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1 Bsegenme. IlocTaHoBKa KpaeBoii 3amadn

MCCHe,ZLOBaHI/Ie KPaeBbIX U 3IKCTPEMAJIBHBIX 3aJa4 JIJId Pa3JIMYHbIX MOIe-
Jiell TeIIOMAaCCOTIePEHOCa UTPAST BAXKHYIO POJIb B PEIICHWH 3AJa4N TOUCKA
5 PEeKTUBHBIX MEXAHW3MOB yIpaBiaeHus (HDUINIECKUMU TOJSIMU B CILIOTII-
HBIX cpeaax. [Ipu aToMm, ueM MeHbITe YIPOIEHUH COMepKaT paccMaTpuBae-
MbIe Mojiesin, TeM Dojiee JOCTOBEPHOH DYIeT MPOBePKa MPEII0KEHHBIX MeXa-
HU3MOB yIPABJEHUS HA MpPEIMeT UX peajbHo#l addexrunoctu. Opanm u3
PacCIpOCTPaHEHHBIX YIIPOIIEHUN ABAACTCH NPEAIOJ0XKEeHUe O TOM, 4YTO KO-
3hPUIMEHTH B MOJIEISIX TEIJIOMACCOIEPEHOCA SIBSTIOTCST TTOCTOTHHBIMU. B
CBOIO OUepesb, 3aBUCUMOCTH KO3(M@MUIMEHTOB KMHEMATHIECKOH BA3ZKOCTH U
auddy3un 0T KOHIIEHTPAIIMY BEIIECTBA U TEMIIEPATYPbI, KAK U 3aBUCHUMOCTH
KO3 urmeHTa peakmuy 0T KOHIIEHTPAIUHN BEIIECTBA ABJIAETCS €CTECTBEH-
HOIl ¢ (PU3UUECKON TOUKHU 3PEHU.

Hacrositiiast paboTa mocBsineHa KaueCTBEHHOMY aHAJIU3Yy PEIIeHnii 33 ad
yIpaBeHUs JIJIsT MOJIE/IN MAaCCOTIEPEHOCa C IepeMeHHbBIMU K03 buiimenTamu.
IIpenmnonaraercs, uro kKoahdurmeraTsr Auddy3un, KUHEMATHIECKONR BA3ZKO-
CTU U PEAKIny HEeJUHEHHO 3aBUCHAT OT KOHIEHTDAIIUU BENIECTBA, PU TOM
K03bUIUEHT peaKITMl TaK K€ 3aBUCUT U OT MPOCTPAHCTBEHHBIX TIEPEMEH-
HBIX.

31eck Mbl oTMeTHM paboThl [1, 2, 3, 4, 5], MOCBSIIEHHBIE UCCIETOBAHIIO
KPaeBbIX U 3KCTPEMAJIbHBIX 3314 JJIst MoJiesin peaknun—auddy3nn—KoOHBeK-
WX C TepeMeHHbIME Koddh dunmentamMu u cratou [6, 7, 8] mo 6imskum aud-
by3UOHHBIM MOJEIAM U MOJIEISIM CJ0XKHOI'O TEeIIo0OMEHA.

Ormerum masee crarsu |9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 23, 24, 25, 26, 27|, moCBAIEHHbBIE UCCJIETOBAHNIO KPAEBBIX 33129 U 33744
yIpaBJeHUs [JIsi HEJIMHENHBIX MOJesell TeIIOMaccoepenoca, obo0Iaumx
npubsmxkenne Byccnnecka, n pabors [28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 3§]
0 YCJIO2KHEHHBIM W, B TOM YUCJIE, PEOJIOTUIECCKUM MOJCTIAM I'MIPOANHAMUKHA.

B orpannuennoit obaactu ) C R3 ¢ rpanumneit I paccmarpusaercs ciey-
FOITast KPaeBasd 3a1a9a:

—div(r(¢)Vu) + (u-V)u+Vp=£f+ Gy, divu =08 Q, (1)

—div(A(¢)Ve) +u- Vo +k(p,x)p = f B Q, (2)
u=0, p=0mnal. (3)

31ech U — BEKTOP CKOPOCTH, (DYHKIINAS  UMEET CMBICJ KOHIEHTPAIUN
BemecTsa, p = P/p, rne P — nasjenune, p = const — IJIOTHOCTb KUJKOCTH,
v =1v(p) > 0 — koapdbunuenr KuHeMaruieckoii ssskocru, A = A(p) > 0 —
koaddurment auddysnn, f — koahduImeHT MaccoBoro pacimpenus, G =
—(0,0, G) — ycropenne cBoboguoro najenus, f wim f — o6beMHbIe TIIOTHOCTH
BHEITHWX CHJI WM BHEIIHUX MCTOYHUKHN BelmecTBa n GyHKINA k = k(p,X)
nmeeT cMbIca KoaddurmenTa peakiun, rae x € Q. Huke Ha 3amaay (1)—(3)
0pu 3aJaHHBIX QyHKIuSX v, A, f, f n k 6ynem ccplaaThes, Kak Ha 3a1ady 1.

B [27] nokazano ryiobasbHOE CyIIeCTBOBaHME CJIabOT0 PeleHnst 3a1a9u 1 u
JIOKAJIHLHOE CYTIECTBOBAHUE €€ CHIBHOTO PENIeHHs, IS KOTOPOTO MOy IeHbI
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cooTBeTCTBYIOIME aupuopHble oneHku. B [20] ykasanHble OLEHKU BbiBEje-
HBI 0€e3 TPebOBaHMsT OIPAHMYEHHOCTH TI0 HOPMe KO3 durumenTa peaximm, a
TaKKe MOKA3aHA PA3PEIIMMOCTh 3a/1a9l YIIPABIECHUS HA CJa0BIX PENIeHUsIX
zagaqn 1.

B paza. 5 macrodineit paboThl Ha CUJABHBIX PENIeHusiX 3aja4un 1 1Jist pac-
cmarpuBaemoii B [20] 3amaun ynpasaeHUsT BBIBOJUTCS CHCTEMA OMTHMAJb-
HOCTH IIPU KOHKPETHBIX KO(P(DUIIHEHTaX BSI3KOCTH, TUMPYy3Un U peaxiim.
YcTaHaBJIMBAKTCS JOCTATOYHBIE YCJIOBUSI PECYJISPHOCTH JAHHON CHUCTEMBI.
IIpu sTOM Tak K€ HCIOJIB3YIOTCS ANPUOPHBIE OIEHKW HOPM CHUJIBHOI'O pe-
I[IeHnst 33/1a9n 1 Jepe3 HOPMBI €€ MCXOJHBIX JaHHBIX, MoJydeHHbie B [20] u
npuBesieHHble B pa3a. 4. OrMernm, 90 MeTosbl [20] MO3BOJISIOT BBHIBOJANUTH
yYKa3aHHBIE OIEHKW IIPU CTEIEeHHBIX MJIAIINX Kodhduimenrax B ypaBHe-
HUSIX, 9TO €CTEeCTBEHHO, B TOM YHUCJIE, W JIsd psifa OJU3KUX Mojeseii (cum.,
manpumep, [17] u [6, 7, §]).

