Maesa 11. [pakTuyeckue nNPUMOXKEHUA IMMUPUYECKUX
Moaernen

O6nacTu 3HaHMNA, B KOTOPBIX MOOeaupoganue no psaoam OAHHLIX UMEET
NPWIOXKEHUs, TPYAHO MepeYucIuTh (0T acTpOoPU3MKK [0 MEIULUHBl U
TexHuku). OueHb pa3HOOOpa3Hbl W Leau MozenupoBanus. [loaTromy Mol
OTPAHUYUMCS JIUIIb HECKOJIBKUMU MPUMEPAMHU, JEMOHCTPUPYIOUTUMH OOIBIIYIO
NPAaKTHYECKYIO0 3HAUMMOCTh 3TOTO HAMPABICHHUS.

CaMbIM UW3BECTHBIM TPUJIOKEHUEM SIBIISICTCS, KOHEUHO K€, NPOCHO3
Oymymiero mo HaOJIIOAaeMOMY BPEMEHHOMY psAxy. MBI yke OOCYXKOalid 3TO
Bornpoc B mm. 7.4.1, 10.2.1, 10.3 u 37ech OrpaHuyMMCs JUIIb KPaTKUMHU
KOMMEHTapusMHU. OTO JEHUCTBUTEIBHO Hauloyiee UMHTPUTYIOIIAs —3ajaya,
KOTOpasi pacCMaTpUBAETCS B PA3JINYHBIX OTPACIIAX HayKHU U NpakTuku 142, 112,
277, 281, 326]. ¥ Bcex Ha clIyxXy 3aJadyd OPOTHO3a MOTOJbl W KJIUMAarta,
3eMJIETPSICEHUN, KYpCOB aKkUMid M BaMOT U mp. HO mpuMEHUTENbHO K TaKUM
CIIOKHBIM TIPOIIECCaM JMIHUPUYECKUE MOJEIH OKa3aJMCh TOJE3HBIMU TIOKa
TOJIKO B OTAENbHBIX cirydasx. OCHOBHbIE MPUYUHBI TPYIHOCTEH — «IPOKIISTHE
pa3MepHOCTH» (BO3pacTarolIfe TPYIHOCTH MOJAETUPOBAHUS TPH YBEIMUYCHUU
pa3MEpHOCTH  HUCCIIEyeMOTO JBIDKEHUS), Je(UIUT HKCIEPUMEHTAIbHBIX
JAHHBIX, 3HAUYNUTENbHbBIE IIIYMbI, HECTALIMOHAPHOCTb. OJIHAKO B 00JI€€ MPOCTHIX U
OIpe/ieNICHHBIX MPUKIIAAHBIX CUTYaIUSIX BEPOSITHOCTh yCIleXa BO3PacTaeT.

Jpyrol moyie3HOM BO3MOXKHOCTBIO, KOTOPYIO [aeT MOJIEIMPOBAHUE I10
BPEMEHHBIM  psJiaM, SIBISIETCS  NPOBEpPKa  aJleKBAaTHOCTH  HMMEIOLIUXCS
MpeCTaBIeHU 00 «YyCTPOWCTBE» HCCIEAYEMOT0 OO0BEKTa. IDTO IMO3BOJSET
VAYYUWUMb NOHUMAHUE «MEXaHU3MOB» ero (pyHkiuoHupoBaHusa. Peub uuger o
TOM, YTO TIOJIOKUTEIbHBIA PpE3yJbTaT TOCTPOEHUS MOJenu (€€ BBICOKOE
KauyeCTBO) MOKET OBITh MCTOJIKOBAH KaK OJHO M3 JIOKA3aTEIbCTB MPaBUIBHOCTH
(hM3UYECKUX COOOpaKEeHUH, 3aJI0)KEHHBIX B €€ CTPYKTypy (cMm. mmi. 8.2.2 u 9.3).
OT1o0 camopocraToyHas (yHAaMEHTaldbHAsl LIEHHOCTb, KOTOPas MOKET MPHUBECTU
BIIOCJICZICTBUH K pa3HOOOPa3HbIM MPAKTUYECKUM IPUIIOKEHUSIM.

Mbl He OyneM mnoapoOHee WIIIOCTPUPOBATh YCIEXH SMIHMPUYECKUX
MoJ€eNel Ui peueHus 3aJad 3TUX JBYX THIOB (OTYACTU Mbl KOCHYJIHCh UX B
mm. 8.2.2, 9.3, 9.4, 10.2.1.6), a paccMOTpUM MEHEE HU3BECTHBIC MPHUIIOKECHUS,
pa3BUTHIE B NOCIEAHUE TOABI. DTO BbIIEICHHE KBA3UCTALIMOHAPHBIX YYaCTKOB B
HecTaloHapHoM curHane (. 11.1), MHOrokananbpHas nepenaya HHPOpMaIUU
(m. 11.2), ONpE/CICHUE  HAMpaBJICHHOCTH  B3aUMOJCHUCTBUS  MEXIY
ociuuisTopamu (1. 11.3) u Hekotopsie apyrue (m.11.4).

11.1. CerMmeHTALMSI HECTAIIMOHAPHBIX BPEMEHHBIX PAJI0B

C no3unuil TeopuM CIy4amHbIX MPOLIECCOB HECMAYUOHAPHOCHb TIpoLecca
O3Ha4YaeT W3MEHEHHE €ro MHOTOMEpPHBIX (YHKIMI pacmpeneneHus Ha
uHTepBasie  HaOmoneHus. Ha  mpakThke — OOJBIIMHCTBO — MPOLIECCOB
HECTAallMOHAPHBI, OCOOEHHO B OWMONOTHM, TE€O(U3UKE WM SKOHOMHUKE.

286



I'naBa 11. [Ipaxmuueckue npunosiceHus IMIUpUYECKUx mooenell

HecraunonapHoctb  ONpUBOAWT K  3HAYUTEIBHBIM  TPYIHOCTSAM  JUIS
MOJICIMPOBAHMUS, €IBa JU HE CTONb K€ OOJBIIMM, KaK «IPOKISTHE
pasmepHocTU». B TO e Bpems, caM XapakTep HECTalMOHAPHOCTU MOKET
NPECTaBISITh UHTEPEC MPH UCCIIETOBAaHUN O0BEKTA.

IMon ounamuuecxoti necmayuonapnocmuvio NMOHUMAOT CHTYalUIO, KOTJa
HCXOJIHBIN 00BEKT (TIpoliecc) MOXKeT OBITh omucaH au(QepeHITHATBHBIMA WIH
Pa3HOCTHBIMM YPaBHEHMSIMH, HO C nepemeHuvimu mnapamerpamu [301, 302].
Opgna W3 OpUYMH, IO KOTOPOM MOHATHE JAMHAMUYECKONM HECTALMOHAPHOCTH
MOXET OBbIThb MPAKTUYECKH BOCTPEOOBAHO, 3TO — BO3MOYKHOCTh 0O0J€€ TOYHOTO
oOHapy>KeHUsI MOMEHTa M3MEHEHHMsS MapaMeTpoB CUCTEMBbI, YeM IO
CTaTUCTUYECKUM XapaKTepucTUKaM. Eciu mnpu U3MEHEHMH [apamMeTpoB
CyLIECTBOBABIIMKA JUHAMUYECKUW PEXKUM CHCTEMBI IOTEPSUT yCTOMYMBOCTD,
CUCTEMa MOXET €IIe HEKOTOpOe BpEeMSl OCTaBaThCsl B TMpekHEH o0jacTu
¢azoBoro npoctpancTBa. CTaTUCTHYECKUE CBOMCTBAa HAOMIONAEMOTO psfa IMpH
9TOM CHJIBHO HE MeHsIoTcsA. OHAKO cO BPEMEHEM O00s3aTENIbHO YCTaHOBUTCS
JOpyroid JUHAMUYECKUH pPEXUM, U MOXKET OBbITh BAXKHO KaK MOYKHO paHbLIE
OOHapYKUTh TPAAYILIEE U3MEHEHHE.

