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Jannoe mocobue MPU3BAHO TMOMOYL MIPU BBIMOTHEHUN 33IaHWH
TIpakTuKyMa MO YHUCJEHHBIM METOJAM PEeIeHUs KPAEBbIX 33/1a4
MPUHIIATA MAKCAMYMa B 33/1a9aX ONMTUMAJIBLHOTO yrpasjenus. [Ipu
PEIeHnr KPAEBBIX 33144 MPUHIINIIA MakcuMyMa B [locobun ncmoms-
3yeTCsi METO/T CTPEILOBI.

ITocobme cocTonT U3 AByX HacTeil.

B nepsoii gactu I[Tocobust mpuBemeHo HECKOIBKO IPUMEPOB UHC-
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noipobuee. Takke B Helt KPATKO OMUCHIBAIOTCS UCIOTb3YEMbIE ITPU
PEIIEeHUY 33/1a9 METObI, BXOAAIIUE COCTABHBIMUA YACTAMEU B METO],
CTPEILOBI.
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Ot aBTOpPA

Hanmoe Ilocobme mpm3BaHO MOMOYL NPH BBIMOJHEHUNA 3aJAHUI
TIpakTuKyMa MO YHUCJEHHBIM METOJAM PEIeHUs KPAEBbIX 33/1a4
MPUHIMIA MaKCUMyMa B 33a49aX ONTHUMAJILHOTO ylpaBjeHus. Ak-
TYaJIbHOCTh PEINICHNs] KPAEBBIX 339 MPUHINNIA MAKCUMyMa TMOJI-
YepKUBaeTcs caeayioiei untaroit [35, §14, c. 115]:

“ .. pewenue sapuayuonnoti 3adavy Hopmarbro ceedeno ¥ peuse-
Huto Kpaesoli 3adauu dasn II-cucmemov, (KpaeBoii 3372491 NPUHLIUTIA
MAKCUMyMa — aBT.). .. HE Bb3bIEAEM HUKAKUT COMHENUT, 4mo pas-
PabomKa HadeHCHLLT MemM0dos pewenus [I-cucmem 6vLa0 b6vL cywe-
CMBEHHBIM BKAAOOM 6 YUCAEHHOE PeULeHUE 8GPUAUUOHHBLEL 300a4.
K cootcarenuro, 3decy ecmpemuaucy 3navumenvHusie mpyonocmu,
npeodosems Komopovie noka He ydanrocw. Oduaxo caedyem cpasy
JIce OMMEMUMD, 4MO HauboAEe MOYHBE U AGKKYDAMHBLE YUCAEH-
HBLE PEWEHUA BAPUGUUOHHBIL 36004 CEA3AHBL UMEHHO C PEUWEHUEM
coomeemcmeyrouur [I-cucmem; npasda ydarocv amo, Hecmomps
HA MHO20YUCAEHHBLE NONBIMEKEY, 68 04eHb PEIKUL CAYHAAL.”
Hecmorpsi Ha npomemmnue ¢ MOMeHTa u3ganus MoHorpaduu [35]
JIECATUIIETUS] CIIPABEJJTABOCTD 9TOTO BBICKA3BIBAHUS K HACTOSIIEMY
BPEMEHU HE M3MEHWJIACH.

IIpu permenun KpaeBbIX 3aJa4 MPUHIMITE Makcumyma B Iloco-
OMM MCIOMb3yeTcss MeToH CTpenbObl. Hukakme mapyrme HempsiMble
WJTU TIPsIMbIE METOJIbI PEIIeHUs 33129 ONTUMABLHOTO YIIPABJICHUS B
Ilocobun He paccMaTpUBAIOTCS.

ITocobme cocroumt m3 aByx dacreit. B meppoit wactu IlocoOms
MPUBEJEHO HECKOJbKO TPUMEPOB YUCJIEHHOTO PelieHus 3aa9 Ofl-
TuMu3anuu (33489 KJIACCHMYECKOrO0 BAPUAIMOHHOIO MCUYMCIICHUS,
Jlarpanzka, ONTUMAJIBHOTO yTpasJjenus). Ilpu pemienuu 3Tux 3a-
J1a4 00CY K JAI0TCS BO3HUKAIOLINE TPY YUCIIEHHOM PEIeHun mpobJie-
MBI, CIIOCOOBI WX TIPEOIOJIEHISI, BO3MOXKHBIE CIIOCOOBI 0O0OCHOBAHUS
TOYHOCTHU ONPEJIEICHUsT FKCTPEMATIE U METOMbI UCCIE0OBAHUS WX
ONTUMATBHOCTHA. DT OPUMEPHI MOTYT, B KAKOW—TO Mepe, CJIyKUTh
obpasiaMu NMpu BBITOJIHEHUY IpYruX 3amannii [IpakTukyma.

Bropass wacte ITocobusi cOmEp:KUT HEKOTOPHIE HEOOXOIUMBIE
OpU PellleHuU 3334 yTBepXKIeHus u reopembl (6e3 JokazaTesib-
CTBA) C yKA3aHUSIMU Ha JIUTEPATYPY, B KOTOPOIl OHU Da3bUparoT-
ca nonpobuee. Takke B HEll KPATKO OMUCHIBAIOTCS UCTIOIB3YEMbIe
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[IPU PEIIEHUH 33129 METObI, BXOJIAIIHE COCTABHBIMU YaCTAMU B Me-
TOA, cTpehObl. KpaTKoCTh M3JI0KEHNsT U CBSI3aHHAST C HENl HeoOXo-
JIMMOCTH O3HAKOMJIEHHSI C JIOTIOJTHUTENLHON JUTepaTypoil sBIsgeT-
cs1 cepbe3HbIM HegocTaTKoM Ilocobust; ona 06ycioByeHa, B EPBYIO
odepesib, OTCYTCTBUEM B HACTOSIIIEE BPEMs BCEra MPUBOJAIIETO K
yCIlexy ajifOPUTMA PEIIeHUs 33/1a9 ONTHUMHU3ANUUA U HEOOXOAUMO-
CTHIO TIPUBJIEYEHUS TIPU PEIEHNN 33/1a9 OTPOMHOTO oObeMa Heo-
CTATOYHO CTPYKTYPHUPOBAHHOTO MaTepHaja W3 Pa3JINYHbIX pa3e-
JIOB MATEMATHUKH.

OcuoBy wnacrosimero Ilocobusi COCTABMSIIOT MATEPUAIBI JIEK-
Uil CrIenuaIbHOTO Kypca, NPOYUTAHHOIO aBTOPOM HA MEXaAHHUKO—
MaTeMaTuIeckoM (pakynbTeTe, U METOAMYecKue pa3paboTKu, CBs-
3aHHble ¢ BhIMosHeHWeM 3ajannii kypca “IIpaktukym na 9BM”
CTyIEeHTAMHU 4-T0 Kypca MEXaHMKO—MaTeMaTHIeCcKOro (haKyJIbTeTa.
IIpu nanucanun ITocobust mpeamnoIarasoch, ITO BBIMOTHSIONIA 3a-
JlaHW€e CTYZEHT 3HAKOM C OCHOBAMM TEOPHUHU OnTHMU3auuu (Kypce
“Kraccuieckoe BapHAIMOHHOE MCYHUCICHHE W ONTUMATbHOE YIIPaB-
serne” nin “MexaHnKa, yIpaBJIseMbIX cucTeM”) ¥ ¢ OCHOBAMH YHC-
JIEHHOTO DEIeHNs 331a49 ONTUMAaNbHOTO yrpasienus [1]. OcHoBHOE
BHUMaHue B Ilocobun yuensieTcst HeJJOCTATOYHO OCBEIIEHHBIM B [1]
BonpocaM (Hampumep: “Uro mesarb, eciu KJIACCUYeCKas BbIYUCIIU-
TeJIbHAS CXeMa METOJIA CTPESIbObI He TIO3BOJISIET ONPEIEUTh pelle-
Hue 3amaun?”’).

Astop magmeercs, uro 310 Ilocobme OKarxKeTCsi MOJE3HBIM U
MPOCUT BCEX 3aMHTEPECOBAHHBIX YUTATEJEH TPHUCHIIATH CBOW 3a-
MedyaHus W Tpejoxkenus mo e-mail: iliagri@newmail.ru wim
iliagri@mech.math.msu.su.

Astop OGmaromapen |K. T. I'puropneny| A. B. Jdmurpyky,
M. I1. Banneruny, E. B. 3amnerunoit, I'. M. Ko6eankosy, A. B. TTo-
nosy, /I. A. Cunaesy, E. B. YuK0OHKOBY 1 MO€il ceMbe 3a TOMOIIIb,
KOHCYJIbTAIlNU, BHUMAaHUE K PaboTe U MOIIEPKKY.




Sajganue u 3aJa4n

OTOT pas3zes HAMNCAH JJIs CTYIEHTOB, BBIMOJHSIONINX 3aJaHUs
“Ilpaktukyma o 9BM”, u nnsa npenomasaTesieil, BeAyIux 3aHs-
tns 1o “IlpakTukymy”.

ITo pe3ysnbrataM MPOBEIEHHOTO MCCIEIOBAHWS CTYIE€HTOM TIH-
IIIEeTCsT OTYET O PEIIeHHON 3a/ate, COCTOAIINH N3 CIAeAYIONNX MyHK-
TOB:

1) nocranoska pemaemoii 3aza4u u ee dhopManU3aLMs;

2) cBeseHUE DEIEHUs 33Ja9M ONTUMU3AIMU K PEIeHUI0 KPaeBoi
3a/1a%H;

3) anaJsiu3 MOy YeHHO KpaeBoii 3a1a4n u (POPMUPOBAHUE BHIYUCIIU-
TeJIbHOH cxeMbl ee perierus (popMUPOBAHHE BEKTOPA APAMETPOB
MPUCTPESIKU ¥ BEKTOP—(YHKIINU HEBI30K, BHIOOD METOA PEIeHUs]
zagaqn Komn ¢ ygeTom ee 0cobeHHOCTEH, BHIOOP METOIA PEIIeHUs
CHCTEMBI TIOJIyYEeHHBIX aAreOpandecKux ypaBHEeHNiH );

4) onucaHue TOJYYEHHBIX MPU PEIICHUH PE3YJIbTATOB U 000CHOBA-
HUE UX TOYHOCTH.

Permmenne 3aa4un Ha OCHOBE HEOOXOAMMBIX YCJIOBUI OMTHMAIb-
HOCTH HE JaeT OTBeTa Ha BOMPOC 00 OTHOCHTEILHOMW MJIM abCOJIIOT-
HO OIITUMAJIBHOCTH MOJTy YEHHOTO PEIeHMs], 8 TOJTHKO BbIIESET Ce-
PHIO 3KcTpeMasieil, Ha KOTOPbIX MUHUMYM MOKET JOCTUTAThCs. [1o-
9TOMY B T€X 3aJ[a4aX, e 9TO BO3MOYKHO, CCIIeIOBAHNE HE JIOIKHO
OTPAHWYMBATHLCS PEIIeHNEM KPaeBoil 3a7a4n. B oT4eT yKeiaTesbHO
BKJIIOYUTD
5) mccrenoBaHie OTHOCUTEIBHOMN (JIOKATbHOI) U/ uin abCOMIOTHOM
ONTUMATBHOCTH TIOJIY Y€HHBIX SKCTPEMAJIEH.

ObpaTum BHUMaHWE, 9YTO B KOHIE KAXKJ0r0 U3 pereHubix B [1o-
coOMM TTPUMEPOB BKJIIOYEHO OMUCAHUE MYHKTOB OTYETA B PACCMa-
TPUBAEMbBIX CIydasiX.

JlomosiHuTeIbHOE pa3bsaCHEHUE [IJi CTY/I€HTOB, 3a/IAf0ONUX
Bompoc: “Yro u3 cebs npeacrapiser order?”

OTyer mpeacTaBasier cOOO CBA3HBIN TEKCT, HAMMCAHHBIA HA SI3BI-
Ke, MOHATHOM TipernoaaBaTesio. OCcoOeHHO BasKHO, YUTOOBI TOT TEKCT
OBLIT NOAHOCTNBIO NOHAMEH TTPETIOTABATEIIO BHE 3aBUCUMOCTH OT HAa-
JINYUsl PsAJIOM HAIMCABIIETO €r0 CTyZeHTa. B 3ToM TekcTe doastcHbl
HaiiTH OTpaxKeHue MyHKThl 1-4 u, orceaamenvro, nyukr 5. Hammaue
rpaduKoB (DUCYHKOB) B OTUETE YKEJIATEIHHO, HO HE ABJISETC HEOO-
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XoauMbIM. Bee mpescTaBiieHHbIe YUCIIA JTOJI2KHBI ILTIOCTPUPOBATH
KAKyI0—JIN0O TTPUBEIEHHYIO B TEKCTE OTYETA, MBICIIb.

IIpumeuanue AJjisi mpenogaBareseii. B mocranoBkax 3amad
HCIIOJIB3YIOTCST HEKOTOPBhIE KOHCTAHTHI. 3a9aCTyi0 3TU KOHCTAHTHI
BBIOMPAJINCH TaK, YTOOBI peleHne 3aa9u OKA3BIBAJIOCH CPABHU-
TesibHO TIPOCThIM. HekoTopbre 3a/maun WMeT aHAJIUTHIEeCKOe Pe-
menne. [lpu permennn 3aga4 [IpakTukyma HEOOXOIUMO HE MIPOCTO
KAK—JTM0O0 PEIUTh ITU CPABHUTETHHO HECJOXKHbBIE 330a49U JJIs CIIe-
IHATBHO TTOIOOPAHHBIX KOHCTAHT, & PEATN30BATH PAOOTOCTIOCOOHBIH
AJITOPUTM YHCJIEHHOTO perreHus 331a4. Haninane aHATATHIeCKOro
PeIlleHnst ¥ CIeNUaIbHO TOJ00OPAHHBIE 3HAYEHUS TTO3BOJISIOT JIETKO
OIIEHUTDH TOYHOCTh YHCJIE€HHOTO PEIeHMUSI.

3amaum KJIACCMYECKOTO BapHAIMIOHHOTO WC-
qucjgeHud n 3axadm Jlarpamika

1. By = fOT(jé2 — &% — 2?)dt — extr,
z(0)==2(T) =0, z(T) =1,
T = {0.1; 1.0; 2.0; 3.0; 3.5; 10.0; 20.0}.

2. fOT(jé2 — 2?)dt — extr,
z(0)==2(T) =0, #(T) =1, T €[0.1; 10.0].

3. foﬁ/Q u?ldt — inf, &+ zexp(—az)=u,
2(0) = 2(r/2) = 0, #(r/2) = —7/2, a € [0.0; 25.0].

4. foﬁ/Q u?dt —inf, i+ xexp(—az)=u,
#(0) =0, z(r/2) =0.8, «€]0.0; 25.0].

5. foﬁ/Q u?dt + 22(0) = inf, i+ zexp(—azx)=u,
i(0) = 2(n/2) =0, #(r/2) =1, a €[0.0; 25.0].

6. foﬁ/Q u?dt —inf, i+ xexp(—at)=u,
#(0) = x(n/2) =0, @(r/2) = —7/2,
a ={0.0; 0.1; 1.5; 10.0}.

7. fol w?dt — inf, i — rexp(—ar)=u,
z(0) =2(0) =0, z(1) =sh1l, (1) =e (=ch1l+shl),
a = {0.0; 0.01; 0.5; 1.5; 10.5}.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

fol w?dt — inf, i —xcos(ai)=u,
z(0) =2(0) =0, z(1) =sh1, (1) =e (=ch1l+shl),
a = {0.0; 0.01; 0.5; 1.5; 10.5} .

foﬁp w?dt +2%(0) = inf, i+z/(1+ax®)=u,
2(0) =0, 2(7/2) =1, «={0.0; 0.01; 0.5; 1.5; 10.5}.

foﬁ/Q w?dt +2%(0) = inf, i+z/(1+at?) =u,
z(0) =0, z(x/2) =1, «=1{0.0; 0.01; 0.5; 1.5; 10.5}.

foﬁ/Q w?dt = inf, i+xz/(1+at®) =u,
z(0) = x(w/2) =0, @(r/2) = —7/2,
a = {0.0; 0.01; 1.02; 10.01}.

foﬂ/2u2dt —inf, F+i/(1+ ax?®)=u,
z(0) = x(w/2) =0, &(r/2) = —7/2,
a = {0.0; 0.01; 1.02; 10.01}.

f02u2dt—> inf, =2, Ty = —ux,

1171(0) =1, 1172(0) = —:1?2(2) =a, 1171(2) =0,

a € [0.1; 10.0].

fol 22 +uldt = extr, #4+2zexp(—azx) =u,

2(0) =1, a=1{0.0; £0.01; +£1.0; £10.0}.

fol 2?2 +uldt — extr, i ++2zexp(—at) = u,
#(0)=1, «a={0.0; 0.01; 1.0; 10.0}.

fol 22 +u?dt — extr, i+ 2zsin(r/(4+ at®) = u,
z(0) =1, «a=1{0.0; 0.01; 0.5; 1.5; 10.5}.

i @2 +2u2dt — extr, & —sin(r/(4 + at?)) = u,
z(0)=1, «a={0.0; 0.01; 0.5; 1.5; 10.7}.

fol 2?2 + 2uldt — extr, @ —sin(r/(4 + az?)) = u,
2(0)=1, a={0.0;0.01; 0.5 1.5; 10.7}.

f04'1 ut +euldt — inf, Iy =9, iy = —ur,
z1(0) = z1(4.1) = 0, 22(0) = 22(4.1) = a, a = 0.3,
e = {0.0; 0.5}. (anazor 3amaqn TAab).



20.

21.

22.

23.

24. |

25.

26.

27.

28.

29.

30.

31.

Jo (@% exp(—ax)) dt — extr,
Jo wsintdt =1, [ zcostdt =0,
2(0)=0, a=10.0;0.1; 1.0; 10.0} (cu. 11.23).

Jo (@% exp(—ax)) dt — extr,
Jo wsintdt =1, [ xcost/(1+ at?)dt =0,
z(0) =0, «a=1{0.0;0.1; 1.0; 5.0} (cm. 11.23).

fol (&% exp(—at)) dt — extr,
o xdt = [ 23/(1 + at®)dt = 0,
z(0)=0, z(1) =1, «a={0.0; 0.01; 0.5; 1.5; 10.5}.

foﬁ/Q (i* — 2? exp(at)) dt — extr,
z(0) =0, z(r/2) =1, «a€[-A4;A4].
077/2 (&% — 22 cos(ax)) dt — extr,

z(0) =0, z(r/2) =1, «=4{0.0; 0.01; 0.5; 1.5; 10.5}.

foﬁp (i? + zexp(—az?)) dt — extr,
z(0) =0, z(r/2) =1, a € [-A; B]. (3anaua IAG9).

foﬁ/2 (&% 4+ x cos(ax)) dt — extr,
2(0) = 0, o(r/2) = 1, #(0) = 2,
a = {0.0; 0.1; 1.0; 10.0}.

fol (&% — 48z /(1 + at?)) dt — extr,
z(1) =%(0) =0, «a=1{0.0;0.1; 1.0; 5.1}.

fol (&% — 48z /(1 + ad?)) dt — extr,
(1) =%(0) =0, «a=4{0.0;0.1; 1.0; 5.1}.

8

fol (&% — 48z /(1 + exp(—at))) dt — ewtr,
(1) =%(0) =0, «a=4{0.0;0.1; 1.0; 5.1}.

8

fol (&% — 48%/(2 + cos(ax))) dt — extr,
(1) =%(0) =0, «a=4{0.0;0.1; 1.0; 5.1}.

8

fol (#2/(1 + az?)) dt — extr,
2(0) =#(1) =0, #(00) =1, a={0.0; 0.1; 1.0; 10.0}.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

fol (&% (cos(az
2(0) = #(1) = 0, #(0) =

) +2)/(1+ at?)) dt — extr,
L,

a = {0.0; 0.1; 1.0; 10.0}.

fo (&%/(1 + at?)) dt — eatr,

fo zdt =1,

fo (&%/(1 + at®z?)) dt — extr,
2(0) = &(1) =0, 2(0) =1,
a = {0.0; 0.1; 1.0; 10.0}.

fo zdt =1,

T —inf,

2(0) = #(1) =0, #(0) =1,
a = {0.0; 0.1; 1.0; 10.0}.

foT #2/(1+asin®z)dt =1,
2(0) = #(0) = 2(T) =0, #(T) =

L,

a ={0.0; 0.1; 1.0; 10.0} (cm. 11.118).

T —inf, fo
2(0) = #(0) = 0, #(T) =
(. 11.117).

1,

#2/(1+at®)dt =1,
a= {0 0; 0.1; 1.0; 10.0}

3a,uaq1x1 OIITUMAQJIBHOI'O YIIPDAaBJI€HUA

Jo (@ =
(0) ( )—0, #(0)

2?)dt — extr,

( ) =0, #(0) =

fo 2)dt — extr,
z(0) = 95( ) =0,

— 2?)dt — extr,
-0,

L,

2] < 1

T = {0.1; 1.0; 10.0; 20.0}.

| <1

T = {0.1; 1.0; 10.0; 20.0}.

] <1

fol z/(1+ acos? i)dt — extr,

2(0) = #(1) = 0,

f04 2% /(1 + exp ai?)dt — extr,
#0) = i(4) = 0, 2(0) + 2(4) =

T = {0.1; 1.0; 10.0; 20.0}.

%] < 2

a = {0.0; 0.01; 0.5; 1.0; 10.0}.

|2 < 2

a = {0.0; 0.01; 0.5; 1.0; 10.0}, 8 ={1; 3} .

J247 /(1 + #2)dt — inf,
z(0)=0, z(2) =1,

0<#<
r={1; 2} (3amaua IAa9).

16,



43.

44.

45.

46.

47.

48.

49.

50.

51.

10

Jo (#/Q+ath)) dt = inf, |7 <1
z(0) = #(0) = 0, =(1) = —11/24,
a = {0.0; 0.1; 1.0; 11.0}.

Jo (#/(1 + az®i?)) dt = inf, |3 <1
z(0) = 2(0) =0, z(1) = —11/24,
a = {0.0; 0.1; 1.0; 11.0}.

f04 (&% exp(az)) dt — inf, &< 24,

2(0) =11, 2(4) = () =0, a={—0.5; 0.0; 1.0; 10.0}.
f04 (&% cos(az) — %) dt = inf, &< 24,

2(0) =11, z(4) = #(4) =0, a = {0.0; 0.1; 1.0; 10.0}.
T —inf, |u <1,
i1 = (u—2/3)z1 +22/6, &> = 221/3 — 22/6,
(z1 >0, 23 >0 — Bamaua IAGL):
a) z1(0) = 3.0, 22(0) = 5.0, z1(T) = 2.0, zo(T) = 2.5;
6) .7,'1(0):01, 1172(0):50, l‘l(T)—].O QTQ(T) 5,
r) z1(0) = 4.0, 22(0) = 7.0, z,(T) = 3. O acg( )= 3.5.
72 (8) + x3(8) — extr,

@ = @9, &2 = —0.4z1 — 0.3m2 + 0.2|u| T signu,
lu] < 0.8, x1(0) =4, 22(0) =7, «a = {0, 1} (3amaua
1),

3asaum oNTUMAaJIBHOTO yIIPABJIEHUS C PEXKUMaMU OCO-
0oro ynmpaBJieHUsI IEPBOTO MOPSAIKA

fOT(jé2 — &2 — 2?)dt — extr, %] <1,
2(0) =2(T) =0, #(0) =1, T ={0.1; 1.0; 10.0; 20.0}.
fOT(i?Q — 2?)dt — extr, %] <1

2(0)=z(T) =0, #(00) =1, T ={0.1; 1.0; 10.0; 20.0}.

fOT(ai:2 — 2?)dt — extr, |#] <1,
z(0) = #(0) =«(T) =0, T =4{0.1; 1.0; 10.0; 20.0}.



92.

93.

54.

35.

56.

a7.

58.

99.

60.

61.

62.

63.

64.

f zexp(— aa:)dt —extr, || <2
2(0) = 2(4) =0, a = {0.0; 0.01; 0.5 1.5; 10.5}.

f zexp(—azx)dt — extr, |i| <2
20)=0, a={0.0:0.01; 0.5 L5: 10.5}.

f04 2?2 exp(—ax)dt — extr, |i| <2
z(0)=z(4)+1, «={0.0;0.01; 0.5; 1.5; 10.5}.
f xp(—a )dt —extr, || <2
z(0 ) z(4) = a= {O 0; 0.01; 0.1; 1.0; 10.0}.
N ( + xexp am))dt—)inf, |7 <1

2(0) = #(0) = z(4) =0, a = {0.0; £1.0; +5.0}.
04 Jo (&% + zcos(ax)) dt — extr, |E] < 1/3,

2(0) = 2(4) =0, = {0.0; 0.1; 1.0; 10.0}.

04 Jo (@ +z/(1+at?)) dt — extr, |E] <1

2(0) = #(4) =0, = {0.0; 0.01; 0.5; 1.5; 10.5}.
04 Jo (&% + 2P /(14 az?)) dt — extr, |E] < 1/3,
2(0) =0, z(4) =2, p=A0; 1; 2; 4},

a = {0.0; 0.01; 0. 5; 1.5; 5.0} (3amaua Iba2).

JZa/+ai?)dt — inf, |# <1
2(0) = 2(2) = #(0) = £(2) = 0,
a = {0.0; 0.1; 1.0; 10.0; 50.0}.

JZa/+ i)t = inf, |i| <1
z(0) = #(0) = ¢(2) =0, «a={0.0; 0.1; 1.0; 10.0; 50.0}.

JZx/(+ofi)at — inf, |i| <1
z(0) = x(2) = £(0) = &(2) =0,
a = {0.0; 0.1; 1.0; 10.0; 50.0}.

JZx/(1+ ait)dt — inf, |# <1

2(0) = #(0) = &(2) =0, = {0.0; 0.1; 1.0; 10.0; 50.0}.
JZ2/(1+ ad)dt — inf, |i <1

2(0) = x(2) = #(0) = #(2) = 0,

a = {0.0; 0.1; 1.0; 10.0; 50.0}.
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65.

66.

67.

68.

69.

70.

12

JZ2/(1+ al#))dt — inf, |3 <1
z(0) = £(0) =£(2) =0, a={0.0; 0.1; 1.0; 10.0; 50.0}.

JZx/(+ofif)dt = inf, |i| <1
2(0) = 2(2) = #(0) = #(2) = 0,
a = {0.0; 0.1; 1.0; 10.0; 50.0}.

JZ2/(1+ ai®)dt — inf, |i <1
z(0) = £(0) =(2) =0, a={0.0; 0.1; 1.0; 10.0; 50.0}.

JZ2/(1 4 ai®)dt — inf, |i| <1
2(0) = 2(2) = #(0) = #(2) =0,
a = {0.0; 0.1; 1.0; 10.0; 50.0}.

3asaum oNTUMAaJIBHOTO yIIPABJIEHUS C PEXKUMaMU OCO-
0oro ympaBJieHUsI BTOPOTO IOPSIKa

f Texp(— aa:)dt —extr, |3 <2
2(0) = 2(4) = #(4) =0, a ={0.0; 0.01; 0.5; 1.5; 10.5).

fo zexp(—ax)dt — extr, |#] <2
#(0) = #(4) = 0, 2(0) + 2(4) = 0,
a = {0.0; 0.01; 0.1; 1.0; 10.0} (3azmaua IBa5).



T'sasa 1.

IIpumepsl pemmnenus 3aaa4

1.1. IlIpocreiimaa 3agava KJacCUIECKOTO
BApUAIMOHHOTO UCYUCJIEHUS

IIpocreiimeit 3agaeii KIaCCHIECKOTO BAPUATMOHHOTO UCUNCTEHUS

HA3BIBACTCA CIEAYIONAA IKCTPEMaJbHAA 33Ja9a B IIPOCTPAHCTBE
1 .

C'([to, t1]):

/tlL(t,x(t),:b(t))dt—)inf, 2(0) = 70, (k) = 1.

0

COBOKYITHOCTh HEOOXOAWMBIX U JTOCTATOYHBIX YCJIOBHIi C1a00-
IO ¥ CHJIbHOTO JIOKAJIbHBIX SKCTPEMYMOB [Jis TIPOCTeteii 33 a9u
KJIACCHYECKOT0 BAPUAINMOHHOTO UCYUCJIEHUs TIOAPOOHO PACCMATPH-
Baercd B [2, 3, 14, 15, 16]. Anropurm perenus npocreiimeil 3a1a-
YU KJIACCHMYECKOTO0 BAPHMAIMOHHOIO UCYHUCJIEHUs ciemyrommuii. Bo—
MEPBBIX, BHIMUCHIBAETCS YpaBHEHNE Dityilepa—J/larpan:ka u pemaercs
MOJIyUYeHHAsT TAKUM 00pa3oM KpaeBas 3a1a4va. Bo—BTOPBIX, TpOBE-
psieTCsT BBITTOJIHEHVE HA, HANIEHHBIX SKCTPEMAJIAX YCIOBUsA JIekaH-
Jpa — HEOOXOIMMOTO YCJIOBHS CJIAOOT0 JIOKAJTHHOTO SKCTPEMYMA.
Ycnosue Jlexkauapa BBIIOTHEHO, ecin HA 3cTpemanu L;; HeoTpu-
[ATEJILHO OIPE/IESIEHA; €CJIM Ha IKCTpeMaau L;; MOJI0KUTETHHO
oTIpeJiesieHa, TO BBITIOJIHEHO yCHUJIEHHOe ycjoBue Jleykanmpa. DKc-
TPEMAaJIN, HA KOTOPBIX BBITIOIHIETCS YCUJIEHHOE yCaoBue JlexkaH-
Jpa, MPOBEPSIOTCS HAa BBINOJHEHHE yCaoBus AKoOm — meobxoam-
MOrO ycjaoBus cyaboro JOKaJbHOTO IKCTpemyMma. YciaoBue Axobu
BbINIOJIHEHO, €cii B uHTepBaJse (to,11) HET TOYeK, CONPKEHHBIX
¢ to; eciim B mosnyuHTepBase (tg,t1] HET TOUEK, COMPSIKEHHBIX C
to, TO BBITIOJTHEHO yCUJIeHHOE ycaoBue Akoou. Ecim Ha skcTpemanm
BBITIOJTHSIETCST YCUJIEHHOE yCIoBue 7Ako0u, TO Ha 3TOH SKCTpeMan
JIOCTUTAETCs CIA0bIi JTOKAIbHBIN SKCTpeMyM. B—Tperbux, mposepsi-
€TCsl BBIIIOJHEHUE YCJIOBUsI KBA3UPErysipHOCTH (YCUIEHHOTO YCJI0-
Bus Beiiepmrpacca). CoriacHo 3TOMY yCIOBHIO MOABIHTEr PAJIbLHAS
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dyuknus L saBasieTcss BBIMYKJOH MO % (PYHKINEH B HEKOTOPOI
OKPECTHOCTH 3IKCTpeMasin (ee BTOpas MPOU3BOJHASA MO & HEOTPHU-
HATEJLHO ONpEJIe/eHa B OKPECTHOCTH SKCTpeMasin). Ecau Ha sKc-
TpeMaJjIi BBITIOIHSETCS YCUTIEHHOe yCaoBue SIK06H W BBITIONHSETCS
YCIIOBHE KBA3UPErYJISIPHOCTH, TO HA ITOH IKCTPEMATH JTOCTUTAETC s
CHJIbHBIA JIOKAJIbHBIN SKCTPEMYM (€C/IU yCJI0BUE KBA3UPETyJISIPHO-
CTH BBITIOJIHSIETCS HA BCEM MPOCTPAHCTBE — TO AOCOIOTHBIN IKC-
rpemyMm). Eciu ycioBue KBa3superyjisipHOCTH HE BBINOJIHIETCH, TO
MPOBEPSIETCs BHITIOIHEHNE yCaoBust BefiepmTpacca — HeoO6XoauMo-
TO YCJIOBHUsI CUIBHOTO JIOKAJTIBHOTO SKCTPEMYMA.

ITo pesyabraTtam TPOBEJEHHOTO WCCIIEOBAHUS JEJIAETCs COOT-
BETCTBYIONINII BHIBOJ: B CJIy9Yae HEBHITIOIHEHNsT KAKOTO—JIN00 HEOO-
XOJUMOTO yCJIOBUsI COOTBETCTBYIOMIU{T (CHNIbHBIN UK C1a0blil) IKC-
TPEMYyM He JIOCTUTAETCs, B CIy4ae BBIIOTHEHUs JOCTATOYHBIX YCJIO-
BUii COOTBETCTBYIOIIUI IKCTPEMYM JIOCTUTAETCS, B CIIydae BBITIOJ-
HEHUS CUCTEMbI HEOOXOIUMBIX YCJIOBUN ¥ HEBBINOTHEHUs] CHCTEMbI
JTOCTATOYHBIX YCJIOBWIi [IJIs OTBETA HA BOMPOC O JIOCTHUIKEHUH IKC-
TpeMyMa HeOOXOIMMO TIPOBECTH JOMOTHUTETHHOE NCCIEIOBAHNE.

HeobxoamnMo 3aMeTuTh, ITO TIPK PEIIEHNH MPOCTEHIneil 3a,1a9u
KJIACCHIECKOTO BAPUAIIMOHHOTO UCUYHMCIEHUST KAK 33a9U OTITUMAI b~
HOTO yTIpaBJIEHUsT Ha OCHOBE TMpWHIMNIA Makcnmyma [lonTpsruna,
BhITIONTHEHWE yenoBuit JIexkanapa n Beiiepmtpacca siBisieTcst cie-
CTBUEM BBITIOIHEHWs YCIOBUS MakcuMyMma dyHKumu [loHTpsirmHA
(MUHMMYMA JIArPAHXKUAHA) [0 YIIPABJIEHUIO.

1.1.1. TlocTtaHoBKa 3aga4u
/2
/ (i* — 2° exp(at)) dt — inf, (1.1)
0
z(0) =0, z(m/2) =1, a € [-A, A] — napamerp 3aza4u.

1.1.2. @opmanusaius 3a4a49n KaK 3a4a49d OITH-
MaJIbHOTO YIPaBJIEHUS

w/2
/ (u® — 2° exp(at)) dt — inf,
0

T = u, u € R,

14



2(0)=0, 2(r/2) =1,

a € [-A, A] — napamerp 3ajauu.

1.1.3. Cucrema HeOOXOJAUMBIX YCJOBHII ONTH-
MaJIbHOCTH

OcHoBHbBIE KOHCTPYKIINU:

w/2
L= / Ldt +1,
0

L := \o(u® — 2% exp at) + p(i — u),
l:=Xz(0) + Aoz(n/2),
H :=pu — X\o(u® — 2% exp at).

Heobxoanmbie ycmoBus ONTHMATBHOCTH:
a) ypashenue Jiisepa—Jlarpanzxka (CONpsizKEHHOE yPABHEHUE):

p = —2X\ox exp at;
6) yCJ0BHE ONTUMAJILHOCTH 110 YIIPABJIEHHIO:

@ = argabsmaz(pu — Aou?),
u€ER

mpu Ao # 0
P
2Xo’

B) YCJOBHUS TPAHCBEPCAJIBLHOCTH:

p(0) = Ar, p(m/2) = —Xa.

a =

VesoBuit CTaMOHAPHOCTH T') U JONOJIHSIOMIEH HEXKECTKOCTH [1)
Her, TaK Kak KoHubl dbukcuposanbl (tg = 0, {1 = 7/2) u B nocTa-
HOBKE 33/I1a9¥ OTCYTCTBYIOT YCJIOBUS TUMA “MEHBIIE WJIN PABHO .

€) YciaoBrue HeOTpUIATEILHOCTH: N\g = 0

k) muoxkurenu Jlarpanwxa He Pasubt OguoBpemenno Hysto
(yciosue HEPOH);

3) MHOXKuTesU JlarpaHnxka MOryT ObITh BHIODAHBI € TOYHOCTHIO
JIO TIOJIOYKUTETIHHOTO COMHOMKUTEIS (yCIOBHE HOPDMHUPOBKH).
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1.1.4. KpaeBaa 3amada

s dbopMupoBaHUs KPAEBOH 339N IPUHIIAIIA, MAKCUMYMa HE00-
XOIUMO BHIOpPATH yCI0BHE HOpMUPOBKY. [IpoBesem anaan3 BO3MOK-
HOCTHU QHOPMAJILHOTO ciaydasi A\g = 0. B stom cayuae p = 0. [Ipu
p = const # 0 U3 ycJIOBUs ONTUMATHLHOCTH TI0 YIIPABJIECHUIO CIIETY-
er u = £00 U TAaKO# yNnpaBiisieMblil IIPOIIECC HE SIBJISIETCS JIONYCTH-
MbIM. [Ipu p = 0 umcnoswblie MHOKHUTEN Jlarpanka Tak»Ke PaBHBI
aymo: A1 =0, A2 = 0. To ectb u3 mpeanonoxenns \g = 0 ciemxy-
€T, 9YTO BCE€ MHOXKUTEJIN ﬂanaH}Ka PaBHBI HYJIIO, 9YTO HEIOMYCTU-
Mmo. [ToaTomy B KadecTBe yCIOBHsS HOPMUPOBKH 3aIa9H BHIOMPAETCS
ycioBue Ag = 1/2.

Takum 0O6pa3oM, HA OCHOBE TIPUHIIUIIA, MAKCUMYMA PEITEeHNE PaC-
CMaTPUBAEMOIT IPOCTENTIIEl 38124 KJIACCUIECKOTO BAPUAITMOHHOTO
UCYUCIEeHUuA CBOAUTCA K PEIIEHHUIO KpaeBOI;'I 3a/1a49N:

i=p, p=-—zexpat, z(0)=0, =z(x/2)=1, a€[-AA]

Bo-nepBoix, 3aMeTnM, 9TO TPOBEIEHHOE OOOCHOBAHHME HEBO3-
MOYKHOCTH AHOPMAJILHOTO CAydasl CIPABEIIHBO JJis JIIO0O0H TPO-
creimeil 381291 KJIACCHIECKOTO BAPUAIIMOHHOTO UCYNCIEHNSA U, BO—
BTOPBIX, UTO TOJIyUYE€HHAs KPaeBas 3a7a4Ya €CTh CJIeJCTBHUE HE00-
XOJIMMOTO YCJOBUSA SKCTPEMAJBHOCTA B MPOCTEHIeil 33/1a49€e Kaac-

CHYECKOT0 BapHAIMOHHOTO HCYUCIEHUs — ypaBHEHUs Dilaepa—
Jlarpanxka
i p
_ T .=
dt ’

re L:=i? — x? exp(at) [2, 3, 15].

1.1.5. YmucienHoe penieHue KpaeBoii 3aga4n

KpaeBas 3amaua pemaercsa merogoMm crpesbObr (cu. 1. 2.2). B ka-
4YecTBe ImapaMerpa MpUCTPesKU BbiOupaerca 3uadenue (1 = p(0).
3azaB 370 3HAUEHNE KAKUM-JTHO0 00pa30M, MBI CMOXKEM PEIIUTh
samady Komm Ha orpeske [0,7/2] u MONydYuTh COOTBETCTBYIOIINE
BBIOpaHHOMY 3HavYeHnIO (1 Beawanubl z(7/2)[51] n p(n/2)[A1]. Ba-
naga Komm nnsg cuctembl AByX audpdepeHnnaabHbIX ypPaBHEHMIT,
BXOJIANIAS COCTABHOMW YACTBIO B METOJ CTPENbObI, KAK W BO BCEX
JIPYTUX PACCMATPUBAEMBIX TPUMEPAX, PEITATCA YUCICHHO SBHBIM
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verongom Pyure-KyrTor 8-ro mopsaka, ocHoBaHHOM Ha (hopmyaax
JHopwmana-TIpunca 8(7) DOPRI8"Y) [38]. s pemenns Kpaesoii 3a-
Jaun HeoOXOaMMO Tomo0paTh 3HaueHne (1 Tak, 9TOOLI BBITTOIHU-
soce yeaosue z(m/2)[61] — 1 = 0, npuHEMaemMoe B JAHHOM CIIytdae
B KadecTBe (DYHKIIUU HEBSIZKH.

Takum o6pasom, B pe3yabTaTe BHIOOPA BEIYUCIUTETHHON CXEMBbI
MEeTOa CTPEIbOBI PENIeHne KPAEBOH 3aa4Ui CBEJIOCH K PEIIEHUIO
anrebpanveckoro ypaBHEHHs

z(m/2)[f1] —1=0.

B cuny nuneitnocTn auddepeHmaabHOr0 ypaBHeHus 3TO aarebpa-
WYeCKOe YpaBHEHUE JIMHENHO.

1.1.6. Pe3yabTaThl perieHns KpaeBoil 3aauu u
OIIEHKU TOYHOCTHU FTOTO PeHIeHUd

Mertoz cTpesnsObl (Ipu TOYHOM pelieHuu 3a1aun Komm) HaxoauT
pemenne 3Toi 331349l 3a OJHY UTEPALUIO W CBOJUTCA B JAHHOM
clydae K HAXOXKJIEHWIO pemenns 3ajgadun Komm s HA9a bHBIX
yemopuit z(0) = 0, p(0) = 1 ¢ nocseayOmuM yMHOXKEHUEM 10~
CTPOEHHOTO pelleHns Ha BhIYucIenHoe 3Havenue x ' (7/2)[1] (npu
x(m/2)[1] # 0). (Takum 06pa3oM, perieH BOMPOC CYIIeCTBOBAHUS 1
€IMHCTBEHHOCTH pellleHns Kpaesoil 3aga4n). Tak kak 3amaua Ko-
M PEIAeTCss NPHUOJNKEHHO, W MOCKOJIbKY NMPU PA3JINYHBIX 3HA-
yenuax p(0) BesUYMHBI 1ArOB BHIGUPAIOTCH HEMHOIO MO—PA3HOMY
(cMm., HampuMep, TeKcT porpamMMbl DOPRI8 B [38, mpuit. 2]), To me-
TOZ, CTPEIBOBI MOXKET CIeIaTh 0OJee OJHOrO Iara, KOPPEKTUPYS
norpenrHocTs Beruncyienus suadenus p(0). Takas Koppekuus aHa-
JIOTUYHA YTOYHEHHIO PEIIEHNs CUCTEMbI JTMHEHHBIX anreGpandecKux
ypasuenuit B meroge l'aycca ¢ moBropubiM nepecuerom [7, rii. 8 §3;
31, §8.4].

PaccmarpuBaemas KpaeBast 3a/1a4a JUHEHHA, U TTADAMETD TIPH-
CTPEJIKU OJIWH, TI03TOMY JIJIf OLEHKU TOYHOCTHU DPEIIEHUs KPAEBOIl
3aJ1a9M JOCTATOYHO OIEHUTH TOYHOCTH PelleHns 3a1a4u Komm.

B kauecTBe HOPMBI TOTPEINHOCTH UCTIOIB3YETCS IBKIUI0BA HOP-
Ma BEKTOPA MOrPENIHOCTH — KOPEHb M3 CyMMBI KBaJIPATOB.

1) Pagymeercst, MCTIONB30BANIE HMEHHO ITOTO METOA TDH PETIECHUH 33/ asH
Komu ne neoGxoanumMo (CM. nmpumedanue B 11. 2.4).
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Marpumna Zxkobu cucrembl auddepeHnaabHbIX YPaBHEHHTI

UMEeT BH:
B 0 1
“\ —exp(at) 0 )°

it omrpeiesIeHnsi CKOPOCTH PACITPOCTPAHEHNsT OMUOKN OTIPeIeIsi-
ercs Jiorapudmuueckas wopma marpuubl p(J) — MakcuMasbHOE
COBCTBEHHOE 3HAYEHUE MATPHUIIBI

B 0 (1 —exp(at))/2 ) .
(J+J1)/2= ( (1 — exp(at))/2 0 > '

u(J) = |1 —exp(at)|/2

U HOpMa MaTpuisl ||J|| — MakCHMaIbHOE CHHIYIISIPHOE UHCIIO:
7~ [ exp(2at) 0 [ 1, mpu « < 0,
(J7J) = < 0 1) 1711 = exp(at), mpu « > 0.

OueBngno, uro B paccmarpusaemoM npumepe p(J) < ||J]||. Io-
3TOMY B OLEHKaX IJI00ATBbHON IIOrPENIHOCTH UCIOIB3YeTCA TE0OPEMa
1.10.6 (cm. [38, ra. I, §10, crp. 66], n. 2.4)

IIpu onenke ToUHOCTM perenus 3amadn Kormm mpeamnonaraeT-
Csl, 9TO HAYAJBHBIE YCJIOBUSA 33JaHBI TOYHO, TO €CTh B YCJIOBUU
16(0) — 2(0)|| < 6x(0), bx(0) = 0.

IIpaBbre wactu B cucreme auddepeHInaabHbIX yPaBHEHUI
TAKXKE CYHUTAIOTCA BBIYUCIAEMBIMH TOYHO, TO €CTh B YCJIOBUH
16() — £(2, 0] < p(t), p(t) = 0.

VuurbiBag, dYTO s JOrapuMUYUECKOHl HOPMBI II0JYYEHA
anamurudeckaa Qopmyna, me 3aBucamas ot x(t) u  p(t),
u(J(t,z(t),pt)) =1(t), I(t) = |1 —exp(at)|/2 (cM. Teopemy 1.10.6
n. 2.5), uarerpan L; = ftii“ [(s)ds MOXKHO He TOJBKO OLEHUBATH
(cM. 11. 2.4), HO ¥ BBIYUCIIATD SBHO:

1. = § i =) /2 = (exp(atit1) —exp(ati))/2al, npn a # 0,
T 0, npu o = 0.

C yderoM BBINIEU3IOKEHHOIO, HA [EPBOM JTAlle BBIYNUCIAECTCS
Besn4yuHa Ok (7/2) — OLEHKA MOrperHOCTH pelenus 3aaa4u Ko
B KOHEUHBIl MOMEHT BpeMenn ¢t = /2 (cm. 1. 2.4).
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Ilocme Toro, Kak MOTPEITHOCTD perneHusd 3agaqdn Ko oremre-
HA, TepeiiieM K OIEHKEe TOYHOCTHU PEIeHusT KpaeBoil 3amaun. s
9TOTO OIEHUBAETCS OTHOCUTEIhHAS TOYHOCThH BBHIOOPA HAYATIBHBIX
yCIoBuii — mapaMerpa npuctpenku (1. 3arem (B cuiy crernuduku
3a/1a49M) OLEHKA IIOTPELIHOCTH PellleHusi KPAeBOil 3a/1a491 Oy 4aeT-
¢Sl W3 OIEHKU TIOIPENTHOCTH peleHus 3agaun Korm yMHOKeHneM
Ha Besmunny 1+ ASy/P;.

B cuny summeitHocTM ypaBHEHHsT AOCOTIOTHAS TOTPEITHOCTH
OTIpe/IeJIeHUs BEJTMYMHBI TapaMeTpa MPUCTPESKU OIEHUBAETCS Be-

JINYUHOM _ Ok (m/2) + |z(m/2)[1] — 1]
B (1- Bio(n/2)

rae Ok (m/2) — BbluMCIeHHAs! OLEHKA abCOJIIOTHON IIOrPENIHOCTH
pemenus 3amaun Komm, |z(7/2)[f1] — 1| — Benuunna messt3-
K (TOYHOCTH BBINOJHEHUS KPAeBOTO yCAOBUA mpu ¢ = 1),
B1 = p(0) = (do(n/2)[B1]/dB1) ! — Benmuuna, obpaTHas K TPOU3-
BOJIHOH BBIYUCJIEHHOTO B PE3YJIBTATE PeIIeHns 3a1a49u Komu 3aave-
HUS [0 IapaMeTpy npuctpesku (B obosnadenusx 1. 2.4 — |[J1||).
3aMeTuM, 94TO B JAHHOM CJIY4a€ TOYHOCTb BLIYUCIICHUS TPOU3BOI-
HOJi OllEHWBAEeTCsI TON ¥Ke BeJnunmHoN Of (7/2), 9TO0 M TOYHOCTH
pemenus 3anaun Komwm (B cuily JMHEHHOCTH W TaK KaK HU3BECT-
HO OJIHO TOYHOE, TOXKJIECTBEHHO HyJe€BOe pemenHue 3aaaqau Komm
upu p(0) = 0). Kpome Toro 3amerum, 410 TOYHOCTH BBIIOJHEHUS
apuMeTHIECKUX ONEPANHil TP STOM CYNUTATACH MHOTO MEHbIIEH
ucnosb3yemMbix B (1.2) BeJIMYMH U MOTOMY HE yUUTHIBAJIAC.

3aBUCUMOCTh 3HAYEHWH BEJIMYMHBI NAPAMETPA IPUCTPETKH
B1 = p(0) = #(0) or BeMUMHbI TApaMeTPa (¢ IIPEACTABJIEHA HA
puc. 1.1 u B Tabn. 1.1. Kpome Toro, B Tabsa. 1.1 mpeacrasiena 1o0-
HOJTHATENbHASA UHGMOPMAIHS O TOCTPOCHHBIX IKCTPEMAJIAX U O TOY-
HOCTH WX MOCTpOeHUs. B Heil cojeprKaTcs BHIYUCIEHHBIE HA IKC-
rTpemasiu: 3nadenue pynkuuonana (1.1), onenka abconoTHOl Beu-
YUHBI OrperHocTy pemenus 3aga4u Ko dg (7/2) u Benuuuna
ueBs3ku x(7m/2)—1. IIpeacraBiennble BeAMYUHbI BEIYUCIATUCH IPU
OTpaHMYeHUN OTHOCUTEILHOM JoKaabHOi morpermroctr 10710,

Saberas Bmepes, OTMETHUM, 9TO pa3pbiB rpaduka Ha puc. 1.1
mpu @ = a, & 1.56245352 COOTBETCTBYET HAJTMYHUIO COMPIKEHHON
TOYKM B KOHe4HbIi MoMeHT t = 7/2. B 1abu. 1.1 skcrpemanu npu
a < Qx UOPHA > @y Pa3JeJeHbl TOPU3OHTAJIBLHON JUHUETH.

Ay (1.2)
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Puc. 1.1 3asucumocts Besmuuubr p(0), coorBercTBYyIOIIEl perie-
HHIO KPaeBO 33J1a4M, OT IIapaMeTpa «.

Tabaunna 1.1. CemeicTBO 3KCTpeMaseil B 3aBUCUMOCTH OT Q.
| a] Br=p0) | Bo | Ox(n/2) [ a(n/2)—1]
-4.00000 | 0.6646999 | 0.6243404 | 7.9-10~'" | —1.6-10'9
-3.00000 | 0.6802611 | 0.6103524 | 7.4-10~'! 5.5-10710
-2.00000 | 0.7113991 | 0.5720144 | 7.4-10~1! 4.4-10710
-1.00000 | 0.7838201 | 0.4516115 | 7.0-10~1! 1.8-10710
0.00000 | 1.0000000 | 1.1-107'2? | 6.7-10"!! 7.0-10713
0.50000 | 1.3085348 | -0.6880488 | 9.2-10~!! 8.0-1010
1.00000 | 2.2659883 | -2.7345456 | 5.2-10~'0 —2.6-107°
1.50000 | 20.130499 | -35.776631 | 1.2-1078 2.3-107°
1.56000 | 515.99981 | -932.16832 | 2.8-10~" 5.6-10710
1.56240 | 23663.960 | -42770.406 | 1.2-107° -8.0-107°
1.56244 | 93689.838 | -169337.01 | 5.1-107° | —1.5-10~10
1.56246 | -195359.40 | 353098.20 | 1.0-10—* 1.4-107°
1.56250 | -27245.668 | 49244.994 | 1.4-107° 4.6-107°
1.56500 | -497.50669 | 899.65718 | 2.7-10~" 2.4-1071
1.57000 | -167.99789 | 304.08141 | 9.2-1078 -1.8-107°
1.60000 | -33.923389 | 61.671668 | 2.1-1078 1.3-107°
2.00000 | -3.3661716 | 4.7661969 | 2.4-10"° 8.6-1077
2.50000 | -2.9194037 | -2.6934829 | 2.5-10° 3.7-107°
2.90000 | -24.503347 | -72.427760 | 3.9-108 3.9-107°
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Ta6muma 1.1. IIpomomkenwue.
| a| Bi=p(0) | By | 0x(n/2) ]| a(n/2)-1|
3.00000 | 17.535513 | 51.931711 | 2.9-1078 2.3-1079
3.50000 | 5.2759727 | -12.390666 | 1.1-108 9.0-10~19
3.60000 | 10.058084 | -35.404382 | 2.8-10~8 4.2-1079
3.70000 | -84.321839 | 332.89212 | 2.8.-10~7 | —-3.2-107°
4.00000 | -5.3599333 | -6.2012236 | 2.3-1078 | —1.5.10~10

B taba. 1.2 pns asyx snavenuit a = {0;1} npusenenbr pe-
3yJIbTATHI YUCJIEHHOTO SKCIEPUMEHTa — BBLIUYHCIEHHBIE B Pe3yJIb-
TaTe perienus 3a1a4 Komu 3HAYEHUS TEPEMEHHBIX U OLEHKU UX
HOTPENTHOCTH B JBYX TOYKAX OTPE3KA MHTETPUPOBAHUS IJIsl Pa3-
Ju9HBIX TOYHOCTeH “Ha mare”. Kpome Toro, qnsg a = 0 B Tabaume
OPUBOJSATCA TOYHbIE (BbIYUCJIEHHbBIE IO AHAIUTUIECKON (hbopmyJie)
3HAYEHWS MEPEMEHHBIX.

