IIpaxnapuan MaTeMaTnka m Mexanmka. Tom 48, sum. 4, 1984

VIR 62—50

MOTEJIGHAAL 3ATIAYA OB YIPABJIEHHM
FOKOBBIM TIBIGKEHHAEM CAMOJIETA HA TIOCANKE

borrun H.]I., Reiia B. M., IHagxo B.C.

HccmenyeTcda B IHHEWHOM IPUGNHKEOHAR 33/[a4a 06 yIPAaBIeHNH GOKOBHM [BHKeHEEM
.caMoJIeTa Ha 3aKJIIYUTEJIHHOM dTalle HOCAAKM B YCIOBHUAX BETPOBOTO BO3MYIIeHUA. 3afada
GopMam3yeTcA KaK aHTATOHMCTHYECKAA HO3WNUOHHAA AuddepeRnuaIbHAS UIpa ABYX JIHILL
¢ PUKCHPOBAHHEIM MOMEHTOM OKOHYAHWA M BRIIYKION QyHKOHWe# muaTh. ONMCHBAITCA pe-

3YJABTATH PeNIeHHUA 3ajadd, HoaydeHHEHe npu momomnu J BM. CraTtesa npEMEKaeT K padoTam
[1—35]. |

1. boxoBoe fBUIKEHHE CPEHETO TPAHCIOPTHOTO CAMOJETA HA 3AKIIOIATEN b~
HOM 9Tale 3aXofa Ha IOCAXKY MOKHO OIMCATH B JIAHEHHOM INPUOIMKEHAN Cle-
AYIQIIEM BeKTOPHEM auddepeRmumailbHEIM ypaBHeHEmeM |3, 6]:

(1.1) xr = Az + Bu + Cv, z & R”

lo 1 0 0 0 0 0 |
0 —0,0762 —5,34 0 9,81 0 0 |
0 O 0 1 0 0 0

A=[0 —0,0056 —0,392 —0,0889 —0,0378 —0,17 0, 0378
00 0 0 —1 o 1 |
0 —0,0129 —0,9016 —0,2045 —0,0869 —0,89 0,0869
0 0 0 0 0 0 —k |

= (0; 0; 0;0; 0; 0; k)’, C = (050, 0762; 0; 0,0056; 0; 0,0129; 0)"

[lepBas KOMIOHEHTA ; a30BOT0 BEKTOPA MMEET CMHICI GOKOBOTO OTKIOHE-
HUS TMEHTPA MAacC CaMoJeTa OT OCH B3JeTHO-Iocagognoit moxocw (BIIII), z, —
CKOPOCTH GOKOBOTO OTKJIOHEHHSA, X3 — YOI DPHCKAHUA (QTCIYUTHIBAGMBIN OT
oca BIIII), z, — CKOpOCTh M3MEHEHMA YIJa PHICKAHHsA, Z; — YIoJd KpeHa,
Zg, Ty — BCIOMOTATEJbHEE IepeMeHHEIe. YIPABIAAKIIUA HapaMeTp U TPaK-
TyeTCA KaK 3aJaHHLM yroa kpena |[7], napamerp v — GokoBas COCTABIAIMAA
ckopoctu Berpa. Hosdpdunmenr k& B maTpune A m croabue B xapaxrepuayer
MHePIUOHHOCTh IIPOIeCCa OTCIAEKUBAHUA 3aJaHHOT0 KPEHa M Ipefmojiaraercs
HEeM3MEeHHEIM B IpoIrecce ABMKEeHHAA. DoKkoBoe OTKIOHeHHe H3MEPAETCA B MET-
pax, YIJIH — B pagmaHax, BpeMa — B CEKYHJaX.

[ToBegenne cucremul (1.1) Gymem maydars Ha oTpe3ke Bpemenu |0, 1‘}] rae
¥ — momenT mpoJiera Topma BIIII. Moment U cuumraeM 3aMKCHPOBAHHEIM.
Taxoe monymenue 060CHOBaHO, €CIH MPEANOJOMKUTE, ITO MPORXOIbHO® IBHAE-
HUe CaMOJIOTA He 3aBHCHT OT 60KOBOI'0 X NPOMCXOLUT IO 3aJaHHON MpoTrpaMme
[7, 8]. B manpueiimem mosaoxum ¢ = 10 c.

I[Io cooGpakenusaM 6e300aCHOCTH 3aJaHHEM YIroJ KPeHa OrPaHWYEH IO MO-
NyJ0, IPAIeM YPOBEeHb OTPAHMYOHHA 3aBHCHUT OT BHICOTH [7]. YumTrBas, 4ro
BEICOTA OAHO3HAYHO CBsA3aHaA C I, IipnmeM [3]

(1.2) lu | < (f) = 0,2613 — 0,0116¢ pag

OrpaEnYeHne Ha BeIMYMHY GOKOBOM COCTABJIAIIMEH CKOpOCTH BeTrpa Oy-
eM mpejnoJiarate Hesasucamum ot I. IlycTs

