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Abstract. With the development of information, digital control, robotic, automatic control systems and
electronics, and the development of unmanned vehicles (UV) research area is gaining momentum and is developing
at a high level. The development and design of UVs and their management require the creation of intuitive, more
advanced systems to simplify control and obtain the best results. It because of the qualitative and quantitative
indicators of multi-agent systems (MAS) are increased enough.

Multi-agent technology (MAT) is intensively developing in the last decade, which is looking for new
approaches and methods to meet the challenges of operational information processing in decision-making
organization of task allocation between agents and groups of agents.

The analysis of previously developed MASs, revealed the basic advantages and disadvantages, also defined the
main difficulties associated with task allocation between agents and the distribution of resources between the
computing units, for preserving the integrity of the system with the ability to complete all the tasks which are set to
the MAS.

This paper presents a model based on agent-based approach, which is an agent-based model for solving optimal
allocation and optimal management of resources.

The paper also examines and describes the process of moving a mobile robot along a predetermined path. The
agent performs various kinds of reference transportation of various kinds of substances, being in an environment
where it can meet different in form, type and level of complexity constraints. These obstacles make limited finite
sets with known characteristics.
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yIpaBicHuEe TPEOYIOT CO3AAHMS HHTY HTHBHBIX, 00JICE PA3BUTHIX CHCTEM [UI YIPOIUCHHUS YIIPABICHUA H MOTYICHHUS
HAMJTYUIIHX PE3yAbTaToB. Tak KaK KAUCCTBCHHBIC H KOTHICCTBCHHBIC okazateas MAC 10CTaTOuHO BO3POCIIHL.

B TOCJICAHCE ACCATUIICTHC HHTCHCUBHO PA3BUBAKOTCA MY JIbTHATCHTHBIC TeXHOJIOFI/Ifl, KOTOPBIC MPEACTABILAIOT
CO0OH MOMCK HOBBIX IMOJXOJO0B M METOJOB K PEIICHHUIO 33734 OINCPATHBHOW 00paboTKH MH(pOpMAIWH B MPOIECcax
TIPUHATHS PEIICHUI OpraHu3anuy pabOThI MEKIY aTr€HTAMH U TPYIIIOH arcHTOB.

B pesynsraTte ananuza cpenu panee paspaboranupix MAC, onpeaeacHbl OCHOBHBIC MPEUMYIICCTBA U
HETOCTATKH, CBA3AHHBIC ¢ PACTIPEACICHUCM 33124 MEXKY ar¢HTaMH, C PACTPSACICHUCM PECYPCOB MEKIY
BBIYHCITUTCIBHBIME  OJIOKAMHM IS COXPaHCHHSA PabOTOCTIOCOOHOCTH CHUCTEMBI € BO3ZMOXKHOCTBIO
3aBEPIICHUS BCEX MOCTABICHHBIX 3a1a4 epeaq MAC.,

B npanHo# paboTe npeacTaBiacHa MOJCITh, OCHOBAHHAS HA ArCHTHOM TIOAXO0/C, KOTOPAs MPEACTABIACT
co0OM arcHTHO-OPUCHTHUPOBAHHYIO MOJCHb Ui PCHICHHSA 33734 ONTHMAJIBHOTO PACTIPCACICHHUS HWITH
OTITUMAJTFHOTO YIIPABJICHUS PECYPCaMH.

B pabote Tak k¢ pacCMOTPEH W OMMCAH MPOLECC ABIKCHHS MOOMIBHOIO Po0oTa Mo 3aJaHHON
TpackTopuH. JlaHHBIH arcHT BHITIOJHACT PA3IHYHOTO POAA 33JAHUS MO TPAHCIIOPTHPOBKE PABTUIHOTO
poJa BEIIECTB, HAXOAUTHCS B OKPYIKAIOMICH CPEC, TAC M BCTPEUACT PA3TMYHBIC 110 BUIY, THITY W YPOBHIO
CJIIOZKHOCTU MNPCIIATCTBHUA. 3TI/I OperATCTBUA COCTAB/IAIOT OIPAHUYCHHBIC KOHCYHBIC MHOXKCCTBA C
HU3BCCTHBIMHU XAPAKTCPUCTUKAMU.

