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METOINYECKHUE YKA3ZAHUS 110 U3YYEHUTIO
TEOPETHYECKOI'O MATEPHUAJIA

Paszpnen 1. O0mas xapakTepucTHKa IapaMeTpoB,
CHCTEMHBbIC METOAbI B KOHCTPYMPOBAHUM U TexHoJioruu PIC

Memoouueckue ykazanus

[Tpu u3ydyenun y4eOHOTO MaTepualia 3TOro pasjieja He0OX0UMO MOHATh, YTO
kauecTBO POY — 3T0 MHOrOorpannoe cBoicTBo. [[j1s1 onucanus TexX Ui UHBIX CTOPOH
ATOr0 CBOMCTBA MPUTOJIHBI EAUMHUYHBIE MMOKa3aTenu. CII0BO «EIMHUYHBIN» O3HAYAET,
YTO MOKA3aTellb AAET MPEACTABICHNE O KAKOM-TO OJJHOM CBOMCTBE, HAIIPUMEDP CTOM-
MocTh. Clie1yeT NOHATh, YTO KOMIUJIEKCHBIM MOKAa3aTeNlb HAJEKHOCTH OJHOBPEMEHHO
TaéT MpeCTaBlIeHUE O JIBYX U 0oJiee CBOMCTBax, ompeaestonmx kadecrso POY. B
OOJIBIIMHCTBE CIy4YaeB KOMIUIEKCHBIMA MOKa3aTesb KauecTBa (0003HauuM kak K) sB-
JSI€TCS MATEMATUYECKUM BBIPAXKEHUEM, IOCTPOCHHBIM M3 €AMHUYHBIX MOKa3aTeleH,
U HE UMEET KOHKPETHOr0 (PM3MYECKOI0 CMbICIIA, HAIPUMEDP

K=Yak (1)

rA€ m - YUCJO €AMHUYHBIX MOKa3aTeNel, MPUHITHIX BO BHUMAHUE,
0; — K03 PuIMeHT, noka3pIBalOUi BeC (BaXXKHOCTh, 3HAUUMOCTh) i-T'0 €UHUY-
HOT'O ITOKa3aTeis IS JaHHoro Buaa POY;
k; - 3HaYeHHe eJMHUYHOTO OKa3aTelsl KauyecTna.

st Toro 4To0Bl BOCIIONIB30BaThCA BbIpakeHueM (1), 3HadueHUs k; JOJKHBI
OBITh MOJCTAaBJIEHbl B HOPMUPOBAHHOM Oe3pa3MepHOM HcuucieHud. Ha mpakTuke
pacnpocTpaHeHa HOPMUPOBKA, PU KOTOPOM JHMANA30H pealbHbIX 3HaYEHUH k; repe-
HocuTca Ha oTpe3ok (0...1). [IpuyeM enuHUIIAa COOTBETCTBYET Jy4IlIeMYy CIIy4alo, a
HYJIb — XyJLIEMY C TOYKHU 3peHusi (YHKIMOHUPOBAHUS U MOTPEOUTENHCKUX CBOMCTB
POVY. IloaTroMy HEOOXOAMMO OCMBICIUTH MEpBYI0 (opmyiy Bblpaxkenuil (1.12) B
[1,c. 13].

Crnenyer Takxe MOHATh, YTO KOHCTPYKLUU U TeXHOJIoTHueckue npoueccel POC
MPOSBIISIIOT MpU3HaKku cucteM. [loaromy 1i1st ux mpoekTupoBanus 3GPeKTUBEH Moi-
XO0Jl, KOTOPBIA MPUMEHSIOT JJI1 MPOEeKTUpoBaHUs cucteM BooOie. IIpoexktupyemoe
YCTPOMCTBO HJIM TEXHOJIOTMYECKUI IPOLECC PACCMATPUBAETCS KaK CUCTEMA, CO-
CTOsSIIIAasi U3 COCTAaBHBIX YacTed (moacucrem). B To ke BpeMs 3Ta cucTemMa BXOJIMT
KaK 4acTh B cocTaB OoJiee CIOXKHOW cucTeMbl (cynepcucremsl). B kadectse cymep-
cucteMbl Juisi KOHCTpyKuuii POC moryT BbICTynaTh, HampuMep, KOHCTPYKTHUBHBIE
€IMHMIIBI 00JIee BBICOKOTO YPOBHS M BHEWIH:A cpeaa (puc. 1).



IIpn n3ydyeHnn CUCTEMHOTO

Cymnepcucrema Ipumep: HoAX04a HeoOXOAMMO WMEThL B
POV, remnss cpesia BHIY, 4YTO OH MPEIIIOIaraeT
1 (IpUMEHUTENBHO K MPOEKTUPOBa-
IIpoexTupyemoe bnox POC HUIO KoHcTpykumii POC) cre-
YCTPOHCTBO Tyromee:
(cuctema)

¢ paccMOTpEHUEC AJIbTCPHaA-

THUBHBIX HYTGﬁ I[MOJIyUYCHUA COIIOC-

C QDyHKIMOHAIbHBIE Y3IIbI, TaBUMbIX BAapUaHTOB; 3TO B IEp-

OCTaBHBIE YACTH
KacKa/pl BYIO O4Yepeqh KacaeTrcs BBIOOpa

(moacucrems!)
KOMIIOHOBOYHBIX CXCM, MATCpHa-
JIOB, KOMIUICKTYIOOIUX 3JICMCH-
Puc. 1. YnpoueHHas cxema cBs3u TOB, DJHEPrCTUYCCKHUX HCTOYHH-
IIPOEKTUPYEMON CUCTEMBI C IIOJICUCTEMOM KOB;

1 cynepencTeMon ¢ KOJIMYECTBCHHYIO  OIICHKY

KOMIIJICKCHOI'O ITOKa3aTcCjId Kadc-
CTBa KOHCTPYKOHUHN C YUCTOM BC-

COBBIX KOA((PHUIIMEHTOB €IMHUYHBIX MTOKa3aTellel, yKa3aHHBIX 3aKa34YUKOM;

¢ HUCIOJIb30BaHUE MOJENIed MU MUMHUTAIUMN JUIsl UCCIEIOBAHUS KOHCTPYKTOPCKUX
pelieHuii, a He COOPKY M UCCIIeIOBAaHUE PEAIbHBIX YCTPOMCTB;

¢ [IPUMEHEHUE BEPOATHOCTHO-CTATUCTUYECKUX METOJIOB JJIS OLIEHKU TE€X pellle-
HUM, Ha PE3yJbTaT KOTOPIX OKA3bIBAIOT BIUSHUE CIIyYallHbIEC IAPAMETPBIL;

¢ WUCIOJI30BaHUE TP BHIOOPE U OIIEHKE pPEIIeHUs COBPEMEHHOTO MaTeMaTuye-
ckoro anmnaparta u 9BM.

OCHOBHBIMH JIUTCPATYPHBIMU MCTOYHUKAMH IJId U3YUCHUA CHUCTCMHOI'O IIO/I-

xona sBisitores [1, 3, 4].

N —

KOHmPOJleble 60NRPOCHL

B 4éM cOoCTOUT CMBICII BBIXOJIHBIX U IEPBUYHBIX TapaMeTPOB?

Kak cooTHOCATCS MOHSTHS «BHYTPEHHHUE M BHELIHUE MapameTpbl POVYy, mu-
POKO MCIOJIb3yEMbIE TPU aBTOMATU3UPOBAHHOM MPOEKTUPOBAHUU, C TOHSITHEM
«TEPBUYHBIE TAPAMETPHD)?

Kakue BbIBOABI MOKHO ClielaTh 0 KOHCTPYKIUU POV u e€ cocTaBHBIX 4acTaX C
MIOMOIIbIO KO3(PHUIIMEHTOB 3aMI0JIHEHUS 110 Macce, 00bEMY, TUIOIA U ?

Kak npu npoextuposannu POY ncnonb3oBate KO3 (GUIUEHTH! yBEIUYEHUS 110
00bEMYy, IO M, Macce?

. YTo MOXHO cKa3aTh 0 KauecTBe POV ¢ moMomibp0 eIMHUYHBIX 1 KOMIUIEKCHBIX

1oKasaresyel kauecrna?

Kak mmpu ounenke ypoBHs kauecTtBa POY MOXHO y4eCTh €AMHUYHBIE ITOKA3aTe-
J¥, HE MMEIOIIHE SBHO BBIPAXKEHHOW KOJMYECTBEHHOW MEpbI, HAIlpUMEp Xy-
J0’KeCTBEHHOE OopmiteHne (au3aiin)?

B 4éM cocToAT CymIHOCTh U COAECPKAHUE CUCTEMHOTO MOAX0/a K MPOEKTUPO-
BaHUIO KOHCTPYKUM POV (TeXHONMOrnueckux npoueccon)?
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Pa3znen 2. BepoAiTHOCTHOE OnMcaHKMe MapaMeTPOB B
KOHCTPYHPOBAHUM W TexHoJiornu PIY

Memoouueckue ykazanus

Haunnas n3yuyeHnue yueOHOro Marepuania JaHHOTO paszielia, pEeKOMEHAYETCS U3
Kypca «Teopus BepOATHOCTEM M MaTeMaTH4eCKas CTATUCTUKA» BCIOMHUTH TaKUE
HOHSATHS, KaK CIy4alHble BEIMYHUHBI, (DYHKIMS PACIPEAECICHHS U IIIOTHOCTh pacipe-
JEJEHUsl CIIyYalHbIX BEJIIMYHMH, BEPOSATHOCTh MOMAJAHUSA CIIyYalHOM BEIMYMHBI Ha
3aJIaHHbII y4acTOK ([Mara3oH), YMUCIOBBIE XapaKTEPUCTUKU CIyYallHOW BETUYUHBI:
MaTeMaTH4YeCKOe OKUIaHUE, JUCIIEPCUsl, CpEHEE KBAaIpaTUYECKOE OTKIOHEHHE. Pe-
KOMEHIYETCSl TAaK)KE€ TTOBTOPUTH TEMBI: HOPMAJIbHBI 3aKOH PACHPENEICHUS U OIlpe-
JICJICHUE 3aKOHOB pacIpe/ielieHNs Ha OCHOBE ONBITHBIX AAaHHBIX. B mocienHem ciy-
yae 0co00e BHUMaHUE HY>KHO 00paTUTh Ha NOPSAJOK NOCTPOECHUS THCTOTPAMM M CTa-
TUCTUYECKUX (YHKUMH pacrpeneieHus CiaydyailHbIX BEJIUYMH, a TaKXKE BbIPABHHUBA-
HUE CTAaTUCTUYECKUX DPSAOB, IIPOBEPKY TMIIOTE3 O 3aKOHAX PaCHpEleIeHUs C IIOMO-
IbIO KPUTEPHUEB coriacus. B kauecTBe oOuIei TuTepaTypbl MO yKa3aHHBIM BOIIPOCaM
pekomenayercs [10], B [1, 3, 4] 3Ti BOompockl pacCMOTPEHbI TPUMEHUTENBHO K POY
Y DJIEMEHTAaM.

Crnenyer NOHSATH, YTO MapaMeTpbl, C KOTOPHIMH NPUXOAUTCS UMETh JEJIO B
KOHCTPYUPOBAHUU U TEXHOJIOTMU POY, B cuily OOBEKTUBHO JNEHCTBYIOIIUX MPUYHH
ABJISIFOTCS CiIydailHbIMU. [[OHATHE CITy4allHOCTH MPHU ATOM HE O3HAYAET MOJIHBIN ''Xa-
oc". C oaHOM CcTOpOHBI, pa3zdpoc (paccemBaHue) MapaMeTPOB OTPAHUYUBACTCS Tpe-
JNENbHBIMU OTKJIOHEHUSIMH — JIOITyCKAMH, C APYTrOM — CIIy4YalHOCTh IIapaMeTPOB IPO-
SBJIAETCS IPU PACCMOTPEHUHU BBIOOPKH OJHOTHIIHBIX U3JIEIHUI, MaTepruagoB UHCTPY-
MEHTa, pealu3aluil npoueccoB. B mpenenax moss nomycka 3HA4€HHE CIIy4alHOIO

rapameTpa MOKET NOJUYUHATHCS TOMY WM
wx) a MHOMY 3aKOHY pachpelencHus. 3aKOH MOo-

W XKEeT OBITh 3aJlaH CIeAyIomUMUA (DyHKITHUS-
MU: IJIOTHOCTBIO pacrpeseneHus w(x), Ha-
3bIBAEMOM MHAYE IJIOTHOCTBIO BEPOSATHO-
cTeil;  QyHKumen pacmpenencHus F(x).
I'paduku >TX (yHKUMHA B ciiydae HOP-

v

M(x) MaJbHOTO 3aKOHa paclpe/esieHus] mapa-
MeTpa ITOKa3aHbl Ha puc. 2.

F(x) 4 Crneayer 3HaTh, 4YTO INPUMEPHO B

| T 90...95 mponeHTax ciyyasax napaMeTpbl B

KOHCTPYUPOBAaHUU U TexHojoruu PIY

0.5 pacnpenenieHbl M0 3aKOHaM, OJU3KUM K

0 » . HopManbHbIM. [lo3TOMy wH3ydeHuU0 HOp-

M(x) MajdbHOM Mozenu (HOPMaJbHOTO 3aKOHA

Puc. 2. I'paduxu pynxumii w(x) pacnpeneieHus) B NMPUMEHEHUH K OIHuca-

u F(x) mpu HOPMATLHOM 3aKOHE PACIPe- g0 TapaMeTPOB CIIEAYeT YACIHTh 0c060e

ACTICHITA TapaMeTpa BHMMaHuE. IIpy 5TOM HEOOXOIUMO OCMBIC-

JUTh “NIPABHIIO TPEX CUTM’, TIOCKOJIBKY UM
LIMPOKO MOJIB3YIOTCS B MHKEHEPHOM IIPAKTHKE.
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Pexomenayercs o padoTe [2] 03HAKOMHUTHCS € IPUMEPaMU IPUMEHEHUST HOp-
MaJbHOM MOJENH MPU PELIEHUH UHKEHEPHBIX 3a1a4. Hano 3HaTh, 4yTO B TEX Ciiyyasx,
KOTI'/Ia 3aKOH paclpeesieHnsl mapaMeTpa HEM3BECTEH U HET OCHOBaHUM NPUHSTH M-
[I0TE3Y O HOPMaJIbHOW MOJIENH, CIENYET M0JIb30BAThCSI PABHOMEPHOM MOJEIIBIO, TaK
KaK OHa SABJISIETCS MPEeIbHBIM (HaUXyIIIUM) CIIydaeM pacCerBaHUs apaMeTpoOB Ha
IPaKTHKE.

