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JIABOPATOPHASA PABOTA Ne3

MNOJYUYEHUE MATEMATUYECKOW MOJEJIU POY METOJI0M
ININIAHUPOBAHUSA DOKCIIEPUMEHTA C UCITOJIB3OBAHUEM
ITOJIHOI'O ®AKTOPHOI'O SKCIIEPUMEHTA

3.1. ean padoTsl

Lenp pabOThI: HayYUTh MPUMEHATH MATEMAaTHYECKYI0 TEOPHIO IJIAHUPOBAHUS
SKCHEPUMEHTA ISl MOJYyYEHUSI MAaTEMAaTHUYECKUX MOJENEH PaJAHOdJIEKTPOHHBIX YCT-
poiicTB (PDVY) u TeXHOIOTMYECKUX MPOIIECCOB.

Il mocTrKeHUs eI HeOOXO0UMO:

® U3YyYUTh OCHOBbI TEOPUHU IUTAHUPOBAHMSI aKTUBHBIX (PAKTOPHBIX SKCIIEPUMEHTOB;

e BBIIOJIHUTH IUTAHUPOBAHUE MOJHOTO (PakTopHOro 3kcrnepumenta (I1DJ) npume-
HUTEJIBHO K MOJy4YeHUI0 MaTeMaTuueckot moaenu POY B Buje nonnHoma;

® UCIOJIb3Ys JIADOPAaTOPHBIA MAKET, IPOBECTH OMNBITHI C UcciaeayeMbiM POY B co-
OTBETCTBUU C pa3pabOoTaHHBIM M1aHOM [1D3I;

e o0Opaborarh Ha [I9BM pe3ynbTaThl ONBITOB U OLIEHUTH MPUTOJHOCTH JIJISl MPaK-
THUKH MOJIyY4EHHOW MaTeMaTUYE€CKON MOJIEIIH.

3.2. TeopeTnyeckue cBeeHMsI

IIpu pemiennn MHOruX 3afad npoektupoBanus POV (ananmms paszdpoca BbIXOJ-
HBIX MapaMeTpoB, MPOBEJECHUE CTATUCTUYECKOIO0 MMUTALMOHHOTO MOJEIMPOBAHUS
Ha [[DBM) HeoOX0auMO UMETh MaTeMaTUYECKOE BhIpakeHue (MOJIENhb), CBSI3bIBAO-
1iee BBIXOAHOW mapamerp POY (MM TeXHONOrM4eckoro mpoiecca) ¢ NepBUYHBIMU
rapaMeTpaMy. B MHXXEHEpHOU MPAaKTUKE 3TH MOJEIH IOJYyYaroT IIyTEM IPOBEICHUS
sKcriepuMenTa. ONTUMAaNbHBIN MyTh MOJYYEHHS] MOJIENM YKa3bIBaeT MaTeMaTHYeCcKas
TEeOpHsl TUIaHUPOBAHUSA dKCIIepUMeHTa [1].

[InanupoBaHue SKCIIEPUMEHTA — 3TO MPOIEAYpa BbIOOpa Yyncia U yCIOBUN MPO-
BEJICHUS ONBITOB, HEOOXOIMMBIX U JOCTATOYHBIX JJISl MOJYYEHHsS] MATEMATHYECKOU
MOJIETU C TPeOyeMOil TOYHOCTHIO.

JUIs IOCTPOEHUST MaTEMAaTUYECKUX MOJEJIEH IHUPOKO MCIOJIb3YHOTCS aKTUBHBIE
(baKTOpHBIE IKCIIEPUMEHTHI, B KOTOPBIX UCCIIEI0BATEIb AKTUBHO BMEIIMBAETCS B HC-
cienyeMblii 00beKT (YCTPOMCTBO WJIM MPOILIECC), YCTAHABIUBASI B OIBITAX HYKHBIC
€My COIJIaCHO IUIaHy SKCIEpUMEHTa 3HayeHus (GakrtopoB. B Teopuu miaHupoBaHUs
HKCIIEPUMEHTA BBIXOJHOW MapamMeTp Ha3bIBAIOT OTKJIMKOM, a MEPBUYHbIE MapaMeTPhl
— (akropamu. B akTUBHBIX (PaKTOPHBIX IKCHEPUMEHTAX HCCIEIOBATEIb BapbUpPYET
(bakTOphl U CHEAUT 3a 3HAUEHHEM OTKJIMKAa. TepMUH «BapbUPOBAHHME» O3HAYAET yC-
TAHOBJICHHE MCCIIEIOBATEIEM HYKHBIX EMY B OINbITaX 3HAUEHUI (PaKTOPOB.

Teopusi miiaHupoBaHUs SKCIIEPUMEHTA JIOJDKHA J1aTh OTBET Ha CIEAYIOIIHE BO-
POCHI:

® 10 KAKOMY IUIaHY IIPOBOJIUTH IKCIIEPUMEHT;

e Kak 00pabaTbIBaTh pPe3yJIbTaThHI OIBITOB;

® KaK OLICHMBAaTh KAa4eCTBO ONBITOB W MPUTOJHOCTh MOCTPOCHHOW MOJAENIW s
MPAKTUKH.
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Honanwuit pakmopnstit Ixcnepumenm (IIDI)

[Iyctes mnsg POY wiM TEeXHOJOTMYECKOro IMpollecca MEePBUYHBIE MapaMeTphl

X1, X2, ..y Xj, PACCMATPHUBACMBIC KAK q)aKTOpLI, CBsA3aHbl C BBIXOAHBIM IIAPAMCETPOM,
Ha3bIBACMbIM OTKIIMKOM, 3aBUCHUMOCTBIO
Y= @ (X1, s Xp), (3.1)

rae k — oOllee Ynuciio YYUThIBAEMbIX (DAaKTOPOB.
[Tpu ucnonp3oBaruu [1DD 3aBucuMocTh (3.1) YacTo MONYYarOT B BUAE HEIOJI-
HOW KBaJIpaTHYHOMN MOjenH (TIOJMHOMA):

y=Pot fixi ..+ fxit foxixat... (3.2)

rae So, Bis-.- P Pi2, ...— KOIPOUIUESHTH TTOJTWHOMA,;

X1y Xoguvy Xfp — HaTypaJibHbIC (B CBOEH pa3MEepHOCTH) 3HAUEHUS (PaKTOPOB.

Monens Buma (3.2) Ha3bIBAIOT yPaBHCHHEM PETPECCHUH, WM PErPECCHOHHOMN
MOACNIBIO; Bo, Bis..-s P Pi2,... — KOdDPUIIMEHTAMU PETPECCHOHHON MOJICIIH.

