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SANTRAUKA

Viena svarbiausiy problemy medicinos srityje yra Sirdies ir kraujagysliy ligy diagnostika.
Pagrindinis kardiologinis tyrimas yra atlickamas elektrokardiogramos (EKG) pagalba, taciau zinomi
EKG analizés metodai ne visada atskleidzia pakankama klinikinés informacijos kiekj. Todél Sio darbo
tikslas yra pritaikyti algebrinés-struktiirinés matricy analizés algoritmus EKG parametry dinaminéms
sasajoms tirti. Signaly dinaminiy sgsajy tyrimas buvo atlickamas kointegruojant juos i trecios eilés
Lagranzo skirtumy matricy sekas, su kuriomis atlickamos algebrinés matricy transformacijos. Tokiu
biidu gaunami algebriniai-struktiiriniai parametrai, pagal kuriuos sprendziama apie signaly tarpusavio
sgsajas.

Pateikti algoritmai buvo realizuoti programinémis priemonémis ir pastebéta, kad gauti
algebriniai-struktiiriniai parametrai atspindi signaly dinamines sgsajas. EKG duomeny analizei atlikti
buvo paimta deSimties sportininky elektrokardiografiniai duomenys, 1§ kuriy nagrin¢jami trys EKG
parametrai: RR, DQRS ir DJT. Atlikus Siy duomeny tyrimg pastebéta, kad gauti algebriniai-
struktiiriniai parametrai bei jy sklaida apie vidurkj atkartoja fiziologines sportininky bisenas ir

apibiidina buiseny kitimo specifika jégos, greitumo bei iStvermés sportuose.
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Smergelyté A. Distinction and analysis of third order matrices algebraic-structural parameters:
Master‘s work in applied mathematics / supervisor dr. prof. Z. Navickas; Department of Applied
mathematics, Faculty of Mathematics and Natural Sciences, Kaunas University of Technology. —
Kaunas, 2014. — 106 p.

SUMMARY

Cardiovascular disease diagnosis is one of the most important problems in medical studies. Main
cardiological study is performed with the help of an electrocardiogram (ECG). However, known ECG
analysis methods do not always reveal a sufficient amount of clinical information. The goal of this
research is to adapt algorithms of algebraic-structural matrix analysis to the examination of ECG
parameters dynamic connections. The research was performed with cointegration of signals to the
matrices of Lagrange distributions. With sequences of these matrices, algebraic matrix transformations
were made and algebraic-structural parameters were found. Based on these parameters, analysis of
signals dynamic connections was performed.

Presented algorithms were implemented using software tools. Analysis revealed that algebraic-
structural parameters are representing dynamic connections of signals. In order to perform the analysis
of ECG parameters, data was taken from 10 cardiograms which are taken from athletes. Three ECG
parameters were analysed: RR, DQRS and DJT. Analysis showed that obtained algebraic-structural
parameters and their standard deviation represents physiological status of athletes and describes the

specifics of phase transitions in power, speed and endurance sports.
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IVADAS

Zmogaus fiziologija yra vienas aktualiausiy bei sudétingiausiy kompleksiniy sistemy analizés
uzdaviniy. Viena svarbiausiy problemy medicinos srityje yra Sirdies ir kraujagysliy ligy diagnostika.
Pagrindinis kardiologinis tyrimas yra atliekamas elektrokardiogramos (EKG) pagalba, ta¢iau zinomi
EKG analizés metodai ne visada atskleidzia pakankamg klinikinés informacijos kiekj. Todél yra
reikalinga naujy metody paieska, norint atlikti elektrokardiografiniy signaly analiz¢, kuri padéty
atskleisti kokybiskai naujg informacija signaluose.

Vienas i§ novatoriSky matematiniy metody, elektrokardiografiniy signaly dinaminiy s3sajy
analizei atlikti, gali buiti algebriné-strukttriné matricy analizé. Pagrindinés tokios analizés savokos yra
idempotentai (matricos, kurios keliamos laipsniu nekinta) ir nulpotentai (matricos, kurios keliant
laipsniu virsta nulinémis). Naudojantis tokiomis struktiirinés matricy analizés sgvokomis ir atliekant
transformacijas, galima tirti signaly dinamines sgsajas. Tokia ideologija, naudojant antros eilés
matricas, taikoma tokiose srityse kaip medicina [3, 12] ir dinaminiy sistemy tyrimai [13, 14].

Darbo tikslas — pritaikyti algebrinés-struktiirinés matricy analizés algoritmus EKG parametry
dinaminiy sgsajy analizei.

Darbo uzdaviniai:

1. Atlikti kompleksiniy sistemy teorijos analiz¢, naudojamg EKG signaly tyrimui;

2. Aprasyti tiriamus elektrokardiografinius signalus bei jy reik§miy kointegracijg j trecios eilés

Lagranzo skirtumy matricy seka;

3. Pateikti algebrinés-struktiirinés matricy analizés metodus, skirtus parametry dinaminiy s3sajy

tyrimui;

4. Rasti bei jrodyti trecios eilés matricy struktiiriniy koeficienty skaifiavimo atskiry atvejy

iSraisSkas;

5. Isskirti algebrinius-strukttirinius parametrus i$ trecios eilés kvadratiniy matricy;

6. Pritaikyti algebrinius-strukttrinius parametrus sinchroniniy eiluc¢iy dinaminiy sgsajy tyrimui;

7. Istirti elektrokardiogramy signaly tarpusavio sasajas, naudojant algebrinés-struktiirinés

matricy teorijos metodus;

8. Sukurti programin¢ jrangg naudojamiems algebrinés-struktirinés analizés metodams bei

elektrokardiografiniy signaly tyrimui.

Bendrojoje darbo dalyje aprasoma kompleksiniy sistemy bei S$irdies, kaip kompleksinés
adaptyvios sistemos dalies, analizé. Pateikiama teorija apie elektrokardiogramg bei 1§ jos gaunamus
parametrus. Aprasoma EKG parametry tyrimo, naudojant algebring-struktiiring matricy analize,

ideologija. Pateikiamos algebrinés-struktiirinés matricy teorijos pagrindinés sgvokos Dbei



9

transformacijy, atlieckamy naudojant idempotenty ir nulpotenty sistemas, apraSas. ApraSomas
algebriniy-struktiiriniy parametry gavimas, atskirai jrodant atskiry skai¢iavimo atvejy israiskas.
Tiriamojoje dalyje pateikiamas trecios eilés matricos algebriniy-struktiriniy parametry i$skyrimo
pavyzdys, atliekant bendrojoje dalyje aprasytas transformacijas. Norint jvertinti struktiriniy parametry
nauda signaly dinaminiy sgsajy analizei, pateikiamas i$ trijy funkcijy gauty sinchroniniy eiluciy
tyrimas. Atliekant eilu¢iy analize, i§ jy nariy sudaroma Lagranzo skirtumy matricy scka, tada
kiekvienam sekos nariui atlickamos algebrinés matricy transformacijos, iSskiriant strukttrinius
parametrus. Tokia pati metodika taikoma tirti trims pasirinktiems EKG parametrams: RR, DQRS, DJT.
Duomenys gauti i§ deSimties asmeny kardiogramy, paimty skirtingo fizinio btivio metu. Norint
pvertinti EKG parametry dinaminiy sgsajy tyrimo rezultatus, zvelgiama ne ] struktiiriniy parametry
reikSmes, bet | gauty reikSmiy vidutinj kvadratinj nuokrypi, gauta kiekvienos minutés laikotarpiu.
Tyrimas atliktas naudojantis sukurta bei apraSyta programine jranga, kuri atlicka visus aprasytus
skai¢iavimus matricoms, generuojamoms sinchroninéms eilutéms bei EKG duomenims, be to, gauti

rezultatai pateikiami grafiskai.
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1. BENDROJI DALIS
1.1. KOMPLEKSINES SISTEMOS

Kompleksiné sistema — tai tokia sistema, kurig sudaro didelis skaic¢ius sudedamyjy daliy, kurios
tarpusavyje sgveikauja netiesiSkai ir tarp atskiry daliy egzistuoja hierarchija. Tokias sgveikas yra
sudétinga matematiskai apraSyti, prognozuoti ar valdyti [5]. Galima iSskirti tokias kompleksiniy
sistemy pagrindines savybes [3]:

1. Sudétinga apibrézti sistemos ribas — sunku atskirti pacig sistema ir jos aplinka, todél tai i$

anksto turi apibrézti tyréjas;
Kompleksinés sistemos turi fraktaling struktiira. Ji gali biiti nusakoma keliais lygiais;

Kompleksinés sistemos yra dinamings ir praeities buisena gali jtakoti dabartj bei ateitj;

2
3
4. Kompleksin¢ sistema pasizymi kooperacija sistemos viduje;

5. Sistema pasizymi konkurencija sistemos iSor¢je;

6. Kompleksiniy sistemy dedamosios dalys tarpusavyje saveikauja netiesiskai,

7. Sistemos geba staigiai pakeisti elgseng.

Galima i8skirti du pagrindinius kompleksiniy sistemy tipus: chaotinés sistemos ir kompleksinés
adaptyvios sistemos (KAS). Kompleksinés adaptyvios sistemos susideda i§ didelio kiekio tarpusavyje
susijusiy elementy, kurie geba prisitaikyti bei keistis. KAS elgesys charakterizuojamas kaip jos
sudedamyjy daliy netiesinés sgveikos (erdvéje ir laike) rezultatas, skirtinguose sistemos organizacijos

lygiuose [5], [10].
1.2.  SIRDIS KAIP KOMPLEKSINES ADAPTYVIOS SISTEMOS DALIS

Sirdis yra tui¢iaviduris raumeninis organas, pumpuojantis kraujg ir visa organizmga apriipinantis
deguonimi bei maisto medziagomis. Sirdis susideda i§ keturiy ertmiy — dviejy skilveliy ir dviejy

priesirdziy. Kairjjj ir deSinjjj skilvelius skiria tvirta raumeniné pertvara, o prieSirdzius skiria plonesné
pertvara. Kairjjj skilvelj nuo kairiojo prieSirdzio skiria dviburis voZztuvas, 0 deSinjjj skilvelj nuo
desiniojo priesirdzio skiria triburis voztuvas. I$ kairiojo skilvelio iSeina aorta (stambiausia organizmo
arterija), i§ desiniojo - plauciy arterija. Nuo skilveliy Sias kraujagysles skiria aortos ir plauciy arterijos
voztuvai. Sirdis yra pagrindiné¢ §irdies ir kraujagysliy sistemos dalis [15].

XVI a. viduryje Vezalijus pasteb¢jo, kad Zmogaus organizme yra kelios i§skirtinémis savybémis
pasizymincios sistemos. Tai tokios sistemos, kurios savo struktiira apima visg Zmogaus organizmo
veikla. Jos vadinamos holistinémis sistemomis [11]:

1. Griauciy — raumeny sistema;

2. Sirdies ir kraujagysliy sistema (apriipinangioji sistema);
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3. Reguliaciné sistema.

Paminéta ir ketvirtoji sistema — kvépavimo sistema, kuri absorbuoja deguonj ir i$skiria anglies
dvideginj. Sia sistema kartu su $irdies ir kraujagysliy sistema galima apjungti j viena apriipinan¢iaja
sistema.

Zmogaus organizmui nuolat taikantis prie kintangios aplinkos, reaguoja visos trys holistinés
sistemos kartu. Taciau vertinant zmogaus kaip kompleksinés sistemos savybes, Sirdies ir kraujagysliy
sistemg galime vadinti esmine struktiros dedamgja, sglygojancia visg organizmo funkcionalumg
daugeliu lygiy [7].

Kompleksinés adaptyvios sistemos poziiiriu nagrinéjant Sirdies ir kraujagysliy sistema, galime ja
apibiidinti kaip sistemg, sgveikaujan¢ig su visomis organizmo sistemomis ir savo funkcionalumag

iSreiskiancia elektriniais procesais — elektrokardiograma, kurig ir apraSysime sekanéiame skyrelyje.

1.3. ELEKTROKARDIOGRAMA

Elektrokardiografija yra elektrofiziologijos metodas, kurio metu specialiu prietaisu —
elektrokardiografu uzrasoma kreivé, vaizduojanti $irdies lgsteliy sukurto suminio elektros lauko
potencialo kitima. Pagal elektrokardiografijos metu gautos kreivés ypatumus sprendziama apie Sirdies
veiklg [9].

Elektrokardiograma (EKG) yra bioelektrinis signalas, gaunamas registruojant sirdyje vykstancius
procesus ir / arba elektrinius reiSkinius, sukurtus tam tikro dirbtinio iSorinio poveikio. Ji gaunama
elektrokardiografijos metu ir yra sudaryta i§ matavimy, kurie, priklausomai nuo aparattiros, atlieckami
nuo keliy Simty iki keliy tukstanciy karty per sekundg. Elektriniai signalai plinta per skystg ir laidZig
viding organizmo terp¢ iki registruojanciy elektrody, kurie dedami sutartiniuose kiino pavirSiaus
taskuose ir yra laidais sujungti su aparatu, registruojan¢iu elektros impulsus, kylancius kiekvieno
duomenimis leidZia diagnozuoti Sirdies veiklos pokyc€ius, stebéti patologiniy procesy eiga bei
prognozuoti juy baigtis. Elektrokardiograma yra vienas pagrindiniy ir daZniausiai naudojamy

medicininiy tyrimy metody [9].
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Pagrindiniai EKG parametrai yra Zymimi raidémis:

R

J taskas

%

ST
segmentas
Q
l<e— PR —»| l— JT
intervalas S intervalas
QRS
intervalas
- QT >
intervalas

1.1 pav. Pagrindiniai EKG parametrai. Adaptuota is [1].

Pavaizduoty EKG parametry fiziologiné prasmé [8], [3]:

PR intervalas — matuojamas nuo P bangos pradzios iki QRS komplekso pradzios. PR intervalas
vaizduoja laikg nuo prieSirdziy depoliarizacijos pradzios iki skilveliy depoliarizacijos pradzios.
QRS kompleksas - vaizduoja greitg kairiojo ir deSiniojo skilvelio depoliarizacijg. QRS
komplekso trukmé DQRS (matuojamas ms) apibiidina Sirdies viding reguliacing sistema.

QT intervalas — matuojamas nuo QRS komplekso pradzios iki T bangos pabaigos. QT
intervalas pavaizduoja skilveliy depoliarizacija ir repoliarizacija t.y. elektring sistolg. Kuo
daznesnis Sirdies ritmas, tuo trumpesné skilveliy elektriné sistolé.

ST segmentas — jungiasi su QRS kompleksu ir T banga. ST segmentas apibiidina laikotarpj, per
kurj skilveliai depoliarizuojasi.

. JT intervalas - matuojamas nuo tasko J iki T bangos pabaigos. Sio intervalo poky&iams jtakos
turi reguliaciné nervy sistema. JT intervalo trukmé DJT (matuojama ms) apibudina skilveliy
repoliarizacijos trukme.

J taSkas — Siame taske baigiasi QRS kompleksas ir prasideda ST segmentas. J taskas
naudojamas i$Smatuoti ST pakilimo arba nusileidimo laipsnj.

RR intervalas, matuojamas ms, - intervalas tarp dviejy gretimy R bangy — laiko tarpas tarp
dviejy Sirdies susitraukimy. RR intervalu gali buti apibiidinta viso organizmo biisena.

Normalus ramybés buisenos Sirdies ritmas yra tarp 60 ir 100 duziy per minute.
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Siame darbe bus nagrinéjami trys parametrai — RR, DQRS ir DJT. Siy trijy parametry saveikos

apibiidina vidinius Sirdies reguliacinius procesus.
1.4. LAGRANZO SKIRTUMU MATRICA

Darbe tiriamy elektrokardiogramos parametry dinaminéms sgsajoms vertinti pritaikysime
matricy analizés metodus. Siam tikslui naudosime Lagranzo skirtumy matricy seka. Tokias matricas
sudarysime i§ trijy sinchronizuoty laiko eilu¢iy x = (xj,j = 0,1,2,...), y = (yj,j = 0,1,2,...) ir
z = (zj, j=012,.. ) ir gausime laiko eiluciy tarpusavio rysj apibiidinanciy tre¢ios eilés matricy seka:

Xk Xk+1 — Vk+1  Zk+1 — Xk+1
W, = (xk—l — Vk-1 Yk Yi+1 — Zk+1>,k =12,.. (1.2
Zg—1~ Xg-1 Yk-1 7 Zg-1 Zk

I§ gautos Lagranzo matricy sekos, algebrinés matricy analizés metodais i§skirsime struktiirinius—

algebrinius parametrus, pagal kuriuos vertinsime parametry dinamines sasajas. Siam tikslui pirmiausiai

apibréSime pagrindines algebriniy matricy struktiiry sgvokas, reikalingas tokiy parametry radimui.

1.5. MATRICOS EILUCIU IR STULPELIU STRUKTUROS

Darbe nagrin¢jamos treCios eilés matricos daznai interpretuojamos kaip matricy-stulpeliy ir
matricy-eiluciy sandaugos. D¢l Sios priezasties Siame skyrelyje aprasSysime pagrindines tokiy struktiiry
sgvokas bei savybes.

Apibrézimas 1.1. Trecios eilés matrica-stulpelis turi tokj pavidala:

X1
P = <x2>,xk € Ck=123. (1.2)
X3

Apibrézimas 1.2. Trecios eilés matrica-eiluté turi tokj pavidala:

R=01 Y2 Y3),yx €Ck=123. (1.3)

Daugindami eilute i$ stulpelio gausime skaliarg, o stulpelj i§ eilutés — trecios eilés kvadrating
matricg. Operacijoms su matricomis-eilutémis ir matricomis-stulpeliais galioja Sios elementariosios
savybes:

1. a(PR) = (aP)R = P(aR), ¢ia a € C - konstanta.

2. Jeigu turime dvi matricas-stulpelius P;, P, ir dvi matricas-eilutes R;, R,, tai galioja tokia

lygybé:
PR+ PRy = (P P () 14

3. Distributyvumas eilutés atzvilgiu:
P,R + P,R = (P, + P,)R (1.5)
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4. Distributyvumas stulpelio atzvilgiu:

PRy + PR, = P(R; +R)) (1.6)
5. Jeigu
ai; Qi Qi3 X1Yy1 X1Y2 X1)Y3
(%1 az2 a23> = <X2Y1 X2Y2 xz)’s),all #=0
az1 A3z dz3 X3Y1 X3Y2 X3Y3
Tada
az1 aszq
x1 —a,xz—_a,X3: a,
11 aiz
a.7)
aiz ai ais
Vi = =Y =
Matricy eiluciy ir stulpeliy rangams bei pédsakams galioja tokios pagrindinés savybés:
1. Jeigu (lxq| + lxz| + lx3]) - (yal + |y2] + |ys]) # 0, tada:
rangP = rangR = rangPR =1 (1.8)
TTPR = RP = x1y1 + xzyz + X3y3 (19)
2. Jeigu (x| + [x2| + Ix3]) - (yal + [y2l + lys]) # 0, tada:
rangP -rangR = 0 (1.10)
TrPR=RP =0 (1.11)

1.6. PAGRINDINES ALGEBRINIU MATRICU STRUKTUROS

Siame skyrelyje apibrésime pagrindines matricy struktiiras, tokias kaip elementarieji
idempotentai ir nulpotentai. Aprasysime pagrindines tokiy struktiiry savybes bei ortoganalumo salygas.

Apibrézimas 1.3. Elementariuoju idempotentu vadiname treCios eilés matrica D, jeigu
egzistuoja tokia matrica-stulpelis P ir matrica-eiluté R, kad D = PR ir rangD = TrD = 1.

Apibrézimas 1.4. Elementariuoju nulpotentu vadiname trecios eilés matrica N, jeigu egzistuoja
tokia matrica-stulpelis P ir matrica-eiluté R, kad N = PR ir rangN =1, TrN = 0.

Teorema 1.1. Tegul D € C3*3 ir N € C3*3 atitinkamai yra elementarusis idempotentas ir
elementarusis nulpotentas. Tada D? = D ir N2 = 0, kur O — trecios eilés nuliné matrica.

Irodymas. 18 (1.8) lygybés bei 1.3 apibrézimo turime:

D? = (P,R,)? = P,R,P,R, = P,(TrP,R,)R, = P,TrDR, =P, 1-R, =D
IS (1.8) lygybés bei 1.4 apibrézimo turime:
N? = (P,R,)* = P,R,P,R, = P,(TrP,R,)R, = P,TrNR, =P, 0-R, = 0. m
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Pastaba. Tegul duoti bet kokie du kompleksiniy skaiciy trejetai (x4, x5, x3) it (y1,¥2,V3). I8 ju
X1

galima sudaryti matricg Z = (xz> (Y1 Y2 Y3) bei apskaiCiuoti 0 = x1y; + x,¥, + x3y3. Jeigu
X3

o+ 0, tai %Z yra elementarusis idempotentas, o jeigu o = 0, tai yZ — elementarusis nulpotentas, kai

y € C.

Apibrézimas 1.5. Du elementarieji idempotentai D, ir D, vadinami ortoganaliaisiais, jeigu
DD, = D,D; = 0.

Isvada. Jeigu D; ir D, yra ortogonallis idempotentai, tai D; + D, — taip pat idempotentas, t.y.
(D, + D,)? = D, + D,. Be to, rang(D, + D,) = Tr(D; + D,) = 2. Pastebime, kad $is idempotentas
néra elementarusis.

Teorema 1.2. Tegul duoti elementarieji idempotentai Dy, k = 1,2,3, kurie isreiSkiami

lygybémis:
X1k
Dy = %2k |(Yk1 Ykz Yk3) (1.12)
X3k
Sie idempotentai ortogonaliis tarpusavyje tada ir tik tada, kai
YuuXik + YiaXak + YizXar = Ok (1.13)
Ciak,l =1,23iréy = {(1)5 Z I; Kronekerio delta.

Irodymas.

Butinumas. Elementarieji idempotentai D, k = 1,2,3 — ortogonals tarpusavyje. Kai k = [, tai
YiiX1k + Yi2Xok + Vizxsx = TrD, = 1. Kai k # [ i§ 1.5 apibrézimo gauname, kad y;1x1, + Y2 X2k +
Yizxzx = 0.

Pakankamumas. y;1X1x + VioXok + VisXsr = Ok, Cla k,1 =1,2,3. Tenkinama idempotenty
ortogonalumo salyga, vadinasi, Dy, k = 1,2,3 — ortogonalis. m

Apibrézimas 1.6. Elementarusis nulpotentas N;, vadinamas suderintu su ortogonaliais

elementariaisiais idempotentais D, ir D, jeigu (D; + D, + N1,)? = D; + D, + aN;,, a € C.
1.7. IDEMPOTENTU IR NULPOTENTU SISTEMOS

Siame skyrelyje apibrésime pagrindines savokas apie idempotenty ir nulpotenty Sistemas.
Parodysime, kad bet kokia neisigimusi matrica X € C3*3, kartu su savo atvirkstine matrica Y gali
sugeneruoti idempotenty ir nulpotenty sistema [2].

Apibrézimas 1.7. Idempotentu vadiname tokia treCios eilés matricg D, kurig padauginus i$ jos
pacios, gaunama pradiné matrica:

D?=D (1.14)
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Idempotenta visada galima diagonalizuoti, o jo tikrinés reikSmés yra lygios nuliui arba vienam
[6]. Tokios matricos pédsakas yra lygus jos rangui, kuris visada yra sveikas skaicius.

Apibrézimas 1.8. Nulpotentu vadiname tokig tre¢ios eilés matricg N, kuri tenkina lygybe:

N¥=0 (1.15)

Cia O — nuliné trecios eilés matricg, K — nattralusis skaiCius. Maziausia k reik§mé, tenkinanti
(1.15) salyga, vadinama matricos N laipsniu.

Apibrézimas 1.9. Generuojanéiy matricy pora vadinama matricy pora (X,Y), kur X € C3*3-
nei$sigimusi matrica, 0 Y = X~ L.

Ivedame pazyméjimus X stulpeliams ir Y eilutéms:

X11  X12  X13 X11 X12 X13
X = <x21 X22 x23> = ( X21 X22 X23 > =X X, X3) (1.16)
X31 X332 X33 X31 X32 X33

Y11 Y1z Vi3 Vi1 Y12 Vi3] Y,
Y = (3’21 V22 3’23> =|[YV21 Y22 V23] | = <Y2> (1.17)
Y31 Y32 Y33 [V31 Y32 Y33] Y3
Atsizvelgus | 1.6 skyrelyje pateikta teorijg ir j 1.9 apibréZzima, gauname ortogonalius
elementariuosius idempotentus:
D, = XY, k=123 (1.18)
Analogiskai gauname elementariuosius nulpotentus, suderintus su idempotentais Dy, ir D;:
Ny =X, k,1=123, k+1 (1.19)
Apibrézimas 1.10. Idempotenty ir nulpotenty aibg, kuri sugeneruota i§ generuojancéiyjy matricy
poros (X,Y) pagal (1.18) ir (1.19) lygybes, vadiname idempotenty ir nulpotenty sistema (INS) ir
Zymime

Py = {Xlel,l = 1:2:3} = {DpDz'D3'N12'N13'N21'N23'N31»N32}

Generuojanc¢iy matricy pora (X, Y) atitinkan¢ios INS elementai turi tokias savybes:
1' (Xkyl)(XmYn) = 6lkaYn! k’ l; m: n E {1l2;3}r

2. D; + D, + D3 =1, kur I — vienetiné matrica.

IS pateikty sgvoky taip pat galime pastebéti, jog turint idempotenty ir nulpotenty sistema yra

Zinoma, kad egzistuoja tokia matricy pora (X, Y), kuri jg sugeneruoja.
1.8. MATRICOS ISDESTYMAS IDEMPOTENTAIS IR NULPOTENTAIS

Siame skyrelyje nagrinésime tredios eilés matricos A € C3*3 i§déstyma idempotenty ir

nulpotenty tiesiniu dariniu. Matricos iSdéstymas priklauso nuo jos tikriniy reikSmiy A4, 4,,43.
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Turédami 1.10 apibrézime aprasytg INS, matricg A, priklausomai nuo jos tikriniy reikSmiy, galime
iSreiksti tokiomis lygybémis [2]:

1. Jeigu visos matricos tikrinés reikSmes skirtingos, t.y. A; # 4, # A3:

A=1D; +2A,D, + A3D5 (1.20)

2. Jeigu dvi tikrinés reikSmés lygios, o trecia skirtinga, t.y. A := 44 = 4, # A3:
A= 2y(D; + Dy) + aN;, + A3D3, a €C (1.21)
A= 21,(Dy +D;)+ BNy, +13D5, BEC (1.22)

3. Jeigu matrica A turi tris vienodas tikrines reik§mes, t.y. 1y = 4, = 1, = A3:
A = Agl + aNy, + N3 +yNy3, a, B,y €C (1.23)
A = Aol + &N,y + BNz, + PNsy, &, 8,7 € C (1.24)

Idempotentus ir nulpotentus matricai A rasime pasinaudojus Hamiltono-Keilio teorema, Kuri
teigia, kad matrica A yra savojo charakteristinio daugianario Saknis [4]. Tada atitinkamai pagal
matricos tikrines reik§mes gauname:

1. Jeigu A, # A, # A3:

1

by = Gonay (A~ DA = 450 (1.25)

1
D, = (A2=21)(A2—23)

1
T (3= (A3-12)

(A— DA - AsD) (1.26)
D, (A— DA - A,0) (1.27)

2. Jelgu AO = Al = AZ * 13:
_ (2Ao+43)1-4)(A-23)

Dy + D, = T (1.28)
aN,, = &-2:D@-4D) (1.29)
Ao=23
_ (A-2n?
Ds = (A3—20)? (1.30)
3. Jelgu AO = Al = AZ = 13:
aNlZ + ﬁng + )/N23 = A - 2,0] (131)
7Nz = (A—=2D)? 7 €C (1.32)

Apibrézimas 1.11. Tegul turime generuojanéiyjy matricy porg (X, Y) ir neiSsigimusig matricg T.
Tada INS, sugeneruojamos i§ (X, Y), ¥y transformacija t(¥y) vadiname INS, kurig sugeneruoja
generuojandiyjy matricy pora (TX, YT™).

IS pateikto transformacijos apibrézimo matome, kad
t(Wy) = Wrx = TWP,T™1 ={TX,Y,T k[ =1,2,3}. Taip pat pastebime, kad jeigu matricg A € C3*3
atitinkanti INS yra ¥y, tai matricg TAT ~1 atitinkanti INS bus t(¥y).
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1.9. MATRICOS SUVEDIMAS I TRIKAMPE MATRICA

Siame skyrelyje apradysime kvadratinés tredios eilés matricos suvedima j trikampe. Sia
transformacijg atliksime pagalbiniy trikampiy matricy pagalba. Apskaic¢iuojant tokias matricas

naudosime koeficientus, kuriy reik§més, darbe atlickamame tyrime, bus vienas svarbiausiy kriterijy.

Teorema 1.3. Tegul turime trecios eilés kvadrating matricg A:
A1 Q12 43
A=Az Az a3 (1.33)
a3y Qzz dzz

Tada egzistuoja matricy T ir T™ pora, Kai
1 0 O 1 0 0
O)r1={ -~ 10 (1.34)

*

a 1

T = 1

Su kuriomis teisingos tokios lygybés:

A oa <
B:=TAT 1 = (O A, b) (1.35)
0 0 A5
A=T BT (1.36)

Kai 1,,1,, A5 — matricos A tikrinés reik§més, o matricy T ir T koeficientai a*, 8*,y* - specialiu

buidu parinkti kompleksiniai skaiciai, tenkinantys tokias salygas:

a=a;— B a3
b == a23 + a*a13 (137)
Cc = a13

* 1 s px *
a;,a —a13<5a B —V):an—/ll
—A1,a" + 130"+ a3fT = az; — A,
* 1 s« *
—ay3P —als(gaﬁ +y)=a33—/13
1
a; +a*(a; — ar,) — (@)?a;, + (=a*B* —v*) (a2 + a;2a™) =0
) 21 (arq 22) — (@")?ay, <i B V)(23 1307) (1.38)
azz + B*(azy — azz) — (B*)%azs + (; a’fr+ Y*) (a1 —a;3") =0
1 s * * * 1 4o * *
a31+(5a p*+y >a11+ﬁ a1 —«a ((5“ p*+y )alz + B a22+a32>

+ Ga*ﬁ* - V*) ((%“*ﬁ* + V*) a;z +f azs + a33) =0

\
a1 +ay +az3 =41+ 1, + 13 (1.39)
Kai 44, 1,, A3 yra matricos A tikrinés reikSmés.
Teorema 1.4. Koeficientus a*, B*, y* galime apskaiciuoti tokiu badu:
o = bttt (40
(1.41)

.8* __Q33a12—0A32013—A1243
A22013—A12023— 01343
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Y = i (A3 — Ay —azz +ag; —apa” —aysf’) (1.42)

Kal a;,a,3 — ay,a43 + a1341 # 0,045,043 — 12023 — a4343 # 0,a43 # 0.

