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Sesavali 

 

 mrewvelobis mraval dargSi meqanizaciisa da avto-

matizaciis danergva, warmoebaSi axali teqnologiuri 

procesebis Semotana, saxalxo meurneobis calkeuli dar-

gebis mudmivi ganviTareba, moiTxovs axali maRalefeq-

turi manqanebis Seqmnas. am miznis miRwevaSi mniSvnelovani 

adgili uWiravs vibraciul teqnikas. 

 mrewvelobaSi vibraciuli manqanebis gamoyenebas 

gaaCnia daaxloebiT erTnaxevari saukunis istoria. Tavda-

pirvelad isini gamoiyenebodnen fxvieri masalebis 

dasacalkeveblad nawilakebis sididis mixedviT da 

mxolod mas Semdeg rac aRmoCenili iqna garkveul 

pirobebSi masalis gadaadgileba vibrirebad zedapirze 

daiwyo vibraciul-satransporto da satransporto-

teqnologiuri manqanebis Seqmna. 

 mravalferovani modifikaciis srulyofili vibra-

ciuli amZravebis damuSavebam ki ganapiroba vibraciuli 

teqnikis rogorc dargis Camoyalibeba da misi farTo 

masStabiT gamoyeneba mrewvelobis iseT dargebSi, rogo-

ricaa manqanaTmSenebloba, metalurgia, qimia, samTo 

gamamdidrebeli warmoeba, mSenebloba, soflis meurneoba, 

medicina da sxva. 

 vibraciul-teqnologiuri procesebi gamoirCevian 

TavianTi mravalferovnebiT da erTmaneTisagan gansxva-
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vdebian sapirispiro SedegebiTac ki. vibraciis gamoye-

nebiT SesaZlebelia masalebis daxarisxeba fraqciebad 

da, piriqiT, SeiZleba sxvadasxva ingredientebis Sereva. 

aseve SesaZlebelia masalebis SemWidroeba an maTi 

gafxviereba, myari sxeulis danawevreba an calkeuli 

nawilakebis erT mTlian sxeulad Sekvra.  

 mrewvelobaSi vibraciuli teqnikis danergva xels 

uwyobs teqnologiuri procesebis intensifikacias, zrdis 

ekonomiur efeqturobas da amsubuqebs am procesebis 

avtomatizacias. garda amisa qmnis xelsayrel pirobebs 

gazirebuli da damtverianebuli masalebis gadaadgilebi-

sas, amartivebs CatvirTva gadmotvirTvis operaciebs, 

saSualebas iZleva erTmaneTs SevuTavsoT sxvadasxva 

teqnologiuri procesebi da a. S. 

 vibraciuli manqanebis gamoyenebis maRali efeqtu-

roba ganpirobebulia, rogorc muSa procesis xasiaTiT, 

romelic xorcieldeba maRali sixSiris calkeuli 

impulsebisa da SedarebiT mcire amplitudis jamuri 

moqmedebis Sedegad, aseve konstruqciis simartiviT, maTi 

Senaxvisa da remontis mcire danaxarjebiT da aseve mcire 

energomoxmarebiT. 

 vibroteqnikis ganviTareba xasiaTdeba, erTis mxriv, 

farTo gamoyenebis sxvadasxva vibraciuli manqanebis 

SeqmniT da meores mxriv, konstruqciuli gadawyvetilebe-

bis mravalferovnebiT, TiToeuli tipisTvis. 
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     vibraciuli manqanebis principuli mowyobis Tavise-

bureba, ZiriTadad, ganisazRvreba masSi gamoyenebuli 

vibraciuli amZravis tipiT. dReisaTvis SedarebiT 

gavrcelebuls warmoadgenen inerciuli, eleqtromagni-

turi, eqscentruli, pnevmatikuri da hidravlikuri 

amZravebi. 
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I. rxeviTi sitemebis Teoriis safuZvlebi da 

gaangariSebis meTodebi 

§1. erTi Tavisuflebis xarisxis mqone 

vibraciuli sistemebis Tavisufali rxevebi 

 

 ÂÀÍÅÉáÉËÏÈ ÌÀÒÔÉÅÉ ÌÄØÀÍÉÊÖÒÉ ÒáÄÅÉÈÉ ÓÉÓÔÄÌÀ ÄÒÈÉ 

ÈÀÅÉÓÖ×ËÄÁÉÓ áÀÒÉÓáÉÈ, ÒÏÌÄËÆÄÝ ÀÒ ÌÏØÌÄÃÄÁÓ ÀÒÝ ÂÀÒÄÛÄ 

ÉÞÖËÄÁÉÈÉ ÞÀËÀ ÃÀ ÀÒÝ ÛÉÍÀÂÀÍÉ áÀáÖÍÉÓ ÞÀËÄÁÉ (ÍÀá.1.1). ÀÓÄÈÉ 

ÓÉÓÔÄÌÄÁÉ ÉÆÏËÉÒÄÁÖËÍÉ ÀÒÉÀÍ ÂÀÒÄÌÏ ÐÉÒÏÁÄÁÉÓÀÂÀÍ ÃÀ ÉßÏÃÄÁÉÀÍ 

ÊÏÍÓÄÒÅÀÔÉÖË ÓÉÓÔÄÌÄÁÀÃ. ÊÏÍÓÄÒÅÀÔÉÖË ÓÉÓÔÄÌÄÁÛÉ ÌÀÈÉ 

ÍÄÁÉÓÌÉÄÒÉ áÄÒáÉÈ ßÏÍÀÓßÏÒÏÁÉÓ ÌÃÂÏÌÀÒÄÏÁÉÃÀÍ ÂÀÌÏÚÅÀÍÉÓ 

ÛÄÌÃÄÂ ÉÍÄÒÝÉÉÓ ÞÀËÄÁÉ ÃÒÏÉÓ ÍÄÁÉÓÌÉÄÒ ÌÏÌÄÍÔÛÉ ßÏÍÀÓßÏÒÃÄÁÉÀÍ 

ÃÒÄÊÀÃÏÁÉÓ ÞÀËÄÁÉÈ ÃÀ, ÛÄÓÀÁÀÌÉÓÀÃ, ÄÍÄÒÂÉÉÓ ÌÀÒÀÂÉ ÀÒÉÓ 

ÌÖÃÌÉÅÉ. ÈÅÉÈ ÓÉÓÔÄÌÉÓ ÌÏÞÒÀÏÁÄÁÉ ÊÉ ßÀÒÌÏÀÃÂÄÍÄÍ ÈÀÅÉÓÖ×ÀË 

ÒáÄÅÄÁÓ.                                                                                                  

                                    
ÍÀá.1.1 

 ÉÌÉÓÀÈÅÉÓ ÒÏÌ ÌÀÈÄÌÀÔÉÊÖÒÀÃ ÀÙÅßÄÒÏÈ ÈÀÅÉÓÖ×ÀËÉ 

ÒáÄÅÄÁÉ, ÅÉÚÄÍÄÁÈ ËÀÂÒÀÍÑÉÓ ÌÄÏÒÄ ÂÅÀÒÉÓ ÂÀÍÔÏËÄÁÀÓ, ÒÏÌÄËÓÀÝ 

ÀØÅÓ ÛÄÌÃÄÂÉ ÓÀáÄ: 

          d
dt

T

q q
Q






. ,
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ÓÀÃÀÝ T – ÀÒÉÓ ÓÉÓÔÄÌÉÓ ÊÉÍÄÔÉÊÖÒÉ ÄÍÄÒÂÉÀ,  - ÓÉÓÔÄÌÉÓ ÐÏÔÄÍÝÉ-

ÖÒÉ ÄÍÄÒÂÉÀ, Q – ÓÉÓÔÄÌÀÆÄ ÌÏØÌÄÃÉ ÂÀÍÆÏÂÀÃÄÁÖËÉ ÞÀËÀ, áÏËÏ q - 

ÂÀÍÆÏÂÀÃÄÁÖËÉ ÊÏÏÒÃÉÍÀÔÀ. 

  ÀÌ ÂÀÍÔÏËÄÁÀÛÉ ÛÄÌÀÅÀË ÊÉÍÄÔÉÊÖÒÉ ÃÀ ÐÏÔÄÍÝÉÖÒÉ 

ÄÍÄÒÂÉÄÁÉÓ ÂÀÌÏÓÀáÖËÄÁÄÁÓ ÂÀÍÓÀáÉËÅÄËÉ ÓÉÓÔÄÌÉÓÀÈÅÉÓ, ÒÏÃÄÓÀÝ 

ÓÉÓÔÄÌÀ ÀÒÉÓ ßÒ×ÉÅÉ ÃÀ ÅÉáÉËÀÅÈ ÌÝÉÒÄ ÒáÄÅÄÁÓ, ÀØÅÈ ÛÄÌÃÄÂÉ ÓÀáÄ: 

                                         T = 
1
2

2

mx
.

;       =  
1
2

2cx ,                        (1.1) 

ÓÀÃÀÝ  m - ÓÉÓÔÄÌÉÓ ÌÀÓÀÀ ÆÀÌÁÀÒÉÓ ÌÀÓÉÓ ÂÀÌÏÊËÄÁÉÈ, c - ÓÉÓÔÄÌÉÓ 

ÓÉáÉÓÔÄÀ, x - ÓÉÓÔÄÌÉÓ ÂÀÃÀÀÃÂÉËÄÁÀÀ, ÒÏÌÄËÉÝ ÀÌ ÛÄÌÈáÅÄÅÀÛÉ ÛÄ-

ÄÓÀÁÀÌÄÁÀ ÂÀÍÆÏÂÀÃÄÁÖË ÊÏÏÒÃÉÍÀÔÀÓ, x
.
 - ÓÉÓÔÄÌÉÓ ÌÏÞÒÀÏÁÉÓ 

ÓÉÜØÀÒÄÀ. 

 ÅÉÐÏÅÏÈ ÊÄÒÞÏ ßÀÒÌÏÄÁÖËÄÁÉ 

           




T

x
mx.

.
  ;      

d
dt
m x m x

. . .

 


   ;       




x

cx .   

 ÒÏÌÄËÈÀ ÜÀÓÌÉÈ lagranJis ÂÀÍÔÏËÄÁÀ ÌÉÉÙÄÁÓ ÛÄÌÃÄÂ ÓÀ-

áÄÓ: 

                                                 mx cx
. .

  0 .  

ÀÍ                                             x p x
. .

 2 0 ,                                          (1.2)  

                  ÓÀÃÀÝ  p2 = c/m ÌÖÃÌÉÅÉ ÓÉÃÉÃÄÀ ÃÀ ÃÀÌÏÊÉÃÄÁÖËÉÀ ÓÉÓ-

ÔÄÌÉÓ ÈÅÉÓÄÁÄÁÆÄ. p - ÓÉÓÔÄÌÉÓ ÓÀÊÖÈÀÒÉ ßÒÉÖËÉ ÓÉáÛÉÒÄÀ ÃÀ ÉÂÉ 

ÔÏËÉÀ :  
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                                                         p
c
m

 .                                        (1.3) 

 1.2 ÂÀÍÔÏËÄÁÀ ÀÙßÄÒÓ ÂÀÍáÉËÖËÉ ÓÉÓÔÄÌÉÓ ÌÏÞÒÀÏÁÀÓ 

ÃÒÏÉÓ ÍÄÁÉÓÌÉÄÒ ÌÏÌÄÍÔÛÉ. ÀÌ ÂÀÍÔÏËÄÁÀÆÄ ÃÀÉÚÅÀÍÄÁÀ ÌÒÀÅÀËÉ 

ÀÌÏÝÀÍÄÁÉ ÒáÄÅÄÁÆÄ, ÒÏÌËÄÁÉÝ ÂÀÒÄÂÍÖËÀÃ ÓÒÖËÉÀÃ ÀÒ äÂÀÅÓ ÂÀÍ-

áÉËÖË ÓÉÓÔÄÌÀÓ. 

 ÝáÀÃÉÀ, ÉÂÉÅÄ ÂÀÍÔÏËÄÁÀ ÀÃÅÉËÀÃ ÂÀÌÏÉÚÅÀÍÄÁÀ Ä.ß. 

ÃÀËÀÌÁÄÒÉÓ ÐÒÉÍÝÉÐÉÈ, ÒÏÌÄËÉÝ ÓÀÛÖÀËÄÁÀÓ ÉÞËÄÅÀ, ÃÉÍÀÌÉÊÖÒÉ 

ÀÌÏÝÀÍÀ ÂÀÃÀÅßÚÅÉÔÏÈ ÓÔÀÔÉÊÖÒÉ áÄÒáÉÈ. ÄÓ ÐÒÉÍÝÉÐÉ ÌÃÂÏÌÀÒÄÏÁÓ 

ÛÄÌÃÄÂÛÉ. ÈÖ ÌÄØÀÍÉÊÖÒ ÓÉÓÔÄÌÀÓ ÌÏÅÃÄÁÈ ÉÍÄÒÝÉÉÓ ÞÀËÄÁÓ, ÌÀÛÉÍ 

ÉÍÄÒÝÉÉÓ ÞÀËÄÁÉ ÂÀßÏÍÀÓßÏÒÃÄÁÉÀÍ ÓÉÓÔÄÌÀÆÄ ÌÏØÌÄÃÉ ÂÀÒÄÛÄ 

ÞÀËÄÁÉÈ ÃÀ ÛÄÓÀÁÀÌÉÓÉ ÊÀÅÛÉÒÄÁÉÓ ÒÄÀØÝÉÄÁÉÈ. ÌÈËÉÀÍÀÃ ÓÉÓÔÄÌÀ ÊÉ 

ÛÄÉÞËÄÁÀ ÂÀÍÅÉáÉËÏÈ ÓÔÀÔÉÊÖÒ ßÏÍÀÓßÏÒÏÁÀÛÉ. 

 ÀÌÉÓ ÓÀÉËÖÓÔÒÀÝÉÏÃ ÃÀ ÉÌÉÓ ÂÀÌÏÓÀÒÉÝáÀÃ, ÒÏÌ ÓÉÓÔÄÌÉÓ 

ÓÀÊÖÈÀÒÉ ÓÉáÛÉÒÄ ÀÒÀÀ ÃÀÌÏÊÉÃÄÁÖËÉ ÆÀÌÁÀÒÉÓ ÓÉÅÒÝÄÛÉ 

ÏÒÉÄÍÔÀÝÉÀÆÄ, ÂÀÍÅÉáÉËÏÈ ÓÉÓÔÄÌÀ, ÒÏÃÄÓÀÝ ÆÀÌÁÀÒÀ ÃÀÊÉÃÄÁÖËÉÀ 

ÅÄÒÔÉÊÀËÖÒÀÃ (Éá. ÍÀá.1.2). ÀÌ ÌÃÂÏÌÀÒÄÏÁÀÛÉ ÔÅÉÒÈÆÄ ÌÏØÌÄÃÄÁÓ 

ÌÉÓÉ ßÏÍÀ mg ÃÀ ÆÀÌÁÀÒÉÓ ÒÄÀØÝÉÀ cfÓÔ  (fÓÔ - ÆÀÌÁÀÒÉÓ ÓÔÀÔÉÊÖÒÉ 

ßÀÂÒÞÄËÄÁÀÀ, ÒÏÌÄËÉÝ ÛÄÄÓÀÁÀÌÄÁÀ ÔÅÉÒÈÉÓ mg ßÏÍÀÓ). ÔÅÉÒÈÉÓ 

ßÏÍÀÓßÏÒÏÁÉÓ ÐÉÒÏÁÀÓ ÀØÅÓ ÛÄÌÃÄÂÉ ÓÀáÄ: 

                                                          mg - cfÓÔ  = 0,  

ÀÍÖ                                                                                                                            

                                                           cfÓÔ=mg.                                         (1.4)   
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ÍÀá. 1.2 

 ÈÖ ßÏÍÀÓßÏÒÏÁÉÓ ÌÃÂÏÌÀÒÄÏÁÀ ÃÀÒÙÅÄÖËÉÀ ÃÀ ÔÅÉÒÈÉ 

ÌÏÞÒÀÏÁÓ, ÃÒÏÉÓ ÌÚÉÓÉÄÒ ÌÏÌÄÍÔÛÉ ÔÅÉÒÈÆÄ ÌÏØÌÄÃÄÁÓ mg ßÏÍÉÓ 

ÞÀËÀ ÃÀ ÆÀÌÁÀÒÉÓ  ÒÄÀØÝÉÉÓ c(fÓÔ + y) ÞÀËÀ, ÓÀÃÀÝ y ÀÒÉÓ ÔÅÉÒÈÉÓ ÂÀ-

ÃÀáÒÀ ßÏÍÀÓßÏÒÏÁÉÓ ÌÃÂÏÌÀÒÄÏÁÉÃÀÍ. ÌÏÞÒÀÏÁÉÓ ÃÉ×ÄÒÄÍÝÉÀËÖÒ 

ÂÀÍÔÏËÄÁÀÓ ÊÉ ÄØÍÄÁÀ ÛÄÌÃÄÂÉ ÓÀáÄ:     

                                         - c (fÓÔ + y) + mg = m y
. .

                                   (1.5) 

 1.4 ÐÉÒÏÁÉÓ ÂÀÈÅÀËÉÓßÉÍÄÁÉÈ 1.5 ÂÀÍÔÏËÄÁÀ ÌÉÉÙÄÁÓ 1.2 

ÂÀÍÔÏËÄÁÉÓ ÀÍÀËÏÂÉÖÒ ÓÀáÄÓ. ÓÀáÄËÃÏÁÒ:  

                                                  y p y
..

 2 0 .                                        (1.6) 

 1.4 ÐÉÒÏÁÉÓ ÂÀÈÅÀËÉÓßÉÍÄÁÉÈ ÓÀÊÖÈÀÒÉ ÓÉáÛÉÒÉÓ ÂÀÌÏ-

ÓÀÈÅËÄË ×ÏÒÌÖËÀÓ ÛÄÉÞËÄÁÀ ÌÉÅÝÄÈ ÊÉÃÄÅ ÓáÅÀ ÓÀáÄ. ÊÄÒÞÏÃ, ÈÖ 

ÂÀÍÅÓÀÆÙÅÒÀÅÈ c ÓÉáÉÓÔÄÓ ÃÀ ÜÀÅÓÅÀÌÈ ÌÀÓ 1.3 - ÛÉ ÌÉÅÉÙÄÁÈ:  

                                                   p =      g / fÓÔ                                           (1.7) 

 1.2 ÂÀÍÔÏËÄÁÀ (ÀÓÅÄ 1.6-Ý) ÛÄÉÞËÄÁÀ ÃÀÊÌÀÚÏ×ÉËÃÄÓ ÈÖ 

ÌÉÅÉÙÄÁÈ, ÒÏÌ x = C1cospt ÀÍ x = C2sinpt, ÓÀÃÀÝ C1 ÃÀ C2 ÍÄÁÉÓÌÉÄÒÉ 
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ÌÖÃÌÉÅÄÁÉÀ. ÛÄÓÀÁÀÌÉÓÀÃ 1.2 - ÉÓ ÆÏÂÀÃÉ ÀÌÏáÓÍÀ ÌÉÉÙÄÁÀ ÀÌ ÏÒÉ ÂÀÃÀ-

ÀÃÂÉËÄÁÉÓ ÛÄãÀÌÄÁÉÈ, ÀÍÖ 

                                           x = C1cospt + C2sinpt                                     (1.8) 

   ÒÏÂÏÒÝ 1.8 ÀÌÏÍÀáÓÍÉÃÀÍ ÜÀÍÓ m ÌÀÓÉÓ ÌÏÞÒÀÏÁÀÓ ÀØÅÓ 

ÒáÄÅÉÈÉ áÀÓÉÀÈÉ, ÒÀÃÂÀÍ cospt ÃÀ sinpt ÐÄÒÉÏÃÖËÉ ×ÖÍØÝÉÄÁÉÀ 

ÃÒÏÛÉ. 1.8 ÂÀÍÔÏËÄÁÉÈ ßÀÒÌÏÃÂÄÍÉË ÒáÄÅÉÈ ÌÏÞÒÀÏÁÀÓ äÀÒÌÏÍÉ-

ÖËÉ ÌÏÞÒÀÏÁÀ ÄßÏÃÄÁÀ. 

 C1 ÃÀ C2 ÌÖÃÌÉÅÄÁÉÓ ÓÀÐÏÅÍÄËÀÃ ÓÀàÉÒÏÀ ÂÀÍÅÉáÉËÏÈ 

ÌÏÞÒÀÏÁÉÓ ÓÀßÚÉÓÉ ÐÉÒÏÁÄÁÉ. ÀÌÉÓÀÈÅÉÓ ÃÀÅÖÛÅÀÈ, ÒÏÌ ÃÒÏÉÓ 

ÓÀßÚÉÓ ÌÏÌÄÍÔÛÉ (t = 0) ÌÀÓÀÓ ÂÀÀÜÍÉÀ x0 ÂÀÃÀÀÃÂÉËÄÁÀ ßÏÍÀÓßÏÒÏÁÉÓ 

ÌÃÂÏÌÀÒÄÏÁÉÃÀÍ ÃÀ ÀÌÀÅÄ ÃÒÏÓ ÌÉÓÉ ÓÉÜØÀÒÄ ÀÒÉÓ x
.

0. ÈÖ 1.8 

ÂÀÍÔÏËÄÁÀÛÉ ÜÀÅÓÅÀÌÈ t = 0, ÌÉÅÉÙÄÁÈ:        

                                                        x0 = C1. 

 ÂÀÅÀßÀÒÌÏÏÈ 1.8 ÂÀÍÔÏËÄÁÀ ÃÒÏÉÓ ÌÉáÄÃÅÉÈ ÃÀ ÌÀÓÛÉÝ 

ÜÀÅÓÅÀÈ t = 0, ÌÀÛÉÍ ÌÉÅÉÙÄÁÈ: 

                                                       
x
p

Co

.

 2 .  

 ÈÖ  C1 ÃÀ C2  ÌÖÃÌÉÅÄÁÉÓ ÂÀÍÓÀÆÙÅÒÖË ÌÍÉÛÅÍÄËÏÁÄÁÓ 

ÜÀÅÓÅÀÌÈ ÓÀßÚÉÓ 1.8 ÂÀÍÔÏËÄÁÀÛÉ, ÌÉÅÉÙÄÁÈ: 

                                         x= x0 cospt + 
x
p
o

.

 sinpt.                                    (1.9) 

 ÒÏÂÏÒÝ 1.9 ÔÏËÏÁÉÃÀÍ ÜÀÍÓ ÌÀÓÉÓ ÒáÄÅÀ ÛÄÃÂÄÁÀ ÏÒÉ 

ÍÀßÉËÉÓÀÂÀÍ: ÒáÄÅÉÓÀÂÀÍ, ÒÏÌÄËÉÝ ÐÒÏÐÏÒÝÉÖËÉÀ cospt ÃÀ 

ÃÀÌÏÊÉÃÄÁÖËÉÀ ÌÀÓÉÓ ÓÀßÚÉÓ x0 ÂÀÃÀÀÃÂÉËÄÁÀÆÄ ÃÀ ÒáÄÅÉÓÀÂÀÍ, 
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ÒÏÌÄËÉÝ ÐÒÏÐÏÒÝÉÖËÉÀ sinpt ÃÀ ÃÀÌÏÊÉÃÄÁÖËÉÀ ÓÀßÚÉÓÉ x
.

0 

ÓÉÜØÀÒÄÆÄ. ÈÉÈÏÄÖËÉ ÀÙÍÉÛÍÖËÉ ÍÀßÉËÄÁÉÃÀÍ ÛÄÉÞËÄÁÀ 

ßÀÒÌÏÅÀÃÂÉÍÏÈ ÂÒÀ×ÉÊÖËÀÃ (Éá. ÍÀá. 3 À ÃÀ Á). ÒáÄÅÀÃÉ ÌÀÓÉÓ ÓÒÖËÉ 

ÂÀÃÀÀÃÂÉËÄÁÀ x ÃÒÏÉÓ ÍÄÁÉÓÌÉÄÒ ÌÏÌÄÍÔÛÉ ÌÉÉÙÄÁÀ ÀÌ ÏÒÉ ÌÒÖÃÉÓ 

ÏÒÃÉÍÀÔÄÁÉÓ ÛÄãÀÌÄÁÉÈ ÃÒÏÉÓ ÄÒÈÉÃÀÉÂÉÅÄ ÌÏÌÄÍÔÉÓÀÈÅÉÓ. ÒÉÓ 

ÛÄÃÄÂÀÃ ÌÉÉÙÄÁÀ ãÀÌÖÒÉ ÌÒÖÃÉ, ÍÀÜÅÄÍÄÁÉ ÍÀá. 1.3 Â-ÆÄ.   

 

 ÍÀá. 1.3 

ÌÀÓÉÓ ÌÏÞÒÀÏÁÉÓ 1.8 ÂÀÍÔÏËÄÁÀ ÛÄÉÞËÄÁÀ ÜÀÅßÄÒÏÈ ÊÉÃÄÅ 

ÓáÅÀ ÔÏËÏÁÉÓ ÓÀáÉÈÀÝ. ÀÌÉÓÀÈÅÉÓ ÛÄÌÏÅÉÙÏÈ ÀÙÍÉÛÅÍÄÁÉ: C1 = A sin  

ÃÀ  C2 = A cos. ÈÖ  ÌÀÈ ÜÀÅÓÅÀÌÈ 1.8 ÔÏËÏÁÀÛÉ ÛÄÓÀÁÀÌÉÓÀÃ ÌÉÅÉ-

ÙÄÁÈ:  

                                               x = Asin(pt + ),                                      (1.10) 

ÓÀÃÀÝ 

                                              A=      C1
2

 + C2
2  

 áÏËÏ                                     tg = 
C
C

1

2
.                                              (1.11) 
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           1.10 ÔÏËÏÁÉÓÀÈÅÉÓ ÀÌ ÏÒ ÖÊÀÍÀÓÊÍÄË ÂÀÌÏÓÀáÖËÄÁÀÓ ÄØÍÄÁÀ 

ÛÄÌÃÄÂÉ ÓÀáÄ: 

                                  ,

2.

2
0 














p
xxA      .

0

.
0

x

px
arctg                       (1.12) 

1.12 ÔÏËÏÁÄÁÛÉ A ÀÒÉÓ ÒáÄÅÉÓ ÌÀØÓÉÌÀËÖÒÉ ÀÌÐËÉÔÖÃÀ, 

áÏËÏ  - ÓÀßÚÉÓÉ ×ÀÆÀ ÃÀ ÉÓÉÍÉ ÂÀÍÉÓÀÆÙÅÒÄÁÉÀÍ ÓÀßÚÉÓÉ ÐÉÒÏÁÄÁÉÈ. 

áÏËÏ ÓÉÓÔÄÌÉÓ ßÒÉÖËÉ ÓÀÊÖÈÀÒÉ ÓÉáÛÉÒÄ p
c
m

  ÃÀ ÒáÄÅÉÓ ÐÄÒÉ-

ÏÃÉ T = 2
2




p
m
c

  ÓÀßÚÉÓÉ ÐÉÒÏÁÄÁÉÓÀÂÀÍ ÃÀÌÏÊÉÃÄÁÖËÍÉ ÀÒ 

ÀÒÉÀÍ.  

ÌÄØÀÍÉÊÖÒ ÒáÄÅÉÈ ÓÉÓÔÄÌÄÁÛÉ ÂÀÒÃÀ ÂÒÞÉÅÉ ÒáÄÅÄÁÉÓÀ áÛÉÒÀÃ 

ÂáÅÃÄÁÀ Ä.ß. ÂÒÄáÅÉÈÉ ÒáÄÅÄÁÉ. ÌÏÞÒÀÏÁÉÓ ÀÙÌßÄÒÉ ÃÉ×ÄÒÄÍÝÉ-

ÀËÖÒÉ ÂÀÍÔÏËÄÁÄÁÉ ÂÒÄáÅÉÈÉ ÒáÄÅÄÁÉÓ ÛÄÌÈáÅÄÅÀÛÉÝ ÀÍÀËÏÂÉÖÒÉÀ 

ÂÒÞÉÅÉ ÒáÄÅÄÁÉÓ ÂÀÍÔÏËÄÁÄÁÉÓÀ. ÀÌÉÓ ÓÀÉËÖÓÔÝÉÏÃ ÂÀÍÅÉáÉËÏÈ 

ÀÓÄÅÄ ÊÏÍÓÄÒÅÀÔÉÖËÉ ÓÉÓÔÄÌÀ ÄÒÈÉ ÈÀÅÉÓÖ×ËÄÁÉÓ áÀÒÉÓáÉÈ. l 

ÓÉÂÒÞÉÓ ÅÄÒÔÉÊÀËÖÒ ËÉËÅÆÄ ÃÀÌÀÂÒÄÁÖËÉÀ M ÌÀÓÉÓ ÌÒÂÅÀËÉ äÏÒÉ-

ÆÏÍÔÀËÖÒÉ ÃÉÓÊÏ (ÍÀá. 1.4). ÈÖ ÃÉÓÊÏÓ ÓÉÁÒÔÚÄÛÉ ÌÏÅÃÄÁÈ ÌÂÒÄáÀÅ 

ÌÏÌÄÍÔÓ, áÏËÏ ÛÄÌÃÂÏÌ ÓßÒÀ×ÀÃ ÌÏÅáÓÍÉÈ ÌÀÓ, ÀÙÉÞÅÒÄÁÀ ÂÒÄáÅÉÈÉ 

ÒáÄÅÄÁÉ. ÃÉÓÊÏÓ ÌÃÄÁÀÏÁÀ ÃÒÏÉÓ ÍÄÁÉÓÌÉÄÒ ÌÏÌÄÍÔÛÉ ÛÄÉÞËÄÁÀ ÂÀ-

ÍÉÓÀÆÙÅÒÏÓ ÌÉÓÉ ÌÏÁÒÖÍÄÁÉÓ  ÊÖÈáÉÈ. ËÉËÅÉÓ ÓÉáÉÓÔÄ ÂÒÄáÅÀÆÄ 

ÔÏËÉÀ: 

                                                      c
GJ
l

 ,                                             1.13 
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                                                         ÍÀá. 1.4 

ÓÀÃÀÝ G - ÞÅÒÉÓ ÌÏÃÖËÉÀ (ÌÐÀ), áÏËÏ J - ËÉËÅÉÓ ÂÀÍÉÅÊÅÄÈÉÓ 

ÉÍÄÒÝÉÉÓ ÌÏÌÄÍÔÉÀ (ÓÌ4). ÊÉÍÄÔÉÊÖÒÉ ÃÀ ÐÏÔÄÍÝÉÖÒÉ ÄÍÄÒÂÉÄÁÉÓ 

ÂÀÍÔÏËÄÁÄÁÓ ÌÏÝÄÌÖËÉ ÛÄÌÈáÅÄÅÉÓÈÅÉÓ ÄØÍÄÁÀÈ ÛÄÌÃÄÂÉ ÓÀáÄ: 

                               T Mr c 
1
2

1
2

2
2

2 
.

; ,                         1.14  

ÓÀÃÀÝ r - ËÉËÅÉÓ ÙÄÒÞÉÓ ÌÉÌÀÒÈ ÉÍÄÒÝÉÉÓ ÒÀÃÉÖÓÉÀ.  

 lagranJis ÂÀÍÔÏËÄÁÀÛÉ 1.14 ÔÏËÏÁÄÁÉÓ ÜÀÓÌÉÈ ÃÀ ÉÌÉÓ ÂÀ-

ÈÅÀËÉÓßÉÍÄÁÉÈ, ÒÏÌ ÂÀÍÆÏÂÀÃÄÁÖË ÊÏÏÒÃÉÍÀÔÀÓ ÀÌ ÛÄÌÈáÅÄÅÀÛÉ 

ßÀÒÌÏÀÃÂÄÍÓ ÌÏÁÒÖÍÄÁÉÓ ÊÖÈáÄ , ÌÉÅÉÙÄÁÈ 1.2 - ÉÓ ÀÍÀËÏÂÉÖÒ 

ÃÉ×ÄÒÄÍÝÉÀËÖÒ ÂÀÍÔÏËÄÁÀÓ ÂÒÄáÅÉÈÉ ÒáÄÅÄÁÉÓÀÈÅÉÓ: 

                                              Mr c2 0 
. .

,          

    ÀÍ                                                                          

                                                 
. .

, p2 0                                     1.15 

ÓÀÃÀÝ  p - ÂÒÄáÅÉÈÉ ÒáÄÅÄÁÉÓ ßÒÉÖËÉ ÓÉáÛÒÄÀ ÃÀ ÖÃÒÉÓ: 

                                                 p
c
Mr

 2 .                                       1.16                            
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§2. vibraciul sistemebSi Tavisufali rxevebis 

Caqroba winaaRmdegobis Zalebis moqmedebis 

dros 

 

 vibraciul manqanas muSaobis dros uxdeba sxva-

dasxva winaaRmdegobaTa daZleva. am winaaRmdegobaTa 

sididiTa da xasiaTiT ganisazRvreba mniSvnelovanwilad 

vibraciuli manqanebis muSa organoTa moZraobebis Tavise-

burebani da amZravis mier moxmarebuli energiis simZlav-

re. 

 vibraciuli manqanebis muSa organoebis rxeviTi 

moZraobebis energia ixarjeba mudmivi da sxvadasxva cva-

lebadi saxis winaaRmdegobaTa daZlevaze, romlebic aRiZ-

vrebian dasamuSavebel garemosTan maTi urTierTqmedebis, 

gadasaadgilebel tvirTze kinetikuri energiebis miniWe-

bis, gruntebisa da qanebis damsxvrevis da sxva samu-                       

SaoTa Sesrulebis dros. aRniSnuli energiebis sawarmoo 

danaxarjebis garda vibraciuli manqanebis amZravma unda 

gadalaxos rigi mavne winaaRmdegobebi. aseTebia: 

vibroamZravis lilvebis sakisrebsa da SemamWidroeblebSi 

xaxunis Zalebi; aseve xaxunis Zalebi kbilanur modebebSi; 

danakargebi vibroamZravis eleqtromagnitSi gamoyenebul 

foladSi; vibratoris korpusSi arsebuli zeTis mier 

gamowveuli blanti xaxuni da vibromanqanis drekad 

sistemaSi konstruqciuli da histerezisuli danakargebi. 
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 amrigad, vibraciuli manqanebis muSa organoebSi da 

maT konstruqciul elementebSi ZiriTadad moqmedeben 

winaaRmdegobis Semdegi Zalebi: blanti xaxuni, magaliTad 

vibrogiurzis betonSi CaRrmavebis dros; muSa organos 

dasamuSavebel garemosTan mudmivad moqmedi mSrali 

xaxunis Zalebi; molekuluri xaxuni drekad elementebSi 

da dartymiTi winaaRmdegobebi, romlebic moqmedeben 

vibraciul cxavebSi da vibraciul-satransporto danad-

garebSi muSa organos Sejaxebisas dasaxarisxebel masa-

lasTan an gadasaadgilebel tvirTTan. moqmedebis 

xasiaTis mixedviT es Zalebi SesaZlebelia iyos rogorc 

gareSe aseve Sinagani. 

 vibraciul manqanebSi moqmedi winaaRmdegobis Zale-

bis sididesa da moqmedebis xasiaTs sakmaod mniSvnelovni 

gavlena aqvT am manqanebis muSaobis reJimze. winaaRmdego-

bis Zalebis sididezea damokidebuli, rogorc amZravis 

energiis xarjva, aseve vibromanqanis mdgradi muSaoba. 

 vibraciuli manqanebis muSa reJimebis analizuri 

gamokvlevisas winaaRmdegobis Zalebis SedarebiT marti-

vad warmodgenas eqvemdebareba iseTi winaaRmdegobis Zale-

bi, romlebic proporciulia moZraobis siCqaris. Vibraci-

uli manqanebis gaangariSeba, romlebSic moqmedeben sxva 

saxis winaaRmdegobis Zalebi, umravles SemTxvevaSi 

sakmaod rTuldeba. sirTule dakavSirebulia imasTan, 

rom mSrali xaxunis dros, aseve masalebSi histerezisu-

li danakargebisa da dartymiTi winaaRmdegobisas, cxadi 
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saxiT analizuri gamosaxulebebis miReba SeuZlebeli 

xdeba. amis gamo, angariSebis gamartivebis mizniT iyeneben 

miaxloebiT meTods, rodesac sistemaSi moqmedi winaaRm-

degobis Zalebi icvleba eqvivalenturi sididis wina-

aRmdegobis ZalebiT, romlebic proporciulia moZraobis 

siCqaris.     

 ßÉÍÀ ÐÀÒÀÂÒÀ×ÛÉ ÂÀÍÅÉáÉËÄÈ ÉÓÄÈÉ ÒáÄÅÉÈÉ ÓÉÓÔÄÌÄÁÉ, 

ÒÏÌËÄÁÛÉÝ ÌÏØÌÄÃÄÁÃÍÄÍ ÌáÏËÏÃ ÃÒÄÊÀÃÉ ßÉÍÀÀÙÌÃÄÂÏÁÉÓ ÞÀËÄÁÉ. 

ÀÓÄÈÉ ÓÉÓÔÄÌÄÁÉ ÉßÏÃÄÁÉÀÍ ÉÃÄÀËÖÒ ÓÉÓÔÄÌÄÁÀÃ. ÒÄÀËÖÒÀÃ, 

ÍÄÁÉÓÌÉÄÒ ÌÄØÀÍÉÊÖÒ ÓÉÓÔÄÌÀÛÉ, ÃÀ ÒÏÂÏÒÝ ÆÄÌÏÈ ÀÅÙÍÉÛÍÄÈ ÀÒÀ  

ÌÀÒÔÏ ÌÀÓÛÉ, ÚÏÅÄËÈÅÉÓ ÌÏØÌÄÃÄÁÓ ÓáÅÀÃÀÓáÅÀ ×ÏÒÌÉÓ 

ßÉÍÀÀÙÌÃÄÂÏÁÉÓ ÞÀËÄÁÉ áÀáÖÍÉÓ ÞÀËÄÁÉÓ ÓÀáÉÈ. ÂÀÍÅÉáÉËÏÈ ÄÓ 

ÞÀËÄÁÉ blanti xaxunis saxiT. 

ÄÒÈÉ ÈÀÅÉÓÖ×ËÄÁÉÓ áÀÒÉÓáÉÓ ÌØÏÍÄ ÓÉÓÔÄÌÉÓ ÈÀÅÉÓÖ×ÀËÉ 

ÒáÄÅÄÁÉÓ ÛÄÓÀÓßÀÅËÀÃ, ÒÏÃÄÓÀÝ ÓÉÓÔÄÌÀÛÉ ÂÅÀØÅÓ ÁËÀÍÔÉ áÀáÖÍÉ, 

ÂÀÌÏÅÉÚÄÍÏÈ ËÀÂÒÀÍÑÉÓ ÂÀÍÔÏËÄÁÀ: 

                                        d
dt

T

q q
Q






. ,











   

                                 2.1 

ÓÀÃÀÝ Q  ÀÌ ÛÄÌÈáÅÄÅÀÛÉ ÀÒÉÓ ÁËÀÍÔÉ áÀáÖÍÉÓ ÂÀÍÆÏÂÀÃÄÁÖËÉ ÞÀËÀ. 

ÒÏÂÏÒÝ ÌÉÙÄÁÖËÉÀ, ÁËÀÍÔÉ áÀáÖÍÉÓ ÞÀËÀ ÐÒÏÐÏÒÝÉÖËÉÀ 

ÌÏÞÒÀÏÁÉÓ ÓÉÜØÀÒÉÓ, ÀÍÖ: 

                                                 R = kV                                                   2.2 

ÓÀÃÀÝ V - ÌÏÞÒÀÏÁÉÓ ÓÉÜØÀÒÄÀ, áÏËÏ k - áÀáÖÍÉÓ ÊÏÄ×ÉÝÉÄÍÔÉ. 

 ÈÖ ÂÀÌÏÅÉÚÄÍÄÁÈ ÂÀÍÆÏÂÀÃÄÁÖËÉ ÞÀËÉÓ ÞÉÒÉÈÀÃ ÂÀÌÏ-

ÓÀáÖËÄÁÀÓ ÃÀ ÌÀÓÛÉ ÛÄÅÉÔÀÍÈ 2.2 ÔÏËÏÁÀÓ, ÌÀÒÔÉÅÉ ÌÀÈÄÌÀÔÉÊÖÒÉ 
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ÂÀÒÃÀØÌÍÄÁÉÈ, ÒÏÌÄËÉÝ ÀáËÀ ÀÒ ÌÏÂÅÚÀÅÓ,  ÌÉÅÉÙÄÁÈ Ä.ß. ÒÄËÄÉÓ 

ÃÉÓÉÐÀÝÉÖÒ ×ÖÍØÝÉÀÓ, ÒÏÌÄËÓÀÝ ÀØÅÓ ÛÄÌÃÄÂÉ ÓÀáÄ:  

                                              ,
2
1 2.
qh                                               2.3 

ÓÀÃÀÝ h - ÓÉÁËÀÍÔÉÓ ÃÀÚÅÀÍÉËÉ ÊÏÄ×ÉÝÉÄÍÔÉÀ. 

 ÓÀÁÏËÏÏÃ ÂÀÍÆÏÂÀÃÄÁÖËÉ ÞÀËÀ, 2.3 ÂÀÍÔÏËÄÁÉÓ ÂÀÈÅÀËÉÓ-

ßÉÍÄÁÉÈ ÌÉÉÙÄÁÓ ÓÀáÄÓ: 

                                       Q
q

hq    





.

.
.                                     2.4 

         ÒÀÃÂÀÍ ßÉÍÀÍÃÄÁÖÒÀÃ T mq cq 
1
2

1
2

2
2

.
, , ÓÀÃÀÝ q ÂÀÍÆÏÂÀ-

ÃÄÁÖËÉ ÊÏÏÒÃÉÍÀÔÀ ÛÄÄÓÀÁÀÌÄÁÀ x ÂÀÃÀÀÃÂÉËÄÁÀÓ, 2.1 ÂÀÍÔÏËÄÁÀÛÉ 

ÚÅÄËÀ ÂÀÍÓÀÆÙÅÒÖËÉ ÓÉÃÉÃÉÓ ÜÀÓÌÉÈ ÌÉÅÉÙÄÁÈ: 

                                            mx hx cx
. . .

.   0                               2.5 

 2.5 ÂÀÍÔÏËÄÁÀ ÌÉÉÙÄÁÀ Ö×ÒÏ ÌÀÒÔÉÅÉ áÄÒáÉÈÀÝ, ÃÀËÀÌÁÄÒÉÓ 

ÐÒÉÍÝÉÐÉÓ ÂÀÌÏÚÄÍÄÁÉÈ. ÀÌÉÓÀÈÅÉÓ ÂÀÍÅÉáÉËÏÈ ÍÀá. 2.1 - ÆÄ ÂÀÌÏÓÀ-

áÖËÉ ÓØÄÌÀ. 

  

                                  
À)                                                    Á) 

ÍÀá. 2.1 

ÍÀá. 2.1 Á - ÆÄ ÂÀÌÏÓÀáÖËÉ ÌÀÓÉÓ ßÏÍÀÓßÏÒÏÁÉÓ ÐÉÒÏÁÀÓ 

ÄØÍÄÁÀ ÛÄÌÃÄÂÉ ÓÀáÄ: 
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                                                cx hx mx
. . .

.                                 2.6 

ÓÀÉÃÀÍÀÝ ÌÉÉÙÄÁÀ ÉÂÉÅÄ 2.5 ÂÀÍÔÏËÄÁÀ.ÀÙÅÍÉÛÍÏÈ  h/m = 2n  

ÃÀ  c/m = p2, ÒÉÓ ÛÄÃÄÂÀÃ ÌÉÅÉÙÄÁÈ ÓÀÁÏËÏÏÃ ÌÀÓÉÓ ÌÏÞÒÀÏÁÉÓ ÃÉ-

×ÄÒÄ ÍÝÉÀËÖÒ ÂÀÍÔÏËÄÁÀÓ: 

                                          x nx p x
. . .

.  2 02                                2.7 

 2.7 ÂÀÍÔÏËÄÁÉÓ ÀÌÏáÓÍÉÓÀÈÅÉÓ ÅÉÓÀÒÂÄÁËÏÈ ÌÖÃÌÉÅÊÏÄ×É-

ÝÉÄÍÔÄÁÉÀÍÉ ßÒ×ÉÅÉ ÃÉ×ÄÒÄÍÝÉÀËÖÒÉ ÂÀÍÔÏËÄÁÄÁÉÓ ÀÌÏáÓÍÉÓ 

ÜÅÄÖËÄÁÒÉÅÉ ÌÄÈÏÃÉÈ. ÀÌÉÓÀÈÅÉÓ ÌÉÅÉÙÏÈ, ÒÏÌ ÂÀÍÔÏËÄÁÉÓ ÀÌÏ-

ÍÀáÓÍÓ ÀØÅÓ ÛÄÌÃÄÂÉ ÓÀáÄ: 

                                                          x = e st ,                                         2.8 

ÓÀÃÀÝ e - ÍÀÔÖÒÀËÖÒÉ ËÏÂÀÒÉÈÌÉÓ ×ÖÞÄÀ, t  ÃÒÏÀ, s - ÌÖÃÌÉÅÉÀ, 

ÒÏÌÄËÉÝ ÖÍÃÀ ÂÀÍÉÓÀÆÅÒÏÓ ÉÌ ÐÉÒÏÁÉÈ, ÒÏÌ 2.8 ÔÏËÏÁÀ ÃÀÀÊÌÀ- 

ÚÏ×ÉËÄÁÓ 2.7 ÂÀÍÔÏËÄÁÀÓ.  

 2.8 - Ó ÜÀÓÌÉÈ 2.7 ÂÀÍÔÏËÄÁÀÛÉ ÌÉÅÉÙÄÁÈ ÌÀáÀÓÉÀÈÄÁÄË 

ÂÀÍÔÏËÄÁÀÓ:  

                                                s2 + 2ns + p2 = 0, 

ÒÏÌËÉÓ ×ÄÓÅÄÁÉ ÖÃÒÉÓ: 

                   s n n p n i p n       2 2 2 2 ,                2.9 

ÓÀÃÀÝ i  1 . 

 ãÄÒ ÂÀÍÅÉáÉËÏÈ ÛÄÌÈáÅÄÅÀ, ÒÏÃÄÓÀÝ ÁËÀÍÔ ßÉÍÀÀÙÌ-

ÃÄÂÏÁÀÆÄ ÃÀÌÏÊÉÃÄÁÖËÉ ÓÉÃÉÃÄ-n2 ÍÀÊËÄÁÉÀ p2- ÉÓ ÓÉÃÉÃÄÆÄ. ÀÓÄÈ 

ÛÄÌÈáÅÄÅÀÛÉ: 

                                         ,22 npp                                   2.10 

ÃÀÃÄÁÉÈÉ ÓÉÃÉÃÄÀ ÃÀ s - ÓÀÈÅÉÓ ÂÅÄØÍÄÁÀ ÏÒÉ ÊÏÌÐËÄØÓÖÒÉ ×ÄÓÅÉ: 
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                         s1 = - n + pi  ÃÀ   s2 = - n - pi. 

 ÌÉÙÄÁÖËÉ ×ÄÓÅÄÁÉÓ ÜÀÓÌÉÈ 2.8 ÔÏËÏÁÀÛÉ ÌÏÅÞÄÁÍÉÈ 2.7 

ÂÀÍÔÏËÄÁÉÓ ÏÒ ÊÄÒÞÏ ÀÌÏÍÀáÓÍÓ. ÀÌ ÏÒÉ ÀÌÏÍÀáÓÍÉÓ ãÀÌÉ ÀÍ ÓáÅÀÏÁÀ, 

ÂÀÌÒÀÅËÄÁÖËÉ ÍÄÁÉÓÌÉÄÒ ÌÖÃÌÉÅÆÄ, ÀÓÄÅÄ ÉØÍÄÁÀ ÀÌÏÍÀáÓÍÉ. ÀÌÒÉÂÀÃ, 

ÀÌÏÍÀáÓÍÄÁÓ ÄØÍÄÁÀÈ ÛÄÌÃÄÂÉ ÓÀáÄ: 

 

  .sin
2

,cos
2

/
2

2
2

/
1

1
1

21

21

tpeCeeCx

tpeCeeCx

nttsts

nttsts








 

 ÈÖ ÏÒ ÖÊÀÍÀÓÊÍÄË ÔÏËÏÁÄÁÓ ÛÄÅÊÒÄÁÈ, ÌÉÅÉÙÄÁÈ 2.7 

ÂÀÍÔÏËÄÁÉÓ ÆÏÂÀÃ ÀÌÏÍÀáÓÍÓ, ÀÍÖ: 

                                 ,sincos /
2

/
1 tpCtpCx                          2.11 

ÀÍ ÊÉÃÄÅ, ßÉÍÀ ÛÄÌÈáÅÄÅÉÓ ÀÍÀËÏÂÉÖÒÀÃ 

                                           ,sin   tpeAx nt                           2.12 

ÓÀÃÀÝ: 

                                   A C C tg
C
C

  1
2

2
2 1

2
, .  

 2.11 ÀÌÏÍÀáÓÍÛÉ e-nt ÌÀÌÒÀÅËÉ ÃÒÏÛÉ ÈÀÍÃÀÈÀÍ ÌÉÉËÄÅÀ ÃÀ 

ÃÀÓÀßÚÉÓÛÉ ÀÙÞÒÖËÉ ÒáÄÅÄÁÉÝ ÈÀÍÃÀÈÀÍÏÁÉÈ ÜÀØÒÄÁÀ. 

 C1 ÃÀ C2 ÌÖÃÌÉÅÄÁÉÓ ÓÀÐÏÅÍÄËÀÃ 2.11 ÔÏËÏÁÀÛÉ ÃÀÅÖÛÅÀÈ, 

ÒÏÌ t = 0 ÃÒÏÉÓ ÌÏÌÄÍÔÛÉ ÒáÄÅÀÃÉ ÓáÄÖËÉ ÂÀÃÀáÒÉËÉÀ ÌÉÓÉ 

ßÏÍÀÓßÏÒÏÁÉÓ ÌÃÄÁÀÒÄÏÁÉÃÀÍ x0 ÌÀÍÞÉËÆÄ ÃÀ ÂÀÀÜÍÉÀ x
.

0  ÓÉÜØÀÒÄ. 

2.11 ÂÀÍÔÏËÄÁÀÛÉ t = 0 - ÉÓ ÜÀÓÌÉÈ ÌÉÅÉÙÄÁÈ:                                        

                                                        C1 = x0. 
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ÉÂÉÅÄ ÂÀÌÏÓÀáÖËÄÁÉÓ ÃÒÏÛÉ ÂÀßÀÒÌÏÄÁÉÈ ÃÀ  x
.

0  - ÈÀÍ ÌÉÓÉ 

ÂÀÔÏËÄÁÉÈ t = 0 ÃÒÏÓ, ÌÉÅÉÙÄÁÈ: 

                                               C
x nx
p2

0 0



.

. 

 C1 ÃÀ C2 ÂÀÍÓÀÆÙÅÒÖË ÌÍÉÛÅÍÄËÏÁÄÁÓ ÈÖ ÜÀÅÓÅÀÌÈ 2.11 

ÂÀÍÔÏËÄÁÀÛÉ, ÌÉÅÉÙÄÁÈ: 

                     x e x p t
x nx
p

p tnt  



















0

0 0cos sin .
.

