Yactb ll. ModenuposaHue rno epemeHHbIM psioam

DopMHpPOBaHME MOJENEH Ha OCHOBE pPE3YJIbTATOB
HaOJIIOJIEHUI W HCCIIEJOBAaHHE MX CBOMCTB — BOT, IO
CYILIECTBY, OCHOBHOE COZEP’KAHNE HAYKH.

JI. Jlvione. «Hoenmugpurayus cucmenm.
Teopusi 0nst nonvzosamensy [111]

maBa 5. llocTaHOBKM 3apa4 MoaenMpoBaHus Mo psaam

5.1. Cxema npouecca noCTpoeHus: MOIeJIM 10 BPEMEHHOMY PSAIy

HecmoTpss Ha Oe3rpaHMyHOE YHCIO CUTyalMil, OOBEKTOB M IEJIEH,
BHOCSIIIMX B MPOIIECC CBOE CMEUU(PUUECKOE, MOKHO BBIIEIUTh OCHOBHBIE TaIlb
MOJICTMPOBAHUS U MIPEJICTAaBUTh UX B BUAE cxeMbl (puc.5.1). Pabora HaunHaercs
C paccMOTpeHUs UMeroIieics nHpopmaru 00 00beKTe (IKCTIEPUMEHTAIBHBIX
JAHHBIX O HEM CaMOM WJIHM MOJOOHBIX O00BEKTaX; TEOPHi, pa3pabOTaHHBIX IS
ONMCAaHUs HCCIEyeMOro Kiacca OOBEKTOB; MHTYMTHBHBIX IPEACTABICHUN U
T.J.) C HO3ULMI LEIM HCCIEIOBaHMs, C IOIYYEHUs M IPEIBAPUTEIBLHOTO
aHaJI3a pAOOB HAONIONAEMBIX BEIMYMH, a 3aKaHYMBACTCS MCIIOJIb30BAHHEM
MOJIYYEHHOM MOJENW Il PElIeHUs KOHKpEeTHOM 3amauu. Ho 3TtoT mpouecc
OOBIYHO SIBJISIETCS. WUTEPALMOHHBIM — COIPOBOXAAETCS HEOJHOKPATHBIMU
MOBTOPEHUSIMH, BO3BpPATaMU B HCXOJHYI0 U NPOMEXYTOUHbIE TOUYKU CXEMBI,
MOCJIE0BATEIbHBIMU MPUOIMKEHUAMU K «XOPOLIE MOJIEIH.
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BpEMEHHBIX PAOR HalMI01aeMBbIX]

2) Be1Oop CTPYKTYPhI MOJTETH
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Puc.5.1. TunoBas cxema nporecca SMOIUPUIECKOT0 MOAEIUPOBAHUS
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1
Ha xmoueBoM B cxeme stame 2 dopMmupyercs cmpykmypa moodenu. Bo-

NEPBBIX, BHIOMpPAETCS TUN ypaBHEHWH. Mbl OyleM TOBOPUTH B OCHOBHOM O

KOHEYHOMEPHBIX JETEPMUHUPOBAHHBIX MOJIETISIX B BHJIE OTOOPAXKEHHIA

X1 =f(Xn,C) (51)
Wi OOBIKHOBEHHBIX (D PepeHITnabHBIX YPaBHEHUN
dx/dt =f(x,¢), (5.2)

rae X — D-mepHblil BeKTOp coctosiHusi, f — Bekrop-pyHKuusa, ¢ — P-MepHbIi
BEKTOP NIapaMEeTpoOB, 7 — IJUCKPETHOE BpeMs, ! — HENpepbIBHOE BpeMs. Bo-
BTOPBIX, 3a/1a€TCS BHJ BXOIAIIUX B HUX (PYHKIMHA (CKAJIAPHBIX KOMIIOHEHT
¢ynkun f). B-TpeTbux, ycTaHaBIMBAeTCS CBSI3b JTUHAMHYECKUX MEPEMEHHBIX
(KOMIOHEHT BEKTOpa X) ¢ HaOdIoJaeMbIMU BeIMYMHAMU 1. B kauecte

MepEMEHHBIX MOTYT BBICTYIIaTh CaMH HaOJIFO1aeMble, HO B 0ojiee 00IIeM cirydae
3Ty CBA3b 33/1a10T B BUje 1 =h(x), rae h Ha3pIBalOT usmepumenvHoti (hynkyueil.