Irodymas. 1§ ketvirtosios ir penktosios (1.38) sistemos lyg¢iy turime:

1 . N az, + (a;; — az)a* — a12(a*)2
SapT -y = -
2 ays3 + a3
1, . . Az, + (az; — azz)B* — azz(B*)?
SaOpT Yy =~ -
2 aiz — as3f

Istate gautas iSraiskas ] pirmajg ir trecigja (1.38) sistemos lygtis, gauname:

* *\ 2
. Az + (a1 — az)a” —ag(a”)
a2 + aq3 " =a;;1— A4

sy + (A, — asz)f” — ay3(F7)° _
aiz — ag3p”

Dabar, supaprasting gautas iSraisSkas, turime:

*
—a3B" + a3 ass — A3

A12023a" + 130,31 + (a1 — azz)agza” = (a1 — A1) (az; + a;3a”)

—03301,8" + ay3a3; + (a3 — azz)asf” = (azz — A3)(a;; — azf”)

« _ Q11023 — A21013 — a3y « _ @33Q12 — A33013 — a123

Q12023 — Q2013 + Ay3h; A22Q13 — A12023 — 343
Dabar trecig (1.38) sistemos lygti padauging i antrosios ir sudéj¢ su antra lytimi turime:
—Q120" — 3P — 2y 13 = Ay — Ay + 2033 — 223

IS pastarosios lygybés isreiske y* ir panaudoje¢ (1.39) iSraiska, turime:

* — 1
2a13

14 (A3 — A1 —azz +ag; —apa” —asf). m

1.10. PARAMETRU SKAICIAVIMO ATSKIRI ATVEJAI

Parametrai, nagrinéti 1.9 skyrelyje bendru atveju apskaiciuojami pagal (1.41), (1.42) ir (1.43)

formules, taciau pateiktu atveju turi biiti tenkinamos §ios trys salygos:

a12a23 - a22a13 + a13/11 #: 0 (143)
A22Q13 — G1203 — Q1343 # 0 (1.44)
a3 #0 (1.45)

Siame skyrelyje pateiksime parametry skai¢iavimo formules atskirais atvejais, kai viena ar
daugiau i$ $iy salygy néra tenkinamos (parametry israiskos bei jy jrodymai sudaryti autorés).

Pirmas atvejis. Jeigu pateiktos sglygos (1.43) ir (1.44) iSpildomos, taciau a;3 = 0, parametrai
apskaiciuojami tokiu biidu:

ot =Wl (1.46)

aiz
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B _13 433 (1.47)

23

« _ Gpi+at(ag—azy)—(a")?a;, | a*B*
Yy = - += (1.48)

Ciaay, # 0,a,3 # 0.
Irodymas. 1 (1.38) lygCiy sistemg jstate reikSme a,3 = 0, gauname nauja lygciy sistema, kuri
atrodo taip:
( a0 = ag;; — A4
—A1a" + Ap3f" = Az, — 4
—a3B" = azz3 — 13
* * 1 * ¥ *
az, +a*(a;; — azy) — (« )2a12 + (5“ p*—vy )a23 =0
* * 1 * * *
a3y + B (azy — azz) — (B)%azs + (5“ B*+y )a12 =0
1 * * * * * 1 * * * *
asz; +(505 p*+vy )a11+,3 a; —«a ((Ea Bty )a12+ﬁ az; +a32)
1 * * * *
L +(§“,3 —V)(Ba23+a33):0

Dabar i§ pirmos ir trecios Sios sistemos lyg€iy turime:

- A —-a
g T ;B = 33
a2 azs
I$ sistemos ketvirtosios lygties galime iSreiksti parametro y* reikSme:
. Gy ta(ag —az) — (@)?ayg, + a*p”
az3 2

Kadangi Siuo atveju yra iSpildytos (1.43) ir (1.44) salygos, o parametras a,; = 0, tai jstacius |
salygas §ig reikSme, gauname:

{ ai2053 # 0
_a12a23 #: 0

Taigi matome, kad parametrai a,,, a,; lygts nuliui biiti negali. m
Antras atvejis. Jeigu ispildomos (1.43) ir (1.45) salygos, bet netenkinama (1.44) salyga. Siuo
atveju a* ir y* atitinkamai apskai¢iuojami pagal (1.40) ir (1.42) formules, o parametras S*

apskaic¢iuojamas tokiu biidu:

x _ Qyp—Aytaqa”
ﬁ - a13a*+a23 (149)
Cia turi biiti teisinga tokia nelygybé:
a;za” +az; #0 (1.50)

Jrodymas. Kadangi salygos (1.43) ir (1.45) iSpildytos, a* bei y* parametry formulés jrodomos
analogiSkai, kaip 1.4 teoremoje. Parametrg £* gauname i§ (1.38) sistemos antrosios lygties, kuri atrodo
taip:

—a,a" + a3a" BT+ aft = az, — 4
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azz—/12+a12a*

Taigi g* = , kai iSpildyta (1.50) salyga. m

a13a*+a23
Jeigu a;3a™ + a,3 = 0, t.y. netenkinama (1.50) salyga, tada bet koks g* € C parametras tenkins

(1.38) lygciy sistema, kai parametrai a* ir y* apskaiciuojami tokiu budu:

s _ %2

@ =2 (1.51)
x _ Az—ass _ Brazs

V= a3 2a13 (1'52)

Irodymas. 18 (1.50) nelygybés matome, kad ji nebus teisinga tik tuo atveju kai
» azs
at=——

a3

Istate gautg a* reikSme j (1.38) lygéiy sistemos pirmas keturias lygtis, turime:

( Q1203 1 N N
- + §a23ﬁ tapy =a1— A4
a3
a12033
=dy; — Ay
a3
) 1
* * __
—§a23,3 —a3y" =dazz — A3
2
az3 az3 _
kaZl ——(a;1—azp)—|=—) a2=0
a3 Qi3

Kadangi Siuo atveju negalioja (1.44) salyga, tai a,,a,3 — a1,a,3 — a;343 = 0. 1§ ¢ia galime

i$sireiksti A5:

1. = Q12023
3 =02 —
ai3
IS antrosios lygties iSsireiSkiame A,:
1 = 12023
2 = Qz2 —
ai3

Matome, kad 1, = A5. Dabar, i$ trecios lygties, gauname y* parametra:

*
N 13—(133_/3 as

‘)/ =
aq3 2a,43

Istate gautg reikSme | pirmajg lygti, gauname:

aq12023

1 1
s +§a23ﬁ* + A3 —as; _5‘1233* =a;;— M

Supaprasting Sig lygtj turime:

a{,a
/11+/13:a11+a33+ 12723

13
Prie i§ abiejy pusiy pridéje atitinkamai A, ir jos iSraiSkg, gauname:

11+AZ +13=a11+a22+a33
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Kaip zinome i§ pradinés salygos (1.39), i lygybé yra teisinga, taigi y* iSraiska tenkina $ig lygtj.
Dabar, pertvarke ketvirtaja lygtj ir padauging ja i$ a3 # 0, turime:

A12023\
Q1413 — Q3011 T Az3 | A2z — a =0
13

Taigi matome, kad jstacius turimg A5 reikSme, galime gauti nauja jos israiska:

a13031

A3 =ag; —
ass

Pagal gautas a* ir y* parametry iSraiskas gauname tokias lygybes:

1 Ay —a *a
Cat Byt = 3 33_,3 23
2 aq3 aq3
1 e . A3 —as3
- —_ [ ———
SO B -y 0

Dabar su Siy lygybiy pagalba perrasysime penktgja ir Sestaja (1.38) lygCiy sistemos lygtis.
Penktoji lygtis atrodys taip:
A3 — as3 _ B a3

ag3 ag3

sz + B (azy — az3) — (B*)%azs + ( ) (a2 —as;36") =0

Padaugine $ig lygti i§ a3 # 0 ir j3 supaprasting, gauname:
A32013 + A12(A3 — Az3) + B7(Az2a13 — A12a53 — a13d3) = 0
Kadangi $iuo atveju netenkinama (1.44) salyga, todél daugiklis prie f* yra lygus nuliui ir
pastebime, kad nuo £ parametro lygties teisingumas nepriklauso.

Sestoji (1.38) lygéiy sistemos lygtis dabar atrodys taip:

A3 —azz  Brax Az (A3 —azz P ax
* —_ *
a3y ( - )a11+ﬁ az + ( - )alz + B az; + as;
a13 ai3 aq3 a3 a3
A3 — as3 A3 —azz  Brax
+<_ ) ( - >a13+ﬁ*a23+a33 =0
a3 a3 aq3
Supaprasting $ig lygtj, gauname:
* a13a21) x ( a12a23)
a (a - a a —
4 aiq (A3 — asz) B azs a1 g ), Ay301, (A3 — az3) + ay3as; N B azs | az; ars
31 -
a3 a3 aq3 a3
2
az3ds — A3
ais

Ivertinus turimas A5 reikSmiy iSraiSkas, gauname:

a1 (A3 — asz) n azzA; — /1_%, _

asq 0

a3 13
Matome, kad nuo parametro S~ Sios lygties teisingumas taip pat nepriklauso. Taigi £ gali bt

bet koks skaicius, kai parametras y* skai¢iuojamas pagal (1.52) iSraiskg. m
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Tredias atvejis. Jeigu iSpildomos (1.44) ir (1.45) salygos, bet (1.43) — ne. Siuo atveju B* ir y*
atitinkamai apskai¢iuojami pagal (1.41) ir (1.42) formules, o parametras a* apskaiiuojamas tokiu

budu:

* az2—Az—az3f”
== 1.53
“ aizf*—as ( )
Cia turi biti teisinga tokia nelygybeé:
a;zf*—a;, #0 (1.54)

[rodymas. Kadangi salygos (1.44) ir (1.45) iSpildytos, §* bei y* parametry formulés jrodomos
analogiskai, kaip 1.4 teoremoje. Parametra a* gauname is (1.38) sistemos antrosios lygties:
—Q@" + a3 BT+ axfT = az — Ay

Taigi a* = 22=%279238" i ixpildyta (1.54) salyga. m
aizBr—asz
Jeigu a3B8* — a;;, = 0, t.y. netenkinama (1.54) salyga, tada bet koks a* € C parametras tenkins
(1.38) lygciy sistema, kai parametrai §* ir y* apskaic¢iuojami tokiu budu:
pr==2 (1.55)
13

V* — A=A a‘as; (1.56)

ais 2a;3

Irodymas. 18 (1.54) nelygybés matome, kad ji nebus teisinga tik tuo atveju kai

a2
Br=—
ai3
Istate gautg £ reikSme j (1.38) lyg€iy sistemos pirmas tris lygtis, turime:

( 1 * *
§a12“ +a;zy =a1— 4

aq12033
< =d; — Ay
aq3
A12073 1 . .
- — =10 — A3y = azz — A3
\ a3 2

IS pirmos lygties, gauname y* parametra:

*
. a1 — A atag

Yy = -
a3 2a,43

Kadangi neispildyta (1.43) salyga, tai a;,a,3 — a,,a43 + a;34; = 0. I8 ¢ia galime iSsireiksti A;:

12033
Ay =az; —
a3
IS antrosios lygties iSsireiSkiame A,:
a12033
Ay =ay; —

a3
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Matome, kad A, = A;. Dabar, i$ pirmosios lygties gautg y* parametro reikSme jstatome j trecigja

lygti:

-4 B a‘aq,

= azz — 43
a3 2045 )

Supaprasting §ig lygtj turime:

a,a
11+A3 = a11+a33+ 12723

a13
IS abiejy pusiy atitinkamai pridéje A, ir jos iSraiska, gauname:
A+, + A3 = a1 +ay, +ass
Kaip zinome i§ pradinés salygos (1.39), i lygybé yra teisinga, taigi y* iSraiska tenkina $ig lygtj.
Istacius §* parametro iSraiska j penktaja sistemos lygtj, ji atrodys taip:
aq
a

2
2 a
az; +—(az; —azz) — <—) azs =0
13 a3

Pertvarke penktaja lygtj ir padauging jg i§ a;3 # 0, turime:

12023\ _
320413 — A33Q12 + A1 | Az — " =0
13

Taigi matome, kad jstacius turima A, reikSme, galime gauti nauja jos iSraiska:

a130a3;

Ay = azz —
ap»

Pagal gautas 8* ir y* parametry iSraiskas gauname tokias lygybes:

1 a11 - Al
_a* * + L S}
> B"+y s
1 g N a " ag;p— A4
2 aq3 a3

Dabar su $iy lygybiy pagalba perraSysime ketvirtaja ir SeStaja (1.38) lygCiy sistemos lygtis.
Ketvirtoji lygtis atrodys taip:
A @ Qyq —

M
ay1 + a*(a;; — azy) — (@*)?a;; + ( - > (azz +a;za™) =0
ai3 a3

Padauging $ia lygtj 1§ a,3 # 0 ir ja supaprasting, gauname:
az1a13 — Az3(a;; — 44) + a*(az3a12 — azpa13 — agzdy) =0
Kadangi $iuo atveju netenkinama (1.43) saglyga, todél daugiklis prie a® yra lygus nuliui ir
pastebime, kad nuo a* parametro lygties teisingumas nepriklauso. Sestoji (1.38) lygéiy sistemos lygtis

dabar atrodys taip:

a1 — A ) L [(A11 — M )
Az +———a1 +—ay —a |— Q2 +—ay; T a3y
a3 13 13 13
*
aa aj; — A\ (a1 — A4 a,
+ - a13 + _a23 + a33 = 0
a3 a3 a3 a3
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Supaprasting §ig lygti, gauname:

2
A12071 Q72073 « 12 A12033 L 12 ay13033 (a;1 — A1) (A1 — as3)
a31 + - — azz - + a33 - +

2
a3 ajs azs a3 a3 agn a3

_ a12a23(a11; — 44) _

2
ais

0

Kadangi 4, = A, = a,, — alaz—laf = Q33 — al;—lajz tai matome, kad daugiklis prie parametro a*

yra lygts nuliui, tod¢l parametras a* jtakos lygties teisingumui neturi ir gali bt bet koks skaicius, kai
parametras y* skai¢iuojamas pagal (1.56) iSraiska. m

Ketvirtas atvejis. Galimi trys atvejai, dél kuriy bus netenkinamos visos trys salygos (1.43),
(1.44) ir (1.45):

1. Kaiay;3=0,a, =0,a,3 #0;

2. Kaia;3=0,a4, #0,a,3 =0;

3. Kal a13 = 0, a12 = O, a23 = 0

Jrodymas. Vis0s trys salygos bus netenkinamos tada ir tik tada kai:

Q12073 — A2Q13 + A134; = 0
Q22013 — Q1203 — Q1343 = 0
a;3 =0
IS pateiktos lygciy sistemos treciosios lygybés matome, kad a;3 turi biti lygus nuliui. [state Sig
reikSme | pirmasias dvi lygtis, gauname naujg sistema:

{ a12023 =0
—Qy5033 =0

I$ gautos sistemos matome, kad egzistuoja trys atvejai, kada bus tenkinamos lygybés: kai vienas
i$ nariy (a4, arba a,3) bus lygus nuliui, o kitas — ne, arba kai jie abu bus lygts nuliui. m
ISnagrinésime kiekviena i$ pateikty trijy atvejy:

1. Kaia;3 =0,a,, = 0,a,3 # 0 parametrai gaunami tokiu biidu:

ay1033—0p3031—011Q4
at = _ 21033~ 023031—A11021 (1.57)
aji1—A11022—023032+022033—A110433
,B* _ az2—A, (1 58)
azs
a1+(aq1—azz)a* a*B*
y* — 21 ( 11 22) + B (159)
asz3 2

v o
Cia ayy — a11a53 — G303, + az3a33 — a11a33 # 0.
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Jrodymas. Istate a3 = 0, a;, = 0 reikSmes j (1.38) sistemos lygtis, gauname tokig sistema:
( 0 = a1 — /11

*

Ay3f” =z — Ay
[ —

—a;3B" =aszz3 — A3

1
Az +a’(ay; — az) + (5“*5* - V*> azz3 =0
sy + B7(az; — aszz) — (B)?a3 =0

1
azq + (E a’p* + V*) ay; + fay; — a*(fraz; + asy)

1
L +(§a*ﬁ* _V*) (Bazs +ass) =0
IS antrosios ir ketvirtosios lyg¢iy, atitinkamai gauname parametry 8* ir y* israiskas:

* * ¥
Az2 — Az yr = Ap1 + (A11 — Ap2)@ N a’p
= .=

az3 az3 2

B =

Istate gautg y* iSraiska j sistemos Sestaja lygtj, gauname:

az, + (aq1 — az)a”

* * * * * *
a31+(a[3 + >a11+,8a21—aﬁa22—aa32

azs

n ((azz —a;)a’ —ay
Qs

> (B*as; + asz) =0

Gautg iSraiska supaprasting turime:

=0

2 * *
aq10z1 + (a7; — a11az2)a . (azza33 — aj1a33)a” — az1as;3
a31 —a a32 +

ass3 ass
Dabar i$ gautos iSraiSkos galime iSsireiksti parametro a* reikSme:

at = A21033—A23031—A110421

af1-a11022—0A23032+022033~A11a33
Jeigu a?; — a;10a,, — Ay3a3; + App033 — Aq1a33 = 0, tada i§ (1.38) sistemos matome, kad §is
faktas pirmoms penkioms lygtims ir parametrams £~ ir y* jtakos neturi, ta¢iau suprastinus Sestaja lygtj,
gauname:
(af; — @117 — Gp303; + App033 — G11033)@" = Ay 033 — Ap3a3; — A110p,
Taigi matome, kad norint jog lygybé bty teisinga, iSraiSka a,;az3 — ap3a37 — a11a,1 turi biiti
lygi nuliui. Tokiu atveju lygybé bus teisinga su bet kokiu a* € C.

2. Kaiaq3 =0,a;, #0,a,3 = 0, parametrai gaunami tokiu budu:

aj1—1

ot =2uth (1.60)

aiz
* 11032—0A12031—A320433

B = 2 (161)
Q11033—0A11022%0120211022033—033
(azz—azz)B*—az, a’f”

v = 2 -z (1.62)

12

.. ’
Ciaajias3 — @110z, + a12051 + azza33 —azz # 0.
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Irodymas. Istate a,3 = 0,a,3 = 0 reikSmes j (1.38) sistemos lygtis, gauname tokig naujg lygciy

sistema:
( alza* == a11 - ).1
—a12a" = Ay — 4
O = a33 - /13
az, +a*(a;; — azy) — (a*)2a12 =0
1
3 a32+,8*(a22—a33)+<§a*,8*+y*>a12 =0

1 1
azq + (EQ*,B* + V*) a;, + B az, —a’ ((Ea*ﬁ* + Y*) a;; + B az; + a32>

1
+ (Ea*ﬁ* - y*) azz =0

IS pirmosios ir penktosios $ios sistemos lyg¢iy, atitinkamai gauname parametry a* ir y

\

*

iSraiSkas:
a;; — /11_ . (azz — azx)f* — as; _ a*p”

at=——y
) (2Y) 2

Dabar, jstate gautg y* iSraiska ] sistemos Sestaja lygti, gauname:

(azz3 —az)p* —a (azz3 —az)p" —a
azq + ( = ZZ 32 a;, + B az, —a” = ZZ 32 A + axp* +as,
12 12

az; + (az; — azs)p” _
azz3 =0
a2

+ (a* g+
Gautg iSraiska supaprasting turime:

2
(a11a33 — Q11023 + A12021)B" + @12031 — A11G37 + 32033 + (A22a33 — a33)B" 0

a,

I$ gautos iSraiskos turime parametro S reikSme:

ﬁ* _ 11032—0A12031—A320433 -

(11033—0A11022+012021+072033—a35
Jeigu ay,a33 — ay10ay; + A120p1 + Azpa33 — a3 = 0, tada i (1.38) sistemos matome, kad tai
pirmoms penkioms lygtims ir parametrams a* ir y* jtakos neturi, taCiau supaprastinus Sestajg lygtj,
gauname:
(@11a33 = @112 + 12051 + Q22033 — 33)B" = a11a3; — A12031 — A32a33
Taigi matome, kad norint jog lygybé biity teisinga, iSraiSka a;;a3;, — a1,a31 — A3,a33 taip pat
turi buti lygi nuliui. Tokiu atveju lygybé bus teisinga su bet kokiu §* € C.

3. Kaia;;3 =0,a,, =0,a,3 = 0 parametrai gaunami tokiu budu:

* _ az1
a* = p—— (1.63)
pr=—=2 (1.64)

azz—dazz
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Y= as a21a32(a11+a33) (1.65)

azz—aj1  2(azz—azz)(azz—ai1)(asz—aig)

Cia Ayy —aq1 F 0,a33 —ayy # 0,a33 —aqq # 0, LY. a1 # ay, # ass.

Irodymas. 1 (1.38) sistemos lygtis jstacius ay3 = 0,a,, = 0,a,3 = 0, gauname tokig lygCiy

sistema:
( 0=a;; — A4
0=a,,— 1,
0=a3;— 13
az +a*(a;; —az) =0
9 Az, + " (a; —aszz) =0

1
azq + (E a’p + V*) ay; + fay; — a*(fraz,; + asy)

1
\ +(§a*,8*—y*) asz3 =0
I$ ketvirtosios ir penktosios Sios sistemos lygéiy atitinkamai gauname «* ir §* parametry
reikSmes:
at = azy ;B = aszz
A2 — A11 Q33 — Qz2

Pertvarke Sestajg sistemos lygti turime:

(azz —a)y" = Ea*ﬁ*(an —2ay; + az3) +az; —a‘az; + fray

Dabar | gautg iSraiska jstacius gautas a* ir f* reikSmes gauname:
_ 21032(a41 + a33)
2(azz — azz)(az2 — a11)

IS Sios iSraiSkos turime y* parametro reikSme:

(azz3 —a;1)y" = as;

vt = asi az1a32(a11+0a33)

azz—aia 2(az3—az2)(azz—a11)(azz—as1)’

Kai a,; = a,, # as3, tada bet koks a* € C tenkins (1.38) lygc¢iy sistema, kai parametras y*
apskaiciuojamas tokiu biidu (¢ia f* skaiCiuojamas pagal (1.64) iSraiska):

V* — a31—A3,a"+0az1 8" + ap* (166)

azz—ajiq 2

Jrodymas. Prie $iy salygy, sistema atrodys taip:

( 0=a;; — A4
0=a,,— 1,
0=a33—1;

a,; =0
3 az, + B (az; —asz) =0

1
azi + (Ea*ﬁ* + V*) ay; + fraz; — a*(fraz; + asy)

1
\ + (Ea*ﬁ* - y*) aszz3 =0



29

Kaip matome i§ $ios sistemos, penktoji lygtis nepasikeité, todél parametrg S* vis dar galime
apskaiciuoti pagal (1.64) iSraiska. Taip pat galime pastebéti, kad pirmoms penkioms lygtims parametry
a” ir y* reikSmés jtakos neturi, taigi jy reikSmés svarbios tik Sestojoje lygtyje, kurig supaprastinus ir

vietoj a,, jrasius a;; (Nes a;; = a,,), gauname:

1 1
y*(a;; —ass3) +az; + B a; —a'az; + Ea*ﬁ*a% + Ea*ﬁ*an —a*f*a;; =0

IS Sios lygties i8sireiSkiame y* parametrg ir turime:

* * * ¥
Y= A31 — A3@" + a1 B n a’p
A3z — ayy 2

Taigi matome, kad lygybé tenkinama su bet kokiu a* € C, jei y* apskai¢iuojamas pagal pateikta
iSraiska. m
Kai a,; # a,, = as3, tada bet koks B* € C tenkins (1.38) lygciy sistema, kai parametras y*

apskai¢iuojamas tokiu biidu (¢ia ™ skai¢iuojamas pagal (1.63) iSraiska):

« _ Gz1—aza’+axp” _ arp”
Yy = das—tan S (1.67)
Irodymas. Prie 81y salygy, sistema atrodo taip:
( 0 =aq1 — 11
O = dayy — 12
O = a33 - 13
a1 +a* (a1 —az) =0
< az, = 0

1
azi + (Ea*ﬁ* + V*) ay; + fraz; — a*(fraz; + asy)

\ +Ga*/3*—y*) aszz3 =0
IS pateiktos lyg€iy sistemos matome, kad ketvirtoji lygtis liko ta pati, todel parametras a*
skai¢iuojamas pagal (1.63) iSraiSkg. Be to, 1§ sistemos matome, kad esant Sioms saglygoms, pirmoms
penkioms lygtims parametrai 8* ir y* jtakos neturi, taigi jy reik§més svarbios tik Sestojoje lygtyje.
Pateiktg iSraiSka supaprastinus ir vietoj a,, jrasius ass (Nes az; = a,,), gauname:
y*(a1n —asz) +az + Braz —a‘az + %a*ﬁ*an + Ea*ﬁ*a% —a'fraz; =0
I§ Sios lygties iSsireiskiame y* parametra:

*

Y= A31 — A3 tanf” a’f’

a3z — 411 2
Taigi matome, kad lygybé tenkinama su bet kokiu f* € C, kai y* apskaic¢iuojama pagal pateikta
1Sraiska. m
Kai a;; = az3 # a,,, tada bet koks y* € C tenkins (1.38) lygéiy sistema, o parametrai a* ir *

atitinkamai apskaic¢iuojami pagal (1.63) ir (1.64) iSraiskas.
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Irodymas. Prie iy salygy, (1.38) lygciy sistema atrodys taip:

( 0=a;; — M4
0=a,, — 1,
0=a3;3—1;

a1 +a*(a;; —az) =0
9 azy + f*(az; —aszz) =0

1
asq + (E a’pr+ V*) ay; + fraz; — a*(fraz; + asy)

1
+ (E a’pr — y*) asz3 =0
I$ penktosios ir Sestosios $ios sistemos lygéiy matome, kad a* ir ™ atitinkamai gaunami pagal

(1.63) ir (1.64) israiskas. Be to, pirmose penkiose lygtyse, parametras y* neegzistuoja. Pertvarke

Sestaja lygti, turime:

1
y*(ay; —ass) +az; + frax —a‘az, + Ea*/j*an + Ea*/j’*a% —a*'frazz; =0

Kaip matome i§ gautos iSraiskos, daugiklis prie y* yra lygus nuliui, todél su bet kokiu y* € C
bus tenkinamos lygybés, nes jis jtakos lygtims neturi. m
Kai a;; = a,, = a3, tada bet koks y* € C tenkins (1.38) lygc¢iy sistema, 0 parametrams a”* ir
B turi galioti tokia lygybé:
Az — Az B* = az (1.68)
Irodymas. Istacius Sias salygas i (1.38) sistemos lygtis, turime tokig lyg¢iy sistema:

( 0=a;; — A4
0=a,,— 1,
0=a3;— 13

a,; =0

3 as, =0

1
asq + (E a’p*+ V*) ayy + fraz; —a*(fraz; + asy)

1
L +(Ea*ﬁ*_y*)a33=0
Kaip matome i§ pirmyjy penkiy lygéiy, parametry a*, 8%, y" reik§més lygtims jtakos neturi.

Ivedame pakeitimg ay = a1 = a,, = as3 ir Sestosios lygties gauname:
1
as, + (Ea*ﬁ* + V*) ao + Braz —a*(Brao + as;)
1
+ (Ea*ﬁ* - y*) ap=20
Gautg iSraiska supaprastine, turime:
azi; + B a —a’as; +§a B ao"‘Ea Brag—a*Brag +vy*(ag—ae) =0

IS Sios iSraiSkos matome, kad:

* *
az,a" — azf* = az;. m
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Kiti atvejai. Situacija, kai iSpildoma tik viena i§ (1.43) ir (1.44) salygy, o (1.45) salyga
netenkinama, yra negalima.
Irodymas. Tarkime (1.43) nelygybé yra teisinga, o (1.44) ir (1.45) salygos netenkinamos. Tada

gauname tokig lygciy sistema:

A12023 — Az2Q13 + A3 # 0
Az2013 = G12023 — Q1343 = 0
a13 = 0
IS pateiktos lygcCiy sistemos treciosios lygybés matome, kad a3 turi buti lygus nuliui. Jstate Sig
reikSme ] pirmasias dvi lygtis, gauname tokia sistema:

{ ai2053 # 0
—Qy50,3 =0

IS gautos sistemos matome, jog gavome priestara, taigi toks atvejis yra negalimas. Analogiskai
galima parodyti, jog atvejis, kai (1.44) nelygybé yra teisinga, o (1.43) ir (1.45) salygos netenkinamos,

taip pat yra negalimas. m

1.11. TRIKAMPES MATRICOS ALGEBRINES ISRAISKOS

Siame skyrelyje apraSysime trikampés tre¢ios eilés matricos transformacijas. 1.9 skyrelyje
atlikome kvadratinés trecios eilés matricos A transformacijg ir gavome trikampe¢ matrica B:
A oa
B=<O Az b> (1.69)
0 0 A
Gautos matricos B transformacija priklauso nuo jos tikriniy reikSmiy A4, 4,,15. Jeigu visos
tikrinés reik§més yra skirtingos, su pateikta transformacija, matricag B diagonalizuosime, o jeigu bent
dvi 18 tikriniy reik§Smiy sutampa, jos diagonalizuoti negalime ir gausime kitokig jos iSraiska.
Pirmoji situacija. Jeigu matrica B turi tris skirtingas tikrines reik§mes A4, 1,, A3, tai ja galime

1Sreiksti tokiu idempotenty tiesiniu dariniu:

B = AlDl + AZDZ + A3D3 (170)
Cia idempotentai Dy, D, D jgija tokias reik§mes:
1 a ab + c
Mi-Ay (A=A (A—A3) A -2
D1 — O 10 2 1 2 1 03 1 3 (171)
0 0 0
0 a ab
Az2—A1 (A2—241)(A2—-13)
0 1 PR

0 0 0
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ab c
00 (A3=22)(A3—-11) + A3=24
D. = _ b (1.73)
3 0 0 T
0 0 1
Tada egzistuoja matricy K ir K™ pora, kai:
1 «a %aﬁ+y 1 —a«a %aﬁ—y
— -1 _
0 0 1 0 0 1
Su kuriomis teisingos tokios lygybés:
A4 0 O
KBK™! = (0 A, 0> (1.75)
0 0 A5
A4 0 O
B=K‘1(0 Az 0)1{ (1.76)
0 0 A3