                2.13 

 ÓÀÁÏËÏÏÃ 2.11 ÂÀÍÔÏËÄÁÉÓ ÆÏÂÀÃÉ ÀÌÏÍÀáÓÍÉ 2.10 ÔÏËÏÁÉÓ 

ÂÀÈÅÀËÉÓßÉÍÄÁÉÈ ÌÉÉÙÄÁÓ ÛÄÌÃÄÂ ÓÀáÄÓ: 

        x e x p n t
x nx
p n

p n tnt  




















0

2 2 0
2 2

2 2cos sin .
.

    2.14 

 ÓáÅÀ ×ÏÒÌÉÈ ÊÉ ÆÏÂÀÃ ÀÌÏÍÀáÓÍÓ ÄØÍÄÁÀ ÛÄÌÃÄÂÉ ÓÀáÄ: 

                                    x Ae p n tnt   sin ,2 2                        2.15 

ÓÀÃÀÝ:               

A x
x nx

p n
arctg

x p n

x nx
 




 










0
2

0 0

2

2 2
0

2 2

0 0

.

.; .  

 ÒÏÂÏÒÝ 2.14 - ÃÀÍ (ÀÓÄÅÄ 2.15 - ÃÀÍÀÝ) ÜÀÍÓ, ÒÏÌ ÓÉÓÔÄÌÉÓ 

ÓÀßÚÉÓÉ ÐÉÒÏÁÄÁÉÈ ÌÉÍÉàÄÁÖËÉ ÒáÄÅÄÁÉ ÂÀÒÊÅÄÖËÉ ÃÒÏÉÓ ÛÄÌÃÄÂ 

ÌÉÉËÄÅÉÀÍ ÌÀÈÛÉ e-nt ßÄÅÒÉÓ ÀÒÓÄÁÏÁÉÓ ÂÀÌÏ. 
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 ÂÀÃÀÀÃÂÉËÄÁÄÁÉÓ ÏÒÉ ÈÀÍÌÉÌÃÄÅÒÖËÉ ÐÉÊÖÒÉ ÌÍÉÛÅÍÄËÏÁÄ-

ÁÉÓ ÛÄ×ÀÒÃÄÁÀ (ÔÄÒÌÉÍÉ “ÒáÄÅÉÓ ÀÌÐËÉÔÖÃÀ” ÀÌ ÛÄÌÈáÅÄÅÀÛÉ ÀÒ ÛÄÉÞ-

ËÄÁÀ ÉØÍÀÓ ÂÀÌÏÚÄÍÄÁÖËÉ, ÒÀÃÂÀÍ ÉÂÉ ÀÒ ÀÓÀáÀÅÓ ÀÌÐËÉÔÖÃÉÓ ÝÍÄ-

ÁÀÓ), ÌÖÃÌÉÅÉÀ ÌÈÄËÉ ÌÉËÄÅÉÓ ÐÄÒÉÏÃÉÓ ÂÀÍÌÀÅËÏÁÀÛÉ ÃÀ ÖÃÒÉÓ: 

                                       ,......
13

2

2

1 nt

j

j e
A
A

A
A

A
A




 

ÀÍÖ ÐÉÊÖÒÉ ÌÍÉÛÅÍÄËÏÁÄÁÉÓ ÈÀÍÌÉÌÃÄÅÒÏÁÀ ÛÄÀÃÂÄÍÓ ÂÄÏÌÄÔÒÉÖË 

ÐÒÏÂÒÄÓÉÀÓ. ÛÄÓÀÁÀÌÉÓÀÃ, ÈÖ ÂÀÅÀËÏÂÀÒÉÈÌÄÁÈ ßÉÍÀ ÔÏËÏÁÄÁÓ, j - Ó 

ÍÄÁÉÓÌÉÄÒÉ ÌÍÉÛÅÍÄËÏÁÉÓÈÅÉÓ ÓÀÌÀÒÈËÉÀÍÉ ÉØÍÄÁÀ ÛÄÌÃÄÂÉ ÔÏËÏÁÀ: 

                                              


nT
A
A

j

j
ln

1
.                                   2.16 

  - Ó ÒáÄÅÄÁÉÓ ËÏÂÀÒÉÈÌÖËÉ ÃÄÊÒÄÌÄÍÔÉ ÄßÏÃÄÁÀ, ÀÍ ÛÄÌÏÊ-

ËÄÁÉÈ ËÏÂÀÒÉÈÌÖËÉ ÃÄÊÒÄÌÄÍÔÉ ÃÀ áÛÉÒÀÃ ÂÀÌÏÉÚÄÍÄÁÀ ÒáÄÅÀÃ 

ÓÉÓÔÄÌÄÁÛÉ ÌÀÈÉ ÃÉÓÉÐÀÝÉÖÒÉ ÈÅÉÓÄÁÄÁÉÓ ÃÀÌÀáÀÓÉÀÈÄÁÄË ÓÉÃÉÃÄÃ.  

 ÌÀÓÉÓ ÒáÄÅÄÁÉÓ ÌÉËÄÅÉÓ ÂÒÀ×ÉÊÉ ÍÀÜÅÄÍÄÁÉÀ ÍÀá. 2.2 - ÆÄ. ÉØÅÄÀ 

ÓÀÈÀÍÀÃÏ ÀÙÍÉÛÅÍÄÁÉÝ.  

ÌÉËÄÅÀÃÉ ÒáÄÅÉÓ ÐÄÒÉÏÃÉ T ÊÉ ÖÃÒÉÓ: 

                                           T
p p n







2 2
2 2

 
.                              2.17 

ÃÀÅÀÌÚÀÒÏÈ ÃÀÌÏÊÉÃÄÁÖËÄÁÀ p - ÌÉËÄÅÉÓ ßÒÉÖË ÓÉáÛÉÒÄÓ, p – ÓÀÊÖ-

ÈÀÒ  ßÒÉÖË  ÓÉáÛÉÒÄÓÀ  ÃÀ   - ËÏÂÀÒÉÈÌÖË ÃÄÊÒÄÌÄÍÔÓ ÛÏÒÉÓ. ÀÌÉ-

ÓÀÈÅÉÓ ËÏÂÀÒÉÈÌÖËÉ ÃÄÊÒÄÌÄÍÔÉÓ ×ÏÒÌÖËÉÃÀÍ: 


 

 





nT
n
p

n
p n

2 2
2 2

, 
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                                                              ÍÀá. 2.2    

ÂÀÍÅÓÀÆÙÅÒÏÈ n2,  

                                            n p2 2

2

2
2

1
2

























.                  

                ÃÀ ÜÀÅÓÅÀÈ ÉÂÉ 2.10 ÔÏËÏÁÀÛÉ, ÌÉÅÉÙÄÁÈ: 

                                      










p p n
p2 2

2

1
2



.                      2.18 

 2.18 ÂÀÌÏÓÀáÖËÄÁÉÃÀÍ ÜÀÍÓ, ÒÏÌ ÓÀÊÌÀÏÃ ÌÍÉÛÅÍÄËÏÅÀÍÉ 

ÜÀØÒÏÁÉÓ ÃÒÏÓÀÝ ÊÉ, ÌÉËÄÅÀÃÉ ÒáÄÅÄÁÉÓ p ÓÉáÛÉÒÄ, ÌÝÉÒÄÃ 

ÂÀÍÓáÅÀÅÃÄÁÀ ÓÀÊÖÈÀÒÉ ÒáÄÅÄÁÉÓ p ÓÉáÛÉÒÉÓÀÂÀÍ. 

 ÆÄÌÏÈ ÌÏÚÅÀÍÉË ÀÍÀËÉÆÖÒ ÂÀÌÏÓÀáÖËÄÁÄÁÛÉ ÅÈÅËÉÃÉÈ, 

ÒÏÌ  p2   n2. ÈÖ ÐÉÒÉØÉÈÀÀ, Ä.É. p2   n2, ÌÀÛÉÍ 2.9 ÔÏËÏÁÉÓ ÏÒÉÅÄ 

×ÄÓÅÉ ÉØÍÄÁÀ ÍÀÌÃÅÉËÉ, ÌÀÂÒÀÌ ÖÀÒÚÏ×ÉÈÉ ÒÉÝáÅÄÁÉ. ÌÀÈÉ ÜÀÓÌÉÈ 2.8 

ÂÀÌÏÓÀáÖËÄÁÀÛÉ ÌÉÅÉÙÄÁÈ 2.7 ÂÀÍÔÏËÄÁÉÓ ÏÒ ÊÄÒÞÏ ÀÌÏÍÀáÓÍÓ, ÃÀ 

ÀÌ ÂÀÍÔÏËÄÁÉÓ ÆÏÂÀÃÉ ÀÌÏÍÀáÓÍÉ ÌÉÉÙÄÁÓ ÛÄÌÃÄÂ ÓÀáÄÓ:  
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                                       x C e C es t s t 1 2
1 2 .                             2.19 

 ÄÓ ÖÊÀÍÀÓÊÍÄËÉ ÀÌÏÍÀáÓÍÉ ÀÒ ÛÄÉÝÀÅÓ ÐÄÒÉÏÃÖË ßÄÅÒÓ ÃÀ 

ÛÄÓÀÁÀÌÉÓÀÃ ÀÒ ßÀÒÌÏÀÃÂÄÍÓ ÒáÄÅÉÈ ÌÏÞÒÀÏÁÀÓ. ÁËÀÍÔÉ áÀáÖÍÉ 

ÉÌÃÄÍÀÃ ÃÉÃÉÀ, ÒÏÌ ßÏÍÀÓßÏÒÏÁÉÃÀÍ ÂÀÃÀáÒÉËÉ ÓáÄÖËÉ ÊÉ ÀÒ 

ÉÒáÄÅÀ, ÀÒÀÌÄÃ ÌÏÍÏÔÏÍÖÒÀÃ ÖÁÒÖÍÃÄÁÀ ÓÀßÚÉÓ ÌÃÄÁÀÒÄÏÁÀÓ. 

 ÀÒÓÄÁÏÁÓ p ÃÀ n - Ó ÛÏÒÉÓ ÃÀÌÏÊÉÃÄÁÖËÄÁÉÓ ÊÉÃÄÅ ÌÄÓÀÌÄ 

ÛÄÌÈáÅÄÅÀ, ÒÏÃÄÓÀÝ p = n. ÀÌ ÛÄÌÈáÅÄÅÀÓ ÃÄÌÐ×ÉÒÄÁÉÓ ÊÒÉÔÉÊÖËÉ 

ÌÍÉÛÅÍÄËÏÁÀ ÄßÏÃÄÁÀ. ÀÌ ÛÄÌÈáÅÄÅÀÛÉ ÓÉÁËÀÍÔÉÓ ÊÏÄ×ÉÝÉÄÍÔÉÓ ÊÒÉ-

ÔÉÊÖËÉ ÌÍÉÛÅÍÄËÏÁÀ ÔÏËÉÀ: 

                                                       hÊÔ  = 2 mc .                                     2.20 

 ÁÏËÏÓ, ÛÄÍÉÛÅÍÉÓ ÓÀáÉÈ ÓÀàÉÒÏÀ ÀÙÅÍÉÛÍÏÈ. ÆÄÌÏÈ ÜÅÄÍ 

ÚÏÅÄËÈÅÉÓ ÅÂÖËÉÓáÌÏÁÃÉÈ, ÒÏÌ n ÉÚÏ ÃÀÃÄÁÉÈÉ ÓÉÃÉÃÄ, ÀÍÖ 

ßÀÒÌÏÀÃÂÄÍÃÀ ßÉÍÀÀÙÌÃÄÂÏÁÉÓ ÞÀËÀÓ. ÒÀÝ ÍÉÛÍÀÅÃÀ, ÒÏÌ ÌÉÓÉ ÌÏØ-

ÌÄÃÄÁÉÓ ÛÄÃÄÂÀÃ ÒáÄÅÄÁÉÓ ÐÉÊÖÒÉ ÌÍÉÛÅÍÄËÏÁÄÁÉ ÈÀÍÃÀÈÀÍÏÁÉÈ 

ÌÝÉÒÃÄÁÏÃÀ. ÌÀÂÒÀÌ ÀÒÓÄÁÏÁÓ ÛÄÌÈáÅÄÅÄÁÉ, ÒÏÃÄÓÀÝ ÓÉÓÔÄÌÀÓ 

ÌÉÄßÏÃÄÁÀ ÄÍÄÒÂÉÀ ÃÀ ÀÌÉÓ ÂÀÌÏ ÒáÄÅÄÁÉÓ ÀÌÐËÉÔÖÃÄÁÉ ÃÒÏÛÉ 

ÉÆÒÃÄÁÀ. ÀÌ ÛÄÌÈáÅÄÅÀÛÉ áÛÉÒÀÃ áÌÀÒÏÁÄÍ ÔÄÒÌÉÍÓ “ÖÀÒÚÏ×ÉÈÉ ÜÀØ-

ÒÏÁÀ”. 2.14 ÀÌÏÍÀáÓÍÉÃÀÍ ÜÅÄÍ ÅáÄÃÀÅÈ, ÒÏÌ ÈÖ n ÖÀÒÚÏ×ÉÈÉÀ, ÌÀÛÉÍ 

e-nt ÌÀÌÒÀÅËÉ ÃÒÏÛÉ ÉÆÒÃÄÁÀ ÃÀ ÛÄÓÀÁÀÌÉÓÀÃ ÒáÄÅÄÁÉÓ ÀÌÐËÉÔÖÃÄÁÉÝ 

ÉÆÒÃÄÁÀ. ÀÌÉÔÏÌ, ÒÏÃÄÓÀÝ ÂÅÀØÅÓ ÃÀÃÄÁÉÈÉ n ÃÀ ÒáÄÅÄÁÉ ÌÉÉËÄÅÉÀÍ, 

ÓÉÓÔÄÌÀÛÉ ÀÃÂÉËÉ ÀØÅÓ ÌÃÂÒÀÃ ÌÏÞÒÀÏÁÀÓ, áÏËÏ ÖÀÒÚÏ×ÉÈÉ n - ÉÓ 

ÛÄÌÈáÅÄÅÀÛÉ ÊÉ ÂÅÀØÅÓ ÀÒÀÌÃÂÒÀÃÉ ÌÏÞÒÀÏÁÄÁÉ. 

ÌÛÒÀËÉ áÀáÖÍÉ. ÂÀÍÅÉáÉËÏÈ ÓØÄÌÀ, ÂÀÌÏÓÀáÖËÉ 1.1 ÍÀáÀÆÆÄ, ÒÏÃÄÓÀÝ 

m ÌÀÓÀ ÃÄÅÓ áÏÒÊËÉÀÍ ÆÄÃÀÐÉÒÆÄ ÃÀ ÌÀÈ ÛÏÒÉÓ ÌÏØÌÄÃÄÁÓ ÌÛÒÀËÉ 

áÀáÖÍÉÓ ÞÀËÄÁÉ. áÀáÖÍÉÓ ÞÀËÀ ÌÏØÌÄÃÄÁÓ ÌÀÓÀÆÄ ÌÖÃÌÉÅÀÃ, áÏËÏ ÌÉÓÉ 

ÌÉÌÀÒÈÖËÄÁÀ ÚÏÅÄËÈÅÉÓ ÌÉÌÀÒÈÖËÉÀ ÌÏÞÒÀÏÁÉÓ ÓÀßÉÍÀÀÙÌÃÄÂÏÃ. 
 24

ÀÓÄÈÉ ÓÉÓÔÄÌÉÓ ÈÀÅÉÓÖ×ÀËÉ ÒáÄÅÄÁÉÓ ÌÏÞÒÀÏÁÉÓ ÂÀÍÔÏËÄÁÀÓ ÀØÅÓ 

ÛÄÌÃÄÂÉ ÓÀáÄ: 

                                             mx cx R
. .

,  0 0                                  2.21 

ÓÀÃÀÝ ÍÉÛÀÍÉ ÐËÉÖÓÉ ÛÄÄÓÀÁÀÌÄÁÀ ÌÏÞÒÀÏÁÉÓ ÉÌ ÄÔÀÐÓ, ÒÏÃÄÓÀÝ 

ÓÉÜØÀÒÄ ÃÀÃÄÁÉÈÉÀ, áÏËÏ ÍÉÛÀÍÉ ÌÉÍÖÓÉ - ÌÏÞÒÀÏÁÉÓ ÄÔÀÐÓ, ÒÏÃÄÓÀÝ 

ÓÉÜØÀÒÄ ÖÀÒÚÏ×ÉÈÉÀ. ÌÈËÉÀÍÀÃ ÌÏØÌÄÃÉ F = cx  R0 ÞÀËÉÓ 

ÃÀÌÏÊÉÃÄÁÖËÄÁÀ x ÂÀÃÀÀÃÂÉËÄÁÉÓÀÂÀÍ ÍÀÜÅÄÍÄÁÉÀ ÍÀá. 2.3 - ÆÄ. 

ÜÀÅßÄÒÏÈ 2.21 ÂÀÍÔÏËÄÁÀ ÛÄÌÃÄÂÉ ÓÀáÉÈ: 

                                         mx cx R x
. . .

sgn .  0 0                           2.22 

 
ÍÀá. 2.3                                                           ÍÀá. 2.4 

sgn x
.
 ×ÖÍØÝÉÀ (ÉÊÉÈáÄÁÀ ÒÏÂÏÒÝ x

.
 - Ó ×ÖÍØÝÉÀ ÀÍ ÓÉÂÍÖÌ x

.
) 

ÀÒÉÓ ÄÒÈÄÖËÉ ×ÖÍØÝÉÀ ÃÀ ÌÀÓ ÀØÅÓ ÀÒÂÖÌÄÍÔÉÓ ÍÉÛÀÍÉ (ÍÀá. 2.4). 

ÒÏÃÄÓÀÝ x
.
0  sgnx

.
 = 1, áÏËÏ ÒÏÃÄÓÀÝ x

.
 0  sgnx

.
 = 1.  x

.
 = 0  

ÛÄÌÈáÅÄÅÛÉ ÊÉ sgnx
.
 = 0. 
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2.22 ÂÀÍÔÏËÄÁÀ ÛÄÉÝÀÅÓ ÀÒÀßÒ×ÉÅ ÛÄÓÀÊÒÄÁÓ. ÀÌÉÓ ÌÉÖáÄÃÀ-

ÅÀÃ ÀÌ ÂÀÍÔÏËÄÁÉÓ ÀÌÏÍÀáÓÍÉÓ ÌÉÙÄÁÀ ÀÃÅÉËÉÀ ÈÖ ÂÀÍÅÉáÉËÀÅÈ 

ÈÀÍÌÉÌÃÄÅÒÏÁÉÈ ÌÏÞÒÀÏÁÉÓ ÉÌ ÉÍÔÄÒÅÀËÄÁÓ, ÒÏÌÄËÈÀÂÀÍ 

ÈÉÈÏÄÖËÛÉ ÓÉÜØÀÒÉÓ ÍÉÛÀÍÉ ÌÖÃÌÉÅÉÀ. 

 ÂÀÃÀÅáÀÒÏÈ ÌÀÓÀ ÂÀÍÀÐÉÒÀ ÌÀÒãÅÄÍÀ ÌÃÄÁÀÒÄÏÁÀÛÉ A 

ÓÉÃÉÃÄÆÄ  ÃÀ  ÂÀÅÖÛÅÀÈ  ÉÂÉ  ÓÀßÚÉÓÉ ÓÉÜØÀÒÉÓ ÂÀÒÄÛÄ. ÀÌ ÛÄÌÈáÅÄÅÀ-

ÛÉ ÓÀßÚÉÓÉ ÐÉÒÏÁÄÁÉÀ: 

                                                  x0 = A,       x
.

0 = 0. 

 ÆÀÌÁÀÒÉÓ ÃÀàÉÌÖËÏÁÉÓ ÞÀËÉÓ ÂÀÅËÄÍÉÈ ÐÉÒÅÄË ÄÔÀÐÆÄ ÌÀÓÀ 

ÉÌÏÞÒÀÅÄÁÓ ÌÀÒÝáÍÉÅ (x
.

0  0) ÃÀ ÌÏÞÒÀÏÁÉÓ ÂÀÍÔÏËÄÁÀÓ ÄØÍÄÁÀ 

ÛÄÌÃÄÂÉ ÓÀáÄ: 

                                               mx cx R
. .

  0 0 , 

ÀÍ ÈÖ ÛÄÌÏÅÉÙÄÁÈ ÀÙÍÉÛÅÍÀÓ: 

                                            c / m = p2   ÃÀ   R0 / c = a, 

ÌÉÅÉÙÄÁÈ: 

                                                    x p x p a
. .

. 2 2                                   2.23 

 ÊÏÄ×ÉÝÉÄÍÔÉ a ßÀÒÌÏÀÃÂÄÍÓ ÌÀÓÉÓ ÂÀÃÀáÒÀÓ áÀáÖÍÉÓ ÞÀËÉÓ 

ÌÀØÓÉÌÀËÖÒÉ ÌÍÉÛÅÍÄËÏÁÉÓ ÃÒÏÓ. ÌÀÓÉÓ ÂÀÃÀáÒÉÓÀÓ a - Ó ÔÏËÉ ÀÍ 

ÌÀÓÆÄ ÍÀÊËÄÁÉ ÌÍÉÛÅÍÄËÏÁÉÓ ÃÒÏÓ ÌÏÞÒÀÏÁÀ ÀÒ ÃÀÉßÚÄÁÀ, ÒÀÃÂÀÍ 

ÆÀÌÁÀÒÉÓ ÃÒÄÊÀÃÏÁÉÓ ÞÀËÄÁÉ ÓÀÊÌÀÒÉÓÉ ÀÒÀÀ áÀáÖÍÉÓ ÞÀËÄÁÉÓ 

ÃÀÓÀÞËÄÅÀÃ ( - a  x  + a ÆÏÍÀÓ ÖÞÒÀÏÁÉÓ ÆÏÍÀ ÄßÏÃÄÁÀ). ÛÄÓÀÁÀÌÉÓÀÃ 

2.23 ÂÀÍÔÏËÄÁÀÓ ÀÃÂÉËÉ ÀØÅÓ ÌáÏËÏÃ A  a ÛÄÌÈáÅÄÅÀÛÉ. 

 2.23 ÂÀÍÔÏËÄÁÉÓ ÆÏÂÀÃ ÀÌÏÍÀáÓÍÓ ÄØÍÄÁÀ ÛÄÌÃÄÂÉ ÓÀáÄ: 
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                                        x = a + C1 cos pt + C2 sin pt. 

 ÀÌ ÖÊÀÍÀÓÊÍÄË ÂÀÍÔÏËÄÁÀÛÉ ÆÄÌÏÈ ÌÏÚÅÀÍÉËÉ ÓÀßÚÉÓÉ 

ÐÉÒÏÁÄÁÉÓ ÜÀÓÌÉÈ ÌÉÅÉÙÄÁÈ: 

                                               x = a + (A - a) cos pt.                                  2.24 

 2.24 ÔÏËÏÁÉÈ ÂÀÍÓÀÆÙÅÒÖËÉ ÌÏÞÒÀÏÁÀ ÓÀÌÀÒÈËÉÀÍÉÀ ÌÀ-

ÍÀÌ, ÅÉÃÒÄ ÓÒÖËÃÄÁÀ ÐÉÒÏÁÀ x
.
 0.  

 ÒÀÃÂÀÍ,               

                                             x p A a pt
.

sin   , 

ÀÌÉÔÏÌ ÌÏÞÒÀÏÁÉÓ ÓÉÜØÀÒÄ ÉØÍÄÁÀ ÖÀÒÚÏ×ÉÈÉ ÃÒÏÉÓ t1 ÌÏÌÄÍÔÀÌÃÄ, 

ÒÏÌÄËÉÝ ÂÀÍÉÓÀÆÙÅÒÄÁÀ ÛÄÌÃÄÂÉ ÐÉÒÏÁÉÈ:      

                                                          pt1 =. 

 ÀÌ ÐÉÒÏÁÉÓ ÛÄÓÒÖËÄÁÉÓ ÃÒÏÓ ÌÀÓÀ ÂÀÜÄÒÃÄÁÀ. ÌÉÓÉ ÂÀÃÀ-

ÀÃÂÉËÄÁÀ ÊÉ ÔÏËÉ ÉØÍÄÁÀ: 

                                      x = a + (A - a) cos  = - (A - 2a). 

 ÒÏÂÏÒÝ ÁÏËÏ ÔÏËÏÁÉÃÀÍ ÜÀÍÓ áÀáÖÍÉÓ ÂÀÅËÄÍÉÈ ÌÀÓÉÓ 

ÂÀÃÀÀÃÂÉËÄÁÀ ÛÄÌÝÉÒÃÀ 2a - Ó ÔÏËÉ ÀÁÓÏËÖÔÖÒÉ ÌÍÉÛÅÍÄËÏÁÉÈ. 

 ÂÀÜÄÒÄÁÉÓ ÛÄÌÃÄÂ ÌÀÓÀ ÃÀÉßÚÄÁÓ ÌÏÞÒÀÏÁÀÓ ÌÀÒãÅÍÉÅ. ÈÖ 

ÂÀÅÉÌÄÏÒÄÁÈ ÆÄÌÏÈ ÌÏÚÅÀÍÉË ÂÀÀÍÂÀÒÉÛÄÁÄÁÓ, ÛÄÉÞËÄÁÀ ÅÀÜÅÄÍÏÈ, 

ÒÏÌ ÌÀÒÝáÍÉÃÀÍ ÌÀÒãÅÍÉÅ ÌÏÞÒÀÏÁÀÝ ÂÒÞÄËÃÄÁÀ  / p ÃÒÏÉÓ 

ÂÀÍÌÀÅËÏÁÀÛÉ. ÌÀÒÝáÍÉÅ ÌÀØÓÉÌÀËÖÒÉ ÂÀÃÀáÒÀ ÔÏËÉÀ A - 4a. 

ÌÏÞÒÀÏÁÉÓ ÐÒÏÝÄÓÉ ÂÒÞÄËÃÄÁÀ ÌÀÍÀÌ, ÓÀÍÀÌ ÌÀÓÀ ÀÒ ÌÏáÅÃÄÁÀ ÖÞÒÀ-

ÏÁÉÓ ÆÏÍÀÛÉ ÃÀ ÀÒ ÂÀÜÄÒÃÄÁÀ. ÌÏÞÒÀÏÁÉÓ ÈÉÈÏÄÖË ÄÔÀÐÆÄ ÂÀÃÀáÒÉÓ 

ÃÀÌÏÊÉÃÄÁÖËÄÁÀ ÃÒÏÆÄ ßÀÒÌÏÀÃÂÄÍÓ ÊÏÓÉÍÖÓÏÉÃÀÓ, ÒÏÌÄËÉÝ ÃÀÞ-

ÒÖËÉÀ x ÙÄÒÞÉÓ ÌÉÌÀÒÈ  + a  ÀÍ  - a ÓÉÃÉÃÉÈ, ÀÌÐËÉÔÖÃÀ ÊÉ ÌÝÉÒÃÄÁÀ 
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ÀÒÉÈÌÄÔÉÊÖËÉ ÐÒÏÂÒÄÓÉÉÓ ÊÀÍÏÍÉÈ. ÒáÄÅÄÁÉÓ ÂÒÀ×ÉÊÉ ÌÏÚÅÀÍÉËÉÀ 

ÍÀá. 2.5 - ÆÄ. ÃÒÏ ÏÒ ÌÄÆÏÁÄË ÌÀØÓÉÌÀËÖÒ ÂÀÃÀáÒÀÓ ÛÏÒÉÓ, 

ÒÏÌÄËÉÝ ÌáÏËÏÃ ÐÉÒÏÁÉÈÀÃ ÛÄÉÞËÄÁÀ ÌÉÅÉÜÍÉÏÈ ÌÏÞÒÀÏÁÉÓ 

ÐÄÒÉÏÃÀÃ,ÖÃÒÉÓ: 

T
p


2

. 

     
                                                       ÍÀá. 2.5 

ÒÏÂÏÒÝ ÌÏÚÅÀÍÉËÉ ÂÀÌÏÈÅËÄÁÉÃÀÍ ÜÀÍÓ, ÓÉÓÔÄÌÀÛÉ ÌÛÒÀËÉ 

áÀáÖÍÉÓ ÀÒÓÄÁÏÁÀ ÌÉÓ ÒáÄÅÉÓ ÓÉáÛÉÒÄÓ ÀÒ ÝÅËÉÓ. 

äÉÓÔÄÒÄÆÉÓÉ. ÌÀÓÀËÉÓ ÛÉÍÀÂÀÍÉ áÀáÖÍÉÓ ÂÀÌÏ, ÌÉÓÉ ÝÉÊËÖÒÉ 

ÃÄ×ÏÒÌÉÒÄÁÉÓ ÃÒÏÓ ÛÄÉÌÜÍÄÅÀ äÖÊÉÓ ÊÀÍÏÍÉÓÂÀÍ ÂÀÃÀáÒÀ (ÌÝÉÒÄ 

ÀÌÐËÉÔÖÃÄÁÉÓ ÛÄÌÈáÅÄÅÀÛÉÝ ÊÉ) ÃÀ ÛÄÓÀÁÀÌÉÓÀÃ, ÊÀÅÛÉÒÉ ÞÀÁÅÀÓÀ ÃÀ 

ÃÄ×ÏÒÌÀÝÉÀÓ ÛÏÒÉÓ ÀÙÉßÄÒÄÁÀ ÀÒÀ ßÒ×ÉÅÉ ÃÀÌÏÊÉÃÄÁÖËÄÁÉÈ, 

ÀÒÀÌÄÃ ÏÒÉ ÌÒÖÃßÉÒÖËÉ ÛÔÏÈÉ, ÒÏÌËÄÁÉÝ ØÌÍÉÀÍ Ä.ß. äÉÓÔÄÒÄÆÉÓÉÓ 

ÌÀÒÚÖÑÓ. ÉÂÉÅÄ ÉÈØÌÉÓ ÛÉÍÀÂÀÍÉ áÀáÖÍÉÓ ÌØÏÍÄ ÓÉÓÔÄÌÉÓ ÃÀÔÅÉÒÈÅÀÓÀ 

ÃÀ ÛÄÓÀÁÀÌÉÓ x ÂÀÃÀÀÃÂÉËÄÁÀÆÄÝ. ÍÀá. 2.6 - ÆÄ ÍÀÜÅÄÍÄÁÉÀ, ÒÏÌ ÄÒÈÉ 

ÈÀÅÉÓÖ×ËÄÁÉÓ áÀÒÉÓáÉÓ ÌØÏÍÄ ÓÉÓÔÄÌÀÛÉ ßÉÍÀÀÙÌÃÄÂÏÁÉÓ ÌÈËÉÀÍÉ F 

ÞÀËÀ ÛÄÃÂÄÁÀ ßÒ×ÉÅÉ ÛÄÌÃÂÄÍÉÓÀÂÀÍ, ÒÏÌÄËÉÝ ÛÄÄÓÀÁÀÌÄÁÀ äÖÊÉÓ 

ÊÀÍÏÍÓ, ÃÀ ÀÒÀÃÒÄÊÀÃÉ R ÛÄÌÃÂÄÍÉÓÀÂÀÍ, ÒÏÌËÉÓ ÍÉÛÀÍÉÝ 
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ÂÀÍÉÓÀÆÙÅÒÄÁÀ ÃÄ×ÏÒÌÉÒÄÁÉÓ ÌÉÌÀÒÈÖËÄÁÉÈ (ÐËÉÖÓÉ - 

ÃÀÔÅÉÒÈÅÉÓÀÓ, ÌÉÍÖÓÉ - ÂÀÍÔÅÉÒÈÅÉÓÀÓ).  

ÌÒÀÅÀËÉ ÌÀÓÀËÉÓÀÈÅÉÓ ÄØÓÐÄÒÉÌÄÍÔÖËÉ ÌÄÈÏÃÉÈ ÃÀÃ-

ÂÄÍÉËÉÀ, ÒÏÌ ÃÄ×ÏÒÌÉÒÄÁÉÓ ÐÒÏÝÄÓÉÓ ÓÉÜØÀÒÄ ÐÒÀØÔÉÊÖËÀÃ ÀÒ 

ÌÏØÌÄÃÄÁÓ äÉÓÔÄÒÄÆÉÓÉÓ ÌÀÒÚÖÑÉÓ ÛÔÏÄÁÉÓ ÊÏÍ×ÉÂÖÒÀÝÉÀÆÄ. ÀÌÉÔÏÌ 

ÌÀÒÚÖÑÉÓ ×ÀÒÈÏÁÉ, ÒÏÌÄËÉÝ ÌÉÙÄÁÖËÉÀ ÄÍÄÒÂÉÉÓ ÂÀÁÍÄÅÉÓ ÓÀÆÏÌÀÃ 

ÒáÄÅÄÁÉÓ ÄÒÈÉ ÝÉÊËÉÓ ÂÀÍÌÀÅËÏÁÀÛÉ, ÍÄÁÉÓÌÉÄÒÉ ÌÏÝÄÌÖËÉÌÀÓÀËÉ- 

 
                                                                ÍÀá. 2.6 

ÓÀÈÅÉÓ ÂÀÍÉÓÀÆÙÅÒÄÁÀ ÌáÏËÏÃ ÒáÄÅÉÓ ÀÌÐËÉÔÖÃÉÈ. ÝÉÊËÖÒÉ ÃÀÔ-

ÅÉÒÈÅÉÓ ÃÒÏÓ ÃÄ×ÏÒÌÀÝÉÀÓÀ ÃÀ ÞÀÁÅÉÓ ÓÉÃÉÃÄÓ ÛÏÒÉÓ ÃÀÌÏ-

ÊÉÃÄÁÖËÄÁÉÓ ÂÀÍÓÀÆÙÅÒÉÓ  ÒÀÌÏÃÄÍÉÌÄ ÌÄÈÏÃÉ ÀÒÓÄÁÏÁÓ. ÄÒÈ-ÄÒÈ 

×ÀÒÈÏÃ ÂÀÅÒÝÄËÄÁÖËÓ ßÀÒÌÏÀÃÂÄÍÓ Í. ÃÀÅÉÃÄÍÊÏÅÉÓ ÌÉÄÒ 

ÛÄÌÏÈÀÅÀÆÄÁÖËÉ ÌÄÈÏÃÉ, ÒÏÌÄËÓÀÝ ÀØÅÓ ÛÄÌÃÄÂÉ ÓÀáÄ: 

                                                       = k An+1, 

ÓÀÃÀÝ  - äÉÓÔÄÒÆÉÓÉÓ ÌÀÒÚÖÑÉÓ ×ÀÒÈÏÁÉÀ, áÏËÏ A - ÂÀÃÀÀÃÂÉËÄÁÉÓ 

ÀÌÐËÉÔÖÃÀ.  k ÃÀ n - ÌÖÃÌÉÅÄÁÉÀ, ÒÏÌËÄÁÉÝ ÃÀÌÏÊÉÃÄÁÖËÉÀ 

ÌÀÓÀËÀÆÄ. 
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 ÒáÄÅÄÁÉÓ ÌÉËÄÅÉÓÀÓ ÐÉÊÖÒÉ ÂÀÃÀÀÃÂÉËÄÁÄÁÉÓ ÛÄÌÏÌßÄÒÉ  

ÌÒÖÃÉÓ ÂÀÍÔÏËÄÁÀÓ ÓÉÓÔÄÌÉÓ ÄÒÈÉ ÈÀÅÉÓÖ×ËÄÁÉÓ áÀÒÉÓáÉÓ 

ÛÄÌÈáÅÄÅÀÛÉ ÀØÅÓ ÛÄÌÃÄÂÉ ÓÀáÄ: 

                                                     A A e
Rt
cT



0 , 
ÓÀÃÀÝ A0 - ÀÒÉÓ ÓÀßÚÉÓÉ ÀÌÐËÉÔÖÃÀ, R - ÀÒÀÃÒÄÊÀÃÉ ßÉÍÀÀÙÌÃÄÂÏÁÉÓ 

ÞÀËÀ, c - ÓÉÓÔÄÌÉÓ ßÒ×ÉÅÉ ÓÉáÉÓÔÄÀ, áÏËÏ T - ÒáÄÅÉÈÉ ÝÉÊËÉÓ 

ÓÉÃÉÃÄ. ÖÊÀÍÀÓÊÍÄËÉ ÂÀÍÔÏËÄÁÉÃÀÍ ÜÀÍÓ, ÒÏÌ ÒáÄÅÉÓ ÌÉËÄÅÀ áÃÄÁÀ 

ÄØÓÐÏÍÄÍÝÉÀËÖÒÉ ÊÀÍÏÍÉÈ ÉÓÄÅÄ, ÒÏÂÏÒÝ ÁËÀÍÔÉ áÀáÖÍÉÓ 

ÛÄÌÈáÅÄÅÀÛÉ. ÄÓ ÍÉÛÍÀÅÓ, ÒÏÌ ÌÉËÄÅÀÃÉ ÒáÄÅÄÁÉÓ ÐÉÊÄÁÉÓ ÛÄÌÏÌßÄÒÉ 

ÌÒÖÃÉ ÛÄÉÞËÄÁÀ ÉÚÏÓ ÄÒÈÍÀÉÒÉ, ÓáÅÀÃÀÓáÅÀ ÁÖÍÄÁÉÓ ÌØÏÍÄ ÀÒÀÃÒÄ-

ÊÀÃÉ ßÉÍÀÀÙÌÃÄÂÏÁÉÓ ÞÀËÄÁÉÓ ÃÒÏÓ. 

 

 
 
 
§3. vibraciuli sistemebis iZulebiTi rxevebi 

 

 ÌÄØÀÍÉÊÖÒ ÓÉÓÔÄÌÄÁÛÉ ÉÞÖËÄÁÉÈÉ ÒáÄÅÄÁÉ, ÒÏÂÏÒÝ ßÄÓÉ, 

ÀÙÉÞÅÒÄÁÉÀÍ ÌÀÈÆÄ ÂÀÒÄÛÄ ÐÄÒÉÏÃÖËÉ ÞÀËÄÁÉÓ ÌÏØÌÄÃÄÁÉÓ ÛÄÃÄÂÀÃ.  

 ÂÀÅÀÒÜÉÏÈ ÖÌÀÒÔÉÅÄÓÉ ÛÄÌÈáÅÄÅÀ, ÒÏÃÄÓÀÝ ÂÀÒÄÛÄ ÉÞÖËÄ-

ÁÉÈÉ ÞÀËÀ ÉÝÅËÄÁÀ äÀÒÌÏÍÉÖËÉ ÊÀÍÏÍÉÈ  F(t) = F0 sint (ÍÀá. 1.1). ÀÌ 

ÞÀËÉÓ ÒáÄÅÉÓ ÐÄÒÉÏÃÉ  = 2 /, áÏËÏ ÒáÄÅÉÓ ÓÉáÛÉÒÄ  = /2. 

 ÐÉÒÅÄËÉ ÐÀÒÀÂÒÀ×ÉÓ ÀÍÀËÏÂÉÖÒÀÃ ÓÉÓÔÄÌÉÓ ÊÉÍÄÔÉÊÖÒÉ ÃÀ 

ÐÏÔÄÍÝÉÖÒÉ ÄÍÄÒÂÉÄÁÉÓ ÂÀÌÏÓÀáÖËÄÁÄÁÓ ÄØÍÄÁÀÈ 1.1 ÔÏËÏÁÄÁÉÓ 

ÓÀáÄ. ËÀÂÒÀÍÑÉÓ ÌÄÏÒÄ ÂÅÀÒÉÓ ÂÀÍÔÏËÄÁÀÛÉ ÌÀÈÉ ÜÀÓÌÉÈ ÃÀ ÉÌÉÓ 

ÂÀÈÅÀËÉÓßÉÍÄÁÉÈ, ÒÏÌ 2.1 ÂÀÍÔÏËÄÁÉÓ ÌÀÒãÅÄÍÀ ÌáÀÒÄÛÉ 
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ÂÀÌÏÓÀáÖËÉ ßÄÅÒÉ ÀÌ ÛÄÌÈáÅÄÅÀÛÉ ÀÒÉÓ  Q* = F(t), ÓÀÁÏËÏÏÃ 

ÌÉÅÉÙÄÁÈ: 

                                          mx cx F t
. .

sin ,  0                                     3.1 

ÀÍÖ                                                                                              

                                           x p x
F
m

t
. .

sin . 2 0   

 ÈÖ ÀÙÅÍÉÛÍÀÅÈ F = F0 / m, ÓÀÁÏËÏÏÃ ÌÉÅÉÙÄÁÈ: 

                                            x p x F t
. .

sin . 2                                     3.2 

 ÌÉÙÄÁÖËÉ 3.2 ÀÒÀÄÒÈÂÅÀÒÏÅÀÍÉ ÂÀÍÔÏËÄÁÉÓ ÓÀÄÒÈÏ 

ÀÌÏÍÀáÓÍÉ ÛÄÉÞËÄÁÀ ÌÏÉÞÄÁÍÏÓ ÒÏÂÏÒÝ ÒÏÌÄËÉÌÄ ÊÄÒÞÏ x   

ÀÌÏÍÀáÓÍÉÓÀ ÃÀ ÄÒÈÂÅÀÒÏÅÀÍÉ ÂÀÍÔÏËÄÁÉÓ 1.8 ÀÌÏÍÀáÓÍÉÓ ãÀÌÉ, ÀÍÖ: 

                                      x =  x   + C1cospt + C2sinpt                             3.3 

 ÀÌ ÀÌÏáÓÍÉÓ ÛÄÃÄÂÀÃ ÌÉÅÉÙÄÁÈ ÂÀÌÏÓÀáÖËÄÁÀÓ, ÒÏÌÄËÉÝ 

ßÀÒÌÏÀÃÂÄÍÓ ÓÀÊÖÈÀÒÉ p ÃÀ ÉÞÖËÄÁÉÈÉ  ÓÉáÛÉÒÄÄÁÉÈ ÒáÄÅÄÁÉÓ 

ãÀÌÓ. ÀÌÀÈÂÀÍ ÛÄÓÀÊÒÄÁÄÁÉ, ÒÏÌËÄÁÉÝ ÂÀÍÉÓÀÆÙÅÒÄÁÉÀÍ p ÓÉáÛÉÒÉÈ, 

ÒÏÂÏÒÝ ÖÊÅÄ ÅÉÝÉÈ, ÃÀÌÏÊÉÃÄÁÖËÍÉ ÀÒÉÀÍ ÓÀßÚÉÓ ÐÉÒÏÁÄÁÆÄ.  

 ÒÄÀËÖÒ ÓÉÓÔÄÌÄÁÛÉ p ÓÉáÛÉÒÉÓ ÈÀÅÉÓÖ×ÀËÉ ÒáÄÅÄÁÉ 

ÂÀÒÊÅÄÖËÉ ÃÒÏÉÓ ÂÀÅËÉÓ ÛÄÌÃÄÂ ÌÉÉËÄÅÉÀÍ. ÌÀÈÉ ÌÉËÄÅÉÓ ÌÉÆÄÆÄÁÆÄ 

ÓÀÖÁÀÒÉ ÂÅÄØÍÄÁÀ ÛÄÌÃÄÂ ÐÀÒÀÂÒÀ×ÛÉ. ÀÙÍÉÛÍÖË ÃÒÏÛÉ ÊÉ ÃÀÌÚÀÒ-

ÃÄÁÀ ÓÀßÚÉÓÉ ÐÉÒÏÁÄÁÉÓÂÀÍ ÃÀÌÏÖÊÉÃÄÁÄËÉ  ÓÉáÛÉÒÉÓ 

ÓÔÀÝÉÏÍÀËÖÒÉ ÒáÄÅÄÁÉ. ÀÌÉÔÏÌ 3.2 ÂÀÍÔÏËÄÁÉÓ ÀÌÏÍÀáÓÍÉ, ÒÏÌÄËÉÝ 

ÛÄÄÓÀÁÀÌÄÁÀ ÓßÏÒÄÃ ÀÌ ÓÔÀÝÉÏÍÀËÖÒ ÒáÄÅÄÁÓ, ÌÏÅÞÄÁÍÏÈ ÛÄÌÃÂÉ 

ÊÄÒÞÏ ÀÌÏÍÀáÓÍÉÓ ÓÀáÉÈ: 

                                                     x   = Asint.                                           3.4 
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 ÈÖ ÀÌ ÂÀÌÏÓÀáÖËÄÁÀÓ ÜÀÅÓÅÀÌÈ 3.2 ÂÀÍÔÏËÄÁÀÛÉ, ÌÉÅÉÙÄÁÈ: 

                                       2Asint + p2Asint =Fsint, 

ÓÀÉÃÀÍÀÝ ÉÞÖËÄÁÉÈÉ ÒáÄÅÄÁÉÓ ÀÌÐËÉÔÖÃÀ ÖÃÒÉÓ: 

                                                A
F

p
A


2 2 0

 ,                            3.5 

A0 = F/p2 = F0/c - ÀÒÉÓ ßÏÍÀÓßÏÒÏÁÉÓ ÀÌÐËÉÔÖÃÀ, ÒÏÌÄËÉÝ ÃÒÄÊÀÃÉ 

ÊÀÅÛÉÒÉÓ ÓÔÀÔÉÊÖÒÉ ÃÄ×ÏÒÌÀÝÉÉÓ ÔÏËÉÀ, F0 ÀÌÐËÉÔÖÃÉÓ ÞÀËÉÓ 

ÌÏØÌÄÃÄÁÉÈ.  - ÓÉÓÔÄÌÉÓ ÃÉÍÀÌÉÊÖÒÏÁÉÓ ÊÏÄ×ÉÝÉÄÍÔÉÀ, ÀÍÖ ÌÉÓÉ 

ÂÀÞËÉÄÒÄÁÉÓ ÊÏÄ×ÉÝÉÄÍÔÉÀ ÉÍÄÒÝÉÖËÏÁÉÓ ÂÀÌÏ. 

                                                  





1

1
2

2p

.                                          3.6 

 ÌÀÛÀÓÀÃÀÌÄ, ÊÄÒÞÏ ÀÌÏÍÀáÓÍÉ (3.4) ÌÉÉÙÄÁÓ ÓÀáÄÓ: 

                                                x
F t
p

 


sin
.


2 2                                         3.7 

 áÏËÏ3.3 ÓÀÄÒÈÏ ÀÌÏÍÀáÓÍÓ ÊÉ ÄØÍÄÁÀ ÛÄÌÃÄÂÉ ÓÀáÄ: 

                                       x = C1cospt + C2sinpt + 22

sin



p
tF

.                      3.8 

       3.8 ÂÀÍÔÏËÄÁÀÛÉ ÛÄÌÀÅÀËÉ ÐÉÒÅÄËÉ ÏÒÉ ßÄÅÒÉ, ÒÏÂÏÒÝ  ÀÙÅ-

ÍÉÛÍÄÈ,  ßÀÒÌÏÀÃÂÄÍÓ ÓÉÓÔÄÌÉÓ  ÈÀÅÉÓÖ×ÀË ÒáÄÅÄÁÓ, áÏËÏ ÌÄÓÀÌÄ 

ßÄÅÒÉ ÃÀÌÏÊÉÃÄÁÖËÉÀ ÀÙÂÆÍÄÁÉÓ ÞÀËÀÆÄ ÃÀ ßÀÒÌÏÀÃÂÄÍÓ ÉÞÖËÄÁÉÈ 

ÒáÄÅÄÁÓ. ÀÌ ÒáÄÅÄÁÓ ÀØÅÓ ÉÂÉÅÄ ÓÉáÛÉÒÄ, ÒÀÝ ÀÙÌÂÆÍÄÁ ÞÀËÀÓ. 

 ÒÀÃÂÀÍ ÓÉÓÔÄÌÀÆÄ ÌÏØÌÄÃÄÁÓ ÀÙÌÂÆÍÄÁÉ ÞÀËÀ, ÌÏÞÒÀÏÁÉÓ 

ÃÀÓÀßÚÉÓÛÉ, Ä.É.  ÒÏÃÄÓÀÝ t = 0,  ÓÀßÚÉÓÉ ÐÉÒÏÁÄÁÉ ÉØÍÄÁÀ  x = 0 ÃÀ x
.

 = 
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0, ÓÀÉÃÀÍÀÝ ÅÉÐÏÅÉÈ C1 ÃÀ C2 ÌÖÃÌÉÅÄÁÓ. ÌÀÈÉ ÜÀÓÌÉÈ 3.8 

ÂÀÍÔÏËÄÁÀÛÉ, ÌÉÅÉÙÄÁÈ: 

                               x
F

c
p

t
p

pt





















0

2

21





sin sin .                  3.9 

 ÓÀÁÏËÏÏÃ, ÈÖ ÂÀÅÉÈÅÀËÉÓßÉÍÄÁÈ, ÒÏÌ ÓÉÓÔÄÌÀÛÉ ÒÀÉÌÄ 

ÓÀáÉÈ ÌÀÉÍÝ ÀÒÓÄÁÏÁÓ áÀáÖÍÉÓ, ßÉÍÀÀÙÌÃÄÂÏÁÉÓ ÞÀËÄÁÉ, ÒÏÌËÄÁÆÄÝ 

ÛÄÌÃÄÂ ÐÀÒÀÂÒÀ×ÛÉ ÂÅÄØÍÄÁÀ ÓÀÖÁÀÒÉ ÃÀ ÓÀÊÖÈÀÒÉ ÒáÄÅÄÁÉ ÌÉÉËÄÅÀ, 

ÓÔÀÝÉÏÍÀËÖÒÉ ÒáÄÅÄÁÉÓ ÃÀÌÚÀÒÄÁÖËÉ ÒÄÑÉÌÉÓ ÂÀÌÏÓÀáÖËÄÁÀÓ ÄØÍÄÁÀ 

ÛÄÌÃÄÂÉ ÓÀáÄ: 

                                     x
F
c

p

t


















0
2

2

1

1


sin .                            3.10 

 ÒÏÂÏÒÝ 3.10 ÔÏËÏÁÉÃÀÍ ÜÀÍÓ, ÌÀÓÛÉ ÛÄÌÀÅÀËÉ ÃÉÍÀ-

ÌÉÊÖÒÏÁÉÓ ÊÏÄ×ÉÝÉÄÍÔÉ (3.6) ÃÀÌÏÊÉÃÄÁÖËÉÀ ÌáÏËÏÃ   / p 

ÈÀÍÀ×ÀÒÃÏÁÀÆÄ, ÀÍÖ ÀÙÌÂÆÍÄÁÉ ÞÀËÉÓ ÓÉáÛÉÒÉÓ, ÓÉÓÔÄÌÉÓ ÓÀÊÖÈÀÒ 

ÓÉáÛÉÒÄÓÈÀÍ ×ÀÒÃÏÁÀÆÄ. ÍÀá. 3.1- ÆÄ ÍÀÜÅÄÍÄÁÉÀ ÃÉÍÀÌÉÊÖÒÏÁÉÓ  ÊÏÄ-

×ÉÝÉÄÍÔÉÓ ÝÅËÉËÄÁÀ /p ÈÀÍÀ×ÀÒÃÏÁÀÆÄ ÃÀÌÏÊÉÃÄÁÖËÄÁÉÈ. 

