MATEMATHYECKHUE MOJEJIN
YITPABJIEHUS ITPOLTECCAMI M CUCTEMAMU

MaremaTnueckue MOIEIN KaK OOUH U3 METOIOB MOIEJIN-
poBaHUA ABIAIOTCA HanmboJIee MOIIHLIM NHCTPYMEHTOM HUCCJIe-
JOBAHUS CJOKHBIX CHCTEM PasJaudYHON mpupoasl. Onupasch
Ha TOCTUKEHUS COBPEeMEeHHOM MaTeMaTuKM, 9TOT HHCTPYMEHT
obecrieumBaeT pellleHrMe MHOTHX IpaKTHuecKux s3amad. I[o-
CTaBJIAA UCCJEIOBATEII0 TeOPETUUECKH ITOATBEePKIeHHBIE 1
000CHOBAHHEIE PEIlleHNsI, 00/Iagasd MOIIHEHIIINM allapaToM
pellleHus 3amad, MaTeMaTHYeCKOe MOJEJINPOBAHIIE BMECTE C
TeM HMeeT U OIpeleJieHHbIe HemocTaTKu. CBA3aHLI OHU HE
CTOJIBKO C O0'beKTUBHBIMU IIPUUYNHAMU, a CKOPee C ITOCTOSH-
HO IIPOMOJIKAIOIIMMCS IIPOIIECCOM IIOCTAHOBKY HOBBIX, BCE
6oJiee CJIOMKHBIX 3a7ad, UTO B CBOIO OUepeb 3aCTaBJIAET He-
IIPEePLIBHO PAa3BUBATHCA U KAK TAKOBYIO MaTeMaTuky. M, Ko-
HEYHO, caMa MaTeMaTUKa, HaX0AsACh B HETIPEPHIBHOM Pa3BU-
TUU, HEe TOJBKO IpeJjaraeT IpakTUKaM BCe HOBbIE 1 HOBBIE
MEeTOIUKU 1 METOAbI UCCAeN0OBaHUS, HO M OTKPHIBAET BO3MOMK-
HOCTH U3YyUeHU’s Bce 0oJiee 1 60Jiee CIA0KHBIX 00BEeKTOB.

C TOUK U 3peHUs MOJEeIUPOBAHUA CUCTEM MaTeMAaTUYECKOe
MOJeJINPOBaHue, K COKAaJIeHNI0, He IT03BOJISAEeT IT0KAa UCCIe0-
BaTh CJIOKHBIE, B OCHOBHOM OPraHM3allMOHHbBIE, CHCTEMBbI.
CBsI3aHO 3TO C TEM, UTO HA3BAHHBIE CUCTEMbI HACTOJIbKO Pas-
HOOOpAa3HbI M PA3HOPOAHEI II0 BOZMOYKHOCTSM MaTeMaTHUde-
CKOTO OIMCAHUA UX 3JIEMEHTOB, UYTO BO3HUKAET 3a7adua 00be-
IUHEHUA Pa3JNUYHBIX MaTeMaTHUYecKUX almapaToB. B Ha-
cTosdlllee BpeMsA MaHHAS 3amadya pelraeTcs IIOCPeICTBOM
UMUTAIIUOHHOTO MOAEJNPOBAHUA. A 9TO UNCJIEHHBIN dKCIIe-
PUMEHT, DA YaCTHBIEe Pe3yJIbTaThl.

OueBUIHO, UTO HamboJiee MPOAYKTUBHBIE U IIyO0KMe pe-
3YJbTATHI CIAEAYET OKUIATH OT MATEMATHUUECKOT'0 MOJEIHUPO-
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BaHMUA, HO MPAKTUYECKUE MCCIEeIOBAHUSA CJOKHBIX CHUCTEM
MPUBOIAT K HEOOXOAUMOCTHU UCHOJIb30BaHuA umMuTaiuu. I1o-
BUINMOMY, 9TO 00beKTUBHO MapaJleIbHBIN IIpoiecc — pas-
BUBaeTCs anllapaT MaTeMaTU4eCKOro MOAeINPOBAHUS, HO O[T~
HOBPEMEHHO YCJIOKHAIOTCA U UCCIe[yeMble CUCTEMBI.

Hasee MbI OyZeM paccMaTPUBaThL MaTeMaTHUUYeCKoe MoJe-
JUpOBaHUeE He B (OpMe TPAAUITMOHHOTO ONNCAHUSA METOAUK U
MEeTO/I0B, TPUMEPOB U MOJYUEHHBIX Pe3yJIbTaTOB, a COBMEC-
THM TaKOe U3JI0KeHNe C B3BAaNMHOI YBSA3KOM ¢ paHee 1 II030Hee
M3y4YaeMbIMHU AUCIUILIMHAMM y4eOHOTO IIJIaHa GakKajaBpa.
Taxoii mogxon ocHoBaH Ha MoHOrpaduu P. Jlu.

Cnenys P. JIu, BbIAeIUM IATH KPYITHBIX KJIACCOB, pelliae-
MBIX C IIOMOIIIbI0 MaTeMaTUYeCKOro MOAeJNPOBaHuA. JacThb
W3 HUX MPAMO CBsS3aHa C pPeIlleHreM 3ajau yIpaBJIeHUs, a
yacTh obecrieynBaeT pellleHre 3aJau aHaJau3a 00beKTOB HC-
caemoBauua. Ho Bo Bcex ciaydasxX IOJYUYAeMbIN pes3yJbTaT
ITOCTUTAETCH C YCJIOBUEM €r0 MPUOINKEHNA K HEKUM UIealb-
HBIM, JKeJIaeMbIM COCTOAHUAM. [I0MCK ONITHMAaJJIbHOTO pele-
HUSA — 3TO, IIOKAJYI, OCHOBHAA I1eJIb CYIIIeCTBOBAHUSA 00JIb-
IINHCTBA JIIOAeH.

B camom 001ieM BuAe THIHNYHYIO 3aaUy OINTHUMU3AIUU
MOKHO Pa3JIOKUTh Ha CJIEJYIOIINe COCTABIAIONINE:

e ompeneseHUeE IeJIH;
e ysCHEHNE TeKYIIeTo MOJIOKeHUA II0 OTHOIIIEHUIO K I1eJIH;
® OIMMCaHVeE BHEIIIHNX U BHYTPEHHUX (DAKTOPOB, BIUAIOINX

Ha IPOIILJIoe, HACTOAIIee U OyAyIliee COCTOSHUS CUCTEMBbI;

e cocTaBJIeHMe HanboJIee IIPpUeMJIeMOM CTPaTeTU ! TOCTUKe-

HUS 1eJIn.

Bce sTu cocraBigioie B IOJHOM 00beMe HaXOAAT OTpa-
JKeHUe B OIIMCHIBAaeMbIX HUKE KJaccaXx MaTeMaTUYeCKUX MO-
meJiei.

3.1.
JETEPMUHUPOBAHHOE YIIPABJIEHUE

PacouoTpimy cireyiomIyro sa-
mauy (puc. 3.1). e 5.0
HC. O.

