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PaccmarpuBaercs rirajikasi aBTOHOMHAsI CCTeMa OOIIEro BUA, TOIYCKAIO-
ast HEBBIPOXK IEHHOE Tieproandeckoe pernerne. CtpouTcs riaodaibHOe ceMeli-
cTBO (10 mapamerpy h) HEBBIPOXKIECHHBIX HEPUOAUYECKUX PENICHUil, BBIBO-
JIATCSl 32KOH MOHOTOHHOI'O NU3MEHEHUsI IIepHo/ia Ha CeMelCTBe, JI0Ka3bIBAETCSI
CyIIIECTBOBAHNE PE/YIINPOBAHHON CUCTEMbI BTOpPOro nopssiaka. s nee perna-
ercs 3ajlava CTadNIn3anuy KoaebaHus yIpaBiisgeMoil CHCTEMBI, BBIIEJIEHHOTO
3nadenneM napamerpa h. Haxomurces rirajkoe aBTOHOMHOE yIIpaBeHUe, KOH-
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Kamowesnie cro6a: aBTOHOMHASI CUCTEMa, HEBBIPOZKIECHHOE TTEPUOTNIECKOE Pe-
meHue, rI0dbaabHOEe ceMeiicTBO, Teopema JIsmyHOBa O MEHTpe, ymIpaBJieHUE,
[IPUTHATUBAONIAIN UKJI, €CTECTBEHHAST CTAOMIN3AIINA.

DOI: 10.31857,/S0005231023050033, EDN: AFVGEL

1. BBenenue

B 1927 r. Ban gep Ilonb npeiokuia ypaBHEHUE, OIMUCHLIBAIONIEE JIMHEHHBIH
OCIMJLIIATOP, Ha KOTOPBIN JIefiCTByeT MaJiasd HeJInHelHad CUjla, JUHeHHad 110 CKO-
POCTH, U CO3JAoIasl JUCCUIIAINIO B KAXKJION TeKyIell TouKe TpaeKTopuu (Juc-
cunarusi Ban gep Ilosist). YpaBHeHue jornyckaer NpUTATMBAONUN 1uki. Bro-
caencreun JI.C. Tonrpsirun B [1] Hammen qocraTovnble yCJIOBHsL JIJIs BbIIEJIEHHsI
IUKJIa U3 ceMeicTBa MEPUOINYECKUX PEIIeHNn! TaMUJIbTOHOBOM CHCTEMBI: IIPUMeE-
HAJINCh HETaMUJIbTOHOBBIE BO3MYIIEHUA. B JIMHEHHOM OCIUJIISTOpPE KOJIeOaHms
M30XPOHHBIE, B HEJIMHEHHON TaMIIBTOHOBOM crcTeMe Mepuo KOJIeOaHmil 3aBUCHT
OT MOCTOSIHHOU SHEPIUH.

B [2] muccnnanust tuna Ban gep IMosst BBogmiach jist cemeiicTBa mepuo/iu-
9eCKUX PEIIeHuil, B KOTOPOM IIEPHOJl MOHOTOHHO 3aBHCHT OT ITapaMeTpa ceMmeii-
cTBa h: 1T TUHETHOTO OCIMJLISTOpa oty daercs puccuranust Ban gep oms. ITo-
CTpOEHa CHCTeMA, B KOTOPOM IS CTAOMIN3AIINN KOJIEeOAaHUsI ¢ TapaMeTpoM h BBI-
OupaeTcsi COOTBETCTBYIOIEe 3HAUYEHUE ITapaMeTpa B yIpPaBJICHUHU. Y IIpaBisieMast
CUCTEMa OCTACTCA ABTOHOMHONM U 00JIaJlaeT aCUMITOTHICCKU OPOUTAJIHLHO yCTOM-
YUBBIM IUKJIOM. DTH pe3yJbTaThl Pa3BUBAJIUCH B [3-5|, MexaTpoHHasl crucTeMa
crabumsaryst npejyioxkeHa B [6]. B MHOroMepHBIX crncremMax CTpPOUIACH PELyIin-
poBaHHas CHCTEMa BO3MOYKHOI'O HUSIIErO MOPSIIKA.
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Jlpyrue ucciieloBaHusi 10 CTAOMJIMBAIMN KEJIAEMOr0 PeXKUMa KOJIeDaHUs OT-
JIMUAIOTCS MPUMEHEHHNEM YIIPpaB/IeHU, SIBHO 3aBUCSIINX OT BpeMenu. llpupenem
HekoTopble 3 HuX. O630p Ha IpUMepe IEPEeBEPHYTOr0 MasiTHUKa jaercs B |7].
B [8] mpemaraercst packaunparoree yrpasienue (swinging control). B [9] pe-
mraeTcst 3ajada 00 opOUTATBLHON CTAOMIM3AINN MEPHOANTIECKNX PEIIeHnl MaJio-
[PUBOJIHBIX HEJIMHEHHBIX CHCTEM (C UMCJIOM HE3aBUCHMBIX IIPUBOJIOB HA €JIMHMU-
Iy MEHBIIIE YHCJIa CTeleHeil CBOOOIbI HEYIPABIIsIeMOil KOHCEPBATUBHOI CHCTEMBI).
CuHTe3UpPOBaHHBIN HEJTMHEIHBIN 3aKOH YIIPpaBJIE€HUs ¢ OOPATHOI CBSI3bIO 3aBUCUT
ot BpeMeHn. Crabumsanys KeJaeMbIX YPOBHEI MeXaHUIeCKONH SHEPTUH [TOCPE/I-
CTBOM UMILYJIbCHOIO ylpaBjenus nposogurcs B [10], pobactHoe crabuimnsupyio-
Iiee yrpasJieHue KoJeOaHusIMU UIETCsT HesiBHBIM MeTozioM Jlsmyrosa B [11].

PenymupoBaHHyio cucTeMy MOXKHO BBIIEINTDH, KOTJIA OIMCAHO BCE MHOXKECTBO
MIEPUONMIECKNX pelreHnii. B HeInHeHBIX cucTeMax Mmepuo KojaebaHnii, Kak mpa-
BIJIO, MEHSIETCsT OT KOJIeDaHUsI K KoJebaHnio. MHOXKeCTBO OTHOYACTOTHRIX KoJjieba-
HUI ¢ MOHOTOHHBIM M3MEHEHHEM IMIepUOoJa Ha HEM OT IIapaMeTpa, IPUHIMAIOIIETO
BCE BO3MOXKHBIE I MHOXKECTBA 3HAYCHUS, CTAHOBUTCA €JUHUICH TAKOTO MHO-
JKeCTBa U HA3BIBAETCsT II00AJBHBIM CeMefcTBOM Iepuoandecknx perreruii. B da-
30BOM IIPOCTPAHCTBE TII00AIBHOE CEMENCTBO 3AIlOHSAET CBA3HOE WHBAPHAHTHOE
MHOXKeCTBO. B cucreme MOXKeT ObITh KOHEUHOE WU CUETHOE UHUCIIO TJI0DATBHBIX
CEeMEeICTB.

