Iy
NaloA

MMHUCTEPCTBO OBPA30BAHUSA 1 HAYKH POCCUHCKOM ®EJIEPALIN

OEJEPAJIBHOE 'OCYJAPCTBEHHOE BIO/UKETHOE
OBPA3OBATEJIbHOE YYPEXKJIEHUE BbICHIEI'O OBPA3OBAHUA
«IOHCKOU TOCYAAPCTBEHHBIN TEXHUYECKUU YHUBEPCUTET»

ArrTy)

daxynbTeT OHepreTuka U Hed)Tera3onpPOMBIIIICHHOCTh
Kadenpa AMM HI'K

Hanpagnenune 15.03.04 ABTOMAaTM3aIMg _TEXHOJIOTMYECKMX IPOLECCOB W
MPOMU3BOJICTB (OaKamaBpuar)

KOHCIEKT JIEKIUH 1O TUCHUATIIMHE

«ABTOMATH3AUUS MPOU3BOACTB HePTEra3oBoro KOMILJIEKCA)



Conepxkanue

I'maBa 1. JIMarHOCTUKA CUCTEM YIIPABICHHMSI. . .c.vveenreeanreearenesireessreesnseesseeanes 4
1.1. O6m1as XapaKTePUCTUKA JTUCITUTITHHBI «.e...vvveeesvreessirenssssseeessssnsessnesssnsnesnns 4
1.2. OcHoBHBIC MOHATHS TeXHUYECKON TUATHOCTUKHU (TL) .ovvvvvviiiiiiiiiiiiiienns 4
1.3. CucteMbl TeCTOBOM M (DYHKITUOHATBHON TUATHOCTHKH «vvvvvrvvrresniveessnenennns 5
1.4. Kpatkas knaccudukanus O/ u anropuTMoB MOMCKa HEUCTIPABHBIX 2JIEMEHTOB
............................................................................................................................ 6
1.5. Marematnueckue moaenu O U UX KITACCUDUKALIS ...ooevvvvenreerrereneeennns 7
1.6. IToctpoenne TOTHUECKUX DIIM ......ooiiviiiiiiiiiiieiee e 11
1.7. loctpoenune noruueckoit @JIM A HEMPEepHIBHOTO KOMOHMHAIIMOHHOTO
o 1a} 1S3 6 v 1 SR 12
1.8. TecTOBBIN KOHTPOJIb AUCKPETHBIX KOMOMHALUOHHBIX CXEM ....cevvvererernnen. 19
1.9. UadopmanvioHHBIN THArHOCTUIECKUN TECT, OMU3KUN K MUHUMAIIEHOMY
(METOM CHHIICEEBA) ...vvveevrveesiureeesssresesssseessssssesssssessssssesssnsessssssessssssessssssnsesnsnes 26
1.10. Metoa kputepus pa3muIMMOCTH — KOMOMHAITMOHHBIN METOJI, peaTu3yIOIui
OC3YCIOBHBIN ATOPUTM JTUATHOCTHKH ..eeeiuvvreeisrreessssreessssessssssessssssessssssnsesnsnees 32

I'maBa 2. J/Ilnarnoctuka Mukpornporieccopubix cucteM (MIIC). ................... 38

OO6m1as XapaKTePUCTUKA CPEICTB TUATHOCTHKH ...vvvveirvrreessrreesssrenssssnenesssnns 38
2.1. O0mas xapakTepUCTHKa U METOJIUKA UCTIOIB30BaHUSA CA ........cccvveenee. 38
2.2. TOTHOCTD CA oot ieiii ettt et et nraa e e neeas 39
2.3. Ycnous npurogaoctd moayieid MIIC mnsa ucnibitanus merogom CA ...40
2.4. Meronuka nipoBepkr MIIC ¢ moMOmbro CA.......c.cooveiiiiiiiieiiieeee e, 41
2.5. Jloruueckuit aHAU3ATOP (JTA) .ooiiiiiiiiiiii e 41
2.6. IIpocreimme KOHTPOIbHO-UCTIBITATENBHBIE TPHUOOPBL. ... eveeereerireerneenne 45
2.6.1. TecTephl TOTHUECKHUX COCTOSTHUM ...vvvvreiereeeiirenessneessseeesssnenssssneeesnnneas 45
2.7. CTUMYTHPYIOUIUN TEHEPATOP ...vveerrreernreernreesnreessresannesessseessneessnessnsessnsessnns 46
2.8. beckoHTaKTHBIE HHAUKATOPHI UMITYIBCHBIX TOKOB (MUT) ....ovveviivenee. 47
2.9. CamokoHTpoIb B caMoaHarHoCTHKA B MIIC .........ccoovvviiviiiccciicc i, 48
2.10. JlmarHocTHKA OAHOTUIATHON MUKPO OBM. ..o, 50
[TocaenoBaTeIbHOCTD HAJTAIKH M KOHTPOJISI MUKPO OBM ..o, 50
2.11. IIpoBepka TUHMUI CUCTEMHON MarucTpajad B MACCHBHOM COCTOSHUH ....51
2.12. JrarHOCTHKA TI3Y ..o 53
2.13. JHarHOCTHKA O3V ....viiiiiiiiiiiic ettt e 53
2.14. IIpoBepka KOHTPOJIIEPA MTOCIEAOBATEIBHOTO KAHAIA CBSI3H ....ccvvvveee. 54
(Ha npumepe nnatsel MII ¢ mukpocxemoii Tuna K1801BII033) ..................... o4
2.15. TIpoBepkH, BBIMOJHIEMbIEC C ITOMOIIBIO TTPOIIECCOpa MPOBEPSIEMOM TIaThl S8
2.16. IIporpaMMHO€ 00ECTIEUCHNE HAMATOUHBIX CTCHIOB .c.vvvveeirieeeireeesnenens 61

I'naBa 3. IIporHo3upoBaHUE COCTOSTHUS TEXHUUECKUAX CUCTEM. .....vvvvvreeninrrnnsss 63
3.1. 3a1a4H TIPOTHOBHPOBAHHSL «......vvvresnreeesssresesssseessssseessnseesssnnesessnnesssanseeesnnsees 63
3.2. OCHOBHBIE METObI TPOTHOBUPOBAHMSI ....vvveeenirrieasnreeessineeesanneaesasneeesnenss 66
3.3. PECYPCHBIE HMCTIBITAHMS ....c.uvvveeriesureesresesneeesireessres s s e 72

I'maBa 4. OcHOBHEBIE CBEICHUS 00 HICHTH(MUKAIIAA CHCTEM ..vveevvveeevreeenes 75
4.1. Monaenu, TUIIBI MOJEIEH U UX MCHOIB30BAHHUE ...uuvveseeieeierririiiieseeeeesensnnns 75
4.2. UnerTuduKanysg KaKk METOJI IIOCTPOCHUS MOJCTICH ..vvvvevvreeeiireeeiieeeannns 80

4.2.1. MaremaTtrueckuii anmapat TEOPUNA UACHTUDUKAITUH .........cvveeveeenene. 84



4.2.1. OcHOBHBIE TOIXObI TOCTPOCHHUIO AJITOPUTMOB UACHTU(UKALIHH. ... 85

4.3. UneHTUGUKAITUS CTPYKTYPBI MOJCIIH ..vveeuvveeessereesssreessssseessssnenssnssesssnsees 86
4.4. MeTOIbI YIPOIIEHUS MOJEIICH ..vvvveesrrrreeitiiessireesssteessssseesssssensssssesesnsnnas 90
4.5. ATIEKBATHOCTD MOJIETH T OOBEKTA ... evvveeneeeeernssessessnssesessnsssssssnnssesesssnns 96
4.6. XapakTepucTrka mpo0jeM U METOJI0B MOJICTTUPOBAHUS OOBEKTOB ....... 101

4.7. DTanbl ¥ NPUHIUIIEI MOACIMPOBAHUS 00BEKTOB U cucteM Ha OBM ..... 106
4.8. OcobenHoctu (pukcanuu U 00paboTKH pe3ynbTaToOB MojearupoBanus . 113
['maBa 5. UACHTHQDUKAIIST OOBEKTOB ...c.vvveervreeireesireessieesreessseeessneessneesneens 116
5.1. [TocTanoBKka 3a1a4u ¥ OMUCaHKUE MPOOIEMBI HIeHTHUKAMN 00BeKTOB116
5.2. UnenTrdukanus CTaTUKN JTUHEHHOTO JeTePMUHUPOBAHHOTO 00bekTa 118
5.3. UnenTudukanusi CTaTUKA HETUHEHHOTO JeTEPMUHUPOBAHHOTO 00bekTal23

5.4. IlocTpoeHue perpecCUOHHON MOJIETN CTOXaCTHUYECKOTO 0OBEKTA......... 131
5.5. UneHTrUKAINAS TUHAMHYECKIX OOBEKTOB ....vvveiuvieasieeaieeesineesireesnsenanss 147
5.6. Unentudukanus 3aKkoHa pacupeeieHus CIIy4ailHOW BEJIUYUHB. ........ 152
5.7. MeToabl EPEXOTHBIX DYHKITHM ..vevivvvveiivreeesirressineesssseessssnesessssesssnsneeans 166
5.8, HACTOTHBIE METOIBI «...evveueeeeteennsseeeessnssesesnnsseseesanssessessnsseressnseesessnnneees 171
5.9. HenapameTtpuueckas uieHTU(DUKAIMS TUHEHHBIX CTOXaCTUYECKUX CUCTEM.
VPABHEHUE BHHEPA. .. ceiiiviiiiiiii ittt 173
Tewma 6. [TocTpoeHre MoeNI CTATUKH CIIOKHBIX MHOTOMEPHBIX 00BHEKTOB1 76
6.1. BBIOOD CYIIECTBEHHBIX MEPEMEHHBIX MOJCTH OOBEKTA ..vvvvvevrvveeeinvrnnnns 176
6.2. ONTUMANTBHOE IJTAHUPOBAHUE IKCHIEPHUMEHTA ...evvveenrerennreesnreesnreesnneeens 182
6.2.1. HopMHPOBAHUE TEPEMEHHBIX MOJEIIH .....vvvvnrreesnreeessnrenessnnenesnness 184
6.2.2. [InaHupoBaHKE MOJHOTO (PAKTOPHOTO SKCHEPUMEHTA ... vvvrvveerereens 185
6.2.3. Boruncienne KO3PQOUIUEHTOB MOMECIIH .....vveerureernreesneessnnresneesineess 188
6.2.4. OueHka 3HaYUMOCTH KOIPPUIUEHTOB MOJCIIH. ... vverrveeererernreerineens 191
6.2.5. [IpoBepKa aACKBATHOCTH MOJICIIH «....vveenrreenreesnneesnnessneesnneeessneesneens 192
6.2.6. JIpOOHBIN (PAKTOPHBIN IKCTICPHMEHT ..vvverrvrereisrreesssrreesssrensssnesssssnns 194
6.2.7. YUCT BIHSHUS TIOMEX ...vvvvesureesssssesessssessssssessssssesssssssssssesssssesssssnees 197
6.2.8. [locTpoenne MoieN ¢ KBaAPATUIHBIMU dYPPEKTAMH.........cvvennnene 199
6.3. MeTod rpynIoOBOTO YUETA APTYMEHTOB ....ceeiuvvreerurreesssreeessnreeesasreeesnnneeans 202
6.4. OnpeneneHNE HAUTYUIIEH MOEIIH ...eeeivveeesureeesnrreasasneeesssnenesnsneessnnneeans 210

00701 (0753 517 (= TP 214



I'naBa 1. /luarHocTuKa cUCTEM yIIPABJICHUS

1.1. Obwas xapakmepucmuka OUCUUNIUHbI

Huarnoctuka (/1) — mHXXEeHepHas TUCLUIUIMHA, pa3padaThIBaIOIIas TEOPHUIO U
METOABl OPraHM3alUy IMPOLECCOB JHAarHOCTUPOBAaHHS, a TaKKe IPUHIUIBI
IIOCTPOCHUS TEXHUYECKUX CPEICTB U CUCTEM AUATrHOCTUPOBAHUS.

CymecTByeT TpW THUIA 3a7ad 1O OMNPEACICHUIO COCTOSHHUS OO0BEKTa
muarHoctukn (OJl). K mepBoMy THIy OTHOCATCS 3aJayd IO OIPEACIICHUIO
cocTtosHMs, B KoTopoMm Haxoautcs O/l B Hactosmee BpeMsa. Ko Bropomy Ttumy —
3aJlayd [0 MPEICKA3aHUI0 COCTOSIHUS, B KOTOpoM okaxercs OJ] B HEKOTOpbId
OyoylMiAi MOMEHT BpEMEHH. OJTO 3aJada TEXHUYECKOro MNpOrHo3upoBaHusd. K
TPeTbeMy THILY — 33/1a4H 110 OIIPEACIICHUIO COCTOSHMS, B KOTOpoM Haxozuics O/l B
HEKOTOPBI MOMEHT BPEMEHU B IIPOLIJIOM. JTO 3a/1a4l TEXHUYECKON reHeTUKu. OHn
BO3HUKAIOT B CBSI3M C paccleOBaHWEM MpPUYMH aBapuM (YEpHBIE SILIUKH)
IIOJBHYKHBIX CPEJICTB.

TexHuueckass JUArHOCTUKA — MEPBBIA THI 3a7ad. 3HaHue coctossHus O/ B
HACTOSALIMI MOMEHT BpEMEHHM SBISETCS 00s3aTelabHBbIM [UIsI BCeX TPEX 3ajad
JMArHOCTHKH.

Ponunace Ttexnudeckass auarHoctuka (TJ[) B 50-x romax B CBSI3U C
YCIOKHEHUEM TEXHUYECKUX YCTPOMCTB, KOTOPOE CONPOBOKIAET HENPEPHIBHO
UIYIIYIO HAYYHO-TEXHUYECKYIO PEBOJIOLMUIO.

1.2. OcHo8HbIe MoHAMUS mexHu4Yeckou OuazHocmuku (TL)

T
Cuctembl gnarHoctuku (CL)
OBCNyKMBAOLLAI / MeToabl n
epcoHan octpoenus C[]
Lj
TexHuyeckme ¢
Ob6bekTbl il Anroputmbl 4
peacTea an
MarHoCTUKM MarHOCTUKM
arHoCTUKK
/ \ A / \
dusnyeckas MaTemaTunyeckas MpuHUMnel N MpuHUMMbl N OKcnepuMeHTas
moaenb moaernb OCTPOEHMS OCTPOEHMs! nposepka
i p p Puc
A

Cocrosinue OJ] KOHTPOJIUPYETCS C TOMOIIBIO TPOBEPOK.



Pa3znoBugHOCTH TPOBEPOK:

1. yacTto HE0OX0AUMO BBISICHUTH, yTOo O]l ucnpaBeH, T.e. B HEM HET HU OJHOMN
HeucrnpaBHocTH. I[IpoBepka mcnmpaBHoctH O]l sBnsiercs HauOosiee MOJTHOM IO
o0beMy;

2. Ha 7Tane 3Kcrutyatanuu npu npodunakruke O] HeoOxoauMo yOexaaThCs B
toM, u4to OJ] BbIMONHSIET Bce (YHKIUU, NTPEAYCMOTPEHHBIE €ro pabdouuM
aNrOPUTMOM. DTO MPOBEPKa pPadoTocnoco0HOCTH 00bekTa. OHa SABISIETCS MEHEE
MOJTHOM U MOXKET OCTaBJIATh HEOOHAPY>KEHHBIE HEUCIIPABHOCTH, HE BIMAIOIIKE Ha
npaBWibHYIO padoty O/J1;

3. 4acTO OCYIIECTBJISIOT MPOBEPKY MpaBMIbHOCTH (yHKIMoHUpoBanus O/ B
JAHHBII MOMEHT BPEMEHHM IMpPU BBINOJIHEHUH OJHOM 3aJaHHOM MPOBEPKH. ITO
NpOoBepKa MNPABWIBHOCTH (yHKUUOHUpOBaHMsA. OHa sBIsIETCA €IIe MEHee
ITOJTHOM.

Crenenp JeTanu3allMd HEUCIIPABHOCTH, T.€. OOHApYKEHUE €€ ¢ TOYHOCTHIO 10
0J10Ka, Ha3bIBAIOT MIyOMHOM AuarHoctupoBanus O/1.

ANropuTMBI TUarHOCTUKA HEOOXOJIMMO NPUMEHATh € TNIyOMHOH 10 Kackaza
(ycunurens, FeHEpaTop, JIEKTpUUecKasi MallliHa 1 T.1.).

OOBEKTbl TMAarHOCTHKH, TEXHUUYECKHWE CpEACTBAa JUArHOCTHKH U TEpPCOHAI,
JNEHCTBYIOIIMN 1O ONPEIECICHUIO aJTOPUTMOB JUArHOCTHKH, OOpa3yloT CHCTEMY
nuaraoctupoBanus (CJI).

1.3. Cucmembl mecmogol U ¢byHKUUOHaIbHOU OuazHoCMuKuU

ITporecchl TMarHOCTUPOBAHMS TMPEACTABISIIOT COOOW MHOTOKPAaTHYIO Jady Ha
O]l ompeneneHHbIX BO3JACHCTBUA M aHAlW3 peEakluid Ha OSTU BO3JCHUCTBUS.
BozneiictBuss Ha OJ] moctymaror auO0 OT CpEINCTB JIUAarHOCTHUPOBAHUS, JHUOO
SIBJISIIOTCS] BHEIIHUMU CUTHAIaMU, onpeiesiseMbIMu padbouuM anroputmom O/,

CrpykrypHas cxema TectoBoi nuarHoctuku (TCT/I) mpeacrasnena Ha puc. 2.

Coh [« oA

'

aHanms
pe3ynbTaToB

Puc. 2

Takue cucTeMbl pemaroT 3a1a49u MPOBEPKU UCITPABHOCTH, pAOOTOCITIOCOOHOCTH H
MOMCKAa KOHKPETHOW HeucnpaBHOCTH. OHM wucnonws3yrorcsa, korma O]l He
MPUMEHSIETCS 0 NPSIMOMY Ha3HAYEHUIO U HaxoauTcs B peMoHTe. B cucremax TCT/I
TECTOBBIE BO3JCWUCTBUS MOTYT NOAABAThCAd HE TOJBKO B mepuonbl, korma O] He



UCIOJB3YETCSl MO  NOpPSMOMY  HAa3HAUYEHWIO, HO TakKXke M B  Mpolecce

GyHKUIMOHUPOBaHUS 1O paboyemMy aliroputMmy. B 3TOM cilydae TeCTOBble CUTHAJIBI HE

JOJDKHBI MellaTh HopMalibHOM padote OJl. Dto Bo3MoxkHO, korma O/ obnamaer

MOBBIIIEHHON MHEPLIMOHHOCTHIO ((hOHOBAsI TporpamMma - IMarHoCTHIecKas).
Cucrembl QyHKIMOHAIBHON TMATHOCTUKHU IIPENCTABIEHBI HA PUC. 3.

r—-————~~>F~~>~~>~"~>~"~—~—7—7—77— I
| ~——-<--- CAY !

|
| v |
v | |
| A |
ca | | |
' |

|
i | i——»———— |
|
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JUiss aHanu3a pe3yJabTaTOB B cUCTEMax (DYHKIMOHAJIBHOM JUArHOCTUKH
HEOOXOJMM JTaJOH (WJIM HMCHpaBHBIA OOBEKT), T.K. HA/O CPaBHUTh OTKJIMKU C
sraioHa u peanbHoro OJI. [mga peanmn3anmu 3TOM CHCTEMBI 4acTO CO3JAOT
ynpouieHHyro monenb OJf. Hampumep, B cuctemMax HEHTPAIM30BAHHOTO KOHTPOJIA
TeMIEepaTyphl, AaBieHus, pacxoaa moaenb O/l npeacraiser co0oil anmaparypy aJs
3a7laHusl JIOMYCTUMBIX 3HAYEHUN KOHTPOJIUPYEMBIX MapamMeTpoB (YCTaBOK), a TaKXKe
CpeACTBa KOMMYTAIlUU U MOAKJIIOUEHHS 3TOW anmnapaTrypbl K yCTPOUCTBY CPaBHEHUS
JIOTTYCTUMBIX 3HAYCHUI mapaMeTpoB (YCTABOK) C (PAKTUUECKUM.

1.4. Kpamkas knaccugpukayus OL] u anzaopummos rioucka
HeucripagHbIX 3/1eMeHmMo8

[To xapakTepy BXOAHBIX U BBIXOAHBIX CUTHAJIOB PA3IMYaOT:

1. Henpepsoiubie O/] (311. npuBoasl, OY);

2. Muckpetnsie (CAY ¢ MII — cuctemoil ynpaBieHus)

3. I'mopuansie (HATL, ALII, tupucropusie ¥YB, nmpeoOpa3zoBareian MOCTOSIHHOTO
TOKa B TIEPEMEHHBIN U HA00OPOT)

Pazmuuator O/  komOumHamumonusie (mm  OJ[ Oe3 mamsatu) w
NIOCJIEIOBATEIbHOCTHBIE.

AnanoroBas CAY ¢ HecKkoJbKMMHU OOpaTHBIMH CBs3siMu  sBisieTcs:t O]l ¢
NaMATHIO.

JIyist oOHapyEeHUsT HEUCITPaBHBIX (DYHKIIMOHAIBHBIX 37eMeHTOB (D) uMeroTcs
JBE TpPYIIBl METOJOB, CYIIECTBEHHO OTJIMYAKOUIMXCS Jpyr OT JApyra:
KOMOHMHALIMOHHBIE U MOCJeI0BaTENIbHBIE.



[Tpu mocnenoBaTenbHOM METOJIE KaXk/as MOCIeayIoasi MpoBepKa BHIOMpPAETCs
B COOTBETCTBHH C IPHUHATHIM AJTOPUTMOM IIOMCKA B 3aBUCHMOCTH OT PE3yJIbTaTa
OpeaplIyIel: MonoxuTensHoro (1), ecnum BBIXOAHOM cUTrHal MposepseMoro ®O
HaxXoAMUTCA B IoJie Jomycka B cooTBeTcTBUM c¢ TVY, unu otpunarensHoro (0) B
IPOTUBHOM ciiydae. [IpoBepkM mnpoaoipKaroTcs 10 TeX Iop, II0OKa odYepenHas
IIPOBEpPKa OJJTHO3HAYHO HE YKa)KET Ha OTKa3aBIHi DO.

[Tpu KOMOMHAITMOHHOM METOIE OOHAapyKEeHHE HeUcpaBHOro OO MPOU3BOIUTCS
[0 aHaJM3y COBOKYMHOCTH (KOMOMHAIMU) Hanbosiee MH(POPMATHUBHBIX MPOBEPOK,
COCTaB M IOCJIEIOBATEIBHOCTh KOTOPBIX BBIOMPAIOTCSA 3apaHee B COOTBETCTBHM C
NPUHATHIM 0€3yCIOBHBIM AJITOPUTMOM IOHCKA.

Jnsa oOnerdeHuss aHaiaM3a COBOKYIMHOCTH MPOBEPOK YAOOHO COCTaBUTh
JBOMYHBIE KOJbl HEHCIPABHOCTEH, KaXKIbli M3 KOTOPBIX COOTBETCTBYET TOM WIIU
MHOW mocnenoBartenbHOCTH  «0» wm  «Il». llomydaromasicdi Ha  BBIXOJAX
KOHTpoJupyeMblx D@D pa3psaIHOCTh [BOMYHOIO KOJA COBIIAJAET C YHCIOM
HOCJIEZIOBATEIbHO BBIIOJHEHHBIX MPOoBEepokK. Kputepun oTtd6Opa mpoBEepoK B IpyHILy
HaubOosnee MHPOPMATUBHBIX MOTYT OBITH CaMbIMM pa3HbIMH. Tak, Hampumep, B
MH(POPMALIMOHHOM METO/I€ Ha Ka)KJIOM Illare aJlrOpuTMa IOUCKa U3 BCEX BO3MOXKHBIX
IPOBEPOK BbIOMpaeTcs Takas, KOTopas 0O0ecleyMBaeT MOJyYE€HUE HauOOJIBIIEro
KOJIMYECTBA MHPOPMAIIMN OTHOCUTEIBHO IPEIbITyIIEH TPOBEPKHU.

1.5. Mamemamu4yeckue modenu OL u ux Knaccugukauyusi

Mogpenu OJ] MoryT ObITh 33JJaHHBI B SIBHOM M HESIBHOM BUJIE.

SIBHasg MoJenp — COBOKYNHOCTh omnMcaHus ucnpaBHoro OJ] m Bcex ero
HEUCIIPABHBIX COCTOSHUU.

HesBuas monens O/l — onucanue ucnpaBHoro O/ 1 HEKOTOPBIX HEHCHPABHBIX
€ro COCTOSTHHM.

Kak mpaBuio, 3agaercs MmateMarudeckass Mojiesib ucripapioro O/, mo kotopou
MOYHO IOCTPOUTH MOJIENIN €r0 HEUCIIPABHBIX COCTOSIHUU.

Knaccudukanuio  IMArHOCTUYECKUX  MOJEIEl  MOMKHO  BBINOJHUTH IO
CJIEAYIOIIUM ITPU3HAKAM:

1. ITo meTonam mpenacTaBiieHUs B3auMOCBA3M cocTosiHui O], ero 31eMeHTOB U
IapaMeTPOB PA3JINYALOT!

a. AHAJIUTHYECKHE MOJIeJIH.

OHHU MO3BOJISIIOT peliaTh ONTUMH3ALMOHHbBIEC 33a4M U MOJIy4aTh B SBHOM BHJIE
COOTHOIIEHUSI Mexay coctossHusiMu O/, AuarHocTHpyeMbIMH MapaMeTpamMu U
MOKa3aTeJIMA Ka4eCcTBa CUCTEM YIIPABIEHUS. DTO METOI MaJIOT0 MapaMeTpa U METO.T
byHKIMA Y9yBCTBUTEIBHOCTH. JImsi (PYHKIIMKM YYyBCTBUTEIBHOCTH HAJA0 HWMETH
nepenarounyro Qynkiuo CAY: O(p)=F(xi, Ko, ..., Ky, p), TA€ Ki-Kp — BXOJHBIC
(cobctBennbie mapametpol OJ1). [lox hyHKIMEN 4uyBCTBUTENEHOCTH TOHUMAIOT



Sk,zg_@ Ki = Kip
Bk 2k,
ki =K, j=1-n

Huxnauit IHOJUHACKC 0 YKa3bIBACT HAa HOMHWHAJIbHOC 3HAYCHUC ITapaMCTpa.

(*) Ecnmm 3amenuTh auddepeHImaibHbliA onepaTop p Ha j®, TO

_A+jB

“ C+jD
A? + B?
.]= C2+D’

rae A=fi(xy, ..., Kp, ®)

D:f4(K1, ..o Kp, (D)

EcTp 1Ba momxo/1a B MCIONB30BaHNN (DYHKIIMH YyBCTBUTEIHLHOCTH:
2. YacToTHbIH moaxoj /HaunHasg ¢ (*)/

S

* *k {w

!
S| Wiy

— — hYHELMIN HY BCTEWTENBHOCTI LNA WonpaEHom obbekTa Ay = Skz . .fl-.kz
""" ~ ana QJ1 © HEWMCNPAEHOCTEK NO NAPAMETRY K1KMW K2

Puc. 4

[Tpu n3meHenuu nmapamerpa cxemsl K; (mpu ®*=const) ciensar 3a TeM, uToOb1 Ay
koHTponupyemoro OJ] 6s110 MenbIe 1160 paBHO Ay nucnpaBaoro O/I.

2. Ha3nayeHue paBHBIX KJIACCOB J0MYCKOB.

[Ipu 5TOM HaxOAST CBS3b MEXIYy OTHOCHTEIbHBIM H3MEHEHHEM BBIXOHOTO
napameTpa y ¥ OTHOCUTEIbHBIMA U3MEHEHUSIMU BXOAHBIX apameTpoB O/I.



Ay
Ay =Sy -AX:,Tne Sy, =—— . 1
PO T A %= 3
i | 10
1=1...n
BpImotHUB HCCJIOKHEIC HpCO6p&30BaHI/I}I, IMOJIy4YUM COOTHOIIICHUC,

CBA3bIBAIOIIMC OTHOCHTCIIBHOC HU3MCHCHHUC BXOAHOI'O ImapamMcTpa Xj C

OTHOCUTCIIbHBIM 3HAYCHUCM BBIXOJHOTO IIapaMeTpa y.

A AX: X AX;
Y _ Xi_l.I_OZA._I, 2)
y Xig Y X1 x,
0 10 70 10
Torna
X.
A =S ...10 (3)
X X1
I yo
Ax - KOO GUIMEHT BIUSHUS I-TO TapaMeTpa.
[
Io (3) MOKHO HalTH MaKCHMalbHbIE JOIYCKH “Xj Ha mapamMeTphl CXEMbI X;
X.-
'o
€CJIM MPEABAPUTENIBHO BBIUUCIUTh KOAI(P(ULIHUEHTHI BIUSHUS Ax (oTHOWIEHHE Ay

| >0
3aJTa€TCS 3aKa3YMKOM).

B peaspHBIX YCIOBHSX H3MEHSIOTCS 3HAUYCHHS BCEX IIapaMEeTPOB CXEMBbI
(TEXHOJIOTHYECKUM pa30poc, BHEITHHUE BO3ACHCTBHS W T.J.), MOITOMY Ha3HA4aroT
OIMH JIOMyCK Ha BCE ITaCCUBHBIC M AaKTHUBHBIC DJEMEHTHI CXEMBI, HCIIOIb3YS
COOTHOIIICHHE 110 METOIY PaBHBIX KJIACCOB JOIYCKOB. [Ipu aTOM

Ag A o Ay Ay 1

X0 %20 *no Yo \/AZ A2 42
M X2 *n
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CTOMMOCTE  §
HIOenWA

AX.  (nompewHOCTE
x W3MOTOENEHMAL

Puc. 5

Ha puc. 5 npencrasineHa 3aBUCHMOCTb CTOMMOCTH M3JENHS OT TOYHOCTH €rO
U3TOTOBJICHHUS.

JlpyruM BHUJIOM aHAJIUTHYECKOM MOJENM SIBJISIETCS KOpPHEBOW romorpad, T.e.
JTUHAMUYECKOE paCHpelesieHe KOPHEW XapaKTepUCTUYECKOTO YpaBHEHUS NpH
Bapuallii BHYTPEHHUX MapaMeTpoB cXeMbl. [Ipu 3TOM KOpHU XapaKTepUCTHYECKOrO
YpaBHEHUS JIOJKHBI OCTaBaThCA B JIEBOM MOJYIIOCKOCTH (KOMILJIEKCHOM IJIOCKOCTH)
UjV ¥ BBIIOTHATCS yCIIOBHS 00€CIEUeHUs 3a/IaHHOTO 3aIaca YCTOHYMBOCTH KaK I10
MOAYJIIO, TaK U 1o (ase.

AV

Puc.6

b. Fpadoananurnyeckue MoeIn.

OT0 JuarpaMMmbl MPOXOXKAEHUS CHUTHAJIOB, NPOTEKAIOUIMX B AHAJIOTOBBIX
o0bekTax. OHU CTPOATCA C MMOMOILBIO TEOPUU TPadOB U TEOPUU MHOKECTB.

C. Jlornyeckue pyHKIHOHAIBHO-AMATHOCTHYeCKUE Moaeu (DIM).

OTU MO MOCTPOEHBI Ha OCHOBE JIOTHYECKOrO aHain3a (QyHKIHMOHAIbHBIX U
IPUHIUIINAIBHBIX CXEM YCTPOWCTB.

d. UndopMmannoHHbIe MO/IEJIH.

Nudopmarnmonasie MoOJen — MPEACTABISAIOT co00M  HHGOPMAIIMOHHOE
OMHCaHHWE CHUCTEM U OOBEKTOB AMATHOCTUKH. MeToauka uX MOCTpOeHHs Oyner
paccMOTpeHa HUXKE.

Huarnoctuyeckue monenu (/M) momkHBI JaTh OTBET Ha BONPOC: Kakoi
napameTp(bl) MOIEKAT KOHTPOJIIO B MPOIIECCE IKCILUTYaTallUU.
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JIM MoxkeT OBITh HECKOJBKO Ha pa3HbIX YPOBHSAX OMHCAHMUS CHUCTEMbI
aBTOMATHK{, HO TJIABHOE COCTOMT B TOM, 4TO JM JOJDKHBI yHpomiaTh Halld
MPEACTABIICHUSI O CJOXHBIX 3aBUCUMOCTAX B CHCTEMAX, a TAKXKE MO3BOJATH C
MHUHHUMAaJIbHBIMU 3aTpPAaTaMU CPEACTB U BPEMEHM PEIIATh 3a1a4U JUATHOCTUKH.

OnnHoilt n3 HamOoJIee MOMYJISAPHBIX Mojienel sBisercs Jorudeckas OJIM. Jlns
ee moctpoeHus crpyktypa O]l momkHa OBITh 3aJaHa MOJHOCTBIO W I Hee
OTpeJieNieHbl 00JIACTU JOMYCTUMBIX 3HAYEHUM BXOJHBIX M BBIXOJHBIX MapaMeTpoB
Bcex ee 010koB. OJIM mpencTaBusioT B Buje rpada, BepiinHaMu KOTOPOTO SIBISIETCS
dbynkionansHble O670ku Qj, a peOpaMu — CBA3M MEXAYy OJIOKaMHU, BXOJHBIMH U
BBIXOJHBIMHM IOJIFOCAaMU cXeMbl. HamOosiee panmoHanbHO HCKaTh HEUCHPABHOCTU
MIOCJIEOBATEIBHO HA PA3HBIX YPOBHSIX: CUCTEMA — arperar — OJIOK — MOJTyJIb — KacKaJ
— neranb. [loaTomy crpost Heckosnbko DJIM, BHaudane miisg yCTpOWCTBA B LIEIOM C
ryOMHOM MOMCKA O HEMCIIPABHOTO arperara, 3aTeM sl KaKA0ro 0JIoKa ¢ riIyOuHon
IIOMCKA 10 MOZYJIA, a 3aTeM J10 KacKaja WM KopIryca.

Hus  xaxgon DM  pa3pabartbiBaloT  CBOIO  MporpaMMy  IOHMCKa
HEUCIPABHOCTEH, MIPU 3TOM HEUCIIPABHOCTHU 1NN MUTAHUS HE YUUTHIBAIOT, XOTS UX
IIPOBEPKA OCYLIECTBIIAECTCS B IIEPBYIO OUEPEb.

Cuauraercs, uro B ®/IM nuHuM CBA3M MEXAy Kackaaamu ucrnpaBHbl. [TosTomy
nepes AMarHOCTUKOM OCYIIECTBIIIOT BU3yaJIbHBIN KOHTPOJIb TPACCUPOBKH MIEYATHOU
aThl ¥ MEXKOJIOYHBIX coequHeHuH. B TakoMm ciydae yka3aHHBIE JOIMYIICHUS HE
SBJIIOTCS TPYOBIMHU.

Mogenu OTaeabHbIX KacKaJoB OOBIYHO HE CTPOAT. JIJisl HUX MPUTOJIEH CIIOCO0
MO3JIEMEHTHOM TPOBEPKM MO MNPUHLUHUNMAIBHOW cxeme Kackama. Ha s3to yitmer
MEHBIIIE BPEMEHH U TEXHHUYECKUX CPENICTB.

1.6. lNocmpoeHue noauveckux ©®M

Ecnu BXOJHBIE M BBIXOJHBIE CHUTHAJIbl XapaKTEPU3YIOTCA HECKOJbKUMH
¢usnueckumu mapamerpamu (A, f, @), TO KakIplli M3 3THX MApPaMETPOB JODKEH
MPEACTABIATHCS OTICIBHBIM BXOJAOM M BbIX0oJoM Ha Onoke ®JIM. Ilpu sTom
MIPOMCXOJUT PACIICIUICHUE BXOJOB U BBIXOJIOB IO YUCIY BBIJICICHHBIX MPHU3HAKOB
CHUTHAJIOB, UTO 3HAYUTEJIBHO YCIIOKHSET MOJICNIb CXEMBI.

5
i — -
X1 . A o
T 1
-
T
— = Q;‘ . -
-
T —
—» —»
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Puc.7

Kaxx e n3 61okoB @JIM uMeeT aBa cOCTOSHUS S:
«0» -HeucrpaseH,
«1» - ucpaseH.
Bo Bcex ciydasx ciemyeT n3beraTh paciieruieHus] BXOJIOB M BBIXOJIOB, T.K. 3Ta
orepalms yCI0XHSET CXEMY.
Bo wmHorux oObekTax AHMArHOCTHMKHA JTO BO3MOXKHO IIpH IPUMEHCHHH
ocrsuiorpada, KOTOphI OJTHOBPEMEHHO KOHTPOJUPYET BCE MapaMeTphl CUTHAJIOB.
Bxosb1 1 Bb1xo 161 6510k0B DJIM 10JKHBI OBITH KOHTPOJIMPYEMBIMH. {7151 3TOTO
OHH JIOJDKHBI OBITh BBIBEJICHBI Ha JIMIIEBYIO MaHENb, 3a/IHIO0 TaHEIb, CIICIIUaIbHbIN
nuarHoctTudeckuii pazbeM, KT uiy mteblpy neyaTHOM IJ1aTHI.
B cnygasx 0e3 pacmerienns B ®JIM  kaxnapiii O0JI0K MUCXOTHON (PYHKIIMH
cxeMbl 3aMeHnsieTcsi O0okoM DJIM, KaxIbplii U3 KOTOPBIX HMMEET OJWH BBIXOJ M

CYILECTBEHHbBIE JJI JaHHOTO BbIX0/a BXoibl. biioku ®JIM o6o3HauaoT Qi (i=1n).

Ecmu pacmieruienne BXxonoB He mpoucxoauT, To @PJIM dacto coBmamer ¢
UCXOJHON (PyHKIIMOHAIBHOU CXEMOIA.
BrixoHO#M curHan cxeMbl F MOKHO MpeacTaBUTh KaK KOHBIOHKIIMIO BXOJHBIX

CHTHAIIOB X; (I=1m) u BBIXOJHBIX CUTHAJIOB Bcex 0710k0B cxembl Z,(j=1n), rae m

— YHUCJIO BXOJAO0B CXEMBbI, 4 N — YUCJIO OJIOKOB B CXEME.

YcnoBue paboTOCIOCOOHOCTH CXEMBI

JIsi MHOTOPEKUMHBIX OOBEKTOB JAUATHOCTUKH KaXIbI PEXKUM JIOJHKEH
paccMaTpuBaThCS OTAECIBHO.

1.7. lNocmpoeHue noaudeckol ®LM dnsi HerpepbI8HO20
kombuHayuoHHo20 obbekma []
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KoMOrHanuoHHO# SIBAsSIETCA CX€Ma HMITYJIbCHO-(a30BOTO yHPABICHUS
TUPUCTOPHBIM MpeoOpazoBaTenem snekrponpuboga CUDYTIT KT3 100/220.

Jiist aToro paccmotpuM yHkmnoHansHyto cxemy CUDVYTII Ha puc.8;

W, — ncrounuk nutanusg £27 B, £13,5 B;

W, — ncrounuk nuranusg =15 B;

W3 - ucrounuk nuranus +5 B;

TP — Onok TUpHCTOPOB il (OPMHUPOBAHUSA OMOPHBIX CHUHYCHBIX
HaIpsKEHUM, CAHXPOHHBIX C HanpspkeHneM nutanus T11.

@ — sueiika QUIBTPOB IS GUIBTPALIMHN OMOPHBIX Hampspkenuid 50 Iy ot
BBICOKOYACTOTHBIX COCTABJISIOIINX CETH.

Y — onepanuoHHBIE YCWIHTENH I COIVIACOBAHUSA MO YPOBHIO OIIOPHBIX
Hanpsoxenuin Uy ¢ BXOZHBIMU ONIOPHBIMHA CUTHAJIAMH.

N, — ssueliku kaHanoB (a3zoBoro ynpasienus OY

BY — BXOmgHOW ycuiauTenb I COIVIACOBAHMSI MO MOIIHOCTH CUTHAJIOB
ynpasienus TII co croponsl peryistopa Toka Uy, ¢ CUTHanamu ynpaBlIeHHA
sueek CUDY.

B 3aBucumoctu ot Giokupytoiiero curnaia b va Bxone BY, nocnenanmii
OTPaHUYMBAET YPOBEHBb CBOETO BBIXOJHOTO HAPSKEHHUS.

OV — onepallMOHHBIN yCUIUTEND JUIsl OTPAHUYECHHUS] MUHHMAIbHOTO 0=30°
U MakcUMalIbHOTO 0,,=150° yrioB ynpasnenus TII ¢ RL — Harpy3koii

@Y — suyeilka kaHaioB (ha30BOro ympapieHUs s (QOpMUPOBAHUS
MMITYJIbCOB yIIpaBiieHus Tupucropamu T11.

SIC — siyeiika corjiacoBaHus;

Nl wm W2 - curHanel OTKIIOYEHWS YIPABISIONIMX MMIYJIBCOB Ha
TUPUCTOPBI AHOJTHOM WJIM KATOJHOW TPYTIIIHI.

YU — sq4eiika yCunuTese UMITYJIbCOB.

I'P — suelika ranpBaHUYECKOW PAa3BI3KM HMIYJIBCOB YIIPABJICHUS
tupucrtopamu TII u ueneit CUDY.

HA, IK — 6710KM JaTYUKOB COCTOSIHUSI TUPUCTOPOB aHOJHOW U KATOIHOMN
rpynnsl TII.

PV — squelika pa3nenbHOTO yrpaBieHusl KOMIUIEKTaMu peBepcuBHOTO T1IL

Ha ©0a3e ¢ynkumonanmpHOM cxembl CUDY  (puc.8) crpowurtcs
dbynkunoHansHas Mmojaenbs CUDY (cMm. puc. 9).

Ha cnenyromeM sTtane mpoucxoguT aOCTparupoBaHUE OT KOHKPETHOTO
colepkaHusi cxeM, 00O3HAYEHHBIX BEpIIMHAMU HAa (YHKUHMOHAIBHOM MOJENU
puc.9.

B Bepmmmnax rpacda moruudeckoir ®JIM ocraroTcs Julllb HOMEpPA paHee
BBIJICJICHHBIX (PYHKIIMOHAIBHBIX OJIOKOB (Y3JIOB).

B pesynpraTe nosyumtcs sorudeckas moxaenb CHUPY na puc. 10.
BepiimHbl, COOTBETCTBYIOIIME BHEITHUM CUTHAIaM, 0003HAYEHBI X...Xp.

Ha crnepyromiem »sTame mo JIOTMYECKONM MOJAENH CTPOUTCS Tabiuia
bynknuii HeucnipaBHoctu TOH, moka3zannas Ha puc.11.
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T®H npencrasnser u3 ceds IByXMEPHYIO MaTpPUIly, CTPOKAMHU KOTOPOii
siBJIsieTcsl BBIXOABI Z; (i=1,...,N) QyHKINOHANBHBIX Y3JI0B JJOTHYECKON MOAETH, a
CTOJIOIaMU — COCTOSIHUS aHAIN3UpYyeMoii cxemsl ¢ (j=1,...,n).

CocTosHHE €j COOTBETCTBYET HAIMUHMIO OJMHOYHONW HEHCIIPABHOCTHU B J—M
(YHKIIMOHAJIBHOM Yy3JI€ CXEMBI.

Ha nepeceuenun i-if cTpoku U j—ro croibua craButcs 1, ecnu mpu j-id
HEHCIPAaBHOCTH BBIXOJHOM CUTHAI I-T0 OJI0Ka octaeTcs B gomycke mo TY, nu @ —
B IIPOTHUBHOM CITy4ae.

CocTtosiHEEe €; COOTBETCTBYET BCEM HCIIPaBHBIM OJIOKAM CXEMBbI
(pyHKIHOHATBHBIM y3J1aM).

Ecmu @ wim mo0ast HeUCIPaBHOCTh TOSIBIISIOTCS B OJIOKAX, OXBaYEHHBIX
OC unu B 3BeHe OC, TO 3TO NPUBOAUT K MOSABJICHUIO ) BO BCEM KOHTYpE,
oxBaueHHOM OC. Iloatomy npu nuarnoctuke CY HE0OXOAMMO pa3pbIBaTh LIETH
OC, u 3T0 HagO MPEAyCMOTPETh NMPU MPOEKTUPOBAHUHU YCTPOMCTBA (BBECTH
yIpaBisieMble pa3pbiBbl). DTO OYEHb JIETKO CHellaTh, OOpbIBasi CUTHAJBI C
JATYMKOB B 3TOM KOJIbLIE M NEPEKIItoYas MpHU JTUAarHOCTUKE BXOJ C JaT4MKa Ha
CTaHJAPTHOE HAIPSHKEHUE, COOTBETCTBYIOLIEEC HOMHHAJIBHOMY CUTHAILY C
HOPMHPYIOUIETO YCUIINTENS AaTUHKa.

[Tocne noctpoenuss TOH ee MoxHO 00pabOTaTh C MOMOIIBIO PAIUYHBIX
aJITOPUTMOB TUATHOCTHKHU.

[Tpumep: ag paccMaTpUBAEMOI0 HEMPEPHIBHOTO KOMOMHAIIMOHHOTO
OJ., koropsiM sBisiercst CUDY, ynoOHO peann3oBaTh YCIOBHBIA alTrOpPUTM
JUMArHOCTUKH, UCTIOB3YIomui (GyHKIMI0 npeamnourenus Wi.

B 3aBUCMMOCTM OT MOCTaBJIIEHHOM 3aKa3uyMKOM 3aJaudl U HaJIU4ud
UCXOJHBIX JaHHBIX, Wi MOXHO paccuuTaTh CIECIYIOIIMM 00pa3oM:

1. Tlpu paBHOBEPOSATHBIX COCTOSHUSAX OTKa3a (PYHKIMOHAIBHBIX Y3JIOB
CXEMbI U PaBHBIX IIEHAX 3JIEMEHTAPHBIX MPOBEPOK BBIXOJOB Z; (B PyOJIsAX WU
yacax) (pyHKLIUS MPEeANOYTEeHUs pacCUUTBIBaeTCs 1o hopmyie

W; ‘; 0 ; ik

[TepBoe ciaraemoe paBHO cyMMe HyJsiel B «i» cTpoke. Bropoe ciaraemoe
pPaBHO CyMMe «eIUHHMI B I-oi cTpoke. CunrtaeTcs GyHKius npeanodreHust Wi
110 CTPOKAaM.

2. Ilpu u3BeCTHBIX (MJIM JIETKO OMPEEISEMbIX) BEPOSATHOCTSIX COCTOSIHHMA
CUCTEMbI, KaXJ0€ U3 KOTOPBIX COOTBETCTBYET OTKa3y OJHOIO W3
(GyHKIIMOHATBHBIX Y3710B (DVY).

Wi = %P(S i )..0.. —%P(S j ).1.. .
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M3BectHo [10], YTO HWHTEHCHUBHOCTh OTKa30B CXE€Mbl paBHa ()i
AKCTIOHEHITMAJILHOTO 3aKOHA HAJIeKHOCTH) CYMME HWHTEHCUBHOCTEH OTKa30B

4 (i=1Nn) COCTABISIONNX e¢ FICMEHTOB:
n
|
BeposiTHOCTB 0TKa3a GyHKIHMOHANBHOTO y31a (DY)

Q(t)=1-P(t) =1—e~ At x At,

% =4t
At A
P(S1)=P@)=—=—1
J J n
AU T

3. YUuTBIBAIOT LIEHBI C; IPOBEPOK B PYOIIAX HMIIM Yacax

W. =3C. -P(S.)a—3C .-P(S.)uul.
i ?J (J)O ?J(J)1

IlepBoii BbIOMpaeTcs MPOBEPKA, KOTOPOM COOTBETCTBYET MHHHMAJIbHOE
3HaueHue (QyHKUIUU Wi' [Ipu koHTposie JOOOr0 BBIXOAA BO3MOYKEH

JIMarHOCTUYECKUM pe3ynbTaT «@» uinu «1». UToObl BRIOpaTh, KaKOW U3 BHIXOOB
JOJKEH KOHTPOJMpOBaThCsl BTOPbIM, UcxoaHass TOH nomkna ObITh pa3aeneHa
Ha 2 mog T®H.

B nepByto noaT®H BoiayT cOCTOSIHUS, KOTOPBIM COOTBETCTBYIOT «@» B
BBIOpaHHON CTpOKEe ( ¢ MUHUMYMOM Wi ), @ B APYT'YIO — COCTOSIHUS, KOTOPBIM

COOTBETCTBYET «1» B BbIOpaHHOU cTpoke. VI cHOBa HauMHAETCS MOMCK B 3THUX
nByx nox TOH no Mmunumymy Wi . (em. puc. 11).

[TepBbIM OyIeT KOHTPOJIUPOBATHCS BBIXOA Z,,, T.K. eMy B ucxoaHoi TOH
COOTBETCTBYET MUHUMAJIbHOE 3HaueHue (HyJieBoe) GyHKIIUN Wi :

CormacHO  MBJIOKEHHBIM  TIPaBUJIAM, BTOPOM  MPOBEPKOW  TIpHU
MOJIOKUTENIbHOM pe3yibrare (R=1) mnepBoil mpoBepku cranma Z,, a TpHU
OTPHULIATEILHOM pPE3yJbTaTe MEPBOM MPOBEPKHU - Z,,. Jlasiee Bce MPOUCXOIUT T10
aHajoruu ¢ u3yoxkeHHbIM. Jlenenne TOH Ha kaxI0M mare nmoucka OJJMHOYHBIX
HEUCIIPABHOCTEW IPOUCXOAUT MO TEX IMOop, nmoka ouepenHas nox TAOH wHe
MPEBPATUTCS B MATPULY-CTPOKY, YTO IIO3BOJISIET OJHO3HAYHO YyKa3aTb Ha
HEUCIIPABHBIN DJIEMEHT.

Ha noxymenTe, nepegaBaeMoMm moJib3oBaTento pazpadoruukoM, TOH u Bce
non TDOH nHe mnokas3wpiBaloTCA, a NPUBOIUTCA TOJIBKO Trpad, KOpHEBas U
MIPOMEKYTOUYHBIE  BEPIIMHBI  KOTOPOIO  COOTBETCTBYKOT  ITPOBOJAMMBIM
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poBEepKaM, a BUCAYME BEpIIMHBI Tpada OJHO3HAYHO YKA3bIBAIOT HA T€ WIIH
WHBIE OJJMHOYHbIE HEUCIIPABHOCTH B IMATHOCTUPYEMOM OOBEKTE.

B rpade npoBepku, nepeaBaeMbIM MOJIb30BATENIO0, HET CMbICTIA TPUBOIUTH
ucxoanyro TOH u gpyrue moaTdH, a cpasy B BepuimHax OMHApPHOTO JiepeBa
yKa3blBalOT HOMEp cleaymoomie mnpoBepku. Yacte OuHapHOTO JiepeBa,
COOTBETCTBYIOIAs MOJOKUTEIbHOMY pe3yibTaTy (R=1) nepBoil nposepku Z,,,
nokazana Ha puc. 12. IlepByio TMarHOCTUYECKYIO MPOBEPKY (B HAIIEM cllydae
11) Ha3pIBAIOT KOPHEBOM, a KOHEUHbIC MPOBEPKU MO TOMY WJIA UHOMY IYyTH —
BUCSYMMH. Bucsume BepmmHbl Tpada BO3MOXKHBIX MPOBEPOK 0003HAYAIOTCS
JTBOMHBIM KPY>KKOM W YKa3bIBalOT Ha HOMEpP TOTO WM HWHOTO JedeKkTa B
KOHTPOJIMPYEMOU CXEME.

Puc.12. bunapHoe nepeBo 1Sl OJIOKUTEIBHOTO TUArHOCTUYECKOTO
pe3yJibTara nepBoil NpOBEPKU

[To cymiecTBy yCIOBHBINM aarOPUTM MOMCKA HEHCTpPaBHOCTEN (1ePEeKTOB) B
CXeMe IMpeACTaBIseT cO00 HEe YTO MHOE, KaK MaTeMaTHU3MPOBAHHOE OINMCAHUE
IIMPOKO M3BECTHOTO B DJJIEKTPOHUKE METOAA CpPEOHEW TOYKH, KOTOPBII
MPEANOIAraeT KOHTPOJb B «TOYKAX», MNEIMIIUX CXEMy Ha IPaBOMEPHO
PaBHOLIEHHBIE, B CMBICJIE HAZEKHOCTH, YaCTH.

1.8. Tecmoebiti KOHMPOJIb QUCKPEMHbIX KOMOUHaUUOHHbIX CXeM

TecToBBI KOHTPOJb MPEIHA3HAYEH MJI ONPEJEIICHUs] XapakTepa U MecTa
Hax0JIEeHUSI HEUCIPaBHOCTH. [Ipu 3TOM UMEIOTCSA B BUJY HEUCHPABHOCTU THUIMA
pa3phIB LIENH U KOPOTKOE 3aMbIKaHUE.

PaccMoTpyiM  mpUHUMII ~ TECTOBOTO  KOHTPOJISI  MPUMEHUTEIBHO K
KOMOWHAIMOHHBIM cXeMaM. byaem cuuTtaTh, 9TO B pacCMaTPUBAEMON CXEMe
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OJTHOBPEMEHHO MOXET OBITh TOJBKO OJHA HEUCIPABHOCTh — pa3phIB,
HKBUBAJICHTHBIA MOCTOSIHHOMY JIOTHYECKOMY HYIIO, WM KOPOTKOE 3aMbIKaHUE,
HKBUBAJICHTHOE MOCTOSIHHOM JIOTUYECKON €AUHUIIE .

[lycth MBI UMeeM Joruueckyro cxemy SO B uchpaBHOM cocTosiHud. OHa

eanu3yeT Jormueckyro Gyukmmio T (XX, ... ,Xn), Ha3bpIBaEMYyI0 (DyHKIHEH
p y y y 0 y y

UCITPaBHOM CXEMBI.
[Mpu Hamuuwmm i-i HeucmpaBHOCTH cxema SO MepexoauT B cxemy Si,

peaNu3yroNlyr0 HOBYIO (DYHKIIHIO fi(Xl,Xz, ... ,Xn), Ha3pIBaeMyr0 (QyHKIIHEH

HEUCIIPaBHOCTH.
PaccMoTpuM KOMOMHAIIMOHHYIO CXEMY, IIPEICTABICHHYIO HA PUCYHKE 1, U
JUIs He€ 3amuIiieM Bce (PyHKIIUU HEUCTPaBHOCTH.
OyHKIMS UCTTPABHOU CXEMBI BBITJISIIUT CIIETYIOIUM 00pa3oM :

fo=(X &X, UX,) &(X UX,)

s HEUCIIPAaBHOCTEN TuHa “KOPOTKOE 3aMblKaHHWe  (yHKUUU
HEUCIIPaBHOCTEN UMEIOT BU/L:

f;lz(l&xzuis)&(ilug) mpr - X, =1;
f);z:(xl&luig)&(ilu&) npu =1,
f)_zsz(xl&x2+1)&(>_<1+>‘<4) mpu X, =1;
f)_zlz(xl&xzuf%)&(lu&) mpn X, =1;
f)_;4:(xl&x2uis)&(§u1) mpu X, =1

JUist HeucnpaBHOCTH TUNA “pa3pbiB” (YHKIMH HEUCHPABHOCTEW HMEIOT
BH]IL:

fxlz(O&XZUXS)&()_(lU)_(Ar) pu X1=0;
fX2=(X1&OUX3)&()_(lU)_(4) mpu X =0;

f)_(3 =(X, &X, V0) & (X, UX,) mpu X,=0;
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f)_(l =(X1&X2U)_(3)&(OU)_(4) npu 7120;

f)_( =(X1&X2U)_(3)&()_(1U0) mpu X, =0.

4 4
X1
& | x1*x2
X2
1
& | x3
X3 )
& FO
& | x4
X4 Sl
1
& | x1
o—|

Puc.13. KomOunnanmonnas cxema Nel

[lo BbIpak€HUSAM HCIPABHOM M HEUCIPABHOM CXEM CTPOUTCS TabiMLa
(GyHKUMIA HEMCHPAaBHOCTEW, B KOTOPYIO 3aIMCHIBAIOT BCE€ HAOOpPHI 3HAUYECHMIA
apryMEHTOB M 3Ha4Y€HUsI (PYHKIMI MCHPAaBHOW CXEMbl, BBIYMCIECHHbBIE HA ITUX
HaOopax. s paccmaTpuBaeMoro ciydas HaOOpbl (DYHKIIMI HEUCIpaBHOCTEM
npejcTaBiieHbl B Ta0iuie 1. B BepxHel yacTtu Tabiuie BblJeICHB HAOOPHI, HA

KOTOPBIX f0=1 U 3anucaHbl (YHKIMM HEHCHIPABHOCTEW TMpU PpPa3pbIBaXx,

OTIIMYAIONTUECS OT 3HA4YeHUH (YyHKIHMH fO' B wHuwxHelt wactu TaGnMIIbI

BBIJICJICHBI HA0OpbHI, Ha KOTOPBIX fOZO, W 3alycaHbl 3HA4YCHHUS (PYHKIUH

HEUCIIPAaBHOCTEN MpU “KOPOTKOM 3aMbIKAHWUW ', OTJIMYAIOLIUHCA OT (DYHKIIUU

f

0"

[To Ttabnuie GyHKIUNA HEUCIPABHOCTEHM MOMXHO OCYIIECTBUTH ITOWCK
HeucrnpaBHocTell. [lycTs mpu peanmzaiuu BceX 3HAYCHU HAOOPOB apTryMEHTOB
U3 BEpPXHEW YacTH TaOJMIIBI HAa BBIXOJAE CXEMbI TOJYYCH, HAMPUMEP, CUTHAIT
norudeckoro0” Tompko Ha Habopax el u e5. M3 Ttabmauibl BHUIHO, YTO

peanu3yeTcsi CXeMOM B 3TOM CJydae TOJIbKO (PYyHKIIMS f)_( . A 3TO 3HAYUT, YTO
1

HMCCT MCCTO pa3pbIB KOHTAKTaA )_(.I. =0.
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Tako# cocob movcka HEMCIPABHOCTEH MPEATNOaraeT peajin3aiuio BCexX
HAa0OPOB 3HAYEHUN apPTyYMEHTOB.

Taomuma 1
HaGops1 fo 3HaueHue PpyHKIUH 3HaueHue PyHKIUH
3HAUYCHUM HEUCIIPABHOCTEU HEUCIIPABHOCTEU
apTyMEHTOB MIPHU «K.3.» TIPU «Pa3PBIBE.»

X1 X2 Xg X4 le fX2 i3 ;1 §4 le fX2 ;3 il f§4
6| 00001 0 1
et/ 00011 0 0
e, | 0 1 0 0 1
e | 0 1 0 1 1
eg| 10001 0 1 0
ep| 111,001 0
es| 11111 |0] 1 0 0 0
e, 0101 1,00 1
e/ 00121210 1
g 0] 11100 1 1
e,/ 011110 1 1
&g (11010110
el 110112 ,0| 0 1 1
e ] 1 0 1 1 0
ez 111,010 1 1
es| 111110 1 1

Paccmotpum METOJIUKY  OTBICKaHUsS  HEUCIPABHOCTEM  IYTEM
WCITIOJIb30BAHUS JIUIIIb HEKOTOPOTO KOJIMYECTBA HAOOPOB, a HE BCEX MOJHOCTHIO.
[Iycth MBI uMeeM  M-MHOXECTBO  (DYHKIIMIT  HEHMCIPABHOCTEH,
BKJIIOYAroIiee U (YHKIMIO HMCIPAaBHOW CXEMbl, 3aJaHHbIX Ha MHOXecTBe E
HaOOpoB 3HaueHHU aprymeHToB. [lycTs nmanee Bce dyHKIMM U3 MHOXKecTBa M
MOTIAPHO Pa3TUYUMbl U UMEETCSI MHOXKECTBO P map (yHKIMiI HeucmpaBHOCTEM

! o o
BHJIA: fi , fi ¥ MHOXECTBO P BceX BO3MOXHBIX Map (PyHKIHI HEUCITPaABHOCTEH
32 UCKIIOYEHUEM Map fi : fj . Torma puarHocTuyeckum TecTtoM (

otHocutenbHO E, M, P) Ha3biBaeTcss MHOKeCTBO HaOOpoB aprymeHToB Tgq€ E,
Ha KOTOPOM Bce (DYHKIIMHM HEMCIPABHOCTEM ( fi : fj ) MOMapHO Pa3INYUMBI.

Takum oOpaszom, JJIsi TOMCKAa HEUCHPABHOCTEH JOCTATOYHO IMPOBEPHUTH
CXEMy H€ Ha BCeX Habopax 3HAYECHUM apryMEHTOB, a TOJHKO Ha TEX, KOTOPHIC
BXOIAT B coorBercTByrommi tect. Kak mpasuno Ty <E, Bcieacrsue uero
IIPOBEPKa OKa3bIBACTCs 00JIee KOPOTKOM.

Kak onpenenuts HabOpbl, KOTOPbIE BXOAAT B TeCT Ty?
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B o0uiem ciyuae dyHkumu fi u fj MOTYT Pa3jin4arhbCcsi HE HA OJHOM

Habope, a Ha HEKOTOPOM MHOKecTBe HaOopoB. IlosTomy miis KakIol mapbl
(byHKIMI HEeUCIIpaBHOCTEH MOYKHO COCTaBUTh (PYHKIIMIO TAKMX HAOOPOB.

e Ue U . ...e= U ey, . (4)

Jnsa Toro, u4toObl Bce maphl (YHKIUH HEUCHPAaBHOCTEH  ObLIH
OJIHOBPEMEHHO  pa3JIM4YUMBbI, HE0OXOAMMO  00pa3oBaTh  KOHBIOHKIIUIO
MOJIYYEHHBIX JU3BIOHKIU.

&\ e, (5)

3arem (5) mpeoOpaszyeTcs B AU3BIOHKIIWIO KOHBIOHKIHA \U &  TO
npaBuiaM anreOpbl JOTMKU B MPEANOJIOKEHHH, YTO KaXKIblid BXOJIHON HaOOp
OTOXKJECTBIISIETCSA C JOTUYECKON IEPEMEHHOM.

Kaxnoe cnaraemoe (KOHBIOHKIMS) IOJIYYEHHOTO BBIpOKEHHS Oyner
MPEACTaBIATh COOON AUArHOCTUYECKUM TECT.

Beipaxkenne (4) s kaxaod mapbl  (QYHKUMA — HEMCHPAaBHOCTEU
cocraBisiercss 1o Tabnuue QyHkuuid HeucrnpaBHocTed. C  3TOH  LENbIO
CPaBHUBAIOTCSI 3HAYeHUsA (PYHKIUHA Ha KakJAOM M3 HAOOpPOB 3HAUYCHUN
apryMEHTOB M BBIIIMCHIBAIOTCS JIU3BIOHKIIMM HA0OpOB Bcex mMap (yHKIIMA
HEUCIPABHOCTEM, TO €CTh COCTAaBIISIFOTCS BbIpakeHUs (4). 3aTeM cocTaBiseTCs
KOHBIOHKIUS JU3BIOHKIMN (5), TMOC/IE€ Yero TMOJyYeHHbIE BBIPAKCHUS
peoOpasyroTcs B AM3bIOHKIINIO KOHBIOHKIIHA.

Kaxxnas KOHbIOHKIIMSA HA0OpOB OyJIeT JUArHOCTUYECKUM TECTOM.

PaccmoTpum anropuT™ mony4eHus TECTOB!

B tabaune @yHKOu  HEUMCHpPAaBHOCTEW  BBIYEPKUBAIOTCS  CTPOKH,
coJiepKalllie 3HauyeHUs (PYHKIUH JIMOO TONBKO C HYJISIMH, JUOO TOJIBKO C
€MHUIIAMU;

N3 rpynmbl  HEpa3IMUMMBIX  CTPOK  OCTA€TCsS  OJHA, OCTAJIbHBIC
BBIYEPKUBAIOTCS,

JIist kaxkaoi mapbl QYHKIMN HEMCIIPABHOCTEM COCTABIISIETCS AU3BIOHKITUS
HAa0OpOB 3HAYEHUHN apTyMEHTOB, MPU KOTOPBIX ITH (PYHKIIUU OTIUYAIOTCS JPYT
OT JIpyTa;

N3 nonmy4deHHbIX BeIpakeHUH (4) COCTaBISIOTCS BhIpaKeHUA (D), IS 4eTo B
HAayaJle  BBIIMCHIBAIOTCA  OJHOWIEHHBIC  JU3BIOHKIWH. MHOrouwieHHble
JTU3BIOHKIIMY, B KOTOPHIE BXOJHUT HA0Op M3 YHCJIA BBIMTUCAHHBIX OJHOYWICHHBIX
IU3BIOHKIIMKA, BBIYEPKMBAIOTCS HA OCHOBAaHWM omepauud noriomeHus. U3
OCTaJbHBIX BBIPAXKECHUN  BBINUCHIBAIOTCA  JBYYICHHBbIC JU3BIOHKIUUA U
BBIYEPKUBAIOTCSI T€ MHOTOYJIEHBI, KOTOPbIE COAEpPXkKAT JIOOYI0 JBYUWICHHYIO
JOU3BIOHKIUIO U T.J1.;

Bripaxkenue, mosydueHHOe B MNYHKTe 4, npeoOpaszyeTcsi B JHU3bIOHKIIHIO
KOHBIOHKIIUN.

Kaxxnass KOHBIOHKIIMS TIPU 3TOM OyJIeT JUArHOCTUYECKUM TECTOM.
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[ToctpouM HAMArHOCTUYECKHM TECT Uil NMOMCKA HEHCIPABHOCTEW THIIA
“pa3pbIB”’B CXEME HA pUCYHKE 1.
JI71s1 TOCTPOEHMS TeCTa UCIIOIB3YETC sl BEPXHSIA YacTh TaOIUIIbI 1.
[TpousBeaeM MOUCK HEUMCIIPABHOCTH 1O AITOPUTMY, U3JI0KEHHOMY BBIIIIE:
- MyHKT | anropuTMa K JaHHOMY MPUMEPY HEMPUMEHUM, TaK KakK Cpeau
3HAYCHUN HEUCIPABHOCTEM IIPU pa3pbhiBE€ HET CTPOK TOJIBKO C OJHUMH
SIMHHUIIAMU,
- 10 MYHKTY 2 aJrOpUTMAa BEIYEPKUBAEM CTPOKH €4 U €5
- M0 MYHKTY 3 COCTaBJISIEM JHU3BIOHKIHWIO HAOOPOB I KaXKJIOW Mapbl
GyHKIIHNA, Ha KOTOPBIX OHU OTIWYAIOTCS APYT OT ApyTa.

U fofa=ew;

fofxp =€14;

fo 33 =eoVeVeg;
fof =61

fo f3 4 =egVeroVers;
fx1 33 =eoVerVegVe4;
fxi fxa =e1Vers;

fy1 f;4 =egVe;o;

i3 f31 =€oVes;

i3 a =€oVeVe Ve,

f x1 f} 4= e1V98Ve1 2V€1 4-

cccccccccc

I[IpocMOTpeB mMONYy4YEHHBIE JU3IBIOHKIIMK, BHIAUM, YTO OJHOYJICHHBIC
JIN3BIOHKIIMU €1 U €14 MOTJIONIAIOT BCE OCTAJIbHBIC 32 MCKIIIOUECHHUEM €3 U €170 U
€y U €3.

Torma KOHBIOHKITUS TU3BIOHKITNN OyIeT UMETh BHUI:

&\U = e &eu& (88 Y elz) & (80 Y 93) . (6)
[lo nyskty 5  mnpeoOpasyem  BelpaxkeHue  (6),  HCHONB3yA
pacnpenenuTeNbHbIN 3aKOH:

U&zeo&el&eg&eu Y g1 &ep&ep&e; U (7)

Taxum 00pa3om, noxyyaeM paBHOIEHHBIE TECThI (KOHBIOHKLIMN), KaXkKIbIi

U3 KOTOPBIX COCTOUT U3 YETHIPEX HAOOPOB:
Ti=ep& e &eg&ey, To=me1&ep&e&es...

Peanuzamus m1000r0 M3 HUX JOCTaTOYHA JJIsl MOMCKA HEUCIPaBHOCTEH
TUMa “pa3pbiB”.

ITocTtpoenne TtecToB s “K.3.” QHAJOTMYHO M OCYLIECTBISIETCSA 110
HUKHEN YacTu TaOnuibl 1.
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[Touck HEHCNPAaBHOCTU OCYLIECTBISETCA MyTEM IOJAYU B MPOHU3BOJIBHO
BBIOpAHHOM TMOCJEN0BATEILHOCTH HAO0OpPOB TecTa W (DUKCAIMU COCTOSIHUIM
Bxojna. Jlnms 3TOro HeoOXOAMMO 3aKOAMPOBATH HEUCHpaBHOCTU. [IpuHImM
KOJIMPOBAaHMSI HEHUCHPABHOCTEW 3aKJIIOYaeTCs B clenyromum. s Kaxzaoro
HaOopa Tecta mo Tadiauie (PyHKIMU HEUCTIPABHOCTH 3aIUCBHIBACTCS COCTOSIHHUE
BBIXOJIA CXEMBbI, COOTBETCTBYIOIIEE KOHKPETHOW HEHCHpPaBHOCTU. lIpu 3TOM
YUUTHIBAECTCSI BBHIOpPAHHAS IMOCJIEIOBATEILHOCTH 3allMCcU HAaOOpoB B TecTe. B
pe3ysbTaTe MoJay4yaeM JBOMYHbBIE YUCIA (KObI), KaKI0€ U3 KOTOPHIX ONUCHIBAET
MOBEJAEHUE CXEMbI TP KOHKPETHOM HEUCIPABHOCTH.

B xonme “mporonku” Tecta (QUKCUPYIOTCS ICHCTBUTENBHBIC 3HAUCHUS
BBIXO/IOB CXEMBI, U TOCIIE Peall3alluid BCEX TECTOBBIX HAOOPOB MPOU3BOIUTCS
MOCJIEIOBATEIBHOE CPABHEHHE MOTYYEHHOTO JBOMYHOIO YUCIIA C KOJIOM KaxKIOM
HEUCIIPAaBHOCTH, 110 KOTOPOMY OHa U OMPEEISAETCS.

J1yist moucka HEMCIPaBHOCTH THIA: ~’pa3pbiB B cxeme ~ Ha puc.13 Bo3bMEM
TecT T1 ¥ Mpou3BeeM KOJUPOBAHUE HEUCIIPABHOCTEN.

JU1 HarJsIAHOCTH TECT MPEJCTaBUM B BUJE rpada, BepIIMHAMU KOTOPOTO
OyayT sBISATbCS HAOOpBI TECTOB, a pedpa 0003HA4YAIOT 3HAYEHUS BBIXOJIOB
CXEMbI U (PYHKLIHHU, KOTOPbIE PEaTU3yIOTCs PU JAHHBIX 3HAYCHUSX.

Tabnuna QyHKIMil HercnpaBHOCTEN

Ha6ops1 fo 3HaueHne PyHKIUU 3HaueHue PyHKIUU
3HAYCHUN HEHUCTIPABHOCTEN HEHCIIPABHOCTEN
apryMeHTOB P «K.3.» IPU «pa3phIBE.»
Ky | Kz | Xa | Xy B | fx2| fxa| B | Txa| | fx2| Txa| Fa | ™o
6| 00001 0
e, 00011 0 | 0
e, | 017001 0
es | 01 /0]1]1 010
egs| 10,001 0 0
e/ 111,00 1 0
e/ 111701 0 0 0
e, 0] 0100 1
e/ 0] 0|1 1,0 1
6| 01 ]1]0]0 |1 1
;10111 ]1]0]|1 1
& 1]0]0 |10
el 1 0 1 0 0 1 1
en| 110 1 1 0
e/ 111,010 1 1
es] 1111 ]1]0 1 1
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I'pad TecToBBIX TPOBEepOK HA 00pHIB (J10T. 0 — Cconst ):

1 :fx3

001

011

100

110

111

1.9. MHgbopmayuoHHbIU QuazHocmuYyeckulu mecm, 6r1u3kul K
MUHUMarsnbHoMmy (Memod CuHOeeesga)

OTOT MeTOoJ peanusyeT O€3yCIOBHBIN alropuTM AuarHocTuku. OCHOBOM
storo anroputma siBusiercs TOH, y koTtopoili cTonOIBI COOTBETCTBYIOT BCEM
BO3MOJKHBIM COCTOSIHHSIM, & CTPOKH — BCEM BO3MOXKHBIM IpOBEpKaM (MPOBEpKa T;
O3Ha4aeT KOHTPOJb BbIxona Zj). [Ipeamoniaraem, 4yTo BCce N COCTOSSHUN CUCTEMBI,
coctosield u3 N OJOKOB, PAaBHOBEPOSITHBI U CyMMa BEPOSTHOCTEH COCTOSHUN HX
OTKa3a paBHa 1, T.e. IPOBEPKH, KaK CIy4dalHbIE COOBITHS, 00Pa3yIOT MOJHYIO TPYIITY
COOBITHH:

P1=P.. .=Pn=% . )

Torna ¢ TOUKU 3peHus TeOpUH UHPOPMALIUKA HEONPEAETEHHOCTD (SHTPOIIHS)
H, coznaBaemMast Takoi cxeMoOU IS IOJIb30BATEsA, B OOIIEM CIydae ONpeeseTcs C
nomoltibio popmysl [llenHoHa:

n
H=->P-log, P,
i=1
r1e Pj — BEpOSITHOCTB | — TO COOBITHS (BEPOSATHOCTh OTKa3a | — ro 010Ka

CUCTEMBI).
Jlnst paccMatpuBaemoro ciydas u3 (8) nomyuum popmyiy Xaptiu:

1¢ 1 n
H=->Ylog,==——-log,n* =log, n, 9
nle g, =~ _-10g, 9, 9)
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Jyist ompeneneHus: COCTOSTHHSI CXeMbI HEOOXO0IUMO TTPOBECTH IKCIICPUMEHT,
COCTOSIIIIMM B  MOCIEI0BaTeIbHOM BbIOOpe He Oojiee M  HauObosee
uH(GOPMATUBHBIX IIPOBEPOK (M<N).

Kaxxnas K — asg nmpoBepka 7y HeceT HEKOTOPOE KOJIMYECTBO MHpopmaruu |
OTHOCHTEJILHO  HAyaJdbHOIO  COCTOSHHSA  (HadaJbHOM  »HTpommu  H)
paccMaTpuBaeMOl CXeMbI (CUCTEMBI).

I=Ho-H(m)=AH, (10)
rne H(my) — cpemHss ycioBHas DHTPONHS COCTOSHHS CXEMBI TIOCHC
IIPOBEICHHS IPOBEPKH Ty, K=1,n.

T.x. mpu TPOBENECHUHU TPOBEPKH T HMMEETCS TOJHKO JIBa BO3MOMKHBIX

ncxosa (MOMOKHUTENBHBI M U OTpULATENbHBIA 7, ), T.e. m=1 uwmm 7z, =0 c

BEPOATHOCTSIMH COOTBETCTBEHHO P(m) um P(xz,), To cpemHss ycioBHas
suTponusa H(my) paBHa
H(mo)= P(m)H(m)+P(7, JH(=, ), (11)
rne H(z, ) m H(m) — SHTpONHS COCTOSHMII CXEMBI MOCJIE BHINOIHCHHS

IIPOBCPKHU Ty COOTBCTCTBCHHO MAJIs1I OTPHULOATCIBHOI'O M ITOJIOKUTCIIBHOI'O eé
HCXOO0B.

P, :'ﬁ, (12)

P(;):”T",k=1...n, (13)

e | - unco equHnI B paccMatpuBaemoii k2 crpoxe TOH.

Torna nmoxacraBmsas ¢popmysl (12) u (13) B popmyny (11), a 3atem (11) B
(10) mosryuum ¢ yuerom (9):

I :Iogzn—[lﬁlogzl+nT_IIogz(n—I)]. (14)

Nudopmanusa o popmyne (14) Beruucisiercs nist kaxmaou crpoku TOH.
[lepBoii anst Tecta BbIOMpaeTcs MPOBEpPKa Ty, KOTOpas MPUHOCUT MaKCUMyM
uHdopmaruu. Eciiu Takux mpoBepOK HECKOJBKO, TO BIOMpaeTcs Mr00as U3 HUX,
YTO BO3MOXHO, KOIrJa HHQOpMAIMs BbIUUCISAETCS MAJIi PaBHOBEPOSTHBIX
cOOBITHH (0TKa30B OJIOKOB CUCTEMBI) 10 hopmyie XapTiu.

Ecnu BepostHocTH coctosiHuit P(S;) 6:10k0B ycTpoiicTBa HE OANHAKOBEL, TO
SHTpONHs (HEOPEACIEHHOCTD) B OLIEHKE COCTOSHUS 00BEKTA TUArHOCTUKU
(OM) Beruucnsiercs mo ¢popmyiie lllennona (1). B aTom cityyae BeposSTHOCTH
otkasza P(Sj)) ] —ro 610ka cucTeMbl MOXKHO OLIEHHUTH IO (hopMmyIie

A

PJ: P(Sj):—n ! ,
2A,
=L

- _1.
rJ€ A ;- UHTEHCHBHOCTb OTKa30B | — I0 OJI0Ka, yac™,
n
ZA i WHTEHCUBHOCThH OTKa30B CHCTEMEI, paBHOE  CymMMe
i=1

WHTEHCUBHOCTEN OTKA30B COCTABIISAIOIINX €€ OJIOKOB.
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Crpoka T®H, coorBercTByromas iaydmed o yciaoBuio (3) mpoBepke,
nepeMeniaeTcss Ha Mecto neppou ctpokun TAOH u genurt mociienHoow Ha ABE, B
oO1eM ciayyae, HEpaBHbIE YacTH, B OJIHY U3 KOTOPBIX BXOJSAT CTOJIOIbI
COCTOSIHMH Sj, KOTOPBIM COOTBETCTBYIOT “0” B BBIOpaHHOH (JIydIlI€il Ha IEpBOM
are) CTpoke, a B APYTYI0 — CTOJOIbI COCTOSIHUM, KOTOPBIM COOTBETCTBYIOT “17
B BbIOpaHHOW cTpoke. BpiOpanHas Ha TmepBOM Iare Jydmas IO
MH()OPMATUBHOCTH CTpOKa OOJIbIlIE HE y4acTBYeT B OTOOpax Ha BTOPOM H
MOCJICTYIONINX Marax (OpMUPOBAHKS TECTOBBIX MPOBEPOK.

VYcenemHoil (MOJMOKUTENBHOM) CUUTAETCS MPOBEPKA, NMPU KOTOPOH BBIXOJ
KOHTPOJIUPYEMOT0o OJIOKa CHUCTEMBbI COOTBETCTBYET TEXHHUYECKHUM YCIOBHUSAM
(TY) npeanpustus-u3rotoButens.  Pe3ynpTaThl — YCHEIIHOM  IPOBEPKH
0003HaUalOTCsI Kak JauarHoctudeckas 1. B mpoTuBHOM ciydae mpoBepka
CUMTAeTCs  HEyCcHemHoW  (oTpullaTeslibHOM) ©  00O3HA4aeTCs KakK
nuarnoctudyeckuid 0 B TOH u npyrux 10KyMeHTax.

BriGop BrOpoit HaunbGonee HWHPOPMATUBHOW MPOBEPKU  MPOBOJUTCS
OJHOBPEMEHHO I10 IBYM nosydeHHbIM noaTdH.

BTtopoii BeiOupaeTcst mpoBepka mj, KoTopas 001ajiaeT HauOoJIbIel YCIOBHON
uHpopmanueit |(m/m)) OTHOCUTEIBHO COCTOSHHUS, XapaKTEPU3yeMOTr0 SHTPOITUEH
H(my) mociie nmepBoii BEIOpaHHOW MPOBEPKH.

I(m/mi)=H(my) - H(m/nj) — max (15)

Cpennsig ycIoBHasI SHTPOIUS CXEMBI MOCIIE e MIPOBEPKHU.

H(mi/m)= P(milm)H(milm) +P (7, Im)H( 7, Im)+
+P(md m H (il m, )+P(z [ )H(7 [ =),

(16)
(P N o
e P(Tti/T[k):—-I—l = -1 - BEpOSATHOCTbH BTOPOI YCITCITHOM MPOBEPKH ITOCIIC
n n
YCTICIITHON TTepPBOM. (17)
— (I I P B o .
P(r, Im)=—- i L =1 . BEepOSITHOCTD BTOPOI HEYCIECIITHOW MPOBEPKH
n n
MocTie YCIEITHOM TIEPBOM. (18)
—_n=1 1, 1, . o
P(mil 7, )=—- =2 - BEPOSITHOCTH YCIIEIITHON BTOPOM MOCIIe
n n-l n
HEYCIIEITHOM ITIEPBOU IIPOBEPKH.
(19)
— ,—\_n—=l n=I-1, n-1-1, . .
P(r I, )= : o= - BEpPOSTHOCTh  HEYCICIIHOH  BTOpOU
n n- n
NPOBEPKH IMOCIIC HEYCIIEITHOMN MEePBOH. (20)

l; u |, — gucno emunmi B i-oii ctpoke mogTdH Ne2.1 m mogTdH Ne2.2
COOTBETCTBEHHO, TIEpBast U3 KOTOPBIX COOTBETCTBYET |-equHuam, a BTopas — (N-
1) — mymsm B k* — crpoke ucxonuoit TOH. U3 dhopmyist (9) ciaenyer

H(ni/nk): log, |, , H(;i/nk): log, (I, 1), H(nk/;i): log, 1,
H(Z/Z)z Iogz(n—ll _Iz) .
Toraa cpeqHsist yCaOBHAsI SHTPOIHS Mocje 2= mara
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-1, I n—I-—I
Jdog,(1-1.)+-2-log,l, +—2-log, (n—=1-1.) .
n gZ( 1) n gZ 2 n g2( 2)

H (ni/nk)=%- log, I, +

(21)

Nudopmarust mociae 2™ miara Jyisi i-Tod CTPOKH OyJIET paBHA Pa3HOCTH
BBIPQKCHHS B KBaJPAaTHBIX CKOOKax B ypaBHeHuu (14) u BeipaxkeHus (21).

Bropas nyumias mpoBepka m; W3 TpyImbl Haubojee HHGOPMATHUBHBIX
MIPOBEPOK, 3amuchkiBaeTcss BTopoi B ucxoaHoi TOH u He ydacTByeT B oTOOpe
Ha TPEThEM M MOCIEIHUX Iarax u T.1.

Br100p pOBEPOK MPOIOIKAETCS 10 TEX MOP, TOKA CPEIHSS YIIIOBas
SHTPOMHUS MTOCJIE MPOBEPKU Ha KAKOM-TO IIIare HE CTAaHET PaBHOM HYJIO. JTa
poBepKa 1 OyAET MOCIEeAHEN B MOCIEA0BATEIbHOCTH Hanboee
WH()OPMATUBHBIX, BOIICAIINX B TECT.

Ecnmu oTGop mpoBepok i TecTa 3aKkaHYMBAEeTCs Ha M-oM mmare (M<n), To
M CTPOK, MEPECTABICHHBIE BBEPX MO YKAa3aHHBIM BBHIIIE MpPaBUIaM B UCXOIHOU
T®H, aBromMatuuecku (GopMupyroT Tabiuily KoJoB HeucnpaBHocTel. [Ipudem
M — pa3psaHbIA JBOWYHBIA KOJ Ka)KI0H OAWHOYHOW HEUCIPABHOCTH YUTAETCS
cBepxy BHM3 B KaxjaoMm ctoibiue TDH c mepecraBieHHbIMU BBepX Haubosee
WH()OPMATUBHBIMU CTpOKaMHu (IIPOBEpPKaMH), 0Opa3yIoMUMHU TECTOBBIA HAOOP
IIPOBEPOK.

Ha mnpakTuke BBIMOMHSAIOTCS TPOBEPKH COCTOSHUM BBIXOJOB OJIOKOB,
BOILIEJIINX B TECTOBBIM Ha0Op, B TOM MOCIEIOBATEILHOCTU, B KaKOW OHHU
yKazaHbl B TecTe. Pe3ynbrar KaxIod NpoBepKH (UKCUpYETCS B BHIE
nuarnoctuyeckoi 1 unu 0. KoMmOuHaiust pe3yapTaToB MPOBEPOK, 0Opa3yroias
JIBOUYHBINA KOJ, CpaBHHUBAETCA C TaOJUIIeW KOJOB HEUCIPABHOCTEH, KOTOpasd,
KaK YKa3aHO BBIIIE€, ABTOMATUYECKHU Toay4daeTcs u3 ucxoanour TAOH u cocrout
13 M HauOoJee NHPOPMATUBHBIX CTPOK.

Ipumep peanuzayuu KOMOUHAYUOHHO2O MeMOOA NOUCKA
OUACHOCIMUKU HeUCHPABHOCMel, pedanu3youe2o 6e3)yclo6Hbll
aneopumm ouaznocmukxu no memooy Cunoeesa.

Haittu undopManvoHHblii TeCT M TaOJMIy KOJOB HEUCIPABHOCTEH MJis
CXEMBI pUC.1, B KOTOPOI UMEET MECTO OAMHOYHBINA OTKA3.

1. I[I/IaFHOCTI/I‘ICCKI/Ie OIICHKHU BXOJIHBIX U BBIXOJHBIX CUTHAJIOB:
Zs=0 — const, x1=1 — const, x2=1 — const.
zZ Z
~ X1 L 2 - Zs
— 1 2 5 —» Bbixoq
Bxoabl <
X2
—> 3 - 4
~ Z3 Z,
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Hatinem nndopmaruio, KOTOpYIO MOKET MPUHECTH KaK/1as MPOBEPKa Ha
nepBoM miare. B atom ciydae
| (m)=Ho - logan,
rae Ho — ucxomHas SHTpOMHSL.
Ho=109,5=195/1g2=3.332 1g5=2.3296wur.
T®H, coorBercTBytomas ®JIM Ha puc.15 npencrabiena Tabdi. 2.

Tabmnuma 2
T®H s undopmanonHoro Tecta
S1 S2 S3 S4 S5 I(7my I(;
)1 /nk)
out
I11 0 1 1 1 1 0.7 0.5
I12 0 0 0 1 1 29 54
0.9 -
75
I13 1 1 0 1 1 0.7 0.5
14 1 1 0 0 1 29 5
0.9 0.9
75 54
— A J
e Y
TOH 2.1 TOH 2.2

OnpenenuM CpeHION YCIOBHYIO SHTponuio H(7m,) cxembl, KOTOpYIO
MOJIYYMM B pe3yJIbTaTe MPOBeNCHUs MPOBEpKU Tp. CornacHo (4) u (7)

H(n’k)zlﬁlogz l +nT_|Iogz(n—I) .
JIns1 BTOpO npoBEPKH
H(my)= %Iog2 2+ % log,3=0.4+0.954=1.3546uTt

Torna undopmanus 1(m,), morydeHHas B pe3yabTaTe MPOBEICHUS
MIPOBEPKH T, COCTABUT:

|(12)=Ho-H(m2)
|(7,)=2.329-1.354=0.975 Gwur.

|(mty)=log, 5- (glogz 4+%Iogzlz 3.3221g5-(0.8-2+0.2-0) =0.7296wT,
|(3)= log,5- (glog2 4+%Iogzlz 0.729 6ur,

I(7t4)= log, 5—(§Iog2 3+§Iog2 2=0.9750mur.

Cronberr ¢ BBIYUCICHHBIMHA KOJIMYECTBAMHA UH(POPMAIIUU IOMECTUM 6-BIM B
tabmuiyy 1 Qyskmuit  "HemcnpaBHocteir  (TPH), cooTBeTCTBYIOIIYIO
byHKIIMOHATBHO-TUarHoctTuueckor moaenu (PJIM) ycrporictBa Ha puc.l. Ha
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NepecedeHu  J-ro cToNIONna u i-i cTpoku 7; B Tabnwmie 1 craBurcs “17, ecnu npu
BO3HMKHOBEHUHU OJIMHOYHON HEHCIIPABHOCTH B |-OM OJIOKE YCTpPOWMCTBa CHUTHAI
Ha BBIXOJI¢ I-TO OJIOKAa OCTAeTCsA COOTBETCTBYIOIIMM TEXHHUYECKUM YCIOBHUSIM
(TVY) ero skcrutyatanuu u ctaButes “0” B MPOTUBHOM ClTyvae.

ITepBoii B TecT BeIOMpaeM MPOBEPKY M, (KOHTPOJb BbIXOJa OJioka 2), T.K.
OHa MPUHOCHUT MaKCUMyM HHMOpMauM U “‘yaadHo” aenut ucxoanyro TAOH Ha
nBe HepaBHble yacTd TOH 2.1 u TOH 2.2, nepBoil U3 KOTOPHIX COOTBETCTBYIOT
HYJIA B BBIOPAaHHOW CTPOKE Ty, @ BTOPOH - “17.

3. Ha BTOpOM miare ompenenuM CpeIHIOK YCIOBHYIO JHTPOIIUIO
IIOCJIE BTOPOM MPOBEPKH, KOTOPask BKIKOYAET OCTABIIMECS IMPOBEPKH Ty, M3, Ty.
Hamnpuwmep,

H(my/mp)= (%Iog2 2+%Iogzl) + (%Iog2 2+0-log, 6)=0.4+0.4=0.8 OuT.

7 7

Torna I(m/m,)= | T, | | m, =1.354-0.8=0.554 Gwur.
Amnanoruano H(ms/m) = %Iog2 2+0+§Iog2 2+%Iogzl=0.4+0.4=0.8 OuT.

|(7t3/m,)=1.354-0.8=0.554 Our.
3areMm H(n4/7t2):%|0921+%|0921+§|092 Z%Iogzl=0.4 our,

CnenoBatenbHo |(m4/m,)=1.354-0.4=0.954 Owur.

BrruucieHaple KOJIMYECTBEHHBIC OICHKH WH(OpMAIMd Ha BTOPOM IIIare
|(mi/m) momecTuM B 7-0M cTOJI01IC Ta0I. 2.

AHaIM3Upys COAEPKUMOE DTOr0 CTOJIOIA, HA BTOPOM IIare BhIOUpaem 4+°
MpPOBEpKy M4 T.K. OHA HeceT HaubOOoJbIIee KOJIMYECTBO HHGOPMAIHH
OTHOCHTEJIBPHO SHTPOINH, OcTaBlIeics mocie 1%, BhIOpaHHON HAMM MPOBEPKH
).

4. Tlepen BBIOOpPOM TpeTbel HHGOPMATUBHOW MPOBEPKHU TMEPEHECEM Ha
BTOPYIO CTpOKy ucxomaHou TDOH comepkuMoe CTPOKH T4, COOTBETCTBYIOIIEH
BBIOpAHHOM TIpOBEpKe. YKa3zaHHAasi CUTyalusi OTOOpakeHa B Ta0J. 3, T/Ie€ MECTO
NEePBOM CTPOKHM 3aHMMaeT WHGOpMaIHs CTPOKHU (IIPOBEPKHU) T, BHIOpAaHHOU Ha
nepBoM mare. Torga ocTaloTcs ABE albTEpPHATHBHBIC TPOBEPKH Ty WU T3.
Conep:xuMoe CTPOK 71 U T3 pacnpeesnsercs B Tadnauie 2 no yerbipem mnoa TOH,
npuueMm TOH 3.1 u TOH 3.2 crpositcs na 6aze TOH 2.1, a TOH 3.3 u TOH 3.4
- Ha 6aze TOH 2.2.

Tabmura 3.
T®OH nyis Be16Opa 3-eit mMpoBEpKU TeCcTa
S1 S2 S3 S4 S5 [(me/14/1,)
112 0 0 0 1 1 -
14 1 1 0 0 1 -
I11 0 1 1 1 1 0.4
I13 1 1 0 1 1 0
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N A A A )
'S Y Y Y
ToH 3.1 TOH 3.2 TOH3.3 ToH34
_ N /)
hd hd
TOH 2.1 TOH 2.2

TOH 3.2, 3.3 u 3.4 BIPOKIAIOTCS B CTOJIOIIBI, UTO 0OJIer4aeT BEIOOD
IIPOBEPOK M YKa3bIBaecT Ha OBICTPOEC 3aBepIlicHUEe (POPMHUPOBAHUS TECTA.
Hudopmanus, noctaisemMas TpeTheit mpoepkoi |(mwy/mn/my) onpenensiercs
o ¢opmyiie:
| (/7 / 1) =H (/) -H (o e/ ).
Hampumep, ecnu TpeTbeid OymeT mpoBepka my, TO
H(n1/n4/7t2)=

—Iogzl+ IogZO+ Iog21+ IogZO+ Iogzl+ Iogzl+ Iogzl+ I0920 0

T.€. I(n3/n4/n2)— 0.4-0 = 0.4 our.
Ecau TpeTweii Oyner ms, TO
H(TE3/ T4l TEz):

1 1 0 2 0 0 1
glog21+ +O+§Iog21+glog2 OJrgIog2 2+glog2 O+glog2 O+glog21: 0.4 6uT.

CraenoBatenbHo, |(ms/m4/m,)=0.4-0.4=0 OuT, T.€. IPOBEPKHU HAJIO
PEKPATUTBH!

Pacrnionaras mpoBepKu T,,74,7; MOCIEAOBATENBHO APYT 32 IPYTOM,
MIOJTYIHM TaOJUITy KOJIOB HEUCIIPABHOCTEH C TPEXPA3PSTHBIMU JTBOMIHBIMU
KOJIlaMHU OJTMHOYHBIX HEUCIIPABHOCTEH, KOTOPBIE MOTYT UMETh MECTO B
ycTpoiicTBe Ha puc.15. Takoe pacnosioxkeHrne NpoBepoK cPopMUPOBAHO B TAOJI.
2. Kon mencnpaBHocTH 1-T0 G110Ka (cocTostHUE yeTpoicTBa S;) cocTaBisieT 010,
Ko cocTtosgHus S, — 011, kox cocrosgaust S; — 001, kox cocrosaausg S, — 101 u
Ko cocTtosHus Ss—111.

BrImonHsIs Ha MpaKkTHKE MOCIEA0BATENIbHO MPOBEPKHU Ty, M4,y (MIPOBEPSIS
BBIXOJIbI Z5,Z4,Z1) 1 GUKCUPYS PE3yIbTaThl MPOBEPOK B BHUJIC TMATHOCTHYECKUX
“0” wmm “1”, momy4aroT TpEXPa3psSIHYI0 JIBOMYHYIO KOMOWMHAIIMIO W
UJACHTUDUIIMPYIOT HEUCIPABHOCTh B YCTPOMCTBE, CpaBHUBAs TMOJIYYCHHYIO
KOMOMHAITHIO ¢ TaOJUIICH KOJOB HEUCIIPABHOCTEH.

1.10. Memod kpumepus pa3nudumMocmu — KOMOUHaUUOHHbIU
Memo0o, peanusyrowul 6e3ycrio8HbIl arnzopumm duagHOCMUKU

1) ITocranoBKa 3ama4n

[Ipobnema 3akirouaeTcss B TOM, 4TO pa3padoTath HAOOP TECTOB, KOTOPHIN
OyJeT MMETh JCNI0 CO BCEMH HEHCIPABHOCTIMHU IM(poBol cucteMbl. OHAKO,
OJTHM METOJIbl TEHEPUPOBAHMUS TECTOB BBIPAOATHIBAIOT WX JIUIIL  JIS
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OJTHOKPATHOM crielinpruecKoil HEUCIIPABHOCTH, HE MPUTOAHBI B CTOJIb OOJBIINX
cxemax. OueBHIHOE pelIEHNE — IPUMEHUTh HEKOTOPBIN METOJI MHOTOKPATHO 110
HOJIHOW 00pabOTKKU HEUCIIPABHOCTEN. A 3aTe€M IOJIyYE€HHBIE TECThl O0OBEIUHUTD.
OpHako HaOOp TECTOB, MOJYYEHHBIX TaKUM CIOCOOOM HEIpHEMIIEM H3-3a
€MKOCTH MOTpeOJIIeMOl MaMATH M BpeMeHU 00paboTku. OTCI0Ja BO3HUKAET
3aJja4ya CoKpalleHue oobema Habopa Tecra.