J1J1s1 BEpOSITHOCTHOT'O ONMCAHMS ClIydaitHOro napamerpa (0003HaYuM ero yepes
X) UCTOJIB3YIOTCS CJIEIYIOIINE XapAKTEPUCTUKH:
e cpeaHee 3HaUYeHUE napamerpa, M(x);
e cpeaHee KBaJpaTUUECKOE OTKJIIOHEHHE MapaMeTpa, 6(X), uiu aucnepcus, D(x);
HEO0OXOIMMO IOMHHTB COOTHOMIeHHE D(X)= 6°(x);
® 3aKOH paclpeleseHus napameTpa B Mpeenax Mmois JOoMycKa, HalpuMep, TI0T-
HOCTb pacmpejiejieHus] mapaMmerpa, w(x), B 3TOM ClIydae X — HE TOJBbKO paccMaTpH-
BaeMbIil TapaMeTp, HO U €ro TeKYIMe 3HAUCHHUS, TaK KaK w(X) eCTb (QyHKIIHS.
Cpennee 3HaueHue M(x) OOBIYHO COOTBETCTBYET HOMHHAIBHOMY 3HAUCHHUIO
IapaMeTpa, yKa3blIBAEMOMY B TEXHUYECKOM JOKYMEHTAUUHU. B MHXKEHEPHOU NMPAKTH-
ke nHpopmalus o pazdpoce mapamMeTpoB, Kak MPaBUIIO, 3a/1a€TCS XapaKTEPUCTHKON
d(x) — moaoBUHON moJisi Jomycka. IIpy M3BeCTHOM BHUJE MVIOTHOCTH paclpeAesIeHUs
napamMeTpa JErko NeperTr OT XapaKTepUCTUKH O(X) K XapakTepuctuke o(x). Jomycku
Ha IapameTpsbl, AJI1 KOTOPBIX ONpPaBJaHA TMIIOTE3a O HOPMAJIBHOM MOJAENH, OOBIYHO
YCTaHABJIMBAIOTCSI HA OCHOBE “TIpaBWJIA TPEX CUTM’, IMIOITOMY JJIsSI ONPEIAEICHUs Xa-
PAKTEPUCTUKH G(X) B TAKUX CIIy4asX MOKHO IOJIb30BAaThCs BBIPAKEHUEM

a(x)zdgx).

JIs1 BEpOSITHOCTHOTO OMHUCAHUS 3aBUCHMBIX TapaMeTpoB (AByX uin OoJiee)
TIOJIB3YFOTCSl BEPOSITHOCTHBIM OIMMCAHUEM IMapaMeTPOB, PACCMATPUBACMBIX B OTICIb-
HOCTH, T.€. XapakTepuctukamu M (x; ), o(x;) 1 w(x; ), a Takke KodpPULUECHTaMU

NApHOW KOppEJSIMU MEXAY 3aBUCHMBIMU Iapamerpamu. PaccMarpuBas NHOHsATHE
KOppEeSILUUA MEXIy NapaMeTpaMHu, CIEAYET OCMBICIMTh NPUMEP KOPPEIHPOBAHHBIX
apamMeTPOB U3 “JKU3HU : 3aBUCUMOCTb MEK/y MacCOU U POCTOM JIFOAEH.

W3yyast yueOHBIN MaTepuaj 3TOTO pasfiena, CleqyeT UMETh B BHIY, YTO B UH-
KEHEPHOU MPAKTUKE UCIOJIb3YIOT BEPOSATHOCTHOE OMHCAHUE KaK MapaMmeTpa B CBOEH
Pa3MEpPHOCTH, TAK U OTHOCUTEIBHOTO OTKJIIOHEHUS MapamMeTpa, BBIPAXKAEMOro 0ObIY-
HO B mpoueHTax. CienyeT MOMHUTh, YTO BUJ KPUBBIX IJIOTHOCTEH pacrpeaesieHUs
JUIS IapaMeTpa B CBOEH pa3MepHOCTH W(X) U JUIsl €F0 OTHOCUTEIBHOM MOTPEIIHOCTH
w(Ax/x) coxpaHseTcsi, U3MEHSIOTCS JIMILIb YUCIOBbIE XapaKTEPUCTUKHU: CPEIHEE 3Ha-
YeHHUE U CpeiHEe KBaJpaTuyeckoe OTKIOHEeHHE. [lepexon oT BEpOATHOCTHOIO onuca-
HUS [apaMeTpa B CBOEH Pa3MEPHOCTH K BEPOSITHOCTHOMY OINMCAHHUIO €r0 OTHOCH-

TEIHHOM MOTPENTHOCTU MILTIOCTPUPYETCS] Ha IPUMEPE PE3UCTOPA C COMTPOTUBICHUEM
R=30 kOm +£10% (puc. 3).



w(R), w(AR/R) Kak ocHOBHas1 nuTepaTrypa 1o BeposiT-
A

HOCTHOMY OMNMCAHUIO CIY4YailHBIX IMapameT-
poB pexomenayrred [1, 4], B kauecTBe n10-
MTOJTHUTEILHBIX UCTOYHUKOB MOJIE3HEI [7, 8].

Konmponvnsie éonpocul

»
>

27 30 33 R.xOm 1. IMosicuute, Kak IPOSIBIISIETCS

I I > CIy4aiiHOCTh TapaMeTpoOB dIIEMEH-

-10 0 +10 A R/R.% TOB, KOHCTPYKIIUH, TEXHOJIOIHYe-

Pric. 3. WITIOCTPAIIs K NEPEXOMy CKHX IPOIECCOB, CBONCTB MaTepHa-

OT BEPOATHOCTHOI'O OIIMCAHUS I1apa- JIOB, XapaKTepI/ICTI/IK HHCTPYMGHTa n
MeTpa R K BEpOSITHOCTHOMY OITH- T.II.

canuio mapamerpa AR/R 2. YTO MOHUMAIOT IOJ BEPOSTHOCTHBIM

3.

o0

10.

11.

12.

13.

14.

15.

OMMCaHUEM MapameTpoB?
Kak mapameTpsl m 1 6 HOpMaJbHON MOJIENN PACTIPEIEICHUS CIIyYaiiHON BEIN-
YUHBI CBA3AHBI C €€ YUCIOBBIMU XapPAKTEPUCTUKAMU: MATEMATHUYECKUM OXKH-
JaHueM (CpeTHUM 3HAY€HHEM) U CPETHUM KBaJIPaTUUYECKUM OTKIOHEHHUEM?

. HOHCHI/ITC, B 4Y€M COCTOUT CYTh «IIpaBuJia TPECX CUI'M» U KaK UM IIOJIb30BATLCA

Ha IIPAaKTHUKC.

. [IpuBenuTe U3 00MacTU KOHCTPYUPOBAHUS U TexHOJoruu PDY mpumepsl na-

pameTpoB, IS KOTOPHIX OMNpaBAaHa Trumnore3a (MPEeAro0oKEeHHE) O PaBHO-
MEpPHON MOJENH 3aKOHA paCcpeICIICHHUS.

. Kak cnepgyer nmoctynaTte Ha IIpakTUKE B CIIydasiX, €CJIM JJIs ITapaMeTpa HET OC-

HOBAHUU IPUHATH TUIIOTE3y O HOPMAJIbHOW WJIM PAaBHOMEPHOM MOJENAX 3a-
KOHa pacrnpeaeneHus?

. Kak ¢ IMOMOMIBIO KOPPCIINUOHHOTO ITOJIAA ITapaMETPOB MOKHO CACIIATh BBIBOJ

O CHJIE KOPPETSLMOHHOM CBS3U MEXKy IMapaMeTrpamu’?

. B uém cocTouT OTIIMYMEe OTPULATENBHON KOPPEISIUUU OT TOJIOKUTEIBHON?
. [IpuBenure npuMepsl KOPPEIUPOBAHHBIX [TApAMETPOB B KOHCTPYUPOBAHUU U

texnoJsiorun POC.

Yro npencrasisieT co00il KOppeIsaLMOHHAs MaTpHIla MMapaMeTpoB U KakK €ro
MOJIb30BAaThCS HA MPAKTUKE?

Kak moHumaTte TepMHH “BBIOOpOYHAs XapaKTEPUCTUKA™, HAIpUMEp ‘‘BbIOO-
POYHBINA KOYPDUITUEHT KOoppesaiuu’?

UTO NOHUMAIOT MOJ TOYEUYHBIMH U MHTEPBAJIbHBIMU OLICHKAMH MapaMEeTpOB,
XapaKTEepUCTUK?

Kak Ha mpakTuke ONpeneNnTh TOUYEYHBIE OLICHKHM MATEMAaTHYECKOrO 0KHJIa-
HUS U CPETHETO KBAPaTUYECKOr0 OTKJIOHEHUs rapamerpa?

[TosicHuTe, Kak onpeaenuTh TpedyeMoe Yncao HaOMI0ACHUI mapaMeTpa, YTo-
Obl TIO pe3ylbTaTaM MaTeMaTHYecKOM O0O0paOOTKM TapaHTHpPOBAaTh CpEAHEE
3HAYEHUE MapameTpa ¢ OMMOKON, HEe TPEBBIIIAIOIIECH 3aJaHHYO.

[losicauTe mpouenypy 3KCIEPUMEHTAIBHOrO ONpeAeneHus Kod(p(ulreHTa
MAapHOU KOPPENALMH MEXy HapaMeTpaMHu.
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16. OnumuTe npoueaypy NOCTPOEHUSI TUCTOTPaMMBbl pACIPEEICHUS TapaMeTpa.
Kak HeoOxoauMo pa3OuTh Auamna3oH HAOMIOJAaEMbIX 3HAYECHHUN NapameTpa,
YTOOBI MIOCTPOCHHUE TUCTOTPAMMBbI 3HAUUTENIBHO YIPOCTUIOCH?

17. U3 xakux cooOpaxeHHil HE0OXOIMMO BBIOMPATh YMCIIO MHTEPBAJIOB MpHU IO-
CTPOEHUU TUCTOIPAMMBI pacipeiesieHus: napameTpa?

18. IosicHuTe, YTO TakOe BEPOSITHOCTHASI CETKa (APyroe Ha3BaHHUE — BEPOSITHOCT-
Has Oymara), ¥ Kak €€ MCI0/Ib30BaTh HA MPAKTUKE JUIsSl MPUHSATHUS TUIOTE3HI O
3aKOHE pacIpe/ieeHHsl MapaMeTpa.

19. ITouemy 11t 3aKOHA PaBHOM BEPOSITHOCTH NOHSTHUE BEPOSITHOCTHAS CETKa HE
UMeEET CMbICIIa?

Paznen 3. MaremaTuyeckue MOAEJN PAANOIJIEKTPOHHBIX
YCTPOWCTB U TEXHOJOTUYECKHX MPOLECCOB

Memoouueckue ykazanus

Crnenyer NOHATH, YTO MOJEIMPOBAHNE KOHCTPYKIIMM U TEXHOJIOTHYECKUX MPO-
1IECCOB MO’KHO PacCMaTpUBaTh KaK CJIEACTBUE CUCTEMHOIO MOAX0a K IPOEKTUPOBa-
HUIO KOHCTPYKLUH U TEXHOJOIMYECKUX IporeccoB. [IIupokoe ucnonb3oBaHue B UH-
YKEHEPHOM NPAKTHUKE MOJYYWIM MATEMAaTUYECKUE MOJEIN YCTPOWCTB M TEXHOJOTH-
yeckux mpoueccoB. HeobxonuMo uMeTs B BUAY, YTO MO CJIOBAMHU MaTeMaTHUeCKast
MOJEIb YCTPOUCTBA WM TEXHOJIOTMYECKOTO MPOLECCa MOHUMAIOT MAaTEMAaTUIECKOE
BBIpaKEHUE, NTOKA3BIBAIOIIEE, KAK BBIXOAHOM MapaMeTp YyCTPOMCTBA WM TEXHOJIOTHU-
YECKOr0 MpOoLEecca 3aBUCUT OT NPHUHATHIX BO BHUMAHHME IEPBUYHBIX ITapaMETPOB.
Wuorna myist 60b1I€i ONPENeIeHHOCTH BMECTO TEPMUHA ‘‘MaTeMaThdecKas MOJEIb
YCTPOMCTBA WJIM TEXHOJOTUYECKOTO Mpolecca’ ynoTpeOastoT TEpMUH “MaTeMaTuye-
CKasi MOJIEJIb BBIXOAHOTO IapaMeTpa YCTPOMCTBA WM TEXHOJIOIMYECKOro Iporecca’.
Ho 3z1ech Takke UMEIOT B BUYy MAaTEMaTUYECKOE BBIPAKEHHE, CBA3BIBAIOIIECE BBIXO-
HOM IapameTp YCTPOMCTBA MJIM TEXHOJIOTMYECKOIrO IIpoliecca C NMEpBUYHBIMM Iapa-
METpPaMH.

MaremaTnyeckue MOJEIN YCTPOMCTB M TEXHOJOTMYECKUX IPOLECCOB IIOJIY-
YalT B WH)KCHEPHOW IPAKTHUKE Yallle BCEro B BHUJE IOJMHOMOB, IIPH 3TOM HCIIOJb-
3YIOT IaCCUBHBIE U AKTUBHBIE SKCIIEPUMEHTHI.

B maccuBHBIX SKCIIEPUMEHTaX SKCIIEPUMEHTATOp HAOIIOJaeT 3HAuYeHUs Iep-
BUYHBIX MMAPAMETPOB X,..., X; (k - YUCIIO yUUTHIBAEMBIX NEPBUUYHBIX MAPAMETPOB) U
(bUKCHpYEeT COOTBETCTBYIOUIUE 3TUM 3HAUEHUSIM YPOBHU BBIXOJIHOTO mapamerpa. U3-
MEHEHHME 3HAYEHUH MTEPBUYHBIX [TAPAMETPOB JTIOCTUTAETCS IIyTEM 3aMEHBI yCTPOUCTBA
(9K3eMIUISIpa) WU pealn3alii TEXHOJIOTNYECKOTO MpoLecca.

