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JIABOPATOPHASA PABOTA Ne 10

HPUMEHEHME METOJA HAUMEHBIINUX KBA/IPATOB 15
BbBIBOPA MATEMATHYECKHUX MOJIEJIEHA

10.1. Ieas padoTbl

[lenb paboThl: npuMeHeHHEe MeToa HauMeHbIuX kBajapaToB (MHK) st Be1OO-
pa MaTeMaTHYEeCKON MOJENH, UCIOIb3YEeMOU ISl MPOTHO3UPOBAaHUS (PYyHKIIMOHAIIb-
HOT'0 IapaMeTpa 3JieMeHTa Wik POY MeToa0M 3KCTpanoisiui.

10.2. TeopeTudeckue cBeeHMsI

[Ipeanonoxxum, 9T0 U3MEHSIUCH 3HAYCHHUS apTyMEHTa X U KOHTPOJIHPOBAJICS
ypOBEHb (DYHKIIMOHAJILHOTO MmapamMerpa y. HaHecém skcnepuMeHTaTbHBIE TOYKHA Ha
KOOpAUHATHYIO ceTKy (puc. 10.1).

COBOKYITHOCTh TOYEK Ha KOOPJIMHAT-

y HOM IJIOCKOCTH MOYHO pacCMaTpHBaTh Kak

A
s AV=V = KOppEJSILIMOHHOE ToJIe  (auarpaMmy pas-

Opoca) mapamerpoB x u ). IlpoBeném B
o(x) 3TOM IIOJIE JINHUIO, KOTOpasi B CPEIHEM Xa-

% B — DKCIICPUMCHTAJIb-
Vri v HBIE TOUKH paKTeEpHU3yeT U3MEHEHU MMapaMeTpa y B 3a-
Yo i BHCUMOCTH OT napamertpa x. L orBera Ha
BOIIPOC, Kakas JMHUS B KOPPEIALUOHHOM

v

x  TOJe SIBISICTCSl JIyYIllel, HCIOIb3yeTCs

MHK, coriacHo KOTOpOMy JIy4IlI€d CUUTa-

Puc. 10.1. Tloa6op aunun MeTo10M eTcs Takast TuHUS (QYHKIHS), VI KOTOPOit
HAMMCHBIINX KBApaToOB BBITIOJIHAETCS YCIOBHE
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S =Y (=) = XAy = min, (10.1)

i=l

/1€ ¥, ; — SKCIEPUMEHTAIBHOE 3HAUYEHHUE ) B i-U TOUKE;
Vr; — TEOPETUYECKOE 3HAYCHUE ) B i-U TOUKE;
N — YHCIIO SKCIEPUMEHTAIBHBIX TOYEK.
Jlist monyyeHus y; ; He00X0AUMO B (PYHKIUIO @(X), MPEANOIOKUTEIBHO XOPOILIO
OMKCBHIBAIOIIYIO U3MEHEHHUE Y, TIOJICTABUTh B KAYECTBE apryMEHTa X 3HAYEHUE X;:

Yri = @(x = Xx;). (10.2)

[Tpumenenne MHK cBonutcs x ompenenenuto koddduimenToB GyHKIum ¢(x)
0 KOOpJWHATaM OJKCIIEPUMEHTAIBHBIX ToYeK. C TModydeHneM MpHOIMKAIOITUX
MaTEMaTHYECKUX MOJIeNie B BHJIE ABYXITAPAMETPUUCCKUX dJIEMEHTAPHBIX (DYHKIIHMA
y=¢(x,a,b), tne a, b — kodphuUMEHTHI, MOKHO 03HaKOMUTHLCS B [1, ¢. 61].

Ha npakTtuke npu BeiOope nydiiei GyHKIIUU ¢(x) OOBIYHO UCCIEAYIOT HECKOIb-
KO (DYHKIMH U3 YHcIa, TPEINOI0KUTEITHPHO XOPOIIO OMUCHIBAIONINX H3MEHEHHE ). B
KadecTBe HCKOMOM Mojienn 6epyT Ty QYHKIHIO, KOTopas orBeuaeT kpureputo (10.1).
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B 3apmavyax nmporHo3upoBaHus GyHKIIMOHAJIBHBIX MapaMeTPOB METOJIOM 3KCTpa-
HOJISIMU B KaUeCTBE X paccMaTpUBaeTCsl BpeMsl HaOuoneHus napamerpa y. Mcxon-
HON MH(pOpMaLMel SBISIETCS MPEAbICTOPUS 3TOrO MapaMeTpa, TO €CThb PEe3YJIbTaThl
HaOII0JICHHSI Y B HEKOTOPBIE HaYaJIbHbIE MOMEHTBI BPEMEHH OT ?1 J10 ¢ (puc. 10.2).
N O6o3Hauenus Ha puc. 10.2:

y(t) — HaOmomaemMoe 3HAYCHUE
(GyHKIIMOHATBLHOTO TapaMmeTpa ), CO-
OTBETCTBYIOIIIEE MOMEHTY BPEMEHHU 1;;
i=1,2,....k

k — uuCcio ToYeK HAOIIOACHUS V;

fnp — 3aJaHHOE BPEMs IIPOrHO3HU-
pOBaHUs, TO €CTh MOMEHT BpPEMEHH,
Hht ...t tup / JUIsL KOTOPOTO HHTEPECYIOTCS 3Haue-