Ha IIPUBEIEHHOM CXeMe nUMe- IleTepMUHUPOBAHHOE
IOT MECTO O0'LEKT 1 nU3Mepuresib- yIpaBJjieHue



Hoe ycTporictBo M. Ilocinenuee mpegHasHaueHo AJad dpukca-
MU BBIXOJHOTO CUTHAaJIa 00beKTa X(f) B ApYyroi, HeoOXomu-
MO ¥ TOHATHOM UCCJIeA0BATENIO (DOPMe — U3MEPEHHOM CUT-
Hate 2(t). Hanuuwme 1 He06XOAUMOCTD U3MEPUTEIA B TaHHOM
3ajJjaue He CTOJIb OUEBUIHLI B CDABHEHUHU C APYTUMHU, PACCMAT-
pUBaeMBIMU HUKEe 3aJlauaMu, KOTJa Ha O0BeKT WJIU U3Me-
puTes b BO3AeiCTBYIOT BHEITHHE MOMeXM. BXOmHOU cUrHa
00beKTa u(?) HOCUT Ha3BaHWE YIIPABJIAIOINET0 U ABJIAETCA
BBIXOJHBIM CUTHAJIOM HEM3BECTHOT'O YCTPOICTBA YIIPABIEHUS.

Bzazmaue ganbl fmHAMUUYECKME COOTHOIIIEHU S, OITMCHIBATO-
e o0peKT 1 u3MepuTesb. [locaeqHee 03HAYAET, UTO UCCIEH0-
BaTeJb 00JIaflaeT MaTeMaTUUYeCKON MOZebIo (InHaMuUYecKoe
COOTHOIIIEHUE), aIeKBATHO OMMUCHIBAIOIEN (QYHKIIMOHUPOBA-
HUe 00beKTa NI uaMepuress. IHBEIMU CIOBAMU, UCCIELO-
BaTEJII0 UBBECTHO KaK 00'HEKT IlepepadaThIBaeT yIIPaBISIOIINI
curgai u(t) B BLIXOJHOM cUTHAJ 00'beKTa X() My KaK uaMe-
puTenb nmepepabaThIBaeT CBOM BXOAHOU curHaha x(t) B msme-
peHHBII BbIXOA 2(t). 3HAHUE XapaKTepa OTOOpasKeHUs dTUX
mpeoOpas3oBaHUili BO BpeMeHU BEIPAKaeTCsA B TOM, UTO BCE CUT-
HaJIBI 3aBUCAT OT BPpeMeHU { M CAaMU COOTHOIIIEeHUA Ha3BaHbBI
IUHAMUYECKUMHU.

Heo6xoaumo oThICKATh TaKoe yupaBieHue u(t), 4ToOBI
BBIXOJ 00beKTa X(t) Uau U3MEePEeHHBI BBIXO[ 2(f) OBIIN KaK
MOXKHO OJIIXKe K sKenaeMbIM x ' (¢) mau 27 (t).

Koneuno, TepMUH «KeJlaeMbIii» HEBO3MOYKHO OIIPEIEIUTD
MmaTematuuecku. Ho Kak ToabKO ganHad (1 ar06as paccMar-
puBaeMasa HUIKe) 3aaua OyAeT KOHKPEeTU3UPOBATHCA IS Pe-
aJILHOTO O0HEKTA ¥ UBMEPUTEJISA, CPABY K€ OTKPBLIBAETCA BO3-
MOJKHOCTH KOJMYECTBEHHO BBIPA3SUTH JKeJlaeMble 3HAUEHUS
x“(t) u 2*(t) u chopMyIUPOBATH KPUTEPUil GIUZ0CTU BBIXOT-
HOT'0 MJI N3MEPEHHOT0 CUTHAJIA K He0OXOAUMBIM, KeJIaeMbIM
3HAUEHUAM.

MeTomp!l pellieHusa TaHHOTO KJacca 3aJa4d MOMKHO pasje-
JATH Ha JABe KATeropuu — aHAJUTHUYECKUe U UYHCJIEeHHbIe.
U onu msyuaroTcsa B Kypce «Briciiag maTeMaTHUKa» U B CIie-
MUaJIbHOM Kypce « BoiunciuTeabHasS MaTeMaTHuKa » .

OTrinurie aHAJTUTUYECKUX U YNCJIEHHBIX METO/0B SBJIAET-
cA IPAMBIM OTPaKeHNEeM TeX OTJIUYMNI, KOTOPhIe PasaesaioT
MaTeMaTHUUeCcKoe 1 MMUTAIlMOHHOE MoleIupoBanue. ['1aBHOE
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JKe oTaIn4yue COCTOMUT B TOM, UTO €CJIN pellleHne II0JIy4YeHO, TO
OHO pacCIIpOoCTpaHdAeTCA Ha Ile.)'[]:IfI KJacc 3ajga4, a He OoHYy CIIe-
I_II/I(I)I/I‘IECKYIO 3agavdy. NwmenHo saTo u nmpugaetT 60JbIIToe Teope-
TUYECKOEe 3HAUCHNEC AaHAJIUTUUYECKUM METOOAaM.

3.1.1.
AHAJHUTHYECKHUE METO/bI

KraaccrueckuM aHATUTUYECKUM METOAOM PeIlleHU s OTHO-
ro U3 BAPpMAHTOB PACCMAaTPUBAEMON 3aaUu sIBJIsIeTCA 3a1aua
nuddepeHIInaIbLHOTO UCUNCIeHUA. PaccMOTPUM CKAIAPHYIO
dyurmuio z = z(x, u) 6e3 orpaHUYEeHUl, TIe X U U COOTBET-
CTBEHHO - 1 m-MepHbIe BeKTophl. HeoOxoqumo HaiiTu Takue
X ¥ U, IPU KOTOPBIX 2 JOCTUTaeT MUHIMYMA.

Heob6xogumeble yCca0BUA UMEIOT CJAeqYIOITUI B :

dy = gy du+gy dx=0.

Tak xak mpupainesnusa du u dx ITPOU3BOJbHLI, TO TPATU-
€HTHI 0y/0u 1 Oy /00X DOJYKHBI PABHATHCA HYJIIO B CTAI[OHAD-
HOU TOUKe.

O HaXO0KIeHUs JOCTATOUHBIX YCJIOBUI PACCMOTPUM
pasioxkenue B pan Teisopa B OKPECTHOCTU CTAaIlMOHAPHOM
TOUKMN:

2 0%

0z 0z ox?  Ox-ou | |dx B

oz = u du+a -dx +[dx',du'] S -{du}r...—
ox-0u  ou?

=0+0+[dx’,du’]~[D]-{dx}+...
du

Ecau cranmonapHas TOUKa ABJISAETCA TOUKOM MUHUMYMaA,
T0 62z > 0, ecsiu TOUKOH MakcuMyMa, To 62 < 0. Ecau 6z =0,
TO MBI UM€€EM JIeJIO ¢ 0cO00# TOUKOI — TOUKOM pasphiBa, TOU-
Koii meperuba u T. i. B mepBom ciryuae marpura [D] gomxHa
OBITH MOJIOXKUTEJBHO OIIpeaesieHHou (yciaoBue Jlekanapa —
Kne6mra).



IIpumep 3.1. IlycTh 00bEKT HA pUCYHKe 3.1 omuchIBaeTCA
COOTHOIIIeHNEM X = 2 - U, a U3MEPUTEJb — COOTHOIIIEHNEM
z2=e9%,

Hawm HeoOxoamuMo HaWiTH TaKoe yIpaBJIeHUe U, YTOOBI 13-
MepeHHBII BLIXOJ, cTpeMuca K equnuIe (2° = 1).

Pewenue 3.1. Ucnionb3ys faHHbIE TUHAMUYECKHE COOTHO-
IIeHuA, HalileM 3aBUCUMOCTDb N3MEPEHHOT'O BBIXO0/a 2 OT YII-
paBiIeHUs

z=e¢ 208, (3.1)

B kauecTBe KpuUTepUA OIEHKU OJM30CTU MU3MEPEHHOTO
BBIXOZIA 2 K JKeJIaeMOMY 2 BbIOepeM PacCIIPOCTPAHEHHBIN KPu-
Tepuil KBaJgpaTa padHoCTel

min{(z-2z")2}.
z
ITozctasuMm (3.1) u z° B BRIpasKeHHe KPUTEPUS

min{(e 2 ~1)?)