IToHAB podb M MECTO MACCUBHBIX DKCIIEPUMEHTOB B IOCTPOCHUHU MaTEMaTHYe-
CKUX MOJIeNel, HEeOOXOIMMO OCMBICIUTh NPUYMHBI, KOTOPBIE “BBI3BAIU K JKU3HU
HOSIBJICHUE TEOPUU IJIAHUPOBAHUS AKTUBHBIX (PAKTOPHBIX SKCIIEPUMEHTOB: HEOOXO-
JUMOCTh COKpAIllEHUsl YHUCJa OIBITOB, HEOOXOAMMBIX AJsl NOCTPOEHUS MOJEJEH;
CTpEeMJICHHE YHPOCTUTH MPOLEAYPY MaTeMaTHUeCKOH 0O0pabOTKH pe3ysbTaToB 3KC-
IIEPUMEHTA.
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VY4ebHast mporpaMMa MpeaycCMaTpuBaeT W3yueHNE aKTUBHBIX (DaKTOPHBIX DKC-
MIEPUMEHTOB, B KOTOPHIX (haKTOPBI BAPHUPYIOTCS HA IBYX YPOBHSIX: HUKHEM H BEPX-
HeM. MeTouuecku peKOMEHAYeTCsl BHAaUajle U3yYUTh U OCMBICIUTH IMOJHBIE (hak-
TOPHBIE SKCIIEPUMEHTHI TUIIA «ok ”, a 3aTeM NEepPerTH K paCCMOTPEHUIO IPOOHBIX (pak-
TOPHBIX SKCIIEPUMEHTOB.

B kadyecTBe OCHOBHOM JUTEpATyphl MO pazneny pekomenaytores [1, 3, 4]. Bo-
MIPOCHI IPUMEHEHUS TOTHBIX U JPOOHBIX (PAKTOPHBIX DKCIEPUMEHTOB Ha JOCTATOY-
HOM yPOBHE PacCMOTpPEHBI Takxke B [7, 13]. B kauecTBe AJOMOJIHUTENBHON TUTEPATY-
PBI MOYKHO HCTIOJIB30BaTh [12].

C npumepamu CTaTUCTUUECKON 00paOOTKH pe3yJIbTaTOB MACCUBHBIX IKCIEPH-
MEHTOB MOXHO O3HaKOMHThCA B [7, 9]. Ilpumepnl craTtuctrueckoi oOpabOTKH pe-

3YJIbTATOB AKTUBHBIX (I)aKTOpHBIX SKCIICPUMCHTOB JOCTATOYHO ITOJITHO PACCMOTPCHBI
B[1,2,4,7,12,13].

Konmponwvnwie éonpocut

1. Uro nmoHumaroT noj rpaguyeckuMu, GU3NYECKUMH U MaTeMaTUYEeCKUMHU MO-
aensMu 00beKTOB WK npoueccos? [IpuBeanTe npuMepsl yKa3aHHBIX MOJIETICH.

2. YTo MOHMMAIOT MOJ| PErPECCHMOHHON MOMeNbl0? 3amuiure B 00IIeM BUIE

YPaBHEHHE MHOKECTBEHHOW JIMHEWHOW PETrPECCUMN.

. IlosicHuTe Ha3HayeHNEe U CyTh METOJIa HANMEHBIINX KBaAPATOB.

4. TlosicHuTe, KaK Mo pe3yJbTaTaM 3KCIEPUMEHTOB HAXOJAT MPHUOIIKAIOIINE Ma-
TEMaTUYECKHUE MOJEIIH B BUIE€ AJIEMEHTAPHBIX (QYHKLIUM.

5. B uéM CcyTh U A pelIeHus KaKuX 3a/1ad UCHOJb3YIOTCS (PaKTOpHbIE SKCIEPH-
MEHTHI B KOHCTPYUPOBAHUH U TEXHOJIOTHH POY?

6. YKaxuTe OTIIMYUTEIbHbIE OCOOCHHOCTH MACCUBHBIX M aKTHUBHBIX (PAKTOPHBIX
JKCIIEPUMEHTOB.

7. Onumure 3Tanbl MPOUEAYphbl MPUMEHEHHs NMACCUBHBIX (DAKTOPHBIX SKCIEpU-
MEHTOB JIJIS ITOJIyYEHHUSI MAaTEMAaTUYECKUX MOJIEIIEH.

8. TlosicHuTe, Ha Kako OCHOBHOM BOIPOC JOJDKHA JaTh OTBET MPOIEAYypa Mpo-
BEPKU CTATUCTHUYECKON 3HAYUMOCTU KO3(DPPHUIMEHTOB MaTeMaTU4YEeCKOW MoJe-
JIH.

9. B uém 3aKkiIrovaroTcsl MPEeUMYIECTBA AKTUBHBIX (PAKTOPHBIX IKCIIEPUMEHTOB B
CPaBHEHHUU C MACCUBHBIMU (PaKTOPHBIMH SKCIIEPUMEHTAMH?

10.1TosicHuTe, Kak Mpu IUIAHUPOBAHWU aKTHBHBIX (DAKTOPHBIX 3KCIEPUMEHTOB OT
napaMeTpa B CBOEH pa3sMEPHOCTH MEPEUTH K €ro KOAUPOBAHHOMY ITPEICTABIIE-
HUIO.

11.Ykaxxute OCHOBHBIE CBOMCTBA MaTpHUL IJIaHUpoBaHus [1DD.

12.TlosicHUTE, KaK IUIAHUPOBATH U BBINOJHATEH ONbITH [IP3D. UTo moHMMaroOT moj
paHIOMM3aLMEN OIIBITOB.

13.B uém 3akmrouaercs ocobeHHOCTh DD u KakoBO WX MPEUMYIIIECTBO B CpaB-
HeHuu ¢ [1DD?

14.KakoBa 1ociieJoBaTeIbHOCTh CTATUCTUYECKONH 00pabOTKH pe3yIbTaTOB aKTUB-
HBIX (DaKTOPHBIX SKCTIEPUMEHTOB?

(98}
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Pa3zgena 4. AHAJIN3 TOYHOCTH U CTA0OMJIBLHOCTH
BbIXOIHBIX IAPAMETPOB PAAUO0IJIEKTPOHHBIX YCTPOMCTB H
TEXHOJOTHYECKUX MPOLECCOB

Memoouueckue ykazanus

BaxxHeWIMMU MOHATUSMH JII OCMBICIMBAHUS Y4YEOHOro maTepuaia 3TOTo
pasziena SBISIOTCS Takue, KaK TOYHOCTh U CTAOMJIBHOCTh BBIXOAHBIX IapaMeTpOB
YCTPOMCTB WJIM TEXHOJOTUYECKUX MPOLECCOB. JTU MOHITUS HEPEIKO OTOXKIECTBIIS-
IOTCS WJIM CMELIMBAKOTCS, YTO 3HAYUTEIIBHO 3aTPYAHSAECT BOCIIPUATHE METOJOB WH-
YKEHEPHOT'0 aHAJIN3a TOYHOCTU M CTAaOMIIBHOCTH BBIXOJIHBIX TTapameTpoB. [lo TouHo-
CTBIO BBIXOJHBIX MAPaMETPOB MOHUMAIOT CTENEHb MPUOIMKEHUS UCTUHHOTO 3HaYe-
HUSI BBIXOJIHOTO NapaMeTpa K €ro HOMMHAJIbHOMY 3HAYECHUIO MPHU OTKJIOHEHUSX Iep-
BUYHBIX MMAPAMETPOB, COOTBETCTBYIOIIMX MPOU3BOJCTBEHHBIM MOrpemrHocTsIM. OT-
KJIOHEHUSI, 00YCIIOBIICHHBIE TTPOU3BOICTBEHHBIMH TIOTPEIITHOCTSIMHU, TAK)KE HA3bIBAIOT
HAYaJIbHBIMU WJIM TE€XHOJOTMYECKUMHU OTKJIOHEHUSIMU, HANpPUMEP, TOYHOCTH PE30-
HAHCHOM 4acToThl f, LC-KOHTypa 3aBUCHUT OT pa30poca MHIYKTUBHOCTH U €EMKOCTH.

CTaOuiIbHOCTh XapaKTepU3yeT CTENEeHb HEU3MEHHOCTH (TIOCTOSHCTBA) BBIXO/I-
HOTO TIapaMeTpa BO BPEMEHU U B YCIOBHUSAX BO3JEHCTBUA (PAKTOPOB OKPYKAIOIICH
cpeabl (TeMmepaTypsbl, BIQKHOCTA U T.1.). Eciu mapaMeTrp HE3HAYUTEIbHO H3MEHS-
eTCs BO BPEMEHH U MPHU BO3JACHCTBUH (PAKTOPOB CPEbl, TO TOBOPST O €r0 BBHICOKOU
cTtadbmibHOCTH. Ecnim mapameTp 3aMEeTHO U3MEHSAETCS B yKa3aHHBIX YCIOBUSX, TO IO-
BOPAT O HU3KOM CTaOMJIBHOCTH 3TOro mapameTpa. Hepenko moHsTHE CTaOUIBHOCTH
BBIXOJJHOTO TapaMeTpa MyTAalT C TAKUM MOHSITHEM, KaK MapaMeTpuYecKas HaJexK-
HOCTb yCTPOMCTBA, I10J{ KOTOPOU ITIOHUMAIOT CBOMCTBO YCTPOMCTBA COXPAHIThH 3HAUE-
HUE CBOETO BBIXOJIHOTO MapaMeTrpa (0JHOr0 WM HECKOJIbKUX) B 33JJaHHBIX Ipeieax
B OIPEAEIICHHBIX YCIOBUAX IKCIUTyaTallMy U B TE€YEHUE 3aJaHHOTO BPEMEHU

Hepenko oTOXIECTBISAIOT WM MyTal0T MeXAy coOol moHaTus pazopoca (pac-
CEUBaHMUs, OTKIIOHEHUS) MapameTpa W Jonycka Ha mapamerp. Cieayer 3HaTh, 4YTO
pazOpoc mapameTpa OOYCIOBJIICH Pa3IUYHBIMU MPUYMHAMH (YUCTO MPOU3BOICTBEH-
HBIMH TPUYUHAMH, JEUCTBHEM (HaKTOPOB Cpeibl, MPOIeccCaMu CTapeHUs W T.J.) H
MOXET OBbITh JO0CTaTOYHO OoyibiuM. C TOYKM 3pEeHHS 3ajad MPaKTUKH, pa3Opoc ma-
paMeTpa Bcerja OrpaHUYMBAECTCS XapaKTEPUCTUKOM, HA3bIBAEMOW JOIYyCKOM. Eciu
JOIYCK Ha MapaMeTp YCTaHOBJIEH, TO AaJIee BCTAET BOIPOC, KaK €ro 00ecreunThb, TaKk
KaK pa30poc napaMerpa MOKET MPEBBIIATh YCTAHOBICHHBIN JTOMYCK.

Tenepr oOpatuMcs K OIIEHKE TOYHOCTH M CTAOMIBHOCTU BBIXOAHBIX MapaMmeT-
poB. B KauecTBe KOJIMYECTBEHHBIX OLIEHOK TOYHOCTHU MOT'YT HCIIOJIb30BAThCS CPEAHEE
3HaYEHUE U CpeJHEe KBAJAPaTUYECKOE OTKIOHEHWE BBIXOJAHOro mapamertpa. Ilpume-
HUTEJIBHO K CTAOMJIBHOCTU B KAaYECTBE TAKUX XAPAKTEPUCTHK MOTYT OBITH CpelHee
3HaUYEHHE BBIXOJHOTO MapaMeTpa ¢ y4eTOM JICUCTBUS paccMaTpuBaeMoro (akropa u
CpeliHee KBaJpaTUYecKOoe OTKIOHEHHE MapameTpa, 0O0yCIOBIEHHOE JEHCTBUEM ITOTO
dakTopa.

Ha npakTuke 4acto BMECTO XapaKTEpUCTHUK, BBIPAKEHHBIX B Pa3MEPHOCTHU Ca-
MOTO [MapaMeTPa, UCTIOIb3YIOT OTHOCUTEIbHBIE OTKJIOHEHUS IMapaMeTpa.
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B npoMBINIUIEHHOCTH B KQYECTBE OLEHKH TOYHOCTU MCHOJB3YIOT OOBIYHO IMPO-
M3BOJICTBEHHBIN 10MyCK. CTaOMIIBHOCTD K€ OLICHMBAETCS MO OTIEIbHBIM JKCILTyaTa-
LUOHHBIM (PAKTOpaM € MOMOIIbIO TEMIIEPATYPHOTO JAOIMYCKa, JOIyCKa CTAPEHUS U Jp.
(B 3aBUCHMOCTH OT TOT'0, Kakue (aKTOpbl IPUHUMAIOTCSI BO BHUMAHUE).

B kadecTBe KOMILJIEKCHOM OIIEHKA TOYHOCTU U CTaOMJIBHOCTU BBIXOJHOTIO Ia-
pamMeTpa MOXKET paccCMaTpHUBATHCS AIKCIUTyaTallMOHHBIN nonmyck. OH OrpaHUYMBaET
paz0poc BBIXOJIHOTO MapameTpa, 00yCIIOBIECHHBIM MPOU3BOJCTBEHHBIMU MOTPEIIHO-
CTSIMU MEPBUYHBIX MMapaMETPOB, a TAKXKE JICUCTBUEM IKCILUTYyaTallMOHHBIX (PAaKTOPOB U
MPOLIECCOB CTApEHUSI.

[Ipu ycTaHOBIEHUHU NOMYCKOB HA BBIXOJIHBIE TApaMETPhl B MHKEHEPHOU IpaK-
THUKE MOCTYIMAIOT TaK: paCCYUTHIBAIOT, KAKOW pa30pOC BBIXOJAHOTO MapameTpa MOXKET
MMETh MECTO NPU 3aJJaHHOUN BEPOATHOCTH, a J1ajJie€ JOIYCK IMOJaratoT paBHbIM 3TOMY
pa3opocy. Ecin notpeduresns 10nyCcK yCTpauBaeT, TO 3aJa4ya YCTaHOBJIEHUS JOMyCKa
pemeHa. Jlomyck OyaeT rapaHTHUpOBAThCS C TaKOM K€ BEPOATHOCTBIO, C KOTOPOM
olieHUBaJICs pa3Opoc nmapameTpa. B nurepaType, NOCBAIIEHHONW aHAIU3y TOYHOCTH U
CTAOMJIBHOCTH BBIXOJHBIX [MapaMETPOB, B CBS3H CO CKa3aHHBIM IIMPOKO HCIIONb3YET-
Csl TEPMHUH ‘“‘pacuer JomycKoB” [S].

