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WCCNEQOBAHUE YCTONYMBOCTU CUCTEMbI YNIPABJIEHUA
CAMOBAJTAHCUPYIOLLEIOCA ABYXKOJIECHOIO POBOTA

AHHOomauusi: OCHOBHbIMU  Xapakmepucmukamu CcuCmeMbl  yrpaeseHuUss  Sesrmcs
ycmou4ueocmb U Ka4ecmeo peayrupoeaHus. Yecmouldueas cucmema ecezda go3epauwjaemcs 8
MOSI0XKEHUE pasHOBECUS IOC/e MO20, Kak repecmaem Oelicmeogamb SHEWHEE 803MYyWEHUE.
Heycmoliyusas cucmema yxoOum & pasHoc, rocrie masnetuweao mos4yka.

CamobanaHcupyrowutics pobom umeem MHO20 pasHbix Oamyukos. [ns noddepxxaHus
banaHca bydym ucronib308aHbl 0amyukK epawjamesibHo20 A8UXXeHUST U damyukK yar080Ul CKopocmu.
CKoOpoCMbiO MOMOPO8 MOXHO yrpaesisimb, MEeHSISI CK8aXHOCMb WUPOMHO — UMIYSIbCHOU
moodynsayuu. Modenb poboma npuHUMaem Ha 8x00 3Ha4YeHUe HarnpsiKeHUsl U 8bidaem COCmosiHUe
cucmembl. Ha ebixode ¢byHKUuU ebidaromcs 3HadyeHue ¢ 3HKodepos u esupockorna. Pobom 6ydem
cmosimb, MoJibko ecrniu bydem paspabomaH KOHMporiniep, Komopskili cderaem 6cto cucmemy
ycmoduyueol. KoHmponnep OormkeH obecriedums ycmoltdueocmb poboma. Tak Kak roroxXeHue
poboma HecmabusibHO, Ofisi coxpaHeHus1 banaHcupoeKu, nepemeuieHue poboma O0mKHO bbimb 8
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MOM Xe HarpaesieHuu, 4Ymo U Y2051 Hak/loHa mena. B cospemeHHOU meopuu ynpaeneHus
cywecmayem MHoxecmeo memodoe 0r1si cmabunu3ayuu Heycmouyugou cucmemsi [1].

B danHOU pabome npedcmaerneH yHueepcarsbHbIl Modxo0 MocmpoeHUsi 8eKmop-gyHKUUU
JlanyHoea, Ha oOcHoge e2eoMempuydeckol uHmeprpemauyuu meopembl 06 acumnmomuyeckol
ycmodu4yueocmu npsiMoeo memoda JlanyHosea u noHamul ycmotdusocmu. [aHHbil nodxod
rnoseonssem npedcmasums yHKkyuro JlarnyHoea e sude rnomeHyuasnbHoU hyHKUUU, a cucmemy
yrpaerneHusi Kak epadueHmHble cucmeMbl U3 meopuu Kamacmpo.

Knroyeeble crioea:ycmolyueocmse, cucmeMbl yrpassieHus, yrpasneHue, mMmemod ¢hyHKUUU
JlanyHoea, d8yxKornecHbIl pobom, ypasHeHUs1 COCMOSTHUS.

BBepeHune

OCHOBHbIMWN XapakTepuUCTUKaMMU CUCTEMbI YNPaBIieHUs SABNAOTCA YCTOMYMBOCTb M Ka4yeCTBO
perynnpoBaHus. YcTonumBasa cucTema Bcerfa BO3BpallaeTcsl B MOMOXeHWe paBHOBeCUS nocre
TOro, Kak nepecrtaeT OeWCTBOBaTb BHeELUHee BO3MyLleHMe. HeycTonuuBaa cuctema yxoauT B
pasHoc, nocne manenwero Tonyka [1]. B coBpemMeHHOMW Teopuu ynpaBneHUs CyLllecTByeT
MHOXXECTBO METOAO0B Af1s1 cCTabunmsaumm HeycTonumeom cuctemsl [1].

Cuctema KoopauHaT, ucnonb3yemass B YpPaBHEHUSIX [OBWXKEHMS [OBYXKONECHoro poborta,
onucaHa Ha pucyHke 1. Ha pucyHke 1 nokasaH Bua cOoKy 1 Bu CBepXy ABYxXKonecHoro potorta [1].