OcHoBHast ujes HCCIENOBaHUS TMOJOOHBIX TMPOLIECCOB COCTOUT B
pasfelIeHnu UCXOQHOro psaa Ha M cerMeHTOB manuHOM L < N, Ha KOTOPBIX

CUCTEMA IIPU3HAETCA CTALMOHAPHOW. 3aTeéM NPOBOIUTCS CTaTUCTHYECKOE
OLICHUBAaHUE WM PEKOHCTPYKLMS YPAaBHEHHUU MO KaKJOMY M3 ITHX CETMEHTOB
otzenpHo. CTaTUCTUYECKUE TECThl OCHOBAHbI HA PACYeTe HEKOTOPBIX CTATUCTUK
(AMIUPUYECKIX MOMEHTOB, CIIEKTPOB MOIIHOCTH H T.N.) B KaXJOM CErMEHTE
N, wn mocneiyomeM CpaBHEHMH CETMECHTOB MO OIM30CTH 3HAYCHHH OSTHX

CTaTHCTUK. BBomuTcs paccTossHue d MEXKAYy CErMEHTAMH W COCTaBJISICTCS
marpuia paccrosuuit d; ; =d(N;, N ). 110 Benn4unHe 5TUX PaCCTOSHUM CYHSIT O

CTAIIMOHAPHOCTH Tporiecca. YacTo NCMONB3YIOT CIASAYIONNE XapaKTEPUCTUKH.
1) CpaBHeHHE OHDMIUPUYECKUX BEPOSTHOCTHBIX pACHpPEICIICHUH 110

KpuTepHio x> [237]. Jlns ero BHIYMCIICHHS IMANa30H 3HAYCHUH HAGIIOIAeMOil,

IPUHUMAEMBIX €10 Ha BCEM BPEMEHHOM psije, pasOuBaercs Ha F sueek.
PaccuMTBIBAETCS KOIMYECTBO TOYEK, TOMNABIINX B KAKIYIO SUEHKY U3 KakIOTO
M3 JIByX CPaBHUBAEMBIX CETMEHTOB; OTJIMYME PACTIPENETEHUN BBIYMCISETCS KaK
by N2
dl;=y%= Z(nk’nkj), rae m; M 1, ; — KOIMYECTBO TOYEK, MOMABIINX B
' =1 My 1y | '

k-10 stueliKy 13 i-ro U j-ro CErMEeHTa Psia COOTBETCTBEHHO. JTa CTATHCTHYECKAS
Mepa MOKET TMOKa3blBaTh HECTAlMOHAPHOCTh MPU IIOCTOAHCTBE ONEPATOpa
SBOJIIOLMH B CITy4ae MEPEXOHBIX MPOIECCOB.

2) CpaBHeHue 0O ONM3OCTH/OTIMYMIO OMIMPUYECKAX MOJETEH —
MOCTPOCHHE T7100aIbHBIX MOJEIE ¢ BEKTOPAMHU NapaMeTpoB ¢&;,¢; U BBEICHHE
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Yacrts II. Mooderuposanue no epemennvim psaoam

PacCTOSHUSA MKy CETMEHTaMM KaK €BKJIMJIOBA PACCTOSIHUS MEXIY BEKTOpaMHU
napameTpos [235]: dfj = Z,};l(ék,i —é,w.)2 )

Pesynprarel aHammza psga (puc.11.1,a) ymoOHO oTOOpakaTh Ha Tak
Ha3bIBAEMOM «JuarpamMme Bo3BpatoB» (puc.11.1,0), Tie Mo ocsAM OTIOKEHBI
HavaJbHBIC TOYKH YYacCTKOB psiia i W j, a BEJIMYMHBI PACCTOSHUS MEKIY
y4acTKaMHM IOKa3aHbl B CEPhIX MOJIyTOHAX. Benblil IIBET COOTBETCTBYET CHIILHO
pa3IUYaOIIUMCsI CeTMEHTaM psia (OOJBIIMM PACCTOSHUSIM), YEPHBIA I[BET —
NPAaKTHYECKH OJIMHAKOBBIM (HYJIEBBIM paccTosHusAM). [IpowsutrocTpupyem

BO3MOXXHOCTH METOJMKH, HCIOJb3ysl B KayeCTBE OOBEKTa OJHOMEPHOE
OTOOpaKEeHHE

n

X, =cy(n)cosx,. (11.1)
HabGmomaercs BenmuuuHa 77 = X, HaOmogaembIid psag umeeT ;mHy 2000 Touek.
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MCCIIC/IOBAHMS HA CTALIMOHAPHOCTH: 0) PACCTOSHMS MEXKIy CETMEHTaMH PacCUUTBHIBAIOTCS KaK

0
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PACCTOSHHSL MEKIy SMIMPHYECKMMH TUIOTHOCTSAMH PACIpPEIECHHS [0 KPUTEPHIO ¥, B)
napaMeTpsl OJHOMEPHBIX SMIIMPUYECKUX Mopened Buaa X,,; = f(x,,€) C MHOTOYIECHOM f
nopsangka K = 2, r) To xe camoe 151 K =6

B moment n=1000 mapamerp ¢ MeHseT 3HaueHue c, =2.l1, KoTopomy

COOTBETCTBYET XaOTHUECKUH aTTpakTop B (a30BOM MNPOCTPAHCTBE, Ha
co =2.11735, npu KOTOpOM YycTaHaBIMBaeTCsd pexum nepuoxa 7. OpHako
HOBBIA PEKHUM YCTaHABIMBAETCS TMOCJE JIOCTAaTOYHO UIUTENbHOTO (0Kojio 400
uTepalui) MepexoAHOro MpoLecca, TaK YTO OOJBIIMHCTBO CTATHUCTUYECKUX
CBOICTB, HAIpUMEP, CPEAHEE U JAUCIIEPCHSI, MEHSIOTCS TOJIBKO K MOMEHTY 1 =
1400 (puc.11.1,a). Ha puc.11.1,6-r npencraBieHbl auarpammbl BO3BpaTa.
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CpaBHuBaroTcs y4acTtku psiia juymHor 1o 200 Touek. bosbimas TemHas o6macthb
Ha TaKoW JaMarpaMme O3HayaeT KBa3UCTALIMOHAPHBIA CETMEHT, a TpaHUlLIbl
MEXAY JBYMSI TEMHBIMU OOJACTSIMH — MOMEHT M3MEHEHHS CBOMCTB CHUTHAaJa,
BIUSIIONIUX HA BEIMYMHY paccrosinus. Ha puc.11.1,0 nuarpamma monydeHa Ha

OCHOBE Mephl y~, a Ha puc.11.1,B,r — Ha OCHOBE MapaMeTpPOB MeHee U Goiee
COBEpIUEHHbIX Mojened x,., = f(x,,¢) ¢ aaredpauuecCKuMyd MHOTOUWIEHAMHU.

