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1. NIEPEYEHD IINTAHUPYEMBIX PE3YJIbTATOB OBYUYEHUS 110 AUCHUIIVIMHE,
COOTHECEHHBIX C IIJIAHUPYEMBIMH  PE3VYJIIBTATAMHU OCBOEHUA
OBPA30BATEJIbHOM ITPOT'PAMMBI

BI/I}I ACATEJIBbHOCTH BBIITYCKHUKA

HI/ICHI/IHHI/IHa OXBaTbIBaAcT Kpyr BOIIPOCOB, OTHOCAIINXCA K MMpOU3BOJCTBCHHO-
TCXHOJIOTUYCCKOMY BUAY HpO(beCCHOHaHBHOﬁ ACATCIIbHOCTH BBIITYCKHHKA B COOTBETCTBUH C KOMIIC-
TCHOWAMU U BUJAAMU OCATCIIBHOCTH, YKAa3aHHBIMUA B yLIe6HOM IJIaHe.

Hean 1 3a1a4M IUCHUTITTHHBI

Lenbto u3yyeHUs NUCUUIUIMHBI SIBIsSleTCd — (OpMHpOBaHHE 3HAHWM W HAaBBIKOB Pa3pabOTKU
0000IIEHHBIX BAPUAHTOB PEIICHUS MPOOJIEM, CBI3aHHBIX C MAITMHOCTPOUTEIHHBIMU IMPOU3BOICTBA-
MU, BbIOOpa Ha OCHOBE aHall3a BapUAHTOB ONTHUMAJILHOTO MPOTHO3UPYEMBIX IMOCIEICTBUHN pellie-
HUS, a TaKXKe CIIOCOOHOCTH WCIIOH30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX TUCIUILINH B
poecCHOHANBHOM 1eATEeIbHOCTH U METOJIbI TEOPETUYECKOTO U AKCIEPUMEHTaIbHOIO HCCIeI0Ba-
HUSL.

3ajauaMu U3y4EHUS TUCIUILTAHBI SIBISETCS:

- U3y4eHUE METOJIOB pa3paboTKu 0OOOIIEHHBIX BAPHUAHTOB PEIICHHS MPOOIEM, CBA3aHHBIX C
MAaIIMHOCTPOUTEJIbHBIMU TPOU3BOJICTBAMH M OCHOBHBIX 3aKOHOB €CTECTBEHHOHAYUYHbBIX JUCLIUIUIMH
B IIpo(heCcCHOHANLHOM 1eSTEIbHOCTH;

- ¢opMHpOBaHHUE HABBIKOB BHIOOpA HAa OCHOBE aHAJIM3a BAPUAHTOB ONTHUMAIBHOTO MPOTHO3MU-
PYEMBIX MOCIEICTBUI pPELICHUs, a TAKXKE MPUMEHEHUS OCHOBHBIX 3aKOHOB €CTECTBEHHOHAYYHBIX
JTUCITUTUIMH B IPO(ECCUOHATILHOM e TSIIbHOCTH,

- peleHue 3aaad o pazpaboTke 000OIIEHHBIX BApUAHTOB PEIICHUs MPOOJIeM, CBSI3aHHBIX C Ma-
IIMHOCTPOUTEIBLHBIMH MMPOU3BOJACTBAMU HAa OCHOBE TEOPETHUYECKOTO M 3KCIEPUMEHTAJIBLHOIO HCCIIE-
JIOBAHUS.

Kon Coaep:xanue IlepeyeHnb MIaHUPYeMBIX pPe3yJIbTATOB
KOMIICTCHIIUH KOMIETeHI Ui 00y4eHHs 10 JMCHHUILIMHE

3HATB:

CIOoCOOHOCTh MCIIOTIB30BATh OCHOB- | - OCHOBHBIE 3aKOHOMEPHOCTH M3TOTOBJICHHUS MAIIHO-

HbIE 3aKOHOMEPHOCTH, IEHCTBYI0- CTPOUTEIIbHBIX U3/IEINH;

M€ B IIPOLIECCE U3TOTOBICHUS Ma- | yMeTh:

OIIK-1 IIMHOCTPOUTENBHBIX U3JIEIUH Tpe- - IPUMEHSATh OCHOBHBIE 3aKOHOMEPHOCTH U3rOTOBJIE-

OyeMoro KauecTBa, 33JaHHOTO KO- HUSI MAIIMHOCTPOUTEIBHBIX H3CIIHI;

JIMYECTBA IPY HAMMEHBIIINX 3aTpa- BJIAJIeTh:

Tax OOILIECTBEHHOTO TPy/Aa - HaBBIKAMHU TEOPETUYECKOTO U IKCIIEPUMEHTAIILHOIO
HCCIIEOBaHMUS.

CIIOCOOHOCTH OCBaMBaTh Ha MpaKTHu-
K€ 1 COBCPIICHCTBOBATH TEXHOJIO-
T, CUCTEMBI U CPEACTBA MAIIIUHO-

CTPOMTENBHBIX IPOU3BOACTB, yda- 3HATH:

CTBOBATh B pa3pabOTKe U BHEIpE- - METOJIbI pa3pabOTKu 000OIIEHHBIX BAPHAHTOB pele-
HUH ONTHMAIIBHBIX TEXHOJIOTHI HUS IPOOIIEM, CBA3aHHBIX C MAIIHHOCTPOUTEIEHBIMU
M3TOTOBJICHHUS MAIIHHOCTPOUTENb- MIPOU3BOJICTBAMHU;

HBIX M3JIEJINH, BBITIOIHATE MEPO- yMeThb:

I1K-16 MIPUATHS 110 BEIOOPY 1 3P PEeKTHB- - BEIOMpATh Ha OCHOBE aHAJIN3a BAPUAHTOB ONTHMAh-
HOMY HCIIOJIb30BAHUIO MaTEPHAJIOB, | HOTO IMPOTHO3HPYEMBIX MOCIIECICTBUHA PELICHHUS
000opyioBaHUsl, THCTPYMEHTOB, BJIAJIeTh:

TEXHOJIOTUYECKOM OCHACTKH, - HaBBIKAMHU pa3pabOTKH 000ONIEHHBIX BAPHAHTOB pe-
CPEACTB JUArHOCTUKH, aBTOMaTH3a- | LIEHHs MPOOJIEM, CBSI3aHHBIX C MAIIHHOCTPOUTEINILHbI-
L[UH, AJITOPUTMOB U IIPOTPAaMM BBI- MU IPOU3BOACTBAMHU.

6opa M pacueToB NapamMeTpoB TeX-
HOJIOTMYECKHX MPOLIECCOB JUIS UX
peanuzanuu




2. MECTO JUCHUILINHBI B CTPYKTYPE OBPA3OBATEJIBHOM ITPOIT'PAMMBI

Hucummumna b1.B.JIB.07.02 «Marematnueckue mojenu U o0paboTKa 3KCIEPUMEHTAIbHBIX
JAHHBIX» SBIISETCS TUCIUTLIMHOMN 10 BHIOOPY BapHaTUBHOM YacTH.

JuctummmHa «MareMaTH4ecKie MOJeNd U 00padoTKa SKCIEPUMEHTAIBHBIX JTaHHBIX)» 0a3upy-
€TCsl Ha 3HAHMSX, MTOJYYCHHBIX MTPH U3YYCHUH TaKUX YICOHBIX JUCIUIUIMH, KaK:

- «Maremaruka,

- «CHuCcTeMBbI aBTOMAaTU3UPOBAHHOTO MIPOSKTHPOBAHUS TEXHOJIOTHICCKUX TPOIIECCOBY;

- «TexHuyeckas SKCIuTyaTalus CUCTEM aBTOMATHU3UPOBAHHOTO MPOU3BOJICTBAY;

- «MeTopl HayYHO-TEXHUYECKOTO TBOPUYECTBAY.

OcHOBBIBasiCh Ha M3YYCHHUH TEPEUMCIICHHBIX AUCIUILINH, «MareMaTndecKkue MoAelu u obpa-
0O0TKa KCIIEPUMEHTAJIBHBIX JAHHBIX)» MPEICTABISIECT OCHOBY JIJIS:

- «[Ipou3BoacTBEHHOM (IIPEAIUIIIIOMHOM ) IPAKTUKI;

- «"'ocynapCTBEHHOM UTOTOBOM aTTECTAIllN.

Takoe cucTreMHOE MEXKIUCHHMILIMHAPHOE W3YYCHHE HAMPABICHO HA JOCTHXKCHHE TpeOyeMoro
®I'OC ypoBHSI MOATOTOBKH 1O KBaTU(UKAITUU OaKaiaBp.

3. PACHPEJIEJIEHUE OB BEMA JTUCHUIIJIMHBI

3.1. PacnipeniesieHune 06beMa TMCHUIJIMHBI 10 opMam 00ydeHHs

Tpyooemkocms oucyunaunsl ¢ uacax
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Ounas 4 | 8 | 108 | 70 | 14 56 - 38 - 3auer
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3aouHas (ycko-
peHHoe 00yue- - - - - - - - - -
HUE)
O4Ho-3204Has - - - - - - - - -

3.2. Pacnpenesienne 00beMa AUCHUIIMHBI 10 BUAAM Y4eOHBIX 3aHATHI U TPY10€MKOCTH

6 m.u. ¢ Pacnpedenenue
Tpyoo- UHMEPAKMUBHOII, no cemecmpanm,
Buo yueonwvix sanamuii emMKocmb AKMUGHOI, uac
(uac.) UHHOBAUUOHHOU 8
dopmax, (uac.)
|. KonrakTHas padoTa o0y4yaroumuxcsi ¢ npe-
noaaBatesem (Bcero) 70 12 70
Jlexmmm (JIk) 14 12 14
Jlaboparophsie pacotsl (JIP) 56 - 56
I'pynmossie (MHAWBUYaIbHBIE) KOHCYTbTAIIUN + R +
I1.CamocTosiTeIbHAS padoTa 00y4alOLIUXCS 38 ) 38
(CP)
IToaroroBka K 1a00paTOpHBEIM paboTam 30 - 30
IToaroToBKa K 3auery 8 - 8
I111. IIpomeskyTouHast aTTecTamus 3ader + - +
OO01mas TpyI0eMKOCTh AUCIUIUIAHEI .. ..... Yac. 108 - 108
3a4. efl. 3 - 3




4. COAEP) KAHUE JUCHUIITINHbI

4.1. PacnpenesieHue pa3ieioB JMCUMILIAHBI IO BHAAM YUeOHBIX 3aHATHI
- 1Jis1 04HO# (popMBbI 00yUeHHs:

Buoul yueonuvix 3anamuil, exniouasn
camocmoamenvuyio pabomy ooyuaio-

N pasz- Haumenoeanue Tpyooem- wuxcsa u mpyooemkocms; (uac.)
denau pazoena u Kocmb, yuebOHble 3aHAMUA
Camocmosame-
membol mema OUCUUNIUHDBL (uac.) nabopa-
JAbHasa paboma
JaeKyuu mopnule oGyuaiouuxca
pabomol
1. MaTtemMaTH4ecKoe odecriedeHHe IKCIIePUMEeHTa 14 2 8 4
1.1. YucoBast OIIEHKa OTKJIMKA 14 2 8 4
2. CraTucTnyeckasi IpoOBepKa rHIOTe3 25 5 8 12
21 [IpoBepka rumoTe3sl O PaBEHCTBE MaTeMaTHYECKO- 13 2 8 3
r0 O)KHAaHKA 33JaHHOMY 3HAUEHHIO
290 Hp9BepKa THIIOTE3Bl O PABEHCTBE CPEIHMX 3Haye- 4 ) 3
HHH
2.3. IIpoBepka rumoTessl 0 paBeHCTBE AUCICPCHI 4 1 - 3
24 [poBepka ciy4allHOCTH M HE3aBHCHMOCTH Pe3yJib- 4 1 i 3
o TaTOB U3MEPEHUIA B BEIOOPKE
3 I[ncnepc:aonnmﬁ, KOppeJSIMOHHBII U perpec- M 5 24 12
CHOHHBIH aHAJIU3
3.1, JlucriepcHOHHBIN aHATI3 14 2 8 4
3.2, KoppensammnonHsrit ananms 13 1 8 4
3.3. PerpeccroHHsbIi aHATH3 14 2 8 4
4. I[InanupoBaHue IKCIEPUMEHTA 28 2 16 10
41 l;naHHpOBaHne 9KCIIEPUMEHTA NP OLEHKE OTKIIH- 28 2 16 10
HUTOr'Oo 108 14 56 38

4.2. CopeprxaHue JMCOMILIMHBI, CTPYKTYPHPOBAaHHOE 110 pa3/iesiaM U TeMaM

Paszpnen 1. MaremaTuuyeckoe odecneyeHne IKCIepMMeHTa

Tema 1.1. YucJioBasi OLleHKA OTKJIMKA (JIeKIUS-AUCKYCCHS — 2 Yac.)

JKCHEePHUMEHT — CHCTeMa oIlepanyii 1 (W) HaOIIOACHNUH, HallpaBlIeHHBIX Ha MOJIydeHHe HHPOopManH 00 00bEKTe HCCIe0Ba .

COCTaBHOI‘/II YaCTbIO 3KCH€pI/IMeHTa SIBJISIETCA ONBIT — BocnpomBez[eHue I/ICCJ'IC,HyCMOFO SIBJICHUS B OHpeHCJ'ICHHI)IX yCJ'IOBI/IﬂX HpI/I BO3MOKHOCTHU
PETHCTPAIMH U KOJINYECTBEHHON OLIEHKH COCTOSIHUS WM PE3yJIbTaTOB (hYHKIIHOHUPOBAHHS UCCIIELyEMOro OOBEKTa.

W
|

i

gy — Hecredyertsid
= 206exTm -

Z

Puc. Kubepraernueckast MoJenb 00bEKTa HCCIIEIOBAHHS

DKCIepHMEHT MPOBOJUTCS Ha MPOMBIIIIICHHOM 000pyIOBaHHH, Ta0OpaTOPHON yCTaHOBKe MM (usndeckoil Mojenu. [Ipn 3ToM MexaHH3M U3y-
YaeMOro IpoIiecca 0OBIYHO H3BECTEH b YaCTUYHO MIIH COBCEM HEU3BECTEH. B Takux ciIydasx 0OBEKT UCCIIeOBAHMUS MOXKHO YCIOBHO IPEICTaBUTh
B BHJIE «IEPHOTO SIIIHKa» — CHCTEMBI BHYTPEHHUX CBS3€H, HE JOCTYITHBIX UCCIIEOBATENIO. VI3BECTHBI JINIIH TIepeMEHHbIE BETHIHHBI, BO3ICHCTBYIOLINE
Ha 00BEKT UCCIICOBAHHS, U BEIMIMHBI, XapaKTEPHU3YIOIIUE €r0 COCTOSHUE MM Pe3yIbTaThl HYHKIHOHUPOBaHUs (pHc.). [IepBble Ha3bIBAIOT BXOHBIMHI
BEITMYMHAMH WU (H)aKTOPaMU, a BTOPbIE — BEIXOHBIMU HIIU OTKIIHKOM.

Bce dakTops! gensaTcs Ha TPU TPYIIIIBL:

* TPy IIOCTOSIHHBIX HJIM CITy9aifHO H3MEHSIOINXCS B XOZI€ HCCieioBaHus (pakTopoB W, 3HAYEHUS KOTOPBIX H3BECTHEL,

* rpynmna ympasisieMbIx (axTopoB U, 3Ha4eHUS KOTOPHIX BBIOMPAIOTCS H IIENCHANPABICHHO M3MEHSIOTCS B XOJE€ HUCCIENOBAHUS (JBE IMEPBBIX
TPYIIIBI YaCTO OOBEUHSIOT B OIHY TPYIITY KOHTPOIHPYEMBIX (hakTopoB X);

* IPYyIIa HEKOHTPOJIUPYEMBIX (PAKTOPOB Z, 3HAUESHHSI KOTOPBIX OCTAIOTCS 110 TOW WIIM MHOM NMPHYMHE HEM3BECTHBIMU B XO/I€ UCCIIEIOBAHS.

V3menenune oTkiuka Y 10J JeHCTBHEM MOHOTOHHO H3MEHSIONIMXCS BO BPEMEHU HEKOHTPOIUPYeMbIX (JaKTOPOB HA3bIBACTCS! BDEMEHHBIM JIpeii-
(oM OTKIIHKA, a 3aBHCHMOCTh MaTeMaTHIECKOTO OXKHUAAHUS OTKIIHKA OT KOHTPOIUPYEMBIX (aKTOPOB — (PyHKIHeH OTKIHKA.

I'eomerprueckoe mpescTaBiaeHHe (QYHKIMH OTKJIMKA HAa3bIBACTCS MOBEPXHOCTBIO OTKJIMKA. UTOOBI Takoe MPEACTaBICHHE CTaJlo BO3SMOXKHBIM,
BBOAUTCS MOHATHE (PAKTOPHOTO MPOCTPAHCTBA, Y KOTOPOTO KOOPAWHATHBIC OCH COOTBETCTBYIOT OTAENbHBIM (hakTopaM. [Ipumep TpexmepHoro dak-
TOPHOTO IIPOCTPAHCTBA IIOKA3aH Ha PUC.




Puc. 'eomerpudeckast MOZIETb TPEXMEPHOTO (paKTOPHOTO MPOCTPAHCTBA
JItobas Touyka (GaKTOPHOrO MPOCTPAHCTBA XapaKTEPU3YeTCsi HAOOPOM 3HAa4YeHUH (PAKTOPOB, HPU KOTOPBIX MPOM3BOAUTCSA M3MEPEHHE OTKIMKA.
dukcupoBaHHOE 3HaUeHUE (haKTOpa HA3hIBAIOT Takke ypoBHeM (hakTopa. [Ipu koanuecTBe GakTopoB, OOIBIIEM TPEX, TEOMETPHUECKOS MOEITHPOBa-
HHE (aKTOPHOTO MPOCTPAHCTBA CTAHOBHUTCS HEBO3MOXKHBIM. [109TOMY Uale Bcero MHOXKECTBO YPOBHEH (haKTOPOB, IIPH KOTOPBIX IPOH3BOIAUTCS H3Me-
pEHUE OTKIIHKA, 331aeTCsl MaTpHLeil yCIoBUI SKcnepuMenTa. Ota Matpuia 1 k daktopos u N U3MepeHUH nMeeT BUA:

Xy Xy &y e Ay
X, X, X, ... X,
X = 12 i) 32 k2
Xy Yo Xy o0 Xy

3Ha4YeHHs OTKJIMKA, MOJTYyYCHHBIC MPU JAHHBIX U3MEPEHHSX, TAKXKE MPEICTABIAIOTCS B MATPHIIE, KOTOpas UMEET OJMH CTOJIOCI U Ha3bIBACTCS
MaTpHeil Ha0II01eHuii:

[lo xapakTepy opraHuzalu U MeToiaM 00pabOTKH Pe3yabTATOB IKCIIEPUMEHT MOXKET ObITh NACCHBHBIM WM AKTHBHBIM.

Ipu peanm3anyy MACCMBHOIO SKCIEPUMEHTA HCCIIEOBAaTeNb HAOMIOaeT 32 0OBEKTOM, HE BMEIINBASACH B MPOLECC €ro (YHKIIHOHHPOBAHHMS.
TlockonbKy, B JaHHOM Cilydae ypoBHH (haKTOPOB CITydaifHBIM MM 3aKOHOMEPHBIM 00pa30M M3MEHSIOTCS BO BPEMEHH, TO MOSBIIIETCSI BO3MOXKHOCTb,
U3Mepsisl UX 3HAYCHHUS M 3HAYCHUs OTKJIMKA, HCCIICA0BATh 3aBUCUMOCTD MLy (haKTOPaMU U OTKINKOM.

ITpyMepoM MacCHBHOTO SKCIIEPHUMEHTA SBIIIETCS CCIEeI0BaHNEe TOYHOCTH 00pabOTKH AeTayiell Ha HaCTPOEHHOM cTaHke. DakTopaMu B JaHHOM
cirydae OyyT IIOTPENTHOCTH 3ar0TOBOK, UX TBEPJIOCTh, H3HOC HHCTPYMEHTA, )KECTKOCTh CTAHKA, OTKIIMKOM — ITOTPENIHOCTh 00paOOTaHHBIX JleTaleH.

Ilpu peany3aniy AKTHBHOTO SKCIEPHMEHTa UCCIIEI0BATENb CaM U3MEHSET YPOBeHb (DAKTOPOB U MOANCPIKUBACT UX Ha HY)KHOM YPOBHE B Teue-
HHE JaHHOTO JTala SKCIIePUMEHTa.

K xoHTpoanpyeMbIM (hakTOpaM HMPeIbsBISTIOTCS CIEAYIONHe TpeOOBaHNUS, KOTOPBIE JOJDKHBI YUUTHIBATECS NP MMOATOTOBKE aKTHBHOTO DKCIIe-
pUMeHTA!

* ympaBisieMOCTh (pakTopa — BO3MOXKHOCTB IOJUICP)KHBATh BBHIOPAHHEINH YpOBEHb (DakTopa B TE€USHHE HEOOXOJUMOTO Ul M3MEpEeHHs OTpe3ka
BpPEMEHH,

* I0OCTaTOYHO BBICOKAsi TOYHOCTD, C KOTOPOIl MTOIEP)KUBACTCS U U3MEPSICTCS YPOBEHb (hakTopa;

* HE3aBHCHMOCTH ()akTOpa — BO3MOXKHOCTB 3a]1aTh JIF000H ypOBEHb JaHHOTO (haKTOpa BHE 3aBHCHMOCTH OT YPOBHEH Ipyrux (akTopos;

* COBMECTHMOCTb (paKTOPOB — Oe30MacHOCTh (PyHKIIMOHUPOBAHUS 0OBEKTA HCCIICOBAHMS U BO3MOXKHOCT H3MEPEHHUs OTKIIMKA B JII000H TOUKe
TO# 4acTH (haKTOPHOTO MPOCTPAHCTBA, KOTOPAs SIBISETCS 001ACTHIO SKCIIEPUMEHTHPOBAHHUS.

Kpome (akTopoB, KaxkIoMy YPOBHIO KOTOPBIX IOCIIe U3MEPEHHST MOJKHO ITOCTABHTh B COOTBETCTBHE ONPEACICHHOE YHCII0, MOTYT OBITh U Kade-
CTBEHHBIE (haKTOPHI (HAIIPHMED, PELEeNTHI CBI30K NUTH(OBAIEHBIX KPYTOB, MaTEPHAIIB! PEXKYIIEH YaCTH HHCTPYMEHTA, XUMHYECKHI cOCTaB 00padaThl-
BAEMOro MaTepuaia). B 3Tom ciiyuae KaxaoMy ypoOBHIO Ka4€CTBEHHOTO (pakTopa Hy»KHO IOCTaBUTb B COOTBETCTBHE YHCIIO HATYPAIBHOTO psija (KOm).
Tlopsimok ypoBHell kKauecTBEHHBIX (PaKTOPOB MOXKET OBITH IPOM3BOJIBHEIM, HO IIOCIIE KOJUPOBaHUS OH (HKCHpyeTcs. Js yrpoIieHus pacdeToB Ipu
00paboTKe pe3yIbTaToOB IKCIIEPUMEHTa PEKOMEH TYeTCsl POBONTE HOpPMaTH3aIHio (akTopoB — Mpeodpa3oBaHye NX B OGe3pa3MepHBIEC BEMIUHBI C (IT0
BO3MOXKHOCTH) LIETIOYUCIICHHBIMU 3HaueHUsIMU. [Ipy cuMMeTprYHON HOpMan3aluy pacyeTHast GopMyia IMeeT BUJT:

x. =X, -X)/AX |
u u J g7
e Xij — HOpMaJIn30BaHHBIN i-if ypOBEHB j-10 (akTopa; Xij — HATypalbHBIi i-i ypOBEHB, j-10 (dakTopa; AXj — MOCTOSIHHBII Iar U3MEHEHUs Ha-

TypaJbHOTO 3Ha4e-HUA j-10 (hakTopa; Xj — CPeHNIA ypOoBeHb j-TO (aKkTopa:
[

lj— . lg,
7 oia

I — quco ypoBHe# akTopa.

Yro6bl HOPMAIH30BaHHbIE (PAKTOPBI IPHUHSIIH IIEJIOYUCICHHBIEC 3HAYCHHs], YHCIIO UX YPOBHEW IOIDKHO ObITh HeyeTHbIM. Hampumep, npu r = 5
KoJbI ()aKTOPOB MPUHUMAIOT 3HaueHwus -2; -1; 0; 1; 2.

IIpu HecuMMeTpUUHON HOpMAIU3aLINH:

v =L (X, - X )/ AX

rae Xj min — MHHMMAaJIbHBIN ypOBEHB j-To dakTopa.

B nanHOM citydae HOpManu30BaHHbIE (PAKTOPHI MPUHUMAIOT 3HaueHus 1, 2, 3, ..., 1.

B kadectBe (h)aKTOPOB MOTYT IIPUHUMATBCS HE TOJNBKO (PU3UYECKUE HIIM TEOMETPUYECKHE BEINYHHbI, HO 1 HEKOTOPBIC (DYHKIUM OT HUX (Hampu-
Mep, JIorapr(Mbl WM TOKa3aTelbHbIe QyHKINH).

I1pu BeIOOpE OTKIIMKA M3 HECKOJBKHX, OOBIYHO (DYHKI[MOHAIBHO CBS3aHHBIX IIOKa3aTelNeil pe3ynbrarta (pyHKIHOHUPOBAHMS HCCIICAYEMOro 00b-
€KTa JIOJDKHO YYMTHIBAThCS CIELyOIIee:

* HeOOXOAMMO, YTOOBI OTKJIUK OB OHO3HAYHBIM B CTATUCTUYECCKOM CMBICIIE, T.€. 3JaHHOMY HAabOpy ypoBHEil (hakTOpPOB JOIKHO COOTBETCTBO-
BaTh OZIHO (C TOYHOCTHIO 10 MOTPELIHOCTH N3MEPEHHS) 3HAUCHNUE OTKIINKA,



* OTKJIMK JIOJDKEH OBITh 3()()eKTHBHBIM B CTATHCTHYECKOM CMbICIIE. DTO 3HAYUT, YTO U3 HECKOIBKUX (PYHKIIMOHAIBHO CBSI3aHHBIX OTKJIMKOB, BBI-
OpaHHBII MOJKHO U3MEPHUTH C HAUOOIBIIEH TOYHOCTBIO.

* JKENaTeNbHO, YTOOB! OTKJIMK MOJKHO OBLIO OLIEHHTh KOJIMYECTBEHHO. Ecii HeT crnocoba KOIMMYEeCTBEHHOTO M3MEPEHHUS Pe3yIbTaTa, TO CIELyeT
THOJIb30BAThCsl paHKUpoBaHueM. [Ipy 3TOM OTKIIMKY NPUCBAUBAIOTCS OLIEHKH — PAHTH IO 3apaHee BEIOPAHHOM IIKaJIe.

Il1aH 3KcHepHMEeHTa — COBOKYITHOCTh JJAHHBIX, ONPEACIIIIOMNX YHCIIO, YCIOBUS U MOPSAAOK Pealn3anii OmnbIToB. I1nan skcriepuMenTa 00bIHO
3aIMCBIBACTCS B BUJIC MATPHIIBI INIAHA — IIPSMOYTOJIBHOI TaOJIHIIBI, CTPOKH KOTOPOil OTBEYAIOT OT/E/IBHBIM OIIBITAM, @ CTOJIOLBI — (haKTOpaM.

DOneMeHTaMM MaTPHIIbI IaHa OOBIYHO SBIISIIOTCS HOPMUPOBAHHbBIE yPOBHU (HaKTOPOB, T.€. (U, j)-1 3JIeMEHT paBeH HOPMUPOBAHHOMY YPOBHIO j-TO
(haxTopa B U-M OIIBITE.

MarpHiia I1aHa MO>KET MMETh COBIafalolue CTPOKH. UTOObI COKPATHTh 3alMCh, HCIIOIb3yeTCsl MAaTPULIA CIIEKTPa ILIaHA, COCTABJIEHHAs U3 BCEX
CTPOK MaTPHIIBI IIaHA, OTIIMYAIOIIUXCS YPOBHEM XOTs ObI OAHOTrO (hakTopa, U MaTpHLa AyOIHPOBaHHs — KBaJpaTHAs UAaroHalIbHas MaTPHIA, SJIEMEH-
TBI KOTOPOU paBHBI YUCIaM HapauIeTbHBIX (XyOIUPYIOIINX) ONBITOB B COOTBETCTBYIOIUX TOUKAX CIEKTPA IIaHA.

Ilnan, coxepxaiiuii Bce BO3MOXHbIE KOMOMHALIMY BCeX (PAKTOPOB Ha OIPEEICHHOM YHCIIC YPOBHEI paBHOE YUCIIO Pa3, HA3bIBACTCS MOJIHBIM
(akTopHbIM M1aHOM. Eciy ItaH coiepuT TOIBKO YacTh KOMOMHALIMHN MOJIHOTO (haKTOPHOTO ILIaHa, TO €r0 HAa3bIBAIOT APOOHBIM (HAKTOPHBIM IJIAHOM
WITH ApOOHOH PEIIHKOI MOIHOro (haKTOPHOTO IIaHAa.

OTKJIMK OLIEHUBAETCS 110 Pe3yJIbTaTaM NPSIMbBIX WM KOCBEHHBIX H3MEPEHUIA.

Crioco0 OLIEHKH 3aBHCHUT OT IIPUPOJIbI OTKIIMKA (CiIydaliHas MM HecJlydaliHasi BEeJMYMHA) U TOYHOCTH U3MEPEHUH.

OcHOBHOI 3a1aueil B JAaHHOM CIIydae SIBJISICTCS MOTy4eHHe OOOCHOBAHHBIX BHIBOIOB O JCHCTBHTEILHOM 3HAUCHUH OTKIIMKA C yYETOM HOTpel-
HOCTEH U3-MEpEeHHUs IPU OIPAHUUCHHOM YHCIIE U3MEPEHUI.