2) Tabdauna HeMCHPABHOCTEH — WCHOJB3YyeTcs IS NPeACTABICHUS
pe3yJbTaTOB TI'€HEePHPOBAHHUSA TECTOB, SIBJISAETCHA ABYX MEPHBIM MacCHBOM,
HMEKOILIEM 110 OJHOW CTPOKEe HAa KAXKAYI0 HEHUCIPABHOCTHL M IO OJXHOMY
CTOJIOIY HA KaKbIA TecT. 151 3s1eMenTa TadauubI fij :

fij=1, ecin i -1 HEUCIIPABHOCTb O0OHAPYKHBAETCH j-M TeCTOM U
fij=0 — B mpoTHUBHOM cJjIyuae.

Ctpoka Ha3bIBaeTCsl OTOOpPaKEHUSMH HEHCHPABHOCTU U  SBIIAETCA
BEKTOp—CTpoKamu, fi=(fil,....., fim)- oToOpaxkeHue i -ii HeucnpaBHOCTH. J[Ba
otoOpaxeHus HeucnpaBHOcTH fi u fj pazmuuumbel , ecim  fik = fijk s
HEKOTOporo Kk, rae k - Homep Ttectra. Takum oOpa3oM 3aaada
TpaHchOpMHpYETCsT B 3a7a4y HaXOXJICHHS MHUHHUMAJIbHOIO Habopa CTOJOIOB
TaONUIIBI TaK, YTOOBI KaXKJas CTPOKA, COOTBETCTBYIOIIECH MOATAOJIUIIBI UMeETa
Obl 1Mo KpaitHel mepe onHy «1». UTo0bl pa3iuyars Bce HEMCIPABHOCTH
HeO00X0AMM  MHMHHMMAJBHBIA  HA00pP  CTOJOLOB, COOTBETCTBYIOLUMH
BbILIECU3JI05KeHHBIM TPEOOBAHUAM M MMEIOIIMH BCe Pa3IMYMMbIe CTPOKH.

3) Metoa Kputepus pa3au4MMOCTH.

OcHoOBHas naes — B INPUINKMCBIBAHUNA BECOB OTIEIBHBIM TecTam. Beca
OTpa)XaroT OTHOCUTEIBHYIO CIOCOOHOCTh TECTOB Pa3inyaTh HEUCIIPABHOCTH.

Ha ocHoBe BecoB oTOMparoTcs TecTbl sl MOMy4YeHHUs! 3()PEeKTUBHOrO
Habopa TECTOB.

Bec Wj Tecta Tjompenensercs Kak M YHCJIO Iap HEHUCIPABHOCTEH,

KOTOpBIE OH Pa3INyYacrT:
—(nd)(n)
Wi =(ng)(n]),
rae n) ¥ on' - 9ucio cooTBeTCTBEHHO «0» M «1» B j-M CcTOJIOIE TaOIHUIIbI
Merton cTpoHTCS Ha MOCIEAOBATEILHOCTU UTepauuii. Beruucnstores W j
JUTSI BCEX j . 3aTeM B KauecTBe MepBOro BeIOMpaeTcs TecT ¢ max W j» TAK KaK OH

paznuyaeT HauOOJbIIIEE YHCIO Tap HEUCHPABHOCTEH. ITOT TECT JEIUT
HEWCITPaBHOCTH Ha OOHapyXuUBaeMble U HEOOHapykuBaeMbie. B o01em ciyuae,
KOTJIa BBIOpaH - TECT, HEUCIPABHOCTH OYyIyT paslueieHbl Ha m
HerepeceKarmmxcs 6J10K0oB bl,....,bm. DTo 03HaYaeT, YTO MOCIETYIOITUE TECThI
JIOJKHBI BBIOUPATHCsI 00J1€e CII0KHBIM ITyTEM.

Ilycrs Tjxannupar Ha (i+1) snement Habopa u myctb (n))y U (/) )y-

yucino «0» 1 «1» B j-Mm cronbue 610ka bk. Torma mocne i-ro mara Bec mias | j

OyJieT paBeH:
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. m . .
Wi=3 (ndok (oK
k=1

Tect, nus KOTOpPOTO le-max, BbIOMpaeTca Kak (i+1) sJIeMeHT Halopa

TecToB. OTOOp TECTOB TMpPOJOJDKAETCA JI0 TeX TMOop, IoKa pasJeieHue
HEUCITPaBHOCTEH MepecTaHeT MPUHOCUTDH JalibHEHIee YIIydIleHHue, T.€. 10 TeX
1op, MOKa Beca BCEX HEHMCIOJIb30BAHHBIX «TECTOB» HE CTaHeT paBHoe «0» (He
cranet «0» wm «1» bk)

Pa3Burne merona
Bo3moxkeH 0oTOOp TECTOB, KOTOpPHIE NMATHOCTHUPYIOT HEUCIPABHOCTH C
3aIaHHOM CTEMEHbIO0 JTMATHOCTUYECKOW pazperiaroiieil cnocoOHOCTH, KOTopas
3aBUCHUT OT 00b€Ma CXEMBI, COACPIKAITCICS B KAKI0M CMEHHOM sTUEHKeE.
Pa3BurHe MeToaa — BbIOOp HAOOpa TECTOB, KOTOPbIE UACHTU(PULIUPYIOT
HEHUCITPABHOCTH TOJBKO C TOYHOCTHIO 10 01HOU BUC — sueiiku.
[Ipennonoxum: HeucnpaBHocTH f1 m f2 cBsA3aHbl ¢ suerkou Pl;

f3,f4,f5-P2; f6,f7-P3. SIcHO, UTO MBI HE XOTUM OOJIbIIIE PA3INYATh MAPHI
HEHCNPABHOCTEN W3 OAHOW M TOM K€ SYEWKH, BKIAJ TAaKUX Iap B BEC TECTa

HY)KHO BBIYMTaTh Ui T 1pu ycnoBuu, 4t0  (Ng)pk pt X (n 1J )bk pt - YMCIO

«» m «l» B j-M crombne Omoka bk, cBszanHoro c¢ sueiikoit pl. Torma
BBIIIOIHAETCS COOTHOIIIEHUE
m
wj=> {(no'bk) (n})bk—>" (ng)bknpe(nf)bknpe} :
k=1 |
r7ie CyMMHUPOBAHHE MMPOU3BOAMTCS IO BCEM SUEHKaM, CBSI3aHHBIM C OJIOKOM

bk (I - yucio cMeHHBIX stueek, Pl —oxHa 3 sueek, | =1,2).

[Tpumep: Tabimia HencnpaBHOCTEH (prc.16) COCTOUT U3 BOCBMH TECTOB U
JNBEeHaANaTH HeucnpaBHOCTEH. OOBEKT pealn30BaH Ha IMSITH CMEHHBIX SUEUKax

P1-Ps.
B sgeiike P; HeoOxonumMo 0OHapyKUBATh ABE HEHCIIPABHOCTH fll u le, BO

BTOpOM P, n yerBepToii P4, — Mo Tpu HEUCHPABHOCTH, B TpeTbel P3 u msatoi Ps
A4erKax — Mo JBE HEUCIPABHOCTH.
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t, t, t, t, ts t t, t,
f11 [0 [0 |1 |0 [0 |[O |O
" /o |0 |0 |1 |0 |0 |1 |1
240 |0 |1 |1 |o |1 |0 |oO
pi2l0 |1 |0 |1 |o |o |1 |1
lo |1 |0 [0 [0 |0 |1 |0
o |o |0 |1 |1 |0 |1 |0
I:)Sff 1 (1 (0 (0 |O [1 |O |1 MOeHTnYHbI
@0 [0 |o |1 |1 |o |1 |o
PIFAf0 |1 |o |1 |1 |o [0 |O
o |1 |0 |0 |1 |0 |0 |1
P5_15 1 |o 1 Jo |2 ]2 o |o
1o |1 |1 o [1 |1 [0 |0
Bec 24 30 25 30 35 29 29 26

Puc 16. Tabauma TOH Nel

CHauana BBIUHMCIISIOTCS Beca U IoJiy4yaeM, 4To Max BeCoM O6HaI[a€T T5.
W’ =6-6-1-1=35.

[lepectpanBaem Tabmuny 1 B Tabmumy 2 . CHOBa BBIUMCISIEM BECA TECTOB
(xpome T5). Ha atoT pa3 BeiOOp nan Ha T6.

t. {, t, t, t, te t, ty
ilo [1 o o |1 Jo |o [o
"u[o o Jo o |1 |o |1 |1

o Jo |1 2 22 Jo Jo .
pizl0 [0 [1 o |1 {o [1 |1
izlo o |2 o o o |1 |o
p2lo 1 ]2 Jo o |2 [o |2
el [0 [0 [o |1 o |1 ]o
1 o |1 ]o |1 o [o]o

P2 [0 |1 o o Jo Jo 1|
/1 {1 {o |1 {0 [0 o [o
Jufe Jo Jo J1 o |1 Jo Jo
feel1 |1 {1 fo [1]1 o |o
11 13 11 13 12 9

Puc 17. TH® No2
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[IpomutrocTpupyeM OIpeneneHue Beca W62 JU1s TecTa tg , JIydIIero Ha BTpoM
niare

Wazlz[(ng)bl(nf)bl—z (n§)b1 pe (nf)Hb1 N pe}+
|

{(ng)bz (MHb2—>" (n§)b2( pe (nP)b2 N pe}
|

W¢ = {4-2)b1—|(2-0)b1 (") pL+(2-DbL() p2+(©-Db1[) p3+(0-0)b1() pa+(0-0)pL( ) ps)
+ (4-2)b2—[(o-0)b2ﬂ pL+(0-0)b2( ) p2+(1-0)b2( ") p3+(0-2)b2( ) ps]}

W, =6+8=14
[Mpu craenyromeit mepectpoiike Tadmumnbl (TPOH3) Oioxk b4 MoxHO He
paccMaTpuBaTh, TaK KaK €ro CTPOKH CBSI3aHbI TOJBKO ¢ P5:

t, t, t t, t, t, t, t,
7o o o [o |1 [o [0 [0
o o Jo [o |1 [0 |1 |1 |4
7o [0 (1 [1 |1 [12 [o Jo
"o o "1 [t |1 o |1 |1
Rflo [1 1 Jo Jo Jo |1 Jo |,
o |2 |2 ]2 o |2 |o |12
3 f 1 o (o Jo |1 o |21 |o
1 [o ;1 ]o 1 o [o]o |bs
il o "1 [1 [o [o [0 |1
1 {1 To 2 [o |12 [o [o
Pf=15 1 |1 |1 ]o o |1 o ]o ]|,
Telo [1 1 J1 [1 |1 o |o
Bec 3 1 3 5 4

Puc 18. TOH No3
IIpomnmocTpupyemM ompeseneHue Beca W, cTosidma 2, KOTOPBI OKa3bIBaeTCs

JYYIIUM Ha TPEThEM IIare 0T0opa TECTOB.

W2 ={2.2-0-0}+{-1-0-0}+{2-2-1-2}+{1-1-1.1}

W, =7
Taxum o6pazom Tect T2 BbIOUpaeM TPETHUM B TPYIITY TECTOB, HMEIOIIUX
HauOOJIbIITNE Beca.
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Crnenytomas nepectporika TOH npencrasinena Ha puc.19..
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Bec
Puc 19. TH® N4

Teneps Bce TecThl UMEIOT Beca = () — mpoiiecc 0TOOpa TECTOB 3aKaHUUBAETCH,
MUHUMaJIbHBIM HabopoMm sBisercs (TS5, T6, T2). CnemoBartenbHO ISt
UISHTU(PUKAIMN KaXI0H HEUCIIPAaBHOM SUYEHKH TpeOyeTcss TOJIBKO CEMb
KOMOMHAIIHIA:

P1=(0,0,0) uau (0,1,0); P2=(0,0,1); P3=(0,1,1); P4=(1,0,1) wmm (1,1,1);
P5=(1,1,0)

Mertox mpuBiekareneH s OONbIIMX — TaOJHMII HEUCHPABHOCTEH, T.K. UIs
peanu3ali Ha MallMHe TpeOyeTcsl HEMHOTO TaMsITH, JJIMHA HAOOPOB TECTOB
paBHa min (M,n) wurepamui. Hepaznmuuumbie uTepanuym aBTOMaTHYECKH
TPYNIUPU3YIOTCS B OOIIME TPYMIBI, a MPOIEcC OTOOpa TECTOB MOXET OBITH
WU3MEHCH, 4YTOOBI YYMTBIBAJICS JIIOOOW BUJ OTPAaHHUYCHHI, HAKJIAIbIBAEMBIX
SAYCUKAMH.



38

I'naBa 2. /IHarHOCTHKA MUKPOIPOLECCOPHBIX CUCTEM
(MIIC).
O01as xapaKTepucTUKA CPEeACTB JUATHOCTUKHU

Juarnoctuka u KoHTposib MIIC ocymiecTBiasieTcss npu KOMILICKCHOU
OTJIAJIKE MPOTPAaMMHBIX U aIlllapaTHBIX CPEICTB.

W3 anmapaTHbIX CpeAcTB, npuMmeHsiemblx npu orianke MIIC, nanGonee
MOILHBIM sIBJII€TCS Jormueckuil ananuzatop (JIA), koropelii obecrieunBaeT
ryOuHy JAMAarHOCTUKM C TOYHOCTBIO /10 0JI0oKa, MOAYyJs, IUIaThl, a IpH
HEoOXOauMOCTH — 10 Kopmyca. JIA npuUMEHAIOT Ha 3Tane pa3paboTKy,
koMIiekcHou otiagku MIIC u aHanu3e npu4rH aBapuu.

IIpy DpPOW3BOACTBEHHBIX MCIHBITAHUIX MW JKCIUIyaTallMd BO3HUKAET
HE0OXOMMOCTh OOHAPY>KMBATh HEUCIIPABHOCTH 10 KOpIyca. DTOW LEIH CIIyKaT
OoJiee IPOCTHIC U JICHICBBIC CUTHATYpHBIC aHamu3aTopsl (CA).

Haunbonee mnpocTHIMM TEXHUYECKUMHU CpPEACTBAMHU SIBISIOTCA TECTEP
JOTUYECKUX  COCTOSIHHM,  CTUMYJSTOPBI  JIOTMMECKHX  COCTOSHMUM U
OECKOHTaKTHbIE HMHAUKATOPbI UMITYJIbCHBIX TOKOB.

2.1. Obwas xapakmepucmuka u MemooOuka ucrosib3o08aHusi CA

B »skcrmyaramuu, kKorja Majao BpEMEHHM Ha TOUCK HEUCIPAaBHOCTH, a
kBaupUKanus oOCTyKHBAIOIIETO IepcoHada HEBbICOKa, JIA Manomnmpurojex.
[TosTomy Tpebyercst TpuOOp, KOTOPHIM TMO3BOJST OBl OBICTPO U TOYHO
OTBICKHMBaTh BbIeIMHA W3 cTpos KommoHeHT MIIC. Takum npudopom
apigercss CA. Ero mnpuHImMn AeicTBUST OCHOBaH Ha MNpeoOpa3oBaHUU
«UIMHHBIX» TIOCJIEIOBATENILHOCTEN JBOMYHBIX CUTHAJIOB B  «KOPOTKOE»
JBOUYHOE YHUCIO («KOPOTKOE»), Ha3blBaeMoe CcHUrHatypoil. H3mepsiembie
«JITMHHBIE» JIBOMYHBIC IOCIEAOBATEIILHOCTH BO30YKIAIOTCS B KOHTPOJIBHBIX
toukax MIIC mox neiictBuem tecroBoit (II3Y) wmmu paboueir (O3VY)
nporpaMMbl. CUTHaTypbl B KOHTPOJIBHBIX TOYKaX HU3MEPSIIOTCS Ha 3aBEOMO
paboTOCIOCOOHOM CHUCTEME U YKa3bIBAIOTCS Ha MpUHIMNUaIbHON cxeme MIIC,
nogoOHO TOMY, KaKk Ha CXeMax aHaJOrOBbIX YCTPOMCTB YKa3bIBAIOTCS
OCIMJUIOTPAaMMBbl M HEKOTOpbIE TapaMeTphl HEMPEPHIBHBIX AICKTPUUECKUX
CUTHAJIOB.

IIpu noucke HeucnpaBHoctu B MIIC oneparopy He0oOXOAMMO YCTaHOBUTH
pPeXKMM TECTOBOM TMpOTrpaMMbl M 3aTe€M, IIPOCJIECKHBAs CUTHATYypbl B
KOHTPOJIBHBIX TOYKaX, HAaWTH 3JIEMEHT, Y KOTOPOTO BXOJIHBIE CHTHATYPBI
BEPHBI, a BBIXOJHAsA — HET. Torga B 3TOM 3JIEMEHTE 3aKJII0YEHA HEUCIIPABHOCTh
(WM B €ro BBIXOJAHOM 1IEMN).

Jnst  ymoOcTBa  curHaTypa  MPEACTaBISETCS B BUIE  YETHIPEX
HIECTHAUATEPUYHBIX ~ YUCENl ~ KOTOpbIE  MOJYYalTCs C  [OMOUIBIO
CEMHCETMEHTHBIX CBETOANOIHBIX UHIUKATOPOB.
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2.2. TouHocmb CA

Cy1iecTByeT MHOTO CIIOCOOOB CXAaTHs JIBOMYHBIX MOCJEI0BATEILHOCTEN B
CUTHATYPBHI:

1) moacyeT uncia JJOTHYSCKUX MEePEKITI0YCHHIA;

2) OJICYET YKCIIa SAUHUIL;

3) noy4eHrue KOHTPOIBHON CYMMBI 110 OJJHOMY U3 MOJTYJICH

U T.JI.

AHanM3 ToKazaja, 4YTo Haubosiee dSPGEKTUBHBIM SIBISETCS CHOCOO,
OCHOBAaHHBIH Ha TMpeoOpa3oBaHUM C TOMONIBIO CABUTOBOTO PETrHCTpa C
muHerHbIMA OC U cyMMaTOpOM IO MOAYJIIO 2.

K gewundpatopy DC 2 —»-16

~ N N N
A A A A A A A A

A A A A A A A 4

»)

L 0]1[2[3[4]5]6]7[8[9[ON12M3[1405
» R6 caBura
> no Mogyrnio 2 T T T T
—_
MHdOpMaLIMOHHBIN nyck cron  CMHXPO- 550
BXOA MMMYIbChI

Puc.1

CHBUTOBBI PETUCTP C CyMMAaTOPOM IO MOZAYJIIO 2 SABISAETCS JIMHEMHOU
UG pOBON CXEMOU, MOITOMY JIsi HEEe CIPaBEIUB MPHUHIUI CYNEePIIO3UIUU:
peaxiusi CXeMbl Ha CyMMY JBYX BXOJAIIUX MOCIEAOBATEIBHOCTEH (MCXOTHOU
paboueit U mocnea0BaTeIbHOCTH OIIMOOK) paBHA CyMME PEaKIIMil Ha KaxXa0e U3
ATHUX BO3JCUCTBUM.

B cwny nanununs veckonpkux OC, cymma HUKOTAa HE OyJIeT paBHA OJHOMY
U3 JIByX HEHYJIEBBIX CJaraemblx. Bxo/Has mocieqoBaTeIbHOCTh M HE JOJIKHA
OBITh KOPOTKOM (HE MEHEE YeM YKCIIO PAa3PsI0B PETUCTpa CIABUTA N ), T.C.

m>>n,

BepositHocTh P 0OHapy>keHHsI ONTMOKK B TIOCIEIOBATEIILHOCTH JUTHHHOU
M OpH UCIIOJIBb30BAHUY PETUCTPA CABUTA JNIMHOW N paBHA

2" -1
=1-= -
P 2" -1
limP =1.

m-—co

[Ipu nnuHe peructpa n=16 U m>n OWMOKA MPOU3BOJIBHOW KPaTHOCTU
oOHapyXuBarOTCSI ¢ BepossTHOCTHIO 0,99998 , a ogHOOMTOBBIE OMIMOKH - C
BEPOSATHOCTHIO 1.
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2.3. Ycnosus npuzodHocmu modyneu MIIC ons ucribimaHusi
memodom CA

Jna peanmu3aumun CA B CXeM€ JOJDKHBI OBITh 3aJ0XKEHBI CIEAYIOLIUE
TEXHUYECKUE CPEJICTBA!

1) CpenctBa, MO3BOJISIONINE pa3pbiBaTh B peskuMe KoHTposs nenb OC B
MIIC.

MIIC oxBauena OC mo KOHTYpy HNpOrpaMMHOTO yrpasieHus depes LIIJI,
NO3TOMY B OJIHOIUIATHOW MHKpo-OBM mepBoe ycioBHe peanu3yercs
otkmoueHreM /] or Bxoga Mukpormnpoieccopa. ITo peaiu3yeTcsi C MOMOILbIO
pazbeMoB Uiu Oy(epHBIX CXEM.

IR A
M Pa6ota
P = TecTtoBoe —
(CPU) < > M3y TecH o3y n3y YBB
S ||
— — wn |
Pa6boTta
eHepaTto “xema
parop BbIpabOTKU
CUHXpPO K KoHTp. TO4kKe
curHanos
MMMYbCOB nver/cron CA ... mMOc
i I N3mepuTernbHsbl
‘ CA \ " 30HA

Puc.2. Crpykrypnas cxema nogxiroueHusi CA k koutponupyemon MIIC

2) Hanwuwme cxem, BbIpaOaTbiBarommx curHaibl «Ilyck» u  «Cromy,
Heooxomumbie CA st dopmupoBanus «M3mepuTenbHOrO OKHa», T.e.
WHTEpBaja BPEMEHH, B TEUCHHNE KOTOPOT'O HAKAIUTMBACTCSl CUTHATYPA.

3) Hamuume B cocrae MIIC TI3Y, B KOTOpPOM XpaHUTCS TECTOBas
nmporpamma.
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2.4. Memoduka nposepku MIIC ¢ nomowbto CA

Cunxporenepatop (Ha puc. 2), MII, TectoBoe II3VY, cxema BbIpaOOTKU
CUTHAJIOB IIyCK - ctom, ydacTtok /I, oTkimrodaemelil B peXUME TECTUPOBAHUS
OT OCTAJIBHOM CX€Mbl, 00pa3yroT sanpo OBM. B pexume TeCcTUpOBaHUSA
KOHTPOJIMpYEMbIE ABOMUYHBIE NociienoBaTenbHOCTH B MIIC BO30y)KnaroTcst moj
JIEUCTBUEM CHUTHAJIOB, BBIPA0ATHIBAEMBIX AITHM SIIPOM, MOATOMY Hal0 OBITh
YBEpPEHHBIM B €ro pabotocmnocobHocTu. Ecnu sapo ucnpaBHO, TO TMOUCK
HEUCITPAaBHOCTH BEJETCSI OMUCAHHBIM BBIIIE CIIOCOOOM - MyTEM MEPEXOJ0B OT
BBIXOJIOB 3JIEMEHTOB KO BXO/aM.

Ha nepaboTocnocoOHOCTD sipa yKa3bIBaeT HEBEpPHAsl CUTHATYpa Ha OJAHOU
u3 uanit A wiu 1Y, B aToMm ciydae nipexie Bcero HeoOX0oauMo yOeaUThCs
B MIpaBUJIbHON pabote cuHxporeHepatopa. Ecnu cunxponuzauus MII B HOpMe,
TO HaJo0 yOeauTcs B pabOTOCIOCOOHOCTH CXEMBI MYCK - CTOI, MOJKJIIOYUB
n3mepuTenbHbil 3080 CA Kk yimHMM nutanuss MID +5 BonbT, 4TO MOIKHO
COOTBETCTBOBATh noaade Ha Bxoa CA MOCIEN0OBATEIBHOCTH U3 BCEX EIMHML.
Jns noxkanmzauuu HeucnpaBHocTH B sape (MII, tectoBom II3Y, cxeme
aJpecHo aemudpanri) He00X0JUMO UMETh BO3MOXKHOCTb OTKJIFOUUTH BBIXOJ
tectoBoro II3Y or MII u nmoxars Ha Bxon /[ B MecTe nmpucoeauHeHus €€ K
MII xon xomanast NOP (00). Ilpu stom Ha aapecnHoit mmuue MII Oyner
IPOUCXOANTh MOCJEN0BATENbHbBIN nepedop Bcex aapecoB (0—2"), n - 4yucio
paspsaos IIA. B stoM ciyyae u3meputrenbHOE OKHO OyleT paBHO BPEMEHH
nepedopa BCEro noJsisd ajgpecoB. B 3ToM pexxume Haj0 U3MEPUTh CUTHATYpPhl Ha
IITA u na Beixomax TectoBoro II13Y. Heepnas curnatypa na IIIA ykaxer Ha
HeucnpaBHOCTh MII, a Ha Beixoae TectoBoro II3Y - Ha BeIXOH U3 CTPOS 3TOrO
DIIEMEHTA.

VYKa3aHHBII pEeKUM HA3bIBAIOT PEXUMOM CcBOOOAHOW mporoHku MII mo
BCEMY MOJIIO aapecoB. [Ipu 3TOM posib cXeMbl BBIPAaOOTKH CUTHAJIOB ITYCK - CTOT
MOTYT UT'paTh CUTHAJIbI, CHUMaeMble co ctapiiero paspsana LIIA u nogaBaemele
Ha 00beauHeHHbIe BX0abl [TYCK - CTOII muorokanansHoro mrymna CA.

2.5. Jloeuyeckuu aHanusamop (/1A)

Hanpsioxenus, nossusitomuecs B pa3Hbix Toukax MIIC, mpeo6pazyrores JIA
B YETKHE TOCIEOBATEIILHOCTH JIOTHUYECKMX YpPOBHEW. JTO mpeoOpa3oBaHUE
OCYIIECTBIISIETCS C MOMOIIBIO BXOJHBIX KOMIIAPATOPOB YPOBHS, Ha KOTOpPHIC
nonarotca curHanel ¢ HIA, I, IITY. Yucno BxomnoB y JIA cocraBnser 16, 24
unu 32. BXogHble HampsiKEHUsS CPABHUBAIOTCS C MOPOTOBBIM HAIPSIKCHUEM,
KOTOpO€  BBIOMpaeTcs Kak TMOJyCymMMa CHUTHQJOB, COOTBETCTBYIOIIUX
JIOTUYECKUM HYJIIO U €IUHHUIIE.

_Uy+U; 04+24

= =14B
nop 2 2
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B MOMEHTBI, COOTBETCTBYIOLIHME CHHXPOUMITYJIbCAM, TIOJIYyYEHHBIA Ha
BBIXO/IE KOMIIApPaTOPOB MHOTOPA3psAHBIN KOJ CUUTHIBaeTCsA B OydepHbIid
peructp (cM. CTpyKTypHyro cxemy puc 4.) U3 OydepHoro perucrtpa mo
CUHXpOUMITyJIbcaM HHpopManusi mnepepaercis B 3Y U OAHOBPEMEHHO B
Jorudeckuit kommaparop. 3Y MOXKHO BBIIIOJIHUTh W3 HEPEBEPCHUBHBIX
CABUTOBBIX PErMCTPOB, YMUCIO KOTOPBIX PaBHO YUCIY pa3psaaoB OydepHOro
peructpa. B MOMEHTBl MOSBICHUS  CHUHXPOUMIIYJIbCOB,  COJEPKUMOE
HEPEBEPCUBHBIX PETUCTPOB CABUTA MEPEMEILIACTCS BIPABO, U B OCBOOOKIaEMBbIi
MITQIIIAA ~ pa3psl  KaKIOTO  perucrpa  NPUHUMACTCS  COAEPIKHMOE
COOTBETCTBYIOIIETO paspsiaa 0ydepHoro peructpa. [Ipu 3ToM BbIABUTaeMas U3
peructpa caBura uHpopmanus Tepsercs. Takum oOpa3zom, B TakoM 3Y
YIEPKUBAIOTCS JaHHbIE, TOCTYNUBIINE U3 Oy(pepHOro perucrpa 3a MoClIeIHUE
16 (24, 32) TakTOB.

AHaNTOTHYHBIE TPOIECCHl MOXHO BOCIPOM3BECTH B 3Y THUMAa CTEK, €CiH
OpeIyCcMOTPETh B HEM, Hampumep 16 1mecTHanUaTUPa3psIHBIX S4YEeK U
YeTbIPEXpa3psIiHbIi CUETUMK B KauecTBE ykazarensl creka. CHHXPOUMITYJIbChHI
U3MEHSIOT Ha €AUHMILY COJEPKUMOE yKa3aTessl CTeKa, U 1Mo o0pa3oBaBIIEMYCs
azpecy TMPOU3BOAUTCS 3alKMCh HMHPOpPMALMU B CTEK, KOTOpas IMOCTYMaeT U3
OydepHoro peructpa.
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1 e e o
A . ~ 6 .
—L, Komnapatop > BydepHbiii TTTT aHHbIX ynpagnewus | 1550
__5 YpoBHei » peructp ————» (O3Y um RG) Bbloaven WHd.
16 —=a 16 A 16 AaHHbIX (MHoronyu.
1 i} anT)
1V v
FenepaTtopnl | | Popmuposatens || > Jlorwu. eHepaTop
paTop > N Pl By
ypOBHeM o7 16| Komnapartop UneppoBOR —> o
3aepxKm
T YcTaHoBKa TVCTPOVICTBO
YycTaHoska OHTPOMNbHOTO 3aePXKKM
YypOBHeMN croBa (k=0-16)

Puc. 4.

Eciu B mpouecce oTnamouyHbix padoT oOHapyxkuBaercss Bbigada MIIC
HEBEPHBIX PE3YyJbTATOB, TO BO3HUKAET HEOOXOAUMOCTH BBISBICHHS YYaCTKOB
IPOrpamMMbl, KOTOpPbIE MOTYT OBITh MNPUYMHOW BO3HUKHOBEHHSI HEBEPHOIO
pe3ynbTara.

OnpeneneHne TakuX TOYEK B  MporpaMMme TpedyeT MpoCcMOTpa
COJEP)KUMOT0 HIMH HHTepdeica 3a HEKOTOPOE YHUCIO TaKTOB Ha Y4YacTKe
IPOrpaMMBbl, MOJ03PEBAEMOM B OIIMOOYHOM BBINOJIHEHUU. DTy HUHPOPMAIUIO
MO>KHO ITOJTYYUTh U3 3Y.

[Tycts BBOx uHpopmanuu B 3Y mpekpamiaercss B MOMEHT, KOrja Ha
NOJAKIIYaeMOol Ko BXxoAy JIA mmHE NOSBISETCS CIOBO, BO3HHKAIOIIEE IIPU
BBITIOJTHEHUU UHTEPECYIOINIeH HAacC KoMaHbl (KOHTpOJIbHOE clioBO). Torga B 3Y
OKaxyTcsi 16 ciOB, MPUHATHIX B TedueHUE 16-Tm mpenpiaymumx TakTtoB. llocne
oOHapykeHUsI B Oy(epHOM pErucTpe KOHTPOJBHOTO CJOBAa MOXHO 3aKPBITh
JOCTYIl K 3Y HOBBIX JAHHBIX C 33J€PKKOM HA HEKOTOPOE YHUCIO «K» TaKTOB.
[Tpu sTom B 3V okaxyTcsl 3apMKCUPOBAHHBIMU JAHHBIE, IPUHSTHIE B TEUEHUE
(16-x) mpenpIIymuX TaKTOB U «K» TOCIEIYIOIUX TAaKTOB.

BroisiBnenne MomeHTa, Koraa B OydepHOM perucrtpe MosiBIsETCS
KOHTPOJIBHOE CJIOBO, OCYILECTBIISIETCS JIOTUYECKUM KOMIIapaTOpOM, Ha BXOJE
KOTOPOTO OMNEpaTop C TMOMOIIBI0 TYMOJEpOB HaOWpaeT HYXXHOE CIOBO B
JBOMYHOM Koje. I'eHeparop 3aJepKKHW MO YCTAaHOBJIEHHOMY 3HAYEHHIO «K»
BO3/ICICTBYET Ha OJIOK yNpaBiCHUs MaMATbIO, 3aKpbIBas JAOCTYI K 3Y HOBBIX
JAHHBIX Ha OIpenesieHHOM TakTe. C IMOMOIIBI0 MOMYJNS yIpaBiI€HUS BblIayei
JTaHHBIX coaepkuMoe 3Y orobpaxaercss Ha dkpanHe DJIT, BctpoenHoii B JIA.
[Ipu 5TOM MOTYT UCIOJIB30BATHCA pa3Iu4HbIe (POPMBI MPEACTABICHUS AaHHBIX,
Haxo samuxcs B 3Y. OTUM TaHHBIM MOTYT OBbITh IPUIAHBI ClEeyIoIIne (OPMBI:
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Ugea 1) BpeMEHHBIX AWarpamm;
2) TaOJIuI] TaHHBIX;
3) KapT COCTOSIHUS.
PaccmoTpum 311 pOpMBI.
Usconm t IlepBas popma ynoOHa npu
OTJIAIKE AaNMapaTHBIX CPEJICTB,
LU sor e s
t  BPCMCHHBIX COOTHOILICHUM
MEXK]ly CUTHaJIaMH, BOZHUKIIUMHU
ﬂ B Pa3JIMYHBIX IIMHAX, a TaKkKe
TUTSt BBISIBIICHUS JIOKHBIX
t ummynscoB u nomex. Iloaydyenue
TaKUX AUarpaMM JOCTUTAeTCsl B
pe3ynbTaTe MOCIEN0BATENBHOIO HUKINYECKOTO CUUTBIBAHUS COAECPKUMOTo 3V
Y MOJIaueii CYMTAHHBIX JTAHHBIX HA OTACJIbHBIE BXOJbl MHOTOKaHainbHOU DJIT
JIA.

Bropoii cnocob peanusyercs MyTeM YCTAHOBKM B Ka)KJOM BXOJHOW ILIMHE
JIA' TpurrepoB, KOTOpble COpPACBHIBAIOTCS B HOJb TI0 CHHXPOUMITYJIBCY
koHTponupyemoir MIIC u uHcHonb3yroTcs Mg PETUCTPALMH  KOPOTKUX
UMITYJIbCOB IIOMEX.

Bropas ¢gopma ynoOHa Ha sTane komiiekcHoi oTiaaku MIIC. Ilpu stom
coaepxkumoe 3Y orobpakaercst Ha skpaHe DJIT B Buje yucen, mpeacTaBiIseMbIX
B JIBOMYHOM WJIM IIECTHAALATEPUYHOM cucTemax cuucieHus. Kaxmoe takoe
YUCJIO OTOOpakaeT KOMOWHALMIO JIOTMYECKUX  YpPaBHEHUW  CUTHAJIOB,
NOCTYNHUBIIKX Ha BXoJ JIA B mocieqoBaTeibHble MOMEHThI BPEMEHH.

4 Tperbs (popma.

= ———— ———2=\ IIpu ee ucnonb30BaHUU

cnosot| 0110 | | paspsiibl BHIBOJMMBIX U3
I 1100 : | o L | 3y JAHHBIX
pa3OuBarOTCS Ha JBE
rpynnsl. Kaxnas rpynna
———- paspsIoB IOJACTCS Ha
cnoame: o | BXOJIbI OTJIEIBHOTO
L=l ' LIAITL. BrixogHoe
HaIpsHKEHUE OJIHOTO

LHAIl wucnone3yercss B KadecTBE TOpH30HTaldbHOM, a apyroro L[AIl -
BEPTUKAJIILHOM pa3BepTku ocuuuiorpada. Ilpu 3ToM KakaoMy 3HAYEHHUIO
BBIBOJIUMBIX U3 3Y JaHHBIX, OTHOCSIIMXCS K OJHOMY M TOMY >K€ MOMEHTY
BPEMEHHU, COOTBETCTBYET OIPEICICHHOE IIOJOKEHUE CBETSIICHCS TOYKH Ha
skpane OJIT. IlocnemoBaTenpHOCTHM MOCTyHaromux W3 3Y  JaHHBIX
COOTBETCTBYET IOCJIEOBATEILHOCTh TOUEK, OOpa3yIolMX Ha 3KpaHe (QUrypy.
Takas ¢opma otoOpakenus unpopmanuu B 3Y yaoOHa IS KOHTPOJIS
anmnapartypsl Ha 3tane cepuitHoro npousBoacTBa MIIC win ee 3KkcIutyaTalum.
Ecmun popma durypsi, coorBerctByromias ucnpaBHo MIIC uszBectHa, TO mipH

U BX.3Y.JIA

S ID. g
P C.J. PUlVl Arnbl Aldl pawuvuu
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HAJIMYUHA HEUCTIPABHOCTU (opma PUTypsl MEHSETCs (Jyd BBIXOIUT 32 KOHTYPHI
ATAJIOHHOMN (UTYpPBI, HAHECEHHOM Ha PKpaH ocuusuiorpada).

TexHuueckre XapakTepuCTUKu coBpeMeHHoro JIA tuna B-141 npuBenensi
B [Ipunoxenun 1.

2.6. lNpocmetiwue KOHMPOrIbHO-UCMbIMamesibHble rnpubopel

Hcnonb3ytoTes 71 OMCKa MPOCTEUIINX HEUCIIPAaBHOCTEN WM Jijisi OoJiee
TOYHOM JIOKAJIM3AIMU HEUCIPABHOCTEHM, 0OHapyX eHHbIX ¢ nomoibio CA umm
JIA. K HUM OTHOCSTCS:

1) Tecrepsl noruueckux coctosauii (JIT);

2) CTUMYJIMPYIOIIHE TeHEPATOPhI JIOTHYECKUX CUTHAJIOB;

3) beckOHTaKTHBIC UHIUKATOPBI UMITYJIbCHBIX TOKOB.

Ot npuOoOphsl MPU KX COBMECTHOM NPUMEHEHUM TMO3BOJSIOT BBISBUTH
LENbIA Pl HEMCIPABHOCTEN B IU(PPOBBIX CXEMaxX.

2.6.1. Tecmepsbi rno2udeckux cocmosiHul

[IpeacraBnsitor  coOol  ManorabapuTHbIE M JIE€LIEBBIE  IPUOOPHI,
ITO3BOJISIFOLME ONPEACIATh JIOTUYECKOE COCTOSIHUE CUTHAJIOB B KOHTPOJIBHOMU
touke. C momompto JIT MOXKHO oONpenenuTh NPUHAMIEKUT JIM YpPOBEHBb
KOHTPOJIMPYEMOTO CHUTHajla K YPOBHIO «HYJIEBOIO», «EAUHUYHOIO» WU
MIPOMEKYTOUYHOrO cocTosiuus. JIT BbIIyCKarOT B OJHOKOHTAKTHOM WM
MHOT'OKOHTAaKTHOM HcnoyiHeHUsIX. [lepBbiii JIT Ha3pIBatOT JTOrMYECKUM 30HAOM,
OH CHA0XEH METaJUIMYEeCKUM KOHTAaKTHBIM HAaKOHEUYHHUKOM, KOTOPBIM ONEPATOp
kacaercst koHTposnupyemoit Touku (KT). Mctounuk nuranus - BHemHun. Kak
npaBuio, 310 6ok nutanus MIIC. B 6onbmuncTBe JIT mHaukatop coctosiHUi
(cBeTOAMOMa) TIOTAIICH TMPHU HYJIEBOM JIOTUYECKOM YpPOBHE, SIPKO CBETUT MPH
€UHUYHOM U o00ecleurBaeT IMOJOBUHHOE CBEUECHHUE MPU MPOMEKYTOUYHOM
(BUCSIUEM) COCTOSHMM. ECIM COCTOSIHHME KOHTPOJIbHOM TOYKM MEHSIETCS, TO
MHIUKATOp MUTaeT ¢ yactoror 10 I'm. Yactora KOHTPOJUPYEMBIX CUTHAJIOB HE
6onee 280 MI'mi, a ITUTENHPHOCTh UMITYJIHLCOB >10 HC.
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Ha kopnyce JIT umeercs nepexmtouarens TTJI-MOIIL. B psae ciyuaes JIT
CHa0XEH JECATUYHBIM CYETYMKOM HMITYJIbCOB Ha JIBYX CEMHCETMEHTHBIX
vHauKatopax. MHororoueunbiid JIT iy noruyeckas KIUICA BBITIOJHEH B BUJE
MHOTOKOHTAaKTHOT'O 3a)KMMa, KOTOPBIM 3aKpEIvisieTcsi CBEPXY HHTETPAIbHOM
MUKpocxembl. Ha BepxHel maHenu mnpubopa pacmloJIoKEHbI JBa psjaa
CBETOJIMOJHBIX  MHIUKATOPOB, OTOOPaXKAIOMIUX  JIOTHYECKOE  COCTOSHUE
COOTBETCTBYIOIINX BBIBOJOB MUKPOCXEMBI (y100HA MPU MPOBEPKE B IMOMIATOBOM
pexume).

2.7. Cmumynupyrowut 2eHepamop

[Ipeanaznauen st opMUPOBAHUS CUTHAJTIOB, aMILTUTY/Ia M JUTUTEIIHOCTh
KOTOPBIX O0ECreynBaoT cpadaThIBAHUE HCIOJB30BAaHHBIX B KOHTPOJIUPYEMOM
YCTPOMCTBE UHTETPAIBHBIX MUKPOCXEM.
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Ux wyacto mnpumeHsaroT B kommuiekte ¢ JIT U OeckOHTaKTHBIMU
WHJAKAaTOPAMHU UMITYJIbCHBIX TOKOB.

KonctpyktuBHo CI' BBINOJHEH AaHAJIOTMYHO JIOTMYECKOMY 30HAY. OH
BbIpa0aThIBAET: OJUHOYHBIE HMITYJIbChI, MOCIEI0BATEILHOCTH HUMITYJIBCOB C
yactorou 1,10,100 I'u; mauku no 10 unm 100 umnynbcoB ¢ yactotoit 1 mwmm 0,5
I'11 COOTBETCTBEHHO.

ITpumepsr coBmecTHOro ipuMenenus JIT u CI' noka3anel Ha puc 7.

Paccmotpum Heckonbko cirydaeB mpu padore CI' Ha wactore 1011

1) Ungukatop 3oHma (JIT) B Touke A mwuraer, ciemosatensHo DDI1
ucnpaseH (puc.7a);

2) Ipu ucnpasuoii DD1, nnaukarop JIT npu nepeHeceHnn 30HIAa B TOUKY
b ne muraer, cienoBarenbHo DD2 He ucnpasen (puc.70);

3) Ecau nipu padotarorem CI' uuaukatop JIT He CBEeTHTCS, 3TO TOBOPHUT O
KOpPOTKOM 3ambikaHuu BbiBoga DD1 wa xopnyc. Ecnu unaukarop JIT cBetutcs
Y HE MUTAET, 3TO TOBOPUT O KOPOTKOM 3aMbIKAaHUH BBIBOJIA HA MIHHY +5B.

2.8. beckoHmakmHble uHOUKamopkl UMIYIIbCHbIX Mmokoa (UUT)

NUT npenHazHayeHsl IS KOHTPOJSA TOKOB B 3aAlMIICHHBIX
U30JISIIIMOHHBIMUA TOKPBITHSMH TIpoBoaHKKaX nedatHbix 1iat (I111). Kontpois
TOKOB peasiu3yeTcsi 0€3 pa3pblBOB MPOBOIHUKOB U Pa3pyIICHUS MTOKPHITHMA.



48

NUT npumensiercs B komiuiekte ¢ CI' nns nouckos K3, pa3peiBoB B 1€MH,
HEUCIPABHOCTEW B LEMSAX MOHTAXXHOW JIOTMKM W B IIMHAX C TpeMs
COCTOSIHUSIMU.

NUT obecrneunBaroT CBETOBYIO WHJAMKALMIO OJMHOYHBIX TOKOBBIX
MMIYJIbCOB JJIMTEIBHOCTBIO HE MeHee | HC M 4dacTtoTtoil ciemoBanHusg g0 100
MI 11, 9yBCTBUTENIBHOCTD MX KoJieOeTcs oT 1 MA 10 1 A.
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2.9. CamokoHmporsb u camoduazHocmuka 8 MI1C

Otmetrum cBorictBa MIIC, mo3BoJISIIONIME UCTIOJIB30BAaTh CAMOKOHTPOJIb:
1) Cnocobnocte MII mox jeficTBHEM HEOONBIION TECTOBOM MPOIrpaMMbI
T€HEPUPOBATh TECTOBBIE MOCIEA0BATEILHOCTH OY€HB OOJIBIIIOI0 00HEMA;
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2) Cnocodnocte MII k normueckoir o00paborke wuHMOpPMALUU, YTO
MO3BOJIIET CPAaBHHUBATh OTKJIMKH KOHTPOJIMPYEMBIX YCTPOMCTB C 3TaJIOHHBIMU
0e3 mprUMeHEHUS JOMOTHUTEIILHON annaparyphl;

3) I[IporpaMMHas TOCTYIHOCTh BcexX y3710B B MIIC

ITocnenoBarensHOCTL camoauarsoctuku MIIC:

1) nporpammuo mipoBepsiercss MIT (Best cucteMa KoMaH[I), CYETUMK KOMAH]I,
POH u T.1.;

2) mporpammHoO TipoBepsiercs [13Y;

3) mporpaMMHO poBepsieTcst Mukpocxema O3V,

4) mporpaMMHO TPOBEPSIOTCS YCTPOWCTBA BBOJA-BHIBOAA (MHUKPOCXEMEI
NPpUEMO-TIEPEATUNKH );

5) mporpaMMHO TPOBEPSIIOTCS BHEUIHHE YCTpOWCTBa (TMOKHE M JKECTKHE
JIMCKH);

6) IpOrpaMMHO MIPOBEPSIOTCS CHEIUATIBHBIE Y3JIbI.

TectoBble nporpammsl He 00sA3aTeNIbHO HaxoATcs B TecToBoM [I3Y. OnHu
MOTYT 3arpy»aTbCsi C OJJHOTO U3 JIUCKOB.

Jnis obGHapyxeHus HeucnpaBHocTed B O3Y HUCHONB3YyETCS HECKOJIBKO
nojxooB. Hanbonee nonymnspHble U3 HUX:

1) Tecr Tuma «mraxmatHas mgocka». [Ipu 3TOM TecToBas MporpaMma
3aHOCUT B COCEJHUE SYEHKH WM BCE €IUWHULBI Wik Bce Hynu (puc.2.10a).
Kaxxnas knerka BbiaesieHHON obnactu O3Y

COOTBETCTBYET OJAHON sYEHKe. DTOT TECT 00 01 10 11
TMO3BONAET OOHApyXMBaTh KoHcTaTHEle 00| O 1 0 1
HEHMCIIPABHOCTH (IOCTOSHHBIA «HOMB» wiam 01| 1 0 1 0
MOCTOSIHHASL «EOUHHUIA») B OIAHOM HJIH 10 0 1 0 1
HECKOJIBKUX pa3psaax S4YeHKkHh, a TaKxKe m) 1 0 1 0
HapasuTHbIE CBSI3H MEXKIY COCEIHHMHU a)
auerikamu. [lociie nepBol MpoOBEPKHU J1€J1aeTCSA BTOPAs,
mepes; KOTOPOil COAEPKHUMOE BCEX 00 01 10 11

SIUCCK MHBEPTUPYECTCH. 00 0 1 0 1

2) Tect c nepedopom 1| 0 1 0 1
JONOJTHUTEIBHBIX aapecoB. CIyKuT Uit 10| 0 1 0 1
BBISIBJICHUS NPaBWIBHOCTH 11| ( 1 0 1
(YHKIHOHHPOBAHUSI BHYTPEHHHX 6)
nemdparopoB aapeca Mukpocxembl O3V, Puc.2.10

OH HayuMHAETCS 3alUChI0 B  TaMSTh

YepeayIOIIMXCsl CTOIOIOB U3 BCEX «HYJIEH» WM U3 Beex «eauHuip (puc.2.100).
Bnauane cuuthiBaeTcs couaepxkumoe sueiiku ¢ agpecom  00-00. 3arem
COZIEP)KMUMOE STYEHKH C OOpaTHBIM aJpecoM, B KOTOPOW JOHKHA HAXOIUTHCS
uH(popMaIus, TPOTUBOIOJIOXKHAS TIEPBOHAYAIBLHON. 3aTeM aJpeCc BHOBH
WHBEPTUPYETCS U MPOBEPSAETCS HUCXOAHAs siueiika. Eciau Bce HOpMalIbHO, TO
MIPOUCXOIUT MEPEXOJ K CIECAYIOLIEH TYEUKE U T. 1.
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Takoil TecT NpPEACTaBIAET CEPhE3HOE WCIBbITAHUE [JII BHYTPEHHUX
nemdparopoB aapeca mukpocxembl O3V, a Takke IMO3BOJIIET BBIIBUTH BCE
BPEMEHHBIC 3aJICP’KKH, BBIXOAIINE 32 IOMYCTUMBIC MPEICIIbI.

3) Tect Tuma «maxMatHas JHHEHKa». CHOyKdUT IS [POBEPKH
MPaBWIBHOCTH (YHKIIMOHUPOBAHUS Pa3psAAOBBIX TPUITEPOB BHYTPU CaMoil
SYeUKU. ITO oOecreynBaeTCs 3alliChlo B SIUCHKY B Haudajie yucia 55, a 3aTeM
AA.

Takast mpoBepka rapaHTUPYET OT MPSMOTO JIOKHOTO U JIOYKHOTO 00OpaTHOTO
xo0J1a “H(pOpPMAITUK 3a CUET MAPA3UTHBIX CBS3EH MEXKTY COCCAHUMH Pa3psaaMu
STYCHKU.

4) Tect «Oerymas equHuUIa». [Ipy 3TOM 3amKChIBaeTCS SAMHALIA B OJIUH U3
pa3psoB  KOHTPOJUPYEMOW SYEWKH TaMsATH. B OCTalbHBIX pa3psaaax
3anuceiBaloTcst  «0». Ilocne cuuThIBaHUS €IUHUIIA TEPENHUCHIBACTCA B
CIEAYIOMMHN pa3psa u T.4. Takas mpoBepka KOHTPOJIMPYET OTCYTCTBUE MPSIMOTO
JIO)KHOTO M JIO)KHOTO O0paTHOTO XoJa HH(pOpMAIMKd dYepe3 KpaTHOE YHCIIO
paspsanoB ( N>2) sueiKu.

CymectByeT 0osiee cTa Apyrux MeTo0B KoHTpojst O3Y.

2.10. JuazHocmuka oOHornamHou Mukpo SBM.

[locriedoeameribHOCMb Haraodku U KOHMpPoJsis Mukpo 3BM

Arnmnaparypa KOHTPOJISL:

1. cTenabl AJist KOHTPOJIS IMMyCThIX MEYaTHBIX IUIAT;

2. CTeH[IBI JJIs1 KOHTPOJISI KOMIUIEKTYIOIINX AJIEMEHTOB;

3. CTeH/BI 17151 KOHTPOJIs (PYHKIIMOHATEHO 3aKOHUYEHHBIX OJIOKOB;

3.1. OAHOIIATHBIX YCTPOWCTB;

3.2. OJIOKOB ITUTaHHUS;

3.3. nakonureneit Ha ' M/I, 2KM/I, ki1aBuatypbl U MOHUTOPOB.

[Ipu Hamajgke miaaThl LEHTPAIBHOTO MPOLIECCOpa HEOOXOIUMO BHIIIOJHUTH
CIICIYIOIINE JCUCTBUA:

1. IMoaxMIOYHTH MIIATY K CTEHY Ha HOMUHAIBHOM Hanpspkenuu (+5B);

2. Beectu B cTeHA0BYI0 MUKpO DBM ¢ 0HOTO M3 HAKOMHUTENEH TECTOBBIC
POrpaMMBbl, C TOMOIIBIO KOTOPBIX TPOBEPSIOT:

2.1. Hanuuue HanpspKeHUs JOTUYECKUX E€AUHUI] Ha JIMHUSIX CHUCTEMHOMU
MarucTpajiy B MACCUBHOM COCTOSIHUU IPOIIECCOPa, 3Ta CUTyallusi UMEET MECTO B
Mukpo OBM «Dnektponuka» c¢ apxurekrypo Tuna DEC. B mmpoxo
pacnpocTpaHeHHO B Hacrtosimiee Bpemsi apxutektype tuna IBM PC na Bcex
JUHUSAX  CHCTEMHOM  MarucTpajid UMEET MECTO  BBICOKOUMIIEIAaHCHOE
(«BUCSIUEE») COCTOSIHUE.

[Ipr BBITOTHEHMM HSTOM W TPEX MNOCHEAYIOMIUX IPOBEPOK MPOLIECCOP
IIPOBEPSAEMON IJIAThl MOAAEPKUBAECTCS B TACCUBHOM COCTOSIHMM, & MarucTpaib
o0cmy>KUBaeTCsl CTEHI0BOM MUKpO IBM.
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2.2. IlpaBuwibHOCTh KOAOB 3anucaHHbIXx B I[I3Y mnpu cuuteiBaHMM HX
CTEH10BOI1 MUKpO DBM.

2.3. Paborocnocob6HocTh O3V mpu B3aUMOACHCTBUHM CO CTEHIOBOM MHKPO
OBM.

2.4. PaboTocnocoOHOCTh KOHTPOJUIEPOB MapajuieIbHOTO u
nocieaoBaTeabHoro kanaaoB cBsi3u (LPT u COM nmopTsr).

2.5. Pabotocnoco6HocTsr MII B pekuMax CaMOKOHTPOJISI B pPEaIbHOM
TEMIIE BPEMEHH.

2.6. Pabotocnocobnocts O3Y wu II3Y mpu B3aumoneiicteuu ¢ MII B
peaIbHOM PEXKUME BPEMEHHU.

2.7. PaboToCIOCOOHOCTh TMapajuieIbHOTO M MOCIEA0BATEIBHOIO KaHAJIOB
CBSI3M IPU B3auUMOJAEHCTBUU ¢ padoTatonmm MIT.

2.8. IlpaBuibHOCTH OOpalieHWi K CHCTEMHOM MAarucTpajid CO CTOPOHBI
MII.

3. CHu3uTh HOMHHAJIbHOE HampspkeHue Ha 10% mocie 4ero moBTOPHUTH
IIYHKT 2.

4. IloBbicuTh HOMHHAJIbHOE HampspkeHne Ha 10% mocie yero moBTOPUTH
IIYHKT 2.

2.11. lposepka nuHUlU cucmemMHOU Maaucmparsiu 8 rnaccugHom
COCMOosIHUU

IIpy »TOM Ha BceX JHMHUSAX MAarucTpaiu JOJDKHO NPUCYTCTBOBATh
HaMpsHKeHUe Jorudecko enuuuibl (oxoso 3B). DTto apxurtekrypa tuna DEC,
TaK KakK JIMHUM BBITIOJIHEHBI IO CXEME C OTKPBITHIM KOJUIEKTOPOM, a 3JIEMEHTBI
NepeaTyukKi BBIKIIOUeHbl. UTOOBI mojjiepxath mnpoBepsemyro rmiaty L1 B
MMIACCUBHOM COCTOSIHUM CTE€HAOBasgs MUKpo OBM mnocTtosHHO momaer B
ynpasisitonue auHuM ACIT (aBapum cereBoro mnurtanus) u AWIl (aBapum
HMCTOYHUKA MUTAHUS) CUCTEMHON MarucTpaiu HalpsbKeHUue HU3KOro ypoBHA. B
sToM ciaydyae MII He mposBISIET aKTUBHOCTH Ha MAarucTpalid T.K. C €r0 TOYKHU
3pEHUS HANPSKEHUE MUTAHUSI HAXOAMUTCS 3a JOMYyCTUMBIMU TpeaeaMu, XOTs B
JIEUCTBUTEILHOCTH TUTAHUE TIJIATHI B HOPME.

Crenn B JTaHHOM Cly4dae HE IPOSIBISET AKTUBHOCTH, BCE NEPEHAOIINE
AJIIEMEHTHI €0 BBIXOJAHOTO MOPTa (32 UCKITIOYEHUEM AJIIEMEHTOB PabOTaIOIUX Ha
muaun ACIIT u AUII) BeikmtodeHsl. [Ipu BhINOJHEHUN AalIbHEHIIEH MPOBEPKU
JUHUAM CUCTEMHOW MAarucTpajid CTeHJoBasg MUKpo OBM BblgaeT pasiinyHbIe
KOMOWHAIIMM CUTHAJIOB HA BBIXOABl TIOPTAa W MHOTOKPATHO CYUTHIBACT
uHOpPMAITMI0O CO BCEX BXOJOB TOPTA, MOAKIIOYEHHBIX K CHCTEMHOU
Maructpanu. Ecnu mpu MHOTOKpAaTHOM NPOBEPKE BBISICHAETCS, YTO HAa BCEX
BXOJaX MPUCYTCTBYIOT HANPSDKCHUS JIOTMUECKOW eIWHUIIBI, TO TPOBEpKa
CUMTaeTCs ycnemHol. Eciu Ha OJAHOM U3 BXOJOB XOTA OBl OJHAXIBI
oOHapyxuBaeTcsi HampspkeHue «0», To creHaoBas Mukpo OBM  Bwimaer
COOOIIIEHHE ONEPaTOpy U HE MEPEXOAUT K MOCIEAYIOIIUM 3TanaM IpOBEPOK 10
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TeX TMOp, MOKa HEHCIPABHOCTh HE OyIeT yCTpaHeHa WM C KJIaBUATyphbl CTEHAA
HE NOCTYIIUT KOMaH/1a IPOJOJKEHHUS IPOBEPKHU.

B cooOmennn Ha aucriee ykas3blBaeTcs, Ha KaKUX JIMHUSX CHCTEMHOM
MarucTpajy IPUCYTCTBOBAJIIM HEHUCIpaBHOCTU. llpu ’xemaHum ycCTpaHWTH
HEUCIIPAaBHOCTb OIIEpPaToOpy PEKOMEHIYETCS MPOCMOTPETh OCHWIIIOrpaMMmy
«HEUCIIPABHOIO» cuUrHasia. MHOrna BMECTO OOBSIBICHHOTO Ha 3KpaHE JUCILIES
HYJII MOXXHO YBHJIETh Ha OCLMJUIOTPAMME CUTHAJ IIPOMEXYTOYHOTO YPOBHS WU
BBICOKOYACTOTHYIO TEHEpalni0. DTy MPOBEPKY MOXKHO YCHIUTH BBEIACHUEM
JOTOJTHUTENBHOIO TECTa, MO3BOJISIIOLIEr0 OOHapykuTh K3 mexay JIHHHSIMU
CHUCTEMHOM Marucrpainu. Jleao B TOM, 4TO Jake B MaJIOBEPOSTHOM CHUTYAIUH,
KOI'/Ia BCE JJMHUU KOPOTKO3aMKHYThI Mexay co0oii, kpome muuuid ACII u AUII,
TO Ha HUX OyJleT HanpsHKEHHE JIOTMYECKON enuHuLbl. /{151 oOHapyXeHUs TaKux
K3 crennoBas mukpo OBM mnoodepenHO BbIOAET 4Yepe3 BBIXOJABI MOPTa
HaIIpsDKEHUE HYJIA B JIMHUM CHUCTEMHOM MarucTpaivd U CIEAUT 3a OTBETHOM
peakyen MpoBeEPAEMOU TIATHI.

PaccMoTpuM emie oauH Crmoco0 MNPOBEPKH CUCTEMHOW MarucTpalid H
BHYTPEHHEH Marucrpajiv, MNO3BOJIIOMIEH OOHAapYXUTh HEUCHPABHOCTU Oe€3
IPOTOHKH CJIOKHBIX TECTOB. DTOT cioco0d npumeHum, eciu MII crout B cokere
(koHTakTHpYyIOMmIEH Konoxake). [Ipu paccMaTpuBaeMbix HpoBepkax, korma MII
HAXOJUTCS B IACCUBHOM COCTOSIHUH, €CTh CMBICII U3BJI€Ub €ro n3 na”enn. Coker
ABJISIETCS TONOJHUTENBHBIM BHEIIHUM pazbeMoM Iuiatsl L{II, u moatomy K Hen
MO>XHO TMOJAKJIIOYUTH JIONOJHUTEIBHBIN KaOelb CBSI3M C MOPTaMH CTEHJOBOM
Mukpo OBM. B 3Tom cnyuae crenaoBas MUKpo DBM nosydaeT BO3MOKHOCTh
NOCTyna K BHYTpeHHeW Maructpanu miartel LI, 4to mo3Bossier pacmmputhb
CTEHJIOBBIE MTPOBEPKU LEIEN, PACIIPOCTPAHUB UX HA BHYTPEHHIOIO MarucTpaib U
Ha EIMHYK CHCTEMY, BKIIOYAIOIIYI0 BHEIIHIOK MAarucTpajib M ajantep
Maructpanu. Ha mnocnemgyromux »Tanmax HPOBEPOK CTEHI0Bas Mukpo OBM
3aMeHsieT co0oit orcyTcTByromMii MII.

B mnanenmn MOXHO YCTaHOBUTh IIyCTOM Kopiyc Mukpocxembl MII ¢
paclasHHbBIMM Ha HEM IepeMbluKaMu. B 2TOM ciyyae, Hanpumep, BXOIHOU
CUTHAJ 3ampoca IpepbIBaHUsA, IMOCTYNAIOMMK CO CTEHAA 4Yepe3 CUCTEMHYIO
MarucTpaip Ha nyctod kopnyc MII ¢ nomomipr0 OOHOW M3 NEpPEMBIUEK
TPAHCIUPYETCS] Ha BBIBOJ| pa3pelIeHUs MPEepbIBAaHUNA U 0OpaTHO Ha CTEHIOBYIO
MUKpO DBM.

Takum oOpazoM, creHznoBas MUKpo DBM moxker yOeauTbcs B HAJIUYUU
orBeTHOro curHaia ot MIIL. Maes Takux mpoBEpPOK COCTOMT B TOM, YTOOBI W3
Pa3pO3HEHHBIX LENOYEK JOTUYECKUX DJIEMEHTOB CBS3aTh «TUPJISIHABDY, KOHIIBI
KOTOPBIX TOCTYIIHBI CO CTOPOHBI CT€H1a. Toraa noJlyd4eHHbIE JIIMHHBIE LETOYKU
MOYHO IIPOBEPSTH, NEPEAOBAS 10 HUM HYJIU WU €AUHULIBIL.

AHanornyHele NPOBEPKH MOKHO BBINIOJIHUTB, €CIM €CTh naHenb mis [13Y
nosnb3oBaress. [Ipu Bcer CBOEH MPOCTOTE ITO OYEHD «CHIIBHBIE» IIPOBEPKU, T.K.
YeM TIPOIIE TECT, TEM Jierue HaWTH omuOKH (B maccuBHOM cocTostHUU MIT).



53

2.12. [luaeHocmuka 3y

MII nomkeH ObITH MO-TIpeXKHEMY OTKIOUeH. [IpoBepka TpPOBOAUTCS C
NOMOILBIO CTEHAOBOM MHKpo OBM, KkoTOpas MOcCiaenoBaTENbHO CUUTHIBAET
conepxkumoe Bcex suyeek 113V u BBIUMCHISIET KOHTPOJBHYIO CyMMY , IPHUYEM
IIEPEHOC W3 CTApILIEro paspsAna HE TEpsAETCs, a MCIOJIb3YETCs B KadeCcTBE
JOTIOJTHUTENBHOW €IMHULIBI, TPUOABIIEMOM K MIaAILIEMY pa3psiay.

CrenpoBast Mukpo 9BM cpaBHUBAET NOJYYEHHYIO CYMMY C 3TaIOHHOM.

Buasr ommooxk:

1) OmuOku u3-3a HAPYUICHHS IOCICAOBATCILHOCTH COOBITUH Ha IIUHAX
uHTepdeiica npu onepanusx cuuteiBanus u3 [13Y. Ilpu oOHapyxkeHuu Takoi
omnOku cteHaoBas MUKpo DBM mnpekpaiaer monbITKA CYMTHIBAHUS MacCHUBa
Ko70B. OrnepaTopy Ha AUCIUIEH BbIAAETCS TEKCTOBOE COOOIIEHHE O XapaKTepe
OIIHOKHU.

Hanpumep, «nenpaBsuibHo popmupyercs curdan CHUII npu oOpauieHuun B
aueriky 1I3Y ¢ agpecom 140006». Ilpm »Ttom creHpoBas Mukpo OBM
«3aUMKJIMBAETCSD> HA HEMTPaBUIILHOM MpoleAype oOMeHa TakKUM 00pa3oM, UTo C
MOMOILBIO OCIMIUTOTpada MOKHO YBUJIETh pealibHbIE BPEMEHHBIE TUAarpaMMbl U
CPaBHUTHh HX C ATAJOHHBIMU;

2) OmmOKyu, BBI3BIBAIONIME HECOBMAJCHHE KOHTPOJIBHOW CYMMBI C
TAJIOHOM. B 3TOoM citydae "moj nmomo3penue” momnanaer BHEIIHSS MarucTpals,
ajanrtep, BHyTPEHHsIST MarucTpaib U Mukpocxema [13Y. UtoOs! HaliTu ommOKy B
MaccuBe KOJOB, cTeHJoBas MHKpo OBM cuuthiBaeT ¢ THOKOro Jaucka
JTAJOHHBIM MAaCCHUB M II0CIEAOBATEIbHO, IIAr 3a IIaroM, CPaBHUBAECT €ro C
peaJbHbIM MacCuBOM KoAoB, mnoctymatomux wu3 I[I3Y. Ilpu nepBom xe
HECOBIMAJICHUU KOJIOB OMNEpaTopy BbIJAeTCs cooOuieHue (aapec siuerku,
TAJIOHHOE M (PAKTHUECKOE COJEPKUMOE), a CcTeHaoBas wMukpo OBM
"3aMKIMBaETCA" Ha MPOLEAYpPE CUUTBHIBAHUS HENMPABUIBHOTO KOJA, TaK 4YTO
PEryJMPOBIIUK C MOMOIIBIO OcIUuIorpada MOKeT ObICTPO HAUTH OLIKOKY.

ITocne okonuanus nposepku [13Y nosiBnsieTcss yBepeHHOCTh B IPABUIIBHOM
paboTe BHEIIHEW W BHYTPEHHEH IIMH aJApecOB-JaHHBIX, B HCIPABHOCTH
OOJIBIIEH YacTH MUKPOCXEM aJanrTepa MarucTpajieil u, KOHEYHO, B UICIIPABHOCTH
Mukpocxemsl [I3Y. OTMeTuM, 4TO HMKAKUX NPUHUUIIHAAIBHBIX CIOKHOCTEU B
Halajgke He ObUIo, a UM ObITh HE MOIJIO, TaK KaK CaMM METOJbl MPOBEPKHU
IpefenbHo NpocTel. B TO ke BpeMss JOCTUTHYTBIM HaMHM YpPOBEHb
"6e30mnb0yHOCTH" TJIATHI YK€ HAMHOTO BBIIIE HAYaJILHOTO.

2.13. [JuaecHocmuka O3Y

Panee sTu Bompocsl paccMaTpUBalINCh. PacCMOTpPEHHBIE TECTHI BBISBIIIN
TOHKHE HEucnpaBHOCTH B siuelikax u pazpsgax O3VY. Ilpu xontpone LI Ha
CTEH/JIE peaju3yercs 6oJiee MpocTast METOIMKA KOHTPOJIS TIIATHI.

Brauvane B kaxnayro sueiiky O3V 3anuceiBaeTcsi ee ajpec, MOCIe 3TOro
conepxkumoe O3Y cuUuTHIBAETCS U MPOBEPSETCS, 3aTEM B Kaxkayto ssueiky O3Y
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3amuchIBaeTcsl ee aapec B obOpatHom kogme. Ilocime »toro wHboOpmarms
CUUTBHIBAETCS U TTPOBEPSACTCHI.

IIportecc urenuss wuHbopMmanuu u3 O3Y TONMHOCTHIO COBIANAET C
paccMOTpeHHbIM paHee mnpoueccoM ureHus u3 [I3Y. Ilpu HecoBmaaeHuu
COIEPKUMOr0 STYCHKH C €€ aJpecoM CTeHJ0Bas MuUkpo OBM 3anukiauBaer
MPOIIECC B3aMMOJICMCTBUS CTEHIa ¢ HencnpaBHOU siuelikoit O3V, 4To mo3BOJISIET
C TIOMOIIIBIO ocHIUIorpada Ha MKUHAX HHTepdeiica onpeneuTh MPaBUILHOCTh
ee PyHKIIMOHUPOBAHUSI.

2.14. Nposepka KoHmMporsnepa rnocredosamesibHO20 KaHasia cesi3u

(Ha npumepe rnnamsi Ml ¢ mukpocxemot mura K1801Bl1033)

KonTtposutep nocienoBarenbHOT0 KaHaia cBsa3u (puc. 5.1) cocTouT u3 AByx
HE3aBUCHUMBIX CEKIHH - MEPEAAroIel U TPUEMHOM, pa3MENICHHBIX B OJHOW U
TOU K€ MUKPOCXEME.

[Tepenaromast cexumsi, kak 1 B KoHTposuiepe ALY, mpeacraBinena nHa
MAarucTpaiu peructpom coctosinus PeCl u peructpoMm naHHbiX P2/[l. Dtum
peructpaM TPHUCBOEHBI ajpeca, TaK YTO MpPOrpaMma, BBINOJHIEMAs
IIPOLIECCOPOM WJIM CTEHIOBOM MUKpO OBM, onepupyer 3TumMu perucrpamu, Kaxk
¢ OObIYHBIMU siYeiikamMu namaTH. Agnpeca peructpoB PeCl wu P2/[l He
COBIIAJIAIOT C aJpecaMu APYTUX YCTPOUCTB IUIAThl LIEHTPAIBHOTO MPOLIECCOpa.

O6Men wuHpOpMaIEH MEXTy IPOIECCOPOM M TMEPeaarole CeKIMeH
KOHTpOJIJIEpa MOCIEA0BATEILHOIO KaHajla CBSI3U MPOTEKAET TaK ke, KaK U
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LieHTpanbHOro
npoueccopa

KoeTponnep 6) BUT KOHTPOIBHOT
CrapToBblit paspsaa

nocnenoBaTtesibHOro 6uT NaHHble (7 nnu 8 6uT)
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Mepepatowas MpuemHas
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VIH(bOpMaLI,I/IFI ( ) npunemMHunKa

MNepemblukn Ha a)
pasbeme

Puc. 9. Cxema npoBepKku KOHTposiepa nocnegoBaTenbHOro
KaHana cBs3u (a) u dopmat nepegaBaemMon nNo KaHany nocbinku (6)

IIpU  B3aUMOAECUCTBHM Tmpoueccopa ¢ KoHtposuiepoM ALIIY. HWubiMu
CIIOBaMHM, Mpoleccop "He 3HaeT" O TOM, Kak IepefaBaeMble OalThl OyayT
00pabaThIBaThCsl KOHTPOJUIEPOM: MOWIYT JIM OHM Ha BBIXOJl KOHTpojuiepa 0e3
n3meHnenus opmara (kak npu padore ¢ AILITY) unu 6ynyT npeobpa3zoBaHbl B
CTaHapTHBIE TIOCHUIKY JJI Mepeaadu B MOCIEI0BATEIbHBIN KaHa CBS3H.

Ecnmu B pazpsne I'omoenocms peructpa P2Cl npucyrctByet "nor. 1", To
nporieccop "3Haet", yTo peructp Pz/[/ TOTOB NPUHATH U3 MAaruCTpaIA KOJ JJIs
nepesavyu B MOoCiIe0BaTeNbHbIA KaHal cBsIi3U. OJTHOBPEMEHHO C 3aChUIKON KOJa
B peructp Pe/[l B paspsae [omoenocms peructpa PeCl aBTOMaTUYECKHU
ycrtaHaBnuBaercss curHan "mor. O". Ilocme 3arpy3ku peructpa Pe/[l
npeoOpazoBarens F1 mapamiensHOro Kojia B MOCIEAOBATENbHBIN aHATU3UPYET
COCTOSIHUE JUHHUM [ omosHocmb npuemHuka. EcCaM TOTOBHOCTh HMEETCS, TO
npeodpazoBarenb F1 nepenaer B uHGOPMAIMOHHYIO JIMHUIO MOCHUIKY, hopmar
KOTOpOM nokasaH Ha puc. 90.

Cuavasa niepegaercs ""cTapToBbI" OUT, 3aTeM 7/ Uin 8 OUT NaHHBIX, 3aTEM
OUT KOHTPOJBHOTO pa3psijia, JOMOJHSIOUIMNA YHUCIO €JUHUIl B TEepeaBacMoOM
KOJIe JIaHHBIX J0 YETHOTO WM 10 HedeTHoro. Ilocine okoHuaHus mepeaadu
MOCBUIKM,  TEpefaroliasl CEKIHUs  KOHTPOJUIEpAa  BBIICPKUBAET  May3y
ONpeAeNcHHON MHUHMManbHOW mreapbHoctd (1; 1,5 wmam 2  OMTOBBIX
WHTEpBAJIa), MOCIE YEro MOXKET IMOCIeq0BaTh HOBasg NOChUIKa. KOHKpETHBIE
napameTpbl nepeaBacMon MOCBUIKU 3a/1at0TCA c MTOMOIIIBIO
MUKPOTEPEKIIoUaTeNeld Uiu NEPEMBbIUCK HA MPOBEPSIEMOM IIaTe LEHTPAIBHOTO
nporeccopa. K TakuMm mapamerpam OTHOCSITCS: YMCJIO OMTOB JIaHHBIX, HAJTUYHE
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WIN OTCYTCTBHE KOHTPOJIBHOTO Pa3psiia, MPU HAJTUYMHU KOHTPOJIBHOTO pa3psjaa -
BU/JI KOHTPOJIA (110 YETHOCTU UJTU MO HEYETHOCTH), JNIUTEIIbHOCTh MUHUMAJIbHON
nay3bl, JJIUTEIBHOCTh OWTOBOTO WHTEpBaja (CKOPOCTh TNiepenayu) | Jp.
CkopocTh mnepefaur WH(OpMAIMU MO TMOCIEAOBATEIBHOMY KaHAIy CBS3H
0OBIYHO HEBeNMKa U cocTapisieT, Hanpumep, 9600 Out/c (YUHUTHIBAIOTCA HE
TONBKO 'mosie3Hble" OWTBI, HO U CIyXeOHble, cM. puc. 5.16, Tak dTO
dakTHyeckas CKOpPocTh Imepenaud MeHbias). [Ipu ckopoctu 9600 Owut/c
JUTMTENILHOCTh OuTOBOTO MHTEepBasia paBHa 1/9600 ¢, wmm npumepno 104 wmkc.
(Tem He Menee creHmoBass MUKpo DBM HecmocoOHa ¢ HY)XHOM TOYHOCTBHIO
BOCIIPOMU3BECTU JHArpamMMmy, NOKa3aHHYI0 Ha puc. 5.10, npu ee nmporpaMMHOM
MOJIEJIMPOBAHUU C IIOMOUIBIO BBIXOJTHOTO NIOPTA.)

[IpueMHass cexkuusi KOHTpOJUIEpA IOCIEIOBAaTEIbHOIO KaHajga CBS3U
coepkuT npeobpaszoBarens F2 mocinenoBaTelbHOTO KOJa B MapaUIeIbHBIA H,
KaK OOBIYHO, JIBa PETUCTPA: PETUCTP NaHHbIX P2/[2 u peructp coctosuus PeC?2.

[Ipunsitas W3 mMOCIEAOBATENILHOIO KaHajla CBS3UW HMHQPOpPMAIMOHHAS
nocelika (8 OWT) mpoBepsieTcs Ha OTCYTCTBHE B HEH OIIMOOK (ITOJCYETOM
oOmIell YeTHOCTH WJIM HEYETHOCTHM 4YHUCIa NPUHATHIX EIUHUIl, 0e3 ydeTa
CTapTOBOrO0 OWTAa) M 3aMUCHIBACTCS B peructp naHueix Pe/[2. Tlpu sTOoM B
peructpe PeC2 ycTaHaBIMBaeTCs B €IMHUYHOE COCTOSIHUE OUT TOTOBHOCTH
uHdopmaIuu, a curHan / omoeHocms npuemHuKa CHAMAETCS Il TOTO, YTOObI
NepeIaTyuK He MOoCIaj CIeAYIONy0 0alTOBYIO MOCBUIKY, MIOKa HE OCBOOOAUTCS
PETUCTp JaHHBIX MPUEMHUKA.

B MOMeHT cuuThiBaHHs MH(POpMALMK U3 peructpa Pz/[2 (BO BHYTPEHHIOIO
MarucTpajib IJIaThl) aBTOMAaTUYECKH YCTAaHABIIMBAETCS B HYJIEBOE COCTOSTHUE
pa3psan roroBHOCTH peructpa PeC2. OgHOBpeMEHHO € 3TuUM (opmupyercs
curHasl [ omogHocms npuemMHuKa, KOTOPBIA pa3peliaeT NepeiaTyuky BbIIavy
caeayromei 6aiTOBON MOCBUIKH U T.JI.

KonTtpomiep mocnenoBaTenbHOTO KaHaIa CBSI3H, TaK K€ KaK U KOHTPOJUIEP
ALITY, MoxeT paboTaTh B peKUMe MPEPhIBaHUS MPOIECCOPA.

IIpoBepKy KOHTpoJUIEpa MOCIEAOBATEIBHOIO KaHala CBSI3M C ITOMOLIBIO
CTE€HJI0BOM MUKpO OBM MOKHO OCYHIECTBIIATH MPHU BBINOJHEHUU CIIEIYIOIUX
oreparnui.

1. IIpu HamMuMKU rOTOBHOCTH Tepenaromieit cexuuu 3anucath kog OOQOg B
peructp maHHbIX P2/[] kak B A4YEWKy NaMATH, IPU HTOM Ha KaXXJOM Iare
MporpaMMbl MMHTAIIUW 3aMUCU TPOBEPSIIOT BCE JIOCTYIHBIE CTEHIY BXOJHBIC
TOYKH C IIeJIbIO BBISIBJICHUS PA3IMYHOIO POJIa OIIHUOOK.

2. Ilpountath conepxxkumoe peructpa PeC2, oOpaTUBIIMCh K HEMY Kak K
syeiKe MmaMsTH. DTa OomNepalnsi, Kak Mbl 3HA€M, TAKXK€ COCTOMT W3 LIEJIOro psja
Ooyee MeENKUX oOmepamuii, Kaxaas U3 KOTOPBIX JOJKHA KOHTPOJIUPOBATHCS
cTeH10Boi MUKpo DBM myTem aHanu3a coIepKUMOIr0 BXOIHOTO MOPTA.

3. IlpoanamusupoBath OuTBHI [omoenocmv u QOuiubka B CUATAHHOM
cosepkuMoM peructpa coctosiuusg PeC2. [1pu npaBuibHOM paboTe OUT OMHOKH
HE JI0JKEeH ObITh YCTaHOBJIEH, @ OUT TOTOBHOCTH JIOJDKEH MPUCYTCTBOBATH.

4. TTpounTaTh COAEPKUMOE PETUCTpa JaHHBIX P2/[2, 0OpaTHBIINCH K HEMY,
KakK K SIYCHKE MaMATH.
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5. CpaBHUTH MPUHATBHIM KOJ C KOMUEW MEPEeIaHHOr0 W B JajdbHEHIIemM
MOBTOPUTh BCE YyKa3aHHbIE AeHCTBUS 256 pa3, Mo yuciay KOMOWHAui B 8-
pa3psAIHOM KOJE JIaHHBIX.

[Tocne BBITIOJIHEHUS ATUX ONEPALMN UMUTUPYIOTCS PEXKHUMBI MPEphIBAHUS
npoliieccopa o CUTHajlaM M3 TMepeaaronieil 1 MPUEeMHON CeKIMi KOHTpoJuiepa.
[IpyHIMNT TPOBEPKH U 3/I€Ch OCTAETCS TEM JKE€ - CTEHJ BBIMOJHSET BCE
orepalyu, KOTOpbIE NOKEH ObUT Obl BBIOJIHUTH Mponeccop. s uMutanuu
curHana «Paspewenue npepviganus», KOTOPbIA BEIPa0ATHIBACTCS MPOIIECCOPOM,
HEOOXOJMMO HMETh JOCTYNl K KOHTAaKTHPYIOIIEH KOJOJKe, B KOTOPYIO B
JanbHEMIIeM BCTaBIsIETCA MHUKpocxema mpoueccopa. Eciau  mpoueccop
YCTaHOBJIEH HA IJIaTe ">KECTKO", TO PEXHUM NpPEpbIBaHUs JTUOO HE MPOBEPSIETCS
Ha JIaHHOM 3Tarie, JM0O NPOBEPSAETCS C HCIOJIb30BAHUEM CXEM BCTPOEHHOTO
KOHTPOJIsI, KOTOPBIE CIIENUAIBHO JJI1 TAKUX CIydaeB ''3aKJIaJbIBAlOTCS" B IUIATY
HAa JTare €€ MPOEKTUPOBAHMUS.

JIJ1st KOHTPOJISL LIEJIOCTHOCTH JIMHUM [ 01MOBHOCHb NpUeMHUKa U CBI3aHHBIX
C HEH CXEM Ha OJHOM M3 3TallOB NPOBEPKH HYKHO 3Ty JMHHUIO Pa30OMKHYTh
(uHopmanMsi TO JIMHUU T[EepelaeTcs B BUAE TOKA, a HE HaIpsLKEHU),
HaIlpUMeEpP, ¢ NOMOILIBIO KHOIKHU IO YKAa3aHHUIO CTEHJI0BOM MuKpo OBM. (Oto
elle OJWH MpHUMep Toro, kak Mukpo OBM, BblaBas cooOIIeHHMS Ha SKpaH
JUCIUIes, PyKOBOJIUT JACUCTBUSIMHU YEJIOBEKa, a HE Ha000poT.) Pa3mbikanue mo-
ET OBITh BBIIIOJIHEHO U aBTOMATHYECKH, C MCIOJIb30BAHUEM, HAIPUMEp, PEIie,
YIPaBISIEMOTr0 OT BBIXOAHOTO ITOpTa MUKPO DBM.

JUIst TpOBEPKU CXEM KOHTPOJSI HEOOXOAUM HMHUTATOP, BbIpaOaThIBAIOIINN
MCKaXKEHHBIE KOJIOBBIE TTOCHUIKHU C OIIMOKAMU MO YETHOCTHU (HEYETHOCTH ).

JUisi mpoBEepKH MPaBWIBHOCTU PabOThl MPOBEPSEMOI0 YCTPOWCTBA MpHU
Pa3IUYHBIX MOJIOKEHUSX MHUKPOINEpPEKIIoYaTesield, YCTAaHOBJICHHBIX Ha IUIaTe,
IIPELYCMaTPUBAETCA COOTBETCTBYIOIIMI TecT. IIpu BBINOMHEHUM 3TOTO TECTa
cTeHoBasi MUKpo OBM BBIBOAMT Ha 3KpaH JuUCIUIEs COOOLICHUS, KOTOpbIE
IIPEANKCHIBAIOT ONEPaTOpy MEPEBECTH TOT WM MHOW MHUKPOIEPEKIIOYATENb B
HY’KHOE TOJIO)KEHHE U MOATBEPAMTH BBIIIOJIHEHHE ITOrO JACHCTBUS, HAPUMED,
HaxxaTueM kiaBuiu «IIpobem.

Ilocne ycrnemHoro BBIITOJHEHHSI BCEX PACCMOTPEHHBIX BBIIIE IPOBEPOK
OTKPBIBAETCSI BO3MOYKHOCTB 3aIyCKa LIEHTPAJIBHOTO MPOLECcOopa MPOBEPSIEMON
TJIaThI.
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2.15. [lposepKu, 8bIrNosIHAEMbIE C MOMOWbH rpoyeccopa
rnposepsiemou rriamel

Mvikpo 3BM Pasbem gns nogkntoveHus
M5 napannenyoro KaHana cBsiau
M3 MnaTa ueHTpanbHor
npoueccopa
BbixoaHom nopr/ M2
> < > Pasbem cuctemHom «lleTns» -
marucTpanm nMmTaTop
<« aboHeHTa
| —
M1
BxogHown no|
pT\\
M4
<€
Pasbem n&nenosaTeanoro

KaHana CcB4A3u

Puc.10. Cxema noakmouenus miatel {1 k HamagouHOMy CTEHIY

Cnauana mporeccop I0JbKEH MpoBeputh cam cebs. [IpoBepka mpoiieccopa
MPOBOAUTCS MO y>KE€ 3HAKOMOMY HaM MPUHLHUITY «OT IPOCTOr0 — K CIOKHOMY».
Bormpocsl TecTHpoBaHUs Ipolieccopa BBIXOAAT 3a PaMKH 3TOro mnaparpada,
MOATOMY 37IeCh Mbl HE OyJIeM Ha HUX OCTaHaBJIMBAThCS. TO K€ OTHOCHUTCS K
npoBepke O3Y U KOHTPOJIJIEPOB.

[Ipoueccop  mpoBepsieMOM  MIaThl  HE  HMMEET  BO3MOXHOCTH
HEMOCPEICTBEHHO 3arpykaTh TECTOBBIE M HalanouyHble nporpammsl ¢ HI'M/I B
«CBOIO» TaMsITh, MOATOMY 3arpy3ka MPOU3BOJAUTCS C TMOMOIIBIO CTEHIOBOM
Mukpo OBM. CHauana ona cuutsiBaeT uHpopmanmio B HI'MJI B «cTeHaoBOE»
O3Y, a 3areM T©OCIENOBAaTENIbHO, CJIOBO 3a CJIOBOM, IIE€PECBUIAET ATy
uH(OPMAITUIO B MaMSTh MPOBEPSIEMOM IJIAThI, UCTIOIL3YSl CBOU MOPTHI BBOJA —
BbIBOJIa. BO Bpemsi mepechuIKH, MPOIECCOpP MPOBEPSIEMOM IJIaThl 3aTOPMOKEH
curHasiamu Ha simHUSIX ACIT u AUIL. [locne Toro kak uHbopmMaiys nepenrucata
B MaMATh IMPOBEPSIEMON IJIAThI, CTEH0Bass MUKpo DBM cHuUMaeT HamnpsiKeHue
Hu3koro ypoBHs ¢ auHu AWIT u ACII (cMm. puc.11) u npoueccop crapTyer ¢
OMpENEICHHOr0 aJpeca, COOTBETCTBYIOLIErO Hayaldy MPUHATOM H3 CTEHAA
TE€CTOBOU MPOTPAMMBI.
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Puc.11. BpemenHnasi tuarpaMMa CUTHaJIOB, BbIpa0aThIBAEMbIX OJIOKOM MUTAHUS
MIPY BKJIFOYEHHUH U TIPU BBIKIIOUCHUN HANIPSKECHUS IEPBUYHOM MMUTAIOIIECH CETH

IIpoBepsiemass miara mnepuoAUMYEecKHd, dYepe3 KaHain cBasu c ALY,
coobmraer cteHa0Boi MUKpo DBM 0 XOj€ BBIIOJTHEHHS TECTOBBIX MPOTPAMM.
Ecnu nposepsemas 1iata CIMIIKOM JOJTO HE OTBEYAaeT WIM OTBEYAET
HEeMpaBWJIbHO, TO CTEHJ0Bas MUKpo OBM Bwimaer omepatopy mnoapoOHOE
COOOIIIEHHE O TOM, Kakas MpPOBEpPKa HE MPOXOJUT M UTO HYXKHO CHAeNaTh JIs
«3alMKIIMBaHUS»  y4aCcTKa IPOrpaMMbl, Ha KOTOPOM  PETUCTPUPYETCA
HelpaBuibHas padoTa.

Kak u B paccMOTpeHHBIX paHee MpUMepax, OIMIMOKH MOXKHO YCJIOBHO
pa3aenuTh Ha ABE TPYMIIbL:

1) ommOku B ympaBisIOMIMX IEMSAX, KOTOPbIE MOJHOCTHIO WM YaCTUYHO
JIMIIAIOT MPOLECCOP BO3MOKHOCTH BBIMOJIHATH POrpaMmy;

2) «uHQOpPMALMOHHBIE» OUIMOKH, KOTOPHIE HCKAXAIOT PE3yJbTaThl
BBIUHCIICHUNA, HO HE MPEMATCTBYIOT XOAY BBINOJHEHUSI TECTOBOW MPOTPAMMBI.
3amaya COCTOUT B TOM, YTOOBI «IPOJAEMOHCTPUPOBATHY PETYIHPOBIIUKY TE U
npyrue omuoku. J{Js «JeMoHCcTpaumy OmMrO0K MEPBOM TPYIIILI yIpaBiIeHUE
MEPUOANYECKH TEPEAACTCS TOM KOMaHJEe (MU LIETOYKE KOMAaHJ), KOTopas «HE
XO4YET» BBINOJHATHCA. JUJIsI IEpUOINYECKON NEpeaayn yIpaBJICHUs CTEHI0BAs
Mukpo OBM BeIpaOaTbiBaeT HEMPEPHIBHYIO MOCIEAOBATEIBHOCTh CHUTHAJIOB
HayajapHOro 3amycka mporeccopa Ha nuHusx AUWIT m ACII (cm. puc.l1).
[lepuon ciegoBaHUs 3TUX CUTHAJIOB JIOJKEH OBITh JOCTATOYHBIM JIJIsI MPOTOHA
WHTEPECYIOIIET0 Hac yyacTka Mporpammbl. Kaxabiii pas nmpu oOHapyKEHUU
YCJIOBUM 3amyCcKa MPOLECCOop CTapTyeT B ompenesieHnyto ssueiky O3V, rue ero
OKMJaeT KoMaH/1a 0e3yCIOBHOM Mepeadyr ynpaBlIeHUsl HA UHTEPECYIOUTYI0 Hac
KOMaHJy WM 1enoyky komasn. [Ipormeccop, Takum oOpa3om, HECMOTpsS Ha
BO3MOXXHOCTh BBITIOJTHEHHUSI JCHCTBUM B CBSI3U C OIIMOKOHN, MEPUOIUYECKU
oOparmraercsi K «OIMOOYHOMY» MECTy, M €ro «IOBEJCHHE» MOXKHO JIETKO
MIPOKOHTPOJIMPOBATH C TIOMOIIBIO OCITUiuIorpada.
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PaccMoTpuMm mporiecc 3arpy3ku TECTOB M HEKOTOPBIE OCOOCHHOCTH WX
BBIMIOJIHEHHUSI B YCIIOBHUSAX COBMECTHOM pabOThl IpOBEpsSEMOM IIaThl U
Hajago4Horo crenaa (cm. puc.10).

Jlanee  «JEMOHCTpalMIO»  OIIMOOK BTOPOM  TIPYIIBl  HEOOXOAUMO
«3alUKIMTE» IPOBEPAEMBIN MPOLIECCOP HA MHTEPECYIOIIEW HAC KOMAaHAEC WIA
rpynmne KOMaH/.

Ha 3akmrounTensHOM 3Tame, mociie IporoHa TeCToB Ipoueccopa, 113V,
O3Y u KOHTPOJIEPOB, MPOBEPSETCS MPABUIBHOCTH OOpalleHus mporeccopa K
BHEIIIHEN CHUCTEMHOM Maructpaiu (1o 3anucu). B kauecTBe BHENIHEro abOHEHTa
(O OTHOILIEHHIO K MPOBEPSEMON IJIaTe) BBICTYIAET CTEHA0Bass MUKpO OBM —
00BEKT Ype3BbIUAHO «MEIJICHHBIN» C TOYKH 3peHus mpoueccopa. [Ipu Takux
oOpalleHusIX BO3HHUKAIOT «OE30TBETHBIC» CHUTYallMH, U MPOLECCOp, BBDKIAB
npuoOIM3UTENbHO 10MKC, IEPEXOIUT B PEXKUM HPEPHIBAHUS.

IIpepsiBaromiasi nporpaMma BHOBB IIPEANKCHIBAET MPOLECCOPY BBINOJIHUTH
oOpallleHue K CTEH]ly Yepe3 BHEIIHIOI CHUCTEMHYIO MarucTpaib, IPOLECCOp HE
[OJTy4yaeT OTBETa, MEPEXOJUT B PEXHUM IpepbiBaHus U T.J. Takum oOpazom,
IIPOLIECCOP MEPUOANYECKH «IIPUTJIAIIAECT» CTEHAOBYIO MUKpo OBM, HO B cuity
€€ MHEPLUOHHOCTH He mnonyyaeT orBera. CreHmoBas mMukpo OBM, B cBorO
ouepellb, CIEIUT 3a COCTOSHHUEM JIMHUM BXOAHOIO MopTa (C AOCTYNHOH eif
CPAaBHUTEJILHO HU3KOM 4acTOTON) U HAOMpaeT CTaTUYECKUE JaHHbIE O CUTHANaX,
c(hOpMHUPOBAHHBIX HA ATUX JIMHUSX.

Tak kak «0e30TBETHBIE» OOpalleHus HauOoyee MNPOAOKUTENIbHBI 10
BPEMEHHU, BEPOSTHOCTb OOHAPYKEHUS CTEHIO0BOM MUKpo OBM 3HauMTENBHO
BBIIIIE, YEM BEPOSTHOCTh OOHApPYKEHUS JII000ro npoyero odpamienusd. [loatomy
nporpaMma, BBINOJHSIEMass CTeHAOBOM MuKpo DBM, cmocoOHa BBIACIUTH B
NOJIy4eHHOM MAacCHUBE KOJIOB HauOOJee YacTo TMOBTOPSIOIUNCA KOA
(meproANYECKH BBIIABAEMBIN ITPOLIECCOPOM ITPOBEPSIEMON IIJIaThl BO BHEIIHIOO
CUCTEMHYIO Marucrpalib) U CpPaBHHUTb €ro ¢ 3TaJoHHbIM. [Ipu oOHapykeHuu
HECOBIAJCHUS YKa3aHHBIX KOJOB CTEHAOBass MUKpo OBM Bbmaer omnepartopy
COOTBETCTBYIOIIIEE COOOIEHUHU U MPOJOJIKAET BHIIIOJHEHHE OMHCAHHOIO TECTa,
YTO MO3BOJISIET OOHAPYKUTH OMIMOKY € MTOMOIIIBIO OCHHIIIorpada.

Wrak, BKIItOUeHUE B paboOTy MPOIIECCOpa, YCTAHOBJIEHHOTO HA MIPOBEPSEMOi
niare, [IO3BOJISIET  IOJABECTH  OKOHYATEJBHBIE  HWTOTH IIPOBEPKE
«BHEMPOLECCOPHON» anmnaparypbl — TeNepb OHA padOTAET Ha BBICOKOW CKOPOCTH
U 3]1€Ch MOTYT IPOSBUTHCS OIIMOKH, CBSI3aHHBIE C 3aME/JICHHBIM BKIIOYEHUEM -
BBIKJIFOUEHHUEM JIOTUYECKUX 3JIeMeHTOB. Hampumep, mpu Bblgade JaHHBIX W3
KOHTpOJIIEpA IMOCIEA0BATEIBHOIO KaHajla CBA3M IO BHYTPEHHIOK Marucrpaib
OJWH U3 Pa3psioB JAHHBIX MOXKET «OTCTaTh» OT OCTalbHbIX — Ha 100 mim 200
HC. DTy OLIMOKY HEJb3sl 3aPErUCTPUPOBATh TPU UMUTAIIMY ITPOLIECCOpa, TaK KaK
MEXIY TOJy4YeHHEM OTBETHOIO CHUTHalIa OT KOHTPOJUIEpa M MOMEHTOM
CUMTBHIBAHUS JAHHBIX MpoxoauT 6osee 10 mxc. B pexxume peasbHOro BpeMeHU
naHHas omMOKa MNPUBENET K HCKAKEHUIO TOJYyYEeHHOM W3 KOHTpoJuiepa
uH(hOpMaIUH U, CIIEIOBATEIBHO, OYJIET OOHApYIKEHA.

[locne Hamaakyu 1IaThl LEHTPATBHOIO MIPOLECCOpPA € HMCIOJIB30BAaHUEM
CTeHJa, MOKa3aHHOro Ha puc.l0, muaTa mpoBepsieTCs B PEIbHBIX YCIOBHSX B
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CpcTaBe 3TAJIOHHOW MUKpO DBM, Tak Kak ¢ MOMOIIBI HAJIAJIOYHOTO CTEHAA
HEBO3MOXKHO CO3/1aTh YCJOBHUS, KOTOpPbIE TOYHO COOTBETCTBOBAJIM OBl
peanbHbIM. Eciiu HanakeHHas Tuiata Bce ke He paboTaeT B COCTaBE ATaJIOHHOMN
MuKkpo DBM (Takue cutyanuu 4pe3BbIYAHO PEAKH, HO BO3MOXKHBI), TO MOUCK
HEUCIIPAaBHOCTH TMPOBOJAT MpU pabOTe B peajbHBIX YCJIOBHUSX, HAIPUMEDP C
MOMOIIBIO JIOTUYECKOro aHanmu3aropa. Ilociie BbIOOpa OIMIMOKK aHAIM3UPYIOT
OPUYMUHBI, KOTOpPBHIE TMPEMATCTBOBAIM €€  OOHApY>KEHUIO  ammnapaTHo-
MPOTPAaMMHBIMU ~ CPEACTBAMH  HAJIAJIOYHOTO CTEHJa, W O3TH CpencTBa
nopabaThIBAIOTCS.