U HAWIeM 9KCTPeMYyM IIOJYyUeHHON PYHKIIUNT
a
du

Orcrona mony4daeM u; = toomuy = 0.
IIpoBepuM JocTaTOUHBIE YCIOBUSA

{(e—2au _ 1)2} — _4ae—2au (e—Zau _ 1) =0.

2
:_2{(8—2au _1)2} = 8q2e2au (ze—Zau _ 1).
u
d2
Ipn u; = 40 — {(e72* —1)2} =0, T. e. B TaHHOM CIyuae

du
MBI IOJIYUYUJIU 0COOYI0 TOUKY, KOTOPYIO (IpU HEOOXOAMMOCTH)
MOKHO MCCJIEOBATH XOPOIIIO OMMCAHHBIMU METOaMMU.

2
IIpu u, =0 %{(e*z‘“‘ -1)2}=8a? >0. Takum ob6pasom,
u

npu yupasjienun u = 0 00beKT OygeT TakuM 06pa3om mnepepa-
6aTLIBaTB ITOT praBJ’IHIOH_[I/Iﬁ CUTHaJI, 4TO HBMepeHHBIfI cur-
Ha’ z 6y[eT IpuBefeH K xKenaeMoMy 2° = 1.
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BHOBBL OTMeTHM, UTO HAIIIA IeJb COCTOUT B OOCYKACHUN
OCHOBHBIX HMOHSATHM, Pa3NUYHLIX METOJ0B. PasiInuYHBIM Me-
TOAAM HPUCYIIY CBOU OTPAHUYEHUA, KOTOPbIE HEe ABJIIIOTCA
a0CcoJIIOTHBIMU. BO MHOTHX CJIyYaAX OHU HPeomouMbl. [lei-
CTBHUTEJILHO, HAIIICAHO MHOYKECTBO KHUT O Pa3IMUYHBLIX 0000-
I[eHUAX U U3MEHEeHUAX OSHOT0 TOJAbKO Au(dHepeHInaIbHOI0
WCUMCJEeHUA. A BeIb eCTh ellle ¥ BapHUalliOHHOe NCUMCIeHre
U T. . U MHOTHE JPYTue BechbMa 1 BeCbMa MHTePEeCHbIe MaTe-
MaTHYeCKNe MOJeJIN, VKJIaIbIBAIOIIECs B KJIACC 3a7aY [eTep-
MUHUPOBAHHOTO yIpaBieHusa. VI 4ToObI He YHTH OT IIeJIu 13-
JIOJKEeHU, afpecyeM YnUTATeNd K COOTBETCTBYIOIIUM JIUTEpa-
TYPHBIM UCTOUHHKaM. TeMm 6ojiee, YTO K MOMEHTY U3yUeHUA
Kypca, CBA3aHHOTO ¢ MOJAEJIUPOBAHUEM CJIOKHBIX CHCTEM, BbI
B MTOCTAaTOYHOM Mepe MOJI*KHBI OBIJIM OCBOUTH KYPC BBICITIEH
MaTeMAaTHUKHU.

3.1.2.
YU CJEHHBIE METO/bI

Paccmarpusas 3agauy nudPepeHInaarbHoro HCUNCIeHN I,
MBI BUAUM, UTO HAM HEOOXOIMMO OBLJIO PEIIUTh YpaBHEHUE
IS ompeAeeHUA HeOOXOAUMBIX YCJIOBUN OINTHUMAJIbLHOCTH.
Ho, K coxanenuo, He Bcerza BOSMOYKHO Pa3pPEeINTh 3T ypaB-
HeHUusA. AHAJIOTUYHBIE TPYAHOCTY BO3SHUKAIOT U B IPYTUX aHa-
JUTUYECKUX METOaX.

I pellleHusA MOCTABJIEHHON 3aJaUM JeTePMUHUPOBAH-
HOT'O YIIPaBJEeHUA IPUMEHIIOTCA YUCJIeHHBIE METOABI, KOTO-
pble U3yvaioTcA B Kypce « BeIunmcauTeabHasd MaTeMaTUKa» U
eMy IIOJO0HBIM.

OcHoBHAS UAed YUCJIEHHBIX METOJAOB COCTOUT B 3aJaHUU
HAYaJbHBLIX 3HAUEHUHN ONTUMUIUPYEMOTO CUTHAJA, OIpeIe-
JeHUU TPaBUJ UX U3MEHEHUA W 3aJaHUM YCJIOBUIN OKOHYA-
HUS IIpoIecca U3MeHeHNA SHAUEeHU N CUTHAJIA.

IIpounmrocTpupyeM cKasaHHOE Ha IPUMepe IIPOCTEHNIIIEero
YKCJIEHHOTO MEeTOIa HaXOMKAEHUA DKCTPEMyMa — MeTOoAa M-
XOTOMUH (IIOJIOBUHHOTO EJIeHMU).

IIycTs 3aBUCHMOCTB KBaJpaTa pa3HOCTH MEXK 1y U3MepeH-
HBIM BBIXOJIOM Z 1 €T0 3KeJIaeMbIM 3HaUeHNeM 2* 0T YIPaBJIAIO-
IIIero CUrHaJja IpeJcTaBjeHa Ha pucyHKe 3.2. 3ajgaguM Ha-
YaJIbHOE YIIPaBJIEHUS U ¥ BBIUYNCJINM COOTBETCTBYIOIIEE EMY
3HAYeHNe ONTUMU3NPYEMOil BeJIMUUHEL 2.



e ——

[ [ B,

Puc. 3.2
YuciieHHbIE METOABI (METOA AUXOTOMUM)

YcimoBumces, uTo OyIeM U3MEHATh YIIPABIAIOIINHA CUTHAT
uHamar h. [Ipu sToM, HauHEeM UBMEHEeHNe TaK, YTOOB!I 2] < 2.
BHoBb usmensiem u Ha mar A. Ilonryyaem HOBoe yIpaBjieHUe
Uy U COOTBETCTBYIOIee eMy 22. IIpoBepseM yciaoBue: zj < 2.

Ecui 9T0 yc10BMe BBITIOJIHACTCSA, TO IeHACTBYEM aHAJIOT Y-
HO. Ecsiu HeT (Kak B HallleM ITpuMepe), TO MeHsIeM 3HaK Inara
Ha IPOTUBOIOJOKHBIH (MeHseM HalpaBJieHre ABUKeHUe), a
BeJIMUUHY IIara YyMeHbIIaeM B ABa pasa — h/2. [Tomyuum Ho-
BOe yIIpaBJIeHUE U U COOTBETCTByMOIIee eMy 25. U Tak meii-
CTBYEM [faJjiee.

J s TOro 4To0bl IPEKPATUTD ITPOIECC HAXOMKAEHU S DKCT-
pemymMa, He0O0XOMMO 3aAATh AJIA pelraeMoil 3aJayun BeJITUUM-
HY PACXOKICHUA MEKAY IPEIbIAYIIIM U IOCTAeIYIOMNM 3HAa-
YeHUAMU U3MEPEHHOTO BBIX0oaa 2'.

Taxum obpaszoM, 3aaun JAHHOTO KJacca — MeTepMUHU-
POBAaHHOTO YIpPAaBJEHUS — MOTYT PemraTbcsa Jub0 aHaTUTH-
YeCKUMHU METOIaMu, 100 YNCIeHHBIMU MEeTOJaMuU.
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3.2,
3ATAYA OIIEHKHU
Paccmorpum caepyromnyio 3a- ¢w(t) iv( £
mauy (puc. 3.3). o5 x(t) - 2(t)
3nech w(t) u v(t) — mercTBYIO- [O6vexr ] [ar]
e Ha 00'beKT U UBMEPUTENb I10- Puc. 3.3

3ajaua OIeHKH
MeXH.