SBamada o TI0OaTbHOM CeMelCTBe TIePBOHAYATBLHO BOSHUKIA B MHOTOUNCTICHHBIX
npunoxkenusx reopembl A.M. JIsmnynosa o niertpe (1892 r.). B Teopeme ycranas-
JINBAETCST CYIIECTBOBAHUE JIOKAJIBHOIO CEMEHCTBA HEJTUHEHHBIX MEePUOIUICCKIX
JIBUZKEHMWI, TIPUMBIKAIOMIEH K PABHOBECHIO KOHCEPBATHBHON cHCTeMBI. B KOHKpeT-
HBIX 3a/[a9ax BCETJIa BCTAeT BOIIPOC O TPAHUIlE IPUMEHUMOCTHU JISITyHOBCKOTO Ce-
meticTBa. [Iporpecc B Bompoce o rpamure Hadaucs ¢ nceaemopannit A.A. 3esuma
(1997 1.). B [12] manb! ycaoBust Ha raMHJIBTOHHAH, TapaHTUPYIOMINE B KOMIIAK-
te Q) € R?" npoo/Kenne JIsAIyHOBCKOrO ceMmeiicTa Ha rpanuily OS). Pesyabrars
pasBuThl B [13]: Haiinensl crporo 3se3moobpasubie (strictly starshaped) rammib-
TOHHMAHBI, J[JIsi KOTOPBIX YCJIOBUS IIPOJIOJIZKEHNsT |12] BBIIOIHSIIOTCSL.

Ceitgac cTajio MOHSATHO, 9TO BOIIPOC O IpaHuIie B Teopeme JIsimyHOBa pasperia-
eTCsT 3HAHMEM O TJIOOATHHOM CEMEHCTBE TEPUOIIMIECKIX PEIIeHN T, KOTOPOe BKJTIO-
YAeT, KAK COCTABJISIIOIIEe, JIOKAJIBHOE JISITyHOBCKOE CeMEHCTBO.

Ob6parumast MEXaHUIECKAs] CUCTEMa BBIJEJISIETCsT CBOMCTBOM ITPOCTPAHCTBEHHO-
BPEMEHHON CUMMETPUN, OTHAKO B OBITIEM CITydae He TOMYCKAeT MEePBLIl MHTETrpalT.
B meit paccMaTpuBAOTCS CHMMETPUYIHBIE TTEPUOANTIECKNE JBUKeHNsI. [ TobambHbie
ceMeficTBa B 9TUX cHCTeMax u3ydayauch (cm. [4, 5, 14, 15]); moHsTne riobajbHOro
cemeiicTBa BBOIWIOCH B [14]. Pesynbrarsr 1o riobaabHOMyY ceMeicTBy (BKIIOUast
BOIIPOCHI €r0 CYIIECTBOBAHMUSI, TIOCTPOEHNSI, CBONCTBA U T.JI.) UCIOJIB30BAJUCH TIPU
HAXOKJICHUS] YIPABJICHNs ¢ MEHSIIONMM 3HaYeHNe [apaMeTpoM B [4-6].

B mammboit craThe 1T aBTOHOMHOI CHCTEMBI OOINEr0 BHUAA, HE CTECHEHHOM
JTOTOJTHATE/IBHBIMA OTPAHUICHUSAME (TaMUIBTOHOBOCTD, OOPATHMOCTD, KOHCEPBa-
TUBHOCTb U T.JI.), CTABATCS U PEIAeTCsl 3aja49a IOCTPOEHUsT JIODAJIBLHOTO ceMeli-
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CTBa HEBBIPOXKJICHHBIX [IEPUOANYIECKUX pelrennii. [Ipu sroM npuMeHseTcs: moaxo.n
[MonTpsirura B Teopun 0ObIKHOBEHHBIX JuddepeHnnanibabix ypasHenuit (em. [16])
BBEJICHUS HEIIPOJIOJIZKAEMOro peleHusi. Bo BTopoil 4acTu craTby [ PeLyKIupo-
BAHHOI CHCTEeMbI BTOPOIO MOPSIIKA CTPOUTCS yIpapjsieMasi cucreMa. Haxomurcst
IJIaJIKOe aBTOHOMHOE YIIPaBJIEHHE C HACTPAUBAEMBIM IAPAMETPOM, BBLIEJISTFOIIIIM
cTadbUIN3UPyeMoe KojieDaHue.

2. HeBprO)K,Z[eHHOG InmepuoanvdecKoe pellieHue aBTOHOMHOI CUCTEMBI
PaCCManHBaeTCS{ JIaIKO€ aBTOHOMHOE ypaBHEHUE

(1) :2=27(z), ze€R",

obimee perrenne Kotoporo obozHadwaercs wepes z(zY,...,20 ¢), roe 20 = (29, ...
., 2%) — mavanpHas Touka (npu t = 0). Heobxomumoe U J0CTATOMHOE yCIOBUE

cylecTBOBaHUs T-TI€PUOJNYECKOrO pelenns cucreMbl (1) 3amnucbiBaercst B Buje

paBeHCTBA
(2) f=2(29,....01)-2"=0.

[IycTb ypasuenne (2) mveer penrenme z°

= z*, T =T, He cOBIAAIOIIEE C PaB-
nosecnem': Z(2*) # 0. B cuiy apronomuocTn cucrenmsr (1) ypasrenne (2) Bvecte ¢
yKa3aHHBIM PEIIeHneM Beerja o0JiafaeT ceMeficTBOM PEIeHH [0 apaMeTpy 7y —

cIBUTra TOYKHN ZO BIOJIb TPACKTOPUI:
(3) D=2y, T=T"

Borancnsiercsr panr Ra dynkrmonansaoit marpunpsl Ay (Marpunpl Akobm) st
dbyukmuu f ¢ mapamerpom 1’ B Touke z* mpm T = T*. Torma momyaaercs: Ra <
<n-1.

Onpegenenne 1. Cayuati Ra=n — 1 naszwvieaemces neswviposicoertvim OAi
nepuoduveckozo pewenus. Ilpu Ra = n — 1 nepuoduueckoe pewernue nasvieaemcs
HEBBIPONCOCHHBIM, 6 NPOMUBHOM CAYUAE, OHO HA3BIBAETNCA BbIPOHCICHHBIM.

Hamee ucciemnyercst caydait Ra =n — 1.

YpasHeHue (2) MOXKeT JIOIYCKaTh e¢MHCTBeHHOe pemntenne Buaa (3). Torma as-
TOHOMHOE ypaBHeHue (1) mMeeT H30/MPOBAHHOE IEPHOANIECKOE PEIICHNE — IUKJI
¢ nepuoziom 1. AnbrepHaTnBoii 6y/eT cemeiicTBO perenuii, B koropom mepuoy 1’
MEHSIETCSI OT PEIICHUs] K PEIICHUIO, T.e. sIBJIsieTCs (DYHKIMEii HEKOTOPOro Iapa-
merpa h: 20 = 2%(y, h), T = T(h).