. ÒÏÂÏÒÝ ÍÀáÀÆÉÃÀÍ ÜÀÍÓ, /p ×ÀÒÃÏÁÉÓ ÌÝÉÒÄ ÓÉÃÉÃÉÓ ÃÒÏÓ, ÒÀÝ 

ÉÌÀÓ ÍÉÛÍÀÅÓ, ÒÏÌ  ÀÙÂÆÍÄÁÉÓ ÞÀËÉÓ ÓÉáÛÉÒÄ  ÌÝÉÒÄÀ  ÈÀÅÉÓÖ×ÀËÉ  

ÒáÄÅÉÓ p ÓÉáÛÉÒÄÆÄ, ÃÉÍÀÌÉÊÖÒÏÁÉÓ ÊÏÄ×ÉÝÉÄÍÔÉ ÀáËÏÓÀÀ ÄÒÈÈÀÍ ÃÀ 

ÂÀÃÀÀÃÂÉËÄÁÄÁÉ ÈÉÈØÌÉÓ ÉÓÄÈÉÅÄÀ, ÒÏÂÏÒÉÝ F0 sin t ÞÀËÉÓ 

ÓÔÀÔÉÊÖÒÉ ÌÏØÌÄÃÄÁÉÓ ÃÒÏÓ. 
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 / p 

                                                   ÍÀá. 3.1   

 ÒÏÃÄÓÀÝ /p  ×ÀÒÃÏÁÀ ÖÀáËÏÅÃÄÁÀ ÄÒÈÓ, ÃÉÍÀÌÉÊÖÒÏÁÉÓ 

ÊÏÄ×ÉÝÉÄÍÔÉ ÃÀ ÉÞÖËÄÁÉÈÉ ÒáÄÅÄÁÉÓ ÀÌÐËÉÔÖÃÀ ÓßÒÀ×ÀÃ ÉÆÒÃÄÁÀ ÃÀ 

ÌÉÉÓßÒÀ×ÉÓ ÖÓÀÓÒÖËÏÁÉÓÊÄÍ   = p ÃÒÏÓ, ÀÍÖ ÉÌ ÛÄÌÈáÅÄÅÀÛÉ, ÒÏÃÄ-

ÓÀÝ ÀÙÂÆÍÄÁÉÓ ÞÀËÉÓ ÓÉáÛÉÒÄ ÆÖÓÔÀÃ ÄÌÈáÅÄÅÀ ÓÉÓÔÄÌÉÓ ÈÀÅÉÓÖ×ÀËÉ 

ÒáÄÅÄÁÉÓ ÓÉáÛÉÒÄÓ. ÄÓ ÐÉÒÏÁÀ ÀÒÉÓ ÓßÏÒÄÃ ÒÄÆÏÍÀÍÓÉÓ ÐÉÒÏÁÀ. 

 ÒÄÆÏÍÀÍÓÉÓ ÃÒÏÓ ÓÀàÉÒÏÀ ÚÖÒÀÃÙÄÁÀ ÌÉÅÀØÝÉÏÈ ÄÒÈ 

ÌÍÉÛÅÍÄËÏÅÀÍ ÂÀÒÄÌÏÄÁÀÓ.  ÒÄÆÏÍÀÍÓÖËÉ ÀÌÐËÉÔÖÃÉÓ ÂÀÆÒÃÀÓ 

ÓàÉÒÃÄÁÀ ÂÀÒÊÅÄÖËÉ ÃÒÏ. ÀÍÖ ÓÉáÛÉÒÄÄÁÉÓ ÃÀÌÈáÅÄÅÉÓ ÃÒÏÓ ÀÌÐ-

ËÉÔÖÃÄÁÉÓ ÐÉÊÖÒÉ ÌÍÉÛÅÍÄËÏÁÄÁÉ ÉÆÒÃÄÁÀ ßÒ×ÉÅÉ ÊÀÍÏÍÉÈ ÃÀ 

ÓÀÓÒÖËÉ ÃÒÏÉÓ ÂÀÍÌÀÅËÏÁÀÛÉ ÀÒ ÀÙßÄÅÓ ÖÓÀÓÒÖËÏÁÀÓ. ÌÏÞÒÀÏÁÉÓ 

ÂÒÀ×ÉÊÉ ÍÀÜÅÄÍÄÁÉÀ ÍÀá. 3.2 - ÆÄ.   

 
                                                     ÍÀá. 3.2 
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 ÀØÄÃÀÍ ÂÀÌÏÌÃÉÍÀÒÄÏÁÓ ÐÒÉÍÝÉÐÖËÉ ÛÄÓÀÞËÄÁËÏÁÀ ÒÄÆÏ-

ÍÀÍÓÉÓ ÂÀÅËÉÓÀ ÌÀÍØÀÍÄÁÛÉ ÓÉáÛÉÒÉÓ ÝÅËÉËÄÁÉÓ ÃÒÏÓ. ÒÀÃÂÀÍ ÔÏËÏ-

ÁÀ  = p ÓÒÖËÃÄÁÀ ÌáÏËÏÃ ßÀÌÉÄÒÀÃ ÃÀ ÐÉÊÖÒÉ ÂÀÃÀáÒÉÓ ÓÉÃÉÃÄÄÁÉ 

ÅÄÒ ÀÓßÒÄÁÄÍ ÓÀÛÉÛÉ ÌÍÉÛÅÍÄËÏÁÄÁÉÓ ÌÉÙÄÁÀÓ.                  

 ÃÉÍÀÌÉÊÖÒÏÁÉÓ ÊÏÄ×ÉÝÉÄÍÔÉ ÓÀÓÒÖË ÌÍÉÛÅÍÄËÏÁÀÓ ÉÙÄÁÓ 

ÀÓÄÅÄ, ÒÏÃÄÓÀÝ ÀÙÌÂÆÍÄÁÉ ÞÀËÉÓ ÓÉáÛÉÒÄ ÌÄÔÉ áÃÄÁÀ, ÅÉÃÒÄ 

ÈÀÅÉÓÖ×ÀËÉ ÒáÄÅÄÁÉÓ ÓÉáÛÉÒÄÀ. ÌÉÓÉ ÀÁÓÏËÖÔÖÒÉ ÓÉÃÉÃÄ ÌÝÉÒÃÄÁÀ 

 / p ×ÀÒÃÏÁÉÓ ÂÀÆÒÃÀÓÈÀÍ ÄÒÈÀÃ ÃÀ ÖÀáËÏÅÃÄÁÀ ÍÖËÓ, ÀÌ 

ÈÀÍÀ×ÀÒÃÏÁÉÓ ÓÀÊÌÀÏÃ ÃÉÃÉ ÌÍÉÛÅÍÄËÏÁÄÁÉÓ ÃÒÏÓ. ÄÓ ÍÉÛÍÀÅÓ, ÒÏÌ 

ÈÖ ÒáÄÅÀÃ ÓáÄÖËÆÄ ÌÏØÌÄÃÄÁÓ ÌÀÙÀËÉ ÓÉáÛÉÒÉÓ ÞÀËÀ ( / p ÞÀËÆÄ 

ÃÉÃÉÀ), ÌÀÛÉÍ ÌÉÓÂÀÍ ÂÀÌÏßÅÄÖË ÒáÄÅÄÁÓ ÀØÅÓ ÞÀËÆÄ ÌÝÉÒÄ ÀÌÐËÉÔÖ-

ÃÀ, áÛÉÒ ÛÄÌÈáÅÄÅÀÛÉ ÊÉ ÓáÄÖËÉ ÖÁÒÀËÏÃ ÛÄÉÞËÄÁÀ ÜÀÉÈÅÀËÏÓ 

ÖÞÒÀÅÀÃ. 

 ÃÉÍÀÌÉÊÖÒÏÁÉÓ ÊÏÄ×ÉÝÉÄÍÔÉÓ ÂÀÌÏÓÀáÖËÄÁÉÓ ÀÍÀËÉÆÉÃÀÍ 

ÂÀÌÏÌÃÉÍÀÒÄÏÁÓ, ÒÏÌ ÈÖ     p ÌÉÓÉ ÍÉÛÀÍÉ ÃÀÃÄÁÉÈÉÀ, áÏËÏ   p 

ÛÄÌÈáÅÄÅÀÛÉ - ÖÀÒÚÏ×ÉÈÉ. ÄÓ ÉÌÀÆÄ ÌÉÖÈÉÈÄÁÓ, ÒÏÌ ÈÖ ÀÙÂÆÍÄÁÉÓ 

ÞÀËÉÓ ÓÉáÛÉÒÄ ÍÀÊËÄÁÉÀ ÈÀÅÉÓÖ×ÀËÉ ÒáÄÅÉÓ ÓÉáÛÉÒÄÆÄ, ÌÀÛÉÍ 

ÉÞÖËÄÁÉÈÉ ÒáÄÅÄÁÉ ÃÀ ÀÙÌÂÆÍÄÁÉ ÞÀËÀ ÉÌÚÏ×ÄÁÉÀÍ ÚÏÅÄËÈÅÉÓ ÄÒÈ 

×ÀÆÀÛÉ. ÀÍÖ, ÒáÄÅÀÃÉ ÌÀÓÀ ÉÌÚÏ×ÄÁÀ ÈÀÅÉÓ ÂÀÍÀÐÉÒÀ ÌÀÒãÅÄÍÀ ÌÃÄÁÀ-

ÒÄÏÁÀÛÉ ÌÀÛÉÍ, ÒÏÃÄÓÀÝ ÀÙÌÂÆÍÄÁÉ ÞÀËÀ ÉÙÄÁÓ ÈÀÅÉÓ ÌÀØÓÉÌÀËÖÒ 

ÌÍÉÛÅÍÄËÏÁÀÓ ÀÓÄÅÄ ÌÀÒãÅÍÉÅ ÌÉÌÀÒÖËÄÁÉÓ ÃÒÏÓ. ÉÌ ÛÄÌÈáÅÄÅÀÛÉ ÊÉ, 

ÒÏÃÄÓÀÝ   p, ×ÀÆÄÁÉÓ ÞÅÒÀ ÉÞÖËÄÁÉÈ ÒáÄÅÄÁÓÀ ÃÀ ÀÙÌÂÆÍÄÁ ÞÀËÀÓ 

ÛÏÒÉÓ ÛÄÀÃÂÄÍÓ  - Ó. ÀÍÖ, ÌÀÛÉÍ ÒÏÃÄÓÀÝ ÀÙÂÆÍÄÁÉÓ ÞÀËÀ ÌÉÌÀÒÈÖ-

ËÉÀ ÌÀÒãÅÍÉÅ ÃÀ ÀÙßÄÅÓ ÈÀÅÉÓ ÌÀØÓÉÌÀËÖÒ ÓÉÃÉÃÄÓ, ÒáÄÅÀÃÉ ÌÀÓÀ ÉÌ-

ÚÏ×ÄÁÀ ÌÀÒÝáÄÍÀ ÂÀÍÀÐÉÒÀ ÌÃÄÁÀÒÄÏÁÀÛÉ. 
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 ÈÖ ÂÀÅÉÈÅÀËÉÓßÉÍÄÁÈ áÀáÖÍÉÓ ÆÄÌÏÈ ÍÀÈØÅÀÌÉ ÞÀËÄÁÉÓ 

ÌÏØÌÄÃÄÁÀÓ, ÌÀÛÉÍ  ÉÞÖËÄÁÉÈÉ  ÒáÄÅÄÁÉÓ ÛÄÌÀãÀÌÄÁÄËÉ ÐÒÏÝÄÓÉ 

ÂÀÍÅÉÈÀÒÃÄÁÀ ÉÓÄ, ÒÏÂÏÒÝ ÄÓ ØÅÄÌÏÈ ÍÀáÀÆÄÁÆÄÀ ÍÀÜÅÄÍÄÁÉ. ÊÄÒÞÏÃ, 

ÍÀá. 3.3 À) ÌÉÄÊÖÈÅÍÄÁÀ ÛÄÌÈáÅÄÅÀÓ, ÒÏÃÄÓÀÝ   p, áÏËÏ ÍÀá. 3.3 Á) - 

ÒÏÃÄÓÀÝ   p. ÏÒÈÀÅÄ ÛÄÌÈáÅÄÅÉÓÈÅÉÓ ÃÀÌÀáÀÓÉÀÈÄÁÄËÉÀ ÈÀÅÉÓÖ-

×ÀËÉ ÒáÄÅÄÁÉÓ ÓßÒÀ×É ÜÀØÒÏÁÀ. 

   
ÍÀá. 3.3 

 ÃÒÄÊÀÃÀÃ ÃÀÌÀÂÒÄÁÖËÉ ÔÅÉÒÈÉÓ ÉÞÖËÄÁÉÈÉ ÒáÄÅÄÁÉ ÛÄÉÞ-

ËÄÁÀ ÀÓÄÅÄ ÂÀÌÏßÅÄÖËÉ ÉØÍÀÓ ÓáÅÀ áÄÒáÉÈÀÝ, ÒÏÌÄËÉÝ ÂÀÍÓáÅÀÅÃÄÁÀ 

ÆÄÌÏÈ ÂÀÍáÉËÖËÉÓÀÂÀÍ. ÌÀÂÀËÉÈÀÃ, ÍÀá. 1.2 - ÆÄ ÂÀÌÏÓÀáÖËÉ ÆÀÌ-

ÁÀÒÉÓ ÆÄÃÀ ÁÏËÏÓ ÅÄÒÔÉÊÀËÖÒÉ ÌÉÌÀÒÈÖËÄÁÉÈ ÂÀÃÀÄÝÄÌÀ ÌÀÒÔÉÅÉ 

äÀÒÌÏÍÉÖËÉ ÒáÄÅÄÁÉ: 

                                                       y0  = F0sint. 

 ÈÖ ÂÀÅÆÏÌÀÅÈ y ÂÀÃÀÀÃÂÉËÄÁÀÓ mg ßÏÍÉÈ ßÏÍÀÓßÏÒÏÁÉÓ 

ÌÃÂÏÌÀÒÄÏÁÉÃÀÍ ÒÏÃÄÓÀÝ y0 = 0, ÌÀÛÉÍ ÃÒÏÉÓ ÍÄÁÉÓÌÉÄÒ ÌÏÌÄÍÔÛÉ 

ÆÀÌÁÀÒÉÓ ßÀÂÒÞÄËÄÁÀ ÉØÍÄÁÀ  y - y0 + f  ÃÀ, ÛÄÓÀÁÀÌÉÓÀÃ,  ÆÀÌÁÀÒÀÛÉ  
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ÌÏØÌÄÃÉ   ÃÒÄÊÀÃÉ  ÞÀËÀ  ÔÏËÉ ÉØÍÄÁÀ c (y - y0) + mg. ÀÌÒÉÂÀÃ, 

ÔÅÉÒÈÉÓ ÌÏÞÒÀÏÁÉÓ ÂÀÍÔÏËÄÁÀ ÃÀËÀÌÁÄÒÉÓ ÐÒÉÍÝÉÐÉÓ ÌÉáÄÃÅÉÈ 

ÌÉÉÙÄÁÓ ÛÄÌÃÄÂ ÓÀáÄÓ: 

 m y m g c y y mg
. .

   0 . 

 ÀÌ ÖÊÀÍÀÓÊÍÄË ÂÀÍÔÏËÄÁÀÛÉ ÈÖ ÜÀÅÓÅÀÌÈ y0 - ÉÓ ÌÍÉÛÅÍÄËÏ-

ÁÀÓ ÃÀ ÛÄÌÏÅÉÙÄÁÈ ÛÄÓÀÁÀÌÉÓ ÀÙÍÉÛÅÍÄÁÓ, ÌÉÅÉÙÄÁÈ: 

                                                 y p y F t
. .

sin 2   

 ÌÉÙÄÁÖËÉ ÁÏËÏ ÂÀÍÔÏËÄÁÀ ÉÃÄÍÔÖÒÉÀ ÆÄÌÏÈ ÌÉÙÄÁÖËÉ 3.2 

ÂÀÍÔÏËÄÁÉÓÀ. ÀØÄÃÀÍ ÛÄÉÞËÄÁÀ ÃÀÅÀÓÊÅÍÀÈ, ÒÏÌ ÆÀÌÁÀÒÉÓ ÆÄÃÀ 

ÁÏËÏÆÄ ÌÉßÏÃÄÁÖËÉ ÌÀÒÔÉÅÉ äÀÒÌÏÍÉÖËÉ ÒáÄÅÄÁÉ ÄØÅÉÅÀËÄÍÔÖÒÉÀ 

ÖÛÖÀËÏÃ ÔÅÉÒÈÆÄ ÌÉßÏÃÄÁÖËÉ ÒáÄÅÄÁÉÓÀ. ÀÌÃÄÍÀÃ ÚÅÄËÀ ÆÄÌÏÈ 

ÂÀÊÄÈÄÁÖËÉ ÃÀÓÊÅÍÄÁÉ 3.2 ÂÀÍÔÏËÄÁÉÓ ÌÉÌÀÒÈ, ÀÌ ÛÄÌÈáÅÄÅÀÛÉÝ 

ÞÀËÀÛÉ ÒÜÄÁÀ. 

 ÃÀ ÊÉÃÄÅ ÄÒÈÉ ÛÄÍÉÛÅÍÀ. ÆÄÌÏÈ ÌÉÙÄÁÖËÉ ÂÅØÏÍÃÀ, ÒÏÌ ÀÙÌ-

ÂÆÍÄÁÉ ÞÀËÀ ÐÒÏÐÏÒÝÉÖËÉ ÉÚÏ sint - ÓÉ. ÉÂÉÅÄ ÛÄÃÄÂÄÁÉ ÌÉÉÙÄÁÀ, ÈÖ 

ÀÙÌÂÆÍÄÁÉ ÞÀËÉÓ ÂÀÌÏÓÀáÖËÄÁÀÛÉ sint-Ó ÍÀÝÅËÀÃ ÌÉÅÉÙÄÁÈ cost - Ó. 
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§4. vibraciuli sistemebis iZulebiTi rxevebi 

dempfirebiT 

 

ÂÀÍÅÉáÉËÏÈ ÓÉÓÔÄÌÉÓ ÉÞÖËÄÁÉÈÉ ÒáÄÅÄÁÉ, ÒÏÃÄÓÀÝ ÌÀÓÛÉ 

ÂÅÀØÅÓ ÃÄÌÐ×ÉÒÄÁÀ ÁËÀÍÔÉ áÀáÖÍÉÓ ÓÀáÉÈ. ÌáÄÃÅÄËÏÁÀÛÉ ÌÉÅÉÙÏÈ ÉÓ 

ÂÀÒÄÌÏÄÁÀ, ÒÏÌ  ÌÄÏÒÄ ÐÀÒÀÂÒÀ×ÛÉ ÂÀÍáÉËÖË ÞÀËÄÁÈÀÍ ÄÒÈÀÃ ÀÌ 

ÛÄÌÈáÅÄÅÀÛÉ ÒáÄÅÀÃ ÓáÄÖËÆÄ ÃÀÌÀÔÄÁÉÈ ÌÏØÌÄÃÄÁÓ ÀÙÌÂÆÍÄÁÉ ÞÀËÀ 

Fsint. ÌÀÛÉÍ 2.5 ÂÀÍÔÏËÄÁÉÓ ÍÀÝÅËÀÃ ÌÉÅÉÙÄÁÈ: 

                              mx mg mg cx hx F t
. . .

sin .     0    

 ÈÖ ÛÄÌÏÅÉÙÄÁÈ ÀÙÍÉÛÅÍÄÁÓ, ÒÏÂÏÒÝ ßÉÍÀ ÐÀÒÀÂÒÀ×ÄÁÛÉ, 

ÊÄÒÞÏÃ: 

                          
h
m

n
c
m

p 2 2; ,  ÃÀ ÃÀÌÀÔÄÁÉÈ 
F
m

F0  , 

ÌÀÛÉÍ ÉÞÖËÄÁÉÈÉ ÒáÄÅÄÁÉÓ ÀÙÌßÄÒÉ ÃÉ×ÄÒÄÍÝÉÀËÖÒÉ ÂÀÍÔÏËÄÁÀ 

ÌÉÉÙÄÁÓ ÛÄÌÃÄÂ ÓÀáÄÓ: 

                                         .sin2 2
...

tFxpxnx                                   4.1 

 ÀÌ ÃÉ×ÄÒÄÍÝÉÀËÖÒÉ ÂÀÍÔÏËÄÁÉÓ ÓÀÄÒÈÏ ÀÌÏÍÀáÓÍÉ ÌÉÉÙÄÁÀ 

ÛÄÓÀÁÀÌÉÓÉ ÄÒÈÂÅÀÒÏÅÀÍÉ 2.7 ÂÀÍÔÏËÄÁÉÓ ÀÌÏÍÀáÓÍÉÓÀ ÃÀ 4.1 ÂÀÍÔÏ-

ËÄÁÉÓ ÊÄÒÞÏ ÀÌÏÍÀáÓÍÉÓ ÛÄãÀÌÄÁÉÈ. ÄÓ ÖÊÀÍÀÓÊÍÄËÉ, ÊÄÒÞÏ ÀÌÏÍÀáÓ-

ÍÉ ÌÉÅÉÙÏÈ ÛÄÌÃÄÂÉ ÓÀáÉÈ: 

                                          x = Msint + Ncost,                                     4.2 

ÓÀÃÀÝ M ÃÀ N - ÌÖÃÌÉÅÄÁÉÀ. ÀÌ ÂÀÍÔÏËÄÁÉÓ 4.1 ÂÀÍÔÏËÄÁÀÛÉ ÜÀÓÌÉÈ 

ÅÍÀáÀÅÈ, ÒÏÌ ÉÂÉ ÃÀÊÌÀÚÏ×ÉËÃÄÁÀ ÉÌ ÛÄÌÈáÅÄÅÀÛÉ, ÈÖ M ÃÀ N 

ÀÊÌÀÚÏ×ÉËÄÁÓ ÛÄÌÃÄÂ ßÒ×ÉÅ ÂÀÍÔÏËÄÁÄÁÓ: 
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                                      - N2 + 2Mn + Np2 = 0, 

                                      - M2 - 2Nn + Mp2 = F. 

ÀØÄÃÀÍ: 

                                
M F

p

p n




 

2 2

2 2 2 2 24



 
, 

                               
N F

n

p n
 

 

2

42 2 2 2 2



  .                             4.3 

 4.3 ÔÏËÏÁÄÁÉÓ ÜÀÓÌÉÈ 4.2 - ÛÉ ÅÉÐÏÅÉÈ ÓÀÞÉÄÁÄË ÊÄÒÞÏ 

ÀÌÏÍÀáÓÍÓ, áÏËÏ ÈÖ ÌÀÓ ÃÀÅÖÌÀÔÄÁÈ ÄÒÈÂÅÀÒÏÅÀÍÉ ÂÀÍÔÏËÄÁÉÓ 

ßÉÍÀÈ ÍÀÐÏÅÍ ÀÌÏÍÀáÓÍÓÀÝ, ÓÀÁÏËÏÏÃ ÌÉÅÉÙÄÁÈ:                       

 x e C p t C p t M t N tnt     
1 2cos sin sin sin .        4.4 

 4.4 ÂÀÍÔÏËÄÁÉÓ ÌÀÒãÅÄÍÀ ÌáÀÒÉÓ ÐÉÒÅÄËÉ ßÄÅÒÉ ÛÄÉÝÀÅÓ e-nt 

ÌÀÌÒÀÅËÓ ÃÀ ßÀÒÌÏÀÃÂÄÍÓ ÌÄÏÒÄ ÐÀÒÀÂÒÀ×ÛÉ ÂÀÍáÉËÖË ÈÀÅÉÓÖ×ÀË 

ÌÉËÄÅÀÃ ÒáÄÅÄÁÓ. áÏËÏ ÛÄÌÃÂÏÌ ÏÒ ßÄÅÒÓ ÀØÅÓ ÀÙÂÆÍÄÁÉÓ ÞÀËÉÓ 

ÓÉáÛÉÒÄ ÃÀ ÛÄÓÀÁÀÌÉÓÀÃ ßÀÒÌÏÀÃÂÄÍÄÍ ÉÞÖËÄÁÉÈ ÒáÄÅÄÁÓ.  

 ßÉÍÀ ÛÄÌÈáÅÄÅÄÁÉÓ ÀÍÀËÏÂÉÖÒÀÃ, ÈÖ ÀÌ ÛÄÌÈáÅÄÅÀÛÉÝ 4.2 

ÂÀÍÔÏËÄÁÀÛÉ ÛÄÌÏÅÉÙÄÁÈ ÀÙÍÉÛÅÍÄÁÓ: 

                                        M = A cos   ÃÀ  N = A sin , 

ÌÀÛÉÍ ÉÞÖËÄÁÉÈÉ ÒáÄÅÉÓ ÀÌÐËÉÔÖÃÉÓÀÈÅÉÓ ÌÉÅÉÙÄÁÈ ÛÄÌÃÄÂ 

ÂÀÌÏÓÀáÖËÄÁÀÓ: 

                       
 

A M N F
p n

  
 

2 2

2 2 2 2 2

1

4 
,  

ÓÀÉÃÀÍÀÝ p2 - Ó ×ÄÓÅÉÓ ÂÀÒÄÈ ÂÀÔÀÍÉÈ ÃÀ ÉÌÉÓ ÂÀÈÅÀËÉÓßÉÍÄÁÉÈ, ÒÏÌ 

p2 = c / m, ÌÉÅÉÙÄÁÈ: 
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A
F
c

p
n
p

x

p
n
p












 












 

1

1
4

1
42

2

2 2 2

4

0

2

2

2 2 2

4

   
,             4.5 

ÓÀÃÀÝ x0 ÀÙÍÉÛÍÀÅÓ ÓÉÓÔÄÌÉÓ ÂÀÃÀÀÃÂÉËÄÁÀÓ F ÞÀËÉÓ ÓÔÀÔÉÊÖÒÉ 

ÌÏØÌÄÃÄÁÉÓ ÛÄÃÄÂÀÃ. ×ÀÆÄÁÉÓ ÞÅÒÀ  ÌÉÉÙÄÁÀ ÛÄÌÃÄÂÉ 

ÈÀÍÀ×ÀÒÃÏÁÉÃÀÍ: 

                                           tg
N
M p


 








2
2 2 .                            4.6 

 ÓÀÁÏËÏÏÃ ÉÞÖËÄÁÉÈÉ ÒáÄÅÄÁÉÓ ÀÌÏÍÀáÓÍÉÓ ÀÍÀËÉÆÖÒ ÂÀÌÏ-

ÓÀáÖËÄÁÀÓ ÀØÅÓ ÛÄÌÃÄÂÉ ÓÀáÄ: 

                             x x

p
n
p

t










 

0
2

2

2 2 2

4

1

1
4 

 sin .          4.7 

 ÒÏÂÏÒÝ 4.7 ÔÏËÏÁÉÃÀÍ ÜÀÍÓ, ÉÞÖËÄÁÉÈÉ ÒáÄÅÄÁÉÓ ÀÌÐ-

ËÉÔÖÃÀ ÌÉÉÙÄÁÀ ÓÉÓÔÄÌÉÓ ÓÔÀÔÉÊÖÒÉ x0 ÂÀÃÀÀÃÂÉËÄÁÉÓÀ ÃÀ 


 












 

1

1
42

2

2 2 2

4p
n
p

 ÃÉÍÀÌÉÊÖÒÉ ÊÏÄ×ÉÝÉÄÍÔÉÓ ÍÀÌÒÀÅËÉÈ. 

ÄÓ ÖÊÀÍÀÓÊÍÄËÉ ÃÀÌÏÊÉÃÄÁÖËÉÀ ÀÙÂÆÍÄÁÉÓ ÞÀËÉÓ -  ÃÀ ÌÉÖËÄÅÀÃÉ 

ÈÀÅÉÓÖ×ÀËÉ ÒáÄÅÄÁÉÓ - p ßÒÉÖËÉ ÓÉáÛÉÒÄÄÁÉÓ ×ÀÒÃÏÁÀÆÄ, ÀÍÖ /p - 

ÆÄ. ÉÂÉ ÀÓÄÅÄ ÃÀÌÏÊÉÃÄÁÖËÉÀ  n/p ×ÀÒÃÏÁÀÆÄÝ, ÒÏÌÄËÉÝ ÖÌÒÀÅËÄÓ 

ÐÒÀØÔÉÊÖË ÛÄÌÈáÅÄÅÄÁÛÉ ÌÝÉÒÄ ÓÉÃÉÃÄÀ. ÈÖ ÀÌ ÖÊÀÍÀÓÊÍÄË 

×ÀÒÃÏÁÀÓ ÜÀÅÈÅËÉÈ ÍÖËÉÓ ÔÏËÀÃ, ÌÀÛÉÍ ÌÉÅÉÙÄÁÈ ÉÞÖËÄÁÉÈÉ ÒáÄ-
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ÅÉÓ ÀÌÐËÉÔÖÃÄÁÉÓ ÓÉÃÉÃÄÓ, ÒÏÌÄËÉÝ ÌÉÙÄÁÖËÉ ÂÅØÏÍÃÀ ÉÞÖËÄÁÉÈÉ 

ÒáÄÅÄÁÉÓ ÃÒÏÓ ÃÄÌÐ×ÉÒÄÁÉÓ ÂÀÒÄÛÄ. 

ÃÉÍÀÌÉÊÖÒÏÁÉÓ ÊÏÄ×ÉÝÉÄÍÔÉÓ ÌÍÉÛÅÍÄËÏÁÄÁÉ /p ×ÀÒ-

ÃÏÁÉÓÂÀÍ ÃÀÌÏÊÉÃÄÁÖËÄÁÉÈ ÓáÅÀÃÀÓáÅÀ 2n/p ÌÍÉÛÅÍÄËÏÁÄÁÉÓ ÃÒÏÓ 

ÍÀÜÅÄÍÄÁÉÀ ÍÀá. 4.1 - ÆÄ. ÍÀáÀÆÉÃÀÍ ÜÀÍÓ, ÒÏÌ ÈÖ ÀÙÌÂÆÍÄÁÉ ÞÀËÉÓ 

ÓÉáÛÉÒÄ ÍÀÊËÄÁÉÀ ÓÉÓÔÄÌÉÓ ÓÀÊÖÈÀÒÉ ÒáÄÅÉÓ ÓÉáÛÉÒÄÆÄ, ÌÀÛÉÍ 

ÃÉÍÀÌÉÊÖÒÏÁÉÓ ÊÏÄ×ÉÝÉÄÍÔÉ ÀáËÏÓÀÀ ÄÒÈÈÀÍ ÃÀ ÉÞÖËÄÁÉÈÉ 

ÒáÄÅÄÁÉÓ ÀÌÐËÉÔÖÃÀ ÈÉÈØÌÉÓ ÔÏËÉÀ x0 ÓÔÀÔÉÊÖÒÉ ÂÀÃÀÀÃÂÉËÄÁÉÓÀ.  

 
                                                     ÍÀá. 4.1  

 ÌÄÏÒÄ ÆÙÅÒÖË ÛÄÌÈáÅÄÅÀÛÉ  ÌÄÔÉÀ p - ÓÈÀÍ ÛÄÃÀÒÄÁÉÈ, ÀÍÖ 

ÀÙÂÆÍÄÁÉÓ ÞÀËÉÓ ÓÉáÛÉÒÄ ÌÄÔÉÀ ÓÉÓÔÄÌÉÓ ÓÀÊÖÈÀÒ ÓÉáÛÉÒÄÆÄ. ÀÌ 

ÛÄÌÈáÅÄÅÀÛÉ ÃÉÍÀÌÉÊÖÒÏÁÉÓ ÊÏÄ×ÉÝÉÄÍÔÉ áÃÄÁÀ ÞÀËÆÄ ÌÝÉÒÄ ÃÀ ÛÄ-

ÓÀÁÀÌÉÓÀÃ, ÞÀËÆÄ ÌÝÉÒÄÀ ÉÞÖËÄÁÉÈÉ ÒáÄÅÄÁÉÓ ÀÌÐËÉÔÖÃÄÁÉÓ 

ÌÍÉÛÅÍÄËÏÁÄÁÉÝ.  
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 ÌÒÖÃÄÁÉ ÏÒÈÀÅÄ ÀÙÍÉÛÍÖËÉ ÆÙÅÒÖËÉ ÌÍÉÛÅÍÄËÏÁÄÁÉÓÀÈÅÉÓ 

ÈÀÅÓ ÉÚÒÉÀÍ ÄÒÈÌÀÍÄÈÈÀÍ ÞÀËÉÀÍ ÀáËÏÓ. ÄÓ ÍÉÛÍÀÅÓ, ÒÏÌ ÀÌ 

ÛÄÌÈáÅÄÅÄÁÛÉ ÃÄÌÐ×ÉÒÄÁÉÓ ÞÀËÄÁÉÓ ÂÀÅËÄÍÀ ÐÒÀØÔÉÊÖËÀÃ ÖÌÍÉÛÅ-

ÍÄËÏÀ ÃÀ ÒáÄÅÄÁÉÓ ÀÌÐËÉÔÖÃÄÁÉÓ ÂÀÌÏÈÅËÄÁÉÓ ÃÒÏÓ ÉÓÉÍÉ ÓÀÊÌÀÏ 

ÓÉÆÖÓÔÉÈ ÛÄÉÞËÄÁÀ ÌÉÅÉÜÍÉÏÈ ÒÏÂÏÒÝ ÒáÄÅÉÓ ÀÌÐËÉÔÖÃÄÁÉ ÃÄÌÐ-

×ÉÒÄÁÉÓ ÂÀÒÄÛÄ. ÒÏÃÄÓÀÝ ÀÙÂÆÍÄÁÉÓ ÞÀËÉÓ ÓÉáÛÉÒÄ ÖÀáËÏÅÃÄÁÀ ÓÉÓ-

ÔÄÌÉÓ ÓÀÊÖÈÀÒÉ ÒáÄÅÉÓ ÓÉáÛÉÒÄÓ, ÃÉÍÀÌÉÊÖÒÏÁÉÓ ÊÏÄ×ÉÝÉÄÍÔÉ 

ÓßÒÀ×ÀÃ ÉÆÒÃÄÁÀ ÃÀ, ÒÏÂÏÒÝ ÍÀáÀÆÉÃÀÍ ÜÀÍÓ, ÌÉÓÉ ÓÉÃÉÃÄ ÞÀËÆÄ 

ÌÂÒÞÍÏÁÉÀÒÄ áÃÄÁÀ ÃÄÌÐ×ÉÒÄÁÉÓ ÌÉÌÀÒÈ. ÀÌÐËÉÔÖÃÉÓ ÌÀØÓÉÌÖÌÉ 

ÌÉÉÙßÄÅÀ ÌÀÛÉÍ, ÒÏÃÄÓÀÝ /p ÃÀÀáËÏÄÁÉÈ ÖÃÒÉÓ 1- Ó.  

 4.7 ÂÀÌÏÓÀáÖËÄÁÉÃÀÍ ÜÀÍÓ, ÒÏÌ ÓÉÓÔÄÌÉÓ ÂÀÃÀÀÃÂÉËÄÁÀ áÃÄÁÀ 

ÀÙÂÆÍÄÁÉÓ ÞÀËÉÓ ÓÉáÛÉÒÉÈ, ÌÀÂÒÀÌ ÜÀÌÏÒÜÄÁÀ ÞÀËÉÓ ÓÉÃÉÃÉÓ 

ÝÅËÉËÄÁÀÓ ×ÀÆÉÈ. ÄÓ ÜÀÌÏÒÜÄÍÀ áÀÓÉÀÈÃÄÁÀ   ÊÖÈáÉÈ,  ÒÏÌÄËÉÝ  

ÂÀÍÉÓÀÆÙÅÒÄÁÀ  4.6 ×ÏÒÌÖËÉÈ ÃÀ ÃÀÌÏÊÉÃÄÁÖËÉÀ ÓÉáÛÉÒÄÄÁÉÓ /p 

ÈÀÍÀ×ÀÒÃÏÁÀÆÄ. ÒÏÂÏÒÝ ×ÏÒÌÖËÉÃÀÍ ÜÀÍÓ, ÌÝÉÒÄ  ÓÉáÛÉÒÉÓ ÃÒÏÓ 

 ÊÖÈáÄ ÌÝÉÒÄÀ. ÒÄÆÏÍÀÍÓÉÓ ÃÒÏÓ ÊÉ ( = p) ×ÀÆÖÒÉ ÊÖÈáÄ ÔÏËÉÀ 

/2, ÀÍÖ ÉÌ ÌÏÌÄÍÔÛÉ, ÒÏÃÄÓÀÝ ÌÏØÌÄÃÉ ÞÀËÀ ÌÀØÓÉÌÀËÖÒÉÀ, ÂÀÃÀ-

ÀÃÂÉËÄÁÀ ÖÃÒÉÓ ÍÖËÓ. ÓÀÊÌÀÏÃ ÌÀÙÀËÉ ÓÉáÛÉÒÄÄÁÉÓ ÃÒÏÓ ×ÀÆÖÒÉ 

ÊÖÈáÄ ÖÀáËÏÅÃÄÁÀ  - Ó, ÀÍÖ ÞÀËÉÓ ÌÀØÓÉÌÖÌÓ ÛÄÄÓÀÁÀÌÄÁÀ ÂÀÃÀÀÃÂÉ-

ËÄÁÉÓ ÌÉÍÉÌÖÌÉ.  
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§5. ori Tavisuflebis xarisxis mqone 

vibraciuli sistemebis Tavisufali rxevebi 

 

ori Tavisuflebis xarisxis mqone vibraciuli 

sistemebis magaliTad ganvixiloT nax. 5.1-ze moyvanili 

sqema. ori 1m  da 2m  masebi SeiZleba gadaadgildnen hori-

zontaluri x RerZis gaswvriv xaxunis gareSe da erTma-

neTTan dakavSirebulni arian 1c  da 2c  sixistis mqone 

drekadi elementebiT (magaliTad zambarebiT).  

 

                      nax. 5.1 

am masebis gadaadgilebis 1x da 2x koordinatebi 

aviTvaloT maTi statikuri wonasworobis mdebareobidan. 

moZraobebis gantolebaTa Sesadgenad aqac viyenebT 

lagranJis meore gvaris gantolebas. masebis rxevebis 

procesSi zambarebSi viTardeba 11 xc  da  122 xxc   Zalve-

bi, amitom sistemis potenciuri energia gamoisaxeba Sem-

degnairad: 

         
 

22

2
122

2
11 xxcxc

П


   ,             5.1 

xolo kinetikur energias aqvs Semdegi saxe: 
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                  .
22

2

2

.

2

2

1

.

1 xmxmT                    5.2 

 5.1 da 5.2 tolobebis CasmiT lagranJis gantoleba-

Si, sabolood, miviRebT masebis moZraobaTa Semdeg 

giferencialur gantolebaTa sistemas:  

                   
 

  .0

;0

1222

..

2

122111

..

1





xxcxm

xxcxcxm
          5.3 

 

 gantolebaTa 5.3 sistemis gamartivebis mizniT 

gavyoT masSi Semavali Sesabamisi gantolebebi 1m  da 2m  

masebze da SemoviRoT aRniSvnebi: 

             ,;;
2

2

1

2

1

21  


m
c

m
c

m
cc

        5.4 

maSin 5.3 gantolebebi miiReben Semdeg saxes: 

                  

.0

;0

212
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211
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xxx

xxx




                  5.5 

 5.5 gantolebebi warmoadgenen diferencialur 

gantolebebs mudmivi koeficientebiT. es gantolebebi 

SesaZlebelia amovxsnaT kerZo amonaxsnebiT, romelTac 

aqvT Semdegi saxe: 

                    
 
 .sin

;sin

2

1







ptBx
ptAx

                    5.6 
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 Tu 5.6 tolobebs CavsvamT 5.5-Si, miviRebT:            

     
      .0sinsinsin

;0sinsin
2

2









ptBptAptBp
ptBptAptAp

 5.7 

 5.6 gantolebebi daakmayofilebs 5.5 gantolebaTa 

sistemas  drois nebismier momentSi im SemTxvevaSi, Tu 

dakmayofildeba Semdegi algebruli gantolebebi: 

                   
 

  .0
;0

2

2





pBA
BpA




                  5.8  

5.8 gantolebebi A  da B  koeficientebisaTvis 

mogvcems nulisgan gansxvavebul amonaxsns im SemTxvevaSi 

Tu 5.7 sistemis ganmsaZRvreli 

                    ,022   pp                5.9 

anu 

                  .024   pp              5.10 

 es ukanaskneli 
2p -s mimarT aris kvadratuli 

gantoleba da iwodeba sistemis sixSiris gantolebad. 

misi fesvebia: 

             







 





2

2
2,1 22

p         5.11 

 5.11 gantoleba aseve SeiZleba Caiweros Semdegi 

saxiT 
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                .
22

2
2

2,1 







 




p          5.12 

 fesvsqveSa gamosaxuleba 5.12 gantolebaSi 

yovelTvis dadebiTia, Sesabamisad orTave fesvi 
2
1p  da 2

2p  

aris namdvili. 5.4 aRniSvnidan Cans, rom sxvaoba     

dadebiTia da Sesabamisad, 5.11 gantolebaSi radikalis 

mniSvneloba yovelTvis naklebia 
2
 

-ze, amitom orive 

fesvi aris dadebiTi da sistemisTvis viRebT or 1p da 

2p  kuTxur sixSires. 

 Tu davubrundebiT 5.8 gantolebebs, vxedavT, rom 

A  da B  sidideebis mniSvnelobebis miReba SeuZlebelia. 

magram SesaZlebelia maTi fardobis povna. kerZod: 

                 2pB
A






  an  


 2p

B
A 
           5.13 

2
1

2 pp   an 
2
2

2 pp   SemTxvevaSi 5.11 gantolebis 

Tanaxmad orTave es fardobebi erTmaneTis tolia. Tu 

CavsvamT 5.13 fardobebSi 5.11 tolobiT gansazRvrul 
2p -s 

mniSvnelobebs, miviRebT amplitudebis or gansxvavebul 

Tanafardobas, saxeldobr: 

        ;1

1

2
1

2
11

1














p

pB
A

              5.14 
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2

2
2

2
22

2 1














p
pB

A
              5.15  

maSasadame, miuxedavad imisa, rom A  da B  

amplitudebi rCeba ganusazRvreli, maT Tanafardobebs 

SeiZleba hqondeT mxolod ori gansazRvruli 5.14 da 5.15 

mniSvnelobebi. es Tanafardobebi damokidebulia mxolod 

5.4 formulebiT gansazRvrul  ,,  mudmiv sidideebze. 

  

 

 

 

§6. ori Tavisuflebis xarisxis mqone 

vibraciuli sistemebis iZulebiTi rxevebi 

 

 ganvixiloT ori Tavisuflebis xarisxis mqone 

sistemis iZulebiTi rxevebi damyarebul reJimSi, rodesac 

sistemaze moqmedebs harmoniuli aRmgznebi Zala. aseTi 

sistemis magaliTad kvlav gamoviyenoT nax. 5.1-ze 

gamosaxuli ori masa da davuSvaT, rom zambarebis 

daWimulobis Zalvebis garda erTerT masaze ( 1m -ze) 

moqmedebs gareSe Zala .sin0 tF   ganxilul SemTxvevaSi 

moZraobis diferencialuri gantolebebi 5.3 miiReben 

Semdeg saxes: 
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  .0

;sin
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xxcxm

tFxxcxcxm 
        6.1 

 aRniSvnebis SemoRebiT 

     ,;;;
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  6.2 

6.1 gantolebaTa sistema Caiwereba Semdegi saxiT: 

                   

.0

;sin

212

..
211
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xxx

tFxxx




             6.3 

 am gantolebebis kerZo amonaxsni SesaZlebelia 

moiZebnos Semdegi saxiT: 

                      
.sin
;sin

2

1

tBx
tAx







                       6.4 

 imisaTvis rom miviRoT A da B amplitudebis 

sidideebi CavsvaT 6.4 tolobebi 6.3-Si, ris Sedegad 

vpoulobT 

                  
 

  .0
;

2

2





BA
FBA




                   6.5 

A da B amplitudebisaTvis es ukanaskneli gamosaxulebebi 

gvaZlevs Semdeg mniSvnelobebs: 
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   .

;

22

22

2















FB

FA
               6.6 

 aRsaniSnavia, rom A da B amplitudebis am 

mniSvnelobis dros 6.4 amonaxsnebi akmayofileben 6.3 

gantolebaTa sistemas drois nebismier momentSi. rogorc 

6.4-dan Cans isini gamoxataven orTave masis martiv 

harmoniul moZraobebs aRmgznebi Zalis   sixSiriT 

moqmedebis dros. magram A da B amplitudebi damokidebul-

ni arian aRmgznebi F Zalisa da  kuTxuri sixSiris sidi-

deebze. 

  -s sakmaod mcire sidideebisaTvis, roca 

SesaZlebelia misi ugulebelyofa   da  -sTan 

SedarebiT, an kidev rodesac igi udris nuls  

                 .
1

0 






c
FFBA                 6.7 

 aqedan Cans, rom mcire sididiT cvalebadi moqmedi 

gareSe Zala iwvevs mxolod statikur efeqts, anu 1c  

sixistis mqone zambara inarCunebs Tavis sigrZes da orive 

masebi gadaadgildeba erTad. amave dros maTi 

gadaadgileba yovelTvis tolia 1c  sixistis mqone 

zambaris wagrZelebis, tF sin0  Zalis moqmedebis dros. 
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 Tu SevadarebT 6.6 gantolebebis mniSvnels 

sixSiris 5.9 gantolebas, SegviZlia davaskvnaT, rom A da 

B amplitudebi usasrulod izrdeba, rodesac 1p  an 

2p . amrigad, ori Tavisuflebis xarisxis mqone sis-

temaSi gvaqvs rezonansis ori piroba, romelTagan 

TiToeuli Seesabameba calkeuli masebis sakuTar 

sixSires Tavisufali rxevebis dros.  

 6.6 gantolebebidan gamomdinareobs iZulebiTi 

rxevebis A da B amplitudebis fardoba 

                        .
2


 


B
A

                     6.8 

 rezonansis orive pirobidan, anu rodesac 1p  

an 2p  gamomdinare es fardobebi iRebs 

1

1

B
A

 an 

2

2

B
A

 

mniSvnelobebs, rogorc es mocemulia 5.14 da 5.15 

gamosaxulebebSi. 

ganxiluli sistemis amplitudur-sixSiruli damo-

kidebulebis  erTerTi kerZo SemTxveva A amplitudisTvis 

naCvenebia nax. 6.1-ze. grafiki agebulia 0F  = 1;  1m  = 2m  = 1;  

1c  = 2c  = 1    mniSvnelobebisTvis. rogorc grafikidan Cans, 

am SemTxvevaSi rezonansebis ricxvi tolia oris, rac 

Seesabameba sistemis Tavisuflebis xarisxs da mis 

sakuTar sixSireebs.              
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nax. 6.1 

 

 

 

 

§7. ori Tavisuflebis xarisxis mqone 

vibraciuli sistemebis iZulebiTi rxevebi 

siCqaris proporciuli winaaRmdegobis Zalebis 

moqmedebis dros 

 

ganvixiloT ori Tavisuflebis xarisxis mqone 

sistemis iZulebiTi rxevebi masSi blanti xaxunis 

winaaRmdegobis Zalebis moqmedebis dros. davubrundeT 

nax. 5.1-ze gamosaxul sqemas da miviRoT, rom garda dreka-

di Zalebisa da sistemaze moqmedi aRmgznebi tF sin0  



 51 

Zalisa, masSi moqmedebs blanti xaxunis winaaRmdegobis 

Zalebi 2.2 saxiT. aseT pirobebSi moZraobis diferenci-

aluri gantolebebi miiRebs Semdeg saxes:  
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   7.1 

 Tu SemoviRebT aRniSvnebs 
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     7.2  

7.1 sistema SeiZleba gadavweroT Semdegi saxiT: 

                

.0

;sin
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xxxx

tFxxxx




          7.3 

 7.3 gantolebaTa sistemis mTliani amonaxsni 

Sedgeba Tavisufali milevadi rxevebisa da iZulebiTi 

rxevebisgan blanti xaxuniT. imisaTvis, rom vipovoT 

amonaxsni Tavisufali rxevebisTvis 7.3 sistemis pirvel 

gantolebas movaciloT marjvena mxare da ganvixiloT 

Sesabamisi erTgvarovani gantolebebi: 

                   

.0

;0

212

.

2

..
211

.

1

..





xxxx
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            7.4 
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 7.4 gantolebebis amoxsna SeiZleba miviRoT Semdegi 

saxiT: 

                     ,, 21
stst DexCex                   7.5 

sadac C da D winaswar ucnobi mudmivebia. Tu CavsvamT 7.5-s 

7.4-Si miviRebT: 

                 
 

  .0
,0

2

2









ssDC
DssC

               7.6 

 am gantolebebs C da D –saTvis nulisgan gansxva-

vebuli mniSvnelobebi SeuZliaT mogvces mxolod im 

SemTxvevaSi, Tu maTi ganmsaZRvreli aris nulis toli. 

anu: 

                .022   ssss           7.7 

 es ukanaskneli gantoleba s – is mimarT warmoad-

gens meoTxe xarisxis gantolebas, romelsac Sesabamisad 

aqvs oTxi fesvi da SeuZlia mogvces 7.5-s oTxi kerZo 

amonaxsni. 7.4–is zogadi amonaxsni miiReba am oTxi fesvis 

kombinaciebiT. Tu blanti xaxuni SedarebiT mcirea da 

SesaZlebelia rxeviTi moZraobebis miReba, maSin 7.7 

gantolebis oTxive fesvi aris kompleqsuri, uaryofiTi 

namdvili nawilebiT: 

                       

,
,

224

223

,112

,111

ipns
ipns
ipns
ipns








                    7.8 
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sadac 1n  da 2n dadebiTi ricxvebia. TiToeuli am fesvis 

CasmiT 7.6 gantolebebSi miiReba C/D fardobis oTxi 

mniSvneloba. amrigad, 7.5 tolobebisTvis miviReT oTxi 

kerZo amonaxsni, oTxi integrirebis mudmiviT, romlebic 

moiZebneba aseve oTxi sawyisi pirobidan. kerZod 1x  da 

2x sawyisi gadaadgilebidan da maTi 1

.
x  da 2

.
x  warmoebu-

lebidan, anu siCqareebidan. 

