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JIABOPATOPAS PABOTA Ne$5

UCCJEJOBAHUE OTKJIOHEHUH BBIXOJHOI'O ITIAPAMETPA P3Y
METOJOM MOHTE-KAPJIO C UCIIOJIbB3OBAHUEM ®U3UYECKOI'O
MOJAEJINUPOBAHUA

5.1. Heab padoThI

[lens pa®oOTHI: UCCIEAOBAHUE BEPOSTHOCTHOIO PACCEMBAHUS BBIXOJHOTO Iapa-
MeTpa POV ¢ ydeToM mpom3BOACTBEHHBIX MOTPEIIHOCTEN MMAPAMETPOB 3JIEMEHTOB U
Ha3HayeHHUE Ha OCHOBE 3TOI'0 IPOU3BOJACTBEHHOIO JIOIYCKA HA BBIXOJAHOMN NIapaMeTp.

JUis AOCTMXKEHMs LeIM HEoOXOoAMMOo peanu3oBaTh Meron Monrte-Kapno ¢ uc-
I0JIb30BaHUEM (PU3NYECKOTO0 MOJAEIUPOBAHUS, IPU KOTOPOM CIIy4allHbIM U3MEHEHH-
SIM TIOJIBEPIaloTCs EPBUYHbBIE TapaMeTpbl pu3ndeckoi Moaenu POY.

5.2. TeopeTnueckune CBeJICHUA

IIpon3BOACTBEHHBIN, NHAYE TEXHOJIOIMYECKHM, TOIYCK — ITO XAPAKTEPUCTUKA
rapaMeTpa, OrpaHMYMBAIOIIASl €r0 NPENEIbHbIE OTKIOHEHMS, BBI3BIBAEMBIE YHCTO
IPOU3BOJICTBEHHBIMH NMpPUYUHAMU. [[pOM3BOJICTBEHHBIN AOMYCK MOXET OBITh 3aJaH
3HaYeHUuEM abCOIIOTHON MPOU3BOACTBEHHOM MOTPEUTHOCTH, BBIPAXKAEMOM pa3MepHO-
CTBIO PACCMAaTPUBAEMOI0 MMAPAMETPA WM K€ 3HAYEHUEM €r0 OTHOCUTEIBLHON MPOU3-
BOJICTBEHHOM MOrPEIIHOCTH, BBIPAXKAEMOU OOBIUHO B IPOLIEHTAX.

IMpumeprr: U= (5+0,25)B; R=1xO0wm = 100 Om;

U=5B£5%; R=1xOm= 10 %.

Ha npaxTuke /Ui BBIIOJIHEHUS aHalIM3a OTKJIOHEHUH (pa30Opoca, paccenBaHus)

BBIXO/IHOTO TIapaMeTpa He0OX0IMMO 3HaTh (PYHKIIMOHAIBHYIO CBA3b BUAA

Y= (0(X1,X2, cees xn)a (51)
rac y — BLIXOI[HOﬁ ImapameTp,
X1, X2,..., Xy — HCPBUYHBIC ITAPaAMETPHI;
n — 061_1166 YHCJIO YYUTBIBACMBIX IICPBUYHBIX ITapaMETPOB.

3Has 3aBUCUMOCTH (5.1), ¢ TOMOIIBIO aHATUTUYECKUX METOHOoB [l, 3] MOXkHO
BBITIOJTHUTh aHAJIN3 OTKJIOHEHUH BBIXOJHOTO MapameTpa y ¢ Y4ETOM BEPOATHOCTHOTO
pa3z0Opoca 3HaYeHUI IEPBUYHBIX MTAPaMETPOB X|, Xy, ..., X, M HA OCHOBE 3TOI'0 Ha3Ha-
YUTh JOMYCK HA BBIXOJHOU mapamerp.

OnHako aHAIMTUYECKUE METOJbl ONpPaBJaHbl U JAIOT YJIOBIECTBOPUTEIbHbBIE pe-
3yJbTaThl B TOM ClIy4ae, €clid BhIpakeHue Bua (5.1) OTHOCUTENIBHO TOYHO OMUCHIBA-
eT noBeaeHrne POY unum mpoiiecca U M3BECTHBI KOPPETSLIMOHHBIE CBSI3U MEXY Tep-
BUYHBIMU MapameTpamu. B Apyrux ciydasx HEIIOXHe pe3yJbTaThl MOXKHO MOJYUYUTh
¢ nmoMoIuplo Metoja Monte-Kapio, Ha3pIBa€MOT0O TakKe€ METOJOM CTATUCTUUYECKUX
ucnbiTanuu [ 1, 2].