,,,,,,,,,,,,,,,,,,

a — 8ud cboky; 6 — eud ceepxy
PucyHok 1 — Bug mogenu

YpaBHeHUs OBMXEHMSA OBYXKONECHOro poboTa MOXHO nonyunte metogom Jlarpanxa (1). Ecnu
HanpasneHune aBYXKONecHoro pobota ABnsAeTcs NonoXxuTensHbIM HanpasneHnem ocu X npu t=0
, KaXgasa koopauHaTta 3agaeTcsa cnegyowmm obpasom (2), (3), (4), (5):

0-2(6+0).  $=(6-0) ®
(xm,ym,zm)=(j>'<mdt, [[¥ndt, R),(xm,ym)z(Récos¢ RAsing) )
ot Yo, v, Ve <) .
(xr,yr,zr)=(xm+%sin¢, Yo - 08¢, sz ()
(X1 ¥p:2,) = (%, + Lsinycosg, vy, +Lsinysing,  z,+Lcosy) (5)

CamobanaHcupyoLwmincs poboT MMEEeT MHOMO pasHbIX AaTYMKOB. [ns nogaepxaHus GanaHca
OyayT Ucnonb3oBaHbl AaTYMK BpallaTeNbHOro ABWXEHMS U OATYMK YIrNOBOW CkopocTu. CKOpPOCTbIO
MOTOPOB MOXHO YMNpaBnsTb, MEHsI1 CKBaXXHOCTb LUMPOTHO-UMMNYNbCHOM Moaynsuun. Mopenb

ISSN: 2788-7995 Bectruk yuusepcurera [lakapuma. Texunueckue nayku Ne 2(10) 2023 39



poboTa NpUHMUMAaET Ha BXO 3Ha4YeHMe HaMNpshKeHUs U BbigaeT CoCTosHMe cucTeMbl [2]. Ha Bbixoge
OYHKLMM BblOaloTCA 3HA4YEHNE C 3HKOOEepoB M rmpockona [1]. PoboT GyaeT cTosATb, TONLKO ecnn
Oynet pa3paboTaH KOHTpONep, KOTOPbIN caenaeT BCO CUCTEMY YCTONYMBOW. KOHTponnep AomkeH
obecneunTtb yCTOM4MBOCTL poboTa. Tak Kak nonoxeHuve poboTa HecTabunbHO, ANsi COXpaHEeHUst
BGanaHcMpoBKM, NepemeLlleHmne poboTa AOMMKHO OblTb B TOM e HanpasfieHUW, YTO U Yron HakrnoHa
Tena [1]. CobpaB Bce cocTaBnsoLwmne, MOXHO NpeacTaBnTb Modenb poboTa Ha pucyHke 2 [1].

A 4

State2

] » ]
|:| stt Sensors

theta_dot

Yy

psi_dot  ppj

x' = Ax+Bu
y = Cx+Du

State-Space

enc_|

iy 4 enc_r

SENsors

gyro gyro

MATLAB Function

PucyHok 2 — Mogenb poboTta

Ha Bxog mopgenb po6ota nonyvaeT ynpaensiOWUW CUrHam OT KOHTponnepa. Ha Bxog
KOHTposnepa noctynaeT ynpasnsloLWmMin CUrHasn, a BTOpon — BbIXOAHOW curHan poboTa (4aHHble 13
Aatyukos). KoHTponnep ¢ 06beKTOM CoeanHAeTCa 3a CHET ynpaBnsowero curHana ansa pobora,
opMMPYEMOrO Ha BbIXOAE KOHTpornepa. YCTOMYMBOCTb, KakK ObIIO OTMEYEHO, OCHOBHas
XapakTepuctvka cucTembl ynpaeneHus. [na OOoCTuxeHus nepBoro Heobxoammo paspaboTtatb
KOHTpONSiep C COOTBETCTBYHOLMUM 3aKOHOM YrpaBneHusi, KOTOpbIM caenaeT BCK CUCTEMY
yctonumson [1].