(1.3) v ]| <v =10 wlc
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VeaoBUMCA TOBOPHTH, 9TO HDApaMeTp U HIPHHANIEHKHT nepBOMY HTPOKY,
v -+ propomy. Ha miockocT: (asoBHX HEPeMEHHBIX I;, Ty ONPE/eNUM MHO-

MECTBO

o ] Ty ix}_ 1 _:_3__ . x;2 21y 3
M‘_{(“’l"”z)' 56 9 2 SBT3 T 9 ‘l'T}
1 BBeaeM (QYHKIIUIO IJIATEL

(1.4) ¢ (z1, 2,) = win {¢ > 0: (1, z,) E cM}

CumraeM, 9T0 HeJb HEPBOr0 HrPOKA — MUHAMUBAIUA sHadeHNA @ (2, (9),
z, (®)), HETepeCH BTOPOTO HIPOKA MPOTHBOHmONOKHH. MHOXKecTBO M cuMMer-
DHYHO OTHOCHTeNBHO Hyas. Ero Bepxmas YacTbh moKasaHa Ha gur. 1, rme ona
oGosnagerna mudpoii 6. MEokecTBo M BrGpano [9] Ha ocHOBe amammaa mponec-
ca IBIKEeHHA camoiera mocJae mpoaera topia BIIIL: eciu B moment U GokaBoe

OTKIOHEeHHe I; (0) M CKOPOCTH GOKOBOTO OTKIOHOHUSA Ly (4) rakoBH, 9TO (71 (),
z, () = M, To mocie MoMeHTa ¥ TAPAHTHPYETCA yCHEINHOe 3aBePIIeHHE IIO-
canku. Ecanm (z; (), z, (0)) & M, Takou rapaHTHH HeT. _

- Iloxg momycTMMHEIMH CTpPaTeTHAMHA mepBoro Hrpoka Gymem mommMarh [1]
¢yaxuuu U, craBAmue B COOTBETCTBHE Kaxol mosunuu (f, r) & [0, 0] X R
anciao U (¢, ), ynosiersopsiomiee YCIOBHIO | U (1, x) | < p (¢). CamBoioM
z (v, tg, oy U, A, v (+)) 0003HaIUM IBHKEHHNE CHCTEMEL (1.1), BEIXOfAIEE B MO~-
ment t, e [0, &] u3 TouKE Z,, KOT/[a HEPBHA UTPOK NPAMEHA ST HEKOTOPYIO /0=
nycrEMyio crpareruio U B AUCKpeTHOH cXeMe YIPAaBIEHWS [1] ¢ marom A, a
BTOPOH peaqdsyeT HeKOTOPYIO M3MEPHMYI0 QYHKIHIO BPEMEHHU U (), ynoBiaeTt

Bopsomyio ycaosuio | v () | < v. llyers
(1..5) 'Yu) (to, L0, U, A)"'—:
- ==S}1[))(p(x1 (8, to, To, U, Ay v (+)), 22 (O, o, 20, U, A, 0 (+)))

T'®) (£, 2p) = min lim y® (&, Zo, U, A)
U A0

Beapumua! I'® (t,, r,) — onTEMAJNbHAA TaPaHTAS IEPBOTO UTPOKA JIA
HagajdbpHOU mosmmmu (f,, Z,).

AHaJIOTHIHO, PACCYIKAAA 3a BTOPOTO HTPOKA, HOA HONYCTAMEIME CTpaTe-
roaMa GyxeM MOHEMATH IPOM3BOJAbENE yHKNEA V, CONOCTABIAIOMUE Ka;KooHU
no3umuu (t, x) gymcao V (¢, ), yEoBiIeTBOpAIOmEee YCIOBHUIO |V (&, x) | << Ve
- Hoaomum , |
(1.6) I'® (¢, o) = max lim y® (g, Zo, V, A)

v A—0
rae y® BBogETCA momo6Ho Y1) ¢ HOHATHHME M3MEHEHUAMH B OIPECICHUN.
Ussectao [1], aro I'D (¢,, z,) = I'® (I, o) ANA BTPH BHAA (1.1) — (1.4)
npn a06oit HadanabHOM mosunmua (%,, Zo). B maxpEemmeM BMECTO Ir'd), T'® 6y-

- o961



Aem nmcars I'. Qynrnusa I' masuBaerca PyHKOUed HEOHK MIPH, a CTPATOTHE
U°, V°, na KoTopHX Aocruranrca mummmyM B (1.5) m maxcamym B (1.6),—
ONTHMAJBHEMH CTPATeTHAMH HIEPBOT0 M BTOPOT0 HTPOKOB. B obmem ciyzae
crparermm U°, V° moryr 3aBECETH OT HavanpHOX mosmnma. U3 pabor [4, 5]
caenyer, 9uro B urpe (1.1) — (1.4) cymecTByer yEEBepcajdbHAA OOTHMANBHAS
crparerus [1, 2] mepBoro mrpoka, T. e. cTpaTerms, ONTEMAJBHAA IJAA BCEX
Ha9aJBbHHX mosunuit. B crarse GymeT ommcaH ajJropuTM YMCIGHHOTO IOCTpOE-
HAA TAKOH cTparernd. AHAJOIAYHO CTPATerHMH HOPBOro MrPpoKa Gyxer mocTpoe-
HA YHEBODCAJbHAA CTPaTermda Broporo mrpoka. Ho sra crparerms, B oTnmyme
OT CTPaTeruy IepBOro UTPOKa, He ONTUMANBHA B CTPOroM cmuicie. Byner pac-
CMOTPEeHAa KOMOMHHDOBAaHHAA CTPATer'ds I6PBOTO UTPOKa, IPEACTABIAIMANT
€000l CKJIeKy yHHBEPCAJIBHOH ONTHMAJBHOW CTPATOIHH W CTPATErdmH, OCHO-
BAHHOH Ha JHHOHHOHX QYHKIHM.

