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PacnosHaBanue 00pa3oB Ha OCHOBe MNOTEHUHMAJbHBIX
(yHKIMI: METOIUYECKHE YyKa3aHUs [JIsl MPOBEIACHUS JIa0OpPaTOPHBIX
3aHATHN W BBITIOJHEHUS CAMOCTOSTEILHOM BHEAYJIUTOPHON pabOThI IO
mucuurinae  «Teopust pacmo3HaBaHusi 0Opa3oB» Il CTYACHTOB
HanpasiieHuss noarotosku 09.04.04 «lIporpamMmHasi WHXKEHEPHUS»
(mpoduns «Pa3zpaboTka UHGOPMAIIMOHHO-BBIYUCIUTEIBHBIX CUCTEM) /
FOro-3an. roc. yu-t; coct. P.A. TomakoBa. Kypck, 2022. - 19 c.

PaccMoTpena MeToauKka pacrno3HaBaHMs Pa3HOOOpa3HbIX OOBEKTOB B
oOyyaeMbpIX CHCTEMax Ha OCHOBE METOAa MOTEHUUAIbHBIX (DYHKUUH,
IIPEIHA3HAYECHHBIX JUI MOCTPOCHMS pa3leisAIoOlIel TpaHULbl MEXIYy KlaccaMu
OOBEKTOB, MPUMEHSIEMBIX NPU OPraHU3aluU pabOThl UHTEJUIEKTYalIbHBIX CHCTEM
Pa3JIMYHON apXUTEKTYPHI.

Meronnueckue ykazaHusi cocTtaBiieHbl B cooTBeTcTBUM ¢ DPI'OC BO —
MarucTparypa no HanpasiaeHuro noarotoBku 09.04.04 «lIporpamMvHas uHxeHEpUD)
Ha ocHoBaHuU ydeOHoro iana OITOIT BO 09.04.04 «IIporpaMMHast HHKEHEPHS,
HarpaBJICHHOCTh (Tipoduib, crnenuanuzanus) «Pa3paboTka uHOOPMaIMOHHO-
BBIYMCIIUTENbHBIX CUCTEM).

[IpennazHaueHsl Uil CTYJEHTOB, OOy4aloOUMXCs IO HalpaBJICHUIO
noarotopku  09.04.04 «lIporpammuas umxeHepus» (npoduib «Pa3paboTka
MH(POPMALMOHHO-BBIYUCIUTENBHBIX CUCTEM») BceX (popM 0OyUdeHHs.

TekcT nmeyaraeTcss B aBTOPCKOM peaaKInu

[Tonmucano B mevarthb dopmar 60x84 1/16.
VYen. neu. 1. . Y4.- u3n. . . Tupax 25 ax3. 3aka32/28.  becmnartho.
FOro-3anaaHelil rocyJapCTBEHHBI YHUBEPCUTET.
305040, r. Kypck, yn. 50 netr Okts6ps, 94.



PACIIO3HABAHHUE OBPA30B B OBYYAEMbIX CUCTEMAX

Heab 1 3a1aun J1aOOPaTOPHOIo 3aHATHS (J1a0opaTOpHOH PpadoThI):
» TO3HAKOMHTHCS  C  OCHOBHBIMH  TOHSATHUSMH  METOJOJIOTHHU

pacrno3HaBaHMs 00pa30B JJis MOCTPOCHUS UHTEINIEKTYyaJIbHbIX CUCTEM;

» U3YYUTh KJIACCU(UKALUIO METOIOB PACcIiO3HaBaHUS 0OpPA30B U ATAIlbl
pean3alny STUX METOJIOB;

» BBIIECTUTH CIIOCOOBI TOCTPOCHUS OCHOBHBIX MPUHIIMIIOB MOCTPOCHUS
YpaBHEHUU pa3JeNsiomuX TPaHuIl AJi1 MHPOPMATUBHBIX MPU3HAKOB U
OpuoOpeTeHNe  MPaKTUYECKHX  HaBBIKOB A (OPMHUPOBAHUSA
oOy4JaronMx BBIOOPOK, MPUMEHSEMBIX MpPU OpraHu3aluu padoThI
CUCTEMBI pacliO3HaBaHUS;

» TPOAHATM3UPOBATH MPOOJIEMHYIO CUTYAIHIO KaK CHCTEMY, BBISBIISIS €€
COCTABJISIFOLIME U CBSI3U MEKY HUMU;

» BBIJCIUTH CTPYKTYpHbIE KOMIIOHEHTBHI HCCIEAyeMOH MOJENH,
KPUTUYECKH OLEHUTh HAJEKHOCTh NICTOYHUKOB MH(MOPMALIHH;

» pazpaboTarh TmporpamMmy JUis paclo3HaBaHUS 00pa3oB  IpH
npeodpazoBaHUU UH(POPMALUH,

» TI0O3HAKOMHTHCS C HOBBIMH HAyYHBIMH TPUHIUIAMH H METOIaMH
HCCICIOBAHMM;

» HAy4YuThCs pemarbh NpodecCHOHaTIbHBIE 33Jadyd C MPUMEHEHUEM
HOBBIX HayYHbIX MPUHIIUIIOB U METO/I0B UCCIIEAOBAHUS;

» TpPOAaHATM3HPOBATh W OOOCHOBATH MPHUYUHBI BO3HHUKHOBEHUS W
pa3BUTHS NPOOJIEMHBIX CUTYallUid B HAYKE.