 Tu iseve moviqceviT, rogorc me-4 paragrafSi erTi 

Tavisuflebis xarisxis mqone sistemis ganxilvisas da 

SevcvliT maCveneblian tolobebs trigonometriuli 

funqciebiT, magaliTad pirveli ori fesvisTvis 

               

   

    ,sin2
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 maSin 7.5 –s kerZo amonaxsnebi pirveli ori maTganisTvis 

miiRebs Semdeg saxes: 

                
 
 .sincos

,sincos

1
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1
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tpCtpCex

tpCtpCex
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 amrigad, TiToeuli moyvanili gadaadgilebebidan 

warmoadgens milevad rxevas, rogorc es iyo erTi 

Tavisuflebis xarisxis mqone sistemaSi. fesvebis namd-

vili nawilebi 1n  gansazRvraven amplitudebis milevis 

temps, xolo warmosaxviTi nawili 1p  gansazRvravs rxeve-

bis sixSires. Tu aseve moviqceviT 7.8 gantolebis 
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Semdgomi ori fesvis mimarTac, sabolood miviRebT 7.4 

gantolebaTa sistemis zogad amonaxsns:         

   
   .sincos.sincos

,sincossincos

2
//
22

//
11

//
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//
12

2
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/
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/
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/
11
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    7.9 

 imis gamo, rom mudmivebis C/D fardobebi ganisazR-

vreba 7.6 gantolebebiT, 7.5 – s TiToeuli kerZo amonaxs-

nisTvis, 7.9 gantolebaTa sistema Seicavs mxolod oTx 

damoukidebel mudmivs, romlebic unda gansazRvruli 

iqnas sawyisi pirobebidan. 

 mcire blanti xaxunis SemTxvevaSi 1n  da 2n  ricxve-

bi 7.8 tolobebSi mcirea da Sesabamisad mcire gavlenas 

axdenen sistemis rxevebis sixSireebze. amitom 1p  da 2p  

SeiZleba miviRoT, rogorc rxevebis sixSireebi, sistemaSi 

winaaRmdegobis arsebobis gareSe.  

 Tu ki gvaqvs sistema Zalian didi blanti xaxuniT, 

maSin SesaZlebelia ori an yvela oTxive fesvi 7.8 

tolobebSi iyos namdvili da uaryofiTi. Sesabamisad, 

moZraoba iqneba aperioduli 

 7.9 gantolebebidan Cans, rom Tavisufali rxevebi 

TandaTan miileva droSi da praqtikulad saqme gvaqvs 

iZulebiTi rxevebis damyarebul procesTan tF sin0  

Zalis moqmedebiT. es iZulebiTi rxevebi ganisazRvreba, 

rogorc 7.3 gantolebis kerZo amonaxsnebi, romelTac 

aqvT Semdegi saxe: 
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                 .cossin
,cossin

432

211




CtCx
tCtCx




      7.10 

 am tolobebis CasmiT 7.3 sistemaSi, da, tsin  da 

tcos  -s koeficientebis nulTan gatolebiT miviRebT 

oTx algebrul gantolebas oTxi 1C , 2C , 3C  da 

4C mudmivebis gansasazRvravad. am gantolebebis amoxsniT 

da maTi CasmiT 7.10–Si sabolood miviRebT sistemis saZieb 

iZulebiTi rxevebis aRmwer gantolebebs.   
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§8. sami Tavisuflebis xarisxis mqone 

vibraciuli sistemebis Tavisufali rxevebi 

 

sami Tavisuflebis xarisxis mqone vibraciuli sis-

temebis magaliTad ganvixiloT nax. 8.1-ze moyvanili sqema. 

sqemaze gamosaxulia sistema, romelic Sedgeba sami myari 

masisagan, SeerTebuli erTmaneTTan wrfivad drekadi ele-

mentebiT (magaliTad resorebiT). avRniSnoT masebi 1m , 2m  

da 1m -Ti, maTi gadaadgileba ki wonasworobis mdebare-

obebidan horizontaluri x RerZis gaswvriv, xaxunis 

gareSe, ,1x  2x  da 3x -Ti.  drekadi elementebi, romliTac 

masebi erTmaneTTan arian dakavSirebulni aris ,0c  1c  da 

2c  rogorc es naxazzea naCvenebi.  

 

 

                             nax. 8.1 

moZraobebis gantolebaTa Sesadgenad aqac viyenebT 

lagranJis meore gvaris gantolebas. pirvel rigSi movZeb-

noT sistemis kinetikuri energia, romelsac eqneba Semde-

gi saxe: 



 57 

          .
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2
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1
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1 xmxmxmT               8.1 

masebis rxevebis procesSi zambarebSi viTardeba 

10 xc ,  121 xxc   da  232 xxc   Zalvebi, amitom sistemis 

potenciuri energia gamoisaxeba Semdegnairad: 

        
   

.
222

2
232

2
121

2
10 xxcxxcxc

П





           8.2 

 8.1 da 8.2 tolobebis CasmiT lagranJis gantoleba-

Si, sabolood, miviRebT masebis moZraobaTa Semdeg dife-

rencialur gantolebaTa sistemas:  
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xxcxxcxm

xxcxcxm

        8.3 

 

 gantolebaTa 8.3 sistemis gamartivebis mizniT 

gavyoT masSi Semavali Sesabamisi gantolebebi 1m , 2m  da 

3m  masebze da SemoviRoT aRniSvnebi gadacemis koeficien-

tebis saxiT: 

.;;;;; 33
3

2
23

2

2
22

2

1
21

2

21
12

1

1
11

1

10 k
m
ck

m
ck

m
ck

m
cck

m
ck

m
cc







 

 

maSin 8.3 gantolebebi miiReben Semdeg saxes: 
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xkxkx

               8.4 

 8.4 gantolebebi warmoadgenen diferencialur gan-

tolebebs mudmivi koeficientebiT. es gantolebebi SesaZ-

lebelia amovxsnaT kerZo amonaxsnebiT, romelTac aqvT 

Semdegi saxe: 

                    

 
 
 .sin

;sin
;sin
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ptCx
ptBx
ptAx

                    8.5 

 Tu 8.5 tolobebs CavsvamT 8.4-Si, miviRebT: 
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ptBkptAkptAp
    8.6 

 8.5 gantolebebi daakmayofilebs 8.4 gantolebaTa 

sistemas  drois nebismier momentSi im SemTxvevaSi, Tu 

dakmayofildeba Semdegi algebruli gantolebebi: 
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            8.7  

8.7 gantolebebi A , B  da C koeficientebisaTvis mogvcems 
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nulisgan gansxvavebul amonaxsns im SemTxvevaSi Tu 8.6 

sistemis ganmsazRvreli 
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 gaSlili saxiT 8.9 gantoleba miiRebs Semdeg 

saxes : 

      
   .0211223221133

2
2112232233332211

4
332211
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8.10 

 8.10 warmoadgens kubur gantolebas 
2p -s mimarT. 

SemoviRoT aRniSvnebi 

  ;332211  kkk    

     ;2112232233332211  kkkkkkkk  

   ;211223221133  kkkkkk  ,2 p  

maSin 8. 10 toloba Caiwereba Semdegnairad: 

                    .023                 8.11 

es ukanaskneli  -s mimarT aris kuburi  gantoleba da 

iwodeba sistemis sixSiris gantolebad. misi fesvebi sis- 
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temis Tvisuflebis xarisxis, anu samis tolia. es sixSi-

reebi 3,2,1  da ganlagebulni arian zrdis Tanmimdevro-

biT. gansaxilveli sistemisaTvis, romelic asrulebs rxe-

vebs mdgrad mdgomareobasTan axlos yvela es fesvebi 

namdvili da dadebiTia. 8.11-Si Semavali mudmivi koefici-

entebi  ,,  arian ganxiluli sistemis masebisa da 

sixisteebisagan Sedgenili sidideebi.  

 8.11 gantoleba cxadia kvadraturebSi ar amo-

ixsneba, magram Tanamedrove kompiuteruli teqnikisa da 

masze gantolebebis amoxsnis mravalferovani meTodebis 

arsebobis dros misi amoxsna da Sesabamisad fesvebis 

miReba sirTules ar warmoadgens.   

 am paragrafSi ganvixileT meqanikuri rxeviTi sis-

tema sami Tavisuflebis xarisxiT, romelSic ar moqmedeb-

dnen raime saxiT winaaRmdegobis Zalebi. aseTi sistemebi 

iwodebian idealur sistemebad da cxadia praqtikaSi ar 

arseboben. realurad, sitemebSi, nebismieri Tavisuflebis 

xarisxiT, yovelTvis moqmedebs winaaRmdegobis Zalebi 

gareSe an Sinagani Zalebis saxiT. aseTi sistemebi ganxi-

luli gvqonda ori Tavisuflebis xarisxis mqone meqani-

kur rxeviT sistemebSi. iq moyvanili sistemis moZraobis 

dros dempfirebis gaTvaliswinebis yvela meTodebi Zala-

Sia am SemTxvevaSic. principuli gansxvaveba ori da sami 

Tavisuflebis xarisxis SemTxvevebSi ar arsebobs. amitom 
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maT gameorebas aq Tavs avaridebT da dempfirebis maxasi-

aTeblebs pirdapir SemovitanT gamzadebuli saxiT. 

 igive Seexeba sami Tavisuflebis xarisxis mqone 

sistemis aRgznebas, gareSe moqmedi ZalebiT. esec analo-

giuria ormasian sistemaSi ganxiluli meTodis.  

 

     

 

 

§9. ÀÒÀßÒ×ÉÅÉ ÅÉÁÒÀÝÉÖËÉ ÓÉÓÔÄÌÄÁÉ ÄÒÈÉ 

ÈÀÅÉÓÖ×ËÄÁÉÓ áÀÒÉÓáÉÈ 

 

 ßÉÍÀ ÐÀÒÀÂÒÀ×ÄÁÛÉ ÒáÄÅÄÁÆÄ ÀÌÏÝÀÍÄÁÉÓ ÂÀÍáÉËÅÉÓ ÃÒÏÓ 

ÚÅÄËÂÀÍ ÉÂÖËÉÓáÌÄÁÃÀ, ÒÏÌ ÃÒÄÊÀÃÉ ÊÀÅÛÉÒÄÁÉÓ ÒÄÀØÝÉÀ ÃÄ×ÏÒ-

ÌÀÝÉÉÓ ÐÒÏÐÏÒÝÉÖËÉ ÉÚÏ. 

 ÀÌÀÓÈÀÍ ÄÒÈÀÃ, ÆÏÂÉÄÒÈ ÛÄÌÈáÅÄÅÀÛÉ ÀÓÄÅÄ ÉÂÖËÉÓáÌÄÁÏÃÀ, 

ÒÏÌ ÀÒÀÃÒÄÊÀÃÉ ßÉÍÀÀÙÌÃÄÂÏÁÉÓ, ÀÍÖ áÀáÖÍÉÓ ÞÀËÄÁÉ ÉÚÏ ÌÏÞÒÀ-

ÏÁÉÓ ÓÉÜØÀÒÉÓ ßÒ×ÉÅÉ ×ÖÍØÝÉÀ. ÀÌ ÃÀÛÅÄÁÄÁÉÓ ÓÀ×ÖÞÅÄËÆÄ ÓÉÓÔÄÌÉÓ 

ÒáÄÅÄÁÉ ÀÙÉßÄÒÄÁÏÃÀ ßÒ×ÉÅÉ ÃÉ×ÄÒÄÍÝÉÀËÖÒÉ ÂÀÍÔÏËÄÁÄ-ÁÉÈ, 

ÒÏÌÄËÈÀÝ ÂÀÀÜÍÃÀÈ ÌÖÃÌÉÅÉ ÊÏÄ×ÉÝÉÄÍÔÄÁÉ. ÀÒÓÄÁÏÁÓ ÌÒÀÅÀËÉ 

ÐÒÀØÔÉÊÖËÉ ÀÌÏÝÀÍÀ, ÒÏÌËÄÁÛÉÀÝ ÄÓ ÃÀÛÅÄÁÄÁÉ ÓÀÊÌÀÏÃ ÃÀÌÀÊÌÀÚÏ-

×ÉËÄÁËÀÃ ÂÀÌÏÓÀáÀÅÄÍ ÒÄÀËÖÒ ÐÉÒÏÁÄÁÓ. ÀÌÀÓÈÀÍ ÄÒÈÀÃ, ÀÒÓÄ-

ÁÏÁÄÍ ÀÂÒÄÈÅÄ ÓÉÓÔÄÌÄÁÉ, ÒÏÌËÄÁÛÉÝ ßÒ×ÉÅ ÃÉ×ÄÒÄÍÝÉÀËÖÒ ÂÀÍÔÏ-

ËÄÁÄÁÓ ÌÖÃÌÉÅÉ ÊÏÄ×ÉÝÉÄÍÔÄÁÉÈ ÀÒ ÞÀËÖÞÈ ÀÙßÄÒÏÍ ÓÉÓÔÄÌÉÓ 

ÒÄÀËÖÒÉ ÌÏÞÒÀÏÁÄÁÉ, ÒÉÓ ÂÀÌÏÝ ÒáÄÅÄÁÉÓ ÆÏÂÀÃÉ ÂÀÌÏÊÅËÄÅÄÁÉ 
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ÌÏÉÈáÏÅÓ ÀÓÄÈ ÓÉÓÔÄÌÄÁÛÉ ÂÀÌÏÚÄÃÄÁÖËÉ ÉØÍÀÓ ÀÒÀßÒ×ÉÅÉ ÃÉ×ÄÒÄÍ-

ÝÉÀËÖÒÉ ÂÀÍÔÏËÄÁÄÁÉ. ÀÓÄÈÉ ÓÉÓÔÄÌÄÁÉ ÉßÏÃÄÁÉÀÍ ÀÒÀßÒ×ÉÅÉ ÌÀáÀ-

ÓÉÀÈÄÁËÉÓ ÌØÏÍÄ ÓÉÓÔÄÌÄÁÀÃ. ÀÌ ÓÉÓÔÄÌÄÁÉÓ ÌÀÂÀËÉÈÄÁÉ ÐÒÀØÔÉÊÀÛÉ 

ÓÀÊÌÀÏÃ áÛÉÒÀÃ ÂáÅÃÄÁÀ. ÌkaÝÒÉ  ÂÀÍÌÀÒÔÄÁÉÈ ÒÏÌ ÛÄÅÀ×ÀÓÏÈ, 

ßÒ×ÉÅÉ  ÓÉÓÔÄÌÄÁÉ ÀÒÓÄÁÏÁÓ ÃaÔÅÉÒÈÅÄÁÉÓ  ÌáÏËÏÃ ÂÀÒÊÅÄÖË 

ÆÙÅÒÄÁÛÉ, ÒÉÓ ÛÄÌÃÄÂ ÓÉÓÔÄÌÀ áÀÓÉÀÈÃÄÁÀ ÀÒÀßÒ×ÉÅÏÁÉÈ, ÀÍÖ 

ÀÙÌÃÂÄÍÉ ÃÒÄÊÀÃÉ ÞÀËÀ ÀÒ ÀÒÉÓ ÓÉÓÔÄÌÉÓ ßÏÍÀÓßÏÒÏÁÉÓ  ÌÃÂÏÌÀ-

ÒÄÏÁÉÃÀÍ ÂÀÃÀÀÃÂÉËÄÁÉÓ ÐÒÏÐÏÒÝÉÖËÉ.  

 ÂÀÍÅÉáÉËÏÈ ÖÌÀÒÔÉÅÄÓÉ ÀÒÀßÒ×ÉÅÉ ÓÉÓÔÄÌÀ ÄÒÈÉ ÈÀÅÉ-

ÓÖ×ËÄÁÉÓ áÀÒÉÓáÉÈ. m ÌÀÓÉÓ ÔÅÉÒÈÉ ÃÀÌÀÂÒÄÁÖËÉÀ ÀÒÀßÒ×ÉÅ 

ÆÀÌÁÀÒÀÆÄ. ÆÀÌÁÀÒÉÓ ÃÒÄÊÀÃÏÁÉÓ ÌÀáÀÓÉÀÈÄÁÄËÉ, ÀÍÖ ÃÀÌÏÊÉÃÄÁÖ-

ËÄÁÀ F ÞÀËÉÓÀ x ÂÀÃÀÀÃÂÉËÄÁÀÆÄ, ÛÄÉÞËÄÁÀ ÌÏÝÄÌÖËÉ ÉÚÏÓ 

ÂÒÀ×ÉÊÖËÀÃ ÀÍ ÀÍÀËÉÆÖÒÀÃ. ÉÌÉÓÃÀÌÉáÄÃÅÉÈ, ÈÖ  ÒÏÂÏÒÀÀ   

ÂÀÍËÀÂÄÁÖËÉ  ÄÓ  ÌÀáÀÓÉÀÈÄÁÄËÉ ÊÏÏÒÃÉÍÀÔÈÀ ÙÄÒÞÄÁÉÓ ÌÉÌÀÒÈ, 

ÉÂÉ ÛÄÉÞËÄÁÀ ÉÚÏÓ ÓÉÌÄÔÒÉÖËÉ, ÀÍ ÀÒÀÓÉÌÄÔÒÉÖËÉ. ÈÖ 
dF
dx







  

ÌÝÉÒÃÄÁÀ x - ÉÓ ÆÒÃÀÓÈÀÍ ÄÒÈÀÃ, ÌÀÛÉÍ ÌÀáÀÓÉÀÈÄÁÄËÉ ÉßÏÃÄÁÀ 

ÒÁÉËÀÃ, áÏËÏ ÒÏÝÀ ÐÉÒÉØÉÈÀÀ - áÉÓÔÀÃ. 

 ÊÏÍÓÄÒÅÀÔÉÖËÉ ÓÉÓÔÄÌÉÓ (áÀáÖÍÉÓ ÂÀÒÄÛÄ) ÈÀÅÉÓÖ×ÀËÉ 

ÒáÄÅÄÁÉÓ ÂÀÍÔÏËÄÁÀÓ ÀØÅÓ ÛÄÌÃÄÂÉ ÓÀáÄ: 

 mx F x
. .

. 0 0  

ÀÍ:  

                                                 x F x
. .

,  0                                          9.1 
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 9.1 ÂÀÍÔÏËÄÁÉÓ ÀÌÏáÓÍÉÓ ÓÉÒÈÖËÉÓ ÂÀÌÏ ÜÅÄÖËÄÁÒÉÅ 

ÀÊÌÀÚÏ×ÉËÃÄÁÉÀÍ ÈÀÅÉÓÖ×ÀËÉ ÒáÄÅÄÁÉÓ ÓÉáÛÉÒÉÓ ÂÀÌÏÈÅËÉÈ, ÈÅÉÈ 

ÒáÄÅÄÁÉÓ ÐÒÏÝÄÓÉÓ ÌÉÌÃÉÍÀÒÄÏÁÉÓ ÃÄÔÀËÄÁÉÓ ÂÀÒÊÅÄÅÉÓ ÂÀÒÛÄ, ÒÀÝ 

ÌÒÀÅÀË ÐÒÀØÔÉÊÖË ÛÄÌÈáÅÄÅÀÛÉ ÓÀÅÓÄÁÉÈ ÓÀÊÌÀÒÉÓÉÀ. 

 ÈÖ ÀÜØÀÒÄÁÀÓ ÂÀÌÏÅÓÀáÀÅÈ ÛÄÌÃÄÂÉ ÓÀáÉÈ: 

x
dv
dt

dv
dx

dx
dt

dv
dx
v

. .

,     

ÓÀÃÀÝ v - ÓÉÜØÀÒÄÀ, 8.1 ÂÀÍÔÏËÄÁÉÓ ÍÀÝÅËÀÃ ÌÉÅÉÙÄÁÈ:  

                                             v
dv
dx

F x  0.                                        9.2 

 ÝÅËÀÃÄÁÉÓ ÃÀÚÏ×ÉÓ ÛÄÃÄÂÀÃ ÌÉÅÉÙÄÁÈ: 

v dv = - F(x)dx. 

 ÉÍÔÄÂÒÉÒÄÁÉÓ ÃÀÓÀßÚÉÓÉ ÛÄÅÀÒÜÉÏÈ ÉÌ ÌÏÌÄÍÔÉÓÀÈÅÉÓ, 

ÒÏÃÄÓÀÝ x ÂÀÃÀÀÃÂÉËÄÁÀ ÀÒÉÓ ÌÀØÓÉÌÀËÖÒÉ (xmax = a), áÏËÏ ÓÉÜØÀÒÄ 

ÔÏËÉÀ ÍÖËÉÓ (v = 0). ÌÀÛÉÍ: 

    
0 0

v x
vdv F x dx , 

ÀÍ 

   v
F x dx F x dx
a

x

x

a2

2
     . 

 ÖÊÀÍÀÓÊÍÄËÉ ÌÉÙÄÁÖËÉ ÔÏËÏÁÀ ÂÀÌÏáÀÔÀÅÓ ÄÍÄÒÂÉÉÓ 

ÛÄÍÀáÅÉÓ ÊÀÍÏÍÓ: ÌÀÒÝáÄÍÀ ÍÀßÉËÛÉ ÌÏÈÀÅÓÄÁÖËÉÀ ÊÉÍÄÔÉÊÖÒÉ 

ÄÍÄÒÂÉÀ, ÒÏÌÄËÉÝ ÃÀÂÒÏÅÉËÉÀ ÌÏÞÒÀÏÁÉÓ ÐÒÏÝÄÓÛÉ ÓÉÓÔÄÌÉÓ ÂÀÍÀ-

ÐÉÒÀ ÌÃÄÁÀÒÄÏÁÉÃÀÍ (x = a; v = 0) ÌÉÌÃÉÍÀÒÄ ÌÃÄÁÀÒÄÏÁÀÌÃÄ (x; v), 

áÏËÏ ÌÀÒãÅÄÍÀ ÍÀßÉËÛÉ  ÐÏÔÄÍÝÉÖÒÉ ÄÍÄÒÂÉÀ, ÃÀÊÀÒÂÖËÉ ÉÌÀÅÄ 

ÌÏÞÒÀÏÁÉÓ ÐÒÏÝÄÓÛÉ. ÄÍÄÒÂÉÉÓ ÄÓ ÍÀßÉËÉ ÃÀÛÔÒÉáÖËÉ ×ÀÒÈÏÁÉÓ 
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ÓÀáÉÈ ÍÀÜÅÄÍÄÁÉÀ ÀÒÀßÒ×ÉÅÉ ÀÙÌÃÂÄÍÉ ÞÀËÉÓ ÌÀáÀÓÉÀÈÄÁËÉÓ ÂÒÀ×ÉÊ-

ÆÄ (ÍÀá. 8.1). ÁÏËÏ ÂÀÌÏÓÀáÖËÄÁÉÃÀÍ ÌÉÅÉÙÄÁÈ: 

                                    v
dx
dt

F x dx
x

a
   2 .                                  9.3 

 ×ÄÓÅÉÓ ßÉÍ ÍÉÛÍÄÁÉÓ ÏÒÉ ÛÄÓÀÞËÏ ÌÍÉÛÅÍÄËÏÁÉÃÀÍ ÀÙÄÁÖËÉÀ 

ÌÉÍÖÓÉ ÉÌÉÓ ÂÀÌÏ, ÒÏÌ ÌÏÞÒÀÏÁÉÓ ÂÀÍÓÀáÉËÅÄË ÉÍÔÄÒÅÀËÆÄ ÓÉÜØÀÒÄ 

ÀÒÉÓ ÖÀÒÚÏ×ÉÈÉ. 

                                                              F(x)                                  

 

 

                                                          0                   x        a       x  

                                                                      ÌÏÞÒÀÏÁÉÓ 

                                                                      ÌÉÌÀÒÈÖËÄÁÀ 

                                                                ÍÀá. 9.1 

 9.3 ÂÀÍÔÏËÄÁÉÓ ÉÍÔÄÂÒÉÒÄÁÀ ÂÅÀÞËÄÅÓ t ÃÒÏÉÓ ÌÍÉÛÅ-

ÍÄËÏÁÀÓ x ÂÀÃÀÀÃÂÉËÄÁÉÓ ×ÖÍØÝÉÀÛÉ: 

                              

   
t

dx

F x dx

dx

F x dxa

x

x

a x

a

x

a
  


 

2 2
.               9.4 

 ÈÖ ÌÏÅÀáÃÄÍÈ ÉÍÔÄÂÒÉÒÄÁÀÓ x = 0 - ÃÀÍ x = a - ÌÃÄ, ÌÀÛÉÍ 

ÓÉÌÄÔÒÉÖËÉ ÌÀáÀÓÉÀÈÄÁËÉÓ ÌØÏÍÄ ÓÉÓÔÄÌÉÓÀÈÅÉÓ ÛÄÉÞËÄÁÀ 

ÌÏÅÞÄÁÍÏÈ ÌÈËÉÀÍÉ ÒáÄÅÉÓ ÌÄÏÈáÄÃÉ ÃÒÏ (ÐÄÒÉÏÃÉÓ ÌÄÏÈáÄÃÉ). 

ÛÄÓÀÁÀÌÉÓÀÃ ÒáÄÅÉÓ ÌÈËÉÀÍÉ ÐÄÒÉÏÃÉ ÔÏËÉ ÉØÍÄÁÀ: 

                                        

 
T

dx

F x dx

a

x

a
 


2 2

0
;                                  9.5 
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ÄÓ ×ÏÒÌÖËÀ ÛÄÓÀÞËÄÁËÏÁÀÓ ÉÞËÄÅÀ ÌÏÅÞÄÁÍÏÈ ÈÀÅÉÓÖ×ÀËÉ 

ÒáÄÅÄÁÉÓ ÐÄÒÉÏÃÓÀ ÃÀ ÌÀÈ ÀÌÐËÉÔÖÃÄÁÓ ÛÏÒÉÓ ÆÖÓÔÉ ÃÀÌÏÊÉÃÄ-

ÁÖËÄÁÀ.  

 ÌÀÂÀËÉÈÉÓÀÈÅÉÓ ÂÀÍÅÉáÉËÏÈ ÓÉÓÔÄÌÉÓ ÒáÄÅÄÁÉ ÀÒÀßÒ×ÉÅÉ 

ÀÙÌÃÂÄÍÉ ÞÀËÉÓ ÊÖÁÖÒÉ ÌÀáÀÓÉÀÈÄÁËÉÓ ÛÄÌÈáÅÄÅÀÛÉ, ÀÍÖ ÒÏÃÄÓÀÝ 

F(x) = x3. ÛÄÓÀÁÀÌÉÓÀÃ 9.5 - ÃÀÍ ÌÉÅÉÙÄÁÈ: 

                                  T
a

dx

a
x
a

 










4 2

1
0

1

4
.                                 9.6 

 ÀÌ ÂÀÌÏÓÀáÖËÄÁÀÛÉ ÛÄÌÀÅÀËÉ ÄËÉ×ÓÖÒÉ ÉÍÔÄÂÒÀËÉ 

ÛÄÉÞËÄÁÀ ÂÀÌÏÅÈÅÀËÏÈ ÓÐÄÝÉÀËÖÒÉ ×ÖÍØÝÉÄÁÉÓ ÝáÒÉËÄÁÉÓ 

ÃÀáÌÀÒÄÁÉÈ; ÌÉÓÉ ÌÍÉÛÅÍÄËÏÁÀÀ 1,8541/ 2 . ÛÄÓÀÁÀÌÉÓÀÃ: 

                                     T
a


4

18541


, .                                     9.7 

 ÈÀÅÉÓÖ×ÀËÉ ÒáÄÅÄÁÉÓ ÓÉáÛÉÒÉÓÀÈÅÉÓ ÌÉÅÉÙÄÁÈ: 

                                      p
T

a 
2

0 8472


, ,                                  9.8 

ÀÍÖ, ÓÉáÛÉÒÄ ßÒ×ÉÅÀÃ ÉÆÒÃÄÁÀ ÀÌÐËÉÔÖÃÉÓ ÆÒÃÀÓÈÀÍ ÄÒÈÀÃ.  

 ÌÏÚÅÀÍÉËÉ ÂÀÍÔÏËÄÁÄÁÉ ÓÀÛÖÀËÄÁÀÓ ÉÞËÄÅÀ ÀÂÒÄÈÅÄ, 

ÂÀÌÏÅÓÀáÏÈ ÌÏÞÒÀÏÁÉÓ ÔÒÀÄØÔÏÒÉÄÁÉÓ ÏãÀáÉ ÊÏÏÒÃÉÍÀÔÄÁÛÉ v - x, 

ÀÍÖ ÒÏÂÏÒÝ ÌÀÓ ÖßÏÃÄÁÄÍ ÌÏÞÒÀÏÁÉÓ ×ÀÆÖÒÉ ÔÒÀÄØÔÏÒÉÄÁÉÓ ÓÀáÉÈ. 

 ×ÀÆÖÒÉ ÔÒÀÄØÔÏÒÉÄÁÉÓ ÌÉÓÀÙÄÁÀÃ 9.1 ÞÉÒÉÈÀÃÉ ÂÀÍÔÏËÄÁÀ 

ßÀÒÌÏÅÀÃÂÉÍÏÈ ÐÉÒÅÄËÉ ÒÉÂÉÓ ÏÒ ÂÀÍÔÏËÄÁÀÃ: 

                                       dx
dt

v
dv
dt

F x  ; . 
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 ÈÖ ÂÀÅÚÏ×È ÌÄÏÒÄ ÂÀÍÔÏËÄÁÀÓ ÐÉÒÅÄËÆÄ, ÌÉÅÉÙÄÁÈ ×ÀÆÖÒÉ 

ÔÒÀÄØÔÏÒÉÉÓ ÃÉ×ÄÒÄÍÝÉÀËÖÒ ÂÀÍÔÏËÄÁÀÓ: 

 dv
dx

F x
v

  ;  

ÀÌ ÖÊÀÍÀÓÊÍÄË ÂÀÍÔÏËÄÁÀÛÉ t ÃÒÏ ÀÒ ÛÄÃÉÓ. ÉÍÔÄÂÒÀËÖÒÉ ÌÒÖÃÄÁÉÓ 

ÄÒÈÏÁËÉÏÁÀ ÊÉ ÛÄÀÃÂÄÍÓ ÓÉÓÔÄÌÉÓ ×ÀÆÖÒ ÐÏÒÔÒÄÔÓ. ÒÀÃÂÀÍ 

ÝÅËÀÃÄÁÉ ÛÄÉÞËÄÁÀ ÃÀÉÚÏÓ, ÛÄÓÀÁÀÌÉÓÀÃ ÛÄÂÅÉÞËÉÀ ÌÉÅÉÙÏÈ: 

 v F x dx C2 2    . 
 ÌÖÃÌÉÅÉ C ÂÀÍÉÓÀÆÙÅÒÄÁÀ ÄÒÈÉ ÓÀßÚÉÓÉ ÐÉÒÏÁÉÃÀÍ: v = v0, 

ÒÏÃÄÓÀÝ x = x0, ÀÓÄ, ÒÏÌ ÚÏÅÄË x0, v0 ÊÏÍÊÒÄÔÖË ÊÏÌÁÉÍÀÝÉÀÓ 

ÛÄÄÓÀÁÀÌÄÁÀ ÂÀÒÊÅÄÖËÉ ÉÍÔÄÂÒÀËÖÒÉ ÌÒÖÃÉ. 

 ÀÒÀßÒ×ÉÅÉ ÓÉÓÔÄÌÉÓ ÊÖÁÖÒÉ ÌÀáÀÓÉÀÈÄÁËÉÓÀÈÅÉÓ, Ä.É. F(x) = 

x3, ÂÅÄØÍÄÁÀ: 

v
x

C2
4

4
  


. 

 C ÌÖÃÌÉÅÉÓ ÂÀÍÓÀÆÙÅÒÉÓÀÈÅÉÓ ÜÀÅÓÅÀÈ ÀÌ ÂÀÌÏÓÀáÖËÄÁÀÛÉ x 

= x0  ÃÀ v = v0, ÒÉÓ ÛÄÃÄÂÀÃ ÌÉÅÉÙÄÁÈ: 

C
x

v 
 0

2

0
2

4
. 

 ÈÖ ÀÌ ÖÊÀÍÀÓÊÍÄËÓ ÜÀÅÓÅÀÌÈ ÌÉÓ ßÉÍÀ ÂÀÌÏÓÀáÖËÄÁÀÛÉ, 

ÌÉÅÉÙÄÁÈ:  

 v x x v2
0
4 4

0
2

4
  


, 

ÀÍÖ                                     .
4

2
0

44
0 vxxv 
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 ÍÀá. 8.2 - ÆÄ ÖßÚÅÄÔÉ áÀÆÉÈ ÍÀÜÅÄÍÄÁÉÀ ÔÉÐÉÖÒÉ ÌÒÖÃÉ v(x), 

ÒÏÌÄËÉÝ ÂÀÌÏÓÀáÀÅÓ ×ÀÆÖÒ ÔÒÀÄØÔÏÒÉÀÓ ÂÀÒÊÅÄÖËÉ ÓÀßÚÉÓÉ 

ÐÉÒÏÁÄÁÉÓ, x0 ÃÀ v0 ÛÄÌÈáÅÄÅÀÛÉ. ÀÌ ÐÉÒÏÁÄÁÉÓ ÝÅËÉËÄÁÉÈ ×ÀÆÖÒÉ 

ÔÒÀÄØÔÏÒÉÉÓ ÌÒÖÃÄÁÉ ÌÉÉÙÄÁÄÍ ÍÀáÀÆÆÄ ÂÀÌÏÓÀáÖËÉ ßÚÅÄÔÉËÉ 

áÀÆÄÁÉÓ ÓÀáÄÓ. 

 

                                                     ÍÀá. 9.2 

 

 

 

 

§10. ÅÉÁÒÀÝÉÖËÉ ÓÉÓÔÄÌÄÁÉÓ ÒáÄÅÄÁÉ, ÒÏÌÄËÈÀ 

ÃÒÄÊÀÃÏÁÉÓ ÌÀáÀÓÉÀÈÄÁËÄÁÉ ÛÄÃÂÄÁÀ  ÝÀËÊÄÖËÉ 

ßÒ×ÉÅÉ ÖÁÍÄÁÉÓÀÂÀÍ 

 

 ÌÀÂÀËÉÈÉÓÀÈÅÉÓ ÂÀÍÅÉáÉËÏÈ ÓÉÓÔÄÌÀ, ÂÀÌÏÓÀáÖËÉ ÍÀá. 10.1 

À) - ÆÄ. ÃÒÄÊÀÃÉ F ÞÀËÀ, ÒÏÌÄËÉÝ ÌÏØÌÄÃÄÁÓ ÔÅÉÒÈÆÄ (ÍÀá.10.1 Á), 

ÂÀÍÉÓÀÆÙÅÒÄÁÀ x ÂÀÃÀÀÃÂÉËÄÁÀÆÄ ÃÀÌÏÊÉÃÄÁÖËÄÁÉÓ ÛÄÌÃÄÂÉ ×ÏÒ-

ÌÖËÄÁÉÈ: 

 ÒÏÃÄÓÀÝ  x   a      F(x) = c1x1, 
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ÒÏÃÄÓÀÝ  x   a      F(x) = c1x + c2( x  - a) sgn x. 

ÀØ sgn x - ÀÒÉÓ  x ÂÀÃÀÀÃÂÉËÄÁÉÓ ÍÉÛÀÍÉ (ÒÏÃÄÓÀÝ x   0  sgn x 

= 1, ÒÏÃÄÓÀÝ x  0 sgn x =  1, sgn 0 = 0), c1 ÏÒÉÅÄ 1 ÆÀÌÁÀÒÉÓ 

ÓÉáÉÓÔÄÀ, c2 - ÓÉáÉÓÔÄÀ ÄÒÈ-ÄÒÈÉÓ 2 ÆÀÌÁÀÒÄÁÉÃÀÍ. ÝÀÃÉÀ, ÒÏÌ ÈÖ 

ÔÅÉÒÈÉÓ ÒáÄÅÉÓ ÀÌÐËÉÔÖÃÀ ÍÀÊËÄÁÉÀ a ÙÒÄÜÏÆÄ, ÌÀÛÉÍ ÔÅÉÒÈÉ 

ÀÓÒÖËÄÁÓ ÈÀÅÉÓÖ×ÀË äÀÒÌÏÍÉÖË ÒáÄÅÄÁÓ p
c
m1

1  ÓÉáÛÉÒÉÈ, 

ÒÏÌÄËÉÝ ÀÒÀÀ ÃÀÌÏÊÉÃÄÁÖËÉ ÀÌÐËÉÔÖÃÀÆÄ. ÀÌÉÔÏÌ ÂÀÍÅÉáÉËÏÈ 

ÛÄÌÈáÅÄÅÀ, ÒÏÃÄÓÀÝ ÒáÄÅÉÓ ÀÌÐËÉÔÖÃÀ A ÌÄÔÉÀ a - ÆÄ. 

 
                                         À)                                              Á)                                                    

                                                                 ÍÀá. 10.1                

       ÃÀÅÖÛÅÀÈ, ÔÅÉÒÈÉ ÌÀÒÝáÄÍÀ ÂÀÍÀÐÉÒÀ ÌÃÄÁÀÒÄÏÁÉÃÀÍ ÂÀÅÀ-

ÈÀÅÉÓÖ×ËÄÈ ÓÀßÚÉÓÉ ÓÉÜØÀÒÉÓ ÌÉÍÉàÄÁÉÓ ÂÀÒÄÛÄ. ÌÀÛÉÍ x  a ÃÒÏÓ 

ÓÀÌÀÒÈËÉÀÍÉ ÉØÍÄÁÀ ÛÄÌÃÄÂÉ ÔÏËÏÁÀ: 

                                      mx c x c x a
. .

,   1 2 0                             10.1 

ÒÏÌÄËÉÝ ÌÏÉÈáÏÅÓ ÂÀÉÍÔÄÂÒÀËÄÁÀÓ ÓÀßÚÉÓÉ ÐÉÒÏÁÄÁÉÈ x0 = a,  

x
.

. 0  

 ÛÄÓÀÁÀÌÉÓ ÀÌÏÍÀáÓÍÓ ÀØÅÓ ÛÄÌÃÄÂÉ ÓÀáÄ: 



 69 

                          x
c

c c
a p t A p t


 2

1 2
2 21 cos cos ,                 10.2 

ÓÀÃÀÝ: 

                                                           p
c c
m2

1 2


. 

 ÈÖ ÂÀÅÖÔÏËÄÁÈ x = a, ÌÏÅÞÄÁÍÉÈ ÉÌ t* ÃÒÏÓ, ÒÏÌËÉÓ 

ÂÀÍÌÀÅËÏÁÀÛÉÝ ÔÅÉÒÈÉ ÌÏÓÝÉËÃÄÁÀ 2 ÆÀÌÁÀÒÀÓ, ÀÍÖ: 

                              a
c

c c
a p t A p t


  2

1 2
2 21 cos cos , 

ÓÀÉÃÀÍÀÝ 

                                   t
p

c a
c c A c a

 
 

1

2

1

1 2 2

arccos .                    10.3 

 ÀÌ ÌÏÌÄÍÔÉÓÀÈÅÉÓ ÔÅÉÒÈÉÓ ÓÉÜØÀÒÄ ÉØÍÄÁÀ: 

                 

 

x p a
c

c c
A p t

p A a
c

c c
c a

c c A c a

.
sin

.















 

 










 

 











2
2

1 2
2

2
2

1 2

1

1 2 2

2

1

          10.4 

 ÀÌ ÌÏÌÄÍÔÉÃÀÍ ÃÀßÚÄÁÖËÉ ÔÅÉÒÈÉ ÌÏÞÒÀÏÁÓ ÌáÏËÏÃ 1 

ÆÀÌÁÀÒÄÁÉÓ ÌÏØÌÄÃÄÁÉÈ ÃÀ ÛÄÓÀÁÀÌÉÓÀÃ ÌÏÞÒÀÏÁÉÓ ÂÀÍÔÏËÄÁÀÓ 

ÄØÍÄÁÀ ÛÄÌÃÄÂÉ ÓÀáÄ: 

                                               mx c x
. .

. 2 0                                         10.5 

 ÈÖ ÀÙÅÍÉÛÍÀÅÈ  = t - t , 9.5 ÂÀÍÔÏËÄÁÉÓ ÉÍÔÄÂÒÉÒÄÁÉÓÀÈÅÉÓ 

ÂÅÀØÅÓ ÛÄÌÃÄÂÉ ÐÉÒÏÁÄÁÉ: 
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ÒÏÃÄÓÀÝ  = 0, x = a; x x
. .

.   

 ÛÄÓÀÁÀÌÉÓÀÃ: 

                               x a p t
x
p

p t 
cos sin ,

.

1
1

1                                     10.6 

ÓÀÃÀÝ: 

p
c
m1

1 . 

 ÔÅÉÒÈÉÓ ÌÏÓÅËÉÓ ÌÏÌÄÍÔÓ ÛÖÀ  ÌÃÄÁÀÒÄÏÁÀÛÉ ÂÀÅÉÂÄÁÈ x 

= 0 ÐÉÒÏÁÉÃÀÍ, ÓÀÉÃÀÍÀÝ:  




 












arctg

x
p a

.

.
1

. 

 ÃÀáÀÒãÖËÉ ÌÈËÉÀÍÉ ÃÒÏ, ÔÅÉÒÈÉÓ ÌÉÄÒ ÌÀÒãÅÄÍÀ ÂÀÍÀÐÉÒÀ 

ÌÃÄÁÀÒÄÏÁÉÃÀÍ ÛÖÀ ÌÃÄÁÀÒÄÏÁÀÌÃÄ ÂÀÃÀÓÅËÉÓÀÓ, ÝáÀÃÉÀ, ÛÄÀÃÂÄÍÓ 

ÒáÄÅÉÓ ÐÄÒÉÏÃÉÓ  ÌÄÏÈáÄÃÓ ÃÀ ÖÃÒÉÓ:  

T
t

4
 

 . 

 ÌÀÒÔÉÅÉ ÂÀÒÃÀØÌÍÄÁÉÓ ÛÄÃÄÂÀÃ ÌÉÅÉÙÄÁÈ: 

                           
 

 
 

T
p

c c

c c
A
a

p
c c c c

c c
A
a

c c

4
1

1 1

1 1

1 1

2

1 2

1 2

1

1 2 1 2

1 2

2

1 2


 






 







arccos
/

/

arcsin
/ /

/ /
.

                 10.7 
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 ÒÏÂÏÒÝ 10.7 ÔÏËÏÁÉÃÀÍ ÜÀÍÓ, ÒÏÃÄÓÀÝ A  a, T
p


2

1


, 

áÏËÏ ÒÏÃÄÓÀÝ A  ,  T
p


2

2


. ÀÌÒÉÂÀÃ, ÒáÄÅÉÓ ÞÉÒÉÈÀÃÉ 

ÓÉáÛÉÒÄ 


 
2
T

 ÉÝÅËÄÁÀ ÀÌÐËÉÔÖÃÉÓ ÝÅËÉËÄÁÀÓÈÀÍ ÄÒÈÀÃ  p1 - 

ÃÀÍ p2 - ÌÃÄ.    A  ÃÀÌÏÊÉÃÄÁÖËÄÁÉÓ ÂÒÀ×ÉÊÉ ÍÀÜÅÄÍÄÁÉÀ  10.2 

ÍÀáÀÆÆÄ; ÄÓ ÂÒÀ×ÉÊÉ ÉßÏÃÄÁÀ ÜÏÍÜáÖÒ ÌÒÖÃÀÃ. 

 
ÍÀá. 10.2 

 ÌÄÈÏÃÉ, ÒÏÌËÉÈÀÝ ÀÌ ÀÌÏÝÀÍÉÓ ÀÌÏáÓÍÉÓ ÃÒÏÓ ÅÉÓÀÒ-

ÂÄÁËÄÈ, ÉÌÀÛÉ ÌÃÂÏÌÀÒÄÏÁÃÀ, ÒÏÌ ÌÏÞÒÀÏÁÉÓ ÈÉÈÏÄÖË ÖÁÀÍÆÄ 

ÛÄÓÀÁÀÌÉÓÉ ßÒ×ÉÅÉ ÃÉ×ÄÒÄÍÝÉÀËÖÒÉ ÂÀÍÔÏËÄÁÀ ÆÖÓÔÀÃ ÉáÓÍÄÁÏÃÀ. 

ÀÌÀÅÄ ÃÒÏÓ ÌÖÃÌÉÅÄÁÉ ÚÏÅÄË ÛÄÌÃÂÏÌ ÖÁÀÍÆÄ ÂÀÍÉÓÀÆÙÅÒÄÁÏÃÀ 

ÂÀÃÀÀÃÂÉËÄÁÉÓÀ ÃÀ ÓÉÜØÀÒÉÓ ÖßÚÅÄÔÏÁÉÓ ÐÉÒÏÁÉÃÀÍ ÂÀÌÏÌÃÉÍÀÒÄ. ÀÌ 

ÌÄÈÏÃÓ ÌÏÒÂÄÁÉÓ ÌÄÈÏÃÉ ÄßÏÃÄÁÀ. 
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§11. ÅÉÁÒÀÝÉÖËÉ ÀÒÀßÒ×ÉÅÉ ÓÉÔÄÌÄÁÉÓ  ÉÞÖËÄÁÉÈÉ 

ÒáÄÅÄÁÉ 

 

 ÂÀÍÅáÉËÏÈ ÀÒÀßÒ×ÉÅÉ ÓÉÓÔÄÌÉÓ ÉÞÖËÄÁÉÈÉ ÒáÄÅÄÁÉ, ÒÏ-

ÌÄËÆÄÝ ÌÏØÌÄÃÄÁÓ äÀÒÌÏÍÉÖËÉ ÂÀÒÄÛÄ ÞÀËÀ 

                                                    P(t) = P0sint.                                        11.1 

 ÖÌÀÒÔÉÅÄÓ ÛÄÌÈáÅÄÅÀÛÉ, ÒÏÃÄÓÀÝ ÃÄÌÐ×ÉÒÄÁÉÓ ÞÀËÀ ÍÖËÉÓ 

ÔÏËÉÀ, ÒáÄÅÉÓ ÃÉ×ÄÒÍÝÉÀËÖÒ ÂÀÍÔÏËÄÁÀÓ ÄØÍÄÁÀ ÛÄÌÃÄÂÉ ÓÀáÄ: 

                                              x F x
P
m

t
. .

sin .  0                               11.2 

 ÀÌ ÂÀÍÔÏËÄÁÀÓ ÀÒÀßÒ×ÉÅÉ ÓÉÓÔÄÌÉÓ ÈÀÅÉÓÖ×ÀËÉ ÒáÄÅÄÁÉÓ 

ÂÀÍÔÏËÄÁÉÓÀÂÀÍ ÂÀÍÓáÅÀÅÄÁÉÈ ÆÖÓÔÉ ÀÌÏÍÀáÓÍÉ ÀÒ ÂÀÀÜÍÉÀ. ÀÌÉÔÏÌ 

ÂÀÍÅÉáÉËÏÈ ÌáÏËÏÃ ÌÉÀáËÏÄÁÉÈÉ ÌÄÈÏÃÉÈ ÀÌÏáÓÍÀ. ÀØÅÄ ÀÙÅ-

ÍÉÛÍÏÈ, ÒÏÌ ÌÀÒÔÉÅÉ äÀÒÌÏÍÉÖËÉ ÞÀËÉÓ ÌÏØÌÄÃÄÁÉÓ ÛÄÌÈáÅÄÅÀÛÉÝ 

ÊÉ, ÒáÄÅÉÓ ÊÀÍÏÍÛÉ ÂÅÄØÍÄÁÀ ÓáÅÀÃÀÓáÅÀ ÛÄÌÃÂÄÍÄÁÉ. ÐÉÒÅÄË ÒÉÂÛÉ 

ÖÍÃÀ ÂÀÌÏÅÚÏÈ ÞÉÒÉÈÀÃÉ ÒáÄÅÀ, ÒÏÌËÉÓ ÓÉáÛÉÒÄ ÀÙÌÂÆÍÄÁÉ ÞÀËÉÓ  

ÓÉáÛÉÒÄÓ ÄÌÈáÅÄÅÀ. ÛÄÌÃÄÂ ÀÃÂÉËÉ ÀØÅÓ Ä.ß. ÓÖÐÄÒäÀÒÌÏÍÉÖË 

ÒáÄÅÄÁÓ 2, 3, 4 ÓÉáÛÉÒÉÈ. ÓÖÐÄÒäÀÒÌÏÍÉÖËÉ ÒáÄÅÉÓ ÓÉáÛÉÒÄ 

ÌÉÉÙÄÁÀ ÞÉÒÉÈÀÃÉ ÓÉáÛÉÒÉÓ ÌÈÄË ÒÉÝáÅÆÄ ÂÀÌÒÀÅËÄÁÉÈ. ÊÉÃÄÅ ÄÒÈ 

ÛÄÌÃÂÄÍÓ ßÀÒÌÏÀÃÂÄÍÓ ÓÖÁäÀÒÌÏÍÉÖËÉ ÒáÄÅÀ, ÒÏÌËÉÓ ÓÉáÛÉÒÄ 

ÞÉÒÉÈÀÃÈÀÍ ÛÄÃÀÒÄÁÉÈ ÌÈÄË ÒÉÝáÅãÄÒ ÍÀÊËÄÁÉÀ, Ä.É. ÔÏËÉÀ /2, 

/3, /4 ÃÀ À.Û. 

 ÀÒÀßÒ×ÉÅÉ ÒáÄÅÄÁÉÓ ÓÐÄØÔÒÛÉ ÛÄÉÞËÄÁÀ ÂÅØÏÍÃÄÓ ÓÖÐÄÒ-

ÓÖÁäÀÒÌÏÍÉÖËÉ ÛÄÌÃÂÄÍÉÝ a/b ÓÉáÛÉÒÉÈ, ÓÀÃÀÝ  a ÃÀ b ÌÈÄËÉ 

ÖÒÈÉÄÒÈÌÀÒÔÉÅÉ ÒÉÝáÅÄÁÉÀ. 
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 ÚÅÄËÀ ÀÙÍÉÛÍÖËÉ ÒáÄÅÉÈÉ ÒÄÑÉÌÉ ßÀÒÌÏÉØÌÍÄÁÀ ÌÀÛÉÍ, 

ÒÏÃÄÓÀÝ ÈÀÅÉÓÖ×ÀË ÒáÄÅÀÈÀ ÒÉÝáÅÉ ÖÀáËÏÅÃÄÁÀ ÉÞÖËÄÁÉÈ 

ÒáÄÅÀÈÀ ÒÉÝáÅÓ, ÌÀÂÒÀÌ, ÒÏÂÏÒÝ ÆÄÌÏÈ ÉÚÏ ÀÙÍÉÛÍÖËÉ, ÀÒÀßÒ×ÉÅ 

ÓÉÓÔÄÌÀÛÉ ÈÀÅÉÓÖ×ÀË ÒáÄÅÀÈÀ ÓÉáÛÉÒÄ ÝÅÀËÄÁÀÃÉ ÓÉÃÉÃÄÀ, ÒÀÃÂÀÍ 

ßÀÒÌÏÀÃÂÄÍÓ ÀÌÐËÉÔÖÃÉÓ ×ÖÍØÝÉÀÓ. ÌÀÛÀÓÀÃÀÌÄ, ÀÒÀßÒ×ÉÅ ÓÉÓÔÄÌÀÛÉ 

ÀÒÀ ÂÅÀØÅÓ ÉÓ ÓÔÀÁÉËÖÒÉ ÓÉáÛÉÒÄ, ÒÏÌÄËÉÝ ÖÆÒÖÍÅÄËÚÏ×Ó ÌÀØÓÉÌÀ-

ËÖÒ ÀÌÐËÉÔÖÃÀÓ, ÀÍÖ ÀÒÀßÒ×ÉÅ ÓÉÓÔÄÌÀÛÉ ÀÒ ÛÄÉÞËÄÁÀ ÂÅØÏÍÃÄÓ 

ÒÄÆÏÍÀÍÓÉ ÜÅÄÖËÄÁÒÉÅÉ ÂÀÂÄÁÉÈ. ÒáÄÅÉÓ ÀÌÐËÉÔÖÃÉÓ ÚÏÅÄËÉ 

ÌÏÝÄÌÖËÉ ÃÏÍÉÓÀÈÅÉÓ ÂÅÀØÅÓ ÈÀÅÉÓÖ×ÀË ÒáÄÅÀÈÀ ÓÉáÛÉÒÄ p, 

ÒÏÌÄËÉÝ ßÀÒÌÏØÌÍÉÓ ÊÒÉÔÉÊÖË “ÒÄÆÏÍÀÍÓÖË” ÒÄÑÉÌÓ ÉÞÖËÄÁÉÈÉ 

ÒáÄÅÉÓ ÛÄÌÃÄÂÉ ÓÉáÛÉÒÄÄÁÉÓ ÃÒÏÓ: ÞÉÒÉÈÀÃ “ÒÄÆÏÍÀÍÓÓ”, ÒÏÃÄÓÀÝ 

ÊÒ = p ÃÀ ÓÖÁ, ÓÖÐÄÒ ÀÍ ÓÖÐÄÒÓÖÁ “ÒÄÆÏÍÀÍÓÄÁÓ”, ÒÏÃÄÓÀÝ  

                                              ÊÒ = bp; ÊÒ = p/b; ÊÒ = ap/b. 