[Ipu ocBOE€HHMH METOJOB pacdeTa JOIMYyCKOB OCHOBHOE BHUMaHUE HEOOXOIUMO
yAEIUTh METOJIy pacyeTa ¢ Y4ETOM BEpOSITHOCTHOI'O PacCerBaHUsl IEPBUYHBIX Iapa-
METpPOB (KpaTKO BEPOATHOCTHBIN MeToa) U metoxy Monte-Kapino. B kauectBe nute-
patyphl 1o 3TUM BompocaMm pekomenaywtes [1, 4, 5, 7]. C npumepamMu pemieHus
MPAKTUYECKUX 33/1a4 110 ONPEACIICHHUIO JOITyCKOB MOKHO O3HaKOMUTHCS B [1, 2, 5, 7].
MeTtonbl omnpeneneHuss K03(QGUIMEHTOB BIHMSIHUS MOAPOOHO paccMOTpeHsl B [1, 5].
Meton MonTte-Kapio onucan B [1, 8].

[Tonxonpl, UcHoOaAb3yeMble NIl pEelIeHUs 3ajad oOecredeHus TpeOoBaHWM K
TOYHOCTHU U CTaOMIBHOCTHU BBIXOJIHBIX MApaMeTpoB, uznaratores B [1, 5].

KOHmPOJleble 6onpocol

1. C momompi0 Kakux KOJIWYECTBEHHBIX XapPAKTEPUCTUK MOXKET OBbITh OlEHEHa
CEPUMHOIIPUTOTHOCTh KaK CBOMCTBO KOHCTPYKLMI?

2. B 4ém oTimume 3KCILTyaTallMOHHOrO JOMYCKa OT MPOU3BOICTBEHHOTO?

[TpuBeauTe npuMepsl AOMYCKOB: CHMMETPUYHBIX U HECUMMETPUYHBIX, JIBYX-

CTOPOHHHUX U OJHOCTOPOHHHX.

4. VYxaxwurte, ¢ MOMOIIbIO KaKMX XapaKTEPUCTUK MOXKET OBbITh 3a/laH JOIMYCK Ha
napamerp.

5. B 4ém cocTouT OTIMYME MOHSTHI TOYHOCTh U CTAOUIBLHOCTH, HAIIPUMED BHI-
XOJHOTO MmapameTrpa?

6. Kak Ha mpakTHKe KOJWYECTBEHHO OMMCHIBAIOT TOUHOCTh M CTAaOWMIBHOCTH Ia-
paMEeTpPOB JIEMEHTOB?

7. Tlosicaute cMbica KO3 (UIIMEHTOB BIUSHUS, BXOAAIIUX B YpaBHEHHE OTHOCH-

TEJIbHOM ITPOU3BOJICTBEHHOM ITOTPEIIHOCTH BBIXOJHOTO ITapaMeTpa.

Kak Ha mpakTHKe MOKHO OnpeaeauTh KodhHUIUEHTH BIUSHUS?

9. Tlosicaute mpouenypy omnpenenaeHus Kod(PEOUIIMEHTOB BIMSHUSA IKCIEPUMEH-
TaJIbHO-PACYETHBIM CIIOCOOOM.

(%)

*
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10. Ykaxxute OCHOBHBIE METOJIbI ONPEIEICHUs MPONU3BOJACTBEHHBIX JOIYCKOB BbI-
XOJIHBIX ITapaMETPOB.

11.B uéMm cyTh, KakoBbl JIOCTOMHCTBA M HEAOCTATKM METOJa «MHUHUMYyMa-
MaKCHUMyMa»?

12.C nmomoIpio Kakux pacdyE€THBIX XapaKTEPUCTHUK (POPMHUPYIOT MPOU3BOACTBEH-
HbII JIONMYCK B CJIy4a€ HCMOJb30BAHUS PACUETHO-AaHATUTUYECKOTO METOJA C
Y4ETOM BEPOSITHOCTHOTO PACCEUBAaHUs IEPBUYHBIX MTApaMETPOB?

13.KakoBa npouenypa npuMmeHeHus meroga Monre-Kapnio aisg o1ieHK TOYHOCTH
BBIXOJIHBIX IMAPAMETPOB C HMCIOJIb30BAHHEM MaTeMaTU4YecKux Mmozeneit POY
WJIM TEXHOJIOTHYECKUX MPOIECCOB?

14.B 4ém coCTOUT OCOOCHHOCTH OIEHKM TOYHOCTU BBIXOJTHOTO MapameTpa METo-
noM MonTe-Kapno B ciyyae MCHosib30BaHUs (PU3NYECKOTO MOJEIUPOBAHUS
KOHCTpYyKLui POY?

15.TlosicHUTe TPUHIIUATT KOJWYECTBEHHON OICHKM CTaOMIBHOCTH BBIXOJHBIX TIa-
pameTpoB.

Paznen 5. OcHOBBI TeOpUH HAAEKHOCTH. MeTObI OLleHKH
MmoKa3areJjiel HAIe)KHOCTH PATHO3JIEKTPOHHBIX YCTPOMCTB

Memoouueckue ykazanus

[Ipuctymnas k U3y4eHu0 y4eOHOTO MaTepuasa 3Toro pasjena, peKOMEHIYETCs
o3HakomuThes ¢ cucremoit 'OCToB no Hanéxnoctu, u ocodenno ¢ 'OCTowm, ycra-
HaBJIMBAIOIIUM OCHOBHBIE TepMUHBI U TOHATUS HaaexkHocTu ('OCT 27.002-89). I1o
['OCTam nubo mo yueOHou nuteparype [1, 3, 4, 6, 8, 11] HeoOX0oAUMO B TMEPBYIO
odepe/lb 03HAKOMUTBHCS ¢ TAaKMMU MOHATUSMH, KaK HaJEKHOCTh, OTKa3, HapabOTKa,
paboTOCIOCOOHOCTh, 0€30TKAa3HOCTh, PEMOHTONPUTOHOCTh, JOJITOBEYHOCTh, COXpa-
HsaeMocTh. OOpalriaeM BHUMaHUE Ha TO, YTO OE30TKa3HOCThb, PEMOHTOIPUTOHOCTD,
JOJITOBEYHOCTh M COXPAHSIEMOCTh - 3TO CBOMCTBA, Yepe3 KOTOPHIC MOXKET MPOSIBIATh-
cs Han&XKHOCTh u3nenui. [loguepkuém, 4To paboTOCIIOCOOHOCTH 3TO HE CBOMCTBO, a
BUJI TEXHUYECKOTO COCTOSIHMsI, MpU KOTOpoM m3zaenue (diemeHt, POY) cnocobHo
BBITIOJTHUTH (DYHKIIMH, YKa3aHHBIC B TEXHUUECKOM JOKYMEHTAIIUH.

Crnemyer XOpomio pa3oOpaTbcsi C TAKUMU BPEMEHHBIMU TOHSATUSMH, KaK pe-
cypc u cpok ciaykObl. [Ipu 3TOM He 00OUTHCH 0€3 OCMBICIMBAHMS TOHATUS «IIpe-
JIETTbHOE COCTOSIHME M3JCIUs» KaK COCTOSHUS, IIPHU KOTOPOM JajbHEHIee UCIOb30-
BaHHE M3JCIUsS 110 HA3HAUYCHUIO HEBO3MOXKHO JINOO HEIeIecoo0pa3Ho Mo coodpaxke-
HUSM 0€30TaCHOCTH, SKOHOMHUYECKUM U JAPYTHM MPUYHHAM. 3a0CTPUM BHUMAHUE HA
TOM, YTO PECYpC — ATO CyMMapHasi HapaOOTKa OT Hayaia dKCIUTyaTaIlluu U3ICIHs 10
MOMEHTA HACTYTUICHHSI TIPEICITLHOTO COCTOSHUS MPU HEOOXOIUMOCTH C MTePEPhIBAMHA
JUIS PEMOHTA U TEXHUUECKOTO o0cykuBaHusi. Cpok clykObl OTIMYAETCS OT pecypca
TEM, YTO 3TO KaJICHJAapHAas IPOIOJKUTEIHHOCTD.

Crnenyer moHsATh, yTo OTKa3 POY mo cBoell ¢pusznueckoi npupojae — coObITHE
CIIy4aifHOE, TTOATOMY JJIsl ONKMCAaHUs OTKa30B MCIOJIB3YIOT MaTeMaTUYECKUH ammnapar
TEOPUHU BEPOSTHOCTU. A B KAueCTBE IMapaMeTpa, XapaKTepU3yIOIIero oTkas, 0epyT



11

HapaboTKy u3aenus a0 orkasa. [log Hapa®oTKo BOOOIIE B TEOPUHU HAIECKHOCTH TO-
HUMAIOT MPOJIOKUTEIBHOCTh PaOO0THI U3/IEINUs, BRIPAXKEHHYIO B Yacax, IIUKJIax Ie-
PEKIIIOYEHUS WM JPYTUX €AUMHUIIAX B 3aBUCUMOCTH OT BUJA U HA3HAUCHUS U3JIETUs,
a HapaboOTKa /10 0TKa3a — ATO CyMMapHas HapaOOTKa OT HavaJia BCTYIUICHUS U3JIEIUs
B paboTy (IKCIUTyaTaluio) O MOMEHTA HACTYIJICHHUS TIEPBOTO OTKa3a.

Oco06o crenyeTr ocMbICIUTh TeMy «KonruecTBeHHbIE TTOKA3aTeNu HaAEKHOCTH
anemeHToB U POVY» [1, c. 138 — 147], npudem ocoboe BHUMaHUE HEOOXOIUMO o0pa-
TUTh Ha OTJIMYME TAKUX TOKa3zaresied, KaK cpelHsst HapaOoTKa 0 OTKa3a (Ha3bIBae-
Masi CpeIHUM BpEeMEHEM 0e30TKa3HO#l paboThl, eciii HapaboTKa BbIpakaeTcsl Bpeme-
HeM) 1 HapaboTka Ha oTka3. CleyeT XOpoIIO OCMBICIHUTh MMOKA3aTEeNH, ¢ TTIOMOIIBIO
KOTOPBIX CYAST O TAKOM CBOMCTBE, KaK JOJroBe4YHOCTh. Hamo 4€Tko MoHATH pa3iu-
Yue MEXAY CpPEIHUM PECYpCOM U CPEJIHHM CPOKOM CITY>KObI, TaMMa-TpOIEHTHBIM
pPECYpCOM W TaMMa-TIPOLIEHTHBIM CPOKOM CiIyk)Obl. ClemayeT OCMBICIUTh TOHSTHS
“Ha3HAYEHHBIN pecypc” U “Ha3HAYEHHBIA CPOK cirykObl”. [loguepkHéM, 4TO Ha3Ha-
YEHHBIA pecypc (CPOK CIyKOBI) — ITO TaKOE 3HaYEHUE pecypca (Cpoka CIy Obl), IPH
JOCTUKEHUU KOTOPOTO U3JIETINe CHUMAETCS C AKCIUTyaTalli He3aBUCUMO OT €T0 TeX-
HUYECKOTO COCTOSIHUS.

Crnenyet 3HaTh, YTO B PAJIE CIAy4aeB MCIOJIB3YIOT TaKue MOHSTHUS, KaK ycCTa-
HOBJICHHBIA pECypC U YCTaHOBJIEHHBIM Cpok ciykObl. [log ycTaHOBIEHHBIM pecyp-
coM (CpOKOM CJTy>KObl) MOHMUMAIOT TaKOU pecypc (CPOK CIIy»KObI), KOTOPBIA TrapaHTH-
pyeTcs ¢ BeposATHOCThIO TamMa, paBHOM 100%. Cneayer 3HaTh, YTO ISl SJIEMEHTOB,
KOTOPBIE SIBIISIIOTCS U3JIETUSIMUA HEPEMOHTUPYEMBIMH, TTOHATHUS “‘yCTaHOBJICHHBIN pe-
cypc” ¥ “YCTaHOBJICHHBIM CPOK CITYKOBI” TEPSAIOT CMBICH. OOBACHICTCS 3TO TEM, UTO
OJIHUM W3 KPUTEPHUEB MX MPEAEIBHOTO COCTOSHUS, U CIEA0BATEIbHO, MOJHOIO HUC-
YEepIIBIBAHMSI pecypca U CpoKa CIIyKObI SIBIIIETCA OTKa3. A, KaKk U3BECTHO, OTKa3 — CO-
OBITHE CITy4ailHO€ W MOXKET MPOU30UTH B JTFOOOW MOMEHT BPEMEHH, JaK€ B MOMEHT
BKitoueHust POY. Unoe neno nist koncTpykuuit POY: B ciiyuae otkaza POY pemon-
TUPYETCS U CHOBA UCIIOIB3YETCS 1O HAa3HAYEHUIO — U TaK JJO MOMEHTa HACTYIUICHUS
PENETbHOTO COCTOSHHUS.

[Ipu paccmoTpeHnr 3aKOHOB paciipesiesieHus HapaOOoTKu 371eMeHToB u POY 1o
0TKa3a 0co00€ BHUMaHUE HEOOXOAUMO YAEIUTh SKCIIOHEHI[MAIbHOMY 3aKOHY, ILIOT-
HOCTB pacrnpezeneHus (w) s KOTOPOTro 3a/1aéTcsi BeIpakeHueM (puc. 4)

w(t)= Ae *, 2)
w(t) o
— I7ie ¢ — TEeKylllee 3HaueHUEe HapaOOTKH (Bpe-
A MEHHU paboThI);
\ A — IMapaMeTp pacrpeaeIcHusl.
Hano ocMBICIUTh HMIMPOKO MCIOJNb3Ye-
MO€ B TEOPUHM M IMPAKTUKE HAJECKHOCTH TO-
HATUE “DKCIIOHEHIIMATBHBIN 3aKOH HAJEKHO-
£ HapaGotka. ctu”. YroTpebisast JaHHOE TIOHATHE, UMCIOT B
Puc. 4. DKCIIOHEHIIUAIBHOE BHJly, YTO BpeMs JO OTKasa (B 0OLieM CiIy-
pacmpeienieHne HapabOTKHU JI0 OTKa3a yae HapabOTKa J0 OTKa3a) WM, YTO TO Ke
camoe, BpeMsl HCIIpaBHON pabOThI W3IETHS

-
L
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pacIpeneneHo no SKCIOHEHIHAIBHOMY 3aKOHY.
MaremaTu4ecku ‘“OKCIOHEHIMAIBHBIN 3aKOH HAJIC)KHOCTH  33Ja€TCS BBIpaXKe-
HUEM

P(t)= e_M%

riae t, — 3amaHHoe (MHTepecyrollee) BpeMs padoThl U3IEIHS;
P(t;) — BepossTHOCTH O€30TKa3HOU pabOThI M3/AENIUs 3a BpeMs ¢, (Ha MHTEpBaJe
Bpemenu 0... 1,).