2.16. lNpoepammHoe obecrieyeHue Harnado4YHbIX CMeHO08

NHdopmauus ns
HakonuTens Ha

CTaHgapTHas onepauyoHHas cuctema

Yenosek, «—» MOKMX

onepaTop Hpaveep knasua- | | Opansep Tpansep MarHnTHbIX
Typbl 1 gucnnes HMO anckax

MoHutop  <€«» BUHYECTEPA | . 5 BuHuectep

A
A A A
TecToBbI MOHUTOP
A

:

;

:

BHelHNe TeCTOoBble NporpamMmmbl

BHellHMe TeCTOBble NporpamMmmbl

Mporpammbl Hanaaku

[ Tiporpamma 1 i_\——l | hporpamma1 l_\——l | hporpamma1 i_\——l

Puc. 12. CTpykTypa nporpaMmmHoro obecneyeHusi cteHaa

Crenapl npeaHa3HAYeHbI ISl HAJAJKU COCTABHBIX YacTel Mukpo OBM.
[IpyHIMIBI TTOCTPOCHUSI MPOTrPAMMHOIO OOECIEUYEHUsS] CTEHJIOB BO MHOTOM
CXOXH. PaccMOTpuUM CTEHA, MOCTPOCHHBIM HAa OCHOBE YHHUBEPCAIBHOM MHKPO
OBM c BXOAHBIM W BBIXOJIHBIMU MOPTAMH M MPEAHA3HAYCHHBIN JJIs1 HAJaIKU
LIIT.

CrangapTHas onepalMoHHas CUCTeMa UCTIOJIb3YEeTCs:
1. nns mepenauyd KOMaHJ C KJIABUATyphl B TECTOBBIM MOHUTOP U
COOOIIEHHUI OT TECTOBOI'O MOHUTOPA Ha DKpaH JHCILIC;
2. M1 BBOJAA TECTOBBIX M HalamodHeIX mporpamm u3 HI'MJ[ B O3V
cTeH0BOM MUKpo DBM mo 3ampocam T€CTOBOIO MOHHUTOPA.

TecTOBBIT MOHUTOP OCYLIECTBIISECT:

- IpUeM KOMaHJIbl OT YEJIOBEKA — OIIEpaTOpa;

- aHalu3 KOMaHJbl, BbIJJayy COOOILIEHUS ONEpaTopy NpH OOHAPYKEHUU
OLIMOKH B 3aJJaHUU KOMaH/IbI;
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- Bp130B 13 HI'M/I TecToBOM WM HanagO4YHOW MPOrpaMMBbl, €CJIA OHA €IIE
He pasMmenieHa B O3Y crenaoBoit Mukpo 9BM;

- HACTpPOWKa TECTOBOW WJIM HAJAIOYHOW MpOrpaMMbl Ha BBIIIOJIHEHUE
TpeObyeMoi (PyHKIIMU B COOTBETCTBUH C MapaMeTpaMu, 3aJJaHHBIMU OIIEPATOPOM
B KOMaH/IE;

- IEpPEIaYy YIIPABIICHHS BHEILIHEW TECTOBOUM MPOrpamMMme;

- MIEPEChIJIKA BHYTPEHHE TECTOBOM MporpamMmsel u3 O3Y CTEeHIOBOW MHUKPO
OBM B O3V npoepsieMo TJIaThl U CIICKEHUS 32 XOJ0M TECTUPOBAHUS,

- Iepeady ynpasJeHUs IPOTpaMMe HaJIAIdKH,

- TOCJIENOBATENbHYK II€penady yOpaBiI€HUsS BHEIIHUMHM TECTaMHU
mporpaMMam C BbIjauei nH(OpMaIMU O XOJI€ TeCTa Ha dKpaH JAUCILIES;

- MOCJENOBATEIbHYI0 NEPECHUIKY BHYTPU TECTOBBIX mporpamm u3z O3V
crenaoBoid Mmukpo 9BM B O3V nposepsiemoit miatel LI ¢ BeIMOIHEHMEM 3THUX
nporpamm LII;

- TIepeXOo]l Ha BBINOJHEHUE TECTOBOW MPOrpaMMbl K BBIIOJIHEHUIO
COOTBETCTBEHHOM HaJIAJ0OYHOM MPOrpaMMbl ITPU OOHAPYKEHUU OIMIUOKH.

BHemHue TecToBblE MOpOrpaMMbl - BBIIOJHSIOTCS  MPOLECCOPOM
creraoBoii Mukpo OBM. Ilpu stom mMukpocxema IIII 3aTopmoxkeHa wiM He
YCTaHOBJICHA HA ILIATY.

K BHEIHUM TecTaM OTHOCSITCS:

1. TeCT MPOBEPKHU JTMHUI CUCTEMHOW MaruCTpaiyd B IACCUBHOM COCTOSTHUM;

2. TECT NIPOBEPKH MPABUIBHOCTH KOJAOB, 3anucanHbiX B [I3Y nposepsemon
TJIaThI;

3. Tect npoBepku padborocriocooHoctr O3Y npoBepsieMoil MIaThl;

4. tect mpoBepku KoHTposuiepa ALIITY nposepsemoii miaThl;

5. TecT mpoBEpKH KOHTposuiepa mnocienoBarenbHoro KC mposepsiemoit
TJIaThI.

BHyTpeHHHE TeCTOBBbIE NPOTrpaMMbl — BBIMOJHSIIOTCS MPOLECCOPOM
npoBepsieMol matel. K BHEITHUM T€CTOBBIM IMPOrpaMMaM OTHOCSTCS:

1. Tect mpoBepku [13Y (cymma conepkuMoro Bcex s4eeK);

2. Tect ipoBepku O3Y;

3. Tectel mpoBepku  KoHTpoyuiepa ALY u  xoHTposuiepa
rociieqoBareiibHoro KC;

4. TecThl MpoIEeccopa — MPOBEPSIOT MPABUIBHOCTD BBHIMIOJHEHUS KOMaH/ U3
CHUCTEMbl KOMaHJ, paboTy mpoueccopa B peXKUME MpEephIBaHUS, MPSIMOTO
JIOCTyTa B IaMsITh, pab0oTy apuMETHUKO-JTOTUUECKOTO YCTPOUCTBA IIPoIIeccopa.

[IporpamMmbl Halaiku — CIyXKaT IS 3alUKIMBAHUS DJIEMEHTapHBIX
NpoLeAyp MEpeNadyd CUTrHajIoB 1Mo Maructpaism. [Iporpammel  Hamanku
MO3BOJIAIOT 3aLUKIIUTh MPOLEYPHI:

- 3aIUCh 33JJAHHOTO KOJia B 33/IaHHYIO STYEHKY MMaMSITU WU PETUCTD;

- 3aMKCh (CYUTHIBAHUS) MOOYEPETHO MH(DOPMAITUN U3 SIYCUKU MaMSITH WA
perucTpa;

- HaydaJIbHBIM ITyCK IIPOLIECCOpA C OMPENECICHHOrO ajapeca, 0 KOTOPOMY
pa3MenieHa IeMeHTapHas MporpaMma HajJa K.
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[Tposepsiemas mnata II1 sBiseTcss 00bEKTOM TECTUPOBAHUS U BBITTOTHSIET
NOAYMHEHHYIO poib. [IpoBepsiemas miaTta MOMXET OTCYTCTBOBaTh, PE3YJIbTAThI
TeCTa P 3TOM OYIyT OTPHUIATEIbHBIMH.

I'imaBa 3. IIporHo3upoBaHue COCTOSHUS TEXHUYECKHX
CHCTEM.

3.1. 3ada4yu npoaHo3UpPo8aHUSs

3amaya MPOrHO3MPOBAHUS M3MEHEHHS CBOMCTB TEXHMYECKOW CHUCTEMBI
TECHO CBfA3aHA C 3ajauyed JMArHOCTUKUA TEKYIIETO COCTOSHUSI 3TOW CHCTEMBIL.
[IpyHIKIIMAIEHOE OTJIMYME 3AKIIFOYAETCS B TOM, YTO IIPH ITPOrHO3UPOBAHUH OLICHKA
COCTOSIHHSL JMAarHOCTUPYEMOM CHUCTEMbI MPOW3BOIUTCA AJIsi OyIylIEro MOMEHTa
BpEMEHHM. JTa OLEHKA HAaXOJIUTCS MO pe3yJibTaTaM TEKYIIMX HaOJIOJCHUN Ha
OINPENETICHHOM TPOMEXKYTKE BpPEMEHM IIyTEM OSKCTPAalOJSIMA  3HAYEHUU
napaMeTpoB Ha OyIyIIUi MOMEHT BpeMEHU. ECTECTBEHHO, UTO 1IOCTOBEPHOCTh
NPOTrHO3a ONpeAesercss 00beMOM HH(OPMAIMK O MEXaHU3ME MPOUCXOIAIINX B
JUarHOCTUPYEMOM CHCTEME TIPOIIECCOB, HAIMYMEM OOOCHOBAHHBIX (PU3UUECKUX U
MaTeMaTU4YECKUX MOJEIECH U3MEHEHUN OTHCIIBHBIX I1apaMeTPOB, BO3MOXKHOCTBIO
ydeta MHOXKeCTBa JeicTByromux ¢axkrtopoB. Kpome Toro, mmeercs emE onHa
CJIIOKHOCTb IIPU PELICHUM 3a7a4 I[POTHO3UPOBAHMS, KOTOpas 3aKJIIOYaeTCs B
VH/JVMBHUIyaJIbHOM XapaKTepe U3MEHEHHUS MapaMeTPOB YCTPOMCTB, CBA3aHHBIM
C MEPBOHAYAIBHBIM Pa30pOCOM MapaMeTPOB KOMIUIEKTYIOIIUX 3JIEMEHTOB,
MOTPEIIHOCTSIMU COOPKH U IPYTUMH (DAaKTOPaAMH.

IHoaToMy 3a5a4a MPOrHO3UPOBAHUS KavyecTBa (PyHKUMOHMPOBAHUS
TEXHUYECKUX CHCTEeM, B 00IIeM, CBOAMTCA K 3ajJaye IKCTPANOJISLUH
CIy4aHOI'0 BEKTOPHOIO IpoLecca M0 pe3yibTaTaM ero HaO/IJeHHs Ha
HEKOTOPpOM HHTepBasie BpemeHu. IIpm 3TOM mNporHo3 mnpeackasbiBaeT
Oyayuiee 3HaYeHHMe CJIY4YallHOIO TPoLlECCa HE TOYHO, a € HEKOTOPOoil
BEPOSITHOCTHIO (TOYEYHBIN NPOrHO3) MJIM MPEACKA3bIBAeT Ty 00/1aCTh, B
KOTOPYI0 ¢ 3aJaHHON BEPOATHOCTHIO MOMAaJaeT Oyayuiee 3HAYEHHUE
npouecca (MHTepBaJIbHbIH MPOTHO3).

B Takoli mOCTaHOBKE MPOTHO3MPOBAHUE COCTOSHUS TEXHUYECKOU
CHUCTEMBI IIEPEXOAUT B TEKYIIUN AUATHOCTUYECKUU KOHTPOJIb IIPU HYJIEBOM
BPEMEHHM OKCTPANOJSALIMM M, CIEA0BAaTEIbHO, MPOrHO3MPOBAHHE MOKHO
paccMaTpUBaTh Kak 0oJsiee 001Mil cjyuyai mpouexaypbl AUArHOCTUPOBAHUS.

NTak, MHOKECTBO ITapaMETPOB, XapaKTEPU3YIOIMX TEKYIEE COCTOSTHUE
CHCTEMBI, MOXHO paccMaTpuBaTh B KAa4e€CTBE BEKTOPHOIO CIIy4alWHOTrO
npouecca. M HMMEHHO ciay4YallHbIM XapakTep H3MEeHEHUs (U3UUYECKUX
MapaMETPOB TEXHUYECKUX CHUCTEM B IPOLECCE MX DKCIUIyaTallud AEJIAeT
TPYAHO TMpeICKa3yeMbIMU OyIyllMe 3HAUY€HUs OATUX MapaMeTpoB U
HAKJIAJbIBAET €CTECTBEHHBIE OTPAHMYCHUS HAa NMPUMEHEHUE IS PELICHUA 3a/1a4
IIPOTHOZUPOBAHMS TAK HA3bIBAEMbBIX AHAIUTHYECKUX METOJOB, IPU KOTOPBIX
U3MEHEHHE NapaMETPOB PACCMATPUBACTCS KAK JAETEPMHUHMPOBAHHBIM ITPOLIECC.
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XOTs. HaZO 3aMETUTh, YTO TAKOW IMOJXOJ H3-3a €r0 OTHOCHUTEIIBHOM MPOCTOTHI
HaxXOJIUT JIOCTATOYHO IIMPOKOE PACIpPOCTpPaHEHHE Ha TMPaKTUKE U JaeT OoJiee-
MEHEE YIOBJETBOPUTEIbHBIE PE3yJbTaThl MpPHU HEOOJBIIUX HMHTEpBaIax
AKCTPAMNOJIALINH.

I[Ipu  QopmanpHON  TOCTAaHOBKE  3aJauyd  IMPOTHO3WPOBAHUS
BO3MOJKHBI IBA NPUHIIHITHAJIBHO Pa3HbIX crmocoba [16].

B mepBoM u3 HHMX Ha3bIBAEMbIM HHTETPaJbHBIM, ONEPATOP
nporo3upoBanust G, ompeaenseTcss U3 YCIOBUS SKCTpEMyMa BBIOPAHHOTO
KpUTEpUsT ONTUMAIBHOCTH, MPUMEHSIEMOTO0 KO BCEMY MHOMXKECTBY
nuarmoctudeckux curHanos {X(tj)},i =In. DTo mno3BONLET HOTYUUTH
3HAaYCHHE OIICHKH BEKTOpAa MmapaMeTpoB B Oyayinuii MoMeHT BpeMeHH (i +T) B
BHJIC:

U(t, +7)=G {X(t,)},i=1n,

rje T-BpeMs IPOTHO3UPOBAHUS,
U (t,+1) - olleHKa BekTopa MapamMeTpoB B Oyaymmid  MOMEHT
BpPEMEHH.

Bo BTOpomM crnocobe, Ha3bIBaEMOM PeKYPPEHTHBIM, OIEpaTop
nporHo3upoBanusi G, HeE0OXOAMMO OMNPEAETUTh M3 YCIOBUS OSKCTpEeMyMa
KpPUTEPHST ONTUMAIBLHOCTH, TPHUMEHEHHE KOTOPOTO OCYIIECTBISIETCS TONBKO K
nocneaaemMy HaOmoaeHuto X(t,) 1 omeHKe BEKTOpa MmapaMeTpoB, MOMYYCHHOW Ha
MPEAIECTBYIOLIEM Mare t,

U(t, +1)=G,{X(t,)},U(t, +1)}.

Takum 00pa3oM, TpH MPUMEHEHUH PEKYPPEHTHOrO OIepaTropa IMoCIe
KaKIOr0 TMOCICAYIONIEro HaOIOJCHHUST TPOW3BOAMTCS TPOTHO3 Ha BpeMs T
[IperMyIiecTBO TAaKOrO IMOAXOJa 3aKadYaeTcs, TMpexIAe BCEro, B
MHHAMH3ALIH 00BEMOB TPEOYEMO# MaMsITH BBIYMCIUTEIBHONW MAIMHBI, TaK KaK
JUIS pacueTOB B 3TOM CJIyyae B MaMSITH HEOOXOIUMO XPaHUTh TOJBKO 3HAUYCHUEC
orieHKH BekTopa napametpoB U(t, ,+T) u nociennero Hadmoaenus X(t,). Takum

0o0pa3oM, €ciii BEKTOp MapaMeTpOB UMEET Pa3MEpHOCTh M, TO B MaMSITU JTOJIKHO
HaxoAuThcs 2M uucen. [lpu wmHTETpasbHOM cmoco0e MNPOTHO3UPOBAHUS
HEOOXOAMMO 3alOMUHATh M-N YKCeN, MOCKOJIbKY MPU 00pabOTKE MCHOIb3YIOTCS
BCE TPEIICCTBYIOIIME N  HaOMIOJMEHW M-MEepHBIX BeKTOpoB. [losTtomy
HHTErpajibHbI €1oco0d MPOrHO3UPOBAHMS 11€IECO00PA3HO MPUMEHSTH B CITydasX,
KOIJIa OTCYTCTBYIOT OTPAaHUYECHUS HA BpPEeMs PEIICHHUs 3aJa4u MPOTHO3ZUPOBAHHUS
¥ UMEETCS BHIYMCIHUTEIbHAS MAIIMHA C JIOCTATOYHBIM OOBEMOM TTAMSITH.
Onpenenenuie omnepatopoB mnporHo3upoBanuss G, u G, BO3MOXKHO

TPaJMIMOHHBIM [TyTEM MUHUMU3AIIUK CPEIHETO KBaapaTa omuoku D
D =min M{[U(t, +7)-U*(t, +7)]" [U(t, +7)- U*(t, +7)]},

rie M - orieparop MaTeMaTUYECKOTO OXKHUIaHUS,
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U*(t,+1) - «uCTUHHOE» 3HAYEHWE BEKTOpa MapaMeTpoB B

NPOTHO3UPYEMBIA  MOMEHT BpeMeHH. MuHuMu3anuga BeauduHsl D
OCYIIECTBIIIETCS IyTeM BbIOOpa oneparopa G, mm G, [16].

Takum oOpazom, Ui pemieHus 33Aadd  [POrHO3UPOBAHUS HEOOXOaMMa
anpuopHasi uHpOpMaIMI O XapaKTepUCTUKax BekTopa mnapamerpoB U, B
npoiecce (QYHKIMOHUPOBAHUS TEXHUYECKUX CHUCTEM OTH IapaMeTphl
U3MEHSIOTCS, MPUYEM 3TH M3MEHEHHS HWMEIOT JIB€ COCTaBJSIONIME, a HWMEHHO:
MEIUJICHHYIO - Jpeid u OBbICTpyl0 - CKaukooOpa3Hble OTKIOHeHHs. [lox
npeiioM MmapaMeTpoB MOHHUMAIOT COBOKYMHOCTh  (DU3UKO-XUMHYECKUX
MPOIIECCOB KOPPO3UHU, YCTAIOCTHOM JedhopMaliii, MEXaHUYECKOr0 U3HOCa U T.II.,
MPUBOJISAIIMX K HEOOPATUMBIM U3MEHEHUSIM CBOMCTB 3JIEMEHTOB M KOHCTPYKIIUH
ycTpoiicTa. [IpuunHO#N ckauk00Opa3HbIX OTKIOHEHUN MapamMeTpoB SIBISIOTCS
OOpBIBBI, 3AMBIKAHUSI, 3AKIIMHUBAHNE U T.II., KOTOPBIE B CBOIO OUepeib 00YCIOBICHBI
nedexTaMu TUarHOCTUPYEMOTO YCTPOMCTBA M AKCILTYaTAlIOHHBIMH TIEPErPy3KaMu.
3ameTHM, uTo Apeiid mapameTpoB MOXKET CIIOCOOCTBOBATh BOSHUKHOBEHUIO CKAUYKOB,
TaK KaK HAKOIUJICHWE, HalpuMep, YCTATOCTHON AedopMalii WM IPOLIECCHI
KOPpO3MM  YMEHBIAIOT  Tpefenbl MPOYHOCTH  KOHCTpykuuu. M3 Bcero
BBIIIIECKA3aHHOTO MOXKHO C/IeNaTh BBIBOJ O TOM, YTO 3a/1a4a NMPOrHO3MPOBAHMS
COCTOSIHUSI ~ TeXHH4YeCKOW  cucTeMbl BO  MHOIOM  CBOJAUTCH K
NPOrHO3MPOBAHUIO Apeiida mapaMeTpPoOB ITOM CUCTEMbI.

DKCNepUMEHTANIbHBIC TaHHBIE MMOKA3bIBAIOT, YTO B OOJBIIMHCTBE CIIy4YacB
npeid mnapaMeTpoB SBISETCS CIy4alHBIM HECTAllMOHAPHBIM IPOLIECCOM,
IPUYEM XapaKTEpHOW OCOOEHHOCTBIO ATOrO Mpoliecca SBISIETCs OOJbLIOE BpeMsi
KOppeJISIIMM, TPEBOCXOAAIIECE BpeMs pecypca TOro WM HMHOTO JJIEMEHTa WU
ycTpoiicTBa B 1esiom [ 16].

B [16] npennaraeTcs B KauecTBe MaTeMaTH4YeCKOil moaeau apeida
napaMeTpoB HCIIOJIb30BaTh TOJTMHOMHUAIBHYIO 3aBUCUMOCTD

A
U, =X u t“, (3.1)
k=1

rze | — HoMep rmapamerpa,

A- IOPSAAOK NOJIMHOMA,

U, - ciryqaitabie K03 OUIIMEHTHI, XapaKTEPU3YIOIIIHE:
U, - HauaapHOE 3HAUYCHUE,

U,, - ckopocTh U3MEHEHUH,

U, - yckopeHue u3mMeHeHus napaMerpa u T.1.

Ha npaktrke, Kak NpaBWIO, OrPAHHUYMUBAIOTCA NOJTHMHOMOM BTOPOIro
nopsigka. B stom cnydae BelpaxkeHue (3.1) MOXKHO 3amucaTh, OMycKasi HOMEp
napameTpa, B BUJE

u=u,+u,t+u,t’ (3.2)

[Ipy HeOonbIIMX BpeMeHax IMpPOrHo3a B psiAe CIy4aeB MOXHO
OTPAHUYHUTHCA U JIMHEMHON 3aBUCUMOCTBIO
u=u,+u,t (3.3)
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Cnenyer 3aMeTHUTh, UYTO TIOJHOE OIHCAHUE MojHaele apeida
napaMeTpoB Kpome 3aBucumocted (3.2) wim (3.3) ID0JDKHO BKIIIOYATh TaKKe
COBMECTHBII 3aKOH PACIpEAENICHUsI BEPOSATHOCTH KOIPPUIMEHTOB MOIUHOMA
— ciaydailHelXx BeanuuH U, , KOTOpbli B OOJBIIMHCTBE CJIy4yaen
anmnpoOKCUMHUPYETCS] HOPMAJIbHBIM 3aKOHOM ¢ ypoBHeM 3Haunmoctu 0,05 [16].

[lonHass Mozaens mpouecca U3MEHEHHs] MapaMeTpoB JOJDKHA BKIKOYATH U
MOJIEJIb, ONMUCHIBAIOIIYI0 CKAYKHU MapaMeTpoB. B kadecTBe nocieaHen Moienu
MOXET CIYXKHTh CIIy4allHbI IpPOLECC, B KOTOPOM IOSIBIEHUE CKAYKOB
IPOUCXOJUT B CIIy4ailHbIE MOMEHTHI BPEMEHH, a 3HAYEHHE MAPaMETPOB IOCIIE
CKaYKa ABJIsETCA cAydyahHOW BeTuUuHOU. OOBIUHO OTPAHUYUBAIOTCSA

YOPOLIEHHOW MOJENBIO, B KOTOPOW 3aKOH pAaCIpENesICHUS BEPOSATHOCTH
MOMEHTOB BPEMEHM MOSBICHHS CKAYKOB IPUHUMACTCS ITyaCCOHOBCKHM, a
3HAYEHHUE IapaMeTpa I0ce CKayKa CunTaercst m3BecTHbIM [16]. B atom cirywae
MaTeMaTH4YeCcKoe 0KHIaHNe HEKOTOPOro napamMeTpa 3alycblBacTCs B BUJIE

uit)=e " (u,+u,t+u,t*)+(1-e")a,

ree At - BEPOSATHOCTH TOTO, UTO CKauKa 3a Bpems t He Oyzer,

(1-e*) - BepoOATHOCTB XOTs ObI OJTHOTO CKAayKa 3a BpeM t,
(u,+u,-t+u, - t?) - 3HaucHue MapameTpa JI0 CKauKa,

«a@» - 3HAUYCHUE MapamMeTpa Mocie CKavka.

N emé omHO 3ameyanue. PaccMoTpeHHBIE MOJIENT HE OTPaKalOT TOrO (haKTa,
4TO peaJlbHOE M3MEPEHHE TMapaMEeTPOB COMPOBOXKIACTCS TIOMEXaMH M OIIMOKaMHU
nu3Mmepenus. [ ydera B Mosienu 31oro (hakTa, B TIPEIIOI0KEHUH, YTO CIIPABEIJIHBA
TUroTe3a 00 aJJIUTUBHOM XapaKTepe CMECH «UCTHHHOTO» 3HaueHHs mapamerpa U(t)
u ommOkn HaOmomeHus N(t), MOXKHO HaOMI0IaeMoe 3HAUYeHHE NapaMerpa
NPE/ICTABHUTH B BUJIC

X(t)=u(t)+N(t).

PaccMoTpenHblli MOAX0A K NPOrHO3MPOBAHMIO IAPAMETPOB PEATU30BAH B
BHJIC QITOPUTMOB  BBIYHMCICHUS KOI(DPUIIMEHTOB  IOJMHOMOB IO
HaOMIoaeMbIM  JTaHHBIM. DOpMyJbl  JUJI1  ONTHUMAIbLHON OLEHKH I-TO
K03 GHIMCHTA TIOJIMHOMA JIIS OOIIETro 1 psijia YaCTHBIX CITyJaeB MpUBEICHbI B [16].

3.2. OcHO8HbIe MemMOObI MpPo2HO3UPO8aHUS

B ocHOBy pelieHus 3aa4v MPOTHO3UPOBAHUSI MOTYT OBITh TOJIOKEHBI JIBa
pa3nmuuHbIX monaxoda. IlepBelii  Oa3upyercss Ha TOM, 4YTO  OIICHKA
MPOTHO3UPYEMOTO SIBJICHUS OCYIIECTBJISETCS HAa OCHOBE AaHAJOTHUU C
JIOCTAaTOYHO XOPOIIIO HW3BECTHBIMHU SIBIICHUAMH WM MPOILECCAMU, MO3BOJISIOIICH
IIOCTPOUTH COOTBETCTBYIOLIYK) MPOTHOCTHYECKYIO MOJENb. BTopoil moaxon K
MOJIYYCHHUIO TPOTHO3a TPEINOJaraeT yYCIOBHOE TMPOJOJDKEHHE B Oyayliee
TEHACHUMA W 3aKOHOMEPHOCTEW W3MEHEHHSI COCTOSHUS IHArHOCTUPYEMOTO
00BbEKTa B HACTOSAIIEM MU IPOILIOM, T.€. SBJISETCA SKCTPANOIAIIHOHHBIM
noaxonoM. TakuM o0pa3oM, METOJbl MPOTHO3ZUPOBAHUS, PEATH3YIONINE
MEPBBIM  TIOJAXOM, MPEANOIAraloT HAJIWYUE HEKOTOPOM MaTeMaTHYEeCKOU
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MPOTHOCTUYECKOM MOJIENU, HampuMep, B BHUJAE CUCTEMbl HHTErpO-
nudepeHIanbHbIX  YPABHEHUH, JIOCTATOYHO aJ€KBAaTHO OIHKCHIBAIOINICH
MPOLIECCHI, MPOUCXOAAIINE B AUATHOCTHPYEMOM OOBekTe. OJHAKO BO MHOTHX
Clly4asiX MOJy4YeHHE TaKMX aJeKBATHBIX MojieJied OOBEKTOB, KOTOPbIE K TOMY
XKe OTpakainu Obl UX MHJMBHUyaJIbHbIE OCOOCHHOCTH, SBIISETCA JEJIOM BEChMa
TPYJIHBIM, YTO B 3HAUUTEIBHOW MEpPE OrpPaHUYMBACT MPUMEHEHUE Ha NPAKTUKE
noJIOOHBIX METOZOB. boiiee pacnpocTpaHEHHBIMH METOJAAMU POTHO3UPOBAHUS
ABJISIFOTCA METOJbI, OCHOBAHHBIE Ha cXeMme JKcTpanojanuu. OCHOBY 3THUX
METOJOB COCTABJISIET OIICHKA TPEHJAOBBIX TEeHJEHUMH MapaMeTpoB Ha Oaze
BPEMEHHBIX psiioB [14].

I'enepupoBaHre BpPEMEHHBIX PAAOB 3HAYEHUN IIapaMETPOB C LEJBIO
MOJIYYCHHS SKCTPAIOJISIIIMOHHBIX MPOTHO3HBIX OICHOK TpeOyeT BBLIYMCJIEHHS
B3BCIICHHBIX 3HAYEHUH NpeabIAyIIMX HAOJIAeHUNd TyTEeM MNPUMEHEHUS
pa3IMYHBIX  cmoco00B criaaxkuBanus [23,30]. OgHUM M3 TakMX CIOCOOOB,
JOCTAaTOYHO  IIUPOKO  paCHpPOCTPAHEHHBIX,  SBISAETCS MeTOoJ
IKCIMOHEHIHAJTbHOTO Criaa)KuBaHus,  GaKTUYECKU  SABIISIOMIMMACS
00001IIeHHEM METOJIa CKOJIB3SIIEr0 CPEAHEro, TakKe NPUMEHSEMOTO s
OTiepallly CTIIAKUBAHUS PE3YJIbTATOB TEKYIIUX HAOTIOICHUM.

DKCNOHEHIMAJIBHBIM CIJIaKUBaHUEM JTAHHBIX Ha3bIBACTCS
onepanus (7.4). Beipakenune (7.4) o03HauaeT, YTO TEKyIlee 3HAYCHUC
CIUIKEHHOM BEJIMYMHBI U, PABHO TMPEAbIAYIIEMY €€ 3HAYCHHUIO IUIIOC

HCKOTOpad JOJIA Pa3HOCTH MCXKIY TCKYIIUM 3HAYCHUECM pe3yiibTaTta
H36HI-OI[€HI/I$I U IMPCAbIAYIIUM 3HAUYCHUCM CIUIAKCHHOM BEJIMYHHBI.
u, =uut+(1-a’)ut—l=ut—l+(ut -ut—l)a (34)

rae i, - CIUIAKEHHOE ~ 3HA4YeHWe  pesyibTaTa  HaOIIOJeHUS,

IIPOBEIAECHHOTO B MOMEHT {;

Ut - TeKyliee 3HAYEHUE pe3ynbTaTa HaOJIIOICHUS 3a
JUArHOCTHUPYEMOM CHCTEMOW B MOMEHT {;

i, ,- CIIAKEHHOE  3HAYeHWe  pe3ynbTaTa  HAOMIOJeHHS B
npeapiyimii MomeHt (t - 1);

0, - TIOCTOSIHHASI CTIaKMBaHUs (BecoBOM kKoadduimmeHT), 0 < a < 1.

C YUYCTOM TOI'O, UTO OIICpalis CIJIaKMBAHHA IIPOBOAUTCS OAMHAKOBO IJIA BCCX

HaOJIFOICHHUH, TO
n-1 ) [
i, =a)(@-a)u,+(1-a0)"u,n=1,23...i=0,n-1,
i=0

rae N - Yuciao HaOJIIOACHUI;
Up - 3HAYEHHE HAYAJILHOIO HAOIIOIEHHS.
Orcroga BHUIHO, YTO B CIJIQKCHHOW OICHKE Ui, HAWOOJBIIMK BEC HMEET

TeKyliee 3HaueHue Uy, a JUIs TPeAbIIyIIMX HaOMOICHUH Beca YOBIBAIOT TIO
reOMETPUUECKON IPOrPECCUHU.
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Haxoxnenue oreHok Kod()(PHUIMEHTOB MPOTHOZUPYIOMIETO IMOJMHOMA
NyTEM MPUMEHEHUs Olepaludd 3KCIOHEHIMAIBHOTO CIUIAXKUBAHUS MOXKHO
Noka3aTh Ha MPOCTOM MpUMEpPEe, KOrja HaOII0IaeMblii MPOIECC OMUCHIBAETCS
JIMHENHOU MOJIEJIBIO BUIA

u(t)=a,+ a,t (3.5)

[TpuMeHeHrne SKCTIOHCHIIMAIBHOTO CTiIaKMBAaHUS K BhIpakeHUIO (3.5) maér

a,-1-a)
a )

i(t)=a,+at+ (3.6)
a ITOBTOPHOTO OKCIIOHCHIIUAJIBHOI'O Crijia’KxuBaHUsd, HA3bIBACMOTI'O
((HBOﬁHBIM Crila’)KUuBaHUCM», ITIOJTYYHUM

i?(t=a,+at+ (3.7)

2a,-(1- )
(04
Pemras coBmectHo ypaBHeHus (3.6) u (3.7), MOXKHO HaWTH OIICHKY
ko3¢ duienTa, a, B IMHEWHON MOJIENU IIpoLiecca

~ o~ o
st 0] |

a TOYCYHBIN NIPOrHo3 B Touke (t + At) , OymeT onpeneaThes Kak
u(t+ At)=u,+a, At
B [18] nmpuBegeHbl peKyppeHTHbIe COOTHOIIEHHS, CBSI3BIBAIONINE
TEKYyIME 3HAYECHHUSI MPOTHO3UPYEMBIX KOIPQPHUIIMEHTOB JIMHEHHONW MOJEIH C UX
MPEABIAYIIMMHA 3HAYCHUSMHA WU JIMHEWHBIM MONPABOYHBIM WiICHOM. Mcmoib3ys
OTU COOTHOLIEHHUS, IMPOTHO3UPYEMOE HAa M HU3MEPEHUN BO3MOYKHOE 3HAYCHUE
napameTpa, 0003Ha4eHHOE Kak Uy, MOKHO ONpPEAENIUTh CIEIYIOUUM 00pa3oMm:

(n+m) 1

np _
Uy =8om + 8y M,

rA¢ BCJIIMYHNHBI ao(n) 141 al(n) BBIYUCIIIOTCA 110 PCKYPPCHTHBIM

3aBUCUMOCTSIM:

aO(n):un + (1"1)2 [U ?rl]?)' u(n)];

_ N2 P
al(n)_al(n—l) o [U(n) u(n)]’

B »stux cootHomeHusx U SHAYCHUC IT1apaMeTpad, BBIYMCIICHHOC IIpU

()
n
(n — m) usmepenuu,u (ﬁ), - MPOTHO3MPOBAHHOE HA OJWH 3aMep 3HAUYCHUE

napamMeTpa, TMOJy4eHHOE TpU TMPEeAbIAyIIeM IMPOTrHo3e, T.. 1Mo «N-1»
U3MEPEHUSIM.

[Ipu »o>ToM HayambHBIE YCIOBUSA, HEOOXOIWMBIC [UIS  BBIYMCIICHUS
BEJIMYUH A U 23 33]]AI0TCSI B CJIEAYIOIIEM BUJIE:

aO(n—k) =u (n-k) ;
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al(n—k) =0;

u ?ﬁ) = u(n'k),

rme  U(-k) - 3HaueHWE I[apaMmeTpa, OINpPEACICHHOE TIPU  paHee
npoBeJeHHOM wu3MepeHun ¢ HomepoMm (N-K). Benwmumna K ompepenser
TPaHUYHOE YKMCIIO 3HAYECHH, NCTIONIb3yEMbIX TIPH MPOTHO3E.

BaxHyo pojib B MeTO/le IKCHOHEHUHMAJIBLHOIO CIVIA’KMBAHUSI UTPaeT
BbIOOp 0. B 3aBucMMOCTH OT BeNIMYMHBI (L MPOTHO3HBIE OLIEHKU MO-pa3HOMY
YUUTBHIBAIOT BIIMSHUE MCXOJHOrO psa HaOmoneHud. OueBUIHO, 4YTO YeM
OosblIe 0; TeM OOJbIIE BKIAJ MOCIEIHUX HAOIIOIEHUH B (pOpMUPOBaHUE TPEHA,
a BIMSIHUE HAa4YaJIbHBIX YCJIOBUM ObICTpo yObIBaeT. [Ipu MasbiIX o mpOTHO3HBIE
OLICHKH YYUTHIBAIOT OOJIBIIYI0 YacThb HAOJIIOJAEHUM M, €CTECTBEHHO,
YMEHBLICHHUE BIUSHUSA O0JIee «CTapoil» HHPOopMaluy IPOUCXOUT MEAJIEHHO.

3aBUCUMOCTb, OIpPEACIAONIas BeC HAONIOJACHUS, CAETaHHOTO B MOMEHT
BpeMeHu (t-N), mpu MPUMEHEHNUHU SKCIIOHEHITMATBHOTO CTIIA)KUBAHUS OYyIeT

Bepakathcss B Buae o(l-0)", T.e. Bec Takoro HabmOAEHUS OyHeT
nponopuponaien o(1l-a)" . Ilo manHbIM, npuBeAéHHBEIM B Tabmuue 3.1, mus
OOBIYHO PEKOMEHIYEMBIX 3HAYeHHHA O MOXHO CJIeNaTh 3aKII0YeHHE O
HEOOXOAMMOM YHCIIe HAOIIOICHHUH, UCTIOIB3YyEeMbIX JUIS TPOTHO3A.

Tabmuma 3.1

o a(1-a)"

n=2 n=4 n=8 n=16 n=32 n=64
005 0,04 0,0408 0,0332 0,0220 0,00970 0,00190
0,1 0,081 0,0656 0,0430 0,0185 0,00340 0,00001
02 0,128 0,0820 0,0336 0,0056 0,00016 0

JlonoJHUTENbHBIM  (AKTOPOM, BIMSIOMUM Ha OIIMOKY NPOTHO3a
ABJISIETCS BeJMYMHA MHTepBaja ynpexjaeHus M. JleiicTBUTENbHO, C
YBEJIMYEHUEM OTOI0 HMHTEpBaja AUcCHEpcHUss Bo3pacTaeT. i JIMHEHHOU
MOJIENIM MPOTHO3UPYEMOIO MpoLecca JUCIEPCUI0 IPOrHo3a (IpU AEHCTBUU

aJJTATUBHOM ITOMEXH ) MOYKHO BBIYUCIUTH 10 hopmyrie [18]:

D, =D [L+4B+5B7 +2(1+ 2B —3B?)At+ 2(1 - B*) /A *t]Dy,
t+At (1+ﬂ)3

rae p=1-a; D, - nucnepcusi moMexu.

Hcrmonb3yst OIIEHKH TUCIIEPCUU TTPOTHO3a KaK IO TUCIICPCUU TTIOMEXHU MPH
pa3IUYHBIX UHTEpPBAJIAX YMPEXKICHUS M, MpUBEACHHBIC B Tabmuie 3.2, MOKHO
BBIOpATh BO3MOXKHBIM MHTEPBAN YHPEKICHHS, YIOBICTBOPSIONUN TPeOyeMbIM
MOKAa3aTessIM KauecTBa IIPH ONPEICTICHHBIX 3HAYCHHUSIX .
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Tabmmra 3.2
o Jmuna Ombka
WHTEpBaIa MPOTHO3a
YOpPEKICHUS M
(4ucyo maroB)
1 0,07D,
a=0.05 10 0,2 D,
20 0,53D,
50 2,7 D,
1 0,15 D,
a=0.1 10 0,84 D,
20 4,8 D,
50 20,6 D,
1 0,32 D,
a=0.2 10 0,84 D,
20 10,8 D,
50 62,5 D,

3aMeTHM, 4YTO BCE BBIIICHU3JIOKCHHOC B OCHOBHOM CIIPABEUIMBO TIPU
CTAaOMJIBHOCTH XapakTepa NPOTCKaHWs Tpollecca Ha ydyacTKax HaOMOIEHUS |
ynpexacHus. O01as peKoMeHIaIrs 0 YMEHBIIICHHIO OMMO0K MPOrHO3a IMyTeM
yBEJIIMYCHUSI 00beMa HMCXOJHOTO KOJIMYECTBA TOYEK HAa HMHTEpBAJiC HAOIIOJICHUS,
UCTIOJIB3yeMbIX JIs1 (POPMHpPOBAHMS TPEHIOBON MOJICIIM, a TaKXKe YMEHBIIICHUS
UHTEpBANA YNPEXKIACHUS WIPacT OCOOYH pOJIb B ClIydae HECTAlMOHAPHOTO
XapakTepa U3MEHEHUS JUarHOCTUPYEMBIX TTapaMeTpOB.

[Ipu oTCyTCTBMM TapaHTHH CTAllMOHAPHOCTH BBIOOP BEJIMYUHBI
MO3BOJIIET B KAKOW-TO CTENEHHW YMCEHBIIMTH OIIMOKY MporHo3a. Maioe
3Ha4YeHUE ce oOecrieunBacT B 00IIEeM ciaydae OoJjiee BBICOKYHO TOYHOCTh OIICHKU
K03hPUIMEHTOB TIPU HEM3MEHHOW MOJEIW mpollecca, B TO BpeMs Kak
yBeIM4eHue o  Oyaer  crocoOCTBOBATH  POCTY  CKOPOCTH  pPEaKlUu
MIPOTHO3HUPYIOIIETO TIOJIMHOMA Ha N3MEHEHHUE MOJICITH.

B03MOXHBIM TIyTeM yMEHBIICHHS OMHOOK TPOTHO3a IpHU
HECTAIIMOHAPHOM  XapaKTepe W3MEHEHUS TMPOTHO3HPYEMOro TmapaMeTpa
SIBIIICTCS IPUMEHEHUE METOIOB aJIallTalliy JIsl KOPPEKTUPOBKH 3HaueHui a. [Ipu
peanu3anuu Takoro MoJaxoJa HAaONIOJEHHS 3a NHUArHOCTUPYEMOUW CUCTEMOM
JUIS.  BBIYUCIICHUS TIPOTHO3HBIX 3HAYEHUH KOHTPOJIMPYEMBIX TapamMeTpoOB
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UCIOJIL3YETCSl KOPPEKTUPOBKA BEJTMUYHMHBI 4, MPOU3BOIMMAsi HA OCHOBAaHUU aHAIIM3a
OIIMOKH MPOTHO32 €(n + m), KOTOPYIO MOYKHO TIPE/ICTAaBUTh B BUJIC

— & n
e(n + m)_ u Eln+m) -u (ﬁ)

rae U, - daxrtuyeckoe 3HaueHHe INapaMeTpa B MOMEHT BpPEMEHH,

onpenenasieMbiM (N+M)-M u3MepeHueM, a u?ﬁ)— IPOTHO3UPYEMOE JIJIsi 3TOTrO

MOMEHTa BPEMEHH 3HAa4eHHE KOHTPOJHpYeMOro mapamerpa. s MUHUMU3AIUH
OIIMOKY MPOTHO3A €(n + m ) MOKHO UCIIOJIb30BATh JIFOOOH 13

M3BECTHBIX CHOCOOOB, HANpUMEp, METOJ HAMMEHbIIUX KBaJApaTOB.
CrpykTypHass cxema, TMOSCHSIONIAsl aJalTUBHBIM  METOJ] KOPPEKTHPOBKU
k03 uIreHTa CriiaXuBaHus a, NpuBeieHa Ha puc. 3.1.

NnoBMm
PacyeT NporHo3HbIX 3Ha4eHWA Mpor+Hos
.| koHTponupyembix napameTpos L —
CUCTEMB
)
KoppekTupoBka
koapbruveHTa CpaBHeHue
CrNaXKMBaHUA
Nuhopmauyna | I PeanbHble
o HabnoaeHnax TexHnyeckas 3HaAYEeHUA
cuctema napameTpoB
Puc. 3.1.

HUcnons3oBanue  AOMOJHUTENHHOW  WHPOpPMAIMU O  XapakTepe
W3MEHEHUS MPOTHO3MPYEMOIr0  TapaMeTpa MO3BOJISIET MOBBICHTH
apdekTuBHOCTS mporHosza. B dacTHOoCcTH, uHGOpMAIUA O CHCTEME,
MOJIydeHHasi B pe3yJbTaTe€ HWCIBITAHUN, B MpOIECcCe €€ OHKCIUTyaTalllH,
HakoHell, wuHpopMalus 00 aHajorax KOHTPOJIUPYEMOM CHCTEMBI MO3BOJISIET
npeAnojiaraTb  BO3MOKHBIM ~ XapaKTep HW3MEHEHHH MPOTHO3UPYEMBIX
MapaMeTPOB.
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3.3. PecypcHbie ucribimaHusi

@®akTOpoM, HMEIOMIMM  HUCKIIOYUTENIbHO BaXXHOE 3HAYCHHE TpU
IKCIUTyaTallud TEXHUYECKUX CHCTEM, SBJSIETCA HMX pPECypc, OIEHKa KOTOPOTro
NPOBOIUTCS JMOO B CTEHIOBBIX YCIOBHAX (Ha CTaauM pa3paboTku), Jaubo B
OKCIUTyaTallMOHHBIX ycnoBusiX. Ilocnennee, kak mpaBuiio, IS CHCTEM C
JUTUTETIbHBIMH  CPOKAMH aKTHBHOTO CYIIECTBOBAHHMS MaJl0 MOAXOMUT, TaK Kak
uH(pOpMaIM yCIIeBaeT ycTapeTb, TepseT ee IIeHHOCTh. B 3Toi cBs3u ocoboe
3HaYeHHUE MPUOOPETAIOT YCKOPEHHBIE METO bl UCTIHITAHUI.

MeTo/bl YCKOPEHHBIX PECYpPCHBIX HCHBITAHUN JOJDKHBI 0OecrieunBaTh CBSI3b
YCKOPEHHBIX U SKCILTyaTaIl[MOHHBIX PEKUMOB pabOThl TEXHUUYECKHUX

CUCTEM, IMO3BOJIAIOIIMX AaHAJU3UPOBAaTh IOJYYEHHBIE pE3yJlbTaThl U
NEPeHOCUTh ~ UX  HAa  HOPMaJbHBIE  OKCIUIyaTAal[MOHHBIE  YCIIOBUS.
CymiecTByIOIME METOJbI YCKOPEHHBIX WCIBITAHUNA MOXXHO Pa3leNUTh Ha JIBE
TPYNIIBI: METOABl HUCHBITAHWUA B  (OPCHPOBAHHOM U B  HOPMAJILHOM
AKCIUTYaTalMOHHOM pexkume [ 13].

HcnpiTanusi, MpoOBOJUMBIE B HOPMAJIbHOM HKCIUTyaTallUOHHOM pPEXHME,
OCHOBaHBl Ha DKCTPAMOJISIIMU XapaKTEePUCTUK CIydyailHOro mpoilecca
MOSIBJICHUSI OTKa30B. YCKOPEHHE MPH I3TOM JOCTHUTAETCS 3a CUET OrpaHHYCHUS
BPEMEHU HCIBITAHUN /10 MOMEHTA IOSBJIEHUI OTKAa30B TOJIBKO ONpEAEICHHON
YaCTU OJHOTUIIHBIX TEXHUUYECKUX CHUCTEM WM BBIABICHUS TEHACHUMA U
3aKOHOMEPHOCTEN N3MEHEHUI KOHTPOJIMPYEMBIX TapaMETPOB.

[Ipy mpoBeneHUM YCKOPEHHBIX HCIBITAHUH B (OPCHPOBAHHOM pEKUME
YCKOpPEHHE JIOCTUraeTcss IyTeM IpUMEHEHHUs Oojiee JKECTKUX YCIOBUH
(GYHKIMOHUPOBAHUS IO CPABHEHHUIO C OKCIUIyaTallMOHHBIMH C II€JIbIO
yBEIMYCHUS CKOPOCTH TIPOTEKaHUS BCEX TMPOILECCOB CTapeHUs B
KOHTPOJIMPYEMOW TeXHUYEeCKoW cucteMe. OHAKO ClenyeT UMETh B BHIY, YTO
«KECTKOCTh» PEKUMOB HMEET OTPaHUYCHUS, MPEBBINICHHE KOTOPHIX MOXKET
NPUBOANTH K KAYECTBEHHBIM W3MEHEHUSIM B HCIIBITYeMOW CHCTEME, BKIIIOYast
pazpymienue. Takum o0pa3oM, TTIaBHBIM YCIOBHEM a/ICKBATHOCTU YCKOPEHHBIX U
OKCIUTYaTaIllMOHHBIX ~HMCTIBITAHWN  SBIISIETCS TpeOOBaHWE COBMAJACHUS WU
HE3HAYUTEIBHOTO OTJIMYMS XapakTepa W BHJA, MPOTEKAIOUIMX B HCIBITYEeMOMN
CHCTEME MPOLIECCOB.

MacmtabHpIM =~ mapaMeTpoM,  CBS3BIBAIOIIUM  CKOPOCTH  NPOTEKAHMS

MPOILECCOB B HOPMAJbHBIX YCIOBUAX U TPU YCKOPEHHBIX HCHBITAHUSIX,
aBiseTcss KodQpuipenT yckopenus Ky, moj KOTOpPbIM IOHMMAeTCsl CIEMyIOIIee

cooTHomeHue [31]:

K,==—=2>1
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rne T, - Bpems, 3aTpaueHHOe Ha ToOdy4YeHHE TpedyeMoil nHpopMmanuu
IPU HCTIBITAHUSX B YCIOBHSIX, aHAJIOTWYHBIX HKCILTyaTaIIOHHBIM;

;‘-}_ A

™

)j\”“\-m
Bt
e

?‘“ y«g ? ‘.“ -

Puc.3.2

Ty - Bpems, B TeueHHE KOTOPOro 3Ta MHGOpMAaLMs MMOJIYy4eHAa METOJIOM
YCKOPEHHBIX HcrbITaHuid. CreayeT o0patuTh 0c000€ BHUMAaHKE, YTO KOA(PDUIIUCHT
YCKOpEHHsI B OOLIEM Cllyyae HE MOXKET ObITh MOCTOSHHBIM B TEUEHHE BCETO
WHTEpBAJIA UCIIBITAHUMN, TAK KAK XapaKTep MPOTEKaHUs MPOIIECCOB, B TOM YHCIIE
U UX CKOPOCTb, U3MEHSETCS B 3aBUCUMOCTH OT BPEMEHH, IPOILIEANIETO OT HaJaJla
AKCIUTyaTallly TEXHUYECKON CUCTEMBI.

Jnst  obecriedeHUs]  SKBHUBAJIEHTHOCTH — IPOLIECCOB,  XAPAKTEPU3YIOLIMX
WU3MEHEHHE COCTOSHUS TEXHUYECKOM CHCTEMBI IIPH PA3JIMYHBIX PEKUMAX
ucnbitanni, koddouiment Ky npuOMDKEHHO MOXHO OINpPENEATh, HCHONb3YS
JUCKPETHYIO amnmpokcuMmaruio (pue. 3.2), Mpu KOTOPOW BECh BpPEMEHHOMU
untepsan (To, Ty,) pasousaercs Ha Henepecekarolmecs Bpemennble uarepsansl (T,

T, ), cnenoBaresbHO:
(TOs Tn) = iY:1 (T(i—l) ’ Ti )

B sTOM citydae 1 KakI0ro HHTEpBaia ClpaBeIMBO paBeHCTBRO [31]:
Y,=y,(K,), (38)

KOTOpOE€, CTPOTr0 TOBOps, NPU JAUCKPETHOM ammpoKcUManuu OyneT
coOJIIoaThCs JUIb B Y3JIOBBIX Toukax. B Beipaxkenuu (7.8) Y, - BekTop
napaMeTpoB, XapaKTEPHU3YIOIIUX COCTOSHHE TEeXHWYeCKoi cuctembl; C(t) -
BEKTOp, XapaKTepU3YyIOmUil yckopsiomuid daktop; T u t - Bpewms,
XapaKTepPHU3YIOIIee COOTBETCTBEHHO «MEJICHHBIE» M «OBICTPHIE» TMPOIECChl B
UCTIbITyeMON cucteme. BpIOOp BHIa M TIapamMeTpoOB YCKOPSIFOIIUX BO3ICHCTBUIA,
aHAJIN3 WX BIIMSIHUS HA UCTIBITYEMYIO CUCTEMY HarOoJiee yJI00HO MPOU3BONT, €CITH
VMMEIOTCSL YPABHEHNS1, ONMCHIBAOILINE U3MEHEHUS COCTOSIHUSL CUCTEMbBI BO BPEMEHHU.
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Yckopsitonuit - pakTop  MOXKET  HOCUTh  JICTEPMUHUCTHYECKUN U
CTOXaCTHMYECKUI XapakTep, OKa3blBas BJIMSHHME Ha MPOTEKAIOLIUE B
TEXHUYECKUX CHCTEMax IPOLECChl ITyTEM YBEIWYEHUs MHTEHCHBHOCTH HX
u3MeHeHus. Hampumep, yBelWueHHE CKOPOCTEH JBUXKEHUS TPYIIUXCSA
9JIEMEHTOB TEXHUYECKOM CUCTEMbl NPHUBOJUT K HW3MEHEHUSM HWHTEHCHUBHOCTU
U3HOCA, a TaKXKe MPHUBOAUT M K yBEIWYEHUIO BUOpaimidi. B To ke Bpems Ha
MHTECHCUBHOCTh M3HOCA TPYILUXCS SJIEMEHTOB MOYKHO IOBJIMSTH, YBEIMUYMBAs
CTaTUYECKUE HArpy3kd, HO TIPU ITOM CHIKACTCI YPOBEHb COOCTBEHHBIX
BUOpamuii ©, CJel0BaTeNbHO, (aKTOp, OMPEHENAIOMUNA JUHAMUYECKUE
Harpy3Ku, U3MEHSIETCS B IPOTHUBOIIONIOKHYIO CTOPOHY.

W3 npuBeeHHBIX MPUMEPOB MOXKHO BHJIETh, YTO Ka)KJIO€ BO3ACHUCTBHE, KaK
NpaBWIO, MMEET KOMIUIEKCHBI XapakTep, W3MEHSIONMNA  OJHOBPEMEHHO
UHTECHCUBHOCTH U «OBICTPHIX» (BUOPAIMOHHBIC KOIEOaHHs), M «MEJICHHBIX» (M3HOC
3JIEMEHTOB CHUCTEMBbI) IpoleccoB. Teopernyeckoe OOOCHOBAaHHME YCKOPEHHBIX
UCTIBITAaHUH, ONTUMAJIBHOCTh UX  IPOBEICHHUS, OJHO3HAUHOCTh  aHAJIN3a
MOJTyYEHHBIX PE3YyJIbTaTOB BO3MOXKHO, KaK YK€ OTMEUalOoCh BbILIE, TP HAIMYHUU
ypaBHEHHUH, OMNHUCHIBAIOLINX HW3MEHEHUE TEXHUYECKOrOo COCTOsSHUs. Pemmrthb
3TU 3a/la4ll OKa3bIBAETCSI BO3MOXKHBIM IIPM COBMECTHOM MCCJIEIOBAHUU 3THX
yYpaBHEHHH TpH HAJIMYMU  YCKOpsmomiero Bo3aeiictBus C(f) wu  mpu
9KCIUTyaTalMoHHbIX yenoBusx (C(t)=0).

OpHako B MPaKTHKE PECYPCHBIX MUCTIBITAHUN HAXOAAT IOCTATOYHO ITHPOKOE
NPUMEHEHHE W AMITUPHIECKIE METOBI OrpeieNieHns] Ko3((HUIMEeHTa YCKOPEHHS U
IpPYTUX TapaMeTPOB MOXKET TaKKe OCYIIECTBISTHCA C HCIOIb30BAHHUEM
MOJIeNIe TEXHUYECKUX CHCTEM, HMUTHPYIOUIUX JKCIUTyaTallHOHHBIE YCIOBHS
U pabotry cuctemsl npu ¢opcupyromem Bozaerictuu C(t) [31]. Ho BmomHe
MOHSATHO, YTO TaKOW MOAXOJA TpeOyeT CO3[aHMs JOCTaTOYHO TOYHBIX MOJIENe
U3MEHEHHUS TEXHUUECKOTO COCTOSIHUS CHCTEMBI.
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I'naBa 4. OcHOBHBIE CBeleHUSI 00 HAEHTU(PUKALNHA CUCTEM

4.1. Modenu, murnbl Mmooernel U ux ucrosib3oeaHue

OnHMM W3 TJIaBHBIX 3JIEMEHTOB, HEOOXOAMMBIX IJs1 3()(PEKTUBHOTO pELICHUS
CIIOXHBIX 3a/1ay, SBJISETCS IMOCTPOEHUE M COOTBETCTBYIOIIEE HCIOJIb30BAHHE
Mozenu. Mojenb - mpecTaBieHne 00beKTa WIH CUCTEMBI B HEKOTOpOii dopme,
OTJIMYHOM OT (POPMBI UX PEATBHOTO CYIIIECTBOBAHU.

O4eBHIHO, YTO MOJETM MOTYT NPUHHUMATh CamMyl0 pasHylo ¢GopMy H
3aMKCBIBATHCS C Pa3HOM CTENEHBIO MAaTEMAaTUYECKOM JeTanu3aunu. Beibop Toro
YPOBHSI CIIOKHOCTH, KOTOPBIA JelaeT MOJENb MOJE3HOM, ONpeaesieTcs
IUIAHUPYEMBIM €€ HCIIOJIb30BAHUEM.

B nmnoBcegHeBHOW MpakTHKE IMpu paboTe C CUCTEMAMU  TOJb3YHOTCS
YMO3PUTENbHBIMU (CYOBEKTUBHBIMHU) MOJEISIMU, B KOTOPBIX MAaT€MaTUKU HET
BooOmie. IIpumepamu Takux Mojened MOTYT  CIYXUTb  aJITOPUTMBbI
(YHKIIMOHUPOBAHUS, IPABUJIA YIIPABJICHUS CUCTEMAMH U T.J.

Jlia onmcaHusl CBOWCTB HEKOTOPBIX OOBEKTOB M CHCTEM MOAXOIAT YHUCIIOBBIE
Tabnuipl U (uan) rpaduxu. Takue onucanus 0OBIYHO HA3BIBAIOT TpadUUECKUMU
Mozensamu. Hampumep, JTuHEHHbIE CHUCTEMbl aBTOMAaTUYECKOI'O YIPABICHUS
(CAY) wmoryr OBITh NpPEACTAaBICHbBl CBOMMHU HWMIYJbCHBIMU PEaKUUAMH,
peakuMsIMM Ha E€IWHUYHBIM CKAYOK WJIM YaCTOTHBIMH XapaKTEPUCTUKAMHU.
CootBeTcTBytoUME rpaduuecKkre MpeaCTaBICHUS MIMPOKO UCHOJIB3YIOTCS TpH
IIPOEKTUPOBAHMM U uccienoBanun CAY.

B Oonee ClIOKHBIX NPHUIIOKEHUSX HCHOJIB3YIOTCS MaTEMaTUYECKUE MOJENH, B
KOTOPBIX COOTHOILIEHUS, OMUCHIBAIOUINE CBSI3U MEXKAY MEPEMEHHBIMU OOBEKTa,
3aJ1al0TCSl B BUJE OIPENENICHHbIX ypaBHEeHM. [lo3TOMy Takue moxaenn wWHOrAa
Ha3bIBAIOT  AHAIUTUYECKMMH  MOJEISIMH.  MaTremaTH4yecKkue  MOJENIH
OpeICTaBISIIOT  co00il  (opManM3oBaHHBIE MAaTeMaTUYECKHE  ONMCaHuf,
OTpakalliue ¢ TpeOyeMOol TOYHOCTBbIO MPOIECCHl, MPOUCXONSALINE B
ucciaenyeMomM oOBekTe. MareMaThyecKhe MOJENH MOTYT OBITh CHAO0MKEHBI
HAOOpPOM  MOSICHSIOUIMX  MpWIaraTelibHbIX  (JMHEHWHbIE,  HEJIMHEHHbIE,
JMCKPETHBIE, HENpPEpPbIBHbIE, AETEPMUHUPOBAHHBIE, CTOXAaCTUYECKHE U T.1.) B
3aBUCUMOCTH OT THIA UCCIIETyEMbIX YPaBHEHUIA.

B nponecce MalMHHOTO MOJEIUPOBAHUS MOJENbI0 CHUCTEMBI SIBIISETCS
nporpamma 1 OBM. Ilporpamma, KOTOpOM ONKCHIBAETCA ITOBEICHHE
CIIOXKHBIX  CHUCTEM,  MOXET  NPEACTaBlIATbh  COOOW  COBOKYIHOCTb
B3aMMOJICUCTBYIOIIUX MEXIY COOOM MOAIpOrpaMm M MPOCMOTPOBBIX TAOIUI.
dopMaiM3anysl TAKOM COBOKYIIHOCTH B BHMAE HEKOTOPOW MAaTeMaTUYECKOU
MOJIEIA ~ MOXET  OKa3aTbCs  TpyAHOpa3pemmmon  3ajmauend.  Takwue
KOMIBIOTEPU30BaHHbIE MPEJACTABICHUS Ha3bIBAIOT MPOTPAMMHBIMHU (MU
MAaIIMHHBIMH) MOJENIAMU. Takue MOJIETN B HACTOSILEE BPEMs UTPAIOT OOJIBIIYIO
POJIb B MPOLIECCE MPUHATHS ONITUMAJIBHBIX PEILIEHUH B CIIOKHBIX CUCTEMAX.
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Mopenu MOXHO KiIacCU(PUIIMPOBATh Pa3IMUHBIMU crioco0amu. OHAKO HU OJHMH
U3 HUX HE SIBJSIETCS MOJHOCTHIO YIOBJIETBOPUTEIBHBIM, XOTS KaXAbIA U3 HUX
CIIYUT OMpENICICHHON 1eNd. YKa)keM HEKOTOpbIE THIOBBIE albTEpHATHUBHBIC
IPYIIBI MOJIEJICH:

- ¢pusudeckue (HaTypHbIE) U MaTeMaTUUeCKHe (CHMBOJIBHBIC);

- CTaTUYECKHUE U TUHAMUYECKHUE;

- IETEPMUHUPOBAHHBIC U CTOXACTUYECKHUE;

- TUCKPETHBIE ¥ HETIPECPHIBHBIC,

- IMHEUHbIC U HEINHEHHBIC,

- COCPEIOTOYCHHBIC U PACTIPEICIICHHBIC;

- CTallMOHAPHBIC U HECTAITMOHAPHEIE.

OU3NYECKUMHU MOJEISIMHU SIBJISIOTCS MOJICNIH, B KOTOPBIX CBOMCTBA PEaNbHOTO
00BEKTa TMPEACTABISAIOTCS CBOWCTBOM TaKOro e OOBeKTa (Makera) WM
HEKOTOPBIM JPYTHMM CBOMCTBOM aHAJIOTMYHOTO IO MOBEJICHUIO O0BEKTA.

K Marematnyeckum MOJAENSAM OTHOCATCS T€, B KOTOPBIX JUISI MPEACTABICHUS
poliecca UCIONIb3YIOTCS CUMBOJIBI, a HE (PU3UYECKUE YCTPOICTBA.
MareMaTuyeckyro MOJIeIb MOXKHO MPEACTaBUTh B BHJIE MHOXECTBA BEJIMYUH,
OTHCHIBAIONINX MPOIIeCC PYHKITMOHUPOBAHUS PEATHLHOTO O0BEKTA:

a) COBOKYITHOCTh YIIPABJISIEMbIX BXOJHBIX BO3/IEUCTBUM Ha OOBEKT

w, €0 i= Ladie) = (u)(£),50, (2),.. 1, (2D,
0) COBOKYITHOCTh HEYIIPABIISIEMbIX BXOAHBIX BO3JIEHCTBUN
z, €Z,i=LmZ(t) = (20,2, (), 2, ()
B) COBOKYITHOCTh BHYTPEHHUX (COOCTBEHHBIX ) TApaMeTPOB 00BEKTa
X, €Xi= 1R = (2 (0, %, @), x, (),
') COBOKYITHOCTb BBIXOJHBIX XapAKTEPUCTUK 00BEKTa (TIEPEMEHHBIX COCTOSHUSA )
¥ eXi= L_f;f(ﬂ = (8.0, (8), L u (81,
CtpykTypa MoAenpyeMoro o0beKTa UMeeT BUI MPEICTaBICHHBIN Ha puc. 4.1

it

e —— =
N e )

At

Puc. 4.1

BXOI[HBIC NCPEMCHHBIC %Xz ABJIIAKOTCA HE3aBUCUMBIMU (3K30F€HHBIMI/I), a
BBIXOJHBIC - 3aBUCUMBIMHU (3HHOFCHHBIMH) NCPEMCHHBIMMU.
ITporiecc (GYHKIIMOHUPOBAHUS OOBEKTA OMUCHIBAETCS BO BPEMEHH OIEPATOPOM
F, KoTOpHIi TpeoOpasyeT He3aBUCHMBIE TIEPEMEHHBIC B 3aBHCHMBIE

Vi = FiX & .2,8) (41)

COBOKYIHOCTB 3aBUCHUMOCTEHN BBIXOJHBIX XapaKTEPUCTHK 0OBEKTA OT BPEMEHU

8, =11, o o w
7t HA3BIBACTCS BHIXOHOM TpaekTopueit ¥
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3aBucumocts (1.1) Ha3bIBaeTcs 3aKOHOM (YHKIMOHHpPOBaHHS OO0bekTa. B
oO1ieM citydae 3aKOH (PyHKIIMOHMPOBAHUSI 00BEKTa MOXKET ObITh 3aJlaH B BUJIC
byHKuMKd, QYHKIUOHANIA, JIOTMYECKUX YCJIOBUH, B aJITOPUTMUYECKOH H
TaOIMYHOM (hopMax MM B BUJE CIIOBECHOTO MTpaBujla COOTBETCTBUS.
Becbma BaxHBIM JUIsI ONKUCAHUSI U UCCIENOBAHUS OOBEKTA SIBISICTCS MOHATHE
ajIropuTtMa  (PyHKIMOHMPOBAHMSA, T110J] KOTOPHIM TOHUMAETCA METOJ
IOyYCHHS] BBIXOAHBIX XAPAKTEPHCTHK )¢ y4eTOM BXOIHBIX BO3IEHCTBHIL
€i1), X(L).20)
Od4eBUHO, YTO OAWH M TOT K€ 3aKOH (PYHKIITMOHMPOBAHHUSI MOXKET OBIThH
peann30BaH Pa3IUYHBIMU CIIOCOOAMH, T.€. C MOMOIIBI0 MHOKECTBA PA3TUYHBIX
AITOPUTMOB (DYHKITMOHHPOBAHHUS.
CootHomenust (1.1) dBISIOTCA MaTeMaTUYECKUM ONUCAHUEM TOBEICHUS
00BEKTa MOJICTUPOBAHUS BO BPEMEHH t, T.€. OTPaXKAIOT €ro JUHAMUYECKHE
cBoiictBa. [loaTOMy MaremaTHuecKue MOJEIU TaKOTO BHJIa HA3bIBAIOTCA
ounamuueckumu. OHU ONNCHIBAIOT H3MEHEHHUS IapaMeTPOB BO BPEMEHU,
HaIpumep:

T _ 1@, 70,20,50) 2
HNnxeHnepy O4eHb YaCTO MPUXOAMUTCS CTAIKUBATHCS C TAKUMH MOJEISMHU TIPU
pa3paboTKe HOBBIX TEXHOJOTHYECKHX IMPOILIECCOB, M3EIHMA, CPEACTB U CUCTEM
aBTOMATUYECKOTO ympaBlieHUs. B cymHocTu, mobas 3aada MpOSKTUPOBAHUS,
CBSI3aHHAS C PACYETOM MOTOKOB YHEPTHH WM JBUKCHHS Tell, B KOHEYHOM CUETE
CBOJMTCS K PELICHUIO MU PepeHIINaIbHBIX YPaBHEHUN.
Cmamuueckue MOZCTY OTHMCHIBAIOT MPOIECCHI, HE M3MEHSIOINECS BO BpEMEHH,
T.€. MOBEICHNE 00BEKTa B yCTAHOBUBIIMXCS PEKUMAX

¥=Ffi(x.&2) (43)

Cratrueckue MOJIEIH UCTIONIB3YIOT, KaK MPaBUiIO0, IPU MPOEKTHONW ONTUMU3AIINH
oO0BEKTA.
OObIlYHO JMHAMUYECKas MoOJeNb 3adaercs B Buae auddepeHnnanabHbIX
ypaBHEHUH, a CTaTUYECKas - B BUJIC alIreOpandecKux WM TPAHCIEHICHTHBIX.
Mopnenu, y KOTOpBIX CYIIECTBYET KECTKas CBSI3b MEXIy IEePEMEHHBIMH,
Ha3bIBAIOT OJemepMUuHuUposannvimu. Takue MOJENIN HE COJAepKaT CIydyalHBIX
(GakTOpOB M 3HAYEHHUS BBIXOJHBIX TMEPEMEHHBIX OJHO3HAYHO OMPENEISIOTCS
3HAYCHUSMH BXOIHBIX TIEPEMCHHBIX.
Cmoxacmuueckana  (BEepOSTHOCTHAs)  MOJENb  OTpakaeT  BO3JCHCTBHE
CIy4JaiHbeIX  (akTopoB. IloaToMy MeXAy BXOIHBIMH W  BBIXOJHBIMH
NIePEMEHHBIMU CYIIECTBYET HE (dyHKIIMOHATBHAS 3aBHCUMOCTb
(meTepMUHUpPOBAaHHAs MOENb), a BepOATHOCTHas. OOBIYHO TIEPEMEHHbIC
COCTOSIHHSI OOBEKTa OLIEHWBAIOTCS B TEPMUHAX MAaTEMaTHYECKOTO OXKHIIAHUS, a
BXOJIHBIE BO3/ICHCTBUSA - BEPOSITHOCTHBIMU 3aKOHAMH PACTIPEIACIICHHUS.
Henpepoienan Mojenb ONWCHIBAET HEMPEPHIBHBIE HW3MEHEHHUS MEePEMEHHBIX
00BEKTa B TCUEHUH OMPEICTICHHOTO MPOMEXKYTKA BPEMEHH, HAIPUMED:
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d
% = flu(e), x (@), 2(2). p(e)). 8 SE =ty

ﬂucxpemuaﬂ MOJCJIb OIIMCBIBACT 3aBUCUMOCTL MCKIY IICPCMCHHBIMU 00BeKTa

B JIMCKPETHBIC MOMEHTHI BPEMEHH, HAIPHMEp: I 7 - Hadaio j-0if cTaauu

MOJICTUPOBaHUsL OOBEKTA; Lin- ee KOHEII, T.€. COCTOSIHUE OOBEKTa B MOMCHT
BpPEMEHU Ein OIpeaeasaeTCd M0 U3BECTHOMY €ro COCTOSHUIO B MOMEHT L npu

YCJIOBHH, YTO ulty ) 28;), x(f'j)I/BBeCTHBI M OCTAIOTCA ITIOCTOSIHHBIMU.

Y numneitnoi Moaeny CylmecTBYeT NPONOPUUOHAIBHAS CBS3b MEX/Y BXOJIHBIMU
Y BBIXOJIHBIMU IIEPEMEHHBIMU. MOJI€II1, HE YIOBJIETBOPSIOIINE ITOMY YCIOBHIO,
SABJISIFOTCS. HEJIUHECUHbIMU.

Jlunamuyeckast MOJIeNb, KOTOpasi OMKUCHIBAET U3MEHEHUE NEPEMEHHBIX 00bEKTa
TOJBKO  BO  BPEMEHM,  HA3bIBACTCA  JUHAMUYECKOM  MOJEIBI0  C
cocpeoomoueHHbIMuU TIapaMeTpaMu (MCKOMasl BEJIMYMHA 3aBUCUT TOJIBKO OT
OJTHOM MEePEeMEHHOI).

DOTH MOJIETU COJIEPkAT OJIHY WJIM HECKOJIBKO MPOU3BOJIHBIX OT IEPEMEHHBIX
cocrostams Y& u MPEACTABISIOT co00M OOBIKHOBEHHBIE AU epeHIInaIbHbIe
ypaBHEHUs. MIX MOXHO 3amucaTh B BUJE:

F (e, x(6),u(e), 2(2).0(8),0'(8),.. .y =0 (4.4)

[TonHast Matemaruyeckass MOAENb HapsaAy ¢ AU(PepeHInaIbHBIM YPaBHEHHEM
(1.4) mpm pemieHMM TMNPAKTHYECKUX 3aad COAECPKUT TaKXKE HEKOTOphIE
JOTIOJTHUTENbHBIE YCIOBHS (HAIpUMEp, 3HAYEHUS MCKOMBIX MEPEMEHHBIX Y) B
HavanbHBIA MOMEHT BpeMeHH 10, Ha3bIBaeMBIMU HAYAbHBIMU YCOGUAMU.

(i) = o. ¥ () =V, J’n_” (£g) = .J"rll.':lx_l:l'
Bo MHOruxX npakTMuecKux 3ajadyax MCKOMas BEJIMYMHA 3aBUCUT OT HECKOJIBKUX
IIEpEMEHHBIX. B 3TOM cilyyae MareMaThyeckas MOJENb COJEPKUT YacTHBIE
IIPOU3BOJIHBIE U HA3BIBACTCA MOOE/IbIO C PACHPEOEEHHBIMU NAPDAMEMPAMU.
Ecnu onHOM U3 HE3aBUCHUMBIX IEPEMEHHBIX SIBISETCS BpeMs t, TO Takask MOJEb
JaeT ONMMCaHWEe JMHAMHUKHU Tpolecca Kak BO BPEMEHHU, TaK U B MPOCTPAHCTBE.
[TonHast MaTeMaTuyeckas MOJENb COAEPKUT NUPPepeHInaIbHOE YpaBHEHUE B
YaCTHBIX TMPOM3BOJHBIX, HAauyaJbHbIE YCIOBUS W TPAHUYHBIE YCJIOBHS €CIU
MaTeMaTU4yeckass MOJelb OINpeAelieHa B OrPAaHUYEHHOM MPOCTPAHCTBE.
[IpumMepoM TakoW MOJENIH MOXET CIYXUTh MOJENb TEIJIONPOBOJAHOCTU WM
nuddy3un (mapadboamvyecKoe ypaBHEHUE):

yex) _ , Iex)

2
Fi &ax , ( 45)

re y - mapameTp COCTOsHHUS (Temieparypa WM KOHLIEHTpauus); t - Bpems;
X - MPOCTPAHCTBEHHAs KOOpJWHATA (TOJIIMHA MaTepuala); a - KOHCTaHTa, Ipu
3a/JaHHBIX HAYaJIbHBIX U TPAHUYHBIX YCIOBUSX.

B Hacrosiee BpeMsi TpyJIHO Ha3BaTh OOJACTh YEJIOBEUYECKOM NESITEIBLHOCTH, B
KOTOPOM B TOM WMJIM MHOM CTEMEHW HE UCIOJIb30BAIKMCH Obl MOJETH M METOIbI
MojaenupoBaHusi. OCOOEHHO 3TO OTHOCHUTCS K cepe YIpaBIeHUS Pa3IAYHBIMU
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CUCTEMAaMH, TJ€ OCHOBHBIMM SIBJIIFOTCS MPOLECCHl MPUHATUS PELIEHUH Ha
OCHOBE MOJy4aeMoi HH(pOpMaLuu.

Wnes npencraBieHns 00bEKTa WM CUCTEMBI IIPU IOMOIIM MOJIENIN HOCUT CTOJb
o0IMi XapakTep, YTO JaTh IMOJIHYIO KJIACCU(PUKALMIO BCEX (PYHKUIHMA MOJEIH
3aTpyIHUTEIBHO. MOKHO IPUBECTH, IO KpalHEN Mepe, CIEAYIOINUE OCHOBAHUSA
o0acT NIPUMEHEHUSI MOJIENIEN B UHKEHEPHOU NMPAKTUKE:

- YOPaBIEHUE  CIOXKHBIMM OOBEKTAMM U  CUCTEMaMHM  (TEXHUYECKUMH,
SKOHOMHUYECKUMU, COLIMAIIBHBIMU U T.JI.);

- IPOEKTUPOBAHNE TEXHUUYECKUX OOBEKTOB U CUCTEM;

- IPOTHO3UPOBAHUE U JUATHOCTHKA C UCIIOJIb30BAHUEM MOJIETH O0BEKTa;

- CO3JlaHuE CPEACTB OOYUCHHUS U TPEHAXKa,;

- IOCTAaHOBKA YMCJIEHHBIX IKCIIEPUMEHTOB HA UMUTALMOHHOW MOJEIIH OOBEKTA.
MareMaTtnyeckoe MOJIEIMPOBAHUE  SIBISIETCS COCTAaBHOM  YacThIO  BCEX
TEXHUYECKUX U €CTECTBEHHO - HAYYHBIX IUCLUILINH. J[eMCTBUTEIBHO, OCHOBHAs
3ajjaya TEXHUKH 3aKI0YaeTcs B TOM, YTOOBI, HCHOJb3ysl MAaT€MaTUYECKYIO
MOJIEJIb, HAUTH XOpOUIEE MPOEKTHO-KOHCTPYKTOPCKOE PELIECHUE, ONTUMAIBHOE
ynpaBjieHUe 00BbEKTaMH, HAaWIy4lllee pacHpeesIeHue peCcypcoB, ONTUMAIbHbBIN
IUIaH MPOU3BOJCTBA U T.A.

MareMaTuyeckue MOJENN SBJBIFOTCA TAaKXE MOLIHBIM HHCTPYMEHTAJIBHBIM
CPEICTBOM PELICHMS 3a7a4 MMHUTALMOHHOIO MOJEIIMPOBAHUS U IPEICKA3aHUS
(MpOTrHO3UPOBAHUS) TMOBEICHUS MOJEIUPYEMBIX OOBEKTOB MPHU PA3THYHBIX
CUTYyallHsIX, KOTOPbIE€ YacTO BO3HHUKAIOT HE TOJBKO B TEXHUKE, HO U B
PKOHOMMKE, 3KOJIOTUU, OUOJIOTUH U IPYTUX 00JIacTAX 3HaHUSA. Mojeny MUpOKo
NPUMEHSIOTCS B KaUYECTBE CPEACTB NPO(HECCHOHATBHOM MOATOTOBKU U O0yUEHHUS
JIML, KOTOPbIE TOJHKHBI YMETh CIPABISTHCSA C BCEBO3MOXKHBIMU CITYyYailHOCTSIMU
0 BO3HHUKHOBCHHS PEAIBHOW KPUTHYECKOM cuTyaruu. IIHpOKO H3BECTHBI
TaK1e NPUMEHEHUS MOJEJIEH, KaK HATypHbIE MAKEThl MM MOJEIN KOCMUYECKUX
JIETaTEeNIbHBIX AaNNapaTroB, HCHOJIb3yeMble JUIsI TPEHUPOBKH KOCMOHABTOB,
TpeHaXxkepbl [JUIsi OOydeHHs BOJIUTENEW, JeJOBbIe UIPbl i1 OOy4YeHUs
NIEPCOHAJIA, IPUHUMAIOLIETO PEIICHNU.

[IpumeHeHne Moeneil Mo3BOJIsET NPOBOAUTE KOHTPOIUPYEMBIE IKCIIEPUMEHTHI
B CHUTyallUsiX, KOrja OJKCIEPUMEHTUPOBAHME Ha pPEAJbHBIX O0OBEKTaX
IPAKTUYECKU HEBO3MOXHO MJIM HSKOHOMHUYECKH HeuenecooOpasHo. [lpu
HKCIIEPUMEHTHPOBAHUU C MOJIEIIBIO CJI0KHOW CHCTEMBI MBI 4aCTO MOKEM Y3HATh
OoJpIIE O €€ BHYTPEHHMX B3aMMOJEHCTBYIOIIMX (DaKTOpax, 4YeM MOTJIU Obl
y3HaTh, MPOBEAS HKCIEPUMEHTHI C pPEATbHOH CHUCTEMOH. DTO CTaHOBUTCS
BO3MOXHBIM OJlarojiapsi HabJII01aeMOCTH MEPEMEHHBIX CTPYKTYPHBIX 3J1€MEHTOB
MoJieNd, Oyaroapsi TOMy, YTO Mbl MOKEM KOHTPOJIMPOBATH €€ MOBEICHUE TPU
Pa3IMYHBIX BHEITHUX BO3ACHCTBUSAX, JIETKO U3MEHSTH €€ MapaMeTphl.
Pe3toMupysi W3J10KEHHOE BBIIIE, OTMETHM, YTO MOJEIb MOXET CIYKHUTh IS
JOCTIDKCHMSI OJHOM W3 JBYX OCHOBHBIX II€JIeH: OO OmMucaTeIbHOM, eclu
MOJIEINIb CIYKUT JUIsl OOBSICHEHUS U (MJIM) JTy4Iero MOHUMaHus 00bEKTa, JIM0O
OpeINuChIBaloOIIel, KOrja MOJAeNb TMO3BOJSIET MpeAcka3atb W (Win)
BOCIIPOM3BECTH XapPaKTEPUCTUKU O0BEKTa, OMPEESIOUINE €T0 MOBEACHHUE.
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4.2. MdeHmubukayusi Kak Mmemod rnocmpoeHusi Mmooesneu

[TocTtpoenne mojeneil onupaercss B OCHOBHOM Ha JaHHbIE HaOIIOJCHUM.
CymectByer nBa cmocoba (a Takke HX KOMOMHammu) (HOpMHUpPOBAHUS
MaTeMaTHYECKUX MOJEIIEH.

B nepBom crniocobe uccnenyemas cuctemMa pacuieHseTCsl Ha TaKUe MOJICUCTEMBI,
CBOMCTBa KOTOPBIX OYEBUIHBI U3 paHee HAKOIUIEHHOro omnseita. Ilo cymiecTy,
3TO 03HAYAET, YTO Mbl ONMPACMCS Ha M3BECTHBIC 3aKOHBI IIPUPOABI U APYIHE
HAJCKHBIE  COOTHOILICHHs, OCHOBAaHHBIE HAa  pPAaHEE  IPOBEICHHBIX
DKCIIEPUMEHTAJIBHBIX  MCClIeIOoBaHUAX.  DopMallbHOE  MaTeMaTH4ECKOE
00BEIMHEHNE ATUX IOJCUCTEM CTAHOBUTCS MOJENBIO BCEl cucreMbl. Takoil
IIOJIXOJ  HA3bIBACTCS MOJEIMPOBAHUEM WJIM AHAIUTUYECKHUM  METOJOM
NOCTpoeHUus1 Mojieniell. B ero pamMkax nposeJeHre HATYPHOI'O IKCIIEPUMEHTA
He o00s3aTesibHO. KOHKpETHBIM BHJI NPOLEAYPHl MOJEIUPOBAHUS CHIIBHO
3aBUCUT OT MPUKIATHON 3aadyd M YacTO OIpPEAENAeTCS TPaJuLIUOHHBIMH U
cnenu(UUEeCKUMHU CpPEACTBAMU M3 PAcCMaTpUBAEMOM MPUKIATHON 00JacTu.
OCHOBHOI IpHEM CBOAMTCS K CTPYKTypU3aLUU Ipoliecca B BUJIE OJOK-CXEMBI,
OJIOKM KOTOpOM cocTosIT U3 ©Oojiee mpocThix 3nemeHTOB. [Ipormece
BOCCTAHOBJICHUS] CUCTEMBI IO ATUM MPOCTHIM OJIOKaM Yalle BCETO BBINOJIHAETCA
¢ noMoIbo O9BM u IpUBOANUT HE K MAaTEMAaTUYECKOM, 4 K MAIIMHHOM MOJEJIN
CHCTEMBI.

B npyrom cnocobe mocTpoeHHs MOAENEH HENOCPEICTBEHHO HCIOJB3YIOTCS
JKCIIEpUMEHTAJIbHBIE JaHHbIE. B 3TOM ciydae BeAE€TCsS perucrpauusi BXOJHBIX U
BBIXO/IHBIX CHUTHAJIOB CHUCTEMbI, W MOJelb (opMHupyeTcs B pe3yJbTaTe
00pabOTKM  COOTBETCTBYIOIIIMX  JAHHBIX. OJTOT  CIOCOO  Ha3bIBaeTCA
uaeHTuGuKamein.

3agauya uaeHTuukanmu. 3agaya  uaeHTHUPUKaUMKU  popmynupyercs
clenyomuM o0pa3oM: MO pe3yJibTaraM HaOMIOJEHU 3a BXOAHBIMU H
BBIXOJIHBIMHU TE€PEMEHHBIMU O0BEKTAa MOCTPOUTH ONTUMAJIBHYIO B HEKOTOPOM
cMbIciie ero Mojenb. [Ipu 3TOM OOBEKT HAXOJUTCS B HOPMAIIBHOM DPEXHME
(GyHKUHOHUPOBaHUS (T. €. B OOCTAHOBKE CIy4alHBIX BO3MYILICHHA M MOMEX).
WupiMu  crioBaMu, eciii OOBEKT OMNHUCHIBAETCSI HEKOTOPHIM HEU3BECTHBIM

orepatopoM i, To MMest U3MEpPEHHBIE 3HAYEHMs BXOJIa ¥ BHIX0Ja HEOOXOIHMO
MOCTPOUTH OLICHKY F oreparopa o0beKTa, ONTUMAJIBLHYIO B CMBICIIE HEKOTOPOTO
KpUTEpUs.

Puc.4.2 nnmoctpupyer

3 ¥ B3aHMMOJICHCTBHEC
Cpena Obbexr My Cpena UaeHTUPUIIPYyeMOro 00BEKTa CO
cpenor.  OTO  B3aUMOJACHCTBHUE
IPOUCXOAUT 1o KaHanaM K u F. Io
Parc. 1.5 KaHajxy X cpena BO3JEHCTBYeT Ha

00BEKT, a 10 KaHaly I O0BEKT
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BO3JICHCTBYET Ha Cpemy. 3agada WACHTH(PUKAIUHA CBOJUTCA K OIMPEACIICHUIO
orepaTopa MOJAEIHN F , CBA3BIBAIOIIETO BXO/ U BBIXO/ 00BEKTa

F=F(X) (4.6)

Tak kak 4acTo OTCYTCTBYET MOJEIb CPE/Ibl, BO3ACHCTBYIOIIEN HA OOBEKT, TO €T0

BXOJI €CTECTBEHHO PACCMATPHMBATh KaK CIIy4aliHyI0 (yHKIMIO BpeMeHH < = 4 (£)
, CTAaTUCTUYECKHE CBOMCTBa KOTOpPOW B 00IIEM ciydae Heu3BecTHbl. OJIHAKO

M3BECTHBI HAOJFOICHHS BXO/Ia M BBIX0Ja 00BEKTa, T.¢. peanu3anuu QyHKuuin X

(¢2)u T(). Ha 0ObEKT MOIYT BO3JEHCTBOBATh HeHaOMogaeMble (HakTopsl (&)
KOTOPBIE PACCMATPHUBAIOTCS KaK CIydaliHBIE TIOMEXH.

[lycth Z1--:*x— HAOMIOAEHUS BXOJa O0BEKTa, a F1:--:Y»— COOTBETCTBYIOIIUE
UM HaOJIIOJICHUS €r0 BBIXOJa B JTUCKPETHBIE MOMEHTBI BPEMEHH %1:i2:-:fx . DTH

HAOJIOCHHS CBA3aHbl HEM3BECTHBIM ONEPAaTOpoM oObekTa i, T.e. i = fHil%)

(=L 3amaua UACHTUDUKAIIMKY  3aKJII0YAaeTCsl B IOCTPOCHHM (CHHTE3E)
MOJIEIIBHOTO OTeparopa F, T.e. B MOJYYCHUHU OLICHKU & 10 HAOMIOACHUAM *i-Y;

B JUCKPETHBIC MOMEHTHI BpeMeHH % (B o0mieM ciydae peanusarmn Xi(t),yi(t)—
HEIPEPHIBHBI).

Takum o6pa3zoM, uaeHTUPUKAIUSA — 3TO CHUHTE3 ONTHUMAJIBLHOIO MOJEJIBHOTO
ormeparopa F uUCCleIyeMoro oO0BbeKTa C HCIOJIb30BAHHEM PE3YJIBTATOB
HaOJII0/ICHH 32 €r0 BXOJIHBIMU U BBIXOJAHBIMU TIEPEMEHHBIMH.

Knaccuduxanuss BuaoB wujaeHTUdUKaUu. B COOTBETCTBUU C COBPEMEHHOI
TEOpUEH MOXKHO MPEIJIOKHUTh  CIACAYIONIYyI0  KjiacCU(UKAIMIO  BUIOB
UIeHTH(PUKAITIN:

1) Mo KOHEYHOMY pe3yJIbTATy UACHTHU(PUKAIINN:

— CTPYKTYypHas;

— MapaMeTpuyecKas;

2) o cnoco0y n3y4yeHus 00beKTa UACHTU(PUKAIINN:

— aKTUBHaS;

— MacCUBHa;

3) o Tunmy uAECHTU(PULUUPYEMOU MOEIIH:

— JIMHEHHas U HEJIUHEWHAs,

— JIETEpMUHUPOBAHHAS U CTOXACTUYECKAs;

— C HETMIPEPBHIBHBIM U JUCKPETHBIM BPEMEHEM;

— CTallMOHApHAs U HECTallMOHApHAS;

— OJIHOMEpPHAasi U MHOTOMEpHas;

— CTaTU4ecKasi U JUHAMHYECKas;

— C COCPEIOTOYEHHBIMU U paclpeAeIEHHBIMU TapaMeTPaMH.

VYenex uaeHTUPUKAUU 00bEKTa CYIECTBEHHO 3aBUCUT OT COOTHOIICHHS JBYX
dakTopoB: oOBeMa anmpHOPHON HHGPOPMAIIUU O CTPYKType O0OBEeKTa U oOBheMa
U3MEpUTENTHLHON HH(pOpMaIMu. ATNpPUOPHBIC CBEJACHUS TOMOTAIOT OINPEICIUTh
CTPYKTYpY MOJENH, T.€. €€ BUJ (YUCIO BXOJOB M BBIXOJIOB, XapaKTEp CBS3H
MEXJy HUMH). OTy TpOIEAYpy HaA3bIBAIOT HACHTU(DUKAIMEH B MIUPOKOM
CMBICIIE, WM CTPYKTYPHOM UACHTU(PUKALIMEH.
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IIpu cTpyKkTypHOH HAeHTH(UKALMM 00bEeM anpuopHONW HHPOpMAIH 00
o0BekTe BecbMa orpannyeH. [103ToMy HEOOX0IMMO PEIINTh CIAEAYIOLIUE 3a0aUu

- BBIJICJICHHE O0BEKTa U3 CPE/IbI;
- 3aJ]aHKE Kj1acca Mojeen (cM. 1.3 kiaccudukaium);
- OTpe/IeJIieHrEe XapaKTepa CBSA3H MEXKIY BXOJIOM U BBIXOJIOM MOJIEIH 00BEKTa;
- OTpeJieieHrEe PallMOHAIBHOTO YK CiIa TH)OPMATUBHBIX IMEPEMEHHBIX (BXOJI0B U
BBIXOJIOB O0OBEKTA), YUUTHIBAEMBIX B MOJIEIIH;
- OIpeIesieHne BO3MOKHOCTH TIPEICTABICHUSI MOJCIH C TPEOyeMOW TOYHOCTHIO
B KJIaCcCE JIMHEHHBIX OMEPaTOPOB U JAPYTHE.
CtpykTypa Moaenu emé He caMa MOJENb, M JJIA ONPECIICHHs €€ TapaMeTPOB
HEOOXOMMO pacrojiaraTh M3MEPEHUSMHU. 3aady OMpeaesICHUs IapaMeTpoB
MOJIENTA TI0 HAOJIOACHUSIM PabOThl 00BEKTa MPHU 3aJaHHOW CTPYKTYPE MOICIH
Ha3bIBAIOT HWJCHTU(UKAIMEH B Y3KOM CMBICIE MM IapaMeTPpUUYECKOM
uaeHTugukanueii. Hanmpumep, n3BecTHa cuctemMa yYpaBHEHHUH, ONKMCHIBAIOIIAS
HEKOTOpbI 00BekT. HeoOxomumo omnpenenuTh TONBKO KOIPPUIIUEHTHI
YPaBHEHUM.

IIpu akTMBHOM cnocode uaeHTHPUKAIMHA

\_Z)(ﬁ' o) peanmzanus BXojga - ) popMupyeTcs caMum
x(£) Q6L eET HCClIeIoBaTeNIeM IyTeM I0JIadl Ha BXOJ
B, 00bEKTa UCIBITATEILHOIO CUTHAJIA JKEeJIaeMOM
dbopmbI (ckaukooOpa3zHOro CUTHAJA,
AH MMIIYJIbCHOTO CHUTHAQJIa, CHUTHAJIA B BUJIE
TrapMOHHYECKHX, IPSIMOYTOJIBHBIX,
| ) TpaneneuJaIbHbIX, TPEYTOIbHBIX Kone6alim?1
Mc}fﬁ”b u 7ap.). Peammusanmeii Bbixona oObekra < (2)
SBIIICTCS €r0 peaklus Ha HCIBITATeIbHBINA
curHai. [Ipm 3TOM B COBpPEMEHHOW TEOpHUU
e 1. 3 UACHTU(OUKAIIMA  [MAPOKO  MPUMCHSIOTCS
METOJbI  ONTHMAJBHOIO  IUIAHUPOBAHHUS
IKCIIEPUMECHTA.

IIpu maccuBHOM cmoco0e MIACHTH(HMKAIMM B KAa4eCTBE pealn3alvid BXOJa

Xy meixoma (&) oObexTa IPUHUMAIOT €CTECTBEHHBIE MX W3MEHEHHS B
MPOIIeCcCe HOPMAIBHOTO (PYHKITMOHUPOBAHUS OOBEKTA.

Kpurepuu kadecrBa uaeHrupuxkanuu. OopMupoBaHre KpUTEPUS KAyeCTBa,
XapaKTEPHU3YIOIIETO aJeKBATHOCTh MOJIEIN pPeaTbHOMY OOBEKTY, SIBISICTCS
OJIHMM M3 OCHOBHBIX 3TaIlOB WCHTU(UKAITUY.

TlycTh pealnbHbIH OOBEKT OMMCHIBACTCS OmepaTopoM Lo-r.e. Y(t) = Fy(x(t).z(£))
KOTOPBIA HENb3S1 HAUTM TOYHO, HO MOXHO CJIEeJaTh €ro OLEHKY. lIpumenss
HEKOTOpbIN anropuTt™ uneHTuukanuu (Al), He0OX0IMMO MOCTPOUTH MOJENTb

Yult) = F(z{Z)) ¢ onTMManbHBIM ONEpaTOpPOM F , JOCTATOUHO OIM3KUM K .
Ho 0au30cTh 0neparopoB HEMOCPEACTBEHHO OLIEHUTH TPYAHO WM IPOCTO
HEBO3MOXKHO, TeM 0OoJjiee 4To JacTo o0 omeparope o0beKTa Mallo M3BeCTHO. B
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CBSI3M C STHUM €CTECTBEHHO OLIEHWBATh OJM30CTh omeparopoB Fo u F mo wux

peakmusM Ha OJHO M TO JK€ BXOJHOE BO3JCHCTBHE x{£) | T.e. IO BBIXOZAM
00BEKTA:

yiE) = F(x(8),2(t))

U Mojemu Yalt)=Flx(t)) rpe z(f)— pemaOmomaemoe BO3MYyLIEHHE
(puc.4.3)

B obmiem ciaydae *(f) 1 (£ MOryT OBITH KaK JeTepMHHUPOBAHHBIMHE, TaK U

CIIly4ailHIMH (PYHKIIUSIMUA BPEMEHHU.
OnTuManeHbIl  onepatop F MOJEIM HILETCA B CMBICIE HEKOTOPOTO

KPUTEPHs, CBS3aHHOIO ¢ BhIXogamu Y u Yulf) . C oT0i 1enpi0 BBOAMTCS

noHsaTHe QyHKIUU HoTeph (pynxuun Hesizkn A0, v E]), koTopas B moboii
(uKCHPOBAHHBIIT MOMEHT BPEMEHH { 3aBUCUT OT BBIXOJIOB OOBEKTAa U MOJEIU U
HE 3aBUCUT OT oOIeparopa. JTa CKajJdspHasi HeoTpuuarejlbHass QyHKUMA
BEKTOPHBIX apryMEeHTOB — BBIX0J0B 00beKkTa M Mozegu. B mponecce
naeHTH(PHKANMHT 3Ta QYHKIUSI MUHMMHU3UPYeETCS.

