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JIABOPATOPHAS PABOTA Ne7

UCCJIEJOBAHUE OTKJOHEHUM BBIXOJHOI'O TIAPAMETPA P3Y
METOJ1OM MOHTE-KAPJIO C UCITIOJIb3OBAHUEM
MATEMATHYECKOI'O MOAEJIUNPOBAHU A

7.1. Heas padoTsbl

Llenp paboTHI: UCCIIEIOBAaHUE BEPOSITHOCTHOI'O PACCEMBAHUS BBIXOJHOIO Iapa-
MeTpa POV ¢ ydyerom npou3BOACTBEHHBIX MOTPEIIHOCTEN NAapaMETPOB 3JIEMEHTOB U
Ha3HA4€HUE HA OCHOBE 3TOT0 MPOU3BOJICTBEHHOIO JIOIYCKA HA BBIXOJHOM NTapaMeTp.

Jis noctrxkeHus 1enu B padbore peanusyercs merog MonTe-Kapio ¢ ucnoss3o-
BAaHMEM MATEMATUYECKOTO MOJEIUPOBAHUA, P KOTOPOM CIyYalHBIM U3MEHEHUSIM
IIOJIBEPraroTCs IEPBUYHBIE TAPAMETPBI MaTeMaTHIeCKoU Moenn POY.

7.2. TeopeTnueckue cBeAeHUs
[Ipn wHCHONB30BAaHUM MAaTEMaTHYECKOrO0 MOJEIUPOBaHUS MeToAoM MoHTe-

Kapno HCXOAHBIMHU JaHHBIMH OOJIZKHBI OBITh: BCPOATHOCTHOC OIIMCAHHC IICPBHUYHBIX
napamMeTpoB xi, Xa,..., X; HJIU UX OTHOCUTCIIBHLIX ITPOU3BOACTBCHHBIX HOFpGIHHOCTGﬁ

Axi/ x1, Axy/xy, ..., Ax,/x, 7 XOTS1 OBI IPUOTMKEHHBIA BUI MATEMAaTHUECKOW MOJICITH
Yy :(D(xl’x% cees -xn)a (71)
roe y — BBIXOJIHOU ITApaMETP;
X1, X2,..., X, — ICPBUYHBIC ITAPAMETPHI;
n — 00I1Iee YMCIIO YIUTHIBAEMBIX TICPBHYHBIX TTAPaMETPOB.

[Ipu monenuposanuu POV (mpouecca) metogqom Monrte-Kapino MOXHO Bbije-
JUTH CleAyromue 3tansl [1]:

1. ITonydyenue ciayyailHONM KOMOMHALIMM 3HAYEHUN NEPBUYHBIX [apaMETPOB X,
X2,..., X, JUIS j-W peai3anum mporecca, j =1, 2, ..., N, riae N — ol1iee uncio peaiu-
3a1uil mporecca. DTo OCYIIECTBISAETCS ¢ YUYETOM CpeTHUX (HOMUHAJIbHBIX ) 3HAUCHUI
U JIOIYCKOB NEPBUYHBIX MMAPAMETPOB, @ TAKKE 3aKOHOB MX PacHpeAciICHUs B Ipere-
Jlax IMOJIEH JOITYCKOB.

Peanuzanuu nepBUYHBIX IMApaMETPOB IOJIYHAIOT, MCIOJB3YSl XAPAKTEPUCTUKHU
(mapameTpsbl) 3aKOHOB UX paclpeieNIeHUs], HallpuMep MPU HOPMAJIbHOM 3aKOHE 3TO
U 0, IPU PaBHOMEPHOM — a U b, npu sKkcnoHeHImaibHoM — A [1]. [ToaTomy, 4TOOBI
CMOJICJIUPOBATh MEPBUYHBIN MTApaMETP, PACHPEAECIEHHBIA 10 TOMY WA UHOMY 3aKO-
HYy, HAQJJ0 BHAYaJIC HAWTH XapaKTEPUCTUKH 3aKOHA PACHPEIECICHHS, KOTOPBIE OIpeie-
JEHHBIM 00pa30oM CBSI3aHBI CO CPEAHUM 3HaUeHHWeM M(X) W CpeaHUM KBajpaThye-
ckum otkiaoHeHueM (CKO) o(x) paccmatpuBaemoro napamerpa x (tadma.7.1).

2. [loacTaBneHue MOJy4YeHHOU CllydyalHOM KOMOWHALIMM 3HAYEHUH X1, X3,..., X, B
MaTeMaTH4ecKyo Mojesb Bua (7.1) u onpeneneHue 3HaueHus ) 1Jisl j-U peanu3aiuu
POY.