N g , HUEM ).
[{esb MPOrHO3UPOBAHUS COCTO-
UT B TOM, 4YTOOBI MO MPEIBICTOPUU
U3MEHEHUS ) KOHKPETHOTO 3K3E€MILIS-
pa POV unu snementa (cm. puc. 10.2)
yKa3aThb 3HaYCHHE ) 171 Oy yIEero MOMEHTA BPEMEHH fyyp,.

Pemenue 3a1aun NpoOrHo3upoBaHMsl YCIOBHO MOXHO pa3OUTh Ha TPH 3Tarla.

1. Be10Oop MaTeMaTH4eCcKOM MOAEJM MPOrHO3MPOBAHUS, B KAUECTBE KOTOPOM
UCIOJIB3YIOT MaTEMaTUYECKOE BBIPAXKEHUE, JOCTATOYHO XOPOIIO OIKCHIBAOIIEE
IpeapicTOpUi0 QYHKIMOHAIBHOTO mapamerpa y. [lpu 3Tom HeoOxoaumo, eciu npe-
CTaBJIIETCS BO3MOXKHBIM, YUECTh (PU3NUECKHE 3aKOHOMEPHOCTH U3MEHEHMUS ).

2. Ikerpanoyasauus PyHKUMOHAJIBHOr0 nmapamerpa y. CocTouT B IpeAnoIo-
YKEHUH, 4TO 3a IIPeAeIaMU MPEAbICTOPUH ¥ OyI€T U3MEHATHCA 0 TAKOMY K€ 3aKOHY,
KaK M Ha y4acTKe MPEAbICTOPUH. 3aKaHUYMBAETCA DKCTPANOJIALMS Pacy€ToOM IO BbI-
OpaHHOI MOZENH IPOrHO3UPOBAHUS 3HAYEHHS }, COOTBETCTBYIOIIETO BPEMEHH fyyp:

V() = ot = tp), (10.3)

rae ¢(t) — MaremMaruueckasi MOZIelib MPOTHO3UPOBAaHUs, BhIOMpaeMasi ¢ UCIOJIb30Ba-
HueM kpurepus (10.1).

3. OnpejeieHne 10CTOBEPHOCTH MPOrHo3HpoBanust . O Heil CymsT 1o WH-
TEepPBAJIBHOMY IMPOTHO3Y (PYHKIIMOHAJIBHOTO MapaMerpa y, OMUChIBAEMOMY C IOMO-
IIBIO JIOBEPUTEIBHOTO HHTEPBAJIA BETHYMHBEI Y (fyp).

B psge ciydaeB npu NpOorHo3UPOBAHMM METOAOM SKCTPAIOJISLIMU HHTEPECYIOT-
csl He 3HaueHHueM )(f;), @ MOMEHTOM BPEMEHH Iy = fop, KOTJIA (DYHKIIMOHAJIBHBIN Ia-
paMeTp paccMaTpUBAEMOro 3K3eMILIsIpa JTOCTUTHET HU)KHETO WJIM BEPXHEro KpUTH-
4ECKOIO YPOBHS )y, B 3aBHUCUMOCTH OT TOrO, B KaKOM HAalpaBICHUU H3MEHSETCS
byHKIMOHAIBHBIN TapaMeTp y. Toraa, He JOKUAASICh OTKa3a, UCIOJIb3Ys PE3yJIbTaThl
MPOTrHO3UPOBaHMS, 3a0JJarOBPEMEHHO, elI€é O MOMEHTa BPEMEHHU OTKa3a f,; MOXKHO
3aMEHHUTb U3JIEIUE IPYTUM IK3EMIUIpOM. Takoe MpOrHo3upoBaHue HA3bIBAKT 00-
paTHBIM. UTOOBI HAWTH BPEMS ,;, HY’)KHO PEIIUTh YpaBHEHHUE BUAA

IIpenvicTopus

w(t) A

Iar nporHo3upoBaHus

Puc. 10.2. K Bonpocy 0 nNpoOrHo3upoBaH1HU
METO/I0M IKCTPANOJISIIIUN

! Bonpochl O1ieHKH JOCTOBEPHOCTH MPOTHO3UPOBAHMSA B JaHHOW J1abopaTopHOW paboTe He
paccMaTpUBarOTCA.
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Pt = tor) = Yip- (10.4)

10.3. 3apanue HA IKCIEPUMEHTAJIBHYIO YACTh J1A00PaTOPHOI padoThI

B skcniepuMeHTabHOM YacTH J1abopaTOpHOU pabOThl HEOOXOIUMO:

1. Ucnionb3ys pexum «MoaeaupoBanuey rnporpammbl 1 [I9BM lab10 (nan-
ka TOKTuH), noayunts TOUku ¢ KoopauHaTaMu (X;, ;) Ha KOOPJIWHATHOW CETKE,
BOCIIPOM3BOJAMMOM Ha 3KpaHe auciuies (i =1, 2,..., n); BeiOpatb n =5 — 7.

