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1. OBIIME ITOJIOXKXEHU S

Jucuunimza «MaTtemMaTuyeckoe MOAEIMPOBAHUE U METOJbl MATEMATUYECKOM CTAaTH-
CTHKH» HaIpaBJieHa Ha MOATOTOBKY MaruCTPaHTOB K CAMOCTOSITEIIbHOM 1eATEIbHOCTH B 00J1aCTH
OpTaHM3AINH U TPOBEICHUS HAYYHBIX UCCIICIOBAHUIN U UMEET 1ENTh JaTh HEOOXOAMMBIE JIsI TIPaK-
TUYECKOU JEATEIBHOCTH 3HAHUS MO MAaTEMATUYECKOMY MOJIEIMPOBAHUIO U METO/IaM MaTE€MaTH-
YECKOM CTaTUCTHUKH.

B pe3ynbrare ocBoeHMs JUCHUIIIMHEL «MaTemMaTnuecKoe MOJAEIMPOBAHUE U METObI Ma-
TEeMATHYCCKON CTATHCTUKH» Y 00yUYaIOMIErocs JOKHEI COPMHUPOBATECS, ONPEICTICHHBIC yueo-
HBIM TUIAHOM KOMIIETEHIIMHU, 1 MarUCTPAHT JOJIKEH:

3HaTh: kIaccu(PUKAIMIO 33]]a4 MATEMAaTHIECKOTO MOJISTHPOBAHUS; METOIOJIOTHIO MaTeMa-
TUYECKOTO0 MOJEIUPOBAHNUS, CTATUCTUYECKOTO aHaIn3a U 00pabOTKU JaHHbBIX.

YMeTh: pazpabareiBaTh U KIacCU(PHUIIMPOBATH MATEMATHUECKUE MOJACIH; TIPUMEHSTh pe-
TPECCUOHHBIN, TUCIIEPCUOHHBINA, KOMIIOHEHTHBIN aHaJIU3, MAaTEMaTHUYECKYI0 TEOPHIO IJIAaHUPOBa-
HUS SKCTIEPUMEHTOB, TI0JIb3YSICh COBPEMEHHBIMU IPOrPAMMHBIMH CPEACTBAMHU, TPHU PEIICHUU 3a-
nad nmpodeccnoHanbHOM 1eATeNbHOCTH.

BrageTts: HaBbIKaMH UCIIOJIB30BAHUS METOJOB MAaTEMATHYECKOTO MOICIIMPOBAHUS, CTATH-
CTHUYECKON 00pabOTKH TaHHBIX M MPOrPAMMHBIX CPEJCTB MPU PELUICHUH MPUKIAAHBIX 33/1a4 [IPO-
(dbeccnoHaNbHOM 1eATETbHOCTH.

Jl1is AOCTHKEeHUSI TOCTABIICHHBIX LI M3Y4YeHUs AUCIUILTUHBI y4eOHBIM IIJIAHOM TIpey-
CMOTPEHBI JICKIIUU, TPAKTUYECKUE 3aHATHUS, JaOOpaTOPHBIC 3aHATHS, CaMOCTOSITeNIbHAs padoTa U
OIICHKA PEe3yJIbTaTOB O0yUYeHUS MO JUCIUILTHHE.

J71st onleHMBaHUs PE3yJIbTATOB 00YUYEHUS M0 AUCHUIUTMHE «MaTteMaTu4eckoe MOAEIupo-
BaHUE U METOJIbl MATEMATUYECKOM CTATUCTUKU» MIPEAYCMOTPEHBI CIEAYIOIINE BUAbI KOHTPOJISA:

—  TEKYLIUH KOHTPOJIb (OCYIIECTBICHUE KOHTPOJIS BCEX BUIOB ayIUTOPHOM U BHEAYTUTOPHOM Jie-
ATEIHLHOCTH O0YYArOIIETOCs C MEJBI0 TOMyUeHUs IIEPBUIHON MH(POPMAITUHN O XOJIe YCBOCHHUS
OTJICTIbHBIX 2JIEMEHTOB COJICPKaHUs AUCIUILTUHBI);

— TPOMEXYTOYHAs aTTecTalus (OIEHUBAETCS YPOBEHb U KAYECTBO MOJATOTOBKH IO JUCITUTIIMHE
B 1IETIOM).

Texymuii KOHTPOJIb YCIIEBAEMOCTH MPEHA3HAUEH JJIL PETYISIPHOTO U CUCTEMATUYECKOTO
OIICHUBAHUSI X0JIa OCBOCHUS CTYJIEHTAMU JUCIIUTUIMHBI M BBHITIOJIHEHHS BCEX BUOB yueOHOU pa-
00ThI, IPETYCMOTPEHHBIX Y4eOHBIM IAHOM 00pa30BaTeIbHON MporpamMmsl. [ oOydaromuxcs
10 3a04HON (hopme 00yueHHUs TEKYILUN KOHTPOJIb HE IPETYCMOTPEH.

Texymuii KOHTPOJIb YCIIEBAEMOCTH MO JUCHUIIMHE «MaTteMaTnyeckoe MOJIeIUpOBaHUE
¥ METOJIbl MAaTEMAaTUYECKOU CTATUCTHKH » TIPEAYCMAaTPUBAET JBE KOHTPOJIbHBIE TOYKH B TEUCHUE
yueOHOro neproa (ceMecTpa), Kaxaas U3 KOTOPhIX 0000IIaeT pe3ylbTaThl OCBOSHUS OTIEIHHOTO
TeMaTtuueckoro Oyioka aucruiuinabl. KontponsHas touka (KT) sBisieTcst cpokoMm uUiu 1aToi 3a-
BEpILIEHUsI TeMaTUYECKOro OJIOKa U OLEHKU JOCTHKEHUsl ero oOpasoBarenbHbIX Henei. KT He
00s13aTeILHO COMPOBOKIAETCSI KOHTPOJIBHBIM MEPOIIPUATHEM U MOXKET BBICTABIISATHCS MpeEnoja-
BaTeJIEM I10 3apaHee YCTAaHOBJIEHHBIM KPUTEPHUSIM HA OCHOBAaHUU CYMMApHBIX UTOTOB TEKYILIEH pa-
0OTHI, CTENEHN U Ka4eCTBAa BBHIOTHEHUS 3aaHuil. IToru Tekyiiero KOHTPOJIsl YCIIeBaeMOCTH 10
K10 KOHTPOJBHOM TOUKE BHOCATCS MPENOAAaBATEIEM B AJIEKTPOHHBIN KypHAaJ.

Pe3ynbTarhl TEKyIIEro KOHTPOJIS TIOABOISATCS T10 IIKaie 0auTbHO-PEHTHUHTOBOM CUCTEMBI.
PernmameHT OanibHO-peHTHHTOBOM cuctembl ompeneneH llomoxkenuem o cucteme «KoHTpoIb
YCIIEBAEMOCTH U PEUTUHT oOydJaromuxcs». OleHnBaHNue Pe3yIbTaTOB yueOHOM paboThl 00yUaro-
HIMXCSl OCYIIECTBIIIETCS B Oasiax 1Mo BCeM BHAaM Takoi paboTsl ¢ nmpuMmenenueM 100-6amipHON
mkanel. [lo cyMmmapHOMY pe3ynbTaTy TEKYIIETO KOHTPOJISI MOKET OBITh BBICTABIIEHA HUTOTOBAs
OIICHKA IO JUCIUIUIMHE €ClIM 00yJaroluiics Habpall Mo TeKyleMy KOHTPOII HEOOXOIUMbIE U
JIOCTaTOYHBIE 0aJUTBI JJIS1 BBICTABJICHUSI OIIEHKH aBTOMAaTOM.

[TpomexyTouHas arTecTaius o0yJarommxcs B hopMe dK3aMeHa — YCTAaHOBJICHUE YPOBHS

4



JOCTHKEHMS] KOMIIETCHIIMH C TOMOILBIO OLIEHUBAHKS IIPOMEKYTOUHBIX U OKOHYATEIIBHBIX PE3YJIb-
TAaTOB OOY4YEHUs IO TUCLMIUIMHE MPETyCMOTPEHHBIX y4eOHbIM Iu1aHoM. Ilopsaok nmposeneHus
IIPOMEKYTOYHOM arTecTalyu periaMmeHTupyercs «llomoxenneM o mpoMexyTo4yHOM aTTecTaluuu
00yJaromuXCs».

MeToauka 1 TOPSIOK OLIEHUBAHKE PE3YIbTATOB 00YyUEHHS 110 TUCIUIUTMHE MPEICTABICHBI
B JIOKyMeHTe «OLeHOYHbIe MaTepHuasbl (OLIEHOYHbIE CPEJCTBA) /JIs IPOBEAEHUS TEKYILEro KOH-
TPOJI U IPOMEKYTOUHOH aTTECTALUHU 110 JUCUUILINHE «MaTeMaTu4ecKoe MOICIIMPOBAHUE U Me-
TOJbl MATEMATUYECKOU CTATUCTUKH .

2. BUJbI © ®OPMbI OPTAHU3AILIUA CAMOCTOSTEJBbHOM
PABOTBI CTYJIEHTOB

CamocrosiTenpHast paboTa SBISETCS OJHON U3 BAKHEHIIINX COCTABIISIOMINX 00pa30BaTEIIb-
HOT'O TpoIecca U Mpe/ICTaBIsieT co00 MpoIlecc aKTUBHOTO, 1IEICHANPABICHHOTO IPHOOPETEHNUS
00yJarmUMUCs HOBBIX 3HAHMM, YMEHUN 0€3 HEMOCPEICTBEHHOTO YJYacTUs MpernoaBaTelis, Xa-
pPaKTEpU3YIOLIUICS MPEIMETHON HampaBIeHHOCTHIO, () ()EKTUBHBIM KOHTPOJIIEM M OLEHKOH pe-
3yJAbTAaTOB MX JesATeabHOCTH. CamocTosATenbHas paboTa sSBIsSeTCs 00S3aTEIBHON ISl KaXJA0ro
CTYJCHTA U OMpeeaeTcs yueOHbIM IUIAHOM.

Llenu camocmosmenvrol pabomwi:

— yruyOlieHue U paclIupeHue TEOPETUYECKUX 3HAHMIA;

— CHCTEeMAaTH3alMs U 3aKPEeIJICHHE MOJYYeHHBIX TEOPETHUECKUX 3HAHUHN U MPAKTUYECKUX yMe-
HUU CTYJIEHTOB;

— (OpMHPOBaHHE YMEHHI HCIIOJIb30BAaTh TEXHUYECKYIO, HOPMATHBHYIO, TIPABOBYIO, CIIPABOY-
HYIO U CIICIUAIBHYIO JIATEPATYPY;

— pa3BUTHE MO3HABATENBHBIX CIIOCOOHOCTEH M aKTUBHOCTH CTYICHTOB: TBOPUECKON WMHHUIIMA-
TUBBI, CAMOCTOSITEIBHOCTH, OTBETCTBEHHOCTH M OPraHU30BaHHOCTH;

— (OpMHUPOBAHHE CAMOCTOSTEIIBHOCTH MBIIIICHUS, CIIOCOOHOCTEH K CaMOpPa3BUTHIO, CAMOCO-
BEPIIICHCTBOBAHUIO ¥ CAMOPEAITU3AIINY;

—  pPa3BUTHE HCCIEI0BATEIbCKUX HABBIKOB.

VYueOHbIii Ipoliecc BKIIIOYAET JIBa BUJIa CAMOCTOATEILHON paboThl: ayIMTOPHYIO U BHEa-
yautopHyto. OcHOBHbIE (DOPMBI U BUBI CAMOCTOSATEIHHONW BHEAYIUTOPHON pabOTHI CTYJICHTOB
BKJTIOYAIOT:

— camocTosTenpHas padoTa ¢ UCTOYHUKAaMU HHPOpMAIUH,

— COCTaBJICHHE OMOPHOTO KOHCIIEKTA;

— TOJTrOTOBKa JOKIaja, pedepara, mpe3eHTaluu, OT4eTa U T.11.,

— BBINOJHEHHE YIIPAKHEHUN U 3a/IaHUM;

— TOJrOTOBKA K MPAKTUYECKUM 3aHATHIM;

— TOJITOTOBKY KO BCEM BHUJaM KOHTPOJIS, B TOM YHCIIE K DK3aMEHY;

— paboTy B CTYJACHYECKHX HAYIHBIX OOIIECTBAX, KPy>KKaX, CCMHHApaX H T.II.;

— yuacTue B paboTe QaKyJIbTaTUBOB, CECMMHAPOB, KOH()EPEHIUAX U T.IL.;

— y4acTHie B HAy9HOH M Hay9HO-METOAMYECKOH padore;

— JpyTHue BUJIBI ACSITEILHOCTH, OPraHU3yeMOW B OCYIIECTBIISIEMOM YHUBEPCUTETOM M OPTaHAMHU
CTYJICHYECKOT'O CaMOYIIPaBIICHUSI.

Pe3synbratom camocTosTeNbHOM pabOThl SABJISETCS YCTHBIN MM MUCHbMEHHBINH OTYET CTY-
JIeHTa B popme: cooOIIeHus, 0KIaaa, pedepara, TBOPUECKOH pabOThI U T.1.

O6beM BpeMeHH, OTBEACHHBIN Ha CAMOCTOATEIbHYIO paboTy (B akaJeMHUYECKUX 4Yacax),
ornpenensercss y4eOHbIM IUIAHOM M KOHKPETU3UpYeTcs B pabouel mporpamme yu4eOHOH AMCIU-
IUTMHBI C OPUEHTUPOBOYHBIM paclpeiefieHueM N0 TeMaM M yKa3aHHEM PEKOMEHIyeMbIX (opM
BBITTOJIHEHHS CAMOCTOATENbHOM paboThl U (OpM €e KOHTPOJIL.



CamocrosrenbHas paboTa, HE IPEeAYCMOTpEeHHast 00pa3oBaTeIbHON MPOrpaMMOi U yued-
HBIM TIJIAHOM, OCYIIECTBIISETCS CTYACHTAMH MHHUIMATHBHO C IEJIBI0 pealn3aliil cOOCTBEHHBIX
y4eOHBIX U HAyYHBIX HHTEPECOB.

3. METOAUYECKHUE PEKOMEHJIALIAH ITO OPTAHU3ALIAN 1
BBIITOJITHEHNIO BHEAY/IUTOPHOU CAMOCTOSATEJIBHOU
PABOTbI

3.1. JIeKIIMOHHbIE 3aHATHS

JIeKIIMOHHBIE 3aHATHUS IPOBOJIUTCS B AyAUTOPUH C IPUMEHEHUEM MYJIbTUMEIUIHHOTO 000-
pynoBanus. JISKUUM UMEIOT LENb - CHCTEMATU3aLUI0 OCHOBBI HAyYHBIX 3HAHUM 110 JUCLIUILINHE U
KOHIIEHTPAIlMU BHUMaHUsI 00ydJaromuxcs Ha HanOoJiee aKTyallbHBIX MPo0IeMax, BOMPOcax U Mo-
JOXeHUsAX. B xoze nekuuii npenogaBaTenb U3araeT U pa3bsCHAET OCHOBHBIE, HauboJee CIoXkK-
HbIE BOIIPOCHI TEMBI, a TAKKE TEOPETUUYECKH CBsI3aHHBIE C HEW IpobsieMbl. B xoe nekuuu, o0yya-
IOLIMECs He BeAYT KOHCIIEKTUPOBaHUE y4eOHOr0 MaTepuaa, mpolecc KOToporo Tpedyer 3Hauu-
TEJIbHOI'O BPEMEHM OT OOIIEro BPEMEHHU, OTBOAMMOIO Ha JeKuuio. B ciydyae HeoOxomumoctu
(HampuMep, He MOHAJ CYTh, TpeOyeTcs YTOUHEHHUE U T.I1.) oOyJaroluecs AeJatoT IOMETKH B pa-
Ooueil TeTpagu. JlaHHBINM 0IX0J, BO-NIEPBBIX, 00JieryaeT paboTy CTyJEHTa Ha JIEKLUU, BO-BTO-
PBIX, TIO3BOJISIET MPENOAABATEINIO O0JIee MOIHO U3JI0KUTh U Pa3bsICHUTh YUeOHBIN MaTepual, , B-
TPETHUX, MOSABJISIETCS. BPEMsI JJI1 OTBETOB Ha BOIIPOCHI CTYJIEHTOB, BO3HUKILIUX B X0JI€ JIEKLIUU U
BBIOOPOYHOI'O OIPOCa CTYIEHTOB B Haudaje JIEKUUHU C LENbI0 OLEHKH YCBOEHHS HPEIbIAYIIEro
yueOHOro Marepuaia.

B 3akinroueHuM JIEKIIMK NIPENOJAaBaTeNb 1aeT PEKOMEHIAlMU Ha MTOATOTOBKY K IPaKTHYe-
CKHUM, JTa0OPaTOPHBIM 3aHATHIM U 00s13aTEIbHBIE K BHITIOJTHEHUIO YKa3aHUS HA CAMOCTOSITEIbHYIO
paboty. OOyuarommMcsl B 3JIEKTPOHHOM BUJIE€ BBLAAETCS MPE3EHTALUS 3aHATHS, TEKCT JIEKLIUU U
YKa3bIBAIOTCS PEKOMEH1yeMble HCTOYHUKU MH(OPMALIUY, YTO B COBOKYITHOCTH HEOOXOAUMO ISt
OTpa’keHHsI B KOHCIIEKTe yueOHoro matepuana. OTaenbHble TEMbI IPEAJIaraloTcs Uil caMoCTOs-
TEIbHOI'O N3YYEHHUS TAK)Ke C 00513aTeIbHBIM OTPAXKEHUEM B KOHCIIEKTE.

CamocrodrenbHas paboTa ¢ JIGKLMOHHBIM MaTEpUaoM, B EPBYIO OUEPE/Ib 3aKIH0YAETCS
B COCTaBJIEHUU KOHCIEKTa, U €€ CIeyeT MPOBOAUTH B TOT e JIeHb. PEKOMeH1yeTcs 3aluch OCy-
IIECTBJIATh HAa OJHON CTOPOHE JIMCTA, a JPYTYI0 OCTaBJIATh AJS JajbHeimeil npopaboTku yueo-
HOro matepuana. HaunHaTh caMocTOsITENIbHYIO paboTy clieAyeT ¢ MPOCMOTpa MPE3eHTAUH JIeK-
IIUH, YTO TO3BOJIUT BOCCTAHOBUTH B MaMATH Y4eOHBIN MaTepuai 3aHsATus. Jlanee pekoMeHayeTcs
paboTa ¢ TEKCTOM JIEKIIMM U UCTOYHMKAMU MH(QOpMAaIMH, pa3pelias U YTOUHsAsS B XOJ€ UYTEHUS,
BO3HUKIIINE paHee 3aTPYAHEHUS U BOIIPOCHI, C OTHOBPEMEHHBIM 0(POPMIICHHEM KOHCIIEKTA.

KoHcnekt mo3BosiseT MpUBECTH B CUCTEMY 3HAHUS U YCKOPSIET MOBTOPEHUE MaTepuaa,
HKOHOMMT BpeMsl IIPU MOBTOPHOM, TIOCJIE ONPEACICHHOTO NIEpephIBa, OOpaIleHUH K paHee N3yYeH-
Hoil Teme. KoHCTIEeKTHpOBaHUE — OJIMH U3 CaMBIX CIOXHBIX 3TAllOB CAMOCTOSITENbHOM padoThl. Ka-
KUX-TTM0O0 €IMHBIX, IPUTOIHBIX I KaXKIOr0 CTYJEHTa METOJI0B M IPUEMOB KOHCIIEKTUPOBAHUS
He cyniecTByeT. OIHaKO 3TO HE UCKJIIOYAeT COOJIOIEHUSI HEKOTOPBIX, HanboJjee ONpaBaaBIInX
ce0s1 00IIKX MpaBmJl, ¢ KOTOPBIMHU ITPETNoiaBaTelb U 00s13aH MO3HAKOMUTH CTY/ICHTOB.

I'maBHOE B KOHCIIEKTE — HE €r0 00beM, a coJiep:KaHre. Y MEHHE U3JIaraTh MaTepUal CKaTo
U KPaTKO MPHUXOJUT C ONBITOM U 3HAHUSIMU, HO MX HAKOIUICHUIO TIOMOTAeT COOIII0IEHHE MPOCTHIX
IIPaBWJI: HE TOPOIUTHCS 3alHUChIBATh MIPU MEPBOM K€ YTEHUH, HEOOXOIMMO BHOCUTH B KOHCIIEKT
JIMILIB TO, YTO CTAJIO SICHBIM.

KoHcnekt He JomKeH ObITh «CIENbIM», O0€3JIMKUM, COCTOSIIIUM U3 CIUIOIIHOTO TEKCTa.
Oco060 BaXxxHBIE MECTA, SIPKHE MPUMEPHI BBIIEIAIOTCS IBETHBIM MOJUEPKUBAHUEM, B3ATHEM B pa-
MOUKY, OTTEHEHHEM, TOMETKaMH Ha IMOJIX ClelHaIbHbIMU 3HaKaMH, YTOOBI KaK MOXHO ObICTpee
HaTH HYXHOE MoJoXeHue. B npoiecce coctaBiaeHns KOHCIEKTA /Uil HATJSITHOCTH 0053aTEIbHO
INPUMEHSTh Pa3JInYHbIE BBIACIEHUS, [10/13ar0JIOBKH, CO3/1aBas OJOYHYIO CTPYKTYpY KOHCIEKTa.
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OTO0 AenaeT KOHCIEKT JITKO BOCIPUHUMAEM, YIOOHBIM aiisi paboThl. PaboTas Haj KOHCIIEKTOM,
BCerJa HeoOX0ANMO UCIIOIb30BATh HE TOJIBKO YUYEOHUK, HO U Ty JIUTEPATYPY, KOTOPYIO JOMOJIHU-
TEJILHO PEKOMEHI0BAJ JIEKTOp. VIMEHHO Takas cepbe3Hasi, padoTa C JIKHMOHHBIM MaTepHalIOM
HIO3BOJIUT ITyOOKO OBJIa/IETh 3HAHUSMU.

W3yuenne qUCUUIUIMHBI CIEyeT HAYMHATh C Y9eOHHKA, TOCKOJIbKY YYeOHUK - 3TO KHUTA,
B KOTOPOI1 U3J105K€HBI OCHOBBI HAYUHBIX 3HAHUHU IO ONPE/IETIEHHOMY NIPEIMETY B COOTBETCTBUHU C
HEeNIMU M 3a/1a4aMi O0Y4eHHUs, YCTAaHOBJICHHBIMU IMPOrpaMMON M TPeOOBAHUSAMHU JUJAKTHKH.
[TpenBapuTenpbHOE YTEHUE HANPABJIEHO HA BHIBIECHUE B TEKCTE HE3HAKOMBIX TEPMHHOB U IIOUCK
UX 3HAUCHHs B CIIPaBOYHOM JnTepaType. CKBO3HOE UTEHHUE MPEIoJaracT MpouTeHHe MaTepuia
0T HayaJia 10 KoH1a. CKBO3HOE YTE€HHUE JIUTEPATyphl U3 IPUBEJCHHOIO CIIUCKA JAa€T BO3MOXKHOCTb
o0yyatomiemycs chOpMUPOBATh TE3ayPyC OCHOBHBIX MTOHATHH U3 U3y4aeMOi 00J1acT! U CBOOOIHO
BJIaJeTh UMU. BEIOOpOUHOE UTEeHHE NMEET 1IeJIbI0 ITOMCK M 0TOOp Marepuana. B pamkax paHHON
JMCLUTUTMHBI BEIOOPOYHOE UTEHHUE, KaK CII0cO0 OCBOCHUS COJCPKAHMUSA, TOJKHO HCIIOIb30BaAThCS
IIPY HOJrOTOBKE K IIPAKTUYECKUM 3aHATHUSAM 110 COOTBETCTBYIOLUIMM TeMaM. AHAIUTUYECKOE UTe-
HUE - 9TO KPUTUYECKUI pa300op TEKCTA C MOCIEAYIOIIUM €r0 KOHCIIEKTUpOoBaHUeM. Llenbro nu3y4da-
IOLIEro YTEHUS SIBJIAETCs [N1yOOKOe U BCECTOPOHHEE IOHMMaHue yueOHOH HH(OopMaIH.

Bri6op Bua BeieHUsT KOHCIIEKTA 3aBHCUT OT XapaKTepa N3y4aeMoro MaTepuana U neien
pabotsl ¢ HUM. Ecnu conepxanue Marepuana HECJI0XKHOE, JIErKO yCBauBaeMoe, MOXKHO OTpaHu-
YUTHCS COCTAaBJICHHEM IUTaHa. [ImaH - 9TO cXxeMa MPOYMTAHHOTO MaTepHalia, KpaTKUil MmepedeHb
BOIIPOCOB, OTPAXKAIOLIUX CTPYKTYPY U MOCIEI0BaTeIbHOCTh MaTtepuaia. [lonpobHo cocraBieH-
HBIN IJTaH MOKET 3aMEHHUTh KOHCIIEKT. Eciu Marepuan coaep Ut HOBYIO U TPYTHO YCBaUBAEMYIO
UH(pOpMalLHIO, 11eJ1eco00pa3HO ero MaKCUMalbHO 3aKOHCIEKTUPOBaTh. KOHCHEKT - 3TO cucrema-
TU3UPOBAHHOE, JIOTHYHOE M3JI0KEHNE HCTOYHHKA.

PaznuuaroT yeTsipe THIAa KOHCTIEKTOB:

— II;maH-KOHCIEKT - 3TO pa3BEpHYTHINA JETAIM3UPOBAHHBIN IUIaH, B KOTOPOM JIOCTaTOYHO I10-
JpOOHBIE 3aMTUCH MTPUBOIATCS 10 TEM ITyHKTaM IIaHa, KOTOPbIE HY)KJAIOTCS B TOSICHEHUH.

— TekcryanbHbIil KOHCIEKT - 3TO BOCIIPOU3BEICHNE Hau0oJiee BaXKHbIX NOJ0XKEHUN U (PaKkToB
UCTOYHUKA.

— CBOOOJHBIN KOHCIIEKT - 3TO YETKO M KPATKO (M3JI0’)KEHHbIE) OCHOBHBIE IOJIOXKEHHUS B pe-
3yJbTaTe TIIyOOKOro OCMBICIMBAaHUS MaTepualia. B HeM MOryT puCyTCTBOBaTh LIUTATHI, Te-
3HCHI; YaCTh MaTepHaja MOXKET ObITh IPECTaBIICHA IIJIAHOM.

— Temarnueckuii KOHCIIEKT - COCTABIIAETCS HA OCHOBE M3YUEHUs psAa UCTOYHUKOB U AaeT 00-
Jlee UCUEPIIbIBAIOIINI OTBET MO KaXKAOMY BOIPOCY.

Br16op Bua BeieHNsT KOHCTIEKTa 00YYarOIIUIACS OCYIIECTBISIET CAMOCTOSTEIBHO, UCXOIS
U3 CBOMX JIMYHOCTHBIX KauecTB, HO C YUETOM yKa3aHHH MpernoiaBaTes.

3.2. IlpakTHyecKue 3aHATHSA

[enpro MPaKTUYECKUX 3aHITHIA SIBISETCS MOTYYeHHE 0a30BbIX HABBIKOB MO MPUMEHEHUIO
TEOPETHUECKUX 3HAaHUU. ITO HEOOXOJAMMO MPU PEIICHUU BCEBO3MOXKHBIX 3a/a4 HA Pa3IMUHBIX
ATarax MpakTUYECKOU eI TENbHOCTH.

3aoauu npakmuueckux 3aHamuiL;

— 3aKperUieHHe U yriiyOlieHue 3HaAHUM;

— CO3JaHHE MPAKTUYECKUX HABBIKOB U YMEHUN B MMPAKTUYECKOU JEATEIBHOCTH U ITOBCEIHEB-
HOW JKU3HU JJIs: TIOMCKA, aHaJN3a U MCIOIb30BaHus HH(pOpMaInu;

— aHajM3a KOHKPETHBIX CUTYyallud M YCIOBUM MX peaau3aluy; U3JI0KEHUS U apTryMEHTAIuU
COOCTBEHHBIX CYXJACHHUH MO MPAKTUYECKON CUTYaIINH;

—  pa3BUTHE CTPEMJICHUS U CIIOCOOHOCTHU K CAMOCTOSITEIbHOMY HCCIIEAOBAHUIO U3YYaeMbIX pe-
AJbHOCTEN, UX KPUTHYECKOU OLICHKH.

[ToaroroBka K MpakTHYECKUM 3aHATHSM BKIFOYAET TTOBTOPEHHUE TEOPETHIECKOTO (JICKITH-
OHHOT'0) MaTepuaia U BHITIOJHEHUE YKa3aHHUI MpernojaBareis Ha MOATOTOBKY K MPAaKTUYECKUM



3aHATUAM. 3Ha‘-II/ITe.HBHyIO IIOMOIIIb B ITOAT'OTOBKE K HpaKTI/I‘-IGCKI/IM 3aHATUSAM OKA3bIBAKOT TCMa-
THYECKHUE CAUTHI.

[IpakTryeckue 3aHATHS 1O AUCHUILIMHE POBOJUTHCS B pa3IuyHbIX (hopmax. B gactHo-
CTH, B (hopMe TUCKYCCH, KPYTIIBIX CTOJIOB, aHAIN3a KOHKPETHBIX CUTYAIMH C TTOCIICTYIOIITUM BbI-
ITIOJTHCHHUEM I/IHI[I/IBI/II[yaJIbHBIX SaHaHHfI. TeMaTI/IKa 158 conepncaHHe I/IHI[I/IBI/II[yaJILHLIX 3aI[aHPII>'I
bOpMHUPYIOTCS HHAUBUIAYATBLHO B COOTBETCTBUU C TEMaMH MaruCTEPCKHUX TUCCEPTAIIUEH U PEKO-
MEHJALUAMH HAYYHBIX PYKOBOJUTEIICH.

3.3. JIabopaTopHbIe 3aHATHS

JIaboparopHoe 3aHATHE — OJJHA U3 OCHOBHBIX (hOpM OpraHm3anuu y4eOHOTO TpoIiecca,
HaIpaBJIEHHAs! Ha TBOPUECKOE YCBOCHUE TEOPETUYECKUX OCHOB YUe€OHOW JUCIHMILTUHBI U TOTY-
YeHUE MPAKTUYECKUX HABBIKOB MCCIEIOBAHUS MyTEM NMOCTAaHOBKH, MPOBEACHUS, 00pabOTKU U
MPEJICTaBICHUS PE3YJIbTATOB SKCIIEPUMEHTA HAa OCHOBE NMPAKTUYECKOTO UCIIOJIb30BAHUS Pa3Iny-
HBIX CPEICTB (HaOII0ACHUS, U3MEPEHUS], KOHTPOJIS, BBIYUCIUTEIBHON TEXHUKH ), IPUOOPETEHUS
HABBIKOB OIBITa TBOPUYECKOM 1eATeIHbHOCTH.

