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CocTaBieHbl B COOTBETCTBHM €  (efiepalbHbIM  TOCYAapCTBEHHBIM
o0pa3oBaTeNbHBIM CTAaHAAPTOM BBICIIETO OOpa30BaHUs HAIMpPABJICHUS TOATOTOBKHU
09.04.04 TIIporpammHass MH)XCHEpUS W HAa OCHOBAHMHM YYCOHOTO IUIaHA HAIMPABICHUS
noaroroBku  09.04.04 (mpodunp «Pa3paboTka uWHGOPMANMOHHO-BBIYUCIUTEIBHBIX
CHUCTEM»)

B MeToamdecknx ykasaHHSIX W3JI0KEHA METOJIWKA MOCTPOSHUS KHOCPHETHUECKOM
MOJICIA CHCTEMBI, OIPENEICHbI LEeNH M 3aJa4d MOICITUPOBAHUS CHCTEM C TIOMOIIBIO
METOJIOB CTPYKTYPHOW U TapaMeTpU4ecKol HIEeHTU(UKAINU, BBIJEICHBI 0COOCHHOCTH
TEOPETUYECKOTO YPOBHS MPOBEJCHUS uccienaoBanuii. [IpuBeneH mpumMep BBITIOTHEHUS
3a/laHisg M OCHOBHbIE TpeOOBaHWSA, HEOOXOAUMBIE MJI1 BBINOJIHEHHUS JabOpaToOpHOU
pabotel O aucnuIUIMHe «TE€OpHs CUCTEM U CHUCTEMHBIM aHaiu3». Pa3o0paHsbl
IpUMEpHI BHIITOJIHEHUS 33JaHUM, IPUBEACHBI KOHTPOJIBHBIE BOIIPOCHI K 3aIUTE.

[Ipenna3zHaueHsl Ui CTYACHTOB, OOY4YalOIIUXCS HANpaBiICHUS MOATOTOBKH
09.04.04 IIporpammuas wumxeHepus (npopuns «Pa3paborka HHPOPMALIMOHHO-
BBIYUCIIUTENIBHBIX CUCTEM») BCceX (hOpM OOyUCHUSI.

TekcT nmeyaraeTcs B aBTOPCKOM peaaKnu

[ToxmucaHo B revaTh . ®opmat 60x84 1/16.
V. ney. . V4.- u3a. o Tupax 25 sk3. 3akaz 1720 becniartHo.
FOro-3anagHblil rOCyJapCTBEHHBI YHUBEPCUTET.
305040, r. Kypck, yiu. 50 ner Oxtsa0ps, 94.
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PA3PABOTKA ®YHKIIMOHAJIBHOM MOJIEJIU CUCTEMBI
HA OCHOBE BBIEOPA OIITUMAJIbHOM CTPYKTYPHI

Hear» um 3amaum JadopaTopHOro 3aHsATHs (JadopaTopHou
padoThI):

Heas padorbl — U3y4eHUE METOAOB CTPYKTYPHOU H
napaMeTpuueCcKol HACHTU(DUKAIIMY, NMPUMEHSIEMBIX JIJI1 YCTAaHOBJICHUS
ONTUMAJIBHON CTPYKTYphl MOJACIM U TPUOOPETEHHE MPAKTHUUECKUX
HAaBBIKOB X HMCIOJIb30BaHUS.

3agaum padoThI:

» [103HAKOMHUTBCS ¢ OCHOBHBIMH  TOHSATHSMH  METOJIOJIOTHH
CTPYKTYPHOM 17| apaMeTPUIECKON uaeHTU(PUKaLNH,
MPUMEHSIEMBIX MTPU MOACIUPOBAHUU PAZIUYHBIX CUCTEM,;

» W3yunthb KJIaCCU(PUKAITUIO METOJI0B CTPYKTYPHOU 151
napaMeTpUIEeCKOW UACHTU(PUKAIIMN TAIbl IOCTPOCHUS MOJETIEH;

» M3yunth QyHKIMM W 3HAYEHHE MOJCIHMPOBAHHUSI B IPOIECCe

IMO3HAHUS,
» Bpiienuth ciocoObl KiaccH(pUKAIIMU MOJACICH M pa3BepTHIBAHUS
TEOpUH;
» 3yunTh OCOOCHHOCTH TEOPETHYECCKOIO YPOBHS IIPOBEICHHS
HCCICIOBAHNM;

» IlpoaHanmu3upoBaTh W BBIACIHTH CTPYKTYpHBIE KOMITOHCHTBI
TEOPETUYECKOTO TTO3HAHUS;

» M3yunTh  BO3MOXKHBIC  CTPYKTYpPHBIE  CXEMBI  ITOCTPOCHHS
CTPYKTYpHON U TlapaMETPUUECKOW HUJCHTU(UKAIIMK U  €ro
AJIEMEHTOB;

» Ilo3HakOMHUTBCA C aJIrOpUTMaMH TMpollecca IOCTPOSHUS U
Ha3HAYCHUS MOJCIICH;

» IlpoaHamu3upoBaTh W OOOCHOBAaTh IPEHUMYIIECTBA MPHUMCHCHHS
METOJIOB CTPYKTYPHOU W TapaMEeTPUYECKOU HUICHTU(UKAIIMHU IS
MOJIETTUPOBAHHUS B MPOIIECCE pa3pabOTKH.

Ilnanupyembie pe3yJbTaThl 00yueHus ((popMupyeMblie 3HAHUS, YMEHUS,
HABBIKHA M KOMIICTCHIIUM):

Koo u mnaumenosanue unouxamopa O00CMudICeHUs KOMNEmMeHYuu,
3aKpenienHo20 3a OUCYUNTUHOU.
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OIIK-2.2 O00CHOBBIBAET BHIOOP COBPEMEHHBIX MHTEIEKTYaIbHbIX TEXHOJIOTUN U
IpPOrpaMMHOM Cpelbl MpH pa3pabOTKEe OPUTMHANBHBIX IMPOTPAMMHBIX CPEICTB s
pelieHns npoecCHOHAIBHBIX 33/1a4;

OIIK-2.3 Pa3pabaTbiBaeT OpUrMHAIbHBIE IPOrPAMMHBIE CPEJICTBA, B TOM YHUCIIE C
HCIIOJIb30BAHUEM COBPEMEHHBIX MHTEIICKTYaIbHBIX TEXHOJIOTUH, TS PEeIIeHUs
npodeccuoHaNbHBIX 3a/a4;

OIIK-8.1 IToxOupaet 11s AaJIbHEHNIIETO UCTIONIB30BaHUs Hanbosee 3 PeKTUBHBIC
METO/JIbI YIIPaBJICHUs pa3padO0TKON MPOrPAMMHBIX CPEJCTB U MPOECKTOB,;

OIIK-8.3 AnanusupyeT 3¢ (HEKTUBHOCTH UCTIOJIb30BaHHBIX METOIOB YIIPABICHUS
pa3paboOTKOM MPOrpaMMHBIX CPEICTB U IPOEKTOB.

Heo0xoaumble MaTepHAJIbHO-TEXHUYECKOe o0opynoBaHue "
MaTepHaJIbl:

1. Kitacc IT9BM - Athlon 64 X2-2.4; Cel 2.4, Cel 2.6, Cel 800.

2.  Mynptumenua  uentp:  HoytOyk  ASUS  X50VL  PMD
T2330/14"/1024Mb/ 160Gb/ cym-ka/mpoektop inFocus IN24+ .

3. Dkpan MmoOmbHbIH Draper Diplomat 60x60

4. loctyn B ceTb IHTEpHET.

IIIkaja oOUEHMBAHMS W KPUTEPUMH OLECHUBAHUS BbINOJHEHHOM
NPAKTHYECKON padoThI:

. MakcrumanbHbIN
MuHUManbHBIN 6ast
dopma KOHTPOJIA oan
Oayn | mpumedanwe | 6ayul | npUMeYaHue
1 2 3 4 9)
JlaGoparopHoe 3ansitue Ned Brinosnxun, Breimonuun
6 |HO «HE 12 |m
3aIUTHID) «GAIUTHIDY

Ils1an mpoBeaeHust J1a0OPATOPHOrO 3aHATHA (J1a0OPATOPHOM
padoThI)

3AJAHUA I CAMOCTOATEJBHOI'O BBIITOJIHEHUA

1. CdhopmupoBaTh KOHKPETHbIE 3HA4YEHHUS HAOOPOB HCXOJHBIX
JTAHHBIX (BXOIHBIX MEPEMEHHBIX ), KOTOPhIE XapaKTePU3YIOT OTICIbHBIMI
BBIUUCIIUTEIbHBIN AKCIIEPUMEHT C IPOrPaMMHOMN MOJI€JIbI0 CUCTEMBI.

2. BBINOJHUTH TapaMeTPUUECKYI0 UACHTU(DUKAIIUIO PACUETOB WUIIH,
B 0OIlleM CiIydae, BHITIOJTHEHHUE OTACIBHON UTEpAIlui ¢ UMUTAITMOHHOU
MOJIEJIbI0O CHCTEMBI C IEJIbI0 TMOJYYeHUS] KOHKPETHBIX 3HAUYCHUU
BBIXOIHBIX MApaMeTPOB (IMIEPEMEHHBIX ) MOJICIIH.



5

3. IlpousBecTn OIEHKY TOYHOCTH M BEpU(PHUKAIIUIO MOJTYIECHHBIX
pE3yJbTaTOB HA OCHOBE IMPOBEPKHA COTVIACOBAHHOCTH OTHEIbHBIX
KOMIIOHEHTOB  BBIYMCJIMTEIBHBIX  Pacy€TOB C  HCIOJIb30BAHUEM
AHAIIMTUYECKOU MOJEIH.

4. BbINOJHUTH HMHTEPOPETALHUIO TMOJYYEHHBIX pE3YJIbTATOB B
dbopMe yHpaBISAIONIMX BO3JACHCTBUM WM albTEpPHATHUB PEUICHUS
UCXOJTHOM MTPOOIIEMBI.

5. [IpousBecTH OLEHKY MOTEHIHAIBHON BO3MOKHOCTH pealli3alluu
MOJYYEHHBIX PE3YJIbTATOB MPUMEHUTEIBHO K CHCTEME-OPUTHUHAIY.



1. OCHOBHBIE TEOPETHYECKME ITOJIOXKXEHUS

1.1 CrpykrypHu3anus npeaAMeTHOM 00/1aCTH U OCTPOEHHE MOAEIH

CtpykTypu3anus poOIeMHOM obnactu Ipe/noJaracT
OmpeJie/iecHne W TOCJIENYIONIee YTOYHCHHE €€ TpaHuIl, a TakKe
OTIpEJICTICHUE COCTaBa CHUCTEM, YYACTBYIOIIUX B PEIICHUU HCXOIHOM
POOJIEMBI.

[{enpr0 TaHHOTO ATaIa SBISICTCS OCTPOCHHUE aJIeKBATHONW MOJICIH
CUCTEMBbI B OOIIEM KOHTEKCTE pEIICHUsS MCXOAHOM MPOOIEMBI.
CooTtBercTBytomias uHbopMalusa MpeAcTaBiasieTcas B (QopMe MOIEIH
CUCTEMBl WX TMPOOJIEeMHOM o0O0JacTH B IEJIOM Ha HEKOTOPOM
(bopMaNTbHO-TOTHYECKOM SI3BIKE.