JUia psaa NpakTUYECKUX 3a4ad HaubOosiee €CTECTBEHHOM, a WHOrja H
€IMHCTBEHHO BO3MOKHOH SIBJIsieTCSl OlleHKa 3((EKTUBHOCTH UACHTU(DUKAIIIU
0 MAaKCHUMaJIbHO BO3MOXKHOMY Ha paboueM OTpe3Ke BpeMeHU 0 =¢=T <o
oTkiIoHeHHt0. Torma mpoOiema UAECHTU(DUKALMU SIBISIETCA 10  CYILIECTBY
3a/layeil MUHUMHU3AIUM MAaKCUMAJbHOTO OTKJIOHEHUS (JIeTepMUHUPOBAHHBIM
ciryyai):

p(y,yM) =1n axly{.ﬁ) — Vos [z]l| —min
teDT] 4.7)

IIpr Hanuuuum Cciy4yalHBIX BO3MYLIEHWA W IIYMOB, IEHCTBYIOIIMX Ha
OOBEKT, B KaUe€CTBE KPUTEPHs BHIOMpPAETCS HE CaMO OTKJIOHEHHE, KOTOPOE TaK
e SIBJSIETCS CIyYaHbIM, a €ro MaTeMaTH4eCKOe OKHMJIaHUE (CTOXaCTHYECKUI
ciryvan) :

Y. ae) = M| y(E) = y,(8)|— min (4.8)

3nauenue kpurepueB (1.7) m (1.8) enBa nu ocnopuMo, OJHAKO B
NPaKTUYECKUX pPAacu€Tax OHM IMOYTH HE HCMOJIb3YIOTCA. OJTO CBS3aHO C
HEJ0CTATOYHOU pa3pab0TaHHOCTHIO AaHATTUTUYECKUX MTPUEMOB MUHUMHU3ALIUH.

Haunbounee yacTo QpyHKIMS OTEph UCIIOJIB3YETCS B BUJAE KBaJIpaTa
OTKJIOHEHUS:

AV Vel = vl — {ﬁ}}g —1nin
20~ maxo0 - g

.0y = MO -y >min | (4.10)
B cnyuae Hanuuusi HENIPEPHIBHBIX pean3alliii BXO/Ia U BbIXOJa 00BhEKTa B

TeueHue uaTepnana spemennu 0.7 ]
I

o710 = [ (@) =y dt = min
d . (4.11)

Ecnu peamusaruu  Bxoja *(Ju Bpixoma Y()o0bekTa MONyYeHB B

JUCKpETHBIE MOMEHTHI BpeMeHu 4 =1.%)  torna:
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» 2

A )= L E) -] Smin (4.12)

B oTnenbHBIX NpakTUYECKUX 3ajayax aBTOMATUYECKOTO YIpaBJIEHUS B
KaueCTBE MEp CpaBHEHHS MOXKHO MPUHUMATh PA3IUYHBIE XapaKTEPUCTUKU
(BpeMEHHbIE, 4YacTOTHbIE H T.1.) o0ObekTa U Mojenu. Kpurepuem
UACHTUUKAIIMK B OTOM  Cllydae SBISIETCS  PACCOTJIACOBAHHWE  ATHUX
xapakTepucThK. OHAKO, €CIIM MOJENb UCIIOJIb3YETCSI B CAMOHACTPAaNBAIOLIEICS
CHUCTEME aBTOMATHUYECKOTO YIPaBJIEHUs, HACTPOHKA MOJEIU MO0 TUHAMUYECKUM
XapakTepucTukaM  TpeOdyeT  HaJIuyue  HU3MEpUTENed  JUHAMUYECKUX
XapaKTEepPUCTUK OOBEKTa M MOJEIH, YTO TMPUBOAUT K KOHCTPYKTUBHOMY
ycinoxHeHuto  CAY  u yMeHbBIIEHHIO  OBICTPOJCHCTBUSI ~ KOHTYPOB
camoHacTporku. [loaToMy mpHUBEIAEHHBIE BBIIIE KPUTEPUU, HUCIOJIBb3YIOIIHE
uH(OPMAITUIO O BBIXOJaX 00bEKTa U MOJIENH, 00Jiee MPEATOYTUTEIHHBI.

4.2.1. MaTeMaTH4YeCKHii aNMapaT TeOPUH WAeHTH(PUKAMT

1. Ans uaeHTU(UKAIUU [1eTEePMHHHUPOBAHHBIX 00BEKTOB NPHUHUMAIOT
perynsipHble (YHKLIHMH, CBS3BIBAIOIIME BXOAblI M BBIXOJbI O0OO0BEKTa. ITO
00CTOSATEABCTBO M MOPOAWIIO TEPBBIA MOAXOJ TEOPUHM WIACHTU(UKAIUHY,
KOTOPBINM MOSBWICS B MAaTEMATUYECKOM aHAIU3€ B BUJEC TEOPUHU NMPHUOIUKEHUS
(yHKIMII MHOrowIeHamMH U BeIET CBOE Hayano oT TpyAoB YeOblmeBa. I1o
HaIpaBJIEHUE CBS3aHO C MPEACTABICHUEM (PYHKIMHM B BHJE PA3JIOKEHUS 10
HEKOTOpOU cucteme (pyHKUUH (Yalie BCero 1o CUCTEME MOJIMHOMOB).

Teopust npubnmxeHus: UMeeT JIB€ BETBU — TEOPUIO aIIPOKCUMALUU U
TEOpHI0 MHTEepHossinuu. [locnenHss XxapakTepHa TeM, YTO MHTEPIOJIAPYIOIIAs
(GYHKIMS COBIAJAET C UCXOAHON B 3aJJaHHOM YHCJIE TOYEK.

2. Jlns wuneHTUUKAIIMM CTOXACTHYECKMX O0BEKTOB HNPUMEHSAITCS
METOAbl MATEMATHYEeCKOM CTATUCTHKH, 4YTO JAa€T Hadajlo TeOpHuH
oueHuBaHus. OCHOBHOM 3aJayell 3TOW TEOPUU SBIIIETCS OLICHKA MapaMETpPOB
CTOXaCTUYECKOTO 00BEKTa MO HAOIIOJEHUSIM B OOCTAHOBKE CIyYalHBIX MOMEX.
JpyruM  HampaBieHMEM  MAaTeMaTUYECKOW  CTaTUCTUKA  MJIA  LeJield
HICHTU(PUKANUN CTATHYECKUX CTOXACTHYECKHX O0OBEKTOB CTAJIa TEeOpHUs
IVIAHMPOBAHMSA  JKCIIEPUMEHTOB, KOTOpas pacCMaTpUBAE€T  AKTHUBHBIC
HKCIIEPUMEHTHI C 1IEJBIO MOBBIIEHUS 23((HEKTUBHOCTH UICHTU(PUKAIINU.

3. TperbuM MOAXOAOM K pEUICHUIO 3a7a4 HJIECHTU(UKALUU SBISIOTCS
MeTOAbl TEOPHUM CHCTEM AaBTOMATHYECKOIO YIpaBJeHHs. OTa TEOpHUs
nopoJuia CrHeluagbHble METOAbl MACHTU(UKAIMY JMHAMHYECKHX 00beKTOB
ynpaBjieHHsl B pe:kMMe HOPMAJIbHOI 3Kcmjyatanuu (T.e. B 0OCTaHOBKE
CIIy4allHBIX BO3MYIICHHA W ToMeX). MIMEHHO K 3TWUM MeTo/aM BHadayie ObLT
NpUMEHEH TEPMHUH “‘UNIeHTUDHUKAINS,



85

4.2.1. OcHOBHBIE OAXO0/bI IOCTPOCHHUIO AJTTOPUTMOB MIEHTH(PUKAIUM.

Bo3MoxHBI 1Ba 110/1X0/1a K TOCTPOCHUIO aJITOPUTMOB UACHTU(DUKAIINH :
1. B nepBoM moaxoje B Havajie COOMpAETCss MACCUB JIAHHBIX (peaau3aiuu

BXOJ/Ia U BHIX0Ja 00BeKTa Ha paboueM orpeske Bpemenu [0.7]) .5, i=lz n
OLICHKH TapaMeTPOB MOJICIH MOIYy4aroTcsl Mocjie oO0pabOTKH 3TOT0 MaccHhBa
(MaeHTH(HKAUS TI0 MAacCUBY WM PeTPOCHEeKTHBHAs WIeHTH(pUKamms).
MecTo cbopa gaHHBIX M OOpaOOTKM MPHU 3TOM MOTYT OBITh TEPPUTOPHAIBHO
pa3oO0IIeHHI.

B npyroii nocraHOBKE OLIEHKH TApaMETPOB MOJIEIH YTOUHSAETCS Ha KaXIOM
miare MOCTYIUIEHHWS  HOBBIX  HM3MEpEHu#, T.6. IO XOAy Ipolecca.
CoOTBETCTBYIOIIME AITOPUTMBI M OLEHKH HA3bIBAIOTCS PeKYPPEHTHBIMH
(mo1aroBbIMM).

B cinywae, ecam OCymeCTBISETCS HEKOTOPBIM IOMIArOBBIA IIPOLECC
BBIUKCIICHHUS] 0€3 TOCTYIUICHHs] HOBBIX WM3MEpPEHUH, TaKkue MpOIenypbl Oyaem
Ha3bIBaTh HTEPAIMOHHBIMH (WX HA3bIBAIOT TaKXKe PEKYpPCUBHBIMH WU
MOCJIEIOBATEIbHBIMU MPUOTMKEHHUSIMU ).

PekyppeHTHbIEe QJTrOPUTMBI XapaKTEepHBI IS aJalTUBHBIX CHCTEM
yIpaBlIeHUs, KOTJa BCIEACTBUE jApeida mapaMeTpoB WM HEIOCTATOYHOMN
UCXOAHOM TOYHOCTH, HEOOXOAMMO YTOUHEHHE TapaMeTpOB O X0y Mpoliecca.

Metoapl  WACHTHQUKALMHM,  PEAIM3YIOLIME  HEKOTOPBIM  KpUTEpHid
UACHTU(UKAIIMHM, MOTYT OBITh MOCTPOEHBI KaK MO PEKYPPEHTHOMY, TaK U IO
PETPOCIEKTUBHOMY QJITOPUTMY.

AJITOPUTM PeTPOCNIEKTHUBHBIN HICHTH(PMKALUMN C IIEJIbI0 OILICHUBAHMS

BEKTOpA MApaMeTPoOB A MOXKeT OBITh (I JMCKPETHBIX OTCUETOB BPEMEHH
t;.i =17 sanmcan B Qopme:

A=ax 1), (1.13)

rae (%3.¥s)— MaccHB M3MepeHuii oT 0710 #;

A— onenka BekTopa A, MogydeHHas Ha MOJIHOUW BEIOOpKE UL .7,
PekyppeHTHBIN aJIrOPUTM 3aMMCHIBACTCA B BUJEC

Ay = B Ag. g V) , (1.14)

—_—

rae iz — olleHKa BEKTOpa MapaMeTpoB Ha K -OM ILare ;

X ga:Yra— u3mepenus Ha (K+1)-om mare.
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4.3. MOeHmMubukauusi cmpykmypbi Mooesnu

[Ipouecc omnpeneneHus CTPYKTypbl omeparopa Moaenn F cocraBiser
3a1a4y CTPYKTypHOH maeHtudukanuu. Ecnm xe cTpykTypa 3TOro omepartopa
ompeneneHa, TO NPOUEcC UACHTU(PUKALMK CBOJUTCA K  OIPEACIICHUIO
apaMeTpoB 3TOM CTPYKTYPHI, T.€. K 3aJa4e MapaMeTpUIeCcKon uieHTuUKaLUH,
Oesiee MPOCTOM, YEM TPEAbIIYIIAs.

Takum oOpa3om, uaeHTH(HUKaLUs OOBEKTa CBs3aHa MPEKIE BCETO C
IpeIBapUTEIbHBIM BbIOOpPOM CTpPYKTYypbl Mozenu. [lox cTpykTypoil Monenu
Oyaem moHuMMaTh BHJ omneparopa F ¢ TOYHOCTBIO 10 €ro Ko3(pPHUIMEHTOB.
3aMeTUM, 4YTO CTPYKTypa OOBEKTa MOXKET M HE COBIAJaTb CO CTPYKTYpOil
monenu. Hampumep, croxactuueckue CBoilcTBa OOBEKTa OOBIYHO HE
OTpaxkatroTcsi B MoJienu (MoJenb BblIOMpaeTcsl JeTepMUHUpPOBaHHOM). Kpome
TOTO MOJIEJb MOKeT UMeTh MEeHbIlIe BXOJO0B U BBIX0JA0B, YeM 00BEKT. JTO
4acTo JIeNA0T MPU MajoM o0beMe HaOIIOACHUH.

VYpaBHEHUE CBS3H MEXAY BXOJHBIMHU U BBIXOJHBIMU MEPEMEHHBIMH MOKHO
3anMcarh B paznuuHor ¢opme. [IpuBeneM HEKOTOpbIE OOIIME YPABHEHUS CBS3H
MEXAY EPEMEHHBIMH.

. Bceaknii OJHOMEpPHBIH CTATHYECKUN HENPEPBIBHBIA  00BEKT
onpeneinsiercs pynkuuent y = F(x). Moaenb 3Toro o0bekTa MOKHO IPEACTaBUTh
B BH/JIE Pa3JI0KEHHUS

k
F(x) = Y6, £ (%)
Z (4.15)

10 onpe/ieNeH oM cucteme Gynxmuit T = (A& L@ f D]

37eCh CTPYKTYpa MoJieJiM 3a1aeTcsl CUCTeMO (PYHKIMH P 4 ancaom
k, a ee mapaMeTpaMH SBJISIOTCS KOX(PQPHUIMCHTBI pas3aoKeHuss “1-%2: %k,
Nnentudukaiuss CTPYKTYpbl TaKOTO OOBEKTa 3aKII0YaeTCs B OTHICKAHUHU

O(x)

YIOBJIETBOPUTEIIBHON  CHUCTEMbl  (PYHKIUI a IapaMeTpuydecKas

UaeHTH(OUKAIMS ~ CBOAMTCS K ONPEAEIEHUIO IapaMeTpoB i G=1.% npu
3aIaHHOM cucTteMe (QyHKIIHM.

2. lloBeneHue AeTEPMUHHPOBAHHOIO IMHAMUYECKOr0 OJHOMEPHOIO
00beKTa y100HO OMUCHIBATH OTIEPATOPOM

s 2@
Ap) (4.16)

b i ¥
Apy=1+ e p BB =200 2 = dr
e i-l i=0 : gt - orepaTop
nudepeHnpoBaHus.
31ech CTPYKTypa OIEpaTtopa MOJENIU  ONPEeIseTCsS JIMHEHHOCTHIO
omepatopa ® uuciamu #u I, U3 ¢usnuyeckux cooOpaxkeHuit =,

ai=Tm,  B;i=0J]

KoaddummenTs
napameTpaMu MOJIEIH.

ABJIAROTCA HCCTPYKTYPHBIMU
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Omneparop (1.16) »okBuBajJeHTEH OOBIKHOBEHHOMY AH(epeHInaTIbHOMY
YpaBHEHHIO BHJIA

ﬁza _Z & (4.17)

HempepsiBaast momens (4.17) mpeoOpasyercs B (HopMy pasHOCTHOTO
ypaBHEHUS, €CITU OTCUYET BPEMEHU MTPOUCXOANT B TUCKPETHBIE PABHOOTCTOSIITNE
MOMEHTHI. [Ipm TakoM OTcUYeTe BpEeMEHH HENPEphIBHBICE  (DyHKIHUH,
OTMCHIBAIONINE MTOBEACHNUE TIEPEMEHHBIX, TIPEBPAIIAOTCS B pEIIeTYaThIe.

JI7is AMCKPETHOTO BPEMEHH B MOMEHT BPEMEHHU * pa3HOCTHOE YpaBHEHHE
3anuchIBacTCs B popme

Alg™ln] = Bilg™yalx], (4.18)
Alg™) = apg™ +ﬂ1¢m-nﬁi’_m+1+- L
Big ™y =byg” +Eypyd Ty,

rae 4 Axl=xn-r]

IIpu nepexoxe ot HenpepbiBHOM Monenu (1.17) x muckpernoit (1.18)
TOPSZIOK YPaBHEHUS. # U { COXPAHAIOTCSA, HO 3HAYCHUS KOI(DOUIIMEHTOB IS
HEINPEPBIBHOM W JUCKpEeTHOM (opM Mozenel pas3inyHbl. Ecnum M3BeCTHBI
ko3 uienTsl B ogHOM M3 (HOpM M HMHTEpPBAT AUCKPETU3ALMH, 3HAUYCHHS
K03(PUIIMEHTOB B Ipyroil GopMe MOTYT OBITh BBIYUCIIEHBI.

B Teopum aBTOMATHYECKOTO YINPABICHUS IIUPOKO HCIONb3YIOTCS TaKXKe
CJIEIYIOLME 3alIUCH CBSI3U MEKy IEPEMEHHBIMU Ha BXOJIE€ U BBIXOJE:!

1. UuTerpan cBeprku (MHTerpaj ldoamesst)
)

28 = [x(mwie-Dar= [w@x(-Dar
e e | (4.19)

rae * ). . BXOJIHAS M BBIXOHAS TIEPEMEHHbIE;

wiz) UMITYJIbCHAs TIepexo/qHas (BecoBast) PyHKIMsS 00bEKTa, T.€. CHTHAT ¥ ©
Ha BbIXOJIe O0OBEKTa, €CIU BXOJHON CUTHAI x':‘f:'npeILCTaan[eT co0oil jmenbTa-
GyHKLHIO 208

506) = 0f=0
B oo =10

T S(e)dt =1

Ecmu * = ppy £ <0, 10 ypasHenue (4 19) MoxHO Tiepenucathb B hopme

W) = [ X Owit - TdT = Iw(f}x(.ﬁ 0dT
(4.20)
JIJst TUCKPETHOTO BPEMEHHU 3TO YpaBHEHHUE 3alHUChIBAECTCS B popMe
= Y diwln—i]= 2 wlilaln—i]
= = . (4.21)
2. 3anuch CBSI3H B ONIEPAaTOPHOM BHj1e

yip)=wiplx(p),
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rae *WB)YP) . n300pakeHus 1o Jlamiacy BXOJIHOTO U BBIXOJHOIO CHTHAJIOB;

wip) = Bip)
w(p) i A(p)
- mepenaroyHas PyHKIUs 00bEKTa, :

B OGonee oOmeir QopMe ™Moaens IUHAMHUKHA JAeTEPMHHHPOBAHHOIO
HEJIMHEIHOT0 HENpPEepPbLIBHOTO OJHOMEPHOr0 O00bEKTa MOXET OBITh

MMpCACTAaBJICHA B BUAC PA3JIOKCHHA 110 CUCTCMCE OIICPaTOPOB
k

F(x) = Y.e,F,(x),
ial

F(x0G

rae =Lk} _cucrema HenmHeHHBIX OIEPATOPOB.

Onpenenenue #(%) gpsercs OCHOBHOM L[EJIbIO CTPYKTYPHOMU

UACHTU(DUKAITIH. OTpicKaHuEe  yucen % (=15 cocrapmser 3aayy
napamMeTpuIeCcKon ASHTU(UKAITIH.

Otpickanue HamboJee MOAXOANICH MOJEIN W3 MHOMXECTBAa MOJIEIeH-
MPETEHJCHTOB COCTABIIIET BECbMAa BaXHYI0O M B TOXKE BpEMS JOCTATOYHO
TPYJIHYIO YacTh Mpolenypbl uaeHTudukanuu. MIMeHHO Ha 3TOM 3Tare 3HaHHE
dbopMallbHBIX CBOMCTB MoOjeNied HEOOXOAMMO COEAUHUTh C almpHOPHBIM
3HAHUEM, HH)KCHEPHBIM MBIILJICHUEM U UHTYUIUEH.

[Ipu pemenun 3anay uaeHTU(DUKAIUMU, KaK TMPABUIO, CYyLECTBYeT Be
BO3MOKHOCTH BbIOOpa cTPYKTYpPbI Moaeau. CyTh OTHOW U3 HUX 3aKIH0YAETCA
B TOM, YTO TOCJI€ THIATEIBHOTO M3yYEHUs] 00BEKTA MOJECIMPOBAHUSA Ha OCHOBE
3aKOHOB (DU3UKU W JIPYTHX JOCTOBEPHBIX 3HAHUU (HOPMUPYETCS CTPYKTypa
Mozenu. Takve MoAesH SBISIOTCS He()OPMATbHBIMHU, BKIIOYAIOT HEM3BECTHHIE
dbu3nyeckre BEJIWYUHBI, TapaMeTpuyeckass HWICHTUPUKAIUS CBOIUTCS K
OTIPE/ICJICHUIO UX 3HaueHHil. Jlpyras BO3MOXXHOCTh COCTOUT B TOM, YTOOBI 0e3
BCAKOTO  (U3MYECKOrOo  OOOCHOBaHUS  HCHOJB30BATH  CTAHAAPTHbIE
¢popmanbHbie Moaea. MHOXKECTBO TAKUX MOZEIEH, Y KOTOPBIX IMapamMeTpPhl
paccMaTpHUBAKOTCS TPEXKIE BCETO KaK BapbUPYEMbIE CPEIACTBA MOIACTPOUKHU
MoJIeNiel K UMEIOIUMCS TAHHBIM U HE OTPa)XKatoT (PU3UKHU IPOIIecca Ha3bIBACTCs
YepHbIM SAIMIUKOM. MHOXECTBO MOJIEJEH C HACTpauBaeMbIMH IMapaMeTPaMH,
JOMYCKAIOIUMU  (PU3UYECKYI0O  WHTEPIPETAlNI0, Ha3bIBAIOTCS  CE€PbIMH
SIIUKAMMU.

IToctpoeHne 1O BO3MOXHOCTH  HedOpMalbHBIX  Mojelel  Oosee
NPEANOYTUTENBHO, TaK KaK OHU HAWIy4yIIMM OOpa3oM OTPaKalOT OCHOBHBIE
CBOMCTBa peaabHOro o0bekTa. KpoMe TOro, moctpoeHwe Mojeieil Ha OCHOBE
aHanu3a (PU3MYECKUX MPOLECCOB B OOBEKTE MO3BOJISIET COCTABUTh YpPaBHEHHUE
JaKe Ha CTaJuMd NPOEKTHPOBaHMA OOBEKTa. MeTon mpeamnosiaracT 3HaHHUE
TEIUIOBBIX, THUAPABINYECKUX, MHEBMATUYECKUX, HJICKTPUUYECKUX IMPOIIECCOB,
MIPOLIECCOB TEIJIOMACCONEPEHOCa U XUMUYECKUX PEaKIUii 00bEeKTa.

HecmoTpst Ha Gombiioe pazHooOpa3ne OOBEKTOB W MPOTEKAIONIUX B HUX
IPOLECCOB, MOXHO BBIJEIUTh HEKOTOpbIE OOIIME MOAXOABI K COCTaBJICHHIO
mozeneit 00bexToB. [Ipexe Bcero cieayer pacujieHUTh MBICICHHO OOBEKT Ha
YaCTU W COCTAaBUTh YpPaBHEHHE IS KaXKIOW W3 HUX, 3aMEHUB OTOPOIIECHHBIC
YaCTU CUCTEMbI SKBUBAJICHTHBIMU BO3/ICHCTBUSAMMU.
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Paccmotpum IpumMep COCTaBJICHUSA MaTEMaTH4YECKOU MOJIEHU
TEXHOJIOTUYECKOr0 00bEKTa HA OCHOBE U3YUYEHUs (PU3NYECKUX MPOIIECCOB.
Mopnenb TMHAMHUKY PE3UCTUBHOM IMEYM: TEIIOBOM OajaHC Me4Yu Pe3UCTHUBHOTO
HarpeBa CKJIAJIBIBACTCS U3 M3MEHEHHSI HAKOIUICHHOW TEIJIOThI Q, TEIIOBOTO

IIOTOKa OT HarpcBaTciId 914 TEIUIOBOTO IOTOKA TCILIOIIOTCPb 42 BCJICACTBHUC
TCIIJIOOTAAa4Y 1 KOHBCKIIUH:

a9
i d1 7~ 42 ’ (4.24)
(= p o8

Z}_'. , (4.25)

rac “i -yACbHasA TCIUIOCMKOCTb MaTcpuralia !- TO KOHCTPYKTHBHOI'O 3JICMCHTA

Heuu;
#4 _Macca ! -TO DJIEMEHTA I1eYH;
&-temmeparypa.

Tennosble notepu 91-42 B 061IEM cllydae onpeensores (popMyIaMu:
Uﬂ
=R g, = K(8-8)), (4.26)
rae U — HanpskeHue Ha HarpeBaTele;
R — COmpoTHBIEHNE HATPEBATENS;

£ ko dunment temmonepeaun;

b TEMIIEPATypa OKPYKaroIIEeH CPe.Ibl.

N3 (1.24), (1.25) u (1.26) nomydyaem ypaBHEHUE
d(quié‘] e

=—-K(g-8,)
dt R (4.27)
VuuteiBas, 9ro % “imoCTOSHHBIE BeawuuHb, u3 (1.27) Haxoaum
YpaBHEHHE

40 I K
T - {5'_ 5'1}
it RZ e LoF Z ETY
i i : (4.28)
KOTOPOC MOKCET 6I>ITL JIMHCAPHU30BAHO.
Ilycth & -TeMIICpaTypa 3aJaHHOI0 peXHMa Harpena, &, -CpeaHsd

temneparypa okpyxatomeit Cpensl. Torga
F=8,+A8. 8, =8, +A8. U=U,+AU

i

rac -IIOCTOAHHOC 3HAYCHUC HAIIPSAKCHUAI, HGO6XOI[I/IMOFO M IMOAACPKAHUA

3aJIaHHOT'O MMOCTOAHHOI'O 3HAYCHUA TCMIICPATYPhI 5":' .

B ycranoBuBLIeMcs pexxume
e _,
di Af=48, =AU=0

Torna u3 (1.28) cnenyet
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Uy K
0= - (6, - 8,)
Rzmi':i Z_:.mi'fi (4.29)
Beruuras (1.29) uz (1.28), Haxoqum
dhg P-Ur K
= - [{5_50}_{51_5'2}]
di Ry me; Y myc,
YuuthiBas, 4To
-0 =(U-Uy) (U+T, ) =AU (U, + AU+ T, ) =
= AU (20U, + AT) = 20U, AT +AT?,
¥ npeHebperas BenmauHo AU | momydaem
a_ 2y 4y K (45 pg)
ot RZ P, Z P
dj‘g +ZK AB= RZE;UD AT + ZK A8,
: P BT T
i i i ) (4_30)
207
dy = X ; -'.E?D = R—D; ‘E’-"l = £ )
2., 2.7 e
O603HaYHNM: =' : =' (4.31)
Torga nosmyyaeM ciaeayroIyo MOAEIb 00ObEKTa
%+au.ﬂ5 = by AT + 2,48, (4:32)
rae %o-fa-f) -mapaMeTpbl MOJICNH, IpudeM, Kak cienyeT u3 (4.30), koapduiueHt
% 3aBucuT o1 pexuMa mneuu (0T BEIUUHUHbI Yo ).

[Tpu nmoctpoennu moaenu (4.32) caenaHo CyImEeCTBEHHOE MPEANOI0KEeHHE,
YTO TEMIlepaTypa BO BCEX TOUYKAaX II€YM OJIMHAKOBA W, CIEJO0BATENIbHO,
HarpeBaTelIbHAs MeUb SBIAETCS 00BEKTOM C COCPEIOTOUCHHBIMHU MTapaMeTPaMH.
OmnpenencHre mapaMeTpOB MOJEIH pacdyeTHbIM myTeM 1o ¢opmynam (4.31)
MPAKTUYECKA HE TPEJCTABISETCS BO3MOXKHBIM, TMOCKOJIBKY XapaKTePUCTUKH

#4:%i1-r0 KOHCTPYKTHBHOTO DJJIEMEHTa HEW3BECTHBI, a HWHOTAA TPYIAHO
noaarTcs K yuety. OTMETUM elie pas, uTo JIMHeapu3oBaHHas Moueib (4.32)
ClpaBe[yiMBa JIMIIb [PH  MalblX 3HaueHWsx 40 (korma  AOMyCTHMO
npenebpeskenue Bemmunuoil AU, Tlapamerpsr mogenmn %o-%-®lreneps moryr
OBITh OMpeNeNeHbl TapamMeTpUuueckod uACHTUUKAIMEH TMociae BBIOOpA

CTPYKTYpbI Mozenu (4.32).

4.4. MemoOs! ynipowieHusi moderneu

Korga mnomyueHHass maTeMaTHdecKkas MOJENb SIBISIETCS CIIOXKHOM, T.€.
HEpa3penmmMoi, pa3paboTYNK MpUOEraeT K €€ yMpOIICHUIO U HUCIOIh30BaHUIO
Oonee rTiyOokoi aOcTpakumu. B mpakTHYecKMx 3amadax MCCIEIOBaHUS
POIIeCCOB (DYHKITMOHUPOBAHUS CIIOKHBIX CHUCTEM YacTO KEJIATeJIeH OOpaTHBIN
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IIpoLecC — MPOLECC pacluupeHuss Moaenu. [Ipu 3ToM HauMHAKOT C MOCTPOEHHUS
IPOCTON MOJIENH, a 3aTEM YCJIOXKHSIOT €€. DBOJIIOLMOHHBIN XapakTep mpouecca
KOHCTPYMPOBAHUS MOJIEIH YIPOLIAET pElICHNE TOCTaBIeHHON 3a1aun. CHavana
pemaioTcs O6ojee MPOCThIE 33Jaud C TOMOIIbIO MPOCTOM MOJEIH, a 3aTeM
CTaBsTCS OoJjiee CIOXKHBIE 3aJaud, 4YTO TPeOyHOT JOCTHKEHUS OOJIBLIETO
COOTBETCTBUSI MEXAY MOJENIbIO U pEalbHbIM OOBEKTOM, YTO MPUBOJAUT K
YCIIOKHEHUIO MOJIETIH.
B  o0oux  ciaywasx  BO3HHKAaeT  HEOOXOAUMOCTh  YHPOIICHHUSA
MaTEMaTUYECKUX MojIeNiell OOBEKTA.
HawnbOosiee  pacnpoCTpaHEHHBIMH  SIBISIFOTCSL  CIEAYIOUIME  METOJbI
YIPOILIEHUS MOJAENEH:
1) pacuieHEeHUE CIOXKHOH CHUCTEMBI Ha psa 0oJee MPOCTHIX TOACUCTEM
(AEKOMIIO3UITHSA ),
2) BBIJICTICHUE CYNICCTBEHHBIX CBOWMCTB M BO3JICHCTBUN M YYeT OCTAJBHBIX B
napaMeTpuueckoi ¢popme (METO MaKpOMOIEITUPOBAHMS);
3) nuHeapu3anys HETMHEHHBIX MPOIECCOB B HEKOTOPOW 00JACTH M3MCHCHHS
IIEPEMEHHBIX;
4) TpuWBEJCHUE CHCTEM C pACIPEICIICHHBIMH IMapaMeTpaMhd K CHUCTEMaM C
COCpPEIOTOYEHHBIMU MapaMeTpaMu (BBeAEHHE 00Jiee KECTKUX MPEANOI0KEHHM
U OTpaHUYCHUH);
5) npeneOpekeHNE TMHAMHYECKUMH CBOMCTBAMU MPOIIECCOB.
; JMexomno3unuss. B ob0mem  ciayuae
O6BEKT | ——  KOHEYHOW UEIbI0 JEKOMIIO3ULIMU  SIBIIAETCS
pa3OreHne MPOCTPAHCTBA MEPEMEHHBIX OOBEKTa
(puc.4.4.) {y1, ¥Y2,--+» ¥n» Uz, Uzyeey Ur, X1, X2p0eey Xy
Prec.q4 Z1, 2Zo,..., Z|} Ha ( HOOAIMPOCTPAHCTB MCHBUIMX
Pa3MEpPHOCTEN, B KOTOPBIX YYHUTHIBAETCA TOJIBKO
CBA3b JIAaHHOT'O BBIXOJA Yj C COOTBETCTBYIOIIMMU
nepemMeHHbIMU. EcJin J11000i#1 BBIX0J MMeeT CBSA3b ¢ OCTAJbHBIMHM BbIX01AMH,
TO JeKOMIO3UIUS MPAKTHYECKH HeBO3MOkHA. Ecnu o6mas monens o0bekTa
UMEET BUJI HESIBHOTO BBIPAXKEHUS JOCTATOYHO OOJIBIION Pa3MEPHOCTH
Ay arz)=10 (4.33)
U BBIXOJIbI yij ¢ 00BEKTAa HE MMEIOT CBS3U MEXIY COOOM, TO CIIOXKHYIO MOJECIb
(4.33.) MOKHO TIPEIICTABUTH B BUJIC COBOKYITHOCTH DKBUBAJICHTHBIX €l N Ooee
NPOCTHIX YACTHBIX MO/IeJIel /15l KasKI0ro U3 BbIX010B

y=F@.z.2) (4.34.)

o

rne F=(A.F,.. . F),
bnarogapss mpoBeAeHHON NEKOMMIO3UIMM CHUCTEMBbI 3HAUUTEIBHO 00JIerdaercs
3aJlaya €€ TEOPETUYECKOT0 UCCIIEIOBAHUS.

MakpoMoaeapoBaHue. ITpu HCTIOJb30BAHUU MeToAa
MaKpOMOJIEJIMPOBaHUSI B UCXOJHOM IPOCTPAHCTBE MEPEMEHHBIX OCTABJISIOTCS
(T.e. YYHTBIBAIOTCS) TOJBKO TE€ M3 HHUX, KOTOpPHIE BIMUSIOT Ha BBIXOJHBIC
nepemMeHHble Hanbosee cuibHO. OcTajabHble HEYYTEHHBIE BO3IEHCTBUS MOTYT
ObITh YUYTEHBI B MapaMeTpu4eckoil Gopme myreM u3MeHeHUs: K03 UIIMEHTOB
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IPU YYTCHHBIX MEPEMEHHBIX (B CIy4ae MYJIbTUIUIMKATHUBHBIX BO3JAEHCTBUN )
A100 MyTeM BBEJEHUS CBOOOIHBIX WIECHOB (Ul aJINTUBHBIX BO3JIEHCTBU).

IIpy MOCTPOCHUH YNPOIICHHBIX MOJEIEH C YY4ETOM TOJIBKO CYIIECTBEHHBIX
(akTOpOB LIMPOKO HCHOJIB3YETCSI METOJ AJANTHBHOH MOJeJM, T.€. MOJEIH,
KOA(PPUIUEHTBl KOTOPOM MOACTPAUBAIOTCA TAKUM 00pa3oM, YTOOBI HEKOTOpas
Mepa PACXOKICHUS (HeBSI3KA) BBIXOI0B MOJEJH M 00beKTa NPUHHUMAJA
AOIyCTHMBIe (MHHUMAJIbHbIE) 3HAYeHHA. /[ 3TOro UCIONB3yIOT KPUTEPHH
MHMHMMH3allUM HeBA30K. Te mepeMeHHble, KOTOpbhIE CTAOWIN3UPYIOTCS U HE
IPUBOJAT K U3MEHEHUIO BBIXOJHBIX IEPEMEHHBIX, B MOJEIIA HE OTPaXaroTCsl.
CTpykTypa yIOpoOUICHHONW MOJENH, Ha3bIBAEMONW MaKpOMOJIEIbIO, MOXKET OBITh
TPEXKAHAJIIBHOW C KaHAJIOM yHIpaBJjeHUs U M KaHaJaMH KOHTPOJUPYEMBIX X U
HEKOHTPOJIMPYEMBIX Z BO3JIEHCTBHM, IBYXKaHAJbHON M OJHOKAHAJIBHOU (pHC.
4.5.)

TRl s Pl

Y
L
_h__ .
. ~_ =~ S S o - L
" -~ __ |¥ ~—— | ¥ i p
e iy ! - ! oo I !
= —— — _
Z - I
h_—_'- _“

Puc. 4.5

VYuer BOSMYIHGHI/Iﬁ Z B IBYXKAaHQJIbHBIX U X U Z B OJHOKAaHAJIbHbIX MOACIIAIX
IIPOU3BOAUTCA IAPAMCTPHUYCCKH 3a CUCT HO,Z[CTpOfIKH KOI)(I)(l)I/IHI/IeHTOB
OCTaBIINXCA KaHAJIOB.

ITonnas matremaTudeckas MOACIIb

F(g @, 22)=0 (4.35)
TpexkaHambHAasE MAKPOMOJETb
F(y*aa* s*z%a)=0 (4.36)
JIByXKaHajibHast MAKpPOMOJIEIb
F(y*a*¥r*a)=0 (4_37)
OnHOKaHAJIbHASA MAaKPOMO/IEIIb
Fly*xa*ay=0 (4.38)
rae FE= Ly Y 8 = (g, ) B = (R, Ky K ) B = (72, 2y) -

BEKTOPBI KOHTPOJIUPYEMBIX TIEPEMEHHBIX, IPHUYEM BBIMIOTHSAIOTCS YCIOBHUS Nn1<N,
m<m, r<r, I1<l, cBHAETEILCTBYIOIIME O COKPAIICHHH YHCIa MEPEMEHHBIX B
MaKpPOMOJIEIIH;

&= (8, ..) - BeKTOp HACTPAUBAEMBIX KOO()(PHIMEHTOB;

1 =0 =

¥ ,X ,Z - BEKTOPbI HEKOHTPOJIMPYEMBIX TIEPEMEHHBIX;
PaccMoTpuM B KauecTBe IpHMeEpa HAEH OJHOI0 W3 METOA0B AJaNTAIlHH
MojeJieii (KOMIIEHCAI[HOHHBIN METO).
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x
7 OEBEKT ¥
—= .
+ y4
&
yd 2 Al
Momieg, & [P

Puc. 4.6
Ha puc.4.6:e = (Y - Ym) - CHUTHAJI paccOrIacOBaHMs BBIXOJOB OOBEKTa U
MOJCIIN;
AW — anroput™m UeHTU(UKALNH.

Anroput™M uAeHTU(UKAMK TO3BOJSET HACTPaHBaTh MOJAENIb OOBEKTa IO
KPUTEPUI0O MUHUMYMa OIIMOKYU € IyTEM U3MEHEHHUS MapaMeTPOB a; dy,... MOJEIU
(&* onTUMaNBHOE 3HAYCHHE TTAPAMETPA a;).

[IpuBeneHHas BhIlIE cXeMa pabOTAET XOPOLIO, €CIIA Ha €€ BBIXOJ MOAAETCs
curdai 0e3 nomex. [lpyu HaMuuym myma Ha BXOJE CTAaBUTCA 3aJa4a MO/1aBJICHUS
NIOMEX, KOTOPYK OOBIYHO pEeHIaloT C MOMOIIbI0 TU(DPEpEHIHATBHBIX CXEM,
coJiepKalluX MoJIOCOBbIe (PUIBTPHI (IuDPepeHInATBHBINA METOT).

Jluneapusanusa. JluHeapus3auuss  HUCXOJHOM  HEJIMHEWHOM  MOJEINH
o0jeryaer penieHue KOHKPETHOM 3amaun uccienoBaHus. Ilostomy s
YOPOLIEHUS MOJEIMPOBAaHUS M  MCCICHOBAaHUSA, KOIZA OTO BO3MOXHO,
JKEJIaTeIbHO 3aMEHUTh HEIMHEWHOE ypaBHEHUE MNPUOJIMKEHHBIM JIMHEHHBIM,
peuieHrue KOTOPOro ¢ JOCTATOYHOW CTENEHBIO TOYHOCTH ONMCBIBAET CBOKCTBO
WCXOIHOM HenuHenHouW cucteMbl. [Ipomece 3aMeHbI HeJIMHEMHOHW MOEJIHU
JIMHEHHOM HA3bIBAETCS JIMHEAPU3aLUe.

Eciu  muddepennmanbHoe ypaBHEHHME OOBEKTa HEIMHEMHO H3-3a
HEJIMHEHHOCTH €ro CTaTUYECKOM XapakTEepPUCTHKW, TO M JIUHEeapHu3aluu
ypaBHEHUSI HEOOXOUMO 3aMEHUTh HETMHEHHYIO CTATHUECKYIO XapaKTEPUCTUKY
y = F(X) nuHeitHol QpyHKIuen y = ag + apX.

OcHOBHOE cojiepKaHUE UIEH JIMHEApU3allMi COCTOUT B TOM, YTO pa3jInyue
B PEIICHUSIX HEIMHEHHBIX YPABHEHUN U UX JUHEAPU30BAHHOTO MPEICTABICHUS
HE CTOJIb CYIECTBEHHBI, YTOObI NPUBOAUTH K HEJOMYCTHMMBIM OILIMOKaM B
CMbICJIe TpeOOBaHUM K TOYHOCTHU PELICHUs IOCTaBICHHOM 3a1a4u.

Jiia  JuHeapu3auMu HeJUHelHoOW Moaean y = F(X) wgame Bcero
IMPUMCHSIIOT  OOIICTIPUHATHIA ~ MeTOJ MAaJbIX OTKJOHeHMid. TexHuka
COCTABJICHMSI  JIMHEAPWU30BAHHBIX  YPAaBHEHUH  NPUHUMIMAIBHO  MPOCTA.
Marematuueckoe 000CHOBaHUE ATOW MPOLEAYPHl 3aKIIOYAECTCS B TPEOOBAHUAX
K BUay HenuHeiHoctw ¢GyHkumu F(x). s momycTUMocTd JIMHEAapU3alUU

FF
noctatoyHo, uto F(x) M &x cymecTBYIOT U HENpPEpbIBHBI B OKPECTHOCTH
HEKOTOPOM TOYKH (X, Yo). Toraa JmHeapu3anus OCyIeCTBIAETCS IPU MOMOIIH
pasnoxxenust B psg Teinopa ¢pyakumu F(X, y) B OKpeCTHOCTH TOYKH (Xg, Yo) U
0TOpachbIBaHUEM BCEX HEJIMHEWHBIX WIEHOB 3TOTO psjia
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FF
Y= F(%:‘"‘[E]D(x_xnj
HNupaexc 0 o3HavaeT, 4To MPOU3BOAHBIE OEpPyTCS B TOUKE X = Xg, Y = Yo.

Takum 00pa3oM, MCXOJHAsA HEIUMHEWHAs MOJENb 3aMEHSETCS JUHEUHOU
MOJENBIO BUA

y =aot+aiX,
FE FF
@y = Fix,) - [—] X, @ = [_j
Takoit cmoco® nauHeapu3alMyd oO3Ha4yaeT 3aMeHy KpuBod y = F(x)

KacaTeJIbHOM B TOUKE (Xg, Yo)-
B ciydae mHOroMepHoi Mozenu, T.e¢ Mouaeiad Buga y = F(xi, Xp,..., Xm)
MOJTy4YUM

L B
V= Xy Kaga o T ) +Z((E} (% - xil:l)}
0

iml

M
Y=y +Z 23 X
WIH e

o FF FF
2y :F(xm,xm,...,xmu)—Z[—] i ‘Ii:[_j .
rmae NIy x5 i=1m

B 5TOM cilydae IHIIEPIIOBEPXHOCTD, ONUCHIBAEMAas HENMHENHONH (QyHKIMEH
F(X)p  mpoCTpaHCTBE MEPEMEHHBIX X1, Xp..., Xm H Y, 3aMEHAECTCH
TUIEPIIIOCKOCTBIO, KACATEIBHOM K TIOBEPXHOCTH B TOUKE (X10, X20,-++, Xm0, Y0)-

VHTYUTHBHO SCHO, YTO JIMHEAPU30BAHHAS MOJENb, IOJYYCHHAs IIPH
IIOMOIIM pa3loKeHUs B psA Teisopa, MOXKET OKa3aTbCAd NPUTOJHOM IS
ONHUCaHHUs MPOLECCOB B HEIMHEHHOM OOBEKTE, HE CBA3AHHBIX C OOJIBIIMMU

M3MEHEHUSIMH TIEPEMEHHBIX B OKPECTHOCTH TOYkd (To-Yo). OmmOka
MOJEIUPOBAHUS TEM MEHBIIE, YEM MEHBIIIE OTKIIOHEHHS IEPEMEHHBIX.
Paccmotpum mpouecc nuMHeapuzanvMyd HEJIWHEMHOM MOJEIW MHPU MOMOILIH
paznoxkeHuss B psn Teinopa Ha mpuMepe OOBEKTa, MOBEACHHUE KOTOPOTO
OMMCHIBAECTCS] HEIMHEWHBIM AU((depeHInanbHbIM YPaBHEHUEM OOILIEro BUIA
F(y”,y’,y,x)=0. (4.39)
Ecnu Xg, Yo - HEKOTOpPO€ YCTAaHOBUBULIEECS COCTOSIHUE, TO KOOPAUHATHI X U Y
MOXHO 3amucaTh B BUje X = Xg+ DX, Yy = Yy + Dy,
rae Dx u Dy - OTKIOHEHHME KOOpJAMHAT X U y OT YCTaHOBUBILETOCS
coctosHus. YpaBHenue (4.39) B npupanieHusIX UMEUT BU
F(Dy”, Dy’, yo + Dy, X+ Dx) = 0. (4.40)
Paznoxum neByto yacth ypaBHeHus (4.40 ) B psia Teitnopa 0THOCUTENBHO
Touku yctaHoBuBuierocst cocrosauusi (0, 0, yog, Xo) u mosoras Dx, Dy u ux
IPOU3BOHBIC 110 BPEMEHH MaJIbIMH, OTOPOCHM BCE HEJTUHEHHbIE WIEHBI 3TOr0
psna. [Ipu sTom nosiydaeM ypaBHEHHE
[ ﬁ?F] My +[£] ﬁy’+[£] ﬂy+[£] hx=10
2 v, ay ax

1]
'
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KOTOPOE  SABISAETCS JIMHEWHBIM  JU(PEPEHIUANTLHBIM € ITOCTOSHHBIMH
kodduientamMy. JIMHEapU30BaHHOE YpaBHEHHE OOBIYHO 3alMCHIBAIOT B
CJIe/IyIOIEM BUJIE:

aoDy” + a.]_Dy’ + agDy = leX. (441)

_[.:?F] | [.:?F] _ [.:?F] N (.:?F]
@y = I:3;}?” D’al_ ayr g = ﬂ?_}f D= o= Fx .

3nech: 0

HeoOxoaumbIM yCIOBUEM JIMHEApHU3aLUU SABISIETCS PA3I0KUMOCTh B P
Teitnopa ¢pynkumu F(y”, y’, y, X) B OKPECTHOCTH TOUYKH, COOTBETCTBYIOIICH
YCTaHOBUBLIEMYCS COCTOSIHUIO.

VYpaBuenue (4.41) npubmmkeHHO 3aMmeHsieT ypaBHeHue (4.39) numb B
HekoTopoit Masioli okpectHoctH Toukd (0, 0, VYo, Xg). Benuumna »stoit
OKpPECTHOCTH 3aBUCUT OT Buja ¢ynkuuu F(y”, y’, y, X), T.6 OT BEIMYUH
MPOU3BOJIHBIX TMOpsJKAa BBIIE NIEPBOrO B paccMarpuBaemMoil Touke. B
OOJBIIMHCTBE CIy4yaeB P MOMOIIU JIMHEApU30BaHHON Mojenu (4.41) MOXKHO
HCCJIEIOBATh MOBEJEHNE OOBEKTa JIUIIb MPU MaJbIX OTKIOHEHUSX BXOJHON M

BBIXOHHOﬁ KOOPAWHATEIL.

IIpesicTaBieHne UCXOAHON HelMHeNHHOH 3aBucuMocTn () B BUE CyMMBI
JIMHEWHBIX YICHOB PA3JIOKEHHUs B pAn Teunopa mpearnosaracT U3BECTHBIM BHT
ATOM 3aBUCUMOCTH. TOJBKO B 3TOM CiIy4ae BO3MOXKHBIM OKa)KETCSI BBIUUCIICHHE

ZaF
BEJIMYMH MPOM3BOAHBIX &% . s 3TOro HEOOXOAUMO IMOCTPOCHHUE CIIOKHOM
HEJMHEWMHOW MOJEIM U TMOAPOOHOE BBIMUCHIBaHHE (OpMyn B OOIEM BHIE C
HEIbI0  TOCJIEAYIONIEro  Mpeo0pa3oBaHUsl, YTO  YCIOXHSAET  IPOIECC
UJCHTU(PUKALIMY U YBEIMYUBAIOT O0BEM BBIUUCIUTEIBHBIX Pa0OT.

Bo3MoxHA JMHeapu3alus HeluHehHoH ¢QyHkuumum £ (X npu  momommu
CEKYILEH INIOCKOCTH B MHOIOMEPHOM MPOCTPAHCTBE, ONMUCHIBAEMON JIMHEWHBIM
YpaBHEHUEM

y=ap+ aiXg + axXp ... + amXm,
KO3 (PUIHEHTbI  KOTOPOIr0  ONpeAeIsIOTCd  MeTOAO0M  HaMMEHBbIUMX
kBajaparoB (MHK) Tak, 4ToObI MOTYyYUTH XOpOIIIee MPUOJIMIKEHNE UCXOTHON U
JMHEApPU30BAaHHOM MOJIEIM B HEKOTOPOM 00JIaCTH BO3MOXHBIX HW3MEHEHHI
IIEPEMEHHBIX.

[Ipumenenne MHK k BbrumciieHnto Ko03(p(GUUIHUEHTOB JMHEApU3alUun
CYLIECTBEHHBIM 00pa30M BIMSIET Ha NPOLUEAYPY COCTABICHHS JIMHEWHBIX
ypaBHeHui. IIpy TakoM MOAXoAEe AOCTATOYHO 3a4aTbCsl  CTPYKTYpPOH
JIMHEAPU30BAaHHOTO YPaBHEHMS, T.€ YKa3aTh COCTaB MEPEMEHHBIX, OT KOTOPBIX
JNOJDKHA 3aBUCETh HccienyeMas BennuumHa. OTCroa JIETKO YCMaTpUBAaeTCs
npeumymecTso npumeHenuss MHK 1ost mesiei JinHeapu3anuu: JajieKo He
BCerAa MOHO [aTh TOYHbLIA BHA (PYHKUMOHAJBHOM CBA3H MEKAY
NepeMeHHbIMU B HeJIUHEHHOM BuJe. /I cTaTMCTHYECKOro Mmoaxoaa 3Toro
He Tpedyercs, IOCTAaTOYHO 3HAaTh JaXe HE BCE, a JHIIb B OCHOBHOM
OTIPEIETSIONINE IEPEMEHHBIE JIJIsl OMMCAHUS CBOMCTB peaibHOTO 00BEKTa. ITO
IIO3BOJIAET OTKA3aThCsA OT MPOLEAYPHI IMOCTPOCHUS HEJIMHEUHBIX YPABHEHHU C
MOCIEAYIOUUM UX MpeoOpa3oBaHUEM, TaK Kak MOXHO cpa3y K€ OTHICKUBATh
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JUHEHHYIO CBSA3b MEXAY TpeOyeMbIMH MO YCJIOBHIO 3a7a4d IMEPEMEHHBIMU

00BbeKTa.

A (%) Ha pucynke 4.7 nokazana
reoMeTpu4ecKas
WHTEpIIpETaLUs
paccMaTpuBaeMbIX  CIOCOOOB
JUMHEapu3aluuu, TI€ TPUHATHI
cieaymoonme o003HAUYCHUS: 8 -
yroJ HAaKJIOHA CEKyllen Ha

> uHTepBane ADy (mHeapuszanus

X MHK ); a, - yron HakjJoHa
KacaTeapHOM B TOouke X = 0
(luHEeapu3alys pa3jioKEHUEM B
psn Teitnopa).

As N3 puc. 4.7 XopoIo BUIHO,

7 yTo mpu ucnoip3zoBannn MHK

' 0OHapyKHBAeTCs BO3MOYKHOCTH
naTh  OLEHKY  JIOIyCTHUMOTO
Jara3zoHa JMHeapu3alum.

2.

@,

e 3

Puc.4.7

OcHoBOM 111 3TOTO CIIy>kUT cBorcTBO MHK onpenensaTes Havmrydime 3Ha4yeHus
UCKOMBIX KO3(D(PUIMEHTOB JIMHEMHON MO/IENIM B IPUHATOM JIHAMA30HE.

4.  YnpomeHue MOAeIH € pacnpede]eHHbIMH  IapaMeTpaMM.
XapaKkTepUCTUKH COCTOSHUSI 0OBEKTa MOTYT 3aBUCETh HE TOJBKO OT BPEMEHH,
HO W OT NPOCTPAaHCTBEHHBIX KoopAauHaT. M3 MHO)kecTBa OOBEKTOB C
pacnpeneNéHHbIMU  MapaMeTpaMyd MOKHO BBIACIUTH OOBEKTHI, MapameTpbl
KOTOPBIX TPHUBOJUMBI K COCPEIOTOYEHHBIM. JTO TaKHe O0bEKTbI, A
KOTOPBIX J0CTATOYHO 3HATH 3HAYCHHUS BXOJHBIX U BBIXOJHBIX IePeMEHHbIX
B KOHEYHOM 4YucJe (PUKCHPOBAHHBIX TO4YeK mnpocrpancrBa. Hampuwmep,
JUHEWHbIE OOBEKTHl C pacHpeleiEHHbIMU IMapaMeTpaMu CTPYKTYpHO MOTYT
ObITh TPEICTaBICHbBl B BHUJE MHOTOMEPHOTO JIMHEHHOr0 OO0BEKTa C
COCpEeIOTOUEHHBIMU MapaMeTpaMu. Torja mpouecchl B TaKUX 00bEKTax OyayT
ONMCaHbl COBOKYITHOCTBIO  MaT€MaTHYECKUX  MOJEIEH, ONpPEeesSIomuX
U3MEHEHUS TOJBKO BO BPEeMEHH HCCIIEIYEMbIX BBIXOIHBIX BEJIMYMH OOBEKTOB B
KKJ0M (PMKCHUPOBAHHOM TOYKE MPOCTPAHCTBA.

4.5. AOekeamHocmb modesiu u obbekma

[Tepexom ot wucciaegoBaHusd OOBEKTa K HCCICIOBAHUIO MOJCIH |
MOATBEPIKIACHUE TPUTOTHOCTH MOJETH JUIS PEIICHUs 3a7ad MOJICTUPOBAHHMS
TpeOyeT OICHKM KauecTBa IMOTYYCHHOW MOJIENH, T.C. TIPOBEPKY aJCKBATHOCTH
Mojienu U 00bekTa. Hukorma Hemab3si TOBOpUTh 00 aOCOMIOTHOM aJIeKBAaTHOCTH,
Py KOTOPOW MOJIEJb TI0 BCEM CBOWCTBAM COOTBETCTBYET OOBEKTY, TaK Kak B
3aBUCUMOCTH OT IIEM HWCCJICIOBAHHUS MOTYT CTPOMTHCS Pa3IUYHBIC MOJICIH
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oOwekTa. Hanmpumep, npu uccienoBaHuy BIUSHUS pa3MEIICHUS MACCAKUPOB HA
IIEHTPOBKY CaMoOJIeTa MOJICIIbIO YEJIOBEKAa MOYKET CITY)KHTh MEIIIOK C TTeCKOM, JIsI
KOHCTPYKTOpa OJCKIbI - MaHEKEeH, a JUIsI  MCAMKO-OMOJIOTHYCCKUX
WCCJICIOBAHMM - KUBOTHBIC. TakuMm o0pa3oM, BCsKas MOJCIIbP UMEET XapaKTep
MIPOCKITUU U OTPaXKaeT OT/ICIbHBIC CBOMCTBA 00bEKTa. B CBSI3M ¢ 3TUM OCHOBHOE
MOATBEPIKICHUE aJICKBATHOCTH MOJICIIH 3aKII0YASTCS B TOM, YTOOBI YOSTUTHCS B
BO3MOYKHOCTH HMCIIOJIb30BaHUS MOJYYCHHOW MOJIEIH IS PEIICHUS TOUM 3a1adH,
paay KOTOPOM 3Ta MOJEIb U CTpomyiach. [103TOMy aieKBaTHOCTDb TIPEIIoIaract
BOCITPOU3BEJICHUE MOJICTBI0 ¢ HEOOXOAUMOM TOJTHOTONH BCEX CBOMCTB OOBEKTA,
CYIIIECTBEHHBIX JIJIS TIEJIeH TaHHOTO WUCCIICI0BAHMS.

KonnuecTBEHHO CTeneHb aJeKBaTHOCTH MOJEIM M OOBEKTa MOYKHO
OIICHUTH ITyTEM CPABHEHMSI WX BBIXOJHBIX CHUTHAJIOB MPU TOJa4Ye OJMHAKOBBIX
BXOJHBIX BO3JACHCTBUM Ha OOBEKT M €ro Mojelb. [akoe CpaBHEHUE
NPEANOYTHTEIIPHO Ha OCHOBE HOBOM MHGOPMAIUU, OTIMYHOM OT TOrO
MHO>KECTBa JaHHBIX, KOTOPOE HCIIOIb30BAIIOCH B Mpollecce HACHTUDHUKAIIMH
00BEKTA.

CtpykTypHas cxema BBIYMCJICHHUS OLICHKH OITMOKH MOJIENIM CTaTHYECKOIO
Og’beKTa HpHUBe/eHa Ha PHC. 4.8.

X ¥
DBBEKT
+ ==
BomucneHue | £ | Belawcnerue | 2 B [MUC EHH B e
—== abConTHOM MPUEELEHH O CHO =
i OLL 5K Ol MEHA
—
Mogens b
Puc. 4.8.
IIycte mpoBeneHo | omnbrToB IIpU Pa3JIUYHBIX YPOBHAX BXOIHBIX
o I i A S
BO3JIEUCTBUN ¥ (e g ”-?:'1/13 obmactn

FUX JOIMYCTHMBIX 3HAUCHUN M

MOJTYYEHBI peau3aliii BBIXOJA0B 00bEKTa Vi =Wy Yag V)

~ M MM M L
Yi :U’ud"z.a'=---=ﬂ”w'3" (=10

U BBIXOJbI MOJEIN

—

Ommbkn  mozmenmu  abcomoTHas &:(‘ﬂl’ﬁﬂ’---ﬁm)

F=(8, 5, &)

u IIPpUBCACHHAA

JUTSI OLICHKH €€ aJICKBATHOCTH BBIUUCIISIOTCS 10 (hOpMyJTIam:
AOcooTHAsS — MaKCUMalTbHas OIIMOKA 110 I-My BBIXOY:
b= max Py~ % |
L1, v 7 . —
F=Lli (I = 1= F’?‘E:l .
H 1
[TpuBeneHHas ommoOKa 10 I-My BBIXOY:
A,

g, =—4 —
by, G=1wm).

CKO B cepuu | ombIToB:
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1 ! ]

1 ]

&"’5"’@—5- a6COJIIOTHa$I, IMPpUBCACHHAA H CpPCAHCKBAAPATHUYHAA OIINOKHU

= ﬁj . "}?1?’

rIe

. A
MOJIEJIH TI0 1-MY BBIXOJY e Y¥ - 3HaueHme i-TO BBIXOJA OOBEKTA U

MOJEIIA B j-OM OIIBITE G =1m =]"E:'; & MakcHMambHOE M3MEHEHHE i-TO

BBIXOJIa OOBEKTA =1m) Xy, ke =1n)

o6nactu “x |

Ecnim BemuumHBI 3THX OMMOOK MEHBINE HEKOTOPOTO  3aJaHHOTO
MOJIO’KUTEIBHOTO YHCIIA, TO MOJIENb aJIeKBaTHA OOBEKTY.

Tenepr paccMOTPUM OLEHKY MOAeIH JIMHAMHUYECKOr0 O0beKTA.
[Tomoxum, YTO TmTOCHE HWASHTU(UKAIMK TOJTydYeHAa MOJENh OJHOMEPHOTO
o0bekTa B popMe nuHEHHOTo 1 depeHIIManbHOr0 YpaBHEHUS BUIa

IIpru AOOIMYCTHUMBIX 3HAUYCHHAX BXOJ10B n3

- ffk.)’m(-f) = dkxM (£)
éaﬁ dt* ébk dr® ’ (4.42)

rae 2% - pxonmoii curHan MOJENH;
Y1) - BLIXOMHOM CHTHAJ MOJIEIH,

N,M - HAMBEICIIHEC MMOpAAKU IIPOU3BOJHBIX Yo I:f:l u 0 (ﬂ COOTBCTCTBCHHO
(m =)

HYCTB IIOJIYUYCHBI pCaIM3allMh BXOad x(t) N BbBIXOJa ) 00BEeKTa Ha OTPC3KEC

¢ E[D,T]

BPEMEHU rae T - pnwHa peanmzanuu (Bpemst HaOmoneHus). Termepsb

KAueCTBO MOJEIM MOXKHO OIIEHHTH IIyT€M CpPaBHCHHS A @y Y@ meo
HETMOCPEJCTBEHHO Ha Trpaduke (BuU3yanbHO), JMOO BBEIS HEKOTOPYIO
dbopMalbHYI0 MEpPY PACCTOSHUS MEKYy STUMU CUTHAJIAMH.

Brixo/iHbIE CHUTHANIBI OOBEKTAa U MOJEIU TPU OJHOM M TOM K€ BXOJHOM
CUTHAJIC pa3IWyaroTci, TaKk Kak wux auddepeHuaibHble YpaBHEHUS W
HaYaJIbHBIE COCTOSIHUSI HEUJEHTUYHBI. [IJIfl OlleHKH ajeKBAaTHOCTH MOJEJN U
o0beKkTa BBelleM KpuTepuil HX OJM30CTH MO Pa3HOCTH BBIXOJAHBIX

CUTHAJIOB, T.C. PEAKUU HAa OJWH U TOT XK€ BXOJHOW CHUTHAJ x(2) , Harmpumep

cJcayroaiero Buaa
r

I, = [ (e - yplendt
0 , (4.43)
e F®
IS HEKOTOpas BBITYKJas (yHKIIMS.
B gactHOCTH
F(e) =y, (E0) = (0 () =y (217 _ (4.44)
B oOmiem cinyyae oneHka aieKBaTHOCTH MPOBOJIUTCSA JJIsl Pa3IMYHBIX (popm
BXOHOTO curHana * (&) Orcrona clenyeT uaesi HeOOXOJUMOCTH YCPEIHEHUS TI0

BXOJHBIM CHIHaJlaM W Ha4YaJbHBIM YCIIOBUAM, T.C. BBCIACHHA OIICpaliuu

MaTEMATHYCCKOT'O OKHNJaHUA OLICHKHU f?f .



99

r
1= M1, 1= M| F(p(0) -y (00)dt]
0 . (4.45)
Bblpa)KeHI/Ie BBIXOOJHOI'O CHIHaJila HMMECT HAdOBOJIBHO CHO)KHBIfI BUA, 4TO
3aTpyaAHACT aHAIUTUYICCKOC HCCICAOBAHHUC 3aBUCUMOCTH | oT K03(1)(1)I/IHI/IGHTOB
MOZACIIH, IIOOTOMY BBOIATCA U APYI'UC KPUTCPUHU. B YaCTHOCTH, €CJIM YPABHCHHUE
MO/1eJIM UMECT BUJT

J’M': :'
(©
é "' e (4.46)

TO AJI1 OLCHKHU 0IM30CTH MOACIN U 00BEKTa yI[O6HLIM OKa3bIBACTCsA

GyHKIIMOHAT OT Pa3HOCTH BXOIHBIX CHUTHAJIOB (% () — x(2)) MOJCIH M OOBEKTA,
00€eCIIeUYNBAIOIINX OAUH U TOT K€ BBIXOIHOM CUTHAI

r
1= M| F () - x(e)pek]
0 , (4.47)

IpH YCIIOBHH, YTO ©)=xE_ B srom Cly4yae BBIXOJIHOM CUTHAJI MOJEIH U

oGbexTa GyxeM 0603Hauats *¢ |
Torna, moxacrasss (4.46) B (4. 47) UMEEM

IF(ZE "}’” *(O)dt]

: (4.48)
T.c. (YHKIIMOHAJ] B SBHOM BHJE 3aBHUCUT OT KOI(PPHUIIMEHTOB MOICIH, UYTO
yIOOHO ISl aHAIMTUIECKOTO UCCIICIOBAHUSI.
PaszBuBas 3Ty maero, MOXKHO (HOpMamu30BaTh YOOOHBIH (YHKIIMOHAT IS
oO0IIIero ciryvasi MOJIeTu (1 42)
r o dn 2 cf*'x'(fr]'

IF'ichﬁ -2k

(4.49)
Bripaxkenne
oAby X .::i'x(f,)
M=
Zha Bh T (4.50)

Ha3bIBaeTCs 00001eHHON omuOKoi Mozenu. B kadecTBe QpyHKIUU £% , Kak
MpaBUIIO, TPUHUMAIOT KBaApaT 000OIIEHHON OIMOKH

r
= M[[ £ @at)
0 . (4.51)
OT1oT dhyHKIIMOHAT Y00€H TeM, YTO B IBHOM BHJIC 3aBUCHUT OT IMapaMeTPOB
MOICINU U OT ,Z[OCTYHHBIX I/I3MepeHI/IIO BXOOHOI'O MW BBIXOAHOI'O CHUI'HAJIOB
oObekTa. OJHaKO TMpPU BBHIYUCICHHH O3TOr0 (YHKIIMOHAla BO3HHUKAIOT

OIpeJeieHHbIe TPYAHOCTH, CBSI3aHHbIe ¢ AU dHepeHInpPOBaHUEM CUTHAIIOB x(2)

)51 yig) , 4 TAKXKE C HCO6XO)II/IMOCTB}O BBIIIOJIHCHHA OIICpalli MaTEMaTUYCCKOI'O

oxkunanus. CTpyKTypHasi cXxeMa BBIUYMCICHUSI 000OIEHHON OMMOKN U OIEHKH

d
2=
kpurepusi  { npexcraBmeHa Ha  puc. 1.9, rIe dt - omeparop

nuddepeHupoBaHus.
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*(%) _| OBBEKT (e
Zx:.ﬂ 3 A(Y) [Enox Bramc-| [
P kP + TeHHA {
2. hp"
il
Puc. 4.9

OpHako MO yCIOBUSM (PU3MYECKOW pEean3yeMOCTH MOYKHO CO3/1aBaTh
JUIIb YCTPOKWCTBA, MOPSIIOK YUCIUTENS KOTOPBIX MEHBIIE(UIM PABHO) MOPSAJIKA
3HAMEHATEJIA, T.€. MOYKHO Pealn30BaTh YCTPOUCTBA C OIIEPATOPaAMHU

] »

K &
2 EeP /E'(p) 2. hp /D'fjf?]'
Kol

" &=l

rac Dip) . MHOT'OWICH CTEIICHH OOJIbIIE WUJIN paBHO *#; #2 =n,

Torma cCTpykTypHas cXeMa BBIUHUCICHHUS OOOOIIEHHOW OIIMOKU @)y
OLIEHKHU KpHTepHs ¢ OyneT UMeTh BUJI, NpeJcTaBIeHHoi Ha puc. 4.10.

x(t) | OBBEKT |, (¥
° 3 u(1) Enorx  BHYHC-
agp” [L{p) -
é + I eHITA
Zbﬁpk/ﬂ(.ﬂ
P
Puc. 4.10

L) = Qap” /D EDX - (3 5 p" /D(p))x{f)
ki) k) X (4_ 52)

T =M[|E0de]

Y M

: (4.53)
CtpykTypHOH cxeme, nzooOpakeHHor Ha puc. 4.10, sKBUBaJeHTHA cXxeMma,
npuBeieHHas Ha puc.4.11.
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*(%) | OBBEKT | Y(¥
Zx:ﬂk}?k 1 i)  [Erorx BHuHC-
=) + Rlg) NEHHA

Puc. 4.11

A

Takum oOpazom, o00o0OmIeHHAs oOmMOKa , U3MepsiemMasi C TOMOIIBIO

(bU3UYECKH pealu3yeMbIX YCTPOMCTB, OTJIMYACTCS OT 000OIIICHHOM OMMOKH A

TE€M, YTO 20 gpnaercs pe3yibTaToM TpeoOpa3zoBaHUs Al buabTpoM ¢

nepeJaTouyHol (QyHKUMen VD@ B CHJIy KOHEYHOCTH IOJIOCHI IPOITyCKaHUs
3TOro (PUJIbTpa MPOUCXOAST MCKa)KEHUS CHUTHala OOOOIIEHHON OIMOKu. DTH
UCKaXXeHUs OyIyT TeM MEHblIE, yeM OoJIblie M0JI0ca IPOnyCKaHus PUIbTpa.

Eciu BenumuuMHa OIIMOOK MOJENM U OLIEHOK KPUTEPUEB MNPUOIMKEHUS
YIOBJETBOPSIOT TPEOOBAHUSAM K KadeCTBY MOJENHM, TO MOJENb CUHUTAETCS
aleKBaTHOW OOBEKTy M MOXKET OBITh HCIONb30BaHA JMJI pEIICHUs 3a]ad
MOJICTTUPOBAHUS, ONTUMHU3AIMK U YIpaBieHUA. B MpOTHBHOM cilydae MOJAENH
HEOOXOJMMO YCOBEPIIICHCTBOBATH MyTEM H3MEHEHHS CTPYKTYPHI U BBEACHUS B
HEe HEYUTEHHBIX paHee (PaKTOPOB.

4.6. Xapakmepucmuka rpobriem u Memodog ModesiuposaHusi
obbekmos

[Tox MoaenupoBaHUEM KaKOro-IMOO 00BEKTa (CUCTEMBI, SIBJICHHS) OOBIYHO
MOHMMAETCSl BOCITPOM3BEICHUE M UCCIICIOBAHUE JIPYTOro 00BEKTa, MOJ00HOTO
opurvHaiy, B ¢gopme, yA0OHOU JJjIsi MCCIEAOBaHUS, U TMEPEHOC MOTYyYCHHBIX
pe3yabTaToB Ha MoJeaupyembiii 00bekT. I[lpu 3TOM OOBEKTHI CUHTAIOTCS
MOAOOHBIMU, €CJIM XAPAKTEPUCTUKU MPOUCXOMASIIMX B HHUX TPOLIECCOB
OTJIMYAIOTCSL BIIOJHE OMPEJEICHHBIMU W TOCTOSSHHBIMA B TEUEHHUE JAHHOIO
nporecca kodpdunrentramu. Mojenb U3y4aeMoro o0ObeKTa MPU ITOM MOXKET
ObITh MHOW (HM3UYECKOW MPUPONBI, OTIUYHOW OT MPHUPOABI OpUTHHATA. ITO
OOCTOSITEILCTBO ~ OTKPHIBAET IMUPOKHWE BO3MOXKHOCTU NIl  TPUMEHEHHUS
MOJICIUPOBAHUSI B MPOCKTUPOBAHUU OOBEKTOB, OOYCIOBJICHHBIC MTPUMEHEHUEM
TakuX d(PPEeKTUBHBIX CPeACTB, Kak IBM, nuHamuueckue CTEH/bI, UMUTATOPHI,
TpEHaXKEPHI.

B ocHoBe MoaenupoBaHus jgexaT HHPOPMAITMOHHBIE MPOLIECCHI, TOCKOJIbKY
B MPOLECCE pean3aluyd MOJETU MOIy4yaloT MHGOPMAILIMIO O TaHHOM OOBEKTE,
OJIHOBPEMEHHO B JOKCIHEPUMEHT C MOJIEJIbI0 BBOAMUTCS  YIPABJISIONIAS
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uHbopMalus, Aanee MPOUCXOAUT 00pabOTKa IMOJYYEHHBIX Pe3yJIbTaToB, T.€.
uH(pOpMaIUs JIEKUT B OCHOBE BCETO MpoIiecca MOJICTUPOBAHMS.

B Hacrosiee BpeMs MONY4YWIM NPUMEHEHHE CUCTEMBI MOJEIHPOBAHUS,
OTJIMYAIOIMECS BBICOKOW CTETEHbI0 aBTOMATU3AIMH MTPoIlecca MOIETUPOBaHMS,
KOI/Ia Hapsily ¢ NPOrpaMMHBIMH CPEACTBAMHU YIPABICHUS BBIYMCIUTEIbHBIM
HKCIIEPUMEHTOM  MCIOJIb3YeTCd  BO3MOXKHOCTH  JHAJIOrOBOrO  OOIICHUS
UCclenoBarenss C mpoiieccoM MojenupoBanus. CTeneHb aBTOMATHU3AIUU
polecca MOJAEIUPOBAHUS TECHO CBSI3aHA C YIPABISEMOCTBHIO MOJENH. B aToM
CMBICJIC HAJTMYME MHOTHUX YIPABISIEMBIX MAPAMETPOB U MEPEMEHHBIX MOJICIIU B
peaTu30BaHHON CHUCTEME MOJICIUPOBAHUSA JA€T BO3MOXXHOCTh IOCTAaBUTh
ITUPOKHUH SKCTIEPUMEHT M MOJTYYUTh OOIIUPHBIA CIIEKTP PE3yIhTATOB.

Xapaktepuszys TpoOJieMy MOJCIHPOBAHUS B  II€JIOM, HEOOXOIUMO
YUYUTBIBATh, YTO OT IMOCTAHOBKHM 3a/Jaud MOJICIMPOBAHUS 10 HHTEPIPETALUU
MOJIYYCHHBIX PE3yJIbTATOB CYIIECTBYET OOJbIIAasi TPYIIa CIOXKHBIX HAy4YHO-
TEXHUYECKUX MpodsieM. K OCHOBHBIM U3 HUX MOYXHO OTHECTH:

- UJICHTU(DUKAIUIO PEabHBIX OOBEKTOB;

- BBIOOp BHJIa MOJICIICH;

- MIOJTy4YEHHUE pealln3aliil IepeMEHHbBIX 00BEKTA;

- IOCTPOEHUE MOJIEJIEN U UX pean3annio Ha OBM;

- B3aMMOJICMICTBUE MCCIEAOBATENSl C MOJEIbI0 B XOAE BBIYUCIUTEIBLHOIO
AKCIIEPUMEHTA;

- MPOBEPKY TMPABWIBHOCTH TMOJYYEHHBIX B TMPOLIECCE MOJCIUPOBAHUS
pPEe3yJbTAaTOB U BBISIBIICHHE OCHOBHBIX 3aKOHOMEPHOCTEH.

B 3aBucuMocTty 0T 00beKTa MOACITUPOBAHUS 1 BUIA UCIIOJIB3yEMON MOJCIIH
3THU MPOOJIEMbI MOTYT UMEThH Pa3HYIO 3HAYUMOCTb.

B onnux cinydasx HauOosee CIOKHOW OKa3bIBaeTCs WJCHTU(UKAIUS, B
Ipyrux — TmpoOjema peanuszanuu Mojaenu Ha OBM, ocobeHHO B ciydae
MMHTAIMOHHOTO MOJEIUPOBAHUS CIOKHBIX CUCTEM.

st uccrnenoBaHus OOBEKTOB W CHUCTEM YIPABJICHHUS HUCIHOJIB3YHOTCS
pa3IMYHbIE METOAbI MOIEJTUPOBAHMS:

- (husnyeckoe MoIETUPOBAHME;
- MaTeMaTUYeCKOe MoJieInpoBanne Ha DBM;
- IOJIyHATyPHOE MOJIETTMPOBAHUE.

Kaxnaplii M3 3THX METOJOB MMEET CBOU JOCTOMHCTBA W HEJOCTATKH.
[IpuMeHeHue TOro WM MHOTO METOJIa ONPENEseTCs B KaXKJIOM KOHKPETHOM
clydyae B 3aBUCUMOCTH OT MCCJIEIyEeMOW CUCTEMBI U YCIOBUM ee paboThl. [Ipu
ATOM HEO0OXOJMMO HMMETh HAaOOp MpaBWUJ W YCJIOBHUM, BBINOJHEHHUE KOTOPBIX
obecnieunBaeT TpeOyeMyl0 TOYHOCTh H3YUYCHHS PEajlbHOTO OOBEKTa IO €ro
MOJieNId. DTU TIpaBuia U yCiaoBUs GOPMYIUPYIOTCS B TEOPUU TIOI00US.

[Ipy  wucnonp3oBaHuMK  (PU3MYECKOT0  MOJEJIMPOBAHMUS  MPOLECCHI,
MpPOTEKAONIME B MOJEIM W B OpPHUTHHAIIC, UMEIOT OJMHAKOBYI0 HMHOTJA H
paznuuHy0 Qusnyeckyro npupoay. Ouznyeckass MOACIb MOKET OTIHYATHCS OT
OpUrMHalIa pa3MepaMH, CKOPOCTBHIO MPOTEKaHUS W (U3MUECKOU MPUPOIOH
MPOIIECCOB WJIM MaTepHallaMH, U3 KOTOPBIX OHa M3roTomieHa. [Ipumepamu
TaKOTO MOJEIUPOBAHUS MOXKET CIYKUTh U3YUEHUE a3POJUHAMUYECKUX CBOMCTB
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camoJieTa MpU IMOMOIIM €ro MakeTa B a’pOoJAMHAMUYECKON TpyOe, H3ydeHHe
MEXAHUYECKUX KOJIEOAHUH C TOMOILBIO IJIEKTPUUECKON CXEMBI.

®dusnyeckass MOJEIb MOXET HanOoJiee IOJHO BOCIPOU3BOIUTH TaKHE
CBOMCTBAa OpUTMHAjA, KOTOPbIE MPU TEOPETUUECKOM HU3YYEHHH HE MOTYT OBITh
yuTeHBl B MOJHON Mepe. Teopernueckoil 6a30il GU3NYECKOr0 MOJEIUPOBAHUS
SBIIIETCS TEOPUSI MOA00US.

Teopus nojoous II03BOJISIET IIEPECUUTATH KOJIMYECTBCHHbBIC
XapaKkTEpUCTUKH, IOJYYEHHBIE INPU H3YYEHHH MOJEIH, B KOJWYECTBEHHBIC
XapaKTepUCTUKN OPUTHHAIIA.

[Ipu  ¢usnyeckoM  MOJEIMPOBAHMUA  HEOOXOIUMO AN KaXKIOTO
KOHKPETHOT'O OOBEKTA CO3[aTh CBOK MOJEb. Tak Kak M3rOTOBJICHHUE CIIOKHBIX
OOBEKTOB O0OOXOAWUTCS, Kak TMPaBWIO, OYEHb JOpOro, TpedyeT OOIbIINX
MaTEepUAIIBHBIX U TPYAOBBIX 3aTpPaT, TO U3MEHEHHUE MMAPAMETPOB MOJEIHU YacCTO
HenesnecooopasHo. IloaTromy, HecMOTpss Ha OIpeneleHHbIE IPEUMYILECTBA,
¢uznyeckoe MOJEIMPOBAHUE HAXOAUT OTPAaHUUYEHHOE MPUMEHEHHE MpH
UCCIIEJOBAaHUM CJIOKHBIX OOBEKTOB M CHUCTEM ymnpasieHus. s 3Toi wnenu
LIMPOKO IPUMEHAETCS MaTEMATUYECKOE MOJCIIMPOBAHUE.

[Ipy mMaTemaTM4ecKOM MOAEJIHMPOBAHUM  MHCCIEAOBaHUE OOBEKTa
OCYILIECTBIISIETCSl  MOCPEJACTBOM MOJIENH, CQHOPMYJIUPOBAHHOM Ha  SI3bIKE
MaTE€MaTUKU M PEaM30BAHHOM, KaK IpaBwio, Ha OBM ¢ ucnosib30BaHUEM TEX
WJIM MHBIX MAaTEMAaTUYECKUX METO/OB.

[Ipu monenupoBannu Ha OBM B KauecTBe 00BEKTa MOAECIUPOBAHUS
(opuruHasia)  BBICTYHAET  HCXOAHBIE  YPAaBHEHHMs,  IPEACTABIISIONINE
MaTEMaTUYECKyI0 MOJENb PEATbHOIO0 OOBEKTa, a B KayecTBE MOJECIH —
MIPOILIECCHI, IPOTEKAIOIIME B COOTBETCTBUM C OTUMH YPABHEHUSMU U
BOCIIPOM3BOAMMBIE HA DBM B BHie “MallMHHBIX PELICHUN ITyTEM peaau3aluu
IIPOTPaMM.

MaremaTuueckoe MOJEIMPOBAaHUE OOBEKTOB U CHUCTEM YIIPaBJICHUS
ocymiectBisiercss Ha ABM u [IBM, nmosTomy yacto Takue cCrocoObl Ha3bIBAIOT
aHaJIOTOBBIM U U(GPOBBIM MOJCIUPOBAHUEM.

B MarematMyeckoM  MOZACIMPOBAHUM  BBIACIAIOT  HMUTALMOHHOE
MO/IeJINPOBaHuUe, IO/ KOTOPbIM IMOHUMAETCS BOCIPOM3BEACHHE OOBEKTOB C
UMUTALMEN CIIyYalHbIMU BEJIMYMHAMHU U CIy4YalHBIMMU IIPOLIECCAMU DIIEMEHTOB
OpUTMHAJIa,  KOTOpbIE  HE  yAAETCA  MNPEACTABUTH  ONPEICICHHBIMU
MaTeMaTuyeckuMu mojensimu. [Ipu aTom nponecc GyHKIMOHUPOBaHUS 00BEKTA
(cucTembl) MPENCTaBISETCS B BHUAE ONPEACIICHHOTO aJFOPUTMA, KOTOPHBIM
peanmzyercs Ha DBM.

Ha nHekoTopbix TakTax padOThl MMHUTAIMOHHOM MOJEIM HUCHOJIb3YIOTCS
napameTpbl, BbIOMpAaeMble MCCIIEIOBATENEM, TaK Ha3bIBa€Mble YIPABISIONINE
BO3NelicTBHsI. BBIOOp ympaBisIIONIMX BO3JECWCTBHM  OCYIIECTBISCTCS U3
HEKOTOPOTO0 MHOXXECTBA W OOBIYHO MMEET KpUTEpUH KayecTBa 3TOTO BhIOOpA,
T.e. (DyHKLHIO, KOTOPYIO CIeAyeT ONTUMHU3UpOBaTh. Torma mepen Tem Kak
BBOJIUTH YNPABJIAIOMIKAE BO3JCUCTBUS B HMMHUTALMOHHYIO MOJEIb, PEIIACTCA
ONTUMHU3ALMOHHAs 3a/1a4a 10 UX OTBICKAHMIO, U JIMIIb IIOCJIE 3TOIO HAWJICHHbIE
ONTUMAJIbHBIE 3HAYEHUSA BBOIATCS B MMHUTALMOHHYIO MOJENb. B 3TOM Ciiydae
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UMUTALMA TO3BOJISIET MOJEIUPOBATh OTKJIMK CHCTEMBl Ha ONTHMAJIbHBIE
yopasieHus €r0. Ecii MHOXECTBO YIPAaBISIIOIIUX BO3IAEHCTBUI HE CIIMILIKOM
ooraTo, To BC€ OHM MOTYT ObITh MEpPenpoOOBaHbl B UMHUTAIMOHHOW CUCTEME.
Pe3ynbraThl MMUTAMOHHOTO MOJEJIMPOBAHHS B TaKOM CJIy4yae IO3BOJIUT
IIPOBECTH OLIEHKY YIPABJISIOMUX BO3ACHCTBUI — OTOPOCUTD 3aBEJOMO ILJIOXHE,
YOOPSIAOYUTD U T.II.

Takum 006pa3zoM, UMUTAIIMIOHHOE MOJIEIMPOBAHUE PACCMATPUBAIOT TaK Ke,
KaK YIpaBISIEMbIA 3KCIEPUMEHT, MNpou3BoauMbld Ha OBM. B Takom
IKCIIEPUMEHTE OIpe/eTICHHbIE MATeMAaTUYECKUMHU MOJCIAMU YacTh OOBEeKTa
MOJICJIMPOBAHUS ~ B3aUMOJEHCTBYIOT C HMHUTHPYIOUIMMHU  BO3MYILAIOIINE
BO3JICHCTBHSI U HEKOTOPBIE YAaCTU OOBEKTA T€HEPATOPAMH CIyYalHbIX BEJIMYMUH.
OTO B3aMMOJCICTBUE MPOBOAMUTCS 1O OMNPEIEICHHBIM B 3KCIIEPUMEHTE
npaBuiaM, a pe3yJbTaThl MOJIEIMPOBAHUS IIOJIBEPralOTCi CTAaTUCTHYECKOM
00paboTke.

Pe3ynpTaThl MMUTAMOHHBIX SKCIIEPUMEHTOB MOT'YT BIIMATH Ha BUJ MOJIEIIN
1ocJie 3aBEpILEHUsl CepUr NPOroHoB ee Ha OBM (MckiroueHne Mano3HaYuMBIX
HIapamMeTpoB U BXOJIOB U T.11.).

IlonynatypHoe MoIeJMpOBaHME — 3TO MOJCIMPOBAHUE C PEAIBHOU
anmnapaTrypou, IIpyu KOTOPOM 4YacTb CUCTEMBI MOJEIMPYETCS, a OCTajIbHAas 4acTh
SBIIETCS PEATbHOM.

[IpuMeHeHre Takoro MeTo/1a MOJIEIUPOBAHMS CTAHOBUTCS HEOOXOAUMBIM B
TE€X CclydYasX, Korja He YJaercs omucaTh paboTy HEKOTOPBIX 3JIEMEHTOB
cucTeMbl MaTeMatuyeckd. Hanmpumep, mpu UCCIEIOBAHUM PATIMOIOKALIMOHHBIX
(PJI) CAY nerarenpHbIX ammapaToB B YCIOBHUSX IMOMEX IMPOLECC MpHEMa H
nepefiayd  aHTEHHOM  OTPaXXEHHOTO  CUTHala  TPYAHO  MOAJAETCA
MareMarndyeckomy onucanuto. llostomy mnpuxomurcs PJI u  gpyryro
anmnaparypy, He MOJIAI0IIYI0Cs. MAaTEMAaTHYECKOMY OIHCAHMIO, BOCIIPOU3BOINUTH
B HaType, a ocTajbHble 3BeHbsl CAY — marematnuecku Ha OBM. EcTtecTBeHHO
pabota Bcell 3aMKHYTOW CXEMbl MOJEIUPOBAaHUS JOJDKHA MPOXOIUT B
HaTypaJlbHOM  Maciutabe BpeMeHH. Takoe MOJEIMpPOBaHUE  CHUCTEMBbI
YIPABJICHHS TI03BOJISIET AHAIM3UPOBATh KaK BCIO CHCTEMY B ILIEJIOM, TaK H
OTZIEJIBHBIE €€ 3JIEMEHTBI, MCCIENO0BATH BIMAHHUS KUHEMAaTUKU M JUHAMUKU
AJIEMEHTOB peaibHOU ammapaTypbl Ha padory CAY, HecMOTps Ha TO, YTO HX
MaTEMaTUYECKOE ONMHCAHUE OTCYTCTBYET.

B mpoiuecce mModayHaTypHOro MOJAEIHMPOBAHUS YJAYHO COYETAOTCS
JIOCTOMHCTBA MAaTeMaTHYE€CKOr0 M HATYpHOTO MOJEIMPOBAHUS U MOXET OBITh
JOCTUTHYTO ONTHUMAJIbHOE B3aUMOJCHCTBUE MEXKIY BbIUUCIUTEIBHBIMU U
HAaTYpHBIMHU JKCIIEpUMEHTaMU. B Hacrosiiiee BpeMsi METOJIbl MOJYyHATYPHOTO
MOJICTIMPOBAHUS ¢ pexTuBHO MPUMEHSIOT npu MPOEKTUPOBAHUH
pa3zHOOOpa3HBIX AaBTOMATHUECKUX YIPABIISIFOIINX CHCTEM.

Heo0OxoaumMocTh MpUMEHEHHS TAKUX METOZ0B BO3HUKAET, €CIIU:

- 00BEKT yIpaBJICHUSI HAXOJUTCS €Ille B CTaJuU MPOEKTUPOBAHUSA, & JIEMEHTHI
YCTPOMCTBA YIPABJICHHS PEAJIbHO CYLIECTBYIOT;
- 00BEKT HE MOKET UCTIBITHIBATHCA B 1a00PATOPHBIX YCIOBUSIX;
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- 3JIEMEHTBHl YCTPOWMCTBA YNPABICHHUS HMMEIOT HEJIMHEWHBIE XAPaKTEPUCTUKH,
TPEHMUsI, IOMEXH, KOTOPBIE IPU COCTABICHUM UX YPABHEHUI HE YUUTHIBAIIUCH;

- IPOBEJICHUE  HATYPHBIX OKCHEPUMEHTOB IO HACTpPOMKE  yCTpoOICTBa
yIpaBJeHUS Ha 00BEKTE JOPOTO UM BOOOIE HEOIYCTUMO.

JUis npoBefeHUs NOJIYHAaTYpHOTO MOJIEIMPOBAHUS HEOOXOJUMO HMETH
COIPSATAIOIINE YCTPOMCTBA IS CBA3U Mojenu (OBM) ¢ BHEIIHUMU peaslbHbIMU
3JIEMEHTaMHU.

CtpykTypa TOJYHaTypHOIO MOJEIMPOBAHUS CUCTEMBI  YIpPaBJICHUS
npexacraBieHa Ha puc. 4.12. Cucrema BKIIOYAET TakKe MOJEIb T'e€HepaTtopa
BO3MYUIAIOLIMX BO3JIEHCTBHI 1JIs1 BBITOJHEHUS! KIMUTALIMOHHBIX 3KCIIEPUMEHTOB
U yCTporcTBO conpspkeHust ¢ o0bekToM (Y CO), T.e. mpeodpasyronuye dIeMEHTHI
JUIS CBSI3M MOJIeNM OO0BEKTa C peanbHOM ammaparypoil. Bxirouenue B cxemy
MOJICTTUPOBAHUS JIOTIOJHUTENBHBIX MPeoOpa3yroMMX 3JIEMEHTOB HCKaXKaeT
pe3ynbpTaThl MOJEIHMPOBAaHUA peanbHOro mpouecca. llo3toMy OCHOBHBIE
CBOMCTBA 3TUX 3JEMEHTOB JOJDKHBI OBITh YUTEHBI IPU 00pabOTKE PE3yJIbTaTOB
MOJICJINPOBAHUS WJIM K€ MPU OPraHU3aly CaMoro Ipolecca MOJECIUPOBAHUS.
Hanpumep, ecnu npeoOpasyronue 371eMEeHTbl UHEPIIMOHHBI, TO MOYKHO XOTS ObI
YaCTUYHO CKOMIIEHCHPOBATh HWHEPIMOHHOCTh BBEACHHEM B MOJIENb OOBEKTa
(bopcupyrOIUX 3BEHLEB.

Lens MopenupoBanus npu npoektupoBaHu CAY — BbIOOp CTPYKTYpBI U
apamMeTpOB OTAENIbHBIX YCTPOMCTB aBTOMAaTUYECKOM CHUCTEMBI, OTBEYAOIINX
TPEOOBAHMIO BBIMOIHIEMBIX €10 (PYHKIMH M 33JaHHBIM IOKa3aTeJsIM KauyecTBa
ee pabotel. IIpu BBIOpaHHOH CTPYKType AaBTOMATHYECKOM CHUCTEMBI
MOJICJIMPOBAHUEM OIPEACINIAETCS JHIIb ONTHUMAJIbHbIE 3HAYEHUS IMapaMeTpoB
YCTPOMCTBA YINpaBJIEHUSA, B HaWOOJbIICH CTENEHU BIMAIONIMX Ha 3a/laHHbIE
MOKa3aTesld KauecTBa.

MopnennpoBanue IPUMEHSETCS TaKXe TUISL UCCJIEI0BAHMUS
CIOPOECKTUPOBAHHOM aBTOMATHYECKOW CHUCTEMBI C LEJIBI0 BBISICHEHUS €€
HAJKHOCTH, YCTOMYHUBOCTH, YyBCTBUTEIBHOCTH U IOBEIECHUS IIPU OTKA3€ TEX
WIM MHBIX D3JEMEHTOB, IMpPH pPa3IUYHBIX (B TOM UHCJIE aBapHUUHBIX)
BO3MYLIAIOIIMX U 33JAI0LIUX BO3ACHCTBUSAX.
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Momens regepatopa
EOSMYIL e HHA

Mopgene obrexta
YIIpaBll eHHA

T '

YeoTpoHCTES
VIIPAEI eHHA

Sagawles
yCTpoHCTEO

Peanruaa annapatypa

Puc. 4.12

IIpy nM3ydeHUM IPOLIECCOB B PEANBHBIX CUCTEMAX U UX MATEMaTUYECKHUX
MOJENIAX Pa3IN4aroT TPU TUIIA BPEMEHU:

1. PeanibHOe, BO BpeMsi KOTOPOTO MPOTEKAIOT MPOLECChl B pealIbHBIX
YCIIOBUSIX U CUCTEMAX;

2. MonesibHOe (CHCTeMHO€), BO BPEMsI KOTOPOIr'O MPOTEKAOT MPOLECCHl B
MOJENN CcUCTeMBbl. VICHONIB30BaHME MOJEIBHOTO  BPEMEHU  ITO3BOJISIET
aHAJM3UPOBATh NPOLIECCHl B MOJAEIISIX B YCKOPEHHOM WJIH 3aMEIJIEHHOM TEMIIE,
a TaK)K€ OCTAaHABIIMBATh PELICHHUE JJISI U3YUEHHUS ITPOLIECCOB B KAKOM-TO MOMEHT
BPEMCEHU;

3. MammHHOe, BO BpeMsi KOTOPOTO MPOUCXOIUT MOACITUPOBAHNE CUCTEMBI
Ha OBM, oHo peructpupyercs taiimepom OBM.

4.7. Omarnbl U NpuHyuUrnsbl MooesiuposaHusi 06bLeKmMoe8 U cucmem Ha
SBM

MonenvupoBaHue c HCIIOJIb30BAaHUEM 9BM (MMUTALIMOHHOE
MOJICTUPOBaHUE) ABJSAETCS YPPEKTHBHBIM CPEICTBOM HCCIICIOBAHUS CIIOKHBIX
00BEKTOB U CUCTEM.

Pa3paboTka MMUTAIMOHHONW MOJENH pealbHBIX 00BEKTOB Ha DBM m ee
UCCJICIOBAHKE OCYIIIECTBIISICTCS MOATAITHO B onpeeICHHOM
MOCJIEIOBATEILHOCTA. TPaUIIMOHHO TAaKOW TPOIECC BKIIOYACT CIETYIOIIHE
ITAIbI:

1) onpesiesicHKE 1IEJIM M IOCTAHOBKA 3a/1a4K UCCIICIOBAHUS;
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2) popmanm3zanysi 00BEKTa (CHCTEMBI) C
MaTeMaTHYECKON MOJIEIH;

3) MOCTpOCHHE MAaTEeMaTHUECKOW MOJIETH O0BEKTA;

4) pa3paboTKa M COCTABJICHUE MOICIUPYIOIIETO aJITOPUTMA,;

5) nocTpoeHrne MamIMHHONW (MMHTALMOHHON) MOJAEIH 00beKTa (IepeBoj
MaTeMaTHYeCKOH Mojaenu oOBeKTa H  MOJCIHPYIONMIETO  alropuTMa B
MOJICTTUPYIONIYIO TPOrPpaMMy | IePEHECCHNE €€ Ha MAITMHHBIC HOCUTEIH );

6) TuTaHNpPOBaHNWE UMHUTAIIMOHHBIX 3KCIICPUMEHTOB;

7) IMUTAIIMOHHBIE SKCIIEPHUMEHTHI C MOJICTIHIO O0BEKTA;

8) oOpaboTka 1 aHaIM3 Pe3yIbTaTOB MMUTAITMOHHBIX SKCIIEPHUMEHTOB,;

9) TOKyMEHTHpPOBAaHHE W MPAKTHYECKOE WCIOIB30BAHHE PE3yIbTaTOB
MOJICTTUPOBAHUSI.