Matricy K ir K™ parametrai @, 8, y apskai¢iuojami pagal $ias israiskas:

a

o= o .77)
__»b (1.78)

B = Az—23 .

y = @AM A)+2(ctpa-ab) (1.79)

2(A3—21)

Taigi, kai matricos A visos tikrinés reikSmés yra skirtingos, ji diagonalizuojama tokiu biidu:

4 0 0
L=KTAT 'K ! = (0 A 0) (1.80)
0 0 1,

Be to, kickvieng matrica A galima nusakyti tokiais hierarchizuotais parametrais: A =

A(Aq, Az, A3, a, B, v, a*, BF,v7), t.y. galima gauti tokij jos déstin;j:

A=T 1K 1LKT (1.81)
Pastebésime, kad idempotentus D;, D,, D5 galima gauti i§ matricy K ir K™
10 0 1 =2 ®___ <
- -2z (A-22)A1-23)  A1-23
1. K(O 0 0)1{1: .
0 0 0
0 0 O 0 0 0
0 0 0 0 a ab
. A2=A1 (A2—A1)(A2—23)
2. K{0 1 0K =] 1 b
0 0 O A2—13
0 0 0
ab c
0 0 0 ) 00 (13—/12)(13—/11)-'-13—/11
3. K|0 0 OJK™=[(y o __b
0 0 1 A3—12
0 1
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Antroji situacija.
1. Jei matrica B turi dvi vienodas tikrines reikSmes, o tre¢ia skirtinga, t.y. 14 = 4, = A5 # A3,

tai matricg B galime i8déstyti tokiu idempotenty bei nulpotenty tiesiniu dariniu:

B = AODI + aN1 + /13D2 (182)
Cia idempotentai D;, D, igija tokais reik§mes:
ab c
VO @t as
D, = b (1.83)
1 0 1 P
0 0 0
ab c
0 (0-23)% o1
D, = __b (1.84)
0 0 I
0 0 1
Nulpotentas N; iSreiskiamas $ia lygybe:
01 —
N1 = O 0 00 3 (1.85)
0 0 0
Tada egzistuoja matricy K ir K™ pora su parametrais:
b
= 1.
B = (L.86)
_ aBf(Ap—2A3)+2(Ba—ab—c)
y= 2(a—Ao) (1.87)

Bei bet kokiu « € C, kuris tenkins tapatybe:
1 «a %aﬁ+y 2.0 a c 1 —«a %aﬁ—y /10 a 0

2. Jei matrica B turi dvi vienodas tikrines reikSmes, o pirmajg skirtingg, t.y. A; # 49 = 4, = A3,

tada transformacijai naudojama matricy pora K ir K™ su parametrais:

_ a
€= (1.89)

_ aBf(Ag—2,)-2(Ba—ab—c)
y= 2(9—41) (1'90)

Bei bet kokiu 5 € C, kuris tenkins tapatybe:
1 «a %aﬁ+y AMoa ¢ 1 —a %aﬁ—y A4 0 O

B
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3. Jei matrica B turi dvi vienodas tikrines reikSmes, o antrajg skirtingg, t.y. A, # 1o = 1; = 13,

tada transformacijai atlikti imame matricy pora K ir K™ su parametrais:

a

@=1 (1.92)
=2 1.93
B _AZ_AO ( " )
Bei bet kokiu y € C, kuris tenkins tapatybe:
1 ab
1 a —af+y\/Po a c\[1 -a —aﬁ’ 14 /Ao ¢ty
2 0 A, b — 2
01 B o o J\0 1 —B \o A b
0 0 1 N0 o0 1 0 0 Ao
(1.94)

Trecioji situacija. Jeigu matrica B turi tris vienodas tikrines reik§mes, t.y. 4; = 1, = A3 == A,

tai matricg B galime i8déstyti tokiu idempotenty bei nulpotenty tiesiniu dariniu:

1 0 0 0 a O 0 0 ¢
B =2 <O 1 0]+ <0 0O b)]+{0 0 O (1.95)
0 0 1 0 0 O 0 0 O

0 a 0\> (0 0 ab\ /O O c\* (0 0 O
0O 0 b) =({0 O 0]),{0 O O)=|0 0 O
0 0 O 0 0 O 0 0O 0 0 O
Tada matricy pora K ir K™, su bet kokiu y € C ir parametrais a ir B, tenkinanéiais tapatybe
ab — fa + ¢ = 0, nusako tokig atitiktj:
1 «a %aﬁ+y A a c\[1 -—-a %aﬁ—y lo a 0
Siame skyrelyje pateiktas trikampiy treGios eilés matricy transformacijas bei jy pagalba

gaunamus algebrinius—struktirinius parametrus a*, 8*,y* naudosime i§ funkcijy gauty sinchroniniy

eiluciy bei elektrokardiogramos duomeny analizei.
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2. TIRIAMOJI DALIS IR REZULTATAI

2.1. TRECIOS EILES MATRICOS TRANSFORMACIJU PAVYZDZIAI

Siame skyrelyje, pagal aprasytus matematinius metodus, atliksime kvadratinés treios eilés
matricos transformacijas bei iSskirsime jos algebrinius—struktirinius parametrus. Skai¢iavimus
atlickame sukurtos programinés jrangos pagalba (Zr. 2.4 skyrelj). Programoje rezultatai spausdinami
10716 tikslumu, tadiau $iuose pavyzdziuose parodysime tik tris skaiCius po kablelio, kad biity
paprasc¢iau apzvelgti rezultatus.

1 pavyzdys. Tegul turime tokig trecios eilés matricg:
1 8 1

A= <2 4 5

1 2 2

A1 =—=0,797 — 0.251i
A, = —=0,797 + 0.251i
Az = 8,594
Dabar pagal (1.40), (1.41) ir (1.42) iSraiSkas, gauname parametry a*, %, y* reikSmes:
a* = 0,198 + 0,037i
B =1,228
y* =0,333 —0,023i

Matricos A tikrinés reikSmes:

Gauty parametry pagalba pagal (1.34) iSraiskas, gauname matricy T ir T~ pora:

1 0 0 1 0 0
T = <O,198 + 0,037i 1 O); T 1= (—0,198 —0,037i 1 0)
0,455+ 5,551 1,228 1 0,212 + 0,046 -1,228 1

Siy matricy pagalba, gauname trikampe matricg B:

-0,797 — 0,251i 6,772 1
B=TAT ! = ( 0 —0,797 + 0.251i 5,198 + 0,0371‘)
0 0 8,594
Pagal (1.77), (1.78) ir (1.79) iSraiSkas gauname parametry «, 3, y reikSmes:
a = 13,489i

B =-—0,553—-0,019i
y = —0.379 — 3,730i
Gauty parametry pagalba pagal i (1.74) israisky, gauname matricy K ir K~ pora:

1 13,489 -0,253 —7,460i 1 -13,489i 0,505
K=10 1 —0,553—0,019i |; K =10 1 0,553 + 0,019i
0 0 1 0 0 1
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Gauty pagalbiniy matricy pagalba diagonalizuojame i$ matricos A gautg trikamp¢ matricg B ir

gauname matricg L:

—0,797 — 0.251i 0 0
L=KBK™'= ( 0 —0,797 + 0.251i 0 )
0 0 8,594

Kaip matome, gautos matricos jstrizainés parametrai yra lygiis matricos A tikrinéms reikSméms.

Atlike skai¢iavimus, galime gauti tokj matricos A déstinj:

1 8 1
A=T K ULKT=(2 4 5
1 2 2
2 pavyzdys. Siame pavyzdyje pateiktas atvejis, kai matrica i§sigimusi ir struktfiriniy parametry

a®, B*,v" negalime apskai¢iuoti formulémis, kurios galioja bendram atvejui. Tegul turime tokia tre¢ios

2 4 0
A=(0 1 1
0 4 4

11:0,/12:2,13:5
Norint apskai¢iuoti parametrus a*, %, y*, tikriname salygas (1.43), (1.44) ir (1.45):

eilés matrica:

Matricos A tikrinés reikSmes:

Q3033 — Ap2043 + A434; =4-1—-1-04+0-0%0
Ay,043 — Q120233 — Q4343 =1:-0—4-1—-0-5%0
a;3 =0
Kaip matome, viena i§ salygy yra netenkinama, todél struktdriniai parametrai turi buti
skai¢iuojami pagal 1.10 skyrelyje pateiktus parametry skaiCiavimo atskirus atvejus. Kadangi
netenkinama tre¢ioji salyga, parametrai apskai¢iuojami pagal (1.46), (1.47) ir (1.48) lygybes:
a1 —A  2-0
ai, 4

*

a =

0,5

3—6133:5—4':1

A
g =

ass3 1

. Gy ta(a;; —az) — (@")*ay; 4 a'p* 05(2-1)- (0,5)%4 N 0,5
V= s 2 - 1 2

= —0.25
I3 gauty parametry, pagal (1.34) israiskas, sudarome matricy T ir T~ pora:

1 0 0 1 0 O
T = (0,5 1 O); T-1= (—0,5 1 0)
0 1 1 05 -1 1

Siy matricy pagalba, gauname trikampe matricg B:

1 4 0
B=TAT'=|0 2 1

0 0 5
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Pagal (1.77), (1.78) ir (1.79) iSraiSkas gauname parametry «, 3, y reikSmes:

a=-2
B =-0,334
y = 0,067

I§ gauty parametry, pagal i§ (1.74) israiskas, gauname matricy K ir K~ pora:

1 -2 0,4 1 2 0,267
K=(0 1 -0334);K*=|0 1 0334
0 O 1 0 0 1

Gauty pagalbiniy matricy pagalba diagonalizuojame i§ matricos A gautg trikampe matricg B ir

0 0 O
L=KBK_1=<O 2 O)
0 0 5

Kaip matome, gautos matricos jstrizainés parametrai yra lygiis matricos A tikrinéms reikSméms.

gauname matricg L:

Atlike skai¢iavimus, galime gauti tokj matricos A déstinj:

2 4 0
A=T K ILKT=(0 1 1
0 4 4

Atlikti skai¢iavimai parodo, kad atlikus aprasytas vienos trecios eilés matricos transformacijas,

matricg A galime nusakyti tokiais hierarchizuotais parametrais: A = A(A4,4,, A3, a, B, y, a*, 8%, v").

2.2. TRIJU FUNKCIJU ALGEBRINE KORELIACIJA

Siame skyrelyje tirsime trijy funkcijy algebring koreliacija, naudodami i§ jy gaunamas tris
sinchronizuotas laiko eilutes:

x = cos(pit + ¢1)
y = cos(pzt + ¢3)
z = cos(pst + @3)

Cia t = hn apibadina laiko momentus, kur h - laiko intervalo Zingsnis, n = 0,k (k — eilutés
nariy kiekis). Parametrai p;, i = 1,2,3 apibudina daznius, 0 ¢;,i = 1,2,3 — fazinius postimius. Tegul
turime tokias funkcijos parametry reik§mes:

2.1 lentelé

Funkcijy parametry reikSmés

Parametras P1 P2 P3 1 ®2 ®3 h k

Reik§me 1,5 0,7 1,2 0 0,5 0,9 0,1 100
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Parinke $iy parametry reik§mes, naudodamiesi sukurta programine jranga (Zr. 2.4 skyrelj),
sudarome Lagranzo skirtumy matricy sekg (zr. 1.4 skyrelj) ir i§ jy iSskiriame matricas nusakancius

parametrus A4, 4,5, 45, a,B,y,a", B, v" bei pavaizduojame juos grafiskai. Gauty sinchroniniy eiluciy

grafikas:
15 _—
—y
— 1 — o S —
= T, ~ rd
RN 7 NN P <
2 0 \“\\“\ ~ VA - %} Zd va / AN
% o5 -\_\\ ‘-.1 \ / _:'K"' ., (.(." /( l“‘~__
L “ - \ \ s
4 o~ / 5 >/ e
0 20 40 60 el 100
k

2.1 pav. Sinchroniniy eiluciy grafikas

Apskai¢iuotas tikrines reikSmes A4, A,, A3 surikiuojame, tada apskaiiuojame jy modulj ir

bréziame grafika:

3 — — Al
g 25 TN — 2
E I / /I,."r AN — {:-—- B .-"/ — A3
E 2 LT .\_\"x_ K ", /
z — L W £ / % N, "Ir i
1.5 _._ - \ 77 7 7 7 7
E : . \ / ,r'! - Ny / f_ Wi ,"f
-If_z 0.5 ‘-,\<\ /Y\ - Ir' AN N\ / \\ i m
VA /S S VANV \WARRYAYAS
0 20 40 60 a0
k

2.2 pav. Tikriniy reikSmiy grafikas

Norint aiSkiau matyti matricos struktliriniy parametry dinamika, juos atvaizduojame
logaritminéje skaléje, t.y. kai x = {a,B,y,a",B",v"}, bréziame log;o|x + 1| grafika. Perskai¢iavus

struktiirinius parametrus, gauname tokius grafikus:

3 — log(a"+1)

25 — log(B™+1)

o 2 — log(y™+1)
= 15

*

= 1

A
0.5 sfkg- | S =

I NG i e—— A .
0 20 40 60 a0

2.3 pav. Parametry a*, f*, y* grafikas



39

25 — log(a+1)
2 — log(p+1)
| — log(y+1)
= 15
= 1 H !
| 1 I
05 A N [ [
. SZ‘I — Tl — 1 ) ..______")I I |'I 1
pl== + S e e
0 20 40 60 a0
k

2.4 pav. Parametry a, #, y grafikas

IS pateikty grafiky matome, kad struktiiriniy parametry moduliai didziausias reikSmes jgyja, kai
funkcijos viena prie kitos artéja. Taip pat galima pastebéti, kad kuo didesnis atstumas tarp funkcijy, tuo

pastovesnés struktiiriniy parametry moduliy reikSmeés.

2.3. ELEKTROKARDIOGRAMOS PARAMETRU TYRIMAS

Tyrimui atlikti buvo pasirinkta deSimties sportininky elektrokardiogramos. EKG duomenys buvo
fiksuojami 11 minuciy: pirmaja minutg ramybés busenoje, sekancias 5 minutes buvo minamas
specialus dviratis, kas minut¢ didinant kravj (50w, 100w, 150w, 200w, 250wW), o paskutines 5
minutes vyko atsigavimas. Tyrimui atlikti nagrin¢jame trijy EKG parametry dinamines s3asajas: RR,
DQRS, DJT. Kadangi $iy parametry reikSmiy aibés labai skiriasi, todé¢l norint juos tarpusavyje lyginti,
duomenys buvo normuojami:

Xi — mein

[ —
Xi =

ve max

Cia i — kardiociklo numeris, x; — pradiné parametro reik§mé taske i, x; - sunormuota parametro
reik§mé taske i. Xp,in, Xmax — parametry minimali ir maksimali fiziologinés reikSmeés.
2.2 lentelé

EKG parametry fiziologinés ribos

Parametras Xmin Xmax
RR 150 1500
DQRS 30 140
DJT 50 400

Sunormuotas parametry reik§mes nagrinésime naudodami sukurtg programing jrangg (zr. 2.4
skyrelj), pirmiausiai sudarant Lagranzo skirtumy matricy sekg (zr. 1.4 skyrelj) ir i$ jy iSskiriant matricy

struktirinius parametrus «*, 8%, v", a, B, V.
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Tiriant parametry dinamines sgsajas, i§ gauty struktiiriniy parametry, kiekvienos minutés

laikotarpiu, apskaic¢iuojame jy standartinius nuokrypius:

Cia x; — EKG parametro reik§mé i-tojo matavimo metu, ¥ — parametro reikimiy vidurkis, n —
matavimy skaicius.

IS desSimties tiriamy elektrokardiogramy apskaiciavus struktiriniy parametry standartinius
nuokrypius, juos pateikiame stulpeline diagrama, kur zalsvi stulpeliai nurodo ramybés biiseng, o rausvi
— kriivi. Rezultatai pateikiami logaritminéje skaléje. Kiekvieno tirto asmens atskiri rezultatai
pateikiami 1 priede, o Siame skyrelyje pateikiame suvidurkintus parametry grafikus:

0.3
0.25
0.2

0.15

i |

o 1 2 3 4 5 B 7 3 9 10 N

af o], al B, aly*]

0.1

0.05—

2.5 pav. Parametry a*, f*, y* standartiniy nuokrypiy vidurkiai

0.25

0.2

0.15

0.1

i

0 1 2 3 4 5 B 7 ] 9 10 1

afo], al B, alvy]

2.5 pav. Parametruy a, f, y standartiniy nuokrypiy vidurkiai

IS grafiky matome, kad rezultatai keiciasi, priklausomai nuo tiriamojo biisenos EKG duomeny
gavimo metu. Taip pat pastebime, kad struktiiriniy parametry standartiniai nuokrypiai skiriasi

tarpusavyje, todél nagrinésime kiekvieng i$ jy atskirai.
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Nagring¢jant parametrg a*, tiriamuosius i$skirsime j dvi grupes: pirmai grupei priklausys 1, 4, 9 ir

10, o antrgjai 2, 3, 5, 6, 7 ir 8 tiriamieji (zr. 1 prieda):
0,12
0.1+
0,08 +
0,06

0.04 4

= A ARnR=N
o N

0 1 2 3 4 5 B 7 8 5 10 11

t

aflog[a®+1]|

2.6 pav. Pirmosios grupés «* parametro standartiniai nuokrypiai

0.08

0.06

0,04 +

aflog[o*+1]]

0,02

0=
0 1 2 3 4 5 6 7 8 9 10 n

2.7 pav. Antrosios grupés a* parametro standartiniai nuokrypiai

Pirmosios grupés parametry dinamika rodo, kad did¢jant kruviui, sklaida apie vidurkj maz¢ja, o
ramybés biisenoj ir atsigaunant — didéja. Antrosios grupés rezultatai atsigavimo laikotarpiu prastesni ir
tai gali buti siejama su tuo, kad tiriamieji buvo pavarge EKG matavimo pradzioje.

Likusiyjy struktiiriniy parametry standartiniai nuokrypiai visiems tiriamiesiems:
0.3

0.25

0.2
0.15
01
0.05

0 l

o 1 2 3 4 5 B 7 8 5 10 M

aflog[R*+1]]

2.8 pav. Parametro g* standartiniai nuokrypiai
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015
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t

2.9 pav. Parametro y* standartiniai nuokrypiai
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0.2
015
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0.05 l
0
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t

2.10 pav. Parametro « standartiniai nuokrypiai

5 B

t

0.1

0.08 —

0.06 —

0.04

0.02

2.11pav. Parametro g standartiniai nuokrypiai

5 B

t

0.035
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2.12 pav. Parametro y standartiniai nuokrypiai
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Tarpusavyje lyginant parametrus, gautus matricy suvedimo j trikampe metu (a*, %, y*), su
parametrais, gautais matricas verCiant diagonaliomis (a,f,y) galime pastebéti, kad pastaroji
parametry grupé atkartoja pirmaja, tik su prieSinga dinamika, t.y. kai pirmosios grupés reikSmeés
mazg¢ja, antrosios didéja.

I$ gauty grafiky matome, kad prie maksimalaus kriivio, gautos reik§més staigiai krenta. Tai gali
biiti sietina su anaerobinio slenks¢io pasiekimu, t.y. kai aerobinis kvépavimas pereina | anaerobinj.
Kriivio metu dauguma i§ parametry (8%, y", a,,y) iSreiSkia panasy charakterj — jy sklaida apie
vidurkj did¢ja, did¢jant kriiviui. Matome, kad pirmy dviejy ir paskutiniy trijy minuciy rezultaty
dinamika stipriai skirias ir tai gali biiti siejama su funkcinés biisenos kitimu per pirmasias dvi minutes.
Struktiiriniai parametrai atkartoja fiziologines sportininky busenas ir kalba apie tos biisenos kitimo

specifikg jégos, greitumo bei iStvermes sportuose.

2.4. PROGRAMINE REALIZACIJA IR INSTRUKCIJA VARTOTOJUI

Sukurta programa, realizuojanti darbe aprasytus matematinius metodus ir jy pritaikyma
elektrokardiogramos duomenims, grafiSkai atvaizduojant rezultatus. Programiné realizacija sukurta
Visual Basic programavimo kalba ir turi patogia vartotojo sgsaja. Programa pritaikyta vienos matricos,
sugeneruoty pagal tam tikrg funkcijg bei jvesty EKG duomeny analizei. Programoje pirmiausiai
atidaromas langas, kuriame galima pasirinkti ar norime analizuoti vieng matricg, ar i§ eilu¢iy sudaryty

matricy seka:

Ivesti matricg

Eilutés

2.13 pav. Pirmasis programos langas

Mygtukas ,,Ivesti matricg™ atidaro antrgjj programos langg (zr. 2.14 pav.), o mygtukas ,,Eilutés*

atidaro trec¢iajj programos langg (Zr. 2.15 pav.).
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Antrasis programos langas:

Parametry reikimes

Patikrinimas

2.14 pav. Antrasis programos langas

Siame programos lange pirmiausia reikia jvesti tre¢ios eilés kvadratinés matricos parametry
reikSmes ir paspausti mygtuka ,,Jvesti“. Tada aktyvuojamas mygtukas ,,Skaiciuoti parametrus®, kuris
pirmiausiai randa tikrines reikSmes pagal QR metoda, 1§ pradziy jvesta matricg perskaiCiuojant |
Hasenbergo matricg (algoritmas pritaikytas 1§ [16]). Tikrinés reikSmés surikiuojamos ir tada atliekami
skaiCiavimai, apraSyti 1.9, 1.10 ir 1.11 skyreliuose. Apskaiciuoti parametrai bei tarpinés matricos
i§spausdinamos  tekstiniame lauke. Atlikus Siuos skaiCiavimus, aktyvuojamas mygtukas
,patikrinimas®, kuris pagal gautas tarpines matricas atkuria prading matricg bei apskaiCiuoja gautas

paklaidas. Visi rezultatai i§spausdinami patikrinimo tekstiniame lauke.
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Langas, skirtas eiluciy analizei, atrodo taip:

Eilutes
y -
Eiluiy generavimas
Ivesti reik3mes

Mary skaigius

a*

2.15 pav. Trecdiasis programos langas

Siame programos lange pirmiausiai reikia gauti tris eilutes, i kuriy bus sudaroma tregios eilés
kvadratiniy matricy seka. Eilutés galima gauti vieno i$ dviejy aktyviy mygtuky pagalba. Mygtukas
,Eilu¢iy generavimas® atidaro ketvirtaji programos langg (zr. 2.16 pav.), o ,,Ivesti* reikSmes mygtukas
atidaro penktaji programos langg (zr. 2.17 pav.). Tada gautos reikSmés suraSomos j lentele, randama
LagranZzo skirtumy matricy seka ir aktyvuojamas mygtukas ,,Skai¢iuoti koeficientus®, kuris randa
tikrines reikSmes bei matricy algebrinius—struktiirinius parametrus pagal darbe aprasytus metodus.
Gautos parametry reikSmes surasomos ] lentelg ir aktyvuojami like du mygtukai. ,,Brézti grafikus®
mygtukas atidaro Sestajj programos langg (zr. 2.18 pav.), o mygtukas ,,Skai¢iuoti parametry standartinj
nuokrypj* atidaro vienuoliktgjj programos langg (zr. 2.23 pav.). Programos langas, skirtas eiluciy

generavimui, atrodo taip:

Eilu€iy generavimas pagal Sias funkcijas:
x = cos(pyt + 9y)
y = cos(p,t + ;)
z = cos(pst + ¢3)

Koeficienty reikdmés:

L= 15 @, = 0 Nariy skaigius: 100
P = 07 @, = 05 Zingsnis: 0.1
ps= 12 @, = 09

Generuotix, y, z | AtEauldi |

2.16 pav. Ketvirtasis programos langas
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Siame lange galima pasirinkti pateikty funkcijy parametry reik§mes: daznius py, p,, p3, fazinius
postimius ¢4, P,@5, eilutés nariy skaiciy, bei laiko intervalo zingsnj. Mygtukas ,,Generuoti X, y, Z*
apskaiCiuoja eilutés narius pagal pateiktas funkcijas, o mygtukas ,,AtSaukti“ uzdaro §j programos

langg.

EKG duomenims jvesti naudojamas $is programos langas:

2.17 pav. Penktasis programos langas

I Siame lange pateiktg tekstinj lauka jvedamos ranka arba jkopijuojamos (pavyzdziui i§
Microsoft Excel lentelés) EKG reikSmiy eilutés. Mygtuku ,,Ivesti reik§més jkeliamos j treciojo
programos lango (Zr. 2.15 pav.) lentele ir apskai¢iuojama Lagranzo skirtumy matricy seka, o mygtuku
»AtSaukti“ uzdaromas $is programos langas ir reik§més nejvedamos.

Grafiniam EKG duomeny bei gauty parametry nagrinéjimui skirtas langas:
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2.18 pav. Sestasis programos langas
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Atidarius pavaizduota programos langa, automatiSkai nubréziami keturi grafikai: jvesti
elektrokardiogramos parametrai, Lagranzo skirtumy matricy tikrinés reikSmés bei algebriniy-
struktiiriniy parametry a*, B*, y* ir @, §, y reik§més. Mygtukai ,,Brézti papildoma kreive®, ,,Jvesti laiko
skale® ir ,,Duomeny slenkantis vidurkis* atitinkamai atidaro septintajj (zr. 2.19 pav.), astuntajj (zr. 2.20
pav.) ir devintgji (zr. 2.21 pav.) programos langus. Mygtuko ,,Atstatyti pradinius grafikus* pagalba
gaunami grafikai, kurie buvo automatiskai nubrézti atidarius $j langg. Treciojo ir ketvirtojo grafiko
desinéje puséje yra po 8 mygtukus, kuriy pagalba grafikuose bréziami atitinkami parametrai kartu arba
po vieng, atvaizduojant jy realias arba logaritmuotas reikSmes.

Prie pasirinkty grafiky SeStajame programos lange (zr. 2.18 pav.) norint atvaizduoti papildomag

kreive, naudojamas §is programos langas:

2.19 pav. Septintasis programos langas

Pavaizduotame programos lange galima apskai¢iuoti vieno i$ trijy EKG parametry slenkantj
standartinj nuokrypj naudojantis mygtuky ,,0(RR)*, ,,0(QRS)* ir ,,0(JT)* pagalba. Apskai¢iuotos
reik§més pateikiamos tekstiniame programos lango lauke. | pateikta tekstinj lauka galima suvesti ir
kitos norimos kreivés reikSmes. Tada pasirinkus, kuriuose i§ keturiy grafiky brézti norimg kreive
spaudziamas vienas i§ trijy mygtuky: ,.BréZti kreive® mygtukas atvaizduoja reikSmes pasirinktuose
grafikuose ir uzdaro programos langa, mygtukas ,IStrinti kreive® pasalina 1§ grafiky papildoma kreive,
jeigu tokia jau buvo nubrézta bei iStrina reikSmes i§ tekstinio lauko, o mygtukas ,,AtSaukti® uzdaro

programos langg.
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Norit pakeisti matavimo skale abscisiy asyje, atidaromas §is programos langas:

Laiko momentai:

Bréti segmentini grafika

[ aikia | [ Agada |

2.20 pav. Astuntasis programos langas

I Siame lange esantj tekstinj lauka suvedamos reikSmés, nusakancios suvesty EKG parametry
matavimy laiko momentus. Kai suvedamos reikSmes, spaudziamas mygtukas , Atlikta® ir gaunami
grafikai, kuriuose parametrai atvaizduojami jau pagal laiko momentus. Norint, kad grafikuose bty
atvaizduotas reikSmiy vidurkis kiekvienos minutés laikotarpiu, reikia pazymeéti varnele, prie uzraso
,,Brézti segmentinj grafika® - tokiu biidu gaunamas stulpelinis grafikas. Mygtukas ,,AtSaukti* uzdaro
programos langa.

Norint grafikuose atvaizduoti parametry slenkantj vidurkj, naudojamas $is programos langas:

Vidurkinimo intervalas:

[ Bedti | | ASeudi |

2.21 pav. Devintasis programos langas

Pateikto programos lango tekstiniame lauke jvedamas vidurkinimo intervalas ir pagal jo reikSme,
mygtuko ,,Brézti“ paspaudimu, grafikuose atvaizduojamas parametry slenkantis vidurkis. Jeigu
atidarius §} programos langg nusprendZiama tokiy grafiky nebrézti, spaudziamas mygtukas ,,AtSaukti®.