COBOKYITHOCTb BCEX BOBMOXKHBIX 3HAYEHHUH MCCIIEyeMOi CiIlydaiiHOM MO-TPEIIHOCTH HAa3bIBAETCS F€HEPAIbHON COBOKYITHOCTBIO.

MHOXeCTBO 3HAUEHUH CIIyJaifHOH MOrPEIIHOCTH, IIOIy4eHHOE B pe3ysibTaTe HAOMIOACHNUS HaJl HEIO, Ha3bIBAIOT CIy4aliHOW BBIOOPKOW MM IpoO-
CTO BBIOOPKOIA.

Yucno oObEKTOB B reHepaIbHONH COBOKYITHOCTH U B BBIOOPKE XapaKTepusyeT ux o0beM. I'eHepanbHas COBOKYIHOCTb MOXET UMETh OECKOHEU-
HBIH 00BEM.

OCHOBHO# 3aJa4ell SBJISETCS NOJIyYEHUE HAyYHO OOOCHOBAHHBIX BBIBOJIOB O YHCIIOBBIX XapaKTEPUCTUKAX I'€HEPaJbHOW COBOKYITHOCTH CIydaid-
HBIX TIOTPEIIHOCTEH MO BHIOOPKE.

Br16opouHast oneHKa J10JKHA 0071a/1aTh CIEIyONMMI CBOHCTBAMHU:

* HECMEIEHHOCTBIO;

* 3 (HheKTHBHOCTHIO;

* COCTOATENBHOCTHIO.

Ouenky A mapamerpa A Ha3bIBalOT HECMEIEHHOI, ECIIM €€ MaTeMaTHIeCKoe OKMIaHNE PAaBHO OLlEHHBaeMoMy mapametpy. TpeboBanne HecMe-
IIEHHOCTH TapaHTUPYeT OTCYTCTBUE CUCTEMATHYECKHUX OIIHOOK MPH OLIEHKE 1apaMeTpOB.

Tak xak A — cirydaifHasi BelIUYMHA, 3HAUCHUE KOTOPOIl H3MEHSETCS OT BEIOOPKH K BEIOOPKE, TO MEpy €€ pacCeBaHUs XapaKTepH3yIOT TUCTICPCH-
eit D(A). 113 n1Byx oLeHOK A ciemyeT OTaaTh NPEeANoYTeHHE TOi, KOTopas 001aaeT MeHBIINM PACCEHBAHUEM (T. €. MEHBIIEH TUCIePCHeH).

Hecmemennyio oLeHKy A, KOTOpas UMeeT HaUMEHBIIYIO JUCIIEPCUIO CPeIH BCEX BO3MOXHBIX HECMELIEHHBIX OLICHOK IapaMeTpa A, BHIUHCIICH-
HBIX I10 BEIOOPKAM OJHOTO U TOTO ke 00beMa, Ha3bIBaIoT () (heKTHBHOI OLEHKOH.

Onenky A mapamerpa A Ha3bIBalOT COCTOSTENBHOM, €CIIM NPH HEOrPaHMYEHHOM YBEIHYCHHH oObeMa BHIOODKH e 3HAaueHHE IPUOIIDKAeTCs
CKOJIb YTOJHO OJIM3KO K 3HAYEHUIO OLIEHHBAEMOr'0 IIapaMeTpa.

Ha npakTtrke He Bcerna yaaercst yIOBICTBOPHTH OJHOBPEMEHHO TPEOOBAHUSIM HECMEIIEHHOCTH, d()()EKTHBHOCTU H COCTOSTEILHOCTH OLCHKH
napamerpa. MiHor1a Juist IpocTOTHI pacyeToB 1eIeco00pa3HO UCIIONb30BaTh HE3HAYNTEIBHO CMEIICHHYIO OLIEHKY.

O1leHKY HEM3BECTHOI'O IapaMeTpa reHepaibHONM COBOKYIHOCTH OJIHMM YMCIIOM Ha3bIBAalOT TOYEYHOH oueHKoi. ToueyHoil oleHKoil MaTeMaTH-
yeckoro oxuaanust M(X) cirydaifHoi BennmunHb! X sBISIeTCS CpeHee apu(pMeTHIecKoe 3HaueHne X, BEMUCICHHOE 110 pe3yJbTaTaM M He3aBHCHMBIX
HaOJII0IeHUH]:

_ 1 m
r ra
X==3 1%,
mig
Ota olleHKa ABIAETCA HECMEIEHHOH, COCTOATENbHOI 1 3 dexTrBHON. OHAa NMEET AUCIIEPCHI0 G2/M, eCIIN JUCTIEPCHs CITydaiHONW BeMMInHbI X
paBHa 2.
HecwMmeneHHOIT 0neHKoii ucnepcHu reHepanbHoil coBokymHocTH D(X) siBIsieTcss BEIOOpOYHAs TUCTIepCHS:
m

o) ] iy |
ST =—— X —-X).
m—];( ! )

Ota OIeHKa SABJIAETCS COCTOATENBHOM, HO He 3P ()EeKTUBHOM.

IMpn mManoM urcie HaOMOJeHNH He0OX0IMMO NCIIONE30BaTh MHTEPBAIBHOE OI[CHUBAHUE, TAK KaK B 3TOM CITydae TOYEYHas OIeHKa HeJ0CTaTou-
HO HajexHa. HeobXo1MMo 1o JaHHBIM BBIOOPKH MOCTPOUTH YHMCIOBON MHTEPBAJ, B KOTOPOM C 3apaHee BRIOPAHHON BEPOATHOCTBIO HAXOMHUTCS 3HaYe-
HHE OLEHUBAEMOTO MapaMeTpa.

JloBeputensHBIM nHTEpBanoM (A2 — Al) m1s mapamerpa A Ha3BIBAarOT TaKOW MHTEPBAJ, JUIs KOTOPOTO C 3apaHee BEIOPaHHON BEPOSTHOCThIO P=1
— 0, O/TM3KOH K eIMHHUIIE, MOKHO YTBEP)KAATh, YTO:

PA1<A<4d)=1-«a

UeM MeHblIIIe 111 BRIOpaHHOW BeposTHOCTH (A2 — Al), TeM ToYHee OlleHKa apameTpa A.
JloBepHTENBHEII HHTEPBAJI MEHSIETCS OT BEIOOPKH K BEIOOPKE.
BepositHocTh P=1 — 0 Ha3bIBaeTCS 10BEPUTEIbHON BEPOSITHOCTBIO, A YUCIIO 0L — YPOBHEM 3HAYMMOCTH. BBIOOp 10BEPUTENBHON BEPOSTHOCTH
3aBHCHT OT KOHKPETHOM pelraeMoii 3a1aum.
Ecmu ciywaiinas BelM4MHa pacrpesienieHa HOpMailbHO, a JIUCTIEPCHs 3TOTO pacipeeleH!st HEM3BECTHA, TO JIOBEPHTENbHBIN HHTEPBAI I MaTe-
Matudeckoro oxuganus M(X) onpenensiercss HEpaBeHCTBOM:
X—=t(Pm)-S/-m<MX)<X+t(P.m)-S/m,
rae t(P, m) — kpurepuit CThIOICHTA IPU JOBEPUTENBHOI BeposiTHOCTH P 1 umcie creneneit cBobomsr f=m — |.
Eciu ciydaiinasi BenmMYMHA pacipeseneHa HOPMalbHO, JOBEPUTENbHBI HHTEpBaN JUIsl JTUCIEPCHU TeHepaIbHOH COBOKYIMHOCTH NPH JOBEpH-
TEeJIbHOM BeposTHOCTH P=1 — o ornpeiensieTcst HepaBEeHCTBOM:
m—1_, , m—1
ST <o <—5
X X3

2
5 H

rae x2 — kputepuit [Tupcona.

B03MOXXHBI CleyoIie NOAX0ABI K OlleHKe OTKIHKA!

1. OTkIHK fIBJIsieTCS HecIy4aifHO# Be THUMHON M OIUMOKH U3MePeHHsI MAJIbI TI0 CPAaBHEHHUIO CO 3HAYCHHUAMU OTKIHKA. [Ipu i-M m3mepeHnu
HOJTyqaeM:

Y=y, +A,,

raoc Y — uCTHHHOE 3HAYCHHUE OTKIJIHKaA, yl — U3MEPECHHOC 3HAUCHUE OTKIINKA, Ai— TIOrpeUIHOCTE U3MEPECHUS.



Ecmu Ai < (0,01...0,02) yi, TO MOrpemIHOCTHIO H3MEPEHHSI MOXKHO MPEHEOpeyb U MOTyYEHHOE MOCTIe IIEPBOro H3MEPEHHUs 3HAYCHUE yi TIPHHATD 32
UCTHHHOE.

2. OTKJIMK SIBJISIETCS HeC/Ty4aiiHoil BeJIMYMHOIi, HO MOTPELIHOCTAMH U3MepeHHii Hellb3sl peHedpeyb. JIJIst yMEHbIICHNS BINSHHSA MOTPeL-
HOCTEH M3MEpEeHNs Ha TOYHOCTh OLICHKH MPOU3BOJMTCS MHOTOKPAaTHOE H3MEPEHHE OTKIIMKA B OJMHAKOBBIX YCIOBHSX (B OIHOM M TOH e TOYKe (hak-
TOPHOTO IIPOCTPAHCTBA).

To4euHO! OLCHKON MCTHHHOIO 3HA4Y€HUs OTKIMKA B JaHHOM ciiydae OyJeT cpeaHee apu(METHYECKOE 3HAUCHHE PEe3yJbTAaTOB MapajluleIbHbIX
U3MEpEHUM:

— 1

ma
rJe m — KOJIUYECTBO MapajlIebHbIX H3MEPEHUH.
To4YHOCTb COOTBETCTBHS y HCTHHHOMY 3HAQUCHMIO TEM Bblllle, yeM Oonbiie m. [Ipyu oTHOCHTENBbHO HEOOIBIIOM YHCIIe H3MEPEHHUH 1iesiecoo0pasHo

HPUMEHSTh HHTEPBAJIbHYIO OLIEHKY OTKJIMKA:

y—t(P.m)-S/ - m <Y < y+t(P.m)-S/ m.

rae t(P, m) — xpurepuit CTblofieHTa, S — OLIEHKA CTAHAAPTHOTO OTKJIOHEHUS IIOTPEIIHOCTe! n3MepeHust, P — moBepuTeIbHas BEpOSTHOCTD.
ToueuHast OLlEHKA CTAaHJAPTHOTO OTKJIOHEHHS ONPEAEIAETCS U3 BBIPAKEHNUS:

1 & ~
ST=— Dy, - )’
m—1 ;

3. OTKINK sIBJsieTCs CIy4aiiHoii BeIMUHHOM, a pa3Max OMIMOKH H3MepeHHUs NMpeHeGpPe:KUMO MaJ MO0 CPABHEHHUIO C MOJIeM paccesHHst
3HAYCHUH OTKJIUKA.

B nanHOM ciydyae Hauboiee MOTHOI XapaKTepUCTHKON OTKIMKa OyZeT 3aKOH paclpesieleHus ero 3HaueHni. Ho B GOIBIIMHCTBE MPaKTHUECKUX
3a/1a4 JOCTATOYHBIMH CYMTAIOTCS YHCIIOBBIE XapaKTEPHCTHKY PacIpeIeNeHus CllydaiHOH BeIMIHHBI Y.

MUHUMaIBHO HEOOXOAUMBIMU SIBIISIFOTCSL:

» Mmatemarndeckoe oxunanne M(Y), onpenernsroniee IOJI0KEHIE [ICHTPa IPYNITUPOBAHIS 3HAUCHUH OTKIINKA;

o(Y)=" DI(Y) .

* mucnepeus D (Y) wi cTaHzapTHOE OTKIIOHEHUE , XapaKTEpU3YIOIINe PACCEUBAHUE 3HAYCHUH OTKIIMKA.

B xagecTBe TOYEUHOIH OIEHKM MaTeMaTHdeckoro oxunanus M(Y) npuHuMaercs cpenHee aprudMeTHIecKoe 3HaYeHHEe Pe3yIbTaToB Mapajnlelib-
HBIX U3MEPEHUH Y.

IIpu m>30 ynobHee rpynnupoBath 3HaueHUs Y MO MHTEpBaiaM OJuHaKoBOM /uuHbL h. Bee mone paccesHus nenurcs Ha HeyeTHoe yucio (7...
15) uHTepBaNOB UTMHOH h ¥ TOICYNTEIBAaETCS KOIMYECTBO Mi 3HAYEHUH OTKIIMKA, TONABIINX B KaXIbIH i-if HHTepBaJL.

ITpuHUMaeTcs, 9TO BCe 3HAUCHUS OTKIIMKA, TONABIINE B i-1 I/[HTepBaJI PpaBHBI KOOpJHHATE ero cepenuHsl. Torna:

x
- 0+—Z( Jr‘_’_l)ru

m o
IJie YO — KOOpIMHATA CEPEANHBI CPEIHEr0 HHTEepBaja; k — KOJIMYECTBO HHTEPBAJIOB;
i

m= Z m,
i=1

To4e4HOM OLICHKOH TUCHEePCHH SBIISETCS HabIr0aemast z:mcnepcm S2, 3HaueHust KoTopoit mpu 10<m<30 MOXXHO OIPENeNUTh 10 hopMyJIe:

S? = 2(1

m—

,1.

Ecnu yncno napaniensHeIx H3MepeHuil Mano (m<15), To OLEeHKY CTaHJapTHOTO OTKJIOHEHHS MOKHO IIPOBOJMTH 110 pa3Maxy:

Rm = J‘ma); _J‘m.m'
B nannOM citydae:
S=R, /d,

rae dm — cpeaHee 3HaUYCHHE OTHOCHTENBHOTO pa3Maxa, T. €. OTHOIICHHUS pa3Maxa K CTaHAapTHOMY OTKJIOHEHHIO.
IMpu m>30 u rpynnupoBaHUY [0 UHTEPBaIaM OIUHAKOBOH JATMHBIL:

2 / 52 2
h & k+1 mh —
B [ P
m—1\ 2, m—1
I/IHTepBaHBHaH OILICHKA MaTEMaTHYCCKOIo O KMAaHUA HAXOAUTCS C ITIOMOIIIBIO BBIpa)KGHHH

SZ —

1—r(P m)-S/ m< Y<y+HP,m)-S/ m,
rae S onpenensercs no Gopmyne:

S=R /d,.

m m
VHTepBanbHast OL[eHKa CTaHAAPTHOTO OTKIOHEHUS:
a) mpu m<15:

R /d <oc<R /d

rae dml u dm?2 — kpurepuu, onpeeseMble B 3aBUCHMOCTH OT JOBEPHUTEIILHOM BepoATHOCTH P 1 m;
0) npu m>15:

ml m2?

-1 . m—1
Sl—q)<o<SU+q)umt—5<o* <52,

7 V4
;(2 (m=1)

A

T7ie q — KpUTEpHUil, KOTOPHII onpesesnseTcss B 3aBUCUMOCTH OT P u m; 3HadeHue:
hopmyne:

onpenenseTcs U3 TabauIbl; S onpenesnsiercs no

1 m

> -0,

§*=——ro
m—143

W

2 / 2 2
s e E k41 mh —s
St = Z i— n, — (vy—¥)
-~ 1 1 . .
m—15\ 2 m—1
4. OTKJIMK SIBJISIETCS] CIY4YAifHOM BeJHMYMHOI, a OIUMOKY M3MepeHHsl CYIIECTBEHHDI, T.e. He IPEHEOPEKIMO MaJIbl [0 CPABHEHHUIO C pa3Ma-
XOM 3HaYEHHWI OTKIIMKA.
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Ecnu uckimodena cucremarudeckas TIOIrp€IIHOCTh UBMEPEHHUS, TO OLICHKA MAaTEMATUICCKOI0 OXXKUAAHUSA MPOU3BOAUTCA IO CICAYIOIIUM (bOpMy-
JIaM:

;:

m
2 Ve
i=1

1
mi
;7 t(P,m)-S/ m <Y< I+ H(P,m)-S/ ,

- & k+1
V=Yo+— > (i— ;.
- 20 m ;( 2 ) i

HOCKOHbe TIOrpe€IIHOCTb U3MEPEHMS U OTKIIUK ABJIAIOTCA HE3aBUCUMbBIMU CHyHaﬁHblMld BEJIMYUHAMH, TO OLIEHKA CTAHAAPTHOT'O OTKJIOHCHUS OT-
KJIMKa HAXOAUTCS U3 BBIPAKCHUA:

S*(¥)=58; - Sy,

FZ[G g OLEHKa CTaHAAPTHOI'O OTKJIOHCHUS, IOJIYyUCHHAsA IIyTEM 06p8.60TKI/I PE3YJILTATOB CEPUUN H3MepeHHﬁ; Su — OLICHKAa CTaHAAPTHOI'O OT-

KJIOHEHUS IIOTPENIHOCTH M3MepeHHUst (JUISl OIpe/ielieHus] S IPOBOAUTCS CIIeNUANbHbIN dKcriepuMenT). Ecim Su >LS‘Z , To cuutaeM S (Y) =0.

5. OTKIHK sIBIsieTCS caay4aiinoii pynkuueii Y(t), rae apryMeHT t MoxeT ObITh HEPEPBIBHOM (HAIPHMeEp, BPEMs) MM IUCKPETHON BETHIMHOM
(HampuMep, TTOPSAKOBBIN HOMEp 00pabaThIBaEMOii 1eTaIH).

B otnuune ot cirydaiiHoil BRIOOPKH B JaHHOM CIIydae MOPSIOK CIIENOBAHMS M3MEPEHUH SBISETCS CYIIECTBEHHBIM JUIS BBIIBICHHS MPUIMHHBIX
MEXaHU3MOB, 00YCIIOBIMBAIOINX CBOICTBA OTK/IUKA.

Ecnu t MoXeT IpHHUMATH JII00BIC 3HAYSHNUS B 3aJaHHOM HHTEpBaie, TO Y (t) Ha3bIBAIOT CIIyJaifHBIM IIPOLIECCOM.

Ecnu t mpuHIMaeT TOIBKO ONpeAeNeHHbIe UCKPETHBIC 3HAUeHNUs, TO Y (t) Ha3bIBaeTCs CITy4aifHOI IOCIe0BaTEIbHOCTHIO HIIH BPEMEHHBIM Psi-
JIOM.

TTosy4eHHast SKCIIEPHIMEHTAIBHO IIOCIIEI0OBATEILHOCTS 3HaUeHHH Y (t) Ha3pIBaeTCs peanu3anyeil ciydaifHoro mpouecca (MIH BpEMEHHOTO PSa).

Ha puc. npuBesieH npuMep BPEMEHHOTO psijia, 00pa30BaHHOTO OTKJIOHEHHSAMHU Y pa3MepoB JeTanel, 00paboTaHHEIX Ha TOKapHO-PEBOIBBEPHOM
aBTOMATe.

A

I R R 7 Ry R
ﬁ&;ﬂﬁmﬁa:zf HOMES Bemanc b

Puc. BpeMeHHOIi psJ] OTKIOHEHUH pa3MepoB AeTajiei, 00paboTaHHBIX Ha TOKAPHO-PEBOJILBEPHOM aBTOMATE
IIpumep BpeMeHHOTro0 psja (M3MEHEHHE pa3MepoB AeTajei, 00paboTaHHBIX HAa aBTOMATE)
Hanboee BaXHBIM CBOMCTBOM CIIydaltHOW (DYHKIHH, ONPEIENSIONINM BO3MOKHOCTD IPHMEHEHHS TeX MJIM HHBIX METOJOB HCCIIEIOBAHMS, SIBIIS-
€TCsI 3aBUCUMOCTh HJIM HE3aBUCUMOCTD €€ CBOMCTB OT Hauaja OTCUeTa BpeMEHH.
B cOOTBETCTBHY C STUM PA3IMYAIOT CTALMOHAPHBIC M HECTAIHOHAPHBIC CIy4aiiHble QYHKINH.
Jlnist cranpioHapHOH citydaliHOH (D)YHKIIMH IepBOTO THIIA BCE €€ XapaKTEePHCTUKH 3aBHCST TOJIBKO OT B3aUMHOTO PACIIONOKEHUS 3HAUSHUH apry-
MEHTA, a He OT CaMHX 3HAYCHUI.
Ha puc. Hike, mokasaHsl IpUMepbI pealin3anuii CTAMOHAPHON U HECTAIIMOHAPHBIX CIyYalHBIX (QYHKIIMH.
a ]
VN Vi)

AR

 —

£ [

FA
Vit
¢

Puc. Peanuzanmu cyyaiiHbIX (QYHKIHWI:
a — CTAllHOHAPHOH; 0, B, T — HECTAIIMOHAPHBIX
V HecTalMOHAPHBIX CIy4aifHBIX (yHKIMIT TP N3MEHEHNH apryMeHTa U3MEeHsIeTCsl paccesiHie 3HaueHnit Y (t) (puc.1.4 0), monoxeHue ero neHTpa
rpynnupoBanus (puc.2.2 B) wian o0e XapakTepucTuku (puc.2.2 r).
Tpu HanuuuKM MHOXECTBA pean3aluil CIy4aliHON (QYHKIMH COBOKYITHOCTh €€ 3HAYEeHUH NpH (UKCUPOBAHHOM 3HAUYECHHU apryMeHTa o0pasyer
MHOXECTBO CJTyJaifHBIX BETMUYHH, YUCIOBBIMH XapaKTePUCTHKAaMU KOTOPBIX SIBISIETCSl MaTeMaTnieckoe oxxuganue MY (t)] u mucnepcus D[Y (t)].
O0e 3T XapaKTEePUCTUKH SIBIIOTCS HeCIyJalHBIMH (YHKITHSAMU apryMeHTa. J{JIs CTalMOHApHBIX CIIy9aiHBIX MPOLECCOB U BPEMEHHBIX PSIOB:

M [Y(f)] = const; D[Y(r)] = cons.
CBsI13b 3HaUEHUH CIydaifHOH QyHKIMH IPU pa3HBIX 3HAUCHHSAX apryMEHTa XapaKTepu3yeTcsl KOPPEIAMOHHON QyHKINEH:

K(t,.1,) = M{{¥(1,)) - M[Y ()]} {¥ (2,) - M[Y(1,)] }}

JIns cTallMOHAPHBIX CITyYaiHBIX TIPOIECCOB KOPPETAIMOHHAS (ByHKIHS 3aBUCUT TOJIBKO OT CABHMTA 3HAUYCHHIT apryMeHTa.

Ipu ananu3e ciydailHbIX (YHKIMH OOBIYHO MCIIONIB3YETCS MPEATONOKEHHEe 00 SPrOANYHOCTH M3y4aeMBbIX MpoleccoB. IIporece Ha3bIBAIOT 3p-
TOJMYCECKHM I10 OTHOIICHHIO K KaKOH-THOO0 ero XapakTeprCTHKE (MATeMAaTHIECKOE OXKMAAHNE, AUCIICPCHs), €CIIN e 3HAYCHUE TT0 MHOXKECTBY Pean3a-
1M COBMa/iaeT co 3HAYCHNEM 110 MHOXKECTBY 3HAUCHHH apryMeHTa.

CBO#iCTBO 3PrOAMYHOCTH II03BOISET OLCHUBATH BEIOOPOYHBIC XapAKTEPUCTHKK CIIydailHOI (yHKIMH 10 OAHOW peanusaunu. Jis cTanuoHap-
HBIX BPEMEHHBIX PsiIoB oreHKoi M[Y(t)] Oyner cpentee apudmMeTndeckoe 3HaUCHHE:

g
Vit

2



onenkoil qucniepeun D[Y (t)]:

a OLICHKOU KOPPETALMOHHON (DYHKIIUHU:
K()=+3 (1, -1),, -T).

m

r=12.....n.

Z[J'ISI CpaBHEHUS CBOKCTB BPEMEHHBIX PSA0B C pa3HBIMU MacirrabamMu HU3MEPEHUS UCITOJIB3YIOT HOPMUPOBAHHYIO KOPPEIANHUOHHYIO d)yHKI_[I/[IOZ

o P2
r(r)=K(r)/S".
JlobaBnenue k ciydaifHoil ¢pyHKImu Y(t) HeciydaiiHOH BenuuuHbl YO MM HeclTydaiHOH (QyHKIME @(t) HE BIUSIET HA 3HAYEHHE KOPPEILIIHOH-
HOIT GyHKIHH.

Pa3gen 2. CraTucTuyeckasi npoBepKa rumores.
Tema 2.1. IIpoBepka rumore3bl 0 paBeHCTBe MATEMATHYECKOT0 0KMIAHUS 3aIaHHOMY 3HAYEHHIO (JIeKIMA-

AucKyccus — 2 yac.)

CTaTHCTHYECKAS] THIOTe3a — IPE/IONI0KEHNEe OTHOCUTEIEHO CTATHCTHYECKHX IapaMeTPOB TeHEPAIbHOH COBOKYITHOCTH HIIM 3aKOHA pacIpe-
JIeJICHNUS! CIIy9aifHBIX BEJIMYHH, IPOBEpsieMOoe Ha OCHOBE BEIOOPOYHBIX JaHHBIX.

OcHoBHasl poBepsieMasi TUNOTe3a (HyjeBas rumnoresa) oobuHO ob6o3Hayaerca HO. OnHoBpeMeHHO GopMyIHpyeTcsi ajJbTepHATUBHAS WK
KOHKypHpYyouas runoresa HI.

Hampyimep, eciii IpoBepseTcst paBeHCTBO MaTEMATHYECKOTO OXKUIaHUS TeHEPaIbHOW COBOKYITHOCTH HEKOTOpPOMY 3Ha4eHHIo 10, HylaeBas THIIO-
te3a HO - M(Y)=p0, anbrepnarusnas runoresa HO - M(Y)#u0.

Kputepnem craTHCTHYeCKOl TMIIOTe3bl HA3BIBAIOT NPABIJIO, NTO3BOJIIIONIES NPUHATH WM OTBEPTHYTH TMIIOTE3Y Ha OCHOBAHHHU BHIOOPKH M3
TeHEepaJIbHOM COBOKYITHOCTH.

Ipunumas unm oTkioHss runoresy HO, MOXHO pomycTuTh omMOKH ABYX BUIOB. OmnOKa nepBoro poaa cOCTOMT B TOM, 4To runore3a HO oT-
Bepraercs, B TO BpeMs Kak B JefiCTBUTEILHOCTH OHAa BEpHA, OIIMOKa BToporo pona — runoreza HO npuHMMaercs, B To BpeMs Kak BepHa rumoresa H1.

BeposiTHOCTH 0IIHOKH NepBOro poaa o6o3Hayaercs o. Ee yacTo Ha3bIBarOT ypOBHEM 3HAUMMOCTH KPUTEPHS THIIOTE3BI.

BeposiTHOCTH OHIMOKHM BTOPOro poaa o0o3Ha4yaercs f3.

BepositHocTh 1-f mpuHsTHs runoTe3s! H1, korna oHa BepHa, Ha3bIBaeTCss MOIMHOCTBIO KpUTepusi runote3nl HO OTHOCHTENBHO albTepHATHB-
Hoit runore3s! HI.

OueBUIHO, 4TO NpH NpoBepke runore3sl HO 0THOCUTENBHO anbTepHATUBHOW runoTe3bl H1 yiydimM sBiseTcs TOT KpUTEepUi, KOTOphIi obecre-
YHBaeT HanOOJBIIYI0O MOITHOCTB IIPU TOM K€ CaMOM YPOBHE 3HAUYHMOCTH (.

ITyctb copmynupoBana Hyneas runoresa (HO) M(Y)=p0 u ansreprarusHas (H1) M(Y)#uo.

BriOopka HaOmoaeHnii 00bEMOM M VISl IPOBEPKHU HYJIEBOW THIIOTE3bl OCYILECTBIISICTCS U3 I'€HEepalbHOW COBOKYITHOCTH 3HAYEHHU CIlydaiiHOW
BEJIMYIMHEI Y, PacTIpe/leNIeHHBIX 110 HOPMAJILHOMY 3aKOHY.

OneHKON MaTeMaTHYECKOTO OXKUIAaHs 110 BEIOOpKe OyIeT cpefHee apu(MeTHIECKOoe y:

_ o
y=—2%
M i

a OLIEHKOM JUCHIepCUH:

S§° = 71 Z (."}- - ;’)2 .

m-14
J171s1 mpoBepKHU HyJEBOU THIIOTE3bI BEMUCIIETCS HabmogaeMoe 3HaueHue kpurepus CThIoZeHTa:

‘J" - P’o‘

S m
Kpurnueckoe 3HaueHHEe KpUTEpHUs tK ONMpPEAENSeTcs A BHIOpaHHOW JOBEPHUTENBLHOM BeposTHOCTH P=1 — o 1 3a1aHHOr0 00bemMa BHIOOPKH M U3
TaOJINIBI KPHTHIECKUX 3HaYeHHH kputeprst CThroJeHTa.
Ipu tH<tKk MOJKHO CUHTATh, YTO JAHHBIC BEIOOPKHU HE MPOTHBOPEYAT HYNEeBOI runotese. Eciu tH>tk, To THIIOTE3a OTBEpPraeTcs.

Ta

Tema 2.2. IIpoBepka runoTesbl 0 paBeHcTBE CPEIHUX 3HAYEHHUI (Jekuusa-gucKyceusi — 1 gac.)
Ilycts BbIOOpKM HabOmoaeHHi o0beMoM ml u m2 GepyTcs W3 ABYX I'€HEpalbHBIX COBOKYIMHOCTEH ¢ HOPMAJIBHBIM PacHpelesieHueM, pHYeM
JUCIEePCHU TeHepalbHBIX COBOKYIHOCTEH PaBHBI.
Heob6xoxumo nposeputs runote3y HO o paBeHcTBe MaTemaTnueckux oxupanuit M(Y1) = M (Y2).
y YLy ST uS;
Mo aHHBIM BEIOOPOK OHPEENAIOTCS OLEHKH MAaTeMaTHUECKUX OXKUIAHUH U TUCIEPCHIl:
OObenuHeHHAs OLICHKA JUCTICPCUH TeHEePaTbHBIX COBOKYITHOCTEI:

§* = [512 (m, 1)+ S3 (m, 71)]/(1771 +m, —1).

