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Urepanmonusie mmpone/ypbl HA OCHOBE METOAa
rJI00AJIBHOTO YJTYYINI€HUsI yIIPABJIECHUS

AnnHoTAIMA. PaccmarpuBaioTcsi KOHCTPYKTHBHBIE METO/bI UTEPAIIMOHHOM OII-
TUMU3aIUY YIPaBJICHUs Ha OCHOBE MuMHHMMAakcHoro mpuHiuna B.®. Kporosa
U POJICTBEHHBIE €MY JIOKAJIM30BaHHBIE METO/bI. B Cepuu BBIYNC/INTENBHBIX 9KC-
IIePpUMEHTOB UCCJIEYIOTCHA CBOIiCTBa Yyay4qaniaeMOCTH U CXOUMOCTU COOTBETCTBY-
ommx ajaropurmoB. Ilo pesynpraraM HaMeYalOTCsl HAIPaBJIEHHS JaIbHEAIINX
MCCJIeJOBAHUI.

Karouesvie crosa u ppasvi: onTumanbHoe ynpasneHue, JUHAMUYECKME CUCTEMbI, CKONb3ALMI
pexnum.

BeepeHune

ITpakTuyiecKoe NCHOJIb30BAHIE U3BECTHBIX KJIACCHIECKIX METO/OB Ma~
TeMaTU4deCcKOit Teopun yIlipaBJ/IeHHUA OKa3aJIOCh BECbMa OI'DaHUYI€HHbIM U3-
3a CJIOXKHOCTE}l pealu3aluy TEOPETHICCKUX COOTHOIIEHUH, OIHMCHLIBAIO-
[IIX UCKOMOE pelleHne. JTO MOCIYKUI0 MOTUBOM JIJIsl pa3pabOTKU IIpH-
OJIMKEHHBIX METOJOB, MO3BOJISIONINX HCKATh ONTHMAJBHOE PEIIeHne Ha-
IPAMYIO, MUHYS YCJIOBUS OUTUMAJIBHOCTH, HOCPEICTBOM OLEPAIHi YLy d-
IIEHHs yIIPABJICHNS, IOBTOPSIEMbIX B HTEPAIMOHHOI poneype. IIpu sTom
KOCBEHHO KCIIOJIb30BAJINCE KAK CAMU OCHOBOIIOJIATAIOIIIE PE3YIILTATEL TEO-
PHH OITHMAJILHOTO YIIPABJICHNUST, TAK ¥ IIPUHITUIIBL, JIEXKAIIIE B UX OCHOBE.
B 1ies10M mpe/icTaBiieHre 0 COCTOSIHUU JIeJI ¥ HAIPABJIEHUSX B 9TOH 0bJ1a-
cTu 1aoT 0630phl B HegaBHux MoHorpadusax (1], [2] u crarwe [3].
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OniHO U3 HanpaBJIeHHI 6a3UPyeTCst HA JOCTATOUYHBIX YCIOBUSX OIITH-
masbHoCTH [4], [5] u npunnune pacumpenus (6], oTmgaromuxcs 3Ha9n-
TEJIBHBIM MHOI000pa3ueM II0JX00B U pe3yibraroB. Crerudukoil sBiis-
eTCs1 AIPUOPHO MPUOIIMKEHHBIH T10/IX0]T, BOSMOXKHOCTD OIeHUBAHMUsI [OJTY-
YaeMbIX [IPUOJINKEHHBIX PEIleHnil U HCII0JIb30BaHIe XapaKTEPHOIO CBOTi-
CTBa BBIPOXKJIEHHOCTH NPHUKJIATHBIX 3389 U COOTBETCTBYIONIUX CIICIH-
AJBHBIX METOJIOB /Il [OMCKa HAYAJIbHBIX HPUOJIMKEHUH, 9TO, KaK W3-
BECTHO, fBJIAETCS KPUTHIECKUM MOMEHTOM IIPH UCHOJIB30BAHUM UTEPa-
[UOHHBIX YJIyUIIAIONHMX AJIIOPUTMOB.

B [7] cdopmynupoBana abcTpakTHas 3a/a9a yIIydIIeHHs: IyCTh Ha
HEKOTOpOM MHOXKecTBe M, HazpIBAEMOM 0CcHOS8HbIM, 3a1aH dyKimonan [
u s1ement m! u3 muoxkectsa D C M, maseiBaemoro donycmumovim. Tpe-
6yerca maittu snement m!! € D, ma koropom I menbmme: I(m!l) < I(m!).
Pemras 31y 3a1ady noc/Ie10BaTEIbHO, MOXKHO IOy 9UTh Y1y 9IIAIONLYIO, B
YACTHOCTH MUHMMHU3UPYIONLYIO, IOCIEI0BATEILHOCT {m }. BBegeno no-
HATHE ollepaTopa yiryumiernst §(m), rakoro, aro I(6(m)) < I(m), u Hemo-
nsrkHOro snemenra: I(6(m)) = I(m). Ipeacrasnena obmas cxema 1o-
CTPOEHHUsI OIEPATOPOB YJIYUIIEHUS U COOTBETCTBYIOIIUX UTEPAIMOHHBIX
POy Ha OCHOBE JIOKAJU3AIMUA U YIPOIICHUs TJIOOAIBHBIX YCIOBUI
YIYYIIEHUs U ONTUMAJLHOCTH B OKPECTHOCTHU 3JIEMEHTA, [OJIy9IaeMOro
Ha TEKyINel uTepanuu, ¢ aHAJTI30M UX OOIIUX CBOKWCTB, B TOM THCJIE MO-
HOTOHHOCTHU U CXOJAMOCTH.