2. AHanu3upys pacroioKeHUE TOUYEK Ha KOOPAMHATHOM CETKE, IPUHATH penie-
HUE, KaKoW deMeHTapHoU QyHKIMer Buaa y=¢ (X, a, b), K KOTOPbIM UMEETCS JIOCTYTI
B niporpamme lab10, moxxeT OBITH OIMCAaHO U3MEHECHHE TTapameTpa y.

3. U3mensis 3HaueHust KodhPuimeHToB a u b GyHKIUU, BEIOpAHHOM ISl OTHca-
HUS Y, TONBITATHCA MOIYYUTh JIMHHIO ((PYHKIUIO), TyUllyto ¢ Touku 3penns MHK.

4. Ucnonb3ys BO3MOKHOCTU nTporpammsl lab10, nonyyuTs JIMHHIO, KOTOpaAs SIB-
JsieTcs B IEHCTBUTENBHOCTH JIydIlied ¢ TOUukH 3peHust kpurepus (10.1) mia pyHkium
paccMaTpUBaeMOro BUAA. Y TOUHUTh, HACKOJBKO BallM ACHCTBUS ObUIM OJIU3KHU K TO-
JyYEHUIO JTYyUIIETO PEIICHHUS.

5. IIpoBepuTh, B KakOM CTENEHU XOpowH ¢ ToukH 3peHus MHK apyrue Buaebl
GyHKIUH U3 9UcIa TeX, K KOTOPBIM UMEETCsl T0CTyI B mmporpamme jyuist [IDBM. Jlns
ATOr0 HY>KHO M. 3 — 4 mocnea0BaTeIbHO MOBTOPUTD ISl IPYTUX QYHKIUM.

6. [IpunaTh pemieHue o TOM, Kakas (QYHKIHS, K KOTOPHIM MMEETCS JTOCTYI B
nporpamme lab10, siBrisercs nyuiieit ¢ touku 3pennss MHK. JIns storo Hamo Boc-
noJsib30Barbest kpurepuem (10.1).

B nopsake npuobpereHust ombiTa peKoMeHAyeTcs Mil.l — 6 BBINOJIHUTH He-
CKOJIBKO pa3, IoJIy4as BCE HOBBIE U HOBBIC PEAIM3ALUN DKCIIEPUMEHTAIBHBIX TOYEK.
B otuér no pabore cienyeT BKIOYUTh Pe3yIbTaThl UCCIAEAOBAHUM JUIIb ISl OJHOU
U3 peaju3alnii, HO 10 BceM (PYHKIMSAM U3 YHCiia, K KOTOPBIM UMEETCS JOCTYI B IPO-
rpamme s [I9BM lab10.