J111s1 mpoBepKHU HyJIEBOU THIOTE3BI BEMUCISIETCS HabogaeMoe 3HaueHne kpurepust CThIoJeHTa:

Vi —=¥a

m;m,

Ig = - .
S Lmy

KpuTnueckoe 3HaYeHHE KPUTEPHS OTPEACIIeTCs ULl JaHHOH JOBEPHUTEIbHOM BeposTHOCTH P 1 m=ml+m2.

IIpu tH<tk rumoresa MpUHUMAETCA; €CIIU tH>tK OHAa OTBEPraeTcs.

Ipumep.

B 0anHaKOBBIX YCIOBHSX ObUIO 00pabOTaHO 1Mo 25 BTYJIOK pa3BepTKamMu guameTpoM 6 u 10 MM. Pe3ynbTaThl H3MepeHuii ToKa3alii, YTo CPeIHss
BEIIMYMHA Pa30MBKU OTBEPCTHH (PasHOCTb JHAMETpa Pa3BEepTKH M JHaMeTpa OTBEPCTHS) UL pa3BepTOK JHaMeTpoM 6 MM cocraBiseT 10,9 Mkm, a
nmuamerpom 10 MM — 9,8 MkM. OueHKH JucHepcuil B 000MX CIIydasiX COOTBETCTBEHHO 3,8 MKM? 1 4,76 mrM?. HeoGxommumo YCTaHOBHTH, BIUSCT JIH
JMaMeTp Pa3sBePTKH Ha Pa3OUBKY OTBEPCTHSI.

Pemenne.

Io dpopmye:

10



2= [S’l‘ (2, = 1)+ 83 (mm, — lﬂ..-'{(:ml +m, —1)
» 38:24+476-24

S =419;
49
Tlo dpopmyne:
‘1_1 —C myn,
ty = -—.
S my +m,
10,9-98 25-25
Iy =— : =19.

419 25+25

ITo Tabnuue kputuueckux 3HayeHuid kpurepus Crorozenra mpu P = 0,95 u m = 50 naxoaum tk=2,01.

Iockonbky tH<tk (1,9<2,01), MOXXHO cUMTaTh, YTO H3MEHEHHE AUaMeTpa pa3-BepTKU B Ipenenax oT 6 1o 10 MM He oka3bIBaeT CyIIECTBEHHOIO
BIIMSIHUSI HA BEIMYMHY Pa30MBKU Pa3BEPHYTOrO OTBEPCTHS.

Tema 2.3. IlpoBepka runoTe3bl 0 paBeHCTBe TUCNEPCHil (Jiekuua-guckyceus — 1 gac.)

HpI/I 06pa60TKe OKCIIEPUMEHTAJIBHBIX JaHHBIX YaCTO Tpe6yeTcsI BBISICHHUTBH BOIIPOC 00 OAHOPOJHOCTH BLI60p0‘IHBIX I[I/ICHCpCI/IfI, T.€. UX PAaBEHCT-
BE JIMCIIEPCUU I€HEPAIbHOI COBOKYITHOCTH.

IlycTb st [BYX HE3aBUCHMBIX BBIOOPOK U3 HOPMAJIbHOM IeHEpaJIbHOIM COBOKYIHOCTH ¢ 00beMaMu m1 ¥ m2 BBIUKCIIEHBI OLIEHKH JHCIEePCUil Co-

TJIacHO (hOpMYIT:

s2=_t_ i(};—i’)z

m—1
mm S=R /d,.

1) 2 - 2
oS =0 g, =0,.
TpeGyercst npoBepuTh HyseByto runoresy(H0) — 1 2 OTHOCHTENBHO anbTepHATUBHON runoressl (H1) -
IIposepka npoBoguTcs pu nomoiuu kpurepust @umepa F.

Habmonaemoe 3HaueHUe KpUTepHUs:
22 2 v 2
Fy=S2/s? (s2>s?)
CpaBHMBAETCs ¢ KpuTUueckuM FK, KoTopoe ompezaensercss U3 TabauIbl KPUTUUECKUX 3HaueHui kpurepus Pumepa F 1 BrIOpaHHBIX 10BEpU-
TenbHOM BeposaTHOcTH U m1 1 m2. Eciiu Fu<Fk, TO BEIOOpOYHBIE TaHHBIE HE IPOTHBOpPEYAT HYJICBOM IMITOTE3E.
IIpu ananu3e BBIOOPOUHBIX JAHHBIX MOT'YT BBIJIBUTAThCS THIIOTE3bI 00 OZIHOPOIHOCTH JIUCHEPCHil B HECKOIBKUX BBIOOPKaX.

B sTOM ciiydae MoxHO UcTob30BaTh KpuTepuii Koxpena.
Habmoiaemoe 3nauenne kputepust Gy onpenensercs 1mo gpopmyire:

2

v 2

-~ imax
G, = - .

2

S

i

|
LY

i
2

T'ne SF max - MaKCHMaJlbHasl OLIEHKA JAUCIIEPCHU CPEH N CPABHUBAEMBIX JIMCIIEPCHIi (BCE N BHIOOPOK MMEIOT OMHAKOBBII 00beM m).

Kputnueckoe 3HaueHHe KPUTEPUs ONpeAesIeTcs] U3 TaONUIbl KPUTUUECKUX 3HaYeHUH kpuTepust KoxpeHa B 3aBHCHMOCTH OT IIPUHATHIX JOBEPH-
TEIBHOI BeposITHOCTH P, 06beMa BEIOOpPOK m M HX YHCIA N.

IIpumep.

B onuHakoBBIX yciaoBHAX ObUI0 00padoTaHo 1Mo 25 BTYJIOK pa3BepTkaMu quaMeTpoM 6 U 10 Mm. Pe3ynbTaThl H3MepeHHid OKa3allH, YTO CPeIHIS
BEJIMYMHA Pa30MBKU OTBEPCTHH (pasHOCTh JHAMeTpa pa3BepTKH M JUaMeTpa OTBEPCTHS) Ul pa3BepTOK JHaMeTpoM 6 MM cocrasiser 10,9 Mkm, a
mamerpoM 10 MM — 9,8 MxM. OLeHKH IHCTIepcHii B 000HX CIIydasX COOTBETCTBEHHO 3,8 MkM2 1 4,76 MKM2.

Heo0Oxonumo mpoBepuTh TMIOTE3Y O PABEHCTBE JAUCIIEPCHH.

Pewmenue.

ITo dopmyne

o2 Q2 .2 ,2‘)
F,=S2/S} (s7>s2
omnpenernseM HabmoaeMoe 3HaueHue kpurepust Oumepa: Fu=4,76/3,8=1,25.

W3 tabmuie! KpuTHieckux 3uadeHnii kpurepus Koxpena mist P = 0,95, ml — m2=20 naxomnm Fx=2,16, a mast m1=m2=30 — Fx=,84.
Hckomoe 3nauenne Fk ans m1 = m2 = 25 HaxoauM JIMHEHHONW MHTEPITOISLMEH:

Fi= (1,84 +2.16)2=2.

Tak xax Fu<Fk (1,25<2), Hy;eBas THIIOTE3a O paBEHCTBE JUCIICPCHIT IPHHUMAETCS.

Tema 2.4. l'[pOBepKa C.]'Iy‘laﬁHOCTPI U HE3aBUCHUMOCTH Ppe3yJbTaToB l/l3MepeHl/ll7l B Bl)lﬁopl(e (J'leKl[l/lfl-
auckyccusi — 1 yac.)

Jlo cTaTucTHYEcKOl 00pabOTKM Pe3yIbTaTOB M3MEPEHHS OTKIMKA HEOOXOINMO YOSUTECS B TOM, YTO OHH SBIIIOTCS CTOXAaCTHYECKH HE3aBHUCH-
MBIMH.

AJBTepHATUBHOW THIIOTE30H MOXET OBITH NMPEIONIOKEHNE O HAIMYNH MOHOTOHHOTO MM IIUKJIMYECKOTO CMEIICHHS (Apeii(a) 3HaueHHs OTKIIN-
Ka, BEI3BAHHOTO HEKOHTPOIIMPYEMBIM (haKTOPOM.

TlonoOHbIit citydaii MOXKET UMETh MECTO NPH aHAIM3e pa3MepoB JeTaliel, 0OpabaTbiBaeMbIX HA HACTPOSHHOM CTaHKE, KOTJIa BCIIEICTBUE MU3HA-
MIMBAaHKS] MHCTPYMEHTA MJIM HarpeBa CTaHKa EHTP IPyNNUPOBAHHUs Pa3MEPOB MOCTENEHHO CMENIAETCs NPH HEM3MEHHON CTaHIapTHOM IMOrPEIIHOCTH.

Hanboiee MOIHBIM KPUTEPHEM MIPOBEPKH HYJIEBOH THIOTE3bI OYICT KPHTEPHH MOCIE0BATEIbHBIX PA3HOCTEH T.

Habmogaemoe 3HaueHHE KPUTEPUSL:
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2 ;)2
¢ 72(”}71}2(}”1 2

i=1
roae m— 00BeM BBI60pKI/I; i— HOprI[KOBI)Ii//I HOMED U3MEPECHUS OTKIIMKA B BI)I60pKe; Sz — OIICHKA OUCIICPCHUH, BBIMUCIIAEMAs T10 ¢>0pMynaM:
1 m

m—14%

5% =

S=R Id,..

Kpurndeckoe 3HauCHHE T, ONPEACIACTCS M3 TaOIMIBl 3HAYCHUH KPUTEPHS T, B 3aBUCHMOCTH OT IIPHHSTOH JOBEPUTEIBLHON BEPOSITHOCTH P 1
00beMa BBIOOPKH M.

Ecmn 1,< 1y, TO THIIOTE3a O HE3aBUCUMOCTH U CITyYailHOCTU U3MEPEHUI B BEIOOpKE OTBEpraeTcsl.

Mpumep.

ITo pe3ynbraTtam U3MepeHHs AeTajel, 00pabOTaHHBIX HAa TOKAPHO-PEBOJIBBEPHOM aBTOMATe, HEOOXOAMMO IIPOBEPUTH HAIMYUE WM OTCYTCTBHE
npelida pa3mepos.

O6bem BeIOOpKH M = 40.

prary
700t
87
st 4 9
0t o

a0 L¥

e f P 2

7 R A TR B
flopgdnobers #omen deman

Pemenne.
- 1 % ) 1 % —, s
y= Y, =45 wku, §° = (Y, =»)" =26795 uxn”,
105 w-15"" - )
. e ,
el SV, -L) =114.74am®, 1, =114,74/267.95 = 0,428.
2(40-1) Z ' #
W3 Tabnuiel 3HaYeHM KpuTepus T, i T = 40 u P = 0,95 nony4aem 1,=0,742.
Tak kak 1,<t, (0,428<0,742), runore3y, 00 OTCYTCTBHH Jpeiida claeayer OTKIOHHTS.
CrenoBatenbHo, pa3mep 00pabaThiBaeMbIX A€TaNel 3aBUCUT OT HEYITEHHOTO (PaKTOpa, BHI3BABLIETO LUKIHYECKOE CMELIEHHE [IEHTPa TPYIITUP O-
BaHHs Pa3MEpOB.

Paznes 3. /IlucnepcuoHHbIii, KOPPeJISUHOHHBIN U perpecCHOHHBIN aHAIN3

Tema 3.1. [IucnepcuoHHblil aHaau3 (JeKIUI-AUCKYCCUsI — 2 Yac.)

JlucnepcHOHHBIH aHAIM3 MTPEAHA3HAYEH IS BHISIBICHUS CTENICHU BIMSHUS KOHTPOJIMPYEMBIX (haKTOPOB Ha OTKJIMK. B 3aBUCHMOCTH OT KOJIH-
4yecTBa (HaKTOPOB, BKIIOYEHHBIX B aHAIN3, PA3IHYAOT OAHO(DAKTOPHBIN, NBYX()AKTOPHBIA 1 MHOTOGhAKTOPHBINA ANCTIEpCHOHHBIH aHanu3. [IpoBeneHne
JUCIIEPCHUOHHOI0 aHaln3a BO3MOXKHO, €CJIM PE3YyJIbTaThbl H3Mep€HHﬁ SABIIAOTCA HE3aBUCHUMBIMH CHy‘IaﬁHBIMH BCJIMYMHaAMHU, INOAYHHAIOIIMMHUCSA HOP-
MaJbHOMY 3aKOHY PacIpeeNIeHUs ¢ OAUHAKOBBIMU JUCIICPCUIMH.

OnHodaKTOPHLII 1HCIIEPCHOHHBIN AHAIM3.

HpI/I OZ[HO(iJaKTopHOM JAUCIEPCUOHHOM aHaJIM3€ BBIABIIACTCA CTCICHBL BJIMSHUA OAHOIO anKTopa X Ha MareMaTH4ecKoe OXHUIaHUC OTKIIMKa
M(Y).

DakTop MOXKET OBITh KOJTMYECTBEHHBIM (CKOPOCTh PE3aHMsl, pa3Mep 3ar0TOBKU U T.JI.) WM KayeCTBEHHBIM (MOJENb CTaHKA, MapKa MHCTPYMEH-
TaJBHOTO MaTepHaia ! T.1.).

B mporiecce skcrneprMenTa (HakTop MOJISPKUBAIOT Ha N ypoBHsX. Ha KakmoM ypoBHE (akTopa MpOBOAMUTCS M AYOIUPYIONIMX OMBITOB. 3HaUe-
HHE M MOXET OBITh OIMHAKOBBIM WUJIM PA3HBIM JUIA KaXXKI0ro U3 ypOBHeﬁ.

Pe3ynbTaThl BCeX N3MEPEHNUH yI00HO MPEICTABIIATE B BUJIE TAOIHIIEI, KOTOPYIO HAa3BIBAIOT MAaTpUIleH HaOMo1eHNH (Tao.).

Tabnuma
Marpuna HabmoeHU I
Homep VpoBeHB Ha0nronerma Juero
ypoBHA (ak- taxTopa IyOIHPYIONIHX
Topa OIIBITOB
1 X1 Yi. Yo, ... Yy ... Yim m
2 X Yor. Yo, .., Yo .. Yo o
1 Xi my
n Xa my
2
BHauasie 15t Kax10it CeprH IyGIMPYIOLIHX OMBITOB BHIYHCIAIOT orerkn M(Yi), paHbIe Vi, W MCTIEPCHH BOCIPOM3BOIMMOCTH ~ B
2
_ 1 m; R 1 m; _ -
. — 7. L 7 .
e Xk S 30T
;o m, — 153
3aTeM MpOBEPSIOT OJHOPOAHOCTH psAna aucnepenii S1, S2, ..., Si,..., Sn Juist Ka)I0i mapel MU MOMOIIH KpuTepus Oumrepa, eciam mi pasiIndHbI,

WM TIpH TToMoly kputepust KoxpeHa, ecitn mi= const.
ITocie MOATBEPIKACHUS THIIOTE3bI 00 OJHOPOIHOCTH AUCHEPCHIT MOKHO HPUCTYNATh K aHAIIU3Y.
ITpy 5TOM MONATAIOT, YTO PE3yNbTAT JFOO0T0 H3MepeHns Yij - MOKHO NPEICTaBUTh MOJIEITBIO:

Yi=pu+y +e¢,,

roe | — obmag CpemHsad: i — OTKIOHEHHE, BBI3SBAHHOC II3MEHEHIIEM KOHTPOIIIPY-

eMoro q)ﬂK'[OpHZ &7 — OTKJTIOHCHIIC, BbhI3BAHHOEC HEKOHTPOIIPYEMbIMH q)ﬂKTOpa-

MII.

33.,[[8.‘{21 JUCTICPCHOHHOI'O aHa/JIn3a COCTOUT B OLICHKE CYIIECTBEHHOCTHU BIUAHUSA U3MECHCHUS YPOBHS (baKTopa.
Bnusiane HEKOHTPOIHUPYEMBIX q)aKTOpOB, T.C. BKJIaJ &jj, MOXKHO OLICHUTb CpeaHeﬁ Z[PICHCpCHefI BOCIIPOU3BOTUMOCTH
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OO1ee paccenBaHne 3HAYCHUH OTKIIMKA, BBI3BAHHOE KaK KOHTPOJIHUPYEMBIM, TaK K HEKOHTPOJIHPYEMBIMH (paKTOPAMH, OLIGHHBACTCS ITOITHOM (MITH
obmieil) qucmepcuei.
PaccenBaHye 3HAYCHUIT OTKIIMKA, BEI3BAHHOE KOHTPOIMPYEMBIM (paKTOPOM, OLIEHUBACTCS TUCIIEPCHEH:

N . 1 n . 5
52(X) :ﬁZm,(ﬁz —u)
L=l

J1u1st BBISIBIICHUSI CTEMEHU BIHSHUA (GakTopa X U COMOCTABICHHS €€ ¢ pa30poCcoM, BHI3BBAHHBIM CIIyYailHBIMU, HEKOHTPOIHPYEMBIMH IPHYHHAMH,
MIPOBEPSIOT OTHOPOTHOCTH qucnepcuit S(X) U SB pacCCMOTPEHHBIMH paHEe METOIAMHU.

Ecnu otHOmeHne FH okaxeTcs: MeHbLIe KpuTHdecKoro Fk, HaliIeHHOTO /IS 3a1aHHOW JTOBEPUTEIbHON BEPOSTHOCTU P 1 uncia creneHeii cBooo-
ol fx =n — 1 u =N — n, To BiusiHue pakropa X HECYIIECTBEHHO, U BCE MOJIYYCHHBIC PE3YNIbTATH U3MEPEHHUI MPUHAIIEKAT OJHOW reHepaTbHOU
COBOKYITHOCTH, pactpe/IeNIeHHON HOpMaJIbHO ¢ apamerpamu 62 1 M (Y), To4edHbIE OIIEHKH KOTOPBIX PaBHBI COOTBETCTBEHHO SO H |LL.

UYroOs! onpenenuts Fx mo Tabuie kpuTHIecKuX 3HaueHuH kpurepust Oumepa crexyer npuaatb ml =fx + 1 um2 = {8 + 1.

Ipu Fu > Fx BausiHue GakTopa CyIiecTBEHHO.

Cumrtaercs, 4TO B JAHHOM CJIy4ae €CTh N HOPMAJIBHO PACIIPEACICHHBIX COBOKYITHOCTEH, KaXK/asi U3 KOTOPBIX UMEET OHY U Ty K€ JAUCIICPCHIO 62
U COOTBETCTBYIOIIIEE MATEMATHIECKOE OKUIAHUE L.

ToueyHO# OLEHKOI 62 B JaHHOM CJIy4ae sSBIIETCS SB, @ MATEMATHYECKOTO OXKHIAHHUS - Yi.

O1eHKY AUCTIEPCUH CPETHUX 3HAYCHUIA, BRI3BAHHYIO BIMSHHEM UccieayeMoro (akropa X, mpou3BoasT Mo Gopmyrie:

[s2x)-sz].

Sf( _ n—1
N

IIpumep.

Tpe6yeTc;{ OLCHUTH KAQYECTBO IISATH MAapOK CO)K, HCIIOJIB3YEMBIX IS 6CCHGHTpOBOFO H.UII/I(bOBaHI/ISI. KpI/ITepI/ICM KadyeCcTBa BLIGpaHa mepoxoBa-
TOCTh I[eTaJ'Ieﬁ, HpOH_U'II/ICl)OBaHHI;IX TIpy OAWHAKOBBIX PEKUMaXx.

Pemenue.

Mapku COX pamxkupoBaHbl HU(ppaMu HaTypaJIbHOTO psifa 1...5. Pe3yabTaTs! ONBITOB IPUBEIEHEl B MAaTPULE HaOJIIOJeHHIL:

Tabmua
Marpuia HabIoAeHUH
Homep
ypoBHI | YpoBeHb 3nauennd Ra B OIEITaX
daxropa | daxropa
(Mapxm 1 2 3 4 5 6
COK)
1 X1 0,72 0.6 0.65 0.32 0.8 0.52
2 Xo 0,15 0,62 0,22 04 0,25 0.3
3 X3 0.45 0.3 0.5 0.58 0.48 0.32
4 X4 1.2 0.92 0,72 0.8 1 0.8
5 Xs 0,58 0.9 0.7 1 0.48 0.6

o dpopmysre:
1 ) ]. i - — )

1 "y
V==Y S5 =——>(, —
o m,.,; o mr.f'l,-zzll v
norydensl: yi = 0,6; 0,32; 0,44; 0,91; 0,71; Si = 0,028; 0,028; 0,012; 0,031; 0,04.
OHOPOJHOCTH JIUCTIEPCHIA TIPOBEPSIEM TIPH TTOMOIIH KpruTepust KoxpeHa:

CornacHo Tabnuile KpUTHYECKUX 3HaYeHui kputepust Koxpena, mpuy m =6, n=5 u P =0,95 Gk = 0,507.
IMockonsky GH < GK, TO pa3HHILYy MKy JUCIIEPCHIMU MO>KHO CUMTAaTh HE3HAYNMOW M IIPUHATE HyJIEBYIo rumoresy. ITo dpopmye:

32

a coryacHo Qopmyie
n 12
N=>m: u=—> vy,
; #=- Zl
u Gopmyre
L > (v, - )’

n—143

S*(X) =

3
U= éZTJ =0.596. S*(X) 2 (v, — ) =0,212.
53 6-1%
Ha6mronaemoe 3nauenne kputepust @umrepa Fu = 0,212/0,0278 = 7,63. Yucno creneneit cBobost fx = 5-1=4; f8 =30 — 5 = 25.
ITo Tabmue kpuTHdecknx 3HaueHuit @umepa npu P=0,95, m1 = 5 u m2=26 naxoaum Fx ~ 2,74.
Tockonbky Fu>Fk (7,63>2,74), To U3MEHEHHE ILIEPOXOBATOCTHU JeTanu npu u3MeHeHnn mapku COX criemyer cuutaTh 3HAYUMBIM.
CornacHo ¢opmyie:

g n -1
“ N
52 =4(0.212-0,0278)/30 = 0,0246.

Jlnst Gonee riryGOKOro aHanM3a PeKOMEHIYEeTCs OLEHHTh 3HaYMMocTh pasnuuus BiusHus COJK mapok 1 u 3, koTopble 0OecneunBalOT MHHU-
MaJIbHYIO BBICOTY MHKPOHEPOBHOCTEH. DTO Aemaercs mpu nomoruu kpurepust CTeroaeiira.

JByX(aKkTOpHBIIi AMCIIEPCHOHHBIN aHAIU3.

B naHHOM citydae IpH OLIEHKE CTENICHU BIIMSIHHSA JBYX OJHOBPEMEHHO JeiicTBytonux daxropos X1 n X2 mpexmnonaraercs, 4To Kax/siid Gaxrop
M3MEHSICTCS HE3aBUCUMO OT JPYTroro.

B mporecce 9KCIepHMEHTa IIepBhIil (PaKTOp MOIEPKUBACTCS Ha NI YPOBHSIX, a BTOPOH — Ha I' yPOBHSIX.

J1nist kaXkzioro couetanus i-ro ypoBHs pakropa Xi u j-ro ypoBHs (aktopa X2 NpOBOAUTCS Mij AyOIUPYIOIIUX OIBITOB.

B wactHOM citydae mij=1 wmm mij = m.

[s*(r)-s2]
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PeSyJ'IBTaTLI OIIBITOB:

Tabnuma
Marpuia HaOIIOACHUH
Xo| X | Xz |00 | Xgj | o0 | X
Xi
Xn | R || F T
X L, | & T, T,
Xii | % T, ¥,
Xin Lo Y ¥, L
rae B (i, j)-# siaeiike 3aMMCHIBACTCS MAaTPHUIIAa HAOIIOICHII
¥,
Y,

Pe3ynbrarhl 106010 HAOJIOAEHNUS MOXKHO Hpe,ElCTaBl/lTb MOJIEBIO:
- S
UU J£I+”U+gw+1ﬁ+€

rie | — obmast CpeaHsis; yiv — OTKJIOHEHHE, BBI3BAHHOE BIMSIHUEM IIepBOro (hakTo-pa Ha i-M YPOBHE B V-M JYOIHPYIOIIEM OIBITE; gjV — OTKIIO-
HEHHeE, BBI3BAHHOE BIIH-SIHHEM BTOPOro (hakTopa Ha j-M YPOBHE; Vij — OTKJIOHEHHE 3a CUET B3aUMOJICH-CTBHS (haKTOPOB; £ijV — OTKIIOHEHHE, BHI3BAHHOE
BIIMSIHHEM HEKOHTPOJIMPYEMBIX (haKTOPOB.

Ha niepBoM 3Tare st KaX/10i sSMEHKH BBIYUCIISIOTCS:

ju?

my 1 my _
Z}U”” y = lz(}fju_-vrjl
;j v=1 ”-i;;; L=l

3aTeM IpoBepseTCs OAHOPOIHOCTh MOTYYEHHOTO psia uucnepcnﬁ. [Mociie MOATBEPXkKIACHUS HYJIEBOW THIIOTE3bl NPUCTYNAIOT K BBHIYUCICHUSIM
CPE/IHUX 10 CTPOKAM M CTOJIOLAM MaTpPHIIbI HaOJroAeHnH (Ta0J1.):

Tabmma

X [ X [ X2 Xy [ Xar | Cpeanue

X~ 10 ¢1po-
N KaM
X u | e i %
X2 , ¥
Xy Ty | V2 ¥y v, ¥
Xia Va | Ve ¥ Ve v,

Cpearne | : - - U
- S ) .
110 cTO16-
uam

w=iy

Cpez[Hsm JAucnepcus BOCIPOU3BOAUMOCTH!

JIUCTIEPCHS U3MEHYMBOCTH OTKJIMKA O] BIMsiHUEM (hakTopa X1:
p
" mr
SX, )——Zh- —uf:

Aucnepcus N3MEHIMBOCTH IO BIUSHUEM CI)aKTOpa X2:

2, M~ — 2
ST == (v -u)
Tt

JcriepcHs 3a cueT B3aumoercTus Gakropos X1 u X2:

i ) . m n_r f__
§ (Al*‘ 2)_{”7]-)(,‘71)22{_.15 Vi ,j+au)'

=1 =l

ta

IMocnexaumu ABYMS (pOpMyITaMH MOYKHO IOJIB30BATHCS, €CITU KOJIMIECTBO TyOIHPYIOMIUX OIBITOB IIOCTOSIHHO U PaBHO M.
3HaunMocTh BIUAHUS (akTopoB X1 u X2, a TakKe UX B3aUMOJICHCTBHS IIPOBEPSIETCS IIPH MOMOIIM Kputepus durepa.
Habnronaemple 3HaYSHUS] KPUTEPHS ONPENEISIFOTCS 1O (hopMyIiam:

F, (X)) =S*(X,)/S;, F,(X,)=S5*X,)/S;. F,(X,.X,)=5%X,.X,)/S}.

a KPUTHYECKUE — IO TaO/IHUIEe KPUTHISCKUX 3HAaUeHHH Kputepus Duiiepa cornacHo 3aJaHHOMY 3HAUCHHIO TOBEPUTEIBHOM BepOsSTHOCTH P, unc-
ny creneneit cBobomsr f{X1)=n — I; f(X2)=r — I; f(X1, X2) = (n - 1) (r — 1); f8 = nr(m — 1).

B mannoM ciaydae m2=fa+1; m1=f(X1)+1; m1=f(X2)+1; m1=f(X1,X2)+1.

Ecii m=1, T. e. mpy Ka)kI0M COYETaHUM YPOBHEH (PAKTOPOB MPOBOIMUTCS TOIBKO OJHH OIBIT, TO AHAIN3 MOXKHO IPOBOUTH, eCiii AQ(PEKT B3au-
MmozetictBus aktopoB X1 n X2 Hesnauum. Torja aucnepcusi BOCHPOU3BOAMMOCTH BBIYUCISIETCS IO (hopmyIe:

SPX,X,)= e 1)(,_1)22 Y~

_J+,u).

Tema 3.2. KoppenssuuoHHbIil ananu3 (Jekuusa-guckyccus — 1 gac.)

Ilapuas koppesinus

OcHOBHas 33/1a4a KOPPEJISIINOHHOT0 AHAJIN3A — BBIIBJIICHNE 3HAYUMOCTH CBSI3M MKy 3HAUCHHUSMHU Pa3INYHbIX CIyJalHbIX BEITHMYMH.

BenmuuuHbl, 3HaYEHNsT KOTOPBIX HE 3aBHCST OT TOTO, KAKHE 3HAYEHMS TOMYUYIIH HEKOTOPBIC IPYTHe BEMMIHHbI, HA3bIBAIOTCS HE3aBHCHMBIMH OT
HUX. 3aBHCHMOCTb MEXAY BEIMYNHAMU (B TOM YHCIIC U CIyYailHBIMH), IIPH KOTOPBIX Ka)KIOMY 3HAYCHHIO OJHOW BEIMYMHBI (apryMeHTa) OTBeYaeT
OJIHO WJIM HECKOJBKO BIIOJHE ONpENEICHHBIX 3HAYCHHI APYrod, Ha3bIBAIOT COOTBETCTBEHHO OJHO3HAYHON WIM MHOTO3HAYHOW (DyHKIMOHAIBHOMN
3aBUCHMOCTBIO. 3aBHCUMOCTh MEXKIY BETMYMHAMH, IPU KOTOPOH KaXXIOMY 3HAYCHHUIO OJTHOW BEIMYMHBI OTBEYAET C COOTBETCTBYIOIIECH BEPOSITHOCTHIO
MHO>XECTBO BO3MOXKHBIX 3HAUCHUI PYyroi, Ha3bIBat0OT BEPOSITHOCTHOM (CTOXaCTUYECKON, CTATUCTHYECKOMN ).