Peub uaer o Tom, 4TOOBI BCA AOCTyMHass HHGOPMAIUS O PElICHUN
npoOJIeMbl JTOJDKHA OBITh 3a()MKCHpOBaHA B BHJIE HEKOTOPOW MOIEIH
cucteMbl. [Ipu »TOM MOJens MOMKHA YAOBJIETBOPSITH MPUHIIUITY
aJICKBaTHOCTH  OTPAKEHUS  OCHOBHBIX  OCOOCHHOCTEH  CHCTEMBI-
opuruHana. Jlpyrumu cioBamMu, MOACIb HE JOKHA OBITh HH
MOBEPXHOCTHOU (HEMOJIHOM), KOTOpash HE YYHUTHIBAET CYIIECTBEHHBIC
aCIEeKThl CTPYKTYPHI WM MOBEJICHUS] CUCTEMbI-OpPUTHHATIA, HU U3JTUIITHE
CIIO)KHOH WM M30BITOYHOM, B paMKaX KOTOpOW pa3paboTYUKH
IBITAIOTCS YY€CTh Ja)Ke HECYIIECTBEHHBIC C TOYKH 3PEHHUS HMCXOIHOMU
poOJIEMBI ICTAIM CUCTEMBI-OPUTHHAIIA.

JlaHHBIN STalm MOCTPOCHHUS MOJENIH IPEATOoNiaracT BBITIOJHCHHE
CJIEIYIOLLIEH MOCIEA0BATEIILHOCTH AEUCTBUMN:

1. ITocTpoeHne KOHIENTYadbHOH WM MHGOPMAIMOHHONW MOJCIH
CHUCTEMBI U MPOOJIEMHON 00JaCTH, KOTOpasi COJEPKUT Haubojiee o0Iyto
uHQOpMALIUI0O U OTpa)kaeT CTPYKTYPHBIE B3aWMOCBSI3U CHUCTEMBI-
OpUTHHAJA C IPYTUMU 00bEKTaMH OKPYKAIOIICH CPeIbI.

2. IlocTpoeHHWe aHATUTUYECKOW WM MaTEeMaTHYSCKOW MOJIEIH
CUCTEMBI, KOTOpas ACTAIM3UPYET OTACIbHBIC ACMEKThl CTPYKTYpPHl H
MOBEJICHNS CUCTEMBI-OpUTHHAIa B (OpME TEKCTa C HCIOJb30BAaHUEM
CIICIIMAJIbHON MAaTEMAaTUYECKON HOTAIlUK (CUMBOJIUKH ).

3. IlocTpoeHrne WMUTAMOHHOM WM NPOTPAMMHOM MOJIEIHU
CHUCTEMBI, KOTOpas HEMOCPEICTBEHHO peaanu3yeT HHHOPMAIMOHHO-
JOTUYECKYI0 MOJENb B (hOpMe, CIEIUAIbHO IPEeTHA3HAYCHHOU IS €e
UCCJICIOBaHUS C UCIIOIb30BaHUEM KOMITBIOTEPOB.
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[Iportecc pa3paOOTKU aJeKBaTHBIX MOJIENICH W MX IMOCIEAYIOIIETO
KOHCTPYKTHBHOTO TIpUMEHEHHUsI TpeOyeT He TOJbKO 3HaHMS OOIIeH
METOJ0JOTMA CUCTEMHOI'0 aHajav3a, HO W HaJW4YMhsl COOTBETCTBYIOIIUX
M300pa3UTENbHBIX CPEJACTB WM SI3BIKOB I (DUKCAIIUU pPE3yIbTaTOB
MOJICJIMPOBAHUSI M UX JIOKYMEHTUPOBAaHUs. [JIi MOCTPOEHUS MOAEIIEN
HCIOJIB3YIOTCS  (hOPMAJIbHO-TEOPETUYECKHUE METOJIbl, OCHOBAHHBIE Ha
JAJIBHEUIIEM Pa3BUTUM MATEMATUYECKUX W JIOTHYECKUX CPEICTB
MoOJenupoBaHus. [lJIs1 3TOM LENM TakXKe MPEIIOKEHBI pPa3IuyHbIC
rpadMYecKue HOTAIlUM M S3bIKM MOJICJIMPOBAaHMS, B TOH WM HHOMU
CTEIICHH OTpPaXKaIoIUe CHEMU(PUKY pelaeMblXx 3agad Ha OCHOBE
MIPUMEHEHUSI COOTBETCTBYIOIIUX TPOTPAMMHBIX HHCTPYMEHTAPHEB.

1.2 BoinoJiHeHHe BbIYNCIUTEIbHBIX IKCIIEPUMEHTOB € MOIEJIbI0

Mogens cucteMbl pazpadaThiBaeTCs IS MOJIYyUYEHUST HEKOTOPOM
HOBOM MH(OPMAIIUU O CUCTEME-OPUTHHAJIE C IEJIbI0 PEIICHUS UCXOTHOM
npoOnemMbl. B aToM cityyae 6a30BbIM OOBEKTOM IS TTOTYUYEHHUS] TaKOM
uHpopmaluu SBISETCS MpPOrpaMMHasi MOJENIb CJIOKHOM CHCTEMBI,
peanv3oBaHHAasT HAa OJHOM U3 S3bIKOB MPOrPaMMHPOBAHUSA WU
MOCTPOEHHAs] C HKCIOJIb30BAHUEM COOTBETCTBYIOIIMX MPOTrPaMMHBIX
UHCTPYMEHTAPHUEB.

Peanuzanusi maHHOrO 3Tama B KOHTEKCTE  METOJOJOTMU
CUCTEMHOTO  MOJICTMPOBAHMS ~ O3HAYAE€T  BBINOJHEHUE  CEpPUU
AKCIIEPUMEHTOB C MPOTPAaMMHOM MOJICTBIO0 CUCTEMbl HA TOW WJIM WHOU
BblUMCIUTENbHON 1iargopme. Ilpu »3ToM BO3MOXKHA ciemyromas
MOCJIEA0BATEIBHOCTh ICUCTBHI, OTpa)xarolias coaep:;kaHue COOCTBEHHO
npoiiecca MIAaHUPOBAHUS IKCTIEPUMEHTOB:

1. ®opmupoBaHHE KOHKPETHBIX 3HAYEHUW HAOOPOB HCXOHBIX
JAHHBIX (BXOJHBIX MEPEMEHHBIX ), KOTOPhIE XapaKTePU3YIOT OTICIIbHBIMI
BBIYUCIIUTEIIbHBIN IKCTIEPUMEHT C MPOTPAMMHOMN MOJEITBIO CUCTEMBI.

2. BBINOTHEHWE PacyeTOB WM, B OOIIEM CIydae, BBINOJHEHUE
OTJEJIbHOM HUTEpalMi C WMHUTAIMOHHOW MOJIENIbI0 CUCTEMBI C IEJIbIO
MOJYYeHUS]  KOHKPETHBIX  3HAYEHHMM  BBIXOJHBIX  MapaMeTpOB
(mepeMeHHBIX ) MOJIETH.

3. O11eHKa TOYHOCTH U BepHUUKALIHS TTOTYUYCHHBIX pPe3yJIbTaTOB Ha
OCHOBE TIPOBEPKH  COTJIACOBAHHOCTH  OTJEIBHBIX  KOMIIOHEHTOB
BBIYUCIIUTENIBHBIX ~PACUYETOB €  MCIOJb30BAaHUEM  AHAIUTUYECKOU
MOJICIIH.
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4. Wurtepnperanus TMOJYyYEHHBIX  pe3yJdbTatoB B  (opme
VIIPABISIONMX BO3JACUCTBUUA WJIA aJbTEPHATUB PEIIEHUS HCXOIHOU
pO0JIEMBI.

5. OneHka  NOTEHUHMAIbHOM  BO3MOYKHOCTH  pealM3alliu
MTOJYYEHHBIX PE3YIbTATOB IIPUMEHUTEIBHO K CUCTEME-OPUTUHAILY.

1.3 IlpuMeHeHME Pe3YJIbTATOB BHIYUCIUTEIbHBIX IKCIIEPUMEHTOB

ConepkaHMeM JAaHHOTO JTalla SBJISETCS MAaTEpPUANBHOE WU
UH(OPMALIMOHHOE BO3JEHCTBUE HA CUCTEMY-OPUTMHAI C LENbIO
peltieHuss HUCXOoaHOM mnpobsiembl. Ilpu 3TOM MOXKET MOTPeOOBATHCS
IUJAHUPOBAHUE OPraHU3alMOHHBIX MEPOINPHUATHH [0 pealn3aluu
0JI00HBIX BO3JCHCTBUN U KOHTPOJb UX BBIIOJHEHUS.

[Tocne peanu3annyu peKOMEHAAMN BBIIIOJHEHHBIX UCCIECIOBAHUM,
YTO OKa3bIBAETCS BO3MOXHBIM TOJIBKO TIOCJIE€ OKOHYAHHUS JTala
BBIYMCIIUTEIIBHBIX JKCIIEPUMEHTOB C MOJEIBIO, MOXKET CI0KUTHCS OJHA
W3 ABYX CUTYAlWN.

Hcxonnas mpoOieMa MOJHOCThIO pElIeHa — TEM CaMbIM IIEJH
CUCTEMHOTO MOJEIIMPOBAHUSA JOCTUTHYTBL. B 3TOM cilydyae MOKHO
NepPENTH K PEIICHUI0 OYepeIHON MpoOJeMbl M3 JaHHOW MpPEeIMETHOM
0o0JacTH, 4YTO XapakTEepU3yeT Hadyallo HOBOrO IMKJIA CUCTEMHOIO
MOJEIUPOBAHMS.

Hcxonnas nmpoOieMa He pellieHa Wil pelieHa He MOJTHOCTBIO — TEM
CaMbIM LIE€JIM CHCTEMHOIO MOJEIMPOBAHUS HE JOCTHUTHYTBHL. B 3TOM
Cllydya€ HEOOXOJHMMO TIIATEIBHO NPOAHAIU3UPOBATH CIIOKUBIIYIOCS
CUTYaILMIO U ITPUYHNHBI HEYa4uH.

[locne 3TOro MOXHO MEPEeUTH NTUOO0 K KOPPEKUIHUU HCXOTHOU
MOJEJIM CUCTEMBI, JINOO BOOOIIE OTKA3aThCsl OT NOCTPOEHHON MOJIENHU U
peanr30BbIBATh HUKJI CUCTEMHOTO MOJAEIUPOBAHHUS 3aHOBO.