Beenenne. CoBpeMEHHOE Pa3BUTHE HAYKH, TCXHUKH, JICKTPOHUKH U P TCXHUYCCKUX AUCLIMILINH
MO3BOJAIOT Ha 0OJEe BEICOKOM YPOBHE MOJCITUPOBATh, pa3padareiBaTe M TCCTUPOBATH MYJIbTHATCHTHBIC
CHCTEMEI, KOTOpPBIC MNPCIACTABISIOT COOOHM Trpymmy areHTOB (aBTOHOMHBIX POOOTOB) CHAOMKCHHBIC
HHTEIUICKTYanbHEIMU cucteMamMu. MAC BeTpedaeTcsl BO MHOTHX HAyYHO-TCXHUUICCKHX HAIPABICHUAX: B
KOMITBIOTCPHBIX Haykax [1]-[4], B meautmne [5]-[7], B pobororexnuke [8]-[13] u B ap. [14]-[32]. MAC
CTAaHOBHUTCS YHUBEPCATBHEIM HHCTPYMECHTOM B PA3IMYHBIX OONACTIX, B 00IACTH KOMIBIOTCPHOW HAYKH U
TCXHHKH, W UWIPACT BAKHYIO POIb € TOYKH 3PCHHUS NPAKTHYCCKOTO MPHUMCHEHHSA. 3JHAYHUMOCTD
npumeHeHUs1 MAC 3aBUCHT OT CBOWCTB arcHTOB U HX BO3MOKHOCTEH.

MAC 3apoamnack Kak HOBAas MCTONOJOTHS IJsl PCELICHUS BOMPOCOB B OPTaHHU3aLMH KPYITHBIX
MPOTPAMMHEIX CHCTEM. JTa METOOJOTH 00CCICUMBACT KOHLCNTYAIbHYIO MOJCIb, KOTOPas MOMOTracT
MOJACPKUBATh OTPAHUYCHUS MYJIbTHATCHTHOH CHCTEMBI, OOBIYHO MNPOTPaMMHAS HHJKCHEPUS HE B
COCTOSIHUH PCLIATh TAKKC 3a1aYH.

Ci0Bo «ATCHT» MPOUCXOAUT OT JATHHCKOTO CJ10Ba «Agere» - BECTH, ACUCTBOBAThH. | NaBHOC
Ka4eCTBO ArcHTOB - CHOCOOHOCTH BBINONHATH KaKYIO-TO JCICTHPOBAHHYIO €My PabOTy B YBHX-TO
nHTepecax. Kak n3BecTHO C€OBO AreHT MMEET IIMPOKHU CIEKTP NPHUMCHCHHMS W TONKOBaHHA [24].
[Tonarue «AreHT» B pazmuuHbiX JucnumnHax # MAC MOXET HHTEPIPETUPOBATHCS MO-PA3HOMY H BO
MHOTHX CIVYasIX MOJKET ObITh MPEIACTABICH KaK:

— MPOTPAMMHOTO OOBEKTa, CIOCOOHOTO BOCIPHHUMATH CHTYALHIO, NMPUHUMATH PCIICHHS H
KOMMYHHLIIPOBATh ¢ ceOe OJOOHBIMH, THHAMIYICCKU YCTAHABIHNBAS CBI3H MEXKIY cobol [27];

- 0000IIEHHO, JTUIO, ACHCTBYIOLICE MO MOPYUCHHIO KOrO-TuO0, MPEACTABUTES/Ib OPraHHU3ALINY,
VUPEKACHUS U TaK JANCC BRITOTHIOIUN MOPYICHHU;