B o01em ciydae BepOsSTHOCTHOW CBSI3U IIPU U3MEHEHUH 3HAYCHUSI OHOI BETNYMHBI H3MEHSICTCS YCIIOBHBIN 3aKOH pacIipeeiCHHs JPYTOil.
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Ecan npu HanM4uy BEPOSTHOCTHOM 3aBHCHMOCTH MEXKIY IBYMsl BEIMYMHAMH C W3MEHEHHEM 3HAUEHHs OJHOH BEIMYMHBI U3MEHSETCS TOJBKO
MaTeMaTHIeCKoe OXKUIaHUe BTOPOH (1 Ha000pOT), a AUCIIEpCHs, 00JIACTH BO3MOXKHBIX 3HAUCHUH U THI 3aKOHA PACIIPE/ICTICHUS OCTAIOTCS HEH3MEHHbI-
MH, TO JUISl TAKUX BEJIMYMH XapaKTepHa KOPPENALMOHHAs 3aBUCHMOCTb.

ITpumMepamu KOPPeSILIHOHHOM CBSA3H SBJISIIOTCS 3aBHCHMOCTH:

* MEeXIY Ipe/enaMy IPOYHOCTH U TEKYUECTH CTalH ONPEASICHHON MapKH;

* MEK/Iy HOTPEIIHOCTBIO pa3Mepa U MOTPEHIHOCTHIO ()OPMBI TIOBEPXHOCTHU AETAIIH, 00pabOTAHHOMN ONpPE/EICHHBIM METOOM;

* ME&XIy TEMIIEpaTypOil HCTIBITAHUS U yAAapPHOH BSI3KOCTBIO CTaNN;

* MEeXY yCHIHMEM IIPYOKIMA POJIHKA U IIEPOXOBATOCTHIO HAKATAaHHOM JeTallH.

B mepBhIX BYX IpHUMEpax UMEET MECTO KOPPEISALUOHHAS CBA3b MEK/Y ABYMs OTKIMKAMH, a B TPEThEM M YETBEPTOM — MEXKY (haKTOPOM, KOTO-
PpBIit SIBIISETCA CIyyaliHON BENMYMHOM (B CBS3U C MOIPELIHOCTHIO U3MEPEHHUS), U OTKIMKOM.

ITycts X n Y — ciyuaiiHble nepeMeHHbIE, UMEIOIIUE HOPMAIIbHOE PacIIpEACICHUE.

Cuily TMHEHHOH CTaTUCTUYECKON CBA3M MEXY HUMU MOYKHO OLIEHUTb KOI()(PpHIIEeHTOM KoppeIsiiuu:

X-MX) || Y-MT)
p=M = .
DY) D(Y)

KOTODBIN MIPUHUMAET 3HaueHus B MHTepBaie (-1, +1) i He 3aBHCHT OT BBIOOpa Hayasna oTcyeTa ¥ eAMHUL BeanduH X u Y. Uem Gosnblie oTianda-
eTCsl OT HyIIsl KOd(Q(GUIUEHT KOpPeIsIiHT, TeM CHIbHee 3aBHCHMOCTb MEXTy BelnuduHaMu X 1 Y.

KoddduuuenT koppeasiiny He3aBHCHMBIX BeJIMYHH paBeH Hy110. OnHAaKo 00paTHOE yTBEPXKJEHHE HE BCETAA SBIACTCS BEPHBIM, IOTOMY YTO
Ha K03 (HUIMEHT KOPPEIIALMH OKa3bIBACT BIMSHUE TAK)KE OTKIIOHEHUE OT JIMHEHHOCTH CBA3H.

XapakTepUCTUKON HeJMHEHHOH KOPPeIsIMOHHON CBA3HU SBISIETCS KOPPEIsALIMOHHOE OTHOLICHHE:

n? = Pe[ar(Ax = x)- e ()F ey - M F

rae M(Y|X=x) — ycnoBHOE MaTeMaTHYECKOEe OXKUIAHUE CITyIailHON epeMEHHOI Y, paccMaTpuBaeMoe Kak QYHKIIHS X.
Onenkoii kodpuIeHTa KOPPEISILMY SBIsIeTCS 3HaueHne kod(pdunuenta r. [l ero BHIYUCICHUS] HEOOXOAUMO 3HATH OLICHKH MaTeMaTHYECKHX
oxupannit M(X) u M(Y), a taxxe gucniepenit D(X) u D(Y).

Eciu BbInoaHeHo m HaOJIIOIEHHUI:

n

r= {Z (X, - XNy —Y)}[(m ~1)S(X)SI)]

i=1

ITpu oTHOCHTETEHO HEOOIBIIOM M YIOOHO IOJIB30BATHCS CISAYIOIINMH (HOPMYITaMH:

m

(X, -X)5-7)= i){,x —ii_\’,i 1
=) [=] m5g -1

(m-1)S*(X) = i\’f 7i[/i);,}7:
m

=1 \ =l

i

m [ m 3
(m=-1)S>(¥) = Z}f—i[Zz ] .
i=1 m \ =l /
Ha mpaxtuke npy HeOONBIIMX 3HAUCHMSAX M JUIS BBIYHCICHUS BBIOOPOYHOrO KOA(OHIMEHTA KOPPEISILIHH I UCHOJB3YIOT M0JIC KOPPEILHU U
KOPPEISILIMOHHYIO TaOJIHILy.
J11st TOCTPOCHHS TOJISI KOPPEISILIHU KaXK Yo Mapy ciaydalHbix gmcen Xi, Yi u3o0pakaioT rpadudecku B BUie TOUKU ¢ KoopauHatamu (Xi, Yi).
TTo ocsiM KOOpIMHAT OTKJIA/ABIBAIOTCS HHTEPBAJIBI M3MEHEHHS TIEPEMEHHBIX ¥ HAHOCHTCS KOOpMHATHAs ceTka. Kaxkayio mapy rmepeMeHHBIX U3 JaHHOIT
BBIOOPKH M300pakaroT TOYKOW B COOTBETCTBYOIIEH KileTke. Takoe n300pakeHre Ha3bIBAIOT MOJIEM KOPPEIISIIHH.
Ha pucynke nokazano nosne xoppemsuuu s 108 coBMECTHBIX M3MEPEHHi Tpejiena NpOYHOCTH OB U mpeaena tekydectu ot cramu 30XIT'CA.

Tlone xoppenaIuy NO3BOSIET HOCTPOUTH KOPPEIAIMOHHYIO TaOIHILy.

ped -
Hite| P
120 —
1//17
¢
10q ]
4 ;/ - -
90| %]"
LA VR g
Gy — .
Puc. Iyt xoppensuu
Tabnuma
Koppensumonnas Tabmma
S Or | 925|975 | 1025 | 1075 | 1125 | 1175 | 1225 | 1275
G, >~ (0) | (D] () 3) (4) (5) (6) (7) | Hroro
1025 1 1
2
1075 1 1 2
3)
1125 2 ] 2 B
“)
1175 17 ]2 20
5)
1225 1 13 13 27
(O]
1275 1 2 15 9 27
@
1325 4 10 1 15
®) |
1375 1 3 4
[&)]
1425 1 1 2
(10)
Mroro| 2 | 5 [ 13 [ 28 [ 33 | 20 [ 5 1 106

B stueiiky, 06pa3oBaHHBIE TIEPECEUCHUEM CTPOK M CTOJIOLOB, 3aHOCATCS YaCTOTHI MXY IOMagaHus nap 3Ha4enui (X, Y) B COOTBETCTBYIONIME HH-
TepBaJIbl IO KOPPETAIIH.

B nepBom cronbIie 1 1mepBoii CTpOKe KOPPEISIIMOHHOH TaOIMIIbl YKa3bIBAIOT CEPEANHBI HHTEPBAIOB H3MEHEHHS CIIydalfHBIX BEIMYHH, a B I0-
CIIEJIHHX — CYMMBI YaCTOT MXY IO CTPOKAM H CTOJIOLAM (MX U MY COOTBETCTBEHHO).

DopMyIIEl IS pacueTa COCTABMIAIONINX OLEHKH K0d((huIMeHTa KOPPEIAINN MOKHO MPEoOpa3oBaTh CIETYIOMNM 00pa3oM:
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JINLBI.

i(j’! ’y)@; -¥) Z Yilyy —

mS*(X)= Z\ y — lZ\'ij
\ =1

ms*(Y) = Z Yy — [il Ay ] .

=l \

IJie Xi ¥ yi — CepeIMHbI COOTBETCTBYIOIMX HHTEPBAJIOB M3MEHEHHS BEJIMYMH; M1 — YMCIIO CTONOLOB, @ M2 — YUCIIO CTPOK KOPPEIALMOHHOMN Tab-

Ecnn nuanasons! n3menenns X u Y pasfeneHsl Ha paBHbIE HHTepBaNb! (AX H Ay), TO BMECTO HAaTypalbHBIX 3HAUCHHH MOXKHO HCIOJIB30BATh I1e-

JIOYHCIICHHBIE KOAIBI. JIJIst 3TOr0 Hy KHO BBIIOJIHUTH JIMHEHHOE IPeoOpa3oBaHue X U y 110 GopMyam:

060161

. . A=y . TAv—x_ [Ax.
Torza koAbl Xi IPUMYT 3HaYeHHs Xy = 0, 1, 2, ..., 1, @ KOIBI Yki OyAyT CABUHYTHI Ha LIEJI0€ YUCIIO < omin T T min
TIpoBepka 3HAYMMOCTH KO PHUIIMEHTA KOPPEISALMY TIPOM3BOAUTCS Mpu noMolu kputepust Cteionenrta. HabmogaemMoe 3HaYeHIE KPUTEPHUS:
TIpoBepka 3HAYMMOCTH KO3 UIIMEHTa KOPPEISILMU IPOU3BOAUTCS IpU noMotu kputepust CteronenTta. HabmogaemMoe 3Ha4CHIE KPUTEPHUS:

. 2
(m=2)/(1-r").

Kpurrdeckoe 3HaueHHE KPUTEPHS ONPEACISICTCS M3 TaOIHIIBI 110 MPUHITOMY 3HAYCHHIO TOBEPHUTEIBHOM BEPOSTHOCTH P 1 umncity creneneil cBo-

f=m — 2. [Tosromy npu BbIOOpE tk ciexyer npunuMars m=f+l. Eciu [ta|<tk, To npuHHMaeTcs HyieBas runote3a p = 0. B npotuBHOM ciyuae

OHa OTKJIOHSACTCA.

BE160p0oUHOE KOPPEISIIOHHOE OTHOIIEHHE BEMUCIIIETCS IO hopMyIe:

=SX(Y[x)/ SAY),

e 5%T\x) —YcI0BHAS THCTIEPCHS:
3 v 1 — 1
53 (¥]x) == S [r) -y
m
— 1
v(x)=—> vy
My = .
KoppeMuoHHOe OTHOMIEHIE Ny’ CBAIAHO ¢ p° CHEAYKIIIM  0GpasoM:

0= p’ =y =1

B cyuae anHeitHOI 3aBICIIMOCTH MeKIY MepeMeHHBIMI p° = nr’. PastocTs

N — p? MOKET CIIYKIITS MOKA3ATeIeM He T e HOI cama.

MHoromepHblii KOppeJsIUOHHbII aHAIN3
Ecnu umeercs MHOroMepHasi HOpMaJIbHO pacrpe/ieiieHHas COBOKYIHOCTD ¢ n npu3HakaMu X1 X2, ..., Xn, TO B3aMMO3aBUCUMOCTh MEXIly HUMHU

OIMCHIBACTCS KOPPEILLHOHHOI MaTpHIICHi, O KOTOPOH MOHUMAIOT MaTPHILy, COCTABICHHYIO U3 MAPHBIX KOA()(GULHEHTOB KOPPEIALUN:

l rl.‘ rli rlk rlv
21 [ r r,‘k r,r
o=
v e Ty riy F.
Fiy. r 1

T1e pjx — MapHble KO3 HIIEHTE KOppe s
OneHKy MapHOro Ko QiIenTa Koppe s HaXoaaT 0 HopMyTaM:
i [Z‘t.\; ~XNE-T) [flm - 1)S(0)SX)]

B KOTOpBIE BMECTO Xi MOJCTABIISIOT Xij, a BMecTO yi — Xhi.
B citygyae MHOTOMEpHO# KOppENSIHN HENb3sh OTPAaHHYMTHCS OJHOM KOPPEILSIIHOHHON MaTpHIIEH, TaK KakK 3aBHCHMOCTH MEXIy IPH3HAKaMH

CJIOXHBI.

Jlnst Gonee IeTanbHOrO aHANIU3a HCHOIB3YIOTCS YacTHbIE KOA()OHUIMEHTH KOPPEIUI Pa3IMIHbIX MOPSIKOB, IO3BOJISIONINE OLEHUBATh CBSI3b

MEXAY ABYMsI IPpU3HAKaMH IIPpU q)HKCPIpOBaHHOM 3HAYCHUH OCTAJIBHBIX.

Ecmmn HCXOAHAasA COBOKYITHOCTH COCTOUT M3 N IIPU3HAKOB, TO YaCTHBIN K03CI)(1)I/ILH/[€HT Koppesinun 1-ro TIopsiAKa OTpaXXa€T 3aBUCUMOCTb MEXKAY

IBYMS U3 HUX MPH (DUKCHPOBAHHBIX 3HAYEHMX | IPU3HAKOB U3 (N — 2) OCTABIINXCS.

Ecimi nmeercs, HanpuMep, cicTeMa U3 Tpex npusHakoB X1, X2 n X3, To MOXKHO ONPENeNaTh YacTHbIE KOI()(GUIHEHTH KOPPEAINH TOIBKO Hep-

BOI'o nmops/ika, Tak Kak B TaHHOM CJIy4ac HEJIb3s1 (bHKCHpOBaTL GoJbIme OJHOT'O IIpHU3HAKa. Ecmm (bHKCHpOBaTB 3HAYCHUC X3, TO:

Pz = (Plz — PP ) (1 - P123 il - P223 )

rae pl2,3 — vacTHeI ko3 PuIHeHT Koppenamy Mex Iy npusHakamu X1 n X2 npu ¢pukcupoBaHHOM 3HaueHnn X3; pl2, p13, p23 — mapHble Ko-

3(hGUIUEHTHI KOPPEISLHHI.

AmnanoruuHo onpenessitorest pl13,2 u p23,1.
PacyeT yacTHBIX K03()(HUIMEHTOB MO3BOJISIET OLEHUTH B3aHMHOE BIIMSIHHE IPU3HAKOB.
Ecnu, Hanpumep, koppensiius Mexay X1 u X2 ocHOBaHa TOJNBKO Ha obmieM BiustHuH X3, To p12,3 = 0.
Ecni uMeroTcs 4eTsIpe IpU3HaKa, TO MOYKHO 3a()MKCHPOBAThH 3HAUCHHS OJHOTO MM JBYX MPH3HAKOB. B mocnensem ciydae:
_ (/311.4 - /-)13.4)013,4) _ ons- PissPrs)
Prase = 2I 2)7 { 2X 2 )
— s M= P4 L= =55

YacTHble KOS(b(i)I/ILII/IeHTLI KOPPEJSILUHA BBIYUCIIAIOTCA Ha OCHOBAaHUM OLICHOK IapHBIX KO3(1)(1)I/ILH/ICHTOB Koppesnun. Tak K€, KaK U U1 IMapHBIX,

IPOBEPSETCs] 3HAYMMOCTh YAaCTHBIX KOd((HUIUEHTOB KOPPEISIUK, HO NPHU 3TOM YUCIO CTENeHeH CBOOOABI IPH HCKIIOUCHHH KAaXIOTO NpU3HAKa
YMEHBIIIACTCS Ha eAUHHUITY.

Ecnu ¢ukcupyercs 3HaueHHe 0HOTO MPHU3HAKA, TO B (opMyIIe:

ryf(m- 2)/(1- )

BMecTO (m — 2) ciemyer moacTaButh (m — 3), a eciu HUKCHPYETCs 3HAYCHHE ABYX IPH3HAKOB - (M — 4).
JI1s OLICHKM JIMHEHHON CBSA3HM OJHOTO M3 MPH3HAKOB CO BCEMH OCTAIBHBIMH MCIIONIb3yeTCS MHOXKECTBEHHBIH, WM COBOKYITHBIH, KO3 puIueHT

KOPPEIAIHH.

Jlnst ciydast Tpex MpU3HAKOB KOd(Q(HUIMEHT MHOXKECTBEHHOM KOPPEJIALMU OLICHABACTCS MO (POpMyIIe:
, 2.
R, = G +ns =2 (l—1,7);

IIpU 3TOM X2u X3, 3aBUCUMOCTD IIPU3HAKA Xl, OT KOTOPBIX OLICHUBACT R123, CUHUTAIOTCA HC3aBUCHUMBIMH.
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Jlns citydast 4eThIpex MPU3HAKOB:

R12;54 =1- {1 - rli Xl - ’ii,z Xl - rli,?} l

3HaYUMOCTh K03 HIMEHTa MHOKECTBEHHOH KOPPEISLMH ONpeiensieTcs npu noMouy kputepus dummepa. Habmrogaemoe 3Ha4eHIE KPUTEPHUST:

_ R® m-1-2

5

rJie m — 4UCIIo HaboaeHuit; I=n — 1; N — 4KciI0 MPU3HAKOB.
Kputnueckoe 3nauenue kpurepust Duiiiepa onpeaeseTcs: H3 TaONULBI CONIACHO IPHUHSITHIM JOBEPUTEIBHON BEPOATHOCTH P 1 ynciy creneHei
cBobopt f1= m-I-2; £2=1. [Ipuaumaercst m1 = f1 + [; m2=£2+1.

Koppeasinnonnbie ypaBHeHHs!

[NonyueHue KOppeasIIHOHHBIX YPABHEHUH — 3aKIIIOYUTEIIbHBIN 3TaIl UCCIIE0OBAHUS CBA3EH MEXY CIy4ailHBIMH BEIMUMHAMM.

KoppensiroHHble ypaBHEHUs! I03BOJIAIOT BHIUMCIIUTL BEPOATHBIE 3HAUEHUsI OJHOM CilydaliHON BEIMYMHBI B 3aBUCUMOCTHU OT 3Ha4YeHMH Apyrux

CHy‘IafIHI;IX BCJIIMYHH.

BepOSITHBIM 3HAYCHUEM cnyqaﬁHoﬁ BEJTMYMHBI Y HA3BIBACTCS €€ 3HAYCHUE, BBIYUCIICHHOC C ITIOMOIIBIO KOPPEISIMUOHHOTO YPaBHEHUS U Onm3Koe

K YCJIOBHOMY MaTeMaTHYECKOMY OXKHAHHIO:

MY [Xi=xi)

Koppenﬂunomioe YpaBHEHUE y,EI,O6HCC BCCI'o 3al1UChIBATh B BUJAC PA3JI0KEHHUS IO OPTOrOHAJTBbHBIM MHOTI'0OYJICHAM ‘IeﬁbmleBa, YTO IMO3BOJIACT
TIOCJICAOBATEIIBHO YTOYHATE MAaTEMATUYECKYH0O MOAECIIb C BBIYUCIICHUEM OIINOKH aIlMmpOKCUMa KOPPEIITUOHHOTIO YPABHEHUS ITOJIMHOMOM JTaHHOM

CTCIICHU.

BHauasie KoppensoHHas MOJIEIIb IPEAIIOIAraeTcs IMHEHHON:
(Y-7)S(r)=re.

rae ¢=(X-X)/[AX-S(X)):

r

olLieHKa Ko3(duienTa Koppenaunn Mexay Y u X:

S(X). S(Y) —oOmeHKI CTaHAAPTHOTO OTKJIOHeHIS CaydaitHbIX Bemmramd X 11 Y

& l — OLCHKH MaTeMaTI4Ye¢CKOIo OKILIAHIS BETHYIIH,

AX mar pa 301eHIs ITHTEPBAJIa 3MEHeHIIA CT:\"mﬁllOﬁ BeTITUHHb X:

x "‘: "-mm
X :

Ax

OreHka omuOKy onpeaesieHnst Y ¢ MOMOILBIO KOPPEJISILIMOHHOTO YPAaBHEHHUS OCYLIECTBISIETCS IO OCTATOUYHON IUCIEPCHU:

S, =S*(M)-(1-r").

[IpoBepka nuHeHHOCTH CBSA3K MeX1y Y U X MPOU3BOAUTCS IPH IIOMOLIM KPUTEPHUS JIMHEHHOCTH:

KOTOPBIN BBIYUCIIACTCS C OIIMOKOM:

3HaueHHe 1’ BRIYHCISETCS 110 hopMyIie:

2 2

K=n-r,
S(K)= K, /m.

N2=S2(Y|x)/ S(Y):

Ecnu K1 He3naunmo otimyaercs ot S(K1), To MOXKHO OCTaHOBUTHCS Ha JTMHEHHOH MOAENu:

Ecau K1 3Ha4uMo OTaAMYaeTCs OT HyJIs, TO KOPPESIHOHHOE YpaBHEHHE MPEeIoIaraeTcs B BH/e IOJIMHOMA BTOPOH CTENIeHH:

rae

HorpemHoc‘n; OIpeaeICHUs Yec TIOMOLIBIO KOPPEIALIMOHHOT'0 YPaBHEHHU BTOPOT'O IOPsAAKAa OLICHUBACTCA OCTaTOYHOM Jmcnepcueﬁ:

(v- 7)s()=re

Y - b .
(Y _ }T)S(}') —re+ —1(82 Frge— 1)3
a
— 2L o
ay =Ty — 15— L bl =1y Tyl
T :ﬂi:r :A'r :#:
R (X) 40 54(,\") 21 Sj(){} ST
Hzg =M 33 1150M g = My f1g = Mg — My, = §*(X):
My :11140*2,111 1‘]”10 — 6/[20111120 7111140:
gy =My =2 4 My — Mo My,
py =M M M M = X M, = 7
M= ii s M= iivgm _
o ma m i

&, 1& 5,
M, — Z x;m Mg=— Zj-jmj,
m g m<

Ik i &
ZZA\;}']mH: M,= FL,Z Zx,)_v! Mgy

1
mi5a =]

M=

S =S8X(Y)-(1-r* =B/ a,).

ITpoBepka KBaApaTHIHOCTH CBSA3U MexAy Y U X IPOM3BOJUTCS IIPU MOMOIIY KPUTEPHUS KBaAPATHIHOCTH:

KOTOpI)II‘;I BBIUUCIISETCS C OLIMOKOM:

Ecmm Kz 3HAYUMO OTJIMYACTCS OT HYJIA, TO KOPPEIAINOHHOEC YPAaBHEHUE MOKHO IPEACTAaBUTh B BUJIC ITOJIMHOMA BTOpOﬁ CTCIICHH.

s T 2 !

S(K,)= K,/m.
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Tema 3.3. PerpeccnoHHbIi aHAIU3 (JIEKUMA-TUCKYCCHS — 2 4yac.)

OcHoBHast 3alavya perpecCMOHHOr0 aHaJin3a — YCTaHOBJICHUE BHJa U NIapaMETPOB 3aBUCUMOCTH MAaTEMATHYECCKOI'0 OKUAAHUA OTKINKA M(Y)
OT ypOBHEH OZHOTO MM HECKONBKUX (hakTOpoB X, KOIZa pe3ylabTaThl SKCIEPUMEHTA MIPEACTaBICHbl B BHAE He3aBHCHMOH BbIOOpKH map X1, Y1, X2,
Y2, ..., Xn, Yn.

VickoMast (hyHKLHSI HA3BIBACTCSI MOJICIIBIO PETPECCHOHHOTO aHANIM3a HIIM PErPecCHOHHOM Mozenbio Y Ha X, a ee mapamMeTpbl — KoahduuneHraMu
perpeccun.

He CYHECTBYET CTaHAAPTHBIX, d)OpMﬁJ'II/BOBﬁHHI)IX METOI0B, MO3BOJIAIOIMUX TOJBKO Ha OCHOBAHHHU PE3YJILTATOB JKCIICPUMECHTA YCTAHOBHUTH
TEOPEeTHYECKYI0 PerpeccHI0 — HCTHHHYIO (YHKIIMOHATIBHYIO 3aBHCHMOCTD, OTPAXKAIOIIYIO ICHCTBUTENBHYIO CBS3b MEX/IY OTKIHKOM M KOHTPOJIHpYe-
MBIMH (baKTOpaMPI, HE HCKa)XCHHYIO BJIUSHUEM l'IOI‘peIJ.IHOCTeﬁ HU3MEPEHUSA U HEKOHTPOIINPYEMBIX (_JpaKTOpOB. Ecnu mer TEOPETHUICCKUX coo6pa>KeHm71 ()
BHUIC peI‘peCCHOHHOﬁ MOJECJIH, TO €€ 00BIYHO MIPEACTaBIIAIOT B BUJE:

¥=3 f,/,(X) e

rae X =] Xi. Xo, .... Xy | —BekTop 3HaueHHii (GakTopoB: [}; — HeH3BeCTHBIE KO3 (-
¢unnents perpeccun; fi (X') —- GasucHble QyHKINN; e — alINTHBHAL MOTpPell-
HOCTB.

Crucrema OasncHbIX QynKumi fi(X) nomkHa ObITh BRIOpaHA J0 MPOBEIEHIS
3KcneprMenTa. Handomee 9acTo B kadecTBe Oa3HCHBIX QYHKIMMIT IICTIOIB3YIOTCS:

* IIOTHMHOMSBI;

* CICTeMBI OPTOrOHAIBHBIX HOTIHOMOB TOTO ILITH HHOTO KlIacca;

* TPUTOHOMeTpHYeCKHe (hYHKIIII.

Ecmr X=| Xi, Xo. X3 |, T B BHIE DOMIHOMA PerPecClOHHAasg MOIETh IMEET
BILI:

T=fy+ B, X+ BX, + BXs + BoXo X, + B, X, X+ B XX+ B, X7 + B X5 + B XS

OnHO(AKTOPHYIO PerpeccHOHHY MoJenb XY =| Xj| IpH MOMOIIN CHCTEMEI
OPTOrOHATBHBIX MOTHHOMOB UeObINIeBa MOXKHO 3alllcaTb CIEIYIOIIIM 0O0pa3zoM
(ecn unCIIO pABHOOTCTOSNINX YPoBHeil akTopa paBHO 11):

Y=8+8X+AE>-10)+ 4(X° —17.8X)+ B,(X* —25X +72).
TpI/IFOHOMeTpH‘IeCKI/Ie PErpeCCUOHHEBIE OZIHOanKTOpHBIC MOJCINn O6I>I‘IHO HUMCKOT BU.

L3
Y=p4+> [a cos(jaX)+ y, sin( jaﬂ")]
J=1
TTo U3BECTHBIM M3MEPEHHBIM 3HAUCHUSAM X BCET/Ia MOXKHO PaCCUMTATh M 3HAYCHUs J1t000i 6asucHoi ¢pynkimu fj(X).
ArnmapaTt KIacCHIeCKOro perpecCHOHHOTO aHalIM3a MOXKHO IPHMEHSTh, €CJIH BBITOIHSIOTCS CIIELYIONIHE YCIOBHS:
* omrbKa u3MepeHust pakropa X, KOTOPbIA MOKET ObITh KaK HECITyJailHON BEINYHUHOMN, MPUHUMAIOIICH 3a1aHHbIe 3HAYCHHS, TaK U CIydailHON
KOHTPOJIIPYEMOH BEIMYHMHOI, TpeHeOpe:KUMO Maa;
* OTPEIIHOCTD € IIOJYHHAETCS HOPMaTbHOMY PacIpeeIeHUI0 C MaTeMaTHYECKHM OXKHIaHUEM, PaBHBIM HYJIIO, M C IOCTOSIHHOM AucIiepcueii, He
3aBUCSILIEH OT ypoBHEH (akTopa;
* 3HaYEHHMs [IOTPEIIHOCTH € B Pa3IMIHBIX HaOJIIOICHISIX HE KOPPEINPOBaHHI, T.¢. 1(ei,ej)=0, i#j.
HensBecTHble KO3()OUIMEHTHI PErPECCHU OLPEIEIIIOTCS METOIOM HaUMEHBIIHX KBAaJPAaTOB — IIyTEM MHHHMH3AILMU CyMMbI KBaJ[paTOB OTKIIO-
HEHU M3MEpPEHHBIX 3HAUYCHMIT OTKIIMKA OT IOJTy4aeMbIX C TOMOIIbIO PErPECCHOHHON MOJIEIH, T. €. MyTeM MUHHUMH3AIHN HYHKIHUN:

n d
5= T, =2 0,4, )1 (X,)=0.

rae bj — onenxa xosddumnuenta perpeccin fij; n — 4Icn0 HadII0AeHII (OIIBITOB).

ITocie l'IpeO\—WI)Z!'}OBHHIIH Moay4JaeTcsa CIicTeMa TIHEIHBIX }'pﬂBHeHIIﬁ oT-
HOCHTEIBbHO HCKOMBIX OLICHOK bJZ

5 Y 1o +B Y fufi+ 0, Y fofs+ DY fofu =X Vi |
LY DINAET DI 4L T DI H AL DB
b2 foSa t B fSat by 2 ofat kb 2SS = Y Vo)
IJle CyMMHpOBaHIIe IIPON3BOINTCA 10 BeeM n omblTaM: f = £i(Xy): Y=Y,
Penrenne cucTeMsl, 0OBIYHO HAa3bIBAEMON CHCTEMOH HOPMaJIbHBIX YpaBHEHHMIH, MOXKHO NIPOBOMTE JIFOOBIM H3BECTHBIM CIIOCOOOM.
IMoydeHHble METOJOM HAaMMEHBIIHX KBAJIpPaTOB OLEHKH KOI((UIMEHTOB perpeccuu bj SBISIOTCS HECMEIMIEHHBIMH M 3()(eKTHBHBIMU. [t
OLICHKH JIOBEPUTEIHLHOTO HHTEPBAJa M 3HAYMMOCTH STHX OLIEHOK HEOOXOUMO ONPE/ENUTh JHCIICPCHIO BOCIIPOM3BOAMMOCTH U AUCIIEPCHIO OLEHOK bj.
JlucrepcHio BOCIIPOM3BOANMOCTH ONPEEIIIOT OOBIYHO TOCTAaHOBKOW TyOIMPYIOMHUX ONBITOB. Ee OlleHKa BEIYHCISETCS 110 (OpMyIam:
1 & ) 1

m - 2 1& 2
V==Y S =——3(5-7). S§=;§,551-

m, m, =143

Jlucriepcust OLEHOK j-T0 KO3 (GHIMEHTa PErPEeCCrHL:
2 +2
§°(b,) =8,C;.
riae 532 — OII€HKa AIICIIEPCIIT BOCIIPOII3BOAIIMOCTIILL C1j_ 3JIEMEHT MaTpPIIIbI @! R
o0paTHOI HH(POPMALINOHHOIL.