B sT0it cTaThe TPUBOJATCS PE3YJIHTATHI CEPUU BBIUUCIUTETLHBIX JKC-
IIEPUMEHTOB Ha IPEJICTaBUTEIbHBIX IIPUMEPaX, B KOTOPBIX MCCJIETYIOTCS
cBOficTBa MeTOsIa IV100aJIbHOrO yilydileHus ynpasienus [5,8-11] u ero
JIOKQJIM30BAHHBIX BEPCHil, POJACTBEHHBIX JIPYTUM JIOKAJIBHBIM METOJAM,
B TOM YHCJIE M3BECTHBIM T'PaJMEeHTHBIM MeTojaM. OCHOBHAS 1EJIb — WC-
CJIeIOBATh BO3MOXKHOCTH YJIyUIIIEeHUs] XapaKTEPHBIX HEIOJBUKHBIX JJle-
MEHTOB, TaKMX KaK KJIACCHYECKHe dKcTpemasu ditnepa—J/larpanxka mim
IMouTpsiruna (B 9aCTHOCTH, TaK HA3BIBAEMBIX OCOOBIX PEXKMMOB), €CJIM
OHU HE ONTHMAJIbHBI.

Ha ocHoBaHuM 3THX PE3yJIbTATOB JEJIAIOTCS TPAKTUIECKUE BBIBOIBI
00 nx 3pPEeKTUBHOCTY U HAMEUYAIOTCS HAIIPABJIEHUS! JTAJIbHENIINX UCCTIe-
JTOBaHUIA.
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1. 3apgaun ynyuweHuns ynpasneHusi AUCKPETHLIMU U
HenpepbIBHbIMU AVUHAMUYECKUMWU CUCTEMamu

[TycTb nMmeercs: TuHAMIYECKAs yIPABISeMasi CACTEMA — JUCKPETHAS
(1) z(t+1)=f(tzt),u), teT=A{tr,...,tr},
WM HellpepbIBHASA

(2) Jb(t):f(t7$7u)a te [lf],tp}7
zeR™ w(t)eUl(t,z) C RP, x(t;) = g,

NIPU TPAJAAIMOHHBIX JJIs pabOT IPUKJIAIHOTO HAIIPABICHUS ITPEIIOI0KE-
HUSAX. B 9aCTHOCTH, /ISl HENIPEPBIBHBIX CUCTEM IIPEIIONATAETC KyCOoU-
Hasl HelpepbIBHOCTH u(l) M KycouHas riajkocTb z(t). MuoxkecTBO pe-
MmeHn# KaxkJo0# u3 9Tux cucreM — muporecco m = (x(t), u(t)) — obo-
smaunm D. 3aman GyHKIuoHa KaK HEKOTOpas HenpepbiBHAA (yHKIUSI
konewnoro cocrosams [ = F (z(tg)) u mexkoropsrit mporece ml. TpeGy-
eTcs HaitTu apyroit (mywmmit) mpomece ml, Takoit wro I(m!l) < I(m!).
PexkypcuBHOE MOBTOPEHUE ONEPAIMN YTy YIIEHNsT TPUBOIAT K UTEPAIOH-
HOI IIpOIeIype, MOPOXKIAIOIIEH YIIy ALy 0, B YACTHOCTH MAHUMU3H-
PYIOIILYIO, [OCJIEI0BATETHbHOCTD.

Ara 3a7a19a PENTaeTcs 1o IPUHIUILY pACIIupeHust [4] 3aMeHol nexo-
Hoit 3agaun (D, ) Ha ee pacumpenue (E, L), rae E moayvaercst uckiio-
JeHHeM JUCKPETHOHN mwian auddepeHImaIbHoll ¢Bsasn, a L — 0600IeHHbIi
smarpamxkuan Kporosa.

Jst MuCKpeTHOM CUCTEMBI UMeeM

tp—1

L= G(l’(tp)) - Z R(t,x(t)ﬂl(t)),

t=tr
rie
R(t,x, u) = @(t +1, f(t,.fl?, u)) - <p(t,x),

G(x) = F(z) + ¢(tr,x) — o(tr, x1),

©(t,x) — npousBosbHasi dbyHKIUs, onpeesomas GbyHKInoHaa L, Ko-
TOpasi 3aJ1aeTCsl TaK, YTOOBI pa3pelragach 3a/1a49a, YLy diieHus.

