore bolos mudmivi a siCqariT 
ewevian sibrtyeSi gakeTebul xvrelSi. gansazRvreT burTulas 

moZraoba da Zafis T daWimuloba, Tu cnobilia, rom sawyis 
momentSi Zafi mdebareobs wrfeze. manZili burTulasa da xvrels 
Soris R-is tolia, xolo burTulas sawyisi siCqaris gegmili Zafis 

mimarTulebis marTobze 0v -s tolia. 

 
 
  
 
 
 
 
 
 
  a m o x s n a. M wertilSi burTulaze moqmedebs simZimis Zala 

gm

, romelic gawonasworebulia sibrtyis normaluri  N


 

reaqciiT, da Zafis daWimulobis Zala T

, romelic gadis O 

wertilSi ( nax. 1). Ees niSnavs, rom yvela moqmedi Zalis momentis 
jami O wertilis mimarT nulis tolia da moZraobis raodenobis 
momenti am wertilis mimarT, momentTa Teoremis me-2 Sedegis 
Tanaxmad ar icvleba. Aamitom (ix. nax. 2) 

    0201 ll  , 

sadac 0201 , ll  - burTulas moZraobis raodenobis momentia O centris 

mimarT Sesabamisad 0M  da M wertilebSi: Rmvl 001  , rmvl 02 . 

 maSasadame  

       Rmv0 rmv . 

 Aaqedan                
r

Rv
v 0 ,                              (1)  

sadac  v  - siCqaris transversaluri (ganivi) mdgenelia..= 

 Zafis rM 0  (nax. 1) sigrZe drois ganmavlobaSi icvleba. 

radganac burTulas siCqaris gegmili rv  radianul ( r ) 

mimarTulebaze tolia xvrelSi Zafis Cawevis siCqarisa, amitom 

      
tr

R

r dtadra
dt

dr
v

0

atRrtar
tr

R


0
.  (2) 

   CavweroT dinamikis ZiriTadi gantoleba radianul 
mimarTulebaze gegmilebSi 
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    ,)( 2 Trrm    

 sadac   
2

0

r

Rv

r

v



 . 

 Tu visargeblebT (1) da (2) gamosaxulebebiT, imis 

gaTvaliswinebiT, rom 0r , vipoviT Zafis daWimulobas 

   T
3

22

0

4

22

02

)()(

)(

atR

Rmv

atR

RvatRm
mr







   

da burTulas moZraobis gantolebas 

 









 

ttt

atRa

Rv

atR

atRd

a

Rv

atR

dt
Rv

0

0

0

2

0

0

20

1

)(

)(

)(
  

   
atR

tv

RatRa

Rv














 00 11

. 

 
  
p a s u x i :  polarul koordinatebSi (Tu miviRebT xvrels  
           koordinatTa saTaved da kuTxe  -s nulis tolad): 

  ;atRr    
atR

tv


 0 ;  

3

22

0

)( atR

Rmv
T


 . 

 
 
 
 
 
    

 Aamocana  28. 15 

 

      gansazRvreT mzis masa  M, Tu gvaqvs 
monacemebi: dedamiwis radiusi 

61037,6 R m, saSualo simkvrive 5,5 t/m3, 

dedamiwis orbitis didi naxevarRerZi  
111049,1 a m, dedamiwis mzis 

garSemovlis dro 25,365T  dRe-Rame. Mmsoflios mizidulobis 

Zalas or masas Soris, romelTa wonebia 1 kg, 1m manZilze vTvliT 

m

gR2

n-s tols, sadac m – dedamiwis masaa; kepleris kanonidan 



 175 

gamomdinareobs, rom mzis mier dedamiwis mizidulobis Zala 

22

324

rT

ma -s tolia, sadac r  - dedamiwidan mzemde manZilia.          

     a m o x s n a. im momentSi, roca dedamiwa imyofeba mzidan didi 
naxevarRerZis manZilze (ix. naxazi), kepleris kanonis Tanaxmad  mzis 
mier dedamiwis mizidulobis Zala  

   
2

24

T

am
F


 ,            (1) 

sadac   3

3

4
Rm   - dedamiwis masaa,   - saSualo simkvrive. 

    Nniutonis formulis Tanaxmad dedamiwasa da mzes Soris 
mizidulobis Zala 

                    
2

2

a

Mm

m

gR
F   .                       (2) 

     (1) da (2) formulebis marjvena mxareebis gatolebiT miviRebT                    

   
2

24

T

am
2

2

a

Mm

m

gR
 , 

saidanac mzis masa 

   
gT

Ra

gRT

ma
M

2

33

22

32

3

164 
 

      30

2

363113

10966,1
8,9)36002425,365(3

105,51037,6)1049,1(14,316





  (kg). 

p a s u x i : 
3010966,1 M  kg. 

 
 
 

     

Aamocana  28. 16 

 

     m masis wertili, romelzec moqmedebs centraluri F

Zala, 

aRwers lemniskatas  2cos2 ar  , sadac a  mudmivi sididea, r - 

manZili wertilidan ZalTa centramdis; sawyis momentSi 0rr  , 

wertilis siCqare 0v -s tolia da adgens   kuTxes wrfesTan, 

romelic aerTebs wertils ZalTa centrTan. gansazRvreT F

Zalis 

sidide, Tu viciT, rom is damokidebulia mxolod r  manZilze. 
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 a m o x s n a. visargebloT bines formuliT, vinaidan wertili 

moZraobs centraluri F

 Zalis moqmedebiT (ix. naxazi): 

    




















rd

r
d

r

mc
F

1
)

1
(

2

2

2

2


,            (1) 

sadac  2rc  - wertilis gaorkecebuli seqtoruli siCqarea. 

 
 
 
 
 
 
 
 
 
     
 

      radganac wertilze moqmedebs centraluri Zala F

, amitom mis 

mier Seqmnili momenti O centris mimarT  nulis tolia da maSin, 
moZraobis raodenobis momenti (koordinatTa polarul sistemaSi – 
seqtoruli sioCqare) inarCunebs mudmiv mniSvnelobas, e. i.  

    sinsin 00vmrmrv   sinsin 00vrrv  . 

 vinaidan 

     
 2sin rrrrvrv , 

Aamitom                 c 2r sin00vr .              (2) 

   Semdeg, vinaidan  
2/1)2(cos ar  , vipoviT 

   
2cos

111

ar
 

2/3)2(cos

2sin1

1





 ad

r
d












;  

 




 2cos

)2(cos2sin3)2(cos21

1

3

2/122/5

2

2













ad

r
d

)232(
1 2 tg
r

 .   (3) 
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 Mmizidulobis F  Zalas ganvsazRvravT (1) formuliT, sadac 

gaTvaliswinebulia (2), (3) gamosaxulebebi da 
422 2cos ra   

toloba: 

  )1232(
sin 2

3

22

0

2

0 


tg
r

vmr
F  )21(

sin3 2

3

22

0

2

0 


tg
r

vmr
 

   


 22

0

2

07

2

23

22

0

2

0 sin
3

2cos

sin3
vr

r

ma

r

vmr
 . 

 p a s u x i : mizidulobis Zala  F 22

0

2

07

2

sin
3

vr
r

ma
. 

 

    Aamocana  28. 17 

 

  m masis M wertili moZraobs uZravi 0 centris maxloblobaSi 

F Zalis gavleniT, romelic gamodis am centridan da damokidebulia 

rM 0 manZilze. viciT, rom wertilis siCqare rav / , sadac a - 

mudmivi sididea. ipoveT F

Zalis sidide da wertilis traeqtoria. 

      a m o x s n a. vinaidan wertili moZraobs centraluri  F Zalis 
moqmedebiT, amitom  

          .0)( 00 constlFM   

    maSin, moZraobis raodenobis momenti 

0M  mdebareobaSi 

 constmhmrrmrrmv  
2

. 

    Aaqedan      
2r

h
 ,          (1) 

sadac  h - gaormagebuli seqtoruli siCqarea. maSin 

   
2222  rrv . 

    vinaidan, pirobis Tanaxmad  
r

a
v  ,  amitom 

   
2

2
222

r

a
rr   .                           (2) 

    (1) tolobis gaTvaliwinebiT (2) formulidan miviRebT 

   
2

22
2

r

ha
r


 .                              (3) 

  (3) gamosaxuleba gavawarmooT droTi: 
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   r
r

ah
rr 




3

22

22 , 

Aaqedan         
3

22

r

ah
r


 .                               (4) 

    Ddinamikis ZiriTad kanons 0r

 radius-veqtorisa da n  normalis 

mimarTulebaze gegmilebSi aseTi saxe aqvs: 

   nr FFrrmF )( 2

0
 )( 2 rrm  . 

  ATu am tolobaSi CavsvavT (1) da (4) gamosaxulebebs, vipoviT 
mizidulobis Zalas: 

               
3

2

3

22

4

2

r

ma

r

ah

r

h
rmF 







 
 . 

   M wertilis traeqtoriis gansazRvrisaTvis (3) gantolebidan  

     
r

ha
r

22 
 . 

 Aanu, imis gaTvaliswinebiT, rom  
dt

dr
r  , 

    dthardr 22  . 

      vinaidan  
dt

d
  ,  amitom (1) gamosaxulebidan 

    d
h

r
dt

2

 .     maSin   




drrdr
ha

h 2

22



 d

r

dr

ha

h

22



r

ha

h
ln

22
, 

A- es aris  logariTmuli spirali. 
 E 

p a s u x i : mizidulobis Zala ;/ 32 rmaF   

             traeqtoria - logariTmuli spirali.  
    amocana  28. 18 

 
  gansazRvreT 1 kg masis wertilis moZraoba mizidulobis 
centraluri Zalis moqmedebiT, romelic mizidulobis centridan 
wertilis daSorebis manZilis kubis  ukuproporciulia, Tu cnobilia, 
rom 1 m manZilze Zala 1 n-s tolia. sawyis momentSi mizidulobis 
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centridan wertili daSorebulia 2 m manZiliT, siCqare 5,00 v m/wm 

da  centridan wertilis mimarTulebiT gavlebul wrfesTan adgens  

045 kuTxes. 

 

 a m o x s n a. vinaidan wertili moZraobs mizidulobis 

centraluri F

 Zalis moqmedebiT, visargebloT bines formuliT,: 

    




















rd

r
d

r

mc
F

1
)

1
(

2

2

2

2


,    

  Aamocanis mocemulobis gaTvaliswinebiT CavweroT 

    




















rd

r
d

r

c

r

1
)

1
(

1
2

2

2

2

3 
. 

aqedan 

    
22

2 111

rcrrd

d











,               (1) 

          

sadac c  - wertilis gaorkecebuli seqtoruli siCqarea, 

constrc  2 . 

  drois sawyis momentSi, roca 2r  

                  
8

2

22

25,045cos 0

0 





r

v
  (rad/wm). 

  

   
2

1

8

2
22 c . 

 maSin, (1) diferencialuri gantoleba miiRebs aseT saxes 

   








rrrd

d 211
2

2


0

11
2

2










rrd

d


. 

  Aam diferencialuri gantolebis amoxsnas veZebT Semdegi saxiT 

    
  BeAe

r

1
,           (2) 

sadac A  da B  - nebismieri mudmivebia. 
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    gavawarmovoT es gamosaxuleba droTi, miviRebT 

     
  )(
2

BeAe
r

r
.             (3) 

  A  da B  mudmivebs vipoviT (2) da (3) formulebidan sawyisi 

pirobebis gaTvaliswinebiT: roca 0   ,0r   
8

2
 ,  

4

2
45cos 0

0  vr , maSin 
2

1
 BA , 

2

1
 BA , aqedan 

2

1
,0  BA . 

 A  da B -s mniSvnelobebi CavsvaT (2) gamosaxulebaSi: 

    
2

1 


e

r
, 

Aanu   
er 2  - wertilis traeqtoriis gantolebaa. 

  seqtoruli siCqaris mudmivobis pirobidan, roca 
er 2 , 

miviRebT, rom   

    
2

1
4 2 

dt

d
e


. 

Aaqedan, integrebis Semdeg miviRebT 

    1

2

2
2 C

t
e 

.                   (4) 

     sawyisi pirobebidan: 0t  0 , vipoviT integrebis 21 C  

mudmivs. 1C -s mniSvnelobis CasmiT (4) formulaSi da imis 

gaTvaliswinebiT, rom 

   
4

2
2 r

e 
, 

sabolood miviRebT 242 tr  . 

 

     p a s u x i :   242 tr  ; 
er 2 .  

 
 
 
 
    amocana  28. 19 

 
   1 kg masis  M nawilaki miizideba uZravi  O centrisaken ZaliT,  
romelic maT Soris manZilis mexuTe xarisxis ukuproporciulia. Ees 
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aris 8 n toli Zala 1 m manZilze. sawyis momentSi mizidulobis 
centridan nawilaki daSorebulia OM0=2 m manZiliT da aqvs OM0 –s 
marTobuli da O,5 m/wm siCqare. gansazRvreT nawilakis traeqtoria. 

 

 a m o x s n a. vinaidan wertili moZraobs mizidulobis 

centraluri F

 Zalis moqmedebiT visargebloT bines formuliT,: 

  




















rd

r
d

r

mc
F

1
)

1
(

2

2

2

2


.   

  Aamocanis mocemulobis gaTvaliswinebiT CavweroT: 

  
52

2

2

81
)

1
(

1

rrd

r
d

r
F 






















. 

radganac gaorkecebuli seqtoruli siCqare 

    1
2

5,0
42  rc , 

sadac  
r

v0 . 

   miviCnioT, rom  









rd

d
p

1


. vaintegroT 

   
 











22

11

r

r

d

dr

rrd

d
, 

   



















r
d

dp
p

d

dp

rd

d

1

1
2

2



,   

    

rr

r
d

dp
p

18

1 3











, 

   124

2

2

12

2
C

rr

p
 .                      (1)  



 182 

  integrirebis 1C  mudmivs vipoviT sawyisi pirobebidan: 0t  0 , 

0,2  rr ,
4

1

2

5,0
 ,   maSin 

                0
22

1

16

2
0 112




 CC ,    

                       . 
  (1) formulidan 

    
24

14

rr
p  , 

maSin                   
2

22
4

11
r

rd

dr

r



. 

 Aam gamosaxulebaSi ganvacaloT cvladebi da gardaqmnis Semdeg 
miviRebT 

     ,
4 2

d
r

dr



 

integrebis Sedegad 

     2
2

arccos C
r

  . 

 integrebis 2C  mudmivs vipoviT sawyisi pirobebidan: 0 , 2r ;   

2C 01arccos  . 

  SevitanoT es mniSvneloba (2) formulaSi, miviRebT 

     cos2r . 

  p a s u x i : 1 m radiusis wrewiri, romlis centri mdebareobs OM0   

                  xazze mizidulobis centridan 1 m manZilze. 
 
 
 
           amocana  28. 20 

 
   0,2 kg masis  M wertili moZraobs mizidulobis ZaliT uZravi  

0 centrisken niutonis mizidulobis kanoniT da 50 wm-s ganmavlobaSi 
aRwers srul elifss 0,1 m da 0,08 m naxevarRerZebiT. gansazRvreT am 

moZraobisas mizidulobis F

 Zalis udidesi da umciresi sidide. 

 
 a m o x s n a. amocanis amosaxsnelad visargebloT bines formuliT 
Semdegi saxiT  
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         









2

2 1

rp

mc
F ,      (1)                    

sadac  c – wertilis gaormagebuli 

seqtoruli siCqarea; rF -mizidulobis 

Zala;  
a

b
p

2

 ,    sadac ab,  - 

elifsis Sesabamisi mcire da didi 
naxevarRerZebia; r - manZili elifsis 

fokusidan M  wertilamdis. 

 Nnaxazidan  
22

100 bad  . 

Ppirobis Tanaxmad 1,0a m, 08,0b m; maSin  06,0d m, 04,001 A m, 

16,001 B  m. 

 ganvsazRvroT M wertilis gaormagebuli seqtoruli siCqare 

   
T

ab
c

2
 , 

sadac T – moZraobis periodia. 
 CavsvaT miRebuli sidideebi (1) fprmulaSi, moviRebT 

      


















22

32

22

2

22

2

max
)(

4

)(

2

)(( daT

ma

dab

ma

T

ab

dab

mac
F


 

    

            3

22

32

1097,1
)06,010,0(50

2,01,014,34 



  (n). 

       
22

32

min
)(

4

daT

ma
F




 4

22

32

1023,1
)06,010,0(50

2,01,014,34 



  (n). 

  p a s u x i : 
3

max 1097,1 F n;   
4

min 1023,1 F n. 

 
 
          amocana  28. 21 

 
   maTematikur qanqaras, romlis TiToeuli gaqaneba grZeldeba 
erTi wami, ewodeba wamieri qanqara da gamoiyeneba drois asaTvlelad. 

ipoveT am qanqaris l  sigrZe, Tu CaTvliT, rom simZimis Zalis aCqareba 
9,81 sm/wm2-s tolia. ra dros aCvenebs es qanqara mTvareze, sadac 

simZimis Zalis aCqareba 6-jer naklebia vidre dedamiwaze? ra 1l  sigrZe 

unda hqondes mTvaris wamier qanqaras? 
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 a m o x s n a. maTematikuri qanqaris erT gaqanebas 
Seesabameba naxevarperiodi 

   1
2


g

lT
 , 

Aaqedan               4,99
14,3

981
22




g
l  (sm.). 

 mTvareze naxevarperiodi 

                         45,26
6

1 
g

l
T   (wm), 

xolo qanqaris sigrZe unda iyos 6-jer naklebi, e.i. 

   56,16
6

4,99

6
1 

l
l  (sm). 

p a s u x i :  4,99l sm;  45,21 T wm;  56,161 l sm. 

 
 
                     amocana  28. 22 

 
   dedamiwis zogierT wertilSi wamieri maTematikuri qanqara 
dros sworad aRricxavs. Semdgom, sxva adgilas gadatanisas, is 
CamorCeba dRe-RameSi T wamiT. gansazRvreT wamieri qanqaris simZimis 
Zalis aCqareba axal mdebareobaSi. 
 

 a m o x s n a. pirobis Tanaxmad drois sworad aRricvisas 
maTematikuri qanqaris naxevarperiodi 

   1
0

0 
g

l
T  wm, 

Aaqedan                 
2

0



g
l  . 

 Ddedamiwis sxva wertilSi qanqaris CamorCenisas 

   

1

0
360024 g

lT
T 


 ,              (1) 

sadac  1g  - sxva wertilSi simZimis Zalis aCqarebaa. 

 gardavqmnaT (1) formula: 

   

1

0
0

86400 g

gT
T  . 

 vinaidan pirobis Tanaxmad 10 T , amitom 
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1

0

86400
1

g

gT
 . 

 Aaqedan  

  











 ...
8640086400

1

86400
1

1
2

2

001

TT
g

T
gg 










86400
10

T
g . 

 vinaidan mcirea 
2

2

86400

T
 gamosaxuleba, SemovisazRvroT  

86400
1

1

T


 funqciis xarisxovan mwkrivad gaSlisas pirveli ori 

wevriT.  maSin   

2

01
86400

1 









T
gg . 

 

 p a s u x i :

2

01
86400

1 









T
gg , aq 0g - simZimis Zalis aCqarebaa   

               qanqaras pirvelsawyis mdebareobaSi. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 186 

                     29. muSaoba da simZlavre 
 

meToduri miTiTebani amocanebis 

amosaxsnelad 

 

           Zalis muSaoba aris Teoriuli meqanikis erT-erTi 
mniSvnelovani cneba da Tavis mxriv warmoadgens Zalis qmedebis 
erT iseT maxasiaTebels, romelsac igi iwvevs sxeulze misi raime 
gadaadgilebisas. amasTanave, muSaoba axasiaTebs Zalis im 
moqmedebas, romelic ganisazTvreba moZravi wertilis siCqaris 
sididis cvlilebiT. 
  sazogadod, ansxvaveben Zalis elementarul muSaobas da 
Zalis muSaobas sasrul gadaadgilebaze. 
  Zalis elementaruli muSaoba – es aris usasrulod mcire 
skalaruli sidide, romelic tolia Zalis veqtorisa da am Zalis 
modebis wertilis usasrulod mcire gadaadgilebis veqtoris 
skalaruli namravlisa:  

                    rdFdA


    ,                      (29. 1) 

sadac  rd

 - Zalis modebis wertilis radius-veqtoris nazrdia im 

hodografze, romelic am wertilis traeqtorias warmoadgens. 

 wertilis elementaruli ds  gadaadgileba traeqtoriaze    

rd

 -s tolia maTi simciris gamo, amitom SeiZleba CavweroT 

        ),cos(  FFdsrdFdA


   .         (29. 2) 

     namravli ),cos( 


FF


warmoadgens Zalis gegmils wertilis 

gadaadgilebis mimarTulebaze (mrudwiruli traeqtoriisas am 
traeqtoriis mxeb RerZze, e. i.   RerZze).  maSin 

   dsFdA  .                        (29. 3) 

 maSasadame, Zalis elementaruli muSaoba tolia Zalis 

sididis namravlisa elementarul ds  gadaadgilebaze da im kuTxis 
kosinusze, romelsac adgens Zalis mimarTuleba gadaadgilebis 
mimarTulebasTan [ix. formula (29. 2)], an tolia gadaadgilebis 

mimarTulebaze Zalis gegmilis namravlisa  elementarul ds  
gadaadgilebaze [ix. formula (29. 3). 
 amasTanave, Tu   

                   ,0dA  maSin   
2

),(


  F


; 

       ,0dA  maSin   
2

),(


  F


; 
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                    ,0dA  maSin   .
2

),(


  F


 

 Tu (29. 1) formulaSi F

 Zalasa da rd


 gadaadgilebas 

warmovadgenT dekartis koordinatTa RerZebze maT gegmilebSi, e. i.     

                    zyx FkFjFiF


 ,  

       dzkdyjdxird


 , 

maSin, Zalis elementaruli muSaoba SeiZleba ase warmovadginoT 

                  ,  dzFdyFdxFdA zyx           (29. 4) 

Mmas ewodeba elementaruli muSaobis analizuri gamosaxva. 
   Tu Zalebi modebulia myar sxeulze, romelic asrulebs 
warmtan moZraobas, maSin yvela Zalis elementaruli muSaoba 

           ),,cos(  RdsRrdRdA ee


           , 

Aanu               

   dsRdA e

      ,                         (29. 5) 

sadac 
eR


 - gare Zalebis mTavari (nakrebi) veqtoria,  e

k

e FR


; 

 e

k

e FR 


- mTavari (nakrebi) veqtoris gegmili gadaadgilebis 

mimarTulebaze, romelic am mimarTulebaze yvela Zalis gegmilebis 
jamis tolia. 

 uZravi RerZis (maliTad, z RerZis) garSemo brunviTi 
moZraobisas 

                dFMdMdA e

kz

e

z )(


            (29. 6) 

sadac  )( e

kz

e

z FMM


- yvela gareZalis mTavari (nakrebi) 

momentia brunvis RerZis mimarT; d  - sxeulis mobrunebis 

elementaruli kuTxe. 
 amasTanave, myari sxeulis nebimieri moZraobisas, masze 
moqmedi Siga Zalebis muSaobaTa jami nulis tolia. 

 Zalis muSaoba nebismier sasrul s gadaadgilebaze 
gamoiTvleba, rogorc Sesabamis elementarul muSaobaTa 
integraluri jami:  

  



s

s FFdsA ),cos( 


.                     (29. 7) 

 Tu Zala mudmivia, xolo misi modebis wertili wrfivad 
gadaadgildeba, maSin muSaoba  nebismier sasrul  gadaadgilebaze 
gamoiTvleba formuliT        
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   ),cos( 


 FFdsA


.                (29. 8) 

 
        (29. 7) da (29. 8) formulebi SeiZleba gamoviyenoT 
gadataniTad moZrav myar sxeulze modebuli Zalebis muSaobis 

gamosaTvleladac, sadac ),cos( 


FF


-s magivrad unda aviRoT 

moZraobis mimarTulebaze Zalebis gegmilebis jami. 
 sxeulis brunviTi moZraobisas, masze modebuli Zalebis 
muSaoba sasrul gadaadgilebaze 

                   







0

dMA e

z .                      (29. 9) 

     Tu gare Zalebis momenti brunvis RerZis mimarT mudmivia, maSin  

         e

z

e

z MMA )( 0 br,          (29. 10) 

sadac   br 0    - sxeulis mobrunebis sasruli kuTxea. 

 Aam paragrafis amocanebis da sxva paragrafis amocanebis 
amoxsnisas, sadac iyenebT kinetikuri energies cvlilebis Teoremas 
Teoremas, yvelaze xSirad mogixdebaT simZimis Zalebis, drekadobis 
Zalebis da mbrunav sxeulze modebuli Zalebis muSaobaTa 
gansazRvra.  
 simZimis Zalis muSaoba 

            ,mghGhA                   (29. 11) 

        drekadobis Zalebis muSaoba 

     ),(
2

2

0

2  
c

A                   (29. 12), 

sadac  0 ,   - Sesabamisad, deformaciis sawyisi da saboloo 

mniSvnelobebia (zambaris gaWimva an, drekadi koWis CaRunva). 
 amasTanave, mxedvelobaSi unda gqondeT, rom Tu Zalisa da 
wertilis (sxeulis) gadaadgilebis mimarTulebebi emTxveva,    maSin 
Zalis muSaoba dadebiTia, Tu es mimarTulebebi 
urTierTsawinaaRmdegoa – uaryofiTia. 
 Zalis simZlavre – drois erTeulSi Sesrulebuli muSaoba. 
Zalis simZlavres aniSnaven  N-iT: 

   
t

A
N  ,                            (29. 13) 

sadac  A  - Zalis mier t droSi sasrulo manZilze Tanabrad 
Sesrulebuli muSaoba. 
 ufro zogad SemTxvevaSi 
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 



dt

FFds

dt

dA
N

),cos( 


),cos( vFFv
 

,       (29. 14)           

Aanu                 .vFN                                 (29. 14′ ) 
 (29. 6)  da (29. 14) formulebis gaTvaliswinebiT, uZravi RerZis 
garSemo mbrunav myar sxeulze modebuli Zalebis simZlavre 

                      N  ,)( 
 e

kz

e

z FM
dt

dM
N


         (29. 15) 

sadac   - sxeulis brunvis kuTxuri siCqarea, rad/wm. 
 simZlavris nawili anu, Sesrulebuli muSaobis nawili 
SeiZleba daixarjos mavne winaaRmdegobis gadasalaxavad. am 
movlenis Sesafaseblad SemoaqvT cneba ,,margi qmedebis koeficienti” 
(mqk), romelsac aRniSnaven   asoTi. 

 margi qmedebis koeficienti – es aris Sesrulebuli 

sasargeblo A sas muSaobis Sefardeba mTlianad daxarjul A dax 
muSaobasTan: 

   

dax

sas

A

A
 .                              (29. 16) 

 simZlavris gaTvlisas, magaliTad, raime Zravis mqk-s 
gaTvaliswinebiT  (29. 13) da (29. 16) formulebis safuZvelze SeiZleba 
visargebloT formuliT 

           
t

A

t

A
N sasdax


 .                     (29. 17) 

 Aamocanebis amoxsnisas mniSvnelovania davicvaT fizikur 
sidideTa ganzomileba Sesabamisad erTeulTa arCeul sistemaSi. 
 muSaobis ganzomilebis erTeulTa saerTaSoriso sistemaSi 

CИ  – jouli (1j=1n·m),  mkgwm sistemaSi – 1 kgm. 
 simZlavris ganzomilebis erTeulTa saerTaSoriso sistemaSi 

CИ  – vati (1vt =1 j/wm),  mkgwm sistemaSi – 1 kg·m./wm,        75 kg·m/wm 

= 1 cx. Z. (erTi cxenis Zala). 
 davamyaroT damokidebuleba 1 cx. Z. da 1kvt –s Soris: 
 1 kvt = 1000 vt = 1000 j/wm = 1000 n·m/wm, radganac 1 kg= 9,8 n, 

amitom 1 kvt = 1000/9,8 = 102 kg·m/wm. 

 maSin  1 kvt = 102/75 = 1,36 cx. Z. 
 am paragrafis amocanebis amoxsnis Tanamimdevroba: 
 1. naxazze vaCvenoT sxeulze moqmedi Zalebi. 
 2. zogadi saxiT CavweroT formulebi saZebni sidideebis 
gamosaTvlelad, Semdeg vipovoT am sidideebis ganmsazRvreli 
zogadi saxis gamosaxuleba. 
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 3. SevasruloT gamoTvlebi, SevamowmoT am gamosaxulebaSi 
Semavali sidideebis ganzomileba. 
 
 
 
 
 

 

       amocanebi da amoxsnebi 
 

                        A  Aamocana  29. 1 
 
       N4000 kg masis ABCD betonis blokis 
zomebi miTiTebulia naxazze. gansazRvreT 
muSaoba, romelic unda daixarjos am blokis D 

wibos  garSemo gadasayiraveblad.  
  
a m o x s n a. bloki rom gadavayiraoT, 
sakmarisia misi Semobruneba aramdgradi 
wonasworobis mdgomareobamde, rodesac DB diagonali daikavebs 
vertikalur mdgomareobas (ix. naxazi). amisaTvis saWiroa 

SevasruloT simZimis P

Zalis muSaobis toli samuSao, am Zalis 

modebis 0  wertilis gadaadgileba 0 1 mdebareobaSi  h  simaRleze: 

  
2

01

AB
Dh  . 

 Nnaxazidan  
2

0 1
1

DB
D  , 

  1068 222

1

2

111  DABADB  m. 

 maSin   145 h m. 
 gamovTvaloT blokis 
gadasayiraveblad saWiro muSaoba: 

 3924018,94000  mghA  (j). 

  p a s u x i:  39,24 kj. 
                      

   amocana  29. 2 

 
 gamoTvaleT umciresi muSaoba, romelic unda daixarjos 
imisaTvis, rom 2 t masis sxeuli avitanoT horizontisadmi 300 
kuTxiT daxril sibrtyeze 5 m manZilze. xaxunis koeficientia 0,5.  
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a m o x s n a. umciresi muSaoba tolia 

simZimis gm

 Zalisa da xaxunis 

TF


 Zalis 

muSaobaTa jamisa  (ix. naxazi): 

              
030sin

h
FmghA T . 

 gamovTvaloT xaxunis Zala 

      
030cosfmgfNFT  ,  

sadac  N  - sayrdenis reaqciaa,  
030cosmgN  .  

 maSin,  umciresi muSaoba 

    030fmghctgmghA  0301( fctgmgh  

 183000)73,15,01(58,92000  (j) =183 (kj).    

 

   p a s u x i:  183 kj. 
 

   Aamocana  29. 3 
 
     imisaTvis, rom 3 m simaRleze aitanon 5000 m3 wyali, dadges 2 
cx. Z. toli Zravis tumbo. ra droa saWiro samuSaos Sesasruleblad, 
Tu tumbos margi qmedebis koeficientia 0,8?  
 margi qmedebis koeficienti ewodeba sasargeblo muSaobis, am 
SemTxvevaSi wylis asatanad daxarjuli muSaobis Sefardebas 
mamoZravebeli Zalis moSaobasTan, romelic unda iyos sasargeblo 
muSaobaze meti mavne winaaRmdegobebis Sedegad. 

    a m o x s n a.  aucilebeli simZlavrea  
t

A
N dax , 

sadac  daxA  - mTliani daxarjuli muSaobaa. 

 tumbos mqk  

  




mghA
A

A

A sas

dax

dax

sas  . 

 tumbos mier atanili wylis masa 

   Vm  , 

sadac   - wylis simkvrivea,  = 1000 kg/m3;   V - wylis moculoba. 

 maSin      
t

Vgh

t

mgh
N






 . 

 Aaqedan      
N

Vgh
t




 . 
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 amocanis pirobaSi N mocemulia cxenis ZalaSi, 1 cx.Z=735vt. 
Aamis gaTvaliswinebiT 

   125000
73528,0

38,950001000





t wm = 34 sT 43 wT 20 wm. 

p a s u x i:    t = 34 sT 43 wT 20 wm. 
 
 
 
 
   Aamocana  29. 4 
 
 ra sididisaa manqanis simZlavre, romelmac wuTSi 84-jer 
aswia 200 kg masis uro 0,75 metris simaRleze, Tu manqanis margi 
qmedebis koeficientia 0,7. 

   a m o x s n a. aucilebeli simZlavrea  
t

A
N dax , 

sadac  daxA  - mTliani daxarjuli muSaobaa. 

 

  



mghA
A sas

dax

84
 . 

 maSin   

  2940
607,0

75,08,02008484







t

mgh
N


 (vt) 

   p a s u x i:    2,94 kvt 

    
A                   amocana  29. 5 
 

gamoTvaleT sami wyalvardnilis saerTo simZlavre, 
romlebic TanmimdevrobiT arian ganlagebuli erT mdinareze. wylis 
vardnis simaRlea: pirvel wyalvardnilTan - 12 m, meoresTan – 12,8 m, 
mesamesTan - 15 m. wylis saSualo xarji mdinareSi – 75,4 m3/wm. 
 
a m o x s n a. wyalvardnilTa saerTo 
simaRlea (ix. naxazi) 

   8,390,158,120,12321  hhhH  (m). 

 ganvsazRvroT t  droSi gamavali 
wylis wona: 

 gtVgVmgG x   ,  
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   sadac V -wylis moculobaa,  ,tVV x  4,75xV m3/wm – wylis 

xarji mdinareSi; 
3101 kg/m3 - wylis simkvrive. maSin muSaoba   

.GHA   
        saZebni simZlavre 

63 104,298,398,9104,75 





 gHV
t

GH

t

A
N x  (vt)= 4,29 (mvt). 

p a s u x i:    29,4 mvt. 
 
 
 

               Aamocana  29. 6 
            
 gamoTvaleT turbogeneratoris simZlavre tramvais qselis 
sadgurSi, Tu xazze vagonebis raodenoba aris 45, TiToeuli vagonis 
masaa 10 t, xaxunis winaRoba vagonis wonis 0,02–s tolia, vagonis 
saSualo siCqarea 3,3 m/wm da qselSi danakargi 5%. 
 
  a m o x s n a.  erTi vagonis mier moxmarebuli simZlavre modis 
xaxunis Zalebis gadasalaxavad da qselSi danakargis 

gaTvaliswinebiT aris   vFN x
5100

100
1


 . 

 vinaidan  fmgFx  , amitom fmgvN 05,11  . 

        maSin, jamuri simZlavre 

  3,38,91002,0
95,0

45

95,0

3

1 fmgv
n

nNN  

  
3104,306   (vt) 4,306 (kvt) . 

    p a s u x i:   306,4 kvt. 
 

 
     amocana  29. 7 
            
 gamoTvaleT muSaoba, romelic Sesruldeba 20 kg tvirTis 
asatanad horizontisadmi 300 kuTxiTdaxril sibrtyeze 6 m manZilze. 
xaxunis koeficientia 0,01. 
     a m o x s n a. tvirTis asatanad 
daxarjuli muSaoba sididiT tolia simZimis 

gm

  Zalisa da xaxunis xF


Zalis muSaobisa 

(ix. naxazi). sayrdenis reaqciis N

 Zala 
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muSaobas ar asrulebs, radganac is mimarTulia gadaadgilebis 
marTobulad. amgvarad 

   sin)()( mgssFgmAFAA xx


 

   ),sincos(sin   fmgsmgsfNs   

sadac  ;cosmgN    
030 . 

 gamovTvaloT muSaoba 

  598)5,0866,001,0(68,920 A  (j). 

   p a s u x i:   598 j. 
 
 
 

         amocana  29. 8 
 
        rodesac turbomavali midis 15 kvanZis siCqariT, misi turbina 
anviTarebs 3800 kvt simZlavres. gansazRvreT turbomavalis 
moZraobaze  wylis winaRobis Zala,  Tu cnobilia, rom turbinisa da 
xraxnis margi qmedebis koeficienti 0,41 tolia da 1 kvanZi =0,5144 
m/wm. 
     a m o x s n a. turbomavalis wrfivi Tanabari moZraobisas masze 
moqmedi Zalebi gawonasworebulia da amitom turbinebis mier 
ganviTarebuli simZlavre mqk–s gaTvaliswinebiT modis wylis 

winaRobis cF


 Zalis gadalaxvaze (ix. 

naxazi): 

   ,vFN c           (1) 

sadac    - mqk;  N - simZlavre;  

v  - turbomavalis siCqare. 
 (1) formulidan 

     3
3

109,201
5144,015

10380041,0







v

N
Fc

  (n) 9,201  (kn). 

  p a s u x i:   201,9 kn. 

 
      amocana  29. 9 
 
        gansazRvreT Sigawvis Zravis simZlavre, Tu mTeli svlis 
ganmavlobaSi dguSze saSualo wneva 1 sm2-ze 49 n-s tolia, dguSis 
svlis sigrZea 40 sm, dguSis farTobi 300 sm2, muSa svlis raodenobaa  
wuTSi 120  da margi qmedebis koeficienti 0,9. 
   a m o x s n a. Sigawvis Zravis simZlavre mqk –s gaTvaliswinebiT 
gamoviTvaloT formuliT 
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      ,PvN    

sadac    - Zravis mqk; qFP  - dguSze wnevis Zala, q  - dguSze 

saSualo wneva, F - dguSis farTobi; v  - dguSis siCqare. 
 gamovTvaloT dguSis wnevis Zala da siCqare: 

                     1470030049 P  (n). 

        8,0
60

120
4,0 v  (m/wm). 

 maSin 

  105848,0147009,0 N  (vt) 6,10  (kvt). 

 

  p a s u x i:   10,6 kvt. 
 
                       
amocana  29. 10 
 
        0,6 m diametric saxexi wre akeTebs 120 br/wT.  saWiro 
simZlavrea 1,2 kvt. saxexi wris detalTan xaxunis koeficientia 0,2. 
ra ZaliT awveba saxexi wre detals? 
  a m o x s n a. xexvis procesSi simZlavre ixarjeba saxexi wris 
brunvisas xaxunis Zalis winaRobis gadalaxvaze (ix. naxazi) da 
tolia 

  )(0 xFMN


 ,        

sadac  PfrRfrrFFM xx )(0


,  

 R - sayrdenis normaluri reaqciaa; 

  
30

n
  .    maSin    

30

n
PfrN


 . 

Aaqedan     

5,1591
1202,03,014,3

102,13030 3







rfn

N
P


 (n)

  
  p a s u x i:   1591,5 n. 
 
     amocana  29. 11 
 
        gansazRvreT grZiv-sarandi dazgis Zravis simZlavre, Tu muSa 
svlis sigrZea 2 m, misi xangrZlivoba 10 wm, Wris Zala 11,76 kn, 
dazgis margi qmedebis koeficienti 0,8 . CaTvaleT, rom  moZraoba 
Tanabaria. 
 



 196 

 a m o x s n a. grZiv-sarandi dazgis Zravis simZlavres gamovTvliT 
formuliT 

  


Pv
N  , 

sadac    - Zravis mqk; P  Wris Zala; v  - Wris siCqare. radganac 

moZraoba Tanabaria, amitom 2,0
10

2


t

s
v  m/wm. 

         maSin 

  94,2
8,0

2,076,11



N  (kvt). 

p a s u x i:   2,94 kvt. 
 
 
 
      amocana  29. 12 
 
        drekadi zambaris boloSi dakidebulia M masis tvirTi. 

zambaris 1 m-ze gaWimvisaTvis unda movdoT c n Zala. SeadgineT 
gamosaxuleba tvirTis sruli meqanikuri energiisa zambaraze. 

moZraoba miiCnieT x RerZis gaswvriv, romelic gavlebulia tvirTis 
zambaraze wonasworobis mdgomareobidan vertikalurad qvemoT. 

  a m o x s n a. tvirTis sruli meqanikuri energia E  zambaraze 

tolia tvirTis kinetikuri 1T , potenciuri 1П  energiisa da 

zambaris potenciuri 2П  energiis jami ( 1П  da 2П energiebis 

nulovani doned miRebulia tvirTis statikuri wonasworobis 

mdgomareoba):  E = 1T + 1П + 2П .  

vinaidan  
2

2

1

xM
T


 , 

   MgxП 1 , 

    

0 2

2
2

x

cx
cxdxП , 

amitom   Mgx
cxxM

E 



22

22

. 

    p a s u x i:    E MgxcxxM  22

2

1

2

1
. 
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    amocana  29. 13 
 
        horizontalur gzaze 20 km manZilze TxilamurebiT svlisas 
moTxilamuris simZimis centri asrulebs harmoniul rxevas 8 sm 
amplitudiT da T=4 wm periodiT; moTxilamuris masa 80 kg, xolo 

Txilamurebis  TovlTan xaxunis koeficienti f =0,05.    gansazRvreT 

moTxilamuris muSaoba svlis dros, Tu mTeli manZili man gaiara 1 
saaTsa da 30 wuTSi, agreTve moTxilamuris saSualo simZlavre. 
      S e n i S v n a: CTvaleT, rom damuxruWebis muSaoba moTxilamuris 
simZimis centris daSvebisas Seadens imave simaRleze awevis muSaobis 0,4. 

 a m o x s n a. ganvsazRvroT xaxunis Zali gadasalaxi muSaoba: 

   sFFA TpTp )(


,  

sadac  mgfFTp  . 

maSin      7842000005,08,980)(  mgfsFA Tp


 (kj). 

 ganvsazRvroT simZimis Zalis muSaoba )( gmA


. 1,5 sT-s 

ganmavlobaSi moTxilamuris simZimis centrma Seasrula 

1350
4

5400


T

t
k  rxevis cikli; vinaidan damuxruWebis muSaoba  

simZimis centris daSvebisas Seadens imave simaRleze awevis muSaobis 
0,4, amitom simZimis Zalis muSaoba erTi ciklisas 

   amggmA 24,1)(' 


, 

sadac a  - rxevis amplitudaa. 
 simZimis Zalis muSaoba mTeli moZraobis ganmavlobaSi 

     )( gmA


23708,028,9804,1135024,1)('  akmggmkA


 (kj). 

maSin, moTxilamuris mier Sesrulebuli muSaoba mTel manZilze, 

 A )( TpFA


)( gmA


784 + 237 = 1021 (kj), 

xolo, saSualo simZlavre 

  1,189
36005,1

1021





t

A
N  (vt). 

p a s u x i: 1021A  kj;  1,189N  vt. 

 

   amocana  29. 14 
 

                 P  wonis da l  sigrZis maTematikuri 

A  qanqara horizontaluri lPx /  Zalis 
moqmedebiT avida y  simaRleze. gamoTvaleT 

qanqaras potenciuri energia ori xerxiT: 1) 
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rogorc simZimis Zalis muSaoba,  2) rogorc muSaoba, romelsac 

asrulebs lPx /  Zala, da miuTiTeT, ra pirobebSi mivyevarT orive 
xerxs erTi da igve Sedegamde. 

  a m o x s n a. 1) gamovTvaloT qanqaras potenciuri energia A  

mdebareobaSi, rogorc simZimis P

 Zalis 

muSaoba: 

   PyyPPП AA )(


. 

2) gamovTvaloT qanqaras potenciuri 

energia, rogorc горF
l

Px 
  Zalis 

muSaoba (ix. naxazi): 

       

x x

горгор
l

Px
dx

l

Px
dxFFП

0 0

2

2
)(


. 

     orive xerxs mivyevarT erT Sedegamde Tu  
l

Px
Py

2

2

 ,  

e. i. roca  
l

x
y

2

2

 , anu 
22 xyl  .  

      naxazis mixedviT coslly  , 

sadac    

2

2 1sin1cos 









l

x
 . 

 maSin      
  

22

2

2

22
2

2

22

2)(1 yxyl
l

xl
lly

l

xl
ly 













 














 


. 
 orive Sedegs eqneba erTi mniSvneloba, Tu 

am formulaSi ugulubelvyofT  
2y -s. 

  p a s u x i:  1) ;Py   2) 
l

Px

2

1 .  orive Sedegi  

erTnairia, Tu   

                SeiZleba  
2y    ugulubelvyoT.   
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amocana  29. 15 
 

 Zravis simZlavris gasazomad mis A  borbalze Camocmulia 

lenti xis xundebiT. Llentis marjvena BC  Sto Sekavebulia 

zambariani Q  sasworiT, xolo marcxena DE  Sto daWimuliaa 

tvirTiT. gansazRvreT Zravis simZlavre, Tu Tanabari brunvisas is 
asrulebs 120 br/wT; amasTanave, zambariani saswori aCvenebs lentis 
marjvena Stos daWimulobas 39,24 n; tvirTis masaa 1 kg, borbalis 

diametric d 63,6 sm. Llentis BC da DE  Stoebis daWimulobebs 
Soris sxvaoba borbalis damuxruWebis Zalis tolia. gansazRvreT am 
Zalis muSaoba 1 wm-Si. 
  a m o x s n a. vipovoT Zalis sidide, romelic amuxruWebs 
borbals (ix. naxazi): 

  4,298,9124,39  mgFFc  (n). 

 ganvsazRvroT Zravis simZlavre: 

   ,vFN c  

sadac v  - borbalis fersos wertilis siCqarea,  

  
602302

dndnd
v


  . 

maSin  5,117
60

120636,014,34,29

60





dn
FN c


 (vt). 

    S e n i S v n a. N -is miRebuli gamosaxuleba SeiZleba sxva saxiTac 

warmovadginoT cMN  , sadac 
2

d
FM cc   - borbalis brunvisadmi 

winaRobis Zalis momentia; 
30

n
   - borbalis kuTxuri siCqarea. 

   p a s u x i:   117,5 vt. 
 
 
   amocana  29. 16 
 

 Rvedis saSualebiT gadaecema 14,71 kvt simZlavre. Rvedis 
borbalis radiusia 0,5 m,  borbalis kuTxur siCqares Seesabameba 150 

br/wT. dauSvaT, rom Rvedis wamyvani Stos daWimuloba T  orjer 

metia amyoli Stos t  daWimulobaze da gamoTvaleT T  da t  
daWimuloba.  
  a m o x s n a. Rveduri gadamcemis gadacemis simZlavrea 

    BMN  , 
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sadac BM -mbrunavi momentia (ix. naxazi),  

tRRttRtTM B  )2()( ,      - borbalis kuTxuri siCqarea 

30

n
  .     maSin      

30

ntR
N


 . 

aqedan,  Rvedis amyoli Stos daWimuloba 

 1873
5,015014,3

1071,143030 3







nR

N
t


 (n). 

xolo, Rvedis wamyvani Stos daWimuloba 

  3746187322  tT  (n). 

p a s u x i: 1873t  n;   3746T  n. 
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  30. nivTieri wertilis kinetikuri   

         energiis cvlilebis Teorema 

 
 

      meToduri miTiTebani amocanebis amosaxsnelad 

 

 nivTieri wertilis kinetikuri  energia – meqanikuri moZraobis 
erT-erTi sazomia.Ees aris skalaruli sidide, romelic wertilis 
masisa da misi moZraobis siCqaris kvadratis namravlis naxevaris 

tolia, e. i. 
2

2mv
. AZalis moqmedebis damaxasiaTebeli am 

SemTxvevaSi aris Zalis muSaoba. 
 nivTieri wertilis kinetikuri  energiis cvlilebis Teorema 
amyarebs kavSirs wertilis kinetikur energiasa da am wertilze 
moqmedi Zalis muSaobas Soris. ansxvaveben am Teoremis Caweris or 
formas – diferencialurs da integralurs (anu sasruls). 
 diferencialuri foma: 

    








2

2mv
d = dA ,                     (30.1) 

 nivTieri wertilis kinetikuri  energies diferenciali tolia 
masze moqmedi Zalis elementaruli muSaobisa. 
 integraluri foma: 

    
2

2mv
 

2

2

0mv
  ,)( kFA


        (30.2) 

   nivTieri wertilis kinetikuri  energies cvlileba raime 
gadaadgilebaze tolia wertilze moqmedi Zalebis  muSaobaTa 
jamisa imave gadaadgilebaze. 
 Aamocanebis amoxsnisas Teorema diferencialuri formiT 
gamoiyeneba, roca wertilze moqmedeben cvladi Zalebi, da kerZod, 
Zalebi romlebic damokidebulni arian gadaadgiebaze an siCqareze. 
am SemTxvevaSi,  (30.1) gantoleba SeiZleba dayvanili iqnes  
wertilis moZraobis diferencialur gantolebaze gancalebadi 
cvladebiT. 
 Tu wertilze moqmedebs mxolod gadaadgilebaze 
damokidebuli cvladi Zala, maSin CavwerT elementaruli muSaobis 
gamosaxulebas, Semdeg vaintegrebT da ganvsazRvravT Zalis 
muSaobas sasrul gadaadgilebaze, SeiZleba diferencialuri 
formidan gadavideT integralurze, e. i. gamoviyenoT (30.2) 
gantoleba. 
 ZalTa muSaobis gamoTvla ganxilulia 4 29 –Si. 
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 am paragrafis amocanebis nawili SeiZleba amoixsnas meqanikuri 
energies Senaxvis kanonis gamoyenebiT, romelic Semdegi formiT 
Yyalibdeba: 
 potenciur ZalTa velSi nivTieri wertilis nebismier 
mdgomareobaSi wertilis kinetikuri da potenciuri energiebis jami 
mudmivi sididea. 
 Aam kanonis Tanaxmad 

  .
2

2

constП
mv

                           (30.3) 

 ZalTa veli  ewodeba sivrcis nawils, romlis yovel 
wertilSi nivTier wertilze moqmedeben Zalebi, romlebic 
damokidebulni arian wertilis koordinatebze da droze. ZalTa 
vels ewodeba stacionaruli, Tu Zalebi ar arian damolidebuli 
droze. 
 stacionarul ZalTa vels ewodeba potenciuri, Tu wertilze 
moqmedi Zalebis muSaoba ar aris damokidebuli wertilis 
traeqtoriaze.  aseT ZalTa vels qmnian simZimis Zalebi, drekadi 
Zalebi, mizidulobis (gravitaciis) Zalebi. 
 nivTieri wertilis potenciuri  energia – es aris 
wonasworobis energia. is warmoadgens muSaobas, romelsac 
axorcieleben potenciuri Zalebi wertilis gadaadgilebisas 
mocemuli mdebareobidan romelime nulovan mdebareobaSi (nulovan 
doneze).  
 potenciur ZalTa velSi Zalis gegmilebi dekartis 
koordinatTa RerZebze ganisazRvrebian formulebiT: 

 
dx

dП
Fx  ,  

dy

dП
Fy  ,  

dz

dП
Fz  ,            (30.4) 

sadac    - wertilis potenciuri energiaa. 
 am paragrafis amocanebis amoxsnis Tanamimdevroba: 
 1. gansazRvreT, rogori formiT aris saWiro nivTieri 
wertilis kinetikuri  energiis cvlilebis Teoremis gamoyeneba da 
CawereT Sesabamisad (30.1) an (30.2) formula. 
 2. naxazze gamosaxeT moZravi wertili (sxeuli) nebismier 
mdebareobaSi da aCveneT masze moqmedi yvela Zala, maT Soris bmis 
reaqciis Zalebi, Tu sxeuli araTavisufalia. 

 3. gansazRvreT wertilis sawyisi 0v  da saboloo v  siCqare 

(SesaZlebelia, siCqareebidan erT-erTi an orive iyos nulis toil). 
 4. zogadi saxiT gansazRvreT wertilze moqmedi yvela Zalis 
muSaoba (elementaruli an sasrul gadaadgilebaze). 
 5. (30.1) an (30.2) tolobebiT sargeblobisas SeadgineT 
gantoleba da ipoveT ucnobi sidideebi zogadi saxiT. 
 6. SeasruleT gamoTvlebi. amasTanave yuradReba miaqcieT, rom 
yvela sidides hqondes erTeulTa erTi da imave sistemis 
ganzomileba. 
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   amocanebi da amoxsnebi 
 

                        A  Aamocana  30. 1 

 

 m  masis E sxeuli imyofeba gluv horizontalur sibrtyeze. 

sxeulze mimagrebulia c sixistis zambara, romlis meore bolo 
mimagrebulia 01 burTulaze. Aaradeformirebuli 

zambaris sigZea 0l ; .001 l  sawyis momentSi E 

sxeuli gadaxrilia wonasworobis 0  

mdebareobidan sasrul aE 0  manZiliT da 
gaSvebulia usawyiso siCqariT. gansazRvreT 
sxeulis siCqare wonasworobis mdebareobis gavlis 
momentSi. 
    a m o x s n a.   nivTieri wertilis kinetikuri  energiis 
cvlilebis Teoremis Tanaxmad 

    
2

2mv
 

2

2

0mv
   )( kFA


.        (1) 

 vTvliT, rom zambara E 

sxeulze ,,daWimulia” mimagrebuli,    

e. i. 0l .l  am SemTxvevaSi mdgradi 

wonasworobis mdgomareobas 

warmoadgens koordinatTa 0  

saTave da drekadi upF


 Zalis  

x RerZze gegmilisaTvis miviRebT 
(ix.  naxazi): 

22
0

22 )(cos
xl

x
lxlcFF upx


  . 

 Ddrekadi upF


 Zalis vertikaluri yF  mdgeneli, simZimis gm

 

Zala da normaluri  reaqcia N

 gadaadgilebis marTobulebi arian 

da maTi muSaoba nulis tolia. 
 gamovTvaloT drekadi Zalis muSaoba: 

   


  22

0

0

22)()(
xl

xdx
lxlcFAFA

a

xup


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    



 

022

0

0
20

22

22
0

0

2

)(

2 a

aaa

xlcl
cx

xl

xldcl
xdxc  

  







 )(

2

22

0

2

alll
a

c .               (2) 

 (2) gamosaxuleba CavsvaT (1) gantolebaSi, da imis 

gaTvaliswinebiT, rom 00 v , vipoviT sxeulis siCqares 

wonasworobis mdebareobis gavlis momentSi: 

       







 )(

2

2 22

0

2

alll
a

m

c
v . 

p a s u x i:  







 )(

2

2 22

0

2

alll
a

m

c
v  

 

   Aamocana  30. 2 

 

 wina amocanis pirobebSi 
gansazRvreT E  sxeulis siCqare 

wonasworobis 0  mdebareobis 
gavlis momentSi, Tu dauSvebT, rom 
sibrtye mqisea (xorkliania) da 

srialis xaxunis koeficientia f . 
  a m o x s n a.   nivTieri 
wertilis kinetikuri  energiis 
cvlilebis Teoremis Tanaxmad 

    
2

2mv
 

2

2

0mv
   )( kFA


. (1) 

 muSaobas asrulebs drekadi upF


 Zala (ix. 30.1 amocanis amoxsna) 

da xaxunis Zala 
TrF


 (ix. naxazi). 

 vipovoT xaxunis Zala: 

   )sin()( ypyTr FmgfFmgffNF  

22

0

22
0

22 )()(
xl

lfcl
clmgf

xl

l
lxlfcfmg





 . 

     gamovTvaloT xaxunis Zalis muSaoba: 
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   (A
TrF


) 


 
0

22
0

0

)(
aa xl

dx
lfcldxclmgf 

0
)(

a
xclmgf  

  )ln(ln)()ln( 22

0

0
22

0 alallfclaclmgfxlxlfcl
a

 

  
















22
0 ln)(

ala

l
lclaclmgf  .           (2) 

 (1) gantolebaSi CavsvaT  00 v ,  (2) gamosaxuleba da 

drekadi Zalis muSaobis mniSvneloba [ix. 30. 1 amocanis amoxsnis (2) 
formula], da vipoviT E  sxeulis siCqares srialis xaxunis 
gaTvaliswinebiT: 

      







 )(

2

2 22

0

2
2 alll

a

m

c
v
















22
0 ln)(

2

ala

l
lclaclmg

m

f
. 

p a s u x i: 

      







 )(

2

2 22

0

2
2 alll

a

m

c
v
















22
0 ln)(

2

ala

l
lclaclmg

m

f
. 

 
 

   Aamocana  30. 3 

 

 K  sxeuli uZravad imyofeba 
horizontisadmi   kuTxiT daxril aragluv 

(mqise) sibrtyeze. 0f wonasworobis xaxunis 

koeficientia, tgf 0 . Ggarkveul momentSi 

sxeuls mianiWes sibrtyis gaswvriv qveviT 

mimarTuli sawyisi 0v


 siCqare. gansazRvreT sxeulis mier ganvlili 

s gza gaCerebamde, Tu moZraobisas xaxunis 

koeficientia f . 

  a m o x s n a.   nivTieri wertilis 
kinetikuri  energiis cvlilebis Teoremis 
Tanaxmad 

   
2

2mv
 

2

2

0mv
   )( kFA


     (1) 

 muSaobas asrulebs simZimis Zala da xaxunis Zala (ix. naxazi). 
 maSasadame 
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     sFmghFAgmAFA TpTpk )()()(


 

                 )cos(sinsin  fmgsfNsmgs  , 

sadac  ;sinmgh    cosmgN  . 

 imis gaTvaliswinebiT, rom 0v , (1) formula miiRebs aseT 

saxes         
2

2

0mv
 )cos(sin  fmgs  . 

        Aaqedan ganvsazRvravT gzas, romelsac sxeuli gaivlis 

gaCerebamde:       
)sincos(2

2

0

 


fg

v
s . 

p a s u x i: 
)sincos(2

2

0

 


fg

v
s . 

 
 

                        Aamocana  30. 4 

 
     horizontisadmi 300 kuxiT daxril 
sibrtyeze sawyisi siCqaris gareSe eSveba 
mZime xeuli; xaxunis koeficientia 0,1. 
Grogori siCqare eqneba sxeuls moZraobis 
dawyebidan 2 m gavlis Semdeg? 
  a m o x s n a.   nivTieri wertilis 
kinetikuri  energiis cvlilebis Teoremis 
Tanaxmad 

 
2

2mv
 

2

2

0mv
   )( kFA


.     (1) 

sadac  00 v . 

 muSaobas asrulebs simZimis Zala da xaxunis Zala (ix. naxazi). 
 maSasadame 

          )()()( Tk FAgmAFA


 

                )cos(sincossin  fmgssfmgsmg  , 

(1) gantoleba miiRebs aseT saxes           

           
2

2mv
)cos(sin  fmgs  , 

sadac  
030 . 

        Aaqedan  sxeulis siCqare 
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   02,4)866,01,05,0(28,92)30cos30(sin2 00  fgsv (m/wm) 

 
   p a s u x i:  4,02 m/wm. 
 
 
 
 

      amocana  30. 5 

 

 24 kg masis Wurvi qvemexis lulidan gamovardeba 500 m/wm 
siCqariT. qvemexis lulis sigrZea 2 m. rogoria Wurvze gazis wnevis 
saSualo sidide? 
 
   a m o x s n a.   nivTieri wertilis kinetikuri  energiis 
cvlilebis Teoremis Tanaxmad 

   
2

2mv
 

2

2

0mv
   )( kFA


.                (1) 

sadac, gasrolamde lulaSi Wurvis siCqare 00 v . 

     CavTvaloT, rom muSaobas asrulebs mxolod Wurvze gazis 
wnevis Zala, amasTanave, sanam Wurvi moZraobs lulaSi, gazis wnevis 

saSualo sidide cpP  rCeba mudmivi. maSin, (1) -dan           

                  
2

2mv
lPc . 

 Aaqedan 1500
22

50024

2

22







l

mv
Pcp  (kn).   

   p a s u x i:  1500 kn. 
 
 

   amocana  30. 6 

 

 3 kg masis nivTieri wertili moZraobs horizontalur wrfeze 
marcxniv 5 m/wm siCqariT. wertils mosdes marjvniv mimarTuli 
mudmivi Zala. Zalis moqmedeba Sewyda 30 wm-s Semdeg, da maSin 
wertilis siCqare aRmoCnda 55 m/wm da mimarTuli marjvniv. ipoveT es 
Zala da mis mier Sesrulebuli muSaoba. 
 
   a m o x s n a.   nivTieri 
wertilis moZraobis 
raodenobis cvlilebis 
Teoremis Tanaxmad x RerZze 
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gegmilebSi gveqneba (ix. naxazi)  

  tFmvmv xxx  12 .                                          

(1) 

 vinaidan 11 vv x  ,  22 vv x  ,  FFx  , amitom, (1) 

formulidan miviRebT 

   6
30

555
321 







t

vv
mF  (n).  

   F

 Zalis muSaobas  gamovTvliT  kinetikuri  energiis 

cvlilebis TeoremiT:   

 )(FA


2

2

2mv

2

2

1mv
 5,4])5(55[

2

3
)(

2

222

1

2

2  vv
m

 (kj).                                                                            

 p a s u x i:  6F  n.    5,4A  kj. 

 
   

                  amocana  30. 7 

 

 sadgurTan miaxloebisas matarebeli midis  10 m/wm siCqariT 

daxril gzaze; daxris kuTxea 008,0  radians. Ggarkveul 

momentSi memanqane iwyebs matareblis damuxruWebas. RerZebSi xaxunis 
winaRoba Seadgens matareblis wonis 0,1. gansazRvreT,  damuxruWebis 
dawyebidan ra manZilze da ra droSi gaCerdeba matarebeli. miviRoT, 

rom    sin . 

     a m o x s n a. gadataniTi 
moZraobisas matarebeli SeiZleba 
miviRoT nivTier wertilad. 
nivTieri wertilis moZraobis 
raodenobis cvlilebis Teoremis 
Tanaxmad x RerZze gegmilebSi 
gveqneba 

 
t

xxx dtFmvmv
0

01  

Aanu  
1

0
01 )sin(

t

T dtFmgmvmv   

      1)sin( tFmg T  ,                 (1) 

 sadac cosmgFx   (ix. naxazi). 

 imis gaTvaliswinebiT, rom pirobis Tanaxmad ,01 v   xolo 

mgFT 1,0 ,  (1) formula aseT saxes miiRebs 
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  10 )1,0(sin tgv   . 

 radganac miviReT, rom    sin ,  amitom 

 08,11
)008,01.0(8,9

10

)sin1,0(

0

1 






g

v
t  (wm). 

 kinetikuri  energiis cvlilebis Teoremis Tanaxmad 

   
2

2mv
 

2

2

0mv
   )( kFA


,        (2)  

sadac  01 v ;  

  ).1,0(1,0sinsin)(   mgsmgsmgssFmgsFA Tk


 

maSin (2) gantolebidan   )1,0(
2

2

0  gs
v

. 

Aaqedan   3,55
)008,01,0(8,92

10

)1,0(2

22

0 






g

v
s  m. 

    p a s u x i:   55,3 m;   11,08  wm.  
 

   amocana  30. 8 

 

 200 t masis matarebeli midis gzis horizontalur  ubanze   
0,2 m/wm2 aCqarebiT. RerZebSi xaxunis winaRoba Seadgens matareblis 
wonis 0,01 da iTvleba siCqareze damoukidebeli. gansazRvreT t=10 wm 
momentSi Tbomavlis mier ganviTarebuli simZlavre, Tu sawyis 
momentSi matareblis siCqare iyo 18 m/wm. 
 
a m o x s n a.  gamoviyenoT nivTieri wertilis kinetikuri  
energiis cvlilebis Teorema diferencialuri saxiT: 

              dA
mv

d 








2

2

.                 

 Tbomavlis simZlavre 

   mva
mv

dt

d

dt

dA
N 










2

2

, 

sadac  a  - aCqarebaa. 

 roca  t=t1=10 wm 

      111 amvN  , 

sadac     20102,018101  atvv  (m/wm), 
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     298,08,901,02,01  gaa   (m/wm2). 

amitom   

  1192298,02010200 3

1 N  (kvt). 

 simZlavris gamosaTvlelad advilia visargebloT formuliT 

   11 FvN  , 

sadac  F - Tbomavlis wevis Zalaa. wevis Zala SeiZleba vipovoT 
gantolebidan     

     )( gammgmaFmaFFFma TpTp   .  

maSin 

  119220)8,901,02,0(10200)( 3

11  vgamN   (kvt). 

 S e n i S v n a. Tbomavlis wevis Zala F SeiZleba vipovoT agreTve 
nivTieri wertilis kinetikuri  energiis cvlilebis Teoremis integraluri 
formis gamoyenebiT: 

         
2

2mv
 

2

2

0mv
 sFF TP )(  .  

 p a s u x i:   1192  kvt. 
 
 

   amocana  30. 9 

 

 Zeli iwyebs moZraobas aragluv horizontalur sibrtyeze 

sawyisi 0v  siCqariT da srul gaCerebamde gadis s manZils. 

gansazRvreT srialis xaxunis koeficienti, CaTvaleT, rom xaxunis 
Zala normaluri wnevis proporciulia. 
    a m o x s n a.  gamoviyenoT nivTieri wertilis kinetikuri  
energiis cvlilebis Teorema integraluri saxiT: 

       
2

2mv
 

2

2

0mv
   )( kFA


.                

 vinaidan 0v , xolo muSaobas asrulebs 
mxolod xaxunis Zala (ix. naxazi), amitom     

                    mgfs
mv


2

2

0
. 

 Aaqedan xaxunis koeficienti  
gs

v
f

2

2

0 .  

  p a s u x i: 
gs

v
f

2

2

0 .   
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   amocana  30. 10 

 
    6 t masis rkinigzis baqani moZraobisas ganicdis RerZebSi 
xaxunis winaRobas, romelic tolia matareblis wonis 0,0025.  muSa 
miawva uZrav baqans 250 n ZaliT da gaagora is horizontalur da 
wrfiv gzaze.  20 m manZilis gavlis Semdeg miuSva baqani TviTon 
egorava. ugulebelyaviT haeris winaRoba da borblebis relsebTan 
xaxuni, da gamoTvaleT baqanis udidesi siCqare moZraobisas, agreTve 
gaCerebamde mis mier ganvlili manZili. 
   a m o x s n a.  gamoviyenoT nivTieri wertilis kinetikuri  
energiis cvlilebis Teorema integraluri saxiT 

         
2

2mv
 

2

2

0mv
   )( kFA


.    (1) 

 Bbaqanis mier ganlili mTeli gza 

gavyoT or ubnad: pirvelze – s1 , 

moqmedeben winaRobis cF


 Zala da P

 

Zala, romliTac muSa awveboda baqans (ix. 

naxazi).  vinaidan ,00 v  maxvv  , amitom  (1) gantoleba miiRebs 

aseT saxes 
1

2

max )(
2

sFP
mv

c . 

aqedan 

        82,0
106

20)8,91060025,0250(2)(2
3

3
1

max 








m

sFP
v c  (m/wm). 

