0000UIUTh MPEIOKEHHBI KOMIIBIOTEPHBII METOI pacyeTa peXuMa MHCYJIMHOTEpAIiy Ha
TPaAULIOHHO IPUMEHIEMYIO CXEMY C ITOAKOKHBIMUA HHBEKLMSIMU.
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OTPUIATEJIBHASA OBPATHAS CBA3b 110 ITAPAMETPY
B TOMEOCTATHYECKOM KOJEBATEJABHON CUCTEME

Cratbsl OCBSILIEHA HAX0XK/IEHUIO Hanbosee oO11ero ypaBHeHUs Koe0aHui, 00yCIIOBIEHHBIX OTPH-
LaTeIbHON 0OpaTHOM CBsA3bIO B cucteMe. Kazanoch, 4yTo KiIacCHYecKui ammapar rapMOHHYECKOTO
aHaJM3a MMeEeT YHMBEpCAJIbHBIA XapakTep Uil ONMHMCAaHUs KOJIEOaHWH M YTO TeopHsl KoJieOaHui
uMeeT 3aBeplIeHHBIH xapakTep. OnHako HaOMIOIeHHUs KOJIEOaHUH B CIOXKHBIX TOMEOCTAaTHUYECKUX
cucTeMax MoKa3ajid, YTo CYIIECTBYET He0OXOAMMOCTh B MIOMCKE HOBBIX MOJXOJ0B K MX ONHUCAHMIO.
B uactHOCTH, B Hamell paboTe MoKa3aHO, YTO B Cllyyae I'OMEOCTaTMUYECKON (PU3HOIOTHYECKON
CHUCTEMBl DETyJIsLMU ypPOBHS TJIIOKO3bl B KPOBM UEJIOBEKa €ro YpOBEHb aJEKBATHO
BOCIPOU3BOJUTCA pelieHueM auddepeHnnanbHoro ypaBHeHus 1-ro mopsiika ¢ 3aras/bIBaloIiM
apryMeHTOM.
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KiroueBble cj10Ba: ToMeoCTaTHUECKAs CHUCTCMA, OTpULATCIIbHAA 06paTHa51 CBA3b.

BBenenne. M3BecTHO, YTO MPOCTEHIIMMU M3 BCEX HAOIIOAEMbBIX Pa3IUYHBIX
KoJieOaHUW SIBIIAIOTCS, TaK Ha3bIBa€Mble TapMOHUYECKHE KOJeOaHUs, B Pl U3
KOTOPBIX COIJIacHO TeopeMe Pypre pacKiIaibIBACTCS MPOU3BOJIBHAS NEPUOINYECKAS
byakuusa. OqHako BO3MOXKHAs TPOMO3JIKOCTh IPUMEHEHUSI TAPMOHUYECKOTO aHaln3a
BBI3BIBAET COMHEHHWE B €r0 YHUBEPCAIBHOCTU Il omnucaHus kosiebanuit. Ilo-
BUJUMOMY, IIeJiecoo0Opa3HO HUCKaThb NPUCYUIUME KOJeOaHUsIM HOBble (YHKIIHH,
nogoono Kemnepy, 400 ner Hazaj TpeasIOKUBIIEMY OIMUCHIBATH OPOUTHI IJIAHET
AJUIMIICAMU B3aMEH PSJIOB W3 KPYTrOBBIX JBMXKEHUA — TE€X K€ TapMOHUYECKUX
bynkuuit [1].

AHAJIM3 MOCJHEeIHUX MCCJHCAOBAHMA M NYOJIMKALMH; ONpeaesieHue
HepeLIeHHbIX paHee yacTeid o0mel npodaemsbl. B nocieaHee Bpems Nnpu pelieHUH
3a7a4 MPAKTUYECKOTI0 HCIOJb30BAHUS HIMPOKO PACHPOCTPAHECHHBIX B PA3IUUYHBIX
chepax TPUPOILI, TEXHUKU M OOIIECTBEHHBIX OTHOIIECHUNW TOMEOCTAaTHUYECKUX
CUCTEM C HEJIOCTAaTOYHO W3BECTHHIMU BHYTPEHHUMH IMpoleccaMUd U JIakKe
CTPYKTYpPOH, C MPUCYIIUM UMM PABHOBECHBIM COCTOSIHUEM, K KOTOPOMY OHH
OCHWUIALIMOHHO BO3BpalIalOTCSl IYTEM CaMOPEryJSIMUU  TOCHE NPEKpPaLICHUS
JEUCTBHST BO3MYIIAIOMUX (PAKTOPOB OBLIO MPEJIOKEHO ONMUCHIBATH ITH KOJICOAHMUSI
pemenueM aud@epeHMaIbHOTO ypaBHEHUS 1-TO TopsaKa ¢ 3amna3/bIBaloIIIM
aprymenTom [2].

