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NT'POBAA 3AJAYA BbIBOPA HAWJIYYIIETO
KYPCA AXThbI

B. H. Yxo6omoe, H.B. Ileynosa
GAME PROBLEM OF THE BEST YACHT COURSE CHOICE

V.I. Ukhobotov, LV. Tseunova

PaccmarpuBaeTcs 3amaya o0 yrpaBieHUU SIXTbl C MIEPEMEHHBIM BETPOM.
3agaya paccMmarpuBaeTcsl B Buje nuddepeHIanbHON Urpsl. Bropoii urpok
yIPaBJIIET BETPOM.

Kuiouesvie cnosa: ynpasnernue, ouggepenyuarvuas uepa, u2pok

The authors handle a problem of controlling a yacht in the baffling wind
conditions. The problem is analyzed in the form of differential game. The
second player controls the wind.

Keywords: management, differential game, player

1. IlocraHoBKka 3agauyu

B wu3BecTHOIl 3amade BBIOOpa HAMJYYIIEro Kypca SIXThl CKOPOCTb SIXThI 3aBUCHUT OT yIJa,
KOTODBIN 00pa3yeT Kypc sIXTHl M HallpaBjicHUe BeTpa. [Ipy IMOCTOSTHHOM 110 HAIIpaBJIeHUIO U 110 Be-
JINYMHE CKOPOCTH BeTpa B [1] paccMoTpeHa KOHKpEeTHAasI MOIeIb TaKOW 3aBUCUMOCTH. Mcciemyercst
3aJava, KOTJa BBITOAHEe MATH rajcaMu, 4eM IpsMO MO 3alaHHOMY KypcCy.

Ecnu paccMartpuBaTh ciiydyaif, Korga BeKTOp CKOPOCTH ¥ BETpa MOXET MEHSIThCS, HaXomsCh B
HEKOTOPOM MHOXECTBE V, TO BEKTOP CKOPOCTH U SXTHI MOXHO BBHIOMPATh U3 HEKOTOPOTO MHOXE-
crBa U(v), 3aBucsiero or ckopoctu Betpa. Lleab ynpaBieHus SXTON 3aK/II0Ya€TCS B TOM, YTOOBI
IMOOBICTPEe BHIBECTH €€ Ha 3alaHHOe MHOXECTBO Z (HampuMep, MPUYaIUTh K OCTPOBY). B Kaxmbrit
MOMEHT BPeMEHHM CKOPOCTh BeTpa CUMTAETCS M3BECTHOI.

PaccMoTpeHHBIN TpuMep SBIASETCS YaCTHBIM CIIydaeM 3aJadu YIPaBIEHUS C TTOMEXOM

z=-u, z€R", ueUW CR", veV (1.1)

31ech V-MHOXECTBO TMPOM3BOJIBHOM MPUPOAbl; npu Kaxaom v € V muoxectBo U(v) siBnsiercst
HEIYCTBIM KOMITakTOM B R™. CunMraeM, 4TO OTpaHWYEHHBIM SIBJISETCS MHOXECTBO

K=|JU@). (1.2)

veV

[TepBbiii UTPOK, BeIOUpast yripaBieHue u € U(v), cTpeMUTCsl TIOGBICTPEe OCYIIECTBUTh BCTPEYY
2(t) € Z, (1.3)

rae Z ABisieTCs BBIMYKJBIM M 3aMKHYTBIM MHOXecTBOM B R™. Bropoil urpok, BeIOMpas yIrpasie-
Hue v € V, crpemurcs caenath Bpemsa Betpeud (1.3) KaK MOXHO JOJIBIIE.

ByneM paccmarpuBaTh Urpy, KOrja yIIpaBjJeHHE IEPBOrO MIPOKAa CTPOUTCS B 3aBUCUMOCTHU OT
peaaM30BaBLIErOCs B MOMEHT BPEMEHU  COCTOAHMA z(t) M OT 3HAYEHUS B STOT MOMEHT BPEMEHHU
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ynpasienus v(t) BToporo urpoka. Byaem cTpoWMTb yrpaBieHHe TEPBOrO MIPOKA TaK, YTOOBI OHM
JIOTIyCKaJiu IBWXKEHMUE rajcamu [1].

