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alaskis navTobsadeni 

11 ricxviTi integreba da diferencireba 

problema: gazis da navTobwarmoebis gaumjobeseba 

alaskis navTobsadenis agebisas mravali problema warmoiSva. maT Soris erT-erTi 

umniSvnelovanesi iyo niadagis mradiuli yinuliT dafaruli safaris dacva 

milsadenis siTbosagan. milSi gamavali navTobi Tbeba milis kedlebze xaxunis 

gamo, amitom  sabjenebi, romelsac eyrdnoba milsadeni izolirebuli unda iyos 

yinulovani zedapirisgan, an mudmivad civdebodes, rom yinuli galRobisagan 

daicvas.  

 

Sesavali 

11.1 ricxviTi integreba 

problema: milsadenSi navTobis nakadis dinebis analizi 

11.2 ricxviTi diferencireba 

Sesavali 

integreba da diferencireba ZiriTadi koncefciebia gamoTvliT meTodebSi, rac 

fundamentur rols TamaSobs mravali sainJinro da samecniero problemis gadaWraSi. 

Tu zogierTi problema moiTxovs analizur amonaxsns integrebisa da diferencirebis 

saSualebiT, zogi maTganis amoxsna SeuZlebelia analizuri meTodiT da saWiro xdeba 

ricxviTi integrebisa da diferencirebis meTodis gamoyeneba.  

 

am TavSi ganvixilavT ricxviTi integrabisa da diferencirebis sakiTxebs da 

MATLAB-is Sesabamis funqciebs. 
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11.1 ricxviTi integreba 

 

f(x) funqciis integrali [a,b] intervalze ganisazRvreba rogorc farTi, romelsac 

SemosazRvravs f(x) wiri a-dan b-mde. rogorc nax. 11.1 –zea naCvenebi Tu integralis 

mniSvneloba K tolia, f(x) funqciis saSualebiT igi ase Caiwereba: 

 


b

a

xfK )(  

 

mravali funqciisaTvis am integralis gamoTvla SesaZlebelia analizurad, magram 

zogierTi fiunqciisaTvis, roca es SeuZlebelia, saWiroa ricxviT meTodebs 

mivmarToT. funqciis ricxviTi integerebis amocana imaSi mdgomareobs, rom 

integralqveSa funqciis mniSvnelobaTa mixedviT gamovTvaloT integralis 

mniSvneloba. erTi cvladis funqciis gansazRvruli integralis gamoTvlas funqciis 

mniSvnelobaTa mixedviT zogjer meqanikur kvadraturas uwodeben. meqanikuri 

kvadraturis Cveulebrivi xerxi imaSi mdgomareobs, rom mocemul f(x) funqcias 
gansaxilvel intervalze cvlian mativi saxis mainterpolirebeli an 

maaproqsimirebeli g(x) funqciiT (magaliTad mravalwevriT). 

  

Tu fuvqcias Zalian mcire intervalebze wrfis monakveTebiT SevcvliT, SegviZlia 

gamovTvaloT miRebuli trapeciebis farTobebi da SevkriboT. ase SevafasebT wiriT 

Semofarglul farTs da vipoviT integralis mniSvnelobas. SegviZlia wrfis magier 

kvadratuli funqcia aviRoT da ise SevafasoT integralis mniSvneloba. am meTods 

simpsonis wess uwodeben.  

 

 

 

nax. 11.1 funqciis integrali 

 

 



11 ricxviTi integreba da diferencireba 3

 

 

11.1.1 trapeciis da simpsonis meTodi 

Tu intergralqveSa funqciis Sesabamisi wiriT Semofargluli farTobi dayofilia 

mcire zomis trapeciebad da Tu intervali [a,b] dayofilia n tol nawilad maSin 

farTobi aproqsimirdeba Semdegi formulis saSualebiT (trapeciis wesi): 
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sadac xi warmoadgens trapeciis kidura wertilebs da x0 =a da xn =b.  
Tu wiriT Semofargluli farTi dayofilia kvadratuli wiriT Semofarglul 

nawilebad da intervali [a,b] dayofilia 2n tol nawilad, maSin faraTi 

aproqsimirdeba simpsonis formuliT: 
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sadac xi warmoadgens dayofis wertilebs da x0 =a , x2n =b  da h=(b-a)/(2n). 
 