BaxxHo pazoOpatbcsi, moueMy MHTEHCUBHOCTh OTKAa30B ObLla BhIOpaHa B Kaue-
CTBE OCHOBHOM CHPaBOYHON XapaKTEPUCTUKHU HAAEKHOCTHU 2jieMeHTOB. B [1] moka3za-
HO, YTO TIPH SKCIIOHEHIIUAJIBHOM paclpeieIiCHU BPEMEHH JI0 0TKa3a HHTEHCUBHOCTD

OTKa30B dyieMeHTa (0003HAYMM KakK \,) MOCTOSHHA M YKMCIIEHHO PaBHA IapaMeTpy A
pacnpenenenus Bunaa (2). CnegoBarenbHO, B TEXHUYECKOW JOKYMEHTAIIMM U CIIpa-

BOYHHKAX HAJEKHOCTb 3JIEMEHTOB MOXET OBbITh 3aJjaHa OJJHUM YHCIIOM A, - UHTECH-
CUBHOCTBIO OTKa30B. JTO OOCTOSITENIbCTBO, & TAKXKE TO, UTO SKCIMOHEHIMAIbHBIN 3a-
KOH HEIUIOXO ONMCBHIBAET OTKa3bl IEMEHTOB POV, mpenonpenenuny ero MmupoxKoe
UCIIOJIb30BaHUE HA MTPAKTUKE.

[Ipu 03HaKOMJIEHUHU C HAJIEKHOCTBIO 371eMeHTOB POY HeoOxomumo oOpaTuTh
BHUMAaHHE Ha OCOOCHHOCTH 3alHMCH B TEXHMUYECKOW TOKYMEHTAIlMU U CIPaBOYHHUKAX
JAHHBIX O HAJIE)KHOCTH HEKOTOPBIX 3JIEMEHTOB KOMMYTALMH [2]: 11l COEAMHUTENEN
(pa3pEMOB) - 3HAUE€HHWE MHTEHCHBHOCTH OTKA30B, MPUXOJSIICECSs HAa OJUH IUTBHIPEK
IIPY HOMUHAJIBHOM TOKE YE€pe3 IUTHIPh U YUCIIE COUWICHEHUH (pacujieHeHUH), yKa3aH-
HbIX B TY; 1u1s pese, repKkOHOB — 3HaY€HUE UHTEHCUBHOCTU OTKAa30B, IPUXOIAIIEECs
Ha OJHY KOHTaKTHYIO TPYIIy IPU HOMMHAIBHOM DJIEKTPUYECKOM DPEXUME; UL
TyMOJIepOB, KHOIIOK, MepeKtoyaTeseil — 3HadeHHe WHTEHCUBHOCTH OTKAa30B, MPHUXO-
JAIIeecs Ha OJWH KOHTAKT IPU HOMHHAJIBHOM DJJIEKTPUYECKOM PEXUME M YHCIIE
KOMMYTAIIMOHHBIX IIUKJIOB, YKa3aHHBIX B TY, U T. I

[Ipu nmpopaboTke Bompoca O MEpPEecUeTe CIPaBOYHBIX 3HAYEHH MHTEHCHUBHO-

CTE OTKa30B 31EMEHTOB (A,) HA KOHKPETHBIN 3JIEKTPUUYECKUN PEKUM U YCIOBUS pa-
OO0TBI PEKOMEHIyETCsI 320CTPUTh BHUMAHUE HA MOJIENU Iepecuéra BUaa

28) =2 []ax)) ,
j=1

rae A($)— MHTEHCUBHOCTh OTKA30B AJIEMEHTA C YYETOM 3JIEKTPHUECKOTO PEKUMa U
yCcoBuH paboThl (CHMBOJI ¢ B 0003HaUeHUH A(F) MOTUEPKUBAET ITO);
a(x; ) — TIONPABOYHBIA KOO(POUIMEHT, YUUTHIBAKOLINI BIUSHUE PAKTOpA X ;

M — YUCJIO YYUTHIBAEMBIX (PaKTOPOB.
N3yunB METONIbI OLIEHKHU TOKa3aTeliel HaJeXHOCTU MpOeKTUpyembix POV ¢
WCIIOJIb30BaHUEM WHTEHCUBHOCTEW OTKAa30B AJIEMEHTOB, HEOOXOJIUMO TMOHATh, UYTO
TOYHOCTh PAaCy€TOB B MEPBYIO OUEPE/Ib 3aBUCUT OT JOCTOBEPHOCTH CIPABOYHBIX 3HA-
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YEHUI MHTEHCMBHOCTEN OTKA30B 2J1EMEHTOB (Ay) M OT TOTO, HACKOIBKO IS DIIEMEH-
TOB BBITIOJIHSIETCA ITPUHIIUIT CTATUCTUYECKON YCTOWYMBOCTH NOKA3aTENIEN HANEKHO-
CTU. BpInongHeHue 3TOro NpuHUMIA O3HA4YaAET, YTO C TEUEHUEM BPEMEHH B IIPOLIECCE
U3TOTOBJICHHS DJIEMEHTOB UX CTATUCTUYECKUE XAapPAaKTEPUCTUKH HAAEKHOCTU (cpen-
Hee 3HaueHUE W pa3dpoc MHTEHCUBHOCTH OTKA30B) COXPAHSIIOTCS JUIsl Pa3HBIX Map-
Tui. Ecau 3TOT NpUHUMIT HAapylIaeTcs, TO MoKazareau HajaexxHoctd POV mpu skc-
IUTyaTallid MOTYT 3HAUYUTEIBHO OTIMYATHCS OT PACUETHBIX 3HAUCHUIA.

IIpu paccmoTpennn MeToJ0B aHanu3a Oe3orkazHoctd POC npu Hanuuuu pe-
3epBUPOBAHUS HEOOXOJMMO YCBOMTH JBa npaBuia. [Ipu mocTtossHHOM pe3epBUpOBa-
HUU XapaKkTep OTKAa30B 3JIEMEHTOB — OOPHIB WJIM KOPOTKOE 3aMbIKAHHE UTPAET MPHH-
IUITUATIBHYIO POJb C TOUKU 3PEHHUS HAJEKHOCTH PE3EPBUPYEMOTr0 YCTpOUCTBA B IIe-
JIOM B TOM CJIy4ae, €CJIU 3JIEMEHTBI PE3EPBUPYEMOTO y3J1a COEIUHEHBI JIEKTPHUUECKHU.
[Ipu pe3epBUpOBaHUU 3aMEIICHUEM XapaKTep OTKA30B AIeMEHTa ((PyHKIMOHAIBHOTO
y37a, 0J0Ka U T.N.) HUKAKOW POJIM HE UrpaeT, TaK KaK OTKA3aBLIUN 3JIEMEHT OTKIIIO-
YaeTcsl OT JJIEKTPUYECKOW CXEMBbI, @ BMECTO HEro MOJKIIIOYAETCS PE3EpBHBIA 3Jie-
MEHT.

B kauecTBe nuTepaTypsl MO pazfeny peKoMeHayroTcs no3unuu [1, 3, 4] oc-
HOBHOU JIUTEpATyphl U no3unuu [6, 8, 11] gononuurensHo nuteparypsl. C Merona-
MU aHaim3a Oe3oTkazHoct POC mpu Hanwuuu pe3epBUPOBAHUS MOXKHO O3HAKO-
muthed B [1, 6, 8]. Ilpumeps! pacuéra HanéxHocTH npuBoasaTcs B [1, 2, 4, 6]. C na-
paMeTpUYecKOi HaJIe)KHOCThIO, METOJOM M NpUMEpOM €€ pacu€ra MOXHO O3Ha-
KOMUTHCS B [1].

KOHmPOJleble 60NRPOCHL

1. Yepe3 kakue CBOWCTBA MOXET MPOSBISATHCA HAAEKHOCTh KAK KOMILIEKCHOE
CBOMCTBO KOHCTpYKIUK POV, ux smemMeHTOB?

2. TlosicHuTe TepMHH «HapabOTKa» U YKaXKHUTE, YTO MOHUMAIOT MOJ HapaOOTKOMH
710 OTKa3a.

3. B uéM cocToUT OTIIMYUTENIbHAs OCOOCHHOCTh BHE3AMHBIX U MOCTENEHHBIX (I1a-
paMeTpUUYECKUX) OTKa30B?

4. TloscHHUTE, YTO MOHMMAIOT MOJA KOHCTPYKTHBHBIM, MPOU3BOJCTBEHHBIM, JKC-

IUTyaTallMOHHBIM U JIErpalalliOHHBIM OTKazamu POY.

KakoBbI OCHOBHBIE TPUYUHBI OTKa30B POY?

6. YKaxuTe NPUMEPHOE KOJIMYECTBO OTKA30B (B MPOIIEHTaX), OOYCIOBJIECHHOE
OIIKMOKaMH MPOEKTUPOBAHUS, TPOU3BOICTBA U dKCIUTyaTauuu POY.

7. Kakue cxeMbl (MOJENIN) COEIMHEHHUS AJIeMEHTOB B POY ¢ Touku 3peHus Ha-
JNEMKHOCTHU UCIIOIB3YIOT HA TPAKTUKE?

8. Kakne Monenu 3akOHOB pacIHpeleseHusi IMIMPOKO HKCIIOJIB3YIOT Ha IMPAKTHUKE
JUTSl OTIMCaHUs BpeMEeHH (HapaOOTKM) U3 10 OTKa3a?

9. B 4éM COCTOHUT CYyTh «3KCIIOHEHIIMAJILHOTO 3aKOHA HAIEKHOCTU»?

10.Ha3oBuTe rpynmsl MoKa3aTesield, UCIIOJIb3yEMbIE Ha IPAKTUKE JUIS ONMMCAHUS
HaJIEKHOCTHU JIEMEHTOB U KOHCTPYKIUid POY.

11.Ha3oBuTe mokazaTenu, ¢ TOMOLIBIO KOTOPBIX MOYHO IOJYYUTh MpEJCTaBie-
HUE 0 0€30TKa3HOCTH JIEMEHTOB U KOHCTPYKIHii POY.

9}
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12.C nomol1ipio Kakux MokKazarenaei CyasiT O PEMOHTOIPUTOIHOCTA KOHCTPYKIIUI
POVY?

13.Kakne BpeMEHHBIE MOHSITUA MCHOJB3YIOT JJIsi ONMHUCAHUS JOJTOBEYHOCTH KaK
CBOWCTBA 3JIEMEHTOB U KOHCTPYKLHi POY?

14.Kakne BpEeMEHHBIE MOHATHUS UCIOJB3YIOT JJISI ONMHCAHUS COXPAHSEMOCTH Kak
CBOICTBA 3JIEMEHTOB M KOHCTPYKLHI POY?

15.B 4éM cocTouT OTIIMYHE CPOKaA CITYKOBI OT pecypca?

16.1losicHuTe, YTO MOHUMAIOT MO MPEAEIBbHBIM COCTOSIHUEM H3JETUs, YKAXKUTE,
HaIlpuMep, BO3MOXKHbIE KPUTEPUU NPEACIBHBIX COCTOSHUNM TAKOTO 3JEMEHTA
POV, kak GUnoIpHOTO TPAH3UCTOPA B METAJUTMUYECKOM KOPITyCE.

17.YeM ornuyarotrcst Apyr OT JIpyra CIEIyIOIIHe MOKa3aTelau HaAEKHOCTHU: 95-
MPOLIEHTHAs HapaboTKa 0 OTKa3za, 95-MPOIEHTHBIA pecypc, 95-MpOIeHTHBIH
CPOK CITy>KOBbI, 95-TIPOIIEHTHBIN CPOK COXPAHIEMOCTH ?

18.B uéMm cocTouT OoTIMYME MOKa3aTess «HapaOoTKa Ha OTKa3» (MOJIHOE Ha3BaHUE
«cpenHss HapaOOTKa HAa OTKa3») OT MOKA3aTellsl «CpeaHss HapaOoTKa A0 OTKa-
3a»?

19. Hapucyiite Tunuunyto A-xapaktepuctuky POV, noscuute Gpu3nyeckuii CMbICT
e¢ obOnacTedl — nepuoaa NpUpadOTKH, MEpPHOJia HOPMAIbHOM 3KCIUTyaTalllH,
00J1aCTH CTapeHUsI U YKAKUTE UX MPUMEPHYIO MPOJIOJKUTEIBHOCTD.

20.YTo mMerOT B BUAY, KOT/Aa TOBOPAT: “IJIsl DJIEMEHTOB CIIPABEIJIMB IKCIIOHEH-
[AAJILHBINA 3aKOH HaAEXHOCTH ?

21.1IpuBeaure mpuMepbl KOMIUIEKCHBIX MOKa3aTene HaaEKHOCTH.

22.TlosicHuTe, MOYeMy MHTEHCUBHOCTh OTKA30B ObLIa BhIOpaHa B Ka4€CTBE OCHOB-
HOW CIIPABOYHOW XapaKTEPUCTUKU HAJEKHOCTU DJIEMEHTOB, KaKOBBI €€ pas-
MEPHOCTb U MPUMEPHbIEC 3HAUEHUS JJIs1 COBPEMEHHBIX AJ1eMEHTOB POY.

23.Y10o moHUMAIOT NOJ KOA(PPUIMEHTOM 3IIEKTPUUYECKOW HArpy3KH 3JIEeMEHTa U
KaK 3TOT Kod(pduimeHT BiamsieT Ha HaAEKHOCTH? Kakue 3Ha4eHHs] 3TOTO KO-
s dunmenTa caeayeT UCIoIb30BaTh HA IPAKTUKE?

24.]JlaliTe CpaBHUTEIBHYIO XapaKTEPUCTUKY HAAEKHOCTH IJIEMEHTOB C YUYETOM KX
BUJIOB. YKaXUTE, KAKUE BUIbI SJIEMEHTOB SIBJISIIOTCS BBICOKOHAIEKHBIMU, Ka-
KH€ HanboJiee HEeHaIEKHBIMH.

25.00bsicHUTE, TOYEMY HAAEKHOCTh MHTErPAbHBIX MHKPOCXEM c1ab0 3aBUCHUT
OT CTENIEHU MHTETPALIUH.

26.1losicHuTe, MOYEMy Ha MPAKTUKE BO3ZHUKAIOT 33Ja4M MEPECcUETa CIPaBOYHBIX
MHTEHCUBHOCTEW OTKA30B AJIEMEHTOB HAa KOHKPETHBIN JJIEKTPUUECKUU PEKUM
u ycioBus paboTsl. Kakas Mojensb (BeIpaxkeHue) nepecuéra noxyyuia pacipo-
CTpaHEHHUE HA MPAKTUKE?