 Mmeore – s2 ubanze, roca baqani TviTon migoravs, masze 
moqmedebs mxolod winaRobis Zala, xolo baqani moZraobs 
gaCerebamde. Amitom (1) gantolebas aqvs aseTi saxe 

   
2

2

2mv
2

2

1

2
sF

mv
c , 

sadac  ;02 v  max1 vv  ;  mgFc 0025,0 . 

maSin  14
105,28,92

82,0

0025,02 3

22

max
2 







g

v
s  (m). 

 Bbaqanis mier ganvlili mTeli gza gaCerebamde: 

   s= s1 + s2 = 24 + 14 =34  (m).  

 p a s u x i:  82,0max v  m/wm;   s = 34 m. 
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amocana  30. 11 

 

 lursmans arWoben kedelSi, romelic uwevs winaaRmdegobas  
700 n. CaquCis yoveli dartymisas lursmani 

kedelSi Sedis l 0,15 sm manZilze. 
gansazRvreT CaquCis masa, Tu lursmanis 

Tavze yoveli dartymisas mas aqvs  25,1v  

m/wm siCqare. 
   a m o x s n a.  gamoviyenoT nivTieri wertilis kinetikuri  
energiis cvlilebis Teorema integraluri saxiT 

 
2

2mv
 

2

2

0mv
   )( kFA


.    

 vinaidan muSaobas asrulebs mxolod winaRobis Zala, xolo            

,0v  amitom     lF
mv

c
2

2

0
. 

 Aaqedan, CaquCis masa 

              344,1
25,1

1015,070022
2

2

2

0







v

lF
m c  (kg). 

     p a s u x i:   1,344   kg. 
 

     amocana  30. 12 

  

 dedamiwaze Camovardnili 39 kg masis meteoriti niadagSi 

Caeflo 1,875 m manZilze. gamoTvlilia, rom meteoritis dacemis 

adgilas niadagi masSi SeRweul sxeuls uwevs 
5105   n 

winaaRmdegobas. ra siCqariT miaRwia meteoritma dedamiwis zedapirs? 
ra simaRlidan unda Camovardniliyo igi sawyisi siCqaris gareSe, 
rom mieRwia am siCqarisaTvis? CaTvaleT simZimis Zala mudmivad da 
haeris winaRoba ugulebelyaviT. 
   a m o x s n a.  nivTieri wertilis kinetikuri  energiis 
cvlilebis Teoremis integraluri saxidan gamomdinare, meteoritis 
niadagSi SeRwevidan gaCerebamde monakveTze CavweroT 

  mgssF
mv

c 
2

2

0 .                   (1) 

Aaq 0v - meteoritis siTqarea miwaze dacemis momentSi; cF - gruntis 

winaRobis Zala, 
5105   n;  gm


 - meteoritis simZimis Zala; s – 

meteoritis niadagSi Casvlis siRrme.  
 maSin, (1) formulidan  
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 26,2,219
39

875,1)8,939105(2)(2 5

0 






m

smgF
v c  (m/wm). 

 Tu ugulebelvyofT simZimis Zalas misi simciris gamo, maSin 

         26,2,219
39

875,1102 6

0 



m

sF
v c  (m/wm). 

 Tavisufali vardnis formulidan gamomdinare ganvsazRvravT 
simaRles, romlidanac unda Camovardes meteoriti: 

    8,2452
8,92

95,48074

2

2

0 



g

v
H  (m). 

  p a s u x i:  3,2190 v  m/wm.   2453H  m. 

 

      amocana  30. 13 

 

 500 t masis aradamuxruWebuli matarebeli, romelic 

moZraobs gamorTuli ZraviT, ganicdis winaRobas )5007650( vR   

n, sadac v  - siCqarea m/wm–Si. viciT  matareblis sawyisi siCqare 

150 v m/wm, gansazRvreT, ra manZils gaivlis matarebeli 

gaCerebamde. 
 
    a m o x s n a.  gamoviyenoT nivTieri wertilis kinetikuri  
energiis cvlilebis Teorema diferencialuri saxiT 

     dA
mv

d 








2

2

, 

anu                     Rdsmvdv  , 
sadac  R –winaRobis Zalaa. 

 Aaqedan             
R

mvdv
ds  . 

        gavaintegroT es gamosaxuleba da gaviTvaliswinoT amocanis 

monacemebi  )5007650( vR  ;  310500 m , 








  

0

3

0

0 3

00
3,15

101
5007650

10500

v

s

v
v

vdv

v

vdv
ds 




 

0

3

0
3,15

]3,15)3,15[(
10

v
v

dvv
















  

0 0

3

0 0
3,15

3,15
10

v v
v

dv
dv  

0

0

3

0

)3,15ln(3,1510
v

vv  
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  






 


3,15

3,15
3,1510)]3,15(3,15[3,1510 0

0

3

00

3 v
InvvInInv . 

maSin  

 5,4
3,15

15
13,1515103 
















 Ins  (km). 

p a s u x i:   4,5 km. 
 
                

amocana  30. 14 

   
    masalaTa dartymiTi gamocdis danadgaris mTavar nawils 
Seadgens Reroze mimagrebuli foladis mZime sxmuli M, romelsac 
TiTqmis xaxunis gareSe SeuZlia brunva uZravi horisontaluri 0 
RerZis garSemo. Reros masa ugulebelvyoT da M sxmuli ganvixiloT, 
rogorc nivTieri wertili, romlisTvisac manZili 0M=0,981 m.  
gansazRvreT am wertilis siCqare qveda B mdebareobaSi, Tu is 
vardeba zeda A mdebareobidan umniSvnelod mcire sawyisi siCqariT. 
 
   a m o x s n a.  gamoviyenoT nivTieri wertilis kinetikuri  
energiis cvlilebis Teorema integraluri saxiT 

 
2

2mv
 

2

2

0mv
   )( kFA


.       (1) 

sadac  ;00 v    mghFA k )(


.  

 maSin (1) gantoleba miiRebs aseT saxes                          

                     ,
2

2

mgh
mv

 . 

sadac  962,1022  MRh  m.   amitom 

         2,6962,18,922  ghv  (m/wm) 

 p a s u x i:  2,6v  m/wm.   

 
 

     amocana  30. 15 

 

      dawereT drekadi resoris potenciuri energiis gamosaxuleba, 
Tu is 1 sm-iT CaiRuneba 4 kn datvirTvisas, uSvebT, rom CaRunva x 
izrdeba datvirTvis pirdapir proporciulad. 
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    a m o x s n a. resoris potenciuri energia gamovTvaloT 

formuliT        C
cx

П 
2

2

, 

sadac c – resoris sixistea;   C – mudmivia, romelic axasiaTebs 
potenciuri energiis sawyis mniSvnelobas.  
 amocanis pirobis Tanaxmad 

          4c kn/sm = 400 kn/m; 
maSin, Tu x metrebSia 

         CxП  2310200 , 
Tu  x  santimetrebSia 

                 CxCxП 



 22

4

3

20
101

10200
(j). 

p a s u x i:    )20( 2 CxП   j.  roca  x  santimetrebSia. 

 
 

  amocana  30. 16 

   
    zanbaras Tavisufal mdgomareobaSi aqva 20 sm sigrZe. Mmisi 
sigrZis 1 sm-T dagrZelebisaTvis saWiroa 1,96 n Zala. rogori v  
siCqariT gamovardeba milidan 30g masis burTula, Tu zambara iyo 
SekumSuli 10 sm sigrZiT? Mmili mdebareobs horizontalurad. 
 
   a m o x s n a.  gamoviyenoT nivTieri wertilis kinetikuri  
energiis cvlilebis Teorema integraluri saxiT 

 
2

2mv
 

2

2

0mv
   )( kFA


.  

 muSaobas  x gadaadgilebaze asrulebs mxolod drekadobis 

ypF


  Zala, xolo ;00 v .  

 maSin     

                  
22

22 cxmv
 , 

   sadac  1,00  llx  m; c –zambaris 

sixistea, c = 196 n/m. maSin  

             08,8
03,0

196
1,0)( 0 

m

c
ll

m

c
xv  (m/wm) 

 p a s u x i:  08,8v  m/wm 
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              amocana  30. 17 

   

    Zelis SuaSi Q  tvirTis moqmedebisas, misi statikuri 

CaRunva udris 2 mm-s. Zelis masa ugulebelyaviT da gaigeT Zelis 

udidesi CaRunva or SemTxvevaSi: 1) roca Q  tvirTi Zevs araCaRunul 

Zelze da gaSvebulia sawyisi siCqaris gareSe;  2) roca Q tvirTi 

ecema araCaRunuli Zelis SuaSi 10 sm simaRlidan sawyisi siCqaris 
gareSe. 
 S e n i S v n a. amocanis amoxsnis  dros gaiTvaliswineT, rom 
tvirTze Zelis mxridan moqmedi Zala misi CaRunvis proporciulia. 

   a m o x s n a.  1) ganvixiloT tvirTis moZraoba, roca  igi Zevs 
araCaRunul Zelze da gaSvebulia sawyisi siCqaris gareSe; Zelze 

moqmedebs tvirTis simZimis Zala Q

 da drekadobis Zala ypF


. 

gamoviyenoT nivTieri wertilis kinetikuri  energiis cvlilebis 
Teorema integraluri saxiT 

 
2

2mv

2

2

0mv
  

f

ypk dyFQfFA
0

)(


.        (1) 

sadac  cyFyp  . 

   vinaidan 00 v  da 0v , amitom (1) 

formulis Tanaxmad 

  
22

2

00

2 cfcy
cydyQf

ff

  . 

Aaqedan   .
2

c

Q
f   

vinaidan wonasworobis mdebareobaSi Qcf cT  , amitom cTf
c

Q
 , 

maSin  004,0002,022  cTff (m) 4  (mm). 

 2)  ganvsazRbroT siCqare, romliTac tvirTi ecema Zels: 

 
2

)'( 2vm

2

)'( 2

0vm
 QHFA k  )(


, 

sadac  H - simaRlea, romliTac tvirTi ecema Zels;  .0'0 v  

     aqedan  gH
m

QH
v 2

2
'  . 
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 ganvixiloT tvirTis moZraoba drekad Zelze: 

       
2

)"( 2vm

2

)"( 2

0vm


2
)(

2cf
QfFA k 


,       (2) 

sadac  0"v ,  gHvv 2'"0  . 

 Aam mniSvnelobTa CasmiT (2) formulaSi miviRebT 

  
2

2
2

2cf
QfgH

m
 , 

   N
2

2cf
QfQH  , 

Aanu               ,0
222 

c

QH
f

c

Q
f   

      0222  Hffff cTcT
. 

 Aaqedan  

 1,0002,02002,0002,02 22

2,1 Hffff cTcTcT
0201,0002,0  , 

 vinaidan   0f , amitom 

  0221,00201,0002,0 f (m) 1,22  (mm). 

p a s u x i:  1)  4 mm;  2) 22,1 mm. 

 

   amocana  30. 18 

 

 ori dauZabavi AC  da BC  zambara romelic moTavsebulia 

horizontalur Ax  wrfeze, saxsrebiT mimagrebulia uZrav A da B  

wertilebSi, xolo C  wertilSi – 

2 kg masis sawonze. zambara AC  
ikumSeba 20 n ZaliT 1 sm-iT, xolo 

CB  zambara iWimeba 40 n ZaliT 1 

sm-iT. manZili 10 BCAC  sm.  

C sawons mianiWes 2 m/wm siCqare 
iseTi mimarTulebiT, rom Semdgomi 

moZraobisas is gaivlis D  
wertilze, romlis koordinatebia 

8Dx  sm, 2Dy sm, Tu saTave 

aRebulia A  wertilSi da 
sakoordinato RerZebi mimarTulia 
ise, rogorc naCvenebia naxazze. 
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gansazRvreT sawonis siCqare D  wertilze gavlis momentSi, 

romelic mdebareobs vertikalur xy sibrtyeSi.   

a m o x s n a.  ganvixiloT C  sawonis moZraoba simZimis G

 Zalisa 

da  zambarebis drekadobis 
1F

 da 

2F


 Zalebis moqmedebiT (ix. 

naxazi). gamoviyenoT nivTieri wertilis kinetikuri  energiis 

cvlilebis Teorema sawonis sawyisi mdebareobidan D  wertilSi 
gadaadgilebaze: 

 
2

2mv
 

2

2

0mv
  ),()()()( 21 FAFAGAFA k


  

sadac  ;02,0)( mgGA    
2

)(
2

1
11


cFA 


;  

2
)(

2

2
22


cFA 


. 

maSin       
2

2mv

2

2

0mv
  )(

2

1
02,0 2

22

2

11  ccmg  . 

aqedan    )(
1

04,0 2

22

2

11

2

0  cc
m

gvv             (1) 

sadac     2000
01,0

20

1

1
1 

l

P
c  (n/m); 

           4000
01,0

40

2

2
2 

l

P
c (n/m  

        0175,002,008,010,0 22

1  ADAC  (m); 

        0216,010,002,012,0 22

2  BCBD  (m). 

 Tu am mniSvnelobebs CavsvamT (1) formulaSi, gamovTvliT 
sawonis siCqares: 

   77,1)0216,040000175,02000(
2

1
04,08,92 222 v (m/wm). 

p a s u x i: 77,1v  m/wm. 

   

   amocana  30. 19 

 

 P wonis M  tvirTi, romelic l  sigrZis 
uWimad Zafzea dakidebulia 0 wertilSi, 
vertikalur sibrtyeSi sawyisi siCqaris gareSe 

iwyebs moZraobas A  wertilidan;  winaRobis ar 

arsebobisas M  tvirTi aRwevs C  mdebareobas, 
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sadac misi siCqare gaxdeba nuli. miiReT, rom M  tvirTis simZimis 

Zalis gaTvaliswinebiT B  wertilSi potenciuri 
energia nulis tolia, da aageT   kuTxeze 

damokidebulebiT kinetikuri da potenciuri 
energiebis, aseve maTi jamis cvalebadobis 
grafiki. Zafis masa ugulebelyaviT. 
  a m o x s n a. ganvsazRvroT tvirTis 

kinetikuri energia M  mdebareobaSi (nax. 1 ): 

 
2

2mv
T 

2

2

0mv
  sin)()( PlPAFA k 


. 

vinaidan ,00 v  amitom  

         sin
2

2

Pl
mv

T   - sinusoidis 

gantolebaa (nax. 2, + mrudi). 

    ganvsazRvroT tvirTis potenciuri energia M  
mdebareobaSi:   
      )sin1()sin(   PllOBPPzП  - 

sinusoidis gantolebaa (nax. 2; mrudi 2). 
 vipovoT tvirTis kinetikuri da potenciuri energia jami: 

   plPlPlПT  )sin1(sin  - wrfis gantoleba nax. 2. xazi 3). 

 
 p a s u x i: ori sinusoidi da wrfe, romelTa gantolebebia: 

               sinPlT  ,   )sin1(  PlП ,  plПT  .  

 

       amocana  30. 20 

 

 m masis nivTieri wertili drekadi aRmdgeni Zalis 
moqmedebiT 0x wrfis gaswvriv asrulebs harmoniul rxevas Semdegi 

kanoniT: )sin(  ktax . winaRobebi ugulebelyaviT da aageT 

moZravi wertilis kinetikuri T  energiisa da potenciuri П energiis 
cvliebis grafikebi x  koordinatze damokidebulebiT; sawyis 

momentSi П=0. 
  a m o x s n a. wertilis kinetikuri 

energia              
2

2mv
T  , 

sadac    ),cos(  ktkaxv   

    

).()](sin1[)(cos 2222222222 xakktakktakv    
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 maSin 

                      ).(
2

22
2

xa
mk

T   

 ganvsazRvroT wertilis potenciuri energia M  
mdebareobaSi  (nax. 1 ): 

        ,
2

)(
2

0

cx
FAП ypM 


 

sadac )(0 ypM FA


aRmdgeni Zalis 

muSaobaa wertilis gadaadgilebaze M  
mdebareobidan nulovan mdebareobamde; 

    cxFyp 


,    .2mkc   

maSin         
2

22mxk
П  . 

 avagoT  T  da П energiebis cvliebis grafikebi x  
koordinatze damokidebulebiT – parabolebi (nax.2). 
  p a s u x i: orive grafiki – parabolaa, romelTa gantolebebia 

   ).(
2

22
2

xa
mk

T      
2

22mxk
П   

 

   amocana  30. 21 

 
 sididiT da mimarTulebiT mudmivi rogori vertikaluri Zala 
unda movdoT nivTier wertils, rom dedamiwis radiusis toli 
simaRlidan dedamiwaze Camovardnil wertils, am Zalam mianiWos 
iseTive siCqare, rogorsac dedamiwis mizidulobis Zala,      
rome;lic wertilidan dedamiwis centramde manZilis kvadratis 
ukuproporciulia  

  a m o x s n a. ganvixiloT mizidulobis 
TF


 

Zalis moqmedebiT nivTieri wertilis vardna 
dedamiwaze (ix. naxazi). nivTieri wertilis 
kinetikuri  energiis cvlilebis Teoremis 

safuZvelze, imis gaTvaliswinebiT, rom 00 v , 

gveqneba:       
2

2mv
)( TFA


 , 
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sadac    
R

km

RR
kmdz

z

km
dzFFA

R

R

R

R

TT
22

11
)(

2 2

2









  


. 

maSin               
R

kmmv

22

2

 , 

   
R

k
v 2

.                          (1) 

    ganvixiloT nivTieri wertilis vardna saZebni mudmivi F

Zalis 

moqmedebiT 

   
2

2mv
)(FA


 , 

sadac FRFA )(


.  Aaqedan  

        
m

FR
v

22  .                   (2) 

 (1) da (2) gamosaxulebebis gatolebiT (
2v -Tvis), miviRabT: 

        
m

FR

R

k 2
 , 

aqedan                
22R

km
F  . 

 radganac dedamiwis zedapirze 

   
2R

km
Fmg  

2R

k
g  ,  

Aamitom                
222 2

Pgm

R

km
F          

    p a s u x i:  P 2/P , sadac P P - wertilis wonaa dedamiwis   
                    zedapirze. 
 
 

   amocana  30. 22 

 

 horizontaluri zambara, romlis boloSic mimagrebulia 

nivTieri wertili, SekumSulia P  ZaliT da imyofeba 

wonasworobaSi. uecrad P  Zala icvlis mimarTulebas pirdapir 
sawinaaRmdegod. zambaris masa ugulebelyaviT da gansazRvreT, am 
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SemTxvevaSi miRebuli udidesi daWimuloba 2l  ramdenjer metia 

pirvelsawyis 1l  SekumSvaze. 

 
  a m o x s n a.  ganvixiloT nivTieri 

wertilis moZraoba mas Semdeg, rac P

 

Zalam mimarTuleba Seicvala (ix. naxazi). 
gamoviyenoT nivTieri wertilis kinetikuri  
energiis cvlilebis Teorema  integraluri 
formiT: 

2

2mv
 

2

2

0mv
 )()()( ypk FAPAFA


  

 vinaidan  0v , 00 v , amitom  0)()(  ypFAPA


, 

sadac  )()( 21 llPPA 


; 

     )(
2

)(
22

)( 2

2

2

1

2

1

2

2

2 2

1

2

1

ll
c

ll
ccx

cxdxFA

l

l

l

l

yp  


, 

sadac  c  - zambaris sixistea. 
 maSin 

 )(
2

)( 2

2

2

121 ll
c

llP 0))((
2

)( 212121  llll
c

llP . 

        0)( 21  ll  gamosaxulebaze Sekvecis Semdeg 

 

11

2

1

2

1

21

2
101

2
0)(

2

cl

P

l

l

l

l

cl

P
ll

c

P
 . 

vinaidan   ,1
c

P
l   amitom   3

2
1

1

2 
cP

Pc

l

l
. 

  p a s u x i:  3
1

2 
l

l
. 

         

                       amocana  30. 23 

  
 dedamiwis zedapiridan vertikalurad 

zeviT gasrolilia sxeuli sawyisi 0v  

siCqariT. gansazRvreT sxeulis asvlis H  
simaRle, amasTanave, mxedvelobaSi miiReT, rom 
simZimis Zala icvleba dedamiwis centridan 
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daSorebis manZilis kvadratis ukuproporciulad; haeris winaRoba 

ugulebelyaviT. Ddedamiwis radiusi   6370R  km,  10 v  km/wm. 

  a m o x s n a.  gamoviyenoT nivTieri wertilis kinetikuri  
energiis cvlilebis Teorema  integraluri formiT: 

2

2mv
 

2

2

0mv
   )( kFA


 

sadac 0v , 
2 xF  . 

      Ddedamiwis zedapirze Rx   (ix. naxazi): 

 .2

2
mgRmg

R
F  


 

 muSaobas asrulebs mxolod F

 Zala: 

    FdxFA )(








HR

R

HR

R
x

mgR
dx

x

mgR 2

2

2

 

                    
HR

mgRH

RHR
mgR
















112 . 

 gautoloT kinetikuri energia muSaobas, miviRebT 

      
2

2

0mv

HR

mgRH


.22

0

2

0
gRHHvRv   

  aqedan 38,51
163701081,92

16370

2 23

2

2

0

2

0 








vgR

Rv
H  (km) 

     p a s u x i:  38,51
2 2

0

2

0 



vgR

Rv
H  km. 

 
 

    amocana  30. 24 

 

 ori nawilaki damuxtulia dadebiTi eleqtrobiT, pirveli 

nawilakis muxti  1001 q , meore nawilakis muxti  12 1,0 qq  ; 

pirveli nawilaki rCeba uZravi, xolo 
meore moZraobs pirveli nawilakisagan 
ukugdebis Zalebis moqmedebiT. meore 
nawilakis masa  1 kg tolia, sawyisi 
manZili pirveli nawilakidan 5 m 
tolia, xolo sawyisi siCqare nulis 
tolia. gansazRvreT moZravi muxtis 
siCqaris zeda zRvari, Tu mxedvelobaSi miiRebT mxolod ukugdebis 
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erTi Zalis moqmedebas 
2

21 / rqqF  , sadac  r - muxtebs Soris 

manZilia. 
 

    a m o x s n a. 2q  nawilaki moZraobs ukugdebis Zalis 

moqmedebiT (ix. naxazi). meore nawilakisaTvis gamoviyenoT nivTieri 
wertilis kinetikuri  energiis cvlilebis Teorema  integraluri 
formiT 

     
2

2

2vm
 

2

2

02vm
   )(FA


,              (1) 

 sadac 00 v , 12 m  kg. 

 vipovoT  F

 Zalis muSaoba 

     
5

)( 2121

55

21

2

21 qq

r

qq

r

qq
dr

r

qq
FA

rr

 


. 

 maSin, (1) formulidan miviRebT 

               









r
qqqq

r
qqv

5
1

5

22

5

2
212121

2 . 

Nnawilakis siCqare maqsimaluri iqneba, roca r , e. i. 

roca 
r

5
 gaxdeba nulis toli.   maSasadame  

     20
5

101002

5

2
21max 


 qqv   (m/wm)   

       

p a s u x i:   20 m/wm. 
 
 

   amocana  30. 25 

  

          gansazRvreT 0v  siCqare, romelic unda mivaniWoT 

dedamiwis zedapirze mdebare sxeuls imisaTvis, rom is avides 
vertikalurad zeviT Ddedamiwis radiusis tol simaRleze; 
amasTanave, mxedvelobaSi miiReT mxolod dedamiwis mizidulobis 
Zala, romelic icvleba dedamiwis centridan sxeulis daSorebis 
manZilis kvadratis ukuproporciulad; Ddedamiwis radiusi aris 

61037,6 R m, dedamiwis zedapirze simZimis Zalis aCqareb aris  9,8 

m/wm2. 
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   a m o x s n a.  gamoviyenoT nivTieri wertilis kinetikuri  
energiis cvlilebis Teorema, gaviTvaliswinoT, rom sxeulze 
moqmedebs mxolod mizidulobis Zala (ix. naxazi) 

  
2

2mv
 

2

2

0mv
   )(FA


, 

Aanu, vinaidan  0v , 

             
2

2

0mv
   )(FA


.     (1) 

Aamocanis pirobis Tanaxmad mizidulobis Zala 

2x
F


  dedamiwis zedapirze 

2R
mgF


  , 

saidanac  .2mgR   

maSin               
2

2

x

mgR
F  . 

  ganvsazRvroT mizidulobis Zalis muSaoba 

   FdxFA )(


 
R

R

R

R
x

mgR
dx

x

mgR 2
22

2

2

2

mgR
 . 

maSin,  (1) gantoleba miiRebs aseT saxes 

   
2

2

0mv

2

mgR
. 

Aaqedan  79008,91037,6 6

0  gRv  (m/wm). 

  

    p a s u x i:    7,9 km/wm. 
 
 
 
 

   amocana  30. 26 

  

          gansazRvreT. rogori 0v  siCqariT unda gavisroloT 

dedamiwis zedapiridan mTvaris mimarTulebiT Wurvi, rom man 
miaRwios wertils, sadac dedamiwisa da mTvaris mizidulobis 
Zalebi tolia, da am wertilSi darCa wonasworobaSi. dedamiwisa da 
mTvaris moZraoba, aseve haeris winaRoba ugulebelyaviT. dedamiwis 
zedapirze simZimis Zalis aCqareb aris  9,8 m/wm2. mTvarisa da 
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dedamiwisa masebis Sefardeba ;80:1: Mm  maT Soris manZili 

Rd 60 , sadac 6000R km (dedamiwis radiusia)  

 koeficienti f , romelic Sedis msoflio mizidulobis 

Zalis sididis formulaSi, ganisazRvreba gantolebidan 

  











22 )( Rd

m

R

M
mfmg . 

   a m o x s n a.  ganvsazRvroT dedamiwisa - 1F  da mTvaris - 2F  

mier Wurvis mizidulobis Zalebi: 

2

1
1

r

Mm
fF  , 

2

1
2

)( rd

mm
fF


 ,   (1) 

sadac  1m  - Wurvis masaa;  f - gravitaciuli 

mudmiva. vTqvaT  B  wertilSi 21 FF    (ix. 

naxazi), maSin 

  
2r

M
2)( rd

m


 , 

sidanac     
.

)(2,1
mM

Md
MmM

mM

d
r





          (2) 

 
 (2) gamosaxulebidan gamomdinareobs, rom SesaZloa r -is ori 

mniSvneloba (ori fesvi), magram, radganac wertili, romelSic Wurvi 
imyofeba wonasworobaSi, erTaderTia, amitom saWiroa ganvsazRvroT, 
romel pirobas unda akmayofilebdes r -is mniSvneloba. 

(2) formula aseTi saxiT CavweroT 

                 
mM

M

d

r


 . 

 vinaidan  
d

r
< 1, amitom, am tolobis marjvena mxare naklebia 

erTze, roca 
mM

M


.  

   gamosaxuleba  1
 mM

M
 , amitom es fesvi unda ukuvagdoT. 

Aase, rom  
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mM

Md
r


  .                           (2) 

 Ddedamiwidan mTvaris mimarTulebiT moZraobisas Wurvze 

moqmedebs Zala  21 FFF  . 

 (1) gamosaxulebis gaTvaliswonebiT 

                











221
)( rd

m

r

M
fmF                    (3) 

 Ddedamiwis zedapirze  gmF 1 ,  Rr  . maSin (3) formula 

miiRebs aseT saxes 

  











2211
)( Rd

m

R

M
fmgm , 

saidanac      

22 )( Rd

m

R

M

g
f




                            (4) 

  Wurvis moZraobisaTvis gamoviyenoT nivTieri wertilis 
kinetikuri  energiis cvlilebis Teorema  integraluri formiT: 
 

G g           
2

2

1vm
 

2

2

0mv
   )( kFA


, 

      vinaidan  B mdebareobaSi Wurvi imyofeba wonasworobaSi, amitom 

0v . maSasadame 

                      
2

2

01vm
   )( kFA


.                         (5) 

 vipovoT mizidulobis  1F  da 2F  Zalebis muSaobebi:  

 

 







  R

M

r

M
fm

r

Mfm
dr

r

Mm
fFA

r

R

r

R

1
1

2

1
1)(


,               

                 (      

    


















  Rd

m

rd

m
fm

rd

mfm
dr

rd

mm
fFA

r

R

r

R

1
1

2

1
2

)(
)(


. 

 Aam Zalebis muSaobaTa jami iqneba 

 )( kFA


 )( 1FA


 )( 2FA


 














Rd

m

r

M

rd

m

R

M
fm1

.  (6) 
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 (6) gamosaxuleba CavsvaT (5) formulaSi, miviRebT 

  
2

2

01vm















Rd

m

r

M

rd

m

R

M
fm1

.           (7) 

 Aaqedan, (4) gamosaxulebis gaTvaliswinebiT  

            

22

2

0

)(

2

Rd

m

R

M
r

M

rd

m

Rd

m

R

M

gv












 .             (8) 

(2) formulis Tanaxmad 

   


















































mM

Md
d

mM

Md

mM

Md

mM

Md
dM

Rdr

mrRdM

Rd

m

r

M

(

)(

)(  


















mM

MdmdMd

mM

Md

mM

Md
m

mM

MdmdMd
M




Mmd

mMMmmMd
2

))((
 

  
 








Mmd

MmmMMm

Mmd

MmmMmmMMmM 2)(
 

d

mM

d

mMmM

Mmd

Mm

d

mM 2)(22 






 . 

 Ees gamosaxuleba CavsvaT (8) formulaSi da gardavqmnaT: 
 











 

















22

22
2

22

2

2

0
)(

)(
)(

2

)(

)(

2
mRRdM

RdR
d

mM

Rd

m

R

M

g

Rd

m

R

M
d

mM

Rd

m

R

M

gv  

     

 










mRRdM

RdR
d

mM
RdRmRRdM

g
22

22
2

)(

)(
)(

)()(

2  
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








22

22

)(

))(2()(2

mRRdM

RRdmMmMmRdMRdMd

d

RdgR
 










22

222

)(

)(22)(2

mRRdM

mRRdRMmMRMRdMd

d

RdgR
 

 

 










])(][)([

)()(2
2

RmRdMRmRdM

RmRdM

d

RdgR
 

 

             

RRd
m

M

RRd
m

M

d

RdgR










)(

)(
)(2 .                 (9) 

  gamovTvaloT 
2

0v  -s mniSvneloba (9) formulidan: 

            gR
RR

RR

R

RgR
v


















1

1

30

59

5980

5980

60

5922

0
, 

sadac  .002,0
8059

1
  

 Wurvis siCqare iqneba: 

           75,10610108,9
002,1

998,0

30

59 33

0  v  (km/wm). 

 p a s u x i: 2

0v

RRd
m

M

RRd
m

M

d

RdgR








)(

)(
)(2 ; anu, 0v =10,75 km/wm. 

 

   amocana  30. 27 

  
     grunti itkepneba 60 kg masis da 12 dm2 
ganikveTis xelis kutiT, romelic vardeba 1 m 
simaRlidan. Bbolo dartymaze kuti efloba miwaSi 
1 sm siRrmeze, amasTanave, kutis moZraobisadmi 
gruntis winaRoba SeiZleba mudmivad CaiTvalos. 
rogor udides datvirTvas gauZlebs grunti, Tu 
ar dauSvebs dawevas? dasaSvebia, rom datkepnil 
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grunts SeuZlia dawevis gareSe gauZlos datvirTvas, romelic ar 
aWarbebs im winaRobas, romelsac xvdeba kuti gruntSi CaRrmavebisas.        
   a m o x s n a.  naxazze naCvenebia tvirTis saboloo mdebareoba, 

roca moqmedebs simZimis Zala gm

 da datkepnli gruntis winaRobis 

Zala N

. gamoviyenoT nivTieri wertilis kinetikuri  energiis 

cvlilebis Teorema  integraluri formiT: 

G 
2

2mv
 

2

2

0mv
   )( kFA


)()( NAgmA


 , 

Aanu  

   )()(0 NAgmA


 ,                (1)                   

 vinaidan  00  vv .  

 gamovTvaloT am Zalebis muSaoba. simZimis Zalis muSaoba 
    

   )()( sHmggmA 


, 

sadac, H  - kutis vardnis simaRlea; s – kutis gruntSi SeRwevis 
siRrme. 
 gruntis winaRobis Zalis muSaoba     

NsNA )(


. 

 maSin, (1) gantolebidan 

   )( sHmg  0Ns . 

AAAAaqedan 

 58388
01,0

)001,01(8,960)(








s

sHmg
N  (n). 

 uidesi datvirTva [ ], romelsac gauZlebs grunti dawevis 
gareSe: 

 [ ] 494900
12,0

59388


S

N
 ,  a  

sadac  S  – satkepni kutis ganivi kveTis farTobia.  

   p a s u x i:   494,9 AQ ak  
 

   amocana  30. 28 

  

  SaxtSi lifti qveviT moZraobs 120 v  m/wm 

siCqariT. liftis masaa 6 t. liftis Semakavebeli 
bagiris gawyvetis SemTxvevaSi damcavma paraSutma 
rogori xaxunis Zala unda ganaviTaros liftsa da 

Saxtis kedlebs Soris, rom lifti gaaCeros s=10 m 
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manZilis gavlis ganmavlobaSi? CaTvaleT, rom xaxunis Zala mudmivia. 
 
   a m o x s n a. bagiris gawyvetis SemTxvevaSi lifti moZraobs 

simZimis gm

 Zalisa da  xaxunis TpF


 Zalis moqmedebiT (ix. naxazi).    

          gamoviyenoT nivTieri wertilis kinetikuri energiis 
cvlilebis Teorema  integraluri formiT: 
 

G g           
2

2mv

2

2

0mv
   )( kFA


)()( TpFAgmA


 ,   (1)                  

 sadac  0v ;  sFFA TpTp )(


; ,)( mgsgmA 


 

  
2

2

0mv
sFTp  mgs . 

Aaqedan, xaxunis Zala  

 TpF 1020008,96000
102

126000

2

22

0 



 mg

s

mv
 (n). 

  p a s u x i:  TpF 102)
2

(
2

0  g
s

v
m  kn. 

 
 
 
 

   amocana  30. 29 

  
 200 g masis rgoli misrialebs qveviT 

mavTulis rgolze, romelsac aqvs y=x
2 

parabolis forma. rgolma moZraoba daiwyo    

x=3 m,  y=9 m wertilidan nulovani sawyisi 
siCqariT. gansazRvreT rgolis siCqare da 
mavTulis mxridan rgolze moqmedi Zala 
parabolis qveda wertilSi gavlis momentSi.  
   a m o x s n a. gamovsaxoT rgolze moqmedi 
Zalebi nebismierad arCeul M wertilSi: 

simZimis gm

 Zala da mavTulis mxridan reaqciis 

1N


 Zala (ix. 

naxazi).    
          gamoviyenoT nivTieri wertilis kinetikuri energiis 
cvlilebis Teorema  integraluri formiT: 
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G g  
2

2

1mv

2

2

0mv
   )( kFA


)()( 1NAgmA


 ,    (1)                  

 sadac 00 v ; mgygmA )(


; 0)( 1 NA


,  

radganac  N1  Zala gadaadgilebis marTobulia. 
 maSin (1)   gantolebidan  

   gyv 22

1  , 

Saidanac    28,1398,9221  gyv  (m/wm). 

 traeqtoriis umdables wertilSi rgolze 
mavTulis wnevis gansazRvrisaTvis SevadginoT 
moZraobis diferencialuri gantoleba mTavar normalize gegmilebSi  

(nax. 2). rgolze 0 wertilSi moqmedeben simZimis gm

 Zala da bmis 

reaqciis N

 Zala:        mgNman  ,               (2) 

sadac  


2v
an  ;      - traeqtoriis simrudis radiusia. 

 simrudis radiusi ganisazRvreba maTematikidan cnobili 
formuliT [2]:  

   .
])(1[ 2/32

y

y




  

 Ppirobis Tanaxmad y = x
2
, maSin  xy 2 ;  2y . vinaidan 

O wertilSi x = 0, amitom 0y , xolo .5,0  maSasadame, 

22van   da formula (2) miiRebs aseT saxes 

                       ,2 2 mgNmv   

saidanac  5,72)8,928,132(2,02 22  mgmvN  (n). 

    p a s u x i:  28,131 v  m/wm;   5,72N  n. 

 
 

   amocana  30. 30 

 

     wonasworobaSi myof l  sigrZis maTematikur qanqaras mianiWes 

horizontalurad mimarTuli sawyisi 0v


 siCqare. gansazRvreT im 

rkalis sigrZe, romelsac is Semowers erTi periodis ganmavlobaSi. 
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   a m o x s n a. vertikalidan qanqaras udidesi gadaxris kuTxis 
(ix. naxazi) gansazRvrisaTvis gamoviyenoT nivTieri wertilis 
kinetikuri energiis cvlilebis Teorema  integraluri formiT: 

G   
2

2mv

2

2

0mv
   )( kFA


)( gmA


 ,  (1)                  

 sadac   0v ;  

 .)cos1()( mglmgHgmA 


  

 maSin, (1) formula aseT saxes 
miiRebs 

   
2

2

0v
 .)cos1( gl   

saidanac  

 
gl

v

2
1cos

2

0 ,    )
2

1arccos(
2

0

gl

v
 . 

   kuTxis Sesabamisi rkalis sigrZea  lMM 

0
. 

 erTi periodis ganmavlobaSi qanqara aRwera rkals, romlis 
sigrZea 

  4s  lMM 40
)

2
1arccos(4

2

0

gl

v
l  . 

   p a s u x i:    )
2

1arccos(4
2

0

gl

v
ls  . 
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31.  Sereuli amocanebi 

 

meToduri miTiTebani amocanebis  amosaxsnelad 

 

 am paragrafis amocanebSi ganixileba araTavisufali 
nivTieri wertilis moZraoba. moZrav wertilze dadebuli 
bmebis saxiT gamoyenebulia brtyeli, cilindruli, konusuri 
da sferuli zedapirebi, brtyeli mrudi xazebi, uwonadi 
Reroebi, uWimadi Zafebi. aseTi amocanebis amosaxsnelad 
SeiZleba gamoviyenoT nivTieri wertilis kinetikuri energiis 
cvlilebis Teorema  integraluri formiT da nivTieri 
wertilis moZraobis diferencialuri gantolebebi. 
  dinamikis ZiriTad kanons araTavisufali nivTieri 
wertilisaTvis, da maSasadame, misi moZraobis diferencialur 
gantolebasac igive saxe aqvs, rogoric Tavisufali 
wertilisaTvis, magram amasTanave wertilze moqmed aqtiur 
Zalebs saWiroa bmisagan ganTavisuflebis proncipis 
Sesabamisad daematos bmis reaqciis Zalebi. 
 Tumca zogjer, dinamikis pirveli da meore ZiriTadi 
amocanebis amoxsnisas bmis reaqciis Zalebi winaswar ucnobia 
da  aucilebelia isini damatebiT ganvsazRvroT bmebis 
mocemuli gantolebebis mixedviT. 
 amitom, dinamikis meore ZiriTadi amocana araTavisufali 
nivTieri wertilisaTvis SeiZleba ase CamovayaliboT: 
  mocemuli  aqtiuri Zalebis,  wertilis  masis,  
moZraobis   
     sawyisi   pirobebisa    da  wertilze  dadebuli  bmebiT  
     ganvsazRvroT am wertilis moZraoba da bmis reaqciis 
Zalebi. 
   dinamikis meore kanoni araTavisufali nivTieri 
wertilisaTvis Caiwereba Semdegi saxiT: 

   NFam a

k


 ,                 (31.1) 

sadac  N

- bmis reaqciebis tolqmedia. 

     moZraobis diferencialuri gantolebebis Sesadgenad 
SeiZleba visargebloT dekartis an bunebrivi sistemis RerZebiT. 
  magaliTad, wertilis moZraobisas zedapirze, romlis 
gantolebaa 

   0),,( zyxf , 

sadac zyx ,,  - wertilis koordinatebia, moZraobis 

diferencialur gantolebebs dekartis koordinatTa sistemaSi 

aseTi saxe aqvT:  
x

f
Fxm kx




   , 
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y

f
Fym ky




   ,               (31.2) 

        
z

f
Fzm kz




   . 

       (31. 2) gantolebebSi  - lagranJis ganusazRvreli 
mamravlia. 

   
f

N


  , 

sadac      

222









































z

f

y

f

x

f
f . 

             (31. 2)   gantolebas ewodeba araTavisufali  
nivTieri wertilisaTvis lagranJis pirveli gvaris 
diferencialuri gantoleba. 

 (31. 2) gantolebebidan da bmis 0),,( zyxf  

gantolebidan SeiZleba vipovoT oTxi ucnobi – wertilis 

koordinatebi: ,,, zyx  da lagranJis ganusazRvreli mamravli   

- rogorc droisa da integrebis nebismieri mudmivebis funqcia.  

 -s cnobili mniSvnelobisaTvis  bmis normaluri reaqcia 

   .fN    

 wertilis moZraobisas misi traeqtoria mocemulia, 

rogorc ori 0),,(1 zyxf  da 0),,(2 zyxf  zedapiris 

TanakveTa. Aam SemTxvevaSi normaluri reaqcia 

   
21 NNN


 , 

sadac    
1N


, 
2N


 - zedapirebis normaluri reaqciebia. 

 Aam  SemTxvevaSi, (31. 2)  gantolebaSi  Sedis  lagranJis  

ori mamravli:  1
1

1

f

N


 ,   2

2

2

f

N


  anu, ufro sworad, ori 

Sesakrebi, romlebic am Tanamamravlebs Seicaven. 
 rodesac wertili moZraobs aragluv zedapirze an 
wirze, aucilebelia gaviTvaliswinoT xaxunis maqsimaluri 
Zala, romelic mimarTulia siCqaris veqtoris mimarTulebis 
sawinaaRmdegod, rasac lagranJis formis diferencialuri 
gantolebebis Sedgenisas mivyavarT sakmaod did da rTul 
gantolebebamde, romelTa amoxsna praqtikulad SeuZlebelia. 

Aamitom, am paragrafis amocanebis amoxsnisas ufro 
mizanSewonilia gamoviyenoT eileris formis araTavisufali 
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nivTieri wertilis moZraobis diferencialuri gantolebebi, 
romlebic Tavis mxriv warmoadgenen (31.1) veqtoruli tolobis 
gegmilebs bunebriv RerZebze – mxebze, mTavar normalze da 
binormalze.  magaliTad, gluv wirze wertilis moZraobisas am 
gantolebebs aseTi saxe aqvT 

   

      









































.0

,

,

2

2

2

2

b

a

kb

n

a

kn

a

k

NF

NF
dt

ds

m
s

m

F
dt

sd
m

dt

ds
m





           (31. 3) 

 (31. 3) gantolebebis amoxsnisas   RerZze moZraobis 
gantoleba SeiZleba ar vaintegroT, aramed ukeTesia 
gamoviyenoT nivTieri wertilis kinetikuri energiis cvlilebis 
Teorema  integraluri formiT im pirobiT, rom wertilze 
moqmedeben mxolod mudmivi Zalebi. 
 am paragrafis amocanebis amoxsnis Tanamimdevroba: 
 1. avirCioT aTvlis sistema (RerZebis sistema) 
  2. gamovsaxoT moZravi wertili (sxeuli) nebismier 
mdebareobaSi. 
 3.  vaCvenoT wertilze moqmedi yvela Zala, bmis 
reaqciebis CaTvliT. 
 4. SevadginoT moZraobis aucilebeli diferencialuri 
gantolebebi arCeul RerZebze gegmilebSi. Mmrudwiruli 
moZraobis SemTxvevaSi visargebloT eileris formis 
gantolebebiT. Mmrudze moZraobisas siCqaris gansazRvrisaTvis 
mxebze moZraobis gantolebis magivrad gamoviyenoT nivTieri 
wertilis kinetikuri energiis cvlilebis Teorema  
integraluri formiT, xolo normaluri reaqciis 
gansazRvrisaTvis – gantoleba mTavar normalze gegmilebSi. 
 5. gavaintegroT miRebuli diferencialuri ganrolebebi 
da moZraobis sawyisi pirobebis mixedviT ganvsazRvroT 
integrebis mudmivebi.  
 6. ipoveT saZebni sidideebi zogadi saxiT da darwmundiT 
Sedegis sisworeSi. SeasruleT gamoTvlebi. amasTanave 
yuradReba miaqcieT, rom yvela sidides hqondes erTeulTa erTi 
da imave sistemis ganzomileba. 
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amocanebi da amoxsnebi 
 

                        A  Aamocana  31. 1 

  uZrav 0 wertilze damagrebuli 0,5 m sigrZis Zafze 
dakidebulia  1 kg  masis tvirTi. sawyis momentSi tvirTi 
gadaxrilia vertikalidan 600 kuTxiT, da mas mianiWes 

vertikalur sibrtyeSi Zafis marTobulad qveviT mimarTuli 0v

= 2,1 m/wm siCqare. gansazRvreT Zafis daWimuloba umdables 
mdebareobaSi da am mdebareobidan vertikaluri mimarTulebiT 
simaRle, romelzec ava tviTi.  
   a m o x s n a.  araTavisufali nivTieri 
wertilisaTvis CavweroT dinamikis meore 
kanoni 

   NFam a

k


 , 

sadac  N - Zafis daWimulobaa, e. i. TN   
(ix. naxazi). 
 davagegmiloT es gantoleba mTavar 
n  normalize, miviRebT 

   ,
2

Tmg
l

mv
  

saidanac                T mg
l

mv


2

.                    (1) 

   siCqaris kvadrats vipoviT kinetikuri energiis 
cvlilebis Teoremis gamoyenebiT 

          
2

2mv

2

2

0mv
  mgh ,                    

sadac    lllh 5,060cos 0  ;  

maSin            glvghvv  2

0

2

0

2 2 . 

 SevitanoT 
2v  mniSvneloba (1) formulaSi da 

gamovTvaloT Zafis daWimuloba: 

4,288,92
5,0

1,2
2)(

22

02

0  mg
l

mv
mgglv

l

m
T  (n). 

 H simaRle, romelzec tvirTi ava, gamoiTvleba 
pirobidan, rom zeda mdebareobaSi kinetikuri energia nulis 

tolia; roca 01 T , maSin   
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   mgHTT  01 , 

    
2

)( 2

0
0

glvm
T


 . 

 Aaqedan 

  475,0
8,92

5,08,9)1,2(

2

22

0 








g

glv
H  (m) 

        
 p a s u x i:   28,4 n;  47,5 sm.   
 

   Aamocana  31. 2 

 

 SeinarCuneT wina amocanis pirobebi, garda 0v  siCqaris 

sididisa, da gansazRvreT, rogori sawyisi 0v  siCqaris sididis 

dros tvirTi gaivlis mTlian wres. 
   a m o x s n a.   visargebloT  31.1 amocanis amoxsniT 

       
g

glv
H

2

2

0  , 

Aaq   .2lH    

amitom         glv 32

0  ,      glv 30  , 

sadac  0v  aris sawyisi siCqare, romlis drosac tvirTi ava 

wrewiris umaRles wertilSi, magram ar Semowers mTlian 
wrewirs. 
 tvirTma rom Semoweros sruli wrewiri, maSin Zafis 
daWimuloba mis bolo wertilSi unda iyos nulis toli, e. i. 

31.1 amocanis amoxsnis (1) formulis Tanaxmad mg
l

mv


2

. 

 kinetikuri energiis cvlilebis Teoremis safuZvelze 
SegviZlia CavweroT 

   
2

2mv
)(

2

2

0 glv
m

  mgl2 , 

anu   
2

gl
glglv 2)(

2

1 2

0  . 

aqedan     glv 42

0  ;    43,45,08,920  glv  (m/wm). 
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  p a s u x i:    0v > 4,43 m/wm. 

 

           Aamocana  31. 3 
 

 AB  gzaze dagebul liandagze, romelic Semdeg qmnis 

a  radiusis wriuli rgolis saxis BC  maryuJs, mogoravs m  

masis vagoneti. rogori h  simaRlidan unda daeSvas vagoneti 
sawyisi siCqaris gareSe, rom man SeZlos gaiaros rgolis 
mTliani wrewiri misgan mocilebis gareSe? gansazRvreT 

rgolze vagonetis N wneva M  wertilSi, romlisTvisac 

MOB . 

 
     
 
 
 
 
  
 

 

 

 

 

 

ა m o x s n a.   wrewiris zeda C  wertilSi reaqcia unda iyos 
nulze meti an nulis toli, e. i. unda Sesruldes piroba 

   0
2

 mg
a

mv
N . 

 nivTieri wertilis kinetikuri energiis cvlilebis 

Teoremis safuZvelze  vagonetis A  mdebareobidan C -Si 
gadaadgilebisas 

   
2

2mv

2

2

0mv
  )2( ahmg  ,   (1) 

sadac  0v = 0;  agv 2
. 

 maSin (1) gantoleba miiRebs aseT saxes 

  .2
2

ah
a

  
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Aaqedan        ah 5,2 . 

 Nnebismieri   kuTxisaTvis N  wnevis gansasazRvravad 

CavweroT eileris gantoleba da kinetikuri energiis 
cvlilebis Teorema Semdegi saxiT 

            cos
2

mg
a

mv
N  , 

  
2

2mv

2

2

0mv
  )cos( aahmg  ,    

saidanac, roca 0v = 0,  ganvsazRvravT 

  cos)cos222(cos
2

mgaah
a

mg
mg

a

mv
N  

   







 cos32

2

a

h
mg . 

 p a s u x i:    ;5,2 ah    .cos32
2









 

a

h
mgN  

 
 

    Aamocana  31. 4 

 

 Ggza, romlis A  wertilidan daSvebisas moZraobs 
vagoneti, qmnis r  radiusis Ria maryuJs, rogorc naxazzea 

naCvenebi;  DBCB 00 . ipoveT, rogori h  simaRlidan 
unda daeSvas vagoneti sawyisi siCqaris gareSe, rom man SeZlos 
gaiaros mTliani            

maryuJi, agreTve   kuTxis is mnivneloba, romlisTvisac h
simaRle umciresia. 

 Mm i T i T e b a:  DC ubanze vagonetis simZimis centri 
asrulebs parabolur moZraobas.   
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     a m o x s n a. Ria wrewiris zeda C  wertilSi  unda 
Sesruldes toloba 

            mg
r

mv
cos

2

. 

(reaqciis marTobuli mdgenelis nulTan toloba). Aamitom, 
nivTieri wertilis kinetikuri energiis cvlilebis Teoremis 
safuZvelze CavwerT 

           
2

2mv

2

2

0mv
  )]cos1([  rhmg ,    

sadac  0v = 0. 

Aaqedan      















cos2

1
cos1

cos2
)cos1( r

r
rh . 

 gamovikvlioT h -is cvlileba, rogorc  -s funqcia 

eqstremumze da ganvsazRvroT minh : 

      .0
cos2

sin
sin

2

















r

d

dh
 

 






 







 4

23

2

2

cos

sincos2cos
cosr

d

hd
 .  

maSasadame,  maxhh   roca 0 ,  minhh  , roca 
045 . 

  p a s u x i: ;
cos2

1
cos1 











rh    minh , roca 

045 . 

 
 
    
 

Aamocana  31. 5 

 

  20M  kg masis foladis mZime sxmuli 
mimagrebulia Reroze, romelsac SeuZlia xaxunis 

gareSe brunva uZravi 0  RerZis garSemo. sxmuli 

vardeba zeda A  mdebareobidan umniSvnelod mcire 
sawyisi siCqariT. Reros masa ugulebelyaviT da 
gansazRvreT RerZze udidesi wneva. (ix. 30.14 
amocanis naxazi). 
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  a m o x s n a. RerZze udidesi wneva iqneba foladis sxmulis 

qveda mdebareobaSi, e. i. B wertilSi (ix. naxazi). 
 CaveroT dinamikis meore kanoni araTavisufali nivTieri 
wertilisaTvis 

   NFam a

k


 . 

 davagegmiloT es gantoleba mTavar n  normalize da 
gamoviyenoT nivTieri wertilis kinetikuri energiis cvlilebis 

Teorema sxmulis A  mdebareobidan B  mdebareobaSi 
gadaadgilebisas, miviRebT 

   
R

mv
mgN

2

max  , 

sadac  gRghv 422  . 

  maSin      9808,920554max  mgmgmgN  (n). 

p a s u x i:  980 n. 
 
 

   Aamocana  31. 6 

 

  vertikalTan ra kuTxes adgens mbrunavi RerZi (wina 
amocanaSi) im momentSi, roca RerZze wneva nulis tolia? 
    a m o x s n a. normalis gaswvriv moZraobis gantolebis 
safuZvelze (ix. naxazi) CavweroT 

           cos
2

mgN
R

mv
 .     (1) 

nivTieri wertilis kinetikuri energiis 
cvlilebis Teoremis Tanaxmad 

   
2

2mv
)cos1(  mgR .         (2) 

 (2) gamosaxulebis gaTvaliswinebiT (1) 
gantoleba miiRebs aseT saxes  
              

).cos1(2cos   mgmgN  

Aaqedan    

   )2cos3()cos1(2cos   mgmgmgN . 

     maSasadame, roca 0N ,  ,
3

2
cos     

3

2
arccos .  
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p a s u x i:   
3

2
arccos . 

 

   Aamocana  31. 7 

 

70 kg masis paraSutisti gadmoxta TviTmfrinavidan da 
100 m frenis Semdeg gaxsna paraSuti. ipoveT Rvedebis 
daWimulobis Zala, romlebiTac adamiani hkidia paraSutze, Tu 
paraSutis gaxsnis momentidan pirveli xuTi wamis ganmavlobaSi, 
paraSutistis siCqare Semcirda 4,3 m/wm-de. Hhaeris winaRoba 
adamianis moZraobaze ugulebelyaviT. 
 
a m o x s n a. ganvsazRvroT Seneleba paraSutistis vardnisas: 

   8
5

3,43,440 






t

vv
a  (m/wm2), 

vinaidan  3,4420020  gghv  (m/wm). 

 Rvedebis daWimuloba 

  1246)0,88,9(70  mamgN  (n). 

  p a s u x i:  1246 n. 
 

   Aamocana  31. 8 

 

          2 m simaRlis ferdobze mdgar sadguramde 500 m-T adre 12 
m/wm siCqariT moZravi matareblis memanqanem daketa orTqli da 
daiwyo damuxruWeba. rogori sididis unda iyos damuxruWebisas 
winaRoba, romelic iTvleba mudmivad, rom matarebeli gaCerdes 
sadgurTan, Tu matareblis masaa 1000 t, xolo xaxunis winaRoba 
20 kn? 
 
  a m o x s n a.  naxazze gamovsaxoT 
matarebelze moqmedi Zalebi nebismier 

mdgomareobaSi: simZimis gm

 Zala, 

winaRobis F

 Zala damuxruWebisas, 

xaxunis TpF


 Zala, zedapiris 

normaluri N

 reaqcia. 

 visargebloT kinetikuri 
energiis cvlilebis TeoremiT, gveqneba 
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  smgFF
mv

Tp )sin(
2

2

 , 

sadac  s – damuxruWebis gzaa.  

 Aaqedan  vipoviT damuxruWebisas winaRobis F

 Zalas 

  sin
2

2

mgF
s

mv
F Tp  ,              (1) 

sadac 20TpF kn;  3104
500

2
sin  ; 

6101m kg; 500s m; 

8,9g  m/wm2. 

 Ees monacemebi CavsvaT (1) formulaSi da ganvsazRvroT 
winaRobis Zala 

      8,841048,91011020
5002

12101 363
26





 F  (kn). 

 p a s u x i:  84,8  kn. 
 
 

   Aamocana  31. 9 

 

        m  masis mZime sxmuli mimagrebulia l  
sigrZis Reroze, romelsac SeuZlia xaxunis 

gareSe brunva uZravi 0  RerZis garSemo da 

gadaxrilia vertikalidan 0  kuTxiT. Aam 

sawyisi mdebareobidan sxmuls mianiWes sawyisi 

0v


 siCqare (ix. naxazi). gansazRvreT ReroSi 

Zalva, rogorc vertikalidan Reros gadaxris 
kuTxis funqcia. Reros masa ugulebelyaviT. 
 
a m o x s n a. CavweroT eileris gantoleba 
normalze gegmilebSi (ix. naxazi) 

 Nmg
l

mv
 cos

2

.   (1) 

 kinetikuri energiis cvlilebis 
Teoremis Tanaxmad 

  
2

2mv

2

2

0mv
 )cos(cos 0   mgl .     

Aaqedan     
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2

0

2 vv  )cos(cos2 0   gl . 

 Ees gamosaxuleba CavsvaT (1) gantolebaSi 

 
l

mv 2

)cos(cos2 0  mg Nmg  cos , 

saidanac       N  cosmg 
l

mv
2

0  )cos(cos2 0 mg                       

          cos3mg 0cos2 mg
l

mv
2

0
. 

   roca 0N , Rero gaWimulia, roca 0N  - SekumSulia. 

  p a s u x i:   c o s3mgN 0c o s2 mg
l

mv
2

0
. Tu 0N , 

Rero  

                gaWimulia;   Tu 0N  - Rero SekumSulia. 
 
   

  Aamocana  31. 10 

 

         sferuli qanqara Sedgeba erTi 

boloTi uZrav 0 wertolSi Camagrebuli 

l  sigrZis M0  Zafisa da meore boloSi 

mimagrebuli P  wonis M  wertilisgan. 

M  wertili wonasworobis 
mdgomareobidan gadaxares ise, rom misi 

koordinatebi gaxda: roca 0t   

0,0  yxx  da mas mianiWes sawyisi 

siCqare: ,00 x  00 vy  ,  00 z . gansazRvreT, sawyisi 

pirobebis rogori Tanafardobebis dros Semowers M  wertili 

wrewirs horizontalur sibrtyeSi da rogori iqneba M  
wertilis am wrewirze garSemovlis 
dro. 
 

 a m o x s n a. M  wertili moZraobs 

sferul zedapirze simZimis P

 Zalisa 

da Zafis S

 daWimulobis moqmedebiT (ix. 

naxazi). wertilma rom Semoweros 
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wrewiri horizontalur sibrtyeSi,  misi mZraoba unda 
eqvemdebarebodes bunebriv koordinatTa RerZebze gegmilebSi 
gantolebebs: 

 cosSFma knn  , 

 0  kFma , 

 sinSPFma kbb  , 

sadac    
M

v
an

1

2

0
 ;  .0ba                   

maSin       cos
01

2

S
M

v
m  ,                    (1) 

  0a ,                            (2) 

  sin0 SP  .                    (3) 

 (2) gantolebidan gamomdinareobs, rom .0vconstv   

  (3) gantolebis Tanaxmad sinSP  . 

 radganac M wertili moZraobs horizontalur 

sibrtyeSi, amitom const ,  ,sin const  .cos const  

 maSin, (1) gantolebidan, roca constcos  da 

constv  miviRebT, rom 010 xconstM  . 

 M100 - dan ganvsazRvroT 

 
2

0

2

0

0

2

1

2

1

11

)0()00(

00

0

00
sin

xz

z

MM 



 ,     

an 
2

0

2

0

01

0

0
cos

xz

x

M

M


 . 

 Aam mniSvnelobebis gaTvaliswinebiT (1) da (3) 
gantolebebi miiReben aseT saxes 

  S
x

v
m 

0

2

0

2

0

2

0

0

xz

x


,             (4) 

   

0

2

0

2

0

z

xz
PS


 .                  (5) 
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 (5) gamosaxuleba CavsvaT (4) gantolebaSi: 
 

  
0

2

0

x

v
m

0

2

0

2

0

z

xz
P



0

0

2

0

2

0

0

z

x
P

xz

x



. 

 Aaqedan     

0

00
z

g
xv  .  

 ganvsazRvroT wertilis mier wrewiris garSemovlis 
dro: 

   
g

z

zgx

x

v

M
T 0

00

0

0

1 2
/

202






 . 

    p a s u x i:    

0

00
z

g
xv  ;    

g

z
T 02 . 

 
 
 

                    Aamocana  31. 11 

 

         moTxilamure tramplinidan 

gadaxtomisas eSveba AB  
estakadaze, romelic 

horizontisadmi daxrilia 
030  

kuTxiT. tramplinidan mowyvetis 
win igi gadis mcire horizontalur 

BC  baqans, romlis sigrZes 
gamoTvlisas ugulebelvyofT. 
mowyvetis momentSi moTxilamure biZgiT Tavis Tavs aniWebs 

siCqaris vertikalur mdgenels  1yv m/wm. estakadis simaRlea 

9h m. Txilamurebis TovlTan xaxunis koeficientia  

,08,0f  miwaze daSvebis CD  xazi horizontTan adgens

045  kuTxes. gansazRvreT moTxilamuris frenis l  manZili. 

Hhaeris winaRoba ugulebelyaviT.  

  a m o x s n a.  ganvixiloT moTxilamuris moZraoba AB  

ubanze, sadac masze moqmedeben simZimis G

, winaRobis cF


 da 
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reaqciis N

 Zalebi (ix. naxazi). gamoviyenoT nivTieri wertilis 

kinetikuri energiis cvlilebis Teorema: 

        
2

2

2mv

2

2

1mv
 ,ABFGh c  .     

Asadac ;;01 mgGv   cosfGfNFc  ;   hAB 2 . 

maSin         )cos21(
2

2

2 fmgh
mv

 , 

   33,1287,008,021(98,92cos21(22  fghv  (m/wm). 

 ganvixiloT moTxilamuris frena CE  traeqtoriaze, 

romelic xdeba mxolod simZimis G

 Zalis moqmedebiT. CavweroT 

moZraobis diferencialuri 
gantoleba x  da y  RerZebze 

gegmilebSi: 

    0  kxFxm , 

    GFym ky   , 

Aanu 

          ,0x  

          gy  . 

Aam gantolebebis integrebiT 
miviRebT 

 1Cx  ,   21 CtCx  ; 

 3Cgty  ,  43

2

2
CtC

t
gy  . 

     integrebis mudmivebi ganvsazRvroT sawyisi pirobebiT: 

yx vyvxyxt  0000 ,,0,0,0 ,  maSin  

.0,,0, 4321  CvCCvC yx
 SevitanoT es mniSvnelobebi x  da 

y  gamosaxulebebSi: 

     tvx x ,                             (1) 

    tv
gt

y y
2

2

.                       (2) 
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    (1) formulidan  

xv

x
t  . CavsvaT es mniSvneloba (2) 

formulaSi, miviRebT traeqtoriis gantolebas 

  x
v

v

v

xg
y

x

y

x


2

2

2
.                     (3) 

   moTxilamuris miwaze daSvebis momentisaTvis 
045;,  dydx , 

maSin  (3) gantolebidan 

  d
v

v

v

dg
d

x

y

x


2

2

2
, 

 anu                 

x

y

x
v

v

v

dg


22
1 . 

Aaqedan 54,33

33,12
33,12

1
1212 22



























g

v
v

v

d

x

x

y

  (m). 

   vipovoT moTxilamuris frenis siSore 

  4,4741,154,332  dCEl   (m). 

 p a s u x i:  4,47l m. 

 

   Aamocana  31. 12 

 

    P  masis M tvirTi usawyiso siCqariT vardeba 

H simaRlidan A  filaze, romelic devs spiralur 

B  zambaraze. Camovardnili M tvirTis moqmedebis 

gamo zambara SeikumSa h HsididiT. mxedvelobaSi ar 
miviRoT filis wona da winaaRmdegobebi, 

gamovTvaloT zambaris h  manZilze SekumSvis T

dro da zambaris drekadi Zalis impulsi T droSi.  
   

  a m o x s n a.  ganvixiloT M tvirTis vardna 

simZimis Zalis qmedebiT A  filaze (nax. 1). CavweroT moZraobis 
diferencialuri gantoleba x   RerZze gegmilebSi: 

    Pxm  . 

vinaidan  mgP  , amitom 
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   gx  . 

      vaintegroT es Ggamosaxuleba 
orjer: 

             gtx  ,     
2

2t
gx  . 

      aqedan ganvsazRvravT tvirTis 

vardnis nT  dros 

             nT
g

H2
  

Dda siCqares 

              gHv 2 . 

 ganvixiloT M tvirTis moZraoba 

filasTan erTad simZimis P

Zalisa da zambaris drekadi ypF


 

Zalis qmedebiT (nax. 2). CavweroT moZraobis diferencialuri 
gantoleba x   RerZze gegmilebSi: 

  ypkx FPFxm   ,                     (1) 

sadac   ,cxFyp    c - zambaris sixistea; P .mgP   

 (1) Ggantoleba miiRebs aseT saxes 

     
m

cx
gx  ,  

anu                gxkx  2
,                             (2) 

sadac  
m

c
k 2

. 

   (2) gantolebis amoxsnas veZebT aseTi saxiT 

     
 xxx ,  

sadac  ;sincos 21 ktCktCx    
c

mg
Ax 

. 

 maSin  ktCktCx sincos 21  +
c

mg
 ,           (3) 

               ktkCktkCx cossin 21  .             (4) 
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 sawyisi pirobebidan gamomdinare, (3) da (4) 

formulebidan ganvsazRvravT integrebis mudmivebs: ,0t

,20 gHvx   ;00 x  

  
c

mg
C 1

,   
k

gH
C

2
2  . 

 1C  da 2C  mniSvnelobebi CavsvaT (3) formulaSi, 

miviRebT 

  
c

mg
kt

k

gH
kt

c

mg
x  sin

2
cos ,      (5) 

Aaq  k  - tvirTis Tavisufali rxevis wriuli sixSirea. 
 (5) gantoleba SeiZleba ase CavweroT 

      
c

mg
ktax  )sin(  ,                        (6) 

sadac  
2

2
2

k

gH

c

mg
a 








 ; 

gH

k

c

mg
tg

2
 ;  

ac

mg 1
sin  . 

 zambaris sixistes ganvsazRvravT nivTieri wertilis 
kinetikuri energiis cvlilebis TeoremiT tvirTis filasTan 
Sexebis momentidan mis gaCerebamde gadaadgilebaze zambaris 
maqsimalur SekumSvamde: 

         
2

2

2mv
)()(

2

2

1

ypk FAPAA
mv 

  , 

sadac   );()( hHPPA 


 
2

)(
2ch

FA yp 


A;  ;02 v  .01 v  

maSin           
2

)(0
2ch

hHP  . 

aqedan         
2

)(2

h

hHP
c


 . 