[Toy4uTh MOJMHOM C HATypaJbHBIMH 3HAYCHUSMH (PaKTOPOB (pa3MEpPHBIN IO-
auHOM) Buja (3.2) cpazy B OOJBIIMHCTBE CIIyYaeB HE MPEACTABISAETCS BO3MOXHBIM.
[TosTOMy BHaYasie MOJYYarOT MOJWHOM C KOJWPOBAHHBIMH O€3pa3MEpHBIMU 3Haye-
HUSMH (akTopoB. Takoii MOJMHOM OyJIeM Ha3bIBaTh Oe3pa3MepHBIM, €ro MOJyJYaloT B
BU/IC

y=by +bx, +b,x, +...+bx, +D,xx, +... (3.3)
TA€ X, X,,..., X, — KOJUPOBAHHBIC O€3pa3MepHbIe 3HaUeHUs (PaKTOPOB;
by,by,..., byy,... —KOXPPUIMEHTHI, 3HAUEHUS KOTOPBIX B OOILEM Cllydae OTIMYHBI

OT 3HAYEHHUM COOTBETCTBYIONUX KO3PhUIIneHToB Mojaenu (3.2).
KoaupoBannsie 3HaueHUs (PaKTOPOB ONPENESIOTCS OTHOIICHUEM
Y " X
1. , (3.4)
j
rJIe X; — HaTypaJbHOE TEKYyIllee 3HaYEHUE j-ro (PaKTopa;

Xjo — HaTypaJIbHOE 3HAYEHUE HYJIEBOIO YPOBHs j-ro (GaKTopa;

A; — MHTEpBall BappUpPOBaHus j-M (PaKTOPOM, HATYPAJIIbHOE 3HAYECHHUE;

j — Homep dakropa (j =1, ..., k).

Ha npaktuke BHavasie mnoiaydaroT noJMHoM Buza (3.3), a 3atem, UCHOJIb3ys BbI-
paxenus (3.4), nenarT nepexoj K pasMepHoMy noiauHomy (3.2), B KOTOpbIH (hakTo-
PbI IOACTABJISAIOTCS B CBOEU pazMepHOCTH. OTMETUM, YTO OTKJIMK ) KaK B pa3MEpHOM
(3.2), Tak u B 6e3pazMepHOM (3.3) moAMHOMAX BBIPAXKAETCSI B CBOCH pa3MepHOCTH.

Jlist mosydeHust monenu Buaa (3.3) uiu ee TUHEHHOW 4YacTH Kaxablid (akTop
JIOCTaTOYHO BaphUPOBATh B AKCIIEPUMEHTE Ha JBYX YPOBHSX. YPOBEHBb j-TO (haKToO-
pa, COOTBETCTBYIOIIUM €0 OOJIBIIEMY 3HAUYEHHIO X;5, HA3BIBAIOT BEPXHUM YPOBHEM, a
COOTBETCTBYIOIMKM MEHBIIEMY 3HAUYEHMIO X;; — HIOKHUM. Ilocepennne Mexay Bepx-
HHMM Xj; U HOKHMM X, YPOBHAMH Pa3MeEIlEH HyJIeBOM (MHaYe — OCHOBHOM MM 0a30-
BBII1) YPOBEHB X, (puc.3.1).

)Cj:
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[Ipn KOaUPOBAaHHOM 3aJaHUU YPOBHEW (ak-
TOPOB C UCIOJIb30BaHUEM BblpaxeHus (3.4) mian
AKCIIEPUMEHTA HE 3aBUCHUT OT (DU3UKHU Ipoliecca.

Ha npakTuke crpeMsarcs ypoBHM BapbUpOBa-
HUS BBIOpATh Tak, YTOOBI MONMy4HTh X; = £1. O10

v

Xip
I I I
-1 0 +1
Puc. 3.1. YpoBHu BapbupoBaHus

dakropa x; 3yJbTaTOB. 3HAYEHUE X ; = —1 coorBercrByer

v
=)

yOPOUIaeT 3KCHEPUMEHT U 00paboTKy ero pe-

HIDKHEMY YPOBHIO, a 3Ha4YeHHe X; = +1 — Bepx-

HEMY YPOBHIO BapbUpOBaHMs. B 3TOM ciydae uncio coueTaHuii ypoBHEH (HaKTOpoOB
WJIY, YTO TO K€ CaMO€, YHUCJIO OIBITOB N 3KCIIEPUMEHTA ONPEACIISIETCS BBIPAKEHUEM

N=2F, (3.5

JKCIEPUMEHT, B KOTOPOM Peau3ylTcs Bce BO3MOKHbIE COYETAHUS YPOB-
Hell (PaKTOPOB, HA3BIBAKT MOJHBLIM (PAKTOPHBIM 3KcnepuMeHToM — IIMDI. IIpu
BapbUPOBAaHUM (PAKTOPOB JIMIIb HA JBYX YPOBHAX uucio onbToB [IDD cocrasnser
2¥, mosTOMY TaKOi IKCIIEPHUMEHT HA3BIBAIOT IKCIIEPUMEHTOM THIIA «2%.

VYciioBus SKCIIEpUMEHTa MPEICTaBISAIOT B BUE TaOIHIIbI, Ha3bIBAa€MON MaTpPH-
el MUIAHMPOBAHUSA WM IJIAHOM JKCIepuMeHTa. {11 IpOCTOTHI 3allMCH B MaTpH-
e cuMBOJI “1” OOBIYHO OIYCKArOT, OCTABJISS JIMILIB 3HAKUA “TUTIOC” WK “‘MHHYC’. B
Tabn. 3.1 B KagecTBe mpuMepa npuBeeH mian 11D tuma «2% mpn k = 2.

Ta6mmma 3.1 B marpune (cM. tabu. 3.1) ctonbusl X, U X, 334a10T IJ1a-

Homep | ¢ [ 3 HUPOBAHHUE, TO €CTh B COOTBETCTBUU CO 3HAKAMH ITHX CTOJIO-

onpITa : 2 IIOB JIOJDKHBI YCTAHABIMBATHCS YPOBHU BapbUpPOBaHUS (DAKTO-
; 4 POB U IPOBEICHUU OIBITOB.