Koppexyus unu dopabomxa mooenu. 1lens naHHOTO 3Tara HESIBHO
ObLIa yXKe cOpMyIMpPOBaHa BBILIE, & UYMEHHO — BHECEHUE U3MEHEHUH B
CYILIECTBYIOIIYI0 MOJI€NIb, KOTOpHIE HAINpaBJICHbl Ha OOECIEYEHHUE €€
aJIcKBaTHOCTH peliaeMoi rmnpooOieme. Peub MOXeT HUATH Kak o
BKJIIOUCHUM B  COCTaB WCXOJHOW  MOJEIH  JIOTOJHHUTEIbHBIX
KOMIIOHEHTOB, TaK M O pPAJUKAIbHOM W3MEHEHUU CTPYKTYpbl U
coJiepxaHusg Mojiend. BaXkHO OTMETUTH TTPOOJIEMHO-OPUEHTUPOBAHHBIM
XapakTep ATUX HW3MEHEHHH, T.€. KOPPEKUHs WU J0paboTKa MOZIEIH
JOJKHBI BBITMOJIHATBCS B HEIMOCPEACTBEHHOM KOHTAKTE C PEIIaeMoi
poOIeMOH.
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PaccMoTpuM 0COOEHHOCTH IByX OCHOBHBIX KJIACCOB MO/ICIICH:
- AaHAJIUTUYECKHX
- UACHTU(UITUPYEMBIX.

1.4 AvaauTu4ecKue MoaeJau

TeopeTnueckue  MOAEAM  HA  NPAKTUKE  MPEICTABISIOT
CTPYKTYPHYIO OCHOBY U SBJISIFOTCSI HICXOJIHBIM MaTepUalioM Jyisl Bcex 0e3
VICKITFOUEHUSI TEOPUM.

B o6nactu TOuHBIX Hayk jr00as TeOopusi MPEACTaBIAECT COOOit
CUCTEMY B3aMMOCBSI3aHHBIX AHAIUTUYECKUX MOJIENICH, MOJYMHEHHAS
PEryJISITUBHBIM TPUHITUIIAM U YHUBEPCAIBHBIM 3aBUCUMOCTSIM 0OoJiee
BBICOKOT'O YPOBHHI.

B obnactax HayyHOro 3HaHMS MPUKIATHOTO XapaKTepa, TAaKUX Kak
TeOpeTHUYeCcKass MEXaHWKa, TeOopeThYecKas »dJICKTPOTEXHUKa U Jp.
aHAJIMTUYECKUE MOJIENH, JOTIOJIHSIEMbIE 0000IICHHBIMU
IKCTIEPUMEHTAIBHBIMU JTAaHHBIMH, SBISIOTCS Ba)KHEUIEW COCTaBHOM
4acThI0  MOHSATUMHOTO  ammapara, CHeUu(UYEecCKOoro  si3blka U
poQeCCHOHATBLHOTO MBITIUICHHUS.

B ocHoBe aHanuTHYECKUX MOJEJIEH, Kak MpPaBUIIO, JIEXKAT TakK
Ha3bIBa€Mble OaJaHCOBBIC COOTHOIICHHS, CBSI3BIBAIOIINE BXOJHBIE U
BBIXOJIHBIE TIEPEMEHHBIE WM HEKOTOpble (PYHKIMOHAIBI OT JTUX
MIEPEMEHHBIX, HMMEIOIIUE CMBICT OOOOIIEHHBIX CHJI, OOOOIIEHHBIX
MOTOKOB WJIM KOOPIMHAT.

TunuyHbEIMU IPUMEpPAMHU SBIISIOTCS  YCJIOBUS PAaBHOBECHS CHJI WIIH
MOMEHTOB, JCHCTBYIOIIMX HAa HEKOTOPYID MEXaHUYECKYIO0 CHCTEMY,
PaBEHCTBO MAacC MCXOJHBIX M KOHEUHBIX TMPOAYKTOB HEKOTOPOU
XUMHUYECKON peakiuuu u T.1. CleayeT 3aMeTUTh, YTO 3TU COOTHOLICHHUS
MPEJCTABIISIIOT COOOM YacTHBIE TPOSIBICHUS 3aKOHOB COXPaHEHUS
BEIIECTBA U DHEPIrUM, K KOTOPHIM JOOABISIETCA HEOOXoguMast
JTOTIOJIHUTENbHAST WH(OpMAaIsa, HCTOYHUKOM KOTOPOU MOMXKET OBbITh
AKCTIIEPUMEHT.

1.5 UnenTudpunupyembie MOAEIN

B ocHOBe pa3mu4HBIX METOMOB HICHTU(HKAIUMU (OIBITHOIO
OTOXJIECTBIICHUS MOJICTH C OOBEKTOM-OPUTHHAIOM), JICKHUT WIS
MBICJIEHHOT'O IKCTIEPUMEHTA C «UEPHBIM SIITUKOMY, CPOPMYIHMpOBaHHAS
H. Bunepom. B TeopeTnueckom cilydae «4EpHBIN SIIHUK» MPEACTABIISECT
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co00M HEKYIO0 CUCTEMY, O CTPYKTYpE M BHYTPEHHUX CBOMCTBaX KOTOPOU
HUYEr0 HEW3BECTHO HCCIENOBATEN0, BO3MOXHAsA CXEMa KOTOPOTO
MpejcTaBieHa Ha pucyHke 1.

N3BECTHBIMU CUMTAIOTCS BXOJHBIE XapPAKTEPUCTUKU, T.€. BHEIITHUE

dakTopel X =(X{,X5,...,X,), BO3IACHCTBYIOIINE Ha OTOT OOBEKT

(mporecc), a TakKe BBIXOJHBIC XapaKTCPHUCTHKHU Vz(yl,yz,...,ym),

MPEACTABIISIONMKE COO0M peakIMu CUCTEMBbl HAa BXOJHBIC BO3JCUCTBUS,
JOCTYITHBIC ISl U3MEPEHUM B J1F000M MOMEHT BPEMEHH.

Bxonure

Brxopgure
BO3AEHCTBHA BO3OeHCTEHA
xl T‘ }Tls \ M | yl
(“’ n“l' “ ‘ﬁ ‘1‘
j’ x2 s Q‘C'.G-‘ '.:,."“" "% i }7 y2
Pd
: o CUCTEMA ] :
..5‘3.}" 4‘ ‘7:,‘3‘&»\ ":l %‘ﬁ:-
xn 7 AN £ ym

Pucynok 1. Cxema MOJIeNIN CUCTEMBI B BUJIE YEPHOTO SIITUKA»

3a)1aqa 3aKJI049acTCsAa B TOM, YTOOBI I10 HU3MEPACMbBIM
XapaKTepI/ICTI/IKaM (Ha6J'IIOI[aeMBIM I[aHHI)IM) Ha BXOJax

X = (X, X9,...,X) ¥ BBIXOHAX Y= (Y11 Y2,---»Yp) YCTAaHOBHTH CBOMCTBa

00bEKTa WJIK UHAYE, TOCTPOUTH MO/IETb.

3agaya uaeHTUPUKAMUA QOPMYIHUPYETCS CIEAYIOIUM 00pa3oMm:
no pesyaomamam HAONIOO0EHUN HAO 6XOOHLIMU U BbIXOOHLIMU
nepPeMeHHbIMU CUCEMDBL 00NIHCHA OblMb NOCMPOEHA ONMUMANbLHAA 6
HEKOMOopoOM CMbICle MOOENb, m.e. PopManIu3oeannoe npeocmasieHue
IMOU cCucmembol.

Peuienue 3Toil 3amaun JIOMyCKaeT BO3MOXHOE MPUMEHEHUE JIBYX
CTpaTEruu:

1. peanu3yeTcs aKTUBHBIN SKCIIEPUMEHT;

2. BBIMIOJIHSIETCS MACCUBHBIN AKCIIEPUMEHT.

[Ipu mpoBeneHUH aAKTUBHOTO JKCIEPUMEHTAa Ha BXOJ CHUCTEMBI
MOJAIOTCS  CHEIUalibHbIe  C(OPMHUPOBAHHBIC TECTOBBIC CHUTHAJIBI,
XapaKTEepPUCTUKU KOTOPBIX OIPEIEICHbl Ha OCHOBAaHMM 3apaHee
pa3pabOTaHHOTO IJIaHA MPOBEACHUS UCCICIOBAHMIA.

lpeumywecmea axmueno2o s3kcnepumenma 3aKiIO4aloTCs B TOM,
yTO HeoOxoauMass HuHGOpMalMsi O CBOMCTBAX U XapaKTEPUCTUKaX
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U3y4yaeMoro oOBbeKTa TOJy4aeTcss TMpH MHUHUMAJIBHOM 00beMe
IIEPBUYHBIX JKCIEPUMEHTAIBHBIX JAaHHBIX M COOTBETCTBEHHO IIpHU
MUHUMAJIbHOU TPYJOEMKOCTH OIBITHBIX pabOT 3a CYET ONTHUMAJIbLHOIO
IJITAHUPOBAHUS DKCIIEPUMEHTA.

K nedocmamkam cienyeT OTHECTH HEOOXOJMMOCTH BBIBEICHUS
O0ObEKTa U3  €CTECTBEHHOTO  COCTOSIHHUSI ~ paboThl  (pexkuma
(GyHKIIMOHUPOBAHMS ), UTO HE BCETa MPEACTABISETCS BO3MOKHBIM,

[Ipy  mpoBeAeHHWHM  MACCMBHOTO  DJKCIEPUMEHTA  OOBEKT
(GYHKIIMOHUPYET B €CTECTBEHHOM PEXUME, MPU ITOM BBITIOJHIIOTCS
CUCTEMATUYECKUE U3MEPEHMUS, U  OCYILIECTBISIETCS  PErUCTpALMUA
3HAYEHUU €r0 BXOJHBIX U BBIXOJHBIX XapPaKTEPUCTHK.

Crnenyer OTMETUTbh, YTO pPeaav3alusl MACCUBHOIO 3KCHEPUMEHTA
MO3BOJISIET MCCIEA0BATEIIO MOIYUYUTh HEOOXOIUMYI0 HMH(pOpPMAIUIO 00
O0BEKTE, HO TPHU ITOM CYIIECTBEHHO YBEIUYUBACTCS HYKHBIM 00bEM
naHHbIX. Takoe yBenuyeHHe oO0beMa JaHHBIX, OPUMEpPHO Ha 2-3
nopsiika OoJibllle, IO CPaBHEHHIO C aAKTUBHBIM OSKCIEPUMEHTOM,
NPUBOAUT K YBEIWYEHUIO Pa3MEPHOCTH 00pabaThIBA€MbIX MAaCCHBOB
UH(POPMAIMOHHBIX JAHHBIX.

Ha mpakTtuke mnpu MNOCTPOCHUU HUIACHTUDHUIIMPYEMBIX MOJENIeH
LEJIeCO00pa3HO MNPUMEHEHUE CMEMIAHHOW CTpaTeruu MPOBEICHHUS
skcriepumenTta. [Ipu 3TOM 1711 OMHOM YacTH BXOAHBIX TMEPEMEHHBIX,
JIOITYCKAIONINX U3MEPEHUS XapaKTePUCTHK (HampuMep, 1Mo TeXHUICCKUM
YCJIOBUSAM, HSKOHOMHUYECKON 1€1ecO00pa3HOCTH, O€30MacHOCTH U
JIPYyTUM OOCTOSITEILCTBAM), MIPOBOJIUTCS aKTUBHBIA dKCIIepUMEHT. s
IpYyrOM 4acTu 3HAYMMBIX TIEPEMEHHBIX PE3yJbTAaThl AKTUBHOIO
DKCIIEPUMEHTA  JIOTOJIHSIKOT  U3MEPECHUSIMM, TOJYYCHHBIMH  IIpH
MPOBEJACHUH NTACCUBHOTO YKCIIEPUMEHTA.