®opmMyJIMPOBKA HeaH cTaTbu. [IpeacTaBisier HHTEpEC BBIICHUTH BO3MOKHBIE
BUIBl TEPEXOAHBIX TMPOIECCOB B CHCTEME, OOYCJIOBICHHBIX OTPUIIATEILHON
oOpaTHOW CBSI3bI0 B HEW, OMNpEeAeNUTh (U3MUECKHM CMBICT YCIOBUS HAIAYUS
KosieOaHuii B Heil B Hauboiiee oOIIEM BUJE, ONPENETUTh U UCCIEeNOBaTh Hambolee
oO11iee ypaBHEHHE 3THX KOJICOaHUH.

N3noxenne ocHoBHOro MatepuaJja. KonebarenbHble MpoIecChl SBISIIOTCS, T10-
BUUMOMY, HauOOJiee paclpoCTPAaHEHHBIMU TIpOllECCAaMH BO BCEX 00IacTsIX
NPUPOJIBI, TEXHUKH U OOIIECTBEHHBIX OTHOWIEHUU. [Ipu 3TOM cHUCTEMBI B KOTOPBIX
OHM MPOUCXOJIAT, KaK MPaBUIIO, WJIM BECbMA T'POMO3JIKUE, YTO J€JAET HEBO3MOKHBIM
uxX o0IIee aHaTUTHYEeCKOEe OMNHCaHWe JaXXe B CJIy4dae W3BECTHBIX 3aKOHOB
(GYHKIIMOHUPOBAHMS UX OTIEIBHBIX YacTeH (CIOKHBIE TEXHUUECKHE CUCTEMBI), WU
HEJIOCTaTOYHO HCCJICIOBAaHHbIE, KaK B ()M3MOJIOTHHU, B SKOJOTHUHU, B SKOHOMUKE U B
OOIIECTBEHHBIX OTHOIICHUSAX. TaKue TOMEOCTaTHYECKHE CHUCTEMBl M KOJeOaHUs B
HUX B OTVIMYKE OT MPOCTHIX KOJEOATEIbHBIX CHCTEM B MEXAaHUKE U PATUOTEXHUKE
MPUXOAUTCST MCCIIEOBAaTh CHAadYaja BIIEJIOM, MOCTENEHHO MPOJABHUTAsCh BIIYyOb IO
Mepe UX MOHUMAHMUSL.

N3 obmux mpencTaBieHUd BO3MOXKHOCTh KOJIEOATeIBHOTO MPoIlecca B CIIOKHON
cucteMe O0OyCIIOBJI€Ha HaJIM4YMEeM B HEW HEKOTOPOro CTOMKOro pPaBHOBECHOIO
COCTOSIHUS M €€ CBOMCTBOM COXPAHEHHUs €T0, BO3BPALLIECHUE K HEMY ITPY MTPOU3BOJIBHBIX
BO3MYLIEHUAX. T1.6. MOpH 3THX BO3MYLIEHHUAX CHCTEMA CaMOPETYIUPYETCS K
PaBHOBECHOMY COCTOSIHMIO. 1Ipu 3TOM mprpoaa Takoro yCTOMWYMBOTO PaBHOBECHOTO
COCTOSIHUSI CUCTEMBI U (DaKTOphI, MPUBOJAIIME €€ K HEMYy, MOTYT HUMETh Pa3HYIO
MPUPOAY: XOPOIIO U3BECTHYIO WIIH €I HE BIOJHE U3YYEHHYIO.
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B MexaHWke W B TEXHHKE, TJIE COCTaB W CTPYKTypa CaMOpPETYIHPYIOMEHCS
CUCTEMBI, a TaK)Ke 3aKOHbl (YHKIIMOHUPOBAHHUS €€ DJIEMEHTOB HCUCPIBIBAIOIIE
W3BECTHBI, B TMPUHIUIE BO3MOXKHO €€ TIIOJTHOE aHaJUMTHYECKOE WHTErpaIbHO-
CUHTETHYECKOE OMUCAaHWE, U3 KOTOPOTO, B YaCTHOCTH, OYNIET CJIeI0BAaTh U CBOHCTBO
camoperyisinuu. OgHAKO JUIsl OYEHb CJOKHBIX TEXHUYECKHX CHCTEM TaKoe
JETATBHOE ONMHCAHUE YK€ CTAHOBHTCS OOpPEMEHHUTEIBHBIM M HEIEIeCO0Opa3HBIM.
Eme Oonee mpoOneMHON clloXKuiIach CUTyalus B (DU3UOJIOTHU, B SKOJOTUM U B
ADKOHOMHKE, TJIC DJIEMCHTAPHBIC 3aKOHBI TOKa €Ie HEJOCTATOYHO HMCCIIECIOBAaHbI U
MMO3TOMY HOCSIT TUTIOTETHYECKUI Xapaktep. bosee Toro, qa)xe cocTaB TAKOW CHCTEMBI
MOXKET OBITh HE BIIOJIHE JICTATM3UPOBAHBIM. BE30THOCHTEIBHO 3THX PaCXOXIACHUH
o0ImUM JIJI1 BCEX ATHUX CaMOPETYJHPYIONIUXCS CUCTEM SBJISICTCS CaMO CBOWCTBO
camoperyisanuu. OHO COCTOMT B TOM, 4YTO JMHAMHKA BO3BPAIICHHS CHCTEMBI K
HEKOTOPOMY CTaOWJIBHOMY pPaBHOBECHOMY €€ COCTOSIHUIO OIPEICISIETCS €€ Ke
TEKYIIIMM COCTOSTHUEM, TOUYHEE €r0 OTKJIOHCHHEM OT 3TOT0 PABHOBECHOT'O COCTOSTHUSI.

