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JIABOPATOPHAS PABOTA Ne 1

IKCIIEPUMEHTAJIBHOE OIIPEJAEJIEHUE BEPOATHOCTHOI'O
OIIMCAHUA ITAPAMETPOB

1.1. Iean paéoTbl

[leap paOoOTHI: 3KCHEPUMEHTAILHOE OIPEICICHUE BEPOSATHOCTHOTO OINKUCAHUS
[1apaMeTPOB DJIEMEHTOB € YYETOM UX IIPOU3BOACTBEHHBIX OTKIOHEHUM.
Jls mocTKeHUs eI HeOOX0IUMO:

® [IOJY4YUTh (IIyTEM U3MEPEHHUSI) CTATUCTUYECKHUE JAHHBIE O ABYX MapaMeTpax;

e omnpenenuts Ha [I9BM uncioBbie XapakTEpUCTUKHU MApaMEeTPOB (MaTeMaTUye-
CKHE€ OKMJIaHWE U CPEJHUE KBAJIPATUUYECKUE OTKIOHEHUS), IOCTPOUTHh TUCTOTrPaMMBI
pacnpeneneHus, BIOpaTh U MPOBEPUTH TUIIOTE3bI O 3AKOHAX PACIpEIECICHUS;

® BBIICHUTh HAUIMYUE UJIM OTCYTCTBUE KOPPEIILUUA MEXKIY NTapaMEeTPaMHu.

1.2. Teopernyeckue cBeeHUs

[Ipu U3roTOBICHUN U3AENUN (3JIEMEHTOB, YCTPOUCTB U T.II.) B YCIOBUAX HPOU3-
BOJICTBA BCET/a UMEIOT MECTO HEKOTOPHIE OTKJIOHEHHUS UX MapaMeTPOB OTHOCUTEIIb-
HO CpelHUX (HOMUHAJIbHBIX) 3HAYEHUI, TO €CTh MAPAMETPHI MO CYTH SABJISIIOTCS CIIy-
YalHBIMH. Y Ka3aHHbIE OTKJIOHEHUS HA3bIBAIOTCS MPOU3BOJACTBEHHBIMU, NHAYE — TEX-
HOJIOTMYECKUMH, a HHOT/1a — HAYAJIbHBIMUA OTKJIOHEHHUSIMH WJIH TTOTPEITHOCTSMM.

IIpu mpoektupoBanuu POY i ydera BAUMSHUSA TPOU3BOACTBEHHBIX MOTPEIIHO-
CTEW mapaMeTpPOB JIEMEHTOB MOIb3YIOTCS UX BEPOATHOCTHBIM ONKMCAHUEM.

[Tog BEpOSITHOCTHBIM ONMKMCAHUEM MEPBUYHOTO MapameTrpa OyJeM MOHUMATh Ta-
KHE €ro YKCJIOBBIE XapaKTEPUCTUKHU, KOTOPbHIEC JAIOT MPEACTABICHUE O CPEIHEM 3Ha-
YeHUW TapameTpa, CTeneHu paszdpoca (paccerMBaHHUsA) €ro 3HAYEHU OTHOCUTEIHHO
CPEIHET0, XapaKTepe IPYNIMPOBKY 3HAYECHUI NTapaMeTpa B Mpeaernax Juara3oHa ero
U3MEHEHUS.

JIns1 BEpOSATHOCTHOTO ONMCAHMS MapamMeTpa UCIOJIb3YIOT CIEAYIOIINE XapaKTe-

PHUCTHKH (3mech U gasnee OyKBoii x OyaeM 0003Ha4aTh CHMBOJHYECKH KaK caM IapaMeTp, TaK
U ero TeKyuiye 3Ha4YeHHUs B CJIy4ae, ecJiM paccCMAaTPUBaeMasi XapaKTepUCTHKA MapaMeTpa siB-
JsieTcsl QyHKIHeH):

® MaTeMaTUYEeCKOE OKWJAHUE, MHAUYe — CpeiHee 3HaueHue M(x); mpu CUMMETPUYHOM JIOIyCKe
COOTBETCTBYET HOMHHAJILHOMY 3HAYEHHIO ITapaMeTpa;

® cpennee kBagparnyeckoe otkioHeHue (CKO) o(x) unu qucnepeuto D(x); 3T XapaKTepUCTU-
KH CBsi3aHbI cooTHOMEHHeM D(x) = [o(x)]%
® 3aKOH pacupCACICHUA MapaMCTpa B Ipcaciiax €ro moJjd JOIyCKa.
JItst petieHns MHOTHX MPAKTHYECKUX 3a7a4 JOCTaTOYHO ObUIO OBl 3HATH YMCIIO-
Bble xapaktepuctuku M(x) u o(x). OnHako nHPOpMaIUS O MPOU3BOJACTBEHHBIX I10-
TPEITHOCTSX MapaMeTPOB OOBIYHO 33JAeTCS B BHJIC 3HAYCHUS TOJOBUHBI TOJS JI0-
nycka &x). s onpeaeneHus xe 3HaueHus: o(x) win D(x) HeoOX0AUMO pacrnojiaraTh
3aKOHOM pacIpeesiCHus mapaMeTpa.
3aKkoH pacnpeAesieHusl CIIy4ailHOrO mapamMeTpa MOXKET ObITh 3a/laH IIOTHOCTHIO
pacripeneneHus w(x), Ha4e — IJIOTHOCTHIO BEPOATHOCTH WU K€ (DyHKIMEH pacmpe-
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nenenust F(x). I'paduk minoTHocTH pacnpenesneHuss w(x) MOKa3bIBaeT, Kak IUIOTHO
IPYNIIMPYIOTCS 3HAYEHUS MapaMeTpa Ha TOM MM MHOM y4YacTKe Juara3oHa €ro BO3-
MOXHBIX 3HaueHui (puc. 1.1). U3 puc. 1.1 cnemy-

W) €T, YTO 3HAYCHUSI TTapaMeTpa BOJIU3U TOUKH X0y OY-
IyT BCTpEYaThCs dYalle, HEXENMW BOJIM3U TpaHUIl

MOJISL JOMYCKA Xpoy— 10 Yo 1 Xyon+ 10 %.
Oynkuus pacnpeneneHus F(x) aas TOUYKU X = a
| | — n0£<a3LIUBaeT, KaKOBa BEPOATHOCTH TOT'O, YTO CIIy-
oo 10% %o e 10% YalHBIN TTapaMeTp NMPUMET 3HaUY€HUE MEHbIIIee, YeM

Tekymiee 3HaueHne x = a. Dynkuu w(x) u F(x) mo
CyTH HECYT OJIHY M Ty e MH(OpMaIuio o cirydai-
HOM TlapameTpe, HO B pa3Hoi (opme.

3nas ¢pyskmuo w(x) uiam F(x), MOXHO IaTh OTBET HA BOMPOC: KAKOBA BEPOSIT-
HOCTb TOT'0, YTO MapaMeTp MPUMET 3HAYCHUE, 3aKIIOUEHHOE B HEKOTOPBIX Mpeaenax,
HarpuMmep oT a 110 b [1, c. 19; dopmynsi (2.2), (2.3); puc. 2.3].

Bo MHOTHX ciydasx mpH MHKEHEPHOM IPOCKTHUPOBAHHUH IMOJIB3YIOTCS (PYHKIIMEH TIIOTHOCTH
pacrmpeneneHuss He caMoro mapamerpa X, a (yHK-
IMCH TUIOTHOCTH DPACHPEIENCHUS. €ro OTHOCH-  (R). w(AR/R)
TenbHOM (Ax/x) morpemHoctu. Ilepexom ot
byHKIMHA w(x) K byHKIMHA w(Ax/x)
IPUMEHUTENBHO K napameTpy R =300 Om + 10 %
wtoctpupyercs  puc. 1.2, Bua  kpuBoit

Puc. 1.1. KpuBasi iioTHocTH
pacnpeneeHus mapaMeTpa x

pacupeneieHusa COXpaHAETCs, MEHSIIOTCH JIUIIb | | - R, Om
nmapaMeTphl 3aKOHA pacnpeseneHus (B clydae 270 300 330
HOPMAJIbHOTO 3aKOHA — MapaMeTpel m = M(x) u o I —> AR/R, %
= o0(x), TO €CThb MaTeMaTH4YECKOE OXUIAHUEC H -10 0 +10

CKO)AHanoruyHo B psijie CiydaeB MU pacueTax
ynoOHee TI0Jb30BaThCsl HE XapaKTEPUCTUKAMU
M(x) u o(x), a xapaktepuctukamu M(Ax/x),
o(Ax/x); cka3aHHOE€ OTHOCHTCS M K TOJIOBHUHE I10-
JIs IOy cKa o.

Puc. 1.2. [IlnoTHOCTH pacnpeneaeHust
napamerpa R u ero oTHOCHTEILHOM
norpemrHoct AR/R

3akonwl pacnpeoenenusn napamempos

Oco0bIif MHTEpEC Ha MPAKTUKE MPEACTABISIOT HOPMAIBHOE, PABHOMEPHOE U IKCTIOHEHIUATb-
HOe pacrnpeseneHus (cM. Taom. 1.1).

WNnxenepa HepeaKO UHTEPECYET BOMPOC: KAKOBA BEPOSTHOCTh TOTO, UTO 3HAUCHHE MapaMeTpa
X, pacIpeIe]IeHHOTO M0 HOPMaJIbHOMY 3aKOHY, OTCTOUT HE Jajiee, YeM Ha 3HAU€HHe N O OT Cpel-
HETo 3HA4YeHUs M, T1Ie 1 — ONpelelieHHoe 1enoe yucno (n =1, 2, ...).

[Tonp3ysick TabmuuHOMl HOpManbHOW (QyHKIMEH pacnpeneneHus @O(x) (MPUTIOKECHHE,
[1, c. 296]) nns wucen n = 1, 2, 3 mo

dbopmyne (1.2), npuBenaéunoii B Tadu. 1.1, Tabmaua 1.2
MOXHO IIOJIyYUTb 3HAYCHUSA BEPOATHO- n 1 2 3
cTeH, yKazaHHble B Ta0m. 1.2. Pm—no <x<m+no) | 0,68 | 0,95 |0,9973

W3 Tabn. 1.2 BuAHO, 4TO TpH 3HAYe-
HUU 1 = 3 BEPOSITHOCTh BBIXOJA MapaMmeTpa x 3a mpeneinsl £ 30 oueHs Mana (mpumepno 0,27 %),
YTO O3HAYaeT: MPU HOPMAIBHOM 3aKOHE pacrpefiesieHus: BCE pacceMBaHHUe mapameTpa (¢ omuoKoi
JI0 10JIe¥ IPOLIeHTa) YKJIaJAbIBaeTcs Ha yuactke m + 30, D10 no3podsier, 3Hast CKO u maremaruue-
CKOe OXXHJaHWe (HOMUHAJIBHOE 3HAY€HHE) TMapameTpa, OPUEHTHUPOBOYHO YKa3aTh JUAIA30H €ro






Tabmuma 1.1

3akoH pac- | Belpaxkenue ¢pyHKIUU MJIOTHOCTH pac- Crioco6 ormpeesieHust TEOpeTH-
npeaeceHus | IpeaesICHUs U CBA3b IapaMeTPOB 3aK0- I'paduk mmoTHOCTH Bripaxkenue QpyHKIuu YECKOM BEPOSITHOCTH I10IaJaHuUs
CJIy4alHOrO | Ha pacIpeeeHus C YUCIOBBIMH XapaK- | pacrmpenesieHust w(x) pacnpenenenus F(x) napameTpa B 3aJaHHBIH HHTEP-
napameTpa x | Tepuctukamu M(x) u o(x) Ban (p;)
(=g G PPz
w(x) = Xp| ——— |. - -
oJon p 152 ; w(x) Kpusas I'aycca | o _tz/2 _o [b mj B (p(a mj L2
Hopmans- Flx)=—x e dt = o o
HBIH (pac- —00 <X <+00, V2r —o Tl @ — HWKHSS TPaHUIIA;
npejiesieHne | rae m, ¢ — MapaMeTpsl paclpeaeeHus; b — BepXHsis TPaHHIIA;
Jlarutaca — p x Y —m @(...) — byHKuMs pacnpee-
l"aycca) m = M(x) = @( o j JIEHUs CTaHJApTHOrO HOpMallb-
6 =o(x) (1.1) HOoro pacnpenenenuss (m = 0,
o=1)
PaBHoli Be- :
POATHOCTH ——, ecm a < x < b; wix) Pla<x<p)=F(p)-F(a), (1.4)
(pasromep- | W(X) =) b-a /i€ 0. — HUOKHSIS TPAHMUIIA;
HOE pac- 0, ectu x<a u x> b, X—a B > ,
Hpeacc- rae a, b — mapaMeTpsl pacrpeeeHus; F(x)= Ia _aieéxi?;;zfa;?ngla ac-
Hue, TIps- aih b_g b—a P P p
woyromroe | { M0 =175 o =""5 (1) > PCICACHIA  HaXOIAT, - peran
pacrpese- 2 243 a b cucteMy paseHcTs (1.3)
JICHUE)
iy w(x) Pla<x<b)=F(b)-F(a), (1.5)
W(x) Ae » X = O’ TJI€ a — HIKHSS TPAHULIA;
kcronen- | THC A — mapameTp pacnpe/ieNeHu, A Fx) =1 x b — BepXHsis TpaHULIA.
HAJTbHBIN __ 1 © A= ! _ (x)=1-e [TapameTp A ompenessiroT Kak
M (x) o(x) > X 1 (1.6)
CgoiicTBo pacnpenenenus: M(x)=c(x) 0 M (x) '

Ilpumeuanue. dynxuuo P(...) 0OBIYHO HA3BIBAIOT «HOPMaJIbHAS (PYHKLUS paclpeaeTIeHUus», Uil He€ YHUCICHHBIMA METOJaMU MOJTy4YeHa
Tabnuia 3HadeHuit (cM., Harmpumep [1, c. 296]).






MPAKTHYECKH BO3MOXKHBIX 3HaueHud (puc. 1.3). Takoil crmoco0 OIeHKH auana3oHa BO3MOXKHBIX
3HAUEHUH MapaMeTpa LIMPOKO MCIONb3yeTCsd B HHIXKE-
HEpHOM NpakTHKe (M MaTeMaTUYeCKOW CTAaTUCTHKE BO-
o0111€) ¥ HOCUT Ha3BaHue “mpaBuia Tpex curm”. C yué-
TOM 3TOr0 B TEXHUKE IOJIOBMHA I10JI JOITyCKa Ha mapa-

w(x)

S=P(m—-30<x<m+30)=0,9973

o =o(x) METP YacCTO YCTAHABJIMBACTCSA B BUAEC 3HAUYCHUS
5(x) 5(x) o(x) = 3o(x),
—~ > - rre o(x) — MoJIOBUHA TOJIs JOMYyCKa Ha MapamerTp X, 3a-
> MUCHIBAEMasi B TEXHUYECKYIO JIOKYMEHTAIIHIO;
g o(x) — CKO mnapamerpa X, NOJCUUTAHHOE IO pe-
30 30 3yJIbTaTaM U3MEPEHHI MapamMeTpa X.
= = = N3 “nmpaBwiia Tpex cUrM’ BBITEKA€T OPUEHTUPO-
m—30 m = M(x) m+3o BOuHBIH criocob onpenenenus CKO mapamertpa:
Puc. 1.3. ITosicHeHne K «npaBuJIy o(x)
TPEX CUrM» o(x)= L) (1.7)

3 2

rae O(x)ty — NOJOBMHA TIONS TOMyCKa Ha MapaMeTp, yKa3aHHas B HOPMATHBHO-TEXHUYECKON JIOKY-
MEHTAINH — TeXHu4YecKuX ycnoBusx (TY).
Ecnu mapameTp x pacmpeieneH mo 3aKOHy paBHOW BEPOSTHOCTH W M3BECTHO 3HAYCHHE IMOJIO-
BHUHBI TIOJIA Tomycka ofx), To CKO ofx) onpeaensieTcsi BeIpakeHueM

[TosiBEeHrE paBHOMEPHOT'O pacHpeeeHHs — Yallle BCEro CJIEACTBUE BMEIIATENILCTBA YEI0Be-
ka. PaBHOMepHOe pacnpesiesieHne XapakTepHO Ui pe3UCTOPOB M KOHJIEHCATOPOB € MajbIM JIOIyC-
KOM Ha napameTpsl (< £ 5%), Tak Kak BbICOKasi TOYHOCTh JOCTUTaJach CKOpEE BCETo MyTEM 0TOopa.

Onpeoenenue 3aKona pacnpeoeenus napamvempa
Ha 0CHOGE ONBIMHBIX OAHHBIX

Bnayvasie mony4darT CTaTUCTUYECKYHO COBOKYITHOCTh M3 71 HAOJIOJCHUN UHTEpe-
cytolero mapamerpa (006o3HauuM ero uepes x). s 3Toro y n 3K3eMIUISIpOB —
BBIOOPKU 00BEMOM 71 OTHOTUITHBIX 3JIEMEHTOB WJIM YCTPOMCTB U3MEPSIOT 3HAUCHHE X.
XKenarenbHo, utobsl n > 50 — 100. J{anee, oO6pabaTbiBasg CTaTUCTUYECKYIO COBOKYII-
HOCTb, OTIPENICIIAIOT OIIEeHKH MaTeMaTtnudeckoro oxunaanus M(x) u CKO a(x).

3ateM cTposT cTaTUCTUYEeCKUi psia. Jiist aToro auanazoH HaOI0JaeMbIX 3HAYe-
HUW TlapaMmeTpa x pa30oMBaAIOT HA kK UHTEPBAIOB U I Kaxzaoro i-ro (i =1, 2, ..., k)
MHTEPBAJIA OMPEACISIOT BEIIMUYUHY

_ i
P, = —0> (1-8)
* .
IJie p; — OTHOCUTEJbHAs YacToTa (Jajiee KpaTKO — 4acToTa), COOTBETCTBYIOIIAS i-My

UHTEPBAY;
. g 1
m; — YUCJI0 HAOMIOJEHUN TapaMeTpa X, MPUXOASIIUXCS Ha i-i UHTepBall .

1 o
B nureparype mo NpUMEHEHMI0 MAaTEMaTUYECKOM CTAaTHUCTHKU B DKOHOMHUKE U HEKOTOPBIX
HAYYHBIX 00JIaCTAX BEJIMYUHBI 71; HA3bIBAIOT YaCTOTAMHU.



[Tpu n < 100 mpuMepHOE YHUCIIO UHTEPBAJIOB MOXKHO OINPEJEINTh KakK 3HaYEHUE
n/10. CyMMa 9acToT p; BCeX HHTEPBAJIOB JOMKHA OBIT PABHA SIMHHIIE.
Crpost Tabnuiy, B KOTOPOl NPUBOJAT MHTEPBAIbI (3HAUECHUS X) B MOPSAKE UX
DPACIIONIOKEHHS HA OCH aOCIICC M COOTBETCTBYIOLINE YacTOTHI p; (Tabu. 1.3).
[Tonyuennyro TaOIMIly Ha3bI-

Tabmma 1.3 paror cratuetiyecknm pagom. B Helii:

Wnrepsan, [; | X1, %0 | X0, X3 | ooo | X6 Xet I; — oOo3HaueHHEe [-TO0 HMHTEPBAJIA;
i " PN P Xj, X;+ — TPaHHUIBI [-rO MHTEpBaJa,
; .
i=1,2,....k

JHanee crposit rucrorpammy. Ecnu 10 HabmioneHus mapaMerpa u3BeCTeH BUJT 3a-
KOHAa pacupeicsieHus], IMOCTPOCHUE THUCTOIPAMMBI MOXHO HE BBINOJHATH. ['HCTO-
rpaMma CTpoutcs cieayromumM odpazoM. [lo ocu abGciuce OTKIAIbIBAIOTCS HHTEPBA-
Jbl U HA KaXJIOM M3 HUX, KAK HA OCHOBAHUH, CTPOUTCS MPAMOYTOJbHUK, BBICOTA KO-

TOPOTO .

Pi
" A
. w(x)
h — pl pz* i
1 b
X.., —X.
i+1 i it
rae (Xi — X;) — MHUPHUHA i-T'0 HHTEPBAIA. .
Y106HO BBIOMpaTh paBHBIC MHTEpBa- - X
Jbl. B 3TOM ciydae BBICOTHI MPSIMOYTOJIb- X1 X2 X3 X4 X5 Xe
HUKOB /i; TIPOMIOPIIMOHATBHBI COOTBETCT-  Wurepsan I, L, I I, I
3
BYIOIIIUM 3HAUYCHUsIM p; u m; (puc. 1.4). Puc. 1.4. Tncrorpamma
OFI/I63IOHIYIO CTYIICHYATYIO JIMHHIO pacnpenejeHus nmapaMerpa

TUCTOTPaMMbl MOKHO paccMaTpuBaTh Kak
CTaTUCTUYECKUN aHAJIOT IJIOTHOCTH pacnpenenenust w(x). Ilonb3ysack JaHHBIMU CTa-
TUCTUYECKOTO psna (cM. Tadia. 1.3), MOXHO mpUOIMHKEHHO TTOCTPOUTH U CTATUCTUYE-

ckyto (yHKIHIO pacmpeseneHus mapamerpa. E€ cTposar mo Ta6uua 1.4
HECKOJIBKMM TOYKAM, B KAYECTBE KOTOPBIX [0 OCH MAPAMET- 5
pa MCTIONB3YIOT TPAHHIIBI HHTEPBATIOB X1, X2, ---» Xk, Xkt1, @ B | mapamer- | F'(x,)
l
KauecTBE KOOpIUHAT pax;
no ocu (pyHKUUHU pac- F*(x) X 0
npeeNieHus  OepyT | * X3 I’
T T T T T T T T T T T T T T T T T T T T T T T T T T - E3 E3
3HAU€HHUs,  ompene- X3 D1+ D
JsieMble C TIOMOIIBIO A
p1p2 ' L
tabn. 1.4. Coenunss X - Xk Pi
! ! e * *
IIOJIy4YCHHbIC  TOYKH P P2 1ps
JIMHUEH,  TOJYyYarT ( > X
npUOIKEHHBI  Tpa- X1 X2 X3 X4 X5 Xe X, =
¢uK craTucTUUECKOU 2. P
Puc. 1.5. Cratuctuyeckass GyHKIUA i=1
GyHKIIMM  pacmpene-
pacmpeaeieHusi mapaMeTpa X k
nenus (puc. 1.5). ko +1 prk 1
Ha npakTuke BO3HMKAET BONPOC, KaK JJisl CTATUCTUYE- il

CKOT'O pacrpejesieHus NoJ00paTh TEOPETUUECKYIO KPUBYIO,
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BBIPAJKAIOILYIO JIUIIb CYLHIECTBEHHBIE YEPThl CTATUCTUYECKOIO MaTrepuaa, a He CIIy-
YafHOCTH, CBSI3aHHBIE C OTPAaHUUYEHHBIM 00bEMOM IKCIEPUMEHTANIbHBIX TaHHBIX. DTy
3a7a4y Ha3bIBAIOT 33/1a4€H CrIaKMBaHUs CTATUCTUYECKUX PSIoB [1].

B HekoTopbIX ciyyasix BUJ TEOPETUUYECKON KPUBOM BHIOMpPAETCS 3apaHee Ha Oc-
HOBE aHaJIM3a CYIIHOCTH 3a/1a4i, B APYIUX CIy4asX — 0 BHEUIHEMY BHUJly CTaTUCTH-
4yecKoro pacripezesieHus. OObIYHO B MOCIEAHEM Clydae MOJb3YIOTCS TUCTOrPaMMOii:
1o rpaduKy CTaTUCTHYECKON (YyHKIMU pacnpeneneHus (cM. puc. 1.5) B OOIBITUHCT-
BE€ CJIy4aeB TPYJIHO CKa3aTh YTO-TO OMPEEICHHOE O 3aKOHE pacipeiesICHusI.

AHaTUTUYECKOE BBIPAKEHUE BHIOPAHHOTO pACIpECSICHUs 3aBUCUT OT HEKOTO-
pPBIX MapaMeTPOB 3TOr0 pacHpeAesieHHs. 3aJadya BbIPABHUBAHUS CTATUCTHYECKOTO
psAoa MEepexoJuT B 3aJady palMOHAJBLHOTO BhIOOpA TaKUX 3HAYCHHUI MHapaMeTpoB
pacrpeneneHus, Npu KOTOPbIX COOTBETCTBUE MEKIY TEOPETUUYECKUM M CTaTUCTHYE-
CKHUM pacIpeeICHHEM OKa3bIBAaeTCs HamydyuM. OHUM U3 METOAO0B PELIEHUS ITOU
3a/1auy SIBJISETCSA TaK Ha3bIBAEMBIM METOJ MOMEHTOB [1].

CoryiacHO METO/ly MOMEHTOB, ITAPAMETPBI TEOPETUUECKOTO PACIPEIECICHUS BbI-
OMpaOT TaK, YTOObI BaXKHEUIIINE YUCIOBBIE XapaKTEPUCTUKH (MOMEHTHI) TEOpETHUYE-
CKOT'O pacrpeeseHnsi OblTM paBHbI COOTBETCTBYIOIIUM CTATUCTHUECKUM XapaKTepH-
ctukaMm. [lapameTpsl pacnipenenenust BBIOUparoT Tak, 4ToObl M(x) U o(x) TeopeTnye-
CKOT'0 pacIpeieneHus COBNAJail ¢ COOTBETCTBYIOIIMMU CTaTUCTUYECKUMU XapaKTe-
puctukaMu M*(x) u o*(x).

C y4éToM 3TOTO NMpH BHIPABHUBAHUM CTATHCTHYECKOI0 pacnpeaeieHusl HOp-
MaJIbHBIM 3aKOHOM NAPaMeTPbl 1 U 6 HAJ0 NPUHATH ¢ y4éToM paBeHcTB (1.1),
napaMeTpsl @ U b TeopeTn4ecKOro 3aK0OHa PaBHOM BePOSTHOCTH J0JKHbI ObITH
omnpeaesieHbl MyTéM pemeHus ypasHenui (1.3), a mapamerp 4 3KCIIOHEHIMAJIb-
HOI0 pacnpejaesienusi — no Bpipa:keHuio (1.6), cornacuo tabmn. 1.1.

Kak 0b1 xopormio He Obu1a mogobpana TeopeTudeckas GyHkiys, Hanpumep F(x),
MEXIy HEI0 M CTATUCTUYECKUM pacIlpeaesieHHeM HEn30€KHbl HEKOTOPhIE pacXOoxkK/Ie-
HUs. Bo3HuKaeT Bompoc: yeM OOBICHSIOTCS 3TU PACXOKIEHUS — OTrpaHUYCHHBIM
YUCJIOM HaOJIOJICHUN WIM HEyAauyHbIM nofdopoM (yHkumuu? Jljis oTBEeTa Ha Takol
BOITPOC CIIY’KaT TaK Ha3bIBAEMBIE ““KPUTEPUHU COTIIACUS .

[Ipy npyMeHEHUU KPUTEPHUEB COTJIACUS Yallle MPOBEPSAIOTCS TUIOTE3bl O (QyHK-
uu pacnpenenenus F(x). llupokoe nmpuMeHeHHEe HAXOAUT KPUTEPUH COTriacus x2
(xputepuii [Tupcona). Cxema ero npuMeHeHUs CIAEAYIOIIasl.

1. Onpenensierca mepa pacxoxaenus U no popmyie

C(pr-p) (o —np)
U:)(z:nlzl( p, )=Z np, (1)

TI€ p; — BEPOSITHOCTH IOMNANAHUA ITapaMeTpa B i-i MHTEPBAJI, IIOJICUUTAHHAS 10 TEO-

PETUYECKOMY 3aKOHY PacCIpeIeICHUS.

B Beipakenuu (1.9) oTHOMmIEHUS n/p; IPENCTABIAIOT COOON Beca, C KOTOPHIMU YUUTHIBAIOTCS
KBaJpaThl pasHocTeil (p; — p;). IIHPCOH MOKa3a, 4To MU GOJBIINX /1 3aKOH PACTIPSICIICHAS BEIIH-
yuHbl U IPaKTUYECKU HE 3aBUCHUT OT TeopeTudeckon GyHKuuu F(x) U uncia HaOIOACHHUH 7, a 3a-
BUCHUT TOJIKO OT YHCJIa MHTepBaioB k. [Ipu yBenmdeHuun n 3TOT 3aKOH MpHOIIKAeTCs K pacmpese-
JICHHUIO X2 . [Toaromy Mepa pacxoxaenus: U o003HadaeTcs Kak xz.



o 2
2. Onpenensgercss YUCIO CTeneHed CBOOOAbI paclipeeeHus | :

f=k-s,
o o %
TJIe § — YUCIO HEe3aBHCHUMBIX YCIIOBHM (CBSI3€ii), HAO)KEHHBIX HA YacTOTHI p; , a Clie-

A0BAaTCJIIbHO, 1 HAa PACIIPCACIICHHUC ITapaMCTpa.
OOBIYHO § = 3, TaK KaK TEOPETHUYECKOE paCIpeIe]ICHHE MOA0UPACTCS C YUETOM CIIEIyIOIIHX
TpeOOBaHMI:

. 2r=l

o *
®  COBIAJEHUE TEOPETUYECKOTO U CTATUCTUUYECKOTO CpeHUX 3HaueHuil: M(x) = M (x);
®  COBIAJEHUE TEOPETUUYECKOTO U CTATUCTUYECKOTO CPEAHUX KBAJPATUYECKUX OTKJIOHE-

Huit — CKO: o(x) = o (x).

3. Tlo 3Ha4YeHMsIM [ 1 ¥ C IOMOIIBIO CIICHHATBHBIX Tadmu (a6 I1.1.2 mpuio-
JKEHHsT), COCTABICHHBIM JUI (DYHKIHHU 7~ , HAXOAUTCS BEPOSTHOCTh TOTO, UTO BEIIH-
unna U, MMeIolas pacpeeseHne - ¢ f CTeleHIMH CBOGOIBI, IPEB30iAeT JaHHOE
3HaueHue. Eciam 3Ta BEpOATHOCTh Maja, TUIOTe3a OTOpachiBaeTCsl Kak HEmpaBioIo-
nobHas. Ecnmu sta BeposiTHOCTH OoTHOcuTenbHO Benuka (P > 0,7...0,8), runmotesy
MO>KHO MIPUHSATH KaK HE MPOTUBOPEYAIIYIO OTIBITHBIM JIAHHBIM.

C npumepom BbIOOpa 3aKOHA pacIpeiesieHUs mapaMeTpa Ha OCHOBE OTBITHBIX
JTAaHHBIX MOKHO O3HaKOMUThCA B [1, ¢. 45 —46; 2, c. 16 — 18].

Koppenauus napamempos

Ha npaxkTuke BO MHOTHX CiydasX NMPUXOIAUTCS MUMETH JEJI0 C 3aBUCUMBIMM I1a-
pametrpamu. [Ipu 3TOM 3aBHCHUMOCTh MEX]y MapaMeTpaMu SIBIseTCS He (PYHKIHO-
HaJIbHOM, a BEPOSITHOCTHOM MJIM “CTOXacCTUYECKON . BEposATHOCTHBIN XapakTep 3aBU-
CUMOCTHU MEXIy IBYMs IapaMeTpaMH, HaIpUMeEp mapaMeTpaMu /5 U [ OUIOIsSIpHO-
ro TPaH3UCTOPOB, O3HAYAET, YTO C U3MEHEHHEM OJHOTO W3 IapaMeTpPOB BTOPOM Ila-
pamMeTp MMEET JIMUIb TeHACHIMI0 U3MEHSTCS (yObIBaTh WJIM BO3pacTarb). JTa TEH-
JeHIUsl cOOI0IaeTCs B CPEeAHEM, B OOIIMX YepTaxX, U B KAKIOM OTAEIBHOM Cllydae
OT HEE€ BO3MOKHBI OTCTYyIIeHUS (puc. 1.6).

BeposiTHOCTHast 3aBUCHUMOCTb MOXET OBITh Aﬁ
Oosee wim MeHee TecHou. [lo mepe yBenmuueHus o« o
TECHOTBHl BEPOSITHOCTHAs 3aBUCUMOCTH TNPUOIH- ce o
KAETCS K MPEACIbHOMY CIIy4aro — PYHKIIMOHAIIb-
HOW 3aBUCUMOCTHU. Jpyrou npenesibHbI Cilydyai Bi et
— II0JIHAsI HE3aBUCUMOCTb I1apaMeTPOB. . ;'

Bo3HukaeT Bonpoc, Kak Ha MPaKTHKE Y4eCTh f
BCPOSATHOCTHYIO 3aBHCHUMOCTb MCXKJIY IICpBUY- h1‘19i > o
HBIMHU 11apaAMCTPAMH. Puc. 1.6. Koppeasiunonnoe noJie

Jis ydera B3aMMO3aBUCHMOCTH MEXAY I8~  papawerpos — amarpamma paspoca
paMeTpaMM TOJB3YIOTCA IMOHATHEM KOPPEIALUN
napaMeTpoB. B kauecTBe KOJIMYECTBEHHOW MEpbI KOPPEISALNYA UCIOJb3YIOT XapaKTe-
PUCTHUKY, Ha3bIBaeMyto KodhduimenTom koppemsuuu. [Ipu pemeHnn npakTuyecKux
3a/1ay MOJB3YIOTCS KOA(G(UIIMEHTOM, TTOKa3bIBAIOIINM OJU30CTh 3aBUCUMOCTH Tapa-
METPOB K JINHEWHON (PYHKIIMOHAIbHOM 3aBUCUMOCTH. Ero BIOOpOYHOE 3HAUEHHE, TO
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€CTb 3HAYCHHC, ITOJIYUYCHHOC Ha OCHOBC OIpaHUYCHHOI'O 4YHCJia Ha6JIIOI[eHI/II71, MCKIY
napaMeTpamMmu x v z onpCaAcisitOT C IOMOIIBIO BBIPAKCHUA

Zi: (x, —m, )z, —m,)

o= )
i Doo. (1.10)

re X;, Zz; — 3HAYCHUs NapaMmeTpa X B i-M MU3MEPEHHH U COOTBETCTBYIOIIEE €My 3Ha-
YeHHUE MapaMeTpa z;
My, M, — OIIEHKX MaTEeMAaTHUYECKUX 0KUJIaHHUI MapaMeTpoB X U Z;
oy, 0, —ouenku CKO mapaMeTposB x U z;
n — o011ee Yrciio HabJ0IeHU ap napaMeTpoB X U Z.

Ecnu ko3 dunment koppensauuu, onpenensieMplii o gopmyie (1.10), otnuuen
OT HyJIsl, TO TOBOPST, UTO MapaMEeTPhl X U Z KOPPEIUPOBAHHBI MEX]TY COOOM.

Koadduument xoppensmuu, omnpenensembiii BoipaxkeHuem (1.10), Ha3bIBarOT
Takke Kod(DPHUIMEHTOM TUHEHHON KOpPPENsliu, a B3aMMO3aBHCUMOCTh MEXIY Ta-
paMeTpaMy — JIMHENHOW KOPPEJSIHIMOHHON 3aBUCUMOCTBIO.

B o6miem ciydyae k03 GUIIMEHT KOPPENAIHH JICKUT B uHTEepBajie ot —1 mo +1. B
cirydae 7, > 0 TOBOPSIT O MOJOKUTEIBHOM, a ipH 7, < 0 — 00 oTpHUIIaTEILHON KOppe-
JSIUM TapaMeTpoB x U z. [lonoxkurenpHass KOppessIus 03Ha4aeT, YTO C YBEIMYCHH-
€M OJIHOTO W3 MapaMeTpOB JIPYTroll MMeeT TeHIEHIUIO B CpelHeM Bo3pacTaTbh. llpu
OTPHULIATENLHON KOPPEJSAIMK ¢ BO3pACTaHUEM OJHOTO W3 MapaMeTpoB APYrold MMeeT
TEH/ICHLIMIO B cpeiHeM yObiBaTh. [Ipu 7., = 0 mapameTpsl He KOppenupoBaHHbI. Eciu
napaMmeTpbl X U z CBSA3aHbl TOYHOM JIMHEMHOW (PyHKUIMOHAIBHOW 3aBHCHUMOCTBIO, TO
ro.==*1.

Ecnu xospdunuenT koppensiuu umeer 3Hauenue |r, . | — 0,9...0,95, 1o mapa-
METPbl MOKHO CUUTATh CBSI3aHHBIMU JIMHEWHOW (PYHKIMOHAJIBHOW 3aBHCHUMOCTBIO.
[Ipwu |, .| — 0,25...0,35 xoppensiiueit MOXXKHO TTpeHEOPEYb.

B ciyyasix, korjja yucio nepBUYHBIX MapaMeTpoB 0oJiee IBYX U BCE OHU MIIU UX
Y4acTh U3 HUX CBS3aHBI MEXIY COOOM, onpeacisitoT Kod(phUIMEHThI KOPPEIAIUU Me-
KAy KaXIOM mHapou paccMaTpuBaeMbIX napaMeTpoB. Koppensuuiro napaMerpos
MPEJICTABIAIOT B BUJIE KOPPEISIMOHHOM MaTpHIlbl. Takoil MaTpuiieil MOXKHO TMpe-
CTaBUTb, HAITPUMEP B3aMMO3aBUCUMOCTh /A-TIapaMeTpoB TpaH3ucTtopa [1, c. 30].

[Tpu ompenenennn xKo3pPHUIHEHTa KOPPETISIUU YUCIO0 HAOIIOACHHUNA mMap mapa-
METPOB OrPAaHUYEHO, [MO3TOMY BO3HUKAET BOIMPOC, HACKOJIBKO MPABOMEPHO B Jajib-
HEHIIUX pacyeTax IMOJb30BAThCS PACCUYMTAHHBIM 3HAYCHHEM KOX(pUIIUEHTa KOppe-
asiud. [{71s oTBeTa Ha 3TOT BOMPOC BBIMOJHAIOT MPOBEPKY CTAaTUCTHUECKOW 3HAUYH-
MOCTH, UHOTJa TOBOPST — HAJAEKHOCTH 3TOro kodddummenta. [IpoBepka cratucTtu-
YEeCKOW 3HAYMMOCTH O3HAYaeT BBIICHEHUE TOTO, SIBISIETCS JIM OTJIMYUE OT HYJS KO-
s duimenta koppensnuu, nojacuutanuoro no dopmyse (1.10), cieacTBuem koppe-
JSIAYM TTApaMETPOB WIIH )K€ 3TO OTJIMYME OOBSCHSIETCS OTpAaHUYCHHBIM YHCIIOM Ha-
OJIt0/IeHUI 1 Tap 3HAYEHUN UCCIEAYEeMbIX MapaMeTPOB.

[IpoBepka CcTaTUCTUYECKON 3HAUMMOCTU KOIPPUIIMEHTA KOPPEISIIUU 7 BBITIOJI-
HSIETCS MYTEM IMOCTPOCHHUS JOBEPUTEIHHOTO MHTEpBaJIa, KOTOPBIM OMpPEAesstoT IMo-
pPa3HOMY B 3aBHCHUMOCTH OT YMclia HAOIIOICHU 77 M 3HAYCHUS OLICHKHU 7.
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[Ipu yucne HaOMOACHUI AP UCCIEAYEMBIX TapaMeTpoB 7 > 50 ucnosb3yercs
KJIACCUYECKUIN MOAXO0, OCHOBAHHBIN Ha TMIIOTE3€ O HOPMAJIbHOM 3aKOHE pacrpese-
JeHus oreHku . C mpuMepoM MOKHO O03HaKoMuThes B [1, ¢. 39; 2, ¢c. 15— 16].

