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CUHTE3 CUCTEMBI YIIPABJIEHUSA I'PYIIIION POBOTOB METOJIOM
CETEBOI'O OIIEPATOPA

JuseeB A.HU., HImanbsko E.1O.

DejiepalibHOE TOCYIAPCTBEHHOE OHOJIKETHOE YUPEKICHHE HAYKH BBIUMCITUTENBHBINA HIEHT UM. A.A. JOpOAHHIbIHA
Poccuiickoii akanemun Hayk, Mocksa, Poccust (119333, Mockaa, yi. BaBuiiosa, 40), e-mail: aidiveev@mail.ru

PaccmarpuBaetcs 3a/1aqa CHHTE3a CHCTEMBI YIpaBJIeHHs Ipymoi o0bekToB. [IpuBenena Mmaremaruueckas Gpop-
MYJIHpOBKa 3a/a4i. B 3amaue HeoOX0AMMO HAWTH MHOTOMEPHYIO (DYHKIHIO, KOTOpast IO TEKYIIEMY COCTOSHHIO BCEX
OOBEKTOB BBIUUCIISACT 3HAYCHHS YHPABICHHH JUISl JOCTIDKSHHS LN KaXIbIM OOBEKTOM YNPABJICHUS C HAWIYYIINM
3HAYEHHEM 10KA3aTels KaueCcTBa yIpaBlIeHus. Mbl pacCMaTpUBaeM TPyIITy 0ObEKTOB KaK OJHH OOBEKT yIpPaBICHUS C
PaCIIMPEHHBIMI BEKTOPAMU COCTOSIHUS M YIIPABJICHUSI, YTO O3HAYAET, YTO KayK/blii 0OBEKT B TpyIIe uMeeT HHpopMa-
LIUIO O COCTOSHHUHU JPYTUX 0OBEKTOB B rpyIe. Takol MoaXom Hapsay ¢ APyTHMH CIIOCOOaMU MHOTOOOBEKTHOTO YIpaB-
JICHUS SBJISCTCS IEPCIEKTUBHBIM B BUY BBICOKOIO Pa3BUTHUSI COBPEMEHHBIX TEXHOJIOIUI U IOCTOSIHHOIO Yy/EIIEBIIe-
HUSI KOMIUIEKTYIOIHX AT UX co3ganus. s peneHus 3a4aud UCIONb3YeTCsl METOJ[ CeTeBoro oneparopa. OcHOBHas
Hay4Hasi IEHHOCTh M aKTyaJIbHOCTb MPECTaBICHHOTO MaTepralla COCTOUT B (hOPMaITM3AIMX 3a/1a4H ISl YIIPABICHHS
Ipynnoi poOOTOB M MONydYEeHHE Pe3ynbTaTa B BHAE (GOpMyNbl [ns ynpasneHus. [IpuBenen npumep pemenus 3a1aqun
CHHTE3a YIPaBJIeHHsI METOJOM CETEBOTO OIIepaTopa JABYMs MOOMIBHBIMH POOOTAMH.

CONTROL SYSTEM SYNTHESIS FOR ROBOTIC TEAM BY NETWORK OPERATOR
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The problem of the synthesis of a control system for a group of robots is considered. The mathematical formulation
of the problem is given. We have to find a multidimensional function that uses the current state of all objects to calculate
the control values that allow each robot to achieve the objectives with the best quality functional value. We consider
a robotic team as one object with extended vectors of state and control. This means that each object in the team have
a full range of information about the other members of the team. Such approach as well as other methods of multi-
object control can be promising as far as technologies become more and more developed and the cost of materials for
its production becomes low. A network operator method is used to solve the problem. The main scientific value and
actuality of the presented paper concerns the formal description of the problem of control of the robotic team and as a
result receiving a mathematical expression of control. An example of solving the problem of a control system synthesis
for the group of two mobile robots is given.