N3BecTHO, uYTO HambOoJee XapaKTEPHBIM CBOWCTBOM JKHMBBIX OpPraHHU3MOB,
KOTOPOE OTIWYAeT WX OT HEKHUBOW MPUPOJBI, SBIACTCA HX H3MCHYMBOCTH B
O0OMEHHBIX MPOIIECCaxX, KOTOPBIC HEMPEPHIBHO MPOTEKAIOT B HUX CO BHEIIHEH CPEIOM.
OpHako TMpU 3TOM YJIWBHUTEIBHBIM 00pa3oM IOBTOPSIIOTCS TE€ CaMble TMPOIECCHI,
coxpaHstorcs (opMa M CTPYKTypa KaXKJAOro OpraHu3Ma, CTPYKTypa M (DYHKIUH
OTJCIBHBIX €ro opraHoB. OTHOCHTEIBHO IOCTOSIHHBIMH OCTAIOTCS TaKXKe Ba)KHBIC
NIEpEeMCHHBIC BHYTPEHHEH cpeibl OMOCHCTEMBI NPH BO3MYIIEHUSX CO CTOPOHBI
BHEITHEH cpeapl. B YacTHOCTH, B HOPME CTOMKO COXPAHSIIOTCS YacTOTa IYJIbCa,
JacTOTa JIBIXaHHsI, COJICBOM M BOJHBIM COCTaB Tejla, €ro TeMIlepaTypa, aaBiieHue, pH
KPOBH, €€ OMOXHUMHYCCKHI COCTaB, B YaCTHOCTH, KOHIICHTPAIIUS TJIFOKO3bI B HEH.

B cBf3u ¢ TeM, YTO MEXaHWU3M CaMOPETYJSIUH W CaMO 3TO CBOMCTBO B
(U3HOJIOTUU  MPEACTABISUTUCh  MPUHIUIHAAILHO OTJIMYHBIMH ~ OT TOTO, YTO
HaOII01aeTCs B MEXaHUKe, JIs ero obo3HavueHus: Y. KoannonoMm Ob11 BBeeH (1929 p)

crielaibHbld  TepMuH — '"romeocrta3": "IlocTosiHHBIE  YCIIOBHS, KOTOpHIC
MOJIICP>)KUBAIOTCS B OPTaHU3ME, MOKHO OBLJIO ObI HA3BaTh PAaBHOBECHEM.
[Tonsitie  "romeocras", He  OOBSICHAS  CYIIHOCTH  OHMOXUMHYECKHX U

(U3UOTOTHUECKUX MEXaHU3MOB COXPAaHEHHS COCTOSIHUN B )KUBOM OpPTaHU3ME, KOTOPBIC
00ECTeYnBaIOT TIOCTOSIHCTBO TMApaMeTPOB €ro BHYTPEHHEW Cpelbl, UX Mallble |
KpPaTKOBPEMEHHbBIE OTKJIOHEHHUS OT PABHOBECHBIX 3HAYEHHM MpPH OOJBIIMX BHEIIHHX
BO3MYIIEHUSIX, OBICTPOE BOCCTAHOBJIEHHE HOPMAJIBHBIX BHYTPEHHUX YCIOBUH,
OTMEYAET JIUIIIb CAMO MX HAJINYHE.