Yacrto BBOAAT emie ciaydaiiHyio m00aBky C: m=h(x)+{, 9TOOBI yuecTh

usmepumenvuvill  wiym. UYToOBl cnenatb Monenab 0oJjee  peasMCTUYHOM,
CllyuyaiiHy10 100aBKY BBOJST HEpEAKOo U B camu ypaBHeHus (5.1) wum (5.2) — Tak
HA3bIBAEMBIA OUHAMUYECKULL WUYM.

dopMuUpOBaHUE CTPYKTYPhl MOJCIH — HanOoJiee CIIOXKHBIM W TBOPUYECKUIA
3Tan mpoueAypsl MoaenupoBanus. [lociae HEro ocraercs TOJNBKO OINPEAETUThH
KOHKPETHBIC 3HaYEHUS TapaMeTpoB ¢ (3tarr 3). 3/1ech 9acTo TOBOPAT 00 oyeHke
napamempos Wik IOArOHKe» Moean.” JIIst 9TOro, Kak MpaBUiIo, MPOBOXHTCS
MONCK SKCTPEMANBHOTO 3HAYCHHSI HEKOTOPOH yenegoli (ynkyuu,” Hampumep,
MUHUMHU3UPYETCS CyMMa KBaJpaTOB OTKJIOHEHMM pEIIeHHs MOJENbHbIX
ypaBHEHUH OT HaOmrogaemblx AaHHbIX. [Ipy HEOOXOaUMOCTH Ha JaHHOM JTare
OPOBOAATCA — NpeABapuUTeiIbHble IMpeoOpa3oBaHUs  HAOMIOJAEMOro  psja:
¢unbTpanys OT UIyMOB, YUCIEHHOE AU(GEepPEHIINPOBAHNE WIIM UHTETPUPOBAHNE
U T.M. 9TO, B OCHOBHOM, TEXHMUYECKHI 3Tall YUCIEHHBIX PacueToB, HO U 3/1€Ch
HY’>KHO C/IeTlaTh BbIOOp MpHUHIMIA pacyeTa MapaMeTpoB U METOAMKH JJIS €ro
peanu3anuu.

Beibop mpuxommtcs agenath W B (uHANE, TPUCTyHas K TPOBEPKE
«kadyecTBa» wmojenu (dtam 4). OOBIYHO KadyecTBO MOJACIH IPOBEPSIETCS C
UCIOJb30BaHUEM MPUOEPEKEHHON i1 3TOM LenM TECTOBOM dacTu psja.
Hcxons u3 neneil MoJenMpoBaHusi, B TEOPUN UACHTU(UKALMU BBIICISIOT JBa
TUIA 33/1a4 — «II03HABATEIbHBIE» (/1€ LEJIbIO SBIISETCS MOJIYYEHUE aIeKBATHON
MOJIETIN) U «IpaKTHYeCKue» (TJIe eCTh MpaKkTU4ecKas 1ejb, KOTOPYIO CTPEMSTCS

'B TEOpUU WACHTU(UKALMK ITOT 3Tall HA3bIBAIOT «CTPYKTYpHOU uaeHTHdUKaime» [57].
Cornacao [111] «cTpykTypa MOJIedN — 3TO MapaMeTPU30BaHHOE MHOKECTBO MOJIETIEI.
2 Jlpyroe Ha3BaHue — «IapaMeTpUUECcKas WM HenapaMeTpudeckas uaeHTUGuKamus» [57].
OHa HOCHUT pa3IMYHbIe HAa3BaHUS: (PYHKIMS OTEPb, GYHKINS CTOMMOCTH, (PYHKIIUS PUCKA.
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JOCTHYh C TMOMOIIBIO TOCTPOEHHOW MOJENW, Hampumep, nporHos) [57]. B
3aBHCHUMOCTH OT TOTO, Kakasi M3 MOCTAaHOBOK MMEET MECTO, MPOBOAUTCS JHOO
mpoBepka  adeksamuocmu® — (BepHUKAUMs) ~MOACIM B OTHOLICHHH
UHTEPECYIONINX  HWCCIeNoBaTeNlss  CBOMCTB  oOBbeKTa, JMOO  MpoBepKa
sppexmusnocmy’ MOZIENM IS TOCTHKEHHUs TIOCTAaBJIEHHOM nenn. Ecimu Mojens
MIPU3HAHA YJIOBJIETBOPHUTEIIBHON (a1eKBaTHOW WM 3(PGEKTUBHOMN), TOTyICHHAS
KOHCTPYKLIUs OepeTrcst B /110, MHaue — BO3BpAIllaeTcsl Ha JOpabOTKy Ha JIt000i
W3 3TanoB cXeMbl puc.S.1.