3 + - Baxneiimumu cBoiictBamu MaTpuilbl maHa [IDD sBis-

4 + |t I0TCSI CHMMETPUYHOCTh, HOPMUPOBKA H OPTOrOHAJIBHOCTh. JTH

CBOMCTBA OMHUCKLIBAIOTCS COOTBETCTBEHHO BBIPAKCHUAMU

N 2 N
YED) =0 YIED)] =N Y ELGE) =0 =1k j£L (3.6)
] i=1 i=l1

rae j, [ —uomepa daxktopos; j,[=1,....k j#I;

i — Homep ombITa; I=1,2,..., V.

Ecnu xoTs 0661 01HO U3 ycioBuit (3.6) HE BBIMOJIHIETCS, 3TO 03HAYAET, UTO MaT-
pulla MJIAaHUPOBAHUSI COcTaBlieHa HeBepHo. JIuHeitHas yacte monenu (3.3) moxker
OKa3aThCs HENPUTrOAHON i NMpakTUKHU. [IDD Mmo3BoNSIET KOIMYECTBEHHO OLEHUTH
B3anMo/IelicTBHE (MHAYe — Mpou3BeieHne) GakTOPOB.

N3 T1®D Henb3st u3Bieub MHGOPMAIIUIO O KBaJapaTUYHBIX ujeHax. HerpymaHo

yOenuTCs, 4TO BEKTOP-CTOJNOIBI UIsi KBAJIPATUUHBIX WICHOB (X j)z B JIIOOOM OIIBITE

wiada (cMm. tabn. 3.1) Bcerga OyayT uMeTh 3HaA4eHHUS +1 U cOBManaTh MEXIy COOOI.
[TorTomy oreHka ko3dduiueHTa by OKa3pIBacTCs CMEIIAHHOM U CIIpaBeIJIMBa 3aIlKCh
bo—> Lo + P11 +....[u, 03HAUAIOMAA, 9TO by cOMEpPKUT 3PHEKThI, 00YCIOBICHHBIC KaK

2 ..
CBOOO/IHBIM YICHOM [y, TaK U KBaIPaTUYHBIMK WieHamu [, x5 (j =1, ..., k).
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Jist o1ieHOK ApyTruX Kod(PPUIIMEHTOB CIIpaBeIJIUBHI 3AICH
by—> pi, by >0, ..., b > p .

ITnanupoeanue I3 u ezo évinonenue

[TnanupoBanue 1D ¢ m0ObIM yncIOM (HAKTOPOB k CBOAUTCS K 3alUCH B Ta0-
JUIy (MaTpuily) BCEX HEMOBTOPSIOUIUXCS COYeTaHW ypoBHEH 3Tux (axtopon. C
npuMepoMm ItaHnupoBanus [ 1O MoxHO o3HakomuThes B [ 1, mpumep 3.3, ¢. 72 — 73].

HyneBble ypoBHH (DaKTOPOB Xj) BEIOMPAIOT OOBIYHO PABHBIMU CPEIHUM (HOMH-
HaJbHBIM) 3HAYEHUSAM MNEPBUYHBIX MApaMETPOB, a MHTEPBAlbl BAPbHUPOBAHUS A; —
PaBHBIMU TOJIOBHHE TOJIS JOIyCKa COOTBETCTBYIOLIMX IIEPBUYHBIX IIAPAMETPOB X; .

JUisg nepBUYHBIX napaMeTpoB ((pakTopoB) POY M TeXHOIOrMUECKUX MPOIECCOB
OOBIYHO MMEIOT MECTO ycnoBus Ax; << x;, rae Ax; — OTKIOHEHHUE (IOIyCK) j-TO Iep-
BUYHOTO IapaMeTpa OT €ro CPeIHEro 3HauyeHHs Xjy. [103ToMy B OOJIBIIMHCTBE MpakK-
TUYECKUX CIy4yaeB Jaxke JIMHEWHas 4acTh Mojenu Buiaa (3.3) oka3pIBaeTCsl MPUTO/I-
HOM 1Jis JanbHEHIIero MHXEHEpPHOIro aHajiu3a OObEeKTOB uccienoBanus. Ecnu nu-
HEelHasi MOJIeb (JIMHEWHAs 4acTh MOJIEN) OKAa3bIBA€TCSl HEMPUTOAHOM, TO €€ AOMOJ-

HSIOT KBAJIPATUYHBIMU YJICHAMHU BHUJA b 3?; ( i J=1,...; J# Z). [Ipuuem B mozaenb

X
BKJIFOYAIOT HamOosiee 3HaunMble (Becomble) 3(PGIEKThl M MPOBEPSIOT MPHUTOAHOCTH
HOBOW MOJIEIIH.

JIt000i1 KCIIEPUMEHT COIMPOBOKIAETCS MOrPEIIHOCTIMU — OLIMOKaMU BOCIPO-
M3BOJMMOCTH. {7151 OlleHKH OMMOOK BOCIPOU3BOIUMOCTH KaXIbli i-i OMBIT MaTpH-
bl TUTAHUPOBAHUS BBINOIHIIOT B KOHEYHOM MTOIE HECKOJIBKO pa3, OpraHusysl CepHUH
napajjiesibHbIX ONbITOB. Kaxkaas cepust 10oJKHA BKITIOYATh BCe N HEMOBTOPSIOMIMXCSA
OTBITOB MAaTPHIIbI MJIaHUPOBaHMs. UMCIIO cepuil mapasuieNbHbIX OMBITOB 71 PEKOMEH-
JyeTcst BBIOUpaTh U3 ycaoBus n > 2...5. O1eHKa BOCIIPOU3BOAMMOCTH OIBITOB 1O CY-
TH CBOJUTCA K PAcUeTy TaK Ha3bIBAEMOW AUCIEPCHH BOCIHPOU3BOAMMOCTH OIBITOB.
Ecnu sta aucnepcusi u3BeCTHAa apUOPHO WIM KaKUM-JIMOO COCOOOM MOKET OBITh
OLICHEHA J10 BBIMOJHEHUS SKCIIEPUMEHTA, TO MapaslIeNbHbIE ONbIThl HEOOSI3aTEIbHBI.