Cacrema (1.1) opu: % —- 00 MOPEeXOMNMT B cnc'remy (4.1) u3 paﬁo'rbl [3] Or-
pammaenns (1.2), (1.3) coBmagawoT ¢ orpanMIeHEAMH (4.2), a QYHKUHAA INIATEH
(1.4) 6nmska k ¢ymxmum mxars (4.3). B paGore [3] upusegen amropmrm wmc-
JIGHHOI'0 IOCTPOSHHA HEKOTOPOH YHUBepCAJIbHOH CTPAaTeTrHH IMEPBOTO HTPOKA,
0a3sHpYyIOIMeAcAa Ha MeToe aKcTpemansHoro mpunenmsanus [10]. Oxraxo, mo-
CKOIBKY 3amava (4.1) — (4.3) ne peryaapna [1, 10], aror MeTox e obecmeun-
BaeT IEPBOMY HI'DOKY ONTHMAJbLHHEA pesyiabrar. He sABisercs.peryisapsoii
u nudpdepernnanpuas urpa (1.1) — (1.4), paccmannBaeMaH HUKE.

2. duddepennmanruana nrpa (1.1) — (1. c‘i) KaK JAHe#HAA HTrpa ¢ QPuKcH-
POBaHHEIM MOMEHTOM OKoHYaHHMA © o6aagaer CIeRyoOme:X 0COOEHHOCTHIO:
QYHKIUA OJIATH (¢ 3aBACAT OT 3HAYCHUH JAMB JBYX KOMIIOHEHT (a30BOro BeK-
Topa z (%), a mMeHHO oT z; () m z, (¥). ITa ocoGennocTs mospoaser [1, 11],
HCmoJab3ysa 3aMery Yy (f) = Xy, (0, 1) z (2), IOPEATH OT Hrpm (1.1) — (1.4)
K 9KBHBAJEHTHON HIpe BTOPOTO MOPALKA

1) y=D®u+E(®)v, yeR
D) — () Xog 0 ) B, E(t) = VX1 (8, 2) C
|ul<11 Ivl\

3mecs X, , (¥, t) — mMaTpuma, cocraBieHHAas W3 MEPBHX ABYX CTPOK PyH-
namenranbHoit MaTpunu Homm X (O, t) = exp A (0 — ¢). Oysxkoua maat
ansa urps (2.1) ocraerca npesxueii. @yrknuio nens o6osgaunm depes I'. Copa-
BoxanBo cootHomenme I' (¢, z) =T (¢, X,, (O, t) 2). |

Muomxecrso yposaa W, = {({,y) =[0,8] X R%: T (¢, y) ¢}, ¢ >0
¢ynknuy nenw B urpe (2.1) coBmafiaer ¢ MHOKECTBOM HO3MIHOHHOI0 DOTJIOME~
HUA 1eAeBOro MHOKecTtBa M, = cM B mMomeHT O mim, 94To B JaHHOM CAydae
TO 7Ke camoe, C MAaKCHMAJIBHHM U-CTAOMIBHEIM MOCTOM, IPHBOXAIIEM B MOMEHT
¢ ma M, [1]. Ceuenne W, () = {y = R%: (¢, y) = W,} cosnagaer c AJIbTOp~
HHPOBAHHKIM HHTET'DAJIOM [12] nnsa HTPHL (2.1) or MHOmecTBa M, Ha OTpe3Ke
[t, ). \ .

Jaa HaxoKAeHus cedeHuid W, (t) HCIOJb30BANACKH CTaHI.[apTHaH nporpam-
Ma DOCTPOeHUA MHOMECTB IIO3HIHOHHOIO HOIJIOMeHHs, paspaborannas B Unc-
tatyTe maremaTuky u Mexaumka Y HI] AH CCCP. Ceuenna W, (1) cammerpm-
HE OTHOCHTOJBHO HyAs. Ha ¢ur. 1 mokasann BepxHme 9acTH cedeHHUH, HOIYe=
gegane HA IBM mpu k£ =1, ¢ = 1 gua momenmtos t = 0, 5, 9, 11, 14, 15
z 0003HaYeHHEE COOTBeTCTBeHHO Mudpamum I —6. Ormermm, uro W, (15) = M.,