Benmuauna AH(t) B Tabn. 1.2 o603HaYaeT pa3sHOCTH BbI-
YUCJIEHHBIX JByMs crnocobamu 3uadenuit dynkuuu IloTpsru-
Ha. Bo-TepBbIX, OHA BBIYUC/ISIETCS MO ONPEIETIEHHUIO, C y4eTOM

u(t) = i(t) = p(t):
H(t,z(t),pt)) := &L; — L = p*(t) + 2*(t) exp(at).
Bo-—Bropbix, 3Hauenue H(t) BBIYUCISAETCH HHTEIPUPOBAHUEM:

dH (¢, z(t), p(t)) _ OH(t x(t), p(t))

2
g7 = 5 = ax”(t) exp(at)

npu nauambaom yeiosun H(0) = p?(0) + 2%(0).

B 1abn. 1.2 He nmpuBoAsATCs 3HAYEHUsT, COOTBeTCTBYyOmMTe ¢ = 0.
D10 cBA3aHO ¢ TeM, 4TO HauanabHoe 3uavenuwe z(0) = 0 3amano
yCJIOBUSIMHU 3a/1a4u; HadaiabHoe 3Hadenue p(0) npu Beex npeicras-
JieHHbIX B Tabu1. 1.2 pacuerax 6pajoch OAMHAKOBBIM, COBIIAIAIONIAM
co 3HadeHueM u3 1abs. 1.1 (TounbiM npu @ = 0 W BBIYHCICHHBIM
npubmzkenno npu « = 1); dx(0) = 0 — npeanonaranocs, 9To Ha-
YaJbHbIe yeaoBusa BeiOpansl Toun0; AH (0) = 0 — 1mo onpeenenuio
3TON BEJMYIUHBI.

Amnanus pesysnbraToB, npeacraBjieHHbIX B Tabs. 1.2, nokasbiBa-
€T, YTO OLEHKA abOCOJIOTHON IOrPENIHOCTH OIPEeIEseHus JKCTPe-
masm 03(t) = Ok (t) - (1 + AB1/P1) Bwrumcasercs ¢ “c 3amacom”
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Tabnmna 1.2 rCTpeMau Ipy PA3TuIHBIX JOMYCTUMBIX OMPEITHO-
CTAX Ha IIare.

AJIOK t ‘T(t) 6K (t)
)

a=0
1078 || n/4 0.707106781190 2.0-107°
0.707106781265 | —1.2-101°
/2 1.000000000099 3.4-107°
89-1071 | —2.0-1071°
10710 || n/4 0.707106781186 36-10711
0.707106781187 | —7.7-10713
/2 1.000000000001 6.7-10~11
53.10713 | —1.4.10712
10712 || /4 0.707106781186 6.6-10"13
0.707106781186 | —4.7-10~1°
/2 1.000000000000 1.3-10712
44.1071% | —9.3.10°15

AHaJIUTUYIECKOE DeleHue

/4 V2/2
V2/2
/2 1
0

a=1

108 [ n/4 ] 1.516998105503 [ 9.2-10~°%
1.158487126719 | 8.4-107%
/2 | 0.999999996927 | 2.6-107%7
—2.734545614936 | 3.9-1078
10719 [ 7/4 | 1.516998105271 | 2.6-107%°
1.158487127016 | 1.5-1071°
/2 | 0.999999997309 | 5.3-107%
—2.734545614272 | 5.0-1071°
1072 || 7/4 | 1516998105267 | 3.7-1071T
1.158487127022 | 1.5-107'2
/2 | 0999999997314 | 9.2.10"!
—2.734545614263 | 6.3 - 1012
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B mBa 3Haxka (Hampumep, pu o = 0, Ag = 10710 B = 1,
ABy = (6.74-1071 +7.05-10713)/(1.0-6.74-10711) = 6.81-107 1,
d3(m/2) = 6.74-10711(1+6.81-10711) ~ 6.74-107 1 = §k(7/2)), a
Besuaunbl AH (t) 671M3KM K TIOTPENIHOCTH BBIYUCICHNS SKCTPEMa-
Jeit, onpenengeMoii g « = 0 TOYHO, KAK PA3HOCTDh MEXKY BBIUHC-
JIGHHBIM ¥ AHAJIATHYECKHM DPEINIeHHAMH, a Ijid « — 1 — npubmim-
JKEHHO OIEHWBAEMO# PA3HOCTHIO MEYKy BHIUYUCICHHBIMEA C PA3JINY-
HOHl TOYHOCTBIO PEMICHUSIMU. DTH TOTPENTHOCTH UMEIOT TIOPSIIO0K
10710 mpu @ =0, Ayox = 1078, 10712 mpu aa =0, Ay = 10710,
<1072 npu a = 0, Ak = 10712 (10 ecTb Bce MpuUBeICHHDIE
snaxu Tounbl), 1072 mpu a =1, Ayex = 1078, 107 mpu a =1,
Ajnox = 10719, (Ormernm, aTo HecooTBeTcTBHE BemmunH O (1)
Ajox APYT APYTY KazKylleecs, Tak Kak Ok (t) — omenka abcoatom-
HOLT, & Ajox — OTMHOCUMEAbHOLT BetnauH ). IIpu anamuse pesyibra-
TOB PACYeTOB IMPEXKIE BCETO CJELYeT OOPATHTH BHUMAHHIE HA, TO, 9TO
npu ymenbieHnu Ao B 100 pas 4uciio COBIaJaMuX 3HAKOB yBe-
JIMYUBAETCS HA JBA U TAKKE HA /BA NOpsaka ymenbinaorcs AH (t)
u Ok (t). DToT HEOOXOAUMBIH MPU3HAK KOPPEKTHOCTU BLIYUC/ICHU
3a4acTyio (B 6ojiee CJIOKHBIX CJIydasx) sIBJISETCA €JIUHCTBEHHLIM
PEANBHBIM CIIOCOO0M XOTh KAK—TO yOeIUThCsI B MPABUILHOCTH Pe-
mennd 3agagn. Caenyer HAIIOMHATD, 9TO OIEHKA ITOTPEIITHOCTH BbI-
YHCIEHUA SKCTPEMAaJIel Ha, OCHOBE COBIIAICHUSA 3HAKOB IIPU Pa3/IHd-
HBIX OIEHKAX JIOKAJTHHON MOTPENTHOCTA W MAJIOCTH HEBA30K HE siB-
JIeTCs TOKA3aTehbCTBOM MPABUIBLHOCTH PEIEHUs 33,1a91: MOYKHO
MIPUBECTH TPUMEPHI SKCTPEMaJIeil, KOMIOHEHTHI (DYHKIINU HEBSI30K
Il KOTOPBIX MAaJibl, 3afada Komm pemeHa ¢ JOCTATOYHO BBICO-
KOl TOYHOCTBIO, & OTJMYHE UCTUHHOIO PEIIeHHs KPAeBOH 3aIa4dm
OT OIPEIETCHHON 3KCTPEMAIN 3HAYUTEIHHO.

1.1.7. UccnepoBanne ONTUMAJIBHOCTU TIOJIYy4Y€H-
HBIX 3KCTpeMaJieit

Tenepsb HEOOXOAMMO OTIPEIETUTH, TTPU KAKUX (¢ MOCTPOEHHBIE IKC-

TPEeMaJIN JOCTABIAIOT (DYHKIMOHATY MAUHUMAJIbLHOE 3HAYEHUE.
IIpoBepum BbInosiHeHue ycioBus Jlexannpa: Lz = 2 > 0, —

HAa SKCTPEMAJIH BBIMOJHEHO yCujaeHHoe ycioBue Jlexammapa.
Boinumem 3agaty Komm gns ypasaeruns Axobm:

—2h — 2exp(at)h =0, h(0) =0, h(0)=1. (1.3)
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Yenosue dkobu cocrour B orcyrcreuu Ha uaTepBaie (0,7/2) mo-
MEHTOB T Takux, yro h(7) = 0; ycunennoe yciosue dxobu cocrout
B TOM, YTO M B KOHEUYHbI MOoMeHT Bpemenn h(m/2) # 0.

Permtenvie 3amaun Kormm st ypapaennst ZIkoOu MOKa3bIBAET, 9TO
mpu a < i, Qy & 1.56245352 BBITOIHAETCS YCUJIEHHOE YCIIOBUE
Akobu: na mosyorpeske (0,7/2] mer conpsizkeHHbIX TOYeK. [Ipu
Q. = (v, PEIUTh KPAEeBYIO 33/1a9y HE yIAeTCs: B CUJIy COBIAJEHUS
BUJIa ypaBHeHUs Diimepa—J/larpanxka n ypasuenus fIkobu ycaoBus
z(m/2) =1 n h(r/2) = 0 oka3wpIBAIOTCSA TPOTHBOpPEYNBHIMA. IIpn
a > a, unarepsaa (0,7/2) comepkur 0cobyI0 TOUKY U HA JKCTPE-
MaJii MUHUMYM He JOCTUTAETCS.

Ilpumeuanne. Beauvuna o, onpedesena 8 peaysvmame wuc-
AEHHO20 PEULEHUSA MEMOIOM CIPeAbODL Kpaesot 3adauu das dudde-
PEHUUAALHOZ0 YPAGHEHUA U HAUAALHUT Ycaosuti (1.3), Koneunoeo
yeaosua h(m/2) = 0. IIpu smom 6eAuNUNG O ABAAETCA NAPAMEM-
pom npucmpeaxu, a h(w/2)[a] =0 — dynryuet nesasoxk.

Tax xak Gynxmus 2 — 2 exp(at) ABasgeTCa BHITYKI0#H DyHK-
nwmeit o £ VY, t, TO yCIOBUe KBA3UPEryISPHOCTH BBITTOJIHAETCS JIJ1s5
BCETO TIPOCTPAHCTBA.

BeiBoji: mpn a < @, HA TIOCTPOEHHON SKCTPEMAJIN JOCTUTAETCS
abCOMIOTHBIT MUHAMY M.

UccnenoBanue 3a7a4uu 3aKOHIEHO.

Kaxk ykaswiBajioch B 1. 3ajaHue M 3aJa4m, OTUYET 1O MPOBE-
JTIEHHOMY WCCJIEIOBAHUIO COCTOUT M3 5 MYHKTOB:

1) mocranoska pemaemoii 3agaun u ee dbopmanuzarys — m. 1.1.1;
2) cBeseHUe DEIlEHUd 33Ja49M ONTUMHU3ALMU K PEIIeHHUIO0 KPaeBoii
dgajgaunm — 1. 1.1.3 mw n. 1.1.4;

3) ananu3 1OJIy4YEHHOI KpaeBoii 3a1a49u U (POPMUPOBAHUE BBHIYKC-
JUTETbHON cXeMBbl ee perennsa — 1. 1.1.5;

4) onucaHue TOJYYEHHBIX MIPU PEIICHUN PE3YJIbTATOB U 000CHOBA-
HEe uX TogHocTH — 1. 1.1.6; 5) mccaegoBanue ONTHMATIBHOCTH HO-
JIy9eHHBIX 3KcTpemasteit — m. 1.1.7.
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1.2. IIpocreiimas 3agava KJIaCCUIECKOTO
BApUAIMOHHOTO WCYWUCJIEHus, Kpae-
Basl 33J1a4a B KOTOPOI1 HE MOXKET OBbITH
pelreHa MEeTOI0M CTPEeJIbObI

1.2.1. TlocTtanoBKa 3aga4n
1
/ (& + a®(t)z?) dt — inf,
0
z(0)=1, z(1)=1, d*@t)>1 Vte[0,1].

1.2.2. Popmaan3anud 3a4a49M KaK 33a4ud OIITH-
MAaJIbHOTO YT PAaBJIEHUA

1
/ (u® + a®(t)z?) dt — inf,
0
T =u, u € R,

z(0) =1, z(1) =1,

a?(t) > 1 Vt € [0,1] — nexoropas 3amannast QyHKIHS.

1.2.3. Cucrema HeOOXOOAMMBIX YCJOBHUiIl OITH-
MaJIbHOCTH

OCHOBHbIe KOHCprKHI/II/IZ
1
L= / Ldt +1,
0

L := X\ (u® + a®(t)2?) + p(i — u),
l:= /\11‘(0) + Azﬂ?(l),
H = pu — Xo(u® + a*(t)2?).

Heobxoanmbie ycmoBus ONTHMATBHOCTH:
a) ypashenue Jiisiepa—Jlarpanika (CONpsizKEHHOE yDABHEHUE):
p =2 oza®(t);
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6) yCJ0BHE ONTUMAJILHOCTH 110 YIIPABJIEHHIO:
@ = argabsmaz,, ¢ g (pu — Aou?);
mpn Ao # 0: 4 = 55

B) ycioBusi tpaHcBepcambrocT:  p(0) = Ag, p(1) = —As.

VesoBuit CTaMOHAPHOCTH T) U JIONOJIHSIOMIEH HEXKEeCTKOCTH 1)
HeT, TaK Kak KoHupbl ¢ukcuposanbl (tg = 0, t; = 1) u B mocranoBke
3a/1a9U OTCYTCTBYIOT YCJIOBUS THUIA “MEHBINE WJIM PABHO.

e) YcioBue HeOTpUIATEILHOCTH: A9 = 0

k) muoxkureau Jlarpanxa He Pasubt OguoBpemenno Hysto
(yciosue HEPOH);

3) MHOXKuTesU JlarpaHnxka MOryT ObITh BHIODAHBI € TOYHOCTHIO
JI0 TIOJIOXKUTEJHLHOTO COMHOXKUTEI s (yCI0BHE HOPMUPOBKH ).

1.2.4. KpaeBaga 3amada

s dbopMupoBaHUsS KPAeBOH 334N IPWHIIAIIA, MAKCUMYMa HE00-
XOAUMO BBHIOPATH YCJIOBHE HOPMHUPOBKH. Tak Kak B ITOH, KAK U B
1100011 Apyroit mpocTeiieil 3a1a9€e KIaCCHIeCKOr0 BAPUAIIMOHHOTO
ucuucienus (cM. ucciaenopanue B 1. 1.1.4), aHOpMasIbHBIA ciry4daii
Ao = 0 HEBO3MOKEH, TO B KAYECTBE YCJIOBHUS HOPMHUPOBKH 33/1a49u
BBIOHpAeTCs ycIoBue \g = 1/2.

Takum 0O6pa3oM, HA OCHOBE TIPUHIIUTIA, MAKCUMYMA PEITEeHNE Pac-
CMaTPUBAEMOIT IPOCTENTIIEl 324N KJIACCUIECKOTO BAPUAITMOHHOTO
HCYUCIEeHUA CBOAUTCA K PEIIEHHUIO KpaeBOI;'I 3a/1a49N:

T =p, p=a’(t)r, z(0) =1, z(1) = 1.

1.2.5. YucnenHoe pelnreHne KpaeBoii 3a1a4un

IIpu pemennu Kpaesoil 3a1a4u METOJIOM CTPEIbObI (cM. m. 2.2) B
Ka4yecTBe IapaMeTpa npucTpesiku Boibupaercs 3uadenue 1 = p(0).
3aaB 9TO 3HAYEHUE KAKUM-JIUO0 00pa30oM u pemuB 3aja4dy Kormu
Ha orpeske [0,1], mosy4um COOTBETCTBYIOIIUE BLIODAHHOMY 3HA-
yennio 1 Bexmumubl z(1)[F1] n p(1)[f1]. Jnas perrenust kpaesoii
33,0291 HEOOXOINMO TIOI00paTh 3HAYEHNE (31 TaK, YTOOBI BHITTOTHHI-
sock yeaorue z(1)[81] — 1 = 0, npuEnMaemMoe B JaHHOM CIydYae B
KadecTBe (DYHKIMY HEBSI3KU.

Takum o6pasom, B pe3yabTaTe BHIOOPA BEIYUCIUTETHHON CXEMBbI
METOZA CTPEeJbOBI PeIeHne KpaeBoil 3aJa9M CBEJOCh K PEIIeHUIO
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asrebpaundeckoro ypasuenus z(1)[f1] —1 = 0. B cuny suneiinocru
b hepeHnanbHOTO YPABHEHUST 9TO AJT€OPANIECKOE YPABHEHUE
JVHENHO.

1.2.6. Pe3yabTaThl peleHns KpaeBoii 3agaum u
OIEHKUN TOYHOCTHU 3TOTO PEIIeHUus

Marpurma Axobu cucrembl audepeHITnaTbHbIX YPABHEHUH NMEeT

BUT:
7= < a2(2t) (1) > '

it omrpeiesIeHnsi CKOPOCTH PACITPOCTPAHEHNsT OMUOKH OTIPeIeIsi-
ercs Jorapudmudeckas wopma marpuubl p(J) — MakcuMasibHOE
COBCTBEHHOE 3HAYEHUE MATPHUIIBI

- 0 (1+ () /2
(7+T0)/2 = < (1+a2(1)))2 0 )

p(J) = (1+a’(t))/2

1 HOpMa MaTpuusl ||J|| — MakcuMaibHOE CHHIYISPHOE YUCTIO

=0 0). =eo.

Tak kak a?(t) > 1, to B paccmarpusaemom npumepe u(J) < ||J]].
TTosromy B onmeHKax rio0aabHON MOTPEITHOCTH HCIOIb3YETCs TEO-
pema 1.10.6.

Onenka ToOYHOCTM pemennst 3amadnm Komm mokaswIBaeT, |To
ommbKa, JONMyIIEeHHAs Ha TEePBOM INare, PN YCJIOBWH, UTO JAJh-
Helimee pemenue OyZeT TOYHBIM, K MOMEHTY ¢ = 1 yBeququTcs B
exp(L) pa3, tme L = 0.5 f01[1+a2 (s)]ds. Takum o6pazom, KOppeKT-
HO YMCJIEHHO PEIuTh 3a1a4y Komu He ymaercs.

st perienunst TOMYIeHHONR KPAaeBOil 3aJa491 CIeayeT BOCIOJb-
30BaThCsl MerosoM auddepennnansHoii poroukn [36, §9]. daan-
Heiilee perenne Toi 33a49u B TOCOOuY He paccmarpuBaercs. OT-
METHM JIUIITh, YTO IKCTPEMasb B 3TOH 3a1aue s Beex at) Oyaer
JIOCTABIATH (DYHKINOHATY aOCOTFOTHBIA MAHUMY M.

IIpumeuanue. HeBO3MOXKHOCTD peIIeHUsT METOIOM CTPETbOBI
noJTy9eHHol KpaeBoii 3a/1a4u cesi3ana ¢ Bemmannoit a’(t) > 1. Ipu
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yMepennbIx 3Havennsx a’(t) (mampumep, npu a?(t) ~ 1) meron
CTpesbObl Perenrst KpaeBoil 3a,/1a9i OKAaXKeTCsl BIOJIHE YIOBJIETBO-
PUTETHLHDIM.
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1.3. 3agaua Jlarpanxka: puKcupoBaHHBIN
BPEMEHHOII OTpPe30K, 0e3 orpaHudve-
HUI BUIA “MeHbIlIe NI PaBHO”

PaccvarpuBaemblit mpuMep sBISETCS YACTHBIM CIydaeM OOIei mo-
CTAHOBKHU 337a49u Jlarpanxa — B HEM OTCYTCTBYIOT OTrPAHUYECHMUS
BUA “MEHBIIE WU PABHO W BPEMEHHOW WHTEPBAJ (DUKCUPOBAH.

Asroput™ pelienus paccMaTpuBaeMoil 3a1aun (IpenoaraeT-
Csl, 9TO PelleHre 3aa9u CyIIeCTBYeT).

Bo-niepBbix, BRIMHUCHIBAETCS CUCTEMA HEOOXOIUMBIX YCJIOBHIA OTI-
tumaibHOCTH (npuHnun Jlarpanxka g 3agagdu Jlarpamxka uam
npuHnun makcumyma [lonrpsruna ans 3amgaun Jlarpanxa, ¢dop-
MaJIM30BAHHOM KaK 3a/1a49a ONTUMAJIbHOIO ylpaBJieHus) u (HpopMu-
pyeTrcs KpaeBas 3ajad4a.

Bo—BTOpPBIX, MPOBONUTCSA aHAIN3 TOTYIEHHON KpPAaeBOil 3a1a4H;
TIpY MCMOJIL30BAHUM JJIs €€ PEIIeHnsT MeTOoIa CTPeanObl — (op-
MUDYETCsl BBIYUCIUTENbHAS CXeMa METOAA CTPeIbObI (OCyIecTBIIsi-
eTCsi BRIOOP BEKTOPA MAapAMETPOB MPUCTPETIKH U BEKTOP—(yHKIINH
HEBSI30K, AHAJIM3UPYIOTCS] BO3MOYKHBIE OCOOEHHOCTH PEIeHUsT 33,13~
un Komm, mpumenenust Mmeroga HeioTona, unciennoro andgpepen-
[IMPOBAHUS, PEITIEHNST CUCTEMBI JIMHEHHBIX aJre0panvdecKuX ypaBHe-
uuii). Ocoboe BHUMAHWE IIPU ITOM CJielyeT OOpaTUTh HA BO3MOXK-
HBIE CIIOCOOBI BHIOOPA HAYATBLHOTO MPHUOINKEHNS, B 9JaCTHOCTH, HA
BO3MOKHOCTh TIPUMEHEHHSI METOA MPOIOKEHIS PEIIeHHs TI0 a-
pamerpy.

B-rperbux, npeaokeHHas BHITUCIATETbHAST CXEMa PeaTn3yeT-
Csl ¥ OIPEIEISIIOTCA SKCTPEMAaIN 3aJa491. ECau onpeaenTsb IKCTpe-
MaJIA 33Ia9U He yJAJI0Ch, TO CJIEAYeT BEPHYTHCS K IMPEIbIIYIIEMY
MyHKTY.

Tloce onpemenenns SKCTPEMAaJIH MIPOBOINTCS AHAIN3 TOIHOCTH
OIpeeIeHns SKCTPEeMasiel 3a1a9n U aHAJIN3 UX ONTUMAIbHOCTH.

B—uerBepThIx, TpOBEpsieTCsT BHIMOJHEHNE yCaoBus Jlexxanapa
(neoTpuIATELHOM ONPENEeNeHHOCTH Ly, HA SKCTpEMasu) U yCH-
JIEHHOTO ycjioBus Jlexkanapa (NOJOKUTEIHHONW OIpeIeeHHOCTH
L, na skcrpemasu). 3aMeruM, 4TO B CJIydae aHAIM3a 3a]a4d HA
OCHOBE TPHUHINIA MAKCHUMyMa ycaoBue JIexKaHapa siBIsieTCs Cel-
CcTBUEM yCaoBus Makcumyma ¢yHknun [loHTpsiruHA MO yrpasiie-
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uuio [34]. Hamomuum (cM. 2.1.2), 970 IpH HEBBIIOTHEHUH YCUIEHHO-
ro ycioBust Jlexkanapa Ha 3KCTpEMAaJIN NCCIeI0BAHNE ONTUMAIhHO-
CTH 3aKAHYUBAETCs (JTF0003HATEBHBIE CTYIEHTBI, KAK OTMEYaJIO0Ch
paHee, MOTYT €r0 MPOJOJIKUTh, 03HAKOMUBIIUCEH, HATTPUMED, C [4,
1. 3] u 3areMm c [5]).

B-nareix, gna 3amau Jlarpamka nHa HUKCHPOBAHHOM Bpe-
MEHHOM WHTEpBajie ¢ (DUKCUPOBAHHLIM KOHIOM(—aMmu) TpOBEpsi-
€TCcsl HEeOTPWIIATENbHAsS W TIOJIOXKUTEIbHAS ONPEeIEeJEHHOCTh BTO-
poii Bapuaimu dyHkiuu Jlarpan:ka Ha JUHEApPU30BAHHON CHCTe-
Me orpaHuyenuii (KacaresbHOM MHOrooOpasuu) B popMe BbIIOJIHE-
Hust ycaoBus Jdkobu u ycusennoro yenosus dkobu [20]. 3amerunm,
9TO CMEIIaHHBbIE OTPAHUYEHUs B PACCMATPUBAEMbBIX B MPAKTHKYME
33/1a9aX OTCYTCTBYIOT, HA BapHWAIINH YIIPABJIEHUS OTPAHUYEHUS HE
HaKJIAABBaIOTCA du € R", Toe 7 — pa3MepHOCTh BEKTOPA YIPaB-
JIEHUs, ¥ TIOTOMY NPUCOEIMHEHHAS] 33/1a9a B BAPHUAIMAX OTHOCHT-
sl K KJIACCy JIMHEHO—KBaApaTHuIHbIX 33124 (cucrembl auddepeH-
[IMATBHBIX YPABHEHU M KPAEBBIX YCIOBUIl JTUHEHHDI, (OYHKIIHOHA
3a/1a9M — BTOpAas npou3BoaHas pyHkunu Jlarpanka — KBaJIpaTh-
YeH).

B-1mrecThIx, mpoBepsieTcst BHITIOIHEHNE YCIOBUST KBA3UPETYIIsp-
Hocru (ycuiieHHOro ycsioBus Beiliepuirpacca) u, B Ciiydae ero HeBbl-
noJsiHeHwusi, yciaopue Beltepirpacca. 3aMernM, 9T0 B CJIy4ae aHAJIN-
3a 3a/[a9¥ Ha OCHOBE TIPUHIIMITIA MAKCUMYMa yciosue Beiteprirpacca
SABJISIETCST CIEJICTBUEM YCJIOBUSI MakcumyMma dbyukiun [lorTpsaruna
10 ympasJyieHuio [34].

Ilo pesyabraTaM MpoOBEIEHHOTO AHAIN3A, IEIAETCsI BBIBO 00 OII-
TUMAJILHOCTH I10JIy 4€HHOH sKcTpeMasu (cM. KoHer 1. 2.1).

1.3.1. TlocTtanoBKa 3agaun
1.8
By := / (u2 —$2) dt — inf,
0

I+ arcosx = u, u € R,

2(18) =1, #(1.8)=0, a€[-A, A
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1.3.2. @opmanusaiusgd 3aaa4n

Beenem 06o3HaueHus:
T1 =, Ty = I.
Torma paccmarpuBaeMasi 3a7a49a IPEICTABIISIETCS B BUIE:

1.8
/ (u® — 1) dt — inf, (1.4)
0
{ = o u€ R, (1.5)
To = U — Q1 COS T,

21(1.8) =1, x,(1.8) =0, a€[—A, Al (1.6)

1.3.3. Cucrema HeOOXOOAMMBIX YCJOBUIl OITH-
MAaJIbHOCTH

OcHOBHBIE KOHCTPYKIINH:
1.8
L:= / Ldt +1,
0

L:=Xo(u? — 23) + p1 (21 — 22) + p2(d2 — u + axy coszy),
l:= )\1(171(18) + )\2.’172(1.8),
H :=pi12y + pa(u — azy coszy) — Ao(u? — 23).

Heobxoanmbie ycmoBus ONTHMATBHOCTH:
a) ypaBuenust Ditnepa—J/larpanxka (conpsizkeHHasi cucTeMa ypas-
HeHwuil):
{ p1 = pQOé(COS 1 —I1 sin .’E1) — 2)\0.’171, (1 7)
P2 = —P1;

6) yCJ0BHE ONTUMAJILHOCTH 110 YIIPABJIEHHIO:

@ = argabsmaz(pou — Aou?);
u€ER

mpu Ag # 0



B) yCJIOBUSI TPAHCBEPCATBHOCTH:
p1(0) =0, p2(0) =0, pi(1.8) ==\, p2(1.8) = —-X2. (1.9)

YcaoBuii CTAMOHAPHOCTH T') M JONOJIHAIONIEH HEKECTKOCTH 1)
Her, Tak Kak KOHUbI ¢dukcuposanbl (tg = 0, ¢, = 1.8) u B nocra-
HOBKE 33/Ia9¥ OTCYTCTBYIOT YCJIOBUS TUMA “MEHBIIE WJIN PABHO .

€) YcaoBrue HeOTpUIATEILHOCTH: \g = 0

k) muoxkurenu Jlarpanwxa He Pasubt OguoBpemenno Hysto
(yciosue HEPOH);

3) MHOXKuTesU JlarpaHnxka MOryT ObITh BHIODAHBI ¢ TOYHOCTHIO
IO TIOJIOXKUTEIHHOTO COMHOXKUTE s (yCIOBHE HOPMUPOBKH ).

1.3.4. KpaeBaga 3ama4ya u ee aHaAIN3

s bopMupoBaHUsS KPAeBOH 334N IPWHIIAIIA, MAKCUMYMa HE00-
XOIUMO BBIOpATH yCJIOBHE HOpMUpPOBKHU. [IpoBemeM aHain3 BO3-

MOXKHOCTH aHOpMasbHOTO ciaydas A9 = 0. Ilpu sTom ecinm
A(r;m2) € [0;1.8] rmakoit, uro pa(t) # 0 mpu t € (71;72),
To u(t) = Zoo, W Takoii ympaBisieMblil TPOIECC HE TPUHAJTIE-

JKUT JIOMyCTUMOMY KJaccy mpoteccos (dbyukmuii). CremoBareabHo,
pg(t) =0 Vt e [0,18] u pl(t) =0 Vt € [0,18] (17) u X =0,
A2 =0 (1.9). Urak, obpaiienue B HOJIb MHOXKUTEJs Jlarpanzka 1Ipu
dyHKIMOHATIE TPUBOAUT K OOPAIIEHUIO B HOJb BCEX MHOXKHUTEIEH
Jlarpamka 3a1a4m, 9TO0 HEBO3MOKHO B CHJIY YCJIOBHH npuHInna Jla-
rpanxka. BeiBog: aHOpMaNbHBIN ciydait Ag = 0 HeBo3moxken. [o-
STOMY B CHJIy OJHOPOIHOCTH GyHKINH Jlarpanka mo MHOKHUTEISM
JlarpamKa B KadecTBe yCJIOBUS HOPMUPOBKH 33/Ia9d BBIOUPAETCS
ycioBue Ag = 1/2.

Takum o6pa3om, Ha OCHOBE TIPHUHIIMIIA MAKCHMYMa, PEIIeHne 3a-
maqn JlarpaHma CBOINTCS K PEIIEeHWI0 KPAECBOH 3aTa4H:

"tl = T,
Ta = p2 — QT1 COST1,
p1 = paafcoszy — zy sinzy ) — xq, (1.10)
p2 = —p1.
D1 (0) = 0, 11?1(]_8) =1, 3
p(0) =0, 2(1.8)=0, €44l (1.11)

32



1.3.5. YucnenHoe penienue KpaeBoii 3aga4n

KpaeBas 3a1a4a peraercss METOIOM CTpesbObl (cm. 1. 2.2). B kaue-
CTBE TMapaMeTpoOB MPUCTPEJKYA BHIOMPAIOTCS HEJIOCTAIOIINE JIJIs Pe-
mrenus 3aga4uu Komu suavenus upu t = 0: f1 = 21(0), B2 = 22(0).
3azaB 3TH 3HAYEHUs KAKUM-THO0 00pa3oM W penius 3aja4dy Ko-
mu Ha orpe3ke [0;1.8], momydnM COOTBETCTBYIONIME BHIOPAHHO-

vy sravennto 3 := {f1, B2} dbynkmmn z1(-)[B1, Ba], w2(-)[B1,Ba],
p1(9)[B1, B2], p2()[B1, B2] m, B wactHOCTH, 3HAUeHUs T1(1.8)[31, B2],
x2(1.8)[f1, B=2]. Bamaua Komm mas cucremsr quddepeHnmaabHbIX
ypasuenuit (1.10), BXOASIAas COCTABHON YaCTbI0 B METOJ CTPE/b-
Obl, KAaK U BO BCeX JIPYFUX PACCMaTpPUBAEMLIX IPUMepax, pelarcs
YUCIEHHO ABHBbIM MeTonoM Pynre—KyTrol 8-ro nopsjka, ocHOBaH-
HoM Ha dopmyrax Jopmana—IIpunca 8(7) DOPRI8 [38]. D perre-
HUS KPAEBO 331a91 HEOOXOINMO TOI00paTh 3Haderus 31, [ Tak,
9TOOBI BBITOTHAINCH yCIOBUS

x1(1.8)[f1,02] — 1 =0,
25(L8)[B1. Ba] = 0, (1.12)

MPUHUMAEMbIE B TAHHOM CJIy9ae B KAYeCTBE BEKTOP—(YHKIINY HEBSI-
30K. Takumm 0Opa3oM, B pe3yibTare BHIOOPA BHITUCIUTETHHON CXe-
MBI METOJIa CTPEILOBI PellleHne KPaeBoil 3aJavi CBEJIOCh K perlre-
HUIO CUCTEMbI IBYX AJreOpANIecKuX ypPaBHEHUH OT JBYX HEM3BECT-
HBIX.

Ecnu pemenne 3amaan Ko 7151 BRIOpAHHOTO 3HAYEHUS [; He
npogoskaercsa Ha orpe3ok [0;1.8], 1o BekTOp—byHKIMs HEBA30K
CYUTAECTCA HEOIPeNeIeHHON.

1.3.6. OmeHKu TOYHOCTHU perieHusd KpaeBoii 3aaa-
an

[Tocsie mocrpoenus pelienust Kpaepoii 3aia4u (perienns 3aaa4u Ko-
1M, BBIYUCJIEHHOIO C ABTOMATHIECKUM BBHIOOPOM IIIara mpu 3a1aH-
HOH OIleHKe OTHOCHTEJIbHON JIOKAJIbHOM MOTPENTHOCTH, yIOBJIETBO-
pAIoIero kpaesbiM ycsosusaM mpu ¢ = 1.8 (1.12) ¢ 3apanee BbIOpan-
HOIf TOYHOCTBIO € ) MPOU3BOJUTCA OLEHKA TOYHOCTH STOTO PEIIEHUS.

IIpu omenke TouarOCTH perenns 3aga4un Komm npegnoniaraercs,
9T0 HadasbHble yciaoBud 3amanbl TouHo: ||[v(0) — 2(0)|] < dx(0),

5k (0) = 0.
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IIpasbre vacTu B cucreme auddepeHnuaabHbIX yPaBHEHNH TaK-
JK€ CUWTAIOTCH BhIYMCIAsieMbiMu TOuHO: ||[0(t) — f(t,v(t))]| < p(t),
p(t) =0.

Marpumna Zxkobu cucrembl aud¢epeHnaabHbIX yPaBHEHHI
UMEeeT BUT

0
A
B
0

rie
A =z sinz; —cosxy),
B = —pya(2sinzy + z1 coszy) — 1.

Jlmst  ompenenieHnsT CKOPOCTH PACIPOCTPAHEHHS OIINOKH B
OlIeHKaX TII00ATBHON MOTPENTHOCTH HCIoab3yercs Teopema 1.10.6
(cm. [38, m. 1.§10, crp. 66], 1. 2.4): onpeensiercs: morapudmnaeckast
HopMa MaTpuilbl i(J) — MaKCUMabHOE COOCTBEHHOE 3HAUEHUE Ma-
rpunsr (J + JT)/2:

0 (A+1)/2 B/2 0

(A+1)/2 0 0 1/2
B/2 0 0 —(A+1)/2

0 12 —(A+1)/2 0

Tak KaK MaTpHIA CHAMMETPHYHA, TO BCE €€ COOCTBEHHBIE 3Hade-
Hus neficrurenbHbl. [Tocsie HeCIOKHBIX, HO TPOMO3AKUX (U IOTOMY
MPOITYIEHHBIX) BBIKJIAJ0K XaPAKTEPUCTUUECKOE YPABHEHIE

X (A+1)/2  B)2 0

dop | A+D/2 = 0 1/2 .
B/2 0 -2 —(A+1)/2 | T
0 12 —(A+1)/2 -2

CBOJUTCA K 6I/IKB3,,ZLpa,THOMy YPaBHEHUIO:
M-C\N+D=0,
rae
C=[2(A+1)>+B*>+1]/4, D=[A+1)*+ B]*/16.
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BroimomHAI0TCS yCI0BHS, TApAHTHPYIOIIHE CYIIECTBOBAHNE TETHIPEX
(¢ yueToM KpaTHOCTH) JAeHCTBUTEILHBIX KOPHEH ypaBHEHUS:

C >0,

C?—4D=(B-1)*-[(A+1)*+(B+1)?/4]/4>0,
C>+vC%2—-4D (rax xak D > 0).

OTHU KOPHU OMPEIENIIOTCs 10 hOpMyIIe

/C2 =
)\i:iHCiC#’ i =1.4;

MaKCUMaJIbHBIN U3 HUX COOTBETCTBYET ABYM 3HaKaM IIJIIOC:

2 2

w(J) = 1\/(A+1)2+ B—+ 1 +|B—1|\/(A+1)2 + M.
2 2 2 4

(1.13)

Tak kak Tounble 3Havenus GyHKumid 1 (t), po(t) HeusBeCTHDI,

To mis ouenku koaddunmenta L; B (2.20) HEOOXOIUMO OLEHUTH

MakcuMasibHoe 3uadenue u(J) no okpecrnoctu dyHKIWME Zq (1),

po2(t) He m3BecTHOrO 3apaHee pajauyca 0 (t) mpu t € [t;, tip1]. Jos

OLEHKM BEJWIHUHBI L; BOCTIONB3yeMCsl YIPOIIEHHBIM AJTOPATMOM,

3aMEHUB UCKOMBIA MakcuMyM f4(J) 1O OKPECTHOCTH Ha MAKCHMYM

wu(J) mo nByMm TodukaM:

L; = max{p(J)[z1(t:). p2(t:)], p(D)[21 (1), p2(tigr)]}. (1.14)

B nannoit 3amaye BO3MOXKHO MIPOBECTH U O0Iee TOUHYIO OIEHKY
L;. B camowm zerne, yaurbiBasi npoctoil Bug 3asucumocta pu(J)[t] or
x1(t) u p2(t), nOMCK MaKCUMyMa 110 ABYMEPHOI 00J1aCcTU 3aMEeHUM
MakcuMu3anueil (Kak HE3aBUCUMbIX BEJWYUH) KAXKJIOH W3 BXOJs-
mnx B (1.13) ckoGOK 10 OTpe3Kam
T € [mintE[ti,ti+1} (1'1 (t) — 0Kk (t))’ MaxXte(t;,tiq1] (11?1 (t) + 0K (t))] )

P2 € [minte[ti,ti+1} (p2 (t) — 0Kk (t))7 maXie(t;, tiy1] (p2 (t) + 0K (t))] .

IIpu 9TOM paccMaTpuBalOTCS MOA3a1a4N:

a) (A+1)? = max;
6) B? — max;

B) |B — 1| — max;
r) (B +1)? = max.

Bo Bcex 3Tmx ciaydasx MakCHUMAabHOE 3HAYEHWE JOCTUTAETCS
HA TPAHWYHBIX 3HAYeHusaX sequund A u B. Takum obpasom, mjis
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Tabauna 1.3 Kopuu ypasuenus (1.15).

I (k)

0.00
2.288929728103404
5.086985094102270
8.096163603222919
11.17270586832998

=W N = O

OLIEHKH CBepXy MakcumanbHoro u(J)[t] Ha orpeske [t;,tiq1], mocTa-
TOYHO OTPE/ICTTUTD HA ITOM OTPE3Ke MAKCUMATbHOE U MUHUMATHHOE
3HaueHus ey A u B.

Benuuuna A npezncranisier coboit HenmpepbiBHO—IuddepeHIm-
pyeMyio (DYHKIIUIO X7 ; SKCTPEMYMbBI BEJIMYUHBI A JOCTUTAIOTCS JiH-
00 Ha TpaHUIlE OTPE3KA M3MEHEHHs I, JJUOO B TOYKE, B KOTOPOIi
npousBoaHas GYHKIUU A oOpalnaercss B HOJb:

A'=2sinzy +x1 coszy =0 (1.15)

(pasyMeercst, €M COOTBETCTBYIONTAN KOPEHb MPUHATIEKUT Pac-
CMaTPUBAEMOMY OTDPE3KY u3MeHeHus 1 ). ¥ pasuenue (1.15) pema-
eTcd MEeTOJOM IPOCTOH uTepanyu 1mo GpopMmy.Je:

2T (k) = — arctg(ad (k) /2) + nk,

re j — HOMEp WTepaluu U YuCjI0 k — “HoMep”’ MCKOMOTO KODPHS,
BBIOMPAEMBIHl C yY4€TOM OTPE3KA M3MEHEHUs X1 . DTU KOPHH HAXO-
JdTCs 3apaHee (a He Ha KaXKJIOM Inare peinenus 3aaaqdu Kowmm), u
[IPHU BBIYUCIEHAU MAKCUMAJIBHOTO U MUHUMAJIBHOTO 3HAYEHUH A ax
" Apin Ha OTPE3KE U3MEHEHUS L1 OCYIIECTBIISIETCS TPOBEPKA Ha, UX
JonycTuMocTb. IlepBble HeCKOMBKO KOpHeit x1 (k) ypasHenus (1.15)
BKJIIOYEHBI B Ta0j1. 1.3, KOPHU [JIsi OTPUIATEIBHBIX k OTJIMYAIOTCS
OT TOJIOXKUTETHLHBIX 3HAKOM U TIOTOMY B TAOJIMILy HE BKJIIOYEHBI.
Benwuwra B mpeacraBisier co0oi HempepbiBHO—IubdepeHIm-
pyeMyio (PYyHKIINIO IBYX MEPEMEHHBIX X1 U Po . OIleHKa MaKCUMAJIb-
HOTO W MUHUMAJIHHOTO 3HAYEHUN Brax U Bpin OCYIIECTBISETCS
CJIeTOIIAM CIOCOOOM: BO—TIEPBBIX, OIEHUBAIOTCS OTPE3KU U3MEHe-
HUsSI X1 W Py, BO—BTOPBIX, ONEHUBAIOTCA IKCTPEMYMBbI BETUIHHDI
A’ = (28inx1 + o1 cOsxy) HA OTpe3Ke M3MEHEHUs 1 (OYEBUIHO,
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Tabauna 1.4 Kopuu ypasuenus (1.16).

k T (k‘)
1.192458829336429
3.808762219199689
6.703955775780747
9.724027476175509
12.796648390281420

=W N = O

YTO IKCTPEMYMBI P2 JOCTUTAIOTCA HA IPAHMUIAX OTPE3KA H3MEHe-
HUsL Do), B—TPETbUX, IKCTPEMYMbl Bpax ¥ Bpin HlyTCs cpeau
[ONAPHBIX NPOU3BEIEHUN IKCTPEMYMOB P2 max Al axs P2maxAmin s
P2 minAinax , P2 minA;nin -

Okcrpemymbl Besmauabl A’ = (2sin 21 +x1 o8 1) JOCTUTAIOTCS
aub0 Ha TpaHUIE OTPE3Ka U3MEHEHHS I1 , JUOO B TOYKE, B KOTOPOit
nponsBonHasg pynknuun A’ obpaimaeTcsa B HOJb:

A" =3coszy —z1sinz; =0 (1.16)

(pa3yMeercst, €M COOTBETCTBYIONTAN KOPEHb MPUHATIEKUT Pac-
CMATPUBAEMOMY OTPE3KY W3MEHEHUS L7 ).
Vpasuenue (1.16) peuiaercs MeTOZOM NPOCTOIl WTEPALMU O
dopwmye:
It (k) = arcctg(xd (k) /3) + wk,

e j — HOMEP UTepanuu U Iuciao k — “HoMep”’ MCKOMOTO KOPHS,
BBIOMPAEMBIil C yU€TOM OTpe3Ka M3MEHEHUs 1. [lepBble HECKOJb-
ko kopueit x1(k) ypasuenus (1.16) Bxiiouenst B Tabn. 1.4, Kopau
JIJIsT OTPUIIATENIBHBIX k OTJIMYAIOTCS OT TIOJOKUTENbHBIX 3HAKOM H
noromy B Tabiauily He BKiOYeHbl (mias k = 0 umeercs jBa KOpPHs,
OTJIMYAIOIIUXCH 3HAKOM ).

Ytobbr m36exkaTh OmMUOOK, CBI3AHHBIX C HEMOHOTOHHOCTHIO
byHKIWMA T1 W ps, BCE TOYKU, COOTBETCTBYIOIIWE YCIOBUSIM
obOpallieHnsi TPOU3BOAHBIX ITUX (DYHKIMI MO BPEMEHU B HOJb,
BKJIIOUAIOTCS B pacueTHyio cetky. [Ipm pacuerax mynm ¢yHKImit
1(t) = 22(t) = 0 u p2(t) = —p1(t) = 0 ompeAeAINCH METOIOM
xopz (cm. (2.16) B m. 2.4).

Takum 00pa3oM BbIYUCIeHHE Amax, Amin, Bmax ¥ Bmin pas-
OUWBaeTCs Ha JIBa ITAMA: BO—TIEPBHIX, OIEHUBAIOTCS OTPE3KN M3Me-
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HEHUdA T1 U Pz, BO-BTOPBIX, BHIYUCIAIOTCA MAKCUMYM U MUHUMYM
TI0 HECKOJIbKUM TOYKAM 3THX OTPE3KOB.

Tak kak Ha orpeske [t;,t;+1] dbyukuuu x1(t), p2(t) MoHOTOH-
HBI, TO MEPBOE NPHUOIMKEHHUE TTOrPEMIHOCTH BBIYUCISETCA B BUJE
Ok (tix1) = 7 + 0k (t;) - exp(L;h;), toe L; — BeIUYWHA, BBIYMC-
JIEHHAS TI0 YNPOIIEHHOMY aaroputMy (1.14), m OTpe3Ky M3MEHeHwust
T1 € [T1 min, T1 max] ¥ P2 € [P2min, P2 max] OMEHMBAIOTCA BeTHINHA-
MH

T1min = min{zy (t;) — 0k (ti), 21 (tiy1) — 5{((%41)},
T1max = max{z (t;) + 0k (t:), 21 (tip1) + O (tiv1)},
P2min = min{pa(t;) — 0k (i), p2(tit1) — Ok (tiv1)},

D2 max = max{pa(t;) + ok (t;), p2(tiv1) + Or (tig1)}-

3arem Bhiumcssiercst 3Havenne L; kak makcumyM p(J)[x1, p2] mo
stuM orpe3kam. IIpu srom cpasumBarorcs 3uadenusi pu(J)[z1, ps]
HA KOHLAX OTPE30B U B TOYKAX OTPE3Ka, yaoBJjerBopstomumx (1.15),
(1.16). OxoHuYaTENBHO, MOTPEMHOCTb Ok (ti11) OIEHUBAETCS IO
dopmyae (2.20).

ITpoBeeHHBIIl aHAIN3 HECITIOKEH, HO TPOMO3/I0K. 3aMETHM, 4TO
[0 CPABHEHUIO C YNPOIIEHHBIM AJTOPUTMOM OLEHKA TOYHOCTH De-
wenus 331291 Komm yBesmauBaercs JIumb HE3HAYATENBHO.

ITocsie Toro, KaK TOTPENIHOCTD perenus 3anaun Komm omnene-
HA, OUEHUBAETCA TOYHOCTH PEIleHus KPaeBoil 3amaqm. s 3Toro
OLEHUBAETCS OTHOCHTEJHHAA TOYHOCTH BBIOOPA HAYAJIBHBIX YCJIO-
Buit 22(0) = 81, p1(0) = B2 u 3aTeM NOBTOPETCH OLEHKA PEILIEHUs
sagaun Komu gya 03(0) # 0.

s ouenku sesmuunbl d3(0) (2.21) seruncasiores |[A7Y],
[|AA]| (em. m. 2.5) n MaX| ¢ _z1 8)|<br(1.8) [IX(Y)]|. C yuerom Buza
BEKTOP—(DYHKIMK HEBA30K, BEJINIUHA

_  max IX(Y)]] < 0 (1.8) + [[X(5(1.8))]],

|Y —5(1.8)| <0k (1.8)
rae 0x(1.8) — rounocrb peuienus 3azaun Koumw npu ¢t = 1.8,
7(1.8) — npubsuKeHre HEU3BECTHOIO TOYHOIO PelleHHs 3a/a4u

Ko, momydennoe B pe3yabTaTe YUCJIEHHOTO PEIEeHMSI.
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1.3.7. UccnenoBanue ONTUMAJbHOCTU 3KCTpPeEMa-
aei

IIpocTpanctBom X u3 Teopemnr 1 m. 2.1 B paccMaTpuBaeMoii 3a,/1a-
ge Jlarpanwxa Gyaer C1([0;1.8], R?) x C(]0;1.8]). dnemenTs 3T0TO
npocrpancTBa & 1= {z1(-), z2(-), u(-)} HA3BIBAIOTCS yIpaABIsSEMBbIMU
IPOIECCAMHE.

DJIeMeHT 3TOr0 MPOCTPAHCTBA, YIOBJIETBOPAIOIIUI CHCTEME
HEOOXOJUMBIX YCJIOBUH ONTUMATLHOCTH, OMNPEIEJIEHHbI B pe-
sysbraTe peuienusi kpaesoil 3amaum (1.10), (1.11), aus koropo-
r0 NIpoBepsAeTcs BblIOAHeHHe Teopem 1,2 m. 2.1, obosnavaercsa
€= {ir(), #2(), ()}

Omneparop Tuna pasenctsa (1.5), (1.6) meiicTByer 3 npocrpas-
crea X B mpoctpanctso Y := C([0;1.8], R?) x R2.

Jlerko mpoBepsieTcs, 9To TeopeMbl 1,2 1. 2.1 K 9TOi 3aate Tpu-
MEHHUMBI.

O6o3uayum vepe3 §§ := {0z1,0x2,du} 37€MEHT KACATEIBHOIO
IPOCTPAHCTBA K MHOTOOGDPA3HIO, OIPEeIEIseMOMy B TOUKe & mpo-
crpancrea X ycnosusmu (1.5), (1.6).

IMpunaieXHoCTh 31eMenTa 0§ KacaTeJbHOMY MPOCTPAHCTBY,
COBIIIAIONIEMY B CHJIy T€OPEMBI JIIOCTEPHHUKA C SAPOM MPOM3BOJI-
HOIl omeparopa, Ompejessionero yciaosue tumna papedcrsa (1.5),
(1.6), naknaapiBaer Ha dxq, 0o, OU yCIOBHUS:

51‘1 = 61132,

51172 = du — Oé(COS .’1A71 — .’1A71 sin .’%1)5(171,

bu € R, (1.17)
(51‘1(18) = 0,

Bropasi Bapuanus dynkinuu Jlarpamka £ B maHHO# 3a1ade
UMeeT BUJI:

1.8
Lec :/ ((6u)? — (Prar(2sindy + 1 cosdr) + 1)(821)?) dt.
0
(1.18)

HeobxoumMbiM ycsioBrE€M ONTUMATBHOCTHU sIBJISIETCSI HEOTPHUIA-
TesabHAs onpeneaeHHOCTh Le¢[0€,06] > 0 Ha mONyCTHMBIX Bapua-
musx (teopema 1 m. 2.1), a JOCTATOYHBIM yCJIOBUEM BTOPOTO MOPSI-
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Ka — TOJOXKHUTEJbHAs OMPeJIeIeHHOCTh Ha, JOMYCTUMbBIX BapHAIl¥-
ax: Leg[0€,06) > ep(0€), € > 0, p(3€) = [;(du)?dt (reopema 2
o. 2.1).

Heobxommmoe 7151 HEOTPUTIATEIHHON OMPEIeI€EHHOCTH BTOPOt
Bapuanun Le¢[0€, ] ycnoBue Jleskanapa BLINONHSIETCS B yCHIIEH-
uoit popme: Ly = 2 > 0. Ilosromy 1718 HEOTPUIIATETHHOCTH BTO-
poit Bapuainuu HeOOXOAMMO BbIOJHEHHE ycioBus ZAkobu (Ha uH-
repsasie (0;1.8) HET COMPSKEHHBIX TOYEK), JJIsI TIOJOKUATETHHOCTH
BTOPO¥ BapWalNM JOCTATOUYHO BBHITIOJIHEHUST YCUJIEHHOTO YCJIOBHS
Axobu (ra monyorpeske (0;1.8] HET CONPAKEHHBIX TOYEK).

ITpumeuanne. [Ipu Boimonnennn yciosus Jlexkaunapa u HEBbI-
TOJIHEHUN yCcuJleHHOTO yeoBus Jlexanapa yciaosune dkobm mepe-
craer 6bITh HeoOxoauMbIM. IIpumep cM. B [4, §3.1; 20].