MeToabl uccnepgoBaHus

YCTON4MBOCTL CUCTEMbBI YyNpaBrieHna camobanaHcupyroLlerocs AByxkonecHoro poborta byaet
nccnegoBaHa C NPUMEHEHWEM KITacCUYecKoro 3akoHa ynpasreHus [1]. B ypaBHeHWn cocTtosHus
OBYXKOJTECHOIO po6oTa, NPUMEHMB cnegywowme 0003Ha4eHus

X =0,% =y X =X = 0, X, =X, =W/, X =@, X =X :¢, ncxogHas cuctema npuBoAUTCA K Moaenn B
HopmanbHon copme Kowwn. [Ona mogenu camobanaHcupylowerocs ABYXKONecHoro poboTa,
npuBeAeHHON K HopMarnbHol chopme Ko, GyaeT NnpuMeHsiTbCs 3akoH ynpasnenus U, =k X [1].

B pa3sBepHyTOM (hopMe ypaBHEHME COCTOSHUS 3anucbiBaeTcs B criegytollem suae (6):

X =X

X, =X,
X; =M X, + M,X, + MyX, +2mM, K, X, ©
X, = NX, + N,X; +N.X, +2n,K, X,

Xs = Xg

Xs =0 % + qzksxs + qskaxe
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Nccnegyem yctomumBocTb cuctembl (6) metogom  dyHkumin  JlanyHoBa. OOGo03Hauum
KOMMOHEHTbI rpagneHTa oT KOMMNOHEHTOB BEKTOP-GYHKLMIA Yepes [1]:

M) _gj=12,456 X __y.
OX; OXq
N _i=1,2,356. MK __y.
OX; OX,
M) _ o, M) P00, +2myb ), T - g,
axl axz ax3 5X4
N (X) _ g Mo(X) _ .
6X5 1 6)(6 ,
oV, (x) —0, NV, (x) __ X21M:_n2x3, N, (¥) :—(n3 +2n4k4)x4,
8X1 axz aXS ax4
V,(x) _0 V,(x) —0:
X %
Ns(¥) _g 15 M) _
OX; ’ ’ X N
V. (x . — V.(x oV, (X
86x(i ) =0,1=14. %:qzksxs’ (;Xi ):_(ql+q3k6)xe'

MonHyto Npon3BogHYI0 MO BPEMEHU OT cKansapHon dyHKUMK JlanyHoBa MOXeM NpeacTaBUThL B
Buge (7):

dv(x)
dt

—(m§ +(n, +2n,k, )’ +1) X —((q1 +0ks ) +1) X

—(mf +n?)x; —((m2 +2mk; )° +n? +1)x§ —2k2x2 —

(7)

N3 BbipaxeHus (7) cnegyeT, 4TO NonHaa Npou3BogHasa no BpeMeHn OT (pyHKkummn JlsnyHoBa
ABNSAETCH Bcerga 3HakooTpuuaTtenbHon dyHKumnen [1].
KoMnoHeHTbl BEKTOP doyHKLMM JlsnyHoBa nonyyum B Buge [1]:

1 1 1 1 1
Vi(x) = —§X32,V2 (x)= _Exjivs(x) = _Emlxzz _E(mz +2m K ) X; _Emsxj’

1 1 1
V,(x) = - n x> —Enzxa2 —E(n3 +2n,k, ) %5,

1 1 1
V5(X) === X62,V6(X) = ——q1k5X52 - _(Q1 + q3k6 ) Xé,
2 2 2
®yHkumio JlanyHoBa B ckansipHow chopme npeactasmm B Buae (8):

V(X) = —%(m1 +N)%; —%(m2 +n, +2mk, +1)%; —
1 1 1 (8)
—E(m3 +n, +2n,k, +1)%; —quksxj —E(q1 +Qpks +1) %5

C yyeTom oTpuLaTenbHoOn onpegeneHHoCcTn yHKLMK (7), a Takke, N3 yCrnoBust NONOXUTENbHON
onpeaeneHHoCTn kBagpaTUiHom popmebl (8), yCrioBus yCTOMYMBOCTM cuCTEMBI (6) nony4ymMm B Buae
cnepytwoulen cuctembl HepaseHcTB (9) [1]:

ISSN: 2788-7995 Bectruk yuusepcurera [lakapuma. Texunueckue nayku Ne 2(10) 2023 41



(9)

m, +n, <0,m, +n, +2m,k, +1<0,
m, +n, +2n,k, +1<0,q9,k; <0,0, + .k, +1<0

Takum obpasom, npu (1, > 0, k5 <0, m, > —N, ycTonunsocTb cuctemsl (6) Byner gocturHyTa
npu cnegyrowmx napametpax (10):

K, < (-m,—n,-1) '
Jom w0

-m,—n, -1 -q, -1
b

Pe3ynbTaTtbl uccnegoBaHum
BBeneHne B KOHTYp ynpaBneHWsi NponopuMOHanbHOro perynsitopa no3sonsieT [obutbes
yCTOMYMBOCTU camobanaHcupyoLlerocsi AsyxkonecHoro potota (puc. 3) [1].

03 R ;
B L ST SRR ST Boasaaanfaanoasagasaaanadeananaaa L 4

_4‘ ‘ ; ; ; ; ; ; ‘ ;
o 2 ¢ & 8 10 1z 14 18 18 20

PucyHok 3 — Npacbmk, nonyyeHHbin npu ks=0.4, ka=1.9, ks=-1, ke=1.9

3aknoyeHue

lMpoBedeHHbIE MCCreaoBaHWs Nokasanu, YTO UCMNOoNb3oBaHWe pa3paboTaHHOro rpagueHTHo-
CKOPOCTHOrO MeToZa BeKTop (yHKUuun JlanyHoBa ANA MNOCTPOEHUS CUCTEMbI ynpaBneHus
camobanaHcupyoLerocs AByxXKonecHoro poboTa ¢ KnaccmuyeckMM 3aKkOHOM yrpaBrieHns npuBoanT
K ctabunusaumm, COXpaHseT YCTOMYMBOCTb B LUMPOKMX Mpedernax M3MEHeHUs napamMeTpoB
perynsatopa [1].
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©3IH-631 TEHECTIPETIH EKI OHFAJIAKTbl POEOTThl BACKAPY XXYWECIHIH
OPHbIKTbI1bIfbIH 3EPTTEY

Gackapy xyleciHiH Hezidai cunammamanapbl OpHbIKMbIbIKIEH pemmeydiH canackl 60sibin
mabnbinadel. CbipmKbl KO30bIpFbiLUMap acepi moKkmaraHHaH KeliiH OPHbIKIMbI XXylie 9p KawaH mere-
meHOIK KkyliHe opanadbl. OpHbIKCbI3 Xyle KiwkeHe umepydeH kKeliH mene-meHdiK KyliHe
opanmalosbl.

©3iH-63i meHecmipemiH poboma epmypsi ceHcopnap bap. Terne-meHAikmi cakmay YWiH
aliHan-marnbl  KO3fallbic CEHCOPbIMEH OypbilumbiK Xbi1damMOblK CEHCOpPbl  KosidaHblnalsbl.
Kosranmikbiwumapdbiy XbiidamObifbiH UMAYAbCMi — eHOIK MOOYaUUSHbIH YHFbIMAcbiH e32epmy
apkblinbl backapyra 6onadbl. Pobom moderi Kipicke kepHey MoHIH Kabblndaliobl XoHe XYUeHiH KyUiH
6epedi. QyHKYUSHbIH WhbifbiCbiHOa 3HKOOeprep MeH 2upockon MaHOepi bepinedi. Pobom 6ykin
XyUeHi  OpHbIKMblI ~ ememiH  KOHmMponnep  xacanfaH  Xafdalida  faHa  mypaosbl.
KonmponneppobommebiH OpPHbIKMbINbLIFBIH KaMmamachl3 emyi KepeKk. PobommbiH opHanacysbl
OPHbIKCbI3  bosniFaHObIKMaH, merne-meHOiKmi  cakmay ywiH pobommbl  XblKbimy OEHEHIH
bypbiwbiMeH 6ipdeli 6arbimma 6orybl Kepek. Kasipai 6ackapy meopusicbiHda OPHbLIKChI3 XKyUeHi
OPHbIKMaHObIpyObIH KerimezeH adicmepi 6ap.

byn xymbicma JlanyHoembiH mikeneld  o0iCiHIH —acuMnmomuKarblK — OPHbIKMbIMbIFbI
meopemMachbiH XoHe OPHbIKMbINbIK YFbIMOapbiH 2e0MeMmMpUsnbIK UHmeprpemauyusinay HeezisiHoe
JlanyHosmbIH 8eKMopribIK hyHKUUSCbIH KypyObiH embeban macini ycbiHbinFaH. byn macin JisanyHos
yHKUusCbIH aneyemmi ¢hyHKyusi pemiHde, an backapy XyudeciH arnammap mMmeopusiChiHbIH
epadueHm xyuenepi pemiHoeycbiHyra MyMKiHOIK 6epeOi.

Tytin ce30ep: opHbIKMbINbLIK, 6ackapyxyltenepi, 6ackapy, JlanyHoe ¢hyHKyusinapbiHbiH 90ici,
ekidoHraiakmbl pobom, Kyl meHOeynepi.
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INVESTIGATION OF THE STABILITY OF THE CONTROL SYSTEM OF A SELF-BALANCED
TWO-WHEELED ROBOT

The main characteristics of the control system are the stability and quality of regulation. A stable
system always returns to the equilibrium position after the external perturbation ceases to act. An
unstable system goes into overdrive after the slightest push.

A self-balancing robot has many different sensors. To maintain balance, a rotational motion
sensor and an angular velocity sensor will be used. The speed of the motors can be controlled by
changing the duty cycle of the pulse-width modulation. The robot model takes a voltage value as
input and outputs the state of the system. At the output of the function, the value from the encoders
and the gyroscope is given. The robot will stand only if a controller is developed that makes the
whole system stable. The controller must ensure the stability of the robot. Since the position of the
robot is unstable, in order to maintain balance, the movement of the robot must be in the same
direction as the angle of the body. In modern control theory, there are many methods for stabilizing
an unstable system.

This paper presents a universal approach to constructing the Lyapunov vector function, based
on the geometric interpretation of the theorem on the asymptotic stability of the direct Lyapunov
method and the concepts of stability. This approach allows us to represent the Lyapunov function as
a potential function, and the control system as gradient systems from catastrophe theory.

Key words: stability, control systems, control, Lyapunov function method, two-wheeled robot,
equations of state.
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INFORMATION TECHNOLOGY FOR PERSONALITY PREDICTION BASED ON RESUME
ANALYSIS FOR HR COMPANIES

Abstract: This article presents the development of an information technology solution for
personality prediction based on resume analysis for HR companies. The purpose of this study is to
investigate the feasibility of using machine learning techniques to analyze resumes and predict
personality traits of candidates for recruitment purposes. The methodology involved collecting a large
dataset of resumes and using natural language processing techniques to extract relevant features
and train a deep learning model. The results show that the developed solution achieves high
accuracy in predicting personality traits based on resume analysis. This technology has the potential
to improve the efficiency and effectiveness of recruitment processes, as well as reduce unconscious
bias in hiring decisions. HR companies can benefit from this technology by streamlining their
recruitment processes, reducing costs, and increasing the quality of their hiring decisions.
Additionally, the information technology solution could provide HR companies with valuable insights
into candidate profiles, enabling them to make more informed decisions and identify individuals who
align with their organizational culture and values. By leveraging this technology, HR companies can
enhance their overall recruitment strategy and contribute to a more efficient and fair hiring process.

Key words: Information technology, Personality prediction, Resume analysis, HR
companies, Machine learning, Natural language processing, Hiring decisions.

Introduction: In recent years, the rise of big data and machine learning has allowed
companies to use technology to assist with various HR functions. One of the most promising
applications of these technologies is in the analysis of job applicant resumes to predict personality
traits. This development of information technology for personality prediction can significantly impact
the way companies approach recruitment and selection processes.

The purpose of this article is to explore the development of information technology for
personality prediction based on resume analysis, specifically for HR companies. The article will
investigate the various techniques and algorithms used in personality prediction and highlight the
advantages and limitations of this approach. Furthermore, this article will also examine the ethical
considerations that arise from using technology to predict personality and provide recommendations
for HR companies to ensure fairness and transparency [1].
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