- B C©CTCCTBCHHBIX HAyKaX, ACHCTBYIOIIHU (PAKTOp B KAaKOM-THOO MPOLECCe WM SBICHHH. B
YACTHOCTH, XMUMHYECKUH arcHT — JACHCTBYIOLIECE BEIIECCTBO, BBIIOMHAIOIICE YETKO BBIACICHHYIO POITb B
XUMHUYECKOM B3aUMOJEUCTBUH BELIECTB WIM UX CMECEH;

— HEKOTOpas CYIIHOCTb, CHCTEMA, KOTOpas 00IafacT CBOHCTBOM, MOMHMO CBOWCTB OOBEKTa —
CYLIECTBOBATh U OOBCIUHATE, HCOOXOAUMBIMH TSI B3AUMOACHCTBHS C BHCLIHCH CPEIOMH;

— YeJOBEK, padoTaroIUi B Pa3BeABIBATEIPHEIX HIH KOHTPPA3BEABIBATCIBHEIX OPraHax CBOETO
WM HHOCTPAHHOTO TOCYAAPCTBA;

— MOCPESIHUK MEKAY HMPUHLUIMAIOM W KOHCUHBIM MOTPeOUTENEM MPOAYKLHH, HE SBIISIOLIUHCS
e¢ mmagenbueM. [lpomaet wacTe WM BCIO TNPOAYKIMIO MPUHOHNATA (LCHBI W VCJIOBHS IOCTABKU
ONPEICNAIOTCSl TNPUHLMIIAIOM, HA OCHOBAaHMH TEXHHUYCCKOTO 3aKIIOYCHHS OKCICPTOB), HIICT
MOTCHIMATBHBIX MOKYNATENCH MPOAYKIHH, BEACT IEPETrOBOPHI, MOMOracT B O(OpMICHHM W Teperadn
MPOAYKTA/TOBAPA;

— arcHT MOPCKOH - TUI0, OKA3BIBAIOIICE KOMILICKC VCIIVT TPHU 3aX0A¢ CYAHA B OpT [24];
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— 3TO ABTOHOMHBIC OOBEKTH, KOTOPBIC MOTYT CAMOCTOSATENBHO PEarHpoBaTh HA BHEIIHHC
COOBITHS W BHIOMpaTh COOTBETCTBYMOINHE aAchcTBHa. B Hactosmee Bpems B pamkax MAT u MAC
pa3paboTaHbl Pa3IMIHBIC THIIBI ArCHTOB, KOTOPHIC XaPaKTECPHU3VIOTCA KOHKPETHOH MOJAECIIBIO IOBEACHUS U
CBOMCTBAMH, & TAKOKE, CCMCHCTBA apXUTEKTYpP U OMONHOTEK KOMIIOHCHTOB, A1 KOTOPBIX CBOMCTBCHHEI
pacrpeacaIéHHOCTh U ABTOHOMHOCTB [25];

— 3TO  WHTCIICKTYAJIbHBIC, ABTOHOMHBIC, TPOTPAMMHEIC  KOMIIOHCHTBI,  CHOCOOHBIC
B3aMMOJCHCTBOBATE C JAPYTUMH MPWIOKCHHAMH [Tl JOCTIDKCHUS OOMEH LEenu M TEM CaMbIM
CIOCOOCTBYSI PELICHUIO HEKOTOPOW 3aJaHHOH mpobiembl. OHU BaXKHBI, TIOTOMY, YTO OHH ACHUCTBYIOT B
paMKax COBPEMEHHBIX MPHIOXKCHHMN, TAKUX KaK 3NMCKTPOHHAS TOPTOBIIA U MoucK nH(opmam [28].

ATpubyTH arcHTa:

IlpaBuna noseacHU
IMTamsate

Pecypcor

IIpunarue pemenuit
Meramnpasmia [23].