«YHepHBIN AMKUK» MPEICTABISIET COO0M TEOPETUUYECKU TPAHUYHBIN
ClIy4yail, TIOCKOJIbKY MPAKTUUYECKU BCErJa UMEETCS HEKOTOPBIM 00beM
UCXOOHOM amnpuopHOM wuHPOpMAMK 00 H3y4yaeMOM IIPOIECCe WIH
ABJICHUHU, T.€. NPUXOAUTCS UMETh JEI0 C «CEPbIM», OTYACTH
MPO3PAYHBIM AIIUKOM.

B »sToli CBS3M pa3nuyardT TPU OCHOBHBIX Kjacca IMOCTaHOBKH
3a7a4u WJICHTU(PUKALMK 00bEKTa:

1. Jna cnoocnvix u cnabo us3y4eHHvlx 00HeKmo8 CUCMEMHO20
xXapaxmepa 00Cmo8epHbvle UCXOOHble OaHHble O GHYMPEHHUX C8OUCMBAX
U CMPYKMYPHBIX OCOOEHHOCMAX O0CMAMOYHO MATbl, UAU NOYMU
omcymcmeyiom. lloaToMy 3amada uaeHTHU(UKAMU, B 3TOM cllydae,
JTOJDKHA BKJIOYaTh B ce0S C  OJHOM CTOPOHBI, OIpe/eieHHe
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3aBUCUMOCTEH, CBS3BIBAIOIIMX BXOAbl W BBIXOJbI (00O0OIEHHOTO
omeparopa), a C JAPYrod - OINPEACICHUE BHYTPEHHEW CTPYKTYpbI
oObekTa. B Takoii TmOCTaHOBKE 3ajaya HE pa3penmMma, Jaxe
TeOpeTHUeCKu. HemocpeacTBEHHBIM pPe3yJbTaTOM  HJCHTU(UKAIIUU
ABJISETCSA TOJIBKO ONPEAECIEHUE 3aBUCUMOCTEN BXObI-BBIXO/bI, IIPUYEM
HE B mapameTpuueckoi ¢popme — B BUJI€ TaOJIUIl UM KpUBBIX. JJist TOrO
4TOObl TOBOPUTH O CTPYKTYpE MOJEIH, HEOOXOIUMO TEpeHTH K
napameTpuieckor popmMe ux mpeacTaBiICHUN.

OnHako, Kak H3BECTHO, HE CYIIECTBYET OJHO3HAYHOW CBS3HU
MEXIy (PYHKIMOHATBLHONW 3aBUCUMOCTBIO U TOPOXKIAIOIMIEH 3Ty

3aBUCUMOCTb MaTEMATUYECKOU CTPYKTYpPOU. Kaxmayro
HEMapaMeTPUYECKYIO 3aBUCUMOCTb BXO/I-BBIXO/ MOKHO
anmpOKCUMUPOBATh  PA3IUYHBIMU  CIIOCOOAMHU UM COOTBETCTBEHHO
MTOCTPOUTH pan MIPAKTUYECKHU PaBHOLICHHBIX MOJIEIIEH,

XapaKTEPU3YIOINUXCSI  COOCTBEHHOM  CTPYKTYypOW,  COOCTBEHHBIM
Ha0OpOM mapaMeTpoB M MX 3HaYeHU. OCHOBAaHUEM ISl TPEAIIOUYTEHUS
TOM WJIM MHOW MapamMeTpUYEeCKON MOJEIH MOTYT OBITh TOJBKO JAHHEBIE,
TON WJIM UHOW MapaMeTPUUECKOM MOJIeSId MOTYT OBITh TOJBKO JIaHHBIE,
BHEIIIHUE IO OTHOILICHUIO K MPOILECCY HWIACHTU(UKALNHU, HAIpPUMED,
OCHOBaHHBIE HA TEOPETHUUYECKUX COOOpakeHUAX. EciM Takumx JaHHBIX
HET, TO B pacCMaTpUBAEMON CHUTyallMd HCCIENOBATENlb IOJIy4YaeT
UMHUTAMOHHYIO MOJIENIb, KOTOpas BOCHPOU3BOJUT C TEM WIM HHBIM
NPUOIMKEHUEM XapaKTEePUCTUKU OOBEKTA.

2. Bmopotu xknacc 3a0ay uoenmuguxkayuu xapakmepusyemcs mem,
4TO UMEIOMC anpuopHvle OAHHble O CMPYKmype MOoOeiupyemozo
obvexkma.

OpnHako Kakoil BKJIaJ B XapaKTEPUCTUKU OOBEKTA WIIM €ro MOJEIN
BHOCUT TOT WJIM WHOW BXOJHOM MHapameTp 3apaHee HEU3BECTHO U 3TO
IPEJACTOUT ONPEIEIUTh HA OCHOBE MPOBEJICHUS SKCIIEPUMEHTA, a TAKXKe
MOJIYYUTh KOJMYECTBEHHYIO OLICHKY COOTBETCTBYIOIIMX MTapaMEeTPOB.

3. Tpemuii xnacc 3aoau ceésA3aH C OTHOCUTEIBHO MPOCTBIMH U
XOpOIIO H3YYEHHBIMU OOBEKTAMH, CHPYKMYpad KOMOPbLIX U38ECHHA
MOYHO U peub uoem MoOJIbKO O MOM, Ymobbl NO IKCHEPUMEHMANbHbIM
OaHHBLIM OYEHUMb 3HAYEHUs Bcex UIU HEeKOMOPbIX 6X00AWUX 8
uccneoyemyro CMPYKmMypy napamempos (napamempuueckasi
uoenmuguxayus). ITo0 HanboJee YacTO BCTPEUAEMbId Ha TPAKTHUKE
KJIacc 3a/1au.

HeszaBucumo oOT xapakTepa pemiaeMoil 3aJadyd Ha OCHOBE
uAeHTU(DUKALUH, TTOCTPOCHHE MOJEIM OCHOBBIBAETCS Ha PE3yJbTaTax
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U3MEPCHUN COOTBETCTBYIOIINX BEJIWYUH TIepeMeHHBIX. [Ipm 3TOM
HEOOXOJUMO YUYWUTHIBATH CIICAYIONMIME TPEOOBAHUS, NMPEIBIBIICMbBIC K
MPOLECCY U3MEPECHUM:

- OKCIIEpUMEHT JOJDKEH OBITh obOecredeH HeoOXOIUMBIMH
CpeICTBaMH  H3MEPEHHUS  HaIekKameld  TOYHOCTH  (JIaTYUKH,
M3MEpUTEIbHBIE TPEOOPaA30BATENIM, CPEJACTBA PETUCTPAIINHN);

- U3MCPHTCIBHBIA KOMIUIGKC CO BCEMH €ro KOMIIOHCHTaMHU
TpeOyeT  METPOJIOTHYECKOT0  OOCCIIeUeHHs, T.e. TpPaayHpPOBKH,
aTTECTAIlNU U IMTEPHOIUIHOCTH IIPOBEPKH.

PeanmbHBIC CBOWMCTBA IOAABJISIONICTO OOJBIIMHCTBA CIIOXKHBIX
O00OBEKTOB, a TAKXKE HEM30EKHBIC CIydailHbIC TTOTPEITHOCTH U3MEPEHUH,
JeXKaIIie B OCHOBE UISHTH(UKAIINH, UMCIOT CTaTUCTUYCCKUN XapaKTep,
YTO MPUBOJUAT K TOJYYCHHUIO OOJBIIUX OOBEMOB BBIOOPOUHBIX
IKCIICPUMCHTANBHBIX JAaHHBIX C WX TOCIEAyIoIeld o00paOOTKOM.
[ToaToMy Ha TpaKTHKE TOCTPOEHHWE MOJACICH IyTeM HICHTU(HUKAIINH
HEM30€KHO  CBA3aHO C  HCHOJBb30BaHWEM  HWHGOPMAIMOHHO-
BBEIYMCIIUTCIIPHOM TCXHUKH KaK IIPH ITOJYYCHHUH TICPBUYHBIX JTAHHBIX
(aBTOMaTH3aIMs OKCIEPUMEHTa), TaK MW JUISI WX IOCIEAYIOIICH
00pabOTKHU U MCIIOJIb30BAHMUS.

2. MIOCTPOEHUE MATEMATHYECKHUX MOJEJIEA 1O
IKCHEPUMEHTAJIBHBIM JAHHBIM

2.1 IlocTaHOBKA 3a/1a4M UWAEHTUPUKALTNH

3agaya uaeHTUPUKAIUU (POPMYIHPYETCS CIEAYIOMHUM O0pa3oM.
[lyctb B pe3ynbTare Kakux-IMOO DJKCIEPUMEHTOB Haad OOBEKTOM

NpPOBENCHbI M3MEpeHHsT BXOMHBIX X = (X, Xp,...,X;,) ¥ BBIXOIHBIX

XapaKTEPUCTUK CUCTEMBI Y = (Vi Yorees Vi) -

TpeOyercss omnpenenutb BuA  (CTPYKTYpy) U MapameTphI
HEKOTOPOTO OIlepaTopa A, OIpeelsiomero COOTBETCTBHE MEKIY
nepemerneiva X u Y, r.e. Y = A(X).

B peanbHbIX yCIOBUSIX mHEpeMeHHblEe X H Y U3MEPSAIOTCA C
MOTPEIIHOCTBIO & M {j. bynem cumTarth, 9TO0  3TH TOrPEMIHOCTH

CUMTAIOTCS HEKOPPEIMPOBAHHBIMM U  AIJUTUBHBIMU C TIOJIC3HOU
nH(pOopMaIUEe, T.€. UMEIOT BHU/I

Xj = X ié:i, i:ﬁ,



14

yi=Yjtd, J=1m.

B 3aBucumoctu 0T amnpuopHoil uHopmanuu 00 O00BEeKTe
pa3IUYaIOT 3a0auu UOeHMUPUKAYUU 8 YZKOM U UUUPOKOM CMbICTE.

3aoaua uoenmughukayuu 6 y3kom cmoicie (napamempuueckas
udenmughukayusa) COCTOUT B OICHUBAHUM TApaMETPOB U COCTOSIHUS
CUCTEMBI IO pe3yJibTaTaM HaOJII0JICHUM HaJl BXOJHBIMU U BBIXOJIHBIMU
NEePEMEHHBIMU, TOJYYECHHBIMHU B  YCJIOBHSX (YyHKIIMOHHUPOBAHUS
oObekTa. Ilpm 3TOM H3BECTHA CTPYKTypa CHCTEMBbl M 3aJaH KJacc
MOJIeJIeH, K KOTOPOMY JaHHBIN OOBEKT OTHOCUTCA.

Ecnu anpuopnas wundopmaius 00 0OBEKTE OTCYTCTBYET WIH
OUYCHb Maja, TO MNPEABAPUTEIIBHO MPUXOJUTCS PElIaTh 3a7a4u C LEJbIO
YCTaHOBJICHUS CTPYKTYPBI MOJIENIN U3yd4aeMoro oobekTa. B aTom ciryuae
UMEET MECTO HACHTU(UKAIMSA B ITUPOKOM CMBICIE, T.C. CHIPYKMYpPHAS
uoenmuurkayu.