C 1enbi0 MCKJIIOYEHUsSI CHCTEeMAaTHYeCKUX OIUOO0K (BIMSHUS oneparopa, Mec-
Ta U T. I.) Ipu peasnnzanuu miaHa [IOD npoBoadT Tak Ha3bpIBAEMYIO paHIOMHU3ALIUIO
OTIBITOB, T.€. ONBITHI KAXKJIOM CEPUM BBIMOIHSIIOT HE 10 MOPSJIKY, KaK OHU 3aliCaHbI B
MaTpHuIle TUTAaHUPOBAHMUS, a B CIy4aliHOU ouepénHocTu. OuepEéNHOCTh OMBITOB B KaX-
JIOM cepuu IOJHKHA ONPEAENIThCs Mo TabiuiaM cirydaitHeix yucen (tadmn. I1.3.1 mpu-
noxenus). Jlemaercst 3To cnemyromuM oOpazoM. BriOupaeTcs mpousBobHBINA (Ppar-
MEHT (y4acTOK) TaOJUIIbI CIIy4ailHBIX YHCENl U MOCJIEI0BATEIHLHO MPOCMATPUBAIOTCS
CTPOKH WJIA CTOJIOIBI ATOTO y4acTKa TaOJUIel ¢ JIIoO6oro mecta. OuepeaHoCTh Mpo-
BEJICHUSI OIBITOB HA3HAYAETCSI B COOTBETCTBUU C MOSIBIICHUEM UYHKCEI IIPU MPOCMOTPE
ydactka Tabauuel. Yucna, 60Jap1IMe Mo 3HAYEHHUIO, YeM HOMEpa OIBITOB, MPOMYCKa-
torca. [loBTopsitomuecs 4uciia YYUTHIBAIOTCS JIMIIb MEPBBIA pa3, a Jajnee TakK Ke

IIPOITYCKAOTCH.

Ilpumep. J1na uccienoBanus BIUSHUS Ha BBIXOHOM mapameTp POV aByx daktopos (x; u x7)
ucnoassyercs [1OD tuna «* (cm. Tabm. 3.1). [TpunsTO pemieHre NpoOBECTH 3 CEpUU Mapalieib-
HBIX OIBITOB (TaK Kak ONBITHI TPy0eMKH). HeoOxoaumo paH1oMU3UpOBaTh OMBITHL KaXKI0M CEpPHH.
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Pewienue. B tabmune ciayvaitHeix uncen (cM. Tabm. I1.3.1 npuinoxeHus) mpocMOTPUM OJIHO-
3Ha4yHbIE CIy4aiHble YKcia, IpUHUMAas BO BHUMaHKe 3Ha4eHus oT 1 10 4 (Tak Kak B MaTpUIIE BCETO
4 ompita). [IpocMOTp HauHEM, HarpuMep C Havaja TPEThEH CTPOKH TAOIUIBI, U OyJAEeM JBUTATHCS
no crpokaMm. HetpyaHo yOeauTses, 4To B IEepBOM cepuM ombIT mojJ HomepoMm 1 B marpuue [1DPD
JIOJIKEH BBIMOJHATHCS TPETHUM. AHAJIOIMUHBIM 00pa3oM ONpPENENSIIOT O4EepEAHOCTh OCTAJIbHBIX
OTIBITOB MEPBOM cepuu. 3aTeM MepexoaT K paHAOMH3alMU ONbITOB BTOpol cepuu. [ng Heé mpo-
CMOTpP MO>KHO HayaTh C HHOW CTPOKM TaOJHIIBI, HAPUMEP C ATOH. [y TpeTbeit cepuu mpocMoTp
HayaT ¢ ceibMoi cTpoku. [lomyueHHas 04epEnHOCTh OMBITOB KaXKION CEPUU C YUETOM paHIOMU3a-
[IMU yKa3aHa B Tabi. 3.2.

Bemonnenne I[IPD coctout B

IMPOBCACHUU II0CJICOAOBATCIIbHO OIIbI-

Tabmma 3.2

H 2 2 O"ICPCI[HOCTL BBIITIOJIHCHU A o

omep | X;| X, OLLITOB TOB KaXI0M cepun. B npepenax kax-

OIIbITA cepus | | cepns2 | cepus 3 IO CepUM ONBITHl BEHINOJIHSIOTCI B
1 - | - 3 2 1 O4EepENHOCTH, TOJYUYEHHOM NpPU paH-
2 -+ 2 4 2 nomu3anuu. i IpOBEIECHUS KaXkI0r0
3 T - 4 3 4 ONBITA MCCIENOBATENb JOJDKEH JUIS
4 + | + 1 1 3

BCceX (PaKTOPOB MPUHYAUTENIBHO YyCTa-
HOBUTb TaKM€ UX HaTypajibHbIE (B CBOEH Pa3MEpPHOCTH) 3HAYEHUS, KOTOPbIE COOTBET-
CTBYIOT KOJMPOBAHHBIM YPOBHSM 3THX (PAKTOPOB, YKa3aHHbIM B MaTpHIIE MJIAHUPO-
BaHM JUIA BBIIOJIHAEMOIO OIbITa. I1ociae 3Toro Hy»KHO U3MEPUTh 3HAYEHHUE OTKIIMKA
Y 3allACaTh PE3yJbTaT B CTPOKY € YCJIOBUAMH NPOBEICHUSA JAHHOI'0 ONbITA.

Cmamucmuueckasn oopadomka pezyarvmamos 11D

OOGmuii BUJ MaTpUIbI ILIAHUPO- Tabmuua 3.3
BaHUA W PE3YJIbTATOB OIIBITOB, KOTO- HOMep )?1 J?k Z3HaueHue OTKJINKA Vi
PHIMH JIOJDKEH pacroliarath dKcrepu- | oo B MApaJIeIbHbIX ONBITAX
MEHTAaTOp, MpUBE/EH B Ta0I. 3.3. 1-sicepust | .... | n-s cepus

[MTocemoBaTeIbHOCTh  BBITOJTHE- 1 - - | 1)n
HUS CTATUCTUYECKOM 00pabOTKH. 2 - + | 02 (2

1. OnpenensoTcs cpeaHee 3HaYeHUe
¥ JUCIepcus OTKIMKAa B i-M ombite |V + + | O 'w)n

(ctpoke) o Gpopmynam
2

n

> ). M), -MG)]

_ u=l =
M(y)="——, D(y,) =" , (3.7)
n n—1
rae (i), — OTKJIIMK B i-M omnbITe (cTpoke) u- cepuu; i=1,2, ..., N; u=1,2,...,n (cm. 1a61.3.3);
n  — KOJMYECTBO MapauICIbHBIX OIMBITOB (CEPUM OIBITOB).