5.2. CucremaTu3zaums 3aaa4 10 00beMy anpuoOpHOH HHpoOpManu

®oH, Ha KOTOPOM HU300pakeHa cxeMa puc.S.1, MeHseTcs OT YepHOro (TbMa
HE3HaHWs) 70 Oenmoro, OTpakash CTENEHb AlPHOPHOW HEOMPEAEEHHOCTH, C
KOTOpPOW MPUXOAMTCS  CTaJKUBAaThCs MpU  MoJenupoBaHuu. Haumenee
OJlarompusiTHa CHUTyallusi, MOJIyYUBIIAs HAa3BaHUE «YEPHOrO SIIMKa», KOraa
uHdopmalusi O CTPYKType BO3MOKHOM aJeKBaTHOM MOJIETU OTCYTCTBYET, U
HAYMHATh MPUXOJMTCS C CaMOro Bepxa omucaHHOW cxeMbl. Yem Oomblie
M3BECTHO O TOM, KaK JOJKHA BBITJSAETh MOJEIb, T.€. YeM HIKE «CTapTOBas
TOUYKa» HA CXEME, TEM BEPOSITHEE YCIEX — «SIIIUK» CTAHOBUTCS «CEPHIM» H JIaXkKe
«mpo3paunbiM». [lociennee o3Ha4yaeT, 4TO CTPYKTypa MOENIU TOJTHOCTBIO
W3BECTHA allPUOPH.

Cnoco0bl npeaBapuTENbHOTO aHAIKM3a BPEMEHHBIX PSIIOB, KOTOPHIE MOTYT
JaTh TIOJIE3HYI0 WHGOPMAIMI0O O CTPYKType MOJAETH W OOJIeTYWTh 3a7ady
MOJICTTUPOBAHUS, W3JIOXKEHBI HIDKe B TiaBe 6. OrT pemeHus mpoOiem,
BCTPEYAIONINXCSI HA HIKHUX SIPyCcaX CXEMbl, YKIIOHUTHCS HEBO3MOXKHO, C HUMH
HEU30€KHO CTAJKMBAETCSl UCCIENO0BaTeNb, MPEOJOJIEBIINNA ATall CTPYKTYPHOM
unentudukamu. IlostoMy B rnaBax 7 u 8 MBI paccMOTpUM MPOOIEMBI
PEKOHCTPYKILIMM, HauMHAsg C HamboJiee MPOCTOW CUTyalllMH, KOTJAa O MOJAETH
U3BECTHO BCE, KPOME KOHKPETHBIX 3HAUYECHUH ee mapameTrpoB, Ha puc.5.1 ei
COOTBETCTBYET OeJbIil POH.

B 3aBuCHMOCTH OT HNPOUCXOKIEHUS BPEMEHHBIX PSI0OB CKIIAJbIBAIOTCS JBE
KaueCTBEHHO pa3JIMYHbIE CUTYyallMd IpPHU MOCTAHOBKE 3aJaud MOJIECITUPOBAHMUS.
IlepBas — korma HaOMIOIECHUS TPEACTABISIIOT COOOM peaau3aluio HEKOTOPOM
MaTEeMaTUYeCKOW MoJieJu (CUCTEMbl ypaBHEHHUM), MOJYYEHHYIO YHCICHHBIMHU
Merofamu. VMIMeHHO /i Hee MOJIHOCThIO YMECTHBI TEPMUHBI «PEKOHCTPYKITUS
WIH «BOCCTAaHOBJICHHE» YpaBHEHUH. 3/1eCh CYLIECTBEHHO IIpOIIE IMpOBEpKa
KauecTBa MOJIEIH, T.K. UMEETCS «MCTUHHOE» UCXOJHOE YPAaBHEHHE: C HUM U CO
CBOMCTBAMH €ro PEUICHUH MOXXHO CpPaBHUBATH PE3YJbTAThl MOJCIUPOBAHMS.
Kpome Toro, 3mecr MOXHO CQOpPMYIHPOBATh TEOPETUUYECKUE YCIOBHS
3¢ (}HEeKTUBHOCTH METOAO0B MOJICIHPOBAHUS ISl Pa3IMYHbIX KJIaccoB cucTeM. Bo

4 o o

ITox agexBaTHOCTHLIO IOHHMMAIOT COOTBETCTBHE CBOWCTB MOJZENHM CBOMICTBAM OOBEKTa
(BepHOE BOCITPOM3BEIEHUE MOJICIBLIO CBOMCTB opuruHana) [168, c. 13].
> DddexTuBHOM Oy1eM Ha3bIBATH MOJICITH, 00ECIICYHBAIOIIYIO JJOCTHKCHUE TIEIIH.
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BTOPOM, KAaue€CTBEHHO HHOM CJy4yae, KOI/Ia BpPEMEHHOW psJ TMOJy4YeH B
pe3yiibTaTe M3MEPEHUM peajJbHOTrO MPOLECCa, E€IUHCTBEHHO MPaBHIbHOU
MOJIeIM HE CyIIecTByeT (rmaBa 1) W ycmex MOAENUpPOBAaHUS TapaHTUPOBATH
HeNlb3s. MOXKHO TONBKO YIWBISTHCS — «HEMOCTIKUMON 3 exkTuBHOCTH
MaTeMaTUKN», €ClIi OyAeT MOTyUYeHa «XOpOIIas») MOJIEINb.

