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OB O1HOW 3ALAYE NMPECNEQOBAHUA NPU HANTUYUA
COMNPOTUBIEHUA CPEODI

B.U. Yxo6omoe, N.B. U3amecmbes
HensbuHckul eocydapcmeeHHbIl yHusepcumem, 2. YensbuHck, Pocculckas @edepalusi.
E-mail: ukh@csu.ru, j748e8@gmail.com
PaCCManI/lBaeTCﬂ 3aaavya mnmpecjaea0oBaHusd ABYX ABHKYIUXCH MaTepHAJIbHBIX 00b-
eKTOB — NepexBaTyuKa (nmpecJjegoparesis) 1 ueju (yoerawoumero). O0beKTbl ABHKYTCH B
OHHOﬁ IVIOCKOCTH 10X HeﬁCTBHEM yYupaBjsieMbIX CHJI, HAIPABJE€HHbIX BCeraa nepmneH-
AUKYJIAPHO UX CKOPOCTHAM. 3aKoHBI H3MEHEHHsI BEJIHYHMH yunpaBJjsieMbIX CHJI NepexBaT-
YUKA U eI ONpeaejJasioTCsd KOHTPOJJIEepaMi MepBoro nmopsjaka. Kpome TOro, Ha 00b-
C€KThbI ﬂeﬁCTBymT CHJIbI COIIPOTUBJICHUSA CPEAbI, MPONMOPIHUOHAJIBHBIC KBajipaTaM CKO-
pOCTeﬁ. B paCCManHBaeMOﬁ 3aavd€ NOCTPOCHO YIIPABJICHHE, TAaPDAHTUPYIOLIIEC BCTPE1y.
Knouesvie crnosa: 3a0aua npecxzedoeaﬂuﬂ; ynpaejiernue.
BBenenue

B pab6orax [1-8] paccMmaTpuBamuch pa3IMdHbIC BapHAHTHI UTPOBOH 3aJaddl MPECICIOBAHUS IBYX
JIBUOKYIIUXCS OOBEKTOB — IMepexBarTyuka (MpeciiefioBarensi) U meiau (yOeraromiero) mpH CIeayRoNuX
MIPENIONIOKEHISIX: OO BEKTHI IBUKYTCS B HEKOTOPOU TUIOCKOCTH; 002 00bEKTa UMEIOT MOCTOSHHBIE 10
BEJMYMHE CKOPOCTH M OTPAaHWYCHHBIE 3HAUYECHWS OOKOBBIX YCKOPEHHH; MTWHAMHKA KaXJIOTO OOBeKTa
omuchIBaeTcs (yHKIMEH MpeoOpa3oBaHus MEPBOro MOPsAKa; TPACKTOPUU 000UX 00BEKTOB MOTYT OBITh
JUHEAPU30BaHbI MPU TAHHOM T'€OMETPUYESCKOM OMUCAHWU CTOJKHOBEHUS; JOCTYITHA IOJIHAS UH(OpMa-
IIUS O TIOJIOKEHUH OOBEKTOB B KAKIBI MOMEHT BPEMEHH.

OnHo u3 pelleHuit 3Toi 3a7auu, noiaydeHHoe B [1] u [4], OCHOBBIBANIOCH Ha e¢ (hopMalin3aliu B
BUJIC JIMHEHHOW MU(QEepeHIIUATLHON UTPBl NPECICIOBAHHUS-YKIOHCHHUS C YIPABICHUSIMHY, MPUHAJIC-
JKAIMMU KoMmakTaMm. M3HadanpHO Wrpa GopMmynmpoBaiiach B YETHIPEXMEPHOM HPOCTPAHCTBE CO Clie-
IYIOIIAMHU KOOpPAWHATAMH: OTHOCHUTEIFHOE PAcCTOSHHE, OTHOCUTEIhHASI CKOPOCTh M OOKOBBIE yCKOpe-
HUSI HTPOKOB. 3aTeM ¢ TIOMOUIBIO 3aMEHBI IEPEMEHHBIX HTpa PeAyIHPOBANIach B CKAISPHYIO GopMy u
pelanack ¢ UCIOJIb30BaHUEM arlapara TeopuH JuQGepeHITUaTbHBIX UTP.