B paccmarpuBaemMoM ciiydae TOYKA T HABBIBAETCS COMPSIIKEH-
HOI, eCJIn CyIIEeCTBYeT HETPUBUAJIBHOE PElleHnue CJieIyIonieil Kpae-
BOW 3a/1a4u:

5$1 = (51‘2,

Szo = Su — a(cos &y — &1 sindq)dxy,

(jl = a(cos .’%1 — .’%1 sin:le)qg — (ﬁga(Q SiIl.’lAil + .’%1 COS .’%1) + 1)5.’171,
Go = —q1,

du = qo,

¢1(0) =0,

(1.19)
Ona Moxet 6bITH (DOPMANHHO TIOIYYEHA B PE3YJILTATE TPUMEHe-
HUST HEOOXOJUMBIX YCJIOBUI OnTUMaJbHOCTH (mpuHimna Jlarpan-
2ka) K 3a7a4e MUHUMHM3AUMU KBajaparudnoro dpysxuuonana (1.18)
OpU BBIIOJHEHUH CUCTEMbl JiMHeHHbIX yciaosuii (1.17) Ha BpemeH-
HoM mHTepBasie [0;7] (mocime 3amenst 1.8 ma 7 B (1.17), (1.18)).
Muoxurens Jlarpauka npu dhyakuuonase B 3a1a4ue (1.19) poibpan
sesmunnoit 1/2. Tlepeolie npa mnddepeHnaIbHbIX ypaBHEHNs B
(1.19) siBAsiTOTCS ypaBHEHWSIMH B BapHalMsAX OCHOBHOW CHCTEMBbI
(1.5), ciienyromume 1Ba — ypaBHEHUSIMUA B BADUALMAX CONPKEHHOMN
cucrems! (1.7), nsAroe coorTHoIIeHUEe (YCIOBHE ONTHMATBHOCTH) CO-
OTBETCTBYET BAPHAIINHU YCJIOBUS ONTHMAIHLHOCTHA UCXOTHON 3a1a4un
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(1.8).

BerecrBue muHeiHOCTY U OAHOPOJIHOCTH cuCTeMbl aud hepen-
NUa/bHBIX YPaBHEHHU# paccMarpuBaeMoii kpaesoii 3amaun (1.19)
Bce pernerns 33134 Korm, yioBieTBopsioriye 1ByM yCIOBUSAM IIPH
t =0 (g1(0) =0 u ¢2(0) = 0), moryr ObITH HaiiJeHbI B BUJE JIH-
HEWHBIX KOMOMHAIINI ABYX JTHHEHHO—HE3aBUCUMBIX PEIeHUH 3a,1a9
Komnu ¢ navabHBIMU YCTOBUSMU:

dz1(0) 1 573 (0) 0
dz3(0) 0 d73(0) 1

= = 1.20
4 (0) o || 40 o |- 120
a5(0) 0 g5(0) 0

Ecnu B nekoropsiit moment 7 € (0;1.8]
dzy(r) dz3(r) \ _
det( Seltr) bt ) =0 (1.21)

To Kpaesad 3a1a4a (1.19) umeer HETPUBUAJILHOE DEILIEHUE U TOYKA
T OyIeT CONpsizKEeHHOIA.

1.3.8. AnaauTu4deckoe perieHue npu o = ()

IIpu o = 0 kpaeBas 3a1a9a peIaeTcs aHATUTAIECKH.

Cucrema muddepeHnnaabHBIX ypaBHEHWI KpAaeBOH 3a1a4uu
(1.10) sksuBasenTHa JuHElHOMY IubdEPEHIMAILHOMY ypaBHe-
HUIO:

(Iv)
Ty = 21.
O61ee perenHne 3TOro JUHEHHOTO OJHOPOIHOTO audpepeHnahb-
HOTO ypPABHEHWS MPEICTABJISETCS B BUJIE

z1(t) = acost + bsint + ccht + dsht.

Ounddepentmpys 510 pelieHne, oIy YnM BBIPASKEHNS sl OCTAb-
HBIX MCKOMBIX QYHKIMiT Kpaesoii 3azaqn (1.10), (1.11):

z9(t) = #1(t) = —asint + bcost + e¢sht + dcht,
p2(t) = @2(t) = —acost — bsint + ccht + dsht,
p1(t) = —pa2(t) = —asint + beost — esht — dcht.
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Toncrasnsis ux B Kpaesble yciopus (1.11) nonyuum cucremy Jsiu-
HEHHBIX AJT€0PANIECKUX YPABHEHUN OTHOCUTEIHHO HEM3BECTHBIX
ko3 punmenTon a, b, ¢, d:

21(1.8)=1=acos1.84+bsin1.8 + cch1.8 + dsh1.8,
22(1.8) =0 = —asin1.8 + bcos 1.8 + csh 1.8 + dch 1.8,
p1(0) =0 = —asin0+bcos0— csh0—dchO,

p2(0) =0 = —acos0— bsin0+ cch0+ dsh0.

Permnernne 3101t cucrembl B ity HEBBIPOXKIEHHOCTH MATPUIIBI CYIIlE-
CTBYeT U €JUHCTBEHHO:

o cosl1l.84+ch1.8 b= d— sin1.8 —sh1.8
a=c YT 9 2cos18ch18

" 24 2cos1.8¢ch1.8’

Tloncranoska stux K03ddumuenTos B pemenne npu t = 0 gaer:
z1(0) = a + ¢ = 9.797654047599796,

22(0) = b+ d ~ —6.695544653113242.

Vcenenyem onTuMaabHOCTh MOXYYeHHON sKcTpeManu. Kak or-
Meuasioch B 1. 1.3.7, Ha 9KCTpeMaJIu BBIOJIHAETCS YCUTIEHHOE YCI0-
Bue Jlexkanapa. B cumy mHEeRHOCTH CHCTEMBI OrpAHUYEHU 1 KBa-
JPATUIHOCTH PACCMATPUBAEMOro (pyHKIMOHAIA, cucrema audde-
peHpaibHbiX ypaBuenuit fkobu B (1.19) coBnajaer ¢ cucremoii
nuddepeHuanbHbIX ypaBHeHuil kpaesoil 3amaun (1.10). OOmee
peIlenne TaKo# CHUCTEMBI, KAK OTMEYAJIOCh W MCTIOIb30BAIOCHh BhI-
1€, IMEeeT BU/I;:

dx1(t) =a'cost + b sint + ¢’ cht + d'sht,
dxo(t) = —a'sint + b’ cost + ¢! sht + d' cht,
q1(t) = —a'sint + b’ cost — ¢’ sht — d' cht,
¢2(t) = —a' cost — b'sint + ¢’ cht + d' sh .

Hauanbubie ycnoBus (1.20) oqHO3HAYHO OnpeAensoT aBa HABGOpa
k03 hUnrenToB:

l=al+¢, 0=a)+d,
0=0b)+d, 1=0b,)+d),
0=0,—dy, 0=0,—d),
0=—a] +c}, 0= —al+ch,

42



nim
ay =0.5, ah =0,

1 =0, 5 =0.5,
=05, =0,

' =0, 5 = 0.5.

Yeaosue (1.21) B 310M caiyuae npeobpasyercs K BULY

=0

det 0.5cosT+0.5chTt 0.5sin7+0.5shT
€\ —0.5sin7+0.5sh7 0.5cos7 +0.5¢chr

nin
costcht+1=0.

MuHuMaIbHBIA TOJIOKUTETbHBIA KOPEHb 3TOTO yPABHEHUS
T~ 1.875104068711961.

Tak kak Ha (0;1.8] compsi>KeHHBIE TOYKH OTCYTCTBYIOT, TO HA IKC-
TpeMaJii 3aJa4d BBINOJIHAETCA yCuIeHHOoe ycjoBue kobu u mo-
cruraercs cyiabpiii TOKaIbHbIH MuHUMYM. [loCKOIBKY BbIIO/IHSAETCS
yCJIOBUE KBasuperyaspraocTu (ycuiennoe ycnosue Beiiepmrpacca),
TO HA 3IKCTPEMAJMN JOCTUTAETCA CUJIBHBINA JIOKAJbHBI MHUHUMYM.
Taxk kak 33/1a9a TMHEHHO—KBAIPATHIHASA, CUTHHBIN JJOKATHHBIH MU-
HAMYM COBIIQ/IaeT C aOCOTIOTHBIM MUHUMYMOM.

BoiBon: mpu @ = 0 HA €IUHCTBEHHON CYIIECTBYIOIIEH IKCTPe-
MaJM 3aJa49u JOCTUraeTcs abCoMoTHbIT MuauMyM B 3azade (1.4),

(1.5), (1.6).

1.3.9. Pe3yabTaThl penieHnsd 334349 U UX AHAJINA3

C wucnonanb30BaHUEM METOIA TPOIMOJIKEHUST PENIeHUs MO TapaMeT-
Py, OTIIPABJISISICH OT U3BECTHOTO AHAJIUTUYECKOTO PEIIeHUsT 3a1a9n
npu o = (0, yIajoch MOCTPOUTH CEMENCTBO IKCTpeMasieil B Tpe-
6yemom auanasone « € [—5.0; 5.0]. Merogom cirydaiiHOro noucka
OBLITO HAMIEHO ellle HEeCKOIbKO SKCTPeMaJiell 1 MeTOIOM IPOJOIIKe-
HUsI PEIIeHHUsI IO MApaMeTPy MOCTPOEHBI COAEPIKAIINE UX CeMelCTRa
9KCTpeMaieii (¢ mapamMeTpoM «).

B rmaba. 1.5 aj1a pa3iaudHbIX ( TPEICTABJICHBI BBHIYUCICHHBIE
[IPHU OIEHKE OTHOCUTEJHHON MOrPENIHOCTH HA Iare PEIeHus 33,13~
g Komm Ayox = 10712 pesysbrarhl pelleHus 3a7a4ui: HAYAIb-
Hble 3Havenns x1(0) u x2(0) (mapamMeTpbl IPUCTPENIKN), 3HAYEHNE
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dyHKIMOHATA 3aa49, ONEHKA TOYHOCTH PelIeHHs 3a1adnm Komm
0k (1.8), onenka TouHOCTH BBIOOpA MapamerpoB Tpucrpesku AfS
(2.21), oreHKa TOYHOCTH peleHus Kpaesoi 3amaun 63(1.8) (omenka
TOYHOCTHU perenus 3a1auu Ko ¢ HeTOYHO 33JaHHBIMUA HAYA/Ib-
HBIMU YCJIOBHSIMHU; 3aMETUM, 9TO B JaHHOH 3amade 03(0) = Af)
U CONpsi?KeHHasi TOYKa 7T (MM 1mpodepk, ecau Ha orpeske [0;1.8]
COTpsizKeHHass TOYKa oTcyTcTByer). IIpodepk B Komonkax AfS wu
03(1.8) craBujics pU HEBO3MOYXKHOCTHU OIEHUTH TU BETUYUHBI 1O
UCTIOJIB3YyEMOMY AIrOpUTMY (CM. TI. 2.5).

Tabmmua 1.5. Dxcrpemasnu 3amadm: o — napamerp 3azadn, £1(0) u z2(0)
— mapaMeTphl NPUCTPeNKH, By — 3HaveHne (GpyHKIUOHAIA HA SKCTPEMAJIH,
0k (1.8) — omenka TouHOCTH pemenns 3ana4n Komm, AS — omeHka TO9HOCTH
BBIOOpA mapaMeTpoB mpuctpenky, d3(1.8) — oneHka TOYHOCTH pemeHHus Kpa-
eBOH 3ajJjaun, T — CONpsXKeHHAas TOYKa. (BeauuuHbl BLIYHCIEHBI DU OLEHKE
OTHOCHTEJLHON HmOrpemHocTH Ha mare Ao = 10712; npouepku B cTOs6-
nax Af, §3(1.8) 03HAYAIOT, YTO OIEHKH TOYHOCTH BBHIYHCIUTH HE yAAJIOCh, B
cTosifie T — CONPSIZKEHHAsI TOYKA HA YKCTPEMAJA OTCYTCTBYET).

(e 5171(0) BO (51((18) AB

22(0) T 03(1.8)

-5.0 | 9.99445369 | 44.75306 | 1.56-10'7 | —
1.94048009 - -

-4.0 | 10.1374238 | 28.07787 | 6.35-10° -
-0.65453976 - -

-3.0 | 10.1729382 | 14.54707 | 1.81-103 -
-2.78563727 - -

-2.0 | 10.1145177 | 4.134599 | 3.94-1072 | —
-4.49145492 - -

-1.0 | 9.99160974 | -3.302217 | 1.24-10~7 | —
-5.79512989 - -

0.0 | 9.79765405 | -8.020180 | 6.79-10"'! | 1.96-10~°
-6.69554465 - 1.19-1078

1.0 | 7.80527818 | -10.60483 | 8.45-10? | 8.38-10~8
-3.59228140 — 2.28-1074

2.0 | 7.19061422 | -11.67078 | 1.29-107¢ | —
-0.89371186 - -

3.0 | 6.71725702 | -11.51552 | 1.80-10~* | —
1.73079910 - -

4.0 | 6.29823667 | -10.50472 | 2.12-1072 | —
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Ta6muma 1.5. IIpomomkenme.

(e T (0) BO (51((18) AB
x2(0) T 03(1.8)
4.12985206 - -

5.0 | 5.92877095 | -8.889447 | 3.81 —
6.17038648 - -
5.0 | 13.5621350 | -8.873503 | 2.30 - 10?3 -
-0.40289668 - -
4.0 | 13.6975927 | -12.08265 | 4.13-10% —
-2.84606068 - -
3.0 | 13.7479377 | -13.59447 | 2.06 - 108 —
-4.92463711 - -
2.0 | 13.6557996 | -13.32812 | 2.77- 10! —
-6.71524565 — -
1.0 | 13.1826003 | -11.23301 | 1.12-107° -
-8.27326467 — -
0.33315 | 10.7120396 | -9.035552 | 8.12-1071° | 1.59-10~8
-7.880 1.8 1.20-10°6
1.0 | 9.76523188 | -10.31373 | 1.96-10~" | 5.80-107°
-7.51511254 | 1.65445 | 0.232
2.0 | 9.55750854 | -10.40485 | 4.04-1073 —
-7.85944916 | 1.48287 | —
3.0 | 9.27750588 | -8.393900 | 5.62 - 10? -
-7.61196157 | 1.31854 | —
4.0 | 8.89760100 | -4.330855 | 6.85- 108 —
-6.40787678 | 1.10446 | —
5.0 | 8.44196306 1.688676 | 7.44-10'5 —
-4.11730215 | 0.89228 | —
-5.0 | 3.99177364 | 56.50155 | 6.30-10'3 —
3.05921918 0.91983 | —
-4.0 | 5.10266800 | 35.71044 | 2.47-108 —
-1.98185353 | 0.98390 | —
-3.0 | 6.05071724 | 18.93025 | 3.95 -
-5.47600715 | 1.11361 | —
-2.0 | 6.67148652 | 6.401374 | 5.03-1075 | —
-6.43071541 | 1.31579 | —
-1.0 | 6.72366702 | -2.143645 | 6.78-10"° | 8.61-1078
-5.47762715 | 1.54501 | 1.42-104
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Ta6muma 1.5. IIpomomkenme.

[0 271(0) BO (51{(18) Aﬁ

22(0) T 03(1.8)
-0.43202 | 5.04460707 | -5.289060 | 7.10-10 ! | 5.36-10°

-2.650 1.8 6.69 - 108

-1.0 | 2.94056578 | -4.920289 | 2.74-10~'" | 1.04-10~8
-0.11352542 - 9.50-10~8

-2.0 | 2.30091295 | -5.021007 | 3.29-10"'' | 3.18-107 10
0.79880307 — 1.37-10°8

-3.0 | 1.94782522 | -5.076429 | 4.36-10"'' | 1.63-1071'°
1.30437568 — 2.30-10"%

-4.0 | 1.65671158 | -5.012524 | 8.35-10~'' | 1.86-10~10
1.54049096 — 7.26-108

-5.0 | 1.40960683 | -4.866708 | 2.22-10710 | 7.32.1071°
1.51195685 — 7.15-1077

IIpexncrapnentnie B Tabs. 1.5 3KCTpeMajn COOTBETCTBYIOT TPEM
PA3IMYHBIM CEMEHCTBAM HKCTpPeMasieil. 3aMeTUM, 9TO HET HUKAKHUX
TrapanTuii, 9T0 yJAaJI0Ch ONPEIESINTh BCE BO3MOYKHBIE SKCTPEMAJIH
sazaun (kpome ciaydasd a = (0, B KOTOPOM B aHAJIUTUYECKOM BHJE
0O0OCHOBBIBAETCS CYIIECTBOBAHNE U €IMHCTBEHHOCTD PEIIeHus Kpa-
eBoif 3a1aun); TOUHEe, B Tab/I. 1.5 OPEICTABICHO MOALKO TPU Pa3-
JIMYHBIX CEMENCTBA PEIleHn KpaeBoil 3a/1a9M — HECKOJIBKO JIPYTUX
ceMeCTB HaAllIEeHO, HO CPEeJIN PE3YJIbTATOB DEIIeHNA He ONMUCAHO.

IlepBoe mpezncrasentoe B Tabst. 1.5 ceMeiicTBO yCIIOBHO HA3BI-
BaeTCsd OCHOBHBIM (II0TOMY, YTO ITOMY CEMECTBY NPUHAJJIEKUT
€JIMHCTBEHHOE CcyIecTByomee npu « = ( pelrenne KpaeBoil 3a-
naun). JIBa ApyruxX CeMEHCTBa YCIOBHO HA3BIBAIOTCS OTPUIATE b
HBIM (71 OTPUIATENBHBIX (¢) U TOJOKUTEIbHBIM (JIJIf TIOJIOKHU-
TesibHbIX ). TlojioXKuTeIbHBbIE U OTPULIATEIbHBIE CeMEeiCTBa (KazK-
JI0€ U3 HaWJEHbIX) COCTOAT U3 JIBYX BETBEil, 3TU BETBU CTHIKYIOTCS
JIPyr ¢ IPYrOM B HEKOTOPOH “OBOPOTHOI” 3KCTpeMasu (CooTBeT-
CTBYIOIIEH MAKCUMAJIHHOMY [IJIsi OTPUIATE]bHBIX U MUHUMAJHHO-
My Il TIOJIOYKUTEJbHBIX 3HAUEHUH (v); JJIs OCTAJbHBIX (¢ B THX
cemMeifiCTBaX MMEeTCs TO [IBe Pa3HbIX dKCTpemasn. [locTpoernme Ta-
KO# “mMOBOPOTHOI” 3KCTpeMaTn — OTAENbHAS 33/ata; €€ PeIlleHre
HECJIOXKHO W MOKeT OBITh MOJIy4Y€HO, HANPUMED, C HWCIIOIH30BAHU-
eM “3aMeHbl mapamerpa ceMelicTBa” (MMEHHO C TAKOH 3aMEeHOH u
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Puc. 1.2 ITapamerpor npucrpeaku z1(0) u x2(0) Ha Tpex cemeii-
CTBAX 3a/a4d Opu « € [—5;5].

CBSI3aHO MEHbIIIee YNCJI0 3HAKOB B KOJNOHKE Z2(0) m Goiabiiiee — B
KOJIOHKE < TabJi. 1.5 aj1s AByX SKCTpemasieil, OJIM3KUX K TOBOPOT-
ubiM). [paduku 3aBucuMocTeil mapaMeTpoB MPUCTPEIKHA HA ITUX
cemeiicTBax (NOSICHSIIONIME, YTO MPEJCTABIEHHbIE BETBU JIEACTBU-
TEJIbHO COCTABJIAIOT ceMeiicTBa) MoKa3aHbl Ha puc. 1.2. 3amerum,
9TO TOYKH ME€PECEYEeHNsI U CAMOTIepecedeHus ITuX IPadhuKOB COOT-
BETCTBYIOT pa3HbiM « (He ABJAOTCA TOukaMu Oudypkamuu). Ha
puc. 1.3 mpuBeIeHa 3aBUCUMOCTh OT  (DYHKIMOHAJIA 331a4uu By,
BBIYMCJIEHHOTO HA 3KcTpeMassx. Ha oboux puCyHKaxX IIyHKTHPOM
npencTaBieH rpadukK, COOTBETCTBYOIIHA “‘OCHOBHOMY CeMeHCTBY
3KCTpeMaJei.

Cpenn MOCTPOEHHBIX IKCTpeMajieil mpoBeneH 0Tb6op mo (hyHK-
OUOHATY: TP —d < @ < Q4 , ax & —0.7 MUHUMATBHOE CPEIN BBI-
YUCJIEHHBIX 3HAYEHHE (PYHKIHUOHAIA COOTBETCTBYET SKCTPEMAJISAM
OTPUIIATETHHOTO CEMENCTBA, TPU Oy < A < Qlyy , Qi =~ 0.36 — 3KC-
TPEMAaJIsiM OCHOBHOTO CEMEHCTBA, TIPU Mgy < O < Qisr 5 Qiere 2 4.99
— JKCTPEMAJISIM IOJOKUTEIBHOTO CEMENUCTBA, MPU iy < QU —
CHOBA, KCTPEMAJISIM OCHOBHOTO cemeiicTBa (Ha IKCTpeMasiax Jpy-
IUX PACCUYUTAHHBIX CeMelCTB 3HadeHne (hyHKIMOHAIA OOJBINE W,
COOCTBEHHO, TTIO3TOMY ITU CEMeHCTBA SKCTPeMaJiell He BKJIIOYEHbBI B
OIIMCAHYE).

Veurennoe ycioBue IkoOM BBITIOTHSAETCS HA BCEX ITPUBEIEH-
HBIX YKCTPEMAJIAX 33Ja9YN OCHOBHOTO CEMENCTBA U HA BETBAX BCEX

47



Puc. 1.3 3aBucumocTts Benunbl (PyHKIMOHAA 3a0a4d By Ha 3KC-
TpeMaJIgX Pa3HbIX CEMENCTB.

PACCYMTAHHBIX TIOJIOKUTEIBHBIX U OTPUIATEIHHBIX CeMEHCTB (Kak
BKJIIOYEHHbIX, TAK U HE BKJIIOYEHHbIX B Tabi. 1.5), coorBeTcTBYIO-
IIUX MEHbINUM 3HavYeHusM dynruuonama. [losromy stu sxcrTpema-
JIM AOCTABAAIOT (PYHKIIHOHATY CIa0bIH JTOKATbHBIA MUHEMYM. Tak
KaK (DYyHKIIMOHAJ 337a4d SABJISETCS CTPOTO BBIMYKJIBIM MO U JJIs
BCEX 3HAYEHWH Iy, Ty, TO MOCTPOEHHBIE YKCTPEMAJU JOCTABJIS-
0T (DYHKITMOHATY CHJIBHBIN JIOKATBHBIN MuHUMYM. Ha TOBOPOTHBIX
SKCTPEMAJIAX COMPsKEHHAs TOYKA MOMAJAeT B KOHEI OTPE3KA; IMO0-
9TOMY OHHM MOTYT OKA3aThCsd KAK ONTHUMAJbHBIMH, TAK W HE OITHU-
MaJIbHBIMU.

Tax Kaxk Ha IKCTPEMAJIAX, COOTBETCTBYIOIIUX HAMMEHbIINM (J1151
KaXKIO0TO () 3HAYeHUsM (DYHKIUOHANA, BDLITOIHAETCS COBOKYII-
HOCTBb JJOCTATOYHBIX yCIOBUN CAJIBHON JIOKAJIBHOU ONTUMAaJIbHOCTH,
TO 9THU IKCTPEMAJIH MOT'YT OKA3aThCs PEIeHUsIMA UCXO/THOM 3a/1a49H.

B Ta6us. 1.6-1.8 npuBoasiTcs pe3yIbTaThl YUCIEHHOTO SKCIIEPH-
MeHTa: 15 Tpex sKcrpemasieii [lonTparunua (COOTBETCTBYIOIIUX MU~
HAMAJIbHBIM CPEIV BBIYUCIEHHBIX 3HAYEHUSIM (DYHKIMOHAJA TIpH
a=0,a=-5 a=4 — cum. tabxn. 1.5) npoBogsTcs pacyersl ¢
Pa3IMYHBIMY OIEHKAMHY TTOTPENTHOCTH Ha IIare.
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Tabaunna 1.6. Dkcrpemass 3amaqun npu o = 0.

t Az (t) Apq(t) ok (t) H(t) — H(0)
Az (t) Aps(t) 03(t)
Anoleoig
0.00 [ 240-10°7 0.0 0.0 0.0
3.11-107° | 0.0 1.60-10°6
0.45 | 3.82-107° | —=1.44-107° | 5.75-107° | 3.37-10°1°
3.15-1079 | 1.80-10~° 2.52-1076
0.90 | 5.29-1079 | —=3.54-107% | 1.36-10"% | 6.74-10"'0
3.40-1079 | 1.17-107° 3.96 10~
1.35 | 6.98-1079 | —6.35-1079 | 2.54-10~% | 1.01-10~°
4.30-107° | 3.30-10° 6.23-106
1.80 | 9.30-107° | —1.00-1078% | 4.40-10~% | 1.35-107°
6.44-1079 | 6.90-10~° 9.77-10~9
AJIOK:]-Oilo
0.0 [240-107970.0 0.0 0.0
3.11-107? | 0.0 3.03-1077
0.45 | 3.81-107° | —=1.40-107* | 5.57-1071° | 1.93-10" 11
3.15-107° | 2.85-1071° | 4.75-10°7
0.90 | 5.28-1079 | —3.44-1077 | 1.04-10~° | 2.57-10~"
3.49-1079 | 1.35-107° 7.45-1077
1.35 | 7.05-107% | —6.20-1079 | 1.64-10~2 | 2.61-10~!¢
4.53-1079 | 3.49-107° 1.17-1076
1.80 | 9.55-107° | —9.89-10"° | 2.63-10"° | 2.74-10" 1!
6.84-10"° | 7.06-10~? 1.83-10°6
Ao = 1072
0.00 [ 2.40-10°7 7 0.0 0.0 0.0
3.11-107? | 0.0 2.28 1077
0.45 | 3.81-107°% | —1.40-107° | 1.07-10~%! | 1.49.10~13
3.16-107° | 290-1071° | 3.58.1077
0.90 | 5.28-107° | —3.44-107° | 2.02-10~%! | 1.85-10713
3.49-107° | 1.35-107° 5.61-10°7
1.35 | 7.05-1079 | —6.19-1079 | 3.47-10"11 | 2.27.10~13
4.53-1079 | 3.49.107? 8.80-10~7
1.80 | 9.55-1079 | —9.89-1079 | 5.77-10~"" | 2.77-10~13
6.85-107° | 7.07-107° 1.38-10°6
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Tak kak npu a = ) U3BECTHO AHATUTUIECKOE PEIICHNE 334N,
TO aHAJN3 TOYHOCTU B ITOM CJIydae sjieMmentaper. B Tabs. 1.6 mpu-
BEJICHBI OTJIMYNS BBIYUCIEHHBIX 3HaueHuil dyukuuii 1 (t), wa(t),
p1(t), p2(t) or ux rounbix 3uHauenuii. OCHOBHOI BKJaJ] B 3THU TI0-
I'PEITHOCTY MPUBHOCAT HETOYHOCTDH OIPE/IEIeHUsS HAYAIbHBIX 3HA-
4enuii (mapaMerpoB NPUCTPEJKH), OJHUX U TEX K€ BO BCEX TPEX
pacuetax. IIpn A, = 1078 BHIGEpaeMbIii TporpaMMoil mar mpe-
Bocxoaut 0.45 u moromy 3amaua Komm dpakTtrdeckn perreHa ¢ mo-
crossabiM marom h = 0.45. Ilpu amanu3e uuces B 3Toi Tabsuie
HEOOXOAMMO OOPATUTH BHUMAHWE HA CTEIIEHb COBIA/ICHUs 3HAYCHUI
[IpY PA3JIMYHBIX ¢ ¥ B TOM 4ucie npu t = 1.8: mpakTuv4eckoe COB-
maJeHre 3TuX 3Had9eHmH mpi Agox = 1070 u Ajex = 1072 B
CJIy9ae OTCYTCTBUS AHAINTUYUECKOTO PEIIEHHUsT TTO3BOIUIIO OBl TIpe/I-
MTOJIOYKUTh, UTO TOTPEIIHOCTH pernenust 3aja4du Ko cocraBiisieT
npumepro 107 (3ameTum, 9TO 3TA BEIMUYHNHA XOPOIIO COTJIACYETCs
C BblUUCIeHHO# Besmuunoii AH ).

Tabauna 1.7. Dkcrpemanb 3ajaud npu o = —5. (HOCHeAHsSsS CTPOKA
Tabm. 1.5)

t 1 (t) pi(t)
5 (t) p2(t)

H(t) = H(0) | dk(t) d3(t)

A.IIOK = 10_6

0.0 1.409606835410015 0.0
1.511956862343679 | 0.0

0.0 0.0 -

0.45 2.024976231183060 | -0.5544467113978056
0.7928501594991314 | 0.1411831758985311

9.865- 10" 2.588-10" —

0.90 1.908805303527697 | -0.1647383909258695
-1.191072044177759 | 0.3422049212482378

1.108-1078 3.152-10°6 -

1.35 1.283389575105926 | 0.3094402811874255
-1.207294706487639 | 0.2776261705821790

2.476-10~8 2.242-107° -

1.80 1.000000000000002 0.08391346179501891
7.953-10716 0.1768831611444868
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Ta6bmuma 1.7. [Ipogonxkenue.

t 1 (t) pi(t)
5 (t) pa(t)

H(t) = H(0) | dk(t) d3(t)

[1.031-10° [ 4.730-10° -
AJIOK =108

0.0 1.409606831076075 0.0
1.511956846392348 | 0.0

0.0 0.0 -

0.45 2.024976230473480 | -0.5544467219647961
0.7928501655446639 | 0.1411831768116520

1.162-10~!! 2.203-107° -

0.90 1.908805305029413 | -0.1647383890529318
-1.191072042700488 | 0.3422049255248643

3.567-10~11 2.998-10~8 —

1.35 1.283389576855278 | 0.3094402972549483
-1.207294706345364 | 0.2776261651760423

1.265- 10710 1.957-1077 —

1.80 1.000000000000044 | 0.08391347140666618
—4.385-10714 0.1768831554321624

—2.417-107" | 3.765- 107 —

Ao = 10710

0.0 1.409606830972885 0.0
1.511956846312357 | 0.0

0.0 0.0 -

0.45 2.024976230452447 | -0.5544467219476635
0.7928501657450588 | 0.1411831768233863

2.565- 10714 5.996 - 1011 —

0.90 1.908805305062015 | -0.1647383891178881
-1.191072042720622 | 0.3422049255970862

1.229-10712 8.919-10~10 —

1.35 1.283389576861033 | 0.3094402974258746
-1.207294706377862 | 0.2776261651503116

1.382-10712 5.546 - 10~° —

1.80 0.9999999999999484 | 0.08391347149003180
7.133-10713 0.1768831553894809

—1.573-107'2 | 1.013-1078 —
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Ta6bmuma 1.7. [Ipogonxkenue.

t z1(t) pi(t)
z2(1) p2(t)

H(t) —H(0) | k() d3(t)

Ao = 10712

0.0 1.409606830970367 | 0.0
1.511956846311878 | 0.0

0.0 0.0 6.471-10~10

0.45 2.024976230452041 | -0.5544467219469956
0.7928501657508835 | 0.1411831768235494

—1.332-10715 | 1.300- 10712 5.218 - 1079

0.90 1.908805305062865 | -0.1647383891182218
-1.191072042720973 | 0.3422049255984117

1.399 - 10514 | 1.864-10 ! 6.054-10°8

1.35 1.283389576861311 | 0.3094402974290674
-1.207294706379061 | 0.2776261651499857

1.321-10 14 1.127-1010 3.591-10°7

1.80 0.9999999999999997 | 0.08391347149167404
4.607-1016 0.1768831553887960

—1.732-1071* | 1.991-10"10 6.301-10°7

Tabaunpa 1.8. Dkcrpemasns 3a7349u 0pu « = 4.

(13-as crpoka Taba. 1.5)

t I (t) X9 (t)
p1(t) p2(1)
H(t) — H(0) | 6k(t) d5(t)
Ao = 1078
0.0 13.69759274118108 | -2.846060697470446
0.0 0.0
0.0 0.0 —
0.45 9.276038712354625 | -10.168640564425910
-1.895674509928497 | 0.8489768921871386
—4.037-10"% | 8.910-1076 —
0.90 5.787932462119213 | -10.072771925492690
-18.519216260264490 | 6.370667493149098
—2.313-1077 | 547.6 -
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Ta6muma 1.8. IIpomomkenme.

t T1 (t) o (t)
pi(t) pa(t)

H(t) - H(0) | dk(?) J3(t)

1.35 2.105812280501838 -4.686587046554486
-6.813428641363429 | 7.442914040333591

—2.490-1077 | 2.141- 10" —

1.80 0.9999999999999218 | —1.644-10" 13
-26.633099880738770 | 15.992148153294000

—2.652-1077 | 3.523-10%! —

Ajox = 10710

0.0 13.697592744710210 | -2.846060676918103
0.0 0.0

0.0 0.0 —

0.45 9.276038722219949 -10.168640605333780
-1.895674484202870 | 0.8489768949000965

—2.110-1071° | 1.292- 10" -

0.90 5.787932469171911 -10.072771920771870
-18.519216345142720 | 6.370667484454155

—2.025-1079 | 3.476 -

1.35 2.105812282504768 -4.686587055693940
-6.813428635544046 | 7.442914050366208

-1.956-10"° | 2.753- 108 —

1.80 0.9999999999995072 | —4.676- 10~ 12
-26.633099916395020 | 15.992148175793630

—2.250-1077 | 1.673-10'8 —

Ajox = 10712

0.0 13.697592744747880 | -2.846060676764355
0.0 0.0

0.0 0.0 —

0.45 9.276038722309421 -10.168640605708990
-1.895674483961957 | 0.8489768949244977

—1.265-10712 | 2.214-10° -

0.90 5.787932469233537 -10.072771920734820
-18.519216345881820 | 6.370667484374647

—1.417-107 | 3.665- 102 —

1.35 2.105812282521849 -4.686587055776092
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Ta6muma 1.8. IIpomomkenme.

t I (t) X9 (t)
pi(t) pa(t)
H(t) - H(0) | dk(?) J3(t)
-6.813428635488267 | 7.442914050446671
—1.310- 107 | 1.217- 10 —
1.80 0.9999999999999563 | —1.095- 1013
-26.633099916655700 | 15.992148176000460
—1.747-10711 | 3.824. 101015 —

IIpu anasmse pe3ynabTATOB, MPEICTABJIEHHBIX B Tabm. 1.7 u
taba. 1.8, cieayer oOpaTuTh BHUMAHNE HA COBIAJIEHUE 3HAKOB TIPH
pacderax ¢ pasiIuIHbIMA A oy , TOUHEE HA TO, 9TO TIPU yMEHbICHUH
Aok B 100 pa3 umciIo COBNAJAIONINX 3HAKOB B CPEIHEM YBEJUYHU-
BAaeTCsd HA JBA M TAKyKe Ha JBa Nopsiaka ymenbmaiorcs AH u dk.
To9HOCTH perreHns KPaeBoil 3a1a491 P @ = — 5 yIaJI0Ch ONEHUTD
TOMBKO TIpU Ao = 107!2, a mpu o = 4 He yJaI0Ch ONEHHUTE BO-
BCe m3-3a (haTaJIbHO 3aBBINIEHHON OLEHKY pernenus 3agaun Ko
Mo UCTOJIb3yeMoMy ajroputMmy. Omnupasich Ha COBMNAIEHWE 3HAKOB
B PEIICHUH 33391 MOYXKHO MPEIOIO0KATh, 9TO TOYHOCTH PEIIEHUs
3asaun Komu npuMepHO coBnagaer ¢ norpemHocrsio AH .

Ha stom uccnenoBanne 3a1a4m 3aKOHIEHO.

Kak ykaspsasoch B 1. 3agaHue W 3aJa49|, OTYET TI0 TIPOBE-
JIEHHOMY MCCJIEIOBAHUIO COCTOUT U3 5 MYHKTOB:

1) nmocranoBka pemaemoii 3agaun (n. 1.3.1) u ee dopmanm3arus
(m. 1.3.2);

2) cBeseHUE DEIleHUd 33Ja49y ONTUMHU3ALMU K PEIIeHHI0 KPaeBoii
zazaun (m. 1.3.3);

3) anasu3 Moy YeHHON Kpaesoii 3amaun (n. 1.3.4) u dbopmuposanue
BLIUUC/TUTEIHHON cXeMbl ee pernenus (1. 1.3.5), aHaauTudeckoe pe-
mrenre 3agaun npu @ = 0 (o. 1.3.8) Heo6X0AUMO /i TPUMEHEHUs
METOZA MPOJOJIZKEHUST PENIEHUS 110 IAPAMETPY;

4) oneHKM TOYHOCTH KpaeBoii 3a1auu (. 1.3.6), onucanue mosydeH-
HBIX TIPU PEIIeHUH Pe3yJIbTaTOB U ux anauu3 (m. 1.3.9);

5) wWCCae0BaHUE ONTUMAJIBHOCTH TMOJIYYEHHBIX 3KCTpeMajield —

o 1.3.7.
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1.4. 3apaua Jlarpan>ka ¢ HedHKCUpPOBaH-
HbIM BPE€MEHEeM 1 OrPaHNYeHNsIMU BU-

Ja “MeHbIIie N paBHO”

B orsimawme ot mynkra 1.3, B 9TOM IIyHKTE PACCMATPUBAETCS 331244,
B TIOCTAHOBKE KOTOPOil O/INH U3 KOHIIOB BPEMEHHOI'O OTPE3KA CBOOO-

ner (HepUKCUPOBaH) U NPUCYTCTBYIOT OrPDAHUYEHUS BUIA “MEHbIIIE

WA PABHO’.

1.4.1. TlocTanoBKa 3aga4n

T
Bo ;:/ u?dt + oT — inf, a € [0, A;
0

{ {Ul:xz’ u € R;
T2 = —UTq,
z1(0) -1 <0,
z2(0) —2 =0,
-Tl(T) -1= 01
l'z(T) -1 < 0,
1-T <0,
T-10<0.

1.4.2. Cuctema HeOOXOAMMBIX YCJIOBUIl
MAaJIbHOCTH

OcHOBHBIE KOHCTPYKIIUH:
T
L= / Ldt +1,
0

L := Mou® + p1 (&1 — 22) + pa(da + uzy),
l:= AoaT-i-/ll(l—T)-F/lQ(T—lO)-'—

(1.22)

(1.23)

(1.24)

OIITU-

+)\10 (11?1 (0)—1)+/\20 (1132 (0)—2)+/\1T($1 (T) _1)+A2T($2 (T) —].),

H = P12 — p2ux1 — )\0u2.

Heobxoanmbie yCioBUsi ONTAMAILHOCTH:
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a) ypaBuenust Ditnepa—J/larpanxka (conpsizkeHHasi cuCTeMa ypas-
HEHWI):

{ b= p2t; (1.25)
P2 = —p1;

0) yClI0oBHE ONTUMAJILHOCTH TI0 YIPABJICHUIO:

@ = argabsmaz(—psziu — Aou?);
u€ER

mpu Ao # 0
P27

2Xo

B) YCJIOBHUS TPAHCBEPCAJIbLHOCTH:

p1(0) = Ao, p2(0) = Ao, p1i(T) = =M, p2(T) = —Xor;

o= (1.26)

(1.27)
T) YCJIOBHE CTATTMOHAPHOCTH:
H(T) = Moa + p2 — pia;
1) yCJIOBUS JOTIOTHSAOMIEH HEKECTKOCTH:
A10(z1(0) — 1) =0,
p2(T = 10) = 0;
€) YCTIOBHsI HEOTPUTIATENEHOCTH:
M0, Mo=0, Mr>0, >0, s >0 (1.29)

k) muoxkureau Jlarpanxa He Pasubt OguoBpemenno Hysto
(ycmoene HEPOH);

3) MHOXKuTesU JlarpaHnxka MOryT ObITh BHIOPAHBI € TOYHOCTHIO
JI0 TIOJIOXKUTEJHLHOTO COMHOXKUTEs (yCIOBHE HOPMUPOBKH ).

1.4.3. KpaeBas 3a71aua n ee aHAJIN3

st popMupoBaHUs KPAEBOi 33/1a9N MPUHITAIIA, MAKCUMYyMa He00-
XOJMMO BbIOpATH yCaoBHE HOPMUPOBKU. [lpoBeseM ananm3 BO3-
MOXXHOCTH AHOPMAJIbHOTO caydast A9 = 0. B stom ciayuae,
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ecm Irm,m) € [0,T] makoit, uaro po(t)z1(t) # 0 mupm
t € (rm,m), To 4(t) = oo mwpu t € (r1,m), 4*(t) = oo,
fOT a?(t)dt > [7*4*(t)dt = oo, UTO HE COOTBETCTBYET ONTHMAIb-
HOMy pelienuio (KpoMe TOTO COOTBEeTCTBYIOMIHEl Mpolece He TIpH-

HAJJIEXKUT KJIACCY JONYCTUMbIX mpouecco). Eciu pozy = 0, To
BCe CYIIECTBYIOIUE IPOU3BOAHBIE 3TOH (DYHKIMHM TaK¥Ke IOJIK-
HbI OBITH HYJIEBBIMHU WJIH, 9YTO TO K€ camMoe: poZo — p1x1 = 0 m

p1z2 = 0. Beibepem kakyio—nn6o Touky 7 € [0,7]. 3 yciaosus
p2(7T)x1(7) = 0 cnepyer, uto po(7) = 0 um x1(7) = 0, a uz ycmio-
Bus pi(7)z2(7) =0 cnemyer pi(7) =0 unm zo(7) = 0.

Ecmu pi (1) =0, p2(7) = 0, To cucremMa CONPSAXKEHHBIX ypaBHE-
Huit (1.25) Bre 3aBucumocTu or BbIGOpa u(t) Oyaer UMeTb eIuH-
creerHoe pemrerne pi(t) = 0, po(t) = 0 Vi € [0,7], u noro-
My Ao = —p1(0) = 0, Az = p2(0) = 0, Mir = —;(T) = 0,
Xor = —po(T) =0, H(t) =0, Nga+ps—pus = H(T) =0, orkyzna B
cuy ycmoBuit monosHsomeii nexkecrkoctu (1.28) u HeoTpUIATEb-
HocrH (1.29) py =0, po = 0. To ecTh Bce MHOXKMTENN JlarpaHka
PABHBI HYJIFO, 9TO HEBO3MOXKHO.

Eciu z1(7) = 0, z2(7) = 0, 10 cucrema auddepenimanbHbIx
ypasHenuit (1.23) BHe 3aBucHMOCTH OT BbIOOpa u(t) Oymer mmerhb
emuacTBeHHOE pemenme x1(t) = 0, 22(t) = 0 Vi € [0,T], uro
HEBO3MOYKHO B CWJIy KpaeBbIX yciomii (1.24).

Ecmu z1(7) =0, p1(r) =0, 10 u3 ycnoBus

p2(7)22(7) — p1(T)21(7) =0

crenyer pa(7)x2(7) = 0, To ectb po(7) = 0 wm z2(7) = 0, uro
NPUBOIAT K OTHOMY W3 JBYX PACCMOTPEHHBIX BBIIE CIIY9AECE.

Hakounen, eciu z2(7) = 0, pa(r) = 0, To u3 ycioBus
pa(T)xa(T) — pr(7)x1(7) = 0 cnenyer pi(7)z1(r) = 0, T0 ecTh
p1(7) = 0 wnm z1(7) = 0, 94TO TAKKe NPUBOAUT K OJHOMY U3 JBYX
HEPBBIX CIIyYaes.

CiieroBaTeIbHO AaHOPMATBHBIH ctydait A\g = 0 B paccMaTpuBae-
MOM IIpEMEPE HEBO3MOXKeH. I103TOMY, B CHJTy OZHOPOAHOCTH (PyHK-
mun Jlarpam:ka IO MHOXKHTENAM Jlarpanzka, B KadeCTBE yCJIOBUS
HOPMWPOBKH 33/Ia9M BbIOWpaeTcst yeaoBue A\g = 1/2.

Taxum 06pa3oM, Ha OCHOBE TIPUHIIANIA MAKCUMYMa, PEIICHNE 3a-
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magn Jlarpanka CBEJIOCh K PEleHuio KPAeBoi 3a1a4u:

jjl = T2,
. 2
T2 = T1P2,
. 1.30
= —pgll?l, ( )
D2 = —p1.
.’EQ(O) - 2= 5
p1(0)(21(0) —1) =0,
l‘l(T) —-1= 0,
p2(T)(z2(T) — 1) =0, (1.31)
H(T) = a/2+ p» — p,
/1'1(1 - T) =Y
a(T — 10) = 0;
ml(o)_l <0, pl(o) 205
w?(T) -1 < 07 pQ(T) < 07
1-T<0, 30 (1.32)

T-10<0,  p>0.

Vrpasiienue u3 yCaoBUs ONTUMAJIBHOCTH B cuctemy auddepenim-
AJbHBIX YPABHEHWI y2Ke MOJCTABICHO, MHOKHUTEU Jlarpamka A1g ,
A20, AT, A27 HCKJIIOYEHBI U MOTYT OBIThH OINPE/IEIEHBI U3 YCIOBUH
TpamcBepcanbaocTu (1.27) mocse pernenusi KpaeBoil 3a1a4u.

B nosnyuennoii kpaesoii 3amavue HemsBecTHBI (GyHKIUU x1(t),
x2(t), p1(t), pa(t), moment T u MHONKUTEHU Jlarpanxa fi1, Us-
st perieHns 3TOH KpaeBoil 3a1a9mu HeOOXOINMO OIPEIE/IUTh e~
THIPE KOHCTAHTHI MHTErPUPOBAHMS CHCTEMBI auddepeHnraabHbIX
ypaBHenuit kpaesoil 3amauu (1.30), Hampumep, 3HAYEHHUs] ITUX
byurumit ipu ¢ = 0, u Tpu BegwuwHbl: 1, uy, po. Hdasa ompe-
JIETIEHUST STUX CEMW HEM3BECTHBIX B KPAEBOil 3a7a9€ WMEETCs CeMb
ycioBuil Tuna pasercrs (1.31), npudem pernenue Kpaepoii 3ajadu
JIOJIZKHO yJIOBJIETBOPSATH BOChbMU HepaBeHcTBaMm (1.32).

®opmaabHO, BBEIEHHEM APYyroro Habopa mapamMeTpoB MOXKHO
n36aBUTHCA B KPAEBOH 3aJa9€ OT OTPAHWYEHWIl TUMA HEPABEHCTB.
Tak, BMECTO ft1, 2, NCKIIOUEHHBIX M3 KPAeBON 3aJa9W MHOXKH-
resieii Jlarpauxa Ao, Ao ¥ BeswunH z1(0), 22(7") MoKHO OBLIO
OBl BBECTH TIApPaMETPBI Vi, ..., Vs, CBI3aHHbIE C MCXOJHBLIMH, Ha-
npumep, dbopmynamu py = Vi, iy = V3, Mo = V3, dor = V],
71(0) = 1 -2, 22(T) = 1-v, T = 55+ 4.5cosv;. Takas
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3aMeHa C MOCJIe Iy IOIel TOACTAHOBKON MO3B0JnIIa Obl aBTOMATHYE-
CKW y4YeCTh YCJIOBUSA HEOTPHUIATETLHOCTH, OCTABWB B KPAaeBOil 3a-
Jlade TOJIBKO yCJIOBUsi Tuna paBeHCTB. OIHAKO Takas WM JIHOOAs
Jpyras, momo0Hasi TPUBEIEHHON, 3aMeHA TTPUBOIUT K OIPEIeJIeH-
HBIM BBIYUCIUTEIbHBIM TpobemaM. Tak, MOMbITKA IPUMEHUTH Me-
ton, Hpiorona mMorsia 661 TpuUBECTH K YCIIENTHOMY DEIeHUIO 33,/1a49H,
ecnu ObI TOBKO IECTH MAPAMETPOB V1, . .., Vs ObLIN HEHYJIEBHIMU
(4TO HEBO3MOXKHO B CWJIYy YCJIOBHMii JOTIONHSIONIEH HEKECTKOCTH).
B camowm nene, ecam mapaMerp v; 0OpalaeTcst B HOMb, TO TPOM3-
BOJHBIE BCeX (DyHKIUI HEBA3OK TI0 3TOMY MapaMerpy TakKe OyayT
HyJeBbIMU. B ¢BsA3H ¢ 3TuM, MaTpuiia JIKOOM 0KaKeTCss BHIPOXK ICH-
Hoii u Meto, Hpiorora okaxkercs HempuMeHuMbiM. Crie10BaTesbHO,
JIJIST PEIeHusi IOy YeHHON CUCTeMbl yPAaBHEHW HEOOXOIUMO TIPe/I-
JIOXKUTH METOJ, YIUTHIBAIONUINN CienuuKy MOJTYIEHHOW CUCTEMBI
(B mckoMoM KopHe cucreMa YHKIMIA 10 YACTH HAPABJIEHUN UMe-
€T HyJIeBYIO POM3BOJHYIO).

Y0661 n36€eKaTh BHIMEYKA3ZAHHBIX TPY,THOCTEH 1 HE MEHSITH XO-
potio cebst 3apEKOMEHIOBABIIUN METO PEIIeHUsl CUCTEMBI HEJIU-
HEHHBIX AJIT€OPANIECKUX YPABHEHUH (MO,HI/I(bI/IL[I/IpOBaHHbe/i MeTO,
Heiorona ¢ wcrosib30BaHneM B yCJIOBUU CXOAUMOCTH HOPMHUPOBKH
De0PEHKO), STOT UCKYCCTBEHHBIH IPUEM DU YUCJIEHHOM PelIeHUn
HE TTPUMEHSLICS.

1.4.4. BroruucinTtesibHaAdg cxeMa PEHIeHN 334291 1
OII€EHKA TOYHOCTHU 3TOr'0 PEIlIeHud

PaccmarpuBaemasi B JAaHHOM MTyHKTE 33/1a49a HECKOJIBKO OTJITHIAETCs]
OT JPYruX PACCMATPUBAEMBIX B MOCOOWMM 3379 TEM, UTO TOCTPO-
UTh aHAJNTHYECKOE PEIIeHue 11 KaKOTo—snbo a He yaaercs. s
MPAKTUKU TaKas CUTyalus oObraHa. [lepBbIM 1e10M mpu pernenun
33/1a49H, Yalle BCETO, MIPUMEHSETCS METOJ, CIy4aiiHOrO BHIOOpA Ha-
YAJILHOTO PUOJINKEHHUST: TPOIPAMMHUPOBAHUE 3TOIO METO/Ia 0COOBIX
TPYIHOCTEH HE MpEeACTaBjser. Kcim MeTOJI0OM CIIydYaifHOTO TOUCKA
MOCTPOUTH PEIeHNEe 33/a9¥ HE YIAETCs, MPU PEIEHUN CIOKHBIX
HEJIMHENHBIX 337129 339aACTYI0 CTPOSATCS CIEUABHBIE TTAPAMETPH-
YECKHE CeMeHCTBA, MO3BOJISIONINE TPUMEHUTD METOJT TIPOIOJIZKEH ST
pEeIleHus 0 TAPAMETPY W B UTOTE PEIUTbh TPeOyeMyio 3a/1ady.
O6patum BHUManue Ha crnenuduky kpaesoil zazaum (1.30),
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(1.31), (1.32). Besmuuna a BXOAUT B 3Ty KPAeBYIO 3a1a4y TOJIbKO B
yCTIOBHE CTarmoHapHoCcTH. ECim B MCXOMHON 33/1a9e ONTHMAaIHHOTO
yupaejenus 3adUKCAPOBATH BeandnHy 1 KakuM—IuO0 00pa3oM,
TO peIleHne COOTBETCTBYIONIEl KPaeBoil 3a/1a49M MPUHIINIIA, MAKCH-
mMyMa, orimgaoeiics or (1.30)—(1.32) orcyrcrBueM yciaoBust cra-
IUMOHAPHOCTH, JBYX YCJIOBWIi JIOTIOJHSAMONICH HEXKECTKOCTH U JIBYX
YCJIOBAI HEOTPUIATEJIBHOCTH:

H(T) = a/2+ 11y — u,
m(l=T)=0, p(T—10)=0, (1.33)
M1 > 05 H2 = Oa

OT @ HE 3aBUCHUT.