Ilinanupyembie pe3yJbTaThl 00yueHus ((popMupyeMble 3HAHUS, YMEHUS,
HABBIKM M KOMIIETEHIUN):

Koo u maumenosamue umouxamopa oocmudicenusi KOMNemeHYuu,
3aKpenieHHo20 3a OUCYUNTUHOU.

VYK-1.1 - Ananusupyer npoOJIEMHYIO CUTYallUI0 KaK CUCTEMY, BBISBIISIA €€
COCTaBJISIFOLIME U CBA3U MEKIY HUMU;

VYK-1.2 - Omnpenenser npoGensl B uHGOPMAIMHM, HEOOXOIUMON IS
pelieHus: IpoOJIEMHOM CUTyallMH, U TIPOEKTUPYET MPOLECCHI M0 UX YCTPAHEHUIO;

VYK-1.3- Kputnuecku oreHuBaeT HaJEKHOCTh MCTOYHMKOB HHGOpPMAIIHH,
paboTaeT ¢ MpOTUBOPEUNBON MH(DOPMAITUEH U3 PaA3HBIX HCTOYHUKOB;

VYK-1.4 - PazpabatbiBaeT U COAEpPKATEIHLHO ApPTyMEHTHUPYET CTPATETUIO
pelIeHus mpooOIeMHOM CUTYallMd Ha OCHOBE CHUCTEMHOTO M MEXIUCIMILTHHAPHBIX
TIOJTXOJIOB;

YK-1.5 MHcnonb3yeT JIOTHKO-METOAOJIOTHYECKUA WHCTPYMEHTApU IS
KPUTUYECKON OLIEHKHM COBPEMEHHBIX KOHLEMNIHUA (PUIOCOPCKOr0 U COLUATBLHOTO
XapakTepa B CBOEH IpeaMEeTHOM 00JacTu;



OIIK-5.1 Hcrnons3yeT COBpEMEHHOE TMPOrPAMMHOE U  amnnapaTHOE
oOecrieueHne WHGOPMAIMOHHBIX M aBTOMATU3WPOBAHHBIX CHUCTEM pPa3BUTHS;
O0OOCHOBBIBA€T  AKTYaJbHOCTh MX HCIIOJNB30BAaHUSA TMPU  COLMAIBLHOM H
npodecCUOHaNTbHOM B3alMO/IEHCTBUH;

OIIK-5.2 MonepHusupyeT MporpaMMHOE U amapaTHoe oOecTeueHue
WHOOPMAIIMOHHBIX U aBTOMATU3UPOBAHHBIX  CHUCTEM  JJIi  pelICHUs
npodecCUOHANIbHBIX 3a/1a4;

OIIK-5.3 PaszpabarpiBaeT mnporpaMMHOE M almapaTHOE OOecleueHne
UHPOPMAIMOHHBIX M aBTOMATHU3MPOBAaHHBIX  CHUCTEM  JJs  pEIIeHUs
npodecCHOoHaNbHBIX 3a/1a4.

H606XOIII/IMI)Ie MaATCPUAIBHO-TEXHUIECCKOC 060pyn0BaHne Hu

MaTepHaJIbl:
1. Knacc I[I9BM - Athlon 64 X2-2.4; Cel 2.4, Cel 2.6, Cel 800.

2.  Mynptumenua  uentp:  HoytOyk  ASUS  X50VL  PMD
T2330/14"/1024Mb/ 160Gb/ cym-ka/mpoektop inFocus IN24+ .

3. Dxpan moOunbsHEIN Draper Diplomat 60x60

4. loctyn B cetb IHTEpHET.

Illkaj1a oOueHMBAHUSA M KPUTEPHMH OLCHUBAHHUSA BbINOJHEHHON
NPAKTHYECKON padoThI:

. MaxkcumanbHbIi
MuHuManbsHbIN Oast
Oan
dopMa KOHTPOJIS 6o
Oaym | mpuUMedaHue ; |mpuMeuarue

1 2 3 4 3)
JlaGopatopHoe 3aHsITHE Brimonnun, Brimonnun
Pacno3naBanue 00pa3oB HA OCHOBE 6 |HO «HE 12 |mn
MTOTCHITUATBHBIX (QYHKITAN 3aIUTHI «GAIUTHIDY

Ils1an npoBeeHUs NPAKTHYECKOr0 3aHATHA (J1a0OpaTOpHOM
padoThI)

1. SAJAHUA 51 CAMOCTOATEJBHOI'O BBIITOJIHEHUSA

1. Meronom, yKa3aHHBIM NPENOAABATENIEM, PEATU30BaTh OJMH W3
AITOPUTMOB TIOCTPOCHUS Pa3IEAIONIeH rpaHullbl AJisi UHHOPMATUBHBIX
MIPU3HAKOB HA OCHOBE MOTEHIIMATIBHBIX (PYHKIIHUMA.

2. BapuaHTbl THAMBUAYAJIbHBIX 3a/IaHUI MPECTaBICHBI B TA0IUIIE
1. BapuaHT MHAMBUIYAIBHOTO 3aJaHUSI BHIOUPAETCA B COOTBETCTBUU C

HOMEPOM CTYZEHTA B CIIMCKE JKypHaJia IPYIIILL.