[Ipu n < 50, a Takke Mpu 3HAYEHUAX OICHKHU 7, Onu3Kou K 1, ciieqyeT mosb-
30BaThCs mpeodpazoBanreM Ouimiepa. C mpuMepoM MOKHO 03HaKOMUTKCS B [1, c. 40;
2,c. 16].

[Ipu ucnonbp3zoBaHUM JTIOOOTO M3 PACCMOTPEHHBIX MOAXOAOB CUUTAETCS, UTO
BBIOOPOUHBIN KO3 (PUIIMEHT KOppesiuuu 7, HaineHHbd o ¢popmyne (1.10), craTu-
CTUYECKH 3HAYWM, €CJIM TpPHU BHIOPAHHOM TOBEPUTEIHHOW BEPOSTHOCTH ¥ (OOBIYHO
0,95) mocTpoeHHbIN TOBEPUTEIbHBIN UHTEPBAN ISl BEIUYUHBI 7 HE COAEPKUT TOUKY
co 3HaueHueM 7 = (. B Takux ciyyasx moiydeHHBIM BRIOOPOYHBIM 3HaYECHHEM KOA(]-
durmenTa Koppesaiui MOKHO MOJTh30BaTHCA B TAJTLHEHIITNX pacyeTax.

1.3. Onucanue 1a60paTOPHOTro MaKeTa

JlabGopaTopHbIil MakeT MpeacTaBiIsieT co00i yCTpPOHUCTBO, coaepKaliee BhIOOp-
Ky OJIHOTHUITHBIX 3JIeMEHTOB (He MeHee 50-Tu 3kx3eMIuIsipoB). M3zMepenue nmapameTpos
BBITIOJTHSIETCS JINOO BCTPOCHHBIM, JIMOO BHEIIIHUM U3MEPUTEIHHBIM TPHOOPOM.

[Ipennaraemsbie 1a00paTOPHBIE MAKETHI TTO3BOJISIFOT MOTYYUTh CTATUCTUYECKUE
JaHHBIE O JIBYX MapameTpax, JJisi KOTOPhIX HEOOXOIUMO BRIOpATh MOIXOIAIIUN 3aKOH
pacnpeneneHus: U onpeaeuTb Koppensaiuio. [Ipn HeoOX0IUMOCTH METOJT U3MEPEHUS
[IapaMETPOB MOACHSAETCS CXEMOU, IPUBEICHHON HA MEPEAHEN aHEIN MaKeTa.

1.4. 3aianue HA IKCIEPUMEHTAJILHYI0 YaCTh JIA00PATOPHOI PadoThI

[Ipu BBITIOTHEHUHU UCCIIEIOBAHUH B 1a00paTOpHOM paboTe HEOOXOIUMO:
1. Ucnonw3yst 1abopaTOpHBIA MaKeT, BBITOJHUTh U3MEPCHUS JABYX YKa3aHHBIX

IMPCIIoAaBaTCJIEM IIApaMETPOB Y BCCX 3K3CMILIISIPOB BLI60pKI/I J3JICMECHTOB.

Ipu usmepenuu ucciedyemvix napamempos u nociedyioujem 68o0e 6 IIDBM ux 3nauenuti ons
00pabomku HeoObXo0UMO 3aDOMUMBC O MOM, YMOObL NEPEOMY U3 NAPAMEMPO8 8 I-M HAOII00eHUU
CMABUIOCL 8 COOMBEMCMEUE 3HAUEHUEe BIMOPO20 NAPAMEMpA 8 IMOM Hce i-M HAOIIOeHUl.

2. O6pabortate omnbITHBIE naHHbIe Ha [IDBM: nns kaxmoro mapamerpa Mmoiy-
YUTh OCHOBHBIE YHCIIOBBIE XapakTepucTHKU (cpenHue 3HadeHus, CKO) u pucyHok

IruCTOrpaMMBEI.

Ilpoepamma, ucnonvsyemas 0nsi 00pabomxu pe3yibmamos usmepenull, Haxooumcs 8 nanke
TOKTuH, uma npoepammul labl. U3 neckonvbkux eucmozpamm, nOpY4eHHbIX NPU CONOCMABUMOM
yucie UHMepB8alos, yyulell 1611emcs ma, Komopas umeem Menbuiee Yyucio uneepcull (Kkpome pas-
HoMepHo20 pacnpedenenus). Mneepcueii cuumaiom cmeHy 3aKOHOMEPHOCMU USMEHEHUs 8blCOm
NPAMOY20JIbHUKOG 2UCOSPDAMMbL.

3. Ha ocHoBe ananmu3a (pu3MYECKON CyNIHOCTH MapaMmeTpa U (Miiu) BHUJIa TUCTO-
rpaMMbl BbIOpaTh TMIIOTE3y O TEOPETUUECKOM 3aKOHE €T0 pacIpeseeH s U, IoJb3Yy-
scb popmynamu (1.1) — (1.6) Tabn. 1.1, onpenenuTh TEOPETUUECKYIO BEPOSITHOCTD p;
MonajaHus mapamerpa B i-i unreppai; i = 1,2, ..., k.

4. Hcnone3ys [I9BM, BBINOTHUTE MOACYET MEPBI PACXOKIACHUSA U=X2 MEXIY
MOJIYYEHHBIM CTATUCTUYECKUM U BHIOPAHHBIM TEOPETUUECKUM PACIIPEICIICHUSIMH.

5. Iloacuurarh ynciIoO cTENeHel cBOOOIbI f ISl MEPhI pacXokaeHus U = xz U 10
STHM 3HAYeHHsAM (f U %) C MOMOIIBIO CTATHCTHYECKOH TaGmuubl (cM. Tabm. I1.1.2
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NPWIOKEHUS) HANTH 3HAYEHUE BEPOATHOCTU P, MPUHATH PEUIEHUE O COIIACOBAHHO-

CTHU TCOPCTHUICCKOI'O U CTATUCTUYICCKOTI'O paCHpeHeHeHHﬁ.

Ipu onpedenenuu 3aK0HO8 pacnpeoenerus ucciedyemvle Napamempsbl OOJIHCHbL AHATUUPOBAMb-
¢ nocnedosamenvHo. Yueonou npocpammout ons [IDBM labl npedycmompena 603mMoiCHOCHb NOO-
cyema Mepvl pacxoNHCOeHUusi Melcoy IKCNEPUMEHMATbHBIM U OOHUM U3 CAeOVIOUUX Meopemuieckux
pacnpeoenenuil; HOPMAIbHbIM, PABHOMEPHBIM U IKCHOHeHyuanbhvim. [Ipoepamma labl nocmosnmo co-
BEPUIEHCINBYENICSL, NOIMOMY MO2YI PACCMAMPUBAMbCSL U OpYeue 3aKOHDbL.

6. HMcnons3ys nporpammy st [IIDBM labl, nocTpoutsh KOppEISLIMOHHOE TOJIE
(mnarpammy pazbpoca) uccienryemMbIx mapamerpoB. [1o Bugy KOppeasiimoHHOTO TOJIs
OTIPEJICIIUTh XapaKTEP KOPPEISIUH (TOJI0KUTEIbHAS, OTPUIIATEIbHAS, HE3aBUCUMbIC
napameTpbl), a TaKKe MPUMEPHOE 3HAYEHUE OLEHKH KOd(PPUIMEHTa KOPPESIUu.
Bgectu B [I9BM 3amnpammBaemyto nHbopmaIuio.

7. C nomomipto nporpamMmsl labl paccuntath oueHKY ko3 duimrenta koppens-
MU MEXAY UCCIEAYEMbIMU MapaMeTpaMH U CPaBHUTH €€ CO 3HAUEHUEM OLIEHKHU 3TO-
ro ko3¢ duieHTa, cAeIaHHON M0 BUY KOPPEISIIMOHHOTO TOJIS.

8. IlpoBepHUTh CTATUCTUYECKYIO 3HAYMMOCTh PACCUUTAHHOrO KO3 (ULIMEHTA
KOPPEJISIUU. DTOT MYHKT MOXKET BBIMIOJIHITLCS BO BHEYPOUHOE BpEMS.

9. Hamucatp oTuéT 110 JTabOpaToOpHO padoTe.

1.5. Conep:xxanue oTuera

1. Ilenb paGoTHI.

2. Pe3ynpTaThl U3BMEPEHUN UCCIIETYEMBIX TAPAMETPOB B BHUJI€ TaOJIULBI C yKa3a-
HUEM HOMEpa dJeMeHTa (HaOII0ACHUs) U 3HAUEHUH €ro nmapaMmeTpoB.

3. Pe3ynbrarhl cTaTHCTHYECKONW 00paOOTKM OMBITHBIX JTAHHBIX:

® CTaTUCTUYECKUU PsIJi UCCIEAYEMOro napameTpa B BUJE TaOIUIbI C yKa3aHU-
€M HOMEPOB U I'PaHUll MHTEPBAJIOB, KOJIMYECTBA 3HAYCHUN MapaMeTpa, MONaBIINX B
i-it uHTepBai (m;), 3HAUCHHH OTHOCHTEIBHBIX YaCTOT p; M TEOPETUIECKHX (IS BbI-
OpaHHOTO TEOPETHUYECKOr0 3aKOHAa pacIpeliesieHusi) BEPOSTHOCTEH p;, COOTBETCT-
BYIOIIIMX i-My UHTepBaty; i =1, 2, ...., k;

® OCHOBHBIE YUCIJIOBBIE XapaKTEPUCTHUKH MapaMeTpa B BUjie Taou. 1.5.

4. TucrorpamMma pacrpezesne-

Tabmuna 1.5
HUA 1mapamMeTpa € YKa3aHHMEM Ha I'o-
DH3OHTAIGHON OCH €ro 3HaveHHil, [Tapa OcHoBHble uncnoBsle | Koapduuuent
MeTp XapPaKTEPUCTHKH KOppEISIuH,
COOTBETCTBYIOIIMX TpaHUIlaM HWH-
M(x)) o(xi) 12

TEPBAJIOB, HA BEPTUKAIBHOU OCHU —
OTHOCHTEJIBHBIX YacTOT p; (CTaTh-
CTUYECKUX BEPOSTHOCTEH) B JOJSAX X2
eAMHUIIBI WU MPOIEHTAX.

5. I'paduk GyHKIHH pacpeneneHns F (x), TOCTPOCHHBIH O TOYKAM.

6. 3HaueHHe Mephl pacXoxaeHus U = y° ¥ 3aKII0YEHHE O COIIACOBAHHOCTH
CTaTHUCTUYECKOTO U TEOPETUUECKOTO paclpeesieHu .

7. KoppensiiuoHHOe TMOoJIe UCCIeTyeMbIX MapaMeTpoB, TOCTPOSHHOE Ha MUJIIU-
METpOBOM Oymare.

8. PaccuntanHoe 3HaueHue K03 UITMEHTA KOPPEISAIUUA U PE3YIbTAThl IIPOBEP-
KU CTaTUCTHYECKON 3HAYMMOCTH Kod(pPHIMeHTa: 3HaueHne BRHIOPAHHOU TIOBEPHUTEIh-

X1
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HOM BEPOSATHOCTH, HWJKHEU M BEPXHEU OBEPUTEIIBHBIX I'PAHML, 3aKIIOYEHHUE O 3Ha-
YUMOCTH KO3 PHIIHeHTa.
9. BpIBOABI: MOJYyYEHHBIE XAPAKTEPUCTUKH BEPOSITHOCTHOTO ONMCAHWs Mapa-

MCTPOB 1 BOSMOKHOCTDL UX HCIIOJIb30BAHUA HaA ITPAKTHKE.
Ilpumeuanue. Iln. 3 — 6 npusoOdsamcs no KAXCOOMY U3 UCCIEDYeMbIX NAPAMEMPOS.

JIUTEPATYPA

1. BopoBukoB C.M. TeopeTnueckne OCHOBbI KOHCTPYUPOBAHHUS, TEXHOJIOTHH U Ha/IEKHOCTH:
VY4el. anst cTyA. UHXK.-TE€XH. crell. By30B. — MH.: Jluzaitn [TPO, 1998. — 336 c.

2. boposukoB C.M., ITorpeduskos A.B. TeopeTnueckre 0CHOBbI KOHCTPYHUPOBAHUS, TEXHO-
noruu 1 HagesxkHocTH. COOpHUK 3a1a4: Yueb. mocodue amns By3oB. — Mu.: BI'VUP, 2001. — 124 c.

MNPUJIOKEHUE
CTATHCTHYECKHE TABJIHIIBI
Tabmura I1.1.1

t2

R

2
3Ha4YeHNsT HOPMAJIBHON (PYHKIUHM paCIpeaeIICHHS @(x) = ﬁ Ie dt
T —00

X | X)) x |PX)]| x | 2| x | PX) | x | PX) | x D (x)

-3,2°10,0007 | -2,1 10,0179 | -1,0 | 0,1587 | 0,1 10,5398 | 1,2]0,8849 | 2,3 0,9892
-3,1 10,0010 | -2,0 | 0,0228 | -0,9 | 0,1841 | 0,2 | 0,5793 | 1,3 10,9032 | 2,4 | 09918
-3,0 10,0014 | -1,9 {0,0288 | -0,8 | 0,2119| 0,3 10,6179 | 1,4]0,9192| 2,5 0,9937
-2,9 10,0019 | -1,8 | 0,0359 | -0,7 | 0,2420 | 0,4 | 0,6554 | 1,510,9332 2,6 | 0,9953
-2,8 10,0026 | -1,7 | 0,0446 | -0,6 | 0,2743 | 0,5 |0,6915] 1,6 | 0,9452 | 2,7 | 0,9965
-2,710,0035| -1,6 | 0,0548 | -0,5 | 0,3085 | 0,6 | 0,7257 | 1,710,9554 | 2,8 | 0,9974
-2,6 10,0047 | -1,5 | 0,0668 | -0,4 | 0,3446 | 0,7 10,7580 | 1,8 10,9641 | 2,9 | 0,9981
-2,510,0063 | -1,4 | 0,0808 | -0,3 | 0,3821 | 0,8 | 0,7881 | 1,9 10,9713 | 3,0 | 0,9986
-2,410,0082 | -1,3 10,0968 | -0,2 | 0,4207 | 0,9 10,8159 ]2,0]0,9772| 3,1 0,9990
-2,310,0108| -1,2 | 0,1151 | -0,1 | 0,4602 | 1,0 | 0,8413 | 2,1 10,9821 3,2 | 0,9993
-2,210,0139 | -1,1 10,1357 0,0 |0,5000 | 1,1 ]0,8643]2,2]0,9861 | 3,3 0,9995

Taomuua I1.1.2
3HayeHus X2 B 3aBucuMocTH ot f u P

f Bepostaocts P
0,95 0,90 0,80 0,70 0,50 0,30 0,10 0,05
1 10,004 0,016 0,064 0,148 0,455 1,07 2,71 3,84
2 10,103 0,211 0,446 0,713 1,386 2,41 4,60 5,99
3 10,352 0,584 1,005 1,424 2,37 3,66 6,25 7,82
4 10,711 1,064 1,649 2,20 3,36 4,88 7,78 9,49
5 1,145 1,610 2,34 3,00 4,35 6,06 9,24 11,07
6 | 1,635 2,20 3,07 3,83 5,35 7,23 10,64 12,59
7 12,17 2,83 3,82 4,67 6,35 8,38 12,02 14,07
8 12,73 3,49 4,59 5,53 7,34 9,52 13,36 15,51
9 13,32 4,17 5,38 6,39 8,34 10,66 14,68 16,92
10 | 3,94 4,86 6,18 7,27 9,34 11,78 15,99 18,31
11 14,58 5,58 6,99 8,15 10,34 12,90 17,28 19,68
12 15,23 6,30 7,81 9,03 11,34 14,01 18,55 21,00




JIABOPATOPHAS PABOTA Ne 2

INPUMEHEHMUME BEPOATHOCTHBIX CETOK J1JIA ITPOBEPKU
I'MITOTE3 O 3AKOHAX PACHHPEAEJIEHUSA TAPAMETPOB

2.1. Hean padoThI

[{ens paboOTHI: MPUMEHEHNUE BEPOSITHOCTHBIX CETOK JJIsl IPOBEPKHU TUIIOTE3 O 3a-
KOHaX pacnpeaesieHus IapaMmeTpoOB.

Craructryeckue gaHHbIe 00 UCCIIENyEMbIX MapaMeTpax MOJydaroT JU00 MyTéM
M3MEpPEHUS MapaMeTpoB, JTNO0 MOJACIMPOBAHNEM 3HaUYCHMI mapameTpoB Ha [I9BM.

2.2. TeopeTnueckue cBeaeHUs

JIjist OBICTPOTO MPUHATHS PEUICHUN O 3aKOHAX PACIPEICICHHsS TapaMeTpOB UC-
MOJIb3YIOT BEPOSTHOCTHBIE CETKH, HA3bIBAEMBIE TAKXKE BEPOSITHOCTHOM OyMaroii [1].

BeposiTHoCTHast ceTka — 3TO KOOpJIMHATHAsI CeTKa B MPSIMOYTOJBHON CUCTEME
KOOpJIMHAT, B KOTOPO# MaciiTad mo ocu GyHKIHUU pacnpenesceHus: (och OpAUHAT), a
WHOTJIa TaKXKe U M0 OCH mMapameTpa (och abciucc) npeodpa3oBaHbl TAKUM 00pa3oM,
9TO (PYHKIUSI paclpeesieHus apaMmeTpa, MOCTPOCHHAsT Ha TOM CeTKe, MPUHUMACT
BHJI IPSIMOU JINHUU.

PaznuyaioT BeposSTHOCTHYIO Oymary HOPMajbHOTO pacHpeeeHUs, YKCIOHEH-
1MajgbHOrO, pacnpeneneuus Beitdymnna u 1.1. s paBHOMEpHOTo pacnpeesieHus Be-
POSITHOCTHAsI CETKa COBMAAaeT C OOBIYHOW MPSAMOYTOJIBHOM CHUCTEMOM KOOpPIMHAT.
[ToaToMy 11t 3TOTO 3aKOHA MOHATHE «BEPOATHOCTHAS CETKa» TEPSET CMBICI.

[Tonmp3ytoTcs BEpOSTHOCTHBIMH CETKaMH cieayronmM odpa3zom. Ha BeposTHOCT-
HYIO0 CETKY HAHOCST TOYKH, KOOpJWHATAMHU KOTOPBIX SIBIISIOTCS BEPXHHE TPAHUIIBI
MHTEPBAIOB (KpOME MOCJIEIHEr0 MHTEpPBajia) U COOTBETCTBYIOIIME 3TUM TpaHUIIAM
HAKOIJICHHBIC OTHOCHTEJILHBIC YaCTOThI (CTAaTUCTUYCCKUE BEPOSITHOCTH), BBIPAXKCH-
HbIC B MPOIICHTAX WJIU JOJAX €AUHUIBI. Tak, IpUMEHUTENIBHO K MapameTpy, CTaTH-
CTUYECKUM PSJAOM KOTOPOIO

Ta6mmma 2.1
apisieTcss Taomn. 2.1, Bepx-
HUMU FpaHI/IuaMI/I, KOTOpre I/IHTepBaJ'I 70, 76 76, 82 82, 88 88, 94 94, 100
Haao0 NPUHATHL BO BHUMAHUC, 3HadecHUE p,-* 0,05 0,20 0,42 0,27 0,06

SIBJIIAIOTCS. 3HaueHus 76, 82,
88, 94. BepxHss rpaHuiia mocieHer0 nHTepBaa (Touka co 3HaueHueMm 100) B pac-
CMOTPCHHUH HE y4aCTBYET.

HaKoIIeHHBIC 3HAYCHHSI OTHOCHTEIBHBIX 9ACTOT p; , TO €CTh 3HA4YeHMS (YHK-
MK pacrpeneneHust F (X), COOTBETCTBYIOIIME IPHHATHIM BO BHUMAHHE BEPXHUM
rpaHuIlaM WHTEPBAJIOB, OMpeeNieHbl o hopmynam Tabm. 1.4 maboparopHoit pabOThI
Ne 1 (B mpeamnosioxkeHMH HOPMAIBHOTO 3aKOHA pacIpec/iCHUus rmapameTrpa). JTa uH-

dopmanusa npuBeneHa B Tadu. 2.2. Be-

Tabmma2.2 0 hocTHAS CETKA HOPMATBHOTO pAc-

Howmep unTepB. 1 2 3 4 IIPEACIICHUs] C HAHECEHHBIMU TOYKaAMU
HA4YCHUC I1a-

3HaueHue 76 2 | s3 94 nokazaHa Ha puc. 2.1. Homepa Touek

PaMeTPa* COOTBETCTBYIOT HOMEpaM HHTEPBAIOB
3uauenme F'(x) | 0,05 | 0,25 | 0,67 | 094 | 1467 2.2.
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Ecnu TOYKH, HAHCCCHHBIC Ha

0,99
) BEPOSATHOCTHYIO CETKY, XOPOIIO
= 0,95 4 e JIOXKATCA Ha TMPIMYK JIMHUIO,
=
o 0,90 vl MBICJICHHO NPOBEACHHYIO 4epe3
§ 0.70 3,7 3TU TOYKH, TO MPUHUMAETCS TH-
2 ’ j K MOTE3a O PACHPEICIICHUN Tapa-
= 050 7 MeTpa IO 3aKOHY, BEPOATHOCT-
O /
5 0,30 ; Hasi ceTka KOTOporo Oblia HC-
/
% 010 R 2 nois3oBaHa. 13 puc. 2.1 BuaHoO,
e ’ 7 YTO TOYKHU HEIUIOXO JI0XKATCS Ha
0,05 ¢ 0
S npsAMyr0 JauHU0. lloatomy ru-
0,01 [0T€3a O HOPMAJIBHOM 3aKOHE
70 76 82 88 94 100 pacmpeneleHus napaMmerpa  He
3HaueHus mapaMmerpa IMPOTUBOPCUYUT OIBITHBIM JdH-
Puc. 2.1. Cratucrnyeckas pyHKuus HBIM.
pacnpeesieHusl, IOCTPOCHHAs] HA BEPOATHOCTHOM [Ipumep npumeHeHUs Be-

C€TKE HOPMAJIBHOI'O 3aKOHa pOﬂTHOCTHOﬁ CEeTKH I Hpo_
BEPKHM THUIIOTE3BI O 3aKOHE pac-
TpejieieHus apaMeTpa noapoOHo paccMoTpeH B [1, c. 49; 2, ¢. 18].

Ha npakTuke monb3yroTcsi Tu00 TOTOBBIMU OJIaHKAMU BEPOSITHOCTHBIX CETOK,
100 3TH CETKU CTPOAT C MOMOIIbIO 11a0J0HOB. B mpuiioxkeHuu npuBeeHbl mabdiio-
HBl JUIA TOCTPOEHUSI BEPOSITHOCTHBIX CETOK HOPMAJIbHOIO M 3KCIOHEHUIHAIBHOIO
pacnpenenenuii. [11a6GoHBI HCTIONB3YIOTCS AJIA TOCTPOEHUSI OCH OPJIMHAT BEPOSITHO-
CTHOU CETKH, Ha KOTOPOW OTKJIAJbIBAIOT HAKOIUIEHHOE 3HAYEHHE 4acToT. s 3Toro
Ha y3KOW MOJOCKe Oymaru OTMEYaroT TOYKaMHU BEPTHKAIBHBIM pa3mep (HIKHIO U
BEPXHIOIO TPAHMIIBI), KOTOPBIM OyJeT UMETh BEPOSTHOCTHAS CETKa. 3aTeM e€ Mpu-
KJIAJBIBAIOT K MIA0JIOHY |, TIOJAEPKUBAs MApaUICIbHOCTh €r0 BEPTUKATHHBIM JTHHU-
SIM, TIEPEMEIIAIOT MOJIOCKY BJIEBO WJIM BOPABO 10 COBIIAICHUS TOUYEK C KPAUHUMHU JIy-
yamu. [lociie yero Ha nmosiocke AENar0T OTMETKHU, COBHAAAIOIINE C TPOMEKYTOUYHBIMU
Jy4aMmH, U MPOCTaBISIOT LU poBbIe 3HaUeHus. [loydyeHHas TakuM crocoOoMm Iikasna
VCIIOb3YETCS JUIsl HAHECEHUS JIEJICHUM HAa BEPTUKAJIBHOW OCH BEPOSITHOCTHOM CETKHU.
Ecnu TpeOyemblil BEpTUKAIbHBINA pa3Mep BEPOSITHOCTHON CETKU IUIAaHUPYETCs 00Jb-
IITUM, HEXKEJIU pa3Mep KpaHel JieBOW BEPTUKAIBHOM JUHUU I1abJIOHA, TO JIYYH MPO-
JUIEBAIOTCS HA HY>KHOE paccTosiHue BieBo. Och abciucc NpUHUMAETCS JIMHEMHOM.

2.3. 3ajanue Ha IKCIIEPUMEHTAJIBHYIO YaCTh JIa00OPATOPHOH PadoTHI

1. C nomompto niporpammsel lab2 B nanke TOKTuH cmonenupoBats Ha [[9BM
3HAYECHUS TapaMeTpa, pacipeaeieHHOTO 0 HopMaJbLHOMY 3akoHy (7 = 500 — 1000
HaAOJIIOICHH, €ClTi He yKa3aHo uHoe). Pa30ouB quanazoH HaOM0gaeMbIX 3HAUCHU Ha
7 — 15 uHTEpBaNOB, MIPOCMOTPETH BHUJI TUCTOIPAMMBI IIPU Pa3IMYHOM YHUCIIE UHTEP-
BaJIOB, BBIOpATh «pabouunii» BUJ TUCTOIPAMMBI U TIOJYYUTh CTATUCTUYECKUM PSI.

Jlywwen uz sucmoepamm, nOCMpPOEHHbIX NPU PASHOM (HO CONOCMABUMOM) HUCTe UHMEPBA-

J108, ABNISIeMCS Ma, KOMOopasl umeem Menvule UH8epCull (Kpome pagHoMepHo20 pacnpeoenenus). Hn-
gepcuell cuumaiom cMeHy 3aKOHOMEePHOCIU USMEHEHUs. 8bLCOM NPAMOY20JIbHUKO8 2UCTOZDAMMBI.
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2. Tlonw3ysch BUIOM TUCTOTPAMMBI MM CTATUCTUYECKUM PSIOM aHATIOTHYHBIM
Tabs1. 2.1, BEIOIHUTH CIEAYIOIIEE:

® ONpEeNETUTh BEPXHHUE IPAHUIIBI MHTEPBAIOB (KpOME MOCIEIHEr0 MHTEpBaja)
U COOTBETCTBYIOIIME ATUM IPAHUIIAM HAKOILJICHHBIE CTATUCTUYECKUE BEPOSITHOCTH
(OTHOCHUTEIIbHBIC YaCTOTHI); B pe3yjIbTaTe OYIyT MOJYyYEeHBI KOOPJIWHATHI TOUYCK, Ha-
HOCUMBIX Ha BEPOSITHOCTHYIO CETKY — Iojjooue Tao. 2.2;

® UCMONB3Yys mporpamMmy lab2, HAaHECTH TOYKH HA BEPOSTHOCTHYIO CETKY HOD-
MaJbHOTO 3aKOHA M TI0 PACIIONIOKEHUIO TOUEK Ha CETKE MPUHATH PElieHue 0 ToM, Oy-
JIET JI TUMOTe3a O HOPMAJILHOM 3aKOHE paclpelefieHUsT OTBEPTHyTa WIIM MPUHSTA
KaK He MPOTUBOpEeUaIas pe3ysibraraM HaOIIOCHUN TapaMeTpa;

e nonb3ysch [I9BM, HaHECTH TOYKM HAa BEPOSITHOCTHYIO CETKY 3KCIOHEHIIH-
JIbHOT'O 3aKOHA U IO PACITOJIO0KEHUIO TOYEK Ha CETKE MPUHSTH PEUIEHUE O TOM, Oy-
JET JIU TUIOTe3a 00 SKCIMOHCHIIMAIBHOM 3aKOHE pacipe/efieHUs OTBEprHyTa WU
MPUHATA KaK HEe MPOTHBOpEYAIas pe3yjabTaTaM HaOJIFOCHUH mapaMeTpa.

3. C nomompio niporpammsl lab2 cmoaenupoBath Ha [I9BM 500 — 1000 3Haye-
HUW MapaMeTpa, pacipeneseHHOTO MO0 IKCIMOHEHINAIbHOMY 3aKOHY, U JaJiee Bbl-
NOJIHUTH BCe AeCTBUS, YKa3aHHbIC B ITYHKTE 2.

4. Hanucatb OTYET 1O J1abopaTOpHOU padoTe.

Ilpumeuanusa: 1. Ilo yxazanuro npenooagamens pe3yibmamvl HAOMOOEHUs UCCTEDYeMbIX Na-
pamempos mo2ym Ovims NOLYYEeHbl NYMEM UBMEPEHUS. C UCNONb308AHUEM TAOOPAMOPHBIX MAKEMO8.
Ipu smom uucno nabodenuu 6yoem cocmasnsams 50 — 100.

2. Yucno uccnedyemvix napamempos bloupaemcst pagHvlM 08VM, eCliu He YKA3AHO UHOe.

2.4. Conepikanue oTuera

1. Ilenb paGoThI.

2. Pe3ynbpTaThl U3MEpPEHUN HCCIEIYEMBIX MMapaMeTpoB (IPHUBOAATCS TOJBKO B
CJIly4ae MCIOJIb30BaHUs 1a00paTOPHOTO MAKETA).

3. CtaTucTUYEeCKU#l psii M TUCTOTpaMMa paclipeieieHus: napamerpa (IpuBOAST-
sl JUIsl KaKJIOTO M3 UCCIEAYEMbIX IapameTpoB). B cioydae MonenupoBanus napamer-
poB Ha [I9BM yka3bIBaeTcst 3aKOH, IO KOTOPOMY MOJEITUPOBAJICS TTapaMeTp.

4. Cratuctuyeckue (PyHKUUU paclpeiesieHUus] UCCIEAYyEeMbIX MapamMeTpoB, IO-
CTPOECHHBIE Ha BEPOSITHOCTHOM CETKE HOPMAJIBHOTO PACTIPEIEIICHHUS.

5. Cratuctuueckue (QyHKIMM paclpeereHus] UCCIEAyEeMbIX MapameTpoB, MO-
CTPOCHHBIE Ha BEPOSITHOCTHOM CETKE 3KCITOHEHIIMAIIBHOTO PACTIPEAEIICHHUS.

6. BeiBOIBIL.

Ilpumeyanue. BeposTHOCTHBIE CETKH HOPMAJIBHOTO M AKCIOHEHIIMAJIBLHOTO paclpeaeseHuit
JIOJKHBI OBITh MMOCTPOCHBI C MOMOIIBIO MIA0TOHOB (CM. MPUIIOKEHHE); pPa3Mep BEPOATHOCTHBIX Ce-
TOK J0JDKeH ObITh mpuMepHOo 100 x 100 mm.

JIMTEPATYPA

1. bopoBukoB C.M. TeopeTuueckue OCHOBBI KOHCTPYHUPOBAHUS, TEXHOJOTHMH U HAJIEKHOCTH:
Vueb. st CTyI. MHXK.-TeXH. crell. By30B. — MH.: [luzaiin [TPO, 1998. — 336 c.

2. boposuxoB C.M., Ilorpe6uskoB A.B. TeopeTuyeckre 0OCHOBBI KOHCTPYUPOBAHHS, TEXHOJIO-
ruu ¥ HagexxkHocT. COopHHUK 3amay: Y4eb. mocobdue mist By30B. — MH.: BI'YUP, 2001. — 124 c.

3. T'epuyk S.IL. I'paduku B MmaTemaTuko-cTaTHCTHUECKOM aHanu3e. — M.: Ctaructuka, 1972. —
77 c.
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INPHJIO’)KEHUE
I1a6/10HBI VI HOCTPOEHUSI BEPOATHOCTHBIX CETOK

0,995

0,995
0,99

HakonneHHble 4acToThbl

0,005
0,001

Puc. [1.2.1. [ITaGa0H 17151 TOCTPOEHUS IITKAIBI HAKOTUICHHBIX YaCTOT BEPOSTHOCTHOM
OyMars HOpMaJlbHOTO pacupe/eneHus (0ch adCIHCcC — paBHOMEpPHAs )

092933

0333

0995

03

02

095

HakonneHHble YacToThI

Puc. I1.2.2. [11a60H A7 TOCTPOEHUS KAl HAKOTIJICHHBIX YaCTOT BEPOATHOCTHOMN
OyMaru SKCIIOHEHIIMAJILHOTO pacipenesieHus (0ch abCIuce — paBHOMEPHAsT)



JIABOPATOPHAS PABOTA Ne3

MOJYUYEHUE MATEMATUYECKON MOJEJIU P3Y METOJ10M
ININIAHUPOBAHUA SKCIIEPUMEHTA C UCITOJIB3OBAHUEM
IHOJHOI'O PAKTOPHOI'O SKCIIEPUMEHTA

3.1. llean padoThbI

[lenbs pa®oThl: HAYYUTHh MPUMEHSTH MATEMAaTUYECKYH0 TEOPHUIO IJIAHUPOBAHMS
SKCIIEPUMEHTA JJIs1 MTOJTYyYEHUS MATEMATUYECKUX MOJEJEH PaJuO03JIEKTPOHHBIX YCT-
poiicTB (POVY) u TeXHOJIOrMYeCKUX MPOIECCOB.

Jls1 mocTKeHUs eI HeOOXO0UMO:

® V3YYUTh OCHOBBI TEOPUHU IIJIAHUPOBAHUS AKTUBHBIX (PAaKTOPHBIX IKCIIEPUMEHTOB;

® BBINOJIHUTH TUIAHWPOBAHUE MOJTHOTO (pakTopHOTro sKcnepumenta (I1PJ) npume-
HUTEJBHO K MOJy4YeHUI0 MaTeMaTtuueckoil moaenu POY B Buae nonuHoma;

® KCIOJIb3Ys JIA0OPAaTOPHBIA MAKET, IPOBECTH OMBITHI C UccaeayeMbiM POY B co-
OTBETCTBHUU C pa3pabOTaHHBIM M1aHOM [1D3I;

e o0Opabotarh Ha [I9BM pe3ynbTaThl ONBITOB U OLIEHUTHh MPUTOJHOCTH VIS MPaK-
THUKU MOJIyYEHHOW MaTeMaTUYECKON MOJICIIH.

3.2. TeopeTnueckue cBeeHHS

IIpu pemiennn MHOTUX 3a7ad npoektupoBanus POY (ananu3 pazdpoca BBIXOJ-
HBIX MapaMeTpOB, MPOBEJECHUE CTATUCTUYECKOIO0 MMHUTALMOHHOTO MOJEIUPOBAHUS
Ha [[DBM) HeoO0X0IMMO UMETh MaTEMaTUYECKOE BbIpa)k€HUE (MOJIENb), CBI3bIBAIO-
niee BbIXOAHOUM mapameTp POV (w1 TeXHOJIOrM4eckoro mpolecca) ¢ NepBUYHBIMU
napamMeTpaMi. B MH)XEHEpHOHN MPaKTHKE 3TU MOJEIH MOIYyYaroT MyTEM MPOBEICHHUS
sKcriepuMenTa. ONTUMANBHBIN MTyTh MOJIYYeHUs] MOJEIIM YKAa3bIBA€T MaTeMaTHyecKast
TEOpUS IJTAHUPOBAHUS dKCIepuMeHTa [1].

[InanupoBaHue SKCIIEpUMEHTa — 3TO MPOLEAypa BHIOOpA YKCia U YCIOBHUM MPO-
BEJICHUsI ONBITOB, HEOOXOIMMBIX M JOCTATOUHBIX AJISi TOJYYEHHUS MAaTeMaTU4YeCKOU
MOJIENU ¢ TpeOyeMOM TOYHOCTHIO.

JIJisi TOCTpOeHUsT MaTeMaTUYECKUX MOJIEIeH MIMPOKO HCIONb3YIOTCS aKTUBHBIE
(aKkTOpHBIE IKCIIEPUMEHTHI, B KOTOPBIX UCCIIEIOBATEIh AKTUBHO BMEIIMBAETCS B HC-
cienyeMblii 00BeKT (YCTPOMCTBO HIIM MPOLIECC), YCTAaHABIMBAs B OIBITaX HY>KHBIE
eMy COTJIaCHO IJIaHy 3KCIepuMeHTa 3HadeHus (pakTopoB. B Teopun mmanupoBaHus
HKCIIEPUMEHTA BBIXOAHOW MapamMeTp Ha3bIBAIOT OTKJIMKOM, a MEPBUYHBIE MapaMeTphl
— (pakropamu. B akTHBHBIX (PaKTOPHBIX 3KCHEPUMEHTAX MCCIEN0BATENb BapbUPYET
(akTOphl U CIEIUT 32 3HAUEHHEM OTKJIMKA. T€pMUH «BapbHUpPOBAaHUE» O3HAYAET yC-
TAHOBJIEHUE MCCIIEJOBATEIEM HYKHBIX €My B ONbITaX 3HAUEHUI (PaKTOPOB.

Teopus TIaHUPOBaHUA IKCIIEPUMEHTA JIOJDKHA J1aTh OTBET Ha CIIEAYIOIIUE BO-
POCHI:

® 10 KAKOMY IUIaHY IIPOBOJIUTH SKCIIEPUMEHT;

® Kak 00pabaTbIBaTh pPe3yJIbTaThl OIBITOB;

® KaK OILICHMBAaTh KAa4eCTBO OMNBITOB M MPUTOJHOCTh MOCTPOCHHOW MOAENW MAJis
MPAKTUKH.
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Honanwuit pakmopnustii Ixcnepumenm (IIDI)

[lycts mnsg POY wiM TeXHOJIOrMYECKOro mpolecca MEpBUYHbIE MapameTpbl

X1, X2, «..y Xg, PACCMATPUBACMBIC KAK (I)aKTOpLI, CBsA3aHbl C BBIXOJHBIM IIApaMCTPOM,
Ha3bIBACMBbIM OTKIIMKOM, 3aBUCHUMOCTBIO
y=@ (X1, - Xp), (3.1)

rae k— o0lmee Yuciio yYUThIBaEMbIX (PaKTOPOB.
[Tpu ucnonb3oBanuu [1DD 3aBucumocth (3.1) yacTo MONMYy4arOT B BUAC HETIOJN-
HOM KBaJpaTUYHON MO/IeHU (TIOJIMHOMA):

y=LPot fixit..+ fxit foxixat... (3.2)

rae Bo, L. P Pi2, -..— KOIPOUIUESHTHI TTOJTUHOMA,;
X1y X2gures Xfp — HaTypaJibHbIC (B CBOEH pa3MEpHOCTH) 3HaAUEHUs (PaKTOPOB.

Mopnens Buzaa (3.2) Ha3bIBAIOT ypaBHEHHEM pPETPECCUU, WIH PErpecCHOHHOMN
MOACIBIO; By, By .-y P Pi2,... — KOODPUIIMEHTAMHU PETPECCHOHHOM MOJICTIH.