ITpu pemennn paccmaTpuBaemoii kpaesoii 3amauan (1.30)—(1.32)
UCIONIB3YETCsS CepUsi BCIOMOTATENIbHBIX KPAEBBIX 33Jad, COOT-
BETCTBYIONIMX CJIy4asiM (DUKCUPOBAHHBIX U CBOOOAHBIX 3HAYEHU
21(0), z2(T) n dbukcupoBanHom T — Bcero 4 pasjaWYHBIX THIA
nocraHoBok: yeaosusg 22(0) —2 = 0 u 21(T) — 1 = 0 mononus-
1orcst ogauM u3 yenosuit x1(0) — 1 = 0 wiu py(0) = 0 u oxuum
u3 yeaopuit z2(T) —1 = 0 win po(T) = 0, Besmumna T 3a1a-
ercs kKakuM—inbo 3uadenueM u3 [1; 10]. Eciu nocrpours pemenue
KaKOi—TO M3 PACCMATPUBAEMBIX 3a1a4 YJAeTCs, TO BbIYUCIISAETCS
suadenue H(T) u or 37O BBIYMCIEHHON BEJIUYUHBI 3ABUCUT Bbl-
NOJIHEHWE WJW HeBbImosHeHne ycaouit (1.33) mpy pasmnyHbIX «.
Kak 6b1 5u 66110 BoiGpano 3uadenue T, nipu o = 2- H(T') coBokym-
HOCTh ycnouii (1.33) BeimonHsiercs: (Ipu 3ToM g = po = 0); ecan
T =1,10npu a > 2-H(T) cOBOKYyNHOCTb yCJIOBUIl ONITUMAJILHOCTH
(1.33) Bumonusercs (npu stoMm p; = /2 — H(T), pz = 0), a npu
a < 2-H(T) — ue somonnsercs; ecmu T = 10, To npu o < 2-H(T)
COBOKYTTHOCTH yCJI0BHil ontuMaibrocTh (1.33) BBIoOmHsiercst (mpu
stoM py = 0, pu2 = H(T) —a/2), anpn a > 2- H(T) — He BbI-
nosnnsercs. Takum 06pa3oM, pellieHre BCIOMOIaTeIbHbIX KPAEBbIX
3a/1a4 [03BOJIET YKA3aTh COBOKYITHOCTb 3HAYEHUH (v, IPU KOTOPBIX
OIIPE/IeJIEHHbBIE IKCTPEMAJIH OY/IyT TAKXKe M IKCTPEMAJAME UCXOJ-
HOI 3a7a4u.

JlJ1s1 BBISICHEHWST B3aWMOCBSI3M DEIleHnii BCIIOMOTaTeIbHBIX 3a-
a4 ApyT € APYTOM OCYILECTBJISETCsS NOIPYXKEHUe STUX DeIleHuit
B TpexmnapamMeTpuyecKoe CEMEUCTBO pellleHnil KpaeBoil 3aJ1a4u, Co-
OTBETCTBYIOIIEH MepPexoy MeKIy PukcuposaHHoMy HAYATBHON 1
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KOHEYHO! TOYKAMM IJIOCKOCTU (T1,T2) NPHU HUKCUPOBAHHOM BpE-
menn nepexona T (¢ mapamerpamu cemeiictsa x1(0), z2(T), T').

ToBopst Gomee MPOCTHIM A3BIKOM, DENIAeTCs Cepus 3349 TPH
pasanYHbIX dukcuposarnur 3navennsx x1(0), zo(T), T. Paccma-
TpuBas BbiOupaemble 3navyenus 1(0), zo(T), T kak mapamerpsi,
MOJIy9MM TPEXTAPAMETPHIECKOE CEMEHCTBO (M HEKOTOPYIO COBO-
KYIIHOCTD TAKUX TPEXTAPAMETPHUIECKAX CEMEHCTB) SKCTpeManei u
ONpeIe/IAM TIPU KAKWX (¢ HA, TIOJyYEHHBIX IKCTPEMAJIAX BBITOIHS-
forcst yenosug (1.31), (1.32). B ciyuae uX BBINOIHEHUsI TIPH ITUX
Qv IOy 9EHHASA YKCTPEMATD SABJISAETCS IKCTPEMANBIO HCXOTHON KPa-
€BOIl 3a1a49M.

ITpu pemenun TAKUX BCIOMOTATEIbHBIX 33,184 IPUMEHSAETCSA BbI-
YHCIATENbHAA CXeMa, B KOTOPOil MOAOMPAIOTCA HAYaIbHbIE 3HAYC-
aust p1(0), p2(0) Tak, 4TOOLI yIOBJETBOPUTD JABYM YCJIOBUSAM B BbI-
Opanubiii (bukcuposannbiii) Moment T': x1(T) =1, xo(T) = zar.

ITocsie mocTpoeHnst SKCTpeMaseil 1 MPOBEPKH BHITIOIHEHUST BCEX
yciioBuii Kpaepoii 3aga4un (1.30)—(1.32) npoBoAuTCS aHATIA3 TOYHO-
CTH UX ONPEJESIEHUs.

IIpu omenke TouHOCTH perneHus 3amadn Ko mpemomaraeT-
csl, 9TO HAvYasIbHbIe ycioBus 3amanel Touno: ||[v(0) — z(0)|| < p(0),
p(0) =0.

IIpaBbie yactn B cucreme mnd GepeHuaabHbIX YpaBHEHNH TaK-
JKe CUMTAIOTCH BblumcjseMbiMu TouHO: ||0(t) — f(t,v(t))]] < 0(¢),
o(t) = 0.

Marpuna Zxkobu cucrembl aud¢epeHnaabHbIX yYPaBHEHHI
UMeeT BUJL

0 1 0 0

J 2z1p2 0 O z?
| - 0 0 —2mp

0 0 -1 0

Jljist  ompenesieHuss CKOPOCTH PACHPOCTPAHEHWS OIMMOKU B
OIIEHKAX TJI00AJIbHO TOrPEIHOCTH uCosib3yercs Teopema 1.10.6
(cm. [38, . 1.§10, ctp. 66], n. 2.4): onpexensiercs jorapudmudeckas
HopMa MaTpuibl p(J) — MaKCUMaIbHOE COOCTBEHHOE 3HAUEHUE Ma-
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TPUIIBI

0 A —p3/2 0
A0 0 a2

T _ 1
THID2=1 e 0 0 -A

0 22/2 —-A 0

e A=xi1ps +1/2.

Taxk KaK MaTPHUIA CHMMETPUYHA, TO BCE e COOCTBEHHBIE 3HAUE-
Hust peficrBurenbabl. [Tocsie HeCJI0KHBIX, HO TPOMO3AKUX (U HOTOMY
OPOIYIIEHHBIX) BBIKJIAJ0K XaPAKTEPUCTUYECKOE YDABHEHHUE

XA P32 0

A -2 0 z2/2
—p2/2 0 —x -A

0  22/2 —A -\

det =0

CBOIMTCS K OMKBAIPATHOMY YpPaBHEHUIO
M —20X2 4+ D =0,
rie
C=A%+al/8+pi/s, D= (A>—alp3/e)".

BBINOHSIOTCS yCIOBHSI, TADAHTUPYIOIINE CYIIECTBOBAHUE YETHIPEX
(¢ yueToM KpaTHOCTH) AeHCTBUTENBHBIX KOPHEH ypaBHeHHUs:

C >0,

2= D = (5% +p3)° - [(aapa + 202 + (a3 — $3)2)/64 > 0,
C>vC2-D (rak xak D > 0).

OTH KOPHU OTPEIENSIOTCs 110 hOpMyIIe

N=+\/C+£\/C2—D, i=T14

MaKCUMaJIbHBIN U3 HUX COOTBETCTBYET ABYM 3HaKaM ILJIIOC:

u(J) =1/C+/C? - D. (1.34)

Tak xak Tounble 3Havenus GyHKumMid ;1 (t), po(t) HeusBeCTHDI,
To mis ouenku koabdunmenta L; B (2.20) HEOOXOIUMO OLEHUTH
MakcuMasbHoe 3uadenue u(J) mo okpecrnoctu dyHKIWME Zq (1),
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p2(t) He u3BecTHOro 3apanee paauyca p(t) upu t € [t;, tiy1]. Houst
OIIEHKY BeJWYUHDBI L; BOCIOJIB3yeMCs YIPOIIEHHBIM AJTOPUTMOM,
3aMEHUB UCKOMBbI MakcuMyM fJ) MO OKPECTHOCTH HA MAKCUMYM
wu(J) mo aBy™m TOUKaM:

Li = max{p(J)[z1(t:), p2(8)], p(J)[21 (Biga), po(tign)]}. - (1.35)

Yuntseas npocroit Bua 3apucumoctu p(J) ot x1(t) m pa(t)
B paccMaTpuBaeMoil 3a/a1e BO3MOXKHO IPOBECTH U GOJIee TOUHYIO
onenky L; (amamormano nposegennoii B mpumepe 1.3). Takast onen-
Ka HECJIOXKHA, HO TPOMO3/IKA; OCTABAM €€ B KAIECTBE yNPAKHEHHs
3aMHTEPECOBAHHOMY IHUTATEIIO.

1.4.5. Pemenne KpaeBoii 3a1a4u U Pe3yJTbTAThI

IIpu peanu3anuu ONUCAHHON BBINIE BLIYUCIUTEIHHON CXEMbI, BO—
HEPBBIX, ONPEIETIAETCA KAKOe—T100 aHAJIUTUIECKOE DEIIIEHUE CUCTE-
mbl auddepennmanbubx ypasuenunit (1.30) npu Bo3MOKHO Gosee
nosiHOM BhinosiHennu ycaosuii (1.31), (1.32) kpaesoii 3a1a49u. B ka-
YECTBE TAKOIO PENIEHUS BHIOMPAETCS YJOBJIETBOPSAIONIECE yCIOBUIO
u=0:p =0, p =0, 22 =2, 21 =2(t — T) + 1. D10 pewenue
npu jrobom gonyctumom T w « = 0, a Takxke npu 1" = 1 u Jjr0-
6OM HEOTPULIATEIHHOM (¢ yIOBJIETBOPSIET BCEM YCIOBUAM OCHOBHOI
Kpaesoii 3ana4u kpome yciosus x2(T') < 1. Bamerum, 4yro B 3a1a4e
6e3 nepasencTBa To2(1) < 1 npeabsiBIEHHOE DEIEHKE JI0CTABJIIET
dyHKIIMOHATY aOCOTIOTHBIN MUHUMYM.

Bo—BTOpBIX, HAYMHAS C BBIOPAHHOrO PENIEHUS BCIOMOTATE/b-
HOIl KpaeBoii 3agauu mpu T = 1, mpuMeHsieTCa MEeTO. TPOJOIKEe-
Hust pemennsi 1o napamerpy za2(T) ¢ z2(T) = 2 mo x2(T) = 1.
TTocnemnee w3 3TUX peIIEHWH YI0BIETBOPAET OrPAHNIEHUAM UCXOI-
HO# KpaeBoii 3agaun: z1(0) = —0.697733771 < 1.0, 22(0) = 2.0,
p1(0) = 0.0, p2(0) = —3.01660230, z1(T) = 1.0, zo(T) = 1.0,
p1(T) = —2.85031919, po(T) = —3.18288541 < 0.0. Tak kax T = 1
u H(T) = 2.21506058 > 0, To mpn « > a3 ~ 2-2.21506058 Bce
HepasercTBa (1.32) ucxomHON KpaeBoil 38449 BbIMOTHIIOTCH.

B-rperbux, s onpeaenennst 3KCTpeMaseil NCXOTHON KpaeBoit
3aJ1a9M IPH JPYTUX (¢ TPAMEHSETCS METOJ, TPOJOIZKEHUS PEIIEHNUsT
[0 TAPAMETPY € MAPAMETPOM NPOJIOKEeHHs T, HAYnHASL C IOCTe,I-
Hero moctpoennoro pemenuns nmpu 1I' = 1 mo T = 10. Pesynbra-
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Thl IPOBEJEHHLIX pacdeToB npejcrasienbl B Tabn. 1.9. Kaxmomy
T € (1;10) cooTBETCTBYET €AMHCTBEHHOE (v, JJisi KOTOPOTO BBITIOJ-
HAIOTCS Bee HepaBeHcTBa (1.32) mcxommoil kpaesoii 3amauu. [Tpu
T =10 H(t) = 5.42040403 - 10~* > 0, u motomy mpu a € [0; 0],
ajg =~ 2-5.42040403-10* mepasencTsa (1.32) TakzKe BLITOTHATOTCS.

Tabauna 1.9. Dkcrpemanu npu paznudssix T (a = 0, z2(0) = 2, p1(0) = 0,
z1(T) =1, z2(T) = 1; npouepk B KOJOHKE §3 0003HATAET, 9TO OLEHUTH TOT-
HOCTP DeIIeHHs KPAeBO# 33a49H 10 HCTONB3YEMOMY AJTOPUTMY HE yJAJoCh).

T z1(0) p2(0)

0K p1(T) p2(T)

03 H(T) By(T)

1 —0.697733771 —-3.01660230
4.37-10711 | —2.85031919 —3.18288541
4.55-1077 2.21506058 3.37691984

2 —1.76676747 —0.589785501
5.36-10712 | —7.12695897- 102 | —1.10830141

0.542896421
3 —2.79138839
4.34128220 - 1072
0.122824385
4 —3.90610730
2.26977806 - 102
3.52966775- 1072
) —5.08791844
1.00367823 - 10~
1.26735790 - 10~2
6 —6.30299165

0.771374955
—0.177556686
—0.398526193
0.216706890
—6.80201745- 10~2
—0.158738130
7.89926197 - 1072
—3.12913640- 102
—7.26195103 - 10~2
3.55540750 - 102
—1.65674538 - 102

2.65-107% | 4.73516911- 1073 —3.78700766 - 10~2
— 5.45224047 - 1073 1.86521825 - 1072
7 —7.53352314 —9.73209708 - 103
1.91 2.44762697 - 103 —2.19118247- 102
- 2.68769022 - 10~3 1.09108044 - 10—2
8 —8.77164570 —6.17486447- 103
5.36 - 108 1.37270295- 1073 —1.37224355- 102
- 1.46685494 - 1073 6.90809237 - 103
9 —10.0138006 —4.15384214- 103
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Ta6muma 1.9. IIpomomkenme.

T z1(0) p2(0)

0K p1(T) p2(T)

03 H(T) By(T)

4.00-10™ 8.23415498 - 10~ —9.13110339- 103
— 8.65103499 - 10~ 4.64167864 - 10~3
10 —11.2582596 —2.92455349- 103
9.50 - 1033 5.21747306 - 10~ 4 —6.37085792- 103
— 5.42040774 - 10~4 3.26577494 - 10—3

Tax BBIOOP “yaagHOro” AHATUTHUIECKOTO PEINEHUsl BCIOMOTa-
TEJIbHOW KPAeBOil 3aa4N W TPUMEHEHUE METOa TTPOIOIKEHNUS Pe-
MIEHNUS IO TIAPAMETPY MO3BOJIUJIN TOIYIUTh SIKCTPEMAJINA UCXOTHOMN
3a7aun (TPaeKTOPUH, “IIOJO3PUTEIHHBIE HA ONTUMAILHOCTD).

B tab6s1. 1.10 npuBoasiTCa pe3yIbTaThl YUCIEHHOTO SKCIIEPUMEH-
ta: a7s skcTpemann Ilourpsiruaa ¢ T = 4 mpoOBOAATCSA PACIETHI C
Pa3IMYHBIMY OIEHKAMW TOTpEeITHOCTH Ha tnare. [lpu anasmse pe-
3yJIbTATOB, TPEJICTABIEHHLIX B ITOI TAOIUIE, CIeayeT OOpaTUTH
BHUMAaHNE HA COBMAJEHUe 3HAKOB TPH pacdeTax ¢ Agge = 1078,
Ajox = 1071% u Ao = 1072, 1 Ha TO, YTO UPU yMEHbIIEHUN
Ajox B 100 pa3 4uc/io COBIAJAMOMMX 3HAKOB B CPEIHEM yBeJIMYH-
BAeTCd Ha [IBa M TaKxKe Ha JBa MOpdAJKa yMmeHbinatorcs AH, 0k
u §3. DTO MO3BOJSIET CAEIATH MPEINOIOKEHNE, YTO COBIAIAIONINE
B DEIeHUSIX 3HAKU BEPHBI (Pa3yMeeTCs, 3TO TOJBKO IPEINOI0KEe-
HHe€; COBIIAIEHNE 3HAKOB SIBJISETCS HEOOXOIMMbIM IPU3HAKOM, a HE
JIOKA3ATEeJIbCTBOM NPABUJILHOCTU ONPEJICJICHUs PEIIeHUs 33141 ).

Tabsmnpa 1.10. Dxcrpemans 3agauu npu 1 = 4

t I (t) (lﬁg(t)
pi(t) p2(t)
S (t) 55(t) H(t) — H(0)
| Ao = 1078 |
0.0 —3.906107304211333 2.0
0.0 —0.06802017450104138
0.0 2.88-10¢ 0.0
1.0 —2.290105615828812 1.335827843901833
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Ta6muma 1.10. ITIpomgomxenne.

t I (t) (lﬁg(t)
p1(t) pa(t)

ok (t) d3(t) H(t) — H(0)
0.01509718156226958 —0.07595754886122799

5.21-107° 1.71-107° 45710713

2.0 —1.099016927944875 1.092758802716817
0.02707208654045565 —0.09726544170136416

2.65-10~8 8.32.10°° —7.43.10713

3.0 —0.03785097372656042 | 1.049518484918976
0.03362005168070973 —0.1284091697716288

4.72-1078 1.47-10~* —1.78 10712

4.0 0.9999999999998736 0.9999999999998940
0.02269778059854717 —0.1587381295909767

7.10-108 2.17-1074 —1.60- 10~ 11

| N =10 10

0.0 —3.906107303736371 2.0
0.0 —0.06802017453491298

0.0 2.72-107° 0.0

1.0 —2.290105615410945 1.335827843767711
0.01509718157544818 —0.07595754890153372

4.12-10~' | 1.20-1077 2.99.10715

2.0 —1.099016927644050 1.092758802584516
0.02707208656556617 —0.09726544175736578

2.31-10"19 | 5.20-1077 —-3.28.10°15

3.0 —0.03785097355656264 | 1.049518484797575
0.03362005171161673 —0.1284091698560788

4.45-10~19 | 8.90-10"7 —-8.63.10714

4.0 0.9999999999996411 0.9999999999997071
0.02269778062449069 —0.1587381296941983

6.70-10719 | 1.27-1076 —2.53.1013

| Amor = 10 12

0.0 —3.906107303731438 2.0
0.0 —0.06802017453528930

0.0 4.87-1071 0.0

1.0 —2.290105615406792 1.335827843766003
0.01509718157559845 —0.07595754890198149
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Ta6muma 1.10. ITIpomgomxenne.

t I (t) (lﬁg(t)
p1(t) pa(t)
ok (t) E10) H(t) — H(0)
784-10713 ] 1.87-1079 2.77-10717
2.0 —1.099016927640989 1.092758802582764
0.02707208656585015 | —0.09726544175799225
420-10712 | 7.44-10° —347-10°17
3.0 —0.03785097355523129 | 1.049518484796323
0.03362005171202613 | —0.1284091698570270
7.80-10712 | 1.23-10"8 —7.98.10°16
4.0 0.9999999999996501 0.9999999999997555
0.02269778062484220 | —0.1587381296954501
1.17-107 | 1.73-10"8 —2.39.10°15

Kombunanusa MeTosa CIydaiiHOrO MOMCKA M METOIA MTPOIOIZKE-
HUs pelleHus [0 MapaMeTpy MO3BOJIUIN MOJYYUTh €I HECKOJIb-
KO 3KCTpeMaﬂeﬁ BCIIOMOT'aT€J/JIbHBIX KPa€BbIX 3a/Jad4. O,HHO nu3 ce-
MeCTB 3KcTpemaieii (¢ mapamerpom ceMeiictsa 1') IpeICTaBIeHO B
taba. 1.11. O6paTnm BHUMAHNE, YTO HA SKCTPEMAJISX TTPEICTABIIEH-
HOTO cemeiicTBa Bce HepasencTBa (1.32) ucxomHol Kpaesoil 3a1a4u
TaKZK€ BBIIIOJTHAIOTCA. BHa‘ieHI/Ie d)yHKHI/IOHaJIa Ha BCeX JOIIOJIHU-
TEJIbHBIX 3KCTPEMAJIAX 6OJ'II>H_Ie, 9€M Ha IKCTPEMaAJIAX OCHOBHOTI'O Ce-
meiictBa (cMm. Tabm. 1.9). TlosTomy nanbHeiinee ucciegoBaHWe OM-
TUMAJIBHOCTH 3TUX 3KCTpeMaJIeI71 HE TIPOBOJUTCA.

Tabmmua 1.11. lomonHuTenpHOE cemeiicTBO 3KcTpemasein (a = 0,
z1(0) = 1, 22(0) = 2, 1(T) = 1, p2(T) = 0; npo9epx B KOJIOHKE (3 0603HA-
YaeT, YTO ONEHUTh TOYHOCTH PEIeHHs KpaeBOH 3aJaYd 10 HCIOTB3YEMOMY
AITOPUTMY HE yJAJIOCh).

T p1(0) p2(0)

e z(T) p1(T)

03 H(T) By(T)

1 0.959208484 —2.65116001
1.21-10~1 | —1.25088698 —4.34311154
1.81-10~7 5.43274167 7.15670779

2 0.441110005 —0.583529192
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Tabauma 1.9.

IIpomonxxenmue.

T p1(0) p2(0)

0K z2(T) p1(T)

03 H(T) Bo(T)

8.48 - 10~ 12 | —1.44979064 —0.725948379
5.01-1079 1.05247317 2.18133648

3 0.163524498 —0.191028910
6.31-10"1 | —1.58005660 —0.218533323
3.34-10°8 0.345295018 0.945295251

4 7.08020688 - 102 | —7.88701521-10 2
4.71-1079 —1.66456550 —8.69382357- 102
8.02-105 0.144714388 0.491065238

5 3.50067036- 102 | —3.80420027- 102
5.89-106 —1.72204600 —4.10773022- 102
2.89-10°1 7.07370041- 1072 | 0.286512684

6 1.91453114- 1072 | —2.04906251 - 102
2.10-10°1 —1.76317381 —2.18359390 - 102
— 3.85005557 - 1072 | 0.181323056

7 1.13093873-10~2 | —1.19790849 - 102
5.03-10° —1.79388991 —1.26487828 - 102
— 2.26905238 - 1072 | 0.121861224

8 7.09502353- 103 | —7.45859078 - 103
1.47-10% —1.81763932 —7.82215822-103
— 1.42178624 - 10~2 | 8.57733870- 102

9 4.67042997- 103 | —4.88154101- 103
7.34.10% —1.83652334 —5.09265222 - 103
— 9.35277467- 1073 | 6.26253694 - 102
10 3.19740942 - 10~3 | —3.32676849- 103
8.35- 1037 —1.85188543 —3.45612771-103
— 6.40035254 - 10~3 | 4.71047083 - 102

1.4.6. VccaenmoBaHue ONTUMAJIbHOCTU 3SKCTpeMa-
Jaei

Tak kak ¢ynkumonasn 3anauu (1.22) u cucrema jguddepeHumainb-
Hbix ypasuenuii (1.23) He 3aBucaT OT BpeMenu t saBHO, TO (DyHKLUs
TMouTpsiruna 6yaer nepsbiM uaTerpasom: H(t) = const. O6o3na-
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YUM KOHCTAHTY TOrO IEPBOrO MHTErPAasa, 3aBUCANLY 0 OT TAPAMET-
pa 3agaun T, yepes H(T). Takum obpasom, H(T) — 3Hauenue
dbyurnuu [TorTpsirnHa Ha 9KCTpEMaJsn, COOTBeTCTRYyoIeH T .

[Ipn amanmse ONTHMAILHOCTH TIOJYYEHHBIX SKCTpeMaJeil cie-
gyer obpaTuTh BHUMAHWE HA BLIYUCJIEHHBIE 3HAYCHUS MHOMKHUTE-
qeit Jlarpanska, COOTBETCTBYIOIIUE TPEM TIPUCYTCTBYIOIIMM B 3a-
Jlave HEPABEHCTBAM.

Bo-nepBbix, MHO)UTENb A9 = 0 1 orpanuuenue z(0) < 1 Bbi-
TIOJTHAETCA KAK CTPOTOe HEPABEHCTRO. [Ipy NCKIIIOYEHNH 9TOTO OTpa-
HUYEHWS W3 PACCMOTPEHUST BHIYUCICHHBIE SKCTPEMAJIN TIO TIPEKHE-
MYy OCTAIOTCsSI SKCTPEMAJIIMU B HOBOU “paCIIMPEHHOI” TOCTAHOBKE
sagaqm. Ecmu yracres moka3aTh ONTUMATBHOCTD S9KCTPEMaJeil B 3a-
nave 6e3 orpannvenus z1(0) < 1, To u B 3aza4e ¢ JAONOTHUTEIb-
HBIM OTPAHWYEHUEM OHM TAKZKE OCTAHYTCS ONTUMATbHBIMEA. [103TO-
my orpanunuenue x1(0) < 1 u COOTBETCTBYIONMMIA 3TOMY OrpaHUYE-
HUIO MHOXKHUTENb A1g TPH MCCICIOBAHUU ONMTUMAIHHOCTH W3 PaC-
CMOTPEHHUSI UCKJII0IATOTCS.

Bo-Bropbix, orpanuyenue zo(71) < 1 BblnosHsgercs B Buje pa-
BEHCTBA W COOTBETCTBYIOIIMA emy MHOXKHTEnb Aor > 0. Cmeno-
BaTENbHO, Ha Oau3kmx sKcTpemansx npu zo(T) < 1, ecnm 3w
9KCTPEMAJIM ONTUMAJIBHBI, 3HAUYeHWe (DYHKIMOHAJIA bosbuie 3HA-
yennst (PYHKIMOHAJIA 34Ja9W HA BBIYUCICHHOH 3KCTPEMAJHA TPH
22(T) = 1. CymecTBy0T T€OPEMBI O CBA3M MHOXKHUTEeH Jlarpan-
2Ka ¥ IIPOU3BOJHBIX MAHUMAIBHOTO 3HAYEHNs (DYHKIMOHAIA 110 Be-
JINYMHAM COOTBETCTBYIOIIUX 3TUM MHOKUTEISIM OIPAHWYIEHUit; 1715t
sagaan Jlarpamska 3TO yTBEPKIEHUE €CTh TTPOCTOE CIEICTBUE TIPUH-
nuna Jlarpanka — BCe yCIOBHs TpuWHOMNA Jlarpamska ecTh yciIo-
BHs OOpAIIEHAS B HOJb COOTBETCTBYOIIAX MPON3BOIHBIX IO Pperre
dynrnun Jlarpamka; aHAJIOTHYHOE YTBEPKICHHE I 33,189 OITH-
MAJIBLHOTO YIIPABJIEHUs JI0KA3bIBAETCS HECKOJIBKO CIOXKHEE (CM., Ha-
upumep, [34, ri1. 1, §9]). B cBsi3u ¢ BblIEU3/I0KEHHBIM IPU aHAJIHU3E
ONTUMAJILHOCTU 3KCTPEMAaJiel yCIOBUe BHIA HEPABEHCTBA 3aMEHS-
ercst paBeHcTBOM x2(T) = 1.

B-Tperbux, TMpOBOAWTCA aHANW3 CBA3AHHBIX ¢ 1 yciaoBmit
HEOTPHUIATEILHOCTA W JOTIOMHAIOMEH HexkeCTKOCTH. Tak Kak mpw
T=1wu a>a vaoxurenu Jlarpamxka pu; > 0, o = 0 u npnm
T =10u 0 < a < ayg vaoxurenu Jlarpanxka pu; =0, s > 0, TO0B
9TUX CIIyYasX NCCICIOBAHNE ONMTUMATHHOCTH SKCTPEMAJIEH HAa OCHO-
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B€ YCJIOBHI BTOPOTO NOPAIKA SKBUBAJIEHTHO TAKOMY HCCJIETOBAHUTO
npu gurcuposarnoti Benmamae 1. Ipu 1 < T < 10 u cnenuaib-
HOM BBIGOpe @ = [T = 2 - H(T') muoxurean Jlarpanxka pu; = 0,
pe = 0. B aToMm ciydae, aHAJIOTUYHO MUCKJIIOYEHUIO W3 PACCMOTPE-
Hust MHOKUTeNs A9 = 0 u orpanuuenus z1(0) < 1, 66110 GbI ecre-
CTBEHHO BOCIIOJIb30BATLCS IIPUHIAIIOM PACIINPEHUS U [IPH AHATA3E
YCIOBUT ONMTAMAIBHOCTH KCTPEMAaJeil MCKIIOUNATh W3 PaCcCMOTPe-
HUS MHOXKUTENN fi1, fto 1 orpanmdenus 1 < T < 10, cuntas Benn-
quny T 3apanee #e duxcupoBanuoit. K coxkaieHnio, mpoBoInMoe
B ITocobum ncenemoBanre ONTUMATBHOCTH CYIIECTBEHHO OMUPAETCS
Ha (PUKCUPOBAHHOCTH BPEMEHHOIO MHTEPBAJA W OJHOTO U3 KOHIIOB
9KCTpeMasid (ITO CepPbe3HbI HEeJO0CTATOK HUCIOJIb3yeMbIX YCJIOBUIL
onTuManbHOCTH). T103TOMy TaKOe WCIOAL30BAHNE MPUHIIUTIA PAC-
IMAPEHNs K yCTeXy He TPUBOINT TaK KAK MPUBOAAT K HEOOXOAMMO-
CTH MCCJIEIOBAHUSA 33Ja9H APYTOrO THIA; 9TO MOLJIO OBl IPUBECTH
K YCIIEXy NPH HCIOIb30BAHUK Gosee OOIMMX yCIOBUi ONTUMATBHO-
ctu [25]. OHUM M3 BO3MOXKHBIX BBIXOJOB SIBJISETCsS MOAUDUKALIUS
3a1a97, ee TepeOpPMYIUPOBKA C YIETOM YKA3AHHBIX OTPAHNYCHUIA.
Jpyroii crmocob CBsi3aH ¢ aHAIN30M TTPUBEIEHHON HA puc. 1.4 3aBu-
cumoctn H(T') u, coorsercreenno, a[T] or Beibopa T'. O6parnm
BHuManue, uro dyukuus afT'] = 2H(T) na orpeske [1;10] moHO-
TonHo yGbiBaer. O603nauum vepe3 T'[a] 3aBucumocrb, o6paTHyTO
K 3aBucuMOcTH T, OHA OAHO3HAYHO ONPEIENICHA B CHIY MOHO-
roHHOCTH. MoHoTOHHOE yObiBanue afT’] To3BOsIsieT ¢aenaTh BIBO:
npu Jr060M GUKCHPOBAHHOM « € [ai0; (1] 3HAYEHWE MUHUMU3NU-
pyeMoro (yHKUMOHAJIA Ha KCTpeMasiu, coorBercrytomeit Ta],
MeHbUWE 3HAYEHUS MUHUMU3UPYEMOoro (byHKIMOHANA (IPU TOM Ke
CaMOM 3HAYEHMM () HA IKCTPEMAJIM, COOTBETCTBYIOLIEH APYromy
T # T[a]. B camowm nene, ecin T > T[a], To H(T) ymenbInaercs,
H(T) — a/2 craHOBUTCS MEHbIIE HYJs, a TPOU3BOAHAs (DYHKINO-
Hasa 3agauu 110 1 cranoBurcs nosoxurenpuoi. Ecm T < Tla],
ro H(T) ysemuuuBaercsa, H(T) —a/2 cranoBurcs Gosiblie HyJis, a
NPOM3BOIHAS (DYHKIIMOHANA 334291 IO ' CTAHOBUTCSI OTPHIIATE b=
HO.

[IpoBenenublit anajan3 MOXKHO MPOWJIIIIOCTPUPOBATEH CJIEYIO-
mmm obpazom. Ha pwme. 1.5 m3obpakeHa 3aBUCAMOCTb 3HAYEHUS
dyukmonHaga 3agaun By Ha SKCTpEMAAX MPU PA3IUIHBIX 1 ©
a = 0. Monorouuocts 3apucumoctn H(T) (puc. 1.4) obecrieunBa-
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1070
107114
10°[-2]4
10°[-3]4

Puc. 1.4 Koncranta mepsoro materpasa H Ha sKcTpeMmanax mpu
pazauanbix 1.

er BoImykiaocTh rpaduka Bo[T] (puc. 1.5). Tpaduk 3aBncnmocTn
sHaueHus (PYHKIMOHANIA 331849 By HA 3KCTPEMANAX NPHU PA3IHd-
voix 1 u HeHyJ€BOM « mosiydaercs u3 rpaduka puc. 1.5 mpubas-
senuem simneitnoii yukuuu o' . Ipu « € [0;a19] 3aBucumocTsb
By[T] ma [1;10] mompeskHEMY OCTAeTCsI MOHOTOHHO YOBIBAIOIIEH.
Ipu a € (ao; 1) Beimyknast dbyakuus Bg[T] umeer eauHCTBEH-
Hbli MuHEMyM Ha orpeske [1;10] B rouxke T' = Ta]. Ilpun a > as
zaBucumoctb Bg[T] Ha [1;10] craHOBATCS MOHOTOHHO BO3DACTAIO-
wieit. Touka munumyma T'[a] xapakrepusyercs oOpalieHueM B HOJlb
npoussoguoit Bo[T] mo T':

—2H(T)+a =0

(koadbdurment 2 B 37Ol NPOU3BOIHON CBA3aH C BLIGOPOM MHOMKHU-
tesst Jlarpamka Ao = 1/2).

Wcxons w3 BBIMIEN3IOKEHHOTO, TPU aHAJIN3€e YCIOBUN BTOPOTO
nopsaka BennauHa 1T canTaeTcs (PUKCHPOBAHHOIA.

Takum obpazom, ajiss OTBETa HA BOIPOC 00 ONTUMAILHOCTH
OTIPEJIEIEHHBIX IKCTPeMaseil UCXOMHON 3a/1a9u HeOOXOIUMO 10~
CTATOYHO WCCJIEIOBATH ONTUMAILHOCTD ITUX IKCTPEMAJeil B CIeIy-
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1070
107114

10°[-2]4

Puc. 1.5 Bennunna dyukmmonana By Ha SKCTpeMasisax HPHU pas-
amaabix 1.

[OIIEN BCTIOMOTATEILHON 3a1a4€:

fOT u?dt — inf;

&1 = T,

(i?g = —uxry,

u € R; (1.36)
-TQ(O) —-2= 07

-Tl(T) -1= 01

x?(T) -1= 01

rae T € [1;10] — mapamerp 3amaun (MTpU MCCIEIOBAHAN OTNITHMAIb-
HOCTH 3KcTpemasieli — (bUKCUPOBAHHOE YHCIIO).

IIpocTpanctsom X m3 Teopem 1. 2.1 B paccMaTpwBaeMoil 3a-
naue Jlarpanwxa 6yger C1([0;T], R?) x C([0;T]). daements 3T0ro0
npocrpancrBa & = {z1(-),z2(-),u(-)} Ha3bIBatOTCH ylUpaBIgEMbI-
MU mporieccamu. Vceseayemplii Ha ONTUMAIbHOCTh, ONMpeIeIeHHbIi
B pe3yJibTare pelenus Kpaepoii 3agaun (1.30)—(1.32) ynpasnsiembrii
nponece obosnauaerca & = {#(-), #2(-),4(-)} . Oneparop Tuna pa-
BercTBa 3agaun (1.36) neiicrByer u3 npocrpanctsa X B MPOCTPaH-
creo Y := C([0; T], R?) x R?. Yepes 6¢ := {dx1, w2, 6u} obozna-
YUM 3JIEMEHT KacaTeJbHOTO MPOCTPAHCTBA K MHOT000ODA3HIO, OTpe-
JeIHeMoMy B TOUKe ¢ mpocTpaHcTBa X ONEPATOPOM PABEHCTBA
zazaqn (1.36).

Nrak, 115 nccsieoBanus ONTUMATBHOCTH TIOCTPOEHHBIX SKCTPE-
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MaJseil HeoOXOAMMO TPOBEPUTH IMOJIOKUTEIbHYIO OMPEeIeIeHHOCTD
BTOPOIT Bapuamuu QyHKIMY Jlarpanxa

T
Lee :/ (0.5(0u)? + podudzy) dt (1.37)
0

IpU OTPAHUYEHUAX

(?331 = 63:2’

(5.’172 = —5u:f71 — ’ll(;(l?l,

ou € R,

52(0) = 0, (1.38)
61131 (T) = 0,

HeobxoanMbIiM yCTOBrEM ONTUMAIBHOCTH SIBJISIETCST HEOTPHUIA-
TesabHAsA oupeneaeHHOCTs Leg[0€, 6] > 0 Ha mONyCTHMBIX Bapua-
uusix (reopema 1 m. 2.1), a JOCTATOYHBIM yCJIOBHEM BTOPOIO MOPSI-
Ka — TOJIOKUATEJIbHAS OMPEIEJIEHHOCTD HA JTOIYCTAMbBIX BAPHUAIUX:

Lec[06,6€] > ep(8€), € > 0, p(6€) = [} (du)?dt (reopema 2 . 2.1).

Ycnosue Jlexxkammpa, HeOOXOgUMOE Ijisi  HEOTPHUIIATETHHOMN
onpenenentocTr Lg¢[d€, 0], BBIIOMHAETCA B yCHUIEHHON (opwme:
Ly, =2 > 0. IlosToMmy it HEOTPUIIATETHHOCTH BTOPOH BapHAIIAH
HEOOXOIMMO BbITIOIHEHNE yeaoBus Akobu: na unrepsase (0;7) mer
COTIPSI?KEHHBIX TOYEK. JJIsT MOJI0KUTETHLHOCTH BTOPOH BAPUAIIUH [10-
CTATOYHO BBINOJIHEHUs YCUIEHHOTO yCaoBusi ZKo0u: Ha MOIyoTpes-
ke (0; 7] HeT conmpsizKEHHBIX TOYEK.

IIpumeuanue. Kax HeOTHOKPATHO OTMEYAIOCH PAHEE, IPH BbI-
NOJTHEHWH yCJIOBUSA JI€2KAHAPA U HEBBIIOJHEHAU YCHJIEHHOTO yCJIO-
Bus JlexkaHIpa NPUBEJIEHHOE BBINIE YTBEPKICHHUE TI€PECTAET OBIThH
cripaBenBbIM. [Ipumep cm. B [4, §3.1; 20].

B paccMaTPpUBAEMOM CJIyYa€ TOYKa 7 HA3BIBACTCA CONPAZKEH-
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HOI, ecjiu KpaeBad 3a/1a49a.

(S.’El = (5.’172,

5332 = —5u£1 — ﬂéml,

G1 = g2 + p26u,

G = —q1,

0u = —qa1 — P2l (1-39)
q:(0) =0,

61132 (0) = 01

61131 (T) = 01

61132 (T) = 01

MOJTyUeHHAs1 B Pe3yJIbTaTe TPUMEHEHNsT HeOOXOIUMBIX YCIOBUH OT-
TUMAILHOCTH (MPUHIMIA Jlarpanka) K 3a/1a4e MUHUMU3AINA KBa-
aparudHoro ¢gyukuuonasna (1.37) 1pu BBIIOJIHEHUM CUCTEMbI JIM-
HeitubIx ypasHenwuit (1.38) ma Bpemennom muTepBase [0;7] (mocie
samensl T wa 7 B (1.38), (1.37)), Gyaer uMeTh HETPUBHATIHLHOE Pe-
IIIeHNeE.

Mmuosxkurens Jlarpamka npu QyHKIMOHAJE TTPU 3AMUCH 33JA9U
(1.39) npunsar pasabim 1. IIpu stom B (1.39) nepsbie aBa aud-
depeHIraTbHbIX YPABHEHUS SIBJISIOTCS YPABHEHUSIMA B BAPUAIIUAX
ocHOBHOII cucrembl (1.23), cieayoinye 1Ba — ypaBHEHUsIMY B BapU-
aIuUaAxX CONMpPsAXKEHHOMU cucrembl (1.25), maroe coorHorenue (ycaoBue
ONITUMAJIBHOCTH) COOTBETCTBYET BAPUAIMM YCJIOBUS ONTHMAIBHO-
ctu ncxonHoit 3anaun (1.26).

BcenencTeue nuHEiHOCTH U OZHOPOIHOCTH CHCTEMBI aud depen-
UMaJIbHBIX ypaBHEHuil paccMmarpuBaeMoii kpaesoii 3agauu (1.39)
Bce perrrenust 3a1a49 Ko, y1oBaeTBOpsIIonine IByM yCIOBUSM TTPH
t=0 (q1(0) =0 u dz2(0) = 0), MoryT ObITH HaliJeHBI B BUJIE JIN-
HEHHBIX KOMOWHAIINY IBYX JIMHEHHO—HE3ABUCUMBIX PEIIEHUI 33,129
Ko ¢ HAYATBHBIMEU yCIOBUSIMU:

dz1(0) 1 573 (0) 0
szh0) | | 0 522(0) | | 0
do |“lo ™| 2o |~ o (1.40)
43(0) 0 2(0) 1

Ecom B mekoropsrit moment 7 € (0;7]

dzy(r) dai(r) | _
det( Srb(r) Gad(r) > =0, (1.41)
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TO Kpaesad 3a1a4a (1.39) umeer HETPUBUAJILHOE PEIIEHUE U TOYKA
T OyJeT CONMpPSZKEHHOI.

Brranciennst moka3pIBaIOT, 9TO HA TPOBEPSIEMBIX HA OTITHMAIb-
HOCTH 3KcTpeMasax (tabia. 1.9) compsizKeHHbIE TOUKH OTCYyTCTBY-
0T U BBITOJHSAETCSA YCIOBUE KBA3UPEryIsipHOCTH. TakuM 00pa3om,
JUTsT 9TUX IKCTPEMasieil BBINOTHAETCS COBOKYTHOCTb JIOCTATOYHBIX
yCJIOBUH KaK CJIa00M, TaK U CUIIBHON JIOKAJBHON ONTUMAJIHHOCTH BO
BCIIOMOTATEJILHON 3aJa4e, a CJAeJ0BATEIbHO, U B OCHOBHOU 3aJa4e.

Ha sTom mccienoBanne 3a1a9m 3aKOHIEHO.

Kak ykaspiBanoch B 1. 3aJlaHWe M 3aJIa4M, OTIET 110 IPOBE-
JIEHHOMY WCCJIEJOBAHUIO COCTOUT W3  IYHKTOB:

1) nocranoska pemaemoii 3agaun (. 1.4.1);

2) cBeseHUE DEIEHUs 33Ja9M ONTUMU3AIMU K PEIeHUI0 KPaeBOi
sagaun (. 1.4.2);

3) amasu3 nosydeHHoil kpaesoil 3agauu (n. 1.4.3), dbopmuposanue
BbIUUCJIUTEIHHON CXEMbI €€ PellieHus U OeHKu TounocTu (. 1.4.4);
4) onucaHue IOJIyYEHHBIX [IPU PELIEHUU PE3YJIbTATOB U 000CHOBA-
Hre ux toyHoctH (m. 1.4.5);

5) wWCCaeI0BaHUe ONTUMAJILHOCTH TOJIYYEHHBIX 3KCTpEMajield —
m. 1.4.6.
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1.5. IIpumep pelneHus 3a4a41 ONITUMAJIb-
HOT'0 yIPABJIEHNSI C y94aCTKOM 0C000ro
yIpaBJieHus TIEPBOTO TOpsigka (aHa-
JINTUYECKOE PeIleHue)

B otsimkwne ot mpeapiay X npuMepoB, B KOTOPBIX YIaCTKU 0COOBIX
yIpaBJEHUI HA TIOCTPOEHHBIX IKCTPEMATISAX OTCYTCTBOBAJIN, B JAH-
HOM TIYHKTE PACCMATPUBAETCA OHA U3 TTPOCTENIINX 33424, MTOJTHOE

pelrenre KOTOpoit 6e3 ydera y4acTKOB OCOOBIX yIIPABIEHUIN HEBO3-
MOZKHO.

1.5.1. IloctanoBka 3aga4du

1
/xzdt—nnf, z(0) = 1/2, li| < 1.
0

1.5.2. @opmanusainusg 3aaa4N

O6oznaunm u := . Torma umccmemyemas 3aja49a B 00O3HAUECHUSIX
[1, 3] mepenmiieTcst B caeayIoOMEeM BHIE.
MunnMHU3NPYEMbIi QyHKIMOHAT:

1
By = / 22dt — inf .
0

Huddepennmaabaasi CBI3b:
T =(t,z,u) = u.
Orpannyenve Ha yIpaBJeHUe:
u(t) e U(t) Viel0,1], U:=[-1,1] (|u|/<1).
JlonomHuTeIbHOE OrPpAHUYeHE:
By :=2x(0) =1/2.
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1.5.3. Cucrema HeOOXOJAUMBIX YCJOBHiII ONTH-
MaJIbHOCTH

OcHOBHBIE KOHCTPYKIIUH:
1
L= / Ldt +1,
0

L:= Xz? + p(& — u),
l:= \z(0),
H := pu — \2>.

Heobxommmbie yCioBusi ONTAMAILHOCTH:
a) ypasHenue Jiinepa—Jlarpamka (conpsxkeHHas CACTEMA yPaB-
HeHwuil):

D= 2Xo;
6) yCJ0BHE ONTUMAJILHOCTH 110 YIIPABJIEHHIO:

L, npu p > 0,
=< —1, npu p < 0,
Yu € [-1,1], mpup=0;

B) YCJIOBUS TPAHCBEPCAJIBLHOCTH:
p(0) =X\, p(1)=0.

VeioBuit CTAIMOHAPHOCTH T) U JIOMOJIHSIONIEH HEXKECTKOCTH 1)
HeT, Tak KakK KOHIbI hukcuposanbl (tg = 0, t1 = 1), u B mocTanoBKe
337291 OTCYTCTBYIOT YCJIOBHS THIIA ‘MEHbIIE WJIH PABHO .

e) YcaoBue HeOTpUUATENLHOCTH: Ag > 0

k) muoxkurenu Jlarpanxa He Pasubi OgunoBpemenno Hysio

(ycmosue HEPOH);

3) MHOXKUTesU JlarpaHnxka MOryT ObITh BHIODAHBI € TOYHOCTHIO
JI0 TIOJIOYKUTEJIHHOTO COMHOYKUTEIS (yCIOBHE HOPDMUPOBKH).
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1.5.4. KpaeBag 3asaua u ee aHaJIn3

s dbopMupoBaHUsS KPAEBOH 334N IPUHIIUIIA, MAKCUMYMa HE00-
XOIUMO BHIOPATH yCI0BHE HOpMUPOBKY. [IpoBesem anaan3 BO3MOXK-
HOCTH aHOpMaJsbHOrO ciydas Ag = 0. Ilpum stom p = 0, TO ecThb
p = const. Tak xak p(1) =0, 10 p =0 u B cuiy ycioBus TPAHC-
Bepcanmbroctu p(0) = Ay = 0. To ectb npu \g = 0 Bce MHOKUTE M
Jlarpanzka paBHBI HYJIO, 9TO TPOTUBOPEYNUT TEOPEME — TTPUHITUILY
makcumyMma [louTtpsaruna. 3nauut Ag > 0.

B kagectBe yCiOBUS HOPMHUPOBKH WCIOJIb3YeTCs YCIOBUE
Ao = 1/2. B 310M cityuae penienue paccMaTpuBaeMoii 3aa4u ONTU-
MaJIbHOTO YIIPABJIEHUs HA OCHOBE MPUHIIUITA MAKCUMYMAa CBOJIUTCS
K PELIeHnIO CJIeAyIonel KpaeBoil 3a/1a9m:

T=u, p== vt € [0, 1];

1, npu p > 0,
u=< —1, mpu p < 0,
Yu € [-1,1], mpu p=0;

z(0) =1/2, p(1)=0.

B 3amauax onTuMaabHOTO yIpaBjeHus, B KOTOPBIX B (DYHKIIUIO
TouTpsiruna yupasienue % (UM KAKas-TO U3 KOMIIOHEHT ) BXO-
JIAT JINHEHHO, COOTBETCTBYIOIINN U MHOMKHUTEJbH HA3BIBACTCSA (DYHK-
et nepekyoUeHus. B paccmarpuBaeMoMm mpuMepe (DYHKIUs Tie-
peksoyenus cosragaer ¢ p(t). O6pamienue B HOMb DYHKIUY mEpe-
KJIIOYEHWsI B KOHEYHOM YHUCIIe TOUEK (Ha MHOXKECTBE HyJI€BON Mepbi)
U HEOTPEJEJIEHHOCTh BEJIMYUHBI U B 3THX TOYKAX HA PEIIeHne Kpa-
€BOil 3a/1a9u BJIMSIHUS HE OKA3BIBAET W 3HAYEHUE YIPABJICHUS U B
9TUX TOYKAX MOYKET BBIOMPATHCA JIOOBIM (TIPH TEOPETUYIECKOM pe-
NICHUHU 334491, & HE NPU YUCICHHON PeAM3aIui 3TOTO PEIICHNUS ).
M3onupoBannbie MOMEHTHI OOPAIEHNs B HOJb (DYHKIIUN TTE€PEKITIO-
YeHWs HA3BIBAIOTCS MOMeHTaMu nepekaiodenus. Obpamenne yHK-
[UU TIEPEKJIIOYEHNsT B HOJIb U, CJEJIOBATEHHO, HEOIPEIeTIeHHOCTh
BEJIMYUMHBI U HA OTpe3Ke (HA MHOXKECTBE HEHYJIEBOW Mephl) HA3bI-
BAETCsT 0COOBIM YIIPABJIEHNEM 1 TPeOyeT OT/IeTLHOTO UCCIETOBAHMNS.
I'ny6unoit ocoboro ynpasiieHusi Ha3bIBAETCs TIOJIOBUHA YHCTIa HEOO-
XOAuMBbIX auddepeHInpoBannil (PYHKIINA HEPEKTI09eHs B CHITy
cucrembl U HEPEHITUATBHBIX YPABHEHUN s TIOSABICHUST YIPAB-
Jenus. B paccmaTpuBaeMoM mpuMepe JIJIs TOsIBJICHUsT YTIPABJICHUS

78



Tpebyercs aBa auddepeHImpoBaHns — IIyOrnHA 0c0O0r0 yIpase-
HHsI paBHA OJHOMY: TIyCTh HA BPEMEHHOM WHTepBaje t € [T, Ts]
p=0,torma p=2=0wu ¢ =u = 0. To ectb B 1aHHOIl 3a7a4€
COBOKYITHOCTBH BO3MOXKHBIX OCOOBIX SKCTPEMAJI€Hl COCTOUT U3 OIHOM
tpaekTopuu: x =0, p=0, u = 0.

Jlns perenns 3a0a9M TPOBEIEM AHAJINS3 BO3MOXKHBIX PEIICHWH
cucrembl uddepeHInaIbHBIX ypaBHEHUH KpaeBoil 3ama4n:
a) ecam B HEKOTODPBIH MoMeHT t* € [0,1) BBINMOJHSAIOTCS YCIOBHS
z(t*) 20, p(t*) 2 0, z(t*) +pt*) >0, o 2 =1, p=2 >0
vt e (t*,1];
6) ecam B HEKOTODPBIH MOoMeHT t* € [0,1) BBINMOJHSAIOTCS YCIOBHS
z(t*) <0, p(t*) <0, z(t*) +p(t*) <0, T0 2 = -1, p=2 <0
vt € (t*,1];
B) ecsiu B HEKOTODbIi MoMeHT t* € [0,1) BBIIOJHAIOTCS YCJIOBUS
2(t) > 0, p(t*) < 0, 2(t*) = p(t*) > 0,10 & = —1, p = > 0
Vt € [0,¢**], rue momentT ** nmbo copuauaer ¢ 1, iubo ¢ MOMEHTOM
nepBoro obpaienus B HOJMb dyukimi () wiu p(t); ecau mepsoii
obpamaercs B HOJb dyHkImsa p(t**) = 0, To MOMeHT t** Ha3BIBAET-
¢l MOMEHTOM NEPEKJIIOUEHN U 38 3THM MOMEHTOM CJIELyeT Y4aCTOK
a); ecau nepBoii obpaiaercsa B HOb (ynkuusa z(t**) = 0, 1o 3a
MOMEHTOM t** cisiegyer y4acrok 6) U MOMEHT NEPEKJIIOYeHUs OT-
CyTCTBYET; €C/li B MOMEHT t** B HOJBb oOpamarTcs 0be QyHKIN
z(t**) = 0 u p(t**) = 0, T0 majee TPaEKTOPHUs MOXKET ObITH MPO-
JIOJIZKEHA TPeMsl CII0Co0aMu — CM. M. J);
r) ecau B HEKOTOPBI MoMmenT t* € [0,1) BBIIOJHAIOTCS YCJIOBUS
z(t*) <0, p(t*) 20, —z(t*) +p(t*) >0, 0 2 =1, p=2<0
Vt € [0,¢**], rue moment ** smbo coBuauaer ¢ 1, 1ubo ¢ MOMEHTOM
nepsoro obpaienus B HOJMb dyukimi () wiu p(t); ecau mepsoii
obpammaercs B HOJb dyHkIms p(t**) = 0, To MOMeHT t** Ha3BIBAET-
¢l MOMEHTOM NEPEKJIIOUEHH U 34 3THM MOMEHTOM CJIELyeT Y4aCTOK
6); ecau nepBoii obpainaercsa B HOb (ynkuusa z(t**) = 0, 1o 3a
MOMEHTOM t** CefyeT ydacTOK &) W MOMEHT TEPEKITIOYEHHs OT-
CyTCTBYET; €C/li B MOMEHT t** B HOJIb oOpamamTcs 0be QyHKIIN
z(t**) = 0 u p(t**) = 0, 10 majee TPaeKTOPHUs MOXKET ObITH MPO-
JIOJIZKEHA TPeMsl CII0CO0aMu — CM. . J1);
1) eciau B HEKOTOPbIA MomeHT t* € [0,1) BBINONHAIOTCH YCJIOBUS
z(t*) = 0, p(t*) = 0, T0o U3 ITOil TOYKN IKCTPEMATb MOXKET OBITH
MTPOIOJIZKEHA BIPABO TPEMS CIOCOBAMU: BO—TIEPBBIX, YIACTKOM 0CO-
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60ro ynpasieHus, BO-BTOPBIX, YIACTKOM a), B-TPEThUX, yIACTKOM
0); BJIEBO SKCTPEMAJIb TAKKE MOKET ObITH MPOIOIKEHA TPEMS CIIO-
cobaMu: BO-TIEPBBIX, YYACTKOM 0COOOTO yIIPABJIEHUS, BO—BTOPBIX,
YYACTKOM B), B—TPETbUX, YIACTKOM T).

