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BBEJAEHHUE

Nudopmanmss urpaer KIIOYEBYIO POJb B Pa3BUTHU COBPEMEHHOIO
o01ecTBa, SABISAACH ABMIKYIIEH CHUIION ABOJONUN cornyMa. OOBEMBI BOC-
NPUHUMAEMON U TPAHCIUPYEMOUN UH(POPMAIIUU PACTYT HEOBIBAIBIMU TEM-
aMHy, a €€ XapakTep CTAaHOBHUTCS Bce Oojiee pasHOOOpa3HbIM. B cBs3U C
STUM BO3HHMKAET MOTPEOHOCTHh MPUMEHEHHUS MaTEMaTHUUYE€CKUX METOJ0B U
cpenacts (rpadukos, hopmyi) 00paboTku nHpOpMaluK, 4TO HaNbOJIEe aK-
TyaJIbHO [IJISl IAHHBIX, MTOJTYYCHHBIX SMITUPUYCCKUM, B TOM YHCIIE DKCIIC-
PUMEHTAJIbHBIM, ITyTEM.

Haubonee o611as uHTepripeTanusi MOHIATHS «IKCIIEPUMEHT» MPEIo-
JaraeT pacCMOTPEHHE €T0 B Ka4eCTBE METO/a, 00CCIIEUMBAIOIICTO pPa3HO-
CTOPOHHEE HMCCJIEAOBAHHE KaKOr0-IM00 00BEKTa B KaKOW-THOO TpeaMeT-
HOM 00JIaCTH C IEeNIbI0 MOJYYeHHUsI O HEM HOBOUW MH(pOpMAIUH, MOATBEP-
KICHUS WU OTPOBEPKECHUSI TUITOTE3BI O €r0 CBOMCTBAX.

BBuay HeoObxoaumMocTu pukcanuu U aHanu3a O00JIbIIIOT0 KOJIWYECTBA
TaHHBIX, TTOJYYaeMbIX B XOJI€ SKCIIEPUMEHTA, YEJIOBEK CTPEMHUTCS MAaKCHU-
MaJbHO aBTOMATHU3UPOBATH ATOT IMPOIIECC, MEPEBOIS ACATEIHHOCTH IO 00-
paboTKe MaTepuaIoB HKCIIEPUMEHTA B AJIEKTPOHHBIN (popmar.

B GoibIIMHCTBE METOAMYECKUX PEKOMEHIAIMM Mo 00paboTKe JKC-
NEPUMEHTAJILHBIX JaHHBIX MpeajiaraeTcs MEPeBO ITHX JaHHBIX B CTATH-
CTUYECKHUM pacyeT NOCPEACTBOM MareMaThudeckom Monenu. Hapsany c
ATUM YacTO BBOJSAT HOBbIE TEPMHHBI, B HEKOTOPHIX CIydasx HE UMEIOIIUE
9ETKO CPOPMYITUPOBAHHOTO OINPEACICHUS WIIH K€ Pa3HAIIUECS B HauMe-
HOBAHHUSAX B Pa3HBIX MCTOYHMKAX. MHOTHM OTIEIbHBIM BOIIpOcaM 00Opa-
OOTKHM PKCTIEPUMEHTAIBHBIX JTAHHBIX TMOCBSIIECHBI OMyOJMKOBAHHBIC B Ha-
YYHBIX JKypHAJIaX CTaThbH, KOTOpPbIE B OOJBIIMHCTBE CIIydaeB HaIMCaHBI
CJIO’)KHBIM MaTE€MaTUYECKUM SI3bIKOM CO CJIOKHBIMU K€ MaTeMaTUYECKUMU
BBIKJIQJIKAMHU.

Heo0XoauMo OTMETUTh, YTO B HACTOSIIEE BPEMS €CTh OOJIBIIOE KO-
JUYECTBO PA3HOOOPA3HBIX IIPOrpaMM, He TPEOYIOMNX aKaJeMUYEeCKIUX Ma-
TEMaTUYECKNX 3HAHWW. /{711 MX MCHOIB30BaHUS BIIOJHE JOCTATOYHO 3Ha-
HUS creIU(UKA pabOThI ¢ IPOrPaMMHBIM MPOAYKTOM W 3HAHWU BBICIICH
IIKOJTBI, HEOOXOAUMBIX JJIsI 00paOOTKH JAHHBIX, TMTOJYYEHHBIX B X0JI€ DKC-
IIEPUMEHTA.

KoppekTtHocTh 00paboTKU pe3yibTaTOB — OCHOBOMOJIAraroiee ycio-
BHE€ YCMEIIHOCTH MPOBOJAMMOTrO SKCIEPUMEHTA, MPU ATOM CaM IPOIEeCC
00pabOTKU aHHBIX, KaK MPABWIO, ABJISIETCS HanOOJee CI0XKHBIM 3TArlOM
peanu3anyy paccCMaTPpUBaEMOro HayqYHOTO MeToj1a. B oTCcyTCTBHE TpaMoT-
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HO TMPOM3BEICHHBIX PACYETOB C AIMIUPUUCCKUMU JAHHBIMH AKCIIEPUMEHT
HE MOYKET OBITh MMPU3HAH 3aBEPIICHHBIM.

Kak meTon HaydyHOro HMCCieI0BaHUs SKCIEPUMEHT BOCTPEOOBaH BO
BCEX OTPACISAX 3HAHUS, TOCKOJIBKY MO3BOJISIET OMBITHBIM MYyTEM OCYILECT-
BUTHh MPOBEPKY 0OOCHOBAHHOCTH BBIABUHYTOW THUIIOTE3BI U C OMOPOM Ha
MPaKTUKy MPUNTH K BBIBOJAY 00 MCTMHHOCTH WJIM JIO)KHOCTH TEOpEeTHYE-
CKOTO TIPEJINOJIOKEHUA. MeX TeM BOIPOC O JOCTOBEPHOCTH CAMHUX JKCIIE-
PUMEHTAIBHBIX JTAHHBIX MOXKET OBITh PEIIEH MOJIOKUTEIHHO TOIBKO IPHU
YCIOBUM HUX IIPaBUJIBbHON 00pabOTKH, 0OECIIeUMBAIOIICH MHUHHUMH3AIHIIO
BO3MOYKHBIX IMOTPEIIHOCTEN.

Metoarka aHaTUTHYECKONM 0OpaOOTKH pPe3yiabTaTOB JKCIIEPUMEHTA
npeaonpeaesieTCs MOCTaBICHHBIMU TIepe]l HUM IeIsiMU. be3 Tiy0okoro
aHaJIN3a IMOJYYCHHBIX JTAaHHBIX CTAHOBUTCS HEBO3MOXKHBIM BCECTOPOHHEE
MO3HAHUE HCCIIETYEeMOro OOBEKTa, a 3HAYMWT, W MPOTHO3UPOBAHHUE JTHHA-
MHUKH €r0 IlapaMeTpoB, U IlI€JICHANPABICHHOE BO3ACHCTBHE HA HUX IS
JTOCTHKEHHS OompeaceHHoro 3 dexra.

[IpakTHyecku BCe MpHMEHSIEMBIE B IEISIX 00pabOTKH pe3ysIbTaTOB
AKCIIEPUMEHTA MPUEMBI U METOJIbI 0A3UPYIOTCS HA OCHOBHBIX CTaTHUCTUYE-
CKHX 3aKOHaX M aKCHOMaxX TECOPUH BEPOSTHOCTEH. AHAJIOTMYHbBIC BBIBO/IbI
MOYKHO CJIeJIaTh U OTHOCUTEIBHO KPUTEPUEB TOCTOBEPHOCTH, IO KOTOPHIM
MPOU3BOJAUTCS OLICHKA IKCTIEPUMEHTAIBHBIX JTaHHBIX Ha MPEIMET UX COOT-
BETCTBUS JIPYT APYTY U UCCIETYEMOMY OOBEKTY.

NMEHHO TOATOMY aKTyalu3UPYeTCs 3HAYMMOCTh MaTeMaTHYeCKOMH
MOATOTOBKU MCCJIEAOBATENCH B pa3HBIX OTPACIISIX HAYYHOTO 3HAHUSL.

[ToMUMO HCIIOIB30BAHUS CJIOKHBIX MAaTEeMaTHYECKUX aJTOPUTMOB
YUYEHBIN, OILICHUBAIOIIUN PE3yJIbTAaThl IPOBEICHHOIO SKCIEPUMEHTA, BbI-
HYXJICH TTpUOeraTh K pa3jIuyHbIM IIpHEeMaM MaTeMaTUYE€CKOTO MOJICIUPO-
BaHUs, ONPEACIATh NEPEUCHh OCHOBHBIX M JOIOJIHUTEIBHBIX MTapaMeTpPOB
KOHCTPYUPYEMOU MOJEIH, a TaKXKe, 00paIasich K CTAaTUCTUUECKUM CIIOCO-
0am 00pabOTKHU JaHHBIX, aHATTU3UPOBATH UX B JUHAMUKE.



1. OCHOBOHOJIaFaIOHII/Ie INIOHATHUHA B IKCIICPUMCHTAJbHbIX
HCCJICA0OBAHUAX

TepMmun «MaremaTudeckasi MOJETb» MPUMEHSIETCA sl 0003HAYCHUS
CO3JIJaHHOTO C UCIOJIb30BAHHEM MaTEMaTUYE€CKUX CHUMBOJIOB creruduye-
CKOT'O IIPEJCTAaBJICHHUS KaKOro-auoo oObekTa. llemssMu mocTpoeHus aaH-
HOM MOJIE€NIM HapaBHE C UCCIEAOBAaHHWEM CBOMCTB OOBEKTAa KaK CHUCTEMBI
ABJISIFOTCSI NMPOTHO3UPOBAHUE MX W3MEHEHUW NOJ BO3JICUCTBHEM pA3JINY-
HBIX (PAKTOPOB, a TAKXKE YNMPABJICHUE NAHHBIMU JTUHAMUYECKUMH IPOIIEC-
caMH. AHAJIM3 MaTEMaTUYECKON MOJIEIIA BEJIET K PACKPBITHUIO CYIIIHOCTHBIX
XapaKkTEepPUCTUK paccMaTpuBaemMoro siBiieHus. Co3gaHue MareMaTU4ecKon
MOJIENIA MPOXOJIUT YEPE3 YETHIPE OCHOBHBIX 3TAlla.

[lepBblii 3Tan XapakTepU3yeTcs ONPEACICHUEM MEKOOBEKTHBIX CBS-
3eil B pamkax ucciegyemout Mmoaenu. C 9Tol 1enbio GopMupyeTcst aHaln-
TUYecKas 0a3za MaHHBIX KaK COBOKYMHOCTh COMPSIKEHHBIX C UCCIIEAYEMbIM
00BEKTOM | APYT ¢ ApYyroMm (HakTOB W SBJICHHUH, CYIIHOCTh, PYHKIIUU U
B3aMMOOTHOIICHUSI KOTOPBIX B UTOTE IOJIYyYArOT MATEMATUYECKOE BBIPa-
KECHHUE.

BTopo#1 sTan mpeamoJsiaraeT MOCTAHOBKY 3a/1a4, MPOAUKTOBAHHBIX
MaTeMAaTUYECKON MOJEIBIO, TTPU 3TOM OCHOBOIIOJATAIONIIEN 3a4a4er BCe-
rja SIBJISICTCS MOCTPOCHUE MOJICNICN BBIXOJHBIX JAHHBIX, KOTOPBIE BIIO-
CJIEICTBUH COIOCTABIISIIOTCS C MapaMeTpPaMH, MOJTYYEHHBIMU B XOJI€ HETO-
CPEACTBEHHOTO MCCIIeIoBaHUs 00beKTa. B JaHHOM KOHTEKCTE aKTyallu3u-
pyeTCcs 3HAYMMOCTh MAaTeMaTUUYECKOIo armapara, K KOTOpoMy IpuOeraer
aHAJIMTUK, paboTasi ¢ MATEMATUUYECKON MOJENbIO, & TAKXKE POJIb UMEIOIIe-
rocsi B €ro pacrnopsixKEHUH BEIYUCIUTEIBHOTO 000PYA0BAHUSI.

Tperunil 3Tan CONpPSHKEH C MPOBEPKOM COOTBETCTBUS CKOHCTPYHPO-
BAaHHOW paHee MOJENH ucclienyeMoMy oObeKkTy. B maHHOM ciydae mpume-
HACTCA KPUTEPUHN TPAKTUKA KAK YHUBEPCAIbHBIA KPUTEPHU UCTUHHOCTHU
nonydyeHHoro 3HaHus. [lepen ucciemoBareneM BCTAaE€T BOMPOC O COOTBET-
CTBHM PACUETHBIX MapamMeTPOB MOJENIM TMapaMeTpaM OOBEKTa, MOJy4YEeH-
HBIM Ha TMpaKTHUKE B Tpollecce HaOmroJeHus 3a HUM. [Ipu s3TOoM m0iDKHA
OBITh yUTE€Ha TMOTPEITHOCTh, KOTOPash MMMAHEHTHO TMPHUCYIA dMIUpUYE-
CKMM JIaHHBIM. BennuuHa 3TONW MOTPENIHOCTH BJIWSET HA OMPENCICHUE
KpUTEPHUS JOMYCTUMOCTH PACXOXKICHUN B MapaMeTpax MOJIEIN U peaTbHO-
ro o0OBbeKTa.

YeTBepThiil — 3aKJIIOUUTEIIBHBIA — 3Tall MOJACIMPOBAHUS 3aKJIIOYACT-
C4 B aHAJIM3€ U MOJEPHU3ALMU CKOHCTPyMpOBaHHOM Monenu. Ilo mepe
YCKOPEHHSI HAyYHO-TEXHHUYECKOT0 Mporpecca MHOTHE CBeAeHUS 00 00beK-
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Tax peajbHOr0 MUpa 3HAYUTENBHO JOMOJHSAIOTCS, YTOUHSIOTCS, YTO B UTO-
re BEIET K YCTapeBaHUI0 MaTeMaTHYeCKOM MOJeNnu O0bEeKTa, KOTOpoe
IPOSIBJISIETCS B BBIXOJIE PA3HOUTEHUI MEXy TapaMeTpaMu camoro 00bek-
Ta ¥ IapamMeTpaMu €ro MOJEIH 3a FPaHULbl T0ITyCTUMOTO.

CyniHOCTh ME€TOZAa MAaTEMAaTUYECKOIO0 MOJEINPOBAHUS 3aKIHOYAETCS
B TpaHCc(popMalluu HCCIEI0BATEIbCKUX 337a4, CBSI3aHHBIX C MO3HAHHEM
KOHKPETHOT'O pealibHOro 00beKkTa, B MaTeMarnyeckue. Crenuduka 1aHHO-
ro MeTojia 00yClIOBUJIAa BO3PACTAHUE €r0 aKTyaJIbHOCTH B 3MOXY KOMIIbIO-
TEPU3ALMH, OH MOJO0KEH B OCHOBY JIEATEIIBHOCTH O MPOESKTUPOBAHUIO HE
TOJIBKO HOBBIX TEXHHYECKUX YCTPOWCTB M ONTHUMAJIbHBIX JUII HUX PEXKHU-
MOB (DYHKIIMOHUPOBAHHUA, HO TAK)K€ W MPUHLMIHAIBHO HOBBIX JUJISl HAYKH
U colluyMma siBJIeHHI. PaHee HEOTHOKpAaTHO OTMEeUanach poJjib MaTeMaTuye-
CKHX MOJEJIEH B YNPABJIECHUHU PA3IMYHBIMU IPOLIECCAMHU, OJHAKO HAn0O-
Jee BEJIMKA HUX 3HAYMMOCTh B aBTOMAaTH3allMM JTAHHOW JEATEIbHOCTH.
VYHUBEPCAIBHOCTD JIaHHBIX MOJIENICH MO3BOJISIET MPUMEHSATh UX B CaMbIX
pa3HbIX 00y1acTAX U chepax.

B coBpeMEHHBIX YCIOBUAX MIPOLECC IMOCTPOEHUS MaTEMaTHYECKOU
MOJIEJIA COMNPSIKEH C MOCTAHOBKOW M PEIIEHUEM COBOKYIMHOCTH YaCTHBIX
3a/1a4, B pAAYy KOTOPBIX:

— MPOBEJICHUE aHATUTUYECKOW PadOTHI C OIIMOOYHBIMU MTOKA3aTEN -
MU, MOJYYECHHBIMH B pe3yJIbTaTe MPOIyCKa UM UHOTO cOOSl B UBMEPEHUHU.
OMIOUpHUYECKUE JaHHBIE, ¢ KOTOPBIMH pabOTaeT MCCIeAOBaTENb, HW3HA-
YaJIbHO HEOJHOPOJHBI B KAUECTBEHHOM aclieKTe. JIFoOble Mpon3BeIEHHbIE
U3MEPEHUS] HE MOTYT J1aTh a0COJIIOTHO TOYHBIM pe3yibTaT, CIEAOBATEIb-
HO, BCE MOJYYEHHBIE IKCIEPUMEHTAIBHBIM IIyTEM MOKA3aTENIH UMEIOT Ty
WIM UHYIO TOTPENIHOCTh, BBIXOJ 32 JIOIYCTUMBIE MPENEbl KOTOPOH Tpe-
OyeT, BO-NEPBBIX, aHAJIM3a MPUYMH BO3HUKHOBEHHUSI OTKIIOHEHMH, a BO-
BTOPBIX, UCKIFOUCHHS TIOKA3aTeNsl WIIM €r0 KOPPEKTUPOBKH B CIIy4ae YCT-
paHeHus cO0s, MPUBEIIIETO K €ro UCKakeHHto. K TUMMYHBIM MpUYUHAM,
0OyCJIOBIMBAIOIINM TOJYYEHHE B XOJE€ SKCIEPUMEHTAa HEKOPPEKTHBIX
3HAYEHMH, CJIETYET OTHECTH NUCPYHKIHOHAIBHYIO pabOTy BBIUYMCIUTEIb-
HBIX MPUOOPOB WJIM M3MEPUTEIBHOTO O0OpPYJOBaHUA M OIIMOKH CaMoro
UCCJIeIoBaTeNs PU OpraHU3alliy 3KCIIEPUMEHTA WJIM MPOBEICHUH 3aMe-
poB. IIoCKOIBKY HCKa)XKEHHBIE 3MIIUPUYECKHUE JAHHBIE CIOCOOHBI MOCTa-
BUTH T0JI COMHEHUE OKOHYATEJIbHbIE UTOTH SKCIEPUMEHTA, OHU JIOJKHBI
OBITh CBOEBPEMEHHO BBISBJICHBI U UCKIIIOYEHBI U3 0a3bl JaHHBIX, HA KOTO-
pOil CTpOoUTCA 0OOCHOBAHUE PE3YIIBTATA;

— MPOBEpKa MOJYUYECHHBIX B XOJE IKCIEPUMEHTA MOKa3aTeIel Ha CO-
OTBETCTBHE HOPMAJIBLHOMY 3aKOHY paclpejieieHus: BeposiTHocTeil. [lanHast
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IPOBEPKA OKHA OBITH MPOBEJICHA B OTHOUIEHUWU BCEX CIIyYalWHBIX IMITU-
PUYECKHUX JAHHBIX, MOCKOJIbKY OT MOJYMHEHUS WM HEMOJAYUHEHUS pe-
3yJbTaTOB DKCIIEPUMEHTA HA3BAHHOMY 3aKOHY 3aBUCHUT ONpeJIeJICHIE KOH-
KPETHOM METOIUKH NalibHEeHIIer oOpaOOTKH SKCIEPUMEHTAIbHBIX MOKa-
3aresnel, a 3HaYuT, U NOCTPOCHUE MATEMATHUYECKOW MOJIENIH HCCIIEyEMOro
00BbEeKTa, MAaKCUMAJIHO aJIeKBAaTHOM eMy. 3ajiaua yCTaHOBIIECHUSI TPUPOJIbI
o0pabaThIBa€MbIX SMIIMPUUECKUX JAHHBIX MOXKET OBITh PEIlIeHa C Pa3iny-
HOM CTENeHbI0 TIIyOuHBI U 00001meHus. Hapsay ¢ oOmumMu BEIBOAAMU OT-
HOCHUTENILHO JOMYCTUMOCTH WJIM HEIOMYyCTUMOCTU PACXOXKIEHUS TOYHO-
CTH pe3yJIbTaTOB U3MEPEHUN, UX HE3aBHUCUMOCTH, a TaAKXKE CIy4allHOCTH
WIN CUCTEMAaTUYHOCTH MOTPEUTHOCTH MOTYT OBITh CHI€JIaHbl BBIBOJIBI, Xa-
paKTEepU3yIOIUe CTAaTUCTHUYECKHE CBOMCTBA 0OpabaThIBaeMbIX 3HAUYCHU,
B YAaCTHOCTH BHJ 3aKOHA pacIpeiesICHHs] BEPOSTHOCTEH, KOTOPOMY OHU
MOIUMHSIOTCA, a TAaK)Ke ero mapameTpsl. [Ipu 3ToM pelieHue cTosiieit mne-
pea HWcclenoBaTeNieM 3a7aud MpPeBapUTEIbHON 00pabOTKU PE3yIbhTaTOB
SKCTIEpUMEHTA TPeOyeT COUeTaHUs Y3KO MaTEMAaTUYECKOT0 U aHaJUTHYe-
CKOT'O MOJXOJ0B, YTO MO3BOJISIET y4ecTh cnenuuKy mpolecca MpoBejie-
HUS SKCTIEPUMEHTA, UCTIOIb3YEMBbIE C JAHHOU IEIbI0 METOIUKUA M UHCTPY-
MEHTHI,

— BBIJICTICHUE OJTHOPOJIHBIX TPYIII TaHHBIX U3 WX OOIIEH COBOKYITHO-
CTH, TIOJly4Y€HHOH B pe3yJbTaTe MPOBEICHUS dKCIIEpUMEHTA. [ pynmupoBKy
JAHHBIX 11€J1€CO00Pa3HO MPOBOJUTH B TOM Clydae, Korja 0oJbIIol 00beM
AMIUPHUUECKON MHPOPMALIMKM 3HAYUTENBHO YCIOXKHSET Mpolecc ee oopa-
6oTku. OCHOBOM ISl TPYNTIUPOBKU CTAHOBSITCS T€ XapaKTEPUCTUKH TTOKA-
3areliei, KOTOphie OBLIM YCTAHOBJICHBI B XOJI€ PEIICHHS 3aayu O TOIYU-
HEHHOCTH TTapaMeTPOB 3aKOHY pacIpeeIeHUs] BEPOSITHOCTEH;

— CIUSTHUE TPYNI OJHOPOJHBIX TOKa3aTeNeH, pa3Inyarolnuxcs o
BPEMEHHU WJIU YCIOBUSIM MX TOJIYYEHHUS, B IEAX MOCIETYIONUX COBMECT-
HBIX aHalin3a U 00paboTKu;

— BBISIBIICHHE CYIIECTBYIOIIUX MEXY MCCIEAYyeMbIMU TTapaMeTpaMu
CTATUCTUYECKHUX CBSI3CH M B3aMMOBIIUSHUS, OIICHKA 3aBUCHUMBIX TIEPEMEH-
HBIX, TTOBTOPSIOIIMXCS 3HAYCHHH, TIOJYUYCHHBIX B XOJI€ MOCJIEI0BATEIHHO
NpOBEACHHBIX 3aMepoB. OTHUM U3 crIOCO00B 3P(HEKTUBHOTO PEIICHUS T10-
CTaBJICHHOMW 3a/1a4l MOXET CTaTh BBISIBICHUE KOPPEISUOHHON 3aBUCUMO-
CTH MEXIY perpeccopaMu (HE3aBUCUMBIMU) U KPUTEPHATBHBIMU (3aBHCH-
MBIMH, PE3YJIbTHPYIONUMHI) MIEPEMEHHBIMH, UYTO TMO3BOJIAECT CHOPMYITUPO-
BaTh MPEANOJIOKEHUS O XapaKTepe U CTPYKType B3aMMOCBSI3EH MepeMeH-
HBIX BEJIIMYMH M DJIEMEHTOB KOHCTPYHPYEMOW MaTeMaTHYEeCKOW MOJIeNn
UCCIIeTyeMOro 0ObEKTa.



BrlenepeynciaeHHbI epeyeHp 3aay, pelaeMbIX B mpoiecce oopa-
OOTKM IKCIIEPUMEHTAIBHBIX JAHHBIX, HE MOXXET ObITh MPU3HAH UCUEPIIbI-
BaIOIIUM, MOCKOJBKY Hapsjay ¢ 00O03HAUCHHBIMU OOIIMMHU 3aJadyaMH CY-
MIECTBYIOT U YACTHBIE, TPUMEPAMU KOTOPBIX MOT'YT CTaTh MpeoOpa3oBaHUE
Pa3HOPOAHBIX SMIIMPUUECKUX JAHHBIX, X BU3yaJu3alys ¢ MOMOIIbBIO pa3-
HBIX METOJOB, CIIOCOOOB U UHCTPYMEHTOB U JIp.

B npouiecce 00pabOTKM SMIUPUUYECKUX JAHHBIX, MOJTYUYEHHBIX B XOJI€
UCCJIEIOBaHUsI KaKOro-Tn0o 00BEKTa, BO3MOKHA KOPPEKTUPOBKA MPOMeE-
KYTOUHBIX IIeJIel PKCIIEPUMEHTa, a TaKKe 3aJ]1ay, CBA3aHHBIX C OCYIIECTB-
JICHUEM MAaTeMaTUYECKOr0 MOJICTMPOBAHUS 00BHEKTa UCCIICI0OBAHUS.

B wactHOCTH, 00pa00TKa SKCHEPUMEHTATBHBIX JAHHBIX MOXET OBIThH
CBEJICHA K OIICHKE MaTeMaTUYECKOI0 OKHUIAHUS B TOM cllydae, Korjia camo
MCCJICIOBAaHUE HAIICJICHO Ha BBISBICHUE 3HAYCHUS MTOCTOSTHHON BEJTUYUHBI,
KOTOPOE MOXET OBbITh ONPEIEIICHO B PE3YJIbTATE CEPUU 3aMEPOB C UCIOJIb-
30BaHHEM OOOPYAOBAHUSI, NAIOIIETO JOMYCTUMYIO M B TO K€ BpeMsl yCTa-
HOBJICHHYIO JI0 Ha4aJia SKCIIEPUMEHTA CTETICHh OTKJIOHCHUH B pe3yIbTaTax
U3MepeHuil. B MHBIX 0OCTOSTEILCTBAX (HANMpPUMEp, MPU YCTAHOBICHHUH
AKCIIEPUMEHTAIBHBIM MYTEM IMEPEMEHHONW BEJIWYMHBI C UCIOJIb30BAHUEM
000py0BaHMsl, NOTPEIIHOCTH B U3MEPEHUAX KOTOPOTO HEBO3ZMOXKHO IMPO-
CUMTATh) MpEeABApUTENbHAS 00pPa0OTKA AMIUPUYECKUX TaHHBIX HE CIIO-
coOHa TMOJTHOCTHIO PEIIUTh UCCIEI0BATEIBCKYIO 3aa4y, B CBSI3U C YEM He-
00X0IMMO OOpalieHrne K METOJIJaM CTaTUCTUYECKOIO aHaIu3a.

B uucne Takux MeTOZIOB, KOTOPbIE MPUMEHSIIOTCS Ha 3Tane oopadboT-
KM, CIIelyeT yKa3aThb MPOBEPKY 3HAYMMOCTH, METOJbl CTaTHUCTUUYECKOM
OIIEHKM M CTaTUCTUYECKOro aHaimn3a. HeoOXoamMo OTMETUTh, YTO 000C-
HOBAHHO HCIIOJIb30BAaHHBIE HA PACCMATPUBAEMOM 3Tale METOJbI 00padoT-
KM JaHHBIX MPEIONPENCIIIOT Pe3yJbTaTUBHOCTh BCETO AKCIEPHUMEHTA.
NMeHHO Mo3TOMY BOCTPEOOBAHHBIM Ha JJAHHOM 3Tale€ OKa3bIBAETCA METO/I
UTepaluy, MPeNnoaaraliuil YTOUHEHUE BEIUYUH M0 UX MPUOIHKEHHBIM
3HAYEHUSM, a CJIEJ0BATEIbHO, BO3BpAT K aHAIM3Y paHee 00pabOTaHHBIX
napamMeTpoB IS UX KOPPEKTUPOBKH C YYE€TOM BHOBH MOJYYCHHBIX JaH-
HBIX.

[TonydeHHBbIE SKCIIEPUMEHTAIBHBIM IYyTEM YHCIIOBBIE MAaCCHUBBI, MPU-
3HaBAaE€MbIE B XOJI¢ UX 00pPaOOTKH COBOKYIHOCTBIO JUCKPETHBIX U HEIpe-
PBIBHBIX BEJIWYWH, CHCTEMATHU3UPYIOTCS C TMOMOIIBI0 BBHIOOPOYHBIX Olle-
HOK, K KOTOPBIM OTHOCSTCS [24]:

TUCTIepCHS
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YHCJIO PE3YIIHTATOB B MAaCCUBE.