Norint apskaiciuoti i§ elektrokardiogramos duomeny gauty parametry reikSmiy standartinius

nuokrypius, naudojamas §is programos langas:

Pavadinimas:

Lailko momentai:

Skeaigiuoti ‘ ‘ AtSauldi

2.22 pav. DeSimtasis programos langas
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Kadangi kiekvieng kartg ivedus naujus EKG duomenis ir i$ jy gauty parametry apskaiciavus
standartinius nuokrypius, reik§meés iSsaugomos palyginimo bei vidurkio ieSkojimo tikslais, todél Siame
lange jvedamas norimas pavadinimas tuo metu tiriamiems duomenims (pavyzdziui tiriamojo vardas ar
numeris). | sekantj tekstinj lauka turi biti jvedamos reikSmés, atitinkancios suvesty EKG parametry
laiko momentus. Mygtuko ,,AtSaukti* pagalba iSjungiamas §is programos langas ir griztama j pries tai

buvusj programos langg (zr. 2.15 pav.), mygtuku ,,Skaiciuoti* paleidZziamas vienuoliktasis programos

Pavadinimas: Tinamasis1 - Bré#ti suvidurkintus grafikus
600 1. ofa”)
2.alf)
= 3.aly) x=a f oy H logfx+1) ‘
T 400
= \ o H logfa™+1) ‘
= 200
: v [ ]
0 = = =
0 1 2 3 4 5 6 7 & 9 10 11 \ v H logly™+1) ‘
t
200 ofa)
alf) ‘ I
x=a,B.y logfe+1)
~ 150 afy)
=
g 100 \ a H logla=1) ‘
s s 8 || e |
0 v esten |
o] 1 2 3 4 5 6 7 g 9 10 1"
t
Pav ala’) i) afy’) ala) alB) aty) afegia”+1)) alloglp™+1)) afe, +
Trismasis1 | 0.586321136676... |0,145433823039... |0,191543727638... |0,246539861387... | 0,272502723915... |0,090084519076. . | 0,125486212674...  0.042645461857... |0.04/_
0,238924246115... |0,256835511728... |0,125324029642... |0,163346744171... |0,190388544535... |0,055805322778... |0,068234428468... | D,064632684339... 0,03
0117875189175, |1,092209750361 . |0,239241092280. . |0,408022190422 . |0,196649265638 . |0.050937246384. |0,039091021643 | 0,121691870043. | 0,04
0.065912505522... |4,022570736901... |1,188627061126... |1,3514509345512 |0,150648855550... |0,060515753053... |0,019067420865... | 0,218067207544... (0,11
0.053665304180. 4157286042324 | 125 4754859840 | 127.41812694995 |0,224850804281 | 0058215083815 |0,014730839878._ | 0 461820857258 |0.34!
0.063635631495... |546,7953380541... | 159,0626061685... | 183,58631376279 |0,218688289922... |0,072545038164... |0,017182417785... | 0,482001382406... 0,41
0.066845582082 | 79,25856375116. | 30,05031630853... | 21.28901656121 . |0,139880008197 . |D.024439579667.  |0.016572481945 _ | 0 347579730488 | 0,331
P B P P P [ PP P :

2.23 pav. Vienuoliktasis programos langas

Atidarius §] programos langg, automatiSkai nubréziami struktiiriniy parametry standartiniy
nuokrypiy grafikai, kiekvienos minutés laikotarpiu. Programos lango virSuje yra iSkrentantis saraSas su
jau jvesty duomeny pavadinimais. Paspaudus ant atitinkamg pavadinimg turincio laukelio, nubréziami
pasirinkti duomenys. Mygtukas ,,Brézti suvidurkintus grafikus® apskai¢iuoja visy jvesty tiriamyjy
apskaiciuoty parametry vidurkj kiekvienos minutés laikotarpyje ir atvaizduoja jj grafikuose. Kiekvieno
grafiko deSin¢je pus¢je yra po 8 mygtukus, kuriy pagalba grafikuose bréZiami atitinkamy parametry
standartiniai nuokrypiai, kartu arba po vieng, atvaizduojant jy realias arba logaritmuotas reikSmes.
Programos lango apacioje yra lentelé su visomis apskaiCiuoty standartiniy nuokrypiy ir jy logaritmy
reikSmeémis. Lenteléje paeiliui rodoma kiekvieno tiriamojo reikSmés, tokia tvarka, kokia buvo jvesti
duomenys. Jeigu buvo apskaiciuotas visy tiriamyjy standartiniy nuokrypiy vidurkis, lentelés apacioje

i§spausdinami gauti rezultatai.
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ISVADOS

Algebrinés-struktiirinés matricy analizés pagalba atlikus trecios eilés matricy transformacijas,
gavome parametrus, atspindincius signaly dinamines sgsajas.

Tiriant sinchronines eilutes, strukttriniy parametry moduliai didziausias reikSmes jgyja, kai
funkcijos viena prie kitos artéja. Taip pat pastebéjome, kad kuo didesnis atstumas tarp
funkcijy, tuo pastovesnés struktiiriniy parametry moduliy reikSmés.

Tarpusavyje lyginant parametrus, gautus matricy suvedimo ] trikampe matrica metu
(a*,B*,y"), su parametrais, gautais matricas verciant diagonaliomis («, 5,¥), pastebéjome,
kad pastaroji parametry grupé atkartoja pirmaja, tik su prieSinga dinamika, kai pirmosios
grupés reikSmeés mazéja.

Tiriant EKG duomenis prie maksimalaus kriivio, gautos reikSmés staigiai krenta. Tai gali
biti sietina su anaerobinio slenksc¢io pasiekimu.

Kriivio metu dauguma struktiiriniy parametry iSreiskia panaSy charakter] — jy sklaida apie
vidurkj did¢ja, did¢jant kriiviui.

I elektrokardiogramos duomeny gauti algebriniai-struktiiriniai parametrai bei jy sklaida apie
vidurkj atkartoja fiziologines sportininky biisenas ir apibiidina biiseny kitimo specifika jégos,

greitumo bei i§tvermeés sportuose.
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PADEKOS

Dékoju Kauno technologijos universiteto profesoriui  Zenonui Navickui uz patarimus,
matematines zinias ir pagalbg jsisavinant algebrinés-struktirinés analizés metodus. Taip pat dékoju
Lietuvos sveikatos moksly universiteto profesoriui  Alfonsui Vainorui uz pagalbg gaunant
elektrokardiogramy matavimy duomenis bei konsultavimg medicinos tematika, sprendziant

kardiologinius uzdavinius.
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1 priedas

IS EKG DUOMENU GAUTU STRUKTURINIY PARAMETRU
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PROGRAMOS KODAS

Public Class pradine
Dim mk As Integer
Public Function Tikrines(ByVal mk, ByVal matr) As Double(,,)

Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim

For

n As Integer

wr(2) As Double

wi(2) As Double
iter(2) As Integer

m As Integer

it As Integer

p As Double

q As Double

r As Double

s As Double

xt As Double

yt As Double

zt As Double

eps As Double

t1l As Double

t2 As Double

macheps As Double
rksm(mk, 2, 1) As Double
h(mk, 2, 2) As Double

ss = @ To mk
n=3
For i =0 To 2

For j = © To 2

h(ss, i, j) = matr(ss, i, j)

Next
Next
'Pasiverciam matricg i Hasenbergo virsSutine matrica
Dim dgk As Double
Dim g As Double

If Math.Abs(h(ss, 1, ©)) < Math.Abs(h(ss, 2, @)) Then
For i = @ To 2
g = h(ss, 1, i)
h(ss, 1, i) = h(ss, 2, i)
h(ss, 2, 1) = g
Next
For i = @ To 2
g = h(ss, i, 1)
h(ss, i, 1) h(ss, i, 2)
h(ss, i, 2) = g
Next
End If
If h(ss, 1, @) <> @ Then
dgk = h(ss, 2, @) / h(ss, 1, 0)
For i = @ To 2

h(ss, 2, i) = h(ss, 2, i) - h(ss, 1, i) * dgk
Next
For i = © To 2

h(ss, i, 1) = h(ss, i, 1) + h(ss, i, 2) * dgk
Next

End If

'masininio epsilon apskaiciavimas
macheps = 1
While 1 + macheps > 1
macheps = macheps / 2
End While
macheps = macheps * 2
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For i 0 To 2
wr(i)
wi(i)

Next

While n >
it = 0
If n > 2 Then

7]

'skaic¢iavimo tikslumo nustatymas
eps = macheps * (Math.Abs(h(ss, 1, 1)) + Math.Abs(h(ss, 2, 2)))

While ((it < 30) And (Math.Abs(h(ss, 2, 1))>eps) And (Math.Abs(h(ss,1,0))>eps))

'dvigubas qr metodo zingsnis

it = it + 1

'matricos Q*H*Q perskaiciavimas i virSutine Hasenbergo matrica

h(ss, 2, 8) = 0
For 1 =1 Ton -1
If 1 =1 Then

If (it = 10) or (it

20) Then

= Math.Abs(h(ss, n - 1, n - 2)) + Math.Abs(h(ss, n-2, n-3))
(h(ss, @, ©) * h(ss, @, @) - 1.5 * t1 * h(ss, 0, 9)
+ t1 * t1) / h(ss, 1, 0) + h(ss, 0, 1)

@) + h(ss, 1, 1) - 1.5 * t1
1)

-1, n - 1) - h(ss, 0, 9)
-2, n-2) - h(ss, 0, 9)
- h(ss, n -1, n - 2) * h(ss, n - 2, n - 1))

/ h(ss, 1, @) + h(ss, 0, 1)

1) - h(ss, @, @) - t1 - t2
1)
1-2)

t1
p:
a = h(ss, 0,
r = h(ss, 2,
Else
t1 = h(ss, n
t2 = h(ss, n
p = (tl * t2
q = h(ss, 1,
r = h(ss, 2,
End If
Else
p=h(ss, 1-1,
g = h(ss, 1, 1 - 2)
r=20
End If

'Vektoriaus normavimas

xt =

If xt <> @ Then
p=p/ xt
q=4q/ xt
r=r/xt
S =
If p < @ Then

s = -s

End If

If 1 <> 1 Then

Math.Abs(p) + Math.Abs(q) + Math.Abs(r)

Math.Sqrt(p * p+ g *q+ r *r)

h(ss, 1 -1, 1 -2) = -s * xt

End If

'Atspindzio matricos formavimas

'vektorius u:
p=p+S
xt
yt
zt
'vektorius v:
q=q/p
r r/p

S5 QT
~N NN
n n n

[

'Sandaugos H = Q*H apskaiciavimas

For j =1 Ton
p = h(SS,
If 1 <>n
p=p
h(ss,
End If

1

+

1

h(ss, 1, j - 1) = h(ss,

+ 5 R

1,j—1)+q*h(ss,1,j—1)

Then
* h(ss, 1 +1, j - 1)
1, j -1) =h(ss, 1 +1, j - 1) - p * zt

1, 3 -1) -p*yt

h(ss, 1 -1, j -1) =h(ss, 1 -1, j - 1) - p * xt

Next



m=n
'Sandaugos H = H*Q apskaiciavimas
For i =1 Tom
p=xt*h(ss, 1 -1, 1-1) +yt * h(ss, i -1, 1)
If 1 <> n - 1 Then
p=p+zt*h(ss, i-1,14+1)
h(ss, i -1, 1 +1) =h(ss, 1 -1, 1+1) -p *r
End If
h(ss, i -1, 1) = h(ss, i -1, 1) - p *q
h(ss, i -1, 1 -1) =h(ss, i -1, 1-1) -p
Next
End If
Next
eps = macheps * (Math.Abs(h(ss, n-2, n-2)) + Math.Abs(h(ss, n-1, n-1)))
End While
If it > 30 Then
MsgBox("it > 30")
End If
End If

If n = 1 Then
'Rasta viena tikriné reiksmé
wr(n - 1) = h(ss, n -1, n - 1)

wi(n - 1) =0
iter(n - 1) = it
n=n-1

ElseIf Math.Abs(h(ss, n - 1, n - 2)) < eps Then
'Rasta viena tikriné reiksmé
wr(n - 1) = h(ss, n -1, n - 1)

wi(n - 1) =0
iter(n - 1) = it
n=n-1

ElseIf n = 2 Then
'Rastos dvi tikrinés reiksmés
p=(h(ss, n -2, n-2)+h(ss, n-1, n-1)) / 2
g =h(ss, n -1, n - 1) * h(ss, n-2, n-2) - h(ss, n-2, n-1) * h(ss, n-1, n-2)
yt=p *p-gq
t1 = Math.Sgrt(Math.Abs(yt))
iter(n - 1) = -it
iter(n - 2) = it
If yt < @ Then
wr(n - 1) =p
wi(n - 1) = t1
wr(n - 2) =p
wi(n - 2) = -t1

Else
wr(n - 1) = p + t1
wr(n - 2) = p - t1
End If
n=n-2

ElseIf Math.Abs(h(ss, n - 2, n - 3)) < eps Then
'Rastos dvi tikrinés reiksmés
p=(h(ss, n-2,n-2)+h(ss,n-1,n-1)) /2
q = h(ss, n-1, n-1) * h(ss, n-2, n-2) - h(ss, n-2, n-1) * h(ss, n-1, n-2)
yt=p*p-gq
t1 = Math.Sgrt(Math.Abs(yt))
iter(n - 1) = -it
iter(n - 2) = it
If yt < @ Then
wr(n - 1) = p
wi(n - 1) = t1
wr(n - 2) =p
wi(n - 2) = -t1

Else
wr(n - 1) = p + t1
wr(n - 2) =p - t1
End If

n=n-2
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Else

n=n-1

End If
End While
rksm(ss, 0, 0) = wr(0)
rksm(ss, 0, 1) = wi(0)
rksm(ss, 1, 0) = wr(1)
rksm(ss, 1, 1) = wi(1)
rksm(ss, 2, 0) = wr(2)
rksm(ss, 2, 1) = wi(2)

Next
Tikrines = rksm
End Function

Public Function rikiuoti2(ByVal mk, ByVal tikrine) As Double(,,)
Dim fu(mk, 2, 1) As Double
Dim pr(1) As Double
Dim an(1) As Double
Dim tr(1) As Double
Dim skl As Double
Dim sk2 As Double
Dim sk3 As Double
Dim rdl As Double
Dim kdl As Double
Dim rd2 As Double
Dim kd2 As Double
Dim rd3 As Double
Dim kd3 As Double

fu = tikrine
'Surikiuojam pirmas reikSmes
For i = @ To mk
"priskiriam tikrines reiksmes
For j =0 To 1
pr(j) = fu(i, @, j)
an(j) = fu(i, 1, j)
tr(j) = fu(i, 2, J)
Next
'randam absoliuc¢ig reik3Sme
rdl = fu(i, 0, 9)
kdli = fu(i, o, 1)
If rdl >= @ Then
skl = Math.Sqrt(rdl * rdl + kdl * kd1)
Else
skl = -Math.Sqrt(rdl * rdl + kdl * kd1)
End If
rd2 = fu(i, 1, 9)
kd2 = fu(i, 1, 1)
If rd2 >= @ Then
sk2 = Math.Sqrt(rd2 * rd2 + kd2 * kd2)
Else
sk2 = -Math.Sqrt(rd2 * rd2 + kd2 * kd2)
End If
rd3 = fu(i, 2, 0)
kd3 = fu(i, 2, 1)
If rd3 >= @ Then
sk3 = Math.Sqrt(rd3 * rd3 + kd3 * kd3)
Else
sk3 = -Math.Sqrt(rd3 * rd3 + kd3 * kd3)
End If
'Surikiuojam tikrines reiksSmes
'l atvejis - Kai visos reik3Smés skirtingos
If skl <> sk2 And skl <> sk3 And sk2 <> sk3 Then
If skl < sk2 And skl < sk3 Then
'Kai pirma maziausia
fu(i, 9, @) = pr(0)
fu(i, 9, 1) = pr(1)



If sk2 < sk3

fu(i,
fu(i,
fu(i,
fu(i,
Else
fu(i,
fu(i,
fu(i,
fu(i,
End If

ElseIf sk2 < ski

1, @)
1, 1)
2, 0)
2, 1)
9)
1)
9)

1,
1,
2,
2, 1)

Then

an(9)
an(1)
tr(0)
tr(1)

tr(0)
tr(1)
an(9)
an(1)

And sk2 < sk3 Then

'Kai antra maziausia
fu(i, @, @) = an(0)

fu(i, 0, 1) = an(1)

If skl < sk3 Then
fu(i, 1, @) = pr(0)
fu(i, 1, 1) = pr(1)
fu(i, 2, @) = tr(9)
fu(i, 2, 1) = tr(1)

Else
fu(i, 1, 0) = tr(0)
fu(i, 1, 1) = tr(1)
fu(i, 2, @) = pr(0)
fu(i, 2, 1) = pr(1)

End If

Else

'Kai trec¢ia maziausia
fu(i, 0, @) = tr(9)
fu(i, 0, 1) = tr(1)

If skl < sk2

fu(i,
fu(i,
fu(i,
fu(i,
Else

fu(i,
fu(i,
fu(i,
fu(i,

End If

End If
ElseIf skl =

1, o)
1, 1)
2, 0)
2, 1)
0)
1)
0)

1,
1,
2,
2, 1)

sk2 And sk2
If kdl <= kd2 And kdl <= kd3 Then

Then

pr(e)
pr(1)
an(0)
an(1)

an(o0)
an(1)
pr(e)
pr(1)

sk3 Then '2 atvejis - kai visos vienodos

fu(i, @, @) = pr(@)

fu(i, 9, 1) = pr(1)
If kd2 < kd3 Then
fu(i, 1, @) = an(0)
fu(i, 1, 1) = an(1)
fu(i, 2, @) = tr(0)
fu(i, 2, 1) = tr(1)
Else
fu(i, 1, @) = tr(0)
fu(i, 1, 1) = tr(1)
fu(i, 2, @) = an(9)
fu(i, 2, 1) = an(1)
End If
ElseIf kd2 < kdl And kd2 < kd3 Then
fu(i, 9, @) = an(0)
fu(i, 9, 1) = an(1)
If kdl < kd3 Then
fu(i, 1, @) = pr(0)
fu(i, 1, 1) = pr(1)
fu(i, 2, @) = tr(0)
fu(i, 2, 1) = tr(1)
Else
fu(i, 1, @) = tr(0)
fu(i, 1, 1) = tr(1)



fu(i, 2, @) = pr(9)
fu(i, 2, 1) = pr(1)
End If

Else
fu(i, 0, 0) = tr(0)
fu(i, 0, 1) = tr(1)
If kdl < kd2 Then
fu(i, 1, @) = pr(9)
fu(i, 1, 1) = pr(1)
fu(i, 2, @) = an(0)
fu(i, 2, 1) = an(1)
Else
fu(i, 1, @) = an(0@)
fu(i, 1, 1) = an(1)
fu(i, 2, @) = pr(0)
fu(i, 2, 1) = pr(1)
End If
End If
ElseIf skl = sk2 Then 'kai pirmos dvi vienodos, trecia - ne.
If skl < sk3 Then ' kai jos mazesnés uz trecia
If kdl <= kd2 Then
fu(i, 0, @) = pr(0)

fu(i, 0, 1) = pr(1)
fu(i, 1, @) = an(0@)
fu(i, 1, 1) = an(1)
fu(i, 2, @) = tr(0)
fu(i, 2, 1) = tr(1)
Else
fu(i, @, @) = an(9)
fu(i, 0, 1) = an(1)
fu(i, 1, @) = pr(9)
fu(i, 1, 1) = pr(1)
fu(i, 2, 0) = tr(0)
fu(i, 2, 1) = tr(1)
End If

Else 'kai jos didesnés uz treciag
If kdl <= kd2 Then
fu(i, @, @) = tr(0)

fu(i, 0, 1) = tr(1)
fu(i, 1, @) = pr(0)
fu(i, 1, 1) = pr(1)
fu(i, 2, @) = an(9)
fu(i, 2, 1) = an(1)

Else
fu(i, @, @) = tr(0)
fu(i, o, 1) = tr(1)
fu(i, 1, @) = an(0)
fu(i, 1, 1) = an(1)
fu(i, 2, @) = pr(0)
fu(i, 2, 1) = pr(1)

End If

End If

ElseIf skl = sk3 Then ' kai pirma ir trecia lygios
If skl < sk2 Then ' kai jos mazesnés uz antra
If kdl <= kd3 Then
fu(i, 0, 0) = pr(9)

fu(i, 0, 1) = pr(1)
fu(i, 1, @) = tr(0)
fu(i, 1, 1) = tr(1)
fu(i, 2, @) = an(0)
fu(i, 2, 1) = an(1)
Else
fu(i, 0, @) = tr(0)
fu(i, 0, 1) = tr(1)
fu(i, 1, @) = pr(0)
fu(i, 1, 1) = pr(1)
fu(i, 2, @) = an(0)
fu(i, 2, 1) = an(1)



End If

Else 'kai jos

If kdl <=
fu(i,
fu(i,
fu(i,
fu(i,
fu(i,
fu(i,

Else
fu(i,
fu(i,
fu(i,
fu(i,
fu(i,
fu(i,

End If

End If

ElseIf sk2 = sk3 Then

If kd2 <=
fu(i,
fu(i,
fu(i,
fu(i,
fu(i,
fu(i,

Else
fu(i,
fu(i,
fu(i,
fu(i,
fu(i,
fu(i,

End If

Else 'kai jos

If kd2 <=
fu(i,
fu(i,
fu(i,
fu(i,
fu(i,
fu(i,

Else
fu(i,
fu(i,
fu(i,
fu(i,
fu(i,
fu(i,

End If

End If

End If
Next
rikiuoti2
End Function

fu

didesnés uz antra
kd3 Then

9,

9,
1,
1,
2,
2,

9,
9,
1,
1,
2,
2,

9)
1)
9)
1)
9)
1)

9)
1)
9)
1)
9)
1)

an(e)
an(1)
pr(e)
pr(1)
tr(0)
tr(1)

an(9)
an(1)
tr(0)
tr(1)
pr(e)
pr(1)

kai antra ir trecia lygios
If sk2 < skl Then ' kai jos mazesnés uz pirmag

kd3 Then

9, 0) = an(0@)
0, 1) = an(1)
1, 90) = tr(9)
1, 1) = tr(1)
2, @) = pr(e)
2, 1) = pr(1)
8, 0) = tr(0)
9, 1) = tr(1)
1, 9) = an(9)
1, 1) = an(1)
2, 0) = pr(e)
2, 1) = pr(1)
didesnés uz pirmg
kd3 Then

8, @) = pr(e)
@, 1) = pr(1)
1, 9) = an(9)
1, 1) = an(1)
2, @) = tr(0)
2, 1) = tr(1)
8, @) = pr(e)
8, 1) = pr(1)
1, 90) = tr(9)
1, 1) = tr(1)
2, 0) = an(9)
2, 1) = an(1)

Public Function daugyba(ByVal daugl, ByVal daug2) As
Dim pir(2, 2) As Double
Dim ant(2, 2) As Double

pir = daug
ant = daug

1
2

Dim funk(2, 2) As Double

funk(9, @)
funk(e, 1)
funk(0, 2)
funk(1, 0)

pir(e, @)
pir(e, @)
pir(e, @)
pir(1, @)

*
*
*
*

ant(o, 0)
ant(o, 1)
ant(e, 2)
ant(e, 9)

pir(e,
pir(e,
pir(e,
pir(1,

1)
1)
1)
1)

Double(,)

ant(1,
ant(1,
ant(1,
ant(1,

0)
1)
2)
0)

pir(e,
pir(e,
pir(e,
pir(1,

2)
2)
2)
2)

ant(2,
ant(2,
ant(2,
ant(2,

0)
1)
2)
0)



funk(1, 1) = pir(1, @) * ant(e@,
funk(1, 2) = pir(1, @) * ant(e@,
funk(2, @) = pir(2, @) * ant(e,
funk(2, 1) = pir(2, @) * ant(e,
funk(2, 2) = pir(2, @) * ant(e,

daugyba = funk
End Function

Private Function kdaugyba(ByVal kdaugl, ByVal kdaug2) As Double(,,)

Dim kpir(2, 2, 1) As Double
Dim kant(2, 2, 1) As Double
kpir = kdaugl
kant = kdaug2
Dim kfunk(2, 2, 1) As Double
'Realiosios dalys
kfunk(e, @, @) = kpir(e, o,
kpir(e, 1, @) * kant(1,
kpir(e, 2, @) * kant(2,
kfunk(e, 1, @) = kpir(e, o,
kpir(e, 1, @) * kant(1,
kpir(e, 2, @) * kant(2,
kfunk(e, 2, @) = kpir(e, o,
kpir(e, 1, @) * kant(1,
kpir(e, 2, @) * kant(2,
kfunk(1, @, @) = kpir(1, o,
kpir(1, 1, @) * kant(1,
kpir(1, 2, @) * kant(2,
kfunk(1, 1, @) = kpir(1, o,
kpir(1, 1, @) * kant(1,
kpir(1, 2, @) * kant(2,
kfunk(1, 2, @) = kpir(1, o,
kpir(1, 1, @) * kant(1,
kpir(1, 2, @) * kant(2,
kfunk(2, @, @) = kpir(2, o,
kpir(2, 1, @) * kant(1,
kpir(2, 2, @) * kant(2,
kfunk(2, 1, @) = kpir(2, o,
kpir(2, 1, @) * kant(1,
kpir(2, 2, @) * kant(2,
kfunk(2, 2, @) = kpir(2, o,
kpir(2, 1, @) * kant(1,
kpir(2, 2, @) * kant(2,

'Kompleksinés dalys
kfunk(e, @, 1) = kpir(e, o,
kpir(e, 1, @) * kant(1,
kpir(e, 2, @) * kant(2,
kfunk(@, 1, 1) = kpir(e, o,
kpir(e, 1, @) * kant(1,
kpir(e, 2, @) * kant(2,
kfunk(e, 2, 1) = kpir(e, o,
kpir(e, 1, @) * kant(1,
kpir(e, 2, @) * kant(2,
kfunk(1, @, 1) = kpir(1, o,
kpir(1, 1, @) * kant(1,
kpir(1, 2, @) * kant(2,
kfunk(1, 1, 1) = kpir(1, o,
kpir(1, 1, @) * kant(1,
kpir(1, 2, @) * kant(2,
kfunk(1, 2, 1) = kpir(1, o,
kpir(1, 1, @) * kant(1,
kpir(1, 2, 0) * kant(2,
kfunk(2, @, 1) = kpir(2, o,
kpir(2, 1, @) * kant(1,
kpir(2, 2, @) * kant(2,
kfunk(2, 1, 1) = kpir(2, o,
kpir(2, 1, @) * kant(1,

0)
e,
9,
0)
1,
1,
9)
2,
2,
9)
9,
9,
0)
1,
1,
0)
2,
2,
9)
9,
9,
9)

1,

1) + pir(1,
2) + pir(1,
9) + pir(2,
1) + pir(2,
2) + pir(2,

* kant(o, 0o,
0) - kpir(e,
0) - kpir(e,
* kant(o, 1,
0) - kpir(e,
0) - kpir(e,
* kant(o, 2,
0) - kpir(e,
0) - kpir(e,
* kant(o, o,
0) - kpir(1,
0) - kpir(1,
* kant(o, 1,
0) - kpir(1,
0) - kpir(1,
* kant(o, 2,
0) - kpir(1,
0) - kpir(1,
* kant(o, o,
0) - kpir(2,
0) - kpir(2,
* kant(o, 1,
0) - kpir(2,
0) - kpir(2,
* kant(o, 2,
0) - kpir(2,
0) - kpir(2,

* kant(o, o,
1) + kpir(e,

1) + kpir(e, 2

* kant(o, 1,
1) + kpir(o,

1) + kpir(e, 2

* kant(o, 2,
1) + kpir(o,

1) + kpir(e, 2

* kant(e, o,
1) + kpir(1,

1) + kpir(1, 2

* kant(o, 1,
1) + kpir(1,

1) + kpir(1, 2

* kant(o, 2,
1) + kpir(1,

1) + kpir(1, 2

* kant(@, O,
1) + kpir(2,

1) + kpir(2, 2

* kant(o, 1,
1) + kpir(2,

1)
1)
1)
1)
1)

0)
1,
2,
0)
1,
2,
0)
1,
2,
0)
1,
2,
0)
1,
2,
0)
1,
2,
0)
1,
2,
0)
1,
2,
0)
1,
2,

1)
1,
3
1)
1,
3
1)
1,
3
1)
1,
B
1)
1,
3
1)
1,
3
1)
1,
)
1)
1,

* ant(1, 1)
* ant(1, 2)
* ant(1, 0)
* ant(1, 1)
* ant(1, 2)

- kpir(e, o,
1) * kant(1,
1) * kant(2,
- kpir(e, o,
1) * kant(1,
1) * kant(2,
- kpir(e, o,
1) * kant(1,
1) * kant(2,
- kpir(1, o,
1) * kant(1,
1) * kant(2,
- kpir(1, o,
1) * kant(1,
1) * kant(2,
- kpir(1, o,
1) * kant(1,
1) * kant(2,
- kpir(2, o,
1) * kant(1,
1) * kant(2,
- kpir(2, o,
1) * kant(1,
1) * kant(2,
- kpir(2, o,
1) * kant(1,
1) * kant(2,

+ kpir(e, o,
1) * kant(1,
1) * kant(2,
+ kpir(e, o,
1) * kant(1,

1) * kant(2, 1

+ kpir(e, o,
1) * kant(1,

1) * kant(2, 2

+ kpir(1, o,
1) * kant(1,
1) * kant(2,
+ kpir(1, o,
1) * kant(1,

1) * kant(2, 1

+ kpir(1, o,
1) * kant(1,

1) * kant(2, 2

+ kpir(2, o,
1) * kant(1,
1) * kant(2,
+ kpir(2, o,
1) * kant(1,

+ + + 4+ o+

pir(1, 2)
pir(1, 2)

pir(2, 2)
pir(2, 2)

1)
9,
9,
1)
1,
1,
1)
2,
2,
1)
9,
9,
1)
1,
1,
1)
2,
2,
1)
9,
9,
1)

1,

*
*
pir(2, 2) *
*
*

* kant(o,
1) +

1)

* kant(o,
1) +

1)

* kant(o,
1) +

1)

* kant(o,
1) +

1)

* kant(o,
1) +

1)

* kant(o,
1) +

1)

* kant(o,
1) +

1)

* kant(o,
1) +

1)

* kant(o,
1) +

1)

* kant(o,
0) +

9)

* kant(o,
0) +

0)

* kant(o,
0) +

0)

* kant(o,
0) +

9)

* kant(o,
0) +

9)

* kant(o,
0) +

0)

* kant(o,
0) +

0)

* kant(o,
0) +

ant(2,
ant(2,
ant(2,
ant(2,
ant(2,

1)

1)

1)

1)

1)

1)

1)

1)

1)

9)

9)

0)

0)

9)

9)

0)

9)

1)
2)
0)
1)
2)
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kpir(2, 2, @) * kant(2, 1,

kfunk(2, 2, 1) = kpir(2, 0, 0)

kpir(2, 1, @) * kant(1, 2,
kpir(2, 2, @) * kant(2, 2,

kdaugyba = kfunk
End Function

Public Function alfabetagama(ByVal

Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim

For

ava As Double

bva As Double

ask As Double

bsk As Double

laikl As Double

laik2 As Double

laik3 As Double

albega(2, mk, 1) As Double

i =0 To mk

1)

67

+ kpir(2, 2, 1) * kant(2, 1, 0)

* kant(o@, 2, 1) + kpir(2, @, 1) * kant(e, 2, 0) +

1)
1)

+ kpir(2, 1, 1) * kant(1, 2, 0) +
+ kpir(2, 2, 1) * kant(2, 2, 9)

mk, ByVal w, ByVal 1lmd) As Double(,,)

'alfa ir beta vardikliy realiosios dalys
ava = w(i, @, 1) * w(i, 1, 2) - w(i, 1, 1) * w(i, 0, 2) + w(i, @, 2) * 1lmd(i, @, @)
bva = w(i, 1, 1) * w(i, 0, 2) - w(i, 0, 1) * w(i, 1, 2) - w(i, 0, 2) * 1Imd(i, 2, 9)

'jeigu skaiciai bus realls

If 1md(i, @, 1) = © And 1md(i, 1, 1) = @ And 1md(i, 2, 1) = @ Then
'jeigu visi vardikliai nelygus nuliui
If ava <> © And bva <> @ And w(i, 0, 2) <> @ Then