[TonsiTne romMeocTaza B najbHEHIIEM ObUTO pacmupeHo. BBeneHHOe cHayana B
bu3HONIOTHU NI TIEJIOr0 OpraHWU3Ma, OHO OBLIO PACIpOCTPAaHEHHO TAKXKE Ha €ro
OTJICJIbHBIE OTHOCUTEIbHO HE3aBHCUMBIE IMOJICUCTEMbI, a TOTOM M Ha JIpyTue
OuocucTeMu, MPEXkAe BCETO B DKOJIOTHH, HA CIIO)KHBIE CHCTEMbI B JKOHOMHKE U JTaXKe
B TEXHHKE, KOTOPbIE HE MOJJIAI0TCSl TOYHOMY AE€TAIbHOMY aHanu3y [1]. DToT TepMuH
MPUMEHSIIOT ceiyac KaKk K CaMOMY COCTOSIHHIO "paBHOBecHs'" B CIIOKHOM CUCTEME,
TaK M K MpoIeccaM, KOTOPbIE €ro 00eCIeYnBaroT.

Jlo mocnenHero BpPEMEHHM NEPEeXOJHbIE OCIHWUIAILMOHHBIE MPOLECChl BO BCEX
KOJIeOaTEeNIbHBIX CUCTEMAaX TPAAUIIMOHHO OMUCHIBAJIA CYNEPIO3UIIMEH TapMOHHUYECKUX
(GYHKIUI, KOTOpBIE SIBISIIOTCS pelIeHUEM OOBIKHOBEHHBIX OJHOPOJHBIX JMHEHHBIX
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mudepeHITMaTBFHBIX YPAaBHCHUH TIOpsIIKa HE HWKE, 4eM BTOporo. Takoe ypaBHEHHE
U OCIWUTHPYIOIIEH BETUYMHBI X B CIIydae MEXaHWYECKHX WM DJICKTPUUECKUX
Kosie0aHul BO3Jie COCTOSTHUS paBHOBecHs ¢ X =0 umeeT BUJ

X"+2/X +kx=0, 1)

rae B U k — 4ucioBbie KOAOPUIIUCHTHI.

Ecnu B ypaBHeHuu (1) nepeHecTr BTOPOE U TPEThE ClIaraéMble HAIpaBo, TO B CIIy4ae
MEXaHMUYECKUX KOoJeOaHWi ¢ y4eToM BTOporo 3akoHa HeioToHa momyunM (u3nueckuit
cMmbic  KomeOanuii  (1): oHum oOychmaBiaeHsl cwiod F=-kmx (m — wmacca),
NPONOPLUUOHAIBHONW OTKJIOHEHHIO Tejla OT YCTONYMBOIO PAaBHOBECHOIO COCTOSTHHSA, W
HarpaBJIEHHON TPOTUBOIOJIOKHO OTKIOHEeHUto. K a3roll cuie nobaBnsiercs euie u
OPEnsATCTBYIONIAs JIBWKEHUIO CWJIa TpeHUs (CONMpPOTUBICHUS), MPONOPLUUOHAIBHAS

ckopocti: F, =—-2Bmx’. O6o6miasi MOXXHO TaK chOPMyITUPOBATH YCIOBHE BO3MOKHOCTH

rapMOHUYECKUX KOJIeOaHU ¢ 3aTyXaHWEM B IMHAMHYECKON CHUCTeMeE: yCKopeHue X" ee
JBWKEHUSI K COCTOSTHAIO €€ PAaBHOBECHS JINHEWHO ONPEAEIISIETCS Yepe3 €€ OTKIOHEHHE OT
HETO U CKOPOCTh, IPUYEM IIOCIIEHEE HECYILECTBEHHO, MIOCKOJIBKY MapaMeTp [3 MOXKET
UMETbh, B YACTHOCTH, U HYJIEBOE 3HAYCHHE.