[TepBbie ABE U3 PACCMOTPEHHBIX BBIIIE BHIOOPOUHBIX OIEHOK JAIOT B Kade-
CTBE MPOMU3BOJIHOTO CAMOCTOSATENIBHBIA MOKA3aTEbh, U3MEPSIEMBIN B TMPO-
EHTaX, — KO3(PPUIIMEHT BapUallMU: €ro0 pacueT MPOU3BOAUTCS C UCIOb-
30BaHUEM HUKETPUBEJIECHHOU (POPMYIIBIL:

. 'r'r_r
V = i 100 (1.5)

[TockoJIbKy AKCHEpUMEHTATIbHBIE JaHHBIE B Mpollecce 00pabOTKU
IIPU3HAIOTCS CIIYYalHON BEJIIMYMHOM, paCCEMBAHUE UX 3HAYCHUN OLICHUBA-
€TCA C HCMHOJIb30BAHUEM CICIIMATIbHBIX MHCTPYMEHTOB, B POJIM KOTOPBIX
HapsAay ¢ AUCIIEPCUEH U CPEITHUM KBAJIPATUYHBIM OTKJIOHEHHEM BBICTYIIA-
€T Ha3BaHHBIN BbilIe KO3GPUIMEHT Bapuanuu. J[aHHbIE XapaKTepUCTUKU
OKa3bIBAIOTCA HE3aMEHUMBI, KOTJa pPE3yJIbTaTOM OIbITa CTAHOBUTCS Kak
HEPA3JI0)KUMOE, TAK U PA3JI0KUMOE CIIydailHOE COOBITHE.



[Ipu oneHKe pachpelesieHus] TAKKE XapaKTepU3yIOTCsl €ro CKOLICH-
HOCTh U OCTPOBEPIIMHHOCTh. C 3TOM LEBI0 UCMOIB3YIOTCS KO3 UITMEH-
ThI (COOTBETCTBEHHO) ACUMMETPHUHU U DKCIIECCa.

[lony4deHHbIE pacyE€THBIM TyTEM HA OCHOBAHUHU IKCIEPUMEHTAIBHBIX
JAQHHBIX XapaKTePUCTUKHU CIy4aWHBIX BEJIMYUH U (DYHKIUH OTpakaroT
CBEJICHUS, OTHOCSIIIMECS TOJBKO K OT/ACJIbHON 4acTH OOIIEel COBOKYITHO-
CTH, UMEHYEMOU BBIOOPKOM. DJIEMEHTHI, BXOSIINE B BHIOOPKY, HE MOTYT
U3MEPATHCS ¢ aOCOIOTHON TOYHOCTBHIO — B JIIOOOM ciiydae OyJeT MMETh
MECTO OIpeJIeSICHHasl MOrPEIIHOCTh, pa3Mep KOTOPOW BapbUpPYETCS B 3a-
BUCUMOCTH OT MHOTHX (akTopoB. Takum o00pa3oM, SKCHEPUMEHTAIBHO
MOJIYYEHHBIN Pe3ybTaT C ONPEeAEICHHON M0JIel MPUOIU3UTEILHOCTH OT-
pakaeT JIMIIb OTJEJbHBIC MapaMeTPhl UCCIETYEMON COBOKYITHOCTH.

Pestomupysi ckazaHHOE, BHIOOPOYHYIO OIIEHKY CIEAyeT paccMaTpu-
BaTh KaK CJIyYailHYIO BEJIIMYHUHY, ONPEIEIUTh KOTOPYIO BO3MOXKHO TOJBKO
C MOTPENTHOCTHIO, pa3Mep KOTOPOH HEOOXOAUMO KOHTPOJHUPOBAThH B Ipe-
7enax JOMYyCTUMOTO0, YTO TpeOyeT MUHUMHU3AIMN TTOTEHIIMATBFHO BO3MOXK-
HBIX OIIIMOOK B XOJ€ JAHHOTO MpoIiecca.

PaccunTanHble OTHUM U3 CIIOCOOOB YHCIOBBIE XapaKTEPUCTUKH pac-
OpEeAeCHUs] UCCIEAYEMOro 3KCHEPUMEHTAIBHOTO PE3yJbTaTa Kak CIy-
YallHOW BEJIWYWHBI (TaK HA3bIBAEMbIE MOMEHTBI PACIpPEIEICHHUsI) MO3BO-
JISIFOT OIEHUTh KaXIbIN U3 MapaMeTPOB 'eHEPATIbHOM COBOKYITHOCTU TOJIb-
KO B OJIHOM KOHKPETHOM TOYKE, TaK KaK MCIOJb3yIOT €IMHCTBEHHOE YHC-
710. HBIMU ClIOBaMHM, KaXJblii 13 MOMEHTOB PaclpeaeICHUs] MOXKET ObITh
OTpe/eNieH KaK TOYeUHas OIleHKa KOHKPETHOW (BBIOOPOUYHOM) BEIIMUMHBI
0e3 orpaHuYeHus IPEAEIIOB, B KOTOPHIX OHA (OLIEHKA) MOKET KOJe0aThCs.

JIro0ast ToueyHas OIEHKa Kak crenuduueckass QyHKIUS cllydalHOU
BEJIMUMHBI, caMa M0 ce0e TakKe SIBJISIONIASICA CIIyYallHOW BEJIMYMHOM,
JOJKHA OTBEYaTh TPEM KIIFOUEBBIM KpUTepusiM. [lepBbiM 0a30BbIM KpUTE-
pHEM BBICTYNAET COCTOSTEIbHOCTh, MIOHUMaeMasl Kak NMpUOJMKEHUE K HUC-
TUHHOMY TapaMmeTpy (e€ro yToO4HEHHE) MO Mepe pacHIUpEeHHUs] BHIOOPKH.
HecmenieHHOCTh Kak BTOpOM 0a30BbIA KPUTEPUN UHTEPHPETUPYETCS B Ka-
YECTBE OTCYTCTBHUS CHUCTEMATHYECKHUX OIIMOOK, O YeM CBHUACTEIHCTBYET
CTpEMJICHHE MAaTEMaTHUYECKOTO OXHJAHHUS OCTAaTKOB K HYI0. COOTBETCT-
BUE TPEThEMY KpUTEpHIO — IP(PEKTUBHOCTH — HMEET MECTO NMPU MUHHUMHU-
3aIlid  CPEAHEKBAJIPATUUYHOTO OTKJIOHEHHUSA, TO €CTh MPU JOCTHIKCHHUHU
OIICHKOM HaMMEHBIIIETO U3 BO3MOKHBIX IMOKa3zaTess paccenBanus. P dek-
TUBHOCTh OIIEHKHU BO3pPACTaeT MPU CHWKCHUU TMOKa3aTelis TUCIEPCUH, KO-
TOPBIM OTpa)kaeT MMUPOTY HHTEpPBaja pacCeUBaHUS.
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Psn mony4yeHHBIX B XOJI€ AKCIIEPUMEHTA JAHHBIX SIBJISIETCS OMIMO0Y-
HbIM. J[ons1 ommOOK B OOIIEH COBOKYIMHOCTH SKCIEPUMEHTAIBHBIX JaH-
HBIX TIPEJONpEeIeIIeT MOKa3aTeIn PaCCENBaHUS OIICHKH.

OmuOKY, BBISBISIEMbIC MPU OIICHKE KOHKPETHOM BBHIOOPKH, KJIACCH-
GULMPYIOTCS 1O KAaTETrOpUsM IpyObIX, CIy4allHbIX U CUCTEMAaTUYECKUX.

B caydae, korja kakoi-nmu0o mapaMmeTp BbIOOPKU BBIXOJUT 3a PAMKU
JOMYCTUMBIX OTKJIOHCHHM OT LIEHTpa TPYINIUPOBAHUS 3HAUCHUH, OH KJIac-
cudumpyercsa Kak rpydas omuoka, mociie 4ero JaHHOE 3HAY€HHUE UCKITIO-
qyaeTcs U3 JajdbHeie 00paboTKHy.

[Ipu uzmepenuu 0001 (HU3NIECKONW BEIMYMHBI BO3HHKAIOT abCo-
JIIOTHAsi ¥ OTHOCUTENbHAs MOTPEIIHOCTH. [[1s1 pacdera mepBoil UCONB3Y-

eTcst popmynia Ar=x—T, BTOpasi MOXET OBITh OINPEJICJICHA C UCTIOJIb-

30BaHUEM (POPMYITBI = 100 "B o6enx MPUBEACHHBIX (POpMYyJIax HCTHUH-
HOE 3HAYCHHE TIOKA3aTeNs oTpakaeT CUMBOI L' . OTKIOHEHUS OT JaHHOTO
3HAQUYEHHUS] MOTYT BO3HUKHYTH IOJ BO3JACHCTBUEM KaK CHUCTEMATHUYECKUX
( 0), Tak ¥ cIyJaiHBIX (£ ) OMIHOOK.

[IprurHONW BO3HUKHOBEHUS CHUCTEMATHYECKOW OIIMOKH, BEIUYMHA
KOTOPOW /JI Ka)KJIOTO 3HAYEHHUS BBIOOPKU SIBISIETCS KOHCTAHTOM, CTaHO-
BUTCS HCIOJB3yEMOE MPHU IPOU3BOJACTBE HKCIIEPUMEHTA TEXHUYECKOE
000pyZI0BaHME, a TAKXKE U CaM XapaKTep HKCIEPUMEHTAIbHBIX ACHCTBUH.
[lonHoe ycTpaHeHHE CUCTEMAaTHYECKUX OLIMOOK MpU MPOBEACHUU SKCIIE-
pPUMEHTa HEBO3MOXHO BBHUJY TOr0, YTO JIFOOON M3MEPUTENBHBIN MPUOOp
JaeT OMpPEeNIeICHHYIO MOrpeiHoCcTh. OTHAKO MUHUMM3ALINS CUCTEMATHY -
CKHUX OLIMOOK B 3KCIMEPUMEHTAJIbHBIX JTAHHBIX SBIISIETCS BIIOJIHE PEAbHOM
3aj1ayeil, KoTopasi pelaercs MmyTeM I'paJyHupOBKH JTaTYUKOB U KOPPEKIUU
METO/IOB, MPUMEHSEMBIX MPU cOOPE TaHHBIX.

CnydailHBIMM HAa3bIBalOT TaKue OIIMOKH, KOTOPHIE BO3HUKAIOT
BCJIEICTBHE HEBO3MOXHOCTH MPEAyTaJbIBaHUSI MPUUYUHBI, BIMSIONICH Ha
ux mnosiBiaeHue. MIMEHHO MOATOMY MPOTHO3MPOBAHHME U caMmoro ¢akra
OIIHUOKH, U €€ pa3Mepa B KaKJIOM KOHKPETHOM CiIy4ae SIBJISETCS] HEJIOCTHU-
KUMOM 1enplo. CHeKTp NpUYUH, JACTEPMUHHUPYIOMIMX CIy4YyalHyHO TO-
IPEIIHOCTh, BECbMa IIHUPOK, OJTHAKO B OOJIBIIMHCTBE CIIy4aeB OHU KPOIOT-
cs 100 B caMOM OOBEKTE MCCIIECIOBAHMS, €T0 YPE3MEPHOU JUHAMHUYHO-
CTH, JUOO B YCIIOBHSIX OCYILIECTBICHHUS 3KCIEPUMEHTAIBHBIX 3aMEpOB.
EnuHcTBeHHO 3¢ ()EKTUBHBIM METOJOM MPEOOJICHHS CITy4aitHOM Mmorper-
HOCTH CTAHOBUTCSI YBEJIUYEHUE YMCIIA 3aMEPOB JUIsl KaXJ0ro mapamerpa,
MO0 J10Ka3aHO, YTO CIIy4alHbIE OTKJIOHEHUS pa3HOHANPABJIEHBI, TO €CTh
OTKJIOHSIFOTCSI OT UCTUHHOI'O 3HAYEHUS KaK B MEHBIIIYIO, TaK U B OOJIBIIYIO
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CTOPOHBI, & 3HAYUT, NMPU CYMMHPOBAHHHU OyAYyT KOMIICHCHPOBATH APYT
Ipyra, CTpEMSICh K HyJIEBOMY 3HAUYECHHUIO.

PasrpanndeHue BU0B OIIMOOK 3HAYMMO B KOHTEKCTE OMNpPEACICHUS
MIPUYUH UX BOSHUKHOBEHUS U PEATBHOCTH YCTPAHEHHUS TOCIEIHUX, OJHA-
KO B JICUCTBUTEIBHOCTH NPHU MPOBEICHUM SKCIICPUMEHTA 3a4acTyl0 MpPH-
CYTCTBYIOT OIIMOKH 000OMX BHAOB, M Pa3TpPaHUYUTh UX HA MPAKTUKE OUYCHb
TPYyJHO. BbIXOA U3 CUTyaunu BUAUTCA B YUETE TaK HA3bIBAEMOU CyMMap-
HOM TOTPEIIHOCTH U3MEPEHUM, HCUHUCIISIEMON TT0 (popmyirie:

- (L)

Es = ﬂ-

E\rﬁ

o (T o 9
B KOTOPOH 2 — 00o03HaueHue CTaHAAapPTHOI'O pa36poca CJIy4arMHOU BCJIH-

YUHBI, AKTYaAJIbHOTO I KOJIMYECTBA U3MepeHun nN.

Heckosibk0o HMHOW C€IOCOO ONpeAeNieHHs] BEJIUYMHBI MOTPELIHOCTH
UCIIOJNIB3YETCS B TOM Cilydae, KOrJa 3Ha4CHUE IapaMeTpa UCUMUCISETCS Ha
OCHOBAaHMM JPYTUX IMOJYYEHHBIX DKCIEPUMEHTAIBHBIM ITyTEM JaHHBIX. B
TaKOM CUTyallMH CTAaTUCTUYECKAs OLEHKA HCCIEIYEeMOro IMapaMmeTpa Mo-
KET OBITh ONPENIENIEHA C ONOPOM HAa (DYHKIIMOHAIBHYIO 3aBUCUMOCTh MEK-
Iy IEPEMEHHBIMHU.

CreneHp TOYHOCTHM COOTBETCTBUS MCTUHHBIM 3HAYEHHSIM COBOKYII-
HoctH M Or  ee BEIGOPOUHBIX XapPAKTEPHCTHK, KOTOPBIE TTONYUEHBI M-
NUPUYECKUM IIYTEM B XOJI€ OTPAHUYEHHOTO KOJWYECTBA MPOU3BEICHHBIX
3aMepOB, MOXKET OBITh OMpeJieNieHa C MOMOIBIO MPUBEACHHOMN HIKE (POp-
MYJIbI:

M) =M,+¢,0, =0,+ 0. (1.7)

Yro kacaeTcsi BBIOOPOYHOTO HAOJIOACHUS, TO €r0 TOYHOCTh MOXKET
ObITH 3aJ]aHa HECKOJIbKUMHU criocob0amMu. B COOTBETCTBUM C MEPBBIM CIIO-
coOOM JJIsI OTIPEICIICHUSI TOYHOCTU UCTIOJIB3YIOT T€ €IUHHIIBI, B KOTOPHIX
U3MepsIeTCsl aHAIM3UPYEMBbI Mokasaresb. BTopoii cnoco0 mpeamnonaraet
oOpalieHre K ¢AMHUIIaM BeIOOpouYHOro 3HaueHus 7. TperbuM ciocobom
SBJISIETCSI WCMOJIb30BaHUE TMPOIICHTHOI'O COOTHOIIEHUS] TE€HEePaTbHOW U
cpeaHel BBIOOPOYHBIX BEJIMYMH.
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[Ipu 5TOM HE NPUHIMNHUAIBHO, TPUHUMAETCS JIM BO BHUMAHUE Ha-
JUYUE CUCTEMATHYECKOW MOTPEITHOCTH, MO0 €€ BeTWYHWHA SBIISICTCS KOH-
CTAHTOM.

Jlma onpeneneHus BEPOATHOCTH OXBAaTa 3aJIAHHBIMU IPEACIaMHU UC-
THUHHOTO 3HAYECHUS XAPAKTEPUCTUKHU MMapaMeTpa reHEPATIbHOW COBOKYITHO-
CTH MCIIOJB3YETCs caeayroias popMmya:

P(M,—e <M’ < M,+¢),Plo, —0. < 0" <0, +0. (L8

DTOT MOKa3aTelb B CTATUCTUKE MMEHYETCSA KaK «HAJIeKHOCTh OLECH-
KH.

[TockomnbKy B J11000M citydae cpeiHee apu(pMEeTHUECKOE 3HAUCHUE BbI-
OOpKHM — 3TO CilyyallHas BeJIWYWHA, TPEOyeTCs BBIUUCIWUTHL MHTEPBAJ, CO-
Aepkauii B ce0e ¢ OmpeneseHHON CTENEeHbI0 BEPOSTHOCTH 3HAYEHUE
AHAJIM3UPYEMOTO HCCIEN0BATEIEM ITapameTpa.

Tako# nHTEepBas, 0003HAYCHHBIN B BHIICIPUBEICHHON (hopMyJie Kak

M, + ¢y npu 3TOM OIpEReNsIeMBI IPOU3BOJIBHO ai, hf’], TPaJAHUIUOHHO

HA3BIBAIOT JOBEPUTEIIBHBIM, a 3aJJaHHYIO JIJI1 HEro BEPOSTHOCTH BXOXKJIC-
HUA B yKa3aHHbIE PAaMKHM MCKOMOTO 3HA4Y€HUsI — ypoBHEM JnoBepus. Ha
s3bIKEe (POPMYJT MOCIICIHSS MOXKET ObITh 0003HaUYEHA KaK:

(1 —a) = Pla; < M, < b;) (1.9)
B KOTOpPOM (I 0003HAYaET BEPOATHOCTH OIIMOKH, OTOOpaKaeMyro Ha Ipa-

(uke (Ha rayccCoBCKOM KPUBOI) KaK JiBe IOJOBHHBI / 2,

YpoBeHb JOBEpHUs OTpaKaeT CTENEHb PUCKA B OMPEACICHUU UCTHH-
HOT'0 3HAYCHUS aHAJIM3UPYEMOTO MTapaMeTpa U MHAaUY€ Ha3bIBACTCS JIOBEPH-
TEJIbHON BEpPOATHOCTHIO. B 1ensax oOseryeHuss oOpabOTKU JaHHBIX JOBE-
PUTEIbHBIM UHTEPBAJ 3aJ1aeTCsl, KaK MPaBUJIO, TOISIMHU CTaHAAPTHOTO pa3-

6poca:|:': 7. B ostom cllydyae YpPOBEHb JOBEpHUS MPEACTABISIET COOOM
IUIOIIAAb, KOTOpas B ﬂnanasoﬂeicn}_f OTPaHUYECHA IrayCCOBCKOM KPUBOM.
JI71st TOro 4TOOBI OTPA3UTH YPOBEHB OBEPHUS SI3bIKOM (HOPMYJI, HEOO-
XOJMMO OTTAJKUBATHhCSA OT HWKETPUBEICHHOW (DOPMYJIBI HOPMAJIBHOTO
pacupenesneHus, Ipu KOTOPOM MAaTEMAaTUUECKOE 0KUIAHUE PABHO HYJIIO,
CTAaHJAPTHOE OTKJIOHEHUE — enuHuIlEe. JlaHHBIM YacTHBIM Ciyd4ald HOp-

MaJIBHOT'O paClpecACJICHUA HOCUT HA3BAHUC CTAHAAPTHOI'O U UMCCT BU:
J = .1 .fr_]--
2 =" (1.10)
o

re My =0 a0, =1
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Torma ypoBeHb 10BepHs (JOBEpHUTEIbHAS BEPOATHOCTH) MOXKET OBITh
oTOoOpa)keHa KaK

)._ I:‘T.I' — r'}-ll i1
Plt-z— < M, < T+ 2—) (1.11)
vn Vn
B KOTOpPO#l ' HCIOJB3YETCS B KA4eCTBE CHMMBOJIA OLIEHKH T'€HEpallb-
HOT'O CPEJIHETO.
dopMyia TOBEPUTEILHOTO UHTEPBAIA IS OLCHKH JUCIIEPCHH BHI-
TJISIAT CJIEAYIOIMM 00pa3oMm:
) ‘2
no- nos .
of H )
(5= < D, < 5——7] (L.12)
20 )2 21l — af2

HauanpHEIM 3TAoOM IPOLECCa ONpEJeeH s JOBEPUTEIBHOIO HH-
TepBalla CTaHOBUTCS pacueT mapamerpa Beioopkul ~ M. mocne wero
3a/1a€TCS YPOBEHb JIOBEPUS (I =)y 5 ra6mume CTaHJAPTHOTO HOPMAJIb-
HOTO Paclpe/ieJeHHs HaX0AUTCs 3HaYeHHE, KOTOPOE COOTBETCTBYET 3TOMY
YPOBHIO (L =) Takum 00pa3oM, JOBEpUTEIbHBII MHTEpBAll ONpeess-
ercst kak @ < M, < b

KonnuecTBo AKCIEPMMEHTANIBLHBIX 3aMEPOB CBA3aHO MPAMO IIPOIIOP-
IIMOHAIBEHOM 3aBUCHMOCTBIO C YPOBHEM JOCTOBEPHOCTH SKCIIEPHMEHTAIb-
HBIX JAHHBIX ¥ 00PaTHO MPOIOPIMOHATIBHOM 3aBUCHMOCTBIO ¢ BEJIMYMHOM
JIOBEPUTENBHOrO MHTEepBana. TakuM o0pa3oM, YyeM OOoJIbIIe DKCIEPUMEH-
TalbHBIX 3HAYECHHUI aHAIM3UPYEMOro rmapaMerpa o0padaThIBaeTcs 10 MTO-
raM IPOBEIEHHOTO MCCIEI0BaHMs, TEM BBIIIE JOCTOBEPHOCTH HTOTOB BCE-
0 SKCIIEPUMEHTA.

YucIio 3aMepoB, CIIOCOOHBIX 00ECIIEUUTh HCKOMYIO HaJeKHOCTh pe-
3yJIETaTOB DKCIEPUMEHTA, MOXKET OBITh PACCUMTAHO C ONOPON Ha 3HAYe-
HHE CTaHJapTHOrO pa3dpoca, eclid TAKOBOE M3BECTHO. Tak, pa3zeNuB Io-
I10JIaM JIOBEPUTENILHBIA UHTEPBAI, TOMy4uM (GOpMyJy ClydaiiHoil BBIGO-

POYHOM OIIHUOKHU:
a

" i
—= (1.13)
/n
[IpeoOpazoBaB ee, nmoayuum (HopMyy pacdeTra TpeOyemMoro Kojmnde-
CTBa MPOU3BOIUMBIX B X0JI¢ SKCIICPUMEHTA 3aMEPOB:
‘¥

9
A 4 g

n = —_]“ (1.14)

E05H — <

Heo0xoauMo yduThIBaTH HEKOPPEKTHOCTH OTOXKJIECTBJICHHUS pac-
CMOTPEHHBIX BBIIIE XapAKTEPUCTUK TOUHOCTH U HAZECKHOCTH BHIOOPOUHBIX
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OIICHOK M TOYHOCTH JKCIEPUMEHTA, 0O ISl pacdeTa MocCiIeHENH UCTIOb-
3yercd crenuanbHas Gopmyna:

v
AN Wfﬁ (1.15)

B KOTOpPOW U $IBIAETCS OOO3HAYEHHUEM BBIPAXKEHHOI'O B IMPOIEHTAaX
ko3 uimenTa Bapuanuu BIOOpouHOTO HabmoAeHus. [Ipu sTom cienyer
UMETh B BUJY, YTO JJIA pa3HOro OOOPYJIOBaHMS U PA3IUUYHBIX HCCIEIye-
MBIX IIPOLIECCOB MPUEMIIEMbIE 3HAUYCHUS TAHHOTO MOKa3aTessl HEOAMHAKO-
Bbl. Tak, Ipu NIpOBEAECHUN SKCIIEPUMEHTOB C UCITOJIB30BAHUEM CEIIbCKOXO-
3SIICTBEHHOr0 00OpYZ0BaHUA JOMYCTHUMAas TOUHOCTh SKCIEPUMEHTA Baphb-
UpyeTcs B mpejaenax oT 3 10 5 NpoLeHTOB (‘ﬁf )

OneHka ciay4ailHbIX BEJIMYHUH MPEANOJaraeT He TOJIbKO pacyeT J0Be-
PUTENBHOTO MUHTEPBajia, HO HCCIIEIOBAHNE 3aKOHOMEPHOCTEN HMX pachpe-
JICNICHUs, YCTAaHOBJEHNE (paKTa BKJIIOYEHHUS HECKOJIBKHX BBIOOPOK B HC-
CJIeIyEMYIO T€HEPATIbHYI0 COBOKYIHOCTb, COMOCTABJICHUE BEIUYHUH JHUC-
NEpPCUid, aKTyaldbHbBIX JJIsI PA3HBIX BBIOOPOUYHBIX COBOKYITHOCTEH.

CTaTUCTHYECKUN aHAlIU3, UCIOJIb3yEeMbIN TP 00pabOTKE SKCIEpH-
MEHTAJIBHBIX JaHHBIX, TPeOYeT BBIABIKCHUS HEKUX MPEANOJIOKECHHUN O
pacupeesiceHu BEPOSITHOCTEH, a TAK)KE O CBOMCTBAX CIy4YalHBIX BEJIU-
yuH. Takue npeAnooKEeHUs UMEHYIOTCSI CTATUCTUUECKUMU TUIIOTE3aMH U
UCIIOJIB3YIOTCSI B Pa3HBIX BUJAX AHAIUTHYECKON NEATENIBHOCTH CO CIIY-
YallHBIMM BEJIIMYMHAMH, OOpPA3YIOIIMMU TE€HEPAIBHYIO COBOKYIHOCTD,
CBOIMCTBA KOTOPOM TPEOYETCS BHISIBUTH U ONIUCATb.

[Ipoxopsiiee NMpoBEpPKY MyTEM COOTHECEHHSI C AKCHEPUMEHTAIBHO
NOJIYYEHHBIMU TAHHBIMH MPEANOJIOKEHUE O HE3aBUCUMOCTH JIPYT OT APY-
ra UCCJIEIyEMbIX MEPEMEHHBIX WM O TOXKIECTBEHHOCTH MAPaMETPOB pac-
NpeiesiecHu B HECKOJbKUX BBIOOPOYHBIX COBOKYIHOCTSIX B CTaTHUCTHKE
UMEHYETCSl HYJIEBOW THIIOTE30M (’I”f’). OmpoBepras ee, HCCIeI0BaTeNb,
NPOBOJSAIINNA SKCHEPUMEHT, JIOJHKEH BBIIBUHYTh MHYIO, KOTOpas HCKIIO-
YaeT NPaBUIBHOCTh HYJIEBOM U 0003HAYAETCS B TEOPUU CTATUCTUKHU OJI-
HUM U3 PaBHO3HAYHBIX TEPMHUHOB - «KOHKYpHUpPYIOIIAsH JINOO «ajbTepHa-
tusHasy» (110).

CrnenunanbHO OpraHW30BaHHBIE CTATHCTUYECKHWE HAOIIOACHUS IOJIXK-
Hbl TIOJYMHSTBHCSA MPU UX OCYLIECTBICHUM CIEAYIOIIMM OOIIECTPUHSITHIM
UMIIEpaTUBaM, BIIEPBbIE C(HOPMYIHPOBAHHBIM OCHOBOIIOJOKHUKOM TE€O-
puu crtatuctku Agonbsdom Kerne.

[IepBbIi U3 ATUX UMIIEPATUBOB IMPEANIONAracT CTPOroe€ COOTHECEHUE
OporpaMMbl HAOJIFOAEHUN C UX LEJSIMU U 3aJa4aMi, a 3HAYUT, HEILEJIEeCO-
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0o0pa3HOCTh pacuera MokazaTesei, He OTBEHAIOUIUX MPSIMO WJIM KOCBEHHO
Ha MMOCTABJIEHHBIN NEPE IKCIIEPUMEHTOM BOIIPOC.

BTopoi1 uMnepaTuB MpeanuchiBa€T UCKIFOYEHUE U3 MPOrpaMMbl Ha-
OJIOIEHUI TeX 3a/1ad, KOTOPhIe U3HAYAIBHO HE MOTYT ObITh PEIICHBI IKC-
NEPUMEHTAILHBIM IyTEM, TO €CTh B XOJ€ UX PEIICHUS HE MOXKET OBITh I0-
JyYEH HAJCKHBIN pE3yJIbTarT.

Tpernii UMIIEPATUB NPEANONATacT UCKIYEHUE U3 NMPOTrPaMMBbl Ha-
OJtOICHUH TeX JACHCTBUI, KOTOPhIE MOTYT OKa3aTh 3HAYUTEIbLHOE BIUSHUE
Ha OOBEKT MCCIEOBAHUS, UCKA3UB TEM CaMbIM PE3yIbTaThl SKCIIEPUMEH-
Ta.