Jlasmmee MBI pacCMOTpUM pa3IMYHbIE METOAbI MOCTPOEHUS Mopeneu. [lms
OOBSICHEHMs] W WUIIOCTpallMM  TEXHOJOTMUM  MOJAENUpOBaHus  OyjaeMm
UCIIOJIB30BaTh, B OCHOBHOM, IEPBYK0 M3 OIHCAHHBIX CHUTyalUd —
PEKOHCTPYUPOBATh YpaBHEHUS MO WX YHUCICHHBIM PEIICHUSM, A00aBisis U
Oosblleld pPeaTUCTUYHOCTH IIyMbl TOTO MM HHOTO BHAa. PaccMmorpenue
pa3IMYHBIX ~ TOCTAHOBOK  3aJa4yd  MOJAEIMpOBaHUs  OyJeM  BeCTH
nocyeaoBareabHo (raaBbl 8 — 10) B COOTBETCTBUU CO CIEAYIOIIEH «UepapXuen».

1) Ouenka napamerpoB. CTpyKTypa MOJEIbHBIX YPAaBHEHHI MOJHOCTBHIO
3amycaHa U3 (QU3MYECKUX WINM JpPYyTUX COAEP)KATEIbHBIX COOOpaKeHHH,
HEM3BECTHHI TOJIBKO 3HAYEHHUs mapamMeTpoB. B sTom ciywae 3amada HaumOomee
IpocTa — «IpOo3payHblid AMMK». HO MOryr BO3HHKAaTh CyLIECTBEHHBIC
TEXHUYECKUE TPYJHOCTH, CBSI3aHHbIE C OOJBIIMM YHCIOM HEHU3BECTHBIX
napaMeTpoB U HEHAOII0JAeMbIX (CKPBITBIX) TUHAMUYECKUX EPEMEHHBIX.

2) BoccraHoBieHHE HEAMHEWHBIX XapaKTEpPUCTUK. B  3HAYMTENbHON
CTENEHU CTPYKTypa YypaBHEHHUH U3BECTHA U3 (PU3UUECKUX COOOpaKeHUM,
MO3TOMY HET HEOOXOAMMOCTH HcKaThb (yHkuuio f, 3aBUCAIIYI0O OT MHOTHUX
nepeMeHHbIX. Hen3BecTHhl TOJBKO HEKOTOpPbIE €€ KOMIIOHEHThl — (YHKIUHU
OIHOM-JBYX MIEPEMEHHBIX (BO3MOKHO, HEJTMHEWHBIC). Tepmun
«BOCCTAaHOBJICHME  HEJIIMHEHHBIX  XapaKTEPUCTHK»  3aUMCTBOBAaH U3
pannodu3NKH, TAE TOJA XapaKTEepUCTHKAMH MOHHUMAIOTCS HEU3BECTHBIC
KoMnoHeHThl pyHKIuH f. OH YacTo ymecTeH B (PU3HUECKUX, OMOJIOTUYECKUX U
JAPYTUX OPUIIOKEHUSX.

3) PexkoHcTpykIus B ciiyyae «4YepHOro simuka». [lockosbky ampuopHoit
uHpopmanuu HeT, QyHkuus f umercs B KakoM-IMOO yHUBEPCAJIbHOM BHJIE.
Pemenue Takoil 3amaun yaile BCEro Ha3bIBAIOT COOCTBEHHO «PEKOHCTPYKIUEH
ypaBHEHUU ABMXKEHUS». ITO HAauOOJIee THKENast CUTYallusl.

[Iepexon OT nepBOil MOCTAHOBKU K TPEThEN (OT «IIPO3PAYHOIO SIUIUKA» K
«YEPHOMY») SABIISETCS OCTENIEHHBIM. MHOIME CUTyalluu MOKHO YIIOPSIIOUYHUTH B
HAIIPaBJICHUM BO3PACTaHHUS CIIOKHOCTH («TEMHOTBI CEpPOro TOHAa» WU
«HEeNpo3payHoCcTH»). Ho 3T0 He MHEelHOe yNopsI0YeHHe, T.K. HE BCE CUTYyalNH
MO>KHO JIETKO CPaBHUTb M CKa3aTh, YTO JTa — «CBETJIEE», & 3TA — «TEMHEE».
Hanpumep, TpynHO cpaBHUTh HH(OPMALMIO O HAJIMYUU TapMOHUYECKOTO
BO3/EHCTBUS U O KAKOW-T1M00 CUMMETpUH (ha30BbIX TPAEKTOPUHN B IPOCTPAHCTBE
COCTOSIHUM.
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5.3. Oco0eHHOCTH 32/1a4 SIMIIUPUYECKOT0 MO/IeTUPOBAHUSA