2. BrimonHseTcs: mpoBepKa OJHOPOIHOCTH auctniepcuit Buna D(y;). s sToro omnpenensieTcs
pacueTHoe 3HaueHue kpurepus Koxpena mo ¢popmyne

N
Gpacq = D(yi)max/ Zl D(y,). (3.8)

Gooea <Gy (3.9)

pacu

[IpoBepsercs ycinoBue

rae GKp— KpUTHYecKoe (TabauuHoe) 3HaueHust kputepus Koxpena, HaliieHHOe Ui 3aJaHHOM J0-

BEPHUTEILHOU BeposATHOCTH ¥ (00bI9HO 0,95) mpm umcne creneHeit cBobomsl fj =n— 1 u
f> = N (tabn. I1.3.2 npunoxxeHus ).
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Ecnu ycnosue (3.9) BoinonHsieTcs, To aucnepcun D(y;) OTHOPOAHBI U cTaTUCTUYECKask o0pa-
0oTka mpomomkaercs. Eciin oHO He BBIMONHSAETCS, TO AUCIEPCHH HEOJHOPOIHBI. B 3TOM ciydae
TpeOYIOTCS IOTIOTHUTEIbHBIEC TTApAJJICIbHBIC OTBITHI MIIM YTOYHEHHE PE3yJIbTATOB OIBITOB, IS KO-
TOpbIX D();) UMEIOT HauOOIbIIINE 3HAYCHHUSI.

3. Onpenensiercst AUCTIEPCUST BOCITPON3BOIUMOCTH OMBITOB (OTKITMKA) IO BBIPAKECHUIO

1 N
D(y)=—>.D(»,). (3.10)
N5

4 IToncunTeIBatOTCs OLIEHKU KOd(QPUIeHTOB by, b; 1 b o popmynam

2 M () PACHRZAEN 2 ()M ()
by==—rs b= by = v ,

Jol=1,. k1,

3.11)

rae (X ] ):>(X,); — koupoBaHHbIE 3HAUEHHS COOTBETCTBEHHO j-r0 U I-r0 (PaKTOPOB B i-M OIBITE
(cTpoKe) MaTpHIIbl TNIAHUPOBAHUS.

5. BeImonHsieTcst mpoBepKa sHaduMocTd kKoddduumentos by, b; u bj;. Jlnst aToro s Kaxmoro

koo duumenta us uncna by, b; u by crpoutcs noBeputensHsbIil HHTEPBaN I, , COOTBETCTBYOMIMI

JIOBEPUTENBHOI BeposATHOCTH ¥ (00bI4HO 0,95):
1,= (b,- Ab; b, + Ab),

rne b, — onenka ko3 puimenTos, paccuntannas no gopmynam (3.11); v=0, j, jl;
Ab — Bo3MOXkHast ommOKa, BO3HUKIIAS OT 3aMEHbl MCTHHHOTO 3HA4Y€HHs KOd()QHIMEHTa €ro
OLICHKOM.
Ommbka Ab monaraercs 0 IMHAKOBOM IS BeeX KO PUIIMEHTOB:

Ab = [P (3.12)
"\N(n-1)

rzie £, — TabandHoe 3HadeHue Kputepust CTBIOJIEHTA IPH TOBEPUTEILHON BEPOSTHOCTH ¥ U YHCIIE
creneneit ceobonwl f = N(n — 1), ¢ kotopem onpenensnack aucnepeust D(V), cormacHo

tabun. I1.3.3 npunoxenus.
Kosduiment (ero pacueTHoe 3HAYEHME) 3HAUNM, ECIU JIOBEPHTENBHBIH UHTEPBAT [, HE CO-

b,|> 4b.

6. [Ipunumasi BO BHUMaHUE TOJBKO 3HAYUMBbIE KO3 PUIIMEHTHI, 3aTUChIBAETCS Oe3pa3zMepHbIi
NoJMHOM (Mozelb) Bua (3.3), BEIOTHSAETCS MPOBEPKa aIeKBAaTHOCTH 3TON MOJIEIH U JACNAeTCs 3a-
KIIIOYEHHE O €€ MPUTOJHOCTHU JUJIsl MPAKTUKU. [ 3TOr0 BHayale MOACUUTHIBACTCS AUCIIEPCHS ajle-
KBAaTHOCTH 110 opMyIie

nEepKUT T04Ky Db, = 0. DTO PaBHOCUIIEHO YCIOBHUIO

N N

@) Yl —MOo0f

D — _i=l — _i=l , 3.13
w (V) == N 4 (3.13)

rae Ay; — pasHOCTb MEKIY PACCUMTAHHBIM TI0 TIOTYyYEHHOW MOJIEIM ¥ SKCIIEPUMEHTAIIBHBIM 3Ha-
YEHUSIMH B i-U CTpOKE (OIBITE);

d — 4mcno 3HAYUMBIX KO(P(HULHEHTOB HOCTPOEHHON MOJIEIH;
Vi paca — PACYETHOE (10 MOCTPOEHHON MOJIENIHN) 3HAYEHUE OTKJIUKA B i-i CTPOKE (OIIBITE).
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3aTem omnpenensieTcsl pacueTHOE 3HaueHue Kpurepust Ouriepa

pacy = Daﬂ—(y). (3.14)
D(y)
[IpoBepsieTcs ycinoBue
Faca< Fip (3.15)

rae i, — Kpurmueckoe (TabnnuHoe) 3HaueHue KpuTepus Duinepa, HaiIeHHOE s 3aJaHHON
JIOBEPUTEIIbHON BeposSTHOCTH ) (00braHO 0,95) mpu 4mcne cremeHeld CBOOOJBI
fi=N—d u f,=N(n-1), cornacao ta6:. [1.3.4 npunoxeHus.

Ecnu ycnosue (3.15) BeImonHsieTCs, TO MOCTPOSHHAST MOJIENb aJeKBAaTHA pe3yJbTaTaM dKCIe-
pumenTa. [Ipu HeBbImoaHEHUH ycioBus (3.15) Moaens He aJeKBaTHA M MOJIb30BAThCs €l Ha IMpak-
TUKE HENb3Sl.

7. OcytiecTBIsSeTCs Iepexo]] K pazMepHomMy nosmHoMy Buza (3.2). s 3Toro Heo6xoaumo B

MIOCTPOCHHOM TOJIMHOME BHja (3.3) KoaupoBaHHBIC 3HAYCHHUS (PAKTOPOB X|sX;,...o X 3aMEHHUTH

BBIpOKECHHUAMHU (3.4) U BBIIOJHUTH HEOOXOIUMBIE TTPEOOpPa30BaHUS.

IlIpumeuanue. 3akmouenue o6 agexkBaTHocT Mojenw (3.3), cienaHHoe B 1.6, B paBHOU CTe-
MIEHW OTHOCUTCS M K Mojenu Buza (3.2). [Toatomy MokHO BHaudane oT mojenu (3.3) caenarh nepe-
X0/ K Mozenu (3.2), a 3aTeM npoBepuTh €€ alekBaTHOCTh. OT 3TOT0 BBIBOJ 00 a/IEKBATHOCTH MO/Ie-
JIM HE U3MEHUTCA.