Nndopmarmonnast Matpuia @ cocrasisiercst H3 K03QGHIMEHTOB CHCTEMBI HOPMAJBHBIX YPaBHEHHUIA:
(X6 Zhh o Ths
| XAA XA e XA
\Zhte Tt o Th)
Koaddunuent xoppensunn Mexay kosdurmentamMu perpeccuu bj u bh onpenensercs mo dopmyie:

\ s
b b, |]=———E2—C
,.:) S(b)-5(B,)

HpOBepKa SHAYUMOCTH IOJIyYC€HHBIX KO:—)(I)(bI/IHI/ICHTOB perpeccun CBOAUTCA K HOCHC[IOBB.TeJ'IBHOﬁ TIPOBEPKE T'UIIOTE3!
Hy—f,=0,H -, #0,j=012....d.
Z[J'Iﬂ 3TOI'0 BBIYHCIIAOTCA Ha6J'I}OZlaCMI>Ie SHA4YCHUS KPpUTEPUA CTBIOZ[CHTaZ

ty :‘bj

[+2]

/5(b).
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Oty 3Ha4eHust kpuTepusi CThIOACHTA CPABHUBAIOTCS ¢ TAOJINYHBIM tK B COOTBETCTBHH C YHCIIOM CTEeHeH cBOOObI f=m-l, eciiit OmBITHI 110 OIpe-
JICJICHHUIO OCTAaTOYHON JMCIIEPCHH TyOIMPOBANKCH B OJHOM M3 TO4EK (h)aKTOPHOTO MPOCTpAHCTBA M pas, wiu f=n(m-1), eciiu B KaXx10#i U3 n ToUeK (hak-
TOPHOTO NPOCTPAHCTBA AYOINPOBAHHE MPOBOAMIOCH OAHHAKOBOE YHCIIO Pas.

Ecnu nipu BHIOpaHHO# TOBEPHUTEIBHOM BEpOsSTHOCTH P tnj>tk, TO HyJieBasi rUIoTe3a OTBEpraeTesi, U KodGHIMeHT bj cunTaercst CTaTHCTHYESCKH
3HAYUMBIM.

Tak kak K0d()GHUIMEHTHI perpeccur ObIBAIOT CBSA3aHBI MEXAY COOOM, TO IMOCie OTOpachiBaHHs HE3HAYUMOro KoddduimenTa bq HEOOX0IUMO
HPOBECTH KOPPEKLIHIO OLICHOK OCTAIbHBIX KOI(G(GUIHMEHTOB U UX JAMCIIEPCHI B COOTBETCTBHH C (hopMyTamu:

N S e . .
Cp 2718 )= S3C,"

et
bj b.r C bq e Tk C
a2 L4
JloBepHTeNbHBIE HHTEPBAJIBI [ 3HAYUMBIX KOA(D(PULHEHTOB PErPECCHH ONPECISIOTCS HEPAaBEHCTBOM:

= ® ® ®
b. —t.S(b.)< . <b. +1.5(.).
J K ( J ) /B.J J ( J)
HpOBepKa AaACKBAaTHOCTH HOJ'Iy‘IeHHOf/'I perpeccxmeHoﬂ MOJCIHN U d)yHKIII/II/I OTKJIMKA IO3BOJIAET OLUEHUTHL MPAaBUIIBHOCTH BI)I60pa BHJa MOICIIHN.
I[.HH OTOI'0 COIMOCTABJIIETCA AUCIIEPCUS BOCIIPOU3BOAUMOCTH, IMMOJIYUCHHAs IIyTEM pe€ajin3allun Z[yGJ'II/Ipy}OIJ_II/IX OIIBITOB, U OCTATOYHASA JUCTIEPCHU:
L _>(,-T.f
S, =————>IY, =Y, ),
a—(d+)) 20

g=1

el
=

rae \7'72 — MOpeACKa3’saHHOE II0 YPaBHECHHIO PETPECCHH 3HA4YCHIIE OTKIIKa B Z-M

omsITe; Yy — II3MepeHHOe 3HAaUeHIIe OTKIHKA B TOM JKe OIIBITE.
ComocTaBIe e IPOII3BOANTCS IyTeM HPOBEPKI THHOTE3H O PABEHCTBE JIIC-
nepeuii. HaGmomaemoe 3ravenne kpurepist  (Dumepa:

F,=S2/S2

CpaBHIIBaeTcA ¢ TaOMIUHBIM Fy, KOoTopoe onpesenseTcs B COOTBETCTBIN ¢ BbIOpaH-
HBIM 3HaUeHIIeM TOBepUTeIbHOIl BepOSTHOCTI II YIICTaMI cTereHeil cBodomsl fi=n-
d u £;=n-1, rae d — dmem0 mapaMeTPOB MO M — YICI0 Ay OIIPYIONIIX OIEI-
TOB NI ONpe/eNe N S;’.

VYcnoBueM afeKBaTHOCTU MOZENH M (DYHKIMH OTKJINKa sBIsfoTes FH < Fk.
TTosnuslit GakTOpHBIH IIaH A1 TpeX (aKTOpoB NPHUBEEH B TaOIHIIE

Tabnuma

TonHbiit paxropHbiii mian 2°

Homep X1 X2 X3
OIIHITA |l

1 +1 +1 +1

2 -1 +1 +1

3 +1 -1 +1

4 -1 -1 +1

5 +1 +1 -1

6 -1 +1 -1

7 +1 -1 -1

8 -1 -1 -1

Peammsannsg 3Toro miaHa MO3BOIAET OLESHUTH mapaMeTpPhL pCTPECCHOHHOﬁ
MOIEIIH BILIA:

3 3
Y=b+Y bx +> byxx, h#|
=

=

B nanHOM CclIyJae:

rae N — o0mree Jicio OMBITOB, U

RO ADWE

CBOICTBO IJ1aHa, 3a/IAI0LIEECsT PA3HOCTBIO MEXK/Y YHCIOM TOYEK CIIEKTpa IUIaHa M YHCIIOM OLIEHMBAEMBIX MTapaMEeTPOB, Ha3bIBAETCS HACBIIIEHHO-
CTBIO TIJTAHA.
IInan, B KOTOPOM YKCIIO TOYEK CIIEKTPa IUIaHA COBIA/IAET C YUCIIOM OLIEHUBAEMBIX ITAPAMETPOB, HA3bIBACTCS HACHILIEHHBIM IIAHOM.
Ecnu npuMeHsTh HachIIEHHBIE TUIAHBL, TO JUI PErPECCHOHHOTO aHanu3a (OLeHKa aeKBaTHOCTH MOJENH, TUCTIEPCHU U IOBEPUTEIEHOTO HHTEP-
BaJa KO3 (UIMEHTOB perpeccry), HeoOXOUMO TPOBEICHUE TYOIUPYIOMUX OIBITOB.
[pumep. o
OnpexeTnTd BII 1 Ko3()IIIEHTH perpecciloHHOl MoIeml. oTpaxkaromreit
3aBHCIMOCTD pamnambHoll ciiel Fy(H) or momepeurolf mozaum s (MM/IB. X0mI) mpi
I7TOCKOM 37TeKTPOXHMITTECKOM aTMa3HOM IITI(OBAHII.
B pesyibTaTe peaTns3allinl IKCIepIMEHTa IOTyIeHBI CIeIVIOMIIe TaHHbIE:

s*10° 25 335 445 555 665 775 885 9095
Ey 50 60 67 75 8 86 93 95 100 98 104 103 106 107
108

IIpn Kaxk7I0M 3HAYEHIH S IPOBOIIICS OIHH OIIBIT.

ITa16 TyOIUPHIOMIIX ONBITOB 718 ONEHKH AHNCIEPCHH BOCHPOH3BOIMMOCTH
npoBomIck mpH s = 0.05 Mwm/1B. X011

Tomygero, uto S;2 =0.032.

Pemenne.

Mo By xpusoil, MpelcTaBleHHOl Ha gy

PICYHKE, MPeINoIaraeM, IT0 PerpeccloHHas 9‘;
MOJETh IMeeT BII:
80
Y=p5+B8X+5X". 0
) Fa
rae Y=F;*107; X =s*10% )
BasicHsle GYHKUNN B JaHHOM CIydae 7 i s
mmetot Bun: ,=1; £i=X; Hr=X" . ’ /faﬁdﬂfwg%}f,réé
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Torza circTeMa HOPMAaTBHBIX YPABHEHHIT:
b+ B> X, +b,> X7 =31 \
IJOZ’.\'1 +b Z.Yf +b, Z\,’ = Z (1),
l’nZXf +Z)12 X7 +b, Z X' = Z (YY), {
ITocite BeIYIICTICHIIS CYMM IIOJTYHIIM:
15D, +90b, + 610D, =133.7;
90b, + 6105, +4500b, = 856,35,
610D, +4500b, +35144.5b, = 6051,925.
Pemrenne cucreMsl gaer: be=0.0175: b;=2,4029; b,=-0,1358. Mudopmaruon-
Has MaTpIIla B JaHHOM CIydae IMeeT BILI:
15 90 610
®=| % 610 4500
610 4500 35144.5

OGpaTHas MaTpHIIA oIpe/iesIach no GopmyIie:

1 Doy Dy Dy
o :m Dy Dy D, |
e D Dy

riae Djk — ﬂnreﬁpanqecm)e JOITOJTHEHIE >IeMEeHTa MaTpIIIbl B ijINI CTPOKe 1 k-om
cTonbIre.
B pe3yiabpTare BBIMHCIEHITT MOJIYIEHO!
4389 1544 0122
@ = 1,544 0,573 0,047
0,122 0,047 0.,0039

CormacHo dopmye:
83b,) = 53C,
S%(h,) =0.032-4,389 = 0.14; S(h,) = 0.375;
§%(b)=0,032-0,573=0,018: S(&) = 0,135
§%(b,) = 0,032-0.0039 = 0,000125; S(b,) = 0.0112;

SHaUEHIs Tj ©
0.032-0.122

2= 0375-00112
. 00321544
03750135
. 0.032:0.047
?0,375-0135

=0976:

=0.995;
BBIUICIEHHBIE IO OpMYyTIe:

— SE
Hp,.5,)= 5655 c,

MOKA3BIBAIOT, UTO KO3 HIIHEHTH! Perpecctil TECHO CBSI3aHbL
CornacHo: ry, = ‘b}‘ S,

fo = 0,0175/0.375 = 0,047 1, = 2.4029/0375 = 17.8:
tay =01358/0,0112 =12.13.

HmaP=095um=35 t=2,776.
TIOCKOTBKY tro<ty, TO K03(pummenT perpeccun by He3sHAYIM, I MOKHO CUH-
TaTh, UT0 fo = 0.
OctarnpHble KOI(QIIISHTE SBITIOTCS 3HAIMBIMI.
TTo popmymam:
. C . c,C . .
by =b = b0y =0 £ 526, =53¢, ;
29 a9
HOTy4aeM CKOPPEKTHPOBAHHEIE 3HAYSHIIA KO3 UIICHTOB PErPeCCHIL;

B =2,4029 —L‘;ﬂo.ows =2379; B, =-01358— f){zz 0,0175 = —0,1363;
¢ =q, 7% =0,573~ Tj;; =0.0298: C,, = 0.0039— (2;282; =0,0005
S%(8,)=0.032-0.0298 = 0.00095: S(b; ) = 0.031;
$%(b, ) =0.032-0,0005 = 1,6-107°; S(b;) = 0,004.

CormacHo

i~

1o S(B) < B, < B +1.S(b)).
2.311<p<2.483;  -0.1474< B»<-0,1252.
OcTaTo4Has INCIEepCHs, onpeneTieMas Io GopMyITe:
Si = n—(:’ﬂ);(y‘g 72)2
cocTaBmAeT So” = 0,043.
Ha6mronaemoe 3nauenne kputepust @umrepa Fu = 0,043/0,032 = 1,344.
Tabnu4Hoe 3HaYeHne Kputepust onpenensiercss npu P=0,95; f1=5-2=3; f2=5-1=4.

B nannom cityqae m1=4 u m2=5.
IMockonbky 3HaueHus ml 1 m2 B Tabnune SABISIOTCSA IPOMEXyTodHbIMHE (10<m1<15; 4<m2<6), To kpuTndeckoe 3Hauenue Fx = 6,67 6pu10 o1~

PE/IeTICHO MHTEPIOIIALNCH.
Iockonbky Fu< Fk, T0o nonyuennas monenb: F =2379s — 136352 afnekBaTHO ONMUCHIBAET 3aBUCHMOCTb PaIMaIbHON COCTABJIAIOIIEH CHIIBI OT I10-

nepe‘ﬂ{oﬁ mogaqu.

20



Paznen 4. [lnannpoBaHne 3KcIepUMEHTA.

Tema 4.1. IlnannpoBaHKe IKCIEPUMEHTA NPH OLleHKe OTKIUKA (JIeKIHA-TUCKYyCcCUs — 2 4ac.)

IIpeanuianupoBaHue 3KCNEPHMEHTA — 3TO PEIIEHHUE PsiJia BOIIPOCOB, NO3BOJISIOIINX MEPEHTH OT 3aMBICIIa K IIaHy SKCIIEPHUMEHTA.

I'maBHEIM BOIIPOCOM SIBISICTCS YETKasl IIOCTAHOBKA 3a/ladl HKCIEPUMEHTa, KOTopas JOJDKHA OBITh (hopManu3oBaHa. [y 3TOro mepexomsT oT pe-
QJILHOTO 00BEKTa UCCIIENOBAHMS K €ro CXeMe, KOTOpasi Ha3bIBaeTCsl MOJENBIO «U4epHOTO SIHKa», KOTAa Ha OCHOBE U3BECTHOTO MeXaHH3Ma (DyHKIHO-
HHUPOBAaHUS 0OBEKTA HCCIENOBAHUS MOXKHO TEOPETHYECKH MONYYHTh (QYHKIHMIO OTKIIMKA, @ SKCIEPHUMEHTAILHOMY OIPEACICHUIO MOUIEKAT TOIBKO e¢
mapaMeTpel.

Ha mepBoM 3Tane ¢opmanu3ay HeOOXOAUMO BBIIBUTE BCe (DaKTOPHI, OIPEAeIIomue XapakTep GyHKIMOHUPOBAHHS O0BEKTa H BCEX OTKIIH-
KOB.

Ha BTopom 3Tame popMynupyeTcs IeIb UCCIEH0BAHNSA. DTO MOXKET OBITh MO0 IIOCTPOEHHE MAaTEMAaTHYECKOH MOIEHN HCCIeyeMOro 00beKTa,
00 ero ONTHMH3AIHS.

MaTtemaTH4ecKasi MO/IeJIb — CUMBOJIMYECKOE BBIPAXKEHHE, C TPEOYEMOil TOUHOCTHIO OTPAXKAIOIIEE T¢ KOJINYECTBEHHBIC CBSA3H, KOTOPBIC XapaK-
TEpPHU3YyIOT HCCIERyeMblil 00BbeKT. [Ipi mocTpoeHHN SKCIEePUMEHTANFHOH MAaTeMAaTHIECKOH MOJENH HY)XKHO H30eraTh Kak Upe3MepHOro YIPOIICHHS
pEaIbHBIX 0OBEKTOB, TaK M W3JIHIIHEH UX JeTalu3alid. B 3aBHCHMOCTH OT KOJIMYECTBA YIUTHIBAEMBIX (DAKTOPOB Pa3IMyaloT Ba Kilacca MOJened —
01HO(DAKTOPHBIE M1 MHOTO(AKTOPHBIE.

B 3aBHCHMOCTH OT CTATHCTUYECKOH MPUPOJBI (PaKTOPOB U OTKIIMKA KaXKHast U3 THX MOAENeH MOXKeT ObITh AeTepPMHHHPOBAHHOIi, perpeccHoH-
HOI WJIM KOPPe/IALHOHHOIA.

JleTepMHUHUPOBaHHASL MOJIJIb MOXKET IIPUMEHSTBCS [UIs ONMCAHHs 00BEKTa, ecln (paKTOPBI M OTKIIUK 10 CBOECH MPHUPOJE SIBISIOTCS HECIy4aii-
HBIMH BeTMYMHAMH, OTPEIIHOCTMU HU3MEPEHHUsI KOTOPBIX MOXKHO IIpeHeOpeus. B nanHOM citydae kax oMy Habopy 3HaueHHI (aKTOPOB COOTBETCTBY-
€T OJJHO MJTH YETKO ONpE/IETIEHHOE MHOKECTBO 3HAUEHHH OTKIINKA.

Jlis perpeccHOHHOI MofiesIM JaHHOMY HaOOpy ypoBHeH (paKTOPOB OJJHO3HAYHO COOTBETCTBYET ONpPEICICHHbIH HAOOp MapaMeTpoB 3aKOHA pac-
IpeeeHus CIIy9aifHbIX 3HAUCHUH OTKINKA. OTKIIMK SBIIETCS CIIydaiiHOH IO CBOEH MPUPOAE BEITMIUHOM, T. €. CIIyJalHBIMU HOTPEITHOCTSMU H3Mepe-
HHS Helb3sl IIpeHeOpeys.

DakTOpHI SABISIOTCS HeCTy4aliHBIMU BEIMYMHAMHU, YPOBHU KOTOPBIX MOXHO BO BpeMsl H3MEPEHHs OTKJIHMKA 3a(QUKCUPOBATh C JOCTATOYHOH TOY-
HOCTBIO.

Koppeasimuonnasi MoJeJIb OTPaKaeT CBA3b MEKLY CITydaitHBIMU 110 CBOEH IPHUPO/IE BETHINHAMH.

Ecnu Buz oneparopa f MoJeny ¥ 3Ha4CHUs €€ [1apaMeTPOB pj HEe M3MEHSIOTCS BO BPEMEHH, TO MOJIENIb Ha3bIBAIOT CTATHYECKOW. Mozenu, He 00-
JIafalolye JaHHBIM CBOMCTBOM, Ha3bIBAIOTCS AUHAMUUYECKHMH. I1oCTPOUTDH 3KCHEpHMEHTAILHYI0O JHHAMHYECKYI0 MoJe/b 3HAYUTENbHO TPyIHEe,
YeM CTaTHYECKYIO.

OnTUMH3aIMA — 3TO TPOLECC TOUCKA TAKOTO COYETAHUS YPOBHEW (HakTOPOB (TOUKHM OrPAaHUYEHHOTO (haKTOPHOIO MPOCTPAHCTBA), IIPH KOTOPBIX
OTKJIUK, Ha3bIBa€MBbIil B JAHHOM CIIy4dae I1apaMeTpOoM ONTUMU3ALUU, IPHHHMAET SKCTpeMasbHOe (MAaKCUMAIbHOE WM MUHUMAIbHOE B 3aBUCHMOCTH OT
CMBICIIA 33]]a4H) 3HAUCHHE.

Yare Bcero 0OBEKT SBIISIETCS MHOTOOTKJIMKOBbIM. Hanpumep, oTkinkamu npouecca 00pabOoTKH Ha TOKApHOM aBTOMATE SBJSIFOTCS: IIPOU3BO-
JIUTENILHOCTB, CE0ECTOMMOCTD MPOIYKIIMH (IKOHOMUYECKUE TAPAMETPBI), TOYHOCTb Pa3MepOB U (OPMBI, HIEPOXOBATOCTh TOBEPXHOCTEN 00pabOTaHHBIX
JieTaiei (mapaMeTpsl KauecTBa).

B HexoTOpBIX cllyuasx B KauecTBE IapaMeTpa ONTHMH3alUH MOXKHO BBIOPATh OIMH U3 OTKIMKOB, B TO BpeMs KaK OCTalbHbIE CTy)KaT OrpaHude-
Huamu. Torma onTumm3anus mporecca o6paOOTKH HA TOKApHOM aBToMaTe OyneT 3aKiIiouaThCs, HAaIpUMeEp, B IHOMCKE TAKOTO COYETaHUS PEXUMOB
00paboTKH, KOHCTPYKTUBHBIX MTAPAMETPOB PEKYIIMX MHCTPYMEHTOB M IapaMeTPOB TOYHOCTH 3arOTOBOK, IPH KOTOPBIX CE€OECTOMMOCTh 00pabOTKH
Oyner MUHMMaJIbHOH. OrpaHUYSHUSIMU [IPU STOM CIIY)KaT 3a/IaHHBIC 3HAUCHUS [TapaMeTPOB KauecTBa 0OpabOTaHHBIX JeTaneil ¥ MUHUMAJbHO JOIyC-
THMasl IPOU3BOJUTENIBLHOCTD CTAHKA.

Bo MHOTrHX cirydasx 3amadeil ONTHMH3AIUN CTPYKTYPBI 00BEKTA HCCIIEJOBAHUS MOXKET OBITh OJTHOBPEMEHHOE yITyqIlIeHHEe HECKOJIBKHX KPHTEpH-
€B ero KayecTBa, IpH4eM KaXkKIOMy U3 KPHTEPHUEB MOXKET COOTBETCTBOBATb CBOS ONTUMANIbHAS TOUKa (HaKTOPHOTO MPOCTPAaHCTBA. B Takux ciydasx
JIeTaI0TCsI TIOMBITKY YMEHBIIUTh YHCIIO TapaMeTPOB ONTHMHU3ALMY ITyTeM YCTAHOBJICHUS MEKIy HUMH KOPPEISIIHOHHON CBSI3U MM alpUOPHOTO paH-
JKUPOBAHNS TI0 3HAYMMOCTH. ECI 3TH MOMBITKH He JAIOT yCIexa, To peKOMeHyeTcs epedopMyInpoBaTh 3a1ady WM CBECTH €€ K MOCIIe/[0BaTENbHO-
CTU 3a71a4, B K&XKION U3 KOTOPBIX YIIydIIaeTcs OAUH U3 KPUTEPUEB KauecTBa.

Ha cnemyromem sTane NpeAIUIaHUPOBAHUS JKCIIEPUMEHTa OIpeessieTcss 00J1acTh IKCIepUMEHTHPOBAHHsA, T.e. 001acTh (aKTOPHOrO Mpo-
CTPAaHCTBA, IJIe MOTYT Pa3MeIIaThCs TOUYKH, OTBEYAIOIINE YCIIOBHAM MPOBEIECHNS ONMbITOB. Kaxprii hakTop nMeeT CBOXO 00MacTh ONpe/eNeHns, KOTo-
pas 3afaercs JIMO0 NPUHIMIHAILHBIME OTPAaHUYEHUSIMH, JTHOO MO TEXHHKO-DKOHOMHYECKHM COOOPaKeHHUsAM, JIHOO UCXOIS U3 KOHKPETHBIX yCIOBHI
(oTCyTCTBUE MOIXOAAIIECH anmapaTypsl, yCTAHOBOK, HHCTPYMEHTA HJIM HEBO3MO)KHOCTb 3HAYUTEIbHBIX OTKIOHEHUH OT HIPUHATOH TEXHOIOTHH).

IMocnie BEIOOpa 06/1acTH OMpeaeeHHsi HEOOXO0IMMO HAWTH JIOKAIBHYI0 00J1aCTh IS TIPOBEICHNUS SKCIIEPUMEHTA — pa3Max BapbUPOBAHUS Ka-
JKIBIM (hakTopoM. DTa 3aaua II0X0 Hojanaercsa GopMalu3aluy H PeIaeTcs: B KaXKI0M KOHKPETHOM CIydae HCXOAs U3 cMbIcia oOImel 3agadyu uccne-
JIOBAaHHS.

OCHOBHOIi TPUHIIMII, TTOJIOXKEHHBIH B OCHOBY TEOPUH INIAHHPOBAHMUS KCIIEPHMEHTA — ITOTyIeHHe MaKCHMyMa HH(GOPMaIUH IIpH MIHHMAaJIbHBIX
3aTpaTax BpeMEHH U CPECTB Ha DKCIIEPUMEHT.

Jlns mormydeHusl HCUepIbIBaoIel HHBOpPMAIMKH O cBOiicTBaX (YHKIIMU OTKIMKA HEOOXOAUMO HPOBEICHHE OIBITOB BO BCEX TOUKAX 00JIaCTH
IKCMEePHMEHTHPOBAHNS. DTy Pa3HOBHAHOCTH KCIIEPHMEHTA Ha3bIBAIOT IKCHEPMMEHTOM C MOJHBIM ITepebopoM BCeX BXOMHBIX cOCTOsIHHIL. Takoi
SKCIIEPHMEHT B IPHHIUIIE Hepealn3yeM, TaK KaK YUCIO BXOJHBIX COCTOSHHI OECKOHEUHO BEIHKO.

B Teopuu mmaHHpoBaHUS 3KCIEPUMEHTA OTKa3bIBAIOTCS OT YKCIIEPUMEHTA, OJIM3KOr0o K AKCIEPUMEHTY C IOIHBIM Iepe6opoM BXOAHBIX COCTOS-
HUH.

Ipu oTcyTcTBHU anpHOpHOIT HHGOPMAIMHU O CBOHCTBAX (DYHKIIMM OTKJIMKA HET CMBICIIA CPa3y CTPOUTD CIOKHYIO MATEMaTHYECKYIO MOZIENb 00b-
€KTa, TaK KaK 3TO HOTpedyeT 3HaYUTEeNIbHBIX 3aTpaT BPEMEHU U CPEJCTB, B TO BPeMsI KaK MOXKET OKa3aThCsl, YTO B CIOXKHON MOJIENH HeT HeOOXOIHMO-
CTH.

TToaToMy Teopus mIaHUPOBaHMS SKCIEPUMEHTA PEKOMEHYeT, KaK MPaBUJIO0, HAUMHATE C MPOCTEHIIeH MOJIeNIN, COOTBETCTBYIOIIEH nMeromeiics
anpuOpHOI MHpOpPMAUH, YTO TpeOyeT MPOBEIEHUS CPABHUTEILHO HEOONBIIOrO YHCNa ONbITOB. Ecu mpoBepka MokaspIBaeT, YTO MOTydeHHAs MpPO-
CTeIIasl MoJIeNb MPHUTOJIHA, TO SKCIEPHUMEHT 3aKaH4YMBaeTcs. Ecim jke MOsieb HENPHToJIHA, Peaan3yeTcsl CICAYIOMMUIA 3Ta (IMKIT) SKCIIEPUMEHTA,
HO3BOJIIIOMINH MONTYYUTh O0Jee CIOKHYIO MOJENb, KOTOPYIO TakXKe IPOBEPSAIOT Ha aJeKBAaTHOCTh. ECIM M B 3TOM Cilydae IMpOBEpKa yKasbIBaeT Ha
HEa/IeKBaTHOCTh, TO IIUKJI SKCIIEPHMEHTA IIOBTOPSIIOT C LEbI0 OTy4eHuUs ele 0oee CI0KHON MOIeIH.

VKka3aHHas JIOTHKAa SKCHEPHMEHTHPOBAHUS COCTABIISIET 4acTh OOIIeH KOHIENIMH MOCIEe0BaTeIbHOTO SKCIEPHMEHTA, CONIACHO KOTOPOH IpH
IpPOBEJCHUN YKCIEPUMEHTa HEOOXOIUMO HCIOIb30BaTh IIOCIENOBATEIbHYIO, IIaroByl0 cTpaTeruio. CorlacHo 3TOH CTpaTeruy Mocie KaXIoro miara
IPOU3BOIUTCS aHATIU3 PE3yIbTaTOB, HA OCHOBAHUH KOTOPOTO IPHHUMACTCS PelIeHHE O JAIBHEHIINX OIBITaX.

IpoBepka aJIeKBATHOCTH OCTPOSHHON MOZIETN M APYTHE MPOBEPKH MPOU3BOJIATCS C MOMOIIBIO CTATUCTHYECKUX KPHTEPHEB, 3a CUET Yero Gop-
MaJu3yeTcs NpoIeaypa IPUHATHS PEHICHUH MocIe KaXXJ0To 3Tama UCCIIeJOBAaHMs, 00JerdaeTcst paboTa SKCIepUMEHTaTOpa H yMEHBIIAeTCS PUCK IPH-
HSTHS HEOOOCHOBAaHHBIX «BOJIEBBIX)» PELICHUH IPU MOATOHKE PE3yIbTaTOB AKCIEPUMEHTA II0]] TEOPETUIECKYIO KOHIICIIIUIO HCCIeA0BaTEs.

Ipy nmpoBepke aneKBaTHOCTHU MPOBOJUTCS COIMOCTaBICHNE CHCTEMATHIECKOH MOTPEIIHOCTH alIIPOKCHMH3AIMH C TTOTPENTHOCTSIMH, CBSI3aHHBIMU
C BIMSHUEM HEKOHTPOIMPYEMBIX (haKTOPOB U CITyJaifHBIMU ONIMOKAMU U3MEPESHHH.

IMpu mmaHUPOBAHUH JKCIIEPUMEHTAa HUCIIONB3YEeTCS MPHHINI PaHJOMU3ALHUY IUIAHA, HO3BOJIIONIEH cBecTH (B (eKT HEKOTOPOro HecIydaiHOro
(akTopa, KOTOPBIIl HE MOJIACTCS Y4ETy H KOHTPOIIIO, K CITydailHOM omuoke. IToT GaKTop MOKHO paccMaTpHBaTh KaK CIydaliHYyIO BEIUYHHY H YUHTBI-
BaTh WJIM HEHUTPAIN30BaTh €r0 BIUSIHUE CTATUCTHYECKH.