W3BecTHBIE TMHAMUYECKYE COOTHOIIIEHHU A, OTTMCHLIBAIOIIIIE
paboty obbekTa (3aBucumMocTu Me:xKay w(t) u x(t)) u padory
uaMepuresnda (3aBucuMocTu Mex Iy x(t), v(t) u 2(t)). Illomexu
w(t) m v(t) 3aJaHbI CTATUCTUYECKUMU OMMUCAHUSIMU, METOIM-
Ky COCTaBJIEHUA KOTOPBIX OyAeM paccMaTpuBaTh HuKe. Ceii-
vac yKe AJIs1 OIIPeeJIeHHOCTH MbI CKaYKeM, UTO 9TO Pe3yJIbTAT
CTATUCTUYECKOII 00pabOTKU COOTBETCTBYIOIIUX CUTHAJIOB,
00€eCcIIeunBAIONNX NCCIELOBATENSA IO BO3MOXKHOCTH IIOJTHBIM
mpeacTaBJaeHUEM 00 UX BePOATHOCTHO-CTATUCTUYECKUX CBOTI-
CTBaX.

B nmanHOIt 3amave (KaK ¥ BO BCeX MOCJEAYIONIUX) YETKO
IIPOABJIAETCSI HEOOXOAUMOCTh BhIZIeIeHNA 00 beKTa U M3MEePH-
Tesa. CBA3aHO 9TO C TEM, UTO AEHCTBIE IOMEX Ha UBMEPUTEIH
MOKeT ObITh OTHOCUTEJIHLHO IIPOCTO ONKUcaHo. VlaMepuTess —
9TO BeIb U3BECTHHBIN IPUOOP, B oTyinuue oT o0beKTa. IloaTo-
MYy B U3MEPEHHOM CHUTHAaJIe II0ABJIAETCSI BO3ZMOMKHOCTE Gojiee
TOYHOT'O OIIeHUBAHUSA BO3AENCTBUA, BIUIAHUA IOMeX UMEHHO
Ha 00beKT. B pesyabTaTe HAOMOOeHUN 3a 00BEKTOM 3a()UK-
cupoBaHbI TaKKe usmepenud z(¢/T) B MomeHT Bpemeru t < T'.

Heo6x0amMO0 OIeHUTH HANJIYUIITYIO B HEKOTOPOM CMBICJIE
OIleHKY BBIXOIHOTO curuaia oobexra x(t/T).

Eirie pas moguepKHeM, UYTO IPU KOHKPETU3AI[UY 3aaUn 1
3ajaHusA KOHKPETHOTO KPUTePUA 3aJaua CTAHOBUTCSA MarTe-
MaTUYEeCKH OIIPeeIeHHOM.

Orenka BBIXOJHOTO CUTHAJIA 00 beKTa MOMKET OBITH ITPOBe-
IeHa B Tpex Bujax (puc. 3.4):

e KOT[a BLIXOIHOI CUTHAJ OIIEHUBAETCSI B MOMEHT BpeMeHU
OKOHYaHUA QuKcanuu nsmepenuii t = T (3agaua QuiabT-
panum);

® KOr[a BBIXOIHOI CUT'HAJ OLEHUBAETCA B IIPOIIIEAIIe MO-
MeHTHI BpemeHu ¢t < T (3agava MHTEPIIOJISAIINN);



Z()

Ouenka cursaiua x(t)

} Ommubxa x(£)—2(t)
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1
1
1
1
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1
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1
! Dunprpanus
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1

1

1
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0 WuTepnonanusa T IKcTpanonsanusa ¢

Puc. 3.4
3azauyu GUILTPAIUU U IPOTHO3UPOBAHUSA

® KOr/ja BLIXOIHOM CUT'HAJI OI[eHUBAeTCA B OyAyIie MOMEH-
TbI BpeMeHu ¢ > T (3aaua 9SKCTPAIIOJIAIINAN).
ITocneguue nBe 3aauy B COBOKYITHOCTHY HA3BIBAIOT 3a/a-
yeil TPOTHO3UPOBaHU (IpeACKa3aHUI).

3.2.1.
OUJbBTPAIINA

B namHOM nmopznaparpade paccMaTpuBaeTCs OfHAa U3 IIPO-
CTEMIINX MaTeMaTUYeCKUX CXeM, pPeIIalolux 3agady
bunbr- panmu. OCHOBHAas e€ro TeOpUs XOPOIIO W3BECTHA.
ITosTo- My, 3mech MBI JUIIb PACCMOTPUM OCHOBHBIE HIEU
dunprTpa BuHepa m ero cBsA3h C M3yYaeMOH U UMHBIMU
y4eOHBIMY UCIIUILINHAMMU.

Oco6oe BHUMaHUE CJIeLYyeT 00pATUTh HA (POPMYJIUPOBKY
KPUTEPUs OIeHKU U YCIOBUA, HAKJIAAbIBa€Mble HA UMEIOIIM-
ecd B CUCTEME CUTHAJIBI.

v(t) Cxema cUCTEeMBI OTITUMAJIb-
y(t) z(t)w+ #¢)  HOH GUIBTpPAIUU IPHUBEIEHA

Ha pUCYHKe 3.5.
3zmechb x, Y, 2, UV, X — CKa-
Puc. 3.5 JApbI; x(t) — JKeJaeMbIid CUT-
®unsrp Bunepa Haa; X(tf) — OIleHKa curHaJja,
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x(t) = x(t)— x(t); v(t) — momexa; y(f) — OIeHWBaeMBIH CHUT-
HaJ; 2(1) — OIleHUBAEMbIH CUTHAJ C TTOMEXOH.

Bce curHassl 1 IITyMbl — CTAIlMOHAPHBIE CAYUYaHbIE ITPO-
1[E€CCHI C UBBECTHLIMY CTATUCTUYECKU MU CBOMCTBAMU.

VYceramaBiuBaeTcss KPUTEPUH OITUMAJIbHOCTH — MHUHU-
MyM CpeJHeKBaAPATUUHOM omubru min{x2(t)}.

B 3agaue He06X0AMMO OTBICKATE (PU3UYECKU PEATU3yeMbIi
(UILTP, KOTOPHI IPeodpPa30oBLIBAJ ObI BEIXOAHOM cUTHA 2(1)
TaK, 4T0OL MUHHMHU3UpPoBaca M[x2(t)].

Pemenne 3agaun. O6o3nauum Wy(t) — BecoByo QYHKIIIIO
dunbrpa F u W () — BecoByio QyHKIIMIO Mozesnu o. V13 Teo-
puu TUHEHHBIX CUCTeM U3BECTHO

x(®)= [Wp()z(t-1)d. (3.2)

HckmounTenbHO A8 IPOCTOTHI ostoskuM W (¢) = 1 Taxk,
uTto x(t) = y(t).