ByneMm npeamnosarath, 4To M3MeHEeHWe yrpaBieHus v(t) ¢ TedeHUMEM BPEMEHU MEHSETCH He
O4eHb CHJIbHO. UTOOBI cTporo chopMynrnpoBaTh 3TO IOMYILIEHUE BBEIEM, B pPACCMOTPEHUE €BKJIU-
108 map S B R' eIMHUYHOIrO pajuyca M ¢ LIEHTPOM B Hadaie KoopaumHar. TpeGosanue Ha v(t)
3aluIleM B clieAylollleM Buae: IJs Joboro orpeska [0,p] cymecTtByer uncio L > O Takoe, 4TO

U(w(t)) cU@(r)+L(r—t)S mpu 0<t<7<p. (1.4)

Iox ynpasnenuem (@, A) IepBOro UrpoKa MOHEMAEM MPABWJIO, KOTOPOE KaXKJOMY COCTOSIHWIO
t >0,z € R" u m0bomy v € V cTaBUT B COOTBETCTBHE KOHEUYHBIN HAOOD

us = us(t, 2,v) €UW), s=1,.,k=k(t z2v), X =XA(tzv)>0, A+..+X =1 (1.5)

Jpeuxenne cucrems (1.1) 6yzem onpenesars C IOMOMIBIO JIOMAHBIX. I1yCTh 3a1aHBI HAYAILHOE
cocrosinue ty > 0, zg = 2(t9) € R™ u KOHEUHBI MOMEHT BpeMeHH p > ty. BosbMeMm pasbuenue

withp<h<.<tE<tpu<.<ty1=p (1.6)
C IUaMeTpoOM
d(w) = max (ti1 — t). (1.7)
I[MocTpoum JoMaHyIo
t I
2,(t) = 2, () —/t ui (r)dr, t; <t<tiy1, 1=0,l. (1.8)

3mech obosHauero u}(r) = us(ts, 2,(t,), v(t,)) npu tgs’l) <r< tz(-s), s=1,...,k(ti, z,(ti), v(t:)),
0 S
10 =t, #) =t + (tp1— 1) D Ag. (1.9)
q=1

Copnepxxarenbubiii cMbica ynpasienuii (1.9) caexyrommuii. C mOMOIMIBIO YKCes Ay IEPBBIN UTPOK

pa3buBaeT OTPE3OK [t;,ti+1] Toukamu t; = tz(-o) < tgl) <. < tz(s) <. < tgk) = tj11 ¥ Ha KaXJOM
, tz(-s)] JIBHZKETCSI C IOCTOSTHHOM CKOPOCTBIO Us (14, 2, (£;), v(¢;)). Yupasienue
BTOPOI'0 MI'POKa IIOCTOSIHHO Ha IPOMEXKYTKE (tz(s_l), tgi)l] u paBHO v(t;).

W3 orpanmuennocTu MHOXKecTBa (1.2) ciaexyer, uro Bee siomansie (1.8) yaoBieTBopsioT ycio-
Buto Jlunmmuna ¢ oxHOM u Toi ke KoHcTanToi. CremoBaTensHO, ceMelicTBo omanbix (1.8) ymo-
BJIeTBOpsIET ycsioBui0 TeopeMbl Apnenal2]. Ilog nemxennem cucremst (1.1) ¢ ynpasineruem (1.5)
U C Ha4daJbHBIM ycioBueM z(lp) = zp moHmmaeM jobyo dyHkmmio 2 : [to,p] = R", KoTopas
SIBJISIETCS] TIPEJIeJIOM PAaBHOMEPHO CXOASIIIENCs Ha OTpe3Ke [tp,p| MOCIEN0BATENHBHOCTH JIOMAHBIX
(1.8), y xoTOpBIX AuamMerp pa30OHEHUsI CTPEMUTCS K HYJIIO.

OrMmernuM, 4TO

U3 IPOMEXKYTKOB (tgs_l)

Lt k
[ i )ar = (s — ) D2 At o 8),0000).

t s=1
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2. OmnepaTop mMporpaMMHOTO MOTJOILIEHUSI U €r0 CBOMCTBA

Cnenys [3], sBenem ayist urpn (1.1) omepaTop mporpammuoro norsomenuss D,. Ilycts X C
R" o > 0. Touka z € D,(X) Torma m TONBKO TOTZAa, KOraa s Jioboro v € V waiimercs
u3mepumoe ynpasienve u : [0, 0] = U(v) Takoe, uTo z — fot u(r)dr € X npu sHekoropom0 <t < 0.