BHIHO, Y4TO CTATHCTHUECKas Mepa y > 0OHAPYKMBAET MPOMCIIEIINE B CHCTEME

WU3MEHEHHUS C OMO3JaHUEM, N0 CPABHEHUIO C XOPOIIEH JUHAMUYECKOW MOJIEIIBIO.
Puc.11.1,B,r moka3bIBaeT TakXke, UTO METOJIbI, HAIIPABJICHHbIC HA OOHAPYKEHUE
TUHAMUYECKONW HECTAIIMOHAPHOCTH, TMPABWIBHO pabOTAlOT TOJBKO TMPHU
JIOCTATOYHO BBICOKOM KadyecTBe Mojenu. [Ipumep ncrnosib30BaHMs ONMMCAHHOTO
OUHaMu4ecko20 nooxooa Uil  BBIIEJICHHUS yYacCTKOB  CTAallMOHAPHOCTH
BHYTpUYEPENHON dJekTposHiedanorpammbl  (O3I7) marmumeHta ¢ BUCOYHOM
snuJIeTicuel mpeacTanieH B [219].

Brigenenne KBa3UCTAlMOHAPHBIX YYacCTKOB HMEET UEHHOCTb M IS
noctpoeHus Mmozenu. llpu MoaenupoBaHUM JKENATENBHO HUCIOJIB30BAaTh BECH
UMEIOIIUICS BPEMEHHOW psil, 4YTOObI MOJYy4YUTh O0Jiee TOYHBIE OLIEHKH
[apaMeTpoB, HO B CJIy4ae HECTAMOHAPHOCTH MOJENb C MOCTOSIHHBIMU
napaMeTpaMu HeaJekBatHa. Hy»XHO CTpOUTh €€ 10 K8a3UCmayuoOHapHOMY
y4acTKy, NpHYeM Kak MOXHO Oonee mnuHHOMY. Kak 3apaHee y3HaATh
MaKCUMAJIbHYIO JITMHY y4yacTKa psijia, Ha KOTOPOW OH €Ill€ KBa3uCTalMOHapeH?
DTO MOKHO cJiejaTh C HCIOJIb30BaHUEM JHarpaMMbl BO3BpPATOB, OTBHICKAB
HanOoJiee TPOTSHKCHHBIM YePHBIN KBaJipaT, PacIOJIOKEHHBIM Ha auaroHanu. K
HEMY MOKHO JOOaBHUTh «IIOXO0KHE» Ha HEro CErMEHTbI U3 JPYTUX BPEMEHHBIX
OTPE3KOB M TOCTPOUTH MOJENb MOBTOPHO MO MOJIYYEHHOMY MAaKCHUMAaJIbHO
JUIMHHOMY KBa3UCTAllMOHAPHOMY Y4acTKy. Takoil mojaxon ObUl peaqu30BaH B
npumeHenuu k 901 B [235].

«PoncTBeHHbIE» 3alauyd  BBIACICHUSI MOMEHTOB PE3KUX HW3MEHEHHI
paccMoTpeHsl B paborax [136, 11].

11.2. KondguaenunaabHas nepenadya nuapopmanun

AKTyaJabHBIM HAIpPaBJIEHUEM MCCIEAOBAHUN B pPaJuOPU3MKE SBISAETCS
pa3paboTKa CHCTEM CBSI3M C HCIIOJIb30BaHWEM XaoTH4ecKoW Hecymieit [77]. B
CBS3M C OTHUM OTMETUM HMHTEPECHYIO MPHUKIATHYI0 BO3MOXHOCTH METOIOB
OILICHKH TMapaMeTpPOB MOJEIN MO HECTAIMOHAPHBIM XaOTHYECKUM BpPEMEHHBIM
psgaM s MHOTOKaHAJIBHOW KOHGUIACHIHMATBLHOW Tepenaun wHopmarmm |8,
185]. OcHoBHas wuzaess coctouT B cieayromeMm. [lycth umeeTcss HekoTopas
HeNMHelHas auHamuueckas cucreMa dx/di =f(x,¢,), mapameTpsl €, KOTOPOii

MENJICHHO MEHSAIOTCI BO BpEeMEHM ¢, =¢,(f). XaoTuueckas BpEeMEHHas
peanuzanus 3TOM CHUCTeMbl (Hampumep, OAHAa U3 KoopauHaT 77(f) = x,(¢))
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Yacrts II. Mooderuposanue no epemennvim psaoam

ABIISIETCS II€PEaBa€MbIM CUTHAJIOM, a M3MEHEHHUs MapaMeTpoB ¢, (f) -—

MH(POPMALMOHHBIMU CUTHAJIaMH, KOTOPbIE HE NEPEIat0TCs HEMOCPEACTBEHHO.

HeoOxonumeble yciioBus 17151 BO3SMOXHOCTU M3BJI€UEHUSI MH(POPMAIIMOHHBIX
CUTHAJIOB U3 XaOTHUYECKOTO HabJII0JaeMOro CUrHaa:

1) nomxHa OBITh TOJHOCTBIO H3BECTHA CTPYKTypa JAUHAMHYECKOMN
CUCTEMBI, HCIIOJIb3yEMOl B KayecTBE MepeJaTyuka, T.e. Uil TeHepaluu
XA0TUYECKOT0 BPEMEHHOI0 psiJia C MEHAIOIIUMUCS ITapaMeTpamH,

2) ee mapaMeTpsbl €, JOJKHBI MEHATHCS TOPa3l0 MEUIEHHEE XapaKTEPHOTro

BpPEMEHH KOJIeOaHUN ATOW CUCTEMBI.
Torma, oueHuBass napaMeTpbl MOJEIM  COOTBETCTBYIOIIETO  BHUAA
dx/dt =f(x,¢,) MO TOCIENOBATEIbHBIM KBa3UCTAIIMOHAPHBIM YYACTKaM psiaa

n(f) ¢ NOMOIIBIO OAHOTO W3 METOJO0B, M3JIOXKEHHBIX B TiaBax 8-10, MOXHO

MOJYYUTh pEIM3alMd BCEX TMapaMeTPOB CHCTEMbl 10 €IUHCTBEHHOM
HaOmogaemMoit peanuzauuu 77(¢) .

B [185] paccmoTpeH mpumep mnepeaauu rpadUyecKoro M300paxeHus B
CepbIX NOJyTOHAX. B KauecTBe CUCTEMBI, FTEHEPUPYIOIIEH Xa0TUUYECKUIM CUTHAJ,
ObUIM B3ATbl YpaBHEHUS MOAU(PHUIMPOBAHHOIO T'E€HEPATOpa C HHEPLHOHHOU
HEJIMHEWHOCTbHIO (reHepaTopa AHUIIEHKO — ACTaxoBa):

X=mx+y—xz,
y=-x (112)
z=-gz+ O.5g(x+‘x‘)x.