[Tony4uTh MOJMHOM C HATYpaJIbHBIMU 3HAYEHUSIMU (PAKTOPOB (pa3MEPHBIN TO-
auHOM) Buja (3.2) cpazy B OOJBUIMHCTBE CIIy4aeB HE MPEACTABISETCS BO3MOKHBIM.
[TosToMy BHayajie MoOJy4arOT MOJMHOM C KOJAUPOBAHHBIMU O€3pa3MEpPHBIMHU 3HAue-
HUsMH (PakTOpoB. Takoii moauHOM OyieM Ha3bIBaTh Oe3pa3MEPHBIM, €ro MOTYJYaloT B
BUJIC

y=by+bx, +b,x, +...+bx, +b,xx, +... (3.3)
rae X, X,,.., X, — KOJUPOBaHHBIE Oe3pa3MepHbIe 3HaueHUs (PaKkTOpOB;
by,by,..., byy,... —KOXPPUIHUEHTHI, 3HAUEHUS KOTOPBIX B OOILEM Cilydae OTIMYHBI

OT 3HAYCHHUI COOTBETCTBYIONUX K03 duiimenToB moaenu (3.2).

KonupoBannbie 3HaueHUS (PAKTOPOB OMPEEIAIOTCS OTHOIICHUEM

g =2 "%
J 3 , (3.4
J
Ille X; — HaTypaJbHOE TEeKyIllee 3HaYeHHUE j-ro (paKkTopa;

Xjo — HaTypaJbHOE 3HAYEHHE HYJIEBOIO YPOBHA j-rO (haKTopa;

A; — MHTEpBal BapbUPOBaHUs j-M (PAKTOPOM, HATYPAJIbHOE 3HAUCHHUE;

j — Homep dakropa (j =1, ..., k).

Ha npakTuke BHauvasne moiay4aroT MoJuHOM Buja (3.3), a 3aTeM, UCHOJb3Ys BbI-
paxenus (3.4), Aenar0T Nepexo K pa3MepHOMY MoJauHOMY (3.2), B KOTOpbIN (hakTo-
pBI MOJCTABISIOTCA B CBOEH pa3zMepHOCTH. OTMETUM, YTO OTKJIMK ) KaK B pa3MEpHOM
(3.2), Tak u B 6e3pazMepHoM (3.3) MoIMHOMAX BBIPAXKAETCsl B CBOEH Pa3MEPHOCTH.

s monmydenus moaenu Buaa (3.3) winu ee NTMHEHHOW 4acTH KaKIbli (akTop
JI0OCTaTOYHO BapbUPOBATh B HKCIIEPUMEHTE Ha JBYX YPOBHSX. YPOBEHb j-TO (haKTo-
pa, COOTBETCTBYIOIIUI €ro 0OJbIIEMY 3HAUYEHHIO Xj5, HA3BIBAIOT BEPXHUM YPOBHEM, a
COOTBETCTBYIOIIMI MEHBIIEMY 3HAYCHHIO X, — HIKHUM. Ilocepenune mMexny Bepx-
HUM Xj; U HIDKHUM Xj; YPOBHSIMH pa3MeELICH HyJIEBOW (MHa4Y€ — OCHOBHOM MM 0a30-
BBII) YPOBEHB X;, (puc.3.1).
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[Ipu xomMpOBaHHOM 3alaHUU ypOBHEH (hak-
TOPOB C UCIMOJb30BaHUEM BbipaxeHus (3.4) mian

> N
. B - AKCIIEPUMEHTA HE 3aBUCHUT OT (PM3HMKH MpoIiecca.
IJH ]"’ JT . X Ha mpakTrike cTpeMsTcs YpOBHH BapbHpOBa-
| 0 . HUsL BBIOPATh TakK, 4TOOBI HOTYYUTh X ; = 1. 310
Puc. 3.1. YpoBuu BapbupoBanus yIpOILIAeT 3KCIEPUMEHT U 00paboTKy ero pe-
(haxTopa x; 3yJIbTaTOB. 3HAa4e€HUE X; = —] COOTBETCTBYET

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

HEMY YPOBHIO BapbUpOBaHMs. B 3TOM ciyuyae yuclio coueTaHuil ypoBHeH (HakTOpoB
WJIH, YTO TO K€ CaMO€, YUCIIO ONBITOB N 3KCIIEPUMEHTA OIIPENENSAETCS BBIPAKEHUEM

N=2*, (3.5)

JKCIEePUMEHT, B KOTOPOM PeaIu3ylTCsl BCe BO3MOKHbIE COYECTAHUA YPOB-
Heil GaKTOpPOB, HA3BIBAKT MOJHBIM (PAKTOPHBIM 3KcnepumMeHToM — IIDI. [Tpu
BapbUPOBAaHUHU (PAKTOPOB JIMLIb HA JBYX YPOBHAX uncio onblToB [IDD cocramuser
2F, mo3TOMY TaKOi IKCIIEPHUMEHT HA3BIBAIOT FKCIIEPUMEHTOM THITA «2%.

YcioBust SKCIIEpUMEHTa MPEICTaBISIOT B BUE TaOIHIIbI, HA3bIBAEMONH MaTpPH-
el NJIAHMPOBAHUSA WM IJIAHOM JKCcIepuMeHTa. I MpOCTOTHI 3alMCH B MaTpu-
e cuMBOJI “1” OOBIYHO OIYCKArOT, OCTABJISAS JIMILb 3HAKU “TUTIOC” WK “MHUHYC”. B
Tabu. 3.1 B KadecTBe mpuMepa mpuBeeH miaH 11D tuma «2*% mpn k = 2.

Ta6mmia 3.1 B marpure (cm. tabm. 3.1) ctonbusl X; U X, 3a7ar0T IUIa-

Homep | ¢ < HHUPOBaHHUE, TO €CTh B COOTBETCTBUHU CO 3HAKAMH ITHX CTOJIO-

onpITa ! 2 OB JIOJKHBI YCTAHABIMBATHCA YPOBHU BapbUPOBaHUS (HaKTO-
é + POB IPH NPOBEJACHUU ONBITOB.

3 T - Baxueimmmy cBoiicTBaMu MaTpulibl aHa 1D sBs-

4 + + IOTCSI CHMMETPUYHOCTb, HOPMHUPOBKA M OPTOTOHAJIBHOCTh. ITH

CBOMCTBA OMHUCKHIBAIOTCS COOTBETCTBEHHO BBIPAXKCHUAMU

N

25, =0; Z[@-L]=N; 2EDE), =0 =1,k £ (3.6)

i=1

rae j, [ —uomepa daktopos; j,[=1,....k; j£1;

i — Homep ombITa; I=1,2,..., V.

Ecnu xots 661 0/1HO U3 ycioBuii (3.6) HE BBIMOIHSAETCS, 3TO 03HAYAET, YTO MaT-
pulla TIAaHUPOBAHUSI COCTaBlieHa HeBepHO. JIuHeitHas yacth moxenu (3.3) mMoxker
0Ka3aTbCAd HENPUTOJHON ISl NpakTUKU. [IDPD mo3BoNsSET KOJUYECTBEHHO OLIEHUTH
B3anMO/JIelicTBHE (MHAYe — Mpou3BeieHne) (hakTOPOB.

N3 T1OD Henb3s u3Bieub MHPOPMALMIO O KBaJpaTHUHBIX wieHax. HerpynHo

yOeUTCsA, YTO BEKTOP-CTOJIOIBI A1 KBaIPATUYHBIX WICHOB (X j)z B JIFOOOM OIIBITE

iada (cMm. tabma. 3.1) Bcerma OyayT umeTs 3HadeHUs +1 U coBmamath Mexmay coOOM.
[ToaTomMy oreHka kodduruenTa by 0ka3pIBaeTCsI CMEIIAHHON U CIIPABEJINBA 3aMHCh
bo— Lo + pi1 +....Bu, 03HaUaIOIIAs, 4TO by COAEPKUT FPPEKTHI, 00YCIOBICHHBIE KaK

2 ..
CBOOOJHBIM WICHOM fo, TAK U KBaJpaTHYHBIMK YieHamu [, x5 (j =1, ..., k).
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Jliist o1teHOK apyruX K03 PUIMeHTOB CIIpaBeAJIUBHI 3aHCH
bl—)ﬂl, b2 —)ﬂg, cens bk —)ﬂk .
ITnanupoeanue I3 u ezo evinoinenue

[TnanupoBanue 1D ¢ m0OBIM uynciIoM (PaKTOPOB kA CBOIUTCSA K 3alHMCH B Tad-
Iy (MaTpuily) BCEX HEMOBTOPSIIONIMXCS COYeTaHui ypoBHEH 3Tux (aktopoB. C
npuMepoM 1ianupoBanus [ 1P moxHO o3Hakomuthes B [ 1, mpumep 3.3, ¢. 72 — 73].

HyneBbie ypoBHH (DaKTOPOB Xj) BEIOMPAIOT OOBIYHO PaBHBIMH CPEJHUM (HOMHM-
HaJIbHBIM) 3HAYEHUSAM NEPBUYHBIX NApaMETPOB, & MHTEPBAlbl BAPbHUPOBAHUS A; —
PaBHBIMU TOJIOBHHE II0JIS IOIyCKa COOTBETCTBYIOIIMX IEPBUYHBIX IAPAMETPOB X; .

Jlia nepBUYHBIX mapameTpoB (pakTopoB) POV u TexHOIOTHMYECKUX MPOIECCOB
OOBIYHO MMEIOT MECTO ycnoBus Ax; << x;, rae Ax; — OTKIOHEHHUE (IOIyCK) j-TO Iep-
BUYHOTO IapaMeTpa OT €ro CPeJHEro 3HaueHHs Xjo. [103ToOMy B OOJIBIIMHCTBE Mpak-
TUYECKUX CIy4yaeB Ja)ke JIMHEWHas 4acTbh mMojenu Bunaa (3.3) oka3bpIBaeTCsl MPUTO/I-
HOW JUIsl TaTbHEWINEro WH)XCHEPHOTO aHajan3a oOBEKTOB HcciefaoBanus. Ecim mu-
HelHast MoJieb (JIMHEeHAs YacTh MOJIEIN) OKa3bIBACTCSI HEIIPUTOHOM, TO €€ JOMOJI-

HAIOT KBAIPATUYHBIMU YJICHAMHU BHUJA b | IJAC JJ?; ( J J=1,...; J#* l). [Tpuuem B mMozaenp

BKJIIOUAIOT Haunbosiee 3HauuMble (Becombie) 3(P(HEKThl U MPOBEPSIOT MPUTOTHOCTD
HOBOW MOJIEJH.

JIt000i1 PKCIIEPUMEHT COINPOBOKIAETCS MOTPEIIHOCTIMU — OIIMOKaMH BOCIIPO-
M3BOAUMOCTH. J[JI1 OLEHKH ONIMOOK BOCIPOU3BOJMMOCTH KaXKIbIi I-i ONBIT MAaTpH-
bl TUIAHUPOBAHUS BBIIOIHSIIOT B KOHEYHOM MTOrE HECKOJIBKO pa3, OpraHusys Cepuu
napajyiesbHbIX ONbITOB. Kaxkaas cepust 1OKHA BKIIIOYATh BCE N HEMOBTOPSIFOIINXCS
OMBITOB MAaTpPHUIIbl MJIaHUPOBAaHMS. UKMCIIO cepuil mapasuieNbHbIX ONBITOB 71 PEKOMEH-
IyeTcs BRIOUpaTh U3 ycaoBus 1 > 2...5. OlieHKa BOCIIPOU3BOAUMOCTHU OIBITOB MO CY-
T CBOJUTCSA K pacyeTy TaK Ha3bIBAEMOW AMCHEPCHH BOCHPOU3BOJMMOCTHU OIIBITOB.
Ecnm sTa mucnepcus u3BecTHA ampUOPHO WIIM KaKUM-JIHOO CITOCOOOM MOXET OBIThH
OLICHEHA J10 BBINOJHEHUS SKCIIEPUMEHTA, TO MapaJlIEIbHbIE ONBITHI HEOOS3aTEIbHBI.

C 1enpo MCKJIYEeHUsI CHCTEeMaTH4YeCKMX OMUO0O0K (BIUAHMS OlepaTropa, Mec-
Ta U T. I.) IpH peasnnzanuu miaHa [IOD npoBoaaT Tak Ha3pIBAEMYIO paHIOMHU3ALIUIO
OMBITOB, T.€. OMBITHI KAXKJI0H CEPUU BBIMOJIHAIOT HE MO MOPSAKY, KAK OHU 3aliCaHbl B
MAaTpUIE TUIAHUPOBAHUSA, & B CIIydalHOU ouepEaHOCTH. OUepENHOCTh ONBITOB B KaX-
JIOM Cepuu OJKHA ONPEAENIThCS MO TabiulaM ciiydaiHsix yucen (tadma. I1.3.1 mpu-
noxenus). [enaercs 310 cnegyromuM oOpazoM. BriOupaeTcs mpous3BosibHBINA (Ppar-
MEHT (Y4acTOK) TaOJHUIbI CIIyYailHBIX YHCENl U MOCJIEI0BaTEIbHO MPOCMATPUBAIOTCS
CTPOKH WJIM CTOJOILBI 3TOT0 ydyacTka Tabmauubl ¢ Jrodoro mecra. OuepeaHoCTh Mpo-
BEJICHUS OIBITOB Ha3HAYA€TCs B COOTBETCTBHMM C IOSBICHUEM YHCEI IIPH IPOCMOTPE
ydacTka Tabmuiel. Yucna, 6opliue Mo 3HAaYeHHI0, YeM HOMEpa OIBITOB, MPOIMYCKa-
1orcst. [loBTOpsrONIMEcs 4YKcia y4YUTBHIBAIOTCS JIMIIb NEPBBIM pa3, a Jaliee TaK ke

[IPOITYCKAOTCH.

Ilpumep. JIna ucciieq0BaHus BJMSHHUSA HA BBIXOAHOH nmapamerp POY nByx ¢akTopoB (x;
U X7) ucnouab3yercs [P tuna «2"» (em. Taba. 3.1). IIpuHsiTO penieHue NpoBecTH 3 cepuu na-
pPajiieJIbHBIX ONBITOB (TaK KakK ONbITHI TpyaoeMkH). Heo0xonumMo pan1oMu3upoBaTh ONbITHI
KaK10# cepHu.
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Pewenue. B Tabnuue caydaHbix ymcena (cm. tada. I1.3.1 npuioxkeHusi) mpocMOTpUM
OJHO3HA4YHbIe cJy4YaiiHble YNc/Ia, IPUMHUMAs BO BHMMaHHe 3Ha4veHusi otT 1 10 4 (Tak Kak B
Matpuie Bcero 4 onbita). [IpocMoTp HauHeM, HANIpUMeP ¢ HAYAJIA TPeThell CTPOKH TA0IUIIbI,
u OyneMm aABurarbes mo crpokam. Herpyano yoenuTbesi, UTo B epBOii cepuH ONBIT MO HOMe-
pom 1 B matpuue [P noskeH BBHINOJHATHCS TPeTbUM. AHAJOTHYHBIM 00pa3oM onpeess-
0T 04YepEéIHOCTh OCTAJIBHBIX ONBITOB NMEPBOi cepuM. 3aTeM MepPexoAAT K PaHIOMHM3aLHH
ONbITOB BTOPOii cepun. /[iiss Heé MpoCcMOTP MOKHO HAYATh ¢ HHOM CTPOKM TA0JIUIbI, HATIPH-
Mep ¢ naAToil. [{1sl TpeTheil cepumn MPOCMOTP Ha4aT ¢ ceabMoil crpoku. [losyuyennas ouepén-
HOCTb ONBITOB KaKA0# CEPUH C Y4€TOM PAHAOMH3AIMM YKa3aHa B Ta0JI. 3.2.

Bemonnenne I[1PD cocrout B

TabOmuma 3.2
MPOBEJACHUN TIOCIEAOBATEIBHO OIIbI-
H 2 .i O‘leCI[HOCTL BBITIOJTHCHU S o
omep | X | X; OIIBITOB TOB KaXJ0W cepuu. B mpemenax Kax-
OonbITa cepust 1 | cepus 2 | cepus 3 JIOM CEpHM OIBITHl BBHITIOJHSIOTCS B
1 - | - 3 2 1 O4EepEAHOCTH, ITOJIYYEHHOM IIPU DPaH-
2 -+ 2 4 2 nomuzanuu. s IpoBEIeHUs KaXkI0r0
3 T - 4 3 4 OIbITA HCCJIENOBATEIb HOJDKEH I
4 + | + 1 1 3

BceX (haKTOpPOB MPHUHYIUTEIBHO YCTa-
HOBUTb TaKHE UX HaTypajbHbIE (B CBOEH Pa3MEPHOCTH) 3HAYEHUS, KOTOPbIE COOTBET-
CTBYIOT KOJMPOBAHHBIM YPOBHSIM 3THX (PAKTOPOB, YKa3aHHBIM B MaTpHIIEC IJIAHUPO-
BAaHMS JUIS BBIIOJHAEMOrO onbITa. [1ocie 3Toro Hy»>KHO MU3MEPUTh 3HAYCHHUE OTKIIMKA
Y 3aIMCaTh PE3YJbTAT B CTPOKY C YCJIOBUSIMHM IPOBEIeHHUS TaHHOIO ONBITA.

Cmamucmuueckasn oopadomka pezyarvmamos I[1D3I

OOGmuii BUJ MaTpUIbI ILIAHUPO- Tabmuua 3.3
BaHUA W PE3YJIbTATOB OIIBITOB, KOTO- HOMep )?1 J?k Z3HaueHue OTKJINKA Vi
PHIMU IOTDKEH pacronaraTh SKCHepu- | (o B NapaJuIeNIbHBIX ONbITaX
MEHTAaTOp, MpUBE/EH B Ta0I. 3.3. 1-s1 cepust n-s cepus

[MTocemoBaTeIbHOCTh  BBITOJTHE- 1 - - | )

HHUSI CTATUCTUYECKOM 00pabOTKH. - + [ 02 (2
1. Onpenensorcs cpeiHee 3HAUEHHE
¥ JUCIEepCcUs OTKIMKAa B i-M ombite |V + + | O 'w)n
(ctpoke) o Gpopmynam
n n 2
2 ), ), -M )]
M(y,)=""——, D(y,)="= ) (3.7
n n—1
riae (i), — OTKJIMK B i-M OmbITe (CTpOKe) u-if cepum; i=1,2, ..., N; u=1,2,...,n (cM. 1a61.3.3);
N — KOJUYECTBO MAapajUIENbHBIX OIBITOB (CEPHUIi OIBITOB).

2. BrimonHsgeTcsl MpoBepKa OJAHOPOJHOCTH auctiepcuit Buaa D(y;). [ns sToro ompenensercs
pacueTHoe 3HaueHue kpurepus Koxpena mno ¢popmyne

N
Graea = DO ;D(yi). (3.8)

ITpoBepsiercs ycnoBue

G <GKp,

pacu

(3.9)

rIe GKp— KpuTHUeckoe (TabnuuHoe) 3HadeHus kpurepust KoxpeHa, HaiiieHHOE Ui 3aJaHHOW J0-

BEPUTENBHOU BeposaTHOCTH ¥ (00br4HO 0,95) mpu umcine creneHeit cBoOoabl fi =n — 1 u
f>» = N (tabm. I1.3.2 npusnoxeHus).
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Ecnu ycnosue (3.9) Boimonnsiercs, To aucnepcun D(y;) OMHOPOIHBI U CTaTUCTUYECKAst 00pa-
0oTka mpomospkaercs. Ecin OHO He BBINOJHSIETCS, TO JAUCIEPCUM HEOIHOPOAHBI. B 3TOM ciydae
TpeOYIOTCS JOTIOTHUTEIBHBIEC TTAPAJUICTBHBIE OIBITHI HJIM YTOUHEHHE PE3YJIbTATOB OIBITOB, /IS KO-
TOpBIX D();) UMEIOT HAaNOOIbIINE 3HAYCHHUS.

3. Ompenensiercst AUCTIEPCUS BOCIIPON3BOIUMOCTH ONIBITOB (OTKJIMKA) MO BBEIPAYKEHUIO

1 N
D(»)=—>.D(y,). (3.10)
NS

4.IloacunThIBatOTCS OLIEHKU KOYQPHULUUEHTOB by, b; 1 b;; o popMynam

2M) D) M) D) )M ()

b, = N ; b= I ;b =- v , (3.11)

Jl=1,..,kj#l,

rae (xj) i,(xg) ; — KOJAMPOBAHHbIE 3HAYEHHSI COOTBETCTBEHHO j-T0 U /-r0 ()aKTOPOB B i-M OIBITE

(cTpoKe) MaTpHILIbI INIAHUPOBAHUS.
5. BeimonssAeTcs nNpoBepka 3HaUUMOCTH K03 duiueHToB by, b; u bj. Jlns 3T0ro 1 Kaxaoro
ko3 unmenta u3 uucna by, b; u b; CTPOUTCS NOBEPUTENBHBIN UHTEPBAI /,, COOTBETCTBYIOILUIL
JIOBEPUTEIILHON BEpOsTHOCTH ¥ (00b14HO 0,95):

1,= (by- Ab; b+ Ab),

rae b, —ouenka ko3¢ dunmeHTo, paccuntanHas no popmynam (3.11); v=20,j, jI;
Ab — BO3MOXXKHAsE OmMOKA, BO3HHKINAS OT 3aMEHBI MCTUHHOTO 3Ha4YeHWs Kod(dduimeHTta ero
OLICHKOH.
Ommbka Ab nonaraercsi OAMHAKOBOU AJIst BceX K03 (DUITMEHTOB:

b D)
Ab=t, ; (3.12)
N(n-1)
rae t, — TabnuuHoe 3HaueHue kpurepust CThIOJCHTA MIPU JIOBEPUTENBHON BEPOSTHOCTU ¥ M YMCIIe
creneHeit cBoboabl f = N(n — 1), ¢ KOTOpBIM ompenensuiack aucnepcust D(y), coriacHo
tabu. I11.3.3 npunoxenus.
Koaddumment (ero pacuerHoe 3HaueHHE) 3HAYMM, €CIIM JOBEPUTEIbHBIN MHTEpBaN [, HE CO-

b,|> A4b.

6. [IpunuMmast BO BHUMaHUE TOJIBKO 3HAYUMBbIe KO3(D(PUIIMEHTHI, 3anUChIBaeTCs Oe3pa3MepHbIi
MOJIMHOM (MoJieb) Buja (3.3), BBIIOIHIETCS MPOBEPKA aIEKBATHOCTH 3TOM MOJENHU U JieNlaeTcs 3a-
KJIFOYeHHUE 0 €€ MPUTOJHOCTH AJIsl MpakTUKU. /[t 3TOoro BHauasae moJICYUTHIBAETCS AUCTIepCus aje-
KBaTHOCTH 10 (hopMyJie

JEepKUT TOUKY b, = 0. DTO paBHOCHIIBHO YCIIOBHIO

N

D (Ay)? i[yipm -M (yi)]z

D == =
(V) N—d Y, : (3.13)

rae Ay, — pa3sHOCTb MEXJY PACCUUTAHHBIM IO MOJIyYEHHON MOJENH M SKCIIEPUMEHTAIbHBIM 3Ha-
YEHUSIMH B i-U CTpOKe (OIBITE);
d — 4uCIo 3HAYMMBIX K03()(PHUIIMEHTOB TOCTPOCHHON MOJICIIH;
Vi paca — PaCU€THOE (110 MOCTPOEHHON MOJIENN) 3HaYE€HUE OTKIIMKA B i-i CTPOKE (OIBITE).
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3aTem omnpenensieTcsl pacueTHOE 3HaueHue Kpurepus Ouriepa

D, (»)
paca . (3.14)
D(y)
[IpoBepsercs ycinoBue
Fpacq< FKp, (3.15)
rae Fp — KpuThueckoe (TabiauyHoe) 3HaueHHe kpurepust Duiepa, HalijleHHOe AJIS 3aJaHHOM

JOBEPUTEIILHON BeposiTHOCTH ¥ (00buHO 0,95) mpu uymcne cremeHeil cBoOOIbI
fi=N—-d un f,=Nn-1), cormacao taom. [1.3.4 npunoxxenus.

Ecnu ycnosue (3.15) BeInonHsieTcs, TO IOCTPOEHHAs! MOJENb aJcKBaTHA PE3yJIbTaTaM JKCIle-
pumenrta. [Ipu HeBbImomHeHun ycioBus (3.15) Moaens He aJeKBaTHA M MOJB30BAThCS € Ha Mpak-
TUKE HEJb3Sl.

7. OcymiecTBisieTcs IepeXo/] K pasMepHoMy nonuHoMy Buza (3.2). st 3Toro HeoOXoaumMo B

MIOCTPOCHHOM TIOJMHOME Buja (3.3) KoaupoBaHHBIC 3HAYCHHS (PAKTOPOB Xi,X;,...o X 3aMCHHTH

BhIpOKEHUSAMH (3.4) U BBIIOJIHUTH HEOOXOIUMBIE TIPEOOPA30BaAHMUS.

Ilpumeuanue. 3axnouenne o0 agekBaTHOCTH Mojenu (3.3), cienaHHoe B 1.6, B paBHOH cTe-
MEHU OTHOCUTCS U K Mozenu Buza (3.2). [loaTomy MoxkHO BHaudane oT mojaenu (3.3) caenars nepe-
xo7 kK Mojienu (3.2), a 3areM NpoBepUTh €€ aAeKBaTHOCTb. OT 3TOro BBIBOJ 00 a/IeKBATHOCTH MO/Ie-
JIM HE U3MEHHUTCSI.

C npumepoM ctatuctTueckoi o0paboTku onbiToB [1DD MOXKHO 03HAKOMUTHCS B [1, mpumMep
3.5,¢.78 - 80; 2, c. 28 — 30].

3.3. Onucanue J1a0OPATOPHOI0 MAKETA

OnHuM 13 00BEKTOB MCCIIEIOBAHUS B 1a00OPATOPHOI paboTe ABIIAETCS HEMHBEP-
TUPYIOLIUI yCUIIUTENb TMEPEMEHHOTO HAMPSHKEHHUS 3BYKOBOW YacTOTHI, BBITOJHEH-
HBII C UCTOJIb30BaHUeM omneparuonHoro ycuiautens (OY) cepuu K140. Dnexrpuye-

R2 CKasl cxema ycuiuTens 0e3 uenen nu-

| —

— TaHWs TOKa3zaHa Ha puc. 3.2. Hommu-
Cl DAl HQJIbHBIE 3HAYEHUS CONPOTUBICHUN

vV

PE3UCTOPOB yKa3aHbl HA MEpeHeN ma-
Usiax HEJH J1JA00paTOPHOTO MAKeTa.

Bxonno#i curnan (cM. puc. 3.2)

II0/IA€TCS. HA HEMHBEPTUPYIOLIUN BXOJ

Puc. 3.2. nekrpuyeckasi NpUHIUNHATbHASA OV, a 4acTh BBIXOJHOIO HAIPSKEHUS

CXeMa ycuiaurets yepe3 jenaurteab R1R2 mocrymaer Ha

ero uHBepTUpyomui Bxoa. C y4eToM psijia JOMyIeHUH BbIpaskeHue it ko3 uim-
€HTa Mepelayi 3TOr0 YCUIIMTENSA, IPUBOJAUMOE B TuTeparype [3], umeeT Bua

U
& = Yo _RI+R2

U Rl

BX

i

UBX R 1

, (3.16)

TO ecTh KO3 dunreHT K B OCHOBHOM 3aBHCHUT OT IMAPaMETPOB BHEITHUX IICTICH.
Peanpupiii OY B JeMCTBUTEIBHOCTH 001a0a€T JOCTATOYHO OOJIBIIIMM, HO KOHEY-
HBIM 3HaUYC€HHEM KOA((PHUIIMEeHTa YCUIEHUS U BXOJHOTO CONMPOTHUBICHUSA. IMEIOT KO-
HEYHBIC 3HAYCHHS MO0 OTIIMYHBI OT HyJs U apyrue nmapametpsl OY. [Tostomy mo-
CTpOEHHE MaTeMaTWYECKON Monenu s KodhduiueHTa nmepesayn yCUIUTEINs, BbI-
MOJIHEHHOTO ¢ ucnojas3oBanueM OV, npencTaBisieT NPakKTUUECKU HHTEPEC.
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B maGoparopHoMm MakeTre mpeaycMOTpeHa BO3MOXHOCTh BapbUpOBAHUS Iapa-
MeTpaMu pe3uctopoB R1 u R2 , a Takke 3HaYeHHEM KO3(PUIIMEHTA YCUJICHHS Ha-
npspkernst OY B npegenax £ 5 % u + 10 % oTHOCUTENBHO cpeqHUX (HOMHUHAIBHBIX )
3HaueHu. Kpome wuccnegyemoil cxemMbl B MAKETE€ pa3MELIEHbl BCIOMOTAaTENbHbIC
ycTporicTBa. JIyis ynoOCcTBa Ha TIEpeTHEH MaHen MaKeTa MPUBECHA AJICKTpHIeCcKas
CXE€Ma HCCIIEIYEMOI0 YCHJIMTEINS], & BXOJHBIE U BBIXOJHBIC THE3/1a YCUJIUTENS yCTa-
HOBJIEHBI B COOTBETCTBYIOIIMX LEIMAX CXEMBI.

3.4. 3axaHue HA IKCIEPUMEHTAJIBHYIO YACTh J12a00pPaTOPHOiIl padoThI

PCKOMCH,Z[yeMaSI ITOCJICA0OBATCIBbHOCTD BBITIOJIHCHU A pa6OTBI:

1. BriOpaTh HyneBble ypOBHU U HHTEpPBajbl BapbUpOBaHUA (axTopamu (mep-
BHUYHBIMHU HapaMeTpaMI/I) HCCIICAYyCMOI'O POV cormacuo BAPpHAHTY, YKA3aHHOMY IIpC-
nonasarenem (tabmn.I1.3.5 mpunoxxenns).

2. CrutanupoBatsb 110D tuma «2% (pu k = 3).

3. OnpenenuTsest ¢ YUCIOM CEpUil MapajulesIbHbIX OMBITOB M BBIIIOJIHUTH PaH/IO-
MU3AIHAIO OMBITOB KaXKI0W CEpUH.

[Tpu BBIMONTHEHNU paHAOMU3AIMHU CIEAYET UCTIOIh30BaTh CIIyJYaiHbIE YHCIa, Te-
Hepupyembie [I9BM (omnmus B nporpamme lab3-4) wiu B KpaitHeM cilydae BOCHOJIb-
3oBarbes Ta0m. 11.3.1 npumnoxenus.

4. Ucnionb3yst 1a00OpaTOPHBIA MAaKET, BBIMOIHUTH OMBITH Kaxaou cepun [1DD ¢
Y4ETOM PaHIOMU3ALINH.

IIpu nposedenuu sxcnepumenma ons POY, onucannozo eviwe (cm. puc. 3.2), credyem pyko-
800CMB0BAMbCS CMPYKMYPHOU CXEeMOU, NO-
KasanHou Ha puc. 3.3. [Jonyckaemcs uc- 1B B
noavsoeanue 00Ho20 eorvmmempa LB, ne-
PEKoUaemoco npu HeoodX00UMOCmu ¢ 6xo- N N
0a Ha 6vix00 ycmpovicmea UY. nexmpon-
HbLIL  OCYUINOSPAgh Modcem Omcymcmeo- 3r ny s>l 20 >
samsb. Cucnan, nodagaemvlil Ha 6X00 YCUNU-
mejisi OMm BHEUIHe20 2eHepamopd, OO0INCEH
umems amnaumyoy 50...200 mB. Yacmomy
CUSHANIA peKOMEeHOYemcs 8bloupams U3 oua-
nasona 400...5000 I'y. B nexomopwix Mmo-
OUPUKAYUSAX MAKema 6MeCmo BHEUHe20 2e-
Hepamopa Modxcem UCNnoIb308amMbCsl GHYM-
pennuti. Ilpu ucnonvzosanuu 011 nposede-
HUs sKcnepumenma opyeux POY neobxooumo nonvzosamuca ykazanusmu npenooasameins, a max-
Jice anekmpuyeckotl cxemou POY, npueedénnotl na nepedueti nanenu makema.

5. C nomomipto niporpammsel st [I9BM lab3-4 (nanka TOKTuH) BoInonMHUTH

CTaTUCTHUYECKYI0 00pabOTKY pe3ynbTaToB ONbITOB Ha [1DD.

Ecnu npu vinonnenuu cmamucmuyeckou 00pabomku OUCnepcul Onblmos OKANCYmcs Heoo-
HOPOOHBIMU, MO MO CEUOEMENbCMBYEeNn 0 MOM, 4mMo Oblid 6eAUKA NOZPEUWIHOCHb YCMAHOBKU
YposHeii hakmopoe nubo oonyuieHa owudKa npu 3anUcu pe3yibmanos OnbIMoe8: pe3yibmamsl
ONbIMOG 3aNUCAHbL He 6 Me CMPoKU. B makux ciyuasx mpebyemcs 1ubo moyHee 6blNOIHUMb ONbl-
mbl, umerouue DOILUWYIO OUCNepCuUio, T1U60 NPOBePUmMsd NPABUILHOCIb 3aANUCU Pe3YIbIMAmMOos, CKOp-
pekmuposams 6800umvle 6 [IIBM pezyiomambvl onvlmos u npoooicums CMamucmuyecKkyio oopa-
6omky. Pexomenoyemcsa neped 66000M pe3ynibmamos Onblmos coelams ux aHaiu3. 3HaveHus om-
KAUKA 8 PA3HLIX CEPUsX, HO OJisk 0OHO20 U MO20 JHce ONbIMA OOJINHCHbL OMIULAMbCIL He3HAYUMENbHO.
MAKCUMyM Ha NAMb-CeMb NPOYEHMO8.
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Puc. 3.3. CtpykrypHas cxema J1ad0paTopHOro
KOMILJIeKca:
MY — uccaenyemoe ycTpoicTBo (cxemMa);
3I" — 3ByKOBOIi reHepaTop;
B — uudposoii BoIbTMETP;
90 — 31eKTPOHHBIN ocuIorpadg



6. BBISICHUTH 3HAYMMOCTh PACCUMTAHHBIX KOd(duimenToB moaenu Buma (3.3),
chopMHupoOBaTH KOHEUHBIN BUJl O€3pa3MEPHOTO MOJMHOMA U, UCIIONB3YS MPOTrpaMmy
lab3-4, npoBEPUTH AIEKBATHOCTh MOCTPOEHHOI'O TTOJIMHOMA PE3yJIbTATaM OMBITOB.

7. Caenatb mepexo]i K pa3MepHOMY MOJMHOMY — Mojiesiu Buaa (3.2).

8. Hammncatp oTu€T mo nmabopatopHoit padorte.

3.5. Conep:kanme oTyera

1. Ilens paGoThI.

2. Dnektpuueckas cxema uccieayemoro POV (kackana).

3. Tabnuia c ykazaHueM, Kakod BbIXOJHOM mapamerp POV paccmarpuBaetcs B
KAueCTBE BBIXOJHOIO M KaKOMY IEPBUYHOMY IMapaMeTpy COOTBETCTBYET TOT WJIU
MHOI HOMep (aKTopa, HyJIEBbIX YPOBHEHW U UHTEPBAJIOB BapbUPOBAHUS (haKTOpaMHu.

4. Tlnan I1®OD (MaTpuIla IUIAHUPOBAHUSA ).

5. Pesynbrarsl onbiTOB [IPD ¢ yuéTOoM mapajuieNibHBIX OINBITOB U PaHAOMHU3a-
MU OIBITOB KaXJI0OW CEPHUU.

6. OcHOBHbIE (POPMYJIBI aNTOPUTMAa CTATUCTUYECKON OOpaOOTKH Pe3yIbTaTOB
[1DD (mpuBOASTCS TOIBKO B CIy4yae yKa3aHHs MPENogaBaTeIeM).

7. Paccuutannble Ha [I9BM 3nauenust Benuuun M(y;), D(y;) u D(y), (i = 1,
2,..., N). OtBetsl Ha 1. 4, 5 u 7 gaTh ogHOM TabnuIe (Tadm. 3.4).

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

8. Paccuntannsie Ha OBM 3HadeHus K03QpPUUNEHTOB b; (Ip1 HEOOXOAUMOCTH U
Buza by), omuOku Ab U 3aKJIIOYEHUE O 3HAYMMOCTH MOJIyYEHHBIX KOI(Q(OHULUEHTOB C
yKa3aHUeM 3HayeHUs J0-

Ta6nuna 3.5 BCPUTCIBHBIX HUHTCPBAJIOB

Kosg- Tao- - | Hoseph- Pemro- Y JJOBEPUTEILHON BEPOST-
pum- OleH- | TMYHOE | YeHHWE | TenbHBIHA ane o | HOCTH ¥ 7, l=1,...,k;j# L
eHT MO- | ka |3Haue- |Ap UHTEPBaJ 3HAYU- OTBeT Ha 3TOT MYHKT J1aTh
Aenu HUE 7, npu y=... |MOCTH B BHJE Ta0I. 3.5.

bo 9. MaTteMaTu4eckuii
b, BUJI TIOCTPOCHHOTO 0e3-
b, pa3sMEpPHOro IOJMHOMA U
bs apryMEHTHPOBAaHHOE  3a-
bi» KIIIOYeHHEe 00 aJeKBAaTHO-
CTH DTOU MOJICIIH.
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10. Pe3ynmbpTarsl CONOCTAaBIEHUS ITOJIYYEHHOTO Pa3sMEPHOTO MOJMHOMA C BbIpa-
xeHueM (3.16). OTu pe3ynbTaThl NPeACTaBUTH B BUE Tab. 3.6.

ﬂ]l}l conocmaenerHus nocmpoer-

Tabmyma 3.6 HOU MoOenu ¢ gvipadicenuem (3.16) He-
Ho- OKcnepuMeH- | PacuéTHoe 3HAYCHHE Vi 00X00UMO 8 0OOUX CILYYAAX BbINOIHUMD
Mep | TABHOE 3HA- [ 1o pocrpo- | Mo  wTe- pacuem 3Havenuu Kodgpguyuenma ne-
OIIbI- | yeHne ); — | egHoii Mare- parypHoii pedavu Ons 6cex ONvblMo8 Mampuybl
Ta 3HAYECHHE MaTHdecKoii | hopmyie 1IDD, a 3amem nonyuennvie pe3yioma-
M) MOJIEH Mbl CPABHUMb CO 3HAYEHUAMU, HNOTY-
1 YEHHbIMU OKCNEPUMEHMANbHO, — CO
o sHauenuamu M(y;).
8 11. BeiBOAEIL.
JIUTEPATYPA

1. bopoBukoB C.M. TeopeTnueckre OCHOBBI KOHCTPYUPOBAHHUS, TEXHOJIOTUU U HAJIEKHO-
cTH: Yueb. uid CTyJ. MHX.-T€XH. cliell. By30B. — MH.: [luzaiin [TPO, 1998. — 336 c.

2. bopoBukoB C.M., [TorpeOusikoB A.B. TeopeTrueckue 0CHOBBI KOHCTPYUPOBAHMS, TEXHO-
noruu u HagexxHocTr. COOpHUK 3a1a4: Yueb. mocodue st By3oB. — Mu.: BI'VUP, 2001. — 124 c.