Tu maaproqsimebeli funqcia ufro maRali rigisaa (trapeciis wesi eyrdnoba wrfiv 

da simpsonis formula kvadratul funqcias) integralis mniSvnelobis 

gamosaTvlelad sargebloben sxva meTodebiT, magaliTad - gaus-lobatos meTodi. 

 

integralis mniSvneloba ufro zustia, rac ufo mcire monakveTebadaa dayofili 

intervali. Tu SevecdebiT funqciis integrebas (singularobis) wyvetis wertilSi 

(sadac funqcia an misi warmoebuli usasrulobaa an gansazRvruli ar aris) 

damakmayofilebel pasuxs ver miviRebT. 

 

MATLAB funqciebi integrebisaTvis 
 

MATLAB -s gaaCnia funqcia trapeciis wesiT integrebisaTvis: 
 

trapz(x,y) y funqciis integrali x-is mimarT trapeciis wesiT. x
da y erTnairi sigrZis veqtorebi unda iyos, 

 

am funqciis sailustraciod ganvixiloT funqcia humps(x), es MATLAB 
sademonstracio funqciaa, aqvs pikebi  x=0.3 da x=0.9 maxloblad nax. 11.2.  
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nax. 11.2 funqciis humps(x) grafiki intervalSi [-1, 2] 

 

 

trapz axdens farTis aproqsimacias trapeciis wesiT. n=18 qveintervalisaTvis 

integralis aproqsimirebis procesi aseTia: 

 
x = linspace(-1, 2, 18) 
y = humps(x); 
area = trapz(x,y) 
 
area = 
   25.1406 

 

Tu naxazis mixedviT vimsjelebT integralis arcTu ise karg Sefasebas miviRebT, 

magarm Tu x ufro mcire intervalebad davyofT, Sedegsac ukeTess miviRebT. 

 
x = linspace(-1,2,401); 
y = humps(x); 
area = trapz(x,y) 
area = 
26.3449 

 
sainteresoa iseTi integralis gamoTvla, romlis zeda szRvari cvladia. 

 


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11 ricxviTi integreba da diferencireba 5

integralis qveda sazRvari gansazRvrulia, x da y erTnairi zomis veqtorebia, 

cumtrapz(x,y) gvaZlevs y funqciis kumulaciur integrals, imave zomis z axal 

veqtors, romlis n-uri elementi warmoadgens integralis mniSvnelobas x(1) dan 

x(n)-mde (aproqsimireba xorcieldeba trapeciis wesiT). 

 

MATLAB-s funqciis ricxviTi integrebisaTvis sxva funqcebic aqvs. quad funqcia 
eyrdnoba simpsonis adaptirebul formulas, xolo quadl – gaus - lobatos meTods.  

 

quad funqciis umartivesi forma moiTxovs sam arguments: funqciis brWyalebSi 

Casmuli saxels, romelic gvaZlevs veqtors f(x) funqciis mniSvnelobebiT, roca 

mivawvdiT x mniSvnelobaTa veqtors; SeiZleba es iyos MATLAB funqciis saxeli, 

magaliTad sin an Cvens mier Seqmnili funqcii saxeli. meore da mesame argumenti 

intervalis a da b sazRvrebia, romelSic integralis mniSvneloba gvinda 

daviTvaloT.  

 

quad funqciis sailustraciod gamovTvaloT integrali: 
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a da b arauaryofiT mniSvnelobaTaTvis. 

xxf )(  funqciis grafiki intervalSi [0,5] warmodgenilia naxazze; x<0 
mniSvnelobaTaTvis funqciis mniSvnelobebi kompleqsuri ricxvebia. am funqciis 

integreba SesaZlebelia analizuradac da igi tolia: 

 2/32/3

3

2
abK 

 
Semdegi programa saSualebas gvaZlevs gamovTvaloT integralis mniSvnelobebi 

gansazRvrul intervalSi quad funqciiT da analizurad: 
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nax. 11.3 funqcia xxf )(  

 

 