CtpyKTypHasi cxeMa UMUTAIIMOHHOTO MOJICTHPOBAaHUS N300pakeHa Ha pUC.
4.13. B aT0lt cXeme 3Tarbl MOCTPOCHUSI MOJIENIM U TIPOBEICHUS] UMUTAIIMOHHBIX
HKCIIEPUMEHTOB pa3JieieHbl. DTO 00YCIOBJICHO TE€M, YTO MAIIMHHASI MOJIETb TIPH
IUTAHUPOBAHUM M TIPOBEJICHUU SKCIEPUMEHTA PAaCCMATPUBACTCS KaK YEPHBIM

OCJIbIO IOCTPOCHHUA €TO

AINUK.
Fenmnszi
o Honomzosanue
—
Iems u radaun M ezm anami- I ocengnroueel Hygumami CEpabomea ﬂmo&
Modempoemiu | MECKAR MOUENs NS RN M Ha SR PEIPREM BN OS :
_—
i
Feaackmen
UCEREdOREHLR oy
LA LTI HOED
IRCNIGRAAEH
A
Puc. 4.13

Pe3ynbTaThl MMUTALIMOHHBIX DKCIIEPUMEHTOB MOTYT BIIMATH HA BUJ MOZEIH
Oo0BbEKTa U, CIEIOBATEIbHO, Ha CTPYKTYPY MOJAEIUPYIOLIEro ajaropuTMa.
Hanpumep, ecnu B mpouecce 3KCIEPUMEHTA BBIICHUTCS, YTO BBIXOIHBIC
pe3yabTaThl €c1ab0 3aBUCAT OT TOTO WM HMHOIO IapameTpa, TO 3TO MOKET
HOCTY>KUTh TPUUMHON YIPOIIEHUS MOJENH (UCKIIOUEHNE JaHHOTO NapaMeTpa u
COOTBETCTBYIOILIEE YMEHBLIEHHWE Pa3MEPHOCTH MOJEIM) M  H3MEHEHHUS
MOJCIIMPYIOIIETO AITOPUTMA.

B 3aBucumoctd OT cTeneHu (opmanuzaluyd HUCCIAEAYEeMOW CHUCTEMBbI
pa3Inyaror:

- MOJIEJINPOBAHHE C MPUMEHEHUEM YHCIEHHBIX METOJIOB;
- BEPOSITHOCTHOE  (CTaTUCTHUYECKOE) MOJAEIUPOBAHUE C
CHELUAIBHBIX aJITOPUTMHUUYECKHUX SA3BIKOB IPOTPAMMUPOBAHUS.

MopenupoBanue ¢ NPUMEHEHUEM YHUCIEHHBIX METOIOB OCYILIECTBIIIOT B
TEX CIydasX, KOrjga CHCTEMY YJIaeTcs ONuCaTh JOCTATOYHO CTPOTMMH
MaTeMaTHYECKUMU COOTHOLICHUAMHU. Ero HEJOCTATOK 3aKIIIOYaeTCsl B TOM, YTO
CTPYKTypa  MOJEJIUPYIOLIEro  aJroputMa U  CTPyKTypa  HHPOpMAIUH
ONPENEIATCA YUCICHHBIM METOIOM, a HE CTPYKTypOW H CBOWCTBAMH
uccieayeMoro mnpotecca. M3Menenune tpeOoBaHUI K peXUMY MOAETUPOBaHUS,

HUCIIOJIb30BaAHUEM
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KOPPEKTUPOBKa MOJEIU OOBEKTa, TMOBBIIMICEHHE TPEOOBAHUNH K TOYHOCTHU
pe3yJbTaTOB MOTYT MPHUBECTH K 3aMEHE YMCJIEHHOIO METOJa, a CJIEIOBATEIIBHO,
K 3aMEHE AJITOPUTMA.

[IpumeHnenne  MeTroga  CTATUCTUYECKOTO  MOJCIHMPOBAHUS  JENAET
MOJACIUPYIOIIMK  alTOPUTM  TO  CTPYKType  OJU3KUM K  alTOPUTMY
(GYyHKIMOHUPOBAHUS peaabHOro 00bekTa. M3MeHeHre ycnoBuil MOJEIMPOBAHUS
HE MPHUBOJHUT K CYIIECTBEHHBIM H3MEHEHUSAM aJTOPUTMA, KOTOPBIA MOXKET
IPOCTO JIOTIOJHATHCSI HOBBIMH OJIOKAMU WJIM MPOUTPHIBATHCS OOJIBIIEE YHCIIO
pa3 Ha OBM.

TpagunmoHHass cxemMa CTATUCTUYECKOTO MOJEIMPOBAHUS BKIKOYAET TPH
OJoKa: OJOK MMHUTAlUU CIIy4ailHbIX IPOLIECCOB, AEHCTBYIOLIMX HAa CHCTEMY;
0ok mporpamMmbl  (QYHKIIMOHUPOBAHHSI CHUCTEMBI, OJIOK CTaTUCTUYECKOMN
00paboTKH pe3yiabTaTOB MOICTUPOBAHUSI.

CraTucTuyeckue HWMHTAIMOHHBIE MOJENN SBISIIOTCS  ITPOTPAMMHBIM
BOCIIPOU3BEJCHUEM CTPYKTYpPbl pEaJbHOM CHUCTEMBl M TEX 3IIEMEHTAPHBIX
NEUCTBUN, KOTOpBIE BBINOJHAIOT €€ OTAEIbHbIE 3JeMeHThl. HemoctaTok
CTaTUCTUYECKOTO MeEToJa —  HeoOXOJUMOCTh  OONBLIIOr0  KOJIMYECTBA
MalIMHHOTO BPEMEHHM ISl €r0 PeAIN3aLUu.

Mogaenupywomuii aaroputm. /11 MozaenupoBanust npouecca Ha OBM
HEOOXOAUMO TpeoOpa3oBaTh €ro MaTeMaTUYECKyH0 MOJENb B CIELUaTbHBIN
Mozaenupyomuil  anroput™m. OH TpeacTaBiseT coOOW MOCIeI0BATEIbHOCTD
HEKOTOPBIX OIEpalAi, BBINOJHAEMBIX DBM.

3anuch anropuT™Ma JUisi MOJEIMPOBAHUS CI0KHOTO MpoLecca cpa3y B BUJIE
IpOrpamMMbl, Kak MPaBHIIO, MPEJICTABISAECT 3HAUMTENbHbIE TPYAHOCTH. Kpome
TOro, 9Ta 3allCh OKa3bIBaeTCs BechbMa HeEyJqo0HOW. B camom 1erne,
HarpOMOKJICHHE BCEBO3MOXKHBIX [I€TAJied, CBSA3aHHBIX C OpTraHU3alUEn
BBIUMCIIUTENBHON MpOLEAYphl, JAENaeT €€ Majo O00O03pHUMON M 3aTpyaHseT
OPHUEHTHPOBKY B CTPYKTYyp€ MOJIEIMPYIOLIErOo alropuT™Ma. 3aMETHM, 4YTO
IIOCTPOEHUE  MOJEIMPYIOLIEr0o  ajiropuTMa  SBJISETCS  TaKUM  OTAloM
UCCJIEIOBAHMS TIpOLiEcCca, KOrAAa YK€ PElIeHbl BCE MPUHUMUINAIBHBIE BOIIPOCHI
CO3JIaHMsI MATEMATHUYECKOTO armapara s ucciuegoBanus. [IporpammupoBanue
3a/laud M PEIICHHE €€ Ha MAIllMHE OTHOCATCA CKOpee K TEXHUYECKOM YacTH
pabotel. IloaTomy ’kenmaTenbHO clenaTh 3alycCh AJITOPUTMa HE3aBUCHUMOW OT
truna OBM u sf3bIKa IporpaMMHpPOBAHUSL.

Kak nmnpaBuno, wozenupyromuye  alIroOpuTMbl — NPEACTABISAIOTCS B
rpaduueckoil popMe UM B BUIE ONepaTopHOM cxeMbl. ['paduueckoit popmoii
MPEICTABIICHUS] MOJEIUPYIOLIUX AITOPUTMOB SIBIISIFOTCSI CTPYKTYPHBIE CXEMBI.

Bess COBOKYNMHOCTH — OmEpaTtopoB,  COCTABISIIOIIMX — MOJCIUPYIOIIUN
QITOPUTM, MOXET ObITh pa3jieliecHa Ha TpU TPYIIBL:  OCHOBHBIE,
BCIIOMOTaTeNIbHbIE U CIyXeOHble orneparopbl. OCHOBHbIE M BCIIOMOTaTEIbHbBIE
ONEepPaToOpPbl COCTABJISIFOT TJIABHYIO YACTh MOJAEIIUPYIOIIET0 aJITOPUTMA.

OcCHOBHBIE ~ OIlEpaTOpbl  PEATU3yIOT COOTHOLIEHUS MaTeMaTUYECKON
MOJIEJIH, OMHUCHIBAOIIUE MPOoIecChl (YHKIIMOHUPOBAHMS PEATBbHBIX 3JIEMEHTOB
cucTeMbl. B oTiInume OT HUX BCIIOMOTaTENIbHBIE ONEPATOPHI HE NMPEJHA3HAYEHBI
JUIsL AMHTALMM pealibHOro npouecca. OHM MPOU3BOAAT BBIYUCIEHHE TEX
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napaMeTpoB U XapaKTEPHUCTUK, KOTOPhIE HEOOXOIUMBI AJii PabOThl OCHOBHBIX
ONEPATOPOB.

CnyxeOHble ornepaTopbl HE CBSI3aHBI C COOTHOLICHUSIMU MaTEMaTUYECKON
MOJIeNIM, a OOEeCNneYrBalOT B3aMMOJCHCTBHE OCHOBHBIX M BCIOMOTATEJIbHBIX
ONEPATOPOB IMPU MOAECIUPOBAHUU IIPOLIECCA B aBTOMATUYECKOM PEKUME,
CUHXPOHU3ALNIO PAOOTHI MOACIHUPYIOIIETO arOPUTMa, (PUKCALIUIO PE3YIIHTATOB
1 UX 00paboTKy.

Kaxnplii M3 pacCMOTPEHHBIX OIEPATOPOB JOJDKEH HMETh JOCTATOYHO
SACHBIM, HarJMAIHbIA  (PU3NUECKUU  CMBICH, CBSI3aHHBIA C  OPUPOJIOI
Moaenupyemoro oOwbekTta. Ilpu 3TOM OH JOKEH OBITh MIpeACTaBUM
IIOCJIEN0BATENBHOCTBIO OIEPALIAM.

Oneparopel  0003HayalOT  3arjiaBHBIMM ~ OyKBaMHM C  HMHAEKCAMH,
yKa3blBalOUIMMU HOMEp orepartopa. llpumeHsieTcss CKBO3HasE Hymepamus
OMEPATOPOB, BXOASAIINX B AITOPUTM.

Jlia n300paXkeHus1 ONepaTOPHBIX CXEM AJITOPUTMOB YIOOHO IOJIb30BATHCS
OIIEpaTOPaMHU CIEAYIOIIHUX THUIIOB:

1. BoluncaureabHbie onepaTopsl ( Ai). OHU ONUCBHIBAIOT CKOJIb YTOJIHO
CIIO)KHYIO  BBIYMCIMTEIBHYIO TPOLUEAYPY H  JOJDKHBI  YJOBJIETBOPATH
CJIEIYIOLUM TPEOOBAHMSIM:
— YNOpAaBJIEHUE OT ONEPATOPOB IOCJIE BBINOIHEHUS NPEIYCMOTPEHHBIX UM
omnepanui TOJKHO NEPEAaBaThCs TOJIBKO OJHOMY OIEPaTOpPy HE3aBUCHMO OT
pe3yJIbTaTOB;
— BCE MCXOJHBIC JaHHBIC. IOJy4aeMble OT JPYIUX OIEPATOPOB AJITOPUTMA, K
MOMEHTY Hayaja ux paboThl IOJKHBI ObITh U3BECTHBI.

2. OnepaTopbl (hOPpMHUPOBAHUSI pPeaM3AIU CAYYaAHBIX MpoueccoB (

"I)i). OnHu mpeaHa3HAYCHbI JJIT UMHUTAIIMN PA3IUYHBIX CIIYYalHBIX (PaKTOpoB (
CIIy4ailHbIX COOBITHI, BEJIWYUH, BEKTOPOB, (YHKLUHUHA ), COMPOBONKIAAIOLIUX
ucciaenyeMblii  mpouecc. HMcxomHbiM  MarepuaioM s (popMUpOBaHUS
peanu3anuii caydyalHbIX 00BEKTOB Ha OBM ciykar ciaydallHbIe YHCIIA,
paBHOMEpHO pacnpeneneHasie B uHTepBasie (0,1). I[lpeobpazoBanue 3THX uncen
B pealM3aliy CllydallHbIX OOBEKTOB C 33JaHHBIMU CBOMCTBAMM OCYILECTBIISIET

oneparop L,

3. Omnepatopbl (GopMHUPOBAHHS HECTYYAWHBIX BeJIHYHH ( Fi). [Tpu
MOJICIIMPOBAHUH CIIOKHBIX CHUCTEM MPHUXOAUTCS (HOPMUPOBATH HE TOJIBKO
peanm3alii  CIyYalHBIX TMPOLECCOB, HO H pas3iIMYHble KOHCTAHTHI H
Hecnyvaitaple ¢yHKnuu. CyInHOCTH Onepanuid MpH STOM MPHHIUIHAILHO HE
OTIIMYAeTCI  OT  CYHIHOCTH  OOBIYHBIX  BBIYMCIUTEIBHBIX  OTEpallHid,

BBITIOJTHSIEMBIX  ONEPATOPOM 4 Onnaxo, omnepaTopbl 4 kax paBuJIo,

ABJIAIOTCA BCIIOMOI'aTCIbHBIMH, a E— OCHOBHBIMHU. HOBTOMy BBIACIICHHUC

OIIEpaTOpPOB £ B OT/Ie/BHBIN KIIACC MMEET CMBICI, ITOCKOJIBKY OHU MUMHUTHUPYIOT

paboOTy HEKOTOPBIX VY3J0B CJOXKHBIX cHCTeM ( 4alle BCEro HEKOTOPOro
BBIYMCIIUTEILHOTO U YIIPABISIOIIETO YCTPOUCTBA CUCTEMBI ).
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4. CueTyuku ( Ki). OHU OTHOCATCS K KJIACCY CITY>)KEOHBIX OMEepaTopoB 1O
HAa3HAUYCHUIO U K apuMETUYECKUM — 10 BBINOJHAEMbIM (DYHKIHSIM.
[IpennazHayeHsl AJ14 MOICYETa KOJMUECTBA PA3IMYHBIX O0BEKTOB, 00J1aat0IINUX
3aIaHHBIMU CBOMCTBaMM ( KOJIMYECTBA IIUKJIOB ITPOU3BOJICTBEHHOTO Mpoliecca,
KOJIMYECTBAa JIeTaJeil MOcie OINPEAECICHHON CTaauu O0O0pabOTKH, KOJIMYECTBA
OpakOBaHHBIX U3ACHHI U T.1. ). Pe3ynbTaThl, BblJaBaeMble CUETUMKAMH, YaCTO
SIBJISIFOTCSL MCXOJIHBIMU JIAHHBIMU JIJISl JIOTUYECKHUX CIY>KEOHBIX OIEepaToOpoOB,
o0ecreunBaroIMX CUHXPOHU3AIUIO MOJenupyomiero anroputma. Coxepxxumoe
CYETUYUKOB TMPU MOJEITUPOBAHUM MOXKET MCIOIb30BAThCS ISl TOJyYEHHUS
BEPOSITHOCTHBIX OLIEHOK UCCIIEAYEMbIX BEJIMUKH.

5. Jloruyeckue omnepatopbl ( ‘E;). [Ipenna3znayeHbl [JIsi TPOBEPKH
CIIPaBEJIMBOCTH 3aJJaHHBIX YCIOBUM U BHIPAOOTKU MPU3HAKOB, 0003HAYAIOIINX
pe3ynbTaT npoBepku. [locne peannszanuu JOrHYECKOro Ooneparopa yrnpaBieHUE
nepefaeTcss OJHOMY H3 JIBYX OINEPATOPOB aIrOPUTMa B 3aBUCHUMOCTU OT
pe3ynbTaTa MpOBEPKHU.

6. Onepatop oxoHuyanusi Bbruuciaenuid (S). Yacto c¢ omepatopom A
COBMEIIAIOT HEKOTOpbIE JApyrue omepanuu ( BblAady pe3yJbTaTOB, MEPEXo]l K
JPYroMy BapuaHTy 3aJa4d U T.1. ).

[Ipu Oonee neTadbHOM PACCMOTPEHUU OIMEPATOPOB MOCIUPYIOIIETO
QJITOpUTMa MOTYT OBITh BBIJICJICHBI U JPYTHE THUIBI ONEPATOPOB, 00JIaIAI0IINE
HEKOTOPBIMU 00IIMMHU (DYHKIITMOHAILHBIMU CBOMCTBAMMU.

Packpoem cMBICI0BOE COJIEpKAHUE ONIEPATOPOB, UCIOJIb3YsI IPUMEPHI:

Ay apudmMeTHiecKuil ( BHIYUCIUTENbHBIN ) oniepatop Ne 15;

£ normueckuit oneparop Ne 9;
10
A5 ornepaTop Ai 1ocste BbIMONHEHNS CBOEIT OMepalnu MepelacT yupaBIeHUe
orneparopy ¢ HomepoM 10;
4 4
A orneparop Ay MoJy4yaeT yrpasieHue or omneparopa Ne 4, BBINOJIHSIET
omnepanuio u nepegaet ynpasiueHue omneparopy Ne 30;

59
A ornepaTopy A yIpaBJjieHUE nepeaaeTcs ot onepatopoB Ne 5 u Ne 9;

5 Tl
Fsm orneparop s nepenaet ynpasieHue onepatopy Ne 10, ecnu ycinoBue

BBITIOJTHEHO, WK ke oneparopy Ne 12, ecnu OHO HE BBINOJIHEHO, MOJYYaeT
ynpasieHue ot oneparopa Ne 5.
Ecnu nmaHHBIM omeparop IOIy4YaeT YIPABICHHE OT NPEAUIECTBYIOLIETO
omeparopa, WM IIEpefaeT  yIpaBICHUE  ONEepaTopy,  CIEAYIOLIEMY
5 _
HEIOCPEACTBEHHO 3a HUM, TO BEPXHUN MHJIEKC OIyCKAaeTCs, HallpUMep 4 =4
T4
"qﬁliliD ﬂlﬂP J‘112 .

2l 1Lb4 Nunekc coxpaHseTrcs, €ClIu MNOCIEAYIOUIAN Oreparop

MMOJIYHacT YIIPABJICHUC HC TOJIBKO OT IPCAMCCTBYIOMICIO EMY OIiCparopa, HO U

4.9
OoT apyroro ( TO X€ WU MNpHU MEpeaade YNPaBICHUS ), HaIpPUMEP Ay

Amﬂu 2111P12¢_?ﬂ]3; jﬂjE;mF? .
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B kawectBe mpuMepa TIOCTPOCHHS MOJCIHPYIOMIETO  aIropuTMa
PacCMOTPHUM MPOCTEUIITNI BRIYUCIUTEIBHBIN TPOIeCC Ta0yIupoBaHus QyHKIIUN
yix)

{fl{x ) x =0,
Fix), 0=x =a (4.54)

Jlist Toro, 4ToOBI MOKa3aTh CTPYKTYPY MOJEIHMPYIOUIETO allfOPUTMA,
COOTBETCTBYIOIIETO MaTeMaThuueckoil monenu (1.54), paccmMoTpuM cieayromue

OTIepaTOpPHI:

f dbopMHpOBaHHWE OYEPETHOTO 3HAYEHUS HE3aBUCUMOW MEepPEMEHHOM

Xy = Ky HAX ( &% — mar TaGyIsnuu ), MOACTaHOBKA * ~ ™%

£
£

— MPOBEPKA YCIIOBHS * <& ;
— MpoBepKa yciaoBus x= U;

A __ pprancnenne ¥ =150
Aﬁ

s

— poiuncienne ¥ =2

iy
)

— (opMupoBaHre TaOIUIBI 3HAYCHUIN YLY Tepexon K CIEeIyIOIEMY

11ary BbIYMCIICHUN;

A7__ KOHel BbIYMCIICHUH ¥ BbLIaYa pEe3yJIbTaTOB.

Nmest HeoOxoauMblii HAOOp OrepaTOpoOB, MOKHO 3alKCaATh OMEPATOPHYIO
CXEMY MOJEIIMPYIOIIETO aIrOpUTMa B CIEIYIOIIEM BUJIE:

"FP BRAJ AR A, )

Ha puc. 4.14 mnpexacraBieHa CTPYKTypHas CX€Ma 3TOr0 aJlrOpUTMa,
MO3BOJISIONIAS MTOYYUTh HATJISIIHOE MPEICTABIECHUE O €ro padoTe.

Ha paszmuuHbIX »Tanax MOJEIMPOBAHHUS COCTABIAIOTCA YKPYIHEHHBIE H
JI€TaJIbHBIE CTPYKTYPHBIE CXEMbI MOJAETUPOBAHUS, & TAKKE CXEMBI IPOrPAMM.

YKpynHeHHas cxemMa MOJIEIHMPYIOUIEro alropuTMa 3aaeT oOIui NopsI0K
NEHUCTBUM TpU MOJEIUPOBAHMM CHCTEMbI 0€3 KaKuX-IMOO YTOUYHSIOLIUX
JieTaned, IMOKa3bIBAE€T, YTO HEOOXOJMMO BBINIOJHUTH Ha OYEpPEAHOM Iare
MoaenupoBaHus. JletasbHasg cXemMa MOJEIUPYIOLIEr0 aJrOpUTMa COIEPHKUT
YTOYHEHHUsI, OTCYTCTBYIOLIME B OOOOLICHHON cXeMe, U MOKa3bIBAET HE TOJIBKO,
YTO CJIEAYET BBIIOJIHUTH HAa OYEPEIHOM IIare MOAECIMPOBAHUSA CUCTEMBI, HO U
KAaK 9TO BBIIIOJIHUTD.

CrpykTypHas cxeMa HporpaMMbl OTOOpa)kaeT MNOPSAIOK MPOTrpaMMHON
peanu3anuyu MOJECIUPYIOIIETO AJITOpPUTMa C MCIIOJIB30BAHUEM KOHKPETHOIO
MaTreMatuyeckoro obecneueHus. (Cxema MporpamMMbl MPEACTaBISET COOOM
MHTEPIIPETALNI0  JIOTUYECKOW  CXEMbl  MOJEIUPYIOLIEr0  alrOpUTMa
pa3pabOTUMKOM MPOrpaMMbl Ha 0a3e KOHKPETHOTO aJrOPUTMHUYECKOTO SI3bIKA U
OTpa)KaeT JIOTUKY MAIIMHHOW pealin3alid MOJEIM C HCIOJIb30BaHUEM
KOHKPETHBIX MPOTPAMMHO-TEXHHUYECKUX CPEACTB MojennpoBaHus. (Cxema
IpOrpaMMbl TaKK€ MOKET ObITh BBHINOJHEHA KaK B YKPYNHEHHOW, Tak U B
neTanbHOU popme.
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& 7 "
':If'opMHpoBaHHe Koney eugncnenni,
"k PR

EROAYa PEIVIETATOE

Tabouoe (.

Puc. 4.14

OOBIYHO CTPYKTypHasi cxeMa sBisieTcsl HauOosee yaoOHOU ¢opmoii
MpEeACTaBICHUS] MOJICTUPYIOLIEro alroputMma. B psjie ciydyaeB MoACIUPYIOMINA
aIrOpuTM TpejcTaBisieTcss B (popme rpad-cxembl. B kauecTBe mMmosicHeHUS K
rpad-cxeMe alropuT™Ma B TEKCTE JAETCS PACKPBITHE COJCPIKAHUS ONEepaTOpOB,
YTO TMO3BOJISIET YIPOCTUTH MPEACTABICHUE AITOPUTMA, HO YCIOXKHSIET padoTy C
HUM. {711 paccMOTpEHHOTO BBIIIE IpUMepa Tpad-cxema aaropurMa UMeeT BH/,
npeAcTaBieHHbpId Ha puc. 1.15. OOo3HaueHuwe omepaTopoB Ha rpad-cxeme
COOTBETCTBYET 0003HAUCHUSIM JIJIsl OTIEPATOPHON CXEMBI.
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4.8. OcobeHHOCcmMu hukcayuu u obpabomku pesyribmamos
MoOernuposaHusi

[Ipy  npoBeneHMM  HMMHUTAIMOHHOTO  3KCIEPHUMEHTa  HEOOXOJHMO
MPEayCMOTPETh Mephl 1O opraHu3zamuu  dPPexTuBHOW 00pabOTKH |
IIPEACTABICHNSI €T0 pPE3yJNbTaTOB. B pe3ynpTare 3KCHEPUMEHTA C MOJEIBIO
cucrembl Ha DBM BeipabatbiBaeTcsi HHGOPMAIUS O COCTOSHUSX HCCIEAYEMOM
CUCTEMBI. JTa uHpOpMalMs SBISAETCS HUCXOJHBIM  MaTepuaioM  JUis
ONpENENICHUs] OLICHOK MCKOMBIX XapakTepucTUK. K KauecTBy OLIEHOK,
MOJIYyYCHHBIX B  pe3yjibTaTe CTAaTUCTHUYECKOW 0OpabOTKM  pe3yibTaToB
MOJICIIUPOBAHUS, MPEABABISIOTCS CIEAYIOIIUEe TPEOOBAHUS: OICHKU JOJIKHBI
ObITh HECMELIEHHBIMH, COCTOSITENbHBIMU U 3(P(HEKTUBHBIMU. B03MOXKHOCTDH
NOJIYYUTh TpU MojaenupoBaHuM Ha OBM Oosblime BBIOOPKHM TO3BOJISET
KOJIMYECTBEHHO OLIEHUTh XapaKTEPUCTUKU CUCTEMBI C YUETOM THX TPEOOBAHMIA.

[Ipn MomenmupoBaHUM CIOXHBIX CHCTEM OCYILECTBIISIETCS MHOTOKpaTHas
peamm3anmss Ha OBM  mopenupyromiero aaroputMa Uil TMOJTYYCHUS
CTaTUCTUYECKH YCTOMYMBBIX OLEHOK HCKOMBIX XapakTtepucTuk. [lpum sTom
HAKaIIUBAE€TCSl 3HAYUTENIbHBIH OOBEM CTAaTUCTUYECKOM HHpOpMauuu, i
XpaHEeHUs] KOTOpoil Tpebyercst Oonbiioi o0beM mnamsith OBM. C nenbro
SKOHOMUM MamsATh DBM Heo0X0IMMO MPOU3BOJAUTH (PUKCAIMIO PE3YyJbTAaTOB
MOJICJIMPOBAaHUS M HX CTaTUCTUYECKYIO O0OpabOTKy HENOCPEACTBEHHO B
IIPOLIECCE MOJEIUPOBAHMS C IIOJIYYEHUEM TEKYIIUX OLEHOK JUIsi MCKOMBIX
XapaKTEPUCTUK, UCIOJIB3YSl PEKYPPEHTHBIE aITOPUTMBI 0OpabOTKHU. TO €CTh O€3
3aIlIOMHUHAHHUSI IPOMEKYTOYHBIX PE3YyJIbTaTOB.

Eciu mpu mozenupoBaHuu mpouecca (yHKIMOHMPOBAHHUS KOHKPETHOM
CUCTEMbl YYUTBIBAIOTCS CllydyallHble (AKTOphl, TO U CpPEAU pPE3yJIbTaTOB
MOJEIUPOBAHUS NPUCYTCTBYIOT CIy4YalHbIE BEJIWYMHBL. B Takol cuTyauuu B
KAueCTBE OLIEHOK [UJIi HMCKOMBIX XapaKTepUCTUK PpPAaCCUUTHIBAIOT CpPEAHHE
3HAYEHUSA, UCIIEPCUU, KOPPEISLHUOHHBIE MOMEHTHl M APYTHE€ BEPOSITHOCTHBIE
XapaKTEPUCTUKMA COOTBETCTBYIOIIMX Cily4yallHbIX BenuuuH. Ilpu BbIOOpE
crocoba ¢ukcanuu U 00pabOTKH pPe3ybTaTOB MOJEIUPOBAHUS HEOOXOIUMO
CTPEMHTHCS K UCIIOJIB30BAaHUIO MUHUMAJIBHOTO 00beMa maMsTi DBM.

JUiss  WUIIOCTpalMy  paldMOHAJIbHOM — OpraHu3alii  BBIYMCIUTEIbHBIX
MPOIIECCOB MPU MOJEIUPOBAHMM cucTeM Ha DBM paccMoTpuMm mpocreiiiine
CJIy4au OINpPEIEIICHHUs OLEHOK HCKOMBIX XapaKTEPUCTUK CHCTEM.

[Iyctb B KauecTBE MCKOMOH BEJIMYMHBI (PUTYPUPYET BEPOATHOCTD
HeKoToporo coobiTust A. Ilpennonoxum, 4To B pe3yiabTaTe BocrpousBeaeHuss N
peanu3anuii Mpolecca MMENO MECTO M CIIy4aeB HACTYIJICHUS COOBITHS A.

Torma B KkauecTBe OIIEHKH 4] JUIsI MCKOMOW BEPOSITHOCTH P4 voxno
HCIIOJIB30BaTh OTHOCUTEIBHYIO YACTOTY HACTYIUICHUSI COOBITUSI A

F(ﬂ):%

JIJIsl OTICHKH BEPOSITHOCTH JIOCTATOYHO HAKAILIMBAThH B MaMATH DBM nuiib
guciaa M u N rpu 06paboTKe pe3yJbTaTOB MOICIUPOBAHMUS.
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AHanoruuHo mpu 0O0pabOTKE pe3yNbTaTOB MOJEIMPOBAHHUS MOXKHO
MOJIOUTH K OLIEHKE BEPOSITHOCTEN BO3MOYKHBIX 3HAYCHUN CIyYaWHOW BEIIMYUHBI,
TO €CTh 3aKOoHa pacmupeaeseHus. O0JacTh BO3MOXKHBIX 3HAUYCHHH CiTydyalHOU
BEJIMYMHBI Z pa30uBaeTcs Ha N uHTepBaloB. HakammuBaeTcs KOJIMYECTBO
MOMA/IAHUIM CITy4allHOW BEJIMYMHBI B 3TU UHTEpBaJIbl. OLIEHKA /1711 BEPOSTHOCTH
IOMaJaHusl CITyYaliHOM BEIMYMHBI B HHTEPBAJI C HOMEPOM K CITy)KHT BearunHa

FH
="t
Xk N

5y

Takum 006pa3oM, AU OLEHKH **JOCTAaTOYHO (DUKCUPOBATH N 3HAYEHUH %,

TO €CTh 11 OOpabOTKH pe3yibTaTOB MOJACIHUPOBAHUS TpeOyercs N sdeex
namatu DBM.
JIns OIlEHKM CpeJHEero 3HA4YeHHUs CIy4ailHOM BEJIWYHHBI Z JIOCTAaTOYHO

HaKaIUIMBAaTh CyMMY BO3MOJKHBIX 3HAUEHHS CITyJaHOW BEJIUYUHBI % (e=15)
KOTOpPBIE OHA IIPUHUMAET IPH Pa3JIMYHBIX peanu3anusax. lorga cpenHee
3HA4YECHUE

B kxauecTBe OlEHKHM AMCIEPCUU CIyYaliHOW BEJIMYWHBI Z MpU 00padOTKe
PE3YIbTATOB MOACIUPOBAHNA MOKHO HMCIIOJIB30BATh
- .
D =——(z, - 2)
N-Tic . (4.55)
HenocpenctBeHHOe BBIYMCIEHUE AUCHEPCHM MO 3TOH (dopmyie He
paldlOHAJIbBHO, TaK KadK CpCaAHCC 3HA4YCHHC Zu3MeHAETCSI B IIpoLecce

HAKOTUICHUS 3HAYCHUI “%. DTO MPUBOIUT K HEOOXOAUMOCTH 3alIOMHHAHUS BCEX
N 3HaueHwuii, uto HexxkenareabHo. Hecnmoxxubie nmpeoOpa3zoBanus (1.55) npuBoast
K Oosiee yoOHOM 1Sl pallMOHAIbHONW OpraHU3aliy BEIYMCIUTEIBHOIO IIpoLecca

bopmyie

N 1[* T
D =——o - =
Rt (4.56)

Torga aust BEIYMCICHHS AUCIIEPCHU JOCTATOYHO HAKAIUIMBATH JIBE CYMMBI:
2
3HAUEHMI %M UX KBaJpaToB 7k .

B ciydae onieHKH KOPPEISITUOHHOTO MOMEHTA K“’I[J’ISI CIIyYalHBIX BEJIMYUH

(k=

X uY ¢ BO3MOKHBIMU 3HAYEHUAMH ~ %, % LN HCTOJIB3YETCS BHIPAKEHUE

1 jllr
—— 2. — E)y, =)
=P O (4.57)
OT0 BBIpaKEHUE MOKHO MPeoOpa3oBaTh K Oosiee y100HOMY BUTY
1 A7 1 A7 A7
K =— —
Gl N_l(éxkyk NZ xké)’k]

k=1

, (4.58)

Tpe6y}omeMy JJI1 BBIYMCIICHUA K’-W HAKOIUICHHUA TPEX CYMM.
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Ecan npu MOACINPOBAHUU CHUCTCMbI HCKOMBIMH XapaKTCPUCTHKaAMU
SABJIAIOTCS MaTeMaTH4YCCKOC OXXKHNAaHHEC 141 KOppCLIOUuOHHAaA (I)YHKLII/I}I

CIIy4allHOTO IIporecca Z) 10 ams HAXOKIEHWS OLEHOK OSTHX BEJIHYHH

0,7
HHTCPBAJI MOJACIUPOBAHMA [ ’ ]p336I/IBaIOT Ha OTPC3KH C IIOCTOAHHBIM IIAroM

Afy HaKAIUIMBAIOT 3HaYeHMs: mpouecca W ms (UKCHPOBAHHBIX MOMEHTOB
BpeMeny © =& =L

Ilpu  o6paboTke  pe3ysibTaTOB  MOJAEIMPOBAHUS  OLUEHKH  JUIS
MaTeMaTHYECKOTO OKUIaHUS W KOPPEISIUOHHON (QYHKIUM MOYKHO BBIYHCIIHTE

o popMyJiam:

z(t) = — y 2. (8
= : (4.59)
A7

R = — =[50 27,0 -7,
el : (4.60)
rze U u S mpoOeraroT Bce 3HaYCHMUS.

JUisi  yMEHBIIEHMsI 3aTpaT MAalIMHHBIX pPECypcoB HAa  XpaHEHUE
MIPOMEKYTOUHBIX pe3yibTaToB dopmyny (1.60) menecoodbpasHo npeodpa3oBath
no a"asioruu ¢ (1.58) u mpuBecTu k caeayoeMy BULy:

1 o 1 A7 A7
W1 Zzs; (z)z) () — EZZE (u:'zzs; ':3:':|
k=l k=l k=l (4_61)

Cnenyer OTMETUTh OCOOEHHOCTHM (UKcAlMKM U OOpabdOTKH pe3yIbTaToOB
MOJICJIMPOBAHUS, CBA3AaHHBIE C OLICHKOM XapaKTEpPUCTHUK CTalMOHAPHBIX
CIIy4ailHbIX MpPOILIECCOB, OO0MANAOMIMX 3SProJuyeckuM cBoilcTBoM. IlycThb
paccMaTpHUBAETCS MPOILIECC, ISl KOTOPOTO BEPHBI YIIOMSHYTHIE MPEAOJI0KEHUS.
Torma mocTynaroT B COOTBETCTBUM C IPABWIIOM: “‘CpeHEE MO BPEMEHU PABHO
CpeoHEMYy 10 MHOXECTBY . OTO O3HA4aeT, 4YTO IS OLEHKHM HCKOMBIX
XapaKTEPUCTUK BBIOMpPAETCS OAHA JOCTATOYHO MPOJOJDKUTEIbHAS pealn3anus
mpoiiecca, IS KOTOpoW  1menecooOpa3Ho  (UKCHpPOBATh  Pe3yJbTaThI
MozenrpoBaHus. Kak M3BECTHO, B pacCMaTpUBAEMOM CIIydyae MaTeMaTH4YECKOE

OKUJIaHUE U KOPpeTSIMOHHas (yHKIIHS MPOIecca BhIPAKAIOTCS (pOPMYyTaMHu:
r

1
7 = lim — [ 2(5)dt
T ; (4.62)

1 Iz
R(z)= lim — [ 202t + Dtz - 2°
i}

Rilu, s =

(4.63)

[0.7]
Ha npaktuke npu MoaenupoBanuu Ha OBM cucTtembl MHTEpBAI
OKAa3bIBAETCSA OTPAHUYEHHBIM U, KPOME TOT0, 3HAUCHUS 2(£) YAAETCS ONPENICIIUTh

TONBKO JJI KOHEYHOTO Habopa MOMEHTOB BpeMeHH i. ToaToMy 11 momTydeHns

ouenok Z n £ pmoxno nenons3osath npuOIKEHHBIE (POPMYIIBI:
o A E
2= Ed Zz{f’i}

i1 ; (4.63)
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M m=i
R(T) = ﬂ;zui z(t + 1) - 2" (4.64)
: :

T o,x
rne | Arr Ars =l 1=012.

Ucxonss w3 cootHomiennit (4.63) u  (4.64) MOXKHO YCTAaHOBHUTH
IIEJIeCO00pa3HbIA  MOPSAAOK  (UKCAIMU W HaKalUIMBaHUS  PE3YJIbTaTOB
MOJICTTUPOBAHUSI.

MpsI 3aTpoHYNIHM TOJBKO TpocTeilmue ciaydan 3¢(HEeKTUBHONW OpraHU3aluu
BBIYHMCIIUTEILHOTO TMpOIecca HJisi OLICHOK HCKOMBIX XapaKTEPUCTHK MIpU
mozaenupoBanuu Ha ODBM. OcobeHHocTH GUKCAMM M CTATUCTUYECKOM
00paboTKN pe3yJbTaTOB MOAEIUpOBaHUs cucteM Ha DBM 0Ooznee monpoOHO

W3J10KE€HBI B UCTOYHHUKAX [ | u [ ].

I'naBa 5. Unenruukanus 00beKTOB

5.1. [locmaHoeka 3adayqu u ornucaHue rnpobrems! udeHmugukayuu
obbekmos

OObekT wuaeHTUGUKAIMK B OOLIEM CIy4yae NPEACTaBIAETCS B BUIE
kN P

- J—

MHOI'OIIOJIFOCHHKA, I/I306pa}K€HHOFO Ha pHuc. 51, a TIIc

Zy3Zgae 32

HAOJIIOJaeMbI€  BXOJBI OOBEKTA; — HeHaOJIoJaeMble  BXOJBI

00BEKTA; Yis¥2s -2V gaGmromaembie BIXOBI 0OBEKTA.

Z Zy 7
X T, i}
_ O6neKT oy — OObexTr —=
L . Y
a b
Puc. 5.1

MHoroMepHBIii 00BEKT YIOOHO TPEACTaBISATH B BEKTOpPHOU (opme
(puc.2.1,6) roe

= [:xl, xj,...,xn).

Z= [:21, zz,...,zk).

¥ =0 ¥aro¥a)

B obmeM ciyuae mepeMeHHble %, . ZsBISIOTCA  CiydaiiHBIME
(GyHKIMAME BpeMeHH, x=x(t) y=yt) z=z{9),
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OOBEKT CBSA3LIBACT BXOAbl “* M £ C BBIXOAOM Y HCKOTOPBIM  allpuOpHU

HCU3BCCTHBIM OIICPATOPOM P'r:'

F=RE 2 (5.1)

Opnnako uaeHTUGUUMPYETCS HE OMepaTop F'rl, a omeparop momenu &
CBSI3bIBAIONIUI HAOII0/Ja€MbI€ BXOJIbI U BBIXO/IbI:

F=F(x) (5.2)

HenaGuogaemslii  Bxog 2 paccMaTpuBaeTcs Kak ciy4yaliHas Tomexa,
3aTPyQHAIONIAs ONpeeeHre oneparopa & .

3anauelt uaeHTU(UKAIMK SBISETCA MOCTPOCHHUE TAKOTO OIEepaTopa MOJIETU
F | xoTopblil ObLI1 OBl B ONPENEICHHOM CMBICIE OIM30K K ONEpaTopy 00bEKTa

EJ,TOGCTB Bk
F

omeparopsl ‘°m ¥ MOTYyT MMeTh pasHyl0 CTPYKTYpY U PasHOE YMCIO BXOJOB.
[ToaTomMy 6:1M30CTh ONEPATOPOB HEMOCPEICTBEHHO OLEHUTH TPYIHO WIJIH MIPOCTO

HEBO3MOKHO, TEM 0oJiee 4To yacTo 00 orecparope P'r:' MaJIo 4TO NU3BCCTHO.

B cBs3u ¢ atum B TCOPHUHN HIICHTI/I(l)I/IKaI_[I/II/I OJIM30CTh OIICpaTOpPOB
=0

OIICHUBAIOT MO MX PEAKIMsIM Ha OJHO U TO K€ BXOJIHOE BO3JCHCTBHE * , TO
€CTh M0 BBIXOJaM OOBEKTa

F=RE2

1 MOJICIU

Y= FE)

. OnHako yka3zaHHasi 0JIU30CTh BEChbMa OTHOCUTENbHA, TaK KaK

—=Ah _ M A M
rae ¥ S0 Ve ) BEKTOP BBIXOJ1a MOJICIIH.

Crenenb OIM30CTU ATUX PEAKIUMN B KaXIAbli MOMEHT BPEMEHHM B 0OIEM
cllydae OLeHUBaeTcs (YHKIMEH HEBA3KHM <. DTa CKalsapHas (QyHKIUS OBYX
BEKTOPHBIX apPI'YMEHTOB — BBIXOJ0B OOBEKTa U MOJCIIH

e&y=pGFEO.FYEN (2.3)
KOTOpasi 00J1aJ1aeT CISAYIOIUMHI CBOHCTBAMHU:
PFEFYEN 2019 mospx T© | I @)
P, FY ) = ann ¥y =3M () :
HEeIpephIBHA 1 BBIITYKJIa BHU3 110 00OMM apryMEHTaM.
DTHM TpeOOBAHUSM COOTBETCTBYET (DYHKIIMS HEBSI3KU

- - 2 =
ety = [ - 74| =3 O, - yM e
= , (5.4)
KOTOpaH Yqaliie BCEro HpI/IMeHSIeTCSI B 3a/1a4yax I/IJICHTI/I(l)I/IKaLII/II/I.
MO)I(HO BBCCTU eI[I/IHyIO Mepy 6J'H/ISOCTI/I BBIXOO0B O6’beKTa n MOACIN Ha

0,7 .
BCEM HMHTEpBasie HAOIIOICHUS [0, ], a He TOJIbKO B Kakaou Touke, kak (5.3.).
Takoit Mepoii B HEIPEPHIBHOM CITy4ae MOXKET ObITh HHTETPa

E = [o7().5™ et
i (5.5)
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3uauenue £ sBHO 3aBucut ot F :

r
E(F) = [ o5 (), FE ()
ﬂ (5.6)
U 3aJa4da I/II[GHTI/I(bI/IKaHI/II/I 3dKJIHYACTCd B ¢C MHHHMH3ALUHU IIYTCM
COOTBETCTBYIOIIETO BEIOOPA omepaTopa Moaenu £ .

CnenoBaTenbHO, MOJENBHBIN onepatop £ JoiKeH OBITH TAKUM, UYTOOBI
Y Y S,
¥ =Y, T0 ecTh BBIXOABI MOJEIM M OOBEKTa NPU OJMHAKOBBIX BXOJHBIX

BO3JICHCTBUSIX JOJKHBI ObITh SKBUBAJICHTHBI.

OmnpeneneHne kiacca omeparopa, B KOTOPOM HIIETCS PEIICHHE 3aJ1auu
UACHTU(UKAINY, TIPAKTUYECKH HE MOAAaeTcs (hopMamu3aluu U HYXKIAeTcs B
HBPUCTUYECKUX PELICHUSX.

Jlist Toro 4ToOBl HA4aTh NPOLEAYPY MACHTU(UKAIMU HEOOXOAUMO HUMETh
anpHOpHYI0 HHPOPMALMIO O CTPYKType MojAeIn OOBEeKTa U JOCTATOYHOM
o0beMe HM3MEpUTEIbHONW (AamOCTEPUOPHOM) HHPOpPMAILMKU ISl OIpeneTIeHUs
[1apaMeTpOB MOJEIH.

AnpuopHast uHQOpMalMs, KOTOpPOH HEOOXOAMMO pacrosiaraTh eIe 0
HAOJIOJICHUSI BXOJOB M BBIXOJOB OOBEKTa, YacTO HUMEET KauyeCTBEHHBIN
xapakrep. OHa JO/DKHAa OTBETUTh HAa BOMNPOC, 4YTO MPEACTaBIsET COOOM
CTpyKTypa MoJeau wujaeHtupuuupyemoro ooObekra. CTpykTypa MOAETU
ONpeaeNsieTcsl B 3aBUCUMOCTH OT OCHOBHBIX CBOMCTB OOBEKTA.

OnpenencHre CTPYKTyphl OIEpaTopa £ MOIENM COCTABISET 3amady
CTPYKTypHOM wuaeHTUUKauu. Eciu ke CTpykTypa 3TOro omneparopa
ompenereHa M anpuopy HM3BECTHA, TO MPOIECC MACHTHU(PHUKALUUU CBOJUTCS K
ONPEAECTICHUIO MAPAMETPOB ATOM CTPYKTYPHI MO MUMEIOLICUCS U3MEPUTEIIBHON
uH(pOpMaIUK, TO €CTh K PEIICHUIO 33]1a4 NapaMeTPUYECKON UACHTU(PUKALIIH.

[Ipu pemenuu 3a1a4 UACHTUPUKALUNA ITUPOKO UCIOJIB3YIOTCS MPOLETYpPbI
MUHUMH3AIUMK  (QYHKUMA WIM  (QYHKOUMOHAJTa W 3aJa4d  ONTUMAJbHOIO
IIJJAHUPOBAHHUS DKCIIEPUMEHTA.

5.2. MdeHmucgbukayusi cmamuku JIUHeUHO20
oemepMuUHUpPO8aHHO20 obbekma

[Ipeamonaraercsi, 4YTO CBSI3b MEXAY BXOAHBIMH UM  BBIXOJHBIMHU
MEPEMEHHBIMH OOBEKTAa MOKET OBITh OMKCaHa JTUHEHWHBIM ypaBHeHueM. [lpu
ATOM BBIXOJHAS TIEPEMCHHAsT HW3MEHSETCS TOJIBKO II0J] BO3JICHCTBHEM
HAOIIOJaEMBIX BXOJHBIX CHUTHAJIOB, a KakKue-a1u00 HeHaOIrogaeMble ITOMEXH,
BBI3BIBAIOIINE  JOTIOJHUTEIIPHOE  WM3MEHCHHE  BBIXOJHOM  IEPEMEHHOM,
OTCYTCTBYIOT WJIU UX BJIIMSIHUEM MOXKHO TpeHeOpeusb. CrenoBarenbHo, B CXeMe

Ha puc. 2.1 mpemmomaraercst, yro Z=0, T.e. BBIXOAHAS IE€peMeHHas -
Habmomaercst 6e3 moMex. CBsi3b MEKIY BXOJOM M BBIXOJOM TaKOTO OOBEKTa
OIUCHIBAETCS (PYHKIIMOHAILHOMN 3aBUCUMOCTBIO

y=F(x)
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Paccmorpum  Temepp nuHeiHyo QyHkumio Fu  mpoanamusupyem
crenupuKky ee uaeHTUUKaIUH.

MOI[GJ'II) CTaTUKU JIMHECHHOT'O ACTCPMHUHHUPOBAHHOI'O 00BEeKTa ¢ n BXOJaMH

J {j 1’ :I nu m BbIXOaMU yj {”'r ’ :I nMECT CIANHCTBCHHO BO3MOXHYIO
CTPYKTYPY ¥ OIIUCHIBACTCS CUCTEMOM JTMHEWHBIX alreOpanyeckux ypaBHCHUM:
Yo =apx, tapgxteha,x, iy

Vo= dyX; g toata,x, +E

Voo =Xy F Xyttt X, HE (5.7)

rae  WACHTUQUIMPYIOTCS mn  KodQQUIUEHTOB ¥ U=1lwmj=1ln 5

koopuumento & =17
Cucremy ypaBHeHHiA (2.7) MOXHO 3arucaTh B KOMIIAKTHOM BHJI€ B BEKTOPHOI

dbopme

v=Ax+A ’ (58)
= T
e I=(x,...x, )",
= ()
B=(b,..02 0"
g 3
A 21 By &gy
czml amﬂ amm

3nech T - 3HaK TPAaHCHOHUPOBAHUS.
Nnentudukanuu B JaHHOM cilydae MojJiexaT BekTop B u matpuia A.
Mopens (2.7) MOXHO paccMaTpuBaTh KaK COBOKYITHOCTh MoJeNed ¢

MHOTOMEpPHBIM BXOJIOM ¢ U=tay OJTHOMEPHBIM BBIXOAOM Yy (m=1).

[ToaTOMYy paccMOTpPHUM OJIMH BBIXOJ 00BEKTa, TO €CTh cirydait m=1, n>1.
Mopenb Takoro o0beKTa B BEKTOPHOM (hopMe MMEST BHI:

yY=ap+ {j;l, % }

]
(A7) CKAJISIPHOE IIPOU3BEICHAE BEKTOPOB 4 = (#1-:43 @) y X =(Z,0 %)

{ﬂ,f}:éaixi.

B cxansapuoit hopme Mojierb 00beKTa UMEET BUJT
Y=dapta e, x4 x,

re

(5.9)
Mozens umeer n+l HemssecTHbix mapamerpo %G =04 koropsie

MOJICKAT OICGHKE Ha OCHOBE HM3MEPCHHMH BXOJIOB M BBIXOJIa OOBEKTa. JTa
uHpopmarusi OOBIYHO TIPENCTaBIsACTCS B BHUJE N COOTBETCTBYIONIUX TIap

o (% 1 P = PN = U SN ) B
3HAYECHUN ':xz’ﬁ"’z:',rﬂele 1”'*’, i =y Xy ’F:'—j—e COCTOSIHUE BXO0J1a 00BEKTA,

a 77 - peakuus 0OBbEKTa HA ITOT BXO/.
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OOBIYHBIM nmoaxoaomM K PCHICHUIO 3TOM 3aJlaun  ABJICTCA IMPHUPABHUBAHUC

BBIXOZOB 00BEKTa 1 Moenn B N 3a1aHHBIX Toukax % -Yi) B pe3yibTaTe yero
MOJIYYAIOT CJIEIYIOUTYI0 CUCTEMY YpaBHEHUN UIAECHTU(DUKALIIN:

aﬂ+zaix§f =.}’?J' U:]_,_j'l}—;l

i1 (5.10)
[lonyyennsie N ypaBHeHHH ¢ n+l HeW3BECTHBIMH @ 22+ 1) ymeror
OJIHO3HAYHOE PEILICHUE, €CIIM MaTpPULA
1z Xy e Xy
4 - 1 oz Xy e Xy
]. er xEN amn er (5.11)
detd, = 0

HEBBIPOXKJICHA, T.€. W, CJIEJOBATENBHO, PAHT MATPUIBI paBeH nt1. I1o
BO3MOXXHO B TOM Cllydae, €ClM Haijercs n+l JuHEHHO He3aBHUCHMas CTPOKA
Matpuisl (2.11).

[ToaTomy u3 N cTpok cienyeT BoIOpaTh n+1 JIWHEHHO HE3aBUCUMBIX CTPOK

xmij R rﬂe : E{]’N} .

B oatom cnysae wu3 cucrembr (5.10) Oyayt BwimeneHsl nt+l  JUHEHHO
HE3aBUCHMBIX YPABHECHHM

(L x5

)
@+ yia;x, =y, (r=La+])
-l : (5.12)
COBMCCTHOC PCHICHHC KOTOPBIX TI'apaHTHPYCT OIIPCACICHUC TOYHBIX OICHOK

a; (1=0,7x) a (1=0.7 oGrexra,  eciw,

UJIECHTUPUIUPYEMBIX  MapaMeTPOB

pazymeeTcs, 00beKT JeUCTBUTEILHO JIMHEEH. [Tokaxkem 3To.
[ToacTaBuM B cucteMy ypaBHeHui (5.12) ypaBHeHHe 00beKTa

R

¥, =an+2alx, =y, (r=ln+1),
iml

a; (=12)_ gienkn napaMeTpoB 06BEKTA.
Beenem HeBs3kH

Torna cucrema ypaBHeHui (5.12) 3anumiercst B BUae

rac

.
Ay +3 Ayzy =0 (r=La+1)
i=1 (5.13)

Jlsist Toro uToOb! perieHue cuctemsl (5.13) ObUTO HyJIEBBIM, HEOOXOAUMO U
JOCTaTOYHO, YTOOBI OIMpPENEIUTENh ITOW CUCTEMBbI HE ObUT paBeH HYJ0. JIerko
3aMeTUTh, yTO Marpuia cuctembl (5.13) Takas jxe, YTO W MaTpPUIlA CHCTEMBI
(5.12), coaepxur ntl JgMHEHHO HE3aBHCHUMBIX CTpok Mmatpuibl (5.11) u ee
ONPEIEIUTENIb HE PABEH HYJIIO.

B pesynbprare umeem:

Ay=0 (i= ﬁ:‘

U CleNoBaTeiabHO, pelieHre cucrembl (9.12) rapanTupyeT TOYHYIO
UJCHTU(PUKALINIO TApaMETPOB 0OBEKTA, T.€.
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al=a, (i=04.

OpHako BO3MOXKHO, YTO OOBEKT HE CTPOTO JIMHEEH U CYIIECTBYIOT
HE3HAYUTENbHBIC CIydaiiHbIe BO3MYIICHHs. [IpW 3TOM MOXET OKa3aThCs, 4YTO
panr Matpuiipl (5.11) menbie n+1 u u3 cucteMsl (5.10) HEBO3MOKHO BBIJICTUTH
n+tl JWHEWHO He3aBUCUMBIX ypaBHeHmid (5.12) s ompeneneHus

koodpduumentos % =02 oGrexra. B 5TOM cllyuae BO3MOKHBI ClIEYIOLIUE

MOAXOJIbI K USHTU(PUKAITUH:
1) MOBTOpUTh H3MEPCHHS BXOJOB M BbIXOJa O0OBEKTAa B HAACKAE, UTO
MEepPBBIA JKCIIEPUMEHT ObUT HEyJa4HbIM, T.€. COCTOSHHUS BEKTOpa BXOja

V=1 Srom HEJIOCTaTOYHO pa3HooOpa3Hbl. Ecim M Ha HOBOM
HKCIIEPUMEHTAJILHOM MaTEpHUAJIE HE BBIMIOJHUTCS YKA3aHHOE YCIOBHE, TO MOKHO
MONBITATHCA U3MEHUTh CTPYKTYPY MOJICIIH;

2) IOHW3UTh YUCIIO WACHTUPUIMPYEMBIX MapaMETPOB, T.. HCKIIOYUTH
pPacCMOTPEHUE OJHOTO U3 BXOJ0B, HAIIPUMED, TOTO, KOTOPBIM MaIO U3MEHSAETCA.
OTO0 03HAYAET, YTO YUCIIO UJICHTU(DUIMPYEMBIX MTAPAMETPOB CTaNO n (a He n+1).
CkazaHHoe cieayerT JieflaTh 10 TeX Mop, Moka paHr Matpulibl (5.11) He coBnaaeT
C €€ pa3MepHOCThIO. [Ipu BBIMOJHEHUM ATOr0 ycioBUS U3 cuctemsbl (2.10)
BCErJa MOXXHO BBIJICTIUTh JIMHEHHO He3aBUCUMBbIE ypaBHeHus (2.12) B

KOIMYECTBE PAaBHOM 4MCIy “ocraBmmxcs kodduumenrop % E=0.2 -1

CoBMeCTHO pelas Ux, HaXOAAT 3TH KO3(PPUIUEHTHI;
3) OTKa3aThCsl OT METOJa WHTECPIOJISAIMA JIJIS OTPEACTICHUS HE3aBUCHMBIX

koopuumenrop % ¢ =021~1 " woroppii npusen k HecoBMeCTHOI crcTeMe

JMHEWHBIX ypaBHEHHMI. BBecTH CyMMapHY0 HEBSI3KY BBIXOA0B MOJEJH U
o0beKTa.

o !
2
E :.Z (a, +Zaixi?' - y;)% = B(@)
J-l -1 (5.14)
Bennunna E xapakTepusyeT CTeneHb HECOOTBETCTBUS MOJENIN U 00BEKTA U
3aBUCUT OT ITapaMETPOB & MOJEIIH.

3amauy ouenku mapamerpos % =94 voxuHo Temeps mpexcraBuTh Kax

3a/layy MUHUMU3AIUK HEBs3ku (5.14), Hanmpumep, MeTOA0M HAUMEHBIIUX
KBQ/IPaTOB, T.€. CBECTH K PCIICHUIO CHCTEMBI JIMHCHHBIX YPAaBHCHHIA:

FE il
——22(.:3,] +Za: Xy —_}?J,:I—

a

ﬁ—%—EZ_:;[[aD+Zax yj]x@:| o, (k=1,_?2).

(2.15)
Cuctema (2.15) umeer cneayrouuii pa3BepHyThIA BUL:

Mag +.:zlz iy +a22x33-+...+anz X = ZJ”_;-' :
) .:IUZ Xy +|:IIZ xfj +a22 xjjxlj+...+czx me-xu = Z Xypvis

g_uzx +a12x13xw+agzxgix,g+ T Z-x Zxﬁ?y-? (516)




122

r7ie CyMMHpOBaHHE BCIOAY ocyiecTBisieTcs mo j ot 1 o N.
Kak BuaHo, »3Ta cucreMa JHMHEHWHBIX anreOpanyecKux ypaBHEHHM

@ (= ﬂ:‘

OTHOCUTEIBHO MCKOMBIX IIapamMeTpoOB Ecomm panr wmarpunsl

k03 durmeHToB cucremsr (5.16)
N > PR >, Ko
2aFy Zaip e DaFgEy

Sxy Drgrg o Dl | 517)

det T =0

paBeH n+l, To u cucrema (2.16) uMeeT eAMHCTBEHHOE pPEIICHUE

- -
fxu,lﬂl,..

-

% | TIpUYEeM OHO JIOCTaBIISICT MUHUMYM (GYHKIMN £1a) (2.14), noCKOIBKY
E@ =0

B HekoTopbIx ciyyasx marpuna C CUCTEMBI JIMHEMHBIX YPABHEHUM MOKET
0Ka3aThCsl IIOX000YCIIOBICHHOM, T.¢. detC' = U B sTOM citydae Mabie OMMOKH

I/I3M€peHI/Iﬁ *ig IMOTPCIMHOCTH  BBIYUCIIMTCIIbHBIX IIPOOCCCOB IPUBOIAT K

GOJIBLIMM TIOrPEIHOCTAM B onpeaencun kospduuumentos % & =% vonemn.

[Tnoxas oOycnoBieHHOCcTh Matpuilbl C HMMEET MECTO B TOM Ciyyae, €CiH
HEKOTOpbIE €€ CTPOKH (MU CTOJOIBI) MOYTH JUHEWHO 3aBUcUMBbI. Hampuwmep,
MyCTh IepBasi U BTOpas CTPOKM Martpuibl C MOYTH JIMHEHHO 3aBUCHUMBI. ITO
03HAYaET, YTO

N Zx]‘?-gﬁ .x:,g-

= 3 T
2Ey 2L Ey D XXy

@ .
CymiectByeT psifi CIOCOOOB ONpEACCHUS < W3 CHUCTEMbl JIMHEHHBIX

ypaBHenuit (2.16), B xoropoii detC =0 Jlsg 3TOro mpexie BCEro CTPEMATCS

ITIOBBICUTH TOYHOCTDH BBIHHCHGHHﬁ, IMOABCPIraroT C HCKOTOPBIM 3KBHBAJICHTHBIM
it

npeoOpa3oBaHusAM, H3MEHSIOT YHCIO ONBITOB N M Immar =*:qUCKpEeTHOCTH

H3MEPEHHS BXOJIOB ¢=1% N>n+1.

Nnentudukaius TUHEHHBIX OOBEKTOB MPUBOJUT K PEIICHUIO CHUCTEM
JMHEWHBIX ypaBHeHUH. C 3TOM 3aJa4ell MCCIEN0BATENb YAaCTO CTAJIKUBACTCS B
pakTUKe. ITO 00YCIOBIECHO, IO KpailHeW Mepe, AByMs IPUUUHAMH.

Bo-nepBbIX, MHOTHE 3a/laud JIMHCHWHOW ONTHUMH3ANNH, HACHTU(HUKAIINH
JUHEWHBIX W HEJIMHEHHBIX MOJENICH CTaTUKH, UIACHTH(DUKAIMN JTUHEHHBIX
mMozenel auHaMuKkd (auddepeHInanbHbpIX YpaBHEHUN) OOBEKTa CBOAATCS K
PELIEHUIO CUCTEM JIMHEWHBIX YPaBHEHUM.

Bo-BTOphIX, OOJIBITMHCTBO HEIMHEWHBIX 33Ja4 B ‘“‘MajoMm’ JIMHEHHBI, T.C.
HEJTMHEHHBIC MOJICIM B MAJIOH OKPECTHOCTH HEKOTOPOTO PEIICHHS] MOTYT OBIThH
onucaHbl JUHEHHbIMU. Clie0BATEIbHO, IEPBBIM [IAIrOM PEILICHUS] HEJIMHEHHBIX
3a71a4 SIBJIICTCS UCCIICIOBAHNE JTMHEAPU30BAHHBIX MOJEJEH, YTO TaKkKE€ CBSI3aHO
C PELIEHUEM CUCTEM JIMHENHBIX YPABHECHUM.
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Takum o0Opa3om, 4YHCIEHHBIE METOJIBI PEIICHHUS CHUCTEM JIMHEHHBIX
YpaBHEHHUH OKa3bIBAIOTCS BaKHBIM MHCTPYMEHTOM PEIIeHUs] OOLIMPHOTO Kpyra
HAay4YHO-TEXHMYECKHUX 3a/1a4 Ha DBM.

5.3. MOeHmucbukayuss cmamuku HerlUHelHo20
demepMuUHUpPOB8aHHO20 0bbEKMa

[TpeArnonoKuM, YTO IIOMEXH £ , IEHCTBYIOIINE Ha BHIXOIHYIO IEPEMCHHYIO
00BEKTa, Mallbl UM COBCEM OTCYTCTBYIOT ( £ = UB cxeme Ha puc. 5.1 ), T.e. BXox
¥ 1 BBIXOJ] » 00bEKTA ABJISAIOTCS JETEPMUHUPOBAHHBIMK CUTHaIaMu (0e3 momex

), HaBITOaeMBIME TOYHO. TOr1a BBIXOHOMN CHTHAT ¥ [ONHOCTBIO OIPEIEIACTCS
TOJIBKO HAOII0JJaeMbIM BXOJHBIM CHUTHaJIOM. lloBeneHue MoaeaupyemMoro
00BEKTa TAKOTO pojJia B OOILIEM CIIy4ae ONUCHIBAETCS MHOIOMEPHON (hyHKLIHEH
MHOTUX TIEPEMEHHBIX
7= i) (5.18)

Paccmorpum  OIHOMEpHBIM  CiIydai. [loBeneHne  HENMHEWHOrO
OJTHOMEPHOTO  JECTEPMHUHUPOBAHHOTO OOBEKTA OIMKMCHIBACTCS HEIUHEHHOM
dbyHKIIMEH OqHONW epeMeHHON 001IIeTro BUIa

y = Fylz) (5.19)

AnipuopHsble CBeJIeHUs 0 BUJe (QyHKIHH y (omepaTtopa peanbHOro 00OBEKTa)
MOTYT OBITh Pa3IMYHBIMU MO O0BEMY U COJEp)KaHHIO. TpaHcopmarus 3THX
CBEJICHUI B OMPEJCIECHHYIO (PYHKIIUIO

y="Fi(xa) (5.20)

C HeWsBeCTHbIMM rapamerpamu 2 = @o---%w)cocraBnser  mpemmer
CTpyKTypHOU wuneHTH(uKanuu. OCHOBHBIE MOIXOABI K BBIOOPY CTPYKTYPBI
mozaenu (2.20) omupaeTcss Ha KyCOYHO-JIMHEMHOE ¢ (YHKIIMOHAJIHHOE
IpeJICTaBICHUE 3aBUCHMOCTH BbIX0/a O0OBEKTa OT €ro BX0Ja, MIPUYEM YaCTHBIM
CllydaeM TIIOCJIETHEro SBJIETCS pAa3joKEHUE B psAJ MO 33JaHHOM CUCTEME

byHKIIHA.

OtHOcuTeNnbHO  (pyHKUUU #(x.2) gosmorkHa paznu4Has ~ CTEIEHb
MH()OPMUPOBAHHOCTH.

1. Bun ¢pyskuuun #(x.4) y3pecten, Toraa 3a1aua MOMCKA MATEMAaTHYCCKOIL
MOJEIIA CBOIAWTCA K OINPENEIIEHHI0 HEU3BECTHBIX IApaMeTpoB o» @1 &x
(mapametpuyeckas UaeHTUDUKAINSA ).

2. OyHK1IUA Fi(x.d) BBIOMpAETCS u3 COBOKYITHOCTH byHKUMN

Bz, d™, By (x,@%,  F (x,@3"
M

&*ill,&*iﬁl _

IR ]

B KOTOpPBIX  pPa3MEPHOCTb  BEKTOPOB
(k)
2" paznuunas. TpeOyercst ompenenuThb, Kakas W3 MEPEUUCICHHBIX

byHKUMA  SBASETCS ~ UMCKOMOM  (CTpyKTypHass  uieHTHUUKAIMs) W,
COOTBETCTBEHHO, HAWTH HEW3BECTHbIE MapaMmeTpsl £ (mapameTpuyeckas
UJeHTUDUKAITHS ).
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Paccmorpum 0oOmryro A 3THUX ClOydaeB 3aJadyy IapaMeTpUyecKOi
uaeHTuGukanmu  (QyHKIMOHAIBHOM Mojaenu, Koraa (yHKOMA 3agaHa B
aHaJTuTHYeCKoW ¢opme u HempepblBHO auddepeHnupyemMa (OTMETHM, YTO
KyCOUYHO-JTMHEHHASI MOJICIIb SIBJISICTCS] YACTHBIM CITy4aeM (DyHKIIMOHAIBHOM).

B »stom cnywae 3amada WACHTU(GUKAIMM CBOAMWTCA K ONPEICICHUIO

napamerpoB 0% %wpga  OCHOBE OKCIIEPUMEHTAIBHBIX HAOIOICHUM, T.€.

anoctepruopHoit mHpopmaru. J[s 3Toro mocTaTouyHO MOTpPEeOOBaTh, YTOOBI B
KaXXIOM U3 3a(pUKCHPOBAHHBIX COCTOSIHMI MOJIETh COOTBETCTBOBAJa OOBEKTY.
Haubonee pacnpoCTpaHEHHBIM METOJIOM pELIEHUS TaKOM 3aladyu SBJISETCS
MHTEPIIOJIMPOBAHNE U NPUOIINKEHHE.

[Ipu MHTEPNOIMPOBAHUU MPEATNOIAraloT, YTO BBIXOJbl OOBEKTAa U MOJEIH
SBIISAIOTCA OJM3KUMM, €CIIM OHM COBIAJAlOT Ha 3aJaHHOW CHCTEME 3Hau€HUM
Bxoza “1-%x e,

Flrpd@)-yi=0.i=1ln (5.21)
rae * =m+1,

Boipaxxenue (5.21) B o0meM ciayyae SIBISETCS CUCTEMOM HEITMHEHHBIX
YpaBHEHUN OTHOCHUTEIBHO HEW3BECTHBIX MapaMeTpoB. Hamuunwe miymMoB
MOTPENIHOCTe M3MEPEHHUs, KaK TMpaBWiIo, JelaeT CUcTeMy ypaBHeHHH (5.21)
HECOBMECTHOM M 3arpyAHseT ee  pemenue. [loatTomy  Haumbonee
YHOTPEOUTENBHBIM ABJIAETCSI METOJ IPUOIMHKEHUS.

JUist npuOnvKeHusl XapakTepHa MUHUMU3ALMS HEKOTOPOTO (PYHKIIMOHANA,

XapaKTEepU3YIOIIErO pa3iinyue Frdly Hxgo peem poMexyTke . B

MPAKTUYECKUX MPWIOKEHUSIX Yalle BCEro HCIOIb3YETCS  JTUCKPETHOE
KBaJpaTUYHOE NPUOIMKEHHE (METOJ HAMMEHBIIUX KBaJIpaToB), MPU KOTOPOM
3a/1a4a UJIeHTU(UKAIIMY TTPEJCTABIISIETCS B BUJI€ MUHUMU3AUK (PYyHKIIMOHATIA
]
E=Y[Fx.@-y] = min
: =l ‘ (5.22)
PaBHOTO CyMMe€ KBaJIpaTOB OTKJIOHEHHUH BBIXOJOB OOBEKTAa U MOJEIU Ha

3aJJaHHOM CUCTEME TOUEK *1r %2+ &u
OueBUIHO, YTO BeIWYMHA £ XapakTEpU3yeT CTENEHb HECOOTBETCTBHS

MOJEIHM M OObEeKTa M 3aBUCHT OT IapaMeTpoB Momenud “o-%---%x Dy

k03P PHIHMEHTH HAIO MOA00paTh Tak, YTOOBI BenuunHa £ ObUIa HaUMEHBIIEH.
MunumyM £ pu mpaBuIIEHOM BEIOOpE CTPYKTYpPHI MOJAEIHM ¥ paBeH HYJIIO, T.€.
MOJIeNIb MOXKET OBbITh aJeKBaTHOM 0O0BeKkTy. Ecnmm ke cTpykTypa Mojenu
OTJIMYAETCS OT CTPYKTYphl 00bEKTa, TO MUHHUMYM £ He OyzeT paBeH HyJII0, TEM
HE MEHee 3aJada CHHTE3a MOJCIM TMO-TIPSKHEMY CBOJIUTCA K 3ajaye
MHHAMH3AIANA QYHKIHA HEBSI3KU £

Heo06xoqumMbiM yCIIOBHUEM MHHAMYMa E(x.ap.a, .4 ) gpngercs
BBITIOJTHCHHE PABEHCTB
FH( x,.d) 0
Ja, P =
; S=0m (5.23)

501041
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* AR (x,a.....a,)
2§[F(xi,au,...,am)—yi] Fa, =1
* FE(x,.ay.....a,
O P 2 o s B
L T (5.24)
[Tocne nmpeodpa3zoBaHus
* IF (a0, 8y) & OF (5,80, )
Flx - _ =0
* FE(xy,ay,....a, ® AE(x;,ay,....2,
2. F(x,aq, . 0ay) {-’f;;u - }_Z.}’z‘ u ;u =X =0
| iml Dy im1 L (5_25)

Cucrtema ypaBHeHUN (5.25) COAEPKUT CTOIBKO K€ YpPaBHEHMM, CKOJBKO

Qs

HEU3BECTHBIX KOID(PUITMEHTOB % Y Ha3BIBACTCSA CUCTEMOU HOPMAJIBHBIX

YPaBHEHUM.

Bemnuuna £ 20 npu mo0bix “ov % criemoBaTeNibHO, Y HEe 00s3aTeIbHO

JIOJDKeH CYIECTBOBaTh XOTA Obl OAMH MUHUMYM. [loaTomy, ecnu cuctema
HOPMAJIBHBIX YypaBHEHUU (5.25) MMeeT €AMHCTBEHHOE pELIEHUE, TO OHO H
SABJISIETCS MUHUMYMOM JUISL BEIMYHMHBL £

Cuctema ypaBHeHHIl (5.25) B o00mem ciydae SBISETCS CHUCTEMOM
TPaHCIEHACHTHBIX YPAaBHEHHM OTHOCUTEJIBHO HCKOMBIX TMapaMmeTpoB & .
[ToaToMy nmsi pelieHHs TakOW CHCTEMbl 4acTO OOpallaroTCs K MOUCKOBBIM
METO/1aM MUHUMHU3AIIHH.

[IpuMeHeHre TOMCKOBBIX METOJIOB JJIi MUHUMM3AIUU (DYHKIIMH HEBSI3KU
(5.25) oTkpeiBaeT OOJBIIME BO3MOXHOCTH Iepen uaeHTHdukanueir. OgHAKO
MOMCKa MOXHO U30eXaTh, €ciu uAeHTUdUIUpyemass MoOJAeNb JIMHEHA
OTHOCHUTEJIHHO UCKOMBIX MapaMeTpoB & .

Mopnenn Takoro pojaa SBISIFOTCS YAacTHBIM CiIy4aeM (PYHKIIMOHATbHBIX
Mojielell U 00pa3yroTcsi B pe3yJbTare pas3ioKEeHHsT UCKOMOW (QYHKIHMHU IO
3aJlaHHOM cucTeMe QYHKIUM.

PaccMOTpUM BKpaTLe Takoil caydail. Ilycte momenb £ %) quueiina
OTHOCUTEJIbHO HEM3BECTHBIX APAMETPOB M UMEET BHU]I

Flxa) =ayfy(x) +a Alx)+. 4a, f, (x) = Zﬂjfj (x)
7=l : (5.26)

rie  “i—  HCKOMBIE KO3(phUIIMEHTB  MOJIEIH, Jilx)__
HeMpepbIBHO- UG hepeHIupyeMbie GYHKIIMA BXOAHON MEPEMEHHOM.

Cucrema ¢QyHKIHIA J. J'(x}ﬂonxcHa OBITh JHMHEHWHO HE3aBUCUMOM, T.€.
HUKaKas JUHEHHass KOMOWHAIIMS €€ DJICMEHTOB HE MOXKET OBITh paBHA HYIIIO TIPH
JIOOBIX X,

B pesynbTaTe sKxcriepuMeHTa MOKHO TIOJIYYHTh # HAOTIOIEHUN

¥ =8Hixd i=la (5.27)

HN3BCCTHBIC



126

Jlnsg  ompeneneHuss HEU3BECTHBIX KOI(PPHUIMEHTOB & BOCHOIb3yeMCs
METOJIOM HAWMEHBINNX KBaapaToB. B arom ciydae ¢yHKius HeBsizku (5.22)
MocJie TIOJICTAHOBKH B Hee BhIpaxkeHue (5.26) mpruHUMAET BUJ

2
E:Z[ aj-j:;,-(xi}—yi:| —}mﬂin
i=1| j-1

(5.28)

o Q@
TCHGPL HauJAEeM HCEU3BCCTHBLIC IIApaMEeTphl < MOACIH H3 H€O6XOIII/IMBIX
YCJIOBI/Iﬁ MHWHHMYMa KBaHpaTHqHOﬁ (bYHKI_II/II/I OTHOCHUTCIIbHO HCHU3BCCTHBIX

napamerpos % (4= 1’_"’3):
2
FR(xE & |a[& p—
ﬂ?ﬂ:- - E?ﬂ: Z[Eﬂjfj(xi}_yi} _[:I ] J_Dsm

i i =1

(5.29)

Brerauciaus yacTHbIE IMPOU3BOAHBIC U IICPCHECA B IIPABYIO 4aCTb YJICHBI, HC

cf ; o
CoacpiKamuce KOB(i)(l)I/II_[I/IeHTOB 4, IIOJIYYUM CHUCTEMY JIMHCHUHBIX HOPMAaJIBbHBIX
ypaBHGHI/Iﬁ MCTOAd HAUMCHBIINX KBAAPAaTOB:

ﬂnzlfng':xij' +ﬂ1z;.fn(xi )fl(xi:'+"'+am2fﬂ(xi)fml:xz') = an (7 )5

i=1 i1

) @ 2, Jo (% )71 (%) +alzflj(xi)+"'+am2fllixi)fm (x;) = 23 Alxdys
inl i1 i1

i=1

ﬂnz;.fu (-xj)fm(x;‘j +f31_z.;.f1'ix;':'fm (xj)+---+ﬂmz;.fxf'ixj:' = _Zlfm(xijyi, (5 30)

pelieHrue KOTOpPOW JaeT 3HA4YeHUs] HUJCHTU(DUIIMPYEMBIX MapaMeTpoB
MOJICIIH.
B BekTopHO-MaTpuuHO# (hopme cuctema ypaBHeHui (5.30) npumer BUI:
T0F =27 (5.31)

rae
Folx) Alx) o Fu(x) 2, »
. Folxg) Alxgd o Fulxg) S_|a| |
o)A@ e ) el o
T—  mpsMoyrosbpHas ManI/IH;l paBMe];;HOCTH #x(m+1) - sanaromas

3Ha4YEHUS ji i) #Ha0 i;
YHKITHHA IIPY POBEJICHUE % HAOJIOICHHI;
& — m+1- MepHBI BEKTOP HCKOMBIX KO(D(DHUIIMEHTOB MOJIEIIH;
¥ — #- MepHBIf BEKTOP 3aMEPOB BBIX0J1a OOBEKTA;
T— onepartiyst TpaHCIIOHUPOBAHUS MATPHIIBL.
T v
Nudopmarmonnass wmarpuna Dumepa T Papnsercs  KBaapaTHOM,
HOJIOKUTEIHHO-ONPEAETIEHHON U HEBBIPOKICHHOM, Korga #=#+1lp xors OBl
#+lyusMepennii BEIX0a 00BEKTA IPOBEAEH IIPU PA3IMYHBIX YPOBHIX BXOIJHOM
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nepeMeHHoil . B aToMm cimyuae marpuiia ®uiiepa uMeeT 0OpaTHYIO MaTpHILY

-1
(®T ®) U peleHneM cuctemMsl (5.31) Oyner BekTop
7=(270]0"7 (539
CucteMy ypaBHeHHMH (5.32) MOXHO cpa3y pa3peniuTbh, ecld (QyHKIHUH
Solxh Alx).E L A (x) BBIOpATh B BUJIE OPTOTOHAIBHBIX MOJIMHOMOB, 00JIaaI0IIUX
CBOMCTBOM:
;fj(xi)fi(xij =0, ji=0m j=l,

X

Yln@] =0, s=Om

i-1 (5.33)
ITocnenHee 03HAYAET, YTO XOTS Obl B OJHOM M3 TOYEK *i %= L%y rrorounen
Axy=0
T3 (x) Takve MHOTrOYIEHHI HA3BIBAIOT OPTOTOHAJBHBIMH MHOTOUYJIEHAMM
YeOnI1iena.

[Tpu BemosniHeHue ycioBuit (5.33) B JIeBOM 4acTH Ka)XJAOTO W3 ypaBHEHUI
cuctemsl (5.30) octaeTcst TOIBKO OJUH 4WieH ( [UaroHaJIbHbIE SJIEMEHTHI ) U ATa
cucTeMa pacrajgaercs Ha #+lypaBHEHHH C OAHHM HEHM3BECTHBIM B Ka)KIOM.
[ToaTOMy Cpa3y MOXHO HamKUcaTh BhIpAKEHUE JJISI HCKOMBIX KO3 (UIIMEHTOB

N

ij I:'xi)yi -
Q‘_I}. = !;1—2, J = D, FHL.

pAEHES]

i-1 (5.34)
MHorousiensl YeOblIeBa onpeaestoTcs mo GopmysiaMm:
Jolx) =1,

+1
Ay =x-"=
B w (nt =)

fm+1(x) _fl(xjfmlix)_ 4(4.“?22 _ 1) fm—l : (535)

N3 dopmynsr (5.35) ciaexyer, 4TO TOJTHMHOM Juen(%) 3apucur TOMBKO OT
obbema BbIOOpKHM #%. ClemoBaTeNIbHO, BBIYUCICHHBIE 10 (opmyine (5.34)

e
K03 uIHeHTH ¥ HE 3aBHUCAT OT TOrO, KakoB OyaeT mopsgok moxaenu (5.26).

3uas Muorownens: UYeGbimesa J»1(*)py kaxmoMm yBelMueHHH CTeleHH
YPaBHCHUA CTATUKHU O6'I)eKTa Ha CAMHUIY HCIIOJB3YIOT BCC pPAHCC HaﬁﬂeHHBIe

KodhpHUIEHTHI BBIYMCIISIFOT TOJIBKO OAWH KOd(duimeHt “». Dra

OCOOEHHOCTH JIeTIAeT TIOJIE3HBIM HCIIOIH30BAHUE OPTOTOHAIBHBIX IMOJTMHOMOB
UeObimieBa Tpu  pelICHWH  337ad  WACHTH(PUKAIMA OOBEKTa  IyTeM
MOCJIEIOBATEIHHOTO YIYUIICHUS MOJICIIH.

HecMoTps Ha mpenmMyIecTBa UCIOJIB30BAaHUS TTOJIMHOMOB YeOnIieBa, Mt
MPaKTUYSCKUX  IeJe, Kak TMpaBWJO, OTrPAHUYMUBAIOTCS  CTCIICHHBIM
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pasnoxkennem Qynkuun £ ) e HlF=LAEI =X =7 K fum=7"

Tako# moaxo ] CyIeCTBEHHO YIPOIIAeT MPOrpaMMHUPOBAHNE PEIICHUS 3a1a9 Ha
OBM. B sToM cityyae Mojeb UMEET BUIL:

™
Flrd)=a, tax+...ta,x" = Z.a:jx
J=0 : (5.36)
[Toncrapiisist 3TO BeIpaykeHHe B (PYHKITUU HEBSI3KH (9.28), MOTydrm
] b ) 2
E=72. Zajxf ~y;| —»min
iml| g=i (537)
MuHuMHU3UpYys 3Ty GYHKIHUIO METOJOM HAaMMEHBIIIUX KBaJIpaToB, HAXOIUM
CJIEIYIOIIYIO0 CUCTEMY JINHEWHBIX YpaBHEHUN:

’m;t,:, +alz % +agz xf + ... +am2xi“ :ZJ‘};
) o 2y Kyt QLR Fa LA et 2R = Y Eyy

] m+1 w+2 dm o]
hcz,:,in +a12xi +a22xi +...+am2xi :in U (5 38)
rac BCroay CYMMHUPOBAHHUE OCYIICCTBIIACTCA I10 iorl 0 *,

Pemass cucremy JnuHeWHBIX ypaBHeHui (5.38), HaXOOUM HCKOMBIE

Koa(bq)HHI/IeHTH Moaenu %o 4 K. a, .

Ecmu matpuna kosdduiuentoB cuctemsl (5.38) HeocobeHHas, T.e. €€
OTpe/IeINTENIb HE PaBEH HYJIIO, TO HAWIEHHOE pEelIeHUE €IMHCTBEHHOE, TPUYEM
oHO obecreunBaer ™t £ |

TpyaHoctn B BbUmCIeHUH KOA(PGUIMEHTOB & W3 CHCTEMBl HOPMATbHBIX
ypaBHeHHi (5.38) BO3HHMKAaeT B cllydyae, KOrja MaTpulla CHCTEMBI IIJI0XO
00yCIIOBIIEHA, TOT]a IPUXOAUTCS MIPUBJICKATh METOIBI PETYJIIPU3AIIAH.

AJIeKBaTHOCTh MOJIETTH MOYXHO OIICHUTH IO CTEMEHU OJM30CTH BBIXOJIOB
00BbEKTa ¥ MOJICJIM Ha 3aJITaHHON CUCTEME TOUEK.

CxeMa OIIeHKHU aJIeKBaTHOCTH MOJIENIN MPUBEJIEHA Ha puc.S.2.

X obBEET o
N = Fn (x)
C A a
: CEO
MOIEIE
Y = Fixa)

Puc. 5.2
B kauectBe mMepbl OJM30CTH BBIXOJIOB MCHOJB3YIOT HOPMY PaBHOMEPHOIO
NPUOJIMKEHUS

&zmaxly—yﬂzmaxly—ﬁ'(x,&'} : xE[xmh,xmm] (5.39)
WJIN TUCKPETHYIO HOPMY CPEIHEKBAIPATUIHOTO MPUOTKESHUS

" 2
a= JéZ[J’:‘ - F(x;i’&j']
& | (5.40)
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o MEE
Mopenp cunTaeTcss aJeKBaTHOM, €CIIM BBINIOJHACTCS YCIOBUE ! nuam
g2,
]

rae 1% 2 3amaHHbIC MOTOKUTEIbHBIC YHCITA.

YMeHbllleHHe OMMOKH MOJEIM MOXHO JIOCTHYb IYTEM YBEIUYCHUS
cTeneHu mnojinHoMma (95.36). OmHAaKO ¢ HEKOTOPOrO MOMEHTA IMPHU MOBBIINICHUN
crereHn noirHoMa (5.36) cpenHeKkBaipaTiyeckasl omrdKa BMECTO TOTO, YTOOBI
YMEHBIIAThCS, MOXET YBEIMYMBATHCA M3-32 HMCKaXEHUS  PEe3yJbTaTOB
WU3MEPEHHUS BBIX0/1a HEKOHTPOJIHUPYEMBIMH ITOMEXaMHU.

[ToaToMy B pacCMOTPEHHOW  BBINIE MPOIEAYpPE  HIACHTU(DUKAITUN
HEJTMHEHHOW MOJENM HESICHBIM OCTAeTCS BOINPOC BBHIOOpA UWCia *#— CTEMEHU
mozenu (5.36).

OOBIYHO €ro OIpeACNSIOT Ha OCHOBE aHaln3a HAOJIOJCHHWA BBIXOJOB
00BEKTA U MOJCIIH.

Ecnu nns onieHkH afeKBaTHOCTH BhIOMpaeTcsi paBHOMepHas Hopma (5.39),
TO TIOJTUHOM, KOTOPBINA TOCTABIISIET

]
min & = min _ max - >ia.x
M Kt TS Xar - g
=1 : (5.41)

SBJISIETCS] ONITUMAJIbHBIM.

B cnydae, korga BeIOMpaeTcsi CpeIHEKBaIpaTHUHAs HOPMA, TO TMOJIMHOM,
KOTOPBIN JTOCTABJISET

1 ] » . }ﬁ
min & = min| =Y, | y,—y e
wm o | o -
= =0 : (5.42)
SABJIACTCS MMOJIMHOMOM HAWJIY4YIICrOo CPpCAHCKBAAPATHYHOIO JHCKPETHOIO

PUOJINKEHUS.

Crnengyer OTMETUTD, YTO, €CIIU PE3YyJIbTaThl U3MEPEHUN BBIXO/Aa OOBEKTA B
mpoiiecce HICHTU(DUKAIMK COAEpX AT TIOMEXHU, TO BBIOOP ONTHUMAILHOM
Benu4uHBl #u3 ycnoBus (5.41) u (5.42) mpuBeneT K HEOMPaBIaHHOMY
YBEIMYCHHIO CTeneHu noymHoMa (5.36) u ycnoxkHeHuto Mojend. B atom ciyuae
JKEJIaTeIbHO BBIOpaTh C y4EeTOM BEJIMYMHBI OIMIMOKM HW3MEPEHMs] BBIXOJa
oO0BEKTA.

CpennexBagpatrueckyro ommmbky (CKO) usmepenus » MOXKHO OIPENeInTh
i=1k)

0
0 pe3yibTaTaM IMOBTOPHBIX HM3MEPEHU - ( BBIXOJIa OOBEKTa MpHU

DHKCHPOBAHHOM 3HAYEHHUH X BXOZA
1 Syo oy
JJ': *J;C_l_Z[yi Y :]
-1 : (5.43)
o1&
F =Tl
rae il
CpennexBaapaTudeckas ommoKa MOJICTH

13 (5~ Sa)

ol =1

, (5.44)
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XV [1‘:1,_?2) .:zj[jzl,ml
npu (PUKCUPOBAHHBIX 3HAUYECHUSIX U 3aBUCUT OT
crenenn moimmHoMma (5.36). EctectBenHo motpeboBath, uTtoOb1 CKO mMomenm
obuta comsmepuma ¢ CKO u3mepenus Boixoga 00beKTa, T.€.

Ty =T, (5.45)
IIpu  BwIOOpe  #ycinoBue  (5.45) mpoBepsieTcss B Mpoliecce
IIOCJIEI0OBATEIBHOrO YBEIMYeHUsT crernenu nojaunoMa (5.36), Haumnas ¢ #=1,
[Tpu sTOM 1Sl KaXAOTO TpedyeTcsl 3aHOBO BBIYHUCIATH BCe KOAPPUIIUEHTHI

% [J:D’ m). Ecaiu xe B kadecTtBe Oa3uCHBIX (yHKIIHI J J"(x)BLI6paHa
OpTOTOHAJIbHASL CUCTEMA MOJMHOMOB YeObIlieBa, TO yBEITUUEHUE YMCTIa YJICHOB
pana (5.36) Ha enuHMIly He TpeOyeT IiepecyeTa HaMJACHHBIX paHee
koa¢duruenToB. [locnenoBaTensHoe YBETUUCHHUE #TIPOAODKAETCS IO TEX TOP,
ToKa He OyJIeT BBIOJIHEHO ycioBue (5.45).

Paccmotpum  napyroil moaxox K ONPEAECTICHUID HAWIy4YlIed CTENEHU

noiuaoMa (5.36). Ilycts BeIxog oObekTa ¥ = (%) U3MEpPEHa I0CTAaTOYHO TOYHO

U SIBJISICTCS TTAJKON U HU3KOYacTOTHOM (yHkumen. Ecnu £u(x) ecth monmuOM
CTENEHU 2, TO
d™F (x) ™ (x)
T const, T
X X

I/ICHOJIBByeM 3TO CBOMCTBO MOJHMHOMA JUIS1 OLICHKHW YUCiIa %, HpOI/BBOI[HBIe

0.

F':'(x} HCU3BCCTHLI, IIOOTOMY 3aMCHHM HX KOHCYHBIMH PA3HOCTAMHU BBIXOJA

00bekTa + B TOUKax 1= {J :
1 . T
IEI.}’J-:(}JJ-+1_}JJ-)/&X, J:L?ﬂ—l,

ffyj = {&lyﬁl —&lyj-)/&x, ji=lu-2;

Ky =(ay 0 -8 Vax, j=1n-k, k=1n-1

by, . ¥ =Y.
rac KOHCYHAasA paBHOCTB 0 nop;u:[Ka B TOYKC ,

AX __ Iar u3MeHeHus X B HKCIIEPUMEHTE.

Ay
OO6BIYHO 3HAYEHHA ' °¢(IYKTYHpPYIOT, IOSTOMY CJEIyeT OIpEAeIUTh
CpellHEee 3HAUCHUE UX MOJYJICH

. 1 -k
Ay = ﬁ§1;|;1~3‘°h.|, k=1ln-1

Eciu npu HekoTopoM %Bce KOHEYHBIC Pa3HOCTH TOPSAKA XHWIIH CpEIHEe
3HAYCHUE WX MOAYJICH OJIM3KO K HYJIIO, TO CJAEAyeT IPUHATE #=&—1,
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5.4. [locmpoeHue pezgpeccuoHHOU Modesiu cmoxacmu4yecKoao
obbekma

[lycTh 3amaH HEKOTOpBIA CTOXAcCTHUYECKUU 00BEKT (puc. 2.6) BXoaHas U
BBIXO/IHAs! KOOpAUHATHL X U Y KOTOPOTO SIBJISIOTCS CIy4YalHBIMHU BETUYMHAMU.

Ha Y Bausier He TOIBKO BXOJHAsI KOOPJAWHATA

X, HO W chydaitHas nomexa Z (HeCTaOMJIbHOCTH

—= OBBEKT pexknMa  paboTel  00BEKTa, CTOXAaCTHUYECKHE

BO3JICMCTBHSL BHEIIHEN CpEIbl, IOIPEIIHOCTH

u3Mmepenus Y U T.7.). [loaToMy Henb3s roBOPUTH O

Puc. Z.6. dbyHkImoHanpHOM 3aBucumoct Y or X. B

MOJTOOHBIX CIIy4asiX CJIeTyeT TOBOPUTH O HAJTU4UU

CTOXaCTUYECKOH (BEPOATHOCHOM) CBSI3H MEXIY NEpEMEHHBIMU X U Y 00BEKTa B

CTaTHKE.
Cnydaiinple BemuuuHbl X M Y SBISIFOTCS 3aBUCUMBIMM, €CJIM 3aKOH
pacrpenesieHrs BEpOSTHOCTEN OJHOM U3 HUX 3aBUCUT OT 3HAYECHM JIPYyroil, T. €.

Y7o _ oo
F(/ff =x=F {Y<y nipu ycnoBuu X=x}

¥ ¥
OyHKIMA (’ﬁ"‘), WUIH  IIPOCTO (”ﬁ), Ha3bIBACTCA  YCIOBHBIM
WHTETPAJIbHBIM  3aKOHOM PpACHpPENENICHHs BeEpoATHOCTEM Y 1npu  X=X.

= 7{4)
dx Ha3bIBACTCS YCIIOBHOM IUIOTHOCTBIO pacnpenesneHus
BEPOSATHOCTEM.
IIpeanonoxuM, 4YTO MOXKHO YCTaHOBUTh X=X 1, TOIJa IIOBEJICHUE

Cly4ailHOM BeNWYUHBI Y Oy/eT TOJHOCTBIO XapaKTepU30BaAThCS YCIOBHOM

IJIOTHOCTBIO PaCHpeAesieHUusI BEPOSTHOCTEU f(%L). O603HaYMM  yCIIOBHbBIC

YUCJIOBBIE XapaKTEPUCTUKU Y - MaTeMaTU4YECKOE OKHIAHUE U JIUCIEPCHUIO -
2 2

yepes M[%L]I/I J%. 3arem 3adukcupyeM X=X 2 U HalJeM f(%ﬂ), M[%ﬂ], J%n,

MOJIOKUM X=X 3 , HAUJeM f(%l), M[%J, Jf/"! , U T.JI.

Y

fiyizs) Tz

Fyisy)

IR
peTpeCoID

4] s Hs Xy X



132

puc. 2.7
Ft4)

bynem cuwnrars, 4TO CTPYKTypa HE 3aBHUCHT OT X, a IapaMeTphl

2
Mgl Sy

(YHKIIMM TJIOTHOCTH u * 3aBUCAT OT TOIO, Kakoe 3HAa4eHHE X
IIPUHUMAET CIIy4alHas BEIUYuHa X.

H v
3aBUCHUMOCTbD M[ /i']OT X Ha3bIBACTCA PCIrpCCCHOHHOMU. Humxe 6y,Z[CM
IrOBOPHUTDH TOJIBKO O pCFPGCCHOHHOﬁ 3aBUCHUMOCTH

¥
M4 flx), (5.61)
PerpeccuonHasi 3aBUCUMOCTH IIOKa3bIBa€T, KaK HW3MEHSETCS CpeaHee
3HA4YCHUE Y MPU U3MEHEHUU X.

o o MY A M

Eciu coequHUTh IJIaBHOM JIMHUEW TOYKHU [/ﬁl] [/59] [f&!:ln T.1., TO
MOJIYYMM JIMHHIO PETPECCUU. DJTa JMHUS ©CTh CTaTHYecKas XapaKTepHUCTHKA
o0OBeKTA.

VYpaBHeHHEM perpeccur Ha3blBalOT (PYHKIIHIO J (x}, OIHCHIBAIOLIYIO
JUHUIO PErpeccuu. YPpaBHEHUSI PETPecCUM KIACCUPUIUPYIOT Ha JIMHECHHBIC
(KOppesIIMOHHbBIE) U HEJIMHEWHBIE.

[Ipu mocTpoeHun perpeccCuoOHHON MOJIENU CTaTUKU (5.61) 00bEeKTa IIMPOKO
MIPUMEHSETCS MTACCUBHBIA METOJ MACHTU(UKAITUN. DTOT METOJI MPUMEHSIOT TIPH
U3YYCHUU CTAaTHKU OOBEKTOB, YPOBEHb MOMEX KOTOPBIX JOCTATOYHO BEIHUK, a
TakK€ B TEX Ciy4asx, KOIJa HEJOMyCTUMO HAHECEHUE HCKYCCTBEHHBIX
BO3MYILIEHUH Ha BX0/I€ O0BEKTA.