B paza. 6 Ha ocHOBe aHasn3a JIAHHON CUCTEMbI YCTAHABIMBAETCS CBOMCTBO
pesieiiocTr (WM TPOBEPSIeTCS BBIIOTHEHNE MPUHIUNA bang—bang) pacmpe-
JeJIEHHOTO YIIPABICHUS JJTsi OHON M3 IKCTPEMAIBHBIX 3a1a4.

2 Cuaboe perieHne u ero CBOMCTBa

Huxe 6y1em ucnosp3oBars npocrpanctsa Cobosesa H*(D), s € R. 3aecs
D o3znauaer ymbo obsacts §2, ymbo HekoTopoe TMoaMHOXKecTBo (Q C €, Ju-
6o rpammny I' nnn eé wacts I'g C IT'. Yepes || - ||s.0, | - |s,0 # (-, )s,0 Oyaem
0603HAYATH, COOTBETCTBEHHO, HOPMY, TIOJIyHOPMY ¥ CKAJIAPHOE TTPOU3BE/Ie-
rne 8 H*(Q). Hopumsr u ckamsproe mpoussenernwe B L2(Q) u L2() byger
obosaavaTses |- ||, (+,-)q, || lla u (-, -). Hepes X* oboznasumm compsizkeHHOE
MPOCTPAHCTRBO K THILOEPTOBOMY MPOCTPAHCTBY X, & OTHOIIEHNE JBONCTBEH-
HOCTH Jiuist 1apbl npocrpancre X u X* Oyjgem 3anucbiBarh, Kak (-, ) x+*x X
WJIM TIPOCTO Kak (-, ), €CJIM 9TO He NPUBEJET K Iy TAHUIIE.

Bygem Tak ke ucnosn30BaTh Cemytoniue (DyHKIMOHATBHBIE MTPOCTPAH-
CTBA:

HOdiv,Q) = {h € L*(Q)? : divh =0 8 Q}, L3(Q) = {h € L*(Q) : (h,1) = 0},
H={veHdiv,Q):v-njr =08 H YT},
V={veH}? divv=08Q},
1 PYyHKIMOHAJILHOE MHOXKECTBO
LF(Q)={keLP(Q):k>0}, p>3/2.
OmnpeenmuM TPOU3BeJIeHNsT TTPOCTPAHCTB
X = Hy(2)° x Hy(Q), W =V x Hy(€),

Ha/leJICHHBIE HOPMOX

X% = lullf o + lelfo, x=(u,0) € X

u mpocrpanctso X* = (H~1(Q)%)* x H~1(Q), asoiicreennoe k X.
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IIpu pabore ¢ cuibaBIM perneHueM 3aga4du 1 Oyaem uCnob30BaTh MIPOU3-
BEJIEHUE ITPOCTPAHCTB:

X, = H*(Q)3 N H}(Q)? x H*(Q) N HE(Q)
C HOPMOM

v, W%, = VI3 + 12]3 6.
ITycTb BBINOJHSAIOTCS CIEYIONIIE YCIOBUS:
(H.2.1) Q — orparmuennas obracts B R3 ¢ rpammmeit I' € C01;
(H.2.2) f€ H1(Q)3, f e HY(Q), b= 8G € L*(Q)3;
(H.2.3) ast mroboit dymxmm ¢ € Hi () cipaseammso sroxenne k(p, ) €
L4(Q), d > 3/2, rae d ne 3aBucut ot ¢; u na mobom mape B, = {¢ € H () :
llellho < r} paguyca r cupaBeyIMBO HEPABEHCTBO:

1k(e1, ) — k(p2, )lLag) < Lllgr — v2lla) V1, 2 € B

3rneck L — KOHCTAHTa, KOTOpasd 3aBUCHT OT I, HO HE 3aBUCHUT OT 1,9 € B;;
(H.2.4) dyukiun v(7) u A(7) — sHenpepwiBHbl ipu 7 € R, u cymiecTBytor
MTOJIOKATETBHBIE KOHCTAHTBI Vmin, Ymaxs Amin @ Amax TAKHE, ITO

0 < Vmin < V(7)) < Vmax, 0 < Amin < A(T) < Apax V7 € R.
Ormernm, uro yemosue (H.2.3) ommcbiBaer omeparop, AeHCTBYIONTHIT 13

H(Q) B LYQ), rae ¢ > 3/2 (cu. [3, 4]). Hanpmuvep,
k= ¢? (mmm k = ¢*|p|) B nogoobmactn Q C Q u

k=ko(x) € L¥*(Q\ Q) B 2\ Q.
Hanommum, uro mo Teopeme Bioxkennsa Cobosesa npocrpancrso H(Q)
Br1agbiBaerca B L*(£2) wenpepoiBHo npu § < 6 1 KOMIAKTHO mpu § < 6 u ¢
HekoTopoii koucranToil Cy, 3aBucdiieii or s u §2, clpaBeiiuBa OLEHKa,

lollze) < Cillellie Yo € HY(Q). (4)

Byznem ucnonbzosarh caepyoniyto rexHudeckyto gemmy (cm. [40, 41]).

JIemma 2.1. ITycmo swnoansomesn yeaosus (H.2.1) u (H.2.4), ko € L1(Q),
q>3/2,ucV,bec L*N)3. Toeda cyuecmsyrom makue nosoACUMEbHYLE
woncmarmot 00,901,771, V2, Vp, B U Po, 3asucawue om Q usu om Q u p, c
KOMOPOIMU 8BINOAHAIOMCH CACOYIOULUE COOTNHOUEHUA:

|(v(h)VV, VW) < vmax|[VI|LelWllLe Vv, w € Hy(2)?, (5)
(Vv, Vv) = dollvli g,

(()VV, T) > VI3 W € HEQP, o € HY(Q), v = tindo,  (6)
(u-V)v,w) = —((u-V)w,v), (u-V)v,v) =0Vv,w e Hy(Q)3 (7)
(bh,v)| < follblaliblalvihe Vv € HYQP h e HYQ),  (8)
[(w - V)h,v)| < yifwllialhlelviie ¥Yw,h,v € Hy(Q)%,  (9)
sup  —(divv,p)/|[Vlie > Blplle Vp € Lj(Q), (10)

VEH] ()3 v£0
|(AM@) VA, V)| < Amaxl|hllvallnllie Ve, by € Hy (), (11)
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|(Koh, m)] < vqllkoll o [Pllnellnllie Yh,n € Hy (), (12)