3. Hectepenko b.K. MHTerpanbHbie onepaiuonHsle yeunutenu: CripaBoyHoe nocoOue mo
npuMeHeHuto. — M.: Dueprousaat, 1982. — 80 c.

MNPUJIOXKEHUE
Taobmuua I1.3.1

PaBHOMEpHO pacnpeieieHHbIE ClTy4aiHbIEe YUCIIA

2780 9463 6244 5965 1755 2291 6041 2291 6040 2285
5997 1983 3885 0409 2865 0059 0415 2908 0361 2529
7703 3927 7494 7212 0698 4889 4292 9607 7252 0770
5396 7774 4423 6731 7128 9840 8886 2202 5419 7938
6568 8978 2849 9632 7426 1985 3900 7302 1614 7804
4628 2401 6811 3764 6354 4484 1391 9740 8185 7301
1112 1778 4518 1419 9939 9577 7041 9289 5026 5185
6299 4097 8681 5374 7619 3335 3347 3433 4031 8221
7549 2844 9910 5596 9175 4230 9616 7313 1195 8369
8589 0124 0871 2721 9053 3372 3606 5246 6723 7065
9456 6194 3359 4628 2397 6785 7499 2498 7489 2425
6977 8842 1900 3119 1837 2863 0042 0294 2058 4409
0866 6068 8481 1601 1211 8483 9381 5670 9691 7838
4870 4096 8674 5072 5504 8530 9716 8016 6118 2827
9791 8537 9761 8323 8265 7858 5012 5090 5633 9434
6038 2267 5872 7775 4430 1016 7113 9793 8556 9895
Tabmma [1.3.2
3nauenus kpurepusi Koxpena npu noBeputenpbHoi BeposiTHoCTH ¥ = 0,95
_ h=n-1

=N 1 2 3 4 5 6 7 8

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

8 0,52 0,44 0,39 0,36 0,34 0,32 0,30 0,29
12 0,39 0,33 0,29 0,26 0,24 0,23 0,22 0,21
15 0,33 0,28 0,24 0,22 0,20 0,19 0,19 0,17
20 0,27 0,22 0,10 0,17 0,16 0,15 0,14 0,14
50 0,11 0,09 0,08 0,07 0,06 0,06 0,06 0,05
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Tabmuna I1.3.3
3Hauenus kpurepus CTbIOJIEHTa IPU JOBEPUTEIBHON BEpOSITHOCTH = 0,95

f=Nn-1) |z, f=Nn-1) |t f=Nn-1) |t f=Nn-1) |1,

2 430 |10 223 |24 206 | 60 2,00

4 277 |12 2,18 |28 205 | 120 1,98

6 245 |16 212 |32 204 | 250 1,97

8 231 |20 2,09 |40 202 | oo 1,96

Taomuma [1.3.4
Kputnueckue 3HaueHus kputepus Ouiepa npu A0BEpUTENLHON BeposiTHOCTH = 0,95
- A=N—d

SL=Ne=1) 2 3 4 5 6 7 8

2 1851 | 19,00 |19.16 |1925 |19.30 |1933 |1935 | 19,37

4 771 6,94 6,59 6,39 6,26 6,16 6,09 6,04

8 5,32 4,46 4,07 3,84 3,69 3,58 3,50 3.44

12 4,75 3,88 3,49 3,26 3,11 3,00 2,92 2,85

16 4,49 3,63 3,04 3,01 2,85 2,74 2,66 2.59

20 4,35 3,49 3,10 2,87 2,71 2,60 2,51 2.45

30 4,17 3,32 2,92 2,69 2,53 2.42 2,34 227

Taobmuua I1.3.5

BapuanTsl 3a1anuii 7151 BBIMOTHEHUS SKCIIEPUMEHTAILHON 9acTH JlabopaTopHOi paboThl Ne3

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

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

Ilpumeuanue. B tabn. 11.3.5 3HaKM + 1pU OTHOCUTENBHBIX OTKJIOHEHHUSAX MAapaMETPOB IS
IPOCTOTHI 3aIIMCH OIYIEHBI.

JIABOPATOPHAS PABOTA Ne 4

INPUMEHEHMUME JPOBHOI'O ®AKTOPHOI'O OKCIIEPUMEHTA JJIAA
HNOJYUYEHUSA MATEMATUYECKOH MOJIEJIA PDY

4.1. Hean padoThI

Lenp pabOThI: HAyYUTHCA MPUMEHITH IPOOHBIA (DAKTOPHBIA HKCHEPUMEHT
(ADI) miist mosmyueHuss MaTeMaTuueckux Mojeneil POY u TexHonornueckux mpoiiec-
COB.

Il mocTHKeHUS eI HeOOXO0UMO:

® H3y4YUTh OCHOBHBIE MOJIOKEHUS IaHupoBaHus [1PI;

® BBINOJHUTH IaHUpoBaHUE JIDPD NPUMEHUTENBHO K MOJIYUYEHUIO JTUHEHHON MO-
nenu uccieayemoro POY;

® KCIOJIb3Ys JIADOPATOPHBIA MAKET, IPOBECTH ONBITHI B COOTBETCTBUHU C pa3pado-
TaHHBLIM M1aHOM JID;

e oOpaborars Ha [IDBM pe3ynbTaThl 3KCnEeprUMeHTa U MOCTPOUTH MaTeMaTHye-
CKYIO MOJIEIIb.
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4.2. TeopeTnueckue cBeaeHUs

[Tpu uncne dakTopoB k < 5 omnpaBaaHbl ONBITH C TEPEOOPOM BCEX BO3MOXKHBIX
coueTaHui ypoBHEH (haKTOPOB, TO €CTh OMPABJIAH MOJTHBIA (PAKTOPHBIA IKCTIEPUMEHT
(ITd3). B [P yucno onbiToB N (0€3 ydyeTa napajijiedbHbIX OMBITOB) PAaBHO 2k,

C yBennueHnueM k yucio onbIToB N pacTeT o4eHb ObICTpo. Tak, Hampumep, npu
k =10 3nauenne N = 2'° = 1024. IIpu uccnenoaHuyu napamMeTpos POY u TexHONOr -
YECKUX MPOLECCOB YUCIIO BIUAIOMMX (HAKTOPOB MOXKET ObITh Oonbie 5 — 7. [Toato-
My Ipo0JjiemMa COKpaIIeHUs] YUCa ONMbITOB CTOUT JOCTATOYHO ocTpo. IIpu 3TOoM 3a7a-
Ya 3aKJIF0YAETCs B TOM, YTOOBI HE TOJIBKO YMEHBIIUTH YKCIIO OMBITOB, HO U MOJIYYUTh
JOCTaTOYHOE KOJIMYECTBO UH(POpMaAIIK 00 00BEKTE UCCIIEIOBAHU.

YMEHBIIUTh YHUCIO OMBITOB MOXHO 3a CYET MCIMOJIb30BAHUSI HU30BITOUHOCTHU
[1®D3. Yucno onbiToB B [I1OD 00614HO 00JIBIIIE, YEM KOJUYECTBO 3HAYUMBIX (MU WH-
TepECYIOIUX HccienoBarens) kodpduuueHToB. Moaens 00beKTa B Cllydae paccMoOT-
PEHUS HEMOJIHOTO KBAAPATUYHOTO TOJIMHOMA UMeeT BUJ (Tipu k = 2)

y=by+bX +..+b,X, +b,XX,. 4.1)

Matpuia [1d3 a5 nonxyyeHus 3Toro ypaBHeHus npuBesieHa B T1ad. 4.1 (cTono-

el X, 1 X,).

. Tabmnma 4.1
[Ipenamonoxxum, W3 anpHOPHBIX CBEICHUN
W3BECTHO, YTO TP BHIODAHHBIX HHTepBajax | 1OMCP X x| 6% -(x5)
BapbUPOBaHUS MOBEACHUE 00BEKTa ¢ TpeOyeMoi OHI;ITa —T— n
TOYHOCTBIO ONMUCHIBACTCS JIUHEUHON MOJEeINbI0. B 7 I _
9TOM ciydae B ypaBHeHuu (4.1) HeIMHEWHbIN 3 + | - -
uiieH (b,,x,X, ), XapaKTepU3YIOIIHi B3aUMOICHCT- 4 il B +

BUE (DAKTOPOB, MOXKET HE YUUTHIBATHCS. [103TOMY BEKTOP-CTONOCI] X;X, MOKET OBITh
UCTOJIb30BaH A BBeneHus B iad [IDD kakoro-imnbo HOBOro ¢akropa, He yBEH-
UyBAs UKCTIA ONBITOB, HApUMep (BaKTOpa X;, 3aIHCAHHOTO B MOCIETHEM CTOJIOIE
MaTtpulbl (cM. Tabn. 4.1). HerpynHo yctaHoBuThH, 4yTO 3Ta MaTpuua (Tpu (axTopa,
YETBIPE OMbITA) SBJSETCS MOJOBUHOM O0jee KPYMHOro IJiaHa, a MMeHHO TuiaHa [1dD
THIA «2°», IMEIOIIEr0 BOCEMb OITBITOB.

Takum oOpa3oM, JUisl OLIEHKU BIMSHUS TpeX (PaKTOPOB MOMKHO BOCIOJIb30BATHCS
nonoBuHo# [1MD trna «2°» win, kak roBopst, 1/2 perwmku ot IO Tuma «2°».

Eciu uexoHoit siBsieTcs Marpuia [1DD tuma «2°» ¥ 3a c4eT Malo3HAYHMBIX
B3aMMO/ICHCTBHI (haKTOPOB, MOCTPOCHHBIX U3 X;, X, U X;, BBOAUTCS JOMOJHUTEIHHO

TPU HOBBIX (aKTOpa, HANPUMEP X,, X5 U X, TO MOJyYEHHBIA HOBBIN IUIaH OyneT

6
npeacTaBisaTh 1/8 gacte [1DD Tumna «2°» (Tak Kak B HOBOM IIJIaHEe BCEro 6 (haKTOpOB).
Kakyto nMeHHO BOCHMYIO YacTh MPECTABISAET STOT IJIaH, 3aBUCUT OT 3HAKOB CTOJIO-
OB X,, X5 U X, OTPENENIIeMbIX 3HAKAMU B3aUMOJCHCTBHI, BMECTO KOTOPBIX Oy-

AyT BBEJCHBI HOBBIE (aKTOPHI X,, X5 U X . [Ipu Oosbiiom uncie GakTopoB MOTYT

UCIIOJIb30BAThCS PEIUIUKH Oosiee BICOKOU apooHocTu: 1/16, 1/32 u T.x.
IKCIEePUMEHT, KOTOPbIii peann3yeT 4acTh onbITOB 1M, Ha3bIBAIOT APOO-

HbIM (akTopHBIM 3KcnepuMenToM (API). IDD (npoOHBIE PEIUIMKH) TPHHSATO

0603HauaTh Kak «2 7y, riae k — obee 4rcio (pakTOPOB HOBOTO MIaHa — riaHa Jd0D,
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a p — uncio (GakTopoB, BBEJACHHBIX B TuIaH J[DD BMeCcTO MajI03HAYMMBIX B3aUMOICH-
ctBuil. Tak, Hanpumep, DD, mnaH koToporo npuBenéH B Tadn. 4.1, 3anumiercs B
Buge «2°'». Jlnst onpenenenns ducia onsiTo JMD Hago 4HCIO 2 BO3BECTH B CTe-
neHp k—p.

JIPD npenycMaTpuBaeT NPOBEACHUE MEHBIIETO YMCIIA ONBITOB 10 CPABHEHUIO C
[1DD, yTO ABNIIETCS SKOHOMUYECKH 00JIee 1IEeTECO00PAZHBIM.

ITnanupoeanue /DI

O060011eHne onMcaHHOM MPONEAYPhl MofydeHus miaHa J[dD Ha maTpuliibl Jro-
OBIX pa3MEpHOCTEH MO3BOSAET CHOPMYITHPOBATH CIAEAYIONIECE MPABUIIO: YTOObI BBe-
CTH B MCXOAHBIN IIaH (Tutad [1DD) HoBBIM (paKkTOp, HE yBeTMYUBASI YHUCJIO ONBI-
TOB, 3TOMY (PaKTOPY HEOOXO0AUMO MPHUCBOUTH BEKTOP-CTOJ10€e1l B3aUMOACHCTBYS,
IMOCTPOEHHOI'0 U3 UCXOAHBIX (AKTOPOB M BJIMSIHUEM KOTOPOr0 MOKHO IpeHel-
pedb. 3HaYeHUEe HOBOIO (pakTOpa, BBEJICHHOI0 B MCXOAHBIN IUIAH, A0JIKHO M3-
MEHSITCHA B COOTBETCTBHMH €O 3HAKAMM 3TOr0 crosoma [1].

[IpaBunbHO nOCTpoeHHBIN WIaH [P TOYHO Tak ke, kKak u miaH [1P3, nomxen
o0nagaTh CBOMCTBAMU CUMMETPUYHOCTH, HOPMUPOBKU M OPTOIrOHAJILHOCTHU (CM. BbI-
paxenus (3.6), c. 21). B3aumojelicTBue HUCXOAHBIX (DAKTOPOB, BMECTO KOTOPOTO
BBOJIUTCSl HOBBIM (DaKTOp, MPUHATO HA3BIBATh T'C€HEPUPYIOIIUM COOTHOIICHHEM. B
paccMOTpeHHOM Inpumepe (cM. Tabi. 4.1) reHepUPYIOIUM COOTHOIIICHUEM SIBIISICTCS
X,X, . Ecnu ucxomubie pakTopbl 00pa3yroT HECKOJIBKO B3aMMOJICUCTBUN, TO HMEETCSI

HECKOJIbKO T€HEePUPYIOIIUX COOTHOIICHHM, W B McXOAHbIA 1iaH [IDD moryT ObITH
BBEJICHBI HECKOJIBKO HOBBIX (haKTOPOB.

Onenku ko3¢ dunuenToB B AP ABIAIOTCA CMEIIaHHBIMHU, HOO 3HAKH HEKOTO-
PBIX BEKTOP-CTOJIOIIOB COBIA/IAOT MEXKLY COOOIA.

Xapaktep CMENIMBaHUs OIEHOK KO3 UIIMEHTOB MOXKHO OBICTPO OIPEACIIUTb,
He o0Opariasch K MaTpUIle MJIAHUPOBAHUS YKCIIEPUMEHTA, a UCIIONIB3YS JJIS OTOM IeNH
TaK Ha3bIBAEMbIN OMpPEeACISIIOMNA KOHTpacT. Onpenensommnil KOHTPACT MOTy4aroT
YMHOKCHHEM TEHEPHUPYIOMIET0 COOTHOIIEHUST Ha (aKTOp, KOTOPHIA BBOJSAT B IUIAH
BMecTo B3anmogeiicTsus. Jmst J®D tuma «2° ~ '» (cM. Tabm. 4.1) ompempensoruii
KOHTPACT 3amuiieTcss Kak (X,X,)X; = X;X,X;. Jlis OlCHKH XapakTepa CMEIINBAHUSI

K03((HUIIMEHTOB MAaTEMATUYECKOW MOJEIH PAaCCMAaTPUBAIOT MOCIEIOBATEIBHO MPO-
U3BEJICHHSI OTPEICISIONIEr0 KOHTPACTa Ha BCe (DAKTOPHI, YUACTBYIOIINE B DKCIICPHU-
mente. Hampumep, mast koddduimeHtoB b momyuum (X;X,X;)X; = X,X;, TO €CTh

olleHKa OyJeT Takoi: b— fi+/[33.

[Tpu minanupoBanuu O3 BaXXHBIM ABJISETCS BONPOC, KAKUE U3 B3aUMOICHCTBUI
clenyeT BhIOpaTh JUIsl BBEICHHS] BMECTO HUX HOBBIX (akTopoB. Eciu uHpopmanus o
cuiie BIUAHUS 3(PPEKTOB B3aUMOJECUCTBUI OTCYTCTBYET, TO MPU BBEJACHUH B HUCXOJ-
HBIM TUTaH HOBOTO (pakTopa BHIOMPAIOT JIJIsi HETO BEKTOP-CTONOEI] ¢ OOJIBIIUM MOPS/I-
KOM B3aMMOJICHCTBUS, TaK Kak 0OBIYHO 3(()EKThl B3aMMOJICUCTBHS 00Jiee BHICOKHX
MOPSJIKOB MEHEEe 3HAYMMBbI, YeM d(DPEeKThl B3aUMOICUCTBUS HU3IINUX MOPSAKOB. Eciu
ke umeercs: nadopmaius 06 3pdexrax B3aMMOICUCTBHS, TO OHA JODKHA OBITh UC-
M0JIb30BaHA TIPH BHIOOPE TEHEPUPYIONTUX COOTHOIICHHUH.
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[Tpu mnanupoBannu JIPD 00bIMHO BO3HUKAET BOMHpoc, kakoi miaH [IDD (cie-
JI0BaTEIbHO, U YKCIO (PaKTOPOB) ClIEAYyeT BHIOpPATh B KauecTBe ucxogHoro. Ha mpak-
TUKE Cpa3y OOBIYHO TONYy4YaloT JHHEWHbIE MOjenu OOBEKTOB HcCcleoBaHusi. B
OOJBIIMHCTBE CIYyYaeB OHU OKA3bIBAIOTCS MPUTOAHBIMU TSI AATbHEHIIIETO MHKEHEeP-
HOTO aHanu3a. V3 MaTeMaTu4ecKko CTaTUCTHUKU M3BECTHO, YTO YMCIIO OIBITOB MaT-
pHIIBI, HEOOXO0UMOE TSl OLICHKU KO03((UITMEHTOB JUHEHHOW MOoJieau npu k dakTo-
pax, JIOJKHO ObITh He MeHee 4eM k + 1 (ko3 dULMEHTBI P MEPEMEHHBIX X ; U CBO-

0oHBIN uneH by). Kpome Toro, TomogHUTEIHHO XOTS OBl OJIUH OTBIT (TOBOPSIT: «OJHY
CTETNIEHb CBOOOIBI») HEOOXOIMMO UMETh JJIS TPOBEPKH aJICKBATHOCTH JTUHEHHON MO-
aenu. [loatomy MuHuUManbHOE yucio onbIToB DD, HeoOxoaumoe AJsi MOTydYSHHUs
JUHEHHON MOJIENU U MPOBEPKHU €€ aJeKBATHOCTH, JOJIKHO OBITh HE MEHee YeM k + 2.
OrnpenenuB 3HaueHUE BEIUYUHBI k& + 2, HEOOX0AUMO U3 psiia uncen 8, 16, 32, ... BbI-
Opatb Ommkaiiiiee 6ompiiee. OHO YKaXKeT MUHUMAJIBHOE YUCIIO ONBITOB TiaHa [1DD,
KOTOPBIM JOJKEH ObITh BHIOpAH B KayeCTBE MCXOJHOTO, W CJIEIOBATEIbHO, YUCIIO
onbiToB TwiaHa JPD. KonndecTBO UCXOAHBIX (DAKTOPOB OMpENEIeTCs B 3aBUCUMO-
CTH OT YMCJIAa ONBITOB UCXOJIHOTO IUIaHa. Tak, Mpu BOCBMH OIIBITAX OHO COCTABIISIET
TpH, Ipu 16 onbITax — YETHIPE U T.1.

Ilpumep. Heobxonumo noctpouts Tuian J|DD amst ucciaenoBaHus BIUSHUS Ha BBIXOJIHOH IMa-
paMeTp y TEeXHOJIOTHYECKOTO Tporiecca matu ¢akropoB. Mudopmarus o cune 3pdekToB B3aumo-
JecTBUS (PaKTOPOB OTCYTCTBYET.

Pewenue. Iloctpoum mnan JJdD npuMEHUTENBHO K MOTYYEHUIO JIMHEHHONW Moaenu. Onpene-
JIMM MHUHHMAJILHOE YKCIIO ONBITOB McxomHoro miana [1PD. Tak kak &k + 2 = 7, TO MUHMMAJIBHOE
YUCJIO0 ONBITOB UcX0HOTO [IDD momkHO OBITH BEIOpAHO paBHBIM BocbMH. Cie0BaTENIbHO, B Kaue-
CTBE UCXOAHOTO JI0JKEH OBbITh BBIOpaTh miad [1DD tuna «2*». Jlerko YCTaHOBUTb, YTO KOJIUYECTBO
HCXOJHBIX (P)aKTOPOB PaBHO TPEM.

WNudopmanus o cuie BIUSHUS (PaKTOPOB Ha BHIXOJHOM MapaMeTp TEXHOJIOTHYECKOTO Mpoliec-

TaGnuna 4.2  ©@ HE IPUBOJUTCSA, OITOMY B Ka-
YECTBC HCXOOHBIX BBI6I/IpaeM JIFO-

Ijgg:ap 3?1 3?2 )?3 )?1)?23?3 —> 3?4 3?13?2 —> )?5 Oble TpH 3(1)211<T0pa u ctpouM [1DD
1 | _ _ n tama «2°» (tabn. 4.2, cronOubl
o) _ | |+ + + X, X5, X5). llpu HanmM4uu HH-
3 - ] - + - dbopMmaruu  creoBanio Okl BBI-
4 - |t T - - Opatb (hakTopsHI, HauoOoJee
g i B} ; J_r B BJIMSIOLIKE HA ).
7 I I B . Jlnst monydeHus W3 HMCXOJ-
8 I R 4 " Horo miaHa [I®D mnana tpebye-

Moro JI®D HyXHO B HUCXOIHBIN
wian [I®D BBectu  QaxTOphHI

X 4 U )?5. [Ipuuém oHM HOKHBI OBITH BBEIEHBI BMECTO MajlO3HAYMMBIX B3aHMMOICHCTBHIA, TIOCTPO-
EHHBIX TOJIBKO M3 HCXOJHBIX (PAKTOPOB X, X, , X5 . Tak kax uHdOpMaIms o cuie b eKToB
B3aMMOJICHCTBUS (PAKTOPOB OTCYTCTBYET, TO (haKTOP X 4 JIydllle BCEr0 BBECTH BMECTO B3aMMOJEH-
CTBHUS BBICIIETO MOPSAAKAa B UCXOAHOM TutaHe [1DD, To ecTh BMeCTO Mpou3BeICHUS )?1)?2)?3. Jloist
(hakTOpa X5 MCIONB3yeM OXHO U3 MPOUBBEACHHN XX, , X X3 HIH X,X;, HAIPUMEDP XX, . 3HAKH

cTONOLOB X4 U X5 (cM. Tabu. 4.2) HEOOXOANUMO IPOCTABUTD C y4ETOM BBIOPAHHBIX POM3BEICHHUIA

Jlerko ybenuthest, yTo mocTpoeHHbId mian PO npexacrapnsier coboit 1/4 yacts mnana [1DD tuma
«». Ipumepsl niianupoBanus AP pacecmorpensl moapodHo B [1, c. 84 —85; 2, ¢. 30 —31].
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Ecnu nuHeliHasg Moaenb, MOCTPOECHHAs Mo pe3ynbTaraM onbIToB MDD, okaxercs
HEaJeKBATHOM, TO B PSAJIC CITy4aeB UMEETCS] BO3MOKHOCTh BBECTH B MOJIENIh Hanbosee
BIIUAIONIUE B3aUMOACHCTBUS (PAKTOPOB M MPOBEPUTH AJEKBATHOCTH HOBOW MOJIEIIH.
Ho Hano ObITh OCTOPOKHBIM, YTOOBI HE BBECTH B MOJECINb ABAXIbI MO CyTH OAWH U
TOT k€ Ko3(duimeHt. /s 3Toro cienyer mpoaHAIU3UPOBATh XapakTep CMEIInBa-
HUS K03 OUITUEHTOB.

JIisi OLIeHKH OIIMOKM BOCIPOM3BOJUMOCTH OMBITOB B JIDPD Tak e, Kak U B
[ID3, BRIMOJIHSAOT CEpUU NapalIEIbHbIX ONBITOB, & JJIsI UCKIIOUEHHS] CUCTEMATHYE-
CKUX OIIMOOK (BJIMSHUS OTEpaTOpa, MECTa, U T.I1.) IPOBOAT PAHAOMHU3AINIO ONBITOB
(cm. mab. paboty Ne 3, c. 22 — 23).

[Ipu perieHnn MpakTUYECKUX 3a7a4 MaTpHIlbl TianupoBanus JJdD MoryT ObITh
noJTyueHsl it yucna (aktopoB k > 4. Kak Obuto mokaszaHo, ucxoanblil miad [1D3,
UCIIOIb3YEeMbIA ISl mojydeHus 1iaHa DD, nomkeH uMeTh HE MeHee ueM k + 2
onbITOB. Jlyis TpéX (GakTOpoB B KauecTBE MCXOAHOTO JODKEH OBITh MPUHSAT IUIaH,
UMEIOIIUN BOCEMb OIBITOB, KOTOPBINA IpeAcTaBisier cobo 1D Tumna «23», T. €. BCE
(bakTophl BOIUIM B UCXOAHBIN TUIaH U Mody4yeHue miana JJdD tepseT cMbICIL.

Vcxonuslii man u3 detbipex ombrroB (IIMD Tuma «2°») HCIONb30BAICS BBILIE
JIUIIB 111 00BsACHeHUs cyntHocTH DD,

Cmamucmuueckan oopadomka peynomamoe /[P

Craructuyeckas o0padoTka pe3ynbratoB [IPD BHINOIHAETCS aHATOTUYHO 00-
paboTtke pe3yabratoB [1DD (cM. 1a6. padoty Ne 3, c. 23 — 25).

[Ipu mocTpoeHHH MaTeMaTUYECKOW MOJENHU CJIeIyeT UMETh B BUAY, YTO MaKCHU-
MajbHOE YUCIO KO3 UIIMEHTOB, BKIIOYa€MbIX B MOJEINb, JOJKHO OBITH HE Ooee
yem N — 1, rie N — uncino onbIToB (cTpok) maTtpuiibl JD3.

4.3. Onucanue JJa0OPATOPHOTr0 MAKETA

OOBEKTOM HCCIIeIOBaHUS B TA0OPATOPHOM paboTe SABIAETCS HEUHBEPTUPYIOUTUI

Al HMCTOYHUK BBICOKOCTAOMIBLHOTO (OMOPHOTO)

— HANpPsDKEHUS], BBIMOJHEHHBIM C HCIOIb30-

Rl R3 I+ BaHHUEM OIEPALMOHHOTO YCUJIUTENs CEpUU

{1 140 (K140). DnexkTpuueckas cxema UCTOY-

| DAl . HUKa npuBeneHa Ha puc. 4.1. Homunanb-

| 7 HbIE 3HAYEHHUSA TAPAMETPOB DJIEMEHTOB,

U,  THII CTa0MIMTPOHA U HANPSHKEHUE IIUTAHHS

VD ‘[JRz yKa3aHbl Ha MepeaHel MmaHenu jgabopaTop-
+ HOTO MakeTa.

Puc. 4.1. DiiekTprueckas cxema C yderom psifia JOMYIICHUH B OTHO-

HCTOYHUKA ONOPHOI0 HANPSKCHUSA meHun mnapameTpoB OV BbIpakeHHE ISt

BBIXOJIHOI'O HANPSDKEHUS UCTOYHUKA OMOp-
HOT'O HampsbKeHUs! (OTKIIMKA V), IPUBOJIMMOE B IUTeparype [3], uMeeT BUJL

R2+R3
y — UBbIX = UCT T = UCTK’ (42)
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rae U., — HanpsiKeHUe CTabuin3anuy CTaOuIuTPOHA;

K — xo3dduiment nepenaun HEMHBEPTUPYIOIIETO YCUIIUTEISL.

N3 dopmynbl (4.2) BUIHO, 4TO BBIXOAHOE HampsikeHUe Uy, 3aBUCUT OT 3Haye-
HUUM mapaMeTpoB 37eMeHTOB R2 u R3. IIpon3BoacTBEHHBIN pa3dpOC CONMPOTUBICHUIA
pe3uctopoB R2 n R3 MOXKET 3aMETHO CKa3aTbCs Ha 3HAYeHUHM Kod(duireHta nepe-
naun K u, cileqoBaTesbHO, BBIXOAHOrO HampspkeHus Uy, Kpome Toro, 3HaueHue
napamerpa U,,, onpeaenseMoe TUIIOM CTaOUIUTPOHA, BCErla UMEET HEKOTOPbI pas-
Opoc 1 3aBHCHUT OT TOKa cTaOunuzauuu I, . Tok I, B CBOIO ouepenb ONpPENeIsIeTcs
HaIpPsDKECHUEM MCTOYHUKA NMUTAaHUS 41 ¥ 3HaYyeHueM ConpoTUBIEHUs pe3ucropa Rl,
KOTOPBIE TaKKE€ MOT'YT UMETh OTKJIOHEHUSI OT HOMUHAJIBHBIX 3HaueHui. [loaTomy mo-
CTPOEHHE MATEMAaTHYE€CKOW MOJEIM I BBIXOAHOTO HANPSLKEHHsS] UCTOYHHKA ONOp-
HOT'O HalPsDKEHUsI PEACTABISAET IPAKTUYECKUI HHTEPEC.

B makere nmpeaycMOTpeHa BO3MOXKHOCTh BapbupoBaHusA B npeaenax 1o = 10 %
3HAYEHUSIMU IATH (PAKTOPOB: COMPOTHUBIICHUSMU PE3UCTOPOB R1 — R3, HanpseHUEM
crabunu3anuu aieMeHTa VD1 u HanpspkeHueM MCTOYHMKa nutanus 41. Jlns narnsan-
HOCTHU U yJ0OCTBA BBINIOJHEHUS Ja00OPATOpPHOM pabOThl HAa MEpeaHEN aHeIn MaKeTa
B COOTBETCTBYIOIIMX LEISAX CXEMbI YCTAHOBJICHBI BXOJIHBIE U BBIXOJ/IHBIE THE3/A.

4.4. 3ajaHue HA IKCIIEPMMEHTAJIBHYIO YacTh J1a00paTOPHOii padoThI

PexomeHnyemas mocine0BaTeIbHOCTh BBIMIOJHEHUS PaOOTHI.

1. BpiOpaTh HyJIeBbIE YPOBHM M MHTEpPBaJIbl BapbUpoBaHUs (hakTopamu (mep-
BUYHBIMU TMapaMeTpamu) uccieayemoro POV coriacHo cxeme MakeTa U BapUaHTy
(mpuwiioXKeHue), ykazaHHOMY TMpernojiaBaTesieM. B kauecTBe OTKIIMKa y paccMaTpuBaTh
Usux, B KauecTBe pakTopoB — napametpsbl R1 — R3, U.,, HanpsHKeHUE MUTaHUS UCTOY-
Huka A1.

2. Crnaauposats J®D Tuma «2° » npu k= 5.

3. Onpenenutbcsa ¢ YUCIOM CEpUM MapaJieIbHBIX OMBITOB M BBIMOJHUTH paH-

JoMu3anuia OIIbITOB KaH(,HOﬁ CCpHuun.

Ilpu evinonnenuu panoomuzayuu ciedyem UCHOIb308AMb CAVYALHbIE YUCLA, 2eHepupyemble
OBM (onyus 6 npoepamme lab3-4), unu, 6 kpaiinem ciyuae, socnonvzosamscsi maon. I11.3.1 npuno-
arcenus 1ab. pabomol Ne 3.

4. HWcnonw3ys 1abopaTOpHBIM MaKeT, BBITIOJHUTh OMBITHI KaX10i cepun DD ¢

Y4CTOM PaHIOMU3AIINU.
Ilpu nposedenuu onvimos 0si usmepeHusi nNocmoanno2o Hanpsaxcenus Ug,, pekomenoyemcs
N0b308aMbCA YUPDPOBLIM USMEPUMETILHBIM NPUOOPOM.

5. C nomomrsto yuebHoit nporpammsl 115 [I9BM lab3-4 (manka TOKTuH) BbI-
TIOJTHUTH CTaTUCTHYECKYIO0 00paboOTKy pe3yiabTaToB onbIToB J[DD3.

Hcnonb3ys pe3yiabTaThl CTATUCTHUECKOM 00paboTKH, chopMupoBaTh JTMHEHHYIO
MOJIeNTb BUJIA

y=by +bx, +b,x, +...+ bsXs, (4.3)
BBIICHUTDb CTATUCTUYCCKYIO 3HAUYMMOCTDb PaCCUUTAaHHBIX K03(1)(1)I/ILII/ICHTOB ITOM MOAC-
M, cOpMUpPOBATh KOHEUYHBIM BUJ O€3pa3MEpHOro MOJMHOMA M C MOMOIIBIO MpO-

rpammel 1711 II9BM lab3-4 npoBepuTh aneKkBaTHOCTh TOCTPOCHHOW MOJENH PE3YJIb-
TaTaM OIIBITOB.
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7. Cnenath mepexo K pa3MepHOMY MOJIMHOMY — MOJIEIH, B KOTOPYIO 3HAUYCHHUSI
X; MOJCTaBJIAIOTCSA B CBOEH pa3MEPHOCTH.

s smoeo Heobxo0umo 6 nocmpoeHHom noaunome guoa (4.3) koouposauHvle 3HayeHus pax-
MOPO8 Xy,Xy ..., X5 3aMeHUMb COOMHOWEHUAMU 6uda (3.4), npueedeHHbiMu 6 1A6OPAMOPHOIL
pabome Ne 3 (c. 20), u 8binoanums HeobXoo0uMmble NPeodpPa308aHUsL.

8. IIpoaHann3upoBaTh MOCTPOSCHHYIO MOJICITh, BHITIOJHUTE €€ COMOCTaBIIEHUE C

BBIpakeHuEeM (4.2).

s conocmasnenus nocmpoenHol mooenu ¢ svipadiceHuem (4.2) HeobXooumo 01 Karcoo2o
ONnvbIMa Mampuybl NIAHUPOSAHUS PACCUUMAMb 3HAYEeHUsL 8bIX00H020 Hanpsicenust Uy, no nocmpo-
EHHOU MOOenu U no ulpadicenuio (4.2), a 3amem cpasHumv NOIYYeHHbIE 08d PE3YIbMAmMa ¢ IKCne-
PUMEHMATbHBIM 3HAYCHUEM.

9. Hanmucatpk oT4€T Mo abopaTopHoOit padore.

4.5. Cogep:xkanue oT4era

1. Ilens paboTHI.

2. DnekTpuueckas cxema uccieayemoro POY (byHKIMOHATHHOTO y311a).

3. Tabnuna c ykasaHueM, Kakoi BbIX0AHOU nmapamerp POY paccmatpuaercs B
KauyeCTBE OTKIIMKA M KaKOMYy MEPBUYHOMY IMapaMeTPy COOTBETCTBYET TOT WJIM WHOMU
HOMeEp (aKkTopa, HYyJIEBbIX YPOBHEU U MHTEPBATIOB BapbUPOBaHUS (haKTOpaAMHU.

4. Tlnan P3O (MaTpula IJIAHUPOBAHUSA).

5. Pe3ynbrarsl onbiToB JD3.

6. OcHOBHbIE (POPMYJIBI ANTOPUTMAa CTATUCTUYECKON OOpabOTKH pe3yibTaToOB
JD3. [TpuBoasTCs TOABKO B CIyyae YKa3aHUsI MPENOAaBaTEIEM.

7. Paccuutannple Ha [19BM 3nauenust Benuuun M(y;), D(y;) u D(y), (i = 1,
2,...,N).

OtBernl Ha 1. 4, 5 1 7 HaTh OJHOM TAOJMIIEH BUJA, aHAJIOTHYHOro Tadn. 3.4
1a6. padotel Ne 3(cmM. c. 27).

8. Paccuntannsie Ha [IDBM 3Hauenus ko3¢ duuuenToB b; (mpu HEOOXOAUMOCTH
v Buza bj), ommOku Ab M 3aKIIOYEHUE O CTATUCTUYECKON 3HAYMMOCTH ITOJYYEHHBIX
KO3 (PUIIMEHTOB C yKa3aHUEM 3HAUYECHMS JOBEPUTEIbHBIX UHTEPBAJIOB U JOBEPUTEIh-
HOU BeposiTHOCTH ¥ ; j = 1, ..., k; j # [. OTBeT Ha 3TOT MyHKT AaTh B BHUJI€ TaOJIHUIIbI,
aHaIoruaHon Taou. 3.5 mab. padoter Ne 3(cMm. c. 27).

9. Martemaruueckuii BuJ JIMHEHHOro Oe3pasMepHoro monuHoma (4.3) u apry-
MEHTHPOBAHHOE 3aKJII0UEHUE 00 aJIeKBaTHOCTHU 3TON MOJIEIIH.

10. Pe3ynpTarsl cCONOCTaBIEHU MTOIYYEHHOW MAaTeMaTHYECKOW MOJENH C BbIpa-
*eHueMm (4.2), mpencTaBieHHbIE B BHJE, aHAJOTMYHOM Tabu. 3.6 mab. padotsl No 3
(cm. c. 28).
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INPHJIO’)KEHUE

BapuaHTsl 3a1aHUi 11 BHIIIOJTHEHHSI
JIKCNEPUMEHTAJILHON YacTH J1adopaTopHOH padoThl Ne 4

Homep

Bapu- | AR1/R1,% AR2/R2, % AR3/R3, % AU/ Ugr, %0 AUryr/ Upr, %0

aHTa
1 10 10 10 10 10
2 5 5 5 5 5
3 10 10 10 5 10
4 10 10 5 10 10
5 10 5 10 10 10
6 5 10 10 10 10
7 10 10 10 5 5
8 10 10 5 5 10
9 10 5 5 10 10
10 5 5 10 10 10
11 5 10 10 10 5
12 10 10 5 10 5
13 10 5 10 5 10
14 5 10 5 10 10
15 10 5 10 10 5
16 5 10 10 5 10
17 10 10 5 5 5
18 10 5 5 5 10
19 5 5 5 10 10
20 5 10 10 5 5

Ilpumeuanue. 3Haky + IpU OTHOCUTETBHBIX OTKJIIOHEHHUSIX TAPAMETPOB VISl POCTOTHI 3aMUCH
OITYIIICHBI.
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JIABOPATOPASI PABOTA Ne S

UCCJIEJOBAHUE OTKJOHEHUM BBIXOJHOI'O TIAPAMETPA P3Y
METOJOM MOHTE-KAPJIO C UCITIOJIB30OBAHUEM ®U3UYECKOI'O
MOJAEJIUPOBAHUA

5.1. Heanb padoThI

Lens paboThI: UCCIEIOBaHUE BEPOSITHOCTHOIO PACCEMBAHUS BBIXOJHOTO IMapa-
MeTpa POV ¢ ydyeToM npom3BOACTBEHHBIX IMOTPEIIHOCTEN MMAPAMETPOB JIEMEHTOB U
Ha3HA4Y€HUE HA OCHOBE 3TOT0O MPOU3BOJICTBEHHOIO JIOITYCKA HA BBIXOJHOM ITapaMeTp.

Jns goctrkeHus: 1ed Heo0XoauMo peanuzoBaTh MeToll Moute-Kapio ¢ uc-
[0JIb30BaHUEM (PU3NYECKOTO MOJAEIUPOBAHUS, IPU KOTOPOM CIIy4alHBIM MU3MEHEHU-
SM TMOJBEPTaIOTCS NEPBUUHBIE MTapaMeTpbl puzndeckoit moaenu POY.