  
 This program compares the quad function with the 
 analytical results for the integration of the  
 square root of x over an interval [a, b], where 
 a and b are non-negative 
  
a = input('Enter laft endpoint >= 0  '); 
b = input('Enter right endpoint >= 0  '); 
k = 2/3*(b^(1.5) - a^(1.5)); 
kq = quad('sqrt',a,b); 
kq1 = quadl('sqrt',a,b); 
fprintf(‘Analytical: %f\n Numerical: %f%f%f’, k, kq, kq1) 
 

SevamowmoT programa sxvadasxva intervalze: 

 

intervali  [0.5, 0.6] 

 
Analytical:   0.074136  
Numerical:   0.074136  0.074136  
  

intervali [0, 0.5] 

 
Analytical:   0.235702  
Numerical:   0.235695  0.235702  
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intervali [0, 1] 

 
Analytical:   0.666667  
Numerical:   0.666660  0.666665   

 
quad da quadl funqciebs SeiZleba hqondeT meoTxe argumentic: dasaSvebi 

mniSvneloba(tolerance) funqciis integreba iqamde grZeldeba, vidre cTomileba am 

parametrze naklebia: 

 

(wina Sefaseba - mimdinare Sefaseba)/wina Sefaseba < dasaSvebi mniSvneloba 

 

Tu es parametri Tavidan araa miTiTebuli, mis mniSvnelobad iTvleba 0.001. Tu am  

funqciebs aqvT mexuTe, aranulovani argumenti, integralis saboloo mniSvnelobasTan 

erTad Sualeduri safexuris mniSvnelobebsac mogvcems.  

 

Tu funqcias gaaCnia singularobis wertilebi Sualedis SigniT, intervali ramdenime 

qveintervalad unda daiyos da ise gamoiTvalos saboloo mniSvneloba, xolo 

singularobis wertilebSi integralis mniSvneloba Sefasdes sxva meTodiT, 

magaliTad lopitalis wesiT. 

 

savarjiSo 

 

mocemulia funqcia ||)( xxf  , gamoTvaleT Semdegi integrali analizurad 

da quad funqciis saSualebiT. Sedegebi SeadareT erTmaneTs: 

 

1. dxx
6.0

5.0
||  
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5. dxx
5.0
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problema: milsadenSi navTobis nakadis moZraobis analizi 

 

am magaliTSi gavaanalizebT milsadenSi navTobis nakadis dinebas. wriul milSi 

siTxis dinebis analizs gamoyenebis mravali sfero gaaCnia, maT Soris sisxlis dineba 

arteriebsa da venebSi, wyalmomaragebis sistema qalaqSi, irigaciuli sistema soflis 

meurneobaSi, melnis nakadi Wavluri tipis printerSi da sxva. 

 

wriul milSi siTxis dinebisas xaxuni milis kedlebze ganapirobebs ‘siCqaris 

profils’. siTxis is nawili, romelic uSualod exeba milis kedlebs, TiTqmis ar 

moZraobs, xolo milis centrSi gamavali siTxe yvelaze swrafad moZraobs.       

nax. 11.4 mocemuli diagrama gviCvenebs rogor icvleba milSi gamdinare navTobis 

siCqare milis diametris gaswvriv da gansazRvravs analizisaTvis saWiro cvladebs. 

siCqaris profils aRwers Semdegi gantoleba: 
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n mTeli ricxvia 5 -sa da 10 -s Soris, romelic gansazRvravs nakadis formas 

(forward flow). Cvens SemTxvevaSi n=8. milSi nakadis saSualo siCqare gamoiTvleba 

siCqaris profilis integrebiT 0-dan milis radiusis r0 mniSvnelobamde, formuliT: 
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n da max  mniSvnelobebi SesaZlebelia gaizomos eqsperimentulad,  r0 milis 

radiusia. dawereT MATLAB programa, romelic siCqaris profilis integrebiT 

gansazRvravs milSi navTobis nakadis moZraobis saSualo siCqares. 

 

 

nax. 11.4 milSi gamdinare navTobis siCqaris profili 

 

 

1. amocanis dasma 

 

gamovTvaloT milSi gamdinare navTobis saSualo siCqare. 