K »TtuM 3amauaM OTHOCATCS: BBIOOP CTPYKTYphl CHUCTEMBI H
3a/laHUE KJacca MOJIENICH, OLICHMBAHUE CTENEHU CTAI[MOHAPHOCTU H
JUHEUHOCTH OO0BEKTa U JICHCTBYIOIIUX TEPEMEHHBIX, OICHUBAHUE
ctenieHd U (GOPMBI BIUSHUS BXOJHBIX TEPEMEHHBIX Ha BBIXOJHBIC,
BBIOOp MH(POPMATUBHBIX TEPEMEHHBIX U APYTHE.

3agaya  mapamMeTpUuecKkod — UIACHTU(PUKAIUM  CBOAUTCA K

OTBHICKAHMIO TAaKUX OIICHOK IMapaMeTpoB A MaTeMaTH4YECKOW MOJEIH,
KOTOpbIE 00€CTIeYnBaIOT OJU30CTh PACUETHBIX Y U IKCHEPUMEHTAIBHBIX

—

Y 3HadeHUit BBIXOJHBIX XaPAKTCPHUCTUK, IMPHU OAUHAKOBLIX 3HAYCHUAX

BXOJHBIX XapPaKTCPUCTUK X.
OTMGTI/IM, qTO B O6HICM ci1ydac HCO6XOI[I/IMO BBIITIOJTHUTD

U3MEpPEHUs] M KOMIIOHEHT BEKTOpa Y , KOTOPhIE MOTYT OCYIIIECTBIISITHCS
npu K moBTOpeHuWsX dKcnmepuMeHTa. B KauecTBE KpUTEpHEB
KOJIMYECTBEHHOW MEpbl OJM30CTH MOJEIM U OpHUTMHajla 4Yalle BCEro
HCIIONIB3YIOTCSI MAKCHMAIbHBIE O, , CpeTHUe M, ¥ CPeIHCKBAIPATHYHBIC

o3 BCJIMYUMHBI HOFpCHlHOCTGfI paccoriiaCoBaHusl pPaCUCTHLIX y j 14|

y
SKCIICPUMCHTAJIbHBIX 3HAa4YCHUU BBIXOJHBIX XAPAKTCPUCTHK H y jr

COOTBETCTBEHHO.
Takum o00pa3zoM, 3agaya NapaMETPUUECKOW HUJICHTU(DUKALINT
CBOJUTCS] K MUHUMM3ALIMKU OJTHOW U3 PYyHKIIMI BUA:

Sy =max|y; -yl j=Lm. (2.1)
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13 —

my:mz(yj_yj')’ J=1m. (2.2)
j=
M —_—

Oy = Z(yj_yj)zi J=1m. (2.3)
=1

Jist  MUHUMU3AIUU  MOTYT OBITh HUCIIOJIb30BaHbl HW3BECTHBIC
YHUCJICHHBIE METO/IbI PEIICHHS YKCTPEMAIbHBIX 3a/1a4.

Hanuune O07bIIOrO0 KOJMHYECTBA CYIIECTBYIOIIUX  METOJ/OB
uAeHTU(DUKAIIUN OTpaXKAET pazHooOpaszue UCIIOJIb3yEMBbIX
MaTEMaTHYECKUX MOJICNIC U METOJIOB UX MCCIICIOBAHUSI.

2.2 Unentudukanusi Mojaejeil ¢ IOMOIIbIO perpecCHOHHOI0 MeToAa

PerpeccrnonHblii aHamu3 TPEACTaBISET COOOM CTAaTUCTUYCCKHMA
METO/I, 00JIATAIOMNA MHUPOKUMH BO3MOXKHOCTSIMH, KOTOPBIM YCIICIITHO
MIPUMEHSETCS] B MHKEHEPHOU MpaKTHKE. B mociemHee BpeMs B CBSI3H C
pa3BUTHEM M BHEApPEHHEM ObICTposiecTByonmux D9BM cratucruueckue
METO/IbI UCIIONB3YIOTCS IS UACHTU(UKAIIMN MOJIEIEH, B TOM YHCIIC JIJIs
UISHTH(UKAIINA JUHAMHYECKHX, MHOTOMEPHBIX IIPOIIECCOB, CHCTEM
JTUATHOCTHMKA MW yIpaBJIE€HHUS B pPEAJIbHOM MaclTade BpPEMEHHU.
PerpeccronHbIi aHAIN3 OCHOBBIBACTCS HA JBYX TIABHBIX IMPUHIIAIIAX.

1. Memoowt npumensromes 05 IUHENHbIX N0 UOeHMUDUYUpyemvim
napamempam MoOesM.

CtpykTypa MaTeMaTHYeCKOW MOJICNIH TpOoIecca MPEICTaBIsSICTCS
dyHKIMEH BUIA:

k
y=2.af(x) (2.4)
i=1
rae a;- oneHuBaembiid mapamerp; f;(X)- wusBectHas dyHkImsA, X -

BEKTOP BXOJHBIX BO3JICUCTBUM, Y — BBIXOJHAs TepeMeHHas (MOXKHO
paccMarpuBaTh  TOJBKO  OAHY  BBIXOJAHYIO  IMEPEMEHHYIO B
IPEANOIOKEHUH, UTO BCE Y; HE 3aBUCAT APYT OT IPYyTA).

Bo3moxxHO TmIpeAcTaBiaeHHE HUACHTUOHUIMPYEMOW MOJACIH B
cienyrorien Gopme:
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Zk:ai f; (X)
i1

[ , 25)
1+ij¢j (X)
j=L

y:

rae a;,b;- ounenuBaembie mapamertpel; fi(X) m ¢;(X) - ampumopro
M3BECTHBIC 3a1aHHbIC (DYHKIIHM.
Ha npakruke yauie Bcero B kayectse fi(X) un ¢;(X) Boibuparorcs

CTCTIICHHBIC (PYHKIIMH, a COOTBETCTBEHHO BbIpakeHHs (2.4) m (2.5)
IPEACTABISAIOT NOJIMHOMUANIbHBIE, JHO0 JAPOOHO-paIMOHANIBHBIE
3aBUCMMOCTU. IIpm  3TOM  TOYHOCTP  ONHWCAaHUS  JOCTHUIACTCS
YBEJIWYEHUEM YKCJIA WICHOB [MOJIMHOMA, OOECHEYMBAIOIINX HUX
CXOJMMOCTb K peaJIbHOMY ITPOILIECCY.

BaxxHO OTMETHTBH, YTO MOJEIb MPAKTHUYECKH HUKOTJAa HE
COOTBETCTBYET (DU3UYECKONW CYHIHOCTH MOIECIUPYEMOrO PEATBbHOrO
npouecca. OAHAKO MPOCTOTA BBIYMCICHHM, YIOOCTBO NPaKTUYECKOTO
UCITOJIb30BAHMS TPUBENIA K IIMPOKOMY IMPUMEHEHUI0 B WHYKEHEPHBIX
UCCJIEOBAHUAX PETPECCUOHHBIX METO/IOB.

[Ipy sTOM cClenyeT yduThIBaTh, YTO YAAYHO BBIOPAHHBIA BUJ
MOJIMHOMA TO3BOJISIET CYIIECTBEHHO COKPATUTh Pa3MEPHOCTh MOJEIH, a
3HAUUT U TPYAOEMKOCTh BBIUMCIHUTEIBHOIO MpoOIecca, Kak IpH
UAEHTU(HUKALNH, TaK U IPU UCTIOJIb30BaHUN MOJEIH.

2. Munumuzupyemoir (QyHKIuend OmuOKku (pPa3HOCTH MEXIY
POTHO3UPYEMOM  MOJEIbI0 W JAHHBIMU  DKCIIEPUMEHTA) TIpH
PErPECCUOHHOM  aHAJIIM3€ SBIAETCS CyMMa KBaJApaToB  OLIMOOK
BBIXOJIHOM XapaKTEPUCTUKH.

Perpeccuonnbie MoAenu MOTYT OBbITh Kak JIMHEHMHBIMH, TaKk U
HEJIMHEHWHBIMU C JTIOOBIM YUCJIOM BXOJOB U BBIXOJIOB.

2.3 UnenTnukamusa cTaTHYECKUX JUHEHHBIX CHCTEM
¢ HECKOJILKMMH BX01aMHU

PaccmotpuM ciyuaid uaeHTU(UKAIMA CUCTEMBI, COAEpKalien n
BXOJHBIX IApaMETPOB X;,X,,...,X, U omuH BbIXox Y. IlpencraBum
CTPYKTYpY MOJEIH B BHUJAE JUMHEHHOro aiareOpanvyeckoro ypaBHEHUS
BHJIA:

y=2a5+aX +...+a,X,, (2.6)
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rae ay,8y,...,da, - IapaMeTpbl MOAEIH, NOAJIEKAIINE UAECHTU(DHUKALIUH.
B pesynpraTre uaeHTH(UKAIMU MBI JOJDKHBI IOJYYUTH BEKTOP
OIICHOK & MCTHUHHOTO BEKTOpa 4.
OToMy BeKTOpy & OyJeT COOTBETCTBOBATh OIIEHKA 3HAYCHHS
BBIXOJIHOW BEJIUYWHBI Y .

s ompeneneHus 3HaYeHWA &, 1= O,_n npousBegem N
IIOCJICIOBATEIIbHBIX H3MEPCHHUI BEIMYMHBI Y, COOTBETCTBYIOIIUX B
OIIPEIECTICHHOM CMBICJIE MPOU3BOJIBHBIM HA0OPOM BEIUYHH X, i=1n.
B pe3ynbrare moaydnM BEKTOP BBIXOIHBIX XapaKTEPHCTHK

Y= Y20 YN) - (2.7)

[To N nHaGopam BXOJIHBIX BEJIWYUH X, i=1n Ooyner

cooTrBeTcTBEHHO N PaCUYCTHLIX 3HA4YEHUU BBIXOHHOﬁ BCIIMYHNHBI y .
9 =8 +apx +..+4,x?,
9, =8, +ax? +..+4,x?,

oooooooooooooooooooooooooooooooooo

9y =8 +ax™ +. .+ x(M. (2.8)

Pa3Huiia Mexay SKCIEPUMEHTAIbHBIM M PacUYeTHBIM 3HAYCHUEM
(Yj—9¥;), J=LN xapakrepusyeT NOTPENIHOCTh KaKIOH MOJAENH B

kakaoM u3 N u3mepennit. CymMMapHyl0 MOTPEIIHOCTh OylieMm
XapaKTepHU30BaTh BETUYNHOM:

N
J:Z(yj_yj)z- (2.9)

j=1
OmpenencHie OUEHOK &, i=0,N MPOM3BOAAT M3 YCIOBHUS

MUHUMYMa BEJIMYMHBI CYMMAapHOW MOTPEIIHOCTH J
Takum o00pa3oM, OCHOBOM HIAECHTU(PUKAIUU PETPECCUOHHBIMU

METOJAMHU CIIY’KUT METOJ HAUMEHBIIUX KBaApaToB. OIEHKAa BEKTOpPa a
JOJKHA YIOBJIETBOPSATH HEOOXOJIUMOMY YCIOBHIO SKCTpeMyMa (mpH
ATOM CYHWTAETCS, YTO MAaTpUIla TECCHaHa SBJISICTCS MOJIOXHUTEIBHO
ONPEIECICHHOMN)

§i=0J:fﬁ. (2.10)
o4
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VpaBuenus (2.10) MO3BOJSAIOT TIOCTPOUTH BBIYUCIIATEIBHBIN
mporece NICHTU(UKALMK BeKTopa a4 Ha ocHOBe N IpyII M3MepeHHil
Y=(Y1, Y20 Yn) 1 X=X, X0, X)) -

Jltt momydeHuss d(GGEKTUBHBIX W HECMCILICHHBIX OLCHOK 4
HEO0O0XO0MMO, YTOOBI YUCIIO IKCIEPUMEHTOB (YHUCIIO U3MEPEHU) ObLIO
HAMHOTO OOJIBIIIE YKCIIa IEPEMEHHBIX, T.€. N >>n.

