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Mpeancnoeue

1 MOOATOTOBIEH 3akpbITeiM akUMOHEPHLIM 00LLecTBOM «Hay4yHo-MccnenoBaTenbCKUA LLEHTP KOHTPO-
N U OMarHocTuku TexHudeckmux cuctem» (BAO «HWL KO») Ha ocHoBe coBCTBEHHOro neperofa Ha PYCCKUM
A3bIK aHIMOSA3bIYHOW BEPCUMM CTaHAapTa, YKa3aHHOro B NyHkTe 4

2 BHECEH TexHW4YeckMmM KOMUTETOM Mo cTaHaapTtusaumm TK 125 «[puMeHeHue cTaTUCTUYEeCKUX
MeToa0B»

3 YTBEPXIEH VI BBEMEH B JEWCTBWE MMpukaszom denepanbHOro areHTCTBA MO TEXHWUYECKOMY
perynnpoBaHnio U MmetTponorumn ot 27 ceHtabpa 2023 r. Ne 968-cT

4 Hacrosawmi cTaHgapT MgeHTu4eH mexayHapogHomy ctaHgapty MCO 16337:2021 «MpuMmeHeHmne cTa-
TUCTMYECKUX METOOO0B K HOBLIM TEXHOMOIUSAM WU npoLeccy pa3paboTku npoaykuuu. PobacTHoe NpoekTMpoga-
Hue gonyckoe (RTD)» (ISO 16337:2021 «Application of statistical and related methods to new technology and
product development process — Robust tolerance design (RTD)», IDT).

MCO 16337:2021 paspaboTtaH TexHudeckum komutetoM TK 69 «[puMeHeHue CTaTUCTUYECKUX MEeTOo-
4oB» MexayHapogHOW opraHu3aumm no ctaHgaptusauum (MCO).

HanmeHoBaHMe HacTosILLero ctaHgapTa M3MeHeHO OTHOCMTENbHO HauMeHOBaHWA yKasaHHOro mexay-
HapogHoro craHaapTta anga npuesegeHus B cooteetcteue ¢ FTOCT P 1.5—2012 (nyHkT 3.5).

MpW NPUMEHEHUM HACTOALLEro cTaHAapTa PEKOMEHAYETCH UCMOMNb30BaTh BMECTO CChINMOYHbIX MEeXay-
HapOOHbIX CTAHAAPTOB COOTBETCTBYOLME UM HALMOHANBHbLIE CTAHAAPTLI, CBEOEHUSI O KOTOPLIX NPMBEAEHLI B
OOMNOMNHUTENBHOM npunoXxeHn A

5 BBEJEH BINEPBbIE

lNpasuna npumMmeHeHUss HacmosAweao cmaHodapma ycmaHoeeHbl 8 cmambse 26 @edepanbHOz0 3aKoHa
om 29 uwoHA 2015 2. Ne 162-03 «O cmaHdapmu3sauuu e Pocculickoll ®@edepayuu». VMHpopmayus ob us-
MeHeHUSX K HacmosuweMy cmaHO0apmy nybrukyemcs 8 exez00HOM (0 COCMOSHUK Ha 1 AHeaps meKyuwieao
200a) uHghopmayUOHHOM ykazamene «HayuoHansHele cmandapmely, a oguyuanbHbil Mekcm uamMeHeHul
U onpasgoKk — 8 EXeMeCHYHOM UHGhOpMauUOHHOM ykazamene «HayuoHanbHbie cmaHdapmel». B cnydyae
nepecMmompa (3aMeHbl) unu omMeHbl Hacmosueao cmaH@apma coomeemcmayouwee ygedomMneHue bydem
onybnukosaHo 8 bnuxaluweMm 6binycKke eXeMecsyHo20 UHPOPMayUOHHO20 ykaszamesns «HauyuoHanbHble
cmaHOapmbi». Coomsemcmayoujasa UHGopmayusi, yeedoMIeHUe U MEeKCmbl pa3Mewaomcs makxe 8 UH-
hopmayUoHHOU cucmeme obueao nonb308aHuss — Ha oguluanbsHoM calime QedepanbHo20 azeHmemea rno
MexHUYECcKOMy peaynuposaHuro U Memponoauu 8 cemu MHmepHem (www.rst.gov.ru)

© IS0, 2021
© OdpopmneHue. ®IBY «MHcTUTYT cTaHgapTuzayuuy», 2023

HacTtodawwmin ctaHgapT He MOXET ObITb MOMHOCTLIO UMK YACTUYHO BOCMNpOMU3BeEJEH, TUPaXXMNpOoBaH U pac-
NMPOCTpaHeH B Ka4vecTBe OCbMLI,VIElJ'IbHOFO n3naHua bes pa3peleHunsa ¢e,qepaanoro dreHTCTBa no TeXHN4eckKo-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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FOCT P UCO 16337—2023

BeegeHue

PaszpaboTtunk 0bbIuHO onpefensaeT TpeboBaHUS K NPOAYKL MW U NepedaeT UX B MPOU3BOACTBO ANS UCMONb-
30BaHWA Npu Ma3rotoBrneHun. TpeboBaHua K NpoayKLMK, NpegyCMOTPEHHbIE MPOEKTOM, BKMOYaT HOMUHAamMb-
Hbl€@ 3HaYeHUA N 4OMYCKW Ans COCTABHbIX YacTel W/unn anemMmeHToB Npoaykumn. OnTMManbHble HOMUHanNbHbIE
3Ha4YeHWs napaMeTpoB obbeKkTa onpenensaoT ¢ NOMOLLbID poBacTHOrO NapaMeTpPUYecKoro NPOeKTUPOBaHUS
(RPD), a onTMManbHble OONYCKU ONpeaenstoT ¢ NOMOLbo pobacTHoro npoekTrupoBaHusa gonyckoe (RTD).

Crauana npumensitoT RPD B cooTteeTcTBUM ¢ MCO 16336, a 3atem — RTD. B RPD oCcHOBHble ¢hakTopbl
LUyMa UCNONb3YOT ANs OLeHKM pobacTHOCTW, U3MEPSIEMOIN OTHOLLEHWEM CUTHaN/LyM, KOTopoe NpeacTaBsnsaeT
W3MEHUYMBOCTL NMoKalaTernen npogykumMu. 3To Mepa ConocTaBneHusi pobacTHOCTU MO YPOBHSIM YNpaBAsOLLMX
chaktopoB. RPD onpegensier kKoMBMHaLMIO 3HAYEHWIA NPOEKTHBIX NapamMeTpoB 00bekTa Kak OnTMManbHoe yc-
noeve RPD, nozBonstowiee MMHUMM3MPOBaTL M3MEHYMBOCTb, T. €. MaKCUMW3UPOBaTb pobacTHOCTE 0bbekTa.

B cooTtBeTcTBMM C HacToAw MM cTaHgapToMm RTD npegctaenset cob6oil MeTod Beibopa cTeneHu OTKIIoHe-
HWA NapaMeTpOB COCTABHLIX YACTEN U 3NEMEHTOB 0OBLEKTa C TOUKM 3PEHUSA N3MEHYMBOCTU NPU ONTUMATNBHOM
ycnoeum RPD, T. e. KOMBMHALMW ONTUMANbHbLIX HOMUHAMBHBIX 3HAYEHUI KOHCTPYKTUBHLIX NapaMeTpoB. Ecnu
W3roTOBMNEHHAA MPOOYKLUMUS UMEET OTKMOHEHWUS OT pacyeTHbIX HOMWHAIbHbBIX 3HA4YEHWW, BbIXOQ MPOAYKLUMU
OyOeT OTKNOHSATLCHA OT MPOEKTHOro 3HadeHusa. OTKNOHeHWe NMPOEKTHOro napamerpa AOMKHO OblTe MeHbLue
npegycMOTPEeHHOTo MPOeKTOM Npedena NorpeLHocTy, YTobbl BbIXo NPoayKUUKM ocTaBarncs B npegenax npeg-
YCMOTPEHHOM M3MeH4YMBOCTU. [M03TOMY Ha NpoeKTHble NapamMeTpbl HeoDX0AUMbI LOMYCKU.

MpoekTupoBaHne 0bbeKTa MOXET BbiTh 3aBEpLUEHO NYTEM YCTAHOBKMU ONTUMAanbHbIX NPeaenoB norpeLu-
HOCTMW Ha NPOEKTHLIe NapamMeTpsl ¢ nomolslo RTD. Oxvaaemoe OTKNOHEHWE BLIXOO0B NPOAYKLUM, M3roTOB-
TIEHHOW C OTKMOHEHWUAMMW B COCTABHbLIX YaCTAX W 3NeMeHTax, MoxXeT BbiTh oueHeHo ¢ nomows RTD. MNMocne
ncnone3osaHus RPD ansa onpegeneHns Habopa onTMMarnbHbIX 3Ha4YeHWA MapamMeTpoB NPOeKTUPOBaHNA C Le-
TNbK0 NPOBEPKMK TOTO, ABMASIETCA MU OLEHEeHHas N3MEHYUBOCTbL MeHbLUEe LieneBon AMCnepcun npyu onTUManbHOM
ycrnosun RPD, ucnoneaytt RTD.

MeTton RPD moxeT BbITh MCNONL30BaH ANS YCTAHOBNEHWUS ONTUMANbHBIX HOMUHAMbHbIX 3HAYEHUIN KOH-
CTPYKTMBHBIX NapamMeTpoB Be3 yBenuueHus MpOM3BOACTBEHHLIX 3aTpaT, B TO BpeMs kak meton RTD TecHo
CBS3aH C NPOW3BOACTBEHHLIMY 3aTpaTamun. MeHbluMe AoMyCcKU, 03Ha4YalLWmue UCNonb30BaHNE BbICOKOTOYHBIX
COCTaBHLIX YacTel M 3aNeMeHTOB, MPMBOAAT K 6onee BbICOKMM 3aTpaTtam, M HaobopoT. [1ns 3aBeplueHns npo-
eKTMpOoBaHMs 0ObeKTa paccMaTpuBalT CTOMMOCTb €ro M3roToBneHus. [na npeobpasoBaHns NPenMyLLEeCTB,
NMonyYeHHbIX BCNeAcTBME YryUlleHUs KauecTBa, B JeHEXHYI0 CYMMY, Kak W 3aTpaT, MCNOoMNb3YT OYHKLMIO No-
Tepb KayecTBa MeToaa TaryTu.

3aTpaTbl Ha ynyJlleHWe 1 Bbiroga OT yNy4dleHWs KadecTBa oMKkHbl 6biT cbanaHcnpoBaHbl Npu onpe-
aenenun gonyckoB. Metogbl RPD u RTD BmecTe obecnedmBaT 3KOHOMUYECKH 3hPekTUBHbIA cnoco® onTu-
MU3aLMM KOHCTPYKLMK oObeKTa.

Ecnu RPD He moxeT obecnequntb M3MEHYMBOCTL NPOAYKUMM MEHbLLE LIeneBoi, JOMNYCKM Ha NapameTpsl
KOHCTPYKUWUWU YMEHbLLIAKT A5 CHMKEHWUS M3MEHYMBOCTU, HO CrieayeT y4YUTbliBaTb: MeHbLUWE OOMYCKU NPUBO-
OAT kK Bonee BLICOKMM 3aTpatam.

OpHako, ecnu RPD moxeT obecneunTs N3MEHYMBOCTL MPOAYKLMKM, CYLLECTBEHHO MEHbLLUYIO, YeM Le-
nesasi, AOMYCKM NapamMeTpoB KOHCTPYKUWMW YBENUYMBAKOT AMNS CHWKEHWA NPOW3BOACTBEHHLIX 3aTpart, Takum
obpaszom, bonbLune JOMYCKM NPUBOAAT K CHUXEHMWIO 3aTpaT.

MpoOyKuws, N3roToBneHHasa ¢ ONTUMarnsHbIMW HOMWHAMNBHLIMU 3HAYEeHUSMU KOHCTPYKTUBHbLIX napamMe-
TPOB W ONYCKaMK Ha HUX, YCTOMYMBA K BO3OENCTBUIO (DAKTOPOB LUyMa B YCIOBUAX 3KCNnyaTauuu nocne oT-
rpy3ku. PobacTHasa npoaykLusa CBOOUT K MUHUMYMY NOTEPM Nonb3oBaTtens BcnencTene AedeKToB, OTKA30B U
npobnem ¢ Ka4ecTBOM.

v
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

CratucTuyeckne metoabl
NMPUMEHEHUWE K HOBbIM TEXHONOTMAM U MPOLIECCY PA3PABOTKW NPOOYKLUN

Po6acTHoe npoekTupoBaHue gonyckoB (RTD)

Statistical methods. Application to new technology and product development process. Robust tolerance design (RTD)

Oarta BeegeHna — 2024—03—01

1 O6bnacTb NnpUMeHeHUs

B HacToslem cTaHaapTe yCTaHOBMNEHO PYKOBOACTEO MO NpUMeHeHUo pobacTHOro NpoeKTUpoBaHuUs Oo-
nyckos (RTD), ocHOBaHHOMO Ha NPUMeHeHUW MeToaos TaryTui, obecneyvBaiollee 3aBeplleHUe NpoeKTMpoBa-
HUS NPOAYKUUN.

MpumeyvyaHne 1 — RTD npuMeHAOT K LENeBOW MNPOAYKUMK NS YCTAHOBMEHWA ONTMMAalbHbIX OOMYCKOB Ha
KOHCTPYKTWBHbIE NapameTpbl BOKPYT UX HOMUHAMBHBLIX 3HavyeHud. Metog RTD BuISIBNSET BNUAHUE OTKIOHEHWUIA KOHTPO-
NUpyeMbIX NapameTpPOB KOHCTPYKLMW Ha BbIXOAHbIE MoKa3aTenu npogykumMy 1 oLeHBaeT obLlee OTKNOHEHME BbIXOAHbBIX
[OaHHbIX NPOAYKLUMW NPy M3MeHeHun aonyckoB. Takum obpasom, RTD obecneunBaeT LeneBy N3MEHYUBOCTL BbIXOAHBIX
napameTpoB C TOYKWU 3pEHMA pOBACTHOCTW, M3rOTOBMEHUSA U CTOMMOCTW.

MpumedyaHnune 2— [onyck npeacraenaet cobon MakcumarnbHO A0NYCTUMYHO NOTPELUHOCTb 3Ha4eHWA KOHCTPYK-
TMBHOIO NapameTpa B NPOM3BOACTBEHHOM Mpouecce. B noeansHOM MUpe COCTaBHbIE YaCTM U 3MEMEHTHI Kaaoro oob-
eKTa UMET HOMUHAMbHbIE 3HAYEHWA KOHCTPYKTUBHBLIX NapameTpoB. OgHako hakTU4ecKoe Npou3BoaCTBO HE MOXET BOC-
NMPOW3BOAWNTE TOYHBIE HOMUHANBHBLIE 3HAYEHUS KOHCTPYKTMBHLIX NapaMeTpoB AnA BCer npoadykuun. PeanbHble o6bekThl
WUMEIDT OTKNOHEHMS B 3HAYEHWAX NApaMeTPOoB UX COCTABHBIX YacTel 1 anemMeHToB. [peanonaraeTcs, YTo 3TV OTKNOHEHWS
HaxoasaTcA B Npefenax YCTaHOBMNEHHbLIX OOMYCKOB.