Caenys [11], 6yeM UCKaTh ¢ U3 PEKYPPEHTHBIX COOTHOIIEHU

3) o(t,z) =@ (t+1, f(t,z,u(t)), te{tr,...,tp —1},
p(tp,x) = —F(x).
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Pemas cucremy

n x(t+1) = fta),ult,x(t))), x(tr) ==,
U ta = 0 t 1a ta ) — 0 t7 9
u(t,x) arg nax (Pt + 1, f(t, 2, u) — 7(t, 2))
HAXOJMM yJIyuIlenHslii somycrumbtit npouece (z'(t), ul(¢) = u(t, z™(t))).
Anajornuno J1j1s HellpepbIBHON 3aa4m:
tp
L=Galte) ~ [ Rlt,z(t), u(®)d,
tr
rie
G(z) = F(2) + ¢(tr, z) — o(tr, z(tr)),

T
R(t,z,u) = @, (t,2) f(t, z,u) + @(t, ).

o(t, z) — ragkas GyHKIMs, KOTOPas 3a/aeTcs Kak perierne 3aja4u Ko-

I JIJIs1 JIMHENHOTI'O ypaBHeHI/IH B YaCTHBIX IIpOI/ISBO;LHbIX

(5) Ol f(t,z,ul(t) + ¢ =0, F(x)+ ¢(tp,z) = 0.

Pemtenne 3amaan Kot g1t 06b1kHOBEHHOTO MU DEPEHTINATLHOTO yPaB-
HEHUsI

.T(t) = f(t,x,ﬂ(t,x)), x(tl) =2y,

(6) i(te) = arg  max  (R(t,zu),
ueU(t,zl(t))
5 " o 11 Ty — (4 0

BBLIAET YIIyUIIeHHBIA JorycTumblii nporece (- (t), u' (t) = u(t, 2 (t))).

Kak BujiHO, yKa3aHHBIE ONEPAIIUH YIIyJIIAIOT WX, IO KpaiiHeil Mepe,
HE YXY/AIIAIOT UCXOHOE yIupasJyenue. JpyruMu cjoBamMu, Moy 4aeTcs: Mo-
HOTOHHAs HEBO3PACTAIOIIAsl YUCJIOBAsL OCJIEN0BATEIBHOCTD I (my). Ecau
dyukuuonan I(m) orpanunden causy Ha MHOXKecrTBe D TO, KaK usBect-
HO U3 aHAJIU3a, ITa IMOCJIEJ0BATELHOCTh UMEET IIPEJIEsI, 9TO O3HAYAELT
CXOJIIMOCTD TIOCTPOEHHOT'O MUTEPAIMOHHOIO MIPOTECCa 10 PyHKITMOHATY.

JList TUHEHHBIX OTHOCUTETHFHO MTEPEMEHHBIX COCTOSTHUST 3a1aY

(7) f(t,z,u) = A(t,u)z + B(t,u), F(z)=n"x,

¢ maxoqures B Buge o(t, x) = v(t) + YT (t)z, e v(t), ¥(t) momyuarorcs
u3 pemenns 3aja4u Komm st cucreMbl 1+ 1 JIUCKPETHBIX [ENOYeK

U(t) = ATt W @)t + 1), $(tr) = -,
v(t+1)=BY(tu'(t)(t+1), v(tr)=0,
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WA OOBIKHOBEHHBIX MU PEPEHITNATBHBIX yPABHEHUIA

B(t) = —AT(L A (O)0(), ltr) = -,
ot) = ~BT (L (0)(t), v(tp) = 0.

Jtst TuHEeHO-KBaIPATHIECKUX OTHOCUTETHHO TTEPEMEHHBIX COCTOSI-
HUS 33J1a9 — JUCKPETHOMN

2(t+1) = A(t, w)a(t) + B(t,u),
(8) 20t +1) =2°) + 2%a(t,u)x,
I=2%tp) +nTa(te) + 2T (tp)pz(tr)

U HEIPEPBIBHOI
@ )
9) 20 = 2Ta(t,u)z,
T 0

r106aJIbHBIM COOTHOIIEHUAM (3), (5) yAOBIETBOPAIOT JIHHEHO-KBaPATH-
YeCKHe ¢

o(t,z,2%) = v(t) — 2 + )z + 1/22 o (t),

KO3 PUITNEHTH KOTOPBIX OMPEIeISIOTCS MTOJACTAHOBKON 3TOI (hOpMBI B
YKa3aHHbIe COOTHONIEHNUS.