Eciu N =n+1, To B oueHke Y ImyM HU3MEpeHUN HE Oyner
CTJIXKEH Y OKa)KET HETaTUBHOE BJIIMSHUE HA CIy4ailHOCTh HAOOpOB X .

Mepoii OmMOKH pPEerpecCHOHHOM MOJIEIM OOBIYHO  CITYXKHUT
BEJIMUMHA CPEAHEKBAIPATUYHOIO OTKJIOHEHUS:

1
c,=.|—-J. 2.11
y \/N—n—l (2.11)

C yBemuuenneM N ywmeHblIaeTcss pa3Opoc 3HAYECHUN O

ys ©€
BEJIMYMHA SBJISIETCS ONpenessaoniei st Beioopa N B paMkax nNpUHATON
CTPYKTYPhI MOJICIIH.

Ilceeoonuneitnaa (enympenne quHeunas) Mooenb

K sToMy Kjaccy OTHOCATCSI HEIMHEWHBIEC MO UACHTUDUIIUPYEMBIM
napaMeTpaM MOJICJIM, KOTOpbIE MPOCTHIMU MPEOoOpa30BAHUSIMU U
MOJACTAHOBKAMHM CBOJSTCS K JIMHEMHBIM. B  kadecTBe mnpumepa

pacCMOTPpUM MYJIbTUINIMKATUBHYIO MOJCJ/Ib BUIA.
a

Y =8 Xt Xg2 et XPT (2.12)
Jlorapudmupys 3T0 BbIpakeHHUE, TOTYIUM
Iny=Ina;+a,Inx +...+a,Inx,

U IIPOU3BOAA 3aMCHBI IICPCMCHHDbIX!

T=Iny, z;=Inx;, i=1n, by =Ina,.
ImojJy4yacm JII/IHGI\/JIHYIO MOJICJIb BHUJIA.
T=Dby+a,z;+...+a,z,. (2.13)

ITocne HaxoxnaeHuss KO3(@PUIMEHTOB MO IpoleaypaM JTUHEHHOU
MOJIeNI HEOOXOIMMO clienaTh oOpaTHoe mpeoOpa3oBanue a, =exXp(h,).
3aBucumoctr (2.12) mMpoKo UCIOIB3YIOTCS TIPH MTOCTPOSHUN MoIelei
M0 SMIUPUYECKUM JIAaHHBIM B TUJIPABIIMKE, TEPMOJUHAMUKE, 00pabOTKE
METAJIJIOB JABJIEHUEM U T.]I.

Jpyrumu npuMepamu MCEBAOJIUHENHBIX MOAECIIEH SABJISAIOTCS:

y =exp(ag +agX +...+a,X,, (2.14)
1
Ay +aX .. +a X,

y= (2.15)
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y= : , (216)
1+exp(ag +ag X, +...+a,X,)
y=a0+ﬁ+...+a—n : (2.17)
X1 Xn

2.4 UnenTudukanmsi HeJIMHEHHBIX CHCTEM

BakHbIM acnekToM I MACHTU(GUKAIMM CUCTEM  SIBISIETCS
MpaBUJIBHBIA BBIOOP CTPYKTYypbl Mojnenu. B ciydae, ecnu BeauuuHa

CPCIHEKBA/IPATHYHOTO OTKIOHCHUS MACHTH()HIUPYEMOI CHCTEMBI O

CIIUIIIKOM BEJINKa O3Ha4JaerT, 4To CTPYKTypa MOJIeIU
HEYJOBJIETBOPUTEIIbHA M TO3TOMY HEOOXOIUMO TIEPEeUTH K HOBOMU
CTPYKTYp€ MOJICJIM, B KOTOPOW YYHWTHIBAKOTCA HEJIMHEUHBIC YJICHBI
MMOJIMHOMA.

PaccMmotpuM npeHTU(HUKALMIO TapaMeTPOB HEIMHEHHON CHCTEMBI
BTOPOr0 MOpsJKa ¢ OAHUM BbIxogoM Y u N Bxomamu Z,,Z,,...,Z,

BHUJA.

n n n

Y =By+Y BZi+> B2 Z,+ Y ByiZ,Z; +BnZ} (2.18)
i=1 j=1 j=2

IIpoussenst 3ameHy MepeMeHHbIX Z; W TpousBeneHuit Z;Z;,

HOBBIMH MIEPEMEHHBIMU  X;, | =21,M, mosy4yum BeIpaKEHHE BU/IA:

m
Y =a,+) aX. (2.19)

i=1
[IpakTrka HMCIIOIB30BAHMUS MAaTeMaTHYECKUX METOJ0B B 3ajadax
UJIEHTU(UKAIIUM CBHUJCTEIBCTBYET O TOM, 4YTO ISl OOJIBIIMHCTBA
Mozaenupyembix cucteM 20% BO3AEHCTBYIOMNUX (PAKTOPOB OMPEAEISIOT
80% cBoiictB cuctemnl (mporecca). Iloatomy B mpoiiecce
UJIeHTU(UKAIIUM HECYIICCTBEHHBIC TMapaMeTphbl, BIUSHUE KOTOPBHIX Ha
BEJIMUUHY CPEIHEKBAJPATUYHOTO OTKJIOHEHHUSI MaJlo, OTCEuBalOT. TeMm
CaMbIM OIpeJIeJICHUE 3HAYCHUM MOCTOSHHBIX KOd(pdurueHToB B (2.18) u
B DKBUBAJICHTHOM €My BbIpakeHuu (2.19) mpeacraBisieT co0oi mporiecc

CTPYKTYpHO-TITapaMETPUUECKON UJICHTU(DUKALINY.

OTcenBaHME HECYIIECTBEHHBIX TMApaMETPOB MOXKHO TMPOBOJUTH C
MOMOIIBI0, HATPUMEP KOPPEISLMOHHOTO aHan3a, T.€. BHIYMUCICHUS TaK
Ha3bIBAEMbIX KOA()PUIMEHTOB MAPHOU KOPPEISALUN MEKY BXOJHBIMU U
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BBIXOJIHOM TMEPEMEHHBIMU My (3mecp X; - KOMIIOHEHTa BXOJHOIO

BekTOopa X = (X, X5,..., X))
Kosduiiuent mnapHOi  KOppensiiuh  XapaKTepu3yeT Mepy
JUHEHHOW 3aBUCUMOCTH MEXAYy JBYMSI TMEPEMEHHBIMH X; U Y U

npuHUMaeT 3HadeHus —1<r, , <1.

Ecnu 3naueHus ‘ —1, To Tem OnMKe U3ydaeMas 3aBUCUMOCTD

K JINHEWHOM.
3nauenne I, ~0 1pu  (QUKCHPOBAHHOM  3HAYCHHUH [
1

CBHUJICTEILCTBYET 00 OTCYTCTBUM JIMHEWHOW CBSI3M MEXKIY BXOJHOM

IIEPEMEHHON  X;, i=1n u Yy, T. €. IPU NOCTPOCHHUMU JIMHEUHON

PErPECCUOHHON MOJIENIA IEPEMEHHYIO X; YUYHUTBIBATh HE CIIEIYET.
Koadpdunuent napHoi'I Koppenﬂum/l BI)IUII/ICJI}IIOT o ¢popmyie:

Z (Xik Vi) — Z Xik Z Yk
k 1 k=l
o 1 2y 2 1 2
(ink—*(zxik) )(ZYk —*(ZYk) )
k=1 N o k=1 N o

(2.20)

Xy =

rae N - Komm4ecTBO ONBITOB (IOBTOPEHUN SKCIIEPUMEHTA);
Xix - DKCTIEpHMEHTAJIbHOE 3HAYCHUE X; BXOJHOH mepemMeHHou s K -ro

OITbITA,
Y - DKCIIEPUMEHTAIhHOE 3HAYCHHE BHIXOJHOHN MepeMeHHOU st K -ro

OTbITA.

Ouenky 3HauuMOCTH Ko3h(UIMEHTa TMapHOW KOpPpPEISLUUU
(TIpoBEpKY HAIWYUS KOPPEJSIIIMK) MPOBOJAT pa3HbIMU criocoOamu. B
caMOM MpPOCTOM Cllydyae 3HaueHHe Kod(PQUIIMEeHTa KOpPpEesIun
CPaBHHMBAETCS C HEKOTOPbIM €ro KPUTUYECKUM 3HAYEHUEM, €Cld

Ny 2 Cpum» TO TEPEMEHHYIO  X; HEOOXOJUMO  YYUTHIBaTH B

3aBUCUMOCTH.
2.5 AIeKBaTHOCTb PerpecCHOHHON Moae N

PacnipocTpaHeHHONW METOAMKOW YCTAaHOBJEHHUS MEpPbl OLIMOKHU
pPErpecCUOHHONM MOJIEIN CIIY>KUT CTaHAApTHOE (CpeAHEKBaAPATHUUHOE)

OTKJIOHCHHC O'y . I[J'IH MponecCos, IIOJUHUHAOIIUXCS 3dKOHY
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HOPMAaJIBHOTO pachupeieNieHus, NPUOIN3UTEIbHO 66% TOYEK HAXOIUTCS
B MpeJiesaXx OJHOr0 CTaHAAPTHOTO OTKJIOHEHUS OT MoJeiau U 95% Touek
- B Iipejiesiax JIByX CTaHAapTHBIX OTKJIOHEHUH.

CranmapTHOE OTKJIOHEHUE 9TO BAXKHBIMA MOKAa3aTelNb JJIsl PElICHUs
BOIIpOCa O IOCTOBEPHOCTH MOJeNH. bomblas ommbOka MOXET 03Ha4aTh,
4TO MOJEIb HE COOTBETCTBYET TMPOLECCY, KOTOPBIM MOCTYXHUII
HMCTOYHUKOM HKCIIEPUMEHTAIBHBIX JaHHbIX. OnHako Oojbinas omudOka
MOJEIM MOXKET OBbITh BbI3BaHA M OOJBIIUM Pa30OpPOCOM JAHHBIX
u3MepeHuil. B aTom ciydae, BO3MOXKHO, PEKOMEHIYETCSI PACCMOTPETh
OoJIbIIIEe KOJTUYECTBO BHIOOPOK.