Brlieo603HaueHHbIE UMIIEPATUBBI MOTYT BBIMIOJHATHCS TOJIBKO TPH
YCJIOBHUM TIIATEIBLHOTO MO3TAMHOrO TIAHUPOBAHUSA MPEIACTOSIIETO IKCIIE-
pUMEHTA, MPEBAPUTEIHLHOTO ONPECICHUS METOJIUKN 00pabOTKU €ro pe-
3yJBTaTOB, KOTOpas CIoCOOHa 00ECTeUNUTh MOTyYeHNe OOBEKTUBHBIX JaH-
HBIX, ITOJTBEPAKIAIOIINX WU ONMPOBEPTaOIIUX TUIOTE3Y UCCIenoBanus. B
IIPOTMBHOM CJIy4a€ B MPOILECCE IMPOBEACHUS 3KCHEPUMEHTA MOTYT BO3-
HUKHYTh HEIMPEOJIOJIUMbIE TPYIHOCTH, NPEMSATCTBYIOIIUE HJOCTHUKECHUIO
UCCIIE0BATEIIBCKOW LIEIIH.

Koppenﬂunonﬂaﬂ CBA3b, €€ CTATUCTHYECCKOC UCCJICAOBAHUC

MHoroo0Opa3ue MeKOOBEKTHBIX CBS3€il, MPOHU3BIBAIOIIUX OKpPY-
KAIONIYI0 YEJIOBEKa PEabHOCTh, MPEAONPENLIISIET TOTPEOHOCTh B UX BbI-
SBJICHWUU, TUTIOJOTU3AIIMHU U HcclienoBanuu. Hanbomnmpimii Hay4yHbIA UHTE-
pec, Kak MpaBUJIO, BHI3BIBAIOT CBSI3M TPUUMHHO-CIIEICTBEHHOIO XapaKTepa,
ABJISIIOIIMECS YHUBEPCAIbHBIMU. B CTpYKType CBSI3W JJAaHHOTO TUIa 00si3a-
TEJLHO UMEIOT MECTO JIBa BUJa MPU3HAKOB: OKA3bIBAIOIINX BIUSHHUE U UC-
OBIThIBAOIIUX €ro. [lepBbie TpaIUIIMOHHO UMEHYIOTCS (DAKTOPHBIMH, BTO-
phIe ke 0003HAYAIOTCS KaK MPOU3BOJIHbIC, PE3YyJIbTaTUBHBIE.

Cy1ecTByeT JBa TUIA 3aBUCUMOCTH (PaKTOPHBIX U PE3YyJIbTAaTUBHBIX
NPU3HAKOB, OTJIWYAIONIMXCS CTEMNEHBIO M XapaKTEPOM OKa3bIBAEMOIO
BiusHUSA. [IepBbIM U3 Ha3BaHHBIX THUIIOB BHICTYMHAaeT (DYHKIIMOHAIbHAS 3a-
BUCUMOCTb, TIPH KOTOPOW AMHAMHKA (HDaKTOPHOTO MPHU3HAKA IMOJTHOCTHIO
OpeaoNpeAessieT COOTBETCTBYIONINE W3MEHEHUS MPU3HAKA PE3YJIbTaTUB-
HOTO. HBIMM CJIOBaMU, UMEET MECTO MPSMOE COOTHECEHHE MEXKIYy HX
3HAYCHHUSMHU, U3MEHSIONIUMUCS MapaJljieIbHO B COOTBETCTBUHU C OMpEe-
JICHHOU 3aKOHOMEPHOCTBIO.
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BTopo#i TuI CBSI3M — KOppENAIMOHHAS — XapaKTepU3yeTcs Cl1a0biM
COOTBETCTBUEM (DAKTOPHOTO U PE3YIHTATUBHOTO MPU3HAKOB, KOTOPOE BBI-
SBJISIETCS TOJIBKO MIPU HAJIMYUU OOUIMPHON SMIIUPUYECKOM Oa3bl.

AHanM3 NPpUYUHHON 3aBUCUMOCTH HE MOXKET OBbITh OCYIIECTBJIEH 0€3
OTCBUIKH K TEOpHH, KOO TOJHKO HA ITOM YPOBHE HUCCIICIOBAHMS YCTaHAB-
JIMBAETCS caMa BO3MOXXHOCTh B3aMMOCBSI3M INPU3HAKOB WM OMNPEACIACTCA
HaIPaBJICHUE BBISIBIICHHBIX CBS3EH.

AHaJIN3 KOPPETALMOHHOMN CBSI3U MO3BOJISIET:

— BBISIBUTH IJIaBHBIC IPU3HAKKU U YEPThI UCCIETYEMON COBOKYITHOCTH
Ha 3Tane npeaBapuTeIbHON 00pabOTKU JaHHBIX;

— YCTaHOBUTH HANIPABJICHUE BBISIBICHHON 3aBUCHUMOCTH, ONPEIEIUTh
(bopMBbI €€ TTPOSIBIICHUS;

— OLICHUTh TECHOTY UCCIIENYEMON CTaTUCTUYECKOU CBSI3H;

— OIKCATh BBISBJICHHYIO 3aBUCUMOCTH S3BIKOM (PopMys OO0 depe3
€€ PErPECCUOHHYIO MO/IEIIb;

— COMNOCTaBUTh AHAIU3UPYEMYIO CBSI3b M MPEIJI0KEHHYIO MOJEIb,
PACKpPBITh IPAKTHYECKHUE ACIIEKThI BHEIPEHUS MOJEIH.

PaccmoTpuM moapoOHEee 6a30BBIE METOJMYECKHUE IMOCTYJIATHI, KOTO-
pble 00s3aTeNIbHO JIOKHBI OBITHh YUYTEHBI HCCIIEIOBaTEIEM, OOpariaro-
IIUMCSI K KOPPETSIIMOHHO-PETPECCUOHHOMY aHaJN3Y:

— HEJIONMYCTUMOCTh aHAIMTUYECKONW pabOThl ¢ KAYECTBEHHO HEOJIHO-
POJIHOM COBOKYITHOCTBIO;

— 00s13aTeNIbHOE BKJIFOYEHHE KOJIMYECTBEHHBIX XapaKTEPUCTUK B
MPOBOJIMMBIN aHanu3. BeIoaHeHHWE JaHHOrO TPeOOBAaHHUS MOXKET OBITh
00€ecIeueHo MPUBJICYEHUEM a0COIOTHBIX M OTHOCHUTEIBHBIX IMOKa3aTesiei
BapuaIuy, MPOBEPKOM HYJEBOM M abTEPHATUBHOM TUIOTE3 O MPUHAI-
JISKHOCTHU K MCCIIETYEMON COBOKYITHOCTH 3KCIIEPUMEHTAJIBHBIX 3HAYCHUH,
PE3KO0 BBINMAIAIONINX U3 OOIIIETO PAa;

— COOTBETCTBHE TMOJ0XKEHUAM, CHOPMYTUPOBAHHBIM B 3aKOHE 0O0JIb-
IITAX YHUCET,

— UCKJIFOYEHHWE U3 00pabOTKM HE3HAYMMBIX W B3aMMO3aBHUCHMBIX
(hakTOpOB;

— OIIEHKA IOJYYEHHBIX MPAKTUUYECKUX PE3YIbTaTOB C YUETOM HX CO-
OTBETCTBUS pacupenesenuto I aycca.

C y4eToMm BCEro CKa3aHHOTO BBIIIE MOYKHO IMPUHTH K BBIBOJY O IieJie-
CO00pa3HOCTH OOpaIlleHUs K KOPPEISIMOHHO-PETPECCUOHHOMY aHAJIU3Y
UCKJIFOYUTENIBHO TPpU OOHAPYKEHUU 3aBUCUMOCTH MEX]Y KOJUYECTBEH-
HBIMU XapaKTEePUCTUKAMH.
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CTaTuCTUYECKUN aHaAIU3 KOPPENALMU MPU3HAKOB JOJDKEH OTTAJIKHU-
BaTbCsl OT MOJYYEHHBIX SMIMUPUUYECKUM MyTEM UHJUBHUIYATBHBIX MOKa3a-
TeJIeH KaKI0TO MapaMeTpa B paMKaX COBOKYITHOCTH.

Craructudeckue crocoObl 0OOHApYKEHUSI KOPPENAIMN BECbMa MHO-
roo0pa3Hbl U XapaKTEPU3YIOTCS Pa3IMYHBIM YPOBHEM CIOXKHOCTH HUX
PAKTUYECKOTO UCIIOJIb30BAHMS.

Tak, s7eMeHTapHBIMU METOJaMU YCTAHOBJICHUS 3aBUCUMOCTH KOppe-
JSIMAOHHOTO THUIMA MPU3HAIOTCA TpauuecKkuii U TaOJIMYHBIA METOJIbI, Me-
TOJ TPYNIHUPOBKH, CPAaBHCHHE MapaJUICIbHBIX PAJIOB, pacdyeT TPyNIoBOM
CpEIIHEM.

boree ClOKHBIMU SIBISIOTCS OalaHCOBBINM, Pa3IUYHbIE BUJIBI aHATU3A
(MHOTOMEPHBIH, TUCIIEPCUOHHBIN, KOMIIOHEHTHBIH), pacro3HaBaHue oopa-
30B U MHBIEC.

Jlaneko He Bcerma OOBEKTHBHO CYIIECTBYIOIIAs MPUYUHHO-
CJICACTBEHHAs CBsI3b IMPU3HAKOB OKasbiBaeTcs sBHOU. HambGonee sdpdex-
TUBHO OOHApY>XMBaTh CKPBIThIE 3aBUCHUMOCTH IO3BOJISIET METOJ Iapai-
JenbHBIX psagoB. OH mpesrnonaraeT CoCTaBICHUE TaOIUIIbI, TO3BOJISIFOIIEH
3PUTENLHO COOTHECTH 3HaYeHus (akTopHoro (X) u pesyasrupyromiero (V)
npu3HakoB. braromaps MaHHOMY METOJy Tak)Ke€ MOXKHO yCTaHOBHUTH Xa-
pakTep BBISBICHHOM CBs3U. [Ipu mapaienbHOM YBEIMUYECHUH TTOKa3aTeei
(aKTOpHOTO U PE3yITATUBHOTO IMPU3HAKOB MMEET MECTO MpsMasi Koppe-
JSMOHHAS 3aBUCHUMOCTbD, €CJIM YK€ POCT 3HaueHUM (PaKTOPHOTO MPHU3HAKA
MPOBOLIMPYET CHUKEHUE 3HAUYCHHH Pe3yJIbTaTUBHOTO, KOPPESIIUMOHHAS
CBSI3b JIOJDKHA KBaTU(UIIMPOBATHCS KaK 0OpaTHasl.

BbIBOBI.

B nanHOM pasznerne maHo OmpeaesieHHe MOHATHSAM MaTeMaTH4YeCKON
MOJICIIA M DKCIIEPUMEHTA M OTIpejieJIieHa OCHOBHAS 11€J1b, KOTOpask CTaBUTCS
Ha JTare MpeaBapUTEIbHOW OOpabOTKH JaHHBIX, MOJYYEHHBIX SKCIIEPHU-
MEHTaJbHBIM ITyTeM. JlaHHas MeNb 3aKIFYaeTCs B MOCTAHOBKE IPEIIIO-
JIO’)KeHHUH (TUIOTe3) OTHOCHUTEIBLHO HCCIEAyeMON B Xoje o0paboTKH pe-
3yJBTAaTOB IKCIIEPUMEHTA MAaTEeMATHIYECKON MOJICNIN OOBEKTA.
MareMaTrndeckoil MOJIEIbI0 HAa3bIBAIOT OCYIIECTBICHHOE C MCIIOJIb30BaHHU-
€M CUMBOJIOB MPHUOJMKEHHOE OMMCAaHUE UCCIEAYEMOro Kiiacca 00BhEKTOB.
[TocTpoeHne MaTeMaTHYECKOM MOJEIM TMPECTAeT HEMPEPHIBHBIM YEThI-
PEXATATHBIM TIPOIIECCOM.

Taxke B paszaene pacCMOTPEHBI NIPUHIIMIIGI, MMpaBUiIa U crienuduka
IPOBEJICHUSI CTATUCTUYECKOTO aHajdu3a U O0pabOTKH €ro pe3ysbTaToB,
IIPUBECHBI ONIPEICIICHUE M TUITOJOTHS CTAaTUCTUYCCKUX THUIOTE3 KaK 0a-
30BBIX DJIEMEHTOB JAaHHOTO aHAaJM3a, PACKPBITHl OCHOBOIIOJIATAOIINE TPE-
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OOBaHMS K OpPTaHW3allMd U TPOBEICHUIO CTATUCTUYECKOTO HAOIOICHUS,
BBISIBJICHBI THUIIBI TPUYMHHO-CJICICTBEHHON CBSI3M M OMHUCAHBI METOJNBI €€
OoOHapyKEeHUS.

Bonpocsl A camonpoBepku

1. Yto Takoe MaTeMaTuyeckas MoJieb?

2.YT0 Ha3BIBAIOT SKCIIEPUMEHTAIbHBIMU UCCIIEAOBaHUSAMHU. [[71s1 uero
UX TPOBOJIST?

3. DTanbl MaTeMaTUYECKOTO MOJICIMPOBAHUS, UX XapaKTePUCTHKA.

4.Yt10 Ha3BIBAIOT pab0OYUM UHCTPYMEHTOM CTAaTHYECKOTO aHanu3a?

5. 0coOeHHOCTH CTAaTUCTUYECKOU TUTIOTE3bI?

6. HazoBute npaBuiia NpoBEACHUS CTATUCTUUECKUX HAOIOACHUM.

/.Kakue ommOKH MOXKHO BCTPETUTh MpHU BHIOOPOYHOM HaOIIOMIE-
HUM?

8. Uto Takoe KoppemsirOoHHas CBS3h?

9. HazoBuTe METOABI BHISIBICHUS KOPPEISIITMOHHOM CBS3H.

CamocrosiTteabHas padora 1.
BoinosiHeHHe pacueToB B 3J1eKTPOHHOM Tadaune Excel.

Iloocomoska k pabome

Heob0xoaumMo u3yuuTh mpueMsl paboThl ¢ popmynamMu, (PYHKIHUSIMH,
(dbopMaTUpOBaHUE U PEIAKTUPOBAHKE JAHHBIX M0 YKAa3aHHOMW JIUTEpaType.

Konmponvnvie gonpocwi

1. O0bsicHUTE Ha3HAUYEHHE KHOIOK B CTPOKe (hOpMYyII.

2. llepeunciute MOPSAIOK BBIMOJTHAEMBIX omeparnuii. Kak ero MoxHo
U3MEHUTH?

3. PacckaxuTe 0 3aMOJTHEHUU CTPOK M CTOJIOIIOB CITMCKOM, KOHCTaH-
TOH, (hOpMYJI0ii.

4. KakuMm 00pa3oM MOXKHO H3MEHHUTh TOYHOCTb OTOOPa)KEHHS Yucia
U pe3yJbTaT BHIUUCICHUA?

5. /laiiTe XapaKTepUCTUKY MATEMATUYECKUM CHUCTEMAaM W CTaTHUCTH-
YEeCKMM CHCTE€MaM, KOTOpble MPUMEHSIOT i1 0O0paOOTKU SKCIEPUMEH-
TaJbHBIX JAHHBIX.

6. Kakum 00pa3zoM MOXHO O0TOOpa3uTh (POpMYJTy BBIYUCICHHUN U pe-
3yJbTAT BEIYMCIEHUN B STYEHKE?

/.Ha3zoBurte omnucaTeabHble CTATUCTUKHU, IPUMEHSIEMbIE B X0Ji€ 00-
pabOTKE SKCIIEPUMEHTAIBHBIX JTAHHBIX.

8. UTo Takoe 0a3nl JaHHBIX?
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9. HazoBute 0COOCHHOCTH KPUTEPHSI.

10. OcobenHoctu pabOThI ¢ PYHKIIUAMHU Oa3bl JaHHBIX.

3aoanus

HayuuThcsi moiab30BaThCsd MaTeMaTHYECKUMHU (YHKIIUSMU U CTaTH-
CTUYECKUMHU.

1. Co3nath Ta6JII/I%y, MIPUBEICHHYIO HA MIEPBOM PUCYHKE.

| B | C | D | E
1 Marematnyeckue U ctatucTHHecKne hyHKUMH
2
3 |CnYiACh 0.434333| 0.725612| 0.069272| 0449248
4 |"CnyyaiiHble yucna" 0.70208| 0,986309| 0.208979| 0.485801|
5 |"Cnyyaithble yucna"* 1000 | 702.0799( 966.3089| 208.9791| 485.8014|
6 [OKPYTT(B5:2) 702,08 986,31 208,98 485.8|
7 |OKPYTN(B5:0) 702 986 209 486|
8 |OKPYIN(B5:-1) 700 990 210 490(
9 |OKPYTT(B5:-2) 700 1000 200 500
10 {OKPYTTIBBEPX(B5:2) 702,08 986,31 208.98 485,81
11 |OKPYTTIBHMU3(B5:2) 702,07 986.3 208.97 485.8
12 |\NETH(B5) 704
13 {HEHET(B5) 703
14 |OTBP(B5:5) 702
15 IMAKC(B5:E5) 986.3089
16 |MWUH(B5:E5) 208.9791
17 |CP3HAMY(B5:E5) 595.7923
18 |PAHIM(B5:B5:E5:1) 3
19 |CPTEOM(B5:E5) 514 9206
20 |CPTAPM{B5:E5) 430.9489
21 |JUCN{B5:E5) 108507.6
22 | JCTMNP(B5:ES) 81380,68
23 [KBAIOPOTKI(B5.E5) 3255227

Puc. 1 — ®parmenT 3ananust « CTaTUCTUUECKUE U MaTeMaTHUYECKUe QYHKITUNY

2.B ctonber; A 3aHOCAT MaHHBIC, YKA3bIBAIOT UX TEKCTOBYIO MPH-
HAJJIEKHOCTD C MOMOILBIO KaBbIUEK.

3.B knerke B3 3anuceiBaercs pynkiua CJIUMC. Ona Bo3Bparaer
u3 nuanaszona {0,1}cnoydaitnoe uncno. Hyxno B knetku C3:E3 ee ckonu-
pOBaTh.

4.3nauenus kietok B3:E3 B knetku B4:E4 cxonmpoBaTh mpu mo-
MOIIA BCTABKU 3HAYCHUS.

Korga OyaeT mpaBWIBHO OCYILIECTBICHO KOMWPOBAHWE 3HAYCHHM,
TOT/Ia MOCJIe MepecueTa KaKJI0M TaOaulbl, OyIyT U3MEHSIThCA JaHHBIC B
aueiikax B2: E2. Bo Bcex oCcTalbHBIX SU€KaX CTaHYT (PUKCUPOBAHBI.

5.B oany ThICSUYy pa3 yBenuuuTh 3HaueHUs kinetok B4:E4. Pacmno-
JIOUTH B Auamna3zone B5:ES pesynbrarsl.

6. YkazaHHble B KJIeTKaxX cToj01ma A (yHKIIMH BBECTH B COOTBETCT-
BYIOIIIUE KIJIETKHU.
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/. Tabnuily, KOTOPYIO CO3aJIi, COXPAaHUThH B KHUTE.

8. laTh aHanu3 pesyabTaTaM

Hasznauenus mnocoobpasnvix munos ouazpamm u epaguueckue
npeocmasieHusi mabaudHblX OAHHBIX..

Obpa3zosanue ouazpammvl Ha paboyem aucme.
1. TlocTpouth ructorpaMmy Ha padbouem mnoje iucta «Tadnuua Juarpam-
May. ['mctorpaMmma oToOpakaeT COMOCTaBJICHUE IMOKazareie mHbopma-
UOHHO-UCCIIEI0BATENBCKON KOMIIETEHTHOCTH MAarucTpa U B CaMOM Haya-
Jie y4eOHOTO ro/ia U B €r0 KOHIIE.
2. I'uctorpaMmy OCHACTHUTh dJIeMEHTaMu 0(OPMIICHHUS.
Hayuuthcs 00pa3oBbIBaTh U MOTOM OQOPMIIATH AMArpaMMbl Ha OTIEIb-
HBIX JINCTaxX. Y JIMCTa JOJYKHO OBbITh Ha3BaHUE, KOTOPOE COOTBETCTBYET
Pa3HOBUIHOCTH PACHOJIOKEHHOW HA HEM JIUArPaMMBI.
Heo6xoamMo mocTpouTh:
+ JUarpaMMmy ¢ UMEIOIIUMUCS 00JACTIMHU.
 auarpammy tumna rpaduk (Line).
. o0BeMHyto THcTorpammy (3—D_Column).
 JuHeWuarywo guarpammy (Bar).
. JIeTIECTKOBYIO nuarpammy — «Pamap» (Radar).
« KoJelieByto auarpammy (Doughnut).
B CaMOM Hauajie y4eOHOTO rojia 00beMHYI0 KPYTOBYIO IMarpaMmy Moka-
3areneit (3—D_Pie).
« 00BEMHYIO AMarpaMMy ¢ uMeroruMucs odmactsamu (3—D_Area).
« KpyroByio auarpammy (Pie).
Ha ogHoM nrcte HayduThCA pacnoliarath AMarpamMMel.
« Ha pabouem nucrte «Tabnuma Jlnarpammay co3gaTh IBE KPYroBbie JAHa-
rpamMMbl. OHU BOCIIPOU3BOJST MOKA3aTeNM B Hayajae yuyeOHOro roja u B
€ro KOHIIE.
« OnHa nox IpyToi pacmoIOKUTh UX HIKE ydacTKa TaOJIHITB.
[ToaroraBnuBaTh JOKYMEHT K Ne4yaTu (3agaHue coBepinaercs B Microsoft
office Excel)
« IlpoBeputh, Kak OyJeT BBHITVISIACTH JUCT C JUarpaMMaMyd Ha Te4aTH
(«Daitn—IIpenBapurenbHblii MPOCMOTP»). OTKOPPEKTUPOBATH BEIMUUHY U
pPacIoyioKEHUE JUarpaMMm TakK, 4TOObI OBLIO 3amoJIHEHO 3/4 Med4aTHOTO
JIUCTA.
« OmnsAts BbI3BATH pexuM «lIpenBapuTenbHbId MPOCMOTP», O3HAKOMUTHCS
C KOMaHJaMu HacTpouku «Ctpanuiia...». B nuanorosom okne «IlapameTt-
PBI CTPAHULIBDY TPOCMOTPETH YETHIPE BKIATKH
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« YCTaHOBUTH MacmTad meyaTu CTO MATHASCAT MPOIEHTOB OT HATypajb-
HOW BEIWYMHBI Ha BKJIAAKe «CTpanuna». [103HaKOMUTCS C pe3yJsibTaToM,
noaoOpath MacTad Jyisl 3aM0JIHEHUS BCEro MeYaTHOTO JINCTa

« YCTaHOBUTHh BEPTUKAIBHO W TOPHU30HTAIBHO (iaxku «lleHTprupoBath
Ha cTpaHulie» Ha BkIajake «Iloss.

« Ha Bknanke nmoa Ha3BaHueMm «KoJOHTHUTYJIBD» 00pa3oBaTh BEPXHUM KO-
JOHTUTYA — UM, ¢ammns. [1o eHTpy CTpaHUIEI TPOU3BECTH BHIPABHHU-
BaHUE KOJOHTUTYJIA. BCTAaBUTh B HM>KHUM KOJIOHTUTYJI BCTABUThH TEKYIIYIO
nary.

. BHoBb HE0OXxomumo BbI3BaTh «lIpenBaputenbhbiii mpocMoTp». [lo He-
00X0IMMOCTH 3aHITHCSA PEIAaKTUPOBAHUEM O(DOPMITCHUS JTUCTA.
[Toy4uuThCs B peJaKTUPOBAHUM THATPAMMBI.

2. Cratucruueckasi 00padorka nanubix B cucreme Mathcad

Cucrema KOMIBIOTEPHOHN anreOphsl U3 Pa3HOBUIHOCTH CHUCTEM aBTO-
MaTU3UPOBAHHOTO MPOEKTUPOBAHMS, KOTOpass OPUEHTHUPOBAHA HA MOJTrO-
TOBKY HMHTEPAKTUBHBIX JIOKYMEHTOB C BU3YaJIbHBIM COIPOBOXKJICHUEM M
BU3YaJIbHBIMH BBIUMCIICHUsIMU HaszbiBaeTcs Mathcad. Eit mpucyma mner-
KOCTb B UCIIOJIb30BAHUU ISl KOJIJIEKTUBHOM paOOTHI.

Nurtepec k cucteme Mathcad nipuBen k Tomy, uto B Poccuu mosiBu-
JIMCh KHUTH MO OTACIbHBIM BepcusiM. B yaupepcutere Crandopaa (CIIIA)
B 80-x romax Obu1a co3nana Cucrema Mathcad.

dupma MathSoft Application roTroBUT coBpeMEHHBIC BEPCHH IS
IIK, a umeHHo:

— Maremarudeckuii ”HTepQerc.

— CumBoJBHAs MaTeMaTHKa.

— HmMeertcst MolHas moaepkKa rpadukmu.

— BcTpoeHHbie cCipaBOYHUKH 110 TTPEMETHBIM 00JIaCTSIM.

— EcTh BO3MOXHOCTH MMIIOPTUPOBATH TpauKku U3 MPOYUX TIPO-
rpamM.

— bosbIas yacTh BCTPOSHHBIX MaTeMaTHUYECKUX (PYHKIIUH (COTHH).

— MoseT OBbITh HATUYUE aHUMAIIUH.

Bo Bcem Mmupe Mathcad cucteMbl 0OUeHb MOMYJSPHBL. ITO OOBSICHS-
€TCs yIOOHBIMH CpEICTBAaMU IOJATOTOBKH JOKYMEHTOB B BHUJE KHUT, a
TaK)Xe CTaTe. DTU CpelICTBAa XBAaTHUT ISl PEIICHUS MacChl MaTeMaTH4e-
CKHUX, PU3MYECKUX 3aJ]a4 U JPYTUX HAMPABICHUM.

Mathcad — 3T0 MaremMaTHYeCKH OpHWEHTHUPOBaHHAs YHUBEpCAIbHAs
cuctema. OHa MOMOTaeT U B BBIYUCICHUSIX, U B PEIICHUU O(DOPMUTETb-
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CKHMX 3a/1a4, TOTOBUTh CTAaThbH, KypCOBBIE MPOEKTHI, MUCATh AUCCEPTALINH,
TOTOBUTH KHUTH, OTYETHI IO HAYKe, AUIIOMHBIE TTPOCKTHI C HAOOPOM Ma-
TEMATUYECKUX CJIOKHBIX (DOPMYJI U rpadUueCKUM MOKA30M PE3YIbTATOB.

C caMoro cBOero IosBJIEHUST cUCTEMBI Ki1acca Mathcad Brinestnch
yAOOHBIM TMOJb30BATEIbCKUM UHTEPHENCOM, MO KOTOPHIM MOHUMAETCS
COBOKYIHOCTh CPEJICTB OOILIEHUS C MOJb30BaTesieM (MepeMeIaeMbiX OKOH,
MacIITaOUPYEeMbIX OKOH, KHOTIOK M MPOYUX JIEMEHTOB). Y TaKOU CHUCTEMBI
NPUCYTCTBYIOT JCHCTBEHHBIE CpPEJCTBA TUIOBOM HayuyHOU rpaduku. I1o-
TOOHBIE CPECTBA MOHATHBI M OTJIMYAIOTCSI MPOCTOTONM B CBOEM HCIOJIB30-
Banuu. M3 Bcero atoro cneayet, yto Mathcad cuctemsl nmogoiayT macco-
BOMY IOJIb30BATEI0 — OT YYEHUKA HAYAJIBHOM IIKOJIBI 10 YYEHOTO.

JlaHHas porpamMma Ipexkae BCETo COCPENOTOUEHA Ha HEMPOrpaMMu-
CTOB — moJjb3oBaTeneit. Taxxke Mathcad mpumeHsieTcs B CIIOKHBIX MTPOCK-
Tax, 4TOObI MPOU30ILIO BU3YaATU3UPOBAHUE PE3YJILTATOB MATEMATUYECKO-
ro MOJICJIUPOBAHUS MyTEM YIOTPEOJICHUS PaCIpPEIeICHHBIX BBIUYHUCICHUN
U CBOMCTBEHHBIX SA3bIKOB IPOTPAMMHUPOBAHMUSL.

DTy cucteMy yA0OHO MPUMEHUTH ISl TIpoliecca OOy4YeHus, AJisl UH-
KEHEPHBIX PaCUyeTOB, BhIYUCICHUNU. OTKpBITAs apXUTEKTypa MPUIOKECHUS
B couetanu ¢ nojaepxkoi texnomorud NET u XML mnozBossitor 0e3
Tpy/1a HUHTETPUPOBATb.