B ofrmem cityyae HeTHHEIHBIX CUCTEM OIIEPATOPHI YIIy IIIEHNAST MOIY'T
CTPOUTHCH ITyTeM 3ajiaHus (PyHKIUN B (hOpMe MHOTOMEDPHBIX CTEITEHHBIX
[IOJINHOMOB M TaKON K€ ITOJIMHOMHAJILHON AlIPOKCUMAINNA B 3aaHHOMN
obactu coorromennii (3), (5) Ha HEKOTOPOH CETKE y3JI0B B OKPECTHOCTH
TEKYIIero npuomKenns. Pa3Mepsl OKPECTHOCTH MOTYT PEryIHpPOBATHCS
[0 IPUHIAIY JIOKAJIA3AIUA BO B3aHMOCBA3HM C MOPSTKOM AIIPOKCHMHU-
PYIOIIUX IMOJIMHOMOB. DTO JIA€T BO3MOXKHOCTH CTPOHUTH Pa3HOOODa3HBIE
UTEPAIMOHHBIE IIPOIIE/IyPhl PA3JINIHBIX MOPSIKOB, B TOM YHCJIE — MHO-
TOMETO/IHBIE, C yUYeTOM CIEIMUKI KOHKPETHBIX 33/1a9 U ¢ OPHEeHTAIrel
HA TTAPAJIIC/IbHBIE BBIYUCICHUS.

2. BbluncnutensHblie akcnepumenTsl (BI)

Bruia nposenena cepust BY ¢ werbippmst anropurmamu (Ne 1 — Ne 4))
PEeAU3YIONMME METO/T TVIO0AJBHOTO YJIyUIIEeHUSI U €ro JIOKAJIN30BAHHbBIE
BEpPCUU C TEJIbI0 U3YUEHUsI UX MOBEIEHNS B OKPECTHOCTU HEIOIBUKHBIX
3JIEMEHTOB.
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ITepsoie asa (Ne 1, Ne 2) — ajiropuTMbl IIEPBOrO U BTOPOI'O HOPSJIKA
6e3 JIOKaIM3AINY, YIIydIIAoIIe YIIPABICHUsT B HEPEPBIBHBIX CUCTEMAX
Buza (7) u (9) cooTBETCTBEHHO.

Asropurm Ne 3 — muckpeTHbIit 1-r0 TOpsijiKa, JTOKAJIN30BAHHBIN I1y-
TeM ImTpadOBaHus 32 OTKJIOHEHNE OT TEKYIIETro MPUOINKEHUST: UCXOTHDBII
dbyuxmonasn I 3amensiicst dyrkunonanom suaa I, = (1 —a)l +aJ(m—
mI), rie J — dyaknmonas tuma HopMel, 0 < a < 1.

Asropurm Nt 4 — Tak»Ke JUCKPETHBINA 1-TO MOPsI/IKA, JOKAJIN30BAH-
HBII ITyTeM CyKeHUs JOIMYCTUMOTO MHOYKECTBA B OKPECTHOCTU TEKYIIEro
IPUOIMKEHUSI.

s ajropuTMoB 1-10 MOPSIIKA MPOIECCHI, YAOBIETBOPSIONIAE YPAB-
HeHusAM npuHnuna makcuMmyma Ilonrpsaruna (IIMII), asasorcs Heno-
JIBH2KHBIMU 3JIEMEHTAMH.

B kagecTBe TECTOBBIX IPUMEPOB PACCMATPUBAJIKICH CJIeIyronue 4 3a-
Jlaqn.

Samaga 1 (Yupasienue JMHEHHBIM OCIHIUIITOPOM).
il = 2%, i?=-1-2%, |ul<a,tel0,tr], tr =3,

1
(10) 2(0) =z9, I=ca?(tr)—inf, c==l.

B kauectse HEIIOIBU2KHOI'O 3JJIEMEHTa pPacCCMaTpUBaJICA 0COODLIIA pexKuM

TIMIT:
H = p'2%u+ (-1 — 2'u) = —? + ('a? — 22,
Pt =g, 9 = —ylu, PHtr) =0, ¥7(tr) = —c,
Ppra? —?at =0, d/dt('a? —¢*al) =0 = Argmng = [—a,d],
2uz? + Pruxt + (=1 — 2lu) — Pty =0 =
= Pl=0= ¢ =0=u=0=z' =2} =0.

OnTnmasbHOE peleHne Ipr ¢ = 1 TOIyYaeTcs MEPEXOJ0M K IIPOU3BOJI-
HOIT cucreme [6]. BammchiBaercst mpesiesbHAST CHCTEMa W HAXOMUTCS €€
HHTErpaJl

det Jdr = 2?u, da?/dr = -1 —x'u, y=|z|.