B naHHO# cTaThe paccMaTpUBaETCs YCIOKHEHHBIN BapuaHT TaKOM 3aJlauu MpeciieJOBaHUs MPU Ha-
JIMYUU CUJTI COITPOTUBJICHHUA CPCAbI, ITPONOPIHUOHATIBHBIX KBaJApaTaM CKOpOCTefI.
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ITocTanoBka 3amaun
CuuraeM, 4To 00a MaTepuadbHBIX 00BeKTa ( P — mpecienoBarellb, £ — 1eb) IBIKYTCS B OJHOM
IUIOCKOCTH (cM. puc.). Beibepem ock O, Tak, 4TOOBI OHA TPOXOJMIIA YePE3 HAYaIbHOE MONOKEHUE F) U

E, obobextoB P u E . Ha xaxnpiii 00bexT 4= P,E NelCTByeT yNnpaBidiomas Chila ¢4, IepleHIuKy-

JISIpHAsL CKOPOCTH V' 4 00BEeKTa, M CHIIa COMPOTHUBIIEHUS Cpebl 4, KOTOopas Mo BEIWYHHE POTIOPIIHO-
HaJbHAa KBaJpaTy CKOPOCTH 00BEKTa M HaIlpaBJieHa B CTOPOHY, IPOTUBOIOJIOKHYIO €0 CKOPOCTH.
Ienpro mpecnegoBarens SIBISICTCS OCYLISCTBICHUE 3aXBaTa LIETU. JDTO O3HAYAET, YTO PACCTOSIHHE
IO 1IeNI HE JTOJKHO IMIPEBOCXOAUTD 3aIaHHOTO yncia £ >0 .
3anuiieM ypaBHeHHs ABIKeHUs. Meem

Xy=Vycos9,, y,=V,sing,,
. ; . . . 2
mX,=m, (VA cos@, —@ .V, s1n(oA):—cA sing, —k,V;cosg,, (1)
. . . 2 .
myy,=m, (VA sing, +¢,V, cos¢A)=cA cos@, —k,Vising,. (2)
3nech k20 — ko3 HUIMEHT CONPOTUBIIEHUS CPENIBI, M, — Macca MaTepuanbHOro oobekra. Cuntaem,

YTO 3aKOHBI UBMCHCHUS BEJINYUH YIPABIACMbBIX CHUJI OIIMCBIBAIOTCA KOHTPOJIJICpAaMU IEPBOT0 NOpAAKa
CP=5Pu_CPQP7 §P>Oa qP>07 |M|S17 CE=5EV_CEQE7 5E>07 qE>0a |V|S1 (3)

VYMHoxkUM ypaBHeHue (1) Ha cos@,, a ypaBHeHHe (2) — Ha sin@, u cnoxuM. [lomyunm

myV, ==k Vs (4)
VYMHOxHM ypaBHeHHe (1) Ha —sin@,, a ypaBHeHue (2) —Ha cos@, U cloxuM. bynem umers
pymV =cy. (5)

Pemas ypaBuenue (4), Haxoaum

v=—aO K
V,(0)k 4t +1 my,
Orctona, yauTsiBas (5), MOIydIuM
V,(0) . v,0) . LV, t+1 .
iy=———cosp,, Vy=——t—sing,, @,=¢— Ay ¢ =1
V,(0)k it +1 V(0 it +1 V4(0) my

Ecnu MaTepuanbHble 00BEKTHI JOCTATOYHO MAaCCHUBHBI, TO 3HAUYEHUS €, SBIISIOTCS JOCTATOYHO Ma-
nbiMH. [103TOMyY MOXKHO CHHMTaTh, YTO B MPOLIECCE ABMXKEHHSI OOBEKTOB HANPABJICHHUSI HX CKOPOCTEH Ma-
10 otknonstores ot ocu O,. Torga cosg, =1 u sing, = ¢, . OTcroa 1 U3 NpeIbIIYIINX YpaBHEHUH
IMOJIy4uM, 4TO

