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OBIIIUE ITOJIOXXEHU S T10 KOHTPOJIbHOM PABOTE U
BbIBOPE BAPUAHTA

B xoHTpOJIbHOM paboTe HEOOXOUMO PEIIUTH ABE 3aaUl U TPEX MPUBEIEHHBIX
3a7a4:

1) nuarHoctupoBaHue C IpUMEHEeHHEM MeToja baifeca;
2) AMarHoCTUpOBaHUE MPU MOMOIIM METO/Ia MOCIIEI0BATEIbHOTO aHAIN3a;
3) IMarHOCTUPOBAHUE METPUUYECKUM METOIOM.

Bo3MmoskHBIE KOMOMHAITMY 3374 10 METOaM TUarHOCTHPOBAHUS B
KOHTPOJBHOM paboTe:

1) meron Balieca u mocnen0BaTeIbHOTO aHAIN3A;
2) meron baiieca u MeTpu4eCKHil METO;
3) MeToA Mocnea0BaTebHOrO aHAIN3a U METPUUECKUN METO/I.

[Tocne TOro Kak CTyJAEHT BBIOpai JBa METOAa TUArHOCTHPOBAHUS, HA KOTOPHIE
OH JKeJaeT pemarb 3aJadyd, HeoOXOAMMO BbIOpaTh OOy 3a7ady U
MOCNIEAOBATEIBHOCTh JaHHBIX, KOTOPHIE MPUBEIEHBI ISl Ka)XJOr0 W3 METOAOB
JAMArHOCTUKH.

Tak, HanpuMmep,

- s Metona baiteca MoxkHO BbIOpaTh ofHy M3 20-THU MOCIEA0BaTEILHOCTEN
HCXOJHBIX JAaHHBIX;

- Ui MeToJla  MOCJEeAOBaTeIbHOro  aHaiu3a Jol0yoo u3  26-Tu
MOCJIEAOBATEILHOCTEN HCXOAHBIX JAaHHBIX;

- 7 METPUYECKOTr0 MeEToJa MOXKHO BbIOpaTh OAHY MOy u3 12-tu
MMOCJIEI0OBATEIbHOCTEN UCXOMHBIX JaHHBIX.

Pemienue 3ama4  JD0JIKHO COIIPOBOKAATHCA BCEMHU HGOﬁXOI[I/IMLIMI/I
MaAaTEMAaTHYC¢CKUMHU BbIKJIAJIKAaMHU U rpaq)mcaMM.

Iocae 33)]aHI/II7[ NMPUBEACHbBI TCOPETUYECCKUE TNMOSACHCHUA MO0 KaAXKIOMY U3
METOAOB THATHOCTUPOBAHUSA.



3AJIAYA HA METO/] BAMECA

BbinonHseTca gnarHocTMpoBaHMe COCTOsIHME TOKAPHOro CTaHKa no ABYM BbIXOAHbLIM
napameTpam obpabaTtbiBaeMbix Ha HEM aeTanen (BanoB): x;- CpeaHAsa BeNnu4MHa gnameTtpa
Bana no BCeW ero AnuHe; x,- gucnepcna (OTKINOHEHNE) AnameTpa Bana no Bcen ero gnvHe. [ns
uenen anarHoOCTUKM AaHHble napameTpbl Oblnv npeobpas3oBaHbl B AMArHOCTUYECKNE NPU3HAKK:
k.- OTKNOHEHWE CpeaHen BeNNYMHbLI JuamMeTpa Bana Bbille JONYyCTUMOrO 3HAYeHUS; k-
OTKNOHEHWNE ancnepcun guaMmeTpa Bana Bbille 4ONyCTUMOro 3HavyeHus. MNposiBneHne gaHHbIX
NPU3HaKoB CBA3aHO CO CrieaylowmmMm anarHo3amm: D;- omnbka, Bbi3BaHHasi Hanaakom
WHCTPYMEHTA; D,- HEAOMYCTUMbIN N3HOC pe3ua. B kayecTBe COCTOAHUA DscrieqyeT NPUHATb
OTCYTCTBME OLIMOKM B Hanagke MHCTPYMEHTA U Hanuymne nsHoca pesua He Bblle OonyCTUMOro
(T.€. ncnpaBHOE COCTOSIHUE).

M3BeCTHO, 4TO npusHak k,nposiendetca A1% cnyyaeB npu owmnbkn B Hanagke n A2%
crny4aeB npu Ype3mepHoM nsHoce pesua. NpusHak k,nposasnserca As% criyqyaes npu ownbku B
Hanagke n As% cnyyaeB npu HegonycTMMOM M3HOce pesua. B HopmanbHOM cocTosiHUWM (Ds)
npusHak k,nposiensercsa As% cryyaes, a NpusHak k,BoobLLe He NposBNsaeTcS.

O6wwme cratucTudeckue wuccnegoBaHus nokasanun, 4To As% cnyvaeB Habniogaetcs
coctosiHue D;, B Ar% cnydaeB Habnwogaetca coctosiHne D;, B As% crnyyaeB Habniogaetcs
cocTtosiHue D,. TpebyeTca yCTaHOBUTb BEPOSITHOCTM AMArHo3oBP(D, /K *),P(D,/K *),P(Ds/K *)ons
crneaylLwWwmx peanusaumii KOMNIeKCoB NPU3HaKoB: 1) oQHOBPEMEHHOE NPOSsIBNIEHNE OTKIOHEHUS
CpegHero 3HavyeHus amameTpa U AMCNEepCUN Bblle AO0MYCTUMbIX 3HAYEHWN; 2) OTCYTCTBUE
NPU3HaKoB; 3) HanMyne TONbKO OTKIOHEHUS CPeAHEro 3HadeHns anamerpa Bbllle AonyCTUMOro
3Ha4eHus; 4) HanM4ne ToNbKO OTKITOHEHUS AUCNepcrMn AMaMeTpa Bbile JONYCTUMOro 3HAYEeHUS.

UucaeHHbIe 3HAYECHUS MOXKHO BBIOpaTh n3 Tabmuilsl Ne 1 (cM. HIKE).
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Численные значения можно выбрать из таблицы № 1 (см. ниже).
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Taomuma Ne 1. Yucnennsle 3Ha4eHU K 3a1a4e Ha MeTo balieca

TocrenoBaTeb- BennumHel npoueHToB

HOCTb JaHHBIX Ar Az As A4 As As A7 As
00 68 59 21 81 10 80 5 15
01 60 55 25 80 5 85 5 10
02 71 52 28 75 15 74 10 | 16
03 60 50 33 82 7 70 10 20
04 65 68 29 84 12 75 12 13
05 68 59 21 81 10 75 7 18
06 60 55 25 80 5 79 8 13
07 71 52 28 75 15 85 10 5
08 60 50 33 82 7 82 5 13
09 65 68 29 84 12 83 5 12
10 68 59 21 81 10 70 12 18
11 60 55 25 80 5 72 15 13
12 71 52 28 75 15 74 14 12
13 60 50 33 82 7 80 12 8
14 65 68 29 84 12 84 12 4
15 68 59 21 81 10 87 5 8
16 60 55 25 80 5 79 8 13
17 71 52 28 75 15 78 6 16
18 60 50 33 82 7 76 10 14
19 65 68 29 84 12 88 8 4
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Таблица № 1. Численные значения к задаче на метод Байеса
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3AJAYA HA METO/I IIOCJIEJOBATEJIBHOI'O AHAJIM3A

) OcyuecTtBnsieTca AnarHocTUpoBaHne COCTOSHUSA ra3oTypbuHHOro aBuratens no
BENMMYNHAM NEPEMEHHbBIX MEXaHNYECKNX HANPSKEHWI B €ro fionatkax B peanbHOM Maclutabe
BpeMeHN. 3akoH pacnpeaeneHnst HanpsbKeHU Ha KaXKOon nonaTke x;sIBNSeTCS HOpMarbHbIM
(rayccoBcCKuM).

