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COMPARATIVE ANALYSIS OF THE METHODS FOR SOLVING
SYLVESTER TYPE A(t)X(t)+X(t)B(t)=C(t)ONE-PARAMETRIC MATRIX
EQUATIONS

The comparative characteristics of the methods for solving continuous one-parameter
Sylvester-type matrix equations are analyzed: The method of frozen coefficients (FC using
Newton interpolation), as well as the parallel and serial numerical-analytical methods based
on the differential transformations. The analysis is carried out by three main parameters-
the working time of the methods, the memory usage and the number of function calls.

Keywords: comparative analysis, one parametric Sylvester type matrix continuous
equation, frozen coefficient method, Newton’s interpolation, differential transformations,
sequential and parallel numerical- analytical methods.
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Nwnwiuwuppby Gu thnpp wuonwsnt pngnn uwppbph fuwwtwywniu unwdwpdwu
hwdwlwnpgtipp (lv4<) b fuwhwunwubiph hwynuwpbpnudu ne wfunnpnanudp: LepYwjwg-
ynw Gu wwppbp mhwh fuwthwunwutiph W dwfunnnwiubph wbuwubipp, npnup Ywpnn Gu
wnwowuw| hwdwlwpgh swndhsutiph W tnghsubiph ypw:

Unwugpuyhti pwnbp. wuonwsnt pngnn uwnp, fuwthwund, dwiunnnw, fuwthwuntd-
ubiph hwynuwptpnud bW wiunnpnanud, fuwwuwywniuntgjwt Yunwdwpned:

Lbkpwénipymu: Gpp hwdwlwpgh dby wnweowunw U fuwhwundubn, hwdw-
Ywpgh hhduwywu fuunhpu £ nwnunwd huwpwynphtu 2niin imbintwgub|, hunw-
Ynptu wiunnpnatp W npnotil, G huswbtiu Ywpbih £ hwnpwhwnpb] wnwowgwd
fuwthwunwubpp: vwhhwudwt hwjnuwpbpnwdp, wnpnipp gnubp b hGrnwgw
hwlwwwwnwufuwu gnpdnnniejniuttipp lvb<-h Yunwyjwpdwu hhdpu Gu:

howthwunwdubp b dwhunnnudubp: lvwiwundp Yupbh B uwhdwub) np-
wbu nplut puniewagnphs hwwnyniegjwu Ywd hwdwlwpgh wnwudht wwpwdbinph
wuenywwpbh otnnd hp unwunwpun yhéwyhg: Qwfunnndp hwdwlwpght wnw-
ownnwd gnpdwnnyph’ hwdwdwju uwhdwudwsd woluwnmwupwihu wwydwuubiph,
Juwuwwpdwu niwwynigjwu dornwywu punhwwnnwu £ Wuwhuh wbuwppnyeniu-
ubip Ywpnn U wnwowuw| Ywnwdwpdwu opjtiywnutiph, nyghsubiph, 2wpdhsubinh
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(Ywpnn £ wnwowuw| pwndhsh dwowdnigjwu hbnlwupny) W |nnugnn Ytwnbpph
dwfunnnuubipp:
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wwnnn fuwthwunwutipp, opptwy, wyhsh nwunwn tnnudp (npbyd), wybih eny
Gu |hunud, L wanbgnyeniut wyuhwywn sh Gpunwd: Ujunuwdbuwjupy, Geb hwwwnnn
fuwthwunwiubpp Bplwp dwdwuwy wunbudbu, Ywpnn Gu ng gwuwih wqnbtignt-
pIntu pnnut] hwdwlwpgh wwhwugynn wfuwwmwuph Ypw, npu k| hp hbpehu
wnwy Ypbnph Yupny b wnbivnwih hnbwupubp: Spulwunygyut dby luu< Ynndun-
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ytpwywnnigynn Yunwywpdwu hwdwywpgbph pwpn hwdwygnieyniu £ (uy.1):

