MHHUCTEPCTBO HAVKHU U BBICILIETO OBPA3OBAHHA PO
®Tr'BOY BO «AJITANCKHUI TOCYIAPCTBEHHBIN YHUBEPCHUTET»

H.M. OCKOPBHH., I 1. AJI'A3UH, C.U. CYXAHOB

METOALI 1 MOJAEJIM HHTEPBAJIBHOI'O
AHAJIN3A SKCIIEPUMEHTAJIBHBIX JAHHBIX

Yuebnoe nocobue

bapHayn

N3patenscreo

AnTafickoro rocyjapcreeHHoro
yHUuBepcuTeTa

2023




YK 519.8(075.8)
BBK 22.181473
0-744
Penenseniny
O.H. Hamkosckude, JOKTOP TeXRCKUK Hayk, iipodeceap, npogdeccop

Kadeapbl HHPOPMIHOIHIIX CHCTEM 1t IROBOMIKE ATRICKOIO EHENNIHNCCKOTO
yuunepewrern um. H L Homynona
4O, Koros, kaninaar irntko-MareMariiec ks inyk, JoRen, uney1omi

kadepoit nupopMariicn ANTRICKOIO TOCYJIPCTIEHHOLO YHItHCPCITETa

0-744  OckopGun, Hukonaii Muxaisiosuw,
MeToabl H MOENIH HHTEPBAJILHOIO AHAIN3A IKCHEPUMCHTAILHbIX JIAH-
HbIX : yuebHoe nocobue / H.M. Ockop6un, I".W. Anrasun, C.H. CyxaHos. —

baphayn : U3a-Bo Anr. yu-Ta, 2023. - 95 c.

ISBN 978-5-7904-2755-8.

VyebGHOE Mmocobue NpeAHa3HA4Y€HO AJIA CTYACHTOB BY30B, 06}"-[aiOll.ll/IXCﬂ no

CNICIIMATTIbHOCTAM «Hpmmanﬂaﬂ HH(bOpMaTPIKa)), «MateMaTHiKa U HH(')OpMaTHKa».

VK 519.8(075.8)
BbK 22.181a73

ISBN 978-5-7904-2755-8 © Ockopbun H.M., Anrasun "W,
CyxaHnos C.H., 2023

© Odopmnenne. Hanarenncrno Asrraiickoro
rocyAapcTBEHHONO yuunepentera, 2023



CONEPXAHUE

BBEJEHUE ........ocooieiieeeeeei ettt ete e et e oms st s s st sa s 4
PA3JIEJI 1. OCHOBBI CTATUCTUYECKUX METOAOB aHAIN3A JAHHBIX ......covvvvvvurrneriinenne 5
TEMA 1.1. TeopeTudeckue ¥ SMIHPUYECKUE MOAEIH MIPOLIECCOB........ue.vene 6

TEMA 1.2. MHK. Hcropuueckas cnpaeka. [locTtaHoBka 3afauyd. MeTonel
YHUCIIEHHOTO AHATIMBRA «..vovveverenireestiaesieesesessasssanssessassesasssanssss sasssssestonessnnsssssssnsensnnsanns 8

TEMA 1.3. PerpeccuonrHbiit aHanus. Ceoiictea oueHok MHK.................... 12

TEMA 1.4. Omubku wu3MepeHUs BXOIHBIX MEPeMEHHbIX: KOH(IIIO3HTHBINA

TEMA 1.5. Kpurtepun paboTocnocoOHOCTH U aIEKBATHOCTH MOAEIIEH ...... 15
TEMA 1.6. Mogenu akcnepumenToB. [IpaBunbHble (MacaibHbie) U peasibHbIe

CXEMBI HABITIOMEHH ....coeeeeceeieicereie ettt e e cet e sbe st st sss s sn s st en e eras 16
Bubnuorpaduueckmit CIUCOK K PA3ACTY 1 covvveiiiiiiiciiiiincriesensae e 19
PA3JIEJI 2. Knaccudeckuii BApUaHT MHTEPBATBLHOIO aHANU3a JAHHBIX ......c.ccv.e.. 21

TEMA 2.1. OcHOBbI HHTEpBAIbHOIO aHanu3a AaHHbIX. MH(opMaumoHHoe
MHOMKECTBO. ....ceerenreaeereesearentisesientisesassasssstesssntssessssssstsassessentssrensesssasnnsessansesesessessoas 21

TEMA 2.2. UVHtepBanbHbIE  OUEHKM  MOAEIMPYEMOro  mpoliecca
(TEOPETHUECKUE MOJEIIH IPOLECCOB).......oreemcmeeiresesisistriesieseesssssesasssasesnssesnsnesesnas 24

TEMA 2.3. HHTepBanbHbli aHaJW3 JaHHBIX B 3alaqyax SMIMPUYECKOro

MOIe/TMPOBaHUsA MPOLECCOB. MeTOA HEHTPa HEONPEACTEHHOCTH ... 27
Bubnuorpaduueckuii CIMCOK K PABHEITY 2 ..ocvevververernererreeteeieseessssesaiesceessasssassessanas 30
PA3JIEJI 3. UncneHHble METOIbI HHTEPBANLHOIO aHAIN3a JAHHBIX. ....oovvrvevrnane 31

TEMA 3.1. UHTepBayibHbIle CHCTEMBI JIMHEHHBIX alreGpauyeckux ypaBHEHMI
(MICTTAY) ettt ettt e st st e et s s s s eme b sanne 31
TEMA 3.2. Hcnonb3oBaHHe TUHEHHOrO NPOrpaMMHpOBaHMs IS BHEIIHEH

annpokcumaunu MHokecTB petieHuid UCIIAY ..., 32
TEMA 3.3. PelileHue HHTEpBaIbLHOM JUHEHHOM 3a1a4H O JOIYCKAX .......... 34
TEMA 3.4. Ynpasnsemoe MHOXKecTBO pemieHHI UCJIAY ..., 35

Bubnuorpaduueckuii CIMCOK K PABAEITY 3 ...oveovieeicieiiiinniiereniie st enseneeeens 37

PA3JEJI 4. WccnenoBaHue Moleneil M METOIOB MNPHMKIAAHOIO HHTEPBANLHOIO

aHain3a Ha MPUMePax JTMHEHHBIX TIPOLIECCOB .......cooiviveiirrirerisreresrerereriseesessesssansens 38
TEMA 4.1. 3agaun ¥ HHCTpyMeHTHI McciefoBanua pemeHmii UCJIAY ¢

MCII0/Ib30BAHMEM BHIUHCITUTENBHBIX DKCTIEPUMEHTOB......c.vivvviriarireereeerisrsraseseennns 38

TEMA 4.2. IMuTauMOHHOE MOJENHPOBAHNE OLIEHKH MPHOBLTH Kopriopauun40



TEMA 4.3. VITOroBbIe PE3YABLTATBI CPABHEHIN (ISHOR HPHOLIINE RpIopatig
METOJAMH MHTEPBATLHOTO AHAIN3A JAHHBIX .......cc.ov.n. e Al
TEMA 4.4. Cornacoanue 6a3sl JAHHBIX ¥ YCITOBUE IONYURGROLO MIOACC T
pemIeHHH MCTTAY ...ooiiiiiiiiiieeccnncnrcereeevnesnsnsisinn 4O
TEMA 4.5. Onucanne METOXOB ¥ METOIMK TUIAHUPYEMOT'O HELHAOMNIIIN A8
TEMA 4.6. UIMUTaltMOHHOE MOJETUPOBAHHE MPOLIECCOB COIMCOUBNINN (uvinl

IKCIIEPHMEHTANBHBIX BAHHBIX ...covieiiirinicienaemenenireseensseresescsnsssanssasessesnsnes s 50

BubmorpapuecKuii CIIUCOK K PABIEILY 4. .coveueriiieiiirieeiie e rnreeses e crnrass st s 54

PA3JIEJT 5. IlpuknaaHoil HHTEpBaTbHbIA aHAN3 GONBIINX JAAHHBIX ....c..cccvennannan. 57
a

TEMA 5.1. O6ocHoBaHMe MoJieiel 1 METOZOB aHaIN3a GOJIbIIMX AAHHBIX5T
TEMA 5.2. BeraucnutesibHble TEXHOJIOTUM MHTEPBAJILHOIO aHaIu3a GONBILUX
JTAHHBIX ..veeurienriiienierientecnsesareestoses st cssseestestestsestessaeassesunesaeesssesseensensesssesnessesanesnsenes 59
TEMA 5.3. KoMmnbploTepHOE MORENHMPOBAHHE BBIMHCIMTENBHBIX TEXHOJIOTHIA
AHATH3A GOJTBIIMX JAHHBIX ....evirmerteueeieacenteaseaseencaseannasassessessessassessensessessessessesases 61
TEMA 5.4. O6CcyxeHe UTOTOBBIX Pe3ylhTAaTOR W BO3MOXHOCTEH aHaM3a

GOJIBIIMX JAHHDIX .....ovuviurreniacrereneneenenionenesescesesenesnesssesessessssessseessesssssessaesenesencrsens 64
BubmorpauuecKuil CIIUCOK K PABTEITY 5. .cucovvrcnierircreeecamreeesenseeesccrae e enevees 65
TMTPHUJTOKEHMS ..ottt sttt 67
IMpunoxenne 1 Ilpumep KOMNBIOTEPHOH MoOAENM aHanW3a [daHHBIX C
uCnoNb30BaHUEM MCTIAY ..ot 67
IMpunoxenue 2. IlpuknagHoil HHTEPBAILHBLA aHATN3 B WUTIOCTPALMAX..... 72



BBEJAEHUE

Marepuan JaHHOTO y4eGHOIro NocoOMs MOCBAUIEH TPaXMLMOHHBIM H HOBBIM
MCTOMAM M MaTeMaTHYEeCKHM MOJENAM, UCTIONB3YEeMbIM JUTA MAeHTH(hHKALMK Tapa~
MUTPOB IPHMHHHO-CIIEACTBEHHBIX CBA3el. B cOBpeMeHHOI aMTepaType 3TO Hanpas-
ICIHC MOJYYMIIO Ha3BaHUE aHaIM3a JAHHBIX W BKIIOYAeT KaK 3alaud MaTeMaTuie-
CKOW CTaTHCTHKH, TaK U 33j1ayM, pelraeMble METOJAMH MalHHHOTO 00yYeHH .

MaremaTydyecKkie MOAEIM U METOIbl MPHMIJIAIHOrO MHTEPBAJLHOrO aHalu3a
IpaHNYaT ¢ MaTeMaTH4eckoll CTaTHUCTUKON No XxapakTepy (opmHpoBaHus 6a3 HaH-
1bix M 6a3 3HaHuil. IHTepBanbHBIN aHAINW3 JAaHHBIX UMEET CPEACTBAa NPOBEPKU CO-
[1IACOBAHHOCTH MCXOIHBIX JaHHBIX, BBIABIECHUSA M YCTPAHEHHUs [IPOTUBOPEYMIl B HUX,
4TO MO3BOJISET MOJy4aTh rapaHTHPOBAHHbIE OLEHKH HCKOMBIX MapaMeTpoB.

C Ipyroit CTOpPOHBI MHTEPBAIbHBIA aHAJNM3 JAHHBIX TOJOOHO MeTojaM Ma-
(IMHHOTO O0YYeHHUs CYIIECTBEHHO UCTIONB3YET SMIMPHUYECKHI MMOJX0A K 3HAHMAM Ha
0CHOBE HaOJIOEeHUH, T.€. HCOJIb3YEeT MPUHIMI «TaK ObLIO — TakK OyaeT».

OTH BO3MOXHOCTH TIPHKJIaIHOTO UHTEPBATLHOTO aHAIU3A JAHHBIX JAIOT OCHO-
BaHHE HalleeTCss Ha ero BOCTPeGOBAHHOCTh B OydylleM, Kak TpH aHaIM3e XOpOIIO
CTPYKTYPUPOBAHHBIX 3KCHIEPUMEHTAIbHBIX JaHHBIX, TaK M JUIA pelleHHs 3aja4 B CH-
CTeMaX MCKyCCTBEHHOTO MHTEJIEKTa.

TNoco6Gure cocTOUT U3 MATH pa3fiesioB. B mepBoM paccMOTPEHbI METOIbI M 3a/a-
4Y PerpecCUOHHOIO aHajiu3a JaHHbIX. B paszgene 2 3T 3anauM A AMHEHHBIX Opo-
LIECCOB PacCMOTPEHBI METOJAMH HHTEPBAILHOIO aHAIN3a JaHHbIX.

B pazzgenax 3 — 5 aHanu3 JaHHBIX TIPOBOJHUTCS C MCMOJIB30BAHHEM TEOPHH HH-
TepBAIBHBIX CHUCTEM JIMHelHbIX anreOpanueckux ypasHeHuit (MCJIAY). Usnoxenue
Jalad ¥ METOOB MHTEPBAILHOTO aHAJIM3a JaHHBIX B 3THX pa3jeyiax Beaétcs B 06o-
SHaYEHHUAX, KOTOPhIE TPASUIIMOHHO UCIOJb3YIOTCS B JIMHEHO# anrebpe.

ABTOpBI HaJEIOTCs, YTO W3JIOKEHHBI MaTepua OyaeT BocTpeOoBaH MarucTpaH-
TaMH W aclUpaHTaMM, U3YYArOLIMMH AUCLHIUIMHEL, CBSI3aHHBIE C Teopuel ynpasie-

HUs, ¢ METOJAMH aHaJIN3a CTPYKTYPUPOBAHHBIX IKCIIEPUMEHTATbHBIX JaHHBIX.



PA3JIEJI 1. OcHOBbI CTATHCTHYECKHX METOAOB AHAIH3A JAHHBIX

TEMA 1.1. Teopemuueckue u IMRUPUYLECKUE MOOETU RPOYUECCOE

1.1.1. Mooenuposanue npoyeccos ¢ ucnonv3oéanuem 6azel HabnoOeHUl u Ha-
36l 3HAHUL

CTpyKTypHO MOJENH HPOLECCOB MPEACTABIAIOT B BUJE KUEPHOTO ALMKay (pH-
cyHok 1.1). 3amaya MaTeMaTHueCKOro MOAETHPOBAHMA MPOLECCOB MPH YCJIOBUM H0-
CTaTOYHO TOYHHIX HAGMIOACHHIA 33 BXOAHBIMU TIEPEMEHHEIMU U BBIXOJHOM MepemMeH-
Holi GopMynupyercs cienyroumum oSpazom:

Oyenumo Qynkywio 'y = F(x,a) u unmepsan ey, &y] ona savenuii €,. (1.1)

Torna Ha MpakTHKE MOXXHO HAWTH OLEHKM 3HAUCHUS BBIXOJAHOH NMepeMeHHOM

TIPY U3BECTHBIX 3HAUCHIIX BEKTOPA X: Yo + €y S ¥ < Yy + &p.

Yo = F(x.a)

Puc. 1.1. Mogens nponiecca B Buae «4epHOro siukay. O603HAYEHHA: Xy, ..., Xy, — HCTHHHBIC
3HAYEHHA BEKTOPA BXOJHbIX MEPEMEHHbIX; Vg, ¥ — 3HAYECHUS NETEPMUHHPOBAHHOM U ClyyaiHON
COCTaBNAOUIMX BBIXOAHOH NepeMEHHON MOIEMPYEMOTO TIpoliecca; £, — HeHabNoAaeMble BHYT-

PEHHHE a[IMTHBHBIE KLIYMBI»; (I — BEKTOP MTapaMETPOB.

3aganue 1.1. M3y4nTh 3a1a4¥ MOJETUPOBAHUS TIPOLIECCOB U UX OTIMYHE OT
Mozeleif 060CHOBaHHA ONTUMANBHBIX pelueHu# o padote [1, ctp. 8 — 12].

1.1.2. Teopemuueckue u smnupuveckue MoOeIu nPoyeccos

Maremarndeckas Monens (1.1) HaseiBaeTcs sMnupuueckoii (AMIT), ecnu oc-
HOBHasi HHPOPMALMA 11 €€ NOCTPOSHHS — pe3yJibTaThl HabMOAEHHI MOaEnHpyeMO-
ro nmpouecca WM HabMOAeHUH 3a NpoueccaMy — aHaloraM1 MOAEMPYEMOro, 1 Teo-
petnueckoif (TMII), ecny CyleCTBEHHO MCNOJB3YIOTCA 3HAHUA COOTBETCTBYIOMIEH
TEOPHH.

Hipxe MBI paccMaTpUBaeM METO/Ibl NOCTPOCHHUA SMNMUPHYECKHX 38BUCUMOCTE

(aMIMpPUYECKHUX MOAEIIEH POLECCOB) B PA3IMYHBIX UCXOAHBIX TIPEAITONIOKEHHUIX.



N o o
ITycts {x}-, y]-}},=1 — N HaOmroeHUi NPOSABIEHUA HCCIEAYEMOM 3aBUCHMO-

CTH Ha OJIHOM 00bekTe B pa3Hble MOMEHTHI BpeMEHHU WM Ha knacce N 06beKTOB, BbI-
CTYNAIOLMX ISl HCCIeLyeMoro 06bekTa O B KauecTBe 00bEKTOB-aHAIIOTOB.

B cyuiecTByoleM MOAXoAe, HapUMeEp, B PErPECCHOHHOM aHAIU3€E, BbIBUIA-
IOTCA HEKOTOpBIE TMpPEATIONOXEHHUSI OTHOCHTENIBbHO «HUCTHHHOM»  3aBHCUMOCTH
y = F(x), ycnoBuii HaGJIIOAEHNS 32 COBOKYIHOCTbIO N OOBEKTOB, XapaKTepa HEKOH-
Tponupyembix (akxtopos. [Jlanee, UCHONb3Ys BLIOpaHHBIA KPUTEPUH KadecTBa MpH-
OJIMKEHUA, OTHICKMBAETCS BapMaHT MOJENH, Haubosnee GiM3kuii K HaboJaeMbIM

JaHHBIM. DTy CXeMy aHaju3a JaHHbIX WULOCTPUPYET PHUCYHOK 2.

Haﬁﬂl{) CHHS OMIpHYeCKas MOIEIb
OOBeKTHI- A O6paboTka P A
> |y | OOBEKTOB-2HAIOTOB
aHaNoru JaHHBIX v = F{x,),
(Ba3a JaHHBIX) y x5 i
yy peB(x)xelX

TeopeTuueckue 3Hauus

O

Puc. 1.2. TpamuuuoHHas cXeMa aHa/iu3a JaHHBIX [IPU MOCTPOSHHH MO/JIENEl peanbHBIX MPOLECCOB

(baza 3HaHuii)

3aganue 1.2. U3y4uTh METOABI MOJETHUPOBaHUSA NpoLeccoB {2, cTp. 13 —17].

Bonpocei no Teme 1.1:

1. Hosicuute ytBepkaeHue: «Ilog SMNUpHUECKHM MOAENMPOBAHHMEM CIAGOCTPYKTYpHUPO-
BaHHBIX PEAIbHBIX MPOLIECCOB Mbl MOHHMAEM MOTYYCHHE MATEMATHYECKUX MOJENCH H OLECHOK HX
JIOCTOBEPHOCTH MPH HU3KOM YPOBHE TEOPETHYECKUX 3HaHu» 2, cTp. 13].

2. TIoACHUTH OT/IMYMS TEOPUM M IMITMPUKH M OCHOBHOH MPHHLMII SMIIUPUYECKOTO METOa
no3Hanus — «Tak GbuTo — Tak GyAeT», KOTOpBIit ONpeesseT ypOBEHb 10BEPHA.

3. THosicauts TepMun: «O6beKThI-ananorn». AHanory yero? Iouemy HabmoaeHus 3a Mosie-
nupyeMbiM 06bekToM O B MPOLIOM TPH CTPOTOM HO/IXO/E Mbl JOJDKHBI Ha3bIBATh HAOIOACHUAMU
obbekra-aHatora? Ilpu noctpoeHun GopMysnsl PHIHOYHON CTOMMOCTH FOPOJCKMX KBapTWUD Bblde-
JIAIOT KJIacc KBAPTUP € W3BECTHOW DHIHOYHOI CTOMMOCTBIO. YKaXMTE KpuTepuu orGopa 3TOro
KJ1acca, KOTOpbIE BBICTYIIAT B Ka4eCTBE apryMeHTOB MckoMoii dopmynbl. Mcnons3yiite paboty [2,
crp. 15].

4. Cpasuute pucynku 1 u 2 B kuure [2, ctp. 14, 15]. IloacHuTte ccpuiky 2 Ha ctp. 15 [2].
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5. [Toscunre yrBepxaeuue [2, crp. 15]): «...Mbl «3a0bUIH» nPU MOAETHPOBAHHH 06 OCHOB-
HOM 0ObekTe O, IS KOTOPOrO KOHCTPYMPOBAIH MOJENb, U O'PaHUYHIMCH JIMIIb OObexTamu-
aHATOraMK».

6. [Moscuure yrBepxIeHHe [2, crp. 15]: «...HCIIONB3ys HA MPAKTHKE MOIYYEHHYIO 110 CXEME
(pucynka 1.2) SMIMpHYECKYI0 MOJENb, MBI CTANKMBAEMCS C MPOTHBOPEYMBHIMH TPeGOBAHHAMH
TOYHOCTH ONHMCaHUs OOBEKTa M NMPOCTOTHI MCIOJB30BAHNA MOaen. J{Is TEOPHH MOETUPOBAHHA
HeOOXO0AMMO TOYHOE W HENPOTHBOPEYMBOE ¢ MCXOIHBIMM (a3aMu JaHHBIX M 3HAHHI OTpaXKEHHE
obbexra B Momenu. g MPakTHKK Yallle BCero J0CTATOYHO HPOCTOM, JICTKO HHTEPIPETUPYEMOH
«KOTNUK» 00beKTa, TpeGOBAaHMS K KOTOPOI AMKTYIOTCS NMOTpeGUTEIEMY.

7. Chasuure pucyrok 1.1 u pucynok 1.2. Ilouemy i o6bexra O HEOGXOAMMO BLITOTHE-
Hue yenosus: a € B(x), xeX ?

TEMA 1.2. MHK. Hcmopuveckan cnpaeka. ITocmanoska 3adaviu. Memoow vuc-
JICHHO20 aHaau3za

1.2.1. MHK. Hcmopuueckas chpaska

Meroa HaumeHblNX kBagpatoB (MHK) — maremarideckuii MeToa, mpumeHs-
eMbI ISt PEUICHUA PA3IMYHBIX 3a4a4, OCHOBAHHBINH Ha MUHHUMH3AIMH CYMMBI KBaa-
paToB OTKIOHEHWH HEKOTOPHIX (YHKIMI OT HCKOMBIX NMepeMeHHBIX. OH MOXET HC-
IIOJIL30BATHCA A1 «PCLICHUM) NMEPEONPEAECTIEHHBIX CUCTEM ypaBHeHI/Iﬁ (I(OFlIa KOJIN-
YCCTBO ypaBHCHI/Iﬁ MNPEBBIIIACT KOJTHUECTBO HeI/I3BCCTHbIX), AJiA TIOUCKa PEUICHUA B
cityyae OOBIYHBIX (HE MepeornpeaeieHHBIX ) HEMTMHEMHBIX CUCTEM YpaBHEHHMH, TS arl-
NPOKCHMALMK TOUEYHBIX 3HaueHuit HekoTopo# ¢ynkuun. MHK sBnsercsa ogHuM u3
6a30BBIX METOJOB PETPECCHOHHOrO aHAIM3a A OLECHKH HEM3BECTHBIX MapaMeTPOB
PErPECCHOHHBIX MOAENEH 10 BHIOOPOYHBIM JAaHHBIM.

3aaaHne 1.3. I/I3y‘-II/ITB METOA HAUMECHBIIIMX KBaAPaTOB:

1. Hcropus MHK or T"aycca no Mapkosa (https://ru.wikipedia.org/wiki/Merox_ Haumenb-
LIMX_KBaJApaToB).

2. IlepeonpepeneHHas CUCTEMA JIMHEHHBIX YPAaBHEHHIl M OLEHKa €¢ PCuIeHHs METOAOM
HauMeHbIHX kBaaparoB (https://ru.wikipedia.org/wiki/Ilepeonpeaenénnas_cucrema).

3. Maremarudeckas TIOCTAHOBKa 3a/[auyl PELICHUA Mepeonpeaesieiiiol CHCTeMbI ypaBHeHHiH
METOZI0M HaUMEHBIIMX KBAJAPaTOB.

4. IlpuBecty npumep nepeonpeeseHHON CHCTeMbl JMHEHILIX yPaBHCHUN — CHCTEMBI Jin=

HEHHBIX ypaBHeHnﬁ, B KOTOpOﬁ YHUCJI0O HCHU3BCCTHBIX MCHbLIIEC YHC)In ypauucuuﬁ.


https://ru.wikipedia.org/wiki/MeTOH_
https://ru.wikipedia.%d0%be%d0%b3%d1%80///1%d0%ba1/%d0%9f%d0%b5%d1%80%d0%b5%d0%be%d0%bf%d1%80%d0%b5%d0%b4%d0%b5%d0%bb%3c;%d0%bd%d0%bd%d0%b0%d1%8f_%d1%81%d0%b8%d1%81%d1%82%d0%b5%d0%bc%d0%b0

1.2.2. MHK. [Tocmanoska 3ada4u

MeToa HaMMEHBIINX KBaIPaTOB C MOJHBIM IPABOM MO)XHO OTHECTH K KJIACCH-
UCCKMM METOAaM 3MITMPUYECKOro MOJenupoBaHus npoueccoB. Haumnuas ¢ T'aycca
YIOT [IPOCTOM ¥ BO MHOTOM U3SALUHBIA croco® MOMCKA JMHUM HAWTYYIIEro CIiaXU-
BAHMS 3aBUCUMOCTe TIPUBJIEKAT BHHIMaHUE YU€HbIX U CIIEIHATMCTOB-NPAKTUKOB KaK
CPCACTBO HArJISAIHOrO OTpaXeHHs HaONIogaeMbIX cBA3el Mexny Ipynmamu nepe-
MCHIIBIX, BBIABJICHHA U NPEACTABICHUA UX 3aKOHOMEPHOCTEH.

CymectBennoe pazsutue MHK momyuun B XX B. ¢ paspaborkoii npouenyp
OlIeHUBaHMs HapaMeTPOB B paMKaX MaTeMaTUYeCKOW CTATUCTUKH. Bpno mokasao,
uTO 118 HOPMAJILHO pacrpelesieHHbIX COBOKYMHOCTeH CTydaiiHbIX BeXuuuH (Y, X)
1IPY HE3aBUCUMOM BBIOOPKE OLEHKH MapameTpoB ¢yHKuuH perpeccuu M[y/x] meto-
JIOM MakcuMaibHoro npasgonono6us ceomitca K MHK u ABIsIOTCA HecMEINECHHBI-
MU, COCTOATENBHBIMH Y 3QPEKTUBHBIMU.

3amava MOXENMPOBAHHA B CONEPXKATENBHOH IOCTAHOBKE 3aK/IOYaeTcs B MO-
CTPOEHUH MO IKCIIEPHMEHTAIBHBIM JaHHBIM (YHKIMOHAJIBHOM 3aBUCUMOCTH

y = F(x, z), (1.2)
rie ¥ — BEKTOP BLIXOIHbBIX MEPEMEHHBIX; X = (X, ..., X,) — BEKTOP BXOJHBIX KOH-
TPOJUPYEMBIX HEPEMEHHBIX; Z — BEKTOP HEKOHTPOJIUPYEMBIX NepeMeHHbIX. OTMe-
THM, YTO 0003HaYeHUs NMepeMeHHbIX B (1.2) ABnsAroTCA OOLIENPHHATHIMU B 3ajadax
CTaTUCTHYECKOrO OMICAHUS MPOLECCOB.

Bekrop z B (1.2) paccmarpuBaeTcs 00bIMHO KaK ClydaiHblil BEKTOP, [MOITOMY
BBIXOJ Y TaKxke fABJIAETCA CIyyailHbIM. Eci MexXny KOMIOHEHTaMM BEKTopa Yy OT-
CYTCTBYET CTOXACTHYECKas 3aBUCUMOCTB, TO NocTpoeHue monenu (1.2) MoxkHo npo-
BOJMTD MO KaXI0M KOMIOHEHTE pa3fesibHO. B manbHeleM paccMaTpuBaeTcs 3ajia-
Ya MOJeNMpOBaHUA WA Kiacca 00BEKTOB, NOMYCKAIOMMX B 3agaHHOM obnactu X
MPOCTPAHCTBA BXOOHBIX MEPEMEHHBIX OMUCAHHE MOOEBIO CIIeAYIOMEro BUAA:

Y = Yo +&(2); ¥0 = F(x, B), xeX. (1.3)
rae € — ciiyyaiiHas BEJU4YMHA, SBJAIOLIANACA CJIYyYaHHOHW COCTaBIAIOIICH BBIXOAHOMN
CKaJISIpHOM MEepeMEHHOU V; Y, — IeTepMUHUPOBaHHAs COCTABILAIOIAs [IEPEMEHHOH V;

B = (B4, ..., Bm) ~ BEKTOp HEM3BECTHBIX MTAPAMETPOB.
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3agaya noctpoeHus mogeny (1.3) craBurcs B cnenyrouieM suge. Ilo peynbra-
TaMm HaGJIONIEHUs 32 BXOJHBIMH M BBIXOJIHOM TIEPEMEHHBIMU HAHTH OLEHKH f3, OleH-
KH BEPOSTHOCTHBIX XapaKTEPUCTUK NEPEMEHHON £ U NIPOBECTH CTATHCTUYECKHI aHa-
JU3 TOAYYEHHBIX OLEHOK. IIpu atoM cTpykTtypa Mozenu (1.3), obnacts X, cnyuaii-
HOCTb BEJIMYMHBI € ABJAIOTCS aNPUOPHON MHpOPMaLMeii. BenuunHsl y;, X; U3MepeH-
HEIE B j-M OIIbITE, CBSA3aHb! BEIpasKEHUEM
y;=F(xj,a)+¢; j=1,..,N. (1.4)
Ipganonaraetcss, 4To BBIOOpKA CilydyalHOH TNEpeMEHHON & ynOBIETBOpSET
CJIEAYIOMMM YCROBUAM:

27— .
Mo el Z{({i'jiv;v' Mgl =0,jv=1,...N. (1.5)

Onenka [ BekTopa napameTpoB a B (1.4) HaxoQHUTCA METONOM HaNMEHbBLIMX

KBaJpaToB PELICHUEM 3KCTpeMaJII>H017[ 3ajJavyu

2
§? = mingegm ——3; (y; ~ F(x;,8)) , N >m, (1.6)
I7le MUHAMIBHOE 3HA4YeHHe UeNeBoil Gpyukumu S2 — HecMellleHHas OLeHKa AuCHep-
cuu o2,
B 6onbIHHCTBE paboT, NOCBAWEHHBIX JaHHOM 3aaye MOIeTHPOBaHUS, HYHK-
wus F (xj, B ) NIPUHAMAETCS IMHEHHOM OTHOCHTENBHO Ko3bh{uuyeHTOB -
Yo =S Bi f; (x). (1.7)
Toraa HeoOXxoaMMBIE (M 1OCTATOYHBIE) YCIOBUS ONTUMANBHOCTH 3afauH (1.6)
3aMMCHIBAIOTCA CUCTEMO JIMHEHHBIX ypaBHEeHMH, a 3aJaua MOJAENUPOBAaHUSA CTaHO-
BUTCS Haubosiee POCTOM.
1.2.3. MemoOw! uucnennozo ananuza u KOMRbIOMEPHO20 MOOETUPOBAHUA
B nauieMm cnyyae pemieHue 3aa4 MOAENHPOBAHUS NPOLECCOB U UCCNEI0BAHUE
cBoiicTe ouenok MHK 6ynem nposoauts B cpene Excel ¢ ucnonssoBaHueM HHCTpY-
MeHTa «ITonck pemeHns».
Hns uccnenosanus oneHok MHK HeoOxonumo wcnons3oBate MeTOIRI TeHe-
PHpOBaHUA COBOKYITHOCTH Tabnuiy HabmoaeHuil ¢ 3agaHHbiMu cBoiicTBamHu. J{ns sTo-

o B HCCIEAOBATEIBCKUX KOMIIBIOTCPHBIX MporpaMMax noctarouHo UMETh Ha6op1>1
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PABHOMEPHO U HOPMAJILHO paclpeIeeHHBIX HceBIoCyYaiiHbIX yncen. Huxke kpaTko
OLHIIEM METOIBI HX TOTyYEHH.
Ciy4aiiHoe 4KiC/I0 paBHOMEPHO pacrpe/ieNieHo Ha MHTepBaje [a, b], ecau ero

1I0THOCTb BEPOATHOCTH Ha 3TOM MHTEpBANe SBJIAETCS MOCTOSHHON BeTMYMHOM, paB-
.1
HOH —.
b-a
PasHOMepHO pacrpezaeiieHHble Ha [a, b} uHCIa U MMEIOT Clemylonlue Xapak-

_ -ay?

b+a
TCPUCTUKU: MAaTEMATHYECKOE OXUAaHue — M, = =, M MCnepeuio — Dy, v

leHepauys paBHOMEPHO paclpeleeHHbIX uYucesl Ha MHTepBane [0, 1] B
MS Excel ocyuiecTtsisercs ¢ noMouipio scrpoeHHoit pyHkuun CJIUHC().

Ecnu HeoOXOMMMO CreHepHpOBaTh YMCIIO U Ha HEKOTOpOoM uHTepBane [a, b],
MCMONB3YIOT ClleAyloliee npeodpasopanue: U = b + (b — a) - CJTYUC().

[eHepHpoBaHHEe HOPMATBHO PacIIpeAEIEHHBIX CITy4aifHbIX YHCEl C 3aJaHHBIMU
MaTeMaTHYECKHM OXXHIAHNEM M AHCIIEpCHell MOXXHO MpoBOAUTh B cpene Excel ¢ uc-
nons3osanueM ¢yHxkumu CJIIYHMC(). TeopeTuueckoe OCHOBaHHE METOAA — LIEHTPasb-
Has npeJiefIbHas TeopeMa.

IMycts HeoOxomuMo momy4uTb N Takux udcen hy, j = 1,..,N c 3ajaHHbIMU
aucniepcueil Dy, 1 MaTeMaTHYECKUM OxuaaHueM My . JIid reHepaluu Kaxaoro yucia

UCIIONIb3yeM K paBHOMEPHO pacmlpeneneHHsIX Ha MHTepBane [0, 1] uucen py;,l =

1, ..., k. TIpeo6pa3oBaHue NpOBOAMM ClleyIomUMU GopMynamu: H; = P i H=
_k By g
k-0.5; Dy = o Torna h; = Jon (Hj —H+ Mh).

Bosee ToyHble cnocoGbl reHEPUPOBAHUS HOPMAIBHO PaCIIpelesiCHHbIX ICeB-
JOCIIyYaiiHbIX YHCEN MOXHO BBITIOJIHUTD C UCTIONIb30BAHHEM, HAIIPUMED, peKOMeH 1a-
UM, TIpMBEIEHHBIX B MHTEPHET MO  cchuiKe https://nesteruk.wordpress.com/2013/
04/16/random-number-generation/.

3aganme 1.4, (uHaMBuayanbHoe 3amanue). Jng o6bexTa Ha pucynke 1.1. cre-
HEpHpOBaTh BLIGOPKY JIMHEWHOro o0bexTa ¢ ABYMs BXojamu X, € [—10,10]; x, €
{—10,10); ag =1; a; = 1; a, = 2. TlpuHaTh AN HOPMAaNbHO paclpeclIEHHOro

cnyqal‘/‘mor 0 BHYTPCHHEro ILymMa CJIENYIOIIHUE XapaKTECPUCTHUKHA: MATEMAaTH4ECKOE
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https://nesteruk.wordpress.com/2013/

oxunanue: M, = 0; o, = JD_E = 1'5/1 9¢- Pasmep BeIGOPKH TpuHATH paBHOH 100

(N = 100). BxoaHble NepeMeHHbIE B 3aIaHHbIX IPAHULAX CTEHEPHUPOBATD C MCIION b~
soBanueM oneparopa CJTYUC(). ITonyunts MHK ouenkn nmapaMeTpoB mpoLecca.
[pu 3amure pe3ysbTaTOB CPaBHUTH IOMYYEHHBIE OLICHKHM C PacueTHbIMH JaHHBIMH
Jpyrux wMaructpaHtoB. IIpuMmep cnaiiioB XOMNBIOTEPHOW MOIENH TeHEPALVH
HaOMoeHNi U aHaIN3a JaHHBIX MIPHBEIEH B NPHIOKEHUH 1.