N3BecTHO, yTO MpHU BBIBOJE ypaBHEHHUs (1) CBOOOMHBIX 3aTyXaronux KoiaeOaHuit
B PaJMOTEXHMUYECKOM KOHTYpEe Ha fA3bIKE 3apsia q(t) Ha oOKIaakax KOHAEHcaTopa

ero cHayana 3alMchIBAIOT Ha s3bike cuiabl Toka () B koHType B BHIE
UHTETpOo AU (EePEHIINATIEHOTO YPABHEHHUS

i't) :-% it) —L—lcji(s) ds.

rie L — MHAYKTMBHOCTH KOHTYpa, C M R — €ro €MKOCTb M COIIPOTHUBIICHHUE,
COOTBETCTBEHHO, {, — HEKOTOPBII Ha4yaJIbHbII MOMEHT BPEMEHHU.

OueBUHO, YTO AHAJIOTUYHO, Ha SI3BIKE CKOPOCTU JBIKEHHS CHUCTEMBI K COCTOSIHUIO
PaBHOBECHSI, MOJKHO TIepertrcaTh 1 o01iee ypaBHeHue (1), MpOMHTErprupoBaB €ro,

X(t) = X(t) —a (X(t) - X(t;)) -k [ x(5)ds, @ =24. 2)

T.e., B TEKymMid MOMEHT BPEMEHHU CKOPOCTh JIBMI)KEHHS CHCTEMBI,
COBepIIAlONIeld TapMOHUYECKUE KOJIeOaHUs, JTMHEHHO OMpeIeNsIeTcs ¢ HadalbHOU
ckopocthio X'(t;), OTKIIOHEHHWEM OT HA4YaJIbHOTO COCTOSHHS W CYMMOW BCEX c€

3HAYEHUM, MPUHATBIX HA MNPOMEXKYTKE BPEMEHM OT HAdaJlbHOTO MOMEHTa f; 10

naHHOTO 1, MpUYeM ¢ MPOTHUBOMOIOKHBIM 3HAKOM. HTEPECHO, YTO CYyIECTBEHHBIM
JUTSE BO3MOXKHOCTH KOJICOAHMI SIBISIETCSl JIMIND TOCJIENHEE M3 ITHX CIaraeMbIX —
HMHTErpaJIbHOE, IPYTHE MOKHO U U3bATh. B cilyyae OTCyTCTBUSA MHTETPajJIbHOIO YJIeHa
B ypaBHeHHH (2) (k=0) OHO TpeBpamaercs B 0OBIKHOBEHHOE AH(hepeHIInaATHHOE
ypaBHEHHE |-r0 TOpsiAKa C pEIICHHEM, OMUCHIBAIOIIUM MEPEXOAHBIN Mpolecc
AKCHOHEHIMATBHO YOBIBAIOUIETO XapaKTepa.

Ha s3blke Teopur aBTOMATHYECKOTO PEryJIMPOBaHUS CMbBICT ypaBHeHUs (2)
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COCTOUT B TOM, UYTO B CHUCTEME, KOTOPYI0 OHO OMHUCHIBACT, CYIIECTBYET OOpaTHas
OoTpUlIaTeNIbHAs CBSI3b 10 TMEPEeMEHHOW, KoTopas perymupyerca. I[lpu stom sTa
oOpaTHasi CBA3b N0 TMEPEMEHHON B TEKYIIUA MOMEHT BpEeMEHHU (MPaKTHUYECKH
MTHOBEHHAs1) 00YCIaBIMBAET €KCIIOHEHIIMATBHO YOBIBAIOIIUN XapaKTep MEePEXOTHOTO
nporiecca. CBsi3b MO 3HAYECHUEM MTEPEMEHHOIN BO BCE MPEAbIAYIINE MOMEHTHI BPEMEHU
Ha MPOMEXYTKe [y, t ] (MHTerpasibHOE MOCTEACUCTBUE), MPUBOJUT K TAPMOHUYECKUM

KOJIEOaHUSIM.

W3BeCTHO, 4YTO OCHWJUIALIMOHHBIE PEMIEHUS MOTYT HMMETh U OJHOPOIHBIC
nuHelHble qudepeHnnanbible ypaBHEHUs MOpsiiKa, 0oiee BHICOKOro, Y4eM BTOPOM.
[Ipu ero mnocieaoBaTeNbHOM HWHTEIPUPOBAHUU TMOJYYUM YpaBHEHHE, MOJI00HOE
ypaBHEHHIO (2), HO yXe ¢ J00aBJIEHHBIM JBONHOrO, TPOWHOIO, ... UHTErPATBLHOTO
IIOCJIEACUCTBUSA