U3 pasencrsa (2) B okpectHOCTH perteHnst (3) BBIBOAUTCS CUCTEMA JTHHEHHBIX
paBEHCTB

fs 1 o Ofs .o Ofs
s = T =0, =1,...,n,
) 13 8z?dz1 + +8z2dz"+ 8Td 0, s n
f:(fl)"')fn)v

! 3aMevYaHue pereH3eHTa
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B KOTODOii YacTHbIE TIPOM3BOJHbIE Bhraucisiores npu 2V = z* T = T*. Cucre-
Ma (4), KaK U paBeHCTBO (2), YIOBIETBOPSIETCS TOXKJIECCTBEHHO 1Mo caBury . Tak
KaK [IPOU3BO/IHASI
ofs  02(2°,T)
or — orT
TO 9TO HEOOXOIMMO TPUBOIUT K JIUHEHHON 3aBUCUMOCTH (DYHKITHI ZS(ZO), s =
=1,...,n.

= Z,(2Y),

B curyanun nukia cucrema (4) Bbimosasiercst Tosbko npu AT =T — T = 0.
Marpuna Ay mveer mpocroe HyJIeBoe COOCTBEHHOE 3HATCHHE.

Hamee paccmarpuBaerca caydail, Korga MaTpuna Aj; COTEPKHUT KOPJAHOBY
2-KJIETKY U3 HYJEBBIX COOCTBEHHBIX 3HAUEHUN. 3/1eCh MMeeM CKAJIsIDHBIN mapa-
merp h (em. [17]). U3 pasencrs (4), pacMaTpuBaeMbIX KakK CHCTEMa JIMHEHHBIX
ypaBHEHHII ¢ MaTpuIeil Ay, BBIBOIUTCA CyIIECTBOBAHUE B yPABHEHHUH (2) JIOKATIb-
HOro cemeiicTia pemtennii 10 d1'. CooTBercTBeHHO, ypasHenue (1) momyckaer Jjio-
KaJabHOe h-ceMeiicTBO mepmommuecknx permreruit. s T™*-mepuommaeckoro perrre-
wust: T% = T'(h*), T'(h*) # 0 (uepes (') obosnavaercs auddepennuposanue 1o h).
[Tapamerp h npuHAIIEKUT OKPECTHOCTH dmcia h*.

Jasee h Ha3BIBaeTCs MapaMeTpoM ceMeiicTBa meprogmdeckux pernennit. OyHk-
st T'(h) — MoHOTOHHA, TOSTOMY 3a h MOXKHO BBIOUpATH cam mepuon 1.

B curyaruu cemeiicTBa pereHusi ypaBHEHUN B BAPUAIUSIX COCTOSIT U3 YaCTHBIX
[IPOM3BO/HBIX OT MEPUOUIECKOTO PEIeHNs COOTBETCTBEHHO 110 t u h. B pesyiib-
Tare audpepeHnnpoBanns Mo h IOJIydaeTcss PacTyIlee BMECTe CO BpeMeHeM i
pelenne, KOTOpoe BBINICBIBAETCsA, Haupumep, B [18, crp. 416, dopmyia (9.9)].

BroauTcst onpesiesierne 2.

Onpexenenne 2. Cemeticmeo nepuoduveckux pewenutd ypasuenus (1) na-
avi6aemcs nesvipostcdernvim, ecau nepuod T(h) na nem monomonrno 3asucum om
napamempa h.

Ompenenenne 2 CrpaBeJIMBO JIJIsT PACCMOTPEHHOTO JIOKAJILHOTO CeMeiicTBa, B
KOTOPOM h MeHsieTcsl B OKpecTHocTH dncia h*. OHo ocTaercs ClipaBeIIuBbIM JIJIsI
JIIO0Or0 ceMeiicTBa MMEePUOANIECKUX peIleHuil: Ha HeM h MeHsIeTCsl B MHTepBaJie.
3HA4YUT, CYIIECTBYeT NHTEPBaJ U3MEHEHHs TapaMeTpa i, KOTOpbIii OTBEYaeT BCEM
[IEPUOINIECKIM PEIIeHUsIM CeMeCTBA.

Onpegenenme 3. Heswvipooicdenroe cemeticmeo nepuodudeckuxr pewerul,
HG KOMOPOM napamemp h npunumaem 6ce8o3moscHvle 0af peueHuts cemetcmsa
3HAYEHUA, HA3BLBAECNCA 2A000N0HDIM CEMETICTILEOM.

B dazoBom mpocTpaHCTBE TJIODATBHOE CEMEHCTBO IPEJICTABISIETCST CBI3HBIM
MHOXKECTBOM ToOUeK. VHTepBaa m3MeHeHust h B I100aJIbHOM CeMeicTBE MOYKET
ObITh KOHEYHBIM (SHEPIUsl MAsTHUKA OT HUYKHErO JIO BEPXHEr0 PABHOBECHIl) WU
HEOrPaHUYEHHBIM (HEOrpaHUYEHHbIE 110 KoOpuHaTe Kojiebanus). B ypasuennu (1)
MOXKET CyIIEeCTBOBAThH OIHO, HECKOJIBHO HJIM CIETHOE MHOXKECTBO IJIODAIBHBIX Ce-
MeHCTB HEBBIPOXK IEHHBIX IIepuoandecKux pemenuii. I[Ipeaverom crarbu Oymer or-
JeJIbHOE IIODAJIbHOE CEeMECTBO.
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st obo3HaYeHNsI HEBBIPOXK IEHHOIO IEPUOINIECKOTO PEIeHNUsI, IPUHAIIE KA~
IIero ceMencTBy, majee npuMmensiercss cokpamrenne HITP. Torma rmobanbaoe ce-
MECTBO HEBBIPOXKICHHBIX MEPUOIMICCKUX PEIleHnil 6yIeT Ha3bIBaThCsl TJI00a b
HeIM cemeiicteom HIIP n obosmagaercst wepes .

HIIP cymecrByer misa cucrembl pa3meprnoctu n > 2. Kojgebanust maTemMaTn-
qeckoro Magruuka maior npumep HIIP: & +sinx = 0, n = 2, Ra = 1. [Ipu srom
JIOKaJIbHBbIE KOJieOaHms OJIN3 HUYKHETO PABHOBECHsT 00Pa3yIOT JISITyHOBCKOE CeMeii-
creo HIIP. Ero mpomokenne 1mo mepruoLy IpPUBOIUT KO BCEMY CeMeHcTBy KoJieba-
Huii MagTHUKA (robanbHoe cemeiicrso HIIP), cBsasbiBatomemy HUKHEE U BepXHee
paBHoBecud. llepuoj Kosiebanuit Ha HeM, HAYMHAS CO 3HAYEHUS 27T, MOHOTOHHO,
BMeCTe C aMILINTYION KOJIeOAHMsT, CTPEMSIIENCs K T, CTPEMUTCS K GECKOHETHOCTH.

B JimHEHHOM OCIUJLIATOPE PEATU3yeTcsl CeMEHCTBO BbIPOXKIEHHBIX (U30XPOH-
HBIX ) KosiebaHuii ogHOTO TIepuoa: n = 2, Ra = 0.

3amedanue 1. B obparumbix mexanmdeckux cucremax HIIP moryr 6biTh
CHUMMETPUYHBIMHE, JIst Takux perernii nonstue HITP yrounsiercs: B [4].

3. Jlokaabuble cBoiictBa HITP

HIIP obramaer caemyomumu CBOMCTBAMT.
1°. CsoiicTBo JToKaabHON mTpomoszKuMoctn HITP.