JlaboparopHast paboTa - KOHKPETHOE y4eOHOe 3aJjaHue TI0 U3y9aeMOi JUCITUIUINHE, BbI-
MOJIHSIEMOE Ha JTa00paTOPHOM 3aHSITHH.

Lenb 1a60paTOPHOTO 3aHATHS - MPAKTHYECKOE OCBOCHUE 00YJAIOIUMHUCS COJCPKAHUS U
METOJIOJIOTUU U3Y4aeMOI TUCUUIUIMHBI IPU UCTIOIb30BAaHUH CIIEUATBHBIX CPEICTB.

OCHOBHBIMU 3a/1a4aMH JIAOOPATOPHBIX 3aHATUH SIBISIOTCS:

- ano6peTeHHe OIIbITa PCIICHUSA y‘IC6HO-I/ICCJ'IeI[OBaTeJ'ILCKI/IX H pCaJIbHBIX IIPAKTHYC-
CKHX 3a/la4 Ha OCHOBC N3YYCHHOI'O TECOPETHUYCCKOI'0 MaTCpurajla,

- IPUOOPETEHUE OMBITA TIPOBEACHUS YKCIIEPUMEHTA, B TOM YHCIIE BRIYUCIATEIHHOTO;
- OBJIAJICHUE HOBBIMU METOJIMKAMU SKCIIEPUMEHTUPOBAHUS B COOTBETCTBYIOLLIEHOTPACIIN
HayK{, TEXHUKU U TEXHOJIOTUH;
- MPUOOPETeHNE YMEHUH W HABBIKOB JKCIUTyaTallMd TEXHUYECKUX CPEACTBH 000-
pPyZIOBaHUS;
- opmMupoBanue yMEHUH  00paboTKU pe3yJIbTaTOB MPOBEICHHBIX
HCCIICIOBAHNH;
- aHanu3 U OOCYXKJEHHE TMONYyUYEeHHBIX Pe3ylbTaToOB M (pOpMyIHpOBaHHE BHIBO-
J0B;
- BBIpa0OTKa CMOCOOHOCTH JIOTHUECKOTO OCMBICICHHSI CAMOCTOSTEIBHO TMOTy-
YEHHBIX 3HAHMI,

- obecrieyeHre pPalMOHAIBHOTO COYETAaHUsl KOJUIEKTUBHOW M WHAMBHIYATbHOH (Qopm

o0OyueHusl.
[IpenonaBartenb, KOTOPBIN MPOBOAUT JTAOOPATOPHBIE 3aHATUSI, UMEET TIPABO OMPEEIAThH
coJiepskaHue 1abopaTopHBIX padOT, BHIOMPATh METOMBI U CPEICTBA MPOBEACHUS JTa0OPATOPHBIX
HCCIIeNOBaHNM, HanboJIee MOIHO OTBEYAIOIINE UX 0COOEHHOCTIM U 00ECIEUNBAIOIINE BLICOKOE
Ka4ecTBO y4eOHOro mpolecca.
JlaboparopHOe 3aHATHE COCTOUT U3 CIICTYIONMINX 3JIEMEHTOB: BBOIHAS YaCTh, OCHOBHAS H
3aKTIOYUTETIbHAS.
BBonHas gacth obecrneunBaeT MOATOTOBKY O0YYAIOIMIUXCS K BHITIOTHEHUIO 33/1a-HUN pa-
0oTh1. B ee cocTaB BXoAT:
- (opMyIUpOBKa TEMBI, IIEH W 3a7a4 3aHATHS, OOOCHOBAHHE €r0 3HAYUMOCTHB IIPO-
(heccroHaIbHOM MOATOTOBKE 00YJaIOIINXCS;

- U3JI0)KCHUE TCOPETHUECKUX OCHOB PaOOTHI;

- XapaKTepPHUCTHKA COCTaBa M OCOOCHHOCTEW 3aJlaHWii pabOTHl M OOBSICHEHHWE METOOB
(croco0oB, MPUEMOB) UX BBITIOHEHUS;

- XapaKTepUCTHKA TPeOOBAHUMN K pe3yibTaTy paboThI;



- MHCTPYKTaX IO TeXHUKE 0€30MacHOCTU MPH KCILTyaTallud TEXHUYECKUXCPEIICTB;
- IPOBEPKA TOTOBHOCTU O00YYAIOLIUXCs BBITOJIHATH 3aJaHUsI paOOThI;

- yKa3aHWs [0 CAMOKOHTPOJIO PE3yJbTaTOB BBHIIOJIHEHHMS 3aJaHUI 00yJalOmNMHUCS.
OcHOBHas 4acTh BKJIIOYAET MPOIECC BBHIMOTHEHUS JIAOOPaTOpHOU paboThl, oopmiieHHE
oTt4eTa U ero 3ammry. OHa MOXKET COIPOBOXKIATHCS OMOIHUTEIEHBIMAPA3bSICHSHUSIMH 10 X0y
paboThl, YCTpaHEHUEM TPYAHOCTEH MPHU €€ BBHIMOIHEHUH, TEKYIIIMM KOHTPOJIEM U OLEHKOU pe-
3yJIbTaTOB OTAECNBHBIX 00YYAIOIINMHUCS, OTBETAMH Ha BOIPOCH! 00YYaIOIINXCSL.
3aKITI0UNTENbHAS YACTh COJICPIKHT:

- TIOJIBE/ICHUE OOIIMX UTOTOB 3aHATHS;
- OIICHKY PE3yJIbTaTOB PabOThI OTJEIBHBIX 00YJAIOIIUXCS;
- OTBETHI HA BOIIPOCHI 00YYarOIIUUXCS;

- BblIayy PEKOMEHJAlUM 110 yCTPAHEHUIO IPOOEIOB B CUCTEME 3HAaHUN 1 yMeHuil o0yya-
IOLIMXCS, 110 YIYUIIEHUIO PE3yJIbTaTOB PaOOTHI;

- cOop oT4eTOB OOYYAIOUIMXCS Ul MPOBEPKH, M3JI0KEHUE CBEACHUM, Kacaroo- IMuXcs
MOJITOTOBKHM K BBINOJIHEHHIO cleyromeil paboThl.

B psine cinydaeB MOXXeT OBITh 11e51eCO00pa3HBIM BBIHECTH OT/CIbHBIC MPAKTHUECKUE (J1a-
O60opaTopHbIe) 3aHATHS I CAMOCTOATEIBHOTO BHEAYAUTOPHOTO BhINONIHEHUS. Oco0eHHO 3¢ dek-
TUBHO HCII0JIb30BaTh Takue (hopMbl pabOThl IpU POPMUPOBAHUU MPOPECCUOHAIBHBIX KOMIIE-
TEHLMH, CBA3aHHBIX C IOJy4eHHUEeM, repepaboTkoiu cucremaTtusauueil uHpopmanuu. IlIpe-
UMYIIECTBO ATOH (POPMBI 3aKIIFOYAETCS B BOSMOKHOCTH ITOATOTOBKY WHAMBHTyaTbHBIX 3a/1a-
HU ¥ OCJIEYIONIEro 00CYKICHHsI M OLIEHUBaHMS pe3yJIbTaTOB UX BBIITOJHEHUS HA ayIUTOPHBIX
3aHATHSIX.

3.4. IloaroroBka pedepaToB

Pedepar npencrasnsier co0oil COYMHEHNE HA ONPEACTICHHYIO TeMY, BKIIOYaroniee 0030p
COOTBETCTBYIOLMX HAay4YHBIX U HOPMATHUBHBIX MCTOYHUKOB WJIM M3JI0)KEHUE CYTH MOHOTpaduu,
CTaTbhH, TO €CTh, IEPBUYHOTO JOKYMEHTA (MJIM €T0 YaCTH) C OCHOBHBIMH (DaKTHYECKUMHU CBEJICHH-
MU M BbIBOJIaMH. Pedepar sBiseTcss caMoCTOSITEIbHON TBOPUECKOH pabOTOM, BBINOIHEHHON U
0(OpMIIEHHOH aHAJOTUYHO TpeOOBaHUAM, U310keHHBIX B [lonoxennn «IIpaBuna opopmienus u
TpeOOBaHUS K COJEPKAHUIO KYPCOBBIX IPOEKTOB (pab0T) U BBIMTYCKHBIX KBATM(PHUKAIIMOHHBIX pa-
601». PekoMentyemsiii 00beM pedepara — ot 10 1o 15 meyaTHbIX cTpaHUII.

ITpu pabote Hax pedepaToM U3HAYATBHO HEOOXOIMMO COCTABUTh IJIaH, KOTOPBIN PacKphl-
BaJl Obl 3asABJIEHHYIO IpoOieMy. EqHON cXeMbl coCTaBlIeHHUs TUIaHa HE CYILECTBYET, IIaBHOE B
TOM, YTOOBI €r0 MyHKTHI COOTBETCTBOBAJIM JIOTHUECKOH cxeme. [1epBblil a/IeMeHT I1aHa — BBeJie-
HUeE, Jlajiee ClelyeT OCHOBHAsI YacTb, 3aKJII0YEHNE, CIIMCOK MCIIOJIb3yEMbIX HCTOUYHUKOB.

Bo BBeneHn# HE00X0AUMO 000CHOBATH AKTYaIbHOCTh MIPOOJIEMBI, HAMETUTD ITyTH €€ aHa-
JIN3a ¥ pelIeHus], JaTh KpaTKUH aHAIUTUYECKUI 0030p IuTepaTypbl 1 000CHOBATh CTPYKTYPY U3-
JIOXKEHHUs MaTepHaa.

OcHOBHast 4acTh JOJDKHA MPEACTABIATh MOCIIE0BATEIbHOE U3JI0KEHUE BOIIPOCOB IUIAHA,
Ka)KJOMY U3 BOIIPOCOB JOJDKEH IPEIIECTBOBATh 3ar0JIOBOK. PEKOMEHTyeTcs BeCh MaTepHall paB-
HOMEPHO pacIpeslelnTh 0 BOIPOCaM, a U3JI0KEHHE KaKJI0Or0 BOIPOCa 3aBEPIIUTh KPATKUM BbI-
BostoM. CoziepkaHue KaX10To U3 pa3zesoB (maparpadoB) T0KHO pacCKpbIBaTh €ro Ha3BaHHE.

B 3akmrouennn He0OX0AMMO cIeNaTh KOHIENTYalbHbBIN BBIBOJ MO BCeH paboTe, KOTOPHIH
packpbIBaj Obl INIABHYIO MPOOIIEMY.

bubnuorpadudaeckuit cimcok 3aBepuraet padory. B Hero He0OX0MMO BKIIFOUHUTH BCE HC-
TOYHUKHU MH(OPMAIMH, C KOTOPBIMU 3HAKOMMJICSI aBTOP, a HE TOJIBKO T€, KOTOpPhIE ObUIN IIUTHPO-
BaHbI B TeKcTe paboThl. OHU JTOJKHBI OBITH CTPYNIIUPOBAHBI CIIEAYIOIIUM 00pa3oM:

- HOPMATHBHBIEC aKThl (110 IOPUANYECKON CUJIe B HUCXOSILEM MOPSIKE, BHYTPH TPYIIIIbI
PaBHBIX 10 IOPUAUYECKON cujie — IO JaTe U3/AaHus);

- crienuanbHast IuTepatypa (B ajapaBUTHOM MOPSIIIKE);



- HeOoINyOJIMKOBAHHBIE MaTEPHAIIBL;

- IPAaKTUYECKUE MATEPHUAIIBI.

TekcT MOJHOCThIO HAMMCAHHOW M O(OPMIIEHHON pabOTHl MOMJIEKUT TIIATEIBLHOW MPO-
Bepke. OmMOKH U OMMCKH, KaK B TEKCTE, TaK U B LIUTATaX U B HAyYHO-CIIPABOYHOM aIllnapaTe He
JIOITyCTUMBI.

PesynbpraThl paboThI CTYIEHT JOJKEH MyOIMYHO mpeacTaBuTh. IIpenBapuTensHo moaro-
TOBUB T€3UCHI JOKJIAJa, CTYIEHT B T€YEHHUE 5-7 MUHYT JOJDKEH KPATKO U3JI0)KUTh OCHOBHBIE I10-
JIOXKeHHUs cBOeH paboThbl. YTOOBI BBICTYIIEHHE OBLIO YJAUHBIM, OHO JI0JIKHO XOPOIIO BOCIPHUHU-
MaTbCs Ha CIIyX, OBITh HHTEPECHBIM JUIs citymateseil. [Ipy BBICTYIIIEHNN IPUBETCTBYETCS aKTHB-
HOE MCII0JIb30BaHHE MYJIbTUMEAUHHOIO COIPOBOXKACHUS J0KJIana (Ipe3eHTalus, BUJCOPOIHUKH,
ayJIMO3aIHCH).

3.5. HoaroroBka 3cce

Occe - caMoCTosTeNbHAsl TBOPUECKasi MUCbMEHHAs: paboTa, mpeacTaBIsionas codoil pas-
BEPHYTOE U apryMEHTHUPOBAHHOE U3JI0KEHHE TOUKH 3PEHUS 00Yy4aromierocs mo MmpeagoKeHHOU
TEMe.

CTpyKTYpHO 3CcCe COCTOUT U3 YEThIPEX JIEMEHTOB:

1. Benenue. Bo BBeneHUM n3naraercs B 00IIEM BHJIE Ta TIO3UIUS, KOTOPYIO TpeAroiara-
€TCsl OTCTanuBaTh B OCHOBHOW YacTH dcCCe.

2. OcHoBHast yacTb. B 0CHOBHOI 4acTu Npe/CTaBIIEHbI 10IPOOHBIE OTBETHI HAa BONPOC MM
U3JIaraeTcs MO3ULUA, MOATBEPkKAaeMas TEOPETUUECKUMU apryMEHTaMU U SMIIUPUYECKUM JaH-
HBIMH.

3. 3akmtoueHue. B 3akimoueHNN pe3lOMUPYIOTCS TJIaBHBIE UI€U OCHOBHOM 4acTH, MOJBO-
JSIIIKE K IIPEIojIaracMoMy OTBETY Ha BOIIPOC MIIH 3asiBIICHHON TOYKE 3PEHHMS, JIETAIOTCSI BBIBOJIBI.

4. CucoK UCHOJIb30BAaHHBIX UCTOYHUKOB. YKa3bIBACTCS JINTEPATYpa, KOTOPask UCIOIb3Y-
€TCs IIPH MOJITOTOBKE ACCE.

MHuenue aBTOpa 3cce Mo mpobieMe u3naraloTcs B (opme KpaTKux Te3ucoB. MHeHHe
JIOJDKHO OBITH TIOAKPEIUICHO TOKA3aTeIbCTBAMU - IO3TOMY 32 TE3HCOM CIIEIYIOT apryMeHThI. Ap-
TYMEHTHI - 3TO (DaKThl, IBICHUS OOLIECTBEHHON KU3HHU, COOBITHS, )KU3HEHHBIEC CUTYallUU U JKU3-
HEHHBII OIBIT, HAYYHBIE JI0KA3aTeNIbCTBA, CCHBUIKM HAa MHEHHS YYEHBIX H Jp. Jlydine npuBoanuTh
JIBa-TPU apryMEHTa B MOJIb3Y KaXkKI0TO Te3Hca: OJMH apTyMEHT KaKeTCsl HeyOeIUTeNbHbIM. Takum
00pa3oM, acce MPUOOPETAET KOJIBIIEBYIO CTPYKTYPY (KOJTHMYECTBO TE3UCOB M ApTYMEHTOB 3aBUCHUT
OT Te€MbI, U30PAaHHOTO TUIaHA, JIOTUKH PAa3BUTUS MBICITH).

[Tpu moAroTOoBKE OCHOBHOM YaCTH 3CCE PEKOMEHIyeTCsl UCoib30oBaTh popmyny I1-O-T1-C:
— II - monoxxenue (yTBepKaeHue);
— O - oObsACHEHUE;
— 11 - mpumep, UITFOCTpaLUs;
— C - cyxnenue (UTOrOBOE).

3.6. [ToAroToBKAa HAYYHOI0 A0KJIA1a

Hayunsiit noxman npeactasiser co0oil uccaenoBaHue M0 KOHKPETHON IpobiiemMe, U3Jo-
KEHHOE TIepe/ ayTuTopuel ciaymareneit. PaboTa mo moaroroBke HAyqHOTO TOKJIaa BKIIFOYAET HE
TOJIEKO 3HAKOMCTBO C JIMTEPATYpPOl 10 M30paHHOW TEMATHKE, HO U CAMOCTOSITETFHOE U3YUeHUE
OTpe/IeNIEHHBIX BOIPOCOB.

Hayunbrii 1okmaa MoKeT OBITh MOATOTOBJICH AJIsl BRICTYIIJICHHS HA 3aHITUU, KOH(DEPEHITHH
Hay4yHOTro OOIIeCTBa, WK B paMKax Kpyrjoro croja. B i1ro6oM ciyyae ycrnenHoe BbICTYIUIEHHE
BO MHOTOM 3aBHCHUT OT MPAaBWJIHLHOM OpPraHMU3allMU Camoro Mmpouecca MoJAroTOBKMA HAyYHOTO J0-
kiaaa. [TonroroBka Hay4yHOTro JTOKJIa/1a BKJIFOUAET HECKOJIBKO 3TAllOB paboOThI:

1. BEIOOP TEMBI TOKIAa;

2. IOArOTOBKA MaTEPHUAIIOB;
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3. paboTa HaJ TEKCTOM JIOKIIA/a;

4. MOATrOTOBKA K BBICTYILJICHUIO.

[TonroToBka K Hay4HOMY JAOKJIaNy HayMHAETCS C BBIOOpa TeMbl. He cienyer BHIOMpaTh
CJIMIIKOM HIMPOKYIO TEMY HAYYHOT'O JOKJIaaa. ITO CBS3aHO C OTPAHUYEHHOCTHIO JTOKJIaIYUKa BO
BpeMeHu. Jlokiaa nqoikeH ObITh paccuuTad Ha 7-15 munyt. PaboTa no nogdbopy MarepuaioB JJis
OKJIaJla CBSI3aHa C U3yUYEHUEM COOTBETCTBYIOIIEH TEMATUKE JTUTEPATYPHI.

B mpornecce paGoThl HaJ TEKCTOM JOKJana 00y4aromuecs rIy0ke MOCTUTalT BOIPOCH
M3Yy4aeMOT0 MpeaMeTa, MOCKOIIbKY:

—  QHAIMBHUPYIOTCS Pa3UYHbIC TOYKU 3pEHUS, (PAKTHI U COOBITHS;

— BeJeTcs HaydHO 0OOCHOBaHHAas MOJIEMHKA;

— 00001mIaeTcss MaTepuar;

— JIaKOHUYHO U3JIararoTCsl MBICIIH;

— TMpaBWIbHO opopMiIsIeTcs padoTa ¢ cOCTaBlIeHHEeM IuTaHa Oubiauorpaduu U CHCTeMaTH3a-
nuer nadopmanuu.

Texcm HayuHo20 00KAA0A OO0IHCEH BKIIOUAMb MPU OCHOBHbIE YACTU.!

— BBEJEHHE - KpaTKOe 3HAKOMCTBO CIIyIIaTesieil ¢ 00cyk1aeMoii mpo0iaemMoit;

— OCHOBHYIO 4acCTb - JJOTHYECKOE MPOJI0JKEHUE BOIIPOCOB, 0003HAYEHHBIX aBTOPOM BO BBEJIe-
HUU. B 3TOl "yacTu A0KIIa1a pacKphIBAETCs TeMa BBICTYILICHUS, IPUBOISATCS HEOOXOMMBIE
JI0Ka3aTeNbCTB (ApTyMEHTHI);

— 3aKJIOueHHe - 0000IIeHne OCHOBHOM MBICITH M MJICH BBICTYIUICHHS. B 3aKII04eHNN MOXKHO
KpPaTKO MOBTOPUTH OCHOBHEIC BBIBOJIBI U YTBEPKICHUS, TPO3BYUYABIINEC B OCHOBHOW YacTH
JOKJIaja.

Hayunblii noxnan npeactasisieT co00H yCTHOE MPOU3BEACHUE U YTEHUE BCIYX MOJArOTOB-
JICHHOT'O TeKCTa HeAomycTuMO. K 0coOOEHHOCTSIM XOPOIIETro BBHICTYIIJICHUSI MOKHO OTHECTH CJie-
JyIollee:

— JIO ¥ TOCJIe BaKHBIX MBICTICH CIIeAyeT enarh naysy;

— 115 OOJIBIIET0 aKIIEHTa PEKOMEHTyeTCS MEHSTh TOH I'0JIoca U TeMOp pedH (3TO CAENAET peyb
6oJiee BBIPA3UTEIbHOMN);

— HEOO0XOJIUMO COXPaHITh KOHTAKT C ayJAUTOPHEH BO BPEMsI BHICTYILICHUSI.

Taxum oOpazom, Berymuienne npencrasisier co0oi KpaTKOe 3HAKOMCTBO CIIyILIATENen ¢
oOcyxaaemoii B Joknaje npobiaemoit. Bo BcTymieHun gomkHa ObITh c(hOpMyIHpOBaHa TIaBHAs
MBICJTb, KOTOPAs 3aTEM 3aiMET IIEHTPAIHLHOE MECTO.

OcHoOBHast 4acTh JTOKJIa/a SBJISETCS] TOTUYECKUM MPOJO0KEHHEM BOMPOCOB, 0003HAYCH-
HBIX aBTOPOM BO BBeJIeHUHU. FIMEHHO B TOH YacTH JIOKJIa/Ia MPEJACTOUT PACKPHITH TEMY BBICTYII-
JICHUsI, IPUBECTH HEOOXOIMMBIE TOKA3aTENbCTBA (APTYMEHTHI).

Jist TOro 4TOOBI MPABMIIEHO MOCTPOUTH OCHOBHYIO YacTh CBOETO JOKJa/a, HEOOXOIUMO
COCTaBUTH €€ MOIPOOHBII TU1aH. BaxkHOCTH COCTaBIIEHHUS TAKOTO TJIaHa CBs3aHA C OCHOBHOM 3a/1a-
yeii aBTopa. OH JI0JDKEH B TEUSCHHE BPEMEHH, OTBEJICHHOTO Ha OCHOBHYIO YacTh, CYMETh IPEJICTa-
BUTH U U3JI0KUTHh aBTOPCKYIO TOUKY 3pEHUs M0 0003HAYEHHOM B TeMe J0KIaaa mpooneme. Hamu-
Yre MOoJIPOOHOTO TUIaHa TTO3BOJISIET BBIMTOJIHUTH ATY 33j1ady, JaeT BO3MOKHOCTh aBTOPY B CIKAaTOU
dbopMe TOHECTH CBOU UAEH J0 ayTUTOPUHU U YIOKHUTHCS B YCTAHOBIIEHHBIM pEraMeHT.

3akiroueHrne UMEET 1eJIbI0 0000IINTH OCHOBHBIE MBICIIH M UJCH BBICTYIUICHUs. B 3akito-
YEHUH MOYKHO KPaTKO TOBTOPUTH OCHOBHBIE BBIBOJIBI M YTBEPIKICHUS, IPO3BYUYABIIIFE B OCHOBHOMN
yacTu Jokiana. Ha 3akiodeHre MOKHO BO3JIOKHTH TakkKe (DYHKIHIO 000OIEHUs BCETO Mpe-
CTaBJICHHOTO JIOKJIQTYNKOM MaTepHuaa.

[Tocne goxmana CTyIeHT OTBedaeT Ha BONMPOChl. Ha ocHOBE 00OCYXIeHUS HAIMMCAHHOTO U
JIOJIO’KEHHOTO pedepara eMy BBICTABISIETCS COOTBETCTBYIOIIAS OI[EHKA.

3.7. lloaroToBKa Mpe3eHTAUNU
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[Ipe3enTanus — TOKYMEHT WM KOMIUIEKT JOKYMEHTOB, PEIHA3HAUYCHHBIN ISl IPEICTaB-
JIEHUsS 4ero-1uobo (opraHu3amuu, MpoeKTa, MPoaAyKTa U T.1.). Llens mpe3eHTanuu — JOHECTH 10
[EJICBOY ayIUTOPHUH TIOTHOLICHHYIO HH(DOpMAIIHIO 00 00BEKTE MPE3CHTAIIMY B YIOOHO! 1 HATIIS-
HOM (opme. MynbTUMenUITHBIE MPE3EHTAMU HMCIIOIB3YIOTCS JUISl TOTO, YTOOBI BBICTYMAIOIINN
CMOT Ha 0OJIBIIIOM JKpaHe HATJISITHO MPOJAEMOHCTPHUPOBATH MAaTEPUAJIbl K CBOEMY COOOIICHHUIO.
Onexmponnvle npezenmayuu 8blnoHsamcs 8 npoepamme MS PowerPoint 6 éude cratioos
6 credyrowem nopsioke:
— TUTYJbHBIHN JIUCT C 3aTOJIOBKOM TEMbI U aBTOPOM INPE3CHTAIUY;
— IUIaH npe3eHTanuu (5-6 MyHKTOB - TO MAaKCUMYM);
— ocHOBHas 4acTh (He Oosiee 10 cnaiioB);
— 3aKJIIOYeHHE (BBIBOJ).
Obwue mpebosanus K CMUIEBOMY 0QOPpMIEHUIO Npe3eHmayul
s oopmiieHus: crnaiiioB Mpe3eHTalud PEeKOMEHAYETCsl UCIOJIb30BaTh MPOCThIE IMIad-
JIOHBI 0€3 aHUMaIliH, COOJTI0IaTh €ANHBIN CTHITL ohopmIleHHUs BeeX craiiioB. He pekoMenayercs
Ha OJTHOM CJIaiijie UCIONb30BaTh OoJiee 3 IBETOB: OAMH Ui (JOHA, OJMH JJISl 3ar0JIOBKOB, OJUH
st Texcta. [lpudrt, BRIOMpaeMblil A MPE3eHTAIMU JOJDKCH O0eCIeunBaTh YUTAEMOCTh Ha
9KpaHe M COOTBETCTBOBAThH BEIOpaHHOMY 11a0sI0oHy odopmieHus. He cienyet ucmnonbp3oBaTh pas-
HbIC TIPU(THI B OJHON NIPE3CHTAIINH.
[Ipe3enTanus He gomkHA ObITh MeHbIe 10 crnaiigos. IlepBblil cnaii — 3TO TUTYIBHBIH
JIUCT, HA KOTOPOM 00s3aTeNIbHO JOJIKHBI OBITh IIPEICTABIICHBI: TIOJIHOE HAMMEHOBaHKE 00pa3oBa-
TEIBHOTO YUpEXKJICHHUs, TeMa paboThl, (haMuiIus, UMsl, OTYECTBO CTYy/IeHTa, (haMUIIHS, UMsI, OTUE-
CTBO pykoBoauTens. CIeIyroIMM CIIaliIoM J0/DKHA OBITh IIe]Tb pa0OTHI U peliacMble B HEW 3a-
nadd. AITOPUTM JallbHEHIIEr0 BHICTPAUBAHUS MPE3EHTAIIMN COOTBETCTBYET JIOTHYECKON CTPYK-
Type paboThl U OTpaXkKAET IMOCIICIOBATEILHOCTD ¢ ATanoB. /st onTuManbHOTO 0TOOpa copepxa-
HUS MaTepuaia paboThl B MPE3eHTAMU HEOOXO0IMMO BBIICTUTh KIIOUYEBBIC MOHATHS, TEOPHH, IPO-
0JIeMbI, KOTOPBIC PACKPBIBAOTCS B MPE3CHTAIMN B BUJIE CXEM, JAuarpamm, tadomui. Ha kaxmom
Cclaiifie ompeeseTcs 3arojJoBOK M0 COAEpKaHUIo MaTepuaa. Bee ciaiiipl JOHKHBI OBITH BBIIEP-
’KaHbI B OJTHOM CTHJIE U IPOHYMEPOBAHBI.

3.8. PaGoTa ¢ yueOHBIMH MOCOOUSIMH, MOHOTPadUIMH, TEPHOAUKOI

I'pamotHas pabota ¢ UCTOUHMKAMH MH(OpPMALIUU, OCOOEHHO €CIIM pPeyb UJIET O HAYYHOH
JaUTEpaType, MpearnoyaraeT CoOJI0OJeHHE psiia MPaBUJ, OBJIAJEHHUIO KOTOPHIMH HEOO0XOAUMO
HacTOW4YMBO yuuThes. [Ipu pabore ¢ HCTOUHMKAMU HH(POPMALIMH HEOMYCTUM (OpMabHbIN, TO-
BEPXHOCTHBIN noaxoz. He mexaHnueckoe 3ayuynMBaHUE, HE IPOCTOE HAKOIUIEHUE LIUTAT, BBIAEP-
K€K, a CO3HATEJIbHOE YCBOEHUE NMPOYUTAHHOI'O, OCMBICIICHHE €0, CTPEMIIEHUE JOUTU /10 CYTH —
BOT IVIaBHOE IIPABUIIO.

Jpyroe mpaBuiio — coO0/IEHUE MPU pabOTe HaJl KHUTOW OMPEIeIEHHOMN MOCIIeI0BATEb-
HOCTU. BHavane cieayer 03HaKOMHUTBCS € OIVIaBJIEHUEM, COIEPKAHUEM IIPEIUCIIOBHS NN BBENIE-
HUS. OTO AaeT oOLIYI0 OPUEHTUPOBKY, MPEICTABIEHUE O CTPYKTYpE U BOIpOcax, KOTOpbIE pac-
cMmaTpuBaroTcs B KHure. Cnenyromuil stan — yteHue. IlepBblii pa3 menecooOpa3HoO MpOYUTATh
KHUTY C Havajia 10 KOHIIa, YTOOBI MOJIYYUTh O HEH LieJIbHOe IpeacTaBienue. [Ipu moBTopHOM uTe-
HUM [TPOUCXOJIUT MOCTENIEHHOE ITyO0K0E OCMBICIEHHE KaX /101 IMIaBbl, KpUTUYECKOTO MaTeprana
Y TIO3UTHUBHOI'O U3JI0KEHHUSI, BbIIETIEHNE OCHOBHBIX HIEH, CUCTEMBI apIyMEHTOB, HauboJjee SpKUx
IIPUMEPOB U T. 1.

HenpeMmeHHbIM NpaBUIIOM YTEHUS JOKHO OBITh BBISICHEHHE HE3HAKOMBIX CJIOB, TEPMHU-
HOB, BBIPQ)KCHHUH, HEU3BECTHBIX UMEH, Ha3BaHUM. J[J1 3TOM e MOXKHO 3aBECTH CIIELIUATIBHYIO
TeTpaJb UM OJOKHOT. BaxkHas pojib B CBSI3U C ATUM NMPUHAIEKUT OMOIMOrpaduueckoi moaro-
TOBKE CTyJIeHTOB. OHa BKIIIOYAET B ce0sl yMEHUE aKTUBHO, OBICTPO MOJIb30BATHCS HAYYHBIM ara-
paToM KHUTH, CIIPAaBOYHBIMU M3/IaHUSIMU, KaTaJloraMy, YMEHUE BECTH MOMCK HEOOXOAMMON MH-
dopmanuu, 06pabaTeiBaTh U cUCTEMAaTU3UPOBaTh ee. HayuHas MeTo/uka paboThl ¢ TUTepaTypoit
IpelycCMaTPUBAET TAK)KE BEIEHNE KOHCIIEKTA MPOYNUTAHHOTO.
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3.9. IToaroTroBKa K MPOMEKYyTOYHOM aTTecTaluu

[IpomexxyTounas arrectanus nNo AUCLHUIUIMHE — 3K3amMeH. HanpaiieH Ha npoBepKy KOH-
KPETHBIX PE3yJabTaTOB OOyUYEHHs, BBISBICHHE OBJIAJCHUS OOYYAIOIIMMHUCS CHCTEMOU 3HAHWIA,
YMEHUI U HaBBIKOB, KOMIIETEHIIUH, IOJYYEHHBIX B POLECCE U3YUECHUS TUCLHUIIIINHBL.