2 HopmaTtuBHbIEe CChINKK

B HacToslem cTaHgapTe MCNoNb30BaHa HOpPMaTWBHAA CChINKa Ha cneaywLwnin cTaHaapT [Ansa gaTtmpo-
BaHHOWM CChINKU NPUMEHSAOT TOMNbKO YKa3aHHOE M3[aHue CChINMTOYHOro cTaHgapTa, AnA HegaTtupoBaHHOW — Mo-
cnepHee uzgaHue (BKNKOYas BCe M3MEHEHUsA)]:

ISO 16336, Applications of statistical and related methods to new technology and product development
process — Robust parameter design (RPD) [lpuMeHeHue cTaTUCTUYECKUX METOAOB K HOBLIM TEXHOMOTMUAM U
npoueccy paspaboTku npogykuun. PobacTHoe napameTpuyeckoe npoektuposaHue (RPD)]

3 TepmuHbI 1 onpegeneHns

B HacToswwem cTaHgapTe npumeHeHbl TepmuHbl no MCO 16336, a Takke crnegyroLline TepMUHBI C COOT-
BETCTBYHOLLUMMM ONpeaeneHnamu.

MCO 1 M3K BenyT TepMmuHonoruyeckue 6asbl JaHHbLIX NS UCNONb30BaHUA B 06nacTv cTaHgapTy3aymm
no criegywLwum agpecam:

- nnatcopmMa oHnaiH-npocmoTtpa MCO: noctynHa no agpecy: http://www.iso.org/obp;

- Onektponeama M3K: goctynHa no agpecy: http://www.electropedia.org/.

3.1 ponyck (tolerance): PasHocTb MeXay BEPXHEN W HWKHEW rpaHnuamn TpeboBaHuii.

3.2 pobacTHoe npoekTUupoBaHue gonyckos; RTD (robust tolerance design RTD): Cnocob yctaHoBsne-
HUS ONTUMAanbHLIX JOMYCKOB C TOYKU 3peHns pobacTHOCTKU, M3rOTOBMNEHUSI U CTOMMOCTM.

MapaHune ochbuumnansHoe
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4 PobGacTHOe NpoeKTUpOBaHMe AONYCKOB

4.1 O6wKMe nonoxeHUn

I'Io,qpaa,qenewe opraHuMzauyunun, saHrMMarLleecd NMpoOeKTupoBaHeEM NMpoayKUWK, KaK npaBnno, onpene-
naeT U nepefdaet TDEGOBEHMQ K npoaykuun, T. €. HOMWHarnbHbI€ 3Ha4Ye€HUA WM OOMYCKW Ha KOHCTPYKTWUBHbIE
napameTpbl, B NMPON3BOACTBO. npOWE!BOJJ,CTBeHHbIe nogpasgeneHns Mcnonb3yroT paSpaGOTaHHble B npouecce
NMpoOeKTupoBaHMA Tp86OBaHMF| npu M3roToBneHUM npogykunin. Ecnu B TpeﬁOBaHMHX YCTaHOBIEHbl rpaHnlbl
3Ha4YeHUn KOHCTPYKTUBHOIO napametTpa B Buae (m + A), 3Ha4yeHe rnapameTpa X B Npon3BoACTBEHHOM MpO-
Lecce OOIKHO YOOBNETBOPATL crnefylemMy orpaHn4eHno:

m— ASxsm+A, (1)

rae mun A — HOMUHarnbHoOe 3Ha4YeHWe 1 ero AonycTumMmoe OTKNOHeHWe COOTBETCTBEHHO. B HacToswem cTan-
AdapTte pacCMOTpPEeH TONbKO CMMMETpVI‘-IHbIﬁ A cnyqaﬁl. B CUMMETPUYHOM Cry4Hae OrnuHa nornsd
O0nyCcKa paBHa 2A, a O0MnycTuMoe OTKIOHeHNne A cocTaBngeTr NONOBWHY ONWHBI NONA OO0NYyCKa.

Ecnu abconTHoe 3HadYeHWe KOHCTPYKTWMBHOMO napameTpa MNpeBblllaeT YCTaHOBMEHHYD O0MYCTUMYH
pPa3HOCTb A, M3MEHYMBOCTb BbIX0OOa NPOAYKLMK ByAeT COOTBETCTBOBATbL MPOEKTHBLIM XapakTepucTmkam 1 Tpe-
boBaHuaM.

Metog RTD ncnonb3yroT Npy NpoOeKTUPOBaHNKM ANS YCTAHOBNEHWSA ONTUMAarbHOIo 4ONYyCcKa 4NS Kax4oro
KOHCTPYKTUBHOTO NapameTpa W MU3roTOBNEHUs NpoayKuMu B COOTBETCTBUM C NPOEKTOM, YTO OLeHMBAaT Ha
OCHOBe 06L1ero OTKNOHEHWS BbIXOAHbIX MNapaMeTpoB Npoaykuuu. JonycTMMOe OTKITOHEHWE KOHCTPYKTUBHOMO
napameTpa — 3TO MakCcMMarbHO JOMYCTUMOE OTKIMOHEeHMEe napaMmeTpa OT ero HOMUHanNbLHOMO 3Ha4YeHus B Npo-
W3BOACTBEHHOM MpoOLEcce, U OHO TECHO CBA38HO CO CTOMMOCTbLIO M3roTOBMNEHMUsA NPoayKU UK.

OnTumaneHble HOMUHaMNbHEIE 3HAYEHUS KOHCTPYKTUBHbBIX NapameTpoB MOryT ObiTb onpedeneHsl ¢ no-
MolLLblo poBacTHoro napameTpuyeckoro npoekTnpoeaHus (RPD) ¢ namepeHnem pobacTHOCTU B BUAE OTHOLLE-
Hus curHan/wym [1]. HacTtoaTensHo pekoMmeHayeTcs BelbpaTh pobacTHylo MPoAyKUMo MyTeM YCTaHOBNEHUS
HOMMWHAambHbIX 3HAYEHWIA B KAYECTBE ONTUMAalbHbIX 3HAa4eHWi ¢ ncnons3oBaHmem RPD go npumenenna RTD.
MeTon RPD MOXeT onTMMU3MPOBaTh LEMNeBy NPOaYKLMIO 3a cyeT Bbibopa onTUManbHOW KOMBWHALMWK HO-
MWHarbHbIX 3HAYEHWN KOHCTPYKTUBHBLIX NapaMeTpPoB C TOYKU 3PEHUA U3MEHYMBOCTU BbIXOOHbIX OaHHbLIX NPO-
aykuunu 6es yBenuueHua zatpar [2].

Ecnun RPD He moxeT gocTudb Lenesoun uameHunsocTty, RTD ncnonb3yot And onpegeneHns BO3MOXKHbIX
OOMYCKOB AA OOCTMXEHUA LieneBoi U3MEHYMBOCTU Aaxe nNpu Bornee BLICOKMX 3aTpatax. MeHbLune Jonycku
NPUBOASAT K MEHbLLIER BapuabensHOCTH, HO 3TO TpebyeT MoAepHU3aLnn COCTaBHbIX YacTel U aNeMeHTOoB Mpo-
OYKLUMW, YTO NpMBOOUT K Bonee BbICOKOW CTOMMOCTK ee narotoeneHus. Metog RTD ncnonb3yoT ona uccneno-
BaHWs BanaHca Mexay Ka4ecTBOM NpoAyKLMW 1 3aTpataMu Ha ee yNny4dlleHue.

Haxe ecnu RPD obGecneunBaeT JOCTMXEHME LIEeNeBOro OTKMNOHEHWS, B HEKoTopbiX ciydasx RTD wc-
none3yT ANa onpefeneHns AOMYCcKoB, fnpesbillanwmx paccmaTpueaemble B RPD. bonblive gonycku os-
HavatoT DonbLyo BapvabensHoCTb, U, ecny yBenuydeHHasa BaprabenbHOCTb YOOBMNETBOPSET Lenesol Bapu-
abenbHOCTU, NPUMEHsANTCA Bonblune OOMYCKU, TaK Kak OHW NPUBOOAT K CHKEHMWIO 3aTpaT Ha U3roToBMNeHUe
npoayKuuu.

LUensio RTD aBnaetca AoCTMKeHWEe LeneBon M3MEeHYMBOCTW MyTEeM YCTaHOBNEHWS ONTUManbHbIX O0-
MYyCKOB C TOYKW 3peHnsi pobacTHOCTM, U3roTOBNEHWS U cToumocTu. Onsg atoi uenu RTD oueHvBaeT obLuyto
OUCNepcuio BbIXOOHBIX OaHHbIX CMPOEKTUPOBAHHOW MPOAYKUMWA, ecrn U3MEHSIeTCsl AOMNYCK KOHCTPYKTUBHOMO
napameTpa. OBy ANCNEPCUID MOXKHO OLEHUTEL HA OCHOBE AucnepcuoHHoro aHanuaa (ANOVA).

[Mpeanonoxmm, 4YTo 3Ha4YeHne X KOHCTPYKTUBHOrO napameTpa F okaabiBaeT nMHEWHOe BNUAHKWE Ha BbIXOa-
HOW nokasaTenb Npogykuun y [cMm. pucyHok 1a)]. Ecnu gonyctumoe oTKNoHeHue x B napameTpe F paBHo Ap = A,
pacnpefeneHue OTKNOHEHW F BNMAEeT Ha BbIXO4HOW noka3aTtens y B pa3mepe BA. Ecnv gonycTumoe oTknoHe-
Hue A napameTtpa F ymeHblIaeTcsi 4O HOBOTO AOMYCTUMOrO 3Ha4eHusa Ay = AA [A < 1 Ha pucyHke 1a)], BnusiHue
OTKNOHeHus A napameTpa F Ha BbIXOQHOW MoKasaTenb NPOOYKUMU CHUXaeTca Ao APA, a avcnepcus y Beneg-
CTBWE OTKMOHEHWS A napameTpa F yMeHbLIaeTCs OT TeKyLero sHadeHus aucnepcun Vep A0 HOBOTO 3HAYeHUs
avcnepcun Ve = 22 Vep. B pesynerate obwas gucnepcusi Bbixoaa y ymeHbliaetcs ¢ Vop 4o Vo [pucyHok 1b)].

Hosyto 06uwyto ancnepcuio Vo MOXHO OUEHUTL Mo hopmyne

- =52
Vin = Ven + Ve = AVep + V,, (2)
A
rne A =—N
Ap
2
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= +fX
Vi y=a+f o—> Ao
1
<]
[-=H al
Yo L |=1¥ Vep
Ven
EXy v, 2
X
GL VTP VTN
m
a) JlnHeAHan 3aBMCMMOCTL OT X napaMeTtpa F 6} MameHeHWe obLleid oucnepcun

PucyHok 1 — BrnivsiHue U3MeHeHUs1 A 3Ha4eHKs1 KOHCTPYKTMBHOIO napameTpa F Ha o6y aucnepcuto

Ecnun gonyck KOHCTPYKTMBHOIO napameTpa yMeHbLIMMCS, T. . A < 1, BennyuMHa OTKNOHEHUS KOHCTPYK-
TUBHOTO NapamMeTpa CTaHOBUTCS MeHbLUe, 1 oblan gMcnepcns BeIXOAHbLIX AaHHbIX CHWKaeTcs. MeHbLwni go-
MyCK 03Ha4aeT, 4TO UCMONb30BaHbl MOOEPHU30BaHHbLIE COCTaBHbIE YACTW UMK 3NIEMEHTbI, MO3TOMY CTOMMOCTb
M3roTOBMEHWUS HOBOW KOHCTPYKLUMKN MOXET ObITh BbIlle, YEM Y CYLLECTBYHOLLEN.

Ecnuv gonyck KOHCTPYKTMBHOIO NapameTpa yBenuyueaeTcsd, T. €. A > 1, Benn4YnMHa OTKMOHEHUS KOHCTPYK-
TMBHOIO NapameTpa cTaHoBWTCs Gonblie, 1 obwas aucnepcus BbiXxoga Bo3pactaeT. bonblwivid gonyck o3Ha-
YaeT, YTO MCMOMb30BaHbl COCTABHbLIE YacTW UMK anemeHTbl Bonee HWM3KOro KadecTBa, MO3TOMY CTOMMOCTb
M3roTOBMNEHWUS HOBOW KOHCTPYKLMKN MOXET BbITh MEHbLUE, YEM Yy CYLLIECTBYIOLLEN.

MeTtog RTD cocTtouT U3 AByx 3Tanos.

1) NMpoBegeHune skcnepvmMmeHTa RTD: cbop gaHHbIX 0 paspaboTaHHOW NPO4YKUMM M aHaNW3 AaHHbIX AN
onpefeneHns 3aBUCUMOCTH BbIXOAHbLIX AaHHbIX MPOAYKUKMM OT KOHCTPYKTUBHBIX MapameTpoB.

2) OnpegeneHuwe gonycka: onpegeneHne oueHkn obLein gucnepcumn npu M3aMeHeHnn gonycka M cono-
CTaBneHue BNUAHUA TAKOro M3MeHeHWsA Ha KayecTBO C 3aTpataMu Ha U3MeHeHWue, onpegeneHne onTUMarnb-
HOro Jomnycka.

B npouecce akcnepumeHToB RTD cobupatloT BbIXOgHbIE AaHHbIE CNPOEKTUPOBAHHON NPOOYKLMMK, B KOTO-
pOW MMEKTCH OTKMOHEHWS] KOHCTPYKTUBHBIX NapamMeTpoB, M OLIEHMBaT 0611y AMCNEPCUI0 U ee 3aBUCMMOCTb
OT KOHCTPYKTMBHBIX MapameTpoB. [naH akcnepyvMeHTa Npu NpoeKTUpOoBaHMM UCNOMNB3YHT Ans cbopa AaHHbIX
NPy pasnuyHbIX KOMBWHaLMAX W3MEHEeHWUs] KOHCTPYKTMBHbIX napameTtpoB. Pesynetatel ANOVA nokaseiBaloT
BMUSIHME U3MEHEHUA KOHCTPYKTUBHLIX MapaMeTpPOB Ha BLIXOAHOW NokasaTtens Npoaykuun. BeixogHon nokasa-
Ternb NPOAYKLUM MMEET LeNeBy OUCNEPCUID C TOUYKNA 3peHMs poBacTHOCTW M3roTOBIEHWSA NPOOYKUMK.