27.1losicHuTe MpUHIMI pacyéTa HAAEKHOCTH KOHCTPYKUHMH POV, OCHOBBIBasIChH
Ha DJIEKTPUYECKOM CXEME M CHPABOYHBIX JAHHBIX O HAIEKHOCTH KOMIUIEK-
TYIOIIUX 3JIEMEHTOB I10 BHE3AITHBIM OTKa3aM.

28.KakoBbl 0COOCHHOCTH OPUEHTUPOBOYHOrO pacyéra mokaszaresiedl HaJaEXHOCTU
POV, uro 31ech npuHUMaeTCss BO BHUMaHue?

29.B 4éM oTiMuMe YTOYHEHHOTO pacd€Ta MoKas3aTesiel HalEKHOCTH, BBIIOIHSIEC-
MOIr0 Ha 3aKJIIOYMTEIBHBIX CTAIUSX MPOCKTUPOBAHUS KOHCTpyKuuu POV, ot
OPUEHTUPOBOYHOIO pacuéra?
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30.Ha3oBuTe mpUUMHBL, OOYCIOBIMBAIOIINE  MAapaMETPUUECKYI0 HaAAEKHOCTD
POV, u nosicHuTEe MPUHUMUIT OLIEHKU 3TOW HAJAEKHOCTH.

31.YTo moHUMAIOT MO IKCIUTYaTAllMOHHOM HAJIEKHOCThIO POY?

32.B uém coctouT cyTh pe3epBupoBaHusi? KakoBbl 0COOEHHOCTH MOCTOSHHOTO
pEe3epBUPOBAHUS U PE3EPBUPOBAHUS 3aMEILIEHUEM, OOLIETO U Pa3JIeIbHOro pe-
3epBUpPOBAHUA?

33./laliTe XapaKTEpPUCTUKY IMOCTOSHHOTO PE3EPBUPOBAHUS, YKAKHUTE €ro J10CTO-
WHCTBA, HEJJOCTATKU U 00JIaCTh MPUMEHEHHS.

34.Ha yém ocHOBaH MPUHIIMI OLIEHKU 0€30TKAa3HOCTU pe3epBUpyeMbiXx POY mpu
HaJIMYUU MMOCTOSSHHOTO PE3EPBUPOBAHUS U BIUAHUS HA HAAEKHOCTh XapakTepa
OTKa3a dJIEMEHTOB («OOPBIBY» HIIN «KOPOTKOE 3aMbIKaHHUE))?

35. [laiiTe XapaKTEpUCTUKY pPE3EPBUPOBAHMS 3aMEUIEHUEM, YKAXKUTE €r0 JTOCTONH-
CTBa, HEIOCTAaTKU M 001acTh npuMeHeHus. [losicHuTe, 4TO UMEIOT B BUAY, KO-
I71a yIOTPEOJSAIOT CI0BA: «XOJOJHOE PE3EPBUPOBAHUEY», (TEIUIOE PE3EPBUPO-
BAHUEY, «rOpAYEE PE3EPBUPOBAHUE).

36.O0bsicHUTE, TTOUEMY PE3EPBUPOBAHUE 3aMEIIEHUEM HE HCIOJIb3YIOT B apud-
METHKO-JIOTUYECKUX U 3alIOMUHAIOIIMNX yCTpoiicTBax IBM.

37.Ha 4éM OoCHOBaH NPUHLMUII OLEHKH OE€30TKa3HOCTU pe3epBupyemMoro POV B
Clly4dae HAJIM4YWs pe3E€pPBUPOBAHHUS 3aMEIICHUEM ?

Pa3znen 6. Ilporao3upoBanne TEXHUYECKOT0 COCTOSIHUA IJIEMEHTOB U
PaJAN03JIEKTPOHHBIX YCTPOICTB

Memoouueckue ykazanus

B sTOoM pazgene ocHOBHOE BHUMaHUE HEOOXOAUMO YIEIUTh METOJAaM MaTeMa-
TUYECKOTO MPOTHO3UPOBAHMUS, IPUUEM AKILIEHT CIEAYET CAENaTh HA UHIUBHUAYaJIbHOE
nporuo3upoBanue. [Ipyu TakoM MPOTHO3UPOBAHUU KOHTPOJIUPYIOTCS KaKue-TO Tapa-
METPbl KOHKPETHOT'O K3eMIUIsIpa U3/EIUs U IPUHUMACTCS PEIIeHUE (JIeT1aeTcs Mmpo-
THO3) O COCTOSIHMU B OyAYIIEM 3TOT0 K€ dK3EMIUIIpA.

N3y4ast uHaAMBHAYyalbHOE NPOTHO3UPOBAHUE, CIEAYET UMETh B BUY, YTO HaU-
OO0JIbIIME TPYAHOCTH BBI3BIBAET OCMBICIIMBAHUE UHANBUIYATBHOTO MPOTHO3UPOBAHUS
pacno3HaBaHreM 00pa3oB. ITO MPOTHO3UPOBAHKWE OCHOBAHO HA MCIIOJIb30BAHWUU WH-
(dbopMaTUBHBIX TTAPAMETPOB, KOTOPHIE JIJIsi KPATKOCTH Ha3bIBalOT Mpu3Hakamu. [lon
nH()OPMATUBHBIM TapaMeTpoM (MIPU3HAKOM) TOHMMAIOT TaKOW MapameTp, 3HAYCHHE
KOTOPOTO B MOMEHT BpeMeHH ¢ = (0 HecET MHPOPMAIIUIO O COCTOSTHUU JIEMEHTA WK
KoHCTpykIuu POY B Oynymiem. B kadyectBe mpumepa MHGOPMATHBHOTO MapameTpa
OUMONSPHOTO TPAH3UCTOPA MOXKHO MPUBECTH OOPATHBINM TOK KOJUIEKTOPHOTO Tepe-
X0/1a. 3aMEUEHO, YTO YEM BBIIIIE€ 3HAYEHUE ATOT0 MMapaMeTpa B MOMEHT BpeMeHHU ¢ = 0,
TEM HIKE B CPEJHEM HAJIEKHOCTh TPAH3UCTOPA.

NHnuBuayanbHOE MPOTHO3UPOBAHUE C  HCIOJIB30BAaHUEM OJHOTO HH(MOpMa-
TUBHOTO TapameTpa (Mpu3HaKa) MOXKET JaTh MHOro omuook. [loaToMy Ha mpakTuke
UCIIOIB3YIOT COBOKYMHOCTh MpU3HAKOB. COBOKYIHOCTh MPHU3HAKOB, U3MEPECHHAS B
MOMEHT BpeMmeHu ¢ = 0, oOpasyeT kak Obl 00pa3 KOHTPOJIHMPYEMOr0 IK3EMIUISIpa, a
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3a/laya WHIMBHUIYATHHOTO MMPOTHO3UPOBAHUS 3aKIII0YACTCS B TOM, YTOOBI TIPABUIIHHO
pacmo3HaTh 3TOT 00pa3, T.€. MPABWIBHO MPUHATH PEIICHUE O HANEKHOCTH KOHTPOJIH-
pyeMoro sk3eMmiuisipa B OyaymieM. [loaToMmy mHIUBHAyalbHOE MPOTHO3UPOBAHUE C
UCIIOIb30BaHuEM MH(GOPMATUBHBIX MapaMeTpoB (IMIPU3HAKOB) M HA3BIBAIOT «IIPOTHO-
3UpOBAHUE PACIIO3HABAHUEM O00Pa30By.

PaccmarpuBas npouenypy MOCTpOEHUs MPOTHO3UPYIOIMIKUX MPaBUJl JUIsl pellie-
HUS 33a/lad MHAUBUIYAJIBHOTO MPOTHO3WPOBAHUS PAaclO3HaBaHWEM 00pa3oB, HYKHO
yAEIUTh BHUMaHUE CIIy4ar0 IPOrHO3UPOBAHUS, MPU KOTOPOM MPOrHO3 MOJIY4YaloT B
BU/JIE pa3aeneHus (KaaccuduKkalm) 3JIeMEHTOB Wi KOHCTpyKuuid POY Ha nBa knac-
ca B 3aBUCHMMOCTHU OT YPOBHS HaJ&KHOCTH B 3aJJaHHBIN OyIylmiuii MOMEHT BPEMEHH
tup- K1 — KJ1ace Hai€KHbIX 3K3eMIUIAPOB, K; — Kitace HeHaAEKHBIX OK3EMILISPOB.

OCHOBHBIMM JIUTEPATYPHBIMU MCTOYHUKAMH JJIsi U3YUYEHHUS] MaTepHalia 3TOro
pazzaena siBisroTca padotsl [1, 4, 7]. C obmuMu BompocamMu MpOTrHO3UPOBAHMS Ha-
nexHoCTH POY M0XHO 03HAKOMHUThCS B padoTe [6].

Konmponwvnsie éonpocut

1. B 4éM COCTOUT OTIMYME MATEMAaTUYECKOTO MPOTHO3UPOBAHUS OT IBPUCTHUYE-
CKOT'0, THAUBUIYaJIbHOTO — OT TPYHIIOBOTO?

2. B 4éM CyTh METOJa 3KCIIEPTHBIX OLIEHOK, UCIIOJIB3YEMOTO IIPU ABPUCTUUECKOM
IIPOTHO3UPOBAHUM I1APAMETPOB M XapakTepucTtuk PIY, TexHoIOrmueckux
MPOIECCOB?

3. YTo MOHMMAOT MOA MPEABICTOPUEN, IIArOM MPOTHO3MPOBAHUSA, MaTeMaTU4e-
CKOM MOJENBI0 MPOrHO3UPOBAHMS B CIIy4ae MHIMBHIyaJIbHOIO IIPOTHO3UPOBa-
HUs napameTpoB POY ¢ ncnonb3oBaHnEeM METOAOB 3KcTpanossinuu? B kakom
BU/JIE MIPY 3TOM MOJIYYalOT NPOrHO3?

4. Kakoe nporHo3upoBaHHE NPH UCIOJIB30BAHUU METOJOB SKCTPAIOJISILIMN Ha3bl-
BalOT 0OpaTHHIM?

5. Kak BbIOMPAIOT MaTeMaTUYECKYI0 MOJIENb MPOTHO3UPOBAHUS IIPHU UCIIOJIb30Ba-
HUM METOJIOB SKCTPAIOIALUN?

6. Ha 4ém ocHOBaHa «MIECOJIOTUS» MHAMBUIAYAIBHOTO IMPOrHO3UPOBAHUS PACIIO-
3HaBaHUEM 00pPa30B, B KAKOM BHUJE MIPHU ATOM MOJIYyYatOT MIPOTHO3 00 AJIEeMEHTe
WJI YCTPOMCTBE?

7. UYrto moHMMAIOT 101 MH(POPMATUBHBIM TTapaMeTpoOM?

8. IlosicHuTE MPOMCXOXKAECHUE Ha3BaHUS BHJa NMPOrHo3uposaHus: «IIporuosmpo-
BaHUE pacro3HaBaHUEM 00pPa30By.

9. UYTo NOHMMAIOT MOJ NPOTHO3UPYIOIIKUM MPABUIOM B METOAE WUHAMBUAYAIbHO-
r'o MPOTHO3UPOBAHUS PaCO3HABaHUEM 00pa30B?

10. O kakux ommOKax NPOrHO3UPOBAHMS B METOAAX MHIWBHUAYaIbHOIO IPOTrHO3U-
pOBaHUS pacno3HaBaHHEM O0Pa30B CYJAT C MOMOIIBIO MMOHATUS «PUCK U3TOTO-
BUTEJIS», @ 0 KAKUX — C IIOMOIIbIO TOHITHUS «PUCK MOTPEOUTEIS» ?

11. JaliTe XapakTepUCTUKY OCHOBHBIX 3TANOB MPOLEAYPbI TOCTPOEHUS POTrHO3U-
pYIOLIEro mpaBuia.

12.TlosicHuTe Ha3HAYEHUE U CYTh OOYYAIOIIETO IKCIIEPUMEHTA.
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13. HazoBuTE OCHOBHBIE METOABI TIOCTPOEHUS MPOTHO3ZUPYIOLIUX IIPABHUJL.
14.B 4éM COCTOWUT NPUHIUIINAIBHOE OTINYUE HEMAPAMETPUYECKUX METOJOB I10-
CTPOEHUS ITPOTHO3UPYIOIIUX MPABUI OT IMAPAMETPUUECKUX ?