 ÚÅÄËÀ ÆÄÌÏÈ ÜÀÌÏÈÅËÉËÉ ÊÒÉÔÉÊÖËÉ ÒÄÑÉÌÉ ÛÄÉÞËÄÁÀ 

ÉÚÏÓ ÌÃÂÒÀÃÉ ÀÍ ÀÒÀÌÃÂÒÀÃÉ, ÒÉÓÉ ÃÀÃÂÄÍÀÝ ÛÄÉÞËÄÁÀ ÌÉÀáËÏÄÁÉÈÉ 

ÀÍÀËÉÆÖÒÉ ÌÄÈÏÃÄÁÉÓ ÓÀÛÖÀËÄÁÉÈ. 

 ÂÀÍÅÉáÉËÏÈ ÓÉÓÔÄÌÉÓ ÞÉÒÉÈÀÃÉ ÒáÄÅÄÁÉ. ÀÌ ÛÄÌÈáÅÄÅÀÛÉ 11.2 

ÂÀÍÔÏËÄÁÉÓ ÌÉÀáËÏÄÁÉÈÉ ÀÌÏáÓÍÀ ÖÍÃÀ ÌÉÅÉÙÏÈ ÛÄÌÃÄÂÉ ÓÀáÉÈ: 

                                                         x = Asin t,                                      11.3 

ÓÀÃÀÝ A ÀÒÉÓ ÖÝÍÏÁÉ ÀÌÐËÉÔÖÃÀ. 

 ÀÌÏáÓÍÉÓ ÀÓÄÈÉ ÓÀáÄ ÐÒÀØÔÉÊÖËÉ ÌÏÓÀÆÒÄÁÄÁÉÈ ÓÀÅÓÄÁÉÈ 

ÌÉÓÀÙÄÁÉÀ, ÒÀÃÂÀÍ ÐÉÒÅÄË ÒÉÂÛÉ ÌÏÓÀËÏÃÍÄËÉÀ ÞÀËÉÓ ÝÅÀËÄÁÀÃÏ-

ÁÉÓ ÊÀÍÏÍÉÓ ÛÄÓÀÁÀÌÉÓÉ ÝÉÊËÖÒÉ ÂÀÃÀÀÃÂÉËÄÁÀ. ÂÀÌÏÅÉÚÄÍÏÈ äÀÒ-

ÌÏÍÉÖËÉ ÁÀËÀÍÓÉÓ ÌÄÈÏÃÉ. 11.3 ÜÀÅÓÅÀÈ F(x) ×ÖÍØÝÉÀÛÉ ÃÀ ÌÉÙÄÁÖËÉ 

ÐÄÒÉÏÃÖËÉ ×ÖÍØÝÉÀ ÃÀÅÛÀËÏÈ ×ÖÒÉÄÓ ÌßÊÒÉÅÀÃ. ÀÌ ÏÐÄÒÀÝÉÉÓ 

ÊÏÒÄØÔÖËÀÃ ÜÀÓÀÔÀÒÄÁËÀÃ, ÈÀÅÉÓÈÀÅÀÃ ÝáÀÃÉÀ, ÖÍÃÀ ÛÄÓÒÖËÃÄÓ 
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ÚÅÄËÀ ÉÓ ÝÍÏÁÉËÉ ÐÉÒÏÁÀ, ÒÏÌÄËÉÝ ÀÓÄÈÉ ÃÀÛËÉÓ ÃÒÏÓ ÀÒÉÓ 

ÀÖÝÉËÄÁÄËÉ. ÐÉÒÅÄËÉ ÌÉÀáËÏÄÁÉÈ: 

F(Asin t)  b1sin t, 

ÓÀÃÀÝ:  

                                 b
T
F A t tdt

T

1
0

2
  sin sin .                              11.4 

 ÀÌÉÓ ÛÄÌÃÄÂ 10.1 ÂÀÍÔÏËÄÁÀÛÉ ÛÄÓÀÁÀÌÉÓÉ ÌÍÉÛÅÍÄËÏÁÄÁÉÓ 

ÜÀÓÌÉÈ ÌÉÅÉÙÄÁÈ 

                           A
T
F A t tdt

p
m

T
  2

0

02
sin sin .                11.5 

 ÀÌ ÔÏËÏÁÉÓ ÉÍÔÄÂÒÉÒÄÁÉÓ ÛÄÌÃÄÂ ÂÅÄØÍÄÁÀ ÀËÂÄÁÒÖËÉ 

ÂÀÍÔÏËÄÁÀ A - Ó ÌÉÌÀÒÈ, ÒÏÌËÉÓ ÀÌÏáÓÍÀ ÀÒ ßÀÒÌÏÀÃÂÄÍÓ ÒÀÉÌÄ 

ÐÒÉÍÝÉÐÖË ÓÉÞÍÄËÄÓ. ÌÀÂÀËÉÈÉÓÀÈÅÉÓ ÂÀÍÅÉáÉËÏÈ ×ÖÍØÝÉÀ: 

F(x) = p0
2(1 + x2)x, 

ÒÏÌÄËÉÝ ÛÄÄÓÀÁÀÌÄÁÀ ÀÙÌÃÂÄÍÉ ÃÒÄÊÀÃÉ ÞÀËÉÓ áÉÓÔ, ÓÉÌÄÔÒÉÖË 

ÌÀáÀÓÉÀÈÄÁÄËÓ: 

       

 








0
0
2

0

2 2

2

1

2
1

3
4

T T
F A t tdt Ap A t tdt

A
T A

sin sin sin sin

.

    


 

 ÓÀÁÏËÏÏÃ ÌÉÅÉÙÄÁÈ ÊÖÁÖÒ ÂÀÍÔÏËÄÁÀÓ: 

                                  A p p A
p
m

 2
0
2

0
2 3 03

4
0,                  11.6 

ÒÏÌÄËÓÀÝ ÛÄÉÞËÄÁÀ äØÏÍÃÄÓ ÄÒÈÉ ÀÍ ÓÀÌÉ ÍÀÌÃÅÉËÉ ×ÄÓÅÉ. ÄÓ ÊÉ 

ÃÀÌÏÊÉÃÄÁÖËÉÀ  ßÒÉÖËÉ ÓÉáÛÉÒÉÓ ÓÉÃÉÃÄÆÄ. 
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 11.5 ÂÀÍÔÏËÄÁÉÓ ÀÌÏáÓÍÀ ÂÒÀ×ÉÊÖËÀÃ ÛÄÉÞËÄÁÀ ßÀÒÌÏÅÀÃ-

ÂÉÍÏÈ ÉÓÄ, ÒÏÂÏÒÝ ÄÓ ÍÀÜÅÄÍÄÁÉÀ 10.1 ÍÀáÀÆÆÄ. 

ÀÙÅÍÉÛÍÏÈ: F A p A F
p
m

A1 0
2 2

2
0 23

4
 







   ; . 

ÈÖ ÀÅÀÂÄÁÈ F1  ÃÀ F2 ×ÖÍØÝÉÄÁÉÓ ÂÒÀ×ÉÊÄÁÓ ÝÅÀËÄÁÀÃÉ A ÀÌÐ-

ËÉÔÖÃÉÓÀÈÅÉÓ, ÌÀÛÉÍ ÌÀÈÉ ÂÀÃÀÊÅÄÈÀ ÌÏÂÅÝÄÌÓ ÓÀÞÉÄÁÄË A1, A2, A3 

×ÄÓÅÄÁÓ. 

 ÓÉÓÔÄÌÉÓ ÌÏÝÄÌÖËÉ p0
2, , P0, m ÐÀÒÀÌÄÔÒÄÁÉÓ ÃÒÏÓ F2 

×ÖÍØÝÉÉÓ ÊÖÈáÖÒÉ ÊÏÄ×ÉÝÉÄÍÔÉ ÃÀÌÏÊÉÃÄÁÖËÉÀ  - ÆÄ. ÌÀÛÀÓÀÃÀÌÄ,  

ÈÖ  ÅÝÅËÉÈ   - Ó,  ÂÀÃÀÊÅÄÈÀ ÛÄÉÞËÄÁÀ  ÌÏáÃÄÓ ÄÒÈ ÀÍ ÓÀÌ ßÄÒÔÉË- 

 

ÍÀá. 11.1 

ÛÉ, ÄÓ ÊÉ ÉÌÀÓ ÍÉÛÍÀÅÓ, ÒÏÌ ÄÒÈÉ ÃÀ ÉÂÉÅÄ  - Ó ÛÄÄÓÀÁÀÌÄÁÀ ÓÀÌÉ 

ÒáÄÅÉÈÉ ÒÄÑÉÌÉ A1, A2 ÀÍ A3 ÀÌÐËÉÔÖÃÉÈ. ÈÖ 10.5 ÂÀÍÔÏËÄÁÀÓ 

ÈÀÍÌÉÌÃÄÅÒÖËÀÃ ÀÌÏÅáÓÍÉÈ ÓáÅÀÃÀÓáÅÀ  - ÓÈÅÉÓ ÃÀ A - Ó ÌÍÉÛÅÍÄ-

ËÏÁÄÁÓ ÀÅÀÂÄÁÈ (A, ) ÊÏÏÒÃÉÍÀÔÈÀ ÓÉÓÔÄÌÀÛÉ, ÌÉÅÉÙÄÁÈ ÀÌÐËÉÔÖ-

ÃÖÒ-ÓÉáÛÉÒÖË ÌÀáÀÓÉÀÈÄÁÄËÓ. 
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 11.2 À) ÍÀáÀÆÆÄ ÍÀÜÅÄÍÄÁÉÀ ÀÓÄÈÉ ÌÀáÀÓÉÀÈÄÁÄËÉ áÉÓÔÉ ÀÒÀ-

ßÒ×ÉÅÏÁÉÓÀÈÅÉÓ, 10.2 Á) ÍÀáÀÆÆÄ ÊÉ ÒÁÉËÉ ÀÒÀßÒ×ÉÅÏÁÉÓÀÈÅÉÓ. 

ÌÀÂÀËÉÈÀÃ,  

                                                      F(x) = p0
2(1 - x2)x. 

   
                         À )                                                            Á) 

ÍÀá. 11.2 

ÐÖÍØÔÉÒÉ ÛÄÄÓÀÁÀÌÄÁÀ ÃÀÌÏÊÉÃÄÁÖËÄÁÀÓ ÈÀÅÉÓÖ×ÀË ÒáÄÅÀÈÀ 

ÓÉáÛÉÒÄÓÀ ÃÀ ÀÌÐËÉÔÖÃÀÓ ÛÏÒÉÓ. ÀÌ ÃÀÌÏÊÉÃÄÁÖËÄÁÀÓ ÌÉÅÉÙÄÁÈ, ÈÖ 

10.5 ÂÀÍÔÏËÄÁÀÛÉ ÃÀÅÖÛÅÄÁÈ, ÒÏÌ P0 = 0,  = p. ÌÀÛÉÍ: 

                                   Ap Ap p A2
0
2

0
2 33

4
0 , 

ÀÍÖ 

                                         p p A2
0
2 21

3
4

 






 . 

 ßÄÒÔÉËÉ  = p0 ÛÄÄÓÀÁÀÌÄÁÀ ßÒ×ÉÅÉ ÓÉÓÔÄÌÉÓ ÓÀÊÖÈÀÒ 

ÒáÄÅÀÈÀ ÓÉáÛÉÒÄÓ. ÉÞÖËÄÁÉÈÉ ÒáÄÅÀÈÀ ÀÌÐËÉÔÖÃÀ ÚÏÅÄËÈÅÉÓ 

ÛÄÆÙÖÃÖËÉÀ (A  ), ÒÀÝ ßÀÒÌÏÀÃÂÄÍÓ  ÀÒÀßÒ×ÉÅÉ  ÓÉÓÔÄÌÉÓ  ÄÒÈ-
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ÄÒÈ  ÞÉÒÉÈÀÃ  ÃÀÌÀáÀÓÉÀÈÄÁÄË ÍÉÛÀÍÓ. ÒÏÃÄÓÀÝ  ÉÆÒÃÄÁÀ, A 

ÉÝÅËÄÁÀ 1 - ËÉ ÌÒÖÃÉÓ ÌÉáÄÃÅÉÈ. 

2 ÓÉáÛÉÒÉÓ ÛÄÌÃÄÂ ÂÅÀØÅÓ ÓÀÌÉ ÀÌÐËÉÔÖÃÀ ÃÀ ÛÄÓÀÁÀÌÉÓÀÃ 

ÒáÄÅÉÓ ÓÀÌÉ ÌÏÓÀËÏÃÍÄËÉ ÒÄÑÉÌÉ: 

x1 = AI sin t;   x2 = AII sin t;  x3 = AIII sin t. 

 ÀÌ ÒÄÑÉÌÄÁÉÃÀÍ ÏÒÉ AI ÃÀ AIII  ÀÌÐËÉÔÖÃÉÈ, ÒÄÀËÖÒÀÃ ÀÒÉÓ 

ÛÄÓÀÞËÄÁÄËÉ, AII ÀÌÐËÉÔÖÃÀ ÊÉ ÀÒÀÌÃÂÒÀÃÉÀ. AI ÀÌÐËÉÔÖÃÀ 

ÍÀáÔÏÌÉÓÄÁÖÒÀÃ ÛÄÌÝÉÒÃÄÁÀ AIII ÌÍÉÛÅÍÄËÏÁÀÌÃÄ (ÖÁÀÍÉ 2 - 4), ÒÉÓ 

ÛÄÌÃÄÂ 5 ßÄÒÔÉËÉÃÀÍ ÀÌÐËÉÔÖÃÀ ÉÝÅËÄÁÀ III ÌÒÖÃÉÓ ÌÉáÄÃÅÉÈ. 

ÀÌÒÉÂÀÃ ÖÁÀÍÉ 3 - 5 - 4 ÀÒÀÌÃÂÒÀÃÉÀ, Ä.É. ÌÉÓÉ ÒÄÀËÉÆÀÝÉÀ ÛÄÖÞËÄ-

ÁÄËÉÀ. 

 ÓáÅÀ ÓÖÒÀÈÉ ÂÅÀØÅÓ, ÒÏÃÄÓÀÝ  ÌÝÉÒÃÄÁÀ. ãÄÒ ÀÌÐËÉÔÖÃÀ 

ÉÆÒÃÄÁÀ III ÌÒÖÃÉÓ ÌÉáÄÃÅÉÈ 5 ßÄÒÔÉËÀÌÃÄ, ÛÄÌÃÄÂ ÉÂÉ 

ÍÀáÔÏÌÉÓÄÁÖÒÀÃ ÉÆÒÃÄÁÀ 5 - 1 ÖÁÍÉÓ ÛÄÓÀÁÀÌÉÓÀÃ, ÓÀÁÏËÏÏÃ ÊÉ 

ÌÝÉÒÃÄÁÀ I ÌÒÖÃÉÓ ÛÄÓÀÁÀÌÉÓÀÃ. 

 ÒÏÂÏÒÝ ÅáÄÃÀÅÈ, ÌÀØÓÉÌÀËÖÒÉ ÀÌÐËÉÔÖÃÀ ÓÉáÛÉÒÉÓ ÆÒÃÉÓ 

ÃÒÏÓ ÌÄÔÉÀ, ÅÉÃÒÄ ÓÉáÛÉÒÉÓ ÛÄÌÝÉÒÄÁÉÓÀÓ.    ßÒ×ÉÅ ÓÉÓÔÄÌÀÛÉ, 

ÒÏÂÏÒÝ ÅÉÝÉÈ, ÀÌÐËÉÔÖÃÀ ÄÒÈÍÀÉÒÀÃ ÉÆÒÃÄÁÀ ÀÍ ÌÝÉÒÃÄÁÀ ÂÀÍÖ-

ÒÜÄÅËÀÃ ÉÌÉÓÀ, ÈÖ ÒÏÂÏÒ ÉÝÅËÄÁÀ . ÚÅÄËÀ ÆÄÌÏÈ ÜÀÌÏÈÅËÉËÉ 

ÈÅÉÓÄÁÀ ÒÜÄÁÀ ÞÀËÀÛÉ ÒÁÉËÌÀáÀÓÉÀÈÄÁËÉÀÍ ÓÉÓÔÄÌÀÛÉÝ, ÌÀÂÒÀÌ A = 

A() ×ÖÍØÝÉÉÓ ÂÒÀ×ÉÊÉ ÂÀÃÀÉáÒÄÁÀ ÌÀÒÝáÍÉÅ. ÒÏÂÏÒÝ áÉÓÔ, ÉÓÄ ÒÁÉË 

ÌÀáÀÓÉÀÈÄÁÄËÛÉ I  ÃÀ II ÛÔÏÄÁÉ ÄÒÈÌÀÍÄÈÈÀÍ ÀÒ ÂÀÃÀÉÊÅÄÈÄÁÉÀÍ. 
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ÃÄÌÐ×ÉÒÄÁÉÓ ÂÀÅËÄÍÀ.  

   ÃÄÌÐ×ÉÒÄÁÉÓ ÂÀÅËÄÍÉÓ ÐÒÉÍÝÉÐÖËÉ ÛÄ×ÀÓÄÁÉÓÀÈÅÉÓ 

ÂÀÍÅÉáÉËÏÈ ÃÄÌÐ×ÉÒÄÁÉÓ ÌÀÒÔÉÅÉ ÓÀáÄ, ÒÏÃÄÓÀÝ áÀáÖÍÉÓ ÞÀËÀ 

ÓÉÜØÀÒÉÓ ÐÉÒÅÄËÉ áÀÒÉÓáÉÓ ÐÒÏÐÏÒÝÉÖËÉÀ. ÀÒÀßÒ×ÉÅÉ ÓÉáÉÓÔÄ, 

ÒÏÂÏÒÝ ÀÃÒÄ, ÀÙÅßÄÒÏÈ ÊÖÁÖÒÉ ÐÏËÉÍÏÌÉÓ ÓÀáÉÈ. ÌÀÛÉÍ ÂÀÍ-

ÔÏËÄÁÀÓ ÄØÍÄÁÀ ÛÄÌÃÄÂÉ ÓÀáÄ: 

                          x hx p x x
P
m

t
. . .

sin .    2 10
2 2 0             11.7 

×ÀÆÖÒÉ  ÊÖÈáÄ ÀØ ÀÙÂÆÍÄÁÉÓ ÞÀËÉÓ ×ÖÍØÝÉÀÛÉ ÛÄÚÅÀÍÉËÉÀ ÌáÏËÏÃ 

ÂÀÌÏÈÅËÄÁÉÓ ÂÀÌÀÒÔÉÅÄÁÉÓ ÌÉÆÍÉÈ. ÀÌÏáÓÍÀ ÌÉÀáËÏÄÁÉÈ ÛÄÉÞËÄÁÀ 

ÅÄÞÄÁÏÈ ÌÀÒÔÉÅÉ ÓÉÍÖÓÏÉÃÉÓ ÓÀáÉÈ: 

                                                        x = Asin t.                                       11.8  

 ÜÀÅÓÅÀÈ ÄÓ ÌÍÉÛÅÍÄËÏÁÀ ÞÉÒÉÈÀÃ ÂÀÍÔÏËÄÁÀÛÉ ÃÀ ÂÀ-

ÌÏÅÉÚÄÍÏÈ äÀÒÌÏÍÉÖËÉ ÁÀËÀÍÓÉÓ ÌÄÈÏÃÉ. ßÉÍÀÓßÀÒ ÃÀÅÛÀËÏÈ: 

 

 

sin sin sin ;

sin sin cos sin cos .

2 1
4

3 3  

     

t t t

t t t

 

  
 

 ÌÀÛÉÍ ÓÉÍÖÓÉÓÀ ÃÀ ÊÏÓÉÍÖÓÉÓ ÊÏÄ×ÉÝÉÄÍÔÄÁÉÓ ãÀÌÄÁÉÓ ÍÖËÈÀÍ 

ÂÀÔÏËÄÁÉÈ ÌÉÅÉÙÄÁÈ ÓÉÓÔÄÌÀÓ:    

                                  

 

.sin2

;cos
4
3

0

032
0

2





m
P

Ah

m
P

AAp




                    11.9 

ÂÀÌÏÅÒÉÝáÏÈ ×ÀÆÖÒÉ ÊÖÈáÄ , ÒÉÓÈÅÉÓÀÝ ÂÀÍÔÏËÄÁÄÁÉÓ 

ÌÀÒãÅÄÍÀ ÃÀ ÌÀÒÝáÄÍÀ ÌáÀÒÄÄÁÉ ÀÅÉÚÅÀÍÏÈ ÊÅÀÃÒÀÔÛÉ ÃÀ ÛÄÅÊÒÉÁÏÈ;  
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ÂÅÄØÍÄÁÀ: 

                         

 

 
.

4
3

2

;4
4
3

22
0

2

2

2
0222

2
22

0
2

Ap

htg

m
PAhAp



























 

               11.10 

 
                 À )                                                                        Á) 

                                                    ÍÀá. 11.3 

11.9 - Ó ÐÉÒÅÄËÉ ÂÀÍÔÏËÄÁÉÃÀÍ ÌÏÝÄÌÖËÉ  - Ó   ÃÒÏÓ 

ÂÀÍÉÓÀÆÙÅÒÄÁÀ ÀÌÐËÉÔÖÃÀ A, Ä.É. ÀÉÂÄÁÀ ÀÌÐËÉÔÖÃÖÒ-ÓÉáÛÉÒÖËÉ  

ÌÀáÀÓÉÀÈÄÁÄËÉ.  ÌÄÏÒÄ  ÂÀÍÔÏËÄÁÀ  ÓÀÛÖÀËÄÁÀÓ ÂÅÀÞËÄÅÓ ÃÀÅÀÊÀÅÛÉ-

ÒÏÈ  ×ÀÆÀ ÃÀ  ÓÉáÛÉÒÄ. 11.3À) ÍÀáÀÆÆÄ ÍÀÜÅÄÍÄÁÉÀ ÃÀÌÏÊÉÃÄÁÖËÄÁÀ  

A -  ÃÒÄÊÀÃÉ ÞÀËÉÓ áÉÓÔÉ, áÏËÏ 11.3 Á) ÍÀáÀÆÆÄ ÊÉ ÒÁÉËÉ ÌÀáÀÓÉ-

ÀÈÄÁËÉÓÀÈÅÉÓ. ÞÉÒÉÈÀÃÉ ÂÀÍÓáÅÀÅÄÁÀ ÀÌÐËÉÔÖÃÖÒ-ÓÉáÛÉÒÖË ÌÀáÀÓÉ-

ÀÈÄÁËÄÁÓ ÛÏÒÉÓ ÃÄÌÐ×ÉÒÄÁÖË ÃÀ ÀÒÀÃÄÌÐ×ÉÒÄÁÖË 
ÓÉÓÔÄÌÄÁÛÉ ÌÃÂÏÌÀÒÄÏÁÓ ÉÌÀÛÉ, ÒÏÌ ÞÉÒÉÈÀÃÉ ÒÄÆÏÍÀÍÓÉÓ 

ÆÏÍÀÛÉ I ÃÀ II ÖÁÍÄÁÉ ÂÀÃÀÉÊÅÄÈÄÁÀ, Ä.É.   3 ßÒÉÖËÉ ÓÉáÛÉÒÉÓ 

ÛÄÌÃÄÂ ÒáÄÅÉÓ ÀÌÐËÉÔÖÃÀ ÌáÏËÏÃ III ÖÁÍÉÓ ÛÄÓÀÁÀÌÉÓ ÌÝÉÒÄ ÌÍÉ-

ÛÅÍÄËÏÁÄÁÓ ÌÉÉÙÄÁÓ. 
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§12. ÅÉÁÒÀÝÉÖËÉ ÓÉÓÔÄÌÄÁÉÓ ÐÀÒÀÌÄÔÒÖËÉ ÒáÄÅÄÁÉ 

 

 áÛÉÒÀÃ ÌÄØÀÍÉÊÖÒÉ ÓÉÓÔÄÌÉÓ ÞÉÒÉÈÀÃÉ ÐÀÒÀÌÄÔÒÄÁÉ, ÒÏ-

ÂÏÒÉÝÀÀ ÓÉáÉÓÔÄ, ÌÀÓÀ, ÉÍÄÒÝÉÉÓ ÌÏÌÄÍÔÉ, ÖÝÅËÄË ÓÉÃÉÃÄÄÁÓ ÊÉ ÀÒ 

ßÀÒÌÏÀÃÂÄÍÄÍ, ÀÒÀÌÄÃ ÀÒÉÀÍ ÃÒÏÉÓ ßÉÍÀÓßÀÒ ÝÍÏÁÉËÉ ×ÖÍØÝÉÄÁÉ. 

 ÈÖ ÀÓÄÈ ÓÉÓÔÄÌÀÓ ÂÀÌÏÅÉÚÅÀÍÈ ßÏÍÀÓßÏÒÏÁÉÓ ÌÃÂÏÌÀ-

ÒÄÏÁÉÃÀÍ, ÌÀÛÉÍ ÉÂÉ ÛÄÀÓÒÖËÄÁÓ ÈÀÅÉÓÄÁÖÒ ÒáÄÅÄÁÓ: ÄÒÈÉ ÌáÒÉÅ, 

ÀÓÄÈ ÒáÄÅÄÁÓ ÀÒ ÛÄÉÞËÄÁÀ ÅÖßÏÃÏÈ ÈÀÅÉÓÖ×ÀËÉ, ÒÀÃÂÀÍ ÓÉÓÔÄÌÀ ÀÒ 

ÀÒÉÓ ÀÅÔÏÍÏÌÉÖÒÉ ÃÀ ÂÀÍÉÝÃÉÓ ÌÏÝÄÌÖË ÂÀÒÄÛÄ ÆÄÌÏØÌÄÃÄÁÀÓ 

ÐÀÒÀÌÄÔÒÉÓ ÝÅËÉËÄÁÉÓ ÓÀáÉÈ, áÏËÏ ÌÄÏÒÄ ÌáÒÉÅ, ÉÂÉ ÀÓÄÅÄ ÀÒ 

ßÀÒÌÏÀÃÂÄÍÓ ÉÞÖËÄÁÉÈ ÒáÄÅÄÁÓ, ÒÀÃÂÀÍ ÂÀÒÄÛÄ ÆÄÌÏØÌÄÃÄÁÀ ÀÒ 

ÌÑÙÀÅÍÃÄÁÀ ÌÏÝÄÌÖËÉ ÌÏØÌÄÃÉ ÞÀËÉÓ ÓÀáÉÈ. ÀÓÄÈÉ ÒáÄÅÄÁÉ ÉßÏÃÄ-

ÁÉÀÍ ÐÀÒÀÌÄÔÒÖË ÒáÄÅÄÁÀÃ ÃÀ ÌÀÈ, ÓÉÓÔÄÌÉÓ ÈÅÉÓÄÁÄÁÉÓÀ ÃÀ ÌÉÓÉ ÐÀ-

ÒÀÌÄÔÒÄÁÉÓ ÝÅËÉËÄÁÉÓ áÀÓÉÀÈÉÃÀÍ ÂÀÌÏÌÃÉÍÀÒÄ, ÛÄÉÞËÄÁÀ äØÏÍÃÄÈ 

ÃÒÏÛÉ ÒÏÂÏÒÝ ÛÄÆÙÖÃÖËÉ, ÀÓÄÅÄ ÆÒÃÀÃÉ ÐÉÊÖÒÉ ÌÍÉÛÅÍÄËÏÁÄÁÉ; 

ÖÊÀÍÀÓÊÍÄËÉ ßÀÒÌÏÀÃÂÄÍÓ ÐÀÒÀÌÄÔÒÖË ÒÄÆÏÍÀÍÓÓ. 

 ÂÀÍÅÉáÉËÏÈ ÐÀÒÀÌÄÔÒÖËÉ ÓÉÓÔÄÌÉÓ ÒÀÌÏÃÄÍÉÌÄ ÌÀÂÀËÉÈÉ.  

 ÐÀÒÀÌÄÔÒÖËÉ ÒáÄÅÄÁÉÓ ÌÀÂÀËÉÈÀÃ ÛÄÉÞËÄÁÀ ÂÀÍÅÉáÉËÏÈ 

ÙÄÒÏÓ ÃÉÍÀÌÉÊÖÒÉ ÀÒÀÌÃÂÒÀÃÏÁÉÓ ÌÏÅËÄÍÀ, ÒÏÃÄÓÀÝ ÐÄÒÉÏÃÖËÀÃ 

ÝÅÀËÄÁÀÃÉ ÂÒÞÉÅÉ ÞÀËÉÓ ÌÏØÌÄÃÄÁÉÈ ÙÄÒÏ ÀÓÒÖËÄÁÓ ÂÀÍÉÅ ÒáÄÅÄÁÓ 

(ÍÀá. 12.1).  

 ÉÓÄÅÄ, ÒÏÂÏÒÝ ÜÅÄÖËÄÁÒÉÅÉ ÒÄÆÏÍÀÍÓÉÓ ÃÒÏÓ, ÐÀÒÀÌÄÔ-

ÒÖËÉ ÒÄÆÏÍÀÍÓÉÓ ÛÄÌÈáÅÄÅÀÛÉÝ, ÒáÄÅÄÁÉ ÉÆÒÃÄÁÀ ÓÉÓÔÄÌÀÛÉ ÄÍÄÒÂÉÉÓ 

ÖßÚÅÄÔÉ ÌÉßÏÃÄÁÉÓ ÂÀÌÏ.  

 ÃÀÅÖÛÅÀÈ ÙÄÒÏ ÀÓÒÖËÄÁÓ ÓÀÊÖÈÀÒ ÂÀÍÉÅ ÒáÄÅÄÁÓ p ÓÉá-

ÛÉÒÉÈ (ÍÀá. 12.2 À), ÀÍÖ:   
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x = b cos pt. 

ÀÌ ÃÒÏÓ ÆÄÃÀ ÓÀáÓÀÒÉ ÌÉÉÙÄÁÓ ÌÝÉÒÄ ÅÄÒÔÉÊÀËÖÒ  ÂÀÃÀÀÃ-

ÂÉËÄÁÄÁÓ ÂÀÏÒÌÀÂÄÁÖËÉ ÓÉáÛÉÒÉÈ (ÍÀá. 12.2 Á). ÉÂÉ ÔÅÉÒÈÉÓ x 

ÂÀÃÀÀÃÂÉËÄÁÉÓÀÓ ÌÀÒÝáÍÉÅ ÃÀ ÌÀÒãÅÍÉÅ ÉßÄÅÓ ØÅÄÌÏÈ ÃÀ ÚÅÄËÀÆÄ 

ÌÀÙÀË ÌÃÄÁÀÒÄÏÁÀÓ  ÃÀÉÊÀÅÄÁÓ  ÌÀÛÉÍ, ÒÏÃÄÓÀÝ ÔÅÉÒÈÉ ÉÌÚÏ×ÄÁÀ 

ÓÔÀÔÉÊÖÒÉ ßÏÍÀÓßÏÒÏÁÉÓ ÌÃÂÏÌÀÒÄÏÁÀÛÉ. ÈÖ ÂÒÞÉÅÉ ÞÀËÀ ÉÝÅËÄÁÀ 

ÀÓÄÅÄ ÏÒãÄÒ ÌÄÔÉ ÓÉáÛÉÒÉÈ, ÅÉÃÒÄ ÄÓ ÂÀÀÜÍÉÀ ÔÅÉÒÈÉÓ ÂÀÍÉÅ ÒáÄÅÄÁÓ 

(ÍÀá. 12.2 Â), ÌÀÛÉÍ ÌÏØÌÄÃÉ ÞÀËÀ ÚÏÅÄËÉ ÝÉÊËÉÓ ÃÒÏÓ ÛÄÀÓÒÖËÄÁÓ 

ÌÖÛÀÏÁÀÓ ÃÀ ÓÉÓÔÄÌÀÛÉ ÄÍÄÒÂÉÀ ÖßÚÅÄÔÀÃ ÛÄÉÅÓÄÁÀ. 

 

     ÍÀá. 12.1                                  ÍÀá. 12.2  

ÙÄÒÏÆÄ ÃÀÌÀÂÒÄÁÖËÉ m ÔÅÉÒÈÉÓ ÌÏÒÀÏÁÉÓ ÂÀÍÔÏËÄÁÀÓ 

ÄØÍÄÁÀ ÛÄÌÃÄÂÉ ÓÀáÄ:  

                                              mx c t x
. .

.  0                                       12.1 

 ÌÏÝÄÌÖË ÛÄÌÈáÅÄÅÀÛÉ ÙÄÒÏÓ c ÓÉáÉÓÔÄ ÀÒÉÓ ÃÒÏÉÓ ×ÖÍØÝÉÀ, 

ÒÀÃÂÀÍ ÉÂÉ ÃÀÌÏÊÉÃÄÁÖËÉÀ ÂÒÞÉÅÉ P(t) ÞÀËÉÓ ÓÉÃÉÃÄÆÄ ÌÏÝÄÌÖË 
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ÌÏÌÄÍÔÛÉ. ÌÉÀáËÏÄÁÉÈÉ ×ÏÒÌÖËÉÓ ÈÀÍÀáÌÀÃ (ÌÀÓÀËÀÈÀ ÂÀÌÞ-

ËÄÏÁÉÃÀÍ): 

 
 

c t c
P t
PE

 





0 1  , 

ÓÀÃÀÝ c0 - ÙÄÒÏÓ ÓÉáÉÓÔÄÀ ÂÒÞÉÅÉ ÞÀËÉÓ ÌÏØÌÄÃÄÁÉÓ ÂÀÒÄÛÄ, PE - 

ÄÉËÄÒÉÓ ÊÒÉÔÉÊÖËÉ ÞÀËÀÀ ÙÄÒÏÓÀÈÅÉÓ. 

 ÀÌÒÉÂÀÃ, 12.1 ÂÀÍÔÏËÄÁÀ ÛÄÉÞËÄÁÀ ÜÀÅßÄÒÏÈ ÛÄÌÃÄÂÍÀÉÒÀÃ: 

                       
 

x p
P t
P

x p
c
mE

. .

; . 








  







2 2 01 0               12.2 

 ÈÖ P(t) ÀÒÉÓ ÃÒÏÉÓ ÐÄÒÉÏÃÖËÉ ×ÖÍØÝÉÀ (T ÐÄÒÉÏÃÉÈ), ÌÀÛÉÍ 

12.2 ÂÀÍÔÏËÄÁÀ ÉßÏÃÄÁÀ äÉËÉÓ ÂÀÍÔÏËÄÁÀÃ, ÌÉÓÉ ÐÉÒÅÄËÉ 

ÌÊÅËÄÅÀÒÉÓ ÐÀÔÉÅÓÀÝÄÌÀÃ. 

ÐÀÒÀÌÄÔÒÖËÉ ÓÉÓÔÄÌÉÓ ÓáÅÀ ÌÀÂÀËÉÈÓ ßÀÒÌÏÀÃÂÄÍÓ ÓÉÓÔÄÌÀ 

ÂÀÌÏÓÀáÖËÉ ÍÀá. 12.3 - ÆÄ. ÒÏÂÏÒÝ ÍÀáÀÆÉÃÀÍ ÜÀÍÓ, ÛÄÚÖÒÓÖËÉ ÌÀÓÀ 1 

ÃÀÌÀÂÒÄÁÖËÉÀ ÖßÏÍÀÃÏ 2 ÙÄÒÏÓ ÁÏËÏÆÄ. ÀÌÀÅÄ ÃÒÏÓ ÙÄÒÏÓ 

ÈÀÅÉÓÖ×ÀËÉ ÂÀÃÀÀÃÂÉËÄÁÀ ÃÀÌÀÔÄÁÉÈ ÛÄÆÙÖÃÖËÉÀ 3 ÌÉËÉÓÀÈÉ, 

ÒÏÌÄËÉÝ ÃÀÛÏÒÄÁÖËÉÀ ÙÄÒÏÓ ØÅÄÃÀ ÁÏËÏÃÀÍ l ÌÀÍÞÉËÉÈ. 

                                           
  ÍÀá. 12.3 
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ÛÄÅÀÃÂÉÍÏÈ ÔÅÉÒÈÉÓ ÈÀÅÉÓÖ×ÀËÉ ÌÏÞÒÀÏÁÉÓ ÂÀÍÔÏËÄÁÀ 

ÉÌÉÓ ÂÀÈÅÀËÉÓßÉÍÄÁÉÈ, ÒÏÌ ÄÓ ÌÏÞÒÀÏÁÀ áÃÄÁÀ ÍÀáÀÆÉÓ ÓÉÁÒÔÚÄÛÉ. 

ÈÖ ÃÒÏÉÓ ÌÉÌÃÉÍÀÒÄ t ÌÏÌÄÍÔÛÉ ÔÅÉÒÈÉÓ ÂÀÃÀÀÃÂÉËÄÁÀ ÛÄÀÃÂÄÍÓ x - 

Ó, ÌÀÛÉÍ ÙÄÒÏÓ ÀÙÌÃÂÄÍÉ ÃÒÄÊÀÃÏÁÉÓ ÞÀËÀ ÔÏËÉÀ cx - Ó ÃÀ ÔÅÉÒÈÉÓ 

ÌÏÞÒÀÏÁÉÓ ÂÀÍÔÏËÄÁÀ ÌÉÉÙÄÁÓ ÓÀáÄÓ: 

                                                  cx m x
. .

,                                           12.3 

ÓÀÃÀÝ c - ÓÉÓÔÄÌÉÓ ÓÉáÉÓÔÉÓ ÊÏÄ×ÉÝÉÄÍÔÉÀ. 

 3 ÌÉËÉÓÀ, ÌÉÓÉ ÓÀÊÌÀÏÃ ÃÉÃÉ ÓÉÂÒÞÉÓ ÛÄÌÈáÅÄÅÀÛÉ ÐÒÀØ-

ÔÉÊÖËÀÃ ÖÆÒÖÍÅÄËÚÏ×Ó ÙÄÒÏÓ ØÅÄÃÀ ÍÀßÉËÉÓ ÌÈËÉÀÍ ÜÀÌÀÂÒÄÁÀÓ 

ÃÀ ÀÌÉÔÏÌ  c ÊÏÄ×ÉÝÉÄÍÔÉ ÛÄÉÞËÄÁÀ ÂÀÍÉÓÀÆÙÅÒÏÓ ÝÍÏÁÉËÉ ×ÏÒÌÖ-

ËÉÈ  c = 3EJ/l3. ÀØ ÉÂÖËÉÓáÌÄÁÀ, ÒÏÌ ÙÄÒÏÓ ÂÀÀÜÍÉÀ ÌÖÃÌÉÅÉ ÂÀÍÉÅ-

ÊÅÄÈÉÓ ×ÀÒÈÉ J ÉÍÄÒÝÉÉÓ ÌÏÌÄÍÔÉÈ. E - ÙÄÒÏÓ ÌÀÓÀËÉÓ ÃÒÄÊÀÃÏÁÉÓ 

ÌÏÃÖËÉÀ. ÀÌÒÉÂÀÃ 12.3 ÃÉ×ÄÒÄÍÝÉÀËÖÒÉ ÂÀÍÔÏËÄÁÀ ÌÉÉÙÄÁÓ ÛÄÌÃÄÂ 

ÓÀáÄÓ: 

                                                x
EJ
ml

x
. .

. 
3

03                                      12.4 

 ÈÖ l ÌÀÍÞÉËÉ ÌÖÃÌÉÅÉÀ, ÌÀÛÉÍ 12.4 ÂÀÍÔÏËÄÁÀ ÀÙßÄÒÓ ÌÀÓÉÓ 

ÈÀÅÉÓÖ×ÀË ÒáÄÅÄÁÓ, ÌÉÓÉ ÛÖÀËÄÃÖÒÉ ÌÃÄÁÀÒÄÏÁÉÓ ÌÉÌÀÒÈ. ßÉËÀÃÉ 

12.4 ÂÀÍÔÏËÄÁÀÛÉ ßÀÒÌÏÀÃÂÄÍÓ ÒáÄÅÄÁÉÓ ÓÀÊÖÈÀÒÉ ÓÉáÛÉÒÉÓ 

ÊÅÀÃÒÀÔÓ. 

 ÃÀÅÖÛÅÀÈ, ÒÏÌ 3 ÌÉËÉÓÀ ÓÒÉÀËÄÁÓ 2 ÙÄÒÞÉÓ ÂÀÓßÅÒÉÅ 

ßÉÍÀÓßÀÒ ÌÏÝÄÌÖËÉ ÊÀÍÏÍÉÈ 

z = A cos t,  

ÀÍÖ, ÀÓÒÖËÄÁÓ l -ÉÓ ÛÖÀ ÌÃÄÁÀÒÄÏÁÉÓ ÌÉÌÀÒÈ äÀÒÌÏÍÉÖË ÒáÄÅÄÁÓ A 

ÀÌÐËÉÔÖÃÉÈÀ ÃÀ  ßÒÉÖËÉ ÓÉáÛÉÒÉÈ. ÀÓÄÈ ÛÄÌÈáÅÄÅÀÛÉ ÓÉáÉÓÔÉÓ 

 84

ÊÏÄ×ÉÝÉÄÍÔÉ ÀÙÌÏÜÍÃÄÁÀ ÃÒÏÉÓ ×ÖÍØÝÉÀ: 

                                  
   

c
EJ

l z

EJ

l A t







3 3
3 3

cos
,


                        12.5 

ÃÀ ÛÄÓÀÁÀÌÉÓÀÃ 12.4 ÃÉ×ÄÒÄÍÝÉÀËÖÒÉ ÂÀÍÔÏËÄÁÀ ÌÉÉÙÄÁÓ ÛÄÌÃÄÂ 

ÓÀáÄÓ: 

                                        
 

x
EJ

m l A t
x

. .

cos
.




3
03


                       12.6 

 ÀØÀÝ 12.2 ÂÀÍÔÏËÄÁÉÓ ÌÓÂÀÅÓÀÃ ÌÉÅÉÙÄÈ ÃÉ×ÄÒÄÍÝÉÀËÖÒÉ 

ÂÀÍÔÏËÄÁÀ ÝÅËÀÃÉ ÊÏÄ×ÉÝÉÄÍÔÉÈ, ÒÀÝ ÃÀÌÀáÀÓÉÀÈÄÁÄËÉÀ ÐÀÒÀÌÄÔ-

ÒÖËÉ ÓÉÓÔÄÌÄÁÉÓÀÈÅÉÓ. 

 12.6 ÂÀÍÔÏËÄÁÀ, ÉÓÄÅÄ ÒÏÂÏÒÝ 12.2 ÂÀÍÔÏËÄÁÀ, ÛÄÉÞËÄÁÀ 

ÃÀÅÉÚÅÀÍÏÈ Ä.ß. ÓÔÀÍÃÀÒÔÖË ÓÀáÄÆÄ. ÀÌÉÓÀÈÅÉÓ ÃÀÅÖÛÅÀÈ, ÒÏÌ 

ÌÉËÉÓÀÓ ÒáÄÅÉÓ A ÀÌÐËÉÔÖÃÀ ÂÀÝÉËÄÁÉÈ ÌÝÉÒÄÀ ÙÄÒÏÓ l ÓÉÂÒÞÄÓÈÀÍ 

ÛÄÃÀÒÄÁÉÈ. ÌÀÛÉÍ, 12.5 ÂÀÌÏÓÀáÖËÄÁÉÓ ÍÀÝÅËÀÃ ÂÅÄØÍÄÁÀ ÛÄÌÃÄÂÉ 

ÌÉÀáËÏÄÁÉÈÉ ÂÀÌÏÓÀáÖËÄÁÀ: 

 
c

EJ

l A t

EJ
l l t

EJ
l

A
l

t





 








3 3
3

3
1

3
3 3 2 3

cos cos
cos ,

 
  

ÃÀ 11.6 ÃÉ×ÄÒÄÍÝÉÀËÖÒÉ ÂÀÍÔÏËÄÁÀ ÌÉÉÙÄÁÓ ÓÀáÄÓ: 

                                  x
EJ
ml

A
l

t x
. .

cos . 






 

3
1

3
03                       12.7 

 ÈÖ ÂÀÃÀÅÀËÈ ÖÂÀÍÆÏÌÉËÄÁÏ T ÃÒÏÆÄ (2T = t) ÂÅÄØÍÄÁÀ: 

d x
dt

d x
dT

2

2

2 2

24
 


, 

ÃÀ ÓÀÁÏËÏÏÃ 12.7 ÂÀÍÔÏËÄÁÀ ÌÉÉÙÄÁÓ ÓÔÀÍÃÀÒÔÖË ÓÀáÄÓ: 
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                                      d x
dT

a q T x
2

2 2 2 0  cos ,                       12.8 

ÓÀÃÀÝ: 

                                   a
EJ

m l
q

EJ
m l

 
12 18

2 2 2 4 
; .                    12.9 

 ÀÌÂÅÀÒÉ ÂÀÒÃÀØÌÍÄÁÉ ÔÉÐÉÖÒÉÀ ÛÄÌÈáÅÄÅÄÁÉÓÈÅÉÓ, ÒÏÃÄÓÀÝ 

ÓÉÓÔÄÌÉÓ ÝÅËÀÃÉ ÐÀÒÀÌÄÔÒÉ ÂÀÍÉÝÃÉÓ ÌÝÉÒÄ ÐÖËÓÀÝÉÀÓ. 

 ÀáËÀ ÌÉÅÌÀÒÈÏÈ 12.8 ÂÀÍÔÏËÄÁÀÓ, ÒÏÌÄËÉÝ ÉßÏÃÄÁÀ ÌÀÈÉÄÓ 

ÂÀÍÔÏËÄÁÀÃ. ÌÀÈÉÄÓ ÂÀÍÔÏËÄÁÉÓ ÀÌÏÍÀáÓÍÄÁÓ ÀØÅÓ ÒáÄÅÉÈÉ áÀÓÉÀÈÉ, 

ÃÀ ÌÀÈÉ ÈÅÉÓÄÁÄÁÉ ÃÀÌÏÊÉÃÄÁÖËÉÀ a ÃÀ q ÐÀÒÀÌÄÔÒÄÁÉÓ ÊÏÍÊÒÄÔÖË 

ÌÍÉÛÅÍÄËÏÁÄÁÆÄ. ÄÒÈ ÛÄÌÈáÅÄÅÀÛÉ ÌÏÝÄÌÖËÉ ÊÏÌÁÉÍÀÝÉÉÓ a ÃÀ q 

ÌÍÉÛÅÍÄËÏÁÄÁÓ ÛÄÄÓÀÁÀÌÄÁÀ ÒáÄÅÄÁÉ, ÒÏÌÄËÈÀ ÀÌÐËÉÔÖÃÄÁÉ ÛÄÌÏ-

ÓÀÆÙÅÒÖËÉÀ, áÏËÏ ÓáÅÀ ÛÄÌÈáÅÄÅÀÛÉ - ÌÉÉÙÄÁÀ ÒáÄÅÄÁÉ, ÆÒÃÀÃÉ ÀÌÐ-

ËÉÔÖÃÄÁÉÈ. ÞÀËÉÀÍ áÛÉÒÀÃ (ÌÃÂÒÀÃÏÁÉÓ ÂÀÌÏÊÅËÄÅÉÓÀÓ) ÒáÄÅÄÁÉÓ 

ÃÄÔÀËÄÁÉ ÍÀÊËÄÁÀÃ ÌÍÉÛÅÍÄËÏÅÀÍÉÀ, ÒÀÃÂÀÍ ÞÉÒÉÈÀÃÀÃ Ö×ÒÏ 

ÌÍÉÛÅÍÄËÏÅÀÍÓ ßÀÒÌÏÀÃÂÄÍÓ ÓßÏÒÄÃ ÒáÄÅÉÈÉ ÐÒÏÝÄÓÉÓ ÔÄÍÃÄÍÝÉÀ: 

ÈÖ ÀÌÐËÉÔÖÃÀ ÒÜÄÁÀ ÛÄÌÏÓÀÆÙÅÒÖËÉ, ÌÀÛÉÍ ÓÉÓÔÄÌÀ ÀÒÉÓ ÌÃÂÒÀÃÉ; 

ßÉÍÀÀÙÌÃÄÂ ÛÄÌÈáÅÄÅÀÛÉ ÀÃÂÉËÉ ÀØÅÓ ÐÀÒÀÌÄÔÒÖË ÒÄÆÏÍÀÍÓÓ ÃÀ 

ÓÉÓÔÄÌÀ ÀÒÉÓ ÀÒÀÌÃÂÒÀÃÉ. 

 ÌÀÈÉÄÓ ÂÀÍÔÏËÄÁÉÓ ÀÌÏÍÀáÓÍÉÓ ÛÄÃÄÂÄÁÉ a ÃÀ q ÏÒÉ 

ÓáÅÀÃÀÓáÅÀ ÊÏÌÁÉÍÀÝÉÉÓÀÈÅÉÓ ÍÀÜÅÄÍÄÁÉÀ ÍÀá. 12.4  À) ÃÀ Á) - ÆÄ. 

ÌÉÖáÄÃÀÅÃ ÉÌÉÓÀ, ÒÏÌ ÏÒÉÅÄ ÛÄÌÈáÅÄÅÀÛÉ q ÐÀÒÀÌÄÔÒÉ ÀÒÉÓ 

ÄÒÈÉÃÀÉÂÉÅÄ (q = 0,1), ÒáÄÅÄÁÓ ÀØÅÈ ÓÒÖËÉÀÃ ÂÀÍÓáÅÀÅÄÁÖËÉ áÀÓÉ-

ÀÈÉ, ÒÀÃÂÀÍ ÂÀÍÓáÅÀÅÄÁÖËÉÀ a ÐÀÒÀÌÄÔÒÉ (a = 1; a = 1,2). ÐÉÒÅÄË 

ÛÄÌÈáÅÄÅÀÛÉ ÒáÄÅÉÓ ÀÌÐËÉÔÖÃÄÁÉ ÉÆÒÃÄÁÉÀÍ, áÏËÏ ÌÄÏÒÄ 
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ÛÄÌÈáÅÄÅÀÛÉ ÉÓÉÍÉ ÛÄÆÙÖÃÖËÍÉ ÒÜÄÁÉÀÍ, ÒÀÝ ÉÌÀÓ ÍÉÛÍÀÅÓ, ÒÏÌ 

ÓÉÓÔÄÌÀ ÀÒÉÓ ÌÃÂÒÀÃÉ. 