BAPUAIIMOHHBIN TEHETUYECKHU AJITOPUTM
JJIA PEHTEHUA 3AJAYN OITUMAJIBHOI'O YITPABJIEHUSA
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TpeyioskeH HOBBIN YHCIIEHHBII METOJT JUTS PENICHUS 3a/1a9K MHOTOKPHTEPUAIIEHOTO ONITUMAIIBHOTO YIIpaBiieHus. B pam-
Kax MPEUIOKEHHOTO MOJIX0/IA 33/1aeTCsl OJIHO OA3HCHOE PEIICHHE M3 KOHEYHOTO YKCIIa 3HAYCHHH YIPABIICHHS B JIUCKPETHBIC
MOMEHTBI BpeMEHH U (DOPMUPYETCSI MHOKECTBO MAJIBIX BAPHAIIMI TOr0 GA3UCHOTO PEIeHNs. B NpeiokeHHOM allropHT™Me
KaXK1ast Baprualys OIHCbIBA€TCA BEKTOPOM U3 TPEX KOMIIOHEHT. l_IepBaﬂ KOMITOHEHTA yKa?:];lBaeT Ha HOMEP TOYKH BapHalluu WU
MOMEHT BPEMEHH, TJIe HEOOXOIMMO TIPOM3BOUTH BAPHALIMIO Ga3KCHOTO pelleHus. BTopas KOMITOHEHTA yKa3bIBAET BEIMUNHY
M3MCHEHHS 0a3iCHOTO pelieHus. TPeThst KOMITOHEHTA YKA3bIBACT Ha KOJIMYECTBO COCEIHNX TOUYEK, B KOTOPBIX MAJIOe H3MEHe-
HHe 0a3MCHOTO peleHHst 0OPATHO TIPOMOPIMOHAIBHO PACCTOSHUIO 10 TOUKH BapHAIUH. | eHETHYECKH Il aJITOPUTM OCYIIECT-
BISIET TIOMCK PEILIEHNs] Ha MHOYKECTBE MaJIbIX BApUaLMii 0a3UCHOIO peleHust. FIcrosb30BaHre BApHALIMOHHOTO FEHETHYECKOTO
QITOPUTMA 10 CPABHEHHIO C KJIACCHYECKHMM TMOJIXOIOM TIO3BOJISIET YMEHBIIUTH OOJACTh MOUCKA ONTUMATIBLHOTO PEICHHUs 3a
cueT 3a/1aHust OA3MCHOIO PEIIICHHMS], & TAKKE YMEHBIIHUTH BPEMS [IOMCKA 3a CYeT paboThl ¢ BEKTOPAMH BapHAaIHil HEOOIBIIOH
pasmeprocTy. [IpecTaBieH YNCIIEHHBIH TPUMED PEILIEHHS 33 18491 ONITUMAIIBHOTO YIPABICHHS H3BECTHOW HENTMHENHOMN CHCTe-
mbl [ydduHra, numocTpupyroieii paboToCIioCOOHOCTh pa3paboTaHHOIO METO/IA.
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A new numerical method is proposed to solve a multiobjective optimal control problem. According to this approach
one basic solution is defined among the finite number of controls in the discrete moments. A set of small variations of this
basic solution is constructed. Each variation in the proposed algorithm is defined by a vector of three components. The
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first one indicates the number of variation point or the moment when the variation is to be done. The second component
indicates the value which the basic solution is to be changed on. The third component indicates the number of neighbouring
points where the small variation of the basic solution is in inverse proportion to the distance to the variation point. A
genetic algorithm searches a solution on the set of small variations of the basic solution. The variational genetic algorithm
versus its classic approach reduces the search space of an optimal solution by defining a basic solution and lowers the
search time by using vectors of variations of a small size. A numerical example of solving an optimal control problem for
well-known nonlinear Duffing system is presented to illustrate the efficiency of the developed method.

MOJIEJIJMPOBAHUE IPUMEHEHUSI 3HAHUM CHOELUAJIUCTOB
PACKPAIIEHHBIMHU CETAMMU INETPU

Jdumutpuen A.Il.