FTC

Passive Aclive

FDI/System Identification

Control reconfiguration/Restructure

I_I_I

Online controller
redesign/adaptation

Robust control Projection

UY. 1. vyb Gpbip hpduwlwb ninnnipyniailinp U fuY-nipywt nwuwlwpgnudp

U, hug, U fuwhwunwubph hwnuwpbpnudp W wfunnpnandp
(u<l) iwthwuwlwjnu unwywnpdwu (lu4Y) Yupunp pwnunppsu b U hw-
dwlwpgh wnwotwiht twwwnwyp fuwthwudwu Jwn hwnuwpbpnudp, deynuw-
gnudp U npw wnwowgpwd htnlwupubiph Ywufunpnanwiu k, npp huwpwynpnt-
pInu £ wwihu ninnb| fuwthwunwdp' dhts hwdwlwpght |pwgnighs uwu hwug-
ubip W hwdwlwpgnw gnpdnnnigjwu Ynpniunh wnwowuwip [1]:
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Qnpdpupwgubiph wulwununiejniututpp hhduwlwunw [hund Gu npwbu
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fuwthwunwubpt wuwinu fuwhwunwdutiph wupunhwwn wnwowgnwu b (wnw-
owunud bu, ybpwunwd b Ypyhtu wuhbunwunwd): Bwpuywd fuwhwunwubpu wnyw
GU wwhnwwnwihtu uwppbpnud bW mbuwubh Gu dhwju npwug gnpéwnldwu nbwpnid:

tu<U. hwdwYwpgbpph Yuplunp punyewgpbpu GU' fuwwudwu Jun hwjn-
Uwpbipnwd b wiunnpnand (hwjnuwpbpdwt dwdwuwyp wbinp £ hwugub] ujw-
quanyuh), fuwthwundubph (wy wnwppbpwlydwu Yupnnnyentu, pwpdp qqujunt-
pIntu U Ywuwwpnnulwunigniu, hwjnuwpbpdwu Jd6§ hwdwfuniginiu W ufuwih
whwquwugdwu gwdn hwbwlunip)nLu:

Gpb fuwthwunwip 6onnpbu hwjnuwptpynud, hwunmwwnynd b wiunnpng-
ynuw £, yGpwlywpqupbipdwu dGfuwuphqdp Ywpnn £ oqunwagnpdyt| fuwhwuwyw-
Jniuntejwt hwuubnt hwdwp: FUY-nEWU wnwouwiht twywwnwlu & Ywufubp ufuwih
hwnnpnnwip, npp Ywnpnn £ hwugbgut] Junwuqwynp, wnbunwh hGnbwupubph
Ywd hwdwlwpgh ng Unpdw| wofuwwnwuph:

(dngnn uwppbiph yepwlywpguptpdwu b yepwlywugqudwu gnpdpupwgp Yw-
pnn £ niubuw)] vwppbp tywnwlubp bW punyewgptp: Ywnwjwpdwt nbuwyb-
nhg wnwuduwgynd Bu Ybpwlwpgupbpdwu Gpyne Yuplinp gnpdwnnyp’ lu4d
L YNt (juwhwuwlywinunygjwu ninnnpnnid): <pduwlwund FYNEL sh www-
hnynuw owywnpdw| Yuwnwywpnuwd unpdw) hwdwYwpgbph gnpénnnigjniututph hw-
dwpn, pwjg wju Yupnn £ Yndwbuuwgut hwdwlwpgh dwfunnndubiph pnnwd wanb-
gnipniuutipp Ywpgwpbpdwu dhongny [2]:

Ppwlwunwd wuonwsnt pnsnn uwnph (UMGU) wjwuwynpjwd gnpdnnnipe)niu-
ubpp Yuwpnn bu ogunwagnpdytip fuwthwudwu hwyintwptpdwu W hwunwwndwu nbw-
pnud’ twluwwbu wnwownpywd twwunwlyht depwnwnuwing b wnwug Gpypp
dwybpunyehg nput dhowdwnnigwu: vu<-u b YN wwwhnynd U, htwpw-
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Yynpnipjwu nbiwypnwd, dhongubip Gu wpwdwnpnwd UWSU-Gpp Junwuqwynp, wnb-
wwih b wulwyniu ypdwlubphg gbipd wwhbnt hwdwp:

hu<U, hu< b v dholt thnfuwgnbgnipeniup: Ywnnigywdpwht nbuwuy-
jniuhg hudU, lu4< b lu4Ni-tiph dhole Yuwu wpnwhwjnygnid £ pun by 2.-h: luu<-u
htiwund £ lu<U-hu U dhongubp £ wnpwdwnpnud uwhwuyws hwdwlwpgh yb-
pwhuynwip swpnibwybint hwdwp: WYNEU wuhpwdbion £ (hund wju nbwpnid,
Gpp uwppht hwuwubh Yunwywpdwu dhongutipp uwhdwuwthwy Gu, b Fvu<-u
pwdwpuwp ok Ughwghnt futinhpubiph ntiwpnud ubiplwjwgywsd gnpdwnnypubnp
ytpwpbpnud Gu NcLY (GNC ninnnpnnwd, twyhqughw, Ywnwdwpnwd) hwdwywpght:

Supervision,
Health
management
& self-protection
G

UYy. 2. kU, vy< b vuii-tliph thnpuwgnbtignipynitip

Unynpwpwp Yunwywpnwu hpwlwuwgynd § Gpynd wjnndwn b dGnpny
Ywnwywpynn ntdhdubpny: Ujnndwwn nbdhdnd hhduwlwu dpwgpny huwpw-
ynp L ninnnpnbip W Ynndunpnob WEU-h enhspp: Abinpny Yunwywnbint nbwpnid
wuduwywquu ogunwgnpdnid £ NiLY Eypwuhg unwgwsd ndjwiubpp' unwdwp-
dwtu U Ynndunpnadwtu hwdwp: NtLY hwdwwpgh wwpgbgwd pny-ufubdwu
ubpyuwywgywsd £ uy.3-nd: Ogunwgnpdtiing UfdU-h pwpoh b nmwpwdnigjwt dbio
nhpeh wdjwjubpp’ ninnnpnnn hwugnygp hwoqupynd £ wyju wwhwugubipp, npnup
wuhpwdbiown U wnwownpywsd tpeninht wugubiint hwdwn: Bnhspp Ypwhuynn
hwugnygp duwynpnid £ pwpdhsp Yuwnwywpnn wqnwupwu' uwnpph 2wpdp Yw-
nwywpbiint hwdwp:

UYy. 3. LYy hwdwlwnpgp wwpqbgwsd piny-upuldwt
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hvwthwunwdubph b wpdhsh dnnbjubp, nwunwitwuppnieniup Simulink
thwpbph dhowduyptipnud: Swpdhsh dnnbp: Lbpywjwgubup pwipdhsh dnnbip
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PWM,,
. PWM
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PWM,,
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PWM,, = PWM;, — 0.05,i = 1,2,3,4, (3)

npwntin PWM;,-u wwuwlwunw Gu (0,05; 0,1) dhowlwjphtu W hwdwpynwd Gu 2wp-
dhsh hpwlwu PWM biptipp:

Lwnwwywnunwyh qwpdhsh fuwhwundubph dnpbp: Hhuowpyynn fuw-
thwunwubpu ubpyuwjwgund Gu Yunwywpdwu wpryniuwybnnygwi dwutwyh
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A.I'. JAPBUHAH, JI.M. BYHUATSAH

THUIIBI OTKA30B CUCTEM YIIPABJIEHUS MAJIBIMHA
BECIIMJIOTHBIMMU JIETATEJIBHBIMHU AIIITAPATAMM, UX
MOJEJIMPOBAHUE U METOAbI HCCJIEJOBAHUSA

PaccmarpuBaroTCs OTKa30yCTOWYMBBIE CUCTEMBI YIIPABICHHS MAIBIMU OSCIIOTHBIMH
JIeTaTeIIbHBIMU allapaTaMy, a TAKKe METOIbI OOHAPY)KEHHUS U JUarHOCTHKH OTKa30B. [1pu-
BEJICHBI KITACCU(UKAIIMY PA3HBIX THUIIOB OTKA30B U HEHCIIPABHOCTEH, KOTOPBIC MOTYT IIPOH-
30HTH B ABUTaTEISIX U JATYUKAX CUCTEMBIL.

Kniouesvie cnosa: GecniuiIOTHBINA JIeTATENbHBIN ammapaT, OTKa3, HEUCIPaBHOCTD,
00OHapyKEHHE U TUATHOCTUKA OTKA30B, OTKA30YCTOHYMBAs CUCTEMA yIIPABIICHHUS.

H.G. DARBINYAN, L.M. BUNIATYAN

FAULT TYPES OF CONTROL SYSTEMS OF SMALL UNMANNED
AERIAL VEHICLES, THEIR MODELING AND INVESTIGATION
METHODS

Fault-tolerant control systems of unmanned aerial vehicles, as well as the fault
detection and diagnosis are considered. The classifications of different types of faults and
failures, which can occur in actuators and sensors of the system are given.

Keywords: unmanned aerial vehicles, fault, failure, fault-tolerant control system,
fault detection and diagnosis, fault-tolerant guidance.
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