ITocste ymo6HOM 3aMeHBI IepeMeHHBIX £ = ycosf, 22 = ysinf noayda-

eTcsl IpoU3BoJIHAsL 3a1a4a (1-ro nopsiKa)

y=—sinf, yo=|zo|, I=cy(tr)sinf(tr)— inf.
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Ee pemenune (nmouru ouesuunoe): sinf = —1, sinf(tp) = —c. U3 co-
nocrasJieHnii BuaHO, 910 Ha [0,{F) 9TO pellleHne COOTBETCTBYET 0COBO-
My PEKHUMY MCXOJIHOM 3aJIa9M, MOCKOJIbKY IPH II0JCTAHOBKE MOJLyYaeTCs
u(t) = 0, ¥ COOTBETCTBYIOIIAST TPACKTOPHsI YJOBJIETBOPSET 3aJAHHOMY
HauasbHoMy yestosuto: ol (t) = x1(0) = 0. Dror pexum 1npu ¢ = 1 gaer
ONITHMAJTBHOE PeleHne UCXOTHO 3a/1a4u, TTOCKOMbKY 2(t) = y(t) sin O(t)
HenpepbiBHa B Touke tp. Ilpn ¢ = —1 HalimeHHBI 0COOBIM peXkuUM He
ONTHUMAJIEH. 3aMETUM, UTO IIPU HEOIPAHUICHHOM U HA OITHMAJIBHOM DPe-
MIEHUN TIPOM3BOMHON 3aa4n sin f(¢) B TOUKe ¢ HpPETEepIeBaeT CKavoK ¢
-1 ma +1, T.e. OTJINYAETCA OT ONTUMAJILHOTO JJIS Cydas ¢ = 1 B eIuH-
CTBEHHOI TOYKe.

Bamaua 2 (Hesnummeiinas HeBLITyKIas 3a7a9a ¢ OCOOBIMU PEXKUMa-

it =cosz®, i*=wu, 2*€[-n/2,-3n/2], te]0, 4n],
z1(0)=0, 2%(0)=0, |u/ <1, I=2'"(4n)— inf.
Yenosus IIMIT fyist aToit 3a1aun:

H = ¢! cosz? + 1p*u — max, 1/)1 =0, 1/}2 =t sina?,
u

Pt =1, ? = —sinz?, ¢*(4r) =0,

U—Sign¢27 w27é0a u < [_Ll]v ¢2=0
ITpu % = 0 ynpasnenne, Makcumusupyiomee H , Hee uHCTBEHHO (0COODIIT

peskum). [pu stom u3 yenosus 12 = 0 noayuaem sin 2% = 0.
Paccmorpum Bo3mozkubie perenns ypasuennit [IIMII B obractu

—3n/2<2?<37w/2, 0<t<d4r

Ha  ILJIOCKOCTH (Jc2, t). Nnmeem: 1&2 <0 npu 0<a?<m
7,/}2 > 0 mpu —7 < 2?2 < 0. B ykazsanuoil o6JacTH STUM ypaBHEHHSM
VIOBJIETBOPSAIOT pellieHusi, obo3nadeHuble Homepamu 1, 2, 3 na puc. 1,
[pUYeM, KaK HETPY/HO BHJIETh, UMeeTCsi KOHTUHYaJIbHOE CEMENCTBO pe-
MIeHuil THIA 3 COOTBETCTBEHHO TOUKAM CXOJa C 0COBOTO pexKmMa, x2 = T
B juanasone [0, 7] 1 Takoe Ke MHOXKECTBO CUMMETDPUYHBIX UM DeIleHuii
COOTBETCTBEHHO TOYKAM CXOJIa C 0CO6Oro pexkmuma 2 = —1.

JlBa CMMMETPUYHBIX PeIIeHrs] TUIA 2 — OINTUMAJbHBIE. DTO BBISIC-
HSIETCS HEIIOCPEJICTBEHHO W3 PeIeHus! IPOU3BOJIHOM 3a/1a4m, KOTOpas B
JTAHHOM CJTydae II0JTydaeTcsl HCK/IIOUeHIeM ypaBHeHns 2 = u. B 3Toii 3a-
nade x2 UrpaeT poJib YIPABJICHH, IPU JONOJHATEIBHBIX OIPAHHICHIIX
x? € [—t,t], KoTOpbIe IIPeJICTABISAIOT COOOI I'PAHUILI PEIleHu l ypaBHeHUsT

i? =wmnpn u € [-1, 1].
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.
2
3
1
0 T T T |
T 2 3n 41
2
-
Puc. 1.

Sanaua 3 (Kiaccuieckast HEBBITYK/Ias KBapaTHIeCKas 3a/1a49a).
tp
(11) / ((w)? = (z)?)dt — inf, & =u, z(0)=0.
0

B crangapraoit dpopme:
(12)
it = (u)? — (2?)?, i*=wu, 2'(0)=2%0)=0, z'(tp)— min.
B sroit 3amade nporece z(t) = u(t) = 0 onrtumasen upu tp < 7/2 u
He onTUMaJieH npu tp > 7/2. JlefcTBUTENbHO, W3 yCJIOBUH NPUHIMNA
MaKCUMyMa
H =vu— (u)*+ (2%), ¢ = —22%, H,=¢—2u=0

HAXOJIMM CeMeiCTBO KcTpeMajieil 22 = csint, a u3 ycaosust ¥(tp) = 0

nonydaem ¢ = 0. Ha mammom cemeiicTBe skcTpemaseit
tp
I(tp) = (6)2/(((308 )% — (sin t)?)dt = 1/2(c)?sin 2tp.
0
Bugso, uro ecom tp < w/2, To MunuMyM jgocruraercs upu ¢ = 0, a eciu
tp > 7/2, TO MUHUMyMa HET.
Sanaua 4 (Coryuail BeIpoxkaeHHO# 2-if Bapnanuu [12]).
P= ()= (@ i =u, | <1, T=0tp],

i =
z1(0) =0, 2%0) =% 2 (tp)=2a%, z'(tr)— inf.
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Tabaupa 1.