MuoskectBo W, — MakcEManbHas «Tpy6Ka» B OPOCTPAHCTBE I6POMEHHELX
!, Y1, Yo, OTKY[A IEPBHHA MIDOK TapaHTHPYeT HpuBefeHHe cucTeMH. (2.1) Ha
MHO;KeCTBO M, Kak OH HE JeficTBOBaJ BTOpOiHl Hrpok. B TepMmHax cmcremu
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Dur. 4

(1.1) aro osmavaer ciegyomee. Ecam BasampEas mosunus (¢, Z,) TAKOBA, ITO
X, (0, t) 2z, = W, (t,),: To y mepBoro mrpoka cymecrsyer [1] crparerns,
rapaHTHPYOINas BRANIeHHe (75 (¥), 2, (0)) = M, Ecam X,,, (4, 1o) o &£
& W, (t,), Takoin crparernm mer. Boaee TOT0, B BTOM ciryuae cymecTByer [1]
CTparerss BTOPOTO HUIPOKa, [eJA0Mas HEBO3MO)KHHM NODafaHHe TOYKH
(1 (8), z, (0)) A M, ¥ak OH HE [EHCTBOBAJI NEPBHIl HIPOK. TaKEM o6pasoM,
mono;kuB ¢ = 1, moxyvaem mpm moMomuz muoxecTBa Wi (0) momHoe onmcaHme
COBOKYIHOCTH BCOX HAYAJBHHX COCTOAHMIA I, B MOMEHT I, = (), 3 KOTOPHX
rapaHTHPYETCA YCHEIIHOe 3aBEPHICHHe® M3Yy9YaeMOT0o 3Tama IOCAKKH.
O6o03maunM cmMBoiIoM ¢® Hammenbmee ¢ > 0, npm xoropom W, (0) = .
Benmamua ¢° XapaKTepE3yeT NOTEHNHUAIBHHE BO3MOKHOCTH YIDABJIeHHA W
na npome:xyTke Bpemern: [0, 0]. Ha ¢ur. 2 npasenen npocamranawit Ha IBM
rpaduK 3aBECEMOCTH ¢ OT mapamerpa k.
- 3. Judpdpepesnuanpras urpa (1.1) — (1.4) ecrs nmpeitEag mrpa ¢ gukch-
POBAaHHHIM MOMEHTOM OKOHYAHMSA W BEIIYKIOH (yHKIHeHl mIaTH. YIPaBIAI0-
mpii mapaMeTp HepBoro (MEHAMHSHPYIOIEro) Arpoka — ckaaxap. B sTax yc-
JIOBUAX cymecTByeT [4, O] ycroiiimBas yHEWBepcaldbHAd ONTHMAJIbHAA CTPATe-
rEsa mepBoro mrpoka. CTpaTermio MOKHO OIpefeJIuTh IPH IOMOIIE HEKOTOPOH
cnennanbnoﬁ nmoBepxHocTd S) B IPOCTPAHCTBE t, Y1, Yo, ATPAIOMEHE POIE ITO-

BOPXHOCTE HOPEKIIOYeHHA [UIA YUDPABIEHHA IePBOTO HTPOXKa.
' OnnmeM cxeMaTEUHO cmoco6 mocTpoeHms ceuenmil mosepxHocTH S1).

- Iycrs myxmo mocrponts cederme SO (f) 11 HOKOTOPOTO MOMEHTA ! & [0, O]
(7. e. JmHmo HGPBRJIIO‘IBHEH AJIA MOMEHTA £). CHMBOJIOM C; oﬁoanaqnm HaMMEeHb-
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mee ¢ > 0, npm xoropom W, (¢) = (/5. Bubpas nocratouno 6iauskoe K ¢, auc-
0 €y > €; M IOCTATOYHO Goabmoe wmcio c* > c,, 3agagmm Ha [c,, c*] Habop
YOOPAKOYGHHHX N0 BO3pacTraHmi0 ducea cl = c,, ¢2,...,cn = c*, Jlasn
KaKJOTO 9UCiIa ci nocTpouM MHOMecTBo W,; (). MHOMKecTBO W i (t) 3aMKHY-
TO, BHIOYKJI0, orpanmdero. J6Xoxsa ero rpanmmy mo 9acoBoif CTpPeJIKe, Haigem
TOYKY %; (COOTBETCTBEHHO Q.;), TIe CKAIAPHOE IPOA3BEICHHS BeKTOpa D () Ha
BEKTOP BHEITHEM HOPMAJIX K I'DAHMIle MEHAOT 3HAK C III0CA HA MUHYC (c MHUHY-
ca Ha mnioc). llepebupas i or 1 mo n, moaygyum HaOOPH Xy, o, . . ., Ky U Oy,
Qgy « « +y Q. GOENMHAA TOCHEHOBATENBHO OTPE3KAMH TOYKH ITHX HabopoB,
a4 TaKKe %y C O, HOCTpouM JoMaHyIo. Ee u ciemyeTr B3ATh B Ka4ecTBe JIMHHAMW
S (1). CremeHb IPUOIMKEHASA K «MACATBHON) JHHUM HePEeKIIOYEeHNA TeM BHI-
me, YeM MeHbIIe [uaMeTp pa3bmeHnsa mpoMeRyTKa [c,, ¢*] gancaamu ci m dem
onmxe c, K ¢;. IlocTrpoenue nuruUM nepennmqeﬂnﬂ Npu 7 = 3 Ka4eCTBEHHO
IOACHAETCA HA QUT. 3, rae MHOMkecTBa W, (1), W, (1) m W5 (t) 060o3mauens
nuppamua 7, 2, 3, a manpasaenue BexTopa D (f) moKa3aHO CTPETKOIL.