[(w - Vh,n)| < vallwlliellhliallnlie Yw € Hy ()%, h,n € Hy(Q), (13)
(Vh,Vh) Z aillkl[i 0, (M@)VA, V) 2 Mfhllf g, A = 61 Amin,

(u-Vh,h) =0 Vh,p € H}(Q). (14)

Vumuoxunm nepsoe ypashenue B (1) ma dynknuio v € H}(Q)3, a ypas-

menne (2) wa dynxmmo h € HY(Q) w npownrerpupyem 1o ), mpuMeHns

dopmyanr 'puna. Tpuxomum x cmaboit popMyaupoBke 3amadn 1, KoTOpas

3aKOUAeTCa B HaxoxAeHnn Tpotikm (u,¢,p) € H(Q)3 x HF () x L3(),
VJOBJIETBOPSTOIIEH COOTHOITCHISAM:

(v(e)Vu,Vv) + ((u-V)u,v) — (p,divv) =

= (f,v) + (bp,v) ¥ve Hj(Q)? (15)
diva=038 Q. (17)

Onpenenenne 2.1. Tpoiiky (u,p,p) € Hi(Q)? x H}(Q) x L3(Q), yao-
Baersopsronyto (15)—(17), razoBem crabbim pemenuem 3agaan 1.

CupaseuBa cieyoias reopema [27].

Teopema 2.1. IIycmov svinoanaomes yeaosus (H.2.1)-(H.2.4). Tozda cy-
wecmeyem caaboe pewenue (U, p,p) € HE(Q)? x HYH(Q) x LE(Q) sadanu 1
U CNPaGedAUsH, OUEHKU:

el < My = Cullfl-1.0, Co=AS" = (612min) ™", (18)
HuHLQ <My = V*_l(HfH—LQ + 5OHbHQM<p); Vs = Vmin607 (19)

ol < My = 57 (kM HE 1 e, 5= (5, 2 0.
20
OnHuM U3 MHTEPECHBIX CBOTICTB caaboro pemmenus (U, ¢, p) 3aza4u 1 MOK-
HO CYUTATH TPUHIIAT MAKCUMA JJTsi €r0 KOMIIOHEHTHI (0.
ITycTh fiax — MOMOKUTETHHOE UUCIO U BBITOJTHSIOTCA YCIOBUS:
(H25) f € L2(Q) : 0 < f < frax W.B. B
(H.2.6) nenuneiinocrs k(p, -)p sBJISETCS MOHOTOHHON B CJI€/YIOIIEM CMbIC-
Jie:

(k(1, o1 — k(02, )pa, @1 — ) = 0 Vi1, 02 € HY(Q).

Bynmem Tak ke mpesgmosaraTh, 9To KOIMMUITUEHT PEAKITUNA UMEeT BUI:
(H.2.7) k(p,z) = a(x)ki1(p), tae k1: R — Ry — menpepbiBras dbyHKIws,
a(x) € L*(Q), a(x) > amin > 0 w.B. B Q u ypasHeHue

k‘1(8>8 = fmax/amin (21)

umeer, 10 Kpaitueit mepe, ojHO ([10JI0KUTEIbHOE) PEIIeHue.

CrpasennuBa ciaeayromnas Teopema (eM. [27]).

Teopema 2.2. [Tycmo swnoanaomea yeaosusa (H.2.1)-(H.2.3) v (H.2.5)-
(H.2.7), ¢ynrxyuu v(1) u A(T) nenpepwisns, npu 7 € R u cnpasedausv, ouen-
K.

Umin < V(T) < 00, Amin < A(T) < 0o V7 € R.
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Tozda das xomnonenmu @ caaboeo pewenus (0, @,p) € HH(Q)3 x HE(Q) x
L3(Q) sadauu 1 cnpasedaus caedyrowudi Npunyun MakCuMyma:

0< <M ns. s, (22)

ede M — munumarvrodi (nosoowcumenvnndi) xopens ypasnenus (21).
3amedanue 2.1. a5 cremeHHBIX KOIDMUIMEHTOB pPEeaKIUN IapaMerp
M nerxo Beramcaserca. Hampumep, B caygae k(p) = ¢? MBI HoTydaeMm, 910

_ s

O JIPYTUX BapuaHTax IPUHIKIA Makcumyma cM. |5, 20].

3 O cunbHOM pemeHun 3ajgadm 1

B namnrom pazneste chopMyIHpyeM TEOPEMBI O JIOKATHHOM CYIIECTBOBAHUN

U eMHCTBEHHOCTH CHJIBHOTO pemtenns 3agadn 1. Kak u B [27], [20] 6ymem

HCIO/IB30BATh CJIEIYIONe HEPABEHCTBA, CIPaBeuBble [Id obractu ) ¢
rpanuneit I' € C? :

[Ahlla < Cillhll2.0,

1AV]|o < Cslvlze,

() N Hy (),
< CullAvlla Vv € H*(Q)? N Hy(Q)%,  (23)
1

IVh|| s < Csl|Abllo Vh € H*(Q) N Hy(Q),
IVl sy < CollAv]la Vv € H?(2)° N Hy(2)?, (24)
IR/l ey < Ballhll2,o Vh € H?(Q),
V]l Lag)s < BdeHQ,Q Vv e H?(Q)3, 1<d< . (25)
3ech u HIKe é’i, 1 =1,2, ... — TOJOXKUTETbHBle KOHCTAHTLI, 3aBUCIINE OT

Q, By v By — nonoxureabable KOHCTAHTDI, 3aBucsiiue ot ) u d.
ITycTh BHITONIHAIOTCA YCJIOBWSA:
(H.3.1) Q — orpannuennas obaacts B npocTpancTse R? ¢ rpanumeit
I eC?
(H.3.2) dbysxuun v n A u3 kiaacca C, npudaem
Vmin < V(S> < Vmax; Vr/nin <v ( ) < v

Amin < A(S) < Admax, Ain < NV (8) < N . Vs € R,
/

/ / !/ .

TJI€ Vmin, Ymaxs Ypins> Ymax # Amin, Amaxs Amin> Amax — HOTOKNATETHLHBIE UHACTA;

(H.3.3) 6yem npegmonarars, gro yeaosue (H.2.3) seinosnnsercs npu d > 2
(Bmecto d > 3/2) m cipaBejiuBa ONEHKA:

1k(¢, )l La@) < CrllAelly Ve € Hy(Q), d>2, r >0,

rae Cy — MOJOKUTEIbHAST KOHCTAHTA, 3aBUCAINAA OT (DYHKIUHA K, TapaMeTpa
dn

(H34) f e L*(Q) feL*(Q),b=6G e L*(Q)°.