B skcnepumeHTax RTD KOHCTpPYKTMBHbIE NapaMeTpbl BuibupatT B KadecTBe hakTtopoB wyma. dakrtop
lWymMa — 3TO 3KCMEepUMEHTanbHbIA hakTop, KOTOPLIA YYUTLIBAIOT B 3KCMEPUMEHTE C LIENbI OLEHKW ero u3-
MEHYMBOCTK. 3aTEM OLEHUBAKT OUCNEPCUID TTMHENHOTO BIUAHUS OTKMOHEHWUSI KOHCTPYKTUBHBIX NapamMeTpoB.

CnegyeT oTMeTuTb, 4YTo B RPD KOHCTPYKTMBHbIE MapameTphl SIBMAKTCSA yNpaBnseMbiMy pakTopamMu.
YnpaensieMblil (pakTop — 3TO 3KCNepPUMEHTanbHLIA aKTop, KOTOPLIA YUMTBLIBAOT B 3KCMEPUMEHTE C LIEMNb0
BblbOpa onTUManbHOIO YpoBHA dhakTopa. [poeKTUPOBLUMK MOXET 3aUKCMPOBATL HOMUHANbHbLIE 3HAYEHNUS
KOHCTPYKTUBHbIX MapaMeTpOB B COOTBETCTBUM C OMTUMAarnbHbIMKU 3HadeHnsamn RPD. OgHako npu npouvsBoa-
CTBe y NnapaMeTpOB COCTaBHbIX YacTel aMeMeHTOB 06bekTa HEM3MEHHO NOABATCA OTKINOHEHWS, NMOSTOMY pas-
paboTuuK He MOXeT YCTAaHOBWUTbL OTKITOHEHWE KOHCTPYKTMBHOMO napamertpa. PazpaboTunk MoxeT yCcTaHOBUTb
TONbLKO JONYCTUMYHK pa3HOCTb A B KayecTBe npefena OTKIMOHEHUA.

OTKMOHEHWSI KOHCTPYKTWUBHBIX MapaMeTpOB NPUBOOAT K MU3MEHYMBOCTU BLIXOAHLIX NOKa3aTenen npoaykx-
unn. Ecnn oTKNOHEHWE KOHCTPYKTMBHOIO NMapameTpa OKa3sblBaeT NMHEWHOEe BNUSHWE HAa BbIXOAHOW Mokasa-
TEmNb NPOAYKUUK, €ro AUCNEPCUA MOXKET BbiTh M3MEHEHA NyTeM NepeycTaHOBKN OOMNYCKa Ha KOHCTPYKTUBHBINA
napametp. JkcnepuMeHTbl RTD ncnonb3yoT Ana onpegenedns BKNagoB BIUMAHUA OTKIMTOHEHWI KOHCTPYKTUB-
HbIX MApamMeTpOB B BLIXOAHOM NMoKasaTternb NpoayKLuu.

Ha atane onpegeneHust onycka OLEHMBAKT AUCNEPCUID BLIXOOAHOMO NOKa3aTens NpoayKuMm Npu nepe-
yCTaHOBKE O0MNycKa, U pa3paboTuuk BblOMpaeT onTUMAanbHLIA A0NYCK AN JOCTUXEHUA LeneBoi gUucnepcum
BbIXOAHbIX AaHHbIX. OnNTUManbHbLIR JONYCK MOXeT BbiTh onpeaeneH Ha ocHoBe BanaHca kadecTBa W 3aTpar,
CBA3a@HHbIX C U3MEHeHneMm gonycka [3].
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4.2 3kcnepumeHT RTD

4.2.1 N'eHepauna OaHHbIX

OkcnepumeHT RTD mMcnonb3ykoT Ans onpefeneHvst NMMHEMHOro BIMAHUA KOHCTPYKTUBHbIX NapameTpoB
NPOEKTUPYEMOW MPOAYKUMK. MccrneayoT B3anMOCBA3b MEXAY BbIXOOHbIMWM AaHHbIMW NPOAYKLUWM W OTKITOHE-
HUAMW KOHCTPYKTMBHbBIX NapameTpoB. BbixogHble 4aHHbIe MOTyT ObiTh CreHepupoBaHbl TpeMsa cnocobamu:

1) ¢ ucnone3oBaHWEM TeOpPETUHECKOW HOPMYIILI;

2) Ha OCHOBE 3KCMEPVUMEHTOB C peanbHON NpPoayKuuen;

3) C NOMOLLBH UMUTALMOHHOIO 3KCNEPUMEHTA.

Ecnu nssecTHa TeopeTuyeckas B3auMOCBA3b MeX Y BbIXOOAHLIMW OAHHBIMW NPOAYKLUWUU N KOHCTPYKTUB-
HBIMW MapameTpamMu, BbIXOA4HbIE AaHHble MOryT ObiTb HEMOCPEACTBEHHO paccYuTaHbl ONs pasnNUYHbIX KOM-
OWHaUKMA 3Ha4YeHW KOHCTPYKTMBHBLIX napaMmeTpoB. Metog RTD npegnaraetr npumeHeHWe MHOregakTopHOrQ
nnaHa B Ka4eCTBe MMaHa 3KCNepuMeHTa AN reHepaLmmy BIXOAHbBIX AaHHbIX B pasnuyYHbIX KOMOWHaUUSAX YpOB-
HA 3KCnepuMeHTanbHbIX hakTopoB, Kak nokasaHo B npumepe (1) B paszgene 5. [ina aHanuaa 3aBUCUMOCTH
BbIXOOHbIX AAHHbIX NPOAyKUuK oT dpakTopoB ucnonbayoT ANOVA.

B atom cnyyae moxeT 6biTb NPpUMEHEH MaTeMaTuyeckMin aHanni. MaTtemaTn4ecknin aHanua cocTouT B
WCMOMb30BaHWM OLEHOK AUCMNepcUn cucTemMel NyTeM, HanpuMmep, pacnpocTpaHeHus BXOAHOW AuMcnepcuun no
CUCTEME C MOMOLLLK pasnoXeHu B pag Ternnopa yHKUWUA, reHEPUPYIOLLNX MOMEHTHI [4].

Ecnu moxeT GbITe CKOHCTPYMpPOBaHa peanbHasa Npogykuusl, €e MOXHO MCMoNb30oBaTh ANA IKCNepryMeH-
TOB, @ BbIXOAHble AaHHbIe MOryT BbiTb cOBpaHbl NOCPEeACTBOM (DaKkTUYeCcKoro akcnepumenTa. OgHako BO MHO-
rMX criydasix TPyAHO YCTaHOBWUTL Npejnonaraemble YPOBHWU OTKIOHEHUS KOHCTPYKTUBHbIX NapamMeTpoB B pe-
anbHOW NPOAYKUWMW, MOCKOMbKY YPOBHU LLyMa He NpefcTaBnsaeTcs BO3MOXHbIM KOHTPONMPOBAaTL B npeaenax
pacnpefeneHns OTKIOHEHUI KOHCTPYKTUBHbLIX NapameTpoB. B Taknx criydyasax MOXHO UCNoNb3oBaTe UMUTAL M-
OHHbIEe 3KCMePUMEHThI, KoTopble YacTo npumMeHaT B RTD. MNporpamma MogenvposaHua no3sonseT NonyynTs
BbIXOOHblE AaHHble NPOAYKLUMM, Kak NoKasaHo B npumepe (2) B pasgene 6.

4.2.2 TlnaH aKkcnepuMeHTa gnA cbopa gaHHbIX

OkcnepumeHT RTD ucnonbaytoT ansa cbopa BbIXOOHbIX AaHHBIX MPOEKTUPYEMOW NPOAYKL MW NPU pasnuy-
HbIX KOMBMHaLMAX KOHCTPYKTMBHbIX napameTpoB. CyllecTBYeT MHOFO KOHCTPYKTMBHbIX MapameTpoB, U And
CO34aHus paznuyHblX KOMOMHALWIA MCNOMNb3yT MHOroakToOpHbLIV NnaH akcnepumMeHTa. Lieneto akcnepumen-
Ta RTD aBnseTca onpeneneHne OCHOBHbLIX BO3AENCTBUIA 3KCNepuMeHTanbHblX dpakTopoB. [Ana cbopa gaHHbIX
B KayecTBe MHOrogakTOpHOro nnaHa sKCnepuMeHTa pekoMeHAYeTcsl MCNonb3oBaTk OPTOroHanbHbIA MnaH,
MOCKONbKY 3T0 3dheKTUBHLIN cnocob cbopa gaHHbIX akcnepumeHTa RTD.

OpTOoroHanbHbIA NNaH MOXeT YMEHbLIWTbL KOMMMYECTBO SKCMEPMMEHTOB MO CPaBHEHUK C MOMHbIM dhak-
TOPHbIM MSIAHOM AOS19 O4HOro W TOro e KonuyecTBa (DakToOpoB M OnpeaenuTb MakcumaribHOe KOMMYecTBO
chakTopOB B NNaHe ANs O4HCro U TOro e KonuvecTBa akcnepumeHToB. OCHOBHbIE BNusloWwMe hakTopsl MOryT
BbITE OLEeHEeHbI NpU yCroBMK cbanaHCcMpOBaHHOIO COMETaHUSA YPOBHENW Apyrix chakTopoB. Buibop opToroHans-
HOro nriaHa 3asUCUT OT Konu4yecTea (hakTopoB U UX ypoBHeWn [3].

Mpumep opToroHanebHOro nnaHa L,g nokasad B Tabnuue 1. MNpapam maccmsa MOryT ObiTe MPUCBOEHBI
CEMb 3KCNEPUMEHTAaNbHbLIX KO3(PULNEHTOB € TpeMs ypoBHAMU (B—H) n oguH koadduumneHT ¢ oByMs ypoB-
HAMU (A). CTpoku npencTaBnsloT cobor AaHHble aKcnepuMeHTa. Yucno B KaxaoW A4velike NokasbiBaeT ypo-
BeHb (pakTopa, ykazaHHoro B rpade. JKCnepuMeHT HU3KOro YpoBHA 1 crniegyeT NpoBOAMTL ANA KOMBUHALUK
ypoeHei cpakTopoB A1B1C1D1E1F1G1H1.

Ona RTD KOHCTPYKTUBHLIE NapamMeTphl NpUCBavMBaT rpadpam B KadecTee pakTopos wyma. [Ang oueHKu
TIMHEMHBIX M HEMWHENHBLIX BO3AEWCTBUIA (hakTopa Kaxablil (hakTop MMeeT No MeHbLUeln Mepe Tpu ypoBHsa. Oa-
HakKo, ecfn CBOWCTBO NPONOPLMOHANBLHOCTN O4EeBUAHO AN dhakTopa, 4OCTaTOMHO YCTaHOBKM ABYX YPOBHEN.
MepBoin rpade Tabnuubl 1 NnpucBanBaoT ABYXYPOBHEBLIA (haKTOp; B NOCNeAHen rpade nokasaHbl BbIXOOHbIE
AaHHbIE Y}, paccunTaHHble AN KOMBUHALWKM YPOBHEN (DaKTOPOB, yKasaHHbIX B A4enKax.

Tabnunua 1— lNpymep OPTOrOHANEHOTO MNaHa Lg U BLIXOOHBIX AaHHbIX

Homep rpadsl ; - 3 # " 6 ! 8 BbixogHble AaHHble
{cbakTopa) A B c D E F G H
1 1 1 1 1 1 1 1 1 Y1
2 1 1 2 2 2 2 2 2 Vo
3 1 1 3 3 3 3 3 3 Y3
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H?:):ET?:;?H ; : z ; Z i ; : BbIxogHble faHHble
4 1 2 1 1 2 2 3 3 Ya
5 1 2 2 2 3 3 1 1 ¥s
6 1 2 3 3 1 1 2 2 Ye
7 1 3 1 2 1 3 2 3 Y7
8 1 3 2 3 2 1 3 1 Yg
9 1 3 3 1 3 2 1 2 Yo
10 2 1 1 3 3 2 2 1 Y10
11 2 1 2 1 1 3 3 2 Y11
12 2 1 3 2 2 1 1 3 Y12
13 2 2 1 2 3 1 3 2 Y13
14 2 2 2 3 1 2 1 3 Yia
15 2 2 3 1 2 3 2 1 V45
16 2 3 1 3 2 3 1 2 Y16
17 2 3 2 1 3 1 2 3 Y17
18 2 3 3 2 1 2 3 1 Y18

B tabnvue 2 nokasaH npMMep ycTaHOBKM ypoBHen daktopoB ans RTD, B KOTOPOM BEPXHARA U HWKHSS
LOMYCTUMbIE PA3HOCTU OOWHaKOBbIe. YPOBHU (PaKTOPOB YCTAHABMMBAKT BOKPYT HOMWHANbHOIO 3HAYeHUsA m
Ha LWMPUHY ypoBHS d. HOMWHanbHOe 3Ha4YeHWe m ycTaHaBnMBaKT HA onTuManbHoe 3HadeHne RPD c Toukn
3peHua pobacTtHocTu. LLnpuHy ypoBHSA d ycTaHaBNMBAKOT UCX0Os U3 haKTUYECKOro CTaHAapTHOIO OTKIOHEHUS
KOHCTPYKTMBHOIO NapameTpa, ecliv OHO U3BECTHO.

Tabnuya 2— lNpumep ycTaHOBKKM ypoBHeN dpakTopos Ans RTD

dakrTop 1 2 3
A my —dy my +dy —
B mg — dg mg mg + dg
03 Me — dg Me me +dg
D mp —dp mp mg +dp
E mg — dg mg mg + dg
F me = dg mg mg + de
G mg = dg mg mg + dg
H my —dy my my +dy

Korga CbaKTH‘-IECKOE CTaHAapTHOe OTKIOoHeHWe G, OTKMOHEeHWA KOHCTPYKTUBHOMO napameTpa TOYHO He-

A
M3BECTHO, MOXeT ObITb npUMeHeHo nNpeanonoxeHne oy, = E

A
WM G, = —.

3

Ecnun n3BecTHbI (hakTM4eCKoe CTaHAapTHOE OTKMOHEHWE G, OTKNOHEHWS KOHCTPYKTMBHOTO NapaMeTpa u
LIMPWUHA YPOBHS d, YPOBHM (hakTOpOB yCTaHaBNUBAKOT HUXENpUBeAeHHbIM 06pasom.
dns aByxypoBHesoro paktopa d = o,

X1: nepBbIi ypOBEHb X4 = M — G,,

X2: BTOPON YpOBEHb X, = M + G,.
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3
Ona TpexypoBHeBoro caktopa d = \/;GX:

3
X1: nepBbIt ypoBeHb X =m—-d=m —\/;cx, (5)
X2: BTOPOM YPOBEHb X, = M, (6)

2 3
X3: TpeTuit ypoeeHb X3 = m+d = m+ EGX. (7)

Takum obpasom, ycTaHOBKa ypoBHA )akTopoB onpegensier oueHeHHyro ancnepevio 62 yi BbIX0Aa ¥, BbI-
3BaHHYI0 NMMHENHbLIM BAUSHWEM OTKIMOHEeHUs dakTopa, paBHon B2 , rae B — ko3 PUUMEHT NUHENHON 3aBK-
CUMOCTHM ¥ = BX MeXay BbIXOOOM Y 1 BXOAOM X.