Ha ocHOBe IpOBEIEHHOrO aHAIN3a BO3MOXKHBIX PEICHUl CHCTe-
Mbl g depeHInaIbHbIX YPABHEHHH JIEMKO HAXOAUTCA €IUHCTBEH-
HOE pellleHre KPAeBOil 3aJauu TPUHIWNA MakcuMyMma. Tak Kak
p(1) = 0, To: mpu z(1) > 0 Bca TpaeKTOpUs TPEICTABJACT CO-
6oit yaactok B), z(t) = —t+ 14+ x(1) n z(0) = 1+ z(1) > 1/2;
npu z(1) < 0 Bca Tpaekropusi npezcTapiser coboil y4acTok T),
z(t) =t—1+2(1) u z(0) = =1+ 2(1) < 1/2; mpu z(1) =0
U MPOJIONIZKEHUT BJIEBO IKCTPEMAJM yYACTKAMU B) WJIU T) YCIOBHE
xz(0) = 1/2 rmake He YIOBJIETBODSETCS, W MOTOMY 3SKCTPEMAaJlb
(ecu OHA CyIIECTBYET) JOJIKHA 3aKAHUMBATHCS YUACTKOM OCO0O-
ro ynpasienus. Tak kak z(0) = 1/2, 1o npu p(0) > 0 BCca Tpa-
eKTOpHsl TpecTaBageT coboi ygacrok a) m p(t) > 0 Vi € (0,1],
YTO HEBO3MOXKHO 10 ycnoBusiM 3aaun. Crenosarensho p(0) < 0 u
9KCTpEMaJIb (€CIM OHA CYIIECTBYET) JOJIPKHA HAUMHATHCS yIaCTKOM
B). Ecin B MOMeHT t** OKOHUYaHWs ydYacTKa B) B HOJIb ofpariaer-
cst ToNBKO omua u3 dyukiwmii x(t), p(t), TO BHINOJHEHHE YCIOBUIL
z(t) = 0 u p(t) = 0 B mociemyiomue MOMEHTHI HeBO3MOXKHO. [To-
3TOMY B MOMEHT t** JIO/KHA OCYINECTBIATHCA CTHIKOBKA HAYAJIb-
HOT'O yYaCTKA B) U KOHEYHOTO y4acTKa 0CO00Tr0 yrpasenusa. Takum
00pa3oM, BBIYUC/ISAS KOHCTAHTHI MHTEIPUPOBAHUS, IOy IaeM UCKO-
MyI0 3KcTpemans (t** = 1/2):

[ 1/2—¢, mpmt<1/2;
.r(t)—{ 0, mpu t > 1/2;

() = —t2/2+t/2—1/8, uput<1/2;
P = 0, npu t > 1/2.

OnrrManbHOCTD MOCTPOEHHON SKCTPEMAJIH JTOCTATOYHO OYUEBUIHA:
pemuuna r2(t) HA MOMYyYeHHOR SKCTpeMaid B KazKIblii MOMEHT
BpPEMeHW MUHUMAJbHA (TIPH YCJIOBUH BHITIOJHEHHS OCTATIBHBIX OrPa-
HUYEHW 33/1a9n), U3 MOTOYEYHOTO MUHUMYyMa TOIBIHTErPaIbHOI
GbyHKIUU ceayeT 1 MUHEMYM HHTErpaa.

IlonbITKM pemuTh KpaeByIO 3ajJady METOINOM CIDPEeIBObI IO
“kyiaccudeckoii” cxeme (pu BbIGOpE B KAayecTBE Hapamerpa MpH-
crpesikn 3Hadennst p(0) u B KauecTBe QYHKIMN HEBSA30K BEJINUUHBI
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p(1)) K ycuexy He IPUBOLAT. DTO CBA3AHO CTEM, YTO HKCTPEMAJIU
B OKPECTHOCTH ONTHMAJHLHONH TPAEKTOPHUU MMEIOT CICLYIOMMA B
(cm. puc. 1.6):

(1) = 1/2 —t, npu ¢t < t*,
T t+1/2 =2, mpm t > t**,

) = —t2/2+t/2—1/8 +¢, npu ¢ < £,
PRUZ 2724 (V26 — )t + % (¢4 )2 — V/2e), mpm t > t**,

t* =1/2—/2e,mpu e >0 u
z(t)=1/2—t,  p(t)=—-t*/2+t/2—1/8+¢, mpu t € [0,1],

npu € < 0. 31ech € — MOTPEHOCTh BHIOOPA TTapaMeTpa MPUCTPei-
ku p(0).

B ciyuae Boruncienns 3navennii 2(1/2), p(1/2) c awoboit ckomnb
YTOHO MAaJIOil HEHYJIEBOH MOTPEITHOCTHIO TPAEKTOPHUS U BHIUHUCIICH-
HOe 3HavYeHre QYHKIMKA HEBA3KYU CHJILHO U3MEHSIOTCsA. Tak 9To mno-
JIYYUTDH ONTUMAILHYIO TPAEKTOPUIO MOXKHO TOJBKO B PE3yJibrare
“caacTiuBO’ CJIydatHOCTH TIPU YCJIOBUH, 9TO pernenne 3aga4un Ko-
I 3aMPOTPAMMUPOBAHO C TOYKHM 3DEHUsT 00ECTIEUEHUsT TOYHOCTH
HEIPABUJIBHO: B KAYECTBE TMPABOM YaCTU HCIOJIb3yeTCsl PA3PbIBHAS
dbyukuus sign (p(t)), a B KayecTBe METOJA YUCIEHHOIO DEIleHUs
zagaan Komm BbIOpan Meron 6e3 KOHTPOJsi TOYHOCTH HA Iare
(nanpumep, MeTon 4-T0 TOPsIIKA C TMOCTOSHHBIM I1ATOM WHTErPHU-
POBaHUs), TaK KaK METOI € KOHTPOJIEM TOYHOCTH HA Iare “3aBu-
caer”’, MBITAsiCh TOYHO TMPOUHTEIPUPOBATH PA3PBIB MPABOil YacTu
(cm. 1. 2.4).

JJ1s1 IMCIIeHHOTO TTIOCTPOEHM S SKCTPEMAIN HEOOXOINMO BHIOPATH
CXeMy METOJIa CTPesbObl, YIYUTHIBAIOIILYIO CTPYKTYPY TPACKTOPUHU
(cM. BaMeuyaHue O BO3MOXKHOCTH BbIOOPA BBIYUCJIUTEIHHBIX CXEM B
Mmeroze crpesbbbl 1. 2.2). B nannoM ciayuae B 310i cxeme HEOO-
XOAUMO KAKUM—JIn00 00pa3oM ydecTh momeHT t**. Hampumep, B
KA4eCTBE MapaMeTpPOB MPUCTPEIKN MOYKHO BHIOPATH IBE BEJTUNINHBI
— p(0) u t**, a B Ka4eCTBE KOMIIOHEHT BEKTOD—(YHKIIUU HEBS-
30K — ycioBus z(t**) = 0 u p(¢**) = 0; unrerpuposanue 3ama4u
Komm Bemercst Ha aByx ydactkax — ot t = 0 mo t = t** u or
t = t* mo t = 1 no yyacrky ocoGoro ympasjenus (IIpu 3TOM
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yciopue p(l) = 0 BbimosauTcst aBToMaTuydecku). B kadecrse apy-
TOIf BBIMHACIUTEIBHON CXEMBI MOXKHO PACCMOTPETH CIEAYIONIYIO: B
Ka4eCTBE MMapaMeTpa MPUCTPEIKN BHIOUpAETCs BeJudmHa t**, a B
kavectBe GyHKunn Hepsasku yciosne x(0) — 1/2 = 0; unrerpupo-
BaHue 3amaun Komm Bemercd Ha ABYX ydacTKax: or ¢t = 1 mpwm
Boinosrenuu ycaosuii z(1) = 0, p(1) =0 no ¢t = t** 1o ywacrky
ocoboro ympasjenus u oT t = t** mo t = 0.
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1.6. IIpumep pelneHus 3a4a41 ONITUMAJIb-
HOT'O yIPaBJIEHUd C yIaCTKOM 0C000T0
yIIpaBJIeHusl TIEPBOTO TOpsifaka (4mc-
JICHHOE peIlleHue)

B oriuuune oT npuMmepa IpeibLIylero nyHkKTa 1.5 B 3aBUCUMOCTH
OT 3HA4YeHWs TapaMeTpa « JaHHas 3a/a4a MMeeT KaK HeocoObIe
srcrpemanu (st 0 < a < @y ), TAK U KCTPEMAJU C YIACTKAMU
0COBOTO yTIPABJIEHUS IEPBOTO MOPAIKA (I @ > iy ).

1.6.1. TloctanoBka 3aga4n

2
| it i,
o 1+ ai?

2] < 1,
£(0)=0, z(2)=0, %(2)=0, npmaé€]l0,A]

1.6.2. @opmanusaiusg 3aaa4N

O6oznaunm u := %. Torma uccmemyemas 3aja49a B 00O3HAUEHUSIX
[1, 3] nepenuiercs B ciaepyomem BUe.
Munumusupyemblit QyHKITHOHAT:

2
By = / det — inf .
o 1+ ax;

Cucrema auddepeHunaabHbIX ypaBHEHUI]:

] = <p1(t7m7u) = T2,

o = p1(t,z,u) = u. (1.42)
Orpanndenve Ha yIpaBJeHUe:
ut) eU®W) Wtel0,2, U:=[-1,1] (Ju/<1).  (1.43)
,I[OHOJIHI/ITGJILHLIQ OTPAaHUYECHUA:
B1 = 1‘2(0) = 0,
BQ = 5171(2) = 0,
B3 = 5172(2) =0
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IMapamerp zanauu « € [0, A].

1.6.3. Cuctema HeOOXOJAUMBIX YCJOBHiII ONTH-
MaJIbHOCTH

OcHOBHBIE KOHCTPYKIIUH:
2
L= / Ldt +1,
0

T . .
L:=X—— +p1(%1 —22) + p2(22 —u
g p1(d1 — @2) + p2(@2 — u),
l:= )\1272(0) + )\2271(2) + )\3272(2),
T
H = pras + pou — Mo
P12 — p2u 07 +aa:§
Heobxommmble ycIoBms ONTHMAaIbHOCTH:
a) ypaBuenus Jitnepa—Jlarpanxka (CONpsiKeHHAsI CUCTEMA YPaB-
HeHwuil):
]51 = )\0/(1 + Oé.’E%),
P2 = —p1 — 2a\om122/(1 + ax3)?;

0) yCla0BHE ONTUMAJILHOCTH TI0 YIPABJICHUIO:

1, mpu py > 0,
=< —1, mpu po < 0,
Yu € [-1,1], mpwu pa = 0;

B) YCIOBHUS TPAHCBEPCAIHLHOCTH:

p1(0) =0, p1(2) = —As,
p2(0) = A1, p2(2) = —As.

VeioBuit CTaMOHAPHOCTH T) U JIONOJIHSIONIEH HEXKECTKOCTH [1)
HeT, TaK Kak KOHUbI hukcupoBanbl (tg = 0, t1 = 2) u B IOCTAHOBKE
3a/1a9U OTCYTCTBYIOT YCJIOBUS THUIIA “MEHBINE WJIW PABHO.

€) YcaoBre HeOTpUIATEILHOCTH: Ng = 0

k) muoxkurenu Jlarpanwxa He Pasubt OguoBpemenno Hysto
(ycmosue HEPOH);

3) MHOXKuTesU Jlarpanxka MoryT ObITh BHIODAHbBI € TOYHOCTHIO
JI0 TIOJIOYKUTEJIHHOTO COMHOYKUTEIS (yCIOBHE HOPMUPOBKH).
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1.6.4. KpaeBaga 3amada

st popMupoBaHUs KPAeBOi 33/1a9N MPUHITAIIA, MAKCUMYyMa He0b-
XOJMMO BBIOpAThH yCI0Bre HOpMUPOBKH. [IpoBeieM anaims3 BO3MOK-
HocTu anopmasibHoro ciaydas Ag = 0. Ilpu Ay = 0 p; = 0, 70
ectb p; = const. Tak kax p;(0) = 0, 70 py = 0 u B cuiy BTO-
POTO COTIPSYKEHHOTO ypaBHeHusi Po = 0, ps = const. Ciyuaii
p2 = const = 0 TMPUBOAWT K DPABEHCTBY HYJIIO BCEX MHOXKHUTEJIEH
Jlarpamka, 9TO MPOTHUBOPEYUT YCJIOBUSIM MPUHIIUANA MAKCAMYMa,;
ciaydait py = const # 0 IPUBOAUT K MPOTHUBOPEYUIO C KPAEBBIMHU
yenosusmu: u = const = +£1, 22(2) — 25(0) = f02 udt = £2 # 0.
Suagutr A\ > 0.

B kadecTBe yCnOBHST HOPMHPOBKH BBIOMDAETCS BEIUYMHA
Ao = 1. B atom ciydae perrenne paccMaTpuBaeMOil 3a/1a4N OITH-
MaJIbHOTO YTIPABJIEHUsT HA OCHOBE TPWHIINIIA, MAKCUMYMa CBOIUTCS
K PEIIeHnIO CIIeAyIoNnel KpaeBoil 33/1a9m.

T = gOl(t,iE,’U,) = T2,

To = pa(t, z,u) = u,
; vt € [0,2]; 1.44
P = Ao/ (1 +azd), 02} (1.44)

P2 = —p1 — 2adoz172/(1 + ax3)?,

1’ HpH p2 > 07
-1, npu pg < 0, (1.45)
Vu € [-1;1], mpm pz = 0;

P1 (0) = 0, I (2) = 0,
22(0) =0, 25(2) =0.

u

1.6.5. YyacTtku ocoboro ynpaBJjieHUs

Kak ormeuasioch panee, obparenne (QyHKIUH TEPEKJIIOYEHUsT B
HOJIb ¥, CJIEIOBATEHHO, HEOTPEIEJIEHHOCTE BEJIMYUHBI U HA OTPE3-
Ke (Ha MHOXKECTBE HEHYJIEBOH Mepbl) HA3bIBAETCH OCOOBbIM yIpaB-
JIeHHeM # TpedyeT OTAeTbHOrO MCCIeI0BannsA. B paccMaTpuBaeMom
npumepe HYHKIHUSA TEPEKJIIOUeHNs YIPABICHUsT COBIIAIAET C Pa(t);
MO3TOMY YYaCTOK [Tg, T1| Gyaer ocobbiM, ecan

pg(t) =0 Vt € [T(],Tl].
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Tak kak Gyukuus ps(t) Ha orpeske [1o, 7] paBHA HYJIO, TO U BCE
€e CYIIECTBYIOIINE MPON3BOIHBIE B CHIIY CUCTEMBI T depeHIIna b
HBIX YPaBHEHWIl TakyKe OyayT HyJEeBbIMH Ha OTpe3Ke [To,T1]:

Po = —p1 — 20125/ (1 + axd)? = 0, (1.46)

L1 20(z3 + z1u) . 8’z xiu 0
P2 = 1+ az? (1+ ax3)? (14 az?)®

Tlocnennee ypaBHeHue mpeacTaBisgeT coboit TMHEHHYTO 10 4 (PYHK-
[IHIO:
Au+ B =0,

e
A= [—2ax1 (14 ax3) + 8’z 23] /(1 + axd)?,

B:=—1/(1+ az3) — 2az3 /(1 + az3)?.

Heob6xoanmoe yenoeue Kesun [6, 1. 2, §2, 1. 8; 13] ontuMambHOCTH
0CcOO0TO YIPABJIEHUsT COCTOUT B TOM, UTO

0 d2 oH
—————=A20.

Ou dt? Ou

TIposepum, Moxker ju kKo dunment A oOpaiaThcs B HOIb HA
KaKOM—Iu00 BpeMeHHOM mHTepBaJje. [Ipeobpasys BhIpaskeHue s
A, nony4um:

A =2az1(3ax —1)/(1+ azx3)®.

SuamMeHaTe b ITON apobu OOsbINe Wiau paBeH 1 i BCeX MIOIMy-
CTUMBIX @ ¥ T} YACIUTEb Obpallaercs B HOJIb B OJHOM U3 TPex
caydaes: a =0, z1(t) =0 Vi € [T, 71] C [10,71], 22(t) = £4/1/3c
Vt S [’7’0,’7’1] g [T(),Tl].

B ciyuasx a =0 u z1(t) =0 Vt € [7o,71] u3 (1.46) crenyer,
aro py(t) = 0 Vit € [Fo,71]. Beaencreme eIMHCTBEHHOCTH HYJIEBO-
T'O PEIICHAS OJHOPOIHON CHCTEMBI JIMHEHHBIX Jud depeHnmabHbIX
ypasaennit pi(t) = 0, p2(t) = 0 Vt € [0,2] B nepBoM ciyuae u
z1(t) = 0, z2(t) = 0, p1(t) = 0, pa(t) = 0 V¢ € [0,2] BO BTO-
pOM cilydae, 4TO IPHUBOJIUT K PABEHCTBY HYJIO BCEX MHOMKHUTe e
Jlarpanza, m, CJIeI0BATENILHO, 3T JBA, CIydas HEBO3MOYKHBI.
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B nocnennem ciayvae mis t € [T, 71| nonydaem:
22(t) = £4/1/3a,

z1(t) = (£/1/3a)t + Cy,

p(t) =0,
p1(t) = —2a[(£/1/3a)t+C1)(£v/1/3a) /[14+a/(3a)]* =
= —2a[(1/3a)t+C2)% = —gt+03.

B 10 ke Bpems u3 ypaBHeHus diiepa A pp MOLYYaeM:

pi(t) = 1/(1+ a/(30)) + Cy = 5t + Cu.

3 3
Tak kak —gt + Cs3 # Zt + C4 Hu npu KakoMm Bbibope KoHcTaHT Cg

u Cy, TO 9TOT cirydail TaKyKe HEBO3MOXKEH.

Bemuuauna B He MoxkeT 00pamiaTbCs B HOJb, ITOITOMY B CHITY
(1.43) Ha oTpe3ke 0co6OTO yNpaBJIeHNs BeJINYNHA A He MOXKeT Me-
HATH 3HaK. B cBa3m ¢ 3tum ycnosue Kenam na ydactke ocoboro
YIPABJIEHUS JTOCTATOYHO MPOBEPUTH B OJHOM TOYKE 3TOr0 yIacTKA.

Tak Kak ympaBJjieHHE U SBHO MOSIBUJIOCH B BHIPAXKEHUH JIJIst BTO-
poit mpou3BoAHON (PYHKIMK HePEeKJII0YeHns, 1 Koddduiuenr A He
MOXKeT 0OpaImaThcsi B HOJIb HA OTPe3Ke 0cOO0TO yIPAaBJIEHHS, TO B
paccMaTpuBaeMoM TpUMepe, KaK W B TPUMepe TTPEeIbIIyIIero myHK-
Ta, TIyOmHA 0c000TO yrpaBjenus paBHa 1.

BreiBoa. [lnsa cymiecTBOBaHHMS yYacTKa OCOOOTO yIIpPaBJIEHUS
HEOOXOAMMO BBITIONHEHNE ycaoBuit po = 0, po = 0; BBIOOD BesH-
YUHBI ¥ HA 3TOM yYaCTKe OCYIIECTBIAETCA M3 ycjaoBus po = 0:

(1+ az3)(1 + 3az)

= tos / 201 (3az — 1)

(1.47)

MpUYeM BBIOPAHHOE TAKUM CIIOCOOOM U JTOIXKHO OBITH JOITYCTUMBIM:
ue[-1,1], A>0.

3aMernm, 9TO Ha y4acTKe 0COO0TO yIIPABJIEHNS PEIEHNE 33N
Komu ynpouiaercs (Takoe ylpolieHue XapakTepPHO J1Jist BCEX y4acT-
KOB 0COOOr0O yIIPABJIEHNUSs): HA HEM BMECTO HOJIHON CHCTEMbI YeTbl-
pex muddepeHnaANIbHBIX yPABHEHNH HEOOXOINMO WHTErPUPOBATH
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cucremy JByX udpepeHnaibHbIX yPABHEHUH OCHOBHON 3a/1a4u,
TaK KaK U = Ues(T1,T2,); 3uauenus pq(t) u po(t) ma ygacrke
0COBOTO YTIPABJIECHAS TIPA HTOM OTPEIEISIOTCSA TBHO COOTHOIIEHW 5T~
MU

p1 = —2ax 72 /(1 + ax3)?, p2 =0. (1.48)

YuurbiBasg Hajmgue nepsoro unrerpasa H(t) = const pemenue
crucTeMbl AByX audpepeHnuaibHbIX ypaBHEHTIT

(1+ ax3)(1 + 3ax3)
2ar(3az? —1)

T = To, Ty =

MOKHO CBECTH K pelrenuio 3agaqdn Kommu a71st ogHoro anddepen-
UATHHOTO YPABHEHWS B 3aBUCWMOCTH OT KOHCTAHTHI TIEPBOTO WH-
rerpasna H(t). Hanpumep, mpu const # 0 ¥ auddepennunanpuomy
yPaBHEHUIO

_ z3(1+ 3az3)

~ const(1 + az?)(3azi — 1)’

ITpumeuanne. Onucannble ynpouieHus perienus 3agadn Ko-
IITW TIPY PEIeHnH 33191 He TPUMEHSIIOTCS. Y IOMSIHYThIe Ba Tep-
BBIX HWHTErpajia HMCHOOIb3YIOTCs JJjisd JOMOJHATETLHOTO KOHTPOJIS
TOYHOCTH pernierus 3aaaqn Komm Ha yuacTke 0co60ro yrnpaBeHnst
(cm. HEKe . 1.6.10).

1.6.6. Ananutumdyeckoe pereHue npu « = ()

IIpu o = 0 3amaga ynpormaercs U MOXKeT ObITH PeIleHa B AHAJIU-
TUYECKOM BHJIE.

2
/ x1dt — inf,
0

1 = T, o = u,
lul <1,
z(0)=0, z(2)=0, (2)=0.
OcHoBHOe yTpolenre CBs3aHo ¢ BugoM byukimu [TorTpsaruua
H := p1xs + pau — Aow1,
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F¥2

Puc. 1.7 Buxg dbyukuun po(t) npu a = 0.

U, CJIeJJOBATEeJIbHO, C CUCTEMOli ypaBHeHuil Ditiepa (conpszkeHHOl
CHCTEMO}i ypaBHEHMWH ):

pr=X=1, p2=-—p1.

OcrajbHble YCIOBUS MPUHINIE, MAKCUMYMa U HOPMUPOBKA 33891
(Mo = 1) ocTanyTCs HEM3MEHHBIMU.

WurerpupoBanme mnepBoro u3 ypaBuenuit Disepa p; = 1 ¢
yueToMm yciaoBus Tpancsepcasibuoctu p1(0) = 0 maer pi(t) = ¢
Vt € [0,2]. TToacraHoBKa BBIUMCIEHHON (DYHKIHHM p; BO BTODPOE
ypasHenue Diifepa u ero uHTerpupoBanue gaet ps(t) = —t2/2 +c
Vt € [0,2], rae ¢ — HekoTopas Tpedylouias OnpeieaeHus KOHCTaH-
ta. Ipu ¢ < 0 u npu ¢ > 4 bysxuusa ps(t) He MeHser 3HAK HA
orpeske (oTKyma u = const = +1), U HOTOMY TIpU TAKUX ¢ Kpa-
eBble ycioBns x2(2) = 0, 22(0) = 0 He MOryT GBITH yIOBJIETBO-
penbt. Bug dynkuun ps(t) npezncrasien ma pucyske 1.7. Tak kax
0 = 22(2) — 22(0) = f02 udt m Tak kak u(t) = 1 npm ¢ € [0, 7],

u(t) = —1 npu t € [1,2], To 7 = 1. 13 31010 yCIOBHUS OMpeessi-
ercst KOHCTAHTa, ¢ = 1/2 u dhyukmnus
|t npu t € [0,1],
wa(t) = { —t+2, mpmte€[l,2]. (1.49)

Nurerpuposanne mguddepeHnnaabHoro ypaBHEHUS I L1 C yde-
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oM ycoBust x1(2) = 0 maer peleHue 3a1a4u:

t2/2 -1, mpu t € [0,
1

],
xl(t)—{ —(t—2)2/2, npute[l,2]. (1.50)

1
2]

1.6.7. YucienHoe pelneHune KpaeBoil 3a/lauu npu
a < oy

Ananuruueckoe perenve Kpaesoil 3amaun npu « = 0 mo3BOJISET
MPEJANONIOKUTh, YTO B HEKOTOPOM JUAINA30HE 3HAYCHWH TapaMer-
pa «a perreHne Kpaepoit 3ajadu He Tpebyer ydera BO3MOXKHOCTH
CYIIECTBOBAHUS HA KCTPEMAIN YIACTKOB 0COOOT0 yIPABJIECHUS.

Chopmupyem “00bIaHy0” CXeMy MeTOJA CTPEIbObI PeIleHus
KpaeBoit 3agaun. st onpemenenust Bcex HEOOXOIUMBIX [IJIsl Pelle-
Hust 3aga4uu Ko yemoBuit ipu ¢ = 0 HeoOXOAMMO 330aTh 1B, MMa-
pamerpa: 31 = x1(0) u B2 = p2(0) — 3T ABA MApaMeTpa U 0Opasy-
0T BEKTOP MApaMeTPOB MPUCTPeSiKU. B pesynbraTe peienus 3a1a-
an Komm gansg cucremsl auddepeHnuaabHbIX YpaBHEHNH KPaeBoit
sagaun (1.44) upu BbIOOpE BEIMYMHBI yIPABJIEHUs U3 yCJIOBHS Ol-
rumanbaocTr (1.45) ot t = 0 10 t = 2 onpeesseTcs COOTBETCTBY-
IOI[asi BHIOPAHHOMY BEKTOPY MapaMeTpOB TPAEKTOPHUs W, B YACT-
HocTH, 3HaveHus x1(2)[f1, B2], x2(2)[B1,F=], ycnorus obpaiienust
B HOJIb KOTOPBIX ONPEJEISIOT JIBe KOMIOHEHThI BEKTOP—(DYHKIINN
nesszok X ().

[TpoBesenHbIil B MPEABIIYIIEM MyHKTE AHAJN3 MMO3BOJISET OIpe-
JIEJTATH BEJIUYWHBI [APAMETPOB MPUCTPENKHA Ha SKCTPEMAJU TIPU
a=0:p = -1, fo = 1/2. Kpome 31010, MpPOBEJIEHHBIN aHa-
JIU3 JIaeT TpeACTABJIEHNE O TMOBEeJIeHUN Meroma HuioTona mpu mo-
HCKE BEKTOPA MapaMeTPOB MPUCTPEJIKA — KOPHS BEKTOP—(DYHKIINT
HeBs30K. Tak, wmanpumep, npu (B2 ¢ (0,2) Beauuuna po(t) 3Ha-
konocroguHa npu ¢ € [0,2], u noromy marpuna Axobu (8)?/8[?)
BBIPOXKJIEHA, YTO MPUBOJUT K HEBO3MOXKHOCTH HCIOJb30BATH MPHU
9TOM HBIOTOHOBCKHUE UTEPAIINH.

1.6.8. Pe3yabTaThl ipu o < a

MeTo IpOoIoJIzKEHUs] PEIIeHNs 110 apaMeTpPy IIO3BOJISAET IOCTPO-
UTh CEeMENCTBO dKCTpeMasie mpu a < au, i, ~ 1.13956527. Ha-
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60p IMapamMeTpoB IPUCTPETKH, TIO3BOIAIOIINX BOCCTAHOBATH TPAeK-
TOpWYM WHTEIPUPOBAHKUEM, TIPEICTaBIeH B Tabaume 1.12.

Qynkuyun z1(t), z2(t) npm Bcex @ < . B TOYHOCTH COBIAJA-
o1 ¢ byakuusamu 21 (t), z2(t) npu a =0 (1.50), (1.49); byskunu
p1(t), p2(t) npu pasauuHbIX @ < (i PA3JIUYAIOTCsH, HO TOYKA Iie-
peksitouennsi copnazgaet: mpu t = 1 po(1) = 0. Yurem 310 mpm
000CHOBAHUY TOYHOCTHU OTIPEIE/ICHNsT HEOCOOBIX IKCTPEMAJIEH.

Tak kak momenT nepeksodenus ¢ = 1 u dynkuuu z1(t), x2(t)
BBIUUC/IAIOTCH AHAJIUTUYECKU (U3 MPEJIIOJIIOKEHUs O HAJIUIUU OJl-
HOIl TOYKHU TIEPEKJIOYEHNs), TO JJif OUEHKU TOYHOCTH BBHIYUCIIC-
HUsT IKCTpeMajieil HeoOXoanMo 000CHOBATH TOYHOCTH BBIYUCIIEHUS
dbyukuuit pi(t), p2(t), Tounee To, yro GyHkuUa po(t) HE MOKET
umerhb aApyrux Hyseil npu t € [0;2].

ITpu uzBecrubix Gyukumsax 1 (t), x2(t) pemenue 3anaun Komin
s GyHKImMY py(t) CBOAUTCS K MHTEIPUPOBAHMIO U3BECTHOM (DyHK-
1y BpeMenu. Berancsenue onenku riodanbuoil omubku py(t) mpu
9TOM CBOJUTCS K CJIOZKEHUIO OIIEHOK JIOKAJTBHBIX OIUOOK, 8 BHIYHC-
JIeHUEe OUEHKM JI00AJIbHON MOrpeImHocTu Po(t) CBOAMTCH K CyMMe
JIOKAJIBHBIX OMHUOOK MHTETPUPOBAHUSA ILTIOC MHTErPAT OT ONEHKH
ry100aibHoi ommbku pi(t). st 060CHOBAHUSA OTCYTCTBUS JPYTUX
(kpome MomenTa t = 1) MOMEHTOB OOpAIIEHUs B HOJIb (DYHKIUH
p2(t) mpoBomuTca uHTErpupoBaHue 3amauu Komwm 1yis conpsizken-
HBIX MEPEMEHHBIX M IPOBEPSETCS, 9TO MOJY/b BBIYHCIEHHOTO Ta-
KUM 00pa3oM 3HaueHus Po(t) IPEBOCXOJUT BHIYUCJIEHHOE 3HAYEHUE
riobasbHO morpentHocT 175t Beex t € [0;2], Kpome HeKoTopoii
okpectHocTd t = 1, B KOTOPOii MpOBEPSETCsl YCIOBHUE, YTO MPOU3-
BOZIHAST Po(t) C yYETOM BBIYMCIMTENBHON TMOTPENTHOCTH OTIEIeHA
OT HyJId.

IIpumeuanmne. Ha Bcex mpuBenenubix B Tabsume 1.15 sxkcrpe-
MaJIgX C OTHOIT TOUYKOI MEePEKTIOYEeHNA 3Ta TPOBEPKA OKA3aJach O~
JIOXKUATETHHOI.

O60ocHOBaHME ONTHMAJBHOCTH IIOCTPOEHHBIX 3KCTpEMAasel He
npoBoauTCs. JII0603HATETBHBIM CTYIEHTAM I JaIbHERIIero O3Ha-
KOMJIGHUS ¢ TIPOOJIEMOl MOXKHO PEKOMEHIOBATH MOCJIEIHIE PAOOTHI
H. II. Ocmomosckoro n M. 1. Bennkuna [25].

Ilpn o > @, TOCTPOMTH pemeHue KpaeBoil 3a/Ja9u MPUHIUIIA
MaKCHMyMa, C HCIOTb30BaHHEM ‘OOBITHON BBIUYUCIATETHHON CXe-
MBI HE YJAETCA U3-33 OTCYTCTBHUS CXOJUMOCTH MOAUMDUIUPOBAH-

92



Horo merona Hpiorona ¢ nopmuposkoii @enopenko (obaazgaromie-
ro camoil XOpoIeil CXOAUMOCTHIO CPeIy UCIpo0OBaHHLIX). IIpo-
BeJIEHHBbIE BBIYUCIEHWS TOKa3bIBAOT, 4To Tipn « = 1.13956527
p2(0) = 1.93197135 - 1079, po(0) = 0 (mak xax p;(0) = 0,
x2(0) = 0), u upu BoiGope monycrumoro u = 0.438763810343 (1.47)
P2(0) = 0. IosroMy MOXKHO NPEAINOTONKHUTH, YTO TIPU Q > Qy
9KCTPEMAJIb KPAEBOil 331a9M NMPUHIIANA MAKCUMYMa HAYUHAETCS C
y4IaCcTKa 0COOOTO YIIPABJIEHUS.

1.6.9. YUncaeHHOe pellleHuMe KpPaeBOil 3aaa4m IIpu
o >

Monudunupyem BBIYUCIATENHHYIO CXEMY C YIETOM CIEJIaHHOrO B
OPEIBIIYIIEM IIYHKTE MPEINONOKEHUs O CTPYKTYPE TPACKTOPUU
(cm. 3ameuanue B 0. 2.2).

IIpeamonarasi, 9T0 KCTpeMaIb HAYMHAETCSI C YIACTKA 0OCODO-
ro ympasJienus, onpenenum po(t) = 0 u dysarnuio u no dbopmyie
(1.47). Benmuuuna po(0) = 0 u3 uncia napaMeTpoB IPUCTPEIKU TP
9TOM UCKJIIOYAETCHA, U B KAYECTBE MApPaMeTPa MPUCTPEIKU UCTIO b
syerca Benmmunaa 0 < 7 < 2, ONpeensomas MOMEHT OKOHYAHUS
y4acrka ocoboro ymupapjienus: o = 7. Ilo okoH4aHuu ydacTka
0coforo yrpasJienus (IepBOro MOPSAIKA) IPU BBIMOJIHEHUH YCIOBUS
Kesnn B Buzie cTpOroro HepaBeHCTBA M u(T) = Uos(T), |tos(T)] < 1
TPAEKTOPHS MOYKET OBITH MPOIOJIYKEHA JIBYMST HEOCOOBIME CTIOCO0a-
mu: 1) w=1u2) u=—1 (cm. npumep 1.5) [13]. B kakom u3 ciy-
Ya€B YAACTCSA ONMPEETHTh IKCTPEMAND U, €CJIU yIACTCS TIOCTPOUTD
JIBE SKCTPEMAJIN, Ha KAKOH 13 HUX OyJeT MeHblnee 3Hadenue pyHK-
[HOHAJIA, OTIPEIE/IUTCA B PE3YJIbTATe YUCICHHOTO SKCIEPUMEHTA.

Ha rpaekropusx, HCHOONB3YEMbIX HA MPOMEKYTOYHBIX 3Ta-
max B IIPOLIECCE pemeHnmst 3anadm, ycnosme Kemmm m o ycro-
Bue gomycruMoct Bbibpanuoro mo ¢dbopmyse (1.47) yupasienus
u(t) = ues(t) € [-1,1] Vt € [0,7] moryr mHapymarscsa. Eciu npu
9TOM Ha MOJIyYEHHON B PE3YJbTATE DPEIICHUs 33Ja9U SKCTPEMAJIN
HA y4acTke 0cOBOro ympasjenus yciaosue Kemm u ycioBue J0iy-
CTHMOCTH 0CODOrO yIPABJIEHUS BBIMOJIHEHBI, TO KPAEBast 3812494 Pe-
meHa. B mporuBHOM cilydae Kpaepast 33,1a4a JOIKHA CIATATLCS He
PELIEHHOM, 1 NCIIOIb3yeMAast BBIYUCIATENbHAS CXeMa TpebyeT Moiu-
duranym.
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1.6.10. Pe3yabTaThl pemieHusi KpaeBoil 3aaadm
opu o > Q,

MeToa TPOIO/IKEHUS PEIEHUs TI0 MapPaAMeTPy TO3BOISET TOCTPO-
UThb CEMENCTBO IKCTpEMAJeNl TP @ > (x TIO TMPEJJIOKEHHON B Ipe-
JBIIYIIEM TIYHKTE BBIYUCIUTETHLHON CXeMe TPU MTPOIOIKEHUN IKC-
TpeMaJiu B MOMeHT T 1epBbiM criocobom: u(74) = 1. Ilpu nupomos-
JKEHMU HKCTPEMAJIM B MOMEHT T BTOpPbIM criocoboM (u(74) = —1)
MOCTPOUTH FKCTPEMAJIU, YIOBJIETBOPSIONINE KPAEBBIM yCIOBUIM, HE
YIAJIOCh W3—3a OTCYTCTBUS CXOAWMOCTHA MOIUMPUIMPOBAHHOTO Me-
toma Hpiorona. Habop mapaMeTpoB NPHCTPENKH, MO3BOJSIONINIX
BOCCTAHOBUTDH TPACKTOPUU MHTEIPUPOBAHUEM, W PsiJT XAPAKTEPHBIX
BeJIMYKH (BbIUYUCIEHHBIX DU OLIEHKE OTHOCUTEJbHOI IO PEIIHOCTH
na mare A, = 10712 B Merome DOPRIS) mpe/icTaBaenbl B TabaM-
me 1.13. 3aMeTnM, 9TO Ha BCEX MPEICTABICHHBIX IKCTPEMAJIAX Ha
y4aCTKaX 0COOOr0 yIpaBJIE€HUs BEJMUNHA OCOOOTO yIpaBjeHus Obl-
Ja jgomycruMoit u yciopue Kesnu BBINOTHSIOCH B BUZE CTPOrOro
HEPABEHCTBA.

it KOHTPOJIsT TOYHOCTH pelreHus 3aaqu KoImm Ha ydacT-
Ke 0CODOT0 YTpaBJieHUsT OCYIIECTBIIAIOCH pernenne 3amaqn Kormm
JJist deTbipex naudGepeHInaIbHbIX YPABHEHUN U BBIYUCICHHBIE Ta-
kuM obpasom 3uadenus pi(t), p2(t) cpaBHUBAIUCH CO 3HAYEHMS-
MU, OIpeJIesieMbIMU YCIOBASIMHU HAXOXKEHUs HA y9IaCTKe 0c000ro
yupasienus (1.48). IlorpemHocTy BbIYUCIEHUS CONPSKEHHBIX T1€-
pemenubIX pi(t), p2(t) Ha pemenue 3amaun Komm mnsg dha3oBbix
nepeMeHHbIX 21 (t), 2(t) HA 0COBOM yUaCTKE BIUAHUSA HE OKA3BIBA~
1o1. Kpome Toro, Ha 3KCTpeMasisaX BbIUUC/ISIIOCHh 3HAUEHNE (DY HKITUH
TlouTpsirnHa, 1 BHIYUCIEHHOE B MOMEHT ¢ 3HAYEHHE CPABHUBAJIOCH
co 3navenneM GyHkiyn [lonTpsirnaa B HaYabHBIH MOMeHT t = (.

JIJist TPOBEPKM TOYHOCTY PEIEHUs 334N MPOBOIUIACH CEPUS
PacyYeTOB C PA3JIUYHON OIEHKOU OTHOCUTEJIHHOI TOYHOCTU HA Iare
pemennus 3agaun Ko A, . B kKauecTBe TOUeK cpaBHEHWS BHIOW-
paJKCh: MOMEHT OKOHYAHMs y4acTKa 0co0Oro ynpasieHus (sBiis-
IOIIMIACS OJIHUM U3 NAPAMETPOB NPHUCTPEJIKH), MOMEHT MEPEKJIIO-
4yenus (BbIOUPAEMbIl HESIBHO KAK MOMEHT BBINOJHEHUsI YCJIOBUS
p2(ty) = 0) ¥ MOMEHT OKOHUYAHWs yIpaBJsieMOro mporecca t = 2.
PesynbraTht 3T0TO0 CpaBHeHUs TpeACcTaBaeHbl B Tabs. 1.14.
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Tabauna 1.12. Habop mapaMeTpoB NpHCTPESKH Opu o < ax (“obbruHas”
BbIYUCJIATEJIbHAA cxeMa).

| a | B =21(0) | By = p2(0) ]
0.0000 -1 0.500000000
0.1000 -1 0.423079537
0.2000 -1 0.357010027
0.3000 -1 0.299481873
0.4000 -1 0.248814464
0.5000 -1 0.203753084
0.6000 -1 0.163340265
0.7000 -1 0.126831460
0.8000 -1 0.093638099
0.9000 -1 0.063288149
1.0000 -1 0.035398163
1.1000 -1 0.009653083
1.1395 -1 1.5687059 - 10~°
1.13956527 -1 | 1.93197135-10°

Tabuauna 1.13. Pe3ynpTaTsl perieHus KpaeBoil 3a/a4Yu IPHA & > Qix.

ol f1 = z1(0) B2 =T tn
u(0) u(r-)

1.13956528 | -0.999999998 | 4.01945- 10— | 1.000000001
0.438763807 0.438763807

1.15 | -0.998042168 0.003473441 | 1.000980141
0.435635510 0.435644687

1.20 | -0.988957935 0.019215544 | 1.005558987
0.421318897 0.421516755

1.50 | -0.942874283 0.091394167 | 1.029473815
0.353528927 0.358019973

2.00 | -0.887363149 0.166425229 | 1.059487346
0.281733584 0.292045045

3.00 | -0.816791658 0.250308589 | 1.099060209
0.204050403 0.217779042

4.00 | -0.772192867 0.299173779 | 1.124734318

0.161876657

0.175130047
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Ta6muma 1.13. IIpomomkenue.

«

pr = x1(0)
u(0)

Bo=T

u(r=)

ln

5.00

-0.740666164
0.135013593

0.332499215
0.146967283

1.143165957

6.00

-0.716834138
0.116251904

0.357250296
0.126851238

1.157252771

7.00

-0.697990408
0.102334603

0.376650397
0.111715434

1.168486865

8.00

-0.682601219
0.091561512

0.392432596
0.099891692

1.177726482

9.00

-0.669722583
0.082953087

0.405626386
0.090388308

1.185505552

10.00

-0.658736954
0.075902831

0.416888646
0.082576448

1.192176319

20.00

-0.597912623
0.041812129

0.480066558
0.044715140

1.229771572

30.00

-0.570323907
0.029223160

0.509701278
0.030876794

1.247266028

40.00

-0.553719987
0.022574587

0.528028346
0.023655437

1.257961003

50.00

-0.542328927
0.018438994

0.540871468
0.019206399

1.265381236

60.00

-0.533891901
0.015608653

0.550547771
0.016184503

1.270925237

70.00

-0.527319109
0.013545606

0.558193090
0.013995197

1.275274789

80.00

-0.522011620
0.011972914

0.564440661
0.012334567

1.278807756

90.00

-0.517609369
0.010733105

0.569676077
0.011030883

1.281752914

100.00

-0.513881141
0.009729876

0.574149777
0.009979694

1.284258050




t T (t) X9 (t)

p1(t) pa(t)

o /(1 + ai?)ds u(t) H(t)
AJIOK = 10_6

0.00 | -0.658736953000 0.00

0.00 0.00

0.00 | 0.0759028315814 | 0.658736953000

0.25 | -0.656353454077 0.019161477226

-0.164286890406

0.249697082485
0.0781612781297

6.98 - 10715
0.658736953000

T

-0.652049804524

0.032536010404

0.415459387926 1.43.10714
-0.272760084875 | 0.0825764477416 | 0.658736953000
0.50 | -0.645891944179 | 0.115647363404

-0.323720205763

0.493907050969
1.00

0.0319192411673
0.658736953046

1.00

-0.463068262478
0.729714104974

0.615647363404
0.112820804125

-0.464393313660 1.00 | 0.658736953090

1.192176317868 | -0.326289550499 | 0.807823681272

0.761776099382 1.58 -1071!

-0.477310584958 1.00 = —1.00 | 0.658736953058

1.50 | -0.125000000057 | 0.499999999140

0.822119645695 | -0.211962845102

-0.489684591778 -1.00 | 0.658736953061

2.00 —4.87-10710 —8.60-10~10

1.14051474734 | -0.658736970844

-0.498764836851 -1.00 | 0.658736970350
Ajox = 1078

0.00 | -0.658736953321 0.00

0.00 0.00

0.00 | 0.0759028315444 | 0.658736953321

0.25 | -0.656353454400 | 0.0191614772167

0.249697082485

9.56 - 10~17

Tabsmpa 1.14. SOxcrpemans npu « = 10.0 U pa3sauvIHON OTHOCUTEIHHOMN
TOYHOCTH HA IIare.
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Tabmuma 1.14. IIpogomxenne.

t

fg /(1 + ai?)ds

T (t)
p1(t)
u(t)

X9 (t)
pa(t)
H(t)

-0.164286890486

0.0781612780893

0.658736953321

T

-0.272760084892

-0.652049804854
0.415459387747
0.0825764476878

0.0325360103717
1.98 10716
0.658736953321

0.50

-0.323720205911

-0.645891944491
0.493907050952
1.00

0.115647363554
0.0319192412697
0.658736953321

1.00

-0.464393313800

-0.463068262714
0.729714104836
1.00

0.615647363554
0.112820804318
0.658736953320

1.192176317780

-0.477310585116

-0.326289550420
0.761776099279
1.00 — —1.00

0.807823681777
1.95-10716
0.658736953318

1.50

-0.125000000000
0.822119645488

0.500000000000
-0.211962844911

-0.489684591894 -1.00 0.658736953369

2.00 1.067-10~ ™ 1.29-10~™

1.14051473712 | -0.658736953309

-0.498764837313 -1.00 0.658736953309
AJIOK — 10710

0.00 | -0.658736953319 0.00

0.00 0.00

0.00 | 0.0759028315446 | 0.658736953319

0.25 | -0.656353454398 | 0.0191614772168

-0.164286890486

0.249697082485
0.0781612780895

1.92-10718
0.658736953319

T

-0.272760084893

-0.652049804853
0.415459387749
0.0825764476882

0.0325360103720
2.00- 10717
0.658736953319

0.50

-0.323720205910

-0.645891944490
0.493907050952
1.00

0.115647363552
0.0319192412676
0.658736953319

1.00

-0.463068262714

0.615647363552




Tabmuma 1.14. IIpogomxenne.

t

fg /(1 + ai?)ds

T (t)
p1(t)
u(t)

D) (t)
p2()
H(t)

0.729714104838

0.112820804317

-0.464393313800 1.00 | 0.658736953319

1.192176317784 | -0.326289550419 | 0.807823681776

0.761776099282 1.55-10713

-0.477310585116 1.00 - —1.00 | 0.658736953319

1.50 | -0.125000000000 | 0.500000000000

0.822119645411 | -0.211962844900

-0.489684591899 -1.00 | 0.658736953319

2.00 -3.77-10713 —4.66- 10713

1.14051473706 | -0.658736953319

-0.498764837316 -1.00 | 0.658736953319
Ao = 10712

0.00 | -0.658736953319 0.00

0.00 0.00

0.00 | 0.0759028315446 | 0.658736953319

0.25 | -0.656353454398 | 0.0191614772168

-0.164286890486

0.249697082485
0.0781612780895

2.21-10"18
0.658736953319

T

-0.272760084893

-0.652049804853
0.415459387749
0.0825764476882

0.0325360103720
—6.65- 10718
0.658736953319

0.50

-0.323720205910

-0.645891944490
0.493907050952
1.00

0.115647363552
0.0319192412676
0.658736953319

1.00

-0.464393313800

-0.463068262714
0.729714104838
1.00

0.615647363552
0.112820804317
0.658736953319

1.192176317784

-0.326289550419
0.761776099282

0.807823681776
1.08 - 10716

-0.477310585116 1.00 - —1.00 | 0.658736953319
1.50 | -0.125000000000 | 0.500000000000
0.822119645410 | -0.211962844900

-0.489684591899 -1.00 | 0.658736953319
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Tabmuma 1.14. IIpogomxenne.

t T (t) X9 (t)

pi(t) p2(t)

Jo2/(1 + ai?)ds u(t) H(t)
2.00 —3.50-1016 —4.26-10"16
1.14051473706 | -0.658736953319

-0.498764837316 -1.00 0.658736953319

IMpu amanuze umcen B Taba. 1.14 ciaemayer oOpaTuTh BHUMA-
HUEe Ha COBNAJEHWE 3HAKOB. Bce TpuWBeIeHHBbIE 3HAKU TIPU pac-
getax ¢ Agox = 10710 u Ao = 1072 cosmamaior (mosTomy
MOKHO TIPEANOJIOKUTh, YTO OHU TOYHBI), YUCJIA, TIOJYYEHHbIE [IPU

pacgeTax ¢ Ajox = 1078, oTmuaroTcsa OT uUHCeN, BBMHCTCHHBIX
¢ Anox = 1072, B nociesneM 3HaKe, a YUCIA, PACCIUTAHHLIE C
Ajox = 1076 — B mocIEIHEX TpEX 3HAKAX.

UccnenoBanme ONTUMAIBHOCTH TIOTYYEHHBIX IKCTPEMAaJieil He
npoBesieHo. Bo3MOXKHO TpPOBEPUTH HEOOXOAWMbIE YCJIOBUSI OIITH-
MaJbHOCTU 0COOOTO yIACTKA U HEOOXOAMMbIE yCIOBUS ONTUMAIbHO-
cTH HEOCOOOTO yYaCTKA; KOHCTPYKTHUBHO CTPOSIIEHCs COBOKYITHOCTH
JOCTATOYHBIX YCJIOBUI ONTUMAJILHOCTU I SKCTPEMAJIEH, COIep-
KAIUX KAK HEOCOObIe, TaK W 0COObIE YIACTKY B HACTOSIIEE BPEMS,
MOBUINMOMY, HET.

Ha stom uccireroBanme 3a1a4n 3aKOHIEHO.

Kak ykaspiBasoch B 1. 3aJlaHWe M 3aJa4YM, OTYET 110 IPOBE-
JIEHHOMY WCCJIEJIOBAHUIO COCTOUT U3 CJIEAYIOIINX TTYHKTOB:

1) mocranoBka pemiaeMoii 3agauu u ee dbopmanusanus — 1. 1.6.1,
1.6.2;

2) cBeseHUE DEIEHUd 33Ja49y ONTUMHU3ALMU K PEIIEeHHUIO0 KPaeBoii
dagaunm — 1. 1.6.3 m n. 1.6.4;

3) aHayu3 nosyYeHHON KpaeBoii 3a1a4uu, (POPMUPOBAHUE BHIYKCIIU-
TeJILHON cXeMbl ee pertenns — 1. 1.6.5, 1.6.6, 1.6.7, 1.6.9;

4) onucaHue TOJYYEHHBIX MPU PEIICHUH PE3YJIbTATOB U 000CHOBA-
Hre nx TouyHoctu — 1. 1.6.8, m. 1.6.10.
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1.7. 3amaua Pyssepa

B ornmtume oT mpeapIaymnX MPUMEPOB, B KOTOPBIX YYACTKU OCO-
OBIX yIpPABJIEHUI WMEJIN TIEPBbIN MOPSAI0K, B JAaHHOM IIYHKTE PAC-
cMaTpuBaeTcd 3a0a9a Oynepa — ofHA U3 MPOCTEHINNX 38124, pe-
IIeHUe KOTOPOH COJeP:KUT yYacTOK 0COBOro yIpaBJjieHus BTOPOTO
IOPAAKA U BBIXOJ Ha 3TOT YYIaCTOK OCYHIECTBJIAECTCA IIOCPEICTBOM
JeTTepUHT—peKuMa. Brepsbie mpuMep 3a1a49n, ONTHMAIbHAS TPa-
eKTOpHUS B KOTOPO# COIEPKUT OECKOHEUHOE YUCIO MepeKIIOueHnii,
6wl ipeiokeH B [37]. Tlomo6Hble 3ama4un paccmaTpuBaioTces B [6,
ri. 8, §3; 13, 1. 2, §3, npumep crp. 73].

1.7.1. TloctanoBKa 3aga4u

1
/xth—an, z(0) = 1/2, |3 < 1.
0

1.7.2. ®opmaan3anusa 3aaa49n

1
/ z2dt — inf,
0

-/I.:l = T2,

i‘Q =u,

lul <1,
2(0) = 1/2.

1.7.3. Cucrema HeOOXOOAMMBIX YCJOBUIl OITHU-
MaJIbHOCTH

OCHOBHbIe KOHCprKHI/II/IZ
1
L= / Ldt +1,
0

L= /\0(1'%) +p1(i°1 - 1'2) +p2(i‘2 - u)v
l:= )\11‘1(0),
H :=pizs + pou — )\OCU%-
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Heobxoanmbie ycmoBus ONTHMATBHOCTH:
a) ypaBuenus Jitnepa—Jlarpanzxka (CONpsizKeHHAsI CUCTEMA YPaB-
HEHWI):

p1 = 2Xo71,
D2 = —p1;
6) yCIoBHE ONTHMAJIBHOCTH MO YITPABJICHHIO:
]-7 D2 > 01
U= _15 D2 < 05

Yu € [-1;1], pa =0;
B) YCIOBHUS TPAHCBEPCAIHLHOCTH:
p1(0) = A1, p2(0) =0, pi(1)=0, po(1)=0.