  

        
h

hHg

m

c
k

)(2 
 . 

     

)(22)(222 2 hHH

h

gHHhg

hg

gHk

gk

gHc

mgk
tg





 . 
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    Tanaxmad (6) gantolebisa, zambaris SekumSva iqneba udidesi, 
roca 

maxxx  , e. i. roca  1)sin( kt ,   
2


 kt . 

Aaqedan vipoviT zambaris SekumSvis T dros: 

   







 



2

1

k
T . 

  Dzambaris drekadi Zalis S  impulsis gansazRvrisaTvis 
gamoviyenoT tvirTis moZraobis raodenobis cvlilebis Teorema 
misi moZraobis mTeli drois ganmavlobaSi: 

  )()(12 ypxxkxxx FSPSSmvmv


  , 

sdac )()( TTPPS nx 


. 

 vnaidan  02 v ,  ,01 v  amitom 

  







 T

g

H
PTTPS n

2
)(  

p a s u x i:  







 



2

1

k
T ; 








 T

g

H
PS

2 , sadac 

)(2 hHH

h
tg


 , 

  
h

hHg
k

)(2 
 . 

 
 

   Aamocana  31. 13 

 

     mqnevaras gawyvetisas katastrofis adgilidan yvelaze 
daSorebuli misi erT-erTi nawili aRmoCnda pirvelsawyisi 

mdebareobidan 280s m manZilze. miTiTebuli nawilis 
moZraobisas pirvelsawyisi mdebareobidan bolomde, romelic 
imave horizontalur sibrtyeSi mdebareobs, haeris 
winaaRmdegoba ugulebelyaviT da ipoveT mqnevaras kuTxuri 
siCqaris SesaZlo umciresi mniSvneloba katastrofis momentSi, 

Tu mqnevaras radiusi 75,1R  m. 
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     a m o x s n a. cnobilia, rom sxeulis frenis siSore 
udidesia, Tu sxeuli Ggatyorcnilia horizontisadmi 450  

kuTxiT. Ees piroba uzrunvelyofs sxeulis frenis moTxovnil 
siSores mqnevaras kuTxuri siCqaris 
umciresi sididis dros, vinaidan, 

Rv 0 . 

 ganvixiloT mqnevaras nawilis 

moZraoba frenisas simZimis G

 Zalis 

moqmedebiT (ix. naxazi). SevadginoT 
moZraobis diferencialuri gantoleba 
x  da y  RerZebze gegmilebSi: 

         0  kxFxm , 

         GFym ky   , 

Aanu, vinaidan  mgG  , gveqneba  

  ,0x  

  gy  . 

 Aam gantolebebis integrebiT miviRebT 

  1Cx  ,   21 CtCx  ; 

        3Cgty  ,  43

2

2
CtC

t
gy  . 

     integrebis mudmivebi ganvsazRvroT sawyisi pirobebiT: 
0

00

0

0000 45sin,45cos,0,0,0 vyvxyxt  ,  maSin  

.0,45sin,0,45cos 4

0

032

0

01  CvCCvC  SevitanoT es 

mniSvnelobebi x  da y  gamosaxulebebSi: 

     
0

0 45costvx  ,                             (1) 

    0

0

2

45sin
2

tv
gt

y  .                       (2)    

       mqnevaras nawilis dacemis momentisaTvis: Tt  , ,sx   

0y ; 

maSasadame, (2) gsntoleba miiRebs aseT saxes 

  0

0

2

45sin
2

0 Tv
gT

  , 
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saidanac        
00 45sin

2

g

v
T  . 

     es gamosaxuleba CavsvaT (1) formulaSi da imis 
gaTvaliswinebiT, rom sx  , miviRebT 

 
g

v

g

v
Tvs

2

0

002

00

0

45cos45sin2
45cos  . 

aqedan           sgv 0 , 

magram, vinaidan Rv 0 , amitom 

       R sg . 

Aaqedan             30
75,1

8,9289





R

sg
  (rad/wm). 

      286
14,3

303030








n  (br/wT)  

  

 p a s u x i:   286n  br/wT,  anu  30  rad/wm. 
    

 

 

Aamocana  31. 14 

 

    M  tvirTi, romelic zambaraze dakidebulia vertikalur 

sibrtyeSi mdebare wriuli rgolis zeda A  wertilSi, vardeba 
rgolis gaswvriv srialiT xaxunis gareSe. gansazRvreT, rogori 
unda iyos zambaris sixiste imisaTvis, rom tvirTis wneva 

rgolze qveda B  wertilSi iyos nulis toli Semdegi 
monacemebiT: rgolis radiusia 20 sm, tvirTis masa 5 kg, tvirTis 

sawyis mdebareobaSi manZili 20AM  sm da zambaras aqvs 
naturaluri sigrZe; tvirTis sawyisi siCqare 
nulis tolia; zambaris masa ugulebelyaviT. 
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 a m o x s n a. ganvixiloT tvirTis 

moZraoba rgolze simZimis G

 Zalis, 

zambaris drekadobis ypF


 Zalisa da 

sayrdenis  reaqciis N

 Zalis 

moqmedebiT (ix. naxazi). SevadginoT 
tvirTis moZraobis diferencialuri 

gantoleba B B  wertilSi n  normalze 
gegmilebSi: 

 GNFFma ypknn  ,  

anu     GNF
r

mv
yp 

2

.   (1) 

    roca 0N , maSin 

  GF
r

mv
yp 

2

,  

sadac  )2()( 00 lrclABccFyp   . 

 maSin   Glrc
r

mv
 )2( 0

2

, 

anu             Grlrcrmv  )2( 0

2
.              (2) 

      gamoviyenoT nivTieri wertilis kinetikuri energiis 
cvlilebis Teorema integraluri saxiT 

          
2

2mv
  )()(

2

2

0

ypk FAGAA
mv 

.     

Asadac  )(GA


)60cos( 0rrG  ; 
;2

)(
2

cFA yp 


;  00 v . 

      maSin   
2

2mv

2

)2(
)60cos(

2

00 lr
crrG


 , 

Aanu          
2

0

02 )2()60cos(2 lrcrrGmv  .         (3) 

 radganac (2) da (3) gamosaxulebebis marcxena mxareebi 
tolia, amitom, gautoloT maTi marjvena mxareebic, miviRebT 

      Grlrcr )2( 0

2

0

0 )2()60cos(2 lrcrrG  , 

anu 

 )]60cos1(21[)]2()[2( 0

00  Grlrrlrc . 
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saidanac ganisazRvreba zambaris sixiste 

        










)]2,04,0(2,0)[2,04,0(

)]5,01(21[8,95

)]2()[2(

)]60cos1(21[

00

0

lrrlr

Gr
c   

        490  (n/m) 9,4  (n/sm).  

  p a s u x i: zambara unda dagrZeldes 1 sm-T, roca masze 
moqmedebs   
                4,9 n-s toli Zala. 
 
 

   Aamocana  31. 15 

 

     gansazRvreT M  tvirTis wneva rgolze qveda B  
wertilSi (ix. wina amocanis naxazi) Semdegi  monacemebis dros:  
rgolis radiusia 20 sm, tvirTis masa 7 kg, tvirTis sawyis 

mdebareobaSi manZili 20AM  sm. amasTanave, zambara 
gaWimulia da misi sigrZe orjer metia naturalur sigrZeze, 
romelic 10 sm-s tolia; zambaris sixiste iseTia, rom is 1 sm-T 
grZeldeba 4,9 n ZaliT moqmedebisas; tvirTis sawyisi siCqare 
nulis tolia; zambaris masa ugulebelyaviT. 
    

 a m o x s n a. imisaTvis, rom vipovoT tvirTis siCqare B  
wertilSi gamoviyenoT nivTieri wertilis kinetikuri energiis 
cvlilebis Teorema (ix. 31. 14 amocanis amoxsnis naxazi): 

        
2

2mv
  )()(

2

2

0

ypk FAGAA
mv 

.     

Asadac  )(GA


)60cos( 0rrG  ;  
;2

)(
2

0

2  
 cFA yp


;  

00 v .      maSin  

              
2

2mv
])()[(

2
5,1 2

00

2

0 lAMlAB
c

Gr  , 

sadac ;,2 0 rAMrAB   0M  - tvirTis sawyisi mdebareobaa, 

xolo AOM tolgverdaa. 

 Aaqedan, imis gaTvaliswinebiT, rom mgG  , 

ganvsazRvroT 

  ])()2[(3 2

00

2

0 lrlr
m

c
grv  
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  529,0])1,02,0()1,04,0[(
7

490
2,08,93 22   (n/wm). 

 ganvsazRvroT rgolze tvirTis wnevis Zala. SevadginoT 
tvirTis moZraobis diferencialuri gantoleba n  normalze 
gegmilebSi: 

   GNFFma ypknn  ,  

anu       GNF
r

mv
yp 

2

.                  (1) 

    aqedan    ypFG
r

mv
N

2

  )2( 0

2

lrcmg
r

mv
 

  6,68)1,04,0(4908,97
2,0

529,07 2




  (n). 

 niSani minusi gviCvenebs, rom N

reaqcias namdvilad  

aqvs naxazze naCvenebis sapirispiro mimarTuleba. maSasadame,  

tvirTis wnevis Zala, romelic aris N

-s sapirispiro 

mimarTulebis, mimarTuli iqneba zeviT.   
   p a s u x i: wneva mimarTulia zeviT da 68,6 n-s tolia. 
   
 

    Aamocana  31. 16 

 

    Q  wonis mZime gluv M rgols xaxunis gareSe 

SeuZlia sriali vertikalur sibrtyeSi mdebare R sm 
radiusis wriul rkalze. rgolze mibmulia drekadi 

MOA Zafi, romelic gadis gluv uZrav O  rgolSi 

da damagrebulia A  wertilSi. CaTvaleT, rom roca 

M rgoli imyofeba O  wertilSi, maSin Zafis 
daWimuloba nulis tolia da Zafis 1 sm-T 
daWimvisaTvis saWiroa movdoT c  Zala. sawyis 

momentSi rgoli imyofeba B  wertilSi aramdgrad 
wonasworobis mdgomareobaSi da umniSvnelod mcire 
biZgis Sedegad iwyebs wrewirze srials. gansazRvreT 

tvirTis  N  wneva rgolze. 

 a m o x s n a. ganvixiloT rgolis moZraoba wreze 

simZimis Q

 Zalis, Zafis drekadobis ypF


 Zalisa da 

reaqciis N

 Zalis moqmedebiT (ix. naxazi). 
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     SevadginoT M  rgolis moZraobis diferencialuri 
gantoleba n  normalze gegmilebSi:      

  )2180cos()90cos( 00   QFNFma ypknn ,  

sadac  
R

v
an

2

 ;   sin2cRFyp  . 

maSin     NQcR
R

mv
  2cossin2 2

2

, 

anu    222 sin2cRmv  NRQR  2cos .  (1) 

 gamoviyenoT nivTieri wertilis kinetikuri energiis 

cvlilebis Teorema rgolis gadaadgilebisas B  wertilidan 

M  wertilSi:        
2

2mv

)()()(
2

2

0 NAFAQAA
mv

ypk


  .     

Asadac  0)( NA


  00 v . 

      maSin  

 
2

2mv

 )sin44(
2

cos2)(
2

cos2 22222

0

22  RR
c

QR
c

QR  

   222 cos2cos2 cRQR  , 

Aanu             
2mv  222 cos4cos4 cRQR  .            (2)   

 radganac (1) da (2) gamosaxulebebis marcxena mxareebi 
tolia, amitom, gautoloT maTi marjvena mxareebic, miviRebT 

      22 sin2cR NRQR  2cos  222 cos4cos4 cRQR  . 

Aaqedan ganvsazRvravT wnevas 

    N 2sin2cR 2cos4cR  2cosQ 2cos4Q  

 22 sin442cos4sin6 QQQcRcR   

2cos)(32 QcRcRQ  . 

 rgolis wrewirze wnevis Zala  NN d


 . 
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p a s u x i:  2cos)(32 QcRcRQN  ;   wneva mimarTulia 

gareT,  

              roca 0N , SigniT,  roca .0N  
 

   Aamocana  31. 17 

 

    tvirTi dakidulia uZrav 0 wertilze 0,5 

m sigrZis ZafiT. sawyis 0M  mdebareobaSi 

tvirTi gadaxrilia vertikalidan 600 
kuTxiT da mas mianiWes vertikalur 
sibrtyeSi Zafis perpendikularuli 

5,30 v m/wm sididis siCqare. 

 1)  ipoveT tvirTis is M  
mdebareoba, romelSic Zafis daWimuloba 
iqneba nulis toli, da gansazRvreT 

tvirTis 1v  siCqare am mdebareobaSi. 

 2)  gansazRvreT tvirTis Semdgomi moZraobis 
traeqtoria im momentamde, rodesac Zafi kvlav iqneba daWimuli, 
da is dro, romlis ganmavlobaSic wertili gaivlida am 
traeqtorias. 
 a m o x s n a. 

 1)  rom vipovoT M  mdebareoba, 

romelSic Zafis daWimuloba 0N  (ix. 
naxazi), gamoviyenoT nivTieri wertilis 
kinetikuri energiis cvlilebis Teorema  

      
2

2

1mv
  )(

2

2

0 GAA
mv

k


     

      )60cos( 0

0 MDOMmg  , 

Asadac  ;mgG   ROM 0 . 

 maSin 
 

 )60cos(2 02

0

2

1 MDRgvv         (1) 

 SevadginoT wertilis moZraobis diferencialuri 
gantoleba B n  normalze gegmilebSi: 

     NmgNGFma knn   sinsin , 

sadac   na
R

mv
2

1 ;  
R

MD
sin ;  0N . 
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maSin   

  
R

MD
mg

R

mv


2

1
.                          (2) 

 gamovsaxoT (1) da (2) formulebidan  
2

1v : 

  )60cos(2 02

0

2

1 MDRgvv  ,           (3) 

                MDgv 2

1 .                               (4) 

Aaqedan   

  MDg MDggRv  260cos2 02

0
. 

 25,0
8,93

5,05,08,925,3

3

60cos2 202

0 








g

gRv
MD  m. 

maSin, (4) formulis Tanaxmad 

    565,125,08,91  MDgv  (m/wm) 

 

 2) ganvixiloT tvirTis Semdgomi moZraoba simZimis G

 

Zalis moqmedebiT. SevadginoT tvirTis moZraobis 

diferencialuri gantoleba  x da y RerZebze gegmilebSi: 

   0  kxFxm , 

     GFym ky   , 

sadac   mgG  . maSin 

   0x , 

     .gy   

 Ees diferencialuri gantolebebi orjer vaintegroT 

  1Cx  ,   21 CtCx  ;                    (5) 

        3Cgty  ,  43

2

2
CtC

t
gy  .       (6) 

     integrebis mudmivebi ganvsazRvroT sawyisi pirobebiT:  

,0,0,0 00  yxt  

         
,4

5,0
2

30sinsin 0

110

gg
vvx   , 

  
4

3

2

3

2
30coscos 0

110

gg
vvy   . 
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maSasadane,  
4

1

g
C  , .0,

4

3
,0 432  C

g
CC

y

 

(5) gantoleba aseT saxes miiRebs 

    t
g

x
4

 . 

Aaqedan  

    
g

x
t

4
 . 

CavsvaT es mniSvneloba (6) formulaSi da gaviTvaliswinoT 3C  

da 4C  mudmivebis mniSvnelobebi, miviRebT 

   
2

2

83
4

4

316

2
xx

g

xg

g

xg
y  . 

 es aris tvirTis moZraobis MAB traeqtoriis 
gantoleba, e. i  
parabolis gantoleba. 
 Aaxla ganvsazRvroT  T dro, romlis ganmavlobaSi 

MABC  parabolaze moZravi tvirTi aRmoCndeba wrewiris C  
wertilSi (ix. naxazi). 

 SevadginoT tvirTis moZraobis gantolebebi 11 yOx  

RerZebze: 

  
2

3

4
cos1 Rt

g
RxODxx   , 

  
24

3

2

2

1

R
t

g
t

g
MDyy  . 

 vinaidan drois bolo momentSi 

   
22

1

2

1 )()( RTyTx  , 

amitom 

  2

2
2

2

24

3

22

3

4
R

RTggTR
T

g






























 . 

 Ggardaqmnis Semdeg miviRebT 

       
416

3

44

3

4

3

16

2
24

22
2 R

T
g

T
gR

T
gR

T
g
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              223

24

3

4

3
RT

gR
T

gR
gT

g
  

 anu          .03  ggT  

Aaqedan    55,0
8,9

33


g
T  (wm). 

 p a s u x i:   

 1) M M mdgomareoba imyofeba 0 wertilis horizontalis 
zeviT 

     25,0MD  m manZilze;   5,1561 v  sm/wm.  

  2)  MABC  parabola, romlis gantolebasac Mx  da 

My   

            RerZebis mimarT aqvs Semdegi saxe 
283 xxy  ; 

tvirTi   

            am parabolas aRwers 55,0  wm-s ganmavlobaSi. 

 
 

   Aamocana  31. 18 

 

    maTematikuri qanqara dayenebulia TviTmfrinavSi, romelic 
mifrinavs 10 km simaRleze. ra nawiliT unda Semcirdes qanqaris 
Zafis sgrZe, rom qanqaris mcire rxevebis periodi am simaRleze 
darCes ucvleli? simZimis Zala CaTvaleT dedamiwis centramde 
manZilis kvadratis ukuproporciuli. 
 
 a m o x s n a. maTematikuri qanqaris mcire rxevebis periodi 
dedamiwis zedapirze 

         
g

l
T 2 , 

10H  km simaRleze       

1

1
1 2

g

l
T  . 

 vinaidan  TT 1 , amitom   

   

1

12
g

l


g

l
2  

11 l

l

g

g
 . 

 radganac  
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  ,

2













HR

R
ggH

 

amitom 

  

2

1








 


R

HR

l

l

g

g

H

,                   (1) 

sadac  1ggH  ;  6370R km – dedamiwis radiusia. 

 vTqvaT      ll1 , 

sadac    - sidide, romliTac unda SevamciroT qanqaris sigrZe. 
 maSin, (1) formula miiRebs aseT saxes 

   
2

1 









 R

H

l

l
. 

Aaqedan    .00313,1

10637

101
1

1
1

1

1
1

2

4

4
2
































R

Hl

  

 p a s u x i: l00313,0 , aq l - Zafis sigrZe dedamiwis 
zedapirze.   
 
 

  Aamocana  31. 19 

 

   uZrav O  wertilSi l  sigrZis OM  

Zafis saSualebiT dakidebulia m  masis M  

tvirTi. sawyis momentSi OM Zafi 

vertikalTan adgens   kuTxes da M
tvirTis siCqare nulis tolia. Semdgomi 

moZraobisas Zafs xvdeba wvrili mavTuli 1O , 

romlis mimarTuleba tvirTis moZraobis 
sibrtyis marTobulia, xolo mdebareoba 

ganisazRvreba polaruli koordinatebiT: 1OOh   da  . 

gansazRvreT   kuTxis umciresi mniSvneloba romlis drosac 

OM  Zafi mavTulTan Sexvedris Semdeg masze daexveva, 
amasTanave Zafis daWimulobis cvlileba mavTulTan Sexvedris 
momentSi. mavTulis sisqe ugulebelyaviT. 
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 a m o x s n a. Zafis mavTulTan Sexvedris momentisaTvis 
tvirTis siCqaris gansasazRvrad (nax.1) gamoviyenoT nivTieri 
wertilis kinetikuri energiis cvlilebis Teorema imis 

gaTvaliswinebiT, rom 00 v . maSin 

   )(
2

10

2

1 hhmg
mv

 ,         (1) 

sadac );cos1(0  lh   )cos1(1  lh . 

  0h  da 1h -s  mniSvnelobaTa 

gaTvaliswinebiT (1) formula miiRebs aseT 
saxes 

      )cos(cos
2

2

1   gl
v

 

saidanac  

      )cos(cos22

1   glv .    (2) 

 sakidari Zafis mavTulTan Sexvedris 
Semdeg tvirTi Semowers wrewirs (nax. 2), 
radiusiT 

       









l

h
lhlr 1 . 

 tvirTis umcires 2v  siCqares, 

romliTac Zafi daexveva mavTuls, vipoviT 
tvirTis moZraobis gantolebiT bunebrivi 
sistemis n  RerZze gegmilebSi; 
gaviTvaliswinoT, rom Zafis reaqcia nulis 
tolia,      

                mg
r

mv


2

2
.                   

(3) 

aqedan  grv 2

2 .  

 M  tvirTisaTvis gamoviyenoT nivTieri wertilis 
kinetikuri energiis cvlilebis Teorema: 

 
2

2

2mv
2

2

1

2
mgh

mv
 ,  

sadac  )cos1(cos2   rrrh . 

 maSin, (2) gamosaxulebis gaTvaliswinebiT, miviRebT 
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   )cos1(22

1

2

2  grvgrv . 

r -s mniSvnelobis gaTvaliswinebiT 

       0cos
2

3
12)cos(cos2 

















 

l

h
glgl . 

Aaqedan         cos
2

3
cos

2

3









 

l

h
,            (4) 

  



















2

3
cos

2

3
arccos 

l

h
. 

 CavsvaT (4) gamosaxuleba (2) formulaSi: 

   )(
2

3
cos2)

2

3
(cos22

1 hlg
l

hl
glv 
















 
  . 

 Semdeg ganvsazRvroT Zafis daWimuloba Zafis 

mavTulTan Sexvdris momentSi, roca 
1NN 


 (nax. 2). amisaTvis 

SevadginoT wertilis moZraobis diferencialuri gantoleba 
bunebriv n  RerZze gegmilebSi:

  coscos
2

1
11

2

1 mg
l

mv
NmgN

l

mv
 . 

 SevadginoT iseTive gantoleba im momentisaTvis, roca 

Zafi daexveva mavTulze,  e. i. roca  
2NN 



  coscos
2

1
22

2

1 mg
r

mv
NmgN

r

mv
 . 

Aaxla vipovoT Zafis daWimulobis cvlileba mis mavTulTan 
Sexvedris momentSi: 

                












lhl
mvNNN

112

112
 , 

Aanu     







 cos

2

3
2

l

h
mgN . 

 p a s u x i: 



















2

3
cos

2

3
arccos 

l

h
;  Zafis daWimuloba   

              gaizrdeba 







 cos

2

3
2

l

h
mg  sididiT. 
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Aamocana  31. 20 

 

   m  masis mZime M wertili moZraobs 
r  radiusis wriuli cilindris Siga 
zedapirze. CaTvaleT, rom cilindris 
zedapiri absoluturad gluvia da 
cilindris RerZi vertiksluria. 
gansazRvreT wertilis wneva cilindrze. 

wertilis sawyisi siCqare sididiT 0v -s 

tolia da horizontTan adgens   kuTxes. 
 
a m o x s n a. SevadginoT wertilis 
moZraobis diferencialuri gantoleba 
bunebriv n  RerZze gegmilebSi (ix. naxazi): 

   Rman  , 

 aq  ,

2

r

v
a

xy

n   cos0vvxy  ; R cilindris zedapiris 

reaqciaa.  

maSin         
r

mv
R

22

0 cos
  , 

xolo, cilindrze wertilis wnevis Zala 

              
r

mv
RN

22

0 cos
 .  

 p a s u x i: 
r

mv
N

22

0 cos
  

 
 

   amocana  31. 21 

 

    wina amocanaSi 
SeadgineT wertilis moZraobis 
gantoleba, Tu sawyis momentSi 
wertili mdebareobda x  
RerZze. 
   a m o x s n a. CavweroT 

M wertilis x  da y  

koordinatebi nebismier 
momentSi (ix. naxazi): 
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 cosrx  ,        (1) 

 .sinry           (2) 

 ganvsazRvroT   kuTxis  

cvlileba: 

  t  . 

Tu gaviTvaliswinebT, rom  

 cos0vrvxy  ,  

miviRebT      t
r

v 


cos0 . 

 maSin (1) da (2) gantolebebi miiReben aseT saxes 

  









r

v
rx

cos
cos 0

,                   

       

                 









r

v
ry

cos
sin 0

.  

 z  koordinatis gansazRvrisaTvis CavweroT wertilis 
moZraobis diferencialuri gantoleba z  RerZze gegmilebSi: 

   ,Pzm   

Aanu, vinaidan mgP          

                     g
dt

zd
z 


 ,                         (3)  

    (3) gamosaxulebaSi ganvacaloT cvladebi da orjer 
gavaintegroT: 
   

                     1Cgtz   ,                         (4) 

     21

2

2
CtC

gt
z  .                     (5)       

 

     sawyisi pirobebis Tanaxmad: ,0t  sin,0 000 vzz  . 

maSin (4) da (5) formulebidan miviRebT      

   100 sin Cvz    

   20 0 Cz  . 

 integrebis 
1C  da 

2C  mudmivebis mniSvnelobebi CavsvaT 

(5) formulaSi: 



268 

 

   sin
2

0

2

tv
gt

z  . 

 p a s u x i: 









r

v
rx

cos
cos 0 ; 










r

v
ry

cos
sin 0 ; 

sin
2

0

2

tv
gt

z  . 

 
 

   Aamocana  31. 22 

 

  M  qvam, romelic mdebareobs R  
radiusis gluvi zedapiris naxevarsferos 

gumbaTis A  mwvervalze, miiRo sawyisi 

horizontaluri siCqare 0v


.  romel adgilas 

datovebs qva gumbaTs? 0v


-is rogori 

mniSvnelobebisaTvis Camovardeba qva 
gumbaTidan sawyis momentSi? gumbaTze qvis moZraobisadmi 
winaRoba ugulebelyaviT. 
 
  a m o x s n a. qvaze moqmedebs simZimis 

Zala gm

 da zedapiris reaqcia N


 (ix. 

naxazi). moZrav qvasTan davakavSiroT 
bunebrivi RerZebi n  da  . SevadginoT 
qvis moZraobis diferencialuri gantoleba 
bunebriv n  RerZze gegmilebSi: 

 Nmgman  cos ,        (1) 

 aq  .

2

R

v
an   

 gumbaTidan qvis mowyvetis momentSi 0N , amitom (1) 
gantoleba miiRebs aseT saxes 

  cos2 gRv  .                 (2) 

 qvis siCqaris gansazRvrisaTvis gamoviyenoT nivTieri 
wertilis kinetikuri energiis cvlilebis Teorema: 

        
2

2

2mv
)cos1(

2

2

1  mgR
mv

,  
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Aanu            )cos1(22

0

2  gRvv .                     (3) 

 CavsvaT (3) gamosaxuleba (2) gantolebaSi, miviRebT 

                cos)cos1(22

0 gRgRv  . 

Aaqedan        cos322

0 gRgRv  , 

                













gR

v

33

2
cos

2

0 , 

                















gR

v

33

2
arccos

2

0 . 

 (2) formulidan vipoviT 0v -s mniSvnelobas, rodesac 

sawyis momentSi qva moscildeba gumbaTs. amasTanave 0 . 

maSin gRv 0 .   

  p a s u x i:  















gR

v

33

2
arccos

2

0 ;    gRv 0 .  

 
 

   Aamocana  31. 23 

 

              m  masis M  wertili moZraobs 

R  radiusis gluvi zedapiris naxevarsferos 
gumbaTze. CaTvaleT, rom wertilze moqmedebs 
simZimis Zala, romelic z  RerZis 
paraleluria,  da viciT, rom sawyis momentSi 

wertils hqonda 0v  siCqare da imyofeboda 

gumbaTis Ziridan 0h  simaRleze. gansazRvreT 

wertilis wneva gumbaTze, roca is iqneba 

gumbaTis Ziridan h  simaRleze. 

  a m o x s n a. wertili moZraobs gluvi zedapiris 
naxevarsferoze. 

masze moqmedebs simZimis Zala gm

 da zedapiris reaqcia N


 (ix. 

naxazi). sxeulTan davakavSiroT bunebrivi RerZebi n  da  . 
SevadginoT sxeulis moZraobis diferencialuri gantoleba 
bunebriv n  RerZze gegmilebSi: 
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   Nmgman  cos ,      (1) 

 sadac  .

2

R

v
an   

aqedan    
R

mv
mgN

2

cos   .      (2)           

  M wertilis siCqaris 
gansazRvrisaTvis gamoviyenoT nivTieri 
wertilis kinetikuri energiis 
cvlilebis Teorema: 

        
2

2
mv

)(
2

0

2

0 hhmg
mv

   

Aanu            )(2 0

2

0

2 hhmgmvmv  .                     (3) 

 CavsvaT (3) gamosaxuleba (2) gantolebaSi, miviRebT 

  
R

hhmgmvmgN
1

)](2[cos 0

2

0   . 

vinaidan  
R

h
cos , amitom 

   
R

mgh
N

R
hhmgmv

1
)](2[ 0

2

0  












g

v
hh

R

mg
2

0
023 . 

  p a s u x i:  N 












g

v
hh

R

mg
2

0
023 . 

 

   amocana  31. 24 

 

  m  masis M  wertili moZraobs jaWvwirze 

 
a

x
achee

a
y axax   )(

2

//
, 

romelzec moqmedebs y0  RerZis paraleluri da 

kmy -is toli ukugdebis Zala.  0t  momentSi  

1x  m, 1x m/wm.  gansazRvreT wertilis N  

wneva wirze da wertilis moZraoba, roca 1k  
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rad/wm2  da 1a m (simZimis Zalas ugulebelvyofT). jaWvwiris 

simrudis radiusi  ay /2
 tolia. 

  a m o x s n a. davakavSiroT moZrav M wertilTan bunebrivi 
n  RerZi  (ix. naxazi) da SevadginoT wertilis moZraobis 
diferencialuri gantoleba am RerZze gegmilebSi: 

      knn F
mv

ma


2

, 

sadac  cosFRFkn  ;  F kmyF  ; 

 
222 yxv  , 

a

y 2

 .           (1) 

 maSin    


cos
2

kmyR
mv

 , 

saidanac         


cos
2

kmy
mv

R  ,                    (2) 

aq                
v

x
cos .                                (3) 

     x  -s gansazRvrisaTvis SevadginoT M  wertilis 
moZraobis diferencialuri gantoleba x  RerZze gegmilebSi: 

            0  kxFxm .  

 vaintegroT es toloba orjer, miviRebT 

       ,1 constCx                         (4) 

                      21 CtCx  .                           (5) 

  sawyisi pirobebis Tanaxmad: ,0t  1;1 00  xx . maSin (4) 

formulidan : 10 1 Cx    da (5) formulidan: 20 1 Cx  .      

 integrebis 
1C  da 

2C  mudmivebis mniSvnelobebi CavsvaT 

(4) da (5) formulebSi; miviRebT: 

               1x , 1 tx . 

 vipovoT  M  wertilis siCqaris gegmili y  RerZze: 

   xy
dt

dx

dx

dy
y  1 ,                    (6) 
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sadac    
a

x
shy 1 . 

        maSin            
a

x
shxy   , 

   
a

x
shxv 21 .              (7) 

 CavsvaT   (1), (3), (7) gamosaxulebebi (2) formulaSi: 

   


















a

x
shx

xkmy

y

a
a

x
shxm

R
22

2

22

1

1

a

x
sh

a

x
akmch

a

x
ach

a

x
shxm

22

22

1

1















. 

 gaviTvaliswinoT, rom 
a

x
ch

a

x
sh 221    da miviRebT  

   .
2

kma
a

xm
R 


               (8) 

 CavsvaT (8) gamosaxulebaSi amocanaSi mocemuli 

sidideebi da miviRebT, rom  0R . 

 wiris  M  wertilSi wnevis N

 Zala bmis reaqciis 

tolia,    e. i.   0 RN . 

  p a s u x i:  ;0N   )1(  tx m. 

 
 

   amocana  31. 25 

 

    rogori brtyeli wiriT unda moiRunos 
milaki, raTa masSi nebismier adgilas moTavsebuli 
burTula milakis mimarT darCes wonasworobaSi, 

Ty milaki brunavs Oy RerZis garSemo mudmivi   

kuTxuri siCqariT? 

  a m o x s n a.  M  wertilTan davakavSiroT moZravi   
RerZi (ix. naxazi) da CavweroT fardobiTi moZraobis gantoleba 
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am RerZze gegmilebSi; gaviTvaliswinoT, rom xmn

e

2  da 

N


: 

    cossin n

emg
dt

dv
m  ,              (1) 

 Aamocanis pirobis Tanaxmad milakis mimarT burTula 
unda darCes wonasworobaSi, maSasadame 

   .0
dt

dv
a r

r


 

 maSin (1) gantoleba ase Caiwereba 
  

 0sincos2   mgxm ,  

 anu                  
g

x
tg

2
   . 

      vinaidan  
dx

dy
tg  ,  amitom 

          
g

x

dx

dy 2
 . 

 ganvacaloT cvladebi da vaintegroT 

   xdx
g

dy 
2

. 

miviRebT               C
g

x
y 

2

22
.                  (2) 

   sawyis momentSi 00 x , maSin (2) formulis Tanaxmad: 

cyC  0 . 

 integrebis mudmivis es mniSvneloba CavsvaT (2) 
formulaSi: 

    c
g

x
y 

2

22
  -  parabola. 

 

p a s u x i:   parabolaze  c
g

x
y 

2

22
. 
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   Aamocana  31. 26 

 

          gluvi zedapiris wriul konusze, 

romlis gaSlilobis kuTxea 
0902  , 

moZraobs 1m kg masis M  wertili 0  
wverodan ukumgdebi Zalis moqmedebiT, 

romelic OM manZilis proporciulia: 

OMcF   n, sadac  1c  n/m. sawyis 

momentSi M  wertili mdebareobda A  

wertilSi, manZili 2 aOA m. sawyisi 

siCqare 20 v m/wm  da mimarTulia konusis 

fuZis paralelurad. gansazRvreT  M  wertilis moZraoba 
(simZimis Zala ugulebelyaviT). 

M m i T i T e b a:E M  wertilis mdebareobas ganvsazRvravTB z  

koordinatiT da polarli r  daA  

koordinatebiT sibrtyeSi, romelic Oz  RerZis 
marTobulia. Kkonusis zedapiris gantolebaa 

.022  zr  
 

  a m o x s n a. naxazze vaCvenoT M  
wertili nebismier mdebareobaSi da masze 

moqmedi Zalebi: OMcF   Zala da 

normaluri reaqcia N

. SevadginoT 

wertilis moZraobis diferencialuri 
gantoleba polarul r  daA  RerZze 

gegmilebSi: 

         cossin)( 2 NFNFrrm rr  ,        (1) 

 0)2(   NFrrm . 

    Ees gantoleba SeiZleba ase wanmovadginoT: 

                0)( 2 r
dt

d

r

m
.                              (2) 

     (2) formulidan gamomdinareobs, rom 

   constAr 2 .                            (3) 

roca 245sin2sin:0 0

0  arrt ;   000 vr  .   

maSin 

   22)( 0000  vrrrA o .                   (4)  
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 radganac constr 2 , amitom 

  22000

2

0

2  vrrr  .    (5)  

    M wertilisaTvis SevadginoT dinamikis ZiriTadi 
gantolaba n  RerZze gegmilebSi:  

  ,cos
2

N
r

v
m   

sadac   ;222  rv    N normaluri reaqciaa.  maSin   

     cos2 mrN .         (6) 

 (6) gamosaxuleba CavsvaT (1) gantolebaSi: 

022222 45cossin
sin

cossin0)( 


  mr
r

cmrMcrrm

. (7) 
 (7) gamosaxulebis gardaqmnis Semdeg miviRebT  
   

                0
2

1 22   mrcrmrrm , 

Aanu  0
2

1 2  rr
m

c
r .                     (8) 

 (3) gamosaxulebis gaTvaliswinebiT (8) gantoleba aseTi 

saxiT warmovadginoT  0
2

1
3

2


r

A
r

m

c
r .                     

(9) 

 (9) gantileba gavamravloT  r  -ze: 
           
  

        0
2

1
3

2





r

rA
rr

m

c
rr .                  (10) 

SemoviRoT Secvla: 

  )(
2

1 2r
dt

d
rr  ,   )(

2

1 2r
dt

d
rr  ,  

)(
4

1

22

2

443
r

dt

d

rr

rr

r

r






. 

 aRvniSnoT:  xr 2
,  xr 2 . 

 Aamis gaTvaliswinebiT (10) gantoleba miiRebs aseT saxes: 
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  0
4

1

2

1

2

1
2

2




dt

dx

x

A

dt

dx

m

c

dt

xd
.            (11) 

 (11) gantoleba gavamravloT dt -ze da vaintegroT, 
miviRebT 

         1

2

4

1

2

1

2

1
C

x

A
x

m

c
x  .              

anu            12

2
22

4

1

2

1

2

1
C

r

A
r

m

c
r  .                (12) 

 integrebis 1C  mudmivi ganvsazRvroT moZraobis sawyisi  

pirobebis gaTvaliswinebiT: ,0,0 0  rt 2sin0  ar m;  

  22A  m2/wm. 

 vinaidan 1
m

c
,  amitom (12) formulidan  01 C . 

CavsvaT es mniSvneloba (12) gantolebaSi, miviRebT 

                   .
2

1
2

2
22

r

A
r

m

c
r                        (13) 

 gavamravloT (9) gantoleba r -ze: 

   0
2

1
2

2
2 

r

A
r

m

c
rr  

saidanac  
2

2
2

2r

A
r

m

c
rr  .                          (14) 

 SevkriboT (13) da (14) tolobebi, miviRebT            

                2r 22
r

m

c
rr  .                           (15) 

 SemoviRoT Secvla:  ( 2r )(
2

1
) 2

2

2

r
dt

d
rr  ,  sadac 

.2 xr   
 maSin (15) gantoleba miiRebs aseT saxes: 

      x
m

c

dt

xd 2

2

1
2

2

 , 

Aanu        02  xkx ,                       (16) 
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sadac  4
42 
m

c
k ,  .2k   

 erTgvarovani diferencialuri (16) gantolebis zogad 
amoxsnas aqvs aseTi saxe 

   
ktkt eCeCx  32
, 

Aanu, SemoRebuli aRniSvnebis gaTvaliswinebiT 

   
ktkt eCeCr  32

2
.                   (17) 

 gavawarmovoT (17) gamosaxuleba droTi: 

    
ktkt ekCekCrrr

dt

d  32

2 2)( .           (18) 

 moZraobis sawyisi pirobebis gaTvaliswinebiT (17) da (18) 

formulebidan ganvsazRvroT 2C  da 3C  mudmivebi: roca 

0,
2

2
,0 00  rart . miviRebT 

   ,
2

1
32

2 CCa     CCCCC  32320 , 

Aanu              1
4

4

4

2


a

C  (m2). 

CavsvaT integrebis mudmivebis mniSvnelobebi (17) gantolebaSi: 

     
tt eer 222  . 

 Semdeg, (5) formulidan 

  .
2222

222 dt

d

eer tt


 





 

 Aam gamosaxulebaSi ganvacaloT cvladebi 

  .
1

222
4

2

22 





 t

t

tt e

de

ee

dt
d  

 Aam gamosaxulebis integrebiT miviRebT 

  
4

22 Carctge t  .                         (19) 

 Aaq CavsvaT sawyisi pirobebi:  0,0 0  t ; integrebis 

mudmivis gansazRvrisaTvis  miviRebT: 

  
4

020 Carctge  , 

  
4

2
124


 arctgC . 
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 Ees mniSvneloba SevitanoT (19) formulaSi, miviRebT 

  









4
2 2 

 tarctge . 

saidanac        
tetg 2

42












. 

  p a s u x i:   
tt eer 222  ;    

tetg 2

42












 

 
 

    Aamocana  31. 27 

 
  wina amocanis pirobebSi, CaTvaleT, rom konusis RerZi 
mimarTulia zeviT, gaiTvaliswineT simZimis Zala da 
gansazRvreT wertilis wneva konusis zedapirze. 
 
 a m o x s n a. moZrav wertilTan davakavSiroT bunebrivi 

RerZi n  (ix. naxazi) da M wertilisaTvis SevadginoT 
moZraobis diferencialuri gantolaba n  
RerZze gegmilebSi:  

        knn Fma ,               (1) 

sadac    
r

v
an

cos2

 ;    sinOMr ;  

         sinmgNFkn  . 

 (1) gantoleba miiRebs aseT saxes: 

            



sin

sin

cos2

0 mgN
OM

mv



. 

Aaqedan ganisazRvreba normaluri reaqcia 





















2

2

0

sin

cos
sin

OM

v
gmN 

















3

2

sin2

2sin
sin

OM

v
gm  

 

         








 


3

22

2

2sin)(
sin

r

vOM
gm


 . 

gaviTvaliswinoT, rom  constvrrr  000

2

0

2   [ix. 

31. 26 amocanis amoxsna, formula (5)], anu 
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       00000 )()( vrrvrrrr   . 

 vinaidan  sinOMr ,   sin0  ar ,  amitom 

  00 sinsin avvOMavvOM    

maSin                 












3

2

0

2

2

2sin
sin

r

va
gmN


 . 

 p a s u x i:   












3

2

0

2

2

2sin
sin

r

va
gmN


 . 

 
 

   amocana  31. 28 

 

  nivTieri A  wertili simZimis 
Zalis moqmedebiT moZraobs mqise 
(xorklian) xraxnul zedapirze, romlis 

Oz  RerZi vertikaluria. zedapiris 

gantolebaa );(rfaz    wertilis 

zedapirTan xaxunis koeficientia k .  
ipoveT piroba, romlis drosac wertilis 

moZraoba xdeba RerZidan mudmivi 0rAB   

manZiliT, e. i. moZraobs xraxnul wirze, 
agreTve ipoveT am moZraobis siCqare, 

CaTvaleT, rom .consta   
 m i T i T e b a:E amocanis amosaxsnelad 
mizanSewonilia isargebloT bunebriv 
koordinatTa RerZebiT da moZraobis gantoleba 

daagegmileT A  wertilSi xraxnuli wiris 
mxebze, mTavar normalize da binormalze. 

Nnaxazze, kuTxe xraxnuli zedapiris N


reaqciis normalur mdgenelsa da mTavari 

normalis 
on


 orts Soris aRniSnulia   

asoTi. 

   a m o x s n a.  roca constrr  0   

(nax.1) xraxnuli wiris gantolebidan  

)(rfaz    vipoviT xraxnuli wiris 

bijs (nax. 2): 
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   ah 2 . 

 imis gaTvaliswinebiT, rom 02 rb  , nax. 2-dan miviRebT 

   .
0r

a

b

h
tg   

 A  wertilis moZraobis gantolebis gegmilebs mxebze, 
normalize da binormalze aseTi saxeebi aqvT: 

     kNG
dt

dv
m  sin ,        (1) 

     


cos
0

2

N
r

mv
 ,              (2) 

      sincos NG  .            (3)  

         gaviTvaliswinoT, rom mgGvv  ;cos . (2) da (3) 

gantolebebidan miviRebT 
 
 
 
        






coscos

cos
2

0

22

0

v

gr

mv

mgr
tg 

.       
(4) 
 

)(rfaz  
 gantolebiT mocemul zedapirTa geometriidan  gamomdinareobs, 

rom 



cos)(

1

0rf
tg


 . maSin (4) gamosaxuleba aseT saxes 

miiRebs     )( 00 rfgrv  . 

 wertilis moZraoba xdeba simZimis G

 Zalisa da 

zedapiris N

 reaqciis moqmedebiT, romelTa momentebi z  

RerZis mimarT nulis tolia, maSasadame, zz LL 0 . Ggarda amisa, 

amocanis pirobis Tanaxmad A  wertili z  RerZidan 
daSorebulia mudmivi manZiliT. Ees niSnavs, rom  

,coscos 0000 constvvmvrrmv    

maSin (1) gantoleba miiRebs aseT saxes 
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  .sin kNG                        (5) 
 gavyoT (5) gantoleba (3) gantolebaze, miviRebT 

  .0
sin





k

tg  

gamoviyenoT Secvla 







2

0

2

2

2 cos)(1
1

11
sin

1
rf

tg
ctg  , 

 xraxnul wirze A  wertilis moZraobis piroba aris 

               tg 0cos)(1 2

0

2  rfk  

 p a s u x i:  xraxnul wirze A  wertilis moZraobis piroba 
aris 

                tg 0cos)(1 2

0

2  rfk , sadac 

0/ ratg  ; 

                 moZraobis siCqare )( 00 rfgrv  . 

 
 

   Aamocana  31. 29 

 

  sxeuli K , romlis 
ganzomilebebi SeiZleba ugulebelvyoT,  

dgas R  radiusis uZravi 
naxevarcilindris mqise zedapiris 

umaRles A  wertilSi. rogori sawyisi 
horizontaluri da cilindris mxebis 

mimarTulebis mqone 0v  siCqare unda 

mivaniWoT K  sxeuls, raTa is moZraobis dawyebis Semdeg 
gaCerdes cilindris zedapirze, Tu srialis xaxunis 

koeficienti moZraobisas da wonasworobisas erTnairia da f -s 

tolia. 
 

  a m o x s n a.  K  sxeulis moZraobis 
gantolebas n  RerZze gegmilebSi aseTi 
saxe aqvs (ix. naxazi) 

      
2

2mv
Nmg  cos . 
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Aaqedan       

             









R

v
gmN

2

cos .       (1) 

    Aaxla  CavweroT K  sxeulis moZraobis gantolebas   
RerZze gegmilebSi: 

      TpFmg
dt

dv
m  sin , 

sadac  )cos(
2

R

v
gfmfNFTp   . 

      maSin     ).cos(sin
2

 fg
R

v
f

dt

dv
          (2) 

      K  sxeulis zRvruli wonasworoba SesaZlebelia im 
SemTxvevaSi, Tu 

     00 cossin  fmgmg  . 

saidanac zRvruli wonasworobis kuTxe   arctgf0 . 

 (2) gantolebaSi ganvaxorcieloT cvladebis Secvla: 

   ,Rv   sadac )(  .  





d

d
R

dt

dv
 , miviRebT 

  
R

g
f

d

d
 2




 ).cos(sin  f  

SevcvaloT 
2u ,  maSin (2) gantolebas aseTi saxe aqvs: 

            
R

g
fu

d

du 2
2 


).cos(sin  f           (3) 

 Ees aris araerTgvarovani wrfivi diferencialuri 
gantoleba. 
         vipovoT am gantolebis Sesabamisi erTgvarovani 
gantolebis amoxsna: 

              02 fu
d

du


 


fd

u

du
fu

d

du
22  

                              f
C

u
Cfu 2lnln2ln  . 

Aaqedan               
fCeu 2 . 
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 (3) gantolebis kerZo amoxsnas 
 feCu 2)(
 veZebT 

mudmivis variaciis meTodoT: 

  




ff fCee
d

dC

d

du 22 2


. 

 Ees mniSvneloba SevitanoT (3) gantolebaSi, miviRebT 
 

 




fff fCefCee
d

dC 222 22 
R

g2
 ).cos(sin  f  

(4) 
 gavaintegroT (4) gamosaxuleba: 

      def
R

g
dC f


 2)cos(sin

2
. 

calke gamovTvaloT: 

     de
f

e
f

de
f

de ffff cos
2

1
sin

2

1
sin

2

1
sin 2222

 

   cos
4

1
sin

2

1
cos

4

1
sin

2

1 2222 ffff e
f

e
f

de
f

e
f

    de
f

f sin
4

1 2

2
 

  cos
41

1
sin

41

2
sin 2

2

2

2

2 fff e
f

e
f

f
de 





 . 

 
 Aanalogiuri gamoTvlebiT miviRebT: 

      sin
41

1
cos

41

2
cos 2

2

2

2

2 fff e
f

e
f

f
de 





 . 

 saboloo Sedegad miviRebT: 
   

 fefff
fR

g
C 22

2
)sincos2cossin2(

)41(

2 


 , 

anu 

        
 feff

fR

g
u 22

2
)cos2cossin3(

)41(

2  


 . 



284 

 

     maSin, im pirobiT, rom   
2

2

R

v
u  , miviRebT 

     feCv 2

1

2
)cos2cossin3(

41

2 2

2
 ff

f

gR



.   (5)    

     vinaidan, roca  arctgf0  da 
2

0

1
sin

f

f


 ,      

              
2

0

1

1
cos

f
 ,    maSin    0v , 

Aamitom         1C 022

2
1

41

2 f
ef

f

gR 



. 

 CavsvaT 1C  mniSvneloba (5) gantolebaSi 

 

2v )]cos2cossin3()1[
41

2 2(22

2

0 
ffef

f

gR f





.  

 radganac moZraoba iwyeba 0  mdgomareobidan, amitom 

          )21(1
41

2 222

20
0 fef

f

gR
v

f





 
. 

p a s u x i:  )21(1
41

2 222

20
0 fef

f

gR
v

f





 
, sadac 

arctgf0 . 

 
 

   amocana  31. 30 

     

  sxeuli K , romlis ganzomilebebi SeiZleba 

ugulebelvyoT,  dgas R  radiusis uZravi cilindris Siga mqise 

zedapiris umdables A  wertilSi. rogori sawyisi 

horizontaluri da cilindris mxebis mimarTulebis mqone 0v  

siCqare unda mivaniWoT K  sxeuls, raTa man  miaRwios 

cilindris zeda B  wertils? srialis xaxunis koeficienti  

f -s tolia. 
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  a m o x s n a.  CavweroT  AKB  ubanze K  sxeulis 
moZraobis gantoleba    da n  RerZze gegmilebSi (ix. naxazi): 

       TpFmg
dt

dv
m  sin ,     (1) 

       
R

mv 2

cosmgN  .        (2) 

(2) gantolebidan 

  









R

v
gmN

2

cos . 

 maSin, (1) gantolebidan 

  )cos(
2

R

v
gfmfNFTp   . 

 CavsvaT es gamosaxuleba (1) 
gantolebaSi da miviRebT sxeulis moZraobis 
diferencialur gantolebas 

 ).cos(sin
2

 fg
R

v
f

dt

dv
  

 movaxdinoT Secvla 

   ,)(







Rd

vdv

dt

d

d

dv

dt

dv
vv    

Aaq   
R

v

dt

d



.  

GmiviRebT    ).cos(sin2 


fgRfv
d

dv
v   

 aRvniSnoT 
2vu  ; zeda gantoleba ase Caiwereba 

  fu
d

du
2


).cos(sin2  fgR          (3) 

 Ees aris araerTgvarovani wrfivi diferencialuri 
gantoleba. 
Mmisi amoxsna veZeboT Semdegi saxiT 

   21 uuu   
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  sadac 1u  aris am gantolebis Sesabamisi 02  fu
d

du


 

erTgvarovani gantolebis amoxsna, xolo  2u   aris (3) 

gantolebis kerZo amoxsna. 
 vipovoT erTgvarovani amocanis amoxsna: 

     1
1 2 fu

d

du


fd

u

du
2

1

  

 f
C

u
Cfu 2lnln2ln 1

1  . 

Aaqedan               
fCeu 2

1

 . 

 (3) gantolebis kerZo amoxsnas veZebT mudmivis variaciis 
meTodoT: 

      
 feCu 2

2 )(   .2 222 



ff fCee
d

dC

d

du    

 Ees mniSvneloba SevitanoT (3) gantolebaSi da )(C -

Tvis miviRebT 




fff fCefCee
d

dC 222 22   gR2

).cos(sin  f  

 gavaintegroT es gamosaxuleba: 

      defgRdC f


 2)cos(sin2 . 

  analogiurad 31. 29 amocanis amoxsnisa, gamoTvlebiT miviRebT: 

      cos
41

1
sin

41

2
sin 2

2

2

2

2 fff e
f

e
f

f
de





 ; 

      sin
41

1
cos

41

2
cos 2

2

2

2

2 fff e
f

e
f

f
de





 . 

 maSin miviRebT: 

             
 feff

f

gR
C 22

2
)cos2cossin3(

41

2 


 , 

 sabolood, siCqaris cvlilebis kanoni miiRebs aseT 
saxes 

    feCv 2

1

2
]cos)21(sin3[

41

2 2

2
 ff

f

gR



.   

(4)    
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      Tu dauSvebT, rom 0v  roca   ,      

      Aamitom         1C fef
f

gR 22

2
)21(

41

2



. 

 CavsvaT 1C  mniSvneloba (4) gantolebaSi da roca 0  

         .)1)(21(
41

2 22

20 


 fef
f

gR
v  

p a s u x i:  fef
f

gR
v 22

20 3)21(2
41




 , sadac arctgf0 . 

 
 

                        amocana  31. 31 

 
  Zafze dakidebuli burTula horizontalur sibrtyeSi 
aRwers wrewirs da qmnis konusur qanqaras. gansazRvreT konusis 
simaRle, Tu burTula asrulebs 20 brunvas wuTSi. 
 
  a m o x s n a. ganvixiloT burTulas 

moZraoba simZimis gm

 Zalis da Zafis 

reaqciis N

 Zalis moqmedebiT (ix. naxazi). 

 CavweroT burTulas moZraobis 

gantoleba bunebriv  , n , b  RerZze 
gegmilebSi: 

      0
dt

dv
m ,                  (1) 

       
r

mv 2

sinN ,           (2) 

              mgNbm  cos .      (3) 

     (1) gantolebidan  constv  ,  maSin 0b , da (3) 

gantoleba miiRebs aseT saxes    

       mgN cos , 

saidanac      .
cos

mg
N                  (4) 

 CavsvaT (4) gamosaxuleba (2) gantolebaSi, miviRebT 

  grtgv 2
.               (5) 
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radganac  r
n

rv
h

r
tg

30
;


  , amitom (5) formulian 

  
h

gr
r

n 2
2

22

900



. 

Aaqedan  

                25,2
2014,3

8,9900900
2222







n

g
h


 (m). 

 

     p a s u x i:   25,2h  m. 

 
 
 

   amocana  31. 32 

 
 erTeuli masis nivTieri wertili moZraobs 
horizontalur sibrtyeSi, romelzec moqmedebs ZalTa veli 

22 yxyx   potencialiT. sawyis momentSi wertils aqvs 

koordinatebi 3x  sm, 4y  sm da siCqare 10 sm, romelic x  

RerZis dadebiTi mimarTulebis paraleluria. gansazRvreT 
wertilis moZraoba. 
 
   a m o x s n a. CavweroT 
potenciur velSi moTavsebuli 
nivTieri wertilis moZraobis 
diferencialuri gantoleba x  da y  

RerZebze gegmilebSi: 

  
dx

d
xm


 , 

  
dy

d
ym


 , 

anu  02  yxx ,         (1)                            

  02  xyy .         (2) 

 Ggantolebis Sedgenisas gaTvaliswinebulia,  rom  

,1m  ,
dx

d
Fx


   

dy

d
Fy


 . 

 moZraobis sawyisi pirobebi: 
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  30 x  sm,   100 x  sm/wm.                 (3) 

  40 y  sm,   .00 y                        (4) 

 (1) da (2) diferencialuri gantolebebis amoxsnebi 

veZeboT aseTi saxiT:  
tt BeAex   , 

  
tt BeAey   . 

maSin, es gantolebebi miiReben aseT saxes 

  
tttt BeeBAeeA   22 22  +

tt BeAe   0 ,  

  
tttt BeeBAeeA   22 22  +

tt BeAe   0 . 

  saidanac     









,01

,03
2

2














.;

;3;3

21

21

ii

ii




   

 amitom, (1) da (2) diferencialuri gantolebebis amoxsnebi 
miiReben aseT saxes:  

  tBtBtAtAx sincos3sin3cos 2121  ,      (5) 

  tBtBtAtAy sincos3sin3cos 2121  .      (6) 

      gavawarmooT es gamosaxulebebi droTi: 

 tBtBtAtAx cossin3cos33sin3 2121  ,       

 tBtBtAtAy cossin3cos33sin3 2121  .       

 moZraobis sawyisi pirobebis gaTvaliswinebiT [ix. (3), (4) 
formulebi] miviRebT 

   
113 BA  , 

   
114 BA  , 

   
22310 BA  ,                      (7) 

   
2230 BA  . 

 gantolebaTa (7) sistemis amoxsniT miviRebT: ,5,31 A   B

,5,01 B   ,
3

35
2 A   B .52 B  

 mudmivebis mniSvnelobebi CavsvaT (5) da (6) 
gantolebebSi: 
    

 ttttx sin5cos5,03sin
2

35
3cos5,3  ,       
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  .sin5cos5,03sin
3

35
3cos5,3 tttty  .       

p a s u x i:   ttttx sin5cos5,03sin
2

35
3cos5,3  ,       

        .sin5cos5,03sin
3

35
3cos5,3 tttty     

     

               amocana  31. 33 

 
 a  radiusis mavTulis horizontalur wrewirze 

Camocmuli mcire rgols mianiWes sawyisi 0v  siCqare. mav

 TulTan rgolis xaxunis 

koeficientia f . gansazRvreT, ra drois Semdeg gaCerdeba 

rgoli. 
 

  a m o x s n a. ganvixiloT M rgolis moZraoba, romelzec 

moqmedeben simZimis Zala gm

, xaxunis Zala TpF


 da mavTulis 

wrewiris 
1N


 da 
2N


 reaqciebi (ix. naxazi). 

 CavweroT rgolis moZraobis diferencialuri gantoleba 

bunebriv  , n , b  RerZze gegmilebSi: 

    
2

2

2

1 NNf
dt

dv
m  ,   (1) 

    
a

mv 2

1N ,               (2) 

      2Nmg  ,                 (3) 

sadac    TpFNNf  2

2

2

1 . 

 (2) da (3) gamosaxulebebi CavsvaT (1) gantolebaSi 

  
224 gav

a

f

dt

dv
 . 

 ganvacaloT cvladebi, vaintegroT da ganvsazRvroT 
dro, romlis Semdegac rgoli gaCerdeba: 

            




t

v
dt

gav

dv

f

a

0

0

2240

, 
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   



0

0 224

v

gav

dv

f

a
t .  

 

   p a s u x i:   



0

0 224

v

gav

dv

f

a
t .     

   
 

        amocana  31. 34 

 
 2 kg masis nivTieri wertili miizideba uZravi 

centrisken )288( kzjyixF


 n  ZaliT. wertilis sawyisi 

mdebareoba ganisazRvreba koordinatebiT: 4x sm, 2y  sm,  

4z  sm. sawyisi siCqare nulis tolia. gansazRvreT wertilis 
moZraobis gantoleba da misi traeqtoria. 
 
  a m o x s n a. CavweroT wertilis dinamikis ZiriTadi 
gantoleba  veqtoruli saxiT:  

                       Frm


 .                     (1) 

Ddekartis koordinatTa xyz0   sistemaSi:          

                        kzjyixr

 .               (2) 

Aamocanis pirobis Tanaxmad  

                      )288( kzjyixF


 .             (3) 

 CavsvaT (2) da (3) gamosaxulebebi (1) gantolebaSi da 
CavweroT nivTieri wertilis moZraobis diferencialuri 
gantoleba zyx ,,  RerZze gegmilebSi (ix. naxazi): 

   ,8xxm   

   ,8yym   

   zzm 2 , 

Aanu, radganac 2m  

   ,04  xx                      (4) 

   ,04  yy                      (5) 

   0 zz .                       (6) 
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(4) – (6) gantolebebis amoxsnebs aqvT aseTi saxe: 

  ,2sin2cos 21 tCtCx       ,2sin22sin2 21 tCtCx   

  ,2sin2cos 43 tCtCy       

,2sin22sin2 43 tCtCy   

   ,sincos 65 tCtCz         

,sinsin 65 tCtCz   

    integrebis mudmivebs ganvsazRvravT 
sawyisi pirobebis CasmiT:        

;0,4,0,2,0,4 000000  zzyyxx  

miviRebT:  

       41 C , 02 C , 23 C ,  04 C ,  

45 C ,  06 C . 

     maSin         ,2cos4 tx                              (7) 

      ty 2cos2 ,                           (8) 
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      tz cos4 .                             (9) 

 (7) – (9) gantolebebidan gamovricxoT t parametri, 
risTvisac visargebloT formuliT 

   .1cos22cos  tt  

 (7) da (9) formulebidan ,4
2

2


z

x  

 (8) da (9) formulebidan  ,4
4

2


z

y  

        (7) da (8) formulebidan  yx 2 . 

 

p a s u x i: ,2cos4 tx   ty 2cos2 , tz cos4 . traeqtoria 

– ori   

   paraboluri cilindris 4
2

2


z

x  da 4
4

2


z

y  gadakveTis 

xazi. Ees  

   aris yx 2  sibrtyeSi mdebare parabola. traeqtoriaze 

moZraoba   

   xorcieldeba monakveTze 4x sm, 2y sm, 4z sm 

wertilidan   

   4x sm, 2y  sm,  4z sm wertilamde 

 
 
 

   Aamocana  31. 35 

 

    l  sigrZis konusuri qanqara horizontalur sibrtyeSi 
aRwers a  radiusis wrewirs. ipoveT konusuri qanqaras 
Semobrunebis periodi. 
  a m o x s n a. CavweroT qanqaras moZraobis diferencialuri 

gantoleba bunebriv  , n , b  RerZze gegmilebSi (ix. naxazi): 

    ,0
dt

dv
m ,                  (1) 

    
a

mv 2

sinN ,            (2) 

      mgNmab  cos .       (3) 
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     (1) formulidan gamomdinareobs, rom ;constv   vinaidan 

0ba , amitom (3) gantolebidan    
cos

mg
N  . 

 Ees mniSvneloba CavsvaT (2) gantolebaSi, miviRebT 

     agtgv 2
.                            (4) 

 MOO1 dan ganvsazRvroT  
22

1

1

al

a

OO

MO
tg


 . 

maSin (4) formulidan     
4 22 al

g
av


 .                (5) 

 radganac constv  , amitom 

       vTa 2   
Aanu,  (5)  gamosaxulebis gaTvaliswinebiT   

       T
al

ga
a

4 22
2


 , 

sadac   T - erTi Semobrunebis droa (periodia).  

aqedan                

g

al
T

4 222 


  . 

  p a s u x i:   
g

al
T

4 222 



. 

 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
G      
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32.  rxeviTi  moZraoba 

 
 

meToduri miTiTebani amocanebis  amosaxsnelad 

 

 nivTieri wertilis rxeviTi moZraoba ewodeba iseT 
moZraobas, ro     
mlis drosac wertili SenacvlebiT moZraobs or sapirispiro 
mimarTulebiT. imisaTvis, rom wertilma ganaxorcielos aseTi 
moZraoba, aucilebelia aRmdgeni Zalis arseboba, romelic wertils 
daabrunebda wonasworobis mdgomareobaSi, Tu is gamoyvanilia am 
mdgomareobidan. aseT Zalas warmoadgens drekadi bmis Zala – 
zambara, bagiri, Rvedi da maTi msgavsi sagnebi an sxva Zalebi, 
magaliTad simZimis Zala maTematikuri qanqaras rxevisas. 

 Ddrekadi bmebis aRmdgen Zalas ewodeba drekadi Zala da 

aRiniSneba ynpF


 asoTi. drekadi Zalis sidide, hukis kanonis  

gamoyenebis sazRvrebSi, proporciulia deformaciisa, anu wertilis 
wonasworobis mdgomareobidan x  gadaxrisa, da mimarTulia am 

mdgomareobisken. Aamitom, drekadi Zalis ggmili Ox  RerZze, 
romelic mimarTulia wertilis gadaxris mxares (RerZis saTave 
SeTavsebulia wonasworobis mdgomareobasTan) 

    ,cxFynpx                          (32.1) 

sadac  c  drekadi bmis sixistis koeficientia. 
 Tu wertilis moZraobisas masze drekadi Zalebis garda 

moqmedebs romelime mudmivi Zala, magaliTad simZimis Zala, romlis 
mimarTuleba emTxveva drekadi bmis (zambaris) mimarTulebas, maSin 
statikuri wonasworobis mdgomareobaSi zambara ukve daWimulia  

cTf  sididiT, xolo drekadi Zalis gegmili Ox RerZze, romlis 

saTave wonasworobis mdgomareobaSia, am SemTxvevaSi iRebs Semdeg 
saxes  

     )( xfcF cTynpx  .                      (32.2) 

 mTel rig SemTxvevebSi wertilze moqmedeben agreTve 

winaRobis R

 Zala da SemaSfoTebeli Zala Q


. 

 am Zalebis cvlilebis kanoni SeiZleba iyos nebismieri, 
Tumca udides interess iwvevs SemTxveva, rodesac moZraoba 
xdeba blant (Txevad) garemoSi, xolo winaRobis Zala wertilis 
siCqaris pirveli xarisxis proporciulia da mimarTulia 
wertilis siCqaris sapirispirod: 

   ,vR


   

sadac    - winaRobis koeficientia. 
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 SemaSfoTebeli Zala icvleba harmoniuli kanoniT 

   )sin(0  ptQQ , 

sadac  0Q  - Zalis (amplitudis ) udidesi mniSvnelobaa; p - 

sixSire; 

)( pt  - SemaSfoTebeli Zalis faza,  - SemaSfoTebeli 

Zalis sawyisi faza. 
       am paragrafis zogierT amocanaSi winaRobis Zalas 

warmoadgens mSrali xaxunis Zala 

  fNFTp  ,  

sadac  f  - srialis xaxunis koeficientia; N  - mqise 

zedapiris normaluri reaqcia. 
 Tavisufali rxevebi. Ees rxevebi warmoiSobian wertilze 

drekadi Zalebis da zogierTi mudmivi Zalis moqmedebisas, garda 
moZraobisadmi winaRobis Zalebisa (xaxunis Zalebisa). 

 Tu koordinatTa saTaved arCueulia wonasworobis 
mdgomareoba, maSin moZraobis diferencialur gantolebas aseTi saxe 
aqvs 

   cxxm  , 
Aanu 

   ,02  xkx                       (32.3) 

sadac  
m

c
k 2

,  k  - rxevis cikluri (wriuli) sixSire. 