Mpg1 obpatuMcst K QYyHKIUSIM CTaTUCTUYECKUX PACuETOB, KOTOPHIC B
IporpaMmy BCTPOEHBI.

Oynkius RND(X).

[Ipu MoaenupoBaHUM PA3IUYHBIX MPOILIECCOB B CTATUCTUUYECKUX pac-
yeTax aKTUBHO TMPUMEHSIOT BcTpoeHHYI (yHkmmio RND(X), xortopas
WHULIMATU3UPYET TEHEPATOP CIy4YalHbIX YKCeNl. B mpesoCcTaBIeHHOM CITy-
yae A BBICTYNAeT KaK PaHKMPOBAHHAS IIEPEMEHHAS U ONPEAENACT KOJU-
YECTBO CIy4YallHbIX yucelsl. Tak, 4ToObl MpHOOPECTH MECITh CIIyYalHBIX
YHCe, HAJI0 3a/1aBaTh UHTEPBAII A= 0.9,

DYHKIMY alMmpOKCUMAITUH.

3aBucumocty Buga /\U) MMeErOT MeCTO B yCIOBHSX HpPELOCTABICHHS
OMPENIETICHHBIX 3aKOHOMEPHOCTEH, MPUYEM YHCIEHHOCTh TOUYEK 0003Ha-
YEHHBIX 3aBUCUMOCTEN orpaHudeHa. IlosBisieTcs 3agaya BBIYMCIEHUSA B
OPOMEXKYTKaX MEXIY Y3J10BbIMM TOUYKAMU 3HAYECHUU (YyHKLMM, HApSAy C
ATUM 32 UX MpeleiaMH. YKa3aHHas 3a/ada PEemaeTcs anrmpoKCUMalHnen
UCXOJHOM 3aBUCHUMOCTH, €€ MOJMEHON HekoTopol ¢yHkuuu. B cucreme
Mathcad annpokcumaiiusi ObIBa€T JABYX TUIOB (DYHKIMH: CTUIAaiHOBOW U
KYCOUYHO-JINHEUHOM.
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[Ipy KyCOYHO-TMHEWHON PA3HOBUIHOCTH WHTEPHOJALMHA BBIYHACIIE-
HUS JOMNOJHUTEIbHBIX TOYEK MPOUCXOAMUT IO JIMHEHHOW 3aBUCHUMOCTH.
VY3710BbIE TOUKU MPU JUHEHHON ANMPOKCUMALMU COBMEIIAIOTCA OTPE3Ka-
MU IPSIMBIX JUHUMN. st 3TOTO HEeoOXoauMa byHK-
s Linterp(VX, VY, x) nuHelHas wHTepnomsamma, VX, VY —
BEKTOPBI KOOPJIMHAT Y3JIOBBIX TOYEK, X — aprymeHT. JInHelHass HHTepIiO-
JSUMS OKa3bIBaeTCsl rpyOOl MpU HE3HAYUTEIHLHOM KOJHUYECTBE Y3JIOBBIX
Touek. [lepBast mpousBoaHast QyHKIUS anlIPOKCUMAIIUU BBIJICTAECTCS B y3-
JIOBBIX TOYKaX PE3KUMHU CKaukaMH. BceienacTBUe TOTO MCHONB3YIOT (PyHK-
LU0 CIJTAH-anIpaKCUMAalliu.

[Ipy Hamuuuu crialH-anmpPOKCUMAaIMd UCXOIHAs (DYHKIMS 3aMEHS-
€TCsl OTpe3KaMU KyOHUYeCKUX MOJUHOMOB. OHU MPOXOAAT uepe3 TpU Y3i10-
Bble CMeXHbIe TOuku. KoadduimeHTs npenocTaBieHHON (PYyHKIIUA pac-
CUUTBIBAIOTCS TaK, YTOOBI MPOU3BOHBIC TIepBasi U BTOpas BHICTYMHAIN He-
npephIBHBIMU. JIMHUA, ONMMCHIBaKOIIas CIUIalH-QyHKIUIO 10 (hopme, Ha-
MOMHUHAET THOKYIO TUHEUKY, KOTOpas B Y3JIOBBIX TOUKaX 3a()UKCUPOBAHA.

Brienstorces crienaibHble BCTPOCHHBIE (DYHKIMU ISl UCTIOJTHEHUS
B Mathcad cruialiHOBOM anmpoKCUMAIIUHN:

_ VY, pspline(lVX,VY) _ A Bosspamenus sextopy VS BTo-
PBIX MPOU3BOJHBIX B YCIOBUSIX MPUOIMKEHUS K MapaboIMuecKol KpUBOH
B OIOPHBIX TOYKaX

wmlinel VY 17V r e

_ Ispline(VX, VY)_ IS BO3BpaleHus BeKTopy V'S5 BTOPBIX
TIPOM3BOJIHBIX B YCIOBHSX MPUOIMIKEHUS B OMTOPHBIX TOYKAX K MPSIMOM;

_anterp( ‘Ii-_ S,V _,\__ VY, r) _ JUIS BO3BPAIICHHS 3HAYCHHS Y(T) qng
samapnex VO VXL VY ysgavenns x.

CrnenoBarenbHO, CIUTAH-aMIPOKCUMAITUS COBEPIIACTCS B J[BA dTara:

Ha nepBoM 3Tane ajis BEIOPaHHOTO CIOC00a MPUOIMKEHUSI K Y3J10-
BEIM TOYKAM BBIYHCISAETCS BEKTOP BTOPHIX NMPOM3BOAHEIX (yHKImH ¥ '\ X/,
3aJJaHHOW €€ 3HAYEHUN BEKTOPAMU VA VY, IIPUMEHSA KaKyI0-TO OJHY

u3 pynkuuii pspline, cspline nnu Ispline.

Ha Bropowm stane seruciuts 3uaverns Y\ 7) mms mckompix Touek,
UCIIONB3Yys. (PyHKIHN Interp(V.S, VX, VY, x)

QYHKIUUA PETPECCUMN.

K pacnpoctpaneHHoOl 3amadye 0OpaOOTKU JAHHBIX OTHOCUTCS MpPE-
cTaBienne ux cosokymuoctH dyrkmueii ¥ X). Dromy npencrasnemmio na-
M TEPMHH «perpeccusi». Be 3amaua COCTOMT B MOJNyYEHHH HAapaMeTpoB,
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IpU KOTOPBIX (PYHKITUS TMPUOIMKAET TaK Ha3bIBAEMOE 00JIAKO MCXOIHBIX
TOYEK C HEOOJIBIIION KBAAPATUYHON MOTPEITHOCTHIO.

N3BeCTHBI:

1. TlonmHoMuanbHas perpeccus (MOJIUHOM),

2. Jluneitnas perpeccus (mpsiMasi TUHUSA),

3. Perpeccust HenuHelHas o01ero Bujia (Mpou3BoIbHAsT GYHKIIHS)

JIunenHas perpeccus

4.  Perpeccus nuHeitHas oOmiero Buja (IMHEHHAs cyMMma MpoOuU3-
BOJIbHBIX (DYHKIIUIA),

I[Ipu JIMHENRHOM perpeccuu y bymxman Y\ Gyner

y(r) = a+br y ee onucwiaer OTPE30K MPSAMOH.

Psin BCTpOEHHBIX (PYHKIHMI CYIIECTBYIOT JIJIsi TPOBEICHUS JIMHEMHOW
perpeccun B Mathcad:

corr(VX, VY)_ (GyHKLIUS KOPPEIALUK [ BO3BPAILEHUS CKa-
sp — ko> pumenta koppensuun sektopos VX u V'Y (IMupcona);

slope(V X, 1’}) — JUI BO3BPAIEHUS 3HAa4eHHs mapamerpa D —
HAKJIOH NuHMU perpeccun BekTopoB VX u V'Y (nmamum perpeccun yrio-
BOH KO3 PUIHEHT),
intercept(VX,VY) _ g BO3BpAIIEHHS I1apaMeTpa (I — CMe-
IEHUE 110 BEPTUKAIM JIMHUM perpeccuu Bextopos VX m V'Y  (mpamoit
perpeccuu CBOOOIHBIN YJICH);
— tne VX u VY —  BextOpel  KOOpPAMHAT = 3aJaHHBIX  TO-
uek. KoopauHaTel OTAENLHON TOYKHM 3aHUMAIOT OJMHAKOBLIE IO3ULIUU B
Bektopax VX m V'Y,
[TonimHOMMANIBHAS perpeccust

BUJT

Tpu nonuHOMKaILHOM perpeccun Gyukmmst Y\ L) umeer Bun:
y(z) = ag + a1x + asx® + asx® + ... + a, " (2.1)

JIis  OCYHIECTBJIEHHUS MOJMHOMMAILHON PETrPECCUM HAIMYECTBYET
nerpoennas  dymxmus | €ISV X VY 1) - Oua posspamaer  Bex-
Top V'S, xoTopHIi 3aKmodaeT K0d(QGUIMEHTH MOIMHOMA N-if CTENEHN.
Takne k03 PUUMEHTH BBIUUCIAIOT II00ATBHO, IO COBOKYITHOCTH 3aJaH-
HBIX TOYeK. I10JyYeHHBIN MOJMHOM IPUOIMKAETCS K TAK HA3BIBAEMOMY

00laKy TOYEK C KOOpAMHATAaMH, KOTOpPBIE IEPXKaTcsi B  BEKTO-
pax VX u VY,
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JluneitHas perpeccus oOIIero By
[Ipu Hanuuuu JUHEWHOW perpeccur oOmero Buaa GyHKIUS

Y\T) onuceiBaetcs Kax:

ylo) = Flo, Ky, Ko, ..., K,) = K1 Fi(2)+ Ko Fo(x)+...+ K, F,(7) (2.2)
DyHKIMA pEerpeccur MpeaCTaBlIsIeT cOO0OM JIMHEMHYI0 KOMOWHAIUIO He-
KOTOPBIX (PyHKIMI Fr(w), £5(2), o Ful), onmaxo omu GyHKIUKM MOryT
ObITh HEJTUHEHHBIMH, YTO PACIIHPHUT BO3MOXKHOCTh TaKOW ammpoKCcHMa-
MM, a TAK)KE PACIPOCTPAHMT €€ HA HETUHEHHbIE ()YHKI[HH.

DOyHKIUA lin fit(VX, VY, F), MIPUMEHSICTCSA i1 OCYIICCTBIICHUSA
JUHEHWHOMN perpeccuu oOIero Bujaa. ta GyHKIHs BO3BPAIIAET BEKTOP KO-
a(pbUIMEeHTOB K JTUHEHHOM perpeccuy oOIIero BHa, KOrja MaKCUMaJIeH
KO3 PUIIMEHT KOPpESAIUA TaK Ha3bIBAEMOTO 00JIaKka MCXOAHBIX TOYEK U

dynxuwan Y\ X) | B pexrop F dymxman 401 pomxmsr Bxomuts dyHK-
005071 Fi(z), F2(), ..., FalZ), sappcannsie B cuMBombHOM Bume. B Bek-
tope V' X momkHEI OBIT  aOCHMCCHI TOYEK B MOPSAAKE BO3pacTaHus. AGc-
nyccaM B BekTope V' X JOIKHBI COOTBETCTBOBAaTH OPAMHATHI B BEKTO-
pe VY.

Henuueiinas perpeccus o0mero Buaa

HaxoxxaeHue BEKTOpa K NApaMeTPOB IIPOM3BOJILHOM  (yHK-

TUT F(z, K1, K2,...,Kn) pasumaror nemmueiinoit perpeccueil 061ero
Buna. IIpy Heli coBepIuaeTcsd HaMMEHbIIAs CpeIHEKBAIPATHYHAs ITOrPeNl-
HOCTB IPUOJIMKEHNS «00JIaKay UCXOMHBIX ToueK. JIJIsl 3TOro CylmIeCTBYIOT
by I nfit(VX,VY,VS F)

JlanHas (yHkuus nepejaer BekTop /A mapamerpoB (yHkuum F
KOTODBIH TPEJOCTaBIAeT MUHUMAIBHYIO CPEIHEKBAJPATHUYHYIO MOTPENI-

HOCTB IIPHOJIMKEHHS Flz, K1, K2,..., Kn) MCXOJTHBIX TaHHBIX.

®dynkuun [ BEKTOPOM C CHMBOJNBHBIMU BBIPAKCHHAMM JTOJKHEI
COEPKATh I MCXOMHOM (DYHKIMM AHAIUTUYECKME BBIPAKEHUS H €€
IPOM3BOIHBIX TI0 BCEM IIAPAMETPAM.

B Bektope V'S 3akmrouaroTcs caMble HadanbHBIE 3HAYCHHUS dIIEMEH-
TOB BekTopa /A .

BrIeNA0TCs 1B MPOOIIEMBI P PEIICHUH 3a1a4H:

1. BbluuciasgeM NPOU3BOJHLIE IO IIEPEMEHHBEIM C IIOMOLIBIO CHUM-
BOJIbHBIX OIIEPALU;

2. Ilpumensiem genfit B cTanmapTHOM BHJE, IIOTOMY IapaMeTphl 3a-
memsror ga v 1 W2, ..., Kn.
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OyHKIMA TPEICKA3aHUS

Ha mpakTrke B HEKOTOPBIX CIIy4asX HMPHUXOJHUTCS BCTPETHTH 3a7aqy
pacdera TOCIACAYIOIMIMX TOYECK IO HEKOTOPHIM HM3BECTHBIM TOYKaM, a
UMEHHO 3a/1ady mpeckasanus. s mpeackazanusi moBeAeHUS (DYHKIHO-
HaJIbHOM 3aBUcuMocTH B Mathcad umeercs pynknust: predict (data, k, N) —
npejckasanue, riae data — BekTop JaHHBIX, K — 3TO YHCIIO TOYEK IMPEIiie-
CTBYIOIINX MpeacKazanmio, N — 9iciio mpencka3biBaeMbIX TOUCK TaHHBIX.

dyHKIMEH mpeacKa3aHus 00eCeYNBACTCS TOYHOCTh MPU UCXOTHBIX
MOHOTOHHBIX (YHKIHUAX WIH X (PYHKIHAX, KOTOPBIC IMPEIACTABISIOTCS
HEBBICOKOW CTEMEHU TTOJIMHOMOM.

Oynknus predict MOKET MPUMEHSTHCA K MTPEACKa3yeMbIM COOBITHSM.
VX moBeneHue TiepeaacTcs pealbHOM MaTeMaTHYSCKON 3aBUCUMOCTBIO.

BriBOIBI

PaccMoTpena cucreMa KOMITBIOTEPHOH alreOphl U3 BUAA CHCTEM aB-
TOMAaTH3UPOBAHHOT'O MPOCKTUPOBAHMS, H3yUCHBI MIOHATHS SKCIICPUMEHT 1
MaTeMaTH4YeCKas MOJICIb.

BbuTH paccMOTpPeHBI BCTPOCHHBIE (QYHKITUH, KOTOPBIC ISl CTATHCTH-
YeCKOM 0OpaOOTKM JaHHBIX MOTYT MPHUMEHSTBCS: JUHEHHAs perpeccus
(corr, slope, intercept), monmnHoMuanbHas perpeccus (regress), cruraiftHoBas
anmpokcumars (Ispline, pspline, interp), Henuuelinas perpeccust 00IIero
Buna (genfit), bynkuus npenckazanus (predict), nHelHas perpeccus 00-
mrero Buaa (linfit).

Bonpocsl 111 camonpoBepKH

1. Ilepeuncnure riiaBHbIe HepocTaTKu cuctemMbl Mathcad u ee qocto-
MUHCTBA.

2.Kakue ocHOBHbIE (DYHKIIMU MPUMEHSIOT B CTaTUCTUYECKON 00pa-
0oTke?

3. B xakux ycnoBusix tpedyercs pynkims RND(X)?

4.B kakux ciydasx oOpaiaroTcs K (yHKIHMH CIJIaiHOBOM ammpok-
cumanuun’?

5.UYTto Takoe HeluHeHas perpeccus o01ero Buaa?

6. HazoBute ornuuve (PyHKUMU JTUHEHMHOW perpeccuu U (PyHKIUU
JIMHEHHON perpeccuu o01ero Buaa’?

7.Yt1o Takoe (QyHKIUS IpeAcKa3aHus?

8.B kakux yciaoBusx TpeOyercss GyHKIMS MpeacKa3aHusi, a B KaKuX
ee NpUMEHEHNE OyAeT JTUIIHUM?
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CamocrosiTeqbHas padora 2.
Cratuctuueckasi oopadorka B Mathcad

lloozomoska k pabome

N3yuuth npuemsl paboThl ¢ PyHKUIUSIMHU, HopMynamu, GpopMaTupo-
BaHUE JAHHBIX U UX PEAAKTHPOBAHUE MO MPEICTABICHHON JINTEPATYPE.

Konmponvusie 6onpocul

1. O0bsicHUTE, UTO TAaKOE pPaHXKUPOBaHHAs MepemeHHas? s pere-
HUSI KAKHUX 3a]1a4 €€ UCIIOJIb3YIOT?

2.YT0 OTHOCAT K (DYHKIIUM MOJIb30BATEIIS?

3. Kakue kareropuu ¢pyHkiui cymectBytot B cucteme MathCAD?

4.HazoBuTe pasHoBUAHOCTH omnepatopoB cuctembl MathCAD u mo-
SCHUTE WX Ha3HAYCHHUE.

5. OnummuTe OpraHu3aluio BI0KEHHBIX IIUKIIOB.

6. KakuM crmoco6oM pe3ysbTaThl BHIYMCICHUH BHIBECTH B TAOIUILY?

/.YTO OTHOCAT K MpaBWIaM 3aJIaHUsI MHOTOMEPHBIX (PYHKITHHA.

3aoanus

YuuThbCs UCMONB30BATH MATEMATUYECKUE W CTATUCTUUYECKUE BUJbI
¢ynkunu B cucteMe MathCAD.

1. JIunelinas untepnonsauus. CruiailHoBast UHTEPIIOJSALIHS.

B nepBoii Tabnuile UCXOJHBIE JaHHBIE I paOOThI HAJ 3alaHuEM 1.

Tabnwnia 1
HNcxonurle JaHHBIE UIA BRINOJIHEHUA 3a0aHus |
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Hcxonnabie
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Qo

OOpaTtumcs K JIMHEMHOW UHTEPIOISAIUN
10

Co

BekTopbl HEXOIHBIX JaHHBIX X U Y A = esort( A, 0) X = A0

o= W
= b = O

Y = AVf(2) = linterp(X,Y,z)  f2)=3  f(7)=6
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CrutaitHoBast THTEPIOJISLUS
S = cspline( X.Y) fs(x) :=interp(S, X.Y,x)fs(2) =3 fs(7) = —2.067
3Ha4YCHUs TOYEK pA3JIMYAKOTCS NPU JUHEUHOW HWHTEPHOISALUU U
crutaitHoBOM uHTepnoaanuu. [loctpouM rpaduku TaHHBIX BUIOB UHTEP-

HOHHHHﬁ, JJIs1 94€Tro 3a4a€TCsa 4YUCJI0 TOUYCK U HIar.

o (X)) —min(X
i :=0.length(X)—1 scale := 100 J = 0..scalex; = miu{X)-l—,j-”””t ) — min(&)

scale

Xi,x

Puc. 2 — CrutaitHoBast ¥ IMHEWHAs UHTEPIOJISIIUN

2. JIuneitnas perpeccusi.
B tabnuiie 2 CXOIHbIE JaHHBIC JIs BHIOJIHEHUS BTOPOTO 3aaHusI.

Tabmuia 2
JI71s1 BBITIOJTHEHUST BTOPOTO 3aJIaHUsI UCXOIHBIC JaHHbBIC

No 3aaHHBIE BEKTOPA Ne 3aJlaHHbIE BEKTOPA
1 |VX=[3 24, 5] 4 VX =[7, 18, 3, 11]
VY  =[7,8,9, 5] VY  =[1,5, 3, 9]
2 VX =[12, 14,7, 11] 5 VX =[24,9, 12, 27]
VY  =[6,8, 10, 15] VY =93, 17, 11]
3 VX =[3,9, 12, 14] 6 VX =[4,15, 2, 19]
VY  =[7,9,11,13 VY  =[11,17, 1, 13]
| 4
2 11
VX:=1|3 VY =115
4 21
D 28

HUcxonurie nanasie ORIGN =1
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OOpatumcsi K BBIYUCICHUIO KOA(DPUIIMEHTOB a b perpeccuu JIMHEH-
HOU

a = intercept(VX,VY)  b:=slope(VX,VY)i =16  flz):=a+bzl=-106
b=25.8 corr(VX.VY)=0.99f(3) = 15,8 linterp(VX,VY.,3) =15
[ToctponM rpaduk TUHEHHOMN PETPeCcCUu MO JaHHBIM

40 T T T T
33.2,
301 Y
VY; ;)/E
8288 20}k e Lo i
1 :
42, i
O | | | |
1 2 3 4 5 6
. VX, i 6,

Puc. 3 — Jlunelinas perpeccus

3. Perpeccus nuHeliHas o011ero Bua.
J1J1st BBITIOJTHEHMS TPETHETO 3aIaHUsI MCXOJIHBIC JaHHBIC.

M 0 A
9 11 2
VX :=|3 VY = |15 F(x) = x

4 21 2-x
\"}/ 28 \exp(z )/
Oynkiuu F(x) BeIOMparoT, 4To0bl KOA(DPUIUEHT NeTEPMUHALIMN Ha-
MPaBJISIICS K €TUHUIIE.

5
L

S (g(VX) —mean(VY))?
S (VY) — mean(VY))?

= .999

K =linfit(VX,VY. F) g(t) = F(t)- KR’ =

Kosdounuent nerepmunarnuu i:=0..4
—5.242
~0.918
ro=1,1.25.5 K:=1 1613
3.226
0.079
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dbyHKIMA perpeccuu — 310 g(t)
koaduiment Gyukiuu perpeccun — K.

30 - - .
28.075,
20
VY;
[oXo X o]
g(r)
10
4
= 0 | | |
1 2 3 4 5
L VX, r =¥

Puc. 4 — Ob6uiero Buia TuHeWHas perpeccust
4. TlonuHoMMaIbHAS perpeccus
HcxoaHble TaHHBIE U1 BBITIOJHEHUS 3aaHus 4.
(1) [4)
2 11
VX :=1]3 VY = | 15 k=3

4 21
\5/ \28/
K — cTemeHb MOJMMHOMA, OT KOTOPOro OYAET 3aBHCETH, KAaK TOYHO OyIeT
nocTpoeHa (QyHKIHUS.
z:=regress(VX, VY, K)F(x) = interp(z, VX, VY, 1)

Coeffs = submatriz(z, 3, length(z)-1,0,0)Coef fs' = (=62 1281 =287  0.333)
F(X) — oTpakaeT B X MHTEPIOJMPOBAHHOE 3HAYEHHE OT KOI(D(PUIIMEHTOB
Bektopa A B V' X ja Takke V'Y — opurnHaneHeIX 1aHHBIX.

Coeffs — orpaxkaer cyOmaTpuiy MaccuBa. OHa COJEPIKHT DJICMEHTHI B
CTpOKax 1r 4epes jr, a 4epe3 jC U3 Z — COOTBETCTBEHHO, B CTOJIOIAX iC .

Coeffs' — npeoGpasyer k03 PHUILMEHT B TOPU3OHTAIBHYIO 3aIIHCh

. 5

ST(F(VX)—mean(VY))?

-} ~ - d
R = — = ().998 koadburment gerepmunanimni = (0..6

ST(VY) — m.(’un(VY)}ﬁ

E Amax(

: \ VX)—min(VX)
J:=0.4 tr; == min(VX)+j ‘ J_ mmen )

ol
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28.8,
VY; 201 i
00
Ftg)
10F T
|.4-l
1 1 1 1
1 2 3 4 5
3 B VX, £ ¥ 7
1 g 3 " >
s VX .r 5;

Puc. 5 — IlonmHOMUHANBHAS perpeccus

5. Perpeccus HenuHelHas o0I1Iero BUaa.
J1J1s1 BBITIOJIHEHUSI TISITOrO 3aaHUs UCXOQHbBIC JaHHBIC.

] 4
2 11
F(xz,a,b) = a-exp(—bx)+a-bORIGIN :=1VX = | 3 VY = | 15
4 21
5 28

) krexp(—kyr + kiky
VS = (;) Fl(z, k)= exp(—kox) + ko P=genfit(VX,VY,VS,F1)  G(z)=Fl(z,P); 2:=0,014
—kyx - exp(—kyx) + ky

0.762
r o
= (2{1.732)

Bekrop /” BosBpamaer 3nauenns ¢ = k1, a Taxxe b = k2 ¢ nensio

F(z,a,b)

=

JYYIIIEeTO CPETHEKBAAPATHIECKOTO TPUOIMKEHUS
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Puc. 6 — Perpeccus HenuHeHast 00111eT0 BU1a

SaBepmaﬂ HAHHYIO pa60Ty, caciaacM BbIBOJ O HCHCCOO6p33HOCTI/I
HCHOJIb30BaHMUS TOM MJIM MHOM perpeccun, 5TUM OHH APYyI OT Apyra OTJIN-
HaroTCs.

3.CratucTuueckas o0padorka 1anubix B cuctreme MATLAB

OTKpBITOCTh U PACHIUPSIEMOCTh CHUCTEMBI — 3TO €€ CamMO€ TJIaBHOE
JTOCTOMHCTBO. Macca u PyHKIIMH, 1 KOMaH]I CUCTEMBI OCYIIECTBICHBI KaK
M-daiinel TekcToBOro ¢opmara (¢ m pacuimpeHuem.), Ha s3bike Cu daii-
n0B. Bmecte ¢ tem daitnbl moaxoaar s moaudukamnuu. [lons3oBaTenn
MOXKET co3/1aBaTh Kak OTaenbHbIE (aiiibl, OMOINOTEKH (DAIOB CO3AI0T-
Csl TOJIb30BATENIEM JIJIsSl OCYILECTBIEHUSI CBOMX 3aaad. Takue ¢aiibl dhop-
MUPYIOT B MOHATHOM penaktope m-¢aiinoB MATLAB, a Takxke u B mpo-
YUX TEKCTOBBIX pEJIaKTOpax. YKa3zaHHbIE (hailiibl, UCMOJIB3Yys Oydep, pac-
nonaratoT B cTpoke MATLAB u ucnonHsor.

MHoro makeToB nmpuKIagHbBIX mporpamMm (T00lboX) ObuTh co3maHbL.
DOTOMyY NPUYMHOM CTajla MPOCTOTa MOAU(PUKAIIUN CUCTEMBI, CHOCOOHOCTh
aJanTUPOBATh €€ JJIS PELICHUS] KOHKPETHBIX 3a]1ay TEXHUKHU, HAYKU. YKa-
3aHHBIE MPOTPaAMMBbl CHJIBHO PACIIMPUIINA OOJACTH UCIIOJIb30BAHUS CUCTE-
MBI.

Cucteme MATLAB oOHOBUIAch 3a CUET MHTErpaIlMy MPOTPAMMHON
cuctembl Simulink. [Tocneansis co3gana ¢ 1ebI0 MOJAETUPOBATH OJIOYHO-
3alaHHbIE JUHAMHYECKHE YCTPOUCTBA U elle CUCTeMbl. OTTaJIKUBAsACh OT
OPUHLKUIIOB BHU3YaJbHO-OPUEHTUPOBAHHOTO THUMA MPOTPAMMHUPOBAHMUS,
Simulink mogaep>XxuBaeT B BBIMOJHEHUU MOJICTIUPOBAHUS CIIOKHBIX YCT-
POMCTB C BBICOKUM YPOBHEM IMPABUIBLHOCTU, C HAWIYUYIIUMU CPEICTBAMU
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npeaocTaBieHus pe3yiabTaToB. C OOJBIIUM KOJIMYECTBOM CHJIBHBIX IMaKe-
TOB PACIIMPEHUSI UHTETPUPYETCS HAPSJ C €CTECTBEHHOM MHTETPALUAEUN C
nakeramu pacimpenus Simulink u Symbolic Math, MATLAB.

MATLAB cucrema coBepmiaeT TsKEIbIE ONEpPalU HAJl BEKTOpaMU
U MaTpHUIlaMH €II€ U B MOPSAIKE MPSIMBIX BBIUUCICHUM, 0€3 TPOrpaMMupO-
BaHus. Ee MpUMEHSIOT KaK KaldbKyJaaTop. B HEM ecTh U anredOpandeckue
nencTBUsl, apuMETUUECKUMHU TEUCTBUAMH, CIOKHbBIE ONEpPallMi UHBEPTHU-
POBAaHME MATPHUIIbI, BBIYUCIECHUE €€ 3HAYECHUW U OTHOCSIINUXCS UM BEKTO-
pPOB, pelIeHUE JIMHEHHBIX ypaBHEHUH, BbIBOJ rpaukoB (yHKIUNA JIBYX-
MEPHBIX, TPEXMEPHBIX U IPYTOE.

B 06a30BOM KOMIUIEKTE CIIOB CHUCTEMBI HMEIOT MECTO CIEI3HAKH,
apu(METHUYECKUX OINepaluil 3HAKU, JOTUUYECKUX OINepaluid, TPUTOHOMET-
pudeckue (pyHkiuu, apupmMmernueckue (YHKIIUU, TPUTOHOMETPUYECKHUE
dbyHkumy, anredbpanyeckue GyHKIMH U Apyrue. MoXHO clenaTh BBIBOJ,
yTt0, MATLAB noaroToBui moyib30BaTe/IsIM OOIIMPHBIA KOMILJIEKT T'OTO-
BBIX CPEJICTB.

[TakeTsl pacmIMpeHUs CO34ANU JTOMOJHUTEIBHBIN YPOBEHb PA3BUTHS
cucteMbl. OHM OPHEHTHPYIOT CHUCTEMY HA PEIICHUE 3aJa4 B OIMPEJICIICH-
HOM MpeIMETHOM OoO0JIacTH: B OMNPEIEICHHBIX pa3felax MaTeMaTUKH, B
IPOEKTUPOBAHUH U OCTANbHBIX. bnarogaps satomy MATLAB nomoraer B
aJjanTalyy K pelieHuIo 3a1a4 MOCIEeIHEr0 MOJIb30BaTEIS.

Cucrema MATLAB pemaer 007b1110€ KOTUYECTBO 3a7a4 B KOMaH/I-
HOM pexxuMe 0e3 nporpammupoBanusi. Cucrtema Obuta cpopMupoBaHa Kak
MOIIHBIN S3BIK MPOTPAMMHUPOBAHUS BBICOKOT'O YPOBHSI.

Y IaHHOM CHUCTEMBI UMEETCSI BXOJHOM sI3bIK. B crucTtemMe 3amuch 1po-
rpaMM TPaJWLMOHHA, BCIEICTBUAE 3TOTO MPUBBIYHA JIJISI MACChl MOJIb30BA-
TeJIe KOMIBIOTEPOB. [Ipr 3TOM € MOMOIIBIO CUCTEMBI MOKHO PEIAKTUPO-
BaTh MPOTPAMMBI, UCIOJbB3Ys J000M MPUBBIYHBIN MOJb30BATEN0 TEKCTO-
BBII pEIAKTOp. Y HEE €CTh CBOM PEAAKTOP C OTIATUUKOM.

N3ydaemas cuctema COIEPKUT ThICAUU (HailyioB, pacrojoXEHHbBIC B
OOJIBIIIOM KOJWYECTBE Mamnok. MiMesi mpeicTaBiieHUE O COAEpKaHUU OC-
HOBHBIX MaIloK, MOXHO OBICTPO OIpEIEsATh BO3MOXXHOCTU CHUCTEMBI. B
YaCTHOCTH, Yy3HaBaTh 00 omeparopax, IpauyecKux KOMaHIax, PyHKIH-
X B COCTABE CUCTEMBI.

[Tpu cucteme MATLAB co3naHa kaxple BEIYUCICHUS BBIMOJIHSIIOT-
CS B PEKUME MPSMBIX BBIUUCIIEHUM, IPU KOTOPOM OTCYTCTBYET HOATOTOB-
Ka mporpaMmbl. MOXHO MOMEHTAJIBHO 3aJlaBaTh U BBIBOJUTH TpaduKu
MHOT'000pa3HbIX (YYHKIIMA — OT caMO# MPOCTON CHUHYCOMJBI JI0 TPEXMep-
HOM CJI0KHOM (PUTYPHI.
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B maremaTnueckux cucremax seraucenue S¢UV) i exp(V j, rae —
V" BexTOp, conpoBokmaeTcs Belmauell OMMOKM, TaK Kak y (GpyHKIu SI7
CLP nomkeH NMPeNCTaBIATECA ApIyYMEHT B BMJE CKaJISPHON BETHYUHEIL.

MATLAB npexacraer kak MaTpu4Hasi CUCTEMa, BEKTOP BBICTYNAET Pa3HO-

BUIHOCTBIO MaTPHIIbl C BEJIMYMHON Lz.n ypgske nox 1, Bciencrsue to-
IO B HAIIEM DIIU30J€ PE3YJIbTAaT BLIYMCIEHUS CTAHET BEKTOPOM OJMHAKO-
BOT'O pa3Mepa apryMeHT V', TeM He MEHee JIEMEHTHI BO3BPAIaeMOr0 BEK-
TOpa CTAaHyT CMHYCAMH WJIU K€ DKCIIOHEHTAMH OT 3JIEMEHTOB BeKTopa V|

Marpuia 3a7aercs Kak BEKTOPBI, IPEACTABIISIONINE €€ CTPOKH, U 3a-
KJIIOYEHBI B KBAJApaTHbIE CKOOKU. J[JI1 TOro 4YTOOBI Pa3[eliuTh SJIEMEHTHI
BEKTOPOB, MCIIOJIB3YIOTCS 3HAK 3amaTas Wid npobei. [ pasaenenus Bek-
TOPOB IIOMOTA€ET 3HAK TOUKA C 3aIITOM.

PaGoTaTh ¢ CHCTEMOM B PEXUME NPAMBIX BBIUMCIECHHH MOXHO C
JIMAJIOTOBLIM XapPaKTEPOM U 110 MPABUILY «3aJacllb BOINPOC — IOIYYaelllh
otBeT». [1obp30BaTeIeEM BBOAUTCS HA KIaBHATYPE BLIYMCIISIEMOE BLIPAXKE-
HHE, PENAKTUPYETCS B KOMAHIHON CTPOKE M 3aKAaHYMBAETCS BBOJ IIPU Ha-
katuu kinaBumu ENTER.

Paz6epeM npocThie BerancieHus (puc.7):
-} MATLAB
®aiin MNpaska Bua Web OxkHo Mosous

D& - @, B 2 Texywsikatanor CWMATLABEpSWwork
>> M=[1 6; & 9]
=

6
8 9

>> MX=sin(M)
B =

0.8415 -0.27%4
0.9894 0.4121

>> MX(1,1)
ang =
0.8415
>> MX({1,2)
ans =
~0.2794

>> MXA3

0.0187 -0.2650
0.9382 ~0.3905

~ |

Puc.7 — IIpocreimue Borunciaenus B cucreme MATLAB
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N3 mpumepoB CIIeAyOT BBIBOJIBL:

— JIaHHBIE BBOJST C TOMOIIBIO IPOCTEMUIIErO CTPOYHOI'O PEAAKTOPA;

— 4TOOBI OJOKMPOBATH PE3YJIbTAT BHIYMCICHHN OTIEIHLHOIO BBIpa-
KEHUS, HY>KHO BBIOpATh 3HAK «TOYKA C 3aISITON;

— IS TIOKa3a BBOJA JAHHBIX IPUMEHSIOT CIEAYIOMINNA CUMBOJ - 2 |

—~ MATLAB MoxeT Ha3HaUuTh NIEPEMEHHYIO aNs, €CIIM HE OTMEUEHA
NIEpEMEHHAS U1 3HAYCHUN PE3yIbTaTa BBIYUCICHUN;

— 3HAK PABEHCTBA BBICTYIIA€T B KAYECTBE 3HAKa IMPHUCBOCHHUS; pe-
3yJIbTAT BLIYMCIIEHUH OBIBAET B CTPOKAX BbIBOJA (0€3 3HAKA 2 );

— 3aIMCHIBAIOTCS BCTPOCHHBIE (PYHKIIUM, TAKHE KaK COS, CTPOUHBIMU
OyKBaMHU, X apryMEHTbI UIIYT B KPYTJIbIX CKOOKaX cos(X);

— JWAJIOT MPOUCXOJNUT B CTHIIE «3aJAaCllb BOMPOC — MOJIy4Yaellb OT-
BETY.

NuTepnonsnus 1 annpoKCUManus JaHHbIX.

TepMuH «anmpokcuMaius» 0003HAYaeT ONMUCAHUE HEKOTOPOU 3aBH-
CHMOCTH WJIM K€ COBOKYITHOCTH ITPEICTABIISIIOIIMX JAHHBIX C MOMOUIIBIO
Ipyrou, OOJIbIIEH YacThIO MPOCTOM WM OJHOOOPA3HOM 3aBUCHUMOCTH.
JlaHHBIE 3a1aI0T B KA4YE€CTBE KOOPAWHAT Y3JOBBIX TOYEK, 3aIllUCAHHBIX B
Tabuiry. Uepes y3moBbie TOUKK rpaduK anmpoKcuMaruu PyHKIIUA MOXKET
HE MPOXOJUTh, OJTHAKO CMOKET MPUOIU3UTh UX C HEKOTOPOU CPETHEKBA/I-
pPaTUYHOW OIIMOKOW. JTO XapaKTEPHO PErPECCUr — peaau3alid METoJa
HAaMMEHBIIUX KBAJIPATOB.

[lepBocTeneHHas 3aaya HHTEPIOJISUNA — OLEHUBATh 3HAYEHUE Mpe-
JNOCTaBJISIEMOM JaHHBIMH 3aBUCUMOCTH B MHTEPBAJIaX MEXKIY €€ Y3JI0BbIMU
TOYKaMu. /{7151 3TOro Bcero MpUMEHSIOT (DYHKIHH, Y KOTOPBIX COBIAIAOT
3HAYEHMS B Y3JIOBBIX TOUKAX C KOOpJAMHATAMU 3TUX Touek. Korga mpucyr-
CTBYET JIMHEIHA UHTEPIOJSALUS 3aBUCUMOCTH y(X), C MOMOIIBIO OTPE30K
NPSMBIX Y3JIOBBIE TOUYKHA COCIHUHATCS OTpe3KaMu mpsiMbIXx. Haxomdar, 4to
Ha OJI00HBIX OTPE3KaX pa3MELIAlOTCs UCKOMbIE TPOMEKYTOUHBIE TOUKH.

[TonmmHOMUHAIBHAS PETPECCHSL.

N3BecTHass anmpokcuManusi OTHOCUTCS K IIOJMHOMHUAIbHOU. B
MATLAB ¢yHKuMu annpoKCUMallMM yCTAHOBJICHBI MOJMHOMAMH TI0 Me-
TOZy MEHBIINX KBAAPATOB — MOJUHOMHUAIBHON PETPECCUM.

[TonrmHOMMANBHYIO PETPECCUI0 PeaTU3YET (YHKITUS:

— polyfit(x,y,n) — ormaer BekTOp KOA(D(DHUIMEHTOB  IOJHMHO-
Ma P(X) crereHn N, KOTOPBIA C HAMMEHBIICH IMOTPENTHOCTHIO ANMPOKCH-

mupyeT Gyrkmuo Y(X) .

36



— [p,S] = polyfit(x,y,n) — ormaet ko>HPUIMCHTHI P MOJIMHOMA S H
CTPYKTYpYy MJia ucrnoyib3oBanus ¢ pynkuueit polyfval. Bece 310 coBepiia-
IOT JUIS MIPEACKA3aHMS WIIM HAaXOXKJICHUS TOTPEITHOCTH.

— [p,S] = polyfit(x,y,n,mu) — otaaer k0o3pGHULIHUEHTH P MOJUHOMA S
U CTPYKTYPY [JIsl UCTIOJIb30BaHMs ¢ PpyHKuuer polyfval. 3to mpoucxoau
JUIS TIPEACKA3aHMS WIIM HAXO0XKIACHUS MOTPEIIHOCTH. [IporncxoauT mporece
MacCIITaOUPOBaHUSA U ILEHTpHpoBaHusg X, Xnorm=(x—mu(l1))/mu(2), rume
mu(l)=mean(x) u mu(2)=std(x). LleaTpupoBanue U MacIITAOMpPOBAHUE
JCIIAt0T JIyYIlle CBOMCTBA CTEIICHHOI'O MHOTOYIEHA, MOJYYCHHOTO C HC-
noJjp30BaHueM Polyval, yBemnuuBaroT KaueCTBCHHBIC XapaKTePUCTHKH aJl-
TOpUTMa alpOKCHMAITIH.

TepmuHOM «pypbe» HA3BIBAIOT HWHTEPIOJAIUIO MEPUOIUUCCKUAX
byHKIHIA.

WHTepnoasaus — 3TO BBIYMCICHUE 3HAYCHUN (PYHKIIUU J7i) g oy
TepBaJIax y3J0BBIX TOYeK i . [Tpy HAMMUMK MepUOAHISCKUX (PYHKIUH 00-
palrarTcs K MHTEPIIOJSIMN TpUuroHoMerpuaeckoro psga dypre. B pas-
oupaemoii cucreme ynorpedinsercs Gyukmus interpft(x,n). Ona 3aunTepe-
COBaHa BO3BPATHUTH BEKTOP Y, BKIIIOYAMOIIMA 3HAYCHUS IEPUOIUYCCKOM
(GYHKIIMY, paBHOMEPHO OIPEACIICHHBIE N PACTIONOKEHHBIX TOUKAX.

Ecimm y length(x)=m u X ObiBacT nHTEpBaa X, TO HHTEPBAI AUCKPE-
TU3anuK J1g Y coctaBut dy=dx*m/n. n He moxker ObITh MeHee M. Korma
X —Marpurna, co croiomamu X onepupyert interpft , ornasas Y marpuiry
C TaKUM XK€, Kak y X, KOJIMYSCTBOM CTOJIOIIOB, OJHAKO C N CTPOKAMH.

B 3aBucumoctm ot mapametpa dim ®dyukmums y=interpft(x,n,dim)
(GYHKIIMOHUPYET CO CTPOKAMU U €IIE CTOJIOIAMH.

['padmku conmpoBOKIaeT PEIICHUE MAcChl 3aa4 110 allPOKCUMAIINH,
uHTEepronAuu. [lonmydeHHbIe TpU anmpoKcuMarui (popMyJibl HAHOCHUTH
Ha rpauKu HAHOCUTh. JTO HCIOJHSETCS B OKHE penakTopa Property
Editor. JIns takoro B mo3unmu TOOLS rpadgudeckoro okHa CyMIECTBYIOT
KOMaH/IbI

— Basic Fitting — Oymer oTKpbhIBaTh OKHO, JAIOIIEe JTOCTYI K OCHOB-
HBIM BHJIaM aIllPOKCHUMAIINH;

— Data Statistics — OyneT OTKpBIBAaTH OKHO C pe3yJbTaTaMU IIPO-
CTEHIIe CTaTUYeCKoil 00OpabOTKU JaHHBIX.

BbIBOBI.

Paccmorpena cuctrema MATLAB — aBromMaruzanuum mMaremaThde-
CKHX pacyeToB, KOTOpas MOCTPOCHA Ha PACIIMPESHHOM IPEACTABICHUH U
MCIIOJIb30BAaHMH MAaTPUYHBIX OIEpaInid.
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PaccMoTpeHbl mepBOCTENIEHHBIE MTPUEMBI PabOThI B YKa3aHHOW CHC-
TeMe. OCBOEHbI PYHKIIUU AMMPOKCUMAIUS U UHTEPIOJISAIMUS JaHHBIX, IO-
JUHOMUHAJbHAS perpeccuss Dypbe — HHTEPHOJANMS TEPUOTUIECKHUX
bynkumii. ['paduku cOmpoBOXKIAIOT pEIICHUE M MAcChl 3a/lady MO UHTEP-
MOJISIIIMU U allllPOKCUMAIIUH.

Bonpocsl A camonpoBepKku

1. Kakue moxxHO Ha3Bath B cuctreMe MATLAB ngoctomHcTBa U He-
JIOCTATKU?

2. KakuM 00pa3om pemiaroT MaTpHUIlbI?

3. Yto moapazymeBaeTcs 1Mo OCHOBHOM 3ajiaueii HHTEPIOJISITAN?

4. Kak MO>XHO OnpeneuTh (PYHKIIUIO alllpOKCUMAIIIH ?

5. ®yukuuu B cucreme MATLAB, peanuzyoonme noJIMHOMUAAIBHY IO
perpeccuro?

6. JlaliTe onpeneneHre TEPMUHY «UHTEPIIOJSLIUS.

/.HazoBute (yHKIUH, U1 KOTOPBIX MPUMEHSIETCS TPUTOHOMETPH-
yeckui pag Pypee?

8. Jlaiite xapakTepuctuky pynkiuu interpft(x,n).

CamocrosiTeabHasi padora 3.
CraTucruyeckas oopadorka B MATLAB

Iloozomoeska k pabome

[lo Ha3BaHHOM JUTEpaType OCBOUTH PENAKTUPOBAHUE JAHHBIX,
npueémMbl paboThl ¢ PYHKIUAMH, popMyTaMu, pOpMaTUPOBAHKE TAHHBIX.

Konmponvhnvie gonpocwi

1. Yro Takoe paHxupoBaHHasi nepemeHHas? Kak ee 3amaror B cuc-
teme MATLAB.

2. Kareropuu ¢pyHnkumii, Bctpeuaroniuxcs B cucreme MATLAB.?

3. Uro Takoe QpyHKIMU MOJIH30BATEIA?

4. Kakue pa3HOBUIHOCTH OINEPATOPOB OBIBAIOT Y CHUCTEMBI
MATLAB, ux nanpanienue?

5. JlaliTe XapaKTEpUCTUKY OpPTaHU3alM1 BIIOKEHHBIX [IUKIIOB.

6. Kak BbIBOASTCS B TaONMUIly pe3yJIbTaThl BBIYUCICHUN?

7. OObgcHUTE MpaBuia 3a1aHUs MHOTOMEPHBIX (DYHKIIHIA.

3aoanus

Hayuutbhcsi oOpamarbcsi K CTaTUCTUYECKUM M MAaTeMaTHYECKUM
dbyukusam B cucteme MATLAB
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1. CnnaiiHOBas anMmpOKCUMAIIUSL.

m — ¢aiin obOpamaerca K GyHKIMU Spcol A MOCTPOEHUsT KOMIIO-
HeHTa B — crialiHa B rpadguueckom Turie

[lepBoe 3amanue B Tabiuile 3 — UCXOIHBIE JAHHBIC JIJISI COBEPIICHUS

Tabanma 3
HMcxoaHble JaHHBIC
No t X
1 [0,2,2,3,4,5,5,5] -1,6,80
2 [0,2,1,3,4,5,5,6] -1,5,60
3 [0,1,1,3,4,5,5,5] -1,9,80
4 [0,2,2,3,4,6,6,6] -1,6,70
5 [0,1,1,3,5,6,6,6] -1,5,70

2 t=[0,1,1,3,4,6,6,6]; x=linspace(-1,7,81);

- e=spcolit,3,x); [l,m]=size(c);c=c+ones(l,1)*[0:m-1];
axis([-1 7 O m]}:

<3 hold on; for tt=t, plot([tt tt],[0 m],'-"'),end

G2 plotix,c,'linew',2), hold off, axis off

[0 S R R S
|

|

Puc. 8 — CninaitHoBast annpoKCcuMaIus

39




2. CrutaitHOBas anpOKCUMAIIHS TIOBEPXHOCTH.

[ToBepxHOCTh 3ajjaHa BekTOpamMu y, X, TunoM franke. IIpoananuzupyem
IPUMEP Ha MOCTPOCHUE C UCIIOJIb30BAHNUEM CILIATHOB

HcxoaHble 1aHHBIE A1 BRINOJHEHU 3adaHus 2 B Ta0muie 4.

Taobnuna 4
Hcxonnpie maHHbBIC

Ne X y
1 |([0:8)/8,.06.07,.95.85]) ([0:5]/5,.03.77,.64.51])
2 1([0:9]/9,.08.05,.75.65]) ([0:6]/6,.02.67,.74.41])
3 [([0:11]/11,.09.05,.65.51]) ([0:7]/7,.04.57,.84.61])
4 [([0:71/7,.09.05,.85.56]) ([0:4]/4,.03.57,.86.61])
5 |([0:6]/6,.07.04,.52.45]) ([0:3]/3,.01.47,.76.31])

1 - x=sort([[0:10]/10,.06 .07, .95 .85]):

2 - ywy=sort([[0:6]/6,.03 .87, .74 .51]):

= [%xx,¥¥]=ndgrid(x,v).; z=franke (xX,¥vv)’

4 - ky=3:; knotsy=augknt ([0:4]/4,kvy):

5= sp=spapl (knotsy, kv, v, 2]

6 - wy=[-.1:.05:1.1]; wvals=fnvali(sp,vv):

7 - mnmeshix,vy,vals.'),view(120,30)

pEd

0.5

Puc. 9 — CninaitHoBas annpoKCUMAIIHs TOBEPXHOCTH
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4. I'paduueckne n300paskeHnsi B CTATUCTHKE

B pesynbTaTe OCYIIECTBICHUSI CTATUCTUUECKOTO MCCIIEAOBAHUS TO-
Jy4arT OIpENeNIeHHbId marepuan. [loydyeHHBIM MaTepuall mnepenaeTcs
reOMEeTpUUECKUMU (DUTrypamu, reorpa@uyecKuMu KapToCcXeMaMu HIH Ke
TOYKAMHU, JIMHUSMHU.

B Hay4HOI nuTepaType Mo CTaTHUCTUKE I'paduKy AAlOT CIEAYIOIIee
TOJIKOBAHUE: HATJISIAHBIN MOKA3 CTATUCTUYECKUX BEJMYMH, UX COOTHOIIE-
HUW B BUjie GUryp, KapTocxeM reorpad@uueckux, TOUEK, JUHUN WiIn Pu-
ryp.

B rpaduueckoM o6nuube MpeaOoCTaBICHUE NAHHBIX IMMO3BOJISIET pe-
IIUTh CaMbI€ Pa3JIMUHbIC 3a/1aud. [ TaBHOE JOCTOMHCTBO ITOTO MPEJICTAB-
JeHus — HarsIHOCTh. Ha rpadukax MOXKHO JIETKO IPOCMOTPETh TEHJICH-
U0 K U3BMEHEHHIO. ECTh BO3MOXHOCTb OMPENEIATh CKOPOCTh N3MEHEHUS
TEeHJICHIIUU. Pa3Ho0Opa3Hble COOTHOIICHUS, MPUPOCT, B3aUMOCBS3h pPa3-
JUYHBIX TPOIIECCOB MOXKHO Ha rpaduKkax pacCMOTPETh.

N3510KeHnI0 CTaTUCTUYECKUX JAHHBIX MPUIAIOT OOJBIIYI0 HArIsI-
HOCTb, BBIPA3UTEIHHOCTD, OOJIETYal0T X BOCIPUATHE U UX aHAIU3 Tpadu-
k. CtatucTuueckuil rpaduk MOMOTaeT OMPENeNsATh 3PUTEIBLHO XapaKTep
paccMaTpUBAEMOTO SIBJICHHS], IPUCYIIME €My TEHJICHIIUU Pa3BUTHS, 3aKO-
HOMEPHOCTH, B3aUMOCBSI3M C OCTAJIBHBIMHU IOKa3aTeIsIMH, Teorpaduye-
CKO€ paspelleHue sBJICHUN. Exxe TaBHO KUTANCKUM HAPOJI TOBOPUII O TOM,
YTO THICAYY CIIOB CMOXET 3aMEHUTh OJHO M300pakeHue. CTaTUCTUYECKU
MaTepuall ¢ MOMOIIBI0 TPaPUKOB OTIMYAECTCS SCHOCTHIO, JOCTYITHOCTBIO
HECIEIMAIUCTaM, IPUBIICKAET BHUMAHUE OOIIMPHON ayJAUTOPUHN K CTaTH-
CTUYECKUM JaHHBIM, TMPEJICTABISAECT CTATUCTUKY M CTATUCTUYECKYIO HH-
dbopmarnuio.

AHaJIN3 CTaTUCTUYECKUX JTAHHBIX COBETYIOT HaUMHATh C UX rpadu-
yecKkoro nu3oopaxenus. I'paduk HezameIUTETLHO MOMOTAET IPHOOPETATh
oO111ee peICTaBIeHUE BCE COBOKYITHOCTH CTATUCTUYECKUX MOKa3aTeseH.
I'paduyeckuii MeToA aHaiaM3a — ATO JOTMYECKOE MPOJOJDKEHUE TaOaud-
HOTO MeToA. OH CIAYXXHUT IENAM TOJYYEeHHS CTaTHCTHYECKUX 0000Iaro-
IIUX XapaKTEPUCTHK MPOIECCOB, XapaKTEPHBIX MACCOBBIM SIBIICHUSIM.

3agauM CTATUCTHUYECKOTO KCCIEJAOBAHUS PEIIAIOTCS C IMOMOIIBIO
rpadUuecKoro n300pakeHNs CTATUCTUUECKUX JaHHBIX

— u300pakeHWs BEJIMYMHBI SIBJICHWH (TIOKa3aTenei) B CpaBHEHUM
APYT € IPYyTOM;

— XapaKTEePUCTUKOW CTPYKTYPHI SBJICHUS;

— U3MCHEHHUS SIBIICHUS BO BPEMEHHOM IIPOCTPAHCTBE;
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— TIPOLIECCOM BBIINOJHEHHUS TIJIaHA;

— pa3MElICHUsI WM PACIHPOCTPAHEHHOCTH HEKOTOPBIX BEJIMYMH HAa
TEPPUTOPHH;

— 3aBHCUMOCTH U3MEHEHHM SBJIEHUU APYT OT ApyTa.

Takum obpazom, camble pazinuHbie rpadUKy UCHOJIb3YIOTCA B CTa-
TUCTUYECKUX UCCieoBaHusIX. B rpaduke mpeacraBieHbl OCHOBHbBIC dJie-
MEHTBI:

— ero obpas;

— CHUCTEMA KOOPAUHAT;

— €ro 3KCIUITMKAlHUS;

— mone rpaduka;

— MacIITaOHbIe OPUCHTUPBI;

— Ha3BaHMUE.

Hepeako maThiii U MIECTON MYHKT OObEAUHSIOT B OJIMH JIEMEHT.

[IpocTpaHCTBEHHBIE OPUEHTUPHI 33]IAIOTCS KAK CUCTEMBI KOOPIMHAT-
HBIX ceTOK. Yaile B Takux rpadukax NPUMEHSIETCS CUCTEMa MPSMOYTOJIb-
HBIX KOOPAUHAT. B OTIENBbHBIX CIy4asgX UMEET MECTO IMPUHIMII MTOJISIPHBIX
(yrimoBeIX) KoopauHAT — rpaduku Kpyrosbie. CpencTBa IPOCTPaHCTBEH-
HOM OpHEHTALMM KapTorpaMmax — 3TO MpPeeibl TOCY1apCTB, pyOekKu ero
aIMUHUCTPATUBHBIX YacTel, reorpaguiyeckue OpUeHTUPHI (KOHTYPHI MO-
peu, peK, KOHTYpbl OeperoBhIX JMHUMN, OKeaHoB). Ha ocsix cucteMbl KOOp-
IVHAT WX Ha KapTe Pa3MEIICHbl XapaKTEPUCTUKU CTATUCTHYECKUX IPHU-
3HAKOB NPEACTABISAEMBIX MPOLECCOB, 4 TAKXKE SABJICHUU. PacmnoyiokeHHbIE
Ha OCSIX KOOpAMHAT MPU3HAKU OBIBAIOT KAYECTBEHHBIMH HWJIM KOJIUYECT-
BEHHBIMH.

COBOKYITHOCTh TOYEK, JUHUW U (UTYp, KBaJIPaTOB, OKPYNKHOCTH,
IPSIMOYTOJIBHUKOB M JIPYTUX (PUTYp ¢ MHOr0OOpa3HOM IITPUXOBKOU, OK-
pacKkoil, HAaHECEHUEM TOYEK — 3TO rpaduueckuil o0pa3 CTaTUCTHUYECKHUX
JAHHBIX

B rpaduueckoit ¢popme nepemaeTcs camoe JIr00O€ SBJIEHUE CTaTH-
CTUYECKOM HayKu. JJ1sl 3TOro HaxoJsT BepHOE rpaduueckoe perieHue, yc-
TaHaBlIUBaeTcs rpaduueckuit oopas. Takoit oOpa3 B JiydilleM BHUJIE COOT-
BETCTBYET SIBJICHUIO M HM300pakaeT CTaTUCTUYeckue naHHble. ['paduue-
CKUI 00pa3 JOJKEH COOTBETCTBOBaTh rpaduueckoil nenu. CienoBaTeib-
HO, TIepe]] HavyaJioM MOCTPOCHUS rpaduka HYXKHO YSICHUThH CYyTh SIBJICHHUS,
11eb, KOTOPYIO Tepen rpaduueckuM Hu300pakeHrueM BeiaBUTaeTCsI. dop-
Ma rpaduka J0KHA UMETh COOTBETCTBUE XAPAKTEPY U BHYTPEHHEMY CO-
JepKaHUIO TToKa3aTessi cTaTUCTUKU. CpaBHEeHHE Ha TpadUKe MPOUCXOIUT
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M0 M3MEPEHUIO TIOIIA/IN, JJIMHE KaKOW-TO CTOPOHBI (PUTYP, MECTOHAXOXK-
JIEHUS ¥ TYCTOTHI TOYEK U JIp.