7. YTOUHUTH Yy MPENOAABATENSI BAapUAHTBl IPEABICTOPUM, HCIOJIb3YEMBIE
JUIsl  pelIeHHs 3anad

IPOTHO3MPOBAHUS Tabmma 101

(ta6n. 10.1). Bpioupa- | Bpema 3uaueHune y (yCil. ell.) Uls BApHaHTa

erci 1Ba BapuaHTa: |2 ] 2 3 4 5 6 7 8
0 150 | 800 [400 |9,0 (300 |4,0 |260 |200

HCHCTHBIM — JUIA OMPC- 1450 1300 [790 |450 [7.0 |350 |25 |300 |120

JACHCHUA  TIPOTHO3HOTO 1300 | 500 | 750 [500 |55 [390 |20 [350 |115
3HAYCHUSA Y(fnp), 9€T- | 450 1000 | 730 | 1500 | 4,5 |395 | 1,5 |380 |113
HBI — JUISl PEIICHUS 600 1200 | 710 | 2000 | 3,1 400 | 1,3 400 [ 110
3a71a4n 006paTHOro 750 1250 [ 708 [2050 | 3,0 |410 | 1,2 |401 | 109
POTHO3UPOBAHUSI. Yip - (650 ] - 120] - 07| - | 8
3HAYEHHE Iy, NPH-
HATh paBHbIM 3000 4, 3HAYEHUS Yy, HEOOXOAUMBIE IS PELICHUS 3aJadyd OOpaTHOro
IPOrHO3MPOBaHMs, yKa3zaHbl B Ta0s. 10.1.
8. Ucnonw3ys pexum «PydHoe 3aganue To4ek» nporpammsl 1 [I9BM lab10,
BBECTH KOOPJAMHATHI TOYEK MPEABICTOPUH (PYHKIIMOHAIILHOTO MapaMeTpa y COriIacHo
Bapuanty Tabs. 10.1. Mcnons3yst Bo3MokHOCTH nporpammbl lab10, BeIOpaTh MOACIb
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IIPOTHO3UPOBAHMS M3 YMCTIA 3JIEMEHTAPHBIX (DYHKUIUN, K KOTOPHIM MUMEETCS JOCTYTI.
[Tpu BrIOOpEe Momenu ampoOupoBaTh TpU (HYHKUMU W3 YUCIA, MPEANONIOKHUTEIHLHO
HEIJIOXO OIMHUCHIBAIOIIUX MPEIBICTOPHIO.

Ilpumeuanue. ITOT NyHKT 3aJaHUSI BBINOJHAETCA OTIEIBHO ISl HEYETHOTO U
YETHOI'O BAPUAHTOB.

9. Ucnonp3ys MOJIy4YEHHBIE B 1. 8 MOJEIU NMPOTHO3UPOBAHUSA, MOIYUYUTH IPO-
THO3HBIE 3HAYEHUS: Y(typ) — U1 HEYETHOTO BAPHMAHTA, fo; — JJIs YETHOTO BapUAHTA.

10. Hamucatp oT4€T Mo padoTe.

10.4. Conep:xanme oTuera

1. ®opmynupoBKa e padoTHI.

2. KoopauHaTHasi ceTKa ¢ HAaHECEHHBIMM Ha HEE HKCIEPUMEHTaIbHBIMU TOUKa-
MU, TIOJYYCHHBIMHU B PEKMME aBTOMATUYECKOTO WX 3aJaHusl, U TpauK anmpoKCUMHU-
pyrouieil pyHKUIuUu.

3. PesynbTaTel HaxoxaeHus jydiieit no MHK npubnuxaromieit ¢hpyHkiuu, cuc-
TeMaTU3UPOBAaHHBIC U CBeAEHHBIE B Ta0. 10.2.

4. Ucxonuble naHHble (Tpe-

JBICTOPHIO), MCTOJIb3YEMBbIE IS Tabmma 10.2
MOJTy4YeHHs MPOTHO3HOTO 3Hade- | Anpodupyemas | Kosgpduuuentst S:Z”: (Ay,)?
HUA )(f;p), COIIIACHO HEYETHOMY PyHiis a b i1 g
Bapuanty T1abn. 10.1, koopmu- |l.y=ax+b

HATHAsl CETKa ¢ HAaHECEHHBIMH HA

HEE€ TOYKAMM IIPEABICTOPUHA H

rpaguK MOJEnW TPOTHO3WPOBAHMS, PE3yJNbTaThl B Buae TaOm. 10.2 HaxoXIeHHS
ayumieit mo MHK npubnmxkaromeil (GyHKIMH, UCHOJIB3yeMOW B KayeCTBE MOJEIH
IPOTHO3UPOBAHHS, U TIOTY4YEHHOE ITPOTHO3HOE 3HAYECHUE Y(fyp).

5. Mcxoanble AaHHbIE (IPENBICTOPHIO) C YKA3aHUEM Yy, UCIIONIB3YEMBIE JUI pe-
HIEHUs 3a7aud  OOpaTHOrO MPOTHO3WPOBAHUS, COMVIACHO YETHOMY BapHaHTY
tabn. 10.1, koopAMHATHAST CeTKAa C HAHECEHHON Ha HEE€ TOYKAMM MPEAbICTOPUU U
rpauk Mojenu NPOrHO3UPOBAHMS, Pe3ysbTaThl B Buae Tadu. 10.2 HaxoxaeHus
ayumeit mo MHK npuGmmkaromieit GyHKIHHM, UCTONB3yeMOW B KAa4eCTBE MOJIEIH
IIPOTHO3UPOBAHUS, U MTOJIYUYEHHOE IPOrHO3HOE 3HAYEHUE BPEMEHU OTKA3a fyy.

6. BeiBoasI 110 pabdore.

Ilpumeuanue. Ecnu pexyM aBTOMaTH4YECKOTO 3aJJaHNsl TOUEK MCIOIb30BAJICS HECKOJIBKO Pas,
TO B MII. 2, 3 HE0OXOIMMO IPUBECTHU JIUIIb OJUH CIIy4aid, HO ¢ y4€TOM anpoOUpoBaHMsI BCeX PYyHK-
1UH, K KOTOPBIM UMeeTcs JocTyn B mporpamme i [II9BM lab10 .
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