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THE RESULTS OF COMPUTER MODELING AND SOLUTION OF ONE-
PARAMETER GENERALIZED PALINDROMIC PROBLEMS

The issues of developing tools for automated determination of eigenvalues-functions
and eigenvectors-functions of one-parameter generalized palindromic problems are considered.

The solution of the problem consists of three stages of calculations: transformation
of the problem into a spectral, determination of eigenvalues-functions, determination of
eigenvectors-functions. At all stages of calculations, differential transformations served as
the main mathematical apparatus, on the basis of which sequential and parallel computational
procedures were proposed. The software tools were implemented in the object-oriented
Python language, which made it possible to use the wide possibilities provided by modern
information technologies.

Keywords: one-parametric generalized polyndromic tasks, differential transformations,
eigenvalues-functions, eigenvectors-functions, modern means of information technologies.
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Luwfuwgdyby U hbwnwgnndby £ wuonwsnt pnsnn uwpph Yunwlwnpdwu hwdwluwpg'
ns hunwy nmpwdwpwuniejwdp (Fuzzy-PID) Ywpgqwynphsh Yhpwndwdp: <wdwlwngp tw-
fuwqdyt| £ Matlab dpwgpwiht wwwhnydwu SIMULINK dhowywpnud: hpwlwuwgyby Gu
Ywpgqwynphsh wwpwdbnpbph punpnyegniu, unwgywsd wprynitupubinh ybpinwdnieiniu U hw-
dtdwwnipniu unwunwpwn hwdtdwwwywu huntigpnn-nh$tintugnn (<) Yupgwdnphsh
htiwn:

Unwtgpuypti pwnbp. junwwpdwu hwdwlwpg, wlonwsnt @ngnn uwnp, pwnuw-
wwnunwly, upgwynphs, <0 ng hunwly mpwdwpwunte)niu:

Lbkpwénipyniu: Uuonwsnt pngnn uwppbipp ubipyuwynwu jwju Yhpwnniegintu
Gu qut| pwnwpwghwywu, nwgqiwlywu, ghnwhbunwgnunuywu W dh 2wpp wy
ninpwnubipnud: wug hhduwlwu wnwybneginituutipt Bu onwsnth pugwywynie-
jniup, gwdp ghup, pwpép Jwulipwjunieiniup b unwywnpbihnuyejniup: Un hwwn-
Ynigyniuubiph ounphpy’ UrdU-ubipnd huwpwynp £ hpwlwuwgub) dh owpp gnp-
dnnnugniuubp, huswhupp U thplwpwpwywu owbpwghwubpp, whpnuywpw-
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hwunudp, wbnwuph nhnwpynidp, pwpnbqugpnidp, Ubpfunidnidp, opjtyunubph
nsuswgnuip: Lodwd gnpdnnnieiniuttiph hpwlywuwgnup wwhwugnd £ UrGU-ubiph
hnwwih W pwpép dogpunnipjwdp junwywpdwtu hwdwuwpg: Un bywwnwyny wsy-
fuwwnwupnud vwhuwadyt) £ UU-h uwnwywpdwu hwdwwng, npp ubpwnnud §
ns hunwl nmpwdwpwunyejwdp Yuwpgwpbpynn gnpdwyhgubpny hwdbdwunwywu
huwnbigpnn-nhpbiptugnn Yunquiynphy (Fuzzy-PID), npp witinnp £ wwwhnyh wpunw-
phu wgnbignyeyniutiph tywwndwdp Yuwiniu b wybiih d2gppn unwywpdwt hw-
dwlwng: Ppwlwuwgyti b bwuwgddwsd Yupgwynphsh W unwunwpun <P Yup-
gwynphsh hwdbdwwnwywu YGpinidnip)niu:

Qwdwlwpgh dwptdwwhluwlwu dnnbp. <wdwlywngh ypw wgnnn nidtipp,
dndGuwnubpp L punhwunyp wndwdp nhtwdhlwih hwywuwpnwubph unwgdwu
hwdwp wuhpwdtion £ ubipyujwgub| Ynnpnhuwwmwihu hwdwlwpgbpp W npwug
dhole wugnwiubipp (Uy.1):
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LY. 1. Pwnwuwpnupwlyp b Ynnpnpliwpughti wnwtigpbitipp