Tadmura 1
BapuaHTbl HHAMBUAYAIBHBIX 33 1aHUN

Ne 1 2 3 4 5 6 7 8 9
BapHaHTa

kracc o1 | (L,0) | (30) |(5.1) |(0,0) |(-30) |(2,0) | (30) |(-1,0) | (0,1)
@3) | (@2 (1) |30 | 3D [G-1) |G |31 |21
0,5,0) | (1,-3) | (3-1) |31 |(-1,1) |[(-41) | (-2,0) | (-42) | (3,-1)

kracc o, | (-2,0) |(3,2) |(1,3) |02 |(0-2) [(1,-1) [(0,2) |(1,1) | (14
0,1 |01 [(2-2) [(1,3) [(1,) |(22) (15 [(25 [(1,-2
(0,00 |(-3,0) [(0-5) [(2,-2) |(1,-4) | (1,-3) | (1.-2) |(1,-2) | (O,-4)

Ne 10 11 12 13 14 15 16 17 18
BapHaHTa

kimacc o1 | (-1,0) | (3,0) | (0,0) |(-5,0) |(5,1) [(3,1) |(20) |(50) |(40)
2,1) [(1) |(-2,1) | (-1-1) | (3,-2) | (-1,-1) | (-2-1) | (-7.) | (3,D)
(3-1) | (4-2) | (2-1) |31 |(-2,1) |(-4-1) | G- |(1-1) [ (-1-D)

knacc @ | (0,3) | (L0) |[(2-2) |(22) | (LD |(0-2) [(1-7) [ (2-6) | (2,2)
1) |12 @12 02 |@23) |@3) |@e) |(@-1) |14
2,2) |13 [@2-3) | (1,-3) | (15 |(@1,-3) | @3 |(03) |(0-5)

3. BbiBecTu Ha 9KpaH M300paxeHUs] BCEX  DJIEMEHTOB
MH(POPMATUBHBIX MPU3HAKOB, MPUHAIJICKAIINX PA3TUYHBIM KJIaCCaM.

4. Tlpn peanuzauuv YKa3aHHOTO MPEMNOJABATENIEM aIrOpuT™Ma, C
LEIbI0 BU3yAIN3allUUd PE3yJIbTATOB MAaTEMaTUYECKOTO0 MOJEIUPOBAHUS,
MOCTPOUTh ypaBHEHHUE pa3JeAIoNed TIpaHUIlbl, BOCIOJb30BABIIUCH,
HanpumMmep, cuctemoit Mathcad.

5. PeanuzoBath anroput™M (GOpMUPOBAHUS PA3ACIAIONICH TPAHUITBI
no wutepanusM. OO0OCHOBATH TNEPEXOJ Ha KaXKIYI0 WTEpAIUI0 U
3aBEPUICHUSI IPOLIECCA UTEPALUH.

6. BeiBecTu Ha dKpaH U300paKEHUS JIEMEHTOB, MPUHAICKAIITUX
KOKJIOMY U3 OTBHICKAHHBIX KJIACTEpPOB, YKa3aTh HX KOOPJWHATHI.
Boeiienuth 1IBETOM HalJ€HHbIE LIEHTPHI COOTBETCTBYIONIUX KIIACTEPOB,
yKa3aTh UX KOOPIUHATHI.

7. TlpenocTtaBuTh OTYET.

Cooepycanue omuema:
1.  TUTyJIbHBIN JUCT.
2. Tema u nienpb paboTHI.
3. ®opmasbHas MOCTAaHOBKA 3aJlaud MOCTPOSHUS pa3aeAIoIIei
rpaHuIibl  UHPOPMATHUBHBIX  MPU3HAKOB HAa  OCHOBE  MeTOja




MOTEHINATBHBIX (QYyHKITUH.

OCHOBHBIE€ TEOPETUUECKHUE CBEACHHUS.
3a/laHue, yUuTbiBas CBOW BapuaHT.

X0/ BBITTOJTHEHUS, 00YUCHHS U TECTUPOBAHUSI.
BriBobI.

Noobk

2. KPATKHUE TEOPETUYECKHUE CBEJIEHUSA

[Ipu pa3paboTKe HHTEUIEKTyaJbHBIX CHCTEM BO3HUKAET YaCTO
BO3HUKAET HEOOXOJIUMOCThb pa3/iefiecHusi MHOOPMATUBHBIX MPU3HAKOB
Ha JIBa KJjlacca @, U ®,, KOTOPBIE MPEACTABICHbI TOYKAMHU B N-MEPHOM

npocTtpaHcTBe. C 3TOW LEJIBI0 BOCIOIB3YEMCS CIECIYIOMIUM MOAX0I0OM
OyJneM cYuTaTh, YTO TOUKH, MPEICTABISIIONIMMUA BHIOOPOUYHBIE OOpa3Hl,
SHEPreTUYECKU AKTUBHBI U B HUX COCPEIOTOUYECH HEKOTOPBIN MOTCHIIHA.
[Ipruem B J1r000# U3 I3TUX TOUYEK MOTEHIIUAN JOCTUTAET MaKCUMaJIbHOTO
3HAUYCHHUS M OBICTPO YMEHBIIAETCS MPU TEPEX0Jie BO BCIKYIO TOYKY,
OTCTOSAIIYIO OT TOYKH, ITPEACTABIIAIONICH BRHIOOPOUHBIH 00pa3 X, .