3. IIpoBenenue N peanuzanuii POY u nonydeHue psana 3Ha4€HUM Vi, Vy,..., Vn.



Ta6muma 7.1 Tpebyemoe  umcio
peamu3auii N MOXeET
3aKoH Mapaver- Cea3p  mapamet- | OnpeznencHue OLITH  OTpEENEHO  TIO
pactpenie- | | Cona | POB 33KoHa  C o(x) mo 3Hadye- bopmyre [1, 2]
JICHUS P M(x) u o(x) HUIO J(X) pMy ’
Hopmains- m = M(x), N 6(x) Al ]?
HBIH e o = o(x) olx) = N2 % ) (7.2)
a=x;jy b=x;3;
PagHo- T B _O(x) rie o(y) — CKO BeixogHO-
. a, b Xig tXip o(x)=
MEpHBIA M(x)=—HL 1B NE) TO MapaMeTpa;
2 A — 3anmaHHas (10 Ha-

qajia MOJISJTUPOBaHMs) ab-

COJIFOTHAA ITOTPCHIHOCTD OIIPCACIICHUA CPCAHCTO 3HAUYCHUA BBIXOJHOI'O ITapaMETpa.

CKO o(y) BHauane omnpeAensoT MPUONMKEHHO 1O Pe3ysibTaTaM HEKOTOPOIo
yucna peanuzanuii POY (N = 1000) , 3atrem 1o Mepe HaKOIUICHUS YUCia peannu3auil
ero yrounsitot. Korna ycnosue (7.2) BbIONHSIETCS, MOJEIUPOBAHNE 3aKAaHUUBAIOT.

4. Cratuctudeckas oOpaboTKa psaa yi, V,..., Vy. VICTIONB3YIOT KJIacCCHYECKUE

bopmybl

M(y)=%;y,~; =

. (7.3)

TI€ y; — 3HAYCHHE BBIXOJHOTO IIapaMeTpa B j-i peanusauuu POY;

N — o6miee uucio peanuzanuii POY.

Cpennee 3nauenue M(y) 0ObIYHO MPUHUMAETCS 32 HOMHUHAIBHOE 3HAUYEHUE BbI-
xoaHoro napamerpa. OcHoBbiBasich Ha 3HaueHUU CKO o()’), Ha3HAYaroT I0MyCK Ha
BBIXOJTHOM mapameTp (cM. J1ab. padoty Ne 5, c. 39 — 40).

7.3. Uccnenyemoe PIY u ero maremMaTudeckasi Moae/ib

Uccnenyembim POV sBisieTcss HEMHBEPTUPYIOIIMI UCTOYHUK OMOPHOIO HaIpsi-
xeHust. Ero anekTpuueckas cxema rnpuBejieHa Ha puc. 7.1.
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Puc. 7.1. DnexkTpuyeckas cxema
HCTOYHMKA ONMOPHOT0 HANPSIZKEHUS

B kayecTBe BBIXOJHOTO mMapamerpa y
paccMaTpUBaEeTCS BBIXOJIHOE HAMNPSKECHHUE
Usux (cM. puc. 7.1), B KauecTBE NMEPBUYHBIX
MapaMeTpoB — CONPOTHUBIICHUS PE3UCTOPOB
R1 — R3, nanpsixenue crabunuzanuu U,
aneMeHTalVD1 n Hanpsixkenne nutanus Uy,
UCTOYHHKA nuTaHusg A1.

MaremaTtnueckoii Moueiabpo POV aBns-
€TCSl ypaBHEHHE PErpecCUu, IMOCTPOCHHOE
JU1s BeIXOAHOTO Tapamerpa Uy, B Jabopa-
TOpHOU paboTe Ne 4, vk BBIpaXE€HUE, MPHU-
BOJIUMOE B JiUTepatype [S]:
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BbIX CT Rz 9 (7'4)

eciu mabopaTopHas padota Ne 4 He BBITIOJIHSIIACK.

7.4. 3anaHne HA IKCIIEPUMEHTAJIBHYIO YaCTh JIa00OPATOPHOM PadoThI

PexomeHntyeMast mociie10BaTeIbHOCTh BBITIOJIHEHUS PAOOTHI:

1. O3HakOMUTHCS CO cxeMoil uccienyemoro POY.

2. YTOYHUTh MaTeMaTUUYECKYI0 Moelb POY: BBIAICHUTD, UTO pacCMaTPUBAETCA B
KAueCTBE BBIXOJHOTO MapameTpa, Kakhe MmapaMeTphl SIBISIOTCS MEPBUYHBIMU U KaKO-
Bbl UX HOMUHAJIbHBIE 3HAYEHUS U TPOU3BOJICTBEHHBIE JOMYCKHU.