5.3.1. IIpsambie u oOpaTHbBIC 3a1a9u

YacTto TOBOpAT, YTO 3a7a4yd IOCTPOCHHSI MOJENBHBIX YpPaBHEHHH 110
HaOII0JaeMOl BPEMEHHOW peanu3aliii MPUHAJICKAT K KIACCy O0OpaAmHbIX
3a0ay. TepmuH «oOpaTHas 3a7a4ay» HCIIOJIB3YETCS BO MHOTHX MaTEMaTHYECKHX
muciuminHax. OOpaTHBIC 3a7a4M — 3TO 33JIa4M, B KOTOPBIX BXOJHBIC JIAHHBIC U
HUCKOMBIC BEJIMYMHBI MEHSIOTCS MECTaMH 110 CPaBHEHHIO C TIOCTaHOBKOM
HEKOTOPBIX MPHUBBIYHBIX «0a30BBIX» 3aJa4, KOTOPHIC TPATUIIMOHHO HAa3bIBAIOT
IPAMBIMEY.

Kak mpaBuio, mpsiMble 3ajaud — 3TO 3a7add, (OPMYJIHPOBKHA KOTOPBIX
JIOTUYECKH BO3HUKAIOT TMEPBHIMH TPH CO3JAaHWH MaTEMaTHYECKOTO ammapara.
[TprdeM OOBIYHO MUMEIOTCSI PETYJISIPHBIE METOMBI PEIICHUs MPSMBIX 3ajad, T.C.
9TO 3a4acTyl0 OTHOCHUTEIIbHO TpocTas mpobisema. K mpsmbpiM  3amadam
OTHOCHTCSI, HampuMmep, 3amada Kommwm ajis pemieHuss CUCTeMbl OOBIKHOBEHHBIX
G GepeHIIMATbHBIX YPaBHCHUW: JUIS 3aJaHHBIX HAa4YaJIbHBIX YCJIIOBHU HaWTH
gacTHOe pemieHue cucteMbl O/1Y, yaoBIeTBOpSIOINIEe dTUM YCIOBHIM (TIpsiMast
3ajaya TUHAMUKHW). 3amady monydeHus cucreMbl OJ[Y, yacTHBIM pemieHueM
KOTOpOH sBIIseTCs 3amaHHas (DYyHKIOMs, Ha3bIBAIOT OOpaTHOW 3ajaucit
TMHAMUKH.

O6  oOparHBIX  3ajadyaX  yMECTHO  TOBOPUTh  MPHU  aHAIIN3E
OKCIIEPUMEHTAIBHBIX JaHHBIX, KOTJAa IO HW3MEPEHHBIM BEIMYMHAM HYKHO
paccuuTaTh TMapaMmeTphbl MATEeMAaTHYECKOW MOJENH HCCIEAyeMOTo Ipolecca.
Hampumep, B CHEKTPOCKONIMU M MOJEKYJISIPHOM MOJCIUPOBAHUNA BO3HUKAET
3amaya: 1Mo HAOMIOJAaeMbIM CIIEKTpaM TIOTJIONICHHSI BEIIECTBA BBIYHUCIUTH
nmapamMeTpbl ¥  ONPEACIUTh TEOMETPHUSCKYI0 KOHPUTYPAIMIO MOJICKYJ
BeIECTBA. DTO 0OpaTHas 3ajava, a mpsMasi — pacueT CIIEKTPOB TMOTIOIICHHS JIJIS
3aJJaHHOW MOJEIN MOJIEKYIIL.

5.3.2. KoppeKTHO 1 HEKOPPEKTHO MOCTABJICHHBIC 3aa4H

OOpaTtHbpie 3a7a4d 4YacTO SIBISIOTCA HEKOPPEKTHO TMOCTABIEHHBIMU B
HEKOTOPOM CTPOTI'OM CMBICIJIE, OTOBOPEHHOM HMIKE.

[lycte 3amada dopmymnupyercss CieayromuM o0pa3oM: MO0 HEKOTOPBIM
BXOJIHBIM JIaHHBIM X HANTH MCKOMYIO BEJIUYMHY Y — pelleHHe 3a/aud. 3ajaya
Ha3bIBACTCS YCMOUYUBOU NO 6XOOHbIM OAHHBLIM, €CIU PEIICHHWE 3aBUCUT OT
BXOJIHBIX JTAaHHBIX Henpepviéno Y = D(X), T.e. Ipu OYeHb MAJIOM U3MEHEHUU X

pelIeHrue TOXKE€ OYEHb MaJl0 HU3MEHsieTCsl. 3a/iaya Ha3bIBACTCSl KOPPEKMHO
nocmasnenHou (Mo Anamapy), €Ciau BBINOJTHSIOTCS TpU yCIoOBHs: 1) perieHue
CYIIECTBYET; 2) pelleHHWEe €IWHCTBEHHO; 3) 3ajlaya yCTOMYMBA MO BXOJHBIM
JTAHHBIM.