Kaxk u B [9], 6ysem ucnosszosars oneparop Crokca A, peficTByOImiA 110
dopmye:

A = —PrA :Dom(A) C L3(Q)? — L*()3,

rie P, — mpoextop Jlepe, Dom(A) = V N H2(Q)? — o6nacts omepaTopa A.
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Xoporo u3BecTHO, 4To /15 1060l dyukiun u € H2(Q)3NV cupasemiuso
caenyiolee pasioxenue (cum. [39]):
—Au=Au+ Vg (26)
3necy dbynxmus ¢ € H'(Q) oxmosnadno onpegendercsd mo byHKIHE U, I
CTIPABEJINBEI CJIeytomme oreHku [39]:
lglle < CrllAufe, [[Aufe < (C7 + 1) Aull. (27)

CrpasennuBa TexHnIeckas jeMma (eM. [27], [20]).

Jlemma 3.1. IIycmo evnoangemea yeaosue (H.3.1), (H.3.2), b € L?(Q)3,
ko € LYUQ), d > 2, q — dynxyus,ceasannas ¢ u gopmyaot (26). Tozda
CNPABEONUBHL CACOYIOULUE HEPABEHCNGEA:

(V' ()Ve Vv, Aw)| < BivnullAcla Av]a| Aw|g,
|(bh, Aw)| < Ba|[blla[| ARl Aw]lo

Ve,h € HA(Q) N HY(Q), w,v € H*(Q)> N HL(Q)3, (28)
[(w - V)v, Au)| < B3]| Aw|[o||Av]|q[|Aullq
Vw,v,uc H*(Q)3n H}(Q)3, (29)

(N () Ve Vh, An)| < MyoxBall Aclal| Ahllol| An]lq,

|(koh, An)| < Bsllkoll Lacey | Allel| Anlle Ve, h,n € H? () N Hy(Q),  (30)
(s - Vh, An)| < Bs[|As|[al| Ah[lallAnllo

Vs € H2(Q)> N HY(Q)?, h,n € H*(Q) N H(Q), (31)
|(v(€) Vg, Au)| < vy, Brl| Acllo| Aulff
Ve e HX Q)N HYQ), ue HX Q)3 NV, (32)

3deco Ve Vv obosnanaem 6exmoproe noae, i-as KOMNOHEHMA KOMOPO2o
onpedeasemcs no gopmyse: [VeVv|; =Ve-Vvy, i =1,2,3,ab;,j=1,2,...
— NOAVIHCUMENLHBIE KOHCTANMY, 3asucauue om 0 uau om Q u d.

Onpenesenne 3.1. CubHBIM perenneM 3a1a49n 1 HazoseM Tpoiiky ((u, ), p) €
X x (HY(Q) N LE(Q)), ymosnersopstiontyio (1), (2) m.s. B Q.

CrpasennuBa ciaeayromniast Teopema (eum. [20]).

Teopema 3.1. Ilycmo swnoanaromea ycaosua (H.3.1)-(H.3.4) u yeaosua
MaAOCTIU

285(2B2]|bllo (1/ Amin) Il f llo+(1/Vinin) 1]l 0) +20fnax (B1+87) (1/ Amin) [ fll2 < Vinin/2,

26(2(B2/Vmin||Pll2) (1/Amin) [ flla + (1/vmin) [If]l0)+
+2X00x B4 (1/ Amin) [ flle + B5Cr(2/ Amin)"[1£16 < Amin/2, 7> 0. (33)

Toeda cyuecmeyem cuavnoe pewenue ((u,p),p) € Xs x (HY() N L3(Q))
sadawu 1 makoe, wmo

—div(r(¢)Vu) + (u-V)u+ Vp=£f + by, divu=0 n.s. 6, (34)
—div(A(p)Ve) +u-Vo+Ek(p, )p=f ne. 6 (35)
U CIPABEOAUBHL ANPUOPHBIE OUEHKI:

lullz.o < M = 2(1/viin) Ca(Cr + 1)[2B2(1/Amin) [bllall flle + [I£lle), (36)
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lellz.0 < M2 = (2/Amin)Cal fll, (37)
)10 < MS = M, + 52M8HbHQ + VinaxC3 MO + Bs(MO)2+
+69Vr,naxM<2M8 + HfHQ, 68 = 346366, Bg = 62636506. (38)

B0ect wonemanmo, Ci, k = 2,3, ..., 7, onpedeaern, 6 (23), (24), (27) u (32),
ede xoncmanma M, onpedenena 6 (20), Bi, i = 1,...,7, — Koncmanmot u3
aemmo, 3.1 u (32), Koucmanma By esedena 6 (25).

B zaxiodenne qokakeM €IMHCTBEHHOCTD “MaJjIoro’ [0 COOTBETCTBY IOIIIM
HOpMaM cjraboro pemenns (U, ¢, p) 3aga4du 1, KOMIIOHEHTa © KOTOPOro obJia-
JlaeT JOTOMHATETbHOM TragkocThio: Ap € L2(Q).

HYCT]:) BBITIOJITHAETCA YCJIOBI/Ie:

(H.3.5) dynxmum v, A u N aBIAI0TCA HENPEpBIBHBIMK 110 JIWIIIIUILy TaK,
9TO CYIECTBYIO TOJOKUATEIbHBIE KOHCTAHTDHI Ly, Ly u L/A? C KOTOPBIMU CITpa-
BeJINBBI HEPaBEHCTBA!

[v(s1) —v(s2)| < Ly[s1 — saf,
‘)\(81) — )\(52)‘ < L)\|81 — 82‘, ‘)\/(81) — )\,(82)| < L&’Sl - 82| VSl,SQ € R.

CupasejuBa cieyronias Teopema (cum. [20]).

Teopema 3.2. I[Tycmov swnoansomes ycaosua (H.3.1)—(H.3.4) u (H.3.5).
Tozda cywecmesyem makoe (manoe) nosogcumenvroe wucao € > 0, 4mo ecau
cywecmeyem caaboe pewenue (,p,p) € V x (H2(Q) N HY(Q)) x LE(Q)
3adavu, yoosaemeopaoulee HePABEHCMEY

[ullro + llellzo <,

Mo 0HO COUHCTNGEHHO.

4 3agada ONTHUMAaJBHOTO YIIPABJIEHUS

B mannoM paszesie pacCMOTPUM 3aady PaclpeeeHHOr0 yIpaBIeHus Ha
cnabbIX pelennsx 3ajadnd 1, pob yIpaBjieHus B KOTOpPOH urpaer hyHK-
st f. Bygem cauTaTh, 4TO yrnpasieHue [ MOXKET U3MEHSIThHCS B HEKOTOPOM
mHO)KecTBe K 1 mookuM x = (u, ¢, p).