CymHocts metoga Monrte-KapJio

Meton MonTe-Kapio nosrydun mmupoKoe paclpoCTpaHEHUE ISl UCCIENOBAHNUS
OTKJIOHEHUH BBIXOAHBIX IapaMeTpoB POV n texHonornueckux npoueccos. C nomo-
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b0 3TOI'0 METO/1a MOKHO MIPUHATH PEILICHUE O JJOMyCKE HAa BBIXOJHOM mapaMeTp B
TEX ClIy4asx, KOrja aHaJUTUYECKUE METObl MAJIO IPUTOIHBI U3-3a CI0KHOCTH BBI-
paxenus Buaa (5.1) 1 HEOOXOAMMOCTH SKCIEPUMEHTAIILHOTO OonpeieseHust Korhdu-
[IUEHTOB KOPPEISALNHU MEXIAY MEPBUYHBIMU NTapameTpamu. [IpakTuka mokasbiBaer,
YTO JIJIs1 MPOCTHIX YCTPOMCTB U TEXHOJIOTUYECKUX MPOIIECCOB 1IeIeCO00pa3Hbl aHAJH-
TUYECKHUE METO/IbI, a JJIs CII0KHBIX — MeTod MonTe-Kapio [2].

CymHocte MeTosa MoHTe-Kapino cocToUT B MOBTOPSIOIIEMCS MHOTOKPAaTHOM
nojiydueHuu peanuzanuii POY wunm TexHomornueckoro mpouecca (B JalbHeWIeM
00001meHHo — nporiecca). Kaxknas peanuszanusi COCTOUT B MOJIYYSCHUH 3HAYEHUS BbI-
XOJIHOTO TIapaMmeTpa y MyTEM MOJICTAHOBKH CIy4ailHOW KOMOWHAIIMK 3HAYCHUN Tep-
BUYHBIX MMapaMEeTPOB Xi, Xp,..., X, B MAaTEeMaTH4YECKyI0 Mojenb Buaa (5.1) uiu Habo-
pOM 3HAYEHUH X|, X3,..., X, Ha U3ndecKor Moaenu. [Ipu 3TOM 3HaUYCHHS TTEPBUIHBIX
napaMeTpoB, COOTBETCTBYIOIIUE TOW WM MHOM peanu3aiiu, MOoJIy4aloT HE Mpou3-

BOJIbHO, & C Y4YETOM BEPOSITHOCTHOTO OMHCAHUS

$ w(xi) NEpPBUYHBIX apameTpoB (puc. 5.1).
[Ipu MonenupoBaHUM MHTEPECYIOTCSA 3Haue-
w HUEM (CTaTHUCTUKON) BBIXOJIHOTO MapaMmeTpa Kax-
[ e ) X1 IOM peanu3aluy, II03TOMY paccMaTpUBacMBbIN
/ METOJI TOJIy4WJI Ha3BaHHWE METOJa CTaTUCTUYe-
CKUX UCIBITAHUM.
/ B kauecTBe BEpOSTHOCTHOIO ONMMCAHMS MEp-
A 5 X2 BUYHBIX [ApaMETPOB MOTYT HCIIOIb30BaThCS Clle-
IYIOIIHME XapaKTEPUCTUKH:
M(x;) — cpeqHue 3HaY€HUsI NEPBUYHBIX Ia-
pameTpos;
o(x;) — cpellHhe KBaJ[paTUYECKUE OTKJIOHE-
[ . i N Hus (CKO) nepBUYHBIX TApaMETPOB;
\ w(X;) — IULIOTHOCTH paclpeaesieHns, OIICHI-
I-sl koMbumamst = V1 pajope noBefeHHe NEPBUUHBIX [apAMETPOB B
2-1 KoMbUHaIMA — ) npejenax Iuana3oHoB UX PacCEUBaHUS.
Puc. 5.1. Tlostyuenue caydaiiHbIx BmecTo 5THX XapaKTepUCTHK B HHMKEHEp-
KOMOMHANMIT TIEPBAYHBIX HOM MpakTHUKe, KaK MPaBWJIO, MCHOJIB3YIOT TaKHe
napameTpos XapaKTEpUCTUKU, KAK:

M (Ax; /x,) — cpeaHue 3HAYECHHUSI OTHOCHTEIBHBIX MPOM3BOICTBEHHBIX MOTPEII-

HOCTEW INEpPBUYHBIX MapaMeTpoOB (CHCTEMATHUYECKHE COCTABJISIOIIME JIOIYyCKa; IPH
CUMMETPUYHOM JIOITYCKE PaBHBI HYJIIO);
O(Ax;/x;,) — TOIOBHHBI MOJICH PACCEMBAHUSI OTHOCHTEIBHBIX MPOU3BOJIC-

TBEHHBIX TMOTPEMIHOCTEN MEPBUYHBIX MAapaMETPOB, HA3bIBAEMbIC ITOJOBUHOW IOJIS
JoITycKa (Ciy4daiiHble COCTABIISIIOIINE I0MTYCKa);
w(Ax; /x;) — OQyHKUMM IUIOTHOCTH pAaCIpPEACNICHUs OTHOCHTENBHBIX IIPO-

M3BOJICTBEHHBIX MMOTPEIIHOCTEH MEPBUYHBIX ITAPAMETPOB.