 ÐÒÀØÔÉÊÖËÉ ÌÉÆÍÄÁÉÓÀÈÅÉÓ Ö×ÒÏ ÌÄÔÉ ÌÍÉÛÅÍÄËÏÁÀ ÀØÅÓ 

ÓÀÆÙÅÒÄÁÓ ÌÃÂÒÀÃ ÃÀ ÀÒÀÌÃÂÒÀÃ ÆÏÍÄÁÓ ÛÏÒÉÓ. ÄÓ ÓÀÊÉÈáÉ ÊÀÒÂÀÃÀÀ 

ÛÄÓßÀÅËÉËÉ ÃÀ ÓÀÁÏËÏÏ ÛÄÃÄÂÄÁÉ ßÀÒÌÏÃÂÄÍÉËÉÀ ÃÉÀÂÒÀÌÉÓ 

ÓÀáÉÈ, ÀÂÄÁÖËÉ a ÃÀ q ÐÀÒÀÌÄÔÒÄÁÉÓ ÓÉÁÒÔÚÄÛÉ. ÄÓ ÃÉÀÂÒÀÌÀ 

ÝÍÏÁÉËÉÀ ÀÉÍÓ-ÓÔÒÄÔÉÓ ÃÉÀÂÒÀÌÉÓ ÓÀáÄËßÏÃÄÁÉÈ. ÍÀá. 12.4 Â) - ÆÄ 

ÍÀÜÅÄÍÄÁÉÀ ÀÌ ÃÉÀÂÒÀÌÉÓ ÍÀßÉËÉ, ÒÏÌÄËÉÝ ÛÄÄáÄÁÀ q ÐÀÒÀÌÄÔÒÉÓ 

ÌÝÉÒÄ ÌÍÉÛÅÍÄËÏÁÄÁÓ. ÚÏÅÄË ÌÏÝÄÌÖË ÓÉÓÔÄÌÀÓ, ÒÏÌÄËÉÝ áÀÓÉÀÈÃÄ-

ÁÀ a ÃÀ q ÐÀÒÀÌÄÔÒÄÁÉÈ, ÀÉÍÓ-ÓÔÒÄÔÉÓ ÃÉÀÂÒÀÌÀÆÄ ÛÄÄÓÀÁÀÌÄÁÀ ßÄÒÔÉ-  

 
  ÍÀá. 12.4 

ËÉ ÓßÏÒÄÃ a ÃÀ q ÊÏÏÒÃÉÍÀÔÄÁÉÈ (ÌÓÀáÅÄËÉ ßÄÒÔÉËÉ). ÈÖ ÌÓÀáÅÄËÉ 

ßÄÒÔÉËÉ ÌÏÈÀÅÓÄÁÖËÉÀ ÃÉÀÂÒÀÌÉÓ ÃÀÛÔÒÉáÖË ÆÏÍÀÛÉ ÌÀÛÉÍ ÓÉÓÔÄÌÀ 

ÀÒÉÓ ÌÃÂÒÀÃÉ. ÀÒÀÌÃÂÒÀÃ ÓÉÓÔÄÌÄÁÓ ÊÉ ÛÄÄÓÀÁÀÌÄÁÀ ÌÓÀáÅÄËÉ ßÄÒÔÉ-

ËÄÁÉ, ÒÏÌËÄÁÉÝ ÂÀÍËÀÂÃÄÁÉÀÍ ÃÀÖÛÔÒÉáÀÅ ÆÏÍÀÛÉ. 
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 ÌÀÂÀËÉÈÉÓÀÈÅÉÓ ÃÉÀÂÒÀÌÀÆÄ ÍÀÜÅÄÍÄÁÉÀ 1 ÃÀ 2 ßÄÒÔÉËÄÁÉ, 

ÒÏÌÄËÈÀ ÛÄÓÀÁÀÌÉÓÉ ÐÀÒÀÌÄÔÒÄÁÉÀ a1 = 1; q1 = 0,1; a2 = 1,2; q2 = 0,1. 1 

ßÄÒÔÉËÉ ÉÌÚÏ×ÄÁÀ ÈÄÈÒ ÆÏÍÀÛÉ (ÀÒÀÌÃÂÒÀÃÉ), ÃÀ ÛÄÓÀÁÀÌÉÓÀÃ 

ÒáÄÅÄÁÉ ßÀÒÌÏÄÁÓ ÌÆÀÒÃÉ ÀÌÐËÉÔÖÃÄÁÉÓ ×ÏÍÆÄ (ÍÀá. 12.4 À). 2 

ßÄÒÔÉËÉ ÉÌÚÏ×ÄÁÀ ÃÀÛÔÒÉáÖËÉ  ÆÏÍÉÓ  ÀÒÄÛÉ,  ÒÏÌÄËÓÀÝ  ÛÄÄÓÀÁÀ-

ÌÄÁÀ ÛÄÆÙÖÃÖËÉ ÀÌÐËÉÔÖÃÉÈ ÌÏÞÒÀÏÁÀ (ÍÀá. 12.4 Á). 

ÀÉÍÓ-ÓÔÒÄÔÉÓ ÌÈËÉÀÍÉ ÃÉÀÂÒÀÌÀ ÍÀÜÅÄÍÄÁÉÀ ÍÀá. 12.5 - ÆÄ. ÒÏÂÏÒÝ 

ÍÀáÀÆÉÃÀÍ ÜÀÍÓ a ÃÀ q ÐÀÒÀÌÄÔÒÄÁÉÓ ÓÉÁÒÔÚÄÛÉ  ÌÃÂÒÀÃÏÁÉÓÀ ÃÀ ÀÒÀ-

ÌÃÂÒÀÃÏÁÉÓ ÆÏÍÄÁÉ ÄÒÈÌÀÍÄÈÓ ÈÀÍÌÉÌÃÄÅÒÏÁÉÈ ÄÍÀÝÅËÄÁÀ.  ÀÌÀÅÄ 

ÃÒÏÓ ÚÅÄËÀÆÄ ×ÀÒÈÏ ÃÀ ÛÄÓÀÁÀÌÉÓÀÃ ÚÅÄËÀÆÄ ÌÍÉÛÅÍÄËÏÅÀÍÉ 

ÀÒÀÌÃÂÒÀÃÏÁÉÓ ÆÏÍÀ, ÛÄÉÝÀÅÓ ßÄÒÔÉËÓ a = 1; q = 0. ÀÌ ßÄÒÔÉËÉÓ ÌÀá-

ËÏÁËÏÁÀÛÉ, ÀÍÖ q - Ó ÌÝÉÒÄ,  ÌÍÉÛÅÍÄËÏÁÄÁÉÓ ÃÒÏÓ, ÌÃÂÒÀÃÏÁÉÓ 

ÐÉÒÏÁÄÁÉ a  1 - q ÃÀ a  1 + q (Éá. ÍÀá. 12.4 Â) ÛÄÉÞËÄÁÀ ÂÀÄÒÈÉÀÍÃÄÓ 

ÄÒÈÉ ÓÀÄÒÈÏ ÐÉÒÏÁÉÈ: 

                                                 q2  (1 - a)2 . 

 ÀÉÍÓ-ÓÔÒÄÔÉÓ ÃÉÀÂÒÀÌÀ ÌÈËÉÀÍÀÃ ÂÅÀÈÀÅÉÓÖ×ËÄÁÓ ÛÄÅÀÓ-

ÒÖËÏÈ ÒÀÉÌÄ ÏÐÄÒÀÝÉÀ ÌÀÈÉÄÓ ÂÀÍÔÏËÄÁÉÓ ÀÌÏÓÀáÓÍÄËÀÃ. ÚÏÅÄË 

ÊÏÍÊÒÄÔÖË ÛÄÌÈáÅÄÅÀÛÉ ÓÀÊÌÀÒÉÓÉÀ ÛÄÅÀÃÂÉÍÏÈ ÄÓ ÂÀÍÔÏËÄÁÀ, ÀÍÖ 

ÌÏÅÞÄÁÍÏÈ ÓÉÓÔÄÌÉÓ a ÃÀ q ÐÀÒÀÌÄÔÒÄÁÉÓ ÌÍÉÛÅÍÄËÏÁÄÁÉ, ÒÉÓ 

ÛÄÌÃÄÂÀÝ ÃÉÀÂÒÀÌÀ ÉÌßÀÌÓÅÄ ÂÅÐÀÓÖáÏÁÓ ÓÉÓÔÄÌÉÓ ÌÃÂÒÀÃÏÁÀÆÄ ÀÍ 

ÀÒÀÌÃÂÒÀÃÏÁÀÆÄ. 

ÂÀÅÀÒÊÅÉÏÈ ÐÀÒÀÌÄÔÒÖËÉ ÒáÄÅÄÁÉÓ ÈÅÉÓÄÁÄÁÉÓ ÝÅÀËÄ-

ÁÀÃÏÁÀ, ÀÙÂÆÍÄÁÉÓ ÓÉáÛÉÒÉÓ ÈÀÍÃÀÈÀÍÏÁÉÈÉ ÝÅËÉËÄÁÉÓ ÃÒÏÓ. ÈÖ 

ÃÀÅÖÁÒÖÍÃÄÁÉÈ 12.9 ÔÏËÏÁÄÁÓ, ÛÄÅÀÌÜÍÄÅÈ, ÒÏÌ ÓÉáÛÉÒÉÓ ÆÒÃÉÈ 

ÏÒÈÀÅÄ ÐÀÒÀÌÄÔÒÉ a ÃÀ q ÐÒÏÐÏÒÝÉÖËÀÃ ÌÝÉÒÃÄÁÀ. ÉÌÉÓ ÂÀÌÏ, ÒÏÌ 

ÏÒÈÀÅÄ ÐÀÒÀÌÄÔÒÉÓ ÈÀÍÀ×ÀÒÃÏÁÀ ÒÜÄÁÀ ÌÖÃÌÉÅÉ, ÀÌÉÔÏÌ ÓÉÓÔÄÌÉÓ 
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ÈÀÍÌÉÌÃÄÅÒÖËÉ ÌÃÂÏÌÀÒÄÏÁÄÁÉ ÂÀÍÉÓÀÆÙÅÒÄÁÉÀÍ ÊÏÏÒÃÉÍÀÔÈÀ ÓÀ-

ÈÀÅÄÛÉ ÂÀÌÀÅÀË q = ka ÓáÉÅÆÄ ÂÀÍËÀÂÄÁÖËÉ ÌÓÀáÅÄËÉ ßÄÒÔÉËÄÁÉÈ. 

ÍÀá. 12.5 - ÆÄ ÌÊÀ×ÉÏÃ ÜÀÍÓ ÓÉÓÔÄÌÉÓ ÌÃÂÒÀÃÉ ÃÀ ÀÒÀÌÃÂÒÀÃÉ ÌÃÂÏÌÀ-

ÒÄÏÁÄÁÉÓ ÈÀÍÌÉÌÃÄÅÒÏÁÀ ÀÙÂÆÍÄÁÉÓ ÓÉáÛÉÒÉÓ ÌÍÉÛÅÍÄËÏÁÄÁÉÓ ÆÒÃÉÓ 

ÃÒÏÓ. 

 

 
ÍÀá. 12.5 
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§13. ÅÉÁÒÀÝÉÖËÉ ÓÉÓÔÄÌÄÁÉÓ ÀÅÔÏÒáÄÅÄÁÉ 

 

 ÀÅÔÏÒáÄÅÉÈÉ ÓÉÓÔÄÌÄÁÉ ÌÉÄÊÖÈÅÍÄÁÉÀÍ ÀÒÀÊÏÍÓÄÒÅÀÔÉÖË 

ÓÉÓÔÄÌÄÁÓ, ÒÀÃÂÀÍ ÀÓÄÈ ÓÉÓÔÄÌÄÁÆÄ ÌÏØÌÄÃÉ ÞÀËÄÁÉÓ ÛÄÌÀÃÂÄÍËÏÁÀÛÉ 

ÀÒÓÄÁÏÁÄÍ ßÉÍÀÀÙÌÃÄÂÏÁÄÁÉ ÃÀ ÓÉÓÔÄÌÉÓ ÌÏÞÒÀÏÁÀÓ ÈÀÍ ÀáËÀÅÓ 

ÄÍÄÒÂÉÉÓ áÀÒãÅÀ. ÀÌ ÌáÒÉÅ ÀÅÔÏÒáÄÅÉÈÉ ÓÉÓÔÄÌÄÁÉ ÀÒÉÀÍ 

ÃÉÓÉÐÀÝÉÖÒÉ ÓÉÓÔÄÌÄÁÉÓ ÀÍÀËÏÂÉÖÒÍÉ. ÀÌÀÅÄ ÃÒÏÓ, ÈÖ ÃÉÓÉÐÀÝÉÖÒ 

ÓÉÓÔÄÌÄÁÛÉ ßÉÍÀÀÙÌÃÄÂÏÁÀÈÀ ÃÀÞËÄÅÀÆÄ ÃÀáÀÒãÖËÉ ÄÍÄÒÂÉÀ 

ÀÒÀÍÉÒÀÃ ÀÒ ÊÏÌÐÄÍÓÉÒÃÄÁÀ ÃÀ ÀÓÄÈÉ ÓÉÓÔÄÌÉÓ ÒáÄÅÄÁÉ ÌÉÉËÄÅÉÀÍ, 

ÀÅÔÏÒáÄÅÉÈ ÓÉÓÔÄÌÄÁÛÉ ßÉÍÀÀÙÌÄÂÏÁÉÓ ÃÀÞËÄÅÀÆÄ ÃÀáÀÒãÖËÉ 

ÄÍÄÒÂÉÀ ÍÀÌÃÅÉËÀÃ ÊÏÌÐÄÍÓÉÒÃÄÁÀ ÓÉÓÔÄÌÀÛÉ ÛÄÌÀÅÀËÉ ÀÒÀÒáÄÅÀÃÉ 

ßÚÀÒÏÃÀÍ ÌÏÌÃÉÍÀÒÄ ÄÍÄÒÂÉÉÈ, ÒÏÌËÉÓ ÓÉÃÉÃÄ ÃÀ ÃÏÆÉÒÄÁÀ ÃÒÏÛÉ 

ÒÄÂÖËÉÒÃÄÁÀ ÈÅÉÈ ÒáÄÅÉÈÉ ÓÉÓÔÄÌÉÓ ÌÉÄÒ. ÀÌÉÓ ÂÀÌÏ ÀÅÔÏÒáÄÅÉÈ 

ÓÉÓÔÄÌÀÛÉ ÛÄÉÞËÄÁÀ ßÀÒÌÏÉØÌÍÀÓ ÌÃÂÒÀÃÉ ÌÉÖËÄÅÀÃÉ ÐÄÒÉÏÃÖËÉ 

ÒáÄÅÄÁÉ, ÒÏÌÄËÈÀÝ ÀÅÔÏÒáÄÅÄÁÉ ÄßÏÃÄÁÀ. ÀÓÄÈÉ ÒáÄÅÄÁÉÓ ÌÀÂÀËÉ-

ÈÉÀ ÓÀÀÈÉÓ ØÀÍØÀÒÀÓ ÒáÄÅÄÁÉ, ÒÏÌÄËÛÉÀÝ ÃÀÊÉÃÄÁÖËÉ ÔÅÉÒÈÉÓ 

ÄÍÄÒÂÉÀ ÂÀÃÀÄÝÄÌÀ ØÀÍØÀÒÀÓ áÒÖÔÖÍÀ ÌÄØÀÍÉÆÌÉÓ ÓÀÛÖÀËÄÁÉÈ ÂÀÒÊÅÄ-

ÖËÉ ÖËÖ×ÄÁÉÈ, ÒÏÌËÉÓ ÓÉÃÉÃÄ ÃÀ ÌÉßÏÃÄÁÉÓ ÃÒÏ ÂÀÍÉÓÆÙÅÒÄÁÀ 

ÈÅÉÈ ØÀÍØÀÒÀÓ ÒáÄÅÄÁÉÈ. 

 ÀÅÔÏÒáÄÅÉÈÉ ÓÉÓÔÄÌÉÓÀÈÅÉÓ ÄÍÄÒÂÉÉÓ ÊÏÌÐÄÍÓÀÝÉÉÓ áÄÒáÉ 

ßÀÒÌÏÀÃÂÄÍÓ ÌÀáÀÓÉÀÈÄÁÄË ÈÅÉÓÄÁÀÓ, ÒÏÌËÉÓ ÌÉáÄÃÅÉÈÀÝ 

ÀÌÏÉÝÍÏÁÀ ÄÓ ÓÉÓÔÄÌÄÁÉ, ÃÉÓÉÐÀÝÉÖÒÉ ÓÉÓÔÄÌÄÁÉÓÂÀÍ ÀÍ ÊÉÃÄÅ ÉÌ 

ÓÉÓÔÄÌÄÁÉÓÀÂÀÍ ÂÀÍÓáÅÀÅÄÁÉÈ, ÒÏÌËÄÁÉÝ ÂÀÍÉÝÃÉÀÍ ÉÞÖËÄÁÉÈ 

ÒáÄÅÄÁÓ, ÌÀÈÆÄ ÂÀÒÄÛÄ ÐÄÒÉÏÃÖËÉ ÞÀËÄÁÉÓ ÌÏØÌÄÃÄÁÄÁÉÓ ÛÄÃÄÂÀÃ. 

ÀÅÔÏÒáÄÅÉÈÉ ÓÉÓÔÄÌÄÁÉÓÀÈÅÉÓ ÀÓÄÈÉÅÄ ÌÀáÀÓÉÀÈÄÁÄË ÈÅÉÓÄÁÄÁÓ ßÀÒ-
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ÌÏÀÃÂÄÍÓ ÌÉÓ ÊÏÍÓÔÒÖØÝÉÖË ÓØÄÌÀÛÉ ÛÄÌÃÄÂÉ ÏÈáÉ ÍÀßÉËÉÓ ÀÒÓÄ-

ÁÏÁÀ: 

1) ÄÍÄÒÂÉÉÓ ÌÖÃÌÉÅÉ (ÀÒÀÒáÄÅÉÈÉ) ßÚÀÒÏ; 

2) ÒáÄÅÉÈÉ ÓÉÓÔÄÌÀ; 

3) ÌÏßÚÏÁÉËÏÁÀ,  ÒÏÌÄËÉÝ  ÀÒÄÂÖËÉÒÄÁÓ  ÄÍÄÒÂÉÉÓ ÌÉßÏÃÄÁÀÓ 

ßÚÀÒÏÃÀÍ ÒáÄÅÉÈ ÓÉÓÔÄÌÀÛÉ; 

4) ÒáÄÅÉÈ ÓÉÓÔÄÌÀÓÀ ÃÀ ÌÀÒÄÂÖËÉÒÄÁÄË ÌÏßÚÏÁÉËÏÁÀÓ ÛÏÒÉÓ 

ÖÊÖÊÀÅÛÉÒÉ, ÒÏÌÄËÉÝ ÀÓÒÖËÄÁÓ ÄÍÄÒÂÉÉÓ ÌÉßÏÃÄÁÉÓ ÃÏÆÉÒÄÁÉÓ 

ÌÀÒÈÅÀÓ. 

 ÀÅÔÏÒáÄÅÉÈ ÓÉÓÔÄÌÀÛÉ ÌÀÒÄÂÖËÉÒÄÁÄËÉ ÌÏßÚÏÁÉËÏÁÀ 

ÌÀÒÈÀÅÓ ÒáÄÅÉÈÉ ÓÉÓÔÄÌÉÓ ÌÏÞÒÀÏÁÀÓ, ÄÓ ÖÊÀÍÀÓÊÍÄËÉ ÊÉ 

ÖÊÖÊÀÅÛÉÒÉÓ ÌÄÏáÄÁÉÈ ÌÀÒÈÀÅÓ ÌÀÒÄÂÖËÉÒÄÁÄËÉ ÌÏßÚÏÁÉËÏÁÉÓ 

ÌÖÛÀÏÁÀÓ. ÀÌ ÏÒÌáÒÉÅ ÖÒÈÉÄÒÈÊÀÅÛÉÒÛÉ ÒáÄÅÉÈ ÓÉÓÔÄÌÀÓÀ ÃÀ 

ÌÀÒÄÂÖËÉÒÄÁÄË ÌÏßÚÏÁÉËÏÁÀÓ ÛÏÒÉÓ ÖÊÖÊÀÅÛÉÒÉÓ ÓÀÛÖÀËÄÁÉÈ 

áÏÒÝÉÄËÃÄÁÀ ÓßÏÒÄÃ ÓÉÓÔÄÌÉÓ ÄÍÄÒÂÄÔÉÊÖËÉ ÁÀËÀÍÓÉÓ ÈÅÉÈÌÀÒ-

ÈÅÀ, ÒÉÓ ÛÄÃÄÂÀÃÀÝ ÌÀÓÛÉ ßÀÒÌÏÉØÌÍÄÁÀ ÌÃÂÒÀÃÉ ÌÉÖËÄÅÀÃÉ ÒáÄÅÄ-

ÁÉ. ÒÏÂÏÒÝ ßÄÓÉ, ÄÓ ÒáÄÅÄÁÉ ÀÒÀÀ ÃÀÌÏÊÉÃÄÁÖËÉ ÓÀßÚÉÓ ÐÉÒÏÁÄÁÆÄ. 

ÀÅÔÏÒáÄÅÉÈ ÓÉÓÔÄÌÄÁÛÉ ÈÅÉÈÀÙÂÆÍÄÁÉÈ ÍÄÁÉÓÌÉÄÒÉ ÓÀßÚÉÓÉ ÐÉÒÏ-

ÁÄÁÉÓ ÃÒÏÓ, ÓÉÓÔÄÌÀ ÌÉÉÓßÒÀ×ÅÉÓ ÒÏÌÄËÉÌÄ ÌÃÂÒÀÃÉ ÐÄÒÉÏÃÖËÉ 

ÌÏÞÒÀÏÁÉÓÀÊÄÍ. 

 ÀÅÔÏÒáÄÅÄÁÉ ×ÀÒÈÏÃÀÀ ÂÀÅÒÝÄËÄÁÖËÉ ÔÄØÍÉÊÀÛÉ. ÌÀÂÀ-

ËÉÈÀÃ, ÈÅÉÈÌ×ÒÉÍÀÅÉÓ ×ÒÈÉÓ ×ËÀÔÄÒÉ ÛÄÉÞËÄÁÀ ÀÅáÓÍÀÈ ÌáÏËÏÃ 

ÀÅÔÏÒáÄÅÄÁÉÓ   ÌÄØÀÍÉÆÌÉÈ. ÀÓÄÅÄÀ ×ÒÉØÝÉÖË ÓÉÓÔÄÌÄÁÛÉÝ, ÒÏÌÄËÈÀ 

ÃÒÄÊÀÃÏÁÉÓ ÌÀáÀÓÉÀÈÄÁÄËÉ ßÀÒÌÏÉØÌÍÄÁÀ ÌÛÒÀËÉ áÀáÖÍÉÓ ÞÀËÄÁÉÓ 

ÂÀÅËÄÍÉÈ. ÀÖÝÉËÄÁÄË ÐÉÒÏÁÀÓ ÊÉ ÆÄÌÏÈÀÙÍÉÛÍÖËÉÓ ÂÀÒÃÀ, 

ßÀÒÌÏÀÃÂÄÍÓ ÉÓ,  ÒÏÌ ÓÉÓÔÄÌÀ ÖÍÃÀ ÉÚÏÓ ÀÒÀßÒ×ÉÅÉ. 
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ÂÀÍÅÉáÉËÏÈ ÄÒÈÉ ÈÀÅÉÓÖ×ËÄÁÉÓ áÀÒÉÓáÉÓ ÌØÏÍÄ ÓÉÓÔÄÌÉÓ ÒáÄÅÄÁÉ 

(ÍÀá. 13.1). m ÌÀÓÉÓ ÌØÏÍÄ ÓáÄÖËÉ ÌÏÈÀÅÓÄÁÖËÉÀ v = const ÓÉÜØÀÒÉÈ 

ÌÏÞÒÀÅ ËÄÍÔÆÄ. ÓáÄÖËÓ ÉàÄÒÓ c ÓÉáÉÓÔÉÓ ÌØÏÍÄ ÆÀÌÁÀÒÀ. ÈÖ x ÀÓÏÈÉ 

ÀÙÅÍÉÛÍÀÅÈ m ÌÀÓÉÓ ÒáÄÅÉÈ ÂÀÃÀÀÃÂÉËÄÁÀÓ, ÌÀÛÉÍ ×ÀÒÃÏÁÉÈÉ 

ÓÉÜØÀÒÄ ÌÀÓÀÓÀ ÃÀ ËÄÍÔÓ ÛÏÒÉÓ ÉØÍÄÁÀ:  

                                                  u v x 
.
.                                              13.1 

 ÒáÄÅÄÁÉÓ ßÀÒÌÏÛÏÁÉÓ ÌÄØÀÍÉÆÌÉ ÀÓÄÈÉÀ. ËÄÍÔÓÀ ÃÀ ÌÀÓÀÓ 

ÛÏÒÉÓ ÌÏØÌÄÃÉ áÀáÖÍÉÓ ÞÀËÀ ËÄÍÔÉÓ v ÓÉÜØÀÒÉÈ ÂÀÃÀÀÃÂÉËÄÁÉÓ 

ÃÒÏÓ ÄÒÈÃÒÏÖËÀÃ ÓáÄÖËÓÀÝ ÂÀÃÀÀÀÃÂÉËÄÁÓ. ÄÓ ÂÀÃÀÀÃÂÉËÄÁÀ 

ÂÀÌÏÉßÅÄÅÓ ÆÀÌÁÀÒÉÓ ÃÀàÉÌÅÀÓ ÃÀ ÃÒÄÊÀÃÉ ÞÀËÉÓ ÂÀÆÒÃÀÓ. ÒÏÃÄÓÀÝ 

ÃÒÄÊÀÃÉ ÞÀËÀ áÀáÖÍÉÓ ÞÀËÉÓ ÔÏËÉ ÂÀáÃÄÁÀ, ÓáÄÖËÉ ÌÉÀÙßÄÅÓ ÊÉÃÖÒ 

ÌÃÄÁÀÒÄÏÁÀÓ  ÃÀ  ÌÏÌÃÄÅÍÏ  ÌÏÌÄÍÔÛÉ  ÃÀÉßÚÄÁÓ ËÄÍÔÉÓ ÌÏÞÒÀÏÁÉÓ 

ÓÀßÉÍÀÀÙÌÃÄÂÏ  ÌÉÌÀÒÈÖËÄÁÉÈ ÂÀÃÀÀÃÂÉËÄÁÀÓ. ÒÀÃÂÀÍ 

 
                                                  ÍÀá. 13.1 

ÌÏÞÒÀÏÁÀ ÍÖËÏÅÀÍÉ ßÏÍÀÓßÏÒÏÁÉÓ ÌÃÂÏÌÀÒÄÏÁÉÃÀÍ ÉßÚÄÁÀ ÃÀ 

ÓÀÓÒÖËÉ ÓÉÜØÀÒÉÓ ÃÒÏÓ ÌÈÀÅÒÃÄÁÀ, m ÌÀÓÀÓ ÄØÍÄÁÀ ÂÀÒÊÅÄÖËÉ 

ÓÉÃÉÃÉÓ ÀÜØÀÒÄÁÀ. ÀÌÉÔÏÌ ÌÀÓÉÓ ÌÏÞÒÀÏÁÉÓ ÊÀÍÏÍÉ ÖÍÃÀ 

ÂÀÌÏÅÉÚÅÀÍÏÈ ÉÍÄÒÝÉÉÓ, ÃÒÄÊÀÃÉ ÃÀ áÀáÖÍÉÓ ÞÀËÄÁÉÓ ÄÒÈÏÁËÉÅÉ 

ÌÏØÌÄÃÄÁÉÓ ÂÀÈÅÀËÉÓßÉÍÄÁÉÈ. ÀÌÀÅÄ ÃÒÏÓ ÖÍÃÀ ÂÅÀáÓÏÅÃÄÓ, ÒÏÌ 

áÀáÖÍÉÓ ÞÀËÀ ÌÉÌÀÒÈÖËÉÀ ×ÀÒÃÏÁÉÈÉ ÓÉÜØÀÒÉÓ ÓÀßÉÍÀÀÙÌÃÄÂÏÃ ÃÀ 

ÀÌ ÓÉÜØÀÒÉÓ ÍÖËÏÅÀÍ ÌÍÉÛÅÍÄËÏÁÀÆÄ ÂÀÃÀÓÅËÉÓ ÌÏÌÄÍÔÛÉ ÍÀáÔÏÌÉÓÄ-
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ÁÖÒÀÃ ÉÝÅËÄÁÀ. ÓÉÜØÀÒÉÓ ÖÝÅËÄËÉ ÌÉÌÀÒÈÖËÄÁÉÓ ÃÒÏÓ ÊÉ u - Ó 

×ÖÍØÝÉÀÓ ßÀÒÌÏÀÃÂÄÍÓ, Ä.É. R = R(u). 

 ÓÀÀÍÂÀÒÉÛÏ ÓØÄÌÉÓ ÂÀÌÀÒÔÉÅÄÁÉÓ ÌÉÆÍÉÈ ÃÀÅÖÛÅÀÈ, ÒÏÌ 

×ÀÒÃÏÁÉÈ ÓÉÜØÀÒÄÓ ÌÖÃÌÉÅÉ ÍÉÛÀÍÉ ÀØÅÓ ÃÀ ÞÀËÀ  R(u)  0 - ÆÄ. 

 ÄÓ ÞÀËÀ ÄÒÈÀÃÄÒÈÉ ÂÀÒÄÛÄ ÞÀËÀÀ ÃÀ ÀÌÉÔÏÌ ÒáÄÅÉÓ 

ÃÉ×ÄÒÄÍÝÉÀËÖÒ ÂÀÍÔÏËÄÁÀÓ ÄØÍÄÁÀ ÛÄÌÃÄÂÉ ÓÀáÄ:  

                                              mx cx R u
. .

.                                       13.2 

 ÂÀÍÔÏËÄÁÉÓ ÈÀÍÀáÌÀÃ, ÒÏÃÄÓÀÝ ÌÀÓÀ ßÏÍÀÓßÏÒÏÁÉÓ ÌÃÂÏ-

ÌÀÒÄÏÁÀÛÉÀ,  x
.
 = 0 ÃÀ u = v. ÌÀÛÉÍ ÓÔÀÔÉÊÖÒÉ ÂÀÃÀÀÃÂÉËÄÁÀ 

                                                
 

x
R v
c0  ,                                             13.3 

ÃÀ ÓÉÓÔÄÌÉÓ ÒáÄÅÀ x0 - ÉÓ ÌÀáËÏÁËÏÁÀÛÉ áÃÄÁÀ. ÖÊÀÍÀÓÊÍÄËÉ 

×ÏÒÌÖËÀ ÂÅÉÜÅÄÍÄÁÓ, ÒÏÌ ßÏÍÀÓßÏÒÏÁÉÓ ÌÃÂÏÌÀÒÄÏÁÀ 

ÃÀÌÏÊÉÃÄÁÖËÉÀ R áÀáÖÍÉÓ ÞÀËÉÓ ÌÀáÀÓÉÀÈÄÁÄËÆÄ, ÒÏÌÄËÉÝ, ÈÀÅÉÓ 

ÌáÒÉÅ, ßÀÒÌÏÀÃÂÄÍÓ ÓÉÜØÀÒÉÓ ×ÖÍØÝÉÀÓ. ÍÀá. 13.2 - ÆÄ ÍÀÜÅÄÍÄÁÉÀ ÀÌ 

×ÖÍØÝÉÉÓ ÓÀáÄ, ÒÏÌÄËÉÝ ÌÉÙÄÁÖËÉÀ ÄØÓÐÄÒÉÌÄÍÔÖËÉ ÂÆÉÈ ÃÀ 

ÌÀÒÈÄÁÖËÉÀ ÐÒÀØÔÉÊÀÛÉ ÂÀÌÏÚÄÍÄÁÖËÉ ËÉÈÏÍÄÁÉÓÀ ÃÀ ÓáÅÀ 

ÊÏÍÓÔÒÖØÝÉÖËÉ ÌÀÓÀËÄÁÉÓÀÈÅÉÓ. ÒÏÂÏÒÝ ÂÒÀ×ÉÊÉÃÀÍ ÜÀÍÓ, ÓÀÍÀÌ  

                                                  
                                                    ÍÀá. 13.2 
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ÓÒÉÀËÉÓ ÓÉÜØÀÒÄ-u ÍÀÊËÄÁÉÀ ÊÒÉÔÉÊÖË ÓÉÃÉÃÄÆÄ (u0), áÀáÖÍÉÓ ÞÀËÀ 

ÌÝÉÒÃÄÁÀ, ÛÄÌÃÄÂ ÊÉ ÉÆÒÃÄÁÀ.                                                            

ÈÖ áÀáÖÍÉÓ ÞÀËÀ ÓÒÉÀËÉÓ ÃÒÏÓ ÉÍÀÒÜÖÍÄÁÓ ÌÖÃÌÉÅ ÓÉÃÉÃÄÓ, 

ÌÀÂÒÀÌ ÉÂÉ ÌÝÉÒÄÀ ÖÞÒÀÏÁÉÓ áÀáÖÍÉÓ ÞÀËÀÓÈÀÍ ÛÄÃÀÒÄÁÉÈ, ÀÓÄÅÄ 

ÀÙÉÞÅÒÄÁÀ ÀÅÔÏÒáÄÅÄÁÉ. ÀÓÄÈ ÛÄÌÈáÅÄÅÀÛÉ ÀÃÅÉËÀÃ ÌÉÉÙÄÁÀ 

ÀÌÏÝÀÍÉÓ ÆÖÓÔÉ ÂÀÃÀßÚÅÄÔÀ. ÃÀÅÖÁÒÖÍÃÄÈ ÉÓÄÅ 13.1 ÍÀáÀÆÓ. 

 ÀÙÅÍÉÛÍÏÈ ÖÞÒÀÏÁÉÓ áÀáÖÍÉÓ ÞÀËÀ R1 - È, áÏËÏ ÌÏÞÒÀÏÁÉÓ 

áÀáÖÍÉÓ ÞÀËÀ R2 - ÈÉ, ÃÀ ÀÌÀÅÄ ÃÒÏÓ R1  R2. 

 ÓÔÀÔÉÊÖÒÉ ßÏÍÀÓßÏÒÏÁÉÓ ÌÃÄÁÀÒÄÏÁÀ ÛÄÄÓÀÁÀÌÄÁÀ ÌÀÓÉÓ 

ÂÀÃÀÀÃÂÉËÄÁÀÓ x
R
c0

2   ÌÀÍÞÉËÆÄ. 

 ÀÃÅÉËÀÃ ÛÄÉÞËÄÁÀ ÃÀÅÒßÌÖÍÃÄÈ, ÒÏÌ ßÏÍÀÓßÏÒÏÁÉÓ ÄÓ 

ÌÃÂÏÌÀÒÄÏÁÀ ÛÄÄÓÀÁÀÌÄÁÀ ÓÉÓÔÄÌÉÓ ÌÝÉÒÄ ÀÙÂÆÍÄÁÄÁÓ. 

 ÌÀÒÈËÀÝ, ÈÖ ÌÀÓÀÓ ßÏÍÀÓßÏÒÏÁÉÓ ÌÃÂÏÌÀÒÄÏÁÀÛÉ ÌÉÅÀ-

ÍÉàÄÁÈ ÀÁÓÏËÖÔÖÒÉ ÓÉÃÉÃÉÈ ËÄÍÔÉÓ v ÓÉÜØÀÒÄÆÄ ÍÀÊËÄÁÉ ÓÉÃÉÃÉÓ 

ÓÉÜØÀÒÄÓ, ÌÀÛÉÍ ÌÉÓ ÛÄÌÃÂÏÌ ÌÏÞÒÀÏÁÀÛÉ ËÄÍÔÆÄ áÀáÖÍÉÓ ÞÀËÀ ÛÄÉ-

ÍÀÒÜÖÍÄÁÓ ÓÉÃÉÃÄÓÀ ÃÀ ÌÉÌÀÒÈÖËÄÁÀÓ ÃÀ ÀÒÀÍÀÉÒ ÂÀÅËÄÍÀÓ ÀÒ 

ÌÏÀáÃÄÍÓ ÌÀÓÉÓ ÈÀÅÉÓÖ×ÀË ÒáÄÅÄÁÆÄ.  

 ÌÀÂÒÀÌ, ÈÖ ÌÀÓÀÆÄ ÌÉÍÉàÄÁÖËÉ ÓÉÜØÀÒÄ ÔÏËÉ ÉØÍÄÁÀ v - ÓÉ, 

ÌÀÓÀ ÉÌÏÞÒÀÅÄÁÓ ËÄÍÔÈÀÍ ÄÒÈÀÃ ÌÀÍÀÌÃÄ, ÓÀÍÀÌ ÒÄÀËÉÆÄÁÖËÉ ÀÒ 

ÉØÍÄÁÀ ÖÞÒÀÏÁÉÓ áÀáÖÍÉÓ R1 ÞÀËÀ. ÀÌ ÌÏÌÄÍÔÛÉ (ÒÏÝÀ ÂÀÃÀÀÃÂÉËÄÁÀ 

ÔÏËÉ ÉØÍÄÁÀ x
R
c

 1
) ÌÏáÃÄÁÀ ËÄÍÔÉÓÂÀÍ ÌÏßÚÅÄÔÀ ÃÀ ÃÀÉßÚÄÁÀ 

ÌÀÓÉÓ ×ÀÒÃÏÁÉÈÉ ÌÏÞÒÀÏÁÀ.  

 ÂÀÅÀÉÍÔÄÂÒÀËÏÈ ÌÏÞÒÀÏÁÉÓ ÂÀÍÔÏËÄÁÀ: 
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                                           mx cx R
. .

  2 0                                     13.4 

ÃÀ ÛÄÅÖÈÀÅÓÏÈ ÃÒÏÉÓ ÀÙÒÉÝáÅÉÓ ÃÀÓÀßÚÉÓÉ ËÄÍÔÉÓÂÀÍ ÌÀÓÉÓ 

ÌÏßÚÅÄÔÉÓ ÌÏÌÄÍÔÓ.  

 ÀÌ ÛÄÌÈáÅÄÅÀÛÉ ÂÅÄØÍÄÁÀ ÛÄÌÃÄÂÉ ÓÀßÚÉÓÉ ÐÉÒÏÁÄÁÉ: 

                              t x
R
c

x v  0 1; ;
.

 

ÃÀ ÀÌ ÓÀßÚÉÓÉ ÐÉÒÏÁÄÁÉÓ ÛÄÓÀÁÀÌÉÓÉ 12.4 ÂÀÍÔÏËÄÁÉÓ ÀÌÏÍÀáÓÍÉ 

ÉØÍÄÁÀ: 

                             x
R
c

R R
c

pt
v
p

pt 


2 1 2 cos sin .                  13.5 

 13.5 ÔÏËÏÁÀ ÓÀÌÀÒÈËÉÀÍÉÀ  ÌÀÍÀÌ, ÓÀÍÀÌ  ÌÀÓÉÓ ÌÏÞÒÀÏÁÉÓ x
.
 

ÓÉÜØÀÒÄ ÍÀÊËÄÁÉÀ ËÄÍÔÉÓ ÌÏÞÒÀÏÁÉÓ v ÓÉÜØÀÒÄÆÄ, ÀÍÖ ÃÒÏÉÓ t1  

ÌÏÌÄÍÔÀÌÃÄ, ÒÏÌÄËÉÝ ÂÀÍÉÓÀÆÙÅÒÄÁÀ ÛÄÌÃÄÂÉ ÔÏËÏÁÉÈ: 




 
R R
c

p pt v pt v1 2
1 1sin cos . 

 ÄÓ ÂÀÍÔÏËÄÁÀ ÀÃÅÉËÀÃ ÛÄÉÞËÄÁÀ ßÀÒÌÏÃÂÄÓ ÛÄÌÃÄÂÉ ÓÀáÉÈ: 

2
2 2 2

01 1 1 2 1sin sin cos .
pt pt R R

cv
p

pt







  

 t1 - Ó ÍÖËÉÓÂÀÍ ÂÀÍÓáÅÀÅÄÁÖËÉ ÖÌÝÉÒÄÓÉ ÌÍÉÛÅÍÄËÏÁÀ, 

ÒÏÌÄËÉÝ ÀÊÌÀÚÏ×ÉËÄÁÓ ÀÌ ÖÊÀÍÀÓÊÍÄË ÂÀÍÔÏËÄÁÀÓ, ÀÒÉÓ: 

  .2 21
1 



 


cv
RRparctg

p
t   

 t1 ÌÏÌÄÍÔÛÉ ÌÀÓÉÓ ÂÀÃÀÀÃÂÉËÄÁÀ ÖÃÒÉÓ: 



 95 

x
R R
v


2 2 1 . 

 t1 ÌÏÌÄÍÔÉÃÀÍ ÃÀßÚÄÁÖËÉ ÌÀÓÀ ÌÏÞÒÀÏÁÓ ËÄÍÔÈÀÍ ÄÒÈÀÃ v 

ÓÉÜØÀÒÉÈ ÌÀÍÀÌÃÄ, ÓÀÍÀÌ ÀÒ ÌÏáÃÄÁÀ ËÄÍÔÉÓÂÀÍ ÌÉÓÉ  ÀáÀËÉ ÌÏßÚÅÄÔÀ 

x = R1 /c - Ó ÐÉÒÏÁÉÓ ÛÄÓÒÖËÄÁÉÓÀÓ, ÒÉÓ ÛÄÌÃÄÂÀÝ ÐÒÏÝÄÓÉ ÌÄÏÒÃÄÁÀ. 

ËÄÍÔÈÀÍ ÄÒÈÀÃ ÌÀÓÉÓ ÌÏÞÒÀÏÁÉÓ ÃÒÏ ÊÉ ÔÏËÉ ÉØÍÄÁÀ: 

 
t

R R
cv2
1 22




. 

 ÀÌÒÉÂÀÃ, ÀÅÔÏÒáÄÅÄÁÉÓ ÓÒÖËÉ ÐÄÒÉÏÃÉ ÖÃÒÉÓ: 

  .12 2121
21 







 





cv
RRparctg

ppcv
RRttT 

 

 ÌÏÞÒÀÏÁÉÓ ÓÉÜØÀÒÉÓÂÀÍ ÃÀÌÏÊÉÃÄÁÖËÄÁÉÈ ÒáÄÅÉÓ ÐÄÒÉÏÃÉ 

ÉÝÅËÄÁÀ ÌÀÓÉÓ ÈÀÅÉÓÖ×ÀËÉ ÒáÄÅÉÓ  
2
p

 ÐÄÒÉÏÃÉÃÀÍ, ÒÏÃÄÓÀÝ v  

, 
 

T
p

R R
cv

 
 2 1 2

 ÐÄÒÉÏÃÀÌÃÄ, ÒÏÃÄÓÀÝ v   0. 

 

 

 

 

 

 

 

 

 96

§14. ganawilebuli parametrebis mqone 

vibraciuli sistemebis rxevebi 

 

vibraciul manqanebSi gamoyenebuli drekadi ele-

mentebi zogjer ganixileba rogorc ganawilebuli para-

metrebis mqone sistemebi, rac gaangariSebis Tvalsazri-

siT arTulebs am sistemebs, magram aseTi ganxilva ufro 

realurad asaxavs maT. aseTi sistemis mdebareobis gan-

sazRvrisaTvis saWiroa koordinatebis usasrulod didi 

raodenoba, amitom maT gaaCniaT usasrulod didi Tavi-

suflebis xarisxi, radgan SesaZlo an warmosaxviTi 

gadaadgilebisTvis SeiZleba miRebuli iqnas nebismieri 

mcire gadaadgileba, romelic akmayofilebs uwyvetobis 

pirobas, anu romelic ar iwvevs sxeulis wyvetas. Sesaba-

misad nebismieri aseT drekad sxeuls gaaCnia sakuTari 

rxevebis formebis usasrulod didi raodenoba. 

ganvixiloT prizmuli Rerois grZivi rxevebi da 

SevadginoT misTvis diferencialuri gantoleba. am SemT-

xvevaSi saWiroa miviRoT garkveuli daSvebebi. kerZod, 

prizmuli Reros ganivkveTis farTobebi rCeba brtyeli 

da am kveTSi mdebare nawilakebi asruleben moZraobebs 

mxolod Reros RerZis gaswvriv. gaWimva-kumSvis grZivi 

deformaciebi, romelTac adgili aqvs Reros rxevis 

dros, cxadia xasiaTdeba garkveuli ganivi deformaci-

ebiT, magram aq ganixileba mxolod iseTi SemTxvevebi, 
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rodesac grZivi talRebis sigrZe gacilebiT metia Reros 

ganivkveTis farTobis zomebTan SedarebiT. amitom ganivi 

deformaciebi SeiZleba ugulebelvyoT.  

aRniSnuli pirobebiT Reros or erTmaneTTan 

gverdigverd ganlagebul mn  da 11nm  ganivkveTis farTo-

bebs Soris moTavsebuli elementis moZraobis diferenci-

aluri gantoleba SeiZleba gamoyvanili iqnas iseve ro-

gorc es gamoiyvaneba nawilakisTvis (nax. 14.1).  

 

 

               nax. 14.1 

davuSvaT u aris nebimieri mn  ganivkveTis grZivi 

gadaadgileba Reros rxevebis dros;  - fardobiTi 

wagrZeleba; E – drekadobis moduli; A – ganivkveTis 

farTobi; AES   - grZivi gamWimavi Zala;   - masalis 

erTeuli moculobis wona; l – Reros sigrZe. maSin Reros 
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nebismier ganivkveTSi fardobiTi wagrZeleba da gamWimavi 

Zala Seadgenen: 

           .,
x
uAES

x
u








               14.1 

urTierT mimdebare kveTebSi gamWimavi Zala tolia 

          .2

2
















 dx
x
u

x
uAEdSS             14.2   

imis gaTvaliswinebiT, rom Reros 11nmnm  

elementis inerciis Zala udris 

,2

2

dt
u

g
dxA 




 

da dalamberis principis gamoyenebiT, miviRebT 11nmnm  

elementis moZraobis Semdeg diferencialur gantolebas  

,02

2

2

2










x
uAE

t
u

g
A

 

an 

                         ,2

2
2

2

2

x
ua

t
u








                  14.3 

sadac  

                            .2


Ega                      14.4 

14.3-s amoxsnas vpoulobT trigonometriulimwkri- 
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Vis daxmarebiT. gadaadgileba u, damokidebuli x 

koordinatasa da t droze, unda iyos x da t-s iseTi funq-

cia romelic daakmayofilebs 14.3 kerZo waroebulebian 

diferencialur gantolebas. am gantolebis kerZo amonax-

sni advilad moiZebneba imis gaTvaliswinebiT, rom zogad 

SemTxvevaSi sistemis nebismieri rxevebi SeiZleba davSa-

loT: pirveli, rxevebis sakuTar formebad da meorec, 

rodesac sistema asrulebs rxevebs erTerTi sakuTari 

formiT. am dros yvela wertilebi asrulebs martiv har-

moniul rxevebs da moraoben erT tempSi, gadian ra 

erTdroulad wonasworobis mdebareobebs. Tu davuSvebT, 

rom Rero asrulebs rxevebs erTerTi sakuTari formiT, 

romelTa sixSire tolia 2/p , maSin 14.3-s amoxsna unda 

aviRoT Semdegi saxiT 

           ,sincos ptBptAXu                14.5 

sadac A  da B – mudmivebia xolo X – garkveuli funqciaa x 

koordinatis, romelic gansazRvravs gansaxilveli rxeve-

bis formas da iwodeba normalur funqciad. es funqcia 

yovel nebismier SemTxvevaSi unda ganisazRvros iseTna-

irad, rom unda dakmayofildes pirobebi Reros bolo-

ebze.  

 magaliTisaTvis ganvixiloT Reros grZivi rxevebi 

Tavisufali boloebiT. rxevebis aseT SemTxvevaSi gamWima-

vi Zala Reros boloebSi unda iyos nulis toli da 
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Sesabamisad miviRebT Reros boloebze Semdeg pirobebs 

(nax. 14.1) 

             ,0,0
0





















 txx x
u

x
u

         14.6 

 am tolobebis 14.3 gantolebaSi CasmiT miviRebT 

,2

2
22

dx
XaXp 

  

saidanac 

                  .sincos
a
pxD

a
pxCX                14.7 

 imisaTvis, rom dakmayofildes 14.6-s pirveli 

piroba aucilebelia davuSvaTDD = 0. 14.6-s meore piroba 

dakmayofildeba Tu  

                          .0sin 
a
pl

                     14.8  

 es ukanaskneli aris ganxiluli SemTxvevisTvis 

sixSiruli gantoleba, romelic saSualebas gvaZlevs 

gamovTvaloT Tavisufali boloebiani Reros grZivi 

rxevebis sakuTari sixSireebi. 14.8 gantoleba 

dakmayofildeba Tu  

                            ,i
a
pl

                     14.9 

sadac i mTeli ricxvia. Tu davuSvebT i = 1, 2, 3, . . ., miviRebT 

rxevebis sxvadasxva formebs. ZiriTadi formis rxevis 
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sixSire miiReba miiReba i = 1-s CasmiT 14.9-s pirobaSi. es ki 

mogvcems  

                      .1 
 Eg
ll

app                  14.10 

 rxevebis Sesabamisi periodi udris 

               .22

1
1 Eg

l
p

                   14.11 

 rxevebis forma, romelic miiReba 14.7 gantole-

bidan naCvenebia nax. 14.1- b –ze kk mrudis saxiT, romlis 

ordinatebi udris  

               .coscos 1
1

11 l
xC

a
xp

CX 
              14.12 

 nax. 14.1 – g-ze naCvenebia rxevebis meore forma, 

romlisTvisac  

                 22 
a
lp

 da .2cos22 l
xCX 

         14.13 

 14.3 gantolebis 14.5 kerZo amonaxsnis  saerTo saxe 

iqneba:     

            .sincoscos 





 

l
atiB

l
atiA

l
xiu ii


      14.14 

 aseTive kerZo amonaxsnebis erTmaneTze zeddebiT 

SesaZlebelia warmovadginoT Reros nebismieri grZivi 

rxevebi Semdegi saxiT: 
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         .sincoscos
1







  



 l
atiB

l
atiA

l
xiu ii

i

i


     14.15 

ii BA ,  yovelTvis aris SesaZlebeli SevarCioT ise, 

rom davakmayofiloT nebismieri sawyisi pirobebi. 
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II. vibraciuli manqanebis Teoriis safuZvlebi 

da gaangariSebis meTodebi 

 

§15. vibraciuli satransporto manqanebis 

muSaobis principi da klasifikacia 

 

vibracia (maRali sixSiris rxevebi) didi xania 

ipyrobs mecnierTa da warmoebis muSakTa yuradRebas. amis 

ZiriTadi mizezia vibraciis mavne moqmedeba: vibracia 

iwvevs masalis swraf daRlilobas da uSualod emuqreba 

konstruqciis simtkices, garkveuli pirobebis dros man 

SeiZleba gamoiwvios manqanaTa nawilebis, mTeli manqane-

bisa da nagebobebis ngreva, sxva SemTxvevaSi vibracia 

xels uSlis xelsawyoebisa da aparatebis normalur 

muSaobas, iwvevs mavne fiziologiur SegrZnebas da a.S. 

mecnierebi da inJinrebi qmnian efeqtur saSualebebs 

vibraciis mavne gavlenis mosaspobad an Sesamcireblad. 

magram rxevebis roli teqnikaSi yovelTvis rodia 

uaryofiTi. vibracia farTod gamoiyeneba mTeli rigi 

sasrgeblo samuSaoebis Sesasruleblad, rogoric aris: 

betonireba, fxvieri masalebis gacxaveba, gacra da 

daxarisxeba, miwaSi boZebis Casma, sxvadasxva masalebisa 

da detalebis transportireba, sayalibe miwis datkepna, 

vibraciuli recxva, liTonebis vibraciuli Wra da  a.S. 
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amJamad teqnikaSi cnobilia mravali saxis da daniS-

nulebis vibraciuli manqana. maTi ZiriTadi Tavisebureba 

sxva analogiuri daniSnulebis  mowyobilobebTan Sedare-

biT imaSi mdgomareobs, rom muSa organos moZraobas 

gansazRvravs ara misi kinematikuri kavSiri amZravTan, 

aramed dinamikuri faqtorebi _ moZravi nawilebis masebi-

sa da amgznebi Zalis sidide, drekadi elementebis sixis-

te da  a.S.  

vibraciul manqanebSi samuSao procesi xorcieldeba 

calkeuli impulsebis erTobliobis Sedegad. radgan 

aseTi impulsebis raodenoba (rxevis sixSire) didia, 

miiRweva maRali sawarmoo efeqti, miuxedavad imisa, rom 

TviToeuli ciklis dros sruldeba mcire muSaoba. 

vibraciuli manqanebis sawarmoo gamoyeneba  daiwyo 

jer kidev gasuli saukunis dasawyisSi. pirvelad am 

manqanebs mxolod fxvieri masalebis  gacxavebisaTvis 

iyenebdnen. mogvianebiT, rodesac SemCneul iqna, rom 

Tundac horizontalur mdgomareobaSi myof merxev sxe-

ulze moTavsdebuli masala garkveuli pirobebis dros 

gadaadgildeboda mocemuli mimarTulebiT, daiwyo vibra-

ciuli satransporto manqanebis Seqmna da gamoyeneba. 

vibraciuli satransporto manqanebi sxva satrans-

porto saSualebebTan SedarebiT mTeli rigi upirateso-

bebiT xasiaTdebian. konstruqciis simartivesa da eqsplu-

ataciis siadvilesaTan erTad gansakuTrebiT aRsaniSnavia, 

rom mtvriani, airgamomyofi da maRali temperaturis 
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mqone masalebis  transportirebis dros vibrotranspor-

ti hermetuli SesrulebiT erTaderTi efeqturi saSu-

alebaa. 

vibraciuli satransporto manqanebi uwyveti moqme-

debis transportis  gansakuTrebul saxeobas warmoadge-

nen. sxva satransporto manqanebisagan gansxvavebiT vibra-

ciul manqanebSi masalis gadaadgileba xorcieldeba 

ganuwyvetliv erTmaneTis momdevno mikronaxtomebis 

saxiT, rac gamowveulia merxevi zedapiris (muSa organos) 

winsvliT_ukusvliTi moZraobiT win da zeviT, ukan da 

Zirs. aseTi moZraobis misaRebad vibraciul amZravs muSa 

organos mimarT ise ayeneben, rom rxevebis mimarTulebam 

masalis gadaadgilebis mimarTulebasTan Seadginos maxvi-

li kuTxe 15_250 (nax. 15.1 a, b). 

vibraciis gadacema kuTxiT SeiZleba miRweul iqnas 

agreTve sxva saSualebiTac. magaliTad, muSa organos da-

magrebiT resorebze garkveuli kuTxiT (nax. 15.1 g). am Sem-

TxvevaSi masalis gadaadgilebis mimarTulebas gansazRv-

ravs es kuTxe da ara amgznebi Zalis mimarTuleba, rome-

lic SeiZleba emTxveodes muSa organos RerZs (I), iyos 

misi marTobi (II) an drekadi elementebis marTobi (III).  

mikronaxtomebis gansaxorcieleblad agreTve saWiroa, 

rom masalis nawilakis aCqarebis vertikaluri mdgeneli 

meti iyos misi simZimis Zalis aCqarebaze. es miiRweva 

rxevis sixSirisa da amplitudis saTanado SerCeviT. 