 

2. INPUT/OUTPUT aRwera 
 

rogorc nax. 11.5 diagrama uCvenebs, programam Sedegad unda mogvces milSi gamdinare 

navTobis nakadis saSualo siCqare. nakadis siCqaris udidesi mniSvneloba max , milis 

radiusi r0 da n programaSi gansazRvrulia rogorc mudmivi sidideebi.  
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nax. 11.5 I/O diagrama 

 

 

3. saxeldaxelo amoxsna 

 

Tu davuSvebT, rom r0=0,5 m, n=8, SegviZlia avagoT r(1-r/r0)
1/n funqciis grafiki, 

romelic naCvenebia nax. 11.6 am funqciis integralis saSualo mniSvneloba SegviZlia 

SevafasoT am naxazidan im samkuTxedebisa da marTkuTxedebis jamis saSualebiT(nax. 

11.7), romelTac Semowers funqciis grafiki: 

 

 

nax. 11.6 milSi gamdinare navTobis nakadis siCqaris profili 
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nax. 11.7 integralis aproqsimireba 

 

 

farTobi = 0.5(0.4)(0.35)=0.105 

 

gavamravloT miRebuli farTobi 2 max /r0
2, rom miviRoT siCqaris saSualo 

mniSvneloba. Tu davuSvebT, rom max  = 1.5, miviRebT siCqaris saSualo mniSvnelobas 

1.260. 

 

4. MATLAB amoxsna 
 

integralis gamosaTvlelad visargebloT quad funqciiT. misi erT-erTi  parametria 
im funqciis saxeli, romelic gamoiTvlis integralqveSa funqciis mniSvnelobebs.  

amitom unda davweroT M-funqcia, romelic gamoiTvlis integralqveSa funqciis 

mniSvnelobebs. programaSic da funqciaSic mudmivebis saxiT unda SevitanoT Semdegi 

sidideebis mniSvnelobebi: max , r0 . 

 
  
 This program computes the value of the 
 averaje flow velosuty for a pipeline 
 using numerical integration. 
  
vmax = 1.5; 
r0 = 0.5; 
  
integral = quad('velocity', 0, 0.5) 
  
ave_velocity = (2*vmax/(r0^2))*integral 

 
unda SevqmnaT agreTve M-faili  velocity.m romelic gansazRvravs integralqveSa 

funqcias: 

 
function v = velocity(r) 
 VELOCITY     This function is related to the 
 average flow velocity of the pipe. 
  
r0 = 0.5; 
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n = 8; 
  
v = r.*(1-r/r0).^(1/n); 
 
5. Semowmeba  

 

Sedegad miviRebT : 

 
integral =     
           0.1046 
ave_velocity =  
           1.2548 

 
Cvens mier Sefasebuli mniSvnelobebi iyo: 0.105 da 1.260, Sesabamisad. 

 

11.2 ricxviTi diferencireba 

 

funqciis f(x) warmoebuli aris axali funqcia f(x) romelic ganisazRvreba rogorc x 
argumentis cvlilebis siCqare. igi ganisazRvreba rogorc funqciis nazrdis 

Tanafardoba argumentis nazrdTan. 

 

dx

xdf
xf

)(
)(   

 

mravali fizikuri procesis Seswavlisas gvWirdeba SevafasoT cvladis cvlilebis 

siCqare. magaliTad, siCqare mdebareobis cvlilebis zomaa (m/wm), xolo aCqareba - 

Tavad siCqaris cvlilebis (m/wm2). SeiZleba vaCvenoT, rom aCqarebis integrali 

siCqaris tolia, xolo siCqaris integrali - manZilis. amrigad integreba da 

diferencireba urTierTSebrunebuli procesebia, funqciis warmoebulis integreba 

sawyis funqcias gvaZlevs. integralis warmoebuli iZleva sawyis funqcias mudmivi 

sididis sxvaobiT. 

 

geometriulad funqciis warmoebuli warmoadgens mocemul wertilSi funqciis 

mxebis mier x RerZTan Sedgenili kuTxis tangenss. a wertilSi funqciis 

warmoebului f(a) naCvenebia nax. 11.8.  
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nax. 11.8 f(x) funqciis warmoebuli a wertilSi 

 