'alfa skaiciavimas

albega(@, i, @) = (w(i, @, @) * w(i, 1, 2) - w(i, 1, @) * w(i, 0, 2)

albega(o, i, 1) = 0

'beta skaiciavimas

- w(i, 1, 2) * 1lmd(i, @, ©)) / ava

albega(l, i, @) = (w(i, 2, 2) * w(i, @, 1) - w(i, 2, 1) * w(i, @, 2)

albega(1, i, 1) = 0

'gama skaiciavimas

- w(i, @, 1) * 1lmd(i, 2, ©)) / bva

albega(2, i, @) = (Imd(i, 2, @) - 1lmd(i, @, @) - w(i, 2, 2) + w(i, @, 9)
- w(i, @, 1) * albega(o@, i, @) - w(i, 1, 2) * albega(l, i, @)) / (2 * w(i, 0, 2))

albega(2, i, 1) = 0

'jei tik trecias vardiklis lygus nuliui:
ElseIf ava <> @ And bva <> @ And w(i, @, 2) = @ Then

albega(@, i, 9)

albega(1, i, 9)

albega(2, i, 9)

(W(i: 9, 6) - lmd(i) 0, 0)) / W(i) 0, 1)

albega(o, i, 1) = 0

(lmd(i: 2, 0) - W(i) 2, 2)) / W(i) 1, 2)

albega(1, i, 1) = 0

(w(i, 1, @) + albega(o, i, @) * (w(i, 0, @) - w(i, 1, 1))

- albega(@, i, @) * albega(o, i, @) * w(i, 0, 1)) / w(i, 1, 2)

albega(2, i, 1) = ©

+ (albega(o, i, @) * albega(1, i, 9)) / 2

'jei tik antras vardiklis lygus nuliui

ElseIf ava <> @ And bva

@ And w(i, @, 2) <> @ Then

albega(@, i, @) = (w(i, 0, @) * w(i, 1, 2) - w(i, 1, @) * w(i, 0, 2)

albega(o, i, 1) = 0

- w(i, 1, 2) * 1lmd(i, @, @)) / ava

laikl = w(i, @, 2) * albega(@, i, 0) + w(i, 1, 2)

If laikl = @ Then
albega(o, i, 0)
albega(1, i, 0)
albega(1, i, 1)
albega(2, i, 0)
albega(2, i, 1)

Else
albega(1, i, 9)

albega(1, i, 1)
albega(2, i, 9)

-W(i, 1, 2) / W(iJ 0, 2)

0

0

(1md(i) 2, 0) - W(i) 2, 2)) / W(i) 9, 2)
0

(w(i, 1, 1) - 1md(i, 1, @) + w(i, 0, 1)

* albega(@, i, 0)) / laikil
0
(Imd(i, 2, @) - 1md(i, @, ©) - w(i, 2, 2) + w(i, 0, @) -

)
w(i, @, 1) * albega(@, i, @) - w(i, 1, 2) * albega(1, i, 0)) / (2 * w(i, @, 2))
albega(2, i, 1) = 0

End If
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'jei tik pirmas vardiklis lygus nuliui
ElseIf ava = @ And bva <> @ And w(i, @, 2) <> @ Then
'beta skaiciavimas
albega(1, i, @) = (w(i, 2, 2) * w(i, 0, 1) - w(i, 2, 1) * w(i, o, 2)
- w(i, @, 1) * 1lmd(i, 2, @)) / bva
albega(1, i, 1) = 0

"tikrinam ar alfa vardiklis lygus nuliui
laikl = w(i, @, 2) * albega(1, i, ©) - w(i, 0, 1)
If laikl = @ Then
albega(o, i, ©0) = ©
albega(@, i, 1) = 0
albega(1, i, @) w(i, @, 1) / w(i, 0, 2)
albega(1, i, 1) = 0
albega(2, i, 0) (w(i, @, @0) - lmd(i, @, @)) / w(i, o, 2)
albega(2, i, 1) = 0
Else
'alfa skaiciavimas
albega(@, i, @) = (w(i, 1, 1) - Imd(i, 1, @) - w(i, 1, 2)
* albega(1, i, 0)) / laikl

albega(o, i, 1) = 0
‘gama skaiciavimas
albega(2, i, 0) = (Imd(i, 2, @) - 1lmd(i, @0, ©0) - w(i, 2, 2) + w(i, 0, 0)
- w(i, @, 1) * albega(o, i, @) - w(i, 1, 2) * albega(l, i, 9)) / (2 * w(i, 0, 2))
albega(2, i, 1) = 0
End If
ElseIf ava = @ And bva = @ And w(i, @, 2) <> @ Then
albega(o, i, 0) =
albega(1, i, @) =
albega(o, i, 1) =
albega(1, i, 1) =
albega(2, i, @) =
albega(2, i, 1) =
ElseIf ava = @ And bva = © And w(i, @, 2) = © Then
'pirmas atvejis
If w(i, 9, 2) = @ And w(i, @, 1) = @ And w(i, 1, 2) <> @ Then
albega(1, i, 0) = (w(i, 1, 1) - Imd(i, 1, 0)) / w(i, 1, 2)
albega(1, i, 1) = 0
laikl = w(i, @, @) * w(i, @, @) - w(i, 0, @) * w(i, 1, 1) - w(i, 1, 2)
*w(i, 2, 1) + w(i, 1, 1) * w(i, 2, 2) - w(i, 0, @) * w(i, 2, 2)
If laikl = @ Then
albega(o, i, 9)
Else
albega(o, i, 9)

OO0

(]

(w(i, 1, @) * w(i, 2, 2) - w(i, 1, 2) * w(i, 2, @)

- w(i, 0, 0) * w(i, 1, 9)) / laik1l
End If
albega(o, i, 1)
albega(2, i, 0)

0
(w(i, 1, @) + albega(o@, i, @) * (w(i, 0, @) - w(i, 1, 1)))
/ w(i, 1, 2) + (albega(@, i, @) * albega(1l, i, @)) / 2

(]

albega(2, i, 1)
‘antras atvejis
ElseIf w(i, @, 2) = @ And w(i, @, 1) <> © And w(i, 1, 2) = @ Then
albega(@, i, @) = (w(i, @, @) - Imd(i, @, 0)) / w(i, 0, 1)
albega(o, i, 1) = 0
laikl = w(i, @, @) * w(i, 2, 2) - w(i, @, @) * w(i, 1, 1) + w(i, 0, 1)
*w(i, 1, @) + w(i, 1, 1) * w(i, 2, 2) - w(i, 2, 2) * w(i, 2, 2)
If laikl = @ Then
albega(1, i, 0)
Else
albega(1, i, 0)

0

(W(i) o, 0) * W(i) 2, 1) - W(i) 0, 1) * W(i) 2, 0)

- w(i, 2, 1) * w(i, 2, 2)) / laiki
End If
albega(1, i, 1)
albega(2, i, 9)

0
((W(i: 2: 2) - W(i: 1: 1)) * albega(l: i: G) - W(i: 2: 1))
/ w(i, @, 1) - (albega(@, i, @) * albega(1, i, 0)) / 2

albega(2, i, 1)
"trec¢ias atvejis
ElseIf w(i, 0, 2) = @ And w(i, 0, 1) = @ And w(i, 1, 2) = @ Then

0
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laikl = w(i, 1, 1) - w(i, 0, @)
laik2 = w(i, 2, 2) - w(i, 1, 1)
laik3 = w(i, 2, 2) - w(i, 0, @)
If laikl <> © And laik2 <> @ And laik3 <> @ Then
albega(o, i, 0) = w(i, 1, @) / laikl
albega(o, i, 1) = 0
albega(1, i, @) = w(i, 2, 1) / laik2
albega(1, i, 1) = 0
albega(2, i, @) = (0.5 * albega(@, i, @) * albega(1l, i, @) * (w(i, 0, 0)
-2 % w(i, 1, 1) + w(i, 2, 2)) + w(i, 2, 9)
- albega(@, i, ©) * w(i, 2, 1) + albega(1, i, @) * w(i, 1, 0)) / laik3
albega(2, i, 1) = 0
ElseIf laikl = @ And laik2 <> @ And laik3 <> @ Then
albega(@, i, @) = 0
albega(@, i, 1) = 0
albega(1, i, 0) = w(i, 2, 1) / laik2
albega(1, i, 1) = 0
albega(2, i, @) = (w(i, 2, @) + w(i, 1, @) * albega(1, i, 0)) / laik3
albega(2, i, 1) = 0
ElseIf laikl <> © And laik2 = © And laik3 <> @ Then
albega(o, i, @) = w(i, 1, 0) / laik1l
albega(o, i, 1) = 0
albega(1, i, @) = 0
albega(1, i, 1) = 0
albega(2, i, @) = (w(i, 2, @) - w(i, 2, 1) * albega(o, i, ©)) / laik3
albega(2, i, 1) = 0
ElseIf laikl <> © And laik2 <> @ And laik3 = © Then
albega(o, i, @) = w(i, 1, 0) / laik1l
albega(o, i, 1) = 0
albega(1, i, @) = w(i, 2, 1) / laik2
albega(1, i, 1) = 0
albega(2, i, @) = ©
albega(2, i, 1) = 0
ElseIf laikl = © And laik2 = @ And laik3 = © Then
"turi tenkinti lygybe a32*alfa-a2l*beta = a3l
If w(i, 2, @) <> @ And w(i, 2, 1) <> © Then
albega(@, i, 0) = w(i, 2, @) / w(i, 2, 1)
albega(1, i, @) = 0
ElseIf w(i, 2, @) <> © And w(i, 1, @) <> @ Then
albega(o, i, @) = 0
albega(1, i, @) = -w(i, 2, @) / w(i, 1, 0)
Else
albega(o, i, @) = ©
albega(1, i, @) = ©
End If

albega(o, i, 1) = 0
albega(1, i, 1) = 0
albega(2, i, @) = ©
albega(2, i, 1) = 0
End If
End If
End If
'jei skaic¢iai kompleksiniai

Else

'jeigu visi vardikliai nelygus nuliui

If (ava <> © Or 1md(i,0,1)<>0) And (bva<>0 Or 1md(i,2,1)<>0) And w(i,0,2)<>0 Then
'alfa skaiciavimas
ask = w(i, 0, @) * w(i, 1, 2) - w(i, 1, 0) * w(i, 0, 2)-w(i, 1, 2)*Imd(i, @, 9)
laikl = w(i, @, 2) * 1md(i, o, 1)
laik2 = ava * ava + laikl * laik1l
‘realioji alfa dalis
albega(@, i, @) = (ask * ava - w(i, 1, 2) * laikl * 1md(i, o, 1)) / laik2
"konpleksiné alfa dalis
albega(@, i, 1) = -((ava * w(i, 1, 2) + ask * w(i, @, 2)) * 1md(i, @, 1))/laik2

'beta skaiciavimas
bsk = w(i, 2, 2) * w(i, 0, 1) - w(i, 2, 1) * w(i, 0, 2)-w(i, 0, 1)*Imd(i, 2, 9)
laikl = w(i, @, 2) * 1lmd(i, 2, 1)
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laik2 = bva * bva + laikl * laikil

'realioji beta dalis

albega(1, i, @) = (bsk * bva + w(i, 0, 1) * laikl * 1md(i, 2, 1)) / laik2
'kompleksiné beta dalis

albega(1, i, 1) = ((bsk * w(i, @, 2) - bva * w(i, @, 1)) * Imd(i, 2, 1)) / laik2

'gama skaiciavimas
laikl = 2 * w(i, @, 2)
'realioji gama dalis
albega(2, i, @) = (1lmd(i, 2, @) - 1lmd(i, @, @) - w(i, 2, 2) + w(i, 0, 0)

- w(i, @, 1) * albega(o, i, @) - w(i, 1, 2) * albega(l, i, ©)) / laik1
'kompleksiné gama dalis
albega(2, i, 1) = (Imd(i, 2, 1) - 1lmd(i, @, 1) - w(i, @, 1) * albega(o, i, 1)

- w(i, 1, 2) * albega(1, i, 1)) / laikl

'jei tik trecias vardiklis lygus nuliui:

ElseIf ava <> @ And bva <> @ And w(i, @, 2) = @ Then

albega(o, i, @) = (w(i, @, @) - 1md(i, @, ©)) / w(i, 0, 1)
albega(o, i, 1) -Imd(i, @, 1) / w(i, 0, 1)

albega(1, i, 9) (Imd(i, 2, ©) - w(i, 2, 2)) / w(i, 1, 2)
albega(1, i, 1) = 1Imd(i, 2, 1) / w(i, 1, 2)

'realioji gama dalis

laikl = (w(i, 1, ©) + albega(o, i, @) * (w(i, @, ©0) - w(i, 1, 1)) -

(albega(o, i, @) * albega(@, i, ©) - albega(@, i, 1) * albega(o, i, 1)) * w(i, 0, 1))

laik2 = albega(@, i, @) * albega(l, i, ©) - albega(@, i, 1) * albega(l, i, 1)
albega(2, i, ©) = laikl / w(i, 1, 2) + laik2 / 2

"kompleksiné gama dalis

laikl = albega(o, i, 1) * (w(i, @, ©) - w(i, 1, 1)) - 2 * albega(@, i, 9)

* albega(@, i, 1) * w(i, 0, 1)
laik2 = albega(@, i, ©) * albega(l, i, 1) + albega(@, i, 1) * albega(1, i, ©)
albega(2, i, 1) = laikl / w(i, 1, 2) + laik2 / 2
'jei tik antras vardiklis lygus nuliui

ElseIf ava <> @ And bva = 0 And w(i, @, 2) <> @ Then

'alfa skaiciavimas
ask = w(i, 0, @) * w(i, 1, 2)-w(i, 1, @) * w(i, 0, 2)-w(i, 1, 2) * Imd(i, @, 9)
laikl = w(i, @, 2) * 1lmd(i, 0, 1)
laik2 = ava * ava + laikl * laik1l
'realioji alfa dalis
albega(@, i, @) = (ask * ava - w(i, 1, 2) * laikl * 1md(i, o, 1)) / laik2
"konpleksiné alfa dalis
albega(@, i, 1) = -((ava * w(i, 1, 2) + ask * w(i, @, 2)) * 1md(i, @, 1))/laik2
"tikrinam ar beta vidurkis lygus nuliui
laikl = w(i, @, 2) * albega(o@, i, 0) - w(i, 1, 2)
laik2 = w(i, @, 2) * albega(o@, i, 1)
bsk = laikl * laikl + laik2 * laik2
If bsk = © Then
albega(o, i, 0) -w(i, 1, 2) / w(i, o, 2)
albega(o, i, 1) = ©
albega(1, i, @) = ©
albega(1, i, 1) = ©
albega(2, i, 9) (Imd(i, 2, @) - w(i, 2, 2)) / w(i, o, 2)
albega(2, i, 1) = Imd(i, 2, 1) / w(i, o, 2)
Else
'beta skaiciavimas
laik3 = w(i, 1, 1) - 1lmd(i, 1, @) - w(i, @, 1) * albega(0, i, 0)
Dim laik4 = Imd(i, 1, 1) + w(i, @, 1) * albega(o@, i, 1)
albega(1, i, @) = (laikl * laik3 - laik2 * laik4) / bsk
albega(1, i, 1) = (laikl * (-laik4) - laik2 * laik3) / bsk
'gama skaiciavimas
laikl = 2 * w(i, 0, 2)
‘realioji gama dalis
albega(2, i, 0) = (Imd(i, 2, @) - 1md(i, @, @) - w(i, 2, 2) + w(i, @, 0)
- w(i, @, 1) * albega(o, i, ©) - w(i, 1, 2) * albega(l, i, 0)) / laiki
"kompleksiné gama dalis
albega(2, i, 1) = (Imd(i, 2, 1) - 1md(i, @, 1) - w(i, o, 1)
* albega(o, i, 1) - w(i, 1, 2) * albega(l, i, 1)) / laik1l

End If



'jei tik pirmas vardiklis lygus nuliui
ElseIf ava =
'beta skaiciavimas
bsk =
laikl = w(i, @, 2) * 1lmd(i, 2, 1)
laik2 = bva * bva + laikl * laik1l
'realioji beta dalis
albega(1, i,
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9@ And bva <> @ And w(i, 0, 2) <> @ Then

w(i, 2, 2) * w(i, @, 1)-w(i, 2, 1) * w(i, 0, 2)-w(i, @, 1) * Imd(i, 2, 0)

9) = (bsk * bva + w(i, @, 1) * laikl * Imd(i, 2, 1)) / laik2

"kompleksiné
albega(1, i,
"tikrinam ar

beta dalis
1) = ((bsk * w(i, o,

alfa vardiklis lygus nuliui

2) - bva * w(i, 0, 1)) * lmd(i, 2, 1)) / laik2

laikl = w(i, @, 2) * albega(1l, i,
laik2 = w(i, @, 2) * albega(l, i, 1)
bsk = laikl * laikl + laik2 * laik2
If bsk = @ Then
albega(o@, i, 0) 0
albega(o, i, 1) = ©
albega(1, i, ©) = w(i, 0, 1) / w(i, 0, 2)
albega(1, i, 1) = ©
albega(2, i, 0) (w(i, @, @) - 1md(i, o,

0) - w(i, 0, 1)

0)) / w(i, e, 2)

albega(2, i, 1) = -1md(i, 0, 1) / w(i, 0, 2)
Else
'alfa skaiciavimas
laik3 = w(i, 1, 1) - 1lmd(i, 1, @) - w(i, 1, 2) * albega(l, i, 9)

Dim laik4 = lmd(i, 1, 1) + w(i, 1, 2) * albega(1l, i, 1)
albega(@, i, ©) = (laikl * laik3 - laik2 * laik4) / bsk
albega(@, i, 1) = (laikl * (-laik4) - laik2 * laik3) / bsk

‘gama skaiciavimas
laikl = 2 * w(i, 0, 2)
'realioji gama dalis

albega(2, i, @) = (Imd(i, 2, @) - 1lmd(i, @, @) - w(i, 2, 2) + w(i, @, 0)

- w(i, @, 1) * albega(o, i, @) - w(i, 1, 2) * albega(1,

'kompleksiné gama dalis

i, 0)) / laikl

albega(2, i, 1) = (Imd(i, 2, 1) - 1lmd(i, @, 1) - w(i, 0, 1)

* albega(o@, i, 1) - w(i, 1, 2) * albega(l,

End If

i, 1)) / laiki

ElseIf ava = @ And bva = @ And w(i, 9, 2) <> @ Then

albega(@, i, @) =

albega(1,
albega(o,
albega(1,
albega(2,
albega(2,
ElseIf ava =

i,
i,
i,
i,
i,

© And bva =

0) =
1) =
1) =
0) =
1) =

OO0

0 And w(i, @, 2) = @ Then

'pirmas atvejis

If w(i, @, 2) = @ And w(i, @, 1) = @ And w(i,
albega(1, i, @) = (w(i, 1, 1) - 1md(i, 1,
albega(1, i, 1) = -1md(i, 1, 1) / w(i, 1,
laikl = w(i, @, @) * w(i, @, @) - w(i, o,

1, 2) <> @ Then

0)) / w(i, 1, 2)

2)

9) * W(i) 1: 1) - W(i; 1) 2)

*w(i, 2, 1) + w(i, 1, 1) * w(i, 2, 2) - w(i, 0, @) * w(i, 2, 2)

If laikl = @ Then
albega(o, i, 9)
Else
albega(o, i, 9)

(]

End If
albega(o@, i, 1) = 0
albega(2, i, @) = (w(i, 1, @) + albega(®,

(w(i, 1, @) * w(i, 2, 2) - w(i, 1, 2) * w(i, 2, Q)

- w(i, @, @) * w(i, 1, @0)) / laik1l

i: 0) * (W(i, 9, 0) - W(i) 1, 1)))

/ w(i, 1, 2) + (albega(e, i, @) * albega(1l, i, @)) / 2

albega(2, i, 1) =
‘antras atvejis

ElseIf w(i, @, 2) = ©

albega(o@, i, 9)
albega(o, i, 1)
laikl = w(i, o,

0

And w(i, @, 1) <> @ And
(w(i, 0, 0) - 1md(i, o,
-Imd(i, @, @) / w(i, 0,
) *w(i, 2, 2) - w(i, o,

(albega(o@, i, @) * albega(1, i, 1)) / 2

w(i, 1, 2) = @ Then

8)) / w(i, o, 1)

1)

0) * w(i, 1, 1) + w(i, o, 1)

*w(i, 1, 0) + w(i, 1, 1) * w(i, 2, 2) - w(i, 2, 2) * w(i, 2, 2)

If laikl = @ The

n

albega(1, i, @) = 0
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Else
albega(1, i, @) = (w(i, 0, ©0) * w(i, 2, 1) - w(i, 0, 1) * w(i, 2, 9)
- w(i, 2, 1) * w(i, 2, 2)) / laik1l
End If
albega(1, i, 1)
albega(2, i, 0)

0

((W(i) 2) 2) - W(i) 1) 1)) * albega(l) i) 0) - W(i: 2: 1))
/ w(i, @, 1) - (albega(e, i, @) * albega(1l, i, 0)) / 2

-(albega(o, i, @) * albega(1, i, 1)) / 2

albega(2, i, 1)
"trec¢ias atvejis
ElseIf w(i, ©, 2) = © And w(i, 0, 1) = @ And w(i, 1, 2) = © Then
laikl = w(i, 1, 1) - w(i, 0, @)
laik2 = w(i, 2, 2) - w(i, 1, 1)
laik3 = w(i, 2, 2) - w(i, 0, @)
If laikl <> © And laik2 <> @ And laik3 <> @ Then
albega(0, i, 0) = w(i, 1, @) / laiki
albega(@, i, 1) = 0
albega(1, i, @) = w(i, 2, 1) / laik2
albega(1, i, 1) = 0
albega(2, i, @) = (0.5 * albega(@, i, @) * albega(1l, i, @) * (w(i, 0, 0)
-2 *w(i, 1, 1) + w(i, 2, 2)) + w(i, 2, @) - albega(o, i, 0)
* w(i, 2, 1) + albega(1, i, @) * w(i, 1, @)) / laik3

albega(2, i, 1) = 0
ElseIf laikl = @ And laik2 <> @ And laik3 <> © Then
albega(0, i, ©0) = 0
albega(@, i, 1) = 0
albega(1, i, 0) = w(i, 2, 1) / laik2
albega(1, i, 1) = 0
albega(2, i, @) = (w(i, 2, ©) + w(i, 1, @) * albega(1l, i, 0)) / laik3
albega(2, i, 1) = 0
ElseIf laikl <> @ And laik2 = © And laik3 <> @ Then
albega(o, i, @) = w(i, 1, 0) / laik1l
albega(o, i, 1) = 0
albega(1, i, @) = ©
albega(1, i, 1) = 0
albega(2, i, @) = (w(i, 2, @) - w(i, 2, 1) * albega(o, i, ©)) / laik3
albega(2, i, 1) = 0
ElseIf laikl <> © And laik2 <> @ And laik3 = © Then
albega(o, i, 0) = w(i, 1, @) / laikl
albega(o, i, 1) = 0
albega(1, i, @) = w(i, 2, 1) / laik2
albega(1, i, 1) = 0
albega(2, i, @) = ©
albega(2, i, 1) = 0
ElseIf laikl = @ And laik2 = @ And laik3 = @ Then
"turi tenkinti lygybe a32*alfa-a2l*beta = a3l
If w(i, 2, @) <> @ And w(i, 2, 1) <> © Then
albega(@, i, @) = w(i, 2, @) / w(i, 2, 1)
albega(1, i, @) = ©
ElseIf w(i, 2, @) <> @ And w(i, 1, @) <> @ Then
albega(o, i, @) = ©
albega(1, i, @) = -w(i, 2, @) / w(i, 1, 0)
Else
albega(o, i, @) = 0
albega(1, i, @) = ©
End If
albega(o, i, 1) =
albega(1, i, 1) =
albega(2, i, 0) =
albega(2, i, 1)
End If
End If
End If
End If
Next
alfabetagama = albega
End Function

[OR ORI
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Public Function matricaT(ByVal mk, ByVal alfa, ByVal beta, ByVal gama) As Double(,,,)

Dim t(mk, 2, 2, 1) As Double
For i = @ To mk
t(i, 0, @, @) =1
t(i, 1, 1, 0) =1
t(i, 2, 2, @) = 1
t(i, 1, @, 0) = alfa(i, @)
t(i, 1, 0, 1) = alfa(i, 1)
t(i, 2, 1, @) = beta(i, @)
t(i, 2, 1, 1) = beta(i, 1)
t(i, 2, 0, @) =
t(i, 2, o,
Next
matricaT = t

End Function

0.5 * (alfa(i, @) * beta(i, @) - alfa(i, 1) * beta(i, 1)) + gama(i, 0)
1) = 0.5 * (alfa(i, @) * beta(i, 1) + alfa(i, 1) * beta(i, ©)) + gama(i, 1)

Public Function matricaTa(ByVal mk, ByVal alfa, ByVal beta, ByVal gama) As Double(,,,)

Dim ta(mk, 2, 2, 1) As Double
For i = @ To mk
ta(i, @, 0, 0) = 1
ta(i, 1, 1, 8) = 1
ta(i, 2, 2, @) = 1
ta(i, 1, 0, @) = -alfa(i,
ta(i, 1, 0, 1) = -alfa(i,
ta(i, 2, 1, @) = -beta(i,
ta(i, 2, 1, 1) = -beta(i,
ta(i, 2, 0, 0) =
ta(i, 2, 0, 1) =
Next
matricaTa = ta

End Function

0)
1)
0)
1)

0.5 * (alfa(i, @) * beta(i, @) - alfa(i, 1) * beta(i, 1)) - gama(i, 0)
0.5 * (alfa(i, @) * beta(i, 1) + alfa(i, 1) * beta(i, ©)) - gama(i, 1)

Public Function abcreiksmes(ByVal mk, ByvVal alfa, ByVal beta, ByVal gama, ByVal w, ByVal t,
ByVal ta) As Double(,,,)

Dim
Dim
Dim
Dim
Dim
Dim
Dim

tarp(2, 2) As Double
daugl(2, 2) As Double
daug2(2, 2) As Double
ktarp(2, 2, 1) As Double
kdaugl(2, 2, 1) As Double
kdaug2(2, 2, 1) As Double
wn(mk, 2, 2, 1) As Double

'Daugyba T*W*T~-1

For

i =0 To mk

If alfa(i, 1) = @ And beta(i, 1) = @ And gama(i, 1) = @ Then

daugl(j, 1) =
daug2(j, 1)
Next
Next
tarp = daugyba(daugl,
TTHWHTA-1
daugl = tarp
For j = © To 2
For 1 =0 To 2
daug2(j, 1) =
Next
Next
tarp = daugyba(daugil,

For j = © To 2
For 1 =0 To 2

wn(i, 3, 1, )
wn(i, 3, 1, 1)

Next
Next

(i, 3, 1, o)
w(i, j, 1)

daug2)

ta(i, 3, 1, 9)

daug2)

tarp(j, 1)

1]
(W]



kdaug2(j, 1, @) = w(i, j, 1)
kdaug2(j, 1, 1) = 0
Next
Next
ktarp = kdaugyba(kdaugl, kdaug2)

'Sandauga T*W*T~-1
kdaugl = ktarp
For j = © To 2
For 1 =0 To 2
For m = 0 To 1
kdaug2(j, 1, m) = ta(i, j, 1, m)
Next
Next
Next

ktarp = kdaugyba(kdaugl, kdaug2)

For j = © To 2
For 1 =0 To 2
For m =0 To 1
wn(i, j, 1, m) = ktarp(j, 1, m)
Next
Next
Next
End If
Next
abcreiksmes = wn
End Function

Public Function alfbetgam(ByVval mk, ByVal 1lmd, ByVval a, ByVal b, ByVal c) As Double(,,)
Dim vard As Double
Dim v(1) As Double
Dim d(4, 1) As Double
Dim 1lal(1) As Double
Dim albg(2, mk, 1) As Double
Dim sk(1) As Double

For i = @ To mk
"Pirmoji situacija (jei skirtingos tikrinés reiksmés)
If (Imd(i, @, @) <> 1lmd(i, 1, @) Or 1md(i, @, 1) <> Imd(i, 1, 1)) And (1md(i, ©, @) <>
Imd(i, 2, ©) Or 1md(i, ©, 1) <> 1md(i, 2, 1)) And (Imd(i, 1, @) <> 1lmd(i, 2, @) Or 1md(i, 1, 1) <>
Imd(i, 2, 1)) Then
‘alfa skaiciavimas
If a(i, 1) = 0 And 1md(i, @, 1) = @ And 1lmd(i, 1, 1) = @ Then
albg(oe, i, @) = a(i, @) / (1lmd(i, o0, @) - 1lmd(i, 1, @))
albg(oe, i, 1) = 0
Else
v(0) = 1Imd(i, @, ©) - 1md(i, 1, 9)
v(1) = 1lmd(i, 0, 1) - Imd(i, 1, 1)
vard = v(0) * v(0) + v(1) * v(1)
albg(e, i, @) = (a(i, @) * v(©) + a(i, 1) * v(1)) / vard
albg(e, i, 1) = (a(i, 1) * v(@) - a(i, @) * v(1)) / vard
End If
'beta skaiciavimas
If b(i, 1) = @ And 1md(i, 1, 1) = @ And 1lmd(i, 2, 1) = @ Then
albg(1, i, @) = b(i, @) / (Imd(i, 1, @) - 1lmd(i, 2, 0@))
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albg(1, i, 1) = 0
Else
v(0) = 1lmd(i, 1, @) - Imd(i, 2, 9)
v(1) = 1lmd(i, 1, 1) - Imd(i, 2, 1)
vard = v(0) * v(0) + v(1) * v(1)
albg(1, i, @) = (b(i, @) * v(©) + b(i, 1) * v(1)) / vard
albg(1, i, 1) = (b(i, 1) * v(@) - b(i, @) * v(1)) / vard
End If
‘gama skaiciavimas
If a(i, 1) = © And b(i, 1) = © And c(i, 1) = @ And 1md(i, 0, 1) = ©
And 1md(i, 1, 1) = @ And 1md(i, 2, 1) = @ Then

d(@, @) = albg(e, i, @) * albg(1, i, @) * (2 * 1md(i, 1, @) - 1lmd(i, o, 0)
- 1Imd(i, 2, 9))
d(@, 1) = 2 * (-c(i, @) + albg(1, i, @) * a(i, @) - albg(e, i, @) * b(i, 9))

vard = 2 * (Imd(i, 2, @) - 1lmd(i, o, 0))
albg(2, i, @) = (d(@, @) + d(@, 1)) / vard
albg(2, i, 1) = 0