B cucreme (4) npuparenne d1' He paBHO HYJIIO U MEHSIETCS HE3aBHCHMO OT 7.
[Tpu HelnpepbIBHOM JIByCTOPOHHEM u3MeHeHuu npuparierust d1 u3 cucrembr (4)
HaxozaTest Bce kpubble cemeiicrsa HITP. Tlostomy ypasuenue (1) Bmecre ¢ HITP,
rme h = h*, obmamaer cemeiictBom HIIP ¢ momOoTOHHOIT 3aBHCHMOCTBHIO TEPHO-
na T'(h) or h. Ilpu srom mapamerp h HNPUHAJJIEKUT HEKOTOPOH OKPECTHOCTU
aucia h*. Ilpupamenne d1' orpannvnBaercs yciaosueM Ra =n — 1.

CenmeticrBo HITP Tak:ke MOXKHO BBIJIEISITH HHTEPBAJIOM U3MEHEeHU epuoja 1
cemeiicTBO 0bo3Havaercst depe3 2(T).

2°. Cemeiicrso N(T) sanonusier asymepyo obmacts S(T).

Ob6nacTb f](T) obpasoBana 3aMKHyTbIMU KpubbiMu — HIIP ypasuenus (1),
KOTODBIE [IaPaMETPU30BAHBI CJIBUTOM Y. DTH KPUBbIE MEHHAIOTCS BMECTE C ITapa-
MeTpoM cemeiicTBa h.

3amedarnwne 2. Ha JIOKAJIbHOM CeMeCTBE MEPUOJL SIBJISIETCS €MHCTBEHHBIM
napamerpom. [Ipu stom T'(h*) # 0 u mepuon 3aBUCHT OT OJHOrO Hapamerpa h
(3aKOH 3aBUCHMOCTH IIEPHO/ia HeJMHEHHbIX Koslebanuii oT ofHoro napamerpa [17]).

4. T'nobanbHoe cemeiicrso HIIP

[iobambroe cemeiicro HITP (X)) mosygaercss ABYCTOPOHHUM ITPOIOI?KCHAEM
cemeiicrsa X (71") o nepuoay 1" (o mapamerpy h). CoOTBETCTBEHHO, TPOTOJIZKEHIE
obJractu f](T) o nepuony 1 mpuBomuT B (HhazoBOM MPOCTPAHCTBE K IVI0OATBLHOMN
o6macTn 3, 3aMOTHCHHOI PEIICHISAMN 13 3.
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Jlemma 1. I'nobarvroe cemeticmeo X cywecmayem u 3anoasHaem 2A00a4bHYI0
obnacmv 3. Ha nem nepuod A6asemcs moHomonnol Ppynryuets napamempa ce-
meticmea. Jlas mouex obaacmu )y pane Ra =n — 1, na ee eparuue o3 YCA08UE
Ra =n — 1 ne svtnoansaemcs.

lokazarenncrpo. Paccmarpusaercs HIIP cucremsr (1). Cormacuo cBoii-
crBam 1° u 2° ono npunasexut cemeiicrsy X(T) u sanommser obmacrs 3(7T).
K kaxgomy HIIP cemeiicta X(T") mpumensiercs coiictso 1°. B pesynabrare BO3-
HUKAIOT JiBe cuTyaryu. B nepsoil n3 Hux ob1acTb fJ(T) He MeHsIeTCsl: TVI00aIbHOe
ceMeiicTBO X — mocTpoeno. Bo-Bropoil cutyaruu o6JacThb f](T ) pacrupsiercsi B
TOM CMBICJIE, UTO COJECPIKUT BCE TOUKHU MPEXKHEH 00JIACTH, a TaKyKe HOBBIE TOUKI.
Buaunt, cemeiicreo 3(7T7) mosyunsio npojoszKenue 1o nepuoay 1', Kak B CTOPOHY
yBeJinueHus, Tak u ymenbiienus 1. IIporecc mpojioskeHus onucbiBaeTcs CucTe-
Moit (4). Ha mosmyuennoMm cemeiicTBe MOHOTOHHOE M3MEHEHHE II€PHOJA OT Tapa-
MeTpa CceMeCcTBa COXPaHICTCs.

Ha cremytoriem mrare BO3HIKAET TaKkast 2Ke aJbTEePHATHBA, KAK Ha IPEIBIITYIIEM
1are UTePaIinu.

B xonegHOM pesysbraTe moIydaercs riiobaabHast 001acTb f], B KOTOPOI BBITIOJ-
usiercs yesosne Ra =n — 1. O671acTb 3 3al0IHAETCs TI0GATBHBIM CEMEHCTBOM
HITP. Ha rpanume 9% ycaosue Ra = n — 1 mapymraercs.

[TocTpoenne Y mpoUCXOAUT 3a OECKOHETHOE UHCJIO IIAroB.

Samedganwne 3. g nocTukeHns riao0aJIbLHOTO CeMECTBa IIPUMEHSIETCST IO/
xon ITouTparuna K MOCTPOEHUIO HEMPOIOKAEMOTO PEITEHUsT B TEOPUN OOBIKHO-
BeHHBIX TudHepeHnnaIbHbIX YpaBHEHH.

Jlemma 2. nobarvroe cemeticmeo HIIP onucweaemcesa pedyuyuposannoti cu-
cmemoti 8mopozo NopAJKa.

JlokaszarenbcrTBo. PaBeHcra (4) BBINOJHSIIOTCH Ha TJIOOATBHOM CeMeii-
CTBE Y. TOXKJECTBEHHO IIO I1ape (ZO,T). Panr marpuner Ay pasen n — 1, mpons-
BozHble 110 T' ymHeitHo 3aBucumsl, a Bektop df /dT" # 0. Ilosromy n — 1 jmHeitno
He3aBUCHMBIX b depeHnuanbabix Gopm u3 (4), cBsa3aHHBIX yeaoBusmu (4), mpu-
BOJISITCS K CUCTEME, B KOTOPO#l TOJILKO OJHA U3 MOJIyIeHHBIX hopM comepkut d1'.
Heszasucumocts octapiuxcs dopMm oT d1' o3HaYaeT, YTO PEIIeHUs TI00ATHLHOTO
CeMeNCTBa ONMMCBIBAIOTCA CAUCTEMOU BTOPOTO MOPAIKA.

3amedanue 4. B ciydae KOHCEPBATUBHOM CHUCTEMBI MOJIYYAETCH PEJLYIIUPO-
BaHHAasl KOHCEPBATHBHAS CUCTEMAa C OIHON CTEIEHBIO CBOOOILI.

Ha ocuose stiemm 1 u 2 popmynupyercsa Teopema 1.