 (32.3) gantoleba warmoadgens meore rigis erTgvarovan   
mudmivkoeficientebian diferencialur gantolebas, romlis zogadi 
amoxsna SeiZleba ase warmovadginoT:  

     ktCktCx sincos 21  .                (32.4) 

 integrebis 1C  da 2C  mudmivebi ganisazRvrebian 

moZraobis sawyisi pirobebiT: roca .,,0 00 xxxxt    Tu 

gavawarmoebT (32.4) gantolebas droTi da miRebul gamosaxulebaSi da 
(32.4) gantolebaSi CavsvamT sawyis pirobebs, vipoviT 

   ,01 xC    
k

x
C 0

2


 . 

 (32.3) gantoleba amplitudis formiT aseTia 

   )sin(  ktax ,                   (32.5) 

sadac    - sawyisi fazaa. 
 (32.5) formulidan Cans, rom wertilis gadaxra 

wonasworobis mdgomareobidan emorCileba harmoniul (sinusoidalur) 
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kanons, amitom aseT moZraobas ewodeba harmoniuli. wertilis 
maqsimalur gadaxras wonasworobis mdgomareobidan ewodeba rxevis 
amplituda: 

   
2

2

02

0
k

x
xa


 .                      (32.6) 

 rxevis periodi – erTi sruli rxevis dro: 

   
c

m

k
T

2
 .                         (32.7) 

 Ty rxeva xdeba erTmaneTTan garkveuli saxiT 
SeerTebuli drekadi bmebis erTobliobiT, maSin rxevis periodi 
ganisazRvreba (32.7) formuliT, magram c  sixistis nacvlad unda 

Caisvas drekadi bmebis eqvivalenturi  эkBc  sixiste, e. i. erTi iseTi 

drekadi bmis sixiste, romelic unda iyos yvela bmis sixistis 
eqvivalenturi. 

 Tu zambaris sixiste ucnobia, magram cnobilia misi 

statikuri deformacia cTf , maSin rxevis cikluri sixSire k  da 

rxevis periodi T , ganisazRvrebian formulebiT 

   

cTf

g
k  , 

   
g

f
T cT2 ,                        (32.8) 

rac gamomdinareobs wonasworobis mdgomareobaSi drekadi 
Zalisa da simZimis Zalis tolobidan, e. i.  

    
2k

f

g

m

c
mgcf

cT

cT  . 

 winaRobis gavlena Tavisufal rxevaze. im SemTxvevaSi, 
roca wertili moZraobs blant garemoSi, masze, drekadobis Zalisa 
da raime mudmivi Zalis garda moqmedebs garemos winaRobis Zala 

vR


 . maSin, wertilis moZraobis diferencialur gantolebas x  
RerZze gegmilebSi, roca koordinatTa saTave arCeulia statikuri 
wonasworobis mdgomareobaSi, aseTi saxe aqvs 

   xcxxm   .                      
(32.9) 

 Tu SemoviRebT aRniSvnas 

   
2k

m

c
 ,   n

m
2


, 
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maSin,  (32.9) gantoleba SeiZleba warmovadginoT meore rigis 
erTgvarovan mudmivkoeficientebian diferencialur gantolebis saxiT  

     ,02 2  xkxnx                       (32.10) 

sadac  n - rxevis milevis koeficientia. 
 (32.10) gantolebis Sesabamisi maxasiaTebeli gantoleba  

aseTi saxisaa 

   02 22  knzz .                    (32.11) 
 (32.11) gantolebis fesvebia 

  
22

2,1 knnz  .                 (32.12) 

  (32.12) formulidan gamomdinareobs, rom SesaZloa sami 

SemTxveva: ,kn     ,kn   kn  . 

 1. roca  ,kn   maSin (32.11) maxasiaTebeli gantolebis 

fesvebi kompleqsuria: 

 1

22

2,1 )( iknnknz  ,          (32.12’) 

sadac 
22

1 nkk  . 

 Aam SemTxvevaSi  (32.10) gantolebis zogad amoxsnas aseTi 
saxe aqvs 

 )sincos( 2211 tkCtkCex nt  
.               (32.13) 

 SemoviRoT Secvla: sin1 aC  ,  cos2 aC  . maSin 

(32.13) gamosaxuleba amplituduri formiT ase warmodgeba: 

 ).sin( 1   tkaex nt
                          (32.14) 

 gavawarmooT (32.13) gamosaxuleba droTi: 
     
  

).cossin()sincos( 2221111211 tkkCtkkCetkCtkCnex ntnt  
 

 Aam gamosaxulebaSi da (32.13) gantolebaSi CavsvaT 

moZraobis sawyisi pirobebi: roca 00 ,,0 xxxxt  , da 

ganvsazRvravT integrebis mudmivebs: 

  01 xC  ,   
22

00

1

00
2

nk

nxx

k

nxx
C







 . 

 (32.14) formulis Tanaxmad, roca 1)sin( 1 tk , maSin 

wertilis gadaxra maqsimaluria: 

   
ntaex max
, 
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yvela sxva gadaxra ganizomeba sinusis kanoniT da droTa 

ganmavlobaSi mcirdeba. vinaidan funqcia )sin( 1 tk - periodulia, 

amitom wertilis moZraoba rxeviTi xasiaTisaa, magram rxevaTa 
manZili (gaqaneba) mcirdeba, e. i. aRebul SemTxvevaSi wertili 
asrulebs milevad rxevas. 

 Mmilevadi rxevis amplituda 

  
nt

amp aeA                            (32.15) 

Ddrois ganmavlobaSi mcirdeba. 

 roca  0t  

  02

1

2

002

0

2

2

2

1

)(
A

k

nxx
xCCaAamp 




, 

sadac    0A  - amplitudis sawyisi mniSvnelobaa. 

  milevad rxevis periodi warmoadgens drois Sualeds 
wertilis mier  erTi da imave mimarTulebiT wonasworobis 
mdgomareobis or mimdevrobiT gavlas Soris: 

   
22

1

1

22

nkk
T





.                   (32.16) 

davadginoT milevadi rxevis amplitudis cvlilebis kanoni.  

vTqvaT 1

1

nt
aeA


 , maSin, roca 

2

1
12

T
tt  , 

   2
1

2
)

2
(

2

11

1

1
1

nTnT

nt

T
tn

eAeaeaeA





 , 

roca 
2

1
23

T
tt  ,   maSin 

   2

2

1
2

2
)

2
(

3

11

1

1
2

nTnT

nt

T
tn

eAeaeaeA





 , 

maSasadame 

      
)1(

2
1

1 


m

nT

m eAA .               (32.17) 

(32.17) Fformulidan gamomdinareobs, rom milevadi rxevis 
amplitudis cvlileba xdeba klebadi geometriuli progresiis 

kanoniT, romlis mniSvneli 2

1nT

eq


 , radganac geometriuli 

progresiis nebismieri wevri  
1

1

 m

m qaa . 
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rxevaTa TeoriaSi 2

1nT

e


 sidides ewodeba rxevis dekrementi da 
aRiniSneba  D  asoTi  

    2

1nT

eD


 . 
  rxevis dekrementi gviCvenebs, ramdenjer mcirdeba momdevno 

rxevis amplituda winasTan SedarebiT, Tu amplitudebs daviTvliT 
naxevarperiodebis Semdeg. Tu amplitudebs daviTvliT periodebis 

Semdeg, maSin 1nT
eD


 . 

 Tu wertilma Seasrula N  rxeva, maSin 

     12  Nm  - amplitudebis ricxvi naxevarperiodiis 
Semdeg, 

     1 Nm  - amplitudebis ricxvi periodiis Semdeg. 

 magaliTad, Tu ,4N  maSin amplitudebis ricxvi 

naxevar- periodiis Semdeg udris 9. dauSvaT .05,0
k

n
 aucilebelia 

ganvsazRvroT, ramdenjer Semcirda 9A  amplitude 1A -Tan SedarebiT. 

amisaTvis gamoviyenoT (32.17) formula, miviRebT 
              







4,0
1

8

2
4

4

1

9
8

2
19

2

22
1

1




















 eeee
A

A
eAA

n

k

nk
n

nT

nT

.285,0 . 

maSin           5,3
285,0

1

9

1 
A

A
. 

Tu mocemulia Sefardeba z
A

A


9

1 , maSin SeiZleba ganvsazRvroT  

Dln -  rxevis logariTmuli dekrementi: 

  D
znTnT

z ln
8

ln

2
8

2
ln 11   . 

milevadi rxevis sawyisi faza   ganisazRvreba formuliT  

  

00

22

0

2

1

nxx

nkx
arctg

C

C
arctg




  .           (32.18) 

2. roca  ,kn   maSin  maxasiaTebeli gantolebis (32.12) fesvebi 

namdvilia da sxvadasxva: 
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  ,22

1 knnz     .22

2 knnz   

 Aam SemTxvevaSi  (32.10) gantolebis zogad amoxsnas aseTi 
saxe aqvs 

  tkntknnttztz
eCeCeeCeCx

2222
21

2121

  .     

(32.19) 

  
3. roca  ,kn   maSin maxasiaTebeli gantolebis (32.12) fesvebi 

namdvilia da toli: 

         nzz  21     

Aam SemTxvevaSi  (32.10) gantolebis zogad amoxsnas aseTi saxe 
aqvs 

                  )( 21 tCCex nt  
.                (32.20) 

(32.19) da (32.20) gantolebebi aRweren raRac milevad aperiodul, 
anu, ararxeviT  moZraobas. 

integrebis 1C   da 2C  mudmivebi ganisazRvrebian moZraobis 

sawyisi pirobebis gaTvaliswinebiT: roca 00 ,,0 xxxxt  . 

wertilze srialis (mSrali) xaxunis Zalis moqmedebisas mqise 
zedapirze wertilis (tvirTis) moZraobis diferencialur gantolebas 
aseTi saxe aqvs 

   fNcxxm  .                    (32.21) 

 
iZulebiTi rxeva. aseTi rxeva warmoiqmneba wertilis 

moZraobisas aRmdgeni da SemaSfoTebeli Zalebis, agreTve romelime 
mudmivi Zalis da garemos winaRobis  Zalis moqmedebisas. SesaZloa 
agreTve kinematikuri aRgznebis SemTxvevac. 

 Tu SemaSfoTebeli Zala harmoniulia, xolo garemos 
winaRobis Zala siCqaris pirveli xarisxis proporciuli, maSin 
moZraobis diferencialur gantolebas x  RerZze gegmilebSi aseTi 
saxe aqvs 

 )sin(0   ptQxcxxm .            (32.22) 

Tu aRvniSnavT:  
2k

m

c
 ,  n

m
2


,  h

m

Q
0

, maSin (32.2) 

gantoleba SeiZleba warmovadginoT mudmivkoeficientebiani meore 
rigis araerTgvarovani diferencialur gantolebis saxiT 

 )sin(2 2  pthxkxnxm ,              (32.23) 

romelic warmoadgens nivTieri wertilis iZulebiTi rxevis 
gantolebas winaaRmdegobis gaTvaliswinebiT. 

 (32.23) gantolebis amoxsna 
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   xx 
 x  

warmoadgens Sesabamisi erTgvarovani (32.10)  gantolebis zogadi 

- x  amoxsnisa da (32.23) gantolebis kerZo - 
x  amoxsnis jams. 

 zogadi - x  amoxsna damokidebulia n  da k  

Sefardebaze. Tu kn  , maSin amoxsna SeiZleba iyos (32.13) an (32.14) 

saxiT, Tu kn  , maSin (32.19) saxiT, Ty ,kn   maSin (32.20) saxiT.  Aam 

gamosaxulebebSi 
nte
 Tanamamravli miuTiTebs imaze, rom moZraoba 

swrafad miileva, amitom, rxevebi aRiwerebian kerZo 
x  amoxsniT, 

romelic arsebiTad t -s didi mniSvnelobisaTvis warmoadgens (32.23) 
diferencialuri gantolebis srul amoxsnas. 

 kerZo 
x  amoxsna damokidebulia (32.23) araerTgvarovani 

gantolebis marjvena mxaris saxeze,  e. i. 

           )sin(   ptAx c
,                 (32.24) 

sadac cA  - iZulebiTi rxevis amplitudaa winaRobis 

gaTvaliswinebiT                       

   
22222 4)( pnpk

h
Ac


 ;              (32.25) 

  - SemaSfoTebeli Zalis an iZulebiTi rxevis fazis Zvris 

sididea,   
22

2

pk

np
tg


 ,    0 .              (32.26)

  
 saWiroa SevniSnoT, rom rezonansis SemTxvevaSi, roca 

pk  , iZulebiTi rxevis amplitudas aqvs sasruli mniSvneloba 

    
nk

h

np

h
Apez

22
 ,                        (32.27) 

xolo  
2


  , rac gamomdinareobs (32.26) formulidan. 

 Tumca, rezonansuli amplituda ar warmoadgens 
maqsimalurs. arsebobs SemaSfoTebeli Zalis iseTi sixSire, romlis 
drosac amplitudas aqvs maqsimaluri mniSvneloba. Aam sixSiris 
gansazRvrisaTvis saWiroa eqstremumze gamovikvlioT (32.25) 
gamosaxuleba, saidanac vipoviT 

  
22 2nkp  .                      (32.28) 

 maSin, (32.25) formula miiRebs aseT saxes 
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222

max

12
2
















k

n
nk

h

nkn

h
A  .           (32.29) 

  Tu SevadarebT (32.27) da  (32..29) gamosaxulebebs, 
miviRebT 

   
2

max

1 











k

n

A
A

pez
,                  (32.30) 

 Aamgvarad, Tu blanti garemos winaRoba umniSvneloa 

(magaliTad,  )05,0
k

n
,  maSin  

pezAA max
, 

e. i. amplitudis maqsimaluri mniSvneloba rezonansulis tolia.   
 Tu winaRobas ugulebelvyofT,  maSin (32.23), (32.25) da 

(32.26) formulebSi  0n .   (32.23) gamosaxuleba aseT saxes miiRebs         

      )sin(2  pthxkxm ,              (32.31) 

-- es aris iZulebiTi rxevis diferencialuri gantoleba 
uwinaRo garemoSi. 

 (32.31) gantolebis amoxsna SiZleba warmovadginoT imave 
saxiT 

             xx 
 x , 

sadac, x aRiwereba (32.4) an (32.5) gantolebebiT, xolo 
x  

SeiZleba miviRoT (32.24) gantolebidan im pirobiT, rom  :pk   

   ).sin(
22

 


 pt
pk

h
x         

(32.32) 

amasTanave, Tu kp   (mcire sixSiris iZulebiTi rxeva), maSin 

fazis Zvris sidide  0 ,   Tu  kp   (didi sixSiris 

iZulebiTi rxeva), maSin fazis Zvris sidide    ,  xolo 

iZulebiTi rxevis amplituda 
22 pk

h
AB


 .              (32.33) 

 maSasadame, roca  kp   

        ).sin(
22

 


 pt
kp

h
x         (32.34) 



304 

 

 amgvarade, Tu aucilebelia ganvsazRvroT mxolod 
iZulebiTi rxeva, maSin saWiroa mxedvelobaSi miviRoT mxolod 

kerZo - 
x  amoxsna.  sruli rxevis gansazRvrisas winaRobis 

gaTvaliswinebiT an mis gareSe, saWiroa vipovoT sruli amoxsna 

xx 
 x . 

 (32.27), (32.32) da (32.33) gamosaxulebebidan gamomdinareobs, 

rom roca 0n , an  kp  ,  maSin iZulebiTi rxevis 

amplituda usasrulobis tolia. maSin (32.31) gantolebis kerZo 
x  amoxsna ar SeiZleba warmodgenil iqnes (32.32) an (32.34) 

formulebis saxiT. Aamitom, rezonansis SemTxvevaSi kerZo 
x  

amoxsnas eZeben Semdegi saxiT 

   )cos(  ktBtx .                 (32.25) 

 maTematikuri gardaqmnebis Sedegad miviRebT, rom  

k

h
B

2
 . maSin, (32.35) gamosaxuleba miiRebs Semdeg saxes 

     )cos(
2

ktt
k

h
x )

2
sin(

2


 ktt

k

h
,        

(32.36) 

e. i.  rezonansis dros  
2


  .  

 iZulebiTi rxevebis TeoriaSi mniSvnelovania 
dinamiurobis   koeficientis cneba, romelic warmoadgens 

iZulebiTi rxevis A  amplitudis Sefardebas garkveul 

maqsimaluri SemaSfoTebeli Zalis moqmedebiT gamowveul 0A  

gadaxris (drekadi bmis manZilis) statikur mniSvnelobasTan,  e. 
i. 

   

0A

A
 , 

sadac           
2

0
0

k

h

c

hm

c

Q
A  .                        (32.37) 

 0A -s mniSvneloba SeiZleba miviRoT (32.25) 

gamosaxulebidan, Tu miviRebT 0p , es aris 
x -s (32.24) 

amoxsnis kerZo SemTxveva, roca 0p  da  


 
2

. 
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 maSin, iZulebiTi rxevis dinamiurobis koeficienti 

winaRobis gaTvaliswinebisas, roca cAA  , 

     

4

22
2

2
4

1

1

k

pn

k

p























 ,           (32.38) 

winaRobis gauTvaliswineblad ( BAA  ), roca kp   

       
2

1

1













k

p
 ,                          (32.39) 

roca  kp        

1

1
2











k

p
 .                          (32.40) 

 
 
            am paragrafis amocanebis amoxsnis Tanamimdevroba: 
 
        1.  gavavloT sakoordinato RerZi, romlis saTave 
SeuTavsoT nivTieri wertilis statikuri wonasworobis 
mdgomareobas. RerZi mivmarToT wertilis gadaadgilebis mxares. 
        2.  ganvsazRvroT moZraobis sawyisi pirobebi 
        3.  gamovsaxoT  wertili (sxeuli) nebismier 
mdebareobaSi. 
 4.  vaCvenoT naxazze nivTier wertilze moqmedi yvela 
Zala.  
 5. SevadginoT moZraobis diferencialuri gantoleba 
arCeul RerZze gegmilebSi. 
 6.  amovxsnaT miRebuli diferencialuri gantoleba. 
 7. moZraobis sawyisi pirobebis gaTvaliswinebiT 
ganvsazRvroT integrebis mudmivebi. 
 8.  iZulebiTi rxevis SemTxvevaSi vipovoT 

diferencialuri gantolebis mxolod  kerZo 
x  amoxsna. 
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Tavisufali rxevebi 
 

amocanebi da amoxsnebi 
 

                        A  Aamocana  32.1 

 

 erTi boloTi A  wertilSi Camagrebuli AB zambara 
iseTia, rom misi 1 m  dagrZelebisaTvis saWiroa statikuri 

datvirTvisaTvis B  wertilSi movdoT 19,6 n Zala. garkveul 

momentSi aradeformi- rebuli zambaris qveda B boloSi 

dakides 0,1 kg masis  C  sawoni da gauSves sawyisi siCqaris 
gareSe. zambaris masa ugulebelyaviT, CawereT sawonis Semdgomi 
moZraobis gantoleba da miuTiTeT rxevis amplituda da 
periodi; sakoordinato RerZi gaavleT sawonis statikuri 
wonasworobis mdgomareobidan vertikalurad qveviT. 
 

  a m o x s n a. ganvixiloT sawonis rxeva simZimis G

 

Zalisa da drekadi ypF


 Zalis moqmedebiT. x  RerZi 

mivmarToT vertikalurad qveviT saTaviT O  wertilSi 
sawonis statikuri wonasworobis mdgomareobidan. 

gamovsaxoT tvirTi nebismier M mdebareobaSi, romelic 
gansazRvrulia x  koordinatiT. 
      CavweroT sawonis moZraobis diferencialuri 
gantoleba x  RerZze gegmilebSi: 

  ypkx FGFxm   , 

sadac  ypF c  ,  xf cT   - zambaris deformaciaa. 

maSin     

  cGxm  ( cxcfGxf cTcT  )

. 
       radganac statikuri wonasworobis 
mdgomareobaSi 

  G ypF cTcfc  0)0( , 

Aamitom  

    cxxm   

Aanu 

                  02  xkx , 
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sadac  
m

c
k 2

. 

 am erTgvarovani diferencialuri gantolebis amoxsnas 
aseTi saxe aqvs 

         ktCktCx sincos 21  .                            

(1) 
(1) gamosaxuleba gavawarmooT droTi: 

               ktkCktkCx cossin 21  .             (2) 

 integrebis 1C  da 2C  mudmivebi ganisazRvrebian 

moZraobis sawyisi pirobebiT: roca 

0,,0 000  vx
c

G
fxt cT .  

    (1) formulidan 1C ,0
c

G
x   (2) formulidan 02 C . 

Ees mniSvnelobebi SevitanoT (1) formulaSi, miviRebT 

     kt
c

G
x cos ,                    (3) 

sadac  mgG  . 

 gamovTvaloT zambaris sixiste 

   6,19
1

6,19


l

p
c  (n/m), 

Dda wriuli sixSire 14
1,0

6,19


m

c
k  (rad/wm). 

 CavsvaT es mniSvnelobebi (3) formulaSi da davweroT 
sawonis moZraobis gantoleba 

  ttx 14cos05,014cos
6,19

8,91,0



  (m). 

 gamovTvaloT periodi 

    45,0
14

14,322





k
T


 (wm) 

Dda sawonis rxevis amplituda 

  05,0005,0 2

2

2

02

0 



k

x
xa  (m). 

  p a s u x i: tx 14cos05,0  m;  45,0T wm;  5a sm. 
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   Aamocana  32.2 

 

 2M t masis tvirTis 5v  m/wm siCqariT Tanabari 
daSvebisas blokis garsakrSi bagiris gaWedvis gamo moxda 
bagiris im zeda bolos uecari SeCereba, romliTac eSveba 
tvirTi. Bbagiris masa ugulebelyaviT da gansazRvreT misi 
udidesi DdaWimuloba tvirTis Semdgomi rxevisas, Tu bagiris 

sixistis koeficientia 4•106  n/m. 

 a m o x s n a. tvirTi irxeva simZimis G

 

Zalisa da drekadi ypF


 Zalis moqmedebiT. x  RerZi 

mivmarToT vertikalurad qveviT saTaviT O  wertilSi 
tvirTis statikuri wonasworobis mdgomareobidan. 

gamovsaxoT tvirTi nebismier M mdebareobaSi, 
romelic gansazRvrulia x  koordinatiT. 
      CavweroT sawonis moZraobis diferencialuri 
gantoleba x  RerZze gegmilebSi: 

  ypkx FGFxm   ,                  (1) 

sadac  
ypF c  ,  xf cT   -  bagiris deformaciaa. 

maSin   (1)  gantolebas aseTi saxe aqvs  

 cGxm  ( cxcfGxf cTcT  ) . 

       radganac statikuri wonasworobis 
mdgomareobaSi 

  G ypF cTcfc  0)0( , 

Aamitom  

     cxxm   

Aanu 

                   02  xkx , 

sadac  
m

c
k 2

. 

 am erTgvarovani diferencialuri gantolebis amoxsnas 
aseTi saxe aqvs 

            ktCktCx sincos 21  .                (2) 

     ktkCktkCx cossin 21  .           
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 integrebis 1C  da 2C  mudmivebi ganisazRvrebian 

moZraobis sawyisi pirobebiT: roca 0,0 0  xt .  vinaidan 

rxeviTi moZraoba iwyeba statikuri wonasworobis 

mdgomareobidan 00 vx  . maSin 

     ,01 C  
k

v
C 0

2  ,  Ees mniSvnelobebi SevitanoT (2) 

formulaSi, miviRebT      kt
k

v
x sin0 ,                    

 Ees gantoleba warmovadginoT aseTi saxiT 

                     )sin(  ktax ,                    

sadac   

       
k

v

k

x
xa 0

2

2

02

0 


 ,   00
0

00

0 





 
v

k

x

kx
tg .  

maSin                            

  .sinsin 0

2 ktkvktakx   

   (1) gantolebidan ganvsazvroT drekadobis Zala, e. i. 
bagiris daWimuloba 

  )( xgmxmGFyp
 . 

E      es Zala maqsimaluria, roca x  iRebs maqsimalur 
mniSvnelobas 

2akx    da mimarTulia zemoT,  e. i. roca 1)sin( kt .  

 maSasadame, bagiris udidesi daWimuloba        

         















m

c
vgmkvgmakgmF 00

2

max )()(  

     8,466
102

104
58,92

3

6



















  (kn). 

 
 
 

  p a s u x i:   466,8  kn.  
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   Aamocana  32.3 

 

 wina amocanaSi gansazRvreT bagiris udidesi 
daWimuloba, Tu tvirTsa da bagirs Soris moTavsebulia 

drekadi zambara, romlis sixistis koeficientia 
5

1 104 c  n/m. 

    a m o x s n a.  mocemul SemTxvevaSi tvirTi irxeva or 
mimdevrobiT SeerTebul drekad elementze, romelTa 

sixisteebia 1c  da 2c . SevcvaloT es elementebi maTi 

eqvivalenturi sixistis erTi ekBc  elementiT:   

     21  ekB , 

sadac   21 ,, ekB  - arian Sesabamisad ekvivalenturi, 

pirveli da meore drekadi elementis deformaciebi. 

 vinaidan  
c

Fyp
 ,  amitom 

                   

2

)2(

1

)1(

c

F

c

F

c

F ypyp

ekv

yp
  ,                      (1) 

sadac 
)2()1( ,, ypypyp FFF  - Sesabamisad ekvivalenturi, pirveli da 

meore drekadi elementebis drekadobis Zalebia. 
 E mimdevrobiTi SeerTebisas elementebis drekadobis 

Zalebi tolia,  e. i.      )2()1( ypypyp FFF  . 

maSin (1) formulis Tanaxmad 

      

21

111

cccekv

 . 

aqedan 

 4

56

56

21

21 1036,36
104104

104104










cc

cc
cekv

 (n/m). 

 Semdgom ganvixilavT tvirTis rxevas ekvc  sixistis 

drekad elementze (ix.  32.2 amocanis amoxsnis naxazi). CavweroT 
tvirTis moZraobis diferencialuri gantoleba x  RerZze 
gegmilebSi: 
 

 .xcfcGcGFGxm ekvcTekvekvyp            

       radganac statikuri wonasworobis mdgomareobaSi 

  G ypF cTekv fc)0( , 
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Aamitom  xcxm ekv  

Aanu             02  xkx , 

sadac  
m

c
k ekv2

. 

        Tu movaxdenT 32.2 amocanis amoxsnaSi moyvanil 
analogiur gardaqmnebs, miviRebT, rom bagiris udidesi 
daWimuloba 

 















m

c
vgmkvgmakgmF ekv

00

2

max )()(  

         4,154
102

1036,36
58,92

3

4



















  (kn) 

p a s u x i:   154,4  kn. 
 

                         Aamocana  32.4 

 

      Q  tvirTi sawyisi siCqaris gareSe vardeba  1h  m 

simaRlidan da ecema drekadi horizontaluri Zelis SuaSi; 
Zelis boloebi Camagrebulia. CawereT Zelze tvirTis Semdgomi 
moZraobis gantoleba. sakoordinato RerZi gaavleT Zelze 
tvirTis statikuri wonasworobis mdgomareobidan 
vertikalurad qveviT, Tu mocemuli datvirTvisas Zelis 
statikuri CaRunva mis SuaSi 0,5 sm-s tolia; Zelis masa 
ugulebelyaviT. 
 
  a m o x s n a. ganvixiloT tvirTis 
rxeva drekadi Zelis SuaSi simZimis 

G

 Zalisa da drekadi ypF


 Zalis 

moqmedebiT (ix. naxazi). x  RerZi 
mivmarToT vertikalurad qveviT 

saTaviT O  wertilSi tvirTis statikuri wonasworobis 
mdgomareobidan. gamovsaxoT tvirTi nebismier mdebareobaSi, 
romelic gansazRvrulia x  koordinatiT. 
      CavweroT tvirTis moZraobis diferencialuri gantoleba 
x  RerZze gegmilebSi: 

  ypkx FGFxm   ,                      (1) 

sadac  ;mgG   ypF c  ;  Zelis CaRunva  xf cT  , 

maSin     
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  cmgxm  ( cxcfmgxf cTcT  ) . 

       radganac statikuri wonasworobis mdgomareobaSi 

       mg ypF cTcf)0( ,                     (2) 

Aamitom (1) gantolebas aseTi saxe aqvs 

      cxxm   

Aanu 

                    02  xkx , 

sadac  
m

c
k 2

. 

 am erTgvarovani diferencialuri gantolebis amoxsnas 
aseTi saxe aqvs 

       ktCktCx sincos 21  .                (3)

  

      ktkCktkCx cossin 21  .               

 integrebis 1C  da 2C  mudmivebi ganisazRvrebian 

moZraobis sawyisi pirobebiT: roca .,,0 000 vxfxt cT   

 ganvsazRvroT 0v  siCqare, romliTac  tvirTi ecema 

Zelze. vardnili tvirTisaTvis gamoviyenoT kinetikuri energies 
cvlilebis Teorema, miviRebT 

               
2

2mv
  mghGAA

vm
k )(

2

)( 2'

0


.    

vinaidan  ,00 v  amitom 

  43,418,9220  ghvv   (m/wm). 

 ganvsazRvroT integrirebis mudmivebi 1C  da 2C :  

cTfC 1 ,  .0
2

k

v
C   CavsvaT  1C  da 2C  mniSvnelobebi (3) 

formulaSi: 
     

t
m

c

c

m
vt

m

c
fkt

k

v
ktfx cTcT sincossincos 0

0  . 

 (2) formulidan   

cTf

mg
c  . 
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 Aamitom, (3) formulis Tanaxmad tvirTis moZraobis 

gantoleba aseTi iqneba x(  metrebSia) 

     tt
f

g

g

f
vt

f

g
fx

cT

cT

cT

cT
005,0

8,9
cos005,0sincos 0

A 

    
ttt 3,44sin1,03,44cos005,0

005,0

8,9
sin

8,9

005.0
43,4 

 

 
p a s u x i:    x )3,44sin1,03,44cos005,0( tt   sm. 

 

   amocana  32.5 

 vagonis yovel resorze modis P n datvirTva; am 
datvirTvis dros wonasworobisas resori CaiRuneba 5 sm. 

gansazRvreT vagonis resorebze sakuTari rxevis T  periodi. 
resoris drekadi winaRoba misi 
CaRunvis isaris proporciulia. 
 a m o x s n a. dauSvebT, rom 
vagonis resorebs gaaCniaT erTnairi 
c  sixiste da yovel resorze modis 

erTnairi P datvirTva, SegviZlia 
CavTvaloT, rom vagonis rxeva 

identuria (igivea) rac  P  wonis 
tvirTis rxeva erT resorze. Nnaxazze gamovsaxoT tvirTi 
nebismier mdebareobaSi, romelic gansazRvrulia x  

koordinatiT. x0  RerZi mivmarToT statikuri wonasworobis 
mdgomareobidan vertikalurad qveviT. CavweroT tvirTis 
moZraobis diferencialuri gantoleba x  RerZze gegmilebSi: 

           ypFGxm  ,                      (1) 

sadac  ;mgG   ypF c  ;  resoris deformacia  

xf cT  . 

 statikuri wonasworonis mdgomareobaSi    

       mg ypF cTcf)0( ,                     

Aamitom (1) gantolebas aseTi saxe aqvs 

      cxxm   

Aanu                02  xkx ,                             (2) 

sadac  
m

c
k 2

. 
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 miRebuli (2) diferencialuri gantoleba aRwers 
Tavisufal rxevas. tvirTis rxevis periodi 

   
c

m

k
T 


2

2
 . 

    resoris c  sixiste ganisazRvreba statkuri wonasworobis 

pirobidan   

cT

cT
f

mg
cmgcf  . 

 vagonis sakuTari rxevis periodi aseTia 

             45,0
8,9

05,0
14,3222 

g

f

c

m
T cT  (wm). 

  p a s u x i:  45,0T  wm. 

 

   amocana  32.6 

 
 gansazRvreT drekad gruntze dadgmuli 
manqanis saZirkvelis Tavisufali rxevis periodi, 
Tu saZirkvelis masa manqanasTan erTad aris 

90M t, saZirkvelis Ziris farTobi 15S  m2, 

gruntis sixistis koeficienti  ,Sc   sadac  

30  n/sm3 – egreT wodebuli gruntis kuTri 
sixiste. 
 
   a m o x s n a. ganvixiloT drekad gruntze dadgmuli 

manqanis saZirkvelis Tavisufali rxeva simZimis G

 Zalisa da 

drekadi ypF


 Zalis moqmedebiT (ix. naxazi). x  RerZi mivmarToT 

vertikalurad qveviT saTaviT O  wertilSi tvirTis statikuri 
wonasworobis mdgomareobidan. gamovsaxoT merxevi tvirTi 

nebismier M mdebareobaSi da CavweroT moZraobis 
diferencialuri gantoleba x  RerZze gegmilebSi: 

          ypFGxm  ,                      (1) 

sadac  ;mgG   ypF c  ;  gruntis deformacia  

xf cT  , 

maSin       cmgxm  ( cxcfmgxf cTcT  )

. 
       radganac statikuri wonasworobis mdgomareobaSi 
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         mg ypF cTcf)0( ,                     

Aamitom (1) gantolebas aseTi saxe aqvs 

        cxxm   

Aanu                   02  xkx , 
Ees aris Tavisufali rxevis diferencialuri gantoleba, 

romlis periodi               
k

T
2

  

sadac  
m

c
k   - wriuli sixSirea, Sc  . 

 maSasadame, manqanis saZirkvelis Tavisufali rxevis 
periodi 

   089,0
101530

90000
14,322

6





S

m
T


  (wm). 

  p a s u x i:  089,0T  wm. 

 
 

   amocana  32.7 
 gansazRvreT wynar wyalze gemis 
Tavisufali vertikaluri rxevis periodi, 

Tu gemis masaa M t, misi horizontaluri 

gegmilis farTobi S  m2. wylis simkvrive 

1  t/m2.  wylis siblantiT 

ganpirobebuli Zalebi ugulebelyaviT. 
   a m o x s n a. ganvixiloT wyalze 

gemis rxeva simZimis G

 Zalisa da 

amomgdebi 
BTF


 Zalis moqmedebiT (ix. 

naxazi). x  RerZi mivmarToT vertikalurad qveviT saTaviT O  
wertilSi gemis statikuri wonasworobis mdgomareobidan.  
      CavweroT gemis rxeviTi moZraobis diferencialuri 
gantoleba x  RerZze gegmilebSi: 

   BTFGxM  ,                       (1) 

sadac ;MgG   BTF gV , V -gemis mier dakavebuli 

(gamoZevebuli) wylis moculobaa  ).( xfSV cT  , 

maSin     

   .)( gSxgSfGgSxfGxM cTcT          

radganac gemis statikuri wonasworobis mdgomareobaSi 
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      G BTF cTgSf)0( ,                     

Aamitom (1) gantolebas aseTi saxe aqvs 

      gSxxM   

Aanu 

                     02  xkx , 

Ees aris Tavisufali rxevis gantoleba, sadac 
.

2

M

gS
k


  

        Ggemis vertikaluri rxevis periodi     

        
gS

M

k
T





2

2
 . 

  p a s u x i:  
gS

M
T


2 wm. 

 
        
 

          
 

   Aamocana  32.8 

 

 wina amocanis pirobebSi ipoveT gemis moZraobis 
gantoleba, Tu is wyalSi CauSves sawyisi vertikaluri siCqaris 
gareSe. 
  a m o x s n a. wina, 32.7 amocanaSi miRebuli moZraobis 
diferencialuri  

   02  xkx   
Ggantolebis amoxsnas aseTi saxe aqvs 

            ktCktCx sincos 21  .                (1) 

     ktkCktkCx cossin 21  .    

sadac  
M

gS
k


2

.        

 integrebis 1C  da 2C  mudmivebi ganisazRvrebian 

moZraobis sawyisi pirobebiT: roca 

S

M

gS

G
fxt cT


 0,0 .  vinaidan rxeviTi moZraoba 

iwyeba statikuri wonasworobis mdgomareobidan 00 x .  maSin, 
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S

M
C


1 , 02 C ,  Ees mniSvnelobebi SevitanoT (1) 

formulaSi, miviRebT gemis moZraobis gantolebas: 

  













 t

M

gS

S

M
x




cos . 

    p a s u x i:  













 t

M

gS

S

M
x




cos m.   

       
 

   Aamocana  32.9 

 

 P n wonis tvirTi drekadi ZafiT kidia uZrav wertilSi. 
wonasworobis mdgomareobidan gamoyvanili tvirTi iwyebs 
rxeviT moZraobas. Zafis x  sigrZe gamosaxeT drois funqciaSi 
da ipoveT, romel pirobas unda akmayofilebdes Zafis sawyisi 

0x  sigrZe, rom tvirTis moZraobis dros Zafi rCebodes 

daWimuli. Zafis daWimuloba  dagrZelebis proporciulia; Zafis 

sigrZe dauWimav mdgomareobaSi l -s tolia;  q n-s toli 

statikuri datvirTvis moqmedebiT Zafi 1 sm-T grZeldeba. 
tvirTis sawyisi siCqare nulis tolia.  
  
 a m o x s n a. ganvixiloT tvirTis rxeva 

simZimis P

 Zalisa da drekadi ypF


 Zalis 

moqmedebiT (ix. naxazi). x  RerZi mivmarToT 
vertikalurad qveviT, koordinatTa saTaviT 

dakidvis O  wertilSi. gamovsaxoT tvirTi 

nebismier M  mdebareobaSi, romelic 
gansazRvrulia x  koordinatiT. CavweroT tvirTis 
moZraobis diferencialuri gantoleba x  RerZze 
gegmilebSi: 

     ypFPxm  ,                        

sadac  ;mgP   ypF c  ;   - zambaris deformacia,  

lx  . 

maSin               )( lxcPxm . cxclP  ,     
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anu                  ,l
m

c
gx

m

c
x                        (1) 

sadac   qc   - zambaris sixistea. 

 aRvniSnoT  
2k

P

qg

m

q

m

c
 . 

maSin (1) gantoleba ase Caiwereba 

   lkgxkx 22  .                    (2) 

 araerTgvarovani diferencaluri (2) gantolebis  
amoxsna aseTi saxiT veZeboT 

          
 xxx , 

sadac  ;sincos 21 ktCktCx      constAx 
. 

 vipovoT kerZo amoxsna misi CasmiT (2) gantolebaSi: 

  .
2

22 l
q

P
l

k

g
AlkgAk   

maSasadame, 

  l
q

p
ktCktCx  sincos 21 ,               (3) 

    ktkCktkCx cossin 21  .                (4)   

  

 integrebis 1C  da 2C  mudmivebi ganisazRvrebian (3) da 

(4) formulebidan moZraobis sawyisi pirobebis gaTvaliswinebiT: 

roca ,,0 0xxt   00  xx . maSin 

                     ,01
q

P
lxC     02 C .  

Ees mniSvnelobebi SevitanoT (3) formulaSi, miviRebT 
 
































 t

P

qg

q

P
lx

q

P
ll

q

p
kt

q

P
lxx coscos 00

.E  

 vipovoT, 0x -s rumeli mniSvnelobisaTvis iqneba Zafi 

yovelTvis daWimuli,  e. i.  lx  . 

                    lt
P

qg

q

P
lx

q

P
l 























 cos0
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anu             0cos0 






















 t

P

qg

q

P
lx

q

P .                (5) 

 radganac (5) utolobaSi 













t

P

qg
cos  Rebuloba 

eqstremalur mniSvnelobas 1 , amitom ganvixiloT ori 
SemTxveva: 

  1)  Tu  1cos 













t

P

qg
, maSin 

                       00 









q

P
lx

q

P ,    lx 0 ; 

  2)  Tu  ,1cos 













t

P

qg
, maSin 

                       00 









q

P
lx

q

P ,    
q

P
lx

2
0  . 

maSasadame,        
q

P
lxl

2
0   

p a s u x i:   






















 t

P

qg

q

P
lx

q

P
lx cos0

;   
q

P
lxl

2
0  . 

 
    

                    Aamocana  32.10  

 

 Nnaxazze miTiTebulia ori urTierT sawinaaRmdego 
mxares mbrunavi erTnairi radiusis cilindruli borbali, 
romlebzec Tavisuflad devs erTgvarovani Rero. Bborblebis 

10  da 20  centri mdebareobs horizontalur 2100  wrfeze; 

manZili l200 21  ; Rero 

moZraobaSi modis xaxunis 
ZalebiT, romlebic viTardebian 
borblebTan misi Sexebis 
wertilebSi; es Zalebi Reros 
borbalze wnevis proporciulia, 
amasTanave, proporciulobis 
koeficienti (xaxunis 
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koeficienti) f -s tolia. 

 1) gansazRvreT Reros moZraoba mas Semdeg, roca Cven 

mas gadavwevT simetriis mdebareobidan 0x manZiliT, roca 

00 v .  

 2) gansazRvreT xaxunis f koeficienti, Tu viciT, rom 

Reros rxevis periodi, roca 25l  sm, aris 2T  wm. 

 a m o x s n a.   1)  ganvixiloT 
Reros horizontaluri moZraoba 

simZimis P

 Zalis,  xaxunis 

1F

 da 

2F


 Zalebis da reaqciis 
1N


 da 

2N


 Zalebis moqmedebiT (ix. 

naxazi). x  RerZi mivmarToT 
horizontalurad marjvniv, 

koordinatTa saTaviT O  wertilSi. 
    CavweroT Reros moZraobis diferencialuri gantoleba x  

RerZze gegmilebSi:    21 FFxm  ,                   (1) 

sadac     fNF 11  ; fNF 22  .  

 gamovsaxoT 1N   da 2N  Zalebi simZimis P Zalis 

saSualebiT da gaviTvaliswinoT Reros x  gadaagileba. 
SevadginoT Reroze moqmedi ZalTa sistemis wonasworobis 
gantolebebi: 

    ,0)( kA FM


      ;0)(2 2  xlPlN  

  ,0)(  kB FM


      .02)( 1  lNxlP  

aqedan 

 x
l

PP

l

xl
PN

222
2 


 ,   x

l

PP

l

xl
PN

222
1 


 . 

maSin  

    1F ),
22

( x
l

PP
f       2F ),

22
( x

l

PP
f   

(1) gantoleba miiRebs aseT saxes    

   ,x
l

fP
xm    



321 

 

Aan, imis gaTvaliswinebiT, rom mgP     

   ,02  xkx                    (2)  

sadac   
l

fg
k 2

. 

 (2) diferencialuri gantolebis amoxsnas aseTi saxe aqvs 

                   ktCktCx sincos 21  ,             (3) 

    ktkCktkCx cossin 21  .                   

 integrebis 1C  da 2C  mudmivebi ganisazRvrebian  

moZraobis sawyisi pirobebis gaTvaliswinebiT: roca 

,,0 0xxt   00  vx .  

maSin               ,01 xC     02 C .  

Ees mniSvnelobebi SevitanoT (3) formulaSi, miviRebT 

              













 t

P

qg
xx cos0

. 

 2) ganvsazRvroT xaxunis koeficienti f . vinaidan 

Tavisufali rxevis periodi 

        

l

fgk
T

 22
 , 

Aamitom          25,0
28,9

25,014,344
2

2

2

2







gT

l
f


. 

  p a s u x i:  1)  













 t

P

qg
xx cos0

;   2)  25,0
4

2

2


gT

l
f


. 

 
 

   amocana  32.11 
 

 erTi da igive zambaraze dakides jer P  

wonis tvirTi, meored ki P3  wonis tvirTi. 
gansazRvreT, ramdenjer Seicvleba rxevis 
periodi. viciT ra zambaris sixistis koeficienti 
c , agreTve sawyisi pirobebi (tvirTebs kidebdnen 
dauWimavi zambaris boloSi da uSvebdnen sawyisi 
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siCqaris gareSe), ipoveT tvirTebis moZraobis gantolebebi. 

    a m o x s n a.  ganvixiloT rxeva simZimis G

 Zalisa da 

drekadi ypF


 Zalis moqmedebiT (ix. naxazi). x  RerZi mivmarToT 

vertikalurad qveviT saTaviT O  wertilSi tvirTis statikuri 
wonasworobis mdgomareobidan. 

 CavweroT tvirTis moZraobis diferencialuri 
gantoleba x  RerZze gegmilebSi: 

   
ypFGxm  ,                       

sadac  ;mgG   
ypF c  ;  zambaris deformacia  

xf cT  , 

maSin      cGxm  ( )xf cT  .                      (1) 

       radganac statikuri wonasworobis mdgomareobaSi 

       G ypF cTcf)0( ,                     

Aamitom (1) gantolebas aseTi saxe aqvs 

      cxxm   

Aanu                 02  xkx , 

sadac   
m

c
k 2

. 

 am diferencialuri gantolebis amoxsnas aseTi saxe aqvs 

                   ,sincos 21 ktCktCx  ,            

     ktkCktkCx cossin 21  .                

 integrebis 1C  da 2C  mudmivebi ganisazRvrebian  

moZraobis sawyisi pirobebis gaTvaliswinebiT: roca 

cTfxt  0,0 , 00 x .  

maSin                    ,1
c

G
fC cT     02 C .  

Ees mniSvnelobebi SevitanoT (3) formulaSi, miviRebT 

                 













 t

m

c

c

G
x cos . 

 Aaqedan  PG   wonis tvirTisaTvis 

   













 t

P

cg

c

P
x cos1

, 
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xolo,  PG 3  wonis tvirTisaTvis 

   













 t

P

cg

c

P
x

3
cos

3
2

, 

 vinaidan Tavisufali rxevis periodi 

        
k

T
2

 , 

Aamitom    3

2

3
2

1

2 

cg

P

cg

P

T

T





   

  p a s u x i:  3
1

2 
T

T ; 













 t

P

cg

c

P
x cos1

; 













 t

P

cg

c

P
x

3
cos

3
2

. 
 
 

   Aamocana  32.12 
 

 2c  kn/m sixistis zambaras dasawyisSi miabes 6 kg 
masis tvirTi, Semdeg ki igi Secvales orjer meti masis 
tvirTiT. gansazRbreT tvirTebis rxevis sixSire da periodi. 
  a m o x s n a. cnobilia, rom zambaraze dakidebuli 
sxeulebi asruleben harmoniul rxevebs. Aam rxevebis sixSire da 
periodia  

  
m

c
k  ,     

c

m

k
T 


2

2
 . 

     gamovTvaloT 61 m kg da 122 m  masebis 

tvirTebisaTvis rxevis sixSireebi 

  26,18
6

2000

1

1 
m

c
k  (rad/wm), 

  9,12
12

2000

2

2 
m

c
k    (rad/wm). 

 rxevis periodebia 

  344,0
2000

6
14,322 1

1 
c

m
T   (wm) 
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                49,0
2000

12
14,322 2

2 
c

m
T   (wm) 

  p a s u x i:   26,181 k  rad/wm;   9,122 k  rad/wm; 

   344,01 T  wm;        49,0T  wm. 

 
 

   amocana  32.13 

 

     zambaraze, romlis sixistis koeficientia 6,19c  n/m, 

dakides ori tvirTi, romelTa masebia 5,01 m kg da 

8,02 m kg. statikuri wonasworobis mdgomareobaSi 

sistema iyo uZravi, rodesac moxsnes  2m  tvirTi. 

darCenili tvirTisaTvis ipoveT moZraobis gantoleba, 
sixSire, wriuli sixSire da rxevis periodi. 

  a m o x s n a. ganvixiloT 1m  tvirTis  rxeva 

simZimis 
1G


 Zalisa da drekadi ypF


 Zalis moqmedebiT 

(ix. naxazi). x  RerZi mivmarToT vertikalurad qveviT saTaviT 

O  wertilSi 1m  tvirTis statikuri 

wonasworobis mdgomareobidan. gamovsaxoT 
tvirTi nebismier  mdebareobaSi, romelic 
gansazRvrulia x  koordinatiT. 

 CavweroT tvirTis moZraobis 
diferencialuri gantoleba x  RerZze 
gegmilebSi: 

   ypFGxm  11 ,                       

sadac ypF c ( )
1

xfcT  . 

maSin      cGxm  11 ( cxxfcT  )
1

,                       

anu, radganac statikuri wonasworobis 
mdgomareobaSi 

       1G
ypF cTcf)0( ,                     

Aamitom gantolebas aseTi saxe aqvs 

       cxxm 1  

Aanu                 02  xkx , 
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sadac   

1

2

m

c
k  . 

 am diferencialuri gantolebis amoxsnas aseTi saxe aqvs 

                   ktCktCx sincos 21  ,            

     ktkCktkCx cossin 21  .                  

  moZraobis sawyisi pirobebis gaTvaliswinebiT: 

roca 
c

gm

c

G
fxt cT

22
0 2

,0  , 00 x . maSin  ,2
1

c

gm
C     

02 C .  

E   tvirTis moZraobis gantoleba iqneba                      

          ttkt
c

gm
x 26,6cos4,0

5,0

6,19
cos

6,19

8,98,0
cos2 














 . 

     vipovoT wriuli sixSire 

  26,6
5,0

6,19

1


m

c
k  rad/wm. 

P rxevis periodi    1
26,6

14,322





k
T


 (wm),     

  rxevis sixSire    1
1


T
f  (hc).  

p a s u x i:  tx 26,6cos4,0 m. 1f hc. 26,6k rad/wm. 1T

wm. 
 
 

   amocana  32.14 

 

 zambaraze dakidebuli 21 m  kg masis tvirTi imyofeba 

wonasworobaSi. zambaras sixistis koeficientia 98c n/m. 

garkveul momentSi 1m  tvirTs daumates  8,02 m kg tvirTi. 

gansazRvreT ori tvirTis moZraobis gantoleba da rxevis 
periodi. 

    a m o x s n a. ganvixiloT  21 mmm   masis ori 

tvirTis  rxeva simZimis G

 Zalisa da drekadi ypF


 Zalis 

moqmedebiT (ix. naxazi). x  RerZi mivmarToT vertikalurad 
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qveviT saTaviT O  wertilSi ori tvirTis statikuri 
wonasworobis mdgomareobidan.  

 CavweroT tvirTebis moZraobis diferencialuri 
gantoleba x  RerZze gegmilebSi: 

     
ypFGxm  ,         (1)                    

sadac   
ypF c )( xfcT  , 

maSin           

          cGxm  ( cxxfcT  )
1

                    

       radganac tvirTebis statikuri 
wonasworobis mdgomareobaSi 

      G ypF cTcf)0( ,                     

Aamitom (1) gantolebas aseTi saxe aqvs 

Aanu                02  xkx , 

sadac   
m

c
k 2

. 

         am diferencialuri gantolebis amoxsnas aseTi saxe 
aqvs 

                   ,sincos 21 ktCktCx                  (2) 

     ktkCktkCx cossin 21  .            (3) 

             
         moZraobis sawyisi pirobebis gaTvaliswinebiT: roca  

c

gm

c

G
fxt cT

22
0 2

,0  , 00 x . maSin (2) da (3) 

formulebidan  ,2
1

c

gm
C     02 C .  

E   tvirTis moZraobis gantoleba iqneba                      
          

ttt
m

c

c

gm
x 916,5cos08,0

8,02

98
cos

98

8,98,0
cos2 


















 . 

     vipovoT  rxevis periodi    062,1
916,5

14,322





k
T


 (wm),    

  

p a s u x i:  tx 916,5cos08,0 m.   062,1T wm. 
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 amocana  32.15    
 

 4 kg masis tvirTi jer dakides 21 c kn/m sixistis 

zambaraze, Semdeg 42 c kn/m sixistis zambaraze. ipoveT am 

orive SemTxvevaSi tvirTebis rxevebis sixSireebis Sefardeba da 
periodebis Sefardeba.  
    a m o x s n a. zambaraze dakidebuli tvirTi asrulebs 
harmoniul rxevas, romlis wriuli sixSire da periodia 

                   
m

c
k  ,      

c

m

k
T 


2

2
 . 

 maSasadame,  1c   sixistis zambarisaTvis 

     
m

c
k 1

1  ,      

11

1 2
2

c

m

k
T 


 , 

xolo,  2c   sixistis zambarisaTvis 

      
m

c
k 2

2  ,      

22

2 2
2

c

m

k
T 


 . 

 Aamitom, tvirTebis rxevebis wriuli sixSireebis 
Sefardeba 

      7071,0
2

1

4

2

2

1

2

1

2

1 
c

c

m

c

m

c

k

k
, 

xolo, periodebis Sefardeba 

      4142,12
2

4

2

2

1

2

2

1

2

1 
c

c

c

m

c

m

T

T




 

   p a s u x i:    7071,0
2

1

2

1 
k

k
;    4142,12

2

1 
T

T
.      
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amocana  32.16 
 
 m  masis sxeuli devs vertikalisadmi   kuTxiT 
daxril sibrtyeze. sxeulze mimagrebulia daxrili sibrtyis 
paraleluri  c  sixistis zambara. ipoveT sxeulis moZraobis 
gantoleba, Tu sawyis momentSi igi mimagrebuli iyo dauWimav 

zambaris boloSi da mas mianiWes sawyisi 0v


 siCqare daxril 

sibrtyeze qveviT. koordinatTa saTaved 
airCieT statikuri wonasworobis 
mdgomareoba. 
  
  a m o x s n a. ganvixiloT m  masis 
tvirTis  rxeva. Nnaxazze gamovsaxoT 

tvirTze moqmedi simZimis G

 Zala, 

drekadi ypF


 Zala da sayrdenis N

 

reaqcia. x  RerZi mivmarToT daxrili 
sibrtyis paralelurad  tvirTis 
statikuri wonasworobis O 
mdgomareobidan zambaris dagrZelebis 
mxares.   

 CavweroT tvirTis moZraobis 
diferencialuri gantoleba x  RerZze 
gegmilebSi: 

   ypFGxm  cos ,                       

sadac   
ypF c ( xf cT  ). 

maSin      cGxm  cos ( )
1

xfcT  cx ,              

(1)                                
 radganac statikuri wonasworobis mdgomareobaSi 

       cosG ypF cTcf)0( ,                     

Aamitom,  (1) gantolebas aseTi saxe aqvs 

      cxxm 1  

Aanu                 02  xkx ,                           (2) 

sadac   

1

2

m

c
k  . 

 am diferencialuri gantolebis amoxsnas aseTi saxe aqvs 

                   ktCktCx sincos 21  ,                  (3)          

     ktkCktkCx cossin 21  .              (4) 
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 integrebis 1C  da 2C  mudmivebi ganisazRvrebian  

moZraobis sawyisi pirobebis gaTvaliswinebiT: roca 

c

mg

c

G
fxt cT

 coscos
,0 0  ; 00 vx  . maSin (3) da 

(4) formulebidan ,cos1 
c

mg
C     

k

v
CkCv 0

220  .  

E   tvirTis moZraobis (3) gantoleba iqneba                      

                     kt
k

v
kt

c

mg
x sincos

cos 0


. 

  p a s u x i:  kt
k

v
x sin0 kt

c

mg
cos

cos
 ,   sadac  

m

c
k  . 

 

           amocana  32.17 

 
         horizontisadmi   kuTxiT daxril 
gluv sibrtyeze devs    zambaraze mimagrebuli 

P  wonis tvirTi. zambaris statikuri 

dagrZeleba f -s tolia. gansazRvreT tvirTis 

rxeva, Tu sawyis momentSi zambara gaWimulia 

dauZabavi mdgomareobidan f3 -s toli sigrZiT, 

da zambara gaSvebuli iyo sawyisi siCqaris gareSe. 
  a m o x s n a. ganvixiloT tvirTis  

rxevaNmasze simZimis P

 Zalis, drekadi 

ypF


 Zalisa da sayrdenis N

 reaqciis 

moqmedebiT. x  RerZi mivmarToT 
daxrili sibrtyis paralelurad  
tvirTis statikuri wonasworobis O 
mdgomareobidan zambaris moZraobis 
mxares.   

 CavweroT tvirTis moZraobis diferencialuri 
gantoleba x  RerZze gegmilebSi: 

   ypFPxm  sin ,                       

sadac   ypF c ( xf cT  ). 

  vinaidan statikuri wonasworobis mdgomareobaSi 

    sinP ypF cTcf)0( ,                     

maSin       cPxm  sin ( )
1

xfcT  cx ,           (1)                                
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Aamitom (1) gantolebas aseTi saxe aqvs 

    cxxm   

Aanu               02  xkx ,                                (2) 

sadac   
m

c
k 2

. 

 am diferencialuri gantolebis amoxsnas aseTi saxe aqvs 

                 ktCktCx sincos 21  ,                      (3)          

    ktkCktkCx cossin 21  .                 (4) 

 integrebis 1C  da 2C  mudmivebi ganisazRvrebian  

moZraobis sawyisi pirobebis gaTvaliswinebiT: roca 

cTfxt 2,0 0  ; 00 v . maSin (3) da (4) formulebidan fC 21  ,   

02 C .  

E   tvirTis moZraobis (3) gantoleba iqneba                      

                     .
sin

cos2cos2













 t

f

g
fktfx

  

Aaq  
f

g

m

c
k

sin
  

  p a s u x i:   .
sin

cos2













 t

f

g
fx

      

 

     amocana  32.18 
 

 zambaras boloSi damagrebuli 12M  kg masis sxeuli 
asrulebs harmoniul rxevas. wammzomiT dadgenilia, rom 45 wm-s 
ganmavlobaSi sxeulma Seasrula 100 sruli rxeva. Aamis Semdeg 

zambaris boloSi damatebiT miamagres 61 M kg tvirTi. 

gansazRvreT zambaraze ori tvirTis rxevis periodi. 
 
  a m o x s n a. harmoniuli rxevis periodi 

  
c

m

k
T 


2

2
 , 

sadac  k  - wriuli sixirea; c - zambaris sixistea 

 M masis tvirTis rxevis periodi 
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  M
cc

m
T




2
2  .                       (1) 

1MM   masis tvirTisaTvis 

 
1

1

1

2
2 MM

cc

MM
T 





 .                   (2) 

 (1) formulis Tanaxmad 

        
M

T

c


2
. 

    CavsvaT es gamosaxuleba (2) formulaSi, miviRebT 

       
M

T
MM

c
T  11

2

M

MM
TMM 1

1


 .     

(3) 

 Aamocanis pirobis monacemebis  mixedviT M  masis 

tvirTis rxevis T  periodis gamoTvlis Sedegad miviRebT 

   45,0
100

45
T  (wm). 

 maSin (3) formulis Tanaxmad 

   55,0
12

612
45,01 


T  (wm). 

   p a s u x i:  55,01

1 



M

MM
TT  wm. 

 
 
 

         Aamocana  32.19  
 

 wina amocanis pirobebSi ipoveT M  tvirTisa da 

1MM   tvirTebis moZraobis gantolebebi, Tu orive 

SemTxvevaSi tvirTebi dakidebuli iyo dauWimavi zambaris 
boloze (ix. naxazi). 

a m o x s n a. ganvixiloT tvirTebis rxevaNmasze simZimis G

 

Zalisa da drekadi ypF


 Zalis moqmedebiT. x  RerZi mivmarToT 

vertikalurad qveviT tvirTis statikuri wonasworobis O 
mdgomareobidan  

 CavweroT tvirTis moZraobis diferencialuri 
gantoleba x  RerZze gegmilebSi: 
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ypFGxm  ,                       

sadac   
ypF c ( xf cT  ). 

maSin           Gxm cxcf cT 
1

,              (1)                                

vinaidan statikuri wonasworobis mdgomareobaSi 

       G ypF cTcf)0( ,                     

Aamitom (1) gantolebas aseTi saxe aqvs 

      cxxm   

Aanu                02  xkx ,                           (2) 

sadac   
m

c
k 2

. 

 am diferencialuri gantolebis amoxsnas aseTi saxe aqvs 

                   ktCktCx sincos 21  ,                  (3)          

     ktkCktkCx cossin 21  .              (4) 

 integrebis 1C  da 2C  mudmivebi ganisazRvrebian  

moZraobis sawyisi pirobebis gaTvaliswinebiT: 

roca cTfxt  0,0 ; 000  vx . maSin (3) da (4) 

formulebidan cTfC 1 , .00 22  CkC  

E   tvirTis moZraobis (3) gantoleba iqneba                      

                     ktfx cT cos  

Aaq k -wriuli sixSirea, 
T

k
2

 ;  cTf  - 

zambaras statikuri deformacia. 
 statikuri deformacia 

2

2

2 4

gT

k

g

c

G
f cT  , 

sadac  c - zambaras sixistea,   mkc 2 . 

maSin             







 t

T

gT
x





2
cos

4 2

2

.                      (5) 

 32.18 amocanis amoxsnaSi miRebuli 45,0T  

mniSvnelobis gaTvaliswinebiT M masis tvirTisaTvis (5) 
gantoleba miiRebs aseT saxes 



333 

 

     ttx 14cos05,0
45,0

14,32
cos

14,34

45,08,9
2

2








 




 (m). 

  1MM   masis tvirTisaTvis rxevis periodi 55,0T  da (5) 

gantoleba miiRebs aseT saxes 

            ttx 4,11cos07,0
55,0

14,32
cos

14,34

55,08,9
2

2

1 






 




  (m) 

    p a s u x i:  1) tx 14cos05,0  m.;   2) tx 4,11cos07,0  

m,   

               sadac  x  da 1x  aiTvlebian TiToeuli 

Sesabamisad  
                    ori statikuri mdgomareobidan. 
 
 

      amocana  32.20 

 

     uZrav A  wertilSi damagrebuli 

zambaras boloze dakidebuli M  tvirTi 
xaxunis gareSe srialebs vertikalur 

sibrtyeSi mdebare lAB   diametris mqone 
wrewiris rkalze da asrulebs mcire 
harmoniul rxevas; zambaras bunebrivi 
sigrZea a ; zambaras sixiste iseTia, rom 

M  tvirTis wonis toli Zalis 

moqmedebisas igi iRebs   b -s tol 

dagrZelebas. gansazRvreT rxevis T  

periodi im SemTxvevaSi, roca bal  ; 
zambaras wona ugulebelyaviT da 
CaTvaleT, rom rxevis dros igi rCeba 
daWimuli.  

     a m o x s n a. ganvixiloT M  
tvirTis  rxeva vertikalur sibrtyeSiN 

simZimis G

 Zalisa da drekadi ypF


 

Zalis moqmedebiT (ix. naxazi).  

     SevadginoT M tvirTis moZraobis diferencialuri 
gantoleba x  RerZze gegmilebSi, romelic mimarTulia 
wrewiris mxebis gaswvriv: 

            ,2sinsin  GFFxm ypkx                 (1)                       
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sadac   
ypF  c .  abaaAM  cos)(  - zambaras 

deformaciaa. 

     maSin    abacFyp  cos)( , 

xolo (1) gantolebas aseTi saxe aqvs 

              2sinsincos)( Gabacxm  .       (2) 

   vinaidan xv  ,   

               l
l

OMOMOMv
2

22)2( , 

amitom    lx . 

 Aamis gaTvaliswinebiT (2) gantoleba ase Caiwereba: 

         2sinsincos)( Gabacml  . 

   kuTxis simciris gamo, SeiZleba CavTvaloT, rom 

1cos  ,  sin , maSin 

      .22)(  GcbGabacml     (3) 

 Ppirobis Tanaxmad  bal  , e. i. B  wertilSi tvirTi 
ikavebs statikuri wonasworobos mdebareobas, romelSic 

  
ypF

b

G
cGcbc  0)0( . 

 Aamitom, SeiZleba (3) gamosaxuleba aseTi saxiT CavweroT 

          GGb
b

G
ml  2  

anu    02   k , 

sadac,  
l

g
k 2

. 

 Ees diferencialuri gantoleba aRwers harmoniul 

rxevas wriuli sixSiriT 
l

g
k   da  periodiT  

g

l

k
T 


2

2
 . 

  p a s u x i:   
g

l
T 2  
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                     amocana  32.21 

 wina amocanis pirobebSi ipoveT M  tvirTis moZraobis 

gantoleba, Tu sawyis momentSi 0BAM  da M wertils 

mianiWes mxebis gaswvriv qveviT mimarTuli sawyisi siCqare 0v


.    

     a m o x s n a. Tanaxmad 32.20 amocanis amoxsnis Sedegad 

M  tvirTis moZraobis gantoleba aseTi saxisaa 

   02   k , 

sadac,  
l

g
k 2

. 

 am diferencialuri gantolebis amoxsnas aseTi saxe aqvs 

                   ktCktC sincos 21  ,                      

(1)          

     ktkCktkC cossin 21  .                 

(2) 

       1C  da 2C  mudmivebi ganisazRvrebian  moZraobis sawyisi 

pirobebis gaTvaliswinebiT: roca 0,0  t ; 

l

v
vv 0

00   , vinaidan 0v


 mimarTulia   kuTxis zrdis 

sapirispiro mxares; 

               01 C , .0
2

g

v
C   

E   tvirTis moZraobis (1) gantoleba aseTi iqneba   

  t
l

g

gl

v
t

l

g
sincos 0

0   

p a s u x i:  t
l

g

gl

v
t

l

g
sincos 0

0  . 

 
 

     amocana  32.22 

 

 m  masis E  sxeuli devs gluv 
horizontalur sibrtyeze. sxeulze 
mimagrebulia c  sixistis zambara, romlis 

meore bolo mimagrebolia 10  saxsarze. 
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Aaradeformirebuli zambaris sigrZea 0l ; sxeulis 

wonasworobis mdebareobaSi zambaras aqvs sasruli winaswari 

mosaWimi ),( 00 llcF   sadac 100l . gaiTvaliswineT 

zambaris drekadi Zalis horizontaluri mdgenelis mxolod 
wrfivi wevrebi sxeulis wonasworobis mdgomareobidan 
gadaxrasTan SefardebiT da gansazRvreT sxeulis mcire 
rxevebis periodi. 
 

    a m o x s n a. ganvixiloT E  tvirTis mcire rxeva simZimis 

G

 Zalis, sibrtyis reaqciis N


 

Zalisa da drekadi ypF


 Zalis 

moqmedebiT (ix. naxazi). x  RerZi 
mivmarToT sibrtyis gaswvriv  tvirTis 
statikuri wonasworobis O 
mdgomareobidan misi moZraobis mxares. 