Ecnn y,(: =1, n,j=1, ..., r) npeacrtaensaeT coboi pe3ynbTaTt j-ro 3KCnepumMeHTa B I MOBTOPEHMUAX
Ha i-m ypoaHe X;B N ypOBHFlX cpaKTopOB NVHEWHbIA KO3 dPHUUMEHT B 1 CyMMYy KBagpaTOB NMHENHOro BO34ew-
CTBWS SB BbIYMCIIAIOT CNEAYLW MM obpasom:

2 2 (x = X)y; - ¥)

B= = ; (8)
ry (x; - XY
i=1
n r -
22 =Ry -7 .
sy =L =Y (% - %)% B (9)
rZ(xJ —x)2 1=

[na nByxypoBHeBoro aktopa A ¢ ypoBHAMU X4 = X—dwu Xy = X + d cymMMma KBagpaToB NUHEAHOTO BMNu-
AHWA SB uMmeeT BVI,D, SB = r-2d2p2. Ecnu nuHeitHoe BRusiHne hakTopa A SIBNSETCS 3HaUUTENbHBIM, Sﬁ npubnu-
XEHHO paBHa 2rcsyf, rae 2r o3HadyaeT KONWMYecTBO 3NeMEHTOB AaHHbIX, a cfd — OWCMEPCUI0 Kaxaoro 1n3 HUX.
Ecnn wwvpuHa ypoBHa d iMeeT 3Ha4eHune o,, To S[s =2rPpe = 2r62[32 = 2rcs . B Takom cnydae aucnepcusa G2
BbIXOAa ¥, Bbi3BaHHAs NUHENHBIM BJ'IMFIHI/EEM OTKMOHEeHUs dakTopa, anHMr\naeT BUg Gf, = BZGZ

[na TpexypoBHeBoro caktopa B ¢ ypoBHAMM X, = X—d, Xy = XK Xq = X + d cymMa KBagpaToB NUHENHO-
ro BNWAHUA SB MMeeT Bua SB = r - 2d?p2. Ecnn nuHeiiHoe BnusiHWe hakTopa SBMSETCA 3HAYNTENbHbBIM, SB

NPUONMXKEHHO paBHa 3rdy,, roe 3r o3HavaeT Konu4ecTBo 3f1ieMeHTOB AdaHHbIX. Ecriv wupuHa ypoBHSA d cocTas-
3 3

nsaet \/;Gx, S =2rd B =2r — 2 2
3BaHHaA NUHENHbLIM BNUAHWEM OTKINOHEeHUs hakTtopa Wwyma, NpuHUMaeT Bua 0 Bzdi,

4.2.3 OucnepcUOHHLIA aHanNu3

ANOVA vcnone3yoT gns onpefeneHusl MMHEAHOTO BNUSHUA (DAaKTOPOB Y COOTHOLUEHUS UX BKMAZOB B
06Uy gucnepcuo.

Buiuucnenna ANOVA ana opToroHansHoro nnada L,g NpeactaBrneHbl HMKenpuseaeHHsIM 06pasom.
O6was cymma KBagpaToB MMeeT CreayoLwnin Bug:

yl

B2 = Srcsiﬁz = 3r02(. B Takom cnydae gucnepcus oi, BbIXO4a Y, Bbl-

18 2
18 g A8 ;y,-
ST:_Z(V;'—V) :ny ~~g (10)

OSLIJ,yFO CYMMY KBapaToB pa3fenAalT Ha CyYMMbl KBagpaToB S.', NMHENHOro BIMSAHUS Kaxgoro dDBKTOpa
1 Ha CyMMY KBagpaTtoB Se owmnbkn cnegyrowmm OSDESOMZ

St=Sa+ Sp+ Sgy* Spy+ Sgyt S+ S+ Syt S, (11)
6
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ﬂﬂﬂ BbIHYMCINEeHUA BIMNAHWNA CbaKTOpOB BbIHUCNAKT CYMMY OaHHbIX O5A KaXO0ro ypoBHA dDaKTOpa.'
Yar=Yit Yot YVat Vot Yst Vet V7t Vet Yo
Yoo = Y10t Y11 * Va2 ¥ Yzt Vaat Yis H Yie * Va7 + Vi

Ye1= Y1t Y2t Y3t Vit Yt Va2

YB2=Ya* Vst ¥et Vi3t Y14t V15

Yea=Yr Vgt Yot Vig* Vi7t Vag

YH3 = Y3t Yat Y7+ Y12+ Yiat Va7 (12)
B Ta6ﬂV|L|,e 3 npuBeeHbl paCcCiUTaHHble CYMMbl OaHHbLIX.

Tabnuya 3 — CyMmbl AaHHBIX M8 KaxXQ0ro YpoBHs dhaktopa

CyMmMa AaHHbIX
dakTop
YpoeeHsb 1 YpoBeHb 2 YpoeeHb 3
A Y1 Yo —
B YB1 YB2 YBS
C e Yo Yes
D YD‘I YDZ YD3
E yE1 YE2 YES
F YF'l YF2 YFB
G Va1 V&2 Y63
H YH‘I YH2 YH3

[na oByxypoBHeBoro daktopa (A):
OCHOBHOe BnusiHMe aktopa A:
2 2 2 2
_YatYar (Mar+Yao)” (Va1 —Yao) (13)
9 18 18
[nsa TpexypoBHeBoro paktopa (Hanpumep, B):
BIUSHWE KaX0ro TpexXypoBHEBOro haktopa pasgeneHo Ha [Be 4acTu: NMUHEWHbIA YneH U KBagpaTud-
HbIA YNEH.
Ob6wee BnusiHve daktopa B:

Sa

2 2 2 2
_ Y +YE +Yes  (Ye1+Yea +Vea3)

S 14
B 6 18 (14)
JNnHeHbIN uneH Sy, 1 KBaApaTUYHLIA YNeH SBq:
2 2
S = [(—1)-YB1 +0-YB2 +'E-YB3] _ [(—1)-YB1 +D-YBQ +1'YB3:|
Bl — = ¢
6-[(—1)2+02+12] 6-2
2 o (15)
S _[1YB1+(_2)Y82+1YB:3] _[1YB1+(_2)YBZ+1Y83]
Bg = = .
6:[ 17+ (-2 + 7] 6-6
Cnegytollee cOOTHOLWEHWE HEOOX0AWMO ANt MPOBEPKX BEIYMCIIEHUN.
Sg =S+ SBq- (16)

BrivsHue dakTopoB Takke paccunTbiBaOT ANs OAPYIMX TPEXYPOBHEBLIX thakTopoB — dhakTopoB C—H.
Pesynkrathl pacuetos ANOVA nprueegeHsl B Tabnvue 4.
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Tadtnuua 4 — Pesyneratel pacyetoB ANOVA

MCTOYHMK f SS v
A 1 SA VA
B/ 1 SB! VB!
Bg 1 SBq VBq
Cl/ 1 Sgy Ve,
Cq 1 SCq VCq
DI 1 Spy Vi,
Dq 1 SDq VDQ
E/ 1 SE.' VE!
Eqg 1 SEq VEq
Fl 1 SF.’ VF.'
Fg 1 SFq VFq
G/ 1 Sai Vg
Gg 1 SGq VGq
H!/ 1 SHJ VHI
Hg 1 SHq VHq

2 Se Ve
T 17 S:

Ecnv nuHenHbIi YneHd daktopa MeHblle, YeM YneH ownbkn, ero o6beguHAT ¢ BNUAHMEM OLLMBKA.

Ecnu kBagpaTtu4Hblin Yned daktopa man no cpaBHeHWIO C NMMHENHbIM YIEHOM M COMOCTaBUM G YMNeHoM
OWWOKK, ero o0beaUHAIOT C BNUAHUEM OLLIMOKN.

Ecnu kBagpaTU4HbIA YneH (akTopa BenuK No CPaBHEHUID C JIMHEMHLIM UYIIEHOM, Ero He BKIYalT B
OLWKMBKY, TaK KaK OH MOXeT UMeTb 3aBUCUMOCTL Gonee BbICOKOro nopsaaka, Yem NuHeiHasa. [onyck atoro dak-
Topa He MoXeT 6biTb U3aMeHeH 6e3 OoNoNHUTENbHbIX UCCNEenoBaHUiA.

Ecnv nuHeiHble YneHbl Bcex dhakTopos Bonblie, Yem YneH ownbKkn, 1 Bce KBagpaTudHble YneHbl 06b-
eAVHEHbI C BNUAHWEM OLIMDKK, CyMMY KBaApaToB OWNGKN S, OLeHnBaloT crneayolmm obpasom:

Sg = St—(Spt Sg;t Sgyt Spyt+ Sgt+ Sgyt Syt Sy

(17)

Tabnuua 5— O6beanHeHHbIN ANOVA: NUHeNHbIE BNUAHWS (hakTOPOB U KO3 ULIMEHTLI UX BKNaga

MCTOMHMK f | SS v | s | p
A 1 Sa Vai Shi Pai
B/ 1 Sgi Va Sgi Pei
Cl 1 Sci Ve Sc Pci
D/ 1 Spy Vor So Poi
El 1 Sy Vel Se/ PE/
Fi 1 Skl Ve Sk PFi
Gl 1 Sar Var Sai Par
HI 1 Shi Vi HI PHi

9 Se Ve Se Pe
T 17 St v Pr
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Pesynbtupytowmin obbeanHeHHsln ANOVA nokasaH B Tabrnimuye 5. OH nokasbiBaeT NMHENRHbIE BAUSHUS
BCeX (haKTOpPOB, UX YWCTblE CYMMbl KBaApaToB W KoadduumeHTbl ux Bknaga. KoadduuneHTt Brknaga p, %,
npeacTasnsieT coboi oMo YNCTOW CyMMbl KBaApaToB S' BNUAHWS hakTopa No OTHOLUEHUIO K oBLei cymme
KBagpatos Sy

SI
p=—-1100. (18)
St

Ecnu npogykuua uMeeT KOHCTPYKTUBHLIN NapameTp B 1 o6Lyo cyMMy KBaapaToB BbIXOA0B Sy, YACTYHO
CYMMY KBaApaToB NMMHENHOr0 YneHa S'g, pakTopa B co cteneHbio cBoboab fy; = 1 1 YACTYO CyMMY KBaapaToB
OWNBKM S’ MOXHO OUEHNTb HUKENPUBEAEHHBIM 0BpasoM.

Hucraa cymma KBaapaToB NUHEMHOTo YneHa Sgj:

Sg1 = Sgi— fgy* Ve = Sgy— Ve €011 Sg; > V, (19)
L <
g, =0, ecnu S, = V..

Ecnu Sg, = V,, nuHeiHble uneHbl Sg, 06beanHAT B YneH ownbkn S,. Ecnv nuHenHble YneHbl hakTopos
06beanHAT B YneH owmnbkn, YMCno cTeneHein ceoboasl YneHa ownbkn f, usMeHseTcs, 1 AUCNepcuio ownbKN
nepecyMTLIBalOT NOCNe NPOBEPKU BCEX NMHENHbIX YneHoB dakTopoB. B Tabnuue 5 nokasaH cnydai, korga
MNMUHENHbIe YIeHbl Bcex (hakTopoB He 0O0beguHeHbI.

KoathdhmumeHT BKaga pg;, %, NnuHenHoro unexa Sk, haktopa B:

Si
pes = —2L.100. (20)
St
HacTb fg, - V,, cymmbl KBaapaToB Sg; 06beONHSIOT B YACTYIO CYMMY KBaApaToB OWnbKu S;.
YucTas cymma kBagpartos owmnbkn S

Sé = Se o+ fB‘l : Ve(fe + fBI) ' Ve. (21)

Ecnu aT1 BbMMCNEHMA BLIMOMHAKT AnNs Apyrux koadduumentos C—H, S', B koHEYHOM UTOre BLIYUCTSA-
0T crnegytowum obpasom:

Sg =S¢+ 2 fy || Ve =fr Ve =17 V. (22)
i=A,...H

B 3Tux pacyeTtax ucnonb3ayioT cneaywwmne dopMynb:
E[Vg] = cr% + 2rd2[3?= V, + Vg, (ana aByxypoBHEBOTO hakTopa);
E[Vg] = 626 + 6rd28%= V, + Vg, (ans TpexypoBHeBoro taktopa);
ElSgl =gV + VB = fg/Ve *+ Sgi:
E[Sy] = fr- 62 =fr* Vg (23)
i2p; =100 (%);
Z_ S/ = St,
!

rae NUHenHbIn Yned gaktopa B oueHWBaOT Mo WKWpUHE YPOBHA d, a CYMMUPOBaHWE C UHOEKCOM | 03Ha4YaeT
CYMMWpOBaHWe BCEX UYNEHOB.
Takum obpasom, koadhpuumMeHT BkNada NnuHerHoro unexHa dpaktopa B oueHuBaloT cnegyrowymM obpasom:
S Sg1 —V,
e
T il
Taieke oueHWBaT KOahdUUMEHThl BKNaga NIMHENHbIX YneHoB aApyrix daktopos. KoadduureHT Bkna-
03 KOHEYHOro 4neHa ownbk1 MMeeT Bua:

8 £V
Pe = ==-100 = =—=2-100 (%). (25)
¢ 8 St

PesynbraThl aTUX OLEHOK NpuBeaeHbl B obbeamHeHHoM ANOVA B Tabnvue 5, KOTOpPbIA MCNONb3yKT Ha
cnepywowem atane RTD.
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4.3 OnpegeneHue gonycka

4.3.1 OueHka obwen gucnepcuu Npu U3IMEHEHUW JoNnycKa

Ecnuv ponyck KOHCTPYKTUBHOIO napameTpa U3MeHEH, HoBasd obLuas Ancnepcus BbIXOAHbLIX AaHHbLIX NpO-
OYKUMM MOeT ObiTb OLUeHeHa ¢ ucnonb3oBaHuem obbegnHeHHoro ANOVA, npuBegeHHoro B Tabnuue 5.

Ecnu KOHCTPYKTVBHBIA NapaMeTp okasbiBaeT DOMbLUOE NUHERHOE BNUAHWE Ha BbIXOd, AONyCcTMMasn pas-
HOCTb KOHCTPYKTMBHOIO napameTpa MoxeT OblTb M3MeHeHa AnA npusedeHus obwen gucnepcuy B COOTBET-
cTBME C ueneson gucnepcumen. Ecnun koadduumneHT BKNaga NMHENHOro BRAMAHWA dpakTopa ABMSIETCA 3HaYuM-
MbIM, BMNUSTHAE WM3MEHEHWUHA ero OOoMnycka Ha pe3ynbraT Takke ABMNAETCS 3Ha4YMMbIM, NMO3TOMy HoBas obuian
OUCnepcus BbIXoO4a CUINbHO M3mMeHsaeTca. Takum obpasom, pakTopbl ¢ BonbLUMMKM KO3hULUMEHTaMK BKkNaga
MOryT ObITb MCMOMb30BaHbI ANS1 KOPPEKTUPOBKM 00OLLEel gucnepcumn.