Bonpocer o Teme 1.2: C ucrons3oBaHHEM H3JI0KEHHOTO yueOHOro Marepua-
na B TemM® 1.2 HacTosmero yueGHoro nocoGus u pasnena 2.1. paborst [2, ctp. 73 —
78] NOArOTOBUTH OTBETHI Ha CIIEAYIOIME BONPOCHL:

1. Copmymupyiite oTHowenns oueHok MHK u oueHOK MeToa MakCHMAJIBHOI'O 1IpaBsio-
noxo6us [2, ctp. 73].

2. IlosicuuTe BhICKa3pIBaHue: «Pojib MaTEMaTHYECKOM CTATUCTUKM COCTOsAIA €lIe 1 B TOM,
uTto Ais oueHok MHK Oblu HaliieHbI BEPOATHOCTHO-CTATHCTHMECKHE PACIIpeAeNeHns, DTO M03B0-
JINNIO JAaBaTh HE TOJIBKO TOYCYHBIC, HO H HHTCPBAIBHBIC OLIEHKH HCKOMBIM ITapaMeTpaM 3aBHCHMO-
cTel U crnocoGCTBOBANO PA3BUTHIO CIIEHATBHBIX Pa3enoB MaTeMaTH4ecKol CTaTUCTUKAY [2, cTp.
73]

3. INoscuure popmynst (1.3) — (1.6).

4. Tlouemy B popmyne (1.4) npuBeneH mapameTp a, a Janee OH 3aMeHEH Ha MapaMetp 3.
Moxer 3x1ech ommbdka?

5. O6beM BBIGOPKH B 3aJa4de MOJAETMPOBAHUA MpoLecca, ONMKCAHHOM B 3agaHuu 1.4, pasen
100. CooTBeTcTByeET 7M1 3TO YKCIIO peKomeHaauuu paborsl [2, crp. 78]?7
TEMA 1.3. Pezpeccuonnsiii ananus. Ceoticmea oyenok MHK

[TepeunciuM TNPEANMONOKEHHS PETPECCHOHHONO aHanu3a OTHOCHUTEIILHO
CBOMCTB 00BbEKTa ONTHCAHMS U OOBbEKTOB-aHAJIOTOB, MMPEACTaBIIEHHBIX HAa pUCYHKe 1.2.

1. CrpykTypa npunaToit MateMaruueckoit moaenu (1.3) (unu (1.6)) BepHa, T.€.
«HCTUHHAM QyHKuMA yo = F(x, f), x€X ABnseTcs neTepMUHUPOBAHHON 1isl Bcex
x€X; B — Hecy4aifHble NapaMeTphl.

2. Oynxuyd F(x, ), xeX U3BECTHA BLIYUCIIHTENIO MOACIH.

3. IlepemenHas € gBnsAeTca CiyyalHOW BENMWYUHON C HyeBLIM MaTeMaTHue-

CKHM OXXMAAHWEM U Jucnepcueil, HesaBncumott ot xeX u .
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Habnioj1aTens He BHOCHT OLIMOOK NPU U3MEPEHHH X (HE JenaeT ux ciydaii-
HLIMIt) B o0ecreyrBaeT HE3aBUCUMOCTD BEIOOPKH (ycnoBue 1.5)).

I Ipeinono)xeHnsi OTHOCUTENBHO 00bEKTA ONMMCaHUs SABIAIOTCS HauboJiee CUITb-
1LIMI, TIOCKOJIbKY, BO-TIEPBBIX, 3HAYUTENBHO OIPaHMYMBAKOT KJlacC JOMYCTHMBIX
OfLCKTOB, U, BO-BTOPBIX, MPEANONAraroT 60ab1IoH 00beM anpUOPHBIX CBeAeHHI 06
OOLCKTC ONMUCAHUA.

B npuknaaHeix 3aga4yax, HanpuMmep, pU ONMMCAHUU MPOM3BOACTBEHHBIX, COLIU-
iUILHBIX CHCTEM MPOM3BOJUTCS CO3HATENILHOE 3arpyOeHNe MOAEIH, a 3HAUYUT, MOJAEIH
BLICTYNAIOT TONBKO KaK anNpOKCUMHpYHOLIKe BbipaxkeHud. Eie Gonbline pasnuyus
MOK/Y K MCTUHHOM» M IPUHATOM CTPYKTypoii dyHkiumii F (X, ), xeX nposBistoTCcs B
MojIcAX MPOrHo3a mapamerTpos. [Ipy anmpokcMMalMy A€TEpPMHUHMPOBAHHON (YHK-
1MW BEJIMYMHA € He sABNAETCA ciydaiiHoW. Bce 3TH cilyyau He yAOBNETBODAIOT HMC-
XOJIHBIM TIPEANOCHUTKAM PETPECCUOHHOIO aHaIM3a.

Bonpocsl no Teme 1.3:

I. Mpusepure crMcok MPEAMNOIOKEHHH PETPECCHOHHOrO aHAM3a OTHOCHTENLHO CBOHCTB
offekra onucanwms [2, crp. 77].

2. TosicHuTe CBOMCTBA CTATUCTUUECKHX OUCHOK MPH BHINOIHEHUH YCIOBHI CIPaBEIIHBO-
cru HepaseHcrBa Kpamepa — Pao: HecMEIEHHOCTD, COCTOATENBHOCTE U 3 ¢eKTHBHOCTL (CMOTpH
cenutkm: https://ru.wikipedia.org/wiki/HepasercTBo_Kpamepa — Pao).

3. O KaKHX CTaTHCTH4ECKHX OUEHKAX B PErPECCHOHHOM aHAIM3E MAET pedb B 1.27

4. BoiGepure nprMepsl 3 EeKTUBHBIX OLIEHOK, KOTOPbIE MMEIOT MECTO B pacCMaTpHBAaEMOM
ciyvae (http://www.nsu.ru/mmf/tvims/chernova/ms/lec/node24.html).

5. IIpoGnemsl perpeccHOHHOro aHanu3a BbIaeleHk B pabote [2, ctp. 78 — 81]. CocTaBbTe HX
KPaTKUH NIepeYEHb.

6. Tosicuure onpenenenue agekBarHbix Moaeneii: «Ilog aneKBaTHOCTHIO MOJAENH 31€ECh 11O~
HHMAaeTCs CTaTHCTHYECKOE TOXXKACSCTBO MOJAEIH H 00bekTa. MoJeNns cuMTacTCs ageKBaTHOMH, eciu,
110 IMCIOLIMMCS CTaTHCTHYCCKUM JaHHBIM, HEBO3MOXXHO HAMTH CYLIECTBEHHBIC OTKIIOHEHHS MOJIE~
nu oT obwsekTay [2, crp. 79].

7. Tosicuute, 9TO BJIeYET 3aMEcHA NPEATONOKEHHS O 3HAaHUH MCTHHHO} MOJENH NPEArono-

JKCHHUEM O €€ aIcKBaTHOCTH [2, cTp. 79].
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https://ru.wikipedia.org/wiki/HepaBeHCTBO_KpaMepa_%e2%80%94_%d0%a0%d0%b0%d0%be
http://www.nsu.ru/mmf/tvims/chemova/ms/lec/node24.html

TEMA 1.4. OwubKu usmepeHun 6xXo0Hb1X NEPEMEHHBIX: KOH(II0IHMHBII AHANU3

3agayaMi KOH(UIIOIHTHOTO aHANU3a SBJAETCA M3YYeHHe CTPYKTYpBI Ciydaii-
HEBIX BEJIMYHMH, M OLCHKA 3HaU€HUH KO3(h(UIMEHTOB MOAETH MPOLECca B YCIOBHUAX,
KOrza Bce MepeMeHHbIe M3MEPAIOTCS C OLINOKaMHU.

KoH}pno3HTHBIH aHanu3 ompeessieTcs KaKk COBOKYIHOCTh METOJOB MaTeMa-
THYECKOT0 MOJEJMPOBAHUA NPOLIECCOB B YCJIOBMAX, KOTAa BXOIHbIE NepeMeHHbIE
X1, e, Xy ABIAIOTCA KOJMYECTBEHHBIMHM (CoyYallHBIMHM MJIM HE CIy4YaiiHBIMHM) U
HabioaaloTesl B KaXKIOM OMBITE C OIIMOKaMK. DTUM MeTO KOHGIIIOOHTHOIO aHau3a
OTVIMYAeTCs OT METOAOB KJIACCHYECKOro perpecCHOHHOro ananu3a. OmuH U3 MOAXO-
JIOB aHan:fBa JAaHHBIX B PACCMOTPEHHOM Cily4ae Mpe/utoxkeH B pabote [2], KoTopbIit
KpaTKo M3JIOXKUM B JaHHOM pasfelie.

Ipu ucciaenoBanum MeTona KOH(IFOIHTHOTO aHAIM3a OTHOCHTENILHO OLIMOOK
0OBIYHO TIPEANONaraeTca UX CIy4alHOCTb M HE3aBUCUMOCTh OT BXOJHBIX TepeMeH-
HBIX, OT MpoUUILIX 3HaueHHWi. [losmaraem, yto OIWMOKKH HAOMFONEHUH, KaK BXOIHBIX
(aKkTopoB, TaK M BHIXOJHO NepeMeHHO npolecca ABNAOTCA HOPMAIBHBIMU C HyJle-
BBIMH MaTeMAaTHYECKUMHU OXXHAAHUAMM U TMOCTOSHHOH B KaXXKHOM HaOJIIONEHUM AMC-
nepcuei.

C yu4eTOM NpeArooXEeHUH OTHOCUTEJILHO OIIMOOK, Tabjauua HaOromeHui
{Z j s ...,Z,{; v/ ], J =1,..,N 3a BceMH nepeMeHHBIMH Tpoliecca ONpeNensercs cie-
JOyrommMH HpopMyamMu:

Zl.j =xij+££i; Vi=yl+¢l;

Mlel] =M[e)] =0; D[e]]=ds; D[e)]=d,, i=1,..,nj=1,..,N.

3necy N— obuiee yuciao HabMroIeHUit; n— YMCIIO BXOAHBIX NepeMeHHbIX. CBA3b
BXOJHBIX U BBIXOJHBIX NEpPeMEHHBIX NpenoaracM 3ajaHHON W JuHeliHo#i ¢opmy-
JIOH ciieyonIero BUaa:

f(x) = a1+ +anxy,,
a 3aa4y KOH(IIOIHTHOTO aHaIN3a MOXHO OTPaHHYHUTb OLEHKON MCTHHHBIX 3Haue-
HUH K03(PULMEHTOB NPUBEICHHOTO YPaBHEHHS.

PaccMOTpHM MeTOJ| OLIEHKH HCTHHHBIX 3HAYEHUHA napaMeTpoB MOJEIHPYeMOro
npouecca. [Iycts 6e3 notepu 06IMHOCTH cpeaHUE 3HAUSHUA NEPEMEHHBIX B TabnuLe
HabJroeHUH ABJIAIOTCA HYJEeBBIMH. MOXHO MOKa3aTb, YTO OLUECHKH UCTHHHBLIX KO3 (-
(PULIMEHTOB MOJEIMPYEMOTO NMPOLIECCAa HAXOAATCA PCLUCHUCM cliefyloleii CUCTEMBI

YPaBHEHMH:
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n j— —
ai(RU - dl) + Zk:l,ka&i ag Rik = Rty' i=1,..,n (18)
BB npuBeeHHOI CHCTEME N YpaBHEHMH, Ko3(h(ULIMEHTAMH BHICTYNIAIOT KOBa-
MUK COOTBETCTBYIOIIMX MEPEMEHHBIX, BHYMCIIEHHBIE [0 Tabnule HaGIIOAeHHil,

IZ’ o 2, Vf}, j=1,..,N; d; — nucniepcud omHOOK U3MEpEeHUs BXOIHBIX Iepe-
MUIIIBIX COOTBETCTBEHHO, 3HaY€HUs KOTOPBIX CYMTAIOT U3BECTHBIMM.
Otranude cucteMsl ypaBHeHuit (1.8) oT aHanOrMuHOM CUCTEMBI PErpPeCCUOHHO-

1'0 aHIN3a COCTOUT B KOPPEKLMH AHArOHATLHBIX 3JIEMEHTOB JieBoi yacTu. Mccnemo-
wiine oueHok (1.8) MeTonamu BBLIYMCIMTENBHBIX YKCIEPUMEHTOB MOKA3bIBACT, YTO
OHI ABJIAIOTCS HECMEIUEHHBIMU U COCTOATENbHBIMU. TakuM o0pa3zoM, IpeAcTaBiIeH-

1kl METOA KOHGIIOHTHOTO aHAIN3a MOXKET ObITh UCNIONIb30BaH Ha MPAKTHKE.

TIEMA 1.5. Kpumepuu pabéomocnocobnocmu u adekeamuocmu mooenei
Pa6orocnocoGHOCTh SMIMPUYECKUX MOAENEN NPOLIECCOB BhIPAKAETCA KaK KO-
JIYCCTBEHHBIM TIOKa3aTeJsieM, TaK U KayecTBeHHO. Konu4ecTBEHHBIH MoKa3aTeb pa-
GoToCcnocoGHOCTU XapaKTepU3yeT CBOMCTBO MOAIENIH C TOYKK 3peHUs NMOTpeduTens U
MOeET OBbITh BBIPaXKEH OJHON WIH HECKONbKUMHU BeTMuUMHamMu [2, cTp. 82 — 83].
OnucatensHyto cnocobnocte Mojened MHK npeznnaraeTcd xapaKkTepu3oBaTh
BCJAMYMHON MHOXKECTBEHHOTO koddduumenta koppemauuu. B [3, ctp. 7] npuBeneHa

y106Has LiKaJia ero 3HayeHuit (cM. Tabuiy).
Tabnuua 1.1.
OtHocuTenbHAs IKATA H3MEHeHUs Koo duLmenTa Koppensun

3naveHue R’ <03 0,3-0,5 0,5-0,7 0,7-0,9 >0,9

KauectBeHHas Xapakrepu-
CTHKa B3aUMOCBA3U

O4Y€Hb

cnabas | ymepeHHas | 3aMeTHas | BbICOKas
BBICOKas

nOCKOHBKy MONYYUTh ACTEPMHUHHUPOBAHHOEC MATEMATHIECCKOE OINMMCaHHE oObekTa
HE ynaeTcs, TO AJid KaXK 10 HOCTpOGHHOﬁ MOJICIIN HeoOX0quMO INpOBEPUTH, YAOBJIC-
TBOPACT JIK OHA TpeﬁOBaHlflﬂM HOTpeﬁldTeIm, T.C. pa60rocnoco6ﬂa JIM MOZEJIb B Ka4ye€-
CTBCHHOM OTHOLICHUH. }__[J'I)'( Ka4Y€CTBEHHOIO 3aKJIFO4YEHUA O pa60TO0HOCO6HOCTH MO-
JACJIN HeOﬁXOHﬂMO, NpeXAe BCETO, HA UHTEpBAJIC M3MCHCHUA KOJINMYCCTBCHHOI'O MO-
Ka3zaTesA HauTu TPpaHAYHOE 3HAYCHHUE, pasaeiAiomee MOACIN Ha p360TO0HOC06HbIe 41

tiepaboTocrocoOHble.
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OnpeneneHne rpaHUMHBIX 3HAYEHHH YCIIOXKHAETCS TeM, YTO OHHM UCTIOJNB3YIOT-
sl 10 pemeHys 3aa4y MoTpeOUTeNs U, CIEA0BAaTENbHO, MOTYT ObITh BBIOPAHBI TOJTb-
KO 110 pe3ynbTaTaM pelieHHs COMOCTABMMBIX 3axad notpedurens. JTo TpeboBaHme
JUKTYET YCJIOBUE HCIIONB30BAHUS COMOCTABUMBIX (CPaBHUMBIX) IOKa3aTeNel TOUYHO-
CTU Pa3NMYHBIX MAaTeMATH4YECKUX MoJeneil. s npoBepku paboTOCIOCOOHOCTH MO-
Jienei, 0CoOEeHHO UIA HOBBIX NPUIIOKEHUI, Heobxoaumo [2, ctp. 83]: BHIOpaTh cpas-
HHUMBI MoKa3aTenb paboTocnocoOHOCTH CTATHCTHYECKON MOJENH; HAKONHTh OMbBIT
KIaccHUKanUK 3aja4 noTpebuTeNs U onpeaeNuTs A KaXIO0ro Kiacca 3agay rpa-
HUYHBIE ;Haqemm HCTIONB3YEMBIX MoKa3aTeneil paboTocnocoGHOCTH.

Ha npakTHke MOXHO MCITONB30BaTh LKAy AOMYCTUMBIX 3HauYeHW# 118 pabo-
TOCHOCOGHBIX MOAeNeH, NpUBEACHHYIO B Tabnuue 1.1, HanpuMep Tpagauuyd «BbICO-
Kas» U «OYEHb BBICOKAN.

ITonsiTHe agekBaTHOCTH MOJENel B CMBICIIE, YKa3aHHOM B pasgerne 2.1, aBnset-
Cs1 KAUEeCTBEHHBIM TIOHSATHEM. AJIEKBATHOCTh HE COBIAJAET ¢ pabOTOCHOCOGHOCTLIO.
OTU TIOHATHA HOCAT COBEPIIEHHO pPAa3IMYHOE COAEPXKAHHE U HCTIONB3YIOTCH MO-
pasHomy. Monenb MoxeT OBITH paGOTOCTIOCOGHOM, HO He afieKBaTHOM, OHa MOXET
OLITh aIeKBaTHOM, HO He paboTocnocobHo# (2, ctp. 84].

3aganue 1.5. BelYHCINTL NOKa3aTenb R’ 1A MHIMBMAYaJIbHOTO BapHaHTa
(3aganue 1.4) ¥ pelyTh BONpoc 0 paboTOCTIOCOGHOCTH SMnupudeckoii monenu. Kak
AHANM30M HEBA30K MPOBEPUTHL AACKBATHOCTL MOJENH, MONYYEHHOH MO JaHHBIM MH-
JVBHUAYATBHOTO 3a0aHus?

Bonpocs! no Teme 1.4:

1. Kak Bel4MCINTE 3HayeHUA nokasarenecii paboTocriocoGHOCTH, MPUBEIEHHBIX B paboTe [2,
ctp. 82 — 83]. [TosscHUTE A% CBOETO MHAMBHAYATRHOIO 3aaHus.

2. [Mosicuure ytBepxacHue: «Mopens MoxeT ObITh paboTOCIOCOGHOI, HO HE aJeKBaTHOM,

OHa MOJKET OBITH aIEKBATHOIL, HO He paboTocnocobHok» [2, cTp. 84).

TEMA 1.6. Mooenu 3xcnepumenmos. Ilpasunvisie (udeanvusie) u peaibHble cxe-
Mbl HAOK0Oenuil

Cxema nipaBIibHBIX HaOnl0JeHUit onycaHa B TeMe 2, W pealM30BaHa MY BEI-

MOJIHEHUHM UHAMBHAYanbHOro 3afganus (3ananue 1.4).
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llabntoaeHus, B poLecce BBIIOJHEHUA KOTOPBIX MMEIOTCA OTKJIOHEHHA (MU
VLN OMKTOHEHUSL 603MOJICHO NPUCYmMCcmeyiont), HA30BEM HENpPaBHJIbLHLIMH Hal10-
JACHHSIMH.

OO0was cxeMa HabmoaeHUs1 OOBEKTOB aHAJIOIOB NpPH MOCTPOSHUH MaTeMarH-
"MIeCKOi MOJEM U cXeMbl HaOJTIOACHUH NIPH €€ UCIIOb30BaHMU NPEACTaBIEHa Ha pU-
cytike 1.2.1 pabotel [2, ctp. 30], B TOM qucie NpH UCHONAb30BaHHAX AJIA HPOrHo3a,
JUISL OIICHKM TTApaMeTpPOB, /1 060CHOBAHUs ONTUMAIBHBIX PEIICHHUH.

lHaubonee oYeBUIHBIMM B PErpecCCUOHHOM aHaIM3€ A HENMpPaBHIbHBIX
H#OINOJEHUH BBICTYMAIOT CIEOYIOIIME CUTYaLUH, KOTOPBIE IPUBOMAT K HapyWIEHUAM
i PCILHOCTH CXEMBI MPaBUIBHBIX HA0MI0ACHHHA:

1. Hannyne ommb0K U3MEPEHHA BXOHBIX IEPEMEHHBIX.

2. Hannuue ommbGOK M3MEpPEeHHs BBIXOOHOW MEPEMEHHOH B COBOKYIHOCTH C
BHYTPEHHUMH IIyMaMHU.

3. Hanuvue aHoManuit B OpraHM3alMH 3KCIEPHMEHTA, NPH HU3MEPEHHAX H
«BLIGPOCOBY TIPU perucTpauuy AaHHBIX. [IpoUEHT BHIOPOCOB MOXET OBITH M3BECTEH
WJIW HEU3BECTEH, HO JOJDKEH ObITh OTHOCUTENLHO He GosbliuM, 1o 5-10%.

4. Vcnons3oBaHUe TUTAHA JKCIIEPUMEHTA, GJIM3KOrO K KNaccCy BbIPOXKICHHBIX
IJIAHOB.

VuuTeiBas, YTO HapyLIEHHE HEKOTOPHIX UCXOAHBIX NPENIIONOKEHUH PHBOIUT
K HeoOXoaMMOCTH Moauukauuu npoueayp o6paboTKH, Mbl K CXeMaM HENpaBMIIb-
HbiX HAOMOAEHUH MOXEM OTHOCUTH U rpyOble HECOOTBETCTBUA B PEa/IbHOCTH yCIIO-
BUIf KOPPEKTHOIO MPUMEHEHUS BBHIOPAHHOrO0 MeToJa MOJACIHPOBaHUA npoueccoB. K
JAAaHHOH IPyIIE MOXHO OTHECTH:

1. Hapymenue npeanonoxeHuit o coctaBe U 00NacTH W3MEHEHUA 3HAYEHHIA
[1lapaMeTpOB MOJIEJIMPYEMOro IPOLECCca U XapakTepe CIydaiHeIX OoLIMOOK Habmoxe-
HUS.

2. HapyueHue npeamnoioKeHus 0 CTPYKTYpe MOAENH Tpouecca.

[pumep JOMONHUTENBHOR 00pabOTKU AaHHBIX B CXEME IMIIUPUUYECKOTO MO e-
JIMpOBaHUA TpUBEIEH B pasaeie «O6padoTka MHPOpMalMU B Ciy4yae HEMPaBHIBHBIX

HabmoneHuit» [2, ctp. 141].
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3apanne 1.6. ITomyuuts B cpeae MS Excel Tabnumpl naHHBIX TpM He CTaH-
JAPTHBIX omNOKax HaboaeHMii epeMeHHbIX (HapyuieHue 1. 1) TuHedHOro oGheKTa
[3, cTp. 170, 171]. Ins yno6¢cTBa 3TO 3anauy NMpUBEAEM HIDKE.

B pabote [3] paccMOTpeHBI pe3y/bTaThl BLIYMCINTENBHEIX IKCNEPUMEHTOB C
MOJIENBHBIM JIMHEHHBIM NIPOLIECCOM

Yy=ay+a; X, +a- x; (1.9)
W M3BECTHBIMM TapaMeTpaMu ag = a; = 1; a, = —2.

Hgn HaOMOJEHUAX 33 MEPEMEHHBIMH X{,X, W y BHOCATCS aJOUTHBHbLIE CIy-
yaliHple OINOKKN U3MepeHus. [IpH NMUTaUMK Mponecca MOAENMPOBaHHs PaccMOTpe-
Hb! IBE CXEMBI HAOJIIOAECHMIS.

Cxema I1. Omumbky 7 HabmoAeHNIT HE3aBUCHMBI, OIMHAKOBO paclipe/ieNieHbl, a

oneparopsl Microsoft Excel umerot crnemyronmii Bux:

&, = 0,1 -CJTYHUC() -0,5; (1.10)
&y, = 02 -CJIMHUC() -0,1; (1.11)
gy, = 0,05 -CJIYHC() - 0,025. (1.12)
ITpumep nceBaoCTy4aiiHBIX TEPEMEHHBIX NpoLiecca MpUBeaeH B Tabmuue 1.2,
Tabmuua 1.2.
I/ICXO,E[HLIE JAHHBIE 1711 UCCIIEA0BAHUA CXEMBI /] MOZENHPOBaHHA MPOLIECCOB
Ne nfn Xy Xoi Yi &, £, £, xf, X3, »
] I 8 14 0,05 0,01 0,010 0.95 801 13,99
2 3 =3 10 —0,02 0,09 0,021 2,98 2,91 10,02
3 5 6 -6 0,04 0,08 0,016 4,96 5.92 6,02
4 7 1 6 —0,02 0,03 0,007 6.98 1,03 5.99
5 9 3 4 0,02 0,10 0,017 9,02 3,10 3,98
6 i1 5 2 0,00 -0,07 —0,002 11,00 4,93 2,00
7 3 2 10 0,02 —0.03 0,023 13,02 1,97 9,98

Cxema 3. OwmOKN N3MEPEHNS IEPEMEHHBIX Xq, X, M Y MPUHALIENKAT LTI~
Cy, OCH KOTOPOTro MapajieNbHbl HCXOAHBIM OCAM koopauHat. Onepartops! Microsoft
Excel (1.10) u (1.12) coxpaHSAIOTCS, a £, FEHEPUPYETCA KaK ClyuaiiHOE YMCIIO B HH-

TepBasie [—A,;, Ay; |, roe
E'I
By= 02+ J1 -2, (1.13)

HcxonHele qanHbIe NpUBEAEHSI B Tabnuue 1.3.
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Tabmuua 1.3.

HcxoaHbie JaHHbIE ISl MCCIIEAOBAHUS CXEMBI 2 MOJCIHPOBAaHHUA NTPOLUCCCOB

Newn | Xy, Xy Y . X, X7, v
1 1 8 14 —0,02 0,06 0,008 0,98 8,06 —13,99
2 3 -3 10 0,01 —0,05 0,001 3,01 —3,05 10,00
y 5 6 =6 0,03 0,05 —0,022 5,03 6,05 —6,02
4 7 1 6 0,00 0,05 —0,013 7,00 1,05 5,99
) 9 3 4 0,03 -0,01 —0,012 9,03 2,99 3,99
3 11 5 2 -0,04 0,04 0,020 10,96 5,04 2,02
1 13 2 10 —0,03 0,07 —0,023 12,97 2,07 9,98

[TpuBenennsie B Tabnuuax 1.2 u 1.3 6a3pl JaHHBIX M 3HAHUH MOT'YT CJIYXXHTH B

KQUCCTBE MPUMEPOB AJIA U3YUEHUA 3a/1a4 aHallu3a JaHHBIX KaK CTaTUCTHYECKHMH,

TAK U HHTCPBAJIBHBIMU MOAECIAMHU U METOJAMHU.

3anauue 1.7. Bonpocsl no pasgeny 1 [2 —6].

1. MocTpoeHne M aHANMH3 IMIUPHIECKUX 3aBHCHMOCTEH.

2. Meroa HauMEHBIINX KBAaJpaTOB: HCTOPHYCCKAA CIIpaBKa.

3. Teopemqecxﬂe OCHOBBI pErPCCCUOHHOIC aHalin3a. MeTon MaKCUMyMa HpﬂBﬂOﬂOﬂOﬁH}l.

4. Kpurtepun paborocnocoGHOCTH M aJeKBaTHOCTH IMITMPHYECKHX MOAEIIEH.

5. nﬂaHHpOBaHHe 3KCIICPUMEHTORB: ONMCAHUE HpOﬁIIeMLI, NPpUMEPBI ONITHMAJIbHBIX Q)aKTop-

1BIX DKCIMIEPUMEHTOB.

Bonpocs! no Teme 1.5:

1. L[aTb OMPEACIICHUE NTPABHIIbHBIX HabmoIeHUH B 3ajla4axX aHaIN3a JaHHBIX.

2. HaTb OMNPEACICHUC HCIIPABUIIbHBIX HabNoJeHUH B 3a/ja4ax aHa/IM3a JaHHBIX.

3. Vkazarb OCHOBHBIE NpHUYHHBI, KOTJa Ta6mmy HaOMoaeHHH B 3aJavax aHanu3a JaHHbIX

HC/B3A HA3BaTh TIPABUIILHOMN (HMaeanbHo).

4. TToscuute YTBEPXKACHME: «...K CX€MaM HETIPAaBUIbHBIX HaOmMOIeHHH MOXXEM OTHOCUTH U

rpyﬁble HECOOTBCTCTBUA B PEAIbHOCTH yCHOBHﬁ KOPPEKTHOro IpUMEHECHUA BblﬁpaHHOI‘O METO/1a

MOAETUPOBAHHA NPOLCCCOBY.

bu6anorpaduyeckuii cnucok k pasgery 1

|. Ockopbun H.M., XKypasneBa B.B. AHanutu4eckue METOAbI U MOAEIU B IKOHOMHU-

ke: Yuebnoe nocobue. — bapHayn: U3n-Bo Ant. yu-Ta, 2015. - 30 c.

2. Makcnmos A.B., Ockopbun H.M. Muoronosis3oBatenbckiue UHGOPMALUOHHBIE

CUCTEMBI: OCHOBBI TCOPHUH K METOABI HCCIIEJOBAHUAL MOHOI”pa(I)I/ISI. — 2-e u3n. HCIIp. U

non. — bapuayn : Usg-Bo Ant. yH-Ta, 2013. — 264 c.




3. Cyxanor B.A. HccnegoBaHue 3MIHUPHUYECKHX 3aBUCHMOCTEN: HECTATHCTHHECKHIM
noaxon: ¢6. Hayd. cT. / moa. pea. HM. Ockop6una, ILU. Ky3pmuna. — Bapuayir:
H3p-Bo Ant. yH-Ta, 2007. —290 c.

4. Npeiinep H., Cmut I'. IlpukinanHo# perpeccHoHHbIIt aHann3. MHOKeCTBEHHas pe-
rpeccus. — M.: «Jluanextukay», 2007. — 912 c.

5. Paguenko C.I'. YcToianBbIe METO/IbI OIIEHUBAHUS CTATUCTUYECKHMX Mozenelt. — K.
MIT «Cancnapens», 2005. — 504 c.

6. Paguenko C.I'. Meroponorus perpeccHoHHoro anammsa. — K.: «KopHuituyk»,

2011.- 376 c.



IPA3JLEJ 2. Knaccuyeckuii BADMAHT HHTEPBAJIBLHOIO aHAIN3A JAHHBIX
T1:MA 2.1. Ocnoebt unmepganviozo anaausa oanuvix. Hugpopmayuonnoe muo-
NCCCMEO.

2.1.1. Teopemuueckue 0cHO8bl UHMEPBANLHOZ0 AHANUIA OAHHBIX

Metoapi UHTEPBaNIBLHOTO aHAIU3Aa JAHHBIX OTHOCAT K HECTATUCTHUECKUM Me-
I0JlaM  TEOPETHYECKOro WM SMIKPUYECKOTO MOAENUPOBaHMA mpoueccoB. Eaun-
¢ruentoe (HO CyIIeCTBeHHOE) OTJINYHE HECTAaTHCTHYECKUX METOJOB OT BEpOATHOCT-
ILIX MECTOIOB COCTOMT B TOM, 4TO MaTeMaTH4eCKHE MOJAECIU BHYTPEHHEro «IIyMa»
(BCMYBHBL €y, HAa PUCYHKe 1.1.) M HOTPEIHOCTEH M3MEPEHIs EPEMEHHBIX MOICIH-
pyeMoro mpoiecca mpu GopMUpoBaHUM 6a3bl JaHHBIX HE ABISIOTCA BEPOATHOCTHRI-
MU MozensiMH. B citydae, Koria HeKOTOpbie apaMeTpbl MOAEIU WM OLINOKY M3Me-
PeHUA ABIAIOTCA CITY4alHBIMU BeTMYMHAMH (CTy4YaiHBIMH [IPOLIECCAMH UM COOBITH-
IMK), TO PU UCIOJIb30BAHHH HECTaTHUCTUMECKMX METOHOB 00paboTKU AaHHBIX 3Ta
ioraa, 6e3yciaoBHO, JOCTOBEpHasA, UHGOPMaLKM He YUHUTBIBAETCS.

Kak OTMeueHO BO BBEIEHMH Hayajlo0 HHTEpPBAIBHOIO aHaaM3a NPUYMHHO-
ClICICTBEHHBIX cBs3eit monoxxeHo KantopoBuuem JI1.B. B pa6ote [1]. OT0 Hanpasie-
HUC TIPUKJIAJHOTO MHTEPBAILHOTO aHANK3a CIEQyeT OTHECTU K KIIacCUHMECKOMY pas-
Jeny Teopun. CrieqyeT 3aMETHTh, YTO €r0 OCBOGHHE B HAyYHOM H IIPHKJIAJHOM ac-
{ICKTaX Havaloch ¢ JBAaLATUIETHEH 3a1epkKkoi. CyllecTBCHHOE pa3sBUTHE METOIOB
¥ MogeJiel IIPUKIagHOro HHTEPBATIBHOIO aHaIM3a MOMyUMSIO IPH aHAIHU3E JaHHbIX C
MHTEPBAJIBHBIMU [IOTPELIHOCTAMM HM3MEpPEHHA BCeX IMEPEMEHHBIX MOIETHPYEMBIX
1IPOLIECCOB H TP aHAIH3E 3a7a4 SMIMPUIECKOro MOAETUPOBAHMI NPOLIECCOB. YKa-
JaHHBI} pa3ziesl TeOpUU U MPAKTUKU NPHKIaAHOrO UHTEPBAIBLHOTO aHAIM3a CledyeT
Ha3BaTh COBpeMEHHbIM. COOTBETCTBYIOIHE MOJAENH, METOABl U pe3ynbTaThl 3TOTO
HanpaBJICHUs paCCMOTPUM B ClIEAYIOLIMX pasfeiax y4eOHOro nocobus.

B MeTomax HMHTEpBAIBHOrO aHaIM3a JAHHBIX MCIIONB3YIOTCS HHTEpBaJlbHbIE
OLEHKH 1A yKa3aHHBIX «IyMa» M IOTpeiHOCTeit u3MepeHus. [Ipumep MHTEpBaib-
HbIX JAaHHBIX MpeiacTaBlieH B Tabmuuax 1.2, 1.3 3aganus 1.6 npu ycioBuH, YTO B
tpoliecce 00paGOTKU JAHHBIX BEPOATHOCTHBIE CBOHCTBA IMCEBAOCTYyYaHHBIX YMCEN

[IpA UX TCHEpALKMU HE YUUTBIBAIOTCA [PHU UX aHANIM3C.
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KoppekTHoe NpUMeHeHHEe HECTaTUCTHYECKHX METOJNOB aHaliu3a JaHHbBIX BO3-
MOXHO B PaMKax TEOPETHYECKOro MOJCIMPOBAHMS U B paMKaxX 3MIHUPUYECKOrO MO-
JeJMpoBaHus MpolleccoB. Ecnu uccnenosatens pacronaraeT AOCTOBEpHO# Ga3oit
3HaHMH, a 6a3a JaHHBIX CGOpMUpPOBaHA NPU MPABWIbHBIX HabmogeHUAX (CM. puCy-
HOk 1.2) To mosyyeHHass MoZenb npouecca B Buae BolpaxeHus (1.1) nocroBepHa u
OTHOCHTCS K KJacCy TeOpeTHUecKHx Mmozenel npoueccoB. MHaue Heobxomumo Hc-
TI0JIb30BaTh METOABI IMIIMPHYECKOTO MOAEIHMPOBAHMS MIPOLIECCOB, a MOJyUYeHHAs MO-
JeJb SABJISAETCS IMIUPUYECKOH.