Else
d(e, @) = albg(e, i, @) * albg(1, i, @) - albg(e, i, 1) * albg(1l, i, 1)
d(e, 1) = albg(e, i, @) * albg(1, i, 1) + albg(e, i, 1) * albg(1l, i, @)
d(1, @) = 2 * 1md(i, 1, @) - 1md(i, @, ©) - 1md(i, 2, 0)

d(1, 1) = 2 * 1Imd(i, 1, 1) - 1md(i, @, 1) - 1md(i, 2, 1)
d(2, @) = d(o, @) * d(1, @) - d(@, 1) * d(1, 1)

d(2, 1) = d(o, @) * d(1, 1) + d(@, 1) * d(1, 0)

"+

d(@, @) = albg(1, i, @) * a(i, 9)
d(@, 1) = albg(1, i, @) * a(i, 1)
d(1, @) = albg(e, i, @) * b(i, @)
d(1, 1) = albg(e, i, @) * b(i, 1) + albg(e, i, 1) * b(i, 9)
d(3, @) = 2 * (-c(i, @) + d(@, @) - d(1, 9))
d(3, 1) = 2 * (-c(i, 1) + d(@, 1) - d(1, 1))

albg(1, i, 1) * a(i, 1)
albg(1, i, 1) * a(i, 9)
albg(e, i, 1) * b(i, 1)

o+ 4+

d(4, @) = d(2, @) + d(3, o)
d(4, 1) = d(2, 1) + d(3, 1)
'vardiklis
v(@) = 2 * (Imd(i, 2, @) - 1Imd(i, @, 0))
v(1l) = 2 * (Imd(i, 2, 1) - 1Imd(i, 0, 1))
vard = v(0) * v(0) + v(1) * v(1)
albg(2, i, ©) = (d(4, ©) * v(0) + d(4, 1) * v(1)) / vard
albg(2, i, 1) = (d(4, 1) * v(@) - d(4, @) * v(1)) / vard
End If
'jei lmdl=1md2<>1md3
ElseIf 1md(i, @, ©) = 1lmd(i, 1, @) And 1lmd(i, ©, 1) = 1Imd(i, 1, 1)
And 1md(i, @, ©) <> lmd(i, 2, @) And 1md(i, ©, 1) <> 1lmd(i, 2, 1) Then
albg(e, i, @) = 0
albg(e, i, 1) = 0
v(0) = 1Imd(i, 0, @) - 1Imd(i, 2, 9)
v(1l) = Imd(i, 0, 1) - 1Imd(i, 2, 1)
vard = v(0) * v(0) + v(1) * v(1)
'beta
albg(1, i, @) = (b(i, ©) * v(@) + b(i, 1) * v(1)) / vard
albg(1, i, 1) = (b(i, 1) * v(0) b(i, @) * v(1)) / vard
'gama
sk(@) = c(i, @) - albg(1, i, @) * a(i, @) + albg(1l, i, 1) * a(i, 1)
sk(1) = c(i, 1) - albg(1, i, @) * a(i, 1) - albg(1, i, 1) * a(i, @)
albg(2, i, 0) (sk(@) * v(©) + sk(1) * v(1)) / vard
albg(2, i, 1) (sk(1) * v(@) - sk(®) * v(1)) / vard
'jei 1lmd1<>1md2=1md3
ElseIf 1md(i, 2, ©) = 1lmd(i, 1, @) And lmd(i, 2, 1) = 1md(i, 1, 1)
And 1md(i, @, @) <> 1md(i, 2, @) And 1lmd(i, @, 1) <> 1Imd(i, 2, 1) Then
albg(1l, i, @) = ©
albg(1, i, 1) =0
v(0) = 1lmd(i, @, @) - 1md(i, 1, ©0)
v(1) Imd(i, 0, 1) - Imd(i, 1, 1)
vard = v(0) * v(0) + v(1) * v(1)
'alfa
albg(e, i, 0)
albg(e, i, 1)

(a(i, @) * v(©) + a(i, 1) * v(1)) / vard
(a(i, 1) * v(0©) - a(i, @) * v(1)) / vard



'gama
v(@) = albg(e, i, 1) * b(i, 1) - albg(e, i, @) * b(i, @) - c(i, 9)
v(1l) = -albg(®@, i, 1) * b(i, @) - albg(e, i, @) * b(i, 1) - c(i, 1)
albg(2, i, 9) (sk(@) * v(@) + sk(1) * v(1)) / vard
albg(2, i, 1) = (sk(1) * v(@) - sk(@) * v(1)) / vard
'jei visos tikrinés reik3Smés yra lygios
Else
albg(2, i, @) = @
albg(2, i, 1) = @
If a(i, @) <> @ Or a(i, 1) <> @ Then
albg(e, i, @) = 0
albg(e, i, 1) = 0
vard = a(i, @) * a(i, @) + a(i, 1) * a(i, 1)

albg(1, i, @) = (a(i, @) * c(i, @) + a(i, 1) * c(i, 1)) / vard
albg(1, i, 1) = (a(i, @) * c(i, 1) - a(i, 1) * c(i, @)) / vard
ElseIf b(i, @) <> @ Or b(i, 1) <> @ Then

albg(1, i, @) = 0

albg(1, i, 1) = 0

vard = -(b(i, @) * b(i, @) + b(i, 1) * b(i, 1))

albg(o, i, @) = (b(i, @) * c(i, @) + b(i, 1) * c(i, 1)) / vard
albg(o, i, 1) = (b(i, ©) * c(i, 1) - b(i, 1) * c(i, @)) / vard

Else
albg(e, i, 9) =
albg(e, i, 1) =
albg(1, i, 9) =
albg(1, i, 1) =
End If
End If
Next
alfbetgam = albg
End Function

(ORI RN

Public Function matricakK(ByVal mk, ByVal alf, ByVal bet, ByVal gam) As Double(,,,)
Dim K(mk, 2, 2, 1) As Double
Dim v(1) As Double
'K matrica
For i = @ To mk
'Jeigu realus skaiciai
If alf(i, 1) = @ And bet(i, 1) = © And gam(i, 1) = @ Then
For j = © To 2
For 1 = 0@ To 2
K(i, j, 1, 1) =@
If j = 1 Then
K(i, j, 1, @) =1
End If
Next
Next
K(i, o, 1, @) = alf(i, 0)
K(i, 1, 2, @) = bet(i, 0)
K(i, @, 2, @) = (alf(i, @) * bet(i, @0)) / 2 + gam(i, 0)
'Jeigu kompleksiniai skaiciai
Else
K(i, 0, @0, 0) =1
K(i, 1, 1, @) = 1
K(i, 2, 2, @) =1

v(0) = (alf(i, @) * bet(i, @) - alf(i, 1) * bet(i, 1)

) /2
v(1) (alf(i, o) bet(i, 1) + alf(i, 1) * bet(i, 0)) / 2

*

For j =0 To 1

K(i) 0, 1, j) = alf(i, j)
K(i) 1, 2, j) = bet(i, j)
K(i: 0, 2, j) = V(j) + gam(i: j)
Next
End If
Next

matricak = K
End Function



Public Function matricaakK(Byval mk, ByVal alf, ByVal bet, Byval gam) As Double(,,,)
Dim aK(mk, 2, 2, 1) As Double
Dim v(1) As Double

'K matrica
For i = @ To mk
'Jeigu realis skaiciai
If alf(i, 1) = @ And bet(i, 1)
For j = © To 2
For 1 =0 To 2
aK(i, j, 1, 1) =0
If j = 1 Then
aK(i, j, 1, @)
End If
Next
Next
akK(i, o, 1, @) = -alf(i, 0)
ak(i, 1, 2, @) = -bet(i, 0)
aK(i, o, 2, @) = (alf(i, @) * bet(i, 0)) / 2 - gam(i, 9)

@ And gam(i, 1) = © Then

I
[y

'Jeigu kompleksiniai skaiciai
Else

akK(i, 0, 0, @) =1

ak(i, 1, 1, @) = 1

akK(i, 2, 2, 0) =1
v(0) = (alf(i, @) * bet(i, @) - alf(i, 1) * bet(i, 1)) / 2
v(1l) = (alf(i, @) * bet(i, 1) + alf(i, 1) * bet(i, ©)) / 2
For j =0 To 1

aK(i, o, 1, j) = -alf(i, j)

aK(i, 1, 2, j) = -bet(i, j)

aK(i, @, 2, j) = v(j) - gam(i, 3J)
Next

End If
Next
matricaakK = akK
End Function

Public Function daugyba_3m_4d(ByVal mk, ByVal 1lmd, ByVal pim, ByVal anm, ByVal trm) As
Double(,,,)

Dim daugl(2, 2) As Double

Dim daug2(2, 2) As Double

Dim tarp(2, 2) As Double

Dim kdaugl(2, 2, 1) As Double

Dim kdaug2(2, 2, 1) As Double

Dim ktarp(2, 2, 1) As Double

Dim rez(mk, 2, 2, 1) As Double

"pim*anm*trm
For i = @ To mk
If 1md(i, ©, 1) = @ And 1md(i, 1, 1) = @ And 1lmd(i, 2, 1) = @ Then
‘pim*anm
daugl = tarp
For j = © To 2
For 1 = 0 To 2
daugl(j, 1)
daug2(j, 1)
Next
Next
tarp = daugyba(daugl, daug2)

pim(i, j, 1, @)
anm(i, j, 1, @)

"pim*anm*trm
daugl = tarp
For j = @ To 2
For 1 = 0 To 2
daug2(j, 1) = trm(i, j, 1, 0)



End

Next
Next
tarp = daugyba(daugl, daug2)

For j = © To 2
For 1 =0 To 2
rez(i, j, 1, @) = tarp(j, 1)
rez(i, j, 1, 1) =0
Next
Next
Else
"pim*anm
For j = © To 2
For 1 = 0 To 2
For m =0 To 1
kdaugl(j, 1, m)
kdaug2(j, 1, m)
Next
Next
Next
ktarp = kdaugyba(kdaugl, kdaug2)
'Ka*Lm*K
kdaugl = ktarp
For j = @0 To 2
For 1 = @ To 2
For m =0 To 1
kdaug2(j, 1, m) = trm(i, j, 1, m)
Next
Next
Next
ktarp = kdaugyba(kdaugl, kdaug2)

pim(i, 3, 1, m)
anm(i, j, 1, m)

For j = © To 2
For 1 = @ To 2
For m =0 To 1
rez(i, j, 1, m) = ktarp(j, 1, m)

Next
Next
Next
End If
Next
daugyba_3m_4d = rez
Function
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Private Sub Btn_1matr_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_1matr.Click

End

Private Sub Btn_eilutes_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)

Handles

End

viena _matrica.Show()
Sub

Btn_eilutes.Click
eilutes.Show()
Sub

End Class

Public Class viena_matrica
Inherits System.Windows.Forms.Form
Public mycaller As pradine

Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim

mk As Integer = 0

Am(2, 2) As Double

Bm(mk, 2, 2, 1) As Double
Im(mk, 2, 1) As Double
alfa(mk, 1) As Double
beta(mk, 1) As Double
gama(mk, 1) As Double
a(mk, 1) As Double

b(mk, 1) As Double



Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim

c(mk, 1) As Double

t(mk, 2, 2, 1) As Double
ta(mk, 2, 2, 1) As Double
alf(mk, 1) As Double
bet(mk, 1) As Double
gam(mk, 1) As Double
Km(mk, 2, 2, 1) As Double
akKm(mk, 2, 2, 1) As Double

'Vienos matricos jvedimas
Private Sub Btn_ivmatr_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_ivmatr.Click

Dim tekst As String
tekst = Replace(a@@.Text, ",", ".")
If tekst = Nothing Or IsNumeric(tekst)
MessageBox.Show("Iveskite tinkamas
Else
Am(@, @) = CDbl(Val(tekst))
End If

tekst = Replace(a@l.Text, ",", ".")
If tekst = Nothing Or IsNumeric(tekst)
MessageBox.Show("Iveskite tinkamas
Else
Am(@, 1) = CDbl(Val(tekst))
End If

tekst = Replace(a@2.Text, ",", ".")
If tekst = Nothing Or IsNumeric(tekst)
MessageBox.Show("Iveskite tinkamas
Else
Am(@, 2) = CDbl(Val(tekst))
End If

tekst = Replace(ale.Text, ",", ".")
If tekst = Nothing Or IsNumeric(tekst)
MessageBox.Show("Iveskite tinkamas
Else
Am(1, @) = CDbl(Val(tekst))
End If

tekst = Replace(all.Text, ",", ".")
If tekst = Nothing Or IsNumeric(tekst)
MessageBox.Show("Iveskite tinkamas
Else
Am(1, 1) = CDbl(Val(tekst))
End If

tekst = Replace(al2.Text, ",", ".")
If tekst = Nothing Or IsNumeric(tekst)
MessageBox.Show("Iveskite tinkamas
Else
Am(1, 2) = CDbl(Val(tekst))
End If

tekst = Replace(a20.Text, ",", ".")
If tekst = Nothing Or IsNumeric(tekst)
MessageBox.Show("Iveskite tinkamas
Else
Am(2, @) = CDbl(Val(tekst))
End If

tekst = Replace(a2l.Text, ",", ".")
If tekst = Nothing Or IsNumeric(tekst)
MessageBox.Show("Iveskite tinkamas
Else
Am(2, 1) = CDbl(Val(tekst))
End If

= False Then
reiksmes")

= False Then
reiksmes")

= False Then
reiksmes")

= False Then
reiksmes")

= False Then
reiksmes")

= False Then
reiksmes")

= False Then
reiksmes")

= False Then
reiksmes™)
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tekst = Replace(a22.Text, ",", ".")
If tekst = Nothing Or IsNumeric(tekst) = False Then
MessageBox.Show("Iveskite tinkamas reikSmes™)
Else
Am(2, 2) = CDbl(Val(tekst))
End If

Btn_vm_koef.Enabled = True
End Sub

'Koeficienty skaiciavimas
Private Sub Btn_vm_koef_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_vm_koef.Click
Dim an(1, 2, 2) As Double
For i =0 To 2
For j =0 To 2
an(0) i, J) = Am(i) j)
Next
Next

'Tikrinés reiksSmés
Dim lmda(@, 2, 1) As Double
Imda = pradine.Tikrines(mk, an)

'Tikriniy reikSmiy rikiavimas
Im = pradine.rikiuoti2(mk, 1lmda)
Text_vm_rez.Text = "Tikrinés reikSmés:" & vbCrLf

Text_vm_rez.Text = Text_vm_rez.Text & 1m(0, 0, ©) & " + " & 1m(@, 0, 1) & "i" & vbCrLf &

80

Im(@, 1, ©) & " + " & Im(@, 1, 1) & "i" & vbCrLf & 1m(@, 2, ©) & " + " & 1m(@, 2, 1) & "i" & vbCrLf

'Koeficientai alfa*, beta*, gama*

Dim nlm(2, 2, 1) As Double

nlm = pradine.alfabetagama(mk, an, 1m)
For i =0 To 1

alfa(e, i) = nlm(@, mk, i)
beta(o@, i) = nlm(1, mk, i)
gama(@, i) = nlm(2, mk, i)

Next

Text_vm_rez.Text = Text_vm_rez.Text & vbCrLf & "Parametry o*, B*, y* reiksSmés:" & vbCrLf &

alfa(o, @) & " + " & alfa(o, 1) & "i" & vbCrLf &
beta(@, 0) & " + " & beta(o, 1) & "i" & vbCrLf &
gama(@, 0) & " + " & gama(@, 1) & "i" & vbCrLf

t = pradine.matricaT(mk, alfa, beta, gama)
ta = pradine.matricaTa(mk, alfa, beta, gama)
Bm = pradine.abcreiksmes(mk, alfa, beta, gama, an, t, ta)
For j =0 To 1
a(e, j) = Bm(e, @, 1, j)
b(e, j) = Bm(@, 1, 2, j)
c(e, j) = Bm(@, 0, 2, j)
Next

Text_vm_rez.Text = Text_vm_rez.Text & vbCrLf & "Parametry a, b, c reikSmés:" & vbCrLf & a(@,

0) & " + " & a(@, 1) & "i" & vbCrLf &
b(0, ) & " + " & b(@, 1) & "i" & vbCrLf &
c(@, 0) & " + " & c(@, 1) & "i" & vbCrLf
Text_vm_rez.Text = Text_vm_rez.Text & vbCrLf & "Matrica T:" & vbCrLf &

t(0, 0, @, ) & " + " & t(0, @, @, 1) & "i " & t(0, @, 1, 0) & " + " & t(®, 0, 1, 1) &

iov g t(@) 0, 2, e) & " + " & t(@, 0, 2, 1) & "i" & vbCrLf &

t(e, 1, 0, 0) & "+ "&t(0, 1, 0, 1) & "i "&t(0, 1, 1, 0) & " + " & t(0, 1, 1, 1) &

"i " &t(e, 1, 2, 0) & " + " &t(0, 1, 2, 1) & "i" & vbCrLf &

t(@, 2, 0, 0) & " + " & t(0, 2, 0, 1) & "i "& t(0, 2, 1, 0) & " + " & t(0, 2, 1, 1) & "i

" & t(@, 2, 2,0)&" + " &t(@, 2, 2, 1) & "i" & vbCrLf & vbCrLf &
"Matrica T~-1:" & vbCrLf &

ta(mk, 0, 0, ) & " + " & ta(mk, @0, 0, 1) & "i " & ta(mk, @0, 1, @) & " + " & ta(mk, O,

1, 1) & "i " & ta(mk, ©, 2, @) & " + " & ta(mk, @, 2, 1) & "i" & vbCrLf &
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ta(mk, 1, 0, ©) & " + " & ta(mk, 1, @, 1) & "i " & ta(mk, 1, 1, @) & " + " & ta(mk, 1, 1,
1) & "i " & ta(mk, 1, 2, @) & " + " & ta(mk, 1, 2, 1) & "i" & vbCrLf &
ta(mk, 2, @, 0) & " + " & ta(mk, 2, @, 1) & "i " & ta(mk, 2, 1, 8) & " + " & ta(mk, 2, 1,
1) & "i " & ta(mk, 2, 2, @) & " + " & ta(mk, 2, 2, 1) & "i" & vbCrLf & vbCrLf &
"Matrica B = T*A*T~-1:" & vbCrLf & Bm(mk, @0, 0, ) & " + " & Bm(mk, 0, 0, 1) & "i " &
Bm(mk, @, 1, ©) & " + " & Bm(mk, ©, 1, 1) & "i " & Bm(mk, @, 2, ©) & " + " & Bm(mk, @, 2, 1) & "i"
& vbCrLf &
Bm(mk, 1, @, ©) & " + " & Bm(mk, 1, @0, 1) & "i " & Bm(mk, 1, 1, @) & " + " & Bm(mk, 1,
1, 1) & "i " & Bm(mk, 1, 2, ) & " + " & Bm(mk, 1, 2, 1) & "i" & vbCrLf &
Bm(mk, 2, @, @) & " + " & Bm(mk, 2, @, 1) & "i " & Bm(mk, 2, 1, 0) & " + " & Bm(mk, 2, 1,
1) & "i " & Bm(mk, 2, 2, ©) & " + " & Bm(mk, 2, 2, 1) & "i" & vbCrLf

'randam alfa, beta, gama reikSmes

Dim 11(2, 1, 1) As Double

11 = pradine.alfbetgam(mk, 1m, a, b, c)
For j =0 To 1

alf(mk, j) = 11(e, @, j)
bet(mk, j) = 11(1, @, j)
gam(mk, j) = 11(2, o, j)

Next

Text_vm_rez.Text = Text_vm_rez.Text & vbCrLf & "Parametry o, B, y reikSmés:" & vbCrLf &
alf(mk, ) & " + " & alf(mk, 1) & "i" & vbCrLf &
bet(mk, 0) & " + " & bet(mk, 1) & "i" & vbCrLf &
gam(mk, ©) & " + " & gam(mk, 1) & "i" & vbCrLf

Km = pradine.matricakK(mk, alf, bet, gam)
akKm = pradine.matricaak(mk, alf, bet, gam)

Text_vm_rez.Text = Text_vm_rez.Text & vbCrLf & "K" & vbCrLf &
Km(mk, @, 0, 0) & " + " & Km(mk, @, @0, 1) & "i " & Km(mk, 0, 1, 0) & " + " &
Km(mk, @, 1, 1) & "i " & Km(mk, @, 2, 0) & " + " & Km(mk, ©, 2, 1) & "i" & vbCrLf &
Km(mk, 1, 0, 0) & " + " & Km(mk, 1, @, 1) & "i " & Km(mk, 1, 1, 0) & " + " &
Km(mk, 1, 1, 1) & "i " & Km(mk, 1, 2, @) & " + " & Km(mk, 1, 2, 1) & "i" & vbCrLf &
Km(mk, 2, 0, ©) & " + " & Km(mk, 2, 0, 1) & "i " & Km(mk, 2, 1, ) & " + " &
Km(mk, 2, 1, 1) & "i " & Km(mk, 2, 2, @) & " + " & Km(mk, 2, 2, 1) & "i" & vbCrLf &
vbCrLf & "K~-1" & vbCrLf &
akKm(mk, 0, @, 0) & " + " & akKm(mk, 0, @0, 1) & "i "
akm(mk, @, 1, 1) & "i " & aKm(mk, ©, 2, @) & " + " & aKm(mk, @, 2, 1)
akm(mk, 1, @, ) & " + " & aKm(mk, 1, 0, 1) & "i "
akKm(mk, 1, 1, 1) & "i " & aKm(mk, 1, 2, @) & " + " & aKm(mk, 1, 2, 1)
akm(mk, 2, @, ©) & " + " & aKm(mk, 2, 0, 1) & "i "
akm(mk, 2, 1, 1) & "i " & aKm(mk, 2, 2, @) & " + " & aKm(mk, 2, 2, 1)
Btn_patikra.Enabled = True
End Sub

akKm(mk, @0, 1, @) & " + " &
"i" & vbCrLf &
akKm(mk, 1, 1, 0) & " + " &
"i" & vbCrLf &
akm(mk, 2, 1, 0) & " + " &

&
&
&
&
&
& "i" & vbCrLf

Private Sub Btn_patikra_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_patikra.Click
Dim nAm(mk, 2, 2, 1) As Double
nAm = pradine.daugyba_3m_4d(mk, 1lm, ta, Bm, t)
Text_vm_patikr.Text = "Matrica A* = TA-1*B*T:" & vbCrLf &
nAm(mk, @, 0, ©0) & " + " & nAm(mk, ©, @, 1) & "i " & nAm(mk, @, 1, 0) & " + " & nAm(mk,
0, 1, 1) & "i " & nAm(mk, @, 2, 0) & " + " & nAm(mk, @, 2, 1) & "i" & vbCrLf &
nAm(mk, 1, @, ©0) & " + " & nAm(mk, 1, @, 1) & "i " & nAm(mk, 1, 1, ©) & " + " & nAm(mk,
1, 1, 1) & "i " & nAm(mk, 1, 2, @) & " + " & nAm(mk, 1, 2, 1) & "i" & vbCrLf &
nAm(mk, 2, @, @) & " + " & nAm(mk, 2, @, 1) & "i " & nAm(mk, 2, 1, @) & " + " & nAm(mk,
2, 1, 1) & "i " & nAm(mk, 2, 2, @) & " + " & nAm(mk, 2, 2, 1) & "i" & vbCrLf

Dim Lmm(mk, 2, 2, 1) As Double
Lmm = pradine.daugyba_3m_4d(mk, 1lm, Km, Bm, aKm)
Text_vm_patikr.Text = Text_vm_patikr.Text & vbCrLf & "Matrica Lm = K*B*K~-1:" & vbCrLf &
Lmm(mk, @, @, @) & " + " & Lmm(mk, ©, @, 1) & "i " & Lmm(mk, ©, 1, ©) & " + " & Lmm(mk,
0, 1, 1) & "i " & Lmm(mk, ©, 2, 0) & " + " & Lmm(mk, @, 2, 1) & "i" & vbCrLf &
Lmm(mk, 1, @, @) & " + " & Lmm(mk, 1, @, 1) & "i " & Lmm(mk, 1, 1, @) & " + " & Lmm(mk,
1, 1, 1) & "i " & Lmm(mk, 1, 2, @) & " + " & Lmm(mk, 1, 2, 1) & "i" & vbCrLf &
Lmm(mk, 2, @, @) & " + " & Lmm(mk, 2, @, 1) & "i " & Lmm(mk, 2, 1, 9) & " + " & Lmm(mk,
2, 1, 1) & "i " & Lmm(mk, 2, 2, @) & " + " & Lmm(mk, 2, 2, 1) & "i" & vbCrLf



'Patikrinam ar B* = K"-1*Lm*K

Dim nBm(mk, 2, 2, 1) As Double

nBm = pradine.daugyba_3m_4d(mk, 1lm, aKm, Lmm, Km)

Text_vm_patikr.Text =
nBm(mk, @, @, ) & " + " & nBm(mk, 0, @0, 1) & "i "

0, 1, 1) & "i " & nBm(mk, @, 2, 0) & " + " & nBm(mk, @, 2, 1)

nBm(mk, 1, @, ©) & " + " & nBm(mk, 1, @, 1) & "i "

1, 1, 1) & "i " & nBm(mk, 1, 2, @) & " + " & nBm(mk, 1, 2, 1)

nBm(mk, 2, @, ©) & " + " & nBm(mk, 2, @, 1) & "i "

2, 1, 1) & "i " & nBm(mk, 2, 2, @) & " + " & nBm(mk, 2, 2, 1)

Text_vm_patikr.Text & vbCrLf & "Matrica B* = K"-1*Lm*K:

'Patikrinam ar A = TA-1*KA-1*Lm*K*T

Dim nnAm(mk, 2, 2, 1) As Double

nnAm = pradine.daugyba_3m_4d(mk, 1lm, ta, Bm, t)
Text_vm_patikr.Text & vbCrLf & "Matrica A** = TA-1TFKA-1FLm*K*T:" &

Text_vm_patikr

vbCrLf &

nnAm(mk,
nnAm(mk,

nnAm(mk,

"i " & skirt(e, 2, @) & " +
"i " & skirt(l, 2, @) & " + "

"i " & skirt(2, 2, @) & " + "

End

nnAm(mk, ©
0, 1, 1) & "i
nnAm(mk, 1
1, 1, 1) & "i
nnAm(mk, 2
2,1, 1) & "i

'Paklaidy matr
Dim skirt(2, 2
For 1 = 0 To 2
For j = ©
skirt(
skirt(

Next

Next

Text_vm_patikr
skirt(e, 0, @

skirt(1, o, ©
skirt(2, o0, ©

Sub

End Class
Imports System.Windows.Forms.DataVisualization.Charting

Public Class eilutes
Inherits System.Windows.Forms.Form

Public mycaller As pradine

.Text =

, 0, 0) & " + " & nnAm(mk, O, O,
" & nnAm(mk, @, 2, @) & " + " & nnAm(mk, @,
, 0, 0) & " + " & nnAm(mk, 1, @0, 1) & "i " &
" & nnAm(mk, 1, 2, @) & " + " & nnAm(mk, 1,
, 0, 0) & " + " & nnAm(mk, 2, @0, 1) & "i " &
" & nnAm(mk, 2, 2, @) & " + " & nnAm(mk, 2,

ica
> 1)
To 2
i, j, @)
i, 3, 1)

.Text
) & "

+ n

) &

) &

Public pubmk As Integer

Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim

pmk As Integer
mk As Integer
xx(mk) As Doub
yy(mk) As Doub
zz(mk) As Doub
w(mk, 2, 2) As

= 3000
le
le
le
Double

&

&
&
&
&
&

1) & "i " &

nBm(mk, 0, 1, @) & "
"i" & vbCrLf &
nBm(mk, 1, 1, 0) & "
"i" & vbCrLf &
nBm(mk, 2, 1, @) & "
"i" & vbCrLf

Math.Abs(Am(i, j) - nnAm(@, i, j, @))

= Math.Abs(nnAm(@, i, j, 1))

")
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vbCrLf &
& nBm(mk,

& nBm(mk,

& nBm(mk,

nnAm(mk, @, 1, @) & " + " &
2, 1) & "i" & vbCrLf &
nnAm(mk, 1, 1, @) & " + " &
2, 1) & "i" & vbCrLf &
nnAm(mk, 2, 1, @) & " + " &
2, 1) & "i" & vbCrLf

Text_vm_patikr.Text & vbCrLf & "Paklaidy matrica:" & vbCrLf &

" & skirt(e, 0, 1) & "i " & skirt(e, 1, @) & " + " & skirt(o, 1, 1) &
skirt(o, 2, 1) & "i" & vbCrLf &
& skirt(1, 0, 1) & "i " & skirt(1, 1, @) & " + " & skirt(1, 1, 1) &
skirt(1, 2, 1) & "i" & vbCrLf &

&

&

&

Imd(mk, 2, 1) As Double

alfas(mk, 1) As Double
betas(mk, 1) As Double
gamas(mk, 1) As Double

alf(mk, 1) As
bet(mk, 1) As
gam(mk, 1) As
sintetines As

'Grafikam skirtos
Public pxx(mk) As
Public pyy(mk) As
Public pzz(mk) As

Public
Public
Public

Double
Double
Double
Boolean

reiksmeés
Double
Double
Double

11(mk) As Double
12(mk) As Double
13(mk) As Double

& skirt(2, @, 1) & "i " & skirt(2,

skirt(2, 2, 1) & "i" & vbCrLf

False

1, @) & " + " & skirt(2, 1, 1) &



Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public

Private Sub Btn_iv_eilut_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)

avalf(mk) As Doub
avbet(mk) As Doub
avgam(mk) As Doub
lavalf(mk) As Dou
lavbet(mk) As Dou
lavgam(mk) As Dou
avalfas(mk) As Do
avbetas(mk) As Do
avgamas(mk) As Do
lavalfas(mk) As D
lavbetas(mk) As D
lavgamas(mk) As D

Handles Btn_iv_eilut.Click
Pan_ivest_eil.Visible = True
Text_eilutes.Clear()

End Sub

le

le

le
ble
ble
ble
uble
uble
uble
ouble
ouble
ouble
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Private Sub Btn_ivesti_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles

Btn_ivesti.