5.2. TeopeTnueckue CBeACHUA

IIpon3BOACTBEHHBIN, NHAYE TEXHOJIOTMYECKHUM, JOMYCK — 3TO XApAKTEPUCTHKA
rapaMeTpa, OrpaHMYMBAIOIIAS €r0 NPENEIIbHBIE OTKJIOHEHMS, BBI3BIBAEMBIE YHCTO
IPOU3BOJICTBEHHBIMU MpUYHMHAMHU. [IpOM3BOACTBEHHBIN NOMYCK MOXXET OBITh 3a/JaH
3HaY€HUEM aOCOIIOTHON MPOU3BOJACTBEHHOMN MOIPEUTHOCTH, BBIPAKaEMON pa3MepHO-
CTBIO PAcCCMaTPUBAEMOr0 MAPAMETPA WJIU K€ 3HAYEHUEM €0 OTHOCUTEIIBHOU ITPOU3-
BOJICTBEHHOM MOTPEIIHOCTH, BBIPAXKAaEMOUM OOBIYHO B MPOLIEHTAX.

[Tpumepsr: U= (5=+0,25)B; R=1xO0wm £ 100 Owm;

U=5B£5%; R=1xOm= 10 %.

Ha npaxTuke /Ui BBIOJIHEHUS aHaJIU3a OTKJIOHEHUH (pa30poca, paccenBaHUs)

BBIXO/IHOTO IIapaMeTpa He0OX0IMMO 3HaTh (DYHKIIMOHAIBHYIO CBSA3b BUIA

Y :(0()(31,)(2, ---axn)a (51)
rac y — BI)IXOI[HOﬁ mapameTp,
X1, X2,..., Xy — HCPBUYHBIC ITAPaAMETPHI;
n — 06mee YHCJIO YUYUTBIBACMBIX IICPBUYHEBIX I1IapaMECTPOB.

3Has 3aBUCUMOCTH (5.1), ¢ TOMOIIBIO aHATUTUYECKUX METOAOoB [l, 3] MOXkHO
BBITIOJTHUTh aHAIN3 OTKJIOHEHUH BBIXOJHOIO IapaMeTpa ) ¢ Y4ETOM BEPOSITHOCTHOTO
pasz0Opoca 3HaYeHUI EPBUYHBIX MMAPaMETPOB Xi, Xy, ..., X, ¥ HA OCHOBE 3TOr0 Ha3Ha-
YUTH JOMYCK Ha BBIXOJAHOU mapameTp.

OnHako aHAIMTUYECKUE METOJbl OMpPaBJaHbl U JAIOT YJIOBIETBOPUTEIbHbBIC pe-
3yJbTaThl B TOM CiIy4ae, €Clii BeIpakeHue Bujia (5.1) OTHOCUTENIBHO TOYHO OMUCHIBA-
eT noBegeHrne POY unum mpoiiecca U U3BECTHBI KOPPEISALIMOHHBIE CBSI3M MEXY Tep-
BUYHBIMU TIapamMeTpaMu. B npyrux ciydasx HEIJI0XHe pe3yabTaThl MOKHO MOJIYYUTh
¢ nmoMoluplo Metoga Monrte-Kapio, Ha3pIBa€MOT0O TaKKe€ METOJOM CTATUCTUUECKUX
ucnbiTanuu [ 1, 2].

Cymnocts meTtoga Monrte-KapJio

Meton MonTte-Kapiio nosry4ut mMpoKoe pacpOCTPAHEHUE IS UCCIIEIOBAHHUS
OTKJIOHEHUH BBIXOAHBIX MapaMeTpoB POV u texnonornueckux npoueccos. C momo-
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b0 3TOI'0 METO/Ia MOKHO MPUHATH PEILICHHUE O JOMYCKE Ha BBIXOAHOUN mapameTp B
TEX CIy4asiX, KOrJa aHaJUTUYECKUE METO/IbI MaJIO MPUTOIHBI U3-3a CII0KHOCTH BbI-
paxxeHus Buaa (5.1) 1 HEOOXOAMMOCTH IKCIIEPUMEHTAILHOTO onpeaeneHus Ko hu-
IIUEHTOB KOPPEIALINU MEXy MEepBUUHBIMU NTapaMmeTpaMu. [IpakTuka mokas3biBaer,
YTO JIJIsl IPOCTHIX YCTPOMCTB U TEXHOJIOTHYECKHUX MPOIECCOB 11€J1eCO00pa3HbI aHATH-
TUYECKHE METO/IbI, a JUIsl CIIOKHBIX — MeToJ MoHnTte-Kapio [2].

CymHocTe MeTona MoHTe-Kapino cocTOUT B MOBTOPSIOIMIEMCS MHOTOKPATHOM
nojiyueHun peanuzanuii POY wunu TexHosoruueckoro rmpoiiecca (B JanbHeiIIeM
000011eHHO — nporniecca). Kaxkmas peann3anusi COCTOUT B MOJYYSCHUN 3HAYCHUS BbI-
XOJTHOTO TIapaMeTpa y MyTEM MOJCTAHOBKU CIydyaHONW KOMOWHAIIMU 3HAYEHUU Tep-
BUYHBIX MMApaMETPOB Xi, Xp,..., X, B MaTEMaTU4YECKyI0 Mojenb Buaa (5.1) wim Habo-
pOM 3HAYEHUH X|, X3,..., X, Ha pu3ndeckor Mmoaenu. [Ipu 3TOM 3HAUCHUS TIEPBUUHBIX
MapaMeTpoB, COOTBETCTBYIOIINE TON WJIM MHOW pealn3alid, MOJIy4YarT HE MPOU3-

BOJIbHO, @ C YYETOM BEPOSITHOCTHOTO OMHCAHUS

4 wx) MEPBUYHBIX apameTpoB (puc. 5.1).
[Ipn MonenupoBaHUM HHTEPECYIOTCS 3Haue-
w HUEM (CTaTHUCTUKON) BBIXOJIHOTO MapaMeTpa Kax-
B it e X1 IOM peanu3aluy, MNO3TOMY paccMaTPUBAEMbIN
/ METOJ TMOJY4YWJ Ha3BaHHE METOAa CTaTUCTUYe-
CKUX UCIBITAHUM.
/ B kauecTBe BEpOSITHOCTHOIO OMMCAHUS IEp-
A % 5 2 BUYHBIX ITapaMETPOB MOT'YT HCIIOJIB30BATHLCS Clle-
IOYIOIINE XapaKTEPUCTUKH:
M(x;) — cpenHue 3HaY€HUsI IEPBUYHBIX Ia-
pameTpoB;
o(x;) — cpelHue KBaJpaTUYECKUE OTKJIOHE-
Xn Hus (CKO) nepBUYHBIX MapaMeTPOB;
w(X;) — IJIOTHOCTHU PaCIpEAeIICHNs], OITUCHI-
I-s koMOMRAMT = V1 paigpe noBeneHME NEPBHUHBIX NAPAMETPOB B
2-1 KoMbHHaIMA — ) npejesiax Iuamna3oHoB UX pacCEUBaHMUS.
Puc. 5.1. Ioay4enne ciyqaifHbIx BmecTo 5THX XapaKTepUCTUK B HHIKEHEp-
KOMOMHANMIT TIEPBAYHBIX HOM MpakTHUKE, KaK MPaBUJIO, UCHOJIB3YIOT TaKHUe
napameTpos XapaKTEepUCTUKU, KAK:

M(Ax;/x;) — cpenHue 3HaYEHUs OTHOCHTENBHBIX POU3BOACTBEHHBIX ITOrPELI-

HOCTEH TEPBUYHBIX MapaMeTPOB (CHUCTEMATUYECKHE COCTABJISIONIME JOIMYyCKa; MPH
CUMMETPUYHOM JIOITYCKE PaBHBI HYIIIO);
O(Ax;/x;) — TONOBHHBI MOJEH pPACCEMBAHUS OTHOCHTENBHBIX MPOU3BOJIC-

TBEHHBIX TMOTPEMIHOCTEN MEPBUYHBIX MAapaMETPOB, HA3bIBAEMbIC IOJOBUHOW MO
J0ITycKa (CiydaiHble COCTABIISIONINE I0MTYCKa);
w(Ax;/x;) — OQYHKIHME IUIOTHOCTH paclpeleNeHusi OTHOCHTENBHBIX —IIpO-

M3BOJICTBEHHBIX MMOTPEITHOCTEN MEPBUYHBIX MTAPAMETPOB.

Crnenyet 3HaTh, YTO MEXK/IY BYMs I'PyNIIaMU YKa3aHHBIX XapaKTEPUCTHK CYIIECT-
BYET OJIHO3HAYHasl CBSI3b, TO €CTh OT OJTHOM IPYIIIBI XapaKTEPUCTUK MOXKHO MEPeXo-
IUTh K APYroi 1 Ha00OPOT.
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[Ipu peanuzauuu meronaa Monrte-Kapno cpennee 3nauenue M(y) u CKO a(y)
BBIXOJTHOTO TIapaMeTpa MOy4aroT MyTeM CTaTUCTHYECKOW 00pabOTKH pe3yiabTaToB
BCEX pealn3allnii, UCTIONB3YS Kiaccuueckue (hOpMyIIbl

1 & ZN:[yj_M(y)]z
M(y)=—=2 v oly)=|=

N j=1 N_l ’

(5.2)

TI€ y; — 3HAYCHHE BBIXOJHOTO IIapaMeTpa B j-i peanusanuu POY;
N — o6mee yucio peanuzaiuii POY.
M(y) 0ObIYHO TPUHUMAETCS 32 HOMHUHAIBHOE 3HaUeHHEe ). OCHOBBIBASICH Ha a()),
HA3HAYAIOT JIOMYCK Ha BBIXOAHOW MapameTp.
[TonoBuHY 1TOJISI MPOU3BOJCTBEHHOTO paccerBaHus J()) BEIXOJHOTO MapaMeTpa y
OOBIUHO OMPENENSIIOT, MOIb3YSICh TUIIOTE301 O HOPMaJIbHOM 3aKOHE PaCTIpeCICHUS ).
B cooTtBeTcTBHU ¢ "MpaBUIIOM TpeX cUIM"

o(y) =30(y). (5.3)

[Ipu 5TOM 3HaUYeHUE J()) rapaHTUPYETCS ¢ BEposITHOCTRIO P = 0,9973. Ecnu sTa

BEPOSITHOCTh JIOJDKHA OBITH JIPYTOM, TO BEIIMUUHY O(Y) KOPPEKTUPYIOT C MOMOIIBIO

koa(duLrieHTa rapaHTUpyeMoro odecreueHus fomycka p [1, 3], 3aBucsiero ot 3Ha-
YeHUs BepoATHOCTH P, (Tab. 5.1).

TaGmia 5.1 [Ipy HEOOXOAUMOCTH  OT

P 08 | 09 [ 095099 [09973 ] 0999 09999 | HAUCHHMA BEMMUMHEL O(y) MOXK-

HO HepeﬁTH K 3HAQ4YCHHIO IIOJIO-

p 04310,59]0,65(0,86 | 1,00 1,10 1,30

BUHBl TIOJIS PAcCEUBaHUA IS
OTHOCHUTEIIbHOMN IIPOU3BOJICT-
BEHHOM ITOIrPEIIHOCTH BBIXOIHOT'O ITapaMeTpa:

S(av/y)=38(»)/M (). (5.4)

[Tpou3BoACTBEHHBIN NOIMYCK Ay, Ha BEIXOJHOHU IapaMeTp MOXKET ObITh Ha3HAYEH
CJIeAYIOIIM 00pa3oMm:
A== S5(Ay/ y). (5.5)
Ecmn 3nauenne A, ycTpauBaeT 3aKa3uMKa, 3a7a4a yCTAHOBJICHUS IPOU3BOJCT-
BEHHOTI'O JIOIyCKa pelleHa. B MpoTUBHOM cilydae MOCTYNAOT OAHUM M3 CIIETYHOLIUX
CHOoCO00B B 3aBUCUMOCTH OT TOT'0, YTO OINPaBAAHO C SKOHOMHUYECKON TOYKU 3PEHUS:
1. Mcronb3yroT 3JIEMEHTBl C MEHBIIMMH MPOU3BOJCTBEHHBIMU JOIYCKAMHU H
IPOLIECC MOJIETUPOBAHMS MOBTOPSIOT. Tak MOCTYMAOT IO TEX IMOp, MOKA 3HAYCHHE
JIOITyCKa, yCTaHABIMBAaEMOeE TI0 BeIpaKeHUIO (5.5), He OyneT oTBeYaTh TPEOOBAHUSIM.

2. B kxauectBe A, 3alUCHIBAIOT 3HAYCHUE A(jg“), yCTpamBaeMoe 3aKa3uuka, U

OINpeAeisAIoT, Kakoil npoueHT POY Oyner oTBedars 3TOoMy aonmycky. [l sToro BHa-
yajie HaxoJIAT BeJINYUHY

‘ A)

1p

P s ly)
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rae 3HadeHue O(Ay/y) momydarot no ¢dopmyie (5.4) ¢ UCTIOTB30BAaHUEM BBIPAKCHHUS
(5.3). Uckomerit npoueHT POY onpenensercss BEpOATHOCTBIO P, U HAXOAUTCS MyTEM
peleHus: ypaBHEHUs

1+ P
p=argP 5 3,

rae argd(...) — aprymMeHT TaOJMYHOW HOpMalbHOW (DYHKIMU pacripenencHus (CM.
tabn. I1.1.1 npunoxkenust 1ab. padboter Ne 1, ¢. 14), mis koToporo
cama GyHKIHUS IPUHUMAET 3HAY€HHE, YKa3aHHOE B CKOOKaX.

N nakonen, ¢ y4€ToM HalJICHHOTO npolieHTa POY nenaroT 3akitoueHue o 1ene-
cO000pa3HOCTH O0TOOPA IKIEMILISIPOB, OTBEUYAIONTUX TPEOOBAHUIO K 3HAYCHUIO Ay/y, U
pemaroT, Kak ObITh ¢ IK3EMIUIIpaMU, HE OTBEYAIOIIUMHU TPEOOBAHUIO: MHIUBUIYAJh-
Has JOBOJKA JI0 HOPMBI, IIPOAaXa KaK «HE KOHIULUS» U T.II.

[Ipu peanmu3zanum metona MoHnTte-Kapino ucnonp3yoT Kak MaTEMaTHUYECKHUE, TAK U
duznuecKre MOJIENH.

B cnydasx, korja TpyJaHO HOJy4YUTh Mojenb Buaa (5.1), win xe, Koraa MoJeinb
HE OTpaxkaeT mopeaeHue POY, ucnonb3yoT Gu3NUecKyo MoJielb, B KaUeCTBE KOTO-
poit 00bIuHO HCcHONB3YIOT MakeT POY. Ilpu peanuzanuu metona Monte-Kapio mo-
crynaror Tak [1]. J[mana3oH npon3BOJCTBEHHOTO PACCEMBAHMS KaXJAOT0O MEPBUYHOTO
napameTpa pa3OuBaeTcs Ha 4 — 6 UHTEPBAJIOB U B KAUECTBE MPEACTABUTEIS MHTEPBa-
Jla BEIOMPArOT 3HaYeHue, OJIM3KOe K cepeuHe nHTepBaiia (puc. 5.2).

Jlnst mostyueHusi CiydyaiHOW KOMOWHa-

2z 3 45 IMHA TEPBUYHBIX IMAPAMETPOB HCIOJIB3YIOTCS
Juub 3T 4 — 6 3HaYeHUN MO KaXIAoMy Iep-
BUYHOMY mMapamMeTpy. Pa3zOuenue nuamnasoHa

Puc. 5.2. Pazouenne 1uanasona paccenBaHus IEPBUYHOrO napamerpa Ha 4 — 6
pacceHBaHusl NEPBUTTHOTO MapaMeTpa WHTCPBAJIOB BIIOJHE AOCTATOYHO AJIS PCLICHMSI
Ha HHTEPBA.TBI NpakTHYECKuX 3a1ad4 [1, 2].

Jnst BelmosiHEHMs j-U peanuzauun POY
3HAUEHHUS NEPBUYHBIX MAapaMETPOB, MOJTYUYEHHbIE I 3TOW peanusauuu POV, ycra-
HABJIMBAIOT Ha (PU3MYECKON MOJAENIN M U3MEPSIOT 3HAYEHUE BBIXOJHOIO MapaMeTpa.
JIns takux sneMeHTOB POV, Kak pe3ncTopbel MU KOHAEHCATOPBI, OCYLIECTBUTh U3MeE-
HEHUE MapaMeTPOB MOXKHO MyTEM MAPATUIETBHOTO WIHA MOCIEI0BATENBHOIO BKIHOYE-
HUS JTONOJHUTEIBHBIX 3JIEMEHTOB TAaKOI'O0 HOMUHAJIBHOI'O 3HAYEHMsI, YTOOBI CyMMap-
HO€ 3HAYECHHE MHTEPECYIOIIEro IapaMerpa IMPUMEPHO COOTBETCTBOBAIO 3HAYEHUIO,
KOTOpPO€ HEOOXOJIMMO MMETh IPU MOJEIMpPOBaHUM (Toukam 1, 2, ..., 5 Ha puc. 5.2).
JInst HeKOTOpbIX AeMeHTOB POV (oTAenbHbIE THUIBI JUOJAOB U AP.) OCYIIECTBIISIOT
UMUTHUPOBAHUE MMAPAMETPOB, T.€. MOJKIIOYAIOT K pacCMaTpUBAEMOMY 3JIEMEHTY 3Jie-
MEHTBI JAPYroro (pyHKIHOHAJIBHOTO Ha3HAUEHUs, MPUBOASIIME K M3MEHEHHIO Iapa-
METpa HHTEPECYIOLIET0 AIEMEHTA.

Ecnu no kakuMm-1160 nmpuurHaM BO3AEMCTBOBATh HA M3MEHEHHUE MEPBUYHBIX I1a-
pamMeTpOB HEJb3s WK HE y1aeTC UMUTHPOBATh U3MEHEHUE, TO OCYILECTBISIOT CITy-
YailHy10 3aMEHY AJIEMEHTOB. DTO OTHOCHUTCS K TAKUM 3JIEMEHTaM, KaK TPAH3UCTOPBI,
MHTErpajbHble MUKPOCXEMBbI, UMITYJIbCHBIE TPaHC(HOPMATOPHI U JIP.
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5.3. Onucanne J1a0OPATOPHOr0 MaKeTa

POV, anga xoToporo BBINONHSETCS (PU3NYECKOE MOJICIMPOBAHUE MO METOIY
Monte-Kapiio, — HEeMHBEPTUPYIOIIUIA UCTOYHUK OMOPHOTO HATPSIKEHUs, dJIEKTpUYe-
CKas cxeMa KOTOpOro MpuBeeHa Ha puc. 5.3.

A1 ®dusnyeckas MOJAEIb HUCCIEIYEMOTO
— POV mnpencraBnena maGopaTOpHBIM Make-
1 R3 1+ TOM. JlJ1s1 HATJISIAHOCTH HA NEPEIHEN MMaHEIn
— MakKeTa NpPUBEJICHA »JJIEKTpUYECKas CcXxema
DAL POV c ykazanueM HOMUHAJIbHBIX 3HAYEHUU
‘4?\ > U JIOIYCKOB IICPBUYHBLIX IIapaMETPOB, APY-

] roil HeoOXOAMMOM HH(POPMAIIUH.
TVDQ R2 U B kadecTBe BBIXOAHOIO Mapamerpa )
. y  PacCMaTpUBAcTCs BBIXOAHOC HAMPSIKEHHUE

Usux ccnenyeMoro POV, a B kauecTBe nep-
BUYHBIX MapaMEeTPOB — MapaMeTphl dJIEMEH-
ToB R1 — R3, VD1, DAl u HanpsbkeHue uc-

Puc. 5.3. DnekTpuueckasi cxema
HUCTOYHHKA OTIOPHOTO HATIPSIYKEHHUSI

TOYHUKA nuTaHus A4 1.

du3nueckoe MOACIHPOBAHUE BBIMOIHIETCA MYTEM JTUCKPETHOTO W3MEHEHUS
napaMeTpoB 3JeMeHTOB R1— R3, VD1 u HanpsbkeHus: UCTOYHMKA nuTaHus A1 B mpe-
nenax noseu pomyckoB. [lonst 0myCKOB MEepBUYHBIX MapaMeTpoB Pa3OUTHI HA TISIThH
WHTEPBAJIOB. 3HAYEHUsI OTKJIOHEHUM, COOTBETCTBYIOIIME TpaHMIIAM HHTEPBAJIOB, a
TaKKe 3HaueHHe "MpecTaBuTeNs" KaXX10T0 NHTEpBalia yKa3aHsbl B Ta0I. 5.2.
IIpn peanuza-

Tabnuma 5.2
o Metona MoH-
HHSI-C ['paHHUIIbI HHTEPBAIOB M 3HAYCHUE OTKIIOHEHHS, te-Kapmo ocy-
yO/O ’ COOTBCTCTBYIOIICC «IIPCACTABUTCIIIO» UHTCPBAJIa, % IIECTBUTh W3MEHE-
L5 -5.-3 | -3..—-1|-1..+1| +1..+3 +3...+5 HUE WM UMHTALHUIO

—4 —2 0 +2 +4

U3MEHEHUs  Mapa-

-10...—6 | —6...—2 |-2...+2| +2...+6 +6...+10
+10 g 4 0 ) 4'g MCTPOB HMHTErpajb-
£20 —-20..—12 | -12...—4 | —-4..+4 | +4.. +12 | +12...+20 HOH  MHKPOCXCMBI
— 16 -8 0 +38 +16 DAl na Makere

POV upe3BbIuaitHo
CJII0’KHO, MO3TOMY JJIsi HE€ MpelyCMOTpPEeHa CilydailHas 3aMeHa, JJIS 4ero B MakeTe
YCTaHOBJIEHO HECKOJIBKO (/10 JECSATH) FK3EMILIIPOB MUKPOCXEM JAHHOTO THUIIA.
st usamepenust Ug,x pPEKOMEHAYETCS UCIIOIb30BaTh IU(DPOBON BOJBTMETP.

5.4. 3anaHune HA IKCIIEPUMEHTAJBLHYI0 YaCTh JIAa00OPATOPHOH PadoThI

PekoMeHtyemasi mociie1oBaTENbHOCTD BBIOTHEHUS J1a00PATOPHOM pabOTHI:

1. O6ocHoBaTh ymucio peanusanuii N (3HaueHue N peKOMEHIYeTCsl COTJIaCOBbI-
BaTh C IpernojiaBareieM, Ho B JitoOoM cirydae N > 50).

2. O3HakoMuUThCS ¢ (pusmdeckoil Moaenbo POY — maboparopHsiM MakeToM. Bei-
SCHUTb, KaKue JOMYyCKU UMEIOT nepBuuHble mapamerpbl: R1 — R3, Ui, Unyr. Uc-
nosb3ys onuuio I'eHepupoBaHue cay4alHbIX yKMces B mporpamme 1t OBM labS-7
(manka TOKTuH), onpenenuts ciydaifHple KOMOMHAIIUU MPOU3BOJCTBEHHBIX OT-
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KJIOHEHUH NEPBUYHBIX [TAPAMETPOB U HOMEP 3aMEHSIEMOW UHTErpajIbHOU MUKPOCXE-
MBI i j-i peanusanuu POY (j = 1, 2, ..., N). [Ipy BO3BHUKHOBEHUU TPYIHOCTEH B
MOJIYYeHHUH CITy4ailHbIX yucen Ha DBM cnepyer oOpatutbes k Tabauam, mpuBeaEH-
HbIM B npwiokeHuu. [Ipu ucnonap3oBaHuM TAOIUI] BEIOOP YKMCENT MOXKHO HAYMHATH C
10001 ToUuKM (hparMeHTa TabaUIbl U TBUTATHCS MO CTPOKAM WJIM CTOJIOIAM.

ﬂﬂﬂ omeenia Ha 60npoc, Kakue OmMKJIOHEeHUSl Onl HOMUHRAIbHbIX O0JIHCHBL UMEMb nepeuyvHsle na-
pamempol 6j-ﬁ peaiusayuu, Heobxoo0uMo eHavane 6bISAICHUMb, KAKO6bl npedeﬂbele OMKJIIOHEHUA
NepeUYHbIX NApamMempos8 U KaKo8 3aKOH pacnpedellenus: 8 npedeiax nojieu 00nycKko8 napamempos
uiu, 4mo mo aHce camoe, ux OomHoCcumelbHblx npouseodcmeeHHblx noepemnocmezl. 3amem Cﬂeayem
60CNONb306AMBCA OAMYUKOM C]Zyllalele qucei. Hanpwwep, eciau 0071)/6'7(' Ha napamemp sjliemernma
umeem snavernue £ 10 % u moorcem b6vimo npuxraAma cunomesa 0 HopmailbHOM pacnpedeﬂeHuu na-
pamempa, mo HeobxX00UMO 60CHOIL306AMBCA OAMUUKOM C]ZyllaﬁHblx quceil, pacnpebeﬂeHHbzx no
HopManbHoMy 3aKkony 8 ouanasone — 10 ... + 10. Ilonyuug cryuatinoe 4ucio u npUHUMAs 80 6HUMA-
HUe, Ymo 8C€ noje O0NYCcKa pasHOMepHO pazdoumo Ha name UHMep8anos (cm. madi. 5.2), MONCHO
yKasambv OucxpemHoe 3HAYeHUe OMKIOHERUA, KOomopoe Heobx00UMOo ycmaHoeumbs 0151 OAHHO20 Nna-
pamempa Ha modenu (maxeme) 8 j-ui peanuzayuu PIY.

IIpeononoscum, umo nepsuunvlii napamemp umeem oonyck =10 % u pacnpedenen no Hop-
MATbHOMY 3aKOHY, a 015 j-Ul peanuzayuu POY ¢ nomowwio cenepamopa cuyuatinvix uucen noayieno
3Hauenue — 4,9. Ilo mabn. 5.2 onpedensiem, umo OJisk paccmampugaemo2o NepeuyHo20 napamempa
00JICHO ObIMb YCMAHOBIEHO OUCKpemHoe 3HaueHue, coomeemcmayrowee unmepgairy — 6 ... — 2 %,
mo ecmv 3Havenue 601u3u mouku — 4 %. Homep sxzemniapa muxkpocxemvl DA onpedensemcs ¢
NOMOWbIHO PABHOMEPHO pacnpedeﬂeHHblx Cﬂyllaiszlx yycen 6 ouanazone om 1 0o yucaa, coomeem-
CMBYIoue20 KoJIU4ecma)y UHmMespaibHblX MUKPOCXEM, UCNOTIb3YEeMbIX OJisL 3AMEHbL.

3. Ucnonb3ys Gu3NIECKyr0 MOJENb, BEITOIHUTH N peanu3anuii POY.

j-}i peanruzayusa cocmoum 6 YCnaHOBKe Ha Mooenu C]ly"laﬁHOZO covemaHus npous‘@odcmeeH—
HbIX OMKIOHEeHUl nepeuursblx napamempos, nojay4€eHHoco 07151 5moul pealuzayuu, U UsMEPEerHUuU 3Ha-
yenus 6b1x00H020 napamempa Ug,, (j = 1, 2, ..., N). /1 unmeepanvHot MuKpocxemvl 8K1H04aemcst
HYICHBLU HOMED IK3EeMNIAPA.

4. C momoripio nporpammsbl lab5-7 BBIMOJHUTH CTAaTUCTHYECKYHO OOpabOTKy
BCceX N peanusanuii, MPOCMOTPETh THCTOTPAMMBI PACHPENECICHHS BBIXOJIHOTO Mapa-
MeTrpa Uy, TIPU YuCiIe UHTEPBAIOB k = 5 — 7 1 BbIOpaTh €€ pabounii BuaA. BBIACHUTH
MIPABOMEPHOCTH MCIIOJIB30BAHMS TUIIOTE3bI O HOPMAIbHOM pacupeaeneHun Uy,y.

M3 neckonvkux cucmoepamm, nOJIYHYERHbIX npu ConocmasuMom yucie uHmepedajlos, lelll/blelz A6-
JIlemcs ma, KOmopasi umeem MeHbulee Yucio UHeepcuti (Kpome pasHoMepHo2o pacnpeoenenus). M-
eepcueﬁ cdumarom CMeHY 3aKOHOMEPHOCMU USMEHERUS 6b1COM NPAMOY20JIbHUKO6 cUCmOocpamMMbl.

5. C ydeToMm pe3yJbTaTOB CTAaTUCTUUECKOM 00paboTKH Bcex N peaim3anuii
HA3HAYUTh IPOU3BOJCTBEHHBIM JONYCK Ha BbIXoAHOW mapamerp POY. Eciam Ha-

3HayaeMbIi JIOMYCK HE OTBeYaeT TPeOOBaHMUIO 3aKa3uMKa, TO HEOOXOAUMO MPHUHSITH
_ 3aK %
App = A(Hp ) u BBISICHUTB, Kakoil mporieHT POY cpa3y OyaeT oTBedars TpeOOBAHMIO.
Ilpumeuanue. 1lpy BHIIOJHEHUHU 3TOTO MYHKTA MOJB30BATHCSA TEM, YTO, UCXOJS U3 CIyKeO-

HOro Ha3HaueHus POY, 3aka3unka ycTpauBaeT JOIyCK A(SSK) =+ 5%.

5.5. Conepxkanue oTyeTa

1. ®opMynaMpoOBKa 1€ UCCIEIOBaAHUS.

2. DnekTpuueckas cxema ucciaeayemoro POY ¢ ykazaHneM HOMHHAJIbHBIX 3HA-
YEHUU U NMpeJeTbHbIX OTKIOHEHUHN TapaMeTpPOB FJIEMEHTOB.

3. Pe3ynbrarhl MOETUPOBAHUS IS j-U pean3aluu: OTHOCUTEIbHbBIE OTKJIOHE-
HUSl TapaMEeTPOB AJIEMEHTOB (st anemeHTa DAl — HoMep AK3eMIUIsipa) U 3HAUYCHUS
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BBIXOJTHOTO TapameTpa. ITy WH(OPMAITUIO TPUBECTH B BUJEC TAOJHIIBI JIJIS TTEPBBIX
ISITU — ceMHU peanu3auuii POY.

4. Pe3ynbTaThl CTaTUCTHUUYECKON 0OpaOOTKH, MOJyYEHHBIE MO JAaHHBIM Bcex N
peanmzanuii: cpeanee 3Hauenue M(y), CKO o(y) u ructorpamMmmy pacnpeeneHus Bbl-
X0HOTO napametrpa y — Uy, IPU YUCTIE UHTEPBAJIOB k U3 Auana3oHa k=5 — 7.

5. O60CHOBaHHOE 3aKIIOYEHUE O 3HAUEHHUH MPOU3BOJCTBEHHOIO JOITYCKa HA BbI-
XOJIHOW MapaMeTp, BBIPAKEHHOE KaK Pa3MEPHOCTBIO BBIXOAHOTO NTapaMeTpa, Tak U
OTHOCHUTEJIBHBIM OTKJIOHEHUEM B MpOLEHTaX. Ecau Mpou3BOICTBEHHBIN JOITYCK
npuaETCsA yCTaHABIMBATH UCXO/IA U3 TpeOOBaHUM 3aKa3yuKa, TO HEOOXOUMO yKa3aTh
nporieHT POV, koTopslii cpazy OyAeT oTBedYaTh TPEOOBAHHUIO K TPOU3BOICTBEHHOMY
JNOMYCKY. YKa3aHHbIN mpoueHT POY noarBepauTs pacuéTom.

6. BoiBojib1 110 paboTte. Ecnu mpon3BoACTBEHHBIN JOIMYCK YCTAaHABIUBAJICS UCXO-
Tl U3 TPEOOBAHMI 3aKa34rKa, TO 0053aTeILHO OTPA3UTh BOIIPOC O «Cyan0e» POV,
Cpa3y He OTBEYAIONTUX TPEOOBAHUIO.
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IPUJIIOKEHUE

TABJTHIBI C/IVYAHHBIX YUCEJ
Tabmuna I1.5.1
Uucna, pacnpeneneHHble 0 HOpMaJIbHOMY 3aKOHY B Auamnazone — 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 -1.4
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 33 -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 7,7 3,8 1,3 -3,0
-6,4 6,8 -1,4 4,5 0,3 -1,9 0,2 -1,2 -3,6
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Taomuma I1.5.2
Yucna, pacnpeielICHHbIC 10 3aKOHY PaBHON BEPOSTHOCTH B Uamna3one —5 ... +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 3,4
-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

Taomuua I1.5.3
UYucna, pacpeeIeHHbIE 110 3aKOHY PaBHOW BEPOSITHOCTH B 1uana3oHe 1 ... 10

(98]

—_
o

O JWLWAIDD ORI

ANV OCOWHONONI PR, ONONPBAS

—_
o

4 2 1 10 8 4 3 6 1 3 7 3
10 10 3 5 3 2 1 5 3 7 10 4
10 8 8 2 1 5 2 2 10 10 7 9
5 9 1 6 8 4 4 4 5 8 8 4
9 5 10 7 2 9 9 1 2 6 3 9
7 7 10 8 4 4 5 3 7 8 3 8
3 4 2 3 4 1 1 3 5 2 6 3
9 9 6 10 8 5 5 9 2 6 6 9
4 10 9 10 8 8 8 8 6 6 6 9
2 8 5 2 7 10 9 10 9 5 5 8
8 8 2 9 9 5 5 8 8 3 4 2
8 4 2 8 3 7 6 1 2 9 5 4
1 5 9 5 2 2 7 8 7 7 5 3
9 2 4 7 5 3 4 6 6 2 7 4




JIABOPATOPASA PABOTA Ne 6

OITPEAEJEHUE KOOOOUILMEHTOB BJIMAHUA
HEPBUYHBIX ITAPAMETPOB

6.1. Leab padoThI

[{ens paboThl: onpeneneHue KO3 GUIMECHTOB BIMSHUS IEPBUIHBIX TTAPAMETPOB
(mapameTpoB 2JIEMEHTOB U (PYHKIIMOHATILHOTO y351a POY) skcniepuMmeHTanbHO-
pac4YETHBIM CITOCOOOM U CpaBHEHUE TIOJYYCHHBIX 3HAYCHUH CO 3HAUCHHUSIMU, HA-
JICHHBIMHU YHCTO aHAJTUTHYECKUMU METOIaMHU.

6.2. TeopeTnueckue CBeCHUA

Ecau u3BecTHa MmaTemMaTudecKas MOJICJIb BHAA

Y =(0(X1,X2, ...,Xn), (61)
rne y - BBIXOJHOM MMapameTp;
X1, X2,..., X, — ICPBUYHBIEC [TAPAMETPHI;
n - o0I1Iee YUCIIO YUYUTHIBAEMBIX IEPBUYHBIX TTAPAMETPOB,

TO KO3(PGUIUEHT BAUSHUS B; i-r0 MEPBUYHOTO MapaMeTpa MOXKHO ONPEAETUTH IO
BBIPAKECHUIO

B_| X

1

; (6.2)

0

ox; y

I7Ie HUKHUN MHAEKC «HOJIbY» yKa3blBa€T Ha TO, YTO Tociie AuddepeHIupoBaHus U
JIOYMHOXEHUS Ha X;/y B TIOJy4EHHOE BBIpaKEHHE HEOOXOIUMO TOJICTABUTh CPETHUE
(OIpy CUMMETPUYHBIX JIOMYCKaX — HOMUHAJIbHbBIE) 3HAYEHUS X1, X3,..., X, €CIIH B BbI-
paxeHun oHM ewm€ ocranyrtcs. IIpumepsl onpenenenus B; npuBeneHsl B [1, c. 97,
127; 2, c. 46].

Ecnu BeIXOMHOM TTapamMeTp y MOXKET ObITh MPECTABICH B BUJIC OTHOIIICHUS

e Oy, X,) QO
H(x,,..,x,) H’

(6.3)

rae O, H — MHOTOUJIEHBI, COAEpIKAIllUe HEO0OsS3aTeIbHO BCE X;, MPUUYEM UX CTEEHb
MOJKET OBITh JIFOOOH,
TO KO3 PUIMEHT B; MOXKET OBITh IOJACUUTAH MO PopMyJie

X, H(x,
5 - Q) Hx)
0 H
rae Q(x;) u H(x;) —4actu MmHorouneHoB Q u H, coaepxariie TOJIbKO X;;
m, [ — MakcUMaJbHbIE CTEIIEHU X; COOTBETCTBEHHO B MHOrowIieHax Q(x;) u H(x;).

C npumepoM nipuMeHeHus: popmyisl (6.4) MOKHO 03HAKOMUTHCS B [1, ¢. 128,
npumep 4.9; 2, c. 46, npumep 4.9].

, (6.4)
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KoaduiimenTs! BAUSHUS MOTYT OBITh TaK)XKe OMPEIECICHbI METOAOM PUPAIICHUS.
B sToMm ciyuae nonb3yroTcst popmyoi [1]

B ~ Ay . xiHOM — (D(xl HOM O’ *°*2 xi HOM +Axi”"’ xn HOM)_yHOM . xiHOM
i s
ij yHOM Ax; yHOM

1

(6.5)

TA€ X yow> Viow — COOTBETCTBEHHO CpelHHE (HOMUHAJIbHBIC) 3HAUCHUS [-TO MEepPBUY-
HOT'O Y BBIXOJHOI'O IapameTpoB; i =1, ..., n;
Ax; — 3amaBaemoe IpupalleHue (C y4€TOM 3HaKa) i-ro NePBUYHOTO MapaMeTpa;
Ay — mnpupaileHre BhIXOJHOIO MapaMeTpa ¢ y4€TOM 3HaKa MOCIIE BBIMOIHEHUS
omnepaluy NpupamieHus X;.

TouHOCTh onpenenenus B; 3aBUcHT OT npupamenus Ax;. [Ipu pemenun npaktu-
YecKux 3amad Ax; coctaBiseT oObaHO He Oosee 1 ...2 % cpeaHero (HOMUHAIBLHOTO)
3HaueHus x;. [I[pumepsl mpuMeHeHus: MeToaa npuBeneHsl B [1, c. 129; 2, c. 47].

Jlnst onpenenenuss KO3QPUIIMEHTOB BIUSHUSA MEPBUYHBIX MapaMeTPOB IKCIIe-
PMMEHTAJBLHO-PACYETHBIM CIOCO00M MaTremarthueckas Mozenb (6.1) He HyXHa.
Ucnons3yercs sxk3emmusip POY unu ero maker. Metoa coctout B crenyronieM. Nn-
TEpeCyIolleMy NEPBUYHOMY NapaMeTpy X; JaloT Majoe npupaiienue Ax; (kenaresb-
HO 1...2 %, HO B 1F0OOM cityuyae He Oosee = 5 %), npuHUMas BO BHUMaHHE 3HAK MPH-
pameHus. OcTalbHblE MEPBUYHBIE MAPAMETPBI CYUTAIOT COOTBETCTBYIOIIUMH CpEJ-
HUM (HOMHHAJIbHBIM) YPOBHSIM, WM K€, €CIIM HET TEXHUYECKUX CIOKHOCTEH, ycTa-
HAaBJIMBAIOT UX cpeaHue 3HaueHus. [locne BhIMOMHEHHS Oonepaluy MpUpalieHus: KOH-
TPOJIUPYIOT 3HAYEHHUE BBHIXOJHOTO MapameTpa y. KoapdbuiueHT BIusHus NEPBUIHOTO
napamMeTpa x; olpeAesstoT no Gpopmyre

— (6.6)

rac x — COOTBCTCTBCHHO 3HAUCHUA IICPBUIHOIO IMapaMeTpa X; 1 BBIXOAHOI'O

i Hay > Y Ha4y
napameTpa y 0 BBIOJIHEHUS ONepaluy TPUPALLECHUS.
3HaueHue Ay OnpenenstorT Kak

Ay = (D(XI Hady -5 X Hay +A.Xl', cees Xy Haq) — Vuau. (67)

Ecnu Bce mepBUYHBbIE TapaMeTphl (BKIIOYAsk apaMeTp X;) 0 BBITOJIHEHHS OIle-
pauuu NpUpamieHys X; yCTaHABIUBAINCH PAaBHBIMU CPEAHUM (HOMUHAIBHBIM) 3Haye-
HUSIM, TO CIIPABEJINBBI PABEHCTBA

Xi mau = Xi noms = 13 «ees N5 Yuau = Vuom -
6.3. Onucanne J1aGOPATOPHOT0 MAKETA

Hccnenyembim POY sgBisieTcss HEMHBEPTUPYIOIMIMI UCTOYHUK OMOPHOIO HaIps-
*eHus. Ero anexkrpruueckasi cxeMa npuBeieHa Ha puc. 6.1.

B kayecTBe BBIXOJHOI'O IMAPAMETPA ) pACCMATPUBAETCS BBIXOJHOE HANPSIKEHUE
Uwux uccnenyemoro POY, B kauecTBe NEpPBUYHBIX NApaMETPOB — CONPOTHUBIICHUS
pesuctopoB R1 — R3, nanpspbkenue cradmnuzanuu U, anemental/D1 u HanpsikeHue
nutadus U, UICTOUYHUKA nmuTanusg A1.
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Hccnenyemoe POY mnpencrasiieHo nabdo-

Al
paTOpHBIM MakeToM. IS HarjasiiHOCTH Ha
R3 —1+ nepeHed MaHeld MakeTa MPUBEACHA AJIEK-
Rl — B TpUYECKasi CXeMa YCTPOMCTBA C yKa3aHUEM

L1 o
HOMHWHAJIBbHBIX 3HAYCHHUMU IICPBHUYHBIX IIapa-

DAl
‘4? ™ METPOB, 3HAYEHUHN JOMYCKOB ATHUX MapaMeT-
L POB U Ipyroi HeoOxoauMon nHpopmMauu.

NV

UBLIX
VDI[J F
} 6.4. 3ajaHue HA JIKCIIEPUMEHTAILHY IO

4acTh JIA00PATOPHOI PadoThI
Puc. 6.1. DnekTpuyeckasi cxema

HCTOYHHUKA OIOPHOTO HANPSKEHMS PexoMeH TyeMasi ocjIe10BaTeNLHOCTh

BBITIOJTHEHUS PA0OTHI:

1. O3HaKOMHTHCS ¢ JTaOOPATOPHBIM MAKETOM: BBISICHUThH, KAKOBBI HOMUHAJILHBIC
3HAYEHHS NIEPBUYHBIX MMAPAMETPOB, B KAKUX MpeAenaax MOXKHO 3a/1aBaTh OTKJIOHEHUS
OT 3TUX 3HAYEHU, KAK KOHTPOJUPOBATH MPUPAILICHUS IEPBUYHBIX MTAPAMETPOB, KaK
M3MEPATh BBIXOTHOM MTapameTp.

2. Wcnonb3ys 1ab0paTOpHbI MakKeT, NOJIYYUTh JAHHbIE HEOOXOIUMbIE NS TO-
cieayomiero pacuéra no gopmyie (6.6) korhPUIIMEHTOB BIUSHUS MEPBUUYHBIX Ta-
paMeTpoB — CONMPOTHUBJICHUN pe3uctopoB R1 — R3, HanpspkeHus crabunuzanuu U,
aneMeHTalVD1 u nanpsbkenus nutanus Uy, ICTOYHUKA UTaHus A 1.

B xauecmee 3naueHul X; oy 00 8bINOIHEHUS ONEPAYUU NPUPAUYEHUS 3HAUEHULL X; UCTIOb30-
8aMb 3HAYEHUSL X; 110y, 8 KAUECTNBE Vyyqy — SHAUEHUE Vyyon-

Pexomenoyemasn nocredosamenvnocme noayueHus SKCNePUMEHmMAanIbHbIX OAHHbIX.!

®  YCIMAHOBUMb HOMUHAIbHbLE 3HAUEHUS. 8CeX X; U UBMEPUMb SHAUEHUE Yoy,

® 01 paccmampusaemozo X; coelams manoe npupaweHue Ax;, npuHae 60 eHUMAHUE 3HAK
npupaweHusl;

® u3Mepumv 3HaAUeHue y, coomsemcmayouee npupaujenuto Ax;.

3. Tlo popmyme (6.6) onpenenuth 3HaYeHU KOIDDHUITUEHTOB BIUSHUS ITEPBUY-
HBIX NapameTpoB. s onpenenenus npupaiieHuii Ay, moAcTaBiIsieMbIX B GopMyITy
(6.6), ucnonp3oBaTh BeIpaxkeHue (6.7).

4. IlpyuHuMas BO BHUMaHUE MaTeMaTU4eCKyt0 Mozesib POY, nonydeHnyo B ja-
6opatopHoii pabote Ne 4, onpenenuth KO3 OUIIMEHTHI BIUSHUS IEPBUYHBIX Tapa-
MeTpoB R1 — R3, U, 1 Uy, IByMst ciocobamu: o popmyie (6.2) wnu (6.4) u MeTo-
JIOM MPUPAIIEHHI C HCIIOJIb30BAaHUEM BbIpaxeHus (6.5).

5. CpaBHuTh 3HAYCHUS KOAD(OUIIMESHTOB BIUSHHUS, TIOTYUYEHHBIC TIPU BBITIOJIHE-
HUU 011. 3 1 4, 00BSICHUTH PACX0KICHUE 3HAYCHU.

6. Hanucatb oTu€T 1o padore.

Ilpumeuanue. Ecnu nab. pabora No 4 He BBITIOJIHSIIACH, TO MPU BHIMIOJHEHUH 1. 4 B KAUECTBE
MaTemaTrueckoit moaenu POY paccmarpuBaTh BeIpakeHHE, MPUBOAMMOE B uTeparype [2]:

R2 + R3
u =U_——~=
BBIX CT R2 . (6.8)
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6.5. Conepxkanue oTyeTa

1. ®opmynupoBKa 1€ paboThI.

2. DnekTpuueckas cxema uccienyemoro POV ¢ ykazannemM HOMMHAJIBHBIX 3HAa-
YEHUH U NpeeIbHbIX OTKJIOHEHUM MEPBUYHBIX TapaMETPOB.

3. MaremaTtuyeckas Mmozaeib POY.

4. DKCnieprUMEeHTAIbHBIE JTaHHbIE, HEOOXOIUMBIE IS OmpeneaeHus: KodPhuiu-
€HTOB BJIMSHUS HKCIIEPUMEHTATIbHO-PACYETHBIM CIIOCOOOM.

5. 3nadenuss KO3(G(OUIMEHTOB BIMSHUS, TOJYYECHHBIE HKCIEPUMEHTAIBHO-
PacUYETHBIM U aHATTUTHYECKUM CITOCOOAMH.

6. BeiBozmbl 0 paboTe ¢ 00sS3aTeNbHBIM OOBSICHEHHEM MPUYHH PACXOKICHHUS
3Ha4YCHUN KOA()PUITMEHTOB, MOTYUYEHHBIX PA3HBIMU CITIOCOOAMHU.

Otser Ha nm. 4, 5 cienyer aaTh B Buje Taou. 6.1.

Tabmuma 6.1
ITep- | 3ma- Hpu- | 3Hade- |y, ... Ay, naii- | B, nony- | B;, monyuennoe
BUYHBIH| YeHHE | pamie- |HUCY C | [pasm] | meHHOE YEHHOE AHAJIMTUYECKUM
mapa- | x; yom, | HHC y4eTom 0 BBIpa- | aKcmepu- | cmocobom (MeTo-
MeTp | [pasm] | Ax;, npupa- KEHHIO MEHTalb- | JOM)
[pa3m] | WCHUA (6.7), HO- no ¢op- | mo BHI-
Ax;, [pasm] pacuér- MyJie paxe-
[pa3zm] HBIM CHIO- | (6.2) WM | HHIO
cobom (6.4 (6.5)

X[—>R1

Ilpumeuanue. 3anicey [pa3M]| B Ta0i1. 6.1 o3HaYaeT pa3MepHOCTh MPUBOIUMOMN BETUUYHHBL.
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JIABOPATOPHASA PABOTA Ne7

UCCJIEJOBAHUE OTKJOHEHUM BBIXOJHOI'O TIAPAMETPA P3Y
METOJOM MOHTE-KAPJIO C UCITIOJIbB3OBAHUEM MATEMATHNYE-
CKOI'oO MOJAEJIMPOBAHUA

7.1. Heab padoThI

[lens paOoOTHI: MCCIEAOBAHNE BEPOATHOCTHOTO PACCEMBAHMS BBIXOJHOTO Iapa-
MeTpa POV ¢ ydyeToM npou3BOACTBEHHBIX NMOTPEIIHOCTEN MMAPAMETPOB JJIEMEHTOB U
Ha3HaYCHUE HAa OCHOBE 3TOI'0 MPOU3BOJACTBEHHOIO JIOIYCKA HA BBIXOJAHOU IIapaMeTp.

Jlis noctrkeHus 1enu B padbore peanusyercs metog MonTe-Kapio ¢ ucnonb3o-
BaHMEM MATEMaTUYECKOI0 MOJEIUPOBAHUsS, IIPU KOTOPOM CIy4YalHBIM U3MEHEHHUIM
IIOJIBEPraroTCs IEPBUYHBIE TApaMETPbl MaTeEMaTU4eCKOoM Mmoaenu POY.
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7.2. TeopeTnyeckne CBeIeHUA

HpI/I HUCIIOJIB30BAHUN MATCMATUYCCKOI'O MOACINPOBAHUA MCTOAOM MoHTe-
Kapﬂo HCXOAHBIMHU JAHHBIMH JOJI’KHBI OBITh: BCPOATHOCTHOC OIIMCAHUC TICPBUYHBLIX
mapameTpoOB X1, X2,..., X, HJIIKX UX OTHOCUTCIIbHBIX IMPONU3BOACTBCHHBIX HOFpCHIHOCTeﬁ

Ax\/ x1, Axy/xy, ..., Ax,/x, 7 XOTs ObI IPUOIMKCHHBIA BUJ MAaTEMaTHUYCCKON MOICITH
y:qo(xl’x% “-9xn)a (71)
rae y - BBIXOJIHOM MMapameTp;
X1, X2,..., X, — ICGPBUYHBIC ITAPAMETPHI;
n - 00111ee YMCII0 YUYUTHIBAEMbBIX MTEPBUYHBIX TTApaMETPOB.

[Tpu monenupoBannu POY (mporecca) metomom Monrte-Kapino MoxHO BbIjie-
JUTH cieayrouye 3tamnsl [1]:

1. IMony4yenue ciaydallHONW KOMOMHAIIMKM 3HAYEHUM MEPBUYHBIX MapaMeTpPoOB Xi,
X2,..., X, JUIS j-H peanmm3anuu nporecca, j =1, 2, ..., N, tme N — o01iee 9uciio peaitm-
3aIui mporecca. ITo OCYIIECTBISIETCS C YUETOM CpeTHUX (HOMUHAIIBHBIX) 3HAUCHUHN
U JIOMYCKOB MEPBUYHBIX MapaMETPOB, a TAKXKE 3aKOHOB UX pacIpe/eieHus B Mpeje-
J1ax TMOJIEN JIOMYCKOB.

Peanuzanuu mepBUYHBIX MapaMeTPOB IMOIYYalOT, MCIOJIb3YSl XapaKTEPUCTUKHU
(mapameTphl) 3aKOHOB UX pacHpeIesieHHs], HAlPUMEP MPU HOPMAJILHOM 3aKOHE 3TO M
U 0, IpU PaBHOMEPHOM — a U b, npu 3kcnoHeHuuansHoM — A [1]. [ToaTomy, 4TOOBI
CMOJEJIMPOBATH MEPBUYHBIN MapameTp, paclpeaeaEHHbI 0 TOMY WIM HHOMY 3aKO-
HYy, HaJI0 BHAYaj€ HANTU XapaKTEPUCTUKH 3aKOHA PACIpPEACIICHUS, KOTOPHIE OIpeie-
JIEHHBIM 00Pa30M CBSI3aHBI CO CPETHUM 3HaUeHUEM M(X) U CpeTHUM KBaJIpaTHUYECKUM

orkinonenueMm (CKO) a(x)

Tabmuma 7.1
paccMaTpuBacMoro Iiapa-
3akoH Mapamer- Cesa3p  mapamet- | OnpeneneHue metpa x (Tadi.7.1).
pacmipene- Pbl 3aKOHa [X;B 3akoHa C | a(x) ;0 3Have- 2. TloxcraBieHue Io-
fend () 1 o(x) HUIO O(X) JYYEHHOH CIIy4anHOU
Hopmais- I m = M(x), o(x) ~ o(x) KOMOWHAIMK  3HAYCHUU
HBIH ’ o = o(x)
X1, X2,..., X, B MaTeMaTu-
a=x;q, b=x;5; YECKYI0O MOJECJIb BHUIOA
PaBHo- L LB o(x) Y
y a, b X +x.s | o(x)= (7.1) u onpeneneHue 3Ha-
MEPHBI M(x)="H 12 3 .
2 YeHUs y IS j-il peannsa-

nuu POY.
3. IIpoBenenue N peanuzanuii POY u nonydenue pana 3Ha4CHUM Vi, Vy,..., Vn.
Tpebyemoe uncio peanuzaiuii N MOKET ObITh orpesiercHo o Gopmyie [1, 2]

4o (»)])
Nz (7.2)

rae o(y) — CKO BbIXOJIHOTO MapameTpa;
A — 3adannasn (00 Hayana MoOeIUupoB8arus) aOCoNOMHAL NOZPEUHOCIb Onpe-
OelleHusi CpeOHe20 3HAYEHUs. 8bIXOOH020 napamempa.

CKO o(y) BHauane omnpeAenstoT NpUOIMKEHHO MO pe3yjibTaTaM HEKOTOPOTo
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yycia peanuzauuii POY (N = 1000) , 3aTemM o Mepe HaKOIUIEHUS YuCiIa pean3aui
ero yrounsitot. Korna ycinosue (7.2) BBIIONTHSETCSA, MOJICTUPOBAHNE 3aKAHUUBAIOT.
4. Cratuctuueckas oOpaboTKa psaa )i, Vz,..., Yy. VICIOIB3YIOT KIacCHYECKUE

bopmMybI

Z[y.i _M(y)]z

1 N
M)== "y (D
(y) N;y] (y) N—1 ’ (73)

e y; — 3Ha4€HHEe BBIXOJHOrO NapaMeTpa B j-i peanusauuu POY;
N — o6miee yucio peanuzaiuit POY.
Cpennee 3nauenue M(y) 0ObIYHO MPUHUMAETCS 32 HOMUHAJIBHOE 3HAYEHUE BbI-
xosiHoro napametpa. OcHoBbiBasich Ha 3HaueHnn CKO o(y), Ha3HayaroT JOMyCcK Ha
BBIXOJIHOM mapametp (cMm. J1ab. padoty Ne 5, c. 39 —40).

7.3. Uccnenyemoe PIY u ero maremaTudeckasi Moae/ib

Hccnenyempim POV gBnsieTcss HEMHBEPTUPYIOIINWKA UCTOYHUK ONOPHOrO Hamps-
xeHus. Ero siiekTprueckas cxema IpuBeieHa Ha puc. 7.1.

Al B kadectBe BBIXOJHOTO MapameTpa y
- paccMaTpUBAETCA BBIXOJHOE HaIPsHKEHUE
R1 R3 1+ Upux (cM. puc. 7.1), B KauecTBe MEPBUYHBIX
] nmapaMeTpoB — COIPOTHUBIICHHUS PE3UCTOPOB
| DAl R1 — R3, mampsbkenue crabunmzanuu U,
| > saneMeHTalVD1 u HanpsixkeHue nUTaHus Uy,

Usie UCTOYHMKA nuTaHus A1.

VD‘[JRz MaremaTudeckoii Mojeiabio PRV sBis-
>  eTcs ypaBHEHHE PErPECCHH, IIOCTPOEHHOE
JUIs BBIXOAHOTO Tapamerpa Uy, B J1labopa-

Puc. 7.1. DnekTpuueckas cxema

HNCTOYHHUKA OMIOPHOTO HATIPSIKEHHUSI TOpHOfI pa6OTe Ne 4, HJIA BBIPAKCHUC, IIPpHU-
BOJIUMOE B iuTeparype [S]:
R2+ R3
UBLIX = UCT YY) (74)
R2

ecim mabopaTopHas padota Ne 4 He BBITIOJIHAJIACK.

7.4. 3anaHne HA IKCIIEPUMEHTAJBHYIO YaCTh JIa00OPATOPHOH PadoThI

PexomeHryeMas mocie0BaTeIbHOCTh BBITIOJTHEHUS PAaOOTHI:
1. O3HakOMUTHCS CO cxeMoi uccieayemoro POY.
2. YTOUHUTHh MaTEMAaTHUECKYyI0 MOJIeib POV BBISICHUTB, YTO paccMaTpUBaeTCs B
KaueCTBE BBIXOJHOTO MapamMeTpa, Kakue MmapaMeTphl SIBISIOTCS MEPBUYHBIMU U KaKO-

BbI X HOMHUHAJIBHBIC 3HAYCHWA U ITPOU3BOACTBCHHBIC JOITYCKH.

Ecnu 6 kauecmee mamemamuueckoti modenu POY ucnonvzyemcs ypaguenue peepeccuu, no-
cmpoenHoe 8 1abopamopHoil pabome Ne 4, mo unmepecyrowas uH@popmayus O0INCHA 3AUMCINEO-
gambvcs U3 d9mou 1abopamopHrou pabomul. Ilpu ucnonv3oganuu 8 Kavecmsee MamemMamuiecko Mo-
Oenu svipadicenust (7.4) cnedyem 60cnonv306amucsi OaHHbIMU maoi. 7.2.
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Ta6mnuma 7.2

3. IlogroroButs HWH- [Jjement Mep- [pqoo
dopMaruio, HEOOXOAUMYIO | 37eKTpH- | BUUHBIH smaerme i | SAKOH pacnpene-
sl monydeHus Ha OBM | deckoii napa- JeHUs
. . JIOITYCK
CIIy4alHbIX peanuzanuip | CXCMEL MCTp
IEPBUYHBLIX  I1APAMETPOB. R2 R2 10 KOM+ 10% | ¥ CTaHaBIMBacTCA
nyTEM aHaJIM3a
[Ipy  BBIOJHCHHH  3TOTO
+50
NMYHKTA CIEAyeT pPyKOBO- R3 R3 5,1kOM£5 % To xe
ICTBOBaThbCs Tabm. 7.1. VD1 U., 33B+£10% | HopmanbHbiii

4. Omnpenenutb Tpe-

Oyemoe uncino peanuzanuii POV, nonssysacs popmynoii (7.2).

Ilpumepnoe 3nauenue o(y) onpedensiemcs no pesyrvmamam 0OpaAbOMKU HAYATLHO2O HUCIA
(N1) peanusayuii. Ha mpebyemoe uucio peanuzayuti N 3amemuo @iusiem O0Onycmumas ouuoka A
(cm. popmyny (7.2)). 3nauenue A, kax npasuno, ne uzeecmno. E2o evibop mooicem 6vimv coenan
cnedyrowum oopazom. [lpunumasn 6o enumanue @QyHkyuoraibHoe Hasnavenue POY u guszuueckuii
cmbicnl 8b1X00H020 napamempa y — Ug,y, onpedensaiom, Kakoe 3HaueHue noaiosunsbl nojis 0OnycKd
o(y), ycmarnasiusaemoe Ha 5mom napamemp, mMoxcem Ovimv npueMiIeMviM 05 NpaKmuku. B xaye-
cmee A crnedyem 63samb makoe 3Haverue, komopoe kax munumym 6 20 ... 100 paz menvuie 3(y):

A< (0,01...0,05)3(y).

3nauenue 8(y) nmpunsmv ucxoosi uz npou3zBO0CMEEHHO20 OONYCKA HA BbIXOOHOU napamemp
Usix, npuemnemoco ons npaxmuxu: Ay, =+ 5 %.

5. Ucnonw3ysa mporpammy mozenupoBanusi POY na OBM (lab5-7 B mnamke
TOKTuH), BoinoaHuTh Tpebyemoe yucio peanusanuii. OO1Iee 4uciao peannsamuil
JIOJDKHO OBITh HE MEHee, ueM 3HadeHue N, HalienHoe o ¢opmyne (7.2) B 1. 4.

6. C nomompto nporpamMmbl lab5-7 BBINOJIHUTH CTaTUCTUYECKYID 0OpabOTKY
Bcex N peanuzanuii POY: monyuuts 3HaueHus M(y) u o(y), IpOCMOTPETh TUCTO-
IrpaMMBI PACIIPpCACIICHUA BBIXOOHOT'O ITapaMETpa y—>UBHX IMpu COIMOCTaAaBUMOM 4YHCJIIC
WHTEPBAJIOB U BBIOpaTh €€ padounii Bui. [lonw3ysacek kputepuem [lupcona (kpurepu-
€M corjiacus Xz), OIPEHEIIUTh IIPABOMEPHOCTh MCIIOJIb30BaHUS HA IPAKTUKE TUIIOTE-
3bl O HOPpMAJIBHOM 3aKOHC PACIIPCACIICHUA BBIXOJHOI'O ITapaMeTpa.

Pexomenoayuu. 1. [lpu uucne nabniooenuii 8vixoono2o napamempa (pearuzayuii POY), npe-
svtuaroujem 3navenue N > 500 — 1000, xoruuecmeo unmepsanos k, ucnonvzyemvix 0isi Hocmpoe-
HUsL 2UCMO2PAMMbL, npuMepHo bepym uz ouanasona k = 15— 25.

2. U3 HecKonbKux 2ucmozpamm, Noay4eHHbIX NpU CONOCMABUMOM HUCIe UHMEPBANO08, TyHulel]
AGNACMCA Ma, KOMOPAsl umeem Menbulee YUcio UHEepCUll (Kpome pasHOMEpPHO20 pacnpeoeneHus).
Hneepcueti cuumarom cmeny 3aKOHOMEPHOCMU USMEHEHUS 8bICOM NPSAMOY20JIbHUKOE 2UCTOZPDAMMBI.

7. C yuétoM 3HaueHus o(y), HAUJAEHHOTO B M. 6, U TUNOTE3bl O HOPMAJIBHOM
pacmpeieieHud BRIXOAHOTO mapameTpa y— Uy, OTPeAeTUTh MOJOBUHBI TIOJEH Tpo-
M3BOJICTBEHHOT0 pa3dpoca o(y) u o(Ay/y), cooTBeTCTBYIOMKE BeposiTHOCTH 0,9973.

8. HazHaunTh mpon3BOACTBEHHBIN JIOMYCK Ha BBIXOAHOW mapameTrp POY. Ecmn
Ha3HavYaeMbIl OOITYCK HC OTBCYUACT Tpe6OBaHI/II'O 3aKa34yuka, TO HCO6XO,Z[I/IMO IMPUHATDH
App = Anp(ga’{) U BBISICHUTB, Kakoi mporieHT POY cpaszy Oyner oTBeuaTh TpeOOBAHUIO.

Ilpumeuanusa. 1. ITOT MyHKT BBIOJIHACTCS TOJIBKO B ClIydae yKa3aHUs MPEToJaBaTelIeM.

2. Tlpy BBITIONIHEHUH TYHKTA IOJB30BAThCS TEM, YTO, UCXOIS M3 CIYKEOHOrO Ha3HAYCHHS
POV, 3aka3umka ycTpamBaeT JOMyCK Anp(3aK) =+5%.

3. lns onpenenenus mpoiieHTa POY, cpaszy orBeuaronmx TpeOOBaHUIO K IPOU3BOICTBEHHOMY

JIOMYCKY Ha BBIXOJHOW Iapamerp, CieayeT BOCIOJIb30BAThCA YyKasaHHSIMH J1ad. paborer Ne 5
(cm. c. 39 — 40).
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9. C yuéroM MpOU3BOJCTBEHHBIX JOMYCKOB IMEPBUYHBIX MMapaMeTPOB OIpe-
JIENATh AHATUTHYECKUM BEPOSTHOCTHBIM METOJOM XapaKTepUCTUKY O(Ay/y), COOT-
BETCTBYIOILYIO BeposiTHOCTH 0,9973. DTta yacth 3aganus 1abopaTopHON pabOThl MO-
KET BBITIOJHATHCS BO BHEYPOUHOE BpEMSI.

IIpuémol onpedenenusi nPoOU3800CMBEHHLIX OONYCKO8 HA BbIXOOHbIE NAPAMEMPbL 6EPOSIMHO-
CIHBIM MEMOOOM NOOPoOHO paccmompensl 6 [1, 3, 4].

10. CpaBHUTH 3HAYEHUS XapaKTEPUCTUK J(Ay/y), TOTyYeHHBIX MEeTO10M MoHTe-
Kapno ¢ ucnonp3oBaHueM MareMaTH4ecKoro mojenupoBaHus POY u anamutuue-
CKHM BEPOATHOCTHBIM METOJOM. OOBSICHUTh NPUUUHY PACXOKICHUS.

11. Hamucate oT4€T Mo padoTe.

7.5. Conepxxkanue 0T4€TA

1. ®opmynupoOBKa LIETN UCCIETOBAHHUS.

2. DnekTtpuyeckas cxema uccienyemoro POV, ero marematudeckas MOJAEIb C
YKa3aHHEM HOMHHAJIBHBIX 3HAYCHWW M NPENEIIbHBIX OTKJIOHEHWM IEPBUYHBIX Mapa-
METPOB.

3. Undopmanus, ucnonblyemas s moaenupoBanuss Ha [IDBM ciyualiHbix
peanu3auuii nepBUYHBIX napameTpos. [IpuBectu B Buae tadim. 7.3.

4. Pe3ynbraThl Mare-

MaTUYECKOTO MO/IECIUPOBa- Tabmmma 7.3
Hus POY VLA J-# peamusa- [ Spement Iep- Homu- axon | TAPAMET-
ouu: ClIydYauHbIC pcajin3a- SMEKTPH- BUYHBIM | HaigbHOE pacripe- pBI 3aKOHA
UM T[EPBUYHBIX I1apaMeT- YECKOU napa- 3HAYCHUE - pactpene-
POB M 3HAUYEHHUE BBIXOAHOrQ | CXCMBI MCTp | W AOHyCK JICHIA
napaMeTpa, TOJIyYeHHOe C

MMOMOIIBK0 MAaTEMATUYECKON

moxaenu POV mis atoit peanmsanuu. Mudopmaruio npuBectu B Buae Tabm. 7.4 s

MEePBBIX MATU peanu3anuii POY.
5. Pe3ynbrarel cTatu-

= Tabnuua 7.4

CTHUYECKON 00pabOTKH Ha
IIPBM Bcex N peam/lsaunﬁ Homep 3Ha4YeHUS IEPBUYHBIX 3HaueHne BBIXOI-
PDYV: cpemiee 3uauenne M(y) peamu- | TApaMeTpoOB B j-H pea- HOTO TlapameTpa,

CK'O 3aIuu JU3ALHUH COOTBETCTBYIOLIETO
u 0(y) BBIXOJTHOTO Ma- P3Y | xR0, Y. | J-ii peammsaumm,
paMmeTpa, a TaKke TUCTO- pasv] | | [pasw] [pasm]
rpaMMy €ro pacrpe/iesICHUsI. 1

6. O00CHOBaHHOE 3aKIIIO-

YEHUE O 3HAYCHUU IPOU3BOL-

CTBEHHOTI'0 JI0ITyCKa Ha BBIXOJIHOMU IIAPAMETP, BBIPAXKEHHOE KaK pa3MEPHOCTBIO BbI-
XOJIHOT'O MapameTpa, TAK U OTHOCUTEIBHBIM OTKJIOHEHUEM B IpoLeHTax. Eciau mpo-
U3BOJICTBEHHBIN JOMYCK MPUAETCS YCTaHABIMBATH UCXOAS U3 TpeOOBaHUI 3aKa3un-
Ka, TO HE0OXO0IMMO yKa3aThb MpoueHT POY, koTopsliil cpa3y Oyaer oTBeuaTh Tpedo-
BAaHMIO K POU3BOJACTBEHHOMY JIONIYCKY. Y Ka3aHHbIN NpoleHT POY noarsepanThb
pacy€ToM.

Ilpumeuanue. Smom nyHkm npugooumcs moivko 8 ciyuae euvlnonanenus n.8 pyopuxu «7.4.
3adanue Ha IKCREPUMEHMATIbHYIO YACHb J1A00PAMOPHOL pAdOmbly .
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7. 3HaueHusi XapakTepucTuk o(y) u J(Ay/y) BeixogHoro mapamerpa y— Upyyx,
HalJEHHBIX C HCIOJIb30BAHUEM pPE3YJIbTATOB MATEMAaTHYECKOTO MOJEIUPOBAHUS
POV, u 3HaueHue xapakTepuUCTHKU JO(A)/y), paCCUUTAHHON BEPOSITHOCTHBIM METO-
JIOM. 3HAYEHUS XapaKTEPUCTUK JOJKHBI COOTBETCTBOBATH BeposiTHOCTH 0,9973.

8. BriBosibI 10 pabote. B BbIBoax 00s3aTeNIbHO MPUBECTH OOBACHEHHE MTPUYHMH
pPacXOoXACHUS XapakTepucTtuk o(Ay/y), moimydeHHbIX MeTonoM Monte-Kapio ¢ wuc-
MOJIb30BAaHUEM MATEMaTUYECKOro MojenupoBaHus POY u aHamMTUYECKUM BEpOsIT-
HOCTHBIM METO/IOM.

JIMTEPATYPA

1. BbopoBukoB C.M. Teopernueckre OCHOBbI KOHCTPYUPOBAHHUSI, TEXHOJIOTUU U HAJIC)KHOCTH:
VYueb. i CTyA. MHXK.-TeXH. crel. By30B. — MH.: {uzaiin [TPO, 1998. — 336 c.

2. ®ponoB A.Jl. TeopeTnueckre OCHOBbI KOHCTPYUPOBAHUS U HAJEHKHOCTH PATUOIIIEKTPOH-
HOM anmnapartypsl. — M.: Beicm. mk., 1970. — 488 c.

3. boposukoB C.M., [TorpebnsxkoB A.B. TeopeTniueckne 0CHOBBI KOHCTPYHUPOBAHUS, TEXHO-
Joruu U HajexxHoctu. COOpHUK 3aaa4: Yueb. nocobue g By30B.— Mu.: BI'VUP, 2001.— 124 c.

4. ®omwun A.B., bopucos B.®., Uepmomenckuii B.B. Jlonnycku B POA. — M.: CoB. paamo,
1973. - 129 c.

5. Hecrepenko b.K. UnTerpansupie  omneparnmonHsie  ycwiurtenu: Crnpas. mocoOue 1mo mnpu-
MeHeHuto. — M.: Dueprouszaat, 1982. — 80 c.

JIABOPATOPHASA PABOTA Ne 8

ONPEJEJIEHUE MOKA3ATEJIEA HAJIEXKHOCTH POY MOJIEJIUPOBA-
HHUEM HA II9BM OTKA30B 3JIEMEHTOB

8.1. Leanb padoThI

[lenb paboThl: onpeneneHue nmokaszaTenel HajaexxHocTn POY moxpenupoBanuem
Ha [I9BM o0TKa30B 3JIEMEHTOB.

JI1s1 OCTYKEHUS LIeIH He00X0MMO:

® O3HAaKOMHUTHCS C MATEMAaTUYECKUM OIMMCAHUEM OCHOBHBIX 3aKOHOB paCII-
peleIeHNUs] BPEMEHHU JI0 OTKa3a 3JIEMEHTOB;

e uccienoBarb mojenupoBaHneM Ha [IDBM BiusHHEe mapaMeTpoB 3aKOHOB
pacrpeneseHus BpEMEHU O OTKAa3a 3JIEMEHTOB HA MOKA3aTENIN UX HAJEKHOCTH;

e omnpeaenauTs MoaeaupoBanueM Ha [I9BM nokazarenu Hagexunoctu POY npu
OJIMHAKOBBIX M PA3JIMYHBIX 3aKOHAX PACIIPE/ICIICHUSI BPEMEHM J0 OTKa3a JIEMEHTOB.

8.2. TeopeTnueckue cBeIeHUA

IponomxuTeIbHOCTH PA0OTHI U3ENUs (3JIEMEHTA, YCTPOICTBA U T. 1.), U3ME-
PEHHYIO B yacax, UKJIaX MEePEKI0YEHUsT WIH APYTHX €IWHUIAX, B TEXHUKE Ha3bIBa-
10T Hapa0oTKkoi. B pannosnekTpoHnke HapabOTKa 3JEMEHTOB U YCTPOUCTB B OO0JIb-
IIMHCTBE CJIy4YaeB BbIpakaeTcsl B yacax. [[J1s HEKOTOpBbIX 3J€MEHTOB (IEepeKiIroYa-
TENU, pesie U Ap.) HapaOOTKa MOXKET U3MEPSIThCA B IUKJIAX MEPEKIIOUCHUS] WU B
HUKJIaX (YHKIMOHUPOBAHHUS.

B Teopuu u npakTUKe HaJEKHOCTH YaCTO MHTEPECYIOTCS HAPAOOTKOM M3/Ienuil
10 oTKa3a. B kauecTBe HapaOOTKH 3IEMEHTOB 10 OTKa3a paccCMaTPHUBAECTCSl CyMMap-
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HOe BpeMs (0e3 ydera mepepblBOB) C MOMEHTa Hadajla HKCILTyaTallMd 10 MOMEHTA
BO3HMKHOBEHUSI OTKa3a. B 3ToM ciydae HapaOOTKy A0 OTKa3a OOBIYHO Ha3bIBAOT
BpeMEHEM 0€30TKa3HOM padOThl MIIM BPEMEHEM JI0 OTKa3a.

N3BectHO [1], uTO 0TKa3 snemeHToB POV mo cBoel (pu3nueckoil CymHOCTH SB-
JsieTcst COObITHEM cllydalHbIM. ClydailHOM BEIMUYMHOM, OMUCKHIBAIONICH OTKa3, SIBIIS-
eTcsl BpeMsi 10 oTKa3a. JlJis MaTeMaTH4ecKoro onrcaHusl BpEMEHHU JI0 0TKa3a AJIeMeH-
TOB (KpaTKO TOBOPSIT — OMKMCAHUS OTKA30B) HauboJiee 4YacTO UCIONB3YIOTCS CIEqyI0-
IIME 3aKOHBI: IKCMOHEHUMAJBbHBbIN; HOPpMaIbHbBIN; Belioysaa (Tadmn. 8.1).

IKCIMOHEHIMATBbHBIN 3aKO0H JI0JI0€ BpEeMs UCMOJIb30BAJICS JJIsI OIMCAHUS Bpe-
MEHHU JI0 OTKa3a OOJbIIMHCTBA 3jeMeHTOoB POY. B mocnennee BpeMsi yCcTaHOBIIEHO,
YTO BpEMs 10 OTKa3a psiia 3JIEMEHTOB JIyYIIE OMUCBHIBAETCS APYTMMHU 3aKOHAMH —
HOpMaJIbHBIM, Belibyia, morapudmudeck HOpMaabHBIM.

[Ipu f=1 pacnpenenenue BeiiOymna (cm. Tabma. 8.1) mpeBpamaercs B 9KCIIOHEH-
[UAIbHOE pacipeneieHue, npu f>2 ... 3 — npubmmKaeTcsi K HOpMaJIbHOMY 3aKOHY.

Pacnpenenenue Beii0yia Xopoilio onuckIBaeT BpeMs 10 OTKa3a OOJIbIITMHCTBA
NOJIyIPOBOJHUKOBBIX MTPUOOPOB M MHTETPAIBHBIX MUKpOcxeM (S < 1), a Takke HEKO-
TOPBIX MEXaHUYECKHUX AJIEMEHTOB (S > 1).

OTka3bl HEKOTOPBIX THUIIOB AJIEMEHTOB XOPOIIO OIMKCHIBAIOTCS HOPMAJILHBIM
3aKOHOM pacnpeaejeHusi. Tak Kkak HapabOTKa O OTKa3a — BeIMYMHA Cyry0o MoJio-
KUTEJbHASL, TO PACIPEIECICHUE SABIAETCS HE YUCTO HOPMAJIbHBIM, @ YCEYEHHBIM HOP-
MaJbHBIM. Y CEYEHHBIM €0 HA3bIBAIOT MOTOMY, YTO 00JAacTh OTPHUIATEIbHBIX 3HAYE-
HUN HApaOOTKH, KaK HE UMEIOIIYI0 (PU3UYECKOTO CMBICIIA, OTOPACKIBAIOT (OTCEKAIOT).

[Tpu 3HaueHun m/c > 2, 9TO0 OOBIYHO U UMEET MECTO Ha MPAKTUKE MPHU HCIOIb-
30BaHUM HOPMAJIBHOTO 3aKOHA B 3aJlayaxX OIEHKH HAJEXKHOCTH, B pacueTax IMOJb3y-
I0TCS YMCTO HOPMAJIBHBIM pacrpe/iefieHneM, He IPUHUMAasi BO BHUMaHUe 00J1acTh OT-
pHUIATENBHBIX 3HAYCHUI HapaOOTKH 10 0TKAa3a, TUIIEHHYIO (PU3UYECKOTO CMBICIA.

HopMmanbHblii 3aK0H pacnpeaejieHus XapaKTEepeH MJis AJIEMEHTOB, paboTa KO-
TOPBIX COINPOBOKIAETCSA 3aMETHBIMHM MPOLECCAMU CTAPEHUS U U3HOCA (3IEKTPOHHO-
Jy4YeBbl€ TPYOKU, KHHECKOMBI, TyMOJIEpBbI, IEPEKITIOYATENN U T. I1.).

JI71st 5IeMEeHTOB, OTKa3 KOTOPBIX MPOUCXOAUT B PE3yJbTaTe YCTAIOCTHOTO pa3-
pylieHus, HapaboTKa /10 OTKa3a MOJAYMHEHA JOrapu(pMUIECKH HOPMAIBHOMY 3aKOHY.

3Has MJIOTHOCTh paclpeesieHusl BpEMEHHU /10 OTKa3a w(t), MOXKHO ONpE/IeTUTh
BEPOSITHOCTh OE30TKa3HOM paboThl 3JeMEHTa I JI000T0 3aJaHHOTO WHTEpBaia
BpeMeHHU 3. 13 puc. 8.1 BUIHO, YTO 3Ta BEpOSTHOCTH P(#3) YMCIEHHO paBHA TUIOLIAAH

w() 10J1 KpUBOM W(?), Iexkalllen rmpaBee TOUKH ¢ = f;
A

4 (3amTpuxoBaHHash 007acTh), MOITOMY MOXKHO
3aIucaTh:
S = P(t,) o
P(t3) = [wle)de . (8.1)
13
> [Ipumensisi BeipakeHue (8.1), MOXKHO MOTy-
0 s quTh HOPMYJIBI I onpeaeneHus P(f;) mis -
Puc. 8.1. OnpeneieHne BepOATHOCTH OBIX 3aKOHOB pacmpe/iejIeHUs] BpEMEHH J0 OTKa-
0e30TKa3HOI padoThI 32 Bpemsl £3 3a (cM. Ta0II. 8. 1)_
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Taobnuua 8.1

3axon Boipaxkenue QyHKIMH MJIOTHOCTH pac- BeIpaxxenue miis onpene-
pacnpene- Bripaxkenue s onpene-
Mpe/ieJICHHsI U CBSI3b MapaMeTPOB 3aKOHA I'paduk mnotHOCTH JICHHs BEPOSITHOCTH 0€30T- N
JeHUS . JIEHUs cpefHel HapaOoTKu
pacrpeiesieHust ¢ YUCIOBBIMH XapaKTepH- pactipeaenenus w(r) Ka3HOU paOoThI 3a 3aaH-
BPEMEHU ) 10 oTKaza T¢p
CTHUKaMU BpeMeHH 10 oTka3za: M(¢) u o(t) HOE BpeMms 73
JI0 OTKa3a
_ g,
W(t) o ﬂ/e ’ r=2 O’ wil A
OKcmo- | rae A — mapameTp pacupeie/icHus!. B 1
HEHIIN- 1 1 %—k P(l‘3):e‘ 13 Tcp:I
QJIbHBIN M@’ o(t) = > ¢
CgoiictBo pacnipenenenus: M(f)=o(t) 0
1
rr—+1
i) . Y
B T P v
- w(t):pﬂtﬂ_le_pt ; 120, b - 1+1
BeiiOymua | ne . B — napamerper pacnipenenenms P(t;)=e Bl U7 e
(B — xoadpdunmeHt Gopmsr) byHKITIS;
1 1 _
r(—+1J =[U".eYau
0
2
1 (t—t)
w(t) = exp—————|: />0, t., — 1,
o 27 207 |7 it P(t,) = 22— |,
0,
Hopmanse- | roe f.,, 0; — mapaMeTpsl pacrpeaesieHus. | ~
- op> 7t | rae &(...) — GyHKIus pac- T, =t
toy = M(2) ! _ IpeieJIeHHs CTaHIapTHOTO
cp g HOPMAaJIBLHOT'O PacIpeaeie-
o, = o(f) 0 lep p pacIip

Hus (m=0, o=1)

Ilpumeuanue. Oynxuyro @(...) 0OBIYHO HAZBIBAIOT «HOPMabHAsK (DYHKIHMS PACIIPEICIICHUS, ISl He€ YNCIIEHHBIMU METOIaMH TTOJTydeHa
Tabnuia 3HadeHuii (cM., Hapumep [ 1, c. 296]).
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CpenHioro HapaOOTKy /0 OTKa3a 3JEMEHTa, OMpEeNIeMyl0 Kak MaTeMaTH4e-
CKO€ OKHUJaHHE HApaOOTKH /10 0TKa3a, MOKHO BBIUUCIUTH KaK

T =

cp

P(t)dt. (8.2)

o — 8

C yuertoM BbIpakeHHs (8.2) momaydeHsl GopMyJIbl ajs onpenenenus 1, ais oc-
HOBHBIX 3aKOHOB pacIipe/ielieHrs BpeMEHHU 110 0TKa3a (cM. Tadd. 8.1).

NHTEeHCHBHOCTH OTKA30B A(f) 1715l JIFOOOTO BPEMEHHU ¢ MOKET OBITh Ompe/eneHa
KaK OTHOIIICHHE

Al =0 (8.3)

[Ipu pemieHnn NpakTUYECKUX 3a7ad 10 OLICHKE MoKa3zaresel HajaexxHoctu POY
AQHAJIUTUYECKHUE PacueThl MOTYT OKa3aThCsl BECbMa TPYAOEMKUMH JIMOO UMHU BOOOIIIE
HEJIb3s1 BOCIIOJIB30BaThCA. B 3TUX ciydasiX MOCTaBJIEHHBIE 3a/laud YJIOOHO peIiaTh
MOJIETTMPOBAHUEM OTKAa30B 3JIeMEHTOB Ha [I19BM.

[Tycte POV coctout u3 n anementoB. [Ipu MoaenupoBanuu 3HaueHue (peanusa-
IIUI0) CIYy4allHOTO BPEMEHHU JI0 OTKa3a f; i-ro dJeMEHTa MOJy4alT C Y4ETOM 3aKOHA
pacnpeneneHus: 3TOro BpEMEHH, UCTIONb3ysl PopMyIibl, puBenEHHbIe B [1, Tabdm. 9.1,
c. 270]. Beimmonusas MmoaenupoBanue Haa&xHocTH POY B j-i1 peanuzanuu, 1S BCeX 7
AJIEMEHTOB C YUYE€TOM 3aKOHOB PAaCHpEeIICHUs] UX BPEMEHU 10 OTKa3a MOJIy4aroT 3Ha-
YeHUS CITyJallHBIX HapaOOTOK JI0 OTKa3a tl(’), tz(j), e tn(’). Cunrarot, uro oTka3z POV B
J-# peanu3anyy HaCTyMNaeT Mpu OTKa3e XOTs Obl OTHOTO U3 1 3JIeMEeHTOB. [1loaTOoMYy 3a
oTka3 Bcero POV B j-il peanuzanuy NpUHUMAIOT OTKAa3 JIEMEHTA, UMEIOIIEr0 MUHU-
MaJbHYI0 HapaOOTKy J0 OTKa3a:

0 1010

>

t; = min[t,

9 — HapaboTKa /10 0TKa3a i-To AJIEMEHTA B j-i peanu3aiuu POY.
Taxkum ciocobom monydaroT N peanuzanuii POY u, cnenoBarenbHo, N 3HaYeHUM
BpEMEHH 110 0TKaza POYVY.
KonnuectBenHble nokaszarenu 0e30TkazHocTd POY monydaror myTéM cTaTUCTH-
4eCKOM 00paboTKy Bcex N 3HaueHUi BpeMeHu 10 otkaza POY ¢;j=1,2,..., N.
Cpenunee BpeMs 10 OTKa3za (cpeaHee BpeMsi 0e30Tka3Hou padotsl) POY omnpene-
JISIFOT 1O BBIPAYXKEHUIO

Trac

1 X
Iy, =—21;. 8.4)
cp N = J
BeposatHocTh 0€30TKa3HOM pabOTHI 32 3aJjaHHOE BpeMs £3 HaXOAAT KaK
P(t3)=T, (8.5)

rae N(t3) — konudecTBo peanusanuii POY, 11 KOTOpBIX 0Ka3anocs ¢ < t3.
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Jns onpeneneHust y-mpoleHTHON HapaOOTKU A0 OTKa3a MOXHO HCIOJIb30BaTh
CIIEAYIOUIMHA anroput™. 3HadeHusd 4 (j = 1, 2, ..., N), oirydeHHble IPH MOJEIUPOBa-
HUU, pacroJjiaraloT no yObiBaHuto. B utore mosmyuator maccuB 77> 1, > ... > Ty .
OnemeHnToM moA HomepoMm (y /100)N sToro maccuBa oOmpenensercs 3HaueHUE
y-IIPOLICHTHOM HAapabOTKH J10 OTKa3a.

B nabopaTopHoii paboTe mokaszaTesnn HaaEKHOCTH (2 KOHKPETHO — 0€30TKa3HO-
cti) POV omnpenenstorcss mo pe3yapTaTaM MOAETUPOBAHUS BPEMEHU /10 OTKa3a 3Jie-
MeHTOB. CO CTPYKTYpHOM CXEMOH aJIrOpUTMa MOAENUPOBAHUS HajaexHOCcTH POY Ha
[I9BM u nosicHEeHHEM 3TOM CXEMBbI MOKHO O3HAKOMUTHCS [ 1, ¢. 292 — 293, puc.9.12].

IIporpamMmma mopenupoBanusi HajaExHOCTH POY Ha DBM mno3BosseT moaydaTh
CllyyaliHble 3HAa4YeHUsI HApaOOTOK /0 OTKa3a, OTBEUAIOIIMX CIEAYIOIIMM 3aKOHAM
pacrmpeneneHus: SKCIOHEHIIMATIbHOMY, HOpMaibHOMY, BeiiOymna. Jlns momydeHus
MOCJIeI0BATENILHOCTH YUCEN (BPEMEHH /10 OTKa3a), paclpeeieHHbIX M0 YKa3aHHBIM
3aKOHAM, HMCTOJB3YIOTCS (PYHKIIMOHAIBHBIE MPEOOpa3oBaHUs IMOCIIEI0BATEILHOCTH
PAaBHOMEPHO pACHpPEENICHHbIX CIy4alHbIX uncen B auama3one (0...1), renepupye-
MBIX C MIOMOIIbIO BCTpOeHHOU (hyHKIUU random (Tabi. 8.2).

Ta6mmna 8.2 B Tabn. 8.2 cumBoioM r 0003Ha-

YEHbl CIIyYallHbIE CTaHIAPTHHIC paB-

3aKkoH [TapameTrpsl | AIITOpUTM  BBIYHC-
pactipenie- | pacnipese- | semmst cyuaiinoro HOMEPHO paCIpe/CICHHBIC YHCIIa B
JIEHHs JIEHYSI yucna ¢ [1, c. 270] nuanasoue (0...1).
DKcro- : Jlns ucciaenoBaHus BIIMSIHUS T1a-
HEHLH- A - 7111( 1—r) paMEeTpOB 3aKOHOB pacIpesesieHHus] Ha
ANbHBIA IMOKa3aTeau HaJAeKHOCTH DJIEMEHTA

1
HEO0OXO0JMMO TMPHUHATH, 4TO B POV co-

BeiiOyiuia p,p (— 1 In(1- r)J
P JIEPAKUTCSI BCETO OJIMH DJIEMEHT.

rp— > JInst TOBBLIMIEHHUS JTOCTOBEPHOCTH
m, o m+o| Y r,—6 nokasaTesiell  Ha/EKHOCTH, OIpee-
i=1

HbIN

JS€MBIX MO pe3yJbTaTaM MOJIEIUPO-
BaHMs, yuciao peannzauuii N cienyer Opateh He Menee 500 — 1000. B To xe Bpems
Jydilias HarjsIHOCTh MpoIecca OTKa3a JEMEHTOB Ha dKpaHe AucCIuies obecreynBa-
erca npu N = 100. IToaTomy miis HarJIsiAHOM AEMOHCTpPAIMHU MPOLEcca MOAEIUPOBA-
HUS CJIEAYET UCob30BaTh 3HaueHue N = 100.

8.3. 3apaHue HA IKCIIEPUMEHTAJIBHYIO YaCTh JIAa00OPATOPHOM PadoTHI

A. Ucnonws3ys moaenupoBanue Ha [IDBM otka3oB asemeHnToB (mporpamma lab8
B nanke TOKTuH), nonyyuTs 1aHHbIe, HA OCHOBAHUH KOTOPBIX:

1) moctpouTs rpaduk 3aBUCUMOCTH NOKa3zarens 1., OT mapamerpa A SKCIOHEH-
IIUATBFHOTO pacIpeiesICHUsT BPEMEHH JI0 OTKa3a dJIEMEHTA; JIJIsl TIOCTPOCHMs rpaduka
HCIIOIL30BaTh 5 — 7 TOYEK;

2) cpaBHUTH mokazatenu P(t3) mist Bpemenu t3 = 5000 4 AByX 2JIEMEHTOB, B3s-
THIX W3 MAPTHI, UMEIOIINX HOPMaJIbHbBIC 3aKOHBI PACIIPEICIICHUS BPEMEHU JI0 OTKa3a,
HO C pa3jMYHBIMU 3HAYEHUAMM [TAPAMETPOB PACIpPENENEHU o, U 0,

3) onpenenuts nokasatenu I, Ty, 1 P(t3) nns POY B ciydae, ecnu Bee dieMeH-
Thl UMEIOT SKCIIOHEHIIMAIBHBIN 3aKOH pACIpEIeIICHUs] BPEMEHH 10 0TKA3a;
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4) onpenenuts nokasarenu I, T, n P(t;) i POY B ciydae, eciiu dI€MEHTBI
UMEIOT Pa3IuyHbIe 3aKOHBI PACIIPEICICHUS BPEMEHHU JI0 OTKa3a.

Ilpumeuanue. Ilpu evinon-

nenuu nn. 1 - 4 credyem pykoeo- Tabauua 8.3

0CmMeosamvcs  peKOMeHOayusmMu HyHKT .
maén. 8.3 u ykazanusmu npozpam- uccie- | PexomeHmammum mo BEIOOPY yCIOBHI MOJIETUPOBa-
s ons TTIBM lab8 J0Ba- HUS JIJIs1 pa0OYnX YCIOBUN IPUMEHEHUS JIEMEHTOB
HUS

b. Mcnonssys omuu 3 1 Jlnama3on A: 10%...107 1/u

MCTOYHMKOB [1, 2], BRINOI- OnemeHT u3 nepBoi naptuu: fep, = 10000...12000 15

HATD aHamETquCKHH pactct 2 0;=4000 4; 351€eMEHT U3 BTOPOI MapTHH:
NOKasaTeNel HallexKHOCTH Top, tep = 6000 ... 8000 w; g, =300 u; 1= 5000 u

T, m P(t;) poist yCrioBui, BbI- Yicno smeMeHToB 71 = 3; auamnason A: (1...5):107
OpaHHbIX TO TaOm. 8.3 s 3 1/a; £,=1000 4 7=90 %

BBINOJHEHAA M. 3, 4 pasie- Yucno anemeHnToB n = 3; £;= 1000 1; y = 90 %

ma A. B crydae HeXBaTKd 3aKoHBI pacrpeiesieHuss BpeMEeHH J10 OTKa3a: dKC-
BPCMCHHU 3TOT pasacil 3ana- MOHEHIMANbHBIN, BeiiOyiuia, HOpManbHbIHA.
HUS MOYKET BBIIIOJHITHECI BO JI1s1 SKCIIOHEHIIMAIIBHOTO 3aKOHA A = 10° 1/a
BHEYPOYHOE BPEMSI. Jlst 3akoma Beiibymma p = 107 1/4; f=0,5

B. HamucaTb OTUYET TIO Jlis HopManbHOro 3aKoHa fcp, = 9000 4; g, = 4000

pabore.
8.4. Conepxxkanue oTyera

1. ®opmynupoBKa 11eJIH Ta00paTOPHON PadOTHI.

2. Tabnuia ¢ KOOpAMHATAMH YKCIEPUMEHTANBHBIX TOUYEK (IO pe3yJibTaTaM MoO-
IEIUPOBaHMs), HCIOIb3YEMBIMH IS IOCTPOEHH Ipaduka 3aBUCUMOCTH T, = f(4).

3. I'padpuk 3aBucumoctu T, = f(A), HOCTPOECHHBIN MO JaHHBIM TaOJIUIIbI, IIPUBO-
aumont B 1.2. [Ipu moctpoenun rpaduka HeoOXOIUMO Ha KOOPAUHATHYIO CETKY Ha-
HECTU SKCIIEPUMEHTAIbHBIE TOUKU U MPOBECTH ANMPOKCUMHUPYIONIYI0 JUHHUIO, Ma-
TEMATHUYECKOE BBIPAXKEHUE KOTOPOU JIOJKHO OBITh MOJIYYEHO MO Mporpamme srkvs
(manka TOKTuH) 1 3anucano Ha cBOOOJHOM T10JI€ KOOPJUHATHON CETKHU.

4. Pe3ynbTaThl UCCIEIOBaHUS HAIEKHOCTH (BEPOSTHOCTH 0€30TKa3HOM pabOTHhI)
JBYX 3JIEMEHTOB, UMEIOIINX HOPMAJIBHOE paclpe/iesieHHe BPEMEHH 10 OTKasza, HO C
Pa3sHBIMU 3HAYEHHAMH IaPAMETPOB f¢, U 0;, @ TAKKE 00bACHEHHE C MOMOIIBIO reo-
MeTpHYeCcKoil nHTepnpeTanun (JIOTHOCTEH pacnpeaejeHusi) KaKyIIerocs napa-
JIOKCA: JJIeMeHm, 63AMblil U3 NAPMUU ¢ MEHbUIUM 3HAYUEHUEM CPEOHEZ0 8PEeMEeHU
bezomxkaznou padomul (1.,) umeem 00IbUWLYIO 6ePOAMHOCIb DE30MKA3HOU PadOmbl
115t Bpemenu t; = 5000 u.

5. CpaBHuTENIbHAs OLIEHKA IOKas3arened OezorkasHoctd I, I, U P(t3), momy-
YEHHBIX aHAJTUTHYECKUM CIIOCOOOM (pacuéTrom) M HaWACHHBIX C MOMOIIBIO MOJIETH-
poBanus Ha [I9BM 0TKa30B 371€MEHTOB JIJIsl CiIy4asi SKCIIOHEHIIMAIBHOTO pacmipeie-
JICHUS BPEMEHU JI0 OTKa3a.

6. CpaBHHTeNBHAs OLCHKA IOKasaTene Oe3orkasHocTH T, T, m P(f3), moimy-
YEHHBIX aHAJTUTUYECKUM CIIOCOOOM (pacu€ToM) U HAWJEHHBIX C MOMOIIBIO MOJIEIHU-
poBanus Ha [IDBM 0Tka30B 271€MEHTOB ISl Cily4as pa3HbIX 3aKOHOB PaCIpENEICHUs

BpPEMCHH 1O OTKa3a 3JICMCHTOB.
Ilpumeuanue. Omsemwl Ha nn. 5, 6 credyem oamo 6 gude maoin. 8.4.
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Tabmuna 8.4

3aKon 3nauenue I¢, POY, | 3unauenne Ty—gy, | 3Hauenue P(t3) POY,
ITapa- MOJY4YEHHOE POV, nonydennoe MOJY4YEHHOE
pacrmpe-
One- METPBIL | monenu- . | moxenu- . | moxenu- N
ACJICHUA pacué- pacué- pacué-
MEHT 3aKOHa | poBaHueM poBaHUEM poBaHUEM
BpEMCHU TOM TOM TOM
110 OTKa- pactpe- | orka3oB OTKa30B OTKa30B
33 ACJICHUA | syremeH- 3JIEMEH- 3JIEMEH-
TOB TOB TOB
1
2
3

7. BeiBozbI 110 paboTe ¢ 00s3aTeIbHBIM OOBSICHEHUEM MPUYUHBI PACXOXKICHUS
nokasareneu T, T, u P(f;), IOIXy4EHHBIX aHAINTUYECKAM METOIOM U HAaWJCHHBIX C
MCIIOJIb30BaHUEM MOJICTUPOBAHUS OTKA30B 3JIEMEHTOB.
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JIABOPATOPHASA PABOTA Ne 9

NCCIIEJOBAHUE MOJAEJIMPOBAHUEM HA IT9BM ITPOLHECCA
OYHKIIMOHUPOBAHUA CUCTEMbBI MACCOBOI'O OBCJIYKUBA-
HUA B TEXHOJIOT'UM POY

9.1. Heas padorTsl

Llenp paboOThI: OnpeieIeHUE OCHOBHBIX XapaKTEPUCTUK CHCTEMbBI MACCOBOIO 00-
cinyxkuBaHusg (CMO) cMelaHHoro Tumna ¢ OrpaHUYECHHUEM JIJIMHBI OYepear MOJEIH-
poBanuem Ha [IDBM nponecca e€ GpyHKIHOHUPOBAHUS.

HccnenoBanue BBINOJIHSAETCS Ha MpuUMepax padOThl ydacTKa PEryJIUpOBKH U
(1K) yyacTka peMOHTa (PyHKIMOHAIbHBIX y3510B POY.

9.2. TeopeTnueckue cBeaeHUs

B Texnonorun POY nporekanne MHOTHX MPOLECCOB MOKHO pacCMaTpUBaTh KaKk
¢ynkunonupoanne CMO. Kaxaas CMO cocTOUT M3 HEKOTOPOro YHUCiIa KaHAJIOB
o0cny’KMBaHUs, B Ka4eCTBE KOTOPBIX MOTYT BBICTYIATh pabOouyHMe MECTa, y4acTKH,
TEXHOJIOTMYECKOE 00OpyIOBaHUE U T. II. B KauecTBe 3as4BOK MOrYyT OBbITH (hyHKLHO-
HaJbHBIE Y3JIbl, COLIEAIINE C KOHBEHWEpa U MOCTYNAOIINE HA YYaCTOK PEryJIMPOBKY,
HeucnpasHele PV, nocrynaronye Ha y4aCTOK PEMOHTA, OTKA3aBILEE TEXHOJIOrnYe-
CKO€ 000pyJOBaHHE U T.II.

OynkimonupoBanue 1000t CMO cocToUT B 00CITYKUBAHUH TTOCTYIAIOIIUX HA
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€€ KaHaJbl 3asBOK. 3asBKM MOCTYMNAIOT OJIHA 3a APYroil uepe3 HEKOTOphIe, B 00IIEM
cllyyae ciiyyaliHble, HHTEpBaibl BpeMeHH. [locie Toro kak 3asBka oOcimyXeHa, KaHall
CMO ocB060OKIaeTCs U TOTOB IPUHATH CIEYIOLIYIO 3aBKY.

OcHoBHble xapaktepuctuku CMO, ncnosnp3yemple Ha IPAKTHKE:

® [IPOIYCKHAsl CIOCOOHOCTh. Pa3nyaioT OTHOCUTENBHYIO U a0CONIOTHYIO MPO-
NyCcKHbIE criocoOHOCTH. OTHOCUTEIbHAS MPOMYCKHAsi CIIOCOOHOCTh MOKAa3bIBAET, Ka-
KOB IIPOIICHT 3asBOK OyJIeT OOCITY>KEH CHCTEeMOM, aOCOTI0THAS — KaKoe KOJIMYECTBO
3as1BOK OyJ1eT 0OCTY>KEHO B €MHUILy BPEMEHH;

® CpEeIHUI MPOLEHT 3asBOK, MOJYYUBIINX OTKa3 B 00CIIyKUBAHUU;

® BEPOSITHOCTh MIPOCTOS — CPEAHSS JOJIsI BpeMEeHHU, B TeueHue kotoporo CMO
OyJzleT MpoCTanuBaTh.

[IponyckHasi cmocoOOHOCTh 3aBUCUT HE TOJBKO OT mapamerpoB CMO, HO U OT
XapakTepa NoCTyIUIeHHs 3asiBoK. B TexHonorun POY MOMEHTHI MOCTYIIJIEHUS 3asBOK
4acTo ClIy4ailHbl, HApUMep MOCTyIUIeHUE (PYHKIIMOHABHBIX y370B POY Ha pemoHT
C ydacTka peryiaupoBku. OOBIYHO CiIydailHO U BpeMsi o0ciy)uBanus 3asBKku. [1osTo-
My B cHCTeME 00pa3yroTcsi MeCTHbBIE "'CKOTUIeHUs" U "pa3pshkeHus" 3asBOK. DTO MO-
KET MPUBECTH MO0 K OTKa3aM B OOCITY>KMBAaHUU 3asBOK U 0Opa30BaHUIO ouepesei,
160 k poctoro CMO. B 3aBUCUMOCTH OT TOTO, KaK MOCTYNAIOT C 3asIBKOM, €CJIA BCE
kaHajibl CMO okazanuch 3aHSITBIMU, Pa3INYaloT:

= CMO c oTka3oM (B 00CITyKUBaHUHU 3asiBKH);

= CMO c 0)XUIaHHEM.

B CMO c oTtka3oM 3asBKa, 3acTaBlllas BCE KaHaJbl 3aHATHIMUA, HEMEIJICHHO I10-
kupaer CMO (u3nenue youpaercs ¢ yuyacTka U, K IpUMepy, CKIIaIupyeTcs).

B CMO c oxunanuem 3asBKa, 3aCTaBIllasi BCE KaHAJIbl 3aHATHIMU, HE MTOKUIACT
CHUCTEMY, a CTABUTCSl B OYEPE/Ib U IIPU OCBOOOXKICHUHN OJHOTO M3 KaHAJIOB OOCITYKH-
Baercda. Ha mporiecc oxxumaanus 3asBOK B OUepeid MOTYT HE HaKJIaJbIBaThCs WM Ha-
KJIJ[bIBACTCS ONPECICHHbIC OTPAHUYCHUSI.

Ecnu Ha nporuecc okulaHus 3asiBOK B OYEPEIH HE HAJI0)KEHO HUKAKUX OrpaHU4e-
Huil, To CMO Ha3bIBatoT "4ncTOM cuctemoit ¢ oxxkuaanueMm". Ecinu Ha niporiecc 0xKu-
JaHUs 3asiBOK B OYEpPE/Id HAJIOKEHO KaKOe-TO OTpaHMYEHHE (OJIHO WM HECKOJBKO),
1o CMO Ha3bIBaIOT "CUCTEMOW CMENIaHHOTO TUMA". DTO Ha3BaHUE OOBSICHICTCS Clie-
nytomM. C 0IHOM CTOPOHBI, YKa3zaHHas cuctema sipiisiercs CMO ¢ oxxugaHueM, HO €
JIPYTrOf CTOPOHBI, U3-3a HAJIMYKS OTPAHUYCHHUI Ha MPOLIECC 0XKUAAHUS 3asIBOK B OUe-
peay BO3MOXHBI ClTydal OTKa3a B OOCIY>KMBAaHUHU 3asIBOK, T.€. TaKasl CUCTEMa MPOsIB-
asiet Taxoke npuznaku CMO ¢ otkazom (puc. 9.1).

B 3aBucumoctn OT xapakrepa orpaHmyeHnid ocHOBHbIMH BugamMu CMO cwme-
[IaHHOTO THUIIA SIBJSIOTCS:

e (CMO c orpaHn4eHuEeM JIJIMHBI OUYEPE/IN;

e CMO c orpaHn4eHUEM BPEMEHU OKUAAHUS 3asIBKU B OUEPEIU;

e CMO c orpann4eHueM BpeMEeHU NPeObIBaHUS 3asBKU B CUCTEME.

YToObl AaTh peKOMEHAAIMH [0 BHIOOPY YHMCIAa KAHAJIOB OOCITYKMBaHMS, HEOO-
XOJIMMO BBISICHUTH, KaK TOBJHUAET YKCIO KaHAJIOB HAa OCHOBHBIC XapaKTEPUCTUKHU
CMO. CymectBeHHOe BiIMsiHUE Ha (GYyHKIIMOHUpOBaHUE U XapakTepuctuku CMO
OKa3bIBAET XapaKTep MOTOKA MOCTYNAKIIHUX 3asIBOK.
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CMO

v v

CMO c oTkazoM CMO c oxxumanueM

Her
HanoxeHsl U OorpaHHYeHUs HA
OXKHUJIaHUE B o4Yepeu?

Ha
e > CMO cmemranHoro “Uucras” CMO
THIIA C OKHJIaHUEM
" \
C C orpannueHneM Bpeme- C orpanuueHuem Bpe-
OTpaHMICHHCM HU HaXO0KJICHUS 3asBKHU B MEHU HaXOXKJIeHUs 3a-
AJTAHBL OMCPE/H ouepeau siBku B CMO

Puc. 9.1. Buarsr CMO B Texnogoruu POY

[Tox moTokoM 3asiBOK (COOBITHIT) MOHUMAIOT TMOCTEAOBATEILHOCTD 3a5BOK, Clie-
JYIOIINX OJIHA 32 IPYTO B KAKUE-TO MOMEHTHI BPEMEHH.

B Teopun maccoBoro o0ciykuBaHusi 0COOYIO pOJIb UTPAeT MpocTelmii (mmyac-
COHOBCKHMI) TIOTOK 3asBOK. J[JI1 TaKWX IMMOTOKOB YHCIIO 3asiBOK, TPHUXOMISIIMXCS Ha
T000# (PMKCUPOBAHHBIA MHTEPBAT BpeMeHH 7 (puc.9.2), pacmpeneneHo mo 3akoHy
[Tyaccona fj1st TUCKPETHBIX CIIYYAHBIX BETUYHH.

[ 4

0 T Bpewms, ¢ m

b > P(m/7)= @e‘“, 9.1)
m!

Puc.9.2. IloTok nmocrynarwmmx 3assBOK

BeposaTtHOCTh TOTO, 4TO 3a BpEMS T
IPOU30UJIET POBHO m COOBITUH, paBHA:

»
»

rie A — MJIOTHOCTh MOTOKAa 3asBOK, KO-

TOpasi NPEACTABISAET CPEIHEE YUCIIO 3aABOK, PUXOIAIINXCA HA €IMHUILY BPEMEHH.

BaxHoi1 XxapakTepHUCTUKOMN MOTOKA 3asIBOK SIBJIIETCS 3aKOH PACIPEACIICHUS MPO-
ME)KYyTKAa BPEMEHH ¢ MEXKY IIPUXOJIOM JIBYX COCEIHUX 3asBOK.

[Tpocretimuii MOTOK 3asBOK 00JIa/Iae€T TPEMS CIECTYIONUMU CBONCTBAMU:

® CTAallMOHAPHOCTBIO; 3TO O3HAYAET, YTO BEPOATHOCTHBIE XaPAKTEPUCTUKH I1O-
TOKAa HE 3aBHUCAT OT pacCMaTpUBAEMOr0 BPEMEHHOI'O YYacTKa; JJIsI CTAalMOHAPHOTO
IIOTOKA XapaKTEpHA NOCTOSIHHASA INIOTHOCTh — CPETHEE YHCIIO 3asBOK B €IMHUILY Bpe-
MEHU;

® OTCYTCTBHEM IOCIEAEHUCTBUS; 3TO O3HA4YaAET, 4To 3a1Bku B CMO nocrynarot
HE3aBUCHUMO JIPYT OT APYra;

® OpJMHAPHOCTBIO, YTO O3HA4aeT MpuxoJ 3asiBoK B CMO mooauHOuYKe, a He
napamu, TPOMKaMH U T.J.
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B Tteopun BepoATHOCTEN NOKA3bIBAETCS, YTO JUIsl IPOCTEUILETO ITOTOKA BpeMsl ¢
MEXAY IMOCTYIUIEHUSAMH COCEIHUX 3asBOK OIMCHIBAECTCA SKCIOHEHIMAIBHBIM 3aKO-
HOM. [Im0oTHOCTH pacnpenenenus w(t) B 5TOM ciydae

w(ty=he ™ ;1> 0, 9.2)

rje A — mapaMmeTp pacrhpeiesieHusi, YUCICHHO PaBHBIM IJIOTHOCTH MOTOKa 3asBOK
(cpenneMy duciy 3asBOK B €IMHUILY BPEMEHH ).

[Ipocreiimnii MOTOK 3asBOK, OMUCHIBAEMbIN BbIpaxkeHueM (9.2), urpaet B TeOpuu
MaccOBOT'0 OOCITY>KHUBaHUS 0cO0YI0 poib. Bo-niepBbIX, npocTeiiiine u OI13K1ue K emy
MOTOKH 3asiBOK YaCTO BCTPEYAIOTCS HA MPAKTUKE. BO-BTOPBIX, MOKHO MOIYUUTh
yIOBJIETBOPUTEINIbHBIE TIO IOCTOBEPHOCTHU PE3YJIbTATHI, 3aMEHHUB JIF000I MOTOK MPO-
creimmM. [Ipocrelimmuii motok npu ananuze CMO urpaet B HEKOTOPOl CTENEHU
pOJIb, AHAIOTUYHYIO HOPMAJIbBHOMY 3aKOHY ITPU ONKUCAHUU CIIyYalHBIX [apaMeTpPOB.

Mamemamuueckoe onucanue CMO cmewmannozo muna
C 0ZpanuueHuem O1UHbl 0uepeou

[Tycts umeercst n-xanaiabHass CMO c oxxuanueM, JJIsi KOTOPOH YHCIIO 3asiBOK,
CTOSIIIUX B OYepeau, orpaHudeHo 3HaueHueMm m. Ita CMO umeeT KOHEYHOE YUCII0
cocrosiauii. O603HaunM OykBoit x cocTostHuss CMO u nepeuncium ux (tadm. 9.1).

Ecim uucno 3asBOK B odepenu

Tabmuma 9.1
paBHO m, TO CJIEAyIollas 3asBKa B
O603Ha-

oyepeab HE CTaBUTCS, a NOKHUIAACT qerme Cyts coctosgaus CMO
CHCTEMY HEOOCITYKEHHOH. Xo Bce kanaiel CBOOOAHBI, OYepeIH HET

bynem mpeanonararte, 4tro 1O-

X1 3aHAT OJIMH KaHaJl, O4EPEaN HET
TOK 3asBOK, IIOCTYIIQIOIIUX B pac-
CMaTpHUBAEMYIO CHUCTEMY, SIBIACTCS
. Xk 3aHATO k KaHAJIOB, OYEPEIU HET
OPOCTEUIIMM C IUIOTHOCTBIO A, a
BpeMs OBCITyKHBAHHS 3asBOK pac- I B
n 3aHATHI BCE 1 KaHaJIOB, OUCpCIU HET
IIPEAEIICHO 110 KCIOHEHIIUAJIbHOMY x
n+1 3aHATHI BCE 71 KAHAJIOB, OJTHA 3asBKa
3aKOHY C ITapamMeTpoM
CTOUT B oUCpCaU
1 i
H=—""" Xn+tm 3aHATEI BCE 7 KaHAJIOB, /1 3aABOK CTO-
M(T)
AT B OUepean

rne M(T,s) — cpenHee 3HauYCHHE

(MaTeMaTHYeCKOE OKHUJIAHUE) BPEMEHU OOCITYKUBAHUS 3asBKHU.

Ecnu Oynyt HaiiieHbl BEPOSTHOCTH COCTOSIHHM, TO TeM caMbiM OYyIyT ompene-
JeHbl BaxkHelmune xapakrepuctuku CMO.

Jns BeposiTHOCTeW cocTosiHuM paccMmaTtpuBaemoir CMO MoryT OBITH cOC-
TaBJieHbl TuddepeHnnanbuble ypaBHeHUs OpiaHra. PemeHue 3THUX ypaBHEHHH Mo-
3BOJISIET MOJYYUTh (GOPMYIIBI IJIsl pacdyeTa BeposiTHocTel cocrosiuuii CMO nnst ycra-
HOBUBIIETOCA pekuMa (QYHKIIMOHUPOBAHUS, KOTOPBIM HACTYMAaeT BCETJa MpPU BpeMe-
HU (QYHKIIMOHUPOBAHUS f— o [1]:
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k!
p(xk):pk_ - .
i I nlT\n
a'fa
(50 )= Py =
P\Xyis )= Poys = " ai a" (o Jj? ISSSm, (94)
2 0w 2

ric a — HpI/IBeI[éHHaH IINIOTHOCTH IIOTOKA 3asi1BOK, MHAYC — KO3(I)(I)I/IIII/I€HT 3arpy3Ku
KaHaJia.
BeJ'H/I‘-II/IHy 0. MOKHO OIIPCACINTD KaK

a=A-M(Ty;). (9.5)

®opmyiel (9.3) u (9.4) HazeiBatoTcsa GpopmyiiamMmu DpiiaHra.
[IpunsB B popmyie (9.4) s = m, MoIy4uM BEPOATHOCTH TOTO, YTO 3asiBKa IOJIY-
YHUT OTKa3 B 00CTY>KUBAaHUU

PHeOG = pn+m . (96)
Omnocumenvnas nponyckHas CI’lOCO6HOCWlb onpede/zﬂemc;z KdK
q :1_PH606' (9.7)

[Tpunumas B popmyiie (9.3) k= 0, nomyuum BeposiTHOCTH TOro, uto CMO Oyzaet
npocrauBath (pg). HanoMHum, 4TO 3Ta BEPOATHOCTH MOKA3bIBAET CPEAHIOI0 OJIIO
BpeMeHH, koTopoe CMO OyneT npoctanBarh (IpOCTaUBAIOT Cpa3y BCE KaHAIbI).

dopmynsl DpiaHra NoJgydeHbl JJis Cllydas 3KCHOHEHLHAIbHOIO PACIPENEICHMUS
BpeMeHM oOciykuBaHus. B nmurteparype [3] yrBepknaercs, 4To 3Tu GOpMyJIbl OCTa-
IOTCSl CTIpaBEJIMBBIMU MIPH JF0OOM 3aKOHE paclpeesieHUus] BpeMEHU 00CITyKUBaHMUS,
JUIIH ObI TOTOK 3asBOK OBLIT MTPOCTEUIIINM.

9.3. Onucanne uccaenxyembix CMO

B naboparopnoii padote uccnenyrorcss CMO cMemaHHOTO TUIAa C OTPAHUYCHUEM
JUIMHBI ouepeau. B kauecTBe TakuX CUCTEM paccMaTpHUBAIOTCA:

a) Y4acCTOK peryJMpoBKU (pyHKIIMOHANBHBIX y3710B POC (®Y POC);

0) yuactok peMonta ®Y POC.

s ydactka peryaupoBku @Y POC BX0oAHBIM MOTOKOM (TIOTOKOM 3asIBOK) SIB-
JSI0TCS (PYHKIMOHANBHBIE Y3JIbl, MOCTyMHalome co cOOpouyHOro KoHpeiepa. B mpo-
W3BOJCTBEHHBIX YCIOBUSX CTPEMATCS K PUTMHUYHOCTH MPOU3BOJACTBA, MO3TOMY HH-
TEpBaJl BPEMEHU MEXY MOCTYIUIEHHEM COCEIHUX 3asIBOK SBJIAETCS MPAKTUYECKH I10-
CTOSIHHBIM. B 3TOM ciydae BpeMsi MeX1y HNPHUXOJOM JIBYX COCEIHHUX 3asBOK MPAKTH-
YECKU SIBJISETCS KOHCTAaHTOW Ha JII0OOM paccMaTpHUBAEMOM BPEMEHHOM HWHTEpBAJe
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¢ynkruonupoBanus CMO. [lpu uccnenoBaHuM TaKOM CUCTEMBI MPUXOJUTCS 3aMe-
HATb BXOJHOUW IMOTOK MPOCTEUIIINM ITOTOKOM.

Bpewms perymupoBku @Y POC sBisieTcst ciydallHbIM. 3aKOHBI €r0 pacIpeneaeHUs
MOryT ObITh pazHbiMU. Hanbonee xapaktepeH, BEpOsSTHO, HOPMAJIbHBIN 3aKOH.

Jlis yyacTka peMOHTa BXOJHBIM MOTOKOM (ITIOTOKOM 3asiBOK) SIBJISIFOTCSI HEHUC-
npaBHbie @Y POC, noctynaromue ¢ yuyactka peryanpoBku. [ToTok 3asBok oOpa3yeT-
csa u3 OY, perynupoBka KOTOPBIX HE BBINOJHsIACH BBUAY Hanuuus B @Y Heucnpas-
HOCTeH (1edeKTOB), BHECEHHbIX COOpOUHbIMU omnepanusmu. [ToTok mocTynaronmx
3as1BOK B 3TOM CJIy4yae OJIM30K K MPOCTEHIIEMY U MOXKET paccMaTpHUBAaThCs KaK Mpo-
CTEUILINH.