LY. 1-nd B-ny upwuwyywd  hpwupt Ynoun wdpwgywd Ynnpnhuwwnwihtu
hwdwlwngp, huy I-nd" hubipghw| Ynnpnhtwwnwiht hwdwywpgp, nph uywndwdp
k1 ubpyuwywgynud £ Ur3-U-h nhuwdhy hwjwuwpnudubph hwdwlwngp:

B-hg I wugnudp uywpwagnynw § gtiph tipbip ywunnywnubpny, npnup uyw-
pwgnynw 5U hwdwwwwnwufuwuwpwn ¥ — ¢ — 6 pupwgwotindwu, Ynnwptipdwu
b Gplywjuwéenddwu wulniuutpny (yaw,roll,pitch): Wu wulniuutiph 2unphphy uwnwg-
ynw £ Jdp hwdwlwpghg djnup wugdwtu wwnywnp dwwnphgp (1), npu puwd §
nhuwdphy hwwuwpnuwutiph hwdwywpgh hhdpnud:

cosOsiny + cosysingsind  cospcosyp  sinpsing — cosypcosOsing

cosOcosy — singpsinpsind —cos¢psinyg cospsinb + cosOsingpsiny
Ro = ( ) ()
—cos¢psing sing cosgpcosO

159



Cwoyh wnubny (1)-p, hwdwlwpgh nhuwdhy hwjwuwpnuubph hwdw-
Ywpgp Yniubuwt hbwnlyw| wnbupp’
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npwnbin (2)-p UfdU-h gdwjhtu swupdniwdubph hwjwuwpnwiubph hwdwywpgqu k, huy
(3)-p" ywnunwlwu swpdnidubph hwjwuwpnuubph hwdwlwpgp: (2)-nwd L (3)-nwd
u,-n pwnwuwwnninwyh wpdhsubiph dhongny unbindjwd wpryniuwpwp pwnoh
ndu £, ug, ug, uy -p’ ntiljwywpnn dndbuwntipp, Ly l,-p" hpwuhu Yngin widpwg-
Jwd Ynnpnhtuwwnwiht hwdwlwpgh hwdwwywwnwufuwtwpwp Gptip wnwugpubpny
hubghwjh dndGuwnubipp, ks, ky, k;, ke ke, kg -U" Gwhwnwhtu nhdwnpnigjut
nidiph gnpdwlhgubipp, Jr-u' pninp gwpdhsubiph hubipghwih dndbuwmubpp, 2-U'
winnunwlutiph aupddwt gnudwpwiht wpwgniniup, huY ve, vy, ¥z Yer Y, Ve -0
wpwwphu ypnnynn nidtipp b dndGumubpp:

<h1 Yupquynphs. LEpjuynudu Yunwywpdwu hwdwlwpgbpnd jwjunpbu
wnwpwdywoép hwdbdwwnwlywu huwmbgpnn-nhdbiptugnn Yuwpgwynphsu £ (<hY),
nph unwunwpw wbupp ubipyujwgqws £ htnlyw hwjwuwpnuing'

U(t) = Kpe(t) + %ﬁm +K; [ e(t)dt: (4)

Wu npwbiu dnunpwjht wgnwupwu punniundd £ hwdwywnpgh ufuwih wgnw-
upwup' e(t), huy Gipnd unwgynd £ unwlwpnn wgnwuwup [1]: (4)-nud Kp-u
hwdbdwwnwlwu pwnwnphsh gnpdwlhgu k, huy K, U K;-u' hwdwwywwnwufuwuw-

pwp nhdtiptiugnn b huwntigpnn pwnwnphsuiph gnpdwyhgutipp: Uwpejwp dpwg-
pwjht wwwhndwu SIMULINK dhowywjpnud qniqwhbin inbuph wupunhwwun <