X'(t) = X'(t,) — e (x(t) = x(t,)) -k, j' X(s)ds -k, j'dsj. X(u)du —

Cos vl ©)

- kgjdsjdujx(v)dv .

to, sg  Up

[Ipy 5TOM BO3HHKAeT BONPOC: JUId OOECIEYEHHs OCHULIALUOHHOIO
IIEPEXOJHOIO IPOIIECCA B CHCTEME C COCTOSHHMEM YCTOMYMBOIO PaBHOBECHS
00S13aTebHO JIM TIOCIEAEHCTBAE JODKHO OBITh MHTETPAIbHBIM, WM JJIS OTOrO
JI0CTATOYHO M JIOKAJIBHOTO MOCIEAEHCTBUSA, P KOTOPOM JAMHAMHMKA TIEPEMEHHOM B
TEKyIIUi MOMEHT BpPEMEHU OylaeT OOYyCIIOBJIEHAa €€ XK€ 3HAUYEHHEM B HEKOTOPBIN

OTJENBHBIN MPEABIAYLIMIA €r0 MOMEHT?
JIisi BBISCHEHUS BO3MOXKHOCTH TAKOTO XapakTepa KoyeOaHuili B cucteMe yoepem
13 ypaBHeHU (2), (3) MHTErpaibHbIE ClaraeMble, B IOJYYEHHOM YpPABHEHHH s
YIIPOILCHHsI MTOJIOKKUM PaBHBIMHU HYJIIO HecyiiecTBeHnnble octostuabie X(tg), X'(tg) u

BBeseM B aprymenT Qynkuun X(t) momeHnt Bpemenu t—T, KOTOpBIH IpeamecTByeT

TEKyIIEeMY MOMEHTY Ha BEJIMYMHY T, U U3MEHHM 0003HaueHue koddduimenta oo Ha
B (He cBs3aHHOE CO ,,cTapbiM 37 B hopmyne (1)):

X(t)=—Bxt-1). (4)

[Tocnennee nuddepenmanbHoe ypaBHEHUE |-T0 IOpsAIKA, 3aMMCAaHHOE JIST BCEX
MOMEHTOB BpeMeHU >t,, NMpUHAIIEKUT K KIAacCy YPaBHECHUH C 3amna3abIBarOIUM

aprymentoM [3]. Jlns oGecriedeHuss €TMHCTBEHHOCTH €0 PEIICHHUs] OHO HYXIAeTCs B
kpome HavaimpHOoro  ycioBus — X(t,)=C, o0Obl4HOro It  OOBIKHOBEHHBIX

muddepeHnmaIbHBIX YpaBHEHUH, €IIe TaKXKe, TaK Ha3bIBAEMOMW, HaYaIbHOW ()YHKIIUN
#(t) Ha IPOMEXKYTKE BpeMeHu t) —7 <t <{;.

B ociuisiiimoHHOM XapakTepe peleHus ypaBHEeHUs (4) MOKHO yOeIUThCs JaxKe He
pelliasi ero, a JUIb IMTyTEM MPOBEICHUS €0 KAYeCTBEHHOIO aHAJTN3A.

JleficTBUTENbHO, OIarofaps 3amna3AblBAHUIO B OOpAaTHOW OTPUILIATENBHON CBSI3U
CKOPOCTh NPUOJIMKEHUSI CUCTEMbl K PAaBHOBECHOMY COCTOSIHUIO OIPEACISIETCS €€
OTKJIOHEHUEM OT HEro He B TEKYUIU MOMEHT BPEMEHH, a HECKOJIbKO paHee. [loatomy
CUCTEMa JOCTHUTHET PAaBHOBECHOTO COCTOSHUSI B KAaKOM-TO KOHEYHBI MOMEHT
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BpEMEHHU {; ¢ HEHYIEBOH CKOPOCTBIO, IPOCKOUUT €ro, U Jajiblle MPU IPOJOIKEHUN

CBOETO JBUKEHHS C YMEHBIIEHUEM CKOPOCTH OyAeT OTHAIAThCs OT Hero. CKopocTh
IBW)KEHUS CTAHET PABHOMU HYJIIO COOTBETCTBEHHO YPAaBHEHHUIO (4) B MOMEHT BPEMEHU
t,—7. IloroM oOHa HM3MEHMT 3HAaK M CHCTEMa CHOBa OyIeT C OCHWIIALUAMU

MPUOJINKATHCS K PABHOBECHOMY COCTOSIHHIO.