JIuHus — 3T0 U300pAKEHUS U3MEHECHUH SBJICHUS BO BPEMEHHOM IIPO-
CTpaHCTBE HauOoJIee €CTECTBEHHBIM CITIOCOOOM. A IJIsi pSIIOB pacmipeerie-
HUS — WY TUCTOrPaMMa, WM TOJIUTOH.

B npakTuke CTaTUCTUUYECKON HAYKU KKIbIA U3 BUAOB rpauueckux
M300pakeHUN CTPOUTCA MO HEKOTOPBIM MpaBmiiaM. B cratucTuueckux mc-
CJICIOBAHUSX CpaBHEHHUE aOCOITIOTHBIX BEJIWYWH, OTHOCHUTEIIbHBIX BEJIU-
YUH, CPEJHUX U CTATUCTUUECKUX BEJIIMUYUH C KAKUMHU-TO APYTUMH MpPUME-
HSIETCA JIJI1 U3YyYEeHHUS OCOOCHHOCTEW SIBJICHMUW U MX XapaKTEPHBIX 4EpT,
IU1Sl TIO3HAHUSI B IAHHBIX SIBJICHUSAX TUIUYHOIO. AHAU3, UMEET MECTO IIPU
CpPaBHEHUU U COMOCTABJICHUM CTAaTUCTUYECKUX JaHHBIX. YacTO MpHUCYTCT-
By€T HEOOXOJAMMOCTb COIOCTABISITh PE3YyJIbTaThl, MOJYYEHHBIE B XOJE
CTaTUCTUYECKOTO KCCJIEAOBAHMS SIBJICHUS, C BEJIMYMHAMH HJI€ATIBHOTO
aQHAJIOTMYHOTO MPUPOIHOTO siBJIeHUs. BeaeacTBue 3Toro HarjisiiHoOe Mpe/i-
CTaBJICHUE CPABHEHMS MOKa3aTeNeld NPUHAJIEKUT CaMbIM PacCIpoOCTpa-
HEHHBIM TpauKaM B CTaTUCTUKE. J[JIT TOTO K€ MPUMEHSIOT JUarpamMMbl.

Huarpamma — 3710 rpaduueckoe n300pakeHue, HarJsiIHO Tepeaaro-
€€ COOTHOIIEHUE MEXKY BEIMYMHAMH, MOABEPralOIIMMUCT CPABHEHUIO.
Huarpamma siBnsieTcst yepTesxkom. Ha 3ToM yepTexe CTaTUCTUYECKUE JaH-
HbIE U300paXXaIOTCsI T€OMETPUUECCKUMU JIMHUSIMH, TeJaMH, (UTypaMu ca-
MBIX Pa3HbIX Pa3MEPOB.

Boizensator Buabl rpaduKoB (IuarpamMm) CpaBHEHUS:

— TOJIOCOBBIN BU/I;

— KBaJpaTHbBIN BU/I,

— CTOJIOMKOBBIN BU/I;

— KpYrOBOM BHUJ,

— (UrypHBIi BU/I.

Jnst  cTpouTenbCcTBA  JUArpaMMbl  HUCIOJB3YIOT — MPOrpaMMBbl
MATLADB, Excel, Mathcad u apyrue. Ha nmaGopaTopHbIX paboTax OHH
U3YYarOTCH.

B nporpamme Excel noctpoenue quarpaMmmel:

1. Beibupaercs rpaduk, rucrorpamma, AuarpamMmma ¢ 00J1acTsiMu, Jiu-
Heluartas AuarpaMmma, Ha KOTOpYIo J00aBseTcsl Ta0Iula JaHHbBIX.

2. Bribupaetcst komanna [lapamerpsl nuarpamMMsl B MeHio J{uarpam-
Ma, 3aTeM MePeuTH K BKJIajake Tabnuiia JaHHbBIX.

3. YcranoBuTh ¢uakok Tabnauiia JaHHBIX WA CHATH, 3aT€M YTOOBI
CKPBITh / IOKA3aTh B CETKE BHU3Y JAUArpaMMBbl JaHHbBIC TUArpaMMBbI.
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4. Tabnuia TaHHBIX Ha JUarpaMMax ¢ OChbIO BPEMEHH U Juarpammax
JMHENYaThIX HE 3aMEHUT OCh AMarpaMMbl, OJIHaKO OyJIeT BBIPOBHEHA IO
auarpamme.

5.B mento Jluarpamma st npucoeAMHEHUs TaOIUIIbl JaHHBIX K OCU
KaTeropuii B 00beMHOM AuarpaMmme Bbioupaercs koMmanaa OO0beMHbBIN BUI,
3aTeM ycTaHaBiauBaeTcs ¢iaxok [lepneHauKyispHbIe OCH.

B nmarpammax Excel cymectByer HeGosbimoit muayc. Korma mo-
CTpPOWJIM AWarpaMMy Ha OCHOBE JAHHBIX, KOTOpbIE HY>KHO OyJeT uepe3
BpeMsi 100aBIsATh, TOT/IA IIPH TI00ABICHUM JAHHBIX B TaOIUITy (HAa KOTOPOM
CO3JIaHa JUarpamma), MpPUIETCs MEHATh JAWAIa30H JaHHBIX JUIA Juarpam-
MBI, YTOOBI X 0TOOpa3uth. Eciam cpady ykaszaTh OOJBIIMI IHAMa3oH, TO
auarpaMmMa MmpuMeT HEKPacUBBIN BUL.

[IporpamMmmHubiii TpaduUecKuii MpoIEeccop CymecTBYET I GopMupo-
Banus rpadukoB B cucreme Mathcad. Ilporpammusiii rpaduye-
CKHI mpoueccop oOecneynBaeT NpoCTOTy 3aJaHusl rpaduKoB, UX MOJHU-
(ukanMu NOCpPeACTBOM COOTBETCTBEHHBIX MapameTpoB. J[aHHBIN mpoliec-
COp TOMOTaeT pa3sHOOOpas3Hbie BHUIBI TpapUKOB: rpaduKd ypoBHEH, rpa-
¢ukH B OJISIPHOM CUCTEME KOOPAUHAT, U TpaduKu B JEKAPTOBOUW CHUCTEME
KOOPJMHAT, TPEXMEPHbIE TOBEPXHOCTH.

Jlis moctpoeHust rpadMKOB UCHOJIB3YIOTCS 1a0IOHbI. B ux nepeune
conepkutcs moamento Graph mento Insert. Muorue mapameTpsl rpadude-
CKOTO Mpoleccopa Ajsi MOCTPOCHUS Tpa@UKOB 3aJal0TCS MO YMOIYAHUIO
aBromaTuuecku. OTCIO1a TOJIBKO JOCTATOYHO 3aJaTh THUIl rpauka AJis
HA4YaJIbHOTO TMOCTPOEHUS Tpaduka yCTaHOBJIEHHOTO THHa. B moaMeHro
Graph BkmtoueH CHUCOK ceMu TIaBHBIX pa3sHOBHUIHOCTEH rpadukoB. OHU
MO3BOJISIFOT BBIMOJHATh JEHCTBUSA, TAKUE KaK:

— o0pa3oBarh 1Ma0J0H rpaduka B MOJIPHBIX KOOPJAUHATAX - MOJISIP-
HbI Tpaduk wim Polar Plot;

— QopMHpOBaTH B JIEKAPTOBOM CUCTEME KOOPAMHAT IIAOJIOH JIBYX-
MepHOTO Tpaduka — nexkapToB rpaduk win X — Y Plot;

— BbI3BaTh MacTtepa MOCTpOEHUsI TPEXMEPHBIX I'paUKOB ¢ omnpese-
JICHHBIMU CBOMCTBaMM — MacTep TpexmepHbix rpaduxoB wiu 3D Plot
Wizard,;

— oOpazoBath 11a0JIOH rpaduka B TPEXMEPHOM MPOCTPAHCTBE B BUJIE
¢uryp (Touex) — Toueunsiii rpaduk win 3D Scatter Plot;

— copMHpoBaTh MMIA0JOH H300PAKEHHS] B BHUIE COBOKYITHOCTH
CTOJIOMKOB B TPEXMEPHOM MPOCTPAHCTBE — TPEXMEPHAS CTOJIOMKOBAs JIha-
rpamma wiu 3D Bar Plot;
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— ¢dopmMupoBaTh MIA0JI0H MTOCTPOCHUSI TPEXMEPHOT0 Tpadrka — rpa-
¢uk nosepxunoctu unu Surface Plot;

— 00pa3oBbIBaTh IIA0JOH KOHTYPHOrO rpaduka TpexMepHOW Io-
BEPXHOCTH — KapTa JuHuil ypoBHs unu Contour Plot;

— ¢gopmupoBath 1madyIoH rpaduka BEKTOPHOTO MOJIS Ha TJIOCKOCTH —
BeKkTOpHOE noJie win Vector Field Plot.

[IpeacraBnenue 00 oObeKTax rpadUYECKUX MMEET CBsI3b C Trpadu-
KOW. Y HHUX MPUCYTCTBYIOT OIpejeieHHbIe cBoMcTBa. OO0 0OBEKTax B
OOJIBIIIMHCTBE CJIy4aeB MOXHO 3a0bITh, €CJIM HE 3aHUMAIOTC OOBEKTHO —
OpPUEHTUPOBAHHBIM MpOrpaMMUpoBaHuEM. Ha KOHEYHOro mnoJib30BaTens
OPUEHTUPOBAHO OOJIBIIMHCTBO KOMaH/I BHICOKOYpOBHEBOU Trpaduku. Umu
aBTOMATHUYECKH YCTAHABJIMBACTCA CBOWCTBO OOBEKTOB TIpadUUECKUX M
oOecreunBaeTcss BOCIIPOU3BeACHUE rpaduKu B HY>KHOW MaJIUTPE LIBETOB,
CHUCTEME KOOpAUHAT, MacliTade u T.1.

I'padpuku B MATLAB cTposTcs B OTACHBHBIX IEpEeMEIIaeMbIX U
MacITaOupyeMbix OkHax. ECTh BO3MOXKHOCTH MOBOpAYMBATH MOCTPOCH-
HYI0 QUTYPY MBIIIbI0, HAOIIOAATh €€ MO/ PA3IUYHBIMHU YTJIaMH, TIPH STOM
HUKAKOTO MIPOTPAMMHUPOBAHUS JJAHHOE BpalllcHUE HE BBI3BIBACT.

Cpenctsa rpadpuku MATLAB BxitoyaroT Tpyu KOMaH/IbL:

— OTKpbIBaroIee myctoe okHo rpaduku New Figure;

— OTKpBIBAIOIIEE OKHO CHIILHOTO peaakTopa rpaduxu Plot Tools;

— OTKpBIBAKOIIEE OKHO JOCTymna K pa3HbiM Buaam rpaduxu More
Plots.

JocrounctBa cucrembl MATLAB: macca cpeacTB sl HOCTPOCHUS
rpa)uKOB OT KOMaHJ MOCTPOEHHS MPOCThIX rpaduKkoB (HYHKIHUN OAHOU
NEPEMEHHOM B JEKapTOBOM CHUCTEME KOOPAUHAT U O MPE3EHTAIMOHHBIX U
KOMOMHUPOBAHHBIX TPa(UKOB C aHUMAIIUEH, CpeICTBAMHU MPOSKTUPOBA-
HUA TpadUUeCcKOro Moab30BaTeNbCKOro nuTtepdeiica. TpexmepHoit rpadu-
K€ ¢ (PYHKIIMOHAIBHON OKpPACKON OTpakaeMbIX (PUTYp U UMHUTAIIUEH CBe-
TOBBIX (P (DEeKTOB yaensercs B cucteMe OcoOEHHOE BHUMAHHUE.

BriBOIBI

b0 pazodpaHo cyniHoCTh rpaduka, BKIHOYas €ro 3HaYMMOCTh MpU
CTaTUCTUYECKUX pacueTax KaK CPeJCTBa HarjsgHOrO BHA MO TMPEICTaB-
JICHUIO JTaHHBIX. B CTaTUCTHMYECKOM HayKe BCTpedaeTCs CleAyrolee ToJ-
KoBaHUE rpaduka: 3ToO M300pakeHUE HATJAIHOTO BHJAa CTATUCTUYECKHUX
BEJIMYMH, BO3HUKAIOUIUX WX COOTHOIICHUW MOCPEICTBOM OMPEIAEICHHBIX
buryp, JTUHHUI, TEOMETPUUECKUX TOUCK, KAPTOCXEM reorpaduueckux.

PaccmoTpenbl cpenctBa rpadukd B TPEX OCHOBHBIX Mporpammax
Mathcad, Excel, MATLAB.
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Bonpocsl 1j1 caMonpoBepKU

1. Yto HazbIBaeTcs rpakoM B CTATUCTHYECKOM HayKe?

2. Kakue 3amaun CTaTUCTUYECKOTO HMCCIEIOBaHUs, UCIONb3ys I'pa-
buueckoe n300pakeHUE, MOKHO PEIIUTh?

3. Kakum 00pa3zoM 3a7at0T IPOCTPAHCTBEHHBIE OPUCHTUPHI?

4. YUto coboit mpexactapisieT rpadguyeckuii oOpa3 CTaTUCTUUECKUX
TTAHHBIX ?

5. I'me mpucytctByeT B cuctemMe Mathcad cnucok mabioHoB mo-
cTpoeHus rpaduKoB?

6. Uro Ha3zwpIBaeTcsa JmarpaMmoii.

/. Kakue ObIBalOT THIIBI JHArpaMm?

8. Kakue komanzasl cogepxar cpeacrsa rpadhuxku MATLAB?

CamocrosiTeabHasi padora 4.
Mmuoromepubie Borunciaenus B Mathcad

lloocomosumenvruiti sman Kk pabome

[To mpeacTaBiIeHHON JIUTEPATYPE OCBOUTH MPUEMBI PA0OTHI C BBIBO-
JIOM MHOTOMEPHBIX JaHHBIX B ()OpME TAOIHIIbI, MPUEMBI TTOCTPOEHHUS 00b-
eMHOM rpaduku, npuemMbl KOHTYpHOU rpaduxu B Mathcad mporpamme.

Konmponvusie gonpocul

1. HazoBuTE 0COOEHHOCTH OpraHU3alMK BIOKEHHBIX ITUKIIOB.

2. llepeuncnute mpaBuia MHOTOMEPHBIX (PYHKITHH.

3.Kakum ObIBaeT BBIBOJ, MHOTOMEPHBIX PE3YJIHTATOB B TAaOIUYHOM
bopme?

4. JlaiiTe ompenenieHHe TpeXMepHoW rpaduke ¢ (PyHKIHMOHATHHON
OKPaCKOM.

5. Haznauenue Surface Plot komanb1?

6. C kako#i niensto npumensiercs pynkuus CreateMesh?

7.Kakum 00pa3zoM CTposAT QUrypy ¢ MOMOIIBIO OOpamnieHust BO Kpyr
ocu?

3aoanus

1. TToctpouTs rpaduk noBepxHocTu B cucteme Matcard.

A TaOnuie 5 UCXOIHbIE TaHHBIE.

Tabmnuia 5
HNcxonHbple TaHHBIC
No DOyHK1INSA Ne DOyHK1INSA
1 | z(X,y)=3cos(x*y) 2 | z(xy)=x"*y
3 | z(x,y)=sin(x*y) 4 | z(X,y)=5c0s(x*y)
5 [z(xy)=tg(x*y) 6 | z(xy)=2x+y’
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CtpoeHHEe IMOBEPXHOCTEH IO MATPHIIC aNIUIMKAT MX TOYEK. DJIECMEHTHI
MaTpHUIlbl M — IEPEMCHHBIC C IICJIOYMCICHHBIMU HHAeKcamu. CliemoBa-
TEJbHO, MEPE]l CO3JaHMEeM MaTPHIbI HY)KHO 3aJaBaTh UHICKCHI KakK Iepe-
MEHHBIC PaHXUPOBAHHBIC C IEJIOYHMCICHHBIMU 3HaueHHsIMU. [locie 3Toro
UX HHMX CO3J1aBaTh CETKY 3HAUCHMH x M y — KoopauHaT misd Z(Y,X) amIin-
kaT. IIpeuMyIleCTBEHHO 3HAYEHMS x U y JOJOKHBI BBICTYIIUTH BEILECT-
BCHHBIMH YHCJIAMH, B ONPEACICHHBIX CIyYasx M IMOJOKHUTCIbHBIMH, U OT-
puliaTeabHBIMU. Besien 3a BBIIOJHEHHEM BBIIICOTMEUCHHBIX ONpEISICHUM
BBOJIAT 1o koManae Surface Plot ma6aon rpaduka. (Pucynok 10)

MocTpoeHue I'paduka MoBepXHOCTH

z(x,y) = cos(xy) $YHKIMUA OBYX MNepeMeHHHX X,¥
=020 = 0220 HenouuCIeHHEE MHOEKCH
1—10) (53— 10
My = G210 (=10
. 5 5

] Paste
Paste Special. ..

Format...

Fog
Lighting
Equal Scales
Perspective
Box
v Border \

Perimeter
MNone

Puc. 10 — Ila6mon rpaduka

=

=

2. TloctpoeHue MOBEpXHOCTU O€3 ynaaeHus HEBUIUMBIX JTUHUH.

B cucreme Matcard nmoctpouts rpadux moBepxHocTH, (popmMatupo-
BaTh €ro, NMpy MOMOIIM AJIrOpUTMa (PYHKIHOHAJIBLHON OKpPACKU YIAIUTh
HEBUJMUMBIE TUHUU. Kak 3TO MOXKHO clienaTh MoKa3aHo Ha pucyHke 11.
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Paste
Paste Special...

Format...

Fog
Lighting
Equal Scales
Perspective
Box
Puc. 11 — ®opmar rpaduka

[TocTpouts B cucteme Matcard TpexmepHblii rpaduK.

[Iporpamma Mathcad oTiamuaeTcsi BO3MOXHOCTBIO CTPOUTH TPEXMEP-
Hble BUJbI TpaukoB — O€3 3aJaBaHMsl MATPHUI] alIUIMKAT MOBEPXHOCTEH.
OauH AuIIb HEAOCTATOK 3TOTrO YIPOILEHHOTO METOJAa CTPOCHUS MOBEPX-
HOCTEH 3aKII0YaeTCs B HEONPENEICHHOCTH MAaCIITa0OMPOBAHMUSI, TOAITOMY
rpagukamM HeoOxoaumo (HopMaTUPOBATE.

lMocrpoeHMe IpadPura NoOBepRHOCTH Be=
SafaHMA MAaTpPUIE

Zx,¥) = cos(xy)  PYHRUMA OBYX NEPEMEHHHX X,V

YT IIIIIIIIIIIIITIIIIIIIIIIIIIIIIIIIT. VIIIIIIIIIIIIIIITIIIIIIIIIIIIII I I I I I I I I I I I T

Y

T TIIIIITIT Ol ey T O ey

z

Puc. 12 — [ToBepxHocTtu rpaduka 6e3 3aJaHus] MATPHULIBI
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3. Iloctpoenne moBepxHOCTH rpaduka 0e3 3aJaHus MATPHIILI
Ha pucynke 12 BapuaHThl, Kak MOKHO TTOCTPOUTH rpa UK.

Tabmuna 6
Hcxonnpie maHHbBIC

No OyHKUNA

H(u,v)=3(u2*v)

H(u,v)=3sin(u*v)

H(u,v)=7cos(u*v)

H(u,v)=cos(u*v)

H(u,v)=tg(u*v)

OB WINEF-

H(u,v)=sin (u*v)

lMpuMeHeHne rpadunueckon ¢pyHrumum CreateMesh

H(u,w) = sinfu-v)
wl=-2 ul=2
wl=-2 wl=2

1. Samanmm $YVHRIDOO OBYX IIepeMeHHRX
2. SamanMM OpelesE MSMeHeHMA IepeMeHHBX

3. Mcenonesya dyvHRIUGo CreatelMesh cosmanmmt
MaTpMIy IOBEpXHOCTH
C = CreateMesh(H ul ul ,+0,v1)

4. 3amap nocTpoeHMe Dpadura THna Surface Plot, DoTydMM

Y

Y

Puc. 13 — Iloctpoenue rpaduka noBepxHocTH ¢ npumenenrneM pyukmuu CreateMesh

Emte npumenenus CreateMesh ¢yHKIMM 3aKTI0YaeTCsl B IIOCTPOCHUN
obbemMHOM (Gurypel. OHa TOJydYaeTcs BpallleHUEM KpHUBOM, 3aJaHHOMN
dbyHKIMEN f(x), BOKpYT OCH X WJIK OcU Y.
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B tabnuiie 7 npeacTaBieHbl HCXOIHbBIE JaHHBIC.

Tabmuma 7
Hcxonnble naHHble
Ne DOyHKIIUU No DOyHKIINU
1 f(x)=cos(x*) 4 f(x)=3c0s(x°)
G(u,v)=f(u)*sin(v) G(u,v)=f(u)*4sin(v)
H(u,v)=f(u)*cos(v) H(u,v)=f(u)*6cos(v)
2 f(x)=3(x%) 5 f(x):3x*cos(x22
G(u,v)=f(u)*v G(u,v)=f(u)*(v°)
H(u,v)=f(u)*3cos(v) H(u,v)=f(u)*3(v)
3 f(x)=tg(x")
G(u,v)=f(u)*(v%)
H(u,v)=f(u)*3(v)

[Ipumep penreHus: TaHHOM 3aJja4M OKAa3aH Ha pUCYHKE 14.
MocTpoeHue QUIypsl, NONYYeHHON BpalleHMeM KpPHMBOM
BORPYTD ocHu X

2| a=-2 bh=2 mesh = 30

f(x) = xcos

Flu,w) = u Glu,v) = f(w-cos(v)  H(u,) = f(u)-sin(v)
o= CreateI'u'Iesh(F,G,H,a,b,U,Zﬂ,mesh)

Ppadur dyHRIMHN f(X) [IOBEpPXHOCTE BpaEeHMA Dpadura
£(x)
x=-2,-19.2
2_-
N
f(x) [ \ /—h\* |
e B 2

Puc. 14 — @urypa nonyyeHHasi BpallleHUEM KPUBOM.
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CamocrosiTeqbHas padora 5.
Mmuoromepnbie Borunciaenuss B MATLAB

llooecomoska k pabome
[lo mpencTaBieHHON TUTEpAType HEOOXOAUMO U3YUUTH MpaBuUia IMo-
cTpoeHue 00BeMHOW Tpaduku, koHtypHou rpadpuku B MATLAB mnpo-
rpaMmme, UCI0JIb30BaHUE OKHA TpaduiecKoro.
Konumponvhnsie 6onpocul
1. HazoBuTe npaBuia MocTpoeHusi TpauKoB B OTJEIbHBIX OKHAX.
2. Yxaxure npabwia pyHkuuu meshgrid.
3. Pacckaxute 0 TpexMepHOU rpaduke ¢ GPyHKIIMOHATBHONW OKPACKOM
PAaCKpackKom.
4. Onpenenute Haznauenue komann figure, plot.
5. lnst vero mpumensiercst pyHkuust meshc?
6. HazoBute npaBuiia 00pabOTKU TaHHBIX B rpauyeckom OKHE?
3aoanus
B MATLAB cucteme o6bemMHbI€ TpaduKy U AByMEpHas (PyHKITHUA.
— W3 tabnuiibl 8 BBEUTE UCXOIHBIC JJAHHBIC.
— BricunraiiTe AByMEpHYIO (QYHKIIHIO.
— B Buge nsaTu TpexMepHbIX TpadUKOB pPa3HOTO THUIA BBIBEIUTE
(GyHKIHIO.
— B Buze nByX KOHTYpPHBIX TPa)MKOB pPa3IMYHOTO THIA BHIBEIUTE

(GyHKIHIO.
— B Tabnuiie 8 ucxoaHbIe JAaHHBIC BBIMOJHEHUS J1aOOpaTOpHON pa-

OOTHI.
Tabnuna 8
HcxoiHbIe TaHHBIC
No OyHKIUA IIpenenbl n3MeHeHus
X y
1 | z=sin(x)cos(y) oT —27 J10 2T oT —27 J10 21
2 | z=sin(x/2)cos(y) OoT —27 110 271 OT —27 110 2T
3 | z=sin(2x)cos(y) oT —27 110 21 oT —27 J10 21
4 |z =sin(x)cos(y/2) oT —27 J10 21 oT —27 J10 21
5 | z=sin(x/2)cos(2y) oT —27 110 21 oT —27 110 21
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[Ipumep BeITIOTHEHUS JTaOOPAaTOPHOI PabOTHI.
['paHuubl ©I3BMEHEHNM 27T...2T apryMEHTOB
KonuuecTBo TOYEK U miar
N =40; h=pi/20;
Pacuer marpuib
for n=1:2*N +1
if n= Nn+1  AN)=1: else A(n)=sin(h*(n—N-1)/(h*(n—N-1));
end ; end ;
8. for n=1:2*N+1
9. for m=1:2*N+1
10. Z(n,m)=A(n)*A(m)
11. end ; end ;
12.3aganne WIOMaaKu
13.[X,Y ]= meshgrid(-N:1:N ]);
14.% BpIBoA B IepBOE OKHO I'paduka B aKCOHOMETPUHU
15. figure(@); plot3(X,Y,Z);
16.% BBIBOO BO BTOpPOE OKHO TpPEeXMEpHOTro rpadmka cC
(GyHKIIMOHAIBEHON OKPACKOM

17. figure (2); mesh(X.Y,Z);
18.% BBIBOOG B TpEThe OKHO TPEXMEPHOro TrpadukKa ¢
(YHKIIMOHAJIBHOW OKPAaCKOM U MpoeKIuei

19. figure (3); meshc(X,Y,Z)

20.% BBIBOJ B YETBEPTOE OKHO TPEXMEPHOTO IrpaduKa ¢ MpOeKIIUeH

21. figure (4); surf(X,Y,Z)

22.% BpIBOI B MsITO€ OKHO KOHTYPHOTO Irpadrka

23. figure (5); contour(X,Y,Z)

24.% BpiBog B 1IecTo€ OKHO OOBEMHOTO KOHTYPHOTO Tpaduka
figure (6); contour3(X,Y,Z)

25.% BrIBO B ceibMO€ OKHO 00BEMHOTO TpaduKa ¢ OCBEIICHUEM

26. figure (7):surfl(X.Y,Z)

NoobhownpE
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figure 7

B MATLAB cucreme 06paboTka JaHHBIX B TpaIeCKOM OKHE.
B tabnuiie 9 ykazaHbl pa3IuyHbIe BapUAHTHI 33/IaHUM.

Tabmnura 9
Hcxonnbie naHHbIC
No Berop X Bekrop ¥
1 |[2,5,7,9,15,19] [1.2, 3.5, 5.89, 9.56, 7.56, 5.4]
2 |[1,3,7,11, 13, 17] [3.5,5.7,2.45, 8.9, 6.73, 2.45]
3 |[05,15,4,5.7,9,13] [3,5,7,12,13, 17]
4 1]1,2,6,8,3,1] [3,5,7,9,2,1]
5 I1115.3.6.456.7.8.111 [[1.3.6.7.9.5.7.4.5.6.871
ITpumep

BekTOpamMu X, Y 3aJaHa 3aBUCUMOCTb Y(X)
>> X=[2,4,6,10,12,14];
>>Y=[3.76,4.4,5.56,6,7.6,8.1];

>> plot(X,Y,'0");

Ha figure 1 umeercs npumep peanusanuu MOIMHOMHUAIBLHON perpec-
CHUM JUISL TIOJIMHOMA ISITOM W YETBEPTOW CTEICHU, JIUHEUHOU PErpecCuu,
KyOHW4YeCcKOH perpeccuu, KBaapaTudHo# perpeccun. M3 rpadgukoB ciemayer,
YTO MOJIMHOM TISITOM CTETICHU BEPHO OTOOpaXkaeT psiJl 3HAUYCHUM.
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3anuch MCXOMHBIX BEKTOPOB IMOKa3biBaeTcsi B BepxHeM yriay. Co-
Bepiias komaHay mo HazBaHueMm Tools—Basic Fiting MoXXHO MOTy4HTH
okHo perpeccur. B oxkne Check to display fits on figure BBenem mHTEpE-
CYIOIIME perpeccur. Y CTAHOBKA NMTUYKHK y TTapameTpa Show equations BbI-
BOJIMT B rpa)iIeCKOM OKHE 3aIMCH YPAaBHEHHUH PErPECCHH.

[To Tools—Data Statistics komMaHJie BBIBOJUTCS OKHO CTaTUCTHUYE-
CKHX MapaMeTpOB ISl MPEACTABICHHBIX TaHHBIX BEKTOpaMu X U V. OTMe-
qasi ITUIKON HY)KHBIN IMapaMeTp B TAKOM OKHE, OYJIeT BUIHBI IOCTPOCHUS
Ha rpaduke.

5. HeiipoHHbIe ceTH, KaK clIOc00 00padoTKM JaAHHBIX

B pa6ote Y. Makkamioka u Y. [lutrca Ob1710 MOJT0KEHO HAYAIO CO-
BPEMEHHBIM MOJICJISIM HEUPOHHBIX CETEW. YKa3aHHbIE aBTOPBI CAECIAIU
MEPBYIO MOMBITKY dMYJIHUPOBATH CIIOCOOHOCTH YEJIOBEKa, paclo3HaBaTh U
kinaccuduimpoBaTh o0pasbl. [locnenyromiee pa3BUTHE UMEET CBA3b C pa-
oortoit ®@. Pozenbnarra. Ero monens Ha3zBasnu nepuentpoHoM. [locne He-
OOJIBIIIOTO 3aTHlllbs, ¢ Hayaida 1980-x rogoB BO3HUK U MPOJOIKACTCS 0
CErOJIHSIIIHETO JHS HOBBIM BUTOK PAa3BUTHSA MOJIENIC HEHPOHHBIX CETEM.
On cBs3an ¢ Tpynamu C. ['pocc6epra, [. Xondunga, T. Koxonena u ap.

[IpruMeHeHne TpUHIIUIIA HEUPOCETH SBIAECTCS O0sS3aTEIbHBIM TaM,
r71€ MbI TIOJIy4aeM MEPBUYHYI0 MHGOPMALIMIO JJIs1 TalbHEUIIUX BBIBOJIOB:
OpraHamu 3peHus, OOOHSHHMS, ClIyXa, ocs3aHus. Ha 3TOM ypoBHE MBI
CMOXEM TPOBECTH TMEPBUYHYIO KJIaCCU(PUKALIUIO, MPUHSATH ONEPaTUBHOE
penieHne: yoexarb OT TPUOIMKAIOIIETOCs] aBTOMOOUIIS, HAZETh MTPOTUBO-
ra3 u T.1.

CrnenoBaTenibHO, B Hallleld KXWU3HEIEATEIBHOCTH, KOTOpas TpeOyer
Pa3HOOOPA3HOTrO MPOSIBJICHUS, TPUCYTCTBYET TakKas HUIIA, TJ€ PEIICHUE
JOJDKHO OBITH CBEPXOIEPATUBHBIM, CKOpee — pedICKTOPHBIM, HE JIOIYC-
KaIOIIUM aHain3a. 9TOMY COJICUCTBYET BBICOKUH TMapalljieIu3M ceTu. Bbi-
COKHI Mapaljien3M BMECTE C UCKIIOUEHUEM CIIOKHBIX PACUE€TOB, OINpE/Ie-
JIUJ B3pBIB MHTEpeca K CHCTeMaM MCKYCCTBEHHOTO MHTEJJICKTa B Hauaje
1980—x romoB. B 3T0 Bpems ocTpo mojHMMAaach 3agaya pa3paboTKH BbI-
YUCJIUTENBHBIX CPEJICTB CBEPXBBHICOKON MTPOU3BOAUTEIHLHOCTH.

3HAYUMBIM BOTIPOCOM COBPEMEHHOM HAayKH BBICTYIIAECT aKTYaJIbHOCTh
arrmapaTHOW peain3aluyd HEUPOKOMIIBIOTEPOB WIIM HEHUPOCETH, IOTOMY
YTO TporpaMMHas MOJEIb Ha HeNapajieIbHOM KOMIIBIOTEPE JIMIIICHA
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CBOMCTBA BBICOKOTO IMAPAJLIENU3Ma MO3rd, & TAKKE OTPAHUYMBAET BBIXOJI
Ha «OOJIBIIIHE» HEHPOCETH.

JlaHHBIN Mapajuiean3M BBIpa)K€H B TOM, YTO B OJHO BpeMs oOpada-
THIBAETCA OOJIBIIIOE KOJIMYECTBO LIETIOYEK HeUpOoHOB. Hapsay ¢ aTum Kax-
IBIA HEWPOH 00pabaThIBaeTCSl MO OJHOMY QJITOPUTMY, OJHAKO — IO pa3-
JUYHBIM €T0 BETBSIM: OJIMH BO30yauTCs, a Japyroi HeT. CBsi3u HeHpoHa
WHIUBUAAYAIbHBI. OHU U3MEHSIOTCS HE UIEHTUYHO CBA3SM APYTUX HEUPO-
HOB U T.J.

BreiBuras 3amauy pa3paOOTKu MapalIeIbHOTO BBIYMCIUTEIHBHOTO
YCTPOUCTBA — HEUPOKOMITbIOTEPA, KOTOPHI CLIOCOOEH UMUTUPOBAThH pado-
Ty HEUPOCETH, YUUTHIBAS €€ JOCTOMHCTB M0 PEAIU3ALMNA BBICOKOW MPOU3-
BOJUTEILHOCTH, HEOOXOIUMO YUY€CTh, UTO:

— HYXXHO pacHpeAesisiTh HEUPOHbI (HEHPONOJAOOHbBIE 3JIEMEHThI WU
COOTBETCTBEHHbIE UM IPOTrPAMMHBIE MPOILEAYPHI) MEKIY MPOLECCOPAMHU
HEUPOKOMIIBIOTEPA. 3HAUUT, HEOOXOAUMO PEaTU30BBIBATH CIIOCOO pacma-
pajuienuBaHus Mo HHGOPMAaIUK;

— OJIMHAKOBBIE HAa BCEX IIPOLIECCOpaX MPOTrpaMMbl OJHOBPEMEHHO
00pabaThiBa€MbIX HEUPOHOB JOJKHBI BBIMOJHITHCS MO PA3IUYHBIM BET-
BSIM.

[Ipy mporpaMMHOM peanu3auuu HeupoceTn oTBedaror SPMD-
TEXHOJIOTUM («OJHA MporpaMma — MHOT'O TOTOKOB JaHHBIX»), TIPUBJICKA-
TEJIBHOCTh KOTOPOW 00OOCHOBaHA JJIs MHOTUX MPUJIOKEHUHN MapasjieabHO-
IO PEHICHUS 3a4a4 BBICOKOU CIIOKHOCTH.

[Ipu anmmapaTHOM peanu3anuu HEHPOKOMMBLIOTEPOB (WM €ro armra-
paTHOW MOJJEPKKE) ClEeyeT YYECTh CIEIyIollee TpPeOOBaHUE: OIHUM
HEUPOMOAOOHBIM 3JIEMEHTOM JOJKHO JEIUTHCSIY BPEMS MEXKY UMUTAIU-
€M MHOTUX HEUPOHOB. JKecTkas arnmaparHas UMUTALUS HEMPOCETH, KOTO-
pasi COOTBETCTBYET CBSI3M «OAWH HEUPOIOJOOHBIN 3JIEMEHT — OJMH HEW-
pOH», BBICTyIaeT HEed(PGHEKTUBHOM, MOTOMY UTO OIPaHUYMBAET BO3MOXK-
HYIO pa3MEPHOCTh MOJICIIUPYEMOM CETH.

YuuTeiBas CreUaIn3alni0 HEUPOKOMIIBIOTEPA MPHU UCTOJIb30BAHUU
CETeBBIX TEXHOJIOTHH B paMKaxX MOCTPOCHUU 00Jiee CIOKHBIX YHPaBJISIO-
IIUX CUCTEM, HEOOXOIUMO, YTOOBI HEUPOKOMIIBIOTEP MPUMEHSIICS B Kaye-
CTBE COIPOLIECCOpPA IO YIIPABIECHUEM YHUBEPCAIBHOIO U MOIIHOTO KOM-
NbIOTEpa—MOHUTOpPA. B pamMKax COBpPEMEHHBIX KOMIIBIOTEPHBIX TEXHOJIO-
ruil He0OXOJUMO YTOOBI HEUPOKOMIIBIOTEp JOMOJHSI TMEPCOHATBHBIN
KOMITBIOTEP KaK €ro BHEIIHEE YCTPOWCTBO U «BPE3AICS» B MMEIOIIYHOCS
OCHOBHYIO CETb.
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OCHOBY HEMPOKOMIBIOTEPHOU CETH MPEACTABIISIET HEUPOH UCKYCCT-
BECHHBIM.

M CKyCCTBEHHBI HEUPOH B JUTEPATYpPE IMOJAPAXKAET B MEPBOM IMPU-
OJIMKEHUH CBOMCTBAM HeWpoHa Ouosiorudeckoro. Ha BXoa MCKyCCTBEHHO-
ro HEWPOHA MOCTYNAET HEKOTOPAs 4aCTh CUTHAJIOB. Ka)Iplii CUTHAII - 3TO
BBIXOJ1 Apyroro HeipoHa. JIr000i BX0 yMHOXKaeTcsl Ha 0A00arouid Bec,
MIOXO0KUW HA CHUHANTHYECKYI cuiy. [Ipoucxogut cyMMupoBaHUE MPOU3-
BeleHus. TeM caMbIM OnpeAessisi ypOBEHb aKTUBALIMU HEUPOHA.

Xi

NET ovr

e

Puc. 14 — Onpenenenrie ypoBHsS aKTUBHOCTH HEHPOHA

Ha pucynke 14 npencrasiena moaens. JJanHas Moaens KOTopast BO-
IUIOLIAET MAEK. MHOXKECTBO BXOAHBIX CUTHANOB, 1) L2: --~In mocrymaer
Ha HEHPOH UCKYCCTBEHHBIM. BXOMHBIE CUTHANBI (BEKTOPOM X) OTBEYAIOT
MPUXOIAIIAM B CHHAIICH OMOJIOTHYECKOr0 HEMPOHA CHTHAJIAM.

[Tpoucxomgur YMHOXKEHUE CUTHaJa Ha OIPEACIICHHBIN
Bec U1; U2, Uy | Jlanee mocTymaer Ha cymmupyromuii 6ok — L. Kaxmprit
BEC OTBEUYAET TaK HA3bIBAEMOU «CHUJI€» OJHOM OMOJIOrMYECKON CHUHANTUYE-
ckoii cBasu. W BexTop 0003HaYaET B COBOKYIHOCTH MHOYKECTBO BECOB.
CyMMHPYIOLIHI OJOK COOTBETCTBYET TENYy OHOJIOIMYECKOTO SJIEMEHTA.
DTOT OJIOK CKJIAJIbIBAET B3BEIICHHBIE BXO/IbI alreOpandecku, 00pa3oBbIBas
Beixog [V /51", Bee 5TO B BEKTOPHBIX 0003HAYEHHUAX MOKET 3aIIMCHIBATHCSL:
NET = XW

Curnan NI mpeoGpasyercsa axtupanuonHoil Gynkumeii [, maer
HeliponHslii BexogHoi curran QU T . AxtuBamuoHHas (YHKIUS MOXKET
BBICTYIIATh JIMHEHHOU OOBIYHOM (hYHKITUEH

OUT = F(NET).
F'— 310 KOHCTaHTa

. ectum NET =T
OUT = e (5.1)

0. ectn NET <T

e

59



I'— 510 mocTosHHAasg MOpPOroBas BEIUYMHA WM K€  (DYyHKIMS, KOTOpas
TOYHO MOJCIHPYET NMEePeAaTOUHYI0 HEIMHEHHYIO XapaKTEPUCTUKY OHOJIO-
TMYECKOro HelipoHa. BmecTe ¢ 3TUM mpenocTaBiseT OOJIbIINE BO3MOXKHO-
CTH HEMPOHHOU CETH.

OUT |

0 NET

Puc. 15 — CurmounansHas (S-o6pasnast) pyHKIus

Ha pucynke 15 uzoOpaxen 6mok - I, npurumaer N L7 curnan ,
BeiiaeT(OUT" curnan . Korna 6ok /' cy3ur auana3oH n3MeHEHHs pa3Me-
pa NET tak, uro mnpum cameix pasHeIx 3Hadenusx [V /21 3naue-
nus OUT npunamnexar onpeneseHHOMY KOHEYHOMY HMHTEpBAly, TO-
raa I maseiBaroT QyHKIMER «cxuMaromei». Jloructraeckas («CHIMOM-
nanbHas», S — oOpas3Hasi) GyHKIMS 4acTO UCIOJb3YETCA B pOJIM (PYyHKIUU
«oxxnMmarotiei» (pucynok 15). JlanHast pyHKITUS BBIpasKaeTCs:
F(z)=1/(1+¢—1)(52)
3HAYMUT,

N 1
OUT = l—l—r—“”(SB)

CpaBHUBasi C DJIEKTPOHHBIMU CHUCTEMaMH, aKTHBAIMOHHYIO (yHK-
A0 MOXHO ONPEACIUTh YCUJIIUTEIbHON HEIMHEUHOW XapaKTEPUCTUKOU
UCKyCCTBEHHOTO HeMpoHa. KoadduimeHT ycuieHus MOXKHO BBIYUCIUTH
KaK oTHomeHue npupamenus Benuunuel (VU1 x BeI3BaBIIEMYy €ro mpw-
pamenuro Benuuunsl [N 21, OH mposBIeH HAKIOHOM KPUBOM ITPU BO30Y-
KJICHUH, MOAAAETCSI U3MEHEHHUIO OT MaJIbIX 3HAUEHUN MPU OTPULIATEIbHBIX
BO30YXACHUSAX 70 HAWOOJBIIErO 3HAYEHUS MPU BO3OYKIECHHUU HYJIEBOM.
CHoBa yMEHbIIIaeTCs, KOT/1a BO30YKIECHUE CTAHOBUTCS MOJOKUTEITBHBIM.

C. I'poccOepr (1973) BbISIBUII, YTO aHAJIOTMYHAs HEJIMHEWHAsl Xapak-
TEPUCTUKA pa3pellaeT YCTAHOBJICHHYIO MM IIYMOBOTO HACHIIICHUS JIH-
nemMmy. [Ipu kakux ycloBUSX OJIHA U Ta ke CeTh 00pabdaThIBaeT U ciadbie,

Y CHJIbHBIE CUTHAJIBI? B OOJIBIIIOM ceTeBOM YCUIICHUHN HYXIAKOTCA cira0bIe
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CUTHAJIbI, YTOOBI JATh MPHUTOJIHBIM K MMPUMEHEHHUIO BBIXOIHOM curHail. Ha-
PAIYy C 3THM YCHUJIUTEIIbHBIE KacKaabl C HeMaIbIMU KO3 (DHUITMEHTaMHU YCH-
JIGHWSI MOTYT MNPHUBOJMTH K HACBIIMICHHUIO BBIXOJA IITyMaMH YCHIIMTEIEH
(cmyyaliHBIMH (QIIYKTyalHsIMA), TPUCYTCTBYIOITAM B aOCOJIOTHO Ka)a0i
dbu3uYecKkn peaqn30BaHHOW ceTh. B CBOIO odepenp BXOIHBIC CHIIBHBIC
CHUTHAJIBl MPUBEAYT K HACBIIICHUIO YCHIMTEIbHBIX KacKaJoB, MPOITyCKas
BO3MOKHOCTbB TTOJIE3HOTO TPUMEHEHHUS BbIXoaa. LleHTpanbHas 0061acTh JIo-
TUCTUYECKON (YHKIHMH ¢ OOJBIIUM KOA(PPUIMEHTOM YCHJICHHS peliaeT
BOIIPOC 00pa0OTKHU CJIa0bIX CUTHANIOB. A 00JIACTH C IaJalOIIUM YCHUIJICHH-
€M Ha OTpHUIIATECIbHOM KOHIIC W IOJIOXKUTEIBHOM KOHIIE MOAXOIST JJIs
KPYIHBIX BO30YKaeHu. Takum 00pa3oM, HEHPOH ACUCTBYET B HIUPOKOM
JMara3oHe YPOBHS BXOJIHOTO CUTHAJIA C BBICOKUM YCHIJICHUEM.

OoU'Tl = [ o NET = F(NLET) (5.4)

Eme ogHON MIMPOKO MPUMEHSEMON aKTUBAIMOHHOW (DYHKIIMEH BBI-
cTynaer runepoonnueckuid TanreHc. [lo dopMe oHa cxoka ¢ JTOTHCTHYE-
CKOM (DYHKIIMEH M HEPEIKO HCIIOJIb3yeTCsS OMOJIOraMH KaKk MaTeMaThude-
CKas MOJIeJIb aKTHBAaIlMd HEPBHOM KIIETKH. B KadyecTBe aKTHUBAIlMOHHOM
(byHKIIMY HEMPOHHOM MCKYCCTBEHHOM CeTH OHA OyJeT 3amrcaHa.

QUT = th(x) (5.5)
!

ouT

NET —

—1F

Puc. 16 — I'uniepbonuyeckuii TaHT€HC

AHAJIOTMYHO JIOTMCTUYECKON (DYyHKIMHM TMIEPOOIMYECKHI TaHTEHC
BBICTyIIaeT S-00pa3Hoil (pyHKIHMEH, IIPUYEM OH OTHOCUTEIBHO Hadana Ko-
opauHar  cummerpudeH, B touke [V ET = () 3mauenme  curua-
na Beixoguoro OUT = 0 (pucynok 16). I'unepbonuueckuii TaHTE€HC, B OT-

61



JUYUE OT JOTUCTUYECKON (YHKIIMU, MPUHUMAET 3HAaUYCHHS Pa3HBIX 3HAKOB,
Y TAKOE €ro CBOMCTBO HMCIIOJb3YETCA JJIS LIEJOTO psijia CETEM.

JlaHHasg T1ipocTas MOJIEIb HCKYCCTBEHHOTO HEHMPOHA ITPOMYCKAET
CBOMCTBA, KOTOPBhIE UMEIOTCS Y €ro OMOJIOTMYEeCcKOTo ABOMHUKA. Tak, oHa
JICJIACT AKIEHT Ha 3aJIEPKKE BO BPEMEHHOM IMPOCTPAHCTBE, KOTOPHIE CKa-
3pIBAIOTCS HA JIMHAMHUKE CUCTEMBbl. BBIXOJMHOW CHUTHAJI Cpa3y K€ IOPOXK-
JaI0T BXOJHbIE CUTHAJBIL. B Takoil Moenn UTHOPUPYET BIUSHUN (PyHKIIUU
MOYJISIITAN YaCTOTHOMW MUTH (DYHKITUH OMOJIOTHIECKOTO HEUPOHA, KOTOPYIO
Ha3bIBAIOT CUHXPOHU3UpPYIOIIEeH. MHOrue HcciaeaoBaTeId B CBOUX pado-
TaX MOPU3HAKOT PEMIAIOIMIMMHU B HEPBHOW NEATEIBHOCTA €CTECTBEHHOTO
MO3ra.

HecMoTpst Ha Bce OrpaHUYEHMS U €I1I€ CETU, KOTOPBIEC ITIOCTPOECHBI 13
HEUPOHOB, OTKPHIBAIOT CBOMCTBA, KOTOPOE OYEHb MOXOJUT HA OHUOJIOTHYe-
CKYyI0 cucTeMy. JIuIb BpeMsl M UCCIEAOBAHUS MOTYT OTBE€YATh HA BOMPOC,
SABJISIFOTCSL JIM TIOJOOHBIE COBIIAJICHUSI CIy4YallHBIMU WJIM 3TO CIIEJICTBUE
MOJICJIUPOBAHUS, IPU KOTOPOM BEPHO OTPAXKAKOTCS BaXKHbIC YEPThI OHMOJI0-
TAYECKOT0 HEUPOHA.

HckyccTBEHHBIE OJIHOCIIOMHBIE HEUPOHHBIE CETH.

OIvH HEWPOH BBIMOJHSET CaMbI€ MPOCTHIE MPOLEAYPHI paCIO3HABA-
aus. [Ipu 3TomM 11 00CTOSATETBHBIX HEMPOHHBIX BBIYMCICHUN HEOOXOIH-
MO HEUPOHBI B CETH COCIMHUTH. B caMyl0 IPOCTYH0 CETh BKIIKOYAKOTCS
IpYIIbl U3 HEUPOHOB. DTU HEMPOHBI 00pa3yIOT cioi. B mpaBoii yacTu pu-
cynka 17 »sTo mpexacraBieHo. s pacmpenesieHus BXOJHBIX CHUTHAJIOB
CIIy’KaT KpPYru cieBa — BepiluHbl. OHM KaKue-Iu0O0 BBIUMCIICHUS HE BbI-
MOJHAIOT, BCJIEACTBUE ATOTO HE OyAYT Ha3bIBaThCs cioeM. JlJIs HarIsqHo-
CTU OTMETUM HX Kpyramu, 4TOObI BBIJICIUTh UX U3 BBIUUCIISIONIUX HEUPO-
HOB. Bpruucinstomyue HEMpoHB 0003HAUYECHBI KBajapartamu. Kaxaplid de-
MEHT M3 MacChl BXOJOB -\ OTAEIHHBIM BECOM OOBEIUHIETCS C KaXKIBIM
UCKYCCTBEHHBIM HEHWPOHOM A. Bcem HEUPOHOM JIa€TCS OIpEAECTICHHAs
CyMMa BXOJIOB B C€Th. B OMOJOTMYECKUX CETSIX M MCKYCCTBEHHBIX CETAX
HEKOTOPBIE COCIMHEHMSI MOTYT OBITh HE NPEJICTABIICHBI, OJTHAKO 371€Ch OHU
MOKA3bIBAIOTCSI BCE JJISI IEMOHCTpaIluM OOIed KapTHUHBI. Takke MOryT
CYILIECTBOBATh COCAUHEHUS MEXKAY BXOJIAMU U BBIXOJAMU B CJIOE€ DJIEMEH-
TOB.
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Puc. 17 — Heiiponnas npocreiimas ceTb

MosxHO CUUTATh BEC W AIIeMEHTaMHU MaTpH-
116l. MaTpwuiia pacmosiaraer /! CTpoOKaMu | 7@ cTojiOamMu. B maHHOM Ciry-
gae 11l — 3TO YHCIIO BXOJOB, /. — TO YHCIO HEWpOHOB. 2.3 — Bec, KOTO-
pBIil  CBA3BIBAET BTOPOM BXOJ C TpeTbUM HeWpoHoM. TakuM oOpa-
30M, BBIYUCJIEHHE BEIXOJHOTO BEKTOpa [V, KOMIOHEHTAMH KOTOPOTO BbI-
crynaror Beixoasl U1 HelipoHOB, NMPOMCXOAMT KaK MATPUYHOE YMHO-
xenne N = XW | rme N u X — s1o Bexrope-ctpoknu. Kommonenramu
BBIXOIHOTO BeKTopa N sensmores Bexogsr OUT meiiponos

B kauecTBe 3amauyum COBPEMEHHOM JCHCTBUTEIBHOCTH BBICTYIAET
CTPOCHUE MOJIEJIEW HEMPOCETEN YHUBEPCAIBHOTO BUJA B COCTABE KOMIIb-
IOTEPHOTO MPOTPAMMHOIO OO€CHedYeHus, KOTOpble OyayT MpUCIOCa0u-
BaTbCsl O] 3aMpPOCHI MOJIb30BaTENsl. AKTyaJlbHEE MOCTPOUTH HAOOp HEM-
poceTel, KOTOpbIe COMPSKEHBI C KOMIIBIOTEPOM H, IO IMPEANOYTCHHUIO
M0JIb30BAaTENs, MPUHUMAIONINX Y4acCTHE B PEIICHUU TPYIAHBIX 3amad. ATl-
napaTHO OCYIIECTBIEHHBIE HEHPOCETH, a UMEHHO KOMITBIOTEPHBIC MPH-
CTaBKH WJIM BHEIIIHWE YCTPOMCTBA, ONPEACIISAIOT HAIPaBJICHHUE HCIIOJIb30-
Banus [IJINC (mporpammupyemMasi HHTeTpaJibHasi cxemMa — programmable
logic device ), To ecTh HHTETPATBHBIX CXEM C TIPOTPAMMHPYEMOU JIOTUKOM.

Ecnum HEoOXoaMMoO HCCIIeIoBaTh CETh, TO HY)XHO IPUHHMATh BO
BHUMAaHHE TO, YTO, MPEJI0KEHHOE PEIICHUE TOHKHO YUeCTh TEKYIIIEee CO-
CTOSTHUE CETH, HAJUYHE KPUTHUECKUX YIAaCTKOB U KAa4ECTBO CBSI3H, a TaK-
e TTOMCK HAMIYYIIETO PEIICHUS JOJDKCH BBIMOJHATHCS B PEaIbHOM Bpe-
MEHHOM TPOCTpPaHCTBE. BBIOOp MapuipyToB, MaKCUMHU3UPYIONIUX B CETH
CTEIIEHb y3JIa, MPEJICTABIISICT BO3MOXXHOCTh B INIAHUPOBAHUHU PaOOTHI CETH.
OTO MJIaHUPOBAHKME HAIPABIICHO HA TO, YTOOBI ObllIa MUHUMAJIBHBIM TEepe-
CBUIKH T1akeTa 1o cetn. CyMMa MOTOKOB, KOTOPBIE€ TIOCTYIIAIOT B y3€1 U OT
HETO HMCXOJAT, ONpeeiseT CTeneHb y3na. Jlnsg 3amad mMapmpyTu3auu
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BBIOMpAETCS KpUTEepUid KadecTBa paboThl. OH HOKEH OTPA3UTh 1IEJIH, CBS-
3aHHBIE C KaKOW-TO 3a/Jauei, C COCTaBJICHHWEM IUIaHa MO padoTe JTUHUU
CBsI3U. BeiOupaercss MapuipyT MEXay Mapoil UCTOYHUK — MPUEMHUK. ITO
MPOU3BOJUTCS C PacyeTOM, YTOObBI MUHUMHU3UPOBATH KPUTEPUM KauecTBa
paboTel. Co CTPYKTYpOH HEHPOHHOMN CETH JOKEH COTJIACOBBIBATHCS ITO-
Ka3aTelib KauyecTBa PadoTHhl.

OOparumcs K IpUMepy UCIOJIb30BAHMS HEUPOHHBIX CETEH IS TIpe-
CKa3aHUs MPOXO0KAECHHUS I10 CETH ITAKETOB.

[ToTokoBBIN Tpad cBsizaH C Kaxaou HeHpoHHOU ceTbio. Ero Bepiium-
Hbl OTBEYAIOT HEHPOHAM, BBIXOJAM CETH, a TAKXKE BXOJlaM CETH, AYTU —
CBA3AM. V —5TO Macca BEPIIMH CETH, a OTPOMHOE KOIMYECTBO YT
D) — 510 MOAMHOXECTBO V' x V| CnenopatenbHo, kKax0ii qyre oTBedyaer
napa BepmuH ¥1; V2, yra u3 mepBoi HCXOIUT, BO BTOPYIO OHA BXoauT. C
K0 BEpIIMHE V' CPaBHUM AKTUBALMOHHYIO (YHKLIHUIO Fv, ¢ KaIOM
myroii\ - V) gec Wie, [IMKIBI HE OBIBAIOT y CETH IPAMOIO PacIpOCTpa-
Henus. CleI0BaTENEHO, MOKHO IIPOHYMEPOBATh €€ BepIIMHBI Tak (V' cun-
TAeTCs MHOKECTBOM HATYpaJbHBIX YHCEN), KaK U U < U JJIs KaXI0UW IyTH.

O6o03naunm Yv Bxon COOTBETCTBYIOILETO BEPLIMHE C
HOMEpPOM ¥ HEUpPOHA, a €ro BbIXoA — XU, Takyro HEUPOHHYIO CETh
ONKCBIBAET COOTHOIIECHHE

!.Jlrl" — Z “.H.l"'rl'.l' (5.6)

w:{uw)eD
CyMMupoOBaHME MPOBOJUTCA IO BCEM BXOJSIIAM B HEMPOH JIyram
Ty = Yulys) (5.7)

Orobpaxkenue ¥v 1O MHOIMX apXUTEKTyp HEHPOHHBIX Ce-
Tel paboTaeT mokoopauHaTHO. OHO omnpenenseTcss GyHKIMEH akTUBAIMU
COOTBETCTBYIOIIETO HeWpoHa. K HEJOCTAaTKy TaKMX CETE€M OTHOCUTCS Clie-
IyIOoIllee: HEBO3MOXKHO PACCMOTPETh MPOILIEAYPY UX MOIUDUKAITUY.

s ucciaenoBaHusi BIOEpEM apXUTEKTYpPy CETH, a MMEHHO HEHPOH-
HYIO JIMHEMHYIO CETh C JIMHUEW 3aJICPKKHU IO BXOAY HA 4 TakTa U C OTHUM
BXOJIOM. YIIPABJICHUE TMOTOKAMU B HACTOSIIEW CETH MMEET CIIEAYIOIIUN
anroputMm. B ompeneneHHOe BpeMs THIIOTETUUECKUN MPUOOP CKAIlJIMBAET
HH(POPMAIIMIO OTHOCUTEIBHO COCTOSIHMS ceTH. Ha BxoJ HEMpOHHOH ceTw,
C OJJHUM CJIO€M M YHCJIOM HEMPOHOB nh momnajaet uadopmaiusi. B coorBet-
CTBHHM C 3TOM MH(OpMaIuen ceTb HAXOJIUT Ha BBIXOAE 00pa3 U ONpees-
€TCsI B COCTOsIHUE paBHOBecusd. M3 npeapiaymero pasaena BO3bMEM JIaH-
Hele Ui MomenupoBanus cetu. Kak maccuB P={[1;5,4] [2;4,7] [3;2,9]
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[4;1,8]} o003HaurM 3HAauUeHHs BXOIHOM mepeMeHHOM. KommdecTBo mepe-
XO0JIOB — 3TO TMEpBOE 3HaYeHHEe. BTopoe 3HaueHne — 3T0 CKOPOCTh HHPOP-
MaIlMOHHOM mepenaun u MaccuB nenu 7 ={1,84;1,49;0,37;0,1} Bpems uH-
dbopMaMOHHOTO TPOXOXKJAeHHUS 1o ceTu. OOydaromias IMOoCcaeI0BaTeIb-
HocTh time=0:0.1:1

C nomompto MATLAB npoextupyem cetsb (cM. PucyHnok 18).