Teopema 1. Ilyecmv ypasuenue (1) donycrkaem HIIP. Tozda ono npodossica-
emcs no nepuody T wa 2nobasvroe cemeticmeo X. Ha X2 nepuod T'(h) monomonno
sasucum om napamempa cemeticmsa h. Cemeticmeo Y 3anoiHsem 2400a46HYH0
obaacmv X; Y onucweaemcs pedyyuposannoti cucmemoti 6mopozo nopadka. i
mouex obaacmu S pane Ra = n — 1, na ee zpanuye 0% yeaosue Ra = n — 1 ne
BYINONHAETCA.
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Bamewanne 5. [pu noaxone K rpanuue 03 nponssoguas 1" (h) mMoxer cTpe-
MUTCsI K HYJTI0, 0ECKOHEUHOCTH WK TIepecTaer cyiecTBoBarh. B cayuae T (h) — 0
rpaHuneil ceMeicTBa MOXKeT ObITh BBIPOXKJICHHOE MEPHOINIecKoe pertenue. Vim
Ha IrpaHure HaxoauTcs meHTp (mpumepst 1 u 2, £ < 1). Takke cemeiicTBO MOXKeT
cTaTh HEOTPAHUYEHHBIM 110 KoopauHare (mpumep 2, k > 1). Coayuait T'(h) — oo
peasiuzyercst jijist eHTpa (npumep 2, k > 1), ceagia (npumep 1), a Takxke — Jjist
HEOTPAHUIEHHOTO 10 KOOPMHATE TII00ATBHOTO ceMeficTBa (mpumep 2, £ < 1) (e
taxxke [19]).

CuaexcrBue 1. Jlanynosckoe cemeticmseo npodosxrcaemcs Ha 2s0basvhoe ce-
METCMBO HEBVPOAHCICHHBIT NEPUOIUMECKUT pewenuli (2aobarvras meopema Jlsa-
NYHOBa 0 UeHmpe).

HHorxazarenbcrro. llepuomn Ha JIOKAJTBHOM JISIITYHOBCKOM CeMeCTBE MOHO-
TOHHO 3aBUCHUT OT MOCTOsIHHOM sHeprun (cMm. [18]). Iosromy cemeiicTBo cocTonT
u3 HIIP. Tlo Teopeme 1 rimobajibHOE ceMefCTBO CYIIECTBYET W TOJIYYIAETCS MPO-
nomkenneMm Jiroboro HITP. CrhenoBarenbao, Teopema JIsiyHOBa O IEHTpE HMeeT
rIobaTbHBIN XapakTep.

Samedanne 6. [Ipobema rpanuns B Teopeme JISmyHOBa O IEHTPE MOy TaeT
[TOJTHOE PEITeHne OMUCAHNEM TJIODAJIBHONW 00/1aCTH S uee TDAHMUIIBL.

3amedarnue 7. I3 Teopembl 1 B YACTHOM CJIyduae BBIBOISITCS PE3YJIBTATHI
[4, 14, 15].

Teopema 1 u 3aMedanne b MLTIOCTPUPYIOTCS TIpUMepaMu. B gacTHOCTH, Ha HIX
IIOKa3bIBAETCs, KAKHUE JIBUKEHUS PEaIM3YIOTCS Ha )3

IIpumep 1. & + sinz = 0. B maremarndeckoM MasgTHHKE KoJieOaHUsS 0Opa-
3yI0T II00AIBLHOE CEeMERCTBO HEBBIPOXKIEHHBIX KOJeOaHU, IPaHAIAMUI KOTOPOI
caryzKaT paBHOBecHs (IIEHTD U ceyio) u cenaparpucchl. Ha cemeiicrBe mepnos mo-
HOTOHHO BO3pacTaeT OT IEHTPa K CeJITy.

IIpumep 2. &+ 2" =0,k > 0. Ha dazosoit mmockoctn papHoBecue x = 0,
& = 0 OKpyzKEHO CeMEHCTBOM IIEPUOANYECKUX PEIIeHUi. YpaBHEHUE JIOIyCKaeT
TIEPBBIN WHTETPAJT
i2/2 + 2" /(k + 1) = h(const).
Borancianm nepros KosmebaHus ¢ aMIIATYI0N Tyax:

Tmax

T4 dx

V2(h — 2" [k + 1)

Honoxum z = hY )y Torna momywaercs

Ymax

dy

T — 4h2(1r;+n1) / s
) Ry T+ 1))

e Tax = b Dy 0. Orciona creyer, o pn £ < 1 HepHOL MOHOTOHHO BO3-
pacraeT BMecte ¢ h (BMecTe ¢ aMIuuTyn0ii Kosebanuii), npu £ = 1 (cayqail auneii-
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HOI'O OCHUJLISITOPA) [epuosl Kojebanuii He 3aBucutr h, a npu £ > 1 nepuos MOHO-
TOHHO YOBIBAET K HYJIIO C BO3pACTAaHUEM aMILIUTY bl Kostebanuii. Ciie/1oBaTeIbHO,
B ciiydae k # 1 ypaBHeHMe 06/1aaeT CeMeiCTBOM HEBBIPOXKICHHBIX HEOI'DAHUIEH-
HBIX KOJIEOAHMIT, OTHON 13 TPAHUIT CJTYKUT HYJIEBOE PABHOBECHE, & JAPyTasl TDAHUIA
yXOIUT Ha 6ECKOHETHOCTD.

5. YupaBisgeMmas peayHnupoBaHHAasI CUCTEMA

[Tycrs ypasuenue (1) nomyckaer HITP. TTo meopeme 1 0HO mpUHAIEKUT TJI0-
OaJIbHOMY CeMefiCTBY X, KOTOpOe 3allojHseT rimobaabayo obsactsb 2. [Ipemmosra-
raeTcst, 9TO Y, sIBJISIETCsT TPUTSTUBAOIIEH.

CeMeliicTBO ¥ ONMCBHIBACTCSA PELYIIUPOBAHHON CUCTEMOI BTOPOro mopsaka. Jljst
9TOIl cucTeMbl cTaBuTcd 3ajada crabmnnsamun HITP us cemeiictsa Y. Paccmar-
PUBAETCA IVIaJIKas CUCTEMA.

Takum 06pazom, pemaercs: 3a/a1da HaXOXK/IEHUsI B CHCTEMe
(5) t=X(z,y)+eF, y=Y(z,y)+eG,

raaakuxX yupapiaennit F' u G ¢ MajabiM KO3 PUITHEHTOM YCUIEHUST PETryAITOpa €
TaKux, 9T00bI B (5) peasm3oBasics NPUTATUBAIONTII IUKJI, OJIN3KUIT K BLIODAHHOMY
HIIP cemeiictBa 3. [Ipeamonaraercsi, 910 ceMeicTBO X, T.. PEIIeHNsI CHCTEMBI ()
npu € = 0, onucbIBatoTCsI (popMyIaMu

(6) T = 90(}% t)7 Yy = 1/}(}% t)'

Haxomarcsa yrnpasienus, pemraiomnine 3agady crabuausarun s joboro HIIP ce-
MeiicTBa X jys BoiOpannoro HITP smauenue napamerpa h = h*.

,ZLJ'IH MaJIbIX & 3allUChbIBa€TCA HCOJHOPOIHAsI JIMHEelHasd cucremMa

0T = (111(5$ + (112(5:(/ + EF,
(7) (5:(/ = (121(5$ + (122(5:(/ + EG,

/e OJTHOPOJHAs YaCTh COBIAIAECT C YPABHEHUSIMU B BapUAIlUAX Jijist perienus (6).
B (7) yauTsIBAIOTCS TOIBKO JTMHEHHBIE WIEHBI 110 0, 0Y: J00aBICHIEe HEJTMHEHHBIX
YJICHOB He MEHseT I0JIyYaeMbIX KaueCTBEHHBIX BBIBOJIOB, KOTOPBIE KOJINUECTBEHHO
Oy/lyT pasMIaThCsl OT MOJIYYAeMbIX HA BEJUYUHBI O(€).