Crenyet 3HaTh, YTO MEX/Y IByMs I'PyNIIaMH YKa3aHHBIX XapaKTEPUCTHK CYIIECT-
BYET OJIHO3HA4YHasl CBSI3b, TO €CTh OT OJTHOM TPYIIIBI XapaKTEPUCTHK MOXKHO MepeXo-
JUTh K APYroi U Ha000poT.



3

[Ipu peanuzauuu meronaa Mourte-Kapno cpennee 3nauenue M(y) u CKO a(p)
BBIXOJTHOTO TIapaMeTpa MOJIyYaroT MyTeM CTAaTHCTHYECKOW OOpaOOTKH pe3ysbhbTaToB
BCEX pealn3allfii, UCTIONB3YS KiIaccuueckue (OpMyIIbl

N ZN:[yj_M(y)]z
M (y)ﬁ;y,-; o(y)=\+ (5.2)

N -1 ’

e y; — 3Ha4€HHE BBIXOIHOIO NapaMeTpa B j-i peanusauuu POY;
N — ob6miee yucio peanuzanuii POY.
M(y) 0OBIYHO TIPUHUMAETCSI 32 HOMUHAIBHOE 3HaUeHHE y. OCHOBBIBAsCH HA 0()),
HA3HAYaroT JIOMYCK Ha BBIXOAHOW MapameTp.
[TonoBuHy 10JIsI NPOU3BOJCTBEHHOTO PacCEUBAHUS o()) BBIXOIHOTO MapameTpa y
OOBIYHO OMpPEAEIIAIOT, MOJb3YSICh TMIIOTE30H O HOPMAJILHOM 3aKOHE paclpeaesieHUs
y. B cooTBeTcTBUU € "TIPaBUIIOM TPEX CUTM"

o) =3o(y). (5.3)

[Ipu 3TOM 3HaUeHHe J()) rapaHTUpyeTCcs ¢ BeposATHOCThIO P, = 0,9973. Ecnu sTa
BEPOSITHOCTh JOJDKHA OBITH JPYTOM, TO BETUYHHY O()) KOPPEKTUPYIOT C TIOMOIIBIO
koa¢duLreHTa rapaHTUpyeMoro odecnedeHus gomycka p [1, 3], 3aBucsiuero ot 3Ha-
YeHUs BEpoSITHOCTH P (Tabm. 5.1).

Ta6mna 5.1 [Ipyu HeoOXoguMOCTH  OT
3HAYCHUSI BEJIUYUHBI O()) MOX-
HO TEPENTH K 3HAYECHMIO I0JIO-
BUHBI TIOJISI PacCeMBaHUs s
OTHOCHUTEIIbHOMN MPOU3BOJICT-

P.1 08109 [095]0,99 10,9973 | 0,999 [ 0,9999
p [04310,59]0,65]0,86 | 1,00 1,10 1,30

BCHHOM IMOTPCIIHOCTHU BBIXOJHOT'O IIapaMcETpa:

S(4y/y)=8()/M(®y). (5.4)

[Tpon3BOACTBEHHBII NOIMYCK Ay, HA BBIXOAHON IapaMeTp MOXKET ObITh Ha3HAYEH
CIEAYIOIIUM 00pa3oMm:

A== 5(Ay/ ). (5.5)

Eciu 3nauenune A, ycTpauBaeT 3aKa3uMKa, 3a7a4a YCTAHOBJICHUS IPOM3BOJCT-
BEHHOTI'O JIOIyCKa pellieHa. B MpoTUBHOM ciyyae MOCTYNalT OAHUM M3 CIIETYOIINX
crioco0OB B 3aBUCUMOCTH OT TOT'O, YTO OMPaBIaHO C SKOHOMUYECKON TOUKHU 3PEHUS:

1. Mcnonb3ytoT 3J€MEHTHhl C MEHBIIMMHU MPOU3BOJICTBEHHBIMU JOMYCKAMHU U
IPOLIECC MOJIETUPOBAHMS MOBTOPSIOT. Tak MOCTYMAOT 0 TEX IMOp, MOKa 3HAYCHHE
JIOTyCKa, YCTaHABJIMBAEMOE IO BhIpakeHU1o (5.5), He OyAeT oTBeYaTh TPEOOBAHUSM.

2. B xauectBe A, 3aIUCHIBAIOT 3HAYCHHE A(SEK), yCTpamBaeMoe 3aKa3uHKa, U

ONpeaeNsIoT, Kakoi nporeHT POY Oyner oTBeuaTs 3TOMY AonycKy. [lias sToro BHa-
qaJie HaXOsAT BEJINYUHY
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‘A(;;K)
p -1 - !
s(ay/y)

rjae 3HadeHue O(Ay/y) momyuaror mo Gopmyine (5.4) ¢ UCHIOIBL30BAHUEM BBIPAKCHUS
(5.3). Uckomsiii ipouieHT POV omnpenensieTcss BEpOATHOCTbIO P. M1 HAXOJIUTCS IMyTEM
pelIeHHs] YpaBHEHUS

1+ P
= 1/3

p=argP

b

rae argd(...) — aprymMeHT TaOJMYHOW HOpMajdbHOW (DYHKIMU pacrpeiencHus (cM.
tabn. I1.1.1 mpunoxxenus 1ab. padotsl Ne 1, ¢. 14), mis KoToporo
cama QyHKIHS PUHUMAET 3HAY€HHE, YKa3aHHOE B CKOOKaX.