Paszpesn 7. 3apaun onTUMH3alMU B KOHCTPYMPOBAHMHU U
TEXHOJIOTMH PaAHOYIEKTPOHHBIX YCTPOHCTB

Memoouueckue ykazanus

[IpucTynuB Kk M3ydeHHI0 y4eOHOro Marepuajia 3TOro pasjeia, OY€Hb Ba)KHO
OCMBICJINTh ~ IIOHATHE  3a7a4  onrtumuszamuu.  Kaxnoe  KOHCTPYKTOPCKO-
TEXHOJIOTUYECKOE  PELICHHE IO3BOJSET JOCTHUYb  ONPENEIICHHBIX TEXHUKO-
HPKOHOMHMYECKUX NoKazareneid POY, B kauecTBe KOTOPBIX MPUMEHUTEIBHO K KOHCT-
pykuuu POY moryTt ObITh, Hampumep, HaJACKHOCTb, Macca, rabapuThl, CTOUMOCTb.
KoHcTpykTOpckoe pelieHne, napameTpbl KOTOPOro O0OeCHeYMBAOT MOIYYEHUE 3KC-
TpeMalbHOTO 3Ha4eHUsI PYHKIUU F (MUHMMaNbHOTO MM MaKCUMAJIBHOTO B 3aBUCH-
MOCTH OT TOTO, YTO JIyYIll€), BhIPAKAIOIIEH BaKHEHITUN TEXHUKO-IKOHOMUYECKUI
IIOKA3aTeIb WM COYETAHWE TAaKMX IOKA3aTeNIel, Ha3bIBAKOT ONTHUMAJIBHBIM PEIICHU-
eM. lHOrja TOBOPAT, 4TO TAKOE PEIICHUE ABIIAETCA KBA3UONTUMAJIBHBIM, UMeEs B BU-
Iy, 4YTO B JIEHCTBUTEJIBHOCTH 3TO PELICHHE BeChbMa OJU3KO K Hawimyuuiemy. OyHK-
LU0

F=F(x,..x,)

Ha3bIBAIOT LIEJEBOW (PYHKIMEH, NHOT/Ia €€ TaK)Ke Ha3bIBAlOT KPUTEPUEM ONTUMMU3A-
IIUU, KpUTEPUEM KauecTBa, KpUTepUaIbHOUM GyHKIMEH u T. 1. [lapaMeTpbl KOHCTPYK-
TOPCKOI'O PEIIEHUsl X, Xy, ...Xn, ONTHUMAaJIbHbIC 3HAYEHHS] KOTOPBIX HEOOXOAMMO OIl-
pPEIENNUTh, HA3bIBAKOT ONITUMHU3UPYEMBIMU ITAPAMETPAMH.
Crnenyer ycBOUTD, UTO, BBIIOJIHSAS IOCTAHOBKY 3a/1a4d ONTHUMH3ALUU, HEOOXO-
JUMO YETKO yKa3aTh:
¢ KaKoW TEXHUKO-3KOHOMHUYECKHUH MOKa3aTelsb (UM UX COYETAaHUE) BBICTYIAET B
pOJIU LETEBON PYyHKINU;
¢ Ha KaKue TEXHUKO-DKOHOMHMYECKHE MTOKA3aTEIN U3 YMCIIA HE BOLIEAIINX B IIE-
JeBYI0 (DYHKIIMIO HAJIOXKEHbI OTPAHUYEHHUS U KAKOB XapaKTep 3TUX OrPaHUYEHUN;
¢ Kakue MapaMeTpbl KOHCTPYKTOPCKOI'O pelieHHs OyIyT BBICTYNATh B POJIU
ONTHUMHU3UPYEMBIX M KaKOB XapaKTep OTrpaHUYCHMM, HAKIJIAAbIBAEMBIX Ha 3TH Iapa-
METPBI.
be3 yeTkoro BbIAEIEHUS YKa3aHHBIX COCTABIIIOIIAX HEBO3MOXKHO BBIIIOJIHUTH
IIOCTAHOBKY 3aJ1a4¥ ONTUMU3ALUU.
HyXHO MOMHHTbB, 4YTO KOHCTPYKTOPCKOE PELICHUE XapaKTepU3yeTcs OOIbIINM
gucaoM napamerpoB. OHAKO B KaueCTBE ONTHUMH3UPYEMBIX BBIOMPAIOT TOJBKO TE,
KOTOpbIE€ B HAUOOJBIIIEH CTETIEHN BIUSIOT HA 3HaYCHUE 11eN1eBOM QyHKIUHN F 1 QPyHK-
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U, 3aJaI0MUX OTPAHMYCHUS HAa TEXHUKO-DKOHOMHYECKHE TOKAa3aTelu, KOTOPHIC
Ba)XHBI, HO HE BOIILIU B F.

Crnenyer Takke ocob00€ BHHUMAHHE YICIHTh OCMBICIMBAHUIO MPOIEAYPHI pe-
IICHUS 3a]1a4 ONITUMH3AIIMN, Ha4rHAas ¢ BEIOOpA 11eIeBOM (QYHKIIUY U 3aKaHYNBAas Ma-
TEMaTUYECKUM pPEIICHUEM 3aa9i, KOPPEKTUPOBKOHN PE3yIbTATOB PEUICHUS C YIETOM
0COOEHHOCTEH 3aa4 ONTUMUBALIHH.

[Ipu paccMOTpeHUH MaTeMaTUYECKUX METOJOB PEIICHHUA 3a7ad ONTUMHU3AIUU
PEKOMEHyeTCsl clieiaTh aKIEHT Ha METO/bl CIIYYalHOro MOMCKA, KaK MPEeACTaBIISIO-
e ocoObI MHTEpEC A MpakTudeckux 3aaad. C 3TUMH METOJIaMH MO>KHO O3HAKO-
MUTBCA B [1].

B kadyecTBe OCHOBHOM JUTEpaTyphl IO pa3ieny B I1EJIOM PEKOMEHAYIOTCS pa-
ootel [1, 3, 4, 7]. Kak nonomuurtensHas aurepatypa noiesed uctoynuk [7]. Co cro-
XaCTUYECKUMU 3a7]a9aMy OTNITUMH3AIMA MOKHO O3HaKOMHTHCS B [7]. Pemenue 3amau
ONTHUMH3AIUHA METOJOM JTUHAMUYECKOTO MMPOTPaMMHUPOBAHUS PacCCMOTPEHO B [1, 4].

Konmponwvnsie éonpocut

1. Kakoe KOHCTPYKTOPCKO-TEXHOJOTUYECKOE PEIICHUE CUUTAIOT ONTUMAJIBHBIM,
C TIOMOUIBIO KAKOTO KOJIMYECTBEHHOTO KPUTEPHUS CYASIT 00 3TOM?

2. Yrto noHUMAIOT MO/ 11eNieBOM (GyHKIMEH (MHaYe — KpUTEpUEM ONTUMAIbHOCTH)
Y ONTUMHU3UPYEMBIMU NTapaMeTpaMu?

3. Ha xakue TeXHUKO-3KOHOMHYECKHE MoKa3zarenu POY HaknagpiBaroTCs orpa-
HUYEHUS?

4. Kakue nmapaMeTpbl KOHCTPYKTOPCKO-TEXHOJIOTUYECKOTO PEIICHUS JOJIKHbI
paccMaTpHUBaTHCS B KAU€CTBE ONTUMU3UPYEMBIX ?

5. TlosicHuTE NOPAIOK pEMIEHUs 3a/1a4 ONITUMHU3ALINH.

6. B uém cocTouT cyTh BbIOOpa 11€1€BOM (DYHKIIUN METOAOM TJIABHOTO KPUTEPHS?

7. Ha3zoBute oCHOBHBIE ()aKTOPBI, BIUSIONIUE HA BHIOOP MAaTEMaTHYECKOTO METO-
Jla peleHus 3a/1a4 ONTUMHU3aLUH.

8. Kakwue 3a1aum MOKHO peliaTh ¢ MOMOIIBIO JTMHEHHOTO U HEIMHEHHOTO MaTe-
MaTHYECKOT0 MPOrpaMMUpPOBaHUs?

9. B 4éM coCTOUT MPUHIMIIUATBHOE OTJIMYKUE JUHAMUYECKOTO TPOrpaMMUpOBa-
HUS OT MOJYYEHHUs ONTUMYyMa METOJIOM OOBIYHOIO Iepedopa BapuaHTOB pe-
HIEHUI?

10. Kakue 3a1aun oNTUMHA3ALAA UIMEET CMBICH PEIIATh, HCIOJIb3YSI METOJ CIIy4ai-
HOTO Moucka Ha DBM?
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Pa3znen 8. CucremMbl MaccoBOro 00CIy:;KUBAHUS B TEXHOJIOT UM
PAaJAN03JIEKTPOHHBIX YCTPOMCTB

Memoouueckue ykazanus

Crnenyer NOHATH, UTO MPOTEKAHUE MHOTMX TEXHOJIOTMYECKUX IPOLECCOB U3T0-
ToBieHUsT POY Moxer paccMarpuBaTbesl Kak (DYHKIIMOHMPOBAHUE TaK HA3bIBAEMBIX
CHCTEM MaccoBOro obcmykuBanus. Pabora mo60it CMO cocTOUT B MOCTYIUICHUH HA
e€ KaHaJIbI 3a9BOK M X 00chmykuBaHuu. B Texnonorun POY B kauecTBe kaHAIOB 00-
CIIy’KMBaHHs MOTYT pacCMaTpUBaTbCA padouyme MecTa, TEXHOJOTM4eckoe o0opyao-
BaHUE U T. M. 3aBKU Ha KaHaJbl IOCTYNAOT OJIHA 32 JIPYroil B HEKOTOPBIE, B 00IIEM
cilyyae ciy4aiiHble, MOMEHTHI BpeMeHHu. [locie Toro, kak 3asBka 00cCiy)XeHa, KaHal
0cBOOOXK/IaeTcsd U TOTOB JJIA MpUeMa clenyrouiei 3asBku. [Ipu paccmMoTpenun xa-
pakrepuctuk CMO B mepByro odepeab HEOOXOAUMO YAEIUTh BHUMaHUE TaKUM Xa-
paKkTEepUCTUKAM, KaK a0COIIOTHAsI U OTHOCUTEJIbHAS MIPOITyCKHAsi CIOCOOHOCTh, BEPO-
ATHOCTb HEOOCITy’)KMBaHUS 3asiBOK U BepoATHOCTh npoctosi CMO. [lpu ananuze mno-
ToKa rnoctynatronmx B CMO 3a8BOK aKIIEHT peKOMEHIYETCs CAENaTh Ha IPOCTEUIINX
noToKax. VX mosHoe Ha3BaHKWE — MPOCTEUIINE CTALIMOHAPHBIE IIyaCCOHOBCKHE IIOTO-
Kd. {715 TakuX MOTOKOB YHUCIO 3asBOK, MPUXOMAIIUXCS Ha 000N (PUKCHpPOBaHHBIN
MHTEpBaJ BpeMeHU T (puc. 5), pacrpeaeneHo no 3akoHy Ilyaccona s TUCKpeTHbIX

BEJIUYMH.

0 T Bpewms, ¢

< > P(m/r)z—(/“) e_m,
m!

BepositHOCTB TOrO, 4TO 32 Bpems
T MPOU30MAET POBHO M COOBITUM, paBHA:

»
»

Puc. 5. IIoTok nmoctynaroniux 3asBoK

riae /A — IJIOTHOCTH MOTOKA 3asBOK (CpeIHee YMCIIO 3asBOK, MPUXOASIINXCS HA €H-
HUILY BPEMEHH ).

Baxmweiiniee cBOCTBO MpOCTEHIIEro MOTOKa — €ro CTalMoHapHOCTh. OHO 03-

HAuyaeT, YTO XapaKTePUCTUKA MOTOKA A HE 3aBUCHUT OT PacCMaTPUBAEMOT'O BPEMEHHO-

ro UHTEpBajia 7.

Crnenyer 3allOMHUTh, YTO IPOCTEUIINI MOTOK UTPAeT B TEOPUU MACCOBOIO 00-
CIIy’KMBaHMSI NIPUMEPHO TAKYIO K€ pOJib, KaK HOPMAJIbHBIA 3aKOH pacIpeaesieHus
IIpU BEPOSTHOCTHOM OMNHMCAaHWU IAPAMETPOB B KOHCTPYMPOBAHUU U TEXHOJOTMHU
POY.

Cnenyetr ocmbiciuth Busl CMO B TexHonorun POY (puc. 6). IlynkrupHas
JMHUSA Ha cxeMe o3Hadaet caenyromee: CMO cmemaHHoro Tuna sBisieTcs CUCTEMOM
C OXHUJIaHHUEM 3asBOK B OYEpE/H, U, Ka3aJI0Ch Obl, 3asIBKU HE JIOJDKHBI IOJIy4aTh OTKa3
B 00CIY’>KMBAaHUH, OJJHAKO M3-3a HAJIMUUS OTPaHUYEHUHN Ha MPOILECC OXKHUAAHUA 3asi-
BOK B OYEPEIH BO3MOXHBI CIIydau HEOOCIyKUBaHU 3asBOK, T.e. CMO cMmemanHoro
THUIIA TPOABIIIET Takxke npusHaku CMO ¢ oTkazoMm.
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CMO

v v

CMO c oTkazom CMO c oxxugaHuEM

Her
HanoxeHsl 1 OrpaHHYCHUS HA
OKHJIAaHUE B OUepeIn?

Ja o
I > CMO cmemanHoro “Uucras” CMO
TUIA C OXKHMJaHHEM
" \
C orpanuueHueM Bpeme- C orpanuueHuemM Bpe-
C orpannyenyeM HU HaXO0KJICHUS 3a8BKU B MEHHU HaXO0XKJIeHUs 3a-
AITMHBL O4CPeaH ouepeaun saBku B CMO

Puc.6. Bunst CMO B Texnonoruu POY

PaccmarpuBas maremarnueckoe onucanue CMO, peKOMeHIyeTcsl CienaTh ak-
neHt Ha CMO c otkazom, "unctyro" CMO c oxuganueM, CMO cMelIaHHOTO THUIIA C
OrpaHUYEeHHUEM UIMHBI oduepeau. [Ipu 3TOM HaA0 OCMBICIUTD NOHITHE YCTAHOBHBIIIE-
rocs pexuma QyHkruonupoBanus CMO, pa3o0patbes ¢ KpUTEPHUEM €ro HACTYILIe-
HUS, IOHATH 001aCTh MPUMEHEHHS pacUETHBIX (hopMys DpaHra.

B kauecTtBe OCHOBHOU JuTepaTypsl pekomenaytwred [1, 3]. Y3 nononHuTens-
HOU JIUTEPATYPHI B ONPEACIEHHON CTEMEHU UX MOTYT 3aMeHuTs [7, 10]. C kputepuem
HACTYIUIEHUS YCTAHOBMBILIETOCS peXUMa U NMPUMEpPaMU PELICHUs 3a7a4 MOXKHO 03-
HAaKOMUTHCS B [2].

Konmponvnwie éonpocut

1. IIporekaHne KakuMX TEXHOJOTHUYECKUX MPOLECCOB M3roTOBIECHHUS POY moxer
paccMmaTtpuBaThes kKak GpyHkimonupoanrne CMO? Ipuseaure npumepsr CMO
B TexHosoruu POY.

2. HazoBute ocHoBHble Xapaktepuctuku CMO u mnosicHute UX (GU3HUYECKUI
CMBICIL.

3. OObscHuTe, noueMy Juist ofHOM U Tol ke CMO npu 3HaYEHUU BEPOSITHOCTH
HeoOCTy)KMBaHUs, OTIIMYHOM OT HYJII, UMEET MECTO OJTHOBPEMEHHBIN MPOCTOM
BCEX KaHAJIOB, T.€. HEHYJIEBOE 3HAUEHNE BEPOSATHOCTH ITpocTosi CMO.

4. YTO MOHMMAIOT MOJA NPOCTEHIINM CTAaLlMOHAPHBIM MYyaCCOHOBCKUM (KpaTKO —
MPOCTEHIIINM ) TOTOKOM 3asiBOK U KAKMMHU CBOMCTBAMHU OH JIOJKEH 001a1aTh?
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5. Uto ma€r nys MpakTUKU CBOWCTBO CTAllMOHAPHOCTH IPOCTEUIETO IMOTOKA 3asi-
BOK?

6. Kakum 3aK0HOM pacnpenesieHHs] ONMCBIBAETCS CIy4allHOE BPEMS MEXKIY IPH-
XOJIOM JIBYX COCEIHUX 3asBOK B CIIy4ae IPOCTEUIIETO ITOTOKA?

