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1. BeedeHue

OnHo¥ W3 BaXKHBIX 33Jad MOPCKOTO 3KOJIOTMYECKOTO0 MOHMTO-
pHUHTa SIBIAETCS TIOMCK M 00Cie0BaHHE JIOKAJIbHBIX HEOJHOPOIHO-
creit /JIH/ B Tomme Bonbl. Takue JIH MOryT UMeTh Kak €CTECTBEHHOE
TIpoucxXokaeHne (mone (HUTOIUTAHKTOHA), TaK U OBITh BBI3BAHHBIMH
aHTPOIIOIeHHBIM BIIMSIHUEM (IoJie 3arpsi3HeHus). Ilomaraercs, uTto
Ha AHIIA ycraHOBNEH JaTYMK, MO3BOJISIOIIMNA pPErucTPUPOBAThH
KOHIIEHTPALMIO 33JaHHOTO BellecTBa. Eciau KOHLEHTpalus Belle-
CTBa B HEKOTOPOH TOYKE MPEBOCXOIAUT HEKOTOPHIM MOPOT, TO Mpe.-
roJjiaraeTcs, 4To 3Ta Touka npuHajuiexxut JIH. 3agaua 3axmodaercs
B Jokanmmzauun JIH u omenke ee pasmepoB. Jlannas undopmMamnus
SIBIISIETCS. BaYKHOM AJISI OCTPOEHUSI KOPPEKTHBIX MOZEJCH, KaK Ipu
OpraHM3allid KOHTP MEpOIpPHUATUH B ciydae 3arpsA3HEHUS BOJHBIX
aKBaTOPHH, TaK W MPH MJIAHUPOBAHUU PHIOOIIPOMBICIIOBOH JIesTEIb-
HOCTH Ha OCHOBE JJAaHHBIX O MOJIAX (PUTOIIAHKTOHA.

3amaue obcnenoBanus JIH mocBsIIeHbl HEKOTOPHIE HCCIIEN0BA-
HUs ¥ nyonukanuu. Hanpumep, B noknaze [9] cpaBHHBatOTCS mapa-
METPUYECKUI M HemapaMeTpU4ecKui MOAXOIbl AJSl OLIEHKU Xapak-
tepuctuk JIH. B pabortax [1, 2] mnpuBOAATCS airOpuTMbI IS
okoHTypuBaHus obOmacteit JIH u umieiigoB, ommcanbl crnocoObl
¢opmupoBanus Tpacktopuu nBwxkeHuss AHIIA, mno3Bosstomme
MOCTPOUTH JIOKAJIbHYIO allIPOKCUMALNIO rpaHuibl oosactu JIH nm
OLIEHWTh HAMpaBJIEHHE pacmpocTpaHeHus nureiia. B padote [6]
paccMOTpPEH aJITOPUTM TOMCKa U OlLleHKH pa3mepoB JIH B 3amanHOM
akBaropuu juia rpynmsl AHITA, KoTOpbIi TO3BOJISET OLEHUTHh 00BE-
™Mbl JIH u xonmuuecTBo pacTBOPEHHOIO B HUX BellecTBa. B HacTos-
el paboTe paccMOTPEHBI TIOAXO/IB K PelIeHHI0 3a1a4i 3(hdexTHB-
HOTO IUIAHMPOBAHHWSA, KOTOpas BO3HHUKAET TPU  BHIIOJHEHUH
ykazanHoro anroputma rpynmnoii AHITA. Mmeetcst HaOop 3amanuii u
HEOOXOJIMMO paclpeliesiuTh WX MEXIy ammnapaTamu, yKa3zaB s
Ka)XIOT0 anmnapata IUIaH UX BBIITOJIHEHUS, MUHIMU3HPYIOINH BpeMs
Muccud B 1iesioM. IloctaBineHa cooTBETCTBYIOLIas 3ajadya AUCKPET-
HOM onTuMu3aluu. PaccMOTpeHBl  BBIUMCIUTENBHO 3aTPAaTHBIN
TOYHBIM aNTOPUTM €€ PEIIeHHUS U BBIYUCIUTENbHO Oojee A heKTnB-
HBIN 3BPUCTUYECKUM aITOPUTM.
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[Ipu Bemonaennn AHITA 3amaHmnii B TMHAMHYECKON HECTPYK-
TYpUPOBAaHHOW Cpe/ile BO3MOXKHBI HETPENBHUIACHHBIE CHUTyallld W
HapylieHus I1aHa. J{OMKeH OCYIIECTBISATHCS IMOCTOSHHBIN KOH-
TPOJIb HaJ BHIMOJHEHHEM IUIaHA U TEPETJIaHUPOBAHKE B CIIyYae ero
HapymieHus. B HacTosmeld paboTe paccMOTPEHO MeperiaHupOBaHIe
B CIIy4ae BBIXOZa M3 CTPOS OJHOTO M3 MOJBOJMHBIX ammapaToB. [Ipu
onHoBpeMeHHOH pabote rpynmsl AHIIA mpeanonaraercss Hanudue
MTOCTOSTHHON aKyCTHYECKOM CBSI3M Ka)XIOTO UCIPABHOTO TTOABOTHOTO
amnmapara C IeHTPAJIbHBIM y3JI0M, KOTOPBIM MOXET OBITh Kak CyJ0-
BOH mocT onepatopa, Tak 1 oauH u3 AHIIA. Bce AHITA ocHarenst
HABUTAIIMOHHOM CHCTEMOH, oOecreunBalomei TpedyeMyto TOUHOCTb
onpenenenus mecrononoxenuss AHITA.

2. 0630p cywecmeayrouw,ux nooxoooe

Bompoc pacnpeneneHus 3amaHuii BHYTpU TPYMIbl poOOTOB
(multi-robot task allocation /MRTA/) cocTout B TOM, 4TOOBI Ha3Ha-
YUTHh UMEOIIMECS 3aJaHus (KOTOpbIe MOTYT 3aKJIIOYaThCcs B Tpebo-
BaHMWU IIOCETUTh 3aJaHHYI0 TOYKY IIPOCTPAHCTBa, OOCIEIOBAThH
3aJJaHHBIA Y9aCTOK U T. [I.) poO0OTaM TPYIIBI U OMPEIEIUTh MOPSIOK
vx BeIToNHEeHUs. [Ipr 3TOM HEOOX0AMMO MHHUMH3UPOBATH HEKOTO-
pBIi PYHKIIMOHAJ, KOTOPBIA MOXET BKIIIOUATh OOIIEEe BPEMs BBITIOJ-
HEHUS 33/1aH{s, CYMMAapHBIM NMpOWIEeHHbIN myTh U T. 1. B pabote
[15] mpuBommrcst kmaccubukanus 3amgad MRTA. TlokasaHo, 49TO
HECMOTpPS Ha Pa3HOOOpa3ue IMOCTAHOBOK, OHM Yallle BCErO CBOMASTCS
K IIMPOKO H3BECTHBIM 33JadaM JUCKPETHON ONTHMH3AIUN, TAKUM
Kak 33/1aud O HA3HAYEHUSAX WIM HECKOJBKUX CTPAHCTBYIOLIUX KOM-
muBospképax (multiple travelling salesman problem /MTSP/ [25]).

B ciydae, eciiu Bech Ha0Op 3aJlaHUil M3BECTEH 3apaHee, MOXKET
OBITh MPUMEHEHO IIEHTPAJIM30BaHHOE IIaHUpoBaHue. Tak, B pabore
[23] paccmarpuBaercst 3aaua pacipeiesieH s HEMOABMKHBIX IIeei
BHYTpPHU TPYIIIbI JIETaTENbHBIX amnmnapatoB. HeoOXoauMo MoceTHTh
BCE LIEJM, MUHUMHU3UPOBAB (DYHKI[MOHAJ, KOTOPBIM MPEICTaBISCT
co00i B3BEUICHHYI0 CYMMY MaKCHMaJbHOTO M CyMMapHOTO BpeMe-
HU, 3aTpadyeHHOr0 BceMHU poOoTamu. 3amadya (opMymupyercs B
TepPMUHAX IIEJIOYHCICHHOTO MPOTPAMMHUPOBAHUS W TIPEIaraerTcs
TOYHBIA ¥ TPUOIMKEHHBIN METOABI pemeHus 3anauu. LlenTpanmso-
BAaHHOE IJIAHUPOBAHUE B TPYMIIE JIETATEIbHBIX aIapaToB paccMat-
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puBaetcs u B pabote [5], rae perieHne MOXOKEH 3a1aun Ipeajiara-
eTcsl pa3nenuTh Ha TpHu (Das3wl: pacmpeneieHre 3aJaHui MEXIy
anmaparamy, pelIeHHe 3aJa4d KOMMHUBOSKEpa Ui KaKIOro amma-
para, TUIaHHpPOBaHHE IyTH MEXAYy mapamu 3amanuil. [lpum stom
3a/laHus pa3/ie]eHbl Ha ToYedHbIe (MX TpeOyeTcs MOCETHTh) U IUIO-
magHee (MX 00paboTKa 3aHUMAET HEKOTOPOE BpeMs).

Jpyro#i kjacc alropuTMOB — 3TO alTOPUTMBI KOJUIEKTHBHOTO
IaarpoBanns. VX mcnosip3oBaHne 1enecoo0pa3Ho, HapuMep, I
CUTYyaIlii, KOr/a 3alaHusl JOOABIAIOTCA MO Mepe PadOThI TPYIIIBI
WIM KOT/Ia LEHTPAIbHBIA y3el HENOCTyHeH. Takue aiaropuTMBbI
MPEearoNaraloT HEKOTOPHIH MpOLece COTjacoBaHMsl IMPH BBIOOpE
3amanuii. OWH U3 CTIOCOOOB COTJIACOBAHUS B TPYMITHPOBKE pOOOTOB
— ayKUMoHHBIH MeTo1. [Ipu NOsIBIEHUN HOBOTO 3a/1aHHS HEKOTOPBIE
POOOTHI IENaloT «CTAaBKW», OLCHWBAS CBOM 3aTpPaThl Ui BBITIOIHE-
HUSL 3TOTO 3ajaHus. Takue ajaropuTMBI HCIONB30BaHBI B paboTax
[17, 18]. O630p ayKIMOHHBIX METOIOB mpojeiad B pabore [13]. B
pabotax [3, 7, 10, 12, 14, 22, 24] npuBOIATCS aIrOPUTMBI PEILICHUS
cnenu(uIecKnX MOCTAHOBOK 33Ja4YH IDIAHUPOBAHUS W UCCIIEAYIOTCS
IpyTHE TIOXO/BI.

ANTOPUTMBI TIEHTPAIN30BAHHOTO M KOJUIEKTHBHOTO IJIAHUPO-
BaHUS HAxXOJAT MPHUMCHECHUE B CHCTEMaxX YIPABJICHUS TPYyIIIaMU
poboros [8, 18, 20, 21, 26]. B cucreme ALLIANCE [21] paccmart-
pHBaeTCs pacnpeie’eHne 3aIaHuil B TPYIIEe pa3HOPOAHBIX POOOTOB.
Hcnonb3yroTest anropuT™bl, OCHOBaHHBIE Ha «OKaJHOM» TOAXOJIC, B
KOTOPOM Ka</IbIii pa3 Cpea HEBBITOJIHEHHBIX 3a/IaHUI BEIOMpaeTCS
TO, KOTOpO€ TMOTpeOdyeT HauOONBIINX WM HaWUMEHBIIUX 3aTparT.
Pazsutne stoit cucremsl, L-ALLIANCE, ucnons3yer MeXaHU3MBI
MalIMHHOTO OOYy4YeHHUsl i1 TOTO, YTOObI YYUTHIBATH Pa3jiMyus B
crocoOHOCTAX poboToB. B  pabore [8] OlHCaHa CHCTEMA
GRAMMPS, B KOTOpO# IPOMU3ZBOIUTCS IEHTPAIU30BAHHOE TIIaHU-
poBanue. Jlisi penieHusi BOZHUKAIOMINX 3329 AUCKPETHOW ONTHMH-
3allid TIPEAJIaraeTcsl UCIOIb30BaTh MOJHBIE WM YaCTUYHBIE perle-
HUS B 3aBUCUMOCTH OT pa3Mepa 3a/1auu.

OkcnepumentanbHblii poekT CENTIBOTS [20] mocsimén
yIpaBieHUIO Tpynmnold Ooyiee yeM M3 cTa POOOTOB AJSl pEICHHS
o0cieoBaTenbCKUX 3a7ad B MOMEUICHHH. B KaKplii MOMEHT Bpe-
MEHH B CHCTEME HMeeTcsi HaOOp HEMOJBIKHBIX Ielied, KOTOpbIe
HEOOXOJIMMO TMOCeTUTh. [TaHupOBaHWE MOXET OCYNIECTBISTHCS B
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IBYX PEXHMax: HEHTPaIU30BAaHHOM M KOJUIEKTHBHOM. B meHTpanu-
30BaHHOM pEXHME IUIaH IMOCEIIEHHs LEeNeil CTPOUTCS Ha OCHOBE
npubmmkEHHOro pemeHus 3agadd MTSP ¢ ucnons3oBanuem «kan-
HOro» anroputMa. KonnekTuBHOE IUTaHUPOBAaHHME OCHOBAaHO Ha
MeToAe aykuuoHoB. Ilpu 3ToM oTmeuaercs, yTO B Hayane pabOTHI
CUCTEMBI 00BEM TMeperaBaeMbIX 00 ayKIHMOHAaX COOOIICHWH CTOIb
BEJIMK, YTO MPOMYCKHAas CIIOCOOHOCTh KOMMYHHUKAIIMOHHOW CeTH
oKa3bIBaeTcs HemoctatouHor. Cucrema MissionLab ucmonb3yercs B
Georgia Institute of Technology s ympaBiaeHusI pasHOPOIHBIMU
(meTaTtenbHBIMU, HABOAHBIMH, TOABOJHBIMH) ammapatamu. Jns
pemenns 3agaud MRTA B Hell ncnonbp3yercs ayKIIMOHHBIA METOJ
[26].

3amaya pacrmpeneseHusl 3aJaHuil Tpu yNpaBICHUU TPYMION
AHIIA Ttakkxe paccmoTrpena B pabotax [4, 11, 19, 27]. B paborte [4]
HCCIIEI0BAHA 3a7ada, B KOTOPOM 3aJaHO MHOXECTBO TOYEYHBIX
LeJiel Ha IUIOCKOCTH M HEOOXOOUMO pa3paldoTaTh IUIaH MOCEIEHUS
KaK MO>KHO OOJIBILIETO MX KOJUYECTBA armnapaTaMu rpynnbsl. CTaBUT-
cs 3amaya MTSP, nis pemieHust KOTOpOl HCNONB3YETCsl TEHETUYe-
CKUIl aJropuT™, MO3BOJIOIIMN TMOKO 3aJaBaTh OTPaHUYEHUS Ha
TpaeKkTopuH anmnaparoB. Pabora [11] Takxke mocBsieHa NOCTPOSHUIO
miaHa Juisi mocemienus rpymnmoit AHITA HECKONBKUX TOYEHHBIX
nened. IIpu 5ToM HakIaABIBAacTCSl OTpaHUYEHNE HAa KPUBHU3HY TPAcK-
topuii AHITA u mpesaraeTcss UCIOJIB30BaTh AYKIIMOHHBIN METO/I.
ANTOPUTM M3 3TOTO CeMelcTBa MpuMeHEH u B pabdorte [27]. B [19]
paccMaTpuBaeTCs peLIeHUE 3a1a4l ONTHUMHU3ALMHI [TOopsiiKa 00cIen0-
Banus ¢ nomoimbio AHITA HeckonbkuX IUIOMIAAHBIX YYAaCTKOB Ha
OCHOBE METO/I ONTUMHU3AIUN KKOJJOHUEN MYpPaBbEBY.

3. 3adayva noucka n1oKanbHbIX HEOOHOPOOHOCcMel

Paccmotpum 3amady oOciie/oBaHUs aKBaTOpPUH HAa OCHOBE HC-
nop30Banus rpynnsl AHITA ¢ 11enpio BRISBICHUS B HEH JTOKATBHBIX
HeoJiHOpoiHOCTeH. [lonokumM, 4TO 3a/1aHa HEKOTOpask NPSAMOYIOJib-
Hast 00macth A = {(X, ¥): X1 <X <Xz, Y1 <Y <Y}, KOTOpYyIO HE0O0XO-
JUMO OCMOTPETh C MOMOIIbIO FPYIIBI U3 M MOABOJHBIX aNMapaToB
Ha npeamMet Hamuaus JIH. Tlpemmaraemsrii anroputM oOcieaoBaHMs
BKJIFOYAET TPH 3Tara.
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Irtan 1. [IpenBapurensHbIii ocMOTp «rpyObIM» MearapoM. O0-
nacTh A pa3domBaeTcs Ha M YacTe B COOTBETCTBUU C YHUCIIOM HMMEIO-
mxcs AHITA (puc.1):

i—1 i
A={(XY)r X <X<X,, Y, +?(y2 Y)Yy +E(y2 -y}

Puc. 1. Ilpeosapumenvhwiii ocmomp 3a0antoli obracmu «2pyovimy
MeanOpom ¢ nomowbro mpex AHIIA.

CdopmupoBanHbIE TPSIMOYTOIBHBIE 00JaCTH PacIpeiemsTtoTCs
MEX/Ty IOJBOJHBIMH alllapaTaMd W OPTaHU3YETCS MOKPHITHE Kax-
oM obmacth A; TOPM3OHTAIBHBIM MEaHAPOM ¢ ImaroM h mexmy
rajgcamu. Illar h BeiOMpaeTcs paBHBIM IOJIOBUHE pa3mMepa MUHH-
MaJbHON 00JIaCTH, KOTOpask MOXeT paccMaTpuBaThes kak JIH.

Jtan 2. Ha ocHOBe Mpon3BeIEHHBIX BCEMU MTOIBOIHBIMH aIliia-
paraMu M3MEpPEeHUH Co3/aeTcsi CIUCOK TOYEK MepeceyeHrs: TPaHuI]
JIH. B nannbix toukax tpaekropun AHIIA mepecekaroT U30JUHUM,
COOTBETCTBYIOIIHNE 3aJaHHOMY IMOPOTY W3MEPIEMOTo TapaMerpa
BOoJHOW cpenpl. Ha ocHoBe maHHOro Habopa Touek rpy0o ¢opmu-
pyroTcs cBs3HbIe 00acTy JIH 1 orieHMBaeTCst MX KOJTUIECTRBO.

Ucnonb3yercs creayromuii anroput™ GOpMUPOBAHHS CBSI3HBIX
obmacTeil Mo HabOpy MapajuIeNbHBIX cedueHuid obmactei JIH Tpaek-
topusmu AHITA. Kaxnaerii npuragnexammid odmactu JIH otpesok
NpebIAYILEro MapaieNibHOro rajica Meanapa (BEpXHHUH OTpPE30K)
COIOCTABIISIETCS ¢ KaXIbIM MpHHaaiexkamum obnactu JIH orpeskom
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TEKYIIEeTO MMapaijielbHOTO rajca MeaHzapa (HIKHUE oTpe3ok). Can-
TaeTcs, 4TO J(Ba OTpe3Ka MPHHAIICKAT OJHOW OOIACTH, €CIU BbI-
mosiHeHo ycioBue (Aj-By)-(Ax-B1)>0, rme A;, By u A, B, — xoopau-
HATHI JIEBBIX W MPaBBIX IPAHUIl BEPXHETO U HIKHETO0 OTpe3KoB. Ha
pHC. 2 TpHBEJCHA BHU3yallU3allls PE3yJIbTAaTOB TOCIE MEPBBIX JIBYX
1aroB paboThI TPYIIIOBOTO allTOPUTMAa JJIsl pHMepa Ha puc. 1.

Puc. 2. Busyanuzayus pe3yismamos nocie nepevix 08yxX uacos
pabomwl 2pynno8oco aneopumma.

Jran 3. Opranusyercs AeTaIbHOE 00CIeI0BAaHNE BBIIEICHHBIX
JIH ¢ uenpl0 yTOYHEHHMS MX Pa3MEPOB M MECTOMOJIOKeHUA. Jliid
¢dopmupoBanus Tpaecktopun newxenus AHIIA Brone rpanun obia-
creit JIH umcmonp3yercss KycouHasi ammpoKCHUMalUsl TPaHULBl Ha
OCHOBE HECKOJbKUX TOCIEAHUX TOYEK IepeceueHus] TpPaHUIIbI.
OxoHTypHBaHHE 00JACTH CUUTAETCS 3aBEPIICHHBIM, €CJIU OJHOBpE-
MEHHO BBIIIOJIHEHBI /IBa YCJIOBHS: [UIMHA TPAaeKTOPHHM OKOHTYpHUBA-
HUsl OOJIbIlle HEKOTOPOrO 3aJaHHOIO 3HAYEHHS M PACCTOSHUE OT
TOYKH CTapTa J0 TOYKH OKOHUYAHUS OKOHTYPHUBAaHHUS MEHBIIE HEKO-
TOPON KOHCTAHTBHI.

Brinenenue 3-x MepHOIl 00J1aCTH BO3MOXKHO BBIIIOJHUTH MyTEM
JIOKAJIM3allY €€ TPaHUII, TIOJTyYeHHBIX IOCPEICTBOM CedeHHUs 00a-
cti JIH HecKkombKMMH MapajuIeIbHBIMH IIOCKOCTSIMH, COOTBET-
CTBYIOLIMMH OIpeeleHHBIM (DUKCUPOBaHHBIM Ti1yOuHam. OnpHako
MPU 3TOM MPOJOJIKHTEIBHOCTh ONEparuu OyJIeT NPUOIU3UTENBHO
JINHEHHO BO3pacTaTh C KOJMYECTBOM TaKHUX IUIOCKOcTed. Bmecto
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3TOTO MPEATIONAraeTcs BHIMOIHUTh OKOHTypuBaHue JIH mist Hexoro-
poro HauboJsiee BEpOATHOTO 3HaUCHUS rTyOrHbI g, KOTOpas mepece-
KaeT uHTepecyronme Hac oonactu JIH.

Kaxnpriii pa3, korzna 3akaHIMBacTCsl AByMEPHOE OKOHTYPUBAHHE
ouepenHoii JIH, cnexyer onenuts ee o6beM u 3D dopmy. s sToro
WCTIONB3yeTCs cienyromas npouenypa. [Ipenmonoxnm, 9To B mpo-
1ecce JByMEPHOTO OKOHTYpHMBaHMsI mojydeHa oOmacte (2. 3atem
HaxoJWTCA Mapa HauOoJiee yAaJeHHBIX APYT OT JApyra TOYeK IpaHu-
el obmact QQ (a u b). Ilpu aToM 0oTpe3oK, coemauHsIomuil a u b,
JIOJDKCH OBITh IIEJTUKOM pacmojiockeH BHyTpu oOnactu JIH. [lanee
MPOU3BOJUTCS ABYMEPHOE OKOHTYPHBAaHUE B BEPTHKAJIBLHOMN TIIOCKO-
CTH, TIpOXojisieii uepe3 Touku @ u b. Takum obpasom, Oyaer mosy-
YEHO CeYeHHE MCKOMOW TpeXMepHOW 00JacTh JBYMs MEPICHAMKY-
JISPHBIMH IIOCKOCTSIMH (CM. puc. 3).

1
<

Puc. 3. Cxema oxonmypusanusa Puc. 4. Cpez JIH nnockocmyio,
8 08YX NepNeHOUKYIAPHBIX nepneHOUKyIapHOU Ouamempy.
NJIOCKOCHISIX.

g momydenus onepaTUBHOM onieHKu o0beMa JIH, BeImomHseT-
Csl anmpoOKCHMAalus TpaHuLl (Uryp, OOpa30BaHHBIX CEUYECHUSIMHU
obmactu JIH BepTHKaNbHBIMU TUIOCKOCTSIMH, TEPIICHINKYIISIPHBIMA
ocu Ox. Ilpu 3TOM Kakias JTMHUS CEYSHHS ONUCHIBaeTCA (yHKIMEH
p(p), 3a1aHHON OTHENBHO B KaKAOH YETBEPTU B MOJSIPHBIX KOOPIHU-
Hatax. OHa WCMONb3yeT TOYKH mepecedeHus: ¢ ocsmu Oy m Oz —
A(X), B(x), C(x), D(x) (cm. puc. 4) u umeet Bua
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p(@) =E2cos® o+ F2sin’ g,
rae it mepsoit uetsept E=A(X), F=B(X), misa Bropoit — E=B(X),
F=C(X), mms tpeTneit — E=C(X), F=D(X) u mis gerseproii — E=D(X),
F=A(x).

3aTreM pacCUMTHIBAIOTCS IUIOLIANM TONYyYEHHBIX (UTYp H, Ja-
nee, oueHuBaercs 00beM obsiactu JIH myTeM umciieHHOro MHTErpu-
poBaHusl. [ OLEHKH KOJIMYecTBAa PaCTBOPEHHOI'O B BOJIE BEIIECTBA
MIO/IBOAHBIE amMapaThl COBEPUIAIOT JIONOJIHUTEIbHBIE CKBO3HBIC
nepeceuenus obnacteir JIH. Ha ocHoBe monydeHHO# ammpokcuma-
UM (YHKIMM KOHLEHTPALMM PAacTBOPEHHOTO BELIECTBA BHYTPHU
obnacteit JIH BhIMONHSAETCS OIIEHKAa KOJHYECTBA COAEPIKAILETOCS B
obmactu JIH BemiecTBa Take MOCPEACTBOM YHCICHHOTO WHTETPH-
pOBaHUsL.

4. MnaHupoeaHue 2pynnoeol pabomui AHIA

B ofmem ciyuae moj IMiiaHMpOBaHUEM TOHMMAETCS MPOLECC
BBIPAOOTKH MOCIEN0BATENBHOCTH IEHCTBUM, MO3BOJISIOIINHN BBIOJI-
HUTh MOCTaBJIEHHYIO 3ajady. B ciyuyae miuaHupoBaHHs ACHCTBUI
TPYNIUPOBKH pOOOTOB 3TOT MPOIECC COCTOUT M3 HECKOJNBKHUX Ya-
creit. [Ipu 3TOM HEOOXOIUMO TPOU3BECTH «JICKOMIIO3UIIUIO IICITNY,
pa3buB e€ Ha 3amaHMs. 3aTeM CIEAyeT BbIpaboTaTh MOCIEeI0BATENb-
HOCTb BBINOJIHEHHS 3aJaHUi aisi Kaxzporo pobora. Cpenu Beex
IUTAaHOB TpedyeTcsi BHIOpAaTh TOT, KOTOPBI MUHHMHU3UPYET HEKOTO-
pelii (yHKIMOHAN (HampuMmep, cyMMapHbid mpooder Bcex AHIITA).
Hakonern, crnemyer OCyIIECTBIATH KOHTPOJIb HAJ BBITOJHEHHEM
IJJaHa U €ro KOPPEKTHPOBKY B CIyyae BO3HMKHOBEHHUS HETpPEIBH-
JICHHBIX CUTYyaIuH.

[Ipu pemeHnn paccMaTpuBaeMoil HaMy 3a1a4d (2 UIMEHHO, IPU
BHIMOJIHEHWM dTamna 3), [eNblo sBIseTcs oO0cieoBaHue BcexX
HalZIeHHbIX Ha TpenBaputenbHoMm dtane JIH. Camas mpocras ne-
KOMIIO3MIMS LIENH — 3TO OTAeNibHOe oOcnenoBanue Kaxnaod JIH.
MOoXHO Npou3BecTH elIé OOJNBIIYIO ETaTH3aUMIO eI U PacCMOT-
peth obcnemoBanue Kaxmoil JIH kak Tpu HE3aBUCHUMBIX 3aJaHUS:
TOPU30HTAIBHOE OKOHTYPHUBAHME, BEPTUKAIBHOE OKOHTYpPUBaHHE U
CKBO3HOM mpoxoJ1. byneM npuaepxuBaThCsl NPUHIUIA HEAEIUMOCTH
3aJJaHui: KaxJioe 3aJlaHue TpeOyeT HENpephIBHOTO BBHIMOJHEHHS OT
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Havana 70 koHra u ogqud AHITA He MOXeT IpUCTYIUTh K BBITIONTHE-
HHUIO HOBOT'O 33JIaHNUs, HE OKOHYUB MPEABIAYLIETO.

Wmest Habop HepenMMBIX 3alaHU, HEOOXOAMMO paclpeIesIuTh
X MEXJy amnmnapaTtamHi U BBIOpaTh MOCIEI0BATEILHOCTh UX BBIOJI-
HeHus. [lpn paboTe HECKONBKUX amlmapaTroB HEOOXOIUMO CKOOPIIH-
HUPOBATh WX JESATENHFHOCTh TaKHUM OOpa3oM, YTOOBI 1O BO3MOXKHO-
CTM MUHUMM3HPOBATh BpEMs, HEOOXOAMMOE sl BHIIOJHEHUS BCEH
muccud. [lockonsky napamerpel JIH 3apanee HeW3BECTHBI, HEJb3s
TOYHO OIIPEAEIUTh BPEMs, KOTOPOE 3alMET BBIIOJHEHUE KaXKIOTO
3amaHus. byneM oleHuBaTh €ro, UCxonsd M3 OIEHKH pa3mepoB JIH,
MIOJIy4YEHHBIX Ha JTarne 2.

[Ipu mocTaHOBKE 3aJa4d ONTHMH3ANUKA HEOOXOAMMO YYECTb,
YTO HUMECTCA HECKOJBKO BAapHUAHTOB BBIIIOJIHCHUSA. HaHpHMep, HE
HUMECT 3HAYCHUA, B KaKOM HAIIPABJICHUH OCYUHICCTBJIATH CKBO3HOM
mpoxoj. Takum 00pazoM, MOXKHO TOBOPUTH O TOM, YTO TPH W JIO-
KaITbHBIX HEOJHOPOJHOCTSX MMeeTcss 3W 3a/laHui, KaKJ0e U3 KOTO-
PBIX OOJIKHO 6I>ITI> BBITIOJITHCHO OJHHUM U3 alllaparToB. HpI/I 3TOM
3a1aHHsI UMEIOT Pa3JIMYHbIC BAPUAHTHI BBIIOIHEHUS, OTIAUYAOIINECS
HayalbHbIMM M KOHEUYHBIMH TOYKAMH, U KaXKIO€ 3aJaHUE HMEET
OLICHKY BPEMCHU €I'0 BBIITOJIHCHUA.

IIycte uMeercs m annapatoB U N 3agaHui. M3HavanbHO (-bIi
armapar HaXOJUTCS B TOYKE Sq TPEXMEPHOro mpocTpaHcTsa. s i-
OO0 3aJaHMs W3BECTHO Vi BAPHAHTOB €ro BBIMOMHEHUsA. Jlamee, j-brif
BapHUaHT BBINIOJIHCHUA i-OFO 3aJaHrsd XapaKTCpU3yeTCsa HavaJbHOM
TOYKOH &jj B TPEXMEPHOM IPOCTPAHCTBE, KOHEYHOIl Toukoil by m
BPEMEHEM BBITIOJIHEHUS ljj.

Hazosém NIaAHOM amnmapara KOPTEX nap

p = (i1, ju), (i2, J2)s -, (ippps Jjpp) Taxoidt, uro 1, €l.n, j, el..Vik TS
Bcex K €1..|p|. BeimonHeHne miaHa (-bIM ammapaToM HaunHAETCS B

TOYKEC Sq. Braauaine afrapar nepexoauT K TOUKE ailjl W BBIIIOJIHACT

ji-p1it BapuaHT 3ajanus ii. 3aTeM anmnapar NepexouT K TOUKe &; ; M

T.A. BrimmonHeHue miaHa 3aKaHYMBACTCS B TOUKE bil el Hpennona—
P3P

raercsi, 4ro Mepexo] MeXIy TOYKaMH IPOCTPAHCTBA OT OJHOTO
3aaHud K IpyromMy 1 oT HaYaJILHOM TOYKH BBITIOJTHIETCS 110 OTPE3KY
MpsIMOH (T.€. UCIONB3YeTCS €BKIWAOBO paccTosiHue). Takum obpa-
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30M, BpE€Ms BBIIIOJIHEHU IUIaHA P ammapaToM ¢ HOMEPOM (] COCTaB-
JISIET:
| pl 1 | pl

(@=L, +\7(p(sq,ailh)+Zp(bimjk4 85 ))
k=1 k=2

rae V — ckopocTh ammapara mpu CBOOOIHOM HMEPEMEIIECHUN MEXTY
TOYKaMH TIPOCTPAHCTBA.

HazoBéM obwum naanom xoptex twiaHoB P = (Pg, P2, ..., Pm)
TaKoM, 4TO KaXI0€ 3a[JaHKe BCTPEUAeTCs CPEIH €ro MIAaHOB POBHO
OJIMH pa3 W POBHO B OJHOM BapHaHTe. BpemMeHeM BBIIOTHEHHS

obmero mnana Hasosem t(P)=maxt,(p,), mockomeky muccuto
gel.m

MOXHO CUUTaTh 3aBEPLIEHHON TOJIBKO IIOCJIE TOTO, KaK BCE ammapa-
THI 3aBEpIIWIN PadOTy. 3aa4a COCTOMT B TOM, YTOOBI TIPU M3BECT-
HBIX HAYaJIbHBIX IOJOKEHHSAX aIapaTroB, W3BECTHBIX 3aIaHUSIX U
BapHaHTaX WX BBIMOJHEHUs HAWTH oOmmMi TuiaH P, MUHUMU3HpYIO-
it t(P).

5. PeweHue 3adayu onmumu3sayuu

3amava cocTaBieHHs IUIaHa cxoiHa ¢ 3amader MTSP, mia ko-
TOPOW CYIIECTBYIOT METOABI TOJYyYeHHs] KaK TOYHBIX, TaK W TpHU-
OMMKEHHBIX peLIeHHH, KOTOpbIe OmucaHbl, Hampumep B [25]. Pac-
CMOTPHM [IBa aJIrOPUTMA peIICHHs JAHHOMU 3a/1a4H.

[lepBBIif anropuT™M AOCTaBIsSE€T TOYHOE pemieHue 3amgaud. OH
OCHOBaH Ha HJiee TUHAMHUYECKOTO MPOTPaMMHUPOBAHUS U MPEJICTAB-
nseT coboi Momudukanuio anropurMa Xenbaa-Kapna [16], pemra-
foutero 3axauy 1SP. B anropurme Xenpna-Kapna cocrosiHue cucre-
MBI OIKCHIBACTCS TOCNEAHEeH 00paboTaHHOW BepIIMHON rpada u
MOJIMHO’KECTBOM YK€ MOCEIEHHBIX BEPIIKH.

C noMompi0 IBOMYHOTO IMOMCKA 3aJada CBOAMTCS K CIEIyIo-
miell: HaWTU TMJIaH cCO BpPEeMEHEM BBINIONHEHUs He Oonee T, nmubo
YCTaHOBUTh, UYTO €ro He cyulectByeT. JlJisi pelieHust nocieaHen
3aJauyd NPUMEHUM METOJ JUHAMHUYECKOro MpPOTrpaMMHUPOBAHUS.
PaccmoTpuM mociieioBaTenbHOE COCTABJICHUE TUIAHA IS KaXXJIOTO
MOJIBOJTHOTO armapara, mpy 3TOM OyJieM OCYIIECTBIISTh JIUIIb TaKUe
MEepexo/bl, IPH KOTOPHIX BpeMs BBINOJIHEHUS He mpeBbicutT 1. Co-
CTOSIHUE CHCTEMBI OITMCHIBAaeTCs TPOHKO# (Q, S, U), rae g — HOMep

11
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TEKYIIero ammapara, S — IOJAMHOMKECTBO 33/IaHHUH, KOTOpBIE YKe
BKJIFOUCHBI B IIaH, U — HOMEpP BEpIINHEI, B KOTOPOW B KOHIIE TEKY-
miero TiaHa OyneT HaXOMUThCs ammapaT ( (BepIIMHA MOXET OBITh

000t 13 Zia Vi +M Bepunu Habopos b u s).

Hanee monoxuMm, uro tr(q, S, U) o0o3HavaeT MHHHUMAIBHOE
BpeMs IUTaHa IS (-oro ammapara B coctosauu (¢, S, U). Ilepexon B
HOBOE€ COCTOSIHHE — 3TO JIHOO BBIOOP OYEPEIHOTO 3aJaHHMs, HE MPH-
CYTCTBYIOILETO B S, KOO Mepexo/] K COCTABJIECHHUIO TUIaHA IS arlla-
pata g+1. Takum 0Opa3om, UMeeM:

0, ecmmin t; (q—1,S,u) # o
tT (q’ S!S ) = u

1)
O, €CJIM COCTOAHNC HC JOCTIKHMO

. . 1
tr (9, S,by) =1 + min(t; (g, S \{i},s )+\7|5q -,

min min (0,5 V%) +7 15y, ~2 D),

i, eS\{i} jpel.v,
rae | €S. Tlpu 3TOM Tepexoibl OCYMIECTBISIOTCA TOJBKO B TOM
cilydae, eciii moirydaemoe 3uauenwue tr(g, S, U) e mpeBocxoaut T.

Cxema anroputma Juis pukcupoBaHHOro T TakoBa. MHuImanm-
supyercst 3naueHue tr(1, {}, $1)=0 u t; a1g Bcex ocTaqbHBIX HHICK-
COB BBIYHCIIICTCS B TIOPsIKE HEyObIBaHHS (| ¥ HEYObIBaHUS |S| st
(UKCUPOBAHHOTO (.

Bropoii anroput™ npeactaiser coboil MOTUPHUKAINIO ayKIIU-
OHHOT'0 METOJIa JIJISl [ICHTPATU30BAHHOIO TUIAaHUPOBaHus. B 1aHHOM
cllydae BCe MMEIONIHECS 3aJaHus yrmopsgounBaroTcs. Kaxmoe oue-
penHoe 3aJaHMe BO BCEX BAapHAHTAaX BBITIOJIHEHHUS I00aBISETCA K
YK€ CYIIECTBYIOIIEMY YaCTHYHOMY IIJIaHYy KaXJIOro armapara.
Anmapar, UMEIOINH MUHUMAIbHYI0O CTOUMOCTh YAaCTHYHOTO IUTaHa
MoCjie BCTABKH HOBOTO 3aaHusl, OOBSABISIETCS BBIMTPABIIMM «AyK-
IUOH» U 3aJ]aHue Ha3zHayaeTcsi eMy. TakuMm o0pa3oMm, JUIs KaxJIoro
3aJaHus TiepeOupaeTcs:

e anmapar, KOTOPOMY CJIeIyeT Ha3HAYHUTh 3a1aHHE;

® TIO3HUIIKsI HOBOTO 3a[aHMs B TEKYILEM IIJIaHE arapara;

® BAPUAHT BBITOJHEHMUS 3a1aHHs, KOTOPBIi CIeIyeT IPUMEHHUTb.

ITpu paboTe B peanbHBIX YCIOBHSIX BO3MOKHO BO3HHKHOBEHHE
HETPEJBUICHHBIX cuTyaruid. K HempeaBuaeHHBIM CUTYAIMSIM MOXK-
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HO OTHECTH Oollee I0NToe, YeM IIAaHUPOBAJIOCh BPeMs BBIIOTHEHUS
3aIaHMsI WIIH OTKAa3 OMHOTO M3 ammapaToB. Beixom AHITIA u3 crpost
(c mocnenyromuM BCIUIBITUEM) CIYYaeTCs MO PSAY MPUYUH: CTOJK-
HOBeHHE ¢ penbedom, cooit [10, aBapuiinas curyarmst Ha Oopty. B
pabote [22] u3naraercst OMBIT BBIMOJHEHUS MOUCKOBON OIEPAIUK C
ncrionb3oBanueM Tpéx AHIIA omgHoBpemenHo. [Ipu sTom Gosee dyem
W3 COTHH IIYCKOB MPHUOIM3UTENHHO TPETh 3aKaHYMBAJIach HEYAAYHO.
[Ipu BBIXOAE ammaparta w3 CTPOS BaXXHO, YTOOBI OCTaJIbHBIE arIapa-
THI TPOJIOJDKIIIN BBITIOJIHATE MHCCHIO, TIPOU3BE/S MepeIuTaHnpOBa-
Hue. MBI He paccCMaTpUBaeM CUTYAIMIO BBIXOAA U3 CTPOS LIEHTPajb-
HOTO y37a.

[Ipeanonaraercs, 4ro ¢ HEKOTOpoil nepuonuyHocthio AHITA
NepelatoT UEHTPAIBLHOMY Y31y aKycTHUecKuid curdai. Eciu anmapar
HE Tepenaj CUTHaJ B TEUEHHE JOCTaTOYHO JUIUTENHHOTO BPEMEHH,
TO TIPUHUMAETCS pPellIeHue O TeperuiannpoBannu. [lpu aTom Bee emé
HEBBITIOTHEHHBIE 33/IaHUS TIEPEePACIIPENCTISIOTCS, ¥ HOBBIE IUIAHBI
pacchuIaloTCA anmapaTam.

B cooTBeTCTBHM C MPUHIIUIIOM HEAESTUMOCTH 3alaHUH, TIPH TIe-
PEIUTaHUPOBAHUH CIIENYeT yUeCTh, YTO HEKOTOPHIE aImaparhl MOTYT
6I>ITB AOOCTYIHBI HE Cpa3y, a TOJBKO IMOCJIC 3aBCPUICHUA UX TCKYIIUX
3aJaHui. JTO BJIEYET K MPOCTHIM MOIU(PHUKANUSAM B MPUBEAEHHBIX
BEIIIIE AITOPUTMAaxX TUTAHUPOBaHUA. B obmieM cirydae, IeHTpaIbHBINA
y3€] JI0JDKEH OCYIIECTBIIATH MOCTOSHHBINA KOHTPOJIb HaJl BBIMTOJIHE-
HUEM IJJaHa ¥ €CJIHM IPOUCXOAUT JIOCTaTOYHO CHIIBHOE OT HEro
OTKIIOHEHHE, CIIEAYET BBITIOIHATH ITepeTIaHUPOBAHHE.

6. Hekomopsie pe3ynsmamsbi Modesniupo8aHusi

i uccnenoBaHus MPEUIOKEHHBIX aJrOPUTMOB OBUIO BBIMOJI-
HEHO KOMIIBIOTEPHOE MOJETUpoBaHME UX paboTel. Ilpm sToM st
pacueta nepememienuss AHIIA wucnonp3oBanack KuHeMaTHYeCKas
MOJIENIb C OTPAHWYEHHBIMH JUHEHHOW W YTJIOBBIMH CKOPOCTSIMHU.
JlokanbHbIe HEOJHOPOIHOCTH OBLITH 33/IaHBl aHATUTHIECKOH QopMy-
JIOH.

Monenupymomas cucTeMa MpeACTaBiIseT co00i MPOTrPaMMHYIO
cpeny, B CTPYKType KOTOPOUM MMEIOTCS TaKhue MOMIYJH, KaK MOJIEIh
cpenbl, MOJENb ammapara, MOJedb IMOBEACHUS U Ipouee. Takum
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0o0pa3oM, CTPyKTypa IOIy9eHHOW CHCTEMBI IO3BONISIET ee MOoAupu-
LMPOBATH JJIA MpUMEHEHNA K pa3HbiM Turam AHITA.
Paccmotpum paboty Mopenu B 00beMe, OTPaHHYCHHOM Tapal-
nenenunenoM {(X, Yy, z): 0 <x <700, 0 <y <500, 0 <z <300}.
AHanuTndeckoe BbIpakeHne i ommcanus JIH wmeer Bun
(puc. 5):

f(a)=i pi

i1 +a-v; |2,
p = (5000,5000,5000,4000,5000) ",
q = (5000,5000,5000,5000,5000),

150 350 400 610 620
v, =| 250 |,v, =| 320 |, v, =| 200 |, v, =| 100 |, v, =| 400
150 150 150 120 180

IR

~.§{\\\§y 3 )
\\}: .

AW

N
Puc. 5. Busyanuzayus ¢hynxyuu, mooenupyrouerl 10KaibHvle Heoo-
HOPOOHOCHIU.

Hnst okonTypuBaHus obnacreit JIH mcnons3zoBancst mopor 3Ha-
4yeHus1 nong Ha ypoBHe 0.7, KONMMYECTBO MOJBOJHBIX aNlapaToB B
9KCHEpUMEHTE OBIJIO BBIOpAaHO PaBHBIM TpEM, IIar MeaHApa ObLI
npuHsaT paBHbIM 50. B kauecTBe paboueit rmyOHHBI OBLIIO BHIOpaHO
3gauenue dy = 150.

[locne npeaBapUTeNbHOrO MPOXOAA MEAHAPOM OBIJIO BBISIBICHO
TpHu obnactu JIH. 3arem mociie ropu30HTaILHOIO U BEPTHKAILHOTO
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OKOHTYpPWBaHUS | Mpoxoja depe3 obnacts JIH Ha ocHOBe momy4eH-
HBIX MOJETBHBIX M3MEPEHUI Oblla MpPOW3BENCHA OICHKAa 00BHEMOB
BhIIeNIeHHBIX obnacteit JIH n maccrl cofepikalierocsi B HUX pacTBo-
PEHHOrO BellecTBa. [ 3TOro HCMoIb30BaINCh YUCIEHHBIE METO/IbI
WHTETPUPOBAHMSL.

Janee mccreqoBanoch, HaCKOIBKO TOYHBIM SBISIETCS TPEIIIO-
KEHHBII METO/ OIICHKH YKa3aHHBIX BBIIIE MapameTpoB. [lomydaemas
OIMOKa CKIIAbIBACTCSA M3 OMNOKYA OKOHTYPHUBaHUS (OHA 3aBUCUT OT
TPAeKTOPHUH, KOTOPasl MOTydaeTCsl IOCIe CTIIaKUBAHU) U OT OMIHO-
KM CaMOTO METOJla BBIYHMCICHHUS o0beMa (3Ta OIMOKa 3aBHCUT OT
BBIOpPaHHBIX MJIOCKOCTEH cedeHus u 0T GopMbl o0nacTu). BrisicHeHO,
YTO CyMMapHas ommOKa B cpeiHeM cocTasisieT okoio 12%. Cneny-
€T OTMCTUTDH, YTO HACTOALIAsA MOACIb HC YYHUTHLIBACT MOIrPCHIIHOCTU
H3M€pCHHI>'I 1 HaBUT'allUU. Amnanorunynas OH_[I/I6Ka OILI€HKU KOJIHNYECTB
pactBopeHHoro B obnactsax JIH Bemecta ocraBiser okono 20%.
JlaHHBIE TOYHOCTH SBISIOTCS JOCTATOYHBIM IS ONIEPATUBHON OIEH-
ku napametpoB JIH Ha npenBaputensHOM 3Tane 00Cie0BaHHUSI.

[Ipu pemennn 3a1a9 IAHUPOBAHUS JIJIHA ITYTH TIPH OKOHTY-
pUBaHUM OIICHWBAJACh KAaK MMEPHMETP MHOTOYTOJBHHKA JUIA KaxI0i
JIH, momydeHHO# Ha 3Tame 2, JJIMHA CKBO3HOTO MPOXOJa OILEHHBA-
JIaCh KaK JIuaMeTp 3TOr0 MHOI'OYTOJbHHKA, a JJIMHA IIYyTH IIPH BEp-
TUKAJILHOM OKOHTYpPUBaHHUM — B T pa3 Ooibmie quamerpa. Ha puc. 6
IpeaAcCTaBJICHbI PE3YJIbTAaThbl pa6OTI>I AJITOPUTMOB TIJIAHUPOBAHUSA JIJIA
JIH, omucaHHOM BbIIIE U COCTOSAIIEH U3 Tpex oOnacteil. B manHOM
cllydae WMeEeTCs JIEBATh HENEIMMBIX 3aJlaHUH, BKIIFOYAIONINX IS
KaXI0W 00JIACTH TOPU3OHTAIBHOE ¥ BEPTHKAIILHOE OKOHTypHUBaHHE,
a TaKke CKBO3HOE MepeceucHue obyactu. Brons BpeMeHHOH mIkaie
0TOOpaKeHBI PE3yJIbTAThI paclpeeicHus 3aJaHni. Pa3pbIiBbl MEKIY
HEKOTOPBIMH 33JJAHUSIMH MUHHMAJBHBI — 3TO 33/IaHUS 110 OKOHTYPH-
BaHHUIO OJHOM U ToM ke JIH. M0o>XHO 3aMeTHTh, UYTO CTOUMOCTD

0 500 1000 1500 2000 2500
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oW
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Puc. 6. ITnanwi, cocmagnennvie npeoodicenHbIMU aleoPUMMamu Ois
cayuas ¢ mpems JIH. 1o 20pu3onmanbhotl ocu OmaosiceHo 8pemsi.
s kaswcooeo annapama pasiudHbIMU MOHAMU OMMeYeHbl NpoMe-
JHCYMKU 8peMeHU 018 8bINONHEHUs 3a0aHULL U 0151 Nepexo0a MexHcoy
sadanuamu’ paboma ancopummos 1 u 2 6 wmamnoi cumyayuu la) u
6)!, nepennanuposanue no ancopummam 1 u 2 npu evixooe annapa-
ma 3 uz cmposi 8 momenm epemeru 300 /8) u 2)l.

IU1aHa, TOJIyYyeHHas: anroputMoM 1 Bcero Ha ~4% HMXKE, YeM CTOU-
MOCTH IJIaHa 10 anroputMy 2. Jlanee paccMaTpuBaeTcs eperiaHu-
poBaHHE B CiIydae, KOrja ammapaT 3 BBIXOAUT M3 CTPOSl BO BpeMs
JBIDKEHHS KO BTOPOMY 3aZaHuio. B COOTBETCTBMM C NPUHIMIIOM
HE/IeTMMOCTH 3ajJlaHui, ammapatsl 1 W 2 MpoA0IDKAIOT TEKYIHe
paboThl, HO JanbHEWIINe WX JCHCTBHS TMEPeIUIaHUPYIOTCS IMOJTHO-
CTbI0. MOHO, HampuMep, 3aMETHTh, YTO CaMO€ TPYAOEMKOE 3aja-
HUE (BEpTHKAJIbHOE OKOHTYpHBaHHME camoi Ooibinoii JIH) mepeme-
1iaercst OT BTOporo ammapara nepsomy. Ciiegyer OTMETHTb, 4TO
anroputMbl 1 12 B JaHHOM ciydae (HOpMHUPYIOT OAMHAKOBBIE MO
CTOMMOCTH IUIAHBI.
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0 500 1000 1500 2000 2500

a)
‘
 —— s i
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2500

Puc. 7. [Inansl, cocmagnennvie npeosodceHHbIMU AN0pummami 0is

cayuas ¢ namvio JIH. Paboma aneopummos 1 u 2 6 wmamnou cumy-

ayuu /a) u 6)/, nepennranuposanue no arzopummam 1 u 2 npu evixooe
annapama 2 uz cmpos 8 momenm gpemenu 720 /8) u 2)/.

3areM OBUIO BBIMOJHEHO MOJEIMPOBaHUE PabOTHI MPEAIOKEH-
HBIX aJITOPUTMOB B CJIy4dac, Korjga MMECTCA IIAThb HpI/I6J'II/I3I/ITeJII)HO
OIMHAKOBBIX 1O pasmepy JIH. B naHHO#N cuTyanum mmeercs NsATHa-
JIIaTh HEJAEIUMBIX 3aJlaHui. Pe3ynbTarsl MIIaHUPOBAHUS MPU LITAT-
Ho#t pabote ITA mpuBeneHsl Ha puc. 7 a) u 0). B manHom ciydae
pasHuna Mexnay 3¢dexkTUBHOCTBIO anroputMma 1 W anropurma 2
Oonee 3amerHa. Curyanus ¢ NeperulaHUPOBaHUEM B Cilydae, KOrjaa
anmnapar 2 BBIXOJUT U3 CTPOsl BO BpeMs JIBIXKEHUS K TPETheMY 3ajia-
HHIO TIPUBE/ICHA HA PUC. 7 B) U T).
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7. BbigeoObI

Pa3zpaboran u ucciemoBaH METOJ JUIA JIOKATH3AINHA W OIEHKH
pasmepoB obnacreii JIH B 3aganHol akBaTOpUU ¢ IOMOLIBIO TPYIIIIEI
AHIIA. Jlns pemenus 3amaun oocnenoBanus JIH npeayioxeno apa
anroput™a IutaHupoBanus padboTsl AHITA m mponsBeaeHO cpaBHe-
HUe WX A(PQPEKTUBHOCTH Ha HEKOTOpBIX mpumMepax. [lpuBeneHsr
pe3ynbTaThl pabOTHl aNTOPUTMOB B Cllydae IIepeIUIaHUPOBAHUS.
Cnemyer OTMETHTH, 9YTO alNTOPUTM 2 HE3HAYUTEIHHO YCTyIMaeT
anroputMmy 1 1mo 3¢pPeKTHBHOCTH [IJIsI pACCMOTPEHHBIX IPUMEPOB, HO
0oJiee MPOCT B peaiM3allii ¥ HAKIIAbIBAET CYIIECTBEHHO MEHBIIINC
Tpe6OBaHI/ISI K BBIYUCIIUTCIIbHBIM peCypcaM CUCTCMBI.

Jlumepamypa

1. BABAK JL.H., HIEPBATIOK A.®. Hexomopvie memoost oye-
HUBAHUS COCMOSHUSA BOOHBIX AKEAMOPULL C UCNONIb308AHUEM A6-
MOHOMHBIX Heobumaemvlx no08OOHbIX annapamog // Mexatpo-
HUKa, aBToMaTu3anus u ynpasienne. — 2010. — No5. — C. 74-78.

2. BABAK JLH., LIEPBATIOK A.®. O6 oonom arcopumme nouc-
Ka UCTOYHUKA NOOBOOHO20 Wielidha, OCHOBAHHOM HA UCHONb30-
sanuu epynnsi AHIIA // YrupaBneHre OONbIIAMU CUCTEMAMH. —
2010. — Beim. 30.1. — C. 536-548.

3. KAIIYCTSH C.I. Aneopummsl KOANEKMUBHO20 VIYYULCHUS
NIAHA NPU pewenuy 3a0ayu pacnpeoeienus yeiell 8 2pynne po-
6omoe Il ickycctBennbrii natemnekt — 2006. — Ne3, — C. 679-
690.

4. KUCEJIEB JL.B., UH3APLHEB A.B., BbIUKOB W.B. u mp.
Cumyayuonnoe ynpagnenue 2pynnupoekol asmOHOMHBIX NOO-
B00HBIX p0OOMOG Ha OcHO8e cenemudeckux arcopummos // Ilon-
BOJIHBIE MCClIeoBanus u pobortoTexuuka. — 2009. — Ne2(8). —
C. 34-43.

5. TIOJJIUIIbAH ILE., MAKCMHUMOB H.A. Muocoghasnouii
aneopumMm pewienus 3a0avu NIaHUposanus noiema epynnvl bec-
nuromuuix aemamenvrvix annapamos // Tpyast MANW. —Beim.
43. - 2011.

6. TV®AHOB UE, III[EPFATIOK A.®@. 06 oonom ancopumme
00C1€008aHUSL TOKATbHBIX HEOOHOPOOHOCTE MOPCKOU CPedbl ¢

18



10.

11.

12.

13.

14.

Cemesvie mooenu 6 ynpasienuu

ucnonvzosanuem epynnvl AHIIA // Matepunansl 4-oii Bcepoccuii-
CKOM Hay4YHO-TexHH4Yeckoil koH(pepeHmmn «TexHmueckne mpo-
0JIeMbI OCBOCHHSI MUPOBOTO OKeaHa». — BmaguBoctok, 2011. —
C. 371-375.

BATALIN M.A., SUKHTAME G.S. Sensor Network-based
Multi-Robot Task Allocation // IEEE/RSJ Intl. Conf. on Intelli-
gent Robots and Systems (IROS2003), October 27-31, 2003, Las
Vegas, USA. — P. 1939-1944,

BRUMITT B.L., STENTZ A. GRAMMPS: a generalized mis-
sion planner for multiple mobile robots in unstructured envi-
ronments // IEEE International Conference on Robotics and Au-
tomation 16-20 May, 1998, Leuven, Belgium — Vol. 2 — P.
1564-1571.

CANNEL CJ., STILWELL D.J.A comparison of two ap-
proaches for adaptive sampling of environmental processes us-
ing autonomous underwater vehicles// Proceedings of the
OCEANS 2005 MTS/IEEE Conference, September 18-23, 2005,
Washington, USA. — Vol. 2 - P. 1514-1521.

CHATTY A., KALLEL I., ALIMI A.M. Counter-Ant Algorithm
for Evolving Multirobot Collaboration // Proceedings of the 5th
international conference on Soft computing as transdisciplinary
science and technology, Cegry-Pontoise, France, October 27-31,
2008. — P. 84-89.

CHOW B., CLARK C.M., HUISSOON J.P. Assigning Closely
Spaced Targets to Multiple Autonomous Underwater Vehicles //
Proceedings of 16th International Symposium on Unmanned
Untethered Submersible Technology (UUSTO09), 23-26 August
2009, Durham, USA.

DAHL T.S., MATARIC M.J., SUKHTAME G.S. Multi-Robot
Task-Allocation through Vacancy Chains // Proceedings of the
2003 IEEE International Conference on Robotics and Automa-
tion (ICRA’03), September 14-19, 2003, Taipei, Taiwan. — P.
2293-2298.

DIAS M.B., ZLOT R., KALRA N., STENTZ A. Market-Based
Multirobot Coordination: A Survey and Analysis // Proceedings
of the IEEE — Vol. 94, Issue 7. — 2006. — P. 1257-1270.

FURCY D., TOMAS G. Designing Effective Heterogeneous
Teams for Multiagent Routing Domains // 2011

19



Ynpasaenue 6orvuwumu cucmemamu. Boinyck ??

15.

16.

17.

18.

19.

20.

21.

22.

23.

20

IEEE/WIC/ACM International Conference on Web Intelligence
and Intelligent Agent Technology (WI-IAT), August 22-27,
2011, Lyon, France. — Vol. 2 — P. 341-348.

GERKEY B.P., MATARIC M.J. A Formal Analysis and Taxon-
omy of Task Allocation in Multi-Robot Systems // The Interna-
tional Journal of Robotics Research — 2004. — Vol. 23, no. 9. —
P. 939-954.

HELD M., KARP R. A Dynamic Programming Approach to
Sequencing Problems // Journal of the Society for Industrial and
Applied Mathematics. —Vol. 10, No. 1. — 1962. — P. 196-210.
HOEING M., DASGUPTA P. Dynamic Pricing Algorithms for
Market based Distributed Task Selection in Multi-agent Swarms
// Proc. IEEE/WIC/ACM International Conference on Intelligent
Agent Technology (IAT’06), Hong Kong. — 2006. — P. 113-116.
HOEING M., DASGUPTA P., PETROV P. et al Auction-based
multi-robot task allocation in COMSTAR // Proceedings of the
6th international joint conference on Autonomous agents and
multiagent systems, 14-18 May, 2007, Honolulu, USA.
HONG-JIAN W., LIN-LIN W., JUAN L. et al Autonomous
Team Mission Planning for AUVs // Proceedings of the
OCEANS 2011 MTS/IEEE Conference, September 19-22, 2011,
Kona, USA.

ORTIZ C.L., VINCENT R., MORISSE B. Task Inference and
Distributed Task Management in the Centibots Robotic System //
Proceedings of the fourth international joint conference on Au-
tonomous agents and multiagent systems, 25-29 July, 2005,
Utrecht, Netherlands. — P. 860-867.

PARKER L.E. ALLIANCE: an architecture for fault tolerant
multirobot cooperation // IEEE Transactions on Robotics and
Automation. —1998. — Vol. 14, Issue 2. — P. 220-240.
PURCELL M., GALLO D.; SHERRELL A. et al Use of
REMUS 6000 in the Search for the Air France Flight 447
Wreckage // Proceedings of the OCEANS 2011 MTS/IEEE Con-
ference, September 19-22, 2011, Kona, USA.

RICHARDS A., BELLINGHAM J., TILLERSON M., HOW J.
Coordination and control of multiple UAVs // AIAA Conference
on Guidance, Navigation, and Control, August 5-8, 2002, Mon-
terey, USA.



Cemesvie mooenu 6 ynpasienuu

24. SUJIT P.B., SINHA A., GHOSE D. Multiple UAV Task Alloca-
tion using Negotiation // Proceedings of the fifth international
joint conference on Autonomous agents and multiagent systems
AAMAS-2006, Hakodate, Japan, May 8-12, 2006. — P. 471-478.

25. The Travelling Salesman Problem and Its Variations / oz pex.
G. Gutin, A.P. Punnen: Springer, 2002. — 830 c.

26. ULAM P., ENDO Y., WAGNER A. et al Integrated Mission
Specification and Task Allocation for Robot Teams - Design and
Implementation // 2007 IEEE International Conference on Ro-
botics and Automation, 10-14 April 2007, Roma, ltaly — P.
4428-4435.

27. YUEYUE D., BEAUJEAN P., AN E. et al Task allocation and
path planning for collaborative AUVs operating through an un-
derwater acoustic network // Proceedings of the OCEANS 2010
MTS/IEEE Conference, 20-23 September 2010, Dania Beach,
USA.

DEVELOPING ALGORITHMS OF AUVS GROUP
BEHAVIOUR FOR UNDERWATER LOCAL
HETEROGENEITIES SURVEY PROBLEM

Igor Tuphanov, Institute for Marine Technology Problems FEB
RAS, post-graduate student (ituphanov@gmail.com).

Alexander Scherbatyuk, Institute for Marine Technology Problems
FEB RAS, PhD, head of laboratory (scherba@marine.febras.ru).

Abstract: A problem of search and size estimation of underwater
local heterogeneities in given area is considered in this paper. We
introduce an approach, which let not only to localize, but also to
estimate 3D-size of heterogeneity and mass of substance, dissolved
in it. We describe a method for planning a work of a group of au-
tonomous underwater vehicles /AUVs/, solving this problem. The
corresponding discrete optimization problem is stated and two
algorithms for it are considered. We also consider a question of re-
planning group actions in case of emergencies during operation.
The results of modeling for considered algorithms are given.
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