1.2 121(23|32|4.2
Anrl | 2 1
Anr.2 3 2 3
Amr.3 | 4 8 6 9 5
Amrd | 3 3 2

ITpumeHnM yCJIOBUST MPUHIATIA, MaKCUMyMa [[oRTparuHa:
H ="' ((w)* — (23)?) +%u — max, Pl =—1, ¢ =—222
PaccMoTpuM clieyiolee perieHye:
2=yt =u=0, H=—(u)'"+ (2>

31ech, KaK BHUJIHO, IOHTPATHAH mMeeT B Touke u = 0 crporuii robasb-
HBIH MakcuMyM. TeMm He MeHee, B OTJINYNE OT PEryJISPHBIX PEIeHnii, STOT
PeXKUM He ONTHMAJIEH HU Ha KAKOM CKOJIb yTrojHO MajoM orpeske T [12].

Takum obpazoM, B 3a1a9aX pacCMaTPUBAIOTCS 110 2—3 BAPUAHTA, OTUH
U3 KOTOPBIX ONTUMAJIbHBIA (0603HAYMM ero HomepoMm 1, apyrue (¢ HO-
Mmepamu 2, 3) — He ontumasbHbie). COOTBETCTBEHHO ITUM BapUAHTAM
[IPOBOIMJIACH cepusi BY ¢ pa3nyHbIMU U3 YKA3aHHBIX aJropuTMoB. 11o-
CKOJIbKY aJrOpUTMbI 3 1 4 INCKPETHBIE, TO IPOBOIMIIACH JUCKPETU3AIINS
paccMaTpUBaeMbIX HEIIPEPBIBHBIX 33/[a4: B aJITOPUTMeE 3 IIOCPEICTBOM Pe-
IIeHN{l HeIIPEePBIBHON CUCTEMBI IIPU KyCOYHO-TIOCTOSIHHBIX yIIPABJIEHUSX,
a B ajroputMe 4 — IMOJIHAs TI0 METOLy DUJiepa.

Bce BapmanTBI TIpefcTaBISIOT CODOI HEMOABUMKHBIE IJIEMEHTHI IS
paccMaTpUBAEMBbIX AJTOPUTMOB 1-r0 MOPsAKAa W HENOCPEJICTBEHHO UMU
He ysy4qrraorces. OHAKO TPEJICTABISIET HHTEPEC BBISCHEHNE BO3MOXKHO-
CTU YJIy4II€HU A He6OJ'H)IIII/IX BO3MyHLeHHI7I HEIIO/IBU2KHbIX 3JIEMEHTOB, Ha
YTO U HalleJIeHa Bes cepusi. KpoMe TOro BhIsICHSIJIACh BO3SMOXKHOCTD YJIy -
IIeHNsT U HEBO3MYIIEHHON HEONTHUMAJIbHOU 3KcTpemasu lloHTpsirnHa B
KBaIPATUIECKON 3a/1a9€e METOJOM BTOPOTO MTOPSIKA.

Cpa3y e 0OTMETHM, YTO ITOCKOJIbKY ONTUMAJIBHBIE JIEMEHTBI 32BET0-
MO HEYJIy4IIaeMbl, SKCIEPUMEHTHI C HIMHU IIPOBOIUJIUCE JIUIID JIJIs [IPO-
BEpKU aJITOPUTMOB, 1 UX PE3YJIbTaTbl HE IIPUBOJATCI.

Kaxnomy BD 6b11 npucsoen cgoit mmdp: [Homep 3amaun|[Homep Ba-
puaHTa|[HOMEp ajropuTMal.

Ob6mas cBonka BY nana B Tabsmmie 1. B staeiikax 9roit Tabauibl yKa-
3aHO YHCJIO UTEPAIN B KAXKIOM U3 IKCIIEPUMEHTOB.
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.
0 : : . Tapmuya 2. Bamaqga 1.2
1 2
B> 1.2.1
-1+ xz NQ 0 1 2
et I |-2.9996 | -0.1413 | -0.1413
BD 1.2.3
-21 ) Ne 0 2 4
“nach T |-2.9996 | -0.8576 | -0.1414
,3<
Puc. 2.
xihzch Tapmuya 3. 3Bamaqa 2.1
3<
BY 2.1.1
N| 0 1
2 I |1253]-9.42
BD 2.1.3
Nl 0 2 4 8
1 I |12.53|-7.46 | -9.31 | -9.42
2 BD 2.1.4
0 T T T T T T Ng 0 1 2 3
o 2 4 6 8 10 12 I |12.53|-2.21|-4.06 | -8.17
Puc. 3.