Click

lentele_xyz.Rows.Clear()
'Nuskaitome duomenis i lentele
Dim visas_tekstas As String = Text_eilutes.Text

vis
If

End
Dim
Dim

pmk
For

IsNumeric(n

as_tekstas = Repl

visas_tekstas = N
Return
If

ace(visas_tekstas, ",",

othing Then

"

eilutes() As String = visas_tekstas.Split(vbCrLf)

k As Integer = 0
= UBound(eilutes
i=0Topmk +1
If eilutes(i).Le

Continue For
End If

) -1

ngth < 3 Then

Dim nariai() As String = eilutes(i).Split(vbTab)

If nariai.lLength
Continue For

ElseIf IsNumeric

ariai(2)) = False
Continue For

Else
lentele_xyz.
lentele_xyz.
lentele_xyz.
lentele xyz.
lentele xyz.

End If

k =k +1

Next

n_s
pmk
mk

k.Text = k
=k -1

= pmk - 2

If mk < © Then

End

Btn_eil koef.Ena
Btn_grafikai.Ena
Return

If

< 3 Then

(nariai(@)) = False Or IsNumeric(nariai(l)) =

Then

Rows .Add ()
Rows(k).Cells(®@).Value

Rows(k).Cells(1).Value =
Rows(k).Cells(2).Value =
Rows(k).Cells(3).Value =

bled
bled

False
False

'Idedame reikSmes i masyva

For

i =0 To pmk

k +1

CDbl(Val(nariai(®@)))
CDbl(Val(nariai(1)))
CDbl(Val(nariai(2)))

xx(1) = lentele_xyz.Rows(i).Cells(1).Value

yy(i)
zz(1i)

Next

lentele_xyz.Rows(i).Cells(2).Value
lentele xyz.Rows(i).Cells(3).Value

False Or



'Sud
mk =

For

Next

sint

arome matricas

pmk - 2

i=1Topmk -1
w(i - 1, 0, 0) = xx(i)
w(i-1, 0, 1) = xx(i + 1) -
w(i-1, 0, 2) = zz(i + 1) -
w(i- 1, 1, 0) = xx(i - 1) -
W(l -1, 1, 1) = yy(l)
w(i-1,1, 2) =yy(i+1) -
w(i-1, 2, @) = zz(i - 1) -
w(i-1, 2, 1) =yy(i-1) -
w(i -1, 2, 2) = zz(i)
etines = False

Btn_eil_koef.Enabled = True
Pan_ivest_eil.Visible = False

End Sub

yy(i +
xx(1i +

yy(i -

zz(1i +

xx(i -
zz(i -

1)
1)
1)

1)
1)
1)
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Private Sub gener_xyz_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles

gener_xyz.Cl
lent
If I

End

ick
ele_xyz.Rows.Clear()

sNumeric(n_sk_box.Text) = False Then

Btn_eil koef.Enabled = False
Btn_grafikai.Enabled = False
Return

If

pmk = CInt(Int(n_sk_box.Text)) - 1

If p

End

mk =
n_sk

Dim
Dim
Dim
Dim
Dim
Dim
Dim

k =

rol
fil
ro2
fi2
ro3
fi3

'sintetiniy eiluc¢iy generavimas ir

For

Next

mk <= @ Then
Btn_eil_koef.Enabled = False
Btn_grafikai.Enabled = False
Return

If

pmk - 2
.Text = pmk + 1

rol As Double
ro2 As Double
ro3 As Double
fil As Double
fi2 As Double
fi3 As Double
k As Double

CDbl(Val(Replace(hbox.Text, ",", ".")))

= CDbl(Val(Replace(rolbox.Text, ","
= CDbl(Val(Replace(filbox.Text, ","
= CDbl(Val(Replace(ro2box.Text, ","
= CDbl(Val(Replace(fi2box.Text, ","
= CDbl(Val(Replace(ro3box.Text, ","
= CDbl(Val(Replace(fi3box.Text, ","

i =0 To pmk

xx(1i) = Math.Cos(rol * k * i
yy(i) = Math.Cos(ro2 * k * i
zz(i) = Math.Cos(ro3 * k * i
lentele_xyz.Rows.Add()
lentele_xyz.Rows(i).Cells(@).
lentele_xyz.Rows(i).Cells(1).
lentele_xyz.Rows(i).Cells(2).
lentele_xyz.Rows(i).Cells(3).

+ fil)
+ fi2)
+ fi3)

Value =

Value

Value =

Value

v e v v .

)
)
II‘II)
)
)

)

surasymas i lentele

i+1
xx(1)
yy(i)
zz(1)



'Kauno matricy skaiciavimas
For i =1 To pmk - 1

w(i -1, 0, @) = xx(i)
w(i-1, 0, 1) = xx(i +1) - yy(i + 1)
w(i-1, 0, 2) =zz(i +1) - xx(i + 1)
w(i- 1, 1, 0) = xx(i - 1) - yy(i - 1)
W(l -1, 1, 1) = yy(l)
w(i -1, 1, 2) = yy(i + 1) - zz(i + 1)
w(i -1, 2, @) = zz(i - 1) - xx(i - 1)
w(i -1, 2, 1) = yy(i - 1) - zz(i - 1)
w(i- 1, 2, 2) = zz(i)

Next

sintetines = True

Btn_eil_koef.Enabled = True

Pan_gener.Visible = False
End Sub

Public Sub Btn_eil_koef_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)

Handles Btn_eil_koef.Click
lent_koef.Rows.Clear()

'Tikrinés reik3Smés

Dim nlmd(mk, 2, 1) As Double
nlmd = pradine.Tikrines(mk, w)
'Rikiavimas

Imd = pradine.rikiuoti2(mk, nlmd)
'Spausdinimas
For i = @ To mk
lent_koef.Rows.Add()
lent_koef.Rows(i).Cells(@).Value = i + 1
For j =0 To 2
If Imd(i, j, 1) = @ Then
lent_koef.Rows(i).Cells(j + 1).Value
Else

lent_koef.Rows(i).Cells(j + 1).Value=1lmd(i,j,0).ToString+

End If
Next
Next

'Koeficienty alfa*, beta*, gama* apskaiciavimas

Dim nlm(2, 2, 1) As Double
nlm = pradine.alfabetagama(mk, w, 1lmd)

For j = © To mk
For i =0 To 1
alfas(j, i) nlm(oe, j, i)
betas(j, i) = nlm(1, j, i)
gamas(j, i) = nlm(2, j, i)
Next
Next

Imd(i, j, 9)

'Koeficienty alfa*, beta*, gama* surasymas i lentele

spausdinti(4, alfas)
spausdinti(5, betas)
spausdinti(6, gamas)

'Koeficientai a,b,c

Dim a(mk, 1) As Double

Dim b(mk, 1) As Double

Dim c(mk, 1) As Double

Dim t(mk, 2, 2, 1) As Double

Dim ta(mk, 2, 2, 1) As Double

Dim Bm(mk, 2, 2, 1) As Double

t = pradine.matricaT(mk, alfas, betas, gamas)

ta = pradine.matricaTa(mk, alfas, betas, gamas)

Bm = pradine.abcreiksmes(mk, alfas, betas, gamas, w, t, ta)

For i = @ To mk

+1md(i,j,1).ToString+
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For j =0 To 1
a(i, j) = Bm(i, o, 1, j)
b(i, j) = Bm(i, 1, 2, J)
c(i, j) = Bm(i, 0, 2, J)
Next
Next

'Koeficienty alfa, beta, gama apskaiciavimas
Dim 1k1(2, 1, 1) As Double
1kl = pradine.alfbetgam(mk, 1lmd, a, b, c)
For i = @ To mk

For j =0 To 1

alf(i, j) = lkl(e, i, j)
bet(i, j) = 1k1(1, i, jJ)
gam(i, j) = 1k1(2, i, 3J)
Next
Next

'Koeficienty alfa, beta, gama suraSymas i lentele

spausdinti(7, alf)
spausdinti(8, bet)
spausdinti(9, gam)

'grafikams ir dispersijoms skirtos reiksmés
For i = @ To mk
11(i) = Math.Sqrt(Imd(i, @, ©) * 1md(i,
12(3i) Math.Sqrt(lmd(i, 1, 0) * lmd(i,
13(i) = Math.Sqrt(1md(i, 2, @) * 1md(i,

avalf(i) = Math.Sqrt(alf(i, @) * alf(i,
avbet(i) = Math.Sqrt(bet(i, @) * bet(i,
avgam(i) = Math.Sqrt(gam(i, @) * gam(i,

lavalf(i) Math.Loglo(1l + avalf(i))
lavbet (i) Math.Logl0(1l + avbet(i))
lavgam(i) = Math.Logle(1l + avgam(i))

avalfas(i) = Math.Sqgrt(alfas(i, @) * alfas(i, @) + alfas(i, 1) * alfas(i, 1))
avbetas(i) = Math.Sqrt(betas(i, @) * betas(i, @) + betas(i, 1) * betas(i, 1))
avgamas(i) = Math.Sqrt(gamas(i, @) * gamas(i, @) + gamas(i, 1) * gamas(i, 1))

lavalfas(i) = Math.Logl@(1 + avalfas(i))

lavbetas(i) = Math.Logl0(1 + avbetas(i))

lavgamas(i) = Math.Logl@(1 + avgamas(i))
Next

Btn_grafikai.Enabled = True

If sintetines = False Then
Btn_dispersijos.Enabled = True
grafikai.Btn_laikai.Enabled = True

Else
grafikai.Btn_laikai.Enabled = False

End If

End Sub

9,

[y

)

2,

0)
0)
0)

0) + lmd(i,
0) + lmd(i,
0) + lmd(1i,

+ alf(i, 1)
+ bet(i, 1)
+ gam(i, 1)

0, 1) * Imd(i, @, 1))
1, 1) * Imd(i, 1, 1))
2, 1) * 1md(i, 2, 1))

* alf(i, 1))
* bet(i, 1))
* gam(i, 1))

'Procedura, atliekanti spausdinimg i tam tikrg lentelés stulpelj

Public Sub spausdinti(ByVval kel, ByVal kas)
For 1 = @ To mk
If kas(i, 1) = @ Then
lent_koef.Rows(i).Cells(kel).Value =
Else

lent_koef.Rows(i).Cells(kel).Value = kas(i, ©).ToString + "+" + kas(i, 1).ToString +

End If
Next
End Sub

Public Sub Btn_grafikai_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)

Handles Btn_grafikai.Click

kas(i, @)
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pXX
pyy
pzz
With

End
graf
End Sub

= XX
=Yy
= 2z
grafikai.Chartl
.Series.Clear()
.ChartAreas(0).AxisX.Minimum = @
.ChartAreas(0).AxisX.Title = "t"
If sintetines = False Then
.ChartAreas(0).AxisY.Title
.Series.Add("RR")
.Series.Add("DQRS")
.Series.Add("D3IT")
grafikai.Check_prad.Text = "RR, DQRS, DJIT"
Else
.ChartAreas (@) .AxisY.Title = "x(t), y(t), z(t)"
.Series.Add("x")
.Series.Add("y")
.Series.Add("z")
grafikai.Check_prad.Text = "x(t), y(t), z(t)"
End If
For i = @ To pmk
.Series(0).Points.AddXY(i + 1, xx(i))
.Series(1).Points.AddXY(i + 1, yy(i))
.Series(2).Points.AddXY(i + 1, zz(i))
Next
.ChartAreas(0).RecalculateAxesScale()
For i = 0 To 2
.Series(i).ChartType = DataVisualization.Charting.SeriesChartType.Line
Next
With
ikai.Show()

"RR, DQRS, DIT"
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Private Sub Btn_cancel Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles

Btn_cancel.C

Pan_

End Sub

IR d
Public d
Public d
Public d
Public m
Public m

Private
Dim
Dim
Dim
Dim
Dim
Dim

Dim
Dim

For

Next

lick
ivest_eil.Visible = False

ispersijos------

isp(9, 10, 11) As Double
nr As Integer

name(9) As String

ink As Integer

in(mk) As Double

Function stdev(ByVal masyvas, ByVal minutes, ByVal stulp_kiekis)
mas = masyvas

suma As Double = 0

m As Integer = mk

sm As Integer = stulp_kiekis + 1

vid(sm) As Double

elem As Integer = 0

1
0

kmin As Integer
vard As Integer

i=0Tom

If minutes(i) < kmin Then
suma = suma + mas(i)
vard = vard + 1

Else
vid(elem) = suma / vard
elem = elem + 1

kmin = kmin + 1
suma = mas(i)
vard = 1

End If



vid(elem) = suma / vard

'sqrt dispersijos skaiciavimas
Dim skirt As Double
Dim disp(elem) As Double

kmin = 1
suma = 0
vard = 0

Dim delem As Integer = ©

For i =0 Tom

If minutes(i) < kmin Then
skirt = mas(i) - vid(delem)
suma = suma + skirt * skirt
vard = vard + 1

Else
disp(delem) = Math.Sqrt(suma / vard)
delem = delem + 1
skirt = mas(i) - vid(delem)

suma = skirt * skirt
kmin = kmin + 1
vard = 1
End If
disp(delem) = Math.Sgrt(suma / vard)
Next
stdev = disp

End Function

Private Sub Btn_dispersijos_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)

Handles Btn_dispersijos.Click
Panel disp.Visible = True
End Sub

Private Sub Btn_disp_cancel_ Click(ByVal sender As System.Object, ByVal e As System.EventArgs)

Handles Btn_disp_cancel.Click
Panel_disp.Visible = False
End Sub
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Private Sub Btn_dispsk_Click(Byval sender As System.Object, ByVal e As System.EventArgs) Handles

Btn_dispsk.Click
Dim visas_tekstas As String = disp_laik_box.Text
visas_tekstas = Replace(visas_tekstas, ",", ".")

If visas_tekstas = Nothing Then
Return
End If

Dim nariai() As String = visas_tekstas.Split(vbCrLf)

Dim k As Integer = @
Dim pmk = UBound(nariai)
For i = @ To pmk
If nariai(i) = Nothing Then
Continue For
ElseIf IsNumeric(nariai(i)) = False Then
Continue For
Else
min(k) = CDbl(Val(nariai(i)))
End If
k =k +1
Next
Dim minkiek = k - 1

If minkiek <> mk + 2 Then

MessageBox.Show("Iveskite tinkamg kieki laiko momenty")



Return
End If

mink = CInt(Val(min(mk + 2))) - 1

If disp_name_box.Text = Nothing Then
MessageBox.Show("Iveskite pavadinimg")
Return

Else
dname(dnr) = disp_name_box.Text

End If

If mink > 1@ Then
MessageBox.Show("Iveskite tinkamg minuciy kieki")
Return

End If

Dim ldisp(mink) As Double
'pirmy trijy koeficienty dipersijos
ldisp = stdev(avalfas, min, mink)
For i = @ To mink

disp(dnr, i, @) = 1ldisp(i)
Next
ldisp = stdev(avbetas, min, mink)
For i = @ To mink

disp(dnr, i, 1) = ldisp(i)
Next
ldisp = stdev(avgamas, min, mink)
For i = @ To mink

disp(dnr, i, 2) = 1ldisp(i)
Next
'kity trijy koeficienty dispersijos
ldisp = stdev(avalf, min, mink)
For i = @ To mink

disp(dnr, i, 3) = ldisp(i)
Next
ldisp = stdev(avbet, min, mink)
For i = @ To mink

disp(dnr, i, 4) = 1ldisp(i)
Next
ldisp = stdev(avgam, min, mink)
For i = @ To mink

disp(dnr, i, 5) = 1ldisp(i)
Next

'sulogaritminty pirmy trijy koeficienty dipersijos
ldisp = stdev(lavalfas, min, mink)
For i = @ To mink

disp(dnr, i, 6) = ldisp(i)
Next
ldisp = stdev(lavbetas, min, mink)
For i = @ To mink

disp(dnr, i, 7) = 1ldisp(i)
Next
ldisp = stdev(lavgamas, min, mink)
For i = @ To mink

disp(dnr, i, 8) = ldisp(i)
Next
'sulogaritminty kity trijy koeficienty dispersijos
ldisp = stdev(lavalf, min, mink)
For i = @ To mink

disp(dnr, i, 9) = 1ldisp(i)
Next
ldisp = stdev(lavbet, min, mink)
For i = @ To mink

disp(dnr, i, 10) = ldisp(i)
Next
ldisp = stdev(lavgam, min, mink)
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For i = @ To mink
disp(dnr, i, 11) = 1ldisp(i)
Next

disp_name_box.Clear()

disp_laik_box.Clear()

dnr = dnr + 1

dispersija.Show()

Panel_disp.Visible = False
End Sub

Private Sub Btn_gen_eil Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_gen_eil.Click
Pan_gener.Visible = True
End Sub
Private Sub Btn_cancel_gen_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_cancel _gen.Click
Pan_gener.Visible = False
End Sub
End Class
Imports System.Windows.Forms.DataVisualization.Charting

Public Class grafikai
Inherits System.Windows.Forms.Form
Public mycaller As eilutes
Dim mk As Integer = eilutes.n_sk.Text - 3
Dim newline(mk + 2) As Double
Dim npav As String
Dim nmk As Integer
Dim arpapildoma = False
Dim arslenkantys = False
Dim slmk As Integer

'slenkantys vidurkiai

Dim slxx(mk + 2) As Double
Dim slyy(mk + 2) As Double
Dim slzz(mk + 2) As Double
Dim s111(mk) As Double

Dim s112(mk) As Double

Dim s113(mk) As Double

Dim slalfas(mk) As Double
Dim slbetas(mk) As Double
Dim slgamas(mk) As Double
Dim slalf(mk) As Double
Dim slbet(mk) As Double
Dim slgam(mk) As Double
Dim sllalfas(mk) As Double
Dim sllbetas(mk) As Double
Dim sllgamas(mk) As Double
Dim sllalf(mk) As Double
Dim sllbet(mk) As Double
Dim sllgam(mk) As Double

'laikai

Dim lmom As Integer = 20

Dim minutes(mk + 2) As Double

Dim elementai(lmom) As Integer
Dim laikoskale As Boolean = False

'segmentiniai vidurkiai

Dim segxx(lmom) As Double
Dim segyy(lmom) As Double
Dim segzz(lmom) As Double
Dim segll(lmom) As Double
Dim segl2(1lmom) As Double
Dim segl3(1lmom) As Double
Dim segalfas(lmom) As Double
Dim segbetas(lmom) As Double



Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim

seggamas(1lmom) As Double
segalf(lmom) As Double
segbet(1lmom) As Double
seggam(1lmom) As Double
seglalfas(lmom) As Double
seglbetas(1lmom) As Double
seglgamas(1lmom) As Double
seglalf(lmom) As Double
seglbet(1lmom) As Double
seglgam(lmom) As Double
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Private Sub brezti_tris(ByVal pirma, ByVal antra, ByVal trecia, ByVal chart, ByVal xtit, ByVal
ytit, Byval ptit, Byval atit, Byval ttit, ByVal m, ByVal br_disp)

With

chart
.Series.Clear()
.ChartAreas(0).AxisX.Minimum = @
.ChartAreas(0).AxisX.Title = xtit
.ChartAreas(0).AxisY.Title = ytit
.Series.Add(ptit)
.Series.Add(atit)
.Series.Add(ttit)
If laikoskale = False Then
For 1 =0 Tom
.Series(@).Points.AddXY(i + 1, pirma(i))
.Series(1).Points.AddXY(i + 1, antra(i))
.Series(2).Points.AddXY(i + 1, trecia(i))
Next
If br_disp = True Then
.Series.Add(npav)
.Series(3).YAxisType = DataVisualization.Charting.AxisType.Secondary
.ChartAreas (@) .AxisY2.MajorGrid.Enabled = False
For i = @ To nmk
.Series(3).Points.AddXY(i + 1, newline(i))
Next
For i = 0 To 3
.Series(i).ChartType =
Next
Else
For i = @ To 2
.Series(i).ChartType = DataVisualization.Charting.SeriesChartType.Line
Next
End If
Else
.ChartAreas(0) .AxisX.Title = "t"

For

Next
.Cha
Ifl

i=0Tom

.Series(@).Points.AddXY(minutes(i), pirma(i))
.Series(1).Points.AddXY(minutes(i), antra(i))
.Series(2).Points.AddXY(minutes(i), trecia(i))

rtAreas(0).AxisX.MajorGrid.Interval = 1
mom = 11 Then

Dim intl As StripLine = New StripLine()
intl.BackColor = Color.LightGreen
intl.IntervalOffset = @

intl.StripWidth = 1

.ChartAreas(0) .AxisX.StripLines.Add(int1)

Dim int2 As StriplLine = New StripLine()
int2.BackColor = Color.IndianRed
int2.IntervalOffset = 1

int2.StripWidth = 5

.ChartAreas(0) .AxisX.StripLines.Add(int2)

Dim int3 As StripLine = New StripLine()
int3.BackColor = Color.LightGreen
int3.IntervalOffset = 6

int3.StripWidth = 5

DataVisualization.Charting.SeriesChartType.Line
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.ChartAreas (@) .AxisX.StripLines.Add(int3)
End If

If br_disp = True Then
.Series.Add(npav)
.Series(3).YAxisType = DataVisualization.Charting.AxisType.Secondary
.ChartAreas(0).AxisY2.MajorGrid.Enabled = False
For i = @ To nmk
.Series(3).Points.AddXY(minutes(i), newline(i))
Next
For i = @ To 3
.Series(i).ChartType
Next
Else
For i = @ To 2
.Series(i).ChartType = DataVisualization.Charting.SeriesChartType.Line
Next
End If
End If
End With
End Sub

DataVisualization.Charting.SeriesChartType.Line

Private Sub brezti_viena(ByVal pirma, ByVal chart, ByVal xtit, Byval ytit, Byval ptit, ByVval m,
ByVal br_disp)
With chart
.Series.Clear()
.ChartAreas(0).AxisX.Title
.ChartAreas(0).AxisY.Title
.Series.Add(ptit)

xtit
ytit

If laikoskale = False Then
For i =0 Tom
.Series(@).Points.AddXY(i + 1, pirma(i))
Next

If br_disp = True Then
.Series.Add(npav)
.Series(1).YAxisType = DataVisualization.Charting.AxisType.Secondary
For i = @ To nmk
.Series(1).Points.AddXY(i + 1, newline(i))
Next
For i =0 To 1
.Series(i).ChartType = DataVisualization.Charting.SeriesChartType.Line
Next
Else
.Series(@).ChartType = DataVisualization.Charting.SeriesChartType.Line
End If
Else
.ChartAreas(0) .AxisX.Title = "t"
For i =@ Tom
.Series(@).Points.AddXY(minutes(i), pirma(i))
Next

If br_disp = True Then
.Series.Add(npav)
.Series(1).YAxisType = DataVisualization.Charting.AxisType.Secondary
For i = @ To nmk
.Series(1).Points.AddXY(minutes(i), newline(i))
Next
For i =0 To 1
.Series(i).ChartType = DataVisualization.Charting.SeriesChartType.Line
Next
Else
.Series(@).ChartType = DataVisualization.Charting.SeriesChartType.Line
End If
End If
End With
End Sub



Private Function Slenk_vidurkis(ByVal zirk, ByVal masyvas, ByVal kiek) As Double()
Dim kiekis As Integer
Dim z = zirk
Dim mas = masyvas
kiekis = kiek - z + 1
Dim suma As Double

Dim slvid(kiekis) As Double
For i = @ To kiekis
suma = @
For j =0 To z -1
suma = suma + mas(i + j)
Next
slvid(i) = suma / z
Next
Slenk_vidurkis = slvid
End Function

Private Function dispersija(ByVal masyvas, ByVal kiek, ByVal zirk) As Double()
Dim kiekis As Integer
Dim z = zirk
Dim mas = masyvas
kiekis = kiek - z + 1
Dim suma As Double

'vidurkio skaiciavimas
Dim vid(kiekis) As Double
For i = @ To kiekis
suma = @
For j =0 Toz -1
suma = suma + mas(i + j)
Next
vid(i) = suma / z
Next
'sqrt dispersijos skaiciavimas
Dim skirt As Double
Dim disp(kiekis) As Double

For i = @ To kiekis
suma = @
For j =0 To z -1
skirt = mas(i + j) - vid(i)
suma = suma + skirt * skirt
Next
disp(i) = Math.Sqgrt(suma / (z - 1))
Next
dispersija = disp
End Function

Private Function segmentinis(ByVal masyvas, ByVal visi_nariai, ByVal stulp_kiekis) As Double()
Dim m As Integer = visi_nariai
Dim mas = masyvas
Dim sm As Integer = stulp_kiekis
Dim suma As Double = ©
Dim vid(sm) As Double
Dim elem As Integer = ©
Dim kmin As Integer
Dim vard As Integer

o
[0

For i =0 Tom

If minutes(i) < kmin Then
suma = suma + mas(i)
vard = vard + 1

Else
vid(elem) = suma / vard
elem = elem + 1
kmin = kmin + 1
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suma = mas(i)
vard = 1
End If

Next
vid(elem) = suma / vard
segmentinis = vid

End Function

Private Sub brezti_tris_segm(ByVal pirma, ByVal antra, ByVal trecia, ByVal chart, ByVal xtit,
Byval ytit, Byval ptit, Byval atit, Byval ttit)
With chart

.Series.Clear()
.ChartAreas(0).AxisX.Title
.ChartAreas(0).AxisY.Title
.Series.Add(ptit)
.Series.Add(atit)
.Series.Add(ttit)

xtit
ytit

For i = @ To 1lmom - 1
.Series(0).Points.AddXY(i + 0.5, pirma(i))
.Series(1).Points.AddXY(i + 0.5, antra(i))
.Series(2).Points.AddXY(i + 0.5, trecia(i))

Next

For i = 0 To 2
.Series(i).ChartType = DataVisualization.Charting.SeriesChartType.Column

Next

.ChartAreas(0).AxisX.CustomLabels.Clear()

For i = @ To 1lmom - 1
.ChartAreas(0) .AxisX.CustomLabels.Add(i, i + 1, (i + 1).ToString)

Next

.ChartAreas(0).RecalculateAxesScale()

End With
End Sub

Private Sub brezti_viena_segm(ByVal pirma, ByVal chart, ByVal xtit, ByVal ytit, ByVal ptit)
With chart
.Series.Clear()
.ChartAreas(0).AxisX.Title
.ChartAreas(0).AxisY.Title
.Series.Add(ptit)

xtit
ytit

For i = @ To 1lmom - 1
.Series(0).Points.AddXY(i + 0.5, pirma(i))
Next

.Series(@).ChartType = DataVisualization.Charting.SeriesChartType.Column
.ChartAreas(0).AxisX.CustomLabels.Clear()
For i = © To 1lmom - 1
.ChartAreas(0) .AxisX.CustomLabels.Add(i, i + 1, (i + 1).ToString)

Next
.ChartAreas(0).RecalculateAxesScale()

End With

End Sub

Private Sub prad_duom_braiz()
Dim pavy As String = Chartl.ChartAreas(@).AxisY.Title
Dim pavx As String = Chartl.ChartAreas(0).AxisX.Title
Dim pavl As String = Chartl.Series(@).Name
Dim pav2 As String = Chartl.Series(1).Name
Dim pav3 As String = Chartl.Series(2).Name

If Check_segmentinis.Checked = True Then
brezti_tris_segm(segxx, segyy, segzz, Chartl, "t", pavy, pavl, pav2, pav3)
ElseIf arslenkantys = False Then
brezti_tris(eilutes.pxx, eilutes.pyy, eilutes.pzz, Chartl, pavx, pavy, pavl, pav2, pav3,
mk + 2, Check_prad.Checked)
Else
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brezti_tris(slxx, slyy, slzz, Chartl, pavx, pavy, pavl, pav2, pav3, slmk + 2,
Check_prad.Checked)
End If
End Sub

Private Sub tikriniu_braiz()
If Check_segmentinis.Checked = True Then
brezti_tris_segm(segll, segl2, segl3, Chart2, "t", "Tikrinés reiksmés", "11", "12",
"13")
ElseIf arslenkantys = False Then
brezti_tris(eilutes.1l1, eilutes.12, eilutes.13, Chart2, "k", "Tikrinés reiksmés", "11",
"12", "13", mk, Check_tikrin.Checked)
Else
brezti_tris(slli, s112, sl1l13, Chart2, "k", "Tikrinés reiksmés", "11", "12", "13", slmk,
Check_tikrin.Checked)
End If
End Sub

Private Sub Btn_gr_abgz_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_gr_abgz.Click
If Check_segmentinis.Checked = True Then
brezti_tris_segm(segalfas, segbetas, seggamas, Chart4, "t", "o*, B*, y*", "a*", "B*",
vE)
ElseIf arslenkantys = False Then
brezti_tris(eilutes.avalfas, eilutes.avbetas, eilutes.avgamas, Chart4, "k", "a*, B*,
yE", ta*", "B*", "y*", mk, Check_abgk.Checked)
Else
brezti_tris(slalfas, slbetas, slgamas, Chart4, "k", "o*, B*, y*", "a*", "p*", "y*",
slmk, Check_abgk.Checked)
End If
End Sub

Private Sub Btn_gr labgz Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_gr_labgz.Click
If Check_segmentinis.Checked = True Then
brezti_tris_segm(seglalfas, seglbetas, seglgamas, Chart4, "t", "o*, B*, y*",
"log(a*+1)", "log(B*+1)", "log(y*+1)")
ElseIf arslenkantys = False Then
brezti_tris(eilutes.lavalfas, eilutes.lavbetas, eilutes.lavgamas, Chart4, "k", "o*, B*,
y*¥", "log(a*+1)", "log(B*+1)", "log(y*+1)", mk, Check_abgk.Checked)
Else
brezti_tris(sllalfas, sllbetas, sllgamas, Chart4, "k", "o*, B*, y*", "log(a*+1)",
"log(B*+1)", "log(y*+1)", slmk, Check_abgk.Checked)
End If
End Sub

Private Sub Btn_gr_az_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_gr_az.Click
If Check_segmentinis.Checked = True Then
brezti_viena_segm(segalfas, Chart4, "t", "a*", "o*")
ElseIf arslenkantys = False Then
brezti_viena(eilutes.avalfas, Chart4, "k", "o*", "a*", mk, Check_abgk.Checked)
Else
brezti_viena(slalfas, Chart4, "k", "o*", "a*", slmk, Check_abgk.Checked)
End If
End Sub

Private Sub Btn_gr_bz_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_gr bz.Click
If Check_segmentinis.Checked = True Then
brezti_viena_segm(segbetas, Chart4, "t", "p*", "B*")
ElseIf arslenkantys = False Then
brezti_viena(eilutes.avbetas, Chart4, "k", "p*", "B*", mk, Check_abgk.Checked)
Else
brezti_viena(slbetas, Chart4, "k", "p*", "B*", slmk, Check_abgk.Checked)
End If
End Sub
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Private Sub Btn_gr_gz Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_gr_gz.Click
If Check_segmentinis.Checked = True Then
brezti_viena_segm(seggamas, Chart4, "t", "y*", "y*")
ElseIf arslenkantys = False Then
brezti_viena(eilutes.avgamas, Chart4, "k", "y*", "y*", mk, Check_abgk.Checked)
Else
brezti_viena(slgamas, Chart4, "k", "y*", "y*", slmk, Check_abgk.Checked)
End If
End Sub