 

radgan funqciis warmoebuli mocemul wertilSi am wertilze gavlebuli mxebis 

daxraa, Tu viciT, rom funqciis warmoebuli mocemul wertilSi nulis tolia, 

maSin am wertilSi gavlebuli mxebi horizontaluri wrfe iqneba. funqciis im 

wertilebs, sadac warmoebuli nulis tolia funqciis kritikul wertilebs 

uwodeben da es SeiZleba iyos funqciis horizontaluri are, lokaluri maqsimumi an 

minimumi. (SeiZleba aseTi wertili globaluri maqsimumi an minimumic iyos, amis 

dasadgenad funqciis Semdgomi analizia saWiro). Tu funqcias gavawarmoebT raime 

intervalSi da vnaxavT, rom warmoebulis niSani icvleba, es imize miuTiTebs, rom 

funqcias am intervalSi lokaluri minimumi an maqsimumi gaaCnia. imis Sesafaseblad 

maqsimumTan gvaqvs saqme Tu minimumTan meore warmoebuls unda mivmarToT(meore 

warmoebuli miiReba funqciis warmoebulis gawarmoebis Sedegad). Tu mocemul 

wertilSi funqciis meore warmoebuli dadebiTia, maSin funqciis mniSvneloba 

mocemul wertilSi – lokaluri minimumia da piriqiT, Tu meore warmoebuli 

mocemul wertilSi uaryofiTia, am wertilSi funqcias maqsimumi gaaCnia.  

11.2.1 diferencireba 

ricxviTi diferencirebis meTodi gansazRvravs mocemul xk wertilSi funqciis 

warmoebulis mniSvnelobas am wertilSi gavlebuli mxebis aproqsimirebiT xk 

wertilSi funqciis mniSvnelobaTa gamoyenebiT. aproqsimireba SeiZleba moxdes 

ramdenime gziT.  SevxedoT nax. 11.9, nax. 11.9(a) miuTiTebs, rom warmoebuli xk 

wertilSi Sefasdeba f(xk-1) da f(xk) wertilebze gavlebuli wrfis daxriT: 

1

1)()(
)(









kk

kk

xx

xfxf
xf  
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nax. 11.9 f(x) funqciis warmoebulis gamoTvlis sxvadasxva xerxi 

amgvarad Sefasebul warmoebuls marcxena uwodeben. nax. 11.9(b) uCvenebs, rom 

aproqsimireba xdeba wrfis daxriT, romelic gaivlis wertilebze f(xk+1) da f(xk): 

kk

kk

xx

xfxf
xf









1

1 )()(
)(  

amgvarad Sefasebul warmoebuls marjvena diferencialur aproqsimirebas uwodeben. 

Cveulebriv igulisxmeba, rom xk mdebareobs xk-1-sa da xk+1 Soris. am orive SemTxvevaSi 

warmoebulis Sefasebis sizuste damokidebulia wertilebs Soris manZilze. 

warmoebulis gamoTvlis maRali sizuste miiRweva wertilebs Soris manZilebis 

SemcirebiT.  

f(x) funqciis meore rigis warmoebuli misi warmoebulis warmoebuls ewodeba: 

dx

xfd
xf

)(
)(


  

es funqcia Sefasdeba pirveli warmoebulis saSualebiT. amrigad Tu gamoviyenebT 

marcxena diferencirebas, miviRebT: 

1

1)()(
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
kk

kk

xx
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xf  

diff funqcia gamoiTvlis sxvaobebs veqtorSi urTirTmomdevno elementebs Soris da 

gvaZlevs axal veqtors, romlis elementebis raodenoba 1-iT naklebia. Tu misi 

argumenti matricaa, aRweril operacias asrulebs matricis TiToeuli svetisaTvis). 

davuSvaT veqtori x Seicavs elementebs: [0, 1, 2, 3, 4, 5], xolo y –[2, 3, 1, 5, 8, 
10], maSin  diff(x) = [1, 1, 1, 1, 1], diff(y) = [1, -2, 4, 3, 2] y funqciis warmoebuli x-
iT iqneba dy = diff(y)./diff(x). yuradReba miaqcieT, rom warmoebulis es mniSvnelobebi 

swor Sedegs iZleva rogorc marcxena, ise marjvena diferencirebis 

formulebisaTvis. gansxvaveba ori sxvadasxva meTodiT gamoTvlil warmoebuls Soris 

ganisazRvreba x veqtoris mniSvnelobebiT, romelic Seesabameba warmoebuls dy. Tu x 
Sesabamisi mniSvnelobebia [1, 2, 3, 4, 5], maSin dy gamoiTvlis marcxena diferencials, 
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Tu x Sesabamisi mniSvnelobebia [0, 1, 2, 3, 4], maSin dy gamoiTvlis marjvena 

diferencials. 

davuSvaT mocemulia funqcia: 

241027113)( 2345  xxxxxxf  

am funqciis grafiki naCvenebia nax. 11.10. davuSvaT gvinda gamoviTvaloT am funqciis 

warmoebuli intervalSi [-4, 5], marcxena diferencirebis xerxiT. SegviZlia 

gamoviyenoT funqcia diff. df warmoadgens f(x), xolo xd x-is Sesabamis mniSvnelobebs. 