B ncnpaBHoM rasoTypOGuHHOM ABuratene cpegHee 3HavyeHue NepeMeHHOro HanpsXKeHus
COCTaBnNSET u,, a CPeAHEKBAApPaATUYECKOE OTKITOHEHNE PABHO o, (CM. Tabn. HWxe). B HemcnpaBHOM
COCTOSIHAM  CpedHee  3HavyeHMe  MNEepPeMEHHOro  HanpsbkeHns  cocTaBnaAeT  pu,, a
CcpenHeKkBagpaTU4eCcKkoe OTKITOHEHWE PaBHO a,.

NmeeTcsa Tpu peanusaumm pacnpegeneHnin HanpskeHnn B nonartkax x,k, x, kW xsk, Npu k =
1,25, KOTOpble ObIN MOMYyYEHHbI, HAaNPUMep, B pa3nuyHblie nepuoabl paboTbl ra3oTypOUHHOIO
ABuratensi.

OnpegennTb COCTOsIHME (AMArHO3) ANs KaXxaon peanusauumn panpeaeneHnini HanpsikeHun
B nionartkax x;kasuratens, oTobpasutb ABMXKXEHMNE OMAarHOCTUYECKON TOUKM
Ha MMAOCKOCTM ANs KaXOOW peanusaumu x;k. BenuumHbl owmBGOK NepBOro an BTOpPOro ppopa
npuBeaeHbl Takke B Tabnumue.

Tabmmua Ne 2. Yuc/ieHHbIE 3HAYEHHS K 3a]a4€e HA MeTO/ I10C/1e10BaTeJIbHOI0 aHAJIN32

Ne
JAHHBIX M1 01 125 02 a B x1k x,k x3k
12,-2.17,9,9, |-7,16.31,5,12, |20, 25,6, 15, -19,
00, 11,0, 10, -4. 15, |3,-7,17,14.9, |16, 4, 22. 15, 25,
15,0 -4,0.-8,  |34,30 11.6,21, |11.17,21, 14, 37,
5 10| 12 120 1 005 10.05 15" 4 58 24 |0,26,-7,-11, -9, |23 10 14,5, 11,
24,20.-6,24,- |4.7.16,-13,4  2,3,24 21,16
19
o 4.17,4,18,15, |-1,18,25 11,7, - |19, 9, -20, 6, 5, 5,
! 9.7.5,17,2,13, 8.2, 12, -9, -23, - |2, 2. -9, 32, 24, -
7 | 8 | 15 | 22 | 008 008 |8.3.27 -6 14, |97 -4 11,14,3. 5.6,7,-7.8,-9. -
21,19.12,0, 11, [10,-3,17, 11,~ |15, 5, 18, 26, -14,
11,3, 10 16.29. 6,14, -6 |18, 19, 21
02, 1,0,-4,2.3.0, |-8.5,-3,8,1.7, |3.8.5.2.6,-1,4,
1,314 1.1,-114, 2,5 12.0. 16.3.7.2.1.3.1,
s s 8 10081005, 1,2,15,2,5,9,5,9,10,19.12,5, 9, 15, 7,
141131 |5726121.5 4.6 11.4.3
03, 6,-5.2 4,538 |1.96,6,3,35, |7.85,1,8,86,3,
1213354 6225221, 3-311250
2 | 2 5 10 1 01 101 456 18,6 13630651 72320956,
1,42 4, 5 6.0 10,6 47505
04 -11 1!150521-51 -41-11010!-15-11 -1!-1!2!11153145
’ 1!1!251501-15- 01-111!-1!1101 2!2!-1121-4!3!21
01 | 1 2 5 | 0.05 13,34 -1.- 100,-1.-10.-2, -1.1,1.1.2,1,0,
31115 4,-00-20-21 - 4311
1.2 1
o5 4.2,7.6,2,8,8, -2,3,2.10,6,5. |6,3,-3,9,0,0,5,
: 350220- 7.7.11.3.7.-8. |2.0.-1.3.3.2.6.
15 | 25 | 5 | 8 | 006|006 |7.66.72-17 611,76128 |2.21.1.6,1,-3.
2566 1 520410 5 | -2.3 3 3
10
o6 5,3.-6,10, -2, - 10.4,3,13.-1,8, |4,6,3, 14, 11,0,
! 14,11,5,0,5.4, |9,7.7.4.-4,8.5 (1.0 -5,1,13 1,1
1 5 5 | 8 | 005005 10,212,224 |1.11,5,0.6.1.1,|2.16,-7.5,9.7. 2
4215 2,17 11.11.3.8.5 9 14.6,-2. 6
7 6
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Таблица № 2. Численные значения к задаче на метод последовательного анализа
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Taﬁ.lmua Ne 2. YUnciaeHHble 3HAYEHUS K 3aJavde HA METOA IMOCJICA0OBATC/IBHOI'O aHAJ/JIn3a (nponomlceﬂne)
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Таблица № 2. Численные значения к задаче на метод последовательного анализа (продолжение)

Vitaly Bykador
№ данных

Vitaly Bykador
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Ta6amma Ne 2. YucsieHHbIe 3HAYEeHHUS K 32/1a4e HA MeTO/l I0CJIeI0BATeILHOI0 aHAIU32a (IIPOI0JIKEHUE)

Ne
JAHHBIX nul 0-1 HZ 0-2 a :8 xl k x2 k x3 k
. 1,-12,0,10,16, 1,617, 14,12,2. |16, 10,13, 15,0,
! 11.10.0,7,2,4, |17, 11,8, 20, 3. 18, |-13, 15, 5, 5, 20,
5 | 5 | 12 | 15 | 0.06 | 0.06 |5,-2.7,10 -7, -3, |-4.12,11,7,-3.18, |2.11,9, 9, 3, -6, -
1.-7.22.1,4.9, 194,75 -8 1.1 |4 -10, -2, -6, -2,
7.7 14,10, 9, 24
8 9.5 10,14,0,- |-13,5,-4.5,-1.6, |16,3,-2, 12, 1,
! 14,1,7.-4,3,13, |5,5,3,2,17, -6, -2, |8,0,6,2.-3. 7,
25 | 5 | 105 | 10 | 0.08 006 1,-1,-11,2.-9,4. |3.-4,10. -2, 1, 10, |12, 8,4, 17. 6,9,
2.6.16,18,0. |4.9.5 11,13,10 4,9 4,-4,2.0, -
1.8, 13 7.6
0.5 -10,34,6, |24,3 -19,-14,34 -|-21, 1,10, 0, -18,
19, 35 16,8, 15,6, |8, -15,-16,18.7, |2.12,-31. 14, 3,
11.4.9 5,9 17, |14,18,13 21,21, |5. 28 38, 14, -3,
10 710 1 20 | 20 1 0.05 | 01 144" 2" 156 2" 134 20 -6 14, 3.8, 21,35, 14,21,
24 19,8, -1 4,15, 3, .4 21 -16, 21,15, 7,
5
20 13.4,5,8,5,4,6, 12,11,9.9 11,7, 11,7, 13,0, 10,
: 17.13,12.7.6. |11.7.11.9.9.10. 10,12, 10,2, 8, -
7 | 2 | 25 | 10 | 005|005 17.1,11.14.5.9, |11.5 13 13,12, 3,15 4.5 1.7
17, 3,2.7.14,5, |10.13,8.9, 12,7, |12, 6. 16, 18. 16,
5 8,10 7.2.5.4
o 4.19,25,4,7 14, 13,19, -4, 19. 2,1, |5, 10, 10, -5, -3,
! 2-3,9.2.7.16, |14.12.20,14,7. |29, 15,4.13.7,
5 | 7 | 15 | 15 | 0.06 |0.08 4.18,4,3 16,8, 15.8,2, 26.-2,10. |1, 14, 2, 20, 23.
11.1,-2,21,16, |27.19,21. 13, -15. |20, 10,-9. 5. 14,
6, 26 13,16, 7 13, -5 10, 2. 17
18, 35, 22, -4 34. | 21,17, -31, 20, -10, |14, 34, 29 18,
2 3 27.52, 15,4, |17.12.13, -2, 16, |13.-7.7. 21,0,
! 13, 10,16, -1, 21, |37, -4. 0, 22, 4,10, |27.9.10, 24, 0,
10 110 | 20 | 20 1 0.05 100597597314 2 |6 30,8, 26,5 3 3 10.3 33 19 11,
27.3 2.5 14 |20 13 14, 23,21, 9 6,
22
6.6,21,-1,-22. |-17.12,-7.0, 25,- |27.9,2, 19, 31,
2 35, 13,14, 26, - 33,16, 7,-9, 13, -3, |-3, 13, -9, -19, 9.
: 22,275 20, -14, |-23,12,-41,-36, |8, -32, 37, -16, 8,
6 | 12 1 10 122 1001 1005 45 35714, .7 11, |11,22,28,6,4,-3, |4.-12, 11,3, 21, -
6,22, 11, -39, -5, [17.18 1.9 20,42.4,2.8
17
6,23,9,24. 14, |-1,28,-4.5,1,10, |9, 4, 27,5, 26,
24 23.12,0, 34,23, |11, 13,30, 20,9, -1.|29, 21, 26, 11, -1,
6 | 10 | 25 | 30 | 01 01 /9,0,38 -1, 14 |30.-15,29,8, -2, - 1.35,-6 7,33, -
37,20, 26.30.3, |3, .14, 2.5 20, 15, 2.7, -11,50, 7.5,
19,6, 12, 30, 16 |51, 1 35 4. 21, 14
17,37, 8, 28, 66, |14, 33.33.43, 11, | -23, 26, 16, 20,
. 70,-14. 28, -10, - |0, 27, 56, 21, 44, - |21, 13, 2, 29, -1,
: 13.6,47,20, 11, |5.48.17.-6.43.3, |-27, 26, 37, 18, -
8 | 18 1 30 | 45 [ 005 1 0.1 133735 5 5 10, |65, 31, 20, 55,45, |4, -16, 30, -22,
14,17, 55, 13, 30, | 38, -2, 5, -64 50,7, -44. 12, 1,
51 0, -4, 20