[Tycts AWM (f) — monoca Ha miaockocT: ¥y, ¥,, COCTABICHHAA W3 IPAMEIX,
OpOXoNAmMUX depe3 MHOKECTBO W« (f) mapanaexbuo Bexropy D (t). Jlunms
S (¢) nennr nonocy A® (t) ua xBe wacru. Ty, kyna mampasien sexrop D (1),
o6osnaumm S_M (¢), mporuBomosoEHYID — S,M (t) (ma ¢ur.3 stm wactm
0003HAYCHBl COOTBETCTBEHHO 3HAKAMH MHUHYC M ILIIOC). Ecan 8 moment ¢ Tou4-
Ka y (t) = Xy, (U, ) z () nomagaer B S_M (), To onTUMadbHOE yHpaBIeHme
U” (¢, z (t)) nepsoro mrpoka B cucreme (1.1) ciaemyer B3ATH paBHEIM —u (1),
ecad B S, (1), to n (). Ha camoit nuamm yopaBieHEre MOKHO 6parb J06HM
u3 orpeska [ —p (), u (¢)]. Iloneepxuem, aTo pasmep momocsr AM (t) 3aBmcmrt
OT YHCJIA ¢*., ITO YUCI0 HY;KHO BHOPATh (OMHAKOBHIM /I8 BCEX ! WM 3aBHCH-
UM 0T ?) Tak, 9To6H mi06oe pBmxenue y (1) = X, (0, t) z (1) ¢ m06HM Ha-
9aJbHBIM YCJIOBHEM Z, B MOMEHT [, H3 Pa3yMHOM OrpaHUYEHHONR 00JACTH BO3-
MOKHBIX HA9a/IbHBIX HOSHNWHM HAXONHJIOCH B MOMEHT ¢ B mosoce AWM (7).

OnpegennB auaum S (1) gas Bcex MOMEHTOB t = [0, O], 3amamum Tem ca-
MEM YHEBEPCAJbHYI ONTHMAJIbHYI0 crparermio U°. IlockoabKy peammsamus
CTPaTeruyu OPOMCXOAHUT B AHCKPETHOM CXeMe YIPaBIOHHA, PaKTHICCKH Heol-
XoauMo nocrpours auEME SO (f) TONBKO A TEX MOMEHTOB £, B KOTOpHe 6y-
IeT OpOU3BOMHUTHCAH Bmﬁop YOPaBIAMEI0 BO3JNEUCTBUA IEPBOT0 MUIPOKA.

Ha ¢ur. 4 npepcrasiens npocuuragasie Ha IBM nuaum Hepenmoqeauﬂ nepBoro NIpo-
Ka npx k = 1 gns momenToB ¢t = 3, 5, 7 ¢ (crommste guHUEM). Tak Kak cedemms W, (f)
CAMMETPUYHH OTHOCHUTENLHO HYJA, TO CAMMOTPHYHE ¥ JMHHH NepeKaodendd. IloaTomy
NOKA3aHEl JUIIb BepXBEHE JacTy JuEmE. IIpu npocuere numEumit ucnmoassoBaioch 17 sHagenui
napamerpa c: or ¢, = 0,63 mo ¢* = 1. Ha auAAAX OTMEYEHH TOYKH, COOTBETCTBYIOIIHE
¢ = 0,63; 0,66; 0,79; 1. Orm pacmosos;xeHH Mo MOPAAKY. Ilocaenmsas To9Ka Ha Kammmon an-
HUY COOTBETCTBYeT ¢ = 1. HawYecTBeHHHA XapaKTep JWHEH IIePOKIIOYeHEA HePBOro HrPOKa
OMHHAKOB NJIA Bcex ¢ = [0, 0. A HMMEHHO, OPH BCOX ! BePXHAA dYacTb JIMHUA S (f) ne-
JATCA XAPAaKTePHOR YTIOBOH TOUKOM HA IBA YYACTKA, KAKIBIA 13 KOTOPHIX OJH30K K Ju-

HelHOMY. YupasuneHnme U° (¢, z) mpuAMMaer 3HaYeHHe — W (f), ecIHM TOUKa X190 t)2
JIGKHUT cOpaBa OT JMHHUM HePeKJIIOYeHNs, U 3Ha4YeHue | (), eciu cieBa.