VeioBuit CTAMOHAPHOCTH T) U JIOMOJIHSIONIEH HEXKECTKOCTH 1)
HET, TaK Kak KOHIBI pukcuposanbl (tg = 0, t1 = 1) u B mocranoske
3a/1a9M OTCYTCTBYIOT YCJIOBUS THUIIA “MEHBINE WJIW PABHO.

e) YcaoBue HeOTpUUATENLHOCTH: Ag > 0

k) muoxkurenu Jlarpanxka He Pasubi OgunoBpemenno Hysio
(ycmoene HEPOH);

3) MHOXKUTENHU Jlarpanxka MOTyT ObITh BBHIOPAHBI C TOYHOCTHIO
JI0 TIOJIOYKUTETIHHOTO COMHOMKUTEIS (yCIOBHE HOPDMUPOBKH).

1.7.4. KpaeBas 3a/1aua u ee aHAJIN3

st popMupoBaHUs KPAeBOi 33/1a9d MPUHITAIIA, MAKCUMYyMa He00-
XOIUMO BHIOpPATH YCI0BHE HOpMUPOBKY. [IpoBeseM anaan3 BO3MOXK-
HOCTHU aHOPMAJIbHOTO cirydasd Ao = 0. B stom cayuae p; = 0. Tax
kak pi(l) = 0, To p; = 0 u, caemosarenpuo, A1 = 0, ps = 0.
Tak kak p(0) = p2(1) = 0, To ps = 0. To ecTb BCe MHOKUTETH
Jlarpanzka paBHBI HYJII0, YTO HeIOMyCcTUMO. [lomydennoe mpoTuBo-
pedne 10Ka3bIBAET HEBO3MOKHOCTH AHOPMAJIHHOTO CJIy4asi.

B kavecTBe yCJIOBHsS HODMUPOBKHN UCIIOJIB3yeTcst Ag = 1/2.

Ha ocHOBe mpuHIIUIIA MAKCUMYyMa PEITeHne 33,1a9u ONTUMAJIb-
HOTO yIIPABJIEHUs CBEIEHO K PEIIEeHUI0 KPAeBOU 3a1a4u:

jjl = T2,
jfg =u,
pl =T,
b2 = —P1,
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]-7 p2 > 0;
U= _1; p2 < 0;
Vu € [_1’1]; b2 :0;

21(0) =1/2, p2(0) =0, pi(1) =0, p2(1)=0.

Obpauienne B HoMb GyHKIUU mepekaouenusa po(t) = 0 ua
KAKOM—JIM00 BPEMEHHOM WHTEPBAJIE [T1,Ta] COOTBETCTBYET yUACTKY
ocoboro ympasienus. Ha 3T0M y94acTKe BBIMOJHIETCS CJIEIYOIIAs
UENoYKa PABEHCTB: Tak Kak pa(t) =0, To u po = —p; = 0, oTKysa
crenyer py = 21 = 0, 21 = 29 = 0, ©; = u = 0. Tak Kax mua
MOSIBJIEHNSI yIIpaBJIeHUus Tpebyercs deThipe and pepeHnnpoBaHus
(hbyHKIINM TIEPEKITIOYEH NS, YIACTOK 0COOOTO YIIPABJIEHNST MMEET BTO-
poit (ueTsipe monosam) nopsizok. Ha yuactke ocoboro ynpasJienus
BBINIONTHSAETCS HeoOxomumoe ycmosue Konma—Moitepa ontuMaibHO-
cru ydacTka ocoboro ynpasienus [6, rii. 8, §2, n. 2, yciosue (2.14);
13, rn. 2, §5, m. 4 u §9, m. 3]. Bupoyem, ONTHMAIBLHOCTH yYacTKa
0co00ro ynpaBjIeHusl JIOCTATOYHO O4YeBuaHA ((DYHKIMOHA 334K
B KaXKJIbIii MOMEHT BPEMEHH HA y9acTKe 0COOOTO YNPABJIEHUS MO-
JIy4aeT MUHUMAJIbHOE (HyJIeBOE) IPUPAIIECHUE).

Beneacreue p(1) = 0, p2(1) = 0 sxcrpemans 3amadyl Mo-
JKeT 3aKAHYMBATHCS YYACTKOM OCODOTO YIPABJIEHUs; MOCKOJIbKY
x1(0) = 1/2 # 0 sKcTpeMash 33/a91 He MOYKET HAUNHATHCS y9acT-
KOM 0CODOro yrpaBjieHus. AHAJIUTHYECKOE PEIeHNe SKBUBAJIEHT-
HOIl 3a/a4u npuBeleHO, Hanpumep, B [6, ri. 8, §3]. Drcrpemasnn
3a/1a90d COCTOWT W3 HAYATHLHOIO HEOCOOOr0 W KOHEYHOTO 0COo00ro
Y9IACTKOB, CTHIKYIOIIUXCsS B HEKOTOPOI TIPOMEXKYTOYHOM TOUKE.

O BO3MOXKHBIX CTHIKOBKaX 0COOOTO M HEOCOOOTO yIACTKOB MMe-
ercst ps yTBepXKIeHuit (cM., Hampumep, [13, 1. 8, §2]; Bnepsbie
9TH yTBEpXKaeHus Obin cdopmyaupoBansl B pabore Kelley H. J.,
Kopp R. E. and Moyer H. G. — cMm. siureparypHbiit 0630p B 410601
pabore, IOCBAIIEHHON peKuMaM 0CO60ro yIpaBJIeH s ).

B paccmarpmBaeMOM HaMW CIydae MCIOAB3YETCST CIIEIYIONIee
YTBEPIK ICHUE.

Ecin ygactok 0coboro ynpasJieHUst uMeeT BTOpOIi (1 Jioboit
9eTHbIH) HOPSJAOK H YCJIOBHE ONTHMAJIbHOCTH

o d%
(—1)qam Hy <0
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BBIIIOJIHAETCA B BHJIE€ CTPOIrOro HepaBeHCTBa, TO OH HE MO2KET COIIPA-
raTbCs ¢ HEOCODOIH KyCOYHO-TJIAJKONH TPAEKTOPHEN CHCTeMbI Ju-
epeHIIIAIBHBIX ypABHEHHI KPAEBOI 384490 MPHHIIHIIA MAKCHMY-
Ma TIpA yCJIOBUU, YTO YIIPDABJICHHE PDA3PBIBHO B TOYKE COINPAXKECHHSA
HE0Ccob0ro u 0coboro yIacTKoB.

Tak kak Ha y4yacTke ocoboro ynpasienus u(t) = 0, a Ha HEOCO-
6om yuactke u(t) = =£1, To compsixkeHne 0cob6OTO W HEOCOHOTO
YYACTKOB HE MOYKET ObITh KYCOUHO—HENpepbiBHON (hyHKImel (CThI-
KOBKa, OCYIIECTBJISIETCS TOCPEICTBOM YEeTTEPUHT—DPEKUMA, COIEP-
JKAIIEro OeckoneyHoe IUCI0 NePeKJTI0YeHn B OKPECTHOCTH TOYKU
cTbikOBKH). Ha 0CHOBE MCIIO/Ib3yeMbIX B IPAKTUKYMe MeTo0B (6e3
OpOBEACHUA JOIIOTHUTETbHBIX HCCHeﬂOBaHHﬁ) YUCJIEHHO IIOCTPOUTDH
9KCTPEMAJIb C YETTEPUHT—PEKUMOM He yIaercs. JI10603HaATeIbHBIM
CTyJeHTaM I JTaJbHEHINero 03HAKOMJIEHUsT ¢ TMPOOJIeMOi KpoMe
UUTUPOBAHHOI BBILIE JUTEPATYPbI MOKHO PEKOMEHI0BATDH [23].
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1.8. IIpumep 3aga4yu ONTUMAJIBHOTO YII-
paBJieHUsi, pellleHne KOTOPOoil nNpu He-
KOTOPBIX 3HAYEHUAX MMapaMeTpa o COo-
JEP2KUT YeTTEPUHT—PE2KNMbI

Kak m B ciyuae ¢ ydacTkamMu OCOOOTO yIPABJIEHHS IMEPBOTO IIO-
psIZIKa, TIOCJIe TIPUMEDA, PACCMATPUBAEMOTO AHAJIUTHYIECKH, CIEIy-
eT TpUMep, pelaeMblii yncienHo. B ornane ot 3amaun Pysiepa
(myHKT 1.7) B 3aBUCHMOCTH OT 3HAYEHHUS TTAPAMETPa ( JAHHAS 3a-
Jada uMeer Kak Heocobbie skcrpeManu (g 0 < a < @y ), TaKk u
9KCTPEMAIN € y9acTKaAMH OCOBOr0 YHPABIEHHS BTOPOTO MOPSAKA
(s« > ay ). IlpudeM cTbIKOBKa 0c06GOr0 U HEOCOHOrO yYacTKOB
BO3MOYKHA, JINIIb TTOCPEJICTBOM Y€TTEPUHT—DEKUMA.

1.8.1. IlocTanoBka 3amaun

2
/ Tt inf,
o 1+ az?

% <1,
£(0)=0, z(2)=0, %(2)=0, npmaé€]l0,A]

1.8.2. @opmanusaiusg 3aaa4N

O6oznaunm u := %. Torma umccmemyemas 3aja49a B 00O3HAUECHUSTX
[1, 3] mepenmiieTcst B caeayIOMEM BHIE.
Munumusupyemblit QyHKITHOHAT:

2
By = / Lth — inf .
o 1+ axi

Cucrema qud depeHnmanbHbIX yPABHEHUI:

«’tl = QOl(t,fE,'U/) = T2,
To = pa(t,z,u) = u.

Orpannyenve Ha yIpaBJeHHUe:
ut) €eUW) Vte[0,2, U:=[-1,1] (Jul<1).
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JonoHuTE IbHBIE OTPAHUYEHUS :

Bl = .7,'2(0) = 0,
B2 = .7,'1(2) = 0,
B3 = 1172(2) =0

IMapamerp zanaun « € [0, A].

1.8.3. Cucrema HeOOXOJAWMBIX YCJOBHiII ONTH-
MaJIbHOCTH

OCHOBHbIe KOHCprKHI/II/IZ
2
L= / Ldt +1,
0

Z1 . .
L= /\om +p1($1 - -7;2) +p2($2 - u):

l:= )\1272(0) + )\2271(2) + )\3272(2),
1
H := + —d——.
P12 T p2u 07 +aa:%
Heob6xoaumbie yCI0BUSA ONTAMAIBHOCTH:
a) ypaBuenust Ditnepa—J/larpanxka (conpsizkeHHasi cucreMa ypas-
HeHwuil):
P =Xo(1 - azi)/(1+ azxi)?,
D2 = —p1;

6) yCJ0BHE ONTUMAJILHOCTH 110 YIIPABJIEHHIO:

1, mpu py > 0,
=< —1, npu po < 0,
Vu € [-1,1], upu ps = 0;

B) YCIOBHUS TPAHCBEPCAIHLHOCTH:

p1(0) =0, p1(2) = —As,
PQ(O) = A1, p2(2) = —As.

VesoBuit CTaMOHAPHOCTH T) U JIONOJIHSIOMIEH HEXKEeCTKOCTH 1)
Her, Tak Kak KoHLpbl hukcuposanbl (tg = 0, t1 = 2), U B IOCTAHOBKE
3a/1a9U OTCYTCTBYIOT YCJIOBUS THUIA “MEHBINE WJIW PABHO.
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€) yCJIOBUE HEOTPHULATENbHOCTH: Ag = 0]

k) muoxkurenu Jlarpanwxa He Pasubt OguoBpemenno Hysto
(ycmoene HEPOH);

3) MHOXKuTesU JlarpaHnxka MOryT ObITh BHIODAHBI ¢ TOYHOCTHIO
IO TIOJIOXKUTEIHHOTO COMHOXKUTE s (yCIOBHE HOPMUPOBKH ).

1.8.4. KpaeBag 3amada

s dbopMupoBaHUsS KPAEBOH 334N IPUHIIAIIA, MAKCUMYMa HE00-
XOJMMO BBIOPATH ycjioBre HOpMuUpoBKu. IIpoBeiem ananmns BO3MOK-
HocTu anopmasibHoro ciaydas Ag = 0. Ilpu Ay = 0 p; = 0, 70
ecrb p; = const. Tak xkak p1(0) = 0, To p; = 0 u u3 BTOPOrO
COTIPSI?KEHHOTO ypaBHeHus cienyer py = 0, po = const. Cayuaii
p2 = const = 0 MPUBOAUT K PABEHCTBY HYJIO BCEX MHOXKHUTEJEH
Jlarpanka, 9TO MPOTUBOPEYUT YCJIOBUSAM IMPUHIUNA MAKCUMYMA;
ciaydait py = const # 0 IPUBOAUT K MPOTHBOPEYHUIO C KPAEBBIMHU
yenosusMu: u = const = +£1, 22(2) — 25(0) = f02 udt = £2 # 0.
Suagutr A\ > 0.

B kauecTBe yCIOBUS HOPDMHWPOBKHM BBIOMPAETCS BEJIMYNHA
Ao = 1. B sroM cirydae perreHne pacCMaTpUBAEMON 330a9U OMITH-
MaJIbHOTO YTIPABJIEHNUS HA, OCHOBE TIPWHITUTIA, MAKCUMyMa CBOJIMTCS
K PElIeHnIO CaeyIolIeil KpaeBol 3aJa4n:

:tl = QOl(t,fE,U) = T2,
Lo = pa(t, z,u) = u,

. 2|; 1.51
pi=(-ar)/(1+aat2, €02 (15D
D2 = —p1,
1’ HpH p2 > 07
u=1< —1, npu pg < 0, (1.52)
Yu € [-1;1], mnpmu py = 0;

1 0, Iy (2) = 0,
22(0) =0, 22(2) =0.
1.8.5. YyacTtku 0cob60ro ympaBIeHUSA

OyHKIMSA TEPEeKTIOYeHNsT YIPABICHUS COBNamaeT ¢ QyHKIHeH
p2(t). Yuactok [19,71] Oyaer ocoObiM, eciv Ha HeM (YHKIHS Tie-
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PEKTIOUeHnsA 00PaIIAeTCa B HOJIb:
pg(t) =0 Vt € [T(],Tl].

Tak kak Gyukuus ps(t) Ha orpeske [To, 7] paBHA HYJIO, TO U BCE
€e CYIIECTBYIOIINE MPON3BOIHBIE B CHIIY CUCTEMBI T depeHIIna b
HBIX YPaBHEHWIl TakyKe OyayT HyJEeBbIMU Ha OTpe3Ke [To, T1]:

p2=-p =0,

po = —p1 = —(1 —az})/(1+ az})* = 0,
z1 = £/1/q,

jfl =Ty = 0,

.’tQ = Ups — 0.

Bropoe u TpeThe ypaBHEHUST CHCTEMbBI 9KBUBAJEHTHBI; TPETHE YCJIO-
BUe TIPUBEIEHO JJIs YIPOIIEHNsT CUCTEMBI 3AMNCH TOCIEIHUX TBYX
COOTHOIIIEHNH; TTOCIIeHee YCIOBUE TIO3BOJISIET OTPE/IETUTh BEJIHN-
HY yIpaBJieHus HA 0COO0M ydacTke. Tak Kak /1 SBHOTO MOSBJICHUS
yIpaBJjieHus Tpedyercs derbipe auddepeHnpoBannss GyHKIUN Te-
PEKJII0YeHUs], YIACTOK 0CODOr0 yIpaBJeHus uMeeT BTOPOii (derbi-
pe nonoyiam) mopsgok. Kak u B 3azade @ysuiepa, ONTUMAILHOCTD
y4acTKa 0CODOOTr0 yIPABJIEHNS JOCTATOYHO OUYEBHIHA: MUHUMUBUPY-
eMbIit QYHKIIMOHAJ 33/1a91 B KAXK/IBIi MOMEHT BPEMEHU Ha, yIaCTKe
0co60oro ynpasjieHus I0Jy4aeT MUHUMAJIbHOE (HyJIeBOe) [pUpAaliie-
nre. Ha ygacTke 0coO0Oro ynpaBjeHnsi BBIIOJHAECTCS HEOOXOIUMOE
ycenospue Komma—Moiiepa onTMaIbHOCTH YIaCTKA 0COOOTO YIIPaB-
JieHus (3TO yCJIOBHUE HE BBHIMHUCHIBAETCS ABHO TOIBKO M3—3a €r0 TPO-
MO3JIKOCTH )

£d4p2(t)

Ou dtt
IIpuuem ycI0BHE BHINOIHIETCSA B yCUIEHHOH (hopme (TO ecTh CTosi-
1iasi B JIEBON 4aCTH NPOU3BOJHAS CTPOrO MEHbIIE HYJIs).

Kak u B 3agage @ymaepa, COrIaCHO YCIOBUIO CTHIKOBKH OCO00-
ro u neocoboro yyacrkos (cm. 1. 1.7.4), Tak Kak wu,s = 0 # =*1,
TaKasi CTHIKOBKA HE MOYKET OCYIIECTBUTHCS MOCPEICTBOM KYCOYHO—
HEMPEPBIBHOTO YTIPABJIAIOIIEr0 BO3JAEHCTBUs (OCYIIECTBISETCS O~
CPEJICTBOM YETTEPUHT—DPEXKUMA). B CHujly KpaeBbIX YCIOBHH 3IKC-
TpEMAJIb 33/1a91 MOKET HAYMHATHCsI, HO HE MOXKeT 3aKAHIUBATHCS
y9acTKOM 0coboro ympasienus. [loaToMy B JaHHOM IpUMeEpe pe-
IMIAETCS MOABKO 33124, OTIPEJIeIEHUsT HEOCODBIX IKCTPEMAJIEi.

<0.
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1.8.6. AnajauTu4deckoe pemienne 3agadu npu o = 0

IIpn a = 0 paccmarpuBaemas 3aJada ONTUMATLHOTO yIPABJICHUS
3HAYUTENHHO YTIPOIIAETCs U TIOTHOCTHIO COBMAAET C 33/1a4eil, ana-
JUTHYECKH perraeMoit B 1. 1.6.6.

1.8.7. BeiuucaurejbHass CXeMa TIOCTPOEHUS He-
0Cco0OBIX 3KCTpeMaJIei

Kak m B n. 1.6.8 anmaquTmyeckoe perieHwe KpPaeBOH 3aJadu TIpH
a = (0 mo3BosIfeT MPEANOIOKUTH, YTO B HEKOTOPOM [HATa30HE
3HAYEHUI MapaMerpa ( pelleHne KpaeBoil 3a/1a4u He TpedyeT ydue-
TA BO3MOXKHOCTH CYIIIECTBOBAHUS HA IKCTPEMAJIU yIACTKOB 0COO0OTO
yIpaBJIEHUS.

Cdopmupyem “00bIaHyI0” CcxeMy MeTOHA CTPEIhObI pPereHust
Kpaesoii 3a1a4un. st onpeesierns BceX HEOOXOIUMBIX ISl Perrie-
Hust 3aga4un Ko yemosuit pu ¢ = 0 HeoOXOAMMO 330aTh 1B, MMa-
pamerpa: 1 = x1(0) u B2 = p2(0). ru nBa napamerpa u obpasy-
10T BEKTOD mapaMerpoB mpuctpesku. B pesyibrare pemrenus 3ama-
an Komm gansg cucremsl auddepeHnuaabHbIX YpaBHEHNH KPaeBoit
sazaun (1.51) npu BLIOOPE BETMYUHBI YIIPABJICHUS U3 yCJIOBUs OM-
rumanbaocTH (1.52) or t =0 10 t = 2 onpenesseTcs TPACKTOPHUs,
COOTBETCTBYIOIIAs BEIOPAHHOMY BEKTOPY IMapPaAMETPOB MPUCTPEJIKH.
Ycnosust obpaenust B HOb 3uadenuit 1(2)[01, f2], x2(2)[f1, B2]
OTIPEIEJISAIOT /IB€ KOMIIOHEHTHI BEKTOP—(DYHKINY HEBA30K X (3)

IIpoBenennniit B m. 1.6.6 anam3 mO3BOJIsIET OMPEAE/IATH Be-
JIMYWHBI TTAPAMETPOB NPUCTPEJKH Ha 3IKcTpemanu mnpu « = (:

31(0) = -1, 32(0) = 1/2-

1.8.8. Pe3yabTaTh!

MeTom MpoAO/KeHUsT PEIEHHs TI0 MAPAMETPY MO3BOJIAET MOCTPO-
UTHh CEMENCTBO 3KCTpemMaseir mpu a < as, as = 3. Habop ma-
pPaMeTPOB TIPUCTPEJIKH, TO3BOJISIONINX BOCCTAHOBUTH TPAEKTOPUU
UHTEIPUPOBAHUEM, U MOMEHTBI IEPEKJIIOUEHU sl IPEICTABIEHBI B Ta-
Oanre 1.15.

DQynkuyn 1 (t), z2(t) npn Beex a < a1 & 1.24 B T09HOCTH COB-
nazgaioT ¢ dyuxkuuamu z1(t), z2(t) npu a = 0 (1.50), (1.49); bysk-
wun pi(t), p2(t) mpu pasauUHBIX @ < @ PA3IUYAIOTCS, HO TOYKU
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nepekJrouenus copnagaior: upu t = 1 pa(1) = 0. Ilpu a; < a < as
HA TPAEKTOPHUHU MMEETCs IBE TOUKH MEPEKTI0UEHUS.

B nannowm ciydae mpu OIEeHKE TOYHOCTH PEINIeHus] KPaeBoil 3a-
Jla9¥ CJIeyeT ydYecTb, 4TO NpPU 3aJaHHOM (HEOCOOOM) ylpasJe-
Huu QYHKUUA To(l) sBIAETCS HENPEPBIBHON KyCOYHO—IMHEHHOIA,
a dynkuusa x1(t) — nenpepbiBHO—aubdEpeHIUPYEMORl KYCOUHO—
KBaJIPATUYHOIA.

Hawnbosee mpocTo 3TO CBOWCTBO yUNUTHIBAETCS MPU OIEHKE TOY-
HOCTH 3KCTpeMaJieil ¢ O/THOM TOUKOi mepekaouenns. B aToM caydae
MOMeHT Tiepekitodennst t = 1, u dyukumn x1(t), x2(t) BbrUnCI-
IOTCsl AHAJIUTUYECKH U3 MPEINONOXKEHUS O HAJIWYUNA OJHOW TOYKH
mepekiodeHus. [l OeHKN TOYHOCTU BBIYUCJIEHUsI IKCTPEMAJIei
HE0OX0UMO 0BOCHOBATH TOYHOCTH BbluucieHus GyHkumil pq(t),
p2(t), Tounee To, 9yTo GyHKIMA P2 (t) HE MOXKET UMETh JAPYTUX HYy-
JIeii.

ITpn n3pectHoil dyukmn z1(t) (1.50) pemenne 3amaun Komm
st byHKmE Py (t) CBOAMTCs K MHTErPUPOBAHKIO U3BECTHOM (DYHK-
uuu Bpemenu. Ouenka riobanbHoi omubku py () npu 3TOM CBOAUT-
Cs K CJIO?KEHUIO OIEHOK JIOKAJIBHBIX OIUOOK, a OIEHKA TJI00aIbHON
HOTPENTHOCTH Po(t) CBOAUTCA K CJOXKEHUIO JIOKAIBHBIX OMUOOK WH-
TErpUpPOBAHUS W MHTErpaJja OT OLEHKHU TJI00AJbHON omubKu p (t).
st obocHoBanusi orcyrcTBus Apyrux (kpome t = 1) MOMEHTOB
obpaienus B HOJIb (DYHKUUM Po(t) IPOBOAUTCS MHTErPUPOBAHUE
zagagn Ko st COnpsizkeHHbIX IEPEMEHHbBIX U ITPOBEPSIETCS, ITO
MOJIYJIb BBLIUYUCIEHHOTO TAKAM OOpa30M 3Ha4YEHUs po(t) mMpeBoCcxo-
JIUT BBIYUCJIEHHOE 3HAYUEHUE TJI00AJIHHON TIOTPEITHOCTH.

ITpumeuanme. Ha Bcex mpuBemenubix B Tabmume 1.15 sxkcTpe-
MaJIgX ¢ OJJHOM TOYKOM MEPEKJII0OUYEHN 3TA MPOBEPKA OKA3aJ1aCh I10-
JIO?KATETbHOM.

O6ocHOBaHVE TOYHOCTH BBIYUCIEHUS IKCTPEMATIEH € IBYMsI TOY-
KAMU [EePEeKJII0YeHUs] HECKOJIbKO (HO HE3HAYUTEIHHO) CJOXKHEE.

PesyabTaThl YHCIEHHOTO 9KCTIeprMenTa — perrienne 3a1a4dn Ko-
A TPU @ = 2 W COOTBETCTBYIOIIWX 3TOMY (@ TapaMeTpax MpH-
crpesiku (cTpoka 23 Tabs. 1.15) ajist 9eThipex pa3JIudHbIX ONPAHU-
YeHuil JIOKAJbHON MOrPEIHOCTH puBeaeHbl B Tab. 1.16.

B cBsasu ¢ npocrtoToit nuddepeHnnanbHbIX YpaBHEHTH 11 21 ,
ZTo WCIOIb3YyEeMbIHl YUCIEHHBIH METOI MOT Obl MX HTPOWHTETrPUPO-
BaTh HA yYaCTKe MOCTOSIHHOTO YIPABJIEHUS JIFO00H JIJIUHBI 33 OJWH
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mar (MeroJ 4106020 NOPsiJKA BbILE TPETHErO B JIAHHOM CJIy4ae TO-
YeH Ha y9acTKAX MOCTOSHHOTO yNPABJIEHW). YBEJIWYEHUE UYUCIIA
IIIaroB MTPUBOJUT K YXYIIIEHUIO TOYHOCTHU pernenns 3agaun Kormm
JUIST 3TUX TEPEMEHHBIX 33 CYET HAKOILIEHUS OMUOOK OKPYTJIEHUS.
VTouHeHne 3HAYEHUH ITUX IEPEMEHHBIX B TAOUIE MPOUCXOIUT 34
cder Oojiee TOYHOTO OIpEIe/IeHNsI MOMEHTOB mepekodenus. Ecin
ObI MOMEHTBI TIEPEKJIIOYEHNS ONPEIEISAINCH TOUHO (HATTPUMED, CIIy-
4aiiHO) TO MpPU MeHee CTPOroii OIEHKE JIOKAILHOI TIOTPEITHOCTH |,
CJIeIOBATETbHO, TIPU MEHBINIEM YHCJIE MPOMEXKYTOYHBIX 1ITarOB 3Ha-
YeHHUs X1, To OMPEIETIsIACH Obl TOUHEE, UeM IPHU OoJiee KEeCTKUX
OTPAHUYEHUSIX JIOKAJTHHON MOTPEIIHOCTH W OOBIIEM UHCTE TPO-
MEXKYTOUYHBIX 1AroB (T0 mosicHsgieT GOJIBIIYI0 TOYHOCTDL OIPEJIe-
JeHns (a30BLIX TEPEMEHHEIX TIPH 00 = 1078 mo cpasmenmio ¢
Jnox = 1078 B Tabm. 1.16).

Ta6smua 1.15. HeocoGbie sxcTpemann 3aaa<u (1, t2 — TOUKHE IEPEKIIOde-
HUS).

| a] fL=21(0) | B2 = p2(0) | t | ty |
0.0 -1.0 0.50000000 — 1.0
0.1 -1.0 0.38913131 — 1.0
0.2 -1.0 0.30467303 — 1.0
0.3 -1.0 0.23909031 — 1.0
0.4 -1.0 0.18734104 — 1.0
0.5 -1.0 0.14594825 — 1.0
0.6 -1.0 0.11245206 — 1.0
0.7 -1.0 | 8.5073163-102 — 1.0
0.8 -1.0 | 6.2499486 - 102 — 1.0
0.9 -1.0 | 4.3746924 - 1072 — 1.0
0.1 -1.0 2.8066163 - 102 - 1.0
1.1 -1.0 1.4878951 - 102 — 1.0
1.2 -1.0 3.7336296- 103 - 1.0
1.237 -1.0 | 5.3497672-107° — 1.0
1.244 | -0.99676383 | —6.1794768- 1078 | 0.001618 | 1.001618
1.3 | -0.96978484 | —5.1437518-107% | 0.015108 | 1.015108
1.4 | -0.92611021 | —2.8321611-10~% | 0.036945 | 1.036945
1.5 | -0.88726227 | —6.0607481-10~5 | 0.056369 | 1.056369
1.6 | -0.85239051 | —9.5258049-10~® | 0.073805 | 1.073805
1.7 | -0.82084764 | —1.2817164-10~* | 0.089576 | 1.089576
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Ta6muma 1.15. IIpomonkenmue.

| a| fi=21(0) | B2 = p2(0) | t ] 12
1.8 | -0.79212914 | —1.5685971-10~* | 0.103935 | 1.103935
1.9 | -0.76583400 | —1.7984664-10~4 | 0.117083 | 1.117083
2.0 | -0.74163827 | —1.9630551-10~* | 0.129181 | 1.129181
2.1 | -0.71927659 | —2.0583026- 10~* | 0.140362 | 1.140362
2.2 | -0.69852902 | —2.0828956-10~* | 0.150735 | 1.150735
2.3 | -0.67921130 | —2.0373117-10* | 0.160394 | 1.160394
2.4 | -0.66116767 | —1.9231852-10* | 0.169416 | 1.169416
2.5 | -0.64426533 | —1.7428805- 10~ | 0.177867 | 1.177867
2.6 | -0.62839027 | —1.4992027-10~* | 0.185805 | 1.185805
2.7 | -0.61344389 | —1.1952013-10~* | 0.193278 | 1.193278
2.8 | -0.59934042 | —8.3403592- 10~ | 0.200330 | 1.200330
2.9 | -0.58600486 | —4.1888547-107° | 0.206998 | 1.206998

2.97 | -0.57709123 | —9.7842123-107% | 0.211454 | 1.211454

Tabauna 1.16. Dxcrpemans 3agaun mpu o = 2 (21(0) = —

0.741638271,

—1.96305513 - 10~4, H(0) = 0.353348196580): pemenue 3amauu mpu

6.]'[0}( - 1078
6.]'[0}( =10"12

p2(0) =
Pa3IUIHON TOYHOCTH HA IIaTe.

6.]’IOK =10"°
Onox = 10710

t1 0.129180864763
0.129180864762

z1(t1) | -0.749982118911
-0.749982118910

zo(t) | -0.129180864764
-0.129180864762

() | —3.14694614902
—.314694614896

po(ty) | —1.18779784541
—1.86198011680

H(ty) 0.353348196580
0.353348196580

x1(0.5) | -0.729131439943
-0.729131439941

22(0.5) | 0.241638270472
0.241638270477

-10°?
-10°?
107
-1071

0.129180862946
0.129180864765
-0.749982118676
-0.749982118911
-0.129180862946
-0.129180864765

—3.14694609872 -
—3.14694614906 -

—5.73219556171
—6.93980657387
0.353348196569
0.353348196580
-0.729131438595
-0.729131439944
0.241638274108
0.241638270469

103
103
.10712
L1071
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Tabmuma 1.16. ITpomgomxenne.

Onox = 1078
6J10K =10"1°

dnox = 1078
6J’[0K =102

p1(0.5)
p2(0.5)
H(0.5)
21(1.0)
5(1.0)
p1(1.0)
p2(1.0)

H(1.0)

—1.36013346089 - 102
—1.36013346088 - 102
3.24765384653 - 103
3.24765384650 - 103
0.353348196580
0.353348196580
-0.483312304706
-0.483312304703
0.741638270472
0.741638270477
2.45840332736 - 102
2.45840332566 - 102
5.70026739359 - 103
5.70026736561 - 103
0.353348196621
0.353348196580
1.129180865757
1.129180865374
-0.379162982809
-0.379162983138
0.870819136230
0.870819135852
6.75907746909 - 10~>
6.75907745104 - 102
2.70753127436 - 10~16
6.30083241849 - 1017
0.353348196621
0.353348196580
-0.124999999791
-0.125000000069
0.500000001987
0.500000001226
0.328593661033
0.328593660661
—6.78392449017 - 102

—1.36013344608 - 102
—1.36013346091 - 102
3.24765382867 - 103
3.24765384654 - 103
0.353348196569
0.353348196580
-0.483312301541
-0.483312304709
0.741638274108
0.741638270469
2.45840345907 - 102
2.45840332538 - 102
5.70026705929 - 103
5.70026736623 - 103
0.353348196570
0.353348196580
1.129180857603
1.129180865389
-0.379162986275
-0.379162983133
0.870819131711
0.870819135858
6.75907732717- 107>
6.75907745122- 102
4.10503117939- 10~1°
1.11363515035- 1013
0.353348196570
0.353348196580
-0.125000000855
-0.125000000068
0.499999989313
0.500000001247
0.328593663832
0.328593660654
—6.78392461765 - 102

113



Tabmuma 1.16. ITpomgomxenne.

Onox = 1076 Onox = 1078
Snox = 10710 Jnox = 10712
—6.78392445718- 102 | —6.78392445685 - 102
H(1.5) | 0.353348197093 0.353348196572
0.353348196580 0.353348196580
21(2.0) | 1.20254531497-10~* —6.19822253675- 102
5.44720408029 - 1010 5.55608989561 - 1010
72(2.0) | 1.98678920554 - 10* —1.06865705029- 108
1.22645992753 - 10~ 1.24748727374- 1077
p1(2.0) | 0.819481956970 0.819481959256
0.819481956645 0.819481956639
p2(2.0) | -0.353348196747 -0.353348199127
-0.353348196120 -0.353348196113
H(2.0) | 0.353348197172 0.353348196567
0.353348196580 0.353348196580

I[Ipn a > o TOCTPOWTH perieHre KPaeBoOil 3aaYu TPUHIINIIA,
MaKCHMyMa He y/IaeTCs W3—3a OTCYTCTBUS CXOAMMOCTHU, CBSI3AHHOMN
C WCIOJIH30BAHUEM KJIACCHYECKOH BBIYUCIUTEIHHON CXEMbl METO-
J1a CTPesbObl, HEOOXOAMMOCTHIO yUEeTa TOABJIEHUsS] HA IKCTPEMAJHN
YyUaCTKa 0COOOr0 yIpaBjeHus (IKCTpEMajb HAYMHACTCS yIaCTKOM
0co00ro yImpaBJIeHus), CTHIKYIONIErocs ¢ HEOCOObIM YYacTKOM TO-
CPEJICTBOM YETTEPUHI—PEKRUMA (PEKUMA ¢ OECKOHEUHBIM YHCIIOM
TOYEK MEPEKJIIOYEHHsI B OKPECTHOCTU TOYKHU CTHIKOBKH).

To, uTo pu @ > (2 TOCTPOUTH PellIeHrEe KPAEBOH 381249 IPUH-
[{I1a MAKCUMyMa He y/aJ0Ch HE O3HAYAET, YTO TAKOEe MOCTPOEHUE
HEBO3MOXKHO. JI7I51 IOCTpOeHNst SKCTpemaseil ¢ Tpems n 6ojiee TO4-
KAMU MTEPEKII0UEHNST HEOOXOIUMO YIeCTh Cienud UKy 33291 U BbI-
6parhb ApYryio (He KJIACCUYECKYI0) BBIYUCIUTEbHYIO CXeMYy METO/IA
crpesibObl. (Bor uro B nonobuom ciryuae nanucano y P. I1. @enopen-
KO [35, c. 313]: “... mo YuCAEHHBIM pe3yJbTaTaM yraJaHa CTPYKTypa
PEIIeH s, MOCIe Jero y»e 00Jiee TOUYHBIMUA PACIETAMU HAXOIUTCS
TPAEKTOPUS, UMEIOIIAsl JAHHYIO CTPYKTYPY”).

Ha sTom uccienoBanne 3a/1a9m 3aKOHIEHO.

ObocHoBaHWE ONTUMAJBHOCTH TOJIYYEHHBIX 3IKCTPEMaJieil He
npoBeseHo. JIf0O03HATEbHBIM —CTYAEHTAM [Uis  JIAJIbHEHIIero
O3HAKOMJIEHUsI C TIPOOJEMON MOYKHO PEKOMEHJI0BATH PAbOTHI
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H. II. Ocmonosckoro n M. 1. 3ennkuna [25].

Kak ykaspiBasioch B 1. 3aJlaHMe W 3a7a49d, OTUYET 10 TPOBE-
JEHHOMY WCCJIEJIOBAHUIO COCTOUT U3 CJIEAYIOIINX MTYHKTOB:
1) mocranoBka pemiaemoii 3agauu u ee dbopmanusanus — 1. 1.8.1,
1.8.2;
2) cBeseHUE DEIlEHUs 33Ja4y ONTUMHU3ALMU K PEIIEeHHUI0 KPaeBoii
dajgaunm — 1. 1.8.3 m m. 1.8.4;
3) aHa/u3 MOJIyYeHHON KpaeBoii 3a1a4uu, (POPMUPOBAHUE BHIYUCIIA-
TeJILHON cxeMbl ee perennsa — 1. 1.8.5, 1.8.6, 1.8.7;
4) onucaHue I0JIyYEHHBIX [IPU PELIEHUU PE3YJIbTATOB U 000CHOBA-
HHe WX TOYHOCTHU B NpocTeiimeM ciydae — m. 1.8.8.
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T'1asa 2.

TeopeTnvueckne OCHOBBI YNCJIEHHOTO
periieHnd 3a/a4 ONTUMAJIbHOTO
yIIpaBJI€eHUS

2.1. ¥YciaoBug OnTUMAaJILHOCTH

B macrositiiem nocobun Bce paccMaTpUBAEMbIE 33491 ONITUMUBAIINA
dopMaTU3y0TCa KaK 33,194 ONTUMAJIBHOTO yrpaBienus. Permenne
331249 ONTUMAJIHLHOTO yIPABJIEHNUS HA OCHOBE MPUHIUIIA MAKCHMY-
ma JI.C. TIoHTpsiruHA CBOAUTCS K PEIICHUIO KPAEBBIX 3aad IJIs
cucTeM 0OBIKHOBEHHBIX JubhepeHINaAIbHBIX ypaBHEHUH (KPAEBBIX
3a/1a4 IPUHLIMNA MakcuMmyMa). B ciyuasix, ecim ucxonHas 3a1ada
ONITUMU3AIINHY ABIAeTCs 3a1a4€eil JIarpaHka Ui OTHOCUTCS K KJ1ac-
Cy 337189 KJIACCHYIECKOTO BAPUAIMOHHOTO UCIUCIECHNS, KpaeBasi 3a-
Jlava TPUHITAIE, MAKCUMYyMa MOYKET ObITH MOJIyYeHa HAa OCHOBE CO-
OTBETCTBYIOIIEH CUCTEMbI HEOOXOAUMBIX YCIOBHI OMTUMAILHOCTH
(na ocuose mpuHIMNa Jlarpanxka g 3a7a4du Jlarpamka, ypaBHe-
Hus ditnepa—Jlarpanxka u ycioBuit TpaHCBEPCATBHOCTH IS 331491
Bosbuia u .11.).

KnaccuyeckoMy BapuanmOHHOMY UCYHUCIEHHUIO W ONTHMATLHO-
My YIPABJIEHUIO MOCBAIIEHO MHOXKECTBO MOHOTPad Uil U yIeOHUKOB.
OTmeTuTh uX BCe, TeM 00JIee B METOANIECKOM TIOCOOUH 10 UNCTIEH-
HBIM METOJaM, HEBO3MOXKHO. [103TOMY OrpaHUYINMCS TOJBLKO TpeMs
OCHOBHBIMHU CChLIKaMu HA Monorpaduu [3, 10, 34]: monorpadus [10]
BO MHOTOM TOJBOJIUT UTOT' PA3BUTHS KJIACCHYECKON TEOPUU BApUA-
UMOHHOIO ucuucsienus; Mmonorpadus [34] Ha gecsiTuieTus onpeje-
JINJIa Pa3BUTHE TEOPUH ONTUMAJILHOIO yTpaBJIeHus; MOHOTpadus
[3] chopmmpoBana MeTonHUECKHiT TTOAXO/] PACCMOTPEHHS 33,144 OTI-
TUMU3ALNN HA OCHOBE (DYHKIIMOHAJIBHOTO AHAJIN3A, YIKE JOJITHE TO-
bl OHA SABJISIETCST OCHOBHBIM y4eOHMKOM 10 Kypcy “Kmaccmaeckoe
BAPHUANMOHHOE HCYUCTIEHNE W ONTUMAJIBHOE YIIPABIEHUE” , TUTAEMOM
HA MEXaHUKO—-MATEMaTHYeCKOM (DaKyJbTere.
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B mocobun paccMaTpuBAiOTCS TOMBKO “KJIACCHIECKHE’ 3aIa9h
OTNITUMAJILHOTO YTIPABJIEHUS; HE YAAJ0CH (TI0KA) PACCMOTPETh 3a-
JIa9¥ C TIPOMEKYTOYHBIME YCJIOBUSMU, CMEIIAHHBIMU U (DA30BBIMU
OrpaHUYECHUSIMU. 3aTO B TIOCOOUH YIAJI0Ch PACCMOTPETh 1 YaCTUIHO
PEIUTDL HECKOIBKO 33149, IKCTPEMAN B KOTOPBIX COJEPKAT YIACT-
KH 0COOOTO yIIPABJIEHUSI.

Kpome Toro, ciemyer OTMETHTH, YTO B TEOPETHYECKONW YacTu
U TP pelleHny TpUMepoB (IM0Ka) He YUYTEHBI PE3yJIbTaThl PabOTHI
M. U. 3ennknna [25] (kpurepnii, garormii HeOOGXOANMBIE U TOCTa-
TOYHBIE YCJIOBHs ONTUMATBHOCTH B 3aJa49€ ONTHMAJIBHOTO YIIPaB-
JIEHUs C PA3/eJeHHbIME YCJIOBUSAME /ISl KOHLOB).

2.1.1. T'naagkue 3amadm

B rmagkux 3amadax, Iocie NOCTPOCHHS PEHICHAS KPACBOH 331441,
YJIAeTCA MPOBECTH JOIOMHATENBHOE, OCHOBAHHOE HA AHAH3E BTO-
poii Bapuanum, uCCAeI0BaHAE ONITUMAIBHOCTH IOy Y€HHBIX SKCTPe-
masteii. Crenyst [3], KpaTko ommineM ycJoBHsi BTOPOTO TIOPSIIKA B
o01eM ciydae Jjis TIQIKUX 33,189 B 0aHAXOBBIX MPOCTPAHCTBAX.

B [3, . 3.2] rmaakue 3aa9u B 6aHAXOBBIX IPOCTPAHCTBAX PAC-
CMATPUBAIOTCA B ABYX BHIAX. BO-TEPBBIX, 3TO IMIaJKas 3a1a4a ¢
OIPAHNYCHUAME THIIA, PABEHCTB:

fo(z) — min, F(z)=0. (2.1)

BO*BToprX, 9TO TJIaJKad 3aJavda C OTPaHUYCHUAMU TUIIa PABEHCTB
1 HEPaBEHCTB!:

fo@) 5 min,  F(z)=0, fi(2)<0, i=Tm. (22

TlepBbiit cityuaii ABASETCA YACTHBIM CJIy9aeM BTOPOrO U €ro MCCe-
JIOBAHUE TPOIIIE.

B paccmarpuBaembix 3amadax X m Y — 6aHAXOBBI MPOCTPAH-
crBa, f; — rnagkue ¢dpyuknun Ha X, F' — roaakoe oTrobpakenune
u3 X B Y. Tpebyercs naiitu 37emenT x OAHAXOBA MPOCTPAHCTBA
X, ynosnerBopsitonnii orpanndenno F(z) = 0 B 3amade (2.1) niam
orpanmdenusM F(z) =0, fi(x) < 0 i = 1,m B 3azaue (2.2), go-
CTABJIAIONINN MUHUMATHHOE 3HAY€HINE MUHUMU3UPYEMOMY by HKIIH-
onany fo(z) (uenesoii dbyuximm).
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Omnpenenenne. Oyukumeit Jlarpamxka paccMarpuBaeMbix 3a-
J1a49 Ha3bIBaeTCss DYHKIUS

‘C('%ay*axa AU) = Z/\Zfz(x) + <y*,F($)),

rme A= (A,...,A\m) € R™*, N € R, y* € Y* — muoxkurenu Jla-
rpanzxa. 3ameruM, 4ro B 3axaqe (2.1) cymma B dyukuuu Jlarpanzka
COCTOUT M3 OJHOIO CJIAraeMoro Ao fo(z).

Teopema 1 (neobxodumvie ycarosus 6mopozo nopsdka 6 3adaye
(2.1)) [3, m. 3.4.1].

Ilycrs X w Y 6awmaxosl npocrpanctBa, U — OTKpBITOE MHO-
kectBO B X, ¢pyukmus fo : U — R u orobpaxkenne F : U — Y
crporo guggepenmupyemsr B Touke T € U u uMeroT B 3TOH TOYKe
2 BTOpyIo npousBogayio Pperre.

Ecin T gocrapisier JIOKaJAbHbIH MHHUMYM (DYHKIHOHAIY fo B
3agade (2.1) m ecin F' perysasipHo B Touke & (T.e. Im F'(&) =Y ),
TO CyIIEeCTBYeT MHOXKHTENb Jlarpamxka y* € Y™ takoii, 9410 A
dyurnun Jlarpamxka

L(z,y",1) = fo(z) + (y", F())
BBITTOTHSIIOTCST YCJIOBUS:
Lo(2,5%,1) =0
Loo(2,9%, )[h,B] >0  Vh € Ker F'(2),

e Ly, Lyz 0003HAYAIOT COOTBETCTBEHHO MEPBYIO U BTOPYIO MPO-
uzpoanbie @Ppeme yaknun Jlarpanxa L.

ITpumeuanue. IlepBoe ycmoBue B Teopeme 1 sBisieTcss HEOOXO-
JIUMBIM YCJIOBHEM ONTUMAJHHOCTH W HA3BIBAETCS MPUHIMIOM Jla-
rpanxa juid 3anaau (2.1).

Teopema 2 (docmamounsie ycarosus 6mopozo nopsdka 6 3adaye
(2.1)) [3, m. 3.4.1].

IlycTh BBITOJHEHDI YCJIOBHS IPEALIAYIIEH T€OPEMBI H, KPOME TO-
1o, J/Is1 HEKOTOpOoro « > () BBIMOJIHEHO HEPABEHCTBO

Loz(2,9%,1)[h, h] > al|h|? Vh € Ker F'(%).
Torga & ecth TOYKA JIOKAJILHOTO MHHHMYMA B 3ajade (2.1).
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Teopema 3 (neobxodumvie ycarosus 6mopozo nopsdka 6 3adaye
(2.2)) [3, m. 3.4.2].

Ilycrs X m Y 6amaxoBsl npocrpanctBa, U — OTKpBITOE MHO-
kectBo B X , ¢pyaknun f; : U — R wu orobpaxkenne F : U — Y
crporo gu¢gepenmupyempl B Touke & € U, umeror B 310 TO4Ke T
Bropyio npoussoanyto ®pente u, kpome toro, fi(#) =0 i=1,m.

Ecin & mocraBisier JOKaIbHbIT MUHAMYM B 3a1a4e (2.2) u ecan
F perynsipro B Touke & (T.e. Im F'(&) =Y ), To:

a) mHOKectBO D muoxkureneii Jlarpamxka (y*, X, Xo), y* € Y,
X = {M,. s A} € R™, X makmx, uro A\; > 0 i = 0,m,
Yimo i =1,

'C.t('%’y*axa A0) =0

SIBJISIETCS HEITYCTHIM BBIITYKJIBIM KOMIIAKTOM B Y * X R™* X R;
6) mst Jir06oro hg, JiexKaiero B HoANpPOCTPAHCTBE

L ={n[{fi(&),h) =0, i >0, F'()[h] = 0}
HaHIyTCs Takme MHOXKHTe n Jlarpamxka
{y"(ho), X(ho), Ao (ho)} € D,

qTo

Loa(2,9*(ho)s X(ho), Ao (o)) [hos ho] = 0
rae
£($,y*,x, A0) = ZAzfz(m) + <y*,F($))

Teopema 4 (docmamounsie ycrosus 6mopozo nopsdka 6 3adaye
(2.2)) [3, m. 3.4.3].

Ilycrs X m Y 6awmaxoBsl npocrpanctBa, U — OTKpBITOE MHO-
kectBO B X, ¢pyuknuu f; : U — R u orobpaxkenne F : U — Y
crporo gu¢gepenmupyembl B Touke & € U, uMeror B 310 TOUKe T
Bropyio npoussoanyto ®pente u, kpome toro, fi(#) =0 i=1,m.

Ipeanonoxmm, 9TO CymecTBYIOT MHOXHTEIH Jlarpamxa

yreyY®, X e R™ mumcno a >0 Takne, 4To Ai>0 i=1,m

L,(#,5%,X,1) =0
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Laz(®,9%, X, D[h, h] > al|h|?

It J1ioboro h, Jreskarero B mOJIPOCTPAHCTBE
L ={h|{fi(z),h) =0, i > 1, F'(2)[h] = 0},

e
£($,y*,x, A0) = ZAzfl(m) + <y*,F($))
i=0

Torpa I aocrapisier JIOKaJIbHbBIE MUHEMYM B 3ajaade (2.2).
IMogpo6GHoe mccaemoBaHne KPUTEPHUEB HEOTPUIATENIHHONW W To-
JIOKATETBLHON ONPeAeIeHHOCTH Oy 9eHHOM KBAIPATHIHON (DOPMBI
L. npusourca B [10]. Kpome Toro atu yciosusi B ciiydae npocreii-
nreil 331891 KJIACCHYECKOrO BAPHANMOHHOTO NCYUCIEHNST TPABOJIST-
sl TPAKTHYECKN B JII0060M y4eOHUKe (CM., Harmpumep, [2, 3, 17, 29]),
B CIy4ae M30MEepUMETPUYECKOl 3a1a49u (C 3aKPEIIeHHBIME KOHI[A~
MU) U B CJIy4ae 33J1a94 CO CTAPUIMMU TPOU3BOJHBIMHY (C 3aKPeryieH-
HbIMU KOHLIAMU) B [2, §6 u §7], B ciryuae 3azau Jlarpanxka 6e3 orpa-
HUYEHWI TUIA HEPABEHCTB C (PUKCUPOBAHHBIMU KOHIIAMH M C OJI-
HUM (DUKCHPOBAHHBIM W OJIHUM YaCTHIHO—CBOOOIHBIM KOHIIOM [24],
B ciIydae 3amaun Jlarpan:xka 0ojiee 0OIIEro BUIA, 9€M PACCMATPHU-
Baembie B ITocobuu (BK/I0Y9as CMEIIAHHBIE OIPAHUYECHUS THUIIA Pa-
BEHCTBA, HO Ha (PMKCHPOBAHHOM BPEMEHHOM MHTEPBAJIE U C OJHUM
dukcupoBaHHbIM KOHIIOM), ycsioBue Akobu BoiBogurcs B [20] mis
3azauu 6e3 HepaBeHCTB U B [21] Ui 33/1a4u ¢ HEDABEHCTBAMMU.

2.1.2. 3amaua Jlarpan>ka

Bagadeii JTarparka B 2, 3 HA3BIBAETCS CJIEIYIONMIASA SKCTPEMATbHAS
3amada B npoctpancTtee = = C1(A, R") x C(A,R") x R? :

Bo(z(),u(-), to, t1) — inf, (2.3)

O(z(), ul-), to, 1) = &(t) — o(t, 2(t),u(t)) =0,  (24)

u(t) e U C R", U — HEKOTOpOEe OTKPBITOE MHOKECTBO,
Bi(z(-),u(:),to,t1) <0, i=1,...,m, (2.5)
Bi(z(-),u(-),to,t1) = 0, i=m'+1,...,m, (2.6)
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rae

t1

Bi(w(')au(')athtl) = fi(taxau)dt+¢i(t0a$(t0)atlaw(t1))a
to
npu i =0,...,m.
3nech A — 3aJaHHBI KOHEYHBIH OTpPE30K, tg,t1 € A,

fi : RXxR" X R" - R — dyukuun n + r + 1 mepemMeHHBIX,
Y; : RX R" X Rx R - R — dyukimun 2n + 2 mepeMeHHbBIX,
¢: RxR"xR" — R" — Bektop—dyukius n+17r+ 1 nepeMeHHbIX.
Bce dbynkuyuu npeanonaraoTcs J0CTaATOYHO TIAAKUME (CM. HUXKE).
B paccmaTpuBaeMbIxX TpuMepax OTKPBITOE MHOXKeCTBO U coBmama-
€T CO BCEeM TIPOCTPAHCTBOM.

BamMernmM, 9TO CYIIECTBYIOT W JIPYyTHE, aHAJOTUYHBIE OTpPEIe-
nenust 3amaqn Jlarpamka [15, 16]. B [10] 3agaga Jlarpanxka Ha-
3pIBaeTca 3anadeil Boibua. 3aeck u ganee HCIOIbL3YIOTCA 0003HA-
YeHus, IPUHATHIE B [3]; UCIIOJIb30BaHME OJMHAKOBBIX 0O03HAYEHUIT
dbyurnmonanos B;, 3aJa0IUX OrPAHUYEHUS TUIA PABEHCTE U THU-
Ma HEPABEHCTRB, XOTs1 U MPUBOJAUT K ONMPEIEIEHHOMY COKPAIIEHUIO
3aMucu HeOOXOAMMBIX YCIOBUN ONTUMATLHOCTH, BCE JKe He CIIeIyeT
NPU3HATH YAAYHBIM W3—3a PA3JUIHOCTH TpeOOBaHU K onepaTopy
TN PABEHCTBA W OIPAHUYEHHUSIM TUIA HEPABEHCTB O0INel mocra-
HOBKWY 33a4W.

IIpoBepuM mpuMeHUMOCTH Teopem 1—4.

IIpoctparcTBoM X B 3TuX Teopemax JJs 3aMUCAHHON 3aJa49u
Jlarpamxka sIBJISIETCS TPOCTPAHCTBO YIIPABJIAEMBIX IIPOIECCOB =,
npocrpancrBoMm Y — npocrpancreo C(A, R™) x R™. Ilpocrpan-
crBa X u Y Ganaxoss (cM. [3, nm. 2.1.1 u 2.1.2]). Coryacuo npe-
MOJIO’KEHUIO O IOCTATOYHON TJIAJIKOCTH BCEX BXOISIINX B TTOCTAHOB-
Ky 3agagu dyHKIuUi (HanpuMep, HenpepbiBHOCTH GyHKIME f; u
(p, UX YACTHBIX NPOU3BOAHBIX fir, fius Pz s Pu, UX BTOPHIX MPOU3-
BOJIHBIX fizz; fiacu; fiuu; Przy Prus; Puu, ABAZKIDI HereprBHOﬁ
muddepennmpyemoctr PYHKINH 1); MO COBOKYIHOCTH apryMeH-
ToB), dbyHKIMOHA 3a1a4u (2.3) u oneparop Tuna paseHcTsa (2.4),
(2.6) nBaxk bl HenpepbiBHO auddepenmmpyemsr mo Pperrre (cM. [3,
n. 2.4]). Ilpeamosnaraercst, 9To Bce PUCYTCTBYIOIINE B 3a/1ate Hepa-
BEHCTBA AKTHBHBI (HA MCCJIELyeMON 3KCTPEMAJIM BbIIOJHAIOTCH B
BUJIE PABEHCTB), COOTBETCTBYIONIME UM MHOXKUTEIM Jlarpanxa no-
JIOXKUTEILHBI, (DYHKIUU 1); TAKOBBI, YTO MOJYUIEHHBIH € TTOMOIIHIO
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pACIIMPEHUsA 3a CYeT HEPABEHCTB OIEPATOp THUIIA PABEHCTBA PETY-
Jsiper (cM. Teopemy 4, I0Ka3aTeNbCTBO MPUHIUNA JIarpaHka, s
3azaun Jlarpamka [3] n ycioBre HeoCOG0CTH TOUEK KPAaeBOro MHO-
roobpasus B [34]).

Taxum 06pa3oM, OPU BLIIOTHEHHH 3THX IIPEINOJOKEHHIH IIPUH-
uun Jlarpam:ka u Teopembr 1-4 3aBe10MO TPUMEHUMBI.

®ynukimeit Jlarpanxka 3amaun Gyger [2, 3]:

t1
L= Ldt +1,

to
rae

L= Z)\zfz(tamau) + <p(t>,l‘ - SO(tax;U));

=0
l= Z )\i'ﬁbi(th m(tO)v t1, .T(t1)),
1=0

A= Aoy AL, Am), p(-) € CHA,R™)

— muOXkuTeN Jlarpamka 3agaun. Kpome Toro BBoguTCs hyHKIMSA
H . na3piBaeMasi B 33/a9aX ONTUMAJBHOTO YIpPABIEHUs (DYyHKIHEH
TlouTpsiruna:

H(t,z,u,p,A) = (p(1), p(t, 7, u) ZA filt, )

O6o3Haunm depe3 f — MPOBEPSIEMbI# HA ONTUMAJIBHOCTH JOITY-
CTUMBII yIIPABJIEMbIi TPOIecC 3aaa4u Jlarpanxa,
0¢ = {0x,ou,dty,0t;1} — oDueMeHT KacaTeIbHOrO0 HPOCTPAH-
CTBA K MHOrOOOPA3WIO, OMPENeseMOMY B TOUKE ¢ MpOCTpaH-
crBa E ycnosuamu (2.4), (2.6). dna 3amagu Jlarpaszxka mpen-
MOJIATAETCSA, 9TO JKCTPEMAaJb He COJNEPKHT Pa3PhIBOB yIIPaBJe-
amit (yrioBerx Tovek). B manpHeifem nemomb3yoTes 0603HaTeH s
L(t) 3oiZ0 Aifi(t, (1), a(1)) + (p(1), 2(8) — (8, 2(1), a(1))).
S0 Aitbi(fo, (Go), i,
:Ez 0/\fm(t z,a) — (p(t), ¢ (t,2,4)),
Zz o Aifiu(t, 2,0) — (p(t), pu(t, 2
=p(t),

bw bw N
&
||
\.ﬁ)
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l:tg =210 Aitit, (o, 2(t0), £1, 2 (F1))

lAm(to) > z%z(to)(fo, (to), t1,2(f1)),

lAtl = ZZ 0 Aiit, (to 53(7?0) il,ff(il )s

la(ty) = Lizo Aitbia(ty) (to, &(to), £, 2(t1)),

I:zx = Zz 0 Ai fzmc( t,z ﬂ) - <p(t),(pxm(t,lf7,ﬂ)>,
I:zu = Z, 0)\ fzzu( t,z, A) - <p(t),g0xu(t,£f7,ﬁ)>,
{Juu = El 0)\ Jiwu(t, Z,0) — (p(1), pun(t, T, 1)),
Ligte = Yoo Mititoto (fo, E(t0), 1, 2 (1))

u T.1.

IMpunaiexHocTh 31eMenTa 0§ KacaTeIbHOMY MPOCTPAHCTBY,
COBIIQIAIONIEMY B CUJIy TeopeMbl JIIOCTEpHHKA € AApOM MPOU3-
BOJHOI omeparopa Tuna paBeHcrsa (2.4), (2.6), HakiaabiBaeT HA
6¢ € Z ycnoBusi:

Sz= ¢p07 + Gudu,
Bi&0) = [;! (findr + Frubu)dt+

+ % 0)0z(to) +ww(t1 dx(ty)+ (2.7)
+ (f (f1)+¢m + i) (0))8t1+
+ ( f (t )+’(/)lt0 +'¢}zz(t0 :ﬁ(t ))6t0 =0,

rae @ = 1,m (cM. ucnosb3yemblie BbIIle [IPEIII0JIOKEHNUs).

IlepBas Bapuanus dyukuuu Jlarpanxka mmeer BUI:

ﬁg (f)[éf] = fAO ( 20T + L (S’U,)dt + l (to)éx(to) + lm(tl)&lf(tl)
+ (L(t) + ltl + lIQfl ( 1))0t1+

+ ) + lto + lz(to)w(to))(sto

IIpuanun Jlarpanzka s 384397 ¢ PABEHCTBAMHU COCTOUT U3 yCJIO-

BUil oOpalnenus: B HOJIb EPBOil Bapuanuu GyHKiuu Jlarpamnxa Ha

(2.7); npu Hasmuuu B 3a1a4e Jlarpanka HEPABEHCTB K 9THM yCJIOBU-

AM JT00ABJSIOTCS YCIOBUS JIOMOTHSIONIENR HEXKECTKOCTH W HEOTPH-

aTeIHLHOCTH.
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Bropas Bapuamnusa dbynkuun Jlarpanxa nmeer Bu:

L;(t0)di(to)), 6to)+
Ly (£)0&(t1)), 6t1)+

+
+ (2.8)

Coxkpaiias 3ammich, BTOpy0 Bapuaimio (GpyHkimn Jlarpanka MOKHO
MIPEeJICTAaBUThH B BUIE

Lee (€)[0€,0€] =

= [} (Law2,02) + 2(Loud, 6) + (Luwdu, du)di+
+<Q[£]((5t0, (SZE(to), (Stl, (SZE(tl)), ((Sto, (S.T(to), (Stl, (5.’13(751))),
roe Q] — onpemenseMas BHEHHTEIDATbHBIMH CIATAEMBIME
(2.8), BBIYMC/IEHHAs HA MCCIEAYEMOH SKCTpeMasd KBaJpaTHAsi
(2n 4+ 2 x 2n + 2)—Marpura.
s 3ampagu Jlarpanka Ha GUKCHPOBAHHOM BPEMEHHOM WHTEP-
Basie ||h||?> B Teopemax 2 1 4 MOXKHO 3aMEHUTH KBaPATHIHBIM TIO-
JIOJKUTEJILHO OIPEJeJIEHHBIM (DYHKIIMOHATIOM

p(6€) == / 1(6u,6u)dt—+— (6z(7),0z(T)),

to

rJie T — HEKOTODBIH BHIOPAHHBI MOMEHT M3 OTpe3Ka [tg;t1]. 3ame-
TUM, 9TO B CIydae (PUKCUPOBAHHOCTHU OJHOTO U3 KOHIIOB SKCTPEMA-
JIu mocsiesiHee ciaraemoe B byHKIuonane ¢(d€) MOXKHO ONyCTHUTD,
BBIOPAB B KAYECTBE MOMEHTA T COOTBETCTBYIOIIUII KOHEI OTPE3Ka:
ox(r) = 0.

IIpu mpoBepke HEOTPHUTIATETHHON U MTOJIOKATETHHOM OIPe e IeH-
HOCTH BTODPOii Bapuauuu pynkuuu Jlarpamxa (2.8) ucnosnb3yorcs
CITEJIYIOIINE YCIIOBHSI:
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¢ eIMHCTBEHHOCTh Habopa MuOxKuTesell Jlarpanxka (¢ yuerom
BLIOOpPA HOPMUPOBKH 3a/1a4H);

e ycuosue Jlexanapa (Jlexxanapa—Koe6ia):

A

(Luwv,v) 20 Vo;

e ycuienHoe yciosue Jlexanapa (Jlexannpa—Kieba):

A

(Lyyv,v) >0 Yo;

e yciosue Beiieprurpacca (BBITIOTHAETCS Ha 9KCTPEMAJIH ):

H(t, &(t),a(t), p(t), A) = H(t, 2(t),u,p(t),A)  Vu;

e YCJIOBUWE KBA3UPETyJsipHOCTH: (hyHKIUS L SBJISETCS BBIMYK-
qoit dbyuxrueit ynpasnenus U ( Ly, TOJOKUATEILHO ONpeIe-
JIeHA B OKPECTHOCTHU SKCTPEMAJIN );

e ycioBue kobu (cM. HUXKe);

e ycuiienHoe ycioBue fkobu (cMm. Huzke).

IIpumeuanue. EquncTBeHHOCTS (C yU4€TOM BBIGOPA HOPMUPOB-
KU 3a7a4n) HabOpa MHOXKUTeJeH Jlarpanka He sBjgeTcs HeoOXo-
JMMbBIM YCJIOBHEM. B cilyuyae e iuHCTBEHHOCTH TaKOro Habopa uccJie-
JIOBaHUE 33/1a49¥ TEXHUYECKH IIPOIIIE.

3amerum, 4TO ycjaoBus fkobu, ciaemys mureparype, BBOAITCI B
sazade Jlarpanxka Ha (PUKCUPOBAHHOM BPEMEHHOM MHTepBaJie (Be-
JuYuuHbL tg U t; B IIOCTAHOBKE 3324 3aJaHbl), C OJHUM (DUKCH-
POBaHHBIM KOHIOM (715 onpenenennoctu dz(t;) = 0) u apyrum
CBOOOIHBIM, YaCTHIHO—CBOOOIHBIM MJIH (DUKCHPOBAHHBIM KOHIIOM.
B Gomee obmmx ciiyuasix CBeJeHWE MPOBEPKM HEOTPUIIATETbHON U
[OJIOXKUTEILHON OIpene/IeHHOCTH BTOPOi Bapuanyuu GpyHKIuK Jla-
rpanzxa (2.8) K npoBepke ycsioBus Tuna dKobu HECKOIBKO CIIOKHEE
n B [Tocobum He paccMaTpuBaeTCs.
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C ydeToM CAeTaHHBIX PEANONOKEHUH BUJ, IPHCOETHHEHHON
JIMHEHHO-KBaApaTHyHO# 3amaqn (2.7), (2.8) ynporaercs:

5.’5—@35(5.’174—(,5“611 = 0,
t1 R R .
| Gudz t fub)dt + badolte) = 0. (29)
to
(51‘(151) = 0,

Leg(§)[06,6¢] — inf,  (2.10)

rue
t1

Lee (€)[0€,0€]) = /t (Ly2 0, 62)+2( Ly 02, )+ (Lo, Su)dt+

+H(Q[€]0x(to). 0x(to))-
Bamerum, uro B 3azade (2.9), (2.10) ¢ aByms durcupoBaHHBIMU
konuamu 0z(tg) = 0, U BHEMHTErpaJIbHbIE CJIATAEMbIE OTCYTCTBYIOT.

O6o3HaunM wepe3 T TOYHYIO BEPXHIOIO IDAHb TAKUX f, UTO
te > to, Lee(§)[06,08] > 0 VI, I ynoBieTBOpAIOT yCIOBUAM
(2.9) na orpeske [to;ti] u 06 =0 Ha [t.;t1] (upu ¢, < t1). Takoit
TOYKE T, HA3bIBAEMON Jlajiee CONPAXKEHHOU TOYKOW, COOTBETCTBY-
€T HeTPHBHAJIbHOE PEIleHNe NpHrCcoe nHeHHoM 3amaqn (2.9), (2.10)
(mocye 3amenbl B 3TOi 3amade t; Ha 7). ConpsikeHHas TOYKA B
3a7a9€ CO CBOOOIHBIM M YACTHIHO—CBOOOIHBIM HAYATBLHBIM TIOJIO-
JKEHUEM B JIUTEPATYpe MOXKET Ha3bIBaThCs (POKAJbHON. (CM., Ha-
upumep, [10, 24]).

VesoBue SIko6u cocrour B TOM, 4TO Ha UHTEpBase (tg,t1) HET
CONPSIZKEHHBIX TOYEK; YyCUJIEHHOE yCIoBre Ikobn — Ha nosyuHTep-
Basie (tg,t1] HET COMPSIKEHHBIX TOYEK.

B paccmaTpuBaeMOM CiIydae TpOBEpKa HAJIWYUS WU OTCYT-
CTBUSI CONPSZKEHHBIX TOYEK CBOJNTCS K HCCIEJ0BAHHMIO PELIEHUs
marpuuHoii 3axa4u Kowmwu (nocrpoenuto yHpaMeHTa bHON cucTe-
Mbl JINHEITHO—HE3aBUCUMbBIX DELICHHUl): COMpPsKEHHAsT TOYKA COOT-
BETCTBYET OOPAIIEHNIO B HOJIb OMPEIEINTENsA 3TOH cucrembl. Hero-
CPEJICTBEHHOE BBIYUCJIEHUE OMNPEIEUTENsI TPU €r0 Pa3MEpHOCTH
GOJIbITNE IBYX B BBIYUCIUTEIHHONW MTPAKTUKE HE UCTIONb3yeTC W3—3a
norepu rouHocru (cM., Hanpumep, [12, §2.3, 3an. 2.17]); uucien-
Hasl IPOBEPKA ITOr0 yCJIOBHs TpeOyeT ONpeneseHHON aKKypaTHO-
ctn. Hanpumep, ycioBre oOpalenns B HOJIb OMPeIeTUTENsT MOYKHO

126



3aMEHUTDH YCJIOBHEM CMEHBI YHCJIA TOJIOKUTEIbHBIX COOCTBEHHBIX
YHCeL.
CBoaka ycjioBUii onTUMAaJIbHOCTHU

COBOKYITHOCTh HEOOXOIUMBIX YCIOBUH C1a00# JIOKAJIHHOM ONTH-

MaJIbHOCTH:

1) Ha sKcTpemasu BblONHsETCs yejaoBue Jlexanapa,;

2) eciu HA FKCTPEMAJH BbINOJHAETCH yCUJIEHHOE ycaoBue JlexkaH-
Jipa, TO JIOJIYKHO BBITIOHATHCS ycaoBue AKobm.

IIpumeuanue. B ciayvae BbIMOTHEHUS yCa0BUs Jlexkanapa u
HEBBITIOJTHEHNS] YCUIIEHHOTO ycyioBus JlexKamapa nccieoBaHue SKC-
TPEMaJIM B IPAKTUKYME 3aKaHYUBAETCs (J1I0603HATEIbHbIE CTYIEeH-
ThI MOT'YT €I'0 IIPOJOJIKUTH O3HAKOMUBILIUChH, HATIPUMED, ¢ [4, 1. 3]
u 3areMm c [5]).

COBOKYITHOCTh HEOOXOIMMBIX YCJIOBHH CUIHHON JIOKAJIHHOMN OI-
TUMAJILHOCTH:

B JIOTIOJIHEHWE K HEOOXOINMBIM YCIOBUM €J1ab0i#i JIOKAIHHOM ONTH-
MagbHOCTH 1 ¥ 2 HA IKCTPEMAJIU JOJIKHO BBIIOJHITHCS YCIOBUE
Beitepmrpacca.

COBOKYITHOCTD JIOCTATOYHBIX YCJIOBUH CJ1a00H JIOKATBHONW ONTH-
MaJIbHOCTH:

1’) Ha sKCTpeMaJu BHITIOIHACTCS YCUTIEHHOE yCIOBUE JIexkanapa;
2’) Ha KCTPEMAJIM BBINOJHACTCS YCUJIEHHOE yCaoBue AKobu.

COBOKYITHOCTD [TOCTATOYHBIX YCIOBHI CHUIHHON JIOKAJIHLHOM OI-
TUMAJIbHOCTHU:

B JIONIOJIHEHUE K JOCTATOYHBIM yCJIOBUSM CJj1ab0il JIOKAJIHHON OITH-
MaabHOCTH 1’ 1 2’ B OKPECTHOCTHU IKCTPEMAIIH JTOIAKHO BBITTOTHITE-
Cs1 YCJIOBUE KBAa3WPETYISPHOCTH.

CBoaka 3TWX yCJIOBWII TIpUBEJEHA, HAPUMeEp, B MOHOTpadmuu
[10] (ma camom gmese mpuBeneHHbIe B [10] ycIoBUS OTINYAIOTCS OT
MIpeICTaBJIEHHBIX BBIIIE, HO 3TO OoTau4ne ‘“mo ¢gopme”’, a He “mo co-
JIePKAHKIO”; ITO OTIMYKE CBA3AHO ¢ TeM, 4To B [10] 3azaga Jlarpan-
ka opManusyercs 6e3 BBEJEHUS YIIPABJICHUIH).

K coxanennro, B [Tocobun He HAIIIN CBOETO OTPAYKEHUST CIIEIY-
IOIIFE€ TEMBI:

CBeJIeHNE TPUCOEIMHEHHON 3319 MUHUMM3Auu K 3aaade [ITy-
pma—Jluysumia [29, 1. 1, 4. 2, §82];

CBsI3b OTCYTCTBHUsI CONPSI2KEHHBIX TOYEK C CyIIECTBOBAHWEM Pellie-
HUs ypaBHeHUs Pukarté (BO3MOXKHOCTH CBEJIEHUs BTOPOI Bapua-
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UMM K NOJIHOMY KBazpary) [24] u kpurepuii, gamomiuit HeoOXOAUMbIE
M JOCTATOYHBIE YCIOBUS ONTHMAJBLHOCTH B 3aJa49€ ONMTHMATLHO-
rO YyIpaBJIEHUs ¢ Pa3IeJeHHBIMA YCIOBUSIMHA IJIsl KOHIIOB: HEOTPH-
HaTeIhbHAS W TOIOKATEIbHAS OMPEIEIeHHOCTh PA3HOCTH PEITeHU
JIByX MATPUYHBIX ypaBHenuii Pukarru [25];

npuanun KpoTosa n CBA3aHHBIE ¢ HAM METOIBI;

387497 ONITUMAIBHOTO YIPABJIEHAs ¢ TTPOMEKYTOUYHBIMA yCIOBUS-
MU, CMETaHHBIMA 1 (DA30BBIMA OTPAHUICHUSMU.
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2.2. Metona cTpesbOobl

Kpaesble 3a1a4u B 10cO6UM PEIIAIOTCA METOAOM CTPebObl (11pu-
crpesiku). Meron crpesibObl COCTOUT B CBEJIEHUU PELICHUsI KPAEBOIl
33/1a9U K PEIIEHUI0 CUCTEMbl HEJIMHEHHBIX aIrebpandecKux ypas-
veruit. JIjsg 9TOrO BBOAWUTCS BEKTOP MAapPAMETPOB TPUCTPEJIKH —
HA0Op TTAPAMETPOB, JOCTATOYHBIH /1151 BO3MOYKHOCTH PENTATH 3313~
ay Komm #a TpebyemMom mHTEpBaje BpeMeHM, U BeKTOP—(yHKITHSI
HEBSI30K, BBIYUC/IEMAasi B Pe3yJbTare perneHus chopMupoBaHHON
zagaan Komm. /Ing pemrennsi KpaeBoit 3a1a9u HEOOXOTUMO OIIpe-
JIeJINTH KOPEHBb CUCTEMBI HEJIMHEHHBIX aIreOpandecKux ypaBHEHUN
— BEKTOp MapaMeTpOB MPHUCTPESIKN, OOPAIIAIONINN B HOJb BEKTOP—
GYHKIIIO HEBS30K.

Cy1ecTByeT HECKOJIBKO CIIOCODOB BHIOOPA BHIYUCTUTEIHLHON CXe-
MbI METOZIA CTPesIb0bI (BEKTOPA IIAPAMETPOB NIPUCTPEJIKU U BEKTOP—
dyHKIMU HEBSI30K):

— KJIACCHYECKHH METOJ| MPHUCTPEIKH (BEKTOD MapaMeTpOB MpHU-
CTPEJIKYA BBIOMPAETCS Tak, YTOOBI OMpeneNnTh Bce (PA30BbIE U CO-
NPsi’)KEeHHbIE TIePEeMEHHbIE B OJHOM W3 KOHIIOB; BEKTOD—(yHKIus
HEBS30K OIPE/IEISIeTCsS YCIOBUSIMHU HCXOMHON 33/1a9W U yCJIOBHUS-
MU TPUHIUIA MAKCUMYMa B APYTOM KOHIE WHTEPBAJIA WHTErPUPO-
BaHU#A), 3TA BBIYUCIUTE]bHAS CXEMa WCIONb3YEeTCs TPHU PElIeHun
npumepos 1.1, 1.3, 1.4;

— METOJ, MHOTOTOYEYHOW TPUCTPEJIKU (BIEPBBIE, MO-BUIUMOMY,
9TOT MEeTOJ, NpeJyiozkeH B [8]: BEKTOp IapaMerpoB NPHUCTPEIKU
KJIACCHYECKOT0 METO/1a IIPUCTPEJIKHU JIOMOIHIETCH 3HAYeHuAME (ha-
30BBIX U COMPSI2KEHHBIX TEPEMEHHBIX B HEKOTOPOM HAOOPE TOYEK OT-
pe3ka; BeKTOP—(YHKIMS HEBAB0K JIOTIOHIETCS YCJIOBUSMU HEPe-
PBIBHOCTH (DA3OBBIX U COMPSIXKEHHBIX MEPEMEHHBIX B 9TOM HAOOpE
TOYEK; perenne oxuoi 3aa4yn Ko Ha Bcem mHTEpBase BpeMeHn
3aMeHsIeTCs pernerneM cepuu 331a4 Komn Ha Habope WHTEPBAJIOB,
HA KOTOPbIE COOTBETCTBYIOIINE TOYKN OTPE3KA JIEIAT UCXOIHBIN WH-
TepBaJl BPEMEHU), 3Ta BLIYUCIUTEIbHASA CXEMA WCIOIb3YeTCs MpU
pemennu mpuMepon 1.5, 1.6;

— METOJ, BCTPEUHOI IIpUCTpe Ky (HA BPEMEHHOM WHTEPBAJIE BbIOH-
paeTcs HEKOTOPAas TOYKA U pemaroTcs ase 3aaa4u Korm: ot Havasta
K BbIODAHHO TOYKE W OT KOHIA K BHIOPAHHON TOYKE; BEKTOD Iia-
PaMeTPOB TIPUCTPEJIKU BHIOMPAETCS TAK, YTOOBI UMEIACh BO3MOXK-
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HOCTB pemuTh 31u 3371a49u Korm; BeKTop—(yHKINsS HEBA30K OIpe-
JeJIeTCs yCIOBUAMA HENPEPBIBHOCTU B COOTBETCTBYIOIIUIT TpOMe-
JKYTOUYHBI MOMEHT BPEMEHN);

— MPUCTPEJIKA U3 MPOMEXKYTOIHON TOYKHU (HA BPEMEHHOM WHTEPBAa-
Jie BIOMpAaeTCss HEKOTOPask TOYKAa U permaioTcs ase 3aaaqdu Korrm:
OT BBIOPAHHON TOYKH K HAYAJIy U K KOHILY; BEKTOD [IAPaMeTPOB IIPH-
CTPEJIKYA COCTOUT W3 3HAUEHUI (PA3OBBIX U COMPSKEHHBIX TTEPEMEH-
HBIX B 9TOW BHIOPAHHON MPOMEKYTOUIHON TOYKE; BEKTOP—(]yHKINS
HEBSA30K OINPEJIENISAETCA KPAEBBIME YCIOBUAMHY).

3ameuanne. Bo3amoocHocmsd 66160pa 8bMUCAUMEADHOT CTEMbL
C Yuemom CMmPYyKmMyps, MPaEKMoOPUL — O0%EHD BANHCHAA BO3MONHC-
HOCTND, 3AN0MHCEHHAA 68 MEMOode CMPenvdvl. IMY B03MONCHOCTL
MOIAHCHO OMHECTNU KAK K NOAOHCUTNEALHBIM, MAK U K OMPUYUATIEAL-
HULM ceoticmeam memoda cmpeasbobL.

Tonootcumenvuvie ceoticmea: npu uU3BECMHOT UAU TPABUALHO
“Yeadannot” cmpyxmype onMUMALLHOT MPEEKMOPUY 34 4ACTNYI0
ydaemca 6v16pams 0uens IPPHEKMUBHYIO GOBUUCAUMEALHYIO CLEMY,
N0360AANOUWYI NOCMPOUMb peulenue £paesoti 3adauu ¢ 6v.cokotl
CMENENBI0 MOYHOCTNYU NPU CPABHUMEALHO HEDOADUWUL GHIHUCAU-
MEALHOLL 34MPATNAL.

Ompuyamenvhoie c6oticmea: cmpykmypa MPaeKmMoOPUL MOHCEM,
Obms 3aparee He U3BECTNHA U NPU HENPAGUADHOM 6b1O0Pe CMPYK-
MYPvl. MPAEKMOPUL PEULeHUE 3000Y%U 8 AYNULEM CAYUAE HE CMPO-
umes (Hanpumep, u3—3a OMCYMEMeUus CLOOUMOCTIU UCTLOABIYEMO-
20 0AA PEWEHUA CUCTNEMBL HEAUHETHBLT (A2e0PAUNECKUT YPaGHe-
Ul UMEPAuUOHH020 Memoda). B xydwem — ydaemcesa nocmpoums
IKCMPEMAND, HA KOMOPOT BLINOAHAETNCA CUCTNEME HEOOTOOUMbBLL
YCA08Ul ONMUMAALHOCTIU; 0OCTNATMOYHDLE YCA08UA AUOO HE BBINON-
HAIOMCA, AUOO UT He YOaemcs nposepums (Hanpumep, e yoaemcs
“yeadamv” pynryuro Kpomosa); npu smom npedaosicennoe peuse-
HUE HE ONMUMAILHO, U0 GLACHACTNCA YePe3 KaKoe—mo epema’) .

CoCTaBHBIME YaCTSIMHU B METOJ, CTPEThObI BXOIAT METO Pellre-
uus 330249 Kot 1 MeTo/| IoncKa KOpHs CHCTEMbI HEJTMHEHHBIX aJi-
rebpamdeckux ypaBaenuii. s pemenns: mpobeMbl BEIOOpA XOpO-

1) B kauecTne IPUMEPOB TaKUX HEYJAUYHBIX PEIIeHUl OTMETUM NepBBIe pelle-
HUs 337249 00 ONTUMAJIbHOW OCTAHOBKE aTOMHOTO PEAKTOPA M 00 ONTHUMAaJIbHON
OCTAHOBKE BPAIIEHUS CIyTHHUKA.
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[Iero0 HAYaJIbHOTO MPUOINKEHNsI ICKOMOTO KOPHS MOXKET HCIIO/Ib-
30BaThCA (M 9alle BCEro UCIONb3YEeTCs) METO, TPOIOIKEHUS PEIe-
HUSA TIO TapaMeTpy. B3amMoaeiicTBue 3TUX METOJ0B MPU PEIEHUN
KpaeBoi# 3aJauN NPUHINIIA, MAaKCUMYyMa OTPAKEHO Ha CJIeTyIOomied
JuarpaMMe.

Meto mpoAOIKEHNS PEIIEHU TI0 TapaMeTPy

7

Metoz, perennsi CHCTEMbI HEJIMHEHHBIX aTe0pandecKux
YPpaBHEHU

7

Beruncsienne KOMIOHEHT BEKTOP—(DYHKINH HEBSA30K ISt
3aJAHHOTO HAOOPA IAPAMETPOB MPUCTPESIKA
(BBlUMCIIUTE/IbHAS CXEMa METOJA CTPEJIbObI)

7

Permrenne 3ama4(-u) Komm

1

VYuer ocobennocreii 3amau Ko st cucteMbl
muddepeHnraTbHbIX YPAaBHEHUI KPaeBoil 3a1aqu
TIPUHIIATIA, MAKCHMYMa,

K oCHOBHBIM IpeaochbLIKaM yCIIEIIHOIO PELIeHUs KPAeBbIX 33134
MPUHIINATA MAKCUMyMa, CJIeIyeT OTHECTH dDGMEKTUBHBIN aJITOPUTM
BBIOOpA XOPOIITEro HAYAJIHHOTO MTPUOINKEHNST KOPHS ¥ BEIOOP XOPO-
110 aJANTUPOBAHHBLIX K KOHKPETHOMY KJIACCY 3a/a4 COCTABJISIOIINX
METO/Ia, CTPETbObI:
MEeTO/I, perteHns 3a1a9u Ko 1omKeH 06ecnednBaTh HeOOX0 UMY 0
TOYHOCTH M CKOPOCTH BLIYMCICHUIL;
BBIOOD BBIUMCIUTEILHON CXeMbI METOA CTPEJIHOBI M METO/IA, Perre-
HUST CHCTEMbI HEJIMHEIHBIX AJre€OpAnIecKUX YPABHEHUN TOJIKHBI
OCYILIECTBJIATHCS TaK, YT00LI 00ECIEeYUTD II0—BO3MOXKHOCTH HAUITY Y-
LIYI0 CXOAMMOCTb U OIPE/IEJIEHNE HCKOMOI'O KOPHSI.

Bazaua Kowwm 1jist BHIOPAHHBIX IIAPAMETPOB IIPUCTPEIKH 110
KAKUM—JTH00 TpUYMHAM MOXKET He WMeTh peIleHusi Ha Tpedye-
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MOM BPEMEHHOM WHTepBaje. B Takux ciydasx BeKTOP—QyHKIHs
HEBSI30K JIJIsT TAHHOTO HAOOPa MapaMeTPOB MPUCTPEIKU CIUTAETCS
HeonpeaeeHHoi. Pazymeercs, METOI TOMCKA KOPHS TPOTPAMMUPY-
€TCsl C y9eTOM 3TOTO 0OCTOATETHCTBA.

[Mpu umcierHOM peleHnr KPAeBbIX 3329 TPUHIIUIIA MAKCHMY-
Ma MOTYT UCHOJIB30BATHCS JIIOObIE YHCIEHHBIE METOJIbI PEIEeHIST 3a-
mad Kormm u HAXO0KI€HUST KOPHS CHUCTEMbI HEJIMHEHHBIX ajredpa-
nyueckux ypasuenwmii. [Ipu pemenun 33739 TPAKTHUKYMa ABTOPOM
JUIST 9TUX IIeJlell MCTIOIb30BAINCh METO, OCHOBAHHBIN Ha, (POPMY-
anax Jdopmana—TIIpunca 8(7) (cm. m. 2.4), u MoauduuupoBaHHbIL
veton, HeoToHA ¢ IPOBEPKO# CXOAUMOCTH IO HOpMUPOBKe Peo-
peHKO (cM. 1. 2.3).

JomonanTesibHOE pa3bsCHEHUE [JIsi CTYJIEHTOB: UCIOJIb30-
BaTh WMEHHO 3TH METOJbI COBEPIIEHHO He 00s3aresbHO. Heobxo-
JIIMO HCIOJIB30BATh METOJIbI, KOTOPBIE TO3BOJAT PewUms 3a4ady
(rpe6oBanusi cMorpu Bbiiie). Eciu BoiGpaHHbie METO/IbI HE YUUTHI-
BalOT OCOOEHHOCTEll KpaeBoii 3aja4u NPUHIMIA MakcuMyMa (Ha-
mpuMep, MeTo pemreHus 3amadun Komwm 3amporpaMMupoBaH 0e3
y4eTa BO3MOXKHOCTH PA3PhIBA MPABBIX YacTeii cucreMbl auddepen-
[UAJIbHBIX YPABHEHH{T), TO TaKue METOIbI 337a9y HE PElaoT.

Meroz crpensbbl B 1esioM /1 ero MoaudUKALMKA ONUCHIBA~
I0TCS WJIA YTIOMUHAKOTCA MPAKTHYECKH B JIIOOOM y4eOHUKE, MOCBsI-
IIEHHOM YMCIEHHOMY PEIEHUI0 33129 ONMTUMAJIBHOTO YIPABJIEHUS
(cm., mampumep, [1; 9, ro1. 9, §§ 6-7; 11; 32; 33, 1. 5; 38, 1. 1, §15,
“Kpaesslie 3amaun’]).
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2.3. Pemenue cucteM HeJUWHENHBIX ypaB-
HEHU

Cucrema TpaHCIEIEHTHBIX (UM aire0panvecKux) ypaBHEHUIT Me-
TOZA CTPEIbOBI 0OBIYHO HejmHelHa. [ ee pemreHust MOKHO UC-
MOTb30BATH JTI000# M3 n3BecTHLIX MeTom0B. B Ilocobun st ee pe-
nIeHus npuMeHsiercst MoauduuupoBanubiii Meron Hporona (umeer-
¢S BBUIY HE Ta MOIupUKAIMs, TPU KOTOPOH Marpuia koOu BbI-
YUCIISAETCS OJMH Pa3 M WCIOJIB3YeTCs 3aTeM JJIsi BCETO MpOIecca,
a MoguduKanrs, TPEIHA3BHAYEHHAS [ YBEJINYeHUsT 00JIaCTH CXO-
mumoctu Merona Heiorona [1, 11, 26]) ¢ ucnonb3oBaHueM B yciio-
Buu cxogumoctu Hopmuposku P.II. ®enopenko [35, ra. IV, §43; 36,
“Hopmuposka 3anauun”, §1].

CocraBHoit 9acThI0 B MeTOT HhIOTOHA BXOAST METOJI OTpe;1ete-
Hust MaTpunpl Axkobu (MATPUIBI YACTHBIX MPOU3BOIHBIX BEKTOD—
GYyHKIMU HEBA30K [0 BEKTOPY NAPAMETPOB NPUCTPEJKH) U METOJ
peIleHns CUCTEMbI JTMHEHHBIX anre0pandeckKux ypaBHEHUH.

Tak Kak pa3Mep CUCTEMbI JIMHEHHBIX aJreOpandecKux ypaBHe-
Huit Mas') | TO 0COGBIX TTPOGIIEM C ONpEIeIEHIeM PEIIeHAs He BO3-
HUKAeT (€C/H, KOHEYHO, MATPHUNA AKOOM HE CIUIIKOM TLIOXO 00Y-
cyioBJieHa). Jljid perenns CucTeM JIMHERHBIX aire0pandeckux ypas-
HEHWI B TPAKTUKYMe aBTOPOM HCIOJIb30BaJicss MeTon Laycca ¢ Bbi-
GOPOM TJIABHOTO 3JIEMEHTA MO CTOJOIY U ¢ MOBTOPHBIM YTOYHEHHU-
em? [7, Tn. 8, §3; 31, §8.4].

ITpu nocrpoennn marpuibl Ako6u A (MaTPUIBI TPOUZBOAHBIX
BEKTOP—(YHKIMST HEBABOK X 1o BEKTOPY HEU3BECTHBIX MapaMeT-
POB PUCTPEJIKH 3 ) B IPAKTUKYM€ YaCTHbIE IIPOU3BOIHBIE NPUBIH-
KAIOTCS KOHEYHO—PA3ZHOCTHBIMY COOTHOIIEHUSIMU:

sy = 0%)0F X ()15 + &i]). ~ XTI

(2.11)

D) O6pransit pa3Mep CHUCTEMBI JIMHEUHBIX ainrebpanvecKuX ypaBHEHHUH B 3a-
Jadax OPAKTHKYMa He NPEBOCXOAUT MATH; AJIsS CPDABHEHHS OOBIYHLIH pa3Mep
TECTOBOTO 3aJdHUSA NPU PEIIEHUN TAKUX CUCTEM Ha TPEThEeM KypCe PDaBE€H ThI-
csae.

2) Pa3yMeeTcs, HCIOIB30BAHME MMEHHO 3TOr0 MeToaa He obs3arenno. Ilo-
BTOPHOE YTOYHEHHE WCIOJIB3YETCsS MOTOMY, UTO, BO—TIEPBBIX, JJIsI CHCTEM Ma-
JI0#f pa3aMepHOCTH He TPebyeT CKOIbKO—HHOYAb CePHE3HBIX BPEMEHHBIX 3aTPAT
¥, BO-BTODBIX, “TOYHOCTD JinuinHe# He ObiBaeT’.
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-

rie Aj — BEKTOD CMEIIeHU:A C €JUHCTBEHHO HeHy/1eBOM j —0il KOoM-
nonentoit A;. Kpome unciennoro guddepennnposanus “suepen’
(2.11) MoxeT GbITH UCIOAB30BAHO YnceHHoe quddepeHInpoOBaHTe
“nazam’:

- —

Xi@O)1B) = Xa(@O)F - &)

Aij = 0X)0f ~ - (2.12)
J
WM “TleHTpabHast PA3HOCTD
4y o= %jo » SO+ BN -XIT =KD 5 1
J

3aMeTuM, 9TO UCIONB30BaHNE TAKUX (GOPMYIT TpeOyeT perreHus ce-
puu 3azay Kowmu: no dbopmynam (2.11), (2.13) — ue Gonee n pe-
menuii 3anay Komwu, no dopmynam (2.13) — He Gosee 2n (tak
KaK, BO—TIEPBBIX, 3HAYEHNE BEKTOP—(DYHKIINH HEBI30K X B 6a30B0it
TOYKE ﬁ M3BECTHO [I0 HAYAJA YHUCIEHHOTO aud pepeHnnpoBaHus
U, BO—BTOPBIX, BBIYUCJIEHUE YACTHBIX MTPOU3BOIHBIX IO HEKOTOPHIM
KOMITOHEHTAM BEKTOPA MapaMeTPOB MPUCTPETKHA MOXKET He Tpebo-
Barh perienus 3aga4 Kommn).

B cayuae 3agaun Jlarpanzka (M 3812491 ONTUMAILHOTO YIPaB-
JIEHU$ TIPYU HEMTPEPBIBHOM YIPABJICHUH) MATPHUILy SIKOOU BO3ZMOKHO
MOJIyYUTh B PE3YJIbTATE PEIIeHUsT MATPUIHON CHCTEMbI JIMHEITHBIX
nud depeHnranbHbIX YPABHEHUN B BapUAIUIX.

B ciygae me Bciogy omnpeneneHHON (DYyHKIINM HEBSI30K B CTaH-
JIAPTHBIE AJITOPUTMBI MOAU(DUIMPOBAHHOTO MeToma HpioToHA u
qucaeHHoro auddepeHnnpoBaHsa BKIIOYAIOTCS CIEAYIONINE MyHK-
THI:

— ecJIu HEeOTIPe/IeTIEHHOM OKA3BIBAETCS (DYHKITHS HEBI30K JIJIsl CTap-
TOBOTO HAabOpa mapamMeTpoB MPHUCTPENKH, TO Meron HbioTona 3a-
KaH4IMBaeT cBOw pabory (Mmeron Hbioroma, cocTosmmuil B mocaen0-
BATEJIbHOM YJIyYIIeHUN TPUOJINKEHUST KOPHS, HE MOYKET YJIyUIIUTh
TO, UTO HE OIMPEIEJIEHO);

— €eCJIM HEOTIPE/ICTIEHHON OKA3bIBAeTCs (DYHKIIMsI HEBSI30K, BBIUUC-
JisiemMasi it 09epeTHOrO MPUOJINKEHUsI, TO TPUOIMKEHNE CIUTAeT-
csl HETpUEMJIEMbIM (YCJIOBUE CXOIMMOCTY HEBBITIOJHEHHBIM) U IIar
cumetenus hy B UTEPAIMOHHOM IPOIIEype B}Hl = B}ﬁ—ﬁk JIeJTATCS
Ha 18a (kK — HOMEp uTepalyn);

134



— eI HeOTPEIeTIEHHOM OKA3bIBAETCsT (DYHKIUSA HEBA30K,, BHITUCIIsA-
eMast B TIPOIECCe YNCICHHOTO andPepeHInpoOBaHNs, TO IIIAT CMEIIe-
Hus A, MeHsiercst Ha obparHblit (bopmyna auddepeHnnpoBanUs
“gnepen’ 3amensierca dbopmyioit nuddepenimposanus “nazar’);
— eCJId U TSl TAKOrO M3MeHeHUsi (PYHKIWsT HEBS30K He BBIYUCIIs-
€TCsl, TO BEJMYMHA CMEIIEHWs YMEHbINAETCs B HECKOJIbKO pa3 (s
JIAHHOTO HAMIPABJICHNS ) W TIPOIE/LYPa BHIYUCIEHUS YACTHOW TPOU3-
BOJHOH MOBTOPAETCH;

— eCJIi B TIPOIIECCE BBIYUCIICHUST MTPOU3BOMHON BEJIUYMHA CMEIIe-
HUsl TI0 OJHOMY W3 HAIPABJIEHWI CTAHOBUTCS MEHbINE HEKOTOPON
3aIaHHON BeJIMYKHbI (CBA3aHHOM C TOYHOCTHIO BbIYUCIEHU (DYHK-
uuii HEBsI30K CM., Hamnpumep, [27, m. 9.2.1]), To meron Hbrorona
TaKZKe TPEKPAIIAeT CBOI paboTy.

OcHOBHAs TPYJIHOCTH PEIEHUs] HEJUHEWHBIX CHUCTEM ypaBHe-

HU, TO-BUAUMOMY, COCTOUT B HEOOXOIUMOCTH BHIGOpA HAYAIHLHOTO
npUbJIUKEHUsT KOPHS 9TOH cucTeMbl. QUeHb XOPOIIO 3Ta TPYIHOCTH
omnuceiBaercs B [32, §1, u. 4].
“Hecmompsa Hu HG Kaxue MmoOUPUKGUUY, NPUMEHEHUE MEMOoIa
Hyvromona (uau dpy2020 memoda omuicrkanus KopHet,) He03M0HCHO
be3 ydoesemeopumesbHozo nepeozo npubaudtcenus. Ecau paccmo-
mpems 6ce 3a0a4u, KOMOPvIE ObLAU PEWEHBL C €20 NOMOULLIO, O
Mol YBUIUM, YN0 YCNET UT PEULEHUS ONPEJENAETCA 6 NEPBYI 0Ye-
pedv ydauHbM NEPEbLM NPUOAUNCEHUEM. 3aMeEMUM, YMO BONPOC O
nepeom NPubsuNCeHUY 0b6vuHo Gvieaem docmamouno mpyoew . .. "
B mpakTuke mjis perieHusi 370 MpOGIeMbl MCHOIL3YIOTCS TPHe-
MBI METOJ] CJIY4a{HOTO MOMCKA, METO/] J€KOMIIO3UINN 3818491 (CM.,
HanpuMmep, [9, ri1. 7, §4]) n MeTOI NPOIOIIKEHNS PEIIEHNUsT TI0 TIapa-
merpy (Meron uHBapuaHTHOro norpyxenus) [11, T 3, §2.3; 22; 27,
Ta. 8, §8.21, 3amaua 8.12; 33, ro1. 10 u 11; 36, §1; 39; 18]. Kpome T0-
0 HEODXOUMO YIIOMSHYTH CIEIUATbHBIN TPUEM, TIPE/IJIOKEHHBIN B
pabote caepa n Connna [26], yunThiBatonmit crennduKy KpaeBbix
3a/1a9 TPUHIMIIA MAKCUMyMa: Ha MEPBOM dTarle PEIIeHUs KPaeBo
3a/1a90 PElaeTcs 33/1a9a MUHAUMU3AIUN UCXOTHOTO (DYHKIIMOHAIA
331249 ONTUMAJILHOIO YIIPABJIEHUS 110 IAPAMETPAM IIPUCTPEJIKY (B
obiieM ciiydae 3TOT HpueM Kparko onmcad B [9, ru. 7, §3, c. 339
(n3n—e 2)]).

[Tpu ucnonb30BaHUU METOAA CIYyYAfHOrO TMOUCKA BEKTOD Hapa-
METPOB NPUCTPEJKNA CUNTAETCSA BEKTOPHON CAydalHON BEJMYUHON
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¢ kakuM—ubo pacupesenenueM (0 yeM COOCTBEHHO M MOBOPHUT Ha-
3BaHNE METO/A). BBIOOp 00bIYHO 06eCTIeYrBaAETCs TPOrPAMMHOMN pe-
anm3anueil cCueTInKa TceBIocaydainbix auces. [locie Beibopa Ha-
YaIbHOTO TPUOJINAKEHUST OCYIIECTBIISETCS MOMBITKA PEITeHuUsT 33,12~
YU 33 HEKOTOPOE OIPAHWYEHHOe 4mcio urepanmiti. B ciygae ycre-
Xa HalIEHHOE PellleHre 3aIIOMUHAETCS; TI0CJIe OKOHYAHUS TIOTIBITKH,
KaK HEYCTEINTHOW, TaK M YCIeITHOMN, OCYIIeCTBIISETCS HOBBIN BHIOOD
HAYAIBHOrO Npubu:KeHus (Kpaesas 3aJa4a MOXKET UMETh 6Gojee
OJIHOTO DeEITIeHNsT W KaKoe M3 HUX TpebyeTcs HAWTH — 3apaHee He
uzpectro). Ilocrpoenue pemienus 3ama4du 0OBIYHO 0OECIIEUUBAETCS
OOJIBIINM YUCIOM TOMBITOK. K HeZoCTaTKaM 3TOr0 MeTO/Ia OTHO-
cAT O0TBINOH 00bEM BEIYUCIUTETHHON pAOOTHI ¥ OTCY TCTBHAE KAKHX—
00 rapaHTHii, K JOCTOMHCTBAM — CPABHUTEIHHO HECTOXKHYIO TTPO-
rpaMMHYIO peagu3anuio (“...MyCcTh KOMIBIOTED TOKA MOCYUTAET, &
MbI B 3TO BpeMsi 00aymaem...”).

MeTtoz po/10/12KE€HUS PEIIEHNS 10 TAPAMETPY, [0 MHEHUIO ABTO-
pa, — cambiit 3¢ PEeKTUBHBINA METO/I IPEOI0IEHIS TPY/IHOCTEH BHIOO-
Pa XOPOIIero HAYaAJIbLHOTO MPUOINKEHNS TIPU YUCIEHHOM PEIleHUH
CUCTEeM HeJWHEHHDBIX YPAaBHEHUN B KpaeBbIX 3a7adax. [Ipocreiimmii
BApPHAHT 3TOTO METO/Ia MOXKET OBITh OMHUCAH CJIeTYIONINM 00pPA3OM.

[IycTb Tpebyercs peruTh CUCTeMY HEeJTMHEHHBIX YPaBHEHUH

-

f@)=0 (2.14)

(B paccmarpuBaemom ciayuae £ € R™, f: R™ — R™; B ofmem
ciiydae 310 QyHKIMOHAIBHOE yDABHEHHUE).
Bwmecrto ozmHoit 3a1a9n paccMaTpUBAETCsT CEMENCTBO 3a1ad

rjie (@ HEKOTODbIH mapamerp (B mpocTeiiieM Clydae CKaJsIpHBIH, B
HEKOTOPBIX CJIy4asX — BEKTOPHBI). PaccMarpuBaemoe ceMeiicTBo
TaKOBO, YTO JIJI1 HEKOTOPOTO (1

-

F(# o) = f(Z) VzeR™

S
(rak kak BekTOp—dyHKuMsA f(ZF) MOxkKeT ObITh /Jisi HEKOTOPBIX 3HA-
YeHUiT apryMeHTa He ONpPeJe/IeHa, TO PABEHCTBO (DYHKIUI I/1d Ta-

KUX 7 O3HAYAeT WX OJHOBPEMEHHYIO HEONPEIEJeHHOCTD), a s
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HEKOTOPOTO ¥y PEeIleHne CUCTEMbl yPABHEHMUIA

H3BECTHO.

B npakrukywme, kak u B [36], B ormuue or [33], meron unBa-
PHAHTHOI'O NIOIPY?KEHUA CIMTACTCA YACTHBIM CJIydaeM METOIA IPO-
JIOTIZKCHUS PEIeHHUs 10 TAPAMETPY.

B kauecTBe NpPHMEpOB IIOCTPOCHUSA TAKHX CEMEHCTB IMPHBEIEM
CIIe Iy TOTIHe:

o [367 (5)7 §1]a

-

rge k — HEKOTOpOe HAYAIbHOE TPUO/INKEHNE KOPHS CUCTEMbI (BbI-
60p Pa3AMIHBIX E mosxer TMIPUBECTU K OINPEIEIEHUI0 PA3JIMIHBIX
KopHeit cucremsr (2.14)) [11, Tn. 3, §2.3, c. 278; 33, §10.2].

Boi0op moaxomsinero ceMeicTBa MpoIozKeHIs — BaxKHast, Tpe-
OyIoIasi OTAEJIHHOTO UCCIEIOBAHNS 337a4a; 3TOT BHIOOD JesiaeTcst
u3 COOOPAXKEHUN CKOPOCTH CXOIUMOCTH MPUMEHSIEMOTO METOA.

AnroputM MeTOHA TPOJOKEHUsST PEIIeHUs 10 NapameTrpy Co-
CTOUT B PEINEHUN CEepUM 334

F(#,a)=0, ac¢€]ag,a] (2.15)

Ojuu 1mar sToro anropurmMa TakoB. Ilycrh g HEKOTOpPOro «
3ajada (2.15) pemena — 3HaveHne kopHs Z(a) Haiigeno. Torma
BEJIMYMHA (¢ MEHSeTCd Ha a + Aq ¥ pelaeTrcs CUCTeMa ypaBHeHHi
F(Z,a 4+ Aa) = 0; B KavyecTBe HAYAILHOTO MPHOIMIKEHNs KOPHS
Z(a + Aa) ucnonb3yercs BHIUNCIEHHOE 3HaYeHNE T(a).

Ba3I/IC AJid 3TOTO AJITOPUTMa HMEETCA — II0 IPEAITIOJIO?KEHUTIO
TIpU (g PEIEeHne CUCTEMBI ypaBHeHUH n3BecTHO. [Ipn ygaunom BbI-
Gope ceMelicTBa 3a KOHEUHOE (CPABHUTENHLHO MAJIOE) YUCJIO IIaroB
BLIUUC/IAETCS PEIICHNE UCXOIHON 3a1a4u (COOTBETCTBYIOIIEE (U )-
OCHOBHBIM KPUTEPHEM KAYECTBA APAMETPUIECKOTO CEMENUCTBA B~
JIdeTCd 9UuciIo HeO6XO/II/IMbIX IIPOMEXKYTOYHBIX IITaroB MeToJa. ,Z[Hﬂ
YCKOpEHUA BBIYUCIUTEIBHOTO TPOIECCa TPU BBIYUCJICHUU KOPHA
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Z(a + Aa) MOXKeT HCIIOJIB30BATHCs HECKOJIBKO BBIYMCIIEHHBIX Pa-
Hee 3HAUeHWH (IKCTPATIOIAINS ).