Ywpgwynphsp ubpYwywgynid £ hGinbywy Lhnl'ou‘UgLiw‘u $niuyghwyny’
U(s)—P+ +D—x ﬂ, )]
npwnbn P,I,D-u hwdwwwwwuluwt hwdbdwwnwlwu, punbgpnn, nh$bpbugnn

pwnuwnphsutiph gnpdwlhgubipu bu, huy N-p* nh$tipkugdw $hinph gnpdwlhgp:
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Shinpp ubpdndnudp wwydwuwynpjwsd £ nhdbptugdwu gnpdnnnigjwu hGunlwu-
pny hwdwywpgnd wnwowgnn pwpdphwwluwlwt wgnwupwuubpny:

Cunhwunip wndwdp, unwunwpun pnhspwiht wypngbuubiph ns wpwag thn-
thnfuynn wpunwpht wwjdwuubph nbwypnud <hT Yuwpqwynphsubiph Yhpwndwdp
UraU-ubph Ywnwywpdwu hwdwlwnpgbpp Yuyntunigjwt nbuwybinhg pudwpuwn
Gu, uwlwiu wwydwuny, np <P Yupguwynphsh gnpdwyhgubipp 6hown Gu punpywd
[2]: Ldwu dninbgdwu nbwpnud pwpn dwubipwjunigjwt Yud wuhwjn wpunwpht
wqnbgnipniuubph nbwpnd wnwowunwd § gnpdwlhgutipp Ynyhu Ywpgwpbpbint
fuunpp' hwdwwwwnwufuwu npulwlwu gnigwuhoubph pwywpwpdwt Uwwunw-
yny: Wn puy wywwndwnny wuhpwdtionniegniu £ wnwowunw hwdwlwpgnid ubipw-
nb| Uwl wyj npwdwpwuntjwdp woluwwnnn Yuwpgwynphsubp [3]:

Ny hunwYy npwdwpwunyejudp Yupquynphs: Ny hunwly wnpwdwpwunt-
wu hpdpnid puwé L ng Gogphin pugudnyeniuubph wbunieiniup, husp eny| &
nwihu npn2tip wjuwhuh hwdpunhwunip punnuitih guwhwwnwlwuubph dhowuy-
jw| hdwuwnubpp, huswyhupp Gu' wyn/ns, 6hown/ufuwy: Ny hunwy pwqdnyeniuttipp
uywpwgpynw 5U wwwnuwubnygywu dniuyghwubpnd, npp punypwgpnid t thnthn-
fuwywuh ywwwubingjwu swihp npluk pwquniewup, wjunthtinl npnawyh ny
huwnwy optuputiph hhdwu Ypw npnaynud £ ybipouwlwt Gpwihu wpdtipp (uy.2):
Syjwy nbwpnud ny hunwy Yupgqwynphsh dnunp Gu hwdwpytp hwdwlwpgh ufuwip
wqnuwuowup b upw nhdbpbughwip (e, Ae), uwhdwuyb] U hwdwwwwnwufuwu
wwwnwubhnyjwu Sniuyghwubpp (Uy.3):

Ny Gunwl npwiwpwbnipjub Swiwlwpg
Untingwjhl Elpwjpl
thninfuwywlibitp thninfuwwiibibp
> Sughgbughu —> B > Mepughhughu ————>
N Suwnwly opblipibph pwqu

LY. 2. Ns huypwly ppwdwpwbanyeywl hwdwlwpgh wypuwpwiph upubdwt
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UYy. 3. Ns hupwly pppwdwpwineyuwip hwdwlywnpghp pippdwd wunplwubihniypyw
Ppniuyghwilinp

<P Ywpgwynphsh hwdwwwunwutuwu gnpdwyhgutipp hwodwpyynid Gu
htwnlyw| pwuwauny’