BrIBoA HAUHEM C PABJIOKEHUA IIOTPEIITHOCTY (PUIbTPAIIUU
X(t) 1 3aMeHEI B Heli cjlaraeMbIX Yepe3 COOTBETCTBYIOIINE Be-
COBBIE QYHKIIUU

x(t)=x(t)—x(t)

1 IocJse yepeAHeHN (OIleHNBAHKUSA MATeMaTHUeCKOT0 0K A -
sHua M[x2(t)])

X2(t)=x2(t)-2x(t)x(t)+ x2(t). (3.3)
IIpoBoauM IpeobpasoBaHUA IEPBOTO CIATAEMOTO

2P = [We()z(t-t)dr - [Wr(r2)z(t - t2)dt, =

—o0 —0o0

= jWF(rl)( jWF(rz)z(t—rl)z(t—rz)drzjdrl

—00 —00

", I10CJIe YyCpeagHeHu A

2ty = jwp(m{ jWF(rz)z(t—rl)z(t—rz)derdrl -

—00 —00

. . (3.4)
= jWF(rl)[ jWF(rz)chz(rl—rz)derdn.
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B (3.4) @,,(1y —ty) — KOppeJnAIMOHHAA MaTPHUIA, apry-
MeHTOM KOTOpOH (B CHJIy CTallIOHAPHOCTU CUTHAJIOB) ABJIA-
eTCs Pa3HOCTb apPI'yMEHTOB COMHOKUTEJIeN KOPPeIAUOHHBIX
MOMEHTOB 2(t—1;)2(t —1y).

ITo amaymoruu BTOpOE 1 TPeThe cjiaraeMble IMEIOT BU]

2Ox(®)= [We(t)zt -1y = [Wr (1P (11)dvs; (3.5)

x2(t)=y2(t). (3.6)

W nanee sagaua cBOAUTCA K IIOUCKY TAKOU BECOBOM (PyHK-
nuu Wy(t), KoTopas MUHIMU3UPOBaJa 651 omubKry X(£)2.

YuursiBasg JUHEHHOCTH PUILTPA, MOYKHO IIPEICTABUTH
BeCOBYIO QDYHKIINIO (hUIbTPA B BUE IBYX CJIaraeMbIX

Wi(t) = Wy(t) + - W(2),
rae Wi (t) — ucrkomasg ontuMasibHaa BecoBasd pyurmsa; W(t) —
BecoBas (PYHKIIUSA, Ipeodpasyroliasd moMexu; € — Koaddu-
IIMEHT.

Torzma, oueBUAHO, MUHUMYM HEOOXOIMMO OTBICKBATD IIPU
ycaoBuu € = 0 ¢ TeM, YTOOBI HOJNIYYUTh UMEHHO OIITUMAJIbHYIO
BeCOBYIO GhYHKITHIO.

WUrak, Heo6X0oqMMOE yCA0Be MUHUMYMAa NMeeT BU/T

0x?
- =0
o £=0

nin

0Bt  0R@)x()
Ot |e:0 Ot £=0

=0. (3.7)

Ucnonways (3.4), moryuaem

T ©

% . :%{ [Wo(r)+eW (1)), x

X I(WO(TZ)+8W(T2))¢)22(TI —Tz)de} = (3.8)
- e=0

=2 W(n){ [Wo(22)®... (11 — 7 )drz}drl +3,

raoe 6 — uJyieHBI 60Jiee BEICOKOT'O IIopAgKa.
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U, nconnsys (3.5), umeem

0x(t)x(t)
Oe

= e, (3.9)

IToacraBasem (3.8) u (3.9) B (3.7):

[W@)|| [Wo@®..(11 -v)dr |- @, (1) |dry =0.
Tak xax W(t), BooGIIe TOBOPSA, IPOU3BOJIbHAS QYHKIIUA,
TO HEOOXOMMOE YCJIOBIe MUHUMYMA IPUHUMAET BU

ijO(r)cbzz(t —1)dt |- D,,(t) = 0. (3.10)

Vpasuenwue (3.10) HasbIBaioT ypaBHeHueM Bunepa — Xorr-
da. B Hem Koppessanunonnsle MaTpunsl O,, u @, n3BECTHHI U3
ycaoBuii 3agaun. CiaefyeTr OTHICKATh ONTUMAaJIbLHYIO BECOBYIO
dyuarnuio W(t), uTo, BooOIIIEe TOBOPA, U 0OecIIeYnBaeT JKeJra-
emMyio QUIBTPAIIUIO.

3.2.2.
SATJAYA ITPOTHOSUPOBAHHUSA

IIpoGiemaM HmPOTHO3UPOBAHUS, MPEACKA3AHUS UEJIOBEK
BCerja yaeJsj MOBLIIIIeHHOe BHUMaHue. MbI He OyaeM 31ech
paccMaTpUBaTh BOIIPOCHI KAYECTBEHHOT'O IIPOrHO3UPOBAHMUS.
B nuTepaType omrcaHo JOCTATOYHO MHOTO PA3TMUHBIX KOJIM-
YeCTBEHHBIX METO0B dKCTpa- ¥ uHTepnoasnuu. Ilogpoduo u
JOCTAaTOYHO TOJIHO OHNMCAHBI YCIOBUSA UX IpuMeHeHuA. Ia-
Jlee MbI PACCMOTPUM OLWH TaKo# MeTo. Ero oriinuue ot gpy-
THUX COCTOUT B TOM, UTO B HEKOTOPBIX BeChbMa MPOCTHIX YCJIO-
BUSAX €ro IPIMEHUMOCTH OH 00JIa1aeT MaKCHUMAJIbHO BO3MOK -
HOM TOYHOCTHIO IPOTHO3UPOBAHNUA.

MeToz 5TOT Ha3bIBaeTCA UMeHeM akageMuka Auapes Hu-
KonaeBuuya Kommoroposa. CaMm :xe aBTOp 0003HAUNMII €T0 KaK
MeTOJl SKCTPAIOJAINN U NMHTEPHOJANUN CAYUalHBIX IOCTe-
ITOBaTeJbHOCTEH.
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IIporuosupyemblii cayuaHbIi Ipoltece x(t) — aTo cTamm-
OHAPHBIN CIyYaWHBII IPOIecC C HyJIEBBIM MaTeMaTUUYECKIM
oxxupaaveM (M, = 0), eguanyHo# qucnepcueit (D, = 1) u He-
HYJIeBOH Koppesadnue r,(t). ITU JOCTATOYHO IPOCTO BHIIIOI-
HsAeMbIe YCJI0BUS (32 UCKJIIOUEHNEM KOPPEJIAINN) U3BECTHEI
U3 TEOPUU BEPOATHOCTEH ONepaIuu IeHTPUPOBAHUA U HOD-
MupoBaHus. Eciiu )Ke IPOTrHO3Y MOABEPraeTcs HEKOPPEJINPO-
BaHHBIY CIIyUYailHBIN IPOIECC, TO U3BECTHO, YTO HaNOOJIee TOU-
HBIM IPOTHO30M SIBJISETCS MaTeMaTUYeCKOe OXKUTaHue.

Kak TakoBoe nporHo3upoBaHue (HUKe PACCMAaTPUBAETCSA
3aJjaua 9KCTPATIOJIAIINN) COCTOUT B BHIUNCJIEHUN ITPOTHO3HO-
T'0 3HAUEHUA IOCPEICTBOM MOJIMHOMA

J=m
x(t)= Zajx(t—j), (3.11)
j=1
rjie a; — IPOrHO3UpPyeMble K03 (pUIneHTsI; m — JJIUHA IPe-
BICTOPUH.

Hnsa pabots! ¢ moauaoMmoM (3.11) He0O6XOAMMO BOCIIOJB-
30BaThCA M IPEALIAYIIIUMY 3HAUEHUAMU CJIYyUIAHOTO IPOIIEC-
ca, KOTOpbIe HOCAT Ha3BaHUE IPEeALICTOPUU.