Ecrv KOHCTPYKTUBHBLIM NapaMeTp He oKasblBaeT CyLeCTBEeHHOro BMWSHWA Ha BbIXOd, ero gonycrumas
pasHOCTE MOXeT ObiTh YBENMYeHa. BeinonHeHne atoro npueedeT k bonblueMy AoNycKy 1 Gonee HU3KOW CTou-
MOCTW COCTaBHOW YacTu unu anemeHTta. Ecnv oueHeHHaa HoBasi 0bLan oucnepcus He NpeBbILLaeT LeneBy
OVCNepcuio, JONYCK OAHOrO UMM HECKONbKUX (hakTOpoB MOXET ObiTb yBenuyeH. Takum obpazom, cakTopsbl
¢ HebonblWKMK KO3(hdMLUMEHTaMK BKraga MoryT ObiTb MCNOMNb30BaHblI AN KOPPeKTUpoBKK 3atpat. OKoH4a-
TenbHOe pelleHWe O AoNycKe MPUHUMAIDT Ha credylollem aTtane.

BoamoxHbI cuTyauuu, korga oueHka obulein gvcnepcun HeHadexHa, HanpyuMep: B TOM clyvae, Korga gonyck
CYLLIECTBEHHO yBENWYeEH Unu Korga akTop oKasblBaeT Ha BbiXog BnvsiHWe Bonee BeicoKoro nopsgka. B Takmx cny-
Yaax pekoMeHOyeTcsl NPOBeCcT NoOATBepXAatWwmn akcnepumeHT. Ecnm gonyck paktopa B yBenuunBaetca B A pa3s
(A > 1), nuHeitHoe BNnAHWe B yBenuuneaetcs B A2 pas, HO BAusiHWE Gonee BLICOKOrO nopsaka B moxet 6biTh yBe-
nuueHo ele Gonblue. KBagpaTtnuHoe BnvsiHve B, Hanpumep, yBenuuneaetca B A4 pasa. MoaTeepxaaloLwmii akcne-
PYMEHT MOXET ObITb NpoBefeH C NoMOoLLbK 3kcnepuMeHTa RTD. B cnyvae ymeHblienns gonycka (A < 1) acpdpekTh
Bonee BbicoKoro nopagka B moryT 6biTe yMEHbLUEHBI, MO3TOMY AMCNEepCUs OWNBOK U3MEHSAETCS HeCyLeCTBEHHO.

Ecnu Tekywas gonyctumasi pasHocTb Ap KOHCTPYKTMBHOIO napamMmeTrpa B naMeHsieTcs Ha HOBYH dony-
CTUMYIO BEIUYUHY Ay U Ay = KA,O, HOBYIO 06Uy ancnepcuio Vo MOXHO OLeHUTbL No Tekylien obuen auc-
nepcun Vip:

2 2
Ay 2 A“pg/ +Pe 2 . P
Vi = | = | Vo + Ve = 02V, + V., = —2BL ey (44 (A2 —1)2BL | v, 26
™ (AP] Bl +Ve Bl +Ve 100 ™® ( )100 TP (26)

roe A= = [ d—N

Ecnu ona koppekTMpoBKM 0bLein gucnepcun ncnonb3yloT Tpu daktopa (Hanpumep, D, E n F) n ux go-
MyCTUMbIE PA3HOCTM 3aMeHEHbI Ha ApAp, AgAg U ApAF COOTBETCTBEHHO, OLEHKa HOBOM 0bLen ancnepcun Vo
MMeeT BUA;

Viy = [H (4~ 72+ (A - ) 2EL+ (07 - 1)%] Vip, 27)
roe npefnonaraeTcsl He3aBMCMMOCTL BrUAHUA hakTopoe. Ecnu cylecTByeT BbICOKas KOppenauua mexay
dakTopamu, HeobxoaMmbl bonee geTanbHble MCCNeAOBaHUA OS OLEHKWU HOBOKW 0bLLen gucnepcun.

4.3.2 OnpegeneHue AONYycKoOB

Ha zakno4uTtensHoMm atane RTD yny4weHvwe ka4ecTBa CONOCTaBMNAT C 3aTpartaMu Ha yny4dlleHue.

[nsi oueHKM ynyylleHnsa kavyecTBa NpeMMyLLecTsa OT yNny4lleHns kadecTsa npeobpa3syoTca B AEHEXHOE
BblpakeHue. [INa oueHKW YpPOBHSA KadyecTBa WCMOoMb3yT @yHKUMIO noTepb Tarytn. @yHKUMA notepb Tarytu
BblpaXXaeT ypOBEHb CMPOEKTUPOBAHHOIO KayecTBa NPoayKUMM B AEHEXHOM BbipaxeHun. PyHKUUIo noTepb
Tarytu npumMeHsAIoT ans npeobpasosaHuns obLen Ancnepcun Vo B 3KBUBANEHTHbIE AeHEeXHbIe noTepu L.

MoTepu kavecTBa L Ha eAUHULY NPOAYKLUMK MOXHO OLEHUTb C MOMOLLBK PYyHKUMK NoTepb TaryTu:

A
L =ko? = kVy = —Vr, (28)
A

roe A — AONycTUMas pa3HOCTb KOHCTPYKTUBHOMO NapameTpa;
A — noTepu Ha eauMHULY NPOAYKUMK, KOroa OTKNOHEHWE 3HaYeHUs] KOHCTPYKTUBHOTO NapamMeTpa npesbi-
LaeT JoNYCTUMYH Pa3HOCTb.
MoTepu kayecTBa L HA eguHULY NPOAYKLWMW NpeacTaBnsaT cobol YypoBeHb KayecTsa NpodyKLuu B Ae-
HEXXHOM BbIPAXXEHWU; NOTEPU KAYecTBa — MOTepu Ha pbiHKe NpodyKuuW, KoTopasi UMeeT U3MeHUYNBOCTE Bbl-
XOOHbIX JaHHbIX. Ecnv noTepu kauyecTBa L 3HaUMTeNbHble, KAYecTBO pazpaboTaHHOW NPOAYKLWN HU3KOE.

10
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Ecnu nogpoepxaHue ypoBHS KadecTBa MPOAYKUMKM COMPsKeHo ¢ 3atpatamu C Ha eduHuUUy NPoAyKUMK,
obwwve notepu Lt Ha eguHULY NPOAYKUMK OLIEHUBAIOT Kak

Ly, (29)

3atpaTtbl C BKNKO4AKOT, HANPUMEP, 3aTpaThl HA NPUODPEeTEeHNE COCTaBHbIX YacTel NN 3NEMEHTOB U 3a-
TpaTbl Ha Nogdep:xaHue NPOM3BOACTBEHHOrO Npolecca B npegenax AonyckoB. Ecnu coctaBHylo YacTb Mnu
3MeMEHT MOLEPHU3UPYIOT, HANPUMEDP NYTEM U3MEHEHUS JOMYCKa B NPOM3BOACTBEHHOM MpoLecce, CTOMMOCTb
MOZEepPHWU3MPOBAHHOM COCTABHOM YacTh UMW areMeHTa Ha eOMHULY NPOAYKLUMKM BKMOYakoT B 3aTpatsl C.
O6Lwyt Beirogy oT yny4lleHus G MOXHO OLUEeHWUTL cnedylwnm obpasom:

G=Lrp—Lry=(Lp+ Cp)—(Ly * Cy) = (Lp— Ly) + (Cp— Cy) = AL + AC, (30)

rae bykebl L ¢ vHoekcamu P v N o3HaqatoT obLime notepu B TEKYLLMX YCITOBUSAX U B HOBLIX YCMOBUSAX COOTBET-
CTBEHHO, a AL n AC — ynyuweHne Ka4ecTsa W 3aTpaThbl Ha yry4lleHne COOTBETCTBEHHO.

Ecnn AC paBHO Hymio, yry4lleHue kadectsa AL MOXHO OLEHMThL Kak pasHOCTb MeXAy TeKYLIMMM no-
TepAMU L1p ¥ HOBBIMU NOTEPAMU Loy

G = AL = Lyp — Lyn = kVrp — kVay = k(Vrp = ViN)- (31)

Ecrnn ynydlieHne KadecTBa MNpeBbllWWaeT 3aTtpartbl Ha ynydlleHue, T. e. G > 0, moxet ObITh npUMeHeH
HOBbIW O0NYyCK, Tak Kak MaMeHeHre OonycKa BbIrOAHO C TOYKW 3peHKMA 3aTparT.

Ecnn 3aTpatbl Ha ynydlweHue npeBbIlLanT ynydleHne KavyecTea, T. e. G < 0, HOBBbIN OONYyCK HE MOXeT
ObITh NMpUMeHeH, U O0IMKHbI BbITh npoeepeHbl apyrie 0onyckn.

,D,aHHbIe peleHNna — 3TO pelleHund, NnpuHnMaemMbie ¢ ICNonb3oBaHNeEM RTD. Ecnun CyLleCTBYHT Opyrue
OrpaHn4eHnd, peweHna MoryTt ObITb NMPUHATBLI NOCIe COOTBETCTBYHLWEINO PaCCMOTPEHWA.

5 NMpumep nccnegosanua RTD (1). Ctabunusauma cxembl C MICNONb30BaHUEM
TeopeTu4yeckou chopmynbl

5.1 kcnepumeHT

5.1.1 Uenob

Llenesoi npoaykuuen sBNAeTcs Lenb MOCTOAHHOIO HanpshkeHws, nokasaHHas Ha pucyHke 2. Beixon
V t — HanpsbkeHne Ha peanctope R,; OHO JOMKHO ObiTb MOCTOAHHBLIM, AaXE €CIU 3MEMEHTBI CXEMbl MMEIoT
pedekTol. Llenbio ABnsieTca ctabunmnsauns cxemMbl NyTEM YCTaHOBIEHUSA ONTUMarnbHbIX TpeboBaHuiA Ans Mu-
HUMMW3aLUMN N3MEHYMBOCTKM V1.

Y

PucyHok 2 — Cxema uenuy nocToSHHOTO HanpskeHus

TeopeTnyeckas popMyra B3aMMOCBA3W BbIXOAA CXEMbl 1 3HAYEHWUI SNeMEHTOB, TaKUX Kak pesncTophbl 1
Gartapeu, ¥MeeT cnegylowWwmin BUMA:

Ri+R
P L He i,
Viout = Rola = R Al (32)
out = M2/2 =12
’ Ra(R1+R3) o
R 3
il
HaHHb cniyvain asnsetca npuMmepom RTD ¢ ncnonb3oBaHuemMm TeopeTudeckor oopmynbl.
11
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5.1.2 NMnaH akcnepumeHTa AnAa c6opa AaHHbLIX U aHanu3a OTKNOHEeHUN

MeTton RPD npumeHsitoT Ao npumeHeHus RTD ans nosbiweHnsa pobactHocTi. B Tabnuue 6 npuseneHsl
3HAYEHUS KOHCTPYKTUBHLIX MapameTpoB 40 NpuMeHeHnss RPD («Tekylune 3Ha4YeHMsA» ) M ONTUMarnbHble 3Ha4e-
HuA RPD. OnTtumansHbele 3HavyeHusa RPD ucnone3yoT B Ka4eCTBE HOMUHAMNBHbLIX 3HAYEHUA 3NEMEHTOR Lienu.

Tabnuua 6— Peaynesratel npumeHeHus RPD

KoHCTpyKTMBHBLIE NapamMeTpbl Tekyllee 3Ha4eHue | OnTumanesHoe 3HadeHune
B:R1(Q2) 150 350
C:R2 (Q) 70 15
D:R3 (Q) 210 160
E:E1 (V) 5 3
F:E2 (V) 15 19

JkcnepumeHTanbHble aktopbl Ana RTD B3ATbl M3 KOHCTPYKTUBHBIX NapamMeTpoB Tak e, Kak U Ans
RPD. YpoBHu dhaktopos gnst RTD ycTaHaBnvBalT BOKPYI HOMWHAamMbHbBIX 3HAYEeHWUA, Kak nokasaHo B Tabnuue
7. BTopoi ypoBeHb yCTaHaBNMBAKT Ha HOMWHAMBLHOM 3HAYeHWW M B COOTBETCTBUW C ONTUManbHLIM YCIOBU-
em RPD. lNepBbli 1 TpeTUiA YPOBHUM YCTaHaBNMBAKT Ha OLUMBOYHbLIX 3HAYEHWAX KOHCTPYKTVBHbBIX NapaMeTpoB,
T. €. HA 3HAa4YeHUAX, OTNIMYHBIX OT HOMWHAnNbHLIX 3Ha4YeHui. [pegnonaraeTca, YTO cTaHAAPTHOE OTKIIOHEHUE

3
ownbkn nmeet cnegyowmii Bua: ¢ = m — 30. lupuHa d ypoBHSA chakTopa paBHa \/;cs. 3HaveHus, NpMBeaeH-

Hble B Tabnuue 7, npegcraBnaT cobow peaynkraTtbl BbIYMCITEHWUHA, OKpyrneHHble 0O NATON LMPpbl, HO BblYMC-
JIeHWA B 3TOM NYHKTe U Aanee BbINOJTHAKT C UCMOINb30BaHMEM BCeEX umdp.

Tabnuua 7 — YpoBHu haktopor ansa RTD

YposeHb B:R1 (Q) C:R2 (Q) D:R3 (Q) EE1 (V) F:E2 (V)
1 335,71 14,388 153,47 28775 18,224
2 350,00 15,000 160,00 3,000 0 19,000
3 364,29 15,612 166,53 31225 19,776

MpumeyaHne — 3HAYEHUA OKPYrMeHbl A0 NATOM UMdpbI.

Bce dakTopbl ABNAKTCHA TPEXYPOBHEBLIMU, 3aTEM MX 00603HaUYeHUs NpucBauBaoT rpacdam 2—~6 opToro-
HanbHOro nnaHa L g, Kak nokasaxo B 1abnuue 8. OHM MOTYT BbITb MCMOMNL30BaHLI B APYTOM OPTOrOHANBHOM
nnade, HO B JJAaHHOM CIly4ae MpMMeHeH OpTOoroHanbHbIn nnaH Lg. Mpadbl 6e3 npucBoeHHbIX 06o3HaveHnn
chakTopoB ABMSOTCH rpadpammn owmbok, 3aTem SKCnepuMeHTanbHasi olwnbka MoxXeT ObiTb HaZEXHO OLEeHeHa
¢ BonbLMM KONMYECTBOM cTeneHeil ceoboabi.