 

 

nax. 11.10 mexuTe xarisxis polinomis mrudi 

 
x=-4:0.1:5; 
f = x.^5 -3*x.^4 - 11*x.^3 + 27*x.^2 + 10*x -24; 
df = diff(f)./diff(x); 
xd = x(2:length(x)); 

nax. 11.11 warmoadgens warmoebulis grafiks. daakvirdiT, wertilebi, sadac funqciis 
warmoebuli nuls utoldeba funqciis lokalur minimumsa da maqsimums Seesabameba. 
am funqcias ar gaaCnia globaluri minimumi da maqsimumi, imitom rom igi vrceldeba 
- -dan  + -mde. SegviZlia vipovoT am funqciis kritikul mniSvnelobaTa 
mdebareoba (x = -2.3, -0.2, 1.5, 3.4) Semdegi brZanebebiT: 
 

product = df(1:length(df)-1).*df(2:length(df)); 
critical =xd(find(product<0)) 

 
am gamosaxulebaSi funqcia find gansazRvravs im elementis indeqss veqtorSi product, 
romlis Sesabamisi df(k) nulis tolia. Semdeg es indeqsi gamoyenebulia xd veqtoris 
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im elementebis sapovnelad, romelic kritikul wertils Seesabameba (x-is im 

mniSvnelobebs, sadac funqciis warmoebuli nulis tolia).  

 

 

nax. 11.11 mexuTe xarisxis polinomis warmoebulis mrudi 

 
centralur warmoebuls x da f veqtorebze dayrdnobiT Semdegi brZanebebis 

saSualebiT vipoviT: 

 
numerator = f(3 : length(f)) – f(1 : length(f) – 2); 
denomirator = x(3 : length(x)) – x(1 : length(x) – 2); 
dy = numerator./denomirator; 
xd = x(2 : length(x) – 1); 

 

Cvens mier ganxilul magaliTSi davuSviT, rom funqcia warmoebadia, magram mraval 

amocanaSi mocemuli gvaqvs eqsperimentuli monacemebi da SeuZlebelia avirCioT 

wertilebi erTmaneTTan ise axlos, rom warmoebulis mniSvnelobebi zustad 

ganvsazRvroT. aseT SemTxvevaSi mivmarTavT me-9 TavSi aRweril meTods. vipoviT 

mravalwevrs, romelic am monacemebs Seesabameba da ise gamoviTvliT miRebuli 

funqciis warmoebuls. 

 

savarjiSo 

 

TiToeuli gamosaxulebisaTvis aageT funqciis, misi pirveli warmoebulis 

da misi meore warmoebulis grafiki intervalSi [-10,10]. Semdeg MATLAB 
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brZanebebis saSualebiT ipoveT da dabeWdeT lokaluri minimumis, 

lokaluri maqsimumis da x -is Sesabamisi  mniSvnelobebi. 

 

1. 825)( 23
1  xxxxg  

2. 44)( 2
2  xxxg  

3. 22)( 2
3  xxxg  

4. 2410)(4  xxg  

5. 48283294)( 2345
5  xxxxxxg  

6. 24402643)( 2345
6  xxxxxxg  

7. 266465359)( 2345
7  xxxxxxg  

8. 443243)( 2345
8  xxxxxxg  

daskvna 

 

am TavSi ganvixileT ricxviTi integreba da diferencireba. ricxviTi integraba xdeba 

wiriT Semofargluli farTis aproqsimirebiT, xolo diferencireba funqciis mrudis 

mocemul wertilze gavlebuli mxebis aproqsimirebiT. gavecaniT MATLAB funqciebs 
integrebisaTvis - quad da quadl, romlebic eyrdnoba simpsonis da gaus - lobatos 

meTodebs Sesabamisad. orive funqciisaTvis saWiroa, rom funqcia iyos an MATLAB –
is ZiriTadi funqcia, an Cvens mier M-failis saxiT warmodgenili MATLAB funqcia. 
warmoebulis gamoTvlas MATLAB –Si emsaxureba funqcia diff, romelic gamoiTvlis 

sxvaobebs veqtoris mezobel elementebs Soris. gamoiTvleba amgvari sxvaobebi 

rogorc argumentis, ise funqciisaTvis da miviRebT warmoebuls: diff(f)./diff(x). 
 
brZanebebi da funqciebi 
 

trapz gamoiTvlis integrals trapeciis wesiT 

cumtrapz gvaZlevs funqciis kumulaciur integrals 

diff  gamoiTvlis sxvaobebs veqtoris mezobel elementebs 

Soris 
quad gamoiTvlis integrals (simpsonis wesiT) 

quadl gamoiTvlis integrals (gaus-lobatos wesiT) 

 

amocanebi 

 

1-4 amocana dakavSirebulia am TavSi ganxilul amocanasTan, xolo 5 – 11 axal 

problemebs ukavSirdeba. 

 

milsadenSi siTxis nakadis analizi.  

 

1. am problemaSi aRwerili parametrebis saSualebiT aageT siCqaris profili. 

2. SeadgineT cxrili, romelic uCvenebs siTxis nakadis saSualo siCqares n 
sididis sxvadasxva mniSvnelobebisaTvis 5-dan 10-mde. 
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3. SeadgineT cxrili, romelic uCvenebs navTobis nakadis saSualo siCqares milis 

radiusis sxvadasxva mniSvnelobaTaTvis: 0.5, 1.0, 1.5 da 2.0. sxva parametrebi 

ucvlelad datoveT. 

4. SecvaleT programa ise, rom saSualeba gvqondes mivawodoT programas max  

mniSvneloba. 

 

traeqtoriis monacemTa analizi. davuSvaT mocemuli gvaqvs ASCII faili altitude.dat, 
romelic Seicavs imformacias ori svetis saxiT: dro da axali tipis 

meteorologiuri raketis simaRlis Seasabamisi mniSvneloba. am monacemebis 

safuZvelze amoxseniT Semdegi amocanebi: 

 

5. gamoTvaleT da aageT raketis siCqaris mniSvneloba drois yovel momentSi 

marcxena diferencirebis meTodiT. 

6. gamoTvaleT da aageT raketis aCqarebis mniSvneloba drois yovel momentSi 

marcxena diferencirebis meTodiT. 

7. gansazRvreT raketis safexurebis, etapebis, (stages) raodenoba raketisaTvis. 

(miTiTeba: ganixile kritikuli wertilebi). 

8. aageT siCqaris grafiki diferencirebis samive meTodis saSualebiT gamoTvlili 

monacemebisaTvis erTidaigive naxazze. 

9. aiReT sawyis informaciad raketis aCqarebis mniSvnelobebi, romelic 

gamoiTvaleT me-6 amocanaSi. maTi integrebis saSualebiT miiReT siCqaris 

mniSvnelobebi. (ver gamoiyenebT quad funqcias, radgan mxolod wertilis 

(mniSvnelobebi) koordinatebi gaqvT. isargebleT trapeciis an simpsonis wesiT.) 

10. aiReT sawyisad raketis siCqaris mniSvnelobebi, romelic gamoiTvaleT me-5 

amocanaSi. maTi integrebis saSualebiT miiReT raketis simaRlis Sesabamisi 

mniSvnelobebi. (ver gamoiyenebT quad funqcias, radgan mxolod wertilis 

(mniSvnelobebi) koordinatebi gaqvT. isargebleT trapeciis an simpsonis wesiT.) 

 

funqciis analizi. es amocana ricxviT integrebas ukavSirdeba. 

 

11. davuSvaT mocemuli gvaqvs funqcia: 

 
xexf  4)(  

aageT funqciis grafiki intervalSi [0,1]. gamoiyeneT ricxviTi integrebis meTodi 

da gamoTvaleT f(x) funqciis integrali  intervalSi[0, 0.5] da [0, 1]. 