Jns moboro orpanuduennoro mMuoxkecrsa F' C R™ u s ymoboro orpeska [a,b] C R umeer
mecto dhopmyia [4]

{/ab f(r)dr| f:la,b] = F - H3Mepnma} = (b— a)coF. (2.1)

3aeck nocpencTeoM coF' 0603HaUYEHa BHIYKJIasd 0007049Ka MHOXKeCTBa F.
Byznem ucnonr3oBaTh onepanyn cioxkennuss MHOXKeCTB X u Y u3 R" u yMHOXXeHUe MHOXKECTBA
X Ha gucio a

X+Y={z2=z+y:z€eX,yeY},aX={z=az:z€ X}.

C yyeroMm aTuUX ¢opMyia, a Tak xe dopmyasr (2.1), omepaTop IPOrpaMMHOTO ITOTJIOIICHUS
MPUHUMAET BUJ

D,(X)= (] |J (X +orcolU(v)). (2.2)
veV 0<7<1
DToT oneparop 00JI137aeT CAEAYIONUMHA CBOACTBAMM.
Csoiictso 2. 1. Dy(X) = X.

CgoiictBo 2. 2. Ecau0<d <0, X CY, mo Ds(X) C D,(Y).
Do(X +Y) D Dy(X) +7Y.

D§(Ds (X)) C Dsyo(X).

D,(0X) = oD1(X).

. Ecau X - ewnyxaoe muoocecmeo, mo muooicecmeo Dy (X) aeasemea evinyx-

CsoliicTBo 2.
CsoiicTBo 2.

CsoiicTBo 2.

A I

CsoiicTBo 2.
ADBIM.

CsoiictBo 2. 7. Ecau X - ewvinyxaoe muooscecmeo, mo Ds(Dy(X)) = Dsyo(X).

CsoiictBo 2. 8. Ecau X - s3amxnymoe mmoocecmeo, mo muoocecmeo Dy (X) aeasemca 3a-
MEHYMBM.

CsoiicTBo 2. 9. Ilycmov X - 3amxnymoe muooicecmeo, nocaedosamesvhocmsd 0 < ogy1 < 0Ok,
ok — 0 u mouka z € Dy, (X). Tozda z € Dy(X).

Csoiicrsa 2.1 — 2.6 HenmocpeacTBeHHO caenyioT u3 ¢popmyssi (2.2). Ilpu qokasaresbCcTBe CBOl-
cTBa 2.7 IPUMEHWM CXeMy AOKa3aTeabCcTBa u3 paborsl [5]. B cuiy coiicTa 2.1 Hy»KHO paccMoT-
perb caydait § > 0 u o > 0. O6ozaunm X, = (§ + o) "1 X. Torga u3 BEIIYKJIOCTH MHOXKECTBA X
cnenyer paBeHcTBO 0.X, + 0 X, = X. Orcioma, ucnonb3ys coiicTsa 2.2, 2.3 # 2.5, noxyIum

D§(Dy(X)) = Ds(Dy(6 X4 + 0X4)) D Ds(Dy(0Xs) +6Xs) D
D D§(6X4) + Dy(0Xy) = 6D1(X4) + oDy (Xs) D

D (6+0)Di1(Xy) = Dsi6((6 + 0)Xs) = Dsio(X):

OOpaTHOe BKJIIOUEHUE CleAyeT U3 cBoicTBa 2.4.
IIpn nmoxazarenbcTBe CBOMCTB 2.8 M 2.9 mcmomb3yeTcsd TOT (akT, YTO BBHIIyKJas 000J0YKa
KOMIakTa B R' sBisgeTcsS KoMItakToM [6, Teopema 1.1.7].
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3. OntumanabHOE BpeMs BCTPEUYU
Hns xaxzpo#t Toukm 2z € R"™ monoxum T'(z) = +oo, ecnmu 2€D,(Z) upu Bcex o > 0. B
IPOTUBHOM CJIydae
T(z) =info, 02>0, z€ Dy(Z). (3.1)
Orta GpyHKUUSA 00JamaeT CACAYIOIIMMU CBOMCTBAMU.
CsoiictBo 3. 1. Ecau 0 = T(z) < +00, mo z € D,(Z).
CsoiictBo 3. 2. T'(2) > 0 npu awbom z € R"; T(z) = 0 moada u moavko mozda, K02da z € Z.

CsoiictBo 3. 3. Qynxyus T(z) aeasemca 6vnyKi0U.