Private Sub Btn_gr laz_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_gr_laz.Click
If Check_segmentinis.Checked = True Then
brezti_viena_segm(seglalfas, Chart4, "t", "log(a*+1)", "log(a*+1)")
ElseIf arslenkantys = False Then
brezti_viena(eilutes.lavalfas, Chart4, "k", "log(a*+1)", "log(a*+1)", mk,
Check_abgk.Checked)
Else
brezti_viena(sllalfas, Chart4, "k", "log(a*+1)", "log(a*+1)", slmk, Check_abgk.Checked)
End If
End Sub

Private Sub Btn_gr 1lbz Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_gr 1bz.Click
If Check_segmentinis.Checked = True Then
brezti_viena_segm(seglbetas, Chart4, "t", "log(p*+1)", "log(p*+1)")
ElseIf arslenkantys = False Then
brezti_viena(eilutes.lavbetas, Chart4, "k", "log(p*+1)", "log(P*+1)", mk,
Check_abgk.Checked)
Else
brezti_viena(sllbetas, Chart4, "k", "log(B*+1)", "log(B*+1)", slmk, Check_abgk.Checked)
End If
End Sub

Private Sub Btn_gr 1lgz Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_gr 1gz.Click
If Check_segmentinis.Checked = True Then
brezti_viena_segm(seglgamas, Chart4, "t", "log(y*+1)", "log(y*+1)")
ElseIf arslenkantys = False Then
brezti_viena(eilutes.lavgamas, Chart4, "k", "log(y*+1)", "log(y*+1)", mk,
Check_abgk.Checked)
Else
brezti_viena(sllgamas, Chart4, "k", "log(y*+1)", "log(y*+1)", slmk, Check_abgk.Checked)
End If
End Sub

Private Sub Btn_gr_abg Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_gr_abg.Click
If Check_segmentinis.Checked = True Then
brezti_tris_segm(segalf, segbet, seggam, Chart3, "t", "a, B, y", "a", "B", "y")
ElseIf arslenkantys = False Then
brezti_tris(eilutes.avalf, eilutes.avbet, eilutes.avgam, Chart3, "k", "a, B, y", "a",
"B", "y", mk, Check_abg.Checked)
Else
brezti_tris(slalf, slbet, slgam, Chart3, "k", "a, B, y", "a", "B", "y", slmk,
Check_abg.Checked)
End If
End Sub

Private Sub Btn_gr_labg_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_gr_labg.Click
If Check_segmentinis.Checked = True Then
brezti_tris_segm(seglalf, seglbet, seglgam, Chart3, "t", "a, B, y", "log(o+l)",
"log(B+1)", "log(v+1)")
ElseIf arslenkantys = False Then
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brezti_tris(eilutes.lavalf, eilutes.lavbet, eilutes.lavgam, Chart3, "k", "o, B, V",
"log(a+1)", "log(B+1)", "log(y+1l)", mk, Check_abg.Checked)
Else
brezti_tris(sllalf, sllbet, sllgam, Chart3, "k", "a, B, y", "log(o+l1l)", "log(B+1)",
"log(y+1)", slmk, Check_abg.Checked)
End If
End Sub

Private Sub Btn_gr_a_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_gr_a.Click
If Check_segmentinis.Checked = True Then
brezti_viena_segm(segalf, Chart3, "t", "a", "a")
ElseIlf arslenkantys = False Then
brezti_viena(eilutes.avalf, Chart3, "k", "a", "a", mk, Check_abg.Checked)
Else
brezti_viena(slalf, Chart3, "k", "a", "a", slmk, Check_abg.Checked)
End If
End Sub

Private Sub Btn_gr_b_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_gr_b.Click
If Check_segmentinis.Checked = True Then
brezti_viena_segm(segbet, Chart3, "t", "B", "B")
ElseIf arslenkantys = False Then
brezti_viena(eilutes.avbet, Chart3, "k", "B", "B", mk, Check_abg.Checked)
Else
brezti_viena(slbet, Chart3, "k", "B", "B", slmk, Check_abg.Checked)
End If
End Sub

Private Sub Btn_gr_g Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_gr_g.Click
If Check_segmentinis.Checked = True Then
brezti_viena_segm(seggam, Chart3, "t", "y", "y")
ElseIf arslenkantys = False Then
brezti_viena(eilutes.avgam, Chart3, "k", "y", "y", mk, Check_abg.Checked)
Else
brezti_viena(slgam, Chart3, "k", "y", "y", slmk, Check_abg.Checked)
End If
End Sub

Private Sub Btn_gr_la_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_gr_la.Click
If Check_segmentinis.Checked = True Then
brezti_viena_segm(seglalf, Chart3, "t", "log(a+1l)", "log(o+1l)")
ElseIf arslenkantys = False Then
brezti_viena(eilutes.lavalf, Chart3, "k", "log(a+l)", "log(a+1l)", mk, Check_abg.Checked)
Else
brezti_viena(sllalf, Chart3, "k", "log(a+1l)", "log(a+1l)", slmk, Check_abg.Checked)
End If
End Sub

Private Sub Btn_gr_lb_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_gr_1b.Click
If Check_segmentinis.Checked = True Then
brezti_viena_segm(seglbet, Chart3, "t", "log(B+1)", "log(B+1)")
ElseIf arslenkantys = False Then
brezti_viena(eilutes.lavbet, Chart3, "k", "log(p+1)", "log(p+1)", mk, Check_abg.Checked)
Else
brezti_viena(sllbet, Chart3, "k", "log(p+1)", "log(p+1)", slmk, Check_abg.Checked)
End If
End Sub

Private Sub Btn_gr_lg Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_gr_lg.Click
If Check_segmentinis.Checked = True Then
brezti_viena_segm(seglgam, Chart3, "t", "log(y+1)", "log(y+1)")
ElseIf arslenkantys = False Then
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brezti_viena(eilutes.lavgam, Chart3, "k", "log(y+1)", "log(y+1)", mk, Check_abg.Checked)
Else
brezti_viena(sllgam, Chart3, "k", "log(y+1)", "log(y+1)", slmk, Check_abg.Checked)
End If
End Sub

Private Sub Btn_trint_papild_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_trint_papild.Click

arpapildoma = False
Btn_prad_graf_Click(®@, EventArgs.Empty)
Papildomi_taskai.Clear()
Panel_papild.Visible = False
Check_abg.Checked = False
Check_abgk.Checked = False
Check_prad.Checked False
Check_tikrin.Checked = False

End Sub

Private Sub Btn_br_papild_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_br_papild.Click
npav = Text_npav.Text
'Nuskaitome duomenis i masyva
Dim visas_tekstas As String = Papildomi_taskai.Text
visas_tekstas = Replace(visas_tekstas, ",", ".")

If visas_tekstas = Nothing Then
Return
End If

Dim nariai() As String = visas_tekstas.Split(vbCrLf)

Dim k As Integer = @
Dim pmk = UBound(nariai)
For i = @ To pmk
If i > mk + 1 Then
Exit For
End If
If nariai(i) = Nothing Then
Continue For
ElseIf IsNumeric(nariai(i)) = False Then
Continue For
Else
newline(k) = CDbl(Val(nariai(i)))
End If
k=k+1
Next
nmk = k - 1

If Check_prad.Checked = True Then
prad_duom_braiz()
End If

If Check_tikrin.Checked = True Then
tikriniu_braiz()
End If

If Check_abgk.Checked = True Then
Btn_gr_abgz_Click(®, EventArgs.Empty)
End If

If Check_abg.Checked = True Then
Btn_gr_abg Click(@, EventArgs.Empty)
End If

arpapildoma = True
Panel_papild.Visible = False
End Sub
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Private Sub Btn_papildpan_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_papildpan.Click
Panel_papild.Visible = True

End Sub

Private Sub Btn_pk_cancel Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_pk_cancel.Click
Panel_papild.Visible = False

End Sub

Private Sub Btn_prad_graf_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_prad_graf.Click
Check_prad.Checked = False
Check_tikrin.Checked = False
Check_abgk.Checked = False
Check_abg.Checked = False
arslenkantys = False
Check_segmentinis.Checked = False

Dim pavy As String

Chartl.ChartAreas(0).AxisY.Title

Dim pavx As String = Chartl.ChartAreas(0).AxisX.Title

Dim pavl As String
Dim pav2 As String
Dim pav3 As String

Chartl.Series(0).Name
Chartl.Series(1).Name
Chartl.Series(2).Name

brezti_tris(eilutes.pxx, eilutes.pyy, eilutes.pzz, Chartl, pavx, pavy, pavl, pav2, pav3, mk

+ 2, False)

brezti_tris(eilutes.l1, eilutes.1l2, eilutes.1l3, Chart2, "k", "Tikrinés reiksmés", "11",

“12", 13", mk,

False)

brezti_tris(eilutes.avalfas, eilutes.avbetas, eilutes.avgamas, Chart4, "k", "a*, B*, y*",
Ila*ll, IIB*II, "V*"J mk, False)
brezti_tris(eilutes.avalf, eilutes.avbet, eilutes.avgam, Chart3, "k", "a, B, y", "a", "B",

"y", mk, False)
End Sub

Private Sub Btn_slenkantis_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_slenkantis.Click
Panel_slenkantys.Visible = True

End Sub

Private Sub Btn_br_slenk_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_br_slenk.Click
Dim Value As Integer
If Integer.TryParse(zirkles_box.Text, Value) Then
If Value > @ AndAlso Value < mk Then

Dim zirkles = CInt(Int(zirkles_box.Text))
arslenkantys = True
slmk = mk - zirkles + 1

'Suvidurkinti pradiniai duomenys

slxx = Slenk_vidurkis(zirkles, eilutes.pxx, mk + 2)

slyy = Slenk_vidurkis(zirkles, eilutes.pyy, mk + 2)

slzz = Slenk_vidurkis(zirkles, eilutes.pzz, mk + 2)

Dim pavy As String = Chartl.ChartAreas(0).AxisY.Title

Dim pavx As String = Chartl.ChartAreas(0).AxisX.Title

Dim pavl As String = Chartl.Series(@).Name

Dim pav2 As String = Chartl.Series(1).Name

Dim pav3 As String = Chartl.Series(2).Name

brezti_tris(slxx, slyy, slzz, Chartl, pavx, pavy, pavl, pav2, pav3, slmk + 2,
Check_prad.Checked)

'Suvidurkintos tikrinés reiksmés

s111 = Slenk_vidurkis(zirkles, eilutes.11, mk)

s112 = Slenk_vidurkis(zirkles, eilutes.12, mk)

s113 = Slenk_vidurkis(zirkles, eilutes.13, mk)

brezti_tris(sl11, sl112, sl13, Chart2, "k", "Tikrinés reiksmés", "11", "12", "13",
slmk, Check_tikrin.Checked)

'Suvidurkinti parametrai

slalfas = Slenk_vidurkis(zirkles, eilutes.avalfas, mk)



slbetas =
slgamas =

Slenk_vidurkis(zirkles, eilutes.avbetas, mk)
Slenk_vidurkis(zirkles, eilutes.avgamas, mk)

slalf = Slenk_vidurkis(zirkles, eilutes.avalf, mk)
slbet = Slenk_vidurkis(zirkles, eilutes.avbet, mk)

slgam = S1
brezti_tri

brezti_tri

'Suvidurki
sllalfas =
sllbetas =
sllgamas =
sllalf = S
sllbet = S
sllgam = S

'Suvidurki
Check_segm
Panel_slen
Else
MessageBox
End If
Else
MessageBox.Sho
End If
End Sub

enk_vidurkis(zirkles, eilutes.avgam, mk)
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s(slalfas, slbetas, slgamas, Chart4, "k", "o*, B*, y*", "a*", "p*", "y*",
slmk, Check_abgk.Checked)

s(slalf, slbet, slgam, Chart3, "k", "a, B, V",

nti logaritmuoti parametrai
Slenk_vidurkis(zirkles, eilutes.lavalfas, mk)
Slenk_vidurkis(zirkles, eilutes.lavbetas, mk)
Slenk_vidurkis(zirkles, eilutes.lavgamas, mk)
lenk_vidurkis(zirkles, eilutes.lavalf, mk)
lenk_vidurkis(zirkles, eilutes.lavbet, mk)
lenk_vidurkis(zirkles, eilutes.lavgam, mk)

nta dispersija
entinis.Checked = False
kantys.Visible = False

.Show("Iveskite tinkamg intervalag")

w("Iveskite tinkamg intervalg")

a

B

B

" slmk,
Check_abg.Checked)

Private Sub Btn_slen_cancel_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)

Handles Btn_slen_cancel.Cl
Panel_slenkantys.V
End Sub

ick
isible = False

Private Sub Btn_drr_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles

Btn_drr.Click
Dim Value As Integ

er

If Integer.TryParse(varint_box.Text, Value) Then
If Value > @ AndAlso Value < mk + 2 Then
Papildomi_taskai.Clear()
Dim varzirk = CInt(Int(varint_box.Text))
arpapildoma = True
nmk = mk - varzirk + 3

newline = dispersija(eilutes.avalfas, mk + 2, varzirk)

For i = @ To nmk

Papildomi_taskai.Text = Papildomi_taskai.Text & newline(i) & vbCrLf

Next
Text_npav.Text = "o(RR)"
Else

MessageBox.Show("Iveskite tinkamg intervala")

End If
Else

MessageBox.Show("Iveskite tinkamg intervala")
End If

End Sub

Private Sub Btn_ddqrs_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles

Btn_ddgrs.Click
Dim Valu

If Integ

If Vv

e As Integer

er.TryParse(varint_box.Text, Value) Then

alue > @ AndAlso Value < mk + 2 Then
Papildomi_taskai.Clear()

Dim varzirk = CInt(Int(varint_box.Text))
arpapildoma = True

nmk = mk - varzirk + 3

newline = dispersija(eilutes.pyy, mk + 2, varzirk)
For i = @ To nmk

Papildomi_taskai.Text = Papildomi_taskai.Text & newline(i) & vbCrLf

Next
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Text_npav.Text = "o(DQRS)"

Else

End
Else

MessageBox.Show("Iveskite tinkamg intervalg")
If

MessageBox.Show("Iveskite tinkamg intervala")

End If
End Sub

Private Sub
Btn_djt.Click

Btn_djt_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles

Dim Value As Integer
If Integer.TryParse(varint_box.Text, Value) Then
If Value > @ AndAlso Value < mk + 2 Then

Else

End
Else
Mess
End If
End Sub

Private Sub

Btn_laikai.Click

Panel_1la
End Sub

Private Sub

Papildomi_taskai.Clear()
Dim varzirk = CInt(Int(varint_box.Text))
arpapildoma = True
nmk = mk - varzirk + 3
newline = dispersija(eilutes.pzz, mk + 2, varzirk)
For i = @ To nmk
Papildomi_taskai.Text = Papildomi_taskai.Text & newline(i) & vbCrLf
Next
Text_npav.Text = "o(JT)"

MessageBox.Show("Iveskite tinkamg intervala")
If

ageBox.Show("Iveskite tinkamg intervala")

Btn_laikai_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles

ikai.Visible = True

Btn_laik_cancel Click(ByVal sender As System.Object, ByVal e As System.EventArgs)

Handles Btn_laik_cancel.Click

Check_se
Panel_la
End Sub

Private Sub
Handles Btn_br_1
laikoska

'Nuskait
Dim visa
visas_te

If visas
Retu
End If

Dim nari
Dim k As
Dim pmk
For i =
If n
Else
Else
End

k:
Next

gmentinis.Checked = False
ikai.visible = False

Btn_br_laikas_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
aikas.Click
le = True

ome duomenis i masyva
s_tekstas As String = laikas_box.Text
kstas = Replace(visas_tekstas, ",", ".")

_tekstas = Nothing Then

rn

ai() As String = visas_tekstas.Split(vbCrLf)

Integer = 0
= UBound(nariai)
@ To pmk
ariai(i) = Nothing Then
Continue For

If IsNumeric(nariai(i)) = False Then
Continue For

minutes(k) = CDbl(Val(nariai(i)))

If

k +1
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Dim minkiek = k - 1

If minkiek <> mk + 2 Then
MessageBox.Show("Iveskite tinkamg kieki laiko momenty")
Return

End If

Imom = CInt(Val(minutes(mk + 2)))

If Check_segmentinis.Checked = True Then
'Suvidurkinti pradiniai duomenys
segxx = segmentinis(eilutes.pxx, mk + 2, lmom)
segyy = segmentinis(eilutes.pyy, mk + 2, lmom)
segzz = segmentinis(eilutes.pzz, mk + 2, lmom)
Dim pavy As String = Chartl.ChartAreas(@).AxisY.Title
Dim pavx As String = "t"
Dim pavl As String = Chartl.Series(®@).Name
Dim pav2 As String = Chartl.Series(1).Name
Dim pav3 As String = Chartl.Series(2).Name
brezti_tris_segm(segxx, segyy, segzz, Chartl, pavx, pavy, pavl, pav2, pav3)

'Suvidurkintos tikrinés reiksmés

segll = segmentinis(eilutes.l1, mk, lmom)

segl2 = segmentinis(eilutes.l2, mk, lmom)

segl3 = segmentinis(eilutes.13, mk, lmom)

brezti_tris_segm(segll, segl2, segl3, Chart2, "t", "Tikrinés reik3més","11", "12", "13")

'Suvidurkinti parametrai

segalfas = segmentinis(eilutes.avalfas, mk, lmom)

segbetas = segmentinis(eilutes.avbetas, mk, lmom)

seggamas = segmentinis(eilutes.avgamas, mk, lmom)

segalf = segmentinis(eilutes.avalf, mk, lmom)

segbet = segmentinis(eilutes.avbet, mk, lmom)

seggam = segmentinis(eilutes.avgam, mk, lmom)

brezti_tris_segm(segalfas, segbetas, seggamas, Chart4, "t", "a*, B*, y*","o*","B*","y*")
brezti_tris_segm(segalf, segbet, seggam, Chart3, "t", "o, B, y", "a", "B", "y")

'Suvidurkinti logaritmuoti parametrai
seglalfas = segmentinis(eilutes.lavalfas, mk, lmom)
seglbetas = segmentinis(eilutes.lavbetas, mk, lmom)
seglgamas = segmentinis(eilutes.lavgamas, mk, lmom)
seglalf = segmentinis(eilutes.lavalf, mk, lmom)
seglbet = segmentinis(eilutes.lavbet, mk, lmom)
seglgam = segmentinis(eilutes.lavgam, mk, lmom)
Else
Dim pavy As String = Chartl.ChartAreas(@).AxisY.Title
Dim pavx As String = Chartl.ChartAreas(@).AxisX.Title
Dim pavl As String = Chartl.Series(®@).Name
Dim pav2 As String = Chartl.Series(1).Name
Dim pav3 As String = Chartl.Series(2).Name
brezti_tris(eilutes.pxx, eilutes.pyy, eilutes.pzz, Chartl, pavx, pavy, pavl, pav2, pav3,
mk + 2, False)
brezti_tris(eilutes.1l1, eilutes.l12, eilutes.13, Chart2, "k", "Tikrinés reiksmés", "11",
"12", "13", mk, False)
brezti_tris(eilutes.avalfas, eilutes.avbetas, eilutes.avgamas, Chart4, "k", "o*, B*,
V*") "CI*"_, "B*"J "V*") mk; False)
brezti_tris(eilutes.avalf, eilutes.avbet, eilutes.avgam, Chart3, "k", "a, B, y", "a",
"B", "y", mk, False)
End If
Panel laikai.Visible = False
End Sub

Private Sub grafikai_Load(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
MyBase.Load
brezti_tris(eilutes.l1, eilutes.12, eilutes.1l3, Chart2, "k", "Tikrinés reiksmés", "11",
"12", "13", mk, False)
brezti_tris(eilutes.avalfas, eilutes.avbetas, eilutes.avgamas, Chart4, "k", "a*, B*, y*",
"o¥", "B*", "y*", mk, False)
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brezti_tris(eilutes.avalf, eilutes.avbet, eilutes.avgam, Chart3, "k", "a, B, y", "a", "B",
"y", mk, False)
End Sub
End Class

Public Class dispersija
Inherits System.Windows.Forms.Form
Public mycaller As eilutes
Dim mins = eilutes.mink
Dim nsk = eilutes.dnr - 1
Dim kelint As Integer
Dim bendra As Boolean = False
Dim avvar(mins, 11) As Double

Private Sub brezti_tris_var(ByVal kelintas_asmuo, ByVal pirm_koef, ByVal antr_koef, ByVal
trec_koef, ByVal chart, ByVval xtit, ByVval ytit, ByVal ptit, ByVval atit, ByVal ttit)
Dim pirma(mins) As Double
Dim antra(mins) As Double
Dim trecia(mins) As Double
Dim ka = kelintas_asmuo

If bendra = False Then
For i = @ To mins
pirma(i) = eilutes.disp(ka, i, pirm_koef)
antra(i) = eilutes.disp(ka, i, antr_koef)
trecia(i) = eilutes.disp(ka, i, trec_koef)
Next
Else
For i = @ To mins
pirma(i) = avvar(i, pirm_koef)
antra(i) = avvar(i, antr_koef)
trecia(i) = avvar(i, trec_koef)
Next
End If

With chart
.Series.Clear()
.ChartAreas(0).AxisX.Title
.ChartAreas(0).AxisY.Title
.Series.Add(ptit)
.Series.Add(atit)
.Series.Add(ttit)
.series(®@).color
.series(1).color = Color.White
.series(2).color = Color.White
.ChartAreas(0).AxisX.Minimum = @
.ChartAreas (@) .AxisX.Maximum = mins + 1

xtit
ytit

Color.White

For i = © To mins
.Series(0).Points.AddXY(i + 0.5, pirma(i))
.Series(1).Points.AddXY(i + 0.5, antra(i))
.Series(2).Points.AddXY(i + 0.5, trecia(i))
Ifi=0e0ri>5 Then
.Series(@).Points(i).Color = Color.Lime
.Series(1).Points(i).Color = Color.LawnGreen
.Series(2).Points(i).Color = Color.LimeGreen
Else
.Series(@).Points(i).Color = Color.Firebrick
.Series(1).Points(i).Color = Color.Crimson
.Series(2).Points(i).Color = Color.DarkRed
End If
Next

For i =0 To 2
.Series(i).ChartType = DataVisualization.Charting.SeriesChartType.Column
Next

.ChartAreas(0).AxisX.CustomLabels.Clear()
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For i = @ To mins + 1
.ChartAreas(0) .AxisX.CustomLabels.Add(i - 0.5, i + @.5, i.ToString)
Next
.ChartAreas(0).RecalculateAxesScale()
End With
End Sub

Private Sub brezti_viena_var(ByVal kelintas_asmuo, ByVal pirm_koef, ByVal chart, ByVal xtit,
Byval ytit, Byval ptit)
Dim pirma(mins) As Double
Dim ka = kelintas_asmuo

If bendra = False Then
For i = @ To mins
pirma(i) = eilutes.disp(ka, i, pirm_koef)
Next
Else
For i = @ To mins
pirma(i) = avvar(i, pirm_koef)
Next
End If

With chart
.Series.Clear()
.ChartAreas(0).AxisX.Title
.ChartAreas(0).AxisY.Title
.Series.Add(ptit)
.series(@).color = Color.White

xtit
ytit

For i = @ To mins
.Series(0).Points.AddXY(i + 0.5, pirma(i))
Ifi=080ri>5 Then
.Series(@).Points(i).Color
Else
.Series(@).Points(i).Color
End If
Next

Color.Lime

Color.Crimson

.Series(@).ChartType = DataVisualization.Charting.SeriesChartType.Column

.ChartAreas(0).AxisX.CustomLabels.Clear()
For i = @ To mins + 1
.ChartAreas(0) .AxisX.CustomLabels.Add(i - ©.5, i + ©.5, i.ToString)
Next
.ChartAreas(0).RecalculateAxesScale()
End With
End Sub

Private Sub dispersija_Load(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
MyBase.Load

brezti_tris_var(nsk,0,1,2,Var_Chartl,"t","o(a*),o(B*),o(y*)","1.0(a*)","2.0(B*)","3.0(y*)")

brezti_tris_var(nsk, 3, 4, 5, Var_Chart2,"t","o(a), o(B), o(y)","1.a(a)","2.0(B)","3.0(y)")

'Spausdinimas i lentele
Dim eil As Integer = ©
For k = @ To nsk
dispersiju_lentele.Rows.Add()
dispersiju_lentele.Rows(eil).Cells(®).Value = eilutes.dname(k)
For i = @ To mins
dispersiju_lentele.Rows.Add()
For j = @ To 11
dispersiju_lentele.Rows(eil + i).Cells(j + 1).Value = eilutes.disp(k, i, j)
Next
Next
eil = eil + mins + 1
Next
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For i = @ To nsk
tiriamuju_pasirinkimas.Items.Add(eilutes.dname(i))
Next
kelint = nsk
tiriamuju_pasirinkimas.SelectedIndex = kelint
End Sub

Private Sub Btn_var_abgz_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_var_abgz.Click
brezti_tris_var(kelint, @, 1, 2, Var_Chartl, "t", "o(a*), o(B*), o(y*)", "1. o(a*)", "2.
o(B*)", "3. o(y*)")
End Sub

Private Sub Btn_var_labgz Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_var_labgz.Click
brezti_tris_var(kelint, 6, 7, 8, Var_Chartl, "t", "o(a*), o(B*), o(y*)", "1. o(log(a*+1))",
"2. o(log(p*+1))", "3. o(log(y*+1))")
End Sub

Private Sub Btn_var_abg Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_var_abg.Click
brezti_tris_var(kelint, 3, 4, 5, Var_Chart2, "t", "o(a), o(B), o(y)", "1. o(a)", "2. o(B)",
"3. 0(y)")
End Sub

Private Sub Btn_var_labg Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_var_labg.Click
brezti_tris_var(kelint, 9, 1@, 11, Var_Chart2, "t", "o(a), o(B), o(y)", "1. o(log(o+1))",
"2. o(log(B+1))", "3. o(log(v+1))")
End Sub

Private Sub Btn_var_az_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_var_az.Click
brezti_viena_var(kelint, @, Var_Chartl, "t", "o(a*)", "o(a*)")
End Sub

Private Sub Btn_var_bz_ Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_var_bz.Click
brezti_viena_var(kelint, 1, Vvar_Chartl, "t", "o(B*)", "o(B*)")
End Sub

Private Sub Btn_var_gz_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_var_gz.Click
brezti_viena_var(kelint, 2, Var_Chartl, "t", "o(y*)", "o(y*)")
End Sub

Private Sub Btn_var_laz_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_var_laz.Click
brezti_viena_var(kelint, 6, Var_Chartl, "t", "o(log(a*+1))", "o(log(a*+1))")
End Sub

Private Sub Btn_var_lbz_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_var_lbz.Click
brezti_viena_var(kelint, 7, Var_Chartl, "t", "o(log(B*+1))", "o(log(B*+1))")
End Sub

Private Sub Btn_var_lgz_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles Btn_var_lgz.Click
brezti_viena_var(kelint, 8, Var_Chartl, "t", "o(log(y*+1))", "o(log(y*+1))")
End Sub

Private Sub Btn_var_a_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_var_a.Click
brezti_viena_var(kelint, 3, var_Chart2, "t", "o(a)", "o(a)")
End Sub

Private Sub Btn_var_b_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Btn_var_b.Click
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brezti_viena_var(kelint, 4, var_Chart2, "t", "o(B)", "o(B)")

End Sub

Private Sub Btn_var_g Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles

Btn_var_g.Click

brezti_viena_var(kelint, 5, Var_Chart2, "t", "o(y)", "o(y)")

End Sub

Private Sub Btn_var_la_Click(ByVal sender As
Btn_var_la.Click

System.Object, ByVal e As System.EventArgs) Handles

brezti_viena_var(kelint, 9, Var_Chart2, "t", "o(log(o+1))", "o(log(a+1l))")

End Sub

Private Sub Btn_var_lb_Click(ByVal sender As
Btn_var_lb.Click
brezti_viena_var(kelint, 10, Var_Chart2,
End Sub

Private Sub Btn_var_1lg Click(ByVal sender As
Btn_var_lg.Click
brezti_viena_var(kelint, 11, Var_Chart2,
End Sub

System.Object, ByVal e As System.EventArgs) Handles

"t", "o(log(B+1))", "o(log(B+1))")

System.Object, ByVal e As System.EventArgs) Handles

"t", "o(log(v+1))", "o(log(y+1))")

Private Sub tiriamuju_pasirinkimas_SelectedIndexChanged(ByVal sender As System.Object, ByVal e
As System.EventArgs) Handles tiriamuju_pasirinkimas.SelectedIndexChanged

bendra = False

kelint = tiriamuju_pasirinkimas.SelectedIndex
brezti_tris_var(kelint, @, 1, 2, Var_Chartl,"t","o(a*),o(B*),o(y*)","o(a*)","a(B*)","a(y*)")
brezti_tris_var(kelint, 3, 4, 5, Var_Chart2, "t", "o(a), o(B), o(y)", "o(a)","o(B)","o(y)")

End Sub

Private Sub Btn_bendr_var_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)

Handles Btn_bendr_var.Click
bendra = True
Dim suma As Double
For i = @ To mins
For j = 0 To 11
suma = @
For k = @ To nsk

suma = suma + eilutes.disp(k, i, j)

Next
avvar(i, j) = suma / (nsk + 1)
Next
Next

'Spausdinimas i lentele

Dim eil = eilutes.dnr * mins + eilutes.dnr

dispersiju_lentele.Rows.Add()

dispersiju_lentele.Rows(eil).Cells(®).Value = "Viso"

For i = @ To mins
dispersiju_lentele.Rows.Add()
For j = 0 To 11

dispersiju_lentele.Rows(eil + i).

Next
Next

Cells(j + 1).vValue = avvar(i, j)

brezti_tris_var(kelint,@,1,2,Var_Chartl,"t","o(a*),o(B*),o(y*)","1.0(a*)","2.0(B*)","3.0(y*)")
brezti_tris_var(kelint, 3, 4, 5, Var_Chart2, "t", "o(a), o(B), o(y)", "1.0(a)", "2.0(B)", "3.0(y)")

End Sub
End Class