Jdemma 3. Cucmema (7) npusodumcs x sudy

i = e[p(h*, t)F — p(h*,1)G]/A,
®) (e

o= T 4 oty )F — £ )G/,
20e T* — nepuoduueckue gynryuu E(h*,t) un(h*,t) — npoussodnve om Pynryu
coomeememeerno (h, (T /T*)t) w p(h, (T/T*)t) no h npu h = h*.

36



Jlokaszarenbcrio. Ilpeobpazosanuem JlsnyHosa ogHopoaHas dactb B (7)
MIPUBOJINTCSI K CHUCTEME C MOCTOSTHHBIME KoddpurmenTamu. Torma Best mpeobpaszo-
BaHHAsl CUCTEMA 3AIMChIBAETCs Kak (8).

3ameuarnwue 8. B siBHOM Buje ipeobpasoBanue jgaercs B [lpumokernn. Pop-
mysbl (8) crpasengmBsl s HITP, oreewarormero suadenmio mapaverpa h = h*.

6. IlpuraruBaroniuii MUKJ yOpaBJIsgeMOii CUCTEMBbI

U3 niepBoro ypasHeHust cucteMbl (8) BBIBOJUTCSI HEOOXOAUMOE YCJIOBUE
T*

(9) [ 190 0F - g, 06180, tydr =0
0

cytecTBoBaHus 1™ -11epnoInueckKoro penieHus ympasisgeMoil cucreMbl. B ciay4ae
BbINOJIHEeHYs (9) uHTErpupoBaHueM B (8) BTOporo ypaBHEHUsI HAXOAUTC (DOpMyJIa
Jytst iepeMenHoit v. [Ipu 9ToM equHCTBEHHOCTh W30 UpOBaHHOrO 1 -11epuonutae-
CKOT'O DEIIEHNs], T.€. CYIIEeCTBOBAHUE IMKJ/Ia BBIBOAUTCS U3 aHamm3a (9).

YeqoBue (9) MOXKHO paccMaTpuBaTh KaK ypPaBHEHHUE JJIsT OTPEICICHIsT 3HATEC-
Hus mapaverpa h* s HITP. Tlosromy 3amenoit h* B dbynkimsax ¢ u ¢ vHa h u3 (9)
[IOJIY9aeTCsA aMILTUTY/IHOE yDABHEHIE

T*

(10) I(h) = / (b, ) F — (h, )G/ A (R, £)dr = 0.

Cucrema (8) 3amaer orobpakenue t: (0 — T Ha nepuome T™*. HepasercrBoMm
I'(h*) # 0 rapaHTUpyeTCsl €MHCTBEHHOCTb HEIOJBUYKHON TOYKU OTOODAYKEHMUs,
a HepaercTBoM I'(h*) < 0 — npHHAIEKHOCTE COOCTBEHHOTO YUCIA JIEBOIl HOJLY-
wiockoctu. OHO BBIYHCIISIETCS Kak B [2].

Kazx oMy mpocromy KopHio h = h* ypasrenusi (10) cooTBeTCTBYeT €/IMHCTBEH-
Hoe T™-mepmojutiecKkoe perenue ypasHeHnust (8), T.e. IUKJI yIIPABJIAEMOl crcTe-
Mol (5). CoorBeTcTBYIOIIEE YCIOBHE IPUTSIXKEHISI PEIIIEHUTT Y IIPABIISIEMON CHCTEMBI
K MKy Jgaercs HepasencrsoM I'(h*) < 0.

Taxum obpasom, crpaBeaInBa JeMMa 4.
Jemma 4. IIpocmomy xopnio amnsumyonozo ypaswernusa (10) omeeuaem

yura ynpasasemoti cucmemn (5). Ipu svinoanernuu nepasencmea I'(h*) < 0 yuka
bydem npumMALUBAIOULUM.

7. Ilouck ympaBJjieHUs

OcHOBOI1 J1J1s1 TIOMCKA yIpaBJIeHus CayKuT ammuTyaHoe ypasaenue (10). Co-
IJIACHO JieMMe 4 3aada crabuamsalun Kojaebanns yrnpasisgeMoii cucremst (5) pe-
maercst yupasiaenusivu F' u G, jyist KOTOpBIX aMIuuTyaHoe ypasrenue (10) mo-
myckaer npoctoii kopenb h*: I'(h*) < 0.
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[Tepemennbie x u y u jefictBytomue ynpasienus F' u G Bxogdar B cucremy (5)
paBHOIIPaBHO. PaBHONPABHOCTH COXpaHsieTCs B aMILIATyaHOM ypasaenuu (10).
[Tonygaercst, 9TO BBIIEIEHHOE KOJIEOAHNE MOYKHO CTaOUIN3UPOBATE JIFO00I TIapoil
(F,0) wm (0,G), a Takyxke B 0bmem ciydae Beioupats F' # 0, G # 0. C npyroii
CTOPOHBI, JIJIsT TIEPUOIMTIECKOTO PEIIEeHUsT TIEPEMEHHBIE & 1§ 38aI0T TTOJIOYKEHNEe 1
CKOPOCTHh TOYKHU HA TPAEKTOPUHU. DTO XOPOIIO JIEMOHCTPUPYETCsI B IIPUBEJIECHHON
cucteme (8), B KOTOPOIi MEPEeMEHHOIT U 33/1aeTCs TIOJIOKEHNE TOUKI, & U — €€ CKO-
poctb. Takzke BUIHO, 4TO 11pu BeIOOpE Tapbl (F,0) muccunarms mo nepeMeHHon &
TMPUBOJINT TAKKe K JIUCCUTTAIINN IO Y.

B cooTBercTBUEM € TTOCTAHOBKOM 3a7a4U B pazjeie H HAXOANTCS yIpaBJIeHUE,
crabumsupyioriee jgoboe HIIP cemeiicTBa X, Bble/isgeMoe 3HAUCHUEM ITapaMeT-
pa h. 3HauuT, yIpapjeHne COJEPKUT HEKOTOPYIO XapakTepucTuky K Takyro, ITo
[IPY TIOJICTAHOBKE B BBIPAZKEHNUE [JIst yripaBseHus BMecto uncia K dyuxmun K (h)
amiiuTyaHoe ypapaerue (10) GyeT BBIIOJHATHCS TOXKJIECTBEHHO, T.€.

T(h)
(11) 0/ (K (h),p(h,t), ¥(h,t), & (h,t), ¢ (h,t))dr =0,

= (PF — $G)/A.

Bes orpanunuenus obmaocTn dpyuknusa P npepmnosaraercs guHeliHoit mo K. Torma
ToxkiecTBO (11) BhINOHSIETCs ¢ (DyHKIUEH

(12) & =[1— Ka(h, t)]b(h, t).

Asuble Boipaxkenust J1yist a(h,t) u b(h,t) noxygarorcs npu nojcranoBke (yHKIuMit
@(h,t) u (h,t) BMecTe ¢ ux npon3BoAHbIMU B P.