- 
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nax. 15.1 

nax. 15.2-ze naCvenebia muSa zedapiris masalis gadaad-

gilebis sqemebi. a-Ti aRniSnulia merxevi zedapiri, b-Ti _ 

nebismieri wertili am zedapirze, indeqsi 1, 2 da 3 aRniS- 

 

nax. 15.2 

navs zedapiris an wertilis qveda, saSualo da zeda 

mdgomareobas, Sesabamisad. mrudebi gviCveneben zedapirze 

mdebare nawilakis moZraobis traeqtorias. 
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rogorc sqemidan Cans, transportirebis dros masa-

la Tavisi gzis nawils gadis muSa zedapirTan  erTad. 

Semdeg ki cildeba mas da asrulebs Tavisufal moZra-

obas, sanam ar daecema imave zedapirze. gadaadgilebis 

xasiaTi ganisazRvreba rogorc vibromanqanis muSaobis 

reJimiT, ise TviT masalis TvisebebiT. 

aq Cven ganvixileT vibrotransportirebis  umarti-

vesi SemTxveva _ erTeulis nawilakis gadaadgileba, 

rodesac masalis Tvisebebi yvelaze nakleb gavlenas 

axdens transportirebaze. realur sistemaSi saqme gvaqvs 

fxvieri masalebis didi masebis gadaadgilebasTan. am 

SemTxvevaSi masalis gadaadgilebaze moqmedebs misi wona, 

nawilakebis forma da zomebi, tenianoba, haergamtaroba, 

Siga xaxuni, xaxuni nawilakebsa da muSa organos Soris, 

masalis drekadi Tvisebebi, fenis sisqe da  a.S. 

aRsaniSnavia agreTve is garemoeba, rom vibraciis 

dros fxvieri masala iZens specifikur Tvisebebs: sagrZ-

noblad mcirdeba xaxuni erTis mxriv masalis nawilakebs 

Soris, xolo meores mxriv masalasa da muSa organos 

Soris, fxvieri masala ufro ,,denadi" xdeba. 

am mizezebis gamo transportirebis reJimebis 

dadgena ZiriTadad xdeba mocemul masalaze Catarebuli 

cdebis saSualebiT. 

vibraciuli satransporto manqanebi mravali saxisaa. 

dinamikuri sistemis principuli mowyobilobis mixedviT 

arCeven erT, or an mravalmasian manqanebs. nax. 15.1, a-ze 
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naCvenebia erTmasiani vibraciuli mkvebis erT-erTi sqema. 

mkvebi Sedgeba muSa organosagan (Rarisagan) da 

eleqtromagnituri vibratorisagan, romlis erTi e.w. 

aqtiuri masa SeerTebulia muSa organosTan, xolo meore 

_ reaqtiuli _ uZrav CarCosTan (an saZirkvelTan). erTma-

siani vibraciuli manqanebi did dinamikur datvirTvebs 

gadascemen sayrden konstruqciebs, radgan maTSi 

inerciuli Zalebi gawonasworebuli ar aris. am mizeziT, 

miuxedavad konstruqciuli simartivisa, aseTi manqanebi 

iSviaTad gamoiyenebian. 

yvelaze farTo gvarceleba aqvT ormasian 

vibraciul manqanebs. ormasiani konveiri (nax. 15.1 b) 

warmoadgens izolirebul dinamikur sistemas, romelSic 

vibratoris amgznebi Zala erTnairad gadaecema rogorc 

aqtiur, ise reaqtiul masebs. moZravi masebi izolirebu-

lia sayrdeni konstruqciebisagan amortizatorebis saSu-

alebiT da maT metad mcire dinamikur datvirTvebs 

gadascemen. 

amortizatorebis ganlagebis mixedviT vibraciuli 

manqanebi SeiZleba iyos dayrdnobili (nax. 15.1 a da g) an 

Camokidebuli (nax. 15.1 b da d). muSa organos konstruq-

ciis mixedviT arCeven Ria (nax. 15.1 a) an daxuruli tipis 

manqanebs (nax. 15.1 b, g da d). 

ormasian vibraciul manqanebs miekuTvneba konveieri, 

romelsac ramdenime vibratori aqvs dayenebuli erT 

uwyvet muSa organoze (nax. 15.1 d). masalis efeqturi 
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transportirebisaTvis saWiroa, rom muSa organo irxe-

odes mxolod gansazRruli mimarTulebiT da adgili ar 

hqondes e. w. parazitul rxevebs. am moTxovnis Sesruleba 

Seicleba muSa organos sixistis gazrdiT da vibrato-

rebis dayenebiT bijiT, romelic ar unda aRematebodes 

garkveul zRvars. 

GHFzemoaRniSnul vibraciuli satranporto manqanebi 

daniSnulia masalis gadaadgilebisaTvis horizontaluri 

mimarTulebiT an mcire daxrilobiT. garda amisa, gamo-

iyeneba vertikaluri transportiorebi. aseTi manqanebis 

muSa organo waromadgens Rars, romelic ganlagebulia 

mcire asvlis kuTxis mqone xraxnuli xazis gaswvriv. 

muSa organos eZleva rTuli rxeviTi moZraoba, romelic 

warmoadgens vertikaluri RerZis garSemo wriuli 

rxevebisa da amave RerZis gaswvriv sworxazovani rxevebis 

jams. vertikaluri vibraciuli manqanis muSa organos, 

romelzedac transportireba xdeba grarkveuli kuTxiT 

zeviT. 

yvela zemoTCamoTvlil manqanaSi samuSao procesi 

xorcieldeba mxolod rxevebis gavleniT. am manqanebi-

sagan gansxvavebiT gvxvdeba kombinirebuli mowyobilo-

bani, romlebSic vibracia  damxmare saSualebas warmo-

adgens muSaobis efeqturobis gazrdisaTvis. magaliTad 

SeiZleba moviyvanoT vibropnevmaturi konveieri, rkinigzis 

vagonebis damcleli danadgari merxevi baqniT da sxva. 
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garda ZiriTadi satransporto saSualebebis_vibro-

konveierebisa, farTod gamoiyeneba e.w. satransporto-

teqnologiuri mowyobilobani, romlebSic masalis 

gadaadgileba SeTavsebulia sxvadasxva teqnologiur pro-

cesTan (gacxaveba, Sroba, daxarisxeba, gaciveba, mtveri-

sagan gawmenda da sxva). 

satransporto manqanebis gansakuTrebul saxeobas 

warmoadgenen vibraciuli mkvebebi, dozatorebi, damtkep-

nebi, amgznebebi  xvimirebidan masalis gamodinebis daCqa-

rebisaTvis da a.S. 

vibraciuli manqanebi erTmaneTisagan gansxvavdebian 

ZiriTadad gamoyenebuli amZravis mixedviT. vibraciuli 

amZravebi _ vibratorebi mravali saxis gvxvdeba: inerci-

uli, eqscentrikuli, eleqtromagnituri, pnevmaturi da 

hidravlikuri. 

inerciuls miakuTvneben vibratorebs, romlebSic 

vibracia gamowveulia erTi an ramdenime gauwonaswore-

beli masebis brunvis Sedegad. eqscentrikul vibratoreb-

Si amZravis lilvis Zraoba gardaiqmneba barbacas rxeviT 

moZraobad. pnevmatur da hidravlikur vibratorebSi 

amgznebi Zala warmoiqmneba dguSis an misi Semcvleli 

elementis ukumomqcev_gadataniTi moZraobis Sedegad. 

eleqtromagnitur vibratorebSi rxeviTi moZraoba 

miiReba eleqtromagnitis mier Seqmnili amgznebi Zalis 

gavleniT, romelic Tavis mxriv warmoiSveba magnitis 

gragnilSi cvladi an wyvetili  denis gavlis Sedegad. 
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§16. vibraciuli manqanebi mSeneblobaSi 

 

 mSenebloba aris saxalxo meurneobis is dargi 

sadac ufro metad gamoiyeneba vibraciuli manqanebi. 

dResdReobiT mravali samSeneblo samuSaoebis Sesruleba 

warmoudgenelia vibraciuli manqanebis gareSe.  

 Zalian farTod gamoiyeneba mSeneblobaSi vibraci-

uli SemamWidrovebeli manqanebi, zedapiruli da siRrmeSi 

momuSave vibraciuli mowyobilobebi. 

 zedapiruli SemamWidroebeli vibraciuli manqanebi 

gamoiyenebian mSeneblobaSi saavtomobilo gzebis, aero-

dromebis, da sxva nagebobaTa cement-betoniT dafarvisas, 

gruntisa da xreSisagan Semdgari nayarebis, RorRiT 

dafarvis, asfaltobetonis narevisa da civi asfaltis 

SemWidroebisas da a.S. CamoTvlili manqanebi xSirad ara 

mxolod amWidroeben narevs, aramed winaswar asworeben, 

profils aniWeben da awarmoeben safaris sufTad mowyo-

bis samuSaosac. zedapiruli vibraciuli manqanebi warmo-

dgenilni arian: vibrofilebiT, vibrolartyebiT, romle-

bic gamoiyenebian rogorc damoukideblad aseve kombini-

rebul betonis mompirkeTebel manqanebSi vibro mtkepne-

lebisa da vibrosagoravebis saxiT.  

 siRrmiseuli vibraciuli SemamWidroebeli danad-

garebi gamoiyenebian armirebul konstruqciebSi cemento- 

betonis narevebis SesamWidroeblad. mZlavri siRrmise-

 112

uli vibratorebi gamoiyenebian agreTve SeukavSirebadi 

gruntebis SesamWidroeblad. 

. siRrmiseuli SemamWidrovebeli vibraciuli mowyobilo-

bebis ricxvs miekuTvnebian vibroReroebi (vibrogurzebi) 

da maTgan Sedgenili, e.w. vibropaketebi, SesamWidroebeli 

samuSaoebis mwarmoeblobis gazrdis mizniT. 

 samrewvelo da sacxovrebeli, aseve sxvadasxva sa-

inJinro nagebobebis mSeneblobaSi farTo gamoyeneba hpo-

ves msxvili rkinabetonis blokebma. kombinatebSi an poli-

gonebze damzadebuli blokebisa da calkeuli detalebis 

gamoyeneba mniSvnelovnad zrdis mSeneblobis xarisxs da 

amcirebs mSeneblobis dros. rkinabetonis qarxnebis 

damzadebis teqnologiuri kompleqsis erT-erT ZiriTad 

rgols Seadgenen vibromoednebi da vibroformebi. 

 mravali hidroteqnikuri nagebobis, portebis, 

samoqalaqo da samrewvelo Senobebis, gzagamtarebis mSe-

neblobisas, aseve xidebis sayrdenebis fundamentebis, 

qselis sakontaqto  xazebis  sayrdenebisa da sxva mSeneb-

lobis dros farTo gamoyeneba hpova ximinjebis CaRrmave-

bisa da amoRebis vibraciulma meTodma.  

dResdReobiT mrewvelobaSi jer kidev ver hpova 

farTo gavrceleba vibraciis gamoyenebam gruntebisa da 

mTis qanebis Wrisa da rRvevis procesebSi. miuxedavad 

imisa, rom arsebobs eqskavatorebis ramodenime varianti 

vibraciuli cicxvebiT, an kidev vibraciuli solebi 

maRali qanobebis Camosamsxvrevad samSeneblo masalebis 
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Ria wesiT mopovebis dros, SesaZleblobebi am mimarTule-

biT sakmaod mravalferovania.  

 samagierod samSeneblo masalebis warmoebis dros 

sakmaod farTo gamoyeneba hpova vibraciulma wisqvilebma. 

aseve inertuli masalebis dasamsxvrevad gamoiyeneba 

vibraciuli samsxvrevebi. 

 mSeneblobaSi sxvadasxva fxvieri samSeneblo 

masalebis gadasaadgileblad ukve farTod gamoiyeneba da 

aseve farTo perspeqtivebi gaaCnia vibraciul transports. 

vibraciuli konveierebi amJamad warmodgenilia saxeTa 

didi mravalferovnebiT, romlebic erTmaneTisagan gansx-

vavdeba rogorc principuli mowyobilobiT aseve kons-

truqciuli SesrulebiTa da saeqspluatacio SesaZleb-

lobebiT. vibraciuli konveierebi gamoiyenebian horizon-

taluri, daxrili da vertikaluri transportirebisTvis. 

eqspluataciaSi gansakuTrebiT efeqturia iseTi satrans-

porto-teqnologiuri vibraciuli manqanebi rogoricaa: 

konveier-cxavebi, konveier-saSrobebi, konveier-gamaciveb-

lebi, konveier-Semrevebi da sxva. 

 gansakuTrebiT efeqturia da farTod gavrcelebu-

li mravalferovani damxmare vibraciuli mowyobilobebi. 

maT ricxvs miekuTvneba vibromkvebavebi da vibrodoza-

torebi, romlebic gamoiyeneba betonis da qvissamsxvrev 

qarxnebSi, gansakuTrebiT maTi avtomatizaciis pirobebSi, 

ganmtvirTavi vibrobaqnebi, vibraciuli mowyobilobebi 

rkinigzis mSeneblobis dros da sxva.  
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§17. vibraciuli manqanebis amZravebi 

 

vibraciul manqanebSi amZravebis saxeobaTa mraval-

ferovneba da maTi gamoyenebis sferoebi ganpirobebulia 

im moTxovnebiT, romlebic waeyeneba maT principul 

mowyobas, konstruqciul Sesrulebasa da saeqspluatacio 

maxasiaTeblebs. saxalxo meurneobis TiToeul dargs 

axasiaTebs specifiuri Taviseburebebi, amitom vibroamZra-

vebis tipis SerCeva dakavSirebulia Sesasrulebeli 

teqnologiuri procesebis konkretul pirobebTan. imis 

gamo, rom dResdReobiT arsebuli vibroamZravebidan arc 

erTi ar pasuxobs wayenebuli moTxovnebis mTlian erTob-

liobas, amitom praqtikaSi gamoiyeneba vibraciuli 

manqanebi sxvadasxva mowyobilobisa da konstruqciuli 

Sesrulebis amZravebi. aseTebia: eleqtromagnituri, 

inerciuli, eqscentriuli, vibrodartymiTi, hidravliuri 

da sxva amZravebi. 

 vibraciul manqanebSi rxevebis aRmgznebi aniWebs 

muSa organos rxeviT moZraobebs, romlis meSveobiT 

sruldeba Sinagani da gareSe winaaRmdegobaTa daZleva 

da sasargeblo muSaoba. 

 inerciul aRmgznebebSi rxevebis iZulebiTi peri-

oduli Zala warmoiqmneba erTi an ramodenime gauwonaswo-

rebeli masis brunvis Sedegad. mbrunavi aRmgznebi ZaliT 

moqmed amZravebs miekuTvnebian debalansuri tipis 
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amZravebi, romlebSic mimarTuli periodulad cvalebadi 

aRmgznebi Zala iqmneba erTi gauwonasworebeli masiT. 

amZravis aseTive saxeobas miekuTvneba Zravi-vibratori, 

romelic warmoadgens Zravs gauwonasworebeli rotoriT.  

 inerciul vibroamZravebSi mimarTuli aRmgznebi 

Zalis misaRebad gamoiyeneba ori xerxi. pirvel 

SemTxvevaSi moqmedebebi ori arasasurveli mimarTulebiT 

wonaswordeba sididiT toli da sapirispirod mimarTuli 

ZalebiT, xolo meore SemTxvevaSi gamoiyeneba saxsris 

Tvisebebi, gadasces Zala mxolod misi RerZis mimar-

Tulebis perpendikularulad. aRmgznebi Zalis mimarTul 

moqmedebas uzrunvelyofs TviTdabalansebis saxis vibro-

amZravi, romelSic gamoiyeneba Sewyvilebuli debalansebi. 

 inerciuli vibroamZravebi TavianTi konsrtuqci-

uli mowyobiT SesaZlebelia iyos martivi da TviTdacen-

trebadi. vibroamZravi TviTdacentrebiT gansxvavdeba 

imiT, rom misi lilvi mzaddeba eqscentrulad. ris 

Sedegad TviTdacentrebis mqone vibraciuli amZravis 

brunvis centri sivrceSi rCeba uZravi, im SemTxvevaSi Tu 

lilvis eqscentrisiteti Seesabameba vibraciuli manqanis 

muSa organos rxevis amplitudas. 

 rogorc inerciul, aseve eqscentriul vibroamZra-

vebs gaaCniaT mniSvnelovani nakli. muSa organoebis 

maRali sixSiriT rxevis dros maTSi warmoiqmneba 

inerciis didi Zalebi, romlebic gadaecema debalansebis 

an eqscentriuli lilvebis sakisrebs da iwvevs maT 
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vadaze adre mwyobridan gamoyvanas. garda amisa ampli-

tudisa da sixSiris regulireba aseT manqanebSi gaZnele-

bulia maTi marTvis procesebis sirTulis gamo. saWiro 

xdeba manqanis gaCereba da debalansebis an eqscentrisite-

tis gadawyoba. garda aRniSnulisa, aseTi saxis amZravebis 

mqone vibraciul manqanebs gaaCniaT xangrZlivi garda-

mavali procesi, romelic am SemTxvevaSi dakavSirebulia 

arasasurveli rezonansuli reJimis gavlasTan.  

 aRniSnul vibroamZravebTan SedarebiT ufro 

srulyofils warmoadgens rxevebis eleqtromagnituri 

vibroamZravebi winsvliTi-ukuqceviTi moqmedebiT. eleq-

tromagnituri vibraciuli amZravis SemTxvevaSi manqanis 

muSa organo saWiro rxeviT moZraobebs iRebs uSualod, 

yovelgvari Sualeduri brunvis meqanizmebis gareSe. amis 

gamo eleqtromagnitur vibroamZravebSi ar arsebobs 

moxaxune kvanZebi da Sesabamisad ar moiTxovs misi 

nawilebis mudmiv SezeTvas. es ukanaskneli argumenti 

mniSvnelovnad zrdis manqanis usafrTxoebas da 

amartivebs mis momsaxureobas. garda amisa, aseT manqanebSi 

Zalze moxerxebulia eleqtruli meTodebiT rxevebis 

amplitudis regulireba, muSa procesis Sewyvetis gareSe. 

aseTi manqanebi xasiaTdeba energiis mcire moxmarebiT, 

gaSvebis procesis simartiviT da avtomatizaciis farTo 

SesaZleblobebiT. 

 praqtikaSi farTo gavrceleba hpova iseTma 

vibraciulma manqanebma, romelTa stacionaluri muSa 
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procesebi xasiaTdebian sami erTmaneTisgan gansxvavebuli 

reJimiT. pirveli maTgania, vibraciuli manqanebis klasi, 

romlebSic aRmgznebi Zalis moqmedebis sixSire 

mniSvnelovnad naklebia mTliani sistemis sakuTar 

sixSireze da Sesabamisad moSorebulia rezonansul 

reJims. aseT reJimSi momuSave vibraciuli manqanebi 

naklebad efeqturia energomoxmarebis TvalsazrisiT, 

magram maT gaaCniaT garkveuli upiratesoba. kerZod, is, 

rom saSualebas iZleva manqana aiwyos teqnologiuri 

procesebisTvis saWiro nebismier sixSireze.  

meores warmoadgens iseTi vibraciuli manqanebis 

klasi, romlebSic aRgznebis Zalis sixSire metia 

sistemis sakuTar sixSireze da isinic Sors arian 

rezonansisgan. aseTi tipis vibraciul manqanebs saWiro 

sixSireze awyobasTan dakavSirebiT gaaCniaT igive 

Rirsebebi, rac wina SemTxvevaSi. amasTan erTad isini 

ufro momgebiani arian energomoxmarebis TvalsazrisiT. 

magram maTac gaaCniaT garkveuli nakli, rac mdgomareobs 

imaSi, rom stacionalur rxeviT reJimze gasasvlelad 

aucilebeli xdeba rezonansis gavla, rac garkveul 

siZneleebTan aris dakavSirebuli.       

mesame klass Seadgens rezonansuli, ufro swored 

rezonansTan axlos reJimSi momuSave vibraciuli 

manqanebi. aseTi tipis manqanebs gaaCniaT mniSvnelovani 

upiratesobebi wina ori klasis manqanebTan SedarebiT. 

rezonansuli tipis vibraciuli manqanebis gaSveba 
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dakavSirebulia maT SeyvanasTan muSa reJimSi, rac 

faqtiurad xdeba myisierad. es manqanebi xasiaTdeba 

energiis gacilebiT naklebi moxmarebiT. maTi muSa 

reJimebi sakmaod stabiluria, xolo muSa amplitudebis 

regulireba xdeba martivad da mdovred.    

Tanamedrove vibraciul teqnikaSi eleqtrovibraci-

ul manqanebs erT-erTi mniSvnelovani adgili ukavia. 

isini warmatebiT gamoiyenebian warmoebis TiTqmis yvela 

dargSi fxvieri masalis transportirebis, miwodebisa da 

dozirebisaTvis, xvimirebSi masalis gaWedvis acile-

bisaTvis, masalebis damsxvrevisa da dafqvisaTvis, 

SesafuTi masalebis datkepnisaTvis, namzadebisa da 

detalebis transportirebisaTvis  manqanaTmSeneblobaSi 

da  a.S. unda aRiniSnos, rom eleqtrovibraciuli manqane-

bis mTeli SesaZleblobani jer kidev ar aris 

gamoyenebuli. 

  eleqtrovibraciuli manqanebis ZiriTadi upirate-

soba sxva tipis vibraciul mowyobilobebTan SedarebiT 

ganpirobebulia imiT, rom maTSi amZravad gamoyenebulia 

eleqtromagnituri vibratori, romelSic sworxazovani 

rxeviTi moZraoba xorcieldeba uSualod, brunviTi 

moZraobis saSualedo kinematikuri rgolebis gareSe. amis 

Sedegad eleqtromagnitur amZravSi adgili ara aqvs 

moxaxune wyvilebs, rac sagrZnoblad aumjobesebs manqanis 

saeqsploatacio pirobebs. 
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  garda amisa, eleqtrovibraciul manqanebSi advi-

lad xorcieldeba muSa reJimebis usafrTxo cvla da 

amasTan erTad maTSi mocemulia avtomaturi da 

programuli marTvis principuli SesaZlebloba. 

eleqtrovibraciul manqanis amZravi_eleqtromagni-

turi vibratori _ Sedgeba ori ZiriTadi nawilisagan: 

eleqtromagnitisa da drekadi sistemisagan (nax. 17.1). 

eleqtromagnitis Ruza(1) da gulari (2) awyobilia 

eleqtroteqnikuri foladis furclebisagan, gularis 

furclebs umetes SemTxvevaSi ,,II" an ,,III" -s magvari forma 

aqvT, Ruzis furclebs ki _ sworkuTxovani. gularze 

moTavsebulia eleqtrogamtaris 

 

 

nax. 17.1 

gragnili (3), Ruza da gulari erTmaneTTan dakavSirebu-

lia zambarebis (4) saSualebiT. es nawilebi Seadgenen 

vibratoris or e.w. aqtiur da reaqtiul masebs, aqtiuri 
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masa (umetes SemTxvevaSi Ruza masze mimagrebuli nawi-

lebiT) magrdeba muSa organoze. 

muSaobis principis mixedviT eleqtromagnitur 

vibratorebs arCeven erTtaqtians da ortaqtians, 

erTtaqtian vibratorebSi (nax. 17.2, b da g) Ruzis mizidva 

rogorc erT, ise meore mxares xdeba magnitis mizidulo-

bis Zalis gavleniT. 

yvelaze martivia e.w. reaqtiuli erTtaqtiani 

vibratori, romlis sqema mocemulia nax. 17.1-ze. Eleqtro-

magnitis gragnili CairTveba cvladi denis wredSi. denis 

maqsimaluri mniSvnelobis dros Ruza miizideba magnitiT, 

xolo minimaluri mniSvnelobis dros_ganizideba drekadi 

sistemis gavleniT, radgan cvladi deni erTi periodis 

ganmavlobaSi orjer arwevs Tavis maqsimalur mniSvnelo-

bas (dadebiTs da uaryofiTs), amitom magnitis mizidulo-

bis Zala amave droSi orjer icvleba nulidan maqsimu-

made da, amrigad, Ruzis mizidva-ganzidvac erTi periodis 

ganmavlobaSi orjer xdeba. amis gamo reaqtiuli 

vibratoris rxevis sixSire mkvebi denis sixSireze orjer 

metia. amrigad, vibratoris kvebis dros Cveulebrivi 

cvladi denis qselidan, romlis sixSirea 50 herci, 

rxevaTa ricxvi wamSi Seadgens 100-s. 

rxevis maRali sixSiris gamo reaqtiuli vibrato- 

rebis gamoyeneba SezRudulia. dabali sixSiris misaRebad 

vibratoris gragnilis wredSi (nax. 17.2 a.) mimdevrobiT 

rTaven gammarTvels 1), romelic dens atarebs periodis 



 121 

 

 

nax. 17.2 

(mxolod erTi naxevris ganmavlobaSi (mxolod erTi 

mimarTulebiT). am SemTxvevaSi magnitis mizidulobis 

Zala periodis ganmavlobaSi mxolod erTxel miaRwevs 

maqsimalur mniSvnelobas da, amrigad, gammarTveliani 

vibratoris rxevis sixSire qselis sixSiris tolia, e.i. 

wamSi aqvs 50 rxeva.  

ortaqtiani eleqtromagnituri vibratori (nax. 17.3 b) 

Sedgeba ori gularisagan (1) gragnilebiT (2) da saerTo 

Ruzisagan (3). gularebi konstruqciulad arian dakavSi-

rebuli ise, rom warmoadgendnen erT masas. Ruza  

ukavSirdeba gularebs drekadi sistemis saSualebiT. 

vibratoris gragnilebi CarTulia cvladi denis qselSi 

erTnaxevarperiodiani gamarTvis sqemiT. amis gamo erTi 
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naxevarperiodis ganmavlobaSi _ meore. rxevis sixSire 

cvladi denis sixSiris tolia. 

sxva tipis ortaqtiani eleqtromagnituri vibratori 

(nax. 17.2 g) Sedgeba ,,H”-s magvari formis gularisagan (1) 

da ori Ruzisagan (2), romlebic erTmaneTTan SeerTebu-

lia xistad. Ruzebi da gulari erTmaneTTan dakavSire-

bulia resorebis saSualebiT. gularze moTavsebulia 

mudmivi (3) da cvladi denis (4) gragnilebi. mudmivi da 

cvladi denebis erTdrouli moqmedebis Sedegad gularSi 

aRigzneba cvladi da mudmivi magnituri nakadebi. mudmivi 

magnituri nakadebi vibratoris TviToeul naxevarSi 

mimarTulia erTmaneTis sawinaaRmdegod. periodis erTi 

naxevris ganmavlobaSi cvladi da mudmivi magnituri 

nakadebi vibratoris erT naxevarSi erTmaneTs abaTileben, 

meoreSi ki ikribebian. periodis meore naxevris dros 

adgili aqvs Sebrunebul suraTs. amis gamo gularSi 

iqmneba pulsirebuli magnituri nakadi, rac iwvevs 

vibratoris rxevas qselis sixSiriT,  e.i. 3000 rxeviT 

wuTSi. 

 eleqtrovibraciuli manqanebi ZiriTadad rezonan-

sul principze muSaoben, rac imaSi gamoixateba, rom 

magnitis sixiste isea SerCeuli, rom sistemis rxevis 

sakuTari sixSire axloa amgznebi Zalis cvlilebis 

sixSiresTan. rezonansul reJimze muSaobis dros 

moiTxoveba mcire amgznebi Zala da e.i. mcire simZlavris 

vibratori. 
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rezonansul reJimze momuSave vibratoris Ruza da 

gulari rxevis dros ar modian erTmaneTTan SexebaSi. 

garda aseTi vibratorebisa gamoiyeneba agreTve dartymiTi 

moqmedebis vibratorebi, romlebSic RuzasTan da 

gularTan SeerTebuli specialuri nawilebi rxevis dros 

erTmaneTs xvdebian, riTac muSa organos harmoniuli rxe-

vis garda gadascemen damatebiT dartymiT impulsebsac. 

aseTi kombinirebuli, vibraciul-dartymiTi zemoqmedebis 

Sedegad zogierT SemTxvevaSi izrdeba manqanis efeqtu-

roba, magaliTad, xvimirebidan masalis gadmoyris dros, 

zogierTi masalebis datkepnisas da a.S. dartymiTi moqme-

debis vibratorebis gamoyeneba satransporto manqanebis 

amZravebad mizanSewonili ar aris, radgan dartymiTi ze-

moqmedeba moiTxovs manqanis muSa organos sixistis gaz-

rdas, iwvevs did xmaurs, zrdis energiis xarjs da a. S. 

eleqtromagnituri vibratoris erT-erT ZiriTad 

nawils warmoadgens drekadi sistema. drekad elementebad 

Tanamedrove konstruqciis vibraciul manqanebSi gamoyene-

bulia furclovani resorebi, xraxnuli zambarebi, 

torsionebi, rezinisa da agreTve liTonisa da rezinis 

kombinirebuli drekadi elementebi. 
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§18. eleqtromagnituri vibratorebis 

konstruqciebi. 

 

  Cvens qveyanaSi, ise rogorc sazRvargareT, damuSa-

vebuli da aTvisebulia mravali tipisa da konstruqciis 

eleqtrovibraciuli satransporto manqana da maTi 

amZravi _ eleqtromagnituri vibratori. 

sakmaod gavrcelebulia ortaqtiani rezonansuli 

eleqtromagnituri vibratorebi, romlebic daniSnulia 

ZiriTadad konveierebis, mkvebebisa da cxavebis amZravad. 

vibratoris (nax. 18.1) foladis korpusSi (1) 

boloebiT Camagrebulia resorebis paketi (2). korpuszeve 

traversebis (3) saSualebiT damagrebulia eleqtrovibra-

ciuli Zravas statori, romelic Sedgeba gularisa (4) da 

oTxi koWisagan (5). Zravas ori Ruza (6) SeerTebulia 

erTmaneTTan kavis (7) saSualebiT da magrdeba kronSte-

inze (8), romelic Tavis mxriv damagrebulia resorebis 

Sua nawilze. am kronSteinis saSualebiT vibratori 

uerTdeba vibromanqanis muSa organos. resorebis moWera 

korpussa da  kronSteinSi xorcieldeba WanWikebis (9 da 

10) saSualebiT. 

resorebs Soris maTi Camagrebis adgilebSi 

moTavsebulia Suasadebebi (11). amis gamo resorebi 

erTmaneTs exebian mxolod Camagrebis adgilebSi, rac 
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amcirebs maT Soris xaxuns da rxevebis Caqrobas, amave 

dros xels uwyobs maT gacivebas. 

vibratoris awyoba (rxevis sakuTari sixSiris 

regulireba) xdeba resorebis an specialuri maregulire-

beli tvirTebis (12) raodenobis SecvliT. 

eleqtrovibraciuli Zrava, romlis principuli sqema 

moyvanilia nax. 18.2 g-ze, Sedgeba ,,H”-s magvari formis 

gularisagan, xistad SeerTebuli ori Ruzisagan da 

koWebisagan cvladi da mudmivi denis gragnilebiT.  

 

Nnax. 18.1 

 

mudmivi denis simZlavre Seadgens cvladi denis 

simZlavris daaxloebiT 10%. manqanis rxevis amplitudis 
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(mwarmoeblobis) regulireba advilad xorcieldeba am 

mcire simZlavris denis sididis SecvliT. simZlavris 

maRali koeficienti da rxevis amplitudis regulirebis 

ekonomikuri da martivi xerxi aRweril vibratorebs 

upiratesobas aniWebs sxva tipis vibratorebTan Sedare-

biT. am vibratorebis naklovanebani ZiriTadad konstruq-

ciis sirTuleSi gamoixateba. 

eleqtrovibraciuli mkvebebi daniSnulia fxvieri 

masalebis dozirebuli miwodebisa da transportire-

bisaTvis. mkvebebs ZiriTadad xvimirebis qveS ayeneben, 

saidanac masala miewodeba ama Tu im saxis transpor-

tirebisaTvis. mkvebebs ZiriTadad xvimirebis qveS ayeneben, 

saidanac masala miewodeba ama Tu im saxis trans-

portiors an manqanas teqnologiuri procesis Sesabami-

sad. eleqtrovibraciuli manqanis gaSveba da gaCereba 

SesaZlebelia datvirTvis qveS. amitom isini asruleben 

agreTve xvimiras Camketis movaleobas.  

zemoaRweril eleqtromagnitur vibratorebs 

axasiaTebs saerTo nakli, rac imaSi gamoixateba, rom 

resoris tipis drekad elementebSi adgili aqvs energiis 

did danakargebs. es danakargebi ZiriTadad gamowveulia 

e.w. konstruqciuli demfirebiT, rac dakavSirebulia 

xaxunTan, ZiriTadad resorebis Camagrebis adgilebSi. am 

TvalsazrisiT gacilebiT racionaluria drekad 

elementebad xraxnuli zambarebis xmareba. garda amisa, 

xraxnul zambarebSi gacilebiT ukeTesad gamoiyeneba 
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masalis drekaduli Tvisebebi. magram maRali sixistis 

zambarebis damzadebis sirTulis gamo SezRudulia didi 

simZlavris vibratorebSi maTi gamoyeneba. 

xraxnul zambarebiani  eleqtromagnitur vibratoris 

erT-erT magaliTad moviyvanoT konstruqcia, naCvenebi nax. 

18.2-ze. eleqtromagnitis gularze (1), romelic awyobilia 

,,ПG”-s magvari formis eleqtroteqnikuri foladis 

furclebisagan, moTavsebulia ori gragnili (2). gulari 

damagrebulia sayrdenze (3), xolo Ruza (4) _ filaze (5), 

romlis saSualebiTac vibratori magrdeba muSa 

organoze. 

 

nax. 18.2 

Ruza da gulari erTmaneTTan SeerTebulia zambare-

bis (6) saSualebiT. zambarebi moTavsebulia sayrdenis 

orive mxares. Ruzasa da gulars Soris sahaero RreCos 

regulireba xdeba sarWebisa (7) da qanCebis (8) saSua-

lebiT. qanCebis CaxraxniT an amoxraxniT Sesabamisad 
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ikumSeba an iSleba zambarebi da icvleba sahaero RreCos 

sidide. 

vibratoris rezonansul reJimze awyoba xdeba 

reaqtiuli nawilis wonis SecvliT tvirTebis (9) 

saSualebiT. eleqtromagnitis kveba warmoebs cvladi 

denis qselidan erTnaxevarperiodiani gamarTvis sqemiT. 

aRniSnuli vibratori gankuTvnilia vibraciuli 

transportioris, mkvebis, vibromagidisa da sxva mravali 

saxis eleqtrovibromanqanis amZravad. kerZod, misi gamoye-

neba gaTvaliswinebulia agresiuli qimiuri nivTierebebis 

damfasoebel avtomatSi masalis datkepnisaTvis (avtomati 

damuSavebulia saqarTvelos saxalxo meurneobis sabWos 

centraluri saproeqto sakonstruqtoro biuros mier). 

aseTive konstruqciuli sqemis mixedviTaa damuSavebuli 

Tbilisis eleqtroteqnikuri samecnieo-kvleviTi institu-

tis mier mcire simZlavris eleqtromagnituri vibratori, 

romelic gamoyenebulia Tbilisis xelsawyoTa da avtoma-

tizaciis saSualebaTa kvleviTi institutis Cais mwvane 

foTlis sinestis mzom xelsawyoSi. 

ukanasknel xans Seiqmna eleqtromagnituri vibrato-

rebi, romlebSic gamoyenebulia rezinis drekadi elemen-

tebi. rezinis gamoyeneba aumjobesebs manqanis saeqsplu-

atacio Tvisebebs, kerZod, mcirdeba meqanikuri Zabvebi 

vibromanqanis nawilebSi, xmauri, drekadi elementebis 

Rirebuleba, mxolod sirTules warmoadgens Sesabamisi 

xarisxis rezinis SerCeva. 
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rezinis drekadi elementebis mqone ortaqtiani 

eleqtromagnituri vibratori naCvenebia nax. 18.3-ze. 

vibratori Sedgeba Semdegi ZiriTadi nawilebisagan: 

filisagan (1), romliTac amZravi muSa organoze magrdeba, 

ori milisagan (2), romlebic xistadaa SeerTebuli 

filasTan da ganivasTan (3), Tujis korpusisagan (4), 

romelic ori naxevrisgan Sedgeba. korpusSi Camagrebulia 

eleqtromagnitis ori gulari (5), xolo ganivze Ruza (6). 

eleqtromagnitis kveba warmoebs nax. 18.2 b-ze naCvenebi 

sqemis mixedviT. drekadi elementebi _ rezinis milisebi 

(7) _ Camocmulia milebze (2) da gare zedapiriT 

Camagrebulia korpusSi (4). rxevis dros rezina muSaobs 

Zvris deformaciaze. 

 

nax. 18.3 

garda zogadi daniSnulebis eleqtrovibraciuli 

manqanisa, damuSavebulia specialuri konstruqciis manqa-
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nebi, romelTa amZravebi mtverSeuRwevi, wyalSeuRwevi an 

feTqebausafrTxo Sesrulebisaa. 

eleqtrovibraciuli satransporto manqanebis gansa-

kuTrebuli saxeobaa vibraciuli mkvebi xvimirebi (bunke-

rebi), romlebic gamoiyeneba ZiriTadad manqanaTa da 

xelsawyoTa nawilebisa da namzadebis avtomaturi miwode-

bisaTvis sxvadasxva daniSnulebis liTondamamuSavebel 

Carxebze. vibroxvimaris muSaobis principi SemdegSi 

mdgomareobs (nax. 18.4). xvimaraSi (1), romlis Siga cilin-

drul zedapirze Seqmnilia xraxnuli Rari (2), yrian 

gadasaadgilebel masalas (namzads); vibraciis gavleniT 

namzadebi gadaadgildeba am Rarze da gamodis xvimiridan, 

saidanac xvdeba saTanado transportiorze an uSualod 

miewodeba Carxs.  

 

nax. 18.4 

vibroxvimiraSi masalis gadaadgilebas safuZvlad 

igive principi udevs, rac Cveulebriv vibraciul trans-
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portirebas, radgan xraxnuli Rari SeiZleba warmo-

vidginoT, rogorc sworxazovani muSa organo, romelic 

horizontisadmi daxrilia xraxnis asvlis kuTxis toli 

kuTxiT. rogorc zemoT iyo aRniSnuli, xraxnul Rarze 

masalis gadaadgilebisaTvis muSa organos (xvimiras) 

eZleva rTuli, xraxnuli rxeviTi moZraoba, rac 

warmoadgens vertikaluri da wriuli rxevebis jams. aseT 

moZraobas anxorcieleben drekadi elementebis _ reso-

rebis an TviT eleqtromagnituri vibratoris dayenebiT 

muSa organosadmi garkveuli kuTxiT, ufro gavrcelebu-

lia pirveli xerxi. nax. 18.4-ze naCvenebia aseTi vibro-

xvimaras konstruqciuli sqema. xvimira (1) SeerTebulia 

fuZesTan (3) drekadi Reroebis (4) saSualebiT. muSa 

organoze mimagrebulia eleqtromagnitis Ruza (5), xolo 

fuZeze _ misi gulari xviebiT (6). vibroizolaciis 

mizniT mkvebi dayrdnobilia amortizatorebze (7). 

eleqtrovibraciul mkveb xvimirebs farTo gamoyeneba 

aqvT manqanaTmSeneblobasa da xelsawyoTmSeneblobaSi. 

maT axasiaTebs mTeli rigi upiratesobani sxva tipis 

avtomatur mkveb mowyobilobebTan SedarebiT. zogierT 

SemTxvevaSi vibroxvimirebi warmoadgenen namzadebis avto-

maturi CatvirTvisa da miwodebis erTaderT racionalur 

saSualebas. eleqtrovibraciul xvimirebi sagrZnoblad 

aadvileben rTuli da arasimetriuli formis namzadebis 

orientacias, rac aucilebelia Carxebze maTi avtomaturi 

miwodebisaTvis. 
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eleqtrovibraciul vertikalur transportiorebs 

mkvebi xvimirisagan gansxvavebiT gacilebiT maRali muSa 

organoebi aqvT, romelTa gare cilindrul zedapirze 

Sesrulebulia xraxnuli Rari. am ori tipis vibraciuli 

manqanis muSaobis principi ki analogiuria. vibraciuli 

konveierebis _ elevatorebis gamoyeneba fxvieri masale-

bis gadaadgilebisaTvis vertikaluri mimarTulebiT xSi-

rad ufro racionaluria vidre sxva tipis, magaliTad, 

cicxviani (CamCiani) elevatorisa. 

vertikaluri vibrokonveierebi xasiaTdebian muSa 

organos simaRlisa da misi gare diametris SefardebiT. 

am Sefardebas daaxloebiT 10-mde iReben, xolo simaRles 

_ 6-8 metramde, rodesac saWiroa transportireba met 

simaRleze, awyoben satransporto xazs, romelSic 

ramdenime elevatori Sedis. 

eleqtrovibraciuli satransporto manqanebis jgufs 

miakuTvneben xvimirebis amgznebebs. rogorc cnobilia, 

zogierTi fxvieri masala xvimirebSi xSirad iWedeba, 

qmnis TaRs, riTac xels uSlis ama Tu im teqnologiuri 

procesis normalur mimdinareobas. aseTi movlenebis 

Tavidan acilebis mizniT iyeneben vibratorebs _ 

amgznebebs, romlebic masalas gadascemen rxevas, riTac 

uzrunvelyofen xvimiridan mis uwyvet miwodebas. 

amgznebad gamoiyeneba rogorc rezonansuli, ise 

dartymiTi moqmedebis eleqtromagnituri vibratorebi. 

vibratoris konstruqcia, simZlavre da muSaobis reJimi, 
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agreTve misi damagrebis xerxi damokidebulia xvimiris 

formasa da zomebze, masalis Tvisebebze da mis 

mdgomareobaze  (sineste, webadoba da sxva).  

liTonis xvimirebSi vibrators ayeneben uSualod 

mis kedelze daaxloebiT simaRlis ¼1/4 manZilze Ziridan. 

vibratoris muSaobis dros xvimiras kedeli modis rxeviT 

moZraobaSi, rac masalas gadaecema. 

betonis xvimirebSi, xolo zogierT SemTxvevaSi 

liTonis xvimirebSic efeqturobis gazrdis mizniT, 

vibrators amagreben foladis specialur furclebze, 

romlebic xvimiras SigniTaa moTavsebuli da 

izolirebulia misgan amortizatorebis saSualebiT. 

vibratoris damagreba furcelze xdeba xvimiras kedelSi 

gamavali kronSteinebis saSualebiT. 

karg efeqts iZleva amgznebi vibratoris moTavseba 

xvimiras SigniT, rodesac rxeva uSualod gadaecema 

masalas. am SemTxvevaSi sagrZnoblad izrdeba amgznebis 

moqmedebis efeqturoba da mavne rxevebic naklebad 

gadaecema xvimiras mzid konstruqcias. 
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§19. vibraciuli manqanebi erTi Tavisuflebis 

xarisxiT 

 

 erTi Tavisuflebis xarisxis mqone vibraciuli 

manqanebis Teoriul safuZvels warmoadgens sqema, gamo-

saxuli nax. 1.1-ze. tipiur magaliTad aviRoT vibraciuli 

satransporto danadgari eqscentriuli amZraviT, naCve-

nebi nax. 19.1-ze. naxazze 1 – muSa organoa, 2 – drekadi 

elementi, xolo 3 – kinematikuri amZravi. 

 

                         nax. 19.1 

vibrosatransporto rxeviT sistemaze moqmedebs 

Semdegi Zalebi: inerciis Zalebi Pin = 

..

xm , sadac m - 

danadgaris rxeviTi nawilis masaa; drekadi kavSirebis 

aRmdgeni Zalebi P = cx, sadac  c – drekadi kavSirebis 

jamuri sixistea; winaaRmdegobis Zalebi Pw = 

.
xh , sadac h 

– proporciulobis koeficientia; aRmgznebi Zala F.  
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...
,, xxx  - Sesabamisad, muSa organos gadaadgileba, siCqare 

da aCqarebaa. 

amrigad, amZravis saWiro aRmgznebi Zalis sidide 

gamoiTvleba Semdegi gamosaxulebiT: 

                                    F = Pin + P + Pw.                  19.1 

rogorc 19.1 gamosaxulebidan Cans aRmgznebi Zalis 

sidide, romelzec damokidebulia kinematikur wyvilebSi 

Zalvebi, ganisazRvreba sistemaSi inerciis Zalebis, 

drekadi Zalebisa da winaaRmdegobis Zalebis 

TanafardobiT. yovelTvis sasurvelia, rom Zalvebis 

sidideebi  kinematikur wyvilebSi iyos rac SeiZleba 

mcire, maTi simtkicisa da xangamZleobis ukeTesi 

pirobebis gamo. meores mxriv, aseve mniSvnelovan faqtors 

warmoadgens  danadgaris muSaobis dros aRZruli 

inerciiis Zalebis fundamentze gadacemis problema. 

Sesabamisad, inerciis Zalebis gawonasworeba SeiZleba 

daiyos or ZiriTad amocanad: manqanis kinematikur 

wyvilebSi Zalvebis gawonasworebad da manqanis fun-

damentze dawolis gawonasworebad. am ori garemoebis 

optimalur SeTanwyobazea mniSvnelovanwilad damokidebu-

li mTlianad danadgaris stabiluri muSaoba.  

gavaanalizoT 19.1 toloba Zaluri mravalkuTxedis 

daxmarebiT. amisaTvis, rogorc §3-Si gvqonda, miviRoT, 

rom danadgaris muSa organize amZravis mxridan moqmedebs 

aRmgznebi Zala        F = F0sinωt, xolo misi gadaadgileba 
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x = Asinωt. Sesabamisad, muSa organos siCqare da aCqareba 

toli iqneba thAx  cos
.
  da tmAx  sin2

..

 . aviRoT 

maTi maqsimaluri mniSvnelobebi. e.i. gvaqvs aRmgznebi 

Zalis sidide F, inerciis Zalebis sidide Pin = mAω2
, 

drekadi aRmdgeni Zalebis sidide P = cA,  winaaRmdegobis 

Zalebis sidide Pw = hAω. 