Heo6xoanmMocTs HCIONIB30BAaHUS arCHTOB BO3HUKACT OT CIOKHOCTH NPOTPAMMHOTO 00CCICUCHHS
0OIBIION CHCTEMBI, IPU HNPOCKTUPOBAHWN KOTOPBIX BO3HHMKAKOT BOMPOCH, HA KOTOPHIC TPaIULIMOHHAS
MPOrpaMMHAas HHXKCHEPHUS HE B COCTOSIHWU JAaTh MOJHOLCHHEIC OTBEThl. Hanmpumep, MOOWITBHBIC arcHTHI
OBLTH TPSATOKEHBI IS YAOBACTBOPCHUS MOTPEOHOCTESH B MOJC/N KIHUCHT/CEPBEP ISl KIUCHTA, YTOOBI
HMETh BO3MOXKHOCTh IIEPEHTH HA CTOPOHY CEPBEPA U BBITIOJIIHUTD HEKOTOPHIE onepaunu. B quHamuueckoi
pacmpeIeieHHOH CHCTEME, ArcHTHL C CAMOPETYIUPYIOIMMHUCSA CIOCOOHOCTSMH MOTYT VIIPOCTHUTD
ApXUTCKTYpHBIH mu3aiin  cuctembl. KoOHCTpyKOHMS TakoH CHCTEMBI MOMKET OBITh YPE3BRIYANHO
VCIIOKHCHHOW B TPaJULIMOHHOW (OpME apXHTCKTYPhl MPOTPaMMHOIO 00CCHEeUeHHsS HIH OOBCKTHO-
OPHUCHTHPOBAHHOT'O MOJCITHPOBAHUSL.

ATCHT UMEET CIOCOOHOCTh YYBCTBOBATh YCIOBHA W INPUHUMATH PEIICHHS O TOM, KaK pearupoBarb
cooTBeTCTBYIOIMM 0OpazoM. Bo3moxkHOCTE agantanuy TpeOYeT CHOCOOHOCTE K OOYUCHHIO AarcHra,
9T0OBl MMETh BO3MOXKHOCTh PETVIHPOBATH €0 MPHHATHS PCLICHUH B COOTBETCTBHM C MPEIBLIYLIHM
OMBITOM. ATEHTH MOTYT OBITh KIaCCU(HLNPOBAHBI KAK COBMECTHBIC arcHThI, HHTCPQCHCHBIC arcHTHL,
00yYaroIUecs areHThl, PeaKTHBHBIC ar¢HTH, MOOWIIBHBIC arcHThl, HH(OPMAIIMOHHEIC areHTH U T.A4. [1-3,
5-7, 10-13, 18, 24-28]. Ilpu npoekTHPOBaHHH OONBINUX, CIOXKHBIX PCATbHBIX CHCTEM, arcHT SBIACTCSA
abcTpakupel, KOTopas MOMOracT IW3aiiHy KOMIIOHCHTOB, HANPABICHHBIX HA PCIICHUC Pa3IHYHbIX
acnektoB npobnemsl. Kaxcnplii areHT mpeaHasHaueH B HAUOOJICe MOAXOAAMICH MapagurMe A PECLICHUS
CBOCH 4acTH 3aJa4H.

Kax uzBectHO, B MmyapTHarcHtHoOU cpeae [ 1], [8], [10] ucmomp3verca pacupeacacHHON NOIX0, UTO
03HA4YaeT pa3’eicHUEC Ha 4YacTH (CYMMHPOBAHHE MOINPOLICCCOB) AN JOCTIKCHHS OCHOBHOH LEIH.
Llenpro MoxeT OBITE COKPAIICHUEC BPEMEHH, COKPAINCHHE (PUHAHCOBBIX 3aTPaT, YBEIHUCHHUEC CKOPOCTH,
MOBBIIICHHE KAYeCTBA U T.4. B CBOIO Ovepenb BO MHOTHX CIYYasX 5TO NPHBOIHUT K BO3MOXKHOCTHU HOTEPb,
CBS3AHHBIC C 3aTpaTaMHM BPEMCHH, PECYPCOB U T.JX., YTO HETATHBHO BIWACT HA MPOU3BOIUTCIBHOCTD
cucremsl [2], [5], [10], [13], [16-17].