Kp = (Kp,max - Kp,min )Kr’o + Kp,min ’
Ky = (Kd,max - Kd,min )Ké + Kd,min ’ (6)
K; = K} /(aKy)

npntin Ky mins Kpmax Kamins Kamax Uwfuopnp npnaqwé dtdnigyniuubin Gu, huy K,
K}, b a-U' ng hunwl Yupguwynphsh Gpnd wywbwqugdw wpryniupnud unwg-
ywd wndbpubipp: Cunpywsd ny hunwy optiupubiph hwywuwlwu wwppbpwlyubpp
pbtpJwé Gu uy 4-nud [4]:

UYy. 4. Ns huyppwly ippwdwpwunygyuwdp hwdwlwpagh opbuptbinp
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Lwjuiwgéjwéd hwdwlwpgp b hEnmwgnunipjutu wpyniupubpp: Ny hunwy
Ywpgwynphsh ubpwndwdp twfuwgdwd hbnwnwpsd Ywwny Yunwywpdwu hw-
dwlwpgh punhwuniyp dniuyghnuw| piny-ufubdwu niup uy. 5-nd ywwnybipwsd
wnbupp, npintinhg tpund E, np <% Yupgqwynphsh Ywpqwpbipnudu hpwywtwg-
ynuw £ ng hunwy Yupgwynphsh dhongny [5]: Ywpgqwynphsh pinyutipp SIMULINK
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LY. 7-nd b 8-nud ubplywjwgyws Gu hGnwgnuinigjwu wpryntupnid uinwg-
Jwé wugnwihu wpngbuh gpuwdhlubpp’ hwogh wnubing hwdwyuwpgnd wnfw
wpwwphu wqnbignieginiutbpp, npuntin Gpunw £ ny hunwly wnpwdwpwuniejwu
wnwybnieiniup <P Yupgwynphsh hwdbidwn:
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-Pach Target
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LY. 7. Ns huypwly <hF b <hF yuipquiynppstiipny Gplyuwybwéanddwt wtlywb
hwdbduwpnipyuwt gnuphljulinp

LY. 8. Ns huypwly <hF b <P Yuipquiynppstiiph pwpdpnyeywt hwdtdwipnipywt
gnwphltnp

Ny huwwy <hT b <Y hwdwlwpgbph hwdbGdwwnnie)nup puwn gbipyup-
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Unyniuwly

Ns hunwy <L <h%
Gpywjuwdnbédwu wuyntu o =0%, t; =035y o =16%, t; = 0.5¢
Z pwndpnipjntu o =0.5%, t, = 0.65¢ o =5%, t,=17¢

Gqpulwgnipyniu: UGU-h hwdwp twjuwgdwd ny hunwly Ywpgwynphsh
ubpwndwdp Yunwywpdwu hwdwlwnpgp, h wwppbpneginitt dhwju unwunwpu
<h% Ywpgwynphsny Yuwnwywpdwtu hwdwywpgh, niuh wybh jwy npulywywu
gnigwuhputip, husp Ywwwhnyh UfGU-h wybih 62gphwn Yunwywpnwip b Yugniu
enhypp:
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H.I'. HEPCUCSIH, A.I'. BACKOBYSIH

PABPABOTKA U NCCJIEAOBAHUE CUCTEMBI YIIPABJIEHUSA
BECIIMJIOTHBIM JIETATEJIBHBIM AIIITAPATOM C
UCHOJIb30BAHUEM PETYJIATOPA HEUETKOM JIOTUKHA

Pa3paborana u mccrneoBaHa CUCTEMa YIpaBJIeHHs OCCIIMIOTHBIM JICTAaTEIbHBIM arlia-
paToM C HCIOIB30BaHKEM peryisitopa HeuéTtkoi noruku (Fuzzy-PID). Cucrema paspabo-
taHa B cpene SIMULINK mporpamMmHuoro obecnieuennst Matlab. OcytectBieHs! mogdop ma-
paMeTpoB pEryiaTopa, aHAM3 TONYYCHHBIX Pe3ylIhTaTOB U CPaBHEHHE CO CTaHIAPTHBIM
MpONOpIHOHATHHEIM HHTerpoauddepernnansasM (ITNM) perymsropom.