[TepBbie nBa yclioBUSI HE HYXKIAIOTCA B MOSCHEHHH. TpeTbe — BaXKHO IS
MPaKTUKH, TOCKOJbKY JaHHBIE BCErJa W3MEPAITCS C  HEKOTOPHIMHU

159



Yacrts II. Mooderuposanue no epemennvim psaoam

MOTPENTHOCTSIMHU, U €CJIM TPU HEOOIBIIIOM M3MEHEHUU BXOIHBIX JAHHBIX PE3KO
MEHSETCS OTBET 3aJIa4H, TO MBI HE MOKEM OBITh YBEPEHBI B €r0 HAJIGKHOCTH, Ja
¥ BOOOIIE MOJIE3HOCTh MOJIYUYEHHOTO OTBETa OKA3bIBAETCS MO/ COMHEHHUEM. DTO
ycioBue W Tpebyer, 4ToObI OTBET MEHSJICS MaJI0 IMPH MajoM HW3MEHEHUH
BXOJHBIX JAHHBIX.

Ecmu xoTst 661 OHO U3 TpeX YyCJIOBHI HapyIIaeTcs, TO 3a/a4a Ha3bIBACTCS
Hekoppekmuou (o Apamapy). Koneuno, Bcerga ciemyer CTPEMHUTHCS
KOPPEKTHO CTaBUTh 3a7aud, MOITOMY JOJTO€ BpeMsi HEKOPPEKTHBIC 3aJadyu
BOBCE HaxXOJWINCh BHE UHTepecoB MaTteMaTtukoB [160]. Cuurtanocs, Hampumep,
YTO OHM HE HMMEIOT «(PU3UYECKOTO0 CMBICIA», O0S3aTeNIbHO JOKHBI OBITh
nepedopMyIupoBaHbl, 1 T.11. HO ¢ TedeHrneM BpeMeHU TaKue 3a/1ayu BCe valle u
yalie BO3HUKAIM B PAa3IMYHBIX 00macTsaX mnpakTukd. [loaTomy Hauvamm
Pa3BUBATHCA CIEIUATBHBIC TTOAXOAbl K MX PEIICHUI0, TAKHE KaK PeryJisipu3alius
U MIOCTPOCHUE KBA3H-PEIICHUM.

I[To ™mepe wu3IOXKEHHWS Marepuana MBI Hepeako OyaeM o00CyKIaTh
KOPPEKTHOCTh BO3HUKAIOMIMX 3a7ad. HeKOppeKTHOCTh TMOCTAHOBKHM — HE
«OKOHYATEJIbHBIM MPUTOBOP», ATO €IlEe HE 3HAYMUT, YTO «BCE IUIOXO». TaK,
HEKOPPEKTHOM  sBisieTCsl  Jaxke  3amada  AuddepeHuupoBaHusi,  HO
muddepeHupoBanue [ITUPOKO ucronb3yercs.’ XoTs, KOHEYHO,
MpeAnoYTUTEIbHEE ObIO Obl UMEThH JIENI0 C KOPPEKTHBIMU MOCTAaHOBKAMHU, JJIsi
MPAKTUYECKUX I[EeJIeH MOKET OKa3aThCsl BIIOJHE TPUEMJIEMOW MOJIENb,
MOJIydeHHAsT W TIpU HEKOPPEKTHOM TIOCTaHOBKE 3ajaud. Hampumep, 3T0
BO3MOKHO B TOM Ciyuae, KOrja HEKOPPEKTHOCTb COCTOUT B CYIIIECTBOBAHUH
MHOXXECTBA PEIICHUM, HO YyJaeTcs BbIOpATh OJIHO pelleHue  (WIu Jaxe

3HauYUTENIbHbIE TPYJHOCTH YMCICHHOW OLEHKH IPOU3BOJAHBIX I10 BPEMEHHOMY psiiy
(m. 7.4.2) umeroT He TeXHUYecKuil xapakrep. OHHU CBsI3aHBI C HEKOPPEKTHOCTBIO 3aJadu
muddepennupoBanus [160]. IlosicHuM 3To Ha KOHKpeTHOM mnpumepe. Ilycte 3amaHa
HenpepbiBHO Tuddepenuupyemas GyHKms x((f), obo3Haumm dx,(¢)/dt = y,(¢). Iycrs
Terepb X((f) 3agaHa ¢ HEKOTOPOHM MOTPEIIHOCTHIO, T.€. BXOAHBIC IAHHBIC IPEICTABIISIOT
coboil ¢pyHkuuio x(f) = x,(¢)+&(t), rae nobaska &(f) HempepbiBHO auddepeHunpyema u
OUYeHb Maja: ‘§(t)‘ < ¢ . BxonHble naHHble X(f) O4eHb ONM3KU K X,(f) B CMBICIE METPUKU
L, . TlpousBoxHas «3airyMieHHOI» GyHKuud x(¢) ectb dx(t)/dt = y,(t)+d&(¢)/dt. Ee
OTKJIOHEHHE & OT J,(f) B TOH K€ METPUKE MOXKET OBIThb CKOJIb yrogHo Benuko. IlycTs,
nanpumep, &(¢) = Jsin(wr), Torna dx(t)/dt = y,(t) + @S cos(wt) . lpu 3T0M & = @5 MOKET