Beesem dyukimonansaoe mpocrpancteo X = X x L2(Q) u omeparop
F=(F,F): X x K — X* no dopmyie
(F1(x,u), (v,h)) = (v(p)Vu, Vv)+(A(¢)Ve, Vh)+((u-V)u,v)—(p,div v)+

+(k((p7 ')307 h) + (u : V@? h) - <f,V> - (fa h) - (b§0>v) V(V, h) €X
(Fy(x,u),s) = —(divu,s) Vs e L3(Q) (39)
u nepenuireM ciadbyio dopmyaupoeky 3agaqdn 1 B Buge F(x, f) = 0.
PaccmoTpuM Cieyontyto 3a1a4y ynpaBIeHnst

J(x, f) = L2000) + B F1R = min, Flx, f) =0, (x.f) € X x K, (40)

rine I: X — R — ci1abo mo/iyHenpepobIBHbIN CHU3Y (PYHKITNOHAT.
Yepes

Zad ={(x,f) e X x K: F(x,f)=0n J(x, f) < oo}
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0603HAMUM MHOXKECTBO JIOIYCTUMbIX Hap Jist 3aja4u (40) u mycTh BbIIOJI-
HSIOTCS CJIE/YIOLINE YCJIOBUS:

(H.4.1) K C L*(Q) — HemycToe BLITYKI0e 3aMKHYTOE MHOKECTBO;

(H.4.2) po > 0, g > 0w p; > 0, ¢ = 0,1, u dbyuxnuonas I orpanuyen
CHU3Y.

Bynem ucnosnszoBath coenyrommmne byHKIMOHAIBl KATECTBA:

Li(p) =l — U3, Lie)=lle-¢%lie,

L(w) = [lu - g, Ti(u) = rotu— ¢, Lp) = lp—pl5  (41)
Snecn ¢! € LA(Q) (mm ¢! € HY(Q)), ul € H'(Q), ¢! € LX(Q) up e
L?(Q) — dbynknum, 3aganmse B nogobracta Q C ).

CupasennuBa ciaeayromnast Teopema (eum. [20]).

Teopema 4.1. [Iycmob swnoansomes ycaosusa (H.2.1)—(H.2.4) u (H.4.1),
(H.4.2) u nyems [ : X — R — caabo noaynenpepuienvili crusy Pynrkyuonan
u mnooicecmeo Zyq ne nycmo. Tozda sadaua (40) umeem, no xkpatined mepe,
odno pewenue (x, f) € X x K.

5 BpeiBoa cucTeMbl ONITHIMAJIBHOCTU

B stoMm paznesie MbI BBIBEIEM CUCTEMY ONTUMAJIBHOCTHU J/I 33240 YIIPaB-
qenng (40) Ha CHIBHBIX PEIeHUsX 3a7auu 1 IpU KOHKPETHBIX KOo3dhdurm-
€HTaX BSI3KOCTH, AUQDy3UN U PeaKITuu:

v(t) = A(t) = 1Jit2 +1, k(t)=t* teR.
Yepes V' (t) u N'(t) obosnaunm nepsbie npoussoganble dhyuknuii v(t) n \(t),
t € R. Acuo, gro
-2t

1 N () S Nx B B Q Yo € HY(Q), V=N

max max max

V()= N(t) =

=1
Paccymorpuym npomssogmayio Ppemre ot omeparopa F : X x K — Y = &A™

10 COCTOSTHUIO X B TOUKE JIOKAJILHOrO Munumyma (X, f) = (0, $, p, f) 3amaqn
(40). TIpu ycaosuu (H.3.1) B cuiy Teopum S/IMITHYECKON PEryIsipHOCTH

mmeen, uro 0 € H2(Q)PNHL(Q)3, ¢ € H2(Q)NHH(Q) up € HY(Q)NLE(Q).

Vka3zaHnaast TPOU3BOIHA €CTh JUHEHHDBIN HEIIPEPBIBHBIN OLIEPATOP

FL(%,f): X =Y = X%,

V(p) <

max

craBsmit KaxKaoMy saeMenty (w,h,r) € X saement FL(X,f)(w,h,r) =
(gl’gQ) ey.

Baech g1 € X* = H Q)2 x HY(Q) u g2 € L3(Q) onpenenstiorcst 1o
TpoiikaM (0, Y, p) u (W, T,r) U3 CJAELYIOIUX COOTHOIIEHMIT:

(i1, (v, 7)) = (V' (@)TVQ, VVv)+ (v (@) Vw, VVv)+(N (P)TV P, VR)+(N(@)VT, Vh)+

+((w- V)i, v) + ((a- V)w,v) + 3(¢°T, h)+
(wW-V@,h)+(4-V7,h)—(divv,r) = (br,v) V(v,7) € X = H}(Q)? x H}(Q),
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(f2,7) = —(divw,r) Vr € L3(Q). (42)
Yepes FL(%, f)* : Y* — X* 0603HaumM omepaTop, ConpsizKeHHsii Kk FL (X, f).
B cooTsercTBUE ¢ 00IIEH TeopHeil T/1aIKO-BBITYKIBIX SKCTPEMAaIbHBIX 3a-
naa [42], seenem snement y* = ((£,0),0) € Y*, Ha KoTopHIii 6y71eM CChLIATE-
cs1, KAK Ha CONpsi2KeHHOe cocTosiHue u BBegeM Jlarpamxuan L @ X X K X R X
Y* — R mo dhopmyite
[’(Xa f7 )‘07 y*) = AOJ(Xa f) + <y*7 F(Xv f)>Y*><Y = )\OJ(X7 f)+

F(F(X, 1), (€,0)) xoxx + (Fa(x, f), 8)- (43)

CrpaBeymBa, CIeIyromnast TeopemMa.

Teopema 5.1. [Tycmo swnoanaromes ycaosus (H.3.1), (H.3.4) u (H.4.1),
(H.4.2) uv(p) = Ap) = 1/(14+¢2) +1, k(@) = ¢2 u snemenm (0, @, p, f) €
XN (HY Q) NLE(Q)) x K — mouka aokarvrozo munumyma 6 sadaue (40).
Hycmo max orce gynryuonan xavecmea I : X — R uenpepwisrno dudgepen-

yupyem no Dpewe no cocmoanuo X 6 mouke X.
Tozda:
1) cywecmeyem nenyaesoli muoocumens Jlazpanoica

(Ao, y*) = (Ao, &,0,0) € RT x Y,
¢ Komopuim cnpasedauco ypasrenue taepa—Jlazpanoica
Fo(% f)'y" = =doJx(%, f) 6 &%,
SKEUCAAEHMHOE COOMHOULEHUAM
(V' (@)TVQ, VE) + (v(@) VW, VE) + (N (9)TVP, V) + (MN(@) VT, VO)+
H((@- V)W, &) + ((w- V), &) +3(p77,6)—
—(divw,0) + (w-V@,0)+ (0-Vr,0) — (br,§) =
= —Xo(10/2) (I (%), W) +(I5(%), 7)) ¥(w, ) € X = Hy ()’ x Hy(Q), (44)
(divE, ) = Ao(po/2)(Iy(%), ) Vr € L§(Q) (45)
U CNPABEIAUE NPUHUUT, MUHUMYMG
L%, f,20,5") < L(X, f,h0,¥") VfEK
IK6UBAAEHMHBIT HeEpaseHCMBY
Mo (ff =H—(f=F.0)20VfeK. (46)
2) Ecau, £ momy oice, GuinoAHAIOMCA YCAOCUA:
Y2l[alle + (1/2)7l¢lhe + (1/2)Bo]blla < vi,

C1C1Cs\|@ll2.0 + (1/2)72ll@ll1.0 + (1/2)Bo < A, (47)

Mo HeMPUBUaAbHbl muoocumens Jlazpanoca (Ng,y™*), ydosaemeopaousud
(44)—(46), asasemca pezysapnvim, m.e. umeem eud (1,y*) u onpedeasemcas

)\/

max

eduncmeennvim obpazom no nape (X, f).