Ha ocHOBe 3TuX  NPEeANONOXKEHUH  MOXKHO  JIONYCTUTH
CYIIECTBOBAHUE KOHTYPOB, KOTOPBIE ONHUCHIBAIOTCA  HEKOTOPOU

MOTEHIMANBHON (YHKITHCH K(X, Yk). bynem cuurtare, 4To Kiacrep,

00pa30BaHHBIN BEIOOPOUYHBIMH O0Opa3zaMu, IPUHAJICKAITUMH Kilaccy @

, o0pa3yeTr «miaTto», Mpu4eM BBIOOpPOUHBIE 00pa3bl pa3MeIlaloTCs Ha
BEpIUIMHAX HEKOTOPOU IPyMIbl XOJIMOB,

[TogoOHY0 FEOMETPUUECKYIO MIUTHOCTPALIMIO MOKHO BBECTH U IS
o0pa3oB Kjacca ,. OTH JIBa «IUIATO» PA3JEIE€HBbl «IOJHHOW», B
KOTOPOM, KaK CYUTAETCA, TOTEHIHUAJ MTaJaeT 10 HyJIs.

Ha ocHoBe Takux aHajloruii co3fgaH METOJl MOTEHIMAJIbHBIX
(GyHKIM, TO3BOJISIOMIMKN IPU IPOBEACHUH KJIAaCCU(PUKAIIUU OTIPEACIIATh
pemaronme QyHKIHH.

Pemaromue pyHKIMM 1715 Ki1accupuKaum 00pa3oB MOXHO
MOJIYYUTh U3 MOTCHIHANIBHBIX (DYHKIUHN 1JIs1 BEKTOPOB,
IPEICTABISIONINX BRIOOpOUHbIE 00pa3el X, , k=1,2,3,...,B

MPOCTPaHCTBE OOPA30B.
[MoTeHManbHy 0 QYHKIHMIO TS TF000H TOUKH X, , MOYKHO

MNpCACTaBUTh BbLIPAXKCHUCM



o0
- - 2 - -
K(X, %) = Z/Ii @, (X) i (X)),
i=1
rae ¢,(X), i=12,..., OpTOHOMUpPOBaHHbIE PYHKIIMH, 4;, i=12,..., -
JIEHCTBUTEIIBHBIC YNCIIA, OTIIMYHBIE OT HYJIS.
Pemaronias ¢pyHKIMS CBsI3aHa ¢ MOTEHIUATBHON (PYHKIIHUEH
PEKYPPEHTHBIM COOTHOIIICHUEM

dk+1()_() = dk ()_() + rk+1K(>_(, )_(k+1) 1
rie K Homep 1ara ureparum, a r, ,— K03 UIIUCHT.

Ha »srtane oOydeHuss BBIOOpOYHBIE OOpa3bl MPEIBABISIOTCS CHU-
CTEME, KOTOpas IMOCIEI0BATENIbHO BBIYUCISET 3HAYEHUS COOTBET-
CTBYIOIIUX MOTEHIIUAIBHBIX (PYyHKIIUH.

Kymynsamuenwviti nomenyuan Ha K-M 11are utepanuy onpenesieTcs
COBOKYITHOCTBIO 3HAYEHHUH OTACIBHBIX MOTCHIIMATBHBIX (QYHKIUN. DTOT
KyMYJISITUBHBIN MOTEHIMANI, OyaemM 0003Ha4aTh yepe3 K, (X), ompeaencH
TakuM o0pa3oM, 4YTOOBI TIPU HEMpPaBUILHON Kiaccudukamu oOpasza
oOyuaromeii BLIOOPKM Xi,q NPOM3BOAWIACE KOPPEKLUS 3HAYEHUS
KYMYJATUBHOT'O TTOTEHIIMAJIA.

Ecnn nmpenwsBisiembiii o0pa3 kiaccu(pUIMpOBaH, BEPHO, TO Ha
JAHHOM IIare HMTEpalyyd 3HAY€HUE KyMYJIATHUBHOIO MOTEHIMAala HE
HU3MEHSIETCHI.

B Hauvane stanma oOy4yeHUs MCXOJHOE 3HAYEHUE KYMYJISITUBHOIO
noteHnuana K,(X) mosjaraeTcs paBHbIM Hymto. [lpu mnpenbsBieHuu

nepBoro oopasza x; U3 o0yyarolie BEIOOPKH 3HAYEHUE KYyMYJISITUBHOTO
NOTEHI[MAaJIa KOPPEKTUPYETCS CIEAYIOINM 00Pa30M:

_ Ko(X)+K(X,X) , ecaux, €,
Kl(x): — - - —
K,(X)-K(X,X)) , eciuX €w,.

ITockonbky K,(X)=0, TO pe3yapTarT MEpPBOr0 BbIYUCICHUSA
3HAYEHUS KYMYJIITUBHOTO IOTEHIIMAIA MOXXHO IIPEACTABUTh KaK
K(X,X,) ,ecau X € wy,

K (X)=
1(%) -K(X,X)) ,ecuX €aw,.

[Ipy mnpenbsiBIEHUM BTOPOTO oOpa3za X, oOydyaromieil BBIOOPKHU

3HAUYCHHE KYMYJISITUBHOTO TIOTEHIIMANIA OMNPEACIIeTCS CJICIYIOMNUM
oOpazom:



1) Eciu X, ew, u K(X,)>0 umu X,ew, u K (X,)<0, TO

K, (%) = Ky(%).

DTO O3HAYaeT, YTO KyMYJSSTUBHBIA IMOTEHIMAI HE H3MEHSETCH,
€CIIM TOYKa, TMPEACTAaBISAIONIAs BBHIOOPOUHBIM 00pa3, JIEKUT C
«MPaBWIHHOW» CTOPOHBI Pa3ICSAIONICH TPAHULIBI.