Vitaly Bykador

Vitaly Bykador
2

Vitaly Bykador
Таблица № 2. Численные значения к задаче на метод последовательного анализа (продолжение)
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MpumMepbl rpadnKoB, KOTOPbIe MOTYT MOYYUTLCA NPU pelleHnn 3aaadn MeToooM NocieaoBaTe/lbHOro aHanmaa.

1) xik € D1
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Примеры графиков, которые могут получиться при решении задачи методом последовательного анализа.
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3) AnarHoctuyeckue TOYKM Nepruoanyeckn nepemMellaroTcs us obnactu D; U D,B D,U

Hao6opOoT. B AaHHbLI MOMEHT COCTOSIHUE CUCTEMbl ONpPeaenvTb CMOXHO, HO CKOpel Bcero B
OyayLwem cocTosiHne cuctembl ByaeT x;k € D,, Tak Kak C yBENMYHEHNEM

KonuyecTBa MHOpPMaLUn 0 06bEKTE UCCNeaoBaHNS HabnaaeTcs yBenuyeHe KonmyecTsa

ANarHOCTUYECKNX TOYEK B 0bnacTu D,.
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4) YcTaHOBUTb AMarHo3 He nNpeacTaBnsieTcsl BO3MOXHbIM, BbINOMHWUTL NPOrHO3 BEPOSITHOIO
pPasBUTUS COCTOSIHUS CUCTEMBI B ByayLleM Takke He BO3MOXHO, T.K. AMArHOCTUYECKNE TOYKM
He BbIXOAST 3a npeaenbl 06nactu D; U D,Ha NPOTShKeHUN Bcero HabnioaeHus 3a obbekToMm (3a

UCKIOYEHME TOMNbKO OAHOM TOYKU, YTO CKOpel Bcero oByCroBNeHHO CTaTUCTUYECKOM
MOrPEeLLHOCTbLHO).
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X = llxq, X2, Xyl
KOTOPOM pacrofiaraetcd mAauarHo3oB D = ||Dy,D,,..

3AJIAUA HA METPUYECKHII METO/1

MycTb BbINOMHSAETCA AMarHOCTMpoBaHMe obbekTa No nAMarHOCTUYECKMX NPU3HAKOB
MpOCTPaHCTBO [AMarHOCTUYECKUX MNPU3HAKOB SIBMNSIETCS HEU30TPOMNHbIM, B
., D, lANSA  KakOoro [auarHosa W3BEeCTHbI

BEPUMLIMPOBaHHbIE BEKTOPA af, i = 1,m. TpebyeTca onpegenntb: 1) obnactb ANarHOCTUYECKNX
NPU3HaKOB; 2) YCTaHOBUTb NPUHAANEXHOCTb TPEX NPOU3BOSIbHBIX BEKTOPOB X;, XM X3K TEM UMK
WHBbIM AMarHo3aMm, MCMonb3yd MeToh PacCTOSAHUA A0 3TanoHa WM MEeToA pacCTosHMA 0o
MHOXecTBa. Pe3ynibmambl pacdema (KoopOuHambl 3ma’sioHO8 aj, €criu Ucrosib3yemcs Memood
paccmosiHut 0o smasioHa, MUHUMAallbHble PacCmMOSHUSI U 8€/1UYUHbI 8€C08bIX KO3ghhuuueHmos)

ceecmu 8 C800HY0 mabriuuy.

Tadoauua Ne 3.1 Unc/jieHHbIe 3HAYEHUSA K 3a/1aUe HA METPUYECKUI MeToJ]

BekTopa namepeHHbIX OTHoLEeHus
Ne BepuduLmpoBaHHbIe BEKTOpa a; Ans AnarHo3os D AvarHocTAIeckix BECOBBIX
N prenUnp pa a; Ans A t NMpU3HaKoB k03 ULMEHTOB
HAHHBIX (HncneHHLle sHaqeHun oM. B Tabn. 8) (YvcneHHble 3HaYeHNs | AMarHOCTUYECKUX
cM. B Tabn. 9) NpU3HaKoB
D, D, D4 D, Ds X4 X5 X3 /1]-
s s s s s
00, Sals aé5 a?g a§8 ag5
asdio ‘1%1 ab? aga agz
azz Q3g 47 )
S S
431 67 1 10 12
X | x@0 1 x(A2) | <, <3< Ay
s s s S
01, aS2 a}Z az, a‘194
S
a}3 a§3 Qss a§4
S
ags a§4 ] age
s
a a a a
o o * ° - X® | x@0 | X9 | 3, <23 <A <Ay
S s s s
02, aS3 a§° a; a58
azg azo Qg7 Qsg
azs
afl—‘O - X(14) X(19) X(3) Al = AZ < ).3 < A.4
S S S S S
03, ag a§° a§1 a3s ag0
S
ago 45 ags a3s agz
s S
agz aso a§6 agj a24
S
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ЗАДАЧА НА МЕТРИЧЕСКИЙ МЕТОД

Vitaly Bykador
Таблица № 3.1 Численные значения к задаче на метрический метод
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Taonuua Ne 3.1 Uuc/jieHHble 3HAYEHUSA K 3a/1a4e HA MeTPUYeCKUii MeTo] (IPOoJ0JIKEeHHe)