     SevadginoT E  tvirTis moZraobis 
diferencialuri gantoleba x  RerZze 
gegmilebSi:                        

       sinypkx FFxm   ,    

(1)                       

sadac   ypF  c .     - zambaras deformaciaa ,0 01 lE    

cos
01

l
E  . 

     maSin   







 0

cos
l

l
cFyp


. 

       kuTxis simciris gamo, SeiZleba CavTvaloT, rom   

                  1cos  , 
l

x
tg  sin . 

maSin (1) gantolebas aseTi saxe aqvs 

                
l

x
llcxm )( 0 .                  (2) 

 Aamocanis pirobis Tanaxmad 

     

0

0

00 )(
ll

F
cllcF


 . 

Aamis gaTvaliswinebiT (2) gantoleba ase CavweroT 
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     x
l

F

l

x
ll

ll

F
xm 0

0

0

0 )( 


 , 

Aanu      02  xkx , 

sadac,  
lm

F
k o2

. 

 Ees diferencialuri gantoleba aRwers harmoniul 

rxevas wriuli sixSiriT 
lm

F
k 0  da  periodiT  

0

2
2

F

lm

k
T 


 . 

  p a s u x i:   

oF

lm
T 2 . 

 
 
                

                     amocana  32.23 

 

 m  masis nivTieri wertili mimagrebulia c  sixistis 
dauWimavi zambaras  boloze da gaSvebulia qveviT mimarTuli 

sawyisi 0v  siCqariT.  ipoveT wertilis rxevis gantoleba da 

periodi, Tu drois im 
momentSi, roca wertili 
imyofeboda ukidures qveda 
mdgomareobaSi  masze mosdes 
qveviT mimarTuli Zala 

.constQ   

 koordinatTa saTaved 
airCieT statikuri 
wonasworobis  mdgomareoba, e. 
i. dauWimavi zambaris 

bolodan cP /  manZilze. 
 
    a m o x s n a. 
ganvixiloT wertilis 
moZraoba im momentidan, roca 
is dakides dauWimav 
zambaraze, ukidures qveda 

mdebareobamde (nax. 1). wertilze moqmedeben simZimis P

 Zala da 
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drekadi ypF


 Zala. x  RerZis saTave SeuTavsoT statikuri 

wonasworobis  mdgomareobas da mivmarToT qveviT.   
 CavweroT tvirTis moZraobis diferencialuri 

gantoleba x  RerZze gegmilebSi: 

              ypkx FPFxm                      (1)                       

sadac   
ypF  c .    xf cT   - zambaras deformaciaa. 

 maSin (1) gantoleba aseT saxes miiRebs 

       cPxm  cxf cT  ,                    (2)                                

vinaidan statikuri wonasworobis mdgomareobaSi 

       
ypF Pcf cT )0( ,                     

Aamitom (2) gantolebas aseTi saxe aqvs 

      cxxm   

Aanu                 02  xkx ,                             (3) 

sadac   
m

c
k 2

. 

 am diferencialuri gantolebis amoxsnas aseTi saxe aqvs 

                   ktCktCx sincos 21  ,                    (4)          

     ktkCktkCx cossin 21  .                (5) 

  1C  da 2C  mudmivebi ganisazRvrebian  moZraobis 

sawyisi pirobebis gaTvaliswinebiT: roca 

c

mg

c

P
fxt cT  0,0 ; 00 vx  . maSin 

c

mg
C 1 , 

k

v
CkCv 0

220   

E   tvirTis moZraobis (4) gantoleba iqneba                      

                     kt
k

v
kt

c

mg
x sincos 0 . 

 rxevis amplituda 

        

2

0

2




















k

v

c

mg
a . 

 ganvixiloT wertilis Semdgomi moZraoba imis Semdeg, 

roca mas mosdes Q

 Zala (nax. 2). 
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 wertilis moZraobis diferencialuri gantoleba 
(koordinatTa saTave da RerZi – igivea) x  RerZze gegmilebSi: 

     ,)( cxQxfcPQFPQFxm cTypkx    

Aanu                    
m

Q
xkx  2

,                      (6) 

sadac   
m

c
k 2

. 

 araerTgvarovani diferencaluri (6) gantolebis  
amoxsna aseTi saxiT veZeboT 

          
 xxx , 

sadac  ktCktCx sincos 21  ;    Ax 
. 

 (6) gantolebidan 

  
c

Q
A

m

Q
Ak 2

 

maSasadame,       
c

Q
ktCktCx  sincos 21 ,               (7) 

    ktkCktkCx cossin 21  .               (8) 

  integrebis 1C  da 2C  mudmivebi ganisazRvrebian 

(7) da (8) formulebidan moZraobis sawyisi pirobebis 
gaTvaliswinebiT: roca  
 

                  0,0 xt

2

0

2




















k

v

c

mg
a ; 00 x .    

maSin     
















11

2

0

2

C
c

Q
C

k

v

c

mg

c

Q

k

v

c

mg


















2

0

2

 

                   00 22  CkC .  

E 1C  da 2C  mniSvnelobebi SevitanoT (7) formulaSi  da 

CavweroT wertilis moZraobis gantoleba mas Semdeg, rodesac 

masze mosdes  Q  Zala:  

 
c

Q
t

m

c

c

Q

k

v

c

mg
x 














































 cos

2

0

2

. 
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rxevis  periodi  

c

m

m

ck
T 


2

22
 . 

 p a s u x i: 
c

Q
t

m

c

c

Q

k

v

c

mg
x 














































 cos

2

0

2

,  sadac  t   

                  aiTvleba drois im momentidan, rodesac Q    

                  Zalam daiwyo moqmedeba;    
c

m
T 2 . 

 

                          amocana  32.24 

 

 gansazRvreT m  masis tvirTis Tavisufali rxevis 

periodi, romelic mimagrebulia or paralelurad CarTul 1c  

da 2c  sixistis koeficientebis mqone zambarebis  boloze, Tu 

tvirTi moTavsebulia ise, rom orive  1c  da 2c  sixistis 

koeficientebis mqone zambarebis dagrZelebebi erTnairia; aseve, 
gansazRvreT im erTi zambaras sixistis koeficienti, romelic 
tolfasia (ekvivalenturia) mocemuli ormagi zambarisa. 
    a m o x s n a. ganvixiloT tvirTis moZraoba or 

paralelur zambaraze. x  RerZis O  saTave SeuTavsoT 
statikuri wonasworobis  mdgomareobas da 
mivmarToT qveviT.   

 CavweroT tvirTis moZraobis 
diferencialuri gantoleba x  RerZze 
gegmilebSi:                

  21 ypypkx FFPFxm                                      

anu         

       Pxm )()( 21 xfcxfc cTcT  ,  (1)                                                   

       statikuri wonasworobis mdgomareobaSi 

       cTcT fcfcP 21  ,                     

Aamitom (1) gantolebas aseTi saxe aqvs 

        

        xccxcxcxm )( 2121   

Aanu                 02  xkx ,                            
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sadac   
m

cc
k 212 

 . 

 rxevis periodi  

21

2
2

cc

m

k
T


 


. 

 Eekvivalentur zambaras unda hqondes sixiste 

    21 ccc   .  

   p a s u x i:   

21

2
2

cc

m

k
T


 


;   21 ccc  ;  

                tvirTis mdebareoba iseTia, rom   

1221 // ccaa  . 

 
 

      amocana  32.25 

 

      wina amocanis pirobebSi ipoveT tvirTis moZraobis 
gantoleba, Tu is dakides dauWimav zambaraze da mas mianiWes 

sawyisi siCqare 0v , mimarTuli zemoT. 

    a m o x s n a.  wina 32.24 amocanaSi miRebuli 
diferencialuri gantolebis 

                02  xkx ,  
Aamoxsnas aseTi saxe aqvs  

  ktCktCx sincos 21  ,                    (1)          

  ktkCktkCx cossin 21  .               (2) 

sadac   
m

cc
k 212 

 . 

 
  moZraobis sawyisi pirobebis gaTvaliswinebiT: roca 

21

0,0
cc

P
fxt cT


 ; 00 vx  . maSin 

21

1
cc

P
C


 ,    

           

21

0
0

220
cc

m
v

k

v
CkCv


 , 

sadac   mgP  . 

       1C  da 2C  mudmivebis mniSvnelobebi SevitanoT (1) 

gantolebaSi,  
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miviRebT tvirTis moZraobis gantolebas   
                   

     












 
















 


 t

m

cc

cc

m
vt

m

cc

cc

mg
x 21

21

0
21

21

sincos . 

 
 p a s u x i 

 












 
















 


 t

m

cc

cc

m
vt

m

cc

cc

mg
x 21

21

0
21

21

sincos . 

 
 
 
 

amocana  32.26 

 

      gansazRvreT m  masis tvirTis Tavisufali 

rxevis periodi, romelic CaWerilia or sxvadasxva 1c  

da 2c  sixistis koeficientebis mqone zambarebs Soris. 

    a m o x s n a. koordinatTa saTave SeuTavsoT 
tvirTis statikuri wonasworobis  mdgomareobas da x  
RerZi mivmarToT misi gadaadgilebis mxares.   

 CavweroT tvirTis moZraobis diferencialuri 
gantoleba x  RerZze gegmilebSi: 

             21 ypypkx FFGFxm  
,   

sadac  )(11 xfcF cTyp  ,   )(22 xfcF cTyp  .                                 

maSin          

       Gxm )()( 21 xfcxfc cTcT  ,    (1)                                                   

radganac, statikuri wonasworobis 
mdgomareobaSi          

        21 )0( ypyp FFG  cTcT fcfc 21)0(  ,                     

Aamitom (1) gantolebas aseTi saxe aqvs 

   xccxcxcxm )( 2121   

Aanu                 02  xkx ,                            

sadac   
m

cc
k 212 

 . 

 Ees aris  harmoniuli rxevis diferencialuri 
gantoleba wriuli sixSiriT 
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m

cc
k 21  . 

 rxevis periodi   

21

2
2

cc

m

k
T


 


.  

 
 

   p a s u x i:   

21

2
cc

m
T


  ;    

 
 
 

   amocana  32..27 

 

     wina amocanis pirobebSi ipoveT  tvirTis moZraobis 
gantoleba, Tu wonasworobis mdgomareobaSi mas mianiWes qvemoT 

mimarTuli 0v  siCqare. 

    a m o x s n a.  amovxsnaT diferencialuri gantoleba                  

                               02  xkx .  

A     am gantolebis amoxsnas aseTi saxe aqvs  

                ktCktCx sincos 21  ,                   (1)          

  ktkCktkCx cossin 21  .               (2) 

sadac   
m

cc
k 21  - wriuli sixSirea. 

  1C  da 2C  mudmivebi ganisazRvrebian  moZraobis 

sawyisi pirobebis gaTvaliswinebiT: roca 0,0 0  xt ; 00 vx  . 

maSin 01 C , 
k

v
C 0

2  . 1C  da 2C  mudmivebis mniSvnelobebi 

SevitanoT (1) gantolebaSi, miviRebT tvirTis moZraobis 
gantolebas                     

          












 


 t

m

cc

cc

m
vkt

k

v
x 21

21

0

0 sinsin . 

 p a s u x i: 












 


 t

m

cc

cc

m
vx 21

21

0 sin . 
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   amocana  32.28 

      
 gansazRvreT mimdevrobiT CarTuli ori 

sxvadasxva 1c  da 2c  sixistis koeficientebis 

mqone zambarebis ekvivalenturi zambaris 
sixistis koeficienti c , agreTve aCveneT 
miTiTebul ormag zambaraze dakidebuli m  
masis tvirTis rxevis periodi. 
 
    a m o x s n a. vipovoT ekvivalenturi 

zambaras c sixiste (ix. naxazi), da 

gaviTvaliswinoT, rom 

   21  , 

sadac   - ekvivalenturi zambaras 

dagrZelebaa;  11 / cmg , 22 / cmg  - 

Sesabamisad pirveli da meore zambaras 
dagrZelebebia.  

maSin     

21

111

ccc
 , 

Aanu      

21

21

cc

cc
c


 .         (1) 

 Tavisufali rxevis periodi 

    
k

T
2

 , 

sadac   
m

c
k 2

. 

 (1) gamosaxulebis gaTvaliswinebiT 
 

   

21

21 )(
2

cc

ccm
T


  . 

  p a s u x i: 

21

21

cc

cc
c


 ;      

21

21 )(
2

cc

ccm
T


  . 
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   amocana  32..29 

      
       wina amocanis pirobebSi ipoveT tvirTis moZraobis 
gantoleba, Tu sawyis momentSi is imyofeboda wonasworobis 

mdgomareobidan dabla 0x  manZilze da mas mianiWes zeviT 

mimarTuli 0v


 siCqare. 

   
    a m o x s n a. koordinatTa saTave SeuTavsoT 
statikuri wonasworobis  mdgomareobas da x  RerZi 
mivmarToT wonasworobis  mdgomareobidan tvirTis 
gadaadgilebis mxares.  tvirTze moqmedeben simZimis 

gm

 Zala da drekadi ypF


 Zala (ix. naxazi).  

CavweroT tvirTis moZraobis diferencialuri 
gantoleba x  RerZze gegmilebSi: 

                 ypFmgxm                                            

sadac ypF c )( xfcT  ,  

21

21

cc

cc
c


 (ix. 32.28 amocanis 

amoxsna). 
  statikuri wonasworobis mdgomareobaSi 

            cTcfmg  ,                     

Aamitom    cxxm   

Aanu                     02  xkx ,                        (1) 

sadac   
m

c
k 2

. 

 am diferencialuri gantolebis amoxsnas aseTi saxe aqvs 

                   ktCktCx sincos 21  ,                   (2)          

     ktkCktkCx cossin 21  .              (3) 

 (2@) da (3) gamosaxulebebidan  moZraobis sawyisi 

pirobebis gaTvaliswinebiT: roca 0,0 xxt  ; 

00 vx  . maSin  
10 Cxx  ,    

k

v
CkCvxx 0

2200   

E E 1C  da 2C  mniSvnelobebi SevitanoT (2) formulaSi  da 

CavweroT wertilis moZraobis gantoleba                      
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                     kt
k

v
ktxx sincos 0

0  . 

Aanu, k -s mniSvnelobis gaTvaliswinebiT 

 


































 t

ccm

cc

cc

ccm
vt

ccm

cc
xx

)(
sin

)(

)(
cos

21

21

21

21

0

21

21

0

. 

p a s u x i:  



































 t

ccm

cc

cc

ccm
vt

ccm

cc
xx

)(
sin

)(

)(
cos

21

21

21

21

0

21

21

0

.  

 

amocana  32..30 

      

    gansazRvreT mimdevrobiT CarTuli ori sxvadasxva 8,91 c  

n/sm da 4,292 c n/sm sixistis koeficientebis mqone zambarebis 

ekvivalenturi zambaris sixistis koeficienti c . ipoveT  

miTiTebul Sedgenil zambaraze dakidebuli 5m kg masis 
tvirTis rxevis periodi, ampliituda da moZraobis gantoleba, 
Tu sawyis momentSi tvirTi statikuri wonasworobis 
mdgomareobidan gadaweuli  iqna    5 sm-T qvemoT da mas 
mianiWes sawyisi siCqare 49 sm/wm, mimarTuli aseve 
qveviT. 
    a m o x s n a. vipovoT mimdevrobiT 
SeerTebuli ori zambaras ekvivalenturi zambaras 

c sixiste (ix. naxazi), da gaviTvaliswinoT, rom 

   21  , 

sadac   - ekvivalenturi zambaras deformeciaa;  

 1 , 2  - Sesabamisad pirveli da meore zambaras 

dagrZelebebia.  
 Hhukis kanonis Tanaxmad 

    
c

mg
 ,  

1

1
c

mg
 ,  

2

2
c

mg
 . 

maSin         

21 c

mg

c

mg

c

mg
 , 

Aaqedan   35,7
4,298,9

4,298,9

21

21 








cc

cc
c  (n/sm) 735 (n/m). 

        SevadginoT tvirTis moZraobis diferencialuri 
gantoleba x  RerZze gegmilebSi. koordinatTa saTave 
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SeuTavsoT  tvirTis statikuri wonasworobis  mdgomareobas da 
x  RerZi mivmarToT wonasworobis  mdgomareobidan tvirTis 
gadaadgilebis mxares (ix. naxazi).  tvirTze moqmedeben simZimis 

gm

 Zala da drekadi ypF


 Zala.  

                        
ypFmgxm                    (1)                                        

sadac 
ypF c )( xfcT  . 

    CavsvaT (1) gantolebaSi:  

      mgxm c cxf cT  .                  (2) 

  statikuri wonasworobis mdgomareobaSi 

           cTcfmg  ,                     

Aamitom (2) gantoleba miiRebs asset saxes    

                     cxxm  ,                        (3)   

Aanu                     02  xkx ,                       (4) 

sadac   
m

c
k 2

,   13,12
m

c
k  (rad/wm) – wriuli 

sixSire. 
 (4) diferencialuri gantolebis amoxsnas aseTi saxe aqvs 

                   ktCktCx sincos 21  ,                   (5)          

     ktkCktkCx cossin 21  .              (6) 

 (5) da (6) gamosaxulebebidan  moZraobis sawyisi 

pirobebis gaTvaliswinebiT: roca 5,0 0  xt  sm; 4900  vx  

sm/wm. 
 maSin  

 510  Cx ;   04,40
220 




k

x
CkCx .. 

E E 1C  da 2C  mniSvnelobebi SevitanoT (2) formulaSi  da 

CavweroT wertilis moZraobis gantoleba 
                      

                     ttx 13,12sin04,413,12cos5  .                

 vipovoT rxevis periodi da amplituda: 

    517,0
13,12

14,322





k
T


(wm), 

   43,604,45 22

2

2

02

0 



k

x
xa (sm).  
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.p a s u x i: 35,7
21

21 



cc

cc
c n/sm; 517,0T wm;  43,6a sm; 

       ttx 13,12sin04,413,12cos5   sm. 

 
 
 

    amocana  32..31 

      

       m  masis A  sxeuls SeuZlia 
gadaadgileba horizontalur swor 
xazze. sxeulze mimagrebulia c  
sixistis zambara. zambaras meore  bolo 

damagrebulia uZrav B  wertilSi. roca 

kuTxe 0   - zambara 

aradeformirebulia. gansazRvreT 
sxeulis mcire rxevis sixSire da periodi. 

  a m o x s n a. koordinatTa xy0  

sistemis saTaved avirCioT sxeulis 
mdebareoba, roca zambara 
aradeformirebulia. gadavwioT sxeuli 
x  RerZis dadebiTi mimarTulebis 
mxares da naxazze gamovsaxoT sxeulze 

moqmedi Zalebi: simZimis gm

 Zala, 

drekadi ypF


 Zala da sayrdenis N

 

reaqcia. 
SevadginoT tvirTis moZraobis diferencialuri 

gantoleba x  RerZze gegmilebSi: 

                 cosypFxm  .                  (1) 

 vipovoT drekadobis Zala: 

                        ypF ,coscxlc   

sadac  

   coscoscos 00 xlxll  , vinaidan 1cos  , 
0lOB  . 

 maSin,  (1) gantoleba aseT saxes miiRebs 

  x
m

c
x

2cos
 , Aanu    02  xkx ,                        
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sadac   
m

c
k

2
2 cos
 . 

 radganac vixilavT mcire rxevas, amitom SegviZlia 

CavTvaloT, rom    ,coscos 0   amitom 

             
0

2cos 
m

c
k  ,        

0

2cos

2








c

m

k
T  .  

   .p a s u x i:  
0

2cos 
m

c
k  ;   

0

2cos

2








c

m

k
T

 

 

   amocana  32..32 

      

       m  masis A  wertilze 
mimagrebulia zambarebi ise, rogorc 
naxazzea naCvenebi. sawyis mdebareobaSi 
wertili imyofeba wonasworobaSi da 
yvela zambara dauWimavia. gansazRvreT 
am zambarebis ekvivalenturi zambaris 
sixistis koeficienti wertilis mcire 
rxevisas absoluturad gluv 
mimmarTvel x RerZis gaswvriv da 
Tavisufali rxevis sixSire. 
 

   a m o x s n a. ganvsazRvroT 2c  da 

3c  sixistiszambarebis ekvivalenturi zambaris 23c  sixiste da 

4c  da 5c sixistis zambarebis ekvivalenturi zambaris 45c  

sixiste: 

   3223 ccc  , 

   

54

54

45
cc

cc
c


 . 

        koordinatTa sistemis saTave avirCioT sxeulis 
wonasworobis mdebareobaSi, roca zambara aradeformirebulia. 

gadavwioT A  wertili x  RerZis dadebiTi mimarTulebis 
mxares da naxazze gamovsaxoT masze moqmedi Zalebi nebismier 

1A  mdebareobaSi: 1c  zambaris drekadobis 
1F

 Zala, 4c  da 5c  

zambarebis drekadobis 45F


 Zala, 2c  da 3c  zambarebis 

drekadobis 23F


 Zala. 
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 ganvsazRvroT yoveli zambaris drekadobis Zalis 
gegmili x  RerZze: 

                111 'cosFF x  , 

                22323 'cosFF x  , 

                34545 'cosFF x  , 

sadac  111 lcF  ;   22323 lcF  ;   34545 lcF  . 

 vipovoT TiToeuli zambaras deformacia: 
 

       ,'coscos 011011 lxll    

       ,'coscos 02223022 lxll    

       03345033 'coscos lxll   . 

  1 , 23  da 45  kuTxeebis simciris gamo vTvliT, rom 

maTi kosinusebi erTis tolia. amitom 

  11 'cosxl  , 

  22 'cosxl  , 

  33 'cosxl  . 

 Aam    mniSvnelobaTa 
 gaTvaliswinebiT miviRebT 

  
1

2

11 'cos xcF x  , 

  
2

2

2323 'cos xcF x  , 

  
3

2

4545 'cos xcF x  . 

 SemoviRoT aRniSvna  ,cxFx    c - ekvivalenturi 

zambaras sixistis koeficientia.  maSin 

   xxxx FFFF 321  , 

Aanu   c 1

2

1 cos  c
2

2

23 cos  c 3

2

45 cos  c . 

 vinaidan rxeva aris mcire, amitom SeiZleba CavTvaloT, 
rom 

11 coscos   ,  22 coscos   ,  33 coscos   . Aamitom, 

ekvivalenturi zambarebis sixisteebis gaTvaliswinebiT miviRebT 

    c 1

2

1 cos c
2

2

32 cos)( cc  3

2

54

54 cos 
cc

cc


 . 
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SevadginoT wertilis moZraobis diferencialuri 
gantoleba x  RerZze gegmilebSi: 

                 cxFxm x  .                  

Aanu                     02  xkx ,                        

sadac   ,2

m

c
k    

m

c
k  . 

p as u x i: c
1

2

1 cos c
2

2

32 cos)( cc 
3

2

54

54 cos 
cc

cc


 ; 

m

c
k  . 

 

                      amocana  32..33 

      
       gansazRvreT im zambaris sixistis koeficienti, romelic 

ekvivalenturia naxazze naCvenebi sami zambarisa, rodesac M  
wertilis rxeva xdeba absoluturad gluv mimmarTvel x RerZis 
gaswvriv. igive amocana amoxseniT im SemTxvevisaTvis, roca 
mimmarTveli mdrbareobs y  RerZis gaswvriv. gansazRvreT am 

rxevebis sixSire. 

   a m o x s n a. koordinatTa xy0  sistemis saTaved avirCioT 

wertilis mdebareoba, roca zambarebi aradeformirebulia. 
ganvixiloT wertilis moZraoba x RerZis gaswvriv. gadavwioT 

M  wertili x RerZis dadebiTi mimarTulebiT (nax.1). 

gamovsaxoT wertilze moqmedi drekadobis Zalebi: 
1F

, 

2F


 da 

3F


. 

 ganvsazRvroT yoveli zambaris drekadobis Zalis 
gegmili x  RerZze: 

  111 cos FF x , 

  222 cos FF x , 

  333 cos FF x , 

sadac  111 lcF  ;   222 lcF  ; 

        333 lcF  . 

  vipovoT TiToeuli zambaras 
deformaci    

        ,coscos 0111011 lxll    
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 ,coscos 0222022 lxll              

,coscos 0333033 lxll    

   . 

  1 , 23  da 45  kuTxeebis 

simciris gamo vTvliT, rom maTi 
kosinusebi erTis tolia:  

       1cos  2cos 1cos 3  , 

amitom     11 cos xl , 

     22 cos xl , 

     33 cos xl . 

 Aam    mniSvnelobaTa 
 gaTvaliswinebiT   miviRebT 
 

          
1

2

11 cos  xcF x
, 

          
2

2

22 cos  xcF x
, 

          .cos 3

2

33  xcF x
 

 SemoviRoT aRniSvna  ,xcF xx    xc  - samive zambaras 

ekvivalenturi zambaras sixistis koeficientia.  maSin 

   xxxx FFFF 321  , 

Aanu   xcx ( 1

2

1 cos c 2

2

2 cos  c xc )cos 3

2

3  , 

  xc 1

2

1 cos c 2

2

2 cos  c
3

2

3 cos  c .      (1) 

 SevadginoT wertilis moZraobis 
diferencialuri gantoleba x  
RerZze gegmilebSi: 

             xcFxm xx  .                  

Aanu                 02  xkx x
,                        

sadac   ,2

m

c
k x

x    
m

c
k x

x  . 

     Aaxla ganvixiloT M  wertilis 
moZraoba y  RerZis dadebiTi 

mimarTulebiT (nax. 2). ganvsazRvroT 
yoveli zambaris drekadobis Zalis 
gegmili y  RerZze:        
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111 sin FF y
, 

        
222 sin FF y
, 

        
33 FF y  , 

sadac  111 lcF  ;   222 lcF  ;  333 lcF  . 

 vipovoT TiToeuli zambaras deformacia: 

        ,sincos 1101011   ylll  

                2202022 sincos   ylll , 

                      yl  3 .   . 

  1  da 2  kuTxeebis simciris gamo vTvliT, rom maTi 

kosinusebi erTis tolia: 1cos  2cos 1 , 

amitom   11 sin yl , 

   22 sin yl , 

   yl  3 . 

 Aam mniSvnelobaTa gaTvaliswinebiT miviRebT 

   1

2

11 sin  ycF y , 

   2

2

22 sin  ycF y , 

   .33 ycF y   

 SemoviRoT aRniSvna  ,ycF yy    xc  - samive zambaras 

ekvivalenturi zambaras sixistis koeficientia.  maSin 

   yyyy FFFF 321  ,  

Aanu   ycy ( 1

2

1 sin c 2

2

2 sin  c yc )sin 3

2

3  , 

    yc 1

2

1 sin c 2

2

2 sin  c
3

2

3 sin  c .      (2) 

 SevadginoT wertilis moZraobis 
diferencialuri gantoleba y  RerZze gegmilebSi: 

                 ycFym yy  ,                 

Aanu                     02  yky y ,                        
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sadac   ,2

m

c
k

y

y    
m

c
k

y

y  . 

 vinaidan rxeva aris mcire, amitom SeiZleba CavTvaloT, 
rom 

      11 coscos   ,  22 coscos   ,  33 coscos   . 

       11 sinsin   , 22 sinsin   , Aamitom, ekvivalenturi 

zambarenis sixisteebis gaTvaliswinebiT (1) da (2)  miiReben aseT 
saxes 

    xc 1

2

1 cos c 2

2

2 cos c ,     

    yc 1

2

1 sin c 2

2

2 sin c 3c .    

 p as u x i: xc 1

2

1 cos c 2

2

2 cos c ,         mck xx / ; 

            yc 1

2

1 sin c 2

2

2 sin c 3c .  ;   mck yx / ;     

      sawyis mdebareobaSi zambarebi ar arian daZabuli 
da         

      M wertili imyofeba wonasworobaSi. 
 

   amocana  32.34 

      
         gansazRvreT im zambaris sixistis koeficienti, 
romelic ekvivalenturia naxazze naCvenebi sami zambarisa, 

rodesac m  masis M  tvirTi mimagrebulia Reroze, romlis 
masa SegviZlia ugulebelvyoT. Rero saxsriT aris Camagrebuli 

0 wertilSi da sami vertikaluri zambariT damagrebulia 
saZirkvelze. zambarebis sixistis 

koeficientebia 1c , 2c , 3c . 

zambarebi mimagrebulia Reroze 

saxsridan 1a , 2a , 3a  manZilebze. 

M  tvirTi mimagrebulia Reroze 

saxsridan b manZilebze. 

wonasworobis mdgomareobaSi Rero 
horizontaluria. ekvivalenturi 
zambara Reroze magrdeba saxsridan 

b manZilebze. ipoveT tvirTis 

mcire rxevebis sixSire. 
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  a m o x s n a. wonasworobis mdgomareobaSi, roca Rero 
horizontaluria, 

 mgb 332211 aFaFaF  ,    (1) 

 sadac   111  cF ;   222  cF ;   333  cF . 

 zambaris drekadobis Zala, romelic tvirTs unda 
miuerTod 

 mgcF   , 

sadac   c - ekvivalenturi 

zambaris drekadobis 
koeficientia. 
        naxazidan Cans, rom 

     
b

a
1

1  , 

                   
b

a2
2  , 

                   
b

a3
3  . 

sadac     - ekvivalenturi zambaris deformaciaa. maSin 

         
b

a
cF


 1

11 , 

         
b

a
cF


 2

22 ,                       (2) 

         
b

a
cF


 3

33 . 

 Aamis gaTvaliswinebiT (1) miiRebs aseT saxes     

                 mgb cb 
b

a
c

2

1
1 , 

b

a
c

2

2
2

b

a
c

2

3

3 , 

       
2

2

33

2

22

2

11

b

acacac
c


  

 tvirTis rxevis sixSire   

       
2

2

33

2

22

2

11

mb

acacac

m

c
k


 . 
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   p as u x i:  
2

2

33

2

22

2

11

b

acacac
c


 ;   

m

c
k  . 

 
 
    

amocana  32.35 

      
         xraxnuli zambara Sedgeba n  ubnisagan, romelTa 

sixistis koeficientebia Sesabamisad 1c , 2c , . . . nc . gansazRvreT 

mocemulis ekvivalenturi erTgvarovani zambaras sixistis 
koeficienti da m  masis wrtilis Tavisufali rxevis periodi. 

    a m o x s n a. xraxnuli zambara Sedgeba mimdevrobiT 
SeerTebuli sxvadasxva sixistis n ubnisagan. Aamitom, 
ekvivalenturi zambaras deformacia tolia misi yvela ubnis 
deformaciis jamisa: 

   



n

i

i

1

, 

sadac     

i

i
c

mg
 . 

 maSin, ekvivalenturi zambaras sixistis koeficienti 

                  



n

i icc 1

11
,      

 anu                 





n

i ic

c

1

1

1
. 

 m  wertilis rxevis periodi  
c

m

k
T 


2

2


 
 

  p as u x i:  





n

i ic

c

1

1

1
;  ;

2

k
T


  

m

c
k  . 
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   amocana  32.36 

      
         absoluturad gluv horizontalur sibrtyeze mdebare 

10 kg masis tvirTi CaWerilia erTnairi 6,19c  n/sm sixistis 

or zambaras Soris. garkveul momentSi wonasworobis 
mdgomareobaSi myofi tvirTi gadawies 
4 sm-T marjvniv da gauSves sawyisi 
siCqaris gareSe. ipoveT tvirTis 
moZraobis gantoleba, rxevis periodi, 
agreTve maqsimaluri siCqare. 
  a m o x s n a. rodesac zambara CaWerilia or zambaras 
Soris, es tolfasia ekvivalenturi zambaris moqmedebisa, 
romlis saxistis koficienti 

  2,39221  ccccekv  (n/sm). 

 avirCioT koordinatTa xy0  

sistemis saTave tvirTis 
wonasworobis mdgomareobaSi. 
gadavwioT tvirTi wonasworobis 
mdgomareobidan x  RerZis dadebiTi 
mimarTulebis mxares; naxazze 
gamovsaxoT tvirTze moqmedi Zalebi: 

simZimis gm

 Zala, drekadobis ypF


 

Zala da sayrdenis N

reaqcia. 

CavweroT tvirTis moZraobis diferencialuri 

gantoleba x  RerZze gegmilebSi:  
ypFxm  ,    (1)                    

sadac   ypF ekvc x . 

maSin   (1) gantoleba ase SeiZleba CavweroT     

                      02  xkx ,                             (2) 

sadac   
m

c
k ekv2

,     8,19
10

102,39 2





m

c
k ekv

 (rad/wm) 

   (2) diferencialuri gantolebis amoxsnas aseTi saxe aqvs 

                   ktCktCx sincos 21  ,                   (3)          

     ktkCktkCx cossin 21  .              (4) 

 (3) da (4) gamosaxulebebidan  moZraobis sawyisi 

pirobebis gaTvaliswinebiT: roca 4,0 0  xxt sm; 00 x . 

maSin 41 C ,    02 C . 

     E (3) gamosaxuleba ase Caiwereba                      



358 

 

                     tx 8,19cos4 . 

 rxevis periodi  317,0
8,19

14,322





k
T


 (wm). 

 tvirTis maqsimaluri siCqaris gansazRvrisaTvis 
visaegebloT (4) gamosaxulebiT: 

A       tx 8,19sin8,194 t8,19sin2,79 . 

      siCqare maqsimalur mniSvneloba miaRwevs, roca  

.18,19sin t  

amitom    
maxx 2,79  (sm/wm). 

  p a s u x i: tx 8,19cos4 sm; 317,0T wm;  
maxx 2,79  

sm/wm. 

   amocana  32.37 

      

         m  masis P  tvirTi mimagrebulia AB  

Reroze, romelic ori, 2c  da 3c  sixistis 

koeficientebiani zambariT SeerTebuilia DE  

RerosTan. Ees ukanaskneli mimagrebulia Weris H
wertilSi zambariT, romelis sixistis 

koeficientia 1c .  rxevis dros AB  da DE  

Reroebi rCebian horizontaluri.  gansazRvreT 
erTi ekvivalenturi  zambaras sixistis 

koeficienti, roca P  tvirTi imave siSiris rxevas Seasrulebs. 
ipoveT tvirTis Tavisufali rxevis periodi. Reroebis masa 
ugulebelyaviT 

  a m o x s n a. SevcvaloT 2c  da 3c sixistis koeficientis 

mqone ori zambara erTi ekvivalenturi zambariT, romlis 

sixistis koeficientia  32 ccc  . 

 Semdeg, mimdevrobiT SeerTebuli (nax. 1) c  da 1c  

sixistis koeficientebis mqone zambarebi  SevcvaloT 

ekvivalenturi zambariT, romlisTvisac  
ccc 


111

1

 , 

sadac   c  - ekvivalenturi zambaris sixistis koeficientia. 

 Aaqedan,  c -s mniSvnelobis gaTvaliswinebiT miviRebT 

        

321

321

1

1 )(

ccc

ccc

cc

cc
c









 . 
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 Aaxla ganvixiloT tvirTis moZraoba erT zambaraze, 
romelic sami mocemuli zambaras 

ekvivalenturia (nax..2); l -aradeformirebuli 

zambaras sigrZea,  cTf  - zambaras deformacia, 

romlis drosac tvirTi imyofeba statikur 
wonasworobaSi. 
 avirCioT koordinatTa sistemis saTave 
tvirTis statikuri wonasworobis 
mdgomareobaSi. x  RerZi mivmarToT 
wonasworobis mdgomareobidan tvirTis 

gadaadgilebis mxares; naxazze gamovsaxoT P

tvirTze moqmedi Zalebi: simZimis gm

 Zala da 

drekadobis ypF


 Zala . 

CavweroT tvirTis moZraobis diferencialuri 
gantoleba x  RerZze gegmilebSi: 

      ypkx FmgFxm   ,                                                      

sadac   
ypF ).( xfc cT   

maSin               .cxcfmgxm cT                       (1)   

 statikuri wonasworobis mdgomareobaSi  cTcfmg  . 

    
  amitom (1) gantoleba SeiZleba ase CavweroT     

                      02  xkx ,                             (2) 

sadac   
m

c
k 2

.      

  (2) gantoleba aris harmoniuli rxevis diferencialuri 
gantoleba. 
 rxevis wriuli sixSire 

     
mccc

ccc

m

c
k

)(

)(

321

321




 . 

 rxevis amplitude 

     
)(

)(
2

2

321

321

ccc

mccc

k
T




 


. 

  .p a s u x i:    

321

321 )(

ccc

ccc
c




 ;   

)(

)(
2

321

321

ccc

mccc
T




  .  
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amocana  32.38 

      

        gansazRvreT l sigrZis drekadi konsolis boloze 

dakidebuli m  masis Q  tvirTis rxevis 

sakuTari sixSire. tvirTis Semkavebeli 
zambaris sixistea c .  Kkonsolis 
boloze sixiste ganisazRvreba 

formuliT  
3/3 lEIc   E(  - 

drekadobis modulia,  I  - inerciis 
momenti). Kkonsolis masa ugulebelyaviT. 
 a m o x s n a. tvirTis rxevis 
sakuTari sixSire 

   
m

c
k ekv ,                      (1) 

sadac  ekvc  - zambarisa da konsolis bolos ekvivalenturi 

sixistea. 

 c  sixistis zambara dakidebuli 1c  sixistis drekadi 

konsolis boloze, SeiZleba CavTvaloT mimdevrobiT SeerTebul 
zambarebad, amitom 

   
cccekv

111

1

 , 

sadac  
31

3

l

EI
c  . 

 Aaqedan         
















3

31

1

3

3

l

EI
cl

EIc

cc

cc
cekv

, 

Aanu, gardaqmnis Semdeg 

   .
3

3
3 EIcl

EIc
cekv


                   (2) 

 CavsvaT (2) gamosaxuleba (1) formulaSi 

    
)3(

3
3 EIclm

EIc
k


 . 

 

p a s u x i:  
)3(

3
3 EIclm

EIc
k


 . 
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   amocana  32.39      

       20c  n/sm  sixistis drekadi Zelis SuaSi mdebare 

10M  kg masis tvirTis rxevis amplituda aris 2 sm. 

gansazRvreT tvirTis sawyisi siCqare, Tu drois sawyis 0t  
momentSi tvirTi imyofeboda wonasworobis mdgomareobaSi. 
a m o x s n a. tvirTis harmoniuli rxevis amplituda 

   
2

2

02

0
k

x
xa


 .  

Aaqedan          
2

0

2

00 xakxv  ,                   (1) 

sadac  k - rxevis wriuli sixSirea 

   14,14
10

1020





m

c
k  (rad/wm). 

 Tu koordinatTa sistemis saTaved avirCevT 

wonasworobis mdgomareobas, miviRebT rom 00 x . maSin (1) 

formulis Tanaxmad 

                  3,28214,140  kav  (sm/wm).   

p a s u x i: 3,280 v  sm/wm. 

 
                    amocana  32.40 

 

 m  masis Q  tvirTi damagrebulia 

horizontalurad daWimul lAB   sigrZis 
gvarliT. tvirTis mcire vertikaluri 

rxevisas gvarlis S  daWimuloba 
SeiZleba CaiTvalos mudmivad. 
gansazRvreT tvirTis Tavisufali 

rxevis sixSire, Tu gvarlis A  
bolodan tvirTi daSorebulia a  
manZiliT. 
 
 a m o x s n a. ganvixiloT 

tvirTis moZraoba simZimis gm

  

Zalis, gvarlis 
1S

 da 

2S

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daWimulobis Zalebis moqmedebiT.            
 CavweroT tvirTis moZraobis diferencialuri 

gantoleba x  RerZze gegmilebSi:     

2211 sinsin  SSxm  .       (1) 

 CavTvaloT, rom tvirTis vertikaluri mcire rxevebis 

dros SSS  12 ,  maSin 

         
al

x
tg


 111 sin  , 

         
a

x
tg  222 sin  , 

Aamitom (1) gantolebas aseTi saxe aqvs 

  x
al

l

a

S

a

x
S

al

x
Sxm





        

Aanu                    02  xkx ,                               

sadac   
)(

2

alma

Sl
k


 . 

 Aaqedan, tvirTis Tavisufali rxevis sixSire 

         .
)( alma

Sl
k


  

    p a s u x i:  
)( alma

Sl
k


  rad/wm. 

                     
 amocana  32.41 

 

  490,5  n wonis tvirTi devs AB Zelis SuaSi. Zelis ganivi 

kveTis inerciis momenti I =80 sm4. gansazRvreT Zelis l  sigrZe 
im pirobidan, rom Zelze tvirTis Tavisufali rxevis periodi 

iyos 1T  wm-s toli. 
 S e n i S v n a. Zelis statikuri CaRunva ganisazRvreba 

formuliT  
EI

Pl
f

48

3

 , sadac drekadobis 

moduli 
111005,2 E  n/m2. 

 a m o x s n a.  radganac viciT Tavisufali rxevis 
periodi, ganvsazRvroT tvirTis sakuTrivi rxevebis sixSire 
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  28,6
1

14,322





T
k


 (rad/wm).       (1) 

 vinaidan statikuri wonasworobis mdgomareobaSi 

mgcf  , amitom   .22 gfkk
f

g

m

c
      

f -s mniSvnelobis gaTvaliswinebiT CavweroT 

   g
EI

Pl
k 

48

3
2

. 

 Aaqedan ganisazRvreba Zelis sigrZe 
 

 9,15
5,49028,6

1081005,28,94848
3

2

711

3
2









Pk

gEI
l  (m)    

 

p a s u x i:   9,15l m. 

 

   amocana  32.42 

 

  m masis Q  tvirTi CaWerilia or 

vertikalur zambaras Soris, romelTa 

sixistis koeficientia 1c   da 2c . Ppirveli 

zambaris zeda bolo uZravad aris 
Camagrebuli, xolo meore zambaris qveda 
bolo damagrebulia Zelis SuaSi. 

gansazRvreT Zelis l  sigrZe ise, rom 

tvirTis rxevis periodi iyos  T -s toli. 

Zelis ganivi kveTis inerciis momentia I , 

xolo drekadobis modulia E . 

   a m o x s n a. Zelis 0c  sixiste ganvsazRvroT formuliT 

   
30

48

l

EI
c  . 

 vinaidan 2c  zambara da Zeli Seadgenen mimdevrobiT 

SeerTebul elementebs, amitom maTi ekvivalenturi csixiste 
ase gamoiTvleba 
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EIlc

EIc

cc

cc
c

48

48
3

2

2

02

02





 . 

     maSasadame, mTeli sistemis sixistis c ekv koeficienti 

        c ekv

EIlc

EIc
ccc

48

48
3

2

2
11




EIlc

EIlccEIc

48

)48(48
3

2

3

212




 . 

 tvirTis sakuTrivi rxevis sixSire  
m

c
k ekv , 

   
m

c
k ekv2

mEIlc

EIlccEIc

)48(

)48(48
3

2

3

212




 . 

aqedan    
)(

)(48

1

2

2

2

123

cmkc

mkccEI
l




 , 

sadac               
2

2
2 4

T
k


 . 

 maSin, Zelis sigrZe 

       
3

12

2

2

2

2

12

4

)
4

(48















c
T

m
c

T

m
ccEI

l




. 

      
 

 p a s u x i:   
3

12

2

2

2

2

12

4

)
4

(48















c
T

m
c

T

m
ccEI

l




.   
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 amocana  32.43 

 

 ipoveT 1c  sixistis koeficientis 

zambaraze dakidebuli    m  masis Q  

tvirTis moZraobis gantoleba da 
rxevis periodi, Tu zambara 

mimagrebulia l  sigrZis Zelis SuaSi. 

Zelis sixiste Runvaze aris EI . sawyis 
momentSi tvirTi imyofeboda statikuri 
wonasworobis mdgomareobaSi da mas 
mianiWes qveviT mimarTuli 

siCqare 0v


.  

 a m o x s n a. 
koordinatTa 0xy sistemis 
saTaved avirCioT statikuri 
wonasworobis mdgomareoba. 

gadavaadgiloT tvirTi x 
RerZis dadebiTi 
mimarTulebiT da vaCvenoT 
masze moqmedi Zalebi: simZimis 

gm

 Zala da drekadobis ypF


 

Zala  (ix. naxazi). 

 CavweroT Q  tvirTis moZraobis diferencialuri 

gantoleba x RerZze gegmilebSi: 

    ypFmgxm  ,                  (1) 

sadac  ekvyp cF  f( st )x . 

 maSin, (1) gantoleba miiRebs aseT saxes 

   mgxm ekvc f st. xcekv .          (2) 

 statikuri wonasworobis mdgomareobaSi 

   mg ekvc f st.. 

 maSasadame, (2) formulis Tanaxmad tvirTis moZraobis 
gantolebaa 

      xm xcekv , 

Aanu 

      02  xkx  ,                      (3) 

sadac   
m

c
k ekv2

. 
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 zambara da drekadi Zeli SeerTebulia mimdevrobiT, 
amitom 

  
EIlc

EIc

cc

cc
cekv

48

48
3

1

1

21

21





 ,           (4)  

sadac  2c  - Zelis sixistis koeficientia,  
32

48

l

EI
c  .  

 (3) diferencialuri gantolebis amoxsnas aseTi saxe aqvs:    

                  ktCktCx sincos 21  ,                 (5) 

             .cossin 21 ktkCktkCx                (6) 

       (5) da (6) formulebSi CavsvaT sawyisi pirobebi: 

000 ,0,0 vxxt  ,miviRebT: 

k

v
CkCvxCx 0

220010 ,0  . 

    Mmudmivebis am mniSvnelobaTa gaTvaliswinebiT (5)–dan 
miviRebT tvirTis moZraobis gantolebas: 

                kt
k

v
x sin0 .                            (7) 

   (4) formulis gaTvaliswinebiT vipoviT tvirTis 
rxevebis sixSires: 

  
)48(

48
3

1

1

EIlcm

EIc

m

c
k ekv


 . 

maSin,  (7) formulis Tanaxmad 

       t
EIlcm

EIc

EIc

EIlcm
vx

)48(

48
sin

48

)48(
3

1

1

1

3

1
0




 . 

 tvirTis rxevis periodia 

  

1

3

1

48

)48(
2

2

EIc

EIlcm

k
T


 


.. 

  

p a s u x i:   t
EIlcm

EIc

EIc

EIlcm
vx

)48(

48
sin

48

)48(
3

1

1

1

3

1

0



 ; 

            

1

3

1

48

)48(
2

EIc

EIlcm
T


  . 
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                        amocana  32.44 

 

  Q  wonis tvirTi CaWerilia or vertikalur zambaas 

Soris, romelTa sixistis koeficientia 1c   da 

2c . Ppirveli zambaris zeda bolo uZravad 

aris Camagrebuli, xolo meore zagmbaris qveda 
bolo damagrebulia Zelis Tavisufal boloze, 
romelic meore boloTi CaWedilia kedelSi. 
cnobilia, rom kedelSi CaWedebuli Zelis 

Tavisufal boloze modebuli P

 Zalis 

moqmedebiT ganicdis CaRunvas 

  
EI

Pl
f

48

3

 ,  

sadac EI  - Zelis mocemuli sixistea CaRunvisas. gansazRvreT Zelis 

l  sigrZe ise, rom tvirTis rxevis periodi iyos  T -s toli. 
ipoveT tvirTis moZraobis gantoleba, Tu sawyis momentSi is 
dakidebulia dauWimavi zambarebis boloSi da  
gaSvebuli iqna sawyisi siCqaris gareSe. 

   a m o x s n a. koordinatTa 0xy sistemis saTaved 
avirCioT tvirTis statikuri wonasworobis 
mdgomareoba, sadac  

   mg ekvc f st.. 

sadac  ekvc  - drekadi bmis sixistis koeficientia, 

romelic yvela danarCeni bmis ekvivalenturia. 

        gadavaadgiloT tvirTi x RerZis dadebiTi 
mimarTulebiT da naxazze vaCvenoT masze moqmedi 

Zalebi: simZimis gm

 Zala da drekadobis ypF


 Zala. 

 CavweroT  tvirTis moZraobis diferencialuri gantoleba 

x RerZze gegmilebSi: 

   ypFmgxm  ,                   

sadac  ekvyp cF  f( st )x . 

 maSin 

       mgxm ekvc f st. xcekv .           

 aqedan 

      xm xcekv , 

Aanu 
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      02  xkx  ,                       (1) 

sadac   
Q

g
c

m

c
k ekv

ekv 2
. 

 vipovoT ekvc imis gaTvaliswinebiT, rom drekadi Zeli da 

2c  sixistis koeficientis mqone zambara SeerTebulia 

mimdevrobiT, xolo tvirTi CaWedilia maTsa da 1c  sixistis 

koeficientis mqone zambaras Soris: 

   cccekv  1 ,                         (2) 

sadac   

31

31

cc

cc
c


 ,   

33

3

l

EI
c   - Zelis sixistis 

koeficientia. 
maSin                     

  
EIlc

EIc
c

3

3
3

2

2


 .                          (3) 

 (3) gamosaxuleba CavsvaT (2) formulaSi, miviRebT 

   1ccekv
EIlc

EIc

3

3
3

2

2


. 

 gaviTvaliswinoT, rom 

    (2

Q

g

Q

g
c

m

c
k ekv

ekv  1c

)3(

)](3[
)

3

3
3

2

21

3

21

3

2

2

EIlcQ

ccEIlccg

EIlc

EIc







. 

Aaqedan ganisazRvreba Zelis sigrZe 

  
3

12

2

2

2

2

12

4

4
3























c
g

Q

T
c

g

Q

T
ccEI

l




. 

  
  (1) diferencialuri gantolebis amoxsnas aseTi saxe aqvs:    

                  ktCktCx sincos 21  ,                 (4) 

             .cossin 21 ktkCktkCx                (5) 
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       (4) da (5) formulebSi CavsvaT sawyisi pirobebi 

0t , cTfx 0 , 000  vx , miviRebT: cTfx 0 =C1, 

00 220  CkCx . 

    Mmudmivebis am mniSvnelobaTa gaTvaliswinebiT (4)–dan 
miviRebT tvirTis moZraobis gantolebas: 

   fx  st ktcos , 

sadac 

 f st

)(3

)3(

21

3

21

3

2

ccEIlcc

EIlcQ




 ,   

QEIlc

gEIcclcc
k

)3(

])(3[
3

2

21

3

21




 . 

 

 p a s u x i:  
3

12

2

2

2

2

12

4

4
3























c
g

Q

T
c

g

Q

T
ccEI

l




; 

)(3

)3(

21

3

21

3

2

ccEIlcc

EIlcQ
x




 cos t

QEIlc

gEIcclcc

)3(

])(3[
3

2

21

3

21




. 

        

    amocana  32.45 

 

  l  sigrZis 0A  Reros boloSi 

dakidebulia m masis tvirTi. Reros 

SeuZlia Semobruneba 0 RerZis 

garSemo. 0 RerZidan a  manZilze 
Reroze mimagrebulia c  sixistis 
koeficientis zambara. gansazRvreT 
tvirTis  rxevis sakuTrivi sixSire, 
Tu 0A Reros wonasworobis 
mdgomareobaSi ukavia horizontaluri 
mdebareoba. Reros masa ugulebelyaviT. 
 a m o x s n a. tvirTis rxevis sakuTrivi sixSire 

        
m

c
k ekv ,                     (1) 



370 

 

sadac  ekvc  -  A wertilSi damagrebuli 

ekvivalenturi zambaras sixistea. 

 OAB  da  BAO   samkuTxedebis 
msgavsebidan (ix. naxazi) gamomdinareobs, 
rom 

     .
l

a

f

f

A

cT   

 statikuri wonasworobis mdgomareobaSi
          
                          

                   .lFmglaF ypA

cT

yp   

 imis gaTvaliswinebiT, rom 

  ,cT

cT

yp cfF   

  
AekvypA fcF  , 

miviRebT            acf cT lfc Aekv . 

aqedan               
2

2

l

ca

lf

acf
c

A

cT
ekv  . 

 (1) formulis Tanaxmad      

       
m

c

l

a
k  . 

p a s u x i:  
m

c

l

a
k   rad/wm. 
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amocana  32.46 
 

 l  sigrZis Reros boloSi 1c  sixistis koeficientis 

zambaraze dakidebulia m masis P  

tvirTi. Reros SeuZlia Semobruneba O   

RerZis garSemo. Reros Semkavebeli 2c  

sixistis koeficientis zambara 

dayenebulia O  wertilidan b  

manZilze. gansazRvreT P  tvirTis  
rxevis sakuTrivi sixSire. Reros masa 
ugulebelyaviT. 

     a m o x s n a. gadavitanoT 2c  sixistis koeficientis 

zambara A  wertilSi da ganvsazTvroT dayvanili zambaris 

sixistis pc  koeficienti gamomdinare im pirobidan, rom 

         ,lFbF p

yp

cT

yp

        (1) 

sadac       cT

cT

yp fcF 2   

 -  me-2 zambaras drekadobis Zalaa statikuri wonasworobis 

mdgomareobaSi;  fcF p

p

yp
 


 - A  

wertilSi dayvanili me-2 zambaras 
drekadobis Zala. 
 maSin (1) piroba ase Caiwereba
       

                        bfc cT2

lfcF p

p

yp
 


. 

aqedan                  

lf

bf
cc cT

p


 2 .                     

(2) 

 OAB  da  BAO   samkuTxedebis msgavsebidan (ix. 
naxazi) gamomdinareobs, rom 

                     .
l

b

f

fcT 


 

 (2) gamosaxuleba miiRebs aseT saxes 
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2

2

2

l

bc
c p  . 

      maSasadame, A  wertilSi gvaqvs ori, mimdevrobiT 

SeerTebuli,  1c  da 
pc  sixitis koeficientis mqone zambara. 

    vipovoT ekvivalenturi zambaras sixistis koeficienti 

      
















22

2

1

21

1

1

c
b

l
c

cc

cc

cc
c

p

p

ekv




  

Dda tvirTis rxevis sakuTrivi sixSire 

  













22

2

1

21

c
b

l
cm

cc

m

c
k ekv

 

     p a s u x i:   













22

2

1

21

c
b

l
cm

cc
k  rad/wm. 

 

                      amocana  32.47 
 
    dedamiwis zdapirze mocemul adgilas simZimis Zalis 
aCqarebis gansazRvrisaTvis tardeba ori cda. zambaras 

boloSi aTavseben 1P tvirTs da zomaven zambaras 1l statikur 

dagrZelebas. Semdeg amave zambaras boloSi kideben sxva 2P  

tvirTs da kvlav zomaven zambara 2l  statikur dagrZelebas. 

amis Semdeg imeoreben orive cdas, aiZuleben orive tvirTs 
rigrigobiT Seasrulon Tavisufali rxevebi, da amasTanave 

zomaven rxevebis 1T   da 2T  periodebs.  meore cdas atareben 

imisaTvis, rom gaiTvaliswinon TviT zambaras masis gavlena, 
Tvlian, rom tvirTis moZraobisas es gavlena ekvivalenturia 
rxevadi masisaTvis raRac damatebiTi masis mimatebisa. am 
cdebis monacemebis mixedviT ipoveT simZimis Zalis aCqarebis 
ganmsazRvreli formula. 

   a m o x s n a. 1P  tvirTis rxevis periodi 
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g

l

k
T

1

1

1

22 
 ,              (1) 

sadac   

1

1
l

g

f

g
k

cT

 . 

 2P  tvirTis rxevis periodi 

   
g

l

k
T

2

2

2

22 
 ,              (2) 

sadac   

2

2
l

g
k  . 

 (1) da (2) gamosaxulebebi aviyvanoT kvadratSi da vipovoT 

sxvaoba                
g

ll
TT

)(4 21

2
2

2

2

1





. 

 Aaqedan miviRebT simZimis Zalis aCqarebis saangariSo 
formulas 

       
2

2

2

1

21

2 )(4

TT

ll
g







. 

p a s u x i:  
2

2

2

1

21

2 )(4

TT

ll
g







. 

 
 
 
 
 

                     amocana  32.48 
 
  vertikalurad ganTavsebuli wris 
qordis gaswvriv (kiloSi) xaxunis gareSe 

mizidulobis F

 Zalis moqmedebiT 

moZraobs 2 kg masis M  wertili, sadac 

Zala sididiT O  cantramdis manZilis 
proporciulia, amasTanave 
proporciulobis koeficientia 98 n/m. 
wris centridan qordamde manZilia 20 sm, 
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wrewiris radiusia 40 sm. gansazRvreT wertilis moZraobis 
kanoni, Tu sawyis momentSi is imyofeboda marjvena ganapira 

0M  mdebareobaSi da gaSvebulia sawyisi siCqaris gareSe. ra 

siCqariT gaivlis wertili qordis SuaSi? 
     a m o x s n a. naxazze gamovsaxoT wertili Sualedur 

mdebareobaSi da vaCvenoT masze moqmedi Zalebi: simZimis gm

 

Zala, mizidulobis F

Zala da sayrdenis N


 reaqcia. 

 CavweroT wertilis moZraobis difarencialuri 
gantoleba x RerZze gegmilebSi: 

  cosFxm  ,                   

sadac  OMF   ,   - proporciulobis koeficientia;

 

OM

x
cos .  

maSin, (1) gantoleba miiRebs aseT saxes 
  xxm  .          

 maSasadame, wertilis moZraobis 
gantolebaa 

              02  xkx  ,        (1) 

sadac   ,49
2

982 
m

k


. 7k rad/wm. 

   
 (1) diferencialuri gantolebis amoxsnas aseTi saxe aqvs:    

                  ktCktCx sincos 21  ,                 (2) 

 (2)-s gawarmoebiT miviRebT 

             .cossin 21 ktkCktkCx                (3) 

 integrebis mudmivebi ganvsazRvroT   (2) da (3) 

formulebSi  sawyisi pirobebis gamoyenebiT: 0,0 0  xt , (2)-

dan miviRebT: 6,342040 2222

001  AORAMxxC  

(sm). 
 (3)-dan miviRebT: 

   0220  CkCxx . 

  mudmivebis am mniSvnelobaTa gaTvaliswinebiT (2)–dan 
miviRebT wertilis moZraobis gantolebas: 

   tx 7cos6,34  sm. 

 (3) formulis Tanaxmad wertilis siCqarea 

  tx 7sin242  sm/wm. 
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 qordis SuaSi wertilis gavlisas 0x , amitom 

     242x sm/wm. 

   p a s u x i:  tx 7cos6,34  sm.   242x sm/wm. 

         
 

   amocana  32.49 
 
  Reroze, romlis masa 
ugulebelyofilia, mimagrebulia sami 

zambara. Reros boloebze damagrebuli 1c  

da 2c  sixistis ori zambariT Sekavebulia 

Rero. 3c  sixistis mesame zambara Reros 

SuaSia damagrebuli da masze  

dakidebulia m  masis P  tvirTi. 
gansazRvreT tvirTis rxevis sakuTrivi 
sixSire.   

   a m o x s n a. vipovoT A  da B  
zambarebis damagrebis wertilebSi 

warmoqmnili 1S  da 2S  Zalvebi  

2
21

mg
SS  .   (1) 

MmaSin, TiToeuli zambaras 
dagrZeleba iqneba 

  

1

1
2c

mg
 ,  

2

2
2c

mg
  .  (2) 

 MganvsazRvroT mesame zambaras 

dakidebis D  wertilis gadaadgileba 

 












21

21 11

42 cc

mg
.   

(3) 

 D wertilSi movaTavsoT dayvanili c  sixistis zambara: 

                



mg

c , 

saidanac       
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c

mg
 .                   (4) .           

 CavsvaT (4)  gamosaxuleba  (3) formulaSi, miviRebT 

                    

21

214

cc

cc
c


 . 

 maSasadame, D  wertilSi gvaqvs ori mimdevrobiT 

SeerTebuli c  da 3c  sixistis koeficientis mqone zambara. 

SevcvaloT isini ekvivalenturi zambariT da vipovoT am 

zambaras sixistis koeficienti ecvc :                             

           

323121

321

3

3

4

4

cccccc

ccc

cc

cc
cecv





 , 

agreTve tvirTis rxevis sakuTrivi suixSire 

             
)4(

4

323121

321

ccccccm

ccc

m

c
k ecv


 .  

p a s u x i:    
)4(

4

323121

321

ccccccm

ccc
k


   rad/wm. 

 
                     amocana  32.50 
 
  10 kg masis tvirTi, romelic mimagrebulia c =1,96 kn/m 
sixitis koeficientis zambaraze, asrulebs rxevas. zambaras 
masa ugulebelyaviT da gansazRvreT tvirTisa da zambaras 
sruli meqanikuri energia, aageT drekadi Zalis 
gadaadgilebaze damokidebulebis grafiki da aCveneT masze 
zambaras potenciuri eneergia. miiReT statikuri wonasworobis 
mdebareoba potenciuri energiis aTvlis saTaved. 
     a m o x s n a.  gansaxilveli sistemis sruli meqanikuri 

energia  E  aris 

     TE ,                 (1) 

sadac  T  - tvirTis kinetikuri energiaa;    - zambaras 
potenciuri energia. 
 tvirTis moZraobisas 

  
2

2xm
T


 , 
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  )( ypFA 
x

ypF
0

 

x
cx

cxdxdx
0

2

2
. 

 maSin, amocanis pirobebis gaTvaliswinebiT (1) formulis 
Tanaxmad 

   E
22

22

9805
22

xx
cxxm




. 

 vinaidan        
ypF )( cTlxc  , 

amitom, drekadi Zalis gadaadgilebaze damokidebulebis 
grafiki aris wrfe (ix. naxazi pasuxSi). potenciuri energiis 
aTvlis saTaved aRebulia statikuri wonasworobis 
mdebareoba, amitom, zambaras potenciuri energia tolia 
trapeciis farTobis (ix. naxazi), romelic SemosazRvrulia 

abscisis RerZis cTl  da cTlx    

koordinatebiT. 
 p a s u x i:  

  E )9805(
22

22
22

xx
cxxm




j,  sadac  x – m-Si, x  - m/wm-a. 
naxazze daStrixuli farTobi 
zambaras potenciuri energiis tolia. 
 
   

 

 

 

    amocana  32.51 

 
     m  masis nivTieri wertili imyofeba 

  )164(
2

1 222 zyxk   

potencialis mqone Zalis moqmedebis velSi.  daamtkiceT, rom 
wertilis moZraobisas nebismieri (aranulovani) sawyisi 
mdebareobidan garkveuli drois Semdeg wertili kvlav miva 
amave mdebareobaSi. gansazRvreT es dro. iqneba Tu ara 
dabrunebisas siCqare sawyisi siCqaris toli? 
     a m o x s n a. ganvsazRvroT Zalis gegmilebi dekartis 
koordinatTa sistemis RerZebze: 
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  kx
x

Fx 



 ; 

  ky
y

Fy 4



 ; 

  kz
z

Fz 16



 . 

 CavweroT wertilis moZraobis difarencialuri 
gantoleba x RerZze gegmilebSi: 

  kxxm  ,    
anu                

                    02  xx   ,                         (1) 

sadac   ,2

m

k
   

m

k
 . 

   
 (1) diferencialuri gantolebis amoxsnas aseTi saxe aqvs:    

                  tCtCx  sincos 21  ,                 (2) 

 (2)-s gawarmoebiT miviRebT 

             .cossin 21 tCtCx                (3) 

 integrebis mudmivebi ganvsazRvroT   (2) da (3) 
formulebSi  sawyisi pirobebis gamoyenebiT: 

0,0,0 00  xxt , (2) da (3) formulebidan miviRebT: 

2001 ; CxxC  .  
k

m
x

x
C 0

0
2







. 

  mudmivebis am mniSvnelobaTa gaTvaliswinebiT (2) da (3) 
aseT saxes miiReben: 

             t
m

k

k

m
xt

m

k
xx sincos 00

 ,           (4) 

             t
m

k
xt

m

k

m

k
xx cossin 00

 .         (5) 

 vipovoT x  RerZis gaswvriv wertilis rxevis periodi: 

  
k

m
Tx 




2

2
 .                        
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 CavweroT wertilis moZraobis difarencialuri 
gantoleba y RerZze gegmilebSi: 

  kyym 4 ,    

anu                

                    02  xy  ,                             (6) 

sadac           ,
42

m

k
   

m

k
2 . 

   
 (6) diferencialuri gantolebis amoxsnas aseTi saxe aqvs:    

                  tCtCy  sincos 43  ,                 (7) 

 (2)-s gawarmoebiT miviRebT 

             .cossin 43 tCtCy                (8) 

 integrebis mudmivebi ganvsazRvroT   (7) da (8) 
formulebSi  sawyisi pirobebis gamoyenebiT: 

0,0,0 00  yyt ; (7) da (8) formulebidan miviRebT: 

4003 ; CyyC  .  
k

myy
C

2

00

4








. 

  mudmivebis am mniSvnelobaTa gaTvaliswinebiT (2) da (3) 
aseT saxes miiReben: 

           )2sin(
2

)2cos( 0

0 t
m

k

k

my
t

m

k
yy


 ,      (9) 

          )2cos()2sin(2 00 t
m

k
yt

m

k

m

k
yy  .    (10) 

 vipovoT y RerZis gaswvriv wertilis rxevis periodi: 

  
k

m

k

m
Ty 








2

22
. 

     CavweroT wertilis moZraobis difarencialuri 
gantoleba z RerZze gegmilebSi: 

  kzzm 16 ,    
anu                

                    02  zz   ,                            (11) 

sadac   ,
162

m

k
   

m

k
4 .   

 (11) diferencialuri gantolebis amoxsnas aseTi saxe aqvs:    



380 

 

                  tCtCz  sincos 65  ,                   (12) 

 (12)-s gawarmoebiT miviRebT 

             .cossin 65 tCtCz                    (13) 

 integrebis mudmivebi ganvsazRvroT   (12) da (13) 
formulebSi  sawyisi pirobebis gamoyenebiT: 

0,0,0 00  zzt ; (12) da (13) formulebidan miviRebT: 

6005 ; CzzC  .  
k

mzz
C

4

00
6








 

  
  mudmivebis am mniSvnelobaTa gaTvaliswinebiT (12) da (13) 
aseT saxes miiReben: 

        )4sin(
4

)4cos( 0

0 t
m

k

k

mz
t

m

k
zz


 ,         (14) 

        )4cos()4sin(4 00 t
m

k
zt

m

k

m

k
zz  .       (15) 

 vipovoT z  RerZis gaswvriv wertilis rxevis periodi: 

  
k

m

k

m
Tz

24

22 




 . 

 vinaidan 

                     zyx TTT 42  , 

amitom,  xTt min  drois Semdeg wertili unda dabrundes 

sawyis mdebareobaSi. CavsvaT xTt   mniSvneloba (4), (9) da (14) 

formulebSi, Sesabamisad miviRebT: 

            000 2sin2cos x
k

m
xxx   , 

            0

0

0 4sin
2

4cos y
k

my
yy 


  , 

            0

0

0 8sin
4

8cos z
k

mz
zz 


  . 

 maSasadame   
k

m
Tx 2 . 
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 nivTieri wertilis siCqares 
k

m
Tt x 2  momentSi 

ganvsazRvroT  (5), (10), (15) formulebidan: 

               000 2cos2sin xx
m

k
xx   , 

            000 4cos4sin2 yy
m

k
yy   , 

            000 8cos8sin4 zz
m

k
zz   . 

 maSasadame,  
k

m
Tx 2  drois Sualedis Semdeg 

wertils eqneba siCqare, romelic misi sawyisi mniSvnelobis 
tolia. 

   p a s u x i:   kmT /2 . wertilis siCqare drois T  

Sualedis Semdeg gaxdeba misi sawyisi mniSvnelobis toli. 
 
 
   amocana  32.52 

 

       m masis nivTieri wertili imyofeba 

  )52(
2

1 222 zyxk   

potencialis mqone Zalis moqmedebis velSi. Aam SemTxvevaSi,   
garkveuli drois Semdeg wertili dabrundeba Tu ara sawyis 
mdebareobaSi. 
     a m o x s n a. ganvsazRvroT Zalis gegmilebi dekartis 
koordinatTa sistemis RerZebze: 

  kx
x

Fx 



 ; 

  ky
y

Fy 2



 ; 

  kz
z

Fz 5



 . 

 CavweroT wertilis moZraobis difarencialuri 
gantoleba x RerZze gegmilebSi: 
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  kxxm  ,    
anu                

                    02  xx   ,                         (1) 

sadac   ,2

m

k
   

m

k
 . 

   
 (1) diferencialuri gantolebis amoxsnas aseTi saxe aqvs:    

                  tCtCx  sincos 21  ,                (2) 

 (2)-s gawarmoebiT miviRebT 

             .cossin 21 tCtCx               (3) 

 integrebis mudmivebi ganvsazRvroT   (2) da (3) 
formulebSi  sawyisi pirobebis gamoyenebiT: 

0,0,0 00  xxt , (2) da (3) formulebidan miviRebT: 

2001 ; CxxC  .  
k

m
x

x
C 0

0
2







. 

  mudmivebis am mniSvnelobaTa gaTvaliswinebiT (2) da (3) 
aseT saxes miiReben: 

             t
m

k

k

m
xt

m

k
xx sincos 00

 ,          (4) 

             t
m

k
xt

m

k

m

k
xx cossin 00

 .         (5) 

 vipovoT x  RerZis gaswvriv wertilis rxevis periodi: 

  
k

m
Tx 




2

2
 .                        

 CavweroT wertilis moZraobis difarencialuri 
gantoleba y RerZze gegmilebSi: 

  kyym 2 ,    

anu                

                    02  xy   ,                         (6) 

sadac   ,
22

m

k
   

m

k2
 . 

   
 (6) diferencialuri gantolebis amoxsnas aseTi saxe aqvs:    
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                  tCtCy  sincos 43  ,                 (7) 

 (2)-s gawarmoebiT miviRebT 

             .cossin 43 tCtCy                (8) 

 integrebis mudmivebi ganvsazRvroT   (7) da (8) 
formulebSi  sawyisi pirobebis gamoyenebiT: 

0,0,0 00  yyt ; (7) da (8) formulebidan miviRebT: 

4003 ; CyyC  ,  
k

m
y

y
C

2
0

0

4






. 

  mudmivebis am mniSvnelobaTa gaTvaliswinebiT (2) da (3) 
aseT saxes miiReben: 

          )
2

sin(
2

)
2

cos( 00 t
m

k

k

m
yt

m

k
yy  ,      (9) 

          )
2

cos()
2

sin(
2

00 t
m

k
yt

m

k

m

k
yy  .    (10) 

 vipovoT y  RerZis gaswvriv wertilis rxevis periodi: 

  
k

m
Ty

2

2





 . 

     CavweroT wertilis moZraobis difarencialuri 
gantoleba z RerZze gegmilebSi: 

  kzzm 5 ,    
anu                

                    02  zz   ,                          (11) 

sadac   ,
52

m

k
   

m

k5
 . 

   
 (11) diferencialuri gantolebis amoxsnas aseTi saxe aqvs:    

                  tCtCz  sincos 65  ,                  (12) 

 (12)-s gawarmoebiT miviRebT 

             .cossin 65 tCtCz                  (13) 

 integrebis mudmivebi ganvsazRvroT   (12) da (13) 
formulebSi  sawyisi pirobebis gamoyenebiT: 
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0,0,0 00  zzt ; (12) da (13) formulebidan miviRebT: 

6005 ; CzzC  .  
k

m
z

z
C

5
0

0
6







.  

  mudmivebis am mniSvnelobaTa gaTvaliswinebiT (12) da (13) 
aseT saxes miiReben: 

        )
5

sin(
5

)
5

cos( 00 t
m

k

k

m
zt

m

k
zz  ,          (14) 

        )
5

cos()
5

sin(
5

00 t
m

k
zt

m

k

m

k
zz  .        (15) 

 vipovoT z  RerZis gaswvriv wertilis rxevis periodi: 

  
k

m
Tz

5
2

2





 . 

 vinaidan  yT da  zT  ar warmoadgenen xT -s jeradebs, 

amitom ar SeiZleba miuTiToT drois momentze, roca yvela 
samive koordinati miiRebs sawyis mniSvnelobas. 
 p a s u x i:   ar SeiZleba miuTiToT drois momentze, roca            
yvela samive koordinati miiRebs sawyis mniSvnelobas.               
wertili sami rxeviTi moZraobis Sekrebis procesSi ar  
dabrundeba sawyis mdebareobaSi. 
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winaRobis gavlena Tavisufal rxevebze 
 

                  amocanebi da amoxsnebi 

 
                        A amocana  32.53 

  

  uZrav A  wertilSi damagrebul AB  

zambaraze dakidebuli 100 gr masis D  firfita 
moZraobs magnitur polusebs Soris. grigaluri 
denis Sedegad moZraoba muxruWdeba siCqaris 
proporciuli ZaliT. moZraobisadmi winaRobis 

Zala 
2kv  n-s tolia, sadac  ,001,0k  v - 

siCqarea m/wm-Si,   - magnituri nakadi N  da S  
polusebs Soris. sawyis momentSi firfitis 
siCqare nulis tolia da zambara dauWimavia.Mmisi 

dagrZeleba 1 m-ze miiReba B  wertilSi 
modebuli 19,6 n Zalis statikuri moqmedebisas. gansazRvreT 

firfitis moZraoba im SemTxvevaSi, roca 510  vb (veberi 

– magnituri nakadis erTeuli). 

      a m o x s n a. koordinatTa Oxy  sistemis 

saTaved avirCioT firfitis statikuri 

wonasworobis mdebareobaSi. gadavwioT firfita x 
RerZis dadebiTi mimarTulebiT. gamovsaxoT 
naxazze firfitaze moqmedi Zalebi: simZimis Zala 

gm

, drekadobis Zala ,pyF 


 winaRobis Zala R


. 

   CavweroT firfitis moZraobis 

difarencialuri gantoleba x RerZze gegmilebSi: 

  pyFRmgxm  , 

sadac    xR  ,  ;5,0)510(001,0 22  k    

           ).( xfcF cTpy   

 statikuri wonasworobis mdebareobaSi .cTcfmg   maSin 

         xcxcfmgxm cT
  , 

anu          02 2  xkxnx ,               (1) 

sadac  
m

c
k

m
n  2;2


. 
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 vipovoT   14
1,0

6,19


m

c
k  (rad/wm),  5,2n  

(rad/wm). miviReT, rom  nk   - mcire winaRobis SemTxveva. 
(1) diferencialuri gantolebis amoxsnas aseTi saxe aqvs:  

          ).sincos( 22

2

22

1 tnkCtnkCex nt  
         (2) 

(2) gamosaxuleba droTi gavawarmooT: 

          )sincos( 22

2

22

1 tnkCtnkCnex nt  
+ 

    + ).cossin( 2222

2

2222

1 tnknkCtnknkCe nt 
  

(3) 
 
 (2) da (3) gamosaxulebebSi CavsvaT moZraobis sawyisi 
pirobebi: 

0;,0 00  xfxt cT . miviRebT: 05,010 
c

mg
fCx cT

 

(m); 2

22

10 0 CnknCx  ,  

saidanac      00907,0
22

1
2 




nk

nC
C  (m). 

 integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT (2) 

formulaSi, miviRebT 
                 

)77,13sin00907,077,13cos05,0(5,2 ttex t  
(m). 

 

p a s u x i:  )77,13sin00907,077,13cos05,0(5,2 ttex t  
m, 

sadac x RerZi mimarTulia firfitis simZimis centris 
statikuri wonasworobis mdebareobidan qveviT. 
 
 
 

   amocana  32.54 

  

  gansazRvreT D  firfitis moZraoba wina amocanis 

pirobebiT im SemTxvevaSi, roca magnituri nakadi 100  vb 
(veberi – magnituri nakadis erTeuli). 

  a m o x s n a. visargebloT 32.53 amocanis amoxsnisas 
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miRebuli  firfitis moZraobis 
diferencialuri gantolebiT 

   02 2  xkxnx ,                 (1) 

sadac  ;2
m

n


  1010001,0 2  ; 

m

c
k 2

 

 ganvsazRvroT 14
1,0

6,19


m

c
k

(rad/wm), 50
1,02

10



n  (rad/wm).  miviReT, rom  nk   - didi 

winaRobis SemTxveva. Aamitom (1) diferencialuri gantolebis 
amoxsnas aseTi saxe aqvs:  

                    
tt eCeCx 98

2

2

1

  .              (2) 

 (2) gamosaxuleba droTi gavawarmooT: 

    
tt eCeCx 98

2

2

1 982   .        (3)         

 (2) da (3) gamosaxulebebSi CavsvaT moZraobis sawyisi 

pirobebi: ,0t  05,00 
c

mg
fx cT

(m); 00 x , miviRebT 

210 CCfx cT  , 210 9820 CCx  ,  saidanac 051,01 C  

m, 001,02 C  m. 

 integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT 

(2) formulaSi, sabolood miviRebT 

                 
tt eex 982 001,0051,0   . 

  p a s u x i:  
tt eex 982 001,0051,0   . 

 

 
                       amocana  32.55 

  

 r radiusis da h  simaRlis P wonis cilindri 

Camokidebulia AB  zambaraze, romlis zeda B  bolo 
damagrebulia; cilindri CaSvebulia wyalSi. wonaswirobis 
mdgomareobaSi cilindri Tavisi simaRlis naxevrad CaZirulia 
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wyalSi. drois sawyis momentSi cilindri Tavisi simaRlis 2/3–
iT iyo CaZiruli da Semdeg sawyisi siCqaris gareSe amoZravda 
vertikaluri wrfis gaswvriv. CaTvaleT zambaras sixiste c -s 
toil da dauSviT, rom wylis moqmedeba daiyvaneba damatebiT 
arqimedis Zalaze. gansazRvreT cilindris moZraoba 
wonasworobis mdebareobis mimarT. wylis kuTri wona 
CaTvaleT  -s toli.  

    a m o x s n a. SemoviRoT koordinatTa Oxy  sistema 

saTaviT cilindris statikuri wonasworobis mdebareobaSi. 
gamovsaxoT naxazze cilindrze moqmedi Zalebi: simZimis Zala 

gm

, zambaras drekadobis Zala ,pyF 


 arqimedis amomgdebi 

Zala 
BF


. 

   CavweroT cilindris moZraobis difarencialuri 

gantoleba x RerZze gegmilebSi: 

  Bpy FFmgxm   ,               (1) 

sadac ).( xfcF cTpy  







 xhrFB

2

12 . 









 xh

2

1
 - calindris wyalSi CaZiruli 

nawilis simaRle. 
 statikuri wonasworobis mdebareobaSi 

0x . maSin 

              mgFF Bpy  )0()0( , 

anu              cTcf mg
h

r 
2

2 . 

Aaqedan           
c

fcT

1
 mg( )

2

2 h
r . 

maSin              pyF  mg
2

2 h
r + cx . 

 (1) gantolebaSi SevitanoT  pyF    da BF  mniSvnelobebi 

da gardaqmnis Semdeg miviRebT 

  xrcxxm 2 , 

anu 
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  ,02  xkx                           (2) 

sadac            )( 2
2

2 rc
P

g

m

rc
k 





 . 

     (2) diferencialuri gantolebis amoxsnas aseTi saxe aqvs:    

                  ktCktCx sincos 21  ,                 (3) 

              .cossin 21 ktkCktkCx               (4)          

integrebis mudmivebi ganvsazRvroT sawyisi pirobebis 

gamoyenebiT: roca ,0t  hhhx
6

1

2

1

3

2
0 








 , 00 x . (3) 

da (4) formulebidan miviRebT: ,
6

1
1 hC   02 C . 

 integrebis mudmivebis mniSvnelobebi CavsvaT (3) 
formulaSi da CavweroT cilindris moZraobis gantoleba: 

   .cos
6

1
kthx   

   p a s u x i:  kthx cos
6

1
 ,  sadac   )( 22 rc

P

g
k  . 

 

 
                        amocana  32.56 

  
 wina amocanaSi gansazRvreT cilindris 
rxeviTi moZraoba, Tu wylis winaRoba 
siCqaris pirveli xarisxis proporciulia da  

v -s tolia. 

      a m o x s n a. CavTvaloT, rom wylis 

winaRobis Zala cF


 mimarTulia siCqaris 

sawinaaRmdegod (ix. naxazi), SevadginoT 
cilindris moZraobis difarencialuri 

gantoleba x RerZze gegmilebSi: 

     cBpy FFFmgxm   ,      (1) 

sadac  )( xfcF cTpy   - drekadobis Zalaa; 
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







 x

h
rFB

2

2 - arqimedis amomgdebi Zala;  cF  - wylis 

winaRobis Zala. 

 CTf -s sididis gansazRvrisaTvis CavweroT

 statikuri wonasworobis piroba: 

       cTcf mg
h

r 
2

2
c

fcT

1
 mg( )

2

2 h
r . 

maSin 

  pyF  mg
2

2 h
r + cx . 

 (1) gantolebaSi SevitanoT Cf , pyF   da BF  

mniSvnelobebi da gardaqmnis Semdeg miviRebT 

  xxrcxxm   2
, 

anu 

  ,02 2  xkxnx                    (2) 

sadac   
m

n
2


 ;  

m

r

m

c
k

2
2 

 . 

 im pirobidan, rom nk  , anu 

  0
2

22
222

1 

















mm

r

m

c
nkk


  

cilindris moZraoba iqneba rxeviTi. maSin, (2) diferencialuri 
gantolebis amoxsnas aseTi saxe aqvs:    

                  )sin( 1   tkAex nt
,                     (3) 

sadac  
22

1 nkk  ;  ,A  - nebismieri mudmivebia. 

 (3) gamosaxuleba droTi gavawarmooT: 

       )cos()sin( 111    tkeAktkAnex ntnt
.      (4)          

 sawyisi pirobebis gamoyenebiT: ,0t  

62

1

3

2
0

h
hhx 







 , 00 x .  (3) da (4) formulebidan 

miviRebT:  
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    ,sin
6

A
h
                               (5) 

                      cos
6 1

A
k

nh
 .                          (6) 

 (5) da (6) gamosaxulebebidan 

      
n

nk

n

k
tg

22
1 
  

 (5) da (6) gamosaxulebebi aviyvanoT kvadratSi da 
SevkriboT, miviRebT 

      
2

2

2

1

22

1

2

1

2

66
1

6 nk

kh

k

nkh

k

nh
A





 .      (7) 

 
 (7) gamosaxuleba CavsvaT (3) formulaSi da CavweroT 
cilindris rxeviTi moZraobis gantolebas: 

  )sin(
6

22

22

2




  tnke
nk

kh
x nt

. 

 
   p a s u x i:  cilindris moZraoba iqneba rxeviTi, Tu  . 
  

      0
2

22




















mm

r

m

c 
 . 

          maSin  )sin(
6

22

22

2




  tnke
nk

kh
x nt

, 

     sadac 
m

n
2


 ; 

m

rc
k

2
2 
 ; 

n

nk

n

k
tg

22
1 
 ; 

g

P
m  . 
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                         amocana  32.57 

  
 0,5 kg masis A  sxeuli devs 
aragluv horizontalur sibrtyeze da 

SeerTebulia uZravi B  wertilis mqone 

zambarasTan, romlis BC RerZi 
horizontaluria. sxeulis sibrtyesTan xaxunis koeficientia 
0,2; zambara iseTia, rom misi 1 sm-T dagrZelebisaTvis saWiroa 

2,45 n Zala. A  sxeuli B  wertilidan gadaweulia ise, rom 
zambara gaWimulia 3 sm-T da Semdeg gaSvebulia sawyisi 
siCqaris gareSe. ipoveT: 1) gaqanebaTa ricxvi, romelsac 

Seasrulebs A  sxeuli,  2) gaqanebis sidide, 3) yoveli 

maTganis T   xangrZlivoba. 
 sxeuli gaCerdeba im mdebareobaSi, sadac misi siCqare 
nulis tolia, zambaras drekadobis Zala gautoldeba xaxunis 
Zalas, an masze naklebia. 
      a m o x s n a. horizontaluri 

mimarTulebiT x RerZis gaswvriv 
sxeulis moZraobisas (ix. naxazi) masze 

imoqmedeben drekadobis Zala pyF 


 da 

xaxunis Zala 
TPF


, x ReZis marTobuli  

urTierTgamawonasworebeli N

 da gm


 Zalebi.  xaxunis Zala 

yovelTvis siCqaris sawinaaRmdegodaa mimarTuli.  

 ganvixiloT A  sxeulis rxevis TanmimdevrobiTi etapebi, 

dawyebuli t=0  momentidan, roca 

  00 x ,  00 x .                 (1) 

 moZraoba daiwyeba, Tu   fmgxc 0 . 

   CavweroT sxeulis moZraobis difarencialuri 

gantoleba x RerZze gegmilebSi: 

  TPpy FFxm   ,               

sadac   cxF py  ; fmgfNFTP  . 

maSin 

  fmgcxxm  , 

anu 

  fgxkx  2
                          (2) 
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sadac    
m

c
k 2

. 

     (2) diferencialuri gantolebis amoxsnas aseTi saxe aqvs: 

   xxx , 
sadac    

          ,sincos 21 ktCktCx       
2k

fg
Ax 

. 

 maSin 

                 ktCktCx sincos 21 
2k

fg
             (3)                  

              .cossin 21 ktkCktkCx               (4)          

 sawyisi (1) pirobebis gamoyenebiT: (3) da (4) formulebidan 

miviRebT:  01 xC
2k

fg
,  02 C . 

 integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT (3) 

da (4) formulebSi, miviRebT:  

  x kt
k

fg
x

k

fg
cos

202 







 ,            (5)                  

                x kt
k

fg
xk sin

20 







 . 

 Tu 00 x , maSin 0sin kt , amitom 
k

t


0 .  roca  

:1
k

tt


  01 x ,  
201 2

k

fg
xx  . 

 moZraoba grZeldeba, sanam sruldeba utoloba 

   fmgxc 1  

Aanu                  
220 2

k

fg

k

fg
x  , 

radganac    
2k

g

c

mg
 . 

 Aam SemTxvevaSi  01 x  da sxeulis moZraobis 

gantolebas aseTi saxe aqvs: 
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     fmgcxxm  , 

anu 

  fgxkx  2
,                          (6) 

amasTanave, sawyisi pirobebia: 1tt    1xx   , 01 x .     (7) 

 analogiurad, roca 21 ttt  , miviRebT 

  x )(cos 1212
ttk

k

fg
x

k

fg









 ,  

Aanu, Tu SevitanT 1t  da 1x  mniSvnelobebs: 

                x ktx
k

fg

k

fg
cos

3
022 







 . 

 Tu   
k

t
2

2    momentSi 0x , maSin 

                2x
20

4

k

fg
x  . 

 moZraoba ar Sewydeba Tu  
22

k

fg
x   da  a. S. 

 maSasadame, wonasworobis mdebareobidan absoluturi 
mniSvnelobiT maqsimaluri  mimdevrobiTi gadaxrebi moxdeba 
maSin, roca: 

 0x , 
201

2

k

fg
xx  , 2x

20

4

k

fg
x  , 3x

20

6

k

fg
x  , . . . 

, 

  
n

nx )1( (
20

2

k

nfg
x  ),             (8) 

xolo, sxeulios gaCerebis maTi Sesabamisi momentebia: 

  
k

n

kk
t


,...,

2
,,0 . 

 Tu  
2k

fg
xn  , maSin moZraoba SeCerdeba. 

 sxeulis rxevis periodia 

  
k

ttT nn

2
2  


, 
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e. i. tolia rxevis periodisa, roca ar arseboben xaxunis 
Zalebi. mocemul SemTxvevaSi 

  245
01,0

45,2
c  (n/m), 

  490
5,0

2452 
m

c
k  (rad/wm2), 

  4,0
490

108,92,0 2

2





k

fg
 (sm). 

vipoviT: 
1)  A sxeulis mier Sesrulebul gaqanebaTa n ricxvs: 

.25,3
4,0

3
1212

2
min

2

0

220  nn
g

fkx
n

k

fg

k

nfg
x  e.i. 4n ; 

 2) gaqanebaTa sidide: 

   2,52,20,34,020,30,3101  xxA  (sm), 

   6,34,12,24,040,32,2212  xxA  (sm), 

   0,26,04,14,060,34,1323  xxA  (sm), 

   4,02,06,04,00,80,334  xA  (sm); 

3) erTi gaqanebis xangrZlivoba  

  14,0
14,22

14,3


k
T


 (wm). 

p a s u x i: 1) 4 gaqaneba; 2) 5,2 sm, 3,6 sm, 2 sm, 0,4 sm. 3) T=0,14 
wm. 
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amocana  32.58 

  
 aragluv daxril sibrtyeze mdebare M=20 kg masis tvirTi  
miamagres dauWimav zambaraze da mas mianiWes qveviT mimarTuli 

sawyisi 5,00 v m/wm siCqare. sxeulis srialis xaxunis 

koeficienti f 0,08; zambaras sixistis koeficienti 20c  

n/sm. Ddaxrili sibrtye horizontTan qmnis
045 kuTxes. 

gansazRvreT: 1) rxevis periodi,  2) tvirTis mier 
wonasworobis mdgomareobidan maqsimalur gadaxraTa ricxvi, 
3) am gadaxraTa sidide. 
      a m o x s n a. koordinatTa Oxy 
sistemis saTave SeuTavsoT  tvirTis 
statikuri wonasworobis mdebareobas (ix. 
naxazi). tvirTis moZraobis 

difarencialuri gantoleba CavweroT x 
RerZze gegmilebSi: 
 

 TPpy FFmgxm  
045sin ,               

sadac   )( xfcF cTpy  ;   

               
045cosfmgfNFTP  . 

 statikuri wonasworobis mdebareobaSi 

           cTcfmg 045sin . 

maSin 

           
045cosfmgcxxm  , 

anu 

           
02 45cosfgxkx  .                     (1) 

    sxeulis qveviT moZraobisas  
(1) gantoleba miiRebs aseT saxes 

            
02 45cosfgxkx  .                     (2) 

 (2) gantolebis amoxsnaa 

            
0

21 45cos)sin(
k

fg
ktAx   .             (3) 

            )cos(1  ktkAx ,                        (4) 

sadac   1A  - rxevis amplitudaa.  
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     sawyisi pirobebis gamoyenebiT: ,0t  cTfx 0 , 00 vx  ,   

(3) da (4) formulebidan miviRebT:  

11

0

2

0

211 sin45cos45cossin  Af
k

fg

k

fg
Af cTcT 


 . 

            11
0

110 coscos  A
k

v
kAv  . 

aqedan 

                

2

0

2

0

21 45cos 


















k

v
f

k

fg
A cT

, 

             

0

20

1

45cos

kv

fkfg
tg cT

 . 

 gaCerebis momentSi 0x , maSasadame, 

    







 111111

2

1

2
0)cos( 




k
tktkt , 

     0

21

0

21111 45cos45cos
2

sin
k

fg
A

k

fg
Ax 








 


. 

 gamovTvaloT rxevaTa sixSire 

        ,100
20

20002 
m

c
k    10k  rad/wm,  

Dda gamoviangariSoT   1x  :  

      0

2

0
0

2
45cos

45sin
45cos

k

fg

c

mg

k

fg
fcT

)45cos45(sin 00

2
f

k

g
 38,6

100414,1

92,0980
)1(

2 2





 f

k

g  (sm); 

  5
10

500 
k

v
 (sm); 

              1,8538,6 22

1 A  (sm);  

       55,0
100

707,098008,0
45cos 0

2





k

fg
 (sm), 

  55,755,010,81 x  (sm). 

 rodesac sxeuli moZraobs daxril sibrtyeze zeviT, maSin 
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(1) diferencialuri gantoleba miiRebs aseT saxes 

 
02 45cosfgxkx                        (5) 

im pirobiT, rom  )45cos45(sin 00

1 fmgcx  .  

 maSin, (5) gantolebis amoxsnaa 

          
0

2212 45cos])(sin[
k

fg
ttkAx   , 

           ])(cos[ 212  ttkkAx . 

 sawyisi pirobebis gamoyenebiT: ,1tt   55,71 x , 01 x ,    

miviRebT:  
2

0

221

45cos
sin

k

fg
Ax   , 

   22 cos0 kA , 

saidanc:    2A
2

045cos

k

fg
1x ,   

2
2


  . 

 gaCerebis momentSi  2tt   da 02 x , maSasadame 

                  0)(sin])(cos[ 12212  ttkttk  , 

                  
k

ttttk


  1212 )( . 

 maSin   







 1

0

2

0

222 45cos
2

45cos
2

sin x
k

fg

k

fg
Ax


  

  45,655,755,02   (sm). 

 n -uri rxevisaTvis  miviRebT empiriul formulas: 
        

                    ]45cos
)1(2

[)( 1

0

2

1

1 x
k

fgn
x n

n 


 


,    (6) 

,...3,2,1n   

 1)  vipovoT rxevis periodi 

  628,0
10

14,322





k
T


  (wm). 

 2) vinaidan erTi gaqanebis Semdeg amplituda mcirdeba 1,10 
sm-T, xolo ,,uZraobis ares” aqvs 0,55 sm radiusi, amitom 
  7,55-1,1(n-1) < 0,55, 
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saidanac           71
10,1

55,055,7



n . 

 3)  (6) formuliT ganvsazRvroT ukanaskneli (n=7) gadaxra 

          95,060,655,7]
)17(2

[)(
21

7

7 



k

fg
xx  (sm).         

p a s u x i:  1)  628,0T  wm;  2) 7 gadaxra;  3) 7,55 sm; 6,45 sm;    

              5,35 sm; 4,25 sm;  3,15 sm;  2,05 sm; 0,95 sm. 
 

 
          amocana  32.59 

 

 M=0,5 kg masis sxeuli 
horizontalur sibrtyeze 
asrulebs rxeviT moZraobas 
sxeulze erTi boloTi 
mimagrebuli ori erTnairi 
zambaris moqmedebiT, romelTa meore boloebi damagredbulia 
uZrav dgarze; zambarebis RerZebi mdebareoben erT 
horizontalur wrfeze. zambarebis sixistis koeficientebia 

225,121  cc  n/sm, sxeulis moZraobisas xaxunis 

koeficientia 2,0f , uZraobisas .25.00 f  sawyis momentSi 

sxeuli Sua 0 mdebareobidan 

gadaweuli iyo marjvniv 30 x sm 

mdebareobaSi da gaSvebuli 
usawyiso siCqariT. ipoveT: 1) 
sxeulis SesaZlo wonasworobis are 
– ,,uZraobis are”,  2) sxeulis 
gaqanebebis sidide, 3) misi 
gaqanebebis ricxvi, 4) TiToeuli 
maTganis xangrZlivoba, 5) sxeulis mdebareoba rxevis Semdeg. 
 a m o x s n a. ganvsazRvroT ekvivalenturi zambaris 

sixistis элиc  koeficienti 

  ekvc 21 сс  . 

 Oori zambaris erTi ekvivalenturi zambariT Secvlis 
Semdeg es amocana analogiuria 32.57 amocanisa, amitom, 
visargebloT misi amoxsnis SedegebiT.  

 sxeulis moZraobis difarencialur gantolebas x RerZze 
gegmilebSi aseTi saxe aqvs [ix. 32.57 amocanis amoxsna, (2) 
formula]: 



 
400 

  fgxkx  2
                           

sadac    490
5,0

2452 
m

c
k ekv (rad/wm2). 

 1) vipovoT  ,,uZraobis are”. wonasworobis mdgomareobaSi  

  5,0
490

80,925,0
2

0 



k

gf
 (sm), 

maSasadame, 

               - 0,5 sm < x < 0,5 sm – es aris ,,uZraobis are”. 
 2) ganvsazRvroT absoluturi mniSvnelobiT sxeulis 
maqsimaluri mimdevrobiTi gadaxrebi wonasworobis 
mdebareobidan 32.57 amocanis amoxsnaSi (8) formuliT: 

 0,30 x  sm, 

 2,24,023
2

201 
k

fg
xx  sm, 

 4,14,043
4

202 
k

fg
xx  sm, 

 6,04,063
6

203 
k

fg
xx  (sm), 

 ,24,083
8

204 
k

fg
xx  (sm). 

vipovoT rxevis amplitudebi: 

   2,52,20,3101  xxA  (sm), 

   6,34,12,24,040,32,2212  xxA  (sm), 

   0,26,04,14,060,34,1323  xxA  (sm), 

   4,02,06,0434  xxA  (sm). 

    3) gaqanebaTa ricxvi oTxis tolia (ix. 32.57 amocanis 
amoxsna). 
    4) erTi gaqanebis xangrZlivoba  

  14,0
14,22

14,3


k
T


 (wm). 

    5) gaCerebis Semdeg sxeulis koordinati 2,04  xx (sm). 
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p a s u x i: 1) - 0,5 sm < x < 0,5 sm; 2) 5,2 sm, 3,6 sm, 2 sm, 0,4 sm.         

             3) 4 gaqaneba;  4) T=0,14 wm.  5) 2,0x sm. 

  
 

   amocana  32.60 

 

 c  sixistis zambaraze dakidebuli m  masis sxeuli 

winaRobis R   Zalis gavleniT, romelic siCqaris pirveli 

xarisxis proporciulia )( vR   asrulebs milevad rxevas. 

gansazRvreT, milevadi rxevis T  periodi ramdenjer metia 

aramilevadi rxevis 0T  periodze, Tu Sefardeba 1,0/ kn  

,/[ 2 mck   )]2/( mn  . 

   a m o x s n a. koordinatTa Oxy sistemis saTave 
SeuTavsoT  sxeulis statikuri wonasworobis 
mdebareobas. Nnaxazze vaCvenoT  sxeulze moqmedi 

Zalebi: simZimis Zala gm

, drekadobis Zala yprF


, 

winaRobis Zala R

. 

 tvirTis moZraobis difarencialuri gantoleba 

CavweroT x RerZze gegmilebSi:     

        RFmgxm py   ,                  (1)             

Aanu   

         mgxm xxfc cT
 )( , 

sadac      .
c

mg
fcT   

maSin       mgxm xmgcx   . 

 Ggardaqmnis Semdeg (1) gantoleba ase CavweroT 

       02 2  xkxnx ,                      (2) 

sadac 
m

c
k

m
n  2;

2


. 

 roca  nk  , maSin (2) gantolebis amoxsnas aseTi saxe 
aqvs 

  ),sincos( 1211 tkCtkCex nt  
  

sadac  
22

1 nkk   - rxevis wriuli sixSirea. 

 Mmilevadi rxevis periodi  
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1

2

k
T


 , 

  Maramilevadi rxevis periodi  

  
k

T
2

0  . 

 maSin  

 005,11,0
2

1
1

2

1
1

1

1

2

222
10









k

n

k

nnk

k

k

k

T

T . 

Aaqedan  0005,1 TT  . 

 

   p a s u x i:  0005,1 TT  . 

 
 

 amocana  32.61 

 
 wina amocanis pirobebSi gansazRvreT, ramdeni sruli 
rxevis Semdeg Semcirdeba amplituda asjer. 
 a m o x s n a. erTi sruli rxevisas amplitude 

Semcirdeba nTe jer. Tu amplituda Semcirda 100-jer, maSin 

  .100/11
1 AeAA NnT

m  
 

aqedan  

  
21011  NnTe .                      (1) 

 (1) tolobis galogariTmebiT miviRebT 

  100ln1 NnT  

anu 

  

1

100ln

nT
N  ,                          (2) 

sadac  

.63,0
110

14,32

1

2
2

2

2222
1

1 



















n

knk

n

k
nnT





 es 

mniSvneloba CavsvaT (2) formulaSi  
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    5,7
63,0

100ln
N . 

    p a s u x i:   7,5  sruli rxevis Semdeg. 
 
 

 
     amocana  32.62 

 

 gemis modelis sakmaod mcire 
siCqariT moZraobisadmi wylis 

winaRobis gansazRvrisaTvis M  
modeli gauSves WurWelSi sacuraod, 
romelis cxviri da kiCo miabes ori 

erTnairi A  da B  zambariT, romelTa 
daWimulobis Zalebi maTi dagrZelebis proporciulia. 
Ddakvirvebis Sedegebma aCvena, rom modelis gadaxra 
wonasworobis mdebareobidan yoveli gaqanebis Semdeg mcirdeba 

da Seadgens geometriul progresias, romlis mniSvneli 0,9 

tolia, xolo yoveli gaqanebis xangrZlivoba 5,0T  wm. 

gansazRvreT modelis masis yovel kilogramze mosuli wylis 

winaRobis R  Zala misi siCqaris 1 m/wm-s dros, Tu dauSvebT, 
rom wylis winaRoba misi siCqaris pirveli xarisxis 
proporciulia. 
    a m o x s n a. erTi sruli rxevisas amplituda 
Semcirdeba 0,9-jer, e. i.  

  001 9,0 AeAA
nT




 

aqedan  

  

1

9

10
9,0














nT
e .                       

 am tolobis galogariTmebiT miviRebT 

  
9

10
lnnT  

anu 

  
9

10
ln

1

T
n  .                          (1) 

 Mmeores mxriv 

  .2nmvvR   
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 roca 1m kg da 1v m/wm,  (1) gamosaxulebis Tanaxmad 

            42,0
9

10
ln

5,0

2

9

10
ln

2
2 

T
nR  (n). 

    p a s u x i:  42,0R  n. 

    
 amocana  32.63 

 
     wina amocanis pirobebSi 
ipoveT modelis moZraobis 
gantoleba, Tu sawyis 

momentSi A  zambara iyo 

gaWimuli, xolo B  zambara 

SekumSuli 4l  sm 
sididiT da modeli 
gaSvebuli iyo sawyisi 
siCqaris gareSe. 
     a m o x s n a. modelis moZraobis difarencialuri 

gantoleba CavweroT x RerZze gegmilebSi (ix. naxazi): 

  RFxm py   ,   

sadac    xvRcxF py
  ; . 

 maSin                           

  cxxxm   ,                            
Aanu   

  02 2  xkxnx ,                 (1) 

sadac 
m

c
k

m
n  2;

2


. 

 roca  nk  , maSin (1) diferencialuri  gantolebis 
amoxsnas aseTi saxe aqvs 

  ),sincos( 1211 tkCtkCex nt  
     (2) 

sadac  
22

1 nkk   - rxevis wriuli sixSirea. 

 gavawarmooT (2) gamosaxuleba droTi, miviRebT 

  )sincos( 1211 tkCtkCnex nt
)cossin( 112111 tkkCtkkCe nt  . 

(3)  

     gamoviyenoT moZraobis sawyisi pirobebi: 4,0 0  lxt
sm, 
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00 x ;  (2) da (3) formulebidan vipoviT:  

1

21

4
,4

k

n
CC  . 

 Mmocemul SemTxvevaSi [ix. 32.62 amocanis amoxsna (1) 
formula] 

   21,0
9

10
ln

1


T
n  (rad/wm). 

 maSin, radganac  TT 21  ,  

      28,6
5,0

14,3

2

22

1

1 
TT

k


 (rad/wm). 

   134,0
28,6

21,04
2 


C  (sm). 

 integrebis 1C  da 2C  mudmivebis mniSvneloba CavsvaT (2) 

formulaSi daCavweroT modelis moZraobis gantoleba 

   )28,6sin134,028,6cos4(21,0 ttex t  
. 

 p a s u x i:  )28,6sin134,028,6cos4(21,0 ttex t  
 sm. 

 
  amocana  32.64 

 

 siTxis siblantis gansazRvrisaTvis 
kulonma gamoiyena Semdegi meTodi: zambaraze 

dakida Txeli firfita A  da aiZula igi 
Seesrulebina rxeva jer haerSi da Semdeg im 
siTxeSi, romlis siblantis gazomva iyo saWiro, 
amasTanave, adgenda erTi gaqanebis xangrZilobas:  

1T  - pirvel SemTxvevaSi da 2T  - meore 

SemTxvevaSi. firfitasa da siTxes Soris 
xaxunis Zala SeiZleba gamoisaxos formuliT 

vS2 , sadac S2  - firfitis zedapiria, v - 

misi siCqare,  - siblantis koeficienti. 

firfitasa da haers Soris xaxuni 
ugulebelyaviT da gansazRvreT   cdiT 

miRebuli 1T  da 2T  sidideebiT, Tu firfitis 

masa m -s tolia. 

  a m o x s n a. amomgdebi Zala 
ugulebelyaviT da ganvixiloT firfitis 
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moZraoba siTxeSi masze moqmedi simZimis gm

 ZaliT, 

drekadobis yprF


 ZaliT da winaRobis cF


 ZaliT. 

 firfitis moZraobis difarencialuri gantoleba 

CavweroT x RerZze gegmilebSi: 

  cpy FFmgxm   ,                              

Aanu   

   mgxm vxfc cT  )( . 

 imis gaTvaliswinebiT, rom xv  ,  .
c

mg
fcT   miviRebT 

         mgxm xmg
c

mg
c   . 

anu  02 2  xkxnx ,                 (1) 
sadac n - milevadobis koeficientia, 

m

c
k

m

S

m

S

m
n  2;

2

2

2


. 

 (1) gantoleba – milevadi rxevis diferencialuri 
gantolebaa. 

 Tu firfita moZraobs haerSi, maSin 0n  da (1) 
gantoleba miiRebs aseT saxes  

  02  xkx . 
 Mmilevadobis koeficientis gamosaxulebidan vipoviT 
siTxis siblantis koeficients 

  
2

1

2 kk
S

m

S

mn
 , 

sadac  
2

1

2 kkn  . 

 vinaidan  

  

22

1
2

2

TT
k


 , 

  

112

2

TT
k


 , 

Amitom   
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2

1

2

2

21

2

2

2

1

11
TT

TST

m

TTS

m



 . 

 p a s u x i:   
2

1

2

2

21

TT
TST

m



 . 

 
 
 
   amocana  32.65 

 

 5 kg masis sxeuli Camokidebulia zambaraze, romlis 
sixistis koeficientia 2 kn/m.  garemos winaRoba siCqaris 

proporciulia.  oTxi rxevis Semdeg amplituda 12-jer 
Semcirda. gansazRvreT rxevis periodi da logariTmuli 
dekrementi. 
     a m o x s n a. koordinatTa Oxy sistemis saTave 
SeuTavsoT  sxeulis statikuri wonasworobis mdebareobas. 
Nnaxazze vaCvenoT  sxeulze moqmedi Zalebi nebismier 

mdebareobaSi: simZimis Zala gm

, zambaris drekadobis 

Zala yprF


, garemos winaRobis Zala cF


. 

 tvirTis moZraobis diferencialuri gantoleba 

CavweroT x RerZze gegmilebSi: 

  cpy FFmgxm   . 

  imis gaTvaliswinebiT, rom  

           )( xfcF cTypr  , .
c

mg
fcT  xFc

 ,         

A gantoleba miiRebs aseT saxes  

                 mgxm xmg
c

mg
c   . 

anu  02 2  xkxnx ,                 
(1) 

sadac 
m

n
2


  - milevadobis koeficientia, 

m

c
k   - 

Tavisufali rxevis sixSirea. 

 vipovoT           20
5

102 3




k  (rad/wm). 
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 radganac moZraoba milevadia da rxeviTi xasiaTisaa 

)( nk   amitom       

   2
8

19

nT

eAA


 , 

sadac gaTvaliswinebulia, rom oTxi rxeva Seesabameba rva 
gaqanebas. 

 Aamocanis pirobis Tanaxmad 
19

12

1
AA  ,  maSin  

   1
12

1
A 2

8

1

nT

eA


. 

 gavalogariTmoT es gamosaxuleba, miviRebT 

   12ln8  , 

sadac    -  rxevis logariTmuli dekrementia. 
 Aaqedan 

  .3106,012ln
8

1

2


nT
   

meores mxriv, milevadobis koeficienti 

  
T

n
2

 . 

 maSin 
    

 22

2

2
2

2

2
222

1

244




k
T

T
k

T
nkk  

        316,0316,014,3
20

2 22   (wm). 

   p a s u x i:  316,0T wm;   .3106,0
2


nT

  

 M   
 
  amocana  32.66 

 

 wina amocanis pirobebSi ipoveT sxeulis moZraobis 
gantoleba, Tu igi dakides gauWimavi zambaris boloze da 
gauSves sawyisi siCqaris gareSe.  
     a m o x s n a.  tvirTis moZraoba aRiwereba 32.65 
amocanis amoxsnisas miRebuli diferencialuri gantolebiT:  
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    02 2  xkxnx .                    (1)  

   agreTve, gamoTvlili iyo, rom  20k  (rad/wm),  

97,1
316,0

3016,022





T
n


 (rad/wm), e. i.  .kn   

      (1) gantolebis amoxsnas aseTi saxe aqvs 

               ),sincos( 1211 tkCtkCex nt  
           (2) 

sadac  9,1997,120 2222

1  nkk . 

 gavawarmooT (2) gamosaxuleba droTi, miviRebT 

     )sincos( 1211 tkCtkCnex nt
)cossin( 112111 tkkCtkkCe nt  .  (3)  

     moZraobis sawyisi pirobebi:s Tanaxmad cTfxt  0,0 ,

00 x ;  (2) da (3) formulebidan vipoviT:   

                     45,2
2000

9805
1 




c

mg
C  (sm). 

         1210 kCnC  , 

maSin              242,0
9,19

)45,2(97,1

1

1
2 




k

nC
C  (sm). 

  
   . 

 integrebis 1C  da 2C  mudmivebis mniSvneloba CavsvaT (2) 

formulaSi daCavweroT modelis moZraobis gantoleba 
  

 )9,19sin242,09,19cos45,2(97,1 ttex t  
. 

 p a s u x i:  )9,19sin242,09,19cos45,2(97,1 ttex t  
sm. 

 

amocana  32.67 

 

 6 kg masis sxeuli, romelic Camokidebulia zambaraze, 

winaRobis gareSe irxeva 4,0T wm periodiT, xolo, Tu 

moqmedebs siCqaris pirveli xarisxis proporciuli winaRoba, 

maSin    5,0T wm periodiT. ipoveT winaRobis Zalis 

vR   gamosaxulebaSi proporciulobis koeficienti   
da gansazRvreT sxeulis moZraoba, Tu sawyis momentSi zambara 
wonasworobis mdgomareobidan gaWimuli iyi 4 sm-T  da sxeuli 
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miSvebuli iyo Tavis nebaze. 
 
   a m o x s n a. CavweroT tvirTis moZraobis 

diferencialuri gantoleba sxeulze simZimis gm

 Zalis, 

zambaris drekadobis yprF


 Zalis da  winaRobis R

 

Zalis moqmedebiT (ix. naxazi) x RerZze gegmilebSi: 

   RFmgxm py   , 

Aanu                  mgxm vxfc cT  )( , 

sadac    ;
c

mg
fcT   xv  .        

A  maSin 

                 mgxm xcxmg   . 

anu  02 2  xkxnx ,           (1) 

sadac 
m

n
2


  - milevadobis koeficientia, 

m

c
k 2  - 

Tavisufali rxevis sixSirea. 
  (1) gantoleba – es aris milevadi rxevis diferencialuri 
gantoleba. 

  Tu 0R , maSin milevadobis koeficienti 0n  da (1) 
gantoleba aseTi saxisaa 

     02  xkx .                      (2) 
 (2) gantoleba – harmoniuli rxevis diferencialuri 
gantolebaa. 
 Aamocanis pirobis mixedviT winaRobis ar arsebobis 
SemTxvevaSi 

  


4,0
2


k

T , 

saidanac  

                     5
4,0

2





k  (rad/wm). 

 winaRobis moqmedebisas 

  


5,0
2

1

1 
k

T , 

saidanac  
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                     4
5,0

2
1 




k  (rad/wm) . 

 meores mxriv 

   345 222

1

222

1  kknnkk  

(rad/wm). 
 viciT n -s mniSvneloba, vipoviT   koeficients: 

  363622  mn  (n·wm/m). 
   (1) diferencialuri gantolebis amoxsnas aqvs aseTi 
saxe 

                    ),sin( 1   tkAex nt
             (3) 

       )sin( 1 tkAnex nt
)cos( 11  tkeAk nt .          (4)  

     gamoviyenoT moZraobis sawyisi pirobebi: 4,0 0  xt sm, 

00 x ; maSin,  (3) da (4) formulebidan 

    sin4 A ,                          (5) 

    cos
4

1

A
k

n
 .                        (6) 

 (5) da (6) gantolebebi aviyvanoT kvadratSi da SevkriboT; 

vinaidan  1cossin 22   , miviRebT 

            5
4

3
1414

22

1

2











k

n
A  (sm) . 

 gavyoT (5) gantoleba (6) gantolebaze, miviRebT 

  
3

4

3

41 arctg
n

k
tg   . 

 CavsvaT A  da  -s mniSvnelobebi (3) formulaSi, miviRebT 
sxeulis moZraobis gabtolebas 

  )
3

4
4sin(5 3 arctgtex t  

. 

    p a s u x i:  36  (n·wm/m);   )
3

4
4sin(5 3 arctgtex t  

 

sm. 
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 amocana  32.68 

 

 1,96 kg masis sxeuli Camokidebulia zambaraze, romelic 
4,9 n Zalis moqmedebiT iWimeba 10 sm-ze; moZraobisas sxeuli 
ganicdis siCqaris pirveli xarisxis proporciul winaRobas, 
romelic 1 m/wm siCqaris dros 19,6 n-s tolia. sawyis momentSi 
zambara wonasworobis mdgomareobidan gaWimuli iyi 5 sm-T  da 
sxeulma daiwyo moZraoba sawyisi siCqaris gareSe. ipoveT am 
moZraobis kanoni. 
   a m o x s n a. SevadgioT tvirTis moZraobis 

diferencialuri gantoleba sxeulze simZimis gm

 

Zalis, zambaris drekadobis yprF


 Zalis da 

winaRobis R

 Zalis moqmedebiT (ix. naxazi) x 

RerZze gegmilebSi (koordinatTa saTave - 
wonasworobis mdgomareobaSi): 

         RFmgxm py   , 

sadac       );( xfcF cTypr   xR  . 

AmaSin                    

              mgxm vxfc cT  )( , 

 vinaidan   
c

mg
fcT  ,   amitom        

                xm xcx   . 

anu  02 2  xkxnx ,                 (1) 

sadac 
m

n


2  - milevadobis koeficientia, 
m

c
k 2  - 

Tavisufali rxevis sixSirea. 
 gamovTvaloT (1) diferencialuri gantolebiT asaxuli 
rxeviTi sistemis parametrebi:  

        49
1,0

9,4





l

F
clcF

ypr

ypr  (n/m); 

        6,19
1

6,19


v

R
vR   (n/m); 

         5
96,1

49


m

c
k  (rad/wm); 
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         5
96,12

6,19

2





m
n


 (rad/wm). 

 vinaidan  nk  , amitom, (1) gantolebis amoxsnas aqvs 

aseTi saxe  ),( 21 CtCex nt  
               (2) 

    )( 21 CtCnex nt nteC 

1 .      (3) 

      moZraobis sawyisi pirobebis Tanxmad: 5,0 0  xt sm, 

00 v ; maSin,  (2) da (3) formulebidan 

    25 C ,                         

                 25550 2112  CCCC .                         

 CavsvaT 1C  da 2C -s mniSvnelobebi (2) formulaSi, 

miviRebT sxeulis moZraobis gabtolebas 

     )15(5 5   tex t
. 

    p a s u x i:    )15(5 5   tex t
. 

 
 
 

          amocana  32.69 

 

 21 m kg da 32 m kg masis sxeulebi 

wonasworobis mdgomareobaSi Camokidebulia 

392c n/m sixistis koeficientis  zambaraze. 
zeTovani dempferi iwvevs winaRobis Zalas, 
romelic siCqaris pirveli xarisxis 

proporciulia  da vR  -s tolia, sadac 

98  n.wm/m.  2m  tvirTi moxsnes. amis 

Semdeg ipoveT 1m  tvirTis moZraobis 

gantoleba. 

   a m o x s n a. SevadgioT darCenili 1m  masis tvirTis 

moZraobis diferencialuri gantoleba sxeulze simZimis gm

 

Zalis, zambaris drekadobis yprF


 Zalis da winaRobis R

 

Zalis moqmedebiT (ix. naxazi) x RerZze gegmilebSi:        

                        RFgmxm py  11 , 
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sadac );( xfcF cTypr   .1

c

gm
fcT 

xvR   . 

AmaSin       cgmxm  11 
c

gm1 xcx  , 

anu   

             02 2  xkxnx ,           (1) 
sadac 

   5,24
22

98

2 1





m

n
 (rad/wm); 

1

2

m

c
k  , 

   14
2

392

1


m

c
k  (rad/wm). 

 02 22  kn  saxis maxasiaTebeli gantolebis 
fesvebia          

   335,35,2414
4

49
5,24 2

2
22

2,1  knn . 

 aqedan 4,4335,35,241   (rad/wm), 

  6,44335,35,242   (rad/wm). 

 (1) diferencialuri gantolebis zogad amoxsnas aseTi 

saxe aqvs  
tt eCeCx 21

21

  ,               (2) 

  
tt eCeCx 21

2211

   .          (3) 

sawyisi pirobebis Tanxmad:  

5,7
392

9803
,0 2

0 



c

gm
fxt cT sm, 

00 x ; maSin,  (2) da (3) formulebidan 

   215,7 CC  ,                         

                 22110  CC  .    

Aaqedan  

         32,8
)4,4(6,44

)6,44(5,75,7

12

2
1 












C  (sm), 
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          82,0
)4,4(6,44

)4,4(5,75,7

12

1
2 












C  (sm).                   

 CavsvaT 1C  da 2C -s mniSvnelobebi (2) formulaSi, 

miviRebT sxeulis moZraobis gabtolebas 

     
tt eex 6,444,4 82,032,8   . 

   p a s u x i:    
tt eex 6,444,4 82,032,8    sm. 

 

                

 
                        amocana  32.70 

 

    P  wonis tvirTis moqmedebiT zambaras statikuri 

dagrZeleba f -s tolia. tvirTis rxevisas masze moqmedebs 

garemos winaRobis Zala, romelic siCqaris proporciulia. 
gansazRvreT winaRobis   koeficientis umciresi 
mniSvneloba, romlis drosac moZraobis procesi aperiodulia. 
ipoveT milevadi rxevis periodi, Tu winaRobis 
koeficienti miRebul mniSvnelobaze naklebia. 
   a m o x s n a. SevadgioT tvirTis moZraobis 
diferencialuri gantoleba (ix. amocana 32.69 da 

naxazi) x RerZze gegmilebSi:        

                    RFmgxm py   , 

sadac   );( xfcFypr   xvR   . 

AmaSin                             

                    mgxm vxfc cT  )( , 

 vinaidan   
c

mg
ff cT  , xv  , amitom        

                xm xcx   . 

anu  02 2  xkxnx ,                 (1) 

sadac     
m

n
2


 , 

m

c
k 2 ,  

m

c
k  . 

 radganac  
f

mg
c  ,   amitom 
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f

g

mf

mg
k  . 

 winaRobis   koeficientis umcires 
mniSvnelobas, romlis drosac moZraobis procesi 
aperioduli iqneba, ganvsazRvravT tolobidan 

nk  , anu 

  
mf

g

2


 , 

saidanac 
gf

P

g

f
g

P

f

g
m

22
2  . 

 roca 
f

g

m


2


, anu  

gf

P2
 ,  tvirTis moZraoba 

iqneba rxeviTi. 

maSin              
2

2
22

1
4mf

g
nkk


 , 

xolo rxevis periodi 

  

2

2
1

4

22

mf

gk
T







 .  

   p a s u x i:  

gf

P2
 . roca  

gf

P2
  moZraoba iqneba  

                 rxeviTi periodiT  

2

2
1

4

22

mf

gk
T







 . 

 
 
 

   amocana  32.71 

 

 zambaraze Camokidebuli 100 gr masis tvirTi moZraobs 
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siTxeSi.MOzambaras sixistis koeficienti 6,19c  n/m. 

moZraobisas tvirTi ganicdis siCqaris pirveli xarisxis 

proporciuli Zalis winaRobas vR  , sadac  5,3  n.wm/m.  

ipoveT am moZraobis gantoleba, Tu sawyis momentSi tvirTi 
statikuri wonasworobis mdgomareobidan gadaadgilebuli iyi 

10 x  sm-T  da gaSvebuli iyo sawyisi siCqaris gareSe.  

   a m o x s n a.  koordinatTa Oxy  sistemis saTaved 

avirCioT tvirTis statikuri wonasworobis mdebareobaSi da x 
RerZi mivarToT am mdgomareobidan tvirTis gadaadgilebis 
mxares (ix. naxazi). 
   CavweroT tvirTis moZraobis difarencialuri 

gantoleba x RerZze gegmilebSi: 

  pyFRmgxm  , 

sadac ).( xfcF cTpy 
c

mg
fcT  ; xvR   .  

maSin  

                    xcxxm   , 

anu                 02 2  xkxnx ,           (1) 

sadac  
m

c
k

m
n 


 2;5,17

1,02

5,3

2


.  

14
1,0

6,19


m

c
k  (rad/wm),   

 vinaidan kn   - moZraoba aperioduli xasiaTisaa da (1) 
diferencialuri gantolebis zogad amoxsnas aseTi saxe aqvs:  

  
tt eCeCx 21

21

  ,               (2) 

  
tt eCeCx 21

2211

   .          (3) 

 sadac 1  da 2  Sesabamisi maxasiaTebeli 02 22  kn  

gantolebis fesvebia, 

   5,105,17145,175,17 2222

2,1  knn . 

 Aaqedan   75,105,171   (rad/wm), 

            285,105,172   (rad/wm). 

sawyisi pirobebis Tanxmad: 1,0 0  xt sm, 00 x ; maSin,  (2) da 
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(3) formulebidan  

             33,1
)7(28

)28(1

12

2
1 












C  (sm), 

             33,0
)7(28

)7(1

12

1
2 












C  (sm).                   

 CavsvaT 1C  da 2C -s mniSvnelobebi (2) formulaSi, 

miviRebT sxeulis moZraobis gabtolebas 

      
tt eex 287 33,033,1   . 

   p a s u x i:  
tt eex 287 33,033,1    sm. 

 
 

   amocana  32.72 

 

 wina amocanis pirobebSi ipoveT tvirTis moZraobis 
gantoleba da aageT gadaadgilebis droze damokidebulebis 
grafiki, Tu sawyis momentSi tvirTi statikuri wonasworobis 

mdgomareobidan gadaadgilebuli iyi 10 x  sm-T  da  mas 

mianiWes gadaadgilebis sawinaaRmdego mimarTulebis sawyisi 

siCqare 50 sm/wm.  
 a m o x s n a.  wina 32.71 amocanis amoxsnis Tanaxmad 
tvirTis moZraobis difarencialur gantolebas 

  02 2  xkxnx , 
aseTi amoxsna aqvs 

  
tt eCeCx 21

21

  ,               (1) 

  
tt eCeCx 21

2211

   .          (2) 

 sadac   71   (rad/wm),  282   (rad/wm). 

     sawyisi pirobebis Tanxmad: 1,0 0  xt sm, 500 x  sm/wm; 

maSin,  (1) da (2) formulebidan miviRebT gantolebaTa sistyemas 

   









.50

,1

2211

21

 CC

CC
 

 aqedan 

             1
)7(28

50)28(1501

12

2
1 














C  (sm), 
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             2
)7(28

50)7(1501

12

1
2 














C  (sm).                   

 CavsvaT 1C  da 2C -s mniSvnelobebi (1) formulaSi, 

miviRebT sxeulis moZraobis gabtolebas 

      
tt eex 287 2   .                (3) 

 tvirTis x  gadaadgilebis t  droze damokidebulebis 
grafikis asagebad gamovTvaloT (3) funqciis mniSvnelobebi 
maxasiaTebel wertilebSi: 

  1)  00 t ,  1x  (sm); 

2)  033,0
21

2ln
25,00 1

12121   teex tt
 (wm); 

 3)  minimumis wertilSi       

099,0
7

2ln
20567 2

321287   teeex ttt
 

(wm); 
vinaidan

,05,73
16

1568

2

49
156849285649 2ln42ln287 22

2

 


eeeex tt

tt
 

amitom 375,0
16

1
2

2

1
2 2ln42ln

min
2

 


eexx

tt
 (sm).  

 t -s zrdasTan erTad x  gadaadgileba miiswrafis 
nulisken [(3) funqciis grafiki ix. pasuxSi]. 
 

   p a s u x i:  
tt eex 287 2   sm. 

 

  G  
 
 
 
 
 
 
 

  
amo

cana  

32.73 
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     32.71 amocanis pirobebSi sawyis momentSi tvirTi 

wonasworobis mdgomareobidan gadaadgilebuli iyi 50 x  sm-

T  da imave mimarTulebiT  mas mianiWes sawyisi siCqare  

1000 v sm/wm. ipoveT tvirTis moZraobis gantoleba da aageT 

gadaadgilebis droze damokidebulebis grafiki. 
 a m o x s n a.  wina 32.71 amocanis amoxsnis Tanaxmad 
tvirTis moZraobis difarencialur gantolebas 

  02 2  xkxnx , 
aseTi amoxsna aqvs 

  
tt eCeCx 21

21

  ,               (1) 

  
tt eCeCx 21

2211

   .          (2) 

 sadac   71   (rad/wm),  282   (rad/wm). 

     sawyisi pirobebis Tanxmad: 5,0 0  xt sm, 1000 x  sm/wm; 

maSin,  (1) da (2) formulebidan miviRebT sistemas 

   









.100

,5

2211

21

 CC

CC
 

aqedan         4,11
)7(28

100)28(51005

12

2
1 














C  (sm), 

             4,6
)28(7

100)7(51005

21

1
2 














C  (sm).                   

 CavsvaT 1C  da 2C -s mniSvnelobebi (1) formulaSi, 

miviRebT sxeulis moZraobis gabtolebas 

      
tt eex 287 4,64,11   .           (3) 

 tvirTis x  gadaadgilebis t  droze damokidebulebis 
grafikis asagebad gamovTvaloT (3) funqciis mniSvnelobebi 
maxasiaTebel wertilebSi: 

                00 t ,  54,64,11 x (sm); 

 vipovoT eqstremaluri wertilebi:   

              0284,674,11 287   tt eex ; 

 aqedan        

1

21

57

128

4,64

4,11














te ; 
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  0385,0
57

128
ln

21

1
1  tt  (wm); 

vinaidan    

  05,28
1284

7844,6
5,28

4

494,11
284,674,11 3328272 11

1








 



tt

tt
eex

. maSasadame, 1tt   wertilSi gvaqvs maqsimumi 

  

53,6055,3
1284

7844,6

4

4,11
5,28

1284

7844,6
5,28

4

4,11
33

1 
















x  (sm). 

  0284,674,11 11 28272   tt eex , 

saidanac   

1

21

57

512

164

4,11














te , 

  1,0
57

512
ln

21

1
2  tt  

- gadaRunvis wertili, romelSic 

  3,54,64,11 8,27,0

2   eex  (sm). 

 roca  2,03  tt  

  8,24,64,11 16,54,1

3   eex  (sm). 

 t -s zrdasTan erTad )(tx  funqcia miiswrafis nulisken. 

     [(3) funqciis grafiki ix. pasuxSi]. 

   p a s u x i:  
tt eex 287 4,64,11   sm. 

 

  G 
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                       amocana  32.74 

 

     SeadgineT P  wonis A  wertilis 
mcire rxevis diferencialuri gantoleba, 

romelic moTavsebulia 0  wertilSi 
saxsrovnad Camagrebuli Reros boloSi; 
CaTvaleT, rom garemos winaRobis Zala 
siCqaris pirveli xarisxis 
proporciulia, proporciulobis   
koeficientiT, da gansazRvreT milevadi 
rxevis sixSire. zambaras sixistis 

koeficientia c , Reros sigrZe l , manZili .0 bB   Reros masa 
ugulebelyaviT. wonasworobis mdgomareobaSi Rero 
horizontaluria.    koeficientis romeli mniSvnelobisaTvis 
gaxdeba moZraoba aperioduli.  
 
   a m o x s n a.  SevcvaloT 

B  wertilSi zambara da 
dempferis winaRobis Zala maTi 

ekvivalenturi A  wertilSi 
moTavsebuli zambariTa da 
dempferis winaRobis ZaliT (ix. 
naxazi). amasTanave        
                

                     lycbcylFbF AekvBypAypB  . 

 aqedan   
2

2

l

b
c

ly

by
cc

A

B
ekv   

vinaidan  
l

b

y

y

A

B  . 

 Aanalogiurad  lvbvlRbR AekBBAB   . 

 aqedan  
2

2

l

b

v

v

l

b

A

B
ekB    

vinaidan  
l

b

v

v

A

B  . 

 CavweroT wertilis moZraobis difarencialuri 

gantoleba y RerZze gegmilebSi (ix. naxazi): 
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       ypAA FRPym  , 

sadac 
yPAF  - A  wertilze dayvanili drekadobis Zalaa [

)]( yfcF cTekByPA  ;  AR  - A  wertilze dayvanili 

winaRobis Zalaa  )( yR ekB
 , 

anu    Pym  )( yfc cTekB yekB
 . 

 imis gaTvaliswinebiT, rom  mgPfc cTekB  , 

miviRebT 

   y
g

P
y

l

b
2

2

 0
2

2

y
l

b
c ,     (1) 

anu                      02 2  ykyny ,              

sadac  
2

2
2

2

2

;
2 Pl

gcb
k

Pl

gb
n 


. 

 gamovTvaloT milevadi rxevis sixSire  1k : 

 

2

22

242

2

2
22

1
24











Pl

bg

P

cg

l

b

lP

gb

Pl

gcb
nkk


. 

 moZraoba aperioduli iqneba, Tu kn  ,  e. i. 

   
2

2

2

2

2 Pl

gcb

Pl

gb



, 

anu      
P

cg

l

b

Pl

gb


2

2

2


, 

saidanac   
g

cP

b

l2
 . 

  p a s u x i:  y
g

P
y

l

b
2

2

 0
2

2

y
l

b
c ; 

g

cP

b

l2
 ; 

                

2

1
2











Pl

bg

P

cg

l

b
k


rad/wm. 

 



 
424 

        amocana  32.75 

     zambaraze dakidebuli  20 kg masis tvirTis 
rxevisas SeamCnies, rom 10 sruli rxevis Semdeg udidesi 
gadaxra orjer Semcirda. tvirTma 10 sruli rxeva Seasrula 9 
wamSi. rogori sididisaa winaRobis   koeficienti (garemos 
winaRobis Zala siCqaris pirveli xarisxis proporciulia) da 
rogoria sixistis c  coeficienti? 

     a m o x s n a. erTi sruli rxeva Sedgeba ori 
gaqanebisagan, maqsimaluri gadaxra TiToeuli gaqanebisas 

mcirdeba geometriuli progresiiT, romlis mniSvnelia 2

1n

e


, 

maSasadame, sruli rxevisas amplituda mcirdeba 1ne
- jer, 

maSin 

  110

111

neAA  . 

 Aamocanis pirobis Tanaxmad 

  
2

1
11

A
A  . 

 aqedan                                                            

  
110 21  ne , 

  
10

2ln
1 n  . 

 vinaidan  
10

9
1  ,  amitom  

9

2ln
n . 

 radganac milevadobis koeficienti 
m

n
2


 , amitom 

winaRobis koeficienti  

  08,3
9

2ln
2022  mn  (n. wm/m). 

 ganvsazRvroT sixistis koeficienti. Mmilevadi rxevis 1k  

sixSire     

  
222

1 nkk  . 

aqedan 

      
















 22

2

1

2

1

2

1

22

1

2 )2ln1,0()2[(
1

10

2ln2





nkk  
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  74,48)069,028,6(
81

100 22  . 

 vinaidan  
m

c
k 2

,  amitom 

  8,9742074,482  mkc  (n/m). 

   p a s u x i:  08,3  n.wm/m; 8,974c  n/m. 