P"aCCMOTpHM NPOCTERILNIA CTyyal NOCTPOCHUS TEOPETHUECKOH MOJENH mpo-
uecca, NMpeACTaBIeHHOro Ha puCyHOK 1.1, 11t KOTOPOro 3aBUCHMOCTb Y, OT BXOI-
HBIX TEPEMEHHBIX X = (X3, ..., X,,) ABJACTCH JIMHEHHOM, a BHYTPEHHMI 1lyM OTCYT-
CTBYET (ey = 0). TTpu dopmupoBannu 6a3sl HaOMOAEHUI NepeMeHHbIE (Xy, ..., Xp)
U3MepsIoTCa ToyHO (6e3 omubouHO), a H3IMEPEHHOE 3HAYeHHE BBIXOIHOM MepeMeH-
HOM ¥ ABNSIETCS WHTEPBAJIBHON OLEHKON [IEPEMEHHOM Yo; B KaXAOM M3 NPOBEIEH-
HbIX OMbITOB j = 1,...,N. DTy UHTEpBalbHYIO MepeMeHHYI0 MOXKHO 3aJaTh ABYMS
cnocobamu:

V:

7y =yt ey €yl v

V=0 Ly =yt v =yf -
3nech y]R — pe3yNbTaT U3MEpEeHUs NIPY NPOBEIEHUH OMBITA C HOMEPOM j, a sjo -
OLIEHKa MOIYJIA OLUMOKK M3MEPEHUs B 3TOM OIIbITE.
Toraa HeU3BECTHBIE 3HAYESHUA UCTUHHEBIX KO3(hGUUMEHTOB NUHERHOH Moenu:
Yo=0Qy1° X +-+a, x, 2.1)
YIOBJIETBOPSAIOT CUCTEME N [BYXCTOPOHHHUX HEPaBEHCTB:
V=€ S ayx+ et anx, Sy 4e)ji=1,.,N. (2.2)
3ameTHM, uTO MoeNb (2.1) COOTBETCTBYET M CJy4alo, KOraa HCKOMasi 3aBHUCH-
MOCTb COJIEpXXUT cBOOOMHDII 4eH. B 3TOM cnyuyae BxonHas nepeMeHHas X; BO BCEX
HabJII0ieHNAX TONIAeTCs paBHO equHuLe. KpoMe TOro, B YaCTHBIX CIy4asX OLEHKH

e}’ MOZYJIsA NOTPEIIHOCTEH H3MEPEHHA MOryT OblTb OZIMHAKOBBLIMH BO BCEX WJIM YacTH

HaOIOAeHMIA.
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2.1.2. Hughopmayuornnoe MHONCECMBO

O6o3HauuM A(N) — MHOKeCTBO 3HaueHwit Bektopa a = (4, ..., ay,), yAOBIe-
IHOPAIOUHX CUCTeMe HEpaBeHCTB (2.2). DTO MHOXKECTBO B NMPHKIATXHOM HHTEPBAThH-
1IOM aHaiu3e Urpaet (pyHIaMEHTANbHYIO pojb. Bo-IEPBHIX, OHO COXEPKHUT BCIO MO-
NyHcHHYR0 MHQOpMaLio 06 KCKOMO# 3aBUCHMOCTH (2.1), T.e. sIBASETCA TeopeTHde-
CKMM PEe3yNIbTaTOM €€ OLEHUBAaHHA. BO-BTOpBIX, B CUTyalMsIX SMIMPHIECKOrO MOAe-
JIMPOBAHU 3TO MHOXKECTBO BBICTYIAET OCHOBOH OLIEHKH MHOMKECTBA SMIUPAUYCCKHX
mogeneit B(x), npeacraBneHHBIX Ha pucyHke 1.2. W, HakoHell, Bce 3a1a4M TeOpETH-
YCCKOTO MOJIEJIHPOBAHMUS MPOLECCOB PEIIAKOTC C MCHONAB30BAHHEM ITOr0 MHOXE-
CTBa, B TOM YHCJIE ¥ POBEpKa paboTOCIOCOOHOCTH MOMY4EHHOH MOJENH. YUUTHIBAA
ykazaHHOe (yHIaMeHTalbHOe 3HaueHue MHOXecTBa A(N), B paboTax mo HecTaTH-
CTHUECKMM METONaM MOJENHPOBAHUA TIPOLIECCOB OHO HOCHT o0coboe Ha3BaHUeE:
«MHOKECTBO HeonpeaeJeHHOCTH» WU «HH(POPMALMOHHOE MHOMECTRO)» [2, 6, 7,
11].

HopmanbHpIM pe3ynpTaToM aHalu3a JaHHbIX CUMTAETCs Cllydvaid, Korga MHO-
wectBo A(N) He mycTo M orpaHuyeHHo. B cimydae mycroro mHoxkectBa A(N) uH-
(popmanysa 6a3 3Hauumit ¥ 6a3 JaHHBIX MPOTHUBOPEUHBA M TPeOYIOTCA MX KOPPEKTH-
poska. Cnyuaif, korga MHoxecTBo A(N) HE orpaHUYEHHO, CBUAETENBCTBYET O HE A0-
CTATOYHOCTH MH(OPMALKK UIL aHAIK3a 1 TpebyeTcs paciMpuTh cocTap 6a3 JaHHBIX
#/WUNK 3HAHHMIA.

Bomnpocsl o Teme 2.1:

1. CdopmynupyiiTe OCHOBHYIO 3aJady MOJENUPOBAHHA IPOLIECCOB M MOACHUTE OTINYHE
TCOPETMHYECKMX H IMIIMPHYECKUX Mozierel (ucnons308ath pucyHok 1.1 u Beipaenue (1.1)).

2. IlogcHUTE OTIUYME CTATUCTHYECKHUX U HECTATUCTUYCCKUX METOOB aHaJIi3a JaHHbIX.

3. IIpu xakux ycnoBusx JaHHsie Tabnuil 3aganmsa 1.6 MOXHO aHANM3UPOBATh CTATHCTHYE-
CKHMH ME€TOJIaMM, M IIPM KaKHUX YCNIOBUAX 3TH JaHHBIE aHATTM3HPYIOTCA HECTATUCTHUCCKMMH METO-
Jamn?

4. TpuseauTe rpaduueckyio HHTEPIPETALMIO CUCTEMbI HEPAaBEHCTB (2.2) mpyu n=2.

5. lIaﬁTe onpeacneHue ]’]H(i)OpMaLII/IOHHOI‘O MHOXKECTBA U MHOXKECTBA HEOIIPECACACHHOCTH.

6. Kakoii aneMeHT 3TOro MHOXeCTBa TMPETCHAYET 0T06pa)KaTl> HCKOMYHKO OLEHKY HECHU3BECT-

ubix k03¢ duumeHToB B ypaBHeHUH (2.1)?
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7. Hoscnure cocrosHue npolGieMbl aHanu3a AAaHHBIX B CIy4asx, korga MHoxectBo A(N)
ABJIACTCA ITYCTBIM WJIX HEOrPAHUUYCHHBIM.
TEMA 2.2. HumepeanvHble OUeHKU MOOeaupyemozo npoyecca (meopemuyeckue
Modenu npoyeccog)

2.2.1. Toueunvie u unmepeanbHvle OYeHKU MOOETUPYEMO20 RPOYECCa

PaccMOTpUM OCHOBHBIE NPUKJIAJHbIE 33a4H, KOTOphIE PEIAIOTCS HNpPH MOJe-
JIMPOBAaHUH MPOLIECCOB.

1. 3aga4a mporyo3a BHIXOIHOMW MEpeMeHHOl B TOUKe (PaKTOPHOTO MpOCTpPaH-
ctea x¥ = (xf, .., xB).

Unrepsanbayio ouenky [y (x?), yV(x")] nonyuaem pemennem nsyx 3amau
JIIT:

yH(xP) = mingeay(agxf + -+ anx); ¥V (x7) = max geqny (@r1%5 + -+ + anxf). (2.3)
KauecTBO nporHoza MOXKHO CyAWUTh IO MOKAa3aTeNl0 MPUBEICHHON OLIMOKH

MporHo3sa:

03 EC) g0y, 24)

Py —
v = man=1,...,Nyf—minjﬂ,...,lvy-

Jnst paboTOCIOCOOHBIX MOJIeNEll B DKOHOMHKE U COLIMOJIOTHH JOITyCTHMAs Mo-
TPEUIHOCTh MPOrHO3a He A0JPKHA OpeBbINaTh OT 5% 10 15%. B TexHuueckux mnpu-
JIOKEHUSIX 3TOT MOPOr AOMYCTUMOCTH OObIUHO MpPHHHMAaeTcs Ha ypoBHe 4%. Takum
obpa3zom, BeIpakeHHUE (2.4) MOXKET CIIYXKUTh II0Ka3aTesieM Ui IpoBepkU paboTocno-
coOHOCTH NOJIyueHHOH MOJIENIN TIpoLiecca.

2. 3agaya UHTEPBAILHOMN OLCHKH MTApaMeTPOB HCKOMO¥M 3aBUCMOCTH.

B kauecTBe MHTEPBAIBHON OLEHKU BCEX MapaMeTpoB JIMHeiHoi Monenn (2.1)
JOCTaTOYHO peluuTh 2n 3ajad JuHelHoro mporpammupoBanus (3JIIT). Hanpumep,
rapaHTHpOBaHHas OLEHKa KO3 (ppuurenTa a, npuHamIexut untepsany [al, aV]:

af = mingeyny a3 ay = MaXgean) 01 (2.5)

4. To4euHble OLIEHKH MPOrHO3a U MapaMETPOB MOJEIMPYEMOTO TIpoLecca.

JJ1s yxa3aHHBIX TOYEYHBIX OLEHOK MOXHO NpPHHATH CEPEAMHBI MHTEPBAJIOB,
MONYyYEeHHBIX BhIpakeHusamH (2.3), (2.5).

5. Tipoekums Toukn a” na Muoxectso A(N).
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Touka af mpunamnexur mHOXecTBy A(N) Toraa M TONLKO Toria, Xorga o
PitBHO HYJIO, TAe O — pellleHHe CIeAYIOIIEei 3a1a91 KBaAPaTHYHOrO NpOrpaMMHpOBa-
HILE

8 = mingeawylla? — all. 2.6)

3apaua (2.6) NpUHAMLIEXKHOCTH 3agaHHOM Touku MHOXecTBY A(N) ucronb3y-

CICS B KOMITBIOTEPHBIX MOJEIISIX UCCIIEJOBAHUA FapaHTHPOBAHHBIX OLIEHOK MCCIIeny-

CMBIX apameTpoB. [lycTs, Hanpumep, a’ — UCTHHHOE 3HAaYeHHWe MMapamMeTpoB MOJe-

aupyemoro nuHeifHoro mpouecca (2.1), a A(N) — HaiiieHHoe MHGpOPMaLMOHHOE

MIIOKECTBO. Iy BBINONHEHUA YCIIOBUI rapaHTUPOBAHHOTO OLIEHHBAHUA HEOOXOAU-

MO B NPOBEAEHHBIX BBHIMUCIUTENLHBIX JKCIIEpUMEHTaX pellarh 3atauy (2.6). Ycio-
BHS BbITOTHEHBI NIPU HYJIEBBIX MUHUMAJTBHBIX 3HAYCHUAX LeneBoii PpyHkumu B (2.6).

6. 3agaya HCKIOYEHUS HE 3HAUUMBIX WIH MaJIO 3HAYMMBIX (JaKTOPOB MOZAENHU-
pyemoro npouecca.

OauH W3 cnocoboB pellleHUs AaHHOW 3afaud B NPUKIAAHOM HHTEPBATEHOM
4HWIM3€E OCHOBAH Ha MCMOJb30BaHUM MHTEPBAIBHOM OLEHKH KOddULIMEHTOB MOAe-
s cornacHo (2.5). Ecnu HyneBoe 3HaueHUe UCCIIEAyEeMOro mapameTpa NpUHaANIe)KHT
HalkIeHHOMY MHTEpBaly, TO COOTBETCTBYIOLLYIO BXOAHYIO NIEpEMEHHYIO MOXHO CUM-
TaTh HE 3HAYMMO M COKpaTUTh (akTOpHOe MpocTpaHCcTBO. Ha mpakTHke cyuiecTry-
10T U Apyrue MPHEMBI pellieHHs 3TOH 3afa4u ¢ UCTIONB30BAaHUEM, HallpUMeEp, Pe3yJib-
T4TOB @HAJIN3A MOJHBIX U COKpaIeHHbIX 6a3 JaHHBIX.

Crnenyer OTMETHTB, UYTO pacCMOTpPEHHBIE MaTeMaTHueCKHe MOCTaHOBKM 3a1ay
aHa/M3a JaHHBIX He MEHAIOTCS B oOLIeM Cllydae HaIWYMA OWIMGOK M3MEpeHHs BceX
ticpeMeHHbIX. M3MeHeHHs KacaroTcs CUCTeMbl HEPABEHCTB, KOTOpEIE 3a1atoT HHBOP-
MaUMOHHOE MHOXECTBO, B TOM YHMCJIe 3aJaHue HHGOPMAaLMOHHEIX MHOXECTB pelle-
HUAMH HHTEpBAJIBHBIX CUCTEM NUHEHHBIX anrebpanyeckux ypasHeHuit (UCJIAY).

2.2.2. Koceennasn npoeepka 8bINOIHUMOCIU YCI08UE MEOPEMUYECKO20 MOJ e~
TUPOBAHUA NPOYECCO8

Crnenyer oTMETUTB, UTO MpPU TEOPETHYECKOM MOJAENHPOBAHHU TIPOLIECCOB 3a-
Aa4M paspemuMbl (MHOXECTBO HeollpeleneHHOCTH A(N) He MyCTO U OTpaHHUEHHO).

W3 (2.2) BuguM, uto MHOXKeCcTBO A(N) KOMIAKTHO.
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KpoMe Toro, ypoBeHb MOrpelIHOCTH cornacHo (2.4) A0JbkeH OBITh N0 HIDKHEH
rpaHuIle COM3MepPHM C YHCIOM HabmolAeHHi U ¢ OLECHKAaMH MOTPEIHOCTER U3Mepe-
uua £ [2, cTp. 50— 55).

Ecau 3TH yCJIOBMS HE BBINOJHSAIOTCA, TO CJIEAYeT MOCTaBUTh I10J COMHEHHE
HUCTHHHOCTD MPEATIONIOKEHNH TEOPETHUECKOTO MOIEINPOBaHHS.

HUccnenosaresnp BrpaBe TIPHIOKUTH YCHINA 10 00€CHEUEHHIO BBITOIHUMOCTH
IpeANONOKEHHNI TEOPETUYECKOTO MoAenupoBanus. Tak, ecitn MHoxecTBo A(N) He-
OTpaHBIEHHO, TO 3TOT (DAKT yKa3bIBacT Ha HEMOJIHOTY AaHHBIX. OHa BO3HHKAET NIPH
BBIPOJKAEHHOCTH IUTAHA HKCIIEPUMEHTa, MO0 MpH HeAOCTaTOYHOM uucre Habmone-
Huit. IIpy MomeIMpoOBaHUM MPOLIECCOB JaHHAS MpobiieMa yCTpaHsIeTCs, KaK NpaBHIIo,
6e3 HapyleHUH NCXOAHBIX NMpeNIIoNOoXKEHHI.

Ecimm Takoro o6OCHOBAHWS MPOBECTH HE yHdaeTcs, TO HMCCIENOBaTENbL 00A3aH
HCIIOJIB30BATh METO/IBI IMIIMPHYECKOr0 MOACTHPOBAHMSI NIPOLIECCOR.

Bonpocsl no teme 2.2:

1. TlosicHnTeE 3amauy MHTEPBATLHOTO IIPOrHO3a BLIXOAHOM MepeMeHHOM Js mpomecca (1.1)
rpadyyecku npu n = 2.

2. 3HadeHMe KOMIIOHEHT BekTopa nepemeHHoii xP = (xf, ..., xF) B 3anaue npornosa 3anano
C HHTEPBATLHBIMU OLUMGKaMH, Y TOYHHTE IIOCTAHOBKH 33134 IPOTHO3a B BRIPWKCHUH (2.3).

3. 3anuMiuKTe 3a1a4K IOMCKA HHTEPBATBLHOM OLIeHKH 3HaueHui ko3 duuuneHTa a,.

4. B uHTepBaIbHOM aHAIM3e AaHHBIX aKTHBHO HMCIOJIB3YIOTCA [Ba MPOCTPAHCTBA A 0TO6-
paxkeHHs MHOXECTBa AOMYCTUMBIX NpsAMbix (2.1) 1 MuOxecTBa A(N) pemennit Hepasencts (2.2).
IMoscunte rpaduyecku ITH IPOCTPAHCTBA IPH N = 2 U YCTAHOBUTE UX OCHOBHBIE CBOHCTBA.

5. TosicauTe rpadguyecky MHTEpBaNbHbIE OLeHKH K0d(dunmenToB moaemu (2.1) mpu n = 2
(ITpunoxenue 2).

6. 3agaua mpoBepka paboToCmocoGHOCTH MOCTpoeHHOH Moenu npouecca. Iloscaure nops-
JI0K € pelleHHs.

7. B CTaTHCTHYECKUX METOJaX MCIIONB3YIOTCS NMOHATUSA Ul UCKOMBIX OLEHOK: HECMEIleH-
HOCTb, COCTOATENLHOCTE U 3 deKTHBHOCTb, MOXKHO JIN 1IPUBCCTH AHAIOTH 3THX HMOHATHH 71 Xa-
pakTepucTHKKH MHOXKecTBa A(N).

8. Muoxectsa A(N) xomnaktaei? Tpu kakux ycenosusx? Muoxectso A(N) conepxur Gec-

KOHEYHO YAAITCHHBIC TOUKH. O1o HOpPMAJBHO VIS 1a)law aHin3a JIAHHBIX?
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9. TTosSCHUTE YTBEP)KAEHHE: KYPOBEHDb MOTPEIIHOCTH COINIAacHO (2.4) MO/DKEH OBITH 10 HHX-
11CHi rpaHyLe COU3MEPUM C YHCIIOM HaGMOAEHHH U C OLEHKAMU MOrPEIHOCTER U3MEPEHHS 8})» [2,
crp. 50 — 55]. Tlokaxute CBA3b MOKA3ATENA, BEIYHCIEHHOTO COMACHO BRIPHKCHUA (2.4), ¢ MHOXE-
crsom A(N).

TEMA 2.3. Humepea/ivHblil aHAAU3 OAHHBIX 6 3a4044aX IMAUPUYECKO20 MOdelu-
posanus npoyeccos. Memood uenmpa Heonpeoeiennocmu

2.3.1. Memoo yenumpa neonpedenennocmu

PaccmarpuBaeM cilyvaii, korja MpU pelleHHH 3aia4 MoaenuposaHus (2.3),
(2.5) vHdoOpMaUMOHHOE MHOXKECTBO OKa3aloCh IyCThIM, T.€. CHCTEMa HEPAaBEHCTB
(2.2) — npotuBopeurBa. B 1aHHOM cilydae yCc/IOBHs TEOPETMYECKOTO MOIEIUPOBAHHS
NpPONECCOB He BBHIMOJHEHbI, HO Mbl HE 3HAaeM, KaKHe U3 YCJIOBUI OKa3hIBAOTCA Hapy-
uteHHBIMH. JlOmycTHM, UTO MBI yOEXKIEHBI B JOCTOBEPHOCTH 6a3bl 3HaHMH. Kak mpo-
BEpUTh, 4TO Ga3a JaHHBIX He JocToBepHa? [IpeanonoxuM, 9to oaHo 13 N Habmone-
HHUil ¢ HEU3BECTHBIM HOMEpOM J sABIsieTcs BIOpocoM. Kak HalTH 3TOT HOMep?

TepevucieHHbIe 3aayll PELIAOTCA MPH HAXOXKICHHHM TOYE4HOH OLEHKU Ma-
paMeTpoB JIMHEMHBIX MoJienelt METOIOM LeHTpa Heonpenenennoctu (MIIH) [3].

B psage cnyuaeB TpeOyeTcs NPOBEPUTH BBIOIHHMOCTh HCXOIHBIX MPEITOJIO-
XKeHHit (Harpumep, B ciiyvae, koraa A(N) — myctoe MHOXKECTBO) MM TIOJTyYHThb TO-
JeuHbIe OLICHKH MapamMeTpoB Moneau. OfUH U3 crnocoGoB peleH s 3Toi 3a1auu CBs-
3aH C «YIIHPEHHUEM» WU C «CyxeHHeM» MHoxecTBa A(N). 3ananiM HHGOpMAaLHOH-
Hoe MHoXxecTBO A(N, k) cneaytonieil CHCTeMOH HEPABEHCTB:

¥ — kel S agxyj+ o+ anXny <Y+ ke j=1,..,N; k>0 vX))

Cucrema HepaBeHCTB (2.7) coBnagaer ¢ (2.2) npu k = 1. DTOT napaMeTp Hasbl-
BaeM ko3t duumeHToM paciuupeHus (k > 1) unu cyxxeHus (k < 1). Cnenyromas 3aza-
4a Ha MUHMMYM HOCHT Ha3BaHHe 33/jaueif IOMCKa IIEHTpa HeonpeaeeHHoCTH [3]:

k™ = mingey py k - (2.8)

Kak nokasbiBaeT MpaKTHKa pelleHUs 3a1a4u (2.8) Ha peaibHbIX M MOAEJIBHBIX
JaHHBIX MUHUMYM JIOCTUIaeTCsl B €AMHCTBEHHOMN TOUKE, KOTOpas MOXET paccMaTpH-
BaThCA B Ka4eCTBE TOYECYHOU OLEHKHM MapaMeTpoB MOIENUpYyeMOro mpouecca. 3Ha-

yenue k* BBICTYIACT NHIWUKATOPOM BBITIOJIHEHHUST UCXOHBIX Hpe}ll’IOHO)KCHl/Iﬁ HHTEP~
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BaJILHOTO aHanu3a JaHHBIX. Tak MHAEKCHl aKTUBHBIX HabmopaeHuit npu k* > 1 Beige-
NAI0T NOpUMIO HabiroldeHnii 6askl JaHHBIX, CPEAHM KOTOPBIX BO3MOMKHBI IpyOble
OmHOKH perucTpali JAHHLIX WK 3aHIKEHHbIE OLEHKH OIMOOK W3MEpPEHHs Tepe-
MenHbIX. [logo6Hast nHpopMaLus MOXeT ObITh MCIONb30BaHA /11 KOPPEKTHPOBKH
6asel maHHBIX M O6a3bl 3HAHUH. 31ech U Aanee MO nopuueil HAOMOACHUA NTOHHIMAIOT-
€A COBOKYMHOCTh HaOMoIeHUi (WM MX HOMEPOB), KOTOpBIE SABJISIIOTCA AKTMBHBIMH
NpH pelieHHH 3aJad MaTeMaTHYeCKOro MpOrpaMMHpOBAHHMA B MPOLECCE aHAIN3a
AaHHbIX.

Pewennem 3agauu (2.8) BeICTYNAIOT TOYEYHAs OLlEHKa d BEKTOpa a W 3Haue-
Hue koddpduumenta k*(N). D10 pelieHHe COOTBETCTBYET IPaHMYHOMY MHUHHUMAJlb-
HOMY 3HauY€HUIO NapameTrpa k, Ipy KOTOPOM MHOXXECTBO HEONpPENENIEHHOCTH elle He
ABJAETCS ITYCTHIM.

Onpenenenne. Metoasl aHaii3a AaHHBIX, B KOTOPBIX HCNOJNB3YyeTCs 3aiaya
(2.8) Ha3pIBaIOTCA MeTOAAMH HeHTPa HeonpeneaenHocTy (MLH) [4].

2.3.2. Humepsanvhulil ananus OaHHbIX 8 3a0auax SMAUPULECKO20 MOOENUPO8a-
Hust npoyeccos

Pemenne 3agaun (2.8) no3BosseT BbIABUTH BLIOPOCH! (HAOMIOAEHHS C HOMEPOM
J) B cnyuae, korga k*(N) > 1. Takue HabMIOOCHHS HyX)KHO UCKAaTh CPEIH AKTUBHBIX
orpanumueHuit B 3agade (2.8). [anee ykasaHHble HaOmoxeHHs HEOOXOAUMO TpOBe-
PATH HA JOCTOBEPHOCTH COBMECTHO € KCIIepuMeHTaTtopaMu. MccnenoBaTtens (Mate-
MaTHK) He UMEET MPaBO CaMOCTOATENBHO MCKIIOYATh 3TH HAOMIOAEHUA, HO MOXeT
paccMaTpyBaTh pa3iIMYHble BAPHAHTHI HAPYIUCHUI UCXOAHBIX MPEAMONOXKEHHUI U BBI-
CKa3bIBAaTh COOTBETCTBYIOILHE M'MIIOTE3HI.

HekoTopsie MPUEMBI SMIMPUYECKOr0 MOJEIMPOBAHUS MPOLECCOB METOIOM
LIEHTpa HeomnpeaeeHHOCTH paccMOTpeHbl B pabote [5] u B rnase 3 paboTsl [2, cTp.
141 — 145].

3agaune 2.1. (MHOVBHAYabHOE 3adaHue). [lna obbekTa Ha pucyHke 1.1. cre-
HEpUpOBATH BHIGOPKY JIMHEHHOro 0GbekTa ¢ AByMs Bxoxamu X; € [—10,10]; x, €

[-10,10]; ap=1;a, =1; a, = 2.



ITpUHATE VA paBHOMEPHO pacHpe/leNIEHHOro CIy4alHOro BHYTPEHHETO IIyMa
CNelyIoWMEE HHTEpBan 3HadeHuit [-1.5, +1.5]. Pasmep BriGopku npuHATE paHoii 100
(N = 100). BxoaHsle nepeMeHHbIE B 3aJaHHbIX I'PAHULIAX CTEHEPUPOBATH C HCIOJb-
wonatinem onepatopa CJIMUC().

ITonyunTs MOJIENE MpoLiecca B Bue BbipaxeHus (1.1). PesyneraTel cpaBHUTS €
wjlanvem 1.4. Tlpu 3amuTe pe3ylbTaTOB CPaBHUTH MONyYEHHbIE OLEHKH C pacyeT-
HLIMH JIAHHBIMH JPYTHUX MariCTPaHTOB.

3aganne 2.2. Jna o6bexta Ha pucyHke 1.1, creHepupoBarh BEIOOPKY .TII/IHCI\/'X-‘
oro obbekTa ¢ AByMA BXojaMH X; € [—10,10]; x, € [-10,10]; ap =1; a; =
l; a, =2.

[TonyuuTh HHTEpPBAIbHBIE OLECHKH BBIXOJHON MEPEMEHHOMN IpK 3HAUYEHUAX BXOAHBIX repe-
MCIlIlhIX, COTJIaCHO Ta61mue IIOJTHOT O (baKTOpHOI‘O IKCIICpHUMEHTA. HpOBeCTH CpaBHEHHUE HHTEP-

nanibix onenok ¢ onenkamd MHK n MIIH. (3aganue 2.2. BoINONHAETCS KO/WIEKTHBHO Ha MPaKTH-

"CCKHX 3AHATHAX).

IIJ'[S[ H3YYCHHUA METOIOB U Moaelei MPUKIAAHOI0 HUHTCPBAIILHOIO aHalu3a
CJIC/lyeT MO3HAKOMHUTBCAH ¢ MPAKTHKOHN ero MPUMEHEHH Ha peanbHbIX JaHHbIX. [Ipu-
JIOKCHNA H l'IpOﬁJ'ICMbl MCTOI0B MHTEPBAJILHOIO aHalu3da JaHHLIX pacCMOTPCHBI B
mreparype JOCTaToqHO noapobHo {2, 3 —7].

3aganue 2.3. TeMbl CaMOCTOSTENBHBIX palboT:

1. 3agauu AMCIIEPCHOHHOTO H KOBapUALMIOHHOTO aHanu30B [2, ctp. 133 — 136].

2. BpemeHHbie TpeH/Ibl B COBOKYIIHOCTH AMHAMMYECKMX JaHHBIX: Tabnuna 3.2.5 [2, c1p. 133

139], Tabnuua 3.2.6 [2, cTp. 139 — 141].

3. Mozensubiii npumep 1 Cyxanosa C.H. [6, ctp. 34 — 36]. BolmonHUTs aHANM3 JAHHBIX.

4. Mogensusiii npumep 2 Cyxanosa C.H. [6, c1p. 37 — 46]. Beinonuuts aHanu3 JaHHBIX.

Bonpocs! no Teme 2.3:

1. VrBepxaaetcs: MH(QOPMaUMOHHOE MHOXECTBO ITYCTO, CIIEA0BATENBHO, YCIOBUS TEOPETH-
"ECKOro MOJIENTMPOBAHUA HE BoinosHeHbl. IToscHute 310 yTBepXKacHue. OHO BepHO?

2. MudopmannoHtoe MHOKECTBO He MYCTO, CIIEJ0BATENHHO, YCTOBHA TEOPETUIECKOTO MO-
Jciuposanus BoinosHensl. [ToschuTe 310 yTBep)KAeHue. OHO BepHO?

3. JlonmyctuMm, 9T0 Mbl yOeKAeHbI B JOCTOBEpHOCTH 6a3bl 3HaHuit. Kak nposeputs, 4to 6a3a
Junnbix He pocrosepHa? IMpeanonoxum, 4to ogHo u3 N HabnmroJeHUit ¢ HEU3BECTHBIM HOMEPOM J

anseTcs BeIOpocoM. Kak HaiiTil 3ToT HOMep?
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4, Mosicuute rpadguyecKu METO LIEHTPA HEOMPEAETEHHOCTH LIPK 1l0MCKe OLEHKU Ko3hdH-
uMeHToB MoaenH (2.1) npu n=2.

S. llam‘e ONPEACIICHUE METOAA LICHTPA HEOINIPEAECICHHOCTH. Kakue 3aayyu aHaJIM3a JaHHBIX
PeLIAIOTCA 3THM METOAOM?
Bubauorpadu4eckuii cnucok K pasaeny 2
1. Kantoposuy JI.B. O HEKOTOPBIX HOBBIX [MOAXOJaX K BBIYHCIIUTENILHBIM METOLAM H
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PA3AEJL 3. Yuc/ieHHbIe METOAbI HHTEPBAJILHOIO 2aHAIH3a NaHHBIX.
T1:MA 3.1. HumepeaivHsle cucmemsl NUHEIHBIX A12e0pauvecKux ypasHeHuil
(HCJIAY)

Kak nokasaHo B pa3iene 2, MHTEpBIbHbIM aHAIM3 JaHHBIX 6asupyeTrcs Ha
ICOPCTHUECKUX pe3yNibTaTaXx WHTepBalbHOH MareMmaTkd [1]. HMcnone3yembie Ha
HPAKTUKE YUCJIEHHBIE METOMBI B TIPOCTBIX CIIYYasiX CBA3aHBI C PEIICHUEM MHTEPBANb-
HBIX CHUCTEM JIMHEHHBIX anredpamdeckuX ypaBHeHHWil. B naHHOM pasnene Mbl Oynem
HCHOJIBL30BaTh 0603HAYEHHs, IPUHATHIE B JIMHEIHOI anrebpe, u nuteparype no UC-
JIAY o TpaguuHOHHBIe 0003HAU€HUs JIMHEHHOHN anre6psl U JIMHEHHOTO MPOrpaMMu-
posanus (JIID).

B 6a30BbIX MpeanojoXeHUusIX MPUKIagHOro HHTepBanbHoro aHanusa UCJIAY
I MaTpMYHOi (opMe 3anuchiBaeTCs WHTepBaIbHOMN (N xn) Matpuued ko3h¢pHLMeH-
TOB U MHTepBAJIbHBIM (VX /) BEKTOPOM IpaBOii YaCTH B CJIEAYIOIUEM BHUIE:

Ax =B. 3.1

OneMeHThl MaTpull A U B SABIAIOTCS MHTEPBAILHBIMU OLIEHKAMU PE3YIbTaTOB
I13MCPEHUS BXOIHBIX U BBIXOIHON NiepeMeHHON B N HabMIOACHUAX U 3aJaf0TCs HEpa-
nencrnamn: A7 <A< AY; B < B <BV.

3HavyeHus BekTopa X € R™ B UCJIAY COOTBETCTBYET OLIEHKaMH IlapaMeTpOB
HCKOMOH TMHEHHOH 3aBUCUMOCTH:

b=xa + -+ x,0a, (3.2)

WurepBanbhble HabmoNeHUA @;j, bj3a TepeMEHHBIMU MOJENMPYEMOTO Mpo-

1ecca 0003HaYUM TaK:

H
ijr

[ij , b}’]; b}’

— v, ,H _ .M _ 0. v _ M 0. ; I .
a;=[ali, afj]; afi =alf —¢€l; af;=alf +f;i=1,..n; j=1,..,N;

b;

b}" —g,‘,’].; b}' =b" + e,‘,’j; j=1,..,N, (3.3)

1JIc af}, b]M — OKCIIEpUMCHTAJIbHbIC NaHHBIE BXOINOB H BbIXOJla B KaXXAOM M3 N

HAOJIIOICHMI; 8,9}-, 8,‘,’ j He OTpHLATeNbHbIC OLEHKH omMOOK HabmoaeHUs (HxKe HH-

JICKC j OyneT omylleH, T.e. HHTEPBAIbHbIE OIUOKH MPHHATHI OJMHAKOBBIMH 111 BCEX

H

naGnionennit); aff, af;

i b}" , b}’ — snementsl Matpun A7, AV, BH BV untepBanbHbIx

oticHok koa¢pduuuentos UCJIAY u npapoit yactu (3.1) cOOTBETCTBEHHO.
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PaccMOTpHM OOBIMHYIO (He HHTEPBAbHYIO) CUCTEMY YpaBHEHHMH, KOTOPYIO 3a-
muiieM Tak: Ax = B. Ecnu Ha6op matpui A, B umcet pasmepHocte HCIIAY, a camu
MaTpULBI BKJIFOUEHB! B 33IaHHBIE COOTBETCTBYIOLUINE WHTEpBalbHbIE MaTpulbl A, B
(A € A; B € B) 1, ecnu 5Ta CUCTEMa UMEET PELIeHHE, TO MOXKHO HMCCIE0BATh 3TO
peleHye Ha IpUHaLIexHocTh K pewieHnio UCJIAY Ax = B.

Jlns WHTepBATbHBIX YpaBHEHHH OOBIYHOE TMOHATHE pEIICHNA YTpauuBaeT
CMBIC]I U YaLle MPUXOJUTCS UMETh AeJI0 C TEMU WIH HHbIMU MHOXECTBAMH PELICHHH.
Hanpumep, H3BECTHO, Tak Ha3bIBacMoe, 00beOUHEHHOe MHOXNCECME0  peuteHul
Zuni(A, B) naa (3.1) [3], npenykaTtHas ¢opMynaa KOTOpOro 3alHChIBAETCS TakK:

Zumi(A,B) = {x € R™: (34 € A)(3B € B)(Ax = B)}. 3.2)

MOXHO TI0Ka3aTh, YTO MHOXECTBO HEOIpeNesIEeHHOCTH, BBEIECHHOE B pasjerne
2, B cllydae He WHTEPBAIBHON MAaTPULLI KO3 HUIMEHTOB ABIsAETCA 00beIMHEHHBIM
MHOXKECTBOM pEINEHHI cucTeMBbl HepaBeHCTB (2.2). Ecnu cucteMy ypapHenuit (3.1)
paccMaTpUBaTh B KOHTEKCTE 3a/laull aHAIN3a JaHHbIX, TO BBEIEHHOE MHOXECTBO pe-
weHuH (3.2) cnenyeT Ha3biBaTh MHOXXECTBOM HEONpeeNIeHHOCTH WITH MH(popMau-
OHHBIM MHO>ECTBOM.