BekTopa namepeHHbIx OTHoOwWweHusA
No BepuduLmMpoBaHHbIE BeKTOpa a; Ans AnarHo3os D; ANarHoCTUMECknX BECOBBIX
. (YmcneHHble 3HaYeHus c;/l B Tabn. 8) ripushiaion KOS HLIEHTOB
AaHHBIX ) ) (YmcneHHble 3Ha4YeHNUs | QNarHoCTUYECKNX
cM. B Tabn. 9) Npu3HaKoB
D, D, D, D, Ds X X5 X3 /1]-
s s s s s
04, a}" a§° ag0 a‘;" ag0
Cl%z a§3 a§4 ags Qse
S
‘1%4 ags age a§7 Qsg
16 azz Qsg QA9
s s an ) @ <A, =2,<2
ajg az, X X X 4 2 1 3
s s s s s
05, a§3 a}gs a5-‘7 ag‘g a25
s
aiz ags a§1 o) A2
azy azs X® | xO® | xA3) [ <, <1, <3
06, azo azl azz a§3 az4
azs aze azy azg a7
a; as a3 a; as
3 as as as 3 5 5
a1o 12 13 14 ais X® | x5 | xG) 2, <A <A, < A3
S s s s
s
Qg1 a§4 as, ag
s
ago agz Ay X® | x5 | xU7) 1, <A <Ay =3
azq Qgs
S s s s s
R e A T B S B
T e 32 “ 2
gy A6 ags ‘158 a§9
azg a§4 a§1 X | x@ | xG <3<, <)y
aszs Qss
s s s S s
09, als4 ais a§6 a§6 a§0
aﬁ ags a§7 Qesg agt)
agz} ags ‘1357 asy Qg3
a§4 aZSf} aS7 X(lg) X(7) X(6) Al = 14 < /12 < 2.3
Qsg as aiz
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Таблица № 3.1 Численные значения к задаче на метрический метод (продолжение)
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Tadoauna Ne 3.1 UncsieHHbIe 3HAYEHUS K 3a/1a4e HA MeTPUYeCKHU MeTo/ (MPOoaoJIzKeHne)

BekTopa namepeHHbIx OTHOWweHus
No BepuduumpoBaHHble BekTopa as Ans AMarHo3oB D; AnarHocTUMecknx BECOBBIX
JAHEEIX L : npu3Hakos KoahpnuneHToB
(YncneHHble 3HayYeHns cm. B Tabn. 8)
(YvcneHHble 3HaYeHNs | AMarHOCTUYECKUX
CcM. B Tabn. 9) NpU3HaKoB
D, D, Dy D, D X, X, X3 A
10, a$ a3 as as a3
as; a3 a3, ags ase
aso azg Qg ags 61
ags az; ago Gz | X(D | (9 | x(®) | 1) <A <A, <1
as as as
53 71 63
azo asy
", ag ag ajs azs agy
ajs ag az, a3g Qg3
agy ajg aze aze ags
a3s asg azg asg ags | x® | x(18) | x@0) |} <A, <1; <,
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Таблица № 3.1 Численные значения к задаче на метрический метод (продолжение)
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Tadauna Ne 3.2 YncjieHHble 3HAYeHUS BepruPUIMPOBAHHBIX BEKTOPOB

a$ =110,25,12,52|I7

a; = 1115,15,20,60"

a = 1127,35,32,55|”

a3 = 122,33,15,58|7

ad = 1114,41,45,50]”

a = 135,50,55,101||"
a$ = 1145,58,65,120|”
a$ = 140,55,61,115|”
a3 = 1142,52,58,110]|"
as, = 115,15,10,15)I”
a3, = 18,10,8,301”

a3, = 16,12,5,25|I7

a$; = 114,10,4,20]7

as, = 1100,60,80,200(”
as. = 11120,65,100,215||”
a3, = 11108,72,112,220|”
as, =11115,68,91,201||"
ag = 1120,25,15,10]”
a3y = 115,30,18,15|”
a3, = 125,33,21,18|”
a3, = 135,40,35,25|”
a3, = 1138,48,40,35/I”
a3, = 1141,45,45,30]
as, = 1152,50,38,28]I7
as. = 1165,60,55,45]|”
as, = 1169,69,59,49|I7

a$, = 168,85,65,50||

ase = 175,100,85,65]7
a3, = 1180,110,95,68]|”
as, = 185,105,90,85|7
as, = 182,115,100,80”
as, = 190,125,105,90]
as; = 11100,140,120,100]I7
as, = 1125,158,135,115|7
as. = 11136,155,125,132|I7
as, = 1500,100,320,52/I7
as, = 11480,120,350,62|I7
aSg = 550,151,250,141|7
as, = 11450,130,305,100]|”
as, = 11120,325,320,40/7
a3, = 11102,305,224,45]|
a3, = 1198,350,215,52||7
a3, = 11220,104,160,104(7
a3, = 11190,126,125,115|I7
as. = 1150,146,135,125]|
as, = 11250,106,165,95]|
a3, = 112,20,50,80]7

ass = 118,25,65,75|”

a3y = 1115,18,52,82||7

as, = 118,22,56,96|I7

a$, = 1120,40,80,120]|
as, = 1125,35,85,125|”

as, = 1132,45,91,132,140||7
as, = 115,52,245,100”
ase = 122,65,230,120]”
ag, = 120,59,210,105”
as, = 128,63,227,135|”
ase = 155,25,37,15

ass = 165,20,42,18

as, = 1160,30,32,22|7

as, = 1168,21,46,35|I7

as, = 1125,56,245,95|
as, = 1115,41,215,125||"
as, = 1135,48,205,105(7
as, = 1110,32,220,130]”
ass = 1156,44,88,12|I7

as, = 1145,38,69,16/

a3, = 150,40,78,25

asg = 1156,46,55,20]7

a3y = 1149,32,60,30]7

as, = 400,300,125,115|
as, = 11440,280,135,125|7
as, = 11340,320,155,148]|
as, = 11410,335,120,140]|
as, = 1150,250,100,85|I7
ass = 1160,240,115,98|
as, = 1142,231,128,116]|"
as, = 11165,201,110,100]”
asg = 1115,25,35,45(

asy = 1125,35,45,55|
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Таблица № 3.2 Численные значения верифицированных векторов
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Tadoauna Ne 3.3 Unc/ieHHbIe 3HAYEHUS BEKTOPOB TEKYIIEro COCTOSHUS TUATHOCTUPYEMOM CHCTEeMbI

XM =115,28,15,48|"

X® =|55,86,25,100|"
X® =145,210,115,65I"
X® =482,125,300,150]|”
X®) =85,12,47,95||"

X(© =145,210,115,55"
X =165,69,47,12|I

X® =1216,155,95,110||”
X® =12,22,55,45|"
X9 =122,32,65,82||”
X9 =95,105,100,115||"
XD = I55,65,140,47||"
X2 =127,32,55,88]|”
X2 =61,32,33,12I7
X3 =1102,45,65,86]”
X9 =1142,30,55,69||7
X5 = 165,44,51,62||
X6 =30,42,55,95|”
X(18) =1420,310,215,165]|”
X9 =65,115,32,102||"

X@0 =112,25,115,65I”
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Таблица № 3.3 Численные значения векторов текущего состояния диагностируемой системы
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Metoa Bawneca
[MpeMmyliecTBa: npoCTOTa, BbLICOKAsi HAOEXHOCTb YCTAHOBMNEHUA

AnarHosa.
Hepoctatku: 6Gonbwon o06bEM nNpeaBapuTenbHon MHGpopmMauun,
nodasneHne peako BCTpPeYaroLmnxca AnarHo3oB 1 ap.

OcHoBbl __MeToga. Ecnn  umeetca aunarHos Din  npusHak kj

BCTpeYaloWunca npyu 9TOM [AuarHose, TO BEPOSATHOCTb COBMECTHOIO

nosiBNeHnsl CobbITWiA (T.€. Hanu4e y obbekTa COCTOAHMA D;1 NpusHaka k;)

BblITEKAET N3 paBEHCTBA.

P(ki/D;)

P(Dikj) = P(D) - P/ D) = P(ky) - P(Di/kj) = P(Di/ k) = P(D) - —5 =
]

rae  P(D;/k;) - BepOSITHOCTb AMarHosa D;nocre Toro, kak CTano U3BECTHO Hanu4ne y
paccmaTpusaemoro obbekTa npusHaka k;(anocteprnopHasi BEpOSTHOCTb AMarHo3a);

P(D;) - BepoATHOCTb AnarHosa D;, onpegensemMas no ctatucTU4eCKM JaHHbIM (anpuopHas
BEPOSATHOCTL AnarHosa). Hanpumep, ecnu npeasaputensHo obenenosanocb NOGbeKToB Uy
N;06bekToB Umenock D;coctosiHue, To P(D;) = N;/N;

P(k;/D;) - BEPOATHOCTb MOABNEHUA Npu3Haka k;y 06beKkToB ¢ coctosHuem D;. Ecrniv cpeam
Ny,
N;06b€eKTOB, UMeLWKX AnarHos D;, y N;jnosisuncs npusHak k;, 1o P(k;/D;) = o

P(kj) - BEPOATHOCTb NoABIIEHUA NMPU3HaKa ijO Bcex obbekTax, He3aBUCMMO OT COCTOSIHUS

(omarHosa) obbekta. MycTb 13 obLero Ymcna NobbekToB npusHak k;obin obHapyxeH y N;06bekTos,
TOorga P(kj) = %
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Puc. 2.1. MHoxecTBa 06BEKTOB AMarHOCTUPOBaHMWS

Ob606uieHHas dopmyna baneca. 3ta hopmyna OTHOCUTCA K Cry4yato, Korga

obcnegoBaHMe ob6bekTa MNPOM3BOAUTCS MO KOMMMEKCY npu3HakoB K =
{ki,ky, ..., kj,...k,}, kaxgpm npusHak k; WMeeT m; paspsAoB
kjl,ka,...,kjs,...,kjmj. [Myctb B pesynbrate obcnegoBaHusi oObekTa
CTaHOBUTBCHA M3BECTHA HeEKoTopasd hakTuyeckas peanusauus Kommnnekca

npusHakos, T.e. K, Toraa dopmyna Baieca Ans peanusaumy Komnnekca
NPU3HaKoB UMeeT BUL;:

. P(K”/D;
P = P0) -5 Y 22)

OnpegenumM BEpOATHOCTU BErNWYMH BXOOSALWMX B BblpaxeHue (2.2). B
BonblwKnHCTBE npakTuyecknx 3agad, OcobeHHO rpu OonblOoM  4Yucre
NPWU3HAaKOB, MOXHO NMPUHATL YCNOBUE HE3ABUCUMOCTU NPU3HAKOB, Toraa:

P(K"/Dy) = P(k1/Dy) - P(k3/D;) .- P(ky,/Dy) (2.3)

BeposaTHOCTb NosIBNEHUS KOMMieKca NpusHakoB K N onpenensieTcs:
n
P(K") = z P(Dy) - P(K"/Dy) (2.4)
s=1

[Moaoctaenas BbipaxeHue (2.4) B dopmyny (2.2) v yyuTbiBad

BblpaxeHne (2.3), nonyyum o0600WEHHY0 opmyny baneca ans

peanusauuy Kkomnnekca K He3aBUCUMBIX npu3HakoB k;,i =1,v:

) P(D;) - P(K"/D;)
P(Dl/K ) =< . *
{ s=1 P(Ds) P(K /Ds) (25)

P(K"/D;) = P(ki/Dy) - P(kz/D) ... P(ky /D))

Mocne BblMMCREHUS BEPOSATHOCTEN OAMArHO30B TpebyeTcs MpUMEHUTb

pewarouiee npasurio.
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OI'IQ.Z Pewarowiee npaBuyio — 3Mo ripasusio, 8 coomeemcmeuu C

KOmopbIM rpuHUMaemcs peweHue o 0ocmosepHocmu duazHo3sa.

B meToge Baiieca 06bekT ¢ KOMMMNEKCOM K OTHOCUTCA K AMarHosy C
HanbonbLlen BEPOATHOCTbIO:

P(D;/K*) > P(D;/K") > K* € D,i=T,n;i #j

PeLLlaI'OLLI,ee npasuio 00ObIYHO YTOYHAETCA BBeOAEeHMEM [Moporosoro
3HavYeHunda gn4d BepOFlTHOCTI/I OnarHo3a.
P(D;/K") = P

rae P; - 3apaHee BbIOpaHHbIN ypo8eHb pacro3HasaHus Ans auarHosa D;P; = 0,9. NMpu atom
YpPOBEHb OrikanLLero KOHKYPUpPYHLLEro AnarHo3a He NpeBbILLAEeT 3Ha4YeHns 1 — P;.

Mpun ycnosuu:

P(Di/K™) < P,

peweHne o AaunarHole He TpUuHNMaeTCd (OTKa3 oT paCI'IO3HaBaHMFI),

TpebyeTca nocTynneHne AoNoNHUTENbHON MHGOpMaLmK.

Ons onpegeneHus BepPOSATHOCTM [AmarHo3oB no MeToay baiieca
XenatenbHO  COCTaBnsATb  OUA2HOCMUYECKYd  Mampuuy, KoTopast
cbopMmpyeTcs Ha ocHOBe NpeaBapuUTENbHOIO CTaTUCTUYECKOro MaTepuana.
B aston Tabnuue copepxaTbCs BEPOSATHOCTU paspsooB MPU3HAKOB Npw

pa3nnyHbIX AnarHo3ax.

(2.6)

(2.7)
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Tabnuua 2.1. MNpumep gnarHocTudeckon Matpuubl B metoge baneca.

IMpuanak k,i
ky ko ki
| Anarxos — — — —_ - _— —~ — —_— P (D))
i Q aQ Q Q Q Q ) Q Q
— — . S — — — — T
= pa = b B & o = a
€ | £ £ 8| £ £ | £ L)L
o, q, Q, Q, Q, a a, a, qQ,
' |
D, 0,8 0,2 0 0,1 0,1 0,6 0,2 0,2 0,8 0,3

Mpennonaraetcs, Y4TO Y CUCTEMbI MOXET OAHOBPEMEHHO HabnoaaTbes

TOJIbKO OAWH U3 YKa3aHHbIX AOMarH030B Dl-l/l NOTOMY BCA COBOKYIMNHOCTb

ONarHO308B.

i Py =1

B npakTtuke, 4acto BO3MOXHO HanMyne HECKOSbKMX COCTOsIHMIA obbekTa
Ay, ..., A, NPUYEM HEKOTOPBIE N3 HUX MOTYT NPOSBIIATECA COBMECTHO APYr C
apyrom. Torga B KayecTBe [OMarHoO30B D;cnefyet paccMmatpuBatb Kak
oTaenbHble coctosHusa D; = A4,...,D,. = A,, Tak U Nx KombuHauuu, T.e.

DT'+1 = Al /\AZ""'DT+l = Al /\A] /\ASM T.M.
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MeToa nocnegoBaTenbHOro aHanum3sa

MeTon nocnenoBaTesfibHONO aHanu3a OCHOBbIBAeTCA Ha MeTode
baneca, npumeHsieTcsas Tonbko ANA AaudpdepeHunansHONn AONarHOCTUKN
(pacnosHaBaHus OBYX cocTosdHun). B otnuumm ot metoga bawneca, ymicno
obcrnenoBaHM 3apaHee He yCTaHaBNMBAETCHA, MX MPOBOAUTCHA CTOSbKO,
CKOSbKO HeobxoanmMo Anst NPUHATUSA PeLLlEeHnst C onpeaenéHHOn CTeneHbto

pucka.

OcHoBbl MeToaa. [Ins pacrnosHaBaHUs ABYX COCTOsIHWUIA Diu D,crnenyet

COCTaBUTb OTHOLUEHUE BepOFITHOCTeIZ anda  KOoMrJiekCa He3aBUCUMbIX

NMPMN3HaKOB.

P(D,) - P(K"/D,)

* T - ¥ * .
P(D2/K) _%goy P(Dy) P(KT/Ds) _ P(Dz) P(K /D) | K~ -KOMILI. HE3aBHUC. IPH3H-0B =

P(Di/K) ~ __P(D)-P(K'/D)) _~ P(Dy) P(K*/Dy) - Hieanyc. 1Ip!
o })(DS).p(K’l"/DS) K ={kik,....,k,}

P(D,/K") _ P(Dy) Pkiks..,ky/D2)
P(D,;/K) ~ P(Dy) P(k, k.., ky/Dy)

Ecnu
P(D,/K")
P(D,/K")
nUnm

P(kiks,...,ky/D;) _ P(Dy)
P(kik;...,ky/Dy) ~ P(D7)

TO MPUHUMAETCA pelleHne O TOM, YTO K € D,, T.e. Habnogaemas
peanusaumMs KOMMNMeKkca npusHakoB K CBMOETENbCTBYET O  HanMymu

anarHosa (cocTtosiHus) D,.
B wmetoge nocnegoBatenbHOro  aHanusa — paccMaTpuBaemble

OTHOLLUEHNA BEPOATHOCTEN NPU3HAKOB (OmHoweHUss npasdornooobusi)

(3.3)
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COCTaBNAKTCA He cpaldy, a B nocnegoBaTenibHOM MOPsAKe; NO3TOMY, Kak
npasuno, Tpebyetrcsa MeHbluee 4ncrno obcnegoBaHui (MO CPaBHEHUIO C

meTonom baneca).

[MoacHuM paccmartpuBaeMbli METOA Ha CriegyroLlemM npumMepe.

MycTb, Hanpumep, nNpW aAvarHose D;KOMMMEKC npuaHakos K =
{k;}nposiBnsieTca ¢ BeposATHoCTblo P(k;/D;), a npu AunarHose
D,COOTBETCTBEHHO C BeposTHOCTLIO P(k,/D,). Toraa ecnu OTHOLLEHWE
BEPOATHOCTEMN:

P(ki/D .
M>A=>K €D,

P(k;/Dy)

T.e. ecnm npusHak k;(Temnepatypa, BAQ, «kakue-nn6o paboume
XapaKTEPUCTUKM U T.M.) NPOSBNSETCA NpU COCTOsSIHUKM D,60nbLue, Yem npu
COCTOSIHUM D;, NPV 3TOM YacToTa NPOSBNEHNUSA NPU3HaKa k,Npy COCTOSHMM
D,HEe HWXe HEKOTOPOro 3HayeHud, TO Crenyet, u4To npu OBHapYXeHUU
paccMaTpvBaeMol peanu3auuM  KOMMNNnekca nNpusHakoB K BO3MOXHO
ANarHocTMpoBaTtb COCTOSIHME D, .

Ecnn xe:

P(k1/Ds)

. <B=>K €D,
P(ky/Dy)

[Ons BblpaxeHus (3.5) MOXHO OaTb MOACHEHWS aHanoOrnyHble BbllUe
NpUBEAEHHBLIM A115 BblpaxeHusa (3.4).
Ho ecnu:

P(k1/Ds)

- <A=>K €D,D=D,NnD,
P(ky/D,)

(3.6)
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P(K'ID,)
Pk |

Puc 3.1. O6bnacTtu gnarHo3oB D1 D,

T.e. OuarHo3 ycTaHOBUTb He MNpeacTaBrnseTcss BO3MOXHbIM, T.K.
nMeroLencs uMHdopmMauunm HegoctatodHo. B atom cnyyae Heobxogmmo
nocTynneHve LOMOMHUTENbHOW UHOpMaumn, aAna dero Tpebyetcs
onpegerneHne U BBedeHWE B KOMMJIEKC MPU3HAKOB KakKoro-nmbo HOBOro
npuaHaka, KoTtopbln 0603Ha4YnM Kak k,, Torga K = {kI,k;}. Ecnn HoBbIN
Npu3HaK k,SBNSEeTCA He3aBUCMMbIM OT Mpu3Haka k;, TO BO3MOXHO
BbIMNONMHUTL 06CneaoBaHUs oObekTa TONbKO MO Npu3Haky k,, BbIABUTb
BEPOATHOCTM COCTOSIHMA D;n D,06bekTa OT peanumsauuin HOBOrO Npu3Haka
k,, T.e. P(k,/D;)v P(k,/D,), 32aHOBO BbIMOSHUTb BbIYNCIIEHNE OTHOLLIEHWIA
BEPOATHOCTEN N NYCTb B JAHHOM Cryvae:

P(ki/D;) P(ky/D;)

- - >SA=>K'€eD
P(k;/Dy) P(k;/Dy) 2

O6uwas npouenypa meroaa. lycte npoBeaeHo v — 1o6cnegoBaHnin no

peanu3auMu KOMMMeKkca HesaBucuMbIx npuaHakoB K = {kik,...,k,_1},

KOTOpbI€ €LLEe He NO3BOMST YCTAHOBUTL OAMH U3 ABYX ANArHo30B Dy unu D,:

P(k1/D;)  P(ky—1/D;)

— . 2 A K€D, D=D,ND,
P(ki/Dy) — P(k,_1/D1)

TOraa HeobXxoaMMO BBECTM B KOMMMEKC K HOBbIN (HE3aBUCUMbIN) k, MPU3HaK,

BbIMOJIHNTL Vv-0€ o6cnep,osaH|/|;| M 3aHOBO BbIHUCIINTL OTHOLWUEHUE

(3.8)
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BEPOATHOCTEN [ANA peanu3auun paclUMPEeHHOro KOMMMeKca MPU3HAKOB
K ={kiky..., ky_1,k,}. MlycTb B nonyunm:

P(ki/D;)  P(ky_1/Ds) P(k;/D2)
P(ki/Dy) ™ P(ky_1/Dy) PUky/D1)

>A=K €D,

nnn

P(ki/D;)  P(ky—1/D;) P(ky/Ds)

- - - - <B=>K'€eD
P(ky/Dy) P(k,_,/Dy) P(ky/D1) !

rae An B- BEPXHSIS U HUXKHSAS TPaHuLbl MPUHATUS PELLEHNS.

Ons cokpalwleHns o6bEMa ob6cnenoBaHUn BHadvane TpebyeTcs

npoBoauTb obcrefoBaHme no Hanboree MHPOPMaTUBHbLIM NPU3HaKaM.

CB#A3b rpaH1L NPUHATUA peLUeHUsi C BePOATHOCTAMM OLIMOOK NepBOro 1 BTOPOro poaa.

Ecnn npuHMmaeTca pelleHne O HanmvumuM auarHo3a D,, Korda B OEeNCTBMTENbHOCTM OOLEKT
NpyHagnNexvT guarHo3y D,, TO BO3HUKAET owubka rnepeoeo poda. Ecnu npuHnmaeTcs pelieHne B Nonb3y
AmarHosa D, Korga cnpaBegnus gmarHo3 D,, TO BO3HUKaeT owubka 8mopoco poda.

Ecnn coctosHne obbekta D;cuntatb WCMpaBHbIM, @ COCTOSHWEM D,HeucnpaBHbIM, TO OLIMOKa
nepeoro poga 6yaeTr Has3biBaTbCs «JIOXKHOM TPEBOrom», a olmbKa BTOPOro poda «MpOMyCKOM Lenu».
Opyrumu cnoBamu, ecnun obbLEKT UCNPaBEH, T.e. UMEET auarHo3 D;, a Obin nocrtaeneH guarHo3 D, (06bekT
HeucnpaeeH), TO 3TO NPMBEAET K MEPOMNPUSATUAM MO YCTPAHEHUIO HE CYLLIECTBYHOLLIErO AedeKTa - «JTOKHas
TpeBora». Ecnu xxe oObekT HeucnpasBeH (guarHo3 D,), a NoCTaBfeH AuarHo3 CBUAETENLCTBYOLINA O €T0
ucnpaBHoCTK (gnarHo3 D, ), To ByaeT nponylweH AedekT obbekTa - «nponyck Lenu» (Lenbio B AaHHOM
cnyyae siBnsieTcsi obHapyxeHne gedekra).

Ecnn 0603HauMTb BEPOATHOCTL OLUMOKM MEPBOro poda Yepes «, a BEpPOATHOCTb OLNOKM BTOPOro
poga 4epes [, TO BO3MOXHO YCTaHOBUT CBA3b MEXAY rpaHuLaMu MPUHATUS pelleHun A, Bu
BEPOSATHOCTSIMM OLLUMOOK NEPBOrO U BTOPOro poda aun B:

oS
INA
=
I
=

R

=

B

v

[EnN
I
S

B npaktnyeckux pacyértax yacto npuHumatoT a = f = 0,05...0,1.

(3.9)

(3.10)

(3.11)

(3.12)
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OcCHOBbI MeTpUu4eCKnMx metToaoB pacno3HaBaHuUA
MeToabl pa3geneHna B NpocTpaHCTBe AUNarHOCTUYECKUX MNpuU3HaKoB

OCHOBaHbl Ha «rMNOTE3e KOMMAaKTHOCTM», B COOTBETCTBUN C KOTOPOWN TOYKM,
oTobpaxkaroLlne ogHO 1 TOoXKEe COCTOsIHME (AnarHo3s), rpynnUPYOTCA B OQHOM
obnactn npoctpaHcTBa npusHakoB. O6bIMHO Takme obnacTM OOCTaTOYHO
KOMMAaKTHO 3arofHAT YacTb NPOCTPaHCTBA AMarHOCTUYECKMX NPU3HAKOB.
YcnoBue KOMNakTHOCTM COCTOUT B TOM, YTO YMCNO rPaHUYHbIX TOMEK Mano

Nno CpaBHEHUIO C 0OLLKMM Ymucrnom Touek obnacTu.

B MeTpuyecknx MeTodax pacrnosHaBaHWs, Kaxdoe AuMarHoCcTupyemoe
coCcTosiHMe oObekTa MOXeT OblTb OXapakTepu3oBaHO BekTopoM X B
MHOrOMEpPHOM NPOCTPaHCTBE ANArHOCTUYECKUX NPU3HAKOB:

X = {xl,xz,...,xN}T

KoMnoHeHTbI BekTopa X Mory 6bITb HENPEPLIBHBIMU N OUCKPETHBIMU
BENMUYNHAMU SBMISIOLWLNECA pasfINYHbIMU ANArHOCTUYECKMMU NapamMeTpamm
(TemnepaTtypon, AasneHnem, Bubpaumsammn, pabounmMmm xapaktepucTmkamm u
T.N.).

Ecnn Tekywee cocTtosiHMe o6bekTa npeacTaBnATb Kak  TOYKY
MHOrOMEpPHOro MPOCTPaHCTBa, ONpedenisiemMyto KOHLOM BekTopa X, Toraa
BO3MOXHO JaTb MPOCTOE reoMeTpuyeckoe npeacrasneHne CBA3WN BeKTopa
npu3HakoB X (ONs OBYMEPHOro criydasl) ¢ CoCToaHusaMN obbekta D; u D,
(pnc. 7.1).

EctectBeHHO, 4TO ecnn (pakTMyeckaa peanu3auusi BekTopa
OMarHocTMYecKknx npusHakoB X° nonagaetr B obrnactb Xp;, TO AaHHas
dakTnyeckas peanusaums BekTopa X yKasbiBaeT Ha TO, YTO OOBLEKT

HaxoauTcsa B COCTOAHUMN D;:

X(l') € Dl'
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X (n)

Puc. 7.1. CBa3b BekTOpa X C NPOCTPAHCTBOM COCTOSHMIN D u D,00bekTa

OI'IQ..' OGnacTtbl0 AunarHosa Xp; Ha3bleaemcs MHOXecmeo moYeK
ripocmpaHcmea OuazHocmu4yecKux NMpu3Hakosg, coomeemcmeyruwux

cocmosiHuto obbekma D;.
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EBI‘JIHI[OBO paccTofaHHe MeXAYy TOUKAMH. Oﬁb]TlHGE paCCTOHHPiE
MeXJ1y TOYKaMH X H a4 NpoCTpaHCTBa TNPH3HAKOB

lx,@)=|x—a|=V (4 —a)+ -+ (xy—ay’=
1

_ {;' o, — aﬂ_}g} - (11.3)

PaBencrso (11.3) ycranaBaHBaeT MeTPHKY eBKJHAOBA MpOCTpaH-
CTBa, MpPHYeM OCHOBHbIE MeTPHYeCKHe CBOHCTBA 3ITOrO NPOCTPaH(TBa
BHIPAXKAIOTCSH YCJOBHAMMH:

@, by=I1(b,a), l(a, b)=0; I(a a)=0,
l{a,c)<l(a, b))} (b c). (11.4)

B 3ajauax pacnosHaBaHHA YacTo yA06HO B KauecTBe Mephl paccTo-
'fIHHS MPHHHMATh KBajapaT PaCCTOSHMS

N
(%, a) = QI (x; — a2, (11.5)

Bennuuna [* TecHo ¢Bs3aHa ¢ MHOrOMepHBIM HOpDMaJIbHHIM pacrmpe-
JeJIieHHeM, Juaee npocrta AJH BH‘[HCJIEHHﬁ. 4 HepaBeHCTBO

L, =1, (11.6)
BJaeue1 3a coboil Gosiee CHABHOE HepPaBEHCTBO
I =1 (11.7)

O6o6wenHoe paccrosinMe nopsAakKa v
1

N v
liw (%, @) = (Fglle — ay |"’) . (11.8)

Kak yxe ormeyanocw, mpu v=2 Iy coBnasaer ¢ oGhUHLIM pac-
crossudeM [paBencrso (11.3) |, npu v = | BeawunHa l;y npeacrapaser

coboit paccrosine no Xemmuury. Ilpu v — oo [y = max | x; — g/,
1< /<N
T. €. paccTosiHHe paBHO HaHOGOMbLIEMY OTK/JOHEHHIO MO KaKOH-1HOO

H3 KOOpIHHAT.

,ﬂHﬂ.l‘H OCTH4Ye€CKaA MeEpa PACCTOHHHH. HMHorpga okaseiBaeTcsa Ieje-
EDGﬁpESHh[M HCINOMb30BATh B KauecTBe [IHArHOCTHYECKOH Mepel pac-
CTOAHHA HEKOTODPYI0 CTeNeHE PpPacCTOAHHA

a‘i v

¥

L=I£"ﬂ(x,a}=(}_,|x,-—af|) . (11.9)
;‘:

B nanvHeiilmem GyaeM 4acTO HCMOJb30OBaTh KBajpaTH4YHoe (eB-

KJNHI0BO) paccTosiiie (v = 2) W BTOpYylo cTeneHb pacctosHus. Torna
JHATHOCTHUECKAS Mepa pACCTOsIHHA MexXJy TOUKaMH X H 4

N

L= = 2_}1 (x; — ;). (11.10)
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MeTpHKa B HEH30TPOMHOM MPOCTPAHCTBe MpH3HaKoB. [Ipensiayuiie
onpefieJleHHs] PacCTOAHHA COOTBETCTBOBAJIH OJHOPOJHOMY, H30TpOI-
HOMY [POCTPAHCTBY MPH3HAKOB, KOOPAHHAThl KOTOpPOTo HMewT o06-
Yyl eiHHHLY H3MepeHHi. Takoe NMpocTpaHCTBO OAHOPOJHBIX MpPH3-
HAKOB MCMOJb3yeTcsi B psie 3ajau pacrnosHaBanusa Hanpuwmep, aas
aKyCTHYeCKOH JHarHOCTHKH B KauecTBe PH3HAKOB MOTYT NPHMEHATHC A
AMIJTHTYJI6l COOTBETCTBYIOIHX TapMOHHK H T. I

JlvarHoCTHKa C NMOMOILbI0 MPH3HAKOB B JBOHYHOM KOJe COOTBET-
CTBYeT HCMO0/Ib30BaAHHIO H30TPOMHOTO, ONHOPOAHOIO MPOCTPAHCTBA
npH3HakoB. O1HAaKO BO MHOTHX 3ajayaX JAHarHOCTHKH TMPOCTPAHCTBO
NPH3HAKOB ABJAETCA aHH30TPONHBIM, T. €. efHHHIL H3MePeHHs B pas-
JHYHBIX HanpaBjeHusX pas3auuHbl. KoopauHatam x; MOryT COOTBeT-
CTBOBAaTb MapaMeTpel pas3jHuHONi ¢Qu3uvecKoll npupoasl (Hampumep,
Xy — TeMmmneparypa, X, — JlaBjJleHHe H T. I1.).