V(0 . V0 . V(0 +1
Xy=— = Vg~ = Py A_CA—V 0
U3 nepBoro ypaBHeHus B (6) HAXOANUM, YTO

xA(t)=xA(0)+]€i1n(VA(0)1€Az+1) npu k, >0 u x,(t)=x,(0)+V,(0) mpu k,=0. (7
A

(6)

B HavanbHblil MOMeHT BpeMeHU X (0) > xp(0) (cm. puc.). U3 popmyisl (7) MoxkeM HalTH yClIOBuUS,
MIPH BBITIOJIHEHUN KOTOPBIX CYIIECTBYET MOMEHT BpeMeHu 71 >0, Ipu KOTOPOM OyJAeT BBITOJIHEHO yC-
nosue x5 (T)=xp(T).

Ecmmn k, >0 npu A=P,E, 10 TpeOyemblil MOMEHT BpeMeHu 1 >0 JOIDKEH SBIATHCSA PELIEHUEM

YpaBHCHUA
A (04
w — e O=xpO)kp . 7 ®
V(0T +1 “

Ecmn o >1, To BelpaxkeHHe, cTosIee B JeBOH yacTu ypaBHEHUs (8), mpu T — +oo CTpEeMHUTCS K +oo.
[TosTomy ypaBHeHHE (8) MMEET B TOM Cilydae MOJOXKHUTEIbHbIH KopeHb. Ecmu kp =k, =k >0, TO
ypaBHeHHE (8) HMEeT MMOJI0KUTEIbHBI KOPEHb TOTJa U TOJIBKO TOT/1a, KOT/1a
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Vp 0)> Vi (o)e(XE (0)—xp(0))k
" OH paBCH
1 eE(O—xp(0DF _

) k Vp(0)—Vg (0)e e O=xp (DK ’
B cnyuae 0 < <1 ypaBHenue (8) He Bcerja UMEET MOJIOKUTEIbHBIN KOPEHb.

Ecaun IQP =0mu IQE >0, To ypaBHEHHE AJIS ONIPENEICHU MOMEHTa BpeMeHu 7 > (0 npuHUMaeT BUA
IQEVP (0)T —In(vg(0)kgT+1) = (xE(O)—xP(O))IQE.

Bripaxxenue, crosiiee B JIEBOH YaCTH 3TOTO YPaBHEHHUA, CTPEMUTCA K +oo Tipu T —> +oo . [loaTOMY pac-
CMAaTpUBAEMOE YPABHEHHUE UMEET MOJIOKUTEIbHBINA KOPEHb.

Ecmm kp =0 n k; =0, 10 pu V', (0) > V' (0) KOopeHn

50 =xp(0)
Vp(0)-V5(0)
Hanee Oynem cumrtarh, 4TO ypaBHEeHHE (8) MMEET MOJIOKUTEIbHEIN KopeHs I . Torma B 3TOT Mo-
MEHT BpeMeHH 1 OyJeT OCYIIECTBIICH 3aXBaT IIEJH, €CITH BHITIOJTHEHO HEPABEHCTBO

(D) =ye(D)I<e. )

Caenenne 3a1a4u K OAHOTHITHOI 1u(depeHINATLHON UTpe

B pabotax [9, 10] nmokazano, 4To 3a/1a4a yIpaBIeHUs C OJJHOMEPHOH IETbI0 U 3aJaHHBIM MOMEHTOM
OKOHYAHHS C ITOMOINBIO JIMHEHHOH 3aMEHBI IIEPEMEHHBIX MOKET OBITh CBEJICHA K OJHOTHITHOW 3amade,
JUTsE KOTOpOii B pabote [11] mocTpoeHo ynpaBieHue, rapaHTUPYIOIIEe BCTPeuy.