Ecnu B kauecTBe MaremaTtudecko mojesn POY ucnonas3yercs ypaBHEHUE per-
peccuud, MoCTpOEeHHOE B jabopaTropHoil padote Ne 4, To uHTEepecyromas uHboOpMa-
LU JOJKHA 3aMMCTBOBAThCA M3 3TOM J1abopatopHoi padotsl. [Ipu ucnosib3oBanuu B
KaueCTBE MaTEMATUYECKOUN

Mozaenu Bblpaxkenus (7.4) Tabnwma 7.2

CIIElyeT  BOCIOJIB30BATHCA [ Jpement Mep- [

JaHHBEIMH Ta0I1. 7.2. SIEKTPU- | BUYHBIH :Ixiléii?l/?e 3aKoH pacrnpejie-
3. IloaroroBuTrh WUH- | YECKOH napa- HoTyCK JIEHUS

dbopmaro, HeoOXoauMyro | SXEMbI METp

s monydeHus Ha DBM R2 R2 10 kKOM < 10 % y;;:g;?;;;;:;”

CITy9aifHbIX peanu3anmii

IEPBUYHBIX  IAPaMETPOB. R3 R3 >, 1KOM+5 % Toxe

IIpy  BBINOJIHEHUH  9TOrO VD1 Us | 33B£10% | HopmambHbii

INYHKTa CJEIyeT pPYKOBO-
JICTBOBAThCA TaOI. 7.1.

4. Omnpenenuts Tpebyemoe ymcio peanuszauuid POY, monb3ysch ¢Gopmynoit
(7.2).

[TpumepHoe 3HaueHue o()) Ompenensercs Mo pe3yjapTaTaM o0pabOTKH Havallb-
HoTO uuncna (N;) peanuzanuii. Ha Tpebyemoe unciio peanuzamnuii N 3aMETHO BJIHSET
nomyctuMas omuoka A (cM. popmyany (7.2)). 3Hauenue A, Kak MpaBUIIO, HE U3BECT-
HO. Ero BEI0Op MOXET OBITH clleNaH cleayromuM oopa3oM. [IpuHumas Bo BHUMaHHE
($yHKIMOHaIbHOE Ha3HaueHue POV u gusnyeckuil cMbICa BBIXOJHOTO MapameTpa y
— Upyx, ONIPENETISIOT, KAKOE 3HAUEHHE MOJOBUHBI I0JIS IOMyCcKa d()’), yCTaHABJIMBAE-
MO€ Ha 3TOT IapaMeTp, MOXKET ObITh IPUEMIIEMBIM I IPaKTUKU. B kauecTBe A cie-
JyeT B35Th TaKOE€ 3HaueHue, KoTopoe Kak MUHUMYM B 20 ... 100 pa3 mensIe J4()):

A< (0,01...0,05)0().

3HaueHue J6()) NPUHATH UCXOJS U3 IPOU3BOACTBEHHOIO JIOIYCKa HA BBIXOJIHOMN
napameTp Uy, IPUEMIIEMOTO AJIS PAKTUKU: Ay, = £ 5 %.

5. Ucnonw3ysa mporpammy moaenupoBanuss POY na OBM (lab5-7 B manke
TOKTuH), BoinoaHuTh TpeOyemoe uucio peanuzanuii. OO0Iiee 4ucio peain3anuii
JOJIKHO OBITh HE MEHee, YeM 3HaueHue NN, HaiijienHoe no gopmyie (7.2) B 1. 4.
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6. C momompio nporpamMmbl lab5-7 BBIOTHUTH CTaTUCTHYECKYIO 00pabOTKy
Bcex N peanuzanuii POY: nonyuuts 3Hauenuss M(y) u o(y), IpoCMOTPETh TUCTO-
rpaMMBbl pacipeieseHus: BIXOJAHOTo napaMmerpa y— Uy, MpU COMOCTAaBUMOM YHCIIE
MHTEPBAJIOB U BBIOpaTh €€ padbouuit Bua. Ilone3ysacs kpurepuem [lupcona (kpurepu-
eM coryacus y’), ONpe/euTh IPABOMEPHOCTh MCIIONb30BAHUS HA IPAKTHKE THIIOTE-

3bI O HOpMAJIbHOM 3aKOHC paCIIpPCACIICHUA BBIXOJAHOTO IIapaMeTpa.

