
meqanikuri sistemebi – fermi-pasta-ulamis jaWvi (FPU chain) 
 

qvemoT moyvanili sqematuri suraTis Sesabamisad unda daiweros gantolebebi 
yvela burTulas gadaxrisaTvis. n-uri burTulis gadaxra wonasworuli 
mdgomareobidan aRvniSnoT un-iT. amasTan gaviTvaliswinoT, rom zambaris 
SekumSvisas an gaWimvisas aRZruli Zala Semdegnairadaa damokidebuli 
deformaciis sidideze: F=-dE/dx=-kx-k3x3, sadac k hukis konstantaa, xolo k3 ki 
arawrfivi konstanta. maSin niutonis meore kanoni n-uri burTulisTvis 
Semdegnairad daiwereba:   
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sadac m burTulis masaa. axla Tu SevcvliT kmtt ,  → 3kkuu , 

sabolood miviRebT n meore rigis diferencialuri gantolebebis sistemas 
uganzomilebo cvladebiT:  
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am saboloo saxiT gvxvdeba xolme es gantoleba literaturaSi.  
 upirveles yovlisa, moviciloT arawrfivi kuburi wevrebi da vnaxoT ra 
yofaqceva aqvs gawrfivebul gantolebaTa sistemas: 
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anu vipovoT misi maxasiaTebeli dispersiuli Tanafardoba. amisTvis 
warmovadginoT un Semdegi saxiT: 
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(sadac ϕ  mudmivaa) da CavsvaT (2) gantolebaSi. axla Tu gaviTvaliswinebT, rom 
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maSin miviRebT dispersiul Tanafardobas: 

)cos1(22 p−=ω  



es dispersiuli mrudi mocemulia naxazze. rogorc vxedavT, am sistemis 
dispersias “bunebrivi” RreCo ara 
aqvs, dispersia mxolod zemodan da 
qvemodan aris SemosazRvruli, anu 
sixSire ω - s ar SeuZlia miiRos 2-
ze meti da -2-ze naklebi 
mniSvnelobebi. ese igi sistemas 
aqvs maRalsixSiruli (egreT 
wodebuli “cutoff”) RreCo | 2|>ω , 
rac fermi-pasta-ulamis modelis 
diskretulobasTanaa dakavSire-
buli. RreCoebis mdebareoba 
informacias gvaZlevs, Tu ra 
sixSireebiTaa SesaZlebeli 
sistemis aRgzneba. ese igi Tu Cven 

vamoZravebT jaWvis erT bolos ω<2 
sixSiriT, maSin sistemaSi 
aRiZvreba talRebi da energiac 

Seva, sawinaaRmdego SemTxvevaSi ki mxolod pirveli ramdenime burTula 
daiwyebs rxevas, xolo sxva danarCenebi TiTqmis uZravni darCebian. amis 
demonstraciisTvis Tan vurTav MATLAB-is failebs fputest.m da fputest1.m.  
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sasazRvro pirobebi 
 
1. dirixles sasazRvro piroba 
 ricxviTi simulaciebisTvis mniSvnelovania sasazRvro pirobis codna 
mocemuli amocanisTvis. magaliTad (1) sistema Cawerilia n=1-dan N  burTulamde 
da marTlac SegviZlia visargebloT (1) gantolebebiT oRond n=2-dan N-1-mde, 
radgan gantolebaSi Sedis un+1, romelic araa gansazRvruli Tu n=N. es 
problema advilad moixsneba, Tu CavTvliT, rom N+1 burTula xistadaa mibmuli 
kedelze, xolo 0-ovan burTulas ki varxevT harmoniulad. es imas niSavs, rom 

sasazRvro pirobebi Caiwereba ase: )cos(0 tu ω= ;  uN+1=0. aseT pirobebs dirixles  

sasazRvro pirobebi (Dirichlet boundary conditions) ewodeba. kontinualur miaxloebaSi 
es pirobebi TiTqmis igivenairad iwereba: )cos()0( tnu ω== ;  u(N+1)=0. amgvarad 
mTliani sistema Tavisi sasazRvro pirobebiT Semdegnairad daiwereba: 
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axla MATLAB-Si simulaciebis gasakeTeblad es meore rigis diferencialuri 
gantolebebi pirvel rigis diferencialur gantolebebad unda gadavakeToT. 
magaliTad n=2,... N-1  burTulebisTvis: 
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da analogiurad sasazRvro n=1 da n=N –isTvis. 
 
2. noimanis sasazRvro piroba: 
sxvanairi sasazRvro pirobaa dasadebi Tu jaWvis bolo (ese igi N-uri 
burTula) dabmuli ki ara aramed Tavisufladaa. maSin bolo burTulaze 
marjvnidan Zala ar moqmedebs da maSin N-uri burTulisTvis gantoleba 
Semdegnairad gadaiwereba: 
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am Canawers axla Tu SevadarebT (1)-s SevamCnevT, rom es gantoleba (1)-dan 
miiReba n=N-isTvis Tu davadebT pirobas, rom uN+1=uN. kontinualur miaxloebaSi 

ki es ukanaskneli piroba Semdegnairad Caiwereba: 0)( =∂∂
=Nn

nnu . axla Tu 

CavTvliT, rom pirvel burTulaze raime harmoniuli Zala moqmedebs, ese igi 
)cos( tF ω= , maSin pirveli burTulis rxevis gantolebas Semdegi saxe eqneba (wina 

SemTxvevisgan gansxvavebiT, sadac nulovani burTula mocemuli kanoniT 
irxeoda, aq Zalaa modebuli): 
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es ki Tavis mxriv gamomdinareobs (1)-dan, Tu gvaqvs piroba ( ) ( ) Fuuuu =−+− 3
0101  

da kubur gantolebas Tu amovxsniT, miviRebT sabolood pirobas fuu =− 01 , 
sadac  f kuburi gantolebis erTaderTi fesvia. ese igi sabolood orive mxares 
noimanis sasazRvro pirobas (Neumann boundary conditions) miviRebT kontinualur 
miaxloebaSi: 
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2. perioduli sasazRvro piroba: 
es piroba gamoiyeneba, rodesac Sekruli jaWvi gvaqvs. am SemTxvevaSi Tvlian, 
rom uN+1=u1 da sazRvarze (1) sistemas Semdegnairad weren: 
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amocanebi 
 

1. gaakeTeT fermi-pasta-ulamis jaWvis dinamikis modelireba, roca saTaveSi 
modebulia perioduli Zala, xolo meore bolo Tavisufalia. 



2. gaakeTeT fermi-pasta-ulamis jaWvis dinamikis modelireba, roca gvaqvs 
perioduli sasazRvro pirobebi da yvela oscilatorze erTnairi 
perioduli Zala moqmedebs. 

3. gaakeTeT fermi-pasta-ulamis jaWvis dinamikis modelireba, roca luw 
oscilatorebs orjer ufro meti masa aqvT, vidre kent oscilatorebs. 

4. gaakeTeT fermi-pasta-ulamis jaWvis dinamikis modelireba, roca orive 
bolo dabmulia, xolo sawyisi drois momentSi pirveli moda aris 
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, sadac N oscilatorebis ricxvia. 

5. gaakeTeT fermi-pasta-ulamis jaWvis dinamikis modelireba, roca aRZrulia 
sasazRvro moda, anu roca sawyis momentSi yvela burTulis siCqare 

nulia, xolo wanacvlebebs aqvT saxe: . n
n Au )1()0( −=