  

amocana  32.76 

 

  SeadgineT P  wonis A  
wertilis mcire rxevis 
diferencialuri gantoleba da 
gansaRvreT milevadi rxevis 
sixSire. zambaras sixistis 

koeficientia c , manZili bA 0 , 

.0 lB   garemos winaRobis Zala 
siCqaris pirveli xarisxis 

proporciulia, proporciulobis   koeficientiT. 0  

wertilSi saxsrovnad Camagrebuli B0  Reros masa 
ugulebelyaviT. wonasworobis mdgomareobaSi Rero 
horizontaluria.   koeficientis romeli mniSvnelobisaTvis 
gaxdeba moZraoba aperioduli.  
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 

 a m o x s n a.  gadavitanoT zambara B  wertilidan A  
wertilSi (nax. 1) da visargebloT damokidebulebiT 
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  bFlF ypAypB   

Aanu                byclcy AekvB   

 vinaidan  
b

l

y

y

A

B  ,   miviRebT 

      
2

2

b

l
ccekv  , 

 

 CavweroT A  wertilis moZraobis difarencialuri 

gantoleba y RerZze gegmilebSi (nax. 2): 

  ypAA FRPym  , 

sadac yPAF  - A  wertilze dayvanili drekadobis Zalaa 

cTyPA fycF  ;  AR  - A  wertilze dayvanili winaRobis 

Zalaa -  yR  , 

anu    Pym  )( cTekB fyc y . 

sadac  
c

mg
fcT  . 

 gantolebaSi Casmisa da gardaqmnis Semdeg miviRebT A  
wertilis moZraobis difarencialuri gantoleba 

  y
g

P
y 0

2

2

y
b

l
c ,      

anu                      02 2  ykyny ,            (1)            

sadac  
2

2
2;

22 Pb

gcl
k

P

g

m
n 


. 

 gamovTvaloT milevadi rxevis sixSire  1k : 

 
2

22

2

2
22

1
4P

g

Pb

gcl
nkk


 . 

 moZraoba aperioduli iqneba, Tu kn  ,  e. i. roca 
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Pb

glc

P

g
2

2

2



, 

anu     
P

cg

b

l

P

g


2


, 

saidanac  
g

cP

b

l2
 . 

  p a s u x i:  y
g

P
y 0

2

2

y
b

l
c ; 

g

cP

b

l2
 ; 

                
2

22

2

2

1
4P

g

Pb

gcl
k


 rad/wm. 

 
 
 

        amocana  32.77 

 
     20 n/m sixistis zambaras boloze dakidebuli  5 kg 
masis tvirTi moTavsebulia blant garemoSi. Aam 
SemTxvevaSiMmisi rxevis periodi 10 wm-s tolia. gansazRvreT 
dempfirebis mudmiva, rxevis logariTmuli dekrementi da 
Tavisufali rxevis periodi. 
     a m o x s n a. ganvsazRvroT Tavisufali harmoniuli 

rxevis k  sixSire: 

  4
5

202 
m

c
k  

saidanac 

  24 k  (rad/wm). 

 gamovTvaloT milevadi rxevis 1k  sixSire: 

  628,0
10

14,322

1

1 



T

k


 (rad/wm). 

 vipovoT milevadobis koeficienti: 

  9,1628,02 222

1

2  kkn  

(rad/wm). 

 vinaidan  nk  , amitom moZraoba iqneba rxeviTi da 
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milevadi. ganvsazRvroT dempfirebis koeficienti: 

              199,1522  mn  (n · wm/m). 

 gamovTvaloT logariTmuli dekremsnti   

    

    5,9
2

109,1

2





nT
  

Dda Tavisufali rxevis periodi 

     14,3
2

14,322





k
T


 (wm). 

  p a s u x i:  19  n · wm/m;  5,9
2


nT

 ;  14,3T  wm. 
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iZulebiTi rxevebi 
 

                    amocanebi da amoxsnebi 

 

     amocana  32.78 

. 
     ipoveT m  masis nivTieri wertilis wrfivi moZraobis 

gantoleba, romelzec moqmedebs aRmdgeni Zala cxQ   da 

mudmivi Zala 0F . sawyis momentSi  ,0t  00 x ,  00 x . 

agreTve ipoveT rxevis periodi. 
 a m o x s n a. nivTier wertilze moqmedebs aRmdgeni 
Zala, romelic emorCileba hukis kanons, rac niSnavs, rom es 
meqanikuri sistema Seicavs drekad elements (zambaras), xolo 
wertilis moZraoba rxeviTi xasiaTisaa. Nnaxazze gamovsaxoT 

m  masis nivTier wertilze moqmedi Zalebi: simZimis gm

 

Zala, zambaris drekadobis ypF


 Zala da winaRobis 0F


 Zala. 

avirCioT koordinatTa Oxy  sistema saTaviT wertilis 

statikuri wonasworobis mdebareobaSi. 
   CavweroT nivTieri wertilis moZraobis 

difarencialuri gantoleba x RerZze gegmilebSi: 

  0FFmgxm yp  ,                

sadac   ;QcfF cTyp    
c

mg
fcT  . 

  
maSin, moZraobis gantolebas aqvs aseTi saxe 

       0Fcx
c

mg
cmgxm  , 

anu 

          
m

F
xkx 02  ,              (1) 

sadac    
m

c
k 2

,  
m

c
k   - harmoniuli 

rxevis sixSirea. 
  (1) diferencialuri gantolebis amoxsnas aseTi saxiT 
veZebT: 
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   xxx , 

sadac  ktCktCx sincos 21   - Sesabamisi erTgvarovani 

gantolebis amoxsnaa;  Ax 
 - kerZo amoxsna. 

  (1) gantolebaSi 
x  CasmiT miviRebT 

  .
2

002

mk

F
A

m

F
Ak   

   Sedegad,  (1) gantolebis amoxna miiRebs aseT saxes  

                  ktCktCx sincos 21 
2

0

mk

F
             (2)                  

              .cossin 21 ktkCktkCx                 (3)          

 sawyisi  pirobebis gamoyenebiT: ,0t  00 x ,  00 x ,  (2) 

da (3) formulebidan miviRebT: 1C
2

0

mk

F
; 02 C . 

 integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT (2) 

formulaSi da vinaidan cmk 2
, miviRebT wertilis 

moZraobis gantolebas  

     x ).cos1(0 kt
c

F
  

 rxevis periodi  
k

T
2

 .  

   p a s u x i:  x )cos1(0 kt
c

F
 , sadac  

m

c
k  ;  

k
T

2
 . 

 
 

   amocana  32.79 

. 
     ipoveT m  masis nivTieri wertilis wrfivi moZraobis 

gantoleba, romelzec moqmedebs aRmdgeni Zala cxQ   da 

tF   Zala. sawyis momentSi wertili imyofeba statikuri 
wonasworobis mdebareobaSi da misi siCqare nulis tolia. 
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   a m o x s n a. gamoviyenoT 32.78 amocanis amoxsnis sqema 

imis gaTvaliswinebiT, rom tF 0  da am SemTxvevaSi 

miviRebT iZulebiTi rxevis diferencialur gantolebas 

   
m

t
xkx


 2

                 (1) 

  (1) diferencialuri gantolebis amoxsnas veZebT rogorc 

erTgvarovani x  da kerZo 
x  amoxsnebis jams, e.i. aseTi saxe 

aqvs: 

   xxx , 

sadac           ktCktCx sincos 21  ;  Atx 
. 

  (1) gantolebaSi 
x  CasmiT miviRebT 

  
m

Ak


2
, 

saidanac    

       
2mk

A


 . 

maSin          

                    
2mk

t
x




    

   
da  (1) diferencialuri gantolebis amoxna miiRebs aseT saxes  

              ktCktCx sincos 21 
2mk

t
             (2)                  

          
221 cossin

mk
ktkCktkCx


 .        (3)          

 sawyisi  pirobebis gamoyenebiT: ,0t  00 x ,  00 x ,  (2) 

da (3) formulebidan miviRebT: ;01 C
32

mk
C


 . 

 integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT (2) 

formulaSi da miviRebT wertilis moZraobis gantolebas  

  x ).sin(
3

ktkt
mk



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 sadac  
m

c
k  . 

   p a s u x i:  x )sin(
3

ktkt
mk




, sadac  
m

c
k  . 

 
 
 

 
 

   amocana  32.80 

 

     ipoveT m  masis nivTieri wertilis wrfivi moZraobis 

gantoleba, romelzec moqmedebs aRmdgeni Zala cxQ   da 

teFF  0  Zala, Tu sawyis momentSi wertili imyofeba 

statikuri wonasworobis mdebareobaSi. 

   a m o x s n a. gamoviyenoT 32.78 amocanis amoxsnis sqema 

imis gaTvaliswinebiT, rom 0F  Zalis adgilas modebulia 

teFF  0  Zala. am SemTxvevaSi miviRebT iZulebiTi rxevis 

diferencialur gantolebas 

   
m

F
xkx 02  te 

                (1) 

sadac    
m

c
k 2

,  
m

c
k   - harmoniuli rxevis sixSirea. 

  (1) diferencialuri gantolebis amoxsnas veZebT rogorc 

erTgvarovani x  da kerZo 
x  amoxsnebis jams, e.i. aseTi saxe 

aqvs: 

   xxx , 

sadac  ktCktCx sincos 21  ,  

 kerZo amoxsna damokidebulia (1)Agntolebis marjvena 

mxaris saxeze, e.i.  Ax  te 
. 

  (1) gantolebaSi 
x  CasmiT miviRebT 

 
)( 22

0022


 


 

km

F
Ae

m

F
eAkeA ttt

. 
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maSin               x
te

km

F 





 )( 22

0
     

da  (1) diferencialuri gantolebis amoxna miiRebs aseT saxes  

         ktCktCx sincos 21  te
km

F 








)( 22

0
,         (2)                  

      ktkCktkCx cossin 21 .
te

km

F 



 

 )( 22

0
.     (3)          

 sawyisi  pirobebis gamoyenebiT: ,0t  00 x ,  00 x ,  (2) 

da (3) formulebidan miviRebT:  

  1C
)( 22

0

km

F
; 

                    2C .
)( 22

0

kkm

F






 

 integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT (2) 

formulaSi da miviRebT wertilis moZraobis gantolebas  

  x
)( 22

0

km

F








 kt

k
kte t sincos


. 

   p a s u x i:  x
)( 22

0

km

F








 kt

k
kte t sincos


, 

                  sadac  
m

c
k  . 
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amocana  32.81 

. 

        6,19c  n/m sixistis zambaraze 

dakidebulia 100 gr masis magnituri Rero. Mmagnitis 
bolo gadis koWSi, romelSic gadis cvladi deni 

ti 8sin20  amperi. Ddeni gadis 0t  momentidan 
da Seizidavs Reros solenoidSi; am momentamdis 
magnituri Rero uZravad ekida zambaraze. Mmagnitsa 
da koWs Soris urTierTmoqmedebis Zala 

ganisazRvreba tolobiT iF 016,0  n. 

gansazRvreT magnitis iZulebiTi rxeva.  
    a m o x s n a. miviRoT Rero nivTier wertilad 
da vaCvenoT naxazze masze moqmedi Zalebi: simZimis 

gm

 Zala, magnitisa da koWis urTierTqmedebis F


 

Zala,  aRmdgeni ypF


 Zala. 

   CavweroT moZraobis difarencialuri 

gantoleba x RerZze gegmilebSi:   

               FFmgxm yp  ,              (1)              

sadac   );( xfcF cTyp   vinaidan 
c

mg
fcT  ,   

amitom,                . cxmgFyp  . 

 amocanis pirobis gaTvaliswinebiT ganvsazRvroT 
magnitisa da koWis urTierTmoqmedebis Zala 
                  

tttiF  8sin8sin32,08sin20016,0016,0  . 

    (1) gantolebaSi SevitanoT pyF   da F  mniSvnelobebi,  

miviRebT 

  tcxmgmgxm 8sin , 

anu 

   pthxkx sin2                   (2) 

sadac 
m

c
k 2

,  14
1,0

6,19


m

c
k (rad/wm);  10

1


m
h  

m/wm2;  8p . 

 (2) gantoleba – Ees aris iZulebiTi rxevis 
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diferencialuri gantoleba winaRobis gauTvaliswineblad. 
     (2) diferencialuri gantolebis kerZo amoxsna 
ganisazRvreba misi marjvena nawiliT:   

       ptAxx sin 
. 

 Mmisi meore warmoebuli  

        ptApx sin2   

  (2) gantolebaSi 
x  da 

x  gamosaxulebebis CasmiT 
miviRebT 

              pthptAkptAp sinsinsin 22  , 

saidanac 3,2
14,36414

1000
2222








pk

h
A  (sm). 

 maSin          tx 8sin3,2 .   

   p a s u x i:   tx 8sin3,2  sm. 

         

 
     amocana  32.82 

. 
       wina amocanis pirobebSi ipoveT magnituri Reros 
moZraobis gantoleba, Tu igi Camokides gauWimavi zambaras 
boloSi da gauSves sawyisi siCqaris gareSe. 
     a m o x s n a.  CavweroT rxevis araerTgvarovani 
difarencialuri gantoleb zogadi amoxsna, romelic 
miRebulia 32.81 amocanis amoxsnisas (ix (1) formula) Semdegi 
saxiT :                              

                         xxx , 

sadac  ktCktCx sincos 21  ,   14
1,0

6,19


m

c
k (rad/wm) –

magnituri Reros sakuTrivi rxevis sixSirea;  

tx 8sin3,2  - 

kerZo amoxsnaa, miRebuli 32.81 amocanis amoxsnisas. 

     maSin        ktCktCx sincos 21
t8sin3,2 .        (1) 

     gavawarmooT (1) gamosaxuleba droTi 

       kktCktCx )cossin( 21 t 8cos83,2  .  (2)  

 integrebis 1C  da 2C  mudmivebis mniSvnelobebis 

sapovnelad gamoviyenoT moZraobis sawyisi  pirobebi: roca 

,0t   
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5
6,19

8,91,0
0 




c

mg
fx cT

 (sm),  00 x ,  

      (1) da (2) formulebidan miviRebT:  

  51 C  sm; 

                    2C 13,4
14

83,2


 
 (sm). 

 integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT (1) 

formulaSi da miviRebT magnituri Reros moZraobis 
gantolebas  

    ttx 14sin13,414cos5 t8sin3,2 . 

   p a s u x i:   ttx 14sin13,414cos5 t8sin3,2  sm. 

 
 

     amocana  32.83 

. 
       32.81  amocanis pirobebSi ipoveT magnituri Reros 
moZraobis gantoleba, Tu mas statikuri wonasworobis 

mdebareobaSi mianiWes sawyisi siCqare 50 v  m/wm. 

     a m o x s n a. am amocanis amoxsna analogiuria 32.82 
amocanis amoxsnisagan  gansxvavdeba mxolod sawyisi 

pirobebiT: ,0t  00 x ,  50 x  sm/wm.  

 CavweroT magnituri Reros moZraobis gantoleb, romelic 
miRebulia 32.82 amocanis amoxsnisas:  

             tCtCx 14sin14cos 21
t8sin3,2 .        (1) 

        ktCtCx )14cos14sin(14 21 t 8cos83,2  .  (2)

  

 integrebis 1C  da 2C  mudmivebis mniSvnelobebis 

sapovnelad gamoviyenoT moZraobis sawyisi  pirobebi da, 
miviRebT  (1) da (2) formulebidan miviRebT:    

              01 C  sm;    2C 486,4
14

83,25


 
 (sm). 

 integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT (1) 

formulaSi da miviRebT magnituri Reros moZraobis 
gantolebas  

    tx 14sin486,4 t8sin3,2  sm. 
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   p a s u x i:   tx 14sin486,4 t8sin3,2  sm. 

 

 
  amocana  32.84 

 

    ipoveT AB zambaraze dakidebuli 400 gr masis M  
sawonis iZulebiTi rxevebi, Tu zambaras zeda bolo 
vertikalur wrfeze asrulebs harmoniul rxevas amplitudiT 

a  da n  sixSiriT: ntaC sin01   sm. Mmocemulia 2a sm, 

7n  rad/wm;  39,2 n Zalis moqmedebiT zambara 1 m-T 
grZeldeba. 

    a m o x s n a. CavweroT nivTieri M  wertilis 

moZraobis difarencialuri gantoleba x RerZze gegmilebSi: 

  ypFmgxm  ,                

sadac mg - simZimis Zalaa, ypF  - aRmdgeni Zala,  

),sin( ntaxfcF cTyp   ntaxfcT sin  - zambaras 

deformacia. 
        maSin, gardaqmnis Semdeg 
miviRebT 

       ntcacxxm sin , 

anu        xkx 2 nthsin         (1) 

sadac     98
4,0

2,392 
m

c
k ;  

  196
4,0

02,02,39





m

ca
h  (sm); np  . 

      (1) gantoleba aris iZulebiTi 
rxevis difarencialuri gantoleba 
winaRobis gauTvaliswineblad. Aam 
gantolebis kerZo amoxsna 
ganisazRvreba misi marjvena nawiliT,  e. i.                    

                     ntAxx sin 
. 

 Mmisi meore warmoebuli  

                  ptAnx sin2   

  (1) gantolebaSi 
x  da 

x  gamosaxulebebis CasmiT 
miviRebT  
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)( 22 nk

h
A


  (sm). 

 maSin, iZulebiTi rxevis gantoleba miiRebs aseT   saxes         

    
22

sin

nk

nth
x


  

anu, ,h  k  da n -s mniSvnelobaTa Casmis Semdeg 

     tx 7sin4 .   

   p a s u x i:   tx 7sin4 sm. 
 

                  amocana  32.85 

 

    ipoveT AB zambaraze dakidebuli M  
sawonis moZraoba (ix. amocana 32.84), Tu 

zambaras zeda A  bolo vertikalur wrfeze 
asrulebs harmoniul rxevas amplitudiT a  da 

wriuli k  sixSiriT; zambaras statikuri 

dagrZeleba sawonis moqmedebiT  -s tolia. 

sawyis momentSi A  wertils ukavia Tavis 

saSualo mdebareoba, xolo M  sawoni 
imyofeba wonasworobaSi; sawonis sawyisi 
mdebareoba miiReT koordinatTa saTaved, 

xolo x0  RerZi mimarTeT vertikalurad 
qveviT. 

    a m o x s n a. CavweroT M sawonis 
moZraobis difarencialuri gantoleba (ix. 

naxazi) x RerZze gegmilebSi: 

  ypFmgxm  ,                

sadac  ),( 1xxfcF cTyp   ktax sin1  .  

      maSin, gardaqmnis Semdeg miviRebT 

  1cxcfcxmgxm cT  , 

anu   xx 2 kthsin ,        (1) 

sadac  - rxevis sakuTrivi sixSirea 



g

m

c
2 ;  c
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zambaras sixistea,  


mg
c  ,   zambaras statikuri 

dagrZelebaa;  
m

ca
h  ;  

 k SemaSfoTebeli Zalis sixSire. 
(1) gantoleba aris iZulebiTi rxevebis  

difarencialuri 
gantoleba garemos winaRobis gauTvaliswineblad.  
A    araerTgvarovani (1) gantolebis zogad amoxsnas veZebT 
Semdegi saxiT 

      kt

k
g

h
t

g
Ct

g
Cx sinsincos

2
21








,          (2) 

   kt

k
g

hk
t

g
Ct

g
C

g
x cos)sincos(

2
21








.      (3) 

 sawyisi pirobebidan gamomdinare: ,0t  00 x ,  00 x , 

integrebis 1C  da 2C  mudmivebisaTvis miviRebT: 

     01 C        2C
)( 2

2 kgg

agk

k
gg

hk




















, 

sadac    


ag

m

ac
h  .  

  integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT 

(2) formulaSi, miviRebT sawonis moZraobis gantolebas  

        










 t

g

g
kkt

gk

ag
x






sinsin

2
, 

sadac  


g
k  .  
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 rezonansis SemTxvevaSi, e. i. roca 


g
k  , (1) 

gantolebis amoxsnas veZebT Semdegi saxiT 

    kt
k

ht
t

g
Ct

g
Cx cos

2
sincos 21 


,             (4) 

  kt
ht

kt
k

h
t

g
Ct

g
C

g
x sin

2
cos

2
)sincos( 21 


.    (5) 

 sawyisi pirobebidan gamomdinare (4) da (5) formulebidan 

integrebis 1C  da 2C  mudmivebisaTvis miviRebT:  

         01 C ,     2C
2

2

a

g

ag

g






. 

  integrebis 1C  da 2C  mudmivebis mniSvnelobebi (4) 

formulaSi, miviRebT sawonis moZraobis gantolebas  

          







 ktt

g
t

ga
x cossin

2 
, 

sadac    


g
k  . 

pasuxi:  










 ktt

g

g
k

gk

ag
x sinsin

2 




, roca 



g
k   an 



g
k  ; 

         







 ktt

g
t

ga
x cossin

2 
, roca 



g
k   

 
                         amocana  32.86 

 

 datvirTuli sabargo vagonis resoris statikuri 

CaRunva 5 cTl  sm. gansazRvreT vagonis moZraobis kritikuli 
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siCqare, rodesac iwyeba vagonis ,,grZivi qanaoba”, Tu relsebis 
pirapirze vagoni ganicdis biZgebs, romelic iwvevs relsebze 

vagonis iZulebiT rxevas; relsis sigrZe 12L  m. 
.   a m o x s n a.  vagonis ,,grZivi qanaoba” warmoiqmneba 
rezonansis dros, e. i. roca erTi relsis gavlis dro rxevis 
periodis tolia 

  
kv

L 2
 ,  

sadac L  relsis sigrZea, v  vagonis siCqare. 
 ganvsazRvroT kritikuli siCqare 

 75,26
05,0

8,9

28,6

12

22





cTl

gLLk
v


(m/wm) = 96 (km/sT). 

    p a s u x i:   v 96 km/sT. 
amocana  32.87 

  

 manqanis indikatori Sedgeba A  

cilindrisgan, romelSic dadis D  zambaraze 

damagrebuli B  dguSi. dguSze mierTebulia 

BC  Rero, romelzec damagrebulia saweri 

wkiri .C  dauSviT, rom orTqlis wneva, romelic 
gamosaxulia paskalSi, icvleba Tanaxmad 

formulisa 









T

t
p

2
sin34105

, sadac T  - 

lilvis erTi brunvis droa, da gansazRvreT C  
wkiris iZulebiTi rxevis amplituda, Tu lilvi 

asrulebs 180 br/wT, Semdegi monacemebisas: indikatoris 

dguSis farTobi 4  sm2, indikatoris moZravi nawilis 

masaa 1 kg, 29,4 n Zalis moqmedebisas zambara 1 sm-T ikumSeba. 
    a m o x s n a. amocanis pirobis Tanaxmad SemaSfoTebeli 
Zala 

  


 









T

t
pQ

2
sin34105

. 

 iZulebiTi rxevis gantolebas aqvs aseTi saxe 

   thxkx sin2  . 
 iZulebiTi rxevis amplituda 
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22 


k

h
a , 

sadac 
m

H
h  , 5103H , 

4104  m2,  

        120
1

104103 45







h (m/wm2); 

        ;2940
1

29402 
m

c
k   


 6

30

180
 . 

 maSin 0464,0
14,3362940

120
2

a  (m). 

     p a s u x i:  64,4a sm. 

 
 
 
 
 

                         amocana  32.88 

  

      wina amocanis pirobebSi ipoveT C  wkiris 
moZraobis gantoleba, Tu sawyis momentSi statikuri 
wonaswirobis mdgomareobaSi sistema uZravi iyo. 

     a m o x s n a. miviRoT B  dguSi nivTier 
wertilad da ganvixiloT misi moZraoba (ix. naxazi) 

simZimis gm

 Zalis, drekadi ypF


 Zalis da 

SemaSfoTebeli Q

 Zalis moqmedebiT. 

   CavweroT dguSis moZraobis difarencialuri 

gantoleba x RerZze gegmilebSi:        

                QFmgxm yp  ,              (1)              

sadac   );( xfcF cTyp   


 









T

t
pQ

2
sin34105

.  

maSin,   

        
T

t
cfcxmgxm cT




2
sin103104 55  .  

 drois sawyis momentSi  50 104 Q , xolo statikuri 
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wonasworobis mdgomareobaSi        

  00  Qcfmg cT . 

 Mamis Sedegad (1) diferencialuri gantoleba miiRebs aseT 
saxes 

            
T

t
cxxm




2
sin103 5 , 

anu 

     thxkx sin2                   (2) 

sadac ,29402 
m

c
k  22,54k (rad/wm);  120

103 5





m

h


 

m/wm2. .6   
 (2) diferencialuri gantolebis amoxsnas veZebT Semdegi 
saxiT 

           ktCktCx sincos 21
ta sin , 

sadac  64,4a sm (ix. 32.87 amocanis amoxsna).  

    maSin 

    tCtCx 22,54sin22,54cos 21
tt6sin64,4 ,           (3) 

       )22,54cos22,54sin(22,54 21 tCtCx t 6cos664,4  .  

(4) 

 moZraobis sawyisi pirobebis gaTvaliswinebiT: ,0t  

00 x ,  00 x ; (3) da (4) formulebidan miviRebT: 01 C , 

2C 61,1  (sm). 

 integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT (3) 

formulaSi da miviRebT moZraobis gantolebas  

   ttx 6sin64,422,54sin61,1  . 

   p a s u x i:  ttx 6sin64,422,54sin61,1   sm. 

 
 

    amocana  32.89  

. 
   9,8 n/sm sixistis koeficientis zambaraze dakidebuli 

m=200 gr masis tvirTi ganicdis ptHS sin  Zalis 

zemoqmedebas, sadac 20H n, 50p rad/wm; sawyis momentSi 

20 x sm, 100 v sm/wm. koordinatTa sistemis saTaved 

arCeulia statikuri wonasworobis mdebareoba. 
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ipoveT tvirTis moZraobis gantoleba. 
 
    a m o x s n a. naxazze gamovsaxoT tvirTze 

moqmedi Zalebi: simZimis gm

 Zala, drekadobis ypF


 

Zala da SemaSfoTebeli S

 Zala. 

   CavweroT tvirTis moZraobis difarencialuri 

gantoleba x RerZze gegmilebSi:     

                SFmgxm yp  ,                            

sadac   );( xfcF cTyp   ptHS sin .  

       maSin, radganac statikuri wonasworobis 

mdebareobaSi cTcfmg   

                 cTcfcxmgxm  ptH sin  

anu 

                     cxxm  ptH sin               (1) 

 Aamocanis monacemebis gaTvaliswinebiT (1) gantoleba ase 
CavweroT   

       xx 9802,0  t50sin20 . 

anu 

     pthxkx sin2                   (2) 

sadac ,49002 k  70k (rad/wm);  100h  m/wm2; 50p rad/wm. 

     (2) gantoleba – es aris iZulebiTi rxevis 
diferencialuri gantoleba winaRobis gauTvaliswineblad. 
  iZulebiTi rxevis amplituda 

  17,4
25004900

100
22








pk

h
a  (sm). 

       (2) gantolebis zogad amoxsnas veZebT Semdegi saxiT 

            tCtCx 70sin70cos 21 t50sin17,4 ,             (3) 

      )70cos70sin(70 21 tCtCx t50cos5017,4  .   (4) 

 sawyisi pirobebis gamoyenebiT: ,0t  20 x sm, 100 x

sm/wm. (3) da (4) formulebidan miviRebT: 21 C  sm;  

83,22 C sm. 

 integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT (3) 

formulaSi, miviRebT tvirTis  moZraobis gantoleba: 
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            ttx 70sin83,270cos2 t50sin17,4 . 

 

      p a s u x i:   ttx 70sin83,270cos2 t50sin17,4  sm. 

 

          amocana  32.90        

  
      wina amocanis pirobebSi Seicvala SemaSfoTebeli 

Zalis sixSire  70p  rad/wm. ipoveT tvirTis moZraobis 

gantoleba.     
 a m o x s n a. rodesac SemaSfoTebeli Zalis sixSire  

70p  rad/wm, warmoiSoba rezonansi. rezonansis SemTxvevaSi 

kp   da iZulebiTi rxevis gantoleba iRebs aseT saxes:   

                 pthxkx sin2                   (1)  

 am gantolebis amoxsnas veZebT aseTi saxiT: 

      xxx , 

sadac 
x  - kerZo amoxsnaa. 

 rezonansis SemTxvevaSi 

                    pt
p

ht
x cos

2


 

        Aanu, amocanis mocemulobebis gaTvaliswinebiT 

100h m/wm2, 70p rad/wm, 

         


 t
t

x 70cos
702

100
tt 70cos428,71 .   

 maSin, (1) gantolebis zogad amoxsnas CavwerT Semdegi 
saxiT 

           tCtCx 70sin70cos 21  tt 70cos428,71 ,           

(2) 
   )70cos70sin(70 21 tCtCx ttt 70sin70428,7170cos428,71  .   

(3) 

 sawyisi pirobebis gamoyenebiT: ,0t  20 x sm, 100 x

sm/wm. (2) da (3) formulebidan miviRebT: 21 C  sm;  16,12 C
sm. 

 integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT (3) 

formulaSi, miviRebT tvirTis  moZraobis gantoleba: 

            ttx 70sin16,170cos2 tt 70cos4,71 . 
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      p a s u x i:   ttx 70sin16,170cos2 tt 70cos4,71 sm. 

 

 

 

 
           amocana  32.91 

  

      24 kg masis tvirTi dakidebulia 392 n/m sixistis 

zambaraze. tvirTze moqmedebas iwyebs tF 4sin8,156 n Zala. 

gansazRvreT tvirTis moZraobis kanoni. 
     a m o x s n a. naxazze gamovsaxoT m masis 

tvirTze moqmedi Zalebi: simZimis gm

 Zala, 

drekadobis ypF


 Zala da SemaSfoTebeli F

 Zala. 

   CavweroT tvirTis moZraobis 

difarencialuri gantoleba x RerZze gegmilebSi:
  

   kFam


, 

                 FFmgxm yp  ,                            

sadac );( xfcF cTyp  ptHF sin , 8,156H n;  

4p rad/wm. 

   maSin            

           cTcfcxmgxm  ptH sin .     (1) 

 vinaidan statikuri wonasworobis mdebareobaSi 

cTcfmg  , amitom (1) gantoleba miiRebs aseT saxes 

   cxxm  ptH sin                     

anu 

                 pthxkx sin2            (2) 

sadac ,162 
m

c
k  4k (rad/wm);  4,6

m

H
h . 

 vinaidan 4 kp  rad/wm, amitom SeimCneva rezonansi. 

amitom 
(2) gantolebis zogad amoxsnas veZebT Semdegi saxiT 

           ktCktCx sincos 21
k

ktht

2

cos
,                    (3) 
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    )cossin( 21 ktCktCkx ktkt
k

h
kt

k

h
sin

2
cos

2
 .   (4) 

 sawyisi pirobebis gamoyenebiT: ,0t  00 x sm, 00 x

sm/wm. (3) da (4) formulebidan miviRebT: 01 C ;  2,02 C . 

 integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT (3) 

formulaSi, miviRebT tvirTis  moZraobis gantolebas: 

           ttx 4cos8,04sin2,0  . 

      p a s u x i:  ttx 4cos8,04sin2,0  . 

 
 
 

   amocana  32.92 

  

      24,5 kg masis tvirTi dakidebulia 392 n/m sixistis 
zambaraze. gansazRvreT tvirTis moZraobis kanoni, Tu masze  

moqmedebas iwyebs tF 6cos2,39 n Zala. 

     a m o x s n a. naxazze gamovsaxoT tvirTze moqmedi 

Zalebi: simZimis gm

 Zala, drekadobis ypF


 Zala da 

SemaSfoTebeli F

 Zala. koordinatTa xy0  sistemis  saTave 

avirCioT statikuri wonasworobis mdebareobaSi. 
   CavweroT tvirTis moZraobis difarencialuri 

gantoleba x RerZze gegmilebSi:  

               kFam


, 

              FFmgxm yp  ,                            

sadac  );( xfcF cTyp  tF 6cos2,39 ,   

 maSin            

               cTcfcxmgxm  t6cos2,39 .            

 vinaidan statikuri wonasworobis 

mdebareobaSi cTcfmg  , amitom amocanis 

monacemebis gaTvaliswinebiT gantoleba miiRebs 
aseT saxes 

             txx 6cos2,393925,24  ,                    

anu 

             pthxkx sin2                      
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sadac ,16
5,24

3922 
m

c
k  4k (rad/wm);  6,1

5,24

2,39
h ;  

6p . 

 gantolebis zogad amoxsnas veZebT Semdegi saxiT 

     xxx , 

sadac 
x  - kerZo amoxsnaa. 

 Mmocemul SemTxvevaSi 

                 tCtCx 4sin4cos 21         

A             


 tx 6cos
3616

6,1
t6cos08,0 .   

 maSin, (1) gantolebis zogad amoxsnas CavwerT Semdegi 
saxiT 

           tCtCx 4sin4cos 21  t6cos08,0 ,                       

           x )4cos4sin(4 21 tCtC  t6sin608,0  .    

    sawyisi pirobebis gamoyenebiT: ,0t 00 x , 00 x . 

08,01 C sm;  02 C . 

 integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT x -

s gamosaxulebaSi, miviRebT tvirTis  moZraobis gantolebas: 

           ttttx 5sinsin16)6cos4(cos08,0  . 

      p a s u x i:  .5sinsin16 ttx   rxeva atarebs dacemis 
(Zgeris)  
                    xasiaTs. 
 
 

   amocana  32.93 

  
      zambaraze dakidebuli tvirTi moZraobs ise, rom misi 
moZraoba aRiwereba diferencialuri gantolebiT 

   cxxm  tt  3cos2cos5  .   
 ipoveT tvirTis moZraobis kanoni, Tu sawyis momentSi misi 
gadaadgileba da siCqare nulis toli iyo,  agreTve 
gansazRvreT  -s rogori mniSvnelobisaTvis dadgeba 
rezonansi. 
 a m o x s n a. tvirTis moZraobis difarencialuri 
gantolebs zogad amoxsnas veZebT Semdegi saxiT: 
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2221

9

3cos2cos5
sincos









mc

t

mc

t
t

m

c
Ct

m

c
Cx





 ,      (1) 

   
2221

9

3sin6sin5
)cossin(









mc

t

mc

t
t

m

c
Ct

m

c
C

m

c
x





 . (2)   

sawyisi pirobebis gamoyenebiT: ,0t  00 x , 00 x . (1) da 

(2) formulebidan miviRebT:  

   0
9

25
221 







 mcmc
C , 

   
22

2

1
9)((

747





mcmc

cm
C




 ; 

                     02 C . 

 integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT (1) 

formulaSi, miviRebT tvirTis  moZraobis kanons: 

        x
)9)((

cos)747(

22

2





mcmc

t
m

c
cm





22 9

3cos2cos5









mc

t

mc

t







. 

 rezonansi dadgeba or SemTxvevaSi: roca  09 2  mc   

da  02  mc ,  e. i.  roca 

   
m

c

3

1
1  ,    

m

c
2 . 

     p a s u x i: x
)9)((

cos)747(

22

2





mcmc

t
m

c
cm





22 9

3cos2cos5









mc

t

mc

t





 . 

  rezonansi dadgeba or SemTxvevaSi: 
m

c

3

1
1   da  

m

c
2    
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winaRobis gavlena iZulebiT rxevebze 

 

                   amocanebi da amoxsnebi 

 

     amocana  32.94 

. 

      6,19c  n/m sixistis zambaraze dakidebulia 

solenoidSi gamavali 50 gr masis magnituri Rero da 

magnitis polusebs Soris gamavali 50 gr spilenZis 

firfita. solenoidSi gadis ti 8sin20 amperiDdeni, 
romelic anviTarebs magnitur RerosTan urTierTmo-   

qmedebis iF 016,0 n Zalas. Agrigaliseburi denebis 

Sedegad spilenZis firfitis damuxruWebis Zala   

2kv -s tolia, sadac  ,001,0k  510    da  

v - firfitis siCqare m/wm-Si. gansazRvreT firfitis 
iZulebiTi rxevebi.  

    a m o x s n a. koordinatTa xy0  sistemis  

saTaved avirCioT statikuri wonasworobis 
mdebareobaSi.Mmagnituri Rero da spilenZis firfita 
CavTvaloT nivTier wertilad. naxazze gamovsaxoT masze 

moqmedi Zalebi: simZimis gm

 Zala, drekadobis ypF


 Zala, 

SemaSfoTebeli Q

 Zala da damuxruWebis R


Zala.     

         CavweroT nivTieri wertilis moZraobis 

difarencialuri gantoleba x RerZze gegmilebSi:  

              QRFmgxm yp  ,                            

sadac );( xfcF cTyp  R 2kv ; 

.016,0 tQ     

 maSin                                    

 cTcfcxmgxm 2kv .016,0 t            

     vinaidan statikuri wonasworobis  

mdebareobaSi cTcfmg  , 

 amitom     cxxm 2kv .016,0 t     (1) 

 SevitanoT (1) gantolebaSi amocanis 

monacemebi         xx 6,191,0
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x500001,0 tt  8sin20016,0  ,                  

Aanu zogadi saxiT 

            pthxkxnx sin2 2   ,          (2)                                   

sadac ;1962 k  25n ;  2,3h ;  8p . 

 (2) gantoleba – Ees aris iZulebiTi rxevis gantoleba. 
     Ffirfitis iZulebiT rxevas ganvsazRvravT gantolebiT    

         
22222 4)(

)sin(
)sin(

pnkp

pth
ptAx c




 

 ,  

sadac cA  - iZulebiTi rxevis amplitudaa winaRobis 

gaTvaliswinebiT;    - fazis gadaweva. 

 ganvsazRvroT amplituda 

 cA

022,0
14,3645,24)19664(

2,3

4)( 222222222





 



pnkp

h  

da iZulebiTi rxevis fazis gadanacvleba 

                  ,288,0
2

22





kp

np
tg      089,0 . 

   kuTxe mdebareobs mesame meoTxedSi, amitom 

        91,0089,0  . 

 maSasadame, iZulebiTi rxevis gantolebas aqvs Semdegi 
saxe 

        )91,08sin(022,0   tx . 

       p a s u x i:   )91,08sin(022,0   tx  m. 

 
 
 

amocana  32.95 

  
      wina amocanis pirobebSi ipoveT firfitis moZraobis 
gantoleba, Tu igi magnitur RerosTan erTad dakides 
dauWimavi zambaras boloSi da  mas mianiWes qveviT mimarTuli 
sawyisi 5 sm/wm siCqare. 
     a m o x s a. CavweroT iZulebiTi rxevis gantolebis 
zogadi amoxsna, romelic miRebulia 32.94 amocanaSi Semdegi 
saxiT 
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   )91,08sin()sincos( 1211    tAtkCtkCex c

nt ,      (1)     

)cossin( 12111 tkCtkCekx nt     )sincos( 1211 tkCtkCne nt    

                  )91,08cos(8   tAc
, 

sadac   77,135,2196 222

1  nkk  (rad/wm). 

 sawyisi pirobebis gamoyenebiT: ,0t   50 x sm/wm. 

 05,0
6,19

8,91,0
0 




c

mg
x (m) 5 sm, integrebis 

mudmivebisaTvis miviRebT: 39,428,02,251 C  (sm);  

42,32 C . 

 integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT (1) 

formulaSi, miviRebT firfitis  moZraobis gantolebas: 

 )91,08sin(2,2)77,13sin42,377,13cos39,4(5,2    tttex t .    

pasuxi:  

)91,08sin(2,2)77,13sin42,377,13cos39,4(5,2    tttex t sm. 

 
 

   amocana  32.96 

 

          2m  kg masis nivTieri wertili dakidebulia 4 kn/m 
sixistis zambaraze. wertilze moqmedebs SemaSfoTebeli Zala    

)sin(120  ptS n da moZraobisadmi winaRobis Zala, 

romelic siCqaris pirveli xarisxis proporciulia da 

vmcR 5,0  n-s tolia. ras ydris iZulebiTi rxevis 

amplitudis maxA  udidesi mniSvneloba?  rogori p
sixSirisaTvis miaRwevs iZulebiTi rxevis amplituda udides 
mniSvnelobas? 
     a m o x s n a. iZulebiTi rxevis amplituda udides 

mniSvnelobas miaRwevs roca
22 2nkp  . maSin    

  
22

max

2 nkn

h
A


 . 

 Aamocanis monacemebis mixedviT gamovTvaloT: 
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  3
3

2 102
2

104





m

c
k , 

           18,11
22

10425,0

2

5,0 3







m

mc
n  (rad/wm), 

  60
2

120
h  (m/wm2); 

maSin    062,0
)18,11(1028,112

60

23
max 


A (m) 2,6 (sm). 

 ganvsazRvroT p sixSire, rodesac miiRweva amplitudis es 

mniSvneloba:  83,41250102 3 p  (rad/wm). 

  p a s u x i:   2,6max A  sm;  83,41p  rad/wm. 

 

amocana  32.97 

  
      wina amocanis pirobebSi ipoveT wertilis moZraobis 
gantoleba, Tu sawyis momentSi misi mdebareoba da siCqare iyo: 

20 x sm, 30 v sm/wm. SemaSfoTebeli Zalis sixSire 30p

rad/wm; SemaSfoTebeli Zalis sawyisi faza 0 . 
KkoordinatTa saTave arCeulia statikuri wonasworobis 
mdebareobaSi. 
     a m o x s a. CavweroT iZulebiTi rxevis gantolebis 
zogadi amoxsna garemos winaRobis gaTvaliswinebiT zogadi 
saxiT 

   )sin()sincos( 1211   ptAtkCtkCex c

nt ,  

sadac     

66,4
9001254)9002000(

60

4)( 222222








pnkp

h
Ac

(sm), 

   ,6098,0
2

22





kp

np
tg  

      174,04,31 0  ; 

         3,43)18,11(102 2322

1  nkk  

(rad/wm). 
maSasadame  
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   )174,030sin(66,4)3,43sin3,43cos( 21

18,11   ttCtCex t
, (1)

   )3,43sin3,43cos(8,11 21

8,11 tCtCex t

  )3,43sin3,43cos(3,43 21

8,11 tCtCe t )174,030cos(3066,4  t , 

      sawyisi pirobebis gamoyenebiT: ,0t 20 x sm, 30 x

sm/wm. integrebis mudmivebisaTvis miviRebT: 422,41 C   , 

547,12 C . 

 integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT (1) 

formulaSi, miviRebT firfitis  moZraobis gantolebas: 

    )174,030sin(66,4)3,43sin547,13,43cos422,4(18,11   tttex t .    

pasuxi:  

)174,030sin(66,4)3,43sin547,13,43cos422,4(18,11   tttex t sm. 

 

   amocana  32.98 

 

          3  kg masis nivTieri wertili dakidebulia 6,117c  n/m 

sixistis koeficientis zambaraze. wertilze moqmedebs 

SemaSfoTebeli Zala    )26,6sin(  tHF n da 

moZraobisadmi garemos blanti winaRobis Zala vR


  ( R - 
niutonebSia). rogor Seicvleba wertilis iZulebiTi rxevis 
amplituda, Tu temperaturis cvlilebis Sedegad garemos 
siblante (koeficienti  ) gaizrdeba  3-jer? 

     a m o x s n a. rxevis amplituda garemos winaRobis 
arsebobisas   

                                     
22222 4)( pnkp

h
Ac


 ,        (1) 

sadac n - milevis koeficientia,  
m

n
2


 . 

 amocanis monacemebis mixedviT  

     ,2,39
3

6,1172 
m

c
k    26,62,39 k (rad/wm). 

 vinaidan kp  ,  amitom (1) formula miiRebs Semdeg saxes 

    
np

h
Ac

2
 . 
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    cxadia, rom garemos winaRobis maxasiaTebeli n -is 3-
jer gadidebisas rxevis amplituda Semcirdeba 3-jer. 
 p a s u x i:  iZulebiTi rxevis amplituda Semcirdeba  
                                      samjer. 

 
  
 
 

   
amocana  32.99 

 

          2 kg masis sxeuli, romelic zambariT 

mimagrebulia uZrav A  wertilze, moZraobs 
horizontisadmi   kuTxiT daxril gluv 
sibrtyeze. masze moqmedebs SemaSfoTebeli 

Zala    tS 10sin180 n da siCqaris pirveli 
xarisxis proporciuli winaRobis Zala 

vR


4,29  ( R - niutonebSia). 

zambaras sixistis koeficienti 

5c kn/m.  sawyis momentSi sxeuli 
iyo uZravi statikuri wonasworobis 
mdebareobaSi. ipoveT sxeulis 
moZraobis gantoleba, Tavisufali 

T  da iZulebiTi 1T  rxevebis 

periodebi, iZulebiTi rxevis fazis 
gadanacvleba da SemaSfoTebeli 
Zala. 
   a m o x s n a. miviRoT sxeuli nivTier wertilad da 

naxazze vaCvenoT masze moqmedi Zalebi: simZimis gm

 Zala, 

zambaris drekadobis ypF


 Zala, SemaSfoTebeli Zala S

 da  

winaRobis R

 Zala.  

   CavweroT nivTieri wertilis moZraobis 

difarencialuri gantoleba x RerZze gegmilebSi: 

  RSFmgxm yp  sin ,            

   sadac   );( cTyp fxcF   vR  , ;4,29  

ptHS sin ,  10,180  pH .  

    maSin, moZraobis gantolebas aqvs aseTi saxe 



 
456 

         ptHvcfcxmgxm cT sinsin   .

 statikuri wonasworobisas cTcfmg sin , maSin 

          ptHcxvxm sin   

anu 

           pthxkxnx sin2 2  .                   (1) 

sadac   35,7
2


m

n


; 25002 
m

c
k ;  

m

H
h  . 

 ganvsazRvroT iZulebiTi rxevis amplituda 

   0374,0
100544)1002500(

90

4)( 222222








pnkp

h
Ac

(m)=3,74(sm), 
Dda fazis  Zvra    

                    061,0
2500100

1035,722
22










kp

np
tg . 

aqedan     '3030  . 

 vipovoT Tavisufali (T ) da iZulebiTi ( 1T ) rxevebis 

periodebi: 

   127,0
46,49

14,322

22








nk
T


(wm), 

   628,0
10

28,62
1 

p
T


 (wm). 

(1) gantolebis zogad amoxsnas aqvs aseTi saxe      

           )sin()sincos( 1211   ptAtkCtkCex c

nt
,  

  )sincos( 1211 tkCtkCnex nt

 )cossin( 12111 tkCtkCek nt  

     )cos(  ptpAc
. 

sadac    46,4922

1  nkk  (rad/wm). 

 sawyisi pirobebis gamoyenebiT: ,0t 00 x , 00 x . 

integrebis mudmivebisaTvis miviRebT: 228,01 C  sm, 72,02 C
sm. 
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 integrebis 1C  da 2C  mudmivebis mniSvnelobebis CasmiT (1) 

formulaSi, miviRebT sxeulis  moZraobis gantolebas: 

    )'30310sin(74,3)46,49sin72,046,49cos228,0( 035,7   tttex t . 

    

pasuxi: )'30310sin(74,3)46,49sin72,046,49cos228,0( 035,7   tttex t . 

      127,0T wm;  628,01 T wm; '3030 . 

 
 

     amocana  32.100 

 

          4,0  kg masis sxeulze, romelic 

dakidebulia 4c kn/m sixistis koeficientis 
zambaraze, moqmedebs SemaSfoTebeli Zala    

tS 50sin40 n da moZraobisadmi garemos 

winaRobis Zala vR


 , sadac 25 n•wm/m, 
v sxeulis siCqare ( v - m/wm). sawyis momentSi 

sxeuli iyo uZravi statikuri wonasworobis 
mdebareobaSi. ipoveT sxeulis moZraobis 
gantoleba da gansazRvreT SemaSfoTebeli Zalis 
sixSiris mniSvneloba, romlis drosac 
iZulebiTi rxevis amplituda iqneba maqsimaluri. 

   a m o x s n a. miviRoT sxeuli nivTier B  wertilad da 

naxazze vaCvenoT masze moqmedi Zalebi: simZimis gm

 Zala, 

zambaris drekadobis ypF


 Zala, SemaSfoTebeli Zala S

 da 

garemos winaRobis R

 Zala.  

   SevadginoT nivTieri wertilis moZraobis 

difarencialuri gantoleba x RerZze gegmilebSi: 

  RSFmgxm yp  ,              sadac 

);( cTyp fxcF  vR  ;x  

      ptHS sin ,  50,40  pH .  

amitom, moZraobis gantolebas aqvs aseTi saxe 

  ptHxcfcxmgxm cT sin  .

 statikuri wonasworobisas cTcfmg  , maSin 

  ptHxkxnx sin2 2  .               (1) 
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sadac
42 101

m

c
k rad/wm2; 25,31

2


m
n


 rad/wm;  

100
m

H
h . 

 ganvsazRvroT iZulebiTi rxevis amplituda 

       0123,0
25006,9764)105,2101(

90

4)( 23422222








pnkp

h
Ac

(m)=3,74(sm), 

 ,42,0
1012500

505,3122
422










kp

np
tg   '36220 .  

(1) gantolebis zogad amoxsnas aqvs aseTi saxe      

           )sin())sin( 1    ptAtkaex c

nt
,  

   )sin( 1 tkanex nt
)cos( 11  tkeak nt

)cos(  ptpAc
. 

sadac    95)25,31(101 2422

1  nkk  (rad/wm). 

 sawyisi pirobebis gamoyenebiT: ,0t 00 x , 00 x . 

maSin 647,0a ,  73,0sin  ,  '55460  

 a  da  -s mniSvnelobebis CasmiT  (1) gantolebis amoxsna 
miiRebs Semdeg saxes: 

     )'362250sin(23,1)'554695sin(64,0 0025,31   ttex t
. 

 vipovoT rxevis p  sixSire, romlis drosac miiRweva 

iZulebiTi rxevis amplitudis maqsimumi da  
maxcA -is 

mniSvneloba:  

 7,89)25,31(21012 2422  nkp (rad/wm). 

      01684,0
955,62

100

2 22max








nkn

h
Ac (m) 684,1 (sm).   

pasuxi: 1) )'362250sin(23,1)'554695sin(64,0 0025,31   ttex t

sm; 
     2) iZulebiTi rxevis amplituda iqneba maqsimaluri, 
roca 

      7,89p rad/wm  da 684,1  sm-s tolia. 
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          amocana  32.101 

 

          M kg masis sxeulze, romelic dakidebulia c n/m sixistis 
koeficientis zambaraze, moqmedebs SemaSfoTebeli Zala    

ptHS sin n da moZraobisadmi garemos winaRobis Zala 

vR


  ( R - niutonebSia), sadac v

 sxeulis siCqarea. sawyis 

momentSi sxeuli iyo uZravi statikuri wonasworobis 
mdebareobaSi. ipoveT sxeulis moZraobis gantoleba Tu 

).4/(2 Mc    

   a m o x s n a. miviRoT sxeuli nivTier  wertilad da 

naxazze vaCvenoT masze moqmedi Zalebi: simZimis gM

 Zala, 

zambaris drekadobis ypF


 Zala, SemaSfoTebeli Zala S

 da 

garemos winaRobis R

 Zala.  

   SevadginoT nivTieri wertilis moZraobis 

difarencialuri gantoleba x RerZze gegmilebSi: 

  RSFMgxM yp  ,              

sadac );( cTyp fxcF  vR  ;x ptHS sin

  
amitom, moZraobis gantolebas aqvs aseTi sax    

         ptHxcfcxMgxM cT sin  .

 statikuri wonasworobisas cTcfmg  , maSin 

  ptHxcxxM sin  , 

anu  ptHxkxnx sin2 2  .               (1) 

sadac   ;2

M

c
k   

M
n

2


 ;  

M

H
h  . 

 roca 
M

c
4

2
 ,  (1) gantolebis zogad amoxsnas veZebT 

aseTi saxiT   xxx , 
sadac 

   )sincos( 1211 tkCtkCex nt  
; ptBptAx sincos 

. 
maSin 
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     )sincos( 1211 tkCtkCex nt   ptBptA sincos  .   

(2) 

     )sincos( 1211 tkCtkCnex nt

 )cossin( 12111 tkCtkCek nt  

     )cossin( ptBptAp  . 

   vipovoT araerTgvarovani gantolebis kerZo amoxsnis A    

da B koeficientebki 
 

,
4)(

cos2sin)(
sincos

22222

22

pnpk

ptnphptpkh
ptBptAx




  

gamoviyenoT sawyisi pirobebi: ,0t 00 x , 00 x .  

maSin         1C ,
4)(

2
22222 pnpk

nph


 

           2C

]4)[(

)2(

2222222

222

pnpknk

kpnph




. 

 CavsvaT 1C  da 2C  mudmivebis da A  da B  

koeficientebis mniSvnelobebi (2) gantolebaSi, miviRebT 
sxeulis  moZraobis gantolebas saboloo saxiT: 





















tnk
nk

kpn
tnkn

pnpk

phe
x

nt
22

22

222
22

22222
sin

2
cos2

4)(

 ]cos2sin)[(
4)(

22

22222
ptnpptpk

pnpk

h



. 

 
p a s u x i: 





















tnk
nk

kpn
tnkn

pnpk

phe
x

nt
22

22

222
22

22222
sin

2
cos2

4)(

 ]cos2sin)[(
4)(

22

22222
ptnpptpk

pnpk

h



 

          sadac  
M

H
h  ; ;2

M

c
k   

M
n

2


 . 
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amocana  32.102 

 

          6kg masis sxeulze, romelic dakidebulia 64,17c kn/m 

sixistis koeficientis zambaraze, moqmedebs SemaSfoTebeli 

Zala    tPS sin0 n. moZraobisadmi siTxis winaRoba siCqaris 

proporciulia. rogori unda iyos blanti siTxis winaRobis   
koeficienti, rom iZulebiTi rxevis maqsimaluri amplituda 
toli iyos zambaras statikuri dagrZelebis gasamkecebuli 
mniSvnelobisa? ras udris darRvevis (aSlis) 
koeficienti z  (iZulebiTi rxevis wriuli 
sixSiris fardoba Tavisufali rxevis wriul 
sixSiresTan)? ipoveT iZulebiTi rxevis da 
SemaSfoTebeli Zalis fazis gadanacvleba. 
   a m o x s n a. miviRoT sxeuli nivTier  
wertilad, SevadginoT nivTieri wertilis 

moZraobis difarencialuri gantoleba x 
RerZze gegmilebSi, Tu masze modebulia (ix. 

naxazi): simZimis gm

 Zala, zambaris 

drekadobis ypF


 Zala, SemaSfoTebeli S

 

Zala da garemos winaRobis R

 Zala.  

   SevadginoT nivTieri wertilis moZraobis 

diferencialuri gantoleba x RerZze gegmilebSi: 

  RSFmgxm yp  ,              

 sadac   );( cTyp fxcF   vR  ;x   tPS sin0 .  

amitom, moZraobis gantolebas aqvs aseTi saxe 

  tPxcfcxmgxm cT  sin0 .

 statikuri wonasworobisas cTcfmg  , maSin 

  tPcxxxm  sin0 , 

anu 

  thxkxnx sin2 2  .                

 Mmaqsimaluri  amplituda 
maxcA ganvsazRvroT formuliT 

  
222

max

nkn

h
Ac


 , 
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sadac 
m

n
2


 ;  

m

P
h 0 ; 

3
3

2 1094,2
6

1064,17





m

c
k . 

 Aamocanis pirobis Tanaxmad cTc fA 3
max

 ,  maSin 

winaRobis koeficienti  110  n•wm/m. 
 vipovoT milevis koeficienti 

    17,9
62

110

2





m
n


 

Dda darRvevis (aSlis) koeficienti 

      97,0
1094,2

17,921094,22

3

2322










k

nk
z . 

 imis gaTvaliswinebiT, rom 
k

p
z  , ganvsazRvroT 

SemaSfoTebeli Zalis sixSire 

        6,521094,297,0 3  zkp  (rad/wm) 

Dda gamovTvaloT iZulebiTi rxevis da SemaSfoTebeli Zalis 
fazis gadanacvleba 

       ,74,5
29409,2771

6,5217,922
22










kp

np
tg  

     '7800 ,   '7800 . 

p a s u x i:   110  n•wm/m;   ;97,0z  '7800 . 

 
   amocana  32.103 

 

          0,1kg masis sxeulze, romelic dakidebulia 5c kn/m 
sixistis koeficientis zambaraze, moqmedebs SemaSfoTebeli 

Zala    ,sin ptHS   sadac 100H n, 100p rad/wm, da 

moZraobisadmi winaRobis Zala vR  , sadac 50 n•wm/m.  

dawereT iZulebiTi rxevis gantoleba da gansazRvreT p  

sixSiris mniSvneloba, rodesac iZulebiTi rxevis amplituda 
iqneba maqsimaluri. 
  a m o x s n a. SevadginoT sxeulis moZraobis 

diferencialuri gantoleba x RerZze gegmilebSi: (ix. 32.101 
amocanis amoxsna): 
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  ptHcxxxm sin  , 

anu  ,sin2 2 pthxkxnx                (1)                

sadac 250
1,02

50

2





m
n

  (rad/wm); 42 105 
m

c
k ; 3101

m

H
h . 

 (1) araerTgvarovani gantolebis kerZo amoxsnaa 

  )sin(  ptAx c  

Aanu    )sincoscos(sin  ptptAx c 
.      (2) 

sadac cA  - iZulebiTi rxevis amolitudaa;  - SemaSfoTebeli 

Zalis fazis gadanacvlebis sidide. 

amocanis monacemebis gaTvaliswinebiT gamovTvaloT cA  da  :   

0156,0
102504)101105(

101

4)( 42244

3

22222










pnpk

h
Ac

(m)=   

        =1,56 (sm); 

   ,25,1
101105

1025022
44

2

22










pk

np
tg  

maSin  '20510 ,  ,625,0cos    781,0sin  . 

 Ees mniSvnelobebi CavsvaT (2) gamosaxulebaSi: 

  )cos781,0sin625,0(56,1 ptptx 
, 

anu  ttx 100cos22,1100sin98,0 
, 

sadac      2xx  . 

 vin\idan 
maxcA SesaZlebelia mxolod maSin, roca 

,02 22  nk  amitom SevamowmoT es SesaZlebloba. Mmocemul 

SemTxvevaSi 

     01250005000025021052 2422  nk . 
 maSasadame, amplitudis maqsimumi ar arsebobs. 

p a s u x i:  ttx 100cos22,1100sin98,02   sm.     

amplitudis      maqsimumi ar arsebobs, vinaidan 
2

k
n  . 
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 amocana  32.104 

  
    wina amocanis pirobebSi gansazRvreT iZulebiTi rxevis da 
SemaSfoTebeli Zalis fazis gadanacvleba. 
   a m o x s n a. iZulebiTi rxevis da SemaSfoTebeli Zalis 
  fazis gadanacvlebis gamosaTvlelad visargebloT 
formuliT 

                      
22

2

pk

np
tg


 . 

 visargebloT 32.103 amocanis amoxsnisas miRebuli 

mniSvnelo- bebiT 250n  (rad/wm); 
42 105k , maSin 

  25,1
100105

100500
24





tg .          

                       '205125,1 0 arctg . 

p a s u x i:   '205125,1 0 arctg  

 
 

amocana  32.105 

 

          0,2kg masis sxeuli dakidebulia 6,19c kn/m sixistis 

koeficientis zambaraze. sxeulze moqmedebs SemaSfoTebeli    

tS 14sin2,0 n Zala da moZraobisadmi winaRobis vR 49 n 

Zala.    
gansazRvrerT iZulebiTi rxevis da SemaSfoTebeli Zalis 
fazis gadanacvleba. 
 
a m o x s n a. SevadginoT sxeulis moZraobis 

diferencialuri gantoleba x RerZze gegmilebSi: (ix. 32.101 
amocanis amoxsna, (1) formula): 

  pthxkxnx sin2 2  .           (1)  

 amocanis monacemebis gaTvaliswinebiT gamovTvaloT:               

              5,122
2,02

49

2





m
n


 (rad/wm),  

             98
2,0

6,192 
m

c
k  (rad/wm), 
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              1
2,0

2,0


m

H
h . 

 gansazRvreT iZulebiTi rxevis da SemaSfoTebeli Zalis 
fazis gadanacvleba 

 
22

2

kp

np
tg


 35

19698

14245





 .           '38910 . 

p a s u x i:   '38910 . 

      amocana  32.106 

  

    wina amocanis pirobebSi ipoveT 1c  sixistis koeficientis 

axali zambara, romliTac unda SevcvaloT mocemuli zambara, 
raTa 
iZulebiTi rxevis da SemaSfoTebeli Zalis fazis gadanacvleba 

gaxdes 2/  -s  toli. 

   a m o x s n a. iZulebiTi rxevis da SemaSfoTebeli Zalis 
  fazis gadanacvleba ganisazRvreba formuliT 

                      
22

2

pk

np
tg


 . 

 radganac pirobis Tanaxmad 
2


  , amitom tg  da, 

maSasadame kp  .  maSin  
m

c
k 122 14  . 

 Aaqedan            2,392,01961 c  (n/m). 

    

   p a s u x i:   2,391 c  n/m. 

 
 
   amocana  32.107 

  
    imisaTvis, rom Semcirdes m  masis 

sxeulze SemaSfoTebeli )sin(0  ptFF  

Zalis moqmedeba, ayeneben zambarian 
amortizators Txevadi dempferiT. zambaris 
sixistis koeficientia c .  CaTvaleT, rom 
winaRobis Zala siCqaris pirveli xarisxis 
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proporciulia ( vFc  ). ipoveT mTeli sistemis maqsimaluri 

dinamiuri wneva fundamentze damyarebuli rxevis dros.  
  a m o x s n a.  damyarebuli moZraobis dros adgili eqneba 
mxolod iZulebiT rxevas, romlis 
gantolebas aqvs aseTi saxe 

           )sin(   ptAx c ,          

(1) 

cA - iZulebiTi rxevis amplitudaa, 

             
22222 4)( pnpk

h
Ac


 , 

sadac 
m

c
k 2

;  
m

n
2


 ;  

m

F
h 0 . 

vinaidan 

   sin)cos(cos)sin()sin(  ptptpt , 

sadac 

cos
22222

22

4)( pnpk

pk




, sin

22222 4)(

2

pnpk

np


, 

Aamitom, (1) gantoleba miiRebs aseT saxes  

  x )]cos(2)sin()[(
4)(

22

22222
 


ptnpptpk

pnpk

h
, 

 x )]cos(2)sin()([
4)(

22

22222

2

 


ptnpptpk
pnpk

hp
. 

         sxeulis rxevis diferencialuri gantoleba x RerZze 
gegmilebSi (ix. naxazi) aseTia 

  NFxm  . 

 Aaqedan, imis gaTvaliswinebiT, rom mhF 0 , miviRebT 

 )(sin(0 ptFxmFN   

           
22222

222

0

4)(

)]cos(2)sin()[(

pnpk

ptpnptpkpF







, 

anu 

          )cos()(sin(   ptbptaN , 
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sadac  

;
4)(

)(
1

22222

222

0 













pnpk

pkp
Fa

 
;

4)(

2
22222

3

0 











pnpk

np
Fb

 

D  dinamiuri wnevis maqsimaluri mniSvneloba 

   
22

max baN   

anu 
 

 


















222222

62
2

22222

222

0max

4)(

4

4)(

)(
1

pnpk

pn

pnpk

pkp
FN

22222

0

4)( pnpk

F


    

                    62222222222 4)(4)( pnpkppnpk  

        
22222

0

4)( pnpk

F


     62222224 44 pnpnkpk  

         
22222

224

0
4)(

4

pnpk

pnk
F




 ,  

vinaidan fesvqveSa gamosaxuleba 

  
62222222 4)4( pnpnkpk   

unaSTod iyofa     [
22222 4)( pnpk  ]  - ze. 

p a s u x i: 
22222

224

0max
4)(

4

pnpk

pnk
FN




 , sadac 

m

c
k 2

; 

m
n

2


 .  
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                   33. fardobiTi moZraoba 

 

           meToduri miTiTebani amocanebis 

                             amosaxsnelad 

 

 nivTieri wertilis fardobiTi moZraoba ewodeba 
wertilis moZraobas koordinatTa moZravi sistemis mimarT. 
sazogadod, koordinatTa aseT sistemas SeuZlia imoZraos 
nebismierad da amitom arainerciulia. koordinatTa am 
sistemaSi dinamikis meore kanoni zogadi saxiT miuRebelia. 
 radganac wertilis rTuli moZraobisas absoluturi 
aCqareba ganisazRvreba koriolisis TeoremiT, 

  cer aaaa


 ,                       (33.1) 

sadac  cer aaa


,,  - Sesabamisad, wertilis fardobiTi, 

warmtani da koriolisis aCqarebebia. 
 Ddinamikis meore kanons koordinatTa moZrav sistemaSi 
aqvs aseTi saxe 

  cekr Fam 


,                (33.2) 

       sadac ee am


  - nivTieri wertilis warmtani 

inerciis Zalaa; )(2 recc vmam


  - koriolisis 

inerciis Zala. 
 (33.2) gantoleba gamosaxavs Ddinamikis meore kanons 
nivTieri wertilis fardobiTi moZraobisas. am gantolebis 

dagegmilebiT koordinatTa moZravi (magaliTad xyz0 ) 

sistemis RerZebze, miviRebT nivTieri wertilis fardobiTi 
moZraobis diferencialur gantolebebs am RerZebze 
gegmilebSi: 

  cxexkxFxm   , 

  cyeykyFym   , 

                               czezkzFzm   .              (33.3) 

 (33.2) gantoleba SeiZleba CavweroT bunebriv RerZebze 
gegmilebSic, kerZod, mrudwiruli moZraobisas mxebze da 
mTavar normalize, rodesac wertilis traeqtoria cnobilia, 
magaliTad, maTematikuri qanqaras moZraobis kvlevisas. 
  amgvarad, koordinatTa moZrav sistemaSi wertilis 
moZraobaze amocanebis amoxsnisas nivTieri wertilis 
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fardobiTi moZraobisaTvis meqanikis yvela gantoleba d 
Teorema iseve Sedgeba, rogorc absoluturi moZraobis 
gantolebebi, Tu wertilze moqmed Zalebs daumatebT warmtani 

inerciis Zalas da koriolisis inerciis Zalas.  

 Tu wertili koordinatTa moZrav sistemaSi uZravia, e. i. 

fardobiTi siCqare 0rv


 da fardobiTi aCqareba 0ra


, 

maSasadame, agreTve  0c


, maSin (33.2) toloba miiRebs aseT 

saxes 

   ,0 ckF


                 (33.4) 

 (33.4) gantoleba aris wertilis fardobiTi wonasworobis 
(uZraobis) gantoleba. 
 dedamiwis zedapirze mdebare wertilze (sxeulze) 

moqmedebs dedamiwis centrisken mizidulobis P

 Zala, 

zedapiris normaluri reaqcia N

 da centriskenuli inerciis 

и

c


 Zala.  P

 da 

и

c


 ganapirobeben wnevas dedamiwis  

zedapirze, xolo maTi jami warmoadgens simZimis G

 Zalas, e. 

i. 