Temeps HEO6XOAMMO OTIPEAEIUTH CIIOCO0 MCUNCIIEHUA KO-
adpdunuentos a;. Ux moxer 661t MHOTO, HO A. H. Kosmoro-
POBBIM HAWJYYIIUM B CMBICJE JOCTUKEHUS MaKCUMAaJbHO
BO3MOKHOII TOUHOCTU IPOTHO3UPOBAHUA B CJIydae cpegHe-
KBaApPaTUYECKOr0 KPUTEPUS OIeHKU TOUHOCTU IPOTHO3UPO-
BaHUA IPEAJOKEH U JOKAa3aH CIeIVIOIIUI MeTOI.

KoabdunueHnTs! a; 0peesoTcsa MOCPeACTBOM PeIleHn s
CHCTEMBI INHENHBIX YPaBHEHUH

j=m
Za’jr(q_j):r(q)’ q:]-’za"-am (312)

j=1

niu B 60Jee TPUBLIYHOM hopMme

ar(0)+asr(-1)+... +a,r1—-m)=r(1);
a;r(V)+ayr(0)+...+a,r(2-m)=r(2);

ar(m-1)+ay,r(m—-2)+...+a,r(0)=r(m).
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B cuity crammmorapHOCTH ITpotiecca x(t) cmpaBeinBo (1) =
= r(-7).

KauecTBO IpOrHO3MPOBAHUS OIIEHUBAETCS CPeJHEKBAaAPA-
TUYHBIM KPpUTEepUeM

e? = M[(x(t)-x($))*].

He BBI3BIBaET BO3PaKEHUU W POJIb AJUHBI IPEIBICTOPUU
Kak llapaMeTpa, YIPaBJIAIOIIero TOUHOCTHIO IPOTHO3MPOBAHUA.
C ero yBeJImueHMEM TOBBIIIIAETCSA M TOYHOCTH IIPEICKa3aHUA.

Penrenne 3a1auy MHTEPIIONAIMY B IPUHITUIIE HE OTJINYA-
eTcdA OT BBIIIIe U3JIOXKEHHOH sKeTpanoaanuu. Pagauiia tuinb
B TOM, UYTO B KaUeCTBe IIPeJbICTOPUY UCI0JIb3YIOTCA KaK IIpe-
IBITYIeE, TaK U IMOCJIeYIONe 3HAUeHU .

3.3.
SAJAYA UAEHTHOUKAIINU

Hacrosamuii Kiacc MaTeMaTUUeCKUX MOZeJIei, Tak e KaK
U OIleHUBAHNe CUTHAJIOB, 00ecIIeunBaeT pellleHre 3aau aHa-
JIN3a B UCCJIEJOBAHUU CUCTEM.

Cxema 3afaum IpejcTaBie- i"(t) i’(t)

Ha Ha pucyHke 3.6. u(t) 2(t)

HNccnemosaTesnto n3BeCTHBI (o]
CTATUCTUYECKYE ONMUCAHUA IITy- I/I;:eniﬁiafrﬁaum
moB w(t) u v(t), TMHAMUYECKOe
COOTHOIIIEHNE, ONUCHIBAIOIIee N3MepuTeb (Mexay x(t), v(t)
u 2(t)), u sadhuUKCUPOBAHBI HAOIIOJAEHNUA 3a YIIPABIAIOIUM
cur"HajaoM u(t) u UBMepPeHHBIM BBIXOA0M 2(t).

Heo0xommnmo onpeneinTh HANIYUIIYIO B HEKOTOPOM CMbIC-
Jie OIleHKY XapaKTepPUCTUKU 00beKTa (ZMHAMUUYECKOEe COOT-
HoIeHue Mexay w(t), u(t) u x(t)).

CymecTByooIasd U JOCTATOYHO CUJIBHO PA3BUTAA TEOPU
uaeHTUGUKAIINY 00eclIeYrnBaeT He TOJbKO YCIEIIHOe perre-
HIe 9TOT0 KJiacca IPUKJIaIHBIX 3a7]a4, HO ¥ JaeT BOBMOYKHOCTH
HCCJIEJOBAHUS JOTIOJHUTEIbHBIX , BAXKHBIX CBOMCTB 00'BEKTA,
TaKUX KaK UIeHTUPUIMPYEMOCTD, YIPABIAEMOCTD U T. 1.

C TOUYKU 3peHuA MHOTHUX NPUKJATHBIX 3aJau mIpobJema
OIIpeieIeHNs COOTHOIIIEHU S MEXKAY BeINUYNHAMU MOKeT ObITh
pellleHa U ITOCPEeCTBOM PETPECCUOHHOT0 aHAIN3Aa.
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PaccMoTpuM cyTh 9TOr0 CTATUCTUYECKOrO METOA.

IIycTs B pacnops:keHNY nccaeoBaTe N s ecTh N map HabJiio-
IeHun (u]-, x]-), rfie U; — BXOZAHOI CUTHAJI (B HAIlEM CJIydae —
YUIPaBJIAOIINANR) U X; — BBIXOAHOU CUTHAJ (BBIXOJ 00bEKTA).

KcraTu, ormerum, uTo, 3HAsT M3MEPEHHBIN BBIXOA 2(t) U
COOTHOIIIEHNE, OKUCHIBAOIIlee U3MEPUTEb, MBI [0 3TOMY CO-
OTHOIIIEHUIO MOYKEM BBIUUCJIUTD BEIXOJ 00beKTa X(t).

CosoxynHocTb nap (u;, x;) 06-
x=°‘}+5 pasyer Tak HasbIBaeMoe 00JIaKO0
Touek (puc. 3.7). BusyanbubIit
aHaJIn3 3TOro 00JIaKa TOUeK, MJIH,
YTO IPEAIOUTUTEIbHEE, UCXOA
13 (pUBUUIECKOr0 CMbBICJIA 00BEK-
Ta UCCJIeJOBaHUS, MOKHO IIPe-
TIOJIOKUTD, UTO HAWJIYUIITNM OIIH-

Puc. 3.7 CaHUeM 3aBUCUMOCTU MEXAY U;
00J1aKO0 TOUEK /
(HesaBUCHMas IepeMeHHAs) U X;
(3aBuCcHMas mepeMeHHas) OyAeT HeKoTopas QyHKIuS X = f(u).
ITox HanaydIIIuM omucaHreM MOKET IIOHUMAaThLCA, HAIIPUMED,
MUHUMYM CPeIHEeKBAAPATUYHOMN IIOTPEIITHOCTH.

Eciu pyuxinusa f auHeliHasg, To MbI IMeEM JeJIO C JIMHEHN-
HBIM PErPecCUOHHBLIM aHAJIN30M, B IPOTUBHOM CJIyyae — C He-
JUHEHHBIM.

IIycTs KpuBas perpeccuu IpeacTaBIsIeT cO00H MOTNHOM

IOPAAKA 1 ion
= . j
x Za .
j=1

g Toro uTo6bl HAWTY KO3 HUIIMEeHTHI perpeccuu, Boc-
moJb3yeMcs TaK Ha3blBAEMOI CHCTEMOI HOPMAaJbHBIX YpPaB-
HEHUIl, TeXHUKa COCTABJIEHUI KOTOPHIX BechbMa IIPOCTa

N N N N

0 1 _ 0.

ag Y ul +ay D ut +..a, yul =y xul;
i1 i1 i i

N N N N

1 2 el _ 1.

ag Y ul +ay Y uf +..+a, Yy ultt =Y "xul;
i=1 i=1 i=1 i=1

X

N N N N
+1 2n _
A Y ul +ay Yy ult +oa, Y Ut =l
i1 i1 i1 i1
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Pemtas sty cucteMy JMHEHHBIX YPaBHEHUH, MbI HaiigeM
perpeccuoHHbIe KO3 PUIINEHTE ), j=0,1,...,n.