Tu manqanis tvirTmzid organos ar gaaCnia drekadi 

kavSirebi, maSin rxevadi nawilebis inerciis Zalebi 

arafriT ar wonaswordebian da aRmgzneb Zalas unda 

gaaCndes Sesabamisi Semdgeni, raTa daZlios es Zalebi. am 

SemTxvevaSi amZravis kinematikur wyvilebSi moqmedeben 

sakmaod didi datvirTvebi. Zaluri mravalkuTxediT es 

gamoiyureba Semdegnairad:   

 

vibraciul satransporto manqanaSi Tu drekadi 

sistemis sakuTari sixSire naklebia aRmgznebi Zalis 

sixSireze, anu manqana muSaobs rezonanss Semdgom 

reJimSi, drekadi aRmdgeni Zalebi mxolod nawilobriv 

gaawonasworeben inerciis Zalebs. aseT reJimSi 
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kinematikur wyvilebSi Zalvebi iqneba SedarebiT mcire da 

Zaluri mravalkuTxediT igi gamoisaxeba Semdegnairad: 

 

Tu gavzrdiT manqanis sakuTar sixSires ise, rom 

drekadi kavSirebis aRmdgeni Zalebi mTlianad 

gaawonasworeben inerciis Zalebs, maSin gveqneba muSaobis 

rezonansuli reJimi. am dros aRmgzneb Zalas gaaCnia 

minimaluri mniSvneloba, rac saWiroa mxolod winaaRm-

degobis Zalebis dasaZlevad, magram amave dros xdeba 

intensiuri zemoqmedeba sayrden konstruqciebze. Sesaba-

misi mravalkuTxedia: 

 

Tu kidev ufro gavzrdiT drekadi sistemis 

sakuTar sixSires, maSin drekadi aRmdgeni Zalebi meti 

iqneba inerciis Zalebze. aseT SemTxvevaSi amZravis 

kinematikur wyvilebSi isev daiwyebs gazrdas Zalvebi, 

magram ara inerciis Zalebis xarjze aramed drekadi 
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aRmdgeni Zalebis gavleniT. mravalkuTxedi ki gamo-

iyureba Semdegnairad:  

 

maSasadame, analizidan Cans, rom yvelaze 

xelsayreli reJimi kinematikur wyvilebSi Zalvebis 

Sesamcireblad aris danadgaris muSaobis rezonansuli 

reJimi, magram am dros maqsimaluria inerciis Zalebis 

gadacema fundamentze, rac moiTxovs misi vibroizolaci-

isTvis teqnikuri saSualebebis gamoyenebas.   
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§20. vibraciuli manqanebi ori Tavisuflebis 

xarisxiT 

 

vibraciuli manqanebi xSir SemTxvevaSi warmoad-

genen rxeviT sistemebs ori, sami da meti Tavisuflebis 

xarisxiT. 

 aseTi sistemebis magaliTi warmodgenilia nax. 20.1-

ze. ori 1m  da 2m  masebi dakavSirebulia erTmaneTTan 1c  

da 2c  sixistis mqone drekadi elementebiT (gansaxilvel 

SemTxvevaSi zambarebiT) da SeuZliaT gadaadgildnen 

xaxunis gareSe x RerZis gaswvriv. Tu 1x  da 2x  

koordinatebi gadaizomeba wonasworobis mdebareobidan, 

maSin es ori koordinata mTlianad ganisazRvreba 

sistemis konfiguraciiT. amrigad, am sistemas aqvs ori 

Tavisuflebis xarisxi. 

 aRniSnuli sistemis rxevebis analizis dros 

aucileblad saWiro xdeba misi moZraobis diferenci-

aluri gantolebebis Sedgena da maTi amoxsna, romelTa 

raodenoba cvalebadi damoukidebeli koordinatebis 

raodenobis tolia. aseT sistemaSi Tu gaviTvaliswinebT 

gareSe da Sinagani winaaRmdegobebis Zalebs, gantole-

bebis amoxsna dakavSirebulia sakmaod did sirTuleebTan. 

amis gamo, gamartivebis mizniT SemoRebulia meTodi, 

romlis arsi mdgomareobs imaSi, rom ori Tavisuflebis 
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xarisxis mqone sistema daiyvaneba sistemaze erTi 

Tavisuflebis xarisxiT. aseTi sistema ki rxevebis zogad 

TeoriaSi sakmaod detaluradaa Seswavlili. dayvanis 

aRniSnuli meTodis ganxilvis SemTxvevaSi realuri 

masebis nacvlad Semoitaneba sistemis eqvivalenturi masa, 

xolo Sinagani da gareSe winaaRmdegobis Zalebis nacv-

lad misi eqvivalenturi koeficienti. Sesabamisad, rxeviT 

sistemas jer amartiveben da ganixilaven, rogorc ori 

masisgan Sedgenil Tavisufal izolirebul sistemas (nax. 

20.1), xolo Semdgom am sistemas gardasaxaven erTmasian 

sistemad, rogorc es aris warmodgenili nax. 1.1-ze.  

 

nax. 20.1 

 vixilavT nax. 20.1-ze warmodgenil meqanikur rxeviT 

sistemas. da vuSvebT, rom TiToeul masaze moqmedebs 

sididiT toli da fazebiT sawinaaRmdego aRmgznebi 

Zalebi. es Zalebi arian masebs Soris urTierTqmedebis 

Sinagani Zalebi. winaaRmdegobis Sinagani Zalebi, magali-

Tad drekad elementebSi, aseve sididiT aris toli da 
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sawinaaRmdegod arian mimarTulni. gamartivebis mizniT 

vuSvebT aseve, rom winaaRmdegobis Zalebi, rogoricaa 

tvirTis transportirebisas gadaadgilebis winaaRmdego-

bis Zalebi, erTnairia orTave masisaTvis da isinic 

sawinaaRmdegoa fazebiT. nax. 20.1-ze 1c da 2c  gareSe 

drekadi kavSirebis winaaRmdegobebia da maTi gavlena 

ugulebelvyoT. aseve misaRebia, rom Sinagani Zalebi 

proporciulia drekadi elementebis deformaciis siCqa-

ris, xolo gareSe Zalebi, proporciulia rxeviT masebis 

moZraobebis siCqaris. aRniSnuli pirobebis gaTvaliswine-

biT SeiZleba davweroT moZraobaTa Semdegi diferenci-

aluri gantolebe-bi: 

           

     

     ,sin

;sin

21212

.

22

..

2

21211

.

11

..

1









tFxxcxxhxkxm

tFxxcxxhxkxm
     20.1 

sadac 1m  da 2m , 1x  da 2x , 1k  da 2k  Sesabamisad masebi, 

neitraluri mdebareobidan maTi gadaadgilebebi da 

gareSe Zalebis winaaRmdegobebis koeficientebia; h  – 

Sinagani Zalebis winaaRmdegobis koeficientia;  c  – 

drekadi kavSirebis sixistis koeficientia; F  da ω – 

aRmgznebi Zalis amplituda da sixSirea;    - masebze 

moqmedi Zalis sawyisi fazaa.  

 aRniSnulidan gamomdinareobs, rom aRgznebis 

Zalebis, drekadi aRmdgeni Zalebis da Sinagani winaaRmde-
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gobebis Zalebis myisieri mniSvnelobebi TiToeuli 

masisTvis, drois nebismier momentSi sididiT tolia da 

sawinaaRmdegod arian mimarTulni.  

 Sesabamisad, Tu SevkribavT 20.1 gantolebebs, 

miviRebT 

              ,02

.

22

..

21

.

11

..

1  xkxmxkxm           20.2 

anu TiToeul masaze moqmedi inerciis Zalebisa da gareSe 

winaaRmdegobis Zalebis myisieri mniSvnelobebi, drois 

nebismier momentSi tolia nulis. 

 Tu imasac davuSvebT, rom xaxunis gareSe Zalebi 

aseve tolia sididiT da sapirispiroa faziT, anu 

                      ,02

.

21

.

1  xkxk                  20.3 

miviRebT   

                      ,02

..

21

..

1  xmxm                 20.4 

 amrigad damyarebuli iZulebiTi rxevebisaTvis 20.3 

da 20.4 gantolebebi mogvcems 

                     .
2

1

2

1

1

2

m
m

k
k

x
x

                   20.5  

es ki niSnavs, rom rxeviTi sistemis masebis 

gadaadgilebebi neitraluri mdebareobis mimarT 

ukuproporciulia TviT masebis sidideebisa da winaaRm-

degobis gareSe Zalebis koeficientebis. amave dros ori 

masisgan Semdgari sistemis rxevis dros drekadi 
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elementis erTi fizikuri wertili rCeba uZravi. es 

uZravi wertili ki warmoadgens sistemis inerciis centrs 

nax. 20.1. 

 20.5 tolobebis mxedvelobaSi miRebiT, ori 

masisgan Semdgari Tavisufali izolirebuli sistemis 

kvleva SesaZlebelia dayvanili iqnas am sistemis erTi 

masis moZraobaze meore masis mimarT, anu 

               ,sin
...

t
m
Fx

m
cx

m
hkx 


             20.6 

sadac x – erTi masis gadaadgilebaa meoris mimarT; m  – 

sistemis dayvanili masaa; k  – gare winaaRmdegobebis 

dayvanili koeficientia. 

 wina tolobebis gaTvaliswinebiT advilia vipovoT, 

rom winaaRmdegobis dayvanili koeficienti da masa 

Sesabamisad udris: 

                  ;
2

12

1

21

mm
mk

mm
mkk





                20.7 

                        .
21

21

mm
mm

m


                    20.8 

 1.3 gantolebis gamoyenebiT miviRebT: 

                  
 

.
21

21
0 mm

mmc
m
c 
               20.9 
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 mxedvelobaSi unda iqnas miRebuli, rom c  19.9 

gantolebaSi warmoadgens drekadi sistemis jamur koefi-

cients da udris 

                      .2
0

21

21 
mm
mm

c


                   20.10 

 

 

 

 

§21. vibraciuli manqanis awyoba rezonansul 

reJimSi 

 

manqanis awyobis sakiTxebs gadamwyveti mniSvneloba 

aqvs rezonansul vibraciul manqanebSi. maTi efeqturi 

muSaobis uzrunvelsayofad gansakuTrebiT zustad saWi-

roebs awyobas vibromanqanebi eleqtromagnituri vibroamZ-

raviT, radgan aseTi tipis manqanebs gaaCniaT simZlavris 

sakmaod SezRuduli maragi. aRgznebis Zalis gazrda 

eleqtromagnitur amZravebSi iwvevs gabaritebisa da wonis 

gazrdas, rac ra Tqma unda aramizanSewonilia. Ganvixi-

loT rezonansuli eleqtrovibraciuli konveieris awyo-

bis xerxi. 

 manqana Sedgeba ori masisagan, aqtiuri 2 ( am ) da 

reaqtiuli 4 ( rm ) masebisagan, romlebic SeerTebulia 
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erTmaneTTan drekadi 3 elementebiT (nax. 21.1). mzidi 

konstruqciisgan izolireba xorcieldeba 1 amortizato-

rebiT, romelTa sixisteebs, manqanis ZiriTadi drekadi 

 

 

                                nax.21.1 

elementis sixistesTan gacilebiT simciris gamo, 

ugulebelvyofT. Sesabamisad, manqanis moyvanili 

struqturuli sqema Seesabameba ori am  da rm  masebisgan 

Sedgenil Tavisufal izolirebul rxeviT sistemas, 

warmodgenils nax. 1.1-ze. manqana iqneba rezonansuli Tu 

am sistemis sakuTari wriuli sixSire 0  toli iqneba 

aRmgznebi Zalis   sixSiris. am pirobis Sesasruleblad 

aucilebelia drekadi elementebisaTvis SevarCioT 

sixiste, formuliT: 

                      .mm
mmc

ra

ra2
                    21.1 

 masebis rxevebi aRigzneba da SeinarCuneba orTave 

masebTan dakavSirebuli eleqtromagnituri sistemis 
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meqanikuri impulsebiT. manqanaSi eleqtromagnitis Ruza 

xistadaa damagrebuli erT masaze, xolo gulana meore 

masaze. Ruzisa da gulanis mizidulobis Zalebi gadaecema 

masebs da drois nebismier momentSi gaaCniaT toli 

sidideebi, magram isini mimarTulni arian erTmaneTis 

sawinaaRmdegod. 

 rogorc nax. 21.1-dan Cans erTerTi masa (aqtiuri) 

aris manqanis muSa organo, romlis rxeva iwvevs 

satransporto tvirTis gadaadgilebas. gadaadgilebas ki 

ganapirobebs horizontisadmi garkveuli daxris kuTxiT 

miwodebuli impulsebis mimarTulebis horizontaluri 

Semdgeni. zogadad, aqtiuri masa izrdeba gadasaadgile-

beli tvirTis xarjze. aqtiuri masis es damatebiTi nawi-

li miRebulia iwodos mierTebuli masis bm  saxelwode-

biT. Sesabamisad jamuri masa tolia: 

                        ,baab mmm                    21.2 

 mierTebuli masis sidide SeiZleba gamovsaxoT 

damokidebulebiT: 

                         ,Mb mm                       21.3 

sadac   - mierTebis koeficientia, romlis sidide 

damokidebulia dasamuSavebeli garemos winaaRmdegobasa 

da vibromanqanis muSaobis reJimze, Mm - manqanis muSa 

organoze arsebuli masalis masaa.   
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  rogorc adre avRniSneT, rezonansuli manqanebi 

SeiZleba muSaobdnen rezonansTan axlos reJimSi, anu 

rezonansamdel reJimSi, roca 0   da rezonans Semd-

gom reJimSi, roca 0  . rezonansuli reJimi, romelic 

Seesabameba SemTxvevas, roca 0   

ar gamoiyeneba, radgan igi xasiaTdeba muSaobis 

aramdgradobiT da Ruzisa da gulanis aucilebeli 

dartymebiT, Tu aRmgznebi Zala da sahaero RreCo Ruzasa 

da gulanas Soris SerCeulia manqanis mdgradi muSaobis 

pirobidan. 

 manqanis muSaobis mdgradoba ganisazRvreba 

rxeviTi sistemaze gareSe da Sinagani winaaRmdegobebis 

Zalebis cvlilebisadmi mgrZnobiarobiT, rac gamoixateba 

masebis rxevebis amplitudebis cvlilebaSi. 

 muSa organos am  masiTaa ganpirobebuli misi 

rxevis aA  amplituda, mocemuli sixSiris dros. Tu 

ormasiani manqanisaTvis SevarCevT reaqtiul rm  masas, 

ganisazRvreba misi rxevis amplitudis rA  sididec, 

radgan es ori parametri erTmaneTTan dakavSirebulia 

tolobiT: 

                       rraa AmAm                       21.4 

 Tu cnobilia masebis rxevebis amplitudebi, 

advili SesaZlebelia SevarCioT amZravis eleqtro-
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magnitur sistemaSi yvelaze ufro xelsayreli sahaero 

RreCos sidide b , romelmac unda daakmayofilos Semdegi 

piroba: 

                       .bAAb ra                     21.5 

 21.5 gamosaxulebidan gamomdinareobs, rom rodesac 

ra mm   aucilebelia naklebi, xolo rodesac ra mm   

meti sahaero RreCo. sahaero RreCos Semcireba zrdis 

magnituri Zalovani nakadis sidides, rasac Tan axlavs 

denis Zalis Semcireba da eleqtromagnitis naklebi 

temperaturuli reJimi. Sesabamisad mcirdeba eleqtro-

energiis danakargebi da izrdeba manqanis muSaobis mdgra-

doba. aqedan gamomdinare rm  masis sididis gazrda gark-

veul zRvrebamde, am  da aA - s mocemuli mniSvnelobe-

bisTvis, zrdis manqanis mdgradobas, jamuri wonis 

zrdisa da sahaero RreCos Semcirebis xarjze. sabolood 

ki izrdeba manqanis margi qmedebis koeficienti. aRniSnul 

SemTxvevaSi rm  masis mniSvnelovan nakls warmoadgens 

misi liTontevadobis gazrda.  
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§22. vibraciuli manqanebis teqnologiuri 

parametrebis gansazRvra 

 

 vibraciuli manqanebis teqnikaSi gamoyenebis dros 

gansakuTrebiT gavrcelebul saxes warmoadgens satrans-

porto teqnologiuri operaciebis Sesruleba. ama Tu im 

garemoze vibraciuli manqanebis muSa organoTa zemoqme-

deba axdens maT iseT teqnologiur damuSavebas rogo-

ricaa: transportireba, SemWidroveba, formireba, daxaris-

xeba, SenjRreva da sxva. 

 vibraciuli satransporto teqnologiuri manqane-

bis erTerT ZiriTad saeqspluatacio parametrs warmo-

adgens maTi mwarmoebloba, romlis sidide ganisazRvreba 

manqanis muSa organos zedapirze satransporto tvirTis 

siCqariT da satransporto masalis ganivkveTis farTiT. 

 masalis vibrirebad zedapirze gadaadgileba 

xorcieldeba mikroxtomebis saSualebiT. es ukanaskneli 

ki miiReba vibraciuli amZravis matransportirebel 

zedapirTan garkveuli daxris kuTxiT (20 – 300) 

gadacemuli Zalis vertikaluri da horizontaluri 

Semdgenebis wyalobiT. muSa organos zemoT da win 

moZraobis Sedegad satransporto masalis nawilakebi 

gadaadgildebian muSa organosTan erTad, xolo qvemoT 

da ukan moZraobis dros ki xdeba masalis mowyveta 
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zedapiridan. Sesabamisad, xdeba masalis satransporto 

zedapirze naxtomiseburi gadaadgileba.  

 vibraciuli manqanebis muSa organos satransporto 

zedapirze masalis horizontaluri mimarTulebiT gada-

adgilebis siCqare ganisazRvreba empiriuli formuliT: 

                         ,cos4 AfV                    22.1 

sadac V masalis gadaadgilebis siCqarea m/wm-Si, A – 

masaliT datvirTuli muSa organos rxevis amplitudaa 

metrebSi, f - muSa organos rxevis sixSirea hercebSi,  - 

transportirebis zedapirTan vibraciis RerZis daxraa. 

 22.1 formulis simartivis miuxedavad, am 

formuliT gamoTvlili transportirebis siCqare, misi 

praqtikuli gamoyenebis TvalsazrisiT, iZleva sakmaod 

zust Sedegs da rac mTavaria dasturdeba eqsperimen-

tulad. 

 masalis transportirebis siCqaris gamoTvlis Sem-

deg SesaZlebelia gamovTvaloT vibraciuli manqanis 

mwarmoebloba, Semdegi gamosaxulebiT: 

                        ,36 SVQ                        22.2 

sadac Q – manqanis mwarmoeblobaa n/sT,   - masalis 

xvedriTi wonaa n/m3, S - satransporto zedapirze masalis 

fenis ganivkveTis farTobia m2. 

 Tavis mxriv masalis fenis ganivkveTis farTobi S  

tolia: 

                                                      S = K H B,                                           22.3 
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sadac K – satransporto masaliT muSa organos Sevsebis  

koeficientia, romelic erTze naklebi sididea da 

damokidebulia satransporto masalis gvarobaze, H  da B 

Sesabamisad muSa organos simaRle da siganea. 

 vibraciuli manqanis gaangariSebis dros saWiroa 

aseve gaTvaliswinebuli iqnas aqtiur masaze damatebuli 

masa Mm . es aris satransporto masalis masis is nawili, 

romelic imyofeba gadamaadgilebel zedapirze. igi 

gamoiTvleba gamosaxulebiT:   

                        ,SLmM                         22.4 

sadac L – manqanis muSa organos satransporto zedapiris 

sigrZea. 

 vibroamZravis mier masalis fenis horizontalur 

zedapirze gadaadgilebis winaaRmdegobaze daxarjuli 

simZlavre SeiZleba viangariSoT Semdegi gamosaxulebiT: 

                     ,sin4 AfmW M                   22.5 

sadac W – masalis gadaadgilebaze daxarjuli 

simZlavrea, Mm  – muSa organos satransporto zedapirze 

erTdroulad arsebuli masalis moculobiTi wonaa n.  

 22.5 formula gansazRvravs vibraciuli manqanis 

amZravis simZlavres muSaobis damyarebul reJimSi; igi 

aniWebs gadasaadgilebel tvirTs saSualo siCqares. am 

formulaSi gaTvaliswinebuli araa is simZlavre, 

romelic damatebiT saWiroa masalis fenisaTvis sawyisi 
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siCqaris misaniWeblad. miuxedavad amisa simZlavris es 

raodenoba gacilebiT mcirea ZiriTad simZlavresTan 

SedarebiT da amitom igi SeiZleba ugulebelvyoT.   

 

 

 

 

§23. drekadi sistemis parametrebis gansazRvra 
 

 vibraciul teqnikaSi drekad sistemad iwodeba 

drekadi elementebis jgufi, romlebic garkveuli saxiT 

ganlagebulia vibraciuli manqanis rxevad masebs Soris, 

maTi formisa da Sinaarsis miuxedavad. vibraciul manqa-

nebSi drekadi sistemebi warmoadgenen erTerT ZiriTad 

kvanZs, romlebic gamoiyeneba rxeviTi moZraobebis gaZli-

erebisa da stabilizaciisaTvis. 

 drekad sistemaSi calkeuli elementebi an 

elementebis sistema erTiandebian erT mTlian sistemaSi, 

romelsac gaaCnia sixistis RerZi da romlis gaswvrivac 

mimarTulia Semadgeneli elementebis drekadi aRmdgeni 

Zalebis tolqmedi. drekadi Zalebis tolqmedis RerZis 

mimarTuleba uTavsdeba vibroamZravidan wamosuli aRmgz-

nebi Zalebis RerZis mimarTulebas. es saerTo RerZi ki 

miRebulia iwodos vibraciis mimarTulebad. gamonakliss 

Seadgenen vibrobunkerebisa da vibroamweebis drekadi 
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elementebi, sadac isini gamoiyenebian muSa organos 

moZraobis saWiro traeqtoriis misaRebad. rezonansSi an 

rezonansTan axlos reJimebSi momuSave vibraciuli 

manqanebis drekadi elementebi awonasworeben manqanebis 

rxevad masebSi aRZrul inerciis sakmaod did  Zalebs. 

drekadi sistemis daxmarebiT aRmgznebi Zalis SedarebiT 

susti meqanikuri impulsebi gardaiqmneba sakmaod did 

Zalebad, romlebic axdenen intensiur zemoqmedebas 

manqanis muSa organoze. drekadi sistemebis arsebuli 

mravali saxeobisa da konstruqciebidan, SedarebiT ufro 

farTo  gavrceleba hpoves sistemebma, cilindruli 

zambarebiT da brtyeli resorebiT. drekadi sistemebis 

sxva saxeebi, rogoricaa: torsionuli, rgoluri, 

TefSisebri, rezinis, rezinometalis da sxva, gamoiyeneba 

SedarebiT iSviaTad. 

 drekadi sistemis drekadi Tvisebebi, upirveles 

yovlisa ganisaZRvreba misi sixistis koeficientiT. 

sixistis koeficienti, rogorc zemoT gvqonda aRniSnuli, 

warmoadgens moqmedi Zalis Sefardebas Sesabamis 

deformaciasTan. vinaidan aRniSnul sidideebs Soris, 

cvlilebaTa farTo diapazonSi, ar aris wrfivi 

damokidebuleba, anu ufro zustad rom vTqvaT 

damokidebuleba aris arawrfivi, koeficientic iqneba 

arawrfivi. zogadad, sixistis koeficienti yovelTvis 

damokidebulia drekadi sistemis deformaciaze. magram, 

drekadi sistemebis deformaciebis garkveul zRvrebSi, am 
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deformaciebis gavlena sistemis sixisteze, mraval 

praqtikul SemTxvevaSi, sakmaod mcirea. amitom, sixiste 

SeiZleba CavTvaloT deformaciisgan damoukidebeli da 

wrfivi. aseTi Tvisebebis mqone drekadi sistemebi 

miRebulia iwodos wrfivi sixistis mqone sistemebad, rac 

niSnavs, rom drekad sistemaze moqmed Zalasa da Sesabamis 

gadaadgilebas Soris damokidebuleba aris sworxazovani, 

anu wrfivi.  

 meore mniSvnelovan faqtors drekadi sistemis 

gaangariSebis dros warmoadgens drekadi elementebis 

simtkice. simtkice ganisazRvreba deformirebadi sxeulis 

masalis dasaSvebi ZabvebiT. 

 simtkicis pirobidan gamomdinare dgindeba drekad 

sistemaze maqsimaluri dasaSvebi datvirTva. Semdgom, 

sixistisa da simtkicis pirobidan gamomdinare dgindeba 

maqsimaluri dasaSvebi deformacia. drekadi sistemis 

gaangariSebis dros aseve mxedvelobaSi unda iqnas 

miRebuli statikuri deformaciebi, gamowveuli masebis 

sakuTari woniT da deformaciebi, gamowveuli rxeviTi 

masebisgan cvalebadi ZalebiT. amave dros, Tuki cva-

lebadi Zabvebi sakmaod maRalia, imis gaTvaliswinebiT, 

rom rxeviTi sistema eqspluataciis pirobebSi iqneba 

xangrZlivi cikluri datvirTvis reJimSi, saWiroa sistema 

Semowmdes xangamZleobaze, anu sistema unda gaiTvalos 

daRlilobis simtkiceze.  
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 mniSvnelobis mixedviT Tu SevafasebT, drekad 

sistemaSi mesame mniSvnelovan saangariSo parameters 

warmoadgens am sistemis disipatiuri Tvisebebi. disipacia, 

anu energiis gabneva vibromanqanis rxeviT reJimSi, xdeba 

drekadi elementis Camagrebis kvanZebSi konstruqciuli 

histerezisiT da deformirebadi masalis 

Sidamolekuluri histerezisiT. 

 drekadi sistemis disipaciis sidide, rogorc adre 

aRvniSneT, xasiaTdeba disipaciis koeficientiT. sistemis 

gaangariSebis gamartivebis mizniT es koeficienti 

miRebulia moZraobis siCqaris proporciuli, eqvivalen-

turi sididis Semotanis xarjze. drekadi sistema, 

romelic uzrunvelyofs rxeviTi reJimis gaZlierebasa da 

stabilizacias, unda xasiaTdebodes SedarebiT mcire 

disipaciuri TvisebebiT. miT umetes es Seexeba rezo-

nansul reJimze awyobil vibraciul manqanebs, radgan es 

reJimi gansakuTrebiT mgrZnobiarea dempfirebis mimarT.  

     

 

 

 

cilindruli zambarebis gaangariSeba 

 cilindruli zambarebi mudmivi bijiT sakmaod 

farTod gamoiyeneba vibraciul manqanebSi. zambarebi 

arsebobs daxveuli da amoWrili saxis. 
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 daxveuli saxiT xraxnuli cilindruli zambare-

biani drekadi elementebi vibraciuli manqanebis amZra-

vebSi gamoiyeneba mimdevrobiT-paraleluri SeTanwyobiT. 

cilindruli xraxnuli zambarebi ixveva wriuli, 

kvadratuli da sworkuTxovani ganivkveTis mqone Reros 

an mavTulisagan. amZravebis drekad elementebSi Ziri-

Tadad gvxvdeba Reros wriuli profilis mqone zambarebi. 

kvadratuli da sworkuTxa profilis mqone zambarebi 

gamoiyeneba im SemTxvevaSi, rodesac saWiro xdeba didi 

sixistis miReba. zambarebis konstruqcia da maTi 

damagrebis saxe  damokidebulia datvirTvis gvarobaze. 

datvirTvis gavrcelebul saxes warmoadgens zambaris 

gaWimva-kumSva, rodesac zambara iRebs grZiv RerZul 

datvirTvas orTave niSniT. zambaris masebTan damagreba 

ki xdeba winaswari SekumSviT ise, rom vibroamZravis 

rxevis maqsimaluri amplitudiT muSaobis dros, ar 

moxdes sayrdeni zedapirebis masebisgan mowyveta. 

daxveuli cilindruli zambarebis uaryofiT mxares 

warmoadgens is, rom Tavisufal mdgomareobaSi maTi 

simaRleebi da aseve sixisteebi sakmaod gansxvavebulia 

sxvadasxva zambarebisTvis. garda amisa, aseTi tipis zamba-

rebis naklovan mxares Seadgens vibroamZravis muSaobis 

dros maTi gazrdili xmauri, rac gamowveulia zambaris 

bolo xviebis erTmaneTze SejaxebiT, maTi dabali 

RunviTi sixistis gamo. 
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 zambarebiani drekadi elementis mqone eleqtro-

vibraciuli amZravi naCvenebia nax. 23.1-ze. 

aRniSnuli naklovanebebis aRmosafxvrelad daxve-

uli cilindruli gaWimva-kumSvis zambarebis nacvlad 

vibraciul manqanebSi gamoiyeneba e.w. amoWrili konstruq-

ciis zambarebi. es ukanasknelni warmoadgenen Rru cilin-

drebs romelTa kedelSi amoWrilia gamWoli xraxnuli 

 

nax. 23.1 

RreCo, xviis sworkuTxovani kveTiT. aseTi konstruqciis 

wyalobiT zambaris bolo xviebi warmoadgenen mTlian 

miltuCebs da maTi damagreba masebze SesaZlebelia 

WanWikebiT, miltuCaSi gakeTebul xraxnul naxvretebSi  

 

                           nax. 23.2. 
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cilindruli zambarebis ZiriTadi parametrebis sainJinro 

gaangariSebebi xdeba qvemoT moyvanili formulebis 

saSualebiT. kerZod, zambaris Reros wriuli kveTis 

SemTxvevaSi c sixiste iangariSeba Semdegi formuliT: 

                         ,
8 3

4

iD
Gdc                         23.1 

sadac G  - zambaris masalis Zvris modulia, d  - xviis 

kveTis diametria, D  - zambaris saSualo diametria, i  - 

muSa xviebis ricxvia.  

 kvadratuli da sworkuTxovani kveTebisTvis igive 

sixistis saangariSod gamoiyeneba Semdegi gamosaxulebebi:  

                 .
6

;
56.5 3

4

3

4

iD
Gbc

iD
Gac               23.2 

sadac a  da b  Sesabamisad, xviis kveTis sigane da 

simaRlea  .ba   

 zambaraze moqmedi  Zala samive kveTisaTvis 

iangariSeba Semdegi gamosaxulebebiT: 

        
      ,;42.0;

8

333




D
bP

D
aP

D
dP      23.3 

sadac  - grexvis Zabvaa,   - aris b/a – ze damokidebuli 

koeficienti. 

 zambaris RerZuli gadaadgileba (rxevis 

amplituda) SeiZleba gamovTvaloT Semdegi 

gamosaxulebebiT: 
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            .;;8
4

3

4

3

4

3

Gb
iFDA

Ga
iFDA

Gd
iFDA       23.4 

 grexvis normaluri Zabva zambaraSi samive 

SemTxvevisTvis iangariSeba formulebiT: 

  ,
34
24;

34
244.2;

34
248

333 DD
dD

a
HD

DD
dD

a
HD

DD
dD

d
HD












 


    23.5  

sadac H – zambaris simaRlea. 

 

 

 

 

brtyelresoruli drekadi sistemis gaangariSeba 

 vibraciuli manqanebis drekad elementebSi farTo 

gamoyeneba hpova sworkuTxa ganivkveTis mqone 

brtyelresorulma drekadma sistemebma. es faqti 

ganapiroba iman, rom garda konstruqciuli simartivisa, 

resoris RerZuli deformaciis dros, mis ganivkveTSi 

praqtikulad ar moqmedebs gamWimavi Zalebi da Sesaba-

misad ar warmoiqmneba arasimetriuli Zabvebi. 

 brtyelresorebiani drekadi elementebis mqone 

ormasiani vibraciuli manqanis konstruqciuli sqema 

moyvanilia nax. 23.3-ze. sadac 1 – aqtiuri masaa (muSa 

organo), 2- reaqtiuli masaa, 3 – resorebis paketia, 4 - 

eleqtromagniti. 
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nax. 23.3 

 brtyelresoruli sistema warmoadgens foladis 

calkeuli resorebis nakrebs, romelic boloebiT aris 

Camagrebuli, Camagrebis budeebSi. resorebi erTmaneTisgan 

gancalkevebulni arian SuasafenebiT an cilindruli 

gorgolaWebiT. Camagrebis orTave saxe naCvenebia nax. 22.4 

a) da b) –ze.  

 

         a)                       b) 

                  nax. 23.4 

pirvel SemTxvevaSi safenebi gamoricxaven reso-

rebis erTmaneTTan xaxuns, Sesabamisad, maTi muSaobis 
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procesSi ukeTesi pirobebia resorebis gagrilebis 

TvalsazrisiT. magram resorsa da safens Soris xaxunis 

gamo arsebobs energiis sakmaod didi danakargebi. meore 

SemTxveva gacilebiT ukeTes pirobebs qmnis resorebis 

muSaobisTvis, radgan resorebis gancalkevebasTan erTad 

Camagrebis adgilebSi xaxunze energiis danakargebi gaci-

lebiT mcirea. srialis xaxuni am ASemTxvevaSi icvleba 

gorvis xaxuniT. xaxunze danakargebis Semcirebas 

gansakuTrebiT mniSvneloba aqvs rezonansul reJimSi 

momuSave vibraciuli manqanebisTvis. garda amisa 

resorebis aseTi paketi zrdis konstruqciis saimedobas 

da saSualebas iZleva gaizardos resoris sisqe da 

Semcirdes maTi ricxvi. 

 Suasafenebiani resoruli drekadi sistemis 

parametrebis gaangariSeba daiyvaneba xistad Camagrebuli 

erTmaliani Zelis gaangariSebaze. sqematiurad igi 

naCvenebia nax. 23.5 – ze. aseTi Zelis ganxilvis dros, mis 

Sua nawilSi CaRunva, sadac modebulia Seyursuli gareSe 

moqmedi Zala, iangariSeba Semdegi formuliT: 

                      
 

,
192

3

EI
LF

A a                     23.6 

sadac  F - aris gareSe moqmedi aRmgznebi Zala, aL - aris 

resoruli paketis Tavisufali sigrZe,   - aris Camagrebis 

koeficienti da miiReba  1,2 – 1,05 zRvrebSi, E  - drekadobis 

modulia, I - resoris ganivkveTis inerciis momentia. 
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                                nax. 23. 5 

 ganxiluli SemTxvevisTvis resoruli paketis 

sixiste gamoiTvleba Semdegi gamosaxulebiT: 

                       
 

.192
3aL
EI

A
Fc                    23.7 

 Tu CavsvamT I -s mniSvnelobas, sadac 

                           ,
12

3nbaI                      23.8 

sadac b - resoris siganea, a- resoris sisqea, n - 

resorebis raodenobaa paketSi, miviRebT: 

                       
 

.16
3

3

aL
nEbac                       23.9 

 resorebis paketSi Zabvebis gamosaTvlelad 

gamoiyeneba Semdegi gamosaxuleba: 

                     
 3
12




aL
AaE

 .                      23.10 
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vibromanqanis dakidebis amortizatorebis gaangariSeba 

 drekadi amortizatorebis gamoyeneba vibraciul 

manqanebSi warmoadgens izolirebis ufro gavrcelebul 

saxes. zogadad amortizatorebi gamoiyeneba imisaTvis, 

rom minimumamde iqnas dayvanili mavne vibraciebis gada-

cema mzid konstruqciebze da Sesabamisad garemoze. 

vibraciul manqanebSi drekadi amortizetorebi gvxvdeba 

rogorc dakidebis kvanZebSi aseve maT sayrden konstruq-

ciebSi. amJamad arsebobs drekadi amortizatorebis kons-

truqciebis sakmaod mravalsaxeoba, romlebic icavs 

nagebobebs da fundamentebs dinamiuri datvirTvebisagan. 

konstruqciuli TvalsazrisiT yvelaze martiv saxes 

warmoadgens amortizatorebi, romlebSic gamoiyeneba 

cilindruli zambarebi. (nax. 23.6).  

 

                                 nax. 23.6 
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 cilindruli  zambarebiani amortizatorebis para-

metrebis dasadgenad gamoiyeneba gaangariSebis miaxlo-

ebiTi meTodebi, romlebSic ZiriTadad aqcenti gakeTebu-

lia statikur datvirTvaze. amave dros maTSi nawilobriv 

gaTvaliswinebulia dinamikuri datvirTvebic. rogorc 

praqtika uCvenebs gaangariSebis aseTi meTodebi sakmao 

sizustiT asaxavs amortizatorebis muSaobis pirobebs da 

saimedoa eqspluataciaSi.  

 vixilavT vibraciul manqanas, romelic dakidebu-

lia oTx drekad amortizatorze da datvirTulia 

satransporto masaliT, nax. 23.7.  

datvirTvis reaqciebi zambarebSi SeiZleba vianga-

riSoT Semdegi gamosaxulebebiT: 

 

              

   
 

   
  ,

2

;
2

dc
dmdbmdam

R

dc
cambcmcm

R

WMF
B

FMW
A











     23.11 

sadac Mm  - muSa organoze arsebuli masalis masaa, Wm - 

muSa organos masaa, Fm - vibroamZravis masaa. a, b, c, d – 

geometruli zomebia, romlebic Cans naxazidan. 

oTxive amortizatoris jamuri sixiste iangariSeba 

formuliT: 
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nax. 23.7 

  

                       ,2
04 mC                        23.12 

sadac manqanis mTliani masa ,FWM mmmm   

xolo ,00 f2   0f - zambaris sakuTari sixSirea. aqve 

unda avRniSnoT, rom zambaris sakuTari wriuli sixSire 

0  naklebi unda iyos vibromanqanis ZiriTad muSa   

sixSireze. Tanafardobis miRebuli sididea .4
0





  

 erTi zambaris sixiste Sesabamisad udris: 
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                         ,
n

CC 4
1                      23.13 

sadac n - amortizatorebis raodenobaa. 

 Tu SevarCevT zambaris parametrebs, kerZod xviis d 

diametrs da zambaris saSualo D diametrs, aseve muSa 

xviebis raodenoba i – s, maSin aseTi zambaris sixiste 

gamoiTvleba formuliT: 

                         .
iD8

GdC 3

4

1                     23.14 

 zambaris moqmedi Zalisgan deformacia iangariSeba 

Semdegi TanafardobiT: 

                          .
1C
RA                       23.15 

 Zabva zambaraSi SeiZleba viangariSoT 

gamosaxulebiT: 

                        .
8

3
1

d
CD




                       23.16 

 ukanaskneli formuliT naangariSevi sidide 

naklebi unda iyos zambaris masalisTvis miRebul Zabvis 

dasaSveb sidideze. 
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vibraciuli manqanis muSa organos masis centris gansaz-

Rvra 

 vibraciuli satransporto-teqnologiuri manqane-

bis daproeqtebis dros aucilebeli xdeba Catarebuli 

iqnas gaangariSebebi muSa organos simZimis centris 

mosaZebnad. simZimis centris povna ukavSirdeba misi 

koordinatebis gansazRvras. 

 nax. 23.7 gamosaxuli vibraciuli manqanis muSa 

organos simZimis centris koordinatebi SeiZleba 

ganvsazRvroT Semdegi formuliT: 

           ,;
m

ym
Y

m
xm

X jjjj 



      23.17 

sadac jm  - muSa organos calkeuli elementebis masebia, 

jx  da jy  maTi simZimis centrebis koordinatebi. m  - muSa 

organos mTliani masaa. 

 muSa organos masis centris moZebnis aucilebloba 

ganpirobebulia im garemoebiT, rom vibraciis 

mimarTuleba unda gadiodes aRniSnul centrSi. 

winaaRmdeg SemTxvevaSi warmoiqmneba Zalis momenti am 

centris mimarT rac iwvevs e.w. galapirebas, anu 

warmoqmnis parazitul rxevebs, romlebic uaryofiT 

gavlenas axdens manqanis ZiriTad muSa rxevebze. 
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vibraciuli manqanis gaangariSebis magaliTi 

 ganvixiloT vibraciuli manqanis gaangariSebis 

ricxobrivi magaliTi. tipiur magaliTad aviRoT 

vibraciul teqnikaSi sakmaod gavrcelebuli da 

mrewvelobis mraval drgSi gamoyenebuli e.w. vibraciuli 

mkvebavi. gansaxilvel SemTxvevaSi vibraciuli mkvebavi 

warmoadgens ormasian rxeviT sistemas, romlis masebi 

dakavSirebulia erTmaneTTan resorebis Semcveli drekadi 

elementiT. manqana dakidebulia zambarebian oTx amorti-

zatorze. muSaobis reJimi mkvebavisTvis aviRoT rezonans-

Tan axlos, rezonansis Semdgomi awyobiT. 

 upirveles yovlisa unda winaswar vicodeT Tu 

rogori mwarmoeblobis gvinda iyos vibraciuli mkvebavi 

satransporto masalis gvarobidan gamomdinare. Satrans-

porto masalad SevarCioT qviSa, romlis moculobiTi 

wona  = 150 n/m3. 22.2 formulaSi mwarmoeblobis gansazR-

vrisaTvis saWiroa vicodeT transportirebis siCqare, 

romelic Tavis mxriv gamoiTvleba 22.1 formuliT: 

cos4AfV  . 

siCqaris formulaSi SesarCevi sidideebia: muSa 

organos rxevis amplituda A. miviRoT igi A = 5.10-3 m 

sididis toli, muSa 

organos rxevis sixSire f , romelic SeiZleba 

SevarCioT nebismieri sididis, gamomdinare teqnologiuri 

procesidan. gamartivebis mizniT mkvebavisTvis aviRoT 
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eleqtromagnituri vibroamZravi, romelic ikvebeba 

eleqtro qselidan da Sesabamisad misi rxevis sixSire 

iqneba f  = 50 herci. vibraciis mimarTuleba, anu vibroamZ-

ravis daxra horizontaluri muSa organos mimarT aviRoT 

200- iani kuTxiT, anu   = 200. am monacemebis CasmiT 

siCqaris formulaSi miviRebT:                               

V  = 4.5.10-3.50.cos200 = 0.94 m/wm. 
  masalis transportirebis siCqaris gansazRvris 

Semdeg SegviZlia viangariSoT vibraciuli manqanis 

mwarmoebloba 22.2 formuliT, Tu cnobilia satranspor-

to zedapirze gadasaadgilebeli masalis Sris ganivkve-

Tis farTobi. SegviZlia moviqceT piriqiT, anu, rogorc 

zemoT avRniSneT, winaswar davgegmoT mwarmoebloba da 

vipovoT masalis ganivkveTis farTobi. Tu miviRebT Q = 

1000 n/sT, maSin 22..2 formulidan 





376.015036

1000
36 V
QS


0.2 m2. 

 muSa organoze gadasaadgilebeli masalis ganivkve-

Tis farTobis gansazRvris Semdeg 22.3 formulidan 

SegviZlia vipovoT muSa organos erTerTi gabarituli 

zoma Tu davuSvebT meores. Raris formis muSa organos 

SemTxvevaSi davuSvaT, rom misi simaRlea H = 0.25 m, xolo 

muSa organos Sevsebis koeficienti aviRoT K = 0.8, maSin 

miviRebT, rom Raris sigane iqneba B = 1 m. 
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 masalis transportirebisaTvis saWiro simZlavris 

gamosaTvlelad unda vicodeT masalis moculobiTi wona, 

romelic erTdroulad imyofeba muSa organos zedapirze. 

igi gamoiTvleba 22.4 formuliT. Tu SevarCevT muSa 

organos sigrZes L = 1.0 m, maSin masalis wona iqneba: 

5.371501125.0  LBHmM n. 

garda amisa, rogorc ZiriTad teqstSi gvqonda 

aRniSnuli, vibraciuli manqanis gaangariSebis dros misi 

realuri muSa reJimis dasadgenad saWiro xdeba gaTva-

liswinebuli iqnas muSa organoze e.w. mierTebuli masa. 

es aris satransporto masalis is nawili, romelic 

emateba manqanis aqtiur masas. igi iangariSeba 21.3 formu-

liT. Tu SevarCevT mierTebis koeficients ξ = 0.2, rac 

SerCeuli masalisaTvis praqtikuli gamocdilebidan 

aiReba, miviRebT 

5.75.372.0  Mb mm  n. 

 Sesabamisad, vibroamZravis masalis gadasaadgileb-

lad saWiro simZlavre 22.5 formulis Tanaxmad iqneba 

W = 4 . 37.5 . 5.10-3 . 2 . 3.14 . 50 . 0.34 = 80 vati. 

radgan SerCeuli gvaqvs vibromkvebavis muSaobis 

rezonansuli reJimi, masSi aRZruli inerciis Zalebi da 

drekadi aRmdgeni Zalebi erTmaneTs awonasworebs da 

Sesabamisad miRebuli simZlavre sxva danaxarjebis 

gauTvaliswineblad ixarjeba masalis transportirebaze 
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 mTlianad mkvebavis muSa reJimisTvis saWiro 

simZlavre gadasaadgilebeli masalis Sinagani winaaRmde-

gobis Zalebis gauTvaliswineblad toli iqneba: 

W = 4 .107.5 . 5.10-3 . 2 . 3.14 . 50 . 0.34 = 230 vati. 

 cxadia, Tu gaviTvaliswinebT sxva winaaRmdegobis 

Zalebs, rogoricaa masalis gadaadgilebis dros Sinagani 

xaxuni, xaxuni sakontaqto zedapirebSi, haeris winaaRmde-

goba da sxva, vibroamZravis saWiro simZlavre iqneba meti.  

 rogorc aRniSnuli gvqonda ormasiani rxeviTi 

sistemebis rezonansze awyobis dros SesaZlebelia masebi 

iyos Semdegi TanafardobiT: 

.;; rarara mmmmmm   

 21.4 formulis Tanaxmad pirvel SemTxvevaSi masebs 

eqnebaT erTnairi rxevebis amplitudebi, meore SemTxve-

vaSi aqtiur masas eqneba naklebi rxevis amplituda, vidre 

aqtiurs da mesame SemTxvevaSi, piriqiT, aqtiur masas 

eqneba meti amplituda vidre reaqtiuls. samive Tanafar-

doba praqtikulad gamoyenebadia da ukavSirdeba 

mwarmoeblobas. didi mwarmoeblobisaTvis rekomen-

debulia mesame Tanafardoba, xolo mcire mwarmoeblobi-

saTvis – meore.  

 SevarCioT masebi meore Tanafardobidan da aviRoT 

isini am  = 30 kg,  rm  = 40 kg. radgan muSa organos 

amplituda ukve SerCeuli gvaqvs, anu aA  = 5 . 10-3 m, 21.4 

formulidan viangariSebT reaqtiuli masis amplitudas 
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40
10530 3

r

aa
a m

Am
A 3.75 . 10-3 m. 

 sahaero RreCo, romelic saWiroa masebis rxevebis 

amplitudebis amosavsebad iangariSeba 20.5 gamosaxulebiT. 

Sesabamisad  

,1075.81075.3105 333 bAAb ra  
 

anu sahaero RreCo miviRoT b  = 10.10-3 m-s toli. 

  rezonansul reJimSi, rodesac ω = ω0, 23.1 formulis 

Tanaxmad, drekadi sistemis sixiste toli iqneba: 

    







4030

40305014.322 22

ba

ba

mm
mm

fc  1690217 n/m. 

 Cven gvinda, rom vibraciuli mkvebavis muSaobis 

reJimi iyos rezonansis Semdgomi, anu 1
0





. aviRoT es 

Tanafardoba iyos 1.2-s toli. sidanac 
2.10
  . 

Sesabamisad drekadi sistemis sixiste toli iqneba: 











 

4030
4030

2.1
5014.32

2

c  1173463 n/m. 

 imisaTvis, rom sabolood davazustoT sixistis 

mniSvneloba saWiroa gaviTvaliswinoT mierTebuli masa, 

anu davumatoT igi aqtiur masas. radgan mierTebuli masa 
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bm  = 7.5 n, jamuri masa 21.2 formulis Tanaxmad 

5.375.730  baab mmm n, Sesabamisad:  

405.37
405.37

2.1
5014.32

2










 c = 1325215 n/m. 

 SevirCioT brtyeli resoris standartuli zomebi: 

sigane b=0.06 m, sisqe a=8.10-3 m da Tavisufali sigrZe La=1.0 

m. Camagrebis koeficienti  aviRoT 1.1 – is toli, anu  = 

1.1. drekadobis moduli foladisaTvis Seadgens E =2.1.1011 

n/m2. aRniSnuli sidideebis CasmiT 23.9 gamosaxulebaSi 

viangariSebT resorebis raodenobas: 

   
06.0108101.216

1.10.11325215
16 9311

3

3

3




 bEa
Lc

n a
 = 17.1, 

miviRoT resorebis raodenoba iyos n = 17. 

23.10 gamosaxulebis Tanaxmad resorebSi Zabvebi 

toli iqneba: 

   








3

1133

3 1.10.1
101.21081051212




aL
AaE

 76.106 

n/m2., 

rac naklebia foladisTvis dasaSveb Zabvaze,    = 10.108 

n/m2. 

vibroamZravis wevis Zalis saangariSod gamoviye-

noT 3.10 gantoleba, saidanac: 
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1104
2.1

1110513252151 3
2
0

2







 








 


cAF n. 

drekad amortizatorebad SevarCioT zambarebiani 

amortizatorebi, maTi raodenoba ki aviRoT 4. zambarebis 

sakuTari sixSire unda gacilebiT naklebi iyos ZiriTad 

muSa sixSireze. aviRoT f0 = 4 hc, anu 0 = 2f0 = 25.12 

rad/wm. garda amisa  saangariSod saWiroa vicodeT 

manqanis mTliani masa  

5.10740305.37  FWM mmmm n. 

am monacemebiT 23.12 formulidan zambarebis 

jamuri sixiste udris: 

 22
04 12.255.107mC  67834 n/m. 

erTi zambaris sixiste ki udris: 


4

678344
1 n
C

C 16958 n/m. 

SevarCioT zambaris parametrebi. xviis diametri d = 

1.10-3 m, zambaris saSualo diametri D = 1.10-2 
m, maSin 21.14 

tolobidan vipoviT muSa xviebis raodenobas, anu: 

6

1211

3
1

4

101169588
101105.8

8 







DC

Gdi = 6.3, 

miviRoT i = 6. 

zambaris deformaciis gansasazRvravad jer 

vipovoT  reaqcia 23.11 formulidan. masSi Semavali masebi 

ukve cnobilia. geometriuli zomebi ki miiReba mTlianad 
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muSa organosa da vibroamZravis zomebis dadgenis Semdeg. 

Cvens SemTxvevaSi avirCoiT isini Semdegi mniSvnelobebiT: 

a = 0.4 m, b = 0.1 m, c = 0.3 m, d = 0.2 m. ricxviTi sidideebis CasmiT 

23.11 formulaSi miviRebT: 

   
 

   
  










2.03.02
3.04.0401.03.05.373.030

2 dc
cambcmcm

R FMW
A 12n. 

   
 

   
  










2.03.02
2.0302.01.05.372.04.040

2 dc
dmdbmdam

R WMF
B 41n 

zambaris deformacia   udris: 


16958

12

1
1 C

RA 7.10-4m.  
16958

41

1
2 C

RB 2.4.10-3m. 

Zabva zambaraSi toli iqneba: 

             

 
8

33

42

3
11

1 103
10114.3

1695810710188











d
CD




 n/m2   . 

           

 
8

33

32

3
12

2 1010
10114.3

16958104.210188











d
CD




 n/m2   .  
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