      G


P


 
и

c


. 

     amitom, statikis amocanebis amoxsnisas, Tu miviRebT 
dedamiwasTan dakavSirebul koordinatTa sistemas uZravad, 
dedamiwis brunvasTan dakavSirebuli araviTari Sesworeba ar 
aris saWiro. 
 Ddedamiwis zedapirze an dedamiwis maxloblad sxeulis 

raime fardobiTi rv


 siCqariT moZraobisas masze moqmedebs 

koriolisis inerciis Zala, romelic CrdiloeT 
naxevarsferoSi sxeulis moZraobisas cdilobs gadaxaros igi 
moZraobis mimarTulebidan marjvniv. amiT aixsneba relsze 
matareblis gverdiTi wneva, mdinareTa marjvena napiris 
gamorecxva, mudmivi mimarTulebis qarebisa da zRvis dinebebis 
gadaxra. Ddedamiwis brunvis Sedegad Tavisuflad vardnili 
sxeulis vertikalidan aRmosavleTiT gadaxra. 
        am paragrafis amocanebis amoxsnis Tanamimdevroba: 
 1. avirCioT moZravi sistema dekartis an bunebrivi 
RerZebiT.   
 2. koordinatTa arCeul sistemaSi gamovsaxoT nivTieri 
wertili  nebismier mdebareobaSi. 
 3.  CavweroT warmtani aCqarebisa da koriolisis 
aCqarebis gamosaxuleba da naxazze vaCvenoT am aCqarebebis 
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veqtorebi. 
 4. naxazze gamovsaxoT sxeulze moqmedi yvela Zala, bmis  
reaqciis Zalis CaTvliT Tu wertili araTavisufalia, agreTve 
warmtani da koriolisis inerciis Zalebi. 
 5. koordinatTa arCeul sistemaSi SevadginoT wertilis 
moZraobis saWiro diferencialuri gantolebebi. 
.  6.  ganvsazRvroT moZraobis sawyisi pirobebi. 
 7.  vaintegroT moZraobis diferencialuri gantolebebi 
da moZraobis sawyisi pirobebis gaTvaliswinebiT ganvsazRvroT 
saZebni sidideebi zogadi saxiT. 
 
 

                             Aamocanebi da amoxsnebi 

 

                         amocana  33. 1 

 

 vertikaluri drekadi AB  Reros A  

boloze mimagrebulia 2,5 kg masis C  tvirTi. 
wonasworobis mdgomareobidan gamoyvanis 

Semdeg C  tvirTi asrulebs harmoniul 
rxevebs im Zalis gavleniT, romelic 
wonasworobis mdgomareobidan manZilis 

proporciulia. AB  Rero iseTia, rom A  
bolos 1 sm gadaadgilebisaTvis saWiroa 1 n 

Zalis modeba. ipoveT C  tvirTis iZulebiTi 
rxevis amplituda im SemTxvevaSi, roca Reros 

Camagrebis B  wertili horizontaluri wrfis 
gaswvriv asrulebs harmoniul rxevebs 1 mm 
amplitudiT da   1,1 wm periodiT. 
   a m o x s n a. naxazze vaCvenoT tvirTze 

modebuli Zalebi: simZimis gm

 Zala, Reros 

drekadobis ypF


 Zala, warmtani inerciis e


 

Zala.  

   SevadginoT C  tvirTis fardobiTi 

moZraobis ZiriTadi gantoleba x RerZze 
gegmilebSi: 

                   eypFxm  ,           (1)         

 sadac cxFyp  ; ee xm  ,  tAx Be sin - 

Reros Camagrebis wertilis harmoniuli rxevebis gantolebaa, 
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romelTa rxevebis amplitudaa 1BA mm. 

 vipovoT ex  -s meore warmoebuli droTi 

  tAx Be  sin2 , 

sadac 7,5
1,1

14,322





T


  (rad/wm). 

 maSin  e tmAB  sin2 . 

CavsvaT ypF  da e   (1) gantolebaSi, miviRebT 

  xm cx tmAB  sin2 ,          

anu   ,sin2 thxkx                    (2)                

sadac  40
5,2

1002 
m

c
k ; 2BAh  . 

(2) araerTgvarovani gantolebis zogadi amoxsnaa 

    xxx , 

sadac  x  - erTgvarovani  02  xkx  gantolebis zogadi 

amoxsnaa   ktCktCx sincos 21  ;  
x  - (2) gantolebis 

kerZo amoxsnaa tBx sin
,                        (3)  

  tBx  sin2  .                   (4) 
 CavsvaT  (3) da (4) mniSvnelobebi (2) gantolebaSi, miviRebT 

             thtBktB  sinsinsin 22  . 

aqedan               
22

2








k

A
B B

. 

 maSin (2) gantolebis zogadi amoxsnaa 

           ktCktCx sincos 21 t
k

AB 



sin

22

2


.    (5) 

 (5) gamosaxulebaSi bolo Sesakrebi aRwers C  wertilis 
iZulebiT rxevas fardobiT moZraobaSi, romlis amplituda 

               A f 42,4
49,3240

7,51 2

22

2














k

AB
 (mm). 

 maSin iZulebiT rxevis saerTo amplituda  

  A iZ A f BA = 4,42 +1,00 =5,42 (mm). 
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   p a s u x i:   5,42  mm. 
 
 
 

  amocana  33. 2 

 

 l  sigrZis maTematikuri qanqaras 
dakidebis wertili moZraobs vertikalze 
TanabaraCqarebulad.  gansazRvreT qanqaras 

mcire rxevebis periodi T  or SemTxvevaSi:  
1) rodesac dakidebis wertilis aCqareba 
mimarTulia zeviT da aqvs nebismieri p
sidide; 2)  rodesac es aCqareba mimarTulia 
qveviT da misi sidide gp  . 

   a m o x s n a. 
 1)  qanqaras moZraoba rTulia: dakidebis 
wertilis moZraoba – warmtania, xolo 
qanqaras rxeva – fardobiTi.Nnax. 1-ze 

vaCvenoT qanqaraze modebuli Zalebi: warmtani inerciis e


 

Zala, simZimis gm

 Zala,  Zafis N


 reaqcia. 

   SevadginoT fardobiTi moZraobis diferencialuri            
gantoleba bunebriv    RerZze gegmilebSi, rodesac 
dakidebis wertilis p aCqareba mimarTulia zeviT: 

             )sinsin( 
er mgma  ,       (1)         

 sadac  mpmaee  ,  vinaidan  pae  . 

 (1) gantoleba miiRebs aseT saxes 

              sinsin mpmgmar  ,           (2) 

sadac    lar ;   sin . 

 maSin  (2) gantoleba ase Caiwereba 

   )( pgl  ,                    (3) 

anu  02   k ,                        (4)                

sadac  
l

pg
k


2

. 

 Qqanqaras rxevis periodi    
k

T
2

 . 
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 CavsvaT  
l

pg
k


 mniSvneloba da miviRebT          

            
pg

l
T




2
. 

2)  ganvixiloT qanqaras moZraoba rodesac dakidebis wertili 
moZraobs qveviT gp   aCqarebiT.Nnax. 2-ze vaCvenoT qanqaraze 

modebuli Zalebi: warmtani inerciis e


 Zala, simZimis gm

 

Zala,  Zafis N

 reaqcia. 

 SevadginoT fardobiTi moZraobis diferencialuri 
gantoleba bunebriv   RerZze gegmilebSi                  

            sinsin er mgma  ,   (5)         

 sadac   lar ; mpmaee  ,  

vinaidan  pae  .            

 maSin  (5) gantoleba ase Caiwereba 

   )( pgl  ,                     

anu  02   k ,         

sadac  
l

pg
k


2

. 

 Aam SemTxvevaSi  
l

pg
k


 , xolo, 

rxevis periodi     
pg

l
T




2
. 

    p a s u x i:   1) 
pg

l
T




2
;   2) 

pg

l
T




2
. 

 

amocana  33. 3 

 

 l  sigrZis M0  maTematikuri qanqara sawyis momentSi 

wonasworobis A0  mdebareobidan gadaxrilia   kuTxiT da 
aqvs nulis toli siCqare; misi dakidvis wertils am momentSi 
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agreTve aqvs nulis toli siCqare, xolo Semdeg eSveba mudmivi 

gp   aCqarebiT. gansazRvreT wrewiris s  rkali, romelsac 

aRwers M  wertili 0  wertilis garSemo fardobiTi 
moZraobisas. 
   a m o x s n a.  qanqaras moZraoba rTulia: dakidebis 
wertilis moZraoba – warmtania, xolo qanqaras rxeva – 

fardobiTi. qanqarasTan davakavSiroT bunebrivi RerZebi n(  

da )  da SevadginoT fardobiTi moZraobis diferencialuri  

gantoleba bunebriv    RerZze gegmilebSi, 

    sinsin er mgma  ,     (1)         

 sadac    lar , mpxm ee  . 

 (1) gantoleba miiRebs aseT saxes 
              
 maSin  (2) gantoleba ase Caiwereba 

        )( pgl  ,               (2) 

Aanu,  vinaidan            

                     





d

d 
 ,  

(2) ase Caiwereba 

                d
l

pg
d sin


 .         (3) 

 movaxdinoT (3) gamosaxulebis integreba, 
miviRebT 

                    .cos
2

1

2

C
l

pg









     (4) 

    vinaidan sawyis momentSi  0 ,  00  , 

amitom  cos1
l

pg
C


 . 

(4) gamosaxuleba miiRebs aseT saxes 

  ).cos(cos
2

2










l

pg
         (5) 

  ganvixiloT ori SemTxveva, vinaidan amocanis pirobaSi 

mocemulia, rom  gp  . 

 1)  rodesac  gp  , maSin (5) formulidan  miviRebT 
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0coscos   , anu   coscos  . 

 maSasadame,  0 , e.i. qanqaras gadaxris kuTxe ar 

icvleba da sawyisi gadaxris kuTxis tolia. maSin  0s . 
 2)  rodesac  gp  , maSin (5) formulidan 

  ).cos(cos
)(22  




l

pg
      (6) 

 vinaidan   kuTxis Sesabamis mdebareobaSi qanqaras aqvs 
nulis toli kuTxuri siCqare, amitom, (6) gamosaxulebidan 
gamomdinareobs, rom 

  0coscos   ,  coscos  ,  anu  cos)2cos(  . 

 maSasadame,    2 , maSin ).(2    

amitom  )(2   lls . 

 

p a s u x i: 1) gp  , 0s ;  2) gp  , )(2   ls . 

 
 

 amocana  33. 4 

 

 2000 t masis rkinigzis matarebeli midis 15 m/wm siCqariT 
liandagze, romelic dagebulia meridianze samxreTidan 
CrdiloeTiT.  1) gansazRvreT 
matareblis relsebze gverdiTi 
dawola, Tu aRebul momentSi is 
gadakveTs CrdiloeTis ganedis 
600.   2) gansazRvreT matareblis 
relsebze gverdiTi dawola, Tu  
imave adgilze igi moZraobs 
CrdiloeTidan samxreTisaken.       
    a m o x s n a. matarebelTan 
davakavSiroT koordinatTa 

Mxyz  sistema (ix. naxazi), 

sadac y  RerZi saliandago 

gzis marTobulia da 
mimarTulia dedamiwis zedapiris mxebis gaswvriv. matarebeli  
midis samxreTidan CrdiloeTis mimrTulebiT. 
      SevadginoT fardobiTi moZraobis diferencialuri            
gantoleba y  RerZze gegmilebSi da gaviTvaliswinoT 

koriolisis  inerciis c


 Zala da liandagisis N

 reaqcia. 
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sxva Zalebis gegmilebi nulis tolia. 
 maSin, vinaidan matareblis gadaadgileba y  RerZis 

gaswvriv ar xdeba  

   ym 0 Nc ,               (1) 

 koriolisis  inerciis  Zala 

    sin(2 ec vm ^ )rv , 

sadac   - dedamiwis brunvis kuTxuri siCqarea,     

                                      
606024

2





 ; ( ^

060) rv . 

(1) gantolebidan 

N  sin(2 ec vm ^ 7,3778
2

3
15

0606024

2
1022) 6 





rv  

(n). 

 wnevis Zala Q  liandagis N  reaqciis tolia, e. i. 

7,3778 NQ n. 

 1) samxreTidan CrdiloeTisken moZraobisas matarebeli 
awveba marjvena aRmosavleT relss, Tu vixedebiT moZraobis 
mimarTulebiT;  
 2) CrdiloeTidan sanxreTisken moZraobisas matarebeli 
awveba marjvena dasavleT relss, koriolisis inerciis Zalis 
mimarTulebis Secvlis gamo. 
 

p a s u x i:  1) 7,3778 n marjvena aRmosavleT relsze;  

          2)  7,3778 n marjvena dasavleT relsze. 

 
  

amocana  33. 5 

 

  nivTieri wertili 
Tavisuflad vardeba dedamiwis 
zedapiris CrdiloeT 
naxevarsferoze 500 m simaRlidan. 
mxedvelobaSi miiReT dedamiwis 
brunva Tavisi RerZis garSemo, 
amasTanave  ugulebelyaviT haeris 
winaaRmdegoba, da gansazRvreT, 
dacemisas ramdenad gadaixreba 
wertili aRmosavleTiT. Aadgilis 

geografiuli ganedi 
060 -s tolia. 
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    a m o x s n a.  dedamiwis zedapiris maxloblobaSi 
wertilis Tavisufali vardnis dros  (ix. naxazi) masze 

moqmedebs mizidulobis Zala P

, warmtani inerciis Zala e


 

da koriolisis  inerciis  Zala c


. 

 fardobiTi moZraobis diferencialur gantolebas Semdegi 
saxe aqvs 

  cer Pam 


,               (1) 

anu, vinaidan  
 

  gmP e


 , 

amitom cr gmam 


.                       (2) 

 (2) gamosaxulebis gegmilebi dekartis koordinatTa 
RerZebze: 

  ,0xm                             (3) 

  ym c ,                           (4) 

  mgzm  .                          (5) 

 vipovoT koriolisis  inerciis  Zala  

                erec vm  sin(2 ^ )rv , 

sadac e  - dedamiwis brunvis kuTxuri siCqarea; esin( ^

cos) rv  ; ( ^  090)rv . 

 maSin   cos2 rec vm , 

xolo  (3) – (5) gantolebebi ase Caiwerebian: 
 

  ,0x                                (6) 

  y  cos2 revm ,                  (7) 

  gz  .                              (8) 

 amovxsnaT (8) diferencialuri gantoleba: 

              1Cgtz  ,                           (9) 

           21

2

2
CtC

gt
z  .                      (10) 

CavsvaT (9) daA (10) gamosaxulebebSi sawyisi pirobebi:  ,0t  
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,0 Hz   00 z  da miviRebT 01 C ,  HC 2 ; maSin        

                              gtz  ,                              (11) 

  H
gt

z 
2

2

.                        (12) 

 miviRoT, rom gtzvr   da CavsvaT es mniSvneloba (7) 

gantolebaSi 

     y  cos2 gte .                (13) 

 vaintegroT (13) gantoleba orjer, miviRebT 

   y 3

2 cos Cgte  ,                 (14) 

  
3

1
y 43

3 cos CtCgte  .           (15) 

 CavsvaT (14) daA (15) gamosaxulebebSi sawyisi pirobebi:  

,0t  ,00 y  00 y  da miviRebT 03 C , 04 C . maSin   

(14) da (15) gamosaxulebebi ase gamoisaxebian      

                     y  cos2gte ,                       (16) 

   
3

1
y  cos3gte .                      (17) 

 Tu gaviTvaliswinebT, rom wertilis dedamiwaze dacemis 

momentSi 0z , maSin (12) foremulidan 

   H
gt


2

0
2

, 

Aaqedan, wertilis vardnis dro 

    
g

H
t

2
 . 

 CavsvaT es gamosaxuleba (17) gantolebaSi da imis 

gaTvaliswinebiT, rom  
606024

2





e , vipoviT, wertili 

ramdenaT gadaixara aRmosavleTiT  

3

1
y 12,060cos

8,9

1000
8,9

606024

2

3

1
cos

2 0

33
































 


H

g
ge  (m). 

   p a s u x i:  12 santimetriT. 
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  amocana  33. 6 

 

  horizontalur wrfiv liandagze moZrav vagonSi qanqara 
asrulebs mcire harmoniul rxevas, amasTanave, misi saSualo 

mdebareoba rCeba vertikalidan 
06  kuTxiT gadazrili. 

 1) gansazRvreT vagonis aCqareba a .   2) 
ipoveT qanqaras rxevis periodebis sxvaoba:  

T  - uZravi  vagonis SemTxvevaSi da 1T  - 

aRebul SemTxvevaSi. 

    a m o x s n a. 1) vaCvenoT (nax. 1) 
qanqaraze moqmedi Zalebi moZrav vagonSi: 

simZimis Zala gm

,  Zafis reaqcia N


, 

warmtani inerciis Zala e


,  mae  , 

sadac  a - vagonis aCqarebaa. 
       wonasworobisa mdebareobaSi, 

romelic ganisazRvreba 
06  kuTxiT, gm


, N


, e


 Zalebi 

qmnian gawonasworebul sistemas (nax.2), saidanac 
gamomdinareobs, rom 

  mgtge  , 

anu  mgtgma , 

saidanac   

         03,11051,08,960  gtggtga 
(m/wm2).       
    2) qanqaras fardobiTi moZraobis diferencialuri 
gantolebas    RerZze gegmilebSi Semdegi saxe aqvs 

   cossin mamg
dt

dv
m  , 

sadac   lv ,    l
dt

dv
;  gtga  ;     . 

 gardavqmnaT mocemuli gantolebis marjvena mxare:          
 

         cossin mgtgmg   cossin tg  

   










 coscos

sin
)]cos(sincos)[sin(

cos

1


. 
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      Sedegad, gantoleba miiRebs Semdeg saxes 

  02   k , 

sadac  
cos

2

l

g
k  . 

 maSin, moZrav vagonSi qanqaras rxevis periodi 

  





cos
cos

2
2

1 T
g

l

k
T  , 

sadac  
g

l
T 2  - uZrav vagonSi qanqaras rxevis periodia. 

Aqedan 

           TTTTT 0028,0)6cos1()cos1( 0

1    

 

p a s u x i:  1) 03,1a  m/wm2;   2) TTT 0028,01  . 

 
 

         amocana  33. 7 

 

  l  sigrZis maTematikuri qanqaras dakidebis 

10  wertili asrulebs wrfiv harmoniul rxevas 

uZravi 0  wertilis maxloblobaSi: 

.sin001 pta  gansazRvreT qanqaras mcire 

rxevebi, Tu CaTvliT, rom nulovani 

momentisaTvis, 0 , 0 . 

        a m o x s n a. naxazze vaCvenoT qanqaraze moqmedi 

Zalebi: simZimis Zala gm

,  Zafis reaqcia N


, warmtani 

inerciis Zala e


.   

 Aam SemTxvevaSi fardobiTi moZraobis diferencialur            
gantolebas bunebriv    RerZze gegmilebSi 

           cossin emg
dt

dv
m  , 

sadac   lv ,    l
dt

dv
;  ptmapme sin2  . 
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 Ggardaqmnis Semdeg, Tu 

CavTvliT, rom ,1cos   

 sin ,  mocemuli gantoleba 

ase Caiwereba:          

            gptapl  sin2
 

 
      Anu  

          pthk sin2   ,     (1) 

sadac  
l

g
k 2

,  
l

ap
h

2

 .  

 (1) gantoleba aRwers iZulebiT rexevas, xolo mis 
amoxsnas aqvs aseTi saxe  

           ktCktC sincos 21  pt
pk

h
sin

22 
 ,        (2)                  

    ktkCktkC cossin 21 pt
pk

hp
cos

22 
.        (3)          

 sawyisi  pirobebis gamoyenebiT: ,0t  00  ,  00  ,  (2) 

da (3) formulebidan miviRebT: 01 C  2C
)( 22 pkk

hp


 . 

 maSin,  (2) formulidan miviRebT  

       










kt

k

p
pt

pkl

ap
sinsin

)( 22

2

,     

        sadac  
l

g
k  ;   kp  . 

p a s u x i:  










kt

k

p
pt

pkl

ap
sinsin

)( 22

2

, 
l

g
k  . 

 

 
   amocana  33. 8 

 

    ganedze mdebare wertili gasrolilia dasavleTis 
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mimarTulebiT horizontisadmi   kuTxiT sawyisi 0v  

siCqariT. gansazRvreT wertilis frenis dro da manZili. 
 a m o x s n a. SemoviRoT dekartis koordinatTa sistema 
(nax. 1), gavavloT x  da y  RerZebi Sesabamisad meridianis 

mxebis gaswvriv samxreTiT da paralelis gaswvriv 
aRmosavleTiT, z  RerZi bunebrivi vertikalis gaswvriv.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 am SemTxvevaSi wertilis fardobiTi moZraoba moxdeba 

simZimis  gm

 Zalis da koriolisis inerciis c


 Zalis 

momedebiT (nax. 2).   
 moZraobis diferencialuri gantolebas Semdegi saxe aqvs 

  


gmam r , 

anu 

   rr vga  


2 .                (1) 

 SevadginoT am gantolebaSi Semavali  veqtorebis zyx ,,  

RerZebze gegmilebisa da sawyisi pirobebis cxrili: 

  
garda amisa, vipovoT 
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             





zyx

kji

vr  sin0cos




 

        cos)cossin(sin ykzxjyi 


. 

 maSin (1) gantoleba sakoordinato RerZebze gegmilebSi:  

   sin2 yx  , 

   cos2sin2 zxy  , 

   cos2 ygz  . 

  vaintegroT es gantolebebi droTi, miviRebT 

  1sin2 Cyx   , 

  2cos2sin2 Czxy   , 

  3cos2 Cygtz   . 

   
 sawyisi pirobis gaTvaliswinebiT (ix. cxrilis bolo sami 

sveti)    miviRebT:  01 C ,  cos02 vC  ,   sin03 vC  . 

 maSin CavweroT 

                 sin2 yx  ,                          (2) 

                        coscos2sin2 0vzxy  ,    (3) 

                        sincos2 0vygtz  .            (4) 

 (2) formulidan 

  
sin2

x
y


 . 

 Ees gamosaxuleba CavsvaT (4) formulaSi, miviRebT 

  


sin0v
tg

x
gtz 


 .               (5)  

         vaintegroT (5) gamosaxuleba sawyisi pirobebis 
gaTvaliswinebiT: 

    


sin
2

0

2

tv
tg

xgt
z  .                          (6)  

 CavsvaT z -s miRebuli mniSvneloba, agreTve 
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gamosaxuleba     
sin2

x
y


  

(3) formulaSi, miviRebT 
   

 cossin2cossinsin
2

44 00

2
22 vtv

gt
xx 










. 

 Tu ugulebelvyofT 
2 -s, misi simciris gamo 0v -Tan 

SedarebiT, miviRebT diferencialur gantolebas 

                cossin2 0vx  .                         (7) 

 amovxsnaT (7) gantoleba da gaviTvaliswinoT sawyisi 

pirobebi: 00 x ,  00 x , miviRebT 

  
2

0 )cossin( tvx  . 

 ECavsvaT es gamosaxuleba (6) gantolebaSi da, CavTvaloT 

wertilis dedamiwaze dacemis momentSi 0z , maSin 

           



sin

cossin

2
0 0

2

0
2

tv
tg

tvgt
 , 

Aaqedan, wertilis frenis dro tT   

 












g

v

g

v

vg

v
T





 coscos2
1

sin2

coscos2

sin2 00

0

0
, 

sadac gaTvaliswinebulia, rom    - mcire sididea (dedamiwis 
brunvis kuTxuri siCqare). 

 )(tyy   damokidebulebis gansazRvrisaTvis visargebloT 

(7) gantolebis integrebiT 

            tvx )cossin2( 0  . 

 Aam gamosaxulebis CasmiT (2) gantolebaSi miviRebT  

  cos0tvy  . 

 maSin, wertilis frenis L  siSorisaTvis miviRebT 

         
2

23

0

2

0 cossincos42sin
)(

g

v

g

v
tyL





 . 

p a s u x i:  



 
485 














g

v

g

v

vg

v
t





 coscos2
1

sin2

coscos2

sin2 00

0

0
. 

             
2

23

0

2

0 cossincos42sin

g

v

g

v
L





 , 

         sadac   - dedamiwis brunvis kuTxuri siCqarea. 
 
 
 

    amocana  33. 9 

 

   m  masis burTula, romelic 
mimagrebulia c  sixistis koeficientis 
horizontaluri zambaras boloze, 
imyofeba wonasworobis mdgomareobaSi 
milSi  vertikaluri RerZidan a  
manZilze. gansazRvreT burTulas 
fardobiTi moZraoba, Tu mili, romelic 
RerZTan adgens marT kuTxes, iwyebs 
brunvas vertikaluri RerZis garSemo 
mudmivi  kuTxuri siCqariT 

   a m o x s n a. burTulas fardobiTi 
moZraobisas x   RerZis gaswvriv (ix. 
naxazi) masze moqmedeben  zambaris 

drekadobis  ypF


   Zala da warmtani 

inerciis Zala e


. burTulis simZimis 

gm

 Zala da koriolisis inerciis Zala 

c


 arian x   RerZis marTobulebi da 

gawonasworebulni arian Sesabamisad 

milis kedlebis 1N


 da 2N


 reaqciis ZalebiT. 

 SevadginoT burTulas moZraobis diferencialuri 

gantoleba x RerZze gegmilebSi:  

                                 xm . eypF  ,                      (1)  

sadac  cxFyp  ;  

                                         
2)( xamman

ee  . 

 maSin, (1) gantoleba miiRebs aseT saxes  
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222 )(  axkx  ,                      (2)  

სadac     
m

c
k 2

. 

  1.  Tu 
22 k , maSn (2) gantoleba aRwers nivTieri 

wertilis Tavisufal rxevas da mis amoxsnas aqvs aseTi saxe 

    xxx , 
sadac     

          tkCtkCx 22

2

22

1 sincos     - erTgvarovani 

gantolebis amoxsnaa;  
x  - kerZo amoxsnaa,  Ax 

. 

  
x CavsvaT (2) gantolebaSi, miviRebT 

   
22

2








k

a
A . 

 maSasadame 

 tkCtkCx 22

2

22

1 sincos    
22

2








k

a
.        (3) 

  tkkCtkkCx 2222

2

2222

1 cossin   .   (4) 

 sawyisi pirobebis gamoyenebiT: ,0t  00 x , 00 x . 

1C
22

2








k

a
 sm;  02 C . 

 integrebis 1C  da 2C  mudmivebis mniSvnelobebi CavsvaT (3) 

formulaSi, miviRebT  

           tk
k

a
x 22

22

2

cos1 






 . 

 Tu gamoviyenebT igiveobas 

  
2

sin2cos1 2   , 

maSin, (roca  tk 22  ) miviRebT 

       
2

sin
2 22

2

22

2 tk

k

a
x





 


 . 

2. Tu 
22 k ,  maSn (2) gantoleba ase CavweroT 
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222 )(  axkx  ,                 (5)  

(5) gantolebis amoxsnas aqvs aseTi saxe 

    xxx , 

sadac   tkshCtkchCx 22

2

22

1   ;  

      
2

xx ee
chx


  - hiperboluri kosinusia, 

      
2

xx ee
shx


  - hiperboluri sinusia; 

       
22

2

k

a
x







. 

 maSin tkshCtkchCx 22

2

22

1  
22

2

k

a






,         (6) 

       tkchkCtkshkCx 2222

2

2222

1   . 

sawyisi pirobebis gamoyenebiT miviRebT: 1C
22

2

k

a



 ,  02 C . 

integrebis 1C  da 2C  mudmivebis mniSvnelobebis 

gaTvaliswinebiT (6) gantolebidan miviRebT 

     x (
22

2

k

a




)122  tkch  .    

  p a s u x i:  koordinatTa sistemaSi, romlos saTave 
emTxveva  
                burTulas wonasworobis wertils 

           
2

sin
2 22

2

22

2 tk

k

a
x





 


 , roca 

;
m

c
k  

           x (
22

2

k

a




)122  tkch  , roca 

.
m

c
k  
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                     amocana  33. 10 

 

   horizontaluri CD milaki 

Tanabrad brunavs vertikaluri AB  
RerZis garSemo   kuTxuri siCqariT. 

milakis SigniT imyofeba M  sxeuli. 
gansazRvreT sxeulis siCqare milakis 
mimarT misi gamovardnis momentSi, Tu 

sawyis momentSi 0v ,  0xx  . Mmilakis 

sigrZea L . Xaxuni ugulebelyaviT. 

      a m o x s n a. milakSi M
sxeulis fardobiTi moZraobisas (ix. 

naxazi) masze moqmedi simZimis gm

 

Zala da koriolisis inerciis c


 

Zala x  RerZis marTobulebi arian 
da Sesabamisad gawonasworebulni 

arian milakis kedlebis 1N  da 2N  

reaqciebiT. ase, rom x  RerZis 
gaswvriv moqmedebs mxolod warmtani 

inerciis Zala 
n

ee ma , romelic warmtani normaluri 
n

ea


 

aCqarebis sapirispirodaa mimarTuli. 

 M sxeulis fardobiTi moZraobis diferencialuri 

gantoleba x RerZze gegmilebSi:  

      
n

emaxm  .   

Aanu, vinaidan  xan

e

2 ,  

         xx 2 .                             (1) 

 Tu CavTvliT, rom )(xvx  , miviRebT 

    
dx

dv
v

dt

dx

dx

dv
x  . 

 (1) gantoleba miiRebs aseT saxes  

   xdxvdv 2 .                           (2) 
  movaxdinoT (2) gamosaxulebis integreba sawyisi pirobebis 
gaTvaliswinebiT 
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    
v L

x

xdxvdv
0

2

0

  

Dda miviRebT 

    2

0

2
2

2

0

2

0

22
xLv

xv
L

x

v

  

 p a s u x i:   2

0

2 xLv  . 

 

   
    amocana  33. 11 

 

 wina amocanis pirobebSi gansazRvreT milakSi sxeulis 
moZraobis dro. 
   a m o x s n a. 33. 10 amocanis amoxsnis Tanaxmad sxeulis 
moZraoba aRiwereba gantolebiT 

   xx 2 .                             (1) 

 CavTvliT, rom )(xvx  , maSin (1) gantoleba miiyvaneba 

aseT saxemde  

   
2

0

2 xxv  . 

 radganac    
dt

dx
v  , 

ganvacaloT cvladebi da vaintegroT: 

   


TL

x

dt
xx

dx

0
2

0

2

0

 , 

miviRebT  

  
T

L

x

txxx
0

2

0

2

0

ln(   

  TxxLL  0

2

0

2 ln)ln( .        (2) 

 vinaidan 

         

0

2

0

2

0

2

0

2 lnln)ln(
x

xLL
xxLL


 , 

Aamitom,  (2)  formulidan miviRebT 
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0

2

0

2

ln
1

x

xLL
T





.   

p a s u x i:   

0

2

0

2

ln
1

x

xLL
T





. 

 

  amocana  33. 12 

 

 33.10 amocanis pirobebSi SeadgineT milakSi sxeulis 
moZraobis diferencialuri gantoleba, Tu sxeulsa da milaks 
Soris srialis xaxunis 

koeficientia f . 

 a m o x s n a. ganvixiloT 
milakSi  sxeulis moZraoba (ix. 

naxazi) masze simZimis gm

 Zalis, 

xaxunis TpF


 Zalis da normaluri 

N

reaqciis moqmedebiT, sadac 

21 NNN


 . 

 SevadginoT sxeulis fardobiTi moZraobis 

diferencialuri gantoleba x RerZze gegmilebSi:  

  xm . Tpe F ,                      

sadac  xmmaee

2 ;  
2

2

2

1 NNffNFTp   

 maSin,  

              xm xm 2 2

2

2

1 NNf  .           (1) 

 1N  da 2N  reaqciebis gansazRvrisaTvis CavweroT 

sxeulisY moZraobis gantoleba y da z  RerZebze gegmilebSi:  

   mgNym  1 ,                   (2) 

   2Nzm c  ,                    (3) 

sadac c  - koriolisis inerciis Zalaa,  xmmacc
 2

. 
 vinaidan y da z  RerZebis gaswvriv moZraoba ara xdeba, 

amitom  .0 zy  maSin (2) da (3) formulebidan miviRebT 
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   mgN 1 ,               

   2N xm 2 . 

 radganac viciT normaluri reaqciis mdgenelebi, amitom 

       
22222 4)2()( xgmxmmgN   .   

 sabolood,  (1)  diferencialur gantolebas aseTi  saxe 
aqvs: 

  x x2 222 4 xgf   ,  

Tu wertili moZraobs marjvniv, e. i.  0x ;     

  x x2 222 4 xgf   ,  

Tu wertili moZraobs marcxniv, e. i.  0x . 
   

   p a s u x i:   x x2 222 4 xgf   ;    zeda   

niSans  

                 Seesabameba 0x ,  qvedas 0x . 
 
 

                     amocana  33. 13 

 

 rgoli moZraobs gluv 

AB  Reroze, romelic Tanabrad 
brunavs horizontalur sibrtyeSi 

A  boloSi gamaval vertikaluri 
RerZis garSemo da akeTebs wamSi 
erT bruns; Reros sigrZea 1 m;  

0t  momentSi rgoli 

imyofeboda A  bolodan 60 sm 
manZilze da qonda nulis toli 

siCqare. gansazRvreT 1t  momenti, 

roca rgoli moscildeba Reros. 
   a m o x s n a.  ganvixiloT rgolis moZraoba  (ix. naxazi) 

masze simZimis gm

 Zalis da normaluri N


 reaqciis 

moqmedebiT, sadac 21 NNN


 . 

 SevadginoT rgolis fardobiTi moZraobis 

diferencialuri gantoleba x RerZze gegmilebSi:  
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  xm e ,      

sadac e  - warmtani inerciis Zalaa,  
2mxmaee  . 

 maSin  xm 2mx  
 

 anu                 x 2x .                       (1)                      
   movaxdinoT Secvla 

                      
dx

xd
x

dx

dx

dx

xd
x





  

Qda  (1) ase gadavweroT 

     x
dx

xd
x 2


 ; 

 ganvacaloT cvladebi da vaintegroT 

  .
22

1

2
2

2

C
xx




                  (2) 

 sawyisi pirobebis gaTvaliswinebiT: 00 lx  , 00 x , 

vipoviT 

  
2

2

0

2

1

l
C


 . 

E     es mniSvneloba CavsvaT (2) gantolebaSi, miviRebT 
   

A   
22

olxx    

 anu, vinaidan  
dt

dx
x  : 

   
22

olx
dt

dx
 . 

 Aam gamosaxulebaSi ganvacaloYcvladebi 

                      dt
lx

dx


 2

0

2
 

Dda vaintegroT:    2

2

0

2 )ln( Ctlxx   .         (3)  

sawyisi pirobebis gamomdinare: ,0t 00 lx  , vipoviT 

02 ln lC  . 
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E 2C s  es mniSvneloba CavsvaT (3) gantolebaSi, saidanac 

   

0

2

0

2

ln
1

l

lxx
t





. 

 Rerodan rgolis mocilebis 1t  momentSi  lx  , 

maSasadame 

    

0

2

0

2

1 ln
1

l

lll
t





. 

   Aamocanis monacemebis gaTvaliswinebiT:  2 rad/wm,  

1l m,  6,00 l m, gaviangariSebT 

   175,03ln
2

1
1 


t  (wm). 

     p a s u x i:   175,0
2

3ln
1 


t  wm. 

 
 
 

        amocana  33. 14 

 

   AB  milaki mudmivi   kuTxuri  

siCqariT brunavs vertikaluri CD RerZis 
garSemo, romelTanac igi adgens ucvlel 

045 kuTxes (ix. naxazi). milakSi 

moTavsebulia mZime M  burTula. 
gansazRvreT am burTulas moZraoba 
milakis mimarT, Tu sawyis momentSie  misi 
siCqare nulis tolia da sawyisi daSoreba 

0  wertilidan a -s tolia. xaxuni 
ugulebelyaviT. 
   a m o x s n a.  ganvixiloT mZime 
burTulas moZraoba  (ix. naxazi) masze 

simZimis gm

 Zalis da normaluri N


reaqciis moqmedebiT, 

sadac 21 NNN


 . 

 SevadginoT burTulas fardobiTi moZraobis 

diferencialuri gantoleba x RerZze gegmilebSi:  
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        xm 00 45cos45cos mge  ,     (1)    

sadac  e


 - warmtani inerciis Zalaa,   

                
02 45cosmxц

ee  . 

 maSin, (1) gantoleba gardaqmnis 
Semdeg miiRebs aseT saxes         

                   
2

2

2

2

gxx 


.          (2) 

 am gantolebis maxasiaTebeli 
gantolebis               

  0
2

2
2 


r  

Aamoxsna aseTia 

  
2

2
2,1


r . 

 Aamitom,  (2) gantolebis amoxsnas aseTi saxe aqvs 

  
 xxx , 

sadac  ;2

2

2
2

2

1

tt

eCeCx




    
2

2



g
x 

. 

maSin   x
tt

eCeC 2

2

2
2

2

1




  
2

2



g
 .              (3) 

     )(
2

2
2

2

2
2

2

1

tt

eCeCx


 

 . 

 sawyisi pirobebidan gamomdinare: ,0t 0,  xax , 

vipoviT integrebis mudmivebs 















221

2

2

1



g
aCC . 

     es mniSvnelobebi CavsvaT (3) gantolebaSi, miviRebT 
burTulas moZraobis gantolebas 

OMx















2

2

2

1



g
a
















 tt

ee 2

2

2

2 

2

2



g
 . 
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p a s u x i:   OM















2

2

2

1



g
a
















 tt

ee 2

2

2

2 

2

2



g
 . 

 

 
                        amocana  33. 15 

 

    gansazRvreT, rogor icvleba dedamiwis Tavisi RerZis 
garSemo brunvis Sedegad simZimis Zalis aCqareba   adgilis 

ganedze damokidebulebiT.  dedamiwis radiusi 6370R  km. 

    a m o x s n a.  ganvixiloT 

dedamiwis zedapirze nivTieri M   
wertilis fardobiTi 
wonasworobis mdgomareoba. 
fardobiTi wonasworobis piroba 
gamoisaxeba tolobiT 

           ,0 и

eT NP


 

sadac  TP


 - dedamiwis 

mizidulobis Zalaa, mimarTuli 

misi centrisken,  
и

e


 - warmtani 

inerciis Zala romelic dedamiwis 
Tanabari brunvis Sedegad 

warmoadgens centriskenul inerciis Zalas,  
и

e


.cos22  RmMKm c   

 cxadia (ix. naxazi), rom wertilis moqmedeba sayrdenze 

NG


 ,   amasTanave   

                G


TP


и

e


 .                     (1)  

 simZimis G

 Zalis mimarTuleba gansazRvravs dedamiwis 

mocemul wertilSi vertikalis mimarTulebas. davagegmiloT 
(1) veqtoruli toloba  n  da   RerZebze: 

  nG TP cosи

e , 

  G sinи

e . 

 maSin
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22

1 )sin()cos(  eeTPmgG  , 

sadac 1g - simZimis Zalis aCqarebaa nebismier ganedze;         

          - geografiuli ganedi. 

 ugulebelvyoT  
2)sin( e  Sesakrebi 

4 -s 

mniSvnelobis simciris gamo da miviRebT 

  1mg TP  cose TP  22 cosmR . 

 aqedan 

  1g 
m

PT  gR  22 cos  22 cosR











g

R
g

 22 cos
1 , 

sadac  g  - simZimis Zalis aCqarebaa polusze. 

  dedamiwis radiusisa da polusze simZimis Zalis 
aCqarebis 
mniSvnelobis gaTvaliswinebiT vipoviT  

   1g 









289

cos
181,9

2
. 

 p a s u x i:   Tu ugulebelvyoT 
4 wevrs misi 

mniSvnelobis simciris gamo, maSin 

 1g 









g

R
g

 22 cos
1  anu 1g 










289

cos
181,9

2
, 

sadac  g  - simZimis Zalis aCqarebaa polusze,  - adgilis 

geografiuli ganedi. 
 
 
amocana  33. 16 

 

 ramdenjer unda gaizardos dedamiwis Tavisi RerZis 
garSemo brunvis kuTxuri siCqare, raTa dedamiwis zedapirze 
ekvatorze mdebare mZime wertils wona ara hqondes. dedamiwis 

radiusi 6370R  km.  

   a m o x s n a.  33.15 amocanis amoxsnisas miRebuli 

Sedegebis safuZvelze, ekvatorze, sadac ,0  1cos   
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  1g g -
2R . 

 Ddedamiwaze uwonadobisas 01 g , maSin 

  
R

g
з 
2 . 

 radganac dedamiwis brunvis kuTxuri siCqare 

360024

2
0





 , amitom    

 17
14,32

246,324,1

2

360024

106370

81,9
3

0















з
       

  

  p a s u x i:   17-jer 
 
 
 

    amocana  33. 17 

 

 saartilerio Wurvi moZraobs dafenili traeqtoriiT (e. i. 
traeqtoriiT, romelic miaxloebiT SeiZleba CaiTvalos 
horizontalur wrfed). Wurvis horizontaluri siCqare 

moZraobis dros aris 9000 v m/wm.  Wurvma unda daazianos 

samizne, romelic gasrolis adgilidan daSorebulia 18 km 
manZiliT. haeris winaRoba ugulebelyaviT da gansazRvreT, 
dedamiwis brunvis Sedegad Wurvi ramdenad gadaixreba 

samiznesagan. gasrola xdeba CrdiloeTis ganedis 
060 .  

 

 a m o x s n a.  kuTxe mxeb   sibrtyesa da dedamiwis RerZs 

Soris (ix. naxazi) 
060 .  maSasadame, meridianis gaswvriv 

gavlebuli wrfe mdebareobs miTiTebul mxeb sibrtyeSi, 

romelic aseve dedamiwis RerZTan adgens 
060 kuTxes. 

 SevadginoT Wurvis moZraobis diferencialuri gantoleba 

y RerZze gegmilebSi:  

    ym c ,           

sadac  c  - koriolisis inerciis Zalaa,  

 sin2 0vme  . 
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 maSin,     y  sin2 0v . 

 SevcvaloT  
dt

yd
y


 , ganvacaloT cvladebi, vaintegroT 

da miviRebT  y 10 sin2 Ctv  . 

 sawyisi pirobebidan gamomdinare: ,0t 0y , vipoviT 

01 C , maSasadame  y  sin2 0tv . 

 SevcvaloT  
dt

dy
y  , ganvacaloT cvladebi, vaintegroT 

da miviRebT  y 2

2

0 sin Ctv  . 

 sawyisi pirobebidan gamomdinare: ,0t 0y , vipoviT 

02 C , maSasadame  y  sin2

0tv . 

 ganvsazRvroT miznamde Wurvis frenis dro 

  20
109

1018
2

3

0







v

l
t  (wm). 

gamovTvaloT gadaxra 

  7,22
2360024

32090014,32 2





y (m). 
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 p a s u x i:    Wurvi  gadaixreba  marjvniv  (Tu  mas   
                 vuyurebT zevidan siCqaris 
perpendikularulad)   

                    y 7,22sin2

0  tv m    manZiliT,  

                  damoukideblad gasrolis mimarTulebisa. 
 
 
 

                      amocana  33. 18 

 

 CrdiloeT-samxreT sibrtyeSi moTavsebuli grZel Zafze 
dakidebuli qanqara iRebs mcire sawyis siCqares. CaTvaleT 
qanqaras gadaxra Zafis sigrZesTan SedarebiT da mxedvelobaSi 
miiReT dedamiwis brunva RerZis garSemo, ipoveT dro, romlis 
gasvlis Semdeg qanqaras rxevis sibrtye daemTxveva dasavleT-
aRmosavleT sibrtyes. Qqanqara mdebareobs CrdiloeTis 

ganedis 
060 -ze. 

      a m o x s n a. qanqara asrulebs rTul moZraobas: 

warmtani – dedamiwasTan erTad brunavs 

 kuTxuri siCqariT 

da fardobiTs – rxevas moZrav koordinatTa Oxyz  sistemaSi. 

 qanqaras fardobiTi moZraobis diferencialuri 
gantolebis SesadgenaT naxazze vaCvenoT qanqaraze moqmedi 

Zalebi: simZimis G

 

Zala, Zafis 

daWimulobis S

 Zala, 

koriolisis inerciis 
Zalis mdgenelebi 

czcycx 


,, , 

warmtani inerciis 

e


 Zala. vinaidan 

dedamiwis brunvis 
kuTxuri siCqare   
mcirea, SeiZleba 

miviRoT, rom 0e


. 

 Qqanqaras 
moZraobis 
gantolebebs 
koordinatTa moZravi 
sistemis RerZebze gegmilebSi aqvT aseTi saxe 
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
























cos2

,sin2

,cossin(2

xmmg
L

z
Szm

xm
L

y
Sym

zym
L

x
Sxm

         (1) 

sadac L - qanqaras sigrZea;   - geografiuli ganedi, 
060 . 

 qanqaras mcire rxevisas SeiZleba CavTvaloT, rom  

  ,constLz    mgGS  . 

 maSin, (1) sistemis pirveli ori gantoleba miiReben Semdeg 
saxes 

   













.sin2

,sin2





x
L

y
gy

y
L

x
gx

             (2) 

 gavamravloT (2) sistemis pirveli gantoleba y -ze, 

meore gantoleba x -ze, SevkriboT da miviRebT 

   sin)(2 xxyyxyyx  , 

 Aanu  

            






 


2
sin2)(

22 yx

dt

d
xyyx

dt

d
 .       (3) 

 Aaxla gadavideT polarul koordinatebze: ROM '  da 

 , maSin  cosRx  , 

      sinRy  , 

  
dt

d
Rxyyx

2 , 

  
222 Ryx  . 

 maSasadame,  (3) gantoleba ase SeiZleba warmovadginoT 

  


sin)( 22 R
dt

d

dt

d
R

dt

d









.            (4) 

 vaintegroT (4) gantoleba: 
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1

22 sin CR
dt

d
R  


. 

 radganac sawyis momentSi ,0t 0R , 0v , amitom 

01 C . maSin 

    


sin
dt

d
.                           (5) 

 (5) gantolebis integrebiT miviRebT 

   2sin Ct   . 

 sawyis momentSi ,0t 0 , amitom 02 C . maSin 

   sint .                            (6) 

 (6) gantoleba gansazRvravs qanqaras rxevis sibrtyis 

brunvis kanons  sin  kuTxuri siCqariT. 

 Aamgvrad, qanqaras rxevis sibrtye 

   








sin2sin

2 t   

droSi Semobrundeba 
2


 kuTxiT. 

 vinaidan  
24

2
  rad/sT,  amitom 

   93,6
3

12

60sin

6
0

 tT (sT). 

 Tu gaviTvalisinebT qanqaras rxevis sibrtyis 
mimarTulebis cvlilebis periodulobas 

 )5,0(86,13)21(93,6 kkT    

sadac  ,...3,2,1k  

    p a s u x i:  )5,0(86,13 kt  saaTi, sadac  ,...3,2,1k  

 

 
                       amocana  33. 19 

  

 mZime wertils SeuZlia xaxunis gareSe moZraoba 
vertikalur mavTulis rgolze, romelic mudmivi kuTxuri 
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siCqariT brunavs Tavisi vertikaluri diametris garSemo. 

rgolis radiusia R . ipoveT wertilis wonasworobis 
mdebareoba da gansazRvreT, rogor imoZravebs wertili, Tu 

wonasworobis mdebareobaSi igi iRebs mcire 0v  siCqares 

mxebis gaswvriv zeviT. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      a m o x s n a. M wertili asrulebs rTul moZraobas: 
fardobiTi - gadaadgileba rgolze da warmtani – brunva 

rgolTan erTad. 0M  mdebareobaSi, romelic ganisazRvreba 

0  kuTxiT, wertili imyofeba wonasworobaSi. M -T 

aRvniSnoT wertilis nebismieri mdebareoba, romelsac 

Seesabameba gadaxris  0  kuTxe. wertilis fardobiTi 

moZraobis gantolebis SesadgenaT naxazze vaCvenoT masze 

moqmedi Zalebi: simZimis G

 Zala, reaqciis 1N


 da 2N


 Zalebi, 

koriolisis inerciis Zala c


, warmtani inerciis 
u

e


 Zala.  

 amasTanave 

  cc am


 ,  
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u

ee

u

e amam


 , 

xolo, ca


, c


, 
2N


 vetorebi rgolis sibrtyis 

marTobulebia. 

  CavweroT wertilis fardobiTi moZraobis gantoleba: 

  ram


G

+

1N


+
2N


+ c


+
u

e


. 

 davagegmiloT es gantoleba   RerZze: 

  
rma )sin( 0  G + ),cos( 0  u

e  

sadac  ;mgG    )sin( 0

2   Rmu

e . 

  maSin 

   
rma  )sin( 0 mg )sin( 0

2  Rm )cos( 0   .    (1) 

 vipovoT wertilis wonasworobis mdebareoba, e. i. kuTxe 

0 . Aam mdebareobaSi 0
ra ,  0 . maSasadame,  (1) 

gantolebas aqvs aseTi saxe 

           0 0sinmg 0

2 sin Rm 0cos . 

 aqedan    
R

g
20cos


  ,                       (2) 

    
R

g
20 arccos


  . 

 ganvsazRvroT wertilis Semdgomi moZraoba, Tu 0M  

mdebareobaSi mas mianiWes 0v


 siCqare.  (1) gantolebaSi CavsvaT 

  Rar , miviRebT 

       mR )sincoscos(sin 00  mg + 

  + )sinsincos)(cossincoscos(sin 0000

2  Rm .   

(3)  
 gardavqmnaT (3) gantoleba.   kuTxis simciris gamo, 

SeiZleba CavTvaloT, rom ,1cos    sin , agreTve, 

SeiZleba uarvyoT gantolebis wevrebi, romlebic Seicaven 

2sin -s, radganac 0sin 22  .  Ggarda amisa, (2) 

formulis Tanaxmad 

   0

2 cos Rg  . 
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 gardaqmnis Sedegad (3) gantoleba miiRebs Semdeg saxes 

     
0

22 sin  RR   

anu     0sin 0

22   .               (4) 

 vinaidan   
R

g
20cos


   [ix. (2) formula], amitom     

        
24

224

24

2

0

2

0

2 1cos1sin
R

gR

R

g









 . 

     CavsvaT es gamosaxuleba (4) formulaSi, miviRebT 

                    0
22

224




 





R

gR
 

anu       02   k ,                      (5) 

sadac   
R

gR
k



 224 
  .  

 (5) gantolebis amoxsnas aseTi saxe aqvs 

  ,sincos 21 ktCktC                  (6) 

  ktkCktkC cossin 21  . 

 sawyisi pirobebidan gamomdinare: ,0t 00  , 
R

v0
0   

vipoviT 01 C , 
Rk

v
C 0

2  . 

 Ees mniSvnelobebi CavsvaT (6) formulaSi da miviRebT 
wertilis moZraobis gantolebas: 

  kt
Rk

v
sin0 . 

  p a s u x i:  wonasworobis mdgomareoba Seesabameba  

          
R

g
20 arccos


   kuTxes, romelic aTvlilia   

             wreze  wertilis  qveda mdebareobidan.  wertili,  

             romelmac  miiRo  mcire 0v


  siCqare, Seasrulebs    

            mcire rxevebs wonasworobis   maxloblobaSi  
            Tanaxmad gantolebisa  



 
505 

        kt
Rk

v
sin0 ,  sadac   

R

gR
k



 224 
  . 

 

 
                       

 

 

amocana  33. 20 

  

           zambariani vibrogadamwodi gamoiyeneba matareblis 
vertikaluri aCqarebis gasazomad, romlis vertikaluri rxevis 
wriuli sixSire 10 rad/wm -s tolia. xelsawyos baza Seadgens 
erT mTlians matareblis erT-erTi vagonis korpusTan. 

xelsawyos bazaze magrdeba 64,17c  kn/m sixistis 

koeficientis mqone zambara. zambaraze mimagrebulia 75,1m
kg masis tvirTi. xelsawyos Canaweris mixedviT 
vibrogadamwodis tvirTis fardobiTi moZraobis amplituda 
0,125 sm-s  tolia. ipoveT matareblis maqsimaluri 
vertikaluri aCqareba. rogoria matareblis vibraciis 
amplituda? 
      a m o x s n a. ganvixiloT tvirTis 
fardobiTi moZraoba (ix. naxazi) romelzec 

moqmedeben: simZimis G

 Zala, zambaras 

drekadobis ypF


 Zala, warmtani inerciis e


 

Zala, romelic ganisazRvreba vagonis 

vertikaluri rxeviT, ee am


 .  

mivmarToT x  RerZi qveviT tvirTis 
statikuri wonasworobis mdebareobidan, 

maSin  ).( xcF cTyp     

 matareblis vertikaluri gadaadgileba 
Tavis mxriv warmoadgens  warmtan moZraobas 
da aRiwereba gantolebiT  

                   .sin ptb  

 maSin ptbpae sin2 , 

  ptmbpmaee sin2 . 

 SevadginoT tvirTis fardobiTi moZraobis 
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diferencialuri gantoleba x RerZze gegmilebSi:  

  xm eypFG  ,               

anu               xm ptmbpxcG cT sin)( 2  .      (1) 

 vinaidan   tvirTis statikuri wonasworobis mdebareobaSi 

cTcG  , amitom (1) gantoleba miiRebs Semdeg saxes 

  xm ptmbpcx sin2 , 

anu   x pthxk sin2  ,                       (2)

  

sadac     
m

c
k 2

;  
2bph  . 

 (2) gantoleba - es aris iZulebiTi rxevis gantoleba. Aam 
araerTgvarovani diferencialuri gantolebis zogad amoxsnas 
aseTi saxe aqvs         

          ktCktCx sincos 21  pt
pk

h
sin

22 
 ,      (3)                  

           ktkCktkCx cossin 21 pt
pk

hp
cos

22 
.                  

 sawyisi  pirobebis gamoyenebiT: ,0t  00 x , 00 x ,  

miviRebT: 01 C  2C
)( 22 pkk

hp


 . 

 maSin,  (3) formulaSi CasmiT miviRebT  

      x 


kt
pkk

hp
sin

)( 22

2

pt
pk

h
sin

22 
.             

 tvirTis fardobiTi moZraobis a  amplituda 

  
22

2

22 pk

bp

pk

h
a





 , 

sadac  b  - matareblis vertikaluri rxevebis amplitudaa; 

;10080
75,1

176402 
m

c
k  10p rad/wm. 

 saidanac 
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         47,12
100

)10010080(125,0)(
2

22








p

pka
b  (sm). 

 Mmatareblis maqsimaluri vertikaluri aCqareba 

      12471047,12 22

max  bpa  (sm/wm2). 

 
p a s u x i:  matareblis maqsimaluri vertikaluri aCqareba 

      1247max a  sm/wm2.   matareblis vertikaluri 

rxevis  

      amplituda 47,12b sm. 

 

     

    amocana  33. 21 

  

          vibrometri  gamoiyeneba 
manqanis erT-erTi nawilis vertikaluri 
rxevis gansazRvrisaTvis. xelsawyos 
moZrav sistemaSi dempferi ar arsebobs. 
vibrometris gadamwodis (masiuri 
tvirTis) fardobiTi gadaweva 0,005 sm-s 
tolia. vibrometris rxevis sakuTari 
sixSire  6 hercis tolia. manqanis 
movibrire nawlis rxevis sixSire – 2 
hercia. ras udris rxevis amplituda, 
maqsimaluri siCqare da manqanis 
movibrire nawlis maqsimaluri aCqareba? 
      a m o x s n a. ganvixiloT 
gadamwodis masiuri tvirTis fardobiTi 
moZraoba (ix. naxazi) romelzec 

moqmedeben: simZimis G

 Zala, zambaras 

drekadobis ypF


 Zala, warmtani inerciis e


 Zala, 

ee am


 . mivmarToT x  RerZi tvirTis statikuri 

wonasworobis mdebareobidan qveviT, maSin  ).( xcF cTyp     

   manqanis movibrire nawilis vertikaluri gadaadgileba 
aRiwereba gantolebiT 

    .sin ptb  

 maSin ptbpae sin2 , 
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  ptmbpmaee sin2 . 

 SevadginoT tvirTis fardobiTi moZraobis 

diferencialuri gantoleba x RerZze gegmilebSi:  

              xm ptmbpxcG cT sin)( 2  .       (1) 

 vinaidan   tvirTis statikuri wonasworobis mdebareobaSi 

cTcG  ,  amitom (1) gantoleba miiRebs Semdeg saxes 

  xm ptmbpcx sin2 , 

anu    x pthxk sin2  ,                       

sadac     
m

c
k 2

;  
2bph  . 

        es diferencialuri gantoleba aRwers nivTieri 
wertilis  iZulebiT rxevas. iZulebiTi rxevis amplituda 
fardobiTi moZraobis dros  ganisazRvreba formuliT 

                 
22

2

22 pk

bp

pk

h
a





   

sadac b  - manqanis vibrirebadi nawilis rxevis amplitudaa, 
 aqedan 

  
2

22 )(

p

pka
b


 . 

 vibrometris gadamwodis sakuTrivi rxevis periodi 

  
kf

T
D

D

21
 , 

saidanac 

  Dfk 2 . 

 warmtani rxevis periodi, e. i. manqanis vibrirebadi 
nawilis periodi 

  
pf

T
M

M

21
 , 

saidanac 

  Mfp 2 . 

 maSasadame, 
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 04,0
2

)26(005,0)(

)2(

])2()2[(
2

22

2

22

2

22











M

MD

M

MD

f

ffa

f

ffa
b





(sm). 
 warmtani siCqare 

    .cos ptbpve    

 vibrirebadi nawilios maqsimaluri siCqare maSin iqneba, 

roca 1cos pt ,  e. i.  

          5,014,304,022max  Me fbbpv  (sm/wm). 

 warmtani aCqareba 

  ptbpae sin2   

maqsimaluri maSin iqneba, roca 1sin pt ,  e. i.     

    631,0)214,32(0004,0)2( 222

max  Me fbbpa 
(m/wm2). 
 

   p a s u x i:  rxevis amplituda 04,0b sm; maqsimaluri  

                 siCqare 5,0max ev sm/wm; maqsimaluri aCqareba   

                 316,6max ea sm/wm2. 

 
 
 

                                              amocana  33. 22 

  

 yuTis SigniT, 88,0c kn 

sixistis koeficientis mqone vertikalur 

zambaraze dakidebulia 75,1m  masis 

tvirTi.  yuTi dgas vertikaluri 
mimarTulebiT vibrirebad magidaze. 
Mmagidis rxevis gantolebaa 

tx 3sin225,0  sm. ipoveT tvirTis 

rxevis absoluturi amplituda. 
      a m o x s n a. tvirTis fardobiTi 
moZraoba (ix. naxazi) xdeba masze  

simZimis G

 Zalis, zambaras drekadobis 

ypF


 Zalis da warmtani inerciis e

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Zalis moqmedebiT; ee am


 . mivmarToT x  RerZi tvirTis 

statikuri wonasworobis mdebareobidan qveviT, maSin  

).( xcF cTyp     

   magidis vertikaluri gadaadgileba aRiwereba 
gantolebiT 

              .sin ptb  

 maSin 

               ptbpae sin2 , 

               ptmbpmaee sin2 , 

sadac  3p rad/wm,  225,0b  sm. 

 SevadginoT tvirTis fardobiTi moZraobis 

diferencialuri gantoleba x RerZze gegmilebSi:  

                xm eypFG  . 

 vinaidan   tvirTis statikuri wonasworobis mdebareobaSi 

cTcG  ,  amitom  

  xm ptmbpcx sin2 , 

anu    x pthxk sin2  ,                       

sadac    
m

c
k 2

;  
2bph  . 

                       
        es diferencialuri gantoleba aRwers nivTieri 
wertilis  iZulebiT rxevebs, A romelTa amplituda  
ganisazRvreba formuliT 

00004,0

3
75,1

880

300225,0

2

2

22

2

22













pk

bp

pk

h
a (m) 004,0

(sm). 
 radganac tvirTi asrulebs rTul moZraobas, . a  - 

fardobiTi moZraobis amplitudaa,  b  - warmtani moZraobis 
amplitudaa, amitom tvirTis rxevis absoluturi amplituda 

  229,0225,0004,0  baA  (sm). 

   p a s u x i:  229,0A sm. 

 



511 

Ggamoyenebuli literatura

1. კვიციანი ტ. თეორიული მექანიკის კურსი, დინამიკა,

საგამომცემლო სახლი „ტექნიკური უნივერსიტეტი“,

თბილისი, .2019 წ, გვ. 474

2. გორჯოლაძე ი., ყიფიანი გ., ბუქსიანიძე ა. თეორიული

მექანიკის კურსი, დინამიკა, გამომცემლობა „ტექნიკური

უნივერსიტეტი“, თბილისი, 2008, 542 გვ.

3. Теоретическая механика, Динамика, Практикум: учеб.

Пособие В. 2ч Ч.1 Динамика матерыальнной точки, В. А.

Акимов [и др.]: под. Обш. Ред. Проф. А. В. Чигарева и доц. И

И. Горбача. – Минск. Новое издание: М. ЦУПЛ. 2010, 528 с.

4. გორგიძე ა. თეორიული მექანიკის კურსი, წიგნი II, დინამიკა,

გამომცემლობა „ტექნიკური უნივერსიტეტი“, თბილისი, 1997,

561 გვ.

5. ვეკუა ნ. თეორიული მექანიკა, ნაწილი II, თბილისის

უნივერსიტეტის გამომცემლობა, თბილისი, 1970, 366 გვ.

6. Мещерский  И.В. – Сборник задач по теоретической  механике.

(И.В. Мещерский. 36-е изд. Испр. М.  Наука,  1986.  448 с.).

7. Айзенберг Т.В., Воронков М.И., Осецкий В.М. Руководство к

решению задач по теоретической механике, “Высшая школа”,

Москва, 1982, 390 с.

8. Бать М.И., Джанелидзе Г.Ю., Кельзон А.С. Теоретическая

механика в примерах и   задачах, том II, динамика, Москва,

“Наука”,1985, 558 с.

9. Бутенин Н.В., Лунц Я.Л., Меркин Д.Р. Курс теоретической

механики, том II, Москва, “Наука”, 1985, 495 с.

10. Кабальский М.М., Кривошей В.Д., Савицкий Н.И., Чаиковский

Т.Н. Типовые задачи по теоретической механике и методы их

решения. Киев, 1985, 512 с.

11. Яблонский А.А. Сборник заданий для курсовых работ по

теоретической механике. “Высшая школа”, Москва, 1995, 366 с.



512 

12. Яблонский А.А. Курс теоретической механики, часть II,

динамика, “Высшая школа”, Москва, 1984.-423 c.

13. Bedford A., Fowler W. Engineering Mechanics, Prentice Hall, Inc.

USA, 2002.-580 p.

14. Hibbeler R.C. Engineering Mechanics: Statics and Dynamics,

Prentice Hall, Inc. USA, 2004.-688p.

15. Neuber H. Losungen zur aufgabensammlung mestscherski. Veb

Deutcher Verlag der   Wissenschaften, Berlin 1961.- 464 p.

16. Romano A. Classical Mechanics With Mathematica, Springer, 2012.

- 520 p.



 
513 

s a r C e v i 
 
 
winasityvaoba - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 3  
 

IX.  nivTieri wertilis dinamika - - - - - - - - - - - - - - - - - - -  -10 
 
Sesavali - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -10  
26. Zalis gansazRvra mocemuli moZraobiT - - - - - - - - -- - - - -13 
27. moZraobis diferencialuri gantolebebi - - - - - - - - - -  - 47 
   wrfivi moZraoba - - - - - - - - - - - - - - - - - - - - - - - - -  - -107  
   mrudwiruli moZraoba - - - - - - - - - - - - - - - - - - - - - -- - 110 
28. nivTieri wertilis moZraobis raodenobis cvlilebis 
Teorema. - - - - - - - - -- - - - - - - - -- - - - - - - - -- - - - - - - - -- - - 157 
   nivTieri wertilis moZraobis raodenobis momentis 
cvlilebis Teorema. - - - - - - - - -- - - - - - - - -- - - - - - - - - - -157 
29. muSaoba da simZlavre - - - - - - - - - - - - - - - - - - - - - - - -186 
30. nivTieri wertilis kinetikuri energiis cvlilebis  
Teorema  - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - 201 

31. Sereuli amocanebi - - - - - - - - - - - - - - - - - - - - - - - - - -234 
32. rxeviTi moZraoba - - - - - - - - - - - - - - - - - - - - -  - - - -  295 
    Tavisufali rxevebi - - - - - - - - - - - - - - - - - -  - - - - - -306 
    winaRobis gavlena Tavisufal rxevebze - - - - - - - - - - - -385 
    iZulebiTi rxevebi - - - - - - - - - - - - - - - - - - - - - - - - - 429 
    winaRobis gavlena iZulebiT rxevebze - - - - - - - - - - - - -450 
33.  fardobiTi moZraoba - - - - - - - - - - - - - - - - - - - - -  - - 468 
Ggamoyenebuli literatura- - - - - - - - - - - - - - - - - - - - -   511 
 

 
 
 
 
 
 
 
 
 
 
 
 



gelaYyifiani, biZina abesaZe, 
goCa baZgaraZe, ediSer maCaiZe,  

badri WurWelauri  

Teoriuli

meqanika 

nivTieri wertilis  dinamika 

tomi 3 

teqnikuri redaqtori: biZina abesaZe
kompiuteruli uzrunvelyofa: eTeri 
zariZe damkabadonebeli: nana dumbaZe 
ydis dizaineri: irakli uSveriZe

gadaeca warmoebas 2.03.2023w. 
xelmowerilia dasabeWdad 17.03.2023w. 

tiraJi 100 egzemplari 

gamomcemloba `universali~ 

Tbilisi, 0186, a. politkovskaias #4. : 5(99) 17 22 30; 5(99) 33 52 02  
E-mail: universal505@ymail.com; gamomcemlobauniversali@gmail.com