C npumepoM cTatucTHueckoi 00paboTku onbiToB [1DD MOkHO 03HAKOMUTHCS B [1, mpumMep
3.5,¢c.78 - 80; 2, c. 28 — 30].

3.3. Onucanue J1alOPATOPHOT0 MAKeETA

OnxuM U3 00BEKTOB UCCIICIOBAHUS B J1a0OPATOPHOU paboTe SBISIETCS HEUHBEP-
TUPYIOIIUNA YCWINTENb MEPEMEHHOTO HAMNpPsHKEHUS 3BYKOBOM YaCTOTHI, BBIMOJHEH-
HBII C MCTOJIb30BaHUEM omneparmoHHoro ycuiautens (OY) cepuun K140. Dnexrpuye-

R2 CKasl cxema ycuiurens 0e3 1eneu nu-

- TaHWsl MokazaHa Ha puc. 3.2. Homu-

Cl DAl HAJIBHBIC 3HAYCHHS COMPOTHBIICHUH

>—-—{ } — PE3UCTOPOB yKa3aHbl HA NEpEAHEN Ma-
U R Usix HeJIN J1a00paTOPHOrO MAKETA.

. Bxoano#t curnan (cM. puc. 3.2)

7 N0/Ia€TCA Ha HEMHBEPTUPYIOLINI BXOJ

Puc. 3.2. DnexkTpuyeckas NpUHUMIHAIbHASA OV, a 4acTh BBIXOAHOIO HANPSIKEHUS

cxema ycuaureust uyepe3 genuteab RIR2 mocTymaer Ha

€ro MHBepTUpyromuil Bxoa. C yuyeTom psijia NONyIIeHU BeIpaxxeHue Juist Kodhduim-
€HTa IIepeJadyu 3TOT0 YCUIINTEIS, IPUBOIUMOE B JIUTEPATYpE [3], UMEET BUL

g~ Unn _RI+R2. (3.16)
U Rl

BX

TO ecTh K03 ¢uiineHT K B OCHOBHOM 3aBUCHUT OT TapaMETPOB BHEIIHUX IIETIEH.
Peanpubiii OY B 1elCTBUTENIBHOCTH 00J1aJa€T JOCTATOYHO OOJIBIIUM, HO KOHEY-
HBIM 3Ha4€HHEM KOd(PPUIMEeHTa YCUIIEHUS U BXOJHOTO CONPOTHBICHHS. VIMEIOT KO-
HEYHbIC 3HAUYCHMsI JTMOO OTIMYHBI OT HyJs U Apyrue napamerpsl OY. [Toatomy mo-
CTpOEHHE MaTeMaTU4YeCKON mojnenu ais kKoddduimenta nepeaadyd yCHWINTENs, BbI-
MOJTHEHHOTO ¢ Kcnoib3oBaHueM OV, npecTaBisieT NPakKTUUYECKU HUHTEPEC.
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B naGoparopHom MakeTe mpeaycMOTpeHa BO3MOXHOCTh BapbUPOBaHUS Iapa-
MeTpaMu pe3uctopoB R1 m R2 , a Takke 3Ha4YeHHEM KOd(PPUIIMEHTA YCUJICHHS Ha-
npstxenust OY B npeaenax + 5 % u + 10 % otHOCUTENBHO CpeaHUX (HOMUHAIBHBIX)
3HaueHuil. KpoMe wnccnenyemMoil cXeMmbl B MAakeTe pa3MEIIEHbl BCIIOMOTraTEIbHBIE
ycTpoiicTBa. Jjist y1oOCTBa Ha mepeHel MmaHenu MakeTa MPUBEJEHA 3JIEKTpUUIecKas
CXEMa HCCIIEIyEMOI0 YCHJIMTEINS], @ BXOJHBIE U BBIXOJHBIE THE3/1a YCWIUTENS yCTa-
HOBJIEHBI B COOTBETCTBYIOIINX LIEMAX CXEMBI.

3.4. 3axaHue HA IKCIEPUMEHTAJIBHYIO YaCTh J12a00pPaTOPHOiIl padoThI

PexomeHnyemas mocienoBaTeIbHOCTh BBITIOJIHEHUS PaOOTHI:

1. BeiOpaTh HyneBbIe YPOBHU W HMHTEPBAIbI BapbUpOBaHMs (akTopamu (Tep-
BUYHBIMHU TTapaMeTpaMu) ucciieagyemoro POV corimacHo BapuaHTy, yKa3aHHOMY TIpe-
nonasaresieM (Ta0i.I1.3.5 npunoxenus).

2. Crumanupoats 110D Tuma «2% (pu k = 3).

3. OnpeaenuThes C YUCIOM CEpHil MapayieIbHBIX OMBITOB U BBIIOJIHUTH PaH]IO-
MU3AIHIO ONBITOB KaXKI0W CEPUH.

[Tpu BBINOTHEHUN PAHAOMU3ALIAN CIEIYET UCIIOIB30BaTh CIyYalHbIC YUCa, ITe-
Hepupyembie [IDBM (onuus B nporpamme lab3-4) win B KpailHEM cliydae BOCIOJIb-
3oBatbes Ta0m. 11.3.1 npunoxenus.

4. Ucnionb3ysi 1aOOpaTOPHBIN MAKET, BBHIIIOJIHUTH OMBITHI Kaxa0ou cepuun 11D ¢
Y4ETOM paHIOMU3ALUH.

[Ipu npoBenenuu skcrnepuMenTa st POY, onucannoro Beime (cM. puc. 3.2), cieayer pyko-
BOJICTBOBATbCsA CTPYKTYPHOM CXEMOH, IOKa-
3aHHOM Ha puc. 3.3. JlomycKaeTcs HCIOb- B B
30BaHUE OJHOro BoJbTMETpa LIB, nepexito-
9aeMOro IpH HEOOXOAMMOCTH C BXOJa Ha A N
BbIX0A ycTpoiictBa MY. DnekTpoHHBIN oc-
uiorpad MoKeT oTcyTcTBoBaTh. CHTHAI, 3r ny s| 20 >
nmogaBacMbIM Ha BXOJ YCHUIIMTCIISA OT BHCII-
HEro TeHepaTopa, JOJDKEH MMETh aMIUIUTY-
ay 50...200 mB. Yacrory curxama peko-
MEHJIyeTCs  BHIOMpaTh M3  JUara3oHa
400...5000 I'. B HexoTopbix MoauduKau-
X MakKeTa BMECTO BHEIIHEro TIeHepaTopa
MOXET HCIIOJIb30BaTbCd BHYTpeHHUH. IIpn
VICTIOJIb30BaHUH [UIsl TIPOBEACHHS JKCIICPH-
MeHTa Apyrux POY HeoOX0oauMo MoJib30BaThCs yKa3aHUSAMM IPENoJaBaTess, a TaKKe dIEKTprude-
cKoil cxemoit POY, npuBen€HHOM Ha IepeHEN MTaHeIN MaKeTa.