2) Ecin X, e, m K((X,)<0, TO

K, (X) =K, (X) + K(X,X,) =xK(X, %) + K(X,X,).

3) Ecim X, ew, u K (X,)>0, TO

K (X) = Ky (X) = K(X,X;) = £K(X, %) = K(X,X;).

DTO O3HAYaeT, YTO MPU HAXOXKIECHUU TOYKH, MPEICTABISIONICH
BBIOOPOYHBIM 00pa3 X,, C «HEBEPHOW» CTOPOHBI pa3Aesronei
TPaHMIIBI, OMNPEACIICHHOW KyMYJATHBHBIM ToTeHIMaaoMm K, (X),
3HAUYCHHE KYMYJISTUBHOTO TMOTCHIMATIA yBEIUYMBACTCS Ha BEIUYUHY
K(X,X,) ns obpa3a X, €ew, W yMeHbIIaeTca Ha BenuuuHy K(X,X,) Iy
obpas3a X, € w,.

[Ipu mpenwsBICHHH TPEeThero obpasza X, oOydaromel BBIOOPKH
KyMYJISITUBHBIN MOTEHIIMAI OMPEACIISIETCS. aHAIOTUYHO.

1)Ecmu  X;em 1 K,(%5)>0 i X;ew, 1 K,(X3) <0, TO

K(X) = K, ().

Ecnu pazpensromnias rpaHuiia, onpeaeneHHas noreHuuaniom K, (x),
oOecrieunBaeT MPAaBWIBHYIO KJIacCHU(PUKAIMIO, TO KYyMYJISTUBHBIM
MOTEHITMA HE U3MEHSIETCHA.

2)Ecmn X, ew u K, (X;)<0, TO

K, (%) = K, () + K(X, %) = K (X, %) £ K (X, %,) + K (X, %5).

3)Ecmu X, em, 1 K{(X3)>0, TO

K3 (X) =K, (X) - K(X,X3) =K (X, X,) - K(X,X,) — K(X,X3).

B ToMm cnydae, korma pasjaensionias TpaHHUIA, OMNpe/elCHHas
noteHimaioMm K, (X), He obecrieunBaeT MpaBUWIbHON KiIacCU(PUKAIIUH, TO

3HAYCHHUC KYMYJBITUBHTO IIOTCHIINalJia YBCIINYHNBACTCA NJIN
YMCHBIIACTCA Ha BCIINMYNHY K ()_(, )_(3) B 3aBUCHUMOCTHU oT

NPUHAJIEKHOCTH 00pa3a X; KIAcCy @, WU KIAcCy @, .

st (k+1)-ro BeIOOpOYHOTO OOpaza KyMYJATHUBHBIA MOTEHIMAI
K. (X), onipenenserca B BUJE:

1)Ecmu X, ,eo, 1 K, (X,,,)>0 wim X, ew, 1 K,(X,,)<0, TO

Kia (X) = Ky (X) .



2)Ecmn X, em 1 K, (X,,) <0, TO
Kk+1()_() = Kk (X) + K(X, )_(k+1) .
3) Ecmn X, ew, u K(X,4)>0, TO
Ky (X) = Ky (X) = K(X, Xy.,1) -
DTOT arOpUTM MOYKHO 3aliicaTh B 0000IIeHHON (hopMe B BHJIE:
Kk+1()_() = Kk ()_() + r-k+1K()_(’ )_(k+1) )
rae Kod(pOUIMEHTH I, NMPU KOPPEKTUPYIOUIEM YICHE ONPEEIIOTCS
COOTHOIIICHUSIMH
0 nmpux,emp u K(%,)>0,
0 npux e, u Ky(X,)<0,

rk+1 =9 _
1 npuxggemn u Ki(X) <0,

—lnpux,em, u K (X,,)=0.

Ecnm anropuTM BBINOJHSET MPaBWIbHYIO KiacCH(pHUKAIUIO, TO
.. =0.

Ecium anroputm knaccuduiupyer o0pa3 HEMpaBWIBHO, TO
ko3 durueHr r,,=+1 wim (-1) B 3aBUCHMOCTH OT NPHUHAIICKHOCTH
o0pasa KJlaccy w, Wid @, .

CrnenoBaTenbHO, QJITOPUTM METOJa MOTCHIMATBHBIX (DYHKIIUN
IpeACTaBIsieT COO0OM WTEPATHUBHYIO MPOUEAYPY, OOECHEUYMBAIONIIYIO
HEIMOCPEACTBEHHOE OIpeAesICHUE peraromeid GQyHKIUU s pa3aesieHUs
KJIaCCOB.

VYpaBHeHue pemaronieid QyHKIUU I pa3feieHus KIacCoB @, U

@, UMCCT BUI:

dk+1()_() = dk ()_() + r-k+1K()_(! )_(k+1) '

3. HPUMEP PEAJIM3AIIUU BBIGOPA ITIOTEHIIUAJIBHBIX
O YHKIUH JJISA POPMUPOBAHUSA PA3AEJIAIOLHIEN
I'PAHUIIBI OB BEKTOB

Ilpumep 1. B kayecTBe NOTEHUUAIBHON (YHKIIMU BbIOEpEM
CUMMETPUYECKYI0 (YHKIIMIO JNBYX IMEPEMEHHBIX X M X . YCJIoBHUE

CUMMCTPHUYIHOCTH IIPCAIIOIAracrt, YTOOBI BEIIOJIHSIOCH YCJIOBI/IG:



K(X,X")=K(X",X).