TEMA 3.2. Hcnonb3oeanue NUHENHOZ0 NPOZPUAMMUPOGAHUA ONA GHEWHell an-
npoxcumayuu muodcecme peuwtenuit HCJIAY

Mycts B UCJIAY (3.1) MaTpuua Ko3(p(pULHUEHTOB HE ABJISETCA UHTEPBATLHOI.

Toraa o6beMHEHHOE MHOXXECTBO pellleHHH CHCTeMbl HepaBeHCTB (2.2) 3amuiueTcs

TaK:
=,.:(A, B) = (x € R™: (3B € B)(Ax = B)}. (3.3)
PaccMOTpHM CIIEYIOLLYIO CUCTEMY JIMHEIHBIX HEPABEHCTB:
Ax < BY;
x = BY, (34)

3aganne 3.1. [TokaszaTh, YTO MHOXECTBO Z,,;(4, B), 3a1aHHOe BbIpaKeHHEM
(3.4) coBnagaer ¢ pelieHUeM CUCTEMBI HepaBeHCTB (2.2) pasgena 2.

VuUTBIBAsA, YTO MHOXECTBO Z,5;(4, B) cornacHo Belpaxkenus (3.4) sBiuseTcs
MHOTOIPaHHBIM, BO3MOXXHO MCIIOb30BaHHE METOHOB JIMHEHHOro NpOrpaMMHpOBa-

HHUSA O HETO UCCIICAOBAHMA.
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B pa6ote [4, c. 323] yTBepknaercs, 4To «BBIMUCIEHUE I 00BEAUHEHHOTO
MII0)KECTBA pelleHHil BHELIHHX MOKOOPIMHATHBIX OLEHOK ¢ Moboi 3amaHHo# abco-
IMOTHOR WITM OTHOCUTEJIBHOM TOYHOCTbIO €cTh NP-TpyaHas 3agavyay. B yacTHOM ciy-
‘A¢ MOJIOXKUTENBHBIX KoMNoHeHT petieHus UCJIAY obbpe1MHEHHOE MHOXECTBO pe-
fIeHUH 33JaeTCs CUCTEMOM JIMHENHBIX HEpaBeHCTB, KOTophle ciedys [1, c. 112] 3a-
IHuIeM HIDKE.

3apanue 3.2. Ilokazarh, YTO 3aAayd HUHTEPBAJILHOIO OLICHMBAHUSA PEIICHMs
UCJIAY (3.1) mo tumy 3anay (2.5) pa3gena 2 o6ecnieunBaiOT BHEILHIOIO alNpoOKCH-
MaLMIO MHOXECTBA Z,,,,; (4, B). 3anucath 3TH 3aga4y B 06003HAYCHMSIX JAHHOTO pas-
JIeN1a ¥ CUCTEMBI HEPAaBEHCTB (3.4).

PaccMoTpum ob6mwmii ciyqait HCJIAY 3aganHoi BeipaxeHueM (3.1), u npeano-
JIOKMM, 4TO 00BbeIUHEHHOE MHOXECTBO pellieHUH Z,.,,; (A, B) cogepxurcs B RE, T.e.
COZIEPXKHUT TOJILKO CTPOTO MOJIOKUTETBHBIE BEKTOPHI X.

Torga 3To MHOXECTBO ABJIACTCA PEIICHHEM CIEAYIOIIEH CHCTEMbI JIMHEHHBIX
HepaBeHCTB, aHanormyHeix (3.4) [1, ctp. 113.]:

AfHx < BY;
{A"x > BH,

3apanue 3.3. Iloka3arh, YTO MHOXECTBO Z,,;(A, B), onpeneneHHOe Mpenu-

(3.5)

KaTHOM (opmynioi (3.2) COBMajaceT C pelieHHeM CHUCTeMbl HepaBeHCTB (3.5) (3Tu
onpeleieHus U 3aJaHUE MHOXeCTBAa 3KBUBAIEHTHBI, cM. paboty [1, ctp. 112-113.]).
Ha pucyHke 3.1 mpuBeneHa cxema HabimoneHHi 3a NEPEMEHHBIMH MPOLIECCa, 3aBH-
CUMOCTh BBIXOJHOW TEPEMEHHOW OT BXOJHOUN SABIAETCS IMHEHHOW, a OMMUOKK
HaOMOACHUA — UHTEPBAIBHBIMU: Yo = g + Ay * Xq; Qg > 0; a; > 0. AHanu3 pgas-
HBIX B 3TOM Cllydae CBOAUTCS K UCCIEJOBaHMIO OOBEIMHEHHOTO MHOXECTBA pellle-
nuit UCJIAY (3.1). Ha pucynke 3.1 BUOHO, YTO MHOMKECTBO AOITYCTHMbIX INPAMBIX
¥ = By + B1 * X1, KOTOpBIE MOTYT «Pa3MECTUTHCH» B TOYKAX NPAMOYTOJIbHUKOB OIH-

CBIBAETCsl CUCTEMON HepaBeHCTB (3.5).
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Puc. 3.1. [TonoxeHHe HHTEPBATLHBIX HAaOMIOAeHUi 32 IEPEMEHHBIMHU NIPOLIECCa
3ananne 3.4. Ilokasarp, 4yTO 3aauyd HMHTEPBAJIbLHOTO OLECHMBAHMSA PEIICHUS
UCJIIAY (3.1) mo tumy (2.5) pazuena 2 obecnevyrBalOT BHEIIHIOK aNNpOKCUMALHIO
MHOXECTBA Z,;(4, B). 3anucath 3TH 3agayd B 0003HaYEeHUAX AAHHOIO pasfiena ¢

HCIOb30BaHHEM CUCTEMBI HepaBeHCTB (3.5).

TEMA 3.3. Pewienue unmepeaibHoi TUHEHHON 3a0auu 0 00nyCcKax

Crnenys, Hanipumep [4], onpenenum MHOxecTBO pemeHnit UCJIAY (3.1) (no-
IIyCKOBO€ MHOXXECTBO pellleHMil), KOTopoe 0o0pa3oBaHO BCEMH TaKMMM BEKTOpaMHU
X € R™, 4yTo mpousBeieHHe AX TNPUHALIEKUT HHTEpPBAIbLHOMY BeKTOpy B s Jifo-
6oro A € A. Yxa3aHHOE MHOXECTBO PEIICHUI onpeaendeTcs Tak [3]:

Zt01(A,B) = {x e R™: (VA € A)(3B € B)(4x = B)}. (3.6)

B 3agayax aHanM3a JaHHBIX YKa3aHHOE MHOXECTBO (ECJIM OHO He IyCTO) SABJIA-
€TCcs BHYTPEHHEH OLIeHKOH 00bequHeHHOro MHoxecTBa pemeHni UCJIAY, a ero no-
CTPOEHME HOCHT Ha3BaHMe 3aj1a4y o jomycke [3].

B [3] npusenen npumep VUCJIAY (pucyHok 3.2) U JaHbl rpaduueckue H3ob-
paXkeHHst MHOXKECTB Z,,,; (4, B) U E;,;(A, B) ee pemennuii (pucyHok 3.3).

Teopema H. Pona [4]. Touka x € R™ NpUHAATIEXHUT TOMYCKOBOMY MHOXECTBY
pewenuii Z,,(4,B) Toraa u TONBKO TOrma, korga X = Xx' —x'', rae BeKTOpHI

x', x'" € R™ 06pa3y1oT pellieHHe CHCTEMbI JIHHEHHBIX HEPaBEHCTB:
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AVx' — Ax" < BY;
—Aflx" + AVx" < —BH; 3.7
x',x" = 0.

V2

LY e /
21} 1) LF:([“W)' /A T
|

Puc. 3.2. lIpumep unreppansHoit CJIAY  Puc. 3.3. Pemuenna UCJIAY

H3 teopembl Y. PoHa HemocpencTBEHHO CIIELYET, YTO MHOXECTBO PELUCHUIA
Z,01(4, B) 00pa3zoBaHo mepeceyeHHeM KOHEUHOTO YUCia MOJyNpOCTPaHCTB, ABIIET-
sl BBUTYKJIbIM MHOTOIPaHHBIM MHOXKECTBOM.

Jli1st ero XapakTepHCTUKU MOXKHO HCIOJIb30BaTh HHTEPBAIbHBIE OLICHKH [0 TH-
ily MHTEpBATBHBIX OLICHOK pasfiena 2 (BbipakeHue (2.5)) ¥ ToYeuHylO OLEHKY IO TH-
ny MIH (Bsipaxkenue (2.8)).

BoJiee TouHble METOABI UCCIICIOBAHUA MHOXKECTBA Z4p; (4, B) npelcTaBieHbl B
[4] v B cchuiKax B 3Toi pabote. Tam ke MpeACTaBIeHBl METOABl BHyTpPEHHeH amn-
NPOKCUMAIIMN MaKCUMaJIbHBIM OPYCOM MHOXECTBA Z,,; (A, B). IpuknanHele aciek-

Tbl JOITyCKOBOIrO MHOXECTBA pemex—u«lﬁ paccMOTpHM B CICOYIOLIEM PA3LCIe.

TEMA 3.4. Ynpaennemoe mnodcecmeo peuwrenuit HCJIIAY
Haunnoe pewenue UCJIAY HeoOxoauMo B CiTy4asx, KOrja TOYHO 3aJaHHbINA
BXOJIHOM BEKTOp rapaHTHPOBAHHO AAET OLEHKY BBIXOJHOH NEPEMEHHOH B 3aJaHHOM

uHTepBane. [IpenukaTHoll GopMynoil 310 pelieHue onpenesseTcs Tak [4]:

Z.(A, B) = {x € R™: (VB € B)(34 € A)(Ax = B)}. (3.8)
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Teopema JlakeeBa-HockoBa [4]. Touka x € R™ NpHHAUIEKHUT YIIPaBIAEMOMY
MHOX€eCTBY peiennii =, (A4, B) Torna v Tojapko Toraa, koraa x = x' — x'’, rae Bex-
Tophl X', x'' € R™ 00pa3yloT pelleHHe CUCTEMbI JIMHEHHBIX HEPaBEHCTB:

AVx' — AHx" > BY;
—Afx" + AVx" > —BY; 3.9
x',x" = 0.
a TaKke yciuoBuro ponosHutensHocTH (X', x"") = 0, roe (x',x"") — ckanspHoe mpo-
M3BEJEHUE COOTBETCTBYIOLINX BEKTOPOB.

"3ameTnM, 4TO MpU Manbix pasMepHocTAXx UCJIAY 10 4HCIy HEM3BECTHBIX
yCJIOBUE AOMOJHUTENBLHOCTH B TeopeMe JlakeeBa-HockoBa MOXKHO YUMTHIBATh MyTeM
anpHOpPHOro 3aJaHus MCCIENYyEMOTro KBaJpaHTa ACKAPTOBOH CHUCTEMBI KOODAMHAT.
Tak B ciydae, Korfa anpuopu u3BecTHo, 4To pemieHne MUCJIAY He oTpunaresnsHo
(x € R}) B ycnoBIsIX CUCTEMBI HepaBeHCTB (3.9) MoxHO TpeGoBath X'’ = 0. B atom
cllyyae AOITYCKOBOE M YIpaBJIAEMOE MHOXKECTBA PELIEHHIT MOJKHO 3anHcaTh Tak:

Z01(A,B) = {x € RT: A"x < BY; A"'x = B"}. (3.10)
Z.(A,B) = {x eR%: AVx = BV; AHx < BH}. 3.11H

B aTHx ciyyasx 3ajayd aHaiu3a JAaHHBIX PELIAIOTCS METOAAMH JIMHEHHOro
MPOrpaMMHPOBaHMA, @ BLIIOJHEHUE YCIOBHIA rapaHTUPOBAHHOTO OLICHUBAHUS B BBI-
YHCITUTENILHBIX 3KCIIEPUMEHTaX MOXHO KOHTPOJIMPOBATh pelneHHe 3amaqym (2.6).
CpaBHUTEBHBIE HCcNeI0BaHUA 3()(DeKTUBHOCTH aHaJN3a JAHHBIX C HCTIOJIB30BaHHEM
paccMOTpeHHBIX MHOXecTB pemeHnit MCJIAY paccMoTpHM B ClieXyIOIIEM pasferie.

3aganmne 3.5. TeMbl caMOCTOSATENBHBIX pacyeTHBIX paboT Mo pasgeny 3.

1. /lns BBegennnix muoxects peuienniit UCJIAY (o6beanneHHOE, 1ONMyCKOBOE U yNpaBis-
€MOC MHOXECTBA pemeHuﬁ) TPHUBECTH NMPUMEPHI HX HCMOJb30BaHKMA Ha MNMPAKTHKE H 3arycatbh Ma-
TCMATHUYECCKHUE 3a1a41 aHa/In3a NaHHbIX.

2. PazpaboTaTh KOMNBIOTEPHBIE MPOrpaMMbl FeHEpalMK TabIHL HaOMOAEHHH TepeMEHHbIX
¢ omMbkamMu 1 AETCPMHUHHPOBAHHOTO JMHEHHOTO nponecca, 3anucatb COOTBETCTBYIOIINE HC-
JIAY n TNMPOBECTH aHAJIU3 MHOXKECTB peme}mifl METOJIaMH JIHHEHOTro NporpaMMHpOBaHMA.

3. Iyers xP € R} — uctunHoe 3Hauenne uckomoro pemenus UCJIAY B 3amaye ananusa
JaHHBIX, X € RT — 0/1HO M3 TpeX BBeJEHHBIX MHOXeCTB. Touka x¥ npuHamnexur MHOXecTBY X
TOrJa M TONbKO Toraa, koraa d; = 0, rae §s — onpeaenseTcs pelieHHeM cleaytolieil 3a1aun KBaj-

PaTHHHOrO MPOrpaMMUpOBaHnA: 85 = Minyey, [lx® — x]|. TIpoBectn BbiuMcnHTeNBHBIE 3KCMEpH-
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AMCH L JUIS TIPOBEPKH BBIMONHEHUS (MK He BBITOIHEHUS) yCnoBua 8; = 0 U1 BceX HCCneyeMbIX
snoakeets peennii ICJIAY.

Bonpocbl no pasgeny 3.

I. Toscuute 0603HaueHUs MeMenToB Matpul A u B B HCJIAY.

2. 3anucarh npeaukaTHbie GopMyibl 00beJMHEHHOTO, IOMYCKOBOTO U YIIPABIsSeMOro MHO-
accrs penennit UCIJIAY.

3. [ocTaHoBKA H CBOMCTBA 3a/1a4M OLICHOK MUHHUMAJIBHBIX GPYCOB, COAEPMKALIMX MHOKECTBA
pemennit UCJIAY.

4. B cnyuvae, xorga pemenne MCJIAY ne otpuuatensHo, uccinenoBaHue oO6beMHEHHOrO
muoxkecrsa pewienuit UCJIAY M0XHO MPOBOAMTH METOAAMH JIMHEHOTO nporpaMMupoBanus. 3a-
HICATH YCI0BHA 3a/1a4 OLICHKM MUHUMaILHOTO Opyca, COREPIKALIEro 3TO PELICHHE.

5. CTpyKTYpa U CpPeACTBAa UMUTAHOHHOTO MOJCITUPOBAHUA [UISl BBIYUCIUTENBHBIX 3KCIIE-
PUMCHTOB 3a1a4d OLIEHKM MapaMeTpoB JIMHEHHBIX NPOLIECCOB ¢ UcHonb3oBaHueM pemenuii MC-

ITAY.
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PA3/EJI 4. UcciienoBanne Mojesiell H METOJ0B NPHUKJIAAHOI0 HHTEPBAJILHOIO
aHa/IN3a Ha IPAMeEPAX JIMHEHHBIX NPoLEcCcoB

TEMA 4.1. 3a0auu u uncmpymenmst uccnedoganun pewenuti HCJIAY ¢ ucnons-
306anueM GLIMUCIUMETbHBIX IKCHEPUMEHINOE

B naHHOM pa3jene NpOBOAUTCS HCCIENOBaHME BO3MOMHOCTEH NPMMEHEHHA
TEOPHH HMHTEPBAJBLHEIX CHCTEM JNHHEHHbIX anrebpanueckux ypaBHeHuit (MCJIAY)
IUIs pelieHys 3a1a4y MaTeEMaTHYeCKOro MOAEIHPOBaHHs TPOLECCOB MO 3KCHEPHMEH-
TaIbYBIM JaHHbIM. [IpeanonaraeTcs, 4To MOEIMPYEMBL NPOIECC OMUCHLIBACTCS BbI-
XOIHOM MepeMEHHOM M COBOKYITHOCTBIO BXOJHBIX MEePeMEHHbIX, AeTEPMHUHHPOBAaHHASA
CBA3b KOTOPBIX OINHUCHIBAETCS JIMHEHHBIM ypaBHeHMeM. [IpH MoaenwpoBaHMH Mpo-
ecca MCIOJIB3YETCs TEOPETHIECKUH NMOAXO0, TPU KOTOPOM MCXOJHbIE MPEATIONOXKe-
HYSl OTHOCUTENBHO CTPYKTYPhl MOAEIH M IPAHHULIBI MHTEPBAIOB OLIMOOK H3MEPEHHA
BCEX TIEPEMEHHBIX ABJIAIOTCH JOCTOBEPHBIMHM M He TpeOGYIOT MPOBEPKH MX BBHINOIHH-
MOCTH METOIaMH pa3Bel0YHOIO aHaJIN3a.

VYxazaHHas MOCTAHOBKA 3a/1aull MOJENUPOBAaHMA MPOLIECCOB MO3BOJAET Cocpe-
JOTOYUTH BHUMAHHME HA UCCIIEIOBaHUE MPHKIATHON LIEHHOCTH OCHOBHBIX MHOXECTB
pemenuiit UCJIAY: obbpenuHeHHoro, AOMyCKOBOro W ympapisiemoro. B uemsx go-
CTIDKEHHS HArJISITHOCTU METOAOB M MOJMYUYEHHBIX Pe3yJbTaTOB HCCIEIOBAHME MIPOBO-
JIUTCS HA KOHKPETHOM INpPHMEpE TIPoLEcca, U KOTOPOro MapauiesHO MOXKHO Ipo-
BOJHTH BU3YAIbHBII aHAIN3 AaHHBIX.

B naHHOM cirydyae cUUTaeTcs, YTO BHYTPEHHUIA IyM B OMUCaHUH 0ObeKTa OT-
CYTCTBYET, a HeonpeAeJICHHOCTH TabJuLbl HabloaeH il CBA3aHbl ¢ OLIMOKaMuU U3Me-
peHus BXOIHBIX M BBIXOJHOH IMepeMeHHOH, KOTopble NIPHHAMIEKAT U3BECTHBIM CHM-
METPUYHBIM OTHOCHUTEJIBHO HYJIEBOI'O 3HAYEHHMs HHTEpBAsaM.

MoaenbHEIM MPHMEPOM NPOLECCca BHICTYNAaeT KOpHOpAaTHBHAs OpraHMU3aLius,
VTS KOTOPO# MPOBOAMTCS aHAIN3 BKJIAJOB JOUEPHHUX MPEINPHATHIA, H POTHO3 CyM-
MapHoii mpubbutn [1]. CunTaeM, 4To KOpPNOpALUsA COCTOMT M3 N MPEANPUITHI 1 3a-
WHTepecoBaHa B MOJXy4YeHHUM NMpudbuy. OleHKa BeNHYMHbI MPHUOBLIM Ha oYepeaHON
Tepuol BpeMeHHU (Mecdll, KBapTal) MPOBOAMTCS HAa OCHOBE IUIAHOB €€ MOJNY4YEHHS

KaXAbIM TIPCATIPHUATHEM. Vnpasnmouxan KOMITaHuA oOBbeIUHEHUsS He OpOHU3BOANT
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HPWIYKLMIO ¥ He OCYTIECTRIISET uHaHCOBbIC (MHBECTUIIMOHHBIC) YCIyrH. B cioyuae
1ilkOIt BO3MOXKHOCTH B KOPHOpALMH CO3JaeTCs CaMOCTOATENIbHAs KOMIIaHHUs, KOTopast
BIJIIOUEHA B COCTAB PACCMATPUBAEMBbIX MpeqIPUATHH.
MMycts AV*1,i =1, ...,n — oueHku npuGbutu npeanpustuii u BY*1 — pacqer-
HOC 3HaYeHHe MPUOBLIM KOPHOpAlMH, NMOMyYeHHOE aHANHTHUKaMU Ha IIaHOBBIH Ie-
proj Bpemenu. [Ipeanonaraem, YTo ynpapisoLias KOMIAHMA pacrionaraeT CTaTH-
CTHKOW MIaHOBBIX OLEHOK MPHOBUTM NMPEANPUATHH U KOpropauuH 3a N BpeMEHHBIX
1ILPUOOB B MPOIITIOM:
(4],4L,..,40,B)),j=1,..,N. 4.1)
Kpome Ttoro, mosiaraeM BbINOJHEHHE OajlaHCOBOTO ypaBHEHHMA MO MPHOBLIA
KOPIOpALMU B K&XXOM Nepuo/ie HabIOAeHNsA, KOTOPOE 3alUIlieM B ClIEAYyIOLIEM BU-
s, Tlyctb A} — 3Ha4YeHUA UCTHHHBIX BeJIMYMH NMpPUOBLIM NPENNPHATHI, KOTOpPBIE
MIPHOPU HEM3BECTHBI KaK MPEANpPHATHAM, TaK M yNpapisolied xkommaHud. Toraa
JICHCTBUTENIbHAA MPUOBUTE KopHopauud B’ paBHa cyMMe mpuOblieil mpeanpuATHi
(HJIOTM ¥ TPaH3aKLUMK TIPY MepeXoAe MpaB cOOCTBEHHOCTH HAa MPUOBLIb HE YUYMThI-
miem): B =37 Al
[To pesynbraTtam (GpMHAHCOBOTO aHATM3A YNPABJIAIOILAA KOMIAHUs pacnonaraet
JWOCTOBEPHBIMU OLIEHKaMH MOJyneH MpelenbHbIX OMMO0K, KOTOPhIE MMEH MECTO B
1IPOLLJIOM TIPH 060CHOBaHUH 6a3bl AaHHBIX (4.1). DTH oLeHKH 0003HauYUM TakK:
(el,el,...el,e)i=1,...N. (4.2)
DKOHOMHYECKask CUTyalisa M CYLIECTBYIOLIUE TEXHOJIOTMU (PUHAHCOBOrO ILIa-
HHPOBAHUA KOPIIOpAaUMHK MO3BOJIAIOT €€ aHAJMTHKaM 0OOCHOBaTh OLIEHKY OyayuieH

1npu6biM Kopropamuu BNV

OLICHUTDH IpaHHIBI a0COMOTHBIX 3HAYEHUI MOTPELIHO-
CreH M1aHUPOBaHUA MPUOLLIM NPENPHATHIT U KOPIIOPALMH B IEJIOM:

(eN*1 e*1 L eNtL B, j=1,...,N. 4.3)

Jlanee yyuThiBaeTCs, YTO NPUBENECHHBIE JaHHBIE COOTBETCTBYIOT MPAaBMIBHBIM

nabmonenwsm [7 — 10], Hanpumep, He copepxat BbIOpocoB. MeToJaMu NMPUKIaAHO-

I'0 aHa/iM3a JaHHBIX MNPEIara€rCid BbIMOJIHUTH KOMIUIEKC aHATUTHYCCKHUX HCCIEA0-

Balnii:
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1. TloNyuuTh MHTEpBANBLHYIO oleHKY BV *! npubbuin xopnopauuu mpu cyiue-
CTBYIOLIEH TEXHOJOTHH (PMHAHCOBOrO IUIAHMPOBAHHUS, KOTOpas ABNAETCS JOCTOBED-
HO¥, T.€. COIEPKUT UCTUHHOE 3HaYeHue Oyaymen npubsUN Kopriopauyy B'/N*1

2. TIpoBepHTE COIIaCOBAHHOCTH CYIIECTBYIOIIEH TEXHONOTHH pacueTa Npubsl-
nu xopriopawny BV*! ero uHTepBaNBHOH OUEHKe, T.e. MPOBEPUTH ycioBue BN €
BN+1.

3. KayecTBeHHO OLEHHTH 3((EKTUBHOCTH PELIeHUs 3aJa4 MaTeMaTHYeCKoro
MOZAIMPOBAHUA TPOLECCOB C UCNONB30BaHNeM MHOXecTB peuieHuii UCJIAY: o06b-
eIMHEHHOTO Z,,,,; (A4, B), nomyckoBoro =, (A, B) n ynpasnsemoro Z.; (4, B) 3, 5].

HUccnenoBanue BBIMONHACTCS METONAMH BBIYHCIMTENBHOrO SKCIIEPUMEHTa ¢

MCTIOJIb30BAHNEM MATEMATHUCCKUX M IMPOrpaMMHBIX CPEACTB paseina 3.

TEMA 4.2. HmumayuoHHOe MOOeUPOGaHUe OUEHKU npUubbLiu Kopnopayuu

Wmuranms ycnoBuil aHanu3a NpuObUTM KOPHOpauMH IMPOBOAMNIACE B Cpelie
Excel npy crnegyrotinx UCXOIHBIX AAaHHBIX: n = 3; N = 12. McTHHHBIE 3HAYEHNA NPHU-
Oblneil B Ka)XXKOM U3 BPEMEHHBIX MEPHOIOB NMPUHMMANNCE KaK paBHOMEPHO pacnpe-
HeJIeHHbIe TICeBAOCTydYaliHble dHcia Ha uHTepBanax [0, 100]. CoorBercTByromue
3HaYeHUs NMPUOBUIH KOPHOpalvy ONnpelessiich Ha OCHOBE 0aNnaHCHOTO YpaBHEHMS.
Owmubky U3MepeHns BO BCeX UCTIBITAHUAX NPUHUMANUCH CITy4aiHbIMH BETMYHHAMH,
PaBHOMEPHO pacrpeeIeHHBIMH Ha OIVHAKOBBIX CUMMETPHYHBIX OTHOCHTENBHO HY-
ns uatepBanax:[—5, 5]x[—5, 5]x[—5, 5]x[—&p, &)

3nech BepxHHE OLEHKH OMIMOKH BBIXOXHON IEpPEMEHHOM 3afaBaIKCh Iepe-
MEHHBIMM Iy oDecrieueHMs  YCNOBUS, TPU  KOTOpPOM  MCClieXyemoe
MHOxecTBO pemeHnii HCJIAY He mycto M cpaBHUMO ¢ AByms Apyrumu. Ilpumep
TOYHBIX 3HAYCHUH TpHUOBUIEH KOPIOpauMH M MX OLEHOK ¢ 3aJlaHHBIMH IOTPEIIHO-
cTaMHU u3MepeHuii (&, = 10) npeacrasneH B Tabnuuax 4.1 n4.2.

Hwke npenctaBieHbl pe3ylbTaThl MHOTOBAPHAHTHBIX BBIYMCIHMTEIBHBIX JKC-
NIEPUMEHTOB HCCIEA0BaHU 3PPEKTUBHOCTH OLIEHOK IOCJENOBATENBHO A BCEX
Tpex mHOXxecTB pemieHnit UCJIAY. Htorossie cpaBHEHHS Y BBIBOABI IPEICTABHM B

ClIeayIoLEN TeMe.
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lavsmmua 4.1. — JlauHsie 6e3 ommbok Tabmiua 4.2, — JlaHHbIe ¢ olIMOKaMH H3Me-

I1IMCPCHUS penus, npu £, = 10
A, Al Al B Ay A, A, B
112393 19,84 | 97,14 | 140,91 1 26,99 19,99 | 98,11 | 149,74
2 113,84 | 91,08 65,11 | 170,03 2 17,80 93,8 68,41 160,7
Vo 35,27 | 18,48 70,67 | 124,42 3 38,41 14,64 67,47 | 127,32
4 | 6821 39,87 | 84,02 | 192,09 4 67,48 | 38,84 | 88,28 | 191,76
5 | 76,78 | 22,20 13,35 | 112,33 5 75,53 23,05 11,26 | 113,07
6 | 2428 | 88,86 | 64,10 | 177,23 6 19,37 | 83,87 | 64,64 | 182,70
7 | 1,60 6,28 26,29 | 99,18 7 16,57 | 57,07 | 30,77 | 94,54
8 | 12,92 49,01 83,69 | 145,62 8 17,00 | 47,84 | 79,19 | 150,69
9 191,99 26,19 21,89 | 140,07 9 89,93 27,74 | 22,38 | 147,71
10 129,43 | 61,70 16,77 | 107,90 10 | 24,47 | 65,00 18,49 | 107,10
11| 58,773 | 80,64 95,76 | 235,12 11 57,86 84,12 95,31 | 240,01
12 ) 83,98 | 89,17 5,45 178,60 12 | 79,54 89,72 4,98 169,15
13 | 17,01 | 73,08 51,91 | 142,00 13 15,94 73,27 | 47,94 | 13537

PaccmMaTpuBaem aHaiu3 AaHHBIX MO MPUOBUIM KOPHOPALMH C HCIOJIb30BaHHUE
MitoxXecTBa Z,,; (A, B). O0benuHeHHoe MHOxecTBO perneHuid VICJIAY conmepxut
tonky x4 = (1,1, 1) 1o onpeseseHHIO 3TOTO MHOXKECTBA /Ul TIPABHIILHBIX U3Mepe-
Hi1ii, 4TO CIIEyeT W MO pe3yibTaTaM YHCISeHHOro penieHus 3aia4u (2.6).

Jns nansbix Tabnupl 4.2 peureHue 3agad (2.3) ABAAETCA CIEAYIOLNM:

BHN*1 = 109,7, BVN*1 = 160,3; BEN*1 = 135; A= 17,8%. 4.4)

B BripakeHnn (4.4) npexacTapieHsl MPOrHO3HbIE 3HAYEHHA MPUOBLUTH KOpIopa-
i wa 13 (N+1=13) nepuon BpeMmeHHM, B ToM uucie: BHN+1 BVN+1 pCN+1 _
HiKIEee, BEPXHEE M CPEJHEee 3HAUeHHs MPOTHO3HOH MpUOBLIM COOTBETCTBEHHO, Tle
BEN+E = 05 (BAN+L 4 BV.N+1) A _ norpemHOCTb NPOTHO3a B NPOLEHTAX.

Jins cpaBHeHUs NpHUBEAEM 3HAYEHUS W MOrPELUIHOCTH MPOrHO3a MO OLEHKaM
AHATUTUKOB. OTH JaHHBIE B MopAnKe BeIpakeHHus (4.4.) UMEIOT CIEAyrOIIUe 3Haue-
uun: 125,4; 145,4; 135,4; 7,0%. TlpuBegeM cOOTBETCTBYIOLIME 3HAYEHUs, MOTydeH-
Hiblt ¢ UCMONb30BaHUE GANIAHCOBOIO YPaBHEHHA IO HIDKHUM M BePXHHUM 3HaYeHHAM
upnbsLnei npeanpusTuit: 122.2; 152,25 137,2; 10,6%. [IpuBeneHHbIe YUCIOBbIE 1aH-
HLIC He MPOTHUBOpEYAT BU3yaJlbHOMY aHaNM3Yy U CBOHCTBaM OO6beIHMHEHHOIO MHOXe-
¢rBa pelueHu.
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CrenyeT OTMETHTb, YTO VCIONb30BaHHE OOBEANHEHHOTO MHOXKECTBA pelle-
uuit UCJIAY B kayecTBe HHCTPYMEHTa NPOrHO3a NMpUOBUIH KOPHOpaluK B pacCMOT-
PEHHOM CITyvae He MO3BONAET YJIYHYIIHTh OLEHKHU, NOMyueHHbIe BU3YaTbHBIM aHAIH-
30M JaHHBIX.

OueHkH MapameTpoB 6alaHCHOTO YpaBHEHHS B MPEANONOKEHWH, YTO TOHKA
x4 =(1,1,1) aHanuTUKaM HEU3BECTHa, [ONMy4MM pelueHHeM 3ana4 (2.6) (tabinua
4.3).

Tabnuua 4.3 — OueHku o6beArHEHHOr0 MHOXeCTBa pewmenuii UCJIAY

_ Hnpexc mapameTpos
Ouenku E,,,;(4, B) 1 =5 =3
HuxHee 3naueHHe 0,77 0,57 0,72
Bepxuee 3navenue 1,45 1,26 1,39
[MorpeuHocTts, % 34,1% 34,2% 33,5%

PaccmaTprBaeM OLIEHKH NPHOBUTH KOPIIOpALMH C UCMOJIb30BAHHEM MHOXKECTBA
Zt01(4, B). JonyckoBoe MHOXecTBo peweHuit UCIIAY nms naHHBIX Tabmune! 4.2 U
3aflaHHBIX MpEACNBHbIX 3HAYCHUH IOTPEIIHOCTEH W3MEpEHHUA SBIACTCA MyCTBHIM.
DTOT pe3yJbTaT BIOJIHE COTNACYETCS ¢ UCCIeAOBaHMAMHU aBTopa pabor [2, 3], T.e. B
JIAHHOM cJy4ae NpousBecHHE AX Tody4aeT «OonpllOH pasMax» B CpaBHEHHH C
pa3MaxoM BekTopa B.

B Hamem ciyvae 141 AaHHBIX Tabauupl 4.1 U NPUHATHIX OLEHOK MOTPEIHO-
cre#i U3MepeHHs, B KOTOPHIX &, = 20 ¢ JOTIOJHHTEIbHBIM KOI(P(ULIMEHTOM YLIHpE-
HuA k, = 2 pasmaxa BexTopa B nomyuena HCJIAY ¢ noaxonsauumu cBoiictBamu. Ee
uccnenoBaHue A 15 BapUaHTOB BhIOOPOK HE3aBHCHUMBIX OIUMOOK M3MepeHUs IOoKa-
3a70, 4YTO B 5 BapHaHTax AOINYCKOBOE MHOMECTBO HE IYCTO M CONEPKHUT TOUKY
x? =(1,1,1); B 8 BapHaHTaX OHO He MyCTO, HO HeoOXOAMMOE I KOPPEKTHOCTH
mozenu ycnoBue x% € E.;(A,B) He BBHIMONHEHO; B 2 BapUaHTaX MHOXECTBO
Z¢01(A, B) oKa3a1oCh MyCThIM.

Jlis mepBOro BapyaHTa pac4eTHBIX BEIOOPOK IMpHBeEM pelleHue 3agay (2.3):

BHN+1 = 121,1; BVN+1 = 162,5; BOV*1 = 141,8; A= 14,6%.  (4.5)
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Jlnis cpaBHeHHA, KaKk U paHee, MPHUBEIEM aHalU3 MOIPELIHOCTEH IPOrHo3a OLEHOK
HipaMeTpoB GanaHcHOro ypaBHeHus (Tadnuua 4.4) aHaJorudHble pe3yjbTaTaM IS
“to1(4, B). DTN gaHHBIE UMEIOT ClIeAYIOMUE 3HAYEHA: OLIEHKU aHANNTHKOB — 124.,8;

144 8; 134,8; 7,0% npu &, = 10; ouenku no 6amancy —122,4; 152,4; 137,4; 10,6%.

Tabnuua 4.4 — OueHkH HoIyckoBoro MHokecTBa pemenuiit UCJIAY

Hunexc napameTpos
Ouenxu Z¢,; (4, B) 1 = =3
Huxuee 3uauenue 0,85 1,00 0,93
BepxHee 3HaueHue 1,03 1,16 1,07
IMorpemHocTs, % 8,2% 8,7% 6,9%

CpaBHende maHHbiXx Tabauu 4.3 u 4.4 nokasbiBaeT 6e3ycnoBHY10 3(¢eKTUB-
10CTH TPOLEAYP MOJAEJIHMPOBAHMS MPOLIECCOB C UCMONB30BAaHUEM JOMYCKOBOIO MHO-
KCCTBA pelieHni. JIaHHBIA BBIBOJ COTJIaCyeTcs ¢ pesyibTaTaMd paboTsl [6] u non-
IIOCTHIO ONPABABIBAET €r0 METOM CHIIBHOM coBMecTHMOCTH. OIHAKO, CledyeT yuu-
TLIBATb, YTO B psAle 3aAaqy WACHTU(HUKALMM MPOLECCOB HEOOXOAMMO BBHIMOIHEHHE
YCJIOBUS TIPUHAJIE)KHOCTH MCTHHHBIX 3Hau€HUH MapameTpoB MPOLECCa HOITyCKOBO-
MY MHOXECTBY pelueHuii [1, 4, 7].

3amMeTuM, 4TO MpsiMas NMPOBEpKa 3TOro BKIIOYEHHs BCTPEYAET CyIUECTBEHHRIE
rpy/woctd. CxopHas npoblieMa BO3HHKAET NPH OLEHKE MH(POPMALIIOHHOTO MHOXe-
CIBa B 3a1a4ax MOAEINPOBAHHUA MPOLIECCOB NMPU HENMpaBWIbHBIX HabmoaeHusx [7, c.
51).

PaccMoTpuM (pOpManbHO 10 aHATOTHH C BBILIEH3NIOXKEHHBIM CBOICTBA yINpaB-
nsemoro MHoxkectBa pewenuit UCJIAY mns gaHHbIX Tabnuibst 4.2 ¥ 3aJaHHBIX Mpe-
JICNbHLIX 3HAYEeHH# morpeirHocTeif. CleyeT OTMETHUTh, YTO MPUMEPHI HCIIONL30Ba-
NN MHOXXecTBa Z.4; (A4, B) B 3aayax MOJAENUPOBAHHA NIPOLECCOB aBTOPaM JaHHOTO
y*1¢OHOro nocodust HEU3BECTHBI.

Kik ¢ cllefoBaJlo 0XHAATh, 3TO MHOXKECTBO JUIsi pacCMaTpUBaeMol TabaMubl M3Me-
pennit asnserca mycteiM. [locTymas 3epkanbHO CXEME HCCIIEOBAHUA MHOXECTBA

Z(01(A, B) 3a0amuM &, = 5 ¢ JONONHUTENbHBIM KOI(UIMEHTOM CKaTus pazMaxa
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BekTopa B paBueM 0,6 (k, = 0,6) u nomyunm UCJIAY ¢ noaxoasmumu CBOHCTBA.
Ee uccrienoBanue isi 15 BapHaHTOB BBIOOPOK ¢ HE3aBUCUMBIMH OINMOKAaMU M3Mepe-
Huii mokasasno, 4yTo B 11 BapHaHTax yIpaBliieMOe MHOXECTBO HE ITyCTO U COTEPKUT
Touky x4 = (1,1,1); B 4 BapMaHTax OHO He MyCTO, HO HEOOXOAUMOE U1 KOPPeKT-
HOCTH Mogeny ycnosue x4 € Z.,;(A, B) He BBITONHEHO.
Jliist OIHOTO W3 MepBOii TPYINLI BAPUAHTOB NPUBEEM peleHHe 3aaad (2.3):
BHN*1 = 119,1; BYN*1 = 160,95; BEN*! = 140; A= 14,7%. (4.6)
» Kak BUIUM, 3TH JaHHBIE C YY€TOM TOYHOCTH HX BBIYHMCIIEHMs COBNAANOT C
(4.5), KaK ¥ OLEHKH TIOTPEIHOCTEN C HCIONB30BaHHEM BH3YallbHBIX METOJOB IpO-
HO3HPOBAHUAL.

PaBHo3HaYHOCTH 10 3()(HEeKTUBHOCTH MOAENIUPOBAHHS MPOLIECCOB MOKA3LIBAIOT
OLIEHKM TapaMeTpoB OallaHCOBOTO YpaBHEHUsA, MONy4YEHHBIE KaK XapaKTepHCTHKA
Opyca, coIepalluero ymnpasiieMoe MHOXECTBO pelueHuit (Tabnuna 4.5). Ml cunTa-
€M pa3NimyKsl JaHHBIX Tabnuu 4.4 U 4.5. HECYLIECTBEHHBIMM, IOCKOABKY 3aJaHUe
yTpaBJIIEMOro MHOXKECTBA PellleH it OKa3anoch onee CBOGOAHBIM.

Tabnuua 4.5 — OueHkd ynpaeisieMoro MHoXecTBa pemenuii ICJIAY

~ Hnjekc mapaMeTpoB
Ouenxy E.,,(A, B) P =) 3
Huxnee 3HaueHne 0,87 0,83 0,89
BepxHee 3HaueHue 1,16 1,17 1,14
IlorpemHocts, % 14,6% 16,8% 12,4%

TEMA 4.3. Hmozogbie pezynbmamsl CpAGHEHUA OUeHOK npubbllu Kophopauuu
Memoodamu UHMePeaIbHOZ0 AHANUZA OAHHbIX

CnenyeT OTMETHUTH, YTO PE3YJbTaTbl BLIMHUCIHTEIBHOIO 3KCIIEPUMEHTA ITOKa-
3bIBAOT, YTO B JAaHHOM Cjiy4ac IOJIE3HOCTb MTOIOBLIX MHTEPBAJILHBIX OUEHOK UIA
TIPAKTHKH ABJIACTCA HHU3KOM, KaK B CUJY IHAYMHUTCIbHBIX OUII/IGOK, TakK 1 IOMHUHHpPOBa-
HHE pe3yJIbTATOB BU3YAJILHOTO aHainia, "IT0 00CTOATENBCTBO BHI3BAHO TEM, YTO BCE
MOrpeIIHOCTH XaoTHYHBL, a NPH aHAJIKW3C JIAHHbLIX HEC YYUTLIBACTCS alpHOpHas HH-

dopmaumst. PeanbHO A/ paccMaTPUBACMOI'O IIpUMepa B KayecTBe Takoil MHQopma-
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Il MOTYT BBICTYIaTh, BO-TIEPBBIX, MHOXECTBO X, cojepkauwiee TO4Ky x' M, Bo-
WIOPbIX, OLEHKH UHTEPBAIOB MPUOBIIH KOPIOPALMH, MOTyYEHHBIE C YIETOM MIPOTHO-
V1 1pUOBLIH IPEeATPUATHH.

BslnonHeHo uccnenoaHue MuoxecTs pewenus UCJIAY, B koTopoii uHTEpBa-
JILE [1paBOM YacTH MONYHYeHsI HA OCHOBe OalmaHCOBOro ypaBHeHusA. Kak u ciiegoBaio
(KUIaTh, AOMMYCKOBOE W ympaBiseMoe MHoxecTBa pewieHuit HCJIAY He mycto u
OJINO3JIEMEHTHOE, T.€. COIEPKUT OHY TOUKY x=(1,1,1). XapakrepucTHKa 00beau-
1ICHHOTO MHOXECTBA pelIeHHi kaueCTBEHHO cooTBeTCcTBYeT Tabnuue 4.5. [IporHos-
liLle 3HaYeHUS BBIXOIZHOI MepeMeHHOH COOTBETCTBYIOT pe3ysibTaTaM BH3YalbHOIO
anann3a AaHHbIX. [JaHHBINA MpUMep He UMeeT MPUKIAAHON LEHHOCTH U HOCUT YHUCTO
reopeTHYecKuil XapakTep.

B craTbhe pacCMOTPEHBI 33a4l MOIETUPOBAHUS MPOLECCOB MO IKCIEPHMEH-
FiIbHBIM JIaHHBIM C MHTEPBAIBHBIMM OLIMOKaMH HM3MEPEHMS Kak BXOJHBIX, TAK W
WLIXOAHOU NepeMeHHBIX. [Ipy CTaTUCTUYECKOM MOOXOAe MAaTEMAaTUYeCKOe MOIENH-
jpOBAHKE MPOLIECCOB BHITIONHAETCS METOAAMU KOHGUIFOIHTHOTO aHANH3a.

Jlns ipouiecca 6e3 BHYTPEHHUX [IyMOB B YCJIOBHSX MPaBHILHBIX HAOJOACHHI
MUTOIAaMH BBIYHCJIUTENIHOTO JKCIIEpUMEHTa MPOBEACHO KadeCTBEHHOE CpaBHEHHE
rOM1I0CTel TIPOrHO3UPOBAHUA BBIXOJAHOH NMEepeMEeHHON M OLECHUBaHUS Ko3dduumen-
tos NMHEMHON cBs3U A1 Tpex MHoxecTB pelueHuii MCJIAY: oO6benuHeHHOTO, KO-
1lyCKOBOTO M YIPaBJIAEMOrO.

[Tpy penIeHHUH 3ala4i MHTEPBATBHOTO aHaIN3a K03 GULHUEHTOB IMHEHHOH 3a-
HUCMMOCTH MOATBepXKAeHa 3(PPEeKTUBHOCTD HCTIONB30BAaHNA PUHIUIA CHIILHOIO CO-
rnucosanua C.I1. IHaporo [2, 6] npu ycnoBHH KOPpEKTHOH OLEHKM MX HCTHHHBIX
‘e, KoTopoe B CTaTUCTUYECKUX METoAax 0603HA4yaeTCs MOHATHAMHU HecMe-
ICHHOCTH M COCTOATENBHOCTH. B mpouecce HCCIenoBaHMAX 3aTPOHYThI NPoOIEMBl
MITTCPBATBLHOTO aHaNM3a 3aBUCHUMBIX M3MEPEHHH (M3MepeHMH, B KOTOPBIX OMIHOKU
WIIMMHO 3aBHCUMEI), ydeTa anpHopHoii nadopMaimu nipu 3anucu HCIIAY u noucke
¢¢ pelICHHUA.

ITony4eHHBle pe3yabTaThl MO3BOJSIOT YTOUHHTH OCOOEHHOCTH NMPHMEHEHUS
teopernueckux pesynstatoB UCJIAY B 3agavax aHanu3a JaHHBIX, B TOM YHCIE Miep-
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CIEKTUBBI OLEHHMBAHHSA MapaMETPOB C WCIONIb30BaHMEM IOMyCKOBOrO MHOXECTBA
peleHys. DT BONIPOCH! PaCCMaTPHBAIOTCA B CIELYIOIIMX TEMaxX JaHHOTO pasjena.
TEMA 4.4. Coznacosanue 6a3zvl OQHHbIX U YC106UIT OONYCKOBO20 MHOMCECMEA pe-
wenuii HCJIAY

PaccmaTtprBaeM BO3MOXXHOCTb COTJIACOBAHHs Pe3y/bTaTOB HabJOAEHHI ¢ 1e-
JIBI0 KOPPEKTHOCTH OLEHOK IapaMeTpOB JIMHEHHBIX MPOLIECCOB C HMCIONB3OBAHUEM
nomyckoBoro Muoxectsa pemeHuit MICJIAY. B pa6Gore [12] mokxaszaHo, 4To 3Hade-
HHS COBOKYTTHOCTH BXOIHBIX MEPEMEHHBIX W BBIXOJHOM NEPEMEHHOH COIIacCOBaHEI,
ecau rpad¥K MCKOMOM 3aBUCHMOCTH pacIoNIOKEH BO BCEX BHYTPEHHHX TOUKaX HH-
TepBaJBLHOTO Gpyca HEONPEeNENeHHOCTH T kaxxaoro Habmozenus (ITpunoxeHue 2).
OJHaKo, B peaibHBIX M MOJENBHBIX YCIIOBHAX YKa3aHHOE cornacoBaHue 6a3pl JaH-
HBIX allPpHOPH He BCeraa BhIMOJNHseTcs. B 9ToM ciryuae npessiaraercst HCTONB30BaTh
IPUHLMI POGACTHOrO OLEHUBAHWA: HE COIIacCOBaHHbIE HAOMOAEHUS clieayeT THbo
UCKITIOYUTh M3 BBIGOpKH, MO0 ckoppekTupoBaTh [12, 14]. B maHHO# pabote nanee
NPEACTaBJIeHb! Pe3yJIbTaThl UCCIEAOBAHHSA 3THX CHOCOGOB COrNacoOBaHUSA HUCHONB3Y-
eMO# SKCIEPUMEHTATHHON 6a3bl JaHHBIX Ha MOJENBHBIX JIMHEHHBIX MpolleccaX B
yCIOBUAX, Koraa 0a3oBble MMPENONOKEHM UHTEPBAIBHOTO OLEHHBAHUS 3aBHCHMO-
CTeit BBIIOJTHAIOTCA. MHOrOBapUaHTHBIE BBIYUCIUTENbHBIE IKCIIEPUMEHTHI NTOKa3aIH
BO3MOXHOCTb TIOBBIIIEHUS TOYHOCTH WHTEPBAIBHOTO aHaM3a 3a CYET INpelaBapu-
TEJIbHON KOPPEKTUPOBKY HaGJIIOICHUIA, B TOM YHCIIE BO3MOXXHOCTh FApaHTHPOBAHHO-
ro OLEHUBAHHS UCKOMBIX 3aBUCUMOcCTei [12].

[peanonaraercs, YTO MOIEIUPYEMBI MPOLIECC OMMUCHIBAETCA BBIXOAHOM Ie-
PEMEHHOH W COBOKYITHOCTBIO BXOIHBIX MEPEMEHHbIX, H3MEPEHUs KOTOPHIX Ipel-
cTaBJieHsl B 6a3e JAHHBIX WHTEPBATBLHBIMU BEJIMYMHAMH, a CTPYKTYpa MOJENH U Ipa-
HMLBI HHTEPBAJIOB OMKMOOK H3MEPEHUS BCEX MEPEMEHHbIX SABISIOTCS JOCTOBEPHBIMU.
DToT 6a30BbI BapHaHT WHTEPBANBLHOIO aHajlM3a JaHHBIX 0OOCHOBaH B pasgene 3
JaHHOTrO y4eGHOTo nmocobus, a B [13] o6cyx1eHbl BO3MOXKHOCTH IapaHTHPOBAaHHOTO
OLICHUBAHUA TTapaMeTpPOB HCCIENYEMON 3aBUCHMOCTH NEPEMEHHBIX MOJEIMPYEMOTO

npolecca.
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B HacTosee BpeMs NPUKIAAHON MHTEPBAIbHbIH aHATN3 dKCIEPHMEHTAIBHBIX
JLUEBIX HE BCTPEYaeT CYNIeCTBEHHOM KPUTHKH, OJHAKO ero MpHMMEHEHHE Ha TIPaKTh-
K¢ COMPSDKEHO ¢ NpobiemMaMM, KOTOpbie MCCAEN0BaHbl B JaHHOM pasjene. [naBHbIe
I3 HTHX NpobieM, BO-NePBbIX, BBICOKAs NMOrPEIIHOCTh FapaHTHPOBAHHBIX OLECHOK, H,
BO-BTOPBIX, BBICOKHE TPeGOBaHUs K HCXOHBIM IIPEATON0KEHUAM.

[lepeyro mpobieMy MNOSACHUM Ha IpUMepe OLEHKU TOrPEHIHOCTH CYMMbI
OJILLLIOrO YUCIIa HHTEPBABHBIX JaHHBIX. ["lapaHTUpOBaHHAA OLEHKA CyMMBI OMpe/e-
INIC MHTEPBAJIOM CYMM HIDKHMX M BEPXHHMX OLEHOK CllaraeMblX M yxe IpH He-
CKOJIBKMX eCATKAaX CiaraeMbiX TepseT NMpuKlafHoe 3HayeHHe. [Ipu aHanuze skcrme-
PUMCHTIbHBIX JAHHBIX OOOCHOBAHBI HEKOTOPBIE METOBI «yCEUEHUs» UTOrOBBIX HH-
1¢PBAIOB, OAMH U3 KoTopbIX npeanoxun Hlaperit C.I1. ¢ o6muM Ha3sBaHUEM «CHJIb-
114t COBMECTUMOCTH? [6)].

MeTon oCHOBaH Ha MCIONB30BaHUM JOIyCKOBOro MHoxecTBa pemeHudt HC-
JIAY 1 XapakTepu3yeTcs TeM, YTO TOYEYHbIE OLEHKU BOCCTAHOBJIEHUSA TUHEHHBIX
supucumocteit ABIsI0TCA 3¢ dexTuBHBIMU. [IpUHIUN CHALHON COBMECTUMOCTH 6a3u-
pyeres Ha cnepyromedl runotese [6]: «Ecnu mporecc u3MepeHus BXoJa U BbIXona
piyieneH Bo BPEMEHH ..., TO Dojiee afleKBaTHO ... TOHUMaHHE «COTNAacOBaHUM», NIPU
KOTOPOM OrPaHUYEHHE Ha BBIXOJAE AOJDKHO BBIMOJIHATHCS PAaBHOMEPHO IpPH OOBIX
‘SHAYICHHAX BXOJOBY.

OnHako, B pAe CyyaeB 10MyckoBoe MHOecTBO pelueHnii UCJIAY naxe Ga-
‘JOBOM BapHaHTE OKa3bIBAECTCS MyCTbIM. B 3TOM cilydae Ajs TOYEUHOTO OlIEHMBaHMA
napaMeTpoB B pabote [3] Ucronb3yeTcs METOJ yMMpPEHUs OpyCOB HeonpeneneHHo-
¢ JIaHHBIX (JaJlee MEeTO| YIIMPEHUA), KOTOPbIH MOXXHO paccMaTpuBaTh Kak OJUH U3
MUTO/I0B corflacoBaHus 0a3bl JAaHHbIX. MccnenoBaHud Noka3ald 4YTO, HOMYCKOBOE
mioxectso pemreHuit UCJIAY, B obuieM ciiyuae MOXET He COlIepXaTh UCTUHHBIX
‘Ia4CHUI OLleHUBAaeMBIX NIAPaMETPOB, T.€. HE BbIINOJIHACTCA NPUHLNI [apaHTHPOBAH-
noro oueHnsanus. Takum obpasom, npobiemMa cornacoBaHus 6a3bl AaHHBIX B MPH-
KJI8/1HIOM HHTEPBAJILHOM aHalu3e TpeOyeT AOMONHUTENbHBIX UCCIeA0BaHUI.

B naHHoif paboTe Hcronb3yeTcs MOAXOMA, NPH KOTOPOM TMIIOTE3a COrjiacoBa-

HKHA UNTEpPBANBHBIX HaOMIOACHUH paccMaTpHMBaeTCA KakK OONOJHEHUWE K 0a30BBIM
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MpEeATNONOoKEHMSIM IIPHKIIAAHOTO MHTEPBAIBHOro aHanu3a. MbI cuutaeM, 4to chop-
MYJIMpOBaHHas B [6] runoTe3a COrJIaCOBaHU OYEBHUAHO BepHa JJIS UCTHHHBIX 3Ha-
YeHMif BXOIHBIX [TepeMeHHBbIX B KaXAOM U3 N OIBITOB, NPH YCIOBHH, YTO UCXOJ-
Hble TPEANOJIOKEHNS METOJA BBHINMOJNHEHbI, T.e. MCKOMas 3aBHCHUMOCTh JIMHEHHA,
BHYTpEHHHE LIIyMbl OTCYTCTBYIOT, a IOTPEMIHOCTH U3MEPEHNI OLIEHEHBI NPaBIWILHO.

OJHako B pealbHBIX W MOJEJbHBIX YCJIOBHAX YKa3zaHHOE COIllacoBaHMe 0a3bl
JaHHBIX almpHOpH HE BCeTZa BBUIONHAETCH. B 3TUX cllydasx mpeanaraercs UCIOJb30-
BaTh NpUHLMI podacTHOro oueHuBaHus {12, 14]: He corjacoBaHHble HaGMOACHUA
caenyer Jimbo MCKIOYHUTh U3 BBIOOPKH, MO0 ckoppekTupoBaTh. Hibke Mbl nmpencra-
BUM pPe3YJIbTaThi HCCIIEIOBAHUS STUX CIIOCOOOB CONTacOBaHUS MCIIONB3YyEMOMH dKcIe-
pUMEeHTaTbHON 6a3bl AaHHBIX HA MOJENBHBIX JIMHEHHBIX NpoLeccax B yCIOBHAX, KO-
rga 6a3oBble MPEITIONOXKEHNs WHTEpBAIbHOIO OLEHMBAHHSA 3aBHCHMOCTEH BBINOJI-
HAIOTCA. MeToAnuYecKoil OCHOBON KOppeKUMH HabNIOACHHUH ABIAETCS BO3ZMOXKHOCTD
HCIIONIb30BaHMA allpHOPHOH MHGMOPMaLMK IPY aHAIN3e AaHHBIX, IPIMEPBI U MIPUEMbI
KOTOpO#t onucaHs! B padotax [7 ctp. 51].

MHoroBapHaHTHbIE BEIMHCIHTENBHbIE SKCIIEPUMEHTHI TI0KA3ali BO3MOXHOCTD
NOBBIEHHsA 3((EKTUBHOCTY HHTEPBAIBHOrO aHalin3a 3a CYeT IpeJBapUTENbHON
KOPPEKTHPOBKH HaOMOJEHHH, B TOM YKCJIE BO3MOXKHOCTb apaHTHPOBAHHOTO OlLie-

HHBaHUA NAapaMETPOB HCKOMbIX 3aBUCUMOCTEH,

TEMA 4.5. Onucanue memo00e u MenmoouK nJiaHUpyemMo20 Ucc1e008aHun

Kak ormeuensn! oiuie B pazaene 3 ICJIAY B matpuiHoit popme 3anuchiBaeTcs
HMHTEPBATBHOM (V*n) MaTpuLeH K03(hPULNEHTOB U MHTEPBANBLHBIM (VX /) BEKTOpOM
NpaBo# 4acTH B cleAytoueM Buge: Ax = B .

OnemeHThl MaTpull A U B ABNAIOTCA HHTEpPBAJIBHBIMH OLEHKAMH PE3YJILTATOB
M3MEpPEHNS BXOJHBIX U BBIXOHOM mepeMeHHOH B N HalloReHHAX Y 3aal0TCA Hepa-
Benctamm: A7 <A< AY; B <B<B'.

3uauyenus Bektopa X € R™ B UCJIAY cooTBeTCTBYyeT OLiEHKaMM MapaMeTpoB
HCKOMOH JIMHEHHOM 3aBUCHMOCTH:

b=xa+ +x,a, 4.7
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Wnrepsanbhble HabmomeHus a;;, b; 32 NepeMEHHBIMHM MOJENHMPYEMOTO Mpo-

Iecca 0003HauYNM Tak:

— H V1. —_ 0. — i= R .
a; =afl, af;]; afi =alf —&; afj=alf +f;i=1,..m; j=1,..,N; (4.8)
— H V]. ,H — M 0. Vv _ M 0. ; —
b] - [b} 1] b] ], b} —b} _Ebj' b] _bj +£b}‘] - 1,...,N, (49)
e a{‘}', bM — JOKCIICPUMEHTAJIBHBIE OAaHHBIE BXOAOB MW BBIXOJa B KaXXIAOM U3 N

&

II‘I()JIIO}ICHI/IVI 8 J HE OTPHULATEJIBHBIE OLUEHKH OLIUO0K HaOmoAeHUS (HI/I)KC HH-

l] >
}ICKCj GyHCT OITYIIEH, T.€. MHTEPBAJIbLHLIE OHINOKH NOPpHUHATHI OJWHAKOBBIMH IJIA BCEX

nabitonennit); all bf, bV — anemenTsl Matpu A¥, AY, B¥ BV cootBercTBEH-

ij> 1 j>
no.

B nmanHolt paboTe MBI OrpaHHYMMCA CPABHEHHE OLEHOK 0OBEINHEHHOTO U 10-
nycxonoro MHoxxecTB pemieHnii MCJIAY, cuuras, 4To 37€MEHTHl 3TUX MHOXECTB HE
orputatensHel. O0bEAMHEHHOE MHOXKECTBO PELICHHI 3a/1aANM CUCTEMOH JINHEHHBIX

HCPABCHCTB, KOTOPBIE 3alIMIIEM B CJIEAYIOIIEM BHIEC:

Zuni(A,B) = {x e R%: AVx > BY; AHx <B"}. (4.10)
HomnyckoBoe MHOXecTBO pelenunit UCIJIAY 3agaaum Tak:
Zi01(A,B) = {x e RT: AYx < BY; Afx > BH}. (4.11)
KoppekTupoBaHue BceX HaOMoaeHHH NPOBOANM B CIIENYIOLIEM BHJE:
ay = alf +e;e); b = b +ey56p; |ey| < 1; |ep;) < 1. 4.12)

CkOppeKTUpOBaHHbIE COrNAacHO (4.12) 3KcrnepUMeHTabHBIE IPUHALNEXKAT UH-
Tepnanam B BelpaxeHWsX (4.8), (4.9) ¥ MBI cuMTaeM, 4TO OLEHKH OIIMOOK UX U3Me-
pennit He MeHstoTCA. O603HaUMM Kak E MHOXkecTBO 3HaueHuit N(n + 1) koadduuu-
CNTOB KOppEeKTHpOBaHHs, a uepes 4, B, E,,,;(4,B,E), Z,,,(4, B, E) unreppansHeie
marpuusl MCJIAY 1 MHOXeECTBa MX pellIeHHii COTJIACHO BBIPAXXEHHSM, aHAJIOTHYHBIM
(4.10), (4.11) ans 6a3sl gaHHEIX (4.12).

PaccmoTpuM 1 o6cykIeHHS NOJX0Aa OAUH U3 MPUMEPOB 3a4a41 KOPPeKUHH
Owinl manubIx. PaccmatpuBaem Bapuant UCJIAY, nns xotopoli JOIyCKOBOE MHOXe-
CTBO peLIeHHH ABJISAETCA MYCTHIM. JTO OOCTOSTENIBCTBO ABJIACTCA JOCTATOYHBIM OC-
HOBAHWEM CUYMTaTh OTAEC/IbHBIE HabmonaeHHsA 6a3bl JAaHHBIX HE COIJIACOBAHHBIMH.

HeoOxonuMo HaliTH KO3 ¢HMUMEHTH KOPPEKTHPOBAHWA €*€E M OLEeHKH BeKTopa
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X*€Z¢0,(4,B,E) B nepeuncleHHbIX BbllIE 3a4adyaX MPUKIAAHOTO HHTEPBANLHOTO
aHanu3a. B cnenyloieM pasjiesie Mbl pacCCMOTPHM pellicHHE JaHHOH 3aJ1a4y B OOUH H
B JIBa 3Tama. B kauecTBe IpMMepa paccMOTpUM oHo3TanHyio ouehky b (aP) mpu
pelLIeHUH 3aa4yy porHosa (2.3):
b¥(aP) = min ez, (a8.x) ((xlaf + -t xpah) + L||e||). (4.13)
eE€E

B nanHoM cityyae s KoppeknuHu 6a3bl JaHHBIX U OLEHKHU MapaMeTpoRB 3allu-
caHa JBYXKpHUTEpUaJIbHas 3ajadya HeJMHeHHoro nporpammuposanws. [Ipu gocratod-

A
HO GOJNBIIOM 3HaYEHWM NapameTpa L obecrieyuBaeTcs coriacoBaHue 6a3pl AAaHHBIX
(Etol(ﬁ, B,E) *# 0) U MUHUMaNnbHasd KOPPEKLHSA 3HAYCHHH 3KCIEPHUMEHTAIbHBIX XaH-
HBIX. 3agaud Ttuna (4.13) umeroT GoNbINoe HHCIIO NMEPEMEHHBIX M OrpaHH4YEHHHA M
TpeOyIOT Ha NIPaKTHKE NPUMEHEHHE CTIeNHaIbHbIX METOROB UX pelienus [15].
TEMA 4.6. Hmumayuonnoe MOOCIUPOBARUE RPOUECCO8 CO2NACOBAHUA BATB IKC-
REPUMEHMATLHBIX OAHHBIX

Hmutauus KOppeKIMH JaHHBIX NMpoBoawiack B cpene Excel mpu mcnone3zoBa-
HUM MHCTpyMeHTa «Ilouck pemeHus». Bo3MOXKHOCTH 3TOro MHCTPYMEHTa I03BOJIM-
JIM MCCIIENOBATh 3a7ayd M METOJbl aHAJIN3a NAHHBIX JIMHEHHBIX MPOLIECCOB C ABYMS
BXoJamu (n = 2) npu aBanuatu HabmozxeHwsix (N = 20).

TeHepanusi 3HAYESHW BXOIHBIX INEpPEeMEHHBIX M OWIMOOK HabMOIEHHH ocy-
eCTBIsUIach ¢ ucnonp3oBanueM Gynkunn Excel CJTYHC() B 3agaBaeMbIX Ipesesax.
BriudcIUTENBHBIE SKCTIEPUMEHTHI TPOBEEHBI IS THHeiHOro nponecca (4.7) ¢ ma-
pameTpamu x; = X, = 1; a,,a, € [10, 100]. 3agaua nporxosa (2.3) uccienoBanack
g a? = (55, 55). MHOroBapHaHTHOCTh BBIMHCIHTEIIBHBIX JKCIIEPUMEHTOB JOCTH-
ranach M3MEHEHMEM MHTepBaioB &, £J, £), oOHOBIEHMEM 3HAYEHM BXOIOB H
ommbok. HccnenoBaHue Kaxmporo MeTosia corjlacoBaHus 6asbl JaHHBIX IPOBOIMIIOCH
¢ GONBLINM YHCIIOM MOBTOPEHHI MOJENIbHBIX UCTILITAHUH.

B omnucaHHO# MHCTPYMEHTANBLHON Cpefie MPOBENEHbl UCCIECAOBAHUA CIETYIO-
WHX METOJOB COINIacoBaHMs 6a3 JaHHBIX: UCK/IIOYEHHE HE COIIaCOBAHHBLIX HalJro-
IeHMit (METOA MCKITIOUEH¥s); COTTIacoBaHKWe 6a3pl JaHHBIX MO KPUTEPUI0 MUHUMYyMa

HOpMHl |le|| (MeTon MHMHMManbHO KOppEKLHHM), COIJIacoBaHHE IO THITy 3afayl
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(-1.13) (MeTOx COBMECTHOI KOPpPEKUMH); COTNIAaCOBaHUE KaK CaMOCTOATENILHEIN 3Tan
MKUIH3a JaHHBIX (METOJ NpeABapUTEIbHOM KOPPEKLMH).

MeTOIMKN M KpUTEPHH CPaBHUTENBHBIX HMCCIIENOBAaHUN METOIOB COrjlacoBa-
1M MHOIUBUYAIbHBI M ONHCAHEI HIDKE.

1. Memoo ucxmouenua. ViccnegoBaHie MeToqa MPOBEIEHO 1A 6a30BOTO Opo-
1ecca MpH IBYX MHTEPBAJIBHBIX OLIEHOK omKOok HabmoxeHus (Tabnuusl 4.6, 4.7).
Bce ucxonmHeie 6a3bl JaHHBIX COAEpKallM HE COrliacoBaHHble HabmoneHus. Boierne-
line 3TUX HabmoJeHNH NPOBOAMIOCH YKa3aHHBIM BO BBEJIEHUH METOROM YIIUPEHUS
OLEHKH £). 3HaueHne HadaTbHOTO KoddduuuenTa yuupenus Kp 1 UCXOaHOH Ga-
bl JaHHBIX TpuBeneHbl B Tabmuuax 4.6 u 4.7. HckioueHue He COIJIaCOBaHHBIX
HaGMoaeHUH IPOBOAWIOCH 4O €AUHUYHOIO Kp M UX YHCNI0 Nuc U3MEHAIOCH OT 2 10
10. na ucxomgHOH U CKOPpeKTHPOBaHHOH 6a3 JaHHBIX MONYYeHBI MHTEpPBAILHBIE
OlICHKH MporHo3a (2.3) Ha oObenuHeHHBIX MHOXecCTBax pewreHuii (OMP) UCJIAY.
‘TOYHOCTDL IPOTHO3a XapaKTEPU3YETC OTHOCUTENBHOI MNOrPEITHOCTBIO OLIEHKH Cpe /-
1110 3HAYEHUS ¥ OLEHKOM JOBEPUTENIBHOTO UHTEpBANa s ucxoaHo ([Jn%, /10%) u
CKOppeKTHpOBaHHO# ([Jnc%, [oc%) 6a3 JaHHBIX COOTBETCTBEHHO.

Tabnuua 4.6.

CornacoBanue 1aHHBIX MeTofoM uckmoueHus (¢) = 0,1; &) = 0.5;¢0 = 2)

Ne Meroa ncxmoueHns OMP
OTIBITa Kp Nuc Jnc% Hoc% | An% 0%
1 1,2 5 0,31 1,41 0,18 0,92
2 1,18 2 0,38 1,27 0,04 0,93
3 1,14 2 0,42 1,39 0,18 0,96
4 1,29 4 0,23 0,98 0,09 0,47
Cpexn 1,20 3,25 0,34 1,26 0,12 0,82

P €3yJbTAThl NO3BOJIAIOT PEKOMEHIOBATE AJIA NIPAKTHKH METO UCKIIIOYCHUA
11pH MaJIbIX omubxax H3MEPECHUS BXOOHBIX NMCPEMCHHBIX. Tak gns ombok TabaunubI
I'B TPpEX OrnbITax U3 4 obecneyuBanoCh rapaHTHPOBAHHOC OLICHUBAHUE IOITYCKOBOIO
MHOXXECTBa peHJCHI/If/'I, YTO CYLWIECTBEHHO MOBBIINACT TOYHOCTH OLICHOK. lI.TIH omubox

TabIHLbI 2 BCe MHOXECTBA =, (4, B, E) He cofepkanu TOUKY X; = X, = 1.

Tabnuua 4.7.
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CoriacoBanme IaHHBIX METONOM uckmouenus (ef = 1;e) = 1; &) = 4)

Ne Mero1 HCKITFOUEHHs OMP
OIbITA Kp Nuc Jnc% JHoc% | [n% 0%
1 1,41 6 1,86 2,6 0,2 1,62
2 1,61 9 1,21 343 0,57 1,07
3 1,45 8 1,13 3,19 0,23 2,07
4 1,53 10 1,32 2,95 0,01 1,48
Cpen | 1,50 8,25 1,38 3,04 0,25 1,56

2. Memoo munumanvroil koppexyuy. B aHHOM MeToae KO3((UIMEHTH KOp-
pekTNpoBaHUs €*€E ¥ OLUEHKU BEKTOpa X'€Z;0;(A, B, E) BLIUMCIAOTCS pelleHHeM
3a[aYM KBaJAPaTHYHOIO IPOrpaMMHPOBAHUS [0 KPUTEPHMIO MUHUMYyMa HopMsl |le]|.
IlonyyeHHas coryjacoBabHas 6asa JaHHBIX MOXKET HCIOJB30BATLCSA IS TOUECHHOM
OLEHKH K03 pHULIMEeHTOB HCKOMOilt 3aBUCHMOCTH. [ 6a3oBoro mpolecca U OmMOOK
KaKk B Tabyuue 2 mpoBeeHa cepud 10 ucmbiTaHUit He cornacoBaHHbIX 0a3 AaHHBIX.
CpenHee 4HCIIO CKOPPEKTUPOBaHHBIX HabMOJCHHUI 0Ka3aloCh paBHBIM 7,3, morpen-
HOCTB TIPOTHO32 YO0 CcpeJHeMy 3HaueHmto paBHa 0,14% M COOTBETCTBYET TOUHOCTH
MeTody yumpeHus [1]. MeToq MUHUMAIBEHOH KOppeKIMH MO>KHO PeKOMEH/I0BATh Ha
NpaKkTUKe OJI COTNIacCOBaHMA HaONIOAEHHIT IIPU MPOBEICHUH HATYPHBIX SKCIIEpUMEH-
TOB.

3. Memoo cosmecmnoii xoppexyuu. HccrenosaHus NpoBedeHbl A 3afiadyu
(2.3) ¢ napameTpamH mpouecca Kak B MeTofe 1.2. Pe3ynbTaTbl HCObLITaHUHA NpHBEe-

HbI B Tabnuue 4.8, rae Nk — 4UCIo CKOPPEeKTUPOBaHHBIX HAabIoAeHUIA.