Kak u3BecTHO U3 BbIIIE VKa3aHHBIX TPYAOB obaacTe (pyHkunonuposanus sceld MAC onpenensercs
U3 CYMMBI 001acTel YHKIMOHUPOBAHHS KQXKAOTO arcHTA.

B nannoit pabote mpeacTaBieHa MOACTb, HCIOIB3YIOMIAs arCHTHBIH MOAX0, KOTOPAas MPEACTABIIICT
cOOOW ar¢HTHO-OPUCHTHUPOBAHHYIO MOJCNb U PCLICHUS 33Jad ONTHMAJIBHOTO PACIPEICICHHS HWIN
ONTHUMAIILHOTO VIPABJICHUS PECYPCaMHL.

B panee uznanusix Hamu padotax [1], [16] dopmanuzoBanu OCYIMECTBICHUE W MOAACPKKY OU3HEC-
MPOLIECCOB € UCIONb30BAHHUEM OCCITUIIOTHBIX AINapaToB.

B nanHOW paboTe MpEACTaBICHO CPABHEHHWE MEXKAY ATCHTHBIM H PACHPEACICHHBIM MOIXOJAMHU
00paloTKK 3aJaHui, YTOOBl BBUIBUTh H OTPA3UTh IMPECUMYIICCTBA MPUMEHCHHS MOJCIH HA OCHOBC
AreHTHOTO MOAXO0AA.

1.0nucanue mogesan MAC
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PaccmoTpuM Mozene, OCHOBAaHHYIO HA arcHTHOM MOIXOJE, KOTOPBIH MpeacTaBiieT co00i HECKOIBKO
OCCIMIIOTHBIX — amNmapaToB  HAXOAMIIHEeCs moA  HAOMIOACHHEM rnaBHOTO — Mogepatopa  BIIA,
KOHTPOUPYIOLIUH U YIPABISIOIIUN POU3BOIUTSIBHOCTHIO 3aa4 Jist Kaska0ro BITA.

Mopaenuposanue BITA npeacrasnser cobol mpoLece CoO3aHus MOACTH (MATEMATHUCCKON MOJCIH),
AATOPUTM KOTOPOTO OCHOBAH HA MPHUHLIAINAX VYIPABICHUS W MPHHITHS PCIICHHUS KCIOIB3YCMBIX B
HHTCIUICKTYANbHBIX CHCTEMAaX, SKCIIEPTHBIX CHCTEMAax B Ap. MOAOOHBIX cuctemax. B paborax [1], [6],
[13], [21], [23-24], [26], moaenupoBanue MAC npeacraBaseT co0oH dopMamu3anuoo MpodaeM,
MOCTPOCHUE CTPYKTYPHOH CXEMBI YIIPABICHHUS, Pa3paboOTKy MAaTeMATHICCKOW MOJICIIH U T. 1.

Hamne#i riaBHOW LENBIO SBISCTCS YMCHBIIHTh BEPOSTHOCTh MOTEPh PECYPCOB, YTOOBI PEHIUTH
mpobneMy opranusaiuu coBMecTHol pabotst BITA, ¢ nienbro peanuzanuu BITA u nocTmkeHuit KOHSUHOM
uean. B pabotax [1], [3], [4] Obutu OpeaioKeHbI aTbTCPHATUBHBIC MOIC/IH.