[aHHble paccuUTLIBAKOT ANS 3a4aHHOM KoMBUHauuK ypoBHen cdhakTopoB. B Tabnuue 8 npuesefeHbl AaHHbIE
onTumansHoro ycnoeus RPD, paccuuTaHHele ¢ MCMOMNbL30BaHWeM TeopeTudeckon chopmynel (32), a Takke AaH-
Hble TEKYLLWX YCMOBUIA C MCMONb30BaHUEM TEKYLLIMX 3HAYEHWIA AN CPABHEHWA C ONTUMAanbHLIM ycroenem RPD.

Tabnuuya 8— HasHadeHne hakTopoB L,g M AaHHbIE AN CXEMbI

Homep 1 2 3 4 5) 6 7 8 DaHHele (V)
rpachbl
(paktopa) e B C D E F e e Texylwme OnTtumansHele
1 1 1 1 1 1 1 1 1 1,421 1,395
2 1 1 2 2 2 2 2 2 1,411 1,447
3 1 1 3 3 3 3 3 3 1,396 1,499
4 1 2 1 1 2 2 3 3 1,551 1,461
5 1 2 2 2 3 3 1 1 1,542 1,513
12
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Homep 1 2 3 4 '] 6 7 8 OanHble (V)
rpadbl
(chakTopa) e B c D E F e e Tekyline OnTumMansHble

6 1 2 3 3 1 1 2 2 1,356 1,388
7 1 3 1 2 1 3 2 3 1,674 1,474
8 1 3 2 3 2 1 3 1 1,338 1,342
9 1 3 3 1 3 2 f 2 1,639 1;672
10 2 1 1 3 3 2 2 1 1,228 1,335
11 2 1 2 1 1 3 3 2 1,686 1;579
12 2 1 3 2 2 1 1 3 1,327 1,432
13 2 2 1 2 3 1 3 2 1,285 1,335
14 2 2 2 3 1 2 1 3 1,436 1,402
15 2 2 3 1 2 3 2 1 1,742 1,638
16 2 3 1 3 2 3 1 2 1,523 1,412
17 2 3 2 1 3 1 2 3 1,485 1,451
18 2 3 3 2 1 2 3 1 1,635 1,518

MpumedaHWe — 3Ha4YeHWS OaHHBIX OKPYITEHbl A0 YeTbipex Ludp.

Boiumcnenna ANOVA BbINONHSAKT MO AaHHbIM onTuMansHoro ycrnosusa RPD. B Ttabnuue 9 nokazaHbl
BMMsSHWS Bcex rpadp. [laHHble ykasbiBakoT Ha TO, YTO BNMAHUS ownbokK B rpadpax 1, 7 n 8 conoctaByMMbl € BMUY-
SIHWEM 4reHa oWKnbBKM 1 YTO OPTOrOHAamNbHbIA NNaH YCNeLHo NPUMEHEH.

Tabnuya 9-—ANOVA aona ontumansHoro ycnosua RPD

MNcTouHmnk f BN %
(Fpada 1) 1 0,000 009 0,000 009
B/ 1 0,000 552 0,000 552
Bqg 1 0,000 011 0,000 011
C/ 1 0,033 531 0,033 531
Cqg 1 0,000 003 0,000 003
D/ 1 0,04 011 0,043 011
Dg 1 0,000 033 0,000 033
E/ 1 0,000 207 0,000 207
Eq 1 0,000 001 0,000 001
Fl 1 0,049 683 0,049 683
Fg 1 0,000 002 0,000 002
(Mpadpa 7) / 1 0,000 005 0,000 005
(Mpadha 7) g 1 0,000 001 0,000 001
(Mrpacpa 8) / 1 0,000 041 0,000 041
(Mpadha 8) g 1 0,000 002 0,000 002
e 2 0,000 034 0,000 017

T 17 0,127 126 —

MpumMmedyaHne — 3HaA4YeHWUs OKPYINeHbl 40 COOTBETCTBYIOLLErO KONMYECTBa 3HAKOB NMocne 3ansiTon.
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Ecnu ancnepcusa BNMAHMA MEHbLLE UMK CONOCTaBMMa ¢ aucnepcuein omnbkn, ee 06beOUHAIOT C YNEHOM
owunbkn. Bce gncnepcumn nuHerHoro BnNusiHUs aktopoB oT B—F B aTom cnydae Gonblie, 4em gucnepcus
OLWNBKN, NOITOMY UX He 0BOLEeOMHAKT B UneH owunbku. KBagpaTtuyHble YneHbl Bcex (pakTopoB Mankl No cpae-
HEHWID C COOTBETCTRYHLLMMU NUHERHBIMKU YNIEHAMWM U COMOCTaBUMbI C YNeHoM ownbku. Takum obpasom, ux
0b6beguHAT B UneH ownbku. Bnuanusa owmnbok B rpacdax 1, 7 n 8 Takke 00bequHAT B YneH ownbKu.

B tabrnvue 10 nokazaHbl pe3ynsTupylowmin o6beamnHeHHblin ANOVA, yictan cymma kBagpaToB S’ v Ko-
3O PULMEHT BKNaAa p KaXKAoro BMNUAHMUS.

Tabnuua 10— O6wegnHeHHbIn ANOVA ons ontuManeHoro ycnoenst RPD

MecTouHunk f S8 1 S p
B/ 1 0,000 552 0,000 552 0,000 540 0.42
Ci 1 0,033 531 0,033 531 0,033 520 26,37
D/ 1 0,043 011 0,043 011 0,042 999 33,82
E/ 1 0,000 207 0,000 207 0,000 195 0,15
Fl 1 0,049 683 0,049 683 0,049 671 39,07
e 12 0,000 142 0,000 012 0,000 201 0,16
T 17 0,127 126 0,007 478 — 100,00

MpumevaHune — 3HayeHUs OKPYrMeHbl 4O COOTBETCTBYIOLLENO KONWYECTBA 3HAKOB NOCIe 3ansATon.

HucTyio cymMmmy KBagpatoe Sg; U KO3(hMUUMEHT BKNada pg, TIMHEMHOIO BNVAHWS (pakTopa B, Hanpumep,

paccHYUTbIBAKOT CrnedyrLlnm 06p330M:

St Sgi —fas -V,
=S—B’-100:—B’ BL_2 100 (%)

T T
0,000552 -1-0,000012 0,000540
= : : =————.100=0,42 (%). 33
PE 0,127126 0,127126 %) (33)
KosdhduumeHTsl BkNaga opyrux paktopoe ot C go F paccunTeIBAKOT aHanormyHo.
KoadhdpumumeHT BKNaga YneHa owmnbKn paccumThiBaloT cnegyowmum obpasom:
Se fr-Ve
=—-100=—=-100 (%
pe ST ST ( D)
:17-0,000012_1 :0’000201-100:[}‘16 (%) (34)
0,127126 0,127126

BeluncneHus ANOVA Takke BBINMOMHAKT MO AaHHBIM TEKYLLMX YCIOBWUA ANs cpaBHeHusa. B Tabnvue 11

nokasaH pesynsTupylwnin obbeanHeHHsin ANOVA.

Tabnuua 11 — O6bveavHeHHbin ANOVA ons TeKyLUUX YCIOBUIA

CTOMHMK f SS v S p
B/ 1 0,056 630 0,056 630 0,056 595 14,64
C/ 1 0,014 296 0,014 296 0,014 261 3,69
D/ 1 0,129 569 0,129 569 0,129 534 33,51
E/ 1 0,033 357 0,033 357 0,033 322 8,62
Fi 1 0,152 300 0,152 300 0,152 266 39,39
e 12 0,000 416 0,000 035 0,000 589 0,15
T 17 0,386 567 0,022 739 — 100,00

M prpnmMmev4yaHne — 3HadeHun OKpyrneHbl A0 COOTBETCTBYHLLEND KONMMYeCTBa 3HAKOB Nnocrne 3anATon.
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O6was gucnepcusa onTuMmanbHbeix ycrnosuid RPD, pasHasa 0,007 478 (tabnuua 10), HAMHOTO MeHbLUe,
YeM gucnepcus Tekylwux ycnosui, pasHasa 0,022 739 (tTabnuua 11). 3710 03Ha4aeT, YTO CTaHO4ApTHbIE OTKITO-
HeHus Bbixoga cocTtaenaTt 0,086 V ana ontumansHeix ycnosun RPD 1 0,151 V ona tekywmux ycrnoBuin. Takum
obpasom, RPD ymeHbLUMN cTaHOapTHOe OTKNoHeHWe Bbixoaa bonee yemM Ha 40 % No cpaBHEHUIO C TEKYLLUMM
YyCroBUAMU. 3TO AEMOHCTPUPYET NpeuMyllecTBo ucnons3oeaHma RPD nepeg RTD. Metog RPD obecnevu-
BaeT Hebonbluyo 0O Y0 N3MEHYMBOCTL 3a CHET BbIGOpa HOMUHANBHbIX 3Ha4eHWn 6e3 yBenuyeHus 3aTpar.

Kak nokasaHo B Tabnuue 10, hakTopamu ¢ BonblMMK KoaddUUMeHTaMn BKNaaa ABNATCA hakTopbl
C, D n F. ®akTopbl ¢ HebonblMMKN KO3 duULMEeHTaMU BKnaga — 3710 daktopbl B 1 E. BnuaHve MaMeHeHus
JonycKa pacCMOTPEHO Ha cnefylLem arane.

5.2 OnpepeneHue gonycka

O6beguHeHHbIn ANOVA ana ontumansHoro ycnoevust RPD nokasad B Tabnuue 10. Ecnn pesynstaTthl
ontumaneHoro ycrnosust RPD sBnsaTca HeyadoBNeTBOPUTENbHbIMKW, AN AOCTMXEHWSA LeneBon M3MEHYUBOCTH
ncnonesytoT RTD. Hanpumep, ecnu uenesoe ctaHgapTHoe oTknoHeHwe coctaenseT 0,050 V u ontumansHoe
ycnosue RPD He BeinonHeHo, To RTD vcnonk3yroT Ana yMeHbLIeHUA OOMYCKOB U JOCTVKEHUSA LEeNeBoro cTaH-
0apTHOMO OTKNOHEHMS.

Ecnwn pe3yneraThl onTUManbHeIX ycrnoeuin RPD aBnsaTcs yA0BNETBOPUTENBHBIMKW C TOYKKU 3peHns obLLe-
ro oTKNoHeHnsa Bbixoda, RTD ncnoneb3yloT Ans uccrnegoBaHns BO3MOMHOCTEN CHMMXKEHUWA NPON3BOACTBEHHbIX
3aTpar. Hanpumep, ecnu LeneBoe cTaHgapTHoe oTknoHeHue coctaensaet 0,090 V n onTumanbHoe ycnoBue
RPD sBnsietcs He BbinonHeHHbIM, To RTD Mcnonb3yloT Ans pacliMpeHns JOMNYCKOB C Uenbio CHUXEeHUSA npo-
W3BOLCTBEHHbLIX 3aTpaT.

[na onpepeneHusa gonycka C Lenbio yny4dlleHns KadecTBa WU/UIM CHMKEHWNS CTOMMOCTM CXEMbI NpoBe-
peHo Tpu criyvas.

Cnyuan 1: gns ynyyleHns Ka4ecTBa NPoayKUMKM onycTUMble pasHocTu chaktopoB C, D n F ymeHbLUeHbI
BOoBoe, T. e. A = 1/2.

HoByto o6LLyo AMCNEPCUIO pacCHUTLIBAIOT criedyrowmnm obpasom:

_ 2 4\ Pc 2 _ A\Por (52 PF!
VTN—[ (h 1)100 ("“D 1)100+(}‘F 1)100] Vip =p7-Vrp
2 2 2
Vi = |1+ 1) —1|283% (1] LW (1] 12297 1.0,007478 = (35)
2 100 2 100 2 100
25,55

:W 0,007478 = 0,001911= (0, 044)

Cniyyan 2: onsi CHWXeHWs 3aTpaT JonycTMMble pa3HocTy dakTopoR B n E yaeavBatoT, T. e. A = 2.
HoByo obLuyto gucnepcuio paccynTbIBaOT cnegyiowmnm obpasom:

Vin = | 1+(18 =) 225 + (1 ~1) 2L | Vi = pr v

100 100

0,42 0,15 101,74 (38)
Vin = [1+(2% - 1)25 + (22 - 1) 22 |-0,007478 = ——=-.0,007478 = 0,007608 = (0,087)°.

100 100

Cnyyan 3: Ans NoBbIWEHWA Ka4eCTBa NPOAYKLMM U CHUXEHWUA 3aTpaT M3MEHEHWS, BHECEHHbIE B Clyyva-
ax 1 1 2, NpUMMEeHSAKT OQHOBPEMEHHO.
HoByto 0bLLy0 oUcnepcuio paccynTbIBaOT cneaylolWmnm obpasom:

Vin = pT VP,

Vi :[H(lg BCL 4 (28 1) B0 (32 ) 2EL (3 o) BEL (52 -1)pi]-vw -

2 2 2 (37)
=1+ (1] £ 2637+—[1) A, (1) -1 3907+(22-4)9f3+(22—4)915-Oxm7478:
2 100 |2 100 |12 100 100 100
- %-0 007478 = 0,002041= (0,045)%
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HoBble 06u.|vre ancnepcri 1 CTaH4apTHbIe OTKNOHEeHWA ONA 3TUX TpexX cny4aee npuBeeHbl B Ta6nv|u,e 12.

Ta6nuua 12 — Hosasa obuwas gucnepcua Vo 1 CTaHgapTHOE OTKIOHeHWe 61 ansA crnyyaes 1, 2 mn 3

OntumaneHoe ycnoeve RPD Mpumep 1 Mpumep 2 Mpumep 3
pr (%) 100,00 25,55 101,74 27,29
Vr (V2) 0,007 478 0,001 911 0,007 608 0,002 041
or (V) 0,086 0,044 0,087 0,045

M prMmMmedyaHne — 3HadeHus OKpYyrneHbl 40 COOTBETCTBYHLLEND KONMMYecTBa 3HAaKOB nocne 3anATon.

Tak kak MHdopMaLMs 0 3aTpaTax OTCYTCTBYET, pACCMOTPEHO TOMBKO ynydlleHue kadecTrea. MpueeneH-
Hble pe3ynkTaThl AEMOHCTPUPYIOT, YTO Mcnonb3oBaHue RTD MOXeT yMEeHbLUTL OUCNEePCUI0 BbIXOAHbLIX OaH-
HbIX CXEMbl U Takum 0Bpa3omM JOCTUYbL TEXHUYECKOTO YIyYLLIEHWUsT Ka4eCTBa CXeMbI.

B cny4ae 1 ctaHgapTHoe oTknoHeHuMe Bbixoaa coctasnseT 0,044V, 4To MeHbLUE LeneBon gucnepcun B
0,050V, u npMBOAMT K yNy4LUEHMIO Ka4yecTsa.