Ta6bnnua 4.8.
HccnenoBanne MeTo/la COBMECTHOM koppekumu (€f = 1;&) = 1;¢ = 4)
Ne MeToj COBMECTHOM KOppPEeKLIHH OMP
OmnbITa Kp Nk | Anc% Hoc% Ln% 0%
1 1,52 8 0,31 0,23 1,15 0,33
2 1,47 7 0,58 0,24 1,95 0,11
3 1,64 9 0,55 0,05 2,26 0,37
4 1,54 10 0,32 0,05 1,91 0,07
Cpen 1,54 8,50 0,44 0,14 1,82 0,22
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Bo BCeX ONBITaX BBINOTHEHBI YCJIOBUS rapaHTUPOBAHHOTO OLICHUBAHMSA Ha 10~
1IYCKOBOM MHOXECTBE pELUEHUI CKOPPEKTHpOBaHHO} 0a3bl jaHHbIX. ToueuHble U
MINTCPBAIbHBIE OLIEHKH MPOTHO3a XapaKTEPHU3YIOTCS BBICOKOH TOUHOCTBIO B CpaBHe-
111 ¢ OUEHKaMK 00beJMHEHHOTO MHOXECTBa pelleHuit. HegoctaTkoM MeToaa sSBIsA-
CICH TO, YTO OTCYTCTBYET UTOrOBas CKOPPEKTUpOBaHHasA 0aza maHHbIX. Cremyromuii
MCTOJ1 COTTIACOBAHMS YCTPAHAET 3TOT HEAOCTATOK.

4. Memoo npedsapumenvnoii koppexyuu. Yiges MeToga COCTOHUT B TOM, YTOOBI
MaKCUMaNlbHO pa3ABUHYTh rpaHuuel MaTpuu UCJIAY npu Munumyme Hopmst |[e]|,
10 TpeOYET NMOCTaHOBKU 3aJaYM ONTHMU3ALNH 110 ABYM KpHuTepusaM. B Hawem cny-
"1a¢ CKOPPEKTUPOBaHHasA 6a3a JaHHBIX 00eCrIeYnBaeT MaKCUMYM PasHOCTH BEPXHEH U
HIDKHEH OIIEHOK B 3a/lauyé HMHTEPBAIBHOTO IpOTHO3a. Pe3ynbTaThl HCCIENOBaHUA
CKOPPEKTUPOBAHHOH 6a3bl NpeAcTaBNeHbI B Tabnuue 4.9, 00o3HaueHye NepeMEHHbIX

It KOTOPOH aHAJTOTMYHO 0003HAYEHUAM TaOIUIIET 4.8.

Tabnuua 4.9.
Hccnenosanue Metosia nipeasapurenbHoi koppekimu (e = 1;0 = 1; ¢ = 4)
No onbl- Merox npeaBapUTENbHOM KOpPEKLHH OMP

Ta Kp | Ne | Znc% Toc% | An% | 0%

1 1,31 11 0,01% 2,09% 0,42% 2,48%

2 1,53 9 1,32% 2,34% 1,55% 2,37%

3 1,56 7 0,45% 2,14% 0,26% 2,54%

4 1,61 10 0,03% 2,22% 0,30% 1,94%

Cpen 1,50 | 9,25 0,45% 2,20% 0,63% 2,33%

Hccrnenyemplii METON KOPPEKLMM CPaBHMM C METOJIOM COBMECTHOM KOppEK-
1M, a HOBas 6a3a NaHHBIX MOXET HCIONB30BaThCA KaK MCXONHAS TPU PELIEHUH 3a-
Jlay NPUKJIAJHOTO MHTEPBANBHOIO aHAIN3a.

Kak urorooe o6cyxeH1e 3aMETHM, 4TO [Ulsl PeIeH s NPOoBiieMbl COrIacoBa-
H1g 6a3el JaHHBIX B MPHKIAJHOM MHTEPBAILHOM aHANM3e, BO3MOXKHO BIIEPBLIE, pea-
JIN30BaH NPUHUMII poGacTHOrO OLICHUBAHMA: He COTIaCOBAaHHbIE HAGNIONEHUA Clley-
¢ IM60 MCKITIOYNTbL U3 BBIOOPKM, MO0 CKOppeKTHpOoBaTh. I10AXOMAaMM BBIYUCIH-
I'tJILHOH MaTEMAaTHKH ¥ KOMIBIOTEPHOTO MOJENMPOBAHUA UCCIIEIOBAHBI YETHIPE Me-

TOMA COrJIacoBaHMs 0a3nl JaHHBIX, KOTOPLIC o0aaroT 3NeMeHTaMHU Hay‘moﬁ HOBH3-
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HBl U UMEIOT NPAaKTUYECKYIO HANpPaBIeHHOCTh. MHOrOBapUaHTHBIE BEIYUCIIUTEIbHbIE
3KCIEPUMEHTHI [T0Ka3ald BO3MOXKHOCTh TMOBBILIEHHNSS TOYHOCTH MHTEPBAILHOIO aHa-
JIM3a 3a cHeT IpeaBapuTeIbHON KOpPEKTHPOBKY HabMOAEHMIA, B TOM YHCIIE BO3MOX-
HOCTb FapaHTHUPOBAHHOIO OLIEHUBAHUA UCKOMBIX 3aBUCHMOCTEH.

Bonpocsl no pazgeny 4.

1. TToACHUTH METOIB! U 3a4a4M CPABHEHHA OLICHOK [lapaMeTpoB JIMHEHHBIX MPOLECCOB ¢ HC-
nons3oanueM peweHuii UCJIAY.

2. 3anucatb Moaens GopMupoBaHUA MPUOBUTH KOPIIOpALMM OMHCaTh CBOICTBa Gasbt naH-
HBIX 1’ 6a3bl 3HAHUI NPH aHATMTUYECKUX MCCNeJOBAaHUAX NPHOBLUTH Ha 3a/[AHHOM BPEMEHHOM HH-
TepBaie.

3. OnucaTh KOMIMBIOTEPHYIO MOACHb OLEHKH NPUOBLTH KOPHOpALMH C HCIONhb30BaHUEM
MHOxecTB pewtennii UCJIAY.

4. [TosACHUTD YCTIOBUA TapaHTUPOBAHHOTO OLIEHHBAA ITapAMETPOB Ha IPUMEPE OLECHOK NpH-
6b11H KOPIOpPALMH.

5. TlpoBecTH CpaBHUTENBHBIN aHAIN3 CBOMCTB OLEHOK JTHHEHHBIX IPOLIECCOB € HCIIONIB30Ba-
Huem MHoxecTs pewuenuit UCJIAY na npuMepe olieHOK NpuGbUIN KOPIIOPALUH.

6. TToACHUTS 331241 COTTacoBaHys Ga3bl JaHHBIX H TEOPETHYECKHE OCHOBAHHSA UX PELISHHA.

7. 3anucaTh Mofenb Koppekuy Ga3bl JaHHBIX U MOACHUTb CBOICTBA SKCTPEMAabHBIX 3a1aq
JUIA ee BBIYUCIEHMH Ha IPUMEPE KOPPEKLUMH 10 KPUTEPHHY MHHMMAabHOI HOPMBI.

8. PaccMOTpeTh MpPOLEAYpPHl MOUCKA U MCKIIOYEHHS He COIIaCOBAaHHBIX HaOmoaeHuil npu
KOppeKuuK 6a3bl JaHHBIX METOIOM UCKITIOUEHHS.

9. 3anucaTh ¥ MOACHUTH MaTeMaTHYECKUE 3aaY KOPPEKLHH IKCIIEPUMEHTAIBHBIX JAaHHBIX
B TPeX OMUCAaHHbIX B JAHHOM pa3fene MeTOAaxX COrIacoBaHHA Ga3 JaHHBIX.

10. CTpyxTypa ¥ CpeACTBa HMHTAUMOHHOTO MOJETHPOBAHUA IS BHIMHCTUTENBHBIX 3KCIIE-
PHUMEHTOB 3aia4 KOpPeKUUH HaGNMoAeHH T IMHEHHBIX NPOLECCOB C UCMOTIb30BAHHEM J0IyCKOBOTO

MHOxecTBa pewtennii UCJIAY.
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I'A3JIEJT 5. TIpuKnaaHoi HHTepBaJILHBIH aHAIN3 G0/IBILIMX JAHHBIX

T1:MA 5.1. Obocrosanue modeneii u Memooos aHAIU3A GOLBIIUX OAHHBIX

Meroasl aHanu3a 60JIBMUX JaHHBIX MOJXYYHIM B TOCIEIHHE TObI CyLIECTBEH-
110¢ Pa3BUTHE B CBA3U C HOBBIMH BO3MO)XHOCTAMM cOOpa, XpaHeHHUs, Nepeadu CUTY-
MHOHHON MHGOPMalMHK U UCTIONB30BaHHEM TEXHOJIOTHHM HCKYCCTBEHHOIO MHTEILIEK-
v JUIst NOJIEPXKKH IPHUATUS pelleHuil Ha ux ocHoBe [1]. J[is MHOIHX MPUITOXKEHHMIT
AlaIn3 GONBIINX AAHHBIX TpeOyeT PHUMEHEHUS CXeM paclapaUleIMBaHUs B BBIYHC-
NHTCIIbHBIX QITOPUTMAX M HCMOAB30BAHUSA BBICOKOMPOU3BOIMTENILHBIX BBIYHCIIH-
TCJILHBIX CHCTEM [2].

B naHHo#t o6GnacTu Mccaen0BaHUi B HACTOALIEE BpeMs BBIICIIAIOT JBA STana.
[ lepBblif 3Tan CBSI3aH € penieHHEM MHOT0OOpa3HBIX 3a1ad CTPYKTYPHPOBAHUS HH-
(popMaLIMOHHOTO TOTOKA JAHHBIX, BKIIIOYAs BBISBJICHHE CYLIECTBEHHBIX (AKTOPOB,
IpaMeTpU3aLyeil KaueCTBEHHBIX OLIEHOK, TECTOB Ha €CTECTBEHHOM $3bIKe, H300pa-
ACHMI C LENbIO MOTyYeHUs UHPPOBOIi TaGIHULUBI BXOAHBIX M BHIXOAHBIX MIEPEMEHHBIX
Mo/IcaHpyeMoro npouecca. Ha BTopoM sTame IpoBOAMTCS MCCIIeJOBAHUE TIPUYMHHO-
CJIC/ICTBEHHBIX CBsI3€H, OLIEHKU aJeKBaTHOCTH U pabOTOCMOCOGHOCTH TMOJyUYeHHOI
wipuaeckod Mogenu [2, 3]. Cpenn MeToIOB BTOPOro 3Tama, pacCMaTPUBAEMOTrO B
JlniHOI paboTe, UCTIONB3YIOTCA KaK KJIACCHUYECKHE TEOPETHKO-BEPOSTHOCTHEIE METO-
JIbl, TAK ¥ OTHOCHTELHO HOBbIE, B YaCTHOCTH, NPUKJIaHOM HHTEpBAIBHBIN aHaU3 [4

6].

Hcxonnas vaes M nepBbie NPWIOKEHHUS HHTEPBAIBHOIO MOAXOAa K aHAITH3Y
JIWHHBIX [peJCTaBiIeHbl B paboTe [4] A/ OLEHKH MapaMeTpOB JIMHEHHOM 3aBHCUMO-
CTH BBIXOJHOI NEpeMEHHOM, U3MEPAEMOil C MHTEPBATBLHOMN OMIMOKOM, OT # BXOAHBIX
TNICPEMEHHBIX TOYHO M3MEPEHHBIX B KaXIOM U3 N ucnbITaHuil. O6paGoTKa TaGIHIIbI
JKCNIEPHUMEHTANBHBIX JaHHBIX MOJEIM IPOBENEHAa pellleHHeM CIelHabHBIX 3a1aq
JimneiiHoro nporpammuposanus (3J1I7).

B obumem cryuae 3amada MOCTPOEHHs JIMHENHBIX MO MapamMeTpaM 3aBHCHMO-
CTCH ¢ MHTEPBATbLHBIMM OLIMOKAMH M3MEpEHHs BCeX MepeMEHHBIX CBOAUTCA K pelire-
HHIO MHTEPBAIBHBIX CHCTEM JIMHEWHbIX anreOpanveckux Hadomonenuii (UCJIAY).
Cpean mHoxectsa pewreHuiit HCJIAY, usBecTHIX B nuTeparype [6], BbiOpaHo 00b-
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eIMHEHHOE MHOXECTBO PElLIeHHId, KoTopoe obecnedrBacT rapaHTUPOBAHHOE OLEHHU-
BaHHME MCKOMBIX 3aBHCUMOCTell [7] U moMycKaeT NMPUMEHEHHUE METONOB JIMHEIHOTrO
nporpammupoBanus (JIIT), B ToM wucie s pelIeHUs 3a1ad ONTUMHU3aUMK 60IbII0H
pa3MepHocTH [8 — 11].

O6GoCHOBaHNE TEXHOJIOTHUH MPUKIAIHOIO MHTEPBAJIBLHOIO aHAIM3a IpeaBapH-
TEJIbHO CTPYKTYPHPOBAHHBIX OOJIBIINX AAHHBIX MPOBOAUTCA B CIEAYIOLIEM MOPALIKE:

- paccMaTpuBalOTCA TEOPETUYECKHE OCHOBBI MPUKIANHOIO HMHTEPBAIBLHOIO
aHaJM3a NMPU MOAEHUPOBAHMUM JIMHEHHBIX CTAlMOHAPHBIX IMPOLECCOB IO 3KCIEPH-
MEHTAIbHBIM JaHHBIM MPY BBIMOJHEHUHA HUCXOOHBIX IIPEANONOKEHUA OTHOCUTEILHO
CTPYKTYpbl MOJIEIM Mpoliecca M YCIOBUH HaOMIONEHUA €ro BXOOHBIX M BBIXOIHOMH
TePEMEHHBIX;

- MIpedNIaraloTcs Coco0bl MOCAeIOBAaTEIBHOTO aHaIk3a 6oNbIIoi 6a3bl 3KCIIe-
PUMEHTAIBHEIX JAAaHHBIX B OAHOM KOMIIBIOTEPE M MapajUIENbHOI0 aHanM3a JaHHLIX B
BBICOKOTIPOU3BOAMTENBHBIX BEIYUCIUTENBHBIX CUCTEMAX;

- POBOAMTCS KOMITBIOTEPHOE MOJAETHPOBAHKE MIPEATOKEHHBIX TEXHOIOTHIA.

C MCIOIb30BaHKEM PAaCCMOTPEHHOTO MOAXOMa MpU aHayu3e GOJIBLIMX JaHHBIX
MOJIYYEHbl HHTEPBANBHbIE OLICHKH BBIXOJHOMN NMEPEMEHHON MOJEIMPYyEMOro mpouec-
ca TpH 3alaHHBIX 3HAYEHUSIX BXOIHBIX II€PEMEHHBIX U MHTEPBAbHBIE OLEHKH Mapa-
METPOB HCCIIeyeMOi 3aBUCUMOCTHU. [IpennokeHsl IBE BbIYHUCIUTENBHBIE TEXHOJIO-
MM [OCNIENOBATENILHOO CUUTHIBAHUA OTPAaHMUYEHUH W MapaiiiefbHbIX KOMIBIOTED-
HbIX BBIYHCIECHHI NPU PELICHHH 3alay JIUHEHHOro NporpaMMHpoBaHHA GoJbIIOM
pazmepHOCTH. ONTHMANBHOCTE BEIYUCIICHHI 000CHOBaHA C UCIIOIb30BAHHEM NIpHEMa
peNaKcaliy OrpaHHyeHud TMpU pellleHNH 3a0a4 ONTHMH3aUUU GOoNbIIOH pasMepHo-
ctu [8, 9, 11]. [IpoBeieHO KOMIILIOTEPHOE MOJAEIUPOBAHHE MPEIOXKEHHBIX TEXHOJIO-
THii C LEJIBI0 M3Y9YEeHHUA BO3MOXXHOCTH MX HCIONB30BAHMA Ha MIPAKTHKE U U OLIEHKH
MorpelrHocTel MX MpUOMIMKEeHHbIX peanusauuil. MccnenosaHue NpoBefEHO Ha MoO-
JENBHBIX MpolieccaxX B YCIOBHAX BBIMOJHUMOCTH MPEINONOXKEHHH WHTEpBAIBHOIO

dHaNnu3a JaHHbIX.
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TI'MA 5.2. BeluucnumenvHble mexHON0ZUU UHMEPSAIbHOZ0 AQHAIU3A DONLIMUX
OaHIBIX

PaccmarpuBaeM nociie1oBaTeIbHyr 06paboTKy GObIIOH 6a3bl AaHHBIX B Of1-
oM kommnbioTepe. Tpebyem, 4TOOBI BBIYUCIUTENBHAS TEXHOJNIOTHA obecnedymna or-
TUMaJbHOE pelleHue oaHoMH U3 3ana4 JIT1, MpuBeAeHHBIX BBILIE.

BBenem cnenyroniie 0603HauUCHHU:

J ={1, ..., N} — unnmeKcsl 3anuceii MonHok 6a3bl AaHHEIX.

J; — pa3bueHre MHOXKECTBa | — MHAEKCHI /-0if MopLMHK NauHbIX; [=1,...,m; m —
"1UCJIO BBIENIEHHBIX MOPLMiA IpY pa361eHNH OOBIINX NaHHBIX.

I; — MHOXECTBO MH/IEKCOB HaOMIOAECHUI, KOTOpbIE aKTUBHB NIpU aHaIM3e [-oi
11OPLMH JaHHBIX.

M, — nH(pOpMAaIUOHHOE MHOXKECTBO NpH aHasu3e /-0#f MOPLMM AaHHBIX.

Iy — nHAEKCH HabMOACHNH, KOTOPBIE HE (DOPMANILHO BhIJICNIEHBl HA HAYAIbHOM
yrane BBIMHCICHUI M3 COBOKYITHOCTH BCeX HaOMIOAeHMI 1 o0ecriedynBaloT He MycTo-
Ty 1 OFPaHHYEHHOCTh COOTBETCTBYIOLIEr0 UHGOPMALMOHHOTO MHOKECTBA.

Ecnu u3 Bceii 6a3bl JaHHBIX BBIGJINTh TAKMX HaOJIOJNEHUWI He ynaeTcs, TO Co-
BOKYTTHOCTb JAHHBIX HE TOJIHA WM MPOTHBOPEYMBA U, CJIEOBATENLHO, TpebyeTcs ee
KOPPEKTUpOBKAa. B 4acTHOCTH, Takasd CHTyalus MOXET BO3HHKHYTH TIPU n>N WIH
1IpY HE JOCTATOYHOM YHCIE Pa3IMYHBIX TOYEK (PakTOpHOro mpoctpaHcTBa. [lanee
tipelinionaraeM, 4TO Takas CHUTyallUsa NPU aHanu3e JaHHBIX He BO3HMKAET U MHOXe-
CTBO I, BBIAENACT 7 JMHEHHO HE3aBHCHMBIX OrpaHWUYCHHI peliaeMoil 3anavn
JI (|I,] = n).

AJNropuT™M mociefoBaTenbHOH 06paboTk Gonbuioi 6a3bl 3amuINEM B Cledy-
IOLEM BHIE.

Llar 0. 3anaem pa3dueHne MHOXecTBa J Ha TIOOMHOXECTBA Jy, ...,/ , BBIOUpa-
€M 3ajlauy aHalu3a JaHHBIX U LeNeBylo QYHKUHIO cOOTBETCTBYROLIeit 3amaym JIII.
[fonaraem u=0. '

Hlar 1. ®opmupyem MHOXECTBO [, ¥ nonaraem /=1.
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Ilar 2. Pemaem 3apaqy aHaiu3a A8 HaOMOOCHWIA ¢ nHOekcamu J; U [;_4, ko-
TOpBIE ONpeAeNAIOT MHOXKECTBO M;. Eciu 3TO MHOXECTBO IyCTO€, TO BBIYHCICHUA
OCTaHaBJIMBAEM C BbIAAa4eH COOTBETCTBYIOUIErO COOOLIEHMS.

Iar 3. BeigenseM HHAEKCHl aKTHBHBIX OorpaHuueHuit B 3agaue JII1, pelieHHoH
Ha ware 2. Eciu I; # I;_4, To nonaraeM u=1. [lanee nonaraem /=/+1. Ecm [ < m
nepexoauM K wiary 2.

lar 4. Ecnu =1, nonaraeM Iy = I,; | = 1, ugem Ha war 2. lHa4ye npoBoguM
aHanu3 pesynpTaTtoB peieHus 3JII1 U nHpOPMaLMOHHOTO MHOXKECTBA 0a3bl NaHHBIX,

L
KOTOpOE COBMAJAET C MHOXKECTBOM My, .

B03MOXXHOCTH peanu3alyi 3TOH BEIYNCIUTEILHOM TEXHOIOTUH OTIpeaesIOTCA
JOITyCTHMOH AJ1s1 BBIGpaHHOTO KOMITbIOTEpa pasMepHocTh 3aaaun JII Ha miare 2.

PaccMOTpHM aJiropUTM NMapajuiesibHON 00paboTKK GONIbIIMX JaHHBIX, KOTOPBIH
SBJIAETCS BapUAaHTOM HEPapXMUECKUX alnropuTMOB pellieHus 3amay Gonplioit pas-
MEPHOCTH, aHAJIOTWYHBIM anroputMaM B [11]. 3apaueit LlenTpa asnseTca dopMuUpo-
BaHHE MHOXECTBA [y M €ro Nocjef0BaTebHOE YTOUHEHHE [0 BBIMOMHEHUs YCJIOBHA
ONTUMAJILHOCTH perneHus BoidpanHoi 3JII1 s Beeit 6onbmoii 6a3b1 nanHbIX. [Ipen-
CTaBJIeHHE aJIroprTMa MPOBEAEM 10 aHAJIOTUYHON CXeMe, IPMBEACHHOI BEILIE.

Ilar 0 (3anaua Llentpa). 3agaeM pa3bueHHe MHOXeECTBa J Ha MOAMHOXXECTBA
Ji, -+ Jm , BbIOMpaeM 3ajauy aHaiM3a JaHHbIX H LEJeBYIO (PYHKLHMIO COOTBETCTBYIO-
uieit 3apaum JIII.

Hlar 1 (3apaua Llentpa). ®opMupyeM MHOXECTBO [; U COOTBETCTBYIOLIHE
CTpOKM MaTpyLbI HabmoneHmii nepeaaem B 6ydep oOMeHa AaHHBIMU.

Ilar 2 (3apaya 6510ko0B). Peinaem B kaxaoM KOMIBbIOTepe / 3aavy aHanM3a Uit
HabmoaeHuii ¢ MHIekcaMH J; U l,, KOTOpble ONpenessloT MHOXeCTBO M;; | =
1,...,m. Eciu HaiineTcs KOMIIbIOTEp, AJii KOTOPOro 3TO MHOXECTBO IyCTOE, TO BbI-
YHCIICHU OCTaHaBJIMBAEM C BbIJavyell COOTBETCTBYIOLIETO coobimeHus. Janee Buiae-
JISIEM MHIEKCHbIE MHOXECTBA [; aKTUBHBIX OTPaHHYEHUI, U COOTBETCTBYIOLIHE CTPO-
KU MaTpHLbl HabJ0AeHNI niepeaaem B Oydep o6MeHa JaHHBIMU.

Ilar 3 (3amaua LlenTpa). IIpoBOogYM cpaBHEeHHEe WHIOEKCHBIX MHOXECTB Iy U

I;; 1 =1,...,m. Ecnu HaiigeTcs xoMIbloTep [ ans KoToporo [; # Iy, TO C UCIIONb30-

60



BallMeM BCeX aKTHBHBIX HaOmoaeHWil GopMupyeM HOBOE MHOXECTBO [, M MIEM C
1hm K wary 1. lHaye mpoBOIMM aHaNU3 pe3yJbTaTOB 00pabOTKH Beeil 6a3skl JaHHEIX,
¢OCTaB KOTOPO# MPENCTaBIEH MHOXKECTBOM Ij.

KoHKkpeTHbIE peaM3aliii ONHUCAHHOM BBLIYMCIUTENBHONW TEXHOJOIMH OIpEJIe-
JSOTCS XapaKTepoM GOJBLIMX AaHHBIX U MPOrpaMMHEIM ofecre4eHHeM HCIONb3ye-
MO#i BBIMHCIUTENBHOM cucTeMbl. ClielyeT OTMETHTh, YTO Ha luare 3 ajlropurma
I lcHTp MOXeT yTOUHATH COCTaB aKTHUBHBIX orpaHuyeHuil pemenuem 3JII1 ¢ orpanu-
ICHUSIMH, KOTOpBIE€ COOTBETCTBYIOT MHIACKCHBIM MHOXKecTBaM [y u I;; L =1,...,m. B
cnyuae, korga 3JIIT okaxercs 3aaadeii OoybLIoN pa3MepHOCTH, LIEHTp MoxeT Boc-
MOJIBL30BATLCA NEPRBIM AJITOPUTMOM IOCIIeJOBATENIbHOM 00pabOTKH JaHHBIX.

Kpome vyroro, cneftyeT noa4epKHyTh, YTO B PACCMOTPEHHBIX BHIUMCIMTENBHBIX
TEXHONOrHNX et 1peGosanui k. KoaMdecTBy HaOMONEHMI B pa3OHeHHH Ha MOPLMH
Gontnoft Gusht JIAHNBIX.

TEMA S.3. Kosnwsiomepnoe modenuposanue 8pluucaumenbHslx mexHonNozuil ana-
0 Bonnux dannsix

B nanyoit teMe paccMaTpUBAlOTCS BONPOCHI peasiM3allMU paclipene/ieHHbIX
BBIMCJIEHHH C YYETOM OrpalnM4EHHBLIX BO3MOXHOCTEHl BBIOpAHHBIX MPOrpPaMMHO-
TEXHHYECKUX CpeACTB. KOMMNbIOTEPHOE MOIENUPOBAHHE MPOLECCOR aHamu3a GoJb-
IKMX JaHHBIX MpoBoauTcs B cpere Excel ¢ ucnonszoBaHueM uHcTpymenTta «Ilouck
pewenus». [IpenensHble pa3mepsl 6asbl JaHHLIX MO YHCJY MEPEMEHHBIX MOIENH
OnpenessIFoTCs BO3MOXHOCTAMH JAHHOTO HHCTPYMEHTA.

B Halem ciygae KOMIBIOTEPHOTO MOIEIMPOBAHNS YYUTHIBAEM, YTO IS MPO-
BEPKH ONTHMAJILHOCTH BbIYMCIICHUH HeoOxoaumo HaxoauTh petenue 3JIIT qis Beei
0a3bl JaHHBIX, U €€ pa3MEPHOCTH 10 YHCTy MIEPEMEHHBIX He N0IKHa ObITh Gosee 200,
a Mo YuCIy rIaBHBIX orpaHnyeHuit — 6onee 100.

PaccMoTpyM MaTeMaTH4ecKHe 3aa4y BBEIYHCIHTENLHBIX 3KCIEPUMEHTOB I
WHTEpBAJIPHOTO aHAJIM3a JaHHbIX B OOMIEM Cily4yae HaJTM4YMs OLIMGOK HaGarodeHus
BCEX IMEPEMEHHBIX JMHEHHOro mpouecca, KOTOPbIE KAacaroTCs IMONYyYEHHS OLIEHOK
obbeauHeHHOro MHoxkecTBa pemieHuii UCJIAY. B naHHOM pasfesie MCIONL3YIOTCS

0603Ha4eHMs, NpUHATbIe B JuTepaType 1o Teopun UCJIAY M TpaauLHOHHbIE 060-
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3HaueHus nuHeitHoi anre6pol u JII1. Kak onucano B paspene 3 UCJIAY B maTtpuu-
HOM (opMe 3alKCHIBAETCA UHTEPBAIBLHOM (N Xn) Marpuueid ko3¢ UIMEHTOB H UH-
TepBalbHBIM (V*[) BEKTOPOM NMpaBoOi YacTH B CIEIYIOINEM BHLE:
Ax=B. 5.1
OneMeHThl MaTpull A U B ABNAIOTCS MHTEpBAIBHBIMU OLEHKAMHM PE3YJIbTaTOB
H3MEPEHNA BXOJHEIX M BBIXOMHOI NMepeMeHHoit B N Hab/oIeHHAX U YCJIOBHO Hpej-
craBnsioTca HepaseHcTeamu: A < A< AY; B <B<BY.
3HayeHust BekTopa X € R™ B (5.1) COOTBETCTBYET OUEHKaMH MapaMeTPOB JIH-
Heﬁﬂzﬁ 3aBHCHUMOCTH, a 00beJUHEHHOE MHOXECTBO PELICHUH E,;; COOTBETCTBYET
MHOX€ECTBY HeOIpe/leJIeHHOCTH ONKcaHHOMY Beimie. B paborte [6, ¢. 323] yrBepxkaa-
eTCs, YTO «BBIYMCIeHHe A 00beJMHEHHOr0o MHOMECTBa pelleHHH BHEIIHHX MOKO-
OpAMHATHBIX OLEHOK ¢ mo0oil 3agaHHOM abCOMIOTHON WIM OTHOCUTENBHOW TOYHO-
cThiO ecThb NP-TpynHas 3ajaua». B 4acTHOM cilydyae IOJIOXUTENBHBIX KOMIIOHEHT
pewienuss UCJIAY o0bennHeHHOE MHOXKECTBO pelleHMH 3anaeTca CUCTEMOH JIMHEMH-
HBIX HepaBEeHCTB, KOTOpPBIE 3alUILIEM B CIIECAYIOIIEM BHIE:
Zuni = {(x ERT: Ax > BH; Aflx < B} (5.2)
3amuiem 3JIIT ais MHTEpBaJIbHOM OLIEHKM 3HAYEHUS BBIXOJHOM MepeMEeHHOM
b B 3aaHHOM TouKe a;, € R™ $akTOpHOro MpoCTpaHCTBa:
b#(a,) = minyez, . apx; bY(a,) = maxyes  a,x. (5.3)
Takum o6pazom, 3azauu JIII B BeIOpaHHOM BapuaHTe NPHUKIAJHOIO WHTEp-
BAJIbHOTO aHa/lM3a AAaHHBIX UMEIOT N NEPEeMEHHbIX, a YUCJIO0 OrpaHHMYEeHHH DPaBHO
yABOEHHOMY 4MCITy HabmoneHui aHanu3upyeMoi MOpLUH JaHHBIX.
PaccmarpuBaeM KOMIIBIOTEPHYIO PEaM3alMIO BHIYMCIUTENbHBIX TEXHOJIOTHH.
B o0uieM citydae YKCIO m M pa3Mepbl MOpUMi 1aHHbIX 63 yueTa yCIOBUA UENOYHC-
JIEHHOCTH NP JOMYCTUMOM 7 JOJDKHBI YIOBJIETBOPATh HEpaBeHCTBY 2(n+N/m) < D,
rae D — MakcuManpHOe uicio orpaHudyeHuit sanaqun JIII, ucrionszyeMoro nporpaMmm-
HOTO KOMIIIEKCa.
B nameMm cnyuae (D=100) mis OCHOBHOTO BapWaHTa 3KCIIEpUMEHTaIbHOH Oa-
3l BBIOpaHo n=20 u gomycruMble S0 HabIoJeHHUIA «paspe3aHbl» Ha 5 nmopuui. 3ame-
THM, YTO MUHUMAIbHOE YKCJIO MOpUMIl B HAllleM Ciydae MOXKeT ObITh TpH, Halpu-
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Mcp, © uydcnaMH Habmoaenuit 17, 17, 16 cooTBETCTBEHHO. B BEIUHCIHUTEIBHBIX JKC-
IICPUMEHTaX HCCIIEOBANUCH W JPYTHe BAPHAHTHI pa3MepoB Tabiui HabmoneHuii, B
IOM HHKCJie 3HAYUTENBHO Gosbuie (50x20), mng pa3nuYHBIX MO MapaMeTpaM JINHe -
1tLIX MPOUECCOB.

Bo Bcex BapuanTax TabJMua HaOJIOAE€HWIA 3aNOJTHANAch B BHIOPAHHBIX HHTED-
BiJIAX IS BXOIHBIX MEPEMEHHBIX M AJ1s OLIMOOK M3MEPEHH paBHOMEPHBIMH ICEB-
socnyyaitisiMu gucnamu ¢yskimeit Excel CJIUHMC(). 3HaueHus BBIXOAHOU repe-
MeHnoil 1A 3aJaHHBIX MapaMeTPOB JIMHEHHOM 3aBUCHMOCTH MOJETUPOBANIOCH C HH-
TepRoabLIO OwNOKoM. JIns OoCHOBHOTO BapuaHTa 6a3bl JAHHBIX WHTEPBANBI IS
UXOJULWIX nepeMeltbIX 6b11n paBHel [5, 100], wig ux omubok — [-1, 1], mst ommbku
inbmosienns maxoioil nepeMernoit — [-2, 2]. 3navenue ko3(h¢GHULUMEHTOB 3aBHCH-
MOCTH JUIN BEEX NEpeMEHEBIX paBHstoch 10.

Burincaresniinie YKCNepHUMENTsI TPOBOAKMINCH B OJHOI KHure Excel u cxema
HPOLPUMMBE JUIR JIBYX BBMHCHHTCIBHBIX TEXHONOTHIT BBRIOpaHa OAWHAKOBOM: YacTh
NHCTOR aIMMaNK reriepaTopsbl 0l JIaHbIX, Aanee Ha OTAENTBHBIX JIHCTAX B AHANOre
pemanacsk ogna w3 3JIIT (10), sapaua Lleutpa (war 1) u 5 3agay 6mokoB (war 2). Ot-
JIMUHS AITOPUTMOB 110C/IE0BATENLHOMO M NApaJIENBHOrO aHaNKM3a MOPLUMI JaHHBIX
COCTOANO B pa3HbIX CXeMax lepeaun popMUpyeMoro U KoppektupyeMoro LlenTpom
HIJICKCHOTO MHOXeCTBa Jo Ans HabJoAeH i, KOTopble ONpeneNAloT MaTpuLy 6asuc-
1bx nepemennbix 3J1.

Jl1s OCHOBHOTO BapuaHTa 6a3bl AaHHBIX NPH €€ HEOAHOKPATHLIX OOHOBJIEHHAX
110Ka3aHO, 4TO TPEATOKECHHEBIE BEIYUCIUTENBHBIE TEXHOJIOTHM MO3BOJIAIOT MOMY4aTh
ontumansHoe pemteHue 3JIIT npu anamuze Gonpwux gaHHBIX. [Ipy MPOYMX paBHBIX
YCHOBUAX MapalielibHbii aHanu3 sBisiercs OoJsiee NpeANOYTUTENBHBIM TIO YHCITY
noazagad JIIT mig nomydenus todHoro pewmeHus. Yucio 3agau JII, peuiaeMsIx Ha
mare 2 aJropuTMOB, CYIIECTBEHHO 3aBUCHT OT HaYalbHOTO MHOXecTBa o Beeit 3JII1.
(C0OTBETCTBYIOWIAs] MAaTpHLA OTPaHHYEHU, KPOME OTCYTCTBUS JIMHEHHO 3aBHCHMBIX
CTPOK, JOJDKHA OBITH XOpOINO OOYCIIOBJIEHHOM. B 3TOM ciyuae, mokas3aHo, 4TO B
cpeHeM 3a m peuleHHbIX 3afa4 JII1 Ha mware 2, MOXXHO MOMYYHTh ONTMMAJIBHOE WU

6nu3Koe K HEMy 3HaueHHe MCKOMOH oueHkH. Ilo omeiTy peiieHus GONBIIMX 3a3j1a4
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JITT [8, 9] Ha mpaKTHKe clieayeT 0XKUAaTh ObIcTpoe npubmmkeHue (3a 1, 2 mporoxa) B
OKpPECTHOCTh ONTHMAIBLHON OLEHKM M MEIJIEHHOE ABIKEHHE K €e TOYHOMY 3Haue-
HUIO.