B of0mem ciydae koneOaHusi, KOTOpbIE OMNKMCHIBAET ypaBHeHHE (4) OyayT
HerapMoHH4YeckuMHU. OJHAKO, KaK JIETKO YOSIWUTBCS, TPHU HEKOTOPBIX OTIEIBHBIX
3HAQUEHHAX TMAPaMETPOB 3 M T 3TO YpaBHEHHE MOXKET OIMCHIBATH M TAPMOHHYECKHUE

xonebanusa. Hampumep, npu B=w, T=T/ (203) ypaBHEHUIO (4) yIOBIETBOPSET
xocuryconna Acos(mt).

Takum 00pa3oM, BBISICHEHO, YTO OCHWUIAIMOHHBIA TEPEXOJHBIA MPOIECC B
CUCTEME MOXKET ObITh OOYCIOBJEH MOCJIENECUCTBUEM HE TOJIBKO MHTErpajbHOro, a
TaKkXKe W JOKaJIbHOro Xapakrtepa. [Ipu 3TOoM B mocienHeMm ciiydae KojieOaHUs, Kak
IIPaBUJIO0, UMEIOT HETAPMOHUYECKUU XapaKTep.

B oOmem ciydae koneGaHusi B cUCTeME MOTYT OBITh OOYCIIOBJIEHBI JEHCTBUEM
0o0paTHOM OTPUIIATEIPHONW CBSA3M KaK MHTETPAIbHOTO, TaK M JIOKAJBLHOTO XapakTepa.
Bo3mymienre MokeT OBITh BBI3BAHO HE TOJBKO HAYaJIbHBIMU YCJIOBHSIMH, HO U
MOCTOSHHO JeiicTytomeii BHemneit cunoii f (1) . Dtu konebanus OyayT onuceIBaTHCA

cyrneprno3uieit ypasuenuii (2) u (4):

K0 = 10+ X(t) — @ (X0~ X(t)) - Xt ~7) —k, [ x()d5 -

—k2jdij(u)du—desjdujx(v)dv —.. t>t,, (5)

th S b S U

X(t) = (1), t,—r<t<t,.

BbiBoabl M NepcrneKTHBBI JaJbHeHIIUX HccaeaoBaHuii. tak, B Hanbomee
o0IieM ciay4ae TOMEOCTaTHYECKHE KOJeOaHUsi B CHUCTEME C OCIHUJUIAIMOHHBIM
NEPEXOIHBIM TPOIECCOM OMUCHIBAIOTCA MHTErpoaudpepeHInaIbHbIM yYpaBHEHUEM
(5) Ha sA3BIKE CKOPOCTH BO3BpAILECHUS IEPMEHHON K PABHOBECHOMY COCTOSIHUIO U €€
OTKJIOHEHUSI OT HEro, KOTOPOE€ YYWUTHIBAETCS KaKk B JIOKaJbHOM, TaKk U B
uHTerpadbHOM BHuaax. llocienmelictBue B 0OpaTHON OTPUIATEIBHOW  CBSI3U
WHTETPAJbHOTO  XapakTepa  NPUBOJUT K  TAPMOHUYECKUM  KOJICOAHUSIM.
[locneneiictBue B OOpaTHOW OTPUIATENBHONM CBSI3W JIOKAJIBHOTO —XapakTepa
00yClIaBIUBAET, KaK MPaBUIIO, HETAPMOHUYECKHUE KOJIeOaHUsI.

Kakum Oyner xapakrtep, MPUCYHIMM MEXaHU3MY CaMOPETYJSIUM HCCIeAyeMOM
FOMEOCTATUYECKU COXpaHsIEMON mepeMeHHO# B JeicTBuTeNbHOCTH? Kakue u3 4ieHoB
oOmiero ypaBHeHHS (5) ISt 3TON caMOPETYIISAIMA OYAyT CYIIECTBEHHBIMHU, a KaKue HEeT?
Ha st BOmpockl MOXHO OyIeT OTBETUTH JIMILIb MPHU aHAIU3€ COOTBETCTBYIOIIMX
AKCIIEpPUMEHTAJIbHBIX JIaHHBIX. B yacTHOCTH, B Hailei padoTe [2] ObLI0 MOKa3aHo, 4YTO B
ClIy4ae TOMEOCTaTUYECKON (PU3MOIOTrNYEeCKOM CUCTEMBI PErysUU YPOBHSI TJIFOKO3bI B
KpPOBA  YEJIOBEKa €ro  ypOBEHb  AJCKBATHO  BOCIPOM3BOJIUTCS  PELICHHUEM
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T pepeHIaTbHOro ypaBHeHUs 1-ro mopsiika ¢ 3ana3AblBaIOIIM apryMeHToM. T.e. B