W HakoHelw, ¢ yuéToM HalieHHOro npoueHTa POY nenarot 3akitoueHue o uesie-
co00pa3HOCTH 0TOOPA IK3EMILISIPOB, OTBEYAIONIUX TPEOOBAHUIO K 3HAUCHUIO Ay/y, U
pEIIaroT, KaK ObITh C K3EMIUIIPaMHU, HE OTBEYAIOIIMMHU TPEOOBAHUIO: MHIUBUIYaJh-
Has JIOBOJIKA JI0 HOPMBI, IPOAaXa KaK «HE KOHIULUS» U T.II.

[Ipu peasmmzauuu Mmetona MonTe-Kapio ucnonpe3yroT Kak MaTeMaTUYECKUE, TaK U
(u3HYecKre MOJENH.

B cnyudasx, korja TpyJaHO MOTYy4YUTh MOJienb Buaa (5.1), uiu xe, Korja MoAeb
HEe oTpaxkaeT noBeaeHre POY, ucnonp3yior Gu3NYecKyr0 MOJeNb, B Ka4eCTBE KOTO-
poil 00bIYHO KCTIONB3YIOT MakeT POY. Ilpu peanuzauuu merona Mourte-Kapio mo-
ctynator Tak [1]. JlmanazoH npon3BOACTBEHHOIO paCCEUMBAHUS KaXJA0TO MEPBUYHOTO
napameTpa pa3ouBaeTcs Ha 4 — 6 UHTEPBAJIOB U B KQUE€CTBE MPEICTABUTEIS HHTEPBa-
Jla BEIOMPAIOT 3HAYeHUe, OJIM3KOE K cepeuHe nHTepBaiia (puc. 5.2).

Jlnst mostyueHusi CiydyaHOW KOMOWHAa-
WA TIEPBUYHBIX IMAPAMETPOB HCIOJIB3YIOTCS
Juub 3T 4 — 6 3HaYeHUH MO KaXIAOMy Iep-
BUYHOMY mMapameTpy. Pa3zOuenue nuamnasona

Puc. 5.2. Pazouenne 1uanazona paccenBaHus MMEPBUYHOrO napamerpa Ha 4 — 6
pacccHBaHUs NEPBHTHOrO IapaMeTpa HMHTCPBAJIOB BIIOJIHC JOCTAaTOYHO JJISA pECIICHMS
Ha HHTEPBAJIB NpaKTHYECKUX 3a1ad [1, 2].

Jlns BRIMOJIHEHMS j-U peanusauuu POY
3HAYEHUS NEPBUYHBIX NApaMETPOB, MOIYUYEHHbIE M 3TOM peanusauuu POV, ycra-
HAaBJIMBAIOT Ha (PU3NYECKON MOJAENIN M MU3MEPSIOT 3HAYEHUE BBIXOIHOIO IapaMeTpa.
Jlns Takux sneMeHToB POV, Kak pe3sucTopsl U KOHAEHCATOPHI, OCYILIECTBUTh U3ME-
HEHHE [1apaMEeTPOB MOXHO IIYyTEM MapaIeIbHOTO WIH MOCIEA0BATEIBHOIO BKIIOYE-
HUS JOMOJHUTENbHBIX 3JIEMEHTOB TAKOTO HOMHHAJIBHOTO 3HAYEHUs, YTOOBI CyMMap-
HOC 3HAYEHHUE HMHTEPECYIOILIETO IapaMeTpa IIPUMEPHO COOTBETCTBOBAIO 3HAYECHHIO,
KOTOpPO€ HEOOXOJMMO MMETh IPU MOJEINpoBaHUM (Toukam 1, 2, ..., 5 Ha puc. 5.2).
JUiss HEKOTOpbIX ieMeHTOoB POY (oTAenbHblE THUIBI AMOAOB U Jp.) OCYLIECTBIISIOT
MMUTUPOBAHUE [1apAMETPOB, T.€. MOAKIIOYAIOT K PAaCCMaTPUBAEMOMY DJIEMEHTY JJIe-
MEHTBI JPYroro (pyHKIMOHAIBHOIO HAa3HAUYEHUs, MPUBOJASIINE K U3MEHEHHIO Iapa-
METpa UHTEPECYIOLIEro JIEMEHTA.
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Ecin mo xakuM-1mo60 IMpUuYrnHamM BO3,IICI>1CTBOB&TL Ha N3BMCHCHUC IICPBUYHBIX IId-
pPaMCTPOB HEJIB3A WJIK HC yAACTCA UMUTUPOBATbL NSMCHCHHUC, TO OCYHICCTBIIAIOT CIIY-
qaﬁHon 3aMCHY 3JICMCHTOB. OTO OTHOCHTCS K TAKMM 9JICMCHTAaM, KaK TPAH3UCTOPHI,
HHTCTPAJIbHBIC MUKPOCXCMbI, UMITYJIbCHBIC TpaHC(l)OpMaTOpBI H 1p.