Jloka3aTeJabCcTBO.

Cormacuo [42, rr. 2|, s 10oKa3aTeabCTBA, CYNIECTBOBAHUS MHOXKUTEJIST
Jlarpanxa (Ao, y*) mocraTrodno mokazarh, uro Fy(X,f) : X — Y = X* —
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®peroasmor oneparop. B cumy (42), oneparop Fi (X, f) : X = Y moxuo
LPeACIaBUThL B BUJE

F,=®+ &= (d1,05) + ($1,0).
3xecn
Oy(x) =divw, Vx=(w,7,7) € X,

a omeparopbl P u b XY ompeaesioTcd 1Mo popMyIam
(P1(w,T,7),(V,h)) = (@) VW, VV) + (A($)VT,Vh) + ((0- V)W, v)+
+3(¢%*, h) + (0- V7, h) — (divv,r) — (br,v) V(v,h) € X,
(@1(w,7,7), (v,h)) = (V' ($)TV, Vv) + (N ($)TV, Vh)+

+((w-V)a,v)+ (w-Vp,h) V(v,h) € X. (48)
ITokaxewm, uro omeparop ¢ = (®1,P9) : X — Y — uzomopdusm. s

9TOrO CJIEMlyeT J0Ka3aTh, 9To Jyist jroboit napel (F, s) € Y cymecrsyer enuH-
cTBeHHOE perenne (w,7,7) € X JTUHEHHON 3a1axu

(W (@)VW, V) + (A\(@)VT, Vh) + (@ - V)W, v) + 3(*, h)+
+(-Vr,h) — (divv,r) — (br,v) = (F,(v,h)) V(v,h) € X, (49)
divw =s B Q. (50)

Hecnoxuo nokazars, aro 3amaqa (49), (50) sksusaenTHa 3amaqe

(v(@)Vw,Vv)+ ((0- V)w,v) — (divv,r) — (bT,Vv) =
=(f,v)_10 Vv € Hy(Q)?, divw =5 (, (51)
(A(@)VT, Vh) +3(G* 7, h) + (0 V7, h) = (f,h) Vh e Hy(Q),  (52)
rue <F’ (Vv h)>X*><X = <f7 V> + <f’ h)

Yepes V-, 0603HAMMM OPTOTOHAIBHOE JOTOIHEHNE K IPOCTPAHCTBY V OT-
HOCHTEIBHO cKasapHoro mponssesienus (V-, V-)q. [lockomsky s € LE(Q2), To
cymiecTByer euHcTBeHHAd byrKuug wi € VL (cm. [40]), Taxas uro

divwy = s 8 Qu |will1o < 87 sl

rjie KOHCTaHTa 1 omnpenesena B (10).
Paccmorpum cyxenne (51) Ha nmpocrpancTso V:
(@) Vw,Vv) + ((0- V)w,v) — (br,v) = (f,v) Vv e V, divw = s B Q.
(53)
Oyuknuio w 6ymeM HCKAaTh B BHIE CYMMBL: W = Wi + W, rme w € V —
HensBecTHas dbynkius. [loacrapusigs w = wi + w B (53), mosmydnm

w(P)VwW, Vv) + ((a- V)W, v) — (b7, v) =
=(f,v) — (v(@)Vw1,Vv) — (- V)w,v) Vv eT. (54)
W3 reopembr Jlakca—Muabrpama u jemmMbl 2.1 BBITEKAET CYIECTBOBAHIE

epmHCcTReRHEOTO permenns T € HL(Q) samadn (52), A7 KOTOPOro cripaBea-
Ba OICHKA!

7

Lo < Gl fll-re (55)
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a Tak ke (npu mobom dukcuposannom T € H} () cymecrsyer emuncTren-
Hoe pemenne W € V 3agaqu (54). 3 (54) ¢ ucnonbzosanuem (55) noydaem
CJIEJIYIONIYIO OIIEHKY JJTsl W:

IWllie < My = v ([El-1,0 + BoCull Fll-1.0 + Br " (Vmax + 71 Mu)Is]|0)-
Torma dyHKIMST W = W+W SIBJISIETCs perrienneM 3ai1a4u (53), 1J1s1 KOTOpOTo
CTIPABEIJINBA OIIEHKA:

Iwllie < Mw = My + 57 ' lslle. (56)

Paccyxmas, kak B [41], 3akarouaem, uto Tpoiika (w,7,7) € X sBistercs
perrerneM 3aaqu (49), (50). Ilo aranornm ¢ (20), u3 (51) ¢ ucnosb3oBanneM
(55) u (56), BEIBOIUM OIEHKY IS ||7]|q:

”THQ < Bz_l(ymax + 'YlMu)Mw + BQ_I(BOC*HJC”*LQ + HfH*LQ) (57)
Ilyers (wyq,71,71) 1 (We,T2,72) — aBa perrenns 3agaqn (49), (50). To-
[Ja PA3HOCTH W = W] — Wo, T = T| — T2 U I = T'| — T2 Y/JOBJIETBOPSIOT
COOTHOIIIEHUSIM
W(@)VW, Vv) + (A(@)VT, Vh) + (- V)w,v) + 3(¢*h, T)+
+(0-V7,h) = (divv,r) — (br,v) =0 VY(v,h) € X, (58)
divw =0 B . (59)

Ilonaras v =0u h =7 B (58), IPUXOIUM K COOTHOIIEHHIO
(AV7,V7) +3(¢%r,7) = 0,

u3 Koroporo B cuty (14) Bbirekaer, uro 7 = 0 wim 7 = 79 B ).

C yderom 3Tor0, MOJACTaBAAS V =W B (58), aHAJIOIHIHO MOJIyYIaeM, ITO
wi = wg B Q. Torma u3 (58) u (10) cnexyer, uro r1 = ry B 2. B Takom
ciaydae, oneparop @ : X — Y — ciopbekTusen u obparum. Torma mo Teopeme
Banaxa oH sBJIsIeTCS H30MOP(MUIMOM.