4. s ompemenenmsa muokecTB W,, ¢ >0, m cBOMCTBA YHUBEPCAJBHOCTH
PacCMOTPeHHOH B IpPeNhIAVIIEM nyHRTe crpateruz U° caenyer, 9TO eciad, 3a-
pUKCHPOBAB HEKOTOPOE IUCJIO0 ¢, BHIGHpATH yIpaBiieHUe IepPBOLo AT'POKA
B TeKYyIIMU MOMEHT ! npu momomu crparermm U° mmms torma, korga y () =
= X1, (0, 8) z (1) & W, (1), a upu y (t) = W, ({) samaBath ympaBierme
- KAK-TO WHAaYe, TO Pe3yJNbTaT, TaPaHTHPYEMHH HEePBOMY HI'POKY TAKHM CIIOCO-
OoM ympaBieHus, cOBOAJET C ONTHMAIBHBIM (T. €. C HEeHOH MTPH) B Ciaydae
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Y (to) = Xy,5 (0, 1) z & W (to) m 6yner ue 6_(”15[“9 ¢’ upm y (&) & Wc’ (£0)-
Wcoons3yem ykasaHHOe CBOMCTBO JJA BBeeHHA KOMOMHUDOBAHHON CTpaTerHmE
Y ' O ' |

nepBoro urpoxa. Ilpm stom mosommm ¢’ = c°.
Paccmorpum nmueiinyo QyHKIUIO

f () = (=0, 1z, — 1,5z, + 5z,)/57,3
H (QYHKIHIO

| (1 (), f(x)>u(';)-
@)  FEo={f@, I@I<rO
— (), f(@)<—un(E

llogoOunie F 3akoHH ynpasieHAs (T. €. JAHEHHEE 3aKOHE C OrPAHHYCHAEM
NOIyCTHMOM BeJHMYMHEI KPOHA) MCHOJB3VIOTCA B OOPTOBHX CHCTEMAX CAMOJIE-
TOB TPKAAHCKOM aBHAUUHA NiA crabmaumsanuu GoxoBoro orxioumenus [7, 13].
O6o3maunm uepes G (t) KPyr MAKCEMATILHOTO paguyca, Bnucasesi B W e (1),
YHuBepcanabHyI0 KoMOUEAPOBaHHYI crpaTeruio U’ BBefeM caepyomum o6pa-
soM: ecam mosmuua (I, z) TakoBa, uTo X, , (8, t) 2 £ G (t), monommm U’ (2,
z) = U° (t, z); ecim X,, (¥, 1) 2= G (t), npumem U’ (¢, z) = F (¢, z).
Crparerms U’ rapantupyer mepBoMy HTPOKY mpu J1000M HAYAJIBHOM CO-
CTOAHUA X, B MOMeHT {, = ( pesyiabraT, paBHHE omTUMaidbHOMY. Taxum 006-
pasoM, I HAYAJNBHEX mo3unui (I,, z,) npm ¢, = 0 oHA «He XyKe» CTpaATernu
- U®. CGrparerusa U’ mosxer GHTH mpequmouTHTeAbHeH cTparernd U°, MOCKOIBKY
IIPH ee Peau3anuy He BO3HHKAET YaCTHX NePeKII0ICHHH YIPaBIeHUA MePBOTO

HMTPOKA (CKONB3AMEro pesmMa), KOIga OTKIOHeHHSA Z () OT HyIA B IpoIecce
IBUAKEHHSA MAJIHL.

9. Yupasiasiomuit DapaMeTp U BToporo urpoka B cucteme (1.1), Kak u yu-
paBagiomMuy mapaMeTrp i MepBOro MTPOKA, ABAAETCA CKAIAPHEIM. AHAJIOTHI-
HO IOBEPXHOCTH HepexadeHusa S(') nepBoro urpoka, OMHCAHHON B II. 3, MOMK-

HO IHOCTPOMTH B IPOCTPAHCTBE I, Yy, Y, HOBEPXHOCTH HeperIodeHus S mis
BTOpPOTo MTrpoKa, Habumpas ee u3 amumit S@ (t). ClleqyeT JIUIIbL BMECTO BEKTO-
pa D (t) us cucremn (2.1) ucmoansosars BexTop E (2).

 Bepem ctparermio V* Broporo mrpoka, oCHOBaHHYIO Ha MOBEPXHOCTH Iie-
pexiaiosenusa. Ilycte ! — npoussoasmmit moment u3 [0, ¢]. Ilonocy A® (i) na
INIOCKOCTH Y, Y, oUpeRennM anajgorud€o moioce AWM (¢), samenus D (f) Ha
E(t). Jluauma S@ (¢) penmr A®.(t) na nee wactm. Ty, KyKa HaOpaBIeH BeK-
Top E ({), oGosmaumm S,® (), nporusomomoskuyio — S_@ (t). Ecau z Ta-
KOBO, 9T0 X, » (O, £) 2 &= S, (t), momomum V* (¢, z) = v, ecan X100, ) z =
= 5_@ (1), o V* (¢, z) = —v.' Ha camoit auauu S®@ (t) 3aavzenne V* (t, )x
:BalaluM OPOU3BOJBHEM u3 [—v, v]. |
| Crparerua V* ompenenena amanorwuno crpatermm U°, HO, B OTIHYHE OT
NoCHeHeH, OHA He ONTHMAJIbHA B CTPOTOM CMBICJIE.