ITpn BekTOpPHOM @ TOA [, w1] B (2.15) MOHMMaeTCst HEKOTO-
pasi HempephIBHAA KPWBas C HAYAJIOM B (g W KOHIIOM B (7, HE
00s13aTeTbHO COBIIAIAIONIAS ¢ OTPe3KOM. Ecmu Takas KpuBas QpuK-
CUPOBaHA, TO BEKTOPHBIA C/Iydail MeTOJa IPOJIOTKEHNs PEIIeHUs
MO TTapaMeTpy CBOAWTCA K CKAIAPHOMY; IJIsl HE BCIOMY ONPeIesIeH-
HBIX DYHKIUH ﬁ(f, @) cjiydaii BEKTOPHOIO MapamMerpa TpoIre aHa-
mu3upoBaTh. O ciyuae S—ob6pasnocTu (OAHO U3 BO3MOKHBIX TPY/I-
HOCTEH B NPHMEHEHWH MEeTOJa MPOJOJIKEHUS PEIIEHHs MO Mapa-
Mmerpy), HasbiBaemoil B [39, 18] npeseibHbIME OCOOBIMEU TOYKAMHU,
U O IPEOJOJeHUH TON TPYJHOCTU (CMEHe IapaMerpa IPOJOJIzKe-
Hust) cM. [36, §1, “Meron npomomkenns mo mapamerpy”’| u paGoThl,
[PE/ICTABJICHHBIE B JINTEPATYPHOM 0030pe B [18].
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2.4. Pemnienne 3amau Komn

HpI/I YUCJICHHOM DpeImeHun 3a/Ja49 ONTUMAJIBHOTO YUPABJIEHUA Ha
OCHOBE TIPDUHIHWIIA MaKCUMYMa BO3HUKACT H€O6XO,HI/IMOCTB PEIInuThH
cepuio 3amad Kot

-

7= flz, 7)),  F@0) = o

IIpu pemennn Beex 3ama4a n3 [Tocobust AaBTOPOM s STOTO UCTIONh-
3oBaJics saBHBI Meron Pynre-KyTrsr 810 mopsiaka, OCHOBaHHBII
Ha ¢opmynax dopmana—IIpunca 8(7) [38, tabxa. 6.4, pazugen I1.6]
C aBTOMATUYECKWM yTpaBJieHueM aiuuoi mrara. Comeprkariasicss B
[38, mpuir. 2] mporpamma DOPRI8') Ghlia MOLEPHU3MPOBAHA C yde-
TOM TOrO, 4TO:

® TIPaBbIE YACTHU MOTYT OBITH PA3PBIBHBL;

® MOMEHTHI PA3PHIBOB MTPONU3BOIHBIX U MOMEHT OKOHYAHUSA TTPO-
1IeCCa MOTYT OBITh HEM3BECTHBI; OHU MOTYT 3ABUCETH OT BbI-
YUCIAEMOrO PeIleHnsi HESBHBIM 00pa30M;

® TIPEAIIOJIAraJIOCh HE TOJHBKO BBIYUCJIHUTH PEIICHHUE, HO U OIle-
HUTH €r0 TOYHOCTD.

Vduer BO3MOKHOCTH Pa3pPbIBOB OCYIIECTBIIAICS 110 CIIOco0y [38,
crocob 1, m. “YpaBHeHusi C Pa3pbIBHBIMU MPOU3IBOIHBIMU ; Pa3-
nein I1.5], cocrosiemy B TOM, YTO Ha MOBEPXHOCTH Pa3phIBa BbI-
YUCJIEHUE DEITIeHNsT OCTAHABJIMBAJIOCH W BO30OHOBIISIIOCH fajee C
HOBBIMU 3HAYEHUSIMY TPABBIX YaCTEi.

Vder HEeM3BECTHOCTH MOMEHTOB PAa3PBHIBOB MPOU3BOIHBIX U MO-
MEHTA OKOHUYAHUS TPOIECCA, HESBHO 3ABUCSIINETO OT BBIUUCISIEMOTO
pellieHns, aJTOPUTMUYECKH OJUHAKOBBI. B 3Tmx ciaydasx #eoOXo-
JIUMO OIPEESIUTh MOMEHT T, KOTOPBIN yIOBIETBOPSET yYPABHEHHUIO

F(z,g(x)) = 0. (2.16)

D 3ror Meron oGecneumbaer HEOOXOAUMYI0 TOYHOCTb M CKODOCTBH DeIlleHHs
3agaun Komm, BXOAsIeil cOCTaBHON YacThbi0 B MeTOJ CTpesbObl. To, 94TO uc-
MOJI30BAJIACH WMEHHO 9Ta MPOTpaMMa, B JajbHeimeM He cymecTBeHHo. Omnu-
CaHHbIE HUXKE OCOOEHHOCTHM OTHOCATCS K 33jade KoM B I€JIOM U JOJI>KHBI
YYUTBIBATHCS [IPY Peain3aluu 4100020 YUCIEHHOTO METO/a €€ PeIlleHWs.
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IIpu s10M B MOMEHTBHI NEPEKJIOYeHUsi (MOMEHTBI Pa3PbIBa Mpa-
BBIX YacTeil cucreMbl audepeHInaabHbIX YPABHEHUN U KAaKUX—
b0 nx npon3BoanbX) byukmK F(x,§(x)) coorercTByer dhyHK-
IUsT TIEPEKJII0YEHNsI, & B MOMEHT OKOHYaHWsI — YCJIOBHE OCTAHOB-
ku. Onpenenenne 3THX MOMEHTOB OCYIIECTBJISETCA MO HECKOJIbKO
OTIMYHOMY OT npejoxkenHoro B [38, m. “HesiHas Bbigaua’, pas-
nei 11.5] cnenyromemy asmropurmy. IlociemoBaresibHo, mar 3a ma-
TOM, BBIYUCJISIETCS PeIeHne CUCTeMbl nuddepeHnna bHbIX YPaB-
HeHWil, MoKa 3HAaK F(x;y1,%i+1) HE CTAHET OTJIMYHBIM OT 3HaKa
F(z;,7;). Kak TonbKO Takas napa HaXOQWJIACh, 3HAYEHHUE T OIpe-
JIEJISIIIOCh METOIIOM XOP/I, COYETAIOINM B cebe HAIeKHOCTh MEeTOa
JIeJIeHrsi OTPe3Ka, TIOMOJIAM U BBICOKYIO CKOPOCTH CXOJIUMOCTH METO-
1a Heiorona. OOBIYHO 1151 JOCTUKEHUsT BHICOKOH TOYHOCTH TPeOO-
BaJoCh 3—4 UTEepaInnun MeToaa XOP/I.

Cpean Japyrux BO3MOXKHBIX CIIOCOOOB OIpeJeieHus T MOXK-
HO OTMETHUTDL WCIHOJb30BAHUE METO/Ia MOBBIMIEHHOTO MOpsaKa (Ha-
npuMep, He JWHERHON, a KyOwdeckoii WMHTepromsiunm — cM. [38,
npumep 5.2 pasgena I1.5]), ucnonb3oBanue “HenpepbIBHOrO METOAA
Pynre-Ky1rsl” u npennoxennsiii B [38, 1. “Hessnas Bbinava”; pas-
nen I1.5] cnoco6 Beraucienus ¢ no Meroxy Hbiotona (cMm. anropurm
5.4). KpoMme TOro, B OKpECTHOCTH UCKOMOTO & MOYKHO OOPATUTH CU-
cremy auddepeHInaIbHbIX YPABHEHUH, BHIOPAB B KAYECTBE He3a-
BHCHMOTO aprymeHTa 3Hadenwe F(z,7(x)) n oThicKaB x 3a OnuH
miar MeToaa (Ipu APYrux MPaBbIX YacTHX).

B oramume or [38] msisi ycrpawenmsi curyaimn, Korga (byHK-
unst F(z,§(x)) wa wnTepmBane [x;,2;11] JABaXKAbI MeHsET 3HAK,
¥ MOTOMY 3TOT WHTEPBAJ “HPOCKAKUBAETCS , KpOMe HyJel (pyHK-
wun  F(z,§(z)) onpenessiuch Tak:ke HyJId ee IPOU3BOAHOI:
dF(z,y(z))/dz =0 (cm. [31, §5.5]).

IIpumeuanue. Ecin TOUKHN MEepeKTIOUEHNS TIPU PEIIeHNH KPa-
€BOH 33/1a9W NMPHUHIUIIA MAKCHUMyMa CTYJEHTOM HE OIpPeIesIsuCh
(onmpeiesisiuch ¢ TOYHOCTBIO d0 00HO020 waeza perienus 3ana4u Ko-
1A METOJIOM € TIOCTROAHHbLM UG20M), IOy I€HHBIE UM B PE3YJIbTATE
pabOTHI TPOTPAMMBI YUCTIA HE CAEJYem CANTATEH PEIIeHueM HUCXOJI-
HOIl Kpaesoil 3aa49u (Tak Kak Jr000 MCIOMb3yeMbIil Ha TPAKTHU-
Ke METOJ, YUCJEHHOrO PemleHns 3aJa49u Komm mpeamosaraer Ha-
JINYHE y TPaBBIX 9acTeil cucrembl mudGepeHmanbHbIX ypaBHeHUi
HECKOJIbKUX HEIPEPHIBHBIX MPOU3BOIHBIX, UTO B JAHHOM CJIydae He
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BbITIOJIHSETCS ).

Ecnu momenT okondanus pernenus 3aaa4qu Ko Tpebyer cBo-
€r0 OTIPEe/IeJIeHNsT B MTPOIIECCe PEIeHnsT 33/1a91, TO 3TO MOXKHO ClIe-
JIaTh JABYMs CIIOCODAMU: BO—TI€PBBIX, BKJIIOYNTH €r0 B YHCJIO Tapa-
MEeTPOB TIPUCTPEJIKUA U, BO—BTOPBIX, ONMPEIENIATh €r0 OTAEIbHO W3
cnenuanbHo chOPMUPOBAHHOTO YCIOBUSI OCTAHOBKHU CYETA.

Ilepsblit criocob HA MEPBBIH B3I KasKeTCst 00Iee YHUBEPCATb-
HBIM U [PHUBJIEKATEJbHBIM: €CJIA TOYEK TEPEKIOUYEeHUsT Ha IKCTPe-
MaJjIu HeT, TO BCe OCOOEHHOCTH, OMMCAHHBIE BBIIIE B JJAHHOM MTYHKTE,
MOXXHO HE yYUTHIBATH. Kpome TOro, mpOU3BOIHBIE TIO ITOMY Mapa-
MEeTPY TMPUCTPEJIKHA MOTYT BBIUYUCIATHCS B AHAJIUTHIECKOM BUJIE.

Bropoit cnoco6 mpu cBOeM TpWMeHEHWH TpeOyeT OTpe/IesIeH-
HOW aKKypaTHOCTH, BeJIb OT BBIOOPA YCJIOBUS OCTAHOBKH CYETA U
oT crocoba ero MporpaMMHUPOBAHUs 3aBUCUT CTPYKTypa BbIOHMpa-
eMoii srcTpemMasu. UToObl HATJISITHO TOSICHUTH 3TY MBICIb, OTMe-
THM, YTO COOTBETCTBYIOIIEE YCJIOBHE MOXKET BBITIOJHATHCS HA IKC-
TPEeMAaJIi HECKOJIBKO Pa3 W UCKOMBIM MOYKET OKA3aThCs, HATIPUMED,
BTOPOJ MOMEHT BBITIOJTHEHHUs YCJIOBUS OCTAHOBKH CYeTa, a He 3a-
MIPOrPaMMMPOBAHHBIN “TI0 ymonmdanuio” mepBbiii. Takum obpasowm,
peasm3aius BTOPOro crnocoba Tpedyer JOMOJTHUTETbHBIX HCCIIEI0-
Bauuii u ycunuii. Tak crout jiw urpa cBeu? B HEKOTOPBIX Caydasix
crout. [IpumepamMu Takux 33729 MOTYT CJIYXKUATH 330a9U ONTHMU-
3aly MEXKILJIAHETHBIX TPAEKTOPHUIl KOCMUYECKOT0 allapaTa, yipa-
BJISIEMOTO PEAKTHBHBIM JBUTATEIEM OOJBINON Taru. XapakTepHO
0COGEHHOCTHI0 MHOTHX TAKUX 33184 SIBJISETCs] HAJIWYUE KOPOTKHUX
YYACTKOB YIPABJISEMOrO TEPEETa U JINTEJHbHBIX YYaCTKOB TTac-
cuBHOTO Tosieta. Ilpuyaem cnenmduka 33729 TAKOBA, YTO UCKOMAsT
TPAEKTOPHS JIOJXKHA OKAHYUBATHCS AKTUBHBIM yYacTKOM. Mmero-
IUICs Yy aBTOPA ONBIT PelIeHHs TAKUX 3aJa49 MOKA3bIBAET, UTO
YJIa9HbIA BBIOOP yCIOBHSI OCTAHOBKH CYETA TIO3BOJISIET CEPHE3HO YBe-
JIUYUTH OKPECTHOCTh 3 eKkTuBHOI cxomumocTn Meroga Hbiorona
U CKOPOCTh €r0 CXOAWMOCTH, YMEHBIITUTh YUCIO 0OYCIOBJIEHHOCTH
AKOOMAHA HA HECKOJBKO MOPSIIKOB U, B KOHEYHOM CYETe, DEIUThH
3a/1a9y.

3amopasicusanue 6ceti NOCACIOBAMENPHOCTNU JAUN UWA206 UH-
mezpuposarus [38, paznen 11.5] npu BbrancieHur TPOU3BOJHBIX 1O
napamerpaM HOPHUCTPEJSKH OPHU PEleHUr MPUBEICHHBIX TPUMEPOB
aBTOPOM HE TMPOM3BOAMJIOCH, TAK KAK TMOTPEITHOCTH BBIYUCIEHUS
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fxkobuana Ha CXOAUMOCTH MeToma HbIOTOHA Cephe3HOrO BJIUSHUS
HEe OKa3biBaJu. KcTaTn, BMECTO COXpaHEHWs BHIODAHHBIX METOIOM
IIarOB WHTErPUPOBAHUS MOYKHO 3aMpPOrPAMMUPOBATH OTHOBPEMEH-
HOE WHTErPUPOBAHNE HECKOJBKIX CUCTEM — TIPU 0A30BOM 3HAYEHUN
napaMeTpoB U IPHU BCeX TpeOyeMbIX 3HAYEHHAX CMEILeHUuil, yBesu-
YpBasi IPU 3TOM Pa3MEPHOCTH CUCTEMBI B 1+ 1 pas, rje n — 4uciio
MTPUCTPEIUBAEMBIX TTAPAMETPOB.

Hnsa pemennda 3agaun Kormm, KpoMe AIBHBIX MeTOIOB Pynre—
KyTThbl, MOXKHO BOCMOJIB30BATHCS KAKUM—IAO0 MHOTO3HAYHBIM Me-
tomom. Hanmmcanme 3¢ HekTuBHON TPOrpPaMMBbl, OCYIIECTBIIAIONIEH
KaK CMeHy Ilara, TaKk ¥ aBTOMATHYEeCKHH BBIOOD IOPSAKA MHO-
FO3HAYHOIO METO/a, CJIOXKHEee IPOrpaMMUPOBAHMS MeToda PyHre—
Kyrrer. CTynentam 1jis mepBOTO O3HAKOMJIEHUS MOYKHO PEKOMEH-
JIOBaTh COOTBETCTBYIOIIN pasmen B [27], a mias MpakTHYECKOro
ucnosb3oBanus — uporpammy ODEX [38, mpuu. 2]|. Pasywmeercs,
CTAHJAPTHYIO IPOrPaMMy HEOOXOAMMO MOAU(UIAPOBATD s yde-
Ta ONKMCAHHBLIX BbIIIE OCOOEHHOCTEA.
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2.5. IIpakTuyieckme OIleHKN TOYHOCTH pe-
IeHNd KPaeBOll 3aaa4u

OueHKYM TOYHOCTH Pelenus KPaeBoii 3a1a491 TPOBOJAATCSA AlIOCTEPH-
OpHO, TIOCJIE TOCTPOEHNs 3KcTpeMann. OCHOBHAS TEJTh 3TUX OMEHOK
COCTOUT B 060CHOBAHWH TOTO (PAKTA, 9TO KPAEBYIO 3a1a9y deticmeu-
MEABHO YAATIOCHh PEIUTh, YTO TOJYyYEHHBIH HAOOp YHCe, SBJISIO-
AHCS TPUOINKEHHBIM PeIlIeHrHeM BCIOMOTATENbHON IUCKPETHOM
KPAeBOil 33a49K, MMEET KAKOE—TO OTHOIIEHWE K PENICHUI0 UCXOJI-
ot mudppepeHmasIbHON KPAeBOil 3a1a4Un MPUHIIAIA MAKCHMYMA.

[Ipencrapnentsie B 3TOM maparpade OIEeHKW He MOTYT ObITh
CTPOTrO JIOKa3aHbI. Boslee TOro, MOKHO IPUBECTH CHENUATBLHO CKOH-
CTPYHMPOBAHHBIE TIPUMEPHI, B KOTOPBIX ITH OIEHKH OyayT Omubou-
Hbl. O1HAKO, B GOJIBIIMHCTBE PACCMOTPEHHBIX aBTOPOM 3a1a4 (Kpo-
Me CIIEIUATBHO CKOHCTPYUPOBAHHBIX) OHU OKA3BIBAIOTCS TPABUIIH-
HBIMA. ABTOp HameeTcs, 9TO WX, MO AHAJOTHH C TMPABHJIOM PyH-
re MPaKTUIeCKONH OLEHKN TIOTPEITHOCTH, MOYKHO CIUTATEH TTPABUIOM
NPAKTUIECKON OIEHKH MOrPENIHOCTH PEIIEHUs] KPAEBbIX 33,1449 Me-
TOJIOM CTPEJILOBI.

O6o3uaunM:
0K — OIIEHKA TOYHOCTHM peIIeHus 3amaqun Komm npu TouHO 3a1aH-
HBIX HAYAJIbHBIX YCJIOBUAX Ok (Zg) = 0;

03 — OIEHKA TOYHOCTH PEIIeHHUs KPaeBoil 3a1a4un Kak 3anaqam Ko-
LI DM HETOYHO 33/IaHHBIX HAYAJIbHBIX ycsioBusx 03(xg) # 0;
d — OIIEHKa TOYHOCTH permenus 3agaun Komm (dx wmm d3 ).

JInst OUEHKM TOYHOCTH PENIeHust KpAeBO# 3a1a9H, BO—TIEPBHIX,
ouenuBaercsa Ok (-), BO-BTODBIX, oneHuBaercs 03(Tg) u, HAKOHEII,
ouenusaercs 03(-).

B [38] 15t o1ieHOK TOYHOCTH pertenns 3aaa4 Ko nmeercst psiz
TeopeM. BBuIy WX MCKIIOUATENHHON BAXKHOCTH HEKOTOPHIE W3 HUX
(cBsI3aHHBIE C OLIEHKAMU TOYHOCTH OJHOIIAIOBBIX METOIOB) IPUBO-
narcs auzke. CTyIeHTaM PEKOMEHIyeTCs TIepe.l N3y YeHNeM TeXHH-
yecKu 00sIee CI0KHOTO CIydas OUEHOK TOYHOCTH PEIIEHUs 331391
Komm gys cucrem muddepeHnmanbHbIX ypaBHEHNH 03HAKOMATHCS
C OIEHKAMH TOYHOCTH pemenns 3amaqun Komm ans omnoro mmd-
depenuunanbuoro ypasuenus B [9, 1. 8, §4] u ¢ Gonee npocrbivu
BapuaHTaMu OLIEHOK B [36, §7].

Omnpenenenne. Ilycte A ABISeTCa KBaApATHOI MAaTpHIEH.
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Ha3zoBem BbIpa>keHme

|[A]| = sup [[Az]]
z||=1
MarpudHOi HOpMOI Marpuipsl ||Al|, moguunenHoii HopMe BeKTOpa
el
Teopema. Marpuunass HOpMa, TOJINHEHHAST IBKIHJOBOH HOD-
M€ BEKTOpa, PaBHA KOPHIO U3 MAKCUMAJILHOTO COOCTBEHHOTO YHCIIA
matpunpr (AT A) (MaxcmvambHOMY cHETYIApHOMY WHCTY):

Al = 1/ Amax (AT A)

[9, ra1. 6; 38, 1.9, IlouunenHble MATPHIHBIE HODMBI].
Omnpenenenne. Ilycrs A sBisercss KBaapaTHOH Marpuiei.
Ha3zoBeMm BbIpazkeHme

_ . [l + hA|| -1
mA) = hal(grllwo h

JorapugmMudeckoit HopMoi marpuipl A.

Teopema 1.10.5 [38, cTp. 65].
Jlorapupmudeckast HopMa MaTpulbsl A | MOTYHHEHHAS 3BKJIHIOBOL
HOpME BEKTOPA, PABHA MAKCHMAJBHOMY COOCTBEHHOMY 3HAYCHHIO
marpunpl 5 (AT + A):

(A) = Amax (%(AT + A)) .

IIpu pemennn 3amaam Kommm kKakuM—1uOO SBHBIM METOIOM
Pynare-KyTThl unc/ieHHOE peleHne B TOUKE Tepg > Lo TOTYIAETCS
C MTOMOIIBIO TOIMATOBOI TPOLEIyPHI

:lfi+1 = g,—%h,q)(l‘l,g,, hl), h; = Tit1—%i, TN = Tend- (217)
3agaga COCTOAT B OLEHKE TJIO0ATBHOM IOrPENTHOCTH
E =[gzn) — gn|| < d(zn). (2.18)

9Ty MOTPENHOCTh MOXKHO OIEHWTH CBEPXY CJIEAYIONIUM TTPO-
CTBIM CIOCOGOM: JIOKATIbHBIE HOIPEITHOCTH MEPEHOCATCST B KOHed-
HYTO TOYKY XN U 3aT€M CKJIAIbIBAIOTCS. DTOT “NEPEHOC MOTPEITHO-
cTr”’ BBITIOJIHSETCS CIIOCOOOM TIEPEHOCA, TOTPENTHOCTHU BIOJIb KPUBBIX
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rounbix pernenuii [38, Cuocob (a), crp. 170] (ays omsoro mudde-
PEHIINALHOTO yPABHEHWst CM. Takxke [9]).

Jlyist oneHKH rI00AIbHON MOMPEIHOCTH CHAYAJIA ONEHUBAIOTCS
JIOKAJIbHBIE TIOTPEITHOCTH

17 + hi) — G2 + ha)|| < CihP™ =7, (2.19)

Baecy y(x; + hi) u y(x; + h;) 0603HAYAIOT COOTBETCTBEHHO TIPH-
GJIMYKEHHOE, TTOCTPOEHHOE € TOMOIIBIO OHOTO Iara Meroga (2.17),
U TOYHOE PeIleHud 3a1a9u Komm, CoBIagaiomue B MOMEHT & = Z;
Ylxi) = gli).
Teopema I1.3.4 [38, ctp. 171].

O6osnaunm U okpecrHOCTb Toukn {(x,y(z))|zo < © < Tend}, 1€
y(x) — TouHoe pemenne cucreMpl JuhhepeHuaIbHBIX yDABHEHHI.
Iycrs B U cripaBeaIuBbl OHEHKH JIOKAJIbHBIX 1orperrHocreii (2.19)
H BBIIOJHEHO OJHO H3 yCIOBHI:

‘ <L wm u(%)QL.
Y

Torma uMeeT MEcTO CJIeayroIasi OMeHKa I1006aIbHO TOrPEIIHOCTH

(2.18):

of
oy

!

E < hpg(exp(L(a:N —mxg)) — 1,

L
rae h = maxh;,
o — C opuL > 0,
"~ | Cexp(—Lh) mnpuL <0,

1 h JocTaToYHO MaJIo JJIS TOro, 9TOOBI YHCJACHHOE DEIICHHE OCTa-
BaJsiocs B U .
3ameuanne. IIpu L — 0 onenka nepexomut B hPC(xn — o).
JokazaTeIbCTBO OCHOBAHO HA MCTOTB30BaHUM TeopeMm 1.10.2 u
1.10.6.
Teopema 1.10.2 [38, crp. 63].
Hpennonoxkum, uro ¥(x) — npubIHKEHHOE DelleHHe CHCTEMbI

g epeHnuanbHbIX yPABHEHHH f — f(m,gj’), J(zo) = Yo, KOTO-
pPO€ YAOBICTBOPAET CICAYIOIHM yCIAOBHIM:

a) ||v(wo) — (wo)|| < (o),
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6) |[i(x) - flz,3@))|| < plx),

B) |[f(z,7(x)) — fz, §(=)| < U()]|7— 7]

Torma npu T > Ty COPaBEAIHBA OINEHKA MOTPEIIHOCTH

1) - 7(@)]] < 6(a) = ) [6@0) [ e—L<s>p<s>ds} ,

e L(z) = [, I(s)ds.

Teopema 1.10.6 [38, crp. 66].
IIpemmonosKmmM, 9TO CIIPABETHBBI OIEHKH:
a) ||5(zo) = Flwo)l| < d(20),
6) ||t(z) — f(z,0(x))[| < plx),
5) 1 (%5 (2. M) <Uw) mpu 7 € [F(x), 5(x)].
Torja npu & > T BBINOIHIAETCS COOTHONICHIE

1) - 7(@)]] < 6(a) = ) [6@0) [ e—L<s>p<s>ds} ,

x
e L(z) = [, 1(s)ds.
Kpowme Teopembr 11.3.4 mist onenkn roOaabHON TMOTPEITHOCTH
MOYKHO BOCTIOTb30BaThC 0/1HOM 3 TeopeM 1.10.2, 1.10.6 mpu momo-
I COOTHOTIEHM:

d(zo) = ||t(wo) —G(zo)ll,  d(zit1) = ri+0(x;)-exp(Li), (2.20)

rae T; — OUEHKa JIOKAJIbHOI morpemnoctu (2.19) Ha i—om mmare,
Li = [[™"1(s)ds u ||E|| < d(zn) (cm. memonpsoBanme Teopembr
1.10.1 upu nokazaresnscrse reopem 1.10.2, 1.10.6). B oriauuune or
orerok Teopewmbr I1.3.4, 31a BesmunHA BHIYUC/ISETCS B IPOIECCE Pe-
mennst 3aga9n Kormm: Ha KaskJ0M §—OM I1are OIeHKa, TIOTPETTHOCTH
d(z;) mepenocurcst BIosb TouHOro perenus (p(s) = 0) u ee u3me-
HEHHE 3aBUCHT OT TMOBEJICHNS] WHTETPAJTHHBIX KPUBBIX B OKPECTHO-
cru U ucKOMO#l TpaeKTOpuu; KPOMe TOrO K IePeHeCeHHOH ommndKe
nobapiisiercs ommOKa MeToJa Ha Imare 7; ([JIABHBINA YJeH MOrpell-
HOCTH).

ITpumeuanmne. I9mo 0cno6Hol €NOCOO OUEHKU NOZPEUWHOCTU
npu pewenuy 3aday 8 NPEKMuUKyMe.

Ecmu ommbka meroma cpaBHEMA C OMMUOKAME, CBSI3AHHBIMEU C
HETOYHOCTHIO MAMIUHHON apU(pDMETHKY, TOCTEHAE B ITUX CTOCO0AX
HeoOXOMMO TOXKe yUuThIBAThH (cM. [9]).
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WNrak, BO Bcex OommMCaHHBIX BbIMIE COCOOaX HEOOXOINMO 3HATH
OIIEHKY aOCOAMHBIL BEJINYNH JIOKAJIHHBIX OMMUOOK W OIEHKH HOP-
MBI UJIU JIOTAPUGPMUIECKON HOPMBI MATPHUIIBI TPOUIBOIHBIX MTPABBIX
JacTeil CUCTEMBI B 0KPECTHOCTIU SKCTPEMAJIN.

I[Ipu wucmonb30BaHUU KAKOTO—IMOO $BHOTO MeTOHa PyHre—
KyTTbl OlleHKU BEJWYMH JIOKAJIBHBIX OMMUOOK MOTYT OBITH CIesa-
HBI TI0 TpaBuly PyHre win 1o pa3HOCTH 3HAYEHWIA, BHIYUCTEHHBIX
€ TOMOLIBIO JBYX pasHbix MeroaoB Pynre-Kyrrbl (peanusyembix,
HAnpuMeD, B Buze “BrozkeHubx” dbopmya) [9, rr. 8, §3; 38, IL4| Y.
OrmeTnM, 94TO B MCHOMB3yeMoii mporpamme DOPRI8 [38, mpwu. 2]
JIJIST aBTOMATUYIECKOTO BHIOOPA 11aTa UCIOIB3YETCS CMEITaHHOE MAC-
MITAOMPOBAHUE OIEHOK OMHOCUMEAbHVLT JTOKATBHBIX OIMHOO0K.

OcHOBHASI BBIYUC/IUTEIHHAS TPYIHOCTH BCEX YIOMSHYTHIX BbI-
1€ CIIOCOOOB COCTOUT MMEHHO B HEOOXOAWMOCTHU BBIYHUCIEHUS OIe-
HOK HODPMBI MATPWIIbI TMPOU3BOJIHBIX B OKPECTHOCTH IKCTPEMAJIU.
DTa OKPECTHOCTH OIEHUBAETCS C TIOMOIILIO OEHKY TI00aTBHON 0~
rpemrHocty. HemocpeacrBenHoe BBIYUCIEHHE MAKCUMYMa HOPMBI B
OKPECTHOCTH M CaMOW COOTBETCTBYIOIIEH OKPECTHOCTH — 3aJa4a
Tpyaoevkas. OOHUM U3 BO3MOXKHBIX BBIXOJOB SBJISIETCS TOCTPOE-
HUE OIEHKU C Y9Y€TOM MaKCHMyMa HOPMBI TI0 BCEMY MPOCTPAHCTBY
(em. [9, r. 8,§4]). OxHaKO Takast OIEHKA MOXKET OKA3aThCsl CHJIBHO
3aBBIIIECHHOI.

Jpyroii cmocod COCTOMT B MPUOINKEHHON 3aMeHe MAaKCHMyMa
HopMbl 110 okpecraoctu U (cm. teopemy I1.3.4) na kakyo—sau6o
CPABHUTEIHBHO MPOCTO BBIYUCISIEMYI0 OJNU3KYIO0 BEJIUYUHY, HAPHU-
Mep, Ha MAaKCUMyM HOPMbI 1O ABYM TOYKaM (Z;, i), (Tit1,Titr1)-
B nomosirenme K BO3MOXKHOI OIMTUOKE BHIYUCIEHUST OIEHKHU TJ100a/Th-
HOI MOTPEITHOCTHU, CBA3aHHOH ¢ HEMPABMILHOU OIIEHKON JIOKAJbHBIX
oImbOOK, IPH 3TOM T0OABIAETCS BO3MOXKHAS OITHOKA, CBI3aHHAS C
OOJIBITION pa3HuUIeil MPON3BOAHBIX HA PACCINTHIBAEMON TPAECKTOPUH
U B €e OKPECTHOCTH.

OraenbHON POGIEMOit SABIASETCA yUIeT MOTPEITHOCTH BhIYUCIe-
HUs TOYEK MEPEKJIIOYEHNs W MOIPENTHOCTH BBIYUCIEHWsST MOMEHTA

1) Biiepsble, m0-BUAMMOMY, HCIONB30BAHUE ABYX PA3HBIX METOAOB PyHre—
KyTThl 1/151 OLIEHKY JIOKAJbHBIX OMHUOOK ObLIIO Npeayioykeno BeeBosiogom AJiex-
cagapoBuyeM EropoBeiM B omguHoM u3 npenpuatoB WIIM um. M.B. Kenapima.
VCTaHOBHUTH 3TO TOYHO, II0 MHEHHUIO ABTOPA, — XOPOMIAs TEMA [JIsi UCCIeI0Ba-
HUA 110 UCTOPUU MATEMATUKHU.
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OCTAHOBKH Tepng U3 YCTOBUSA OCTAHOBKH CUETA, OTPEIETSIEMBIX HESTB-
HO (2.16). B aTnx ciyyasx Ha HEKOTOPOM BDEMEHHOM WHTEpBAJIe
pemaercs 3azada Ko j1jig Apyrux mpasbix dacredi (Ha 3TOM WH-
TepBase B myHkTax ‘6"’ Teopem 1.10.2 u 1.10.6 p(z) > 0). ITosromy
OpPHU OIEHKE TOYHOCTH TPeOYeTCs ONPENeSTATh WHTEPBAJT BO3MOK-
HbIX 110J0Kenuit nyiei Gyukuuu F(z,§(z)) = 0 (2.16), upu texy-
el oreHKe TI06aIbHOM NOTPENTHOCTH ONEHUTh BenduHy p(r) Ha
9TOM UHTEPBAJIE U YBEJIUYUTDH ONEHKY IJIO0AJIbHON MOTPENTHOCTH B
COOTBETCTBUM C UCTIONB3yeMoit Teopemoii 1.10.2 wmm 1.10.6. Pazywme-
€TCs1, TAKWE ONEHKH Ty Iat0TCsl 3ABBINEHHBIMHA, 9TO TPY HATAIAN
HECKOJIBKUX TOYEK MEPEeKTIOUeHUsT MOKET MPUBECTH (M TPUBOJINT)
K HEYJIOBJIETBOPUTETBHBIM PE3yJIbTATAM.

st Toro 9T00bI n30eKATh YKA3aHHBIX TPYAHOCTEN U MOy INTH
6oJiee TPUEMIEMYTO OLEHKY ITOTPEINHOCTH, MOYKHO NMOMEHSTH BbI-
YUCTUTENLHYI0 CXEMY, BBEJISI BCE MOMEHTBI IEPEKJIIYeHUH 1 MO-
MEHT OKOHYAHMS MPOLECCA Teng (B CIydae €ro HepUKCUPOBAH-
HOCTH) B YHCJIO MAPAMETPOB MPUCTPEJIKU, W OIEHUBATH TOYHOCTH
pemenns 3amad Komm HA KaxKI0M M3 yYaCTKOB HENPEPBIBHOCTH
(u menpepbiBHOil quddepenuupyemocTu TpebyemMoe 1Jisi IPUMEHe-
HUsl UCHOJIb3yeMoro MeTona Pyure—KyTrbl uncio pas) npasbix da-
creit cucrembl uddepeHInaTLHBIX ypaBHeHnii. Tak Kak Mpwu 3TOM
YBEJIUYUBAETCSA PA3MEPHOCTh BEKTOPA MAPAMETPOB IPUCTPEJIKH, TO
COOTBETCTBEHHO YBEJUYUBACTCS W PA3MEPHOCTb BEKTOP—(DYHKIINN
HEBS30K 3a CYeT BKJIOUEHHs B Hee yciosuil Buia (2.16). Jonosn-
HUTEJBHOE BKJIIOUYEHHUE B YUCI0 NAPAMETPOB IPUCTPETKHA 3SHAYEHUIT
da30BBIX M CONPAKEHHBIX TEPEMEHHBIX B TOYKAX TEPEKJIIOYCHUST
W yCJIOBWiII HEMPEPHLIBHOCTH B YUCIO KOMTIOHEHT BEKTOP—(hyHKIUH
HEB30K TPUBOJUT K BBIYUCIUTENIHLHON CXeMe, aHAJIOTUYHON METOLY
muororoueunoil npucrpesku (multiple shooting) [8; 9, rui. 9, konen
§7; 33, §5.3; 38, ru1. 1, §15, “Kpaesbie 3agaqu’].

3-3a cpaBHUTEILHON CJIOKHOCTH MOCTPOEHUSI TAKUX OINEHOK B
JIAHHOM BaPHAHTE MPAKTUKYMA TOYHOCTD PENICHUS 33,184 C Pa3PhIB-
HBIMH yTIPABJIEHUSIMHU OLEHUBAETCS HA OCHOBE COBIIAICHUS 3HAKOB
OpPHU PEIeHUHU 334491 ¢ PA3JIUIHON TOYHOCTHIO HA mare (CM. KOHell
5TOrO MYHKTA).

ITocsie Toro, Kak oueHka TouHOCTH pelenus 3a1auu Komm Ok (-)
oIpejieieHa, MOXKHO IIepeiiTH K OLCHMBAHWIO TOYHOCTU pelleHuUs
KpaeBoil 3a1aun. OHA OTIMYAETCS OT OICHKH TOYHOCTH PEHICHUS
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3agaqan Komu tem, uto 03(z¢) > 0 (2.20). IlorpemsocTts 3amanus
HAYAJIbHBIX yC1oBuit 03(z¢) aBnserca dyuximeit norpemuoctu AfS
OTIpEJIeJICHUs] NCKOMBIX TIApAMEeTPOB TpucTpesku (. B obmem ciy-
qae 0 cBa3u 03(ro) U A HUYEro CKA3aTh HENb3A; B MpOCTEiiiieMm
cllydae, KOIJla B Ka4eCTBe MapaMeTpoB IPUCTPEIKH HEIIOCPEICTBEeH-
HO HCIIONL3YIOTCA HEJOCTAIONINE i pelenns 3aja4n Komu 3Ha-
yeHWst (PA30BLIX W COMPSIKEHHBIX TIEPEMEHHBIX, 03 (1) = AfS.

M cnonp3oBanne H3BECTHBIX TEOPEM O CKOPOCTH CXOIMMOCTH Me-
Toga HbioTOHA M OLEHOK OT/IMYMS BBLIYUCIAEHHOTO MPUOJIUKEHUS
KODHSI OT ero ToyHoro 3Hadenus |7, T 2, §1, m. 13; 9, Tmn. 7, §2;
30, §33; 31, §5.6; 36, §1]) B paccMaTpHBaeMbIX B TIPAKTHKYME 3318~
9ax 3aTPYHEHO OTCYTCTBHEM COOTBETCTBYOIMUX KOHCTAHT (cM. |9,
Tu. 1, §5]). ITosTomy B kavecTBe ouenku Af B IPAKTUKYME UCIIOJb-
3yercs OJ[Ha U3 BO3MOKHBIX OIEHOK JIMHEHHOIO YJICHA PA3JIOKEHUST
B psAJl BeKTop—byHKINM HeBsi30K (cM. [9, T 1, §5, 3amaun 2.4, 2.5]):

Af = || A= MaX\y _ o |<ox(en) IX(Y ()]
LAY - [[AA] ’

(2.21)

rme A = 8)2/83. Crnenyer 3amernTh, uro B (2.21) ncnosnb3yercs
He BBIYHNCJIEHHAs HA TOCJIETHEH NTepanni HopMa BeKTOp—(hyHKINH
HEBS30K, & MaKCUMyM HOPMBI BEKTOD—(DYHKIIN HEBS30K, BBIUHC-
JICHHBIH C y4YeTOM OLEHKH IOTDEIIHOCTH pelneHus 3agadn Kormu
B MOMEHTBI, COOTBETCTBYIONIAE MOMEHTAM BBIYUCICHNS KOMIIOHEHT
BeKTOP—(YHKIMK HEeBA30K. IIpu 3TOM fj,, 0003HAYAET BLIUMCIICH-
HOoe TpubanKeHHOe pemienne 3amaun Komm wa mare n (B Mo-
MenT ), Y, — memssectHOe TOuUHOE pemenme 3agaun Komm B
MOMEHT t, ¥ N HPOGEraeT COBOKYIHOCTH HOMEPOB, COOTBETCTBYIO-
[IAX MOMEHTAM BBIUNCIIEHNs] KOMIIOHEHT BEKTOP—(DYHKINU HEBSI30K
X(?()[ﬁ]) . st AByxTOUEuHOI KpaeBoil 3314 9TA COBOKYIHOCTh
COCTOWT M3 OZHOTO HOMepa N, COOTBETCTBYIOIIETO MOMEHTY OKOH-
YaHUS [IPOLECCA.

Bo wmHOrMx 3amadax wucrnoab3yembrii B (2.21) MakcuMyMm
HOPMBI BBbIYHCJISIETCS  CpaBHATENbHO mpocro. Hampumep, ec-
JIE BCe KOMIIOHEHTHI BEKTOP—(QYHKIUH HEBA30K HMMEIOT BHJ
Yi(Tend) — Yiend = 0, TOE Yiend — HEKOTOPbIE KOHCTAHTBI, TO

— -,

MaX|p_z 1 <o (an) IR = XG)] + ok (2n) -
OctanosuMcst Ha onenke Benumumubl ||AA||. Tak xak Ma-
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TPHUIA YACTHBIX MPOM3BOMHBIX ONPEIEIACTCA YUCTEHHO KOHEIHO—
PA3HOCTHBIMU COOTHOUIEHUSAMU, TO KAXKIbIH 3/IeMEHT MaTpuIlbl AA
npezcTaBysier coboil CyMMy JIBYX TIOTPEIIHOCTEI: TOrPEITHOCTH BbI-
YUCJIEHUI U TIOTPENTHOCTH AMMPOKCUMAIINH (TTOIPEITHOCTH METOIA).
TTorpemHnocTh BEIYAC/IEHU T BOHIKACT IIPU HETOYHOM ONPEICTeHIH
BEJIMYIUH X,(gj’()[ﬁ]), BXOIAIIAX B HCIOJb3yeMble (POPMYJIBI IHC-
sennoro guddepenunposanus (2.11)—(2.13). Inapublii uien mo-
IPEIIHOCTH ANNPOKCHMAINY [JIst 91eMenTa A;; MOXKeT GBITDH 3aIlu-

CaH B BUJE:

X /07 - Aj/2, (2.22)
st bopmya (2.11), (2.12) u
°X; /083 - A3 /6,

st popmyast (2.13).

3uadveHus BTOPOi U, TeM Gosee, TpeTheil TPOU3BOIHON BEKTOP—
GyHKIMM HEBA30K MO MapamMerpaM NMPUCTPEJIKH HEM3BECTHBI M 3a-
MEHSIOTCA PA3HOCTHBIMU OLEHKAMMY.

IIpn pemennn 3a1a9 TPAKTAKYMa, UCTIOIB30BAJICA CJIEAYIOIIAA
anroputM. JI/1s1 OTBICKAHAS IPOU3BOJHBIX UCIIOIB30BAINACH (DOPMY-
Jibl yucsientoro quddepeHuupoBanus nepsoro nopsaka — (2.11)
unu (2.12). Ipu ouenke TOYHOCTH UCHO/IB30BAJIACH (POPMYJIA YKC-
serHoro audg epeHnupoBanus BTOPOTo mopsaaka (2.13), riuaBHbrit
9JIEH TIOTPEITHOCTH METOJA TpW ITOM ‘3arpybuisiyics” u OpaJjcs B
Bujie pnbnnxkennst (2.22):

0°X, /082 - A; /2 ~

Xi(7()IB + A;]) = 2% (O)B]) + Xa(@()IB — &)
27, '

~
~

Tak kaxk 31O HpI/I6HI/I}KeHI/Ie BBIYHUCIAIOCH HETOYHO, TO B JOIIOJI-
HEeHHE K IVIABHOMY YJIEHY IIOTPDEHIHOCTH METOIda /IO6&BHHJI&CI> II0-
TPEIMTHOCTh €TI0 BBIYUCJIEHUA. C‘H/IT&E{, YTO IIpU MaJIBIX Aj OIIEH-

ki morpemmoctn 6,; seraucienns xomnonent X;(7()[5 + 4;)),

-

X (78D, Xa(@()[F - 5]]) paBHbL, 37eMeHTbl MaTpulbl AA ole-
HUBAJINCh BEJMYHHAMMU:
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|Aaij| < eij = A, T

ITocie nonyyenust omeHOK 3jieMeHTOB MaTpuubl AA ee HOp-
ma ||AA|| ouenuBaercs kakum—iubo cnocobom. Hanpumep, MoxkHO
OIIEHUTH HOpMY MaTpuilbl AA CyMMOIl OIIEHOK ee 3JIEMEHTOB:

k
A4 < ) e,

ij=1

rme k — pa3MepHOCTHh BEKTOP—(YHKIINN HEBA30K M BEKTOPA Iapa-
MeTPOB IPHUCTPENKH. Pasymeercs, npu pereHnu KOHKPETHbIX 33,139
JKEJIATEIbHO BBIIHUCIATH OIEHKY ||AA||, mo Bo3MoOKkHOCTH, GJIH3-
KyI0 K MUHWMAaJbHO gonycrumoil. Ecam omenky ||AA|| weompas-
JIAHHO 3aBBICHTH, 9TO MOXKET IPUBECTH K JUCKPEJIUTAIMN BEPHBIX
pacyeros.

®opmyia (2.21) dpakTHUECKH ABISIETCSA OLEHKOM PA3HOCTH ME¥K-
JIy DEIeHUsIMM CHUCTEM JIMHEHHBIX aJreOpandyecKnX ypaBHEHHi ¢
MaJIo PA3JIMYAIONIMMACT MaTPHIAMHM W TIPABBIMH dacTsiMu. Ec-
i Marpuna Ikobu (MaTpuIa YACTHBIX IIPOM3BOAHBIX BEKTOP—
YHKIMN HEBA3O0K IO KOMIIOHEHTAM BEKTODA IPUCTPEIKH) BBIYHC-
astercst Touno (||AA|| = 0), o dbopmyna (2.21) npurnMaer BuUA:

AB =AY max |X())- (2.23)
(¥ | <O ()

Ecnu Touno BBIUHCIsIETCsT BEKTOP—(QYHKIMS HEBA30K, TO B (POPMY-
nax (2.21), (2.23) Bemunza max ) [1X(Y)|| 3amenser-

=

ca Ha [|X(B)]].

Ilocne onpenenenus pequuuabl AfS 10 Hell ompeness-
€TC  ONEHKA BEJIWYMHBLI TOTPENTHOCTH HAYAJIBHBIX  yCIOBUiA
03(x0) = 03(x0)(AB), HeOOXOAMMAS JJIs OUEHKH MOIPEIIHOCTH Pe-
IIeHUsl KpaeBoil 3aauu Kak HOIPeNIHOCTH pellenus 3aja4u Komm
C HETOYHO 3aJaHHBIMU HAYATHHBIMUA yCIOBUAMN.

[V~ | <Ok (2
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B kakom ciyuae ucnosb3oBanue (2.21) okasblBaeTCs HpUEM-
nembiM? BooOIie roBOpsi B Ciydae, KOTJA HEJWHEHHAs BEKTOP—
byHKIMS HEBS30K XOPOIIO TPUOJINKaeTCs JuHeitHol dyHKinei. B
KavecTBe TMPU3HAKA TAKOH “Xoporeil” cuTyalny B MPaKTHKYMe BbI-
OmpaeTcs BBITIOJTHEHHUE CIEAYIONero Habopa yCI0BmMii:

1) ucnonb3yembiii MogudunupoBanublii Mero Hpiorona Heckoibko
MTOCJIeTHUX UTEpaInii paboTaeT 1Mo cxeme OOBIYHOTO;

2) HOPMBI MOC/IEIOBATEILHBIX CMENICHNH (PA3HOCTEH MEXKIy Oue-
PEIHBIM ¥ TIPEIbILYIIUM TPUOIMKEHUSIMEA KOPHS) yOBIBAIOT B CO-
OTBETCTBUHU C TEOPEMOH O cxomumocTu Merona Heorona,;

3) BblUMCIFEMbIE HA STUX MTepauuax Marpuipbl Axkobu Giusku
([Airr = All/I|Aia || € 1).

B ciioxkHBIX cilydasX TOOBITKE OIEHUTh TOYHOCTH PEIIeHUs 3a-
nmaau Kormm u KpaeBoii 3a1a4u MOI'YT NPUBECTH K HEYJOBJIETBOPH-
TEJILHOMY DPE3YJILTATY: TIOJIYYAIOIHeCs ONEHKN OKAa3bIBAIOTCS CHJIIh-
HO 3aBBIMEHHBIMU. B TaKuX CIy4Yasx Jjis KOHTPOJS TOYHOCTH Pe-
IIIeHUsT 33191 TPOBOJIUTCS CEPUsl PACIETOB, 1O KOTOPBIM TPOBEPSi-
0TCs HEODXOIMMbIE TPU3HAKU KOPPEKTHOCTU BHIYUCTICHUIA.

K gmcny takux mTpu3HAKOB OTHOCST:
— pemenne 3amadu Koy mpu OJMHAKOBBIX HAYAIBHBIX YCIOBHU-
SIX € PA3JIMYHON TOYHOCTHIO HA IAre ¥/Uiu PA3JUYHBIMU METO/a-
MU: TIPOBEPSIETCS COBMAIEHNE PEIEHN B HEKOTOPOM HAbOPe COBIA~
JAIOIIUX TI0 BPEMEHU XAPAKTEPHBIX TOYEK (CepeuHa TPACKTOPUH,
KOHEI, TPAEKTOPUU U T.I.) U MOTYIIUX HE COBNAJIATH MO BPEMEHU
XapaKTePHbIX TOYEK (TOYKH NEPEKIIOYeHNs, He 33 JaHHbIl 3apaHee
KOHEI, TPAEKTOPUU U T.I1.), COXPAHEHUE HA IKCTPEMAJIAX 3HAYEHU
MEPBBIX HHTErPAJIOB CUCTEMbI U depeHInanbHbIX yPABHEHUI;
— permenne 337a9un Komm mpu pasinydHbIX HAYAIBHBIX YCIOBUSIX
C PA3JIMYHOW TOYHOCTHIO HA TIAre ¥/WjM Pa3jInIHBIMA METOJAMHU:
AHAJIOTHYHO KOHTPOJII0O TOYHOCTH pelenus 3aiadu Kormm mpose-
psieTcs COBNAJIEHUE PEIIeHnuit B HEKOTOPOM HabOpe XapaKTePHBIX
TOYEK U COBIAJIEHNE KOHCTAHT TIEPBBIX WHTETPATIOB;
— pemenre 3amaun Kormmm “Brepea—Hasan’: 3a1al0TCs HEKOTOPHIE
Ha4YaJbHBIE YCJIOBHS, pernaercs 3amada Komum Ha TpeOyeMoM WH-
TepBaJie, TOJIyYEeHHBIE B KOHIIE WHTEPBAJIA 3HAYEHUST BHIOMPAIOTCS
B KadecTBe HAYAJIBHBIX, W pemaercd 3agada Komm “B obparHOM
BpeMeHr’ OT KOHIIA K HAYaJy, BBIYUCIEHHDBIE TAKAM OOpPa3oM Ha-
JaJIbHBIE 3HAYEHUsI CDABHUBAIOTCS C MCXOIHBIMH.
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Bce atn criocobb1 KOHTpOIIs HAeHHO BOCXOAAT K mpasuty Pymre:
“Te mecATWYHBIE 3HAKU, KOTOPHIE HE M3MEHUINCh, CIUTAIOTCS Mpa-
BusIbHbIME . B KauecTBe mpuMmepa, MOKa3bIBAIOIIEr0, YTO U3 COBIA~
JIEHVsT 3HAKOB B BBIYMCJIEHHBIX TPU PA3JIUIHBIX TOYHOCTSX Pellre-
HUSX HE cAedyem TPABUIBHOCTD PEIleHrs 33/1a49d, TPUBEIEM Cie-
JAYIOIIWA: MeTO/T perenus 3agaqu Komu 3anporpaMMupoBaH mpa-
BUJIBHO, NPV HATUCAHUN MPOTPAMMBI BBIUHUCIEHUS TPABBIX YACTEl
cucrembl auddepeHnraabHbIX YPABHEHUN JOMYIEHa OIMMUOKA Ta-
Kasl, 9TO KOHTPOJMPYEMBIE MTEPBBIE MHTETPAJIBI OCTAIOTCS TTEPBBIMU
MHTErpajJaMu HOBOM, ‘3amporpaMMUPOBAaHHOI cucTembl. Pasywme-
€TCsl, ITUM CJIy9aeM BO3ZMOYKHbBIE IPUIUHBI HENPABUIHLHOCTH PeIlie-
HUs 33Ja4K He ucyepubiBaiorTcs (“‘eciu Kakas—ro omubka MOxKer
OBITH JOMYIIEHA, TO 00S3aTEILHO HAMIETCs YeJIOBEK, KOTOPBIi ee
JIOMYCTHUT; €CJIN KAKAs—TO OIMMOKA HE MOYKET OBITH JIOMYIIEHA, TO
BCE DABHO HANETCs YEJI0BEK, KOTOPBIH CMOXKET €€ JOIyCTUTH).

Tem He MeHee MPOBEPKA COBMIAJEHWs] 3HAKOB B YUCIEHHOM pe-
IIEHUH BO MHOTHUX CJIy4asiXx OKA3bIBAETCS eJUHCMBEHHbILM DEAITb-
HBIM CIIOCOOOM TTPOBEPKHU MPABUJIHLHOCTH PEIEHUs. XOTsS YUCIEH-
HBIN YKCIIEPUMEHT HUYE20 He J0KA3bLeaem, OH MPAKTUYECKU BCEX
ybesrcdaem, ITO 337a9a PEIIEHA BEPHO (/171 CTYI€HTOB BaXKHEe BCe-
ro, 9T0 OH y6eXKJIAeT B MPABUILHOCTH DEIIEHUs 3aJa49d MPErno/ia-
Baresis, IPUHUMAIOIIErO 3a4eT).
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