Iokazkem, 4To omeparop ® = (él,O) : X — Y, onpenemenuniit hopMy-
qoit (48), sBysieTcss HENPEPBIBHBIM W KOMOAKTHBIM. 1locKobKY mpocTpaH-
ctBo H'(f)) HempepbIBHO I KOMIAKTHO BKJIagpBaerca B LP(Q), Tae p < 6,
(amajIormYHO 1A BeKTOPHBIX IpocTpancts: H(Q)3 C LP(2)3), 1o yraszan-
HBIH (DAKT BBITEKAET U3 CJIEIYIONMX OIEHOK:

|(V(@)7V, VV)| < Va7l o) IVl Lo ()3 V VIl £2(0)3,
|(N(@)7V, VR)| < Mo 1Tl La@) I V@l )3 | VR 1203
[(w - V@, h)| < vllwllLaqpsllélialh

|((w - V)i, v)] < v [[wllpa@pllafelviie
B Takom caydae, oneparop FL(x,f) : X = Y — ®@pearonbmMos, Kak CymMma

1,95

m3omopdpusma ¢ : X — Y u HempephIBHOTO KOMIIAKTHOTO omepaTopa P :
X =Y.

s mokazaTes bCTBa BTOPOTO YTBEPKIAEHU TEOPEMEI 9.1 TOCTaTOIHO TI0-
Ka3aTh, 9TO OJHOpOAHAs cucTema (44), (45) (mpu A9 = 0) uMeer TOIBKO TPH-
BuasbHOe pertenne y* = (£,6,0) = 0. Ilpeamosokum MpoTUBHOE, T.€., 9TO
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CylIecTByer no kpaitueit mepe 0110 HeTpuBHaALHOE pemenune y* = (£,0,0) €

Y™ cucremsbr (44), (45) mpu A\g = 0, rze snemenTsr X = (0, $, p) u f ceszanb

coorromennem F(x, f) = 0.
TMoncrapasas 7 =0, w = {ur = o B (44), (45), IPUXOAUM K COOTHOIICHUFO:

W(P)VE, VE) + (€ V)1, §) = =(§- Ve, 0),

U3 KOTOPOTO TOJIy9IaeM HEPABEHCTBO:

vill€lf o < nllaleléli o+ (1/2)7]é

Ilonaras w =0 u 7 = 6 B (44), moxynM
(\@)V0,V0) + (X(9)0Vp, V) + 3(4°0,0) < folbllellfl10llEle (61)
U3 (61) ¢ yaerom (4), (23), BeIBOAEM

AllblF o < MaaxCaCiCsl1 820 116117 o+ (1/2)BolIblla (01 o 11417 o). (62)

Cknanpsag (60) n (62), npuxo UM K HEPABEHCTBY
vell€lf o+ A0l o < (ellalle + (1/2)9]¢]1,0 + (1/2)Bolblle) 1] o+

+(MuaxC1C1C5)1@ll2,0 + (1/2)%2/1¢ll1.0 + (1/2)Bolbllo)10]7 .o (63)
U3 (63) BBITEKAET, 9TO €CIIM BBIOIHSAOTCS yeaoBns (47), 700 =0un € =0
n.B. B (2.
Torma (44) npuHUMAET CIEIYIOMIAHA BUI:

(divw,o) =0 Yw € Hi(Q)>.

Torna u3 (10) BeiTekaer, aTo 0 = 0 B (2.

IloceiHee TPOTHBOPETHT IIPENOI0KEHAIO O HETPUBHAIBHOCTH MHOXKH-
resist Jlarpamka (€,60,0) € Y*. EAMHCTBEHHOCTD PEryJISIPHOIO MHOZKHTEJIST
Jlarpanxka (1,y*) mpu einosaerun ycyopuit (47) Boitekaer w3 Opearosin-
MoBocT omeparopa FL(%,f): X — Y. m

Cremyromas TeopemMa BhHITEKAET U3 TeOPEMBI 3.1 1 10Ka3aTebCTBA IPEIbI-
AyIIeil TeopeMbl.

Teopema 5.2. lycmo swnoanaromea yceaosus (H.3.1), (H.3.4) u (H.4.1),
(H.4.2) uv(p) = M) = 1/(1+9?) +1, k(p) = p2, yerosua (33) u snemenm
(4,3, 5, f) € XN (HY(Q) N LE(Q)) X K — mouka A0KaABHO20 MUHUMYMA 6
3adaue (40), npuuem daa mpotxu (0, P,p) cnpasedausvi oyenky (36)-(38).
1lycmv max oice pynrxyuonans xavecmea I :+ X — R nenpepwisrno dugdepen-
yupyem no Ppewe no cocmoanuro x 6 mouxe X. Tozda:

1) cywecmeyem nenyaesoti muoocumens Jlazpanoica

¢ KOMOpuM CNpacedauso ypasherue Jaepa—lazpanoica

Fe(%, f)'y* = =dodi(%,f) 6 X%,
aKsuBaAEHMHOE coomuowenuam (44), (45) u cnpasedaus npunyun mumu-
MYMa

La(lElfa+19170).  (60)

LK, f, 0,y < LE, [, 0,y VfeK
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axsusasenmuul nepasercmesy (40).
2) Ecau, & momy otce, GuNOARAIOMCHA YCAOBUA:

72Mu + (1/2)72M<p + (1/2)B0Hb”9 < Vs,
NnaxCaC1Cs M3 + (1/2)y2 My, + (1/2)B0 < As, (64)

mo Hempusuasbrbil muosxcumens Jlazpanoca (Ng,y*), ydosaemesoparousui
(44)—(46), asaremca pezysapuvim, m.e. umeem eud (1,y*) u onpedeasemcs
eduncmeennvim 0bpazom no nape (X, f)

Sameuanue 5.1. Hec1oxHO 3aMeTHTh, 9TO JIOKAJbHAS PETYIIPHOCTD CH-
CTeMBI ONTUMAJIBHOCTH B TeOpeMe 5.2 HOCHT YCJIOBHBI XapaKkTep, B OTJININE,
HATIPEMED, OT AHAJIOTUIHOrO pesyabTaTa [17], moaydennoro Ha ciabbix perre-
HUAX COOTBETCTBYIOIIEH Kpaepoii 3a1aan. /IpyruMu cJI0BaMu, TIPU BBITOJTHE-
HUM yCJIOBHIt Teopembl 3.1 cyrmecTsyer pemenne (4, @, P, f) € X;N(HY Q)N
L3(Q)) x K samaun ynpasnenns (40), B xoropom ayisa coctosmus (1, @, p)
cipaBeaueel onenku (36)—(38). Ecau mpu 3TOM MCXONHBIE JaHHBIE 3a1a9K
(40) ynosriersopsitor ycaosusiv Magocti (33) u (47), To asist Takoil Touke
MuHEMYMa 3a7a49u (40) cucreMa ONTUMATBLHOCTH SABIAETCS PErYIsPHOI, T.e.
MBI MOYKEM CYUTATh, 9TO Ag = 1.