PangomMu3anus miaHa mnpeanoiaraeT CIydaifHblil MOPSAIOK PeaTn3aliy ONBITOB (CTPOK MAaTPHUIBI IIaHA), YTO IO3BOJISET YCTPAHUTh B MaTeMa-
THYECKOI MOJIENIM CMEIICHNUS], BBI3BAaHHBIC ACHCTBUEM HEKOHTPOIMNPYEMBIX HECITyqalHbIX (JaKTOPOB.
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Ilpy 1pyrux CTaTUCTHYECKHUX MCCIICAOBAHMAX PAHIOMH3ALMs PEAYyCMaTPUBACT CITy4alHbI BHIOOp aHATN3UPYEMbIX 3JIEMEHTOB U3 00LIEH COBO-
KYITHOCTH, MOUICKAIICH N3ydCHUIO0. TeM caMbIM 00ECIIeYnBaeTCs MPEeACTaBUTEIBHOCT MONYYCHHOI BBIOOPKH, T. €. TapaHTHPYETCss BO3MOXKHOCTD C
MOMOII[BIO U3MEPEHHs CBOMCTB KOHEYHOTO HabOpa JIEMEHTOB BBICKa3aTh 0OOCHOBAHHOE CY)KICHHE O BCEi COBOKYITHOCTH B LIEJIOM.

LleHTpabHBIM B TEOPUH IUIAHUPOBAHMS SKCIIEPUMEHTA SBIISCTCS MPHHIUI ONTHMAJIBHOCTH ILUIaHA. B COOTBETCTBHH C HUM IIIaH SKCHEPHMEH-
Ta JOJDKEH 001aJaTh HEKOTOPBIMHU ONTHMAIBHBIMU CBOWCTBAMH C TOYKH 3PEHUS OIPEACICHHOr0, 3apaHee BHIOPAHHOTO KPUTEPHS MIIH IPYIIIBI KPHUTe-
pueB.

KpuTtepnn onTHMAaJILHOCTH IJIAHOB SKCIICPUMEHTA, LIEIbI0 KOTOPOTO SIBJISETCS MOCTPOCHUE MaTEMAaTHYECKOW MOJENIH 00BEKTa, MOXKHO pa3-
OUTH Ha TPH TPYIIIBL:

* HlepBasi IpyIna — KpUTEPUH, CBA3aHHBIC C TOYHOCTBIO OLIEHOK KO3((HUIIMEHTOB PErpeccui;

* BTOpast IPyIIa — KPUTEPHH, CBSI3aHHBIE C OLIMOKOI B OLIEHKE CaMOil MOJIEIIH;

* TPEThsI TPYIIa — KPUTEPHH, CBI3aHHBIE C TPYJOEMKOCTHIO 00paOOTKH pe3yIbTaTOB IKCIICPUMEHTA.

K nepBoii rpynne otHocstcs kpurepuu A, D u E.

Ilnan Ha3pIBaeTcst A-ONTHMAIBHBIM, €CJIH CYMMa AUCIIEPCHIA OLIEHOK KOd(D(HIIMEHTOB perpecchu 0yaeT MHHUMAIbHOM.

Ilnan Ha3piBaeTcs: D-onTHMANBHBIM, €CIIH ONPEACIUTENb €0 HHPOPMAIIMOHHON MATPHIIE! OyIeT MUHUMAIBHEIM, T.€. IPH 3TOM MHUHUMHU3H-
pyercst 0000IIeHHas OLIeHKA KOI((ULIHEHTOB PErPeCCHH.

Ilnan Ha3pIBaeTcst E-onTuManbHBIM, €CIM OH MUHUMU3HPYET MAKCHMaIIbHOE 3HAYEHHUE MCHEPCHH OLEHOK KO3 (PULHEHTOB PErpecCrH.

CBs13b MEXKIly JaHHBIMU KPUTEPHSAMU JUIS ABYXMEPHOI! 3a1a4i HILTIOCTPUPYET PHCYHOK, Ha KOTOPOM H300paskeH DIUIUIICOU] PACCEsSHUS OLIEHOK
KO (HULHUEHTOB perpeccum.

CornacHo KpHTEpHIO A, MUHUMU3HPYETCS CyMMa KBaJIPaTOB CTOPOH ONHCAHHOTO MPSMOYTOJIbHHKA, T. €. JUaroHajb MPsMOYTOJIbHHUKA, COTTIACHO
KpuTepuio D — miomas 3IuImIca paccesiHus, a CoracHo kpurepuio E, - ero 6omnbmmast ocb.
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Puc. PaccesiHue oieHOK KO3 PUIIHEHTOB perpeccuu

Ko BTopoii rpynne orHocsrtcst kputepuu G u Q. Ilnan HazbiBaeTcss G-0NTHUMANBHBIM, €CJIM OH MUHUMHU3UPYET MaKCUMAIbHYIO JUCIIEPCHIO
IpeCcKa3aHHBIX MOJENIbI0 3HaUeHUH oTkiHKa. [li1an Ha3bIBaeTcss Q-ONTHMAIBHBIM, €CIIH OH COOTBETCTBYET MUHUMYMY CpeIHel TUCIepCHH 3Hade-
HHMIT OTK/IMKA [0 OTHOLICHHUIO K IPE/ICKa3aHHBIM MOJICIIBIO.

K Tperbeli rpynme OTHOCHTCS KpUTEPUH OPTOrOHAIBLHOCTH IIaHA, KOTOPBIA TpeOyeT Takoro BbIOOpa ToueK (haKTOPHOIO MPOCTPAHCTBA AJIS M3-
MEpEeHHUH OTKIIHKA, Il KOTOPBIX MPOLieypa BEMUCIECHHS OLCHOK ITapaMeTpOB MOJIENH JaHHOTO BHa OblIa caMoii IpocToil. B TakoM citydae 3HaYeHHs
Ka’KJIOTO [apaMeTpa MOJIE/HN BBIYUCIIOTCS HE3aBUCHMO OT 3HAUCHHIT APYTHX 1apaMeTpoB.

K nnaHam MOTyT HpeAbSBIATBCS U APYTHe TPEOOBAHMUSL:

* KOMITO3HUIIHOHHOCTH;

* yHH(OPMHOCTH;

* poTaTabenbHOCTH.

KoMmo3HInoHHOCTE — 9TO CBOMCTBO IIaHA, II03BOJIIONIEE PA3IeIUTh SKCIEPUMEHT Ha HECKOJIBKO ITAllOB U IIOCTEIEHHO MIEPEXOINUTh OT Mpo-
CTBIX MOJIeNel K 0oJiee CIOXKHBIM, HCIOJB3Ys Pe3y/IbTaThl MPeAbIayUX HaOmoaeHnid. HanpuMep, cHadaza COCTABISIETCS M PeaU3yeTcs TUIaH JUIs
OIEHKN KO3()(UIMEHTOB PerpeccHy MOJIMHOMA MEPBOro mopsijaka. B ciydae HeOOXOAMMOCTH Ha BTOPOM 3Tale K MMEIOIIEMYCs [UIaHy J00aBIIseTCs
HECKOJIBKO M3MEpEeHHI B ONPEIeNICHHBIX TOUKaX (paKTOPHOTO IPOCTPAHCTBA, TaK YTO BCE BMECTE OHU JAlOT BOSMOXKHOCTH OLEHHTH KOd()(HIIHEHTHI
perpeccun MOfie I BTOPOro MOpsifika | T. 1.

YHupopMHOCTH — KpUTEpUii, TpeOYIOMKUii, YTOOBI AUCTIEPCHS MPE/ICKa3aHMs OTKIMKA B HEKOTOPOH 00JacTH BOKPYT LIEHTpa 3KCIIEPUMEHTa Obl-
J1a TIPAaKTHYECKU OCTOSTHHOIA.

Inan Ha3bIBaeTCS poTaTadebHBIM, €CIIH IUCIEPCHs MPECKa3aH s OTKINKA MOXET OBITh MPE/CTaBlIeHa KaK (DYHKIMS PacCTOSHUS [0 LICHTpa
I1aHa. BEIMOIHEHKE 3TOTO YCIOBUS IeNaeT JIFo00e HAalpaBIICHHE OT LIEHTpPA IIaHA PAaBHO3HAYHBIM B CMBICIIEC TOYHOCTH OLICHKH OTKIIHKA.

Ilenbio MIaHUPOBAaHMS B JAHHOM CIydae SIBISICTCS ONpeejeHHe MHHAMAIBHO He00X0IHMOr0 YHCJIa MapaJuIeIbHBIX ONBITOB M JUIS OLCHKH
OTKJINKA C 331aHHOH TOYHOCTBIO.

T

Ecin oTkiHK siBIIsieTCs] HecTyJaifHOM BEIMINHOMN, a €ro OLIeHKa — CpejHee apu(MEeTHIeCKOe 3HaUeHHE, TO: ~

=

S
<tHP.m)—.
m
3a1aBIIKCh JOBEPHUTEIHLHBIM HHTEPBAIOM HITH JOMYCTHMOM OIIHOKO# OIEHKH Ag, KOIMYECTBO OMBITOB TOJKHO OBITh:
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Ecnu anpropu u3BeCTHA OLIEHKA IMOTPEITHOCTH U3MEPEHUS OTKIIMKA S°, TO M ClienyeT BHIOMPaTh U3 Ta0Jl. B 3aBUCHMOCTH OT JIOBEPUTEIHHON Be-
POATHOCTH P u ornomenns AO/S WY, MOJIB3YSACH Taﬁnnueﬁ KPUTHUYICCKUX 3HAYECHUH Kpurepus CTB}O}ICHTa, 1'[0}16I/IpaTL TaKO€ 3HAYCHHUEC m, YTOOKI JUTA
nauHoit P co6monanock Hepaserctso m(A0/S)*>t(P, m).

Tabnuma
KosmdecTBo nmapauiebHBIX OIBITOB, HEOOXOAUMBIX IIPH OLEHKe Y
Ao/S U110 ONBITOR IPH JOBEPUTETBHOI BEPOSTHOCTI
0,9 0.95 0,98 0,99
1 5 7 9 11
0,75 7 10 12 16
0.5 13 18 25 31
04 19 27 37 46

Ecnu 3HaueHue S 3apaHee HEU3BECTHO, TO MPOBOAMTCS MOCIEAOBATENBHBIA SKcepuMeHT. CHavyana MpOU3BOAUTCS CEPUs MapAIUICIBHBIX OIbI-
TOB, NTO3BOJIIONIMX B IIEPBOM MPUOIIKEHUHN OLCHUTh S% 3aTeM BHIYHMCISCTCS M. IIpu sToM kpurepuit CTblOAEHTA ONPENEISAETCS B MPETNOI0KEHHH,
yTo m = my. [Ipn my> M; mocie npoBeaeHust (M, - M;) ONMBITOB YTOYHSIETCS 3HAYCHUE S M BBIMHUCIACTCS M3 Ecam ms< M, wiM m; HE3HAYUTEIBLHO
00JIbIIIE M, TO UCIIBITAHUE 3aKAHYUBACTCSI.

22



KomnuuecTBo mapaienbHbIX ONBITOB, HEOOXOAUMBIX TIPH oneHKe 6(Y)

A(o)/c Y11cTI0 ONBITOB IIPH TOBEPUTENBHOI BEPOSTHOCTH
0.9 0.95 0,98 0,99
1.5 4 5 6 7
1,25 5 6 8 9
1 6 8 10 12
0.75 10 14 18 22
0.5 28 40 50 60

Tabmuia

Korzna oTKIHK sBIISIETCS CIIy4ailHOH BEJIMYMHOM, pOLeypa INIAHUPOBAHUS SKCIIEPUMEHTA 11 OLIEHKH €r0 MaTeMaTHYeCKOTO OXKMAAHUS ABIIS-
€TCsI TAKOH e, KaK B CITydae HeCIyJalHOTO OTKIMKA.

[penmosoxum, 4To 3a7aHa TaKKe Tpedyemasi TOYHOCTh OLeHKU craHaapTHoro otkionenus o(Y). [lapamerp TouHoctu A(G) B JaHHOM citydae
paBeH IOJIOBHHE JoBepuTensHoro uurepsaia 1 o(Y). Torna TpeOyeMoe KOIIM4ECTBO NapauiebHbIX OMBITOB MOXHO OHPEACINTH 110 TAOIULE B 3aBU-
CHMOCTH OT JJOBEPHUTEINbHOI BeposiTHOCTH P 1t otHOMmIEHUS A(G)/G.

MOXHO TaKsKe, BBITOJIHSAS IPOLEAYPY NOCIEN0BATEIBHOTO INIAHUPOBAHHS, IOJIb30BAThCs (hOPMYIION:

)

) N
m<t (Pom)y———
2/

(o)
Ecnu HE0Ox0auMO onpenenuTsh Kod(GGUINSHT KOPPEISIIHY ¢ 3alaHHOH TOYHOCTHIO A(T), TO MHHHMAJIbHO HEOOXOIUMBIH 00beM BEIOOPKH OIIpe-
nessiercs o hopmyie:

)|

m<|———=1| +3,

A(r)
rae P — noBepurenbHas BepostHOCTh: P1=1-(1-P)/2;
P — 3aganHas goBeputelbHas BeposTHOCTh; U(P1) — KBaHTHIIE HOPMHUPOBAHHOTO HOPMAJIEHOTO PACIIPEIEIICHHSI.
Korna oTKIHK sBIsieTCs ClydailHOW (QyHKIHEH, Heblo IIIaHUPOBaHuUs OyIeT onpeaeiaeHre HeoOX0AUMOM ITHHEI t pealn3aliu, 0 KOTOPOii Ha-

xoxarest MY (t)] u K(t). JIroOyro peanmzanuio Mo>KHO IPEACTaBUTH B BUAe pina Pypre:

n
e v . ;
Y(6) =Y, + > a,sin(ayit +@,).
i=1
= la
Ecnu 3a/1aHa 1011yCTHMasi OTHOCHTENbHAS OTPEIHOCTh oleHkn M[Y(t)] — ™% max Mm% (Amax —monyctuMas abCONIOTHAS IO~

TPEIIHOCTD OLEHKH, Amax — MaKCHUMaJIbHBII pasmax FapMOHI/IKI/I), TO:
2
(M) = —
o (o . +o )

TIA€ Wmin U Wmax —MHUHHUMAaJIbHasA U MaKCUMaJIbHasI 9aCTOTHI Pa3I0KEHHUs, ONIPEACIIAEMbIC Ha OCHOBAaHMU aHaJlM3a 3a/Ja4u WIH 110 HIDKHEH U BEpX-

Hell rpaHHIaM 4acTOT, IIPOITYCKaeMbIX H3MEPUTEIbHBIM YCTPOHCTBOM.
Ecnu 3agana gomycTuMasi OTHOCHTENbHAS IOTPEITHOCTD OLIEHKH KOPPEALMOHHON (QyHKIUH:

S(K)=AK)/a_,

]

max (

(A(K) — nonmyctumas abcomroTHast MOTPEIIHOCTh OLIEHKH), TO:

HK)z—— 4 \
S(K) @y, + @)

rae t(K) — HeoOxoaumast MHa peanusanuu s oueHku K(t) ¢ 3a1aHHOM TOYHOCTBIO.

ITpu aHaM3e XapaKTepPUCTHK CIyJalHBIX MPOLECCOB C MPHMeHeHHeM DOBM HelpephIBHYIO pealli3aliio MPeoOpa3oBBIBAIOT B TUCKPETHYIO C OII-
pEIeNeHHbIM IIaroM 0 BpeMEHH U 110 aMIUTHTY/E, T.€. KBaHTYIOT. Ecii 3a1aHa OTHOCHTEIIbHAS JOITyCTUMAsI ITOTPEITHOCT AIPOKCHMAIHH dmax, TO

mrar KBaHTOBaHMSA 110 BDEMCHHU!

fy £0,. /0

max *

IIpumep.
OmnpenenuTh KOJMYECTBO MAapAJUIEIBHBIX OIBITOB, HEOOXOANMBIX IJIS OLEHKH C TOYHOCTBIO J0 5 MKM CPEIHEro KBaJpaTHYHOIO OTKJIOHEHHS
pa3mepa nutMQoBaHHBIX BAJUKOB, €CIIU TOCTIE TIEPBOM CEPUU OIBITOB MOJIYYEHBI CIIeAyoure pe3ynbTathl; 19,95; 19,97; 19,94; 19,95; 19,96 mm.

Pemenue.
Pa3max B nanHoif BeIOOpke R = 30 Mxm. Torma nepBast oneHka G:

S=R/d, =30/2326=129mxm.

IMoxacrasisist 310 3Ha4eHue S B GhopMyIy:
2

2D*(s)

md 2(P.m)

npu P =0,95 u m = 5, nomyunm m >2,7762-12,92/(2*52))=25,6.
BriOupas HOBoe 3HaueHue t Ipu m = 25 ¥ MOBTOPSSL BEIYUCICHUS, NOTydnM: m>2,0642 * 12,92(2*52)) = 14.
Ipu m=14 nomyunm m>2,162*12,92/(2*52) = 15,5.

OKoHYaTeIbHO: M=16.
Tocne peanu3zanuu 11 qONOMTHUTENBHBIX OMBITOB MONy4eHa HoBas oueHka 6: S=10,4 mxm. [Ipu P = 0,95 7,7<0<16,1, T. e. JOBEepUTEIbHBIN WH-

TepBal paBeH 8,4 MKM, a ero nosnosuHa A(c) =4,2<5.
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4.3. JIabopaTopHble padoThI

Buo 3anamus ¢
Ao Homep § O6vém unmepakmuevuoﬁ,
i paszoena Haumenosanue navopamopuoii pabonol (wac.) aKmusHol,
Oucuunnunbl UHHOGAUUOHHOU
dopmax, (uac.)
1 1 O6p36uOTKil pe3yIbTaToB HAOMOIeHUN Hax 8 i
CIIy4aliHOW BEJIMYMHOM
5 5 Breibop oObekTa wHcciemoBaHus, MapaMmerpa 8 i
ONTUMU3AIHH, BIHUSIONIX (HaKTOPOB
3 3. JucniepcuoHHbli aHau3 8 -
4 3. KoppensiiuoHHbIii ananm3 8 -
5 3. PerpeccroHHbIN aHAIN3 8 -
6 n [TnanupoBanue MONTHOTO (PAKTOPHOTO JKCIIe- 8 i
pUMeHTa
7 4 [InanupoBanue apoOHOro (HaKTOPHOIO IKC- 8 i
NIEPUMEHTA
UTOI'O | 56 -

4.4. Cemunapsl / IIpakTuyeckue 3aHATHSA

VY4eOHbIM IJIAHOM HE IPEIyCMOTPEHO.

4.5. KoHTpo/IbHbIE MEPONPUSATHSI: KYPCOBOil MpoeKT (KypcoBasi padoTa), KOHTPOJbHAs
padora, PI'P, pedepar

VY4eOHBIM MJIaHOM HE MPEIYCMOTPEHO.
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5. MATPAIIA COOTHECEHUSA PA3JIEJIOB YYEFHOM JUCIAIIIMHBI K ®OPMUPYEMbBIM B HUX
KOMIIETEHHUAM U OEHKE PE3YJbBTATOB OCBOEHUSA JUCIIUIIJINHBI

Komnemenuyuu Komnemenyuu Buo

Kon-60 2 Ouenka
Ne, naumenoeanue OIIK IIK tc , 4ac yueoHbvix 3a-

uacoe KoMmn. P ) pe3ynbmamos
pazoenoe OuUCUUnIUHb 1 16 HAmMUU
1. Martematuyeckoe OOCCIICYCHHE SKCIIepPH- 14 + + 2 70 JIx. JIP. CP 3ager
MEHTa ' T
2. CraTuctryeckasi IpoBepKa THITOTe3 25 + + 2 12,5 JIx, JIP, CP 3auer
3. JlucriepcHOHHBIH, KOPPESAIHMOHHBIA U 41 + + 2 20.5 k. JIP. CP 3auer
perpeccHOHHbBIN aHAIIN3 ' T
4. TInaHupoBaHKeE SKCIIEPUMEHTA 28 + + 2 14 JIk, JIP, CP 3auer

6cezo uacoe 108 54 54 2 54
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6. HIEPEYEHb YYHEBHO-METOAUYECKOI'O OBECIIEYEHUS 1JIA
CAMOCTOATEJBHOU PABOTHI OBYYAIOIIUXCSA ITO JUCHUIIJIMHE

1. Illypun, K.B. MeToauka u npakTHKa IUIAHKPOBAHUS U OPTaHU3aINH SKCIICPUMEHTA: TPAKTUKYM:
yaebHoe ocodue / K.B. Illypun, JI.A. Kockix. - OperOypr: OpeHOyprckuii rocy1apcTBEeHHbBIH YHUBEPCUTET,
2012. — 185c. [Dnextponnsiii pecypc]. URL: http://biblioclub.ru/index.php?page=book&id=260761

Jlaboparophas padota Ne 1. Ctp. 8 — 42.

Jlaboparophas pabora Ne 2. Ctp. 71 — 89.

Jlaboparophas padora Ne 3. Ctp. 51 — 59.

Jlaboparopnas padota Ne 4. Ctp. 60 — 70.

Jlaboparopnas padota Ne 5. Ctp. 43 — 50.

Jlaboparopnas padora Ne 6. Ctp. 105 — 127.

JlaboparopHast pabora Ne 7. Ctp. 128 — 138.

7. IIEPEYEHD OGHOBHOfI M JJOMOJIHUTEJBbHOM JIUTEPATYPBI,
HEOBXOJIMMOMU JJIA OCBOEHUA JTUCHUIIJINHBI

No Buo Kon-60 Obecneuen-
- Haumenosanue uzoanusn 9K3. 6 OuoIN., HOCHb,

n/n 3auamusn
T, (3K3./ yeJ.)

OcHoBHasi TuTEpPaTYpa

bospckuii, M.B. IlnanupoBaHue W opraHusanusi 3KCIEpHU-
MeHTa: ydeOHoe mocobue / M.B. bosipckwmii, 3.A. Anuncu-
1 MoB. - Momkap-Ona: IToBomKCKHii rocyIapcTBeHHsIH Tex- | JIk, JIP,
" | momoruueckuit yausepcuret. [II'TY, 2015. — 168c. [Dnek- Ccp
TPOHHBIH pecypc]. URL:
http://biblioclub.ru/index.php?page=book&id=437056

OP 1

Cadun, P.I'. OcHOBBI Hay4yHBIX HccaenoBanmii. Opranusa-
1K W IUTAHUPOBaHUE SKCIIEPHMEHTA: y4ueOHOe mocobue /
2. | P.I. Cagpun, H.®. Tumepbaes, A.M. NBanos. - Kazans: 13-
natensctBo KHUTY, 2013. - 154¢. [DnexTpoHHBIN pecypc).
URL.: http://biblioclub.ru/index.php?page=book&id=270277

JIk, JIP,

CP OP 1

JlonoJIHuTE/IbHASI JINTEPaTypa

lypun, K.B. MeToauka u mpakTuka IJIaHUPOBAHUA U Op-
TaHU3aIlH SKCIIEPHUMEHTA: MPAKTHKYM: y4eOHOoe rmocodue /
3 K.B. Ulypun, I.A. Kocsix. - OpenOypr: OpeHOyprckuii ro- | Jlx, JIP,
" | cymapctBeHHbBIN yHUBepcuTeT, 2012, — 185¢. [DnekTpoHHBIN CP
pecypc]. URL:
http://biblioclub.ru/index.php?page=book&id=260761

OP 1

8. MEPEYEHb PECYPCOB HUH®OPMAIIMOHHO-
TEJEKOMMYHUKAIIMOHHOM CETU «MHTEPHET» HEOBXOJUMbBIX
JJIs1 OCBOEHUA JUCHUIIJINHBI

1.DnexTpoHHbIi Katanor 6udnuoreku bpl'y
http://irbis.brstu.ru/CGl/irbis64r_15/cqiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21
DBN=BOOK&S21CNR=&Z21ID=.

2. Dnextponnas oubnmnoreka bpl'Y http://ecat.brstu.ru/catalog .

3. DneKkTpoHHO-0MOMHMOTEeYHAsA cUcTeMa «Y HUBEpCUTETCKasi Onbnmnoreka online»
http://biblioclub.ru .

4. DnekTpoHHO-OMOIHOTeuHast cucteMa «M3natenscTBo «Jlanby http://e.lanbook.com .

5. Undopmanmonnas cuctema "EnnHoe okHO gocTymna kK 00pa3zoBaTelibHbIM pecypcam”
http://window.edu.ru .

6. Hayunas snextponnas 6ubiaroreka eLIBRARY.RU http://elibrary.ru .

7. YauBepcurerckas nnpopmanuonHas cucrema POCCUS (YUC POCCHSA)
https://uisrussia.msu.ru/ .

8. HanmonanbHas sniektponHas ouodanoreka HOB http://xn--90ax2c¢.xn--plai/how-to-search /.
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9. METOAUYECKHUE YKA3AHUA IJIs1 OBYYAIOIIUXCA IO OCBOEHUIO
JUCIHUIIVIMHBI

Homep pazgena
Ne P pasi Pexomennyemas dopma Bcero
OcHOBHBIE 10JI0’KEHNSI pa3iesia, peKo-
n/n JuTeparTypa oT4eTa 4acoB
MeHayembie qiasa CP
1. MaremaTnueckoe o0ecneyeHue 3
ayer,
1. | sxcnepumenTa [11, [2], [3] TIP Nol 4
1.1. Yucnosas orieHKa OTKJIMKA -
2. CraTucTHYecKasi IPOBePKa rHIOTe3
2.1. IIpoBepka THIIOTE3HI O PABEHCTBE MaTeMaTH-
YEeCKOT0 OXHUIaHUS 3aJaHHOMY 3HAYCHHIO
2.2. IIpoBepka THIIOTE3BI O PABEHCTBE CPEIHUX 3auer,
2. i P P [1], 21, [3] 12
3HAYCHHI JIP Ne 2
2.3. [IpoBepka TUITOTE3bI O PaBSHCTBE AUCTICPCHIt
2.4. TlpoBepka Cily4allHOCTH U HE3aBHUCHUMOCTHU
pe3yJIbTaTOB U3MEPEHUI B BHIOOPKE
3. /IucnepCHOHHBIN, KOPPeJSIUMOHHBIA U per-
PECCHOHHBII aHAJIN3 3auer
3. | 3.1. Mucnepcuonnmlii ananus [11, [2], [3] ’ 12
N JIP Ne 3...5
3.2. KoppensumoHHbI# aHaIu3
3.3. PerpeccronHbIf aHAIN3
4. [lnannpoBaHue JKCIEPUMEHTA Jauer
4. | 4.1. TInaHupoBaHUE SKCIEPHMEHTA IIPU OLEHKE 11, [2]. [3 ’ 10
p p pu on [1], [2], [3] JIP Ne 6...7
OTKITMKA
HUTOrO 38

9.1. Meroanuyeckue ykazaHusi 1Jis1 00y4arOMXCH M0 BBINOJHEHHUIO JIa0OPATOPHBIX padoT

JladopaTopHas pa6ora Nel
O0paboTka pe3yJIbTaTOB HAOII0AeHUIT HA/I CJYYaliHOMH BeJMYHHOI
leab paGOTHIL:

[Momy4nTh HABBIKK M YMEHUS OIpeeTIeHUs] YUCIOBBIX XapaKTePHCTUK CITydaifHON BENHMYMHBI C LETbI0 HACHTH(GHKAIUY 3aKOHA paclpeerne-
HUSL

Coznepxanue paboTh

M3ydenne 3akoHOB pacnpenenaeHus CIyqaiiHOW BeIMYUHBI, OCBOCHHE METOAUKH pacyeTa YUCIOBBIX XapaKTePUCTHK CIydaifHON BETMYNHBI.

Iops 10K BBITONHEHHS PaOOTHI

1. O3HaKOMHTBCS C TEOPETUYECKUM MATEPHATIOM.

2. Ilomy4yuTh HHANBUAYATBHOE 3aJaHHE.

3. O6paboTaTh pe3yapTaThl HAOMIOACHHIT C IIENBI0 HICHTH(HUKAIMH 3aKOHA PAaCTIpEIeIICHHS.

4. IIpoaHanu3upoBaTh MONTyYEHHBIE Pe3yIbTaThl U COCTABUTh OTYET.

®Popma oTYETHOCTH: OTYET MO TabOPaTOpPHOM paboTe NOMKEH Colep)kaTh: 1edb paboThl, KPaTKUE TEOPETUUECKHE CBEIACHHS O peliaeMoin
3aJ1a4e, ONICaHNue PabOTHI B COOTBETCTBHH C MOPSIKOM €€ BBITIOIHEHHSI, BBIBOIBI.

PexoMeHIaIuy 00 BRINOIHEHUIO 3aJaHUI U IOATOTOBKE K 1abopaTopHoii paboTe

JlaGoparopHast paboTa BHINOIHSETCS B COOTBETCTBUM ¢ MH(pOpPMAIHEH, OTY4EHHOH Ha JICKIIMOHHOM Kypce, a Takxke COOpaHHO# CTyJeHTOM
CaMOCTOATENBHO U3 TIPEJIOKEHHBIX HCTOYHNKOB. [TommydeHHbIe pe3ynbTaThl 00CYKAar0TCS U COTIIACOBRIBAIOTCS C BEYIIIM IIPETIO[ABATENEM.

OcHOBHas UTEpaTypa

1. Bostipekuii, M.B. [lnaHupoBaHHe 1 OpraHu3alis dKCIepiMenTa: yaeGHoe mocooue / M.B. Bospekwmii, D.A. AuucnmoB. - Hourkap-Oma: ITo-
BOJDKCKMH  TOCYJAapCTBEHHBI  TexHonormdyeckuii  ymusepcurer. III'TY,  2015. - 168c.  [Onekrpommeli  pecypc].  URL:
http://biblioclub.ru/index.php?page=book&id=437056

2. Cadun, P.I. OcHOBBI Hay4HBIX UccenoBaHui. OpraHu3anys U IUIAHUPOBaHUE dKcIeprMenTa: ydyeonoe nocodue / P.I'. Capun, H.®D. Tu-
MepOaeB, AN MBaHoB. - Kazanb: M3narenscTBO KHUTY, 2013. - 154c. [OnexkrponHblit  pecypc]. URL:
http://biblioclub.ru/index.php?page=book&id=270277

JlononHuTeNbHASL TUTEPATypa
3. lllypuH, K.B. Meroanka n npakTHKa IJIaHAUPOBAHUS ¥ OPraHU3alUK KCIIEPUMEHTA: IPakTHKYM: yaeOHoe nmocodue / K.B. Ilypun, I.A. Ko-
ceiX. -  OpenOypr:  OpeHOyprckuii  rocymapcTBeHHbld  yHuBepcuter, 2012, —  185c.  [Omektponnsiii  pecypc].  URL:
http://biblioclub.ru/index.php?page=book&id=260761
KOHTpOJIbHBIE BONPOCH! JUISl CAMOIPOBEPKU
1. Uro Takoe ciyyaiiHas BeaunauHa?
2. [lepeuncnute HanboIee PaCIPOCTPAHEHHBIE 3aKOHBI PACTIPEACIICHNUS?

JladopaTopHas pa6ora Ne 2
Bbi60p 00beKTa HCC/IeN0BaHNS, TAPAMETPA ONTHMHU3ALUH, BJIUSIOIINX (DAKTOPOB
[enb paGoTEL:

IMosy4yeHne HaBBIKOB BHIOOpPa 00BEKTA UCCIICAOBAHMS U ONpe/ieeH e (haKTOPOB, BIHSIONINX HA TapaMeTp ONTHMU3ALMH.

Conepxanne paboTbl

OcBOCHHE TEOPETUUECKHX ACIIEKTOB BBIOOpa 00BEKTA HCCIIC0OBAHNS, 0OOCHOBAHHE BHIOOPA MapaMeTpa ONTHMH3ALMH U BIUSIOMUX (HaKTOPOB,
IOCTPOCHUE MOJENIH 00BEKTa UCCIICOBAHHS.

INops 0K BEIIONHEHHS PaOOTHI

1. O3HAaKOMHTBCS C TEOPETHYECKUM MATEPHAIIOM.

2. Ilomy4ynTh HHANBUYaTbHOE 3a/laHUE.

3. BeiOpath 00BEKT UCCICIOBAHUSI.

4. O60cHOBATH BBIOOP MapaMeTpa ONTHMH3ALHH.
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5. IlpuBectu Bce hakTOpBI, BIUSIOIINE HA HapaMeTp ONTUMHU3ALHH.

6. ITocTpouTh MOJENs O0OBEKTA UCCIICIOBAHUS.

7. Ilpoananu3upoBaTh NOIYYCHHbIE PE3yIbTAThl U COCTABUTD OTYET.

Popma 0TYETHOCTH: OTUYET MO JTAOOPAaTOPHON paboTe MOIDKEH COIEpXKaTbh: Leb PaboThI, KPATKUE TEOPETHYECKHE CBEICHHS O pelIaeMoit
3aaue, OIKCAHKE PAOOTHI B COOTBETCTBUH C HOPSIIKOM €€ BEITIOIHEHHS, BBIBOJBL.

PexoMeHIaIMu 0 BBINOJHEHUIO 3aIaHMi U MOATOTOBKE K 1abopaTopHoit paboTe

JlaGopartopHast paboTa BBIIOIHAETCS B COOTBETCTBUH ¢ MH(OPMALHEH, MONTYyIEHHOI Ha JIEKIMOHHOM Kypce, a Takke COOpaHHO# CTyIeHTOM
CaMOCTOSITENILHO U3 HPEATI0KEHHBIX HCTOYHUKOB. [10TydeHHbIe Pe3yIbTaThl 00CYKIAIOTCS H COTIACOBBIBAIOTCS C BEAYIIIHM HPEIOAaBaTEIeM.

OcHOBHas MTeparypa

1. Bosipckuii, M.B. IlnaHupoBanue 1 opraHu3amus dKCrepuMenTa: yuebnoe nocobue / M.B. Bospekuii, 3.A. Anncumos. - Homkap-Oua: ITo-
BOJDKCKMM  TOCYIapCTBEHHBIM  TexHolormueckuid  yHmeepcurer. III'TY,  2015. —  168c. [Onexrponnsbiit  pecypc].  URL:
http://biblioclub.ru/index.php?page=book&id=437056

2. Cadun, P.I'. OcHOBBI Hay4HbIX HccleqoBaHnid. OpraHu3anus U IUIaHUPOBaHUE JKCIeprMenTa: yueOHoe nocobue / P.I'. Cadun, H.®. Tu-
MepOaes, AN. MBanos. - Kazans: M3natenscTBO KHUTY, 2013. - 154c. [DnexkrponHbIit pecypcl. URL:
http://biblioclub.ru/index.php?page=book&id=270277

JlononHuTeNnbHAs IMTEpaTypa
3. llypun, K.B. MeToauka u npakTrka INIAHAPOBAHUS U OPTaHU3AIMHU JKCIEPUMEHTa: IPaKTHKyM: yaeOHoe nocobue / K.B. Illypun, JI.A. Ko-
chiX. -  OpenOypr:  OpeHOyprckuii  rocynapctBeHHblid  yHuBepcurer, 2012, —  185c.  [Onekrtponnsii  pecypc].  URL:
http://biblioclub.ru/index.php?page=hook&id=260761
KoHTpoIbHBIE BOIPOCH! JUIS CAMOIPOBEPKU
1. Yro Takoe Hay4HOE uccienoBanue?
2. Ilepeunciure 3Tarbl HAYYHOrO UCCIEJOBAHUSA?

JlaGopaTopnas paGora Ne 3
JucnepcuoHHbIi aHAIM3

ITens paboThL:

IMosy4yeHne HaBBIKOB ¥ YMEHHI NIPUMEHEHHS AUCIEPCHOHHOIO aHaJIN3a IIPH IOCTPOCHUH 0JHO(AKTOPHOIO U ABYX(AKTOPHOTO KOMILIEKCA.

Cozepxanue pabOThI

VI3ydeHne TeOpeTHYECKHX acleKTOB OJHO(AKTOPHOTO M ABYX(aKTOPHOTO MCIEPCHOHHOTO aHAIN3a, BEISBICHHE BIMSIHAEC OJHOTO M ABYX (ak-
TOPOB Ha UCCIICAYEMbIH MPU3HAK.

INopsnoK BHINONHEHHS PaOOThI

1. O3HaKOMHTBCS C TEOPETHIECKUM MaTEPHATIOM.

2. [Tony4uTh HHIUBUAYAJIBHOE 3aJaHUE.

3. BoIsIBUTH BIMsIHEE OJHOTO (haKTOpa Ha MCCICAYEMBIi IPU3HAK.

4. BoiaBUTH BIUSIHHE JBYX ()aKTOPOB HA HCCIELYeMBIi IPH3HAK.

5. IlpoaHann3upoBaTh MONTYYCHHBIC PE3YyIIbTaThl U COCTABUTh OTHET.

®Popma oTyé€THOCTH: OTYET MO JabOPAaTOPHON paboTe NOJKEH Colep)KaTh: Ledb padOThl, KPATKHE TEOPETHYECKUE CBEACHMS O pPEeIaeMoi
3aj1aue, ONUCaHue pabOTEl B COOTBETCTBUH C IIOPSIKOM €€ BHIIIOJIHEHHUS, BHIBOBL.

PexoMeHnaIyy 00 BRINOIHEHUIO 33JaHU U IOATOTOBKE K 1abopaTopHoi paboTe

JlaGopartopHasi paboTa BBIIOIHAETCS B COOTBETCTBUH ¢ MH()OPMALHEH, MONTYyIEHHOH Ha JICKIHOHHOM Kypce, a Takke COOpaHHO# CTyIeHTOM
CaMOCTOSITENIBHO U3 HIPEITI0KEHHBIX HCTOYHUKOB. [10TydeHHbIe pe3ylIbTaThl 00CYKIAIOTCS M COTIACOBBIBAIOTCS C BEAYIIHM HPENoaaBaTeIeM.

OcHOBHas UTEpaTypa

1. Bostipekuii, M.B. [lnaHupoBaHHe 1 OpraHM3alis dKCIepiMenTa: yaebHoe mocobue / M.B. Bosipcknit, J.A. Anncimos. - Hourkap-Oma: ITo-
BOJDKCKMM ~ TOCYIapCTBEHHBIM  TexHomormueckmii  ymmsepcurer. III'TY, 2015, —  168c.  [Omextpommsni  pecypc].  URL:
http://biblioclub.ru/index.php?page=hook&id=437056

2. Cadun, P.I'. OcHOBBI Hay4HBIX HccleqoBaHnil. OpraHu3anus U IUIaHUPOBaHUE dKcHepuMenTa: yuebnoe nocobue / P.I'. Cadun, H.®. Tu-
MepOaes, AN MBaHoB. - Kaszanb: M3narenscTBO KHUTY, 2013. - 154c. [OnekrponHblit  pecypc]. URL:
http://biblioclub.ru/index.php?page=hook&id=270277

JlononHuTenbHas IMTEpaTypa

3. Hlypun, K.B. Meronuka n mpakTnKa IIaHUPOBAHKS U OPraHU3alluM SKCIIEPHIMEHTa: IpakTHKyM: yaeOHoe nocobue / K.B. Illypun, /I.A. Ko-
ceiX. -  OpenOypr:  OpeHOyprckuii  rocymapcTBeHHbld  yHuBepcurer, 2012, —  185c.  [Onekrtponnsiii  pecypc].  URL:
http://biblioclub.ru/index.php?page=book&id=260761

KoHTpoIbHBIE BOIPOCHI 1T CAMOIIPOBEPKH

1. Yto Takoe qucnepcuOHHbINA aHau3?

3. Ilepeunciure NOPSIOK OJHO(GAKTOPHOrO JUCHEPCHOHHOTO aHAIIN3a.

4. Tlepeunciute OPAIOK ABYX(AKTOPHOTO INCIIEPCHOHHOTO aHAJN3A.

JlaGopaTopnas paGora Ne 4
Koppeasiunonnslii ananaus
[enb paGoTEL:

ITony4eHne HaBBIKOB U YMEHHI H3MEPEHHUS TECHOTHI CBSI3U € TOMOIIBI0 KO PUIINEHTa KOPPEISIUH U KOPPEISLIHOHHOTO OTHOIIICHHSI.

Coznepxanue pabOTE

VI3ydeHue TeOpeTHYECKHIX aCIEKTOB KOPPEIILIMOHHOTO aHAITH3a, pacyeT Kod(dHIIeHTa KOPPEISIHHL.

Iops10K BBINOIHEHHS PaOOTHI

1. O3HAKOMHTBCS C TEOPETUUECKHM MAaTEPUAIIOM.

2. ITomy4ynTh MHANBUIYaTBHOE 3a/IaHHE.

3. Paccunrath K03(pHUIHEHT KOPPEISIHN.

4. IIpoaHanu3upoBaTh MONTYIEHHBIE Pe3yIbTaThl H COCTABHTH OTUET.

Popma 0TYETHOCTH: OTUET MO JTAOOPAaTOPHON paboTe ITOIDKEH COIepIKaTh: LeNb PaboTHI, KPAaTKUE TEOPETHYECKHE CBEICHUS O pelraeMoit
3ajaye, ONKCaHNe PAbOTHI B COOTBETCTBHH C MOPSIIKOM €€ BBITIOJHEHHUS, BHIBOJBI.

PexoMeHmaInuy 0o BEINOIHEHUIO 3aJaHUi U IOATOTOBKE K 1abopaTopHoii paboTe

JlaGoparopHast paboTa BBIIONHSAETCS B COOTBETCTBHY C MH(OPMAIHEH, MONTYyIEeHHOI Ha JISKIMOHHOM Kypce, a Takke COOpPaHHOH CTyIeHTOM
CaMOCTOSITEIIBHO U3 HPEITIOKEHHBIX HCTOYHUKOB. [10TydeHHBIe pe3ylIbTaThl 00CYKIAIOTCS H COTIACOBBIBAIOTCS € BEIYIIMM HPETIOAaBaTEIeM.

OcHOBHas UTEpaTypa

1. Bosipckuii, M.B. IlnaHupoBanue 1 OpraHM3auus SKCIepuMenTa: yueGHoe nocobue / M.B. Bosipckuii, 3.A. Anncumos. - Homkap-Oua: ITo-
BOJDKCKMHM  TrOCyJapCTBEHHbIH  TexHoinormueckuit  ynusepcurer. III'TY,  2015. —  168c.  [Onekrponnsii  pecypc].  URL:
http://biblioclub.ru/index.php?page=book&id=437056

2. Cadun, P.I'. OcHOBBI Hay4HBIX HccleqoBaHui. OpraHu3anus U IIaHUPOBAHUE JKCIepHMeHTa: ydeOHoe mocobue / P.I'. Capun, H.®. Tu-
MepOaceB, AN MBaHoB. - Kazanb: M3narenscTBO KHUTY, 2013. - 154c. [OnexTpoHHbIit pecypc]. URL:
http://biblioclub.ru/index.php?page=book&id=270277
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JlononHuTeNbHAas IUTEPATYpa

3. llypun, K.B. MeToauka u npakTrKa INIAHEPOBAHKS U OPTaHU3AIMU SKCIIEPUMEHTa: IPaKTHKyM: ydeOHoe nocobue / K.B. Ilypuwn, JI.A. Ko-
chiX. -  OpenOypr:  OpenOyprckuit — rocymapctBeHHelii  yHuBepcuter, 2012. —  185c.  [Dnektpommsiii  pecypc].  URL:
http://biblioclub.ru/index.php?page=hook&id=260761

KoHTponbHbIE BOIPOCH! UL CAMOIPOBEPKU

1. [laiiTe MOHSTHE CTATUCTUYECKON CBSI3U?

2. YT0 Takoe KOppeJsLMOHHAs 3aBUCUMOCTb?

3. Jlnst gero cirykuT Kod(GGHUIHEeHT Koppemnsiu?

JlaGopaTtopnas padora Ne 5
Perpeccuonnsblii anaaus
lenb paboTsI:

OcBoeHne «c1ocoda HaMMEHBIINX KBaIPaToBy IS allIPOKCUMAINY ONBITHBIX JaHHBIX.

Conepxanne paboTe

OCBOCHHE TEOPETHYECKUX ACHEKTOB PErPECCHOHHOTO aHAIN3a U «CI0co0a HAMMEHBIIHMX KBAAPATOBY, alllPOKCHMALHS OIBITHBIX JAHHbIX, I10-
CTpPOEHHE YIMIHPUUYECKOI U TEOPETUUCCKOI JTNHUH PETPECCHIL.

Iops 10K BBINONHEHHS PaOOTHI

1. O3HaKOMUTBCS C TEOPETUYECKUM MATEPHAIOM.

2. Ilomy4ynTh MHANBUYaTbHOE 3a/JaHUE.

3. IIpoBecTH anmpoKCHMANHIO ONBITHBIX JAaHHBIX.

4. ITocTpoUTh SIMIIUPUYECKYIO U TEOPETUUECKYIO IMHUM PErPeCcCru.

5. Ilpoananu3upoBaTh HOMyYeHHbIE Pe3yIbTAaThl U COCTABUTD OTYET.

®dopma oT4€THOCTH: OTYET IO J1aOOPAaTOPHON paboTe MOIDKEH COIepKaTh: Lelb PadOTHI, KPaTKHE TEOPETHYECKHE CBENCHUS O pelraeMoit
3aj1a4e, ONMcaHue paboThl B COOTBETCTBUH C MOPSIIKOM €€ BBIIIOJIHEHHUS, BBIBOJIBL.

PexoMeHnaImy 0o BEINOJIHEHUIO 3a/IaHU| 1 IOATOTOBKE K JlabopaTopHoit paboTe

JlaGoparopHast paboTa BBIIOIHSAETCS B COOTBETCTBHY ¢ MH(OpMAIMEH, TONTyIeHHOI Ha JISKIMOHHOM Kypce, a Takke COOpPaHHOH CTyIeHTOM
CaMOCTOATEIBHO U3 IPEUIOKEHHBIX HCTOYHUKOB. [TosydeHHbIe pe3yabTaThl 00CYKIAOTCS U COTIACOBBIBAIOTCS C BEAYILUM IIPEIIO[aBATENICM.

OcHOBHas UTeparypa

1. Bostipckwmii, M.B. TTnaHupoBaHHie 1 OpraHU3alus dKCIEpHUMeHTa: yuebHoe mocobue / M.B. Bospckuit, 3.A. Anncnmos. - Hourkap-Ona: TTo-
BOJDKCKMH  TOCYJapCTBEHHBIH  TexHonmormdyeckuid  ymuBepcurter. II'TY, 2015, —  168c.  [Omextponmsiit  pecypc].  URL:
http://biblioclub.ru/index.php?page=hook&id=437056

2. Cagun, P.I'. OcHOBBI Hay4HBIX HccleqoBaHui. OpraHu3anys U IUIAHUPOBaHUE JdKCIIeprMeHTa: ydeOHoe nocobue / P.I'. Cadun, H.®. Tu-
MepOaes, AN MBaHoB. - Kazanb: MznarenscTBO KHUTY, 2013. - 154c. [OnexkrponHslit  pecypc]. URL:
http://biblioclub.ru/index.php?page=hook&id=270277

JlomonHUTeNbHAS INTEPaTypa
3. Ulypun, K.B. Meroanka 1 npakTuKa IIaHUPOBAHUS U OPraHU3aLUK SKCIIEPUMEHTA: PaKTUKyM: ydeOHoe nocodue / K.B. Illypun, 1.A. Ko-
ceiX. -  OpenOypr:  OpeHOyprckuii  rocymapctBeHHbld  yHuBepcurer, 2012, —  185c.  [Onekrtponnsiii  pecypc].  URL:
http://biblioclub.ru/index.php?page=hook&id=260761
KoHTpoIbHbIE BOIPOCH! 115 CAMOINPOBEPKH
1. Yro Ha3bIBaeTCs KpUBOM perpeccun’?
2. B yeM cymHOCTh «croco0a HauMEHBIINX KBaIPaToB»?

JladopaTopHas padora Ne 6
IInanupoBaHue MOJHOr0 GaKTOPHOTO IKCIIEPUMEHTA
[enb paboThI:

IMomy4yenne HaBBIKOB TITAHUPOBAHHS MOJHOTO (PAKTOPHOTO SKCTIEPUMEHTA M CTATHCTHYECKOH OIEHKH PE3yJIbTaTOB 3KCIIEPUMEHTOB.

Coneprkxanne paboThl

OcBoeHHE TEOPETHYECKUX aCTIEKTOB MIAHUPOBAHKS TOJTHOTO (PAKTOPHOTrO SKCHEPHMEHTA, BBHINOITHEHNE CTATHCTHIECKOH OLEHKH Pe3y/IbTaToB
9KCHEPHMEHTOB.

Iopsnok BEIMONHEHHS PabOTHI

1. O3HaKOMHTBCS C TEOPETUYECKUM MATEPUAIIOM.

2. ITomy4ynTh MHAUBUTYaTBHOE 3a/JaHHE.

3. BBINONHATB CTATHCTHYECKYIO 00pabOTKy pe3yIbTaTOB SKCIIEPHMEHTOB.

4. TIpoaHamu3upoBaTh MOTy4EHHbIE PE3yIbTaThl U COCTABHTH OTYET.

Dopma oruérHOCTH: OTUET 1O JTAOOpaTOpHON padoTe MOMKEH COAEpKaTh: IENb PabOTHI, KPaTKHE TEOPETHYECKHE CBEICHHS O pPemaeMoit
3aJ1a4e, ONICaHNue PabOTHI B COOTBETCTBHH C MOPSIKOM €€ BBITTONHEHHSI, BBIBOIBL.

PekomeHnanuy 1o BITIONHEHUIO 3a1aHUI U TOJITOTOBKE K J1a60paTopHOit paboTe

JlaboparopHast paboTa BHIMOIHSAETCS B COOTBETCTBUM ¢ MH(pOpPMAIMEH, TOTy4eHHON Ha JISKIIMOHHOM Kypce, a TakKe COOPaHHOW CTyIEeHTOM
CaMOCTOATEIIBHO U3 TIPEJUIOKEHHBIX HCTOYHNKOB. [TomydeHHbIe pe3ynbTaThl 00CYKAAt0TCS U COTIIACOBRIBAIOTCS C BEAYIIIUM IIPENIOJ[aBaTENIEM.

OcHOBHas UTEpaTypa

1. Bosipckuii, M.B. IlnaHupoBanue U OpraHM3aIus SKCIepUMenTa: yaeGHoe nocobue / M.B. Bospckuii, 3.A. AuucumMoB. - Homkap-Oma: ITo-
BOJDKCKMH  TOCYyJapCTBEHHBIH  TexHonormuyeckuit  ynmusepcuter. III'TY,  2015. -  168c.  [Omekrponssli  pecypc].  URL:
http://biblioclub.ru/index.php?page=book&id=437056

2. Cadun, P.I. OcHoBBI HayuHBIX HMcclenoBanuil. OpraHu3ays U IUTaHUPOBAHHUE dKCIIepUMenTa: yaebHoe nocobue / P.I'. Capun, H.®. Tn-
MepOaeB, AN MBaHoB. - Kazanb: M3narenscTBO KHUTY, 2013. - 154c. [OnexkrponHblit  pecypc]. URL:
http://biblioclub.ru/index.php?page=book&id=270277

JlononHuTeNnbHas IUTEpaTypa
3. lypun, K.B. Meroayka n mpakTrKa MIaHUPOBAHHS U OPTaHU3AIMK SKCIIEPUMEHTA: IPaKTHKyM: yaeOHoe nocobue / K.B. Illypun, JI.A. Ko-
ceiX. -  OpenOypr:  OpeHOyprckuii  rocymapcTBeHHbld  yHuBepcuter, 2012, —  185c.  [Onektponnsiii  pecypc].  URL:
http://biblioclub.ru/index.php?page=book&id=260761
KoHTpoIbHBIE BOIPOCHI 1T CAMOIIPOBEPKH
1. UTo NOHMMAIOT O] TOJHBIM (hAKTOPHBIM SKCIIEPUMEHTOM?
2. Tlepeunciute 3Tambl CTATUCTHYECKON 00PaOOTKH Pe3yIbTaTOB SKCIIEPHMEHTA MPH PABHOMEPHOM JyOJIMPOBAHUH YHCIIO SKCIIEPUMEHTOB?
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JlaGopaTopnas paGora Ne 7
IInanupoBanmne 1poOHOro (PaKTOPHOIO IKCIEPUMEHTA
lenb paboTHI:

IMosny4eHne HaBBIKOB ITAHUPOBAHHS APOOHOr0 (HPaKTOPHOTO IKCIEPHUMEHTA M CTATUCTUYECKON OLICHKU PE3yJIbTaTOB SKCIIEPHIMEHTOB.

Cozepxanne paboTe

OcBOCHHE TEOPETHUECKHX ACIIEKTOB IUNIAHUPOBAHUS APOOHOTO (hPaKTOPHOTO FKCIIEPHMEHTA, BBIIIOJHEHUE CTATUCTHYECKOH OLIEHKH PEe3y/IbTaTOB
JKCIICPHMEHTOB.

Iops 10K BBINONHEHHS PaOOTHI

1. O3HaKOMUTBCS € TEOPETUYECKUM MATEPHAIOM.

2. Ilomy4unTh MHANBUYaTbHOE 3a/laHUE.

3. BBINONHUTE CTAaTHCTHYECKYIO 00pabOTKy pe3yIbTaTOB JKCIIEPHMEHTOB.

4. TIpoaHaTM3UPOBATh HOTY4YEHHBIC PE3YIbTAThl U COCTABUTH OTYET.

®dopma oT4éTHOCTH: OTUET IO JAOOPATOPHOU paboTe MOIDKEH COAEpXaTh: LeMb PadOTHI, KPaTKHEe TEOPETHUECKHE CBENCHHUS O peIIaeMoil
3agaue, OIHCAHKE PAOOTHI B COOTBETCTBHH C MOPSIKOM €€ BEIIIOJHEHHS, BBIBOJIBL.

PexoMeHaIMy 0 BRINOIHEHUIO 3aIaHUI U TOATOTOBKE K 1abopaTopHoil paboTe

JlaboparopHast paboTa BBIIOIHSAETCS B COOTBETCTBUH C MH(OpMAIHEH, IOTyIeHHOIl Ha JISKIMOHHOM Kypce, a Takke COOpPaHHOH CTyIeHTOM
CaMOCTOSITENILHO U3 IPEATI0KEHHBIX HCTOYHUKOB. [1oTydeHHbIe pe3ylIbTaThl 00CYKIAIOTCS H COTTIACOBBIBAIOTCS C BEAYIIIHM HPEIOAaBaTEIeM.

OcHOBHas MTeparypa

1. Bosipckwmii, M.B. [TnaHupoBaHHie U OpraHU3alUs dKCIEpUMeHTa: yuebHoe mocobue / M.B. Bospckuit, 3.A. Anucumos. - Hourkap-Oma: ITo-
BOJDKCKMM  TOCYJapCTBEHHBIM  TeXHolormueckuid  yHmeepcurer. III'TY, 2015, —  168c. [Onexrponnbiit  pecypc].  URL:
http://biblioclub.ru/index.php?page=hook&id=437056

2. Cadumn, P.I'. OcHOBBI Hay4HBIX HccleqoBaHuii. OpraHu3anys U INIAHUPOBaHKE dKCIepUMeHTa: ydeOHoe nocodue / P.I'. Cadun, H.®. Tu-
MepOaes, AN MBanos. - Kazans: M3natenscTBO KHUTY, 2013. - 154c. [DnexkrpoHHbIit pecypcel]. URL:
http://biblioclub.ru/index.php?page=hook&id=270277

JlomonHUTeNbHAS INTEPaTypa
3. Ulypun, K.B. Metonuka 1 npakTHKa IUIAHUPOBAHKS U OPraHU3alMK SKCIIEPUMEHTA: IPakTHKyM: yueOHoe nocooue / K.B. lypuH, I.A. Ko-
ceiX. -  OpenOypr:  OpeHOyprckuii  rocymapcTBeHHbld  yHuBepcuter,  2012. 185c.  [DOmexrponnsid  pecypc].  URL:
http://biblioclub.ru/index.php?page=book&id=260761
KoHTpOIbHBIE BOIPOCH! JUIS CAMOIPOBEPKU
1. Yo noHUMAIOT oA APOOHBIM (HaKTOPHBIM SKCIEPUMEHTOM?
2. OcobeHHOCTH TTaHUPOBAHUS APOOHOTO (haKTOPHOTO IKCIIEPHUMEHTA?

9.2. MeToanuyecKkue yKa3aHus M0 BBINOJHEHUIO KYPCOBOIr0 MpoeKTa (KypcoBoil padoTsl),
KOHTPOJIbHOM padoTtsl, PI'P, pedepara

V4eOHBIM IJIAaHOM HE npeayCcCMOTpPECHO.

10. IEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOT U, UCTOJIb3YEMBbIX ITPU
OCYHIECTBJIEHUU OBPA30BATEJIBHOI'O NPOLECCA IO JUCHUIITIMHE

WNupopmannonHo-kommyHukaTuBHble TexHosoruu (MKT) ucnonb3yrores is:
- IOJTy4eHHs HHPOPMAILIUU TIPU MOATOTOBKE K 3aHATHUSM;

- CO3J]aHMs MPE3EHTALMOHHOTO COTIPOBOXKACHUSI 3aHSTHIA;

- pabOTHI B JIEKTPOHHON MH(POPMALIMOHHON CpeIe.

CTaHI[apTHOC JIMIICH3NOHHOC TPOTPaAMMHOC obecneyeHue:.

1. Microsoft Imagine Premium: Microsoft Windows Professional 7.
2. Microsoft Office 2007 Russian Academic OPEN No Level.

3. AuTHBHpYCHOE porpammHoe obecrieuenune Kaspersky Security.
4. Adobe Reader.

11. OMUCAHME MATEPHUAJIBHO-TEXHUYECKOM FA3bI, HEOBXOJINMOM
JJIs1 OCYIIECTBJIEHUSA OBPA3OBATEJIBHOI'O ITPOLHECCA ITO JUCIUITIJIMHE

Buo Haumenoeanue Ne JIk, JIP,
Ilepeuens ocnoenozo ob6opyoosanusn
3anamu ayoumopuu 113
JlexnmonHas / ceMUHapcKas
JIk H p YueOHas meOenb -
ayTUTOpUS
JlexnmonHas / ceMUHapcKas
JIP H P VY4eOHas mebenn -
ayJUTOpUS

Vyeonas mebens; 10-TIK i5-
CP Yuranbheblii 3a1 Ne 1 2500/H67/4Gb (MornTOopTFT19 Sam- -
sung); mpuntep HP LaserJet P2055D
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IIpunoxenne 1

®OHJ OHEHOYHBIX CPEACTB AJI51 IPOBEJIEHU S
IMPOMEKYTOYHOU ATTECTAIIUU OBYYAIOIIUXCHA ITO JUCIUITVIMHE

1. Onucanue GpoH/Ia OLIEHOYHBIX CPeACTB (MACIOPT)

Ne
KoMIIe- ImeMenT Paszgen Tema DPOC
E— KOMIIETeHIIH
crocoOHOCTh HCIIOIB30BATH OC- 1. Marematuue- | 1.1. YncioBas omeHKa OTKIIHKA. Bomnpocsr
HOBHBIC 3aKOHOMEPHOCTH, JIEHCT- ckoe obecreue- | 2.1. [IpoBepka THIIOTE3HI O pa- K 3a4eTy
BYIOIIHE B IIPOLIECCE U3TOTOBIIC- HHE OSKCIEPHMEH- | BEHCTBE MaTeMaTHYECKOTO 1...9
OIK-1 | H¥ MALIMHOCTPOUTENbHBIX M3/le- | Ta. OKMJaHUs 3aJaHHOMY 3Haye-
i TpebyemMoro KkadecTna, 3aiaH- | 2.  CraTtuctuue- | HHMIO.
HOT'O KOJINYECTBA PH HAUMEHb- ckas  mposepka | 2.2. [IpoBepka runoressl o pa-
LIMX 3aTpaTax OOIECTBEHHOTO THIIOTES. BEHCTBE CPEJHUX 3HAYCHUH.
Tpyaa 3. Jucnepcuon- | 2.3. [IpoBepka runoressl o pa-
CIOCOOHOCTH OCBAWBATEL HA MpaKk- | HBIH, KOPpEJAl- | BEHCTBE TUCIEPCHUH.
THKE ¥ COBEPIIEHCTBOBATh TEXHO- | OHHBIA U perpec- | 2.4. IIpoBepka ciayyailHOCTH U
JIOTHH, CUCTEMBI K CPEACTBA Ma- CHOHHBIH aHAJIN3. | HE3aBUCHMOCTH PE3yJIbTAaTOB
[IMHOCTPOUTENBHBIX TIPON3BOACTB, | 4. IlnaHupoBaHHe | M3MepeHH B BHIOOPKE.
y4acTBOBATH B pa3pabOTKe M BHE- | AKCIEPUMEHTA. 3.1. /lucriepCHOHHBIN aHaH3.
JPESHUH ONTHMAIIBHBIX TEXHOJIOTHI 3.2. KoppensnuoHHblil aHanus.
W3rOTOBIICHHS] MAIMHOCTPOUTEIb- 3.3. PerpeccrnoHHbIi aHaIH3.
HBIX M3JIEIUH, BBITIOIHATH MEpO- 4.1. IInaHupoBaHUE HKCIEPH-
[1K-16 NPUATHSA 110 BEIOOPY 1 3 dhexTHB- MEHTa TpH OIIEHKE OTKIIMKA.