ITIpoBepky 3HAYUMOCTH (kauecTBa MpeJICKa3aHus)
MHO>KECTBEHHOTO YpPaBHEHUSI PETPECCHM MOXKHO OCYIIECTBUTh Ha
ocHOoBe F —kpurepus @uiiepa. BeUUCISIOT TUCHIEPCUIO CPETHETO:

- 1 3 -
Sf :N——lé(yi -y)%, (2.21)

rZi€ Y;- BBIXOAHOE (3KCIEPUMEHTAIILHOE) 3HAUCHHNE IEPEMEHHOM,
Y - CpellHEe 3HAaYE€HHUE BBIXOITHOM IEPEMEHHOM
ITpu 3TOM "McCIO creneneit cBoboabl paBHO vy = N —1.

3aTeM BBIUUCIISIIOT TUCTIEPCUIO aJCKBATHOCTHU

1 N
Soy=—"—->(i-V)°. 2.22
” N_n_lé(y. y) (2.22)
Yucio creneneit cBoOoabI paBHO: vV, =N —n-1
g2
CocraBnsior BenmuuuHy F = —;' U CPAaBHUBAIOT C TaOJIMYHBIMU

ao
JAHHBIMHU.
C‘-II/ITaIOT, 9TO YPAaBHCHHC PCIPpCCCUU IPCACKA3ZBIBACT PE3YJIbTAThI
OIIBITOB JIy4lIC CPpCAHCTO, CCIIN F AOCTUTACT MJIK IIPCBLIIIACT I'PAHUIY
SHAYUMOCTHU IIpHU BBI6paHHOM YPOBHC 3HA4YUMOCTHU p y 0OBIYHO

npuHumaroT Pp=1-q, p=>5%, rae (- BEpOSITHOCTH MpeICKaA3ZaHUS

Cnenyer 3ametuth, uto F — xpurepuit duiiepa Moka3bIBA€T BO
CKOJIBKO Pa3 ypaBHEHHUE PErPECCUU MPECKA3bIBAET PE3yJIbTAThI OMBITOB
JIyd4iie, 4eM Y.
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2.6. Peasim3anus MeTo1a MapaMeTPU4YeCKO HaeHTHPUKAIUA

byaem cuutath, 4YTO HMeeTCs K HE3aBUCHMBIX BXOJIHBIX
napameTpoB ((hakTopoB) X, Xp,...,X, M OJHMH BBIXOJ (3aBUCHMAS

IKcCn

nepeMenHas) Y, 3HAYCHHUS KOTOPOH SBISIOTCA PE3yJIbTATOM

U3MEpPEHUM TIpU  3aJaHHBIX 3HA4YeHUsAX (pakTopoB. Pe3ynbraThl
npoBeAeHuss N sKCepUMEHTOB MpeACTaBiIeHbI B Ta0uuIle 1.

Tabmuna 2.1
Pe3ynbTaThl SKCIIEPUMEHTAIBHBIX UCCIE0BaHui mposeaeHus N
OIBITOB
NQ Xl X2 e Xk y3KCI’l
SKCIICPUMEHTA
1 X1 X12 X1k Y1
2 Xa1 X22 Xok Yo
N XN1 XN 2 . XNk YN

B tabmune 2.1 X — 3HaueHue J-ro BxoaHoro napamerpa (dakropa) B i-
M DKCIIEPUMEHTE, Y;— 3Ha4YeHNE PYHKIIMH OTKIUKA B I-M SKCIICPUMEHTE
i=LN.

TpebOyeTcst o anmocTepruopHO MHPOPMAIIUKA TOCTPOUTH (DYHKIIUIO

N
y="1 (Xl'XZ"“’Xk), KOTOpas HaWwIydylluM o00pa3oM MpUOIUKaeT
BOCCTAaHABJIMBAEMYI0 3aBHCHMOCTb HAa BCEM MHOXECTBE BXOJHBIX
napameTpoB X (HaOOpe JaHHBIX).

byneMm paccmaTpuBaTh 3aady BOCCTAHOBIICHMS perpeccuu, 0e3

k
orpaHuyeHus oOmHoctH, nojapazymeBas X € R",Y e R, wucnonb3ys

CPEIHEKBAAPATUICCKUN KPUTEPUH OJIU30CTH  Kak (GyHKIIHOHAIT
KavecTBa
S 2
IKCn acy H
J=> (Y = 9P*)* - min, (2.28)
i=1
rae Y, — 3HaueHHs BBIXOJHOTO TapaMeTpa B i-M SKCIICPUMEHTE,

pacu

i SHA4YCHHUA  BbIXOJHOI'O IMapaMeTpa, pPaCCHUTAHHBIC IIO0

*
matemarudeckoit Mogern Y = T (Xip, Xigye-s Xitc) -
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byaem wuckate anmpokcuManMi B KJIAcCe€ JIMHEWHBIX 10
napaMmeTpam (yHKITUN:

M
y=>a;f; (X, X0 X)), (2.29)
j=0
rne f; (X, X,,..., X, ) - U3BECTHBIC 3a/IaHHbIC (PYHKIINHU, 8- HCU3BECTHBIC
KO2(PUITUEHTHI.
Torma CyMma KBaJpaTOB OTKJIOHCHUU (HEBSI30K)

IKCn

OKCIICPUMCHTAJIBHO  ONPCACIICHHBIX yi H PaCCUUTAHHBIX IIO

MaTeMaTHYeCKOi MoJienu 3HaueHui QyHKImu ¥ npumMeT Bu:
N M
2
J=D (7" =D a f (X, Xigoeeos X)) (2.30)
i=1 j=0

[TpupaBHSAB YacTHBIC IPOU3BOIHBIC QYHKIUK J IO MapaMeTrpam
aj K HyJHO
ol N M
P —ZZ(yi —Zaj f (i Xigoees Xi ) - £ (i X ) =0,
aj i=1 j=1
MOJIyYMM MAaTPUYHOE YPAaBHEHUE JIJIT HAXOXKICHUS PaCUCTHBIX
ko3 PunuentoB monemu &; (i =0,M), obecneunBaronX MUHIMYM

byHKIIANA J !

(FT-F)-a=F'.Y, (2.31)
rne F— uadopmanmonnas marpura pasmepaoctbio N x (M +1);

F ' — rpaHcrioHHpoBaHHas HHMOPMALHOHHAS MATPHLA PA3MEPHOCTBIO
(M +1)xN;
4 — MaTpuIa-cToJI0e1] pacueTHBIX KO3 PUIIMEHTOB MOJIETIH;
Y — MaTpuna-cronoel SKCIepuMEHTAIbHBIX 3HAY€HUN BBIXOJHOM
IIEPEMEHHON.

I[Ipu »sroM  KO3GPUIMEHTHI  UHPOPMAIMOHHOM  MaTPHULIBI
F onpenensitorcst Ha OCHOBaHUM YpaBHEHUSI MOJIEIH

foOpn X)) 0 X)X Xa)
fo(XaprnXok)  Ti(Xopue Xoi) oo Ty (Xpgaee Xpx)

foXnprn Xn) FXngosn Xni) oo T (Xiygoes X))
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d=| . |- BEKTOp pacyeTHBIX KO3PPUIIMEHTOB MOJICIIH,

IKCn

Y1
IKCn

Y = y2.

- MaTPHIIA-CTOIOECIT SKCIIEPUMEHTAIbLHBIX 3HAUCHUN

IKCn

Ym
(GyHKIIUU OTKJIUKA.

Otcrona, noaydum GopMymy IJisi ONPEACIICHHUS PaCUeTHBIX
KO3 PUITMEHTOB MOJIEIH:

a=(F"-F)t.FT.y. (2.32)

Ilpumep: yCTh pe3yJbTAaThl IPOBEACHHBIX SKCIIEPUMEHTATBHBIX
MCCJIeIOBAaHUH MPEICTaBIICHBI B Ta0muIe 2.2.

Tabnuna 2.2
Pe3ynbTaThl 9KCIIEPUMEHTAIBHBIX UCCICI0BaHMiA TpoBeaeHus 10
SKCIIEPHMEHTOB
Ne 9KCh
HKCICPUMECHTA X1 X2 y
1 -2 1 53
2 1 2 -7,5
3 3 1 -4,8
4 2 4 -36,4
5 3 2 -17,2
6 -1 -2 -9,6
7 -3 2 12,9
8 4 -2 26,4
9 5 -1 50,7
10 3 5 -65,3

3ajaya penraercs B MPEIIOI0KEHUH, YTO CTPYKTYpa MOIEH
HN3BCCTHA U IPCACTABJICHA, HAIIPUMCDP, YPABHCHUCM BHU/IA.
Y =@y +ayX +ayX Xy +agXs . (2.33)
PyKOBOJICTBYSIChH OTHM yPaBHEHHUEM MOJIENIN ¥ 3HAUEHUSAMH

AKCIEPUMEHTAIBHBIX JaHHBIX (Ta0J1. 2.2), cocTaBUM UH()OPMAITMOHHYIO
Mmatpuny F
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d X XXy X3
1 -2 -2 1
1 1 2 4
1 3 1
1 2 8 16
F=|1 6 4
1 -1 2 4
1 -3 -6 4
1 4 -8 4
1 5 -5 1
1 3 15 25

Jlanee Bce pacdeTsl B COOTBETCTBUU C hopmyio (2.32)0butu
IIPOBEJICHBI C HCIIOJIb30BaHueM mporpammbl Mathcad, pe3ynbraTe
IPUMEHEHUs] KOTOPOH MpeACTaBICHbI Ha pUCyHKax 2.2-2.7.



Laa

Laa

il =

aa

2
.
laa

(3]
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1
2
1
4
2
2=
-2
2
-2
—4
s )
1
4
1
16
16
25)

-

-15
438
—364
172
—96
129
264
50.7

\ 653

Puc.2.2. VcxoaHble pacyeTHBIC 3HAYCHUA:

x1, X2 —matpuia-cTosioel BXOIHbIX MTapaMeTPOB; Y - MaTpHUIIa-CTOJIOeI]
3HAYEHUW BBIXOJJHOT'O MTapaMeTpa, MOJyYEHHOTO B pe3yiIbTarTe
IKCTIEpUMeHTa; F- nHdopMaloHHas MaTpUIIa.