OBITh CKOJIb YTOJHO OOJIBIIMM It CKOJb YTOJHO MAaJoOro O, €CIM @ BEIHKO. T.e.
HOTPEITHOCTh TUPPEPESHIIMPOBAHKS MOXKET OBITh CKOJIb YTOJHO BEJIMKA MPH CKOJb YTOJIHO
MaJION «MHTEHCUBHOCTH OBICTPO OCITMILTAPYIOMIETO Tiryma & (1) ».

3I[GCB BAa’XHO, KaK IIOHHUMAaCTCA 0MU30CTH B IIPOCTPAHCTBE BXOAHBIX JAHHBIX U B
IPOCTPaHCTBE pemeHHﬁ. TaK, €CIU CYUTATh OJMM3KMMHM TOJBKO TAKHE BXOOHBIC OAHHBIC, OJIA

pa3HOCTH KOTOPBIX £(f) BBIMOTHSAETCS] OJTHOBPEMEHHO ‘f(t)‘ <owm ‘dg(z)/dt‘ <0 (re &(t) —

MEJJIEHHO MEHsroIasics QyHKIusI), TO 3a7a4a AudepeHIupoBaHus] KOPPEKTHA.
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HECKOJIBKO) M3 3TOr0 MHOXECTBA, JAOIIEE BIIOJIHE YJIOBJIETBOPUTEIIbHBIE
pe3ynbTaTthl. Tak, npyu MOJIETUPOBAHUM MOJIEKYJ [68] aBTOpPHI MOJYEPKUBAIOT
NPUHUIUNHAIBHYI0O  HEKOPPEKTHOCTh  BO3HHUKAIOMMX  3a1ay  (MOJy4YeHue
mapamMeTpoB MOJIEIM TO CIEKTPY TMOTJIOMICHUS WiIH 10 AUGPaKIUOHHON
KapTHUHE) U HEOOXOJIMMOCTh PaCCMAaTPUBATh MOJIEIH, MTOJIyYEHHBIE B PE3yJIbTaTe
pPa3IMYHBIX TMOCTAaHOBOK JKCIIEPUMEHTA, KaK B3aWUMHO JIONOJIHUTEIbHbIE U
TOJIbKO YaCTUYHO OTBEUAIOIINE OOBEKTY.

Ecte m npyroil pacnpocTpaHEHHbId BapUAHT IIOCTAHOBKM M PELICHUS

(V) *
HEKOppeKTHOM 3afaun. ITycTh npu BXOIHBIX JaHHBIX X CYUIECTBYET pEUICHUE

% % o
3amaun Y . [lycts mannble X 3aiaHbl ¢ MOTPELIHOCTAMM, 00O03HAUMM TaKOMN
«3ayMiIeHHbId BXo» X. CTpororo peueHusi Ipu BXOJIHBIX JaHHbBIX X 3aj1ada
MOET M He uMeTh. Torna uiyT BenuuuHy Z =®(X), B HEKOTOPOM CMBICIIE

6J'II/13KYIO K PpCHICHUIO W TaKyrl, 4YTO OTO6pa)KCHI/Ie o — HCTIPCPBIBHO, U

O(X)—> Y mpu HX -X *H — 0. Benmnuuny Z Ha3bIBAIOT K8A3UpEULCHUEM.

Ha mpaktnke HEKOPPEKTHOCTh TMOCTAHOBKM 3a/Ja4ydl MOJEITUPOBAHUS TI0
BPEMEHHOMY DSy CHUMAETCs, HampuMep, 3a CUYeT JOIMOJHUTEIbHBIX
NPEINONIOKEHNH WM  anpuopHON wuHOpMamuu O CTPYKType Moaenu (u
COOTBETCTBYIOIIETO BbIOOpa Oa3WcHBIX (yHKIMH, cM. TaaBel 7-10).
CyImecTByIOT TaKke MpOUEIyphl, KOTOpbhIE O0ECIeYnBalOT KOPPEKTHOCTD
MOCTAHOBKH: TIOCTPOCHHUE TAK HA3bIBAEMBIX PETYIAPUIUPYIOUINX (HYHKIIMOHAIIOB
[160, 51]. TunuyHBIM MPUMEPOM IOCIEAHEN CUTYyaALMU MOYKET CIIYKUTb 3a/ada
anmnpoKCUMAallMU 3aBUCHMOCTH OJHOW BEJIMYMHBI Y OT Apyroi X Ha OCHOBE
KOHEYHOM «oOyuaromein» BbIOOpKH (cM. Hmke 1. 7.2). JlOBOJIBHO JIErKO
no100paTh KPUBYIO, MPOXOASAIIYIO Yepe3 KKIYI0 IKCIEPUMEHTAIbHYIO TOUKY
Ha twiockoctu (X,Y) (m.7.2.3.1). Ognako, B oOiieM ciydae, CyIIECTBYET