Ilpuauna cocrout B caeaymomeM. BubEpada Mpou3BoIbHO yIpaBjJeHue BTOPOTO HI'POKa
-Ha TIOBEPXHOCTH NEPEKIIOYeHusA, NPU MACANbHOM PAacCMOTPEHHH 3amayu (T. e. 0e3 ydera
NOTPEIUHOCTH ANNPOKCHMANMHA) He UCKIIOYaeM ABMKeHWI (¢, y (¢) = (¢, X 1,3 (O, t) z (8)),
unyoux mo S@, 1lena HIpH BAONL TAKUX XBYKEHUHM MOJKET yOrIBaTh. J[pyruMm cioBaMd,
BTOPOM HMI'DOK MOKeT IPOWTPHBATH, HONYCKAS IBYKEHHS IIO nosepxrocTE S, B arom
‘COCTOHT OTIMYMe OT CIydYasA ABHKeHUA N0 moBepxHocTH SV Korma paccymmennas BeAyTCA
34 IepBOro Mrpoka [4, 5]. Hakaa-nu6o ompepmeneHHOCTH B 38JaHMHM YIPABJICHHAA BTOPOTO
MIpoka Ha noBepxmEocTH S'¥ Hugero me maMenwmT: GopMEDYS cBoe yIpaBIeHHe IPH IOMOIIA
TIOBEPXHOCTH NEePeKNIOYeH s, IIOCTPOCHHOH NPHOIMKEHHO, BTOPOl HIpoK OyaeT omubaTbes
0 CPaBHEHWIO C BHIOOPOM OTHOCHTEJNHHO HASANBHON IIOBOPXHOCTH, @ 9TO MOKeT IPUBECTHA K
-BOBHUKRHOBEHHUIO CKOJIb3AIIEro peskuMa. OQHAKO 9TOOH TaK0e OCYLIeCTBHIOCH, IIOPBHI HrPOK
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nomnen nenc'rnona'rb BeChMA mcxycno» Hpeneﬁperaa Boauoxmoc-rsm noannmmnem CKOJb_.

$AIMEro Pe;KEMA HA MOBEPXHOCTH S@® OpH KOTOPOM NeHA HMIPH BROJL ABICKEHASA MOTIa Ok
yORBaTH, MOKHO PACCMATPHBATEH CTPATeTHI0 V* KaK HpAKTAYECKHA ONTHMAIBHYIO.

KagecTBeHHHIX XapaKTep JAHHHA NEPEKIIOYeHHA BTOPOro mMrpoka Goiee
CI0KOH II0 CPABHEHHIO ¢ JEHUAMA IEePOKII0YeHHS IepBoro urpoka. llocrpoe-
rua ma 9BM moxasmsawor, aro orpesox [0, 4] pasbmBaeTCa HA HECKOJBKO Xa-
pakTepHHX npome:kyTkoB. Ha opmmx w3 HumX amamm S?) (f) meamkKoM coBIa-~
palor ¢ JguEEama SO (¢). Ha ppyrnx amemm S@ (7), SW (f) coBragaT dac-
ragEo. Ecam maTH OT Havala KOOPAMHAT, HX BEPXHHO JACTH COBIALAIOT N0
YIJI0BOM’ TOYKHE JHHUH NePeKII0OIeHHA MePBOr0 HIPOKA, 8aTeM JHHAE Pacxo-
NATCA B IPOTHBOIOJJIOKHEE CTOPOHH. B 9acTHOCTH, K IPOMEKYTKAM 5TOTO TH-
na oTHOCATCA npH k = 1 MomenTH ¢ = 3, 5, 7. CooTBeTCTBYIONIEE MM BepPXHHAE
wacrn auHui S@ (f) mokaszamu Ha ¢ur. 4. Hltpuxamu oTMeIeHH yIacTKH, HE
npuaagie;xkamume S7) (f). Kpome onucaHHEX HMEOTCA KOPOTKHE HIPOMEKYTKH,
e OIPOMCXOAUT OHCTPO® W3MEHEHHe JAWHHWH BTOPOr0 HTPOKA OT COBIANEHUS
C JMHASAMY LEePBOT0 HUIPOKAa KO0 IOJOMEHHS, HOJ00HOr0 MOKa3aHHOMY - Ha

-~ ¢ur. 4, n Ha000poT.

6. IlpmBeieM pe3yJABTATH YHACICHHOTO MOM@IMPOBAHUSA [BUKOHHN CHCTEMEL (1.1) nnn
NBYX HAYAJBHHX COCTOSHUHE z, B MOMEHT ¢, = 0. IlepBoe ¥3, HUX (TOYKA a) XapaKTOPH3YeTCH
GOKOBHIM OTKJIOHOHHMEM I, — o0 M, ocTajlbHHE KOODAWHATHL Z¢g, . . ., Ty7 PABHH HYIIO.