El=F

El=

-20

15

e | |

1
1
2
4

LS I I S B Y

1
3
3
1

16

1
3
o
4

1
4
-8
4

16

23

Puc. 2.3. Pacuer 3HaueHui TpaHCIIOHUPOBAHHON MH(DOPMALIMOHHON

MaTpulbl BXOJHBIX IIAPpaMCTPOB
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R2:=RIF
10 15 0 0
15 87 -2 2M
R2=10 22 m6 168
\79 204 168 1219x 107 )
R3=RY |
5 0212 4757 1077 2519% 107 ° —0.013
4757 % 10 ° 0.02 1166% 107~ -323% 10 °
E= ™ - ] 4
2519% 10 © L166x 10 - 132x 10 ~ —5403x 10
L —0.013 323x 100 —5403x 101 2208 x 10 - )
R4 = R3-R1

Puc. 2.4. [IpomeXyTOUYHBIE BEIYMCICHUS MaTPHIl, B COOTBETCTBUH C
dbopmynoii (2.31), rae:
R2=F"-F; R3=(F" -F)™;

0 1 2 3 4 5 6 7 8 9
0.203 0.159 0.19%2| 9.984103 0.16 0.169 0.158 0.12 -0.075 -0.097
Rd= -0.051| 4.8%9-103 0.0%| -6.742103 0.05 -0.036 -0.085 0.0 0.021] -7.466°103

293103 4.163103| 9.437°103| 6.764°103 0012 1831103 -0.011| -5.534'10°3 -0.027 0.012
-3.468'103| -8.427°103 -0.022 0.013 -0.017| -1.96103| 8816103 -0.013 0.018 0.02%

W - o

Puc.2.5. [IpoMexyToUHbIE BBIYUCICHHS MaTpullbl R4=(F' -F)™" - F'

a=Rivy
(" 1.966
1.034
—3.004
\-1.021)

Puc.2.6. Marpuia-croyioer; pacdeTHbIX KoddduiueaTo moaenu (2.33),
B cooTBeTcTBUH ¢ hopmyioit A= (F' -F) L -F'.Y
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o= Bd-y
(" 1.966
1.034
~3.004
\—1.021)

o=

1=0.N

.
o= o + o -xl + on-xloxd + oo 1200
¥y 0 R Bl e 3l 1_:'

0
4.886
-7.093
-4.966
-36.336
-17.042
-8.16
12.806
26.048
20.878
-63.221

bt
=
Il
o |lm|=j]| || k||| =D

[~ =

|*_=,-'.—_-1;.
1=10

5 = 0.801

Puc.2.7. Pacyer 3HauYeHMI CyMMBbI KBaJpaTOB OTKJIOHEHHM

(HEBSI30K) IKCIICPUMEHTATIBHO OMPEICICHHBIX Y; ' U PACCUUTAHHBIX IO

Matematiueckoit moaenu (2.33) 3Haucnuit Gpynxkun §7°,

rA€ VYi— BBIXOJHOE 3HAYEHUE MEPEMEHHOW B I-M JKCIECPUMEHTE,

pacCUMTaHHOE [0 YPaBHEHHUIO MOJEIH; S — CyMma KBaJpaToB
OTKJIOHEHUUW MEXIY Y,— OKCIEPUMEHTAIBHBIMA M Yi{j— PaCUETHBIMU

3HAYCHHUAMU BbIXOJIHOI'O ITapaMCTpa
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2.7 IlocTpoenune Mojeeii MaAeHTHPUKANUN TOUCKOBBIMH METOIaMM

[Ipu mapameTpuyeckoil HACHTUPUKAIUUA MOJICNICH C HETUHEUHBIMU
napamMeTpaMyu HUACHTU(DUKALUIO TAaKUX MOJIETIEH MOKHO BBITIOJHUTH
METOJIOM HaWMEHBIINX KBaJpaToOB, MPUPABHUBAS K HYIIO YaCTHbBIC
MPOM3BOJIHBIE. B  pe3ynbrare nodaydaeTcss CHUCTEMAa HEJIMHEWHBIX
ypaBHEHUM, OOIIEr0 aHAJIUTUYECKOTO METO/a PEIICHHS, KOTOPOl He
cymecrByer. [Ipaktuka peanu3anuu 4YHCIEHHBIX METOJOB 4acTo
oKka3biBaeTcsl Hed((PEKTUBHOM, BCIEJICTBUE OOIIMX HEJOCTATKOB,
MPUCYIIUX 3TUM METOJAM:

l. ycHmemHoOCTp MNPUMEHEHUS METOJa 3aBUCUT OT BbIOOpA
Ha4yaJbHOrO pelleHusl (HayalbHOM TOYKH), MUCIOJIb3YEeMOrO Ha IMEPBOM
mare MTEpalMoOHHOro npouecca. BaxxHO 3aMETUTh, YTO MHOTHE METOBI
3¢ ()EKTUBHBI TOJBKO B TOM Ciydae, €CJIM HayaJlbHOE PEIICHUE BHIOPAHO
JIOCTATOYHO OJIM3KO OT UCKOMOI'O ONITUMYMA;

2. B OTJIMYME OT OJHOMEPHOTO ciydass (pEeumieHue OJIHOTrO
HE3aBHUCHUMOT0 HEJTMHEWHOTO YPaBHEHMsI) HEb3sl ObITh YBEPEHHBIM, YTO
KOPEHb CHCTEMbl HaXOJMUTCS B TOW OrpaHUYCHHOW o00JacTH, T
MIPOUCXOIAT UTEPALIMOHHBINA MPOLIECC;

3. Henb3s OBITh TAKXKE IMOJTHOCTHIO YBEPEHHBIM, YTO CHCTEMa
MMEET CTPOrO OJIHO pPEIICHUE: MOXKET OKa3aTbCid, YTO OHA HMEET
HECKOJIBKO PElICHUN UITH e BOOOIIEe UX HE UMEET.

Jlns pelieHus 3ajja4yv mapaMeTpUuecKord UACHTU(PUKALUA B STOM
cllydae I1eJiecooOpa3sHO HCIOib30BaHUEe MeToAoB Hemnepa-Munma wu
MOUCKa TJIO0ATBLHOrO 3KCTpeMyMa (PYHKIIMM MHOTHMX TEPEMEHHBIX Ha
cetke kojaa I'pest (RRR). Ot meToabp1 Xopolio ceds 3apeKOMEHI0BaIN
MIPY PEIICHUM PA3IUYHbIX 3aJ1a4, TJI€ METOJ HAMMEHBIINUX KBAJIPATOB HE
JaBajg TMPHUEMIIEMBIX pPe3ynbTaToB. OmHAKO Ha3BaHHBIC METOJbI
00J1aJIatoT U CYIIECTBEHHBIMU HEJOCTATKaMHU.

Tak, anroputm Henpepa-Munga sBisiercss METOAOM JIOKaJIbHOM
ONTUMH3AalUM. OTO O3HA4YaeT, YTO HAUJCHHOE PEIICHHE MOXKET
pacrojiaraTbCsi JOCTaTOYHO JAJI€KO OT TOUYKH TII00aJIbHOTO ONTHUMYyMa
MuHuMH3upyemon ¢yukiuu. Kpome Toro, meron Hennepa-Muna
3¢ PekTUBHO paboTaeT B ciyyae pPa3MEPHOCTH MNPOCTPAHCTBA IMOUCKA
MeHee Mmectd (T.e. mud (YHKIOHA, y KOTOPBIX YHCJIO IIapaMeTpOB
MEHBIIIC IIIECTH).

Cnenyet 3ameTuTh, uTo MeToJl RRR, npeacraBiaser codboil MeTon
rJ100a1bHOM ONTUMU3ALNH, KOTOPBINA peaanu3yercs Ha JUCKPETHOM CEeTKe
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3aJaHHOI'0 IIara. 910 CBUIACTCIILCTBYET O TOM, 4YTO MCTOL CHJIIBHO
OT'paHHUYCH B TOYHOCTH IIPH OOJIBIIIOM YHCJIE BXOIHBIX IICPCMCHHBIX.

KOHTpOJI])H])Ie 3aJaHUdA U BOIIPOCHI

1. Kak dopmynupyeTcs 3agaya IOCTPOCHUS  MOJEINIEH
UAeHTU(UKAITAN?

2. B ueM 3akirouaercs OTJIMYKME CTPYKTYPHOU MACHTU(UKAIUU OT
napaMeTpuueckou uaeHTudukamum?

3. Ha kakuxX OpuUHLOMIIAX OCHOBBIBAETCS PETrPECCUOHHBIM METO]
MIOCTPOCHUS MOJIeNIeH uaeHTUPUKaIn?

4. HazoBUTE OCHOBHBIC MPOLEAYPHI UICHTU(UKALIMN CTATUYECKUX
JIMHEUHBIX 0OBEKTOB.

5. Uro moHMMawT NOJ «BHYTPEHHE JIMHEWHBIMW» MOJECIAMUA?
[IpuBeauTe MpUMEpPHI TAKUX MOJIETICH.

6. Ilepeuucnure »>Tanbl MOPOUEAYPhl MPOBEPKH MOAECIU Ha
aJIEKBaTHOCTh MO KpuTepuio duiiepa.

/. Kakue orpaHudeHus CYIIECTBYIOT IJIsi CIIOCO0a MPOBEPKHU IIO
kputeputo Ouriepa?

8. B dem 3akioyaeTcsi OCHOBHas OCOOEHHOCTH ITOMCKOBBIX
METOJI0OB UJICHTUDUKAIIHN ?

9. B kakux ciaydasx Ieiecoo0pa3HO NPUMEHEHUE TMOMCKOBBIX
METOJIOB UJICHTU(DUKALIIHN?

10. Kakue cnocoObl COCTaBISIOT OCHOBY IOCTPOCHHUS HAyYHOM
TEOpUN?

11. Chopmynupyiite psia oOmMX TPEOOBAHUI U CBOKWCTB, KOTOPbHIE
HEO0OXO0IMMO YUUTHIBATh MPHU MOCTPOCHUHN MOJEITN UCCICIOBAaHUH.

12. Haueptute cxeMy BBITIOJTHEHUS MPOIECCa MOACTUPOBAHUSI.

13. ChopmynupyiTe 1ean MOACIUPOBAHHUS.

14. Kak ocytiecTBisieTcs: KiaccupuKaiys Moaeieit?

15.Chopmynupyiite, KaKyto poiab SJKCIEPUMEHT UMEET B
dbopMUpPOBAHUY HAYYHOT'O 3HAHUS?

16. ITpuBeauTe pazauydHble BUALI PU3UIECKUX MOJICICH.

17. Chopmynupyiite 0COOCHHOCTH IMIUPUUECKOTO UCCIIETOBAHHUS.

18. B uyeM 3akimodaeTcs MPEUMYIIECTBO buzuIecKoro
MOJIETTUPOBAHMS TIepe]l HATYPHBIM SKCIIEPUMEHTOM ?

19. Kakue moaenu ucciie1oBaHus Bbl 3HaeTe?

20. Kakas wundopmanuss MOXET ObITb M3BJIIEUCHA U3
KCIIEPUMEHTA?
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21. B dWem 3akioyaroTcsi  MPEUMYIIECTBA  MPUMEHEHUS
MOJETUPOBAHUS ?

22. JlaliTe omnpeiesieHe MaTeMaTUYeCKON MOJIEH.

23. ChopmynupyiiTe OCHOBHBIC OTIMYHS JIETCPMUHHPOBAHHBIX
MOJIEJIEN OT BEPOATHOCTHBIX.

24. B deMm 3akiIO4alOTCs MPEUMYIIECTBA MaTEMAaTHUYECKOTO
MOJICIMPOBAHUS TIEPE HATYPHBIM IKCIIEPUMEHTOM ?

25. Kakue sTanbl COIepKUT MPOIIECC MOICTUPOBAHUS?

26. B yem 3akiaro4aeTcs aHaJIM3 MPOOJIEMHOM CUTYyalluH, €ro
0CcOOeHHOCTH?

27. B ueM 3akirouaeTcsi CTpyKTypu3alus mpoOjieMHON 001acTu?

28. Kakue 3Tanbl B KOHTEKCTE METOI0JI0TUH CUCTEMHOTO
MOJIEJTUPOBAHUS COAEPKUT IKCIIEPUMEHT?

29. B yem 3akmmrodaeTcss aHAM3 00bEKTa MOJACTUPOBAHMUS ?

30. Kak BeIOIHSIETCSI IPOBEPKA aICKBATHOCTH MOJIENIN?
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