[laccuBHbli  MeTOA ~ WACHTUPHUKALUA  OCHOBAaH B  MOJYYCHUH
cTaTUCTHYECKON wuHpopMaiuu 00 O0OBEKTEe MO JaHHBIM €ro HOPMaJIbHOM
IKCIUTyaTallMi. 3aTeM pealu3alii BXOAHOM X M BBIXOJHOW Yy BEITUYHH
00pabaThIBAIOTCSI TAKUM 00pa30M, YTOOBI ONPEETIUTh PErPECCUOHHYIO MOJIEITh

Mg)_ flra) (5.62)

rjae & - BeKTop KO3(PPUIIMEHTOB MOJICIIH.

Omnpenenenre ypaBHEHUs PErpPeCCUU COCTOUT U3 JIBYX 3TAIOB: BIOODP THUIIA
ypaBHEHUSI PETPECCUU U pacueT ero KodhuimeHTos.

[lepBpili 3Tanm OOBIYHO OCYUIIECTBIAETCA JHOO MyTEM HMIHPUYECKOTO
noaoopa THMa ypaBHEHUS PETPECCHU 1O BHUIY KOPPEISIIMOHHOTO OIS MEXKITY
BXOJIHBIMU W BBIXOJAHBIMH BEJIMYMHAMH, JINOO MTyTEM TEOPETHUCCKOTO U3YUCHUS
3aKOHOMEPHOCTH (DPU3MUYECKOTO TMpoIecca, OTPaKECHHEM KOTOPOTO SIBIISETCS
CTOXaCTHUEeCKas CBsA3b MEXIY JTHMH BenuunHamu. MHorma oba momaxoma
UCTIONB3YIOTCSl B COYETAHUH JPYT C APYTOM.

Bropoii stan - pacuer ko3((PUIMEHTOB ypaBHEHHUsS PErpeccud - 4aile
BCEro  BBIMOJHICTCS METOJOM HaWMEHBINIMX KBagpatoB. llpm 3TOM
MUHHMMHM3ALUS 110 & BEIPAKCHUS

2= 2ok ) (5.63)

IPUBOJUT K OIICHKaM BekTopa # . OueBHJIHO, HA JAHHOW peau3aiuu s
NPUHATOTO YpaBHEHHS Mozenu oO0bekTa (5.62) momyueHHbIE OIEHKH # a0t
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Haumensbinee CKO peanuzanuu, moJydyeHHOM MO MOJENHM OT HaOI0AaeMoi

peanM3anuu i[z =t M) oOBbeKTa.

Crnenyer OTMETUTh, YTO TTACCUBHO - CTATUCTUYCCKUN METOJ MMEET IICIbIi
PS CYIIIECTBEHHBIX HEJIOCTATKOB IO CPABHEHHIO C AKTUBHBIMU METO/IAMH:

1) monydeHHas MoOJaeTb OOBEKTa CIpaBeIIMBa TOJBKO B IIpeiuesax
UCTIOJIb30BaHHOTO YKCIIEPUMEHTAIEHOTO CTATUCTHYECKOTO MaTepuara;

2) TpymHO pa3nesuTh 3G(GEKTh OT KOPPEIMPOBAHHOCTH YACTH BXOJHBIX
BEJIMYMH MHOTOMEPHOTO 00BEKTA;

3) uHAMBHAyaIbHBIC KOA(M(GUIIUEHTHI PErPECCHH HE MMEIOT KaKOIo-au0o
(U3HYECKOTO CMBICIA;

4) He u3BieKkaeTcs nHGopMalKs 00 OIMOKE ONBITOB;

5) TpebOyeTcs MOIYIUTHh OOJBIION 00BEM 3KCIICPUMEHTAIBHBIX JaHHBIX U
MIPOU3BOIUTH TPYIOEMKHE BBIYUCIICHUS.

VYka3aHHbIC HEIOCTATKH B 3HAYMTEIIBHOW CTEMEHW CHUXKAIOT IIEHHOCTh
MOJIeNICH, TMOTYYEHHBIX MACCUBHO-CTATUCTUYECKHM MeToaoM. K aTomy metomy
npuoOeraT TOJBKO B TEX CIIydasxX, KOTJa IPyrde METOAbl HE MOTYT OBIThH
UCIIOJIb30BaHBI.

[IpeaBapuTeNnbHBI  aHAMM3  AKCIEPUMEHTAIBHOTO  CTAaTHCTHYECKOTO
MaTepuaia COCTaBJISET OCHOBHYIO 3ajladyy KOPPEJSIIMOHHOTO aHaldu3a Ipu
UJCHTU(UKAIIMN CTOXAaCTHYECKOTr0 00bekTa. [Ipu 3TOM CyTh KOPPESIUMOHHOTO
aHaJIM3a CBOJMTCS K OIICHKE CHJIbI CTOXACTUYECKOM CBS3M MEXIY CIy4alHBIMU
BenMYMHAMU X U Y U YCTAaHOBJICHUIO BUJIA 3aBUCUMOCTH MEX]y HUMU B BHUJIE
ypaBHEHUSI PETPECCUM.

UtoObl TpeBapUTEIHHO OINPEACIUTh HAIUYUE KOPPEISIIIMOHHOW CBSI3U

(x iV z')
Mexay X U Y, HAHOCAT SKCIIEPUMEHTAIbHBIE TOUKU Ha rpaduK U CTPOST
KoppensiuonHoe nose (puc. 2.8).

¥

JeEmn
perpec Eo
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)

Puc. 2.8

Ha puc. 2.8 npencraBieHsl:

a - CWJIbHAs OTpULATENIbHAS KOPPEIALIUS;

0 - CUJIbHAS TIOJIOKUTEIIbHASI KOPPEIISIIHS;

B - cJia0asi MOJIOKUTENbHAS KOPPEALUS;

T, 1 - OTCYTCTBUE KOPPEISALUU.

ITo TecHOTE TPYNMHUPOBAHUSA TOYEK BOKPYT MPSMOU WM KPUBOM JIMHUH, 11O
HAKJIOHY JIMHUY MOYXHO BU3YaJIbHO CYAUThH O HAJTUYUHU KOPPEISILIMOHHON CBSI3H.

KoppensunonHoe mose XapakTepuszyeT BUI CBS3M Mexay X U Y, T.€.
HAJIMYKE JTUHEUHON WIM HETMHENHOW 3aBUCUMOCTH.

CymectByer TpW BHAA KOPpPENSIMU - JIMHEHAsA, HEIWHEHHas W
MHOKECTBEHHas1 Koppessuus. [Ipu IMHEHHON KOppensuuu JIMHUS PErpecCUu
aIlMpOKCUMUPYETCS YpPaBHEHUEM MNPSIMOW, IIPU HEJIMHEWHOW - ypPaBHEHHUEM
KpUBOU. MHOXECTBEHHas: KOPPEJSALMSA OINPEACISIET CBA3b MEXKIAY MHOTMMH
BEJIMYMHAMM, W TIPU OTOM HCIOJB3YETCS YPAaBHEHHE MHOYKECTBEHHOMU
perpeccumu.

HaunbGonee pactipocTpaHeHHOM SIBISICTCS JIMHEWHASI KOPPEIISIITHS.

[ToHaTHE KOppEMALNH TaeT BO3MOKHOCTh CYIUTh O TOM, HACKOJIBKO TECHO
JI0’KATCS AKCIIEPUMEHTANIBHBIE TOUYKM HA allIPOKCHUMUPYIOIIYI0 KPUBYIO JIMHUHU
perpeccun. Ecnu perpeccust onpeaensieT npeanoiaraeMoe COOTHOIIEHUE MEXKTY
NIEPEMEHHBIMM, TO KOPpPEJSALMS IOKA3bIBAET, HACKOJIBKO XOPOLIO 3TO
COOTHOIIIEHUE OTPAKAET JECUCTBUTEIILHOCTD.

3amaya CTOXaCTUYECKOTO aHain3a OOBEKTAa CTABUTCS TaKUM OOpazoM: MO
JTaHHOW BBIOOpKE 00bEeMa N OLEHUTh CUITY (TECHOTY) KOPPESLHMOHHOM CBSI3U
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Mexay X u Y, HaiTH ypaBHEHHE NPUOIMKEHHOM pErpeccud M OLEHUTh
JIOTYCKAaeMYH0 OIIHOKY.

OneHka TECHOTHI KOpPPENSLMOHHOM cCBsi3u. B o0meM Buzae 3agada
BBISIBJICHUS U OLICHKM CWJIBI CTOXAaCTUYECKOM CBA3M He penieHa. CylecTBYIOT
IIOKAa3aTelId, OLICHUBAIOIME TE WIA UHBIE CTOPOHBI CTOXaCTUYECKOM CBA3H.

IloBenenue cimyyailHOW BEJIMYMHBI Y ONUCHIBAETCA OOBIYHO CIIEAYIOLUIMMU
(YHKIIMOHAJIBbHBIMU U YHUCIIOBBIMU XapaKTEPUCTUKAMMU:

. Py =Pl <y
- HHTCTPAJIbHBIM 3dKOHOM PACIIPCACICHUA BEPOATHOCTCH

- muddepeHIIMaTbHBIM ~ 3aKOHOM — paclpelielieHus  BepOsSITHOCTEH

0 dF{r)

4 (I IIOTHOCTBIO BEPOSTHOCTEH );

M[¥]= Tf(y) ydy

- MAaTEMAaTUYCCKHUM OXHUIaHHUCM - y

ol = u{(r- MY} = [(7 - M7 () oy
- IucTIepcuen - .
Fl-w)=0; Fle)=1; 7]
Py =y}=0

— Bo3pactaromias pynkuus. Ecnu
P{y <F =y +.::{y} = j'(y)ciy.

OTMeTHUM, 4TO

F(Y) nenpepriBHa no Y, TO

o +o
[ o= Jar -1
Kpowme toro, —= ~
[ToBeneHne cHUCTEMBI IBYX CIIydalHbIX BeJWYMH X,Y, 3HAUEHUS X U Y
KOTOPBIX U3MEHSIOTCA OT — @ 110 + 2 | TOJHOCTBIO OIUCHIBAECTCS MHTETPAIbHBIM
3aKOHOM pAacCIpeeICHUs] BEPOSITHOCTEN
F[x,y) = P{X <xF -::y}
WJIM TUIOTHOCTBIO PACIPEAECTICHUS BEPOATHOCTEN
2
F(x,y) _ & F{x,y}
dx Fv

, OJHAKO,

+ wto

F{x,y}: _:ilff{x,y}dx dy. I_[f{xy} dr dv=1

T‘e. 0= w-w

OtmeTtu™m,  4TO F(—m,—m): 0. F(m,m):l_ Oynkmusa  F(x,y)  ecThb

HeyObIBaromast QyHKIUsA X, y, T.K. C POCTOM X U Y BEPOSITHOCTb BBIIIOJTHEHUS
IByX HepaBeHCTB X < X, Y < y He MOXeT yMmeHbuarecd. [lamee,

F(x,m):ﬁ'(x) . F[m,y) =F{y]l
Y.

, rne F(x) u F(y) - dynkuum pacripenenenus X u

ITo uzBectHrIM f(X,y) Bcerna Mmoxuo HaiTu f(x) u f(y).

dF(x) OF(xy)|  dF(xm) T |
dx  Fx o dr If(x,y)cfy,

Y= -

Jix)=
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_dF(w.y) Tf(x,y)dx .,

drly)  arfx,y)
L
OG6patHas 3amaya - onpenaenenue f(X,y) mo uzpectueim f(x) u f(y) B obmem
Clly4ae HE UMEET PEIICHHUs T.K. 3T JBe (PYHKIIMH HE XapaKTEpU3yIOT B3aUMHYIO
3aBHCHUMOCTH BeimuuH X U Y. Ho miis He3aBUCHMBIX citydaiHbIx BenwuuH f(X,Y)
= T()(y).
OCHOBHOI1 4HCIIOBOM XapaKTEPUCTUKOM JIBYX CIIydailHbIX BeJIMYMH X U Y
SBIIACTCS KOBAPHALIMOHHBIN (KOPPEISLIMOHHBIN) MOMEHT

K= M[[X -M x|y - My ]}] - i_if(x,y)(x - M[xX ) - MY ] dxdy

HazoBem ciydailHyr0 BEIUYUHY X=X - MX] LICHTPUPOBAHHOM, €€

3HaUCHHE % €CTh OTKJIIOHEHUE X OT cpenuero 3HaueHus M[X]. Torma

Moment  “w paBeH CpeaHEMy  3HAYEHUIO  IPOU3BEACHUS  JIBYX

LHEHTPUPOBAHHBIX  CIYYalHBIX BEJIUYUH Ay XapaKkTepU3yeT TECHOTY
B3aUMHOM CBSI3U X U Y.

JleficTBuTEeNBHO, MycTh X U Y He3aBUCHMBI, Toraa f(x,y) = f(x)f(y) u
K= [ [ rlxy)ivaxdy = [ r(mzax [ fppay

] - -0

o o

Tﬂx)fcdx: Tﬂx}{ﬁ’— M ax= [ f(x)xdx- [ £(x) M x)dx =

4
g
&

= Mx]- M[x][ #(x)ax = M[x]-M[x]=0 .
K,=0. h
OG6paTHOE YTBEPKJICHHUE - €CIIH K= D, TO X U Y HE3aBUCHMBI - B 00IIEM

ClIy4ae J10Ka3aTh HeJb3d. bojee Toro, MOXHO HalTH MpUMEp, B KOTOPOM Kp=0

aXuY - 3aBUCUMBIE CIIyYaHbIC BEJIUYUHBI.

CJ'IGI[OBaTeJIBHO, BCJINYHHA K"J' HC ABJIACTCAA cheanBa}omeﬁ

XapakTepucTUKON cwibl cBsA3M X U Y. Oka3bIBaeTcs, 4ToO Ky XapakTepusyeT

TOJIBKO JIMHEWHYIO 3aBUCUMOCTD CIIy4alHbIX BeIU4YuH X U Y. Ecim Kp=0 , TO

MOXHO TOBOPUTH O TOM, 4YTO X © Y JHMHEHHO HE3aBUCUMBI ( He
KOPpPEIUPOBAHHBI ).

4

KoBapualimoHHbII MOMEHT W XapakTepu3yeT pa3zdpoc CIydalHbIX

BenmurH X W Y OTHOCHTENBHO MX cpeanux. Ecam 4 mano, To u X% rarxe
Oyner manbiM, XoTd X U Y B JIOCTATOYHOM MepEe KOPPEITUPOBAHHBI MEKIY
co0OM.

Pa3zmepHocTb £ e umeer ¢u3nueckoro CMbICiIa, YTO JeJIaeT
HEBO3MOKHBIM CpPAaBHEHME KOBAapUALlMOHHBIX MOMEHTOB JJId JBYX IIap
cnyvyariHbix BeamunH X W Y. [loatoMy wdamie BCero HCIHOJNb3YyeTCs

HOPMHUPOBAHHAs BEIUYMHA K », T.€. KOO(PPUIUEHT KOppeasiuuu
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— K?ﬂ"
.?"?ﬂ_l— .
% G (5.64)
2 2 2 — 2
. T=+. |
rne “+ - quenepenn XuY; TS g 9 »,

Bennunna " Ge3pasMepHas, KpOME TOTO OHa cIadee, yeM £ saBucnt ot

paccestHus X 1 Y, Tak Kak 3/1€Ch K Hopmupyercs aenenneMm Ha CKO X u 'Y ot
M[X] u M[Y].

Benuunny “# MOMHO BBIMHCIIUTH IO BEIOOPKE CIIy4alHbIX BeanunH X 1 Y.
JlormmycTm, 4TO IPOBEICHO N UCIBITAHUM U IIPU KAXKJAOM OTMEYAIUCh 3HAYCHHUS
cinydaiHbIX BennuuH X, Y. Uepe3z &£ u ¥ 0003HaAUMM HUX CpeIHEE 3HAUCHUS:

- - 12 — 12
T =Mx]=—2.x ¥ =Mr]=—2
Moo "y (5.65)

roe ¥ [£]. Y] OIIEHKH MaTEMATHYECKOTO OXKUIaHud X U Y.
Torma BBIOOPOUYHBIN  KOA(DPUIMEHT KOPPENIALUU OINpEeAeNseTcs o

bopmyie

e | (1 ’ : (5.67)

= ’ ’ (5.68)

y, 93~ BBIGOPOUHBIE AUCTIEPCHN.

YMeHbIIIeHHE HA €IUHUIY 3HAMEHATENs B IPUBEICHHBIX BBIIIC (OpMyIIax
CBA3aHO C TEM, YTO BEJIMYMHBI * M ¥, OTHOCHTEIBHO KOTOPBIX OepyTcs
OTKJIOHEHHSI, CAMH 3aBUCST OT 00beMa BEIOOPKH.

Jlns ymoOcTBa BBIYHCIIEHHH M TOBBIIICHHS TOYHOCTH PacuyCTOB
npeobdpasyem popmyisl (5.66), (5.67) u (5.68). Hecnokubie mpeoOpa3zoBaHus HX
IPHUBOIAT K CIIEAYIOINM (HOPMYIIaM:

Q_L{H z_l[;‘ ]2:|_ 2 | {H z_l(;‘ ]2:|_
J"_;g—l gi‘.xi . é‘.xi : "‘-T,p—?g_l E.J’i . E_Z_.;.J"z' ; (5.69)

1 (Zklxiﬂ’i_%ixii?i] :

[”_1]‘:'}‘7;; a1 -l el

.?"x}, =
(5.70)

[MpenmymiectBo popmyn (5.69), (5.70) B Tom, 4TO B HUX HET OINepaIdii
BBIUUTAHUS OJIM3KHMX 4dmces, kKak B popmynax (5.66) - (5.68), npuBoasmmx K
noTrepe TOYHOCTH BblumciacHud. B ¢opmymnax (5.69), (5.70) sra oneparus
NPUMEHSETCS TOJIBKO OJIUH Pa3.

KoaddunmenT koppensiuu He MeHsIeTCsl OT nMpuOaBieHuss K X U Y Kakux -
1100 HEeCITyJailHBIX cllaraeMbIX, OT YMHOXKEHHUS X U Y Ha MOJIOXHUTEIbHBIC
yrcna. Ecnu ke oHy W3 BeTMYMH, HE MEHSIA JIPYroid, YMHOXHUTH Ha - 1, TO Ha -

1 yMHOXHUTCS ¥ KOOYPDUITUESHT KOPPEISAIIUU.
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JIns1 HE3aBUCUMBIX CITyYalHBIX BEJIIMYNH "= D, HO ~»~ 0 MOYKET OBITH U JUIA

HEKOTOPBIX  3aBUCHUMBIX  BEJIIMYMH, KOTOpPBIE IIPM O3TOM  HAa3bIBAIOTCS
HEKOPPEIUPOBAHHBIMU.

Koadduiment koppemsiiuu XxapakTepu3yeT He BCAKYIO 3aBHCHUMOCTH, a
TONBKO JHUHENHY0. JIuHelWHass BEpOATHOCTHAs 3aBUCUMOCTH CIIyYaWHBIX

BesMUMH X W Y 3aKJIK0YaeTcs B TOM, YTO IIPU BO3PACTAHUM X CilydailHas

BeIMYMHA Y HMMEET TEeHJEHLHUIO BO3pacTarh ( IpH r"?cv::'lj) WK yObIBaTh ( MpHU
Tl ) 0 JIMHEHHOMY 3aKOHY. Bennuuna ~» XapakTepu3yeT CTENeHb TECHOTHI

JIMHEMHON 3aBUCUMOCTH (_1 =S l)

Ilpu "»~  pemmuumn X u Y cassammr MEXIy coOoi JIuHeHHOU
(GYHKIIMOHATBLHOW 3aBUCHMOCTBIO, a TIpH L2y <l cpasy MEXIY 3TUMH
BEIIMYUHAMU CTOXaCTUYECKa. [Ipu T MEXIY X 51 Y

JUHEWHOU KOPPEISIIMOHHOW  CBSI3M  HE  CYIIECTBYET, OJHAKO  MOXET
CYyILIECTBOBATh HEJIMHENHASI PETPECCHUS.

JIuneitnast perpeccMoHHass Mozenb. IlycTh ¢ momomipio Ko3(dduuneHnra
KOPPEJSIMN YCTAHOBIIEHO, YTO 3aBUCUMOCTh MEXKIYy X M Y CYILIECTBYET M OHA
JIMHEHHA, T.C.

M[}}ﬁ] =agtax. (5.71)
Hano tonpko ompenenuts koddgduimentsl %o u %1, Onpeaenum ux
METOJ/IOM HaMMEHBIIIUX KBajipaToB. [locTpouMm 1j1st TOr0 PyHKITUIO
2
E:M[(y—au—alx) E[au,al)

rac M - cuMBOJI MaTeMaTHYECKOTO OXHNAaHUuA (ycpe,[[HeHI/Iﬂ Ha MHTCPBAJIC
[—DD, -H}D])

MX)|=X , M[¥]=F

JIns KpaTKOCTH 3amucu 0003HAYMM - JlobaBuM K

—dg— X 7 . VT _aF
U2 ax) araemoe ¥+ y 7 —a¥ TOJTYYUM

[y—au—a1x+}’_+a1f—}7—alf:]g}=

(YHKUIHUU HEBSI3KU
E [.:;t D,al) =M

M{((r-F)-a,(x- ) +[}7—au—alf)r] = (-7 |+ad el (x- 2]+

+M[( —au—cz,?)
—ia M[X X[ —dy—d }T)] a +r:;t a
2a, K, +2ff ~ay—a, X )M ( }[’_} e

[[F -7)x - X)]+2M[[}’ ialie —au—af)]
+(I" —fxu—alf:] -
—au—almM(X—f).

MX-T|=MX]-M[X|=X-X=0; M[-T]|=0,
Tak kak IIOJIy4YUM
2, 21 fw = E
E(ﬂu,al):Jy+ala'x+(}”—cz1X—czD:] —2a, K, . (5.72)
FE 0. FE _0
13 HeoOXxoquMoro yciioBuss MUHIMYMa QyHKIuH (5.72) Jay day

MOJIYYUM CJIETYIOUIYI0 CUCTEMY YpaBHEHUH JJid onpeneneHus “o-%1
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1

0;
g—auf—f{w =10.

bql bq|

—
—d

'“\'.'I '“*\*.I

ta (5.73)
HepBoe ypaBHeHHE cHCTEMBI (5.73) yMHOXHMM Ha X M BBIYTEM U3 HETO
BTOPOE, MTOJTYIUM
—a Tyt K, =0,

OTtcroa Haxo UM
I - a

=5 -
_.?"?‘}I

o U a, (5.74)
W3 nepBoro ypaBHeHus cuctemsl (5.73) omnpenensem %o

CI]_:

P
ag=Y —ry Ly
T (5.75)
JIuHeitHast perpecCuoOHHasi MOJIETh UMEET BUJT
M[Eg]= MY ]—rUEM[X]+rUEX.
a a (5.76)
YpaBHeHUE TMHEHHONW PErpecCri, 3alMMCAaHHOE B CTAHIAPTHOM BHJIC
w[g]- el ]=r, 220 - )
ok (5.77)
HaWIy4dmuM o0Opa3oM ( B CMBICJIE BEJIMYMHBI KBajpara OLIMOOK )
arMmpOKCUMUPYET 3aBUCUMOCTD YCIIOBHOTO cpeiHero Y ot X.
Ecnu nmoacraButh #u %1 B (5.72), TO MNOJYy4YUM HaWMEHbILIEE 3HAUYEHUE
CYMMBI KBaJpaTOB HEBSI30K

: oAy 3
m1nE{aD,a1}— -::I'J,(l rxy). (5.78)
Orcrona crefyer, 4To 4eM Omuke *» K 1, TeM Jydile KauecTBO JIMHEHHOM

¥
anmpPOKCUMAITUH, TEM OJIMKE K JIMHHUSAM PETPECCUU PACTIONOKEHBI TOYKU M[% ]
VYpasuenue (5.77) mo3Bos€T MPOTHO3UPOBATh CPEIHEE 3HAYEHUE BBIXOJIA
Y 11 3a1aHHOTO 3HAYEHUSI BXOa X.

=1 oy
Teneppr NOKaXEM, YTO lr*i”| Ecrm X w Y CBsSI3aHBl JIMHEHWHOU

o E(.:zu,cz } Ji(l rjy} 0.
(GyHKIMOHATBHOM CBSI3bIO, TO - CrieoBaTeNbHO,

Orcroma [»1=1

VunTsiBas, uto Bceraa £ 20, 1o |r’°’ | =l

HenuneitHass perpeccMoHHass MOJENIb OJHOMEPHOTO OOBEKTa. 3aaaaum
ypaBHEHUE PETPECCUU TIOJTMHOMOM CTEIICHH M

M= aptax+a, x +ota  x™ (5.79)

@ (i =0m)

Koaddumumenter 7 MOYKHO OTPEIETUTh METOJOM HAMMEHBIIHNX
kBaapaToB. [Ipu 3TOM, Kak npaBuiio, ypaBHeHue (5.79) Haunydmum o6pa3om (B
CMBICIIC MHUHHMYMa CyYMMBI KBaJpaTOB HEBS30K) aMMPOKCUMUPYET JUHUIO

=0

]

2, =0m) ;
perpeccun. Koaddurmenter 7 HE UMEIOT CTATUCTUYECKON TPAKTOBKH.
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Jlnst omenkn cunbl CB3M X W Y B 0OmEM cCily4ae HCIOIb3YeTCs
KOPPEISUMOHHOE OTHOLLICHUE

_ A

"%y (2.80)
e g§=M[(f-M[y]f]-, o+l
M:M[(M[%]_M[y]f]; A=+ a7,
0_2

»- nucnepcust Y otHocutensHo M[Y];

A JUCIIepCUs JIMHUM PErpeccuu M[% ], OMUCHIBAEMON ypaBHECHUEM
(5.79), oTHOCUTEIIBHO My ] Benuunna j':;'i"?paBHa otHomenno CKO M 4] OT
M[r] k CKO Y ot M[r] (puc. 2.9). [Ipuuem 0= 7p=1

d M74]

Puc. 2.9
Jucniepcuro af, MOYHO MPEICTABUTh CYMMOMU
o= m| (e [rg] -7 ) [ ae 7 - 4] | = % ae | -]

) H
[Tocnequuii uwieH xapaktepuzyer pa3opoc Y OTHOCUTEIHLHO M% ]
OTtcroa HaX0IUM

st ol MEAY ] (o g
N3 (2.80) c yuetom (2.81) numeem

L ar ol -ulsl)|
o= e ;
|

Mp=1- 1]
u|(r - wlr])’| (2.82)

o

b o b

o My - %)
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Ecnu Bce 3HaueHus Y JieKar Ha JIMHUM PErPECCHHU, T.€. a0COIIOTHO TOYHO
YAOBJIETBOPSIOT ypaBHeHUIO (2.79), Torna X u Y cBs3aHbl (DYHKIIMOHAJIBLHON
CBSI3bIO U

fr 4]

=10 ?;-‘KJ,:I.

¥
Teneps nmyctb Y He 3aBUCUT OT X, MOAITOMY JIMHUSL PErpeccuu M[%4]

M ]

CcCOoBIIagacT € u

Mmhdﬂ%r
- l_1-1=0

MW—MFW}

7= 1-

UeMm MeHbIIE BEJIMYMHA ' #, TeM ciiabee CBS3b Mexay X u Y. Ormerum,

iy ~aa[4))

YTO IPU YBEIUYEHUU MOPsAKa MOJHHOMA M, BEIUYUHA
;';a,a,—}»l

oyner

yObIBaThH, a , XOTs, Ha caMOM JeJie, IPHU 3TOM CHJIa CBSI3U MeXay X U Y
ocraercs HeudMeHHOH. TpyaHOCTh OOBEKTUBHOTO BBIOOpa TOpsJKa m

YCIIOXKHSAET U UCIIONb30BAHNE KOPPEISAIMOHHOTO OTHOLICHHS ' ® Uil pelIeHHs
IPAaKTHYECKHUX 3a/1ad.

MHOXeCTBEHHAss JIMHEWHAas perpeccus. MHOXKECTBEHHAs perpeccus
IPUMEHSETCS U OIMCAHUS CBS3M BXOJHBIX BEJIWYMH “1°%2 %%y BBRIXOIHOMN
CIy4aiiHOH BeNMWYMHBI Y CTOXaCTHYECKOro o0bekra. O6GO03HAYUM YCIIOBHOE

MAaTCMAaTHYCCKOC OXHNAAHHC CHY‘-IEII?IHOI?I BEIIMUMHBI Y IIpu yCJIOBHUHU, YTO

¥l _ s
= T yepes M/’Y:f _M[A],rzxe

E=(x, X, . %), T={xpry. . m)
YpaBHEHUE TMHENHON MHOKECTBEHHOM PETPECCUU UMEET BUJL

M[%]=an+éajxj .

A=x,8,=x5.., 4

(5.83)
o 1=77)
rac HaXogATCA MCTOOOM HAMMCHBIIINX KBAaJIPaTOB!:
Ty T

a.i":'r?u}'.::l'x' : J:L"?c, (584)

) :
arMF}Z%MHJ,

- (5.85)

2 —
ot =[x,z ]: 5, lx o Yo -] - TE
X, o
,?'f = - : j: 1:-
! Ty, Ty

OlLleHKM TIPUBENICHHBIX BBIIIE YHCJIOBBIX XapaKTEPUCTUK CIy4ailHBIX
MPOIIECCOB MOXXHO OMNPEACNIUTh IO AKCIEPUMEHTAIbHBIM JaHHBIM. [lycTh B
pe3yJibTaTe SKCIepUMEHTa UMEEM MaTPUILy HaOII0eHUN
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Xy &y xn Loxg o

Xy Xy Tm L oxp »y

L L L L L L |’

Tl Nan A3y L g Va (568)

e N - KOJIMYECTBO OIBITOB; * # - 3HAYEHHE | - TO BXO/A B 1 - TOM OIIBITE.
Torma nmeem cnez[yloume OLICHKH! XapaKTEPUCTHUK

1 b
i), 2E s 0715
® E] i[x.?'i_f.?')( i_};_)
1 > 1 e '

rie Bcrogy J =LK

Kosdppuuentsr  “#%0 mogydeHsl IpU  YCIOBHM, YTO BCE BXOJIHBIE
poowm0, j=lk I=1k, j=!

BOS,Z[CP'ICTBHSI JIMHEWHO HE3aBUCUMBI, T.€. = *+*i ? ? ? "TIE
9
"
PHCISES) IS .
iel . _
Py = ; . J=1k ,i=1k, j=#i
[n— Do, T,

Paccmotpum  oOmuii  cimydaid, y4MTBIBasE BO3MOXKHBIE CBSI3M  MEXIY
dakTopamu (BXoaMu).

[lepeiizem oT HaTypaidbHOTO MaciiTaba K HOBOMY, MPOBEIS HOPMHUPOBKY
BCEX 3HAYEHUH CITy4allHBIX BEJIMYMH MO (popmyam:

Yi—¥ i Xy = —
»,= ;r—, Xﬁ: J—, ”,f:].,k ,I:].,??.

» ¥y (587)
[Ipu »TOM MMeeM UCXOJHBIA CTAaTUCTUUECKUU MaTepual B Oe3pa3MepHOM
maciirabe:

"511 J'531 J':'31 ‘f.'i;l .J:?l
‘7.‘-21 5522 7"'32 i’m .J"'z
il:u -’-fz:u im -fsx -J}:u
B HOBOM MaciiTabe numeeM:
J:’J,-:[:l', »=10, 5'::,:1; E:T'J,i:l, i=1, .
x —
LI ) B
R - . =1k
el Iim—l:l-::l',e Ty ?3—1§ ari 4
§ = j,le,_k . F#Ed
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Beruucnennple 1o  3TUM  dopmysiaM  BBIOOpOYHBIE  KOI(P(HUIIMEHTHI
KOppeJSIIAA  paBHBI KO3(DPHUIIMEHTaM KOPPEIAIMH MEXKIy IEePEMEHHBIMH,

6 Feow = am, » Tap=Fs -
BBIPpA’)KCHHBIMHU B HATYPAJIbHOM MAaCIITA0C, T.C. ! ! ! !

ypaBHCHI/Ie perpeCcCun MCXKI1y HOPMHUPOBAHHBIMU IICPCMCHHBIMHU HC UMCCT

F.=0,5=0
CBOGOIHOTO WieHa, T.K. ~ i 7

M[f’/}?u]:ﬂlxﬁﬂgxﬁ..ﬁﬂkh- (5.88)

Koaddummenter ypaBuenus (5.88) HaxomsTcs METOIOM HAWMMEHBIIHX
KBa,Z[paTOB U3 YCJIOBHSI:

"1 UMCCT BU]J

2 ]

E-= Zy! [ ] =35 Ayi - Ayi,— - A d,) Smin
ial

SE _
— =0 1.
74,
KoTopsle Jal0T CIEAYIONIYI0 CUCTEMY YPaBHEHUM
A Ay Ay kg Ryt Ao Ey ket F A D R Ry =0 PRy
ﬂlziﬁiﬂi+ﬂﬂzi§i+ﬂ3zi3‘iiﬂi+'"+ﬂkzikii2izzj}iﬂi;

ﬂlzihi’m +ﬂzziziiki +ﬂ325f3&ih+ et ﬂkziif Zyxh (5_89)

r71e CYMMUPOBaHUE BCIOIY OCYLIECTBIsIETCS OT 1 70 n.
YMHOKUM JIEBYIO M MPABYIO YacTH CHCTeMbl ypaBHeHHi (5.89) Ha 1/(n-1).

E

B pesynbrare mnpu kaxiaom KodhduimeHte 45 MOJIy4arOTCs BBIOOPOYHBIC
)

r , N =T =1,
KOO GUITHEHTHI KOppensuu  * 17" %7 ##+ = #+ °"C yyeToM 3TOr0, a TaKKe

=F H]
yauThIBas | ' A4 Oy M

A+ ﬂgrhh+ﬂ3r N T +ﬂkrhh:rmﬁ
Ay ot At dsr, o ot A, =

Hg
Alrhxl+ﬂzrhxl+ﬂ3rhh+. A A=, L (5.90)
Pemas cucteMy nuHelHbIX ypaBHeHu# (5.90), Haxoaum 4. J=1E ey
) v . =
BCE BXOJHBIE BO3ICICTBUSA JUHEHHO HE3aBUCHUMBI, TO ™~ U HMeEeM:
A =r;, u.rzl,fcl

JIJist u3yyeHus: TECHOTHI CBS3M MEXIy (pyHKIuel oTkivka Y U ¢akTropamu
M1 %20 % gemoap3yroT Kod((QUIMEHT MHOXKECTBEHHOM KOppesuuu R

R= [Ar Ay, ot Ay, . (5.91)

O‘ICBI/II[HO, 4ToO B Cliydac JIMHEMHO HE3aBHUCHUMBbIX BXOA0B

R:Jrily+r§ﬂ+...+riky : (5.92)
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R Bcernma monoxuteneH u npuanMaet 3HadeHue ot 0 go 1. Yem 6ombiie R,
TEM JIy4llle Ka4eCTBO MPECKa3aHUu JAHHOW MOJEIIbIO ONBITHBIX JaHHBIX.

Or ypaHeHnus (5.88) wmoxHO TIepedTH K ypaBHeHHIO (5.83) ¢
IIEPEeMEHHBIMH B HATypaJbHBIX MacmTadax, HCmojiab3ys ¢dopmyisl (5.87)

HOPMHPOBAHHSA IIEPEMEHHBIX BX0J1a 5
r . —x.
. J J . —
X i .::I'— . Jg= 1,k .

Herpynno  momyuuts — cienyrome — GopMyiasl  Juid  [IepecyeTa
K03 UITUEHTOB MOJIETIH:

a-=—y, j=ﬁ; an=}_’—2c1jf

Henunelinas perpeccioHHasi MOZEIb MHOTOMEPHOTO OOBEKTA. Y paBHEHUE
HEJIMHEMHOM PETrpecCHM CTOXAaCTUYECKOIO0 MHOTOMEPHOIO0 OOBEKTa 3alaercs
OOBIYHO MOJIMHOMOM

k k k
M[%] =ﬂu+zﬂj-’f; +ij.x§. + Zbg'zx_;--’f; +...
=1 7=l Lj=lgel (5_93)

e *7 - BXOJHBIE IepeMeHHbIe 00BeKTa, /= L& -

Koadpunmentsl ypaBuenus (2.93), kak npaBuio, ONpeAesiioTcs] METOA0M
HaUMEHbIIMX KBaJpaToB. HauOonbline TPYJHOCTH BBI3BIBAET CTPYKTYpHAas
UACHTU(UKALMS MOJENH, T.€. BBIOOp MOPSAIKOB MOJMHOMA IO KaXIAOMYy U3
BXOJIOB, A TakKK€ BBIUMCICHUE ONpPENETUTENs  IJI0XO000YCIOBIEHHOM
MaTpHIlbl, YaCTO BCTpEYaroleics npu HIeHTU(HUKAIMKU KO3 PUIIMEHTOB
MOJEIIH.

Hcnons3oBanne Meroga bpaHaoHa I8 IOCTPOEHUS  ypaBHEHUS
MHO’KECTBEHHOM PErpeccuu Mo3BOISIET U30eXKaTh 3T TPYAHOCTH.

ITo 3TOMY METOly YpPaBHEHHE PETPECCUN 3AITUCHIBAETCS B BUE

] =affx) i) - sl (594)

j:r' [x .:") SR A
rae - Heu3BeCTHas (PYHKIUS IEPEMEHHON * 7

X Xq. .

[Topsimok pacnonoxeHus (QakTopoB % B ypasaHenun (5.94) He

Oe3pasnuueH. UeM cuibHee BIAMsSHUE HA Y OKAa3bIBAET BXOJ ~ 7, TeM MEHBILE
JOJDKEH OBbITh TMOPSJKOBBIM HOMEp WUHAEKCa j. OTO HEOOXOAUMO  JJis
MOBBIMICHUS TOYHOCTH 00pAaOOTKHU pe3yTbTaTOB HAOIIOACHHM.

x .
Bun  dbynkuun ff( J)BBI6HpaeTcsI IpU  TOMOIIM  TMOCTPOEHUSA
SMIIUPUYECKUX JIMHUN  perpeccud. BHawaine 1o ToukaM  BBIOOPKH

(yi,fi]l . fi:[xh-,xm-, ,xh-), i=la,
CTPOSITCS noJie KOppesiuuu u

%)
AMIIUPHUYECKAs TUHUS PErPECCUU (puc. 2.10).
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¥

Y]
Puc. 2.10
[Io smmupHUYeCcKON JMHUM PETPECCUUA ONPEAEHSACTCS BHUJ 3aBUCUMOCTH

M[}/ } = Afx,)
1 U METOAOM HAaUMCHBIIINX KBaI[paTOB paCCLII/ITBIBaIOTCH
KOI)(b(l)I/II_[I/ICHTLI 9TOTO ypaBHGHI/DI pGFPGCCI/II/I. 3aTeM COCTAaBJIACTCHA BBI60pKa

b7

HOBOU BEJIMYMHBI , TAC
¥, —
Y y=—r"— ., i=lxn
fl{-’f 1:‘) (5.95)
¥

HOHy‘-ICHHaSI BE€JIMUMHA ~ ! HE 3aBUCUT YXKC OT A1 ,d OIIpCACILACTCA TOJBKO

napamerpamMu “1-*2--» % T[03TOMy MOKHO 3aIIHCaTh

AT TACATAC AR 596

[Io ToukaM HOBOH BHIOOPKM BeNMUMH <11 ¥z BHOBb CTpOSTCA
KOPPEJSIMOHHOE TOJIe U AMIIUPUYECKasl JIMHUS PErpecCuu, XapaKTepHu3yromas

3aBEcHMOCTb {1 0T 2 (puc. 5.11):

VA (5.97)

¥1

A2
Puc. 2.11
PaccuutsiBatorcs koadduirieHTsl ypaBHeHus (5.97) 1 BHOBb COCTaBIsETCS

6 < Ya-Xi)s
BBI OpKa HOBOH BCIIMYUHBI rac

Y= = i=ln |

Falra)  Falr)sofas) (5.98)



146

[lonyyeHHast BeaMuMHA Y32 He saBucur yKe OT ABYX (hakTOpoB *1 U *z2 U
MOJKET OBITh OIpe/ieJieHa U3 CIEAYIOLIET0 YpaBHEHUS PErPeCcCUu:

5=l ) ) 599

Takas  mpouenypa omnpeneneHus  (QyHKIMMA f3{x3}’f "(x")ﬂ T.1.
TIPOIOIKAETCS 0 MOMyYeHHs BHIOOPKH BETHMUMHBI &

v Vi Fos P
K= = » E=ELAR
fs;[x s;} f1[x 1:')f2[x ﬂi}K fs-,(x s-,z') (5.100)
[TonyyeHHass BeIMYHHA Y« we saBucur o dakTopoB 1% fey

onpenensiercs KodhGUIIMEHTOM UCXOITHOTO YpaBHEHUS

M[%}“ :%g}’“ (5.101)

r7e n - 00beM BEIOOPKH.
Takum o00Opa3oM, OKOHYATEIHHO TIOJy4aeM 3aBHCHUMOCTb YCJIOBHOTO
cpenHero BbIXOJa 00BeKTa Y OT BceX (DakTopoB (BXOMOB) *-7%2r -7k

NOJCTaBIISIsI B ypaBHEHHE (5.94) uucieHHoe 3HayeHue Ko3(ppuuueHTta @ u

Filx,) - i=1k

HaWJIeHHbIE  BbIpaKEHUA  QYHKIUN o Takum  oOpazom
OJIHOBPEMEHHO  pEIIAIOTCA 3aaud  CTPYKTYpHOM H©  HapaMeTpUyECKOu
UJeHTU(PUKAITIY.

Ouenka 3HAYUMOCTU KOI(P(PUIIMEHTOB M aJCKBATHOCTU PErPECCUOHHOU
Mozenu. Ilocine Toro kak ypaBHEHHUE PErpeccMd HaIeHO, HEOOXOAUMO
MPOBECTU CTATUYECKUN aHAIM3 pe3ynbTaroB. OH 3aKIHOYaeTCs B MPOBEPKE
3HQUUMOCTH  KOI(PPUIMEHTOB  MOAEIM B  CpPaBHEHUHU C  OIIMOKOM
BOCIIPOU3BOJAMMOCTH M OLIEHKE aJ€KBATHOCTU MOJEIM JKCIEPUMEHTY. Takoe
MCCJICIOBAHNUE HA3BIBACTCS PETPECCUOHHBIM aHATU30M.

O1neHKy 3HAYUMOCTU KOA(D(PUIIUMEHTOB MOJIETN BBIMOJHSIIOT MO KPUTEPHUIO

CrerofenTa. I KaxI0ro IpoBepAeMoro Kod(GpuimenTa *i BHIYMCISIOT

bl

_jl H
T
2t (5.102)
T .
rae 2 - CKO j - ro koadpdunmenra.
Kak mpaBumo, s TONy4eHHS  JUCHEPCHH  BOCHPOU3BOJIUMOCTH
MIPOBOJIUTCS OTACJIbHASI CEPHsl U3 M TMOBTOPHBIX OMBITOB MpU (PUKCUPOBAHHBIX

1]
3HAYEHHAX BXOJNOB. IIyCTh TIpH 3TOM TonmydeHo Yu - ¥=L# . Tormga aucmepcus
BOCIIPOM3BOAMMOCTH OIpenesieTcs o popMmyie
2

1> 1
ol = 0_ 503 —o_ L o
- m_lé(h S I méh (5.103)
Torna

* i Fa
— J 2
Jai_ Z[c?yi]'ﬂ—mcnp

iml

(5.104)
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3HaueHusT  YACTHBIX  NPOU3BOJHBIX  HAXOMAT W3  BBIPAKEHUS
K03 PUIIMEHTOB, HalIEHHBIX, HAPUMEDP, METOJOM HAUMEHBIIINX KBaJIPATOB.

£ e,
Ecnu “ ¢ 0osnpine Ta0IUYHOTO ( J ) (HaxomAT U3 TaOJMIIBI pacIpeaeIcHus
CTpro/IeHTa) 11 BEIOPAHHOTO YPOBHS 3HauuMocTH &=1-F (P - noBepurennHas

=m—-1,

BEPOSITHOCTh ) M YHUCJA CTENEHEW CBOOOJIbI J = S TO KO3 ULIUEHT

“i 3HAUMTENBHO OTIIMYAETCS OT HYJIS.

He3snaunmpie k03(PPUITMEHTH HCKIIOYAIOTCS W3 YPaBHEHUS PETPECCHUM.
OcraBmmecss  KO3(GGUIMEHTHl  MEPECUYUTHIBAIOTCA  3aHOBO,  IMTOCKOJIBKY
KO3 PHUITMEHTBI 3aKOPPETUPOBAHBI APYT C APYTOM.

AJZIEKBaTHOCTBh MOJIeNIA TIpoBepsaeTcs no F - kpurepuro @uiepa. s 3toro
BBIYHCIIIOT TUCTIEPCUIO aJICKBATHOCTH

12 :
gl=— [}’ !.—M[Y D :
7={%0 A =' (5.105)

rie | - uncio ko3 unmeHToB MoIeH, HallICHHBIX 110 BBIOOPKE 00beMa n.

=
Onpenenstot 3HaueHue F - kpurepus (7 21) o gopmyiie

2 2 2 2 .
7= Jnn/ancnp : Jnu}ancnpr
- 2

JI?DII[P[.(J:E : Jm—'g:?l:-cnp- (5106)

5.5. MOeHmucbukayusi duHamu4eckux obbLekmos

Omneparop FO takux o0beKTOB MMeeT mamaTh. B aToM ciydae Beixoa Y B
MOMEHT BPEMEHHM t OTPAXKAeT HE TOJIBKO, TOYHEE HE CTOJBKO COCTOSl HUE BXOAA
X B 3TOT MOMEHT, CKOJIBKO €0 3Ha4€HHs B MPEIbLIYLIME MOMEHTHI BPEMEHHU.
OOBeKT Kak Obl 3alOMHHAET BO3MyIlleHHe X(t) U pearupyer Ha HEro JIHIIb
yepe3 onpeeIeHHbI MPOMEKYTOK BpeMeHH. [[o3ToMy nTuHaMuyeckre 0ObEKThI
YacTO Ha3bIBAIOT WHEPIIMOHHBIMHU.

3necb Oyaem paccMaTpuBaTh WIAECHTU(UKAIMIO HENPEPhIBHOM MOJETH
JMHEHHOT0 JI€TEPMUHUPOBAHHOTO CTAlMOHAPHOIO OOBEKTa. DTa MOJAENb IS
OJIHOMEPHOTO Ciyyasi MpeJICTaBIseT cO00 0OBIKHOBEHHOE AU(PdEepeHIuaTbHOE
ypaBHEHUE BUJA

¥ _ ! .
Z':Iiyl:u(f’} — ijx':”{ﬁ}
= o, (5.107)
0 i . o
rne < (&), () J-1  mpousBoaHas (PyHKIMH Yy U X, T.C.
W _ d'y LR d’x

ae did ay=LIZp
Mopnens onpenensiercs p + 1+ 1 mapamerpamu
Cz(Q:IZI:':II:"'=ﬂp—1=bﬂ=bl="'=bij. (5.108)
CtpykTypHbIMU mapameTrpamu mojenu (5.107) sBastorcs umcna p u |,
KOTOpbIE JOJDKHBI OBITh BBHIOPAHBI B TPOIECCE CTPYKTYPHOU WIEHTU(DUKAIUH.
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Monens (5.107) yacto ynoOHO 3anucath B BUAE cucTeMbl UG hepeHINaTbHBIX
ypaBHEHHI niepBoro nopsaka (B popme Kormn), o603naunB y1(t) = y(t):

AR
Yy (E) = yslE);

o8 =y, (£):
p-1 I

P 8) = =2 aw @)+ 28 xV e,

(5.109)
EcrecTBeHHO 0000IINTH 3Ty MOJCJIb, IIPUBEA €€ K BUY:
] i 1
A Z‘Iu.}’i (£) +th-xm(£j;
iml J=il
______ F o
5p(8) = 2@y @)+ 2 ()
i=l J=0 J (5110)

Ecimu monens (5.107) cBoautces k Buay (5.110), To mocneansisi B obiieM
Bujie He cBoauTcs K Buny (5.107). Tlosromy mozens ( 5.110) cnegyer cuutaTh
HaumOosiee oOmield QopMoil  HEmpephIBHOM  MapamMeTpUyYecKOW  MOJENH
JTUHAMUYECKOTO JIETEPMUHUPOBAHHOTO JIMHEHMHOTO CTAI[MOHAPHOTO OOBEKTA.
DTy MOJieNb yI00HO 3alUChIBaTh B BEKTOPHOM popme:

Piisy= AP @)+ BX(2), (5.111)
e LO=01E.0 (), .y, @)
T = (xiny, ="M,

- BCKTOP COCTOSHMUA,

=) BEKTOP BO3MYIIICHUS,

A,B - marpuuel ko3ppuimenToB Moaenu, npuueM A = (aqi) - KBaapaTHas
matpuna (p’p), B = (bqj) - npsimoyronsHas matpuua (p (1+1)).

Takum oOpaszom, uneHTHGUIUPYeMbIMU TapameTpamu wmojenu (5.111)
ABJISIIOTCSL dJIeMEeHThl Matpullbl A u B, T.e. p(p+l+1) mapamerpoB monenu,
KOTOpbIE ¥ 00pa3yroT ABE MaTPHIIbI HEM3BECTHRIX MapameTpoB C = (A, B).

Ucxonnoit mHbopmanmeit 1 uaeHTUPHUKAIMA B ATOM Clydae SIBIISIOTCS
peanuzaruu x(t), y(t) B mpomexytke 0 £ t £ T, xapakTepu3yroIme COCTOSHUS
BXO0/J1a ¥ BBIXOJIa WACHTHUPUIIUPYEMOTO 00BEKTa

<X(t),y®)> (0 £t£T). (5.112)

PacripocTpannm cka3zaHHOE€ HA MHOTOMEPHBIHN ClTy4ai, KOT1a YUCIO BXOJ0B
n>1, a YUCJIO BBIXOJIOB M=1, T.€. BEKTOP BX0Jia UMEET BUI:

Z(6) = (x (0,3, (81)

B crily THHEIHOCTH BEKTOP COCTOSHHS £ 06pa3yeTcst Kak CyMMa BEKTOPOB:

P37
o1

€ BEKTOP

Py = Ay @O+ 5 X (@), (5.114)

(5.113)
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OTpa)kaeT BIUSHHE 1-TO BXOJa.

B (1 (2] . :
3mecy ¢ &)= (% (8. 578, . 57D . pexrop BosMymenus i-ro Bxoma; Al

Bi - MaTpHIIbl BIUSHAS i-TO BXO/.

Teneps, noxacrasmsist (5.113) u (5.114) B (5.111), MoxHO 3amucartb
YPaBHEHHUE ISl JIMHEMHOW TMHAMUYECKOW MOJIEIM CO MHOTMMH BXOJAaMHU

P =2 dn@+2 BX (0.

=l ml (5.115)

Ota moaens umeet np(p+l+1) unpentudunupyemsix napamerpos. [Ipu s3Tom
uHpopManuss o pabore oObeKkTa, HeoOXoauMas Jisd HUJICHTHU(HUKAIUHA, UMEET
BUI;

<Xl yOy>OL£t£L£T).

Ciydait n>1 1 m>1 cBoguTCsa K m-KpaTHOMY MOBTOPEHUIO MPEABIIYLIETO.

Nnentudukamus napametpoB wmonenu. Hcxomnowt wuHbopmarment s
MOCTPOEHUSI TPOLEAYPhl UACHTU(PUKALUUA SABISETCS BUJA HUICHTUDUIIMPYEMOIt
mogenu (5.107) u nabmonenus (5.112). HeoOxomumo onpeaenuts ptl+l
apaMeTpoB

g, (1=0p-1, bp G=0D

B o6mem cnyyae, T.e. IpU MPOU3BOJIBHBIX 3HAUCHUAX NAapaMeTpoB ai u by,
MpU MOJICTAaHOBKE peanu3aiui (5.112) B ypaBHenue monenu (5.107) paBeHCTBO
B (5.107) BeImoaHATHCS He OyaeT. EcTecTBeHHO momo0paTh mapaMeTphl ai u bj
TaKUMH, 4YTOOBI paBeHCTBO (5.107) ObLJI0O BOCCTAHOBJICHO WJIU XOTsI ObI MpaBasi u
neBasg 4dactu BeIpaxkeHus (5.107) ornuyanuch Apyr OT JApyra HauMEHBIIUM
oOpa3zoM. UTOOBI BBITIOJIHSITH 3TO YCJIOBHE, HEOOXOAMMO MOCTPOUTH (PYHKITUIO
HEBSI3KU IPAaBOM M JIEBOW YacCTE€W ITOrO YPaBHEHUS U MUHHUMHU3UPOBATH €€ C
MOMOIIbI0 Bapuanuu mapamerpoB ai u bj. Cdhopmynupyem TpebGoBaHus,
KOTOPBIM JOJKHA YOBICTBOPATH 3Ta (DYHKIIHS HEBSI3KU:

1) oHa He JO/DKHA MPUHUMATH OTPUIATCIILHBIX 3HAYCHHIA,

2) ee MHHHMYM JOJ/DKCH COOTBETCTBOBATh PEIICHUIO IOCTABICHHOW
3a]a4H;

3) OTOT MHHMMYM JOJDKEH OBITH PaBeH HYJIIO B CiIydae COBIAJICHUS
CTPYKTYpPbl MOZIENI U OOBEKTA.

DOTUM YCIIOBHSIM YIOBJICTBOPSET HEBS3Ka B BHJE CPEAHETO KBajpaTa
Pa3HOCTH MPABOU W JIEBOW YacTH ypaBHeHUs Mojaenu (5.107) mpu moacTaHOBKe
Tyna Qynkiuit x(t), y(t) - HabmoneHuit oobekTa, T.€.

F I 2
50= ;| B - Z%x‘”(z)} d.
=0 3= (5.116)
MuUHUMU3HUPYS 3TO BRIpAKEHHE 10 TTapamMeTpaM ai U bj, KoTopbie 00pa3yroT
BeKkTOp (2.108), onpenennm UCKOMBIE apaMeTphl. Takas 3a7adya MUHUMH3ALUN
bopmynaupyeTcsi B BUJIE
E(C) > mjn=> C = (a,, .«

* * *
p—l’bﬂ ,---sb;)-

(5.117)
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Pesynprar munuMmsanuun C* W maer 3HAYCHUS WIACHTUUIIUPYEMBIX
napaMeTpoB, Ui KOTOPHIX NPH COBNAJACHUU CTPYKTYpbl OOBEKTa M MOICIHU
E(C*) =0.

st pemenus 3amaun (5.117) Bocnonb3dyemcsi TeM, uto (pyskius E(C)
UMEET TPOCTYIO CTPYKTYPY OTHOCUTEIHFHO HUACHTU(DUITUPYEMBIX MTapaMETPOB —
3TO KBaJlpaTHyHas popMma.

3ajaya MUHUMM3AIUU TIagkux (QyHKOuil (a kBagpaTuuHas Qopma —
rmankas (QyHKIUS) CBOOUTCS K PEIICHUIO CHCTEMBl YPaBHEHUM, KOTOpas
oOpasyeTcs B pe3ynbTaTe MPUPABHUBAHUS HYJIIO YACTHBIX TPOU3BOTHBIX:

FE(C)

oy

FECC) —
3 =0, (j =00

[locne o4yeBHIHBIX MPeoOpPa30BaHU TOJYYHM CIEAYIOUIYI0 CHCTEMY
JMHENHBIX anreOpandyeckux ypaBHEHUN:
P i
Z‘Iz‘%x _ijﬂﬁ =0, (k=0,p-1
J=

il

=0, =0p-1x

¥

I
Zaiiqi _ijv.ﬂ' = I:Ir (fi" = D,f:l,
J=n

i~ (5.118)
r7e, HalOMHUM, ap = 1 u
I PPN ]
g = [ 2" @y P (0 ds
A= |, A0y e
r .
b = || 2 x990, | (5.119)

rae Faor Ao Vy K03 ureHTs! cucreMbl ypaBHenui (5.118).

Takum o0pazom, 3amada uUACHTUDUKAIMN JIMHEWHONW JUHAMUYECKON
CTAalMOHAPHOM CHUCTEMBI CBEJEHAa K PpEIICHUIO CHCTEMBl JIMHEWHBIX
anreOpandyeckux  ypaBHEHHMM,  4YTO  OCYUIECTBIIIETCS  CTaHJAPTHBIMU
BBIYUCIIUTEIbHBIMUA METOJJAMH.

Opnako 171 BBIYUCIEHHMS BblpakeHuid (5.119) HeoOxoaumMo 3HaTh
MPOU3BOJIHBIE BXOJIHOTO X(t) M BBIXOJHOTO Yy(t) cCUTHAIOB 00BeKkTa. MX MOXHO
MOJIYYUTh IByMs CllOCOOaMu:

1) uncnenHoe auddepeHIIUPOBAHUE - CBSI3aH C JIOKAJIBHOW (TOYEYHOIN)
OLIEHKOM ITPOM3BOJIHBIX

1
3,) = E[z(zj.) ~ (e, - 80)

1
3,) = E[z(zj) e &:)]-,

Aty = ﬁ[zii—lj (¢) -2, - ﬁ;j], (5.120)
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rae Dt - unTepBal, XxapakTepu3yomui 6a3y OIeHOK.

Ho stoT cnioco6 o0nagaet 1ByMsi HEJOCTaTKAMHU.

Bo-niepBbIX, TOYHOCTH OIIEHKHU TMPOM3BOJIHBIX OYEHb OBICTPO MajlaeT ¢
POCTOM MOpsiJKa MPOU3BOJHOM. [IpakTHUeCKn yAOBIETBOPUTEIBHO HE YIAETCs
OLICHUTH MPOU3BO/IHBIE BBIIIE BTOPOTO MOPSIIKA.

Bo-BTOpbIX, 17151 OLIEHKU 1-W MPOU3BOAHON MpH t= 0 HEOOXOIUMO HUMETh
sHaueHus ¢yukiuu mnpu t<0, T.e. z(-Dt), z(-2Dt),...,z(-iDt). Tak kak >THX
3HAYEHUH HET B M3MEPEHHUAX, TO mnpuxonutca i (5.119) Opats npenensl
unterpupoBanus He [0,T], a [iDt,T], rae 1 - HanGoabIIHI MOPSAOK MPOU3BOTHOM
MOIBIHTETPATTLHON (QYHKITHH.

2) B psiZie CITydaeB 11eJ1eco00pa3HO UCIIOIb30BaTh pasiiokeHue z(t) B psij Mo
CHUCTEME 3aJlaHHBIX B aHAIMTHYECKOM BHae (yHKIuA. Torma modydeHHYIO
AHAIUTHYECKYIO  3aBUCHMOCTb,  allPOKCUMHpYIOUIyI0  Zz(t),  MOXHO
mudepeHupoBaTh HY>)KHOE YHCIIO Pa3.

Bce BhImensnoxxeHHOe OTHOCHIIOCH K mpocteimieit Mmoaenu (5.107). Eciou
e 00BEKT omuchiBaeTcsi 00001eHHoNn Moaenbo (5.111), To dhyHKIUS HEBSI3KU
Oyner He onHa. KomudecTBo ux Oyzaer paBHO p mo uuciy ypaBHenuid (5.110).
Jlns k-oii HeBsi3kM moiiydaeM u3 kK-ro ypaBueHust mojenu (5.110):

2
r ¥ ! .
Ey (g, g By by) :[ﬂ ;:-k(z)—zaﬁyi (f)—Zb&.x‘”(s)} d,
=1 i=r (5.121)
e k=1p.
Huddepenunpyst 3TH HEBSA3KU 10 Ko3ppuuueHtaM a u b U npupaBHHUBAs
IPOU3BOJHBIE HYIIO, IOJy4YaeM CHUCTEMY JMHEHHBIX YpaBHEHUN, OTKyAa

ONPENENSAIOTCA UACHTU(ULIUPYEMBIE TApAMETPhl 00bEKTA!

%ﬂj, %:D, (z':l,p,j:ﬁ,k=ﬁ)-

B By (5.122)

Tenepr paccMOTpUM YCIIOBUS TPUMEHHUMOCTH PAaCCMOTPEHHOTO METOja
uneHtTuukanuu. Kak ObIIO TOKa3aHO, OH CBOJUTCS K PEUICHUIO CHUCTEMBI
JMHENHBIX aNreOpandeckux ypaBHeHH (5.118) wim aHaIOTHYHON €l CUCTEeMBI,
nostyqarorieiicss u3 (5.122). OQHO3HAYHOCTh PEIICHUS 33/1a4u UIACHTU(DUKAIIH
TpeOyeT OJHO3HAYHOCTH peleHus cucteMbl (5.118). A 3To BBIONHSAETCS
TOJIBKO B CJIy4ae, €CIIU €€ ONMPECIIUTh

Gy B Ay Ay
_ %p—l"";'ﬁpy—l ’aly—l"'/?&—l
b= Ao Ay Y- U =0
Ay Ay Vo Uy (5.123)

DTO U €CTh yCIIOBUE OJIHO3HAYHOCTH PEIICHUsS 3a/layd UJCHTU(UKAIUY.
Ecnu oHO HE BBIIOIHAETCS, TO CJIEAYET JIMOO B3ATh APYTYIO pPEeaTU3aIfio BXOa
u  Bbixoga oObekta  <x(t), y(t)>, MO0 YMEHBIIUTH KOJUYECTBO
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UACHTUDUITMPYEMBIX TapaMeTPOB, T.€. YMEHBIIUTh YHCIA P W |, TeM cambiM
OHU3UTH MOPSIIOK MOJICITH.

OO0e U3 yKa3aHHBIX MEp MOT'YT IIPUBECTH K BBIMOJIHEHUIO ycioBus (5.123).
Ecnu e, HECMOTps Ha TPEINPHHSITHIE MEPHI, 3TO YCJIOBHE MO-TIPEKHEMY HE
BBITIOJTHACTCSI, TO CIIETyeT CHOBAa OOPATUTHCS K OAHON M3 HHUX U T.J. IO TE€X TOp,
noka He BBIMOJHUTCS ycnoBue (5.123). Ilpu 3ToM cieayeT MOMHHUTH, YTO €CITU
nepBas Mepa (HOBas peaju3aiusi) HE BCETJa MPHUBOIUT K IENH, TO BTOpas
(MOHMW)XEHHE TOpSAAKAa MOJENH) MpPU TOCIEIO0BAaTEIbHOM MPUMEHEHUH BCErJa
NPUBOJIUT K BBITOJIHEHHIO ycioBus (5.123).

AHanornyHo (GopMyIHpyeTCsl YCIOBUE OJHO3HAYHOCTH 11 000OIIEHHOM
MoAend. 31ech omnpeaenuTens cucteMbl (5.122) Oymer Oojee BBICOKOTO
HOpsIKA.

5.6. MOeHmucgbukayusi 3akoHa pacripedesieHusi criydauHou
8€J1UYUHbI

CrnyuaiiHasi BeMurMHa. B MH)KEHEpHOU NMpaKTUKE HEOOXOAMMO HCCIIE0BATh
HE TOJIBKO JIETEPMHUHUPOBAHHBIE, HO MW CTOXACTUYECKHE MPOLECCHI.
[IpakTyeckn Bce MPOLECCHl B TEXHOJOTMYECKUX M TEXHUYECKHX OOBEKTaX
BBINIOJIHAIOTCS. B HENPEPHIBHO MEHSIONIMXCS HENPEABUIACHHBIM 00pa3oM
YCIOBHUSIX. B CBSI3M C 3TUM IIPUXOAUTCS aHAIIU3UPOBATH CIIy4alHbIE BEJIMYNHbBI B
ITUX 0OBEKTaX.

[lox ciyyallHOM BEJIWYMHOM IOHMMAKOT BEJIWYKWHY, NPUHUMAIOLIYIO B
pe3ysibTaTe€ HWCHBITAHWS  3HAYEHUE, KOTOPOE MPUHUMIMNAIBHO  HEJb3d
nmpenckazath MCXONsd W3 ycioBuWi ombiTa. CrydaiiHas BelWyuMHa oOOJagaeT
1eJIbIM HA0OPOM JTOMYCTUMBIX 3HAYEHUMN, HO B PE3YJIHTATE KAXKIOTO OTJAEIHLHOTO
ONBITA NPUHUMAET JIMIIb KAaKoe-TO OAHO M3 HUX. OHa MOXET NPUHUMATH
pa3MyHbIe 3HAUCHUS J1a’Ke TPU HEM3MEHHOM KOMILJIEKCE OCHOBHBIX (DAKTOPOB.

Paznuyaror OUCKpETHBIE W HENPEPBIBHBIE  CIyYallHbIE  BEIUYMUHBI.
Bo3MOXHbIE 3HAYEHUS IUCKPETHBIX CIYYaHBIX BEIMYMH MOXKHO 3apaHee
NEPEUYNCINTh. 3HAUYECHUS HENPEPHIBHOW CIy4allHON BEJIMYMHBI HE MOTYT OBIThH
3apaHee MEPEUNCIICHBI, OHU HEMPEPBIBHO 3aMOJHIIOT HEKOTOPBINA ITPOMEKYTOK.
YTOoOBl OJHOCTHIO OXapaKTEPU30BaTh CIYYANHYIO BEJIMYUHY, HEOOXOIUMO HE
TOJIBKO YKa3bIBaTh, KAKWE 3HAUYCHUS OHA MOKET IIPUHUMATh HO U KaK 4acCTo.

3akoHbI pacnpenesieHusl ciyd4ailHoi BenuuuHbl. [Ipy pemeHurn MHOTHX
OPUKIAAHBIX  3a7ad  HEOOXOJMMBIE  BEPOSTHOCTHBIE  XapaKTEPUCTUKHU
COOTBETCTBYIOIIMX CIyYaWHBIX BEJIWYMH HEU3BECTHBI MCCIEIOBATEN0 U
JOJDKHBI ~ ONPENENSATbhCS MO  AKCIEPUMEHTAIBHBIM  JaHHbBIM.  lakoe
CTaTHUCTUYECKOE OMHCAHUE PE3YyJIbTaTOB HAOJIOJICHUH, TIOCTPOCHHUE U MPOBEPKa
Pa3IMYHBIX MAaTEMAaTHYECKUX MOJEJEH, UCIIOIb3YIOIIUX MOHATUE BEPOATHOCTH,
COCTaBJIIET OCHOBHOE COJIEPKaHNE MATEMATUYECKOW CTATUCTUKH.

OyHIaMEHTAIBHBIMUA ~ TTOHATUSIMU  CTATUCTUYECKOM TEOPUU  SIBIISIIOTCS
MOHATHS BEPOSITHOCTH U PACIIPENEIIEHUS BEPOSATHOCTU CITyYaiiHON BETUYUHBI.



153

ITycTth JOUCKpeTHas CilydaiiHas BeJIMYMHA £ MOKET IPHHAMATh B

Z1:%2:-+%  OTHOILLEHHE YUCIA OIBITOB i, B

pe3yibTaTe KOTOPBIX ClayJaiiHas BeJMUYHHA Z MMPHUHSIA 3HAUYEHHE i, K 00IIeMy

YUCJIy HPOU3BOAMMBIX OIIBITOB # HAa3bIBACTCS YacTOTOM IMPOABJICHUA COOBITHS

PE3YyJbTAaTC OIIbITA 3HAYCHHA

PE%
2 =Z (yacToTHOE OMNpeneleHne BeposTHOCTH). YactoTa 7% cama sBISETCS

CIy4YallHOM BEIIMYMHOM W MEHSETCSI B 3aBUCUMOCTH OT KOJIMYECTBA

IMPOU3BCIACHHLIX OIIBITOB. Ho Ipu OOJBIIOM YHCJIE OIBITOB OHA HWMEET

E

TCHACHIINIO CTaGI/IHI/ISI/IpOBaTBCH OKOJIO HCKOTOPOIo 3HA4YCHHUA i, HA3bIBACMOTO

Z

BEPOSITHOCTBIO COOBITUS < ~ % (CTATUCTUYECKOE OIPE/IC/ICHHE BEPOSITHOCTH):

B=P[Z-2z)-tlim>
nw 7 (5.124)
CyMmMa BEpPOSITHOCTEM BCEX BO3MOXKHBIX 3HAYCHUM CIy4alHOW BEIWYUHBI
paBHa €IUHULIE

»

>R=1

iml

TaK Kak TOT (pakT, 4TO ciay4yallHas BEJIMYMHA MPUMET B PE3yJIbTaTe OIbITA
OJHO W3 CBOMX 3HAUEHUH, €CTh JOCTOBEPHOE COOBITHE. OTa CyMMapHas
BEPOATHOCTb pACIpENEICHa ONPEACICHHbIM 00pa3oM MEXIY OTIEIbHBIMU
3HAYCHUSAMH.

JIUCKpETHYIO  CIy4allHyl0 BEJIMYMHY MOXHO ITOJHOCTBIO  3a1aTh

BCPOATHOCTHBIM PAJIO0M, YKa3aB BCPOATHOCTDb P;I[J'IH KaXXJ101ro 3Ha4CHUA 4

-
3

Bceskoe cooTHOUIEHME, YCTaHABJIMBAIOIIECE CBA3b MEXKIAY BO3MOXHBIMU
3HAYEHHUSIMH CJIYYaliHOM BEJIMYMHBI U COOTBETCTBYIOIIMMHU UM BEPOSTHOCTSAMH,
HA3bIBACTCSA 3aKOHOM pacnpeaeseHus. BeposTHOCTHBIN psifl SIBISETCS OAHUM U3
BHJIOB 3aKOHOB PACHPEIEIICHUS CIIy4YalHON BEJINYHHBI.

Pacnipenenenne HenmpephIBHOW CIIy4YalHOW BEJIMYMHBI HEJIB3S 33/1aBaTh MPU
MOMOILIA BEPOSITHOCTEW OTIEJBbHBIX 3HAYCHHU. UWCIIO 3HAYEHUW TaK BEJIHKO,
YTO JIs OOJBIIMHCTBA U3 HUX BEPOATHOCTh MPUHSTH 3T 3HAUEHUS paBHA HYJIIO,
T.e. COOBITHE MOKET NPOU3OWUTHU, a BEPOATHOCTH €ro paBHa Hym0. [ns
HENPEPBIBHBIX CIYYaWHBIX BEJIIMYMH H3Yy4Ya€TCS BEPOSITHOCTH TOrO, YTO B
pe3yJIbTaTe OIbITA 3HAYECHUE CIYYAaWHOW BEIIMYMHBI TOMNAJAET B HEKOTOPYIO
3aJJaHHYIO 00J1acTh.

AHQIUTUYECKUMH BBIPOKCHUSIMH 3aKOHOB PACHpPENCNICHUS CIy4ailHOU
BEITUYMHBI SIBJISIIOTCS (PYHKITUU paclpeiesICHUs] BEPOSITHOCTEH - HHTETpabHAs U
muddepeHnanpHasl.

WNurterpanbHas GyHKIUS pacrpeacsieHUs iz) CIIy4aHOM BEJIMYHMHBI <

IIOKa3bIBACT BCPOATHOCTHL TOI'O, YTO cnyqaﬁHa;I BCIIMYMHA HC IIPCBLIIIACT
HCKOTOPOI'O 3aIaHHOI'O MJIM TCKYIICTO 3HAUCHUA £, T.C.
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Fiz)y=PZ=z} (5.126)
Cie0BaTeIBHO, BEPOSTHOCTD TOT'0, YTO 3HAYEHHUE CIYYaHON BEIMYUHbI £

3aKJTI0YEHO MEKIY “1u “2, paBHA pa3HOCTH 3HAYCHUI (DYHKIIUM pactpee/iCHus,
BBIYKCIICHHBIX B JIBYX 3THX TOYKaX:

P{ZI{EEZE}:F{Z)—F{Z). (5_127)
AHajornyHo,
FZsz)=1-F(z) _ (5.128)

WNurerpanbHas QyHKIUsT pacnpenereHus: ClIy4ailHOW BEJIWYUHBI 00s1a1aeT
CIEIYIOINMA CBOMCTBAMU:
lim Fiz)y=F{—o) =0
1) o .

2)

3) @20 g Beex 2]

4) Flz)) 2F () ecp 22 721

B Buzae ¢yHKIMM pacrpenenceHus: MOKHO 3aJaTh pAacIlpeieieHHe Kak
HEMPEPBIBHOM, TaK M JUCKPETHOW CIIydalHOM BennunHbl. Kak BuUIHO U3
ONIPENEIICHHUS, Fz) ects HeyObIBaromass GyHkuus Z. OpauHaTa KpUBOU #iz)
1, mpejacTaBiIseT CO0OM BEPOSTHOCTH TOTO, YTO

1 i Flz) = Feo) = 1’_

COOTBCTCTBYIOIIIAsA TOYKC

Clly4aifHasi BEIMYUHA £ IIPH UCIBITAHUN OKAKETCS MEHbIIE 1,

WNurerpanbHas  QyHKIOUS — pacmpenesieHuss  JUCKPETHOM — ciaydaiHON
BEJIMYMHBI BCETJIa €CTh pa3pblBHAs CTyleH4yaTass (DyHKIMS, CKauyKh KOTOPOil
IPOMCXOJAT B TOUKAX, COOTBETCTBYIOIIMX BO3MOYKHBIM 3HAYEHUSIM CIyYaHOMU
BEJINYMHBI, U PABHBI BEPOSITHOCTAM 3THUX 3HaueHud. CymMMa BCEX CKauKOB paBHA
EIMHHUIIE.

Bo3MoxHbIe BUIBI UHTETPAIbHBIX (DYHKIMNA pacmpeacsieHus: n300pakeHbl
Ha puc. 2.12 aJist HempepbIBHOM (a) U JUCKPETHOM (0) CiiyyallHOW BEJIMUUHBI:

F(z) F(z)

_// ]

I %4 z I I

a) &)
Puc 2.12.
Ecmu dynkuus #iz) muddepennupyema i BCEX 3HAYCHHUM CITy4dalHOM
BEJIMYMHBI £, TO 3aKOH paclpeIe/ICHs BEPOSITHOCTEN MOKET OBITh BBIPAXKECH B

aHanUTHUYEeCKOW (opme Takxke ¢ mnoMmoulplo auddepeHnranTbHon  QyHKIMH
pacrpeneneHusi BEpOSITHOCTEN :
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dF(z) im Pz <7 =z + Az}

JE == =I5 bz (fz = 0) (5.129)

Takum oOpa3zoMm, 3HaAYEHHE HKIINH f(zjl'[ HOJIMKEHO PAaBHO OTHOIICHUIO
) y

BCPOATHOCTHU IIOIIaAdaHHA cnyqaﬁHofI BCJIMYUHBI B MHTCPBAJI (Z’z—i_ﬁz)l( JIINHC
42 3TOT0 HHTCpBAJIA, KOIr'Zd 4z - OeCKOHEUHO MaJiasg BeEJIUYHHA. HOBTOMy

(GyHKIIIO /(@) yaspiBaror  TaKKe (YHKIMEN IUIOTHOCTH paclpeneaeHUs
BEPOSITHOCTEN (MJIM KOpOYE - (PYHKIMEHN INTIOTHOCTH BEPOSTHOCTH).

OTMeTHM OCHOBHBIE CBOWCTBA (DYHKITUU Jie).

1) J@=0,
T Flzidz=1
2) = :
| f(xdx = F)
3 — :
lim F(z) =0
4) kbe

( *- mepeMeHHAass MHTETPUPOBAHHS).

C nomombto nuddepeHnanbHol (GYHKIMH paclpeeeHUs] BBIYUCISIETCS
BEPOSITHOCTh HAXOXKIEHUS CIIy4alHOW BEJIMYMHBI B JH000M oOjactu w3
MHOJKECTBA €€ BO3MOXHBIX 3HaUeHuil. Hampumep,

HZ <z} = | 72z

, (5.130)
FlZ >z)= If(z)ci'z
& ; (5.131)
P{zl < 7 Ezz} :ff(z)dz
B (5.132)

JInst HenpephIBHOW CITy4YalHOM BEJIMYMHBI BEPOATHOCTHh MOKHO ONIPEAECIUTD
KaK OTHOCHUTEJIBHYIO JIOJI0 IUIOIIAAM IOJ KPUBOW IUIOTHOCTH PaCHpPEACIICHUs

BEPOSITHOCTEN Ji@), Tak, Hampumep, BEPOATHOCTbH TOr0, YTO CiydainHas

2]

BCINYHMHA Z IMpUMCT 3HAYCHHUC, MCHBIICC , paBHa OTHOCHUTEIbHOM JOJIC

IJIOIIAIA TIOJ KPUBOU J12) crieBa ot ToUKH “1(puc. 2.13,a); BEPOSATHOCTH TOTO,

9TO 3Ta BEJIWYMHA Z MPUMET 3HaYeHHe, Oobliee 22

, paBHa OTHOCHUTEIJIbHOM
noJte mwiowmaau nox kpusoii < @ crpasa ot Touku % (puc. 2.13,6); BEpOITHOCTD
TOr'0 YTO OHA NMPHMET 3HAYCHHE, 3aKITFOUCHHOE MEXy 3HAYCHUSAMH “11 “2paBHa

OTHOCHTEIBHOM [0JI€ IO MO KPUBOH 7z MEKIy TOYKaMH “1u “2(pHC.
2.13,B).



156

fz) fiz) fiz)

AN

[~
H
i
[-1
3]
H
.

s
I
&

Puc. 2.13.

Teopernueckoe ©  SMIIMPUYECKOE pacnpeaeneHue. Pacnpenenenue
BEPOSTHOCTEH HA3bIBACTCSA TeOPETHIECKUM. OHO MOXKET OBITh YCTAHOBIICHO JIJIS
COOTBETCTBYIOIIEH  CIy4YallHOM  BEJIWYMHBI W3  aHAJIW3a TECHEPAIBHOMN
COBOKYITHOCTH.

[Tox renepanbHOM COBOKYITHOCTBHIO IMTOHUMAIOT BCE AOMYCTUMBIC 3HAUYCHUS
ciaydyaniHoOU Benn4urHbIL. COOEpkKATEIbHBIN CMBICI 3TOTO MOHITUSA COCTOUT B TOM,
YTO TMPEIIOIAracTcsi CyIIECTBOBAHHE HEKOTOPBIX BIIOJIHE OIPEIEIECHHBIX
CBOWCTB, HECIIyYalHBIX 3aKOHOMEPHOCTEH NPUCYIIUX AAHHON COBOKYIHOCTH,
TE€X CBOWMCTB, KOTOpPbI€ U JOJKHBI OBITh BBIACHEHBI HCCIIEIOBATEIIEM.
@dakTUYeCKU OSTU CBOMCTBA  SIBISAIOTCS  OOBEKTHUBHBIM  OTOOpaKEHHEM
BEPOSITHOCTHBIX ~CBOMCTB HW3y4aeMoOro OOBEKTa, KOTOPhIE MOTYT OBITh
0XapakTepU30BaHbl C ITOMOIIBK) COOTBETCTBYIOIIMX 3aKOHOB pacCHpEACICHUs
BEPOSITHOCTEN WJIA CBSI3AHHBIX C HUIMHU YHCJIOBBIX MMapamMeTpoB. CuuTaercs, 4To
YKa3aHHBIE CBOMCTBAa HE M3MEHAIOTCS BO BPEMEHU W MPUCYIIUE N€HEPAITbHON
COBOKYITHOCTH HECIIyYalHbIE 3aKOHOMEPHOCTH COXPAaHSAIOT MOCTOSIHHBIM CBOM
XapakTep, T.€. ABIISIIOTCS YCTOMYNBBIMU.

Ha npaktuke nccinenoBatens BCEraa pacmoliaraeT JIMIIbL OTPAHUYEHHBIM
YUCJIOM 3HAYEHUM CIy4yailHOW BEJIMUMHBI, MPEACTABISIONINM CO00I HEKOTOPYIO
BBIOOPKY M3 T€HEPaIbHON COBOKYITHOCTH.

Bribopka 5TO KOHEYHBIM Ha0Op 3HAYECHWM CIydailHOW BEITUYUHBI,
MOJIYYCHHBI B pe3yJbTare HaOmojaeHud. Yuciao 3JIEMEHTOB BBIOOPKH
Has3bIBacTCs ee 00beMoM. Ecim, Hanpumep, “1-%2+ - % - HabJIr01aeMbIe 3HAYCHHUS
CIy4aiHOW BeJIMYMHBI Z (BO3MOXHO, M COBIQJAIONIAE), TO O0BEM TaHHOMN
BBIOOPKU PaBEH * .

BriOopka Ha3bIBaeTCs penpe3eHTaTUBHOW (IIPECTaBUTEIBHOM), €CJIM OHA
JIOCTAaTOYHO TIOJIHO  XapaKTEpPU3yeT TEHEPAIbHYI0 COBOKYNHOCTh. s
obecrieyeHuss pEnpe3eHTAaTUBHOCTH BBIOOPKM 4Yallle BCETO HCIOIb3yeTCs
ClydaHbIi BbIOOp dJeMeHTOB (panaomuzanus). [lpu TakoM BwIOOpE
MpeanoiaraeTcs, YTo KaxkJask BO3MOXKHasi BbIOOpKa (MKCHPOBAHHOTO oObeMa
UMEET OJIHY U TY K€ BEPOSITHOCTh BHIOOpPA, a MOCJEA0BaTEIbHbIC HAOIIOICHUS
B3aMMHO HE3aBHCUMBI.

CMBICTT CTaTUCTUYECKUX METOJOB 3aKJIIOYAETCS B TOM, YTO MO BBIOOPKE
orpaHW4YeHHoro oObeMa #, T.e. 10 HEKOTOpPOW dYacTH TEeHEepaJbHOM
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COBOKYIHOCTH, BBICKa3bIBaTh OOOCHOBAHHOE CYXKIEHUE O €€ CBOWCTBaxX B
nenoM. IlogoOHoe cykieHue MoKeT ObITh MOJYYEHO IyTEM HOCTPOEHUs
IMIUPUYECKUX (BBIOOPOYHBIX) AQHAJIOTOB BEPOATHOCTHBIX XapaKTEPUCTHUK
UCCIENYEMON BEJIIMYMHBI, WHA4Ye TOBOpsS, IIyTEM OLICHUBAHMS I1apaMeTpOB
(XapakTepUCTUK) TEHEPAaJbHOW COBOKYIMHOCTH C IOMOIIBIO HEKOTOPBIX
HOJIXOJAIMX (QYHKIUHI OT pe3yibTaTOB HAOIIOAEHUI - OIIEHOK.

[Ipy MHOTOKpaTHOM H3BJIEYEHUHM BBIOOPOK OJHOTO M TOrO X€ Oo0bema U
MOCJIETYIONIEM HaXO0XJACHUM MHOKECTBA OLEHOK OJHOIO M TOrO K€ Mapamerpa
MOJIYHYAOTCSl Pa3JIUYHbIE YUCIIOBBIE 3HAYEHUS 3TUX OLUEHOK, U3MEHSIOIIUECT OT
OJTHOM BBIOOpPKE K ApYyro ciiydalHbIM 0Opa3oM. MHbIMH ciioBaMu Jro0as
OLICHKa MPOMU3BOJIBHOTO MapaMmerpa < ecTh ciaydyaliHas BelnyuHa. B 3ToM ee
NPUHIUMOUAIBHOE OTJIMYME OT CamMoro OLIEHMBAaEMOro Iapamerpa &,
ABJISTFOIETOCS. HECITYYaHBIM.

Ouenka &mapamerpa  ®Ha3blBaeTcs  COCTOATENBHOH, ecid  IIpH
HEOrPaHHYEHHOM yBEIHYEHHH 00beMa BHIOOPKH # 3HaueHHe & C MOTHON Mepoit
JIOCTOBEPHOCTH  (C  BEPOSTHOCTBIO  €IUHHUIIA) CTPEMUTCS K  CBOEMY
TEOPETHUYECKOMY 3HadueHHIO <. (COCTOATENBHOCTh OLICHKA TapaHTUPYET
VICCJIEIOBATENIO YBEINYECHNE TOYHOCTH OLICHUBAHUS C POCTOM * U TO, YTO XOTS

Obl B rIpejiesie mpu # —* % OH MOXKET MOJYyYUTh TOYHOE 3HaUCHUE &,

OueHka & Ha3pIBAacTCA HECMEIICHHOM, eciu & — % mua moboro #( "&-

MAaTCMaTHIYCCKOC OXHNAAHUC ':I). HGCMGHIGHHOCTI) O3Ha4YacT OTCYTCTBHC
CHUCTEMaTHUUYECKOM IIOTPCIIHOCTH IIPpU OLICHHUBAHNU IIapaMCTpa &
Hpe,Z[HOJIO}KI/IM, 4dTO B PC3YyJbTAaTC JOKCIICPHUMCHTA IIOJY4YCHA BBI60pKa

Z1:%3:- - %a 3sHayeHUH CTydaliHON BeauuuHbl Z . [TycTh Z- HEKOTOpast TOYKa OCH £

O6o3HaunM  d4epe3  “sumciao  (4acrora)  BBIOOPOYHBIX  3HAYEHHUIA,

?25/

pacmojIoXKEeHHBIX JIeBee Z Ha 3ToM ke ocu. OTHOIIEHUE <% MpeacTaBisieT coOon
OTHOCUTEJIBHYIO YacTOTy HAOJI0JaeMbIX B BBIOOpPKE 3HAYEHUM CiydailHOM
BEJIMYMHBI £, MEHBIIMX Z. DTa yacToTa €cTh (QPyHKIms oT Z. O0O3HAUUM ee
F'(z).

M

Fligg==
n (5.133)
OyHKIUS pacnpeaeaeHus £z nojiyuaemasi o BBIOOpPKE, Ha3bIBaeTCs
HMIIUPUYECKON WM BBIOOPOYHOU (PyHKIMEN pachpeneneHuss (B OTIMYUAU OT
pacnpeneneHuss ~ FeHEpPalbHOW  COBOKYIIHOCTH,  HWJIM  TEOPETHYECKOIrO
pacnpenenenusi). OHa yCTaHaBIIMBAET PAcHpeIeICHUE OTHOCHTEIBHBIX YacTOT,
T.€. ONpEAeNsieT JUId Ka)XJ0ro 3HaueHUs ZOTHOCHUTENbHYIO YacTOTy COOBITHS
Lz

JIist KaxmaoW BBIOOPKH SMMHpUYECKas (QYHKIUS pachpeneieHus Oyner
CBOCH, HO Bce BMmupuueckue (GYHKIUWA pacupenesieHus OJHOW U TOM Ke
Clly4ailHOM BETMYMHBI OyIyT UMETh HEUTO 001lee, YTO SIBIIETCS MHPOpMaIuei
0 GYHKIIMH pacrpeiesICHUs 3TON CIy4aitHOW BEJTUYUHBI.
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JlokazaHO, YTO C BEpOSTHOCTHIO 1 mpu * — % MakcuMalbHas Pa3HOCTb

MEXIy (QYHKIMSAMH paclpeAesieHUus] CIydyalHOW BeIHMYMHBI F@y FE)
CTPEMUTCS K HYJIIO (Teopema [ TMBEHKO):
P{sup|F (z}—ﬁ(z)bm] - 1; (5.134)

[IpakThueckn 3TO O3HA4YaeT, YTO MPU JOCTATOYHO OOJBIIONW BBHIOOPKE
GYHKUHIO pacnpelielieHUusT TeHEpaJbHOW COBOKYIHOCTH MPUOIHU3UTEIBHO
MO>KHO 3aMEHUTH QYHKIIMEH pacTpeiesICHUs] BEIOOPKHU.

OmMnupudeckass QYHKIUS — pacnpeneieHus oOJagaeT  CICAYONTUMHU
CBOMCTBaMU:

1) F(z) e[01]vz , T.€. 3HQUCHHS] IMIUPUUYECKON (YHKIUU MPUHAIICKAT

otpe3ky [0;1];

2) F@)zFa) eony 2274 1e. ¥ (@ yeybpiBaroman GyHkums;

& =

3) CCJIN - HaHMMCHBIICC, a - HauOoJbllIee 3HAYCHUE cnyqaﬁﬂoﬁ

BEJTMYHUHBI Z , TO F2)= Upu £ =21y F'@)= Tnp
I'padpuk  smnupuyeckod  (QYHKIMM  paclpenesieHuss UMeeT  Bui,
pUBEACHHBIN Ha puc. 2.12,0.
[ToTMroHOM 3MIHUPUYECKOTO PacCHpEeeNICHNs HAa3bIBAIOT JJIOMaHYI0, OTPE3KU

nLra

KOTOPOH COENUHAIOT TOUKH rm)lzm). ’”?J, rae - dIeMeHThl BHIOOPKH,

Y. [z B)

2 (Zhﬂ):[zz:
a - COOTBCTCTBYIOIIMC MM YaCTOTBI, MJIKM TOYKHU , IIC

v 7 /
: % - OTHOCHUTEJIBHBIE YaCTOTHI, COOTBETCTBYIOIIHE i .
[Ipu oGpaboTke BBHIOOPOK OOJBIINX OOBEMOB BECh OTPE30K, B KOTOPOM

3aKJIFOYEHBI BCEe HAOJI0aeMble 3HAYCHUS CAYYailHON BEJIHMUYUHBI Z , pa30MBArOT

% - YECIO0 DJIEMEHTOB BEIOOPKH,

Ha P WHTEPBAJIOB JUIMHBI # W HaXOMIST
MIOTIABIIMX B ! -BI HHTEPBAJL.
I'mcrorpaMmoii SMIIMPUYECKOTO PACIPENEICHUS] HA3BIBAIOT CTYINEHYATYIO

burypy, cOCTOALIYI0 W3 MPSMOYTOJIbHUKOB, OCHOBAaHUSIMU KOTOPBIX CIIy>Kat

?z%
WUHTEPBAJIBI JJIHHBI #, a BBICOTHI PABHBI OTHOIIEHUIO <% (IJIOTHOCTH YacTOTHI).
pr

i_
[Tnomanp -ro nOpsMOYroJibHUKa paBHA * i H!. [Inomane rucTorpaMmel
4acTOT paBHA CyMME BCEX YaCTOT, T.€. 00beMy BBIOOPKH # .
Ecnan yumteiBaroTcss He abCONIOTHBIE YacTOTHI i, a OTHOCHTEIbHBIE
E' =1y fn

, TOTJ]a TUCTOTpaMMa 3MIUPHUYECKOTO PaCHpENeSICHUs MPEICTaBIIsCT
co00if cTyneHuaryo Qurypy, COCTOSIIYIO U3 MPSIMOYTOJIbHUKOB, OCHOBAHUSIMU

KOTOPBIX CIY»aT HWHTEPBaIbl UIMHBI #, a BBICOTHI PaBHBI OTHOIICHHIO B f
(TJIOTHOCTh OTHOCHUTENBHON 4acTOThI). [lnomans  -ro mpsMOYroJIbHUKA paBHA
Pt
Bl = p
i . II;momaap ructorpaMMbl OTHOCHTENBHBIX YaCTOT paBHA CYMME BCEX
OTHOCHUTEJIBHBIX YaCTOT, T.€. €AUHULIE.

*
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Ha puc 2.14 npuBeneH BO3MOXHBIA BHJl THCTOIPAMMBI 3MIIMPUYECKOTO
pacrpeneneHus Ciliy4aiiHOW BEJIUYUHBI.

I-l \,

—
Ton A Z
Puc. 2.14

UucnoBple XapakTEpUCTUKHA CIyYalHOW BeJIWYMHBL. IHTerpanpHas wu
mupdepeHuranbias QYHKIUM paclpeAesiCeHHs SBISIOTCA HUCYEPIBbIBAIOIIUMU
BEPOSTHOCTHBIMH ~ XAPAKTEPUCTUKAMHU CIlydalHOM BennuuHbl. OOHAKO B
MPUKIIAIHBIX 337a4aX HEKOTOpPHIE OCHOBHBIE CBOWCTBA CIIyYaWHBIX BEJIWYHH
MOTYT OBITh OIpEENEeHbI 00JEE MPOCTO ¢ MOMOIIBIO ONPENEIEHHBIX YUCIOBBIX
napameTpoB. HauOounpllyto poip cpelid HUX Ha NPAKTUKE HWrPAOT JBa
napaMeTpa, XapaKTepU3yIOIIME LIEHTp paccessHus (LEHTp pachnpezesieHus)
Clly4aiiHOI BEJIMYMHBI U CTENIEHb €€ PaccessHUs BOKPYT 3Toro eHTpa. Hanbonee
pacIpOCTPaHEHHON  XapaKTEpUCTUKOM ILEHTpa pPaCHpEAciICHUs  SBIIETCA
MaTE€MaTU4YeCKOe OKHMJIAaHWE :ClydyalHOM BEJMYMHBI Z,4aCTO Ha3bIBaEMOE
TaK)K€ F€HEPAJIBHBIM CPEIHUM 3HAY€HHEM HJIM HAa4aJIbHBIM MOMEHTOM IIEPBOTO
MOPSAKA.

JIns AUCKPETHBIX CIIyYalHbIX BEJINYUH

i
My = M= Zun (5.135)

rae % (I =L ) - 3JIEMEHThI F'€HEPaIbHOU COBOKYITHOCTH;
£i- COOTBETCTBYIOIINE UM BEPOSTHOCTH.
JUis HenpepbIBHBIX CIIy4alHBIX BEJIMYMH MaTeMaTUYECKOE OKUJaHHE

BBIPAKACTCA MHTCTPAJIOM:

m, = Mz]= [zr)dz

- . (5.136)
Crernenb paccessHUSI CITy9ailiHOW BETMYMHBI Z OTHOCUTENBHO = MOXKET ObITh
OXapaKTEPU30BaHA C TOMOILIBK TEHEPAIBHOW JUCIIEPCHU a . ZeCTh

MAaTEMATHYCCKOC OKHAAHHC KBaJpaTa OTKIIOHCHUA CJ'Iy‘-IElfIHOfI BCIIMYHUHBI OT €€
MaTCMaTH4ICCKOI'O OKMdaHuA, T.C.

o= M[(Z_MZ)E

JInst TUCKPETHOW CITy4aiiHOM BEJIMYMHBI

A
a =3z, -m) B

(5.137)

1

< | (5.138)

JUIS. HEIPEPBIBHOM
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T 2
o3 = [(z-m;) 2@

e . (5.139)
I[I/ICI'[CpCI/IH I::'-‘%HH,BBIBaCTC}I TAKXKC BTOpI)IM HGHTpaJ]I)HI)IM MOMCHTOM

CIydyalHOW BeJIWYMHBI Z (MEPBBIM IICHTPAJIBHBIM MOMEHT BCErJla paBeH

2
0).[pyrue oGo3Hauenus as gucnepenn 'z 2218

Ecmn f@)Bce ¢ Gonblueil cTemeHH KOHIEHTPHPYIOTCS BOMM3H s TO

3HA4YECHUS C'éyMeHLmaIOTca. Ecnm ke uMeroTcs BecbMa yHAJEHHbBIE OT sz
3HAUeHMs CJIydaiHOH BemmumeBl zu g Hux J(@)He ciMmkoM Mana, TO
JTUCIIEPCUS aji'yBeJII/IqI/IBaeTC;I.

KBagpaTHpli  KOpeHb W3  JHCHEPCUH J;HaBBIBaeTCSI CpEeIHUM

KBAJIPaTHYECKUM OTKIOHEHHEM (MM cTaHmapTom) 7z
oy =iy (5.140)
e ¥
OHpe,Z[eJIeHHe OIICHOK MAaTEMAaTHUYCCKOI'O OXXHWIAHHUA i LJAUCIICPCHUHA SZH

CpeIHero KBaJpaTHUEeCKOTO OTKIOHEHHS <zII0 BEIGOPKE 00BbeMa MIIPOM3BOIAT
o ¢hopmyiam:
_ 1
Z= _Zzi
Rl (5.141)

Sg.:miljl[zi_z)g.

Sz =45 (5.143)

OTMeTHM, 4YTO MHOYKHTEIb 1) (BmMecTO i ?) B dopmyne (5.142)
BBOJUTCS JUISI IOJTYYEHUSI HECMEILIEHHOM OLIEHKHU JAMCIIEPCHH.

OrneHka pe3ynbTaToB HAOMIOJACHUN ClydailHOW BennuuHbL. Paccmorpum
HEKOTOpbIE  METOJbl  CTAaTUCTHYECKHMX  OLEHOK. Baxdeilmas  3agaya
MaTEMaTUYECKOM CTAaTUCTUKH, PEIICHUE KOTOPOU MO3BOJNMIIO Obl, B MPUHIIUIIE,
pPEUINTh U BCE OCTAJIbHBIC 33/1aUM - 3TO HAXOXKICHHE (PYHKIUHU pachpeereHus
Ha0JII0/1aeMOM CITydaitHON BEJTMYUHBI.