5.3. Onucanme J1aGOPATOPHOI0 MAKETA

POV, mnga xoToporo BBINONHIETCS (PU3NYECKOE MOJEIMPOBAHUE MO METOIY
Momnre-Kapiio, — HEMHBEPTUPYIOIMN UCTOYHHUK OIIOPHOI'O HANPSIKEHUS, DJIEKTpUYE-
CKasl cxemMa KOTOpOro IpuBeIeHa Ha puc. 5.3.

@dusnueckass MOJIEIb HUCCIELYEMOr0

Al
— POV mnpexacraBiena nabopaTOpHBIM Make-
R3 —+ TOM. [[J1s1 HArJISITHOCTH Ha TIEpEAHEN TTaHEeIH
Rl B MakeTa TpHUBEJIEHA »JJEKTpUUYecKas cxema

1
L1 o
DA1 POV ¢ ykazaHneM HOMMHAJIbHBIX 3HAYECHUM
$ ¥ JONMYCKOB TNEPBUYHBIX MapaMeTpoB, JPy-
= roil HeoOXOoAMMOU HH(POPMAIIUH.

?VDQ R2 Usorx B kauecTBe BBIXOJHOIO Iapamerpa y
I

NV

paccMaTpUBAaEeTCS BBIXOJIHOE HAMNPSKECHHUE
Usux ccnenyemoro POV, a B kauecTBe nep-
BUYHBIX MMapaMeTPOB — MapaMeTphl 3JIEMEH-
ToB R1 — R3, VD1, DAl v HanpsbkeHue Hc-

NV

Puc. 5.3. dnekTpuyeckas cxema
HCTOYHUKA ONOPHOI0 HANIPSIZKEHUS

TOYHUKA nUTaHus A1l.

@u3znueckoe MOACIMPOBAHUE BBINOJIHIETCA MYTEM JTUCKPETHOTO H3MEHEHUS
napaMeTpoB 2JeMeHTOB R1— R3, VD1 u HanpskeHust MUCTOYHMKA nuTaHusa 41 B mpe-
nenax nosie pomyckoB. [losst mOMyCKOB MEPBUYHBIX MAPaMETPOB Pa30OUTHI HA TISThH
MHTEPBAJIOB. 3HAYECHHSI OTKIOHEHUH, COOTBETCTBYIOUIME IpaHULAM HHTEPBAJIOB, a
Tak)Ke 3HaueHHe "MpecTaBUTEN" KaXKI0T0 HHTEpBaJIa yKa3aHbl B Ta0OM. 5.2.

TaGnuna 59 IIpu peanusa-

Tlo- - uud Metroga MoH-

Ty CK, PpaHUuLbl HHTCPBAJIOB U 3HAYCHUC OTKJIIOHCHUA, . Te—KapJIO Ocy_
v, COOTBETCTBYIOIICE «IIPEACTABUTEIIO» HHTEpBaIa, %o

- 5 3 T SR S W s IIECTBUTh H3MEHE-

+5 4 ) 0 5 L HHE WM UMUTALUIO

L10 | 1006 —6..=2 [=2.42[ +2..46 | +6..+10 M3MCHEHHA  Tlapa-

-8 -4 0 + 4 + 8 METPOB HHTEIrpallb-

w00 |—20.—12[ 12 —4[-4 . +4[+4 . +12[ +12.420 | HOH MHKPOCXEMBI
1A R 0 + R + 1A

DAl Ha Maketre
POV upe3BblyailHO CIIOKHO, MO3TOMY NJisi HEE€ MPEAYyCMOTpPEHA ClydailHasi 3aMeHa,
JUISL 4eTO B MAKeTe YCTAaHOBJIEHO HECKOJBKO (JI0 JACCATH) DK3EMIUIIPOB MUKPOCXEM
JIAHHOTO THIIA.

Jlnst usmepenust Ug,x pEKOMEHAYETCS UCIIOIb30BaTh IIU(POBON BOJBTMETP.