HOMY HCIIOJIb30BaHHIO MaTepHa-
JIOB, 000PYZ0BaHUs, HHCTPYMEH-
TOB, TEXHOJIOTHYECKOU OCHACTKH,
CPEICTB IUaTHOCTHKH, aBTOMATH-

3aIiH, AITOPUTMOB M TIPOTPaMM
BBIOOpPA M PACUYETOB ITaPaMETPOB
TEXHOJIOTUYECKHX ITPOIECCOB IS
UX peasu3anuu

2. Bonipochl K 3aueTty

Ne Komnerennuu BOIIPOCHI Ne u HaumMeHOBaHMe

n/n Kon Onpenenenue K 3AUETY paziena
CrocoOHOCTh HCIIONTB30BaTh OCHOBHEIE | 1. UnciioBast oIleHKa OTKITHKA. 1. Maremarudeckoe
3aKOHOMEPHOCTH, JIeHCTBYIOIINE B 2. IIpoBepka rUroTe3bl 0 PaBEHCT- | 00ecHeYeHue dKcIie-
IIpoIiecce M3rOTOBJICHUS MAITHHO- BE MAaTEMATHYECKOTO OXKHUJTAHUS pUMeHTa.

1. OIIK-1 | cTpouTenbHBIX H3AETUN TPEOYEMOTO 3aJJaHHOMY 3HAUYEHHUIO. 2.  Craructuueckas
Ka4yecTBa, 3alaHHOTO KOJIMYECTBA MPH 3. [IpoBepka rumnoTe3sl 0 paBEeHCT- | MPOBEPKa TUIIOTE3.
HAUMEHBIIINX 3aTpaTax OOIIECTBEHHOIO | BE CPEAHUX 3HAYCHUM. 3. JlucriepCHOHHBIH,
Tpyna 4. [IpoBepka TUITOTE3EI O PABEHCT- | KOPPEIIIUOHHBIA U
CHOCOOHOCTh OCBAWBATh HA MPAKTHKE M | BE TUCIIEPCHIL. PeTpPEeCCHOHHBIN aHa-
COBEPILEHCTBOBATh TEXHOJIOIUH, CUC- 5. [IpoBepka cirydaifHOCTH U He3a- | JIH3.
TEMBI U CPEICTBA MAIIMHOCTPOUTENb- BHCHMOCTH PE3YJIbTaTOB U3MEPE- 4, IInanupoBaHue
HBIX POM3BOJICTB, yYaCTBOBATh B pa3- | HUH B BBIOOPKE. JKCIIEPUMEHTA.
paboTKe U BHEPEHUU ONTHMATBHBIX 6. JlucnepcHOHHbBIN aHATH3.
TEXHOJIOTUH U3TOTOBJIEHUSI MAIIMHO- 7. KoppensoHHbIH aHAIN3.
CTPOUTEINIbHBIX U3/IEIUH, BBITIOIHATD 8. PerpeccroHHBIN aHAJIH3.

2. IIK-16 | meponpusitus o Beibopy u 3pdexrus- | 9. IlnanupoBanue sKcHepUMEHTa
HOMY HCIIOJIb30BAHUIO MaTE€PHAJIOB, IIPH OILIEHKE OTKJIHKA.
000pyI0BaHUs, HHCTPYMEHTOB, TEXHO-
JIOTUYECKOM OCHACTKH, CPEJICTB AUAr-
HOCTHKH, aBTOMAaTH3aI[UH, aJITOPUTMOB
U TIPOTpaMM BBIOOPA U pacueTOB Mapa-
METPOB TEXHOJIOTUYECKUX MPOIIECCOB
JUISL X pean3alyu
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3. Onucanne nokasaresieil 1 KpUTepueB OlleHHBAHUS KOMIIeTeHIHii

IMoka3arenn OuneHka Kpurtepuu
3HaTh:
OIIK-1 - TaHBI HCYCPIBIBAIONINE U 000OCHOBAHHEIC
- OCHOBHBIE 3aKOHOMEPHOCTH M3TOTOBIICHHS MAIINHO- OTBETHI Ha BCE TIOCTABIICHHBIC BOIPOCHI;
CTPOUTEIILHBIX U3JICITHIA; - OTBETHI U3JIOKCHBI IPaMOTHO, YBEPCHHO,
TIK-16 JIOTHYHO, TI0CJIEIOBATEIBHO;
- METOBI pa3paboTku 000OIICHHBIX BAPHAHTOB perie- 324YTEHO - OIHpasiCh Ha YCBOCHHBIC 3HAHMUS, YETKO
HUS POOJIEM, CBA3aHHBIX C MAIIUHOCTPOUTEILHBIMU YBSI3bIBACT HAYYHBIC TIOJIOKEHHUS C TIPAKTH-
MPOU3BOJICTBAMU; YeCKOU IeATEIbLHOCTRIO;
Ymerh: - ¢cBOOOIHO BiIaZ€eT OCHOBHBIMH IOHATHAMHM
OIIK-1 IUCUMIUIAHEI.
- IPUMEHSTh OCHOBHBIC 3aKOHOMEPHOCTH U3rOTOBJIC-
HUS MAlIMHOCTPOUTEIBHBIX U3ICITUIA;
IIK-16
- IOMTyCKaeT CYIIECCTBCHHBIC OIUOKH U HE-
- BRIOMpATh Ha OCHOBE aHAJK3a BAPUAHTOB ONTHMAIb-
. TOYHOCTH IIPH OTBETE HA TIOCTABJICHHBIC
HOT'O IIPOTHO3UPYEMBIX MOCIIEACTBHUI PEIICHUS;
. BOTIPOCHI;
Baagern:
OITK-1 - UCTIIBITHIBACT TPYAHOCTH B IPAKTHUCCKOM
He 324YTEHO MIPUMEHECHNH TTOTyICeHHBIX 3HAHU;

- HaBBIKAMH TEOPETUYECKOTO M 3KCIIEPUMEHTAIBHOTO
UCCIEOBaHMU.

IIK-16

- HaBBbIKaMH pa3paboTKu 0OOOLICHHBIX BapUAHTOB pe-
IIEHHUs MPOOJIeM, CBSI3aHHBIX C MAIIMHOCTPOUTEIbHbI-
MU NIPOU3BOACTBAMH.

- HE MOXXET apryMCHTUPOBATh HAyJIHEIC T10-
JIOKEHMS;

- HE BJIaJIe€T CUCTEMOI OCHOBHBIX MOHSTHI
JUACUUILIAHEL.

4. MeToanuyeckue MAaTepPHAJbI,
YMEHMHIi, HABBIKOB M ONBITA 1eATEIbLHOCTH

onpeeJsomie MPoUexypPbl

OLlCHUBAHNA 3HAHMH,

JucuumimHa «MareMaTudeckue MoJIen U 00padoTKa IKCIEPUMEHTAIbHBIX JaHHBIX» HalpaB-

JIeHa Ha U3y4eHHe METOJI0B pa3paboTKH 00OOIEHHBIX BAPUAHTOB PELICHUs MTPOOIIEeM, CBSI3aHHBIX C
MaIIMHOCTPOUTENbHBIMU MPOU3BOACTBAMHU M OCHOBHBIX 3aKOHOB €CTECTBEHHOHAYYHBIX JUCLUILINH
B IpodeCcCHOHATBLHON JAeaTeNbHOCTU. [Ipolecc MpoxXoXkKAeHUs AUCHUILIMHBI BKIIOYAaeT U3y4eHHE
Hay4YHO-TEXHUUYECKON MH(pOpMaIlii, OTEYECTBEHHOT'O U 3apy0eKHOT0 OMbITa B 00JIACTH MOJEIHPO-
BaHUS TEXHOJIOIMYECKHX MPOIIECCOB U3TOTOBJIEHUS, 00pabOTKU M COOPKU M3JENuil, a TaKKe MpoBe-
J€HUS] TEOPETUYECKUX U IKCIIEPUMEHTAIIBHBIX UCCIEI0BaHUH.

N3yuenne mucuuniansbl «MaTteMaTHuecKHe MOJAETN U 00paboTKa SKCIEpUMEHTAIbHBIX JaH-
HBIX» [IPe1yCMaTpUBaET:

- JIEKLUY;

- nabopaTopHble paboThI;

- CaMOCTOSITENIbHYIO padoTy;

- 3ayer.

B xone ocBoenus paznena 1 «MaremaTnueckoe obecrieueHre SKCIepUMEHTa CTYJICHTHI TOJK-
Hbl YSICHUTh OCHOBHBIE TIOHATHS U ONpPEJENICHUs, a TaKKe MaTeMaTHUeCKUH ammapar, UCIONb3ye-
MBIH [TPH MOATOTOBKE U ITPOBEIEHUH HCCIEA0BAHNH.

B xonme ocBoenust pasznmena 2 «CraTucThyeckas MpOBEpKa THIIOTE3» CTYIEHTHI JTOJHKHBI pac-
KPBITb OCHOBHBIE NPUHIMIIBI IPOBEPKU THIIOTE3 O PABEHCTBE MAaTEMATHUECKOIO OKMUJAHMS 3a/1aH-
HOMY 3HAQUY€HHIO, O PABEHCTBE CPEIHUX 3HAYEHUM, O PABEHCTBE JHUCIEPCHM, a TAKKE CIy4alHOCTH
¥ HE3aBHCHMOCTH PE3yJIbTaTOB U3MEpPEHH B BEIOOPKE.

B xone ocBoenus paznena 3 «/{ucnepcuoHHBIN, KOPPEISIIUOHHBIA U PETPECCUOHHBIN aHAIN3»
CTYACHTBI JIOJKHBI 03HAKOMUTBCS ¢ METOJIaMH 00paOOTKH SKCIIEPUMEHTAIBHBIX JaHHBIX MPH MPO-
BEJICHUH JUCIEPCUOHHOTO, KOPPEISUOHHOTO U PETPECCUOHHOTO aHAIM30B ISl KOHKPETHBIX MPO-
W3BOJICTBEHHBIX 3a/a4.

B xoxe ocBoenns pasnena 4 «llnmaHnpoBaHME HKCIIEPUMEHTA» CTYAEHTHI JOJKHBI PACKPBITh
OCHOBHBIE NpaBuJja INIAHUPOBAHUS U NTPOBEIEHUS TEOPETUUECKHUX U IKCIIEPUMEHTAIbHBIX UCCIIE0-
BAaHUM.

Heo6xoauMo OBiageTh yMEHUSMHU DPELICHHs 33aJad MO pa3padoTke 0O0OOIIEHHBIX BapUaHTOB
peleHus npoOieM, CBA3aHHBIX C MATMHOCTPOUTEILHBIMU TPOM3BOICTBAMH Ha OCHOBE TEOpETHYE-
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CKOTO U DKCIEPUMEHTAJIbHOrO HcciaenoBanus. [1omyunTs HaBbIKKM BHIOOpA Ha OCHOBE aHajIu3a Ba-
PHUAHTOB ONTUMAJIBHOI'O IIPOrHO3UPYEMBIX ITOCIEACTBUM PEIICHHUS], a TAKXKE IIPUMEHEHUS OCHOBHBIX
3aKOHOB €CTECTBEHHOHAYYHBIX JIUCHUIUIMH B MPO(ECCHOHATBHOM e TENbHOCTH.

B mpomecce u3ydyeHus NUCHUILIUHBI PEKOMEHAYETCS OOpaTUTh BHHMAaHHE Ha OCOOCHHOCTH
IJJAHUPOBAHUS U MPOBEJICHUS TEOPETUUYECKUX U IKCIIEPUMEHTAIbHBIX UCCIIEIOBAHUM JUIsl PEILICHUS
KOHKPETHBIX IIPOU3BOJICTBEHHBIX 3a/1a4.

OBnazeHue KIOYEBbIMU MOHATUSMU SBISETCS HEOOXOAUMBIM ISl KOPPEKTHOTO ONEPUPOBAHUS
OOMICTTPUHATHIMUA TEPMHUHAMU TIPH TTOATOTOBKE BBHIITYCKHOM KBaJTM(UKAITMOHHON paOOTHI.

[Ipu moAroToBKe K 3a4eTy peKOMeHAyeTcsi oco00e BHUMaHUE yIeIUTh BOIpOcaM MaTeMaTH4e-
CKOrO anrapara, UCIO0Jb3yeMOro IIPU IPOBEICHUH dKCIIEPUMEHTA, CTATUCTUYECKOW MPOBEPKHU BbI-
JIBUTAEMBIX THIIOTE3, AUCIEPCHOHHOT0, KOPPEISALMOHHOTO U PErPECCHOHHOrO aHaIn3a, a TAKkXKe TIaHHPO-
BaHUsI DKCIIEPUMEHTAIBHBIX UCCIIEIOBAHUIL.

B npouecce npoBeneHus 1ab0paTOpHBIX padOT MPOUCXOIUT 3aKPEIJICHHE 3HaHUM O MeTonax
pa3paboTku 00O0OIIEHHBIX BapUAHTOB PELICHUS MPOOJeM, CBS3aHHBIX C MAIIMHOCTPOUTENbHBIMU
NPOM3BOJICTBAMH U OCHOBHBIX 3aKOHOB €CTECTBEHHOHAYYHBIX IHCUUIUIMH B Hpodeccr OHAIBHON
JIeATEIbHOCTH.

CamocTodATenbHYI0 padoTy HEOOXOAMMO HAaYMHATH C O3HAKOMIICHHS C MPEII0KEHHOW OCHOB-
HOHM M JIONOJIHUTEIBHOM JINTEPaTypoOil AJis MOCIEAYIOLEro PaCCMOTPEHHUS BOIIPOCOB, CBSI3AHHBIX C
MaTEeMaTUYECKUM MOJIEIMPOBAHUEM pPa3IMUHbIX MPOM3BOACTBEHHBIX IPOLECCOB U 00pabOTKON
3KCHEPUMEHTAIbHBIX JAHHBIX.

IIpenycMOTpeHO NIpOBENECHNUE ayIUTOPHBIX 3aHATUN B MHTEPAKTUBHOM, aKTMBHOM, MHHOBALH-
OHHOH (opMax ¢ JUCKyccHel B COUCTAaHUH C BHEAYIUTOPHOI paboToil.
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IIpunoxenue 2

AHHOTALNUA
padoueii mporpaMMbl IUCHHUILTHHBI
MaremaTu4eckne MOAeIM U 00pPad0OTKA IKCIIEPUMEHTATbHBIX TaHHBIX

1. leanb 1 320294 JUCHUILIHHBI

Llenpro M3y4eHHUS] TUCHUILIAHBI SBISAETCS — (OPMUPOBAHWE 3HAHWUN M HABBIKOB pa3pabOTKH
0000IIIEHHBIX BAPUAHTOB PEIICHUS MPOOJIEM, CBA3aHHBIX C MAIIMHOCTPOUTEILHBIMH TPOU3BOICT-
BaMH, BIOOpa HAa OCHOBE aHAJIM3a BAPHUAHTOB ONTHUMAJIBHOTO MPOTHO3UPYEMBIX IOCIICICTBUMA pe-
HICHHSI, @ TAK)Ke CIIOCOOHOCTH MCTOIB30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX JUCIIHILTAH
B NIPO()ECCHOHATBHON ACATEIHPHOCTH U METOJIBI TEOPETHYECKOTO M SKCIEPUMEHTAIBHOTO UCCIIE0-
BaHMSI.

3arayamMy U3yUYEHUs! TUCLUIUIMHBI SBIISIETCS:

- W3y4YCHHE METOJIOB pa3pabOTKH OOOOIIEHHBIX BapHAHTOB PELICHUS MPOOJEM, CBSI3AHHBIX C
MalIMHOCTPOUTEIbHBIMU IIPOU3BOACTBAMU U OCHOBHBIX 3AKOHOB €CTECTBEHHOHAYUYHBIX JAUCIUIUIMH
B IIpo(heCcCHOHANLHOM 1eSTEIbHOCTH;

- (opMHpOBaHNE HABHIKOB BHIOOpPAa Ha OCHOBE aHAM3a BAPHAHTOB ONTHUMAJIBLHOTO MPOTHO3H-
PYEMBIX IIOCJIEICTBUM PELICHUS, a TAK)KE IPUMEHEHUS OCHOBHBIX 3aKOHOB €CTECTBEHHOHAYYHBIX
JVCIIATUTMH B IPO()ECCHOHATBHOM e TETbHOCTH;

- pelleHue 3aaad Mo pazpadboTke 000OIIEHHBIX BapUAHTOB pPELICHHs MPOOJIeM, CBSI3aHHBIX C
MalIMHOCTPOUTEIBHBIMY IIPOU3BOACTBAMU HA OCHOBE TEOPETHYECKOI0 U SKCIIEPUMEHTAIBHOTO HC-
CJIEJOBaHUS.

2. CTpyKTYypa IMCUUILIHHBI

2.1. Pacnpenenenue TpyJOEMKOCTH MO OTIAEIBHBIM BUJAM y4YeOHBIX 3aHSATHH, BKIIOYas camo-
CTOSITENIbHYIO Pa0oTy: JIeKuu — 14 4acoB; abopatopHbie pabOThl — 56 4acoB; caMOCTOSATEIbHAS
pabota — 38 vacos.

OO0mas TpyA0€MKOCTh JUCIUIUIMHBI cocTaBisieT 108 yacoB, 3 3a4eTHBIC €TUHUIIBI.

2.2. OcHOBHBIE pa3/eibl TUCIUIUIUHBL:

1. MaTtematuueckoe obecrieueHue SKCIepUMEHTA.

2. CrarucTideckasi mpoBepKa TUIoTe3.

3. JlucnepCcuoHHBIN, KOPPEISALIMOHHBIN U PErpeCCUOHHBIHN aHAIN3.
4. [InanupoBaHue SKCIIEPUMEHTA.

3. Ilnanupyembie pe3yJibTaThl 00yuYeHUs (MepeyeHb KOMIeTeHI[Uil)

[Tponecc n3yyeHHs JUCHUIUIMHBI HAlIpaBjieH Ha (OPMUPOBaHHE CIIEIYIOUINX KOMITETEHIIUMI:

OIIK-1 — cnocoGHOCTH UCIOJIB30BAaTh OCHOBHBIE 3aKOHOMEPHOCTH, JEHCTBYIOIINE B MPOIIECCE
U3TOTOBJICHHUS MAITMHOCTPOUTENBHBIX U3/IeIUN TpeOyeMoro KauecTBa, 3aJaHHOTO KOJIMYECTBA MPH
HAaUMEHBIIINX 3aTpaTax 0OIECTBEHHOTO TPY/a,;

[1K-16 — criocoGHOCTh OCBaMBaTh HAa MPAKTUKE U COBEPLICHCTBOBATH TEXHOJOTUH, CUCTEMBI U
CPEJICTBAa MAIIMHOCTPOUTEIBHBIX IPOU3BOJICTB, y4aCTBOBaTh B Pa3pabOTKe W BHEAPEHUH OINTH-
MaJIbHBIX TE€XHOJIOTUI WM3rOTOBJIEHUS MAIIMHOCTPOMUTENBHBIX W3/EJINH, BBIIOJHATH MEPOIPHUATHS
10 BeIOOpY U 3(PPEKTUBHOMY HCIIOJIb30BAHUIO MaTepralioB, 000pyI0BaHUs, UHCTPYMEHTOB, TEXHO-
JIOTMYECKOW OCHACTKH, CPE/ICTB AUATHOCTHKH, aBTOMATU3ALIMH, aJITOPUTMOB U IIPOrpamMM BBIOOpaA U
pacyeToB MMapaMeTPOB TEXHOJIOTUYECKHUX ITPOLIECCOB ISl MX PeaM3alliu.

4. Bua npomMexyTOYHOM aTTecTanum: 3ayer.
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Ipunoxenue 3

IIpomoxon 0 0ononnenusX u usMeHeHuAX 6 padoueil npozpamme
na 20 __ -20 YueoHwlit 200

1. B paGouyto nporpammy o IUCHUIUIMHE BHOCSATCS CIEAYIOUINE TOTOTHEHHUS:

2. B pabGouyto nmporpaMmy 1o AUCUUIIIMHE BHOCSATCS CIEAYIOIUE U3MEHEHUS:

[Tporoxon 3acemanus kadenpsl Ne OT «__ » 20 r.,
(paspabomyux)

3aBenyromnuii kageapoit

(noonucs) (®.1.0.)
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Ipunoxenne 4

®OHJ OINEHOYHbLIX CPEJACTB AJIA TEKYIIETO
KOHTPOJIA YCIIEBAEMOCTH IO JUCHUIIJIMNHE

1. Onucanue GoHIa OLIEHOYHBIX CPeACTB (IIACHOPT)

Ne 3
JIeMEeHT
KOMIIe- Pazgen Tema DOC
KOMIETEeHI[UH
TEeHIHH
CHOCOOHOCTH UCTIONIB30BATh OC- 1. Maremaruue- KoHcmext
HOBHBIE 3aKOHOMEPHOCTH, JCHCT- ckoe  obecrneye- JIeKLHMiA;
1.1. YucnoBas olieHKa OTKJIUKA.
BYIOIIHE B IIPOLIECCE U3TOTOBIIC- HHE OSKCIIEpHMEH- Oruer no
OIK-1 HUSI MAIIMHOCTPOUTENBHBIX H3Jle- | Ta. JIP Nel
i TpeOyeMoro KayecTna, 3a/1aH- 2 1. TIpoBepKa THIOTE3E O Da
HOTO KOJNIMYECTBA IIPH HAUMEHb- -+ 1IPOBep p Koncrexr
BEHCTBE MaTEeMaTHIECKOTO JIEKIHiA;
X 3aTpaTax 0OMEeCTBEHHOTO
- OKU/IaHUS 3aJaHHOMY 3HaUe- Oruyer no
L HUIO. JIP Ne2
2.  Craructuue-
2.2. TlpoBepka THITOTE3HI O pa-
CKas  TIpOBepKa .
BEHCTBE CPETHIX 3HAUCHH.
CIIOCOOHOCTB OCBaMBaTh Ha npak- | AHOTES. 2.3. [IpoBepKa TUIOTE3b1 O pa-
_ N Koncnekr
THKE U COBEPILECHCTBOBATh TEXHO BEHCTBE JIICIIEPCHIL. et
JIOTHH, CUCTEMBI U CPEJICTBA Ma- 2.4. TIpoBepKa ClTyqaitHoCTH 1
LIMHOCTPOUTENBHBIX IPOU3BOJICTB, HE3aBHCHMOCTH PE3yTIbTaToB
y4acTBOBaTh B pa3pabOTKe U BHE- W3MEpEHHit B BLIGOPKE
JPEHUH ONITUMAITFHBIX TEXHOJIOTHIA KOHCIIOKT
H3TOTOBIICHHUS MAITHHOCTPOUTEIb- 31 . Texuii;
HBIX U3JICINH, BEITIOJHATH Mepo- " I[chep CHOHHBIH aHaJIH3. Ortuer no
[K-16 TIPUATHS 110 BEIOOPY U 2P PEKTHUB- JIP Ne3
HOMY HCIIOJIb30BaHHIO MaTEpHa- 3. Jlucnepcuon- Komucrexr
JIOB, 000PYIOBaHU, HHCTPYMEH- HBIH, KOPpELIlH- | 4 KOppesiHOHHbIi aHATH3 JICKLMM;
TOB, TEXHOJOTHYECKOH OCHACTKH, OHHbIM M perpec- Oﬁ;e;r 1210
o 0.
CPEICTB TUATHOCTHKH, ABTOMATH- CHOHHBIY aHAJIN3. =
Koncnexr
3al1H, aJITOPUTMOB U TIPOTPaMM .
6 3.3. PerpeccruoHHbIN aHaIN3 JICKIMH,
BBIOOpA U PacyYCTOB NapaMETPOB 0. Ferp . OTuer no
TEXHOJIOTUYECKHX MTPOIIECCOB IS TIP Ne5
HMX peann3anuu Koncnekr
4. TInannpoBaHue 4.1. TInaHupoBaHUE IKCIIEPH- JIEKIUIT;
IKCIIEPUMEHTA. MEHTa IIPU OIICHKE OTKIIUKA. Otuer mo
JIP Ne6...7
2. Onucanue noka3areseil 1 KpUTepHeB OLCHUBAHUSI KOMIIeTEHIUI
Iloka3zaTenu Onenka Kpurtepuu
3nare! - TaHBI MCYEPITBIBAIOIINE U 000C-
OHK_l HOBAHHBIC OTBETHI HA BCEC I10-
- OCHOBHBIE 3aKOHOMEPHOCTH U3TOTOBIICHHUS MAIIHHOCTPOUTEIBHBIX U3- CTABJICHHbIE BOIIPOCH;
Heﬂﬂﬁ; - OTBETHI U3JIOKEHBI 'PAMOTHO,
ITK-16 YBEPEHHO, JIOTHYHO, ITOCIIE/I0Ba-
- METOJBI pa3paboTky 000OIIEHHBIX BAPHAHTOB PEHICHNS IpoOIeM, CBS- 3a4TeHO TENBbHO;
3aHHBIX C MAIIMHOCTPOUTEIBHBIMA TIPOU3BOCTBAMU; - OMHPAACEH Ha YCBOCHHbIC 3HA-
YMeTL: HUA, YHETKO nyleIBaeT Hay‘-ll-lb[e
IMMOJIOKECHHUSA C MPAKTHYCCKOH JACA-
OIlIK-1 p a
TCIBbHOCTBIO,
- IPHMEHSATH OCHOBHBIE 3aKOHOMEPHOCTH H3TOTOBJICHUS MAIIHHOCTPOU- - CBOGOIHO BIACET OCHOBHBIMIL
TEIbHBIX U3NEJINH, TOHATUAMHA JUCIUIIINHBI.
11K-16
- BEIOMPATh HA OCHOBE aHAJIN3a BAPUAHTOB ONTUMAJIFHOTO IPOTHO3H- ~ JIOTYCKACT CYIICCTBCHHBIC
v OIIMOKH U HETOYHOCTH TpH OTBE-
PYEMBIX IOCIIEICTBUI pEeLICHUS; .
B . TC Ha NOCTABJICHHBIC BOIIPOCHI;
JIA1ETh: - UCTIBITBIBAET TPYAHOCTHU B IIpaK-
OHK-]' TUYECKOM MMPUMCHECHU N l'[O.]'ly—
- HABBIKAMH TEOPETHYECKOTO U DKCIIEPUMEHTAIHLHOTO UCCIIEOBAHMSL. HE3AUTEHO | o HBIX 3HAHHIA:
IIK-16 - HE MOXKET apryMEHTHPOBATh
- HaBBIKaMH pa3paboTKu 000OIIEHHBIX BAPHAHTOB PEIICHHS PoOIIeM, Hay4HbIE TIOJIOKEHHS;
CBS3aHHBIX C MALIMHOCTPOUTEIBHBIMU IIPOU3BOACTBAMU. - HE BIAJICET CUCTEMOM OCHOBHBIX
IIOHSTHI JUCIHUIIINHBL.
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[Tporpamma cocTaBieHa B COOTBETCTBHU C (heiepaIbHBIM TOCYIapCTBEHHBIM 00pa30BaTeIbHBIM
CTaHJApTOM BBICIIETO OOpa3oBaHMs MO HamparieHuio nojarotroku 15.03.05 Koncrpykropcko-
TEXHOJOTUYECKOe 00eCIeueHNEe MAalInHOCTPOUTEILHBIX IIPOU3BOJICTB
ot 11 aBrycra 2016 r Ne 1000

s Habopa 2015 roaa: u yuebusim mwianom @I'BOY BO «bpl'Y» st ouHolt popmbl 00ydeHUs
oT «03» mrossg 2018r. Ne 413,

aJisi Haoopa 2016 roxa: u yueOHbM ranoM @I'BOY BO «bpl'Y» niis ounoii popmbl 00yueHus
ot «06» okTs0ps 2016 r. Ne 684,

s Haoopa 2017 roaa: u yue6HsM mmanom @I'BOY BO «bpl'Y» mist ounoit hopMel 00yueHHs
oT «06» mapta 2017 1. Ne 125,

st Haoopa 2018 roxa u yue6HbM tiianoM GI'BOY BO «bpl'Y» nis ounoii popmbl 00yueHus
ot «12» maprta 2018r. Ne 130.

IIporpammy cocraBui:

Apxunos I1.B., nouent kadenpst MuT, kana. TexH. HayK.

Pabouas nporpamma paccMOTpeHa U yTBepkKAeHa Ha 3aceqaHuu kadeapst MuT

oT «11» nexabps 2018 r., mpotokoi Ne 6

H.o. 3aBenyromero kadenpoit MuT E.A. Cnenenko
COI'ZTACOBAHO:

W.o. 3aBenyromiero BeImyckaromieit kageapoit MuT E.A. Cnenenko
HupexTop OubanoTexn T.®. Cotauk

Pabouas nporpamma ogobpeHa MeToanueckoit komuccueit gakyiapreta MO

oT «14» nexabps 2018 r., mporokon Ne 4

[Ipencenarens MeToauueckoit komuccuu ¢paxkyiabrera MO I'.H. Ilinexanos
COI''TACOBAHO:
HauanpHuk yueOHO-METOINYECKOTO YIPaBIECHUS I'.II. Hexegen

Perucrpanmonnsiii Ne