B cny4ae 2 ctaHgapTHoe oTknoHeHue Bbixoga coctaenset 0,087V, T. e. npakTnyeckn coBnagaeT ¢ on-
TuManbHbiMK yecnosuamu RPD. [Jaxe ecnu gonyckn KOHCTPYKTUBHLIX napameTpoB B u E B oBa pasa npeBsbli-
LWwakT gonycku B akcnepumeHte RPD, yBennueHwe oblien aucnepcuu Bbixoda SIBMAETCH HE3HAYUTENbHbLIM,
UYTO MOXKET MPUBECTM K CHUKEHUIO 3aTpar.

B cnydae 3 ctaHgapTHoe OTKNOHeHWe Bbixoaa coctaenset 0,045V, 1. e. HemHoro bonble, Yem B cny-
yae 1, Ho meHblwe uenesor aucnepcum 0,050V. 3To nokaszbiBaeT, YTO Kak AWCMepCcus, Tak U 3aTpatbl MOryT
ObITb YMEHbLUEHBI.

6 NMpumep uccnegopanma RTD (2). Ctabunuzaumsa NOpLUHA C NOMOLbLIO
MMWUTALMOHHOrO 3KCNepUMeHTa

6.1 dkcnepnmeHT

6.1.1 Uenb

Cnpoc Ha nerkoBble aBTOMOBWNW, OCHalleHHble HebonbWUMW AM3enbHbIMA OBUraTensamMu C Heno-
CPEACTBEHHbIM BMPLICKOM TOMMWBA, PACTET, MOCKOMbKY Takue ABuratenu obnaaaiT BbICOKOW TEMMNOBOW 3d-
PEKTMBHOCTBI0 M HU3KMM YPOBHEM BbIOPOCOB yrnekucnoro rasa. HeobxogMmo ctabunuanpoBaTtb U CHU3UTh
TeMnepaTtypy BbICTyna NOPLUHSA, YTOObl NOBLICUTHL AONTOBEYHOCTE paboThl NOpLWHS. Llenb cocTtonTt B ycTaHoB-
JIEHVM ONTHMAarbHbBIX ONYCKOB A8 NOBbiWeHWs De30TKasHOCTM MOPLUHA 3a CHeT MUHMMU3auuy KonebaHun
TeMnepaTyphbl BbICTYNa NOpLHA U 3h(PEeKTUBHOM AOCTUNKEHUWU LLeNneBon ANCNEPCUN.

6.1.2 MNnaH 3kcnepuMeHTa AnA cOopa gaHHbLIX U aHanu3a OTKNOHeHUA

[ns onpeneneHys onTUManbHbIX JOMYCKOB KOHCTRYKTUBHbLIX NapaMeTpOB KPOMKW MOPLUHA Nocne npu-
MeHeHua RPD ans ycTaHOBMeHUa ONTUMarbHbIX HOMWHAMbHbBIX 3HAaYEHWUA KOHCTPYKTUBHBLIX NapameTpoB UC-
nonesytoT RTD, obecne4vvBatowee noebileHne pobactHocTu [5]. OntumansHoe ycrioene RPD nokasaHo B
Tabnuue 13. Bropo# ypoBeHb NpefcTaBnsaeT TEKYLUUIA YPOBEHb.

Tabnuua 13 — OntumaneHoe ycnosue RPD ons kpoMky nopLuHa

®akTop (KOHCTPYKTUBHBIA Napamerp) OntumansHoe ycrnoewe RPD YposeHs B RPD
A LnpuHa oxnaxgarLwero OTBepcTUa CraHgapTHoe 2
B PaccTosiHve 0TBEPCTUSA OT KpPbILUKK BHu3 1
c PaccTtoaHvne oTBepcTMA OT LeHTpa BHu3 1
D TonwmHa CTEHKM CraHpgapTHoe 2
E OKpyrnocTb CTEHKK Bonklue BBEPX 1
F PaccToaHue KonbLUeBon KaHaBKM BHua 1
G Temnepartypa oxnaxgawLlero macna BHuz 1
H TemnepaTtypa CTeHKU uunuHapa BHuz 1
16
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dakTopbl, NpUBeAeHHbIE B Tabnuue 13, aBnsawTcs KOHTponbHbiMK thakTopammn RPD. SkcnepumedTt RPD
onpegenun ontuMansHoe ycroBue RPD kak komMBuHaumio onTUMarnbHbIX YPOBHEN (haKTOPOB C TOYKW 3PEHMS
poBacTHOCTM 1 YCTAHOBMM 3HA4YEHWs OMTUMMAanNbHbLIX YPOBHEN AN HOMWHAaNbHbBIX 3HaveHuin. ®akTopel A—D
npeacTaBnsoT cobo rabapuTHeIE KOHCTPYKTUBHEIE NapaMeTpsbl, Kak MoKa3aHo Ha pucyHke 3a), a aktopsl G
u H — Temnepatypkl BLICTYNa NOPLLUHS, yCTaHaBNMBaeMble yNpaBnsaoLMM YCTPOUCTBOM B ABuratene. Oxnax-
Jawoliee Macro nNpoxoauT Yepes oxnaxjalwllee OTBEpCTME W perynupyeT TemnepaTypy BbICTyna MOPLUHS.
Temnepatypy BbICTyna MOPLUHA PaccHMTLIBAIOT C UCMOMb3oBaHWeM nporpammHoro obecneveHus CAE (aB-
TOMaTU3MPOBaAHHOE MPOEKTMpOBaHWe) Ans aHanu3a Tenna FEM (MeTogoM KOHEYHbIX 9NeMeHTOB) MOoAenu,
n3o0bpaxeHHOoW Ha pucyHKke 3b).

i 8 A

a) QakTopkl BLICTYNZ NOPLUHA 6) Mogenk: aHanusa FEM 2
71— oxXnaxpjatrollee oTBepcTre
PucyHok 3 — Lleneeas npoayKums: BbICTYM MNOPLLHSA

JkcnepumeHTanbHele daktopbl B RTD — 3T0 Takue e KOHCTPYKTUBHbIE napameTpsl, kak n B RPD. Og-
HaKO KOHCTPYKTUBHbIe napameTpbl B RTD paccmartpuBaloT kak hakTopbl WWyMa, a He ynpaenswwmne akTopsl,
MOCKOMNbKY OLUMBKM B KOHCTPYKTUMBHBIX NapameTpax He NoAAakTCs KOHTPONK Npy npoussoacTtee. Metog RTD
MCMOMb3YHT AN OLEHKW AUcnepcun BAWSIHUS 3KkCcrnepumeHTanbHbix daktopoB. B Tabnvue 14 npviBeneHbl
drakTopbl 1 X yposHu anda RTD. [na TpexypoBHEBbLIX PaKkTOPOB YPOBEHb 2 UMEET 3HaJYeHne m, rge m — Ho-
MUHaneHOe 3HauyeHue, KOTopoe onpedensoT Kak onTuMmansHoe ycnosue RPD. WWpWHY ypoBHA d ycTaHasnu-
BalOT B COOTBETCTBUM CO CTAHAAPTHbLIM OTKIIOHEHWEM G B TEKYLL WX YCMNOBUSIX.

Tabnuya 14 — SkcnepumeHTanesHele dhaktopel Ans RTD

dakTop m no RPD YpogseHb 1 YpoBeHs 2 YpoBeHs 3
A | WwrpuHa oxnaxgaroLero oTBEpCTUA CraHpgapTtHoe mp = dp mp + dy -
B | PacctosiHne oTBEPCTUA OT KPbILLKK BHus mg = dg mg mg +dg
C | PacctosiHve oTBepCTUA OT LieHTPa BHua me —dg mg me +dg
D | Tonwmna cTeHkn CranpaptHoe mp —dp mp mp +dp
E OKpyrnocTb CTEHKK bonblue BBEpX mg = dg mg mg +dg
F | PacctoaHue KonbUeBoW KaHaBKu BHua mg — dg me mg +dg
G TemnepaTtypa oxnaxgatoLlero macna BHus mg — dg mg mg + dg
H TemnepaTtypa CTEHKU LUNuHApa BHus my —dy my my +dy

B RTD Bbixon npoaykuMyM — 3TO Takad e Temneparypa BbicTyna noplHsa, kak u 8 RPD. Temnepary-
Py BbIYMCIAKT C MOMOLLLI UMUTALMOHHOIO 3KCNEPUMEHTa ¢ MCMNONb30BaHWeEM NporpammMHoro obecnedyeHns
CAE gons aHanusa tenna FEM. Tennoson ananv3 FEM npoBogaT ¢ ucnonb3oBaHWEM rpaHUYHBLIX YCITOBUWA,
OCHOBaHHbIX Ha pe3ynbTaTax akTUYecKUX 3KCNepPUMEHTanbHbIX OaHHbIX OANA TEKYLEW KOHCTPYKLMK NMOpLU-
HA. PaccMmatpuBatoT OpTOroHanbHbIA MnaH Lyq. TemnepaTtypy BbICTyMa NOPLUHA PACCYUTLIBAKOT C MOMOLLbIO
Tennoeoro aHanusa FEM B ycnoBusix, onpeaeneHHbiX ¢ Ucnonb3oBaHuem Lg. B Tabnuue 15 nokasaHbl dak-
TOpbl K pe3ynbsTaThl Tennosoro aHanusa FEM.
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Tadnuua 15— dakropsl NnaHa L,g 1 BbIX0OHbIE AaHHbIe, paccYUTaHHbIe ¢ nomoulbio FEM-ananusa

Homep rpadbl 1 . . 4 5 . i 8 Temnepatypa,
Lgze A B 6 D E F ) H s
1 1 1 1 1 1 1 1 1 292,090
2 1 1 2 2 2 2 2 2 294,435
3 1 1 3 3 3 3 3 3 296,931
4 1 2 1 1 2 2 3 3 298,361
5 1 2 2 2 3 3 1 1 294,042
6 1 2 3 3 1 1 2 2 293,420
7 1 3 1 2 1 3 2 3 298,816
8 1 3 2 3 2 1 3 1 294,672
9 1 3 3 1 3 2 1 2 294,553
10 2 1 1 3 3 2 2 1 293,125
11 2 1 2 1 1 3 3 2 295,432
12 2 1 3 2 2 1 1 3 291,883
13 2 2 1 2 3 1 3 2 295,097
14 2 2 2 3 1 2 1 3 294,217
15 2 2 3 1 2 3 2 1 293,474
16 2 3 1 3 2 3 1 2 295,602
17 2 3 2 1 3 1 2 3 295,294
18 2 3 3 2 1 2 3 1 294,183
MpumMeyaHune — 3HayeHWA JaHHLIX OKPYITeHbl 10 COOTBETCTBYHOLLErO KONMMYECTBa 3HAKOB MNocrne 3anaTon.

Beiuvcnenna ANOVA BbIMOMNHAIOT Ha OCHOBE AaHHbIX O TeMnepaType, NpuBedeHHbIX B Tabnuue 15, w
BbIYUCNAT NUHENHOe BNUsiHWE Kaxaoro daktopa. Takke BeIYUCNAIT YACTYIO CYMMY KBaZApaToB U KoadhpuLm-
eHThl BKMaga kaxgoro paktopa. O6beauHeHHbln ANOVA nokasaH B Tabnuvue 16 ¢ YicTol CyMMOI KBAgpaToB
W KoadhuumeHTamu Bkrnaga. Bece kBagpaTuyHbIe YneHbl hakToOpoB Markl NO CPAaBHEHUIO C COOTBETCTBYIOLLMMK
NUHENHBIMKW YNeHaMK M CONOCTaBMMbI C YrneHoM olwnbkK. Takum obpasom, oHW 06beguHeHbl B YreH OWwnbKN.

Tatnuua 16 — O6beguHeHHbIn ANOVA ona TemnepaTypbl BeICTYNa NOPLUHSA

MCTOHHMK f SS v S P
A 1 45130 4,513 0 4,503 5 7,70
B/ 1 7,090 2 7,090 2 7,0807 12,10
Cl 1 6,230 9 6,230 9 6,221 4 10,63
D/ 1 0,127 5 0,127 5 0,118 1 0,20
E/ 1 0,065 1 0,065 1 0,0557 0,10
Fl 1 11,684 1 11,684 1 11,674 6 19,95
G/ 1 12,5850 12,5850 12,5755 21,49
Hf 1 16,137 9 16,137 9 16,128 5 27,56
e 9 0,085 2 0,009 5 0,160 9 0,27
T 17 58,618 9 3,442 3 —_ 100,00

MpumevyaHune — 3Ha4yeHUsa OaHHBIX OKPYITEHbl 40 COOTBETCTBYIOLLENO KONMMYEeCcTBa 3HAKOB Nocne 3anaTon.
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KoathdhuumeHT Bknaga pg; MMHEMHOTO BNUsiHWA paktopa B, Hanpumep, paccyuTbIBAOT Creayluum
obpasom:

Sgy S — g1 Ve

pg; = —--100 = +100 (%)
St T
s = 7.0902-1:0,0095 . 7.0807 o0 )40 (%). (38)
3,4423 3,4423

KoadhdumumeHTbl BkNaga opyrux hakTopoB paccynTbiBaOT aHanorm4HbiM obpasom.
KoadhdmumeHT BKNaga yneHa ownbky paccyMThiBalOT criegyw MM obpasom:
S, 17-0,0095
Pe = e 4Op =i =
St 3,4423
Mcxona M3 gaHHbIX B Tabnuue 16 koadduuneHTsl BKNaga nuHeHoro BnuaHna daktopos G n H aena-

KOTCA OOCTaTtoO4vHO BonbWKUMK, B TO BpeMA Kak KOQdJCbMLI,MEHTbI BKnaga CbaI{TOpOB D v E aenatoTca Hecylle-
CTBEHHbIMWU. BnusiHne nameHeHus A0onNyCKa pacCMaTpuMBaroT Ha cledyrulemM atane.

-100 = 0,27 (%). (39)

6.2 OnpepeneHue gonycka

Ona yny4leHns ka4yectsa W/MNU CHUXEHUSA CTOMMOCTW BbICTyNa NOPLUHA AMA onpefeneHns 4onycKos
Ha OCHOBe pesynLTaToB, NPUBEAEHHLIX B Tabnuue 16, paccmaTpusatoT TpW cryvas.

Cnyuait 1: gna ynyJleHns kavyecTsa NPoAyKLUM JonycTUMble pasHocTy daktopos G u H ymeHbluatoT
[0 NOMOBWHBI TEKYLUWX AONYCTUMbIX pa3HoCTeln, YToBbl CHU3UTL OOLLYI0 AUCMNEepPCHIo B BEIXOOQHON TeMnepaTy-
pe (A = 1/2).