Ec/in BBecTH BecoBble KO3(h(hHIUHEHTH! A; N0 KOOPJAHHATE |, TO KBaj
paT paccTOfIHHA MeXIY TOUKaMH X H @

N
P(x, a) = )]I A (x; — a;)™. (11.11)
I'=

C MOMOULIBKY KOMIOHEHTOB BeCOBOI0 BeRTOpa
A= (A Agy. .oy Ay) (11.12)

MOKHO y4eCTh pa3fqHYHYH IHarHOCTHYeCKYH LEeHHOCTh NPH3HAKOB,
I:IPHILEBHH foJibllee 3HaveHHe HaubOJee 3HAUHMEIM MpH3HaAKaM.

Tak Kak ANA JHArHOCTHKH BakKeH OTHOCHTe/bHBIH Bec, TO MOMKHO
HCMNOJB30BATE },I’CJTDEHE HOpPMHpPOBAaHHA B DBHIE

L A - (11.13)

j=l

Beepenne BecoBnX Kos(pdHUHeHTOB NedOopMEpPYeT MpPOCTPaHCTBO
npusHakoB. Ecau nmocrtaBuTh ycnoBue, 4ToGbl NpH noaobHbiXx aedop-

Matiusix coxpaHuacs obnem obnacteit n1MarHo3oBs, To ycjdoBHe HOPMH-
pPoOBaHHS MOMKHO [IPHHATE TaKHM.

Ahg. . hy = FI A= (11.14)

j=1

00o0weHHas MeETPHKA mMpocTpaHcTBa npH3HAKOB. COOTHOILUE-
Hue (11.11) ycranaenupaeTr «HepaBHONpaBHe» OTAeJBHHIX KOOpJHHAT
B POCTPAHCTBE NPH3HAKOB, HO OHO HE YUHTHIBAET POJib KOOPAHHATEL X;
Ansi nuardosa D;. JlnarHocTHdeckoe 3HadeHHWe NPH3HAKOB pamnqlm
IS pasaHYHLIX JHArio30B W paccTOsiHHe TOYKH X JIO TOYKH a;, NpH-
Hajamexaue auardosy D;.

Torga 0606WEHHOE BblpaXXeHUE BbIYUCIEHUS PaACCTOSHUS Mexay

Toukamu X 1 a; ,0y0eT MMeTb cneayroLni Bua;
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==

N
,
Iy X @) = Z Ajlx — ayj
=1

roe X — BEKTOp COCTOSIHMS OBbeKTa;
a; — To4YKa, Xapakrepuayowias agnarHo3 D; B METPUYECKOM
NPOCTPaHCTBE,;
N — KOnn4ecTBO ANarHOCTUYECKNX NPU3HAKOB (pPasMepHOCTb
METPUYECKOro NPOCTPaHCTBA);
Ajj — BECOBOMN KOI(DPULIMEHT, Y4YMTbIBAIOLLNIA CTENEHD BAXXHOCTD j-TO
ANarHOCTUYECKOro NpusHaka ans i-ro AgnarHoaa;
x; — (paKkTn4yeckas peanusaums j-ro AMarHoCTMYECKOro npusHaka
(koopguHata BekTopa X);
a;; — koopavHaTa BeKTopa a;;
U — AMarHocTuyeckas Mepa pacCTOSAHUS;

vV — NopAgoK paCCTOAHUA.

YenoBus HOPMHPOBAHHA NpH 000OILEHHOH MeTpHKe:

V=1 (i=1,2,...,n) (11.19)

[Ty, =1(=12...,n). (11.20)
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OnarHocTuKa No paccTOAHUIO B NPOCTPaHCTBE NPU3HAKOB

PaccmoTpyM aBa MeTofa: AMarHoCTUKa Nno pacCTOsHUIO [0 3TarnoHa u
MarHocTuKa no pacCTOSAHUIO O MHOXECTBA.

[OuarHoctuka no pacCTosHUK A0 3TanoHa. B  gaHHoOM wmeToge

OTHECEeHMe NpeabsBEHHOro AN pacrno3HaBaHUs 0bbekTa K OQHOMY U3 n
ONarHo3oB COBEpPLUAETCA MO HaUMEHbLUEMY PacCTOAHWUIO OO 3TanoHa. B
KadecTBe 3TanoHa gng AauardHosa D; NpUHMMAaeTCA TUMUYHBLIM OOBLEKT,
nmetowmn gumarHos D; (puc. 10.1). Ecnu nmeeTca HeCKONbKO TUMUYHBIX
00bEeKTOB C AnarHo3om D;, TO BbIOOp 3TasioHa COCTOUT B UCMOMb30BaHUK
CpeAHnX 3HadYeHnn napameTpoB B obnactn guarHosa. Ecnn nsBecTHbl M;

00bEeKTOB C AnarHo3amu D;, TO B Ka4eCTBe 3TarioHa Ans guarHosa D; MOXHO

NMPUHATb:

(

roe ais)- 06beKT ¢ BepnpULMpOBaHHbIM ANarHo3oMm D;.

Puc.10.1. [lnarHocTrka no pacCcTosiHUIO 4O 3TaroHa

AJ'IFOpVITM pacno3HaBaHUA. |l:',J'IFI OTHECEHNA OnarHoCTupyemoro

obbekTa X K OAHOMY 13 n AMarHo3oB HeobXxoanmMo onpeaennTb PacCTOSIHUS

(10.1)
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l, (roe [, - puarHoctTnyeckass Mepa) oT oobekTa X [0 3TaSNIOHHbIX TOYEK ay.
OBBbeKT X OTHOCAT K AgnarHody D;, ecriv Mepa pacCcTOsHUS MeXay TOYKamm

MUHUMarbHa:

lmin =minL =2 X € Di

L={lLxa,l,x,a;,...,l,xa,}

[uarHoctuka Mo _paccTogaHMID 00 MHoXectBa. B gaHHoOM wmeTtoge

OLIEHMBAETCS PacCTosiIHME OT 0DObekTa X A0 8cex mo4Yyek MHoxecmea (puc.
10.2), a He pacCTosiHME OO0 3TaNOHHOW TOYKW, Kak B npeabiaylemMm MeToge.
PaccTtosiHue 00 MHOXecCcTBa OLEHMBAETCA KakK cpedHee pacCTOsiHME, HO
BO3MOXHbl WU OpyrMe BapuaHTbl OLEHKW (Hanpumep, Kak MWHMMarbHOE
pacctosiHne OO  MHoXecTBa). Mcnonb3oBaHuMe OaHHOro  MeToaa

npeanonaraert, YTo AN Kaxaoro D; auarHosa uMmeeTcs rpynna o6pasuos M;.
Q)

Torga paccTtodaHne ot obbekTa X OO0 TOYKM a; ’, BXOAsILLEN B rpynny

BepudULMpoBaHHbIX 00pa3LoB, byaeT UMeTb BUAL

Xy

Punc.10.2. OnpeneneHune pacCcTosHUs 4O MHOXeCTBa

(10.2)
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1 =

Z 2 x Wr (10.5)

MoXHO onpeaenuTb cpegHee paccTosiHue OT To4YkM X [0 Toyek
obyyatoLLel nocnenoBaTenbHOCTU, NpuHaanexatlen anarHosy D;:

¢
M; v

R Z [Z 2 (ﬂ (10.6)

[Mpouenypa AnarHOCTMPOBAHME OCTAETCA TaKou Xe, Kak npu
onpegeneHnn pacctosHna oo atanoHa (cm. (10.2), (10.3) n (10.4)) c yyétom

TOro, 4Yto L = {lf), lgs),..., l,(f)}

. Taknum obpa3om BbIGUpaeTcs MUHUMarbHOe

paccTtoaHne n3 cpegHmnx paCCTOFIHMIZ Nno KaxXaomy k-My AnarHoay.

NCMNOJNIb3OBAHHbLIE NCTOYHUKA

1. Buprep N.A. TexHn4ecKkaa guarHocTuka. - M.: « MawunHocTpoeHue»,
1978. - 240 c., un. - (HagexHocTb 1 KayectBo). ™

*** - Bce npuseageHHble Bbille NeKUunn coCtaB/ieHbl N0 AaHHOMY MCTO‘-IHMKV!
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