3. Pe3yanaTb| BbIHNC/INTEJIbHbLIX 3KCNEPUMEHTOB

OcHoBHBIE pe3ybTaThl BY mpejcrasiienbl Ha puc. 2—6 m B Tabju-
nax 2-6. Ha pucyHkax B XapaKTepHBIX KOOPIMHATAX [IPEJCTABICHBI TPa~
€KTOPUHU HAYAJIHHOTO MPUOJIMKEHUS U 3aKII0IUTEIbHON nTeparuu, odec-
neuuBamoleil cxoxumocTs 110 dyukuuonaty (13) ¢ rounocrrio 1o 1% mo
dopmyite
I s 1 s+1
(13) —_—.

max(|LL]; [L+1])

B rabsmmnax mokasano n3meHeHune GbyHKIIMOHAJIA IO UTEPAITUSIM.
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| TabauyA 4. 3amaga 2.3
2+ B9 2.3.2
] ° 0 1 2 3
o I |-3.14|-8.45|-9.40 | -9.42
B3 2.3.3
] ol 0 2 4 6
2 X2 ach I |-3.14|-8.10|-9.39 | -9.42
14— XPuen B> 2.3.4
1 Y[ o [ 1 2
0 4 8 12 I |-1.02]-9.39 | -9.40
Puc. 4.
1 -
0 I Xnach
1
-1 Tasiuia 5. 3amaqda 3.2
2] BD 3.2.2
~34 ° 0 1 2
I |-0.06|-5.34|-6.11
] B3 3.2.3
-5+ ° 0 2 6 9
6 I |-0.06 |-2.05]|-6.09 | -6.11
,7,
Puc. 5.
4. Ob6cyxpeHve
[IpuBenennbie pe3yabTaThl MOKA3BIBAIOT, YTO BCE PACCMATPUBAEMBIE
AJIPOPUTMBI:
a) YJYUIIAIOT BO3MYIIEHHBIH OITUMAJIBHBIA PEXKUM 10 GJuzKainero
OIITUMAJILHOI'O;

6) 0becreunuBAIOT yIIyIIeHHe BO3MYIIEHHBIX HEONTUMAJBHBIX HEIO-

JABU>KHBIX 3JICMEHTOB.

Asropur™ 3 Ipu MaJIBIX BO3MYIIEHUSX TPUBEJ K UCXOTHOMY HEOIITH-
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0,51
0,4 xiluch
’ TAabaulA 6. 3amaga 4.2
031 B> 4.2.2
Ne 0 1 2 3
0.2 I | -0.0001 | -0.0236 | -0.0363 | -0.037
B> 4.2.3
1 . Nl 0 2 4 5
Haach I | -0.0001 | -0.0009 | -0.0143 | -0.037
0 : : . : !

Puc. 6.

MaJIbHOMY 3JIEMEHTY, & IPHU OOJIBINNX — YILYUIINI €10 10 ONTUMAJIBHOTO.
DTO rOBOPUT 06 OTHOCUTEJHHON ONTUMAJIBHOCTH UCCJIEIYEMOrO 3JIeMEH-
ta Ne3 (puc. 1). JJonosHUTENbHBI aHAIN3 MOKA3aJl, 9TO (DYHKIMOHAI
WHBApPUAHTEH HA CeMeiiCTBe aHAJIOIMIHBIX 3JIEMEHTOB C TOYKAMHU CXOJa B
nuanazone (7, ), (27, 7).