[Tpu muddepentmpoannn Toxkaecrsa (11) mo h ¢ momcraBieHHONH B HETO
dbyuknumeit (12) momxygaercs

T(h)
(13) 1 — Ka(h, TYo(h, 7)) / deh) , _,
0

dh

Ha HIIP oxua u3 npoussouubix H(h,t) wm ¢(h,t) B MomenTs Bpemenn t = 0,7
pasHsieTcs Hy tio. [losromy yrpasrienus umtyrcs npu yeaosuu b(h,0) = b(h,T) =
=0, u upu h = h* u3 (13) BBIBOAUTCSI PABEHCTBO

T

- / a(h*, Db(h*  1)dr.
0

dI(h*) _ dK(h)

(14) dh dh
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Camo umcso K st 3aaHHOTO h* BBIMHCIISICTCS. U3 AMIUINTYHOTO yDABHCHMUSI
(11):

T(h*)
[ b(h*,t)dr
0

(15) K(h) =
| a(h*,t)b(h*,t)dr
0

Basucumocts K (h) siBiIsieTcst XapaKTEPUCTUKON yIIpaBIeHust (1 OJHOBPEMEHHO
cemeiicTBa ).

Takum obpazom, Ha ocHOBe JeMMbI 4 (bopmyupyeTcst obIasi Teopema 2.

Teopema 2. Jhoboe HIIP 2nobanvrozo cemelicmea ¥, coomeemcmeyiousee
anavenuro napamempa h = h*, cmabususuPYemcs YnpasAEHUAMY ¢  GYHKUU-
eti (12), ecau dan xapaxmepucmuru K (h) npu h = h* ewnoansemes nepasencmso
K'(h*)v < 0.

Bameuganue 9. [lpuMensiercs aJlallTUBHOE YIIPABJIEHNAE C HACTPANBACMbIM I1a-
pameTpoMm h.

8. HekoTophle ynpaBiieHus

Teopemoit 2 BbIIEIETCT KJace ynpasiennii. B dacTHoM ciydae mMexaHmde-
CKHX CHCTE€M B 9TOT KJIACC BXOJIWUT yipasieHue (cM. [2-4|), koropoe ecrecTBeH-
HBIM 00pa3oM, 0e3 IMpUMEHEHUs] WHBIX yIPaBJIEHUH, CTaOUIN3UpyeT KoJiebaHue.
B mem npumensiercst HeJMHeHasT CHUIa, JIMHEHHAS IO CKOPOCTH, JEHCTBYIONIAs B
TeKyIIel TOUYKe TPAeKTOPUN U TPUBOJSINAS K Juccuauu. TakuM »Ke CBOHCTBOM
0obJTaIaI0OT U JpyTrue YyIpaBaeHnsT HalIeHHOTO KJiacca.

Jlajtee IpUBOIATCA HEKOTOPBIE KOHKPETHBIE YIIPABJICHUSI.

1. PaccmarpuBaiorcst yrpaBieHus
(16) F=a(l-Kzdi, G=-B(1-Ky>y, B — const,

¢ xapakrepucrukoit K = K (h). Torma u3 (11) BbIBOIUTCS aMIUTHTY/IHOE ypaBHE-
HIIE

T*

I(h) = / [1 - K (az?® + By?)|g(h, ) (h,t) /A (h, t)dr = 0.
0

Orcrona HaxXOIUTCsT (PYHKITUST

T(h) ,
[ o(h, ) (h, )/ A(h, t)dr

K(h) = o 0 .
Of (02 (R, t) + B2 (h, )] (h, t)ib(h, )/ A(h, t)dT
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Haxkowner, dhopmyna (14) mus crabummusaruun HITP co snauenuem napamerpa h =
= h* nmpuobpeTaeT BUI

*

v, v= /(a$2 + By?)p(h*, )b (R* 1)/ A(R*, t)dr.
0

dI(h*)  dK(h*)
dh  dh

Bameuganune 10. st onHOTO ypaBHEHHsI BTOPOTO IOPsiKa T = ¢, TI0O9TOMY
B (16) momaraerca: o =1, 3 =0.

Bamevganmne 11. Pe3yabraTel Il MEXaHUTIECKOHl CHCTEMBI, IIOBEPIKEHHOIT
JICHCTBUIO IO3UIMOHHBIX CHJI, B YACTHOCTH, HOTEHIMAJBHBIX CHJI, M3BECTHBI
(em. [2]). st cucrempr A(h,t) = 1.

Bamedganne 12. B ciyaae Y (x,0) = 0 moaygaercs pemynupoBaHHasi 06paTu-
Masl MeXaHu1ecKasl cucTeMa BToporo mnopsiika 2. st cucremer A(h,t) = 1. K neii
B [4] npumensiores ynpasiaernst (16).

2. Boibuparorcs yrupaBieHust
F=(1-Kz%y, G=o0.

Torna xapakTepucTuka gaercs hopMmyJioit

T(h)
[ 2 (h,t)/A(h, t)dr

K(h) = 4 0 :
[ @*(h, )2 (h,t)/ A(h, t)dr
0

B paccmarpuBaemom ciyuae u3 (14) mosmygaercs
T*

v v / P2 R 1) /A, D) dr.

0

dI(h*)  dK(h*)
dh dh

3. IlycTh npuMeHsioTcs yrupasjieHus
F=0, G=—-(1-Ky*)i.
,ZLJIH HUX BBIYHUC/IAETCA TaKad XapaKTEPUCTHUKA
T(h)
[ @*(h,t)/A(h, t)dr
K (h) = 2 )

[ 2 (h,t)g? (h,t)/ A(h, t)dr
0

a dopmyma (14) samuceiBaercs B Buje
T*
A L G RTINS

0

dI(h*)  dK(h*)
dh dh
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3ameuarnwne 13. llpumepsr crabummsaruun HITP KOHKpeTHBIX cucTeM mpuBe-
Jenbl B [2—4, 20]. asee naercst npumep crabUIn3aui KoJebaHusl, IPUHAIeKA-
IIIEr0 BBIPOXKJIEHHOMY CEMENCTBY.

9. BripoxkgeHHOE ceMeiicTBO

Ha cemetictee HITP mapamerp h oTpazkaeT MOHOTOHHOE M3MeHeHue mmepuoaa 1’
BMecte ¢ h: na cemeiictse T'(h) # 0. Ha BbIpOXKIEHHOM ceMeiicTBe HEPABEHCTBO
He ymnosJyierBopsercsd. st Takoro cemeiictBa Teopema 1 0 TyiobasbHOM ceMmeficTBe
He IpuMeHnMa. TeM He MeHee Pa3BUTHI B CTAaThbe HOJIXOJ IPUMEHUM K BBIPOXK-
JICHHOMY CEeMEMCTBY Ha JBYMEPHOM MHOTOOOPA3UM.

1151 BBIPOXKJIEHHOTO CeMelCTBa BMECTO MTEPUOIA MOXKHO MPEJJIOKUTE JIPYTYIO
XapaKTEePUCTUKY CeMeicTBa pPelleHni, a IMEHHO — aMILIATYLy Kojebanus. Tak-
JKe, KaK 1 IepPUoJl, aMILINTYIa MOXKET MOHOTOHHO MEHAThLCsI Ha ceMeiicTBe. Perre-
HUS CeMelCTBa MapaMeTPU3YIOTCs aMILIATYI0H KoebaHusl.