NuopManmmoHHbIA CUTHAI MPEACTABIT CO00M 3HAUYCHUS MHTCHCUBHOCTH
OKpacKu MUKCEJIOB (256 BO3MOXKHBIX 3HAUECHHM B IIKAJIE CEPOT0) Ha MOPTpETe
OiiHmreiHa (puc.11.2,a). VHPOpManMOHHBIM CHTHAJIOM MOAYJIMPOBAIHUCH
3HaueHusi mapamerpa g B uHtepBane [0.15, 0.25] mpu m = 1.5. Uadopmanus
repeaaBanach C MOMOIIBIO TepeMeHHou 77(¢) = y(¢), K KOTOpOH a00aBisiICs

cnabplii myM. CUrHas B KaHaje CBSI3U BBINIAIUT IpocTo myMoMm (puc.11.2,0).
Ecnu cTpykTypa qMHaAMHUYECKON CHCTEMBbI — F€HepaTopa CUrHajla — HEM3BECTHA,
TO BOCCTAHOBMTH IE€PENABAEMYI0 HH()OPMALIMIO HEBO3MOXKHO, WM, IO KpalHel
Mepe, OYeHb CIIOKHO. Pe3ysbTaTbl BOCCTAHOBJIEHMSI CUTHANA «B MPUEMHUKE» C
NOMOILIbIO PEKOHCTPYKIIMH 10 BPEMEHHOMY sy MpeAcTaBieHbl Ha puc.11.2,B.
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o)
Puc.11.2. Tlepenaya uHpopMaIyy ¢ MOMOIIbIO PEKOHCTPYKIIMU: ) UCXOJHOE M300paKeHHE
(500 Ha 464 nukcena); 6) cUTHAN y B KaHAJIE CBSI3U; B) BOCCTAHOBJICHHOE M300pakeHue [185]

B paccMoTpeHHOM mNpuMepe TepenaBalicsl TOJBKO OAWH CKaJISPHBINA
uHpOpMalMOHHBIN curHas g(f), XOTS MOXHO MEHATh OJIHOBPEMEHHO

HECKOJIbKO MapaMeTpoB reHeparopa. Ha mnpakTuke BO3HUKAIOT CBSI3aHHBIE C
HaJMYUEM LIYMOB B KaHaJ€ CBA3W OTPAHUYCHMS HA KOJIMYECTBO OJIHOBPEMEHHO
IepeaBaeMbIX CUTHAJIOB C, (), KOTOpblE MOXHO YCIHEIIHO BOCCTAHOBUTH IO

HaOmogaemont peanuzauuu 77(¢) [185]. Pa3BuTue TeMaTUKH MpPEICTaBICHO B
[139, 288].

11.3. OnpeneneHue xapakTepa CBSI3H MEXKIY OCHH/LISTOPAMHA

N3 mapaMeTrpoB SMIHUPUYECKUX MOJIEIEH MOXKET OBbITh H3BJICUCHA U
none3nas gusnueckas uHpopmaius. B pabore [295] mpemniokeH moaxonm K
pPEIICHUI0 BaXKHOM BO MHOTHUX OOJACTSX MPAKTHKU 3aJladyd — ONpeleTICHUe
HaAIpaBIICHUSI B3aUMOJICHCTBUS MEXIY ABYMsI KOJI€OAaTEIbHBIMU CHCTEMaMH
TOJIBKO MO MX BPEMEHHBIM psifaM. DTO Ba)XXHO, HallpuMep, IS JIOKAJIM3aluu
AMWIEeNTHYeCKoro (okKyca (oyara mMaTONOTHHM) IO 3alHUCSIM DJIEKTPO- WU
MarHuTO3HIIEpaniorpaMM, TOCKOJBKY MPEINONOXKUTEIBHO I HEKOTOPBIX
BUJIOB dBnuiienicud ((poKaabHOM SIUJIENICUU) MMEHHO YCWJICHHE BO3JICUCTBHE
ouara MaTOJOTMUM HA COCENHHME OOJACTH MOKET BBI3bIBATH JMWICNITUYECKHE
npunaaku. Onpenenus, Kakas U3 o0jacTel akTUBHEE ACUCTBYET Ha Apyrue
nepes MpUIagKoOM, MOXKHO ObuIO Obl CKa3aTh, YTO OJM3KO K HEHMl pacmnojoeH
AMUJIENTHYECKUH (HOKYC.

[IpyaemM 0COOEHHO Ba)XHO YMETh BBISIBIATH Cla0yi0 CBs3b, T.K. IS
OOHapy>KeHUS CWJIBHON CBSI3HM CYHIECTBYET JOCTaTOYHO MHOTO XOPOIIO
3apEKOMEH/IOBABIINX Ce0s METOAOB (B3aMMHAasi KOpPPEISIHMOHHAS (PYHKITHS,
GbyHKIHMST KOTepeHTHOCTH W T.A.). s ompeneneHus ciiaboil cBs3M Oblia
NpeasioKeHa METOJ/IMKa, OCHOBAHHASI HA PEKOHCTPYKIUU MOJEIIbHBIX YpaBHEHUI
¢dazoBoii quHaMUKH. B kauecTBe MOJENbHBIX MEPEMEHHBIX BBICTYIAIOT UMEHHO
¢azer xonebdaHuii ocuMIUIATOPOB (cM. 1. 6.4.3), MOCKONBKY OHM Haubosee
YyBCTBUTEIbHBI K BHEIIHUM Bo3aehcTBusiM [137]. TeopeTuyeckoil OCHOBOM
METOJIMKH SIBJISIETCSl MPEINOJIOKEHHE, 9To (da3oBas TuHAMUKa cucteM X u Y
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MOJUYUHSIETCS CIEAYIOIIEW JIOCTAaTOYHO TMPOCTOM M, B TO XKE BpeMH,
YHUBEPCATBHON CHCTEME CTOXACTUYCCKUX AU(PdepeHITNaATbHBIX YPABHEHUN:

dg./dt=w, +F (4.0, +&,,
dg,/dt=w,+F (4.0, +S,,

rae ¢, (1) — «pasBepHyTble» (aspl koneOanuii cucreM X u Y, o, , -

(11.3)

mapaMeTpbl, OIPCACIIAIONNEC MTUKIMYCCKUC YaCTOTHI KOHC63HHI>1, F X,y

GyHKUIMYM, 27-nepuoinYecKue Mo O0OMM apryMeHTam (u3-3a (PU3HMYECKOro
cmeicna ¢as), &, , — HopMmanbHbie Oenbie mymel. Cucrema (11.3) anexsarHo

OTpakaeT CBOWCTBA ILIMPOKOIO Kpyra KoseOaTeNbHbIX HPOLECCOB B Ciydyae,
Korja uccieayemble cucteMbl X U Y HUMEIOT SpKO BbIpaKEHHbIE OCHOBHBIE
puTMbI Konebanuit [286, 174], uto Tpebyercs sl KOPPEKTHOTO OMpeIeICHUs
da3zsl, cm. 1. 10.1.