OcHosHble Kpumepuu OYeHKu.
— YPOBEHb OCBOEHHMSI CTYIEHTOM TEOPETUUYECKOr0 MaTepHaa;
— YMEHHE CTYJEHTa UCIOJIb30BaTh TEOPETUUECKUE MOJIOKEHUS IIPH BBIITOJIHEHUH [TPAKTHYE-

CKHX 33]1a4;

— YEeTKOCTh U 000CHOBAHHOCTH U3JIOKEHHS OTBETA.

[TonroroBka o0yJaromuxcs K MPOMEKYTOUHOM aTTECTAllMK BKIIIOYAET B ceOs JiBa HTarma:
camocTosTeNbHas paboTa B TEUEHUE CEMECTPa U HEMOCPEACTBEHHAsI MOATOTOBKA B IHU, IIPEIIIIe-
CTBYIOIIIME TPOMEKYTOUHOM aTTECTAIUH.

OCHOBHBIM HCTOYHUKOM MOATOTOBKH K 3K3aMEHY JI0JKEH SIBJIATHCS] KOHCIIEKT JIEKLIUM, Iae
yueOHBIN MaTepra T0JDKEH OBITh MPECTABIICH B CUCTEMATH3UPOBAHHOM BH/IE, OCHOBHBIC TIOJIO-
JKEHUS €ro JIeTANU3UPYIOTCS, MOAKPEIUISIOTCS COBPEMEHHBIMU (DakTamMu M UH(OpMaIHeid, KOTo-
phI€ B CHULY HOBU3HBI HE BOIIUIUA B OMYOJMKOBAaHHBIC MT€YATHBIE HICTOYHUKH.

B xoz1e moAroToBKHU K SK3aMEHY CTYJeHTaM He0O0X0AUMO o0palaTh BHUMaHUE HE TOJIBKO
Ha ypOBEHB 3aIIOMUHAHWSI, HO U HA CTENICHb TOHMMAHUS U3J1araeMbIx rmpooiem. Ocoboe BHUMaHUE
IpU TOJATOTOBKE K 3K3aMEHY HEOOXOIUMO YAEIUTh TEPMUHOJOTHH, T.K. YCIEUIHOE OBJIaJCHUE
JTH000W TUCIUTUTMHOMN MPEJIIoJiaracT yCBOSHNUE OCHOBHBIX TMOHSATHH, WX TIPU3HAKOB U OCOOCHHO-
CTH.

OTBeTHI Ha TEOPETUICCKHIE BOIIPOCHI JTOJKHEI OBITH JJAHBI B COOTBETCTBUU C (DOPMYIIUPOB-
KOH BOIIpOCa U COAEpk aTh HE TOJBKO U3YUYEHHBIH TEOPETUUECKUN MaTepual, HO U COOCTBEHHOE
NMoHUMaHue polsemMbl. B oTBeTax ’xkenaTesibHO MPUBECTU MPUMEPHI U3 NMpakTUKu. Eciu B mipo-
1[eCCce MOATOTOBKHU K MPOMEKYTOYHON aTTECTAllUK BO BPEMsI CAMOCTOSITEIbHON pabOThl HaJ U3Y-
YEHUEM TEOPETHUUECKOI0 MaTepualla WK MpU PEeLIeHUH 3a/1ad y 00y4darolerocs BOSHUKAIOT BO-
MIPOCHI, Pa3pEeIUTh KOTOPhIE CAMOCTOSITENBHO HE YAAaeTCsa, HEOOXOAUMO 0OpaTUTHCS K Mpernoaa-
BaTeJIO JUIsl MOJIYYEeHHs y HEro pa3bsICHEHUN WK yKa3aHuil. B cBoux Bompocax oOyuarouiuiics
JIOJIKEH YETKO BBIPA3UTh, B YEM OH MCHBITHIBAET 3aTPYAHEHUS, XapaKTep 3TOr0 3aTPyAHEHU. 3a
KOHCYJIbTaIleH cieayeT oOpalaThCs U B Cllydae, €ClId BOSHUKHYT COMHEHMS B MPaBUIBHOCTU
OTBETOB Ha BOIPOCHI CAMOIPOBEPKH.

4. BOITPOCHI OK3AMEHA IIO JAUCIUIIJIMHE
«MATEMATHUYECKOE MOJAEJTUPOBAHUE U METO/1bI
MATEMATHYECKOU CTATUCTHUKN»

1. TlonsTue Mmoaenu, neau MoaenupoBanus. CUCTEMHBIN U KIAaCCUYECKUHN MOAXObI TIPU MO-

JIETTMPOBAaHKH.

Craguu pazpabotku mozeneil. Knaccudukanus moaeneii.

OCHOBHBIE ATalbl MOCTPOECHUSI MATEMAaTUYECKON Moenu. MaremaTuyeckas MOJIeNb CH-

CTEMBEI, e¢ cocTaBiigiomue. CUCTEMHBIC CBOMCTBA MOJACIIH.

TumoBbie MAaTEMaTHYECKHUE CXEMBI MOJICITUPOBAHUS CUCTEM.

HenpepbiBHO-eTepMuHupoBanHble Mojeu (D-cxemsr).

HemnpepsiBHO-cTOXacTHueckue moenu (Q-cxeMbl). MapKoBCKHE CTydaltHbIE MPOIECCHI.

['pad cocrosiHMIT cucTeMbl MacCOBOTO 0OCTykuBaHus. Y paBHeHHsI Kommoroposa.

Knaccudukanms cucteMm MaccoBOro 0OCTy)KHBaHUS U UX MAaTEMAaTHYECKUE MOJICIIH.

Cratuctudeckuii ananus. ['eHepanbHass COBOKYITHOCTh U BBIOOpKa. Penmpe3eHTaTuBHOCTH

BBIOOPKH. [[MCKPETHBIN 1 MHTEPBAIBHBIA BapUAIIMOHHBIC PAJIBI PACTIPEICIICHHS.

10. ToueuHble OLIEHKH XapaKTepUCTUK pacmpeseneHus. HecmemeHnHocTh, 3¢ (HEeKTUBHOCTS,
13
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11.
12.
13.
14.
15.

16.
17.

18.

19.
20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

37.
38.

COCTOSITEJIBHOCTD OLIEHOK.
HuTepBanbpHble OLICHKHU. /JJOBEpUTENbHBINA HHTEPBAI U JOBEPUTEIbHASL BEPOSTHOCTD.
KoadduumenTs! koBapranuu, KOppeisaliuy U JeTEPMUHU3AIUN, X CBOWCTBA.

Toueunsle oneHKH K03((PUIIMEHTOB KOBAPHALIMU U KOPPEIIALIUH.

ITapnas perpeccus. JInnenHas Moenp napHou perpeccun. HaxoxxaeHue napamMerpos 1o
METO/ly HAMMEHBIINX KBaIpaToOB.

Henunelinas perpeccusi. Buapl ypaBHEHHI HEJIMHEHHON PETPECCUU U KPUTEPUU UX BBI-
Oopa.

Hucniepcuonnsiii ananu3. OO0mmas, GakTopHas U OCTATOYHAS CYMMBI, CBSI3b MEX/y HUMH.
OOwast, pakTopHast ¥ OCTaTOYHASL AUCIIEPCUU, IPUXOSIIUECS HA OJIHY CTENIEHb CBOOO/IBI.
F —xpurepuii @uiepa.

OneHnka CynieCTBEHHOCTH YPaBHEHHs perpeccuu B 1esioM o F -kputepuro @uiepa u 1o
KPUTEPHIO CPETHEH OIMOKH armpOKCUMAIINH.

Onenka CcylecTBEHHOCTH [1IapaMEeTPOB YPAaBHEHUS PETPECCUM 11O t -KpuTepHuto CThIOEHTA.
Bpemennsie psaasl. ABTOKOppensaLns ypoBHEH BpemMeHHoro psana. Iloctpoenue TpeHioB
BPEMEHHOTI'O Psizia.

MHuosxecTBeHHas perpeccusi. OT00p pakToOpoB NpU NOCTPOSHUU YPABHEHUSI MHOKECTBEH-
HOM perpeccum.

JluneitHast MozieIb MHOXKECTBEHHOM perpeccun. Cucrtema ypaBHEHUN AJIsl ONPEAETICHUS
[1apaMeTpOB Ha OCHOBE METOJ]a HAMMEHBIINX KBaIpaTOB.

MHosxecTBEHHas! KOppEJALUs U €€ MaTpuLa.

Henunelinble MOZEIN MHOKECTBEHHON perpeccuu. JInHeapusanus ypaBHEHHM.
MHoXecTBeHHas! perpeccus B CTaHIapTU30BaHHOM MaciiTtade. CMBICT CTaH-IapTH30BaH-
HBIX KO3(DPHUITMEHTOB Perpeccum.

CBoIiCTBa OCTaTKOB PETPECCHOHHON MOJIENH (3aKOH pacpeAeTIeHHs, HECMEIEHHOCTb, 3(-
(EeKTUBHOCTb, COCTOATEIBHOCTh, TOMOCKEJACTUYHOCTb, KOPPEIUPOBAHHOCTB ).

F -xputepuit ®uinepa a1 OLEHKU 3HAYMMOCTH YPaBHEHUSI MHOKECTBEHHOM PErpeccuu.
Kputepuii cpenHei ommoOKy anmpoKCUMaIUH.

HHcTpyMeHTalIbHBIE CPECTBA AJIs IPOBEACHUS PErPECCUOHHOI0, KOPPEISLIMOHHOTO, AUC-
NIEPCUOHHOTO aHAJIN3a.

KomnoHneHTHBIH aHa/IN3 U (PaKTOPHBIN aHANU3, UX IPUMEHEHHSI. Alredpandeckiue OCHOBbI
METOJa.

Matpu1ibl Harpy3oK, C4€TOB ¥ OLIIMOOK IPU KOMIIOHEHTHOM aHaJIU3e.

KnacrepHslii aHamu3, pacCTOsIHUE MEXIY OOBEKTaMHU KJIaCTepaMH.

Hepapxuueckas KiacTepusalysi, €¢ METOb.

KnacTtepuzanus METOIOM K-CPEIHHUX.

HHcTpyMeHTaNbHbIE CpeICTBa JJIs IPOBEIEHUSI KOMIIOHEHTHOTO U KJIACTEPHOTO aHAU3a.
MaremaTHueckie METOJIbI IUTAHUPOBAHUS HKCIIEpUMEHTOB MaTteMaTHueckasi MoJieNb 00b-
€KTa UCCIICJIOBAHUSI MTPH INIAHUPOBAHUU dKcHiepuMeHTa. DyHKIUS OTKIIMKA.
KonupoBanue (HopmupoBanue) hakropoB. THIBI IITaHUPOBaHUA. MaTpulia MjaHa sKcie-
pUMEHTA.

Haxoxnenue ko3 puuneHToB nonmHomMa GyHKIMK OTKIIMKA U OLIEHKA €ro 3HAYUMOCTH.
HHcTpyMeHTaNbHBIE CPECTBA ISl peaTu3allii MATEMaTHYECKUX METOI0B IJIaHUPOBAHUS
IKCIIEPUMEHTA.
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5]DHTHEHBOCHOBHOﬁEUKHKHH@HEHBHOﬁquBHOﬁ
JUTEPATYPBI, HEOBXOJIUMOM 1151 OCBOEHUSI

JUCHUATIIAHBI
OcHOBHas IuTeparypa
ABTOpHI, cOocTaBH- |3arnaBue WznarenscTBO, TO KomnuectBo
Tenu
JI1.1  (IlIunakos, O.C. W3y4eHnue 31€eMEHTOB U TeXHOJIO0ruu npume- (Mocksa: MockoBckui
HEHMS MOJCUCTEMBI MOJIETUPOBAHUS IUHA- |TEXHUYECKUN YHUBEPCH-
Mudeckux npouecco SIMULINK TET cBsi3M U uHpopMa- [IBC
(MATLAB R2014b): mpaktukym THky, 2015
JI1.2  [3aBesnos, O.I'., Teopus BeposTHOCTEN U Matematudeckass  [Mocksa: IIpomerei,
TToanoserHas, CTaTHUCTHKA ¢ mpuMeHeHueM Excel n 2018 3BC
10.B. Maxima: yuyeOHOe ocobue
JI1.3  |Kpemep Haym Ille- |MaremaTnueckasi craTUCTHKA: YueOHHUK 1 |MockBa: M31aTenscTBo 3BC
BEJIEBUY MPAKTUKYM IOpaiit, 2019
J1.4  |desxonos, B.IL MATLAB R2006/2007/2008 + Simulink Mocksa: COJIOH- SEC
5/6/7. OCHOBBI IPUMCHEHUS ITPECC, 2017
JI1.5 |bangun Koncran- |Teopus BeposTHOcTel u Matemarndeckas (MockBa: M3naTenscko-
TuH BacunbeBud, |craTucTHKA: Y4eOHHK TOProBas KOpNopauus | yp -~
bamneikoB Bukrop " TamkoB u K", 2020
HukonaeBuu
JI1.6  |AmuGexos, U.}O. [Teopus BepositHOcTeit u MaTemarnueckast — |Cankr-IlerepOypr:
craructika B cpene MATLAB: yue6noe no- |Jlanb, 2021 9BC
cobue I By30B
JononuurensHas nurepaTrypa
ABTOpEI, COCTaBU- |3ariaBue W3narenscTBO, roj Komugectro
JI2.1 |Bacunnes, A.H. Matlab [DnexrporHBIH pecypc]: camoyun- |Cankr-IletepOypr:
3BC
T€Jb Hayxka u Texnuka, 2015
JI2.2  [Jlaryrun Muxaun |Harmsanas matemaTudeckasi CTAaTUCTHKA: Mocksa: JIJaboparopus
. 9BC
Bopucosuu YuebHoe nocobue 3HaHui, 2019
J12.3  |Korkun, I'.JI., [To- |KomnbelorepHoe MonenupoBanue Gpuznde- |HoBocubupck: HoBocu-
nos, JL.K. CKHX TIPOIIECCOB C NUCIIOIb30BAHUEM OupcKHil roCyapCTBEH- 3BC
MATLAB: yue6HOE IocoOme HbIM yHUBEpcurert, 2017
MeTtoaudeckue pazpaboTku
ABTOpBI, cOCcTaBu- |3arjaBue WznarensctBO, roj Komnuuectso
JI3.1 Teopus BeposiTHOCTEH 1 MaTematuueckast  |Pocros w//1.: UL AT'TY,
CTAaTHCTHKA: METOJI. yKa3aHus K npaktude- |2018 9BC
CKUM 3aHATUSIM
JI3.2 Metoandeckue ykazanus s npakTadeckux |Pocro w//1.: UL AT'TY,
3ansaTHi «Co3nanue npruiokeHui ¢ rpagu- |2018
yecknM nHTepdeiicom noap3oBarens B Cu- 9BC

creme MATLAB» o nucummnianae «Koms-
IOTEPHBIE TEXHOIOTHN B IIPHOOPOCTPOCHUI)

6. TEKCTBI JJEKIIUIA. METOJIUYECKHE YKA3ZAHUSI 1151
BBITIOJITHEHUSI TIABOPATOPHBIX PABOT U KOHTPOJIBHOM

PABOTDBI
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NnN1. E eHne B QUCUUNIINHY

«Mare,mamwesme MogenupoBaHue n

' i

MeToObl MaTemMmaTu4eckon cTaTuCcTUKn»

=



Llenb nayvyeHusa gucumnnuHbl «MaTtemaTmnyeckoe
MoAenupoBaHue U MeToabl MaTeMaTU4eCcKomn
CTaTUCTUKU» COCTOUT B OCBOEHUU MEeTOO0NOMMU U

TexXHolmnormmn mogersnimpoBaHus (B nepByro ovepenb
KOMI'IbI-OTepHOFO), BKIMKO4Yasa CTaTUCTn4eCKme moagernum



CTpyKTYypa nekuuvm

* [loHATUE MmoOenu, MaTeMmaTuyeckme Mmoaenu, atanbl
MoZenMpoBaHus, Knaccudunkauma mogeneun, TUNoBbIe
MaTeMaTu4yeckme cxembl MoaesIMPOBaHUS

 HenpepbiBHO-AeTepMUHUPOBaHHbLIe moaenu (D-cxembl).
MoaoenupoBaHue guHamuyeckux cuctem. J1P-1

 HenpepbiBHO-cTOXacTu4yeckme moagenu (Q-cxemsl).
MopaenupoBaHue TexHonorn4yeckoro yyacrtka. JIP-2

» 3apaHuA 1,2 KOHTPONLHOW PaboThI



NMoHATHE Moaenu

MopenupoBaHue — 3TO 3aMellleHUe uccrneayemMoro obbekTa
(opuruHana) ero YyCnoBHbIM oOOpasoM v  OPYrum
obbekToM(Mogenbd) UM U3yYeHMe CBOUCTB OpuUruMHana
nyTemMm uccrieqoBaHusi CBOMCTB Moaenu.

TpeboBaHuA K Moaenu:
Banunpgauusa — agekBaTHOCTb Moaenu pearibHOMY OOBHLEeKTY.

Bepudukaums - coorBeTCTBME CTPYKTYPbI U FIOTUKU MoAenu
3aMbIClly MOAenupoBaHUS.

(Bannpauma noarBepXaaeT, UTO «Bbl cOo34ariv NpaBUIibHbIN
NpoAyKT», a Bepudukauma noaresepxaaeT, YTO «Bbl co3aanu
NPOAYKT TaKUM, KAKUM U HaMepeBaJiMCb ero caenartby)



MaTeMaTnyeckoe MoaenmpoBaHue - 3TO uaeanbHoe
Hay4yHoe 3HakoBoe {opManbLHOe MoAenupoBaHUE,
Npy KOTOPOM OrnncaHne obbeKkTa OCYLLECTB/SIETCHA Ha
a3blke MaTeMaTuKK, a uccnegoBaHue MOAEeNN
NnpoBOAUTCA C  MCMOSIb30BAHMEM  MAaTEMATUYECKUX
MEeTO0B.



[MapameTpbl 1 NepeMeHHble MaTeMaTU4ecKon Mmogenu

B obOuwem cny4vyae napameTpbl U NepeMeHHbIe,
onucbiBalOLie COCTOSIHUEe U noBeAeHue OObeKTa
MoaenupoBaHMUs pa3dMBalOTCA Ha 4YeTblpe TUNa
. COBOKYMNMHOCTb BXOAHbIX (yrnipaBnseMbliX)

BO34eNCTBUN HA OOBLEKT X;

. COBOKYMHOCTb BO34EeNCTBUM BHELUHEU cpeabl
(HeynpaBnsiemblix) U;

. COBOKYMNMHOCTb BHYTPEHHUX (COOCTBEHHbIX)
napameTpoB obbekKTa l;

. COBOKYMHOCTb BbIXOAHbIX XapaKTepucTuk Y.



STanbl MOAEeNUpPOBaHUSA

NMpouecc pa3paboTku n peanusaumu Mmoaenu
BKJIlOYAEeT YyeTbipe 3Tana:

NOCTaHOBKA 3a/au4M M NOCTPOEeHue
KOHLlenTyasibHOM MoAenw;

pa3paboTka Mmoaenu: anroputMm m
nporpamMmMHas peaavsauusa Mmoaenu;

rnpoBeieHne KOMMNbIOTEPHbIX 9KCMNEPUMEHTOB
C Mofenblo;

aHaJZIM3 M MHTepnpeTauus NnoJiydeHHbIX
pe3y/ibTaToB.



® NMOCTAaHOBKY uenen v 3apgavd MoAEe/INPpOBaHUA.

® CTPpYKTypMm3auuro mopaenm (pekoMeHayeTcs
npousBoAUTb C MNpuBJIeYeHUeM MeToAoJIoOrMM U CcpencrTs
CUCTEMHOro MoaenupoBaHuUA, HanpuMmep,
YHUBepcanbHOro fisbika mMmopaenumposaHusa UML,
TexHonoruun IDEFO.

® BbiABWXEHMUEe rmnoTtes v ornpeanesieHne 3aKoHOB,
BJIMAOLLMUX HA O06beKT.

e onpepesieHMe NapaMeTpoB U MNEepeMeHHbIX MoAesiu.

e obocHoBaHuMe BblbOopa nokasartenem U Kpurtepues
3(pPeKTUBHOCTU CUCTEMDbI.

® cCocCTaBJ/ieHune copaepxartesnbHoro onmcCaHua Moaenum no
KOHUEenTyaJibHOMY ONMUMCaHMIO.



® nocrTpoeHune JIOrNYECKOUN CXEeMbl aJiropmTMma.

® MoJiydMeHue MaTeMaTUUYEeCKUX COOTHOLLUEHMUH,
coaepikallee aHaJIMTUUYECKYH 4YacTb B Bupae
ABHbIX (PpYHKLMA M MMUTALIMOHHYIO 4YacTb B
BUae Mogenuvpyrouwiero anropmrma

(MaTeMaTnyeckasa Moaesnb).
® NpoOBEepKY AOCTOBEPHOCTU asiroputmMa.

® Bbl6Op BbIUMC/NTENIbHbIX U NMPOrpaMMHbIX
cpeacTtB pa3paboTrku - cpena u A3bIK
nporpaMmMmuvpoBaHus;

® nporpaMMupoBaHMe.



® NMNJIaHNpoBaHME MALLUMMHHOIO 3KCNepuMeHTa.

® npoBeAeHue MopAesibHbIX 3KCNEepMMEeHTOB COrJlacHoO
paspaboTtaHHOMY nJiaHy.

® npeacTaBJZiIeHUEe pe3ysibTaToB MoAeJIMPOBaHUSA
(tabnuubl, rpadpmkn, amarpaMmmbl, MHEMOCXeMbl U T.A.

)

® ornpepgesieHse pa3HOro poaa XxapaKTepuctuk
CJIY4auHbIX BEJINMUH U NPOLIeCCOB, BbIMNOJIHEHUEe
aHaJIM30B - ANCNEepPCUOHHOro, perpecCuoHHOro,
(haKTOpPHOro u Ap.

nepesopa pe3y/ibTaToB B TEPMUHbI rpegMeTHOH 06/1acTy.

BbiJauya peKoMeHAauuMm no (PyHKLMOHUPOBAHUIO WU
onTMuMusaumm obbekTa 10



Knaccndbumkauma MmaTeMmaTtnuyeckux Mmoaenem

* O MeToaAaM pelieHus

* MO NMapaMeTrpaM Moaenm

* MO BUAY onepatopa Mopaenu

* MO CJIOXKHOCTU O6bekTa MoaenupoBaHUSA
e MO CcTeneHun abcrpakumm

* NOo uUendasmMm mMopae,imposeaHusd

11



Knaccndbukaumsa MateMaTuyecKkux Mmoaenen no
MeTolaM pelleHUs

MeToasl peanuiayun Moaenu

[ AHanurudeckue ] (AnropmmuqecxmeJ

r ™
Anrebpauueckue ]— —[ YucneHHole

- ,

(" ™

\: J

MNpubnuxenHHsie }— —( MMuTauuoHHbIE

Ana cozaaHnAa aHaJIMTUYECKUX Moaeneu MCNnoJib3yroTCHd
MaTeéMaTnyeckue MmetToabl un yHuBepcCalJibHble
MaTEMaTU4YeCKUeE nakKerTbl.

MATLAB, MathCAD, Maple, Mathematica, MS Excel, Scientific Workplace n 2p
12



OCcHOBaHUAMMU ANA NPUMEHEHUSA aJIFTOPUTMUYECKUX
Moaesien ABNAI0TCA :

— HEBO3MO)>XHOCTb peluuTb 3aAaudy aHaJIMTUYECKM n3-3a ee
Yype3MepHOM MaTEMAaTUYECKOM CJI0XKHOCTU UM
rpoMO3AKOCTMU;

— Tpebyerca Bu3yanusauma AWMHAMMKMU NMPOUCXOAALLUMNX B
HEW NpoLeccoB;

NMNpn uncneHHoOM noAxoAe COBOKYMHOCTb
MaTeMaTUYeCKMNX COOTHOLUEHUU MOoAesiIn 3aMeHAeTcH
KOHEeYHOMEepHbIM aHasnorom. Yauwie Bcero 3TO
AOCTUraeTca AUCKpeTu3aLmen UCXOAHbIX COOTHOLUEHUMN.

MMUTALMOHHbIE MoOAesin SABASAKTCA pPa3HOBUAHOCTbLIO
aNroputMmMUYecKux moaesien u peanusyrotr Haubosnee
CNO>XHbleé U rpoMo3aKue ajaropuTMbl ONUCaHUsA O6GBLEKTOB
M CUCTEM.

13



Knaccndbumkaumsa MM no napamMmerpaMm _Moaenm

(C'roxacmqecmej [Cnyqaﬁnue] (Mmepsanbnblej (Heqermej

(ﬂerepwnmpoaaunue) [ HeonpeaenesHoie J

MapameTpel U NEPEMEHHBIE MOBSNHUPOBaHNA

Mo oTHOWEeHWD K PaZMEPHOCTH
[ M0 OTHOLLEHWIO KO BPEMEHN ] [ NPOCTPaHCTBa ]
( AvHamnyeckue J [Cmmqecme) [Onuomepnblej (L‘leyuepuuej
(Tpexueprue}

( CrauyumonHapHsie J (Hecraunonapuue)

[ Mo cocrasy napanerpos J

[ﬂucxpemuej (Henpepuauue) [Cmewanuue) [Konmecraemue] (Kaqecrsenuue)




Knaccndbukauma MM no _Buay oneparopa mMoaenm

[ NnHenHen J (Henuaeﬂnuﬁ}

Onepatop mogenu {Anropummecxuﬁ}

r

[MNpocTan ] [ CnoXHbIA J

-

[Oynxuun) oay ) [ Anrebpaunueckune }——{ coay ]
( avyn }— oy




TunoBble mMaTeMaTn4vecKkume cxembl
MoAdeJsimpoBaHnA CUCTem

1) HenpepbIBHO-AeTEPMUHUPOBaHHbLIe UNMU D-cxeMbl
(andpdepeHunpoBaHHbIe YpaBHEHUA U CUCTEMbI
ay);

2) BUCKPEeTHO-AeTePMUHUPOBaHHbIE UNN F-cxeMbl
(KoHe4YHble aBTOMAaThI);

3) AUCKPETHO-CTOXacTuyeckue nnum P-cxemsol
(BEpOATHOCTHbIE aBTOMAaTbI);

4) HenpepbIBHO-CTOXacTu4yeckne nunu Q-cxemol
(cuctemnl CMO)

5) CeTteBble unu N-cxembl (cetu lNeTtpn)

6) Ob00LWeHHbIe, YyHUBepcaribHble Unm A-cxembil
(arperaTuBHbIe CUCTEMDI). 16



HenpepbiBHO-geTepMMHUpoBaHHble moaenum (D-
CXeMbl)

- HenpepbiBHO-AeTepMUHNUPOBaHHbIe MoaAenn
MCNOJIb3YIOTCSH AJZIA aHAaNIM3a U NPOEKTUPOBAaHUSA
ANHaAMUYECKUX CUCTEM C HenpepbiBHbIM BpeMeHeM,
npouecc GyHKLMOHMPOBAHUA KOTOPbIX OMNMUCbIBaeTCcs
AeTEPMUHUPOBAHHbIMU 3aBUCUMOCTAMMU. [laHHbIN KNacc
CUCTEeM MOoXKeT 6biTb ONUCaH C NOMOLbIO
anddepeHUMaNbHbIX, MHTErpasbHbIX, UHTErpasibHoO-
anddepeHUMaNIbHbIX U 06X (PYHKLIMOHANbHbIX
YPaBHEHUMN.

« O6bIYHO B MaTeMaTUYECKMX Moaensx, onucbiBaeMbiX
andpdbepeHumanbHbIMN YPaBHEHUSIMU, B KauyecTBe
He3aBUCMMOM NepeMeHHOU, OT KOTOPON 3aBUCAT
Hen3BeCTHble UCKOMbIEe (PYHKUMNUN, CNYXKUT Bpema L.
MaTteMaTunyeckme cxemMbl TAKOro BMaa oTpakarort
AVNHAMMWKY U3yyaeMoMm CUCTEMbI U HOCUT Ha3BaHue D-cxewmM,
OT aHrnMuckoro cnosa dynamic (AMHaMuka).

- UIcnonb3oBaHune D-cxem no3sonser popMmasnm3oBaTthb
nnoliece AAvHKKIIVOHUPBORAHUMAG HeannenkiRHO=



Cucrtema aBToMaTunyeckoro ynpasneHus (CAY) kak npumep
HenpepbIBHO-AETEPMUHUPOBAHHOWN MOAENM

X]_ f w -
hl = T h" T oy Zl -3..
Xa Vopaeraoman OomerT Z, v,
.| cHcTema » VIPAETEHMA o
> ]
Q ﬁ h; I

CryxrypHaa cxema CAY

BEKTOP BXOAHbIX BO3AEUCTBUMN X; BEKTOP BO3MYLUAIOLWMNX BO3AEUCTBU
V; BEKTOpP CMrHasnoB ownbok h’; BekTOp ynpasnsirolinux BO3AeUCTBUMN
h''; BeKTOp COCTOSSHUU CUCTEMbI Z; BEKTOP BbIXOAHbIX NEepeMeHHbIX Y

18



MatemaTtunuyeckaa moaenn CAY - D

cXemMa
F(y™,y™D y x™ x™ xy =0

, = f(§,1), V(t,) =Y
y(to) = Yo ¥ (to) = Yopseeee 0 0

o |
=S

D - cxeMbl ABNAOTCA MaTEMAaTUYECKUM afnnapaTtom Teopumn CMCtem
dBTOMAdTUYECKOro yripaBJi€HUs.

CAY— 3TO COBOKYMNHOCTb NPOrpaMMHO-TEXHUYECKUX CPEACTB,

KOTOpble 06ecneunBaloT AOCTMIKEHUE 06BbEKTOM ynpaB/ieHUss 3a4aHHOM
Lenmu.

HackonbkKO TOYHO OH AOCTUraeT BaﬂaHHOﬁ Hesin MOXKHO CyaAuTb no
BEKTOPY BbIXOAHbIX NEPEMEHHDIX Y. Pa3sHuua me Y 3afdHHbIM Y U .
AENCTBUTEJIbHbIM UCKAXEHHDbIM Y COCTaBJIAE€T OLLUOKY ynpaB/ieHuns h'.

19



NoHATHME YCTOMUMBOCTMU CUCTEMbI

=F(7.0), V) =Y, = V)~ pewenue

o | O
.—|-|~<1

=f(7), V)=V, =V.()—eom. pewenue

yeO_y0|<O- —

y, (D) —-y(t)|<e,

mo ycmouuugoe peuleHue

20



k////////// AN

S

(/“ dz
dt’ " dt

JINHeNHble AMHaMKUYeckme cuctembl. Cnyyam
CBOOOAHBIX N BbIHY>XAEHHbIX KonebaHui

B cnyyae cBob6oaHbIX KonebaHmn, ecnu
npaBas Yactb AY x(t)=0 BO3MOXHbI
He3aTyxalolune, 3aTyxatowme KkonebaHus u
OTCYTCTBUE KOnebaHun.

[py B3aMMOAENCTBUMN U3YHaEMOW CUCTEMBI C
BHELLHEN CPeaon MNOSABASETCS BXOAHOE
Bo3aencTame X(t), KoTopoe B pas3nnyHbIX
CUCTEMaxX MOXET ObiTb BHELUHEN CUIIOM,
MCTOYHUKOM 3HEpruu, u T. A. Takasa cucTema
onucbiBaeTca Y yc npaBon 4acTbio. B 3TOM
Cny4yae B CUCTEME MOXET ObITb pe30HaHC.

,-z=x(t)



HenuHenHble gMHaAMMYecKMe CUMCTeMbl
Mopensb Jlotku - BonbTeppa (XMUHMK-
XKepTBa)

Mopaenb Jlotkn — BonbTeppa (amep. n utTanbsiH. MaTeMaTUKN Hau.
20B), HasblBaeMasi KritacCM4eCckou Mogeribio B3anmMoaeucTBuUs nonynsiuum,
NO3BOJIAET PeLUTb NMPaKTU4eCcKne 3agadu, CBA3aHHbIe C KOHKYPEHTHbIMU
npoueccamMm B pa3fniMyHbIX 06acTsX YerioBe4eCcKou AeATeNbHOCTU, B
YaCTHOCTM,

MoAenu B3aMMoAencTBUSA 3arpsa3HeHUsi ¢ OKpyXxaloLlen cpenom;

MoAernb KrnaccoBou 60pbObI;

MoAeSib BOEHHbIX eUCTBUM;

BUpYCcHas moaenb MH(MEeKUMOHHOro 3aboneBaHus:;

MoAesib pacnpocTpaHeHUusa anuaeMun, BKIYasa Moaenb 3apaXeHus
BUPYCOM KOMMbIOTEPOB;

MoAesib B3auMoaeucTBUS KOrHUTUBHBLIX U/UNN 3MOLMOHaNbHbIX MO,
MO3ra.

22



Cucrema 1Y mopenu J1otku — BonbTeppa

Moaenb «XULLIHUK-)XEPTBa», B KOTOPOM pacCMaTpMBalOTCA NOMyAaLUm
XULLHWKOB M MONYNALMN XEPTB, B3aUMOAENCTBYIOLNX B KAKOW-TO Cpefe:
XXEPTBbl €AST PaCTUTENbHOCTb, XULLHUKM — XEPTB, OMNUCbIBAETCS CUCTEMOWM

ay

r=(a—Py)x
y=(—v+0z)y

x(0) = xo, y(0) = yo

X — HUCNNEeHHOCTDb XXepTB (TpaBOFUJ,HbIX);

V — 4YUCNeHHOCTb XUWHUWUKOB,

d — BEPOATHOCTb TOIO, 4TO TPpaBOAAHbIE PAa3MHOXXATCH,

,B — BEPOATHOCTb TOIo, 4TO TpaBOALHOE 6yp,eT CbeleHO XULWLHWNKOM,
Y — BEPOATHOCTb TOIo, 41O XUWHUK YMPET OT rosioaag,

0 — BEPOATHOCTDb TOIo, 4TO XUWHWKY XBaTUT €ibl Ha ,qaaneﬁLuee
Pa3MHOXeHUe.



= (a— Py
y = (=7 +dx)y
N3 cuctembil cpa3y cnenyet, 4TO eC/in XepTB HeT (.'\' = 0), TO XULLHUKU 6y,D,YT

BbIMUpaTb 3KCMOHEHLMANbHO C HEKUM Ha4vanbHbIM KoadduumneHToMm (Y
COr/IaCHO YPaBHEHMIO).

R

IR

y=—7y=>y=0C,-¢7,C, €

CXO0XXyH cuMTyaluuto Noslydaem npu NosIHOM OTCYTCTBUM XULLHMKOB (v = 0):

24



3aBUCMMOCTN YUC/IEHHOCTU XULLHUKOB U XXepTB OT
BpEMEHMU

~)—— =030 ~)—— =020 r——lPy=070 r~@—5=0230
beta

alpha gamma delta

35
30
25
20

15

P
10 reys

redators

10 20 30 40 50 60 70 80 90




Ocobble TOYKU

Haﬁp,eM ocobble TOYKH, KOTOPbIMU o6na,u,aeT cucrema.

(a—By)xz=0 - Jax = Bry  240,y40 y(0) =
— : 3
(—y+dx)y =0 vy = dzy z(0) =

|| R

MoHaTHo, yTo npu x(0) = 0, ¥(0) = 0 ocobomn Toukom byaeT kak pas (0, 0), Ho
3TOT C/ly4al He UHTepeCceH, Tak KakK B HYJIeEBOV MOMEHT BPeMEHU XUBOTHbIe
o6oux BUAOB OTCYTCTBYHOT U, YTO JIOTUYHO, Aasiblle He NOABNSHOTCS.

I'opas,qo Honee MHTepeCHble BellX NMPoUCXo4AT B HEHY/IEBOM CJly4ae. B

26



46 —)—c=042 Gp—p=014 r——_l)-y=079 GPp—5=017
beta delta

alpha gamma

35
ECﬂM e HadallbHOe yCJ'IOBME He I'IOI'Iap,aET B OCO6YI'O TO‘-”(y, ¢3305b|e
5 ks KpBble ByayT MATY BOKPYT Hee, 06pa3ys 6eCKOHeYHOe LMKINYECKOe
da3oBbIN 0| / \ KoneBaHKe, 0 KOTOPOM Kak pa3 1 roBopuni Jlotka 1 BonsTeppa. To ecTb
noprper - // | % KONM4YeCTBO 0coBelt 0fHOro BiAa ByAEeT pacT, APYroro — nafaTh, 3aTem
| \\ N H3060p0'|', M TakK B Te4yeHKe HeorpaH M4yeHHOMno Konn4ecTea BpeMEHM (B
32aBUCUMOCT ||/ b

(/ =l \\\ \\ pPa3yMHbIX NMpefenax, KDHE‘-IHD).
S %

e 1/ NN
:" = by 8.

N

\
v

20 25 30 35 40
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JIP-1.MogenuposaHue KOHKYpeHUuuM

NoctaHoBKa 3agaun. Uccneposatb NpoTUBOOEeUCTBUE
ABYX CTOPOH, €Cn U3BEeCTHO, YTO OHO ONUCbIBaeTCcH
mogenbio JloTtkn-Bonbreppa. U3BeCTHbI

X0 n yO - HayanbHbIe YNCITIEHHOCTU CTOPOH,;

O - BEPOSITHOCTb YBeJIM4eHUs1 YUCNIEHHOCTU NepBoW
CTOPOHbI 3a C4HEeT COOCTBEHHbIX PECYPCOB;

B - BEPOATHOCTb TOro, YTO BTOPAs CTOPOHA YHUUTOXUT
eAVHULY,; NepBON CTOPOHDI;

Y - BEPOATHOCTb TOro eAuHMLa BTOPOU CTOPOHLI MOrMoHeT
nU3- 3a BJYIUSAHUSA NepBON CTOPOHbI;

d - BepOATHOCTb YBENNYEeHUs1 YUCTIEHHOCTN BTOPOM
CTOPOHbLI 32 CYET NePBOW CTOPOHDI.

28



BapuaHTtb! JIP-1

Ne Bap

10
11
12
13
14
15
16
17
18
19
20

0,488914
0,472371
0,413766
0,450032
0,488864
0,438669
0,431325
0,450157
0,470246
0,492532
0,408731
0,488795
0,469365
0,47
0,459559
0,485876
0,496317
0,490736
0,476873

0,429086

0,100314
0,141938
0,188328
0,174374
0,18416
0,158387
0,186943
0,105735
0,124836
0,18834
0,172655
0,179863
0,127686
0,180791
0,170367
0,104341
0,121382
0,155674
0,184403

0,110683

9

0,753498
0,796177
0,770184
0,779615
0,71404

0,741475
0,743488
0,712854
0,722991
0,771464
0,716888
0,766086
0,754029
0,782603
0,758359
0,717343
0,744528
0,769477
0,710144

0,719147

0,21263
0,221151
0,245064
0,255413
0,265664
0,248161
0,259278
0,276487
0,203917

0,24176
0,275764

0,26455
0,292608
0,271177
0,293844
0,255161
0,297104
0,217412

0,292283

O,?@SS

X0

12
20
10
20
18
14
22
10
14
16
16
20
18
10
12
10
16
16
16

yo



BoinonHeHue
B Mathcad

o = 043

x0 =

|

OBIGIN =

p=011 =~

=072

0
L

16] (e = pxz)xy
fit,x) = .
g (t,%) l:_—",' + 0-x1 Jx)

X = rkfixed (x0,0,50,1000 )

p = 0.

3

YHCIICHHOCTH CTOPOH

1.877x10°

40
J8.851,

301

10

3

a

0

—— Ilepeasa cTopoHa

Bropas cropora

X(l}

BpeMs
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da30BbIM NOpTpPET

3aBUCUMOCTb
YUCNEeHHOCTHU
oaHOU
CTOPOHbI OT
YUCNEeHHOCTHU

Apyrou
CTOPOHBI

BTOpasi CTOPOHA

8851,

}{{3}

3

-1

1.877x10

40

30

20

10

0

0.017,

repeas CTOpPOHAa

31




HenpepbiBHO-cTOXacTuyeckue mopenm (Q-
cxembl). MogenupoBaHMe cUCTEM MacCoOBOro
oocnyXxuBaHus

* [Ipn HenpepbIBHO-CTOXaCTUYECKOM noaxone B Ka4yecTBe
TUNOBbIX MaTeMaTU4YeCKUX CXeM NPUMEHSIeTCA CUCTEMbI
MacCOBOro oocnyXxunBaHuA (aHrm. queueing system), Kotopble
oyaem HasbiBaTb Q-cxemamm.

* CMO (cuctemMbl MaccoBOro oocnyxumBaHus) - 3To modesiu
cucmem, B KOTopble B Clly4yaHble MOMEHTblI BPpEMEHU U3BHEe
VI U3HYTPU NOCTYNAaKOT 3aaABKU (TpeboBaHUSA), KOTOpPbIe
AOJDKHbI ObITb 006CNYXeHbl cucteMou. ANUTenbHOCTb
o0CcrnyXmMBaHusA 4Yalle BCero criydyamHa.

* B kauectBe CMO MoryT ObITb NpeacTaBrieHbl pa3fiMyHbIe No
cBoeun hnsnvyeckon npupone Nnpon3BoACTBEHHbIE,
TeXHN4YeCKne u gpyrume CUCTeMbl, HaNnpuMep, CUCTEMbI
NOCTaBOK NPOAYKUUU, OOCIY)XNBaAHUSA KNTMEHTOB, 00paboTKu
nHcpopmauumn 3BM un 1.4. 32



ObobuweHHasa cTpyktypa CMO

OCHOBHbIMM
anemeHtamun CMO
SAABJISIIOTCSA:

1. BXOOQHOM NOTOK
3as1BOK;

2. ouepeab;

3. KaHanbl
obGcnyXXnBaHus;

4. BbIXOAHOM MNMOTOK
3a8BOK (0bcnyXeHHble
3asiBKWN).
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N0 Hanulukw

Knaccngpnkaumns CMO

CcMO

ovepedell

=—n

no dnuxe |ovepedu

l

l

He orpaHn4eHa OrpaHnyeHa
no muny ogparuderus| ovepedu
AnuHa Bpems [MpuopuTeT
ovepeau OMUAEHNA
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1HORASalICIiIVI PP CRIMNMBNOULGIN wiviVv

NpeaMmeTr Teopmn MaccoBOro o6cny>xmeaHma -
nocTpoeHne MaTeMaTuYecKmMx Mmoaenem,
CBAi3blBalOLWMX 3aAaHHble ycnoBusa paborblt CMO
(uncno kaHanoB, X NPOU3BOANTENIbHOCTD,
npasusia paboTbl, XapaKTep NOToKa 3asABOK) C
MHTEepecyrLWMMMN HAaC XapaKTepucTukKamm —
nokasartensamum adpdpexktnpHoctn CMO.

STU NoKasaTesim onucbiBaroT cnocobHoctb CMO
CrnpaB/ATbCHA C NOTOKOM 3asABOK.

lNoka3aTenun MOXXHO pa3aenuTb Ha rpynnbi:

* NMoKasaTeNniM, XapaKrtepu3yrujme cuctemMy B

LleJsiomM,
* BEPOATHOCTHbIE XapaKTEepPUCTUKM,

* IKOHOMMUNYECKMUNE NOoKa3aTeJIN. 35



* IMOKal3ameJsu, Xxapakmepusyrouwue cucmemMy 8 UeJioM.

e cpeaHee Yucro 3asBOK, oocnyxuBaembix CMO B eanHuuy
BPEMEHMU

* cCpenoHee 4YnUcCino 3assBOK B eAMHULY BpeMeHU, nosfyymBLinx
OTKa3

* CcpeaHee YNCno 3aHATbIX KaHanoB

* cpepHee 4YMCriO 3asIBOK B oyepeau

* cpeaHee BpemMs oXxXuaaHua obcnyXmBaHUA
* 8ePOSIMHOCMHbIE XapakmepucmukKu:.

* BEPOATHOCTb TOroO, YTO 3asiBKa byaeTt obcnyxeHa (P, g.)
BEPOSATHOCTb TOro, YTO NONy4YUT OTKa3 B oocnyxuBaHum (P,.,)
BEpPOSTHOCTb TOro, YTO BCE KaHanbl CBOOOAHLI (P)
BEpPOATHOCTb TOro, YTo onpeAeneHHoe YNCIo UX 3aHATO (P, )
BEPOATHOCTb Hanu4insa ovepeau
* 9KOHOMUYEeCKue rnokKazamersnu.

* CTOMMOCTb NOTEepPb, CBA3aHHbIX C YXO40M He 0OCIyXXeHHOMU
3a8BKM

¢ 3KOHOMUYECKUU 3pdekT, NosfyyeHHbIU B pesynbraTte
o0CnyXnBaHNsA 3asABKU
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MapkoBckue crnyuyamHbie npouecchl

- 3aga4ym maccoBoOro oocnyxmBaHusi, chopMynmMpoBaHHbIE
MaTeMaTU4veckn, oObIYHO CBOOATCA K U3YHYEHUIO CITyYauHbIX NPOLLECCOB.

- B cucteme S nportekaeT csiy4auHbIU rfpoyecc, ecriu OHa C TeYeHuem
BPpeMeHU MeHsieT CBOe COCTOsiHue (nepexoauT U3 OOHOro COCTOSIHMA B
apyroe), npuyem, 3apaHee HeM3BEeCTHbLIM CIJly4YauHbIM Obpa3omMm.

« CnyyanmHbin npouecc, nMpoTeKawwWwuuMm B CUCTeMe, Ha3blBaeTcs
Mapkoeckum, ecnu gna nboro MoMeHTa BpeMeHU t, BEepOATHOCTHbIE
XapaKTepucTUKM npouecca B byayLiemM 3aBUCAT TOSIbKO OT €ro COCTOSAAHUSA
B AaHHbIX MOMEHT t; 1 He 3aBUCAT OT TOro, Koraa U Kak cuctema npuiuna
B 3TO COCTOsIHMeE.

« Matematnyeckmm aHanu3 pabotbl CMO ou4yeHb obneryaercs, ecnwu
npouecc 3Ton padorbl MapkoBckun. MHaye matemaTtnyeckoe onucaHue
npouecca o4vyeHb ycrnoxHsetrcsa. Ha npaktunke MapkoBCKkue npoueccbl B
YUCTOM BuAe OObIYHO He BcTpe4yarwTcAa. MmerTca npoueccbl, AnNA
KOTOPbIX BSIUSAHUEM «NPeaAbICTOPUM» MOXHO npeHeodpeub. NMpn nsyyeHun
TakKuX NpoueccoB MOXHO NpuMeHATb MapkoBCcKkue moaenu

 lpBeaeHHbIN Aanee MmatemaTU4yeckun annapar onmcbiBaet MapkoBckue
npoLecchl. 37



MapkoBcKue npouecchl C AUCKPEeTHbIMM
COCTOSIHUAAMM U HenpepbIBHbIM BpeMeHeM

 [lpouecc HasbiBaeTCA  MpPoyeccoM C  OUCKPEMHbLIM
COCMOSHUEM, eCnin ero BO3MOXHble COCTOSIHUA S;, S,, ...
MOXHO 3apaHee onpepgenutb, W nepexon CUCTEMbI U3
COCTOSAHUA B  COCTOslHME  MpOUCXOOAUT  «CKa4YKOMD,
NpakTU4eCcKu MrHOBEHHO.

 [lpouecc Has3blBaeTcs rpPoOUECCOM C HenpepbI8HbLIM
épeMeHeM, eCfiui MOMEHTbl BO3MOXHbIX MNepexonoB W3
COCTOSIHUSS B COCTOSlHME He (hUKCUpPOBaHbI 3apaHee, a
HeonpeneneHHbl, cny4yavHbl U MOryT MPOU3OUTU B NOOOWM
MOMEHT.
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NMotok cobbiTMM

Kaxxgas CMO npeaHa3HayeHa Ans oocny>kuBaHusa notoka TpedboBaHnm

Momok cob6bimuli — nocnefoBaTeNnbLHOCTb oHHoponglx COGObITUI, CreayLWMX OQHO 3a APYIUM
B KaKue-To crny4YanHble MOMEHTbI BpeMeHU. [puMepbl: NOTOK OTKa30B 1 MOTOK BOCCTaHOBMEHUM,
NOTOK BbI3OBOB Ha TeNle(pOHHOM CTaHLMU, MOTOK COOOLLEHWNIN, MOTOK AaHHbIX U T.A.

UHmeHcueHocmb Nomoka cobbimuli— 3TO cpeaHee YNCIOo COObLITUN, Npuxoasiueecs
Ha eQUHULYY BPeMeHM!.

MoTok cobbITUM Ha3biBaeTcA cmayuoHapHbLIM, €CJIN ero BePOATHOCTHbIE
XapaKTepPUCTUKK He 3aBUCAT OT BPEMEHMN.

MoTok cobbITHIn Ha3biBaeTcs Momokom 6e3 nocredcmeuli, ecnu AnsA NOGbIX ABYX
HenepeceKarLMNXCA y4aCTKOB BPEMEHU YUCIO COObITUI, NONagaloLWmnX Ha OAUH U3 HUX,
He 3aBUCUT OT TOro, CKOJIbKO COObITUI NOMNano Ha ApYrou.

lNMoTok coObLITUN Ha3bIiBaeTcA OanHaprlM, eCJin coObITUSA B HEM NMOABNAIOTCA
nooOAMNHOYKeEe, a He rpynnamMmun no HeCKOJbKy cpaa3y.

NMoTok cobbITUM Ha3biBaeTcAa npocmeuwuM (Unnu cmayuoHapHbIM MyacCoOHOBCKUM),
ecnuv oH obrnapgaet cpasy TpemMsi CBOMCTBaMMU:

1) cTaumoHapeH, 2) opaAuHapeH, 3) He MeeT nocrneaencTBUMN.
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NoxkasaTenbHbIX 3aKOH pacnpeaeneHusn

* INA npocTenwiero noToka ¢ UHTEHCUBHOCTbLIO A
WHTepBan mexay coceaHUMU COObLITUAMMU
MMeeT TakK Ha3blBaeMoe rnoKkazamesibHoe F@)= A"
(3KCcnoHeHyuanbHOe) pacripedesieHue

« Ina cny4yanHou BeNN4YnHbI , UMeKoLLEen
nokasaTtenbHoOe pacnpenersrieHume,
MaTemMaTuyecKkoe oxvuaaHve ecTb BenuU4mnHa, mep=0p=1/4
obOpaTHasi MUHTEHCUBHOCTU, a cpeaHee
KBagpaTU4HOE OTKJSIOHEHME paBHO
MaTeMaTU4YeCKOMY OXUOaHUIO
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YpasHenuna Konmvoroposa aona BepoaATHOCTEM
COCTOSSHMHU. PUHaNbHbIE BEPOATHOCTM
COCTOSHMM

« PaccmaTtpuBaa MapkoBckue npouecchbl ¢ AUCKPETHbIMMU

COCTOSAHUSAIMU n HenpepbIBHbIM BpeMeHeM,
nogpasymeBaeTcs, 4YTO Bce nepexoabl CUCTEMbI S U3
COCTOSIHUSI B COCTOSIHME rgooucg(o AT nopg AewcTBUeM
NPOCTENLUMX TMMOTOKOB COOLITUA (MOTOKOB BbI3OBOB,
NOTOKOB OTKa30B, MOTOKOB BOCCTaHOBNIEHUN U T.4.).

Ha rpade cocToAaHMM cCUCTEMbI Yy KaXaou_ AOyru
NPOCTaBMNAKT WMHTEHCUBHOCTU TOro MOTOKa COOLITUM,
KOTOpPbIXN NepeBoOAUT CUCTEMY MO AaHHOW ayre.

- lna HaxoxaeHUss BceX BEpPOSATHOCTEM COCTOSHMMU Kak
PYHKUMN BpEeMeHU COCTaBIIAKOTCA M eLlaroTcs
ypasHeHusi Konmozopoea (dpsiaHza) — ocodboro BuAaa
YpaBHEHUAA, B KOTOPbIX HEU3BECTHbIMU (pYHKLUAMU
ABISAIOTCA BEPOATHOCTM  COCTOSIHUU pI(t) Unu
domHanbHbIE (NpeaeribHbie) BEPOATHOCTM. =

* QuHasibHble 8eposimHOCMU  CcOCMOsiHUU ~ —  3TO
BEepPOATHOCTU COCTOSAHUU MNMpPU t—>oo0.



YpaBHeHusa Konmoroposa (9pnaHra) pns n-
xkaHanbHoM CMO c orkasamm

dp,(t)
dt

dp, (1)
dt

=—ap,(1)+up, (1),

.....

dp, (1)
dt

=Ap, (t)—nup, ().

=M, (1) = (A +kp) p (0)+ (k+1)up,., (2)

(0<k<n),

lpap
COCTOSIHUN
A A - SRR D SRR &
Y — ] - — eSS
e VA 7

CocTosHHS N - KAHATBLHOM CHCTCMBI:
- Sp - CHCTEMA MOIHOCTHIO CBODOIHA;
- S| - 3aHAT OJIMH KaHall, OCTANLHLIC KAHAIbLI CBOOOAHBI;
- S;- 3aHATO JBa KaHAla, OCTA/IbHBIC KaHA/Ibl CBOOOIHBI;

- S, - 3aHATHI BCC N KAHAIOB.

NMpaBuio coCTaB/IeHUA YpaBHEHUN. B KaXXao0M ypaBHEHUN CUCTEMbI B
NpaBoOi €ro 4aCTu CTOUT CO 3HAKOM MMHYC BEPOSATHOCTb AAHHOIO
COCTOSIHUSA Pi, YMHOXEHHAsA Ha CYMMapHY MHTEHCUBHOCTb BCEX MOTOKOB,
BeAyLwMnX U3 AaHHOIro COCTOSIHUA, @ CO 3HAaKOM MJIKOC CTOUT CyMMa

npou3seaeHNN MHTEHCMBHOCTEN BCEX NMOTOKOB, BXOAALWMUX B i- €

42
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YpaBHeHMA JpnaHra B
ycTaHOBMBLUEMCSH pexume

=Ap, +up, =0,
Apy —(A+n)p, +2up, =0,
Ap, —(A+2p) p, +3up, =0,
My —(A+kp)p, +(k+1)up,,, =0

AP, > —[ A+ (n-1)u]p,, +nup, =0,
;"pn—l - n”pn = O

ZPk =1.
k=0
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MNMoxkasarenm Pa=om e
achcheKTMBHOCTH O R SRR

n - kaHansHou CMO c ¥ 2
oTKa3aMm Qzl'(‘) £l

sl

Hamomm, 970 3T0 CpeIHAS JONE 329B0K. 00CTy:KHBaeMEIX cHcTeMoiH. [IpH 3ToM

A0conI0THAS NPOMYCKHAS CHOCOOHOCTD: 4=242;
» Q = 1 - P ot -
A Py
A=A 1—=|—| — uwniedspemenu, BeposiTHOCTS 0TKa3a:
F7g
2
p_=|2] 2
rIe » — KoIHdecTBo ka"Hanoe CMO; M\ u)
HanoamHmIM. 9T0 3T0 BEPOATHOCTH TOTO. 910 3adBKa mokEHeT CMO mHeobcayxerHOH. Oge-
BHIHO, 910 Fpry = 1-0.
Cpeonree xoIuNeCINeo 3a480K, HAX00AULXCA e cucmeme, Neno CpelHee 9HCIO0 3aHSTHIX KAHAJIOB (CpeTHEe THCTO 3a9BOK, OOCTYKHBAGMBIX OTHOBpE-
B JAHHOM CIy4Yae PaBHO YHCITY 3aHATHIX KAaHATOB. T. K. KaAKIblil MeHHO):
KAHAT MOKET ¢IHHOBPEMEHHO 00CAYAHBATD TONBKO OJHY 3aiBKY.
a ovepenn Her. Koaghguyuenn sauanmocnmu Kaxa10e paBeH OTHO- = A iy 2o
MICHHIO HHCTA 3aHATBIX KAaHATOB K oOOmMeMy €HCIY KaHAIOB k= ; 1= ; ]

K,=n/n.
Cpeonee epema HaXoOeHua 3aieox € cucmesme Teyp MO&ET
OBITH HAILIEHO Yepes Neyo 10 dopanvae Jumnua:
N, n
Teno =—240 = (3.8)
A

-
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JIP-2. TexHonornueckas cucrema (yuyacrok)

lNocTaHoBKa 3apaun. Cucrtema S cOCTOUT U3 ABYX CTAaHKOB,
KaXAblU N3 KOTOPbIX B CJlTy4aHbIU MOMEHT BPEMEHU MOXeT
BbIUTU U3 CTPOSA (OTKasaTb), nocne 4Yyero MrHOBeHHO Ha4YMHaeTcs
PEMOHT y351a, ToXe NpoaomKarLmnca 3apaHee Heu3BeCcTHoe,
criyyanHoe Bpemsi. Bo3aMoXHbI cneayrouime COCTOAHNA CUCTEMb:

* S, - 0ba cTaHKa ucnpaBHblI;

* S, - NepBbIN CTAHOK PEMOHTUPYETCA, BTOPOU UCIpPaBEH;
* S, - BTOPOM CTaHOK PEMOHTUPYETCS, NepBbi UCNPABEH;
* S; - 0ba cTaHKa peMOHTUPYHOTCS.

lMepexoabl cUCTEMbI S N3 COCTOSAHUA B COCTOSIHUE
NMPOUCXOAAT NPAKTUYECKU MFTHOBEHHO, B CNy4YaHble MOMEHTbI
BbIX04a U3 CTPOSA TOro UMM UHOro CTaHKa UNm OKOHYaHuA
peMoOHTa. Alj —-MHTEHCUBHOCTHU NepexonoB 3aAaHbl.

Pa3paboTtatb Moaenb TeXHONIOrM4eckoro ydyactka B Mathcad gns
YCTaHOBMUBLLUEroCcsl pexuma v s HeycTaHOBMBLUErocsl pexuma.

OueHuUTb cpeaHor 3¢hPeKTUBHOCTb PaboTbl CUCTEMbI U 3arpy3Ky PEMOHTHbIX
OpraHoB.



YpaBHeHMAa JpnaHra B
YCTaHOBMBILUEMCSH peXxume.
OnpeneneHue puHanNbHRIX

COCTOSSHUU

(o1 + A2 )P0 = tyoP1 + b P2
< (4o + Ai3) 2y = A1 pg + 143,23
(Eigo + A23) Py = AP + K3 73
(5 + f33)P3 = A3y + AP,

ot tp,tp =1
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OueHnka achdexTusHoCcTH paboTbl CUCTEMBbI
Nno BepoATHOCTAM

NcxogHble /]01 — /123 =f /"13 — j’ﬂ? = 2;,‘,{10 = Ly = 2’, Hog = M3 = 3.
AJaHHbIE!

o =6/15=04,p, =3/15=0,2, p, =4/15=2 0,27, p, = 2/15= 0,13,

3HaHue (pMHaNbHbLIX BEPOATHOCTEN MOXKET MOMOYb OLEHUTb CpeaHIo 3th(hpeKTUBHOCTL paboThbI
CUCTEMbI M 3arpy3Ky PEMOHTHbIX OpPraHoOB: B CTaLlMOHaApPHOM pexume cuctema S B cpegHem 40
% BpemeHu byaeT NnpoBOAUTL B COCTOSIHUM S, (06a cTaHKa ucnpaBHbl), 20 % - B COCTOSAHUN S,
(nepBbIN CTaHOK PEMOHTUpPYETCS, BTOPOWU paboTaeT), 27 % - B COCTOSAHUMU S, (BTOPOU CTaHOK
peMOHTUpyeTCcs, NnepBbin padoTaeT), 13% - B coCTOsAHUM S; (0Oa cTaHKa PeMOHTUPYHOTCS).

[TycTh cHCTEMA S B COCTOSHHH Sy (IIOMHOCTBIO HCIPABHA) MPHHOCHT B IHHHIY BPeMeHH
moX0J 8 YCIIOBHBIX €HHHII, B COCTOSHHH Si — JOX0J 3 VCIIOBHBIE €IHHHIILI, B COCTOAHHH S7 — 0~
X0 5 YCIOBHBIX €IHHHII, B COCTOSHHH S3 — He IIPHHOCHT J0Xoda. Toraa B mpeaensHOM, CTAaIHO-
HapHOM peKHME CpeqHHi TOXOT B & THHHITY BpeMeHH Oymer  paBeH
W =04%+02%3+0,27%5=2515ycnoBHpIX equuHII.
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BapuaHThbl
JIP-2

Ne Bap

© 0 N O a A O N =

N =2 =2 2 2 2 &2 =2 =2 =2 o=
© © 0O N o6 a0 A O N = O

A01
1,3
1,2
1,1
1,1
1,0
1,0
1,1
1,3
1,2
1,3
1,0
1,0
1,2
1,2
1,1
1,0
1,2
1,1
1,1
1,1

A23
1,1
1,2
1,1
1,4
1,1
1,4
1,1
1,1
1,3
1,2
1,1
1,2
1,2
1,2
1,1
1,1
1,2
1,1
1,1
1,0

Al13
2,2
2,1
2,0
2,2
2,2
2,3
2,1
2,3
2,1
2,3
2,0
2,1
2,2
2,2
2,1
2,3
2,3
2,1
2,2
2,0

202
2,2
2,1
2,4
2,0
2,0
2,3
2,2
2,3
2,2
2,2
2,1
2,1
2,0
2,0
2,3
2,2
2,3
2,2
2,1
2,2

ulo
2,0
2,0
2,1
2,3
2,1
2,3
2,1
2,0
2,2
2,2
2,2
2,1
2,2
2,1
2,2
2,3
2,0
2,2
2,0
2,2
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u32
2,1
2,3
2,0
2,0
2,2
2,0
2,1
2,3
2,1
2,1
2,1
2,1
2,2
2,3
2,2
2,0
2,1
2,1
2,2
2,2

120
3,0
3,3
3,3
3,2
3,0
3,2
3,2
3,0
3,2
3,1
3,1
3,1
3,2
3,2
3,1
3,0
3,3
3,3
3,2
3,3

p31
3,2
3,0
3,1
3,1
3,1
3,2
3,2
3,0
3,1
3,2
3,3
3,0
3,1
3,3
3,2
3,3
3,3
3,0
3,1
3,1



TexHonosudyecKkada cucmema

N Bap 101 123 %13 02 ulo u3z u20 u3l

P E m E H" E B 20 1.1 1,0 2,0 22 22 22 33 31

A01 =11 A23:=10 A3 A02 =22

Mathcad nio = 2.2 P32 :=22 20 := 3.3 p3l = 3.1 ViexogHele  ganHbe

I
[S]

ORIGIN = 0
Onpegererie npaselx Yacmel CUCMEME U HAYATEHEX
HCOTGBHT
1 — HadYalbHEIE BEpOAMHOCHU
0 B 2 2 ]
p = —(NO1 + NO2)-po + p10-p1 + p20-p2
0
—(p10+ X13)-p1 + A01-pg + p31-p3
0 D(t,p) =
—(p20 4+ X23)-p2 + A02-pg + p32-p3
| —(U31+ p32)-p3 + Al3-pp + A23-p2 |
t1:=0 t2:=3 k := 1000

PeweHue cucmembl guddepeHyUanbHBIX

ypasHeHUU
Z = rkfixed(p.,t1,12 .k.D)

Kommenmapuill k¥ npouegype rkiixed(p.tl.t2.k.D):

p-Bermop BepoAmHocmel pazMepHOcCmU N, =98 I —NOPAYgOoK CUCmeMbl;
tl.t2 — =paHu4HEE mMOYKU UHmMEPRB8AaNa. B KOmMOopom ULNemcd pelsHUE
k. - Yucno modek, B KOMOPRX UNlemcHd pelleHUS,

(k+l)1*(1l+n)- pazMepHOCmb Mampuubl pezynlbmama, Bozspamasmoll rkiixed.
Ha T'pagure t=Zi0 P0=Zil Pl=Ziz P2=21i3 P3=2i4
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Fpadur zafucumochmu BRepodAmHOCmEl om BpeMeHU

BEPOSITHOCTH
N
=
e

Z "_ ----- N [
' S
1:'4 [JE ¥ . PR A A
----- ’++++ S - F Y T . e T TR TR T T
’;-I-“ +'_+ﬂ'
.+
0
0 1 2
Zi o
BpeMA
po
++++++ pl
----- p3
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PeweHue B YCTAHOBMBLUEMCS pexmume

PemeHue cUCheMEl alzespaudeckKux YypasHeHUl
Given

p0 =1 pl =0 pl =1 p3 =0 HavalbHble YCIOBUH
—(A01 + X02)-p0 + pl10-pl + p20-p2 =
—(p10 4+ X13)-pl + X01-p0 + p31-p3 =0

—(p20 + X23)-p2 + AN02-p0 4+ p32-p3 =0
—(p31 4+ p32)-p3 + A3-pl + A23-p2 =

(0.404
0.199

Find(pO,pl,p2,p3) = duHanvHEIe BepoAmHOCmU npu t
0.271 CcrpemMAleMcd K ESCKOHeYHOCmU
\ 0.126
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3apaHmna 1,2 KOHTpPONbLHOMU paboThi

- 3agaHue 1 coorBeTtcTByeT J1P-1
- 3apaHue 2 coorBeTtcTByeT JIP-2

52



JNlexuma 2
Tema:

(Perpeccusa koppeAauus,
BTOMATU3ALLUA OOpabOTKMH
MHOTFOMEPHbIX ACQHHbIX)




CTpyKkTypa nekuum

OcCHOBHbIe TeopeTU4eckme NOAOXKEHUS AA MHOXXECTBEHHOMU
perpeccun u KoppeAsimm

NoCTAHOBKA U peLleHne 3aA04YU MHOXECTBEHHOM perpeccum u
koppeAauumn B Excel . HaxoxaeHne CTAHAQPTU3OBAHHOTO YPOBHEHMUS
U onpeAeAeHue ctTeneHu BAUSHUA OaKTOPOB HA PE3YAbTATUBHbIN

(AP-3)
ABTOMaTM3IaUUA OOPABOTKM AAHHbIX, UCNOAb3YS VBA (AP-4)

3aAaHUs 3,4 KOHTPOAbBHOU PABOTHI



BBepgeHue

» MeToAbl AHAOAM3A U NPEACTABAEHUS AQHHbBIX OCHOBbLIBAIOTCSA HA
MHOTrOMEPHbIX CTATUCTUHECKUX METOAAX, BKAIOHAIOLLLUX
KOPPEAALUOHHDbIU, PErPECCUOHHbIU, AMCNIEPCUOHHDbIU, KOMMOHEHTHbIN
U KAQGCTEPHbIU OHAAMS.

= [Ipu NpoBeAEeHMU IKCNEPUMEHTAAbHbIX MICCAEAOBOHUU AASl CcOOpa
CTATUCTUYECKON MHCpOpMALLMKU BbIBAET BAXHO MOAy4YEeHUe
AOCTOBEPHOU MHCPOPMALLMU NPU BO3ZMOXXHO MEHbLUEM YUCAE
3KCNEePMMEHTOB. DTO AOCTUraeTcs 6Aaroaaps NPUMMEHEeHHUIo
MATEMATUYECKUX METOAOB NACHUPOBOHUSA SKCMNEPUMEHTOB.

» [lakeTbl NPUKAAAHDBIX NPOrPAMM, TAKME KAK, HOACTPOUKHK Excel,
MatLab Statistics ToolBox, Statistica, StateGraphics, SAS u Ap., CHUMaloT
TPYAHOCTHU B MPMMEHEHMU MHOTOMEPHbIX CTATUCTUYECKUX METOAOB,
TAK KOK MO3BOASIIOT ABTOMATU3MPOBATHL Npou.ecchl c6opa, AHAAU3A U
06pAa60O0TKM MHOFOMEPHDbIX ACHHDIX.




CTATUCTUMECKASA m KOPPENALIUOHHAA 3ABUCUMMOCTH

=» B MmaTemMaTuke Mbl NPUBbLIKAM K TOMY, YTO pe4b MAET O (ODYHKLLUOHAABHOU
30BMCMMOCTHU, KOFTAQ KAXAOMY 3HAYEHUIO OAHOU NEPEMEHHOMU
COOTBETCTBYET BMNOAHE ONPEeAEAEHHOE 3HOYEHNE APYIOMU.

OY4yeHb HOCTO MEXAY NepeMEHHbIMU BEAUMUHOMU CYLLLECTBYIOT
3ABMCUMOCTMH, KOTAQ KAXKAOMY 3HOYEHUIO OAHOU NEPEMEHHOU
COOTBETCTBYET HE KAKOE-TO ONPEAEAEHHOE, O MHOXXECTBO BO3MOXHbIX
3HAYEHUU APYIOU NnepemMeHHOU (MAM onpeAeAeHHOEe YCAOBHOE
pacnpeAeAeHne Apyrom nepemeHHon). Takas 3aBUCUMOCTb NOAYHMAQ
{a3BOHME CTATUCTUYECKOU, BEPOATHOCTHOM.

BO3HMKHOBEHME TAKOU CBA3U OOYCAOBAEHO TEM, YTO 3ABUCUMAA
nepemMeHHas NoABEpPXEHA BAUSHUIO HEKOHTPOAUPYEMbIX UAU HEYHTEHHbIX
daKkTOpPOB, a TAKXKE CAYHAUHbIX OLUMOOK.

Koraa KaXkAoOMYy 3HAOYEHUIO OAHOU NEPEMEHHOU X COOTBETCTBYET
onpeAeAeHHOEe YCAOBHOE MATEMATHUHECKOE OXHAAHUE (CpeAHee
3Ha4YeHune) aApyron Mx (Y) To Takas 3aBUCUMOCTb HA3bIBAETCS
KoppeAsunoHHol, a ypasHenne M (Y )= f(x) HasbiBaeTcs_ypaBHeHHeM
perpeccuu




BbibopouHana Kkpusaa perpeccum

= B cTATUCTMYECKOU NPAKTUKE YPABHEHME perpeccun o6bI4HO HEe U3BECTHO,
a MumeeTcs BbiIbopka nap 3Ha4YeHMn obbveman : (Xi, yi) ,1=1,2,.....n.

= B 3TOM CAy4Yae peydb MOXET UATU O NPUOANXKEHHOM BbIPAXEHUN PYHKLLUMU
perpeccuu UAU annpokcumauum no Beibopke (X, Y; ) . Takon oL,eHkoH
SIBASieTCS BbIOOPOYHAA AMHMSA perpeccuun, ee ypaBHeHuUe:

§=f (X, s | bq) - NApHas perpeccus

a, bl, Nid; bq) - MHOXEeCTBEeHHasa perpeccus
- TAPAMETPbI, NOAAEXALLUE ONPEAEAEHUIO

- OTKAOHEHMUSA (OCTATKM) BO BCEX N TOYKAX



Stanbl HAX0XXAEeHUA perpeccMoHHOM Mmoaenu

= ] war: cneuwMdourkaLms MOAEAU, T.€. BbIOGop BUAQ
YPABHEHUS perpeccum

» 2 wiar: BbI6paTb HAUAYHLLUME 3HAYEHUA MAPAMETPOB

™ 3 LIAr: OULEeHKA Ka4eCTBA MOAEAU MO KPUTEPUIM




KoadcbmumeHT Koppenauuum

KO3(bd)VIL|MeHT Koppendauunm aBnsdeTcd nokKkas3artesieMm TeCHOTbl CBA3U MeXAay X ny

dopmyna BblHUCTIEHNA

=1 n n n
/ \ r:Xy_X.y: é 1)1 E Ié |

2

OxOy LI, n 2 no n
F03-TEL Fop-LEEH eIl Bomme

Bomene, wem = nz XI o Z XI ) nz yl o Z yl
———— i1 i1 i1 i1

CBoncTtBa KoapdurumeHTa Koppensauum

3HaueHus koadbdpumumenta koppensumm —1 < r <1

KOppeJ'IFILI,I/IOHHaﬂ CBA3b NpeanctTasIideT HMHeIZHy}O _I_l
beHKLI,I/IOHaJ'IbHyPO 3aBUCUMOCTb MNpPU r L

JInHenHas cBA3b OTCYTCTBYET Mpu = O

Brin3ocTb K HYMO He 03HA4YaeT OTCYTCTBUSA CBA3UN MeXay
npu3Hakamm, OHa MOXET OKa3aTbCs AOCTAaTOYHO TECHOMN,
HO HEeJTIMHENHOW




NocTaHoOBKa 3agauM aHanu3sa
MHOrIoOMepHbIX AaHHbIX

» Pe3yAbTATUBHbIM MNMPU3HAK Y (3aTpaTtbl HaO TO AeTATEeAbHOro annaparta)
30BUCUT OT TpPEeX KOMMAEKCHbIX doakTopos x1,x2,x3. PakTop XxI
onpeaeAsieT Tun AA; dbakTop X2 onpeAeAieT BUAbl SKCNAYATALMUOHHDbIX U
NOArOTOBUTEABbHbIX pPaboT; dakTop X3 onpeAeAseT 30A€UCTBOBAHHbLIE
MATEPUAABHO-TEXHUYECKHE pecypChbl U HeAOBe4YeCKUU cOAKTOP.

Ha OoCHOBE CTATUCTUYECKUX UZMEPEHUU MOAYHEHA TAOAMLA 3ABUCUMOCTHU
3HOYEHUU PEe3yAbTATUBHOIO MPU3HAKA Y OT 3HA4YeHun cbakToposB x1,x2,x3
HTbl)

paspaboTaTb MATEMATUYECKYIO  MOAEAb, MO3BOASIOLLYIO

CTb: KOPPEASILMOHHbIU, AUCMNEPCUOHHBLIN, PErpPecCUOHHbIN CAHAAU3 U
ATU3AaUUS NPEeACTABAEHUA AAHHbIX (AP-3,4)

Tb: KOMMNOHEHTHbIU, KAQCTEPHbIN AHAAMU3 (AP-5,6)



BapuaHtbl JIP-3-6

BAPUAHT 1 BAPUAHT 2 BAPMAHT 3

Ne x1 X2 x3 Ne y X1 X2 x3 Ne y x1 X2 x3

1 65,84 2,83 10,50 1,30 1 190,29 4,09 3,20 14,26 1 434,63 507 17,21 6,30
2 185,72 513 17,39 1,60 2 136,04 3.19 3,40 11,56 2 210,61 305 11,16 6,60
3 71,50 2,62 9,87 1,90 3 192,73 3.92 3,60 13,75 3 270,18 3,54 12,63 6,90
4 120,75 3.53 12,60 2,20 4 95,17 2,33 3,80 9.00 4 386,35 4,39 1518 7.20
5 211,79 481 16,44 2,50 5 178,73 3.55 4,00 12,65 5 401,29 4,41 1522 7.50
6 133,74 3.43 12,30 2,80 6 166,66 3.31 4,20 11,92 6 460,57 4,72 16,16 7.80
7 112,65 292 10,76 3,10 7 237,78 4,10 4,40 14,29 7 285,77 3,36 12,09 8,10
8 246,60 4,70 16,09 3.40 8 272,18 4,38 4,60 15,13 8 388,02 4,06 14,17 8,40
9 164,77 349 12,46 3,70 9 146,78 2,82 4,80 10,47 9 306,36 339 12,16 8,70
10 243,06 4,34 15,02 4,00 10 138,53 2,65 5,00 9.94 10 222,98 2,64 9,91 9.00
11 110,33 243 9,30 4,30 11 221,51 3.60 5,20 12,80 11 564,40 4,90 16,69 9.30
12 130,14 2,65 994 4,60 12 379.37 5,01 5,40 17,04 12 324,68 333 11,98 9.60
13 379.96 525 17,74 4,90 13 140,98 2,51 5,60 9.53 13 479,67 4,26 14,77 9.90
14 381,80 512 17,37 5,20 14 148,33 2,55 5,80 9.66 14 497,23 4,29 1486 10,20
15 158,10 2,76 10,28 5,50 15 293,54 4,04 6,00 14,11 15 365,91 3.42 1227 10,50
16 181,11 295 10,86 5,80 16 194,61 299 6,20 10,98 16 291,09 2,86 10,57 10,80
17 255,96 3.65 12,95 6,10 17 420,39 4,93 6,40 16,78 17 359,78 327 11,81 11,10
18 347,54 4,36 15,08 6,40 18 359,47 4,39 6,60 15,16 18 394,46 343 1230 11,40
19 199,14 2,91 10,73 6,70 19 311,25 3.93 6,80 13,79 19 553,46 425 14,76 11,70
20 198,98 2,83 10,50 7,00 20 468,43 5,04 7,00 17,13 20 587,31 436 1508 12,00



JTanbl NpoBeAeHUA KOppenauMoHHOro
M perpecCMOHHOro aHanM3a gaHHbIX

= AiccaeAOBAHME B3AMMHOIo BAUSSHUA OAKTOPOB

®»BLI6GOpP BUAQ YPABHEHUS perpeccum

» HaxoXxAeHne NapameTpoB YPUBHEHMUS
perpeccuu (MHK)

»OnpeAeAeHne 3 HOYUMOCTU YPOBHEHUS
perpeccuu



MHTepkoppenauua baKkTopoB

NMPUMEHUTEABHO K MHOXXECTBEHHOMU perpeccumu, He0O6Xo0AUMO AO NOAYYHEHMUS
YPOBHEHUs perpeccun npousBecTn otéop oakTopoB. PAKTOPbLI, BKAKOHAEMbIE B
MOAEAb AOAXHbI ObITb:

» KoAU4eCcTBEHHO UsMepuMbl. ECAU HEOBXOAUMO BKAIOHYMTb B MOAEAD
Ka4YeCTBEHHbIU PAKTOP, HE UMEIOLLLUKU KOAUHECTBEHHOIO U3MEPEHUSA, TO eMY
HY>)XHO NMPUAQTb KOAUMECTBEHHYIO ONPEAEAEHHOCTb.

PAKTOPbI HE AOAXHbBI ObITb MHTEPKOPPEAUPOBAHDbI (KOAAUHEAPHDbI) U TEM ODoAee
HOXOAUTbLCSH B TOYHOU PYHKLLUOHAABHOMU CBA3U. DTO MOXET NPMBECTU K TOMY, YTO
cuctema ypaBHeHun MHK moxeT okasaTtbca NAOXO 0O6YCAOBAEHHOMU U NOBAEYDb 34
CO60OM HEYCTOMYMBOCTb U HEHAAEXHOCTb OLLEHOK KO3 DPULUUEHTOB perpeccum.

MYAbTUKOAAUHEAPHOCTb CPAKTOPOB, KOrAd 60Aee 4YeM 2 chaKTOpPA CBA3AHbI MEXAY
co60U AMHEMHOMU 3ABUCUMOCTDbIO. AASl OLLEHKU MYAbTUKOAAUHEAPHOCTU MOXET
UCMNOAb3OBATbLCSA ONMPEAEAUTEAb KOPPEeAIUUOHHOMN maTpuubl Det. EcAn 6b1 doakTopbl
HEe KOPPEeAUPOBAAU MeXAY cobou, To Det(R)=1 (mAeaAbHBIM CAYyHaM).
MpeAno4yTUTEAbHO, 4TOObI Det(R) 6GbIA GAM3OK K eAUHULLE.



PopMyrnbl pacuera onpegenurens
KOppenauMoHHOM MaTpuLbl

I I I

Xi X — X - X Det|R|=|r, I, T
Gxiax

J

X(X{  XoXp XgXg T C°

X( Xy  XoXo o XgXp Tt




JIP-3. KoppenauMoHHbLIN, AUMCNEepPCUOHHDbIMN,
perpecCMoOHHbIM aHaNM3




NoaxknioueHue HaacTpoek Naker aHanuaa m
naker aHanmsa VBA ' | e ——

Haactpoitku (5 ‘

Napaserpu Excel

LoCTynHble HAACTPONKY:

oy ynpansesate maactpoicasm Micrasoft Office D Neural tOOlS package > [ oK ]
Y
Haacrpossm .
QupArCreae Aun Pacnonoses e Twn = < F [ OTMEHa I
T, ARTIEONIE HRKITDOMNNIE DDA A0 MEN MM
Teans Foundation Add-in CAADWGATFSOMceAdd ndll  Haacrpoiva COM
. o Naxer anamoa O _rany\Aralysi\ ANALYSI2 XL Hasctpoites Exced [ 0630‘)... I
SCTDONTD. PESTY Maret axanasy — VBA CA A ANESATIVEAEN OLAM  Haan1poites Exces |
Nowex pewesps CA-ran\SOLVER\SOLVERXLAM  Haactpodks Exced
: [ ABTOMATH3aUMNA... ’
HaarIpadne HeasTinmisr HARCTPadEn npanomemal
Inquen O\ Ottice 1S\DCRANatweShimdll  Saactpaiixa COM
Danasnim ¢ Microsoft Acticns Pare 3 Miscet pacowpen i XML |
Micrasaft Office Powerfivon for Excei 2013 O\ erfvotbceiCientAdaindl Haopoies COM
Newal 100% package Dy e BN ENPNPackage xia  HascTpoiea Exces |
Power View O\ _HocReportingExceiCientdll  Haacrpoixa COM
Hara ML) OO hared\Sman Tag\MOFLDIL  JedcTome
MEcTpywesTs 28 2200 CAS\Wbrar\ ELROTOOLXLAM  Mazctpodka Exce
HaacTpowon, CHASANNLIC € AOWYNENT RN ‘
! ' TR pp—— [ -

HazeTpo Team Founcaton Acd
ALCTOMKE am Foundaton Acd-n MakeT aHanuza

Naarers: Microsoft Carparation

COAMETIROCTY:  CTCYTCTEWDT CRAMR-AR O CORMETTAMOCTV

COAEPKUT MHCTPYMEHTBI AN aHANN3a HayYHbIX 1 GUHAHCOBBIX
[JaHHbIX

Pacnioncwerae.  ChProgram FlesyComman Fles\Microsoft Shared' Team Foundation Server\ 1.4 0464\ TFSOfficeficd-ndll

Onvcsane Team Foundaton Add-n

Ynpannesug  HaacTpokea Becal

/
B E S ;

QAN TNMABHAA BCTABKA  PASMETKA CTPAHWMLbI QOPMY/IbI | JAHHGIE PELIEH3POBAHWE BMA  PA3PAROTYMK  HAJACTPOWKMK KomaHaa

D Wz Access Moakntouenunn Z A QumctuT ~y MrHoBeHHOe 3anonHeHne B+= KoHconuaaumsa & rpynnuposars -
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CBOMAC
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A=pa H T BEg= - YT H a
Dj W= TekcTa MCTOUHWKOE = MOAKMFOYeHWs BCE - N3MeHMTE CEASK v JlononHUTENBHO cronbuam =° [Npoeepka AaHHbIX OTHOLWEHWA bl POMEXKYTOUHBIM UTOT
MonyyeHe BHELIHIY A3HHBX MogknoueHnA CopTHROBKa 1 GUALTR PaBoTa ¢ AaHHEIMK CTpykTypa IF AHanwz
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OnpepeneHue MmaTpuiibl

OnucatenbHan cTatmcTika

11

118 - S | {=mOnPEO(I12:114)}
A B C D E F
4
5 Me x1 %2 x3
[ 1 57,48 2,58 9,75 1,78
7 2 110,18 3,72 13,15 2,18
2 3 203,39 5,16 17,47 2,30
9 4 85,25 2,80 10,39 2,66
10 5 134,51 3,61 12,83 2,57
11 6 99,87 2,81 10,44 3,12
12 7 195,38 422 14,66 3,41
13 8 134,39 3,16 11,48 3,95
14 9 223,84 4,26 14,79 4,62
15 10 289,68 4,85 16,55 4,73
16 11 275,38 4,55 15,65 4,92
17 12 254,14 419 14,56 5,55
8 13 161,75 2,99 10,97 5,58
19 14 329,68 4,67 16,01 5,57
20 15 292,14 4,20 14,61 5,64
21 16 384,80 4,89 16,66 6,73
— — = e e 6,29
AHanus AaHHbIX uﬁ) *EZJ 6,61
WIHCTpYMeHTBI aHanusa 7,68
AByxdhakTopHbIi ANCNEPCHOHHBIN aHanus 6e3 NoBToOPeHWi - 7,89
Koppenauna NS
Koeapuauua

3KCNOHEHUWaNnsHoe CraaxneaHue
AeyxeblbopoyHbIil F-Tect ana aucnepcun
AHanunz Pypbe

Tucrorpamma

Ckonb3Aulee cpegHee

TeHepauua caydaiiHblx yucen

Cnpaeka

~cAliy

xKoppenauum B Excel (JIP-3)

G H I J K L M
x1 x2 x3
x1 1
x2 1 1
3 0,179845 0,179845 1
x1 x2 x3
x1 1 1 0,179845
x2 1 1 0,179845
X3 0,179845 0,179845 1
Buieoa: dakTopbl X1, X2 KONAWMHEApPHLI
Det -4,09232E-21
Onpepenutens BAUIOH K HYHO
L P | e

Koppenauua

Ex0AHLIE JaHHLIE
$DE5:5F525

BXOAHOW WHTepEAN:

TPYNNHpCBaHWE: @ no cronBuam

) no copokam

MeTkn B Nepeoil cTpoKe

MapameTpsl ELIEOAA
(@) BrixoaHoil HHTEpEAN: $I85 ERz
(") Hoewii pabounid ancT:

(") Hoeana paBouan kHura

Ok

OTmeHa

Cnpaeka



Perpeccusa. Buabli MHOroMmepHoOro ypaBsHeHus
perneccmum

§/=a+blxl+...+bpxp AMHEeNHas

Jg=a- lel : ng . sz CTeneHHas

A a+byxg +..+0, X,

y==¢€

y=(a+bx +..+b X)) obparras

NOKA3ATeAbHOA

AMHeapu3aLumMsa CTENEHHOU 30BUCMMOCTH

b
y=a-X! X X
AVMHeapU3oBAHHOE YPOBHEHUE

Y = A+b X, +..+b X

Iny=Ina+b Inx +b,Inx,....+b Inx,

Y=Iny, A=Ilna, X =Inx,
y=exp(lna+b Inx, +b,InX,....+b InX))



NpoBepka KONNMMHEaApHOCTM
M3MEeHEeHHbIX AaHHbIX

X2 M3MEHEHOD

Ne x1 x2 X3 x1 x2 x3

1 57,48 2,58 9,75 1,78 x1 1

2 110,18 3,72 11,15 2,18 X2 0,279238 1

3 203,89 5,16 12,56 2,30 %3 0,179845 -0,24106 1

4 85,25 2,80 13,97 2,66

5 134,51 3,61 15,37 2,57

6 09,87 2,81 16,78 3,12 x1 x2 x3

7 195,88 4,22 18,18 3,41 x1 1 0,279238 0,179845 1 0.27923820.179845322645879
8 134,39 3,16 19,59 3,85 x2 0,279238 1 -0,24106 0.2792382 1 -0.241063447093742
9 223,84 4,26 21,00 462 %3 0,179845 -0,24106 1 0.1798453 -0.241063: 1
10 280,68 485 22,40 473

11 275,38 455 20,81 4,92 Boigog: dhakTopbl HE KONNWMHEaPHGI

12 254,14 419 19,22 5,55

13 161,75 2,99 17,62 5,58 Det 0,807358

14 329,68 4,67 16,03 5,57 OnpegenuTtent BAU30K K eJUHWULE

15 292,14 420 14,43 5,64

16 384,80 4,89 12,84 6,73

17 257,46 3,67 11,25 6,29

18 358,17 4.45 9,65 6,61

19 330,80 412 8,06 7,68

20 164,45 2,46 6,47 7,89



Perpeccusa B Excel
JinHenHaa 3aBMUCMMOCTDb

Perpeccua ' ? 2@ ]
BXOgHbIE A3HHbIE
oK
BxoAHOI uHTEpBan Y: $C$5:8C825
y - 5 OTMmeHa
- BxoAHO# uHTepean X: $D$5:5F$25 - :
AHanu3 AaHHbIX ‘ j{,__x \ @
_ — Cnpaeka
MHCTDYMEHTSI aHanu3a V] Meku || KoHcranTa - Honb
S oK
KoBapmauua L [:] YpoBeHb HagexXHOCTH: 95 %
OnucatenbHan CTaTMCTHKA OTMmeHa
JKCNOHEHUWANEHOE CrNaxueaHue . | MapameTpbl BEIBOAA
AByxEbIBOPOUHBII F-TecT ANA gucnepcui - =
AHanuz Oypbe - Cnpaeka (@) BeixogHol MHTEpBaN: $B$31 3
rucrorpamma = - =
(") Hoeeiit pabouywii ancr;
Ckonb3ALlee cpeHee *_ =
FeHepaunA caydaiiHblx Yucen ") Hoean pabouan kHura
PaHr 1 nepceHTub
S e
{ﬂ Ocratku [:] [paduk ocTaTKoB
LJ CraHaapTU30BaHHbIe OCTaTKu D lpauk nogbopa
HopmanbHaA BepOATHOCTb
(N Fpaguk HOpManLHOI BEPOATHOCTH




G6 - =SCS47+5C548*De+SCS49*ER+SCS50*F6
A B C o E F G H 1 J K L M N ] = Q

5 s ¥ xl x2 3 ¥ mpeack | COA

g 1 57,48 2,58 8,75 1,78 29,012 0,485128

7 2 110,18 3,72 11,15 2,18 130,357 0,1B3085

B 3 203,89 5,16 12,56 2,30 247,51 0213815

g 4 B5,25 2,ED0 13,57 2,66 70,3593 0,174645

10 5 134,51 3,61 15,37 2,57 131,008 0,026025

11 & 5,57 2,81 16,78 3,12  §3,858 0,158318

12 7 155, BE 4,22 1E,1E 3,41 203,652 0,0389687 R — Cvanm N

13 B 134,39 3,16 15,58 3,85 135176 0,00SEEE mepwm | wmazpatos |

14 ] 223,84 4,26 21,00 4,62 242,414 0,082895

1t 10 2EQ,5E 4,85 22,40 4,73 291,476 0006211 Codman l" ¥l

16 11 275,38 4,55 20,81 4,52 274,45 0,003373 1 1

17 12 254,14 a1s 19,33 5,55 28583251 0,04TESS - Z(x-7¥)

18 13 161,75 2,38 17,62 5,58 173,174 0,07061% 1 1

] 14 329,58 4,67 16,03 5,57 307,181 0,068201 Ocratommas Fiv-5)