IIpn KOMIIBIOTEPHOM MOJEIHPOBAHHM PacCMOTPEHBI 0COOEHHOCTHU NMPUMEHe-
HUs1 METOJOB JITHEHHOIO MPOrpaMMHUPOBaHUS AJIA BBIABIICHUS MEPEMEHHBIX, BANSIHUE
KOTOPBIX Ha BBIXOJHYIO MEpPEMEHHYIO TIpoliecca OTCYTCTBYET WIH HE ABIACTCA Cyllle-
cTBeHHBIM. I pelieHus 3Tol 3aauy aHaIM3a AaHHBIX TpoBepsuiach MUOOTE3a NPU-
HAJUIeKHOCTH HYJIEBOTO 3HAueHUs1 HccieqyeMoro ko3¢ ¢duLeHTa ero HHTepBaIbHOM
ouenke pemenuem 3aaau JII1 (5.1). B naHHOM cilydae MOXHO BOCIIONIB30BAThCA pe-
[IeHNeM 3aad HEeMIMHeWHOro MporpaMMupoBanus (5.2) i BEIOpaHHOH COBOKYITHO-
CTH repeMeHHbIX. CoCTaB MEPEMEHHBIX VIS MPOBEPKH MX 3HAYUMOCTH IOIYYaeTCs
METOJOM LEHTPa HeONpedeIEHHOCTU pelleHueM 3agauu (5.3), BapHaHT KOTOpPOro B
HalleM cly4yae CBOIMUTCS K JBYXKPUTEpUAIbHOM 3ajaue HENMHEHHOro mporpaMmu-
pOoBaHMA.

Cnenyet OTMETHTBh, 4TO 3¢ {eKTUBHOCTL peuieHUs MpobiieMsl aHanu3a 60Jb-
IIMX JAHHBIX Ha NPAKTHKe MOXKET OBITH MOBBILIEHA 32 CUET MOAU(UKAILIUU CXEM pac-
MapajuleNIiBaHus B TPEUIOKECHHBIX ANropuTMax, NPUMEHEHHEM JOTIONHHUTENBHBIX
NIPUEMOB OPraHU3alMH BBIYUCIHTENLHOTO TIPOLecca M MCHONB30BaHUsA BHICOKOIPO-
H3BOJMTENBHBIX BEIUMCIHTENBHBIX CUCTEM.
TEMA 5.4. Oécyscoenue umoz08six pe3yjibmanios U 603MOdcHOCHmell aHau3a
bobuilx OARHLIX

B nanHOM pasgene yqeGHOTO mocoOus A pelleHus MpodieMbl aHallu3a JaH-
HBIX ¢ GOJIBIIMM YUCAOM HAOMOAEHHUH, PEBLILIAIOIMM BO3MOKHOCTH KOMIBIOTEPA,
MPENJI0KEHO HCTIOJIb30BaTh MHTEPBATBHBIA MOAX0A, KOTOPBI NPU MOCTPOEHUH JIHU-
HeHHBbIX I10 MapaMeTpaM 3aBUCUMOCTeR cBoautca K peweHuto MCIIAY. Cpeau MHo-
xectBa pemweHuit UCJIAY, u3BeCTHBIX B JIUTEpaType, BRIOpaHO 00beJMHEHHOE MHO-
JKECTBO pellIeHUii, KoTopoe 00ecreunBaeT rapaHTHPOBAHHOE OUECHHBAHKUE MCKOMBIX
3aBUCUMOCTEH U JOMYCKaeT B OTASNBHBIX CIyHasx NMPUMEHEHUE METOOB JIMHEIHOTO
nporpaMMupoBaHuA. C HCHONB30BAaHUEM PAacCMOTPEHHOTO MOAXOAa IPH aHAIM3e

GoIBIIMX AaHHBIX MOJYYCHBI HHTECPBAJILHLIE OLIEHKH BBIXOJHOH nepeMeHHoﬁ MoIa€-
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11PyeMoro mpouecca NMpY 3afaHHBIX 3HAYEHUSX BXOJHBIX NEPEMEHHBIX M HUHTEp-
Viblbie OLIEHKH NapaMeTpoB HccienyeMol 3aBucuMocTH. [IpeanoxkeHsl 1Ba Coco-
LA 110CTIEA0BATEIFHOTO CUUTHIBAHUS OrPaHMYEHHUH U NApaUIENbHBIX KOMIBIOTEPHBIX
BLIYHUCAEHUH TIPY pelIEHNH 3a/iay JIMHEHHOro porpaMMyupoBaHus OonbIoit pasMep-
nocrd. ONTUMaNBHOCTh BBIYUCIICHHI OOOCHOBaHA C WCIOJBb30BAHHUEM H3BECTHOTO
lIpHeMa peJlaKkcalvy OTpaHIYeHU NPY pellieHHuH 3a1a4y ONTHMH3aliK 60JbIIoH pas-
McpHocTH. TIpoBeieHO KOMITBIOTEPHOE MOJEIHPOBAHHE BBIYMCIUTENBHBIX TEXHOO-
UMl € LeNTBIO H3YyYeHHUsI BO3MOKHOCTH UX UCTIOJIb30BaHUs Ha NMPaKTUKE U A4 OLEHKU
IOrpeHOCTed MX MPUONIDKEeHHBIX peanm3auuii. MccnenoBanve npoBeieHO Ha Mo-
JICHBHBLIX TpoleccaX B YCJIOBUSX BBIMIOJIHMMOCTH MPEINONOKEHHH MHTEPBAIBHOTO
A3 JaHHBIX. PaccMOTpeHbl OCOOEHHOCTH TNpPUMEHEHUs METONOB JIHHEHHOro
1POIPAMMHPOBAHUA VIS BBISABJICHHUS TIEPEMEHHBIX, BIASHHUE KOTOPBIX Ha BBIXOIHYIO
ticpeMeHNYI0 TTPOIecca OTCYTCTBYET MNY HE SBNSETCS CYNIECTBEHHBIM.

Bonpocs! o pazgeny 5.

|. PaccMoTpers MeTOXN penakcalMy OrpaHMMEHWi Ui pelieHHs 3ajad JIHHEHHOro mpo-
I paMMupoBaHms 6obLIONH Pa3MEPHOCTH.

2. lloscuuts BBIMHCIIUTEILHY0 TEXHOJIOTHK MOCICAOBATEIbHOIO aHAIN3a OonsLIol Ga3sl
GHIBIX U PACHPCUCTICHUC BRIMUCIUTEIIBHBIX 3a/1a4, PCHIAEMBIX I_ICHTPOM u brniokamu.

3. Moscunts BLIMUCIIMTENBHYK) TEXHOJIOTHIO Mapaljie/IbHOrO aHalin3a oonbmroii 6a3bl JaH-
HbIX M paACrIp€AcI€HUC BRIMUCIINTCIIBHBIX 3a4a4, peIacMBbIX ].leHTpOM u brokamu.

4. Onucars KOMINBKOTCPHBIC MOACIN /i UCCIIEIOBAHUS METOJOR U Moaeneii TNIPUKIATHOTO
HHTCPBAILHOTO aHAIM3a SonbImmx JaHHBIX.
bubauorpaduyeckuii cucox K pasaeny S.
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NMPUJIOXKEHMA

Ilpunoscenue 1 Ipumep KomnviomepHoii Modeau AHANU3A OGHHBIX C UCROI63064-
nuem HCJIAY

Jlucr Excel nporpammsl resepanuu Tabnuiibl HabmoaeHuii Ge3 ommubok

T'enepupopanne TalIHIEL aaﬁﬂmnenm 6e3 oumﬁox

1 H
2 : o
3 MogenbHbiit npoLecc: B=a1’x1+a2"2
3 ;
5 - Hua 0 <=at==100; 0 <=a2<=100
6
7. al= 10 100 x1 X2 |
8 az2= 10 100 1 1
9
10 3 Tabnuya 1.1 Tabnuya 1.2
11.__a18 a2 6e3 ouwmbox SnaveHns n@emeunbxx Gea oumbok
12. Nenin al #2 Na Tt [
13 ) 44 92 36.02 1 158 37 88_?1 13510
14 2 4, 1021 KONWP TAB 1.2 2 36,48 92 4 12895 |
1573 50 B84 57 3 197907 17797 |
16 4 18, 36.57 4 3,73 95 85 1§9,25___
1.5 91,97 86,15 5 9994 | 37,79 137,73
18 6 13,9 14,5 £ 9972 74,62 74,34
19 7 63,4¢ 83,2 78.13 35,99 114,72
20 77.83 32 55 37,93 85,95 103,88
21 87,34 44,50 3,58 70,95 164,54
22 10 2,85 12,12 10 14,01 47,90 141,91
< I 8767 1927 11 329 | 7528 | 16858
: 65,82 16,78 12 44,91 60.81 105,71
68,3 39,05 13 7,71 46,35 114
K] 59,19 4 52,76 | 40,50 367
40,06 ‘ 8,31 14 67 72,98
39 | 4965 i 4335 | 66,09 | 11144
53 81 52,38 1 27 35 85 06 11241
5958 17 4 18 7251 | 4913 71,64
11.27 22.24 19 11,13 93,30 104 43
13,09 21, 20 6.70 99 59 176,29
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Ipunoowcenue 1 (npooonsicenue)

Jlucr Excel nporpamMmsi renepannu olun6ok HaGmoaeHUA

8. = -2 E LS s
I CHCPHPOBAHIIC NICCBAOCIYYAIIHBIX omuGoK
T Ea2 Eb
P 4 .
eHepaTop oubox Tabnwya 2.1 Crey xonn sHaveit 1ab 2 Tabmma 2.2
EaZ Eb Nen Fat Ea2 Eb
0,550 3651 4 0,180 | 0652 -1,455
0,762 -2,255 2 0194 | 0,708 1,888
0808 -0,030 3 0232 | 0,857 3.995
0,719 1,182 4 05033 | -0281 -1.766
0814 1,092 5 0030 | 0059 0,227
-D.894 3430 B 0550 | 0682 -3,032
0,078 -1,548 7 -0,148 | 0978 -2,991
5,349 0.037 8 0915 | 0950 2481
0457 0,625 9 0131 | 0522 3,441
0,160 0557 1 10 1 0243 | 0924 0981
0,278 -1872 11 0,053 0,928 -1018
D747 3431 12 0817 | 0517 0455
-0.692 3,113 13 | 0542 | 0150 -1.356
0429 3723 B 14 0489 | -0225 3,046
0,148 0,764 15 | 0525 | 8379 1,146
0,946 3098 18 | 5968 | -0208 0,293
0,085 -2074 17 0,403 0432 3736
0,347 2.839 18 | 0128 | -0870 -3.702
0,594 0,035 16 | 0083 | 0204 2,802
0,862 2729 20 | D042 | 0434 3411
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Hpunooicenue 1 (npooonicenue)

Jlner Excel renepanns Tabminm nabniopennii MoaempyemMoro npoiecca

Taémma Haﬁxmzxeﬁﬁx c onmé}ca\m
‘Tabnuua 3.1
Wror Haﬁnmneﬂm ¢ Otwubxamu

Nen at a2 b
1 48,183 86,076 133,646
2 36,283 93,180 130,838
3 86,960 89,925 181,968
4 72,795 95,273 167,517
5 99,910 37,726 137,953
8 100,271 73,956 171,307
7 78,582 36,963 111,724
8 38,847 65,000 106,363
9 93,716 70,431 167,978
10 93,768 48 827 140,932
11 93,339 76,206 167,548
12 45 517 60,294 106,166
13 67,170 46,203 112,709
14 53,254 40,676 96,712
15 57.783 15,049 74,124
16 42 387 67,879 111,149
17 27.751 85,495 116,147
18 22 383 48,262 67,941
19 11,049 93,098 107,236
20 76,658 100,026 179,704

%o Hamme C mm@é&ﬁ%
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Hpunoxcenue 1 (npooonsxcenue)

Jlucr Excel: Ilpumep nporpammbl oLieHKU MapameTpoB Ha npumepe OMP

L e e . B
oy
OfvenuHeHHoe MHOMECTBO pewennit  UCIIAY
Lo Bl ¥
Cuypwn SueBon sImepeNEs P4 X 2
Eal Eaz [ b 4 .
i F 14 Fy < B
f ot Tabimangs 44 B sopx, 8wy Talmags 4.5 Ay 4Ta§m&.& An
Ay ot Nendn | Bases &y M ndm ALY A2 iwgmial Ak A2
1373 | 13338 s 137,85 | 11388 3 4812 | BIOE | 1 | 4R | anOs
2 13385 | 17858 z 13658 | 13884 2 37,28 | 9418 | 3 | 3538 | ®2is
3 177,87 | 17308 [} 185,37 | 17TET 3 EEBECEERE AR Y
4 1 amay | seens & 178z | s e Pl e | operr L o4 | rese | R
s 1mse | 13zm = 141,98 | 1318 5 wos: | 3873 | 5 | sRay | a7y
& 1TLES | 188,87 5 57831 | as73: s 0,27 | vass | o8 Loy | vigs
7 878 | snre 7 usrr | s ve 7 ve2s | yrge | 7 | rras | snas
] eSS | annss ) 136,38 | s vk 3 Bpgs | sHO0C | 8 | Bras | geso
Ey ays | umon ] 17398 | isnam 3 84,7 | 74,43 | @ | s | ssas
i 13546 | 33748 58 134,93 | 13893 1z 38,77 | ap3% | v | ey | avmd
13 1EBES | 18868 it 17358 | a3 s e se3s | o7ra: | osr ) ose3s | ovem
12 07,91 | 03 12 ue1? | o212 12 365 | 8525 | 32 | sa% | 5@l
13 1538 | tooes ) 11875 | e 3 857 | 4720 | 13 | 837 | asim
3 34,72 | 9073 4 wert | sL7E 14 sa28 | sxsE | 24 | s238 | 3pes
i5 72,23 | 8835 13 832 | .82 18 e | osaos | 1x ] seve | osaos
5 112,88 | 108,81 5 31538 | 10718 5 433 | 5888 | 18 | a13s | sees
17 14748 | 11350 I 120,18 | 11238 57 s | 8548 | 17 | AT i Adas
= 1B I | a3 18 BRI 1% 2338 | AW26 | I8 | 38 | 4nIs
i 15 w0888 | 1ot e % 135,20 | see e 1% 208 | osa1o | s | to0e om2ip
= m 176,60 | 11882 22 w8370 | im0 % i | taos | o | rmes ! osnam
=
B Ouenen = X1 X2 Npornos s 81 Bz
= 094 1,04 Toune 55 55 13000
32 MHTepBanbHue OueHri pewrerd HCTIAY 109,34
162 102 MaX 112,88
088 0339 B 109,34
100 0 100 Cpegmes 11100
001 @ 602 Do wwr | 159%
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A B LR E R 8y B s e

i Honyckosoe mHOXecTBO peweHun WUCAAY AvX<=By
2 Eal | Ea2 | Eb AhX>=Bh
b} 1 1 4

4 TeB4S Av*X  ApX Tatimnua 44 B sepx, B uus Tabomus 4.5 Av Tab AA An

8 Nep/n | AVX | AR’X Nan/n | Beeps | 8wms e ofo 1 ALV AZ¥  INen/ni Alh AZh
8 1 13804 | 13301 1 13842 | 12787 1 4318 | 87208 3 | 4718 | 8508
! 2 133,61 1 12858 2 13681 | sds? 2 3728 1 8418 2 3528 | 9238
8 3 180,22 1 176 20 3 187,74 | 17820 3 2796 80,23 3 25,56 | 23883
9 4 171,76 | 167,23 4 17329 | 16174 4 7388 | BE27 4 2180 | 382%
10 5 139,31 | 135,28 5 143,73 | 132,18 5 pieskcas 3873 5 YAl | 3872
11 6 17692 | 17289 6 17708 | 165,53 & 181,27 | 724388 & 18927 1 2285
w7 117,50 | 11347 7 117,50 | 105,95 7 58 | 3186 ? 7158 | 3556
(kS L} 107,16 | 103,13 8 112,14 { 100,59 S 3385 6600 8 37,85 | 6300
LR 16683 | 16081 ) | 9 | 17375 | 162,21 8 8572 | 7143 8 1927321 5843
e, 10 144,67 | 140,84 10 ] 14670 | 13516 10 9477 | 4983 W 19277 | 4283
M’ 1 112,40 | 10837 n 173,32 116178 11 9434 | 7.1 13 19238 | 1521
1 3 loewe 10487 | 12 | 11304 | 100,39 12 | 4652 | 6129 | 12 | 43525820
w, sl 1y | nses [ 1069 13 | 6817 | 4720 | 13 [6617 | 4520
w14 ey [ 9292 L 10248 | 9094 14 54,26 | 4168 14 | 5225 | 3968
0 15 7446 | 1043 1% 7990 | 6838 | 15 58,78 16,05 35 | 5678 | 1385
Nn 16 11361 [ 10958 16 11692 | 10538 16 4339 | 6888 16 | 4139 | 6688
2 17 117,30 | 11827 17 12192 | 11092 17 28,75 86,49 17 12675 1 8440
b2] 18 73,711 | 6969 18 7371 62,17 18 23,38 4926 18 2138 | 47,26
Pl 19 108,65 | 104,62 19 11301 | 10146 19 1205 94,10 19 11005 9218
5 20 180,46 | 176,43 20 18548 | 173,93 20 77,66 101,03 bl 7566 | 3903
26
27 Kpatw X1 X2 Npormos & Toune 81 52 NpunasressOrTe ToRNS
8 144 £,99 1,03 55 55 RONYCKOBOMY MHOKELTEY
20 Untepmanoanie auerks peitiemmi MCIAY 110,78 € [ 343

0 MAX 285 1,01 MAX 120,82 001 L00
I MK 153 1,08 Mtk 120,14 0,03 008

12 Cpeguee 202 180 Cpegnee 12048 004 o006

13 fomwsr | 8403 0,08 Acewir 034 0000 9076

ITpunoscenue 1 (npodonscernue)

Jhier Excel: IIprimep nporpaMmb oneHks napaMetpos Ha npumepe JIMP
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Hpunoscenue 2. [IpUKIAOHOI UHMEPEATIbHLII AHAIU3 6 ULTIOCHPAUUAX

Crucok unniocmpayui

Howmep Tema nmoctpauuu (gparMeHT aHanu3a AaHHbIX) Crpannua
1 3agaun aHanM3a JaHHBIX 73
2 Hcropus aHann3za gaHHbIX 74
3 IMpuxnagHoii uHTEpBaNbHBIA aHAMN3 (pa3aessl) 75
4 Hcropus ananuza nasusix 76
5 Knaccuka ITHA: oueHka napameTpoB 77
6 Knaccuka [THA: nporxos Beixoga 78
7 Knaccuxa [THA: pacuets B Excel 79

» 8 Knaccuka [THA: cornacopanue gaHHbIX 80
9 Knaccuka [THA: peansuas 6a3a JaHHbIX 81
10 Knaccuka ITHA: stanbt koppekunu 6a3bl JaHHBIX-1 82
11 Knaccuka [THA: stanbt koppekuuu 6a3sl JaHHBIX-2 83
12 Kiraccuka ITHA: stansl koppekimn 6a3bl JaHHBIX-3 84
13 Krnaccuka ITHA: stans! koppekumn 6a3bl JaHHbIX-4 85
14 Kaccuka ITHA: stansl xoppekuyu 6a3bl JaHHbIX-5 86
15 IHA: ommbku n3MepeHHa BCeX NEPEMEHHBIX 87
16 [THMA: 06heIMHEHHOE MHOXECTBO peleHuit Auni(2) 88
17 IHA: tomyckoBoe MHOXECTBO pemieHuit Atol(2) 89
18 IIMA: cornacoBanue 6a3 JaHHbIX U 3HAHUH 90
19 ITHA: peanbhas 6a3a 1aHHbIX 91
20 ITHA: xoppexuus 6a3bl qaHHEBIX B cpene Excel-1 92
21 TTHA: xoppekimsa 6a3bl qaHHbIX B cpene Excel-2 93
22 TTHA: xoppekuusa 6a3sr qaHHbIX B cpene Excel-3 94
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Hnnocmpayus 1. 3a0avu ananuza 0annulx
Ha panHON WImoCTpauny IiepevyclIeHbl UTOTOBBIE 3aauyl aHAJIU3a JaHHBIX:

OlIEHKW TapamMeTpoOB MOJEJIMPYEMOro Mpolecca ¥ IPOTrHO3bl 3HAYEHHH BBIXOIHOM
1epeMeHHoi. baza 1aHHBRIX 3TO Tabnuua HabmoneHwit (Kak TO OTHOCALIMXCS K Ipo-
1eceey), a 6a3a 3HaHUA, BCe YTO M3BECTHO O HAOMIONEHHAX M O CBOMCTBAX mpouecca
Just ananusa faHHbIX. TakuM 00pa3oM, aHANM3 OaHHBIX 3TO 2 HAYaNbHBIE CTAAMH

rprael: «3nats — INMpensuaeTs — YnpasnsThy.

INPUKJIAJHDBIE 3AJAYHU AHAJIN3A JTAHHBIX

Kufepucernueckas mojens nponcccon « HepHblit aummg»

yER

XGI'" — ' <
‘ y=fax)y |~

P

UHdopmaumna o npouecce: 6a3a AaHHbIX U 6a3a 3HaHUIA.

Ba3a pauHbix: {x;, y;},j = 1, ..., N; N — uncno nabniopeunii.

SAAA4A 1. ToueuHblie ¥ HHTEpPBaNbHbIE OLLeHKU NapameTpa
a € R™ (3apauaoueHku).

3AAAYA 2. ToueuHan M MHTepPBaNbHaA oLeHKa yY(X,) B TOUKe
Xy € R™ (3apauanporHosa).
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Hnnrocmpayua 2. Hemopus ananuza OarHuix

MHK. I'ayccy (1795) npuHagiexur nepBoe pUMeHeHue MeToa, a Jlexanap
(1805) omy6aukoBai ero noj coBpeMeHHbIM Ha3BaHHeM (¢p. Méthode des moindres
quarrés). Jlannac cBs3an METOX € TeOpUel BEpOATHOCTEH, a aMepUKAHCKUI MaTeMa-
ik DapeitH (1808) paccMoTpes ero TeopeTUKO-BEPOSTHOCTHBIE IPUITOKEHHUA.

Maremaruieckas cratucTvka. Teopusi oueHuBanuA. DddextuBHocTs. CocTO-
arenpHOcTh. HecMemeHHocTh. HepaBencTBo Pao-Kpamepa. Hepasenctso Kpamepa—
Pao — HepaBeHCTBO, KOTOPOE NPHU HEKOTOPbIX YCJIOBHAX Ha CTATUCTUYECKYIO MOJETD
JA€T HUKHIOKO IPAHUILY [UIS1 JUCTIEPCHH OLIEHKH HEUM3BECTHOTO NapaMeTpa.

ITHA. Bce cornacHsl ¢ npuopurerom Kantopopmua JleoHuaa BuranseBmua,
mateMaTika, HoGeneBckoro iaypeara o skOHOMHKe.

Heiiponnsie cety, mawmnHHOoe obyueHue. C 1943 ropma pa3spabotka nepsoii
HEWpOHHOM ceTH roloBHOro Mosra. [lanee usobpeTeHue MepLEeTPoOHa, uies KoTopo-
ro pa3BuTa 0 COBPEMEHHBIX MOJeNell HelpoHHbIX ceTell. Bknan ['op6ans A.H.

Onun u3 pesynpratroB ['opbans A.H. moOyio HenpepblBHYIO (yHKUHIO B n-
MEPHOM IPOCTPAHCTBE MOXKHO NPENCTaBUTh TOYHO HEHPOHHOIA CEThIO.

Anexcanap Hukonaesuu I'opOans (pon. 1952, Omck), a.¢.-M.H, npodeccop,
paboTtaer B 061acTAX (hyHIaMEHTaTbHOM U NPUKIaIHONW HayKH, BKIIOYAs CTaTUCTH-
4ecKylo (HM3UKY, HEPABHOBECHYIO TEPMOAMHAMHKY, TEOPHIO MALIMHHOTO 00yueHHs
1 MaTeMaTudecKyto 6uonoruio. B Hactosmee Bpems xuBeT B BenukoGputanuu, Ho
ocraetcsa corpyasukoM UBM CO PAH (KpacHospckuii HayuHbIf LIEHTD.)

HayuHple M npuKIaaHble UCCHENOBaHUA HEHPOHHBIX CeTel, Bovyas Iu-
6puaHbIe, NPOBOAATCA B ANTallCKOM TeXHUYECKOM YHHUBEPCUTETE II0J HAYYHBIM pY-
koBoactBoM ITsTkoBCckoro Onera MBaHoBu4a, A.T.H., mpodeccopa.

AHAJIN3 JTAHHBIX

Hcropns cTanoBAeHMA M Pa3BHTHA

» Meroa HaumeHbwuUx kBaapatos (MHK). 17 — 18 sek.
fayccy {1795) npuHagneXkut nepsoe npMmeHeHMe MeToaa.
7 KOppenaumnoHHbii U PerpeccMoHHbIi aHaNMU3bl LAHHDbIX.
Hauano 20 seka, PoHanbg Ouwep, Kapa MupcoH un ap.

» MpuknaaHoW MHTEPBaNbHBbIM aHaAn3 (Hayano).

Kanvoposu4J/1.B. O HeKoTOpbIX HOBLIX NOAXOAAX K BHIYUCAUTEABHDIM METOAAM Y
obpabortue Habmoneun // CBupcku it MaTemaTuueckuit xypHan. 1962.T. 3. Ne 5

> [MepuerpoHbl, HEMPOHHbIE ceTH, MaLUnHHOe o6yueHue,
6onbliMe gaHHbiE.

Mpumepno ¢ 1943 r. YoppeH Mak- Kaanox, ¢ 1958 r. Opank Posenbnarr
(oTKpbiTHe nepuetpoHa). fopbaHb A.H., Poccues J.A. HeRpOHHbie ceTU Ha
nepcoHanbHOM KomnuioTepe. — Hoesocubupck: Hayka, 1996.
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Hanrocmpayua 3. Hpuxknadnoii uHmepsanbHelll aHanus (pazoenvi)

Ha a3rtoil mumoctpauuy pa3aenbl NPUKIaJHOrO HHTEPBATLHOrO aHajii3a JaH-
nbix (ITMA) B cooTBeTcTBHM ¢ coBpeMeHHOMH kiaccuukauuei. B [TMA paccMatpu-
BAETCA aHAJIN3a JaHHBIX PU MACHTH(UKALUH 110 3KCIIEpAMEHTAIbHLIM JaHHBIM Ta-
PAMCTPOB JIMHEHHBIX AE€TEPMHHHUPOBAaHHBLIX TPOlLIECCOB. MareMaTuyeckas Moaenb H
TCOPCTUYECKHE OCHOBBI aHaNiM3a JAHHBIX 0a3sUPYIOTCS Ha MeToJax HHTepBabHBIX
cherem Jimneinbix anreGpanieckux ypasHenuit (MCJIAY).

IlpeanonaraeTcs, 4T0 MOAENHPYEMbI NPOLIECC OMMUCHIBAETCS BBIXOAHON Tie-
PUMCHHON M 1 BXOJUBIX TIEPCMCHHBIX, W3MEPEHHA KOTOPLIX MPENcTaBleHsl B 6ase

JUHEBIX HHTCPBATLHLIMU BCIHUHHAMU, @ CTPYKTYPA MOAC/IM U FPAHULIBI HHTEPBAJIOB
OIHOOK IIMCPCHIS BCCX HICPCMCHIIBIX SIBIBIOTCA JIOCTOBCPHBIMH.

Cnenyer OrMeTHTL, MTO BEXOUR IJICH HCTONBIOBAMA MHTEPBaNbHOM Mare-
MR BOmmeiioro nporpammupoisiig (JIED jutst asamesa jannbix Boickasauna Jl.

Knrtoponiies w 196 1.

‘l‘('(ip“lll‘“'('hﬂk‘ HCCHMLOBIHHA B obstacn HPHKJIAAHOIO UHTEPBaJILHOIO aHa-
HIHJLAHABIX IIPCCTARICHBE B anTeparype. B nacrosiuiee BpeMst NpUKIaaHOi HHTep-
BUILIBLE QU HKCHEPHMCHTUILHLIX JaHHBIX HE BCTPEYAET CYIECTBEHHOM KPUTH-
ki OJUIAKO Cro npumenelive Ha NPakTHKe COMPSHKEHO ¢ MpoBlieMaMHu, IIIaBHbIE U3
KOTOPLIX, BO-MEPBBIX, BbICOKAs MOTPEIIHOCTh TapaHTHPOBAHHBIX OLEHOK, M, BO-
HTOPBIX, BLICOKHE TPeGOBAHUS K MCXOAHBIM TIPEAMONOKEHUAM.

IIPUKJIA AHOM UHTEPBAJILHBI AHAJIN3
PA3IEJBI CIAVITTOB

> KNACCUYECKWI PASAE/N NUA (KarToposuy J1.B.).

BxogHble nepemerHble npolecca usmepsetcs 6e3 owunbok, a
BbIXOAHAR NepemMeHHas — C U3BECTHOW MHTEPBANbHOM OLLINGKON.

> COBPEMEHHbIMAPASAE/ NUA (LWapbtit C.N., }KoneH /1. v ap.).

JonyckaeTHannyne nHTepBasibHbIX owmnboK nimepeHns scex
nepemerHbix MOAGAM{)VEMOFOAMHGEHOTO fipoiecca.

» 3ALAYU N METOAbI COTIACOBAHUA BA3bl JAHHDIX.
Ha npumepax Knaccu4eckoro n CoBpemerHoro pasgenos [NUA.
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Hnmocmpayus 4. Hemopus ananuza 0anHbIx

PaccmartpuBaetcs Knaccuka [THA, koraa B H3MepeHUAX OTCYTCTBYIOT OIIMG-
KH H3MEPEHHU BXOIHBIX TIEpeMEHHBIX IPH (GopMUPOBaHUH 0a3bl JaHHBIX.

B npocThIX ciiydasx OByX HaOmiofeHMit Bce dleMeHTapHo. PucyHok a) sTo
Kak MOCTPOMThL ypaBHEHHE MPiMOii No 2 3afaHHbIM ToukaM. CripaBa OT puCyHKa 3a-
JaHbl ycaoBust HHGOpMAMOHHOTO MHOXKecTBa A(2). CTpoka BeIlle IO cnaiiay onu-
CHIBAET MOJENHPYEMBIH Ipolecc. 30ech U Mo BceMy NOKIaay MPUBOAATCA IPUMEpSI
KOMIILIOTEPHOTO MOAEMHPOBAHUA IPOLIECCOB, CBOHCTBA KOTOPBIX TOUHO M3BECTHBI.

,CMoTpuM pucyHok 6). Cpensss npsAMast — MOJEIMpPYeMBIii npomecc, Kpahuue

BbllllE M HUXKE JIMHHMU — FPAHUUBI OLEHOK NpsMBIX. Emle 2 rpaHuiisl HE MOKa3aHkl,
OHH TIPOXOAAT MO MPOTHUBOMON0KHBIM KpaltHUM TOYKaM.

OGpamaeM BHEUMaHHe Ha ycnoBus 4.2. HucIo CTPOK MOXET OLITh MOOBIM, H
naxe GompmuM. YUCTO CTONGLOB, T.e. pa3MepHOCTH MPOCTPAHCTBA N 0OBIMHO He Go-
Jiee HECKOJIBKUX JECATKOB. AHaJIM3 NPOBOIMM METOAaMH ¢ ucnonssosanuem JIIT.

KJIACCHUYECKHM PA3JIEJ TIUA

n=1,N=2,m=2; y=apgtax; apg=a;=1

8 a) Bbasa gaHHbix: Ty: (x4, ¥¢) = (1,2);
‘ Ty: (x2,y2) = (5,6).
i MHdopmaumontoe mHomecrso A(N)

“.D

y . 6) Ananus gantbix ¢ ownbkoi
6) : : U3MepeHuA BbIXOAHON NepemeHHOA.

Ouenka owmbok ¢, < 0.5

1,5$a0+a152,5} )
55<a,+5a, <65 D

=
—
™
D%
Fs
¥y
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Hanrocmpayust 5. KITACCHKA ITHA: oyenka napamempog

[Mpumep perenus 3agavn | — oLleHKU NIapamMeTpoB npolecca. ToT xe npouecc,
Ta e 0a3a naHHbiX (4.2). Ha wutiocTpauuu 5 npuBeJeHbl TOUEUHbIE M HHTEPBAIb-
HbI€ OlIEHKH NapaMeTpoB d, U 4, BeIYHCIIEeHHBIE B Excel.

3adaua oyenxku 3nauenui Ko3gguyuenmos UCKOMOi 3aBucuMOCcTH. OUEHKH
nosyuaem peulenneM 2n 3aaay JII. Hanpumep, ko3 duunenT x; npuHamieKuT vH-
reputy |xf, xV | xl = mingey x5 %V = max,ex x4

B obnem ciytie onenkit napaMeTpoR HojlydieM peuenve 3aaad JIMHEHHOro

HPOIPAMMIPOBANIN 1 cpeste Fxeel.

KJIACCHKA ITHA: OILIEHKA TNTAPAMETPOB
n LN 22m 2y agta*x; ag=a,=1
" Basa gannbix: Ty (x4,y1) = (1,2);
" I Ty (x2.72) = (5.6).
e UndopmayuoHHoe mHOXecTso A{2)
e 1,5<agy+a, £25 } 4.2)

O

: T 55<a,+5a, <65

0 i 2 3 4 5 6 " Pewaem 2m 3agay /M. OueHku ag, Ay

y a)  af = MaXgeany Qo (5.1)

3 6) 1/ ! 6) (lé’ = minaGA(N) Uy (52)

6 // T a) af = maXgeany @ (5.3)

4 el 6) afl =mingeamya; (5.4

7 b /]///;/ OueHku: ag € [0.25;1.75}),a, € [0.75;1.25]
o Toyeunan: Gy = 0.5(a) +af) = 1,8, =1

X
] I 2 3 4 3 6 BOB: Da, = 0.5(af — af) = 0.75,Da; = 0.25
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Hamocmpayus 6. Knaccuxa ITHA: npoznos evixoda

HnmocTpaumsa 6 nokasplBaeT NOTyYEeHUE TOYEUHBIX M UHTEPBAILHBIX OLIEHOK
NIPOTHO3a BLIXOHOM IEPEMEHHOM B 2 TOUKaX: Xp=3 — PUCYHOK a) U Xy=6 PUCYHOK 0).

B ofmeM ciyyae 3asaya DpOrHO3a BBIXOAHON TepeMeHHONH MOAEIHPYEMOro
npouecca B 3aaHHOH ToYke (DaKTOPHOIO NMPOCTPAaHCTBA (MPOCTPAHCTBA BXOIHBIX
nepemennsix) af = (af, ..., ak). Uureppanbuyio ouenky [b*(aF), b¥(a?)] mony-
YyaeM peleHreM AByX 3aaay JIII:

b¥(af) = min yex (x1af + -+ + x,a7); BY (@) = max yex (x5 + - + xpa7).

KITACCIIKA IIIA: ITPOI'HO3 BBIXOJA

n=1LN=2 m=2;y=ay+a;*x; ay=a,~1

¥ LN B 4,::; basa ganubn: Ty (x4.y4) = (1L, 2);

¢ wo T2 (x2,y2) = (5,6).

4 ; M;,: -t ~ WudopmanmuoHHoe mHOMecTso A(2)

2 et ,w““’w/ b i ) 1,5 S aO -+ al S 2,5 } (4 ’)
el , 55 < ap+5a, €65 -

6 1 2 3 4 5 6" Pewaem2sagaun/in.

¥ ) 7 .