0ECKOHEUYHOE€ MHOXKECTBO KPHUBBIX, KOTOpPBHIE OTIUYAIOTCS OT BBIOPaHHOM
MPOU3BOJBHBIMA OCUMJUIALUAMU Medcoy moykamu. Bce OHM JTOCTaBISIIOT
MUHHMYM SMIHPUYECKON CpPETHEKBAIPATUIHON OIMMOKE aNMpOKCHMALUU U B
3TOM CMBbICIIE SIBJISIFOTCSI PAaBHOIIPABHBIMH PEIICHUSIMU 3a7add. YUCIIO perieHuit
MOXHO YMEHBIIUTh, €CIIM HAJOKUTh YCJIOBHE HA BEIMYMHY MEXKTOUYECUHBIX
OCLMIIAIMHA. DTO Kak pa3 M JelaeT peryisapu3upyromuid  (QyHKIuoHaAT
(mogpobuee cm. m. 7.2.3). Tak 4yTO aHaAIM3 KOPPEKTHOCTH 3aJauyd BaKCH: OH
noMmoraetr BbIOpaTh 3((EKTUBHBIA CIOCO0 €€ peleHus W, €CIM HYXKHO,
HECKOJIbKO U3MEHUTH CaMy MOCTaHOBKY.

5.3.3. I110X0 00yCOBJIEHHBIE 3a1a4U

B mpakTHueckux TPWIOKEHUSX BaKHO BBIICIUTH BUJ 3a1a4, KOTOPHIC
TEOPETUYECKH TIOCTABJICHBI KOPPEKTHO, HO UX PEHICHUE «JIOCTATOYHO CHIIHBHOY
3aBHCHT OT MaJIOr0 U3MEHEHHS BXOJHBIX JaHHBIX. «J0CTaTOUYHO CHIIBHO» — 3TO
HE CTPOTro€ TMOHSITHE, KOTOPOE ONpPEeIIeTCs] KOHKPETHOW 3a/1a4yeid, HO B 00mieM
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Cllydae O3Ha4aeT, YTO MPU MaJIOl OTHOCUTEITHLHOU MOTPEITHOCTH O BO BXOJHBIX
JAHHBIX OTHOCHUTEJIbHAS TOTPENTHOCTh PEIICHHsT & BO MHOTO pa3 OOoJbIIe:
e=K-0, rne K>>1. Xors (opmalbHO 3agaya yCTOMYHBA IO BXOIHBIM
JAHHBIM — TpU OECKOHEYHO MAaJIOM TMOrPEIIHOCTH BO BXOJHBIX JIAHHBIX
NOTPENTHOCTh B PEIICHUU TaKXe OECKOHEUHO Maja, — HO MPU KOHeUHOU MaJloi
MOTPEIIHOCTH BO BXOAHBIX JAHHBIX IMOTPEITHOCTh B PEIICHUH MOXKET OKAa3aThCs
OueHb BeiuKa. Takue 3aJauyd Ha3bIBAlOT €1a060 YCTOWYUBBIMU IO BXOIHBIM
JTAHHBIM WU 110X0 00ycaosneHuvimu [85, 289].

C nOpakTUYECKON TOYKM 3pPEHHUS] OHM HE OTJIUYAIOTCA OT HEKOPPEKTHO
MOCTABJICHHBIX, €CJIH Y4Y€CTh, YTO BCE pPACUEThl M MPEICTABICHHE YHUCET Ha
KOMITBIOTEPE UMEIOT KOHEYHYI0 TOYHOCTh. [IprMepom mioxo o0yCIOBICHHOMN
3ama4n  SBJSETCS 3aJadya PEMIeHUS CHUCTEMBbI JIMHEHHBIX aire0panmdecKux
ypaBHEHHUH, MaTpUIla KOTOPOM OJIM3Ka K BBIPOXKJICHHOM (TaKyl0 MaTpHUIly TOXKE
4acTO Ha3bIBAIOT IUI0XO0 00ycnomieHHoM) [85, 153]. Ilnoxo oOycnoBiieHHbIE
3a7a4¥ 4acTO BO3HUKAIOT IMPU MOCTPOCHUH «TPOMO3IKHX» MATEMATHYECKHX
MOJIeJIel IO BpeMEHHBIM psiiam. JIjist ux peiieHus TpeOyeTcs: MPUBIIEKaTh TE Ke
UJIE U METOJIMKH, YTO U B CJIyuyae HEKOPPEKTHBIX 3a]1a4.
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