Hasee mpuBouTCA TpHMeYATEIBHBI HmpuMep crabminsanun (B OOIBIITOM)
[MKJIa, POKJIEHHOIO U3 BBIPOXKIEHHOI'O CEMEHCTBa MEPUOIMYECKUX PEIICHU aB-
TOHOMHOI CHUCTEMBI.

IIpumep 3. PaccmarpuBaeTrcsa ympaBisieMasi CHCTEMa,
(17) =y, y+z=c(l-Ka?)y,

roe K — nocrosuuasg. B Hell K IUHEHAHOMY OCHUJLIATOPY IPUMEHSETCS yIIPaBJIe-
are (16), B KOTOPOM € TOYHOCTBIO /10 0OO3HAYUCHUIT ITEPEMEHHBIX OGEpyTCs duCIa;
a=1,6=0.

[Tpu & = 0 kostebanus garorcs dpopmysioi x = A cos(t+7), e v — BpeMeHHOI
CIBUT Ha TPAEKTOPHUH. 3alMChIBAETCS aMILINTYIHOE YpaBHEHNE

2
/(1 — KA?cos?(t + 7)) A%sin’(t + v)dr = 0.
0

Orcroma HaxomsTes qBa Kopas: A =0u A = 2/ VK . TlepBIii KOpEHb COOTBETCTRY-
eT HavYaJIy KOOD/IMHAT, BTOPOIl KOPEHb — IUKJIY, OJIM3KOMY K KOJICOAHUIO JIMHEH-
HOTO OCI/LIATOPA ¢ aMmmaTynoi 2/v/ K. Avmmuryna A BEIOGHpaeTCs B KauecTBe
ImapaMeTpa ceMeicTBa KoJIeOaHUi JIMHEITHOTO OCIIIIIATOPA, TP 9TOM aMILIATY/IA
mukJa cucremsl (17) 3amaercst napamerpom K B yIpaBjIeHUN.

Basucmmocts K (A) maerca dopmynoit K = 4/A?, npomssomnas K'(A) < 0,
[IO9TOMY IIUKJI CTAOMJIN3UPYETCS B MAJIOM.

Takum 06pazom, TOAXOM K CTAOMIM3AITINN KOJIeOaHIsI, TPUHAIIEIKAIIET0 ceMeii-
crBy HIIP, pasBuBaercst Ha ceMeiiCTBO BBIPOXKJIEHHBIX MEPUOIMIECKUX PEIICHHIA.

Bameuanue 14. B cucreme (17) 1o cymiecrBy 3amnucano ypapaenue Ban nep
Ioss. Hukir cucremst (17) crabummsnpyercs riiobaibHO.
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10. 3akJrouyenue

HesbipoxxierHoe meprogudaeckKoe pereHne aBTOHOMHONW CHCTEMbI MOYKET OBITh
MKJIOM WM IpuHaJiexkaTh cemeiicrsy. Ha HIIP mepmon MOHOTOHHO MeHsIETCs
BMecTe ¢ mapamerpom cemetictea. HIIP mpomomkaercs mo nmepuomy Ha riiodbaibHOe
cemeiicrBo HIIP. I'mobasbroe cemeiicreo HIIP 3amosHser maBapuanTHOE MHOTO-
obpasue M ONUCHIBAETCsl PELyIMPOBAHHON cucTeMoii Broporo mopsiaka. Ha rio-
OaJILbHOM CceMeiicTBe MOHOTOHHOE M3MEHEHNE MEPUOIa COXPAHIETCH.

Samata crabmmmzarun HIIP pemmaercs mms rmobanbaoro cemeiicrsa HIIP,
3aIOJIHAIOIIETO MI00AIBHYIO 00JIaCTh, KOTOPas IPEIII0IaraeTcs IPUTITIUBAOIIECI.
PasBuBaercst moxo 1, B KOTOPOM yIIpaB/IeHUE CTPOUTCS /ISl BCETO TJI00AILHOTO Ce-
meitcrsa HIIP, a nyist crabunuzarun seiopartnoro HITP dbukcupyercst mapameTp ce-
MeiicTBa. [IpuMensieTcs riajgKoe aBTOHOMHOE YIIPaBJICHUE, B PE3YILTaTe KOTOPOIro
peanu3yercs IPUTATUBAIOMINI 1TUKJI, O/1n3Kmit K BeimesierHoMy HIIP rimobaasroro
cemeiicrBa. Iloaxon mIpuUMeHNM TakyKe K BBIPOXKJICHHOMY CEMEHCTBY IE€PUOIAYIe-
CKHUX PEIICHUMN.

HHPUJIO?2KEHNE

[IpuBemenmne OIHOPOTHON CHCTEMBI.

YpaBHeHUsI B BapHalluax [jis pereHnst (6) 3amiChIBAIOTCS B BUJIE

5i = X @) 5 X @y) 5
ox oy
(LD oY oY
5y = (@.y) 5, V(= y)éy’
ox 0

rJle YacTHbIE IPOU3BOJIHbIE BuIUUCIsOTCs it © = @(h,t), y = 1 (h,t).

QOynnamentanbHas cucreMa perennii B (I1.1) maercst marpureit

Op(h,t)  Op(h,t)

(I1.2) ot Oh
oY(h,t) 0Y(h,t)
ot Oh

C OIIpeaeanTesIeM

¢
X ( Y
A(h,t) = A(h,0) exp/(a x) +8 éayj’y)>d7.
0

BammceiBaercs obmiee permenue cucteMsr B (I1.1)

oz = c1p(h,t) + ca (h, 1),

(I.3) . ,
5y = clw(ha t) + C2¢ (h> t)
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C IIOCTOAHHBIMU C1 U C9. PaapemeHI/Ie CHUCTEMDbI (H3) OTHOCHUTEJIbHO C1 MU C2 HC-
IIOJIB3YETCd IJId TepexoJa K HOBBIM IIEPEMEHHBIM U, V:

(IL.4) uw=—(dx — poy) /A, v =[n(h,t)ox — E(h, t)dy]/A.
[Ipu sTOM momaraercst
'(h h
et 1) = T 1p(n, 1) 4 2200,
'(h) . h
a1y = T4 n, 1)+ 2200,

rae byuxiun E(h*,t), n(h*,t) 6yayr T*-nepuoguueckunvu. Hakownerr, u3 Boipaze-
uust Jyist v B (11.4) momywaercs
_ T'(n)

(IL5) V= tu + (¢ (h,t)dz — ¢’ (h,t)dy)/A.

IMoxcranoskoit B hopmyser (I1.4) un (11.5) mepsoro perennst n3 marpurst (11.2)
Beraucssiercs: 4 = 0, v = 1. CoOTBETCTBEHHO JIJIsi BTOPOTIO DEIeHHsI 3aIUChIBa~
eTcs:

T/(h*)

u:—(w'go'—gbw')/Azl, V= tu + u.

Taxkum obpasom, cucrema (I1.1) npuBoguTest K BULy

T/ *
V= QI(Z )u

=0,
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