MeTtovka BBISIBICHHS CBSI3U 110 BPEMEHHOMY STy COCTOHT B CIIEAYIOIIEM.
[To numeromuMcst BpeMEHHBIM psiiaM OT MEPBOil U BTOpoit cucteM — x(¢) u y(t)

— PacCYMTBIBAIOTCS peannsauuu (a3 curHanos — ¢, (1) u ¢, (¢) — ¢ MOMOLIBIO

U3BECTHBIX METOJOB (1. 6.4.3) [137, 262]. Mogenb CTpOUTCS HE TOYHO B BUIE
(11.3), a B moxoxel ¢(opme, koTopas Oosiee yaoOHa Jjisi TOCTPOEHUS TIO
BPEMEHHOMY PsiIy. DTO CUCTEMBI CTOXAaCTUUECKUX PAZHOCMHBIX YPABHEHU:

¢x(t+T)_¢x(t) = fx(¢x(t)5¢y(t)9cx)7
9,(t+7)=9,() = £,(4.(2),9,(0),¢,),

rae 7 — (UKCHUPOBaHHBINA MHTEPBAI, MPUMEPHO PABHBIM XapaKTEPHOMY IEPHOLY
Kojiebanui, f, , — TPUTOHOMETPHYECKHE MHOTOWICHBI HEBBICOKOT'O MOPSI/IKA:

fu@od) =al? + () cos(mg, +ng, )+ b sin(mg, +ng, ),

(11.4)

/y@g)=as” + i(“r(ny,; cos(mg, +ng, )+ by sinlmg, +ng,)). (12

9TO TOT cnyqaﬁ, KOrJga TPUTOHOMCETPHUYICCKAA CUCTCMA — HaI/IJ'Iy‘-IH_II/Iﬁ 0a3uc JJIs

annpoKCUMaluu, T.K. GYHKUMK f, , BXomsmue B ypaHenus (11.4), 1oymKHbI

OBITb 2 77-NIEPUOJINYHBI U3-3a (PU3UYECKOTO CMBICIIA CBOUX apTyMEHTOB — (a3.
Kos¢pduuuentst wmHOrouwnenoB onenuBatoT o0biuHbiM - MHK.  Tlo
nonmyueHnsiM  omenkam a0, A" paccunmThIBaloTCS  OEHKM  CHUIBI

A

BO3JICHCTBHs CUCTEM Ipyr Ha apyra. CTeneHb BIMSHUSA ci_)x cucreMsl Y Ha

chCTeMy X ONpPENENAETCS KPYTU3HOM 3aBUCUMOCTH QyHKUMU [, OT Gasel ¢, u

2
AHAJIOTHYHO Ul C)_,
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2 LT () f 2
X X
Cyox =5 3 .[ .[ (8fx (¢x’¢y’am,n’5m,n )/a¢y) d¢xd¢y’
277 % 0
(11.6)
A2 i ) A %
et = s | [(0r,8,.0,.00.690)/ 0, ) dg.ap,.
27 4 %
HOpMI/IpOBaHHHﬁ HUHICKC HaHpaBHeHHOCTI/I CBiA3HU OHpeILeJI}IeTCSI KaK
oo = Sy ~Cror (11.7)
éx—)y + éy—>x
OH HPI/IHI/IMaeT 3HAUCHHUA OT -1 a0 1 (T.K. BCJIWYUHBI ¢ ITOJIOKUTCIIBbHBI

yoX, Xy
no crnocoOy ux pacuera). OH MONOKUTENEH, €ClIM CHUIIbHEE AEHCTBYET cUcTeMa
X Ha cucreMy Y, oTpuuareieH — B MPOTUBOIOJIOKHOM Ciydae; paBeH | mo
MOZYJIIO IIPY OAHOHAIIPABJIECHHOMN CBSI3H, HYJIIO — IPU CHMMETPUYHOM CBSI3H.
UyBCTBUTENBPHOCTh METOIUKM K clabod cBsi3u Obula TMOKa3aHa B
YUCJIEHHBIX JKclepuMeHTax [295]. VYcimoBuem €€ NPUMEHUMOCTH TpHU

CYIICCTBCHHBLIX YPOBHAX AWMHAMHWYCCKHUX ITYMOB §xy B HCXOJHBIX CHCTCMAx

ABIIAETCS OOJIbIIAs JJIMHA TPEHHUPOBOYHOTO pPsifia (TUIUYHBIE YHCIA — MOPSAKa
1000 xapakTtepHbix mnepuosoB). OHa yke Jajga MHTEPECHBIE Pe3yJIbTaThl IMPH
WCCIICTIOBAaHUH CJIOKHOTO PEANTbHOTO TIpoIlecca, T/A€ TaKue pPsaabl  ObLIH
JNOCTYMHBI. Pedb uaeT o B3aUMOAECHCTBUH MEXKAY CEPJIEYHO-COCYAUCTOU U
JbIXaTeNbHOM cucTeMamMu uyeioBeka B [294]. CormacHo mpOBEIECHHBIM
UCCIIEJOBAHUSIM, XapaKTep 3TOr0 B3aMMOJCHCTBHS Yy MIIAQJEHUEB MEHSETCS C
BO3pacTOM OT CHUMMETPUYHOIO JI0 MPEUMYIIECTBEHHOTO BO3/AEWUCTBUSA
JbIXaTeNIbHOM CUCTeMbl Ha CepAEYHO-COCYIUCTyro. Takas wuHopmarms
NPECTaBISIET MHTEpeC 7151 (PU3HOJIOTOB, T.K. AT TOTIOJHUTEIbHBIE apTyYMEHTHI
JUISl TOM WM UTHOM TEOPETUYECKON TOYKH 3PEHUS.

Ho mnpumenenme MeTOOWKM Ha TPAKTHKE YacTO CTAJKUBAETCA C
CYIIECTBEHHBIMU TPYAHOCTSAMH, KOTJa HCCIEAYyEeMble BpPEMEHHBIE PSJIbI
HECTaIlMOHAPHBI. Ba)kHO BBIABIATH B3aMMOICHCTBHE MEXKIY OONACTAMH MO3Ta
Mo JJEeKTpodHIedamorpaMmaM, HO HWHTEpPBAI HMX KBAa3HCTAI[MOHAPHOTO
noBeseHus (Mopsiika JecsiTka cekyHna) He Oosee mpumepHo 100 xapakTepHbIX
NEPUOAOB IS THOOBIX «(PU3UOIOTHUECKUX PUTMOBY». DTOTO CIUIIKOM MaJIO JUIS
NOJy4YeHHUs] HAJEKHBIX pe3ynbTaroB. llpu aHanu3e HecTalMOHAPHBIX PSAOB
MPUXOIUTCS JCIUTh UX Ha OTHOCUTEILHO KOPOTKHE CETMEHTHI M PACCUUTHIBATH
HampaBJiCHUE CBS3U OTAENBHO Ui KaXAOro cermenra. [lombiTka MPUMEHHUTH
OMMCAaHHYI0 METOAMKY K TakKMM KOPOTKMM psiiaM TPUBOAUT K TOTYYEHHUIO

CMEIIEHHBIX OIleHOK. [lpuumHbl Moka3zaHel B pabore [313], rae BBeIEHBI

A2 A2

TMONPaBKK K OLCHKaM ¢, u ¢, , . HOBbIe OLCHKH 0003HAYCHBI 7, , U ¥, , .

JInst  XapakTepuCTUKM HANpPaBJICHHOCTH CBSI3M  HMCIIOJB30BaHA BEJMYMHA
o= - . BroiBenennl dopmyisl U It 95%-HBIX JOBEPUTEILHBIX
x—)y y—)x
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WHTEPBAJIOB, 4YTO TIIO3BOJIAET OIICHUBATh CTATUCTUYECKYIO 3HAYMMOCTH
PE3yIBTATOB, OJYYSHHBIX IO OTJACIHHON peaTn3alliu.