Crenaem 3aMeHy IEPEMEHHBIX

+?_E1n1+VE(O)l€ET ey VR OK,T

wW=Yg yp

kp  1+Vy(0)kgt kp  1+Vp(0)k 1
Torna wW(T')=y;(T)—yp(T) u, Kak ciemyeTr U3 BTOPOro U TPETLETO ypaBHEHU (6),
W=—Yp(t)Cp + Y ()Cp; (10)
y/A(t):VA(O)kAHllnHVA(O)kAT20, A=P.E.

v, (0)k , 14V, (0)k ¢

BBeniem HOBYIO IEpEMEHHYIO
T T

z=w— éPquP(t_r)wP (r)dr + éEquE(’_r)y/E (r)dr.
t t

Torna z(T)=y;(T')—yp(T) u, cornacuo (3) u (10),

A T
z=—a(u+b(t)y, ue[-L1], ve[-L1; a@)=—=[e "y (r)r, by =2 [e=“ "y (ryar.
Mp Mg 5
B pab6ore [11] moka3aHo, 4T0, €CIM BHIIIOTHEHO HEPABEHCTBO

T T
max (|z(0)| + ({) (b(r)-a(r))dr; e [ (b(r)—a(r))drj <e, (12)
<I<T

To B audepenuuansuoit urpe (11) ynpasnenue u(t,z)=sign z obecriednBaeT B MOMEHT BpeMeHHU 1
BEITIONTHEHNE HepaBeHCTBa | z(T) |< € mpu mr060M AOITyCTUMOM ynpasieHun |v|<1. Ecinu ke HepaBeH-
ctBo (12) He BBIMOSHEHO, TO ympaBieHue V({,z)=signz TapaHTUPYET BBINOJIHEHHE HEPABEHCTBA
| z(T) |> & npu m060M AOMYCTUMOM yIIpaBieHuu |u [<1.

Takum o00pa3om, eciad BBIIOJIHEHO HepaBeHCTBO (12), TO ympaBieHHEe TpeciiefoBaTeNs
u(t,z) = sign z obecrieunBaeT B MOMEHT BpeMeHH 1 BBINOJIHEHHE HepaBeHcTBa (9) mpu o6oM aomyc-

TUMOM ynpasineHnu | v|<1 nenu. [lostomy Oyner ocyiiecTBiIeH 3aXBaT LelId B MOMEHT BpeMeHu 7 .
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ON A PURSUIT PROBLEM UNDER RESISTANCE OF A MEDIUM

V.I. Ukhobotov, I.V. Izmestyev
Chelyabinsk State University, Chelyabinsk, Russian Federation
E-mail: ukh@csu.ru, j748e8@gmail.com

This paper considers a game pursuit problem, in which the interceptor (pursuer) and target (evader)
move in the same plane under the influence of controlled forces directed always perpendicularly to their
velocities. The laws of value variation of controlled forces of interceptor and target are determined by
first-order controllers. Besides that, each object is influenced by the force of resistance of a medium
which is proportional to the squared velocity of the object and is directed to the side which is opposite to
its velocity.

It is assumed that during the motion of objects, directions of their velocities are little different from
an axis passing through their initial positions. It allows linearizing equations of motion of the pursuer
and target. As a result of linearization it turns out that the projections of the position of objects on the
axis change by a known law. When there is a coincidence of these projections, the time point prescribes
the moment of the end of prosecution process. It is expected that the capture has occurred, if at this time
point the module of difference of vector projections of object position on a perpendicular axis does not
exceed a predetermined number. Eventually, a linear differential game of pursuit-evasion with fixed end
time is obtained. Full information on the state of objects at each time point is available for players.

With the help of a linear change of variables, the game comes down to a homogeneous one-
dimensional differential game, in which the possible values of control belong to the segments which de-
pend on the time.
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As a result of the research the set of initial conditions is found, under which the capture of target is
possible when in any of its allowable motion, and the control of pursuer that will ensure the capture is
built.

Keywords: pursuit problem, control.
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