B B9 1.1.1 yupasJjienue, 1o Kpaiineii Mepe, Ha KOHEYHBIX UTEPAIUIX
[I0JIy9aJI0Ch B BHUJIE CKOJIB3SIIErO PEXKUMA, HHTEIPAJILHO SKBUBAJIEHTHOIO
HCXOJTHOMY OCOOOMY, 9TO XapaKTEePHO st JJAHHOIO AJITOPUTMa IJI00a/Ib-
HOTO YJIyUIIeHUs B IPUJIOKEHUAX K 33Ja9aM C JIMHEHHBIM YIIPABJICHUEM.
B [10] mpemoxena MomnduKaImst, MO3BOJISIONIAS OTIEPUPOBATE ¢ OCOObI-
MU PEXKUMaMHU BMECTO CKOJIB34AMIX. OIHAKO TSI PACCMATPUBAEMO ITPO-
6JIeMbI YJIYUYIIAEMOCTH HEIOJBUXKHBIX 3JIEMEHTOB 9TO IIPUHITUITHAIBHOIO
3HadeHusi He uMeeT. BY 1.2.1 ObLI OBTOPEH It JIPYTUX OrpaHUIEHUI
Buga |u| < a, a = 2;5;10, 9106bl HpOCIEAUTH TPUOIMIKEHIE PE3YJIbTa-
Ta K HafJEHHOMY ONTHMAJBHOMY PA3PBIBHOMY DENIEHUI0 UMITYJIHLCHOIO
TUIA TIpU 6 = 00. Pe3ynbTaTsl npeacTaBienbl Ha puc. 7. [Ipu aTom obHa-
PYKUJIACh BBICOKAsI 1yBCTBUTEJIBHOCTH AJTOPUTMa K U3MEHEHHIO 9TOrO
rnmapaMerpa, 4To yKe Ipu ¢ = 2 HoTpebOBaJIO CYIIECTBEHHOI'O MOBBIIIe-
HUsl TOYHOCTH YUCJECHHOIO MHTEIPUPOBAHUS COOTBETCTBYIOMUX audde-
PEHINAIBHBIX yPABHEHUIA, HO U 9TOTO OKA3AJIOCh HEJIOCTATOYHO IPU @ = 5
JIIsL €10 yCTONYIUBOCTU. BBIX0/ BUINTCS B 3aIaHUH JIyYIIIEro HAYAJIHLHOTO
IpUOJIMKEHUST TTOCPEICTBOM E€CTECTBEHHOI AIIPOKCUMAIINNA PA3PHIBHO
TPAEKTOPHUH C ITOCJIEYIONUM [IPUMEHEHUEM JBYXYPOBHEBOMI JUCKPETHO-
HEIPEPBIBHOI MOJIeJIU IIPOoIiecca Jjid Takux ciaydaes [13]. B mannom xon-
KPETHOM TIpuMepe OBbIJI0 TPUMEHEHO OoJjiee IMPOCToe Mpeodpa3oBaHue —
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3,
a=10
a=5
2 2]
X a=2
1,
0 T T =1
| 2 3¢
_17
—2-
_37
Puc. 7.

Iepexo/i K HOBOMY «BPEMEHH» T 10 (popMyie

a1
dr 1+ |u|’

5. 3akntouenne

Jliobas sxcrpemass [lonrpsiruna (pemenue ypasuenuit IIMIT) st
paccMaTprUBaEeMOro ajJropuTMa IJI00aJIbHOIO YJIYYINeHNusl U ero Moaudu-
Kaluil ABJIFETCS HEIIOBUYKHBIM 3JIEMEHTOM COOTBETCTBYIOIIEIO OIIEPATO-
pa yuyurieans. OJHAKO HEIOIBUKHOCTH JIEMEHTa HE O3HAYAET, YTO OH
He yJIy4IlIaeM TeM Ke CAMbIM UTEeDPAIMOHHBIM ajaropurMoM. Kak 1mokasbl-
BaeT OOIMPHAS BLIYUC/IUTEbHAS NPAKTUKA W HATJISIHO JIEMOHCTPUDPY-
IOT [POBEJIEHHBIE BBIYUC/IUTE/bHbIE SKCIIEPUMEHTHI, MAJIOE BO3MYIIEHNE
He OIITUMAJILHOTO (XOTsI OBl JIOKAJIBHO) HEOBHKHOIO JIEMEHTa AKTUBH-
3UPYeT UTEPAIMOHHBII IPOIECC YTy IIIeHUs BILIOTh 10 JOCTUKEHUS TJI0-
6asbaoro onTuMyma. C Apyroil CTOPOHBI, MOILITKA YJLIYYIIUTH OIITHMAJb-
HBII 9JIEMEHT 34 CUET ero MAJIOr0 BO3SMYIIEHHUS BO3BPAIAET K UCXOHOMY.
WHbIME CJI0BAMU, ONTAMAIBHOCTh B TEPMHUHAX AJTOPUTMOB Y1y dIIEHUST
HEMOCPEJICTBEHHO CBsI3aHA C YCTONYMBOCTBIO UTEPAIMOHHOIO IIPOIIECCA.
DTO OTHOCUTCS M K TAKUM CIHEHUMDUICCKUM HEIOIBUKHBIM JIEMEHTAM
KaK 0CoOble PeKMMBI dKCTpeMaseil [JonTpsaruna, Te COOTBETCTBYIOMEe
yIIpABJIEHUE B Pe3yJIbTaTe OlePALUN YJIydIIeHUs OlPEIeJsIeTCsl HeOIHO
3HAYHO. BoJjiee TOro, 970 06CTOATENHLCTBO Ha CAMOM JIEJIe OTKPBIBAET J10-
MMOJTHUTEJIbHBIE BO3MOXKHOCTHU YJIYYIIEHUA YIIPDaBJICHUA. Ka.K 9TU BO3MOXK-
HOCTH MOI'YT OBITH UCIIOJIL30BAHBI J1jIsl IIOBBIEHUSA 3(DHEKTUBHOCTH UTE-
PAIMOHHOTO IMIPOIIECCA, elle MPEJICTOUT BBIACHUTD, B TOM UHCJIE U C HUC-
[OJIb30BAHUEM BBIUUC/IATEJBHBIX IKCIIEPUMEHTOB.
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