[Ipumep nmpuMeHEHUs YTOUYHEHHBIX OILICHOK ]IS aHalIu3a JIBYXKaHaJIbHOUN
O0I' manueHta ¢ BUCOYHOM smuienicued mpeacrtaBieH Ha puc.11.3. Ilepen
SMWICTITUYECKUM TIPUTAJKOM BBISBIISICTCS YCHJICHHE BO3ICHCTBHSI BHCOYHOMN
nonu  Kopel Ha runmokamn  (puc.11.3,8). PesyapTar cormacyercs ¢
NpeIBapUTEILHON HHPOPMAIMEH KIMHHUIIUCTOB O TOM, YTO OYar IMaTOJIOTHH
pacroyiokeH B Kope. DTO TMO3BOJSET PAcCUUTHIBATH HA TO, YTO METOAMKA
OKaXETCS TIOJIE3HOM KaK JOTMOJHUTEIBHOE CPEACTBO JUIS  JIOKAJIW3AIuU
snuienTuieckoro (Qokyca (owara mnarojmoruu) [315]. OpHako AJis TaKoro
BBIBOJIa TpeOyeTcs ucciaenoBaHue OONbIINX aHcaMOel JaHHBIX, KOTOpOe TMoKa
OTCYTCTBYET.

[IpencraBieHHbIC PE3YIBTATHI MIPEICTABIISIIOT HWHTEpEC TUTSt
byHIaMeHTANBHBIX (YU3HOIOTHYECKUX MCCICTOBAHUHN U ISl IPUKJIAIHBIX 3a7ad
MeauiuHCKoW auarHoctuku [213]. ComocTaBieHHe OMNMMCAaHHOTO METOJa C
JIPYTUMU W3BECTHBIMM METOJAMH aHallM3a CBS3aHHOCTH IMPOBEICHO B padoTe
[312].

800 — X, MKB 800 — V> MKB 81
400 403 ' 4
0 400 O TH- -
-400 -800 -4
-800 L B S s S s | -1200 T T T T T 7T 7] -8 T T T T 7 7 " T 71
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
t, cex l, cex t, cex
a) 0) B)

Puc.11.3. Bayrpuuepennbie D31': a) runmokamn, 6) BUCOYHAS OIS KOPHI (SMAIENTHYESCKHNA
¢dokyc). B) MHnexc HanpaBIeHHOCTU CBSI3U CO CBOUM 95%-HBIM JOBEPUTEIIHBIM HHTEPBAJIOM
(cepwrii nuterd). IlyHKTHpOM OTMEuYeHBI HAyalo W KOHEI SMUJIENTUYECKOTO TMpHUMaKa.
Wnpeke ¢ 3HaunMO MeHbIIE HYJIS (BIUSHIE HEOKOPTEKCA Ha THIIIIOKAMIT) TIEPE]] TIPUITaIKOM

11.4. /Ipyrue npujio:keHust

B 3axmioueHue, KpaTKO OTMETHM €II€ HEKOTOpble U3 Pa3sHOOOPa3HBIX
NPUIIOKEHU I SMIIUPUYECKUX MOJIETEH.

1) «llpoenos oughyprayuiiy 6 craboneasmorommusix cucmemax [206, 123,
166, 225]. B curyauum MEUICHHOTO H3MEHEHHs MapaMeTpoB O0BEKTa IO
MOCTIEIOBATEIbHBIM ~ CETMEHTaM  BPEMEHHOTO  psiia  CTPOSITCS  MOJIENH
OJIMHAKOBOM CTPYKTypbl. OLIEHKHM HMX MapaMeTpOB MEIJICHHO MEHSIOTCS TpH
nepexo/ie OT OJJHOTO cerMeHTa K apyromy. [1o mogyueHHOMY BpeMEHHOMY PSTY
3HAYCHUH MAapameTpoB ¢,/ =1,..,M CTpOAT MOJENb Ul npocHosa Oyoywe2o

U3MeHeHUsl napamempos, HAIpUMEp, B BUJE SIBHOM BPEMEHHOM 3aBUCHUMOCTU

(n.7.4.1). JHna xaxgoro OyAylEro MOMEHTa BpEMEHH j IOJydaroT

Mpe/CKa3aHHOE 3HAueHUE TMapamMeTpoB U (PUKCUPYIOT, KaKOMY pPEKUMY
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JTUHAMUKH aBTOHOMHOM CHCTEMBI OHO COOTBETCTBYET. TakuM 00pa3oM, MOKHO
npeacKa3aTh MW3MEHEHHE HaAOMIOAAIONIErocs JUHAMHUYECKOTO peXuMa, T.e.
OudypKaiuo B aBTOHOMHOM CHCTEME, KOTopasi TPOU30MIeT, KOraa 3HaYeHUE ¢
nepecedeT IpaHMIly 00JIACTH 3HAUYCHUN MapaMeTPOB, COOTBETCTBYIOMIYIO dTOMY
TMHAMHYecKoMy pekumy. [IporHo3 Ondypkarmii BO3MOXKEH TPH T€X JKECTKUX
YCIOBUSAX, YTO MOJEIh aJeKBaTHA JJsl ONWCAaHUS JWHAMUKA OOBEKTa B
HIMPOKOW 00JIacTU MPOCTPAHCTBA MAPaMETPOB, BKIIOYAS U JTUHAMHUYECKHI
peXUM, KOTOPBIA JIOJDKEH Habmonatbess mociie Oudypkanuu, ¥ TpaHUIIbI
00JIaCTH CYIIECTBOBAHUS TEKYIIEro JWHAMUYECKOTO PEKHUMa B MPOCTPAHCTBE
MapaMeTpPOB.

2) BoccmaHosneHue cueHana 6HewiHe20 B8030elicmeus TO XaO0THYECKOH
BPEMEHHOM pean3aluyi OJHOM JIMHAMUYECKOM TNEPEMEHHOM HEABTOHOMHOM
CHUCTEMBI. OTO TOJE3HO, €CJIM CHUTHal BO3JEHCTBUSI HECET BaXHYIO
nHGOPMANIUIO W HE MOXET OBITh W3MEpPEH HEMOCPEACTBEHHO, a IOCTYIEH
HAOJIFOJIEHUIO TOJIBKO PE3yJIbTAT €ro BO3JECHCTBUS HAa HEKOTOPYIO HETWHEHHYIO
cucreMy. B pabote [67] nNpowUIIOCTpUpPOBaHA HAa YHUCIEHHOM IpUMEpE
OpPUHIMIHANIbHAS BO3MOXXHOCTh TaKOrO BOCCTAHOBJICHUS, TJi¢ BHEIIHEE
BO3JICHCTBHE — HE 0053aTEIIbHO MEJIJICHHO MEHSIFOIIIEECS!.

HeoOGxomumble  yciioBusS:  CTPYKTypa  CHCTEMbI, Ha  KOTOPYIO
OCYILIECTBIIICTCS BO3JICUCTBHE, U CIIOCOO BHECEHUS ATOTO BO3JCUCTBUS JTOJKHBI
OBITb W3BECTHBI aANpPHOPH; JODKEH OBITh JOCTYIIEH W BPEMEHHOW psiI OT
ABTOHOMHOM cucteMmbl. CHayajga MO ATOMY PSIy OIEHUBAIOTCS MapaMeTpbl
ABTOHOMHOM  CHCTEMBI.  3aTeM,  HCHOJb3ysl  TOJy4YEHHbIE  OLIEHKH,
BOCCTaHABIMBAETCA peajn3allds BHEIIHETO BO3JIEHCTBHS MO HaOII0JaeMOMY
pAlly OT HEABTOHOMHOM CUCTEMBL.