Pexomenoayuu. 1. Ilpu uncne HabMOACHUN BBIXOIHOTO napaMeTpa (peanuzauuit POY), npe-
BhimaronieM 3HadeHue N > 500 — 1000, KOTu4eCTBO MHTEPBAIOB k, UCIIOJIB3YEMBIX ISl TIOCTPOE-
HUSI TUCTOTPaMMBI, IPUMEpHO OepyT U3 auanaszoHa k = 15 — 25.

2. I3 HECKOIBKUX FMCTOTPAMM, MOITYYEHHBIX IIPH COMOCTABUMOM YHUCIIE HHTEPBAJIOB, JTy4IICH
SBIISICTCS Ta, KOTOpAsk UMEET MEHbIIee YHCIIO WHBEPCUH (KpoME PaBHOMEPHOIO pacHpeiesieHuUs).
MHBepcueil cuuTaroT CMEHY 3aKOHOMEPHOCTH U3MEHEHMSI BBICOT NPSIMOYTOJIbHUKOB IMCTOTPAMMBI.

7. C yuéroM 3HauyeHus o(y), HAUAEHHOTrO B M. 6, U TUNOTE3bl O HOPMAJIBHOM
pacnpeeneHuu BbIXOAHOro napamerpa y— Upy,x ONPEAeInTh NOJOBUHBI MOJIEH MPO-
W3BOJICTBEHHOTO pazopoca do(y) u o(Ay/y), cooTBeTcTBYIomME BepositHocTr 0,9973.

8. HazHaunTh nmpon3BOACTBEHHBINM NOIYCK Ha BBIXOAHOU mapamerp POY. Ecmn
Ha3HA4YaeMbIi JOMYCK HE OTBEYaeT TPEOOBAHUIO 3aKa3UMKa, TO HEOOXOAMMO MPUHSTh

Ay =A™ W BBISICHUTB, KaKoii iponieHT POV cpasy 6yzeT oTBeyaTh TpeGOBAHMIO.

Ilpumeuanus. 1. DTOT MyHKT BBITOJHICTCS TOJBKO B Clydae yKa3aHUs MPEIogaBaTelieM.

2. HpI/I BBITIOJIHCHHUU ITYHKTaA IOJb30BATHLCA TCM, 4YTO, UCXOIS U3 CHY)KCGHOFO Ha3HaA4YCHUA
POV, 3aka3umka ycTpauBaeT JOMyCK Anp(3aK) =+ 5 %.

3. Jlns onpenenenus nporenta POY, cpasy oTBeyaromux TpeOOBaHHIO K TPOM3BOJACTBEHHOMY
JIOMYCKY Ha BBIXOJHOW TMapamerp, CJIeAyeT BOCIOJb30BAThCA yKasaHHSIMHU J1ab. paboTer Ne 5
(cm. c. 39 —40).

9. C y4€ToM mNpPOU3BOJACTBEHHBIX JOIMYCKOB MEPBUYHBIX [APaMETPOB OIIpe-
JENUTh aHATUTHYECKUM BEPOSTHOCTHBIM METOJOM XapaKTepUCTUKY J(Ay/y), cOOT-
BETCTBYIOILYIO BeposiTHOcTH 0,9973. DTa yacth 3amanust 1abopaToOpHON pabOThl MO-
KET BBIMOJHATHCS BO BHEYPOUHOE BpPEMSI.

[Ipuémsbl onpeaeneHus MPOU3BOICTBEHHBIX JIOMYCKOB HAa BBIXOJHBIE MAPAMETPHI BEPOATHOCT-
HBIM METOJIOM MOAPOOHO paccMOTpeHsI B [1, 3, 4].

10. CpaBHUTH 3HAYEHUS XapaKTEPUCTUK J(Ay/y), TOTyYEHHbIX MeTO10M MoHTe-
Kapno ¢ ucnonp3oBaHMEM MaTeMaTH4YecKoro MmonenupoBaHus POV u aHamuTudye-
CKHM BEPOATHOCTHBIM METOJOM. OOBSICHUTh NPUUUHY PACXOXKICHUSI.