5.4. 3apanue HA IKCNIEPUMEHTAJIBHYIO YaCTh JIAa00OPATOPHOM PadoTHI

PexomMengyemasi mocnea0BaTeIbHOCTh BBIMOJIHEHHS Ta00OPaTOPHO pabOTHI:
1. ObocHoBath yncno peanuszauuii N (3HaueHue N peKOMEHAYETCsS COTJIaCOBBI-
BaTh C MPETojaBaTesieM, HO B JitoOoM citydae N > 50).
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2. O3nakoMuThCS ¢ pusndeckoit moaenpio POY — maboparopusiM MakeToM. BbI-
SICHUTh, KaKue JOMYyCKU UMEIOT nepBudHble mapamerpbl: Rl — R3, U.yg, Unyr. Uc-
nosb3ys onuuio I'eHepupoBaHue cay4aiHbIX yKces B mporpamme 1t OBM labS-7
(manka TOKTuH), onpenenuts ciydailHble KOMOMHAIMU MPOU3BOJCTBEHHBIX OT-
KJIOHEHUH IEPBUYHBIX [1IApAMETPOB U HOMEP 3aMEHSIEMON MHTErPajIbHOU MHUKpPOCXeE-
MBI JUIs j-i peanm3anuu POY (j = 1, 2, ..., N). [Ipu BO3BHUKHOBEHUHU TPYIHOCTEH B
MOJIyYeHHUH ciIydailHbix yucen Ha OBM crnenyer oOpaTuThes K Tabnuiiam, MpuBeaEH-
HBIM B nipwiioxeHuu. [Ipu ucnonb3oBaHuu TabauI BEIOOP YMCENT MOKHO HAUMHATH C
110001 TOUKHM (hparMeHTa TaOIUIBI U JBUTATHCS 11O CTPOKAM UJIM CTOJIOIAM.

JIns oTBeTa Ha BOIPOC, KAKHE OTKJIOHEHHS OT HOMHUHAJIBHBIX JOJIKHBI UMETh
NEePBUYHBIC TTApaMETPHI B j-i peanu3anuu, HeoO0X0IMMO BHAYaJIe BBISICHUTDH, KaKOBBI
NpeAebHbIE OTKIIOHEHHS] TMEPBUYHBIX MAPAMETPOB U KAKOB 3aKOH pACIpPEICTICHUS B
npenenax nojied JOIMyCKOB MapaMeTpOB WJIM, YTO TO K€ CaMO€, X OTHOCHTEJbHBIX
IPOM3BOJICTBEHHBIX IMOrPEIIHOCTEN. 3aTeM CIEAYEeT BOCIOJIb30BAaThCA JATUUKOM
ciry4ailHeIX yucen. Hanpumep, ecnu JOMycK Ha rmapaMeTp 3JIEMEHTAa UMEET 3HAUYCHUE
+ 10 % u MokeT ObITh MPUHSITA TUIIOTE3a 0 HOPMAJIBLHOM PacHpeeIiCHUH MapaMeTpa,
TO HEOOXOIMMO BOCIOJIB30BATHCA TATYUKOM CITyYalHBIX YHUCEN, PACIPEIEICHHBIX 10
HOpMaJIbHOMY 3aKOHy B auamnazone — 10 ... + 10. [ToayuuB citygaliHOE 4HCIIO U IIPU-
HUMasi BO BHUMAaHHE, 4TO BCE IOJIE JOMYCKa paBHOMEPHO Pa30MTO Ha MSITh MHTEP-
BaJoB (CM. Tabxa. 5.2), MOXKHO yKa3aTh JUCKPETHOE 3HAYEHUE OTKJIOHEHHUS, KOTOPOE
HEO0OXOJMMO YCTAaHOBUTH JJIsl IAaHHOTO MIapaMeTpa Ha MoJieiu (MakeTe) B j-i peasu-
3aruu POY.

[Ipenmnonoxkum, 4YTo NEpBUYHBINA NapaMeTp umeet aomyck £10 % u pacnpenenen
110 HOPMaJbHOMY 3aKOHY, a JiIsl j-i peanu3auun POY ¢ momolpio reneparopa ciy-
YalHBIX YHuceN MmoiaydeHo 3HaueHue — 4,9. Ilo tabn. 5.2 ompexaenseM, 4To I pac-
CMaTpPUBAaEMOI0 IMEPBUYHOIO MapaMeTpa JOJKHO OBITh YCTAaHOBJEHO IUCKPETHOE
3HaY€HUE, COOTBETCTBYIOIIEE UHTEpBaNy — 6 ... — 2 %, TO €cTh 3HauYe€HHE BOJIU3H
Touku — 4 %. HoMep sk3emmuisipa Mukpocxembl DA 1 onpenensercs: ¢ MOMOIIBIO PaB-
HOMEPHO PAaCIpEEICHHbIX CIyYailHbIX YMCEN B Juarna3oHe oT 1 J10 uucia, COOTBET-
CTBYIOLIETO KOJUYECTBY UHTETPAIbHBIX MUKPOCXEM, UCIIOJIb3YEMbIX JJIs1 3AMEHBI.

3. Ucnonb3ys GpU3HUECKYIO MOJIENb, BBIMOIHUTE N peanuzauuii POY.

J-4 pealin3alusi COCTOUT B YCTAHOBKE Ha MOJEIM CIy4allHOTO COYETaHHUs Ipo-
W3BOJICTBEHHBIX OTKJIIOHEHWW NMEPBUYHBIX NAapaMETPOB, MOIYUYECHHOTO ISl ATOM pea-
JM3allii, U U3MEPEHUU 3HauY€HUs BBIXOAHOTO mapamerpa Uy (G =1, 2, ..., N). s
MHTETPaJIbHON MUKPOCXEMBI BKIIFOYAETCS HYKHBIA HOMEP 3K3EMILISAPA.

4. C nomomibio mporpammbl lab5-7 BBIONHUTH CTAaTUCTUYECKYIO OOpabOTKY
Bcex N peanuzanuid, IpOCMOTPETh THCTOTPAaMMBbI pacIlpee]IeHus BBIXOJIHOIO Mapa-
MeTpa Uy, TIPU YKCIIe UHTEPBAIOB k = 5 — 7 1 BbIOpaTh €€ pabounii Buja. BEBIICHUTH
IPAaBOMEPHOCTH UCIOJIb30BAHUS TUIOTE3bI 0 HOPMAJILHOM pacrpeAeieHUH Uyy.

N3 HECKOIBKUX TUCTOTPAMM, MOJYYEHHBIX MIPU COMOCTABUMOM YHCJIE UHTEpPBa-
JIOB, JIyYILIEH SBJISETCA Ta, KOTOpas UMEET MEHbIIIEE YNCI0 UHBEPCUH (KpOME paBHO-
MepHOro pacnpeneneHus). MHBepcuei cuuTaloT CMEHY 3aKOHOMEPHOCTH MU3MEHEHUs
BBICOT MPSIMOYTOJILHUKOB TUCTOTPAMMBL.

5. C y4eToM pe3yJbTaTOB CTaTUCTUYECKOW 00paboTku Bcex N peanuzanuit
Ha3HAYUTh TPOU3BOACTBEHHBIN JOMYCK Ha BbIXOAHOW mapamerp POY. Eciau Ha-
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3HAYaeMBIH JIOMYCK HE OTBEYaeT TPEOOBAHUIO 3aKa3uWKa, TO HEOOXOAMMO MPUHSTH
Ay = A(3g“) U BBISICHUTb, KaKoii porieHT PDY cpasy Oyzer oTBeuats TpeOOBAHUIO.

T

Ilpumeuanue. I1pyu BBINIOJHEHUH 3TOTO IMyHKTA MOJB30BAaThCSA TEM, YTO, UCXOMAS U3 CITyKeO-

3aK
HOro HazHaueHus POV, 3aka3uunka ycrpauBaeT JOMYyCK A(Hp ) = +5 %.

5.5. Conepxkanue oT4eTa

1. ®opmynaupoBKa 1€ UCCIAEAOBAHUS.

2. DnekTpuueckas cxema ucciaeayemoro POY ¢ ykazaHneM HOMHMHAJIbHBIX 3Ha-
YEHUI U NPEEIbHbIX OTKIOHEHUIN TapaMeTPOB FJIEMEHTOB.

3. Pe3ynbpTaThl MOAENIUPOBAHUS IS j-H pEATU3alMU: OTHOCUTEIbHBIE OTKJIOHE-
HUSl TTapaMeTPOB AJIEMEHTOB (1715 nemeHTa DAl — HoMep 3K3eMIUIsipa) U 3HaYeHUs
BBIXOJIHOTO TMapameTpa. ITy MH(OPMAIUIO NPUBECTH B BUIEC TAOJMIIBI JIJIS MEPBBIX
ISATH — ceMHU peanuzanuii POY.

4. Pe3ynbTarhl CTaTUCTHYECKOW OOpaOOTKH, MOJyYSHHBIC MO JaHHBIM Bcex N
peanuzanuii: cpennee 3nauenue M(y), CKO o(y) u rucrorpammy pacrpeneneHus Bbl-
XOJIHOTO napametpa y — Up,x IPU YKCIIE UHTEPBAJIOB k U3 [uana3oHa k=5 —7.

5. OG0CHOBAHHOE 3aKIOYEHUE O 3HAUEHHUH IPOU3BOJCTBEHHOIO JOITyCKa HA BbI-
XOJIHOHM MapaMeTp, BBIPaKEHHOE KaK pa3MEPHOCTHIO BBIXOJIHOIO MTapaMeTpa, Tak U
OTHOCUTEJIbHBIM OTKJIOHEHUEM B MpoLeHTaX. Eciii Mpou3BOACTBEHHBIN 10MTYCK
npuaETCS yCTaHABIMBATh UCXO01s U3 TPeOOBAaHUH 3aKa3yMKa, TO HEOOXOMMO yKa3aTh
nporeHT POY, koTopslii cpazy OyAeT oTBeYaTh TPEOOBAHUIO K TPOU3BOJICTBEHHOMY
JOMYCKY. YKa3aHHbBIN poleHT POY noaTBepAuTh pacu€éToM.