LI ’ Yo v MaXgeany{@o + tyXo) (6.1)
: At yH = mingeq (G0 + @y Xg) (6.2

6 | %f;’/ o) acamy(@o + dyXg) (6.2)

S AT 2) Ouemin ann x, = 31y € [3.5;4.5]

/ﬂ »
: if/’/ o o 6) Ouenru gna X, = 6:v € [6.25;7.75]
o1 2 3 4 s 6
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Hantocmpayus 7. Knaccuxa [THA: pacuemut ¢ Excel

Ha cnaiige nuct Excel, roe 3anporpamMMmupoBaHbl GOPMyJIbl U JaHHBIE s
BCEX pacueToB MJUIOCTpaluit 5 u 6. B nporpamMe ucnone3yetrcs HHCTPyMeHT «lTo-
uck peutenus» g modeix N<100 n mo6eiM n<200. 3TH OrpaHNuCHUs CICHYIOT
s Excel Bepcun 2010.

O6o3Hauenbl: 3agaya | — UHTEPBAJIbHBIE OLUEHKU KOI(D(hUIHUEHTOR JIMHENHHO
HABUCUMOCTH; 3ajaua 2, BapuaHT | — UHTEepBaibHas OLECHKa NPOTHO3a BBIXOIHON
nepemelnoii B Touke X, = 3; BApUANT 2 — MHTEPBalIbHAS OLIEHKA NMPOrHO3a BbIXO/I-
noft nepemeHiol B Totuke X; = 6.

Ha cnafipe npuBeacnnl pacieTHLIC CPE/IHUC SHAUCHHUS W TI0JIyMHTEPBAJIb! HC-

KOMUX OLCHOK,

RKJAACCHRKA THIA: PACUETBI B EXCEL

n= L,N=2,m=2,y= aqpy+a;*x; aqg=a,;=1
ota 0=y

A B c D B ERpE Y
1 Ex= 0 Ey= 05

2 Ne X Y Yp YH Y
3 1 1 2 25 1,5 25
4 2 5 6 5,5 55 6.5
5

6  3ADAYA1 3ALAUA 2 (2 sap)
7 A0 A1 x1= x2=
8 175 0,75 3 6
9 4 6,25
10 AO A1 Y1 y2
11 Max 1,75 1,25 Max 45 7,75
12 Mun 0,25 0,75 Mu 35 6,25
13 CP 1,00 1,00 CP 4,00 7,00
14 [osB 0,75 0,25 nos 0,50 0,75
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Hnnocmpayua 8. Knaccuxa ITHA: cozcnacoeanue oannvix

PaccmatpuBaeM ciyuaif, koria pM peHleHHU 3afad MOJCIMPOBaHUsA (OLEHKH
napaMeTpoB WJIM IPOrHO3a 3HAYEHUs BBIXOJHON MepeMeHHOH) WH(OpPMALHOHHOE
MHOX€ECTBO OKa3aloCh MyCThIM, T.€. CHCTEMa HEPABEHCTB, aHajloruyHas (4.2) — mpo-
TUBOpe4MBa. B NaHHOM Cilyyae yCOBHA TEOPETHYECKOIO MOJEIMPOBAaHHA NpOLEC-
COB HE BBIIIOJIHEHE], HO Mbl HE 3HA€M, KaKHE U3 YCJIOBHI OKa3plBalOTCA HapyLUEHHbI-
MU. J{omycThM, 4TO MBI YO€XKAEHBI B JOCTOBEPHOCTH 0a3bl 3HaHMii. Kak mpoBepUTh,
4T0 6a3a naHHLIX He N0cTOBepHa? IIpeanonoxuM, 4To ofaHO u3 N HabmoaeHui ¢ He-
U3BECTHBIM HOMepOM J sBisieTcs BhIOpocoM. Kak HaliT aTOT HOMED?

IMepeurcneHHble 3aflauy pelIalOTCA MPU HAXOXKACHUH TOYEYHON OLICHKH ma-
PpaMeTpOB JINHEWHBIX MOZEEH METOIOM LIEHTpa HeonpeneaeHHoctyd (MLIH).

B papge ciay4yaeB TpebyeTcs MpOBEpHUTH BHIMOTHUMOCTE HCXOOHBIX MpErosio-
KeHu (HanpuMmep, B ciydae, koraa A(N) — mycToe MHOKECTBO) MM MOTY4YHTh TO-
YE€YHbIE OLEHKH TIapaMeTPOB MOJEIH.

PaccmatprBaeMelii paszien NMPUKIAIHOrO HHTEPBAJIBHOIO aHaIN3a Ha3BaH Kak

corjiacopaHue 6aspl JaHHBIX, @ B HEKOTOPBIX CITy4YasaX U 6a3bl 3HaHUIA.

IMPUKJIATHOM UHTEPBAJIbHBIN AHAJIU3
PA3IEJBI CJIAHIOB HHXKE

» KNACCUYECKUW PA3ZE/ MUA(MO Kantoposunuy /1.B.).

BxoaHble nepemeHHble npouecca uamepserca 6e3 owunbok, a
BbIXOAHAA NepemeHHasn — C U3BECTHOW MHTEePBasibHOM OWNBKON.

7 3A0A4YU U METOAbI COTNACOBAHUA BA3bI AAHHDbIX.
Ha npumepax Knaccuyeckoro pasgena NUA.
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Hnmoempayua 9. Knaccuxa I[THA: peanvhas 6aza dannvix

Ha 3ol muttocTpaltny pUBeieH BapHaHT peaibHol 6a3bl AaHHbIX. K AaHHBIM
panee 106aByieHB! 3 HAOMOEHNA, KOOPAMHATE! U OBEPUTENbHBIE WHTEPBANLI OMIM-
00K npuBe/IeHbl HA PUCYHKE a).

MeTtonst [THA 6e3 Bu3yanusauny JaHHBIX NOJDKHBI OGHApYXUTh HE COTlaco-
BANHOCTL AHHBIX W BLIMONHUTL COTnacoBanue 0aspl: MO0 BLIOPOCUTH TOUKH, GO
HCTIPABUTD.

Coraconannan Gaa JIaHHLIX NpUBE/ICHA Ha pucynke 0) craiina 7. Bee Bpiunc-

nentot w Fxeel my cnatipnoax 10 14,

NIACCHRKA HIA: PEAJIBHASE BASA JIAHBIX
n LN 2Zm 2y apta,tx; gp=a,=1

) T, Basa gansbix: Ty: (xq,y,) = (1,2);
8 e l ’ Ty: (X2,)'2) = (5, 6)2
e T3: (x3,¥3) = (3,4.2);
Ty: (x4,¥4) = (2,3.5)
Ts: (x5,¥5) = (4,3).

% L Habnogeunn Ty, T, ,T; cornacosaHsL.
6) ; ; LS
6 B rf/f” """ Touxa T - ABHbI BbiGpOC.
LT o f H
4 g /’/I/’ : Touka T4 BHewtHe cornacosaHa, HO
. ‘{”//I’ : oueHKa ee MHPOPMAUMOHHON LLEHHOCTH

; C ABHO 3aBblllleHa. KoppeKTupyerca no
------ R — “ it « npornosy:  Ty: (x4,y4) = (2,3.05)
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Hamocmpayus 10. Knaccuxa ITHA: smane xoppexyuu-1

Ha >ToM cnaiiie MeToAOoM YLIMpEHHs pa3fBUTAIOTCA PaBHOMEPHO BBEpPX M
BHU3 BCE I'PaHMLpI IT0 EPEMEHHOMH ) MOKa HE BBIMOJHUTCA YCJIoBUe A(5) He MycTo.
3aech Kp k03)GHLMEHT pacliupeHus.

Jns cormacoBanHoit 6assl Kp=1. Ilapamerp W B cronbue G ucKIO4aeT
Habmoaenue 1A Hac mpu W=10. Bribpochl HaXoAMM MO pEIUCHUIO ABOMCTBEHHOM

3JII1. BeluucneHus npoBoauM noka Kp He OOJblie eAHHHILI.

KJIACCHKA IIHA: DTAIIbI KOPPEKIIIII-1

n=1N=2;, m=2;, y=ay+a;*x; ay=a,=1

A B ¢ B F G
1 Ex= 0 Ey= 05
2 Ne X y ¥p YH Ya w
3 T1 1 2 2,167 0,833 3,167 1
4. T3 3 42 3,500 3,033 5,367 1
5. T4 2 4,0 2,833 2,833 5,167 1
8 TS5 4 3 4,167 1,833 4,167 1
7. T2 5 6 4,833 4,833 7.167 1
8 L
8 Meron ywmpenns
10 Kp A0 Al
11 2333 1500 0,667
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Hnniocmpayus 10. Knaccuxa ITHA: smanu xoppexyuu-2

Ha cnaiige 10 yxe Hauuiy 1 UCKITIOUMIN BHIOPOC TOUKY 5. ITpy moMcKe MOXHO
KpoOMe BHU3Y&JIBHOTO aHajM3a MCIONB30BaTh JaHHBIE OTYETa HMHCTpyMeHTa Excel
«[Touck pemeHws». BeibpocaM COOTBETCTBYIOT HE HyJIeBble 3HAUCHHUA JIBOIICTBEH-
1BIX lepemeHHblx. Mckmrouenne u3 6a3nl JaHHLIX A1 TPOBEPKH BHIOpOCA MM OIS
CI'o OKOHUATEeNbHOTO YIANEHHs Keros3yeTcd napametp W B ctonbue G.

3navucHre kodddHurenTa ymmpenns Kp MeHblle uny paBHOE® eAMHMIE ABJIA-
CICH KPHTCPHEM OTCYTCTBUS allOMANbHBIX HabnoaeHuit B 6aze JaHHBIX. DTOT KpUTE-

pail nepen Toiikko B enydae, koryta 6asi sHanuit cpopMUpoBata NPaBUIILHO.

KNIACCHRA THIA: )YTAHDLI KOPPERIIIII-2

n-4LN-2,m 2,y agta,*x; agmas=1

A 8 C D E F G
1 Ex= 0 Ey= 0,5
2 Neo X y Yp Yu Yo w
3 ™ 1 2 2,500 1,500 2,500 1
4 T3 3 42 4,500 3,700 4,700 1
5 T4 2 40 3,500 3,500 4,500 1
8 5 4 3 5500  -2,000 8,000 10
T T2 5 8 6,500 5,500 6,500 1
8
8 Merog yumpenust
m  Kp AQ Al
11 1,000 1,500 1,000
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Hnniocmpayua 11. Knaccuka ITHA: smaner koppexyuu-3

Ha cnage 11 pemens! 3anaun | u 2 6e3 Touku 5 U 0GHAPYKEHO, YTO LIEHHOCTh
6a3bl JaHHLIX HexonycTHMo Gonbmras. KpoMe Toro, He BBLINOJHEHO YCJIOBHE TapaH-
TMPOBAHHOIO OLIEHMBaHHA (HEBA3KAa — MUHUMAJIbHOE PAacCTOSHME OT MCTUHHON TOUKH
KO3 UIMEHTOB JIMHEHHON 3aBUCMMOCTU A0 AOIYCKOBOTO MHOXKECTBA pEIUCHHH —
pasHo 0,25).

Hynesble noBepurenpHbie MHTEpBaILI HE peanbHbl. [IpuBOaMM mpuMep. Bbl
enere B MOCKBY MCKaTh Apyra. Bol xoauTe U3 a’sponoprta M BOT OH. 3TO ciayyaitHO?
Her. B xu3Hu Tak He ObIBaeT, €CIIM CELMAIBHO HE IOICTPOEHO.

HanomuuM, onbiT MaiikenscoHa-Mopiii [OBTOPAJICA HE MEHee JIECATKOB pa3.
He Bepwiu B omuGouHoCTh TeopuM 3¢upa. Ho kak Haiit npoTHBOpeuye U mompa-

BHUTh 6a3y JaHHBIX B HalleM ciy4yae?

RKITACCHKA ITHA: 9TAIIbI KOPPERIIIIH-3

n=1,N=2;m=2; y=ag+ay*x; ag=a;=1

A BT B EL E 6
1 Ex= 0 Ey= 05
2 Ne X b4 ¥p Y b4 W
3 T1 1 2 2,500 1,500 2,500 1
4. T3 3 42 4,500 3,700 4,700 1

§ T4 2 4,0 3,500 3.500 4,500 1
8 T8 4 3 5,800 -2.000 8,000 10
7 T2 5 6 8,500 5,500 6,500 1
B

g Meton ywmpenns [apawruposannoe oueHuBaNNe
10 Kp AD Al Aluc Aluc Hesaa
11 1,000 1,500 1,000 1 1 0,25
12 3 6
13 AD Al 45 7.5
14  Max 1.8 1 Max 4.5 7.5
18 M 1.5 1 Mun 4.5 7.5
18 cP 1,50 1,00 cP 450 7.50

17 pos 0,00 0,00 nos 0,00 0,00
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Hnnocmpayua 12. Knaccuxa [THA: amaner koppexyuu-4

Ha 3ToMm cnaifae Hauuty no ABOICTBEHHBIM OLEHKaM TOUYKy T4 u npoBepsieM ee
Ha Kak MOAO3PUTENIBHYIO Ha Hanuuue BbiOpoca. B crpoke 5 cronbua G nonaraem
‘JHaveHne MHAMKaTopa W paBHoe 10 (1ocTaToO4HO T MCKIOYeHUs: TOYKH T4 u3 Oa-
1bl AaHHBIX). C HOBOH yKOpOY€HHOH 6a30if JaHHBIX BHAMM, YTO YCIOBHE TapaHTHPO-
RAHHOrO OUEHWBAHMS BLINOIHEHO. 3HaueHue kieTku G11 Hyneoe.

Pewaem 3a1ayy nporno3a cpeaHero 3Haue¢H1s BbIXOAHOMN NEPEMEHHOI B TOUKE
T4 ¢ ykopoucuuoit 6a3oit juHnnix. B knerke F16 310 cpennee paBHo 3,05. [anee
neohxoMmo npunstth pemenne o6 uenioucHun roukn T4 u3 6a3bl JaHHBIX WM
CKOPPEKTHPORNTL YTy TOUKY 110 TIPOrHOsHOMY 3havedunio. Bropoe pewenue npenmno-
WHTE IR0 U CHYn, KO Ousa X Oy/1eT HonoHsSTHLCA B MOCJIeAYIOLMX 32~

JBIRN DR X, D To o6ecneunT e¢ yerolftiuBocT,.
RKIACCHRKA HITA: DTAIIBI KOPPEKIIIII-4

n-LN=2,m=2;,y=ag+a,*x; ag=a;~1

A B C D E-0 BB
1 £x= 0 Ey= 0.5
2 Ne X Y Yo b4 Ye w
3 T 1 2 2,000 1,500 2,500 1
4 T3 3 42 4,000 3,700 4700 1
8 T4 2 40 3000 1,000 8.000 10
6 15 4 3 5.000 -2,000 8.000 10
7 T2 5 8 6,000 5,500 8,500 1
8
8 Mertog yumpenus FapanTUpOBAHHOS CLEHNBANHNE
. Kp AC Al Aluc Aluc Hepas
11 1000 1,000 1,000 1 1 1,81E-14
12 3 2
13 AD At 4 3
14 Hax 1,75 128 taax 45 35
A5 Maw 0.25 0,76 Wun 37 2.6
1w Cp 1,00 1.00 cpP 4,10 305

17 [os 075 0,25 hoe 0,40 0,45
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Hnmoempayusa 13. Knaccuxa ITHA: smanel koppexyuu-5

Ha sToM cnaiifie Bce HCIpaBiieHO U cornacoBaHo. [1o 4 ToykaM OleHKH Mapa-
METPOB JIMHEHHON 3aBUCUMOCTH CTaJlA rapaHTUPOBAHHBIMU U JIyyllie (110 MPOTHO3Y
MpY 3HAYEHWH BXOJHON MepeMEHHOH B Touke X = 3) B CPaBHEHHH C aHAIOTHYHOM

OLIEHKO# 10 6a3e JaHHBIX € ABYMs HAOIIOAEHUAMHU.
KITACCHKA IIHA: DTAIIbI KOPPEKIIHII-5

n=1, N=2;, m=2; ¥y=ag+a;*x; ag=t;=1

A f g o " 1 e ¥ e
1 Ex= 4] Eyw a.5
2 [y * ¥ ¥p ¥u Ve w
3 T 1 2 2,000 1,500 2500 1
4 T3 3 4.2 4,000 3,700 4,700 1
B T4 2 3,05 3,000 2,550 3,550 1
515 4 3 5,000 2,000 8,000 10
7 T2 5 4] #0000 5,500 8,500 1
B
B Meron vampenus FapesstupoBannie OUeRHBRHEE
i Her Al At Alue Atwe Hemns
1 Loo0 1,000 1,000 1 1 719813
12 3 2
13 AQ Al 4,0 3.0
14 Max 1,75 1.25 Max 4.5 3.5
15 Kuw 0.25 075 Mist 3.7 258
1w ce 1,00 1,00 Lo 4,10 305
1 pos 0.75 0,25 AoB 0,40 0,45
B Cuponsst no Gase Jawnnix © ey Habirsone s
9 Al Al ¥1 v2
20 Bax 1.7% 1,25 Blax 4.5 .75
21 b .25 0475 B 3.5 6,25
2 op 1,00 1.00 op 4,00 700
23 fos 0,15 0,25 nos 0,50 .75
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Hamwempayus 15. ITHA: owubku usmepenusi 6cex nepemeHHbIX

BosepawaeMcs k 6a3e JaHHBIX ¢ 2 HAOMIOACHHAMH C TEM e NIUHEHHBIM [po-
1leCCOM, HO € OLUMOKaMU U3MEPEHUS BCEX NMEPEMEHHBIX.

Peanbio OHM NPUHHMAIOT JIIOOBIE 3HAYEHHA B 3aIaHHBIX UHTEpPBaJax, HO HEU3-
HCCTHO KAKHCE. B COBPEMCHHOM NMPUKIIAJHOM aHaIM3C B M3BECTHOMN JMTEpaType npu-
Mersnor 3 onpeesenns MidopMaLMOHHBIX MHOXKECTB AT BCEX BO3MOXHBIX HCKO-
MIIX IPIMBIN. )T0 ofhe uHeHoe MHOXECTBO, AOIYCKOBOE MHOXKECTBO M YIIpaBIs-
eMoe MHoaed o Yenonue iepsoro (15.1) na pucynxke a). Broporo (15.2) Ha pucys-
ke O) Honewen onmme yenonnii,

TIRCHEPIMENTRILIIE TOMKIJIOKAT 0 IPAMOYTOSIbHUKAX B J100BIX MecTax. U
MUPEARCC 1KY HPAMIAX. COCoT Juoduie 1ok nepsoro ¢ noboi Toukoil BToporo
HPAMOYEOARIIRON Ty PREYITKE 1) U HAFIUIIOCTH BCE BOSMOXHBIE JIHHUKN He TIPU-
meaenn P cormconntel) 6 unmnax 1 snanuil ofheIMHEHI0e MHOXKECTBO He
HYCHO 0 COROPANT A0HYCROnOE MHOKCCTRO, To JotnyckoBoe MNOKECTRO Jaxce npu 2
NADIRICINIRN. MO DL 1y cram. Tla pucynke 0) jloiyckosoc MHOXECTBO Bble-
HHET Lsko oany nprmyio. Honpy yseanvieun oimmbky BXoaa MaM yMeHbLIEHHH
ONOKRE suxoan cimoniren nycrs. Ho namum tpeGopannam 6aza njaHHbIX s
JOHYCKOBOTO MHODKCCTHA YIKC HC CotllacoBata,

HILA: OHHNILKH ITMEPEHIII BCEX TIEPEMEHHBIX

n-o1LN2im=2y=agtarx; ag=a;=1; £2=¢9=0.5

Basa ganubix: Ty (xg,y1) = (1,2);
Ty: (x3,¥2) = (5,6).
x; € [x; x¥]yi € [yl vY)
a) O6veguHenHoe MHOXecTBO Auni(2)

ag + axff <y —
o T AX y;,},i.—.l,N (15.1)
ag + a1 x; = y;
6) [onyckosoe mHoXecveo Atol(2)
ag + ax’ =y T
oA yﬁ,},i:i,w (15.2)
aptax; Sy

Ecrm xff = xV,i = T N 1o Auni(N)=Atol(N)
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Hanrocmpayus 16. ITHA: obvedunennoe muooicecmgo pewernut Auni(2)

Ha cnaitne npuBeneHsl OLEHKH NapaMeTpOB M MPOTHO3bI IS HAILIETO mpolecca
C UCIONB30BaHHEM 00bEeJMHEHHOIO MHOXKECTBA PeILIEHHI.

VcnoBue rapaHTUPOBaHHBLIX OLIEHOK BbINOIHEHO. [IpoBepsaeTcs B MOAENBHBIX
HCCJIEIOBAHUAX METOAAMHM BEIYMCIUTENBHBIX IKCIIEPUMEHTOB. HCcTpyMenToM «Ilo-
HCK PEILEHUA» ONpeIeaseTcsl pacCTOAHUE 3alaHHON TOUKHM (MCTMHHBIX 3HAYCHHIA Tma-
paMeTpoB MCKOMOH 3aBUCHUMOCTH) 10 MH(POPMaLHOHHOIO MHOXecTBa. Ha cnaiize 310
PACCTOsHYIE BEIYMCIIEHO B Auekke GY.

HenocTtaTok 31010 MeTona — Hu3Kas TOYHOCTh OLIEHOK. OlleHka MUHHMAaIBHO-

ro 3HaueHus cBoOOHOrO YieHa faXe OTpuliaTesibHa (sueiika B13)

OOGBbe/IHHEeHHOE MHOKECTBO pememn‘é

Ex= 05 Ey= a5
X XH X8 Y YpH YH Ye YpB
1 0,5 15 2 1,500 1,500 2,500 2,500
5 45 55 ] 5,500 5,500 6,500 6,500
MeTon yumpeHua [apaHTUpOBaHHOE OLeHNBaHne
Kp AQ Al Aluc Alne HesA3

1,000 1,000 = 1,000 1 208612
v 6 PeaynuTarhi petueHus
: A0 Al Ly © 3ajauy NporHO3a NpH
12 Max 220 1,44 115 . Ex=0 coBnanaort
13 Mw 100 © 060 625 20a ,
14 cp os0 102 . 700 | peaynbTaTaMu KNacouiH |
15 008 160 042 [AOB 050 . 075 MMA (Briok D10:F15)
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Hnmocmpayusa 17. ITHA: oonyckosoe mHodxcecmso peurenuii Atol(2)

AHaJOrMYHO NPEeABIAYLIEMY Ha OaHHOM claiile IPUBEINECHBI OLEHKH IUIA JI0-
MyCKOBOI'O MHOXXECTBA PELICHHI.

B nanHoM ciyyae nis momyckoBoro MHoxectsa peuieHuit HCJIAY BrimnonHe-
110 YCJIOBUE TAPaHTHPOBAHHOIO OLEHHBAHUA (PacCTOSHHE MCTMHHOM TOYKH IO MH-
Ppopmatnonnoro MumkectTra Hynesoe (s19eitka G9)).

Bigu e cornaconaninocTs 6a3bl JaHHBIX W3-32 HYJIEBBIX 3HAYEHHIA 10BEpU-
TEITEN HITTCPIAITOI OICHOK KOXpHIMEHTOB HCKOMO# 3aBUCHMOCTH (610K sigeex
PSS CLS) B iuioM enyttae 7o NpoTHROPEtHE 1IPH pelleH!y 3a/iay aHaln3a AaH-
HEEX 110 ARYM OHIEOOMIIIIIM 1a0II0ICHIAM HEBOSMMKHO TOMHOE OLEHWBAHKE 3aBU-
CHMOC I

Toran um cornacompnms naGmojaerndi paiMax HHTCPBANA OUCHOK J0DKEH
OLITH COICORNIT ¢ YPORNEM OMNOOK IKCHCPHMCHTIIBIBIX AaHibIX. DTO COrlacoBa-
HHE MOKHO TIPORCCTH TONLKO 1 IPIHINIIAX IMITMPUMECKOTO MOAEINPOBAHUS TTPO-

HECCOR, T.C. HA OCHORAHHH OHLITA YIKCUCPUMEHTATOPOB K aHANNTHTHKOB.

ITHA: JIOITYCKOBOE MHOYKECTBO PELIEHHH Atol(2)

A | B c . ..b E E
1 JlonycKoBoe MHOKECTBO peIeHml
2 Craip 16  Ex= 05 Ey= 05 ,
3. W X XH XB Y o Ypu YH b%:] Ype
4 T1 1 0.5 15 2 1,500 1,500 2,500 2,500
5 T2 5 45 85 8 5500 5500 ° 6,500 8,500
6
7 MeTon yumpeHus {apauTnpoBaHHoe OLieHHBaKWE
8 Kp AO At Aluc  Atuc Heenas
9 1000 1000 1,000 IR 1 0000
10 1000
Mo A A1
12 Max 100 1,00
13 M 1,00 1,00
14 CP 100 1,00
15 [0B 000 000
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Haniocmpayus 18. ITHA: coenacosanue 6a3 0aHHbIX U 3HAHULL

PaccmarpyBaeM MeTOZBI M 3aa4d COIIacoBaHMA 0a3bl JaHHBIX Ha MpUMepax
coBpeMennoro pasaena IMA. Teopetnueckn TpyaHO 060CHOBATH ypOBEHb JOBEPH-
TEeABHOTO MHTEPBAJIAa OLEHOK NapaMeTpoB (CMOTPH mpenpiayiunii cnain). Ilo ombity
MPUMEM COTJIACOBAHME MO NOIyCKOBOMY DELUECHHIO BBHINOJIHMM ITyTeM YLIHPSHHS Ha
20% wnTepBana oumubok Brixona. [fanee nonaraem Ey=0,6. B nporpamme koppexius
BbITNIOJIHEHA 3agaHvieM Kp paBubiM 1,2 (suelika A9).

PaccmaTpyBaeM TOJNBKO KOPPEKLMIO 6a3bl AaHHBIX U AOMYCKOBOTO MHOXe-
CTBa pelieHui. B xauecTse peanbHoi 6a3bl AaHHBIX TpuMeM (a3y wimrocTpaty 19.

PesynbTaTel pacueToB NpuBeleHbl B Onokax sueek B12:C15 — ouenku napa-
METPOB JOMYCKOBEIM MHOXeCTBOM peilieHuit UCJIAY; E12:F15 — ouenku nporsosos
B TOUKaX (3 ¥ 6) NOMyCKOBBIM MHOXECTBOM pemuehnil, B16:C17 — ouenku mapamer-

poB 00bennHeHHbIM MHOXecTBOM peiennit UCIIAY.

TIHA: COITIACOBAHUE BA3 JJAHHLIX 1 3HAHHUHA

n=1,N=2, m=2;y=ay+a,*x; ap=a;=1; £2=0,5; Eg =0.6

SAOA T B . 1.0 o
1 JIONMycKOBOE MHOXK

2 Ex= 05 Ey= 05

3 Ne X Xu Xs Y Ypu Y b4:] Ypa
4 0m 1 05 15 2 1,50 140 260 250
5 T2 5 45 55 6 550 540 660 650
6

1 | Merop yumpenns TapanTupoBanHHOS OLeHUBaNHUS

8  Kp AD Al AOuc . Atuc  Hesss

9 1200 1000 1000 110000

10 1,200 3 B Toukinpornosa

11 AO Al 40 7.0

1,20 1,10 Max 4.1 7,12
0,88 0,83 Mus 39 6,80
1,04 0,97 CP 400 6,96
016 013 0B 010 016
110 102  Cnesaousii
110 042 pomP
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Hnnocmpayus 18. ITHA: peanvuas 6aza oanneix

Ha >Tom cnaiine paccmarpuBaeM npumep peanbHo# 06a3bl AaHHbIX. TIpoBoauM
BU3Yyanu3ailuio JIOIyCKOBOro MHOXecTBa peuleHuid. Ilo puicyHKy a) momo3peraem,
70 He 00€CIieYUBaETCs rapaHTHPOBAHHOE OLIEHUBAHUE.

Koppekiio royek HabsirofeHuH NpH 3aJaHHBIX MHTEpPBa/iaxX OUIMOOK Npemia-
PO BLIHIONIITL 1YTCM paCiliMpEHNs MPaHWMHBIX JHUHMA B 3ajade nporHosa. Ilpu
oM pebyem obecneants yelosus YQQEeKTUBHEIX H rapaHTHPOBAHHBIX OLEHOK B
SIS T TN,

Cropperinponniim (i JHBIX IPHBC/ICHA Ha pUCYHKe 6) W B Tabuuie
IR Bee mwvmcnciom ponojium B Lixeel, pactiivpss pacueTHyi0 nporpaMmy

npastynero ot Hoymmnmae PCIYALTIELE 1 CHCAYIOWHX TPEX chaiigax.

HIA: PEAJTLHAS BASA JITAHHBIX

n LN Zm 2y agta,rx; ag=a;=1; £=0,5; £) =0.6

Y
8 UcxogHan 6asza gaHHbIX:
!
6 Uog Tabnuya 18-1
30 N x v
4 }31 X 1.0 2,0
- B 30 a7
: T4 2.0 3.1
M T2 50 50
X CKoppeKTMpoBaHHan (ﬁimaﬂumx
0 i 2 3 4 3 6 L A B 1 e 7
oo , 36 TaGnuua 18-2
8 : T, 237 Ne X Y
6) "2 Lag T 0.98 2.03
. . (S -+ i?’? 3 302 T
g 40 T4 2,00 3,05
A L4t T2 500 6,01
Koppekruun 6asbt obecneunna
)
- rapaHTUPOBaHME OLEHUBAHUE ¥
x apPpeKTUBHDBIE OLEHKH
3} H 2 3 4 5 6
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Hamocmpayus 19. ITHA: koppexyust 6azel 0anneix ¢ cpede Excel-1

Ha 3ToM cnaiine noka3atenbCTBO TOrO, YTO JOIYCKOBOE MHOXECTBO HE CO-
AEPKUT TOUKy a=(1, 1), T.. He obecneunBaeTCs YCIOBHE rapaHTMPOBAHHBIX OLICHOK.
3neck B11 — npoekuus ToUkM ay = 1 Ha ZOIMyCKOBOE MHOXECTBO PEIUEHUIA He

paBHa 1, a HeBa3ka G11 — He paBHa HyJIO.

HHA: KOPPEKIIHS BA3BI JJAHHBIX B CPEJIE EXCEL-1

n=1LN=2,m=2;y=ae+a,*x; ap=a,=1; £2=0,5; &) = 0.6
B b E FE ga
omyCcKoBoe MHOKECTBO pemesuit-3
= 05 Ey= 08 _
A p<t Xa b4 You  ¥m Yo Yo
LR 15 2 1800 1400 2,600 2500
25 35 0 42 3800 1600 4800 4800
15 25 305 2800 2450 3850 3600
45 58 8 5600 . 5400 6600 5600

Yas&mﬁe& ousHBaNIe
A Atuc Heans
1.000 _ *i 1 0.010
_ 3 &
Al 4.1 A

1,10 Max 0 41 712
083 Mmw 39 5,80
887 P AW 596
413 po8s o1 4,16
102 Cresa oushrs Ans

842 QP
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Hnmocmpayus 20. [THA: koppexkyus 6azel danneix 6 cpede Excel-2

Ha nannom cnaitne npuseneHs! Tabmuusl Excel nocne xoppexunu 6a3nl faH-
HbIX METOJOM MNpEABAPUTENBHON Koppekuuu (cM. ctp. 53). Maes metoma coctour B
TOM, 4T00L MakCUMabHO pa3ABUHYTH rpaHuupl Matpuy UCJIAY npu MuHUMYME
nopMit |[e]], wro tpeGyet NOcTaHOBKM 3aayl ONTHMH3ALMH 110 ABYM KpuUTepusM. B
HIHICM CHYNe, CKOPPCKTHPOBaHHas 6a3a NaHHBIX ofecreunBaeT MaKCUMYM pa3HoO-
o nepxuell i maaieit onucHok B saaave MHTEPBalbHOIO MPOrHO3a.

Hamensemiie weltsn 6ok (310:G11), napametpsl ypaBHeHHA W KOPPeKTHPY-
1onwe kesdpiien g Peniena saj@aia HeMHEHOro NporpaMMHPOBAHUS METOAOM
OHLE ¢ 1 nepemennamit i 20 gopmynsiiimu orpanntieHdsamu. Lenesas sueiika 111,
P aimme e onpeaeIste ten psiiocTelo. BEpXIeH 1o innkieH OueHoK nporHosa Bbi-
xonpolt nepemenmolt norouke x 3. Hopsa [le]| saiucena s sweiike H14, Ceeprka

KPITCPHER BLITHCNICHE ¢ RECOM, SHIMICHIC KOTOPOL'o $JIacTCA B Aveitke [13.

ITHA: KOPPEKIUA BA3HI JAHHBIX B CPEJE EXCEL-2

n=1N=2:m=2y=a+a,*x; ap=a,=1; £2=0,5; £) = 0.6

A B C D £ ¥ G, w0
1 Koppexiuts 6aint 1anusix. Jonyckosoe Mroxectso pegmensi
2 Cnag20 Ex= 05 Ey= 086
3 e X Xu X8 ¥ You ¥ ¥g ¥ps
4 T1 0,98 048 148 203 164 143 253 283
5 T3 3,02 2582 352 418 3,56 3,56 4,78 4,66
6 T4 2.00 1,50 250 308 280 2,45 365 384
7 T2 5,00 450 850 &0 541 541 8,61 £,61
8
9 Kp AC At TY T3 T4 T2 Paskocrs MAX

100 1000 1467 0990 004 005 000 001 BH 0,131
111000 1185 0837 005 007 000 001 U 0.091
12 Nposu-B 3 4137 0002 0002 0000 0000 0004 Bec
13 Npoan-H 3 4005 0003 0005 0000 0000 0007 35
14 1,000 1,000 1000 1000 = 0042 0,040
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Hnnrocmpayusa 21. ITHA: koppekyust 6azet danneix ¢ cpede Excel-3

Ha 3ToM crnaiifie npencTaBiaeHbl OUCHKU CKOPPEKTHPOBaHHON 0a3bl MaHHbIX.
MHoOKecTBO HeOIlpee/IeHHOCTH — JOIyCKOBOE MHOXKECTBO peuleHuif. OUEHKM Ta-

paHTHpOBaHHbIe U cpaBHUMBI ¢ oueHKamMu OMP npu Ex=0. Ouenxu OMP ans nan-

HOit 6a3bl BLIYUCIIEHHbIE 3HAYUTEILHO XYXKe.

Jns aHanuza pe3ynbTaToB Cnaiina ciemyer obpatutbes k Ilpumoxenwo 1 x
JIMCTY MporpaMMbl, Ha KOTOPOit 3aAaHbl YCIIOBHA AOIYCKOBOIO MHOXECTBA PEIICHUM
HCHAY.QSTO 610K sueek Ha cTpokax 5 — 8. IlpoBepka yciOBHs rapaHTHPOBAaHHOIO
OLIEHMBAHKSA BBINOJIHAETCA [0 3HAYEHHIO PACCTOAHUA MCTHHHOTO 3HaueHUs kKo3ddu-
LMEHTOB YPaBHEHHS [0 MCCJEAYyeMOI0 MHOXeCTBa. JTa BelW4YMHA MpPUBEACHA B

syeiixe G12. VyuThiBaeM 3HaUEHUE napameTpa yiuperus (fueiika Al2).

IIHA: KOPPEKINA bA3BI JAHHBIX B CPEJE EXCEL-3
n=1N=2m=2;y=ay+a,*x; ag=a;=1; £3=0,5; £, =0.6

0.5
Xn

2,52
1.50
4,50

Al
1,000

A1
1,03
0,91

097
0,06
1,02

042

048

Ey=
Xa
148

3.52

2,50
5,80

Max

cP
nos

eniii-3. CornacosanHay 6a3a JauHBIX

06
Y Ypu b
2,03 1,48 1.43
4,16 3,52 3,58

3,05 2.50 245
6,01 550 541
TapauTipoBaNsce CUsHMBaHNE

AlDuc  Atue  Hesss
1 1 0,000
3 8

4.0 7.0

4,18 713

3,97 6,79

4,08 8,56

0,08 0,17

Cresa oyenkun gns OMP

npy Ex=0

94

B

¥
2.83
4,76
3,85
8,61

i

i

Yps
2,48
4,52
3.50
6,50
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