11. Hamucate oT4€T Mo padoTe.

7.5. Conepxxkanue 0oT4€éTa

1. ®opMynaupoBKa 1€JIU UCCIAEAOBAHUS.
2. Dnektpuueckas cxema muccienyemoro POV, ero maremarudeckass MOJEIb C
yKa3aHMEM HOMHUHAJIBHBIX 3HAYEHHUH W MpEJEeNbHBIX OTKJIOHEHHN MEpPBUYHBIX IMapa-

METPOB.
p Tabnuia 7.3
3. HWndopmanwms, wuc-
MoJib3yemas Uit MOJEIUPO- DneMeHT ITep- Howmu- 3akon [Tapamer-
- JJICKTPHU- BUYHBIHA HaJIBbHOC bl 3aKOHa
BamiA Hd H3BM CquaH IIeCKO?/'I Imapa 3HAa4YCHUC pactipe- pElCl'I cac
HBIX pealu3alui MepBUY- P nenenns | PACTPEA
CXEMBbI MCTpP 1 JOITYCK JICHUA
HBIX ITapaMeTpoB. lIpuBectn

B Bue tabi. 7.3.
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4. Pe3ynbTaThl MaTeMaTH4ECKOro MoAenupoBaHus POY mng j-i peanmsannw:
CIIy4allHbIE peaan3alny IEPBUYHBIX TaPAMETPOB U 3HAYEHHUE BBIXOJHOTO Mapamerpa,
MOJIYYEHHOE C TOMONIBI0 MaTeMaTuueckon Moaenu POY s stoit peanuzamnuu. NH-
dbopmaruo IpuBeCTU B BUE Ta0. 7.4 1 NEpBBIX MATH peanuzanuii POY.

5. Pe3ynprarel cTaTu-

- Tab6auma 7.4

CTUYECKOU 00pabOTKH Ha
IIPBM Bcex Npeanmaunﬁ Homep 3HavYeHUS IEPBUYHBIX 3HaueHne BBIXO-
POY: cpensee 3uauenue M(y) peanu- | IapaMeTpoB B j-if pea- HOT'O MapameTpa,

CK'O 3aIuu JU3ALIH COOTBETCTBYIOIIETO
5 0()) BBIXOJHOTO T1a- POV | xR0, Y. | J-it peannsaum,
paMeTpa, a TaKKe TuCTOo- [pasm] | | [pasm] [pasm]
rpaMMy €ro paclpeiesiCHus. ]

6. O00CHOBaHHOE 3aKIIIO-

YEHWE O 3HAYCHUU IIPOU3BOI-
CTBEHHOT'O JOITyCKa Ha BBIXOJHOW IMapaMeTp, BBIPAKEHHOE KaK Pa3MEPHOCTHIO BbI-
XOJIHOTO IapameTpa, Tak U OTHOCUTEIBbHBIM OTKJIOHEHHEM B IIpoLieHTax. Ecim npo-
U3BOJICTBEHHBIN JOMYCK MPUAETCS YCTaHABIMBATH UCXOAS U3 TpeOOBaHUI 3aKa3un-
Ka, TO HE00X0UMO yKa3aTh npoueHt POV, koTopslii cpazy Oyner orBedars Tpedo-
BAaHMIO K POU3BOJACTBEHHOMY JIONIYCKY. Y Ka3aHHbIN NpoueHT POY noaresepauthb

pacyEéTom.
Ilpumeuanue. 3TOT MyHKT NIPUBOAUTCS TOJIBKO B CIIy4ae BbINONHEHU 1.8 pyOpuku «7.4. 3a-
JaHUE HA IKCIMIEPUMECHTAJBHYIO YaCTh naﬁopaTopﬂoﬁ paGOTI)I».

7. 3HaueHusi XapakTepucTuk o(y) u J(Ay/y) BeixogHoro mapameTrpa y— Uy,
HalJEHHBIX C HCIOJIb30BAHUEM pE3YJIbTATOB MATEMAaTHYECKOTO MOJEIUPOBAHUS
POV, u 3nauenue xapakTepucTuUKu O(Ay/y), paCCUNTAHHON BEPOSTHOCTHBHIM METO-
JIOM. 3HAYEHUS XapAKTEPUCTUK JOJKHBI COOTBETCTBOBATH BEpOSTHOCTH 0,9973.

8. BeiBozibI 10 pabote. B BbIBOax 00s3aTeNIbHO MPUBECTH OOBICHEHHE MTPUUYHMH
PACXOXKJICHHST XapaKTepucTuk o(Ay/y), moiydeHHbIX MerogoM Monte-Kapno ¢ uc-
II0JIb30BaHUEM MaTEMAaTUYECKOro MojenupoBaHus POY u aHaiuTH4ecKUM BEpOST-
HOCTHBIM METO/IOM.
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