6. BoiBojibI 110 padoTte. Ecnu npon3BoICTBEHHBIN JOITYCK YCTAaHABIUBAJICS UCXO-
Il U3 TpeOOBAHMM 3aKa34KKa, TO 00513aTEeILHO OTPa3UTh BOIIPOC O «Ccyanoe» POY,
Cpa3y He OTBEYAIOIIUX TPeOOBAHUIO.
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IMPHJIOKEHUE

TABJIHIIBI CJIYYAHHBIX YHCEJT
Tao6mma I1.5.1
Uucna, pacnpeieleHHbIE 10 HOpMaJIbHOMY 3aKOHY B Auanasone —10 ... +10

4,8 3,9 -2,8 0,4 2,9 0,6 -1,7 -2,7 -1,7
2,1 0,0 -2,1 1,3 2,5 -3,0 -9,4 2,0 3,7
-7,6 0,7 0,6 -5,7 -9,4 -4,7 -2,7 2,0 -14
1,7 -2,0 4,2 -1,0 1,5 3,9 -1,5 -2,4 -3,3
-3,1 -1,1 2,2 -4,2 -1,3 -6,8 -2,0 2,3 4,8
1,7 3,5 1,6 -1,6 -7,4 6,6 9,3 3,0 6,6
3,0 -1,1 -0,6 3,5 3.3 4,5 -4,0 0,1 2,4
-2,4 -4,7 2,5 -8,5 -2,2 3,8 -8.,3 3,8 -1,0
-7,3 -3,7 -2,2 5,9 -0,3 -1,9 -3,3 -2,3 0,1
1,7 1,1 -1,1 -2,0 2,7 4,1 1,2 2,1 -0,7
1,2 2,1 -0,7 -4,9 1,7 -1,9 -1,0 2,7 2,0
-0,9 3,0 -0,5 -2,5 6,0 3,8 -3,4 3,4 -3,7
1,5 1,8 6,3 0,3 0,2 4,2 4,7 -2,3 1,3
-4,5 -3,5 3,3 -1,9 -3,5 0,9 -3,3 -3,6 5.4
-1,8 4,1 0,7 -3,0 -1,5 -2,5 -0,4 3.8 5,7
3,6 1,5 2,2 5,8 6,4 1,0 7,0 6,1 1,1
70,4 2,3 1,4 -6,6 -2,8 -1,7 -0,9 1,8 -1,3
6,2 0,1 -1,4 1,5 1,1 -6,9 -3,7 6,3 -4,6
-6,4 -4,8 7,3 -8,0 1,8 2,1 2,0 3,6 2,6
0,0 -2,2 -2,2 2,0 2,8 -4,2 -3,4 0,7 0,6
6,8 1,7 3,0 1,6 4,4 1,1 3.8 1,3 -3,0
-6,4 6,8 -1,4 4,5 0,3 -1,9 0,2 -1,2 -3,6

Tabnuna I1.5.2
Uucna, pacnpeaesieHHbIE IO 3aKOHY paBHOM BEPOSTHOCTH B AWAMNa3oHe —35 ... +5

-1,1 -3,7 -2,8 3,3 4,1 -0,6 -1,1 -1,9 -3,5
-0,7 1,1 -2,1 0,7 -1,5 1,8 2,2 -3,0 -1,5
-2,7 2,1 0,6 2,2 2,0 4,0 0,0 4,1 -0,6
-1,5 3,0 4,2 1,4 1,6 -1,9 0,2 -1,2 -3,6
-2,0 1,8 2,2 -1,4 -0,1 2,7 1,8 2,2 3,8
4,5 -3,5 1,6 2,3 -1,9 1,7 2,7 1,2 -2,3
3.8 4,1 -0,6 -2,2 3.8 -2,2 2,5 -0,9 2,1
-1,9 1,5 2,5 3,0 4,2 -0,3 -2,2 1,5 2,7
4,1 2,3 -2,2 -1,4 0,9 2,7 -1,1 -4,5 34
-1,9 0,1 -1,1 2,7 -2,5 1,7 -0,7 -2,2 -2,3
3.8 -4,8 -0,7 1,7 1,0 3,4 -0,5 -0,3 -3,6
4,2 -2,2 -0,5 1,5 -1,7 4,1 -0,6 2,7 3.8
0,9 1,7 -1,9 -1,3 4,2 -1,0 1,5 1,7 1,7
-2,5 -3,7 -3,0 -2,8 -1,7 -0,9 -1,9 -3,5 1,2
1,0 1,1 1,8 2,2 1,5 2,0 -3,0 -1,5 -0,9
-1,7 2,1 0,0 -2,1 -1,3 1,6 -3,0 -1,7 1,5
-1,9 -1,3 3,9 2,7 0,3 -1,9 0,2 -1,2 -4,5
3,8 -4,6 0,0 1,7 3,3 1,7 2,7 2,5 1,7
4,2 2,6 0,7 2,7 1,8 2,2 -1,4 -2,2 -1,9
0,9 0,6 -2,0 -0,3 -1,9 -0,9 2,3 -1,1 -3,0
-2,5 -3,0 -1,1 2,7 -3,0 1,5 4,1 -0,6 2,0
1,0 -3,6 3,5 1,7 2,4 -4,5 0,8 -0,5 1,6
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