3) Knaccugurxayus cuenanos. OIHON U3 BaXHBIX 3a]ay SIBJISETCS 3ajavya
pasneneHusi 0ObEKTOB Ha TPYMIBI (KIACChl) CXOXKHUX MEXKIY COOON Ha OCHOBE
AKCIIEPUMEHTANIbHBIX JaHHBIX. OONUM MOIX0JI0OM K KiacCU(UKAIUKA CUTHAJIOB
SIBJISIETCS. BBEACHUE TMOHSATUSA PACCTOSHUS MEXY JABYMs CUTHAJIaMHU, pacuer
pacCTOSAHUI MOMapHO MEXJYy BCEMH CHTHAJIAMHU M HAa OCHOBAHUM MATPHUIIBI
paccTosiHuM pa3OueHne WX Ha Tpynmbl (KJIACTephl) C MOMOIIBIO OJHOTO W3
W3BECTHBIX aIrOpUTMOB. Pa3nuuHble anropuTMbl KIACTEPU3ALUU H3YUYarOTCs
TaKuM pa3elioM CTaTUCTUKW Kak KiacTepHbld aHamu3 [87]. OmHum wu3
BApUAHTOB BBEICHUS PACCTOSHUS MEXJY CHTHaJaMU MOKET OBbITh OIleHKa
OTJINYMS SIMIIUPUUYECKUX MOJEIIEH, MOCTPOCHHBIX MO CUrHanam [252].

B »stux TtepMuHax MOXHO c(hOpPMYyJIHpOBaTH W 3a7ady BbIJCICHUS
KBa3UCTALIMOHAPHBIX CETMEHTOB TI. 11.1: pa3nuuHble CErMEHThI OJTHOTO CUTHAJIa
paccMaTpUBaKOTC KaK pa3lIMYHbIE CUTHAJIBI, KOTOPHIE HA OCHOBE JIMAarpaMMbl
BO3BPATOB OOBEIUHSIOTCS B KJIACTEPHI — KBA3UCTAIIMOHAPHBIC YIACTKHU.

4) Vnpasnenue TEXHUYECKMMH OOBEKTAMH PEATH3YETCS PEryJIUpOBKON
mapaMeTpoB OO0BEKTa, K KOTOPBIM HMeeTcs MocTyml. [lomck onThMaIbHBIX
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apaMeTpoB PEAIbHOTO YCTPOWCTBA HAa MPAKTUKE MOXKET OBITh peatn30BaH
CJIeIYIOIIUM 00pa3oMm:
® [IPOBECTH U3MEPEHUS MPHU PA3IUYHBIX MTApaMETPax 00BEKTa;
® TIOCTPOHUTH OMIIMPHUUYECKYI0O MOJETh C 3aJaHHOM CTPYKTYpOH IO
KaXI0My HabOpy JaHHBIX;
® BBIABUTh MAapaMEeTPbl MOJEIN, H3MEHEHHE KOTOPBIX COOTBETCTBYET
M3MEHEHHUIO YIPABIIAIOIINX TapaMeTpPOB 00BEKTA;
e yccienysi MOJieNb, BBIIBUTH NApaMeTphl, OKa3bIBAIOLIME HauOoJIbLIEe
BJIMSTHUE HA XapaKTep ee TMHAMUKU;

e yccienyss MOAENb, HaWTH TaKhe 3HAYEHHs] MOCIEAHMX, KOTOpbIE

00eCneunBaIOT «HAWITYUIIUN PeKUM (yHKIMOHUPOBAHUS OOBEKTaY;

® 33]1aTh 3HAUYCHHUS [IAPAMETPOB OOBEKTA, COOTBETCTBYIOLUE HAMICHHBIM.

B pabore [66] Takoii mOAXO0a TPEMJIOKEH M OTYACTH pEaM30BaH B
OTHOIIEHUU CHUCTEMbI CTAOWIM3AIMM PE30HAHCHOM YacTOThl U TEMIIEpaTyphl
CEKIIMU JINHEHHOTO YCKOPHUTES DJIEKTPOHOB.

5) Pacuem cmamucmuueckux Xapakmepucmuk —ammpakmopog no
Kopomkum epemennvim psaoam [136]. OaHOM M3 Ba)KHBIX 3aJ1ad HEJIMHEHHOTO
aHalM3a XaOTHMYECKUX BPEMEHHBIX PAJIOB  SIBIAETCS  pacyeT  TaKUX
XapaKTepUCTHK AaTTPAKTOpa, Kak JIIMYHOBCKHE IOKa3zaTenu MU (pakTaibHas
pasmepHoCTh [220-222, 253, 254, 337]. Ho 11 HaAeKHOM OLEHKU 3THUX
BEJIMYMH 0€3 NOMOIIM MaTeMaTHYECKUX MOJesield He0OX0AUMbI OYEeHb JJINHHBIE
(4TOOBI TpPAEKTOPUS MHOI'O pa3 BO3Bpalllajach B OKPECTHOCTb KaXJI0Ml CBOei
TOYKH) W JOCTATOYHO «YHCTBHIE» BPEMEHHBIE PSJIbI, KOTOPbIE HA MPAaKTHUKE HE
BCErza MOTYT OBITh TMOJyYeHBI MO TEXHHYECKMM NpuyuHaMm. [ nobanbHas
TMHAMHYECKass MOJETIb MOKET OBITh YCIEIIHO MOCTpPOeHa MO ropasno Oolee
KOPOTKOMY PsiTy, €CJIH OHA COJIEPKUT HEOOIBIIIOE YHCIO mapaMeTpoB. [lomyuns
MOZ€Nlb, PACCUUTHIBAIOT JISIIIYHOBCKUME TOKa3aTeid W Pa3MEpPHOCTh €€
arTpaktopa (m. 2.1.4) ¥ NOPUHUMAIOT TMOJYyYEHHBIE 3HAYECHUS B KaueCTBE
HCKOMBIX OLIEHOK.

6) TectupoBaHnue Ha HenuHEHHOCTh W nerepmuHu3M [310, 326]. Ilpu
UCCIICIOBAaHUM JUHAMHKHU CJIO)KHBIX OOBEKTOB YAaCTO HE YJACTCS MOIYYHUTh
aJIeKBaTHOW MOJIENH, HAAECKHO OIEHUTHh pasMepHocTh W T.4. [lpuxomurcs
CTaBUTHh 0OJiee CKPOMHBIE BOIMPOCHI, HO OHU TaKXK€ MOTYT OBITh JOCTAaTOYHO
BaXHBI M cojaepkarenbHbl. OMH U3 TaKUX BONPOCOB: SIBISAETCS JIM JMHAMUKA
HccieyeMo cucteMbl HelnumHeHHoW? OTBET Ha HEro BO3MOXKEH C MOMOIIBIO
AMIIMpUYECKUX Mojenel. OaHa uX METOAMK BBITJIAIUT CIEAYIOIIHUM 00pa3oMm.