Paccmotpum  ux Gosaee moapoOHo. [lycte xoneunas uear (Goal-G) cocrout w3z n moaueaci (Sub
goal-SG), A AOCTHKCHHUST KOHCYHOH LI BCS MOALICH JO/UKHBL ObITh 3aBepiiueHsl. M3 aToro cneayer,
YTO MOALCAH HCMOAB3VIOT pasnuuHbie BITA, xotopeie coctosr m3 pasnuunbix 3amad. Kaxaeiii BITA
HUMEET CBOU (DYHKIINH, IPEACTABIET COO0H HA0OP (DYHKLIUH:

UVi{fiv, oo foreeo f i bl UVi L i s i s fri oo fgi } q))

rae fjj — dynknus n-ro 6ecrmnorauka UV,

C noOMOIIBI0 ar¢HTHOTO MOAXOJA JICTKO 3aBCPILIMTh 3aJady ¢ OO0JICC TOYHBIMH PE3y/IbTaTAMHU.
IMoTomy, uTO MjIst AOCTHKECHUSI KOHCUYHOH LS, MBI MOXKEM BBIOPATH OMPESACICHHBIC ONCPALIHH, KOTOPBIC
HanOOJICe TTOAXOMAT JUIsl BRIIOHCHH KoHeuHOoH nenu (Puc.1. 6).

MopaenupoBaHue CTPYKTYpbl KOHEUHOW LEIH WM TJaBHOW [EAH B JAHHOM MOPOCTPAHCTBE,
MPEACTABICHBI KAK OTHOLICHHE:

G—>Zl SGI — UVn { fli s fzi s fgi yeees fji yeees fjn } (2)

Ilpu BBIIOAHCHMM KOHCYHOW LICAH, PsiA 3aJad BO3HHKAIOT MU PCIICHHS MPOOJICM CBS3aHHBIX C
cucteMol opranuzanmu W yopasneHus rpyvomoi BITA. Kaxnas samaua mpeacrasneHa B Buae HaOopa
(dYHKUHH.

Goal

Goal

devided by n SGl1  sSG2 ... S GN

A

l Gi .
oo \ \.devidedby :1\ \ \.

ﬂ UV [UVe || Ovi | ... | UV,

Uv, UV,

2 | The 2 fi > fin

Final goal

a) 6)
Puc. 1. CpaBHeHUE MeXTy paclpeieieHHBIM U areHTHBIM I10/[X0I0M
a) pacripe/ieJIeHHbIH 110 1x01 00paboTKH, 0) areHT-0pUEHTUPOBAHHBIHN I10/IX0]T

IlpeacraBacanas moncne Ha Puc 1.a BRHITOMHACT 3a7aHUC B PCKUME TOCICAOBATCIBHOCTH, UTO
MOXKET NPUBECTH KO MHOTHUM 3aTparaM »BHEPTUH, PECYpPCOB, TAaKUX Kak BpeMs, HOKa OH OyaeT
CYMMHPOBATh BECh PE3YIbTAT JJIS AOCTHKCHUA KOHEUHOU ueiu. B cBoro ouepeap mozens Ha Puc.1.6
paboTacT Mo-MHOMY, MOJECPATOP HIX aIMUHHUCTPATOP MOMKET BBHIOpATh ONPEACICHHYIO (PVHKIMIO Iis
koHKpeTHOrO BITA pemmts cHauasa 3agauu moaue;ek (puc.1.0) mubo mporpaMma B aBTOHOMHOM PEIKHME
ompeaenut cama, rae fi; sBasercsa i-od ¢pyHkue# j-ro Gecrumoramka UV B pabore [17] obocHoBana
3} (EKTHBHOCTD MPUMEHCHHUSI Ar¢HTHO-OPHCHTHPOBAHHOW MOJACTH, YEM OCTANBHBIE M 3TO IO3BOJSCT
CHH3HUTh CTOMMOCTD 3aTpaT, CICAOBATEIBHO PACXOAbl HANPABICHHEIC HA BHIIOJIHCHHUC 33 JaHUS.

2. AJIropuTM pacnpeesieHus 3a1a4

K pazpabotke anropurMa ynpasneHHs BCErAa YACTACTCS 0c000¢ BHUMAHUE, BEAb YaCTO HMCHHO OT
— 3() ——
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HErO 3aBUCHT TMOBCACHHUC W YyOPaBiICHHUE BCCH cuctemoii. B paGorax [1-3], [16-23], [26] Osuin
npeactasieHsr aaroputMbl MAC pa3mudHOTro HA3HAYCHUS ¢ PA3TMYHBIMU APAMETPAMH.