Hawnbonee yacTo mpuMEHSIOTCS MOTEHIMANbHbIC (PYHKIIMK BUA:
o o okl .

1) K(X,%,) :exp(—aHx —X H );

1

1+ a|x - %

2) K()_(’)_(k):

5

. - -2
sin a||x — %, |

3) K(X,%,)=| .

alx - %"
Jlnst mocTpoeHuss (PyHKIMI BOCIIOIB3yeMCs MMOJTMHOMAaMU DPMUTA,
KOTOPBIC OMPEACIISIIOTCA PEKYPPEHTHOM hopMyToi
Hiea () =2X- Hy () = 2K - Hy 5 (%).
Onpenenym 3Ha4YC€HUS MEPBBIX YETHIPEX WICHOB 3TOM (YHKIIUHU:
Ho(x)=1;
H, (x)=2x;
H,(x)=4x* -2;
H,(x) =8x° —12x;
H,(x) =8x° —12x;
H,(x) =16x* — 48x* +12.
Torma
2 (X) =@ (%, %) =Ho (%) - Ho(Xp) =1-1=1;
@, (X) = @2 (X, %) = Hy (%) - Ho(Xp) = 2% -1=2%;
@3(X) = @3 (X, %) = Ho (%) - Hy(X;) = 2X;;
P (X) =@ (X1, %) = Hy (X)) - Hy(X;) = 4% - X

[TorennmanbHas GyHKIUS ONPEEISICTCS B BUIE:

K (X, %) :Z(Di (X) ¢ (X)) -



PaccmotpumM n1Ba kiacca o0pa3os:

o, € {x,(-1,0); x,(L1) }

w, € {X3(2,0); X,(1,-2) }.

CyMmmapHbIi OTEHIMAaN Ha |-M 1Iare BBIYUCISETCS YEPE3 CyMMY
MOTCHIMAJIA HA HYJEBOM Iare M YaCTHbIM MOTEHIMAJ Ha MEPBOM
oOpase.

K. (X) = Ko (X) + K(X, %) ;

YacTHbIA NOTEHIIAAN ONIPEIENISAETCS BBIPAXKECHUEM

K(X, X ) =1+ 4% Xy + 84X, X1 4+ 16X X, Xy Xo

K(X,X;) =1+ 4%,(-1) + 4X,0 +16x,X, (-1)0 =1 - 4x,.

Onpenenum 3HaueHUE pazaesdioniel (yHKIIMU B TOUKE X, (1, 1) :

K,(x,)=1-4-1=-3<0, HO X, € @,

3HA4YUT, HEOOXO0IUMa KOPPEKTUPOBKA!

K, (%) = Ky (%) + K(X,X,)

K, (X) =1—-4x, +1+4x +4X, -1+16X;X, =2+ 4X, +16XX,;
K, (X) =2+ 4x, +16X,X,;

OnpenenuM  3HaUYCHWE  pasfensdlomed (QYyHKIMA B TOYKE

X3(2,0) € w,:
K,(X3)=2+4-0+16-2-0=2>0, HO X;(2,0) € ,,
3HAYUT, HEOOXO0IUMa KOPPEKTUPOBKA!
K3(X) = K3 (X) = K(X,X;) ;
K;(X)=2+4x, +16x,X, — (1 +4X%, - 2—4x, -0+16x,X, - 2-0);
K;(X) =2+ 4%, +16x,X, —1—-8Xy;
K3(X) =1+4x, — 8%, +16X;X,.

OmnpenenuM  3HaYCHHE pasfensmioned (QyHKIMH B TOYKE



X,(1,-2) e w,:
Ky(X,)=1+4-(-2)—8-1+16-1-(-2);
K;(X,)=1-8-8-32=-47<0, tak xax X,(1,-2) € w,, 10
Knaccudukarus nmpousseaeHa BEpHO, U3MEHEHHH HET, TOITOMY
K3 (X) = K, (X) =1-8x, +4x, +16X,X, .
Paccmotpum 06pa3 x,(-1,0) € o,

K,(%)=1-8-(-1)+4-0+16-(-1)-0;
K,(%)=1+8=9>0, Tak KaKk X,(-10) € @, . TO Kaccudukaius
npou3BeieHa BepHO. Heo0Xxo1MMocTH B MPOBEICHUN KOPPEKTUPOBOK
HET.
[Tonyyaem ypaBHEHUE pa3AeIIIONICH rpaHUIIbI
8x, —1
4+16%,
['paduk 310 pazaensromen PyHKIMU MPEACTaBICH Ha pucyHkel.

d(X)=1-8x, +4x, +16X;X,; = X, =

N X2
i @
/"'—‘_ X1
I P L=
o 7 i © >
L 1
® €0y
O e i o

Pucynok 1 — Pa3nensitomiasi GpyHKIMS TPaHUIIBI 1T IBYX KJIACCOB

00pa3oB: o, € {X,(-1,0); X,(1D) }, o, € {x5(2,0); x,(1,-2) }.



Ilpumep 2. Paccmorpum cilydail peanu3aluy MOTEHIUAIBHBIX ()YHKIHMMA
BHUA:
L 2
K(X,X,)= exp(—aHx — X, H ).

I'paduk 3101 yHKIIMK NPEACTABICH HA PUCYHKE 2 UMEET BUI:

Ki(x)

Pucynok 2 — J/IBymepHas noteHIuaibHas QyHKIUS BUAa

K(%, %) =exp(-a|x-%, |)

s [OCTpOEHWsT  YpaBHEHUs — PA3JEISIIONIEM  TPaHMIBI,
MPUMEHUTEIBLHO K BEIOOPOUYHBIM 00pa3aM, KOTOphIC MPUHAIJICKAT JTBYM

KJ1IaccaM | JIMHEWHO HCPa3aCINMBbI, BOCHOJ‘IBByGMCH:
w, € {%,(0,0); X,(2,0) }

w, € {X;(L1); X, (L,-1) }.
ITycth a =1, TOrAa NOTEHIMAJIbHAS cpyHKuHﬂ HUMEECT BUI

K (% %) = exp(-afX %, ') =exp{-L(% — %) + (%, )T}

Peanuzyem anroput™m [uisi GOpMUPOBAHUS PA3AEIAIOIMIMX T'PAaHHUIL
Ha OCHOBE NMOTEHUUAJIBHBIX (PYHKIIH.

PaccMOTpHM TEPBEI BHIOOPOYHBIN 00pa3 o, € {x,(0,0) }

Ky (%) = K (%, %) = exp{—{(%, — 0)% + (x, — 0)2T} = exp{—(x + x2)}.

[IpenpsBuM niisa KinaccUUKAIIAA dJIEMEHT O0ydaroIieil BEIOOPKH
X,(2,0) € o,

Omnpeaenum 3HaK MOTEHITMAIA IS TOTO 00pasa

K, (X,)=exp{-(4+0)}=e*>0. =

O6pa3 x,(2,0) € w, kIaccupuimpoBan BepHo. [loaToMy n3mMeHeHU
HE BHOCUM, UMEEM:

K, (%) = K, (X) = expf-(x + x2)}.



[IpensaBuM 1 KiaacCU(pUKAIIUKM JIEMEHT 00ydYaromel BBIOOPKHU
X5 (L) € @,, BBIYKUCIUM 3HAK MOTEHIMANa JJisl TOro 0opasza

K, (%) =e® =¢? >0,

[TockonbKy X3(11) € w,, TO A1 BEpHOU KiIacCU(PUKAIIMU 3HAUCHUE

KyMYJISITUBHOTO TOTEHIMANIa JOJKHO OBITh OTPUIIATENIHbHBIM. 3HAYUT,
JOJKHA MPOU3BOAUTHCS KOPPEKIUS MO MPABUILY:
K3(X) = Ka(X) = K(X,X3) =

=exp{~(x +Xz)}—exp(-[(x ~1)* + (x, ~1)]}.

Teneps mpeabsBUM I KJIAcCU(PUKAIIUU HJIEMEHT OOydaroliei
BBIOOpPKH X, (1,—1) € ®,, BBIYMCIUM 3HAK MOTEHIMANA JJIsl 3TOro oodpasa,

IS TOTO MOACTaBMM KOODAMHATEI BEKTOPA
Ky(x,)=e @ 7@ —e2 _¢™ 0.
Tak kak o6pa3 x,(lL-1)ew,, TO 3HAYEHHE KyMYJIATHBHOIO

InorcHoualsia  OJOJIKHO OBITH OTpHULATCIIbHBIM. 3Ha‘II/IT, JOJIXKHAa

IPOM3BOAUTHLCS KOPPEKIIUS TI0 IPABUILY:
K, (X) = K3(X) - K(X,X,) =

=exp{—~(x + %)}~ exp(-[( ~1)* + (x, ~1)*]) —exp{-[(x ~1)* ~ (x, +D°T}-

[Ipomiecc wuTepauuii MOpPOJOJKAETCS, TOCKOJBbKY Ha MEepBOM
UTEpali BHOCWINCh KOPPEKIMY B NOTEHIIHAAIL.

Ha emopoit umepayuu npoeooum eco YUK 00yueHus.

PaccmoTpuM BbIOOpOUHBIN 00pa3 x;(0,0) € @ .

Onpenenum 3HaK NOTEHIMAA JJig 3TOro oopasa:

K,(x)=e’-e?-e?>0. =

Tak kak oOpa3 x;(00)ew, ¥ 3HaAUYeHUE TMOTEHIMAIA
IIOJIOKUTENBHOE, KOppeKUus He pon3Boautcsa K. (X) =K, (X).

PaccmoTpuM BBIOOpOUHBIN 00pa3 x4(2,0) € o, .

Onpegenum 3HaK NOTEHIMAA AJig 3TOro oopasa:

Kg(xg)=e" —e?-e?<0. =

Tak kak oOpa3 x;(2,0)ew, ¥ 3HaAUYeHUE TMOTEHIHAIA
OTPHULATEIBHOE, TO KOPPEKIUS IIPOU3BOAUTCS 110 IIPABUIY:

K (X) = Ks (X) + K(X, %) =

=exp{~(x + %)}~ exp(-[(% ~1)* + (x, ~1)*]) —exp{-[(x ~1)* ~ (x, +D°T}+
+exp{-{(x, —2)* + x; 1}

PaccmoTpuM BBIOOpPOUHBIM 00pa3 X, (11) € w,



Ornpegenum 3HaK MOTEHIMANA JJIg 3TOro oopasa:

Ke(x;)=e?-e’-e*+e?<0. =

Tak kak o06pa3 Xx,(11) € w, ¥ 3HAYECHUE TTOTEHIIMAIa OTPUILIATEIBHOE,
TO KOPPEKIMS HE MPOU3BOAUTCS:

K7 (X)=Ke(X).

PaccmotpuM BBIOOPOUHBIH 00pa3 Xg(1,-1) € w, .

Omnpenenum 3HaK MOTEHIMANA JJII 9TOro oopasa:

K,(x)=e?-e?-e’+e?<0. =

Tak kak o00pa3 x3(1,-1))ew, W 3HaUYCHHE TMOTEHIMAJIA
OTPHUIIATEIILHOE, TO KOPPEKIIHS HE MPOU3BOJIUTCS:

Ke (%) = Ky (%).

B »aTOoM mnukie wuTepanmuu  KOPPEKIUsS MPOU3BOIAWIACH TIPH
HEBEpHOU Kiaccupuxkanuu odpasa xq(2,0) € w,.

Hauunaem nHogwlit yukn umepayuil.

[IpenvaBum i kinaccuukanuu o0pas Xy (0,0) € @y

Omnpeaenum 3HaK MOTEHIMANA JJII TOro oopasa:

Ke(x)=e’—e?—e?+e*>0. =

Tak kak o0Opa3 x,(00)ew, ® 3HAYECHHWE IIOTCHIMAJA
MOJIOKUTEIIBHOE, TO KOPPEKLUSA HE TPOU3BOIUTCS:

Kg(X) = Kg(X).

[IpenpaBum i knaccuukanuu oopas X, (2,0) € o, .

Onpenenum 3HaK MOTEHIIMANA JJIsl 3TOr0 00pasa:

Ko(xp)=€e"*-e?-e?+e’>0. =

Tak kak o0pa3 x,(2,0)ew, W 3HaUYeHHWE IIOTECHIHAJIA
MOJIOKUTEIIBHOE, TO KOPPEKIIUS HE TPOUZBOIUTCS:

Kio(X) = Kg(X).

B ostom nukie ureparuii  BCe  BBIOOpOYHBIE  00pa3bl
KJIacCU(DUITUPOBAHBI BEPHO.

VYpaBHeHUE pa3AeAIONICH TPAaHUIIBI UMEET BU/I:

d(X) =Ky (X) =

=exp{~(X; + %)}~ exp(-[(x ~1)* + (x, =1)°]) —exp{-[(% ~1)* — (X, +D*]}+
+exp{-[(x, ~2)* + x;1}.

I'paduk moreHumanpHOM (GyHKIUKM d(X) =K, (X) 11 3HAYCHUH
x, €[-1,3] U X, €[-2, 2] mpuBeaACH HA PUCYHKE 3.



Pucynok 3- I'paduk norennnansaon pynkiun d(X) = K (X) ams
3HAYCHUM NIEPEMEHHBIX X, €[-1, 3] u X, €[-2, 2]

Pazpensromas rpanuina, onpeaenseMas ypaBHeHueM d(X)=0 i

BBEIOOPOYHBIX 00pa30B
W & {X1 0,0); x,(2,0}} o€ {X3 L 1);x,@-1}

NoKa3aHa Ha pUCYHKe 4



S
1

d(x) <0 6 amoii
ooacmu

O

d(x) > 0 ¢ 3moii
oonacmu

d(x) > 0 ¢ 3moii
oonacmu

O

d(x) <0 e moii
oonacmu

®co

O em

=2

Pucynok 4- Paszpensromias rpaHuiia, omnpesenseMas ypaBHEHHUEM
d(X) =0 11t BEIOOPOYHBIX 00pPa30B

0, €{%(0,0); %,(2.0} @, {x 1 1);x,L-1}



4. KOHTPOJIBHBIE BOIIPOCHI

1. Kakue Metonbl Jis BBIJEICHUS KJIACTEPOB HHEOOPMATUBHBIX
IIPU3HAKOB CYIIECTBYIOT?

2. B yem 3axmroyaeTcs uies MPOCTOTO alropuTMa IMOCTPOECHUS
KJIaCTEPOB?

3. Uto Takoe moporoBoe 3HAa4CHHUE, B YEM 3aKITI0YAETCA CMBICI?

4. Kak Bnuser BbIOOpP BEJIMYMHBI TMOPOTOBOTO 3HAYCHUSI HA
KOJIMYECTBO KJIACTEPOB?

5. Chopmynupyiite, OT 4YEro 3aBUCUT padoTa MPOCTOTO aNrOpruT™Ma
IIOCTPOEHUS KJIACTEPOB?

6. B dyem 3akmodaerca wuaes aIropuTMa MaKCHUMHHHOIO
PacCTOSTHUSA JJ1s1 BBIACIEHUS KIIACTEPOB?

7. KakoW KpUTEpUUd OLEHKM PACCTOSHUU WCIIOJIb3YETCS IS
aHanau3a paboThl AITOPUTMA MAKCUMHUHHOTO PACCTOSIHUS ?

8. B uyeM 3akmouaerca uaed anroputMa K -BHYTpPUTPYNIOBBIX
CPEOHUX I TOCTPOCHUS KJIACTEPOB U BBIICIIEHUS UX LEHTPOB?

9. Kak ocyiiecTBisieTcss KOPpPEKIUs Ha3HAYEHHBIX IIEHTPOB
KjactepoB  anroputma K -BHYTPUTPYIIIOBBIX CPEIHHUX?

10. ChopmynupoBaTh KPUTEPH OKOHYAHHS TMPOIECCa HUTEpalnid
anroputMa K -BHYTpUTPYIIOBBIX CPEHUX JJISl IOCTPOCHUS KIIACTEPOB
Y BBIJICJIEHUS UX LIEHTPOB.
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