Kniwouegvle cnoea: cucrema ynpaBlieHHs, OCCHMIOTHBIM JieTaTeNbHBIM armapar,
KBajapoxomntep, peryisrop, [IN]], neu€rkas noruka.
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N.H. NERSISYAN, A.G. BASKOVCHYAN

DESIGN AND RESEARCH OF UAV CONTROL SYSTEM USING FUZZY
LOGIC CONTROLLER

An unmanned aerial vehicle control system is designed and studied using a fuzzy
logic controller (Fuzzy-PID). The system is developed in the SIMULINK environment of
Matlab software. The selection of regulator parameters, the analysis of the obtained results
and comparison with standard proportional integral differential controller (PID) are performed.

Keywords: control system, unmanned aerial vehicle, quadcopter, controller, PID,
fuzzy logic.
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O.H. 'ACIIAPSAH, B.I'. UCIIUPSAH, I''A. MEJIKOHSIH

AHAJIN3 POBACTHOCTHU CUCTEM YIIPABJIEHUSA
BECIIMJIOTHBIMMU JIETATEJIbHBIMU AIIITAPATAMM ITPU
YACTUYHOMN NOTEPE D®®EKTUBHOCTU MOTOPOB

[pennoxxeHa MeToMKa aHaau3a poOACTHOCTH B3aMMOCBSI3aHHOM CHCTEMBI yIIpaBJie-
HUS OeCTIIIIOTHBIMU JieTaTelbHbIME anmaparamu (BITJIA) mo oTHOIIEHHIO K BO3MOXKHOM
norepe 3(hp(HEeKTUBHOCTH MOTOPOB, KOTOpasi MPEACTaBICHa B BUAE aJUTHBHON HEOIpee-
neHHocTH. [IpenensHo nomyctrmast morepst 3 (HEKTUBHOCTH IPH 3TOM ONPENEINSAETCS TIPH
TIOMOIIM MPOCTOH Tpadudeckol mporexypsl Ha KOMIUIEKCHOM IUIOCKOCTH Tromorpagos
HaiikBucTa oTOeNbHBIX KaHAJIOB cucTeMBL. [IpuBeeH YUCIEHHBIN IPUMEDP, UILTFOCTPUPYIO-
LM PEUIOKEHHYI0 METOAMKY aHajli3a pobacTHOCTH cucTeMsbl yripasieHus bBITIIA.

Knrouegvie cnoea: muoropotopusiii BITJIA, MHOromepHast cucreMa ymnpaBiIE€HUs,
aHa;u3 poOACTHOCTH.

Benenue. Bonpocam paspabortku cuctem ympaeienust BITJIA mocsiieHo
Oopmroe yucio crateit [1-3]. OgHako B 3THX paboTax OTHOCHUTEIEHO Majlo BHUMA-
HUS yIEJICHO WH)KEHEPHBIM METOAaM aHainn3a poOacTHOCTH, OCHOBAHHBIM Ha Me-
TOJaX KJIAcCHYECKOW TeOopHH peryjiupoBaHus. B HacTosiueil paboTe mpemjioxeHa
METOJIMKa aHanm3a podacTHOocTH cuctembl ynpasieHuss BIIJIA mpu Bo3MOkHOI
YaCTUYHOW moTepe 3PPEKTUBHOCTH MOTOPOB, MPECTABJICHHOW B BUIC 8 UIUTUBHON
HEONpeIeNICHHOCTH. AHaNN3 poOacTHOCTH TP 3TOM OCYIIECTBIIAETCS Ha KOMILJIEKC-
HO¥ TI0CKOCTH TojorpadoB HalkBUCTa OTIENBHBIX KaHAIOB CHCTEMBI YIIPABICHUS
BIUIA.

CucreMa ynpabJ/ieHUsI MHOTOPOTOPHBIMHU 0€CIMJIOTHBIMU JIeTATeIbHBIMU
annaparamu. [Ipu pa3pabotke cuctem ynpasienus: BITJIA oObIYHO OCYIIECTRIIACTCS
JUHEeapU3aIisl HeIMHCHHBIX YPaBHEHUH JBIDKEHUS allapaTroB 3a CUYeT MpeHeope-
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