JokazarenbcTBo cBoiicTBa 3.1 cienyer m3 3aMKHYTOCTH MHOXECTBa Z M W3 CBoiicTBa 2.9
oneparopa D.

IlepBas gacts cBoiicra 3.2 caenyer u3 dopmysl (3.1). Eciu T'(2) = 0, To u3 ceoiicta 3.1
caenyer, 9to z € Do(Z) = Z. Ecnu xe z € Z, To paserncrso T'(z) = 0 oueBugHO.

Hoxaxem cpoiicto 3.3. Bossmem Touku 2z, € R™, 1 = 1,2, y koropsix o; = T'(z,) < +oo.
Torma u3 ceoiicrBa 3.1 u u3 ¢opmyasl (2.2) caemyer, uyTo s Jiroboit Touku v € V HaiigyTcs
yncna 0 < 7; < 1,4 = 1,2, Takue, uro z; € Z + o;7;c0U (v), 4 = 1,2. Bosbmem unmcia A, > 0,
A1+ A2 = 1. Torzpa u3 npeaplAymero BKIKYEHNsl, UCIIOJIb3ysl BHITYKJIOCTh MHOXKeCTB Z u coU (v),
[IOJIy YUM

_ )\10’1 T )\202
A101 + A209 1 A101 + Ag02

A121 + Aezg € Z + (Mo1 + Ae09)TcoU (v), T 7 € [0,1].

Orcropa u w3 dopmysst (3.1) momyaum, uro T'(A121 + A2z2) < MT(21) + AT (22).

Yrepxkaenue 3. 1. ITycmv navaavroe cocmosnue z(0) = 20€Z. Tozda daa a0bozo wucaa
0 < p < T(20) cywecmseyem mouka v € V makas, ¥mo NOCMOAHHOE YNPABAEHUE 6TMOPO20 UZDOKA
v(t) = v npu ecex 0 < t < p obecnewusaem 0as awboz0 ynpassenusn (1.5) nepeozo uzpoxa

BHINOAHEHUE YCAOBUSA
2(t)EZ npu ecex 0 <t < p. (3.2)

Loxasameavcmso. Ilockonbky z9€Dp(Z), To u3 dopmynsr (2.2) ciaexyer, 4ro HalimeTcs TOUKA
v € V, nns KoTopoit
20€Z + tcoU (v) mpu Beex 0 <t < p. (3.3)

N3 bopmyn (1.8) u (1.9) crnemyet, 4yto mpu u(?) = v Kaxnaas JJoMaHas yIOBJIETBOPSIET PABEHCTBY
2, (t) = 2o — tu(t) npu HekoTOpPOM u(t) € coU (v).

CienoBaTelbHO, aHAJOTMYHOMY DaBEHCTBY YAOBJETBODSIET M 00oe aABuxkeHMe z(?7). OTcioma u
u3 (3.3) moayuum (3.2). O

4. TlocTpoeHHue ynpaBJieHUS MEePBOro Urpoka

ITpu mocTtpoeHuun yrpaBjieHUs MNEPBOro Urpoka, odecrneuuparouiero scrpeuy (1.3) U3 Havaib-
Horo cocrosinust z(0) = zp k Momenty T'(2p), BOCIOJIb3yeMCsl CXeMOM U3 paGoThl [7].

Jlemma 4. 1. ITyemv z € Dsis(Z) npu 6 > 0 u 0 > 0. Tozda dan awboti mouwku v € V
cywecmeyem mouxa u € coU (v) makas, wmo aubo

z—6u € Dy(Z), 4.1

aubo npu nexomopom 0 <t <4
z—tu € Z. (4.2)
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Jokazamenvscmeo. W3 dbopmynsl (2.2) u u3 cBoiicTBa 2.7 oToOpaxeHuss D ciaeayeT, 4To I TOYKHU
v € V HenycTbIM SBJISETCS MHOXECTBO UYMCEI

0<t<d, z€Dy(Z)+tcoU(v). (4.3)

O603HauuM yepe3 t) BEPXHIOI rpaHb Takux uuces t. 13 samkuyroctu MuOXectBa D, (Z) u u3
KOMIIAKTHOCTH MHOXecTBa coU (v) cnemyer, uro Britodenue (4.3) BeinosHeHo mpu ¢t = ty. Ecium
to = 9, To u3 (4.3) cnenyer (4.1)

IIycrs 0 < tp < 4. BozbMmem gmcno 0 < 7y < § — tp, 9TOOBI j7Y = 0 HpPH HEKOTOPOM LIEJIOM
j > 1. Torpa u3 Bkmouenus (4.3) npu ¢t = ¢y mosydmM, 9410

z—touy € DJ’)’(Z) D (D(] 1)7( ))
npu HekoTopoM u; € coU(v). Otcrona caeayer, uro Hadigercsa uucio 0 < ¢; < <y Takoe, 94To
z —tour € D(;_1)y(Z) + t1coU (v).

Orcroza, ucnoss3yst cBoicTBO 2.2 oTobpakenusi D, noy4mM, 9To nipu ¢t = £+t BEIIOJHEHO
Bkiovenve (4.3). Ilockonbky umciio ty sABNAETCA BEpXHEH TPaHBIO YHCE i, YAOBJIETBOPSIOMIAX
(4.3), To t; = 0. Ilpomosmxkas STOT mpouecc Hajblie, HalineM ToUKy u € coU (v) Takyl, 4To mpH
t = tp Gyzmer BBIOIHEHO BKIOYeHue (4.2). . O

Teopema 4. 1. ITycmv nauaavroe cocmoanue zy maxoe, wmo p = T(2p) < +o00. Tozda cywe-
cmeyem ynpasaenue (1.4) nepeozo uzpoxa maxoe, wmo Oas aobozo ynpasaenus v(t) emopozo
uepoxa bydem evinoaneno exarouenue (1.3) npu nexomopom t < p.

Mokazamenvcmeo.  O003HAYNM
Up(v) = {2z =u — us : u € coU (v), us € coU(v)}. (4.4)
IIpu kaxapix 2 € R, 0 <t < p, v € V monoxum
e(t,z,v) =mine, €>0, 2z€ Dp_¢(Z)+eUp(v)+ €S. (4.5)

MsuoxecrBo Dy_;(Z) sBnsierca 3aMKHYTBIM, a MHOXKecTBa Up(v) u S — komnakTsl. ITosromy
BKJtoueHue (4.5) BbimosiHeHO npu € = £(¢, z,v). VI3 onpexnenenus muoxecrsa (4.4) ciaexyer, 94To

z +&(t, 2,v)(ux(t, 2,v) — u(t, 2,v)) € Dp—4(Z) +&(t, 2,0) 8 (4.6)

[IPU HEKOTOPHIX U (t, 2,v) € colU (v) u u(t, z,v) € coU (v).
ITo Teopeme Kapareonopu [6, Teopema 1.1.1]

u(t, z,v) = Z)\ (¢, z,v)us(t, 2,v), As(t,2,v) >0,
s=1

k
D Asltyzv) =1, uslt, z,0) € Uv). (4.7)
=1

Bamecw k = k(t, z,v) <n+ 1.9tu dynkuuu 6epem B kKauecrse ynpasienus (1.5) nepBoro urpoxa.

ITycre B mporecce urpsl peanusyercsa yupasierue v(t) € V BTOporo urpoka, yIOBIETBODS-
tfomee ycnosuio (1.4). Torma uz dopmysnsr (4.4) creayer, uro priouenuio (1.4) ymosiersopsier u
muoro3HavHasa dyakmus Up(v(t)). Orciopa nmomydum, 4To

Uo(v(t)) C Up(v(7)) + L(t —t)Smpu 0 <t < 7 < p. (4.8)
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BosbmeMm paszbuenne @ (1.6) u mocrpoum nomanyio (1.8) ¢ dyakuusamu (4.7). O6o3HaYUM
2 =z20(t), vi=vt), u®= u(tz,zi,vi),u,(j) = ui(t;, 2i, i), & = &b, 2i, v;)-
Torpma u3 (4.6) cinemyer, 4TO TpK i = () BBIIIOJHEHO BKJIIOUEHME
7+ eul) —eu® € Dp_y (2) + .5, (4.9)

npuuem €g = 0. IIpeamosnoxum, 9To B MOMEHT BpemenH t;, 1 < [+ 1 BeinosHeHO BrItouenue (4.9).
Torpa, ucronb3ys gemmy 4.1, Haiinem 109Ky u € colU (v;) Takyio, 4T0 160

2+ eiul — u® — (t,11 — t)u € Dp_y,,, (Z) + S, (4.10)
J60 TIPY HEKOTOPOM t € [ty, tiy1]
7+ eiul) —eu® — (t —tj)u € Z +¢,8. (4.11)