5. C nomoristo niporpammel aiist [I9BM lab3-4 (nanka TOKTuH) BoInonMHUTD

CTaTUCTUYECKYI0 00pabOTKy pe3yinbTaToB ONbITOB Ha [1DD.

Ecnu npu BBINOJIHEHUH CTaTHCTUYECKON 00paOOTKM AMCIIEPCUU OIBITOB OKAXKYTCS HEOTHO-
POIHBIMH, TO 3TO CBUJETEIHCTBYET O TOM, UTO ObUIa BeJIMKA MOTPEelIHOCTh YCTAHOBKHU YPOBHel
(paxTopoB MO0 AonylIeHAa OMIMOKA NMPH 3aNHCU Pe3yJbTATOB ONBITOB: PE3yJbTAaThl ONBITOB
3alKCcaHbl HE B T€ CTPOKU. B Takux cimydasx Tpedyercst 1100 TOUHEE BBHIIOJHUTH OIBITHI, UMEIOIINE
OOJBIIYIO JHCIIEPCUIO, JIMOO TMPOBEPUTH MPABUIBHOCTH 3alUCH PE3YJbTaTOB, CKOPPEKTHPOBATH
BBOJIMMBbIE B [IDBM pe3ynbrarsl ONBITOB M MPOJOJDKUTE CTATUCTUUECKYIO 00paboTKy. Pexomen-
AYyeTCHA 1EPEa BBOAOM PEIYJILTATOB OIIBITOB CACIATh UX aHAJIN3. 3HaueHusa OTKIHKa B Pa3HBIX CC-
pUsiX, HO JJI OJTHOTO U TOTO K€ OMbITA JTOJKHBI OTINYATHCA HE3HAUUTEIHbHO: MAKCUMYM Ha MSATh-
CEeMb IPOIICHTOB.

Puc. 3.3. CTpykrypHas cxeMa J1ab0paTOpPpHOro
KOMILIeKCa:
Y — uccaenyemoe ycTpoiicTBo (cxema);
3I" — 3ByKOBOIi reHepaTop;
B — nuudposoii BOJIbTMETP;
90 — 3J1eKTPOHHBIN ocuuIorpadg



9

6. BBISICHUTH 3HAYMMOCTh pPacCUUTAaHHBIX Kod(hdumumenToB moaenu Buaa (3.3),
chopMHUpOBaTH KOHEUHBIN BUJ O€3pa3MEpHOTO MOJIMHOMA U, UCIIOJIB3YS TIPOTPaMMy
lab3-4, npoBEPUTH AIEKBATHOCTh MOCTPOEHHOI'O TTOJIMHOMA PE3yJIbTAaTaM OMBITOB.

7. Caenathb mepexo/i K pa3sMepHOMY MOJUHOMY — Mojienu Buaa (3.2).

8. Hanmucatp oTu€T mo naboparopHoit pabore.

3.5. Conep:kanue oTyera

1. Ilens paGoThI.

2. Dnektpuueckas cxema uccieayemoro POV (kackana).

3. Tabnuua c yka3zaHueM, Kakoil BbIX0JIHOUM napameTp POY paccmarpuBaercs B
KAueCTBE BBIXOJIHOTO M KaKOMY IEPBUYHOMY IMapaMeTpy COOTBETCTBYET TOT WU
MHOU HOMep (aKTopa, HyJIEBbIX YPOBHEN U UHTEPBAJIOB BapbUPOBAHUS (aKTOpaMHu.

4. Tlnan I1®D (MaTpuIla IIaHUPOBAHUSA).

5. PesynbTathl onbiToB [IOD ¢ yu€ToM mapaiienbHbIX OMBITOB M PaHIOMHU3A-
MU OIBITOB KaXJIOW CEPUU.

6. OcHOBHbIE (POPMYIIBI AJNTOPUTMa CTATUCTUYECKON 0OpaOOTKH PE3yIbTATOB
[1DD (mpuBOAATCS TOMBKO B CIydYae yKa3aHUs MPEToaBaTeIeM).

7. Paccuutannbie Ha [I9BM 3Hauenus Benmuuun M(y;), D(y;) u D(y), (i = 1,
2,..., N). OtBetsl Ha 1. 4, 5 u 7 gaTh ogHOM TabimIeH (Tadm. 3.4).

Ta6bnwma 3.4
Ho- Howmep cepun (mapauienbHbI€ OIBITHI)
B I 1-s1 cepus n-s cepust
BN - : M) | D) | DY)
OIbI- 1 2 3 . . i i
Oqepe - 3Haye- ces Oqepe T1- 3Haye-
Ta HOCTb OIIBITA | HUE )); HOCTB OIIBITA | HHE V;
2 - -+
8 + |+ |+

8. Paccunrannsie Ha DBM 3HaueHus Ko>PPUIUEHTOB b; (IIpH HEOOXOIUMOCTH U
Buza by), omuOku Ab 1 3aKJIIOYEHUE O 3HAYMMOCTHU MOJIyYEHHBIX KO (MULIUEHTOB C
yKa3aHUEeM 3HAYEHUS J0-

Tabnuma 3.5  BCPHUTCIIBHBIX HHTCPBAJIOB

Kood- Ta6- 3Ha- Tlosepu- Porrre- Y IOBEPUTEIBHON BEPOSIT-
uuu- Onen- | MuHOe | yeHme | TenbHBIH mne o | HOCTH y;jl=1,... kj#1.
eHT MO- | ka |3Haue- |Ap HUHTEPBA 3HAYU- OTBET Ha ATOT MYHKT JaTh
Aenu HUE [, npu y=... |MOCTH B BHj€ Ta0I. 3.5.

bo 9. MaTteMaTuuecKuit
b, BUJl TIOCTPOEHHOTO 0e3-
b, Pa3MEpPHOro IOJMHOMA U
bs apryMEHTUPOBAHHOE  3a-
b1, KITIOYEHHE 00 a/eKBaTHO-
CTH 3TOM MOJCIHH.
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10. Pe3ynbpTaThl comocTaBiIeHHs MOJIYYEHHOTO pa3MEepHOro MOJMHOMA C BbIpa-
xeHueM (3.16). Otu pe3ynbrarsl IpeICcTaBUTh B BUAE Ta0M. 3.6.