[lycth uMeeTcs HSKCIEepUMEHTalbHas BbIOOpKAa Oo0JbIIOr0 o0BEMa #2
ciay4yailHol BenuuuHbl Z. [lpoBepsiercss rumore3a O TOM, YTO (DYHKIHMS
pacnpenesneHuss CIy4alhHOM BEJIWYHHBI €CTh F=jiz), Hano ycranoButh BUA
ATOTO TEOPETUYECKOTO PACTIPEACICHUS U €T0 aJIEKBATHOCTb.

Pelienre nmocTaBiaeHHON 3a/1a4M BKJIIOYAET CIAEAYIOIINE ITaIlbI:

1) mocTpoeHHE SMITUPUYCCKONW KPHUBOH (TMCTOTPaMMbI) paclpeeIcHHsI
CITy4allHOW BEJIMYMHBI TIO 33JaHHON BBIOOPKE M BHIOOP THUIIA TEOPETHUECKOTO
pacnpeneneHus (BbIIBIKCHUE padoueil TUIIOTE3bI);

2) ompejencHUE MapaMeTPOB TEOPETHUSCKOTO PaCIIPE/ICIICHHS;

(5.142)

3) MpOBEpPKA  aJCKBATHOCTH  TEOPETUYECKOTO  pacHpeaesiCHUs
(moaTBepkICHUE paboueii TUIOTE3bI);
4) YTOYHEHUE  TEOPETHUYECKOTO  3aKOHA  pacClpeiesieHUs,  eCiH

nepBOHaYalibHasl paboyasi TMIOTE3a OTBEPIaeTCs.
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[locTpoeHre HMIMPUYECKON KPUBOM (TUCTOrpaMMBbl) pacHpeneeHus.

['mcrorpamma 72 gpnsercs OMITUPUIECKUM AHAIOTOM (YHKIIUUA TUIOTHOCTH
pacripenenenust 7 & .

IIpu o6paboTke BBIOOPOK OOJBIIMX OOBEMOB MCIHOJB3YIOT METOJ
"crpynnupoBaHHbIX  JaHHBIX". BpiOopka o0bema  #IpeoOpasyeTcs B

CTaTUCTUYCCKUU pAa. )_—[J'ISI 9TOTr0 BCCh JOHAIIa30H HW3MCHCHMA CﬂyqaﬁHOﬁ

BEJIMYUHBI B BBHIOOPKE “min ~ “mw JETUTCS HA & MHTEPBAIOB. YHCIIO MHTEPBAIOB

MO3KHO BBIOMPATH MO MosTya3Mnupudeckoit opmyse (mpasuiio Iltopreca):
k=1+32lg n (5.144)
r/ie HaliJJeHHOE 3HaYeHHE OKPYTJISIIOT 10 OJIMKaNIIero Lenoro yucia.
JInuHa uHTEpBaNa 2 paBHA

b= Zpz ~ Tmin

ko (5.145)
[TOACUYMTHIBAIOT YMCIIO DJIEMEHTOB BEIOOPKH Al =1 ;:3,’ MOMaBIINX B
I(EDKI[I)II‘/'I I/IHTepBaJI. BGHI/IqHHa, paBHaﬂ
pr=li
T
. (5.146)

ONPENEISAET OTHOCUTEIIBHYIO YaCTOTY IIONAJaHus CIy4alHOW BEJIMYKHBI B
J -bpIli HUHTEPBAJI.

*

; =, V)
CepenuHa / -ro nHTepBana ~¥ onpeaensercs GopMyIIoi

S Z;, 1t
="

2 (5.147)
[Tomy4eHHBIN CTATUCTUYECKUM PSIJT MOKHO 3aIlUChIBATh B BUIE Ta0I. 2.2.
Tabnuma 2.2.

Cratuctuyeckuil psia
Ho NurtepBan z; #; 2
Mep
WHTEP-
BaJia
1 [me =z, ,zl) ) Gl A
2 {Z 1:32) Z3 ! E3
K {Zk—hzmax =Zy, Zy 2y, I
T o 1

I[lo pgaHHbIM  Tabi. 2.2. CTPOAT TUCTOTPAMMYy  SMIIMPUYECKOTO
pacnpenenenus, NpeACTABIAIONIYI0 COOOM CTYNEHYaTyl0 KpUBYIO, 3HAUECHHE



162

j= 1,2,..»35;23- =7;, + i

o ) |
KOTOPOU Ha - -OM HHTEpPBAJE { S [MOCTOSHHO Y PaBHO

o *

. [ Fizyaz=1 &
i T , WJIK C YYETOM YCJIOBHUS —* pasHO # (puc. 2.14).

KpuByto smmmpudeckoro pacmpefesieHusi MOXKHO —allpOKCUMHUPOBATh
pPa3IMYHOM TEOPETUYECKOM KPUBOW pacrpeneineHuss - 3akoHoM Ilyaccona,
BeiiOyna, OMHOMHATBEHBIM, MOKA3aTENbHBIM, JOTapU(PMUUECKUM, HOPMATbHBIM
u ap. [lo Buay THCTOrpaMMbl MPEAIOJAraoT, YTO CIOyYailHas BEIWYMHA <
pacnpeziesieHa 1o TOMY WM UHOMY 3aKOHY (BBIABUTAIOT Pab0YyIO TUIIOTE3Y).

Omnpenenenue apaMeTpoB TEOPETUUECKOTO pacnpeeseHusl.
OxoHYaTeIbHOE YTOUHEHUE HEM3BECTHON (DYHKIIMU pacrpeiesieHus CBOIUTCS K
OTIpEJIeICHNIO0 HEKOTOPBIX YUCIIOBBIX ITapaMeTpoB pacnpeaencHus. [1o Beibopke
MOTYT OBITh pAacCUUTaHbl BHIOOPOUYHBIE CTATUCTUYECKHE XapaKTEPUCTUKU
(BBIOOpOUHOE cpenHee, AMCIEpPCUs U T.J.),KOTOPBIE SIBJIAIOTCS OLEHKaMHU
COOTBETCTBYIOIIUX TIEHEPAIbHBIX mapaMeTpoB. OLEHKH, NOJy4yaeMble II0
BbIOOpKE,CAMU  SIBJISIFOTCSL  CIydaliHbIMH BenuuuHaMmu. K omeHke 0ObIYHO
IPEIBSABISAIOTCS TPEOOBAHUS COCTOSATEIHLHOCTH M HECMEIIICHHOCTH.

JIisg ToNydeHus: OIICHOK WCIOJB3YIOT pa3nuuHbie MeTonsl. Llupoxo
NPUMEHSETCS METOJ] MaKCHMAaJIbHOTO MpaBAonoaoous. OueHKH, MoTydaeMble
IIPU TTOMOIITH 3TOTO METO/a OTBEYAIOT U3JI0)KEHHBIM TPEOOBAHUSM.

CymHOCTh METOAa MaKCHMAaJbHOTO TMPAaBIOMOAOOMS 3aKII0YaeTcs B
HAXO0XKJIEHUU TaKUX OIEHOK HEU3BECTHBIX MAPaMETPOB, AJS KOTOPBIX (DYHKITHS
npaBionogoOus TpU  ciaydyaHOM  BBIOOpKE oO0bema #OylIeT HUMETh
MakcHUMaJbHOe 3HaueHue. [1ycTs n3BecTeH 001U BUJT JIOTHOCTU BEPOSITHOCTH
J(z,4) TeopeTHUEeCKOTO pacTpeeIeHns; 4- HeM3BECTHEI IapaMeTp, BXOMAIIMIA B
BBIp@XEHHE 3aKOHA pacIpeleieHHs. DKCIEePUMEHTaIbHO IOJIydeHa BBIOOpKa

3HAYCHUM CIyYaHOU BEJIUYUHBI £1-Z2: - %,
OyHKIUA

.

Liz, @) = Zln Sz, @)

-l (5.148)

Ha3bIBaeTCS (PYHKITUEH MpaBaonoao0us, rae & - olleHKa mapameTpa @.

B kauecTBe omeHKH IS 2CIIEAYET B3ATh TO 3HA4YE€HHE & , IS KOTOPOTO
byHKIHS L(z.@) ymeer mHanGombluee BO3MOXKHOE 3HaueHHe. Heo6xoammoe
YCIIOBHE DKCTpEeMyMa 3TOW (PYHKITUH JTaeT ypaBHEHUE

dliz.a) _0

di , (5.149)

U3 KOTOPOTO OMPENEsSioT HCKoMoe 3HadeHue < .Ecim makcumyMmoB
HECKOJIbKO, HEOOXOIMMO BBIOpATh CpeI HUX HAMOOIBIIIHIA.

JlocTaTOYHBIM YCIIOBHEM MaKCHMyMa SIBJIICTCS BBITTOJITHCHHE HEPAaBEHCTBA

d*Liz.@) <0

di’ . (5.150)

B o6mem cinydae TpeOyercs OIEHUTh OJHOBPEMEHHO HECKOJBKO

napamMeTpoB pachpenencHus. B arom cimydae (opMyaMpoBKa TIPHHITUIIA
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MaKCUMaJIbHOTO  TPaBAOMOA00UST  COXpaHSETCA: HAA0  HAWTH
COBOKYITHOCTh  JIOMyCTUMBIX 3HAYCHWU mapameTpoB “1-%a:--

TaKyo

-%x hyHKIIMN

pacnpenenenus J Z-#. .. &) goTopas obpamaeT GYHKIUIO IPaBIONOI00Hs
L(z,8.,d3, 8,0 =y.Inf(z,8.&, &,)

i-l (5.151)
B MakcumyM. Heobxommmoe ycimoBue »sKcTpemyMa L (QyHKIUU JaeT
CUCTEMa YpaBHEHUI

Kz, b, &) -
= 0= L
i , (5.152)
a HeOTpI/IHaTeJ'IBHaﬂ OHpeI[eJ'ICHHOCTI) ManI/II_[BI
(é’zﬁ(z,afl,...,afm}J 1,
,I,J = l&,... 11
o O | (5.153)

B CTallMOHAPHOW TOYKE SIBISETCS JOCTATOYHBIM YCJIOBHEM TOTO, YTOOBI
ATOT JIOKAJIBHBINA SKCTPEMYM ObLIT MAKCUMYMOM (hYHKIIUU MTPABIOTIO00MS.
. a.(ji=1m
N3 cuctembl ypaBHeHu# (5.152) HaXOAAT OLIEHKH ¢ :

Haitnem MeTOg0M MaKkCHUMaJIbHOIO npa3110n0n061/1;1 OOCHKY JIA IIapaMcTpa
ATI0Ka3aTENBHOTIO pacupeaciiCHus € IMJIOTHOCTBIO
fle)=""

0 BBIOOpKE Z1:72+Za,
Jl1s1 aTOrO pacupenesieHus GyHKIUS MPaBI0NOA00UsS UMEET BU/T
L= Zln(}g'k‘) = Hlni—}.zzi
=l = (5.155)

(5.154)

=—->.z;=0

i=l

S|

Hoomal|®

s g

2.7 | (5.156)

7€ Z - cpeJiHee BBIOOPKHU.

[Iycts pacnpenenenue Cilyd4aiHOM BEJIWYMHBI Z MMOJYMHEHO HOPMAJIBHOMY
3aKOHY

M| =

) 1 [ (2 — ) : j|
Z) = BEp| - ———=—
oma 20t | (5.157)
rae L mapamMeTphbl pacipeeICHHS.
OyHKIMS TPaBIONIOA00HUS
2
[ 1 (oA
Lz, ) =3 In exp[— T]
= Wf 2ar
R (5.158)

HeoOxoaumele ycioBus 3kcTpeMyma L
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afz.m.8) )
ﬁﬁ - H
Az, 8% )
e | (5.159)

Yrmyckas MNpOMEXYTOUYHbIE MaTEeMaTHYECKHWE OMepalud, U3 CHUCTEMbI
(2.159) Haxoaum:

=i (5.160)

= . (5.161)
1 o
OHCHKa ar IMOJIy4acTCAa HCCKOJIBKO CMCUICHHOU. I[JBI IMOJIYy4YCHUA

HECMEIIEHHOW OLEHKM YyMHOXaeM & ‘ma #/(»=1) Hecmemennas oreHka
JTUCIIEPCUH MTPU ’TOM UMEET BUJ
N
_ 1 Z[:Z,- _f)z

n=13a . (5.162)

YMeHblleHne 3HaMeHarens B (9.162) Ha eauHUIy HENOCPEICTBEHHO
CBSI3aHO C TE€M, YTO BEJIMYMHA Z OTHOCUTEJILHO KOTOPOW OepyTCsi OTKJIOHEHUS,
cama 3aBHCHUT OT 3JieMeHTOB BbIOOpkH. Kaknas BenuuuHa, 3aBHCSILAs OT
3JIEMEHTOB BBIOOPKM U BXoAsmas B (GopMylly BBIOOPOUHON JucHEpcHuH,
Ha3bIBACTCsl CBSA3bI0. 3HAMEHATelb BBIOOPOYHON JAHUCIIEPCHM BCETAA paBeH
Pa3sHOCTH MEXIy 0OBEMOM BBIOODKH M YHCIIOM CB3ed ¢, HAOKEHHBIX HA OTY
BBIOOPKY. DTa pa3HOCTh

Jf=n-t (5.163)

Ha3bIBAETCS UUCIIOM CTENEHEW CBOOOIbI BEIOOPKHU.

52

=¥}
B npakTtrueckux BRIYUCICHUSX I qucniepcun & ynobHa popmyna

Vs 1, 2
oy DAL H(Z; ] | (5.164)

JEerko BbITeKawmas u3 Qopmynsl (5.162). IlpeumymiectBo Gopmysabl
(5.164) B TOM, uTO B HEH HET Omepaluii BBIYMTAHUSA OJIM3KHUX YKCEJ, KaK B
dbopmyiie (5.162), 4TO MPUBOIUT K MOTEPE TOUYHOCTH.

Kak mpaBuno, yucino HabmoneHuil #Benuko. [loaToMy ang ympouieHus
pacueToB yJA00HO HUCIOIb30BaTh He cooTHomeHus (5.160) u (5.162), a meHee

o=

TpyJaoeMKHue (QOpMyJibl, TO3BOJISIOIUE OLCHUTh U o CIpYIIIAPOBAHHBIM
JTAHHBIM:

= I (5.165)

s J=1 : (5.166)
IIpoBepka aaeKBaTHOCTH TEOPETHUUYECKOTO pacmpeneneHus. lIpoBepky
paboueit TUIOTEe3bl 0 3aKOHE PACIIPEICIICHUS CITyYaiiHOW BEIMYMHBI 10 BHIOOPKE
IIPOBOJAT IIPU MOMOILM KPUTEPUEB cornacus. KpurepueMm coriacusi Ha3bIBaeTCst



165

KpUTEpPUIl THUIIOTE3bl O TOM, YTO TIE€HEpaJbHAs COBOKYINHOCTb HMEET
pacmpejeiieHde  HpeArnojiaraeMoro  Tuna  (Hampumep, HOpMaJIbHOE
pacnpenenenue). Kputepun cornacus MO3BOJSIOT OMNPEIEIUTh BEPOSATHOCTh
TOTO, YTO MPU TUIOTETUYECKOM 3aKOHE paclpeeieHus] HaOmrojaromeecs B
paccMaTpuBaeMoi BEIOOPKE OTKIIOHEHUE BBI3BIBACTCS CIIyYalHBIMU IPUUYUHAMH,
a He ommnOKo#l B rumore3e. Eciin 3Ta BEpOSTHOCTh BEJHMKA, TO OTKIOHEHUE OT
TUIIOTETUYECKOTO 3aKOHA PACIpPENECICHUsl CIEAyeT IPU3HATh CIy4YalHbIM H
CUMTaTh, YTO THUIIOT€3a O MPEANOJIAraéMOM 3aKOHE paclpeielICHUs He
OIPOBEPIaeTCs.

BeposATHOCTHBINA XapakTep KPUTEPUEB HE MO3BOJIAET OAHO3HAYHO MPHUHATH
WJIM ONPOBEPrHYTh MPOBEpsieMyto runore3y. Kpurepuii mo3BosSIET yTBEPKAATh,
YTO THUIIOT€3a HE NPOTUBOPEYHUT OIBITHBIM JAaHHBIM, €CIHM BEPOSTHOCTh
HAO0JI0JaeMOTO OTKJIOHEHHUS OT THIOTETHYECKOTO 3aKOHA BEJIHMKA, WIU YTO
TUII0TE3a HE COIVIACYETCS C ONBITHBIMU JIAHHBIMU, €CJIM 3Ta BEPOSITHOCTh MAJIa.

Cpenu pa3iaMuHBIX KpUTEpUEB corjlacusi Haubosiee ynoTpeOuTesneH

YHUBEPCAIIBHBIN KPUTEPUM COTJIACUS v (ITupcona).

[IpoBepky rumoTe3bl 0 BUAE (YHKIMM PacHpeeieHHs] C TOMOIIbIO 3TOrO
KpUTEPUS IPOU3BOJAT CIAEAYIOIIUM 00pa3oMm:

1. Tlo BBIGOPKE CTPOAT TUCTOrpaMMy. Eciy B KakoM -i0o0 < -M MHTEpBale

4UCII0 HAOMIONEHUH “#OKAXKETCS MEHBLIE IIATH,TO €r0 00BEAUHSIOT C COCEIHHUM
WHTEpBaJIOM (WIM WHTEpBajlaMHu) TaK, YTOObI YUCIO HAOJNIOJACHHM B TaKOM

06T>€I[HHGHHOM HHTCPBAJIC OKa3aJIoChb OOJIBIIINM HJIN PaBHOM IIATH (IIOJ'DKHO

Gprrs i =77 ).

[ycts #0-OoKOHUATENbHOE YHCIO MHTEPBAJIOB T'PYNIMPOBAHHAS IOCHE
00bEeIMHEHUS, TOT/1a OYEBUJIHO, YTO

Ky

Z My = H

1 RS (5.167)

2. 3agarorcsd BHJIOM THNOTETUYECKOW (YHKIMH paclpeiesieHus U s
KaXXJ10T0 U3 MapaMETpPOB #23TOro paCnpeaCiaCcHud HaXOMAT OLCHKH, ITPUYCM OTU
OLICHKHU MOX>XHO OHpeI[eJ'IHTL KaK II0 HUCXOJHBIM, TaK U IIO CFpYHHI/IpOBaHHBIM
JAHHDBIM.

» P
3. OnpenensitoT TEOPETUUYECKYI0 BEPOSTHOCTH F =Lk nonajgaHus B
KA b 3 o MHTEPBAJIOB CIIyYalHOUW BEJIMUMHBI C 3aJJaHHBIM PACTIPEACICHUEM,

napaMeTpbl KOTOPOTO WIJIM U3BECTHBI, UJIM OLICHEHBI B I1.2.

N
£ BBIUMCIAIOT MO bopmye

) =y +hil o b
Pr= | s@az=r 7= <zSzy+s

-hi2 2

: (5.168)

= (2.169)
rae LCHR BBIOPAaHHBIN TEOPETUYECKUN 3aKOH paclpeesICHHUS;

b
My IR
# - a0CoJIFOTHAs YacTOTa IIOINAJIaHMs BEIWYUHBI £ B - MHTEpPBAI IO
TEOPETUUYECKOMY PacCHpeAeICHUIO.
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B CJIydac HOPMAJIbHOI'O 3aKOHA paCrpCaAcJICHUA

2
N .k .k 1 (z— )
f::';,- =F zj—E <z Ezj+5 =5— 5Tz.i_l- BEp —W

—hi2

(5.170)
9TOT HHTCIpaJl MOKHO BBIYHUCIINTL C IIOMOIIOBIO Ta6HI/IHI>I 3HAYECHUU

dynkuun Jammaca T30

A A R
zj-+§ — i J.—E — i

P =@ e = D) — ()

J — —

) &

(5.171)

Oyukuusa Jlannaca () - HeveTHast byHKIUA, T.C. Tl-x)=-Dx), IMO3TOMY
Tabmuna 3HaueHnii TLX) cocraBnena mums s x =0,

4. BHIUHCIAIOT 3HAUeHHE & kputepus [Tupcona o ¢popmyiie

. w2 Y
P (E} -5 ) > (”3‘ - nF; )

e e T
j=1 J EE , (5.172)
N3BecTHO, 4TO U1l TAHHOI'O KPUTEpHUs COIJlacusl CilydalHas BeJIMYKMHA

" 55y y
npu Gonblux AuMeer 1 -pacnpenenenne (mpu *s =7 %) ¢ wmcnom creneneit

cB00O/1BI

J=Ky—r=1 (5.173)

IJIe 7- YHCJIO OMNpeNeisieMblX B T.2. HEU3BECTHBIX IapaMeTPOB
TUIIOTETHYECKOTO PACIIPEICIICHNs, a YMEHBIIICHUE YHCIIa CTEMeHeW CBOOOJIbI
ellle Ha CIUHMIY OOBSICHACTCS HAIMYUEM JMHEHHOTO cooTHomeHus (5.167)

MEXKIy OSMIIMPHYECKMMM BEIMYMHAMHM ¥ H, BXONAIIMMH B PACUYETHYIO
bopmyny (2.172).

5. 3aaBIIuCh YPOBHEM 3HAYUMOCTHU ¢ (WUJIU JOBEPUTEIBHON BEPOSITHOCTHIO
P, g=1-F ) mo Tabmuie b -pacupenenenus [lupcoHa HaXOIAT KPUTHUUECKOE

3HA4YECHUE Yoy TIpM 3aJaHHOM UHCIIe CTETeHeH cBO6oE! .
6. CpaBHMBAIOT 3HAYEHUS 7u f"’PI/I BBIHOCSIT PEIICHHE O MPUHATHH (eciu

= fxp) WU OTKJIOHEHUU (eciau v fxp) paccMaTpuBaEMOUM THUIOTE3BI O BUIE
bynkuun pacnpenencHus. Ecnim rumoTre3a He corjacyercss ¢ BBIOpaHHBIM
IMITUPUYECKUM PACTIPEJICIICHHEM BBIJBUTAETCS HOBasi pabodasi TUMOTE3a C
MOCJEAYIONIEH ee MPOBEPKON Ha aJIEKBATHOCTb.

[Tocnie Toro, Kak ONpenesieH 3aKOH PACIPEICIICHUs CIIy4YalHOU BEJIMYHHBI,
MOYHO TOBOPHUTBH O TOM, UTO UMEETCS MOJIC]Ib U3MEHEHUS dTON BEJIUUHHBI.

5.7. MemoOdbI nepexodHbix hyHKUUU

HuddepennmansHoe ypaBHEHHE | TepenaTodHass (YHKIUS SIBISETCS
HamOoJiee o01mIei (GopMoii YpaBHEHHS CBSI3U MEXKIY MEPEMEHHBIMU COCTOSTHUS
HAa BXOJI€ M BBIXOJC JIMHEHHOH CHCTeMbl. ODKCIIEPUMEHTATOP HAOII0JaeT
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TOJIbKO BXOJHBIE M BBIXOJHBIE NEPEMEHHBIC, N0 KOTOPBIM JIOJDKEH MOTYyYUTh
ypaBHEHUE CBA3HU.

C noMomibIo AKCIEPUMEHTA MOKHO MOJTYYUTh TOJIBKO FpaQuK WU TabIUILy
YHCeJl, ONPEEIAIONUX 3HAUCHUs] CUTHAJIOB Ha BXOJIE M BBIXOJIE, T.€. MOJIYYUTh
peanu3alyio HEKOTOPOro 4YacTHOro aud@depeHrnansHOro ypaBHEHUS IPU
ONpEJETICHHOM BXOJHOM CuTHajlle. B panbHeifiieM, anmpoKCUMHUpPOBAB
AHAIMTUYECKUM BBIPAKEHUEM IIOJYYEHHBbIE peau3alii, MOXHO MOCTPOUTH
nuddepeHIaTbHOe ypaBHEHNE 3aJaHHOM CTPYKTYpPBI M 3aIUCaTh €r0 B OJHOMN
u3 (hopM, IPUBEICHHBIX BBIIIIE.

[Ipu sKcnepUMEHTE MOXKHO HCIIOJIb30BaTh PA3UYHBIE BUIBI BXOIHBIX
curHajioB. [IpuMeHsis HEKOTOpble MX BHUJABI, MOKHO HE TOJBKO CYIIECTBEHHO
O0JeTYnTh 3a/Jadyy anmpoKCHUMAallud, HO W, YTO OCOOEHHO Ba)XHO, MOBBICHUTH
Ka4yecTBO (TOYHOCTH) HCCIENOBAHUS C TOYKU 3PEHHS] HEKOTOPOTO 3aaHHOTO
Kputepusi uaeHTUUKauu. BpiOop XapakTepa BXOJHOTO CHUTHajga C TOYKH
3peHHus ONTUMM3AIMU KadecTBa ujeHTU(duKanuu. Beibop Xapakrepa BXOIHOTO
CUTHaJa ¢ TOYKH 3pEHUS] ONTUMH3AIUN KauyeCcTBAa UIECHTU(PUKALIUUA UCCIEAYETCS
B METOAMYECKHX PYKOBOJCTBAaX IO ONTHUMM3AIMK METOJOB IJIAHUPOBAHUS
9KCHIEpUMEHTOB [15].

[lepBbie MeTONBI HACHTU(DHUKALIMY B 3a/1a4axX YIpaBJICHUSI ObLIIM OCHOBAHbI
Ha HCIOJb30BAHUU CTYIMEHYATHIX, UMITYJIbCHBIX U TaPMOHUYECKUX BXOJIHBIX
CUTHAJIOB.

OcHOBHBIE BUIbI BXOJHBIX CUTHAJIOB, UCTIOJIB3YEMBIX IS HACHTU(DHUKAIIH,
IIPUBEJICHBI B JIEBOU KOJIOHKE puc.2.1.

Haubonpinee pacrnpocTpaHeHHe TOIYYHIA TEPEXOTHBIE XapaKTEPUCTUKH
Ipy CTYNEHYaTOM BO3JAeMcTBUMM Ha BXxoze (puc.2.1,a). Peaknuio oObekTa Ha
CTYIIEHYATOE BO3/ICHCTBHE YaCcTO Ha3bIBAIOT KPUBOW Pa3roHa.

Ecnu u3BecTHa aMIuiMTyna CTyneHH Ha Bxojae O M 3KCIEPHMMEHTAIbHO
MOJYYCHBI OPAMHATHI KpUBOH pa3rona Y(N) MOXKHO 3amucaTh, UCHOJB3Ys (2.6a),
BbIp@XEHHE JHUCKPETHOro M300pakeHus mo Jlammacy BXOJIHOTO M BBIXOJHOTO
BO3/ICCTBHM.

JUis ~ JAUCKPETHOTrO0  BPEMEHH,  BOCIOJb30BAaBUINCH  JAUCKPETHBIM
npeoOpa3zoBanueM Jlamnaca, MOXHO TIOJIYYUTh BhipakeHus (5.6a) u (5.7a). Taxk,
npsimoe npeoOpazoBanue Jlammaca pemeryaroit ¢ynkuum X(n) ompenensercs
COOTHOIICHHEM

* o0
X" (@)= e M"x(n), (5.60)
n=0
Kak u 1151 HenpepbIBHOTO BPEMEHH =6+ jw.

CoOTBETCTBEHHO 00paTHOE MPeoOpa3oBaHUE, OMPEICTSIONICE PEIICTYATYIO
GyHKITUIO 1O €€ N300paKeHUIO, 3aMChIBACTCS B BUJIC

x(n) = zin, § X" (g)q" dg. (5.72)

JluckpetHass mepefaTouHas (YHKIUMS W COOTBETCTBYIOIIEE JHUCKPETHOE
ypaBHEHUE TIPU STOM MPUHIIUITHAIEHO MOTYT ObITh HalICHBI.
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JlJIs1 HenpepbIBHOIO BpPEeMEeHM IOJIyYeHHasi KPUBasi Pa3roHa NOJIKHA
ObITH ANIIPOKCUMHUPOBAHA aHAJTUTUYECKHUM BBIPAKEHUEM.

OOBIYHO AJI1 JTMHEHWHBIX CUCTEM TakKas allpOKCHUMAlMs BBIIOJIHSAETCS C
MOMOIIbIO BBIPAXKEHHUS

m
y(t)= Y age ™, (5.8)
k=1

rie b MoxeT OBITh KOMITJIEKCHBIM YHCIIOM.

Yucno okcrmoHeHT B BeipaxkeHuu  Y(I)  ompenmensier  mopsimok
nudepeHIMaTbHOTO  YpaBHEHUS W TMEPEelaTOuYHOM  (PYHKIHH  0OBEeKTa
UJIEeHTU(PUKAITIY.

O0630p  METOJOB  aNMpPOKCHMAIUKM  JKCIEPUMEHTAIBHBIX  KPUBBIX
AHATUTUYCCKIMH  BBIDOKCHMSIMH TpUBeaeH B [16], 1o aHanuTHYeCKUM
BBIPQKCHHUSAM BXOJa U BbIX0J1a ¢ IOMOIII0 ypaBHeHU# (5.4) — (5.7) nnu tadbmui
B [13,14] moryT ObITh HalICHBI M300paKEHUS 3TUX BhIpakeHuil mo Jlariacy,
nepenaroynbie GyHKuuu u quddepeHnnanbuble ypaBHEHUS 00bEKTa.

PaccMoTpuM OCHOBHBIE HEIOCTATKH METOJOB HICHTU(UKAIIUN C TIOMOIIBIO
nepexonHbix (¢GyHkmiA. M3BecTHO, 4Yro Hemepuommueckas (yHkmusa  X(t),
yIOBJIETBOpPSIONas ycinoBusiM Jlupuxie, MOXeT ObITh TpPEACTaBI€HAa B BHUJC
uHrerpana Oypsoe.

JIrobo#i Hemepuoaudeckuii curHai X(t) MoxxeT OBITh MPEICTaBICH B BHIC
OECKOHEYHOTO0 MHOXXECTBA TapMOHHUYECKHX COCTABIAIOMINX, OOpa3yromux
HETIPEPBIBHBIN CIIEKTD.

w -
X(jo)= [x()e ®dt, (5.9)
—0
(5.1) — npsmoe npeodpazoBanue Dypre.

w -
X() == [X(jo)e o, (5.10)
2 "
(5.2) — oOparHOe npeodOpazoBanue Dypbe
A 10 (t) X ((1)) AY
1 S . 2 0
0 "t 0 "o ’
10 (t) =
Puc.2.1

N3BeCTHO, YTO MOIIHOCTh HECMHYCOMJAIBHOTO CUTHAJIa, HAPUMEP TOKA,
paBHa CyMME MOIIHOCTEN OTAEIbHBIX TAPMOHUK.

®opmyna Penes paer BO3MOXKHOCTb, 3HAs YAaCTOTHBIM CHEKTP CUTHAJIA,
HaiTu ero ’Hepruto. 13 dbopmynsr Penes ciexyer, uro sHEprus, nepeaaBaemas
CUTHAJIOM, PACHpeNessieTcs 10 4YacToTaM MNPONOPLMOHAIBHO  KBaJpaTy
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aAMILTUTYABl YaCTOTHOTO CrekTpa. Ilpu 3TOM aMIuIMTyaa MJIOTHOCTH CIEKTpa
g(w) unterpana ®ypbe npomopiimoHanbHa dHepruu curHana X(f) Ha gaHHOMN
4acToTe . BBIpakeHUE IS aMILIMTY/bI IUIOTHOCTH CIEKTpa 3aIllMChIBACTCS B
BHUJIC

g(w) = 2_17c _OEOX(t)e_jmt dt|. (5.11)
Jlnst HenpepbIBHOUM (QYyHKITUU
- _B(p)
Y(p)=X(p)W(p), rae W(p) = AD)’
X (p) = L[x(t)] Ofx(t)e— Ptat, (5.12)

riae p=ot+jo, o — abciucca aOCOIIOTHOM CXOAMMOCTH, T.€. JCHCTBUTEIbHAs

o0
MIOCTOSTHHAS, TIPH KOTOPOH j ‘X('[)e_ct ‘dt <ooj=4/—1,

—00
O6patHoe npeoOpazoBanue Jlamnaca AJjist HEIPEPHIBHOTO CUTHAIA
1 o+ jo
x=5- [ X(pePdp. (5.13)
2m) _°.
c—Jo
A X 9
d
0 T ., 4 & 10  _"

Puc2.2.a
3nech § — aMIUTUTYa IVIOTHOCTH CEKTpa uHTerpaina dypee,

onf " =1a, f =167%.
IR 94

ma,l/c
Puc 2.2.06
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ma = 2xfa.
A X 0 A
d
> T >
0 a t 0 2m wa,l/c
Puc 2.2.8
* *
Ecmm a=1c¢, To g(®) nmpaktudecku 3atyxaeT Ha f =2I'm, T.x. 2nf a=4n.
A X g A
b | a
-— - - d(a+b)
4 F--
i
|
| > A >
0 ¢ 0 2n 4n o(a+ 9)
2
Puc 2.2.r
A 5 gA
d/2
2da|
b
al2 t
= ‘
dr2
T~ >
21 4r 4dntwal/c
Puc 2.2.1

Puc.2.2 oroOpaxaer BuUIbl MEPEXOJHBIX XapPaKTEPUCTUK U  HUX
aAMIUTUTYIHBIE CIIEKTPBHI.

Ha pu.2.2 B mpaBoil KOJOHKE NPUBEICHBI 3aBUCUMOCTH ((®) s
pa3IMYHBIX BHUJOB BXOJHBIX BO3aeucTBUM. W3 puCyHKa BHIHO, YTO
NpUBeEACHHbIE BU/bI BXOAHBIX BO3/1eiiCTBHI HECYT 0YE€Hb MAJI0 JHEPrUuM HA
BBICOKMX 4acToTax. Kpome Toro, mpoMsplIiieHHbIe 00BEKTHI OOBIYHO SIBIISIOTCS
GuibTpaMu HUKHHUX YaCTOT, T.€. 3HAYUTEIIbHO YMEHbBINAIOT aMIUIUTYIbl Ha
BBICOKHX YacToTaX. [103ToMy TOUHOCTH OIpeneneH s XapaKTepUCTUK 0ObEKTa B
00J1aCTH BBICOKHMX YacTOT € MOMOUIBIO NepeXoAHbIX GyHKIUI BecbMa HU3KA.

Ha xauecTtBe maeHTH(UKAIMK C TIOMOIIBIO MEPEXOAHBIX (YHKIMI BechbMa
HEOJAronpusiTHO CKa3bIBAIOTCS TAKXKE CIIy4ailHble TOMEXH, HCKaXKarolue
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peakiuuilo O0BEKTa, W HETOYHOCTh AalMpOKCHUMAallUM OO0BEKTa JMHEHMHOMN
MOJIEIIBIO.

YacTyHO yKa3aHHbIE HENOCTAaTKU YCTPAHSIOTCA NpU HACHTU(DUKAIUU
00BEKTA YaCTOTHBIMH METO/IAMHU.

5.8. HacmomHbie memoosbi

JluHaMHUYecKHe CBOICTBA OOBEKTAa MOTYT OBITH ONMCAHBI C IOMOILBIO
YACTOTHBIX XapaKTePUCTUK. YacTOTHas XapaKTEpUCTUKA OOBEKTA MPEACTABISAET
3aBHCUMOCTB OT YaCTOTHI B YCTAHOBHUBIIIEMCS PEXKUME JBYX IIEPEMEHHBIX:

1) OTHOIIEeHHs] AMILUTUTY/] TAPMOHUYECKUX CUTHAJIOB HA BXOJIC U BBIXOJIC
00BbEKTa — aMIUTUTYIHO-4acTOTHas xapakrepuctuka (AUX) A(w);

2) caBura (a3 MeXAy BXOJHbIMH U BBIXOJHBIMH TapMOHHUYECKHUMHU
curHaiamu — ¢gazouactotHas xapakrepuctuka (OUX) ¢(w).

Ha rpadukax mnpunsTto wu3oOpaxaTb YKa3aHHbIE XapaKTEPUCTUKU B
clenyomux popmMax.

1. B Bune coBokynHocth AUX u ®UX B nexapTOBBIX KOOpAMHATaX B
3aBUCUMOCTH OT 4acTOThI. DTa (popMa rpaduka Ha3bIBaeTcs nuarpammoit bose.

2. B nmonspubIx KoopauHaTax, rae A(w) SBISETCS PaanyCOM-BEKTOPOM,
¢(®) — moysipHBIM yriioM. YactoTa o sBisercs mapamerpoM. Takas KpuBas C
OTMETKaMHU 4YaCcTOT HOCUT Ha3BaHHE aMILIUTYIHO-(a30BOil XapaKTEePHUCTHKH
(ADX) wim nuarpammbl HalikBucra.

[IpuHATO Takke HCHOJB30BaTh H3BECTHYIO (opMy 3amucu (QyHKIUH,
3aJlaHHBIX B IOJSIPHBIX KOOPJAWMHATaX, B BHJIE KOMIUIEKCHBIX YHCEI.
HeiictBuTtensHas yacth W(j®) 3aniMchIBacTCS B BUJIC

U (0) = A(w) coso(w),

A@) = U2 (0) +V2(0),

V(o)

w)=arctg———=.

%(©) gU(co)
V(o) - MHHMas uyacToTHas xapakTepuctuka, U (m)- BelecTBeHHas

YaCTOTHAs XapaKTePUCTHKA.

MHuumMmas — B BUJIE

V (o) = A(w)sin ¢(m).

AMITITUTYTHO-(ha30Basi XapaKTEPUCTHKA B CUMBOJMYCCKON 3alUCH  HMEET
BU/I;

W (jo)=U (o) + jVo.

3. Ecom B gumarpammax bone A(w) 3amenensl Ha IgA(®), TO
XapaKTEPUCTHKH  HOCAT  Ha3BaHWC  JIOTApU(PMHUUYECKHX  YaCTOTHBIX
xapakrepucTuk. [lpy 5TOoM O00BIYHO TO OCH aOCIUCC OTKJIAABIBACTCS
OTHOCHUTEJIbHAS YacTOTa B JIOTapu(MUUECKOM MacilTade B OKTaBaxX U JeKauax, a
110 ocu opauHaT BMecTO IgA otknanpiBaercs 20 IgA B genmbernax.
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Beipaxxenus W(jo), A(®), ¢(o), U(w),V (0) Moryt OBITh JISTKO HaHICHBI,
eclii u3BeCcTHO nuddepeHmalbHoe ypaBHeHUe. J[sl 3TOro J0CTaTovyHo B

B(p)
A(p)

YUCIIO M TpeAcTaBisieT coboil aHamuTuueckoe BbipaxkeHue ADX B
komruiekcHoU popme W(jw). OcranbHbie GOpMBI XapaKTEPUCTUK MOTYT OBITH
JIETKO TOJIyY€Hbl 0 M3BECTHBIM IpaBWJIaM IPEOOPa30BaHUSI KOMILIEKCHBIX
yucesl. 3aJJaHHble aHAJIMTUYECKU WIN Ipa)UueCKH 4acTOTHBIE XapaKTEPUCTUKU
0o0BEKTa TMO3BOJISIOT paccuuTaTh KOHTYp CTa0WIM3allUM CO CTaHJApTHBIM
PETYIATOPOM.

Beipakenun W (p) = TIOJICTaBUTH J® BMECTO p. [TomydeHHOE KOMILICKCHOE

O6bekT ngeHTndnkaumnmn

t
e WO <i()CmrHan nomexu
W(p)
______________ Y

« y(®) v
«— Wp(p) |= - r » A
: 3afaTumk Iy
| perynsTop |
|

Puc.2.3. Cxema onpeneneHus 4aCTOTHBIX XapaKTEPUCTUK B 3aMKHYTOM
cucreme

OKCIIEpUMEHT, C I[OMOIIBI0 KOTOPOTO  MCCIEAYIOTCS  YacTOTHBIE
XapaKTePUCTHKH, 3HAYUTENIbHO OOJiee TPYIOEMOK IO amnmapaType U BpEeMEHHU
NPOBEJCHUS 1O CpPaBHEHHIO C TIEPEXOJHBIMH XapaKTepUCTHUKaMHu. [y
UCCIIEIOBaHMsI HEOOXOAMMa ammapaTypa, ¢ TOMOIIbI0 KOTOPO MOXKHO TOJaTh
Ha BXOJ OOBEKTAa TApMOHHMYECKHE CHUTHAIbl. BBIXOAHOW cHUTHaAm Bceraa
3alIyMJIeH ¥ OOBIYHO HECKOJBKO HCKAKEH HEIMHEWHOCTSIMH, UMEIOLTUMUCS B
o0bekre. IlosTomy s omnpeneneHuss aMIUIMTYIbl W (a3bl BBIXOJHOTO
TrapMOHHYECKOTO CHUTHaja HEOOXOAMMO BBIJICJICHHE MEPBOM TapMOHHYECKOMN
COCTaBIISIIONIEH BPYYHYI0 WM C TOMOIIBIO CIENHUATBHONW —ammapaTyphl.
HccnenoBaHne Ha pas3idyHbBIX, B TOM YHCIE HU3KHX 4YacToTaxX, TpedyeT
OOJIBIIIOTO BPEMEHH.

[Tockonbky npu UCCIIEIOBAaHUU YaCTOTHBIX XapaKTEPUCTUK
paccMaTpuBaeTCsl BBIHY)KJIEHHOE, a HE CBOOOJAHOE JABM)KEHHE CHUCTEMBI,
HEOOXO0JMMO HEKOTOPOE BpeMsl AJIsl 3aTyXaHusi CBOOOAHOTO ABM)KECHUS.

Ha wuccnenoBaHue 4YacTOTHBIX HEOJIAroNpUSATHOE BIMSAHHUE OKa3bIBAIOT
TPEH[IbI, BHI3BIBAIOIINE «YTIOI3aHUE)» CPEIHEH JTUHUHM BBIXOAHOTO cHrHama. J{ms
YMEHBIIICHUSI OIMMOOK W3-3a  «YMOJ3aHUS» CpPeAHEW JIMHUU U yMEHBIICHUS
BIMSHUS TIOMEX OTpEACICHHe YaCTOTHBIX XapaKTePUCTHK TPOU3BOASAT B
3aMKHYTOM CHCTEME 10 CXeMe, MNpUBEAEHHOM Ha puc.2.3, rae O00BEKT C
nepenatounoir pynkuuerr W(P) oxBaueH oOpaTHOM CBS3BIO C PEryISTOPOM-
crabuinu3aTtopoM, wuMeromuM nepenatounytro Qynkmumo W, (p). Ilomexu,
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pUBEIEHHBIE K BbIXOAY OOBekTa &(t), MOTyT coiepx aTh KpoMe CIydailHBIX
COCTAaBIISIOIIUX JIeTePMUHUpPOBaHHbIe TpeHbpl. Ho B curnane Y(t) «ymon3anue»
Oyzmer ycTpaHeHo, a BO3JeiiCTBHE CIy4ailHbIX cocTaBisomux &(t) 3HaUnTENbHO
ociabneno. ['apMoHnueckuil curHan Tenepb OyAeT mojaBaTbes ¢ reHeparopa I’
HE HEMOCPEICTBEHHO Ha PETYINPYIOIIUI OpraH, a Ha 3aJaTYUK PeryisTopa, uro,
KOHEYHO, TpeOyeT 3HA4YMTEIbHO MEHBIIEH MOIMHOCTH TreHepaTtopa. Ha
aHamM3aTop A, BBIICISAIOUIMI TEpBble TapMOHMYECKHE COCTABIISIOLINE,
MOJIAl0TCS CUTHAIIBI X U Y.

[TomydeHHble AKCHNEPUMEHTAIbHO UYACTOTHBIE XapaKTEPUCTHKH, Kak
YIIOMUHAJOCh BBIIIE, MOTYT OBITh HCHOJB30BAaHBl JISI pacyera CHUCTEMbI
ynpasienus. OnHako Ooyiee YHUBEpPCAJIbHBIM Il Pa3IUYHbIX HPUMEHEHHIM
SIBIISIETCS] aHAIMTUYECKOE TIPEICTaBICHHUE.

Pa3pabotansl METOABI  ANMpPOKCHMAIIMU YACTOTHBIX  XapaKTEPUCTUK
AHAJINTUYECKUMU BBIPAXKECHUSMHU.

5.9. Henapamempu4eckasi udeHmudgbukayusi TUHeUHbIX
cmoxacmuyeckux cucmemM. YpaeHeHuUe BuHepa

B npuBenéHHbIX B M. 2 METOJax MPEArnoJiarajoch, 4TO HaOJI01aeMbIe
BBIXOJIHBIC =~ TICPEMECHHBIC  IIOJIHOCTBIO  OMPEACTSAIOTCS  HaOJII0JaeMBIMH
BXOJIHBIMM BO3JCHUCTBUAMHU. B JIEWCTBUTEIBHOCTH K€ B IMOJABISIONIEM
OOJILIINHCTBE ClIydacB BbIXOAHBIC TIICPCMCHHLBIC OIPCACIAIOTCA  TAKIKC
HEHAO0II0AaeMbIMH U HEYIIPABIISIEMBIMH BO3CUCTBUSAMHU (IIIyMaMH).

UTtoObl MONYyYUTh JEHCTBUTEIBHBIC XAPAKTEPUCTUKU OOBEKTA, HYKHO
UCKJIFOYUTh W3 BBIXOJHOTO CHUTHajla COCTABJISIIONIME, OINPEAEIIeMbIe
IIyMOM, OCTaBUB TOJIbBKO pEaKIMI0 Ha BXOAHOE BO3ACHCTBHUE, -
OoTQUIbTPOBATh BBHIXOAHOW curHal. C Jpyroil CTOPOHBI, B YCIOBUSIX
HOPMAJIbHOW 3KCIUTyaTallud IIYMbl BBI3BIBAIOT OTKJIOHEHHE BBIXOJIHBIX
NMEPEMEHHBIX  OT 3aJlaHHBIX 3HadeHul. CTpeMsich NOAAEPXKATh ITH
NepeMEHHbIC OJIMKE K 3aJJaHHBIM 3HAYEHHUSIM, aBTOMAaTUYECKHUE YCTPONUCTBA
WM ONEpPaTOpbl BO3JICUCTBYIOT HA YIMPABIAIOIIUE OPraHbl, TO €CTh Ha
BBIXOJHBIE TMepeMeHHble. CreoBaTesibHO, U B PEXKUME HOPMaIbHOMN
JKCIUTyaTallid MMEIOT MECTO M3MEHEHHS BXOJHBIX M  BBIXOJIHBIX
BO3JICUCTBHUH, BCIEICTBHE YETO, MPOBEIS CTATUCTHYECKYIO OOpabOTKy
3aIIMCEN ATHX IEPEMEHHBIX, MOXHO MoayuuTh WIID wmm vacToTHYRO
XapaKTEePUCTUKY OOBEKTA.

UToObl TMONYYUTHh YpPAaBHEHHUS CBSI3M MEXKAY CTaTUCTUYECKUMU
XapaKTepUCTUKAMHU BXOJa M BBIXOJa JJISl CTAllMOHAPHBIX APTOIUUYECKUX
CIIy4aiHbIX CHUTHAJIOB, IMOJB3YIOTCS WX KOPPEJISIIUOHHBIMU (YHKIIUSIMU
WJIH CIIEKTPaIIbHBIMU IJIOCKOCTSIMM. Bripaxxenune 83AUMHOU
Koppensyuonnou @yuxyuu curaanos X(t), y(t) 3anuceiBaercs B B
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.
Ryy (7) =T|me% [x@®y(t+7)dt, (5.1)
-T

Ecnu B 3T0#1 (popmyse ydacTByeT OJHA TMEPEMEHHas, T.€. MOABIHTErpaIbHOE
BhIpakeHue umeeT Buja X(t)X(t +7)dt, u mosydeHHOE BBIpaKEHUE HA3bIBACTCS

ABMOKOPPeAAYUOHHOU (PYHKYUeli CUTHATIA.
CtpykTypHas cxema HCCIeyeMOoro 00beKTa MOXKET OBITh MPEACTABJICHA B

BUjie, npuBeACHHOM Ha puc. 3.1. Bce HeHaOmogaemMble TOMEXH,
BO3JICHCTBYIONIME HA pa3IMIHbIC YaCTH 00BEKTa, IPUBEICHBI K BBIXOIY O0OBEKTA
¥ TIPEJICTABJICHBI B BUJIC QJIUTHBHOTO IIIyMa.

Hcnone3yst ypaBHeHue (2.2), MOXHO 3amucaTh 3HAYEHHE BBIXOJHOTO
CUTHAaJa JJIsl CXEMBI, IPUBENEHHOMN Ha puc. 3.1, B BUIIE

lﬁ Puc. 3.1. CrpykrypHas cxema
X y  Moaenu OOBeKTa ¢ aJJUTUBHBIM IITyMOM
e

W (p)

y(t) = [w()x(t-7)dt+ &),

o(t) — ummynbcHas nepexonHas (BecoBas) dynkmus (UI1D) oOwekTa, T.e.
curHaiel Y(t) Ha BBIXOJE 00BEKTa, eciau BxojaHoW curHan X(f) mpencrariser
coboii aenpTa-pyHkIwmo o(t) Buaa

0, npu ut>0

5(t) :{ t<0

0, npU =0

Té(t)dt -1

Ecnu Bxonnoii curnan X(t)=0 mpu t<0, To
t t

y(t) = [ X(@(t - 1)d7 = [ w(0)x(t - 7)d7.

YMHOXHUB 3TO BhIpaXX€HUE Ha X(t+7), IPOMHTETPUPOBAB JIEBYIO U IPABYIO
4YacTU MO 7y B mpeaenax or — I go T W mepelas K mpeaeny npu T — oo,
MOJIYYHM BBIPAKEHUE

Ryy (7) = j W(t)Ryy (t — 7)dt + Ry (7).
0

[Tockonsky W(t) =0 mpwu t<0, T0, eci cUrHaNbI X U ¢ HE KOPPEIUPOBAHEI,
TaK 4TO Ryy (7) =0, 3TO BeIpaXKeHHE npeodpas3yeTcst K BUILY
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(e 0]
Ryy (7) = [ W(t)Ry (t — 7)clt (5.2)
0
OT0 MHTETPaTbHOE YpaBHEHHE, CIIPaBEAJIMBOE AJIs TUHEHHBIX CUCTEM, HOCUT
Ha3BaHue ypaBHeHMs Bunepa-Xomnda.
B nuckpetnoit hopme ypaBHeHue (5.2) 3anIMChHIBACTCS B BUJIC

N
Ryy (M) = > W(z)Ry (N — 1) (5.2a)
pn=1
[lockonbKy  TpU  DKCIEPUMEHTE  MOJY4YaloTCsl  TOJIbKO  OILICHKH
KOPPESAMOHHBIX  (QyHKIMHA, 3HayeHwe wuckomoit MII® W(t) Tak xe
okasbiBaeTca NpuOImkeHHbIM. CTpYKTypa ypaBHEHHUS TakOBa, YTO HEOOJbIIHE
OIIMOKHA B KOPPEISALUOHHBIX (PYHKIUSAX MPHUBOJAAT K CYIIECTBEHHBIM OIIMOKaM
npu onenke koopauHat UIID. [ToatoMy OOBIUHO HCHONB3YIOT CrIaKHMBAaHUE
perieHusl.
MeTtonb! penienus ypaBHeHusi Bunepa-Xonda paccmorpens B [4, 11, 18].
VYpaBaenue (5.2) MOXKHO pelIaTh Tak e B 4aCTOTHOW obyiacTu. BrimonHuB
npeodpazoBanue Oypre HaZl ypaBHEHHUEM (5.2), MOJIYYUM BhIpaKEHUE

Sxy (P) =W (j@)Sxx (P) (5.3)
rie Syy(P) m Syy(P)- B3aMMHas CIEKTpaibHas IIOTHOCTh CHIHANOB X U Y H
CHEKTpaibHas MJIOTHOCTh CUTHAJa X COOTBETCTBEHHO (mpeoOpazoBanue Dypbe
OT COOTBETCTBYIOIIUX KOPPEJSIIIUOHHBIX (yHKIMI); W(p) - YacTOTHas
XapaKTEPHUCTHKA, P = j@. ABTO U B3aMMHAas CIIEKTPaJIbHAS IOTHOCTH

Sxx (@) = _[Rxx (r)e” Jor gy

—Q0

o0
—jor
Syy (@) = IRXy(T)e Jot g,
—0o0
HemnocpencrBeHHoe — pelieHWe  3TOro  ypaBHEHUA  (9.3)  OTHOCHUTENBHO
HEU3BECTHOM W(p) MOXKET TPHUBECTH K dusznyecKkn HepeannyeMomy

pesyapTary. IlosToMy BHauajge HEOOXOIUMO MPOBECTH (haKTOPHU3AIIUIO
BBIPQKECHUN CHEKTPAJIbHBIX IUIOCKOCTEW. (DU3MUECKH peann3yeMoe PpElICHUE
HaXOJUTCS U3 BBIPAKEHUS

W(p) =[Sxy (P)/ Sxx (P)1+ / S (P),

rae Sy (p) mpeacTaBieHO B BHUAE Sy (P) =Sy (P)Sxx(P), mpuuéMm S (p)

COAEP>KUT BCE HYJIU U TOJIOCHI B JIEBOU MOJIYILNIOCKOCTH, a Sy, (p) - B IPABOU.
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Tema 6. IlocTpoeHure MoOae/IM CTATUKH CJIOKHBIX
MHOI'OMEPHBbIX 00bEKTOB

6.1. Bbibop cyuiecmeeHHbIX nepemMeHHbIX Modernu obbekma

Jlyist ornipesiesieHust CTPYKTYPhl MOJIENIU CJIOXKHOTO OOBEKTa MPEXkIAEe BCETrO
HEO0OXOMMO BBISICHUTH, KAKME BXOJbl OOBEKTA OYIyT BKIIOUEHBI B €0 MOJIETb.
JIist 2TOro mpekje BCEro BBISBISIOT BCEX BO3MOXKHBIX BXOJOB M U3 HHUX
BBIICNISIIOT HauOonee cymiecTBeHHble. CyIIECTBEHHBIM SBJISETCS TOT BXO/,
KOTOPBIN HauOOIBIIUM 00pa30M OKa3bIBAET BIMSHUE HA BBIXOJ 00BEKTA.

Jlnst 3TOrO CleAyeT MpopaHKUPOBaTh BbhIOMpaeMbie BXOAbl ((haktopsi). B
ATOM CJlydyae BbIOOp HaubOojee CYIIECTBEHHBIX (PAKTOPOB OYEBHUJICH - OHU
JOJKHBI OBITh PACIIONOKEHBI B HA4YaJIe PAaH)KUPOBAHHOTO Psijia.

[loaToMy mEpBBIM 3TanoM 3aJadyd UIECHTU(UKAIUU OOBEKTa CIEeAyeT
CUMTATh 3aJlayy PAHKUPOBAHUS €ro BX0A0B. Tak Kak MoJenu 0ObeKTa elle HerT,
TO paHKMPOBAHUE MOKHO C/IEJIaTh, HAIPUMEP, METOJOM SKCIIEPTHBIX OL[EHOK.

MeToa 3KCNEPTHBIX OLEHOK. JIJIs 3TOrO MpeXkae BCEro ONPEIEISAIOTCS BCE
BX0Jbl 00bekTa. [Ipu ux BeIOOpE NPUHUMAIOT BO BHUMaHUE cienytomiee. Bxoabl
JOJKHBI HEMIOCPEACTBEHHO BO3JICHCTBOBATh HA OOBEKT , HE 3aBUCETh OT APYTUX
NEPEMEHHBIX, U3MEpAThCA U ynpaBiATbea. Mcxons u3 3THX cOOOpakeHUi
cocTaBisieTcss psia BXoJoB. llImpokomy Kpyry CHENMAIMCTOB IIPEIJIaraeTcs
PacrooXKuTh 3TH (DAKTOpHI B MOpsAKE yObIBAaHUS CTENEHU UX BIUSHUS Ha
BBIOpPaHHYIO BBIXOJAHYIO BETMYMHY O0BEKTA, T.€. MPOPAHKUPOBATH (PAKTOPHI.

IIpu 006paboTKe pe3yabTaTOB SKCHEPTHOIO Orpoca BecbMa 3((HEKTUBHBIM
SBJIIETCSI METOJ, PAHTOBOW Koppemsiuuu. CyIHOCTh 3TOr0 METO/A 3aKIH0YaeTCs
B CJIEIYIOLLEM.

[IycTh m 3kcniepToB pamxupyloT n ¢paktopoB. Kaxaomy daktopy Kaxmbii
SKCIIEPT MPUCBAMBAET PAHT - IIEJIOE€ YUCIO OT | 10 n, mpumnwuceiBas padr 1
HauOoJiee BaXHOMY (haKTOpy, paHr 2 - clieayrouieMy Mo BaXXHOCTH U T.1. Ha
OCHOBAaHMHM 3THUX JAHHBIX COCTABIIAECTCS MATPULIA PAHTOB

@i @y o dy
@iz dp Tty
A=
ﬂlm ':Iﬁ:w ﬂ:m , (61)

rae % - panr i-ro ¢axropa ( i =1.#), onpeaenennoro j-M skcreprom (/= 1.#
), HOMEpa CTPOK COOTBETCTBYIOT HOMEpaM JKCIEPTOB, a HOMEpa CTOJIOIOB -
HOMEpaM paHKUPYEMBIX (GaKTOpOB. DTO 03HAYAET, UTO j-5 CTPOKA MPEACTABIACT
co00if MHEHHE j-TO JKCIepTa, a 1-ii cTojbel - MHEHHE BCEX DKCIEPTOB IIO
MOBOAY 1-TO (hakTopa.
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[Ipy Ha3HaueHMM PAHrOB SKCHEPTAMH HYKHO COOJIIONATH CIIEIYIOLIUE
YCIJIOBHSL:

1. Cymma paHroB, Ha3HAY€HHBIX BceM (akTopaMm, JJODKHBI OBITh
OJIMHAKOBA JIJIsl K&YKJ0T0 SKCIepTa U paBHa:

LI {n + 1}
=

=l 2

DTO O3HAYaeT, YTO CyMMa »JJIEMEHTOB JI000W cTpoku Mmarpuipsl (6.1)
JI0JKHA OBITh paBHA:

* 7 {?3 + 1} . —

Z @y = ——=, J= 1,m

; 2

iml .

2. Ecnu »skcmepTt Kakue-TO q (aKTOpPOB CYHUTAET OJMHAKOBBIMHU, TO
IPUIKUCHIBAET UM OJIMH PAHT. DTOT PaHT PABEH CPEIHEMY U3 ( LIEJbIX PAHIOB,

KOTOPBIE MOJTYYEHBI IIPU YCIOBUU, YTO IKCIEPTY YAAJIOCh UX ITPOPAHKUPOBATH.

Hampumep, paBHOLIECHHOCTh ABYX (PAKTOpPOB #3, *:(q=2), CTOSALIMX Ha IIECTOM
MECTE B PAHKUPOBAHHOM psily, MPUBOJUT K TOMY, YTO WX PaHTU PaBHBIL:
(6+7)/2=6.5. Kak BHIHO, B 3TOM CIy4a€ pPAHTU MOTYT OBITb JPOOHBIMH.
OtmeTuM, 4TO APOOHBIE PaHTH KpaTHBI 1/2.

Ha 6a3e nanabix matpuils (6.1) BeraucaseM:

Z;-ZZ%' d=1x
=1 ;(6-2)
RIS RS RHE] (6.3)

2 - Cpej/IHee 3HAYCHUE BCEX PAHTOB,;

S - cyMMa KBaJpaTOB OTKJIOHEHUH YaCTHBIX PAHTOB OT CPEIHETO.

OueBHIHO, MAaKCUMAIIbHOE 3HAYCHUE S MPUHUMACT TOT/Ia, KOTJAa 3KCIIEPThI
OJTMHAKOBO MPOPAHKUPYIOT Bee (PAKTOPHI M OTKIOHEHUE CYMMAapHBIX PAHIOB OT
cpeanero 3HaueHus oyaer m(1-n)/2, m(3-n)/2, ... . CymMa KBaJpaTOB UJICHOB
9TOTO psijia ONPEAEACTCS BhIpaKCHUEM

1 2 2

Se=gpt ol 1). (6.5)

CTenieHb  COTJIACOBAaHHOCTH  MHEHHH  OKCHEPTOB  XapaKTepH3yeT
kod(dpurreHT KoHKopanuu (coraacoaHHoct) W

W= (6.6)

Koadduiment koHkopaauuu MeHsieTcst OT HyJis (OTCYTCTBHE KaKOro-iuoo
corjlacusi B MHEHHMSX OJKCIEPTOB) J0 €AWHUIBI (MOJHOE COIJIaCHeE).
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CraTUCTHUYECKYIO0 3HAUMMOCTh Kod(dduurenta W onpenensitoT B 3aBUCUMOCTH

2 9
ot uncia ¢gakropos. [Ipu » = Tucnons3ytor & - kputepuii [Iupcona:
2
rr=mn-1) W, (6.7)
2

Pacuetnbie 3HayeHuwe 1 CpaBHMBAIOT C TaOJUYHBIM TPU BBHIOPAHHOM
YPOBHE 3HAUYMMOCTH &M 4HCIe cTemeHed cBoboasl J =#~1. T'mmoresa o
HQJIMYUM COIJIaCUsl MEXAY CHELMATUCTaMH MPUHUMAETCS B TOM CiIydae €ciu

2 2 2
¥z 2 ¥r - ¥ronpenensiercs u3 TabIuIbl pactpeaeicHus [Tupcona.
B ciywae » <7none3yrorca F-xpurepuem duiepa, pacdeTHOE 3HAYCHUE
KOTOPOTI'0 OIPEIEIISIOT 0 (hopMyJIe:

F 05 1nlm—1)
P =
1- W . (6.8)
2 _m—1
. Sr=n-1-— Ja=
C YUCJIOM CTCIICHCHU CBO6OI[LI MU fl
MHGHHG CIICHUAJIIMCTOB CUHUTACTCA COIJIaCOBAaHHBIM, C€CJIU pacquHoe

3HaueHue kputepus Ouiuepa Oosbllle WM PAaBHO TAOIUYHOMY (F P2 B r)'F T
HaXOAMTCA U3 TabJIULBl pacnpesenenus duiiepa.

Jlanee OLIEHMBAIOT CTENEHb BIMSHMUS KaXKI0ro (pakTopa Ha BBIOpAHHYIO
BBIXO/IHYIO BEJMYMHY. {151 3TOro MCHONIB3YIOT psijl MOKa3aTelel, HO HauboJee
4acTO - CyMMY paHroB JaHHOro (aktopa. Uem MeHblIE 3Ta BEIMYHMHA, TEM
CUJIbHEE BIMSET (PaKTOP HA BHIXOJIHYIO BETUYUHY.

Pacrnionoxxum TCIICPb BXOAbI B MOPAAKE BO3paCTaHUs CYMMBbI HX PAHTOB!

kP R o .
§*%R et e WHAEKC 4paBeH HoMepy (aKTopa € COOTBETCTBYIONIEH

CyMMOH paHroB ( . -pakTop ¢ MUHUMAJIBHOW CyMMOW paHToB). 31ech Ha

TIIEpBOM MeCTe CTOMT CaMblil CyIleCTBEHHBIH BXoj (ero Homep %), a naiee
CJIEYIOT OCTaJIbHBIE B MOPSIIKE YMEHBIICHHS UX BIUSHUS HA BBIXO/I.

JIist aHanu3a pe3yJabTaTOB PAHKUPOBAHMS HCIIONB3YIOT IMarpaMMy paHroB
(puc. 3.1). HaubGonee OnarompusiTHBIM BHJIOM JHAarpaMMbl  SBJISICTCS
BO3pacTaHue PAHroB 1o napadose. B aTom ciyuae jierko pazaenuts GakTopsl Ha
rpynnsl 1 o K-kpureputo JInaka-Yamieca oTcesaTs HECYLIECTBEHHBIE.
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CYINA
{ 4HT OE
Iﬁ II: I‘rl xﬁ }:I: ::5.
Broger
Puc. 3.1

Pacuetnas Benuunna K-xkpurtepus onpenensiercst mo Gpopmysie
L A,
lt —_—
Z 2y
i , (6.9)

rae X - yucio (pakTopoB, BKIKOYAEMBIX B IPYIITY;

iz

P:

&, dmax, dnin - CPEJHEE 3HAUYEHUE CYMMBbI PaHTOB (akTopa (CpeaHHE paHTH),

MaKCHUMAJIbHOEC © MUHUMAJIBHOEC 3HAUYCHUSA %: B I'pyHIIC;
i = -
=

Eciau 3nadenue #:menpime Tabmuudoro (ta6n. 3.1) npu BHIOpaHHOM
ypOBHE 3HAYMMOCTH &, 4YHCIE CpaBHHMBaeMbix cpennux K wu uywmcna

Y]

)

i= ﬁ)
CHEIUATIMCTOB M, TO CPAaBHUBAEM CPEIHHUE PaHTH ( " JHe pa3auJaroTCs
MEXKTy COOOH.

MOXHO pEKOMEH/IOBATh CICIYIONIUH TMOPSAOK aHajdu3a pe3yJbTaToOB

pawkupoBanus. OpHEHTHpPYSCh Ha BHUJA JUarpaMMbl paHroB  (PaKTOpbI

pasbMBalOT Ha OTHAEIbHBIC IPyNmbl. Berucisior £zama nepsoii (Hambosee
3HaunMom) rpynmbl  (paktopoB. C momompbio K-kputepuss mpoBepsioT,
pa3ianyaroTcs U MeXay coOoil cpeqHue paHru (akTopoB, BKIIOUEHHBIX B 3Ty
rpynmy, T.e. 00pa3yroT JIi OHU B AEHCTBUTEIBHOCTH €AUHYI0 rpymmy. Eciau 3to
MOATBEPKIAETCS, TOrJa OObEeIUHSAIOT (PAaKTOPhI MEPBOM U BTOPOM (coceaHei)
Tpynm U ¢ moMmoIisio K-KpuTepus mpoBepsitoT 3TH JBE TPYNIBI KaK €IUHYIO.
Ecnu st nBe rpynmbl HE 00pa3yloT €AMHYIO TPyINIy, TO B MEPBYIO TPYMILY
BKJIIOYAIOT HE BCe (DaKTOPhl BTOPOM TPYMIIbI, @ TOJBKO OJUH (MM HECKOJBKO)
COCeIHUM ¢ TIepBOM Ipymnon GakTop u T.1.

@dakTopbl, 00pa3yollye eAUHYIO TpPyINIy BKIIOYAIOTCA B Mporpammy
uccienoBannii. OctanbHble (AKTOPBI MOTYT OBITH OTOPOIIEHBI, KaKk He
OKa3bIBAIOIINE CYIIECTBEHHOTO BIMSHUS HA BBIXOJIHYIO BEIMUUHY OOBEKTA.
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Meton pamxupoBaHusi (HakKTOPOB YAOOHO MPHUMEHSATH IMPH pa3pabOTKe
MoJieNIi 00BEKTa, KOTOPOTO €Ille He CYIIECTBYET, T.€. Ha cTaauu co3nanus. Ecin
e MMEIOTCS TIpeABapUTENbHbIE IKCIIEPUMEHTAIbHbBIE JaHHbIE, MTOJyYeHHbIC Ha
00BEKTEe, TO OTCEUBAIOUIMIA SKCIEPUMEHT MOXKHO BBIIIOJHUTH METOJOM
KOPPEJSIUOHHOTO aHaTN3a.

Koppeasinmonublii aHaIM3. DTOT METOJ MCIOJIB3YIOT JJIsl YCTAHOBJICHMUS
CTaTHUCTUYECKOM CBSI3U MEXTy NepeMEHHBIMU 00beKTa. CyTh €ro 3aKJII04aeTcs B

o T
omnpeAeNeHur KOIPPUIIMEHTOB TMApHONH KOPPEISIIUUA W MEXAY KaXIbIM

BXOJAOM iU BBIXOJIOM Y OOBEKTa IO HUMEIOUIUMCS SKCIEPUMEHTAIbHBIM
JTaHHBIM.

Koaddumment napHoit Koppensiuu sBASETCS MEPOM TECHOThI JIMHEHHOM
CTATUCTUYECKON CBSI3U MEXIy ABYMS CIy4allHBIMU BeIMUYMHaMH. B olmiem

r =0
cnyqae Cro BCIIMYMHA U3MCHIACTCA OT 0 0 + 1 ECHI/I Ry , TO CBA3b MG)KI[y

%M Y OTCYTCTBYET WJIM OHA HEJWHEWHa. Eciu rxﬂ“_ 1, TO CBS3b SIBJISIETCS
auHenHoW, (QyHKUMOHambHOW. IIpyM HenUMHEHHON 3aBUCUMOCTH  MEXKIY
CIy4YalHbIMM BEJIMYMHAMU JUUISI aHAIU3a MEPbl TECHOTBI UX CBA3U HCIIOJb3YIOT
WHJIEKC KOPPEIISIUH.

B mpomecce  oTcemBammiero - 3KCIEpUMEHTa U3 PACCMOTPEHUSA
UCKITIOYAIOTCST  (PaKTOphl, Y KOTOPHIX C BBIOPAHHOW BBIXOJHOW BEIMYHMHOM
00beKTa KOdPGUIUEHT KOPPETAUU OJIU30K K HYIIO.

Kosddurment napHoit Koppensiuuu MEXIy BXOJIOM *iM BBIXOJAOM Y
00beKTa onpezensieTcs no Gopmye

D
T [N—l)-a‘xj-ay > J= L7

, (6.10)

rae N - 9iCII0 H3MEpEHHil, i - HOMep OIIbITa, *4 - 3HAYEHHE -0 BXOJA B i-M
OTIBITE;

1 il - 32 1 A —
-l B ol BT
_ 1 Fits _ 1 pus -

XJ':E-ZXJ}.. :E.Z"}?i’ Ji= ,?2.

il i=1

[Ipyu HanMuMK BBICOKOW KOPPEJISILAN Y IBYX BXOJIOB Yim X

(o055

W (v-D-e, o,

. i=Lln, j#l!
, (6.12)
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0001 M3 HUX TaKKE MOXKHO MCKIIOYUTH U3 PACCMOTPEHUS, TaK KaK OHU
OJTHO3HAYHO BIUSIOT Ha BBIXOJIHYIO BEIWYHMHY OOBekTa. VCKirouaercsi, Kak
MPABHUIIO, TOT (PAKTOP, KOTOPBIN TPy THEE ONMPEACTUTH SKCIIEPUMEHTAIBHO.

[Tocme pacdyera KOIPPUIMEHTOB TAPHON KOPPEAIUH HEO0OXOIUMO
YCTaHOBUTh HMX CTATUCTUYECKYIO 3HAYUMOCTH, T.C. MPOBEPUTH THUIIOTE3y OO0
OTJIMYMU BBIYMCIEHHOTO 3HAYCHMs KO3 uImeHTa ot Hyis. st atoro u3 tada.
3.2 npu BbIOpAaHHOM ypOBHE 3HAYMMOCTH &M 4ucie crerneHeil cBoboapl f=N-2

HaXOJAT KPUTHUYECKOE 3HaueHHe Kod(pduimeHta xoppemsiuuu Fxz. JluneiHas

CBSI3b CUMTAETCS CTATUYECKH 3HAYMMOH, €CIH AEDS
Tabmuna 3.1.
Kputnueckue 3nauenust K-kpurepus mpu «=0,05
Yu Yucno daxtopos B rpymnme K

CII0

JKCIEp-

TOB

43 35 74 39 15 39 87 77 70 63 58
90 44 14 94 80 70 62 56 51 47 43
62 25 01 84 72 63 57 51 47 43 40
53 19 95 8. .70 61 55 50 45 42 39
50 17 95 .80 69 61 55 49 45 42 39
49 17 95 80 69 61 55 50 45 42 39
49 18 96 8L .70 62 55 50 46 42 39

S0 19 97 82 71 62 56 51 47 43 40

10 1 1 0 0 0 0. 0. 0. 0. 0. 0.
52 20 98 .83 .72 63 57 52 47 44 41

11 1 1 0 0 0 0. 0. 0. 0. 0. 0.
D4 22 99 84 73 64 58 52 48 44 41

12 1 1 1 0 0 0. 0. 0. 0. 0. 0.
56 23 01 85 .74 65 58 53 49 45 42

13 1 1 1 0 0 0. 0. 0. 0. 0. 0.
S8 25 .02 .86 .75 66 59 54 49 46 42

14 1 1 1 0 0 0. 0. 0. 0. 0. 0.
60 .26 .03 .87 .76 67 60 55 50 46 43

15 1 1 1 0 0 0. 0. 0. 0. 0. 0.
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50 2 1 1 1 1 0. 0. 0. 0. 0. 0.
23 77 45 22 06 94 8 77 71 65 61

Tabmuma 3.2
Kputnueckue 3Hauenust koagduimenta koppessuu “zupu & =0.05

f Fe f e f e f P

1 0.99 9 0.60 17 0.45 45 0.28
7 2 6 7

2 0.95 10 0.57 18 0.44 50 0.27
0 6 4 3

3 0.87 11 0.55 19 0.43 60 0.25
8 3 3 0

4 0.81 12 0.53 20 0.42 70 0.23
1 2 3 2

S) 0.75 13 0.51 25 0.38 80 0.21
4 4 1 7

6 0.70 14 0.49 30 0.34 90 0.20
7 7 9 5

7 0.66 15 0.48 35 0.32 100 0.19
6 2 3) S

8 0.63 16 0.46 40 0.30
2 8 4

6.2. OnmumarbHoe rnaHuUposaHue 3KcriepumMeHma

['maBHBIE 1€MW TJIAHUPOBAHUS IKCIEPUMEHTA 3aKIIFOYAETCS B TIOCTHXKEHUU
€ro MAaKCUMaJIbHOM TOYHOCTM W MHUHHMAJIbHOU cTouMMOCTH. OpmHaKo
JOCTUKEHHE MAKCUMAJIbHOM TOYHOCTH TpeOyeT yBEIUYEHUS YHUCTIa OIBITOB, YTO
NPUBOIUT K TMOBBIILICHUIO CTOMMOCTH JKcnepuMeHTa. [loaToMy BO3HHKAeT
3a/1a4a ONTUMM3ALHUH B TIOCTAHOBKE DKCIIEPUMEHTA.

MeTroanuecku OmbIThl MOTYT OBITh MOCTABJICHBI JBOSIKO. TpagUIIMOHHBIN
METOJI TOCTAHOBKU OMNBITOB COCTOMT B M3MEHEHHH OJHOI0 KaKOro-aubo
dakTopa NpHU COXPaHEHHHM BCEX IPYrux (PaKTOpoB, BIHUAIONIMX Ha MpoIlecc,
MOCTOSTHHBIMUA. OJTOT METOJ TOCTaHOBKHM OIIBITOB HW3BECTEH IMOJ Ha3BaHUEM
MeToJa OJHO(AKTOPHOro »3KcrepuMmeHTa. [Ipu Takoit MeToAuke B3aWMHOE
BIIMsIHUE (PAKTOPOB YyUECTh HEBO3MOXKHO.

OnrtumansHOE IJIAHUPOBAHUE JKCIIEPUMEHTA IIPEATIOJIaraeT
OJTHOBPEMEHHOE H3MEHEHHE BCeX (AKTOpPOB, BIMSIOUIMX Ha TMPOIECC, YTO
MO3BOJIIET Cpa3y YCTAaHOBUTHb CUIIY B3aUMOJACHUCTBHS (PAKTOPOB U COKPATUTH
oO11ee Yucio OnbITOB. Takoi METO/ MOCTaHOBKHU OMBITOB HA3bIBAETCS METOJIOM
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MHOTO(aKTOPHOTO MJIaHUPOBAHUS 3KCIepuMeHTa. B pesynpraTe nccienoBanuit
IOJIy4arOT HE CEYEHMsI CTATUYECKUX XapaKTEPUCTHUK OOBEKTa, KaK 3TO UMEET

MCCTO B KIACCHYCCKOM OIlHO(baKTOpHOM MCTOIC, a q)YHKHI/IOHaJIBHYI-O

Kze %) g0 OueHD

3aBHCHUMOCTh BBIXOJa 00BEKTa OT BCEX (DAaKTOPOB -~ — Sx
CYIIECTBEHHO.

Teopus TuTaHUPOBAHUS JKCIEPUMEHTA W €€ TPIIOKEHUS B HACTOSIIEE
BpeMs Pa3BWIMCh B CaMOCTOSITEIbHOC HaydHOe HampabieHue. l[lombrraemcs
3lIeCh BEChbMa KpAaTKO W3JIOKHUTh CYIIHOCTh METOJa IUIAHWPOBAHHOTO
($aKTOPHOTO SKCIIEPUMEHTA MPUMEHUTEIBHO K MOCTPOCHUIO MOJIEIH CTATUKH

00BbeKTa HCCIICOOBAHMS.

x1 . CymHOCTh MeTOHa 3aKJIIYacTcs B
*2 ——= O BbeKT | _cnenytomieM.  OOBEKT  UCCIEIOBaHUS
ty paccMaTpuBaeTcs Kak “‘UepHBIM AMMK
(puc. 3.2). Ero BXoapl Ha3bIBAIOT
- 3 2 dbakTOopamM, a BBIXOJIBI — OTKJIMKAMHU.
FIC . . -
Llenbro HCCJIETOBAHUS SIBIISIETCS
MOCTPOEHUE MOJIENU CTAaTUKU 00BEKTA, TO €CTh (PYHKLHIO OTKIIUKA
y=Jx.xg. 5. (6.12)

KoopauHaTtHOE TMPOCTPAHCTBO C KOOpPAMHATAMU  “1*%2+ % & Ha3pIBAIOT

(aKTOpHBIM MPOCTPAHCTBOM, a TE€OMETPUYECKOE H300paxeHue (yHKIHUH
OTKJIMKA B (DAKTOPHOM MPOCTPAHCTBE — MOBEPXHOCTHIO OTKIIMKA.

B nponecce 3kcriepuMeHTa KaKIblii (akTop MOXKET NPUHUMATh OJHO W3
HECKOJIbKUX (DUKCUPOBAHHBIX 3HAYCHU. DTH 3HAYEHUS HAa3bIBAIOTCS YPOBHIMMU.
Coueranue OmNpeIeIeHHbIX YPOBHEM BceX (DaKTOpPOB OIpeAensieT OAHO W3
BO3MOYHBIX COCTOSIHUN 00BheKTa. MHOKECTBO BO3MOKHBIX COYETAaHUIN YPOBHEM
(dakTopoB  ompeenseT MHOXECTBO COCTOSHMM  JaHHOTO OOBEKTa W,
CJIEI0BATEIbHO, YUCJIO BO3MOKHBIX PA3JIMYHBIX ONBITOB, PABHOE

N=p* (6.13)
rae ¥— gucio ypoBHe#H (pakTopos;
% — qucio (haxTopos.

Jlis yMEHbIIEHUs pa3MepHOCTH (DaKTOPHOTO MPOCTPAHCTBA U YIPOLICHHUS
MoOJea OOBEKTa YMEHBINAIOT YUCIO (PAKTOPOB MYTEM  OTCEUBAHUS
MaJIOCyIIECTBEHHBIX.

®dakTopsl  JODKHBI ~ OBITh  YNpaBISIEMbIMH,  HE3aBUCUMBIMU U
COBMECTUMBIMHU. DTO O3Ha4YaeT, 4yTo (HaKTOPhl HE JTOJDKHBI OBITH (DYHKIIUSIMHU
apyrux ¢GakToOpoB, [OJDKHA CYIIECTBOBATh BO3MOXKHOCTh YCTaHOBIICHUS
(dakTopa Ha BHIOpPAHHBIX YPOBHSX HE3aBHUCHMO OT YPOBHS IpYrux (pakTopos, a
BCE KOMOWHAIMU YypOBHEH (aKTOPOB IOJKHBI [1aBaTh OCYIIECTBUMBIC U
Oe3omacHbIe JJ1s1 00bEKTa PEKUMBI.

Ilepen Hauamom 3KCIEpUMEHTa HEOOXOJIMMO BBIOpaTh €ro IUIaH, TO €CTh
OTIPEICTUTh KaKUe COYETaHWs YPOBHEHW (DaKTOPOB ClIeyeT peann3oBaTh U B
KakoOM TMOpsAAKEe. OJTO OYeHb BaXHBIH dTall B paccMaTpUBAEMOM METOJIE,
MOCKOJIBKY 3THM 10 CYTH OTPAaHMYMBAETCS KIJIACC PETPECCHOHHBIX MOJENEH,
CpeIu KOTOPBIX OTBICKMBAaeTcs Mojelb oO0bekTa. CienoBaTenbHO, TpeOyercs
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3a7aTh OOIMH BHJ OTBHICKMBAEMOM MOJIENHU: JUHEHHAas, HeEJIWHEWHas ¢
s pexramu B3auMOJCHCTBUS, KBaApaTUYHAS U T.11.
MareMaTtudeckass MOJICNIb Yallle BCEro MPEICTABISICTCA B BUIEC MOJIMHOMA

— oTpe3ka psjga Teinopa, B KOTOpbIM pasziaraercs HEU3BeCTHas (PYHKIUS
(6.12):

s k k
p— - - - - 2
V=G + D 0 X+ D XX+ D X
J=1 i=1

u,j=1
usj , (6.14)
e o # o %5, ;

r Iy
nHjeKe (0 03HAYaeT, YTO MPOU3BOIHBIC BRIUUCIISFOTCA B TOUKE £ = X

HOCKOJIBKy B pPCaJIbHOM 00BEeKTe BCCTAa CYHICCTBYIOT HCYIIPABIIACMBIC H
HCKOHTPOJIHUPYCMBIC IICPCMCHHBIC, N3MCHCHUC BCJINYMHBI Y HOCHT CquaﬁHBIﬁ
XapakKTep. HOI)TOMy IIpu 06pa6OTKC OKCIICPUMCHTAJIbHBIX NAHHBIX ITOJIY4YarOTCsA

s s s SR
TaK Ha3bIBACMbIC BBIOOPOUYHBIC KOI(D(MHUIMEHTHI perpeccum O 77 #7477

& ., & ...
SBJIAIONIMECS OLICHKAMU TEOPETHUYECKUX KO3(PUIuEeHTOB Gy Ggr Eygoeer
VYpaBHeHHE perpeccuu, IOJYyYEHHOE Ha OCHOBAaHUM OIbITA, 3aIlHILETCS
CJIEIYIOLIMM 00pa3oM:

k I's i
y=a +Zaj X, + Z%‘ X, X, +Zaﬂ. -xf+...

=1 2,5 =1 J=l
v (6.15)
Koaddurpent “ Ha3pIBalOT CBOOOJHBIM YIECHOM YPaBHCHHS PErPECCHH,

k02 dunuenTsl “i— nuHelHBIME >(bdeKTaMu, G __ sbdexTamMmu mapHOTO

. a.
B3aUMOJICUCTBUS, ¥ — KBaJpaTUYHbIMU 3P deKTamu.
6.2.1. HopmMupoBaHue nepeMeHHbIX MO/IeJIH

B mnporecce skcnepuMeHTa OCYHIECTBIISIOTCS Pa3lIMYHble KOMOUHAIMH
ypoBHEH (akTopoB. OTH (PakTOpbl, Kak NPABWIO, HMEIOT Pa3IUYHYIO
bU3MYeCKy0 MPUPOIYy U pa3MepHOCTh. st ympoleHus: 3anucu u o0paboTku
PE3yJIBTaTOB YPOBHH (PAKTOPOB HOPMHUPYIOTCS.

Cepenuae 00JIacTH  ONPEACIICHUS BBIXOJHOM IEPEMEHHOM O0OOBEKTa
COOTBETCTBYET HEKOTOpas KOMOWHALMsA YPOBHEHW (DakTOpoB. DOTH YpPOBHH
(aKkTOpOB NPUHUMAIOTCSI KAK OCHOBHBIE (MCXO/HbBIE, HYJIEBbIE, HAUAJIbHBIE).

[locTpoeHne TaHa »JKCIEPUMEHTAa CBOAWTCS K BBIOOPY MHTEpBaia

Ax .
BapbUpOBaHUs (hakTOpaMu ¥, TO €CTh K BBIOOPY IKCIIEPUMEHTAILHBIX TOYEK,
CHUMMETPUYHBIX OTHOCUTEIBHO OCHOBHOTO YPOBHS.
Yame Bcero 5»KCOEPUMEHTHI MPOBOISTCA TOJBKO HA JBYX YPOBHSX

k
(axTopoB. Takue SKCIEPHUMEHTHI HAa3BLIBAIOTCS SKCIIEPUMEHTaMH Tuma 2 . Ilpu



185

TaKOM OJKCIIEPUMEHTE YPOBHH (DaKTOPOB TMPEACTABISAIOT COOOW TpPaHUIIBI

. kSN
HccleyeMoil 001acTu 1Mo JAaHHOMY  (DaKToOpy ( J man?Ty max) . Torma s
mo0oro gakrTopa uMeeM

xu _ )‘.'J.m.n +xj'm,a_x , Jr-= ].,_k

y 2 : (6.16)
ﬂx.:xjmax x_;"mm sz_k_

1

! 2 . (6.17)

o0
(%].%4,..

1]
Touka ¢ KOOpANHaTaM1 & 53) Ha3bIBACTCA OCHTPOM  ILJIaHA

A X,
(OCHOBHBIM YpPOBHEM);  ¢— HHTEpBaJ BapbHpOBaHUA MO ocH ¢. BenuunnHa

hx Ax
JcBos U1 Kaxaoro (akropa. IlpubaBneHne ~ YK OCHOBHOMY YpPOBHIO JaeT
BEPXHMI1, a BBIMUTAHUE — HWKHUI YpOBEHB (haKTOpa.

X1.Xq,..

Ot cucrempl KOOpAWHAT -AkrepeiiieM K HOBOM 0Oe3pa3MepHOit

CHCTEME KOOPIUHAT ~1**2: > *¥ [IyTeM CJI€AyIOIIErO IMHEWHOTO IIPe0Opa30BaHuUsl
KOOpJAUHAT
X=X -
~ Jg J .
=T T
; , (6.18)
X

rae ¥ — HOpPMHMPOBaHHOE 3Ha4YEHHE j- TO (aKTOpa;

X, . (x,=x5 £hx.).
— HaTypaJIbHOE 3HaYeHue j- ro ¢pakropa * 7~ i
0

J — HaTypaibHOE 3HaY€HHE OCHOBHOTO YPOBHSI.

B HOpMupOBaHHOM BHIE ISl BCeX (PAKTOPOB BEPXHUM ypOBEHb paBeH +1,

o -1-1<%, =1
HIWKHUN YPOBEHb DPaBEH ¢ d ), KOOpJMHAThl LEHTpPA IUIaHA PaBHBI

HYJIIO ¥ COBIAJIAI0T C HA4YaJIOM KOOpAMHAT.

HopMupoBanue mnepeMeHHBIX CYUIECTBEHHO YHPOIIAET IIJIaHUPOBaHHE
JKCIIEpPUMEHTa, 00pabOTKy €ro pe3yibTaToB, MOCTPOEHUE MOJEIU OOBEKTa C
0e3pa3MepHBIMH  TMEPEMEHHBIMHU, YIPOIICHHE MOJAEIH ¢ TPOBEPKY e€e
anekBatHocTU. Ilocie mocTpoeHHs MOAETM C HOPMHPOBAHHBIMHU (paKkTOpaMu

¥=FE.%5, %)y onenku ee ajeKkBATHOCTH OT STOH MOIENH HEepEXousaT K

Mogenu ¢ HarypambHeiMH  Qakropamm Y= FLFa-Ed o penonssys
HOpMHUpYIOIHE cooTHOIIeHH (6.18.).

6.2.2. [InaHupoBaHue MOJHOr0 (PAaKTOPHOIO IKCIIEPUMEHTA

[Ipu mnanupoBanum Mo cxeme NMoJHOTO (hakTopHOTO KcniepumenTa (I1DI)
peanu3yroTCcs BCE BO3MOXHBIE COUeTaHMsI ypoBHeW (akTopoB. HeoOxommmoe
KosruecTBO onbIToB &V mpu I1DD onpenensiercst mo hopmyte (6.13).
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Ecnu sxcriepuMeHTHI TPOBOASTCS TOJNBKO Ha JABYX YPOBHSX (PAKTOPOB U
[P 3TOM B MPOLECCE HKCIEPUMEHTA OCYILIECTBIIETCS BCE BO3MOXKHBIE
KOMOMHAIMK U3 % (akTOpOB, TO TIOCTAHOBKA OINBITOB IO TaKOMY

k
iaHy HaspiBaetcs [1PD tuma 27,

[I®D tuma 2°mmpoko  Hcmomb3yercst  Onarogapsi TakMM  UX
MOJIOKUTEJIbHBIM OCOOEHHOCTSIM, KaK CUMMETPUYHOCTh OTHOCHUTENIBHO ILEHTpa
DKCIIEPUMEHTA, HE3aBUCUMOCTh UHCICHHBIX 3HA4eHUH Kod(uImeHTon
YpPaBHEHUSI PErpeccuu, IMOIYYEHHOTO0 JKCIEPUMEHTAIBHO, OT W3MEHEHUS
MOpsIIKA PErPeCCHOHHOTO TIOJMHOMA, TMPUHATOTO IS ONMUCAaHUS OOBEKTa
(OpTOrOHANIBHOCTH), OJAMHAKOBAsI TOUHOCTh MOJIEIN Ha PABHBIX PACCTOSHUSIX OT
IIEHTpa B pa3IMYHBIX HampaBieHUsX (poraradenbHOCTh). [IDPD  00BIYHO

oy
UCIIOJNIB3YeTCsI MPU HEOONBITNX YUCIIaX (PaKTOpOB (k=3),

C nomompo [IMD tuma 2°MoxkeT OBITH MOJy4YEHO aJeKBaTHasi MOJICIb
00BbEKTa TOJIPKO B TOM Cllydae, €Clii B Hee He BXOJAT CTeNeHU (HaKTOpOB, TO
€CTh JTOT SKCIEPUMEHT II03BOJISIET OIPEACTUTh OIEHKH KOA(D(PHUIIMEHTOB
YpPaBHEHUSI PErPECCUU TOJBKO MPHU JUHEUHBIX YJICHAX U B3aUMOJICHCTBUSX:

k i k
¥ =6, +Zaj ‘Xt Zauj. "Xy X Z%—: Xy XX
i=l u,j=1 u, i =1
usf fuf<ly (619)
B3aumogeiictBue (GakTopoB MMEET MECTO Torna, korma 3¢h@exT oIHOTo
dbakTopa 3aBUCUT OT YpPOBHS, HA KOTOPOM HAaXOAMUTCS Apyrou (Gakrop, TO eCTh
CTaTUYeCKas XapaKTEepPUCTHKA OOBEKTA HeJTMHEHHA.
VYcnoBust SKCMEpUMEHTa ONMKCHIBAIOT C MOMOIIBI0 CHEIUATBHON TaOIUIIhI
— MaTpullbl TUIAHUPOBAHUS, B KOTOPOM Kakaash CTpOKa COOTBETCTBYET
YCJIOBUSIM OJTHOTO OTbITA. JIJIsl MpOBEEHUS OMBITOB UCXOJIHBIC TAHHBIE TIO BCEM
(dakTOpaM KeJaTesIbHO CBeCTH B Tabiuity (tadiu. 3.3). Paccmorpum mian 11D

2
2° . Yucno oneiToB &V =4 .

Marpuua miana 10D tuna 2° npusenena B Tabn. 3.4, B KOTOPOil BBEICH

cTosber] GUKTHBHON IEPEMEHHOM 0 =+1I[J'I${ BBIYMCIIEHUS CBOOOIHOTO 4JIEHA

%0, Jlns COKpallleHHs 3alMCHd OOBIYHO OIYCKAlOT EIUHHIBI B MAaTpHIIE

IIaHUpoBaHus. B nepBoM ombiTe 00a pakTopa HaxXoAATCs Ha BEPXHEM YPOBHE,

BO BTOPOM (hakTOp *1— Ha HUKHEM, a (aKTop *2— Ha BEPXHEM H T.]I.

Tabnuna 3.3 Tabmuua 3.4

Ucxonnbie Marpuna TJIaHa
TaHHBIE [1dD 2°

3Haye H gﬂ Z Z,
HUA 1 2 A oOMCp
(hakTOpOB OTBITa

% 1 +1 , + +1
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fx, 2 +1 -1 +1

X fani 3 +1 + -1
1

X max 4 +1 -1 -1

B cioydac 4*>2mpH MOCTPOGHHH Matpuubl rwiama 110D tmma 2°
PYKOBOJCTBYIOTCS CiieayrommM. [Ipu o6om dncie GakTopoB & HEOOXOAUMO
JBXIBI MOBTOPUTH MATPUIy IUIAHUPOBAHUS st ciaydas % —lcHagama mpu
3HaYCHUHU # -T0 (haKTOpa HA BEPXHEM YPOBHE, a 3aTeM Ha HIDKHeM. B Tabm. 3.5
TIOKA3aHo MMOCJIeA0BaTEIbHOE JOCTpanBanue MaTpuibl [1DD npu yBeandenun +
or 2 go 4. Jlug npocTOTHl 3allMCH IUIAHA E€AWHMIIBI OIYLIEHBI, a OCTAaBJIECHBI
TOJIBKO 3HAKHU.

Tabnmma 3.5
Marpuna mwiana [1®3 22, 23, 24
e Ne A
aH OIIBITA
1 + + + + +
2 + — + + +
2° 3 + + — + +
4 + — — + +
5 + + + — +
3
6 + — + — +
7 + + — — +
8 + — — — +
9 + + + + —
f
10 + — + + —
11 + + — + —
12 + — — o+ —
13 + + + — —
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14 + — + — —
15 + + —] — —
16 + — —] — —

k 9
Marpura mwiana [1OD tuna 2°001agaeT CIeayonMMA CBOWCTBAMHE:

Ld

M=

£,-%, =0, u¢j,uj=0k

i=1 : (6.20)
N

z Ajz' = Oﬂj :1=k (j * 0)

i1 : (6.21)
N _

D%, =N, j=0k

i=1 , (6.22)

rae ~ — HOPMUPOBAHHOE 3HAUEHUE J-TO (PaKTOpa B 1-OM OIIBITE.
CgoiictBo (3.20) Ha3bIBaeTCsl CBOWCTBOM OPTOTOHAJIBHOCTH MAaTpPHIIbI
IUTAHUPOBAHMUA. OJTO CBOWCTBO PE3KO YMEHbBINAET TPYAHOCTH, CBS3aHHBIC C

pacueToM Ko3(phULIMEHTOB MOJCIIH.
6.2.3. Boruuciienue k03 uIueHTOB MOIeJ U

[IpuBeneM Meroa BbIUMCIEHUS KOA(D(UIIMEHTOB JIMHEWHOM MOJAEIU C
HOPMUPOBAaHHBIMH (PaKTOpamMu

k
y=a, +Zaj. - X,
i= (6.23)
1o pesyssratam 110D tuma 2°.
Hcnonbs3yem MaTpuyHbIA METOJ PETPECCUOHHOTO aHAIN3a, KOTOPBIN OYEHb
yno0eH aiis pemenus 3a1a4 Ha OBM. [l 3Toro BBeieM CleAyOIIe MaTpULbL:
MaTpUIly HE3aBUCHUMBIX TEPEMEHHBIX

A fn X o Am

‘-;‘%Elﬂ 5512 ‘}%22 ‘-’%kﬂ
=1 . . . .