Paccmorpuym ciydaii (4.10). 3 dopmymsr (1.10) momydmM, 910 2,41 = 2 — (tip1 — t3)u®.
Orciona u u3 (4.10) 6yzem uMers, 9To

Zig1 + (toyr — ts — e)u® + gu® — (411 — t)u € D,_ —t1(2) + &S (4.12)

IIycrs t,41 — t, > €,. Torma (t,41 — t; — ei)u(i) + aiu,(.f) € (ty41 — t,)coU (v;). Orcroma u u3
(4.12) mosryuum, 4To

241 € Dp_t,, 1 (Z)+(tix1—t,)Uo(vs) +€,S C Dp_y, 1 (Z)+(tis1—1:)Uo(vis1)+(es+L [tip1 — ti]*)S.
3nech ObUIO MCITONb30BaHO BKIoueHue (4.8). Orcioma u u3 (4.5) ciemyeT, 4TO
€it1 < (b1 — 1) (1 + L(tg1 — ti))-
Ilycts tiy1 — t, < €;. Torma
(e, — tyr1 + ti)u(i) + (tiy1 — t)u € gicoU (v5)
u, Kak cuenyer u3 (4.12) u (4.8),
Ziy1 € Dp_y,, (Z) + U (vs) + €S C

CDyt,, (Z) + €iUp(vit1) + (€; + L(tiy1 — ti)ei)S.

Otcrona 1 n3 (4.5) cienmyer HepaBEeHCTBO
gi+1 < €i(1+ L(tiy1 — t,))-
OObenuHsist 0b6a cinydast, OyneM MMeThb, 4To BkJoueHue (4.9) BoimoaHeHO mpu i + 1, mpudem
€41 S max(tiy1 —t356)(1 + Ltipr — ). (4.13)

ITockoasky €9 = 0, TO U3 3TOr0 HEPABEHCTBA CJIELYET, YTO IJIS BCEX t,, IJ1s1 KOTOPBIX BBINOJI-
usiercss BKirouenue (4.10), Oyzer BHIIIOIHEHO

ip1 < d(w)elt.
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0O0603HaYUM
Uy =co U U (v).
vEV
W3 orpanwyernocTu MuoXKecTBa (1.2) cienyer orpanndeHHOCTH MHOXKecTBa Up.
ITycrs Briouenue (4.10) BoimosineHo jyuist Beex ¢ < [. Torma u3 (4.5) u (4.14) cienyer, uro

20(D) € Z + 6(w)(Up + S), 8(w) = d(w)ePL. (4.15)

Paccmotpum ciydait, korma 1yis Kakoro-to 1 < [ BeimosiHeHo BkJtodenue (4.11). Ha orpeske
[ti, t,4+1] peanmusyercst ynpasnenue u.(r) € U(v;), xoropoe ounpenensiercs ¢popmymamu (1.9). U3
(4.11) u (1.8) caenyer, uro

t ) .
Z,(t) + / w(r)dr + eul® — u® — (t—t;)u € Z +&8.
L

ITockoabky
/ “u(r)dr € (t — ti)eol (v),
TO U3 NpCAbIAYIICTIO BK/IIOYCHUA H;;’Iy‘H/IM, 4qyToO
20(t) € Z4 (t —t; + €)(Uo + 8) C Z + d(w)(1 + €*L)(Up + S). (4.16)

Orcrona u u3 (4.15) caeayer, uro mus Kaxznoh somanoi (1.8) maipercs aucio 0 < t(w) < p
TaKoe, 4To npH ¢t = t(w) BeINOIHEHO BKIOYeHue (4.16).

ITycTs moC/IE0BATEIBHOCTD JIOMAHBIX 2y, () ¢ muamerpom pasbuenus d(wy) — 0 paBHOMEpPHO
Ha orpe3ke [0, p]cxomurcs K apuxkenuto z(t). s kaxoit soMaHo# B TOUKe ¢ = t(wg) BBHIIOJIHEHO
BKurouerue (4.16). MoxxHo cuutaTs, 9T0 t(wk) — ¢, (MHAYE mEpeiieM K [0CIeA0BaTeILHOCTH ). 113
PaBHOMEDPHO# CXOJMMOCTH JIOMAHBIX CIIEAYET, 9TO 2, (t(wk)) — 2(ts). OTciona u u3 BKIIOUEHUS
(4.16) mosyqum, uro 2(t,) € Z. O
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