CrposiTcs JOKanbHbIE JTUHEHHBIE MOJIEIN C PA3JIMYHBIM YUCIOM cocelien k
(mm. 10.2.1.4, 10.2.1.5). Ctpoutcst rpad¥K 3aBHCHMOCTH CPEAHEKBAIPATUIHON
OJIHOIIIarOBOM OIIMOKM MPOTrHO3a & PACCUUTAHHOM IO TECTOBOMY pSAY WIH
«TEePEKPECTHBIM TPOrHO30M» (1. 7.2.3.4), ot k. Ilpu 3Hauenusax k, OIM3KUX K
JUITMHE TPEHUPOBOYHOTO Psifa, MOTydaeM TII00aNbHYI0 JIMHEHHYI0 Monenb. [Ipu
MalbIX k — pasHble HAOOPHI KOAP(DPHUIMEHTOB B PA3NUYHBIX MaJBIX OOJACTIX
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¢dazoBoro mpoctpaHcTBa. Eciu MCXOAHBIA MpOIECC — JIMHEWHBIN, TO OImMMOKa
IPOrHO3a YMEHBIIAETCS C POCTOM K, T.K. YTOUHSIOTCA OLIEHKH TapaMeTpoB
(ucmonb3yercst 60bIIas OKPECTHOCTH) 0€3 HapyIICHHs aJIeKBATHOCTH MOJIEIH.
Eciu mpomecc — HenuHEHHBIH, TO omMOKa MHUHUMalbHA MPH HEKOTOPOM
MPOMEXYTOYHOM K, KOT/Ia OHO JIOCTaTOYHO BEJIMKO, YTOOBI yCPEAHUTH LIYM, HO
OKPECTHOCTh JIOCTaTOYHO Maja, 4YTOObl JIMHEHHas anmpoKcHUManus Oblia
npuroaHa. Takum oOpa3zom, 1o rpaduky &(k) MOXKHO cJenaTh BBIBOJ O

HINYMYA HEJIMHEHHOCTH U OLIEHUTHh MaciTad, Ha KOTOPOM OHA IPOSBISAETCS
[326].

7) ApantuBHas uneTpauus myma [223, 259, 217]. B Haubonee oOueit
MIOCTAaHOBKE MMEETCSl HaOJI0aeMblil CUTHAN 77(¢), KOTOPBIA COCTOUT U3 CMECH

«TI0JIE3HOT0» CUrHana X (¢) W «Melarmnero» curuana &(t) — myma:

nit)y=X@@)+<&@). (11.8)

3amaya COCTOMT B TOM, 4YTOOBI BBIACTUTH cUrHaN X(f), T.e. TOJIY4YUTh
curnan X (¢), KOTOpbIA MeHbIIE OTIMYaeTcs oT X(¢), ueM HaOII0AaeMbli CUTHAI

n(t) [223]. Beipaxenue (11.8) cooTBeTCTBYET 4acTo 0OCYKIaBIIEHCS B TJIaBax

7 m 8 curyanuu wu3MepuTenbHOro myma. OCOOEHHO STOT IIyM Memial
gucieHHOMY AU GEPeHIIMPOBAHNIO, TNIE S €r0 CHWKCHHS HCIOJIB30BaJICs
¢bunbTp CaBunku — ['omas (1. 7.4.2) — BapuaHT JuHeHOU uibTpanuu [147].
Ho Bce nuueliHble (GUABTPHI OCHOBAaHbI Ha NPEANOJIOKEHUH O TOM, YTO
«uHTEpecHask» nuHamuka X (¢) u myMm &£(¢) UMEIT pa3judyHbIe XapaKTEepPHbIE

MaciTadbl, T.e. UX MOIIHOCTH COCPEAOTOYEHBI B Pa3IMYHBIX IMOJOCAX YacTOT
(m. 6.4.2.1). Kak nmpaBwiio, mym npeamosaraercs 04eHb BbICOKOYaCTOTHBIM (Ha
9TOM  OCHOBaHO mnpuMmeHeHue  ¢unptpa CaBuuku — Toms s
muddepeHIupoBaHrsa) WIA OYeHb HHU3KOYACTOTHBIM (MEIJICHHBIN Jpeiid
CpEIHEro 3HaYeHHs U T.I1.).

OpHako MOXKET OKa3aTbCs, YTO IIYM HMEET Te K€ BPEMEHHbBIE MacIITaObl,
yTto U curHai. [Ipu 3ToM nuHelHas QUIbTpalys HE TOMOXET, HO MOXET OBbITh
s dekTUBHON HeNMHEeHHas (UIbTpalys, KOTopas OCHOBaHA HAa MOCTPOCHUU U
WCTOJb30BAHUU HENMHEWHbIX Mojeneid. OcHOBHas ujaes OuyeHb IMpocCTa.
Ocmamxu moodenu &(t) (m. 7.3) sABIAOTCS oOlleHKaMHu 1mymMa ((axTopos,

KOTOpBIE HE OOBSCHSIOTCS MOCTPOCHHOW MOENbI0). Torga MOXKHO TMOJYYHTb
OIICHKY CUTHaJIa, BBIYMTAs U3 HAOIM0gaeMou 77(¢) OLeHKH myma (1) :

X)) =n(t)-&). (11.9)

BapuanToB peanuzanuu 1moaxojaa MHOXKECTBO. B ofHOM W3 mepBBIX paboT
[223] uWCMONB30BATUCh JIOKAJIbHBIE JIMHEWHbIE MOJENU. 31E€Ch HUIrPAIOT
KIIOYEBYI0 poJib [poOieMbl MOoA0Opa pa3MEpHOCTH MOJEIM W BUAA
AnMPOKCUMUPYIONUX  (PYHKIUN, TOCKOJBKY HEaJeKBaTHAasT MOJIeTIb JaeT
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Yacrts II. Mooderuposanue no epemennvim psaoam

CMEIIEHHBIE OIEHKH X (f), KOTOpble MOTYT OBITh COBCEM HE MOXOXKHMH Ha
UCTUHHBIN curHan X (¢), T.e. MPOUCXOAUT He (QUIbTpALUs IyMa, a JalbHenlIee

VCKQ)KEHUE CUTHAJIA.

8) HakoHel, HamOMHUM €II€ pa3 TaKyl MEPCIEKTUBHYIO BO3MOKHOCTH
NPWIOKEHUN, KaK BOCCTAHOBIIEHHWE XapAKTEPUCTHK HEIMHEHHBIX 3JIEMEHTOB
JJIEKTPUYECKUX LENell W JPyruX CUCTEM C IMOMOLIBK0 MOJEIUPOBAaHUS B
MOCTAHOBKE «CEePBIN SIUK» (CM. M. 9.3). XapaKTepuCTUKH BOCCTAHABIMBAIOTCS
C TIOMOIIBIO MOJIENH JIaXKe B peKUMax OOJBbIINX aMIUTUTY/ U Xa0ca, KOrjaa OHU
MOTYT OBITb HEAOCTYNHBI MU3MEPEHHIO C MOMOIIbI0 OOBIYHBIX CPEACTB. DTOT
NOAXOJ  YCHEINIHO  peaau30BaH I MCCIEAOBaHUA  JUHAMHYECKHX
XapaKTEPUCTUK KOHJIEHCaTopa c CETHETOMIIEKTPUKOM [236],
MOJIYIPOBOJTHUKOBBIX 3JIEMEHTOB [322, 328], BOJOKOHHO-ONTUYECKUX CHCTEM
[333].
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