OI'BOY BIIO «Yysamckuii rocygapcTBeHHbIH yHuBepcuteT uM M.H.YnesHoBa», Yebokcapsl, Poccus
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3aj1ava TOTy9YeHuUs CTyICHTaMH 3HAHWI ¥ YMEHHH, HEOOXOIMMBIX Ha TPaKTHKE, SIBISETCS OMHOM M3 OCHOBHBIX IIeNei
(byHKIMOHMpOBaHKsI T000T0 By3a. [IpobiieMa B TOM, UTO CO BpeMEHEM 3TH 3HAHHs MOPAJIGHO YCTapeBaloT, B3aMeH TPeOyroTCst
HOBBIe. J[aHHEIH mporiece B paboTe MOIENUPYETCsT pacKpalieHHOW BpeMEHHOM ceTho [leTpu, yuuTsIBaromieii oTHOBpeMEHHO
HECKOJIBKHX KypCOB. JJOCTOMHCTBO MOZIEIN — OTCYTCTBHE MHIMOUTOPHBIX AYT. JlaHHAst MOZIEIb SIBISIETCSI JIOTHYECKHIM TPOJIOTT-
JKEHHEM MOJIETIH, TIPEJUIOKEHHOH aBTOPOM B MPeABIAyIIeH myommkarym. [Ipr 3TomM OHa HCTIONB3yeT MPebITyIITyI0 MOIEb Ha
cersx [lerpu kak OCHOBY, IPEACTABIISAS C €€ MOMOILBIO HepapXudeckue nepexozbl. Kaxaplil Takolt nepexon MoaenpyeT OauH
Kypc 0Oy9eH¥s 1o cBoeMy ydeOHOMY IiiaHy. Mcmons3yemsle aTpuOyThl MapkepOB HOBOM MOJIEIH COOTBETCTBYIOT aTpHOyTaM
MapKepoB Npeablayiei Mozeau. PaccMoTpena cBsi3b NPeUIoAKeHHON MOJIEN U MOASIUPOBAHUS C TIPUHIIUIIOM K3IIHUPOBAHUS
B OMEPAIMOHHBIX crcTeMax. OHa HanOosee XapakTepHa UL IPHHITAIIA BPEMEHHOI JIOKATbHOCTH.
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The task of obtaining knowledge and skills required in practice is one of the main purposes of the functioning of any institution.
The problem is that over time, these skills become obsolete; instead the new ones are required. This process is modeled by colored
timed Petri net, simultaneously taking into account several courses. An advantage of the model is the absence of an inhibitor arcs.
This model is a logical extension of the model proposed by the author in a previous publication. It uses the previous model on Petri
nets as a basis, presenting hierarchical transitions with it assistance. Each such transition simulates one course by its own curriculum.
The attributes used tokens of the new model match the attributes of the tokens of the previous model. Considered the relationship of
the proposed model and the simulation with the principle of caching in an operating systems.

MOJEJNPOBAHUE YCBOEHHUSA U IPUMEHEHUSA YYEBHOI'O MATEPHUAJIA
HA PACKPAIIIEHHBIX CETAX IETPU
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3amaga cocTaBleHNs yueOHOTO IUIaHa B By3e SBISIETCS] HEMPOCTOM U 9acTo BO3HMKaromeH. Pa3paborana maremarn-
YecKast MOZIeJIb YCBOCHHMS CTYJICHTaM1 y4eOHOro MaTepHala HeKOTOpOro Kypea 1o y4eOHOMY IUIaHy U JaJIbHEHIIIEro ero
npuMeHeHus. JlanHas Mozielb OCHOBaHAa Ha MaTeMaThdeckoM ammapare cetet [leTpu u ux pacmmpenuii — BpeMEHHbIX
HepapXuuecKUX pacKpameHHbIx cerei Ilerpu. [laHHas Mojenb IOMONHEHA JJ00aBICHHEM OOPaTHOM CBSA3M B COLMANIb-
HOH cucTeMe «By3 — pabotoarenn». CBsI3b HPEATOKEHHOI MOJIETH C OIHUM H3 MPHHIIUIIOB COCTABICHHS PACINCAHHS
y4eOHBIX 3aHATHII B By3€ 3aKIIIOYAeTCsI HE TOJIBKO B IIPEAMETHON O0JIACTH M B IPECIIETYeMBIX LIEIISIX, HO ¥ B OIPEISIICHIN
XOpoIei MoCIeI0BaTeIbHOCTH BEIOOpa. B ommcanny MareMaTHndeckoi MOZIETH IBETAa MapKepOB CBEJCHBI B TAONIHILY.
Ipennoxkennas cetb [leTpy He conepyKUT MHIHOUTOPHBIX Ayr. OmucaHue MOJICNH CONPOBOXKAAETCS Npumepamu. Tak,
TIPUBE/ICH MTPUMEP B3aNMOCBSA3H ANCIHUILIIH y4eOHOTO IIaHa 10 BXOAHBIM H (POPMHUPYEMBIM KOMITETCHIIHSIM.
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The task of drawing up of the curriculum in the University is difficult and frequent. The paper introduces the
mathematical model of student learning some of study material of the course for curriculum and its further application.
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