20 15 252,14 4,20 14,43 5,64 273,418 0,054073

21 16 384,80 4,85 12,84 6,73 382,245 0,058514

23 17 257,46 3,67 11,75 6,29 2532777 0,01B173

21 18 358,17 4,45 8,65 6,61 325,642 0,050823

24 13 330,80 4,12 B,D5 7,68 334,067 0O,0DSEE3

a5 20 164,45 2,45 6,47 7,82 209,557 0,274307

26

27

2B

— COA=10,4%

L

-
=

Fewexnmne C MOMOILWEHY N3KETE 3HANKIE B Excel

31 BbIECT HTOTOE
17 - [N R
33 PEzpECCUOHHGR CTGIUCITUNG - T
34 MuomecTeskspE R 0,87517 i T EPOMA {Ci s MR A E:
3 P 025028 uﬂanwttln, OTHECEHHAA K 4H LTy
2 crenexdel ceobo o
36 HODMHPOEIHHMH R-  0,23177
a7 CTasaapTHaR ownbr 23,431 i — —
35 Hafmogeres 20 — —I— X — X —I— X
e ) ) 1 ) 1 ' 3
40 [HCEpCROHKEH AHAANE
41 df 556 M5 =7 F gyusMocme F
42 PEIPECCHR 3 170342,517 567B0,8 103,42366 1,1E-10
43 OCTaToK 16| B784,20885 548,013
44 Wroro 5| 178127025
4z / \
45 ﬁsqbqbuquew :ﬂpmmn OLTEMUCTILLP-SRoYeHUE UxHue D5flenrnus S5 fmHUe 85, Consue 95,05 NpogEpKD YROSRERUR R cpedhux
47 F-NEpECEHEHIE -224,623 | 34,7652722 | -7,3011F 1,7TBE-DE -2B8,542 | -155,4033 -259,B42 -158,403 -224,623
45 ¥l 78,3528 7) 186 11,7855 4,917E-08| 64,4927 ©4,29201 64,4827 84,7029
2 w2 -D,54857 1J2TETE454 -0,507iE 0,6158458 -3,35843 2,062283 -3,35843 2,08220
50 x3 30,759 DES59543 100336 2 B22E-DE 24,2517 3730624 24 25917 37,3082
5l
52
53
54 EBbIBECT OLTATRA
55
L] HoSmoderue  afoxgzonkc Domamyy
57 | 57,48 1! 29.01B2  2B.45B0SE7
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TonKoBaHue pe3yrnbTaTtoB
CYMMbI KBagapaToOB OTKNIOHEeHUM, aucnepcum, R
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Kputepum oueHKn 3Ha4YMMOCTU YPABHEHMA B LLenoMm

poBepuUTb 3HOYMMOCTb YPABHEHUA perpecCcumum - SHaOYUT YCTAHOBUTD,
COOTBETCTBYeT AU MATEMATUHECKAA MOAEAD, BbIPpQXKAKOLW,AA 3GBUCUMOCTb MEXAY
nepemeHHbIMU, SKCNepuMeHTAAbHbIM AGHHbIM, AOCTATOYHO AU BKAIOYEHHbIX B
YpaGBHEHUEe 06 bACHAIOLLUX nepemeHHbIX (OAHOﬁ UAU HeCKOAbKMX) AAl ONMUCAHUA

30BUCMMOM nNnepemMeHHOU. OCHOBHbIE KPpUTEPUU AAS OLLEHKU 3HAYUMOCTHU YPCABHEHMS
B LeAOM.
__ —ghaxm &
» F = D > Fma@z (CZ, klgbakm’ kZOCmam) KpMTepMM ¢M|_L|epC|
ESS RSS
RZ=1- >0,9
IES At KO3 PULUUEHT AeTEPMUHU3ALLUMN
n —_ A.
coa=231Yi= Y 1000
Nzl Y <8% cpeAHss oWwMnBKa annpoKCUMauum




G6 - Jr | =EXP(SC$47+5CS$48*L6+5CS49*M6+SCS50*N6)

Perpeccusa B Excel
c e e e e CTeneHHan

T
wm

c -] b ®l el 3 ¥ mpEaoE  COA Lnfy} ) =2}

& | 1 57,48 2,58 9,75 1,78 |[s5.o52dl| o,0258582 4,05137 0,54853 2,27551

7 z 110,18 3,72 11,15 2,18 117,478| 0,055201 4,70215| 1,31307 | 2,41169 77

T  ERrEC sl sl o 3aBMCUMOCTDb

g 4 ES,25 Z,B0 13,97 2,66 BE,TO0L 0,0LB0CE 444555 1,02827 2,63558 0,97572
10 5 134,51 3,61 15,37 2,57| 123,853 0,07922E 4,50164| 1,2B366 2,73252| 0,54204
11 & 55,57 2,B1 16,78 3,12| 57,0308 O,028419 4,50386| 1,03425 2,62006| 1,13814
12 7 195,88 4,22 16,18 3,41 190,E14 0,025847 5,2774E| 1,43854 2,90055| 1,23771
13 B 134,38 3,16 19,58 3,85  135,E42 0,010E7L 4,00073 | 1,15034 2,97504 1,37382
14 o 223,84 436 21,00 4,62 735,754 0,D56592 541091 1,44857 3,04437 1,53048 I_l p [/I p O C l.| eTe y|'| p eAC K :yp e rp
15 10 2E8,68 4,85 22,40 4,73 284,734 001584 5,66877| 1,57882  3,1082 155336
15 11 275,38 4,55 20,51 4,82| 275,BE1  0,001825 5,61E15| 1,51457  3,0354| 155238
1 12 254,14 4,19 10,23 5,55 266,685 0,049365 5,537EE  1,43227 32,88572 17133 yLI MTbI BOTb, l'|TC) KOS M LLM e HTbI

5 13 181,75 2,22 17,62 558 161,235| 0,003154 508606 1,08544 2,66814 1 TIEES < -

s 25 as mE 55 s oo s7osis iseris 273 i7isTS HAMAEHbI AAS AMHEQPW3OBAHHOM
20 15 252,14 4,20 14,43 5,64| 276,338 0,05407E 567722 1,43609 266962 1,72936
21 16 384,80 4,89 12,B4 §,73 307,582 0,033215 5,05272 1,58677 2,55262 1,005E5
22 17 257,46 3,67 11,35 6,20 245,514 0,042503 555085  1,2881 24201 1,B3853 3 O B M C I/I MO CT M
23 18 358,17 4,45 5,55 6,61 346076 0,03377 5,88101| 145208  2,2673 1,EER2ZY
24 19 330,50 4,12 E,06 7,68 347,736 0,051203 580151 1,41654 208686 2,03EBG b_]_ b b
25 20 154,45 2,48 6,47 7,88 153,B00| O,003EE4 5,1025 0,20013 1,B5653 2,0E5EE y —_ a o X R X 2 . X p
26 1 2 [} p
x| o COA=3,3%

_——
- 0 | | +b | +b, | +b. |
30 PRIEHHE C NOMOLWEID N3HETE 3HANM33 B Excel BoiBog: COA=3,3% < B3 -nyywe nHHeRHOR n y - n a 1 n Xl 2 n X2 LR p n X p
31 BbIBOY] HTOMOE
17 [V I -
33 PEEpeCCUGHHTR CMGIMLCITILED T
34 MugecTesssmit B 0,98702 AKHEP{TH (Cyswn HES PN 6 ,EI,IICI'IEPICI;R ley b - n y y - n a’ I - n XI
e 5 5 OCTATHOE OCTATHOE|, OTHECEHKER HUkTY
f' R-keagpar — 0,98404 creneHed ceoboam e
36 HopmupoEaHHbi R-  0,99292 T— T
CTawgapTean owwbe  0,04435 A e e A t— - /\
s : _ MHEAPKN3OBAHHOE YO ABHEHME
Hafmoassur 20 K o

40 [IRCNELCHOHHDIN AHANNE
41 df s T F FYUMocTE F — | 1 1 | [ |
47 PETPECCHR 3 5,252445224 1,75082  BES,67GEE  5,3E-1B a= 10,5921 p p
43 CcTaTol 16 0051485752 0,00157
44 Wrono 159 5,2E3531563
h = | +b | +b, | +b, |
46 Fipaghhuyue RrRAGOTTHER OLULITGITLOTTLL P-FRoYeHuE UnHLe 955enrHue O5AmELe 05 Covkue 95 0% NpoSspKT YpoSReRUR AR cpedRuy y eXp n a 1 n Xl 2 n X2 (RN n X
47 V-NEpECEMERIE 2,36011| 0,083955BE9 25,1193 2,77EE-14| 2,18083 2,5592E7 2,16083 2,5582%9 2,35011 p p
48 nxi) 1,52229| 0049562576 30,8484 | 1,235E-15 1,417 1,E275ED 1,417 1,82758

o nfx2) -0,0533  0,032352353  -1,8565 0,0680824| -0,13186| O,005285 -0,13188  0,0052%
50 {23} 0, 719541 0,0240F8564 28 6582 1 ,B37E-15 0,66847 0O, 770803 0 G5E47 0, 7705 a — eXp
5l
52
-
1,52 -0,06 0,72
54 BbIBO OCTATHA f— . X . X . X
g ] 1 2 [} 3
56 Hofimoderus CNOZOHHDS  DOTomKU

N N KA vmstrl o= a g Tl an s . I N S — | W, [P o Py [ —



Bydep obMeHa T

G6

1 Enoun

e
W fa = o Moo

LR SRR SRR

B

R Ra Ra R RO P P R
o -

a b= 03 b o

o on

4
2
U
3
3
3
4
3
3
3
3
3

HEhAsE SN

wn
—

[

b Y

T RN R R
oo

W e
-

S

LpugT

PRIUSHWE { NOMILLLH T3HETS AHANKWE B Excel

EbIECT HTCOTOE

PeZpECCIGHRER CMOMUCmUKE

MHOHECTERHHEE R 0,558
R-KE3APET 0,55209
HopsmrposanHmE B~ 0,57573
CTaxHaapTHaR owwhr 10,0765
HafnoaeHuR 20

[LHCTEDCHOHHBIE BHENNE

BprEBHHBEHHE

fr | =EXP(SCS$47+5CS48* D6+SCSA9*E6+SCS50*F6)

]

E F G
2 3 ¥ MpEACK
8,75 54,4574
11,15 112 325
1,58 211,587
13,97 B5,6652
15,37 118,582
16,78 28,0136
15,18 183, BOT
13,55 131,564
21,00 237,863
22,40 313,738
20,61 282,183
13,22 267,791
17,62 161,281
16,03 316,845
14,43 262,261
12,54 416,B57
11,25 228,638
8,65 330,024
E,DE 344,154
6,47 176,373

oA

0,121282
0,012437
0,037751
0,004502
0,110008
0,035504
0,051516
0,016778

0,0532
0,083082
0,024708
0,053718
0,002842
0,032548
0,102283
0,083307
0,111835
0,07E5E8
0,040425
0,072512

0,058158

BIBG COA=6H8% -mywe nuueinoi

AMCNEPCHA [CYMME HEBOPETOE
OCTETHOE)

df Ms F gfusecme F
Perpecenn 3 5189275031 1,71876 203 38353 3 5E-14
OCTaToR 16 0,024656952 0,00552
Hroro 18 5,2B35319R3

5,55085
5,BEL0L
580151

5,1026

COA=5,87%

Koad@uyuesr BAGOMATA OLWLMEMLOTL P-FHoYeHUE UK HLUS D55leprhue DFAmKLe 95 (parue 95, 0%

Y-NEpeCssEHre 2,68626
0,41554

x1
x2
x5

0,0 L00764 16

26,55BE 1,138E-14) 2 47217
18,0231 4,731E-12| 0,36693
2,1731E | 0,0451281| 0,00022
17,6508 6,457E-12| 015658

2,500355
0,454752
0,018021

0,18031

247217
0,36693
0,00022
0,15658

2,80035
0,48475
0,01802
0,18031

BbIECT OCTATHA

Hofmodenue

CHOZOHHDE

oomamyu

1 416847

[
w W

0. 3115057171

MHoxPerpeccuaCren

MuoxPerpeccuallokas

MHoxCraHaPerpCren

Perpeccuma B Excel
[TOKA3AQTEABHOS
30BUCUMMOCTb

a-+by X +..+0b, X,
=a+bXx +...+b X

Iny

AVHEOPU3OBAHHOE YPOBHEHME

Y =a+bx +..+b X,

P



CBOMCTBAa OCTATKOB

B 30A04Yy perpecCMOHHOro AHAAM3A BXOAUT HE TOAbKO NOCTPOEHHue
COMOMU MOAEAU, HO U UCCAEAOBAHNE CAYHAUHBIX OTKAOHEHUM ¢&i

(ocTaTkoB). OHU AOAXHDbI ObITb HECMELLEHHBIMU, COCTOATEAbHbBIMMU,
3 b eKTUBHbIMU, UAU PABHOU3IMEHYUBBIMU, HEKOPPEAUPOBAHHbIMM.

HecMeLWweHHOCTb O3HAYAEeT, HTO MAaTEMATHUYHECKOEe OXXMAOHUEe
OCTATKOB PABHO HYAIO.

CQéTOiITeAbHOCTb OLLEeHKU XApPAKTepusyeTcs YBeAM4EeHUeM ee
O4YHOCTHU C YBEAU4YEHUEM BbIOOPKMU.

P DPEKTUBHOCTb O3HAYAET OLLEHKY, XApaKTepusylowmuecs
HOMMEHbLLEN AUCNepCcUueun oCTATKOB.

YcAOBUE TOMOCKEAACTUYHOCTU UAU POBHOU3IMEHYUBOCTU O3HAYAET,
4YTO AAfl KODKAOFO oaKTOpa AUCnepcus oCTATKOB OAMHAKOBA
(npoBepseTcsa C NOMOLLBIO YACTHbIX YPOBHEHUN perpeccum)




CranpapTusoBaHHOe ypaBHEeHMe

t, = pit, + B, +..+ ,Hmrxn_

rae t,,f,,.., 1, — CTaHIAPTH3HPOBAHHEIE IEepeMeHHBle: [ ==

CPE€IHEE KBAJPATHNICCKOC OTKIOHCHHC PABHO €IHHHIC. 0.‘ :O-, —} & ﬂ‘, =

CTAHIAPTH3IHPOBAHHEIE KO3QDHIIHEHTE! PErPecCHH.

KoachbdbomumeHTol Bi npu CTAHAAPTU3IOBAHHBLIX (LLEHTPUPOBAHHBIX)
nepemeHHbiX iXi no3BOAAIOT OLLeHUTb CHUAY BAMSHUA PAKTOPOB Xi HA
Pe3yYAbTATUBHbIM NPU3HAK Y . YemM OGoabwie Bi, TeM OGoOAbLue BAUSIHUE.

KoadodounumeHtol koppeaaumm [Fyxi B 3I3TOM OTHOLUEHMM MEHee
UHAPOPMATUBHbBI, TAK KOK HE YYUTbIBAIOT KOAAMHEAPHOCTb PAKTOPOB




\\

CBA3b Mmexay xoadhduMeHTaMM KoppenaumMm m
KoadhdhMuMeHTaMM CTaHRAPTU30BaHHOIO ypaBHeHMA

:/61 +ﬁ2 X1X _I-/HE X1X3 T +/6mfrlxm

_}:{a_ﬂ] rlIE_I_/BE +183 1’13:3+ T m lem
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PacueTr 3HaYeHUMM CTaHRAPTU3O0BaHHbIX
nepemeHHbix B EXCEL (nMHenHaa 3aBUCUMOCTD)

' p | E | E [ & | H | ¥ | 9 | K | Lt | M N 0 P Q R S T U VW X |y
2]
2 ‘ CTaHAapTM3OBaHHbIe nepemeHHble
30 Ne x1 X2 x3 ty tx1 tx2 tx3
4| 1 574762667 2,58216 9,75 1,78439 1 -1,68758 -1,59644 -1,13915 -1,59195
5| 2 110183783 3,71759 11,15 2,17745 2 -1,13064 -0,18621 -0,82563 -1,37646
6| 3  203,893635 515665 12,56 2,30127 3 0,14045 1,60114 -0,51212 -1,30858 [, = ﬁlt’l + ﬂ:th L g ﬂmtx. +E,
7| 4 852473181 2,79622 13,97 2,66372 4 -1,39414 -1,33057 -0,1986 -1,10987 - 5
8| 5 134509953 3,60984 1537 2,56522 5 -0,8736 -0,32004 0,11491 -1,16387 T
9| 6 998689479 12,8131 16,78 3,1209% 6  -1,23964 -1,3096 0,42843 -0,8592 rae t,t., .., !, ~— CTAHIAPTH3HPOBAHHBE MepeMeHHHe: I, =*—=—
7 195876359 4,21876 18,18 3,4134 7 0,22517 0,43626 0,74195 -0,69887 R " ) o
8  134,387779 3,15928 19,59 3,9508 8  -0,87489 -0,87964 1,05546 -0,40425 )
9 223,836095 14,2617 21,00 4,62046 9 007027 04896 1,36898 -0,03712 -
10  289,676689 4,8497 22,40 4,72734 10 076598 11,2199 1,68249 0,02147 X, — X, - -
11 275378632 4,54926 20,81 4,91542 11 06149 0,84675 1,32719 0,12459 t, =——. A% KOTOPEIX CpeIHee 3HaueHHe paseo Hymo: I, =1 =0.a
12 254139257 14,1882 19,22 5,54669 12 0,39047 0,39831 0,97189 0,47067 g,
13 161,751246 2,9905 17,62 5,57816 13 0,58575 -1,08927 0,61658 0,48792
14 329,675398 4,66999 16,03 5,5666 14 1,18863 0,99669 0,26128 0,48158 CpelHee KBATPATHYECKOE OTKIOHeHHe paBHo eimmmue: O, =0, =1; B -
15  292,135658 4,20424 14,43 5,63707 15 0,79197 0,41822 -0,09402 0,52022 , %
16 384,800268 4,88796 12,84 6,72515 16 1,77111 1,26742 0,44932 1,11674
17 257,456277 3,66599 11,25 6,28727 17 042552 0,25029 -0,80463 0,87668 CTAaHIAPTHIHPOBAHHEIE KOIYQHIIHEHTE! pErpeccHH.
18 35817181 4,44633 9,65 6,60795 18 1,48974 0,71891 -1,15993 1,05249
19 330,798029 4,12284 8,06 7,68185 19 1,2005 0,31712 -1,51523 1,64124
20  164,448185 2,45993 6,47 7,89224 20 0,55725 -1,74825 -1,87053 1,75658
cp  217,185579 3,86751 14,8562 4,68817 cp 3E-16 -5,8E-16 0 0
carm  94,6380014 0,80514 4,48552 1,82404 curm 1 1 1 1
¢ _."-.T. t _"‘!_T;
! 0y - ) o -




A B C D E F G H I J K

BeIBOO MTOMOB Bblq"cneH "e
PezpeccUuoHHas CramucmuKa Koa¢¢ " “" e HTo B

MuosecTs 0,9751723
R-kBagpa” 0,95026101

Hopmwmpor 0,3417662 CTaHAapT"3OBaHH
CraHoaptr 0,24758583

Habnwaoe 20 oro ypaBHeH "ﬂ
41 OHCNepCcoHHBIR aHanms perpeccu"

42 df 55 nAS F Ty LUMOCITTE F =

43 Perpeccws 3 19,0192 6,33974 103,424 1,1E-10 (n"He"Haﬂ

44 OcTaTok 16 0,98078 0,0613

45 HMToro 15 20

p 3aBMCUMOCTD)
47 KoaghhuyueHm'apmHyaa oimomucmu’-3HaueHUe U HUe 35 epxHue 35 mHue 35, (pxHue 35,0%

48 Y-nepecec 6,6925E-16 0,05536 1,2E-14 1] 0,11736 0,11736 -0,11736 0,11736 O“eHKa BJIMAHMUA
49 bl 0,67543879 0,0598 11,2956 4,9E-09 0,54868 0,8022 0,54868 0,8022

50 tx2 -0,0307399 0,06061 -0,50718 0,61895 -0,15923 0,09775 -0,15923 0,09775 *al('ropon Ha

51 >3 0,59361463 0,05916 10,0336 2,6E-08 0,46819 0,71903 0,46819 0,71903 -
2 pe3ynbTaTUBHbIN
54

55 BbIBOJ] OCTATHKA “puaHaK

56

57 HofmoderuedckazaHHoe Domaimyu

58 1 -1,988286  0,3007

59 2 -0,9174825 -0,21316

60 3 0,32042146 -0,46087

61 4 -1,5514516 0,15732

62 5 -0,9105896 0,03699

63 6 -1,4077595 0,16812

64 7 -0,143003 -0,08216

65 8 -0,8665564 -0,00833
4 » ... | MHoxPerpeccuallokas MuoxCranaPerp/lvH MHuoxCranaPerpCren




PacueTr 3HaYeHUMM CTaHRAPTU3O0BaHHbIX
nepemeHHbiX B EXCEL (cteneHHaa 3aBUCMMOCTD)

A B C D E F G H I ] K L M M O P Q R 5

5 No y al ¥2 x3 Ln{y) Infx1) In{x2) Infx3) tlny tlnxl tlnx2 tlnx3

a8 1 57,48 2,58 9,75 1,78 4,05137 0,94863 2,27691 0,57907 1 -2,3598 -1,71501 -1,10848 -2,0077%
7 2 110,18 3,72 11,15 2,18 4,70215 1,31307 2,41169 0,77816 2 -1,09369 -0,07207 -0,70452 -1,552¢
8 3 203,89 5,16 12,56 2,30 5,3176 1,64029 2,53044 0,83346 3 0,10368 1,40301 -0,3486 -1,42614
9 4 85,25 2,80 13,97 2,66 4,44556 1,02827 2,63658 0,97972 4 -1,5929 -1,35598 -0,03049 -1,0917:
10 5 134,51 3,61 15,37 2,57 4,90164 1,28366 2,73252 0,94204 5 -0,70558 -0,20466 0,25708 -1,1778¢
11 6 99,87 2,81 16,78 3,12 4,60386 1,03429 2,82006 1,13814 6 -1,28492 -1,32885 0,51945 -0,7295]
12 7 185,88 4,22 18,18 3,41 5,27748 1,43854 2,30055 1,22771 7 0,02563 0,49B804 0,76069 -0,5247.
13 8 134,39 3,16 19,59 3,95 4,90073 1,15034 2,97504 1,37392 8 -0,70735 -0,80566 0,98395 -0,1904.
14 9 223,84 4,26 21,00 4,62 5,41091 1,44967 3,04437 1,53049 9 0,28522 0,5437 1,19173 0,1675;
15 10 289,68 4,85 22,40 4,73 566877 1,57892 3,1092 1,55336 10 0,78688 1,12635 1,38603 0,2198¢
16 11 275,38 4,55 20,81 4,92 5,61815 1,51497 3,0354 1,59238 11 0,6884 0,83805 1,16485 0,3090;
17 12 254,14 4,19 19,22 5,55 5,53788 1,43227 2,95572 11,7132 12 0,53224 0,46527 0,92604 0,5853:
18 13 161,75 2,99 17,62 5,58 5,08606 1,09544 2,86914 1,71886 13 -0,34679 -1,05317 0,66654 0,5982¢
19 14 329,68 4,67 16,03 5,57 579811 1,54116 2,77435 1,71678 14 1,03852 0,95613 0,38243 0,5935]
20 15 292,14 4,20 14,43 5,64 567722 1,43609 2,66962 1,72936 15 0,80333 0,4825 0,06854 0,6222¢
21 16 384,80 4,89 12,84 6,73 595272 1,58677 2,55262 1,90585 16 1,33933 1,16177 -0,28212 1,0258!
22 17 257,46 3,67 11,25 6,29 5,55085 1,291  2,4201 1,83853 17 0,55747 -0,13507 -0,67931 0,8718;
23 18 358,17 4,45 9,65 6,61 5,88101 1,49208 2,2673 1,88827 18 1,19381 0,73489 -1,13728 0,9856!
24 15 330,20 4,12 8,06 7,68 5,80151 1,41654 2,08686 2,03886 15 1,04513 0,39436 -1,67809 1,3299:
25 20 164,45 2,46 6,47 7,89 5,1026 0,90013 1,86653 2,06588 20 -0,31462 -1,93361 -2,33844 1,391,
26

27 cp 217,186 3,86751209 14,8562 4,6881715 5,26431 1,32906 2,64675 1,4572 cp -7,5E-16 1,1E-15 -1,1E-15 -3,8E-1¢

28 CHIM 54,638 0,80513813 4,48552 1,8240375 0,514 0,22183 0,33365 0,43736 CHrm 1 1 1 ]




B C D E F G H I ]

Pewexnue c NOMOLLLIO NaKeTa aHanu3a e Excel
BEIBOO MTOTOB

PezpeccuoHHOA cmamucmuka
MHO#eCTEEHHBIA R 0,99702
R-uBagpar 0,99404
HopmwpoBaHHeliA R 0,55292
CTaHoapTHaA owwkbl 0,08631
HabnwoeHKa 20

[MCNepcMoHHbIR aHANK3

df 55 M5 F ayUMocTIb F
PerpeccHa 3 19,8208207 6,62604 BE9,67688 5,3E-18
OcTaTok 1g 0,11517927 0,00745
KToro 15 20

KosghghuyueridapmHaa oWmamucmuP-3HoYeHUe ukiHue 35 epxrue 35%xHue 33, (pxHue 35,0%

Y-NnepeceyeHue -1,3E-15 0,01929858 -b,7E-14 1 -0,04051 0,040511 -0,04091 0,04051
tinx1 0,65658 0,02143554 30,6484 1,225E-15 0,61154 0,70242 0,61154 0,70242
tlnx2 -0,04109 0,02100054 -1,9565 0,0680524 -0,08561 O0,003432 -0,08561 0,00343
tinx3 0,61225 0,02045779 29,8692 1,837VE-15 0,5688 0,655705 0,5688 0,65571

BBIBOO OCTATHA

Hofmodedue  'crozondoe Ocmamyu

-2,31044  -0,0493528
0,96838  -0,124712
0,06291 0,04076841
-1,55801  -0,0348945
-0,86017 0,10058597
-1,24101  0,05609001
-0,02531 0,05094713
-0,68032 -0,0210362

[T s I O (R S TR TR S T =

BbluMcneHue
KoadPpULMEeHTOB
cCTaHpapTU30BaHH
Ooro ypasHeHus
perpeccum
(cTteneHHan
3aBMCMMOCTbD)



JIP- 4. ABTOMaru3aumsa npeacraBneHmsa
AaHHbIX




|
Haactpoitku

r

.

‘ Mapametpsl Excel

NoaxnioueHue HapcTpoukm NMaker
aHanmsa VBA m HacTpoMka NneHTbl

AOCTyNHbLIE HAACTPOMKK:

Tl Neural tools package

V| Naker aHanuza — VBA
I | nouck pewenus

OK

|/|HCT MEHTbI ANA EBPO
. MakeT aHannza

OTMeHa

06z0p...

ABTOMATH33UMNA..,

[MakeT aHanuza

AdHHbIX

Cop,epxm WMHCTPYMEHTBI ANA aHaNN2a Hay4HbiX U QUHAHCOBbIX

Obuye

Qopmynsl

Mpasonucaxue
CoxpaHerve

Ai3biK

[lonoaxuTeNbHO
HacrpouTh nexy

MaHenb beIcTPOro JocTyna
Haactpoviku

LleHTp ynpasneria 6e30NacHoCTbH

@E Hactpoitka neHTbl

Bbibpatb KOMaHab!:'

Yacro MCNONb3YEMbIE KOMaHAbI

bbicTpan nevats
BepHyTs

Bce Tvnbl avarpamm..
Bcrasuty

Bcrasute

BcrasuTb CTONGLb! Ha ANCT
BCTaBuTh CTPOKY Ha MCT
BcrasuTs QyHKUMI..
BcrasuTb Aveku..
BoipesaTs

BbIPOBHATH MO LEHTPY
[paHuub!

[cnetuep umeH

Japats

JakpenuTs 06nacTy
Konupogars

P Makpocs!
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HactpouTts newty:'

(OcHOBHble BKNaAKV

OCHOBHbIE BKNAAKM
VT nagHan

V] Bcraska

V1 Pasmerka crpaHmusi

V] 0opmyns

® V] lanHsie

V]Peuersuposanue

VIBua

8 [V|paspaborunk
 Koa
Haactpoiiku
® JnemeHTs! yripasaeHua
XML

3meHerve
VIHaactpoiiku

VKomaraa
V1Y aanetve dona




3dnyckK peAakTopda
Visual Basic Editor
(VBE)

HO BKAGAKE
n3paboTHUK

OkHO pepakropa VBA

Maneap NHCTRpYMEHTOB

CTPOK3 33r0N0BKa

polcstions - maccrestxlsm - [UserFarm] (Codel]

/Orpouauemo

£ MicrosoR Visual Basic

ag 25 VBAProject (FUNCRESIALA -
| IS) & VBAProject (macosbi xis
=5 Maosoft Excel Chjects

) Nt t (eecr )
OKHO W) nacr2 {Pwcr )
Mot 3 (Meace 3) 3
PRORsTA ITaira
(Project) -2 Forme
£ UsersForm]
¢ | " '

[Properties - CommandBettonz  X|

O KHO
CBONCTE
(Propertiesi |

Dan P(12) Aa 3ingle, L X3 Incegar, S As Single,
Din €t XAs Scring
‘B30 I3IneMenToR MASTHBA

Randomize Timer

t = N
Range("Al1") .Valuve = "Meocau®
Range(*8i") .Value = "Opoaaxy™

LiacEoxl AZditen "Hoxomal Macoxn™
For 1 = I Tc 12

P{i1) = Cell=ir + 1, 2)

C ™ 1T % Scr(Pii)) "

....... 2, 9) = P(31)

ListBoxl. Addlcem Pl1)

Nexc 1 ~

)
TexcBoxl.Text = © %KHO Koa3
k=9 (Code)
S=30

™ P(lj: nm= 2
For 4 = 3} To 12
S =S «+ P{1)

== <] |

@) Ble Eddt  ViewS Inset Formet Debug Run  Tools Add-dns  Window Help -8 X
ME-W AP B8N 20 » 0 UK EFY O @ et l
Protect VBAPIzjoct X! | [CommandButiont <] [cack ]

Q34 E Frivate Sub CommandSuttconl _Click() o

sn ..

e




I = Co3paHue HauanbHOM (hopMbI

Project - VBAProject

B = ||

X =3a1Tu B peAaKTop

VBA ( ALT+F11
* UAU Yepes

' -84 VBAProject (FUNCRES.XLAM)

EI Eﬁ. VBAProject (MUC.MMNA.2019.MMIAABTOMaTHS;
[~ 7] Microsoft Excel Objects

EI @ Forms

T, - . -8 FormBeqgin
------- . FormCorrel
------- . -8l FormLinRegr

L e . -8 FormPowReqr
EI @ Modules

+  PaspaboTyuk).
= [nsert, UserForm

»[[pe ABAPUTEABHO
AOOGABUTb B KHUry
Excel Aon. AuCT,
HO KOTOPOM
HaXoAATCH
UCXOAHbDbIE
ACHHbIE

11




HacTpouka cBoMcTB (hopMbI

Properties - FormBeqgin ﬁl
FormBegin UserForm b
Alphabetic | Categorized
[CELD R Formeegin .
BackColor &HB000000FE o
BorderColor B zH800000128
BorderStyle 0 - fmBorderStyleMone
Caption ABTOMATHIAUWA NpeacTaBneHns JaHHbL
Cycle 0 - fmCycleAllForms
DrawBuffer 32000
Enabled True
Font Tahoma
ForeColor B aHs00000128 =
Height 321,06
HelpContextID 0
| |[KeepScrollBarsVisible 3 - fmScrollBarsBoth




CospaHMe KOMaHAHbIX KHOMNOK, ﬁ-i'f-
MHCTpYMeHTbl ToolBox

ABTOMaTM3aUMA aHaNW3a AaHHBIX @ ﬂnﬂ KOMA HAH bIX KHONMOK

il HEOGXOAMMO 3aAaTb

e o p noaxoaauwmne Name u

:ff::5”?’?“:3.‘1’?@??3:::::::::::::::::::ffééééé — o Caption. HaanMep, AnA

::ffééfff:::::::::::::::::::::::::;;;ffffffff KHOMKU C 3aroJioBKkom

R S e N p Caption: «nMHeﬁHaﬂ»

o T/ ma Names

SRR LR EE RS I EE SRR IR IR IR RS CommandLinRegr




37 BcTaBKa cTaHOApTHLIX Moaynen

Project - VBAProject X

» |[nsert, Module

E - - ®HeT HOAOGHOCTH CO3AQBATD
A OTAEAbHbI€ CTAHAOPTHbIE
—  MOAYAMU AASl KODKAOU

-84, VBAProject (FUNCRES.XLAM)

EI VBAProject (MHC.MMNA.2019.MMINJABTOMATHS:
: %I?‘ B Microsoft Excel Objects Sledelpsre AL
EI @ Firms » [IoU BCTABKE MOAYAS
[ FormBegin = PeAAKTOP ABTOMATUYECKHU
I8 FormCorrel CO3AdEeT NANKY AAf
& FormLinRegr CTAHAGPTHBIX MOAYAEH
- FormPowReqr 4 Modules

EI @ Modules



Npoueaypa BbI3OBa CTapTOBOM
cbopmbl B Module1

Insert, Procedure, AaTb uMma npoueAype (Makpocy),
Hanpumep, StartFormBegin

» MeToA FormBegin.Show

MACMMND.2019 MMINQAeTomaTu3aLmaoasm - Moduéel (Code)

(General) v (Declarations)
Public Sub StartFormBegin() 'Bw30s HauanbrOil QOPME 2BTOMATHSALNG! MDENCTARNSHMA IRHHNX
FormBegin, Show
End Sub
W\




39 3anyckKk MaKkpoca cTrapToBoM chopMbl

poueaypa StartFormBegin, 3anMCAHHAA B CTAHAQPTHOM
oayAe Modulel, — makpoc, oTobpaxaembiu B Excel B
DKHEe Makpochl

AKPOC 3dnyCKarT C NOMOLLLLIO NAHEAU UHCTPYMEHTOB,
OMAOHAHOU KHOINKHAN, COHEeTAHNA KAABULL U T.A..