SlcHo, uTO BpeMs peMoHTa @V CilydyaiiHO M1 BO MHOT'OM OIPENEIISIETCSA ONBITOM U
KBaM(pUKaue paObOTHUKA. 3aKOH pachpenesieHuss BpEMEHH PEMOHTa MOXKET OBITh
KaK OJIM30K K HOPMAJIbHOMY, TaK M 3aME€THO OTJIMYAThCA OT HEro (3KCIOHEHUHUANb-
HBbIi1, pPABHOMEPHBIIA ).

Mooenuposanue CMO na IIBM

[Iporpamma monenupoBanuss CMO HamucaHa TakuM oOpa3oM, UYTO Ha SKpaHe
mucties [IDBM obGecnieunBaetcst HarnssaHOCTh ¢yHkinonupoBanuss CMO. Jloctura-
eTcs 3TO MyTEM rpauyecKoro 0ToOpakeHUs Ha dKpaHe Auciies padoyux mecT (Ka-
HaAJIOB OOCTY>KMBaHUS) pacCMaTpPUBAEMOr0 y4acTKa, JUHEHKU I MOCTAaHOBKH 3asi-
BOK B ouepenb. Camu 3asBku (PVY) oToOpakaroTcsl Ha SKpaHe CBETAIIMMUCS HuUdpa-
MHU. ITH TUGPBl OJHOBPEMEHHO YKasbiBatoT Homep DV, nocrynaromero B CMO. Tlo
HOMEPY 3as8BKHA MOYKHO IIPOCIIEINTh MyTh NpoxoxkacHus PV B cucreme.

MonenupoBanue npouecca ¢pyHkimonupoBanusi CMO ocHOBaHO Ha TOCIIEI0BA-
TEIHHOM IMPOCMOTPE BPEMEHH MOCTYIUICHHS 3asBKM M BPEMEHU €€ OOCITY>KUBaHHUS.
HucneHHble 3HAYEHUS BPEMEHU ONPENCISIOT PUTMUYHOCTD IOCTYIUIEHUS 3asBOK U
MPOJOIKUTEIBLHOCTh UX HaxoxaeHus B CMO.

3HadeHUs BPEMEHU MOCTYIUICHHS 3asBKH U BPEMEHH €€ 00CITyKUBaHUS OTpe/ie-
JISIFOTCSL C TIOMOILBIO TEHEPATOPOB CIYyYaHBIX YHCEN (BCTPOCHHBIX (DYHKIMH, MOJI-
porpaMM) B COOTBETCTBHMH C 3aKOHOM pactpejesieHusi BpemeHnu. B ta6in. 9.2 ykaza-
HO, KAaKH€ 3aKOHBI PACTIPEICIICHUS pEAIM30BaHbl B mporpamMmme Moaennpoanust CMO
Y KaKHMe NapaMeTpPhl SBIISIOTCS UCXOAHBIMU JAHHBIMU JIJISI YKa3aHHBIX 3aKOHOB.

Tabmua 9.2
Haznauenne CMO Perynuposka @Y POC Pemont @Y POC
Bapuant CMO 1 2 3 4
Bpewmsi o- | 3akoH pac- _ _ DKCIIOHEH- DKCIIOHEH-
¢t = const ¢t = const N N
CTYIUICHHSL | mpeAesICHus [HAJTBHBIH [HATBHbIH
3a51BOK B
CMO ITapameTpsl t =9 MuH t =5 MuH 4 =0,4 Mun™ 2= 0,4 vun™’
3aKoH pac- OKCIIOHEH- HobMabHbL OKCIIOHEH- HopMatbHbLi
Bpems 00- | npenenenus UATbHBIN P ITUATBHBII P
CITy)KHBa-
w=1MTo)= | M(Tos) =4 Mun; | u=1/M(Tos) = | M(Tys) =4 MuH;
3asBOK
HA SwIB Hapamerpet =0,1 mur" | 0(Tos) = 1 Mun =0,2mun" | o(Tos) =1 MuH
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[Tosicnenne mapameTpoB, MPUBEAEHHBIX B Ta0I. 9.2:

A — IUIOTHOCTh MOCTYIUICHUS 3aBOK;
t — BpeMs MEXKy MIPUXOJO0M JBYX COCEIHHX 3asBOK;
U — IJIOTHOCTh OTOKA OOCITYKEHHBIX 3asBOK (aHAJIOr MapaMeTpa 4,

HCIIOJIB3YEMOT0 TP OMMCAHUH MTOTOKA MOCTYIAIOIINX 3asBOK);
M(Tos), 0(Tos) — CpeaHEEe BpEMs 06CJ1y>KI/IBaHH51 OZIHOW 3asiBKHU M CpEIIHEE KBaJpaTH-
YECKOE OTKJIOHEHHE BPEMEHU OOCITY>KUBAHUS OJTHOM 3asIBKH.
MonaenupoBanue mporecca (yHkimonupoBanuss CMO cMmemaHHOTO THIA C
OrpaHUYCHUEM JUIMHBI OUYE€PEeId MOXKHO OCMBICIUTE C IIOMOIIBIO JHarpamMMbl IIOCTY-
IJICHUS U 0OCTYKUBaHUSA 3asBOK (puc. 9.3).

[TocTynnenue 3asBoK,
BpeMs ¢

v

T 23 45 6 7 8 9

-+ MaccuB BpeMeHH 00-
CITy>)KUBaHHS 3asBOK

~—

0 e 1 —1 [ Kanan 1,
BpeMs ¢

v

Kanai 2,
9 BDEMS !

v

Ouepenp,
BpewMms ¢

v

| HeoGcnysxeHHble
0 o 1 »  3adABKH, Bpems [

VYuér Bpemenu

o Il 1 . 1 R

»  BpemA ¢
Puc. 9.3. ®yuknuuonnpopanune CMO cMelIaHHOr0 THIIA
¢ OrpaHMYeHHeM /UTHHBI 0Yepeid YHUCJIOM m = 2 B cJiyuyae AByX KaHAJIOB

OcHoBHble xapakTepuctuku CMO onpenenstor no pe3yJibTaraM MOJEIUpOBa-
Hus. BepostHocTh npoctost CMO onpenensieTcst Kak

Po:tnp /tCMO ’ (98)

rae ty, — Bpems npocros CMO;
feo — PAcCMaTpUBaEMbIil HHTEpBaNl BpeMeHu (pyHkimonupoBanus CMO.
BepositHocTh TOTO, 4TO 3asiBKa He OyAeT oocimyxena CMO, MOXKHO MOTYYUTH 110
BBIPAKEHUIO

PHe06 = NHe06 /NCMO ’ (99)

1€ Nyeog — KOIeCTBO DY (3a5BOK), MOTYyUIHUBIINX OTKA3 B OOCITY)KUBAHWH,
Nevo — 0b111ee kosmuectBo OV (3asBok), mpoieaux yepes CMO.
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9.4. 3aaHue HA IKCIIEPUMEHTAJBLHYI0 YaCTh JIa00OPATOPHOM PadoThI

B skcnepuMeHTanbHON YacT 1a00paTOpHON pabOThl HEOOXOAMMO:

1. O3HaKOMUTBCS C BapUAHTaAMU HUCXOJHBIX JAHHBIX IS MOJEIUPOBAHUS HC-
cnenyemMbix CMO (cm. Tabn. 9.2). 3HaueHHne JUIMHBI O4€peqd 7 YTOYHUTh Yy MPENo-
JaBaTes.

2. Ucnonb3ys ucxonauble naHHble BapuaHta 1 (cMm. Tabn. 9.2), 3amycTUTh Ha
[19BM mnporpammy moaenupoBanuss CMO, npHHSIB YKCIIO KaHAJIOB (pabouynux MECT)
n = 1. NUms nporpammel lab9 B nanke TOKTuH. Habntonasa va nucninee IIDBM npo-
necc pynkuuonupoBanusi CMO, mojlydyuTh UCXOJHBIE JaHHBIC, HEOOXOAUMBIE MJIsI
onpenenenus mo dopmynam (9.8) u (9.9) xapakrepuctuxk uccieayemoir CMO. Hc-
noJib3ys BeipaxeHus (9.8), (9.9) u (9.7), onpenenuts XapaKTEPUCTUKU Py, Pyeos U g.

3. IloBropsis MmogenupoBanue CMO na [I9BM, nonyunts naHHbIe, HEOOXOIU-
Mble Juis onpeAesneHus: xapakrepuctuk CMO nipu yucie KaHajaoB 7 =2 U n = 3, ¥ 1O
BbIpaxkeHusM (9.8), (9.9) u (9.7) onpenenuts XapaKTEPUCTUKH P, Pyeos U ¢.

4. IMosroputs nm. 2, 3 pist BapuantoB CMO 2 — 4 tabm. 9.2.

5. Ucnonb3yst popmyner Opnanra (9.3) — (9.4) u Beipaxkenus (9.5) — (9.7), pac-
CUUTATh XapPaKTEPUCTUKU Pg, Pueos U g IS Kaxaoro Bapuanta CMO (cMm. Tabma. 9.2)
MIpU YKuCIie KaHaoB # = 1, 2 u 3 (cuuTasi MOTOKU 3asBOK MIPOCTEUIINMNU).

7. Hanucatb oTué€T 1o padore.

9.5. Coaepxanue oT4yeTa

1. ®opmynupoBKa 1€ padoTHI.

2. OnucaHve MCXOAHBIX JAHHBIX, XapaKTEPU3YIOLIUX HCCIELYyEMbIE BAPUAHTHI
CMO.

3. 3HaueHus xapakrepucTuk uccieayeMbix CMO, nosydeHHbIE C UCIOJIb30Ba-
HUEM DPE3yJbTaTOB MOJCIUPOBAHMS M PACCUYUTAHHBIE TO (QopMmyiam DpiaHra MpH
yuciie kaHajoB n =1, 2, 3.

4. Vicnionb3yeMble B pacuérax (HopMyIibl DpJiiaHra.

5. Ananu3 3¢ dexTuBHOCTH PyHKIMOHUpPOBaHUs uccaeayeMbix CMO npu pas-
JMYHOM YHUCIIE KaHAJIOB 00CITyKMBaHMSL.

6. BeiBobl. IIpuBecTr 3aKiroueHre O IPUUMHAX PACXOKICHUS TEOPETUUECKUX U
peanpHbIX (IO pe3ysibTaTaM MOJEIMPOBAHUS) XapaKTepUCTHK ucciexyeMmbix CMO,
c(opMyIHpPOBATh PEKOMEHIAIIUH 110 BHIOOPY UKCIIa KaHAIOB I uccienyeMbix CMO.

Ilpumeuanue. OTtBeT Ha 1. 3 AaTh B BUE Tabm. 9.3.

Tabnuna 9.3
Xapakrepuctuka CMO
Bapuant Po, TIOJTyYeHHas Pcos, monyuennas ¢, TOTy4eHHas
CMO
110 TaGy. | O PE3YJb- | € MCMONB30- | MO PE3YJb- | C MCMONB30- | IO PE3ylb- | C HCIOJIB30-
92 | Taram mo- BaHHEM TaTam Mo- BaHUEM TaTam Mo- BaHUEM
‘ JeINpOBa- bopmyn JIeTMpOBa- dbopmyn JETAPOBa- bopmyn
HUSA Opnanra HUs Opnanra HUSA Opianra
1
4
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JIABOPATOPHASA PABOTA Ne 10

IMPUMEHEHUE METOJA HAUMEHBIHINX KBAJAPATOB J1JIAA
BbBIFOPA MATEMATHYECKHUX MOJIEJIEHA

10.1. Ieas padoTbl

[enb paboThl: npuMeHeHHEe MeToa HauMeHbIuX kBajapaToB (MHK) st Be1OO-
pa MaTeMaTHYE€CKON MOJENIU, UCIIOIb3yeMOU JUIsl MPOrHO3UPOBAHUS (PYHKIIMOHAIb-
HOI'0 mapaMeTpa 3JieMeHTa Wik POY MeToa0M 3KCTpanoisiui.

10.2. TeopeTudeckue cBeeHMsI

[IpenonoKuM, YTO M3MEHSJIMCh 3HAYCHUS apryMEHTa X U KOHTPOJIHUPOBAJICS
ypOBeHb (DYHKIIMOHATIBHOTO MapameTpa y. HaHecéM sKCmeprMEHTaTbHbIE TOYKH Ha
KOOpJMHaTHY10 ceTKy (puc. 10.1).

COBOKYITHOCTh TOYEK Ha KOOpMHAT-

y HOM TUTOCKOCTH MOKHO paccMaTpuBaTh Kak
AY=, =i KOPPEISALUOHHOE TOoJie (quarpaMmy pas-
Opoca) mapamerpoB x u y. IlpoBeném B
o(x) 3TOM T10JIe JIMHUIO, KOTOPasi B CPEIAHEM Xa-
Vri v\< AN i paKkTepu3yeT U3MEHEHHUs MapameTpa y B 3a-
Vai BHCHMOCTH OT mapametpa x. [yt oTBeTa Ha
BOIIPOC, Kakasl JIMHHUS B KOPPESIIUOHHOM
MOJIe  SBJISCTCSA JIy4YIIeH, MCIOIb3yeTCs
MHK, cormacHO KOTOpOMY JIy4llledl CUMTA-
Puc. 10.1. Iloa6op aunun MeTo10M ercs Takas JIMHUS (QYHKIHA), 111 KOTOPOM

HAUMEHB X KBapaTos BBITIOJIHSETCS YCIIOBHE

A

1
Xi

v
><

S=> (=)' =D (Ay,)* =min_ (10.1)
i=1 i=1

IZi€ ¥, ; — SKCIIEPUMEHTAIbHOE 3HAUCHHUE ) B i-i TOUKE;
Vri — TEOPETHUUECKOE 3HAUECHHE ' B i-U TOUKE;
N — YUCIIO SKCIIEPUMEHTAIBHBIX TOYEK.
Jjist monmyueHus y; ; He00X0auMO B (PYHKITHIO ¢(X), TPEIMOIOKUTEIBHO XOPOIIIO
OTMHCBHIBAIOIIYIO H3MEHEHHUE Y, TIOJICTABUTh B KAYECTBE apryMEHTa X 3HAYCHUE X;:

Vi = @lx = X)). (10.2)
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[Tpumenenne MHK cBomutcs x ompenenenuto koddduimeHToB GyHKIHN ¢(x)
[0 KOOpPJIMHATAM SKCIEPUMEHTAIBHBIX ToueK. C MOJydYeHUEM MPUOIMKAIOIINX
MaTeMaTUYeCKUX MOJIeJe B BHJIE JIBYXIApaMETPUUECKUX DJIEMEHTAPHBIX (PYyHKIIHIMA
vy =o¢(x,a,b), rne a, b — kodppuHEHTHI, MO)KHO O3HAKOMUTHCS B [1, ¢. 61].
Ha npaktuke npu Beioope nyunieil GyHKIUU ¢(x) 0ObIYHO MCCIEAYIOT HECKOIb-
KO (QYHKIIUI U3 YUCIIa, TPEANOIOKUTEIHHO XOPOILIO OMUCHIBAIOIINX U3MEHEHKE ). B
KayecTBe MCKOMOM Mojienu 0epyT Ty QyHKIHIO0, KoTopas oTBedaet kpureputo (10.1).
B 3agavax nmporno3upoBaHus (PYHKIIMOHAJIBHBIX MApaMETPOB METOJIOM JKCTpa-
MOJIALIMM B KaueCcTBE X paccMaTpuBaeTcsi BpeMs HabitojeHus napamerpa y. Mcxon-
HOW MH(pOpMaIen ABISIETCS MPEIBICTOPHUS ITOrO MapaMeTpa, TO €CTh Pe3yJbTaThl
HaOII0/ICHUsI Y B HEKOTOPBIC HaYaJIbHbIE MOMEHTBI BPEMEHH OT ¢ 110 #; (puc. 10.2).
N O6o3nauenus Ha puc. 10.2:
y(¢;) — HabmomaeMoe 3HAYCHUE
(YHKIIMOHAIBHOTO MapaMeTpa y, Co-
OTBETCTBYIOIIEE MOMEHTY BPEMEHHU 1;;
i=1,2, ...,k
k — wuyucio Touyek HAOIIOACHUS V;
lyp — 3alaHHOC BPEMs NPOTHO3U-
pOBaHUs, TO €CThb MOMEHT BpPEMEHH,

IIpenvicTODHUA

y(t)

hty. .. bup t JUIA KOTOPOro HMHTEPECYIOTCS 3Haye-
N ~ ) HHCM ).

[11aT MPOrHO3MPOBAHUS [lens mpOrHO3MpPOBaHUS COCTO-

Puc. 10.2. K Bonpocy 0 nporHo3upoBaHuu UT B TOM, YTOOBI TO MPENBICTOPUH

METOI0M KCTPAMOISIHH U3MEHCHUS Yy KOHKPETHOI'O 3K3EMINJIS-

pa POV unm snementa (cm. puc. 10.2)
yKa3aTb 3HaUY€HHE ) Ul OyLyIEro MOMEHTA BPEMEHH fyp.

Pemenue 3ajaun NpoOrHo3MpoOBaHUsl YCIOBHO MOXKHO pa3OUTh Ha TPH 3Talla.

1. Be10op MaTeMaTH4ecKOM MOAEIM NPOrHO3MPOBAHUS, B KAUECTBE KOTOPOU
UCITOB3YIOT MAaTEMATHUYECKOE BBIPAXKEHUE, TOCTATOYHO XOPOIIO OMMCHIBAOIIEE
IpeabICTOPUIO (PYHKIIMOHANBHOTO NapaMmerpa . [Ipu a3Ttom HeoOxoaumo, ecinu npea-
CTaBJISIETCS BOBMOXHBIM, YYECTh (PU3MUECKHE 3aKOHOMEPHOCTH U3MEHEHUS ).

2. IkcTpanoyasuus (yHKIHOHAJIBLHOr0 napamerpa y. CoCTOUT B MPEANOJIO-
KEHHMHM, YTO 3a IPEJEIaMU NPEABICTOPUH Y OYJET U3MEHATHCS 110 TAKOMY K€ 3aKOHY,
KaK U Ha y4acTKe NPEAbICTOPUHU. 3aKaHYMBACTCA DKCTPANOJIALMS Pacy€TOM IO BbI-
OpaHHOU MOZENIH IPOTHO3UPOBAHKS 3HAUYEHHS ), COOTBETCTBYIOIIETO BPEMEHU fyp!

Wtwp) = @t = tup), (10.3)

rae ¢(f) — maremaTudeckasi MOJIeJib IIPOrHO3UPOBAHMS, BbIOMpaeMas C UCIOJIb30Ba-
Huem kputepus (10.1).
3. OmnpejeleHne T0CTOBEPHOCTH MporHo3upoBanust . O Heil CymsT 1Mo WH-
TEPBAIHHOMY TMPOTHO3Y (PYHKIIMOHAIBHOTO MapaMerpa y, OMHChIBAEMOMY C IOMO-
IIBIO JIOBEPUTEIBHOIO MHTEPBAJIA BEIUYUHBI Y (fp).

T . .
Bonpochl o1ieHKH JOCTOBEPHOCTH HMPOTHO3MPOBAHUS B JTAHHOH JabopaTopHOil pabore He
paccMaTpuBaroTCA.
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B psge ciydaeB npu npOrHO3UPOBAHMM METOAOM SKCTPAIOJISILIMM HHTEPECYIOT-
Csl He 3HaYeHUEM )(fyp), @ MOMEHTOM BPEMEHH fpy, = fop, KOIJA (DYHKLIIMOHAIBHBIN Ia-
paMeTp paccMaTpUBAEMOro 3K3eMIUIsIpa JTOCTUTHET HU)KHETrO WM BEPXHEro KpPUTH-
9YECKOTO YPOBHS )y, B 3aBHCHMMOCTH OT TOTO, B KaKOM HAaIIPaBJICHHUU H3MEHSAETCS
GbyHKUMOHANBHBIA MapameTp ). Torna, He JOKUIAsACh 0TKA3a, UCIOJb3Ys Pe3yIbTaThl
IPOrHO3UPOBAHMSI, 3a0J1arOBPEMEHHO, €UI€ 10 MOMEHTAa BPEMEHU OTKa3a f,; MOYKHO
3aMEHUTh U3JEIINE IPYTUM DK3EMIULIPOM. Takoe MpOrHo3upoBaHue Ha3bIBAKOT 00-
paTHbIM. UTOOBI HallTU BpeMS f,,;, HY’)KHO PELINTh YpaBHEHUE BUA

(= tor) = Vip- (10.4)
10.3. 3apanue HA IKCIIEPUMEHTAJIBHYIO YACTh J1A00PaATOPHOI padoThI

B skcniepuMmenTanbHON YacTu 1a00opaTOpHON pabOThl HEOOXOAMMO:

1. Ucnonb3ys pexum «MoaeaupoBanuey rnporpammsl s [I9BM lab10 (nan-
ka TOKTuH), nonyunts TOUKU ¢ KoopAuHaTaMu (X;, ;) Ha KOOPJAMHATHOW CETKE,
BOCIIPOU3BOAMMOI Ha 3Kpane auciuies (i=1,2,..., n); BeiOpatb n =5 —7.

2. AHanu3upys pacrojioKEHHE TOYEK Ha KOOPJIMHATHOM CETKE, NPHUHSTH perie-
HUe, KaKoM a1eMeHTapHoM QyHKIuen Buaa y=e¢ (x, a, b), K KOTOPbIM UMEETCS TOCTYTI
B niporpamme lab10, MmoxeT ObITh OMKMCAHO U3MEHEHHE TTapameTpa y.

3. U3mensts 3HaueHust KodpPuiuenToB a u b GpyHKUMH, BEIOpAHHOM 1Sl onuca-
HUS ), MOMBITATHCS MOJYYUTh JIUHUIO (PYHKIUIO), JTydinyto ¢ Touku 3peHuss MHK.

4. Vcnionb3ysi BO3SMOXKHOCTH mporpammbl lab10, monyduTs JTMHUIO, KOTOpas SIB-
JSieTCSl B ICUCTBUTEIBHOCTH JIyulliel ¢ Touku 3perus kpurepus (10.1) st dynkumu
paccMaTpuBaeMOTro BUAA. Y TOUHUTh, HACKOJIBKO BaIlM ACHCTBUS ObUIH OJIU3KHU K T1O-
JYYEHUIO JTyYIIEro PeIeHHUs.

5. IIpoBeputh, B KakoM CTENEHU XOpowu ¢ Touku 3peHus MHK npyrue Buabl
GyHKIMIA U3 9KUClia TeX, K KOTOPbIM UMeeTcsl ToCcTym B mporpamme st [ID9BM. Jlns
3TOTO HYKHO MII. 3 — 4 TIOCTeI0BATENbHO TOBTOPUTD I APYTUX QYHKITHI.

6. IIpunsaTte penieHue 0 TOM, Kakas (yHKIHS, K KOTOPbIM MMEETCSA JIOCTYI B
nporpamme lab10, sBnsiercss mydmei ¢ touku 3penuss MHK. JIns aroro Hamo Boc-

noJib30Bathest kpurepuem (10.1).
B nopsioke npuobpemenus onvima pekomenoyemcs nn.l — 6 8bIn0IHUMb HECKOILKO pa3, No-
Jaydas 8CE HOBbBIE U HOBbLE peanusayuu IKCNEPUMEHmMAlbHblX MOYEK. B omuém no pa60me Cﬂedyem
BKJIIOYUmMb pe3ylbmamabal UCCIe008anull 1uilsb 01 0OHOU U3 peaﬂus*auuﬁ, HO Nno e6cem qbyHKL]uﬂM us
yucna, K Komopwvim umeemcsi oocmyn 6 npoepamme o1 119BM lab10.
7. YTOUHUTH Yy MPENOAABATENSI BAapPUAHTBHl IPEABICTOPUN, HCIOJIb3YEMBIE

A1 pCIICHUA  3aJad

Tab 10.1
IMPOTrHO3UPOBAHUA aoJmIa
(tabm. 10.1). Beibupa- Bpewmst 3HaueHue y (ycil. €11.) sl BapuaHTa
ercsi n1Ba BapuaHTa: |2 1 2 3 4 5 6 7 8
0 150 | 800 | 400 |[9,0 (300 (4,0 |260 |200

HCHCTHBI = JUIL OTIPE= 450 1300 | 790 |450 |70 |350 |25 [300 |120

ACICHMA  TIDOIHO3HOTO | 3 500 | 750 [500 [5,55 |390 |20 [350 |115
3HaueHus  Y(fyp), YET- | 450 1000 | 730 | 1500 [ 4,5 [395 |1,5 [380 |113
HbII — ISl PELICHUS 600 1200 | 710 | 2000 | 3,1 400 (1,3 400 [ 110
3a7a9n obGparoro | 750 1250 | 708 2050 (3,0 |410 |12 [401 | 109

IPOrHO3UPOBAHMSL. Yip - 1650 - {20] - 107 ] — 80
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3Ha4yeHue t,, NpuHATH paBHbIM 3000 4, 3HaYEeHHUS ), HEOOXOAUMBIE JUI pelle-
HUS 3aJa4¥ 0OOpaTHOro MPOTrHO3MPOBaHUsA, yKa3aHsl B Ta0. 10.1.

8. Ucnonw3ys pexum «PyuHoe 3ajaHue To4ek» rporpammsl 1 [I9BM lab10,
BBECTH KOOPJMHATHI TOYEK MPEABICTOPUM (PYHKIIMOHATILHOTO NapaMeTpa y COrIacHo
BapuaHTy Ta6s. 10.1. Ucnons3ys Bo3moxxkHocTH nporpaMmbl lab10, BeIOpaTh MO/EIb
IPOrHO3UPOBAHMSI M3 YHCIA DJIEMEHTApHBIX (PYHKUUH, K KOTOPBIM MUMEETCS JOCTYII.
IIpu BBIOOpE Mozenu anmpoOupoBaTh TpU (PYHKLUUU W3 UYUCIA, MPEANOIONKHUTEIHHO

HCIJIOXO OITUCBhIBAOIIUX IIPCABICTOPHIO.
Ilpumeuanue. dmom nyHKm 3a0aHus 6bINOIHAEMCA OMOENbHO O HEYEMHO20 U YEMHO20
8apUAHMO8.

9. Hcnomp3ys MONydYeHHBIC B I1. 8 MOJEIHM MPOTrHO3UPOBAHUS, MOJIYUYHTH IIPO-
THO3HBIE 3HAYEHUSL: )(t,p) — U1 HEUETHOTO BAPHUAHTA, f,, — AJISI YETHOTO BapUAHTA.
10. HarmucaTps oT4éT Mo padoTe.

10.4. Conep:xanue oTyeTa

1. ®opmynupoBKa 1€ padoThI.

2. KoopavHaTHasi ceTKa C HAHECEHHBIMU HA HEE DKCIEPUMEHTAIbHBIMU TOYKA-
MU, TTOJIyYEHHBIMH B PEKUME aBTOMATUYECKOTO MX 3aJaHus, U IpauK anmpoKCUMHU-
pytoien pyHKIHUH.

3. Pesynbratel Haxoxaenus nydmeid mo MHK npubnmxkaromieit dyHkuuu, cuc-
TEMaTU3UPOBAHHbIE U CBeAEHHBIC B Ta0. 10.2.

4. VcxonHsle naHHbIe (TIpe-
IBICTOPHIO), MCIOJIB3YEMBIE IS
MOJIy4EeHHS TIPOTHOSHOTO 3Haue- | Anpobupyemas | Kosgduuuentsi S_Z": (Ay.)?
HUSA )(f;p), COIIIACHO HEYETHOMY Pyscuns a b = g
Bapuanty T1abn. 10.1, koopau- |l.y=ax+b
HaTHas CeTKa C HAHECEHHBIMU Ha
He€ TOYKaMH TIPEABICTOPUU H
rpadMK MOJEIM MPOTHO3WPOBAHUSI, Pe3yibTaThl B Buje Tadu. 10.2 HaxoxaeHUs
ayumerd mo MHK mpubmmkaromeld yHKIIUH, HCIOJIB3yeMOH B KauyeCTBE MOJICTU
IPOTHO3UPOBAHNS, U TIOTyYE€HHOE ITPOTHO3HOE 3HAYECHUE Y(fyp).

5. Ucxonauble naHHbIE (IIPEABICTOPHIO) C YKA3aHUEM Yy, UCIIONIB3YyEMBIE JUIA pe-
IMIEHWS 3a7a4d OOpaTHOTO MPOTHO3UPOBAHUS, COMVIACHO UYETHOMY BapHaHTY
tabsn. 10.1, koopaMHATHAsT CETKa C HAHECEHHON Ha HEE€ TOYKAMH TPEIBICTOPUU H
rpa@uK MOJENIH TPOTHO3WPOBAHMS, Pe3yNbTaThl B Buae Tabim. 10.2 HaxokaeHus
ayuqmied mo MHK mpubmikaromieit pyHKINH, UCIIONB3yeMON B KadecTBE MOJICIH
IPOTrHO3UPOBAHMS, U IOJTYYEHHOE MPOrHO3HOE 3HAUEHHE BPEMEHH OTKA3a fyy.

6. BeiBoabI 110 pabdore.

Ilpumeuanue. Ecnu pesicum agmomamuyeckoeo 3a0anus moyeK UCHOAb308AICA HECKOIbKO
paz, mo 6 nn. 2, 3 HeoOX00UMO npudecmu Iub 0OUH CAYYAl, HO C YYEMOM anpoOupoBaHusl 6cex
@ynxyuii, kK Komopwvim umeemcs docmyn 6 npoepamme oasi [IBM lab10 .

Ta6muna 10.2

JIUTEPATYPA

bopoBukoB C.M. TeopeTnueckne OCHOBbI KOHCTPYUPOBaHUS, TEXHOJOTHUH U HaEKHOCTH:
VY4el. anst cTyA. UHXK.-TEXH. crell. By30B. — MH.: J{uzaitn [TPO, 1998. — 336 c.
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MNPABUIA O®OPMJIEHUS OTUETA MO JJABOPATOPHOM PABOTE

1. Odopmiuenue oTyéra T0JKHO COOTBETCTBOBATH NMPHBEAEHHBIM NMPABUJIAM, a JJIS M0JIO-
YKEHUI, HE PACKPBITHIX B 3TUX MpaBuiax, — TpedoBanusam 'OCT 2.105-95.

2. OT4€T MOXKHO IHCATh OT PYKU PYUYKOH (PHOJIETOBOTO, CHHETO UM YEPHOT'O L[BETa WU XKe
BBITIOJIHATH TEYATHBIM CIIOCOOOM C HMCMOJB30BaHUEM NPHUHTEPA HA OJHOW CTOPOHE JIMCTA Oesoi
Oymaru opmata A4. JIucThl 0TUETA AOJKHBI UMETh CIICAYIOLIME MOJIA: JIeBO€ — MpUMEpHO 30 MM,
npaBoe — 10 mMm, BepxHee — 20...25 mm, HuxHee — 20...25 mm. Teker, HaOupaewmsiil Ha [I19BM, ne-
yaTaeTcsl 4epe3 OJMH MHTEpBaJl, pa3Mep CUMBOJIOB — 14 IMyHKTOB, AJs JOHNOJHHUTEIBHOTO TEKCTa
(MopHCYHOYHbIE MOANUCH, TAOIUIBI U T.OI. — 12 myHKTOB). JIUCTBI OTYETA NOIKHBI OBITH COpO-
IIFOPOBAHBI.

3. CrpaHuupbl clieAyeT HyMepoBaTh apaOCKUMH IU(paMu, cOOII01asi CKBO3HYIO HyMEpaluio
B mpezaenax Bcero oruéra. Homep pekomeHayeTcst cTaBUTh B IIPaBOM BEpPXHEM yIiy Jucta. Tu-
TYJBHBIN JINCT BKJIIOYAIOTCS B OOLIYI0O HyMEpalMI0 CTPAHUI] OTYETA, HO HOMEp CTPAHMIBI HA HEM
HE MPOCTaBJIAIOT.

4. Texct oTuéTa ACTUTCS HA pa3aelibl, a IPU HEOOXOIMMOCTH — Ha mozapaszaensl. Koanyecr-
BO pa3/iesIoB M MOJPa3/iesioB, HX Ha3BaHHe (HAMMEHOBAHMeE) ONpeaeJIsieTcsl CTyAeHTOM B 3aBU-
CHUMOCTH OT XapakTepa JlabopaTopHOi paboThl U TpeOoBaHuil pyOpuku «ConepxaHue 0T4ETa.

5. Paznensl JOMKHBI MMETh MOPAJKOBYIO HyMEpalMIO B Ipenenax Bcero orTuéra, o003Ha-
yaTbcsl apaOCKkuMu nudpaMu U1 UMETh Ha3BaHUE (HaMMEHOBaHUE). B KoHIIe HOMepa pa3zena Touka
HE CTaBUTCS, HanpuMep: 3 Pe3yJbTaThbl CTATHCTHYECKOH 00pa00TKH HAOII0IeHUIl TapaMeTPOB

6. Ilonmpasznmensl HymepyroTcs apaOCckumu LuppaMy B mpeaenax Kaxaoro paszaena. Homep
HoJpasjiena COCTOMT U3 HOMEpa pasziena M HoMepa Mojpaszesna, pa3leséHHbIX TOUKOW. B koHIe
HOMEpa TOuka He crtaBuTcs, Hampumep: 3.1 CTaTucTHYecKHe PsAAbl HccaelyeMbIX NapaMeTpoB
(TmepBBIN TOAPA3IET TPETHETO Pa3eiia).

7. Wnmoctpanyu  0003HAYAIOTCS  CIOBOM
F*(x) PucyHok u HyMepyrTCs IOCIEIOBATENBHO
A apabckumu nugppamu B mpenenax oruéra. Kax-
Il PUCYHOK JOJDKEH HMETh HAaUMEHOBAaHUE
(ma3Banue). Ilpm HEOOXOOUMOCTH PUCYHOK
cHa0XaeTcsl MOACHUTEIbHBIM TeKkcToM. Homep
pUCYHKa IOMENIaeTCs HWXKE WUIIOCTpallud U
MOSICHUTEBHOTO TeKcTa (TIo 1ieHTpy). [Ipumep —

x Pucynox 1.
8. ®opMmynsl  HyMepyloTcs  apabCKuMU
uudpamu B npeaenax oruéra. Homep Gpopmyib
YKa3bIBAa€TCsl B KPYIVIBIX CKOOKax ¢ IpaBoil CTO-

X1 X2 X3 X4 X5 X6

X1, X2, ..., X¢ — TPAHULIBI HHTEPBAJIOB;
% * *

Pi1,P25pP3, ... — OTHOCUTCIHHBIC HACTOTHI POHBI JIUCTa HA YpOBHE (HOpMyIibl, HANpUMeEp:
Pucynok 1 — I'papuk cratucTudeckoi (1) — nepsas opmyna.
(GyHKUMH pacnpege/eHnst napaMerpa dopMmyna B TEKCTE BIUCHIBACTCS B BH/C

OTHENBbHON CTPOKU. Beimie u Hike (Hopmysibl
OCTaBIISIeTCS OJTHA CBOOOIHAs cTpoka. [Ipumep:

*
OTHOCcUTeIbHAAA YacTOTA (CTATHCTHYECKAS] BEPOSITHOCTh) p; NMONAJaHUs MapamMerpa B
i-iil MHTepBaJ onpeaeasercs nNo popmyJie

pi =, (1)
n

rjae m;— 4ucji0 Ha0JI1eHuil mapaMeTpa, NPUXOIAIINXCS HA i-ii MHTepBAaJ;
n — o01ee YMCJI0 HAOJIOIeHUI TapaMeTpa.
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3HadyeHre Ka)XI0ro cUMBOJIa (POPMYJIBI JaeTcsi ¢ HOBOW cTpoku. llepBasi cTpoka mosicCHEHHUs
HayMHAETCs CO CJIoBa rae 0e3 nBoerouns. [locne popMysbl CTaBUTCS 3amsTasi, IOcie KaKaI0i CTpo-
KU TOYKA C 3aMsTOM, IOCIIE TIOCIEAHETO CIIOBA — TOUKA.
9. B Tabnunax eneHue s9eeK 1Mo TUaroHallid He I0IycKaeTcs. Bpicota cTpok Tabmui JonKHa
ObITh He MeHee 8 MM. ['pada (ctonber) Ne m.m. B Tabnuily He BKItoyaeTcs. TaOnauipbl HyMepyoTcs
I0CJIeI0BAaTENbHO apabckuMu LudpaMu B mpenenax oruéra. CreBa Haja Tabiaulel momeuiaercs
Haanuck Tabdauua c ykazanueMm HoMepa u Ha3zBaHus. [Ipumep (Tabnuna 1):

Tadauna 1 — CraTucTuyeckuii psii EMKOCTH KOHIEHCATOPA

Homep naTepBaia 1 2 3 4 5
I'panunsl narepsaiaa, nd 70; 76 76; 82 82; 88 88; 94 94; 100
Yucsio nonagaHuii B UHTEPBAJI m; 3 12 25 16 4
OTHoCHTEIbLHAS YacTOTa p,-* 0,05 0,20 0,416 0,267 0,067
(T]{‘*:If;;ﬁ:f;'f;’; aK‘;‘:’)‘”‘T“““" Pil 0,038 0,212 0,405 0,274 0,064

VYupexxaenne o06pazoBaHus
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YHHUBEPCHUTET HHPOPMATHKN U PATHUOTIEKTPOHUKID
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PucyHnok 2 — Pexomenayemasi gopmMa TUTYJIBHOI'O JIMCTA
(popmar A4)

10. Tekcr ortuéra noiu-
J)KEH JaBaThb OTBET Ha BCE
nyHKTBl pyOopuku «Copepxa-
Hue otyéra». OTUETHI, HE OT-
BeYaKWIHe 3TOMY TpedoBa-
HUI0, TIPErnojaBaTreieM He
paccmarpuBawoTesi. Kpome
TOrO, B KAaueCTBE TEOpETHYE-
CKMX CBEICHHUH B OTYET J0-
MOJIHUTENIBHO JIOJDKHBI  OBITH
BKJIIOUEHBl ~MaTeMaTH4ECKHe
BbIpakeHUs ((PopMyIibl), KO-
TOpbIE HENOCPEJCTBEHHO HC-
MOJIb30BAHbl I TOJYYEHUS
MHTEPECYIOIIMNX B pabore xa-
pakTepucTUK  (MapameTpos,
K03 HIMEeHTOB, TOKa3are-
Jied, BeIWYMH U T.1.). B ciy-
yae 3aTpyAHeHMil B BbIOOpE
BBIPAKECHHM, BKIIOYAEMBIX B
OTU€T, cjaeayeT MPOKOHCYJIb-
THPOBATBLCH Yy NpenojaBare-
Js1.

11. TurynapHbld JUCT
OTY€Ta HE IOJKEH IPOTHUBO-
peunuts ¢dopMe, yCTaHOBIICH-
HOM B yHHBepcurere. Peko-
MeHayeMas ¢popMma mpuBeeHa
Ha pUCYHKeE 2.




Ca. mnan 2005, mmo3s. 3
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