B cayuae nuHeliHOM perpeccum x = o - u + 3 Koadhduiu-
€HT perpeccuul mMeeT BU/JI

S -
X
o= 5 Teus
u
a CBOOOIHBIN UJIeH
_ S, —
B=x- S Teulls

u
rae X, 4 — OIeHKHU CpeIHUX 3aBUCUMOIT 1 He3aBUCUMOI1 IIe-
peMeHHBIX; S,, S, — CpelHeKBaApaTUIeCKHNe OTKJIOHEHUHA
3aBUCUMOI 1 HE3aBUCUMOII IIePEMEHHBIX; a — OIleHKAa KO-
a(puIImeHTa KOPPEIAIINU MeK /Iy 3aBUCHMOM 1 He3aBUCUMOM
mepeMeHHBbIMU.

MpbI paccMOTpesiu JOCTATOYHO YHUBEPCATBLHBIN METO pe-
HIeHUA 3aJa4Yi HOJUHOMUAJIBHOTO PErpPecCUOHHOT0 aHAJU-
3a — CHUCTeMBbI HOPMAaJIbHBIX ypaBHeHu. OH M0JI0KeH B OCHO-
BY OOJIBIITMHCTBA COOTBETCTBYIOIINX ITPOTPAMMHEBIX CPEICTB.
IIpu sToM ciegyeT OTMETUTD, UTO 9TU CPEACTBA IPEIOCTaB-
JIAIOT IIOJIL30BATEII0 He TOJbKO UKMCJI0BbIe 3HAUEHUS pPerpec-
CHUOHHBIX KO03()(UIIMEHTOB, HO U OOJIBIION 00beM JOIIOJIHU-
TeJbHOI MH(poOpMaIluu — JOBEPUTEJIbHEIE TPAHUIBI, YPOBHU
3HAUMMOCTH, IPU KOTOPHIX NPUHUMAIOTCSA TUIIOTE3bI O 3HA-
YUMOCTHU KO9(P(PUIIMEeHTOB pPerpeccuu, u T. 1.

ScHo, yTO IpaKTHUYeCKMEe 3aJaUl MOT'YT OLITH TAKOBEI, UTO
ypaBHeHUe perpeccuu He MMeeT BUJ IIOJUHOMA. B 3TOM ciy-
yae MOXKeT OBITH MCIIOJIb30BaH mpueM JuHeapusanuu. CyTb
€r'0 COCTOUT B CBeJIeHUU HeJIMHEeNHOI perpecCuoHH O 3aBUCH-
MOCTHY K JIMHENHOM, HAaXOXKAeHUU I Hee KO3(PPUIMeHTOB
perpeccuu u peajusanuy 06paTHOTO mepexosa.

IIycTs, oia mpuMmepa, u3 QU3NUecKuX IpecTaBIeHUH 00
00beKTe MCCJIeL0BaATe]b CUUTAET, UTO 00JIaK0 TOUEK JOCTa-
TOYHO TOYHO JOJI’KHO OIMCHIBATHCA IIOKA3aTEJIbHON 3aBUCHU-
MOCTBIO

x=a- et

IIponorapudmupyem 006e 4aCTH COOTHOIIIEHU
In(x)=In(a)-b-u
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" BBeaeM HOBBIE 0608Ha‘{eHI/IH
x'=a —-b-u.

Iasee n3BeCTHBIMU CIIOCOOAMY HaliZieM KO3(pUIIUeHT per-
peccuu b 1 cBOOGOIHBIN UJIEH @ 9TOM JuHeiHOU perpeccun. (Ilpu
9TOM HE0OXOAMMO IIPOBECTHU IIepepacyeT 3aBUCUMOI IepeMeH-
HOI X' = In(x).)

3aTeM IPOMUBBOAMM IIEpecUYeT CBOOOIHOTO UIeHa @ 10 (hop-
MyJie

a=e®.

Koneuno, omepanuda JuHeapusaluu He BCera BOZMOK-
Ha. Kax npaBuiio, 0Ha pacIIpocTpaHseTcA Ha ITIOKa3aTeJIbHbIE
u o0paTHbIe PYHKITUH.

Teopus BepoATHOCTEHN U MaTeMaTUn4YecKas CTATUCTUKA —
3TO Te yueOHbIe AUCIIUIINHBI, KOTOPBIE CO3al0T OCHOBY JJIA
peliteHns 3a7avuy UAeHTU(GUKAIINY IOCPEICTBOM PETrPECCUOH-
HOT'0 aHAJIM3A.

3.4.
3AJTAYA CTOXACTHYECKOI'O YIIPABJEHHUSA

w(t) l*)(t) CxeMa 3agaum mpeicTaBJIeHA

u(t x(t 2(t) Hapucymke 3.8.

Puc. 3.8 onmcanus momex w(t) u v(t), qu-

Croxacruyeckoe yupaBieHne  gaMudecKIHe COOTHOIIIEHM S, OIIH-

chIBaromue 00'BEKT (3aBUCHUMOCTH MexAy u(t), w(t) m x(t))
M3MepuTeab (3aBUCUMOCTHU MeK Iy X(t), v(t) u z2(t)).

Heob6xoaumo HaiiTu Takoe yrpasieHue u(t), 4To0bl HEKO-
TOopad OIleHKa BBIXOAHOTO CUTHAJa o0beKTa Xx(t) uam usme-
peHHOrO curHajia z(t) ObLIa 661 KaK MOMKHO OJIMIKe K JKejae-
MBIM 3HaUeHHUAM X" (¢) uiu 2" ().

Onpenenenue yupaBiaeHu u(t) B 3aBUCUMOCTH OT 2(t) mpu-
BOJUT K 3a7laUye CTOXaCTUUECKOTO YIIPABJICHUSI.

Orinune JaHHOM 3aJadu OT 3aJaYy JeTePMUHUPOBAHHO-
ro yIIPaBJIEHUSA COCTOUT B OJJHOM — HA 00'BbEKT U U3MEPUTEJh
BO3IEMCTBYIOT IOMEXH. OTO B CYII[ECTBEHHOI Mepe YCI0KHS-
eT 3a7auy.
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B cambIx 00X UepTax aHAJUTHUYECKNE U UYMCJIEHHBIe
MEeTOABI PelIeHns KaK 3aJaul AeTePMUHUPOBAHHOIO, TaK U
CTOXaCTUYECKOTO YIIPaBJIEHNA BechMa IT0X0:K¥1. COOTBETCTBYIO-
miad JIuTepaTrypa JaeT HaTJIAJHOe IIPeCTaBIeHNe O TOM, Ha-
CKOJIBKO CJIOKHBI 9TY METOALI IPU HEOOXOIMMOCTH yUeTa I10-
MeX: CJIeyeT YUeCTh ¥ 3aKOHBI pacipeesieHus BePOITHOCTeH,
M KOPPEeJNANNOHHLBIE CBOMCTBA CAYUAHHBIX BO3AelicTBUI. ITO
IIPUBOJAUT K CYII[eCTBEHHOMY CHUKEHUIO U YCJIOKHEHNIO Pas3-
HOOOpa3us KaK aHAJINTUYECKUX, TAK U YHUCJIEHHBIX METOI0B
pellleHus 3aJaul CTOXaCTUUYECKOr0 YIIPaBJIeHUs U, COOTBET-
CTBEHHO, CY’KaeT MHOKECTBO PeaJIbHO PeIllaeMbIX IPUKJIAL-
HBIX 3a71ad.