TOObI HOCTPOUTDb 3ANYCK MAKPOCA MO COYETAHMUIO

ABULL, HYXKHO nepentu us peaaktopa VBA B Excel,

bI3 ATb OKHO NApPAaMeTpPOB MAKpOCO StartFormBegln

PazpadoTUnK, MAKPOCHI, MAOPAMETPbLI), B KOTOPOM

3 AOTb co4YeTaHune KAasuwl, Hanpumep, cirl+shift+A (RU),
KOTOPOMY OyAeT 3anyCcKAaTbCs MAKPOC.

NG

\




Coaparb hopMmy NMHENHOMN

perpeccmm
gt ol cen-griee ] £=guict e . * Co3patb ¢opmy BbINONHEHMUA

NuHelHan perpeccua < ES
';;:::::::::::::::::::::::::::::::::;;;;% nMTMHenHou Inser‘l" UserForm
. .. TlepeHecTH [OaHHbIE C NIMCTA WCXOOHLIX QAHHLX HE | . . . B

PACYETHBIA NMCT

'l 3apaTb 3aroNIOBOK W  UMA

PSR IR LELLLREELEE LR -+ Name=FormLinRegr gna ¢opmbi

©© PaccuumTaTh Ko(hUUMEHTE ypaBHEHUA perpeccn u | |

cpeaH ownbky anpokcumaumn COA s

________ T 1« lnA KaXKOoW KHOMKM  3a4aTthb
3aflOJIOBOK U UUMA, KOTOpOe

...  6ymeT  MCNONb30BaTbCA B

e con <%0 e e TIPOLEAYPAX 06paboTKN

_______ B uenoM IHa4YuMo

iR COGblTMﬁ, N 3afrON10BOK



NMpoueaypsbl moayna popmMbi

rmBegin

®»3AanNMCcaTb B MOAYAE CTAPTOBOU COOPMBbI
npoL.eAypbl BbI30BA BCMOMOIaTeAbHbIX ObOpM

I{Ge neral)

' MpoleIypH MoOynIA GopME FormBegiln

Private Sub CommandLinRegr Click() 'BHS0B QOpMH JIMHENHON pPErpECCHH
FormLinRegr. Show

End Sub

Private Sub CommandPowRegr Click() 'BHS0B QOpMH CTENEHHON PEDPECCHH

FormPowRegr. Show
End Sub




» KHonka «llepeHecTu AQHHbIE .
3HaueHMUsA KHOMOoK HY>)KHO AASl NepeHocda ACIHHbIX
NPOU3BOAbBHOIO BAPUAHTA ,
3ANMUCAHHbIX HO AUCTE

‘ AUCT AMHEUHOMU perpeccuu
({MHOXPerpeccuaAuH»

= -y = KHonka « PaccyuTaTb
P R PP KO3 PULUEHTHBI ...u COA)
S i AOAXHA 3AMNyCKATb OKHO
NOAYYEeHUa YPABHEHUS perpeccuu
C MOMOLLLBIO BKAOAKU AHAAU3
ACQHHbIX HO MAHEAU UHCTPYMEHTOB

Excel.
e 1 mKHonka «BbiBecTu COAN AOAXKHA

SESEESRRN obecne4yuTb OTOOPOAXEHUE B

MepeHecTH OaHHBIE C IMCTE MCXOOHBX AaHHBX HaE
PACYETHBIA NMCT

° PaccunTatb KO3(Q@UUWeHTEl YPABHEHHA perpeccn u |
CpeaHo owKbry anpokckmauun COA

TeKCTOBOM noAe 3Ha4yeHusas COA B
NPOLLeHTAaX

....... Ecnn COA <8%, TO YpGBHEHWE DErpeccHH. - - . . . . . . [
B LeNoM 3Hauume T




r

( lMapamertpol Excel

HactpouKa ctuna ccobinok R1C1

(cTpoku n ctonbubl Ancrta o603HavarOTCA YMcnamm)

»

'? lwe

X{

Oblupe

Oopmyabl

[NpaBonucaxue
CoxpaHeHue

A3bIK

flonoaHnTenbHO
HacTpouTs nexHty

[NaHenb bbiCTpOro AocTyna

HaacTpowku

\\

LleHTp ynpasneHnsa 6e30nacHOCTbIO
y

&

MapameTpbl BbIYMCACHMIA

BbluMcaeHmA B KHure, | BxnrouwTb vTepaTvsHbIe BbUMCAEHNA
@ asTOMaTMUECKM

(©) aBTOMaTMUECKM, KDOME TabAuLL AaHHBIX

OtHocuTenbHas norpewHocts: 0,001

MpeaensHoe uncno utepauuid: 100 %

fr W3meHeHMe NapaMeTpoB, CBA3aHHLIX C BLIUMUCIEHUEM HOPMYA, UX BBOAOM U 06paboTkoi olwmbok.

(") BPYUHyHO

V] MepecunTsisaTh KHUTY NEpes COXpaHeHneMm

Pa6ora ¢ popmynamu

CTvb ccolnok R1C1Y
V] Astozasepuetive dopmyn "
Wcnonb3osaTh MMeHa Taban B GopMynax

I¥| Ucnons3osats dyHkumm GetPivotData an ccbinok B CBOAHON TabauLe

m




NMpoueaypa nepeHoOCa UCXOAHBIX

' Mpollegype MOOYVIA dopMe FormLinRegr

Private Sub CommandSetData Click()
47 To &6

For 1
For 7

3 To &

'HEROJIIMHEAPHEE [aHHEE [IepeHOC MCXOOHBIX [aHHEX C© JMcTa "McxadMHo®" Ha mcT "MHOEPe:

Worksheets ("MuEo®mPerpeccuallMa") .Cells (i - 41, 7) =

Next 7
Next 1
End Sub

45

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

Fal a

1

2

LDGO‘--JU‘\U‘I-I‘-‘-WMI—‘E

T O S
e - R N T R FT R W S

J
)

P T

x1

4

2,58
3,72
5,16
2,80
3,61
2,81
4,22
3,16
426
4,85
455
4,19
2,99
4,67
420
4,89
3,67
445
412

o -

X2

5

9,75
11,15
12,56
13,97
15,37
16,78
18,18
19,59
21,00
22,40
20,81
19,22
17,62
16,03
14,43
12,34
11,25

9,65

8,06

S~ —

Worksheets ("McxIauMuox™) .Cells (1,

x3

6

1,78
2,18
2,30
2,66
2,57
3,12
3,41
3,95
4,62
4,73
4,92
5,55
5,58
5,57
5,64
6,73
6,29
6,61
7,68

—

W 00 =] an uh

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

1

=
w ™

0D 08 = A W R e

[ T B O S s
[ R T T R T R O FTR E SP o

J)
3

57,48
110,18
203,89

85,25
134,51

99,87
195,88
134,39
223,84
289,68
275,38
254,14
161,75
329,68
292,14
384,80
257,46
358,17
330,80
164,45

x1

2,58
3,72
5,16
2,80
3,61
2,81
4,22
3,16
4,26
4,85
4,55
4,19
2,99
4,67
4,20
4,89
3,67
4,45
4,12
2,46

X2

9,75
11,15
12,56
13,97
15,37
16,78
18,18
19,59
21,00
22,40
20,81
19,22
17,62
16,03
14,43
12,84
11,25

9,65

8,06

6,47

X3

1,78
2,18
2,30
2,66
2,57
3,12
3,41
3,95
4,62
4,73
4,92
5,55
5,58
5,57
5,64
6,73
6,29
6,61
7,68
7,89
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5] OTHOCMTENbHEIE CChINKK

Makpochl
I besonacHOCTh MakpoCoB

Kog

ABTOMaTUYEeCKana 3anMcb MaKpoca

AN [TTABHAA BCTABKA  PASME
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| L

1= OTHOCHTENLHBIE CChINKK

Visual Makpoce
: I
Basic ! be3onacHOCTL MaKpOCoB

K.on
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NMpouenypa Perpeccum, nonyvyeHHasa ¢ NOMOLULbIO
aBTOMAaTM4YeCKOM 3anMcm MakKpoca

/ [MpoueAypbl MOAYAS cbopmbl FormLinRegr

Private Sub CommandCalcRegr Click() ' HaxXomOeHMe ypaBHEHMA JMHENHON perpeccuu U pacueT COR,

' OIA [NONIYy4YeHMA Kola MCIONB3YTCH ABTOMATHMYECKad 3alliCk MakKpoca
Epplication.Run "ATPVBAEN.XLAM!Regress", ActiveSheet.Range("$C53:5C525"),
LctiveSheet.Range ("$D55:5F525"), False, True, , ActiveSheet.Range("SB531") 3
, True, False, False, False, , Falsze

End 5Sub

ABTOMATHYECKM 3anucbiBaeTcs B Modules,
30TeM NepeHeCcTU B npoueAypy doopmbli
FormLinRegr



Npoueaypa ebiBoga COA B TekcroBoe

noJie .
/ MMpoueAypbl MOAYAS cbopMbl FormLinRegr

Private Sub CommandGetError Click() ' orofpamenue COR B SafaHHOM QOpMaTe B TEKCTOBOM IIOJE
TextError.Value = Format (Worksheets ("MuoxPerpeccualluy™) . [R2TCE] * 100, "###.###")
End Sub
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ABTOMAaTU3aUNA aHan3a AaHHbIX

— AHanuz QakTopoB

Koppensuusa, KonanHeapHoCTb

Bbluncnexue ko3dOUUNEHTOB NapHOWU KOppPenaLunm

BHECTH AaHHbIe C IMCTa MCXOAHBLIX ABHHBIX

PaccunTatb KO3 dULUWEHTEI NapHOH Koppensuuu

BuieecTn KopduuneHTsl Koppensuum Kij

Y\

Kx2x3

Onpepenutens
KOoppenauMoHHOM
MaTpuubl Det

1,00

0,18

0,18

-4,09E-21

Ecnut Det 6a130K K 1, TO aKTOpPbl HE KONMHEapHbI, B
NPOTHBHOM CAYYae - KONIMHEaPHbI

L2

T
|

T
_—
| | 1

JlvHeHan perpeccus '_Xi

MepeHecT AaHHble C IMCTa MCXOAHLIX AaHHBIX Ha
pacyeTHbli aucT

PaccunTatb Ko3PdUUNEHTEI YPaBHEHUS perpeccu U
cpeaHo ownbky anpokcumauun COA

Buigectt COA

CoA% | 10.46%

Ecnu COA <8%, TO ypaBHeHue perpeccum
B LeN0M 3HaYUMO




3apaHuAa 3,4 KOHTPONbLHOMU paboTbl

» 3aAaHue 3 cooTBeTcTBYyeT AP-3
= 3aaaHue 4 cooTBeTCcTBYET AP-4

( “ICXOAHDBIE ACHHbIE MO BAPUAHTAM NPEACTABAEHbI B HO AUCTE
HTbl AP3-6)




Nexuma 3

KOMNOHEeHTHbIN aHanNn3 un KnacTepHbIn aHanus3




CTpykTypa nexumm

» KOMNOHEHTHbIU aHanu3: Anredbpanyeckue wu
CTaTUCTUYECKMEe OCHOBbI KOMNMOHEHTHOro aHanu3sa, JIP-5

» KnactepHbIiU aHanu3 (UKpapxmyeckum u Metopn K-cpeaHunx)
JIP-6

» 3a0aHnA 5,6 KOHTPONBLHOU pPaboThI




KoMnNnoHeHTHLIM aHaANMM3

» KOMNOHEHTHbIN aHanu3 ABNAeTcsA OCHOBHbLIM MEeTO4O0M
dakTOpHOro aHann3a, No3BonsieT onpeaenuTb
CTPYKTYPHYIO 3aBUCUMOCTb Mexay hakTtopamu

»lnesa metoaa 3aKknr4vyaeTcs B 3aMeHe CUJNIbHO
KoppenupoBaHHbIX NepeMeHHbIX (pakTopoB) HOBbLIMU
nepemMeHHbIMU (FMaBHbIMU KOMMNOHEHTaMU), Mexay
KOTOPbIMU KOoppensaunusa oTCyTCcTBYeT

» B pesynbTaTte ero NCNosib30BaHUA NOJIy4aeTCcs cxaTtoe
ofincaHue MeHbluero oobLema, Hecyliee NOYTU BCHO
Hpopmauuio, coaepKallyroCc B UCXOOHbIX AaHHbIX

NaBHble KOMMOHEHTbI NONy4akTCHA U3 NCXOOHbIX
epeMeHHbIX KaK NMHeNHble KOMOMHaLMUN NCXOOHbIX
epeMeHHbIX




Anrebpamyeckue M cTraTucTUUecKue
ocHOBbl KOMNOHEHTHOro aHanm3a

®» OTbICKaHMe COOCTBEHHbIX 3Ha4YeHUN KoppensaLunOHHOW
MaTpULbl BEKTOPOB LEeHTPUPOBAHHbLIX U HOPMUPOBAHHbLIX NO
cTonobuam UcxXoaHbIX AaHHbIX

Bbi6op cpean cobCTBEeHHbIX 3HAYeHUU CYLUeCTBEeHHbIX (>1)

ne COOTBETCTBYHLLMUX COOCTBEHHbLIX BEKTOPOB
(rmaBHbIX KOMMOHEHT) U MaTpuUubl Harpy3okK, ctonouamm
OTOPOM ABNAKTCA HOPMUPOBaAHHbIE COOCTBEHHbLIE BEKTOPbI

» OTKICKaHMe MmaTpuLbl CHeTOB (BeCOB) UMK pe3yrnbTaToB,
OKN KOTOPOU- OPTOroHanbHbIe NPOEKUNUN CTPOK UCXOAHbIX
HbIX Ha rMaBHble KOMMOHEHTbLI



Anrebpamuyeckue M cTtarTucTuyeckKue
ocHOBbl KOMNOHEHTHOro aHanm3a

» CoOCTBEHHbIEe 3Ha4YeHUA KOppPEenAaALUOHHON MaTpULbl
MCXOOHbIX AAaHHbIX PaBHbl AUCNEePCUAM CTONOL OB MaTpUuLbl
CYETOB M NOKa3bIiBaKT BKriag COOTBETCTBYHLLEN KOMMOHEHTDI

apaKTepn3yrTCA HanbonbLMMN OANCNEepPCUAMMU
accesiHUAAMU), NOITOMY NMO3BOJIAIOT COXPAHUTb MAKCUMYM
OpMaLMM MO NUCXOAHBbIM AAaHHbIM, MPU 3TOM YMEHbLUUB
PE3MEpPHOCTb 3a4a4un



MaTpuua Harpy3ok P u maTpuua cyeToB T

{ X0 - ueHTpUpoBaHHAA U HOPMUPOBAHHAA MaTpuL,a AaHHbIX (MmXxn),
NNeMEHTbl KOTOPOW C oy X017 .. X0,
IU;‘; — oxj X0 = .

Iﬂml T Iﬂmn

KoppenauuoHHaa matpuua no X0 (nxn)
aTpuua Harpy3ok(nxk), cronbubl KOTopon — rnaBHbIe

OMMOHEHTbI, cObcTBeHHble BeKTopbl ana R(X0), cooTBeTcTBYIOWME

ecTBeHHbIM (>1)cobcTBEHHbIM 3HAYEHUAM

k- KonnyecTBO rNaBHbIX KOMMNOHEHT (PH PH)
P =1 ... .

Pn1 -+ Pnk



MaTtpuua cyeTtoB T 1 maTpuua oLnbok E

o/ T=X0-P — matpuua cuetos( mxk), cxkatasa matpuua AaHHbIX,
JIeMeHTbl KOTOPOW B CTPOKaX — NpoeKunmn ctpok XO Ha rnaBHble

OMNOHEHTDbI
Ly1 e Ty
T=1| ... ... ...
Lmi - Umk

* PT-TpaHCNOHUpPOBAHHAA ANnAa P maTtpuua Harpysok,
epHocTtb (kxn)

E = XO-T-PT— maTpuua ownnbok(mxn), aonxKHa 6biTb 621M3Ka
K O-maTtpuue



CosAaaHne m-cbauaa B Matlab AAs
BbIMOAHEHUS KOMMOHEHTHOro AHAAMU3A

Anropuntm peLuieHus

»New, script, uma KomnAHanus

»BHeCcTn ncxogHble AaHHbIe

™ X0 n R(X0) (d-n mean, std, corrcoef)

» Hantn cobcTtBeHHble 3Ha4YeHNA U BeKTopbl (h-a eig)

Hautu maTtpuuy Harpy3ok P
Hauntu maTtpuuy cyetoB T
auTn matpumuy owmnbok E



KomMmnoHeHTHbIM aHanu3 (J1P-5)

Coszpapgum m-chann Ans BbINOMTHEHUA KOMMOHEHTHOroO aHanM3a B COOTBeTCTBUM
CO cBOMM BapuaHToM (BapuaHTbl JIP 3-6 npuBeaeHsbI B Jlekuun 2)




HeKonnnneapH.m

Woto =1 e Lol fd B

I N e N N e
[ S s ST O o (N S 1% T o TR P

19

disp('mucxonHasa
X=[2.58215%9403

[95]

[ o BT = Y O T Y O o N T Y Y Y O % T S L T T N % B |

[m n] =
XMean = mean (X)

.71175867189
.156650524
. 1962159378
.605683543
.813059187
.2187e0074
.155280469
.261704878
.845658185
.5458262511
.188204708
.990456859
. 665088848
.204235719
.8879573¢64
. 665950378
.446334701
.122641144
.4558531334 5.3759754003

15.
17.
10.
12,
10.
14.
11.
14.
1.
15.
14.
10.
lg.
14.
lg.
12,
15.
14.

size (X)

X5td = std(X)

o
]

X0
EMa TPILIEL,
¥0Mean = mean (¥0)
¥X0std =
;Rgp:corrcoeftxﬂ] YBHUMCIEHNE KOPPENALMOHHON MaTpUIE

d B

"J KomnonAHan.m
MaATPMLA [OaHHHEX') FBEHEBOL KOMMEHTADHMEER B
9.746478205% 1.784386847
.177451969
2.301271129
2.663718058
2.565220808
3.120%64854
3.413400664
3.5850804217
4.620455139
4.727342169
4.815422502
5.
5
5
5
6
6
6
9
9

15276016
46995157
38865813
82551825
435925756
65628022
47784141
78511463
5490858455
64778753
Sedeldlz
87145058
009%e654
€127071¢
663872089
8959797113
3350041

36852343

2

| Untitleds | 4+ |

546694077

.378163639
. 3665559754
. 637071047
.125146587
.287265111
.607554567
.681E85214¢
.85223892

KOMaHIOHOM OHRHE

CAy4au
KOAAUHEAPHbIX
doakTopos

THaAXOERISHME PasSMEpPHOCTHM MaTPMIE

THaAXOEROeHMEe CPeOHeD'0 SHAadeHMA [0 CToablaM N0 YMOJIJdaHMED

PEHepaHbHDﬁ Ha Il

THaxXO®ISHNe BHOOPOYHON IMCOSPCHMM OO CTOISIIAaM,

oenmuMTcHd Ha n-1,

= (X - repmat (XMean,m,1))./ repmat (XStd,m,1)% LeHTPHMPOBAHME M HODMMDOBHA

std (¥0)

NpMMeHeHHe OYHKUMKM TOBTOPEHMA MAaTDWIH,
EMpOBEPKa IEHTPUPOBAHKA

n crpok, 1 cTomnberl

Beon
KOMMEHTapUeB
(disp, %),
MCXOAHbIX
aaHHbIX X
HaxoxpgeHue
X0 u R(XO0)

ch-m
mean,
std,

corrcoef
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‘| 33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51 —

disp(' MaTpMun coBSCTE BEKTOPOE M coOSCTBEHHHEX SHad [0 BOoSpacTaHuD cobSCTE SHadeHM')

[U D] = eig(RX0) %HaxomOeHMEe MATPMIE KOOPIOMHAT COOCTBEHHHX BEKTOPOB (MaTpMIH
FHaTpy3soK) U M npeoBpasSoBaHHOM KOPPelALUMOHHON MATpMUH V B Basuce M=
TCcoDCTBEEHHEX BeRTOPOEBE (CcoOCTBEeHHHE SHAaUeHMA [I0 BOSpPacTaHMD)

disp(' MaTpMla HATPY30OK N0 YORBaHME COOCTBEeHHHX SHaueHMI')

P=[U(:,3) U(:,2)] =SBobop CyINeCTBESHHEX KOMIOHESHT C HauMbonbimMM coOCTBeHHBMIA
T3HAYEHMAMM (IMCIEPCHAMMI)

disp(' MaTpMila CUSTOR')

T=X0*P SHaxoRISHMS MaTpPHMLULE EBEeCoB (HOBRII ESKTOP OaHHHX)

PT=P." % TpPaHCIOHMpPOBaHME MaTpPMIE HaI'pySOoK

disp(' MaTpuua omMSor')

E=X0-T*P.' % OpoBepKa - I[IOIYyYeHMEe MCXOOHOM MaTpPMLE
Dfli=flipud(diag (D)) %=epkanbHoe oToOpameHMe OTHOCHMTEIBHO CepeIMHH

disp(' BEIAO KOMIOHEHT OOHOM, IBVX, TpexX, Ha4YMHAA C CYISCTBEHHHX')

cumsum (flipud(diag(D))) / sum(diag(D)) %onpenenseHMe BRIAIa Ka®EIOH
SHOMIIOHEHTH, MCIOIb30BaHMe @yHKIMM flipud, xoTopad MSMeHAeT HOpPAOOK
$CIIeOOoBaAHMA 3ZJEeMeHTOBR Ha NPOTHMBOIOIORHEI

disp('koppenAaUMoHHAA MATpHMIAa CHATHX OaHHEX')

RT=corrcoef (T) %BHUMCISHME KOPPEIALMOHHON MATPMLUE OpeobpasSoBaHHBX TaHHBX
covT=cov (T)

c&% eig, maTpmubl Harpy3aok P, cuetroB T,ouubok E



Command Window Command Window Ru N d
HMCXOoIOHad MaTpHMIla ITaHHBIX an
T ADVANCE
X —_—

3

2.5822 9.7465 1.7844
3.717¢6 13.1528 2.1775
5.1567 17.4700 2.3013 AHean = PeayanaTbl
2.7962 10.3887 2.6637
3 609 1> 8205 5 seso 3.8675 13.6025 4.6882 Bbl“on"e""
2.8131 10.4353 3.1210 ﬂ
4.2188 14.6563 3.4134 Xs5td =
3.1593 11.4778 3.9508
4.2617 14.7851 4.6205 0.8261 2.4782 1.8714
4.8497 16.5491 4.7273
4.5493 15.6478 4.9154
4.1882 14.5646 5.5467 X0 =
2.9905 10.9715 5.5782

-1.55¢&0 -1.5560 -1.551¢
4.6700 16.0100 5.5666 _0.1815 _0.1815 _1.3416
4.2042 14.6127 5.6371 1. 5606 1.5606 _1.2754
4.8880 16.6639 6.7251 _1.2969 _1.2969 _1.0818
3.6660 12.59580 6.2873 —0.3119 —0.2119 ~1.1344
4.4463 15.3350 6.6080 -1.27¢c4 -1.2764 -0.8374
4.1228 14.3685 7.6819 0.4252 0.4252 -0.6812
2.4500 G,37G8 7.8922 —-0.8574 -0.8574 -0.35%40

0.4772 0.4772 -0.0362

1.18%0 1.185%0 0.020%9

0.8253 0.8253 0.1214

0.3882 0.3882 0.4588

-1.0617 -1.0617 0.475%6

20 }% 0.9715 0.8715 0.46%4




Command Window
¥0Mean =

1.0e-15 *

-0.5995

¥0s5td =

1.0000

RX0 =

1.0000
1.0000
0.1758

o =
0.7071
-0.7071
-0.0000

b =
0.0000
0

-0.

69594

.00oo

1.0000
1.0000

0.

MaTpMUsEl cobCTB

1798

BERTOPOBE M CcOOCTBEESHHEXE SHad [0 BOSpacTaHMB® coOCTB SHaUYeHMI

.1648
L1648
L9724

. 9380

0.1332

1.0000

0.1758
0.1758
1.0000

0.6876
0.6876
0.2331

2.0610

MaTpuiibl
cobCcTBEeHHbIX
BEeKTOpPOB M
SHaAYeHMM no
BO3pacCTaHMIO



Command Window

P =

D.e876
0.6876
0.2331

-2.501¢
—-0.5624
1.5848%
—-2.0357
-0.6534
-1.5%507
0.42¢0
-1.270%
D.e478
1.€401
1.1633
0.6408
1.3492
1.4454
D.e788
1
0
1
0
1

. 9526
.1363
L2028
. 7280
. 9443

MaTpHila CUeTOB

Lo Ry v R v B = T T

MaTpHMila HAaI'pPy=SoK I[I0 YORBAHMED COOCTBEeHHHEX SHaueHM

.1e48
.1648
L9724

. 95959
2448
. 73548
L0244
.0003
-35936
.8028
L1005
L1925
L3716
.1540
.3181
L8125
L1362
. 3587
.6512
.9114
. 16886
.A4537
L2287

MarTpuubi
Harpysok P
McuetoB T



Command Window

MaTpuila omibor

1.0e-09 *

Marpuua
owmboxk E

0.1708 -0.1707
-0.7876 0.7876
-0.2197 0.2197

0.8570 -0.88%70
-0.1563 0.1563 0.0000

0.2785 -0.2785 0

0.04e6 -0.04¢66 -0.0000
-0.6487 0.6487 0.0000

0.4157 -0.4157 -0.0000

0.43e3 -0.4363 -0.0000

0.1211 -0.1211 -0.0000

0.4217 -0.4217 0
-0.6260 0.6260 0.0000

0.2745 -0.2745 -0.0000
-0.9571 0.9571
-0.2155 0.2159

0.5679 -0.5679

0.1223 -0.1225

0.0004 -0.0004
-0.1016 0.1016 0.0000

L [ -

i v [ o




Dfli =

2.0610 PacnonoxeHue
o 000t co6CTB BEKTOpPOB No
yObiBaHMIO

BRIIALO KOMIIOHEHT oOHOM, IBYX, TpeX, HAuMHAA C CYIeCTBEHHEX

dlls =

OnpepeneHnue
0.6870
0000 BKJ1afiOB KOMIMOHEHT
1.0000
HOpPpelldAlIIMOHHaA MaTpDMIla CEATHX JoaHHBIX o
npegeneHue
ET = -
KOPpPEenaALMOHHOMW U
1.0000 -0.0000 KOBa "a“HOHHOﬁ
-0.0000  1.0000 2
MaTpML, CHKaTbIX
covr = ARAaHHBIX

2.0610 -0.0000
-0.0000 0.9350

fx >>

-




Cnyuyam HeKonnuHeapHbIX hakTopos

Command Window

1.0000 0.2752 0.1758
0.2752 1.0000 -0.2411
0.1798 -0.2411 1.0000

Ma TpHMLIE cobcTB BERTOPROB M cofOCTBeHHEX SHad IIo BOSZPaCTaHMED coBCTE SHa4YeHMI

U =
-0.5735 0.555%¢6 -0.5578
0.6178 -0.1301 -0.7755
0.5375 0.78597 0.2558

D =
0.5305 0 0
0 1.1763 0

0 0 1.2528




Command Window

MaTpuila omiboR

E =
0.3599 -0.
0.6394 -0.
1.0844 -1.

-0.0248 0.
0.2075 -0.
-0.3101 0.
0.0938 -0.
-0.5256 0
-0.3048 0
-0.1563 0.
-0.2243 0
-0.3455 0
-0.7094 0
0.0848 -0.
0.0103 -0.
0.2263 -0.
-0.0655 0.
0.3152 -0.
0.1320 -0.
-0.4425 0.

Dfli =
1.25928
1.1763

0.530%

3874
6884
1675
0z2g7
2234
3339
1009

.5658
.3281

2114

.2415
.3763
.71638

0913
0111
2437
0709
3393
1421
4768

.3371
.5989
L0157
L0232
.1943
.2805
.0878
.4523
L2855
.1839
L2101
L3274
.6645
L0755
L0087
L2120
L0817
L2852
.1238
.4148

BbiBOA:
MaTpuua
owmbok He
HyneBas




Dfli =

1.2928
1.1763
0.5309

ENNTal KOMIOOHEHT oOIHOM,

ans =

0.4305
0.8230
1.0000

HODPpeAIMOHHaAd MaTpDMIa CEATHEE JoaHHBIX

RT =
1.0000
-0.0000
covT =
1.2928
-0.0000

-0.0000
1.0000

-0.0000
1.1763

OBYX, TpeX, HadMHaAd C CyINMEeCTBCHHBIX

TONBbBKO TPU
KOMMOHEeHTbLI
obecneumsalor
CYMMaPpHYIO
AUCrnepcuIo

PasMmepHOCTb
npocTpaHCcTBa
AAHHbIX He
YMEHbIUUTDH



KnacrepHbin aHanus

= KnacTepHbiM aHan1M3 npegHasHavyeH Ansi pa3oneHus
MCXOAHbIX AaHHbIX Ha rpynnbl, TAKNM 0Opa3oM, YTOObI
3NIeMeHTbl, BXoAsilue B OgHY rpynny Obinm
MaKCUManbHO «CXOXW», a 3fIeMEHTbl U3 pPa3HbIX rpynn
ObINTW MAaKCUMaANnbHO «OTNIMYHbLIMWU» OAPYr OT Apyra.