& Network/Data Manager C=iEE X
Inputs: Metwiorks: Qutputs:
P networkl networkl _outputs
Targets: Errars:
Ul networkl _errars
Input Delay States: Layer Delay States:
networkl _inputStates

~Netwarks and Data

Help MNew Data... | New Network...
Import... Export... Wiew Delete
~MNetworks only- 1
Initialize... Simulate... Train... Q%EL;J

Puc. 18 — OkHO ynpaBieHUs CETbIO

Ha pucynke 17 mpencraBiieHbl MOCIIENOBATEIBHOCTh BXOAOB M Iie-
nen. Mcxons u3 3TUX JaHHBIX, MOJIEIIMPYEM HEMPOHHYIO ceTh. Ha pucyHke
19 npencraBieHa UMUTALMOHHAS MOJIENTb HEUPOHHOM CETH.

s yin——»{O]]

e} W1}

Neursl Network

Puc. 19 — Mojenb HEHPOHHOU CETH
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B cucreme Simulink paccmoTrpuM umuTanMoHHyoo monenb. [laHHas
CXeMa B TaKOM IaKeTe BBICTYIAET B MOJHOU Mepe ¢yHKIHoHanbHOU. Ha
pucynke 20 mpejacraBieHa (pyHKIMOHAJIbHAS CXEMa MOJCIM HEWPOHHOU
CETH.

p{1}

Q
~-

—
et

e TOL e weight
Delays1  IW{1.1} > e >~

bias netsum purelin s{1}

=11
-‘JI

Puc. 20 — ®ynkimonanbHas cxeMa MOACIIA HEHPOHHOU CEeTH

JIyist HepoHHOM OJHOCIONHOM ceTu pa3dbepem mporiecc (HyHKIIMOHU-
poBanusi moApoOHO. Co BCEMHU BXOJaMH HEMPOHA COCAMHEH KaXKIbIH dIie-
MEHT BEKTOpa Bxoja. JlaHHOe coenrHEHnE 3a1aeTcsi MaTpuuen BecoB W;
KaabIi ¢ — 11 HefpoH BKIIIOYAaeT CyMMUPYIOIIHMI dIeMeHT, (GopMupYIO-

I CKaISPHBINA BBIXOJ ' \2), COBOKYIHOCTh CKJISIPHBIX

§oe

dyuxuuit "V coepunsiores B S — 3neMeHTHBINH BekTOp BX0Aa 7 (yHK-
IIMM aKTHBAIMU cJIosi. BekTop cronden « (GOPMUPYIOT BBIXOABI CIIOS HEM-
poHoB. TakuMm 00pa3oM, ONHCAaHWE HEUTPOHOBOIO CIOS  BBIMIIS-

aur® = JW - P +0) gnucrsaer onunounsiii mapuipyT. Ha pucynke 21
OpeAcTaBieHa CTPYKTypHass cXema OJHOCIOMHONM HEWpPOHHON ceTu.
3necs I’ — 10 BekTop Bxoma 11 X 1, W — 510
BECOBAsl MaTpULA SzR,n,a,b BEKTOPBI BeMUMHBI O X ||

Ha crangum pa3zpaboTku nogoOpaHbl caMmble ONTHUMAJIbHbIE 3HAYCHHUS
(baKTOpOB aHAIMTHYECKUM criocoOooM. Ilo umcny dakTopoB omnpenenecHo
KOJIMYECTBO B CETM HEMPOHOB. MOJ€/Ib HEUPOHHOM CETU MPENIIOYUTAET
00pa3 u3 Habopa, MPUCYTCTBYIOIIETO B €€ aMsTH.
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Bxoa .
A F i Ty
- P
—_—s W
'R X 1 \ 2 2
] . S X R 3 —_ f —_—
Sx1 Sx1
_’ b
R Sx1
\_Y_) 1‘*-\._ _.-—"'I
“-h-.,.'-‘"
a=f(W*p-+b)

Puc. 21 — CTpykTypHas cxema HEUpOHHON OJIHOCIIONHOM CeTH

HelipoHnsie ceTn SBISIETCA CUCTEMOM alanTUBHOM. E€ KU3HEHHBIN
IIUKJI COAEPKUT MEXAY co00i1 He3aBUCUMBIE (a3bl — (pa3za 0OyueHus u ¢a-
3a paOOTHI CETH.

OOyueHne ceTu - 3TO MOMCK BeKTopa . g Hero MUHUMAaJIbHA

CyMMapHasi OIIMOKa MO BCEM MapIIpyTaMm:
N

Elw) = Z en = min (5.8)
n=1
€n — ommbKka mJisg 1 — MapuipyTa.

JIns n3ydeHus B BBIUHUCIUTEIBHBIX CETSIX IMPOILECCa MAPUIPYTU3ALUN
MPUMEHSIEM MPSIMOTO PACHPOCTPAHEHUS C YACTUYHOW CTPYKTYpPOU CBSI3€H
HEUPOHHBIE CETH.

[Ton oOydyeHneM MOHUMAETCA MPOLECC, BCIAEACTBUE KOTOPOTO CHUCTE-
Ma MpUoOpeTaeT COCOOHOCTH OTBETHUTh HEOOXOAUMBIMHM PEaKIMSIMH Ha
KOHKPETHBIE BHEIIHUE BO3aeucTBUs. [lox amantanmuer MOHUMAIOT MOJ-
CTPOMKY CTPYKTYPBI CUCTEMBI M MAPAMETPOB U JJIsI JOCTHXKEHHUS OIPELE-
JICHHOTO KayeCcTBa YMPAaBJICHUSA MPU HAIMYUU HEMPEPBIBHBIX U3MEHEHUU
BHEILIHUX YCIIOBUU.
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[Ipu 5TOM MPUTOAHOCTH BBHIOPAHHOTO MPOCTPAHCTBA JJIsi OMpEEIICH-
HOM 3a/aun 00y4YeHMsI PACMO3HABAHUIO XapPAKTEPHU3YET PE3yibTaT CaMO-
o0ydenus. Eciau Beiaenstonecs npu caMooOydeHuu adCTpakTHbIE 00pa-
3bl COBMAJAIOT C PEAbHBIMH, MPOCTPAHCTBO OBLIO BHIOpaHO ynauHo. Yem
a0CTpakTHBIE 00pa3bl CUIIbHEE PA3TUYAIOTCA C PEATbHBIMH, TEM «HEYH00-
HEee» N30paHHOE MPOCTPAHCTBO /11 HAMEUEHHOM 3a]1auHu.

CrnenoBaTeiabHO, AJITOPUTM OOYYEHUSI HEUPOHHBIX CETEM MOCPEeCT-
BOM 00OpaTHOTO PacpOCTpPaHEHUsI OyAET CTPOUTCS CIAEAYIOITUM BUJIOM:
1. TlonmaBaTh Ha BXOJIbl CETH OJIMH U3 BO3MOXHBIX 00Pa30B U B PEKUME

OObIYHOTO (PYHKIIMOHUPOBAHMUSI HEUPOHHBIX ceTeil. Eciau curnanbl

pacrpoOCTPaHSIOTCS OT BXOJOB K BBIXOJAM, PAaCCUUTHIBAIOTCS 3HAYe-

HUS TTOCIIEAHUX.
M
~| T |n— . i
‘3: = Z Y, Vo 7 (5.9)
i=(]
2. M — 510 KONMMUECTBO HEMPOHOB B cioe ' — | ¢ yueTom HelipoHa ¢
BBIXOJHLIM IIOCTOSHHEIM COCTOSIHUEM 1, ONpENENSIONEro CMEILE-
(n—1) o

1 = w! L . :
uue; Vi ] — i—eui BXOJ HEWpOHA J CIIOS 71 .

|u| J“Sl.'.ll (510)

3. "’ ()= ATO cUrMouAAadbHas PyHKIUS
Yg(U) = Iy, (5.11)

4, rTne f ! — q—s1 KOMIIOHEHTa BEKTOpa 00pa3a BXOHOTO.
5. CkoppekrupoBarts Beca B HC

() = w(t = 1) + cw (5.12)

6. Kornaa cyimectBeHHa omnbOKa CeTH, MEPEXOAT Ha mar oauH. MHaue
IPOTUBHOM ciiydae OyJeT KOHEIl.
CeTu Ha mIare olMH B CIIyYalHOM MOPSJIKE MOMEPEMEHHO MPEIBABISIOT
TPEHUPOBOYHBIE 00pa3bl, YTOOBI CETh HE 3a0blJIa OJHHU MO MEpPE 3alOMU-
HaHus Opyrux. Ha pucynke 22 nmoka3zaH aaropuTM.
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CKPBITHIH BEIX 01
CJIOH

Puc. 22 — JluarpaMma CUTHAJIOB B CETH

[Tpu TUHEHHON CEeTH TPAEKTOPHS MEPEMECTUTHCSA M3 TOUYKU HaYallb-
HOM B TOUKY MHHUMYMa KPHTEpHs KauecTBa.

PaccuntaeM moporoBoe 3HaueHHE KadecTBa JJIs Mpolecca Mapuipy-
THU3ALUY.

[Tporpamma mOCTPOCHHS, TOBEPXHOCTH (HYHKIHUNA KPUTEPHUS KadyecT-
Ba
P=[5,4;4,7,2,9;1,8]; % BX0OJ0B BEKTOP

>> T=[1,84;1,49;0,37;0,1]; % ueneit BekTOp

>> maxlr= 0.40* m alxi n (P/'bias'); % wnaubonbmiee 3HaucHHE
napamMeTpoB OOyUYCHUS
>> net =newlin ([-2 2],1,[0], maxIr =); % pacuer QyHKUUU KpUTEpUSL
Ka4yecTBa
>> w_range=-1:0.2:1; b_range=-1:0.2:1; % Jluama3oHsl 3HaYECHHI
BECOB U CMEILCHUS
>> ES =errsurf(P,T,w _range b range purelin'y;
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>> surfc(w_range,b_range,ES); % I[ToctpoeHre MOBEpXHOCTH (PYHKIIUH
KPUTEPUS KauecTBa

IIporpamMma ImocTpoeHHE JIMHUN YPOBHS M TPACKTOPHUH O0yUCHUN

y@®= net .p{1};

>> net .trainParam.goal=0.001; % Kpurepus kadecTBa MOPOTOBOEC
3HA4YCHHE

>> net .trainParam.epochs=1; % KoaudecTBo 3mox

>> for j=2:10; % LIMKJI BBIYMCIICHMS BECOB M CMEIICHHUS IJISI OJHOMU
DIIOXU

for i=2:10,

[ net tr]=train( net ,P,T);

x(i)= net .IW{1};

y(i)= net .b{1};

end

clf, contour(w_range b range ES,20), hold on; %IlocrpoeHue nuHuUM
YPOBHS M TPACKTOPHUH O0yICHUN

plot(x,y,'—*"),hold off

-1.001

-1.002

-1.003

-1.004

| |0}l]I'UII)U SHAYUCITHE KPH TEPH S KA'e CTBa

-

-1.005

-1.006 . l , . - ,
0.4 05 0.6 0.7 0.8 0.9 1

Bpemsa obvaenns cetn

Puc. 22 — I'paduk oOyueHust HEMPOHHOU ceTu
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Ha pucynke 22 nmoka3zaHo, 4TO MPUOIU3UTEIBLHO Yepe3 JeCATh 11aroB
Ipu 3aJaHHOM TOYHOCTH (TIoporoBoro 3HaueHus kadecta) 0,001 oOyue-
HUE 3aBepuieHo. B pe3ynbTraTe OyneT mojiydeH Auana3oH CMEIICHUSI BECOB
IW =0.880 0.408 —0.055 —0.507; b=-0.045.

OOyueHHe CUMUTAIOT 3aKOHYEHHBIM, KOT/Ia CETh BEPHO BBITIOJHSET
npeoOpa3oBaHUE HA TECTOBBIX MpHUMEpaxX M MOCIEAYyIolee OOyYEeHHE He
BBI3OBET CYIIECTBEHHOTO M3MEHEHHUsI HaCTpauBaeMbIX BECOBBIX KOA(Ddu-
IIMEHTOB. B KauecTBe MpeuMyIiecTBa MPHU BHIOOPE JAHHON apXUTEKTYPHI
CETH BBICTYIHJIa BO3MOKHOCTh MPEOOPa30BaAHUS paHEE HEU3BECTHBIX JaH-
HBIX Ha OCHOBAaHMH TMpoIlecca 00yUeHUs] HETMHEHHON MOJICIIH.

Cetb ycnenHo (yHKIIMOHUPYET J0 T€X MOp, MOKa 3HAYUTEIHbHO HE
OyzeTr u3mMeHeHa peanbHast Mojelib. CeTb MOXKET ObITh I00OyYeHa ¢ yye-
TOM HOBOW MH(OpMAIMK, TPU ITOM TpeAbIayIIas WHPOpMAIUs HE MOTe-
psieTcs, a 0000ITUTCSA C BHOBB MOCTyNUBIICH. [Ipu «oBpekaeHUNY) YacTu
BECOBBIX KOX(DPUIIMEHTOB HEUPOHHBIX CETEH, €€ CBOMCTBA MOTYT MOJI-
HOCTbh BOCCTAHOBUTHCS B IIPOLIECCE TOO0YUEHHS.

OT TOro, KaKk Ka4eCTBEHHO OYJIeT OCYIIECTBIEH 3Tan 00y4YeHUS HEl-
POHHBIX CETEeH, 3aBUCUT CIIOCOOHOCTh CETH PEIIUTh MOCTaBJICHHBIE MPO-
OseMbl BO BpeMsi dKcIutyatanuu. [Ipomecc oOyuenus npumeHser Tpu QyH-
JaMEHTAJbHBIX CBOWCTBA, KOTOPBIE CBS3aHbI C OOYYEHHUEM CETH: 3arpy-
KEHHOCTh CETH, BBIYMCIIUTENIbHAS CIIOKHOCTb, CJIO0KHOCTh MapIIpyTOB.
[Tox 3arpy>K€HHOCTBIO CETH ITOHUMAKOT, CKOJIBKO MAKETOB CMOYKET IMPOUTH
0 CETH, U Kakue (PYHKIHMH, TPAaHULIBl OPUHSATHUS PEUICHUN MOTYT Ha HEH
chopmupoBaThca. CIOXKHOCTh MaplHipyTa ONpPENesseT KOJIUYECTBO Iepe-
X0JI0B, HY’KHBIX JIJIs1 JOCTUKEHUSI pA0OTOCIIOCOOHOCTH CETH.

BriBOIBI

B pabote Obl1a paccMOTpeHa HEWpPOHHAs CETh, a TAKXKE MpPaBUIIA €€
ycTporcTBa. Hapsay ¢ 3TUM MOCTpOEHUE YHUBEPCATbHBIX MOJEIIEH HEU-
poceTeld B COCTaBE MPOrpaMMHOro KomrmbioTepa. OHM OCHAIIEHbl MeEXa-
HU3MaMU MPUCIIOCOOJICHHS T/ 3aJa4y MOJb30BaTENs, YTO SIBJISETCA CO-
BPEMEHHOU 3a/1aYEH.

[IpuBenen oOpasel MOCTPOCHUsI MOJIETU HEHPOHHOU CETH HESICHOM
JIOTUKU AJ11 00paboTku AaHHBIX nporpammoit MATLAB.

Bonipocs! 1J11 caMOnpoBepPKH

1. JlaiiTe onpeaeneHne HEMPOHHOM ceTn?

2.YeM xapaKTEepHO JJIsI HEUPOHHBIX CETEH?

3.UYTO BXOJIUT B COCTaB MPOCTEHIIIEH ceTH?

4. Y10 OTHOCHUTCS K HEJJOUETAM OJTHOCIOMHON CETHU?
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5. YTo Ha3bIBAIOT MPOIIECCOM O0YUEHUSI HEUPOHHBIX CETEH?
6. YTo xapakTepHO 115 pe3yjbTaTa caMooOyueHus?
7.B xakux ciiyyasx oOy4eHHUe HEUPOHHBIX CETEl MOKHO CUMTATh 3a-

KOHYEHHbBIM?

CamocrosiTesbHasi padora 6.
HeiipoHHble ceTH IJIM1 OCYHIECTBJICHUS MPOrHO3UPOBAHUS
U pacyera 3HAYECHUH mpouecca

llooecomoska k pabome

N3yunth npuémbl pabOThl MOCTPOCHUE HEUPOHHBIX CETEl B MpO-

rpamme MATLAB no yka3zaHHOU JuTepartype.

Konmponvhvie gonpocwi
1. HazoBuTe npaBuia co31aHUs HEMPOHHBIX CETEM.
2.0numuTe mops0K MpuMeHeHus rpadudeckoro uurepdeiica mis

CO3JaHUsI HEUPOHHBIX CETEH.

3.Kak ocymiectBisieTcss 00yueHus ceTu?
4. Ha3oBuTe Ha3HAUCHHUE 3aKIaAKH Train.

5. Kak M0OHO MPOCMOTPETH PE3yIbTaThl 00yUCHHUS CETH?
6. OnumuTe mopsiA0K MPOrHO3UPOBAHMS 3HAYEHUH TTpo1iecca’?

3aoanus

o Jlns BemostHEHUS omnepanuii u3 Tabmumel 10 co3maiiTe HEMPOHHYIO

CCTh.

« PaccMmoTpuTe HEMpPOHHYIO CETh
. IIpoBeguTe NpOrHO3MPOBAHNE 3HAYEHU MTPOLECCA

Tabmuma 10
Hcxonable 1aHHBIC
No DOyHKUINU No DOyHKIINU
1 Y =cos(X) 4 y=cos(x-1)
2 Y =sin(2*x) 5 y=sin(x-2)
3 Y =cos(3*x) 6 Y =sin(x?)

[Tpumep BBITIOTHEHUS 3aIaHUS
Co3gaauM HEMPOHHYIO CETh JJIsl BEIITOJIHEHUSI Oolepaluu y = sin (X)

X=[-1-0.8-0.5-0.200.10.30.6 0.9 1],

Y =[-0.84 -0.72 —0.48 —0.19 0 0.09 0.29 0.56 0.78 0.84]
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[Tpu nomonu ¢yukmuu NNtool (prcyHok 23) OTKpOEM OCHOBHOE OKHO
uHTepderica, chopMynrpyeM MOCIeA0BaTENbHOCTD 1I€JIe U BXOJOB, MPHU-
meHsss okHo Network/Data Manager, oTkpsiBaroieecss IOCpPEeICTBOM KO-
MaHABI «New.

#\ Network/Data Manager (C=HES. = |
b input Data: B Networks »3 Cutput Data:
_@ Target Data: 4 Error Data:
~J Input Delay States: 1) Layer Delay States:
% Import... ' 2o New.... || B coe ® Soort & Delere ‘ 3 Help ' € Close

Puc. 23 — OcHoBHOE 0KHO UHTep(deiica

Breioepem 3akmanky Data B oxne Create Network or Data. B ot-
KPBIBIIIEMCSI OKHE B TTojie Name HY>KHO BBECTH UM IIEPEMEHHOM, B 00J1ac-
1 Value — BekTop 3HaUYCHMM, MpUMEHs sl KHOTKK INputs mis x, a Targets
IUIsl Yy Kak TOKa3blBaeTCad Ha pucyHke 24. BBon 3aBepHIMTCS HaxaTUEM
KHOIIKH Create (Co3nath).

- Create Network or Data -y T o= l-?&.
| Network: Data )
Name
X
Value Data Type
[10.80.5-0.200.10.30.60.91] ) !nputg
Targets

Puc. 24 — BBenenne UMEHU EPEMEHHOM
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Co3manuM HOBYIO HEMpOHHYIO ceTh, il yero B okHe Create
Network or Data Breioepem 3aknaaxy Network (Pucynok 25), nanee B mo-
asx Input data, Target data BeiOupaercst 3HaUCHUS X U Y, a OCTaJIbHBIC yC-
TAHOBKHU NPHU (POPMHUPOBAHUHM CETH CTaBATCSA IO yMoiuaHuio. Haxkatuem

kHomnku Create 3aBepiiiviM BBOJ.
" ‘Create Network or Data " SRSmied,. S 9 w=—- - ‘“—?’l":“‘w

Network | Data |

Name |

networkl

Network Properties

Network Type: Feed-forward backprop 2
Input data: % -
Target data: u———
Training function: TRAINLM = v
Adaption learaing function: (LEARNGDM +
Performance function: MSE 7 '
MNumber of layers: 2

Properties for: | Layerl v [

Number of neurcns: 10 =
Transfer Function: TANSIG +

o Sl
’ ] vView J] & Restore Defaults | ‘

{ @D Help :— ¢ Create ' Q Ciose ]
| S - J

|

Puc. 25 — Oxno Create Network or Data

3arem B okHe Network/Data Manager mossBUTCs MMsi HOBOM CETH —
networkl (Pucynoxk 26).

4. Network/Data Manager |
Ik Input Data: ¥ Networks
X networkl

@ Target Data:
¥

Puc. 26 — Oxuo Network/Data Manager
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CeTb MOXKHO OTKPBIBATH C TOMOIIBIO KHOIIKH Open, NI aKTUBU3U-

pOBaTh ¢ IOMOIIBIO MBITIKH (PrcyHok 27).
T Network: networkl o S

View | Train | Simulate | Adapt | Reinitialize Weights | View/Edit Weights|

Layer Layer

Puc. 27 — AKTUBU3HPOBAHUE CETU

Hcnonb3ys Takue 3akjIaJKyd MOKHO YCTaHABIMBATh UMEHA MOCIE0-
BaTEJIbHOCTEN LIEJIM U BXOJA, a TAKXKE 3HAYECHUS MapaMeTPOB MPOLETYPbI
oOyuenusi. Beien 3a ycTaHOBJIEHHEM BCEX NMapaMETPOB HAKATUEM KHOTIKU
Train HaunHaetcsi oOyueHue cetu. Pe3ynbTarhl 00ydeHUS] MOXKHO CMOT-

peTh B OKHE, KOTOpOE IOSIBUTCS IOCIIEe OKOH4YaHHUs omnepanuu (PucyHok
28).

[\ Neural Network Training (nntraintool) Lo o i)

Neural Netwark

Layer Layer
oo | =
8
Algorithms
Training: Levenberg-Marquardt (i
Perfformance:  Mean Squared Error (e
Data Division:  Random (dioderand
Progress
Epoch: 0 l 7 tterstions | 1000
Time: L 0:00:01
Performance: 0.163 0.120 0.00
Gradient: 100 [B | ] 100e-10
I M 0.00100 100e-06 | 1.00e+10
Validation Checks: o B B 1K

! Regression ';\

PlotInterval: 1 epochs

v Validation stop

@ siep Tasining @ Cionce

Puc. 28 — Pe3ynbrarsl 00y4ueHus

75



Pe3ynbpTaThl 00ydeHUs] MOXKHO OyJET MPOCMOTPETh B TpaduuecKOM
BUJC, JUIS Yero HeoOXoauMO akTUBHpoBaTh KHOMKYy Performance (Pucy-
HOK 29). CIUIONIHOM JMHUEH BBIACIICHBI U3MCHCHHS OLTUOKH CETH B IIPO-

1ecce o0yJdeHusl.
B Pecformance (plotperform) e s
‘ Best Validation Performance is 0.0016037 at epoch 4

T T T T T T T
~

Train
= == = Validation ||

Mean Squared Error (mse)

A ) L | A A I I

0 1 2 3 4 5 6 7 8 9 10
10 Epochs

Puc. 28 — Pe3ynbTarsl 00y4eHuUs B rpaiueckoM BUJIE

-

BakHO OTMETHUTH, YTO B JAHHOM CJIydyae€ TOYHOCTh alIPOKCUMAIIUU
3aJaHHOW ()YHKIMH TOJYy4HIach JIOBOJIBLHO BBICOKAs — MakCUMajibHas a0-
COJIIOTHAsi morpemHocTh cocraBuia 0,0366, orHocutenbHasa 3,66% B yeM
MOYHO YJIOCTOBEPUTHCS, MIPOCMATpUBasi 3HaUCHUsI omKOOK B okHe Data:
networkl_errors (Pucynoxk 29).

& Data: networkl_errors (2| |-

Value

[-0.026366 0.0012205 -0.035 0.036641 0.0023779 -0.0011133]

| @ ok || @ cancel |

Puc.29 — Okno Data: networkl_errors

76



Mosxno nmoctpouts HC B cpene Simulink u otoOGpa3uth ee cxemy
(Pucynok 30). ®ynknuto gensim (network1) BBeieM B KOMaHTHOE OKHO.

Model Browser ¥ 2o X
= B untitled
B 2| Neural Network
Rl Loyer 1

Bﬁ‘_} Ler 3 netsum tansig B}
- 1.2 Delays1 e{1]

L Lwiz )
# Process Input 1

.. 24 Process Output 1

Puc. 30 — Cxema

JlaHHas cxeMa BBICTyHaeT (PYHKIMOHAIBHON W MOYKET MPUMEHSITHCS
JUTS TIPOIIECCa MOJICTTMPOBAHMSI HEUPOHHOM CETH.
O6paTumMcs K IpuMepy MporHo3upoBanus GyHKIUH. OTMETHUM, YTO MPO-
rpamMMa MUIIETCS B KOMaHIHOM OKHE.
x=0:0.25:5;
% 3aJlaHuE Auana3oHa BPEMEHU OT HYJIS JO MSTh CEKYH/I
Y =sin(X); % npencka3biBacMblil CUTHAII

>> Q =length(y); % OnpenencHue KolMUIecTBa TOYEK BEKTOPA X

>> P=zeros(5, Q ); % Co3manue HyJIeBOM MaTpUIIbl P

>> 9 Co3/1aHHE BXOJHBIX BEKTOPOB B BHJIC CTPOK MaTpPHIIBI P
>> P (1,2:Q)=y(1,1:( Q-1));

>> P (2,3: Q) =y (1,1:( Q-2);

>> P (2,3: Q) =y (1,1:( Q-2));

>> P (3,4: Q) =y (1,1:( Q-3));

>> P (4,5: Q) =y (1,1:( Q-4));

>> P (5,6: Q) =y (1,1:( Q-5));

>> s=newlind(P, Y =); % Co3nanne HoBoit HC ¢ numenem s
>> z=sim(S, P); % PacueT mporHo3upyeMbIX 3HAUCHUN

>> 9 Co3nanue rpaKoB UCXOJHOTO CUTHAJIA U TPOTHO3a
>> plot(x,z, x,y="*"

>> ylabel(' [Ipormo3upyembiec 1 UCXOTHBINA CUTHAIIBI')

>> X label('Bpems')
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B nanHoM ciydae cerh Obula co3MaHa C TOMOIIBIO (YyHKITUU
newlind, ipu xoTOpoii He TpeOyeTCcs TOMOTHUTEIBLHOrO 00y4YeHus. Mcxo-
151 U3 rpaduka pesynbTaTa, KOTOPhIM ObLT IPUBEIECH Ha pUCyHKE 31, TOu-
HOCTh MPOTHO3a C MMPUMEHEHUEM JINHEWHOW HEMPOHHOW CETU MOXKHO CUH-
Tarb Xopomer. MICXOmHbI CUTHAll HA PUCYHKE NPEACTABJIEH CIUJIOIIHOW

JIMHUEN, a IPOTHO3UPYEMBIE 3HAYCHUSI KPECTUKOM.
B o -

Fite Edit View Insert Tools Desktop Window Help >
Ddde F ANOODLA- 32 08 =0
15

g 7 i
] - .
= S N
o # N\
i / %

L / \ 4
2%/ %
=
2 |4/
g‘ o %

r... -4
= \5&
. \
5 N\
g 05 " |
s X

-+\‘\
= 1 1 I 1 1 I i 1 ~i'ﬂT"1‘
9 0.5 1 15 2 25 3 35 4 45 5
Bpema

Puc. 31 — I'paduk pe3ynbpTaTta
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