Ve 0,75 2.20 0,63 - 2.88
»=10 0,65 1,66 0,66 0,10

v 0,23 1,32 0,26 0,38

BTopoe naqanbaoe COCTOSAHH® — TOYKA b ¢ HYJAEBHMH KOOPAWHATAME. Hoatb(bnunem k
B mpaBoii actu (1.1) GBI B3AT PABHKM OJIMHALE. '
Nas magansHoi mosunua (0, a) mema mrpu I' (0, ) pasHa. 0,69. D10 3HaUEHAE YCTAHOBT

JeHO YKCIEePHMEHTAJbHO nonﬁopou umcaa ¢, BAA KOTOPOro Touka Xj , (¥, 0) a nexkut Ha
rpapuge mHO:KecTBa W (0). A ma-

vanpHoi mosunuu (0, b) mema I' (0, b)
coBmagaer ¢ ¢° = 0,62. -

B rabanne maHE snaqenna PyHK-
nuy naaTe @ (24 (9), 2z, (1)), Domysalo-
muecs B MOMOHT U IpA PasHHX CIOCO-
f6ax yHOpaBJeHMA HIPOKOB. JaNHCh.
v = 0 (v= 10) o3Ha"YaeT WOCTOAHHOE
yIpaBileHEAe BTOPOT0 HIDOKA, PpaBHOE
Byxio (coorBercTBeHHO 10 M/c). CEMBOI
v* COOTBETCTBYET CIYJadHOMY BO Bpe-
MeHX YIOPaBIEHHI0 BTOPOro MIpPOKA.
Oyernua v* OEJIa KyCOYHO-IOCTOAHHOM
mo ¢ ¢ maroMm 1 ¢, 3HaYeHHe QYHKIUH
"Ha KamKEoM npouemyme IOCTOAHCTBA

_ Bmﬁnpanocb IIPH OOMOIY HATIUKA cnyqannmx urces, peaIu3yIOMero paBEOMepHOE pacupe-
neneane Ha OTpe3Ke [ 10, 10]. CamBoa F o03Ha4YaeT CTpPATernio MepBOTO MIPOKA, sanaBae-

MyI0 popMyaoHu (4. 1) M HCHOAH3YEeMYI0 NIA BCeX mo3unui (I, z).
Ilpn peanmsanum crparermii U’, V* npAMeHANNCH JUHWH NEPEKN0IeHAA, MPOCIATAH-

HEO 0 9 3HAaYCHHAM IapaMeTpa ¢ : 0 64: 0,70; 0,76; 0,82; 0,88; 0,94; 1; 3; 5. Ilar A guck-
PeTHHX cXeM yupasienusa 6 pasen 0, 05. Taxoi jke mar BHOUpaJn OpH peasnsauy cTpa-
Terny F. Y BeJamdenme Mara QACKPETHOH CXeMH IepBoro Hrpoxa o 0,1 He IpHBORUT K cymie-

CTBOHHOMY HM3MEHOHMIO SHAYOHMIl IUIATH .

066

Qur. 5



Ha ¢ur. 5 noxasanu rpadwxu msMeHeHHA N0 £ GOKOBOro OTKIOHCHHA r, () AAA HAYANB-
Hoit mosmmuu (0, a), KOTAa 8a BTOPOTo HrPOKA HCHOAB30BajIach crparerns V*. Kpusas I
COOTBeTCTBYeT cTpatermm U’ mepBoro Mrpokxa, Kpusag 2 — crpartern: F. _

IlonydenAne pe3yAbTATH MOKASHBAIT, YTO IPH IKCTPEeMAJbHOM BOSMYINAIINEM BO3-
pecTBHE V* (mepBas cTpoKa TabnMnH) JwHeHHHHE 3aK0H yopaBieHHA F He rapaETHpyer
YCHEeIIHOCTH 8aX0/]a HA HOCAAKY. B To jke BpeMsa KoMOMHEMpPOBAHHHIE cocod U’ gaet Taxyio
rapaETuio. JimHe#HOe ynpaBjieEHe He NO3BOAAET YCHEONHO 3ABePIINTH IPOLECC B HPH OTCYT-
CTBHEH SKCTPeMAJbHHX BOSMYIMeHWH, HO IpH GoJbIIMX HAYAJIHBHX OTKIOHEHHAX (BTOPOIA
cronben), ¢ KOTODHMM YCHONIHO CIPABIAETCA KOMOHMHHDOBAHHKIA BaKOH YIpPaBICHHA.

B sakniouenme eme pa3 oOpaTHM BHHMaHHe Ha JONymeHUue 0 PEMKCHPOBa«
HAM BPEeMEHH OKOHYAHHA B IOCTAHOBKE PACCMOTPEHHOM MOJEJABHOM 3aMadm,
Crporoe pemeHHe aHAJOTHIHOM 3aadd, IIe MOMOHT OKOHYAHAA (TPAKTYeMHIit
Kak MomeHT npoiera Topna BIIIT) sapamee He pukcapoBaHE, a MOMKET JIOAKATH
B HOKOTOPHX IpefielIaX, ABJIAETCA CYIMECTBEHHO 60J/iee TPYAHEIM, IOCKOIBKY

IPONajaeT BO3MOKHOCTb IOPEX0fa K Hrpe BTOPOTro HOPAKKA, KOTOPAs Oxia Ghr
OKBHBAJICHTHA HCXOMHOM.
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