Jnst  conmocTtaBiieHHs TIOCTPOEH-

Tab6mnuma 3.6 N
HOI Mozenu ¢ BolpaxkeHueM (3.16) He-
Ho- OKcnepuMeH- | PacuérHoe 3HaUECHUE Vi 00X0MMMO B 00OMX CIy4asX BBITOJI-
MEp | TABHOE 3HA- [ 116 pocrpo- | mo  JmTe- HHUTb pacueT 3HAYeHUH KodpduimeHTa
OIIbI- | yeHue ); — | egHoii Mare- parypHoii rnepenadu Oy BCEX OIBITOB MaTPUIILI
Ta 3HAYCHHE MaTtudeckoii | hopmyie [I®D, a 3areM MoJydyeHHBIE peE3yJIbTa-
M) MOJIENTH Thl CPAaBHUTH CO 3HAYEHUSAMH, MOJY-
) YEHHbIMU 3KCIEPUMEHTAIBHO, — CO
. suauenusmu M()).
8 11. BeBOEL.
JIUTEPATYPA

1. bopoBukoB C.M. TeopeTrnueckre OCHOBbI KOHCTPYHUPOBAHHS, TEXHOJOTHH M HAJIEKHO-
cTH: Yuel. Ui CTy[l. HHX.-TeXH. clell. By30B. — MH.: [lu3zaitn [TPO, 1998. — 336 c.

2. bopoBukoB C.M., [TorpeOusikoB A.B. TeopeTnueckrne oCHOBbI KOHCTPYUPOBaHUs, TEXHO-
Joruu 1 HagexxkHocTH. COOpHUK 3a1a4: Yuel. mocobue amns By30B. — Mu.: BI'YHUP, 2001. — 124 c.

3. Hecrepenko b.K. MHterpanbHbie onepannoHHble ycunurenan: CrpaBoyHOE MOCOOHE MO
npuMeHeHuro. — M.: Dneprousgar, 1982. — 80 c.

IMPUJIOXEHHUE
Tabmuma I1.3.1

PaBHOMEpHO pacnpeeneHHbIe Clly4aiiHbIe YUCIIa

2780 9463 6244 5965 1755 2291 6041 2291 6040 2285
5997 1983 3885 0409 2865 0059 0415 2908 0361 2529
7703 3927 7494 7212 0698 4889 4292 9607 7252 0770
5396 7774 4423 6731 7128 9840 8886 2202 5419 7938
6568 8978 2849 9632 7426 1985 3900 7302 1614 7804
4628 2401 6811 3764 6354 4484 1391 9740 8185 7301
1112 1778 4518 1419 9939 9577 7041 9289 5026 5185
6299 4097 8681 5374 7619 3335 3347 3433 4031 8221
7549 2844 9910 5596 9175 4230 9616 7313 1195 8369
8589 0124 0871 2721 9053 3372 3606 5246 6723 7065
9456 6194 3359 4628 2397 6785 7499 2498 7489 2425
6977 8842 1900 3119 1837 2863 0042 0294 2058 4409
0866 6068 8481 1601 1211 8483 9381 5670 9691 7838
4870 4096 8674 5072 5504 8530 9716 8016 6118 2827
9791 8537 9761 8323 8265 7858 5012 5090 5633 9434
6038 2267 5872 7775 4430 1016 7113 9793 8556 9895
Tabnuua I1.3.2
3nauenus kpurepusi Koxpena npu noBeputenpbHoi BeposiTHoCTH ¥ = 0,95
_ fi=n—1

SH=N 1 2 3 4 5 6 7 8

4 0,77 0,68 0,63 0,59 0,56 0,54 0,52 0,50

8 0,52 0,44 0,39 0,36 0,34 0,32 0,30 0,29
12 0,39 0,33 0,29 0,26 0,24 0,23 0,22 0,21
15 0,33 0,28 0,24 0,22 0,20 0,19 0,19 0,17
20 0,27 0,22 0,10 0,17 0,16 0,15 0,14 0,14
50 0,11 0,09 0,08 0,07 0,06 0,06 0,06 0,05
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Tabmaua I1.3.3

3HaueHus kputepus CThIOIEHTA PU JOBEPUTEIBHOU BeposiTHOCTH = 0,95

f=Nm»-1) |t f=Nn-1) |t f=Nn-1) |t f=N@»-1) |t
2 4,30 10 2,23 24 2,06 60 2,00
4 2,77 12 2,18 28 2,05 120 1,98
6 2,45 16 2,12 32 2,04 250 1,97
8 2,31 20 2,09 40 2,02 0 1,96
Tabmnuua [1.3.4
Kputnueckue 3Hauenus kputepus Ouiliepa npu 10BEpUTEIbHON BeposiTHOCTH ¥ = 0,95
_ fi=N-d
L= Ne-D 2 3 4 5 6 7 8
2 18,51 19,00 19,16 19,25 19,30 19,33 19,35 19,37
4 7,71 6,94 6,59 6,39 6,26 6,16 6,09 6,04
8 5,32 4,46 4,07 3,84 3,69 3,58 3,50 3,44
12 4,75 3,88 3,49 3,26 3,11 3,00 2,92 2,85
16 4,49 3,63 3,24 3,01 2,85 2,74 2,66 2,59
20 4,35 3,49 3,10 2,87 2,71 2,60 2,51 2,45
30 4,17 3,32 2,92 2,69 2,53 2,42 2,34 2,27

Taomuma I1.3.5

BapuanTs! 3a71aHuii 17151 BBIOJTHEHUS SKCTIEPUMEHTAIBHON YacTu 1abopaTopHOi paboTh! Ne3

Howmep BapuanTa 1 2 3 4 5 6 7 8
AR1/R1, % 10 10 10 10 5 5 5 5
AR2/R2, % 10 10 5 5 10 10 5 5

AKoy/Koy , % 10 5 10 10 5 10 5

Ilpumeuanue. B tabn. I1.3.5 3Haku + MpU OTHOCUTENBHBIX OTKIOHEHUSX MMapamMeTpoOB s

IMMPOCTOTEI 3aIIUCHU OITYIIICHBI.
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