ATOM Ciiy4ae oOpaTHasi OTpUIIATEIbHAs CBsI3b B CUCTEME UMEET JIOKAJIbHBIN XapaKTep.
Cnucok surepatypsl: 1. Koestler A. The Sleepwalkers. — New York :MacMillan, 1959. — 574 p.
2. Jlanma C.H. ®OyHKIHOHAIHHO-CTPYKTYPHOE MATEMATHUYECKOE MOACITUPOBAHUE CIIOKHBIX
roMeocTaTuueckux cucreM : monorpadus / C.HU. Jlanma, C.C. Jlanma, O.U. Conosvesa. —
Xappkos: U3n. XHIY, 2009. — 332 c. 3. Muuukuc A./]. Jlunerinsie quddepeHnnansapie ypaBHEHUS
¢ 3amazjpiBaronium aprymentTom. — M.: Hayka, 1972. — 352 c.
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MOJIEJIb INPPOBOI'O TEHEPATOPA
SAITYMJIEHHOTI'O 9KI'-CUTI'HAJIA

B pabGote mpoBemeH KpaTkuii 0030p MeToaa 3JeKTpoKapAuorpaduu, OmpeaeieHbl OCHOBHBIC
XapaKTEePUCTUKHN apTe(aKTOB U Mapa3UTHBIX CUTHAJIOB, KOTOPbIE BO3HUKAIOT MPHU UCIOJIB30BAHUU
naHHoro Merona. Ilo pesynpTaTam aHanmu3a MPOBEAEHO MOJIENMPOBaHHE LHU(PPOBOrO reHepaTopa
3alIyMJICHHOTO AJIEKTPOKapAnOrpaduieckoro CUrHaia, ¢ BO3MOKHOCTHIO M3MEHEHHSI OCHOBHBIX
rapaMeTpoB CurHaja U momex. llpemioxkeHsl BapuaHThl HCIOJIb30BAaHUS TAaHHOW MOJENU B
y4eOHOM Tpolecce, MpH aHalIM3€ peallbHbIX CXEMHBIX PEIICHUH U aJrOpUTMOB 00pabOTKH
ANIEKTPOKapANOTpaduIeCKIX CUTHAJIOB.

KiaroueBbie caoBa: OKI'-curnan, R-R wuHTEepBan, apredakt, CcOOCTBEHHBIC IITyMBbI,
UHyCTpUaIbHas oMexa.

BBenenue. lcnons3oBanue WHGOPMAIIMOHHBIX TEXHOJOTHH B  yuyeOHOM
mpoliecce TO3BOJISIET  HAOMIOJaTh ©  MPOBOJUTH  HWCCIENOBAHHUE  SIBIICHUH,
BO3HUKAIOUIUX HA TMPAaKTUKE, C MUHHUMaJIbHBIMU MAaTE€pPUAIbHBIMU 3aTpaTaMH,
MaKCHUMaJIbHON 0€30MaCHOCTHI0O U YCTOWYMBON MOBTOPSIEMOCTHIO. DTO OKa3bIBACTCS
JOBOJBHO BaXXHBIM IMPU M3JIOKECHUM JAUCLMIUIMH, U3YYaIOIIMX MPOLECCH B
YEJIOBEUYECKOM  OpraHM3M€ W M3MEPEHHM  JUArHOCTUYECKUX  CHUTHAJIOB,
(GYHKITMOHAIBHO CBA3aHHBIX C ’TUMH MPOIIECCAMH.

JlanHas  paboTa  mOCBsiIEHA  MOJCJIHMPOBAHMIO  BIUSHUS ~ HaumOolee
pacmpoCTpaHEHHBIX TMOMEX B (YHKIIMOHAIBHOW JHArHOCTUKE HA KA4eCTBO
anektpokapauorpapuydeckoro (OKI') curnama. OH sBisieTCS ONHMM W3 HamOoJee
MOKa3aTEIbHBIX JIEKTPUUECKUX CUTHAIIOB (PYHKIIUH CEPJIEUHO-COCYAUCTON CUCTEMBI,
Jla U BCEro OpraHusma B LEJIOM, U MO3TOMY NOJYYHJI HMIKPOKOE PACIPOCTPAHEHUE B
MEIUIIMHCKOW MPaKTHUKE.
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