7. Ilepeuncaure ocHoBHBIE BUIBI CMO. O0bsicHuTe, noueMy CMO ¢ oxunanuem
B Clly4ac HaJu4Msl OTPAaHUYECHUS Ha MPOLIECC 0’KUJIaHUS 3asiBOK B OYEpeIU Ha-
3BaHa cioBaMH «CMO cMelaHnHoro Tumay.

8. B kakoMm cilyyae mpaBOMEpHO MPUMEHTH (GOPMYJIbl DpiiaHra Jyis OIpenee-
HUsl cocTossHUA CMO UM OCHOBHBIX €€ XapaKTEpUCTHK: BEPOATHOCTH HEOOCIy-
KUBAHUS 3a8BOK, OTHOCUTEIHHOM MPOITYCKHOM CIIOCOOHOCTH M BEPOSITHOCTH
npoctost CMO?

9. UYTo MOHMMAIOT MO YCTAaHOBUBIIUMCS pekuMoM ¢GyHKInoHupoBanuss CMO u
B KaKHMX CIIy4asX PEXUM MOXET pacCMaTpHUBAThCS KaK MPAKTUYECKU YCTaHO-
BUBILNKCA?

Pa3znen 9. Crarucruueckoe MOJAECIUPOBAHUE TapaMETPOB
KOHCTpYKIIHi’i U TEXHOJOI'NYIECCKUX MPOoIeccoB

Memoouueckue ykazanus

[Ipuctynas K u3ydeHHIO y4eOHOrO MaTepuajia 3TOro paszjaena, HeoOXOIUMO
HOHSTh, YTO MPHU OLIEHKE TOYHOCTU U CTAOMIIBHOCTH BBIXOAHBIX MAapaMETPOB, OIpe-
JEJIEHUN TOKa3aTesie HaAEKHOCTH KOHCTPYKIMN POY, Hax0xKIeHMn XapaKTepUCTUK
CUCTEM MacCOBOT0 OOCIIyKMBaHUs, a TAKXKe MPU PELICHUU psjia APYrux 3a1ad B 00-
JACTH KOHCTPYUPOBAHUS U TeXHOJOruH POY aHanmuTuyeckue pacyéTbl OKa3bIBAKOTCA
TPYJOEMKUMH JIHOO BOOOIIE HEMPUTOAHBIMU. MCronb30BaHUE ke HKCIEPUMEHTAb-
HBIX METOJOB CBSI3aHO C OOJIBIIMMHU 3aTpaTaMH M CTAHOBUTCS YKOHOMHYECKH HEOTI-
paBIaHHbIM. B moI00HBIX cllydasx 1eIecoo0pa3HO MCMOJIb30BATh WUMHUTAIIMOHHOE
MOJIEJIMPOBAHUE NAPAMETPOB M XapaKTEpUCTUK POV, TeXHOIOrMYeCKHX MpOILECCOB,
CMO u T.A., BEIIOJIHAEMOE € UCIIOJIB30BAHUEM MAaTEMAaTUYECKUX MOJIEIIEH.

HeoOxoaumo 4€TKO MOHSATH, YTO MPU MMUTALMOHHOM MOJIEIMPOBAHUHU BOC-
MPOU3BOJIATCS CIy4ailHble 3HAUEHUsI TapaMeTpoB U CBOKMCTB POY, TeXHOIOTHUECKUX
npoueccoB, CMO. IIpu 3TOM NPpUHUMAIOT BO BHUMAHNE BEPOSITHOCTHBIE XapaKTEpH-
CTUKM MapaMeTPOB: CPEIHUE 3HAYEHUs, CPEHUE KBAAPATUUECKUE OTKJIIOHECHHS U 3a-
KOHBI pPACHpeNesICeHHs. BBINONHAS MHOTOKPaTHO MMHUTALlMOHHOE MOJEIMPOBAHUE,
yAa€Tcsl MOJYYUTh CTaTUCTUYECKUWA MaTepuan (CTaTUCTUKY) O MOBEJACHHHM HHTEpe-
CYIOIIMX BBIXOJHOTO IapaMeTpa, XapakTepUCTUKE, CBOKCTBE. [loaToMy BMecTO Tep-
MHHA «AMHUTAlMOHHOE MOJEIMPOBAHUE) MHOTJA UCIIONB3YIOT TEPMUH «CTaTUCTUYE-
CKOe MojelupoBaHue». Maremarnueckass 00paboTKa pe3ysIbTaTOB MOJEIHPOBAHUS
IIO3BOJISICT ITOJIYYUTh CPEAHUE 3HAUEHUSI UHTEPECYIOIIUX BEJIUYMH U BO3MOXKHBIE OT-
KJIOHEHUSI BEJIMYMH OT CPeIHMUX 3HaueHuu. [Ipm HeoOX0IUMOCTH MOXKHO MOA0OPAThH
HOJXO/s111ee MpUOIMKEHNE 3aKOHA PACIIPEIeTICHUS] HHTEPECYIOLIEH BETMUNHBI.

Crnenyer 3HaTh, 4TO MOCKOJBKY IPH UMHUTAlHOHHOM MOJEJIMPOBAHUN BOCIPO-
U3BOJSATCS BEPOSATHOCTHBIE CBOMCTBA IIAPAMETPOB U XapaKTEPUCTHUK, TO TAKOE MOJe-
JIMPOBAHNE HA3bIBAIOT TAKKE BEPOSTHOCTHBIM. [Ipr MMHUTaLIMOHHOM MOJEIUPOBAHUN
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IIOJIYYaIOT PEAIN3alu CIIy4alHbIX ITapaMeTpPOB, XapaKTepUCTHK. [loaTomy Hano mo-
HATHb, YTO CaMO MOJCIIMPOBAHUE CBOIAUTCA K TEHEPUPOBAHUIO CIy4alHBIX YHCEI,
UMEIOIIUX ONPEIEIEHHBIE 3aKOHBI PACIIPEICICHHUS.

JIis moy4yeHus ciyq4aiHbIX YUCEeN C JTF0OBIM 3aKOHOM PACTIPEIETICHUS UCTIOJIb-
3yI0T ClIy4ailHble 4YHCIIa 7, paBHOMEPHO pactpeneinéHusie B uurepsaie (0...1), Ha-
3bIBAEMBbIE CTAHAAPTHBIMU PABHOMEPHBIMHU YHCIaMH, U (WJIM) HOPMAJIBHO pacrpese-
JEHHBIE CIIy4YaiiHbIEC YHCIA X, C TApaMeTpaMu HOpMaJIbHOro 3akoHa m = 0, 6 = 1, Ha-
3bIBAEMBIE CTAHJAPTHBIMU HOPMaJbHBIMU 4yuciaaMy. [IoTHOCTH pactpenencHus 4u-
Cel ¥ U Xy UMEIOT BUJI, IOKa3aHHBIN Ha pucC. 7.

w(r) W(Xy)

» T 1 T »

0 1 -3 0 +3
a §)

Puc. 7. I'paduku mioTHOCTEH pacnpeesieHnsi CTaHIapTHBIX CITyYalHbIX YUCENT:
a — paBHOMEPHBIX; O — HOPMaJIbHBIX

Hano nonsTh, mouemy uucia x; B OCHOBHOM 3aHUMaroT auamna3oH (-3...+3).
Jlist 3TOro Hajo OOpPaTUTHCS K «IIpaBUIy TPEX curm». Crlenyer 3HaTh, YTO BEPOST-
HOCTb TOMAJIaHUS YMCTA X B YKa3aHHBIM JUana3oH HE paBHa equHuue. Jlaxke ogHO
3HAYEHUE Xy, 3AMETHO BBILIEIIEE 32 ATOT AUANa30H, MOXKET CYLIECTBEHHO HCKAa3UTh

pe3ynbTaTsl MoJenupoBanus. [103ToMmy nIpy MCIOJIB30BaHUU YKCEN X;; HA IPAKTUKE
VX 3HAYEHHUS HAJI0 UCKYCCTBEHHO OIrPaHWYMBATh YACIAMU MUHYC 3 U ILUTIOC 3.
NmutanimoHHOE MOAECIMPOBAHHUE C MCIIOJIb30BAHMEM MATEMATHYECKHX MOJIE-
JIel BBITIONHSAETCSA, Kak mpaBuio, Ha DBM. Maremarnueckoe obecreueHrne coBpe-
MeHHBIX DBM conepx uTt B CBOEM COCTABE BCTPOEHHBIE B SI3bIKM MPOTPAMMHUPOBAHUS
(GYHKIIMY MOJYyYEeHUS] CTaHIAPTHBIX PaBHOMEPHBIX yucen r . CienyeT He 3a0bIBaTh,
yto B [lackasie 3To BcTpoeHHas ¢yHkius random. CTaHIapTHBIE HOPMaJIbHBIE YUCTIa

Xy TOJyYaroT 1o ¢popmysie

I7I€ 1 — KOJUYECTBO CTaHJAPTHBIX CIyYailHBIX YHCe 7; 00bIYHO 7 = 12 niu 20.
C BBIBOJIOM 3TO (POPMYJIIBI MOKHO O3HAKOMHUTHCS B [1].
CiyyaiiHple 4ncClia ¢ IpyTUMHU 3aKOHAMU PaCIpPENENICHUs, B TOM YUCJIE U PaB-

HOMEpPHBIM B JIHana3oHe oT a 10 b (0003HaYUM Kak xa,b(paBH) ) 1 HOPMAJIBHBIM C JTFO-

GBIMH 3HAYEHHAMH TIAPAMETPOB /11 U ¢ (0G03HAUMM KaK X, , ™™ ), TOTydaloT ¢ 1Io-

MOIIbIO AaHATTUTUYECKUX TTpeoOpa3oBaHuil unucen r W (Win) unucen x, (cm. Ttabdm. 9.1

B[1]):
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X o™ =r(b-a) +a;

(HopMm) _
o = Xy

Xm, o+ m.

PexomeHmyeTcst mOmbITaThCS MOHATH MMPOUCXOKICHHUE dTUX (POPMYII.

[Ipu uccnenoBaHUM TOYHOCTH U CTAOMJIBHOCTH BBIXOAHBIX mapameTpoB POV,
TEXHOJIOTUYECKHUX MPOLIECCOB, OMPENEICHUU ToKazareneld HaAE&KHOCTU KOHCTPYK-
i, xapakrepuctuk CMO peanuzyrot meroq Monte-Kapiio. C ero nomomipto noiy-
Yal0T CTAaTUCTUKY 00 M3MEHEHUU MHTEPECYIOIIETO MapaMeTpa WK XapaKTePUCTHUKHU.
[TorTomy meTron MonTe-Kapno Ha3bIBalOT METOAOM CTaTUCTUYECKUX UCTbITaHUN. CO
CTPYKTYpPHOW CXEMOM ajlropuTMa peanusanuu Merojga Ha OBM B npeanonokeHuu
UCIIOJIb30BAaHUSI MaTEMaTHYECKUX MOJIENe 00bEKTOB U MPOILECCOB MOKHO O3HAKO-
MuThCA B [1, ¢. 285]. B 310l cxeMe B 3aBUCUMOCTH OT peIIaeMoi 3a1a4u MIPUHITUTIN-
alIbHO MEHSETCS JIMILb MaTeMaTU4YECKasi MOJEIIb, C TOMOIIbI0O KOTOPOM MO COBOKYII-
HOCTH CIyYalHBIX MMapaMETPOB, MOTYUYEHHBIX NMPU MOJECITUPOBAHUH, HAXOJAT 3HAYE-
HUE UHTEPECYIOUIEH XapaKTEepUCTUKH (TTapameTpa, roka3artesis) B TOM WK UHOH pea-
Jn3anuu 00bEeKTa, MPOIECCa, CUCTEMBI.

VYueOHbIil MaTepuai 3Toro paszjeia noapooHo uznaraercs B [1].

KOHmPOJleble 60NRPOCHL

I. Yro moHMMAarT MOJ MMUTALUOHHBIM (CTATHCTHYECKUM) MOJEIUPOBAHUEM U
KAKOBa B HEM pOJIb MAaTeMATUYECKUX MOJEIEH KOHCTPYKLUH, HAICKHOCTU
POV, TexHonornyeckux nponeccoB?

2. Yro npyHUMAIOT BO BHUMaHUE MPU MOAEIUPOBAHUY CIYyYalHBIX [TApaMETPOB?

Kakne ciryyaliHple yucia Ha3bpIBalOT CTAaHAAPTHBIMU PAaBHOMEPHBIMH, a KAKUE

CTaHJAPTHBIMU HOPMaJIbHbIMU ?

4. Kak monenupoBaTh Ha OBM ciyuaiinble uncna (mapaMeTpbl) ¢ HOpMaJIbHBIM

3aKOHOM pacIpeaesIeHus?

Kak nony4ars Ha OBM ciyuaiiHble uncia ¢ J100bIM 3aKOHOM pacipeieieHus ?

6. IloscHuTe, KaK IPUMEHATH METOJI 0OPaTHOrO MPeoOpa30BaHUS IS MOy YSHHUS
dbopmMy, ¢ MOMOIIBIO KOTOPBIX MOXKHO TeHepupoBaTh Ha DBM ciydaiiHbie
quciia ¢ JII0ObIM HHTEPECYIOLIUM 3aKOHOM paclpeesieHusl.

7. Kak moxHO MoaenupoBaTh Ha D9BM koppenupoBaHHbIE CIy4dailHbIE MapameT-
PBI C HOPMAJIBHBIMU 3aKOHAMM PACIIPEICIICHUS ?

8. IlosicHuTe nmpuHUMIT MOJENHpPOoBaHnus Ha DBM KoppeaupOoBaHHBIX MTapaMETPOB
C JIFOOBIMU (3apaHee U3BECTHBIMU) 3AKOHAMU PACTIPEECIICHHUS.

9. Onummre, kak ¢ nomowmpblo Merona Monre-Kapno u ncnosnb3oBaHnem mare-
MaTthdeckon Mozenu POY MOXKHO HcciienoBaTh BBIXOJHBIE MapamMeTphl YCT-
poKcTBa.

10.IlosicHATE NPUHLUII MMHUTALMOHHOIO MAaTEMATHYECKOIO0 MOJEIMPOBAHMS Ha-
néxaoctu POY.

11.Kak onpenensroT KOJWYECTBEHHBIE MOKAa3aTelIu HaAEKHOCTH, MCIOJIbB3Ys pe-
3yJIbTaThl MOJAECIUPOBAHUSA?

(%)

W
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