» KnacTtepHbIX aHanNus3 —rpynna MeTogoB, MCMNOSIb3yeMbIX
AN Knaccudukauum o6bLeKToB U CoobITUN B
THOCUTESNIbHO rOMOreHHble (OAHOPOAHbIE) rPpynMbl,
OTOpble Ha3bIBaKT Krnactepamwu (clusters).



Pasanuuue mexay (baKkToOpHbLIM
(KOMNMOHEeHTHbIM) M KNacTepHbIM aHaAJIM30M

B dbakTopHOM aHanuse rpynnupyroTca ctonobusbl, T.€e. uerib —aHanus
CTPYKTYpPbl MHOXecTBa (paKTOpPOB U BbiiBlIeHUe 0000LEeHHbIX
daKkTopOoB.

B knactepHOM aHanuse rpynnupyroTcsi CTPOKMU, T.e. LieNb —aHanums
CTPYKTYpPbl MHOXECTBa 00 bLEKTOB.

[eomeTpunyeckasa nHtepnpertauus
bI 00BLEKT (PecCnoOHAEeHT) —TO4YKa B MPOCTPaHCTBE NMPU3HAKOB.

Aada KracTtepHoro aHanusa —BblaefieHue «CrylweHnum» TouYek,
36MeHMe COBOKYNHOCTU Ha ogHOpOAHbIe NOAMHOXeCTBa
eKTOB (cermeHTauus).



Kak ouepTutbh rpaHmuy Knacrepos?
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23 BUAbl KnacrepHoro aHanusa

KNACTEPHbIN AHANN3

[pn MmaneHbKOM KONUYecTBe MNpwn Bonbluom KonuyecTee
HabnwageHUn HabnwaeHun

Y\
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ITanbi
acTepHoOro
aHanu3a

PopMynupoBEKa npobnemsl

Ebibop cnocoba namepeHna paccToAHUA
(onpepeneHne Mmepbl cxoacTBa oOLEKTOB)

BEeiObop MeTOOa KNacTepu3auum

anHHTHE pelleHUA O KONMU4eCcTBe KnacTtepoB

MHTepnpeTauua u npoUnUpoBaHne KNacTepoB

L

OueHka gocTto BEPHOCTHU KnacTtepn3alnn




MEPAPXUYECKMMU KNACTEPHbBIN

®»[lepBOHa4YaribHO KaXAblN OOBLEKT 0Opa30BbLIBaET
CBOW OTAEeNbHbLIN KnacTep.

00beANHAIOTCAHA B OAUNH.

TOT npouecc npoagorkaeTca A0 TexX Nop, NokKa He
CTaHeTCcH TONbKO OAMUH KrnacTep.



Mepa ux 6nusocTu mexay o6bvexramm
MU KNnacrepamMmm- pacCcTosiHMe

PaccTtossHue— 310 BCceraa HeoTpuuaTenbHoe
BelleCcTBeHHOe YUCNO, ANA KOTOPOro BbINMONHAETCA
CBOUCTBO KOMMYTaTUBHOCTU U HEPaBEHCTBO
TpeyrofibHUKa.

[lpu KNnacTepHOM aHanun3e BHa4vane paccmaTpuBalroTcA
PACCTOSAHUA MeXAy o0beKTamMu, 3aTeM Mexay rpynnamum
ObLeKToB (Knacrtepamm).



27 @dopMyrnbl pacCTOAHMA MexXxay o6bexTamm

dopMmyIa

Hassanue OGo3HaAYeHHA
=
|. EBKIHIOBO do (%:.X ;) = p (‘ - )
PACCTORHHE 23T V et ki~
é" I.] — HOMEpa O0BEKTOB:
=. L1-HopMa dy(xp.x;)=| 2 |‘In‘ ™ ‘Ayl P — KOIHYECTBO
. k=1 : MepeMeHHBIX.
| XAPAKTEPH3VIOIIHX
3. CronpeMyM oﬁp .p £
HOpMa d.(x;.x;)= sup |.r,, - .\'bl bCKT.
k=l2.p k — HOMep NMPH3HAKA:
" p VP X — 3Ha4YeHHE k-T0
4. Lp-Hopma dp(xp.xp)=| Y |xy = xy] NPH3HAKA Y i-r0 00BEKTA:

S — KOBapHALIHOHHAA



MeToabl Kknacrepmsaumm
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I\/IeTo,gbl Knacrtepusauuu pasfnmyaroT no cnocooy
BbIYUCIIEHUA PAaCCTOSAHMN Mexay Knactepamu. CylecTByOT
crieayrowme OCHOBHbIEe MeToAbl KnacTepusauum:

MexrpynnoBas cBA3b (Between-groupslinkage)

‘ bnvxanwmn cocep (Nearestneighbor)

» CaMbIn ganbHuM cocep (Furthestneighbor)
\ pHTpOoMAHaa Knacrtepusauumsa (Centroidclustering)
-e.qMaHHa;l knactepusauusa (Median clustering)

= MWeton Bapaa(Yopaa)(Ward's method)




NoApobOHee 0 MeTOAOX KAQCTEepU3aLLUmn

EXTPYMNMNOBASA CBA3b. PaccTossiHMe MeXAY KAQCTEepaMU PABHO
peAHEeMY 3HAYEHMUIO BCEX PACCTOSHUU MEXAY BCEMM
O3MOXXHbIMH NAPAMMU TOHEK U3 OOOUX KAACTEPOB. ACGHHbIU

MEeTOA YCTAHABAMBAETCS NO YMOAYAHMIO.

ETOA BAUXXANLLETO COCEAA. PaccTosHue Mexay
acTrepamMmm PABHO PACCTOSAHUIO MEXAY ABYMS OAMXKAULLNUMU
AAMU KAQCCOB.

METOA AAABHETO COCEAA. MeXKAQaCTepHOe PpAacCTossHue
PABHO PACCTOSHUIO MEXAY CAOMbIMU AGABHUMMU OO BEKTAMM.



[ToApOOHEEe O MeTOAAX KAQCTEpPU3ALLUM

EHTPOUAHBLIA METO[. PaccTosiHMe Mexay ABYMSl Knactepamu
onpeaensieTcsl Kak eBKNMAOBO PacCTOsIHUE MeXAay LeHTpaMu
(cpegHUMM) 3TUX KnacTepoB

MEAVWAHHBIN METOA. MeXKAQCTEpHOE PACCTOSHUE PABHO
PACCTOAHUIO MEXAY TOYKAMU C MEAUAHHBIMU 3HAYEHHUAMM
NPU3HAKOB B KAQCCAX.

METOA YOPAA. B kayecTtBe weAeBOM (PYHKUUU NPUMEHseTCS
A KBAAPATOB PACCTOSAHMN MEXAY KOXKAOU TOHYKOU U CpeAHEM
KAGCTEpYy, coAepXdawemy I3TOoT obbekT. Ha kaxaom ware
OOHEeAMHAIOTCS TAKUE ABA KAAQCTEpPA, KOTOpble MNPUBOAAT K
AQAbHOMY YBEAUHEHUIO LLeAEBOU PYHKLLUN.



Z-cTaHgapTusauns
Pasbpoc ot -1 8o 1
Pasbpoc ot 0 oo 1

Makcumym 1
CpenHee 1
CTaHgapTHOE OTKMOHEHUE

Buabl cTaHgapTU3auuMm fgaHHbIX,
npMMeHAeMOM NpMU Knacrepmsaumm

X — X;

T
ij

Oy

XJA

3 3HaYeHUn BbIMUTAETCA cpeaHee N 3aTemM OHM
AeNATCA Ha CTaHOAapTHOEe OTKNOHEHWUE.

JInHeriHbIM NpeobpasoBaHUeEM NEPEMEHHbIX
nobuesaroTca pasbpoca sHaveHun ot -1 ao 1.

JlnHenHsIM npeobpasoBaHUEM NEPEMEHHbIX
nobusaroTcsa pasdbpoca sHayeHut ot 0 go 1.

3HaYeHUsA NepeMeHHbIX AeNATCA HAa UX MAaKCUMYM.
3Ha4yeHua nepemethlx NENATCA HA UX cpeaHee.

3HayeHus nepeMeHHbIX ASJTATCA Ha CTaHOAAaPTHOE
OTKJ/IOHEHUE.



Kaxk npuHMMaeTcsa pelieHMA O YMClie KnacrtepoB

» Korga mepa pacctossHUA Mexay ABYyMSs Knactepamu
yBennymBaeTcs CKa4ykoodpasHo, npouecc obbeanHeHNA B HOBbIe

Knacrtepbl Heo6xoanmo octaHOBUTL. MHave byayT o6beaAnHEeHbI

Knacrtepbl, Haxoaswmecs Ha OONbLUOM PaCcCTOAHUM OAPYr OT

» OnTUMManbHbIM CYNTAETCS YMCIIO KllacTepoB paBHOE Pa3HOCTMU
KoJ/inyecTBa 060BHLEKTOB U KONMM4YecTBa LLUaroB, NOcrie KOTOporo
paccTosiHue yBenn4ymBaeTCs CKa4ykoobpasHo.

asMepbl KnacTepoB AOMKHbI ObITb 3HAYUMbIMMU.



MHuTepnperTauusa m
npodunuposaHme Knacrepos

» /AHTepnpeTauua n npodunmpoBaHue
KNnacTepoB BKMOYaET NPOBEPKY KNacTepHbIX
HTpOUOOB.

LleHTpouabl—-cpeaHne 3Ha4YeHUs OO BLEKTOB No
KaXXaoun u3 nepemMmeHHbIx. LleHTpouabl
NO3BONAIOT ONUCLIBaTb KNacTepbl.



KNACTEPHbLIX AHAJNIU3 METOAOM k-
CPEOAHMUX

(HemepapxmyecKkum, MTepaLMOHHbIN)
CyTtb: CHayana onpeaensaroTCcA LEHTPbI KNlacTepos, a 3aTemM

rPynnupyroT Bce 00bLEKThI B Npeaenax 3agaHHbIX OT LLEHTPOB
OpPOroBbIX 3HA4YEHUMN.

e[O0CTaTKM:
YyBCTBUTENBHOCTL K BblIOpOCam

‘ Heobxooumo 3dpaHee 3aQaBaTb KOJINHECTBO KIlaCTepoB, a HE KaK B
 MepapPXn4eCKOM aHalrin3e, nojiy4aTb 370 B Ka4ecTBe pelylibraTta

lx 'OMHCTBA:

DOCTOTA UCMNOJIb30BaHUA: B KauecTBe MeTPUKUN UCNONb3yeTCs
SBKNUOOBO pacCTOsIHUE

» BA3MOXHOCTb HarnNsiAHON UHTepNpeTaLumn KnacTepoB C
nononb3oBaHuem rpacdpumka «CpegHuUxX 3Ha4eHUN B Knacrtepax»
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NMpumMmep aHANUTUUYECKOro peleHm1s
(vepapxmyecKkum KnacrepHbi aHaNun3)

IIpaMmep. IIpoBecTH KraccHOHKAIHIO MIECTH 00OBEKTOB IO ABYM IIpPH3HaKaM (IaHHEIE

IIDHBCICHBI B TabIHIE H Ha PHCVHKE.

Ne obsexra i 1 2 3 4 5 6
X/l h) 6 5 10 11 10
Xi2 10 12 13 Q 9 7

Pemenne. Ecin H306Q§§HTB one;grm KaK TOYKH Ha Koopmmamoﬁ IINTOCKOCTH, TO IIO
€BKIIHIOBY PaCcCTOAHHEO, OYEBHIHO, 9TO BRIACIIACTCA IBa KlIacTepa. PaCCMOTpHI\I‘., KakK HpHﬁTH K
STOMY pes3ylbTaTy aHAIIHTHYCCKH.

f =

15 -

134

14

94
1 ‘
xlf
>
7 8 9 10 1 12

3

1 2 4 5 6



- - - - - L - - - L LA J

I13HayanbHO CYHTAEM, CTO KaXKIbIH 00BeKT 00paszyeT oaHH Ki1acTep. CocTaBHM MATpPHILY
€BKTHIOBBIX PACCTOAHHH (CXOACTB H pPa3THIHH)

TaK KOK pacCTOSfiHUA OT BCEeX
061bEeKTOB A0 4-ro MeHblLLE, YeM

AO 5-ro, TO BbIMEePKMBAEM MNATbI (0 2 24 3 510 6,08 5.83)

cToADeL U NATYIO CTPOKY B

mPeALAYLLEH MATPHLE 22 0 1,41 S 583 6,40
3 1,4 0 6,40 7,21 7,81

Ri={o(xi )} = 510 5 640 0 1 2

6,08 583 7,21 | 0 2,24
\5,83 6,40 781 2 224 0 )
M3 MaTpHLb! PACCTOAHMI CIEAYET, YTO YETBEPTHIH M NATLIA 00BEKTHI HAH-

Gonee 6muakH pq s =1,00 1 noITOMY 0OBLEAMHSIOTCA B OJIHH KJIACTEP.
[Tocne oOvemHeHns 00BEKTOB UMEEM MATH KI1ACTEPOB:

Homep xnacrepa | 2 3 - 5
Cocranmm%a I (1) l (2) % (3) I (4,5) (6)




A 3 D F G H
1
> (i 1 2 3 a 5 6
3 S il 5 6 5 10 11 10
4 1 5 0 1 0 5 6 5
5 2 6 1 0 1 a 5 4
6 3 5 0 1 0 5 6 5
7 4 10 5 ) 5 0 1 0
8 5 11 6 5 6 1 0 1
aC4yeT B g 6 10 5 ) 5 0 1 0
10
xcel 11 [i\j 1 2 3 a 5 6
12 i it 10 12 13 3 9 7
13 1 10 0 2 3 1 1 3
14 2 12 2 0 1 3 3 5
15 3 13 3 1 0 ) -4 6
l 165 A 9 1 3 4 0 0 -2
_ > N 1 3 a 0 0 2
CEwcmaoso |, (& @S
PACCTOAHHE 1:1 '
20 |iNj 1 2 3 a4 5 6
21 Rij(1)
22 1 0.00 3.24 3.00 5.10 5.08 5.83
23 2 3.24 0.00 1.41 5.00 5.83 6.40
24 3 3.00 1.41 0.00 5.40 7.21 7.81
25 4 5.10 5.00 6.40 0.00 1.00 2.00
76 5 6.08 5.83 7.21 1.00 0.00 2.24
27 6 5.83 6.40 7.81 2.00 2.24 0.00




Taxum 00pa3oM, PaCCTOSHHE P (4. 5) PABHO PACCTOSHUIO OT 0O6BeKkTa | 1
Oippkaiimero x Hemy O0ObekTa, BXOAALIErO B Kiacrep S5y  T.e
PLus = Pre =310, Torma MaTpHua paccToaHu

(0 224 3 510 583
2,24 0 1,4 5 6,40
Ry=| 3 1,4 0 6,40 78I
510 S 6,40 0 2
5,83 6,40 7,81 2 0 ,

OO6bemHUM BTOPOH M TPETHI 00BEKTHI, UMEIOIIIME HAUMCHBILIEE PACCTOS
HUE p,4 =141, Tlocne o6veMHeHns 00bEexTOB HMEEM YCTBIPE K1acTepa:
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PacueTt B Excel
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i\j I 1 2 3| a5 6
Rij(2)

1 0.00 2.24 3.000  5.10 5.83

2 2.24]  0.00 1.41 5.00 6.40

3 3.00 1.41 0.00 6.40 7.81

4,5| 5.10 5.00 6.40 0.00 2.00

: 5.83 6.40 7.81 2.00 0.00
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BHoBb Hadaem matpHuy paccrosuui. [Uns toro 4robbl paccuMraTh pac-
CTOAHHE JI0 KJAacTepa ;3 BOCMONL3YCMCS MATPHUCH paccTosHHi R,. Ha-

NMPUMEP, PACCTOAHHE MEXIY KJIACTCPaMU S(4.5) M S(2.3) pasHoO

ITpoBeas aHANOrMYHbIE PACYETHI, NMOJIYYUM

/(0 2,24 5,10 5,83)
2,24 0 5 6,40
510 S 0 2
58 6,40 2 0 ,

OO0veauHuUM KaacTepbl  Sia.s) K S, PACCTOAHHE MEXAY KOTOPBIMH,

R; =

COrjlacHO Matpuue R,, HAUMEHbLICE P(4 5)6 =2. B peaynbTate nojiyyuM
TPM Knacrepa
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Matpuua paccrosiuuii 6yeT umMerh BHA:

(0 2.4 5.10°
Re=l224 0 5
510 5 0

OO6bemnnm Teneps kiactepsl S, u S(2.3), paCCTORHKE MEXITY KOTOPbIMH
Py 2y =224 . B peaymbTare nomyuum pa knacrepa: S,y H Sy 5, PACCTOA-
HWE MEXTYy KOTOPbIMH, HaHIeHHOE Mo npuHuuny “Gmuxakiero cocega”,
P23, (456 =
2\



MaTpuua nepapxmieckoro Aepesd OMHAPHbIX KAQCTEpPOB
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2.24
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KnacrepHubin aHanus (J1P-6)

Cospagum m-cpann AnAa BbINONMHEHUS KITaCTepPHOro aHanusa B COOTBETCTBUMU CO
cBouM BapuaHToM (BapuaHTbl JIP 3-6 npuBeaeHbl B Jlekuun 2)




CosAaaHne m-cbauaa B Matlab AAs
BbIMOAHEHUS KAQCTEPHOro AHAAMU3A

ANroputm peLueHus

» New, script, uma KnactAHanus

» BHecTn UcxoaHble AaHHbIe

eHUue paccToaHun mexay oobvektamm (h-a pdist)

» epapxuyeckasn Krnacrepusauusa: ®opmumpoBaHue Krnacrepos
N nocTpoeHue geHaporpammbl (dp-u linkage, dendrogram)

» nacrtepusauus no MexrpynnoBbiM cpegHum (h-a kmeans)
[NocTpoeHue TpexmepHoro rpacduka Touyek knacrepoB (plot3)




| KnacreprAHanvz.m | + |

1 — disp('ucxonHaa MATpHIA MAHHHX') $BHEBOL KOMMEHTADMEE B KOMAHIHOM OKHE KOA:

2 — X=[2.582155403 5.74¢478209 1.784386847

3 3.71758671% 11.15276016 2.177451%6%

4 5.156650524 12.555042111 2.3012711289

5 2.7%6219378 13.9653240862 2.663718058 BBOA

€ 3.605839%43 15.371606013 2.565220808

7 2.813099187 1le.777887964 3.1209604854

g 4. 218760074 18.184165515 3.413400¢c¢64 KommeHTap"eB
9 3.155280469% 19.590451866 3.950804217 d' 0/

10 4.261704878 20.996733817 4.620455913% ( Isp, o)

11 4.84%6%98185 22.4030157¢8 4.72734216%

12 4.54%262511 20.80925771% 4.915422502

13 4.188204708 19.21557%e7 5.546694077

14 2.59504%685% 17.6218¢61621 5.578163638 "cxonglx
15 4.6609988848 16.028143572 5.566585754

16 4.20423571% 14.434425523 5.637071047 AaHHblx x
17 4.887557364 12.840707474 6.725146587

18 3.665550378 11.246585425 6.287265111

19 4.446334701 9.65327137¢ €.607554%67
20 4.122841144 B8.055553327 7.68185214¢ *-"
21 2.458531334 6©.465835278 7.8522389%2] % HeKOoINMMHEeapH OaHHEE X
22 — disp('HaxomOeHe DASMEPHOCTH MATDMIE OaHHHX')% BHEOCOD B OKHO SaroloBKA pdlSt
23 — [m n] = size(¥X) % BHEOCIOATCH B KOMAaHOHOS OKHOD
24 — Y=pdist (¥); % HaxXomIOeHMe PACCTOAHMI m* (m-1)/2 pasSIMYHEEK pPacCcToAHMI Iinkage,
25 % ; OSHadaeT B KOMaHOHOE OKHO He BHBOIOMTE
26 — disp('MaTpuila MepapxXMUsecKoTo IEpeBa DMHAPHHEX HIACTEDOE PAaSMepHOoCTH (m—1) *3') d d g
27 — Z=linkage (Y)% Z BHIASTCA B KOMAHIHOS OKHO en ro ram
28 — disp(' m+i - MHISRC KIacTepa, TIe 1 — HOMED CTPOKM RIACTEpPAa B MATpHiE Z')
29 — disp('nepBrlii M BTOPOH CTONSIE — MHISKCH KIACTEPOB, KOTOPHE oSBeOMHADTCA')
30 - disp('TpeTuii crTonfel - paccToAHME MeRIYy OOBEIMHADIMMICA KIacTepaMi')
31 - dendrogram (f) % NOCTpoOeHME IeHIPOTDaMMEL B OTIOSIEHOM OKHE




Command Window

METPHULA MEpPapPXMYSCKOTO OepeBa OMHAPHHX KIACTEPOB pasMepHocTM (m-1) *3 RUN and
o ADVANCE

S.0000 11.0000 0.4526

10.0000 21.0000 1.5280

L0000 1o.0000  1.cens ® M+l - UHAEKC KrnacTepa, rage | -
i HOMep CTPOKU KrnacTepa B

17.0000 18.0000 1.8033 *
matpuue Z (pa3m (m-1)*3), rae
1.0000 2.0000 1.8457

S M-4ncno oGLeKToB

13.0000 30.0000 1.9%38 o o

25.0000 32.0000 2.0087 -nepBbIM M BTOpOM CTon6ub| Z_
3.0000 29.0000 2.015%

S MHAEKCbI KIacTepoB, KoTopble
0000 90000 29109 o00BbeaUHATCA

34.0000 38.0000 2.7714

e s, e 5 - wone . ®TPETUM CcTONOEL - PAaccTOsiHME
Tepestl SRl RO aierey whert  MEXKAY 00 beAUHALWMMUCS
Knactepamu

PasielleHMe MepDapEM4YyeCHEOoI'C OepeBa Ha Salak
HiIIacTepM3allMd 10 MeEERTDVIINIOBEM CpEIHMM




HeHaporpamMmma

EFigurel ) ‘ = | [ 2% ‘
‘ File Edit View Insert Tools Desktop Window Help »

5.0000 11.0000 0.4526 JCHS|[ R RS OBDEL-G|0H =D

10.0000 21.0000 1.5280

4.0000 5.0000 1.6277
14.0000 15.0000 1.6619

6.0000 23.0000 1.7092 ol

12.0000 22.0000 1.7518
17.0000 18.0000 1.8033

7.0000 8.0000 1.8409

1.0000 2.0000 1.8497 28 | !
26.0000 28.0000 1.9082 _ riii—
19.0000 27.0000 1.9488 £ 27l
13.0000 30.0000 1.9938 15 29 23 24
25.0000 32.0000 2.0097

3.0000 29.0000 2.0159

16.0000 24.0000 2.0473 "y
31.0000 35.0000 2.0555
20.0000 36.0000 2.3129
33.0000 37.0000 2.3153 9
34.0000 38.0000 2.7714 - F—J1

\\ 9 11 10 12 7 8 13 4 5 6 14 15 16 17 18 19 20 1 2 3



Koa ans BbiBOAa MaTpMilbl MepapXuuecKoro
aepesa G6MHapHbIX KNnacTepoB C HOMepaMm

Knacrepos
NUM=m+1:2*m-1; %=3agaHMe MacCHMBA-CTPOKM NOPAOKOBHX HOMEDPOE KIAaCTEPOR

32 - NUMT=NUM.'; % .' - TpaHCOOHMpOBaHWE, ; OSHadaeT ONOKMPOBKY BHEOOA B OKHO
33 - disp('MaTpulla HOMEDPOE KIACTEDPOE M MEepPapxXMuecKoTo IepeBa OMHAPHHX KIaACTEpoB')
34 — disp('pasMepHocTi (m-1) *4")

35 — HUHT_E=[HUMT Z]

36 —

37 —

38 —

39 —

40 —

41 —

42 —

43 —

44 —

45 —



MarTpuMua uepapxuyeckoro gepesa 6uHapHbIX
KFlacTepoB.Cc HOMepaMM KiacTepoB =

File Edit View Insert Tools Desktop Window Help

/ NS dS BV AODEL-2|0EnD

Command Window ) ﬁ

NUMT 7 =

21.0000 5.0000 11.0000 0.4526
22.0000 10.0000  21.0000 1.5280 - i
23.0000 4.0000 5.0000 1.6277
24.0000 14.0000 15.0000 1.6619
25.0000 6.0000  23.0000 1.7092 S |
26.0000 12.0000 22.0000  1.7518 S N
27.0000 17.0000  18.0000 1.8033
28.0000 7.0000 8.0000 1.8409 ‘26 ) 271
29.0000 1.0000  2.0000  1.8497 5 23 24
30.0000 26.0000  28.0000 1.9082 22
31.0000 19.0000  27.0000 1.9488
32.0000 13.0000  30.0000 1.9938
33.0000 25.0000  32.0000 2.0097 1k
34.0000 3.0000  29.0000 2.0159
35.0000 16.0000  24.0000 2.0473
36.0000 31.0000  35.0000 2.0555
37.0000 20.0000  36.0000 2.3129 5 ﬁZ]H
38.0000 33.0000  37.0000 2.3153
39.0000 34.0000  38.0000 2.7714 9 11 10 12 7 8 13 4 5 6 14 15 16 17 18 19 20 1 2 3

W N |




Knacrepusauua no MeXxXrpynnosbiMm CpegHUMM
(kmeans), MapameTpsl IDX, C, SUMDIST

NUM=1:m; %=aIaHie MacCHBA-CTPOKM [NOPALKOBHX HOMEPOB

38 — NUMT=NUM.'; % .' - TpaHCIOHMpOBaHWME, ; OSHaydaeT OJOKMPOBKY BHEOOA B OKHO
39 — disp(' ')

40 — disp('xknacTeprMsalMA 0 MEXRTDYIIIOBEM CPeIHMM, OVHKUKMA kmeans')

41 — [IDX,C,SUMDIST]=kmeans (¥, 3);

42 — clust=[NUMT IDX]

43 — disp('C - LEHTpH KIacTepoB M SUMDIST - CyMMapHHE PACCTOAHMA IO LEHTPOB')
44 — C

45 — SUMDIST



§ 51

KJIacTepusauusa Mo MERTDYINOBHM CpPEeIHUM

clust =

o -~ o N s W N

[ T S T T S S S M S
O W D~ W W N = O WD

(SCRN T TS TS, R S S Gy SO N O SC T N T R N S = T T = S =

C - ueHTpnt xnacrepos 3 SUMDIST -

L=

3.445%
4.0311
2.4599
4.5874
4.0784

SUMDIST =

40.2518
23.6099
0
€.1675
6.4543

fx >>

13.2622
19.8316
6.4658
14.4344
9.6533

2.4355
4.6789
7.8922
5.9763
6.8590

»CLUST — maccuB
HOMepOB OOHLEKTOB U
HOMepOB KracTepoB
(maccuB IDX), K
KOTOPbIM O0BLEKTbI

cywapise pac - [IDUHAONIeXaT

» C — KoopaAVHaTLI
LeHTpounaoB

» SUMDIST —
CYMMapHble
PacCTOAHUA OT
LeHTpounaoB A0
00BLEKTOB B Knacrepa



NocTpoeHue MHOXeCTBa Knacrtepos

PdPyHkumm figure , plot3, for, switch, hold on, grid
on

1= (:,1):

color=["x"

HI2=(z,2)Y; EX3=(:2,3); % MaAaCcCHMBE CTOIDIIOEB ISaHHREX
Igl Ibl I'-\:I Iml]; _E&.

figure %

MaCCHME PaAaSHBIE IIBSTOB OIJIAd PAaSHBE EBEIIaCTepOobB
COosSDaeT HOBOse IpadMuyseCcKOse OHHO,
2

cTapose IpabdMysecKoS OKHO 2 oOCTasTCH
: [IOCTpOSHMe TpeXMepHOTDO IDpadMeEa EIacTepoB B OTISIbBHOM OKHE
[ for i=1:1:m % LMK o0 OoBEReRTaMm

switch IDX (i) % IepeKIndaTellhb

case 1

Plot3(X1(i),X2(1),X3(1), "Color',color(l), "Marker', "o")
case 2

plot3(X1(i),X2(1),X%X3(i), "Color',color(2), "Marker',"o")
case 3

plot3(X1(i),X2(i),X3 (1), "Color',color(3), "Marker', "o"}
case 4

pPlot3(X1(1i),X2(1i),X3(1), "Color',color(4), "Marker', "o")
case 5

plot3(X1(i),X2(1i),X3(1), "Color',color(5), "Marker', "o'")
end
hold on %

[=;

COoXpaHeHMe TerRylelo IpadMrra 1M gofabBljieHMe HOBOID'C IpadMeEa B
5 TerRyIeM OoOHRHE

—end

grid on %

(=}

IMoOCTpOEeHMe E.‘.DDP,D:[{HE'I'HD:EI CeETRIM
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54 PesynbTarsl KNnacTepm3auum

UcnoAb3lyeTcs
— |
4 Figure 2 ' = &) 2 | qumeHMe
File Edit View Insert Tools Desktop Window Help »
NDEdS| B | R ”@@ % \@\ O IEH m O AAA yBeAquHM’I
HAOFrASAHOCTU
8\
COlor=['l' |q' lDl v:v '“’1'].
6\ 0
‘. . k: SUMDIST =
0O) O
O 0 " |
2, 0 o 22.8353
e | 14.3963
0, ! . | 2.6747
= ,
6 O ' 5.9484
| l 9.3370
4
|
=X Y Y \ X \ \ A A \
? 24 22 20 18 16 14 12 10 0 ¢




3apaHma 5,6 koHTponbHOM paboTbi

= 3apgaHue 5 cooTrBeTcTBYET JIP-5 (KOMMNOHEHTHbLIN aHaNn3)
» 3anaHue 6 coorBeTcTBYeT JIP-6 (KnacTtepHbIn aHanu3)

( ucxogHble AaHHbIe MO BapuaHTaM npeacTtaBrneHbl B Ha nucte Excel BapunaHTtbl JIP3-6)

MeToanueckue yKkasaHMA K KOHTPOJIbHOM
abore

»/ KOHTponbHaa pabdboTa BKMO4YaeT BbINOfIHEHME 3a4aHuKn, cchopmynupoBaHHbIX B JIP1-6.

JIP5-6 npeacTaBneHbl B 3TOU Npe3eHTauumn, ocTasibHble B NMpe3eHTauusaXx, COOTBETCTBYHOLLUX
JNlekl-2 . AcxogHble paHHble BbIOMpaTb B COOTBETCTBMM CO CBOMM BapuaHToM. [Ipaeusio
eblbopa HOMepa eapuaHmMa KOHMPOJIbHOU pabombl: HOMEPOM BapuaHTa CNYXWUT YUCHO N,
paBHOEe CymMMe ABYX nocrieaHnX undp 3a4eTHOM KHUXKU CTyAEHTa, eCfn 3TO He Honb. Ecnu
Xe ABe nocriegHne uncpbl HOMepa 3a4eTHOM KHUXKU CTyAeHTa Hynu, TO cneayeTt nonaraTtb
n=19.