IToapo6GHOCTH IPAKTUKU TAKOBEI, UTO TPebyeTcA ucCIen0-
BaTh He IIPOCTO CJI0KHBIE 1 OUeHb CJIOKHBIE CUCTEMBI, 8 UMEH-
HO CTOXaCTHUUEeCKUe CUCTeMBI. 1 HeToCTaTOUHOE pa3BUTUE aHA-
JUTUYECKUX METOMO0B U3YUEHUA MPUBOIUT K HEOOXOIMMOCTH
HCIIOJIb30OBAHUA CIIEINAIBHOTO HHCTPpYMeHTapusa. OH HoJIKeH
obecreuynBaTh BO3MOYKHOCTb COeIUHEHUA PA3HOPOIHBIX Ma-
TeMaTUYeCKUX ONMUCAHUN 1 0043aTeIbHO MaKCUMAJIbHO YUU-
THIBATH CTOXACTUUECKVE COCTABJIAOIIE cucTeMbl. VI Takoro
pojJla UHCTPYMEHTAPUH, HOCAIIUY Ha3BaHue UMUTAI[IOHHOT'0
MOJEeJNPOBaHUSA, PacCMaTPUBaETCA HAMU JaJjiee.

3.5.
SAJAYA AJAIITUBHOTO YIIPABJEHHUA

Cxema 3aJjaum IpecTaBIeHA If(t) i(t)
Ha pucyHke 3.9. u(t) x(t) 2(t)
pI/ICZO,Z[HbIe ITaHHBIE OJId 9TON
3aJaun TaKue ke, KaK 1 B 3aja- Puc. 3.9
ye uAeHTU(UKAIUN — CTATHUC- ApanTUBHOE YIDABIIEHIe
TUYecKUe onucaumua momex w(t) u v(t), [MHAMUUIECKOE COOT-
HOIIIeHNe, OINChIBAIOIIee U3MEPUTEIb (COOTHOIIIEHNE MEXK Y
x(t), v(t) u 2(t)) 1 3apUKCUPOBAHHBIE YIIPABJISIOIIUI CUTHAJT
u(t) u u3MepeHHBIH BBIXO 2(t).

Heob6xogumo omrpeieinTh Takoe yipaBiaenue u(t), 1 0aHO-
BPEMEHHO, TaKOe JUHAMHUYECKOe COOTHOIIEHNE, ONNChIBAIO-
1ee 00'bEKT, IJI51 KOTOPOT'O OIleHKAa BBIXOAHOTO curuasa x(t)
ObLIa OBI KaK MOJKHO OJIMKe K 2KeJlaeMOii.
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Hamnas 3amaua ssBaAeTcA HamboJiee CIO0KHOM 13 BCeX pa-
Hee paccMOTPeHHBIX. CBSI3aHO 9TO C TEM, UTO HEOOXOJUMO He
TOJIBKO OTHICKATh TaKoe yIpasyeHue u(t), 4TOOBI BHIXO 00~
eKTa x(f) nau n3MepPeHHBIHA eT0 BLIXOX 2(f) CTPEMUINUCE K JKe-
JlaeMBIM, HO ¥ COOTBETCTBYIOIIIM 00pa3oM OIIeHUTh CaM 00'b-
eKT, T. €. HaliTu TUHAMUYeCKOe COOTHOIIIeHNe, OIIMChIBAIOIIee
B3auMMOCBA3b MeXKIY U(t), w(t) u x(t).

B pamkax maHHOU 3amaunm pacCMaTpPUBAIOTCA TPU O34~
Jaum: o0yUeHnsd, CaMOOOyUeHN A 1 aJalTaluu.

Broogsagaue o0yueHnss UMEIOT MECTO JB€ CUCTEMBI — 00Y-
yaromiaa u obyuaemasi. Ooyuaromiasa cucreMa GOPMUPYET CIIO-
cob nepengauu nHGOPMALUN, KOHTPOJIUPYET BEPHOCTEH €€ BOC-
OpUATHUS 00ydaeMoll CHCTeMOM M BBOAUT KOPPEKTUPYIOIee
BO3elicTBUe, HAIlpaBJIeHHOe Ha JOCTUKeHUA 9)(HeKTUBHOTO
BOCIIPUATHUA U HepepaboTku nHpopmanuu. B KauecTBe mpu-
Mepa MOJKHO COCJIAThCA Ha M3BECTHHIN U MOHATHBIN IIpuMep
MIKOJLHOTO J1060 BY30BCKOT'0O 00pa30BaAHMA.

ITogsagaua camooOyueHus: XapakTepHa TeM, YTO o0yuae-
Mas 1 00yJaroIiaa CUCTEMBI IPEACTABIAIOT COO0M eJUHOE I1e-
soe. IIpumep, KOrZja CAMOCTOATEIBHO U3YUAIOT TOT UJIU MHOMN
BOIPOC, JOCTATOYHO IIOJHO UJLTIOCTPUPYET caMooOyueHme. Bbl
caMu ompejessiere, II0 KAKUM UCTOUYHUKAM, B KaKOIl mocJe-
IOBaTeJIbHOCTHU U KaK U3yUaTh MaTepUaj, CaMu KOHTPOJIUDPY-
eTe ero YCBOEHNE U CAMU BHOCUTE KOPPEKTHUPOBKHU B IIPOIECC
o0yueHUs.

Adanmauyus — 3TO caMOOOyJYeHre C BO3MOYKHOCTBIO M3-
MeHEHUS CTPYKTYPHI caMOi cucTeMbl — Habopa 3JIeMEeHTOB U
B3aMMOCBA3eH Mexy HuMU. B KauecTBe IpuMepa IpUBeeM
AMIEPHUILYy, KOTOpad TepAeT CBOil XBOCT. JTa KMBasA CUCTeMAa
IocJjie CaMOOIIeHKU CUTyaIluu (CaMOOOYyUeHU ) MOAKIIOUAeT
paHee 3aKOHCEPBUPOBAaHHBIE 3JIEMEHTHI U CBA3Y, B PE3yJIbTa-
Te 4ero pereHepupyeTcA yTPaueHHBIN OpTaH, 1 3aTeM, IO 3a-
BEPIIIEHUH 9TOTO AeMCTBUSA, 9JI€MEHTEI U CBA3U PereHepalumn
OTKJIIOUAIOTCS (agamTanus).

B urepartype, B uacTHOCTHU B paboTrax §1. 3. IIpIMTKMHA BEI
HalileTe ONMMCAHUA IPO0JIEM IIOCTPOEHNA 1 KOHKPETHBIE aJITO-
PUTMBI JIS CUCTEM C O0yUeHMEeM, CAMOOOyUeHNEeM U aJarTa-
mueii. Ciegyer cKasaThb, 4TO CJIOKHOCTD 3aauu 00yCJIOBUIIA
OTPaHUYEHHOCTh CYIIECTBYIOIEro Habopa MeTONOB U eIlle
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OOJIBIITYIO, IPAKTUUECKHU OJM3KYIO K HYJII0, OTPAHNUYEHHOCTh
IIPUMEPOB CHCTEM C aJamTaiue.

KOHTPOJ/IBHBIE BOITPOCBI
1. MaTemaTuuecKkoe MOJeINPOBAHNE.
. 3amaua 1eTepMUHUPOBAHHOTO YIIPABIEHUA. AHAIUTHYECKHE Me-
TOJIBI.
. 8amaua 1eTepMUHUPOBAHHOTO yIIPaBIeHusi. UnCIeHHbIe METOAbI.
. 3aJaya OIeHKNU.
. Bagaua onenku. PuabTp Bunepa.
. 3agaua oneHku. [IporaHo3upoBaHue.
. Bagaua uaeHTUGUKAIUA.
. 3amavua aJanTUBHOTO YIIPABJIEHUA.
. 8amaua CTOXaCTUUYECKOTrO YIPABICHU.
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