Bameuanue 5.2. Cymecrsosanue pemenns (i, ¢, p, f) € X, N (H'(Q) N
L%(Q)) x K szanaun ynpasiennus (40) Upu BLITOJHEHUN yCJIOBHiI T€OPEMBI
3.1, B KoTOpOM /i cocrosiHus (U, ¢, p) crnpaseymBel oneHkn (36)—(38), mo-
Ka3BIBAETCSI 110 TO¥ 2Ke cxeMe, 4T0 1 Teopema 4.1 (em. [20]).

6 PeseiiHOCTh OITUMAJIBLHOTO YIIPABJIEHUS

B nannowm pasjesie ycranaBimBaeTCs [TOMOJTHUTEIHLHOE CBOWCTBO OIITUMAJIb-
HOI'O YIIPABJIEHUS ISl CAEAYIONIEH SKCTPEMaJIbHOM 3a1a4n:

J(p) = (1/2)I(p) — inf, Flp, f) =0, (¢, f) € Hy(Q) x K, (65)

rae F(p, f) = 0 — oneparopras 3amuck caaboit hbopmyanposku 3agaqn 1.
ITycrs Bmecro (H.4.1), (H.4.2) BeimosHsIeTcs 6071e€ KECTKOE YCIOBHE:
(H61) Jmin < f < fuax 0B, B Q 11a Beex f € K, rae fumin B fmax —

[OJIOXKUATETbHbIE YHUCTA.
fcno, aro yemosue (H.6.1) 3amaer gacTHbI crydail BRITYKJIOTO, OTDAH-

YEHHOTO W 3aMKHYTOr0 MHOXKecTBa, BBejgennoro B (H.4.1).

IToKazKeM, 9TO ONTHMAIbHOE yipastenne f(x) sagaw (65) o6mamaer cBoii-
CTBOM peJIefHOCTH WK JIJIs HErO CIIpaBeIJINB TPUHITUIT bang—bang, coryiacHo
KOTOPOMY HCIIOJIb3yeMOe yIpaBjieHne TPUHUMAET OJHO M3 JBYX 3HAYEHMIl:
fmin WA fiax, B 3aBUCHMOCTH OT 3HaKa GyHKIUU 0(X), UMEROIEeil CMBICIT
COTIPSTZKEHHO} KOHIIEHTpanuu (CM. pa3/. 5) B Touke X € ().

[punrun MuaEMyMa 7718t 331290 (65) TPUHEMAET CJIeIYOIINi BUI:

(f—f,0) <0 VfeK. (66)

Heci0:kHO TIOKa3aTh, paccyKaasi METOJOM OT TPOTHBHOIO, YTO MPU BbI-
nosnuennn yeyaosus (H.6.1) mepaBercTBo (66) 9KBHBAJIEHTHO CJIEIYIONIEMY
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HEPAaBEHCTBY:

(f—f)0<0ms. BQ VfeEK. (67)

U3 (67) BbiTekaer, uro ecan § < 0 m.B. B D1, T0 f = fuin 0.B. B D1 u
f = fmax .B. B Do ecin 60 > 0 1.8. B Do.

W3 (67) BbiTekaer, 4ro onrumasibHoe yupasienue f(x) sagaqu (65) moxer
OPUHUMATH, B 3aBUCHMOCTH OT 3HaKa MHOXKUTEeNs Jlarpanxka 6(x), TOIbKO
MaKCHMAaJIbHOE U MUHUMAJILHOE 3HAYEHNE frax U fmin-

B Takom cyiyuae ropopsT, 9TO ONTUMAIBHOE YIIpaBaeHUe f YI0OBICTBOPSET
ceoticmey peasetinocmu, WHAYe, T 3TOTO YIIPABJIEHUS CIIPABETUE NPUHUUN
bang-bang. dpyrumu ciaoBamu, moiobHOe MOBEJEHIE ONTUMAIBHOTO YIIPABJIe-
HUSI WHTEPTPETHPYIOT KaK TEePEeKTIOUEHNe MEKTY JBYMSI COCTOSTHUSIMU WA
CKaYKH U3 OJTHOTO COCTOAHUS B JIPYTOE.

Ecan we ymaercsa MCKIIOYATH cATyaruio, korga 6 = 0 Ha HEKOTOPOM TIOJI-
MHOKRecTBe Dy C {) TOMOKATETBLHON MEPBI, KOTOpas TPUBOIUT K HEOTpeTe-
JIEHHOCTH, B paMKax KOTOPOH ympabieHne f Ha YKAa3aHHOM TOIMHOXKECTBE
MOZKET KaK MEePECKOIUTDH U3 OJJHOTO TPAHUYIHOT0 3HAYEHUST B IPYroe, TaK U He
COBEpIIATH TaKOil cKadoK (cM. (67)), TOra CBOWCTBO PeTefiHOCTH HA3LIBAIOT
HECTPOUM.

Sameuanue 6.2. B pabore |[43| ycranosien crporuii npuanun bang—bang
JJIA MYJIBTUTIINKATUBHOTO YIIPDABJICHUA B 3KCTpeMaﬂbHOﬁ 3aJa49e JJId HeJIN-
Heltno# Momenm peaxkimyu—auddysun (6e3 kousekun). Panee anamornaHbIii
pesyabrar 6el1 noayden B [44]. B muprupyembix paforax oTCyTCTBHE KOH-
BEKIINU ITO3BOJINJIO IPDUMEHUTH CBOMCTBA CANMHCTBEHHOCTHU TTPOJOJIZKEHUA JIJIA
JITUIITHYECKUX ypaBHernuit (cu. [45]).

7 3akawoueHne

XO0pomIo n3BeCTHO, CHCTEMa ONTUMAJBHOCTH UTPAET BazKHYIO POJIb IPH HC-
CJIeJIOBAHUU CBOUCTB ONTHUMAJbHBIX pelennii. B nannoit pabore Ha ocHOBE
ee aHaJIn3a YyCTAHOBJIECHO CBOMCTBO peIEHOCTH pacCIpeleeHHOro yIpaBJie-
Husi. B nocsenyromnmx paborax aBTOpOB € HCIIOJIb30BAHUEM JIAHHON CHCTEMBI
OyzeT JI0Ka3aHa e/IMHCTBEHHOCTH MAJIOr0 [0 HOPME OITUMAJIbHOTO PElIeHus
Ha CHJIBHBIX PEIIeHnIx 3aaaqm 1.
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