B kauectBe mpumepa paccMOTpUM 3a1a4y BHITIOTHEHU 3aaanus rpynmnoi BIIA. [peanonoxuM, uro
B Hacrosiuee Bpems ¢ ams goctmkenus neau G (GESG {UV,}, n=1...N, rae N - kommuecrso BIIA, G -
KOHCYHAS [IC/]Ib B JAHHOM MNPOCTPAHCTBE €2 (C MU3BSCTHBIMH XAPAKTCPUCTHKAMH BXOJHBIX JAHHBIX), PSII
3aMa4 U3 CIHCKA BKIOYACT B ¢e0s ¢yHkumu Kaxaoro BITA, KOTopbie JOMKHBI BBIMOJHSATHCS, YTOOBI
YMEHBIINUTE PHUCK ITOTEPH PECYPCOB [3].

Honyctum, uto MAC umeeT 3 areHTa, BO3HUKACT HCOOXOJUMOCTh PACIIPSACICHUS OHOTO 3aJaHuUs
MEXKAY arcHTaMU ¢ YYETOM TOTO, UTO 3adaHue-1enb cocrout u3 40 moazamad/moanencii. 3agaHust MOTYT
OBITh pa3nuIHOro poaa. G — Kak U3BECTHO, OOIIEE YHCIO 3344, KOTOPOE ONPEACACTCS 10 (hOPMYJIC:

n
G=).5G, n>0 )
i=1
B namewm cryuae n=40, 6ecrunoTHeie anmapars! oooznauenst UV, UV,,. . .UV, ,. ..UV,
3amaauM 3HAYCHHUE I KaKaI0ro us bA.

UV, ={10 12 14 8 15}
UV,={4 6 10 12 14 8} (4)
UV,={8 7 6 12 14 5 9}

AJ'II‘OpI/ITM BBIYHCJIICHUA!

1. Omnpenenute KOMOHHALIMIO BHITIONHACMBIX ACHCTBHH, KOTOPBIC VAOBICTBOPSIOT yeiaoBue G=40
MPH KOMUYIECTBE OCCMUNOTHBIX anmnaparos UV=3.

2. Cdopmuposare UX B BHIAC MAaTPHLIBI N3 MAKCHMATBHBIX 3HAYCHUH Kaxkaoro UV,

3. Omnpenenuts BpeMsl, NOTPAUCHHOEC HA BEITOTHCHUE 3a0aHHS KQXKIBIM POOOTOM

4. W3 monyueHHBIX JAaHHBIX M3 MYHKTa 3, ONMPEACIHTh MUHHMATBHOC BpeMs (TO €CTh, obmiee

BPEMSI, 3aTPAuCHHOS U1 BBIMIOJIHCHUS 3aJaHus). 1oraa MOKHO MpeacTaButh peuicHue B Buae: (=40,
UV=3, n=40.

5. dopmupys B TabnudHOU (opme crnyualiHOE pacmpeicsicHue (QYHKIHH MEXKIY arcHTaMH,
TTOJTYIaEM:
a)

becrmmotHble armapartsl Ob1ee BpeMs.
uv, Uv, UV, BBIIONHEHUS, 1
8 8 12 20
12

6)
becrmmoTHbIe armapartsl Ob1ee BpeMsl
uv, uv, UV, BBIIONHEHUS, T,
10 4 8 22
12 6

B)
becrmmoTHble armaparsl Ob1ee BpeMs.
uv, uv, Uvs BBIIIONTHEHUS, T3
14 14 12 14
6. Omnpenensem muanmyM cpeau Ty, Ty, Ts
7. T=14

W3 momydeHHOro pe3yipTata MOXKHO CACIATh AHAIN3, BEPOSTHOCTHOTO HPHHATHS NPABHIBHOTO
PCLICHUSI C TOMOIIBIO PUBEACHHOTO AITOPUTMA.
3. OnucaHue npouecca ABHKEHHSI MOOHILHOI0 po00Ta 10 3aJaHHOH TPAeKTOPHH.
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Ha ocHoBe BBIIIEC M3TOKEHHOTO aqropuT™Ma U Moaenu B padorte [31] Obin paspabotaH MOOHIBHBIN
POOOT ¢ LEABIO 3aBEPIICHUS BCEX MOCTABACHHBIX 3a1a4. MoOwibHbIH poOOT B [31] ObLT mpeacTaBiicH B
Buae MBP (MoGuIBHBIN BHACO PErUCTPATOP) ¢ AUCTAHIIUOHHBIM YIIPABICHUEM B PEKUME OHJIAHH UYCpPe3
wi-fi, uaTepHEeT. TpackTopus ABIKCHUSA MOOHMIBHOrO podOTa W CTPYKTYpa OKpyzKarowmeH cpersl [32],
MpeICTaBICHA Ha pHC. 2.

\  IIpHOATCTBHSA
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Puc. 2 — Tpaexropus JBHKeHU MOOIIBHOTO Po0oTa 10 3a/IlaHHON cXeMe

B pabote [32] AreHT HW3HAuUaNBHO TPU MOTPY3KE OMNPEACTICT VPOBHH 3arpy’KCHHOCTH U B
3aBHCHMOCTH OT HETO ONPEIEIACT CKOPOCTh ABIKCHHS C YUETOM BCE (PH3MUECKHX MApaMETPOB CaMOTO
arcHta. /lamee HEOOXOOUMO OTMETHUTH ¢ KAKHMHM MPEIATCTBHAMH arcHT MOXKET CTOJIKHYTBCS BO BPEMs
nBkeHus. B paccmarpuBacmoit MAC  wbl ompeaenuny 7 BHAOB MPEIMTCTBHH, ¢ 7-F0 VPOBHAMH
apaMeTpoB, KOTOPHIH NPEACTABICH Ha pHUC. 3.
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Puc 3. Bujp! npensare TBUi U UX YPOBHH

3a1aTh COCTOSIHHE OKPYKAIOIICH CpPeabl SBIACTCS BAKHBIM KPUTCPHEM, MOTOMY YTO HMEHHO CO
CTOpOHbI Opr)KaIOH.[CI\/'I Cpe,[[bl arcHT BCTpeqaeT paSHmeIC 10 BI/I,Z[y, TI/IHy u ypOBHIO CIIOJKHOCTHU
HpeHHTCTBI/IH.

3akurroueHue

B nmanHoli pabote mpeacraBieHa wmozenb MAC  ocHOBaHHasS Ha AarcHTHOM —MOAXOJC,
noaTBep K aatoman 3QQPEKTUBHOCTE ¢ MPUMEHCHU A OPraHU3alliM YIIPABICHUS PHCKAMH B OW3HEC-
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mporeccax. Takke TPUBCACHBI PE3yIbTATH CPABHUTCIBHOTO QHAIHM3A MO MPOU3BOIUTCIBHOCTH KAKIOH
U3 MOJAECNEH.

B nmanHO# paboTe Tak KE PACCMOTPEH U OIMUCAH MPOLECC ABHKCHHS MOOHIBHOTO Po0OTa MO
3aJaHHOM Tpaekropuy. JIaHHBIM areHT BBIMIOTHAECT PA3IUYHOTO POAA 3aJaHUSA IO TPAHCIIOPTHPOBKE
PasIMIHOTO POJA BEINECTB, HAXOAWTHCS B OKPYKAIOMICH Cpee, TAC M BCTPCUACT PA3IMYHBIC TIO BUAY,
TUITY U YPOBHKO CJIOXKHOCTH MNPCIATCTBHUA. 3TI/I nperATCTBUA COCTAB/IAOT OTPAHUYUCHHBIC KOHCYHBIC
MHOXKCCTBA € U3BCCTHBIMU XAPAKTCPUCTUKAMU.
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