Ao Maw faw o Kar (6.24)
MaTpuily — CTOJIOCH OTKJIMKOB (BEKTOp HAOIIOJICHUIM) U MaTpUIlly —

crosber] k03hOUITUEHTOB
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F1 2y
Y &
vo|"?| A=
)
N B (6.25)
¥ MATPHUILY, TPAHCIIOHUPOBAHHYIO K <
o Yoo Yoz o Dw
¥ An X Ao Ay
T A g ot (6.26)
B wmarpuunoii (opMe cHCTEMa HOPMUPOBAHHLIX YPaBHEHHU  JIs

a; (i=0,k)
onpenesneHuss K03 OUITUEHTOB ¥ METOJIOM HaWMEHBIINX KBAaJIPaTOB

3aIIMIICTCA CICAYIOININM 06pa30M:

XTXA=X"Y (6.27)
Orcrona
A=XTXXY (6.28)

Marpua MomeHToB (nH(OpManmoHHas Martpuna Dumrepa) £ X mmeer

~ ~ ~ A
Z ‘xl:lz' Z ‘xD:"xlz' U Z ‘xl:lz"x.i:'
-~ ald -~ A
vl y= Z x_lz'xm Z.“xli Z-x.hxh-

DEEe DEE o DLE (6.29)

BUJ]

IJIe CyMMUPOBAaHHUE BCIOMY OCYLIECTBIIsieTcs 110 ot 1 mo &V,
YuuteiBas cBoicTBa oproroHaigbHocTH (6.20) MaTpuma K03 QHUITIEHTOB

9 r )
HOPMaJIbHBIX ypaBHEHHUH <L £ CTAaHOBUTCS IMArOHAJLHOW M €€ JUaroHaJbHBIE
3JICMEHTHI paBHBI IV

Noooo o o...n
prp |0 W00
000 e N (6.30)

r -1
Marpwuriia, oOpaTHast MaTpuila MOMEHTOB (&4 , IOJIy4aeTcsl paBHOM

Vo 0 0 w0

S T S

000y (6.31)

Jlanee nmeem:
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{ N 3
Z I:I:'.J’?:
=1
N
XTY = Z Alzj"’z
1=l
N
Z‘fhy:
e (6.32)
(¥ Y (1Y
a, I"IN 0 0o ... 0 N ; 0V s NZ;‘ o
I 1 i
1 - -
A: ﬂl _ ﬂ A.Iuir ﬂ O ﬂ % ZIIE_J}!_ _ EZIH}-’!.
: : : - : =1 i=1
1 (4] 0 n .. 1 N ' 1 N.
oo 7 pIETH N B B I
\io A NNTD J ,(6.33)

IJIc CyYMMUPOBAHHE OCYIIECTBIIAETCS 10 £ oT 1 ;o &V,

) [
CrnenoBatenbHO, 110001 Ko PuiueHT ¥ onpenensercs mo Gopmyiie

1 Y —
ay =g fari 7= 0k
= . (6.34)
Ecimu B PaCCMOTPCHHUC BBCCTH HeHHHeﬁHYIO MOJCIIb C KOB(l)(i)I/IHI/IeHTaMI/I
B3aUMOJICUCTBUS

k k k
V=G+ D @ X+ D> X, X F D XXX+
i=1 u, =1 u, =1
ugj (u i) (635)
T0 3((dEeKThl B3aUMOJCHCTBUSA ONPEACSIIOTCS aHAJIOTMYHO JTMHEHHBIM
abdexram:

1 Z __
Ay = Ezfaﬂ'fiﬂ”:‘ U, f =Lk uay
=1 ; (6.36)

1 X .
':Iu.,i"f - Ezfuifﬂ‘fﬁyi . M:f:":'r = 1:’%-5 < <!
]'=1 (6-37)

U T.J.

r -1
B cBs13u ¢ TeM, uTo MaTpuna &7 s CIUIAaHUPOBAHHOTO 3KCIIEPUMEHTA
— MaTpulla JuaroHaigbHas  Kod(OPUIIMEHTHI  ypaBHEHUS  PETPECCUU

) ot
HEKOppeIupoBaHbl Mexay coOoi. IIpu 3tom BeIOOpOUYHBIE KOI(DPUIUMEHTHI ¥
OKa3bIBAKOTCS HECMEIIAHHBIMU OLIEHKAMH JUIsl COOTBETCTBYIOIIUX FE€HEPAIBHBIX

@ {(IJ. — {IJ.)

ko3 urreHToB , TO €CTh BEJIMYMHBI KOI(PPUIIMEHTOB ypaBHEHUS

perpeccuu XapakTepus3yrT BKIa KaXa0ro pakTopa B BEIUUUHY Y.
Ecnu BbIX0/1 00BEKTA 3aBUCUT €III€ M OT KBajipaTa (DaKTOpoB
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k k
. 2
y—aﬂ+z_:‘aj X + +Z_;aj X:
= - | (6.38)
TO OKCIICPUMCHT THIIA ER-HC MMO3BOJISICT OIPCACINTL KBAaAPAaTHYHBIC

f?ﬁ (J= ﬁ:‘

@ .
3pdexTel ¥ . J[elCTBUTENBHO, 3HAYECHHUS HE OTJIMYAIOTCA APYr OT

Apyra u OT BekTop cromoma 0. ITosTomy BemuuunHa “0mpencTaBiseT coOoi
CMENIAHHYIO OLIEHKY 3Ha4Y€HHs CBOOOJHOIO 4WiICHA W BKIAJ0OB KBAJIPATHYHBIX

YJICHOB, TO CCTb
&

a, = @, +E‘Iﬂ
J=1
)

rjae “v— BBIYMCIIEHHBIN BhIIIE KOAP(HUIIUEHT;

Ty g Qs
4 — HEU3BECTHbIC UCTUHHBIEC 3HAYECHUS 7,

s momydenust monaenu tuna (6.38), BkIrouaromeil creneHu (akTopoB,
HEOOXOAMMO [POBOUTH SKCIIEPUMEHT rpu 2> 2.

6.2.4. Onenka 3HAYMMOCTH KO3 PUIIMEHTOB MO/IEJH.

Jlns  ympomieHuss TOJIYYEHHOHW MOJENM IIPOBEPSIOT 3HAYMMOCTh €€
ko3pdunnrenToB. Ee BBIMOTHAIOT IS KaxJI0ro Kodh@HUIMEeHTa OTASIBHO.
Or1eHKa 3HAYMMOCTH KO3 (HUITUESHTOB MPOU3BOAUTCS 110 Kputepuro CThIOJICHTA,
au00 1O JOBEPUTEILHOMY HMHTEpPBally, KOTOPBIH TIPU  HCIIOJIb30BAaHUU
(bhaKTOpHOTO PKCIIEPUMEHTA OJJUHAKOB JJIsl BCEX KOI(PPUIIMEHTOB.

Kpurepnit Cterogenra

@
t,=—— ,7=0]12,.
“a , (6.39)

s
roe ¢

J-1 K03 puLIMEHT ypaBHEHMSI peTrpeccu;

ﬂj

r -1
JlnaroHanabHble 3JEMEHThl KOBAPUALMOHHOW MATPHUIbI &) PaBHBI
MEXAy CcOo0Oi, TMO3TOMY BCE€ KOIPPUUMEHTHI YpPaBHEHUSI PErpecCHH
OIIPENEIAIOTCS ¢ OMUHAKOBOW TOUHOCTBIO:

EOCTT
o, =+ 0'; :+1{—p
N (6.40)

o,

rae ™ — mucnepcus BOCIIPOU3BOIUMOCTH.
Jlucriepcusi BOCIIPOM3BOAMMOCTH, KaK MPABHUIIO, OTPEACIISETCS C TIOMOIIBIO
MTOBTOPHBIX OIBITOB B HYJICBOW TOYKE (IIEHTPE SKCIICPHUMEHTA):
aszn:nc =SBD:1TP = 1 i(}’n_j—;ﬂ]?
" em molia (6.41)
: :

o
4 — cpenHee KBaApaTUIHOE OTKIIOHEHUE KO3 dUIIUeHTa
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rac *— Y4ucio HOBTOpHBIX OIIbITOB;,
.f:;u cmp w—1 o

BOCIIPOHU3BOANMOCTH,

qucCjiao CTCICHEH CBO6OI[I>I AUCTICPCHUHN

ERENP_ ocTaTO4YHAas CyYMMa KBaaApaTOB BOCIIPONU3BOJUMOCTH,
m
o _ 1 0
¥o=— Z .J”:'
mAg . (6.42)

Takum 00pa3om, BBEIYHUCIISIOT s 171 Kaxkjoro i-ro kosddunuenra. s £ -
KpUTEpUsT HUMEIOTCA CHeluagbHble TaOauilkl pacnpeaeneHuss CThIOACHTA,

.r?;ncnp
1

PaCCYUTAHHBIC I PA3JIMYHBIX "Y1 ITOBCPUTCIBHBIX BCpOiITHOCTGfI P

(ypoBHeli 3HaunMocTn 7).
v
Koaddumument “7cunraercs 3HaUMMbIM (3HAYUMO OTJIMYAETCA OT HYJIS) C
HEKOTOPOM JTOBEPUTEIBHONW BEPOSITHOCTHIO, €CJIM BBIYMCICHHBIN t: GomnbLire

TaOJIMYHOTO 3HAYEHUS rmeI/I TaKOW K€ JIOBEPUTEIBHOW BEPOSITHOCTH U
COOTBETCTBYIOILIEM YHUCJIE CTENEHEN CBOOOIBI.

JUIst OLIEHKH 3HAaYMMOCTH KO3(()UIIMEHTOB 1O JT0BEPUTEILHOMY UHTEPBAILY
BBIUUCIISIOT TOBEPUTEIBHBIA HHTEPBAJ JJIS J-TO KO3PPUIMEHTa 110 PopMmyIie

o,
ha, =48, =t —"
N (6.43)

Kak Obu1O0 OTMEUYEHO BEIIIE, JOBEPUTEIBHBIM WHTEPBA £, OJIMHAKOB TSI
Bcex Kod(ppumumentoB. OnpeneneHrne 3HaYUMOCTH KOA(P(UIIMEHTOB YpaBHEHUS
perpeccur ¢ TMOMOIIBIO COOTHOIIEHUs (6.43) ymoOHO TeM, YTO ITO3BOJISET
MPUMEHUTH MPABWIO: KOIPPUIIMEHT 3HAYMM, €CIM ero abCOII0THAs BETUYMHA
OOJIBIIIE IOBEPUTEIHHOTO HHTEPBAIA.

Hesnaunmbie koadduimenTsl uckirodaroTes u3 moaenu. [lpu stom ecnu
KO2 (D PHUIIMEHTHI MOACIIM HEKOPPEIMPOBAHHBI MEKTy CO00M (MaTpuIla MOMEHTOB
JMaroHaabHast), TO UCKIIOYEHUE HE3HAYMMBIX KOA(DOUIIMEHTOB HE CKaXETCs Ha
OCTaJIbHBIX KOd(duiinenTax. B obpatHom ciydae ocrapimecs Kod(PPUITUEHTHI
MIEPECUUTHIBAIOTCS 3aHOBO, MTOCKOIBKY KO3(PDHUIIUESHTHI 3aKOPPETUPOBAHBI APYT

C IpyTOM.
6.2.5. IIpoBepka aIeKBATHOCTH MO/IeJIN

[TonydyeHHyI0 ¢ TIOMOIIBIO (PAaKTOPHOTO TUIAHWUPOBAHHOTO HKCIIEPUMEHTA
MOJIeh  O0BEKTa  HEOOXOJMMO MPOBEPUTH HAa  AJCKBAaTHOCTh.  ITO
OCYIIECTBIISIETCS C TOMOIIBbI0 Kputepuss dumnepa (MpyU HATUYUH CTETICHEH
CBOOOIBI):

o %  (3.44)

] 2
rae 1, 2 — pucnepcum IBYX HE3aBUCHMBIX BBIOOPOK.
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Ilpu pacuere & — KpuTepHs B YHCIHWTEIb CTaBAT OOJBIIYIO U3 JBYX
IMITUPUIECKUX Tucrepcuii, moaromy 21, Kpurtepuit ®uinepa mokaspiBaeT
3HAQYMMO JIA OTJIMYAIOTCS APYT OT APYra 3TU JUCIIEPCHUHU.

F — xpurtepuit GOpMHUPYIOT CIACIYIOMHM 00pa3oM:

T
.

BOCTI
=

o

oI

] .
2, eCTM O 2 dh

]
o SO Oy ::ofom,
4

(6.45)

rIe T JMCTICPCHS aJICKBATHOCTHU (OCTaTOYHAS TUCICPCHS).
Jlucnepcusi BOCHPOU3BOJIMMOCTH BhIUHCIsAeTcs 1o Gopmyne (6.41), a
JCTIEPCHS QJICKBATHOCTH TI0 (hopMyJie

1 i
afu:—_rz;u(yi_yfd:‘z

) (6.46)
re 7— YUCJI0 3HAYUMBIX KOA()PUIIMEHTOB MOJICIIH;
Ad
Y- Yi — jKCIEpUMEHTAIbHBIE OTKIMKH W OTKIMKHM, PACCYHTAHHBIC IT0
MOJIEJIN TIPU TE€X K€ 3HAUCHUSAX (aKTOPOB.
UYucno creneHeit cBOOOABI 7151 UCIIEPCUU aJICKBATHOCTH
Ja=W-r (6.47)
s £ -xpurepust HMMEIOTCS CHENUANbHBIE TaOIUIBI  paclpeac/ICHHs

Qduirepa, pacCUYUTAHHBIE I PaA3JIUYHBIX S = S hoeni™ iy JOBEPUTEIIBHBIX
BepositHocTel £ (ypoBHeit 3Haunmoct ¢). Eciu
F2R, (1P (6.48)

TO C COOTBETCTBYIOIIEH JOBEPUTEIHLHON BEPOSITHOCTHIO £ MOKHO MPHHSATH,
2 2

qgTo Yar T Taoerg A CUMTATh MOJEIh B HCCJIEOOBaHHON 0O0JacTH aJeKBaTHOU
OOBEKTY.

Takum 00pa3om, ¢ MOMOIIBIO £ -KPUTEPHsI MPOBEPSETCS JIUIL TOT (aKT,
4TO [JUCIIEPCUS aJEKBATHOCTA HE OTIMYAETCS 3HAYUMO OT JUCIIEPCUUA
BOCIIPOU3BOJAUMOCTH, TO €CTh OINMOKAa MOJAECIM U OIlIMOKa CBS3aHHAS C
TOYHOCTBIO IKCIIEPUMEHTA, Ha OCHOBE KOTOPOIO MOCTPOEHA MOJIENb, OJIU3KU
JIpyT Opyry. DTOr0 AOCTATOYHO JJIs YTBEPKICHUS, YTO IMOJYy4YEHHAS MOJENb

AJICKBATHO OIIMCBIBACT PE3YJIbTAThI OKCIICPUMCHTA.

Ecmu £2 v h2) 1o mun amexsarsoro ommcanus KCHEPUMEHTA
HEOOXOJMMO YBEIMYUTh TOPSJOK MOJEIu (HampuMmep, BBECTH B MOJEIb
KBagpaThl (pakTopoB). B »TOM cilyyae SKCHEPUMEHT MPOBOAUTCS IPU YHUCIE
ypoBHeH (pakTopoB OoJbIIIE YeM 2.

Jlns ciiydaeB, Korja IOBTOPHBIE OIBITHI CTaBATCS BO BceX (WM B
HECKOJIbKMX) TOYKax IUIaHa OJMHAKOBOE WJM HEOJWHAKOBOE YHCIIO pas,
dbopmyibl (3.41) u (3.46) HECKOJIBKO U3MEHSFOTCHI.
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6.2.6. Ipo6Hblii (hpaKkTOPHBII IKCIIEPUMEHT

C yBenuyeHueM ymcia pakTopoB KOJIUYECTBO ONbITOB mpu [1DI pacrer mo
nokasatesibHOM (QyHKIMHU. B TO e BpeMs 4acTo 3apaHee U3BECTHO, YTO YHCIIO
onpenensieMblX KO3(p(GUIUEHTOB B MOJEIM OObEKTa HAMHOTO MEHBIIE YHCia
OMBITOB B COOTBETCTBYIoHIeM [IDD (Hampumep, €Clii MOXKHO OrPAHHUYUTHCS
JUHEHHBIM TpUOIKeHHEM Mojenu). B 3Tom ciiydae ucnonb3ys IpOOHBIM
daktopHbIii dKcriepuMeHT ([IDD) 1 momydas ApoOHBIE PEIIMKA MOXKHO PE3KO
COKpaTUTh YHCJIO OIBITOB.

JADD 1mo3BOJSET MUHUMHU3UPOBATH YUCJIO ONBITOB, HO MPU 3TOM OLIEHKH
K02 (PUIMEHTOB MOTYYaIOTCS CMEIIIAHHBIMU.

OddexruBHocTh JIDPD mpu ompeneneHUH MoOJeTH OOBEKTa 3aBUCUT OT
BBEIOpAaHHOW CcHCTEeMBbI cMmemmuBaHusi. HeoOxogmmo BwIOpaTh Takue IpOOHBIC
pPEIUIMKH, TPH KOTOPBIX HMHTEPECYIOLIME SKCIEPUMEHTATOpa JIMHEWHbIC
3pdeKThl cMemMBAIOTC ¢ TeMU d(pdexTamu B3aUMOJCHCTBHUS, O KOTOPBIX C
HauOoJbIIEH BEPOSITHOCTHIO MOKHO IMPEAIOJIOKHUTh, YTO OHU OJIU3KU K HYIIO.
Kak nmpaBuio, Takoe MpEeANnoI0KEeHHE Yalle BCEro CIPaBEIIMBO OTHOCUTEIBHO
B3aMMOJICUCTBUI CaMOTr0 BBICOKOIO MTOPSI/IKA.

JUist onpeneneHuss CUCTEMBbl CMELIMBAaHUS OLICHOK HCIIOJNB3YETCS Tak
Ha3bIBAEMBI OIPEACIAIOMIMNI KOHTPACT — CUMBOJIMYECKOE MPOU3BENCHHUE BCEX
CTOJIOLOB MATpHULbl IUIAHUPOBaHUA paBHOEe +1 mim -1. YToObl y3HATH Kakue
B3aMMOJICUCTBHS CMEUIaHbl C JAHHBIM JIUHEHHBIM 3((HEKTOM (TO €CTh B KaKUX
cTo0IaxX TJIaHAa MMEIOTCS OJIMHAKOBBIE 3JIEMEHTBhI) HEOOXOJUMO YMHOXKHUTH
OTPEICIISIIOIIMNA KOHTPACT HAa CTOJIOEI] COOTBETCTBYIOMINI JaHHOMY 3P (DEKTY.

[TonoxuM, 4TO KOHTPACT B ciiyyae TpeX (PaKTopoB paBeH

Mt =1, (6.49)

YMHOXHUM 10 04epe ONPEAEISIONII KOHTPACT Ha SRS OJIyYUM
o= B Ry = By

- P -

Xy =Ry TR X = XA

Il
BB
iy

b

Xz =43 &y

(6.50)
MTOCKOJIbKY A =1

[TomydyenHbM cooTHOMICHHSAM (6.50) COOTBETCTBYET CHCTEMa CMEIIaHHBIX
OLICHOK:

ap =&+ O

dy — &y + &5

ay — &5+ Q. (6.51)

IIpu yBenuuenuu uyucia (HAKTOPOB IEJIECOOOPA3HOCTh HCMOIb30BAHUS
JPOOHBIX PETUIMK IS TIOJIyYEHUS IMHEMHOM MOJIeNTd 00bEKTa PE3KO BO3PACTACT.

Paccmotrpum mpumep IPI. Ilomoxum, 4TO MHTEpECyrolas HAcC MOJIEIb
o0bekTa sBiseTcs: PyHKIMEH Tpex MmepeMeHHBIX ((PaKkTOpoB), MpUUYEM 3apaHee
M3BECTHO, YTO B pabodeii 061acT 3Ta MOJIEb OJIM3Ka K TUHEHHOM, TO €CTh

y=a, ta X fa i, tagis (6.52)
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3
[Tpu T1OD u AByX ypoBHSIX (HAKTOPOB MBI JOJKHBI OCYIIECTBHUTE &V =27 =8
onbiToB.  ClieoBaTENbHO, Ui ONPENCICHUST YeThipeX KOI(DPUIMEHTOB

a.lji= ﬁ
d (J ’ }MOI[CJ'II/I IMPOBOAUTCA BABOC 6OJ'II>HI€ YU CJIO OIIBITOB.

Ucnone3ys DD s peuieHnss NOCTABICHHOW 3aa4l MOKHO YMEHBIIHUTh
4KCII0 ONbITOB. YTOOBI ApoOHAs perinKa npeacTasisiiga co00i OpTOroHaJIbHBIHI
IUIaH, B KayecTBe peIuMku cienyer Opare [IDD nns MeHbliero umcia
¢dakTopoB. UnCo ONBITOB MPHU 3TOM JOJKHO OBITH OOJIbIIE (MM PaBHO) YKcia
HEU3BECTHBIX KO3 UITUEHTOB MOJIEIIH. CrnenoBaresnbHo, TUTSL
paccMaTpUBAaEMOI0 IMPHUMEPA MOKHO OTPAHUYUTHCSA YEThIpbMs ombITaMu. [Ipu
3TOM OPTOrOHAJIBHOCTH IUIAHA IOCTUTAETCS €CIIU UCT0Ib30BaTh Tuad [1D3D tuna

; - .
2", a B KauecTBe IUIAHA U “*HCIIONB30BaTh cTojber *1%2. Marpuia Takoro
SKCIIEpUMEHTA TIPUBEEHA B Ta0uIIE 3.6.
Tabnuua 3.6
[Tonypemuka ot 1D tuna 23
Ne : : : =y
i 1 A2 3= 5 y
OIIBITA
1 + + + +
i
2 + — + —
Y
3 + + — —
Y
4 + — — +
Y

Takol cokpaiiennbii 11aH (mojoBuHa [1D3) Ha3bpIBaeTCS MOTYPEIIMKOM.
[Tonb3ysiCh TaKMM IUTAHUPOBAHUEM, MOYKHO OLICHHTb CBOOOIHBIA YJIEH U TpH
koa(dduienTa Mogenu npu JUHEHHBbIX wieHax. Ho ecim monens oObekTa He
CTpOro JUHEHHA U KOA((PUIMEHTHl MPHU MApHBIX B3aUMOACHCTBUSAX HE PaBHBI
HYJII0, TO HalJeHHble KOA(DPUIUEHTH OyIyT CMEIIAHHBIMU B COOTBETCTBUU C

N1f2 ) Fitzg %27 (9T cTONOMIBI

X3,xg,x1

cuctemoii (3.50), MOCKOJIBKY 3JIEMEHThI CTOJIOIOB

B Tabn. 3.6 He yKas3aHbl) COBMNAJAIOT C DJIEMEHTaMH CTOJIOIIOB
COOTBETCTBEHHO. Eciu Moaenb 00bekTa IEHCTBUTEIBLHO OJIM3Ka K TUHEHHOM, TO

CO CMEMIAHHOCTBIO KO(PPHUITMEHTOB BIIOJIHE MOKHO MPUMHUPHUTHCSI.

ITo yxazanHomMy B Ta0:. 3.6 miany npoBoAuTcs nosiopuHa [1DD tuna 2 n
TOJTy9aeTCs MOTYPEILINKa OT 2, 94TO IPHHATO 0003HAYATh Kak 2 . ECiu 3HaKu
OJHOTO M3 DJIEMEHTOB CTOJIOIOB ( fl, Bum  * i) W3MEHUTh Ha
MIPOTHUBOIIOJIOKHBIC, TO TOJYYUM BTOPYIO0 mojioBuHy [IDD (eme 4 ombiTa) ,
CIIC[IOBATEIIbHO, BTOPYIO MONYPEIUIHKy oT 2 . IIpH OCYLIECTBICHHH 0GOHX
MOJIYPETUIUK MbI TipoBenu Ob1 [1DD 2? (8 omBITOB) M MONYYHIJIA OBl Pa3ACIIbHBIC
OIICHKH KOX(h(OUIIMEHTOB Kak JJig JUHEHHBIX 3¢ deKToB, Tak u i 3P dheKkToB
B3aUMOJICMCTBUMU.

IMycte £=7, i=4 torma mian JJ®D 2" pkmrouaeT Mmatpuily miana [1PD
2° st Tpex paxropos 1, fiy *
MPEICTABIAIOT COOOW HEKOTOphIE TIPOU3BEACHHS (HaKTOPOB

3, a CTOJIOIBI TIaHa JJIsl OCTAJIbHBIX (DaKTOPOB

B oGy %



g =hdy X = AA 0 Xg = Ak Xy S XA

Halnpumep, Takue paBeHCTBa
HA3bIBAIOT T€HEPUPYEMbIMU COOTHOIICHUSIMHU, UX BBIOOP MPOU3BOJIEH, OJHAKO
MOBTOpEHUE He jomyckaercs. [Ipm TakoM IUTAaHMPOBAHWMU BCE JIMHEHHBIC
s dexThl cMemanbl ¢ dpPpekTamu B3auMOICHCTBUS.

Yuciio onbITOB B APOOHON PEIIMKE JIOJDKHO YAOBIECTBOPSTH HEPABEHCTBY
k+12N <2" rre & — gqucno (baKTOpOB, VIS MMOJYYEHUST HECMENIAHHBIX OI[EHOK
JUHEHHBIX 3 (HEKTOB.

Ecim ¥ =%+1 10 ecTh YHCIO OMBITOB PABHO YHCIY OIpPEACTIEMBIX
KO2((PHUIMEHTOB JIMHEWHONW MOJACIH, OpOOHAs PEIUIMKA MPEACTABISIET COOOM
HACBIEHHBIN JTMHENHBIA OPTOrOHAJIBHBIN IIAH.

[TockonmbKy dYHCIIO OMNBITOB B HACBHIIIEHHBIX IUIAHAX PaBHO YHCIY
omnpenensieMblX Ko3(PPUIMEHTOB, YHCIO CTENeHed CBOOOABI JTUCIEPCUU

aJICKBaTHOCTH Jix = “ Jnsi ToBEpKHM aneKBATHOCTH JIMHEWMHOM MOJEIH,
MOJYYEHHOW 10 HACBIIIEHHOMY IUUIaHy, HEOOXOAUM  JOMOJHUTEIbHBIM
AKCIIEPHUMEHT.

TakuM 00pa3oM OINTHMANbHBIC ABYXYPOBHEBBIC IUIAHBI 2 W 2 HMEIOT
CIEAYIONIUE MPEUMYIIECTBA:

(] T1utaHbl OPTOTOHAJIBHBI, M TO3TOMY BCE BBIYUCICHHS MPOCTHI, BCE
KO3 PUITMEHTHI ONPEEIAIOTCS HE3aBUCUMO APYT OT JAPYTa;

] ka1l KO3 GUIIUEHT ONPeIeTIIeTCs M0 pe3yabTaTaM BceX A OIBITOB;

(] nmnst JaHHOTO 4YHUCia OMBITOB N ATH IUTAHBl MMEIOT MUHUMAJIbHBIN

o r -1
ONpesieNuTeNlb KOBAPUALMOHHOM Marpuubsl @ %) ; B CBA3M C JTUM BCE
K03 HIMEHTHI ONPEAENAIOTCS ¢ OAMHAKOBON ¥ MMHMMAJBHOM JMCIIEpCUEi, TO
€CTb IIJIaHbI 00J1a1al0T CBOMCTBOM J[-ONTHMAaIbHOCTH;

[] nuHenHble mianel 2°u 2% 00nanarT cBOMCTBOM pOTATA0EILHOCTH.
[TokaxkeM cripaBeIJTMBOCTh CBOMCTBA POTATA0EIHLHOCTH B ClIydae JIMHEHHON

MOACIN
k

y=ua, +Z X
J=l : (6.53)
BcenenctBue oTCYTCTBUS KOPPEIAIMNA MEXTy KO3(POUITMEHTaMH 110 3aKOHY
CJIOKEHUS JUCTICPCUl JJIsl TuHEeHHON MozenH (6.53) numeem:

2 2 a2 2 a2 32
'C':}, = al +JC1 {_Tﬂ1+"'+xk{:|'ﬂ;;
o2 T
Tak kak © N , TOIIy4UM
@ = — T (1+ 7+ B i) s — (14 o
;,. W ( 1 2 i) W7 ( !5":';
&
_ =3
.-Gz_zxj
=1

)

rae ©— pamuyc chepsl B K-MepHOM IIpocTpaHCTse.
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A3

.

Puc. 3.3.
Jlucriepcust BBIXO/a » pacTeT MPOIOPIMOHAIBHO KBaApaTy pamuyca chepsl

o ¥ OJIMHAKOBO JIJIs1 BCEX SKBUIMCTAHTHBIX TOYEK (pHc. 3.3).
[InanupoBanue oOJragaroniee TaKUM CBOMCTBOM Ha3LIBAETCS

pOTaTa6CJ'IBHBIM IIIaHUPOBAHUCM.

6.2.7. YueT BJMSIHUSI IOMeX
IIpu mocTaHOBKE MHOTO(AKTOPHOTO AKCIIEPHMEHTA HA PEATbHOM OOBEKTE
HEOOXOJUMO  CIUIAHMPOBATH €ro  TaK, YTOOBI MMETh  BO3MOKHOCTb
oruiabTpoBaTh ToMexu. C OTOH LENbl0 KaXIblH ONBIT B MAaTpHIE
IJIAHMPOBAHHUS NOBTOPAETCS B #pa3 (Tad. 3.7). O6buuo # = K 5

Tabanma 3.7

[1DD tuna 2k

Ne 4 2 [ 4 » y &
onbITa .

1 1 + + + yll:.}"lz:--':.}’lm J_Jl 0'21

2 | | + + YasVoze oV om v, o2

3 | + _ + Yl 3zl a, V; o’

N 1 o T ] Yo X wza 2 i fN 0'21"-5'

B kaxpon cTpoyke MaTpHUIbl IUIAHUPOBAHUS OIPEICISIOTCS CpEIHEe
3HAQYCHUE U JUCIEPCHUs BbIX0Ja O0BEKTa MO # MapaslieIbHBIM OIBITAM:

1 1 =
=Xy =y~ i= 1N
L RS (6.54)

rae Yy J-0¢ 3HaUeHNE BbIX0Ja 00BEKTA B 1-OM OIIBITE.
IIposepsieTcs OJIHOPOJHOCTb BBIOOPOYHBIX aucrnepcui
(BOCIpOM3BOJMMOCTh 3KcHepuMeHTa) 1o Kpureputo Koxpena. [ns storo
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ONPENETAECTCA OTHOIIEHWE MAaKCUMAaJIbHOM JHUCHEPCMH K CYMME BCEX
JIACIIEPCUN:

mas o
GP"WI = ;-.f—

)=

= (6.55)
[TonydyeHHOE OTHOIIEHHE CPAaBHMBAETCA C TAOJMYHBIM  3HAYEHUEM

Gy

(ompenensercss u3 Tabmuuel pacnpeneneHus Koxpena) npu  3aJlaHHOMN

JIOBEPUTEIHHON BEPOSTHOCTH £ U YUCIIE CTEIEHEH CBOOOIBI H=m=-lh=N

G, <G, a?
Ecm —r JTUCTIEpCUM  ~i OJHOPOAHBI (OMBITHI BOCIPOU3BOJIUMBI), B
2
IPOTHBHOM CJIy4ae JOOMBAIOTCS IOCTYIKEHUS OJHOPOJHOCTH mucrepcuii &

Kak IIpaBUJIO, IIYTEM YBCIMYCHUS YHCJIa IIOBTOPHBIX OIIBITOB #%,
Tor):[a B Ka4C€CTBC OHeHKI/I AJIL AUCIICPCHUU BOCIIPOU3BOANMOCTH

oo =g = -
ZOdp i W I:P?E Z__;. JZ__;. (_)f _}" i
MOJHO B3ATb CPCAHIOIO JUCIICPCHIO
1 i
af':'ﬂ"P N’ Z J

(6.56)

C YHCTOM cTereHei cBoGopr Jxecms & =1
Koaddumentsl Mozenu ompenensroTcss U3JI0KEHHbIM B pazaene 3.2.3
cnocoobom. Ilpu srom B dopmymax (6.34), (6.36), (6.37) ;i BBIYHCIICHUS

K03 (OUIMEHTOB CIIEAyeT BMECTO *iNPHHAMATh 3HaueHue -i. Hampumep,
Kod(hPUIeHTH! TMHEHHBIX AP (HEKTOB ONpeaAeNIoTcs o Gopmyie
A

1 . _ =
ﬂJ-:Eéxﬁ}’i,J:D,k

VYrpoliieHne MoJenu MyTeM OTCEeHBaHUsSl €€ HE3HAYMMBIX KO3(D(PUIIMEHTOB
ocymiecTBisieTcss mo kpureputo CrerogeHta (pasmen 6.2.4), a mpoBepka
aJIeKBaTHOCTU Mojenu — 1o kpurtepuro Pumepa (pasmen 6.2.5). Ognako, B
JAHHOM  Cly4ae HeoOXOoAMMO  Yy4uThIBaTh  cieayromee. [ucnepcus
BOCIPOM3BOAUMOCTH ompenaensiercss no Qopmyine (6.56). VYuurtbiBas, 4TO
JHMCTIEPCHUs CPEITHETo ¥ , MOJYYEHHOTO MO BEIOOPKE 00beMa #, B #pa3 MEHBIIIC
JHUCTIEPCUH SANHUYHOTO U3MEPEHHs » , TO eCTh

1 1

Ti=—al=—d

b » Eodp
4 (@ , (6.57)
Fa gl

B paccMaTpMBaeMOM  CiIy4dae  Jucrepcusi  Kod(PPHUIIMEHTOB ¥
oTIpeziesIsieTCs CIEAYIOMUM 00pa3oMm:

1
T = — o W
" W o (6.58)

B marpuine niaHupoBaHusA KaKIbld OMBIT MOBTOpsuics B #2pa3. [loatomy

JTUCTIEPCHIO aJICKBATHOCTU HYKHO YMHOXKHUTh Ha ', TO €CTh
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& M0
Uf;q = Z (¥ -y )
-ri3 (6.59)

He3naunmbie k03¢ GUIIMEHTH OTCEUBAIOTCS U3 ypaBHEeHUs perpeccuu. [lpu
9TOM  BBUJY OpPTOTOHAJBHOCTH  MATPHUIBI  IUIAHUPOBAHUS  OCTaJIbHBIC
Kod(hPUIIMEHTh HE NPUXOAMUTCS IepecuuThiBaTh. B  ciydae ke He
MNOATBEPKICHUSL aJEKBAaTHOCTH MOJEIN HEOOXOJUMO YBEJIMYUTH MOPSAOK
anIpOKCUMUPYIOIIErO MOJINHOMA.

Heo0xoauMoCTh TMOBBIIEHUS TOPSAAKA MOJEIH MOXKET OINPEEIsIThC
TaK)Ke UCXOJs U3 CIEAYIoIEro cooopaxkenus. Ha npakTuke 4acTo oKa3bIBaeTcs,
YTO JIMHEHHAs MOJEeJb, AaJEKBAaTHO OIMCHIBAKOIIAA ONBITHBIE JIAHHBIE,
NOCTABJICHHbIE B TOYKax [UIaHA, HEYJOBJIETBOPUTEIBHO XapaKTEPHU3YET
BHYTPEHHIOIO YacTh M3YYEHHOH oOnactu (pakTopHOro mpoctpaHcTBa. [losTomy

(%, =x%, j=0,k)
MMEET CMBIC]I IOCTaBUTh OMNBIT B IIEHTpPE IuTaHa ¢ 4 . Cpennee

3HaUCHHUE BBIXOJa OOBEKTa B IIEHTPE IUIaHA JOJKHO OBITH COM3MEPUMO (B
npeenax OuMOKy BOCIIPOU3BOAUMOCTH) ¢ Ko3dduiinenToM a0 MOJIENH, TO €CTh

20 =5 <8 (6.60)

rae 1 4KCII0 HOBTOPHBIX OILITOB B IIEHTPE IUIaHa, ©—
MaJio€ YHCIIO.

B cnydae napymenus ycnoBusi (6.60) s MaTeMaTHYeCKOrO OMUCAHUS
paccMaTpuBaeMoi 00J1acTi (PaKTOPHOTO MPOCTPAHCTBA MOTPEOyETCs ypaBHEHUE

0oJee BBICOKOTO MOPSIKA.
6.2.8. IlocTpoenne Moe/in ¢ KBaApaTUHYHbIMH 3¢ PekTaMmu

[locTpoeHune Mopenu, colepiKallylo CTENeHH (PakTopoB, TpeOyeT HUMETh
TaKyl0 CHUCTEMY IJJAHUPOBAHUS, B KOTOPOM Kbl (pakTop OyAeT NpUHUMATH

k
XOTs. ObI TpW pasHbIX ypoBHA. [IDD THma 3" COMEPKUT CIHUIIKOM OOJBIIOE

anrcito onsrtos. [Tpu % > STIDD 3* cTaHOBUTCS COBEPIICHHO HEMPHUEMIEMBIM IS
TPaKTHKH.

CokpaTUTh  YHCIIO  OMBITOB  MOXKHO,  €CIIH  BOCIOJIb30BAThCS
KOMIIO3UIIMOHHBIMH WJIM  TIOCJICJIOBATEIbHBIME  [UIAHAMH, TPEIIOKCHHBIME
BokcoM u YuiicoHoM. SInpo Takux miaHoB cocrasiser 1I®D 2 mpu % <Sum
noxyperumka ot gHero JA®D 2 'mpu 425, B03MOXKHOCTH HCIIONB30BAHHS B
KadgecTBe spa IIaHa 2 mph %2 506yclIoBICHA TeM, YTO YXKe MONypeIlIuKa
oOecreynBaeT MOJIy4YeHHEe HECMEIIAHHBIX OLEHOK JJiA JUHEHHBIX 3((EeKTOB U
3¢ PeKTOB MapHOTO B3aMMOICHUCTBUSI.

Ecnu nuuelinas moaens (a Takke MoJenb ¢ 3ppekramu B3auMOIEHCTBUA)
OKa3ayach HeaJeKBaTHOM, HEOOXOJUMO:

1) 106aBUTH 2k 3BE3AHBIX TOYEK, PACITOIOKEHHBIX HA KOOPIUHATHBIX OCSX

dakTopHOTro mpocTpancTBa. KoopauHaThI 3BE3THBIX TOUEK:
(+a 0.0, .00 (O+a@0, 0 . 000, +a)
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rae % — paccTosHHE OT LEHTpa IUIaHa A0 3BE3JHOM TOYKM (3BE3IHOE

J1€40);

2) YBEJIWYHTH YUCIIO OIBITOB *i B IICHTPE TUIAHA.
PaccMOTpUM MOCTpOEHHE KOMITO3MIIMOHHOTO IUTaHa mpu % =Z(puc. 3.4).

Toukn 1 — 4 obpasyior IIdD 2, Toukm 5 — 8 — 3Be3OHBIC TOUKH C

+ +
xoopauHatamu %Dy (0F&) " yoopiuuatel %omsitoB B weHTpe IUiaHa

HYJICBBIC —

(0.0)

-

OOmiee  yucno  OMBITOB B MATPUIIC
KOMITO3MIIMOHHOIO IIaHA BTOPOTO MOPSIIKA IIpH &
(dakTopax:

—

e

1 N:2k+2k+?‘ﬂunpﬂ k{:ﬂ’
N=2""+2k+mppy k25,

=

[}

Marpunia maHa npuBeieHa B Tabm. 3.8.

4 KOMHOBI/IHHOHHBIG INIAHBI JICTKO IIPUBOIATCA K
OpPTOIrOHaJIbHBIM BI)I60p0M COOTBCTCTBYIOLICTO
3Be3JHOro Imiedya <. Ha KOJIMYEeCTBO OIBITOB B

OCHTPC IlJIaHa "y IIpy 3TOM HC HAKJIAABIBACTCA

Frc. Iy, =1
HUKaKUX orpaHudeHuit (o0braHo “¢ = ). [Ipu aTom
JOCTATOYHO ONPENEIUTh & U3 yCIIOBUSA:

a* +2%a® - 2 (k + 0,50,) =0 npn k <5;
at +2" e — 2% e+ 050 =0 mpu 425,
Ta0muna 3.8
Martpuia KOMIO3UIIMOHHOTO TIaHa
Ne omnbiTa % %y y
1 +1 +1 ¥,
2 -1 +1 ¥,
3 +1 -1 ¥,
4 -1 -1 ¥,
5 +&x 0 yj
6 — 0 ¥,
8 0 4 ¥,
9 0 0 ¥,
N 0 0 Yy
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bnarogaps opTOroHaJIbHOCTH MaTPHUIBI INIAHUPOBAHUS BCe KOA(DOULIUEHTHI
MOJENH OHpGILGJI}I}OTCH HE3aBUCUMO JIPYT OT Jipyra 1o Gopmyiiam:

:—Z.J%_
_ij.}?i
J Zi;f
Zf_;ai'ﬁfi
= ;il=1k, j=<!
':IJI Zi’gﬁfgﬁ / /

2 Ll
Z(2-~x2)y

Clﬂ.: 1 7 '=1,_k'
Z(fﬁi - Eszaj

r7ie CyMMHpPOBaHUE BCIOy ocyiecTBisieTcs o : oT 1 g0 N.

B pe3ynbrare pacyeToB 10 OPTOTOHAIBLHOM MATPHIIE ¢ MPeoOpa30BaHHBIMU
CTOJIOIIAMU JJIS KBaszaTI/IqHLIX 3(1)(1)6KTOB MOJIyYMM YpaBHEHHE BH]IA
k

- 17
y=a; +jz_:{cz +Z‘Iﬁx x;+Zcx[ —x-)' xﬁzEZx;

i-l
i.;'dJ

]

J=1

:“Tu

YroObl mepedTH K OOBIYHOM 3amucu KOd(GGHIHMEHT “0 ONpenesoT 1o
bopmyie:
1 A7

_9u -3 Ly .E.EN
o z - z;xm e Dk

i=l
B pPE3YIbTATC IOJYYUM YPABHCHHUEC BHUA
k k k
- - o -2
¥ =y +Z @3 + Zﬂ_;-zx_;'x.: +Zﬂﬂxj
J=1 Jui=1 J=1

Lrel)

(6.61)

Koaddummentsr Mopenu, mnoigydyaeMble MNpU MOMOIIM OPTOTOHAIBHBIX
IJJAHOB BTOPOTO MOPSAAKA, OMPENEISAIOTCA C pa3HOM TOYHOCTBIO. 1loaTomMy miis

pacueTra OLCHKM MUCIepcHii KO3(h(HIMEHTOB “/HCIONB3YIOT CIEYyIONHIe
BBIPA)KCHMUA:
T
ap
Jﬁ, =w , =Lk
=1
Z x.i'z
iml ’
S I=1k !
ﬂ" = ar . . 2 E] ._,lr: = 2 2 :} I_,lr
Z[ ﬁx.é'!:]
iml ’
=T L J=1
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E 0P

0_2

Jlucriepcust “2t moydeHa 1o 3aKOHY CIOXESHHUsSI TUCTIEPCHIA.

[Tocme  BolumcieHuss  KOd(QPHUIIMEHTOB  TMPOBEPSIOT  3HAYUMOCTH
ko3 uimeHToB 1Mo kpurepuro CThIOJEHTa W aJCKBATHOCTh MOJICIH IO
Kkpurepuro Oumepa.

Crnemyer OTMETUTh, YTO OpPTOTOHAJBHBIC IUIAHBI BTOPOTO IOPSIKA HE
00Jaat0T CBOMCTBOM POTATA0EIBHOCTH, YTO SBISICTCS WX HEIOCTaTKOM.
OnHaKO MPOCTOTAa BCEX BBIYUCICHHHA OCTABISET 32 OPTOTOHAIBHBIMU TIAHAMU
IPaBO Ha CYIIECTBOBAHHE.

ot = + (B + (B e (7)

6.3. Memod epynnogoeo yyema apayMeHmos

[Ipy mnocTpoeHMM MaTEMaTUYECKHX MOJIENEH  CIIOXKHBIX OOBEKTOB
HEO0OXOMMO YYUTHIBATh CIEAYIOIINE UX OCOOEHHOCTH:

[]  BBICOKAs Pa3MEPHOCTH BEKTOPA BXOIHBIX KOOPIMHAT * = (xh e R xs:) :

[1 Hamuyue OONBIIOTO YHMCIA BHYTPEHHUX HCTOYHHKOB CIIyYalHBIX
IIOMEX, CTATUCTUYECKUE XaPAKTEPUCTUKU KOTOPBIX, KAK IIPABUJIO, HEU3BECTHBI;

[J HEH3y4eHHOCTb MEXaHU3MOB JEHCTBUA PA3JIMYHBIX DKOHOMHUYECKHX,
COLIMAJIBHBIX U (PU3UKO-XUMUYECKUX SBJICHUI U MPOLIECCOB B O0BEKTAX;

(1 TpyAHOCTh NMOCTAaHOBKH SKCIIEPUMEHTOB JJIsl MOJY4YEHHsI OOJIBIIOrO

YycIa CUrHAIOB % - (¥ — 0HOMEpPHBIi BBIX0J] 00BEKTA ).

VYka3zaHHble OCOOCHHOCTH 3aTPYIHSIOT MOCTpoeHue HepopManbHbix MM
CIIOKHBIX OOBEKTOB W BBIHYXKIAIOT OIMCHIBATH CTATHYECKUE PEKUMBI HMX
(YHKIIMOHUPOBAHUS ypaBHeHI/IHMH BUA

K K
y=jiz)=a, +Zﬂ.r'x.r'+_za.r.r i +Z‘13; X+ Z'ﬂ.rrp i rxp+za.r.r.r it
Ij'-

J=1 F=1 Jar=l JFrae=l

(6.62)
rme J<¥<e=<K:

& — BEKTOP HEU3BECTHBIX KOADPHUIIMEHTOB pa3MepHOCTH ¢ ;

= _ ¢
a8 = (c;tn,c:tl, . ) e X .

Ecniu mopsigok AmomwHOMa MO BCEM MEPEMEHHBIM *ipaBeH YHCIy Kk

BXOJHBIX KOOPAUHAT *#, TO BhIpakeHue (3.62) HA3BIBAIOT TOTHBIM TOJTUHOMOM
Kommoroposa-I"ab6opa.

[Ipu yBenmyeHUM YuCIa BXOJHBIX KOOPAMHAT i pa3MEPHOCTh BEKTOpa &
MOJTHOTO TIOJIMHOMA BO3PAacTaeT MCKIOUUTENbHO ObicTpo. Tak, Hampumep, npu
k= 2pa3MepHOCTb BEKTOpA & paBHa 6, mpu & = 4 oHa Bo3pacTtaeT A0 70.

Jlns onpeneneHus BEKTOpa & MaTeMaTHYECKONW MOJICNIM CJI0KHOTO 00BheKTa

0 OSKCHEPHMMEHTAJIbHBIM JaHHBIM %77 = [xli R ’xki)npn i = 1,nyacTo
npuMensitor MHK.
ITpu TOM CTAIKMBAIOTCA C JBYMS 3aTPyJHEHHAMU:
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1. BeneacTBue cimaboit M3y4eHHOCTH CIOKHBIX OOBEKTOB MHOTHE BXOJTHBIC
KOOPJIMHATHI, BKJItOUEeHHbIE B MM, 0Ka3bIBaIOTCSl CHJIBHO KOPPEIMPOBAHHBIMU,
YTO MPUBOJUT K IJIOXOM OOYCIOBIEHHOCTH CHUCTEMbl HOPMAJIbHBIX YpaBHEHUIA
MHK. Bricokas pa3MepHOCTh BEKTOpa & JieJlaeT HEBO3MOXKHBIM KaKoW-IOO0
NpeIBapUTENbHBIN  aHAJIM3 CTENEHU OOYCIOBIEHHOCTH MAaTpPUIIbl CHUCTEMBI
ypaBHeHui.  I[loaToMy  uccnenmoBaTelb — BBIHYXKIEH  yOexaaTbcs B
HEYCTOWYMBOCTH 3a/1a4u ONPENENICHUs & JIUIIb B PE3yJIbTaTe €€ MHOTOKPATHOTO
peenus Ha OBM.

2. 3ajgaya omnpeneneHusl BEKTopa & 3apaHee He 3aJaHHOM pa3MepHOCTU ¢
nosuHoMa THuna (6.62) sBisercs, Kak MpaBUiio, HEYCTOMUNBO. OOOCHOBaHHBIN
e BbIOOp uucna ¢ cTpyKTypbl omHOMa (6.62) GakTHueckr HEBO3MOXKEH U3-32a
OOJBITION Pa3MEPHOCTH TAOIHUIIBI SKCTICPUMEHTAIBHBIX TAHHBIX

[x0t] L i=Tm L =T

M BBICOKOTO YpPOBHS IOMEX, HAJlaraéMbIX Ha BBIXOJHYIO KOOPAHMHATY
oOwekTa. BenenctBue storo npu noctpoeHnn MM pa3MepHOCTh BEKTOpa & U
CTpyKTypa moiaumHoMa (6.62) 3amaioTcsi B KaKOW-TO Mepe Hayraj; 3aTeM C

nomombto MHK  ompenensatorcss 3nHauenuss «; Bbruucigerca CKO &

anmpoOKCUMAIUU TOJMHOMOM (6.62) Tex TabJIWYHBIX JaHHBIX [x-?'i’y : ], KOTOpbIE

HEe OBLIM HCIOJIL30BaHBI JJI1 HaXOXIACHUA @ ; BCIMYMHA JanaBHI/IBaeTCH C

nonyctuMmoii omubkoit A MM. Ecmu e * £ pasMepHOCTb & yBEIMUMBAIOT U
(MJ11) BUIOM3MEHSIOT CTPYKTYpy MM (6.62), onpenensitoT HOBbIE 3HAUYCHUS «
(maiomHuM, 4To psa (6.62) He sBIAETCS OPTOTOHANBHBIM). 3aTeM CHOBaA

BBIYHCIIAIOT BEIWYUHY Y2, CpaBHUBAIOT €€ C AW TOBTOPSIOT OMHCAHHYIO
MpOIeIypy A0 TeX TOp, TMOKa MPH HEKOTOPOW CTPYKType moimHoMa (6.62) u

pPasMEpPHOCTH & HE BBIIOJAHMTCS ycioBue T <4, TlomobHBIA mpowece
nocTpoeHuss MM CBsI3aH ¢ MCKIIFOUUTEIBHO OOJBITUM 0O0BEMOM BBIUHMCIICHHM,
Tak Kak cTpykrypa MM (6.62) u pa3MepHOCTh & 3apaHee He 3aJaHbl U JIOJDKHBI
OBITh OTPEIETICHBI B MPOIIECCE PELICHUS 3a/1auu.

VYkazaHHble TPYAHOCTHM BBIYHMCIUTEIBHOTO XapakTepa MOryT OBbITh
YCTPaHEHbl WM YMEHBIIEHbI, €ciu sl noctpoeHuss MM cioxxHOro oObekTa
IPUMEHUTH METOJI TPYIIIOBOT0 yuera aprymeHToB (MI'VA).

CornacHo 3TOMY METOIY pELICHHWE TPYJOEMKON HMCXOAHOW 3amaud (Kak
MpaBUJIO, HEYCTOMYHMBOW) ammpOKCHMAIlMM TaOIWYHO 3aJaHHOW (GYHKIUUA Kk

IIEPEMEHHBIX [x-i"i’y : ] i=Lr.j=LEnomuomom (6.62), cTpykTypa KOTOpOro u
pasMepHOCTh ¢ <#% 3apaHee He 3aJaHbl, 3aMeHSETCd MHOIOCTAUIHBIM
MPOIIECCOM  pelieHuss OOJIBIIOr0 YHCJIa CPaBHUTEIBHO TMIPOCTHIX 3ajad
anmpoKCUMaIMi TAOJUYHBIX JaHHBIX (YHKIUAMH JBYX TI€PEMEHHBIX —
MOJIMHOMAaMU 33JJaHHOUW CTPYKTYPhI C HEBBICOKOM Pa3MEPHOCTHIO BEKTOpA & .

Ha «xaxmoit w3 craamii 23Toro mpoliecca MPOU3BOJAUTCS  OTOOpP
“HamiTydlInx’, B HEKOTOPOM CMBICIIE, TTOJIMHOMOB, KOTOPBIE MCIOJIB3YIOTCS Ha
CIeAYIONIeH CTaauu B KaueCTBE (PUKTUBHBIX apryMEHTOB HOBBIX MOJHMHOMOB.
[lomo6GHast mpoueaypa TOCTPOEHUS CJIOXKHOW  (GyHKIUU (MOJTMHOMA  OT
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MOJIMHOMOB) TPOJIOJKAETCS IO TeX MOp, MOKa Ha KaKoW-1100 cTaauu He Oyner
JOCTUTHYTa NpUeMiIeMas TOYHOCTb ONUCAHHUsSI CBOWCTB OOBEKTa (TaOIMUYHBIX

JIaHHBIX ) HEKOTOPOIl MaTeMaTUYECKOM 3aBUCUMOCTBIO ¥ = J (x.2) , OBITh MOXET U

MEHBIIIETO, YeM &, YHCIIa ApTYMEHTOB *7 .
PaccmoTpum nosipoOHO mepBBIe ABE CTAANH 3TON MPOIIECTYPHI.
IlycTe 3amaHa COBOKYMHOCTh (Ta0nMIAa) SKCHEPUMEHTAJbHBIX JaHHBIX

[x!.,y!. ]HpI/I i=1ln_  xoropyro TpeOyercsi anmmpoOKCUMHPOBATH C JOMYCTUMOMN
CpenHel KBaJpaTHUECKOM TMOTPEIIHOCThIO & HEKOTOPOW (PYHKIIMEH, YnCiIo

MIEPEMEHHBIX *; KOTOPOI MEHBIIIE WIIA PaBHO k.
Pa300beM 3Ty COBOKYIMHOCTh JAHHBIX HA TPU MHOKECTBA:

oOyJaroriee M, =[»"'z‘ + % ] ci=lay o6
nposepoynoe M = [J"’z' & ] ci=mtle
KOHTpOJIbHOE T4 :[.:v‘;- ] . i=aytla
o _ ke
~ |;:- -_——-—
Ha nepeoti cmaouu anmpoKCUMAIMH TTOCTPOUM 2 IOJMHOMOB
Yir=J [xi"’x*‘)leyX apryMEHTOB *in X Thna

2 2 : iy . .
Yig =gty Xy by Xy Fas Xk b ay ik tasg X5 FoA=Lk,j=A4,ji<d.
(6.63)
Crpyktypa uyactHOM wMoxmenu (6.63) mMoker ObITh BbhIOpaHAa WHAaS,

HanpumMep, mpu “sa = Oy %55 = %522 = Vg

Takue MoJIUMHOMBI 6yI[CM Ha3bIBATh YaCTHBIMH .

BekTop K03 duIreHTOB “ 71 KaX10T0 YaCTHOTO MOJIMHOMA
onpenensiercs MHK o AKCHEPUMEHTAIBHBIM JTaHHBIM
[y;:xjj:x_,]j:lEMD, 3=1,_?31 2 ?31:3'6

Jlasee BBYMCIANM OpAMHATHL KaXIOTO YACTHOTO IIOJUHOM  Yiic
W3BECTHBIMU KOOGQULUMEHTAMH BO BCeX TOUKax |*sr 2] €Masi=m+lm
POBEPOYHOro MHOKecTBa x; 0603HaYMM 5TH IaHHBIE Yepes il Cpennss
KBaJpaTHieckas ommubka <1 annmpoKCMMAlMKM SKCIIEPUMEHTAIBHBIX JIaHHBIX

¥i €M, yacTHRIM OMHOMOM ¥7 paBHa:

1 = —
0= f—— 3 0 -y, 6 . pa=TE , sea (i<d)

My TRy il

. (6.64)

Cpenu Bcex BEIMUMH < HalileM HAUMEHBIIYIO U 0003HaYMM €€ uepes i,

* .
o= 1111}“ T,

B cooTBeTcTBMM € HEKOTOpPHIM MpaBUJIOM OTOOpa, B KOTOPOM

2
HCIIOJIB3YIOTCA BCIIMYUHBI Tia , U3 BCCX C?e YaCTHBIX ITIOJIMHOMOB BbIACIUM
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HECKOJIBKO, Hampumep, 4 “Hamiydmux’ TMOJIMHOMOB U MEpPeo0O3HAuUUM HUX
qepe3 1Yz Fer e V-

Ternepb BeIYHCINM 3HAYCHHS 1 () OTOOPAaHHBIX OJIMHOMOB BO BCEX TOUKaX

muoxkects Moy My a taxoke onpenemum CKO 1 ns Beex Y1 Ha MHOKecTBe My

51=\/ 1 i [J”;—J’l[i]r : 1=E

BT g : (6.65)
Haxonen HaliieM BEIMYUHY
g = inf &,

KOTOpas HOHaI[O6I/ITC$I Ha CJICAYIOIMUX CTAaAuAX alllIpOKCHUMAlnu.

Ha emopoii cmaduu OTOOpPAHHBIE IOJNUHOMBI — 1:X2- = -Ver o dim,
paccMaTpUBAKOTCS KaK apr'yMEHThI HOBBIX YaCTHBIX ITOJTMHOMOB

— — — _— _— 2 _— 2
Z‘J’ =gy +a1¢r~yr +a3¢r-yr +a3¢r~y#-yr Tdyeede +ﬂ5”}’y i (666)

Ly=lm , lzy (1 <p)

Komu4ecTBO 3TUX YaCTHBIX MOJUHOMOB PABHO YHUCIY COYCTAHHM U3 #4110
JIBa
o _mbm =)
W, 2

Kosddummenter  Foer-Z1ep-- %5y y k@KAO0T0O U3 3THX  [OJMHOMOB
OIIPEICNIIOTCS METOJIOM HAMMEHBIIUX KBAJIPaTOB MO MHOXECTBY 3HAYCHUH

[yi’yl[xj’yr{x)]emﬂnpn Ly=Lm .12y i=Lln,. pe spauenus i), )
BBIYMCIIAIOTCS BO BCEX TOYKaxX MHoxkecTBa Mano monenu (6.63).
Omnpenenum CKO 1y annpokcuManuy KakIbIM YaCTHBIM HOJTMHOMOM <17

OKCIICPUMCHTAJIbHBIX JaHHBIX Y : EM:& . HJ’I?I 9TOr0 ImnoACTaBUM IIOJIMHOMBI

Y1Ya: - 2Ym g gpIpaskenne (6.66), BHIUMCIMM 3HAYECHUS 2, (1) KKION TOUKE

x €M, i=m+1r g ananoruano popmyne (6.64), naiinem 1r
TN —
o St T s o)
— (6.67)

Cpenu BcexX BEMUUH “'1r HAliIeM HAMMEHBIITYIO U 0003HAYNM ee yepe3 & 3

a, = 11115 J1J_

Jlanee, B COOTBETCTBMM C TPHUHITHIM NPABWIOM OTOOpa, U3 BCEX
NOJMHOMOB ~ “1rBBIJIEJIMM ~ MHOXXECTBO  “HAaWIy4muX~’  TIOJIMHOMOB H
nepeo003HAUNM UX Uepe3 Z1-73. -+, Zu ==+ Zmy prie " <Ca,.

Kaxaplii TOMMHOM “»MOKET OBITh (PYHKIMEW YeThIpEeX HEe3aBUCHMBIX

X -

MIEPEMEHHBIX */, MO3TOMY BEPOATHOCTHh ANNPOKCUMAIMU UM C IMPUEMIIEMOU
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TOYHOCTBIO OKCIICPUMCHTAJIbHBIC JAHHBIC [xi Vi ]BI)IIHG, 4CM Ha HepBOﬁ CTaauu.
BCJ'ICI[CTBI/IG 9TOTI'0 H€O6XOI[I/IMO BBISICHHUTD HGJIGCOO6p&3HOCTB nmepexoga K

TpPEThEH CTaJNH ANMPOKCUMAIIUH.
[Ipouenypa mnociienOBaTEIbHOM AaNMPOKCUMAMA OKaHYMBACTCS, KOrIa

TOYHOCTh MPHOIMKEHUS HE3ABUCHMBIX JKCIEPUMEHTAIBHBIX NaHHBIX i L
KaKUM-TH00 “HauIydiiuM’ MOJMHOMOM YAOBJIETBOPUTH HAIIUM TPEOOBAHUSIM.

3ameTnM, 4TO 3HaueHMs % -Yiu3 Moyike HMCIONB30BAMMCH I OIpEEICHHUS

K03 (HUIMEHTOB TOIMHOMOB, a AaHHble n3 M\— nnga orbopa “Hamnmydmmx”
MMOJIMHOMOB KaK Ha NEPBOW, TAK U HA BTOPOM CTAJIUM.
JIisi TIpoBEepKM TOYHOCTH TMPUONFIKCHHUS BBIUMCIUM CHadaia 3HAYCHUS

OTOOpaHHBIX MOJMHOMOB 2,08) . =1Ly 3=, % 5 peex TouKAX MHOKECTBA M,

5, (u=17)
a 3aTem 3HaueHus ~* V¥~ " na muoxectse Mo bopmyie

G i B2 a-T

T Ay el (6.68)
Haitnem Bennuuny
5. =inf §
4 PR

Ecnu okakeTcs, uto 92 =4 | To COOTBETCTBYIOMIMIA TTOIMHOM ZxTHNa (6.66)
MOKET PacCMaTpUBaThCid KaK MaTeMaTHdeckas MOJENb CIOKHOTO OOBEKTa.

Eciu sxe 92 * 4| To He0OX0aMMa TPEThs CTaaus ANIIPOKCUMALMH, HA KOTOPOHi B

KauecTBe (PUKTHBHBIX apryMEHTOB OYAyT BBICTYNaTh <172+ -%w;  3HayeHUS

3THX apTyMEHTOB MPEIBAPUTEILHO BBIYUCISAIOTCS BO BCEX TOYKAX MHOXKECTBA
My consaTCA B TAOMMILY [2»(3}=P5] i=lay, g=lmy

Bo mHorux cnyuasx pomyctumas CKO (‘ﬂ)MM ObIBa€T M3BECTHA BEChMa

HETOYHO M (D)AKTHYECKH HE MOMKET OBITh MCIONB30BaHa [ CpaBHeHus ¢ 9z . B

TaKuX CIy4asx IJIsl OKOHYaHUsS IPOILECCAa allPOKCUMAIIMU MOKHO IPUMEHSTh
BEJINYNHY

5y -4,

P et

-

dy

Ecnmm  FoTHOCHUTENBHO  HEBEIHMKA {EEU-1+U-15), TO  JajbHEHIIas
anmpokcumaruss manoddpdextnBHa W B KadyectBe MM o00BeKTa MOXKHO

WCTIONB30BATh TOMMHOM 27, st KOTOPOTO BEJIMYMHA 9y OyJIeT HauMeHbIIeH.

Ecnu xe EOTHOCUTENBHO BEJIHMKA, TO HEOOXOOUMO TPEThsl  CTaaMs
anIIpOKCUMAaLMH, BCA MOCIEI0BATEILHOCTh PACYETOB HA KOTOPOU TakKas ke, Kak
Y Ha BTOPOM CTaJIMH.

IIpuBenem eme OXHO YCIOBHE OKOHYAHUS IIpPoOIecCa amnmpOKCUMAlUH,
peKoMeH0BaHHOE B Tpyaax MBaxHeHko A.T.
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[TpakTuka npumenenuss MI'Y A moka3bIBaeT, 4TO B OOJBIIMHCTBE CIYYaeB C

pocrom £ Bemmunmma 9 sBHauame yObIBaeT, a 3aTeM HAYMHACT OBICTPO

BO3pPaCTaThb. B  Takux CUTyanuAax H€O6XOI[I/IMO OKaHYMBATb IIPOLCCC
HOCJIC,ZIOB&TCJ'II)HOﬁ AllIIpOKCUMAaIMU IIpU JOCTHMKCHHUHY HAMMCHBIICTO 3HAYCHUA

CKO 95. IIpu >TOM, OKa3bIBAaeTCsA, YMCIO CTaiuii £ OOBIYHO HE IPEBHIIAET
k-1,

Anaumu3 ocooennocreir MI'YA.

1. Ha HayaiapHBIX CTaIUSIX AlMPOKCHUMAIIMU AKCIEPUMEHTAIBHBIX JTaHHBIX
[f; ,y;] ci=la ok :[x”’x“’""x“)OTHOIHCHI/Ie qHcJiia ;m13TI/IX IOAHHBIX K
qUCIy KO3(P(GUIIMEHTOB YaCTHBIX MOJMHOMOB, OMPEICIIEMbIX B COBOKYITHOCTH,
HaMHOTO OoJbIlle eauHUIIBL. BenenctBue 31oro ko3h UIMEHTHl “HAmTydImx’’

MOJIMHOMOB, IPHOJIMKAIONTUX TOUKH * i €M, U, OTYACTH, * €M, , BecbMa cjabo

3aBUCAT OT IIOMCXH, HajlaraéMo# Ha BBIXOAHYIO KOOPAHWHATY O6’[>CKTa, a CKO

MM ocTaeTcsa nIpuMepHO oauHaKoBoi kak Ha M., Tak m ma M. C yBenmnuennem
HOMepa cTaguu &£ BO3pacTaeT YMCIO apryMEHTOB IOJMHOMA M OOILEE YUCIIO

EMUI/I ,}’: EMM’

KO3 PHUIIMEHTOB, OMNpEeACIsIeMbIX TI0 TOYKaM ' 4TO,

*

¢ . OIHOBPEMEHHO C

CCTCCTBCHHO, IIPUBOJHUT K YMCHBIICHHUIO BCIMYMWHBI

poctoM # yMeHBIIAaeTcsl OTHOLIEHME YMCIIa JKCIIEPUMEHTAIBHBIX JAHHBIX K
YUCTYy OIpeaeasieMblXx KOA()PUIMEHTOB (3TO OTHOIICHHE MOXET cTaTh <l ).

e i

[TosTomMy momydaemass MM (akTHUECKH WHTEPHOIUPYET ' 0¥, OTYACTH,

¥i €My Te. BecbMa TOYHO ONKMCHIBAET HETOUHBIE DKCIIEPUMEHTAJIbHBIC
JlaHHBIC, ICKKCHHBIC CIIy4YalHBIMH ImoMexaMu . MM, ko3 hUIeHThI KOTOPOM

HaﬁﬂeHbI HHTCPIIOJIIMALIMOHHBIM MCTOJIO0OM I10 CJ'Iy‘-IElfIHBIM BCINYMHAM, HC MOXKCT

HAaJCKHO OIIMCbIBATL HE3aBUCHUMBIC OKCIICPUMCHTAJIbHBIC JaHHBIC Y EMF’«,

IMO9TOMY BO MHOIMX CJIydasaX BCJIHWYMHA 5ﬁ6y}16T HapacCTaTb C YBCIIMYCHUCM

HOMepa cTaguu £ .
Takoe siBjeHUEe OyeM Ha3bIBaTh HEYCTOMUYMBOCTHIO MI'YA.

-

Jﬁ’

HeycroitunBocte MI'YA HaOmonaercss U Mpu aHAIW3E BEIMYUHBI
KOTOpas 4acTo yObIBaeT ¢ pocToM & | a 3aTeM HAYMHAET TaKKe BO3PACTaTh.

Benmnunna <sMmeHee uyBCTBHTENbHA K pocTy & | Tak Kak JgaHHbIe Vi €M,

y4acTBYIOT B opmupoBannu MM.
Jlnst mpenorBpamenus HeyctoiunBoctd MI'YA B paborax MBaxenko A.T.

&

peKoMeHyeTcsl BbIOpaTh uncio craauit £ us ycnosus munumyma “s. Ho Bo

MHOTHIX CIIy4asix BeJIMYMHA © # Gojlee YyBCTBUTENbHA K yBenuueHno & u Gosee
Lenecoo0pa3Ho OKAHUMBATH IIPOLECC AINNPOKCHMALMHK, KaK TOIBKO O

JAOCTUTHCT CBOCIO MUHUMYMaA.
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2. Ilocne 3aBepiiieHus Mpolecca anmpoKCUMaIlUU CTPOUTCSI OKOHYATEIbHOE

Bolpaxkenne  QyHkuum  J % @)myTeM  MOCIEIOBATENBHOTO — MCKIIOUEHHS
IPOMEXYTOYHBIX apryMeHTOB. [Ipy GOJIBIIOM YHCIIE CTAAUI CTPYKTYPa MOJIENH

J{Z.@) MoxkeT okasaTbes BecbMa CIOXKHOH H HeyJ00HOW B pacuerax. B Takux

caydasx J (%.7) 3anaercs HAaOOpPOM TIOJIMHOMOB.

3. OctaHoBUMCS TeNephb Ha MpaBuiie 0TOOpa “HaMIIydIIuX MOJUHOMOB. 1o
cymectsy B MI'VYA otcyrctByeT (opMann3zoBaHHas IpolLeaypa BbIOOpa Ha
KOKJIOW CTaauUd TaKuX TIOJMHOMOB, Ha 0a3e KOTOPHIX MOKHO IOCTPOUTH

- L]
gynkuuro  J (z.a), OMUCHIBAIONIYIO JKCIIEPUMEHTAIbHBIC JIaHHbBIE [x i ]c
3apaHee 3aJaHHOW MOrPEIIHOCThI0. MOXHO TOJBKO MpeArnoaraTb, 4TO
NOJI00HBIE TIOJIMHOMBI HAaXOSATCSA Cpeau TeX dYacTHbhIX mnonuHoMmoB, CKO

AIlllIpOKCUMAIIMH KOTOPBIX TOYCK Fi EM?‘ OTHOCUTCIBHO MaAaJIbI. Ilpe:«:MepHoe

yMeHblIIEHHE (OCOOEHHO Ha HayaJbHBIX CTAgUsAX) YHCIa OTOMPAEMbBIX
NOJIMHOMOB ~ yBEJIMYMBAET BEPOSATHOCTh TMOTEPHU HACTOSIIUX apTryMEHTOB

pynxuun S (z.a), Ype3MEpPHOE YBEIMYECHHE BEAECT K PE3KOMY pOCTy 00bema
BbluncieHud. [loaToMy Ha KaxI0i cTaguu 1eraecoo0pa3Ho OTOUpPATh MPUMEPHO

OJHO M TOXC YHCJIIO 2 IOJIMHOMOB C HAMMEHBIITUMHM 3HaYeHUsIMH < . Ecaun IIpHu
BI)I6paHHOM Hayraja 4uciic e He yYAacTCa ITOCTPOUTHL KCIACMYIO (1)YHK]_II/II-0

J{%.8) 10 Bce pacueTbl IOBTOPSIOTCS IIPH APYTOM, HECKOIBKO GOMbIIeM ™ .
4. B merone MI'VA He TpeOyeTcsi mpeaBapUTENbHO 33]1aBaTh CTPYKTYPY

mogenn J{T.). Oma dopmupyercs B mpouecce MHOrOCTaIMHHOTO 0TGOpA
“Hany4Inx’’ YaCTHBIX MOJMHOMOB.

5. ITonydeHHas JaHHBIM METOJOM 3aBHCHMOCTH J (%.@)Mmoxer OBITH
GyHKIIMEH MEHBIIEr0 4YeM k4Yucja BXOJHBIX IEpeMEeHHbIX x. llpwm
HCCJICIOBAaHUM CJIOKHBIX OOBEKTOB BCErJa MMECTCS ONACHOCTH BKJIIOUCHHS B
YUCJIO BXOJHBIX KOOPJAWHAT TakuX (PaKTOpOB, BIUSHHE Ha Y KOTOPBIX
HE3HAYUMO WJIM HE MOXET OBbITh OILIEHEHO TPU JaHHOM YPOBHE TIOMEX.
VYerpanenue 3 MM Takux HE3HAUMMBIX (DAKTOPOB TAKXKE OCYIIECTBIISIETCS
MI'V A B niporiecce MHOTOCTaIUMHOTO 0TOOpA “HAMITYUIITUX’ YaCTHBIX MOJIEJEH.

6. Uncmo cTaauii ammpoKCUMAIIMK 3aBUCHT OT MHOTOYHMCIICHHBIX (JaKTOPOB.
BaxuemmMu U3 HUX SBJISIOTCA YKMCIO BXOJHBIX KOOPAWHAT, OIYCTHUMAs
norpemHoctb & MM, CTpykTypa 4acTHBIX TOJIMHOMOB, YHCIO OTOMPAEMBIX

IIOJIMHOMOB, COOTHOIIEHHUE YUCET *1- #2:%: yDOBEHb IIOMEXU U JIP.

/.Ilpu wucnonp3zoBanun MIYA Ha KaxJoW cTaaud HMEeM JIeJI0 C
MaTpuler cucTeMbl HOpMalbHbIX  ypaBHeHuM MHK  nopsaka, He
MPEBBIIAIOIIETO & £, YTO, B OOIIEM Ciydae, CIIOCOOCTBYET YIYUIIECHUIO €€
oOycnoBiieHHOCTH. Eciam e pa3sMepHOCTh BEKTOpa & YACTHBIX MOJUHOMOB
paBHa 3-4, TO MOSBISIETCS BO3MOXHOCTb CPAaBHUTEIBHO IPOCTO OLIEHUBATh
cTeneHb 00yCIOBIIEHHOCTH MaTpHIlhl B cucTeMbl HOpMalibHBIX ypaBHeHnH MHK
1o Kputepuro Poke
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-1
F =|det Bl [BJ Ky
1.k

rie ":B”E— 3BKJIM0BA HOpMa MaTpHIlkl B ¢ ajemeHTamu bt = :

Kx— nopsiok matpuisl B

Bl =

YacTHble MOJIMHOMBI, MAaTPHUIbl B KOTOPBIX IUIOXO OOYCJIOBIIEHBI, T.€.
BEJIMYMHBI F Mallbl, HE JOJDKHBI BKJIIOYAaTbCI B YHUCIO OTOMpaeMbIX Ha
CJIEYIOLIYIO CTaHIO.

B Hacrosiee Bpemsi MHOTHE BOTIPOCH! IpUMeHEeHus1 U o0ocHoBaHus MI'YA
elle HyXXAaeTcs B JETaIbHOM pa3paboTKe, HEJOCTAaTOYEH M OIBIT €ro
NPUMEHEHUS JJIs pELIEHUS 3a]1a4 MOJEIUPOBAHNS OOBEKTOB.

IIpakTnyeckass peKoOMeHIAlUsA IO IPYNIUPOBKE HCXOAHBIX AAHHBIX

Y 3 .
[fz' » ] i=L7p0  wmuokecrBam  Mo.M,.M Onpenenstorcss  cpeamee
apuMeTHUecKoe 3HAYeHHE J MO BCEM JAHHBIM U OTKJIOHEHMS CIIyYaiHBIX
BelmduH Vi oT ¥ . OpauHatel ¥i , 06Iafaolye HanOoIbIIUMI OTKIOHEHUSIMU

BrmovaroT B My gaumensmmu — B M, octampabie — B M,

Crpykrypa ajJropurma caMoOpraHusanuMm Mmoaeau Ha IDBM.
MHoOropsiAHbIA QITOPUTM CEJIEKIIMM C TIOPOTOBBIM CaMOOTOOpPOM peaIu3yeT
MI'YA. Ero wMoxHO »5(QQEeKTHBHO MNPUMEHATHh g OOJBIIOr0 YHuCIa
nepeMeHHbix (1m0 1000), korma Tabiauiia MCXOJIHBIX JKCIEPUMEHTATBHBIX
JAHHBIX CONEPKUT Bcero 15-20 Touek.

CrpykrypHas  cxema  airopurma IoOKa3aHa Ha  puc.3.5
|

-

| b | | -
) | | | |
eS| Yr W 12 z
—+— | e | |
Y2l oz, _:_} Ag = Ay [ T
| * | |
h I I I I
| | | |
x x| Y Fa o 13 | 2 |
s | Mol A | —[ A | |
| 2 —T* 2 I T
Xz 1= 1 I — I 3 I
r I I ¢ I = [
: ._}’J.] |ﬁ=1| }}: , : ﬁ=2| :
| ’ | | |
| | | |
I I I I
| | - | |
| | Tay-La | |
A1 Veam Vo Mo Zy, |
L A, | — [ A, | |
Tp | Xy ! ——— t —=
-/ = I — | I
| | | |
K H H | | oo [IepenIe
: ot o K(K - 1} : o ml(ml - ) : : MEHHEL M
I E T > | I M, > I B |  HACTHELL
| | | | BMOT et
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) mﬁ{mﬁ - 1)

3necs: 1,2 — moporosele OTOOpHI  * 1.2 Jy4dlmMxX YacTHBIX

MoOJeJien ! {1 - 1’m1)1/1 Z#[’H - l’mf*) 110 KPUTEPHUIO CEIICKIIUU;
s — HOMED psijia CEIEKIUU;

A; — anropuT™ nMomapHoOi 06pabOTKH IIEPEMEHHBIX.
B nepBoM psiy cenekuuu o0pa3yroTcsi BCEBO3MOXKHbBIE Maphl apryMEHTOB,

n 111 K&)K,ZIOP'I N3 HUX HAXOJUTCA HaCTHaA MOJACJIb B A

_ _ 2 2
Yia = j;[xj-,xj}— @y +cz]\?-jxj+czmx{, +cz3_;,] Xk, +cx4”-xj- + i, &) ’

— ki -1 —
i=1d,,d, =CF =Q;j=1,k—1; A=j+1j+2.... .k
rae 2 ;

k£ — YHCII0 BXOIHBIX IICPEMCHHBIX IICPBOI0 psiga CCICKIUU.

Onenkn kK03 PHUITMECHTOB YaCTHBIX Mojenel *# paccuntbiBaroTcss MHK mo
YaCTU ONBITHBIX JJAaHHBIX, HA3bIBAEMOM 00ydYaroliei mocienoBareibHOCThIO. U3

BCEX YACTHBIX MOJIENICH BBIOUpAETCS 1 TydIInX MOACIEH F1:¥2: ==+ Fm
Bo BTOpOM psny cenekiuu oOpa3yroTcsl Mapbl BBIXOJIHBIX NEPEMEHHBIX,
OPOLIEUINX HEPBBIN Pl U AN KaXJA0M M3 HUX HAXOIATCS YaCTHBIE MOJIEIH

BTOPOTO psfa “¢r U T.JI.
Hucno npemioxkeHHbIX anroputMoB MI'Y A HeENnpepblBHO BO3PacTaeT, HO
BCE OHM OCHOBaHbI HA YKA3aHHOM BBIIIIE€ €AUHOM MPUHIUAIIE CAMOOPTaHU3ALINH.

6.4. OnpedeneHue Hauny4weu modesnu

Kpurepuii BbiOopa monenu. [lpu aHaimze CIOXHBIX CUCTEM OOJBIIOE
IPAKTUYECKOE 3HAYEHHE HMEIOT CIOCOObI ONpENeeHHs] HAWIydlled MOoAenu
00bEKTa M3 HEKOTOpPOM HX COBOKYMHOCTU. PaccMOTpuM 3TOT BOINpOC Ha
IIPUMEPE PETPECCUOHHBIX MOJEIEHN.

Lenr mnpenBapuTeNbHOrO BbIOOpAa HAWIy4ylledl MOJENH JIOCTUTAeTCs
IIPUMEHEHUEM B OTAENBHOCTH WJIM B HEKOTOPOW COBOKYIHOCTH CJIEAYFOIINX
KPUTEPHUEB:

[ HauMEHbIIIee 4YUCIO KOA(D(OUIIMEHTOB MO, COBMECTUMOE C
3aJJaHHOU JI0ITyCTUMOM MOTPEMIHOCTHIO;

[ MpPOCTOTa CTPYKTYpPhl MOJENH, COBMECTHMAasi C JIOMyCTHUMOM
MOTPEINTHOCTHIO;

] pa3ymHbIe (PU3HUYECKUE OCHOBAHMSI,

[ MUHUMAJIbHAasE ~ CyMMa  KBAJpaTOB  OTKJIOHEHHUH  MEXIY

A o )
npcacKasanHHbIMHA Yiu OMIIMPUYCCKUMHU 3HAYCHUAMU Yi BBIXOJTHOU IICPCMCHHOUN
y;

a

[J MUHHUMaJIbHAs OIEHKA JUCTIEPCUU “ » BBIXOAHOM MEPEMEHHOM.
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AHaju3 norpemHocrei. [Ipexne Bcero, npu oueHKE MOAEIEH MPOBOISAT

aHaJM3 OCTATKOB (IIOTPEIIHOCTEN) B BUJIE pa3HOCTEN Fi ~ 7. B PETPECCUOHHOM
aHaJIM3€ UCIOJIb3YETCS PSJl OCHOBHBIX MPEAIIOJIOKEHHI:

[]  HE3aBHCHUMOCTH OIIHOOK;

[] IOCTOSIHCTBA UX IUCIIEPCH;

] HOpMaJbHBIN 3aKOH PACTIPEIEICHUS OMTUOOK.

Ecnu Monenb anekBaTHO OMMCHIBAET 3KCIIEPUMEHTANbHBIE HaHHBIE, TO
MOTPEIIHOCTA JOJKHBI HE NPOTUBOPEYUTH ATUM MPEANOJIOKEHUAM. AHAIN3
MOTPENTHOCTEN - ATO CIIOCOO MPOBEPKHU TOTO, UTO TO UM UHOE MPEIIOJI0KEHHUE
HE HapyIIECHO.

MoOXHO BBIACIUTH CHEAyIOIIMe Haubonee XapaKTepHbIE pe3yibTaThl
aHaJu3a NOTPEUIHOCTEN:

1. OOHapyxeHUe blOp0OCO8, T.€. PE3KO OTIUYAIOUTUXCS, IKCTPEMAIIbHBIX

3HAYEHUM Y:O0T IPEAIoIaracéMoro 3Ha4eHus »*. B stom cilydae HEOOXOIMMO
MOBTOPUTH OKCIIEPUMEHT B TOYKE BBIOpOCA, TPEIBAPUTEIBHO MPOBEPUB
MPaBUIBHOCTh €ro YyciaoBui. Eciu BbIOpOC yCTOWYMB, TO €ro Haao WIH
BBIOPOCUTH U TIEpecUrTaTh KOAPOUIIMEHTH MOJIEH O€3 HEero, UM UCCIEA0BATh
(bU3HYECKYI0 IPUPOTY €0 CYIIECTBOBAHMUSI.

2. OOHapy)keHHE HEKOTOpPOTO TPEHJa B OCTaTKax, T.e. TCHJCHIIMH B UX
M3MEHEHUM C TeueHueM BpeMeHu. Hampumep, B ocTatkax HaOI0gaeTCs
TEHACHUHUS K JMHEMHOMY poOCTy. JJId yaydlleHus MOJAENH BBIYUCISIOT

F F:‘M o
MONPAaBKy B BUJEC Pa3HOCTHU " !, roe & =&V k=tfga a- YI'OJI HaKJIOHA
YCPEIIHEHHOM JIMHUH OCTAaTKOB K ocu adciuce, N - Homep dKCrepruMeHTa.

3. OOHapyxeHue pa3HOro CABUTA ypOBHA Tpolecca. B stom ciydae
HY)KHO BBISICHUTH TPUYMHY PE3KOTO CKayka MOTPENTHOCTH, a 3aTeM pPa30ouTh
BBIOOPKY Ha JIBE U JJIsl K&XKJIOTO YPOBHS IMMOCTPOUTH MOJICIIb.

4. OOnHapyxeHue U3MEHEHHI B IHCIEPCUU OMMOKH. AHAIIU3, KOTOPBIU
MPOBOJAT TMPHU TOCTPOCHUU PETPECCUOHHBIX MOJEIEH, TO3BOJISIET HAWTH
HEKOTOpPOE CpEJHEE 3HAUCHHE NUCIEPCUU OIMOKK (Hampumep, AUCIEPCHUIO
BOCIIPOU3BOAUMOCTH). Eciin nucnepcuu ommOKW HEOHOPOIHBI, TO HaWeHHasI
CpenHsAsl TUCHEPCUS MOXKET HEBEPHO OMHUCHIBATH YACTh 3KCIEPUMEHTAIbHBIX
JTAHHBIX.

5. MHccnenoBanue OCTaTKOB IS MPOBEPKU TOTO, OMUCHIBAIOTCS JIM OHU
HOPMAJIBHBIM 3aKOHOM paclpenesicHus. B 3ToM cilyyae MOXHO ITPOBEPUTH
CIIy4allHOCTh 3HAYE€HHM OCTAaTKOB M BOCHOJIB30BAaTHCS KPHUBOM HOPMAJIBHOIO
pacnpeneneHus.

CpaBHeHHe JBYX perpecCMOHHBIX Mojeseil. PaccMoTpum HEKOTOpbIE
METOJIbl CPABHEHUSI PETPECCUOHHBIX MOJEIIEH, IPUMEHUMBIE KaK K JIMHECUHBIM,
TaK U HEJIMHEWUHBIM MOJETISIM.

1. Kpurepuii Xosna. [Ipennonaraercs, 4To uMeeTcsl aeKBaTHAs MOJEIb

At
M , KOTOpasd yAOBJIICTBOPHUTCIIbHO OIIMCBIBACT JKCIICPUMCHTAJIBHBIC JTAHHBIC B

) A
obOnactu ee npuMeHUMOCTU. C Hel KOHKYpHUpYET apyras Mojenb Yz . CtaBUTCS
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M
3aJada: HC CICAYCT JIKM OTKa3aTbCsa OT MOJACIU Y1 U OTOaTh MMPCAIIOYTCHHC

M )
mMonenu Yz . CTpOSIT TECTOBYIO JTMHEHHYIO 3aBHCHMOCTh B BHJIC ypaBHEHHUS B
napaMeTpuueckoi popme
y=3'= A -3, (6.69)
rae [1>0. IIpoBepka cBoauTCS K OIICHKE B ypaBHeHUHU (6.69) yrimoBoro
kodpdunmenta (mapamerpa) [J. Ecim [J 3nHaunmo monoxkuteneH ([J[11), ot

MoZenu Y1 OTKA3bIBAKOTCS B II0JIb3Y BTOPOM MOJEINIH el JlelicTBUTENBHO, U3
(6.69) nmeem:
y=rit= Ay ="
Ay =¥)= (A= DO - »).
0603HaunM &1 = 71" =¥, by = ¥ = ¥ - oKy Monenn Vi u .
Torma A, = (A- D4,
Orcrona npu 1111 umeem
] <]y
Ecnu [J ne3naunmo nosoxutesneH ([1<1), To Helb3st onpenenuThb, Kakas u3
Mozenen myuuie. JleiictButenbHo, [1<] He 1aeT OnpeaeseHHOro pe3yabTara, TaK

It
KAaK BO3MOKHO BBIIIOJIHEHUE W HEPABEHCTBA 5] {|‘ﬂ1|(B [O0JIb3y MOJENIH »1 ) U

M
IIPOTUBOIIOJIOKHOTO €MY HEPABEHCTBA |ﬂ2|{|ﬂ1|(B NoJIb3y MOJenu ¥z ), T.€.

HCU3BCCTHO YCJIOBHC HAPYHICHUA HCPABCHCTB. B »stom ClIydac OTHacTCA

M

MPEAIIOYTEHNE MOJIETIH +1 .
Kpurepnii Xos51a Ha3blBaeTCA HeCUMMEMPUYHbIM, TAaK KaK OH MOYKET
UCIIOJIB30BAThCS TOJBKO Tpu [1>0. Takum 00pa3om, MOJACTaBIsAS B ypaBHEHHUE

A A o
(3.69) 3HaueHus Yi, Yu, Y1 MOXHO JIaThb OIEHKY IOTPEIIHOCTEH

PErpeCCHOHHBIX MOJENEH 0, vi'n BbIOpaTh IMyTE€M OLIEHKH MapaMerpa [
JY4IIyIO U3 HUX.

2. Kpurepuii Bunbsima n Knyra. [Ins cpaBHeHMS OBYX pPErpecCHOHHBIX
MOJENEN, KOTOpbIE, MO KpaWHEW Mepe, IEePBOHAYAIBHO IPEICTABIISIIOTCS
PaBHOLICHHBIMHM, MOYHO HCIIOJIb30BaTh CHMMETPUYHBIN KpuTepuid Bumibsima u
Kiyra. IIpoBepka ocyiiecTBisieTCsl IMyTEM OLICHKH Iapamerpa [/ B TECTOBOM
YPaBHEHUU

y—%(}ff"’ +7) = At -, (6.70)

rae y nNpuHUMACcT SMIIMPUYCCKHUEC 3HAYCHHUA. HpC)IHOJ]O)KI/IM, qTO MOJACJIb

e
Y1 yIOBIETBOPUTEIIbHA TOT 1A
y=1um+4, (671)
rae [;- TeopeTHueckoe 3HAuYeHHUE, MpPEJCKa3aHHOe IMEePBOM MOJEThIO B
MPEANOJIOKEHNN, YTO €€ KOI(PPUIMEHTH PErpecCuu BBIYUCICHBI TOYHO, [ -
norpenHocth Mozenu. [loacrassis (6.71) B (6.70) momydaum

_l M My _ M_ M
mt+d 2(.?1 +yy = Ay -t (6.72)
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M
BCJ'IC,Z[CTBI/IC TOTO, YTO MOJAEIb ¥1 JOCTATOYHO aJ€KBaTHaA, MOXHO

noyoKUTs M1 & ¥ 1 npeoOpazoBaTh BeIpakeHue (6.72) K BUTY
1
—S O3 =+ 8= 207 - )

M
Orcrofa mpu Manblix ommuOKax [] ciemyer, 4ro MOJAeId Y1 OTaaeTcs
1
N ——
NpeANoYTEHHE IPH 2.

A
TCHCpL IMPCAIIOJIOKHUM, YTO YAOBJICTBOPUTCIIbHA MOJACIIb Fa , TOT'1a
y=1+8(3.73)

IToncrasinss (3.73) B (3.71) u npeanonaras, 4ro 7z # v , TIOJTy4YUM

1
E(y;‘"‘—yf*")w: Al = 3.

1
M Awm =
CHGHOBaTeHBHO, CCJIM BCpHA MOJCIIb Fa , TO IIOJIY4YHUM OLCHKY 2.

Takum 06pa30M, 3HAYNMMOC OTpHLOATCIBHOC 3HAYCHHC IIapaMCTpa

ﬂ(ﬂ FH——] A o
2/ yka3plBa€T Ha TO, 4YTO MOJENb Y1 Jydme Mojaenu 2 . Bemu [

At
3HaYUMO IIOJIOKMUTENEH, TO OKaxercd Jydiie Moaenbs Yz . Ecom [
HE3HAUUTEIBbHO OTJIMYAETCA OT HYJIA, TO BBIOOpAa MEXIy IBYMS MOJAEISAMH
CZIEJIaTh HEJb3sl - OHU PABHO3HAYHBI.

Juf Juf
Wrak, moncrasnsst B ypaBHenue (6.70) 3Hauenus i, Yi , Yu B3SThIC U3

JOTTYCTUMOM 00JacTH TMPUMEHEHUs PETPECCUOHHBIX MOJENeH n , Y3 MOKHO
NyTeM KOJMYECTBEHHOW OLEHKHM MapaMerpa [] BbIOpaTh Jy4lIyI0 U3 3TUX
Mozenen. kpurepud Bunibsima n Kityta Ha3pIBaeTCs CHMMETPUYHBIM, TaK KaK OH
MOYET NPUMEHSATHCS U MPU MOJIOKUTEIBHBIX U MPU OTPULIATENBHBIX 3HAYEHUAX
0.
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Hpuiaoxenue 1

OcHOBHbIE TeXHHUYECKHE XAPAKTCPUCTHKH JIOTHYECKOI0 aHA/JIU3aTopa

B-141:

Kanaabr:

Ywucito BXOIHBIX U3MEPHUTEIBHBIX KaHATIOB — 32

AKTUBHBIC 8-KaHAJIbHBIE MPOOHUKH (4 MPOOHUKA)

[TapameTpsl Bxog0B — 100 MOM, 10 n®

[Tonoca mpomnyckanust BxogHoro Tpakta — 0 ...200 Mru

BxoaHol nuana3oH aHAJIM3UPYEMbIX CUTHAJIOB - =5 B

[IporpammHas ycTaHOBKa ypOBHSI TUCKPUMHUHAIIMU aHAIU3UPYEMBIX

CHUTHAJIOB B IIPCACIax BCCTO BXOAHOI'0 AuarasoHa ¢ JUCKPETHOCTBIO

150 MmB

Oommue:

MakcumanbHas yactota nuckperusanuu curaana — 400 MI'n
MaxkcumainbHast riayOuHa naMsat — 128 KBBIO

BuayTpenHee (0T BCTPOEHHOI'O F€HepaTopa) U BHEIIHEE (OT CUrHaja
JF000T0 M3 BXOHBIX KAHAJIOB) TAKTHPOBAHUE

I'enepanmst curnanioB TTJI mo 16 kaHamamM C MakCHMaJbHOM

yacToTOM auckperusanuu curnaia 100 Ml

OcHoBHbIe pado4yue KOH(PUTYPALIUN AHAJIN3ATOPA:
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AHanmu3 CHUTHajJOB OT MPOU3BOJBHBIX & BXOJHBIX KaHAJIOB C
4acTOTOM AUCKpeTu3anuu curnana a0 400 MI'u u rmyOuHON namstu
1o 128 KBrei0/kanan

AHaJIN3 CUTHAJIOB OT IIPOU3BOJIBHBIX 16 BXOIHBIX KaHAJIOB C
gacToTo guckpermzanuu curHana g0 200 MI'L[ u rayGuHOM
nmamMsatu 1o 64 Keeio/kanan

AHanu3 CUTHAJIOB OT KaXKJI0T0 U3 32 BXOJHBIX CUTHAJIOB C TITyOUHOMN
namsaTd 10 32 KBbIO/kaHam W 4acTOTOW AWCKPETHU3AIMHA CHTHAIA B

nuana3oHe ot 1 MI'n mo 100 MI'11

PexxnMbl 3amycka pa3BepTKH:

OT npou3BOJIBLHOIO BXOJHOTO KaHaly O 3aJaHHOMY Mepenany
JIOTUYECKUX YPOBHEH

[lo 3amaHHOM KOMOMHAIMM JIOTUYECKUX YypoBHEH oT 2 g0 32
MPOM3BOJIbHBIX BXOJIHBIX KaHAJIOB

Ot MIPOU3BOJILHOTO BXOJIHOT'O KaHala o 3aJJaHHOM
MOCIIEIOBATEILHOCTH JIOTUYECKUX YPOBHEM, a TAaKXKE C Y4ETOM HX
JUTUTEIIBHOCTH

I[lo 3amaHHONl MOCJIEAOBATEILHOCTH KOMOMHAIIMKM JIOTMYECKHX
ypoBHEH oOT | 10 32 mnOpou3BOIBHBIX KaHAJIOB C YYETOM HX

JIUTCIBbHOCTH

IIpouue:

AnnapaTHO-JIOTUYECKHAN aHanmu3aTop/reHepaTop M (ppPOBBIX
curHaioB B-141 Bximowaer B cebs koprnyc YHUIIPO c Gioxom
nuTanus u uatepdeiicom B-101 u uzmeputenpabiii Moayis B-141
HuTepdeiichl ¢ KOMIbIOTEPOM:

o IlpunTtepnsiit mopt, nmporokoisi ECP/EPP;

o IlocnenoBarenpHbiil mopt RS-232
[Muranue 220 B/50 'y
[ToTpebnenue 15 Bt
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Pazmepsr:
o WsmepurensHoro moaynst B-141-190x140x120 mwm;
o Kommnexkca YHUITPO — 290x260X70Mmm.

Macca:
o MWamepurensHoro monyins B-141-0,8 kr

o Amnanuzaropal/reneparopa B-141 B coope — 2,3 kr.

OcHoOBHBIE POrPAMMHO (PYHKIIMOHAJIbHBbIE XapakTepucTuku B-141

[IporpammHoe oOecrnedeHUE peaan30BaHO JIS OINEPAMOHHBIX
cucrem Windows95/98/NT/2K/XP

MapxkepHbie U3MEpEeHUs

OyHKIIMA MOWCKA 3aJaHHOM TMOCJIENOBAaTEIbHOCTH II0 BCEMY
CUTHay, JIMOO MO €ro 4acTu, a Takke (PyHKIUU Nepexojia K 0ot
TOYKE CUTHAJIA

@aiinoBeie  (QYyHKIMU  OOECHEUYMBAIOT  CO3JaHUE, OTKPBITHE,

COXpPaHCHHUC, KOITUPOBAHUC U II€YATh AAHHbBIX, KOMMCHTAPHUU

CocraB nporpaMmmHoro ooecrnieduenusi B-141:

[Tporpamma renepaTopa curnanoB UniLA 1.7

Hpatisep UniLA mis Windows95/98/NT/2K/XP

JlokymeHTanuss M OWONMOTEKAa JOMOJHUTENbHBIX (YHKUUNA 110
npaiisepy UniLA s wucnonbp3oBanus B-142 B kauecTBe
BCTPauBaeMOro yCTpOMCTBA

[Tpumepsr ucnonb3oBanus npaiiBepa st MS Visual C++, Delphi
4.0.