Cnyuan 2: ona cHWXeHWs 3aTpaTt JonycTuMble pasHocTu daktopos D v E ysennumeatoT B ABa pasa no
CpaBHEHWIO C TeKYLLMMMU JOMYCTUMbIMK pasHocTamM (A = 2).

Cnyuait 3: Ans NOBbILLEHNA Ka4ecTBa U CHUXKEHWUS 3aTpaT U3MEHEeHWsl, BHeCeHHble B crydaax 1 u 2, npu-
MEHSIOT 0AHOBPEMEHHO. HoBble OTKNOHEHWUST pacCUMTLIBAIOT HUXKeNprBeaeHHLIM oBpasom.

Ona cnyvas 1:

Ving :{w(xé 1) 28 (23 —1)pﬂ]-vm

100 100
) : (40)
Ving =1+ 1) q|2kas [1) _1]|27.56 -3,4423:%-3,4423:2,1759:(1,48)2.
2 100 2 100 100
Ons cnyvas 2:
i 2 Poi 2 PE/
VTN2 = 1+()\.D—1)m+(;\¢E—1)m]VTC
- (41)
Ving = [1+(2% - 1)%+(2z —1)%} 3,4423 = 19089 3 4453 34720 = (186)2.
Onsa cny4as 3:
_ 2 _q\PoL, (52 _4\PEL, (52 _4\PGL, (32 _4)PHL|.
2 7,
2 0,20 2 0,10 (1) 21,49 [‘I) 27,56
Vonig =| 1l 20 == a |27 =) [ = | =[] = | =1 [B=s8.8425 =
T3 [ ( )100 ( )100 [ 2 100 2 100 (42)

_ 8410 5 4423 = 22066 = (1,49)2.
100

B Ta6J'IMLI,e 17 nokasaHbl pacCynTaHHble HOBLbIE OGLI.I,IAe ancnepcun ond Tpex crny4daes.

BoamoxHble nocnencTeus v 3aTtpaTthbl, CBA3aHHbIE C NAMEHEHNEM LOMNYCKOB HA KOHCTPYKTUBHbBIE Napa-
MeTpbIl, pacCMaTpmMBakT HWXeNpUBeOdeHHbIM 06pa30M.
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Tadtnuua 17 — [aHHble BbIMUCIIEHWIA HOBLIX UCNEPCUA

KoadhduumeHT cooTHOLWEHUS p
FHMRENIS (IR OHTMMEHEH;S YenoRis Cny4van 1 Cnyyan 2 Cniy4an 3

A 7,70 7,70 7,70 7,70
B/ 12,10 12,10 12,10 12,10
C/ 10,63 10,63 10,63 10,63

D/ 0,20 0,20 0,81 0,81

E/ 0,10 0,10 0,38 0,38
F/ 19,95 19,95 19,95 19,95

G/ 21,49 5,37 21,49 5,37

H/ 27,56 6,89 27,56 6.89

e 0,27 0,27 0,27 0,27
T 100,00 63,21 100,89 64,10
‘\/’TN("C)2 3.44 2,18 3,47 2,21
a(°C) 1,86 1,48 1,86 1,49

M puMmedyaHne — 3HayveHun OaHHBIX OKpYrneHbl 40 COOTBETCTBYHLEro KONM4eCcTBa 3HAakoB nocne 3anaATown.

Ona dpyHkumn notepb L = ko2 NPUHUMAIOT criegyolme napamMeTpbl:
1) KONM4YEeCTBO BLICTYNOB NOPLUHA, n3rotasnueaembix B rog N: 35 000;
2

A
2) kK03 PULNEHT YyHKUMK noTepb k: K = I? =335,

rae Ay — GYHKUMOHanNbHbIA Npeaen TemnepaTypsbi;
Ay — noTepun Ha eauHKULY NPOAYKUWK, ECAM TemMnepaTypa npeBsbllaeT yHKUMOHANbHLIA Npeaen.

Cny4ail 1: yMmeHblUEHME JOMYCKOB KOHCTPYKTMBHLIX NapameTpoB G 1 H MOXeT yMeHbLNTb 00wy Anc-
Nnepcuio BbIXOAHOW TemnepaTypbl. TemM He MeHee TeMnepaTypbl OXMaxKaaLwWwero Macna u CTeHKU UnnuHapa
HeobxoOMMO XEeCTKO KOHTPONMMPOBaTk ANA YMeHbLUeHnA gonycka daktopoB G u H. B npouecce narotoBneHus
K CMCTeMe KOHTpOons TeMnepaTtypbl B NopLluHe cnegyeT AobaBuTe HOBOe yCTPOWCTBO. 3aTpaThl Ha 3TO cOCTae-
nsawT okono 10 000 000 weH B rog, YTo ABNSAETCA DONbLLIOK MHBECTULMEN. YNyYlleHUe KadyecTBa CONoCcTaens-
0T C 3TUMM 3aTpaTamu.

ExxerogHbie 3atpatel Ha yny4weHue B cnydae 1: 10 000 000 neH.

3aTpaTbl Ha ynyyleHne OOHOW e4WHWLbI MPOOYKLUN B criy4dae 1:

C4(G,H) =10 000 000 neH/N = 285,71 neH.

Cnyyain 2: npyMeHeHne Donee WWMPOKUX OOMYCKOB Ha KOHCTPYKTUBHBIE napameTpbl D v E moxeT cHu-
3uTb 3aTpaTtel. TW NapameTpbl NpeAcTaBnaloT coboll pasMepsl UMNUHAPA, UMNMHAP OPMUPYIOT MEeTooM
nuTbs Nod AaeneHvem. bonee wupokuin gonyck uMnuHapa o3HavaeT bonee LWMPOKUA JONYCK Ha MaTpuuy Ang
OTNMBKM UMNUHAPa 1 Bonee ANWTENbHBIA CPOK CAyXObl MaTpuubl. Takum obpa3om, aTO CHMKAET CTOMMOCTb
wramna. MNonyyeHHyo B pe3ynbrarte 3aMeHbl LITaMnoB 3KoHoMmukw oueHusawT B 1 000 000 weH B rog. 3Ty
SKOHOMMWIO 3aTpaT COMOCTaBNAT C yy4lleHneM KadecTsa.

ExxerogHele 3aTpartsl Ha ynydweHue B cnydae 2: 1 000 000 neH.

3aTparthbl Ha ynyylleHne NpoayKuum B cnyyae 2:

C,(D, E) = -1 000 000 neH/N = 28,57 neH.

MoTepwn KayecTBa u obLUME NOTEePW B KaXKA0M cryvae B Tabnuue 17 paccyuThbIBaIOT HMKENPUBEOEHHbIM
obpasom.

Onsa ontumansHoro ycnosust RPD:

oflWwue noTepy Ha eavHULY NPOAYKLMN.

3aTpathl Ha yny4weHne C ¢ nomoubio RPD paBHbI Hynio.

L1p(RPD) = L(RPD) + C = kVyp + 0 = 3,35 - 3,44 = 11,52. (43)
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a) Ona cnyyas 1
MoTepw kayecTBa Ha eAMHULY NPOAYKUWK:
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L(cnyyan 1) = kVqq = 3,35 - 2,18 = 7,30. (44)
O6wme NoTepn Ha eAMHULLY NPOAYKLUN:
Lyp(cnyyain 1) = L(cnyyan 1) + C4(G,H) = 293,02(nena). (45)
O6was Bbiroaa ot ynydweHus G:
G(cnyyan 1) = L1p(RPD) — Lyy(cnyqain 1) = —281,49 (veHa). (46)
b) Ana cnyyasn 2
MMoTepwu KayecTBa Ha eaUHULY NPOAYKLUNU:
L(cnyyan 2) = kV3no = 3,35 - 3,47 = 11,62. (47)
O6wmre NoTepn Ha eAMHULLY MPOAYKLUN:
Lyn(cnyyan 2) = L(cnyyan 2) + C,(D,E) = 16,95 (nena). (48)
O6wwas Bbiroga ot yny4wenusa G:
G(cnyuan 2) = L1p(RPD) — Lyy(cnyqan 2) = 28,47 (neHa). (49)
c) Ons cnyyan 3
MoTepw KayecTBa Ha eAVHULY MPOAYKLMN:
L{cnyyan 3)= kVqy3 = 3,35 - 2,21 = 7,40. (50)
O6wue noTepr Ha eavHWLY NPOAYKUNN:
Lyn(cnyyain 3) = L(cnyyan 3) + C4(G,H) + C,(D,E) = 264,55 (neHa). (51)
O6wwas Bbiroga ot yny4weHunsa G:
G(cnyyan 3) = L1p(RPD) — Lyy(cny4an 3) = —253,02 (veHa). (52)
Pesyneratel pacdetoB RTD npusegeHsl B Tabnuue 18.
Tabnuya 18 — Pesyneratel pacyetoB RTD
GG CtaHpapTtHoe Obuwasn Motepwu 3arpaTthbl Ha Obwme Obwasn
(GAMHALA HaMEpEHMR) OTKJ'IOH(E(H:I/IG Coup uwcn?}%c)lgﬂ Ve Kaq(;:THza L, ynyan:HH:e C, noLeepHmaLT, Bbé;%,?-‘aa G,
Tekywee 2,33 5,43 18,19 0,00 18,19 -6,67
OnTuManbHoe 1,86 3,44 11.52 0,00 11,52 0
ycnoene RPD
Cnyyain 1 (G,H) 1,48 2,18 7,30 285,71 293,02 -281,49
Cnyyan 2 (D,E) 1,86 3,47 11,62 -28,57 -16,95 28,47
Cnyyan 3 (D,E,G,H) 1,49 2,21 7,40 257,14 264,55 —-253,02
M punmedvyaHune — 3HaueHus AaHHbIX OKpYrneHbl 40 COOTBETCTBYHOLWErO KONM4YeCcTBa 3HAaKoB nocne 3anaTon.

O6was cymma notepb Lt B Tabnuue 18 nokasbiBaeT CyMMYy MOTepb Ka4ecTBa W 3aTpar Ha yrny4lleHune.
Yem meHbwe obwasa cymma notepb, Tem uHdopmaTneHee xapaktepuctuka. Obuwiasa Beiroga G nokasbiBaeT
pasHuLy Mexay noTepsaMu B K&XAOM criydae v ontumanbeHbiM ycnosuem RPD, T. e. ynydweHue 3a c4et RTD
Mo CpaBHEHWIO ¢ onTumarnbHbiM ycrioBuem RPD. Obwas Beiroga tem Bonblue, 4eM MHpopMaTUBHee xapak-
TepucTHKa. Micxoaa u3 gaHHbIX Tabnuubl 18 ynyyweHue B cnyyvae 2 asnsaetcs s deKTUBHLIM U pe3ynbTaTve-

HbIM, TaK Kak 00Las Bbiroda sIBMAeTCs NONOXUTENbHOW 1 BonbLue, Yem B AOBYX OPYrnx cny4aax.

Cnyvan 2: RTD nossonsieT CHU3UTb 3aTpathl 3a Cc4eT YBenu4yeHus JonyckoB Ha daktopel D u E. YBenu-
YeHue aTMX JOMYyCcKoB 3peKTMBHO, MOCKOMbKY OHO HEe3Ha4MTenbHO yBenuymneaeT obLLy AMCNepcuto npu 3Ha-
YUTENMbLHOM CHWXEHWMW 3aTpar Mo CPaBHEHWUIO C yBennYeHnem noTepb KavecTsa. Yny4lleHue B crnydae 2 MoxeT
©bITb MPUMEHEHO C TOYKKM 3peHUs 06LLen BbIroab!, T. . CyMMbl YyYlleHns kadecTsa u G, 1 U3MEHeHUs gonycka.
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Cnydan 1: RTD no3BonsaeT ynyylwnTh Ka4ecTBO NPOAYKUMM, T. e. 0Oy gMcnepcuio Bbixoda npogyk-
LUK, 3a cHeT yMeHblueHns gonyckoB. OgHaKko ymeHblUeHWe OOMYCKOB Ha KOHCTPYKTMBHbIE napameTpbl G u
H HeadhdbexkTMBHO. HecmoTpa Ha TO YTO 3TO yBEeNMYMBaET BeNUYMHY obLel Aucnepcun, NpoM3BOACTBEHHbIE
3atpaTtel Ha nogdepxaHue Manbix A0NYCKOB 3Ha4YMTENbHbIE. YMydlueHne B npuMepe 1 He MOXeT ObiTb Npu-
MEHEHO C TOYKW 3peHnsi oBLLEel BbIroAkI, T. €. CyMMbl yNy4YlleHWst Ka4ecTBa U CTOMMOCTM U3MEHEHWA JOMycKa.

Cnyuai 3: B JaHHOM cny4dae NpUMEHSIIOT Kak 3aTpaTtbl Ha ynydlleHWe, Tak 1 yny4leHue kavecTea. lNo-
CKOMbKY 3aTpaTbl Ha ynyJlleHne KadecTBa HamHoro 6onblue, Yem yny4ylweHue KavyecTsa, cnydyai 3 He npumMe-
HUM. MoryT 6bITb M gpyrre cnocobbl JOGUTLCA YNyYLUEHNS.

Mepen RTD npumensawT RPD kK kKOHCTpyKUMK BeicTyna noplwHa. RPD nossonser yny4ywnTs KA4eCTBO 33
cyeT NoBbIWeHUss pobacTHOCTM NPoAYyKUMK, T. e. 0OLel gucnepcun TeMnepaTtypel 6e3 yBenuyeHus 3atpar Ha
npounseoacTeo. OnTumansHoe ycrnosue RPD aAenseTca ocHoBol Ans ynyywleHusa ¢ nomowbio RTD. Ecnu RPD
HEe MPUMEHSIOT, yrny4leHne kadecTsa ¢ nomollbio RTD meHee adpdektuBHo. Takum obpazom, Heobxogumo
o RTD npumenats RPD.
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MpunoxeHne OA
(cnpaBo4dHoe)

CBE,D,EHMH O COOTBETCTBMUU CCbINOYHbLIX MeXOYHAPOAHbLIX CTAaHAOAPTOB HAUNWOHANbHbLIM CTaHOapTam

Tabnuua OA.1

BETCTBMA CTaHOapTa:

- IDT — WaeHTWYHbLIA cTaHaapT.

OBostaveHme CeblodHoro Crenenb Ob6o3HavYeHne U HaMMeHoBaHne COOTBETCTBYHOLWErNo HauuoHanbHOro ctaHaapTa
MEXYHAPOAHOTOo CTaHaapTa | cooTBeTcTBUS
ISO 16336 IDT OCT P MCO 16336—2020 «CTaTtuctudeckne metogbl. [NpumMeHeHue K
HOBLIM TEXHOMOTMAM W npoueccy pa3paboTku npogykumu. PobactHoe na-
pameTpuyeckoe npoektuposaHue (RPD)»
MpumevyaHune — B HacTosAweih Tabnuue ucnonb3oBaHo crenyolee ycnoeHoe o603Ha4YeHne cTeneHn cooT-
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