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JlabopaTopnasi padora Ne 1-2

HEYETKHE OKCIIEPTHBIE CUCTEMBI U1 YIIPABJIEHUSA
CJIOKHBIM OBBEKTOM B CUCTEME FIS MATLAB

1. Hean u 3aga4u padoThI

[lenpto pabOTHI SIBIASETCS 3aKpeIJICHHWE 3HAHUW O TIOCTPOCHHUU
HEUYETKUX DOKCIEPTHBIX CHUCTEM, MNPUOOPETEHUE YMEHUW U HaBBIKOB
MIPUMEHEHUS aJITOPUTMOB HEYETKOTO JOTUYECKOTO BBIBOAA B cucreme FIS
Matlab.

3agayamMu paOOTHI ABJISAIOTCA (OPMUPOBAHUE YMEHHUU BBIMOJIHEHUS
npoueayp (azzudukaruy, HEYETKOTO JOTUUECKOTO BbIBOJA, Jedaz3udu-
Kaluuy, npuMeHeHus anroputmMa Mamaann u Jlapcena B cucreme FIS
Matlab.

2. TeopeTnueckue cBeeHUS

2.1. Heuerkune 3KCIEPTHBIE CUCTEMBI

IKCcnepmHviMU cucmemamu (B3C) HA3bIBAIOT CHUCTEMBI
HMCKYCCTBEHHOTO HHTEIICKTA, OCYIIECTBISIONINE TOAACPKKY HPUHATHUS
pELICHU TpU ynpasieHuu oOvekmamu, aIroput™M (HYHKIHMOHUPOBAHUS
KOTOPBIX 3apaHEe HE WM3BECTEH, IMYyTEM MOJECIHWPOBAHUS PACCYKICHHUN Ha
OCHOBE DJKCIIEPTHBIX 3HaHUU (B (¢opMe -HBPUCTUYECKUX MPABKUI)
KBaJIM(UIIUPOBAHHBIX crnenuanucToB. Ilonb3oBateaem OC MOXKeET OBITh
YeJIOBEK, He 00 a0 KBanudukalmei sxcnepra.

Cmamuyeckue IC BKIIOYAIOT B ce0s TaKHUE KITIOUEBBIC JIEMEHTHI KaK
(baxThl ¥ JaHHBIE B paboueil mamMsTH, IMpaBuia B 0a3e 3HaHUN, MEXaHU3MBbI
JOTMYECKOTO BBIBOJIa B peliaTese, KOTOpbI€ SBISIOTCS OCHOBOM Jist
MOJACUCTEM TIPUOOPETEHUS 3HAHUW, OOBSCHEHUW H  JAUAJIOTOBOTO
KOMIIOHEHTA. /[unamuueckue OC yYUTHIBAIOT U3MEHEHHSI OKPYKarOIIEH
Cpebl, MPOUCXOAAIINE 3a BpEeMSs PEIICHUS 3a1a4H, TOATOMY OHH, OTIUPAsICh
B CBOCH OCHOBE Ha CTPYKTYPYy CTAaTHYECKHUX CHCTEM, UMEIOT IMOJCHCTEMBI
MOJICTUPOBAHMS BHEIIHETO MUPA U CBSI3U C BHEIIHUM OKPYKEHUEM Uepe3
CHUCTEMY JATYUKOB M KOHTPOJIEPOB.

Ha puc. 1.1 npeacraBieHa apXUTEKTypa CTaTHYECKOM U
muHamuueckon JC.
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Puc. 1.1. Apxutektypa craTudeckoi u AuHamudeckoit 9C

Ecmu  ob6wexm  ympasnenus (OY) oTHOCHUTCS K  Kjaccy
cinabodopMaIu30BaHHBIX CHUCTEM, TO MH(OpPMALUS O HEM MOXKET OBITh
dbparMeHTapHOM, HEMOJIHON, HEHAaAEKHOW U, BO3MOXKHO, HETOYHOH. B
ITUX CIIy4asx s pa3paboTkKu Oa3bl 3HAHUN U MEXaHU3MOB JIOTMYECKOTO
BbIBOJ1a DC MpUMEHSIETCA annapaT HeuemKou J102UKU.

Heuemkue sxcnepmmuvie cucmemor (HOC), mnu OC Ha ocHOBe
HEUYETKOM JIOTUKH, UCTOJIb3YIOT B KAUECTBE MOJIENIN TPEACTABICHUS 3HAHU
HEYETKHUE NMpoaAyKIMoHHbIe npaBuiia ECJIH-TO, chopmynupo- BaHHbIE Ha
€CTECTBEHHOM s3bIKe. KitoueBbIM mpeumyiecTBOM noctpoeHuss DC Ha
OCHOBE JIOTUKO-JIMHTBUCTUYECKOTO MPEJCTABICHUS HEUYETKUX SKCIIEPTHBIX
3HAHUW SBJSETCS KOMIIAKTHOE W aJ€KBATHOE MPEJICTABICHUE PEabHBIX
cutyaruii GpyHkuonuposanus OY.

Wnes BKIIOYEHUS HETOYHOM MH(OpPMAIMKM B MOJEIN MPOTUBOPEUUT
TOMY, YTO BCerja TpeOyeTcs HACKOJIbKO BO3MOXHO BBICOKAs TOYHOCTh —
MOATOMY BO3HHUKAET PACXOXKICHUE MEXKIY aKTyaJlbHOCTbIO M TOYHOCTHIO.
OT0  mpoTUBOpeYHe  OOBSACHSIET  TaK  Ha3bIBaGMbBId  NpUHyun
Hecoemecmumocmu, chopmynupoBanubii JI. A. 3ame: «Ilo wmepe
YCJIOKHEHHUS CUCTEMbI Hallla CHOCOOHOCTH JieaTh a0COIIOTHBIC, TOYHBIE



Y 3HAYMMBbIE YTBEPKJICHUS O TTOBEJICHUU CUCTEMbI YMEHbIIaeTcs. B kakoii-
TO MOMEHT OyJeT BO3MOXEH OOMEH MeXIy TOYHOCThIO |
peneBaHTHOCThIO». ClIeMyeT OTMETUTD, YTO B OOBIYHOM Pa3rOBOPHOM peun
MOHMMaHuEe COOeCeTHUKAMU JPYT JIpyTra JOCTUTAETCS JIOCTaTOYHO TOYHO,
HECMOTPS Ha TO, YTO MX PACCYKJCHUS HOCAT PaCIUIbIBYATHIA XapaKTep.

HO3C moryT npuMeHsIThCS JjIsi YCTAHOBJIEHHSI TEKYIIErO0 COCTOSHUS
JTUHAMUYeCKo cucteMbl Kak OY 1Mo COBOKYITHOCTHU MapamMeTPOB B TaHHBIN
MOMEHT BPEMEHH; a TAK)KE€ B CUCTEMAaX IOJIJICPKKU NPUHATHUS PEIICHUM 110
YIPaBICHUIO CIIOKHBIMH TIporieccaMu  (0ObEKTaMH) TIpH  OTCYTCTBUH
MaTeMaTUYeCKON MOJIETM U KOT/a DKCIEPTHBhIC 3HAHUSA 00 OOBEKTEe WU
IpoIIecce MOXKHO C(hOpMYIMPOBaTh B IMHIBUCTHUECKON hopMe. CTpyKTypa
HOC npencrasnena Ha puc. 1.2.

JAHHaMHYeCcKaA CHCTEMa
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Puc. 1.2. Ctpykrypa HOC

Monynbs HHTEIIEKTYalIbHOT0 MHTepdelica CANTHIBACT JaHHBIC, B T.U. C
JIATYMKOB, O COCTOSIHUM JUHAMHUYECKOM cuUcTeMbl Kak OY W 3amyckaer
MEXaHU3M 00pabOTKH, BKIIOYAIOIINN 3Tanbl (a33uduKaim, J0ru4ecKoro
BBIBOJIa Ha HEYETKUX MpaBwiIax W Acda33uukaruu, a 3aTeM BBIBOIUT
pe3yabTaThl, KOTOPbIE MOTYT OBITh HCIOJIB30BAHBI UCHOJIHUMENbHBIMU
MEXAHUIMAamMu Ccucmemsvl YNpaeieHus, BHEIIHUMH TI0 OTHOIICHUIO K
CHUCTEME HEUETKOTO BhIBOJA.

2.1.1. Oman gaz3ugurxayuu.
da3z3udukanyeil Ha3bpIBAeTCs MPeoOpa-30BaHUE YETKOTO MHOMKECTBA
BXO/IHBIX TAHHBIX B HEYETKOE MHOKECTBO, ONPEACIAEMOE C IIOMOILIBIO



3HaueHu QyHkaud npuHamiexxkHoctu (DII). Henvto dazzudukammu
ABJISICTCS YCTAHOBJIEHUE COOTBETCTBUS MEXKIAY KOHKPETHBIM YHUCICHHBIM
3HAYEHUEM OTAECIBbHOW BXOJHOW NIEPEMEHHOU CHUCTEMBI HEYETKOTO BBIBOAA
v 3HaueHueM DI cOOTBETCTBYIOLIETO €1 TepMa BXOTHOM JIMHTBUCTUYECKOU
IIEPEMEHHOM.

Jluneeucmuuecxou nepemennou (JIII) Ha3piBaeTcsi mnepeMeHHas,
3HAQYEHUSIMH KOTOpPOM MOTryT OBITh CJOBa WM CJIIOBOCOYETAHUS
€CTECTBEHHOTO sI3bIKa (CKOPOCTh, TEMIIEpaTypa, HAPSKEHUE U T.J1.).

Tepmom (TMHTBUCTUYECKUM 3HAYEHHEM) HasbiBaeTcsi 3HaueHue JIII,
BBIPAYKEHHOE B CJI0OBECHOU (DopMe (BBICOKHH, MOJIOKUTEIbHBIN, HEOOIBIITON
U T.1.). TepMbl Bcerja NpuCyTCTBYIOT B MOJIeTIM BMeCTe cO cBsa3aHHOM JITI
(HampuMep, BbICOKasi CKOPOCTh, HU3KAsl TEMIIEpATYypa U T.[).

Jlunesucmuyeckum mepm-mHO*CECME80OM HA3BIBACTCI MHOMXKECTBO
BCeX BO3MOXHbIX 3HaueHuu JIII. Hampumep, mma JII «cxopocTb»
dbopMupyeTcst TEpM-MHOKECTBO {Ma.as, cpedHsisl, 8bICOKasl).

st cokpalieHust 3anuced MOTYT HMCIIOJIb30BATHCS CHUMBOJHYECKUE
0003HauYeHMS 3HaYCHUM OTAeNbHBIX TepMoB JIIT (Tabm. 1.1).

Tabnuya 1.1
OOwenpunsTeie 0003HaueHus: TepmoB JIIT
CumBoIIMYECK AHIIOSA3BIYH Pycckoszpiunas
oe ast HOTAIs
0003HaYeHU HOTAIUS
e
N Negative Big OtpunarensHoe
B 0oJIbIII0e
N Negative Middle OTtpunarenbHoe cpeaHee
M
N Negative Small OTtpuniarenbHOe Majioe
S
Z Zero Negative OtpunarenbHoe
N
Oym3Koe
K HYJIIO
Z Zero Hynb, 6mu3koe Kk HyJT10
Z Zero Positive [TonmoxurenbHOE
P OJIM3KOE K HYJIIO
P Positive Smal [TonoxwutenbHOE Masoe
S




P Positive Middle [TonmoxurenpHOE
M cpenHee

P Positive Big [TonoxurenbHOE
B 0oJIbIIIOe

Heuemkum mnoocecmeom A B HEKOTOPOM (HEITYCTOM) IPOCTPAHCTBE
X (A C X) naszpiBaeTcst MHOKECTBO TIap A = {(x, ua(x)); x € X}, vne pa(x): X -
[0,1] — ®II HeueTkOoro MHOXeCTBa A, KOTOpas XapaKTEPHU3yeT CTEICHb
MPUHAJICKHOCTH KaXJAO0TO DJIEMEHTa X HEUYETKOMY MHOXKECTBY A.



biok d)dS’S’M([)MKaL;MM BBIYUCIIACT CTCIICHU ITPUHAMJIC)KHOCTH YETKHUX
YUCIIOBBIX 3HAYEHUH X BXOJHBIM  HCYCTKHMM  MHOXKCCTBaAM Aj.

%k
BrranciieHHbIe CTEIICHN IPUHAICKHOCTH [U4(X ) TIOKA3BhIBAIOT, B KAKOU
CTEIICHU BXOJHBIC 3HAUCHUS X MPUHAJICKAT KOHKPETHBIM HEUCTKUM
MHOKECTBAM.

2.1.2. DTan HeYeTKOro JJOrn4ecKoro BeIBOJA
biiok Heuémrozo nocuueckoeo évieooa (HJIB) Ha ocHOBE cTeneHeH

IIPUHAJIC)KHOCTH ,LlAj[X]*BBI‘—II/ICJIHCT pesysbTupyromryto OII BerxogHoro
3HAYEHUS MOJCIU [res(y), KOTOpass OOBIYHO HMMEET CJIOXKHYIO0 (opmy U
OTpENIENAETCS MOCPEIACTBOM J102UHECKO20 8bI80OA.

baza npasun npenHazHaueHa Uil (GOPMAIBHOTO MPEACTABICHUS
IMIUPUYECKUX 3HAHUU IKCIEPTOB O METOAAX YINpaBieHUsT OOBEKTOM B
Pa3IMYHBIX CUTyalUsIX, Xapakrepe GyHKIHOHHPOBaHUS OV B pazauyHbIX
YCIOBUAX B (JOPME HEUETKUX MPOAYKIHUOHHBIX TipaBui ECJIH — TO.

Omnepanua HJIB BxiroyaeT B ce0s1 CAeAYIONIUE ITAIIbI:

— azpecuposaHiue — NpoLeypa ONpeieICHUsI CTETIEHU BBINOJIHEHUS

(MCTHHHOCTH) YCJIOBUH KaXKJI0TO OT/ACJILHOTO MPaBuUJIa;

— akmueuzayus, WIN 6ble00 HA NpAsUIax — OIEpalus, KOTopas
3aKJIIOYAETCS B OMNpeleNieHUuH akTuBU3MpoBaHHbIX DIl 3akmtouenuit
OT/ICJIbHBIX MPABUI;

— QKKYMYaupoganue — OTO TPOUEAypa HAXOXKJICHUS OJHOU
pesynpTupyromiei ®I1 BeiBoa u3 Beeit 6a3pl MpaBuil.

2.1.3. Oran gedazzudukanuu

Hegaszzugurayueii siBnsercs oOpaTHOE MpeoOpa3oBaHUE HEUETKOTO
MHO’KECTBA B YETKOE MHOXKECTBO: Ha OCHOBE pe3ybTupytome OI1 p.s(y)
BBEIYMCIISICTCS YETKOE YHCIOBOE 3HAYCHHWE )~ BBIXOJHOTO IapaMmeTpa,
SBIIAIONIECECS PE3yJbTaTOM JJII BXOJHBIX YHCJIOBBIX 3HAYCHUN X,
CylecTBYIOT pa3IndHbIe METObI Aedha33uhuKaIim:

— COG (Center of Gravity) — METOJl LIEHTpa TSKECTH, B KOTOPOM
ompenensercs abcimucca IEHTpa THKECTH (UTYPBI, OTrpaHUYEHHOUN
rpadgukom PII;

— MOM (Mean Of Maximums) — METOJ CPETHETO MAaKCUMYyMa;

— LOM (Largest Of Maximums) — MeTOJI HaWOOJBIIET0 U3
MaKCHMYMOB;
—SOM (Smallest Of Maximums) — MeTOJ HaUMEHBIIIETO U3

MAaKCUMYMOB.



2.1.4. AITOpUTMBI HEUETKOTO JJOTMYECKOTO BBIBOJIA

Pazmuuaror  ancopummer HJIB, orinuuaromuecs apyr oOT Jpyra
MEXaHU3MOM JIOTHYECKOTO BHIBO/IA.

Haubonbmiee npumenenue B cucremax HJIB monyuwn aneopumm
Mamoanu, npemioxkeHHbId B 1975T. aHMIMHCKMM MaTEeMaTHKOM D.
Mawmmanu. Paboty anroputmMa MOYKHO MPOWITIOCTPUPOBATH Ha CIICAYIOIIEM
pUMepe.

[IycTh X; 1 X2 — BXOJIHBIE IEPEMEHHBIC; V — BBIXOJIHASI IEPEMEHHAS;
A1, Az, B1, B2, C;, C; — HexkoTOpbI€ 3a7aHHbIe 3HaueHus1 DII.

baza IMpaBUJI COCTOUT U3 IBYX HCUCTKUX ITpaBUJIA:
I11: ECJIA (X] :A1) 141 (Xz = B1) TO ()/ = C1),

I 2: ECJ_H/I (X] = Az) 41 (Xz = Bz) TO ()/ = Cz)
HCO6XOI[I/IMO ONpCACIUTb PC3YyJbTUPYHOHICC YCTKOC 3HAYCHUC )y HA

OCHOBE BXOJIHBIX YETKHMX 3HaUeCHUU X" 1 X ¥ HeueTkux npaswui [11 u I12.

12
Otansl anroputMa Mamjanu npecTaBieHsl B Ta0m. 1.2.

Aneopumm Jlapcena cX0x ¢ almropuTMom MamaaHu; OTINYHAEM
ABIETCA TO, YTO HA JTale AaKTUBU3AlMM 3aKIIOUYCHUN HEYeTKas
VMIUTUKALHS MOJIEIIUPYETCS C VCTIOJIb30BAHUEM onepanuu
anreOpanveckoro mpousBenenuss PROD Bmecto omnepatopa MIN B
anroputMe Mamaanu (tabn. 1.2). B ciydae HEMOHOTOHHBIX BXOJHBIX
HEUYETKNX MHOYKECTB ajuroput™m JlapceHa Oka3bIBa€TCs TOUHEE AITOPUTMA
Mampaanu.

Tabnuya 1.2
Anroputmel Mampaanu u Jlapcena
Ng  Ilar asr- Onucan
Ma ue
1 | dazzudu- OTIPEJICNISIFOTCS] CTENIEHN UICTUHHOCTH JIJISI TPEANOCHUTOK KaXKI0TO
Kalus npaBuia: A1(x*), Ag[x*)j B1(x*),232(x*) ,
2 | Arperup OINPEEIISIFOTCS. YPOBHU «OTCEUEHUS ISl IPEANOCHIIOK KaXa0ro
0- BaHUE Y3 MPaBUI C UCTIOJIb30BAHUEM OIEPALUU «ININ:
a; =A1[x*)1A B](X*);Z az =A2(x*]1A B,(x") 5
AKTUB OMPEJICIISIFOTCA «YCEUEHHBIEY» pe3yibTupyromue OI1
u- (MCIIOMIB3y TS MiN-aKTHBU3ALN):
3 Isi)unﬂ C[y) = (a: A Ci()); Cfy) = (az A C2(y))
Mampaanu
AKTHB ONPEAENSAIOTCSA «yCEUECHHBbIE» pe3ybTupytommue Ol
u- (ucrionb3yeres prod-akTUBM3ALMSA):
3arms Cy) = (a1 Ci(); Cfy) = (az- C:(y))




nio Jlapceny

AKKyM C UCIOJIb30BAHUEM OIEPALMH «Max» MPOU3BOJIUTCS 00bEAUHEHNE
y- HalIeHHBIX yceueHHbIX DI1:

AU uy) =Cy) =CO) NV CO) 5 (an A )V (a2 A C2(y))

Hedazzu- HaxO0XXJICHHUE )y TPOBOIUTCS JIFOOBIM M3 METO0B Acdaz3udukammm

bukanus




2.2. Ilpumep NpOEKTUPOBAHUS HEUETKON DKCIIEPTHOM CUCTEMBI LIS
YIIPABIICHUS KOHAUIMOHEPOM BO31yXa B TIOMEILICHUN

PazpabateiBaeTcs HOC nis ynpaiieHUsS KOHIUIIMOHEPOM BO3JyXa B
noMenieHuu. B momMeneHnn ycTaHoBI€H OBITOBOM KOHIUIIMOHEP, KOTOPHIN
MO3BOJISIET OXJIAXKJATh WM HarpeBath Bo3ayX. OUeBUIHO, UTO Haubosee
KOM(pOPTHBIE  YCJIOBUA  CO3JAIOTCA MOpPU  HEKOTOPOW  CTAaOMIBHOMU
TEMIIEpAaType BO3AyXa, OJHAKO H3-3a TO, YTO TEMIIEpATypa CpPEIbl BHE
MOMEIIECHUSI HU3MEHAECTCA B TEYEHHE CYTOK, TeMIlepaTypa BO31yXa B
MOMEILIEHUN MOXKET KojiebaThcsi. 3ajaya COCTOMT B TOM, YTOOBI
pa3paboTaTh CHUCTEMY aBTOMATHMYECKOTO PETYyJIUPOBaHUS KOHIMUIIMOHEpA
JU1sl 00ecreueHusl MOCTOSTHHOM — TeMIlepaTyphl BO3JyXa B ITOMEIICHUU
(puc. 1.3).

OO0®eKT yIpaBIeHHA
Ps! T

yTOII MOBOPOTA PEryIsaTopa

KoxnunnoHep

AT R

CHcTema 2
HeUeTKOTO |

r°c :
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H3MeHeHHS
| TEMIIEPATYPA | TeMmepaTypEL

BO3Y AT

TToMemeHHe { dr

Puc. 1.3. NiumrocTpanyst MOJI€IM HEYETKOrO YIIPaBICHUS
KOHJIMIIMOHEPOM BO3/1yXa B MOMEIIEHUU

OnbIT KCMOJIB30BaHUsI OBITOBBIX KOHJIUIIMOHEPOB IOKA3bIBAET, UYTO
IPOLECC OXJIAXKIEHUSI WM HarpeBaHUs BO3JyXa B MOMEIIEHUU O00Janaer
HEKOTOPOW MHEPIIMOHHOCTHIO; HAPUMED, NTOCJIE BKIKOYEHHS PEXKUMA
«XO0JI0/1» MPOUCXOAUT HATHETAHUE XOJOIHOTO BO3AYyXd, YTO BBI3BIBACTCS
IIOCTEIEHHOE MaJCHNUE TEMIIEPATYPBI, U JaXKe B MOMEHT OTKJIIOUYECHUS ITOTO
pexuMa TeMmrepaTrypa Bce ke MPOAOJIKAET MMa/laTh B TEUEHUE HEOOIBIIOTO
OTpe3Ka BpeMEHU. AHAJOTUYHAs CUTyalldsd HAOII0JaeTCA IPU BKIOUCHHUU
U OTKJIIOYEHHUH pekuMa «Terio». [loaromy HeoOXxoIuMo paccMaTpuBaTh B
KauecTBe MapaMeTpOB OOBEKTAa YIpaBJICHUS HE TOJIBKO TeMIepaTypy
BO3/1yXa B IOMEUIEHUH, HO U CKOPOCTh U3MEHEHUS TEMIIEPATYPBHL.



[Iycts B MOAENM yIIpaBi€HUS] KOHAUIIMOHEPOM BKIIFOUEHHUE PEKUMA
«XO0JIO1» OCYUIECTBIISIETCA MOBOPOTOM PETYJIATOPA 671€60, a BKIIOUYECHUE
peKHNMa «TEIUIO» — 6MPA80 OTHOCHUTEIBHO HEKOTOPOM TOYKH, B KOTOPOU
KOHJUIIMOHED BHIKIIFOUEH. PydHOE peryimpoBaHue TeMIepaTypbl BO3ayXa ¢
NOMOIIBI KOHAMIIMOHEPA MO3BOJIWIO CPOPMYIUPOBATh CIEAYIOLINE
ABPUCTUYECKHE MTPABUIIA!

l. Ecim Temmeparypa BoO3ayxa B MOMEIICHWH OYEHb TeEIUIas, a
CKOPOCTh H3MEHCHUS TEMIIEPATYPHI MMOJIOKUTEIBHAS, TO CIEAYET BKIIOUHNTh
PEXKUM «XOJIOJ», TIOBEPHYB PETYJIATOP KOHIUIIMOHEPA HA OYE€HB OOJIBIION
yTOJI BJIEBO.

2. Ecim Ttemmeparypa BO3lyXa B IIOMEIICHWM OYEHb TeIUias, a
CKOpPOCTb U3MEHEHHS TEMIIEPATYPBI OTPULIATENBbHAS, TO CIECIYET BKIOUNTh
PEXKUM «XOJIO0/1», IOBEPHYB PETYJIATOP KOHIUIIMOHEPA HA HEOOBIION Yro
BJIEBO.

3. Ecim Temmeparypa Bo3ayxa B NOMEIICHWM TEIUlas, a CKOPOCTH
U3MEHEHHUS TEMIIEPATYPHI MTOJOKUTEIbHAS, TO CIEAYET BKIKOYUTh PEKUM
«X0JI0/1», IOBEPHYB PETYJATOP KOHAUIIMOHEPA HA OOIBIION YTOJ BIEBO.

4. Ecnu temmepaTypa BO3AyXa B MOMENICHUHU TEIIas, a CKOPOCTh
U3MEHEHUSI TEMIIEPATypbl OTPHUIATENbHAS, TO KOHIWIMOHEDP CIEAYET
BBIKJTFOUUTD.

5. Ecniu temneparypa BO3ayxa B MOMENICHUM OYEHb XOJOJHAs, a
CKOPOCTh U3MEHE-HUS TEMIIEPATYPhI OTPULIATEIbHAS, TO CIEAYET BKIIOUYHUTh
PEXKUM (TEIIO», MOBEPHYB PETYJISATOP KOHIUIIMOHEPA HA OYEHb OOJIBIION
yI0J1 BIIPABO.

6. Ecniu temmeparypa BO3ayxa B MOMENICHUM OYEHb XOJOIHAs, a
CKOPOCTb HM3MEHE-HUA TEMIIEPATypbl IMOJIOKUTENBHAS, TO CIEAYET
BKJIIOUUTh PEXKHUM «TEIUIO», MOBEPHYB PETYJIATOp KOHAUIMOHEpPA Ha
HeOOJIBIIION YroJ BIPaBo.

7. Ecnu Temmneparypa BO3/lyXa B IOMELICHUH XOJOAHAsl, & CKOPOCTh
M3MEHEHHUS TEMIIEPATyphl OTPUIIATEIbHAS, TO CIECIYET BKIIOUYUThH PEKUM
«TETJI0», IOBEPHYB PETYJATOP KOHAUIIMOHEPA Ha OOIBIION yTroj BIPaBo.

8. Eciin TemMnepaTtypa Bo3ayxa B MOMELUICHUU XOJIOJHAS, & CKOPOCTh
W3MEHEHHSI TEMIIEpATYpbl MOJIOKUTEIbHASA, TO KOHIHUIMOHEDP CIEAYET
BBIKJTFOUUTD.

9. Ecim Ttemmeparypa BO3lyxXxa B IOMELICHWHM OYEHb TeEIUlas, a
CKOPOCTh M3MEHEHMSI TEMIIEpAaTyphl paBHA HYJIO, TO CIEAYET BKJIIOUYHUTH
PEXKUM «XOJIOZ», TIOBEPHYB PEryJISITOP KOHAMIIMOHEpPA HA OOJIBIION yroi
BJIEBO.



10. Ecniu TemnepaTtypa Bo3ayxa B MOMENIEHWH TEIUIas, a CKOPOCTh
M3MEHEHHUS TEMIIEPATYPhl PaBHA HYJIIO, TO CIEAYET BKIFOUYUTh PEKUM
«XO0JIOJ», TIOBEPHYB PETYJISITOP KOHIUIIMOHEPA HA HEOOJIBIIION yTOJI BIEBO.

11. Ecnu temmeparypa Bo3ayXxa B MOMEIICHUHA OYEHb XOJOAHAsA, a
CKOPOCTb M3MEHEHUS TEMIIEPATyphbl paBHA HYJIO, TO CIEAYET BKIKOUHUTH
PEXKUM «TEILI0», TOBEPHYB PErYJIATOP KOHAUIIMOHEPA HA OOJBIION yromi
BIPABO.

12. Ecnu Temriepartypa Bo3ayXa B IOMELICHNUH XOJIOJIHAS, & CKOPOCTh
M3MEHEHHUS TEMIIEPATYyPhl paBHA HYJIIO, TO CIEAYET BKIIOYUTh PEKUM
«TETI0», MOBEPHYB PETYISATOP KOHAUIMOHEPA HA HEOOJIBIIION YTOJI BIPaBo.

13. Ecnin Temnieparypa Bo3ayxa B IOMELICHUU B IIPEJEIIaX HOPMBI, a
CKOPOCTh U3MEHCHUS TEMIIEPATYPHI MOJIOKUTEIBHAS, TO CIEAYET BKIIOUYHUTh
PEXKUM «XO0JI0]1», TOBEPHYB PETYISTOP KOHJIUIIMOHEPA HA HEOOJIBIIION Yro
BJIEBO.

14. Ecnu Temneparypa Bo3ayxa B IOMEINICHUN B TIPEJEiaX HOPMBI, a
CKOPOCTb U3ME-HEHUS TEMIIEPATYPhl OTPULIATENBHAS, TO CIEAYET BKIKOUNUTH
PEXKUM «TEILIO», TO-BEPHYB PETYJIATOP KOHIUIIMOHEPA HA HEOOIBIIION yro
BIPABO.

15. Ecnin Temnieparypa Bo3yxa B MOMEIICHUU B IIPEJIEIIaX HOPMBI, a
CKOpPOCTb U3MEHEHUSI TEMIIEPATYPhI PABHA HYJIFO, TO KOHAULIMOHEDP CIEAYET
BBIKJTIOUUT.

[TocTpoeHHbIE MpaBuUja CTAHOBSITCS OCHOBOM 0a3bl MPaBUJI CUCTEMBbI
HEYETKOT'0 BBIBOJIa MOJIEIM HEYETKOTO YyMIpaBieHUs, sl POPMHUPOBAHUS
KOTOPOI HEOOXOIUMO MPEIBAPUTEITHHO ONPEICIIUTh BXOHBIC U BBIXOHBIE
JIIL

OueBnaHO, 4TO B KaudectBe BXoAHbIX JIII ciexyer mcmosib3oBaTh
TeMmnepaTypy Bosayxa B mnoMemeHud (°C) M CKOPOCTh HW3MEHEHUS
TemnepaTtypsl Bo3ayxa (*C/mur).

B kauectBe TepMm-MHOXecTBa mepBoil  BxoaHou JIHI  X;

«Temmneparypa BO3myxa» HCHOIB3YETCS MHOXKECTBO A = {«O4YEHb
XOJIOJHAS», «XOJIOJHAs, «B TMpefesaX HOPMbBI», «TeIulasy, «O4YCHb

Ter1as», KOTOPOE 3aMKChiBaeTCs B cUMBoJinueckoM Bujne: A ={NB, NS, Z,
PS, PB} (puc. 1.4).
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Puc. 1.4. T'papux ®II qyst repmos JII «Temnepamypa 6030yxax»

TepMm-muoxecTBOM BTOpOil BXxoaHou JIII x; « CKOpoCTh M3MEHEHHUS
TEMIIEpaTypbl BO3AYyXa» SIBISETCS MHOXKECTBO B ={«oTpunareiabHas,
«paBHa HYJIIO», «IOJIOKUTEIbHA» }, uu B={NS, Z, PS} (puc. 1.5).

/U(Izll NS . Z PS

0 X2, °C'B MHH
| | | e
A 0 I
Puc. 1.5. I'paduk ®OII gyst repmos JIIT «Ckopocme uzmenenus memnepamypuly

B kauectBe BbiIXOmHOM JIII wucmonmb3yerca y — «yroj IOBOPOTA
PEryJsaTopay BKIIOUEHUS PEKUMOB «XOJIOJ» U «TEIUI0» KOHAMIIMOHEPA,
U3MEPSEMbIN B YTJIOBBIX Ipajlycax: MOBOPOT PETYJATOpa BIPABO O3HAYAET
BKJIIOUCHHUE PEXKUMA «TEIUIO» U MOJOKUTEIBHOE HAMPABICHUE OTCUETA, a
MOBOPOT BJIEBO — BKIIOUYEHHE PEXKHUMA «XOJOI» W OTPULATEIBHOE
HarpayieHue orcuera. Tepm-muoxkecTtBoM JIII y sBusiercs C = {«o4eHb
OOJIBIIION YTOJI BIEBOY», «OOJIBIION YroJ BIEBOY, «HEOOJIBIIION YTOJI BIECBOY,
«BBIKITFOYUTH KOHAUIIMOHEP», «HEOOJIBIIIONW YTOJI BIIPABOY,

«OONBIION YToJ BIPaBO», «OYEHb OOJBIIOW Yroa BIpPaBO»} WA B
cumBosinueckom Bune C={NB, NM, NS, Z, PS, PM, PB} ¢ xycouHo-
muHeHsiMu OII (puc. 1.6).
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Puc. 1.6. I'padux OII qis repmos JIII «YVzon nosopoma pecynamopa»

baza Heuetkux mpaBun HOC B mMarpuuyHOM BHUAE U B BHUIE
MPOAYKIIMOHHBIX TIPaBUII MpeacTaBiieHa B Ta0n. 1.3 u 1.4.

Tabnuya 1.3
ba3a HedeTKMX IpaBUI B MATPUYHOM BHJIC
N Z PS
S
N P P PS
B B M
N P PS Z
S M
Z P Z NS
S
P Z NS N
S M
P N N NB
B S M
Tabnuya 1.4
baza HedueTKuX mpaBwWil B BUJIEC TPOTYKIIMOHHBIX TTPABHUIT
Ne IIpaBu
na
1 ECJIN x;=PB U x,= PS, TO y= NB
2 ECJI1 x; = PB U x;= NS, TO y=NS
3 ECJIN x; = PS U x,=PS, TO y=NM
4 ECIIM x;=PSU x;=NS,TOy=2Z
5 ECJIM x;=NB WU x,= NS, TOy=PB
6 ECJIIM x;=NB U x,=PS, TOy=PS
7 ECIIM x;=NSU x,= NS, TOy=PM
8 ECIIMx;=NSUx,=PS, TOy=2Z




ECIIN x;=PBWU x,=7, TOy=NM

10

ECHI/I)Q:PSI/IXZZZ, TOy=NS

11

ECIIN x;=NBWU x;=Z, TO y=PM

12

ECIIN x;=NSU x;=Z7Z,TOy=PS

13

ECHI/I)Q:ZI/IXZZPS, TOy=NS

14

ECJIU x;=Z WU x,=NS, TO y=PS

15

ECIINx;=ZNx;=2,TOy=2




Ha puc. 1.7 npuBenen npumep padotsl anroputma HJIB Mamaanu
JUTS CITydasi, Korja TeKyIIasi TeMIeparypa Bo3ayxa B MOMEIICHUH paBHA X
= 19,5 °C, a CKOpOCTh U3MEHEHHS TeMIIEpaTyphl MOJOXKUTEIbHAS U paBHA
x* =0,2 C/yiuH. COOTBETCTBYIOIIME TTOTYCIOBHS HCIIOIB3YIOTCS B TIPABHIIAX
HEYETKUX MPOAyKIMi ¢ HoMepamu 3, 10, 13, 15. Otu npaBuna cunrarorcs
AKTUBHBIMH U UCIIOJB3YIOTCS B MPOIIECCE HEYETKOTO BBIBOJA. Pe3ysbTaThl
dazzudukanm nepeMeHHbIX:

w(x* =19,5)=0,5 2 tolX* = 0,2)=0,7

Ups(x* =19,5)=0,2 Ups(x* = 0,2)=0,3

[Tocne arperupoBaHus TOAYCIOBUM W AKTUBU3ALIMUA 3aKJIOUYCHUU B
HEYETKUX MpaBWIax MPOIyKIHi o0pa3ytoTcs «yceueHHbie» DI1 BerxoaHoM
MEePEeMEHHON JIi KaXJ0ro W3 TIpaBWI, CTENEHHM WCTUHHOCTH JUIS

npez[HOCLIJIOK K@KIOT0 NPAaBHIIA TIPEJICTABIICHBI HIIKE:
a6uno 3: Pnm(y)|[= =195, x° =02 = = min{min {pes(x”); HPS[X )k HNM(V]} 0,2;

IIpasuno 10: uNs(y)/x* =195 x4=02 = = min{min {urs(x"); uz(x )k ,UNS(,V]} 0,2,
IIpasuno 13: .UNSO’)/x*—19,5, x*—o,z = min{min {lz(x"); HPSI(X )k #NSQ’)} 0,3;
1 2
Ilpasuno 15: uz(y)[sw =195 x+ 0,2 = min{min {uz(x*); uz(x*)}; uz(y)} = 0,5.
1 2 1 2

[Tocne akKkyMyJTUPOBaHUS 3aKIIOUCHUN HEUETKUX MPaBUJI TPOAYKIIUM
C MCIIOJIb30BaHHUEM OIEpallMu Max-IU3bIOHKIIMN (DOPMUPYETCS HEYETKOE
MHOkKecTBO ¢ DII:

pres(y) = max{puwu(y); pns(y); pns(y); pz(y)}-

Janee npoBoautcs Aedaz3zudukaiuss METOI0M IIEHTPA TIKECTH; €CIIH
JOMYCTUTh, YTO PE3YJbTUPYIOIICE HEYETKOE MHOXKECTBO SBJISCTCS
JTUCKPETHBIM, TO MPUOTUKEHHOE 3HAUCHHE YIIPABIIAIONICH IEpeMEHHON

=1 Y
OIIpEACIIICTCS 110 ;’n Yi-ures ));
Ures
dbopmymne: y* =
ni=1 i
S 1

Yi- ,ures(y] = [_70) -0+ [—65— 60 — 55
— 50 —45)-02+(—35—30—
25—20)-03+(—15)-04+(—10—5+0+5+15)-05+15-0=—106;
"ot Vi tres(y) =0+ 0,15-5+0,3-5+0,4+0,5-
4+0=54

—106
y'= . =—196296 ~ —20".

54
Wrak, 3HaueHne yIpaBJIsAIoIIe MepeMeHHOM )™ — yTroJl TOBOPOTa

perynsropa KOHIMIIMOHEpPAa BJIEBO — paBeH NpuOnusurenbHo 20°. I1o



3HAYECHUE COOTBETCTBYET BKIIFOUCHHIO PEXKHUMA «XOJOJ» Ha MATYIO YaCTh
CBOEH MOIIHOCTHA W SIBJISIETCA PE3YJHTATOM PELICHUS 3aJa4dl HEYETKOIO
BBIBOJIA.
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2.3. IIpoexTupoBaHNE HEUETKUX DKCIIEPTHBIX cucteM B Matlab

s mpoektrpoBanust 9C HA OCHOBE HEUETKOW JIOTMKH MCIIOJIb3YETCS
naket pacmmpenuss Matlab — Fuzzy Logic Toolbox, KoTopblii
MOJJICPKUBACT BCE CTAAMM Pa3pabOTKH HEUETKUX CHCTEM; BCTPOCHHBIC
GUI-monynu  obOecreunBaloT  yAOOHYHO cpeny ¢ TrpadUuecKUM
uHtepdercom.

NHTepaKTUBHBIN PEKUM Pa3pabOTKU SIKCIIEPTHBIX CUCTEM KaK CUCTEM
Heuetkoro BbeiBoja (CHB) ocymiectBisiercss ¢ ucnonb3oBanuem GUI-
Moayiaen Fuzzy Inference System (FIS) (puc. 1.8):

— penaktop obmux cBoucTB FIS Fuzzy Logic Designer — OCHOBHOE
CPEACTBO, KOTOPOE UCIIOIB3YETCS IJIs CO3/1anus win peaaktupoBanus CHB
B rpayuecKoOM peKUME;

— penaktop QyHKuM npuHaaiaexxkHocTu Membership Function Editor
JUISL 3a/1aHUS U PEIaKTUPOBAHUS (PYHKIIMI TPUHAITIC)KHOCTH;

Puc. 1.8. Komnonentsl Fuzzy Inference System Editor



— peakTop HeueTKoM Oaswl 3HaHuil Rule Editor nns 3amaHus U
pPEIaKTUPOBAHMS OTICTBHBIX MPABUII CUCTEMbI HEUETKOTO BBIBO/IA;
— IIporpamma rnpocmoTpa (opaysep) HeueTkoro BeiBoAa Rule Viewer;

— MmporpaMmma npocmoTtpa (opaysep) NoBepXHOCTH Surface Viewer nis
BU3yaJu3allid TpapUKOB 3aBUCUMOCTH BBIXOJHBIX IEPEMEHHBIX OT
OTJICTTLHBIX BXOJIHBIX MIEPEMEHHBIX.

3. Meroauka BbINOJIHEHUsSI PA00ThHI

OOoOmieHHass mOporeaypa IIOCTPOCHUS HEYETKOM  AKCIEepPTHOM
cucteMbl B Matlab paccMaTtpuBaeTcsl Ha IPUMEPE 3a/1a4u MPOEKTUPOBAHUS
HOC nnsa ynpapieHus KOHIUIIMOHEPOM BO3TyXa B oMelieHuu (1. 2.2).

3.1. Unentudukarus 3agauu npoektupoBanus HOC

IlepBbIM 3TamioM MOCTPOEHHS HEYETKOM OKCIEPTHOM CHUCTEMBI
SIBJIIETCS dTall udeHmuguxayuu 3aaadu npoektupoBanus HOC:
1) dbopmynupyrotes nenu noctpoerus IC;

2) ompeAensoTCs 3aa4u, KOTOpbIE T0kHA pemath IC?;
3) ycTaHaBJIMBAETCs CTPYKTypa MOAAECPKUBAOIINX €€ 3HAHUM.

Lens moctpoeruss 9C COCTOMT B aBTOMAaTUYECKOM PETYJIHPOBAHUU
KOHJUIIMOHEpa g 00eCHeYeHUs] TOCTOSIHHOM TeMIepaTryphl BO3AyXa B
MTOMEIICHHH.

3aayaMu CUCTEMBI SABJISIETCS ONPENCIECHUE 3HAUECHUN IEPEMEHHON
«yTOoJI IOBOPOTA PETYIATOPA» KOHJIHUIIMOHEPA BO3AYXa, KOTOPHIE JOJKHBI
M3MEHSTBCS B 3aBUCHUMOCTH OT TEKYIIMX 3HAYCHUW TEPEMEHHBIX
«Temneparypa Bo3nyxa» u « CKOPOCTb U3BMEHEHUS TEMIIEPATYPHI BO3LYXa.
Jlnarma3zoH mokasaTresied LIEJIEBOM MEPEMEHHOM BapbUPYETCS, HAUMHAsA OT
«OYCHb OOJBIIOrO yIjia BJIEBO» JI0 «OUYEHb OOJBIIOrO yrjia BIOPaBO» M
HaMpaBJICH HA BKIIFOYECHUE PEKUMOB «XOJOI» U KTEIUIO» KOHAUIIHUOHEPA.

JlepeBo 11enie, mpeacTaBIeHHOE Ha puc. 1.9, ABIAETCS HE TOJIBKO
CIIOCOOOM CTPYKTYpHU3ALMM 3a7a4d, HO U MHCTPYMEHTOM (opMaliu3aliuu
3HAHWM B BHUJEC TMPABWI, HANPABICHHBIX Ha JOCTHXKEHHUE IEJIECBOMN
IIEPEMEHHOM.
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| 001
0-5°C 5
5-10°C Puc. 1.9. IepeBo 1eneit cucTeMbl yIpaBieHUsI KOHIUIMOHEPOM BO3TyXa
17-18°C
20-25°C

25-40°C  IlocTpoeHue paBuJ IO JEPEBY LETIEH OCYILECTBIISIETCS CHU3Y BBEPX,
Hanpumep, B Buae: «ECJIM memnepamypa eo3dyxa = odenb Temnas U
CKOpOCMb U3MEHeHUs memnepamypul 6030yxa = nonoxurenbHas, TO yzon
nogopoma pe2yisimopa = 04eHb 0O0JIBIION YTOJ BICBOY.

3.2. IIpoeKTUPOBAHNE HEUYETKON CHUCTEMBI

Ha cnenytromem sTarne ocCyIecTBISIETCS MPOSKTHPOBAHUE HEUETKOM
cuctembl. [ 3TOro KomaHmo# fuzzy B ctpoke Matlab ocyiiecTBIseTCS
3arpy3ka OCHOBHOM wuHTepdelcHOW mnporpammbl makera Fuzzy Logic
Toolbox — FIS-penakTop, KOTOPBIN MTO3BOJISET 3a71aTh TUI CUCTEMbI, €€ UM,
KOJIMYECTBO BXOJIHBIX U BBIXOJHBIX MEpeMEeHHBIX, napameTrpsl CHB.

OTtkpoetcst HoBoe rpaduueckoe okHO (puc. 1.10) ¢ UMEHEM CHUCTEMBI
HeueTKoro BeiBoaa Untitled (pacmmpenue *.fis).

ITo xomanne File/New FIS... co3maeTcsd HOBasi CUCTEMa HEUYETKOTO
BbIBOJIB (CHB) (B paccmarpuBaemom mnpumepe — Conditioner); nipu ee
BBI30BE MOSIBIISIIOTCS JIBE albTepHATUBBI Mamdani v Sugeno, 3a1ar01ue TUII
HeueTkou cuctemsl (octaBuTh Tun CHB Mamdani — no ymonuaHuro).

Komanna File/Import 3arpyxaer paHee CO3/IaHHYI0 U COXPaHEHHYIO
cucteMy au60 u3 paboueit oonactu From Workspace... inu u3 aitna From
Disk.... Komanna File/Export coxpaHsieT cucTeMy B pabouyto 00J1acTh WIH
Ha JUCK.



Puc. 1.10. I'paduuecknii uarepdeiic pegaxropa FIS

3.2.1. Onucanue BXOJAHBIX U BBIXOJHBIX ITEPEMEHHBIX

s moctpoernss CHB TpeOyroTcst 1Be BXOAHBIC M OJHA BBIXOJHAS
nepemenHas (puc. 1.11).

[lepByto BXOAHYIO TIEpEMEHHYIO inputl, 3aJJaHHYIO MO YMOJIYaHUIO,
HEOOXOMMO TEPEUMEHOBATh, WIEIKHYB JICBOM KHOINKOW MBI Ha
Ha3BaHUM TIEPEMEHHON H BBeIs HOBoe uMsi Tewmmnepamypa B TOJIE
pEIAKTUPOBAHUS UMEHH TEKYILIEH EPEMEHHOM.

AHaJIOTUYHBIM 00pa30M NEPEUMEHOBBIBACTCS BBIXO/IHAS TTIEPEMEHHAsI
outputl Ha Yeon.

Btopas Bxoanas mepemenHass Cxopocms noOapnsiercs B CHB mo
komane File/Add Variable.

Jlns omnpenenieHUs JTUHTBUCTUYECKUX TEPM-MHOXKECTB BXOJHBIX H
BBIXOJIHBIX MIEPEMEHHBIX BbI3bIBaeTCs penaktop OII Membership Function
Editor — nub0 NBOMWHBIM IIETYKOM HA 3HAYKE MPSIMOYTOJbHUKA C UMEHEM
COOTBETCTBYIOIICH TIepeMEeHHON b0 Komaumout FEdit / Membership
Functions... (npenBapuTelbHO JOMKEH OBITh  BBIJCICH  3HAYOK
cootBercTBytoiet JIIT).

B penakrope @Il nepemennon Temnepamypa BHOCATCS N3MEHECHUS B
cootBeTcTBUU ¢ rpaduxoM DII JIIT «Temnepamypa 6o3dyxa» (puc. 1.4, 1.
2.2) cieayromuM 00pa3om.
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Puc. 1.11. Onpenenenne BXoAHbIX U BBIXOAHbIX iepeMeHHbIXx CHB Conditioner

CHavana yCTaHABIMBACTCS HOBBIA AUAIMA30H OMPEICICHUS 3HAUYCHUI
NEPEMEHHOM: B NOJISIX BBOAA Range v Display Range n3MeHSAIOTCS 3HAUEHUS
c 0 °C no 40 °C. Pegaktop @Il mo ymMos4aHuIO MpeajiaracT Tpyu TeEpMa C
tpeyroiibHbiMU  DII, oanHako Tepm-MHOXkecTBO JII «Temnepamypa
6030yxa» cocTtouT u3 5 repmoB {NB, NS, Z, PS, PB}.

JlobaBneHne TEPMOB B TEPM-MHOXKECTBO TEKYIIeH MEpeMEHHOM
ocymiecTBisercss komaHnou FEdit/Add MFs....; B TIOSBUBIIEMCS OKHE
YKa3bIBACTCS KOJIMYECTBO n00aBisieMblx TepMoB W Tun ux OII. Ins
paBHOMepHOro BBojAa TepmoB JIII pekomenayercs mepen noOaBiIeHUEM
HOBBIX TEPMOB yJaJIUTh BCE UMEIOIINECS TEPMBI, BBIJECIAS UX YKa3aTelieM
MBIIIU U Haxxumas Delete.

PenaktupoBanue gopmblr @II ¢ u3MeHeHHEM TpaHUIl U AUANIA30HOB
OCYIIECTBJISICTCS. C TOMOIIBI0 YKAa3aTellsl MBI HEMOCPEICTBEHHO Ha
rpaduke. Tun @Il ykaspiBaeTcsa B mojie 7ype — BbIOMpPAETCS U3 CIUCKA;
Fuzzy Logic Toolbox BxmrodaeT 11 Bctpoennbix tumos ®OII (puc. 1.12).

Nwms tepma BBoauTcs B nose Name, a none Params aBTOMaTUYECKU
3anonHsAeTca napamerpamu DIl npu W3MEHEHMM TpaHUIl — B Ciydae
HEO0OXOUMOCTH MOXKHO YCTaHOBUTD BpyuHY0 3HaueHus DII B KBagpaTHBIX
CKOOKax B nojue Params.



1.2
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Puc. 1.12. Tunwel ®I1 B Fuzzy Logic Toolbox

Hna JIII Temnepamypa yCTaHABIMBAKOTCS CIEAYIOLIHAE IMapaMETPbI
®II: Tepm NB tpaneuneBugHoil popmsl (trapmf) [-1 05 10]; Tepm NS
TpeyrojibHoU dopmel (trimf) [S 10 15]; Z (¢trimf) [13,5 17 20,45], PS

(trimf) [19 24 29], PB (trapmf) [25 30 42 43]. Iloctpoenubie ®II s
BXOJIHOM nepeMeHHoM « Temnepamypay» B penakrope Membership Function
Editor npencrabnens! Ha puc. 1.13.

4| Membership Function Editor: conditioner - O x

File Edit  View
lot points:
FIS Variables Membership function plots olet points 181
m NB NS i Ps PB

DO
Tesnepatypa Yron

CropoCTh

e
input variable "Tewmneparypa”

Current Variable Current Membership Function (click on MF to select)

Mame Temnepatypa Name NB

Type input Type trapmf e

Params [-8-1310]

TR [0 40]

Display Range [0 40] Help | Close |
[ |

Puc. 1.13. ®II nns BXOAHOU niepeMeHHOMN « Temnepamypay



AmnanorudnbpiM oOpazom ctpositcs DIl 11 BXOIHOW MEPEMEHHOM
Ckopocmb, B KOTOPYIO BHOCSITCSI '3MEHEHHUSI B COOTBETCTBUU C rpadrKoM
I JIIT «Cropocms usmenenus memnepamypst 6o30yxa» (puc. 1.5, m. 2.2).
Jlnama3oH 3HaYeHUM MEPEMEHHOM ycTaHaBIMBaeTcs or —2 10 2 °C/MuH.
TepM-MHOXKeCTBO cocTouT u3 3 tepmoB {NS, Z, PS} (puc. 1.14): NS
(trapmf) [-3 -2 -1 0]; Z (¢trimf) [-0,7 0 0,7], PS (trapmf) [0 1 2 3].

4 Membership Function Editor: conditioner  File  Edit  View _ 0 X
FIS Variables : Membership function plots oot points! 181
- £ PS

CropocTt

input variable "CropocT”®

Current Variable Current Membership Function (click on MF to select)
Name CropocTh Name NS
Type input EY0s trapmf v
Ringe e e [3-2-10)
Display Range [22] Help I Close [
[ Ready |

Puc. 1.14. ®II nna BxonHou nepeMeHHON « Ckopocmby

N, nakoHen, s BBIXOJHOM IEPEMEHHOW VYeon B pemakrTope
Membership Function Editor ctpositcss ®II B coorBeTcTBUM C TpadKOM
®IT JIII «¥Yeon nosopoma pezynamopa» (puc. 1.6, n. 2.2). Jlunana3zon
3HAYCHUU NMEPEMEHHOM ycTaHaBiauBaeTcs oT —90 10 90 yrioBbIX TpagycoB.
Tepm-muoxectBo JIII pazneneno Ha 7 repmoB {NB, NM, NS, Z, PS, PM,
PB} (puc. 1.15): NB (trapmf) [-106 -100 -75 -50]; NM (trimf) [-70 -45 -
25]; NS (trimf) [-45 -25 -5]; Z (trimf) [-15 0 15], PS (trimf) [5 25 45], PM

(trimf) [25 45 70], PB [50 75 100 105].



4 Membership Function Editor: conditioner  File  Edit  View — O =
FIS Variablas . . . Memtlnershlpflurrcﬂonlplms ':'Ik't 'x'i”al ?31
: : MNEB MM M Z P& P PE
Temnepatypa Yron
CropocTh
output varnable “Yron®™

Current Variable Current Membership Function (click on MF to select)

Name ¥ron Name
Type output L2 trimf

Params

RE.I'IQE [_Em Eui

Display Range [-30 50] Help | Close

Selected variable "¥ron™

Puc. 1.15. ®II qns BBIXOJHOW MEPEMEHHON « V201
3.2.2. BBoa u penakTUpPOBAHUE MMPABHUIL.
CHB Hacrpoiika mapameTpos

Pa3paboTka npaBuil HEYETKOM IKCIIEPTHOM

CUCTEMBI IPOBOJIUTCS B
penaktope npaBun Rule Editor, 3ammyckaemoro komanaou Edit/Rules (puc.
1.16). JInsa BBoa pazpadoranHbix padee npapuia HOC (cm. tadm. 1.3, 1.4, .
2.2) B pemakTope TMpaBWwI HYXHO BBIOpAaTh COOTBETCTBYIOIIYIO
KOMOWHAIIUIO JIMHTBUCTUYECKUX TEPMOB BXOJHBIX M  BBIXOJHBIX
MEPEMEHHBIX, BBIOPATh TUI UX JIOrHYeCKou cBsi3ku (M vuiiu MJIN) n HaxaTh
kHony Add Rule. Ecnu nepeMeHHasi B IpaBUJIE HE UCHOJIb3YETCSI, TO BMECTO
ee TepMa HY)XHO BBIOpaTh none. s ynajneHWs TpaBWiia MPUMEHSIETCS
komaHnjia Delete Rule, nist pepaktupoBanus — Edit Rule.

[Tox rpaduueckuM OKHOM TJIaBHOTO OKHA penaktopa FIS Matlab
(cm. puc. 1.10) pacnionoxkeHa obiacte HacTpoiiku mapameTpoB CHB:

— METOJ| He4YeTKoro Jjiorudeckoro X (And method) ycranaBnviBaet
peanm3zaruto gorudeckoro M: MIN wim PROD;

— MeToJ HedeTkoro joruueckoro UJ/IU (Or method) ycTaHaBiIuBaeT
peanuzanuto goruueckoro MJ/IH: MAX wim PROBOR,;



— Metoa uMiummkauuu (Implication) ycCTaHaBIMBAET peaTu3allvio
umrutukanuu MIN (B metose Mamaann) unu PROD (B meTone JlapceHa) Ha
dTane akKTUBU3AIMHU 3aKITIOYCHU;

— METOJI arperupoBanus (Aggregation) — yCTaHABIMBACT B HEUETKOM
BbIBOJE Mamaanu cnenyrommue tunsl arperauun: MAX, SUM, PROBOR

— wmeton aedazzudukauuu (Defuzzification) — 1Sl CUCTEMBI
MaMJilaHu HCTIONB3YIOTCS METOJIbI: centoid — LIEHTP TsKeCcTH, bisector —
MenuaHa, lom — HauOOJIbIIUN U3 MAKCUMYMOB.

|4 Rule Editer: conditioner File Edit View Options - O ¥

1. If (TemnepaTypa is PB) and (CropocTe iz PS) then (Yron iz NB) (1 ~
. If (TemnepaTypa iz PB) and (CropocTe iz N3} then (¥ron is NS) (1)
. If (TemnepaTtypa is PS) and (CropocTte is PS) then (¥ron is MK (1)
. If (TemnepaTtypa iz PS) and (CropocTk is NS)then (¥ron is Z) (1)

. If (TemnepaTypa is NB) and (CxopocTe is NS) then (¥ron is PB) (1)
. If (TemnepaTypa is NB) and (CropocTe iz PS) then (¥ron is PS) (1)
. If (TemnepaTypa is NS) and (CropocTe is NS) then (¥ron is PM) (1)
. If (TemnepaTypa iz NS) and (CkopocTe is PS) then (¥ronis Z) (1)

. If (TemnepaTypa iz PB) and (CropocTe iz Z) then (¥ron is MM} (1)
10. If (Temnepatypa iz PS) and (CropocTe is Z) then (¥ron is NS) (1)
11. If (Temnepatypa is MB} and (CrkopocTe is Z) then (¥ron iz PM) (1)
12, If (Temnepatypa is NS} and (CrkopocTe i Z) then (¥ron is PS) (1)
13. If (Temnepatypa iz £) and (CkopocTe iz PS) then (¥ron iz NS) (1)
14. If (Temnepatypa is £) and (CropocTe iz NS) then (¥ron is PS) (1)
15. If (Temnepatypa is £) and (CropocTe is Z) then (¥ronis Z) (1)

(= =T = R R S

W
If and Then
Temnepatypa is CropocTh is ¥ron is
~ | [E | [ -~ |
NS Z MK
Zz PS NS
PS none 7
PB PS
none PM
PB
none
W W W
] not [ not (] nat
Connection _ Weight:
Jor
(@) and 1 Delete rule ‘ Add rule ‘ Change rule ‘ S

The rule is added
Help ‘ Close |

Puc. 1.16. IlpaBuna B penakrope Rule Editor niis CHB Conditioner



3.3. IIpocMoTtp pesynbratoB padbotst CHB

Komannoit  View/Rules  3amyckaeTcsi  pemakTop  MpPOCMOTpa
cpabarbiBanusi mnpaBun Rule Viewer mnoctpoenHot CHB. Penaktop
N03BOJISIET IPOBOUTH OLIEHKY pa0doTel CHB B pexxume «umo-ecauy»: B oie
Input wnm  COBUTaHWUEM  TIOJIOXKEHUS  KPACHOW  JIMHUM-Kypcopa
YCTAHABJIMBAIOTCS 3HAYCHHUS BXOJHBIX MEPEMEHHBIX; 3aT€M Ha OCHOBE
MPOLEAYPbl HEUETKOTO BBIBOJA BBIYMCIISICTCS 3HAUCHUE PE3YIbTUPYIONICH
MIEPEMEHHOM.

Hanpumep, npu MHULNMAIU3AIMN BXOIHBIX 3HAYCHHUUN IJIsI CUCTEMBI
aBTOMATHUYECKOTO YIPABJICHUS KOHAUIMOHEPOM B IIOMEILECHUH, KOI/Aa
TEeKyllas TeMIIepaTypa BO3yXxa B momeneHuu pasua 19,5 °C, a ckopocTs ee
U3MEHECHHUSl ToJNoXuUTeNbHAass U coctabmsier 0,2°C/mun, mpoieaypa
HEUYETKOTO BHIBOJA BO3BpAIla€T 3HAUCHUE BHIXOHON MEPEMEHHON «yToJD»,
paBHoe —19,7° (puc. 1.17).

4. Rule Viewer: conditioner File Edit View Options - O x

Temnepatypa = 19.5 Cropocrb=0.2 Vron =-19.7

W =~ o B W e =

-
PN
/H

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
40

B e e | | e | | e | | e e ] ] e

Input:

[19.50.2] Plot points: 101 Move: left ‘ right ‘ down ‘ up |

iy Help ‘ Close ‘

Puc. 1.17. Pesynbratel pabotsl CHB B penaktope Rule Viewer nns CHB Conditioner

CpaBHeHUHe Pe3yJbTaTOB HEUETKOIO0 BEIBOZA [JIS 3THUX
3HaUYeHUUN BXOJHBIX II€peMeHHBIX, II0JIyUYeHHbLIe Ha OCHOBeE
YUCJIEeHHBIX pacueToB (=20° BJIEeBO) U C IIOMOIILIO

paspaboTaHHOM HeEYeTKOM MOJeJan  Matlab, TOKa3bIBaeT
COI'JIaCOBAHHOCTH MOJICJIN.



Jnst  OpoBepKkH  alleKBATHOCTH MOJENIM HEOOXOOUM  MPOLECC
UCCIICIOBAHUS, BKJIIOYAIOUIECTO TPYIIy 3KCHEPUMEHTOB C BBINOJIHEHUEM
HEUETKOTO BBIBOJIA JJISl PA3JIMYHBIX 3HAUYCHUN BXOJHBIX MEPEMEHHBIX U
OIICHKH MOJIYYE€HHBIX PE3YJIbTATOB.

Busyanenas mnpoBepka anekBatHocth CHB ocymectBisiercs ¢
MOMOIIBIO  MporpamMMbl  mpocMmotpa  Surface Viewer (puc. 1.18),
3armyckaeMoi koManaou View/Surface.

4. Surface Viewen conditioner File Edit View Options - O X

30 -2 CHOpOCTE
40
Temnepatypa
X (input): Temnepatypa ~ Y (input): CropocTs w  Z (output): Vron o
X grids: 15 Y grids: 15 Evaluate
Ref. Input; Plot points: 451 Help ‘ e ‘

Ready |

Puc. 1.18. Buzyanuzanus nosepxnoctu CHB Conditioner

Jl1s aHanu3a pa3pabOTaHHON HEUYETKOM MOJEIN MOJIE3HOM SBISETCS
BU3YyaJIM3alMsd TPEXMEPHOW ITOBEPXHOCTH HEUYETKOTO BBIBOJA, KOTOpAs
MTO3BOJISIET YCTAHOBUTH 3aBUCUMOCTh 3HAYEHUHN BBIXOJHOU IMEPEMEHHOMN OT
3HAUYEHUU BXOJHBIX IIEPEMEHHBIX M CIYXUTh OCHOBOM IS BHECEHUS
n3meneHuii B CHB.

3.4. TlocTpoeHrne MOACUCTEMBI HEYETKOTO PETYJIUPOBAHUSI CUCTEMBI
ynpasiieuus B Simulink Matlab

[Ipy mNpPOEKTUPOBAHMHM HWHTCIICKTYAIbHBIX CHCTEM YIIPaBICHUS
HEUYETKHE MOJIEIN BCTPAMBAIOT B KOHTYP CIIOXKHBIX CHCTEM YIIPABJICHUS:
HaIrpuMep, MPpU TOCTPOSHUH MOCICH TUHAMHYECKHUX CHCTEM B ITaKeTe
Simulink Matlab ynpaBiasONMMHU IIOJCUCTEMaMU BBICTYIIAIOT HEYETKHE
peryysiTopsl (KOHTPOJIJIEPHI) BEPXHErO0 YPOBHS, IMPEICTABICHHBIE B BHUJIC
FIS-monemnmu.



Ha puc. 1.19 uzobpaxkeHa mojacucTteMa HEUETKOTO PEryJMpOBaHUS
CHCTEMBI yIipaBieHus KoHaunonepom Conditioner B cpeie CTPYKTYpPHOTO
MozaenupoBanus Simulink Matlab.

Bxonamu MoJienu sSIBIISIIOTCS CTPYKTYPHBIE DJIEMEHTHI Temnepamypa v
Ckopocmb  usmenenusi memnepamypol Buaa Constant, KOTOpbIE 4epe3
mynbTUIUIEKCOp MUX mnonmarorcs Ha Onok Fuzzy Logic Controller ¢
UMeHeM Fuzzy peeyniamop.

19.5
TamnepaTypa .
0o I—’ n % out ¥ron NoBOpOTa PEMYNATORE HOHOMUMOHEDE
CROPOCTE MEMEHEHMA TEMNERETYPLI Fuzzy perynaTop

Puc. 1.19. TloacucremMa HEUETKOTO PETYJIUPOBAHUSA CUCTEMBI YITPABICHUS
KOHJUIMOHepoM B Simulink Matlab

B oxne mapametpoB 65oka Fuzzy Logic Controller yxa3piBaeTcsi UMS
pazpaborannoit panee CHB Conditioner xax *.fis-daiina:

FIS name: :"cunditjoner.fis"

IIpu 3amycke mojaenum KoMaHAoW Run B Onoke Fuzzy pezynsimop
OCYIIECTBIIACTCS HEUETKUU JIOTUYECKHUM BBIBOJI HA OCHOBE MH(OpMAIUH,
MOCTYyMaromeld ¢ JaTYMKOB O TEMIIepaType M CKOPOCTH HM3MCHCHHS
TEMIIEpaTyphbl, W OIpPEICNIeTCs pe3yJbTUpPYIOIIas MepeMeHHas Yeorn
nogopoma pezynamopa KoHouyuorepa, kotopas u3 FIS-¢aiina nepenaercs
Ha a1eMeHT Display.

CrnenyeT OTMETHTh, UTO AUHAMUYECKask MOJIC]Ib MOKET HE cpaboTaTh,
ecnu FIS-¢aiin He Oyaer nmpeaBapuTesbHO 3arpyXeH B pabouyto 00J1acTh
WorkSpace Matlab. ]Ins aBrOoMathueckoil 3arpy3ku (aitna B pabouyro
o0JlacTh HEOOXOJUMO B OKHE JUHAMUYECKOW MOJIEId U3 KOHTEKCTHOIO
MEHIO BbIOpaTh MyHKT Model Properties, B OTKPBIBIIEMCS OKHE BBIOpaTh
Bkinanky CallBacks w B mnone Model PreloadFcn BBecTM KOMaHAy
conditioner=readfis('conditioner.fis'), xak mokazaHo Ha puc. 1.20. Ota
KOMaH/1a KaXK/IbIil pa3 mpyu OTKPBITUH (paitina Mmoaenu Oy 1eT moMemarsb (hait
‘conditioner.fis' B pabouee poctpanctBo WorkSpace Matlab.



Model Properties: fuzzy_new ot

Main  Callbacks  History  Description  Data

Model callbacks Model pre-load function:

PreLoadFcn™®
PostLoadFcn
InitFcn
StartFcn
PauseFcn
ContinueFcn
StopFcn
PreSavefcn
PostSaveFcn
CloseFcn

conditioner=readfis('conditioner.fis")

Cancel Help Apply

Puc. 1.20. Dxpannas popma co CBOMCTBAMU TUHAMUYECKOW MOJIETU

CJIGI[yeT OTMECTHUTDB, 4YTO IJIA H&CTpOﬁKH IHOACHUCTEMBI HCYETKOI'O
pPeryJInpOBaHUsA H€O6XOI[I/IM MMEPECMOTP UCIIOJIB3YCMbIX JIMHI'BUCTHYCCKHUX
3HaquHﬁ, d TAKXKC IIPaBHUJI 1 MCTOJ0B JIOTHYCCKOI'O BbIBOA.

IHopsinok BbINOJHEHHSI Pa0OTHI

1. 3yunTh METOOUKY MOCTPOCHUS HEYETKUX SKCIIEPTHBIX CUCTEM B
cucteme FIS Matlab.
2. IlpoBectu stan uaeHTUGuKauu 3agauu npoektupoanus HOC:

— chopMyIIUpOBaTh LieNU U 3aaauu nocrpoenuss HIC;
— Ppa3paloTarh IEpEBO MEJNE€ C MEJNEBBIMU IEPEMEHHBIMH Ha

1-2 ypoBHSIX U OOIIMM KOJIMYECTBOM NEPEMEHHBIX, PABHBIM 3-5;

— yKa3aTb BO3MOXXHBIE€ 3HAUYECHUS KaXXIOM IEPEMEHHOM B BHJE
TEPMOB; KOJIMYECTBO TEPMOB — OT 3 110 5;

— ONPENIETUTh MPEABAPUTEIBHYIO CTPYKTYPY MpaBUII 0a3bl 3SHAHUH.

3. C ucnonb3oBaHueM nakera pacmmpenus Fuzzy Logic Toolbox
cucteMbl Matlab B WHTEpPAKTUBHOM pEXKHUME pa3pabOTKH 3KCIEPTHBIX
cucteM ¢ ucnosibzoBanueM GUI-monynent Fuzzy Inference System (FIS)
CIIPOEKTHUPOBATh HEYETKYIO SKCHEPTHYIO cucteMy Kak CHB.

3.1. Onucate  BXOJIHBIE W  BBIXOJHBIE  TNEPEMEHHBIE  KakK
JIMHTBUCTUYECKUE TEPEMEHHbIC, MOCTPOUTh (PYHKIIMU MPUHAIJICKHOCTH
JUISL KQKJA0T0 TepMa.

3.2. Pa3pabotaTth HeueTkue mpaBuiia 0a3pl 3HaHuii HOC, oOiiee
KOJIMYECTBO MpaBui JOKHO ObITh HE MeHee 10. 3aaaTs B napamerpax CHB
METO]1 HEYETKOTO JIOTHYECKOTO BBIBOJIA U METOI Aedaz3uuKalim.



4. OueHuTh aJACKBATHOCTHh IOCTPOCHHOMW MOJICIM HEYETKOMN
AKCIIEPTHOM CUCTEMBI HA OCHOBE BU3YAJIbHOM ITPOBEpKHU noBepxHoct CHB
Y TI0 Pe3yJIbTaTaM dKCIIEPUMEHTAJIbHBIX UCCIEIOBAHUN.

5. IIpoBecTH »BKCIIEpUMEHTAIbHBIE WCCIEIOBAaHUS TOCTPOCHHOMN
monenu HOC nnst onHOW KOMOWMHAIMA TOYHBIX MCXOJIHBIX 3HAYEHUI
BXOJIHBIX MEPEMEHHBIX X  TPU KOTOPOU cpadaThIBAIOT HECKOJIBKO TPABHII
OJHOBPEMEHHO, BBIMOJHAS HEYETKUWA JIOTUYECKUUA BBIBOJ MJISI HUX.
Pe3ynbpTaThl 9KCIEPUMEHTOB 3aHECTH B TaOJI. 1.5.

[IpoBecTr CpaBHUTEIBHBIN aHAIN3 PE3YIbTATOB U CHIEIATh BHIBOIBI.

6. IloaTBepauTh MOJYYEHHBIN PE3yIbTAT BBINOJHEHHUEM BPYUYHYIO
MPOLIEAYPHl HEYETKOI'O JIOTMYECKOTrO BBIBOJAA HA OCHOBE aJITOPUTMOB
Mamaanu wnm  Jlapcena, mnocTtpoeHueM Tpaduka pe3yiabTUPYIOIIEH
GYHKIIMYA TIPUHAJICKHOCTH I OJHOTO KCIIEPUMEHTa U OMpeAcIeHuEeM
TOYHOTO 3HAYCHUS PE3YJIbTHPYIOIICH TIEpeMEHHOM J™.

Tabnuya 1.5
PesynbTarsl 3KCniepUMEHTaIbHBIX UCCIIEAOBAHUN
No Meton Meton
PesynbTar

HEYETKOI'O nedazzudukanuu o
JIOTUYECKOTO

k
BBIBOJA y

I/ICXOIIHBIG JaHHBIC: 3HAYCHUA BXOJIHBIX IICPCMCHHBIX
*

X

[
| AJnroputm Meton neHTpa TaKECTH
2 Mamaanu JleBoro MakcuMyma
3 [IpaBoro makcumyma
4 Anroputm Jlapcena | MeTon LeHTpa TSHKECTH
5 JleBoro Mmakcumyma
6 [IpaBoro makcumyma

7. IlocTpouth MOJIEIbL (hparMeHTa HEUETKON CHCTEMBI YIIPaBJICHUS B
Simulink Matlab. TlpoBecTn 5>KCIEPUMEHTAIIBHBIE HWCCIIEIOBaHUA U
yOeIUTHCS B MPABWJIBHOCTU PA0OTHI MOJIEIIH.

TpeboBanus K cogepkaHuI0 U 0POPMIICHUIO OTHETA

OTt4eT no mabopaTopHOM paboTe NOKEH COIEPKATH:

1. Ha3zBaHue u 11e1b paboTHhl.

2.llemn w 3amaun nocTtpoeHust HedeTkor OC s 3aJaHHOMN
peaMETHON 00JaCTH; IEPEBO 1EIeH ¢ YKa3aHUEM TEPMOB.



3. I'padbuku QyHKUMI NPUHAIIEKHOCTH BXOJHBIX W BBIXOJHBIX
JIMHTBUCTUYECKUX TIEPEMEHHBIX.
4. Cniucok HeueTkux npasui 06a3el 3Hanuit HOC.



5. Pe3ynbTarsel ONEHKH aJ€KBAaTHOCTH MOCTpoeHHOW Mojenu HIC
(rpadux moepxHoctn CHB, pe3ynabTarbl HEYETKOIO  BBIBOJA C
Pa3IMYHBIMHU BXOJIHBIMU JJAHHBIMU M BBIXOJHBIMH PE3yJIbTaTaMM ).

6. Pe3ynbTarel 3KCHEPUMEHTAIBHBIX HCCIEIOBAaHUNA TTOCTPOCHHOM
mozenu HOC niig oqHOM KOMOMHAIIMY BXOIHBIX IEPEMEHHBIX U PA3JIMUYHBIX
METOJIOB HEYETKOTO JIOTMYECKOTO0 BBIBOJA W MeToaa Acdaz3ubuKaium.
BriBo/BI, cHeNaHHBIE IO pe3yjbTaTaM CpPaBHUTEIBHOIO  aHaM3a
HUCCJICIOBAaHUU.

7. BBINOJIHEHHAs BPYYHYIO TIPOLIEAypa HEYETKOTO JIOTHYECKOIO
BBIBOJIa HA OCHOBE alNropuTMoB Mamaanu uiu Jlapcena.

8. BeIBOEL.

BapuanTsl 3apannii

Bapuantel 3amaHuii  MOTyT OBITh MPEJIOKEHBI  CTYJICHTaMU
CaMOCTOSITEJILHO UK BBIOpaHbI U3 TabM. 1.6, comepkalieil OCHOBHBIC THITbI
pemraembix JC 3amad u npumMepsl IC.

Tabnuya 1.6
Tun 3agaun u [Ipumep
ee 9C
XapaKTEPUCTH
Ka
1 2
Humepnpemayuu oanHwvix OC  umHTepnperauuu

reopu3NYECKUX JaHHBIX

— OMpeNIeNICHUE CMbICIIa JaHHBIX
OC omnpeneneHusi OCHOBHBIX

(HampuMmep, pe3yJIbTaTOB UCCIIe-

JoBaHHs) CBOMCTB JIMUHOCTH TIO PE3yJIbTaTaM
IICUXOJUArHOC-
TUYECKOTO TECTUPOBAHUS

Jluaenocmuxu 2C JTHATHOCTHKH

HEUCIIPaBHOCTEH, 1e(PEeKTOB
TeXHU4YecKoro obopynoBanus 9C
(MHAHCOBO-X03HCTBEHHOTO COCTOS-
HUS TIPEATPUATHUS
OC nuarHOCTHKH OLIMOOK B anmaparype

— COOTHECEHHME OO0BEKTa ¢
HEKOTOPBIM KJIACCOM OOBEKTOB
u/unu 0oOHapy)KCHHE HEUCITPaB-
HOCTEU B CUCTEME

A MaTeEMaTUYECKOM oOecrieuennu D BM

Monumopunaa OC npenaynpekIeHs OMacHbIX
CUTyaIlMi Ha MPOU3BOJICTBEHHOM
y4acTKe

OC 3K0JIOTUYECKOT0 MOHUTOPHHTA

— HempepbIBHAs UHTEpIIpeTaus
JAHHBIX B peaJlbHOM Maciiutade
BpEMEHH M CHUTHAJIU3alUs O
BBIXOJIE T€X WM HUHbIX mapa- | OC MOHUTOPUHTA COCTOSIHHS




METpPOB
MpeIebl

3a

AOITYCTUMBIC

oC

3JI0pPOBbsI UETIOBEKA
UHGOPMAITMOHHOTO

MOHHUTOPHHI'a TEXHOJIOTHUYCCKUX

IPOIIECCOB




Oxonuanue mabn. 1.6

1

2

lIpoexmuposarnue

— CO3/laHUe paHee He CYIIEeCTBO-
BaBIIETO O0OBEKTA W MOATOTOBKA
crnenu@uKaui Ha CO3/IaHKe

00BEKTOB C 3apaHee OIpeJIeICH-

HBIMH XapAKTEPUCTUKAMHU

OC npoeKTUpPOBaHUS TPYOOTIPOBOJIOB
9C MHBECTUIIMOHHOT'O
npoektupoBanust IC cuHTE3a
AJIEKTPUYECKUX LIETIEN

OC npoekTupoBaHus KOHPUTYpaIHii
OBM

IIpoeno3uposanue

— TIpelICKA3aHuEe IMOCIECACTBUN
HEKOTOPBIX coObITHI AN
SIBJICHUU Ha OCHOBE aHaJIM3a
AMEIOIIHUXCS JaHHBIX

OC nporxHo3a B 5KOHOMHUKE

OC mporHo3a COCTOSIHUA
KOHCTPYKIIUU IO/ BIUSTHUEM

BHEIIHUX BO3JACHCTBUI

OC mporHo3a oleHKH OYAyIIero ypoxas

lInanuposanue

— MOCTPOCHUE TUIAHOB JICMCTBUI
CyOBeKTOB (0OBEKTOB), CIIOCO0-
HBIX BBITNIOJHATH HEKOTOPHIC
byHKIUN

OC manupoBaHus paboT U
pecypcoB OC maHUpPOBaHUSA
MapuIpyToB

OC 1aHupOBaHUE TTOBEACHUS
po6ota IC maHupoBaHuE
AKCIEPUMEHTA

Obyuenue
— WCIOJIb30BaHUE KOMIIBIOTEpA
KaKOW-Tn00

uis  o0yuyeHus

AUCHUILIMHE WA IIPCAMCTY.

OC [uarHoCTUKM OMHMOOK U
MOJICKa- 3bIBaHUS TPaBUIIbHBIX

peLIeHNl;

OC o0y4deHus SI3bIKy MPOrpPaMMUPOBAHUS

Ynpaenenue

— (yHKIHS OPraHU30BaHHOM
CHUC- TeMBbI, TIOJIJICP>KUBAIOIIAS
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KoHTpoJibHbIe BONIPOCHI U 33/1aHUA

1. Kakne mnporpamMmHbIE MOIYJHA BXOIAT B MakeT Fuzzy

Logic Toolbox?




2. Kakoe npeHa3HaueHUE peIakTopa CUCTEM HEUYETKOTO BhIBOAA?

3. Kakue ycTaHOBKM MO>KHO BBITIOJIHUTH B OKHE peakTopa PyHKIUN
MPUHAJIEAKHOCTH 3TOM OKHE?

4. KakuMm o0pa3oM 3aJaroTcs MpaBuia pabOThl CUCTEMbI HEUYETKOIO
BBIBOJ1A?



5.Kak ocymecTBisieTcs IPOBEpPKAa  AJAEKBATHOCTM  HEUYETKOMU
AKCIIEPTHOW CUCTEMBI?
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HEMPOCETEBOE MOJEJIMPOBAHUE B AHAJIUTUYECKON
IHVIAT®OPME DEDUCTOR.
PEINIEHUE 3ATAY KIIACCUDOUKALIUU, ATITPOKCUMALIUHN
OYHKIUU U TPOI'HO3UPOBAHMUSA

1. Heab u 3aga4u padoThI

[lenpt0o pabOTHI SIBIASETCA M3YyYECHHE OCOOCHHOCTEH MPUMEHECHHS
HEWPOHHBIX CETEW NJis penieHus 3ajad Kiaccuukaiuu, anmpoKCUMaIUU
GYyHKIMM W TPOTHO3WPOBAHHWS HA OCHOBE BPEMCHHBIX PSIOB B
aHanutudeckoi miarpopme Deductor.

3amadyamMu paboOThI SABISIOTCA: (OPMUPOBAHUE YMEHHM MOATOTOBKH
oOyuaromieii BBIOOPKH, pa3padOTKU CTPYKTYphl HEHUPOHHBIX CETEH,
3aKpeIyICHUe HAaBBIKOB OOYYCHHUS HMCKYCCTBEHHBIX HEHPOHHBIX CETeH Ha
OCHOBE MapaJUrMbl OOYUEHUS C YUUTEIIEM.

2. TeopeTnueckue cBeeHNs

2.1. OOyuyeHne UCKYCCTBEHHBIX HEUPOHHBIX CETEH

[log  UCKYCCTBEHHBIMH  HEHPOHHBIMU  CETSIMU  IMTOHUMAIOTCS
BBIYUCIIUTENIBHBIE CHUCTEMBI, KOTOpBhIE MpeoOpasyroT HHPOPMAIUIO 10
o0pa3y OMOJIOTMYECKHX IMPOIIECCOB, MPOTEKAIOIIMX B HEPBHOM CHCTEME
4yeJioBeKa U KMBOTHBIX. Enuauneid oopadoTku nHdopMaiu B HEUPOHHOM
CETH SIBJISICTCS HEUPOH.

Ha puc. 2.1 nokazana MojieJib ICKYCCTBEHHOTO HEMpPOHa.

o
b S .

: Puc. 2.1. Monenb

VICKYCCTBEHHOI'0 HEMPOHA




B Monmenn HCKYCCTBEHHOTO HEHpPOHA BBIICISIOT —CICAYIOIIHEC
DJIEMEHTHI:

— BEKTOpP 6X0O0Hblx CUTHANOB X = {X; Xz.., X,}, TIOCTYMAIOIIUX OT
IPYTUX HEUPOHOB;

— BEKTOpP KOA(DPHUIMEHTOB cuHanmuyeckux ceszei (weight) Mexmy
HeripoHaMu W = {wiy, Wai,..., Wi},

— CYMMAamop Sk, KOTOPBIA CKJIAAbIBAET BXOAHBIE CHUTHAIBI X,
B3BEIIIEHHBIE OTHOCUTEIIBHO COOTBETCTBYIOIIMX CUHANCOB W HelipoHa; Ha
BBIXOJIE cymMmaTopa QopMHpyeTcs JHMHEHas KOMOMHAIMA BXOJHBIX
BO3JICHCTBUU;

— ¢ynkyuss  akmuseayuu  ¢(-), OrpaHMUYMBAONIAS  AMIUTUTYIY

BBIXOJIHOT'O CUTHaJIa HEWpOHa;

— 8bIXOOHOU CUTHAJ HEUPOHA Vi,

— nopoeoswvili  dIeMeHT by (bias), KOTOPBINA SBJISETCS BHEIIHUM
napaMeTpoOM MUCKYCCTBEHHOTO HEMpOHa.

Marematruecku PyHKIIMOHUPOBAHUE k-TO UCKYCCTBEHHOTO HEMpOHA
OTIMCBHIBAETCS MMAPON YPABHEHUN:

Sk=2 Wik * Xiy
i=1
Vi = (p(Sk + bk) (21)
dopManbHOE IpeICTaBICHUE HEHpoHa JIEMOHCTPHUPYET

08yxmakmHyto paboTy HEHpPOHA: Ha IEPBOM TaKTE BBIUUCIISIETCS CKAISIPHOE
IIPOU3BEJECHNUE BEKTOPOB X U WW; Ha BTOPOM — PACCUUTHIBAETCSA BBIXOJHOMN
CUTHaJI HelpoHa Y B COOTBETCTBUU C 3aJlaHHBIMHU MOPOTOM U (yHKIIMEH
AKTUBALINH.

Oyukupy akTuBauu P(+), KOTOphIE TAKKE HA3HLIBAIOT HEITUHEWHBIM

npeoOpazoBaTesieM, ONPECIIIOT BEIXOIHOW CUTHA HEPOHA: B pe3yJibTaTe
HOPMAJIM30BAaHHBIA JWANa3oH aMIUIMTYJ BBIXOJAa HEWpOHA JIOJKEH
HaxoAuThes B untepBane [0, 1] vnu [—1, 1]. BeiaenstoT Cleay e TUIIbI
(GYHKITUN aKTUBAIIUHN:

— QYyHKYUA eOUHUYHO20 CKAYKA, UlU Nopo208as (QyHKyus, KOTopas
UCIIONB3YyeTCs B Mozenu (popmanbHOrOo HevipoHa Y. MaxkKanoka u'V.
[Tuttca ayst 00pabOTKU JBOUYHBIX CUTHAJIOB: HEJOCTATKOM ATOM (DYHKIIUH
SBISIETCS TO, 4YTO (YHKIHMS HE II03BOJIIET MOJCIUPOBATh CETH C

HETIPEPBIBHBIMU CUTHAJIAMU:
1, ecrus z0Oy
= @(si) = {o ecausk<6,



— cuemouoanvHas @ymkyus, KOTOpask 4YacTO IPUMEHSIETCS IS
MHOTOCJIOMHBIX IEPCENTPOHOB U JAPYTUX  HEUPOHHBIX  CETEHU C

HCIIPCPBIBHBIMU CUT'HAJIAMHU ! 1

y= 1
1 + e-a-sk

dopmanabHble HEUPOHBI OOBEAMHSIOTCA, 00pa3ys MCKYCCTBEHHBIC
Heiponneie cetu (MHC). Helipocetn — MHOXECTBO MCKYCCTBEHHBIX
HEHPOHOB, COCIMHEHHBIX OMNPEACICHHBIM 00pa3oM MeXIy coOoi
cuHantudeckumu coeauneHusmu. MMHC MoxkeT paccmaTpuBaThCs Kak
HalpaBJICHHbIH Trpad €O B3BEUICHHBIMM  CBSI3SIMH, B  KOTOPOM
UCKYCCTBEHHBIE  HEUpOHBI  SBIAKOTCS  y3nmamu. Kak — mpaBuiio,
akTuBalMoHHble (yHKIMU Bcex HeilponoB WMHC ¢uxcupoBanbl, a
CUHanTU4eckue Beca sBisatoTcs napamerpamu MHC u MOTyT U3MEHATHCH.

B oOmem cnydae BbIIENAIOT Tpu (GyHIAMEHTAIBHBIX KJacca
HEUPOCETEBBIX APXUTEKTYP:

1) oonocnoiinbie UHC npsiMoro pacnpocCTpaHEHHs, COCTOSIIHE W3
BXOJHOTO U BBIXOJHOTO CJIOS; TOJi €IUHCTBEHHBIM (BBIXOJHBIM) CJIOEM
MOAPA3yMEBAETCS CIIOW BBIYUCIUTEIBHBIX JJIEMEHTOB (HEHPOHOB);

2) wmnococnounvle MUHC mpsiMoro pacnpocTpaHEHUs, HMEIOIINE
HECKOJIBKO CKPbIMbIX C10€8 HeUPOHO8, KOTOPBIE HE ABJISIOTCS YaCThIO BX01a
WM BbIxoja cetu. Helponsl ckpbiToro ciosi no3Boisitor MHC oGyuarbes
PEIICHUIO CJIOXKHBIX 33/1a4, MOCJIeI0BATEIbHO U3BJIEKasl BaXKHbIE MTPU3HAKU
U3 BXOJIHOTO BEKTOPA;

3) pexyppenmnvie UHC — obGnanaromue, 1Mo KpaiiHed Mepe, OJHOM
00OpaTHOM CBA3BIO.

BaxHeluM CBONCTBOM HEHWpPOCETEU SIBISETCS UX CHOCOOHOCTh
oOy4aThCsi Ha OCHOBE anpuopHoi uHbopmaiuu (hakToB), HAOIIOACHUH,
u3Mepenuil (mpumepos). [log o6yuenuem noHumaeTcst mpoiiecc, B KOTOpOM
napametpsl MHC (BecoBble KOA(DHUIIMEHTHI CBSI3EH MEXIy HEUpOHAMHU,
MIOPOTrOBBIE YPOBHU U JIp.) B COOTBETCTBUU C TEM WJIM UHBIM aJTrOPUTMOM
HACTPauBAIOTCS MPU MPEABSIBICHUN 00)yaroujeli 6b100PKU.

OOyuaromiasi BbBIOOpKA IIpeJCTaBIsIeT coOoil uHbOpMaluw 00
UCCIEAYeMOM OOBEKTEe, TMpOoIEecce WIM SBJICHUH; BBIOOPKA MOXKET
COJIEpKaTh KaK TMapbl BXOAHBIX U COOTBETCTBYIOIIUX MM BBIXOIHBIX
3HayeHui (X, Y), Tak U JulIb BXOJHbIC 3HAUEHUS X.

Ha ocHoBe oOyuaroiiieil BHIOOPKH HEUPOHHAsI CETh B COOTBETCTBUU C
3aIaHHBIM aJITOPUTMOM KOPPEKTUPYET BECOBBIE KO PUIIUECHTHI



CHHAINITUYECKUX CBS3eld WJIM JApYrHe IapaMeTpbl I TOTO, YTOOBI
obecrieunBaTh TpeOyeMyrO peakiifioo ¥ Ha BXOJHbIC 00pa3bl X.

BoienstoT Tpu napaaurMbl OOyUYEHUS: «C YUUTETIEM», «0e3 YUUTENs»
(caMm000yUeHME) U CMEIIIaHHaS.

B cinydae oOyuenuss «c yuumenem» (supervised learning) poib
YUHUTEJSI pacCMaTPUBAETCS KaK HallMyue 3HAHWUW 00 OKpy:Kalolen cpene,
IIPEACTaBICHHBIX B BUJIC MTAp BXOAHBIX U BRIXOAHBIX 3HaUeHUH (X, Y). [Ipn
noJjaue o0ydJaromiero BEKTopa Ha BXOJ CETH YUUTENb NIepeaacT HeUpOCeTH
KEJTaeMbIil OTKJIWK, COOTBETCTBYIOIIUN JaHHOMY BXOJHOMY BEKTODY.
[Tapamerpst MHC koppeKTUPYIOTCS C y4eTOM OOYyYarolero BEeKTOpa Hu
CUTHAJIa OIMOKH (Pa3HOCTH MEXKIY KEIaeMbIM CHUTHAJIOM W TEKYIIUM
OTKJINKOM CETH).

OOyuenue «oe3 yuumensay» (unsupervised learning) He TpeOyeT 3HaHUSA
MIPaBUIILHBIX OTBETOB JIJIsI KAXKJOTO MprUMepa oOydaroreil BRIoOopku. B atom
clly4yae peniaeTcs 3ajavya pPacKphITUS BHYTPEHHEW CTPYKTYPhI JaHHBIX WM
HAXOXXJICHUSI KOPPEAIUNA MEKIy NMPUMEpaMH B JIAHHBIX, YTO ITO3BOJISIET
pacrpeeIuTh BXOIHbIE TPUMEPHI 110 TPYIIIaM.

[Ipu cmewannom OOydYeHMM YacTh CHHANTHYECKUX  BECOB
ONpeesieTCs P O0YUYCHHH «C YYUTEIEM», B TO BpPeMs KaK OCTajbHas
dhopMHUpPYyETCS C TOMOIIBIO CaMOOOYUYCHHUS.

2.2. O0yueH1e HEHPOHHBIX CETEN «C YUUTEIEM)»

®opma o0yuennss MHC «c yuurtenem» paccMaTpuBaeTCs Kak 3ajadya
MUHUMHU3AUUA SMIUPUYECKON OMIMOKH MEXKIY >KEIaeMbIM BBIXOJOM U
(dhakTHUeCKON peakiuel HEMPOCEeTH U Ha3bIBACTCs OOy4YeHHEM Ha OCHOBE
KOPPEKIUU OIITUOOK.

O6yuenne MHC mpoBomuTcsi Ha OCHOBE obOyuarowell 6vl00pKuU,
IPEJICTABIAIOUIEN COBOKYIIHOCTh BEKTOPOB BXOIHBIX U JKEJIAEMBIX
BBIXOJIHbIX 3HAYCHUW. BEKTOp BXOJIHBIX CUTHAJIOB UWMEET BUI: X =
[X1, Xz..., Xm]P, TA€ M — YUCIO MPU3HAKOB, p — KOJUYECTBO MPUMEPOB
oOy4aromiero MHOXECTBAa. BBIXOJHON BEKTOp >KeJIaeMoro

orknuka cetu D =[d; d;..,d. ]’ wumeer pasmepHOCTH I,

COOTBETCTBYIOIIYIO KOJTUYECTBY BBIXOJHBIX KOOPAUHAT p.
Ha puc. 2.2 npeacraBieHa CTPYKTypa MHO2OCIOUHO20 NePCenmpoHa

— MHOTOCJIOMHOM HEWPOHHOW CE€TH NPAMOrO PpPaCHpPOCTPAHEHUS C
MOCJIEAOBATEIIbHBIMU ~ CBSI3IMHM, B  KOTOPBIX  BXOJHOW  CUTHAJI
pacupoCcTpaHsIiETCs IO CETH OT CJIOS K ciior0. KonmuecTBo ci1oeB HEWpOCeTH
paBHO N; B K&XKIOM CJIO€ Pa3HOE YUCJIO HEMPOHOB 7,



(©)

k=1, ..., N. Ha Bxox HeiipoceTu TOAAIOTCS BHEIIHWUE CHUTHAJBI X;I = 1,
ny. Bee MAH HEWPOHOB A-T0 CJI0sI MOAAIOTCS HAa KaX bl HeWpoH (k+1)-
ro CJOS.

B 0603Ha4€HNH BBIXOJHBIX CUTHAJIOB HEMPOHOB " BgpXHMI UHIEKC k
— HOMED CJI0s1, @ HUXKHUM UHJIEKC [ — HOMEP HEUpPOHa B 3TOM cJyioe. BecoBou
K0>()(PULIUEHT CHHANTHYECKON CBA3U W COeIMHSET -1 HEMPOH
(k—1)-ro cnos ¢ j-m HeiipoHOM cios (k).

B MHOTOCIIOWHBIX CETSX YKEJIAEMbIE BBIXOAHBIC 3HAYEHUSI HEMPOHOB
BCEX CJIOEB, KPOME TMOCJICTHETO, HEU3BECTHBI, M TTOATOMY TPEX- WM OoJiee
CJIOMHBIN TEPCENTPOH HEBO3MOKHO OOYUYHUTh, PYKOBOJCTBYSICH TOJBKO
BeJIMUMHAMHU omnoOoK Ha Beixogax MHC.

—(_

B muorocnoiabix MHC xenaembie BBIXOAHBIE 3HAYEHHS HEUPOHOB
BCEX CJIOEB, KPOME TMOCJICTHETO, HEU3BECTHBI, U TTOATOMY TPEX- WK OoJiee
CJIOWHBIA TEPCENTPOH HEBO3MOXKXHO OOYYHUTh, PYKOBOJICTBYSCH TOJIBKO
BeJIMUMHAMHU omnOoK Ha Beixogax MHC.

Haunbomee W3BECTHBIM HW  4alle BCEro MNPUMEHSIEMbIM IS
MHorociaoHeIx MTHC ajiropuTMOM 00y4EeHUS C YUUTEIEM SIBISICTCS Menoo
00pamHo20 pacnpocmpanerus OowuOKY — WUTEPATUBHBIM TPaJUCHTHBIN
aIrOpUTM OOYYEHHUs, KOTOPBIM HCIOJB3YEeTCA C IEIbI0 MHUHUMU3AIUU
byukiuu omubOku MHorocioitHeix MHC, B HampaBieHuun, oOpaTHOM
IpPSIMOMY PAacpOCTPAHCHUIO CHUTHAJIOB B OOBIYHOM pPEXKHUME pPalOOTHI.
OyHKIMSA ~ OMMUOKKW  TMPEACTaBIseT  COOOM  CyMMy  KBaJpaToB
paccoriiacoBanus (oMOKM) xkemaeMoro u paxkruyeckoro Beixoga MHC.



[Ipr  BBIYMCIEHHUM  DJIEMEHTOB  BEKTOpa-TpaJMEHTa  MCIOIb3YETCS
aKTUBAIIMOHHAS (PYHKIIMSI CUTMOUIAJIBHOTO THIIA.

AnropuT™ 00yUYeHHUS C yUUTENIeM padoTaeT UTEPATUBHO, U €r0 LIUKJIBI
NPUHATO Ha3bIBaTh snoxamu. Kaxmas »3moxa MpeACcTaBIsIET Co00i
MOCJE0BaTENIbHOE TIPEabsBICHUE Bcex oOydarommx npumepor B MHC.
BbixonHbIe 3HAYEHUS CETH CPABHUBAIOTCS C IE€JIEBBIMU 3HAYCHUSAMH U
BBIYUCIIACTCS CyMMapHas OIIMOKa, 3HAYeHUE KOTOPOU HCIOJb3yEeTCs IJIs
KOPPEKTUPOBKHU CHHANITUYECKUX BeCOB. [Iporiecc 00ydeHus: mpekpaiaercs,
anb0 KOTJa MPONIEHO OMpeIeSIeHHOE KOJHWYECTBO JI0X, JHOO Korja
OImKOKa TOCTUTHET OMPEACIICHHOTO YPOBHS MaJOCTH, MO0 KOrja Onnoka
MEPECTAHET YMEHBIIIATHCA.

Xopoio o6yuennass UHC noposxaet npaBuiIbHbIN OTKIUK HE TOJIBKO
JUIs OOJIBIIIMHCTBA BBOJMMBIX MPUMEPOB W3 HAOOpa TECTOBBIX JAHHBIX.
['oBopsiT, uto MHC obnamaeT cBoWcTBaMH 0000weHusi, €cii OHa OyJeT
OCYIIECTBIIATh KOPPEKTHOE OTOOpaKeHHME BBIXOJa Ja)ke Toraa, Koraa
BXOJIHBIEC CHUTHAJIbI HEMHOTO OTJIMYAIOTCS OT MPUMEPOB, HUCIOIB30BaHHBIX
JJ1s1 OOYYEHHS CETH.

Ecin MHC o6y4aercs Ha CIUMIIKOM OOJIBIIIOM KOJIMYECTBE MPUMEPOB,
TO HEUPOCETh MOXKET TOJIbKO 3alIOMHUHATh JaHHbIC 00ydJarolle BHIOOPKH.
Takoe siBJIeHHE HA3bIBAIOT M30BITOUYHBIM 00YUYEHHEM, WU ITEPEOOYyUECHUEM.
Ecnu HeipoceTh «repeydeHa, TO OHa TepsieT CIIOCOOHOCTh K 0000IICHHUIO.

Aneopumm obyuenus HHC ¢ yuumenem

Hlaz 1. Wanmmanusanua BecoB MHC wy maneiMu  ciay4yaiHBIMU
3HAYCHUAMMU.
lae 2. Ilpssmont poOXO[I IO HEUPOHHOW CETH.

BriOupaetcst ouepenHoit o0yqaromuii mpumep (X, D) u3 odyyaromiero
MHOkeCTBA. BekTop X npeabpaBIsgeTcss Ha BXOJ HEMPOCETH.

Kaxnaplii BXOAHOW HEWPOH NPUHUMACT BXOJHOM CHUTHAI W
PacIpOCTPaHSIET €r0 KO BCEM HEHPOHAM CIIEyIOLIEro (CKPBITOTO) CIIos, B
KOTOPBIX  OCYILIECTBIISIETCS CYMMHUPOBAHHME B3BELICHHBIX  BXOJHbBIX
CUTHAJIOB U NMPUMEHEHUE (PYHKIIUMU aKTUBAIUUA U (POPMUPYETCS BHIXOTHOM

CUI'HAJ.
ye=fIZ" whexY), (2.2)
j i=1 j i
yk = xk+1,
J J
A€ Ng — KOJIMYECCTBO IEICI\/’IPOHOB B -M cioe. Beruucistorcs BBIXO/bI

HEHUPOHHOI cetH Y ... y
1 nN



Lllaz 3. O06paTHBINA MPOXOJ IO HEUPOHHOMN CETH.

PaccuntheiBaeTcsl cymmapHasi CpeiHssl KBaApaThudHas omunOka E 1o
BCEM HEWpPOHAM BBIXOJHOIO CJIOS HEWPOCETHM KaK pPa3HOCTb MEXKIY
TpeOyeMbIMH (LIETIEBBIM, JKelaeMbiM D) U peanbHbIM Y BBIXOJIOM
HEUPOCEeTH:

|
—1 N 2
E="Y"0"N—d)- (2.3)
2 J°1 ]

Beca HelpoHHON cetu WY (t) KOPPEKTHPYIOTCS TakK, 4YTOOBI B
TanbHEHIIIEM MUHUMHU3UPOBATh OMMMOKY. MUHUMU3a1Ks BEETCS METOIOM
IPaJIUCHTHOTO  CITyCKa, YTO  O3HA4YaeT  IOJCTPOWKY  BECOBBIX
ko3 PuireHToB no Gopmyiie:

k k
wi(t+1)=w", (2.4)
(t) - 5 7 6E
ij ij &
G
rae 5 — ko3 HUIMEHT CKOPOCTH 00yUeHUSs (BEIUYMHA I1ara KOppeKIum),
0 <5 < 1; t — HOMep uTeparuu o0ydeHusl.

Illae 4. lllarm 2—3 mOBTOPSAIOTCS IS KaXJI0M IMapbl 00yYaroImiero
MHOYKECTBA JIO TEX MOp, MOKa OIIMOKA HE CTAHET MUHUMAJIBHOM U Beca CETH
HEe  craOwmu3upyrorcsi.  Takas ~ ceTb ~ cudTaeTcsa  OOy4YEeHHOU
(HATpEHUPOBAHHOI) U TOTOBOM K MMPUMEHEHUIO.

2.3. 3amaum, pemaeMbie C MOMOIIBI0 HMCKYCCTBEHHBIX HEHUPOCETEMN

W cKyCCTBEHHBIE HEUPOHHBIE CETH UCITOIB3YIOTCS B TPAKTUYECKUX
NPWIOKEHUSIX B KadeCTBE KOMIIOHEHTOB CHUCTEMBI YIpaBJICHHUS JIUOO
MOJYJISI IPUHATHS PELICHUH, MepeaaroluX Pe3yIbTUPYIONIMN CUTHAT Ha
IpPYTHUE BJIEMEHTHI, HE CBA3aHHbIe HenocpeacTBeHHo ¢ MHC.

K 3amavam, pemaembiM MHC, oTHOCSTCS creaytoiue:

1. Knaccugpuxayus u pacnosnaganue obpaszoé — 3agada COCTOUT B
yKa3aHUH MIPUHAJICKHOCTH BXOJIHOTO obOpa3a (mpumepa),
MPEACTaBICHHOTO BEKTOPOM MpHU3HaKOB X (B BUJIe U300pakeHUs, BEKTOpa
yuceln U T.J.), OJHOMY WM HECKOJIBKUM MPEABAPUTEIIHLHO ONPEICIICHHBIM
knaccam Y. B mpouecce o0yuenuss MHC BwlmensioTcss NpU3HAKH,
OTJIMYAIOIIME 00pa3bl APYT OT APYra, KOTOPHIE U COCTABJISIOT OCHOBY IS
MPUHATHS pelieHnH 00 OTHECEHUH 00pa30B K COOTBETCTBYIOIIMM KJIACCaM.
[Ipumepamu 3amaum KiacCU(pUKAIMU SBISIOTCS 3a/ladyd paclo3HaBaHUS
JMAarHOCTUKH U T.J.

2. Knacmepuzayusi — 93TO 3amada TPYNIUPOBKA OOBEKTOB

(HabaroACHUM, COOBITHI) IO TAHHBIM, OIMCHIBAIOIINM CBOHCTBA OOBEKTOB.



OOBEKTH BHYTPH KJIacTepa JOJDKHBI OBITh MOXO0XHMH JIPYT Ha JIpyTa H
OTIINYATHCA OT JAPYTUX, KOTOPBIE BOIUIM B JApyrue KiacTephl. B 3amauax
KJIaCTEepHU3alluu HEe TPeOYyeTCs yKa3aHUE BBHIXOJHOW NMEPEMEHHOM, MOITOMY
3Ta 3ajJa4a Ha3bIBaeTcs Kiaaccudukanuen «0e3 yduTens», a YHUCIo
KJIACTEPOB, B KOTOPbIE HEOOXOAUMO CTPYIIIIUPOBAThH TAHHBIE, MOKET OBIThH
JTHOOBIM.

3. Annpoxcumayus @yrkyuy — 3aaada MOCTPOSHUS MOJCIEH TPYIHO
dbopmanuzyembix 3aBucuMocTei. Eciaum umeercss oOydaromiasi BbIOOpKa
IpeAcTaBiICHHAas NapamMu NaHHbIX ((X1, Vi), (X2 Vz), -, (Xn Vn)), KOTOpas
TeHEPUPYETCS HEM3BECTHOW (pyHKIMEH Y = f(X), TO 3aa4a anmpoKCUMaIuu
COCTOUT B HAXOXKJICHUH 3TOM HEM3BECTHON QyHKIMH f{x). ATIpokcumanus
byHKIMN HE0O0X0oauMa MPU PEIICHHWH MHOTOYHCIECHHBIX WHXEHEPHBIX U
HAay4HBIX 3a7a4 MojenupoBanus. OJHUM U3 CaMbIX 3aMeyYaTeNIbHBIX
ceorictB MHC sBisieTcst uX COCOOHOCTh aIMpOKCUMHUPOBAThL U, OoJiee
TOTO, OBITh YHUBepcanvHvimu annpoxcumamopamu. C nomompro MHC
MO>KHO anmpOKCUMHUPOBATh CKOJb YTOJHO TOYHO HEMNPEpPhIBHBIC (DYHKIIUU
MHOTHX ITepEMECHHBIX.

3. Ilpocno3uposarnue — 3amada COCTOUT B IIpeJICKa3aHUU OyIyIIeH
peakIMu HEKOTOPOW CHUCTEMBI MO €€ MPEANISCTBYIOIIEMY TOBEACHHUIO.
Oo6nanas nHopmarmeld 0 3HAYSHUSIX TIEPEMEHHON X B MOMEHTHI BPEMEHU
t, TpeauecTByIoOlMe NporHo3upoBanuto {x(t:;), x(tz), ... , x(t,)}, UHC
BbIpaOATHIBACT PEIICHHE O TOM, KakuM OyAeT Hauboyiee BEpOSITHOE
3HAYEHHE TEPEMEHHON X B HEKOTOPHIM OyAYyIIMI MOMEHT BPEMEHU ln.s
(3a1a49a MpOrHO3WPOBAHUS Ha BPEMEHHBIX PsJIax).

4. Onmumuszayus — 3aja4a HaAXOXKJICHUE TAKOTO PEIICHHS, KOTOPOE
yAOBJIETBOPAET CHUCTEME OrpaHWYEHUH W  MaKCUMHU3BUPYET  WJIHU
MUHHMH3HUPYET IENEeBYIO (DYHKITHIO.

24. OcobenHocTH paboThI B aHaMUTHYeCKOH T1aTdopme Deductor

s pemeHuss nNepedrucieHHbIX 3amad ¢ npumeHenuem HMHC
UCIIOJB3YIOTCS HTHOOPMAITMOHHBIE HHTEIIEKTyalIbHbIE cucTeMbl. OTHOM U3
W3BECTHBIX M IIMPOKO HCIOIB3YEMBI CHCTEM SIBIACTCA AHATUTHYECKAs
matopma Deductor (BaseGroup Labs), B KOTOPYIO BKIIOYEHBI CPEJICTBA
MPOEKTUPOBaHU, MoJieupoBanus u 0oyuenust MTHC.

Js 3arpy3ku JaHHBIX B Deductor HE0OXOUMO UMIOPMUPOBAMb UX
M3 HCTOYHMKA JaHHBIX IIpu rnomouwm€Macmepa umnopma. Buauane
YKa3bIBAKOTCS TUIT IAHHBIX, TyTh K UICTOYHUKY JaHHBIX. 3aT€M MTPOBOJIUTCS
3aITyCK IMPOIIECCa UMIIOPTA U OCYILECTBIISIETCS HACTPOUKA
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napaMeTpOB CTOJIOIIOB MOJIYYMBIIICHCS TaOMUIIbI: YKa3bIBACTCS HA3HAUCHUE
CTOJIOIIOB, HEOOXOIUMOE JIJIs TaJIbHENIIEH 00pabOoTKHY.

Hanee 3amyckaetcs Macmep o6pabomxu, BbIOUpPAETCS METOA
o0paboTKM JaHHBIX — Hetiponnas cemb, KOTOPBIA  TO3BOJISIET
ckoHctpyupoBatb HMHC ¢ 3agaHHONM CTPYKTYypOH, ONPEICIUTh €€
napamMeTpsl U OOy4YUTh C TMOMOINIBIO OJHOTO U3 JOCTYHHBIX B CHUCTEME
anroput™MoB o0ydeHusi. Hactpoiika u o0yuenue MHC ocyiectBisiercs B
HECKOJIBKO 3TaroB.

2.4.1. Hacmpoiika HasHauenus cmoabyos. Ha »>TOM 9rame
YKa3bIBACTCS, KAKUE CTOJOIIBI MCXOJHOU TAOJUIIbI SIBJISIIOTCS BXOJHBIMH,
BBIXOIHBIMU, HUHPOPMAIMOHHBIMU, HETPUTOAHBIMU, HEUCTIOJIb3YEMBIMH.

3HAYEHUS 6XOOHBIX CMOAOY0E SBISIIOTCS UCXOJHBIMU JAHHBIMU JJISI
ooyuenuss MHC. 3HaueHus 6bix00Hblx cmoi6y08 SIBISIOTCS dTaJOHHBIMU B
nporecce 00ydeHHUs] HEWPOCETU; OHU COJEPKAaT Pe3yabTaThl 00pabOTKU
BXOJHBIX TAHHBIX.

Ecnu B nosne nasnayenue cTond1a yKa3blBaeTCs UHDOpMAYUOHHOE,

TO 3TOT cTOJI0CI HE ucnob3yercs npu ooyuenuun MHC.

Bo3HukaT cuTyanud, Korja Ipd UMIIOPTUPOBAHUU JAHHBIX

CTOJIOLIaM  TMPUCBAWBAETCS  CTaTyC  HenpucooHoe. IDTOT  CTaTycC
yCTaHABJIMBAETCS aBTOMATHUYECKW B TpeXx ciydasx: 1) ecim cromben c
TUCKPETHBIMU JTAHHBIMU COAEPKUT BCErO OAHO YHUKAIbHOE 3HAYEHUE;
2) eciii CTOJIOEI COAEPKUT MPOIYIIEHHBIE 3HAYeHUS; 3) eciu cTosbell C
HEMPEPHIBHBIMU JTAHHBIMA MMEET HYJIEBYIO NHUCTepcHto. Henpueoomsiii
CTOJIOCI] HE MOXKET OBbITh MCIOJB30BAaH MPU MOCTPOEHUM U padote
aNropuT™MA.

NupopMallMOHHOE ¥ HENPUTOJHOE CTOJIOLBI I[MOMEIIAIOTCS B
pPE3YABTUPYIOIMKA HAa0Op B HMCXOJHOM COCTOSIHUM; & HEUCHONb3)YeMblil
cronberyr B pabore WMHC He ywacTByeT M MCKIIOYAeTCS U3
pe3yapTUpyrouero Hadbopa.

[Ipu HacTpolike Ha3HAUYCHUU CTOJIOIIOB, €CIM BBIOPAHHBIM CTOJIOEI
COJICP’KUT HEIMPEPHIBHbIC (YUCIIOBBIE) JAHHBIE, B MPABOM HIKHEH 4YaCTH
OKHa mosBisieTcs cekuusi «CTaTUCTHUKa», B KOTOPOMl OTOOpa)karoTcs
MaKCUMaJbHOE 1 MUHUMAJIbHOE 3HAUEHUS TaHHBIX CTOJIOLIOB, €T0 CPEIHEE
3HAYEHUE M CTaHJApTHOE OTKJIOHEeHWe. Eciam ke BbIOpaHHBIA CTONOEI]
COJICPKUT AUCKPETHBIE (CTPOKOBBIE) JAHHBIE, TO OTKPHIBAECTCS CEKIIUS
«YHUKaJIbHbIC 3HAYEHUS» CO CIIMCKOM YHUKAJIbHBIX JJAHHBIX B CTOJIOIIE.



2.4.2. Hacmpotika obyuarowet e6vibopku. Ha pgaHHOM 3Tare
oOydJaroias BbIOOpKa pa3OuBaeTCs Ha JiBa MHOXKECTBAa — OOydJaroliee
TectoBoe (puc. 2.3). Crmoco0 pa3dreHuss HCXOHOTO MHOXKECTBA TAHHBIX 10
YMOJIYaHUIO 33/IaH KaK «cly4daiHo». Obyuarouee MHOI*CeCmEo BKIIOUYACT
3amycH (MPUMEPHI), KOTOpbIe OYIyT UCIOJIB30BAThCS B KAUECTBE MCXOIHBIX
nanapix 1t ooydenus MHC. Tecmogoe mmoosicecmeo ncnonb3yercs s
poBepKH pe3yiabTatoB oOydyenus MHC.

Pa3zMep o0Oyuaromiero u TeCTOBOI0O MHOXECTB MOTYT ObITh U3MEHEHBI
nonb3oBaTeneM. B mone «Koauuecmso cmpox (6ceco)» oToOpakaeTcs
o0l11ee KOJIMUECTBO 3aMUCEH B UCXOTHON BEIOOPKE JaHHBIX, KOTOPOE MOXKET
OBITH 3aJeCTBOBAHO JJIs1 POPMUPOBAHUS MHOXKECTB.

Puc. 2.3. Pazbuenne ucxoaHoro Habopa JaHHBIX Ha IMOJMHOXKECTBA

2.4.3. Hacmpoiika cmpykmypst Hetpocemu. Ha »>ToM 3Tarme
3a7al0TCs MapaMeTphl, omnpenenstomue cTpykrypy MHC, konmdectBo
CKPBITBIX CJIOEB U HEUPOHOB B CJOSIX, a TAKXKE THUIbI aKTUBAIIMOHHBIX
GbyHKIMI HEHPOHOB.

B paznene «Hetiponwl 6 cosx» MOJIb30BATEIIO MIpejIaracTcs ykazaTh
YHUCIIO CKPBITBIX CIIOEB, T.€. cioeB MHC, pacnonoxeHHbIX MEXAY BXOAHBIM
Y BBIXOJHBIM CJIOSIMH, a TAK)KE€ U3MEHUTh KOJIMYECTBO HEUPOHOB B KAXKIOM
cioe. Ynciao HeMpoHOB BO BXOJHOM M BBIXOJIHOM CJIOSIX YCTaHABIIUBACTCS
aBTOMATUYECKHU B COOTBETCTBUM C YMCJIOM BXOJIHBIX U BHIXOJHBIX CTOJIOII0B
oOyyaroiel BHIOOPKHU, 1 U3BMEHUTH €ro Helb3sl.



K BbIOOpYy oONTUManbHOW  apXUTEKTYpbl HEUPOHHOM  CETH,
ONPENECICHUI0 KOJIMYECTBA CKPBITHIX CIIOEB M KOJMYECTBA HEUPOHOB IS
KaXJOTO CKPBITOTO CJIOSI HY’KHO ITOAXOAUTh OCTOPOKHO. XOTS 10 CUX TMOP
HE BBIPA0OTAaHbI YETKUE KPUTEPUU BHIOOpA, JaTh HEKOTOpHIE OOIIHe
PEKOMEHJIallMM  BCE K€ BO3MOXXHO. CuuTaercsi, 4TO 3ajaady Jo0ou
CJIO)KHOCTH MOXHO PEemuTh npu nomouu asyxcionHor MHC, mostomy
KOH(UTYypaIus ¢ KOJUYECTBOM CKPBITHIX CJIOCB OOJbIlIE€ JIBYX BpsI JU
omnpaaaHa. [[ns pemeHus MHOTMX 3a7ay BHOJIHE MOJOMIET OJTHOCIOMHAS
HNHC. Ilpu BbIOOpE KOJIMYECTBA HEUPOHOB CIIEYET PYKOBOJCTBOBATHCS
CJIEAYIOIIUM MPABUIIOM: «KOJUYECTBO CBS3EH MEXAY HEHPOHAMU JOJHKHO
OBITh MPUMEPHO HA MOPSATOK MEHBIIIE KOJTUYECTBA PUMEPOB B O0yYAIOIIEM
MHOKECTBE». KOJIMYECTBO CBSI3€M PACCUMTHIBACTCS KAaK CBSA3b KaKJIOTrO
HEWpOHAa CO BCEMHM HEMPOHAMHM COCEJHHUX CJIOEB, BKJIOYas CBS3M Ha
BXOJIHOM UM BBIXOJHOM CJ0sX. CIHMIIIKOM OOJBIIIOE KOJTUYSCTBO HEUPOHOB
MOET MPHUBECTH K «Imepeodyuennto» cetu, korga MHC Beimaet xoporue
pe3yJibTaThl Ha TMpUMEpaxX, BXOIANIMX B OOyYalOIIyH0 BBIOOPKY, HO
MPaKTUYECKU HE PadOTAaET HA JPYTUX MPUMEpPaX.

Jns onpeneneHust yuciaa HEMpOHOB B CKPBITHIX cliosix MHC moxHO
BOCIIOJIb30BAThCSl AIMIUPUIECKON (POPMYJION JIJiI OLIEHKU HEOOXOIUMOIO
YyCJia CMHAIITUYECKUX BECOB L,y B MHOT'OCIIOWHOM CETU C CUTMOUAATIbHBIMHU
nepeaTOYHbIMUA PYHKITUSIMMU:

mN 1+logz N sL sm(®™+1)(n+m+1)+m,

(2.5)

m w

rae N — 4YuCiIO 3JIEMEHTOB OOydYaromieil BBIOOPKH; 7 — Pa3MEpPHOCTH
BXOJIHOTO CUTHAJIA; M — Pa3MEPHOCTh BBIXOJHOTO CUTHAJIA.

OueHruB HEOOXOIUMOE YHCIO BECOB, MOXHO pPAacCUUTaTh YHUCIO
HEUPOHOB B CKPBITHIX cliosix. Hanpumep, mis npyxcnotnod MHC 31o uncio
COCTaBUT:

L=t (2.6)

N3BectHb! U Apyrue GopmyJibl A1 OLIEHKH, HAaTpUMED:

2:(n+L+m)sN<10-(n+L+m),

Ve ) —msLs" =p—m. (2.7)
10 2
B pasnene «Axmusayuonnas @yuxyus» HEOOXOIUMO ONPENETHUTh

TUM (PYHKIIUW aKTUBAIlMU HEMPOHOB U €€ KPYTU3HY. B HUKHEN yacTu okHa
otoOpakaeTcsi Tpaduk BbBIOpaHHONW (YHKIIMM B COOTBETCTBUH C



YCTaHOBJIEHHOM KPYTHU3HOM.



2.4.4. Hacmpouxa napamempos o0Oyuenusi Heupounou cemu. Ha
ATOM  3Tal€  OCYILIECTBISICTCS  BBIOOp  aJirOpuT™Ma  OOY4YEHUS U
yCTaHABIIMBAIOTCS MapaMeTpbl 00yUYEHU.

Jlns  anroput™ma obpamuozo pacnpocmparnenus owuoxku (Back-
Propagation) 3anarorcsi:

— cKkopocmb 00yueHus — KOI(POUIMEHT, KOTOPBIM ompeaenser
BEJIMYMHY IIIara IPU HMTEPAIMOHHOW KOPPEKIIMM BECOB B HEHPOCETH
(pexomeHyeTcs 3aaaBaTh B uHTepBaie 0...1);

— MOMeHm — YUYUTHIBAET BEJIMYUHY TOCJICIHETO U3MEHEHHUs Beca MpHU
KOppeKUUH BecoB (3agaerca B untepnaie 0...1).

s anroput™a Resilient Propagation yka3bIBalOTCSl wiae cnycka n
wae noovema — Kod(PPUIHUEHTHI, KOTOPHIC OMPEACIISIIOT IIar YBEJIMUCHUS U
YMEHBIIICHUSI CKOPOCTH OOYYCHHUS COOTBETCTBEHHO IIPH HEIOCTHIKCHUHU
I100 MPOMYCKEe aTOPUTMOM ONTUMAIILHOTO pe3yJIbTara.

2.4.5.  Hacmpoiika  napamempos  oCMAHOBKU  00yUeHus.
YcTaHaBIUBalOTCSl YCIOBUS, TIPU BBIMOJHEHUN KOTOPBIX 00ydeHue Oyaer
MPEKPAILECHO:

«Cyumamov npumep pAacno3HaAHHLIM, eClu OWUbOKa MeHbue) —
KpUTEPUEM OCTaHOBAa SBJISICTCS YCJIOBHE PACCOTJIACOBAHHUS MEXKIY
ATAJIOHHBIM U PEaIbHBIM BBIXOJIOM CETH MEHBIIIC 3aIaHHOTO 3HAYCHUSI.

«llo Oocmuoicenuu snoxu» — 3amaeTcsi 4YHCIO OJMOX (IUKJIOB
oOyueHHs), MO JOCTHXKEHHU KOTOPOrOo OOYUYEHHE OCTaHABIMBACTCS
HE3aBHCUMO OT BeIWYMHBI omnuOku. Eciu ¢iaxok coporieH, To oOyueHne
OyZneT mNpoAOoKAThCA, TOKa OIMMOKAa HE CTaHeT MEHbBIIE 3aJaHHOTO
3HAYCHUSI.

Jlnst oOydaromero M TECTOBOTO MHOXKECTBA B COOTBETCTBYIOIIMX
CEKIIMAX OKHA MOTYT HE3aBUCHMO yCTaHABIIMBATHCS CIICAYIOIINE KPUTESPUH
OCTaHOBA OOyYEHUS:

«Cpeonsisa oumubka meHvbuie» — KOTJIa CpeIHsIS KBaapaTHIHas OmnoOKa
Ha 00ydJaroIeM WM TeCTOBOM MHOYKECTBaX MEHBIIIE 3aJaHHOTO 3HAUCHHUSI.

«Maxcumanvras owubka Mmenvbuie» — KOTJAA MaKCHUMabHas
KBaJpaTUyHas oOmuOKa Ha OOydaroIeM HWIH TECTOBOM MHOXKECTBAX
MEHBIIIC 33TAHHOTO 3HAYCHHS.

«Pacnosuano npumepos (%6)» — Korjga KOJWYECTBO PACIO3HAHHBIX
IIPUMEPOB Ha OOyYaIOIIeM WM TECTOBOM MHOKECTBAxX OOJbIIE 3aJaHHOTO
IPOIICHTA.



[Ipu BbIOOpE HECKOJBKUX YCIOBHUW OCTaHOBa Ipollecca oOydeHUs
MPOUCXOJUT MO TOCTHKEHUU XOTSI ObI OJTHOTO U3 HUX.

2.4.6. Obyyenue Heupounou cemu. J{ns ynpaBlIeHUS MPOILIECCOM
OoOy4eHUsI HEUPOHHOM CETH UCIIOIB3YIOTCS CJIECIYIOMINE KOMAH/IbI:

«llyck» — 3amyck mpoliecca 00y4eHHUs WM BO30OHOBJICHHE TOCIIE
nay3bl.

«llay3a» — BpeMEHHOE TIPUOCTaHOBJICHUE 00pabOTKU, HEOOXOIUMOE
an00 JJIs1 OLICHKH TEeKYIIMX PEe3yJbTaTOB Ipoiiecca 00ydeHus, HalpuMep,
npocMoTpa rpaduKoOB JUHAMUKH OIMMOOK OOy4YeHus, Jubo JyIst
OCBOOOXIEHHUS PECYPCOB Mpolieccopa A IPYTUxX MPUIOKESHHM.

«Cmon» — TpUHYIUTENIbHAs OCTAaHOBKa IMpolecca OO0ydYeHUs
HEMPOCETH, KOTOpas HMMEET CMbBICH, €CIIM JHU00 3HA4YeHUsS OIIMOOK
JUTUTEIbHOE BpEeMS HE YMEHBIIAIOTCS, JHUOO TMPOLEHT PaclO3HAHHBIX
IPUMEPOB HE YBEIUUUBACTCA.

OOyueHne MOXKET CUHMTaTbCA  YCICIIHBIM, €CIH  IPOIEHT
pPacro3HaHHBIX TPUMEPOB Ha OOydYarolmeM M TECTOBOM MHOXKECTBAX
noctatouHo Benuk (61m30k k 100 %).

B nponecce 00yuenust B cekusax « Ooyuaroujee MHOMHCECmMBE0» U

«Tecmosoe MHOINMCECMB0» OTOOpAXKAIOTCA MaKCUMallbHasi KBaJpaTU4HAas
omunOKa M CpeaHss KBagpaTUIHas OIIMOKAa Ha 00ydJaroIleM MHOXECTBE M
TECTOBOM MHO>KECTBE COOTBETCTBEHHO, a TaK)Ke IMPOIICHT PaclO3HAHHBIX
npumepoB. OToOpaxkaroTcsi rpaduku Xojaa oO0yudeHHUs s 00ydaroIiero
(cwHSS JIMHHMSA) W TECTOBOro (KpacHasl JMHHUSA) MHOXKECTB; CIUIONTHOM
JUHMEN TMoKa3aHa MaKCHMajbHas KBaJpaTH4yHas OIIMOKa Ha oOydaroliem
MHOECTBE U TECTOBOM MHOKECTBE, ITYHKTUPHOU — CpEJIHSIS KBaIpaTUUHAas
omuOKa Ha 00yJaroneM MHOYKECTBE M TECTOBOM MHOKECTBE.

B none «Temn ob6HO6MeHUsA» MOXHO 3aJaTh YUCIO 3MOX OOyYEHUS
CETH, Yepe3 KOTopoe OyIeT MPOUCXOIUTh OOHOBJICHUE TpaduKa.

dnaxxok «Pecmapmy TO3BOJIIET BKIIOYATH PEKUM MHUITAATA3AIUN
HayanbHblXx BecoB HMHC cnywalinbiMu 3HaueHusMu. Eciau  duaxok
cOpoIIIeH, TO TIPU OBTOPHOM 3alyCcKe 00y4YeHHUs MOCJIe OCTAHOBKU OyaeT
UMETh MECTO TaK Ha3bIBAEMOE 0000VueHue cemu, KOrja o0ydeHue OyaeT
HAYaTO C TEKYIIMMHU BECaMH.



2.4.7. Onmpeoenenue cnocoba omobpadxcenusi. Ha nanHom »sTtame
YCTaHABJIMBAIOTCS HEOOXOJAUMBIE BU3YAIM3aTOPhI PE3YJIbTaThl 00paOOTKU
JAHHBIX, TAKXKE KaK:

1. Obyuarowui nHabop ¢ BKIOUYEHHUEM OOY4Yalolero M TECTOBOIO
MHO>KECTB

2. I'pagp metipocemu. B 3aBUCUMOCTH OT BEIWYMHBI 3HAYCHUM
CHHANTUYECKUE BeCa HEHMPOHOB Ha Trpade 0ToOpakaroTcCs OIpe/eIeHHBIM
IIBETOM COTJIACHO TEIUIOBOM IKaje (BBICOKHE 3HAYCHUSI BECOB
n300pakaroTCs KpaCHBIM I[BETOM, a HU3KHE 3HaueHus — cuHuM). [1o rpady
MOXHO OIpEICIUTh 3HAYEHUS BECOB CHHANTUYECKUX CBSA3CU MEKIY
HEWpPOHAMHM, UCIIOIB3YSI IIBETOBYIO MIKATY, PACIION0KEHHYIO BHU3Y OKHA.

3. Ananu3z no Mmerony «Ymo-ecaiu» — BHU3yanu3aTop, MOKa3bIBao-
Ui, Kak OyzieT paboTaTh MOCTPOCHHAS MOJIEb MPH MOJIaue Ha €€ BXOJI TeX
WM WHBIX JaHHBIX. C MOMONIBI0O JAHHOTO BU3yalM3aTopa MPOBOJUTCS
IKCIIEPUMEHT, B KOTOPOM, U3MEHSIA 3HAUCHUSI BXOAHBIX TOJIeH o0ydaromiei
uiu paboueir BeIOOpKkM MHC, aHanuTuk HaOMOJaeT 3a HM3MEHEHHEM
3HAYECHUW BBIXOJ1a HEUPOCETH.

Takum o0pa3zom mnpoBoautTcs ucciaenoBanue mnoBenenuss WMHC,
KOTOPOE TO3BOJISIET OIEHUTHh JOCTOBEPHOCTH IMOJYYEHHBIX PE3YyJIbTaTOB,
ONpEeNeNIUTh 00JacCTh ycmouuusocmu cuctembl. [lo yCTOMYMBOCTBIO
MOHUMAETCA TO, HACKOJIBKO CHHIKAETCS JOCTOBEPHOCTHh MOJYYEHHBIX
pe3yJIbTaTOB TPHU MOMAJaHUN HAa BXOJ CHUCTEMbl HETHUIUYHBIX JaHHBIX —
BBIOPOCOB, TPOMYCKOB JIAHHBIX U T.JI. OUEBUHO, YTO €CJIM MOJIaTh HA BXOJ]
3HAUYEHUSA, CYIIECTBEHHO BBIXOASIIME 3a AHANA30H BXOJHBIX JaHHBIX,
rapaHTUPOBATh MPABUJIbHYIO PEAKIIUIO CUCTEMbI HEJIb3SI U JIOCTOBEPHOCTh
MOJIYYCHHBIX JAHHBIX MOKET ObITh CHUXEHA. Ecnu 3HaueHue BXOJHBIX
JAHHBIX BBIXOJMT 3a IPAHMIIBl JWANa30Ha, TO 3TO MOJIE OKPAIIUBAETCS B
KPaCHbIMN LBET.

4. Cmamucmuka, TPEIACTABIAIONIAs B TaOIMYHOM BHJIE HAOOp
OCHOBHBIX CTaTUCTHYECKHUX XapaKTepUCTUK. B BepxHel dYacTh OKHa
CTATUCTHKU OTOOpa)kaeTcsl 00IIee KOJIMUYECTBO 3aliceil B HaOope JaHHBIX.
B cronbue Munumym otoOpakaroTCsd MHUHUMAJIbHBIE, a B CTOJOIE
Maxcumym — makcuMmalibHbIe 3HaUeHUS MoJis1. Cymma — CTOJIOEI CyMM BCEX
3HAYECHUM TTOJIA.

5. Tabnuya conpsaxcenHocmu, WIA MaTpulla KiIacCU(PUKALMH, —
BU3YyaJIU3aTOP, MPUMEHSIEMBIHN ISl OLICHKHU Ka4eCTBA KIacCU(DUKAIIMOHHBIX
mozenet. Tak, i Kaxaoro mnpumepa oOydaroumed BbIOOPKHU
KJ1accu(pUKaIMOHHas MOJIeNIb POPMUPYET METKY KJIacca, K KOTOpOMY



OTHOCHUTCS OOBEKT 10 CBOEMY HAa0Opy MPU3HAKOB, YKa3aHHBIX B MPUMeEDE.
Ecnu chopmupoBanHas MOJENIbI0 METKA KJlacca COBIAJAET C 3aJaHHOU
METKOM Kjlacca MpuMepa, TO Takou mpumep (0OBEKT) SBISETCS BEPHO
pacro3HaHHbIM, UHAYE — HEBEPHO pacno3HaHHBIM. COOTHOIIICHUE YHuCia
BEPHO M HEBEPHO PACIO3HAHHBIX OOBEKTOB CIYKUT KPUTEPUEM KayecTBa
MOJENH.

6. /[luacpamma paccesnusi CIy>XUT JJIs1 BUSYAJIbHOM OIEHKH KayecTBa
oOyueHHsI HEHPOCETEBOU MOJIENM ITyTEM CpaBHEHUS 3aJJaHHbIX (110 ocu OX)
U pacCUMTaHHBIX OOy4YeHHON HelpoceThio (Mo ocu OY) 3HaueHui
BBIXOJHOTO TOJISI JJIA KaXAOro M3 IMPUMEPOB OOydYaromieil BBIOOPKH.
[Ipsimasi quaroHajabHasl JIMHUS TPEJICTABISECT COOON JIMHUIO HACATBHBIX
3HauyeHUH. YeM OJIMrKe TOYKA K STOM JIMHUU, TEM MEHBIIIE OIMOKA MOJICIIN.
[[lupyHa AOBEPUTETBHOTO HMHTEpPBAJIA  OMNpPEIESTACTCS  JOIMYCTUMOMN
omuOKoM, KoTopast BBoAUTCA B mnoje «Ouwuobka». Eciu ommbka MHC
(<Umsa_nona> ERR) MeEHbIIE JOIMYCTUMOH, TO TOYKa IIONAJAET B
JIOBEpUTENIbHBIM HHTEpBajd. C MMOMOIIBIO JOBEPUTEILHOIO HHTEpBaja
MOHO OIICHUTh, B KAKUX TOUKAX OTKJIOHEHHE PACCUMTAHHOIO BBHIXOJA OT
3TaJIOHA SIBJISIETCS HEIOMYCTHUMBIM.

3. MeToauKa BbINOJHEHUsS Pa0OTHI

3.1. Pemienue 3agaun knaccupuxkaunu «Cbe100HbIN U Tprbd?».

B kauecTBe oOyuaroiiero Habopa JaHHBIX BBICTyNaeT 0a3za JaHHBIX
Mushroom (bain « pubvl.txty), BKIIOYAIONIas 3alUCH C OMNHCAHUEM
XapaKTEPUCTUK TpHOOB ceMmeicTBa Agaricus W Lepiota; 4acTh TpuOOB
SBJISIIOTCSI CheIOOHBIMH, JIPyTasi 4aCTh — SAOBUTHIMHU. XapaKTEPUCTUKAMU
rpuboB sBisOTCS: «Popma wankuy, «llosepxnocms winanku», «lleem
wankuy, «Cunue namua», «3anax» u T.0. Ha OoCHOBE 3TUX HaHHBIX
HEO0OXOJMMO TOCTPOUTH HEHUPOCETEBYIO MOJIEIb, KOTOpas CMOXET JaTh
OTBET, K KAKOMY KJ1accy oTHOcuTcs rpu0. [Tonb3oBaresnb JOMKEH MOTYYUTh
OTBET Ha BOIIPOC «ChETOOHBIN UITH SATOBUTHIN Tpub?». 3a1aya OTHOCUTCS K
rpyIIe 3aaa4 Kiaccupukaiuu, T.e. O0y4eHHS C YUUTEIIEM.

[lepen mocTpoeHuEM HEHPOCETEBOM MOJIEIN MPOBOIUTCS MpOLIeIypa
uMnoptupoBanus (1. 2.4). Heo6xoaumo oOpaTuTh BHUIMaHHUE Ha TO, YTO B
IIPOIIeCCe UMIIOPTUPOBAHUS B CTOJIOIE C HOMEPOM Kidacca HYKHO yKa3aTh
OUCKDEeMHbIL U0 OAHHBIX.

3areM 3amyckaercs ® Macmep obpabomku, BBIOUpAETCS METO/I
00pabOTKH NaHHBIX — Beliponnas cemo.



Ha mepBoM »srarme MmocTpoeHUS MOJICIH TPOBOJIUTCS HACTpOHKa
Ha3zHaueHusi ctosionoB. Ha puc. 2.4 moka3zaHa HacTpoilka Ha3HAYCHUI
WCXOMOHBIX CTOJIOIOB MaHHBIX. BeIXoaHO# cTrober — crtonderr «Kmacey ¢
JTUCKPETHBIM THUIIOM JIAHHBIX, BCE OCTAIBHBIC CTOJIOIBI — BXO/IHBIC.

Ha stane pa3ouenus crnocod pa30MeHus UCXOJIHOTo Habopa JTaHHBIX
Ha oOydJaroliee W TEeCTOBO€ MHOXKECTBO OCTaBHTh 3aJaHHBIM TIO
YMOJTYaHHUIO.

Puc. 2.4. Hactpoiika Ha3Ha4YeHHI CTOJIOIIOB

Ha cnenyromem stane HactpauBaetrcsi ctpykrtypa MHC (puc. 2.5):
KOJIMYECTBO HEHUPOHOB BXOJHOTO CJIOSI yKa3blBaeTCid paBHBIM 53
(KOTMYECTBO BXOJHBIX MEPEMEHHBIX), BBIXOJHOTO CJIOS — 1 (KOJUYECTBO
BBIXO/IHBIX IEPEMEHHBIX ). Y CTAHABIMBAETCS 2 CKPBITHIX CJ0 10 4 HEHpPOHA
B KaXJOM CJIOo€, aKTUBAIlMOHHAs (YHKIUS — CUTMOHJA C KPyTHU3HOM,
PAaBHOU €UHUIIE.



Puc. 2.5. CtpykTypa HEUpOHHOU CETH

Ha cnenxyromiem stane npoBOAUTCS HACTPOMKA TapaMeTPOB O0yUCHUS
HelipoHHOM ceTH (puc. 2.6). B kauecTBe asiroput™Ma 0OydeHuUs BEIOUpaETCs
aJITOPUTM OOpPaTHOTO pacupocTpaHeHus omuoOku Back-Propagation.

Puc. 2.6. Hactpoiika npouecca 00yuyeHrus HEUPOHHOU CEeTH



[Ipu HacTpoiike mapaMeTpoOB OCTAHOBKM OOYUEHHS YCTaHABINBACTCS,
YTO IpuUMep OYJET CUUTATHCS PACO3HAHHBIM, eciiu omuoOka MenbIe 0,05,
a yCIIOBHE OCTAaHOBKHU O0yYEeHUS — IPU TOCTHXKEHUH 3noxu, paHoit 1000.

3anmyckaeTcs mpolecc O0OydeHus, (QparMeHT KOTOpOro MpOu-
JIOCTpUpOBaH Ha puc. 2.7. [Tokazano, uro Ha snoxe Nel000 Ha oOyyaroriem
Y Ha TECTOBOM MHOecTBax pacrno3Hano 100 % npumepos.

Puc. 2.7. OOy4yeHue HeHpOHHOU ceTH

[Ipu BBIOOpe cmocoba oToOpakeHUsT OOpPaOOTKM JAHHBIX JJIS
periaeMoi 3a7auu yCTaHaBIUBAIOTCS CIEAYIolUe BU3yanu3aTopsl: «I'pad
HEUPOHHOU ceTn», aHanu3 «Uto-ecinn», « Tabauia conpssKeHHOCTH.

Ha puc. 2.8 npencrasnen rpad HEHPOHHOU CETH, MOCTPOCHHOHN B
COOTBETCTBUU C paHee 3aJaHHON CTPYKTYpOH (CM. puc. 2.5): BXOJHOMU coi
(53 wnelipoHa), ABa CKPBITHIX ciosi (MO0 4 HEWpoHa B KaXIOM CJIOE) U
BBIXOJTHOM cJioi (1 HEHpoH).



Kmacc 0

Puc. 2.8. ®parment rpada HelipoceTu

KauecTBO mocTpoeHHOM KilacCU(UKAIMOHHON MOJIENI OTPaKaeTcs B
mabnuye conpsdiceHHocmu, Wid Matpuile kinaccudukamuu (puc. 2.9). B
SYCUKU TJIABHOW JHaroHajyd TaOJIMIBI COMPSIKEHHOCTH 3aIlMChIBAIOTCS
3HAYEHUS YHUCIa TPUMEPOB, KOTOPhIE ObLIM MPaBWIBHO PACIIO3HAHBI JJISI
pa3HbIX METOK kiaccoB: 4208 rpuOoB, KOTOpBIEC SIBISIOTCS ChEAOOHBIMU
(kmacc «cbeno0HBINY), 1 3916 TpUOOB, KOTOPHIE SIBJISIOTCA HECHEIOOHBIMU
(kmacc  «samoBuUTHIMY). HeBepHo  KilacCuUIMPOBAHHBIE  MPUMEPHI
OTCYTCTBYIOT.

CymMmmapHas olleHKa KadecTBa KiaccuUKaluM, cojaeprkalias ooInee
COOTHOIIIEHUE BEPHO U HEBEPHO KJIACCU(PUIIUPOBAHHBIX MPUMEPOB (KHOIKA

X)), IpeJicTaBlIcHa Ha KPYyroBO# UarpamMmme.



Mpad HedpoceT X TatnMua conpaKeHHOCTH X| Uto-ecam X

K.nacc P |E|vv|2||"ﬁ|v
K.naccHeHLHMpoEaHD
P AkTHYECKH CEEA0GHEIN ALOEMT LI WMToro

CHEQOAHEIR 4208

ALOEHTEIR 316

MToro 4203 3916 azd

-7| 1/ 4208 -.H|5:-

K.nacc | Popria Wwanki4 MoBepxHOCTE WAAMKI | U eeT waanku CuHKe NaTHa Janax

M| ctenofiHel | BRINYRAES rnagk.as HETEIN ECTE FMHLENA c
|| ceenofHedi | Konokon rnagr.as Bk ECTE &HUCE c
|| ceenofHe | BRINYEAEA rnagr.as CEpRIF HET OTCYTCTEYET c
| |chenofHe | BeINyEAEA YELLYYST 3 WETEIF BCTE FMHLANA C
| |ceenofHedi | konokon rnagkas Aenki BCTE FMHLANA C

Puc. 2.9. Tabnuia conpsiKeHHOCTH

WccnenoBanne MOCTPOCHHOW KIIAaCCHU(UKAIMOHHON HEHMpPOCETeBOM
MOJENN MPOBOJUTCS B BU3YAIM3ATOPE «umo-ecauy». VICXoaHbIE JaHHBIE O
HEKOTOPOM OOBEKTE BBOJSITCS B COOTBETCTBYIOIIME BXOJHBIC TMOJS, a
BBIXOJTHOE MOJIE PACCUUTHIBACTCHI.

Ha puc. 2.10 npeacraBieH ¢pparMeHT SKCIEPUMEHTA, MPU KOTOPOM
UCXOJHBIE XaPAKTEPUCTUKU TPUOOB (HOPMUPYIOT B HEUPOCETEBON MOIECIU
pe3yabTaThl B BUJIC PEKOMEHIAIMNI «CheI0OHBIN/«SITOBUTHINY.

Mpad Hedipocetd X | Tatnuua conpsskennocty X Yroecam X

. | 1»;33124]%5;._4'- " | Q P N R

Mone 3HaueHue
= % BroaHeie
ab Popma wanku BbINYKN3A
ab [NosepxHOCTE WARNKM TPEWUHOBAT A
ab Ueer wnanku cepbiit
ab CuHue naTHa HET
ab 3anax NpAHEN
ab P opmMa KpenneHUa ruMeHoPopa K HOX... NPUPOCLUIME
ab Yacrora rumeHodopa YacTbie
ab Pasmep rumerodopa WMPOKMEA
ab Ueet rumeHogopa woKonag

ab Popma HOMEM

PaCcWHpEHHaA K OCHOB3HWID

ab KopeHb HOMEM LMAHHADHYECK A
ab [MoBepxHOCTE HOWKH BBIWE KONbLA rnagkas
ab [MoBEpRHOCTE HOMKK HUKE KOALUS rnagraa
ab |leeT HOXKM BbiWe KoNbUa ek
ab Lser HOMKM HUKE KONbLA Sensii
ab Leer nokpoieana Genbii
Bl Y
ab Knacc Ceen06HEN

Puc. 2.10. ®parMeHT aHaIU3a «YmOo-ecaiuy»



MHOroKpaTHOE€ TPOBEJACHHE DJKCIICPUMEHTOB C  Pa3IUYHBIMU
UCXOJIHBIMUA JAHHBIMU TIO3BOJISICT, BO-TIEPBBIX, BBIIBUTH 3HAYMMBIC U
HE3HAUYMMbIE TMPU3HAKKM BO BXOAHBIX TONSIX (M3MEHEHUS 3HA4YCHUH
HE3HAYMMBIX MPU3HAKOB OKa3bIBAaeT OYCHBb C1ab0¢ BIMSHUE HA PE3yibTaT
Kiaccudukaiuu, Ju00 HE BIUAET HA HEro BOBCE), @ BO-BTOPBIX, HAUTHU
Mana3oHbl M3MEHEHUsT Habopa 3HAYEHUW BXOJHBIX MPU3HAKOB,
IPUBOAAIINX K TOMY WJIM HHOMY Pe3yJIbTaTy KilacCU(UKAIINH.

ITocTpoenHas HelipoceTeBas KilacCH(pUKaIMOHHAsI MOJCIb B HESIBHOM
BUJIE COJICP>KUT MpaBuiia kiaccuukanu o0bEeKTOB K 3aJJaHHBIM KJ1accaMm, a
IIPH TTOSIBIICHUH HOBOTO 00BhEKTa CHOPMHUPYET pellieHne 00 OTHECSHHH €TI0 K
TOMY WJIM UHOMY KJIaccy.

3.2. 3ajava anmnpokcumanuu GyHKIUU

3amaya oOydeHUs] C YUUTEJIEM 4YacTO pacCMaTpUBAETCs Kak 3ajadya
anMpOKCUMAIIMH KCIIEPUMEHTAIBHBIX TaHHBIX, COCTOSINAS B HAXOXKICHUU
byHKIMH f{Xx), HAUWTYy4IIUM 00pa3oM MPUOIMKAIOIICH KeTaeMyto QyHKIIHIO
F(x). Jlna wumocTpauud pelieHdsl JaHHOW 3aJadyd paccMaTpUBaeTCs
IpUMep anmpokcuManuu GyHKIUU JBYX EPEMEHHBIX:

f[Xl, Xz) = [1 —X12]+ 2 (1 —Xz)z, (28)

B KOTOPOM JAMana3oH U3MEHEHUsI apryMEHTOB (DYHKIIUU X; U Xz OTPAHUYEH
uHTepBaioM [—1;1].

3.2.1. Buavane nns ooyuenus MHC ctpoutcs oOyuatroiasi BEIOOpKa
no 3amaHHoil ¢yHkuuu (2.8). 3HauYGHUS APryMEHTOB  (PyHKIIMU
UCIIOJIB3YIOTCS KaK BXOJHOW BEKTOp, a 3HaueHUs (QPYyHKIUM — Kak
JTajoHHBIE 3HaueHuWs. B T1abn. 2.1 mpuBenedn ¢parmeHT oOyuyarormieit
BBIOOPKH.

Tabnuya 2.1
®parmeHT o0yyaroieil BEIOOPKU
Ne X X F(x;, x2) | Ne/m X X F(x;, x2)
n/n 2 1 2
1 -1, -1,0 8 11 0,0 0,0 3
0
2 -0, -1,0 8,36 12 0,1 0,0 2,99
8
3 -1, -0,8 6,48 13 0,1 0,2 2,27
0
4 -0, -0,5 5,14 14 0,2 0,3 1,94
6
5 -0, -0,6 5,63 15 0,4 0,5 1,34
7




6 0, -0, 5,34 16 0,6 0,3 1,62
4

7 0, -03 4,13 17 0,6 0,6 0,96
5

8 0,| -0 3,79 18 0,7 0,8 0,59
3

9 0,| -0,1 3,38 19 0,9 1,0 0,19
2

10 0,] 00 2,99 20 1,0 1,0 0




3.2.2. Jlnsa peleHus 3ajlayu anmnpoKcUMaluyd pyHKIUH oOydaroias
BBIOOpKA 3arpykaercs B aHaluTH4eckyro 1iatgopmy  Deductor.

3anmyckaercs 'lMacmep obpabomku, BbIOUpaeTCcs MeToJ 00padOTKU
JTAHHBIX —@Ieﬁponﬂaﬂ cems. IIpn HacTpolke Ha3HA4YE€HUS NOJEU X1, X2
YKa3bIBAIOTCS KaK BXOJIHBIE TIEpEMEHHbIS, a QGYHKIUS f(X;, Xz) — KaK
BBIXOJIHASI TICPEMEHHAA.

3.2.3. B npouecce Hactporiku ctpykrypel UHC ycranaBnuBaercs
YUCJI0 HEUPOHOB BXOJIHOTO CJIOS, paBHOE 2 (YMCJIO BXOAHBIX MEPEMEHHBIX
X1 ¥ X2), @ TAK)KE YMCJI0 HEUPOHOB BBIXOIHOTO CJ0s1, paBHOE 1. Onpenenenue
ctpyktypel MHC mpeamnonaraet BBEJEHUE CKPBITHIX CIIOEB M yKa3aHUE
yuciaa HEHPOHOB B KaXKIOM U3 HHX. [IpoekTupoBaHHE ONTHMaIbHOMN
tonotorun  UHC ocymectBisiercs myteM noucka (mnepedbopa) Takou
apXUTEKTYphl, KoTopas oOecneyuBaeT Hawiyuliee (OTHOCUTEIBHO
HEKOTOPOT'0 BEIOPAHHOTO KPUTEPUSI) PEHICHUE KOHKPETHOM 3a/1auH.

JIns ycTaHOBJIEHHS NEPBOHAYaJbHBIX 3HaueHUM napamerpoB MHC
ucnoap3ytorcs popmynnl (2.5-2.7). Ins paccmaTpuBaeMoi oOydvaroliei
BBIOOPKHU C KOJIMYECTBOM NpuMepoB N=20, 4iCIOM BXOJ0B #=2, a YUCIIOM
BbIX0JI0B m=1, HeoOxomumo mnoctpoenne MHC ¢ o0muM dguciom
CUHANTUYECKUX CBsI3e Mexay HedpoHamu L, (2.5) B nuamasone 17 <
L, < 88 n o0uuM uncioMm HelpoHOB (2.6) oT 6 no 30: Hanpumep, MOKHO
BBECTU 8§ HEHPOHOB B JABYX CKPBITHIX CIIOSX, T.€. MO 4 HEMpPOHA B KaXKJIOM
cioe. I'pad HeitpoceTn npeacTaBieH Ha puc. 2.11.

Puc. 2.11. I'pad uetipocetu



3.2.4. Ha crnepyromiem mare macrepa oOpaOOTKH TpH HACTPOUKE
napameTpoB octaHoBkH 00yuennss MHC ycranaBiauBaeTcs 3Ha4€HUE MO
«Cuumams npumep pacno3HauHvIM, eciu ouubka meHvuiey, pasaoe 0,05.

3.2.5. 3amyctutrb oOy4YeHUE HEWpPOCETH TMpU PEIICHUH 3aJayu
anmpOKCUMALIHH.

3.2.6. Jlns olEeHKHM KadyecTBa OOYyYEHUS] HEUPOCETH C BBIXOJIHOU
NEPEMEHHON  HEMPEpPHIBHOIO  THUIA  HUCIHOJB3YETCA  CHElUaIbHbBIN
BU3yanuzatop «Paboma c¢ ouacpammou pacceanus». Heobxomumo
MOTYEPKHYTh, UTO €CIIM BBIXOJAHBIC TIEPEMEHHBIE UMEIOT JTUCKPETHBINA BU]I,
JAHHBIA ~ BU3yaJdu3aTOp HEJIOCTYNEH, a WCHOJIb3yeTCs  mabauya
CONPAHCEHHOCU.

Ilo ouaepamme pacceanus (puc. 2.12) oleHuUBaeTCs KadeCTBO
OoOy4eHHUs1 TMOCTPOEHHOTO amMpoOKCUMAaTopa: Ha HEHl H300paxKeHBI
OTKJIOHCHHS Pe3yJIbTaTOB OOpPaOOTKH JTaHHBIX OTHOCHUTEIHHO ATaJOHHBIX.
AHanmu3 nuarpaMMbl TIOKa3bIBaeT, YTO OOBEKTHI HAXOJATCS B TpaHHUIIAX
JIOBEPUTEIHLHOTO MHTEpBaia U OJM3KU K HTAJIOHHBIM 3HAYCHUSIM, OJHAKO
UMCIOTCS €CTh Y4YacTKH, HE 3alloJIHCHHBIC JaHHBIMH, B KOTOPBIX
HEBO3MOXKHO OIPECIUTh IOBEICHUE AaNlpPOKCUMUPYEMON (YHKIUU —
MO3TOMY JUIsl TIOBBIIICHHUS KauyecTBa HEHUPOCETEBOTO amnmpoKCHMAaTopa
HEO0OXOUMO YBEIHMYHUTH KOJIMYECTBO MPUMEPOB 00YyUarOIIC BEIOOPKH.

R
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Puc. 2.12. Jlnarpamma paccesiHus



3.2.77. JIns OLIEHKHU PE3YJIbTATOB ANIPOKCUMAIIMHA MPOBOJAUTCS OMPOC
NMHC c¢ wucnonb3oBaHWEM UHCTpyMeHTa «Ymo-ecau». B T1abm. 2.2
npeactanieHbl pe3ysbrarsl onpoca MHC f(x,, x>), a Takke UX OTKIOHEHUS

€ OT 3TAIOHHBIX(KETAEMbIX ) 3HaUeHUU F(x;, X>).

OTMeTHM, YTO XOTs 3aJaHHbIE JIs1 OPOCa HEMPOCETH MAPbI BXOAHBIX
3HAYEHUH X; U X, ObUIM 3aJaHbl HE U3 00ydarouiell BEIOOPKH, pPE3yJIbTaThl
Olpoca CETH BCE K€ OYEHb OJU3KM K KEIaeMbIM 3HAUYEHUSIM, YTO
CBUJIETEJILCTBYET 00 alMpOKCUMAIITMOHHON CIIOCOOHOCTU HEMPOCETH.

Tabnuya 2.2
Pesynbratsl onpoca MHC
x x «umo-ecauy» fix;, x2) | F(x,, £= flxs, x2) — Flxs
i 2 xz)
X2)
1 0,3 0,3 1,7 1,89 0,13
6
2 -0,9 -1 7,9 8,19 0,2
9
3 -0,2 0,9 1,6 0,98 -0,7
8
4 0 0 3,0 3 -0,007
07
5 0,1 -0,4 3,1 4,91 1,76
5
6 -0,9 -0,3 3,5 3,57 0,03
4
7 0 0,2 2,3 2,28 -0,08
6

OpmHako He Bce pe3ysIbTaThl OMPOca HEMPOHHOM CETH YA0BIECTBOPSIOT
TpeOOBaHUSAM TOYHOCTH amnIpOKCUMalMH. TakK, B JaHHBIX, OJM3KHX K
npuMepaMm oOydarolieil BBIOOPKHU, Hanmpumep, Koraa o0a 3HaYCHUS X; U X
ABJSIOTCS JTMOO OOJBIIUMH, JUOO MaJIBIMHM, OIITMOKA AaIMmpOKCUMAIUU
He3HauMTeNbHA. JlaHHBIE, B KOTOPBIX MPUMEPHI COCTOST JINOO0 M3 OOJBITHX
3HQUEHWH X; W MaJblX 3HA4YEHUM X, JMOO HAOOOPOT, IOPOKIAIOT

SBHAYUTCIIBHOC  PACXOKICHHUC € MCXKAY IKCIACMBIM U (I)aKTI/IIIGCKI/IM

3HAYCHUSAMHU (DYHKIIUH.
Taxkum 00pa3oM, MOKHO ClIeJIaTh BBIBOJ O TOM, YTO JJIS YJIYUIICHUS
KauecTBa HEMPOCETEBOTO alPOKCUMATOPA, T.€. JUIs TOBBIIMICHHUS TOUHOCTH



anmpoKCUMAaIKM, HEOOXOIUMO XOpOoIllee KauyeCTBO 0OyYaromieii BbIOOPKH.
Kpome Toro, TpeOyercs HMETh AOCTAaTOYHBIM O0BEM O0O0YyYalOIIETro
MHOECTBa — Hampumep, ajs omuokd B 10 % KOIMYECTBO NPUMEPOB
oOyueHuss A0bKHO B 10 pa3 mpeBOCXOAUTH KOJMYECTBO CBOOOIHBIX
napaMeTpoB CeTH (CMHANTHYECKUMX BECOB M moporos). M HakoHel,
KaueCTBO AalMpPOKCUMAIIUU 3aBUCUT OT CTPYKTYpbl HEHUPOHHOW CETHU U
napaMeTpoB OOyUYECHUSI.



3.3. 3amadya nporHO3UPOBAHUS

[Iporno3upoBaHue sSBISIETCS OJTHOM U3 CaMbIX BOCTpEOOBAHHBIX 3a1a4
aHajauM3a W YIOPABJICHUS B CIOXHBIX cHCTeMax. MHorue 3aaauu
MIPOTHO3UPOBAHMS CBsI3aHBI C OOpaOOTKOM MAaHHBIX, 3aBHUCSIIUX OT
BPEMEHH, Ha3bIBAEMBIX 8peMeHHbIMU psaoamu. BpeMeHHON psii COCTOUT U3
MOCJEOBATEIbHOCT  HAOJIOJEHUM 32  COCTOSHHUEM  IPU3HAKOB
UCCJIEAYEMbIX 00BEKTOB MJIU MIPOIIECCOB.

Ecnu nabnronmeHust coneprkaT OJWH IMPU3HAK, TO BPEMEHHOUN ps
SaBisieTCsT OMHOMEpHbIM X = {X; Xz.., X,}, @ €cnu naBa wik Ooiee —
MHOTOMEPHBIM; HANPUMEP, TPEXMEPHBIM BPEMEHHOW psAx Ipouecca F
MO>KHO 3amucaTh B BUAe: F = {(x1, Y1, Z1); (X2, V2 Z2), ..., (Xn, YV, Zn)}. 3HAUCHUS
BPEMEHHOTO psiia OMNpeJeieHbl TOJbKO B (DUKCHPOBAHHBIE MOMEHTHI
BPEMEHH (OTCYETHI), MIPU ATOM OTCUETHI IOJIATAIOTCS PABHOOTCTOSIIIIMMU
JPYT OT JIpyTa.

[lenpt0 TPOTHO3MPOBAHUS 3HAYEHUU BPEMEHHOTO psifia SBISETCS
onpeodeiieHue 3Ha4enuss X Ha OCHOBE MPEIbIAYIIUX 3HAYCHUN MTPU3HAKA Ha
HECKOJIbKO IaroB Bmepen. Jlisi pemieHus SToW 3ajJadyu  HEeoO0XOAMMO
npeoOpazoBarb  (TpaHcopmMupoBaTh) BPEMEHHOW  psii  METOJI0M
CKONb3AUje20 OKHa B TaOJUIly, COJEPKAIIyI0 MHOXXECTBO 00yyYaroujux
npumepos, T.e. MPEJICTABISAIONIYI0 CO00i 00yUaroIyt0 BRIOOPKY.

[Ton oxkHom TIOHUMAaETCsI BPEMEHHOM MHTEpBaJl, COJIepKalliuii Habop
3HAUYCHHM, KOTOPBIN UCTIONIB3YETCs Tl (GOPMUPOBAHUS KAXKIOTO MPUMEDPA;
P TOM 3aJal0TCsl TPU MapaMeTpa:

— UHmMep8an NpocHO3a — BPEMEHHON WHTEpBaJl, HA KOTOPBIM Oyner
OCYIIECTBIATHCS IPOTHO3UPOBAHKE: IC€HB, HEICIISA, MECSII, KBapTal, TOI;

— 20pU30HM NPOcHO3a h — Ha KaKO€ KOJINYECTBO UHTEPBAJIOB (JTHEH,

HEJIETb U T.J1.) HY>KHO TOJIyYUTh NPOTHO3;

— anybuna noepyscenuss d — KOJWYECTBO 3HAYCHHUM HWHTEPBAJIOB
MpPOTHO3a B  IPONIUIOM, KOTOpOo€ OyJIeT  HCIOIb30BaThCS IS
IIPOTHO3MPOBAHMS ONPEICTICHHBIX 3HAUYEHU HHTEPBAJIOB B Oy IyIIIEM.

BaxkHo, 49TO mnpHm pemieHHH 3aJadyd IIPOTHO3UPOBAHMS TIIyOMHA
MOTPYKEHHS d TOJKHA B HECKOJIBKO pa3 MPEBBIIIATh TOPU30HT MPOTHO3a
h. Uem OospIiee 4YHCIO 3HAYCHHH W3 MPOILIOTO HCIOJIB3YEeTCS IS
IIPOTHO3MPOBAHMS, TEM BHIIIE CTENEHh OOOOIIECHUS W TEM JTOCTOBEpPHEE
pe3ylIbTaThl TMpeiacKazanusg. WM deM pgambllie TPOCTHUPACTCS TOPH3OHT
MIPOTHO3a, TEM HIDKE JOCTOBEPHOCTH PE3YJIbTATOB.

dopmupoBaHre O0yYaIOMIUX MPUMEPOB OCHOBAHO Ha Iapamerpax
METO/1a CKOJIB3SIIIEr0 OKHA d W /: BXOJIHbIE 3HAYEHHUS 00YYaroIInX



IIPUMEPOB SBIISIIOTCS 3HAYCHUSIMU BPEMEHHOTO PsiJia, HAYWHAS C TEKYIIETro
3HAUCHMS W Jlajiee B 0OpaTHOM HAIMPABJICHUH C PETPOCTICKTUBOM, paBHOU
riyoune norpyxxenus d: x(n), x(n — 1),..., x(n — d), a BBIXO/IHbIE 3HAYCHUS
IIPUMEPOB B COOTBETCTBUU C TOPU3OHTOM TUIAHUPOBAHUS /1 paBHBI X(n + 1)

... X(n + h). O600meHHas MoIe]Ib MPOTHO3a MpeAcTaBlIeHa Ha puc. 2.13.
BpemenHoii psax

No 3HaueHNe NPU3HAKa r > )
1(1) x(1) >
1(2) x(2) n_
x(
H(n-2) x(n-2) n-
tn-1) x(n-1) 1 . Xnth)
i(n) *(n) X
n_
2) .
x( j
n_
d) -

Puc. 2.13. O600111eHHast MOJEIb TPOTHO3A

JI71s1 TpaHUYHBIX ITOJ0XKEHUH OKHA OyyT (DOPMHUPOBATHCS HEeNojHbvle
3aluCH, T.€. 3alUCH, COJEpJKaIMecs MYyCThle 3HAYCHUS  JUIS
OTCYTCTBYIOIIUX MPOIUIBIX WK OYIyIIUX OTCUYETOB.

B Ttabn. 2.3, a npeacrapieHa oOydaroimias BbIOOpPKA C HenoJaHbIMU
3aMUCSAMH, TOJyYEHHAasl IMyTeM MpeoOpa3oBaHUsl BPEMEHHOTO psja ¢ n=>5
3aMUCsMH, TIIYOMHON TOTPYKEHHS d=2 W TOPU30HTOM IIporHo3a h=l;
o0I11ee YMCII0 HETIOIHBIX 3aIUCel PAaCCUMTHIