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AHHOTanms. PaccMaTpuBarOTCS aHAINTHIECKUE TOAXOABI K PENICHHUIO 33/1a4 IIPOKIAIKH IIyTH C
yuaérom npensitcTBuil. CpaBHUBAIOTCS [[Ba MIPUHINNA AaHAIUTHYECKOTO MOJEIHPOBAHMS IIPETISAT-
CTBHU Ha CIIEHE: C MPUMEHEHHEM METOoJa MOTEHIMANIOB U MyTéM R-yHKIMOHAIBLHOTO MOJAEIH-
poBanusi. [lpuBoanTcs NpPMHOMI (DYHKIHOHAIBLHO-BOKCEIBHOTO KOHCTPYMPOBAHUS CIIOMHBIX
BBIYHCIIUTEIBHBIX MPOLIECCOB Ha MPHMEpe MOJEIHPOBaHus R-QpyHKIMN 00beIMHEHNS WK TIepe-
ceueHusi obiactTi OByX (yHKUuiA. Pa3Ouparorcsi OCHOBBI apu(METHUECKUX ONepanuii Hajx Jo-
KaJIbHBIMH T€OMETPUYECKUMH XapaKTEPUCTUKAMHM, OMUCHIBAIOUIMMHI KOMIIOHEHTHI OHOPOIHOTO
€IMHUYHOTO BEKTOPA JIOKAIbHOW (QYHKIMHU. JIeMOHCTPUPYETCS IPUHLIUIT JCHOPMHUPOBAHUS TAKUX
KOMITOHEHT JUUIsI IPUMEHEHHUS B apU(METHUECKAX AEHCTBUAX, COCTaBIIOMMX R-¢pyHKImio. Pac-
CMAaTpHBAETCs] MOJEIMPOBAHNE CIIEHBI B BHJEC KOMIOHOBKH KOHIIEHTPHYECKHX OOBEKTOB U JIO-
KaIbHOW (DYHKIMM ONMHMCAHMS [ETH TOBEPXHOCTHI0 BOPOHKH B yKa3aHHOH Touke. PaccMaTpuBaeT-
Csl AITOPUTM AMHAMUYECKOTO (hOpMHPOBAHMS MTOTOBOHM JIOKAIbHON (DyHKIMH OOBEAMHEHUS IO-
BEPXHOCTH BOPOHKH C IOBEPXHOCTHIO CLICHBI B TeKyIIel Touke. Ha 0CHOBE HTOrOBOH JIOKAJILHOM
(YHKIMH OTIPENEISIOTCS KOMIIOHEHTHI BEKTOpa HAIIPaBJICHHS TPAJANEHTHOTO IBMXEHUS K 3aJaH-
HOM LieJHu.

KnroueBble cioBa: R-GyHKuns, (QyHKIMOHAIFHO-BOKCEIFHOE MOJEINPOBAHHE, JIOKAIbHAS T€OMETpHYe-
CKasl XapaKTepUCTHKA, JIOKaJbHas (YHKLUS, TPAJAUCHT, OJHOPOJIHBIH BEKTOp, 3a/iadya MOCTPOCHHS IyTH C

NpEeIATCTBUAMU.

BBEAEHME

[locraHoBKka 3agaud MOMCKA IyTH YK€ HMEET
MHOXXECTBO PEIICHUH MPOCTPAaHCTBEHHOTO OIpesere-
HUS TIPEMATCTBHA M TMOCTPOEHHS OOXOJAIIEro WX
mapipyta [1-3]. BoNbIIMHCTBO U3 QITOPUTMOB MTOUC-
Ka IyTH OCHOBBIBAIOTCS Ha NMPHUHIMIIE «IBHKEHHE JI0
ylopay» H3-3a OTCYTCTBHUS HEOOXOIMMOH JUIsl aHaIn3a
uHQOpMaIUK B Kaxoi Touke. K Takum anropurmam
MOYKHO OTHECTH 3BPUCTHUYECKUE ATOPUTMBI, B 4acT-
HOCTH MYpPaBBHHBIN aNTOPUTM, METOJ pOsl YacTHII, a
TAKKe JBOJIIOIMOHHBIN TeHETHYeCKuit anroput™ [4],
KOTOpbIE 3a4acTyl0 CTPOSIT IyTh, HE OOecIeunBaro-
IMA TJIaJIKOCTh, U HE MOTYT NPHUMEHATHCA B psle
MPUKIIATHBIX 33724, TPEOYIOMMX CTIaXEHHOW Tpaek-
TOpYHU ABWKEHWA. K TakuM anropuTtMam TakkKe MOXK-
HO OTHECTH BOJHOH anroputm u aiaroputm A*. Ilo-
3TOMY HE CIIy4alHO TO, YTO 0CO00€ BHHUMAaHUE IOJY-

YUIH aHATUTUYECKUE TIONXOJbI K OMHMCAHUIO CPEIIBI
JUTSL pemieHus 3afadd o00Xxo/la TpemnsITcTBUU. Takoii
Croco0 MO3BOJISIET OMUCHIBATH TEOMETPUUECKUE MOJIS-
U C MaKCHUMAaJIbHOH TOYHOCTBIO U OTOOpakaTh reo-
METPHUYECKHE CBOWCTBA OOBEKTOB CPEIBI JIIST KaXI0H
TOYKH 33JJaHHOW 00JIaCTH CIICHEI.

AHaTUTHYECKUN TOAXOA K pEIIeHUI0 3a7ad Io-
CTPOCHUS MapIIpyTa ¢ y4€ToM CIIOXKHOH KOH(pUTYypa-
LMY TPEMSTCTBUNA TPAAUIIMOHHO CBOJUTCS K 3ajadyam
[IOCTPOCHHUS M aHaju3a peiibea MOBEPXHOCTH (DYHK-
wun f(X, y) = z, rne maOX)ecTBO Touek f(X, y) = 0 omnpe-
JIeJISIeT TPaHMIly ornbaeMoro npensTcrus. M3yuenue
ITOJIXOJIOB K IMIOCTPOCHHIO TAKOTO pesibeda mo3BOIUI0
BBIJICJIATH JIBA TIPUHINIHAIEHEIX HAPABICHUS Pa3BH-
ths: R-pyHKIMOHAIBEHOE MOCTPOCHUE peiibeda Io-
BEPXHOCTH KAaK OCHOBBI JIBUXKEHHUS MO TPAJUEHTy U
MTOCTPOCHUE TOTEHITHAIIBHOTO IOl KaK CYMMBI TO-
YEYHBIX UCTOYHUKOB PACIpPeNeIIeMOTo MOTEHITHaIa —
METOJ MOTEHIUAIOB.
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MeToa NOTEHLMAIOB PacCMaTpUBaeT CyMMY «TH-
nepOOIONIHBIX» (QYHKIMN NPUTSHKEHNS K LIEJN U OT-
TaJIKUBAaHUS OT OTHENBHO B3ATHIX TOUYEK — OOBEKTOB
npensrctuil. [lpumenenne wmeroma R-functional
modeling (RFM) [5-7] cityxut st eTuHOT0 BYHKITH-
OHAJIHOTO ONHCAHUS CIOKHOW T'€OMETPHH CIEHBI C
NPENSATCTBUSIMHA Ha OCHOBE R-(QyHKIMOHAIBHOTO 00B-
enuHeHus «mapabonounHex» ¢GyHKouid. [Ipn sTom
JUISL TIOCTPOEHMSI OOJNAacTH 3aJaHusl MOTEHIMAIOB He
TpeOyeTcsl OCYLIECTBISTh CIOXHBIE BBIYUCICHHSA, a
JOCTaTO4YHO OOOMTHCH MOCIE0BATENBLHBIM CYMMHPO-
BaHWEM WX 3HaueHWd. B R-dyHKIEIOHANMEHOM MOIe-
JUPOBaHUM JJISl BKIIOYEHHUS OUYEPEAHOTO OOBEKTa
CIICHBI MPUMEHSIOTCS R-pyHKIMH 00beAnHEHNS. DTOT
(GaKkT 3HAYUTENHHO YBEIMYMBACT BpeMs pacuéra Mo
CPaBHEHHMIO C METOJOM MOTEHIHAJIOB, HO MO3BOJSIET
OTUCHIBATh OOBEKTHI CIIOKHON TeoMeTpuieckoi (op-
MBI, YTO HE ITOJY4aeTcsl CAeNaTh C MOMOIIBI0 METOAA
noteHuanoB. [loaToMy pexoMeHIyeTcsl IpHMEHEeHHe
cpazy oboux MeTonoB, rae R-pyHKIMOHambHAsS MoO-
JIeNIb OTMCHIBAET CTATHYECKYIO JCTEPMHUHHPOBAHHYIO
Cpeny CIIOKHOM T€OMETpPHH, a «ITOTCHIUAIBD) MOKHO
JUHAMHYECKH JO00aBiIATH B JIIOOOM MECTE CLEHHI,
CYMMUpYS UX ¢ R-pyHKIIMOHATEHON MMOBEPXHOCTHIO.

Puc. 1. /IBu:KeHHe 110 rPaJIMEHTY K eJIH ¢ 00X010M NpPensiTcTBUS
(KpacHBIi KpecT — Lelib, OeNbIid KPeCT — areHT)

1. MOCTAHOBKA 3AAYU

[IpencraBieHHoe uccieOBaHUE HAMNpPaBIeHO Ha
W3y4eHUE BO3MOXKHOCTH TPUMEHEHUS (YHKIIMOHAIb-
HO-BOKCEJIPHON MOJIENU JUIS KOMITBIOTEPHOTO TIpeJl-
cTaBlieHuss obnactu R-QyHKIMM B pelIeHUH 3ajadu
NPOKJIAAKH MyTH C OOXOAOM MPEMSATCTBUN C MpHMe-
HEHUEM TPaJUEHTHBIX CBOHCTB 3TOM Mozenu. Ilpu
9TOM CJIeJlyeT OTMETHUTh, YTO TpeOOBaHWE K OMNTH-
MaJIbHOMY, T. €. KpaT4aillieMy MyTH, 3/1eCh HaMepeH-
HO HE MPEABSABISAETCS, IMOCKOIBKY HMPUHIUN OOTeKa-
HUS TIPEMETOB 3a4acTyio 00ecrednBaeT MpPOI0IDKH-
TEJILHOCTh 3aCJIOHCHHUsSI areHTa MO OTHOUICHUIO K KO-
HEYHOH TOYKE W JIMIIb BBIXOJ Ha OTKPHITOE MPOCTPaH-
CTBO TOTpeOyeT BBHIPABHUBAHUS IBIDKEHHS K IIEIIH.
HMeHHO Takue CBOHCTBa MpUOOpETAET JIOKAIbHAS OII-
TAMH3AITAS IBIOKCHIS 110 TpagueHTy (puc. 1).

PaccMmoTpum yTBEpkKACHHE O TOM, YTO (DYHKITHO-
HAJIBHO-BOKCENbHAS MOJENb JUIS JBYX Pa3IMYHBIX
(GyHKIWH, 33JaHHBIX €IWHON 00JacThI0, TO3BOJISIET
MPOBOJIUTH apUPMETHUECKUE JCHCTBHUS HaJl MX 3HAYe-
Husimu [8-10], T. e. QyHKIMOHATBHO-BOKCENBHOE MO-
nenupoBanre [10] mo3BosisieT peasn30BBIBATH CIIOK-
HBIE ajreOpandeckre BhIpaXEHHs Ha OCHOBE apudMe-
TUYECKUX JIEHCTBUI Ha YPOBHE BBIYUCIICHUS JOKAIb-
HBIX TEOMETPUYECKHUX XapaKTEepUCTHK. B kadecTse
npuMepa paccMOTpUM  (DYHKIIMOHAIBHO-BOKCEIbHOE
MonenvpoBanne R-pyHKIMu nepecedenus/o0benruHe-
HUSL ©(X,Y) Kak (GYHKIUH, apryMEHTaMH KOTOPOH

TAKOKe SBISIOTCA 3HaueHus GyHKOud (X, Y) H
(X, y) [5-7]:

(D(Xa y)ZCl)l(X, y)+('02(X7 y)¢

FJO2 (%, )+ 02X, Y).

Bripaxkenue (1) BkmodaeT B ce0sl CliemyromIue
apudmeTndeckrie KOHCTPYKIUHU: CyMMY (YHKIIHIA,
Pa3HOCTb, BO3BEJCHHE B CTEICHb M H3BIICUCHHE KOP-
Hsl. PaccMOTpUM OTHENBHO KKy M3 ITHUX MHpOIe-
Ayp-

[MpuHIMO QYHKIIHOHATBHO-BOKCEIBHOTO MOJIEIH-
pOBaHUsI OCHOBaH Ha KOMIBIOTEPHOM IPEACTABICHUH
sokanbHbBIMUA QyHKIUSIMA L(Am:1, Xn) = 0 3amanHOM
obmactu ucxoaHo# ciokHOM (yHkmuu F(Xp+) = 0,
rae Aj — JIoKaJbHasi TeOMETpUYEcKas XapaKTepUCTHKa,
MIOKa3bIBAIOIIAsl OTKIOHEHHE EIMHUYHOTO OJHOPO/I-
HOT0 BEKTOpa HOPMAlld B PacCMaTPHBACMOM TOYKE M
3aKOJMPOBaHHAs IIBETOM M-MepHOro obpasza. Ilpu
9TOM JIOKaJIbHAs (DYHKIUSI JIMHEWHA U PACKIIabIBaCTCS
B MHOTOYJICH:

L(A, X)) =aX +a,X%, +...+a, X, +a,,; =0.

Paccmorpum  HeoOxomumble — apupMeTHYECKHE
JICHCTBYSI, BKIIFOUEHHBIC B cOCTaB R-pyHKIMU 11 BBI-
YUCJICHUS €€ JIOKAIbHBIX T€OMETPUUYECKUX XapaAKTEPHU-
CTHK B TOYKax 3aJlaHHOW oOmactu. Jns mpumepa 3a-
JAJTIMCST TIBYMEPHOM 00JIaCTBIO C IBYMS JIOKATHLHBIMHE
(OYHKIHAME B Kax 10 Touke (X, Y):

)

Ly ) -alxraly ralzeal 0,

L(x, v, 2)=aPx+aly+a?z+al? =0.

YCJ'IOBI/IMCSI, 4qTo BCpXHI/Iﬁ HHACKC 0003HaYCHHUS
JIOKaJIbHOH T GOMCT’pI/I‘l6CKOﬁ XapaKTCPUCTUKHU, 3a-
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KITFOUEHHBI B CKOOKH, OMHUCHIBaeT HOMEp (PyHKIWH.
Tornma Juist ynponieHus: pacuéToB MOJCIHUM Bce K0d(¢-
(bUIMeHTHl YpaBHEHHS, BKIIIOYas CBOOOJHBIN, HA KO-
3¢ punmeHT npu aprymenre Z:
a®  a®  a®  g®
L(X Y, 2)=—=oX+—2oy+27+ 2=

(1) (1) (1) aél)

=qnx+gny+z+u“:0

a1(2) a(2) (2) (2)

LZ(X’ Y, Z) @X+Wy+gz+ﬁ_

=% +1Py+z+1P =0.

[Ipu >TOoM 3HaYeHHE KOMIIOHEHT OJHOPOIHOTO
BEKTOpa, KaKk MpPaBWJIO, BO3PACTAET, YTO MPHUBOAUT K
€ro JICHOPMHUPOBAHMIO (YBEJIMYCHHIO JUIMHBI BEKTOpPA
HOpPMAJIH).

s nonmyuyeHus 3HaYEHUN JIOKAJIBHBIX XapaKTepU-
ctuk | Ui cyMMBbI aprymMeHToB Z = z® + 79 nocra-
TOYHO TIOIAPHO CIIOXKHTH BCE XaPaKTEPHCTHKU YpaB-
HeHus. JJokaxeM 3To cleayoIuM o0pa3om:

2=2"+7% =
= (1% =1y —1P) + (1P x = 1Py - 1) =
== (" +12)x = (1P +1)y (1 +12).
AHaJIOI‘I/I‘IHO I TpoueAyphbl BbIYNTAaHUA:
7=70_,@ _
= (A% =10y - 19) - (APx - 1Py - 1) =
~(1f =X = (1 =12 )y ~ (I ~1§?).

Ipu stom IV =1{? =

OTCIO,I[a MOXXHO CA€JIaTb BBIBOA O TOM, YTO JIO-
KaJIBHBIC T'COMETPHUYCCKUE XApPaKTCPHUCTHUKHU, IIPHUBO-

JAINUE K JIMKBUJIAIIKU K03(1)(1)I/II_II/IGHT3 |3 IIpU BbIYHUC-

JIIEMOM apryMEHTE Z B CyMME WJIM Pa3HOCTH, (HopMH-
PYIOT JOKAJIbHYIO (DYHKIIUIO CIIOKCHUS WM BBIYUTA-
HUSl COOTBETCTBEHHO. [lpyrumu ciioBamu, IUIsl TOITY-
YEHMsI CllaraeMbIX OIepalui Haj JIOKAJIbHBIMH (yHK-
LUSMH JIOCTATOYHO CIIOXKHUTh WX KO3(D(UIIUCHTHI.

UToOBI COXpPaHUThH JTUHEHHOE CBOWCTBO JIOKATHHON
(YHKIIUM TIpH  ONepalii  YMHOXKEHHUS, JIOCTaTOYHO
OJIHY M3 3TUX (PYHKIMH 3aMEHUTh HA 3HAYCHHUE apry-
MEHTA Z, HallpuMep:

;052 _
1 1 1 2 2 2
= (X =10y =19 ) (% -1y -17 ) =
= (Px 1Py -10) 2@ =

_(qnﬂa)x_(gnﬂa)y_(unﬂa)

[TomryunTs 3HaYeHHWE MONKOPEHHOTO BBIPAKEHUS
MO>KHO, 3aJIaBIIHChH CIETYIOIINM CBOWCTBOM:

(1) 7 @ | (&) X — | @) y— I 21) _
[;® J|mx 1Dy -1
- 1(l) X —| él) y— | (1) | 8] | 1) I él)

2. MOQENNPOBAHME R-OYHKLIMK AnA ®B-MOAENN

JU1sl HarIsiAHOCTH OTOOpakKeHHs mHpolecca Moje-
nupoBaHus R-QyHKIIMN miepecedeHns BO3bMEM 3a HC-

xomubte pynxumn 29 (x, y) u z2(x, y).
W =1-y?

PHUYECKOT0 00BEKTa «CUMMETPUYHAS 1OJI0CA MTOJIOKH-

TENBHBIX 3HAYCHUH X BIOIH ocu OX » (puc. 2).

— anreOpandeckasi QyHKIHS Te€OMET-

“y

Puc. 2. BokcesibHOe 0TOOpasKeHHE NMOJIOKUTEILHOMH 00, 1acTH QYHKIMM
7Y (cuumit nBer — oTpuIaTenbHAS 0GIACTE SHAUCHHMIT)

Ha puc. 3 uzobpaxxena ®B-monenp s GyHKIUN
@
VARH

Puc. 3. BokceqbHoe 0T00paskeHne KOMIOHEHTOB HOPMaJIM Py HKIIMH
D
2
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2 2

7® =1—x? — anreGpamdeckas QyHKIHS TeOMET-
pPHUYECKOro 00BEKTa «CHMMETPHYHAS TI0JI0CA MOJI0KH-
TEJIbHBIX 3HaYeHUi y Baosb ocu Oy » (puc. 4).

v

Puc. 4. BokcesibHOe 0TOOpaskeHHe MOJIOKUTEIbHOI 00/1acTH PYyHKIMH
7? (cuHmit nBeT — OTpHIATENbHAS OOIACTH 3HAYCHHUIT)

Ha puc. 5 uzobpaxena ®B-moxnens g GyHKIUU
()
VARG

[Nonmyuynm 3HaueHust Z mist 06enx QyHKIMIA Ha Oc-
HOBE PaCCUYUTAHHBIX KOAP(DUITIESHTOB:

W Oy Oy _|® ;@ - _|@y_|@y_|@
2V =—17x -7y =17, 2 =1 x =17y - 1,7,

[MpuBeneM OKOHYATENBHYIO (HOPMYITHPOBKY 3aKO-
Ha JUIg ONpEAETICHUSl JIOKAJIbHBIX TI'€OMETPHUECKHX
xapakTepucTuk R-pyHkuum nepeceueHus/o0beIuHE-
HUSL:

1070 1 @@

\/(z‘l) )2 +(z(2) )2

[TyTéM HOpMUPOBaHHS MOTYYCHHBIX KO3 duImen-

IR =10 41 1 VI8 =1i=12 4.

YETBIPEXKOMIIOHEHTHOMN

TOB I

2 2 2 2
N4=\/(I1R) +(|;) +(|3R) +(|4R) U TIPUBEACHUS K
COOTBETCTBHIO I'PAJAlIMH MOHOXPOMHOI! MAIMTPBI 110~

TyduM TpeOyembie deThipe M-o0pa3a GyHKIHUH Tepe-
ceveHus (puc. 6).

HOPMOH

M, M) My M)

Puc. 6. Bokce/ibHOe 0TOOpasKeHHE JIOKAIBHBIX FeOMeTPHYeCKUX
XapaKTepucTHK Ha ofpa3ax M

Puc. 5. BokcesibHOe 0TOOpakeHe KOMIIOHEHTOB HOPMAJIU (YyHKIMH
gl
7

[Ipencrasiennas Ha puc. 3 U 5 rpaduueckas UH-
(dopmarysi TO3BOJISIET TONYYUTH 10 YETHIPE JIOKAIb-
HBIX TCOMETPUUCCKUX XAPAKTEPUCTHKH B KAKIOH OT-
JIeNILHO B3SATON TOouke obnactu u chopMupoBath JiBe
nokansubix Gpyrxmmn LY u L@ (2).

IpenBapuTensHO YNpoCTUM BBIYMCICHUs. [lone-
UM Bce KO3((HIMEHTHI JTOKAJIBHOTO YpaBHEHHS Ha
koa(duieHt as. Ilpu sToM Tperuil ko3hduUIUEHT
npuobpeTaeT eIMHUYHOE 3HAYCHHUE!

@)

(2)
_%24 @ _31,2,4 |(1):|3(2)=1_

)
24 M 24T @2 3
a3 a3

(
1,

Ha puc. 7 u3o0paxkeH pe3yabTaT MOJCIUPOBAHUS
MIOJIOKHUTENBbHON Z-00J1aCTH KBaApaTa co CTOPOHOM 2.

¥

Puc. 7. Bokce/ibHOE 0TOOpaKkeHHE NOJIOKHTEIBHOM 00,1acTH (PYHKIMH

D AL@ (cuHwmit BeT — OTpHLATENbHAS 00JIACT 3HAYCHHUI)
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3. ANFOPUTM NOCTPOEHMA NYTU K 3AAAHHOM LIENK
B IETEPMUHUPOBAHHOW CPEQE

Jns npuMeHeHHs NPUHLIMIOB (QYHKIHOHAIBHO-
BOKCEJIEHOTO MOJICTHPOBAaHUS HEOOX0IUMO (popMau-
30BaTh OIMCAHHE CIEHBI, B KOTOPOH OymeTr meicTBO-
BaTh areHT, U ONHCATh 3aKOH NPUTSDKEHHS K 3aJaHHOM
Touke — 1enb. Ecnu 1enb InHaMUYecKd 3ajaBacMa B
paboTe OymyIiero anropuTMa, TO ClieHa MOKET UMETh
Pa3IUYHYIO CIOXKHYIO KOH(PHUTYpario ¥ MOArOTaBIH-
BaeTCs 3apaHee B CICHUAIM3UPOBAHHON CHCTEME IO
aJITOPUTMY, MpeJCTaBICHHOMY B padoTax [11, 12].

Jns mpumepa ommmieM crueHy (QyHKIued Ha 3a-
nmaHHoW oOsactu 20 x 20, Tie HayaJlo KOOPAWHAT pa3-
MEIIECHO B IEHTpe CieHbl. DYHKIUs CIeHbl OyIeT co-
JIepKaTh TPU KOHIEHTPUIECKUX OOBEKTa eIUHUIHOTO
paauyca, pacrojiOKeHHBIX, KaK MOKa3aHo Ha puc. §.
dopmanmzanus (QyHKIUHA CIEHBI OYyAET COAepKaTh
BJIOXKEHHYIO CTPYKTYPY CIETYOINX (YHKINA:

25 =79 7 +\/(z(3) )2 (2% )2 ,
,02) _ 50 4,0 (Za) )2 +(z(2) )2 ,
2@ =1-(x+4)" —(y-2),
7@ =1-(x-2)° —(y+4Y,
72® =1-(x—4)’ —(y-4)’.
YroObl HE MEHSTh paHee MPUHITHIE 00O3HAYCHUSI
HOMepa O00bEKTa BEPXHHUM HHACKCOM, Ui YI00CTBa

ACMOHCTpAaliM BO3BCACHHS B KBaJApaT DJJICMCHT C
BCPXHUM MHICKCOM 6y,Z[€M noMeuiaTh B CKOOKH.

Juis 3amanus menn HeoOXOaMMO yKa3aTh Ha o0na-
CTU CLEHBbl TOUKY C KOOpAMHATAMU (XC, yc), KOTO-

pas Ha puc. 8 u3o0pakeHa KpecTHKOM. Temnepsh Trodas
JIpyras TOYKa CIICHBI JIOJDKHA JICXKATh Ha MIOBEPXHOCTH
(hyHKIIMY TIEPeBEPHYTOTO KOHYCA ¢ BEPIIIMHON B TOUKE

(XT, yT). [Tytém oObenuHeHus: GyHKIUU TaKOro KO-

Hyca ¢ (yHKIHEH CIICHBI z thopmupyetcst HyHKIHSA

. G
MOBEPXHOCTH pEIICHHs TOCTABICHHOW 3aiaun Z
(puc. 9). JIroOast ToYka, MBUKYIIAACS 1O TPATUCHTY
TaKOH TOBEPXHOCTH, OYIET CTPEMHTHCS K TOYKE

(XT ' Y1 ), 00X0J151 KOHIICHTPUYECKUE OOBEKTHI.

[Ipu mocTpoernn (HYHKIIMOHATBHO-BOKCETHHON
MOJICIH BMECTO CTPYKTYPHO BIJIOKCHHOHM (YHKIIMH

z° (X, y) Mbl noydaeM B Kaxk10ii TouKe 06IACTH JIO-

KanbHy0 (yHKIHIO L° ¢ JOKAaIBHBIME reoMeTphde-

S .S .5 .S
CKHMH XapaKTEpUCTUKaMU & , 8,, 83, @, . [loaTomy

(bYHKIIMIO TEeTN WMEEeT CMBICH Ccpa3y (OpMHpPOBATH
JIOKAJIbHBIMH T'C€OMETPUUYCCKUMH XapPaKTCPHUCTUKaMU

T T T T
& ,8,8,8;.

Puc. 9. Cuena, onucannas gpyHkuuei © (X, y)

Puc. 8. Cuena, onucannas pynkuuei 25 (X, y)

st aTOr0 3agaauMcsa HEKOTOPOH TEKyIIeH TOUKoi
MIOJIOKEHHUSI areHTa Ha OOJIACTH CIIEHBI (XA, yA). Ha-

JICC OoIlpCAcIiMM IJid 9TOHM TOYKHU JIOKAJIbHEIE T'€OMET-
PUYCCKUC XAPAKTCPUCTUKHN JIOKaJIbHOM (bYHKLII/II/I Jatsuest

;
L' (XA, Ya) . 3amaguMcs ypoBHEM TOYKH LEIH, T. €.
BBICOTOI mepeBépHyToro kouyca Z; =-—0,001. Drto
FOBOPHT O TOM, YTO TIOBEPXHOCTh KOHyca OyjeT Mak-

NMPOBNEMbI YIIPABJIEHUA Ne 5 e 2024

93



@ NHOOPMALIMOHHBIE TEXHONOI M B YNPABNEH

CUMAJIBHO Pa3BEPHYTON OTHOCHUTEIBHO IJIOCKOCTH
XOy. Torma paccTosiHME MEXIy TEKyLIEH TOYKOM

arcHTa U TOYKOMU LEJIM OMMPEACIIACTCA KaK

d =\i(xT —xA)2 +(yr —yA)2 +(2z; )2 ,

a JIOKAJIbHBIE TCOMCTPUUYCCKUC XaPAKTCPUCTHUKU B
TOYKE arcHTa BbIPpAXaroTCs CICIYIOIIUM O6p3.30M:

T _ X XA
& q
al = Yr = ¥Ya ’
d
2z
T T
ag =—=,
o
& =-ax —a;y; —a; -10°,
IIpoBeném HOPMHUPOBKY XapaKTePUCTUK

T T T T.
a,a,,3,,8,:

NG = (el ) (a ) (ad ) (el

T

al .
nf=—— i=1...,4.
] NT
4
[MoaroroBUM  MONy4YEHHBIE  XapaKTEPHCTHKH

T 2T T AT
n,N,,Ny;, Ny, a TaKke B3ATbIE U3 (DYHKIMOHATIBHO-

BOKCEJIbHOM MOJIEIH CLICHBI XapaKTEPUCTUKU
S .S A5 oS N

a’,a,,a;,a, nokampHOi PyrKmmH L (XA, yA) JUTS

MOJICJIMPOBAHMS PE3YIbTHPYIONIEH JIOKAIbHOW (yHK-

Iu LG (XA, Yy A) KOHCTPYKIMEN 00BbEIUHEHNUS:

T s

7 Mos s Qo4 T =15 =1

124= 7 1 hoa=—"5 I3 =g =L
Ny a

HaxomuMm InokanbHblE T€OMETPHYECKHE XapakTe-
. G .
PUCTHKH JToKabHOU QyHKIMH L (XA, yA).

T_ T T T S _ S S S
2 =-l x-Ly-l,, 2 =-I>x-Ly-I,.
T,T S,S
G 4T 1s 'z +1°z
T S
(') +(z")
I =1,i=1 2, 4

HOJ'Iy"II/IB JIOKAJIbHBIC TCOMETPUYCCKUEC XapPaAKTCPH-
CTUKH B TOYKC MOBCPXHOCTHU PCUICHHUA ZG (XA, yA)’

OINpeZesieM CIEAYIONIYI0 TOYKY HAaIlPaBJIEHHOTO OT-
pe3ka JBIKEHHS 10 IpajveHTy ¢ maroM S. YToObl
MOJTYYUTh KOCHHYCHI OTKIIOHEHHS BEKTOpa HOPMAaJH B
wiockoct XOY, HE0OXOIUMO NPHUBECTH K JIBYyXMep-

2 2
Hoit Hopme Ny = (If‘ ) +(|§3 ) JIBE JIOKaJIbHBIX T'€0-

MCTPUYUCCKUX XAPAKTCPUCTHUKU:

G
G_Ii
i T NG

2

3aTeM HEOOXOAUMO BHIYHCIUTL KOOPIAWHATHI HO-
BOH TEKYIICH TOYKH MOJIOKEHUS arcHTa B CIICHE:

n i=1 2.

1 G ' G
X'a=Xy+SN, Ya=Ya+3n;.

Ha puc. 10 npemoHcTpupyeTcs paboTa anropurma
JBIDKEHHS 110 TPAJUEHTY OT TOUKHU IOJ0XKEHUS areHTa
K TOYKe [edu ¢ y4€ToM 00xoma TpEX KOHIICHTpHUe-
ckux mnpensatcTBuil. Llens otoOpaxkaeTcsi KpacHBIM
KPECTHUKOM, a areHT — OeNbIM.

3mech creayeT OTMETUTh, YTO (PYHKIIMOHAIHHO-
BOKCCJIbBHAas1 MOJACJIb CIECHBI OIIMCHIBACTCA U MOIACIIHU-
pYyeTcst OTAENBHO, H CKOPOCTh PaOOTHI MpEICTaBIICH-
HOTO JIFOPUTMAa HE 3aBHCUT OT KOJIMYECTBA M pa3Me-
POB 00BEKTa, TOMEIIAeMOT0 B HEH.

B paboty anropurMa mocTymaroT 4eTeIpe o0pasa,
OIMHCHIBAIOIINE 00JIACTh (YHKIMH CIEHHI B OJWHAKO-
BoM ¢opmaTe — HAOOPOM JOKAIBHBIX (DYHKIIHA, 9TO
JieNlaeT ajlrOPUTM HE3aBUCUMBIM OT CIIOXKHOCTH COCTa-
Ba creHbl. CKOPOCTh pabOTHI TAaKOT'O aIropUTMa 3aBU-
CUT OT TOYHOCTH MPEICTABICHUS (PYHKIHMOHAIHHO-
BOKCEJIBHOM Mojienn (pa3pelieHus o0pa3oB), a Takke
OT mapameTpa S — JUIMHBI IIara CMEIICHUs M0 TPaju-
CHTY.

Puc. 10. Ilpumep npokJIa Ky MyTH /151 ABUKEHUSI aT€HTOB B CLIEHE C
TpeMsi NPensITCTBHSIMA

Ha puc. 11 gemoHCTpupyeTcst ABIDKEHHE K IIEH T0
TpaJMeHTy ISl CLEHBI C 25-10 PETYISIPHO paclpee€H-
HBIMM KOHLIEHTPUYECKUMHU OOBEKTAMHU.

Ha puc. 12 nemoHCTpupyeTcsi ABIKEHHE K IENH
T10 TPAJIUEHTY JJIS CIIEHBI CJI0XKHOW T€OMETPHH.
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CIIO)KHBIX aHAINTHIECKUX KOHCTPYKIMH Ha KOMIIBIO-
Tepe Iy JalbHEHIIero MpruMeHEeH!s B THHAMUYIECKUX
QITOPUTMAX AHAIUTUYECKOTO KOHCTPYMPOBAHUS OIl-
TUMU3AIMOHHBIX 3ajad. [IpemsioeHHbIH alropuTMm
TPaaueHTHOTO IBIDKEHHSI TTO3BOJIIET TTOI00POM Tapa-
METPOB MOJICIUPOBAHUS KOHYCHOW MOBEPXHOCTH IS
TPaIUCHTHOTO JABMKCHUS U3MEHATh TPACKTOPHIO TYTH
BHEIPEHUEM OOBEKTOB CIIOKHOH (GOpMBI, obecriedn-
Basi KOHCUHBIH pPe3yabTaT MPUOBITHs areHTa K neiu. C
MIOMOIIbI0  (PYHKIIMOHAILHO-BOKCEIBHOH  MOJCIH
MOXKHO TTyTEM MpUMEHeHneM pacuéra R-o0bennHeHus
JOKANBHBIX (YHKIHWHA ONEPaTUBHO pelIaTh 3amady
BHEJPCHUS HOBOTO OOBEKTa CIICHBI, TAKyl0 KaK KO-
HyCHasg [IOBEPXHOCTh TIIeNH, ISl JWHAMHYECKOTO
yIpaBJeHHUS IBUKCHHEM areHra B CIIOXKHOH reoMet-
pUYeECKOH cpene.
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FUNCTIONAL VOXEL MODELING OF A PATH PLANNING ALGORITHM TO A TARGET
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BASED ON ZFUNCTIONS

A. V. Tolok* and N. B. Tolok**
***Trapeznikov Institute of Control Sciences, Russian Academy of Sciences, Moscow, Russia

*>4 tolok_61@mail.ru, **>< nat_tolok@mail.ru

Abstract. This paper is devoted to analytical approaches to path planning with obstacles. Two
analytical modeling principles are compared for obstacles in a scene: the methods of potentials
and R-functional modeling. The functional voxel design principle of complex computational pro-
cesses is presented on an illustrative example of modeling of the R-function for the un-
ion/intersection of the domains of two functions. The fundamentals of arithmetic operations over
local geometrical characteristics describing the components of a homogeneous unit vector of a
local function are discussed. The denormalization principle of such components is demonstrated
for application in arithmetic operations constituting an R-function. The scene is modeled by the
layout of concentric objects and a local function describing the target by a funnel surface at a giv-
en point. A dynamic formation algorithm is considered for the final local function of the union of
the funnel and scene surfaces at a current point. The final local function is used to determine the
components of the direction vector of gradient-based motion to the target.

Keywords: R-function, functional voxel modeling, local geometrical characteristic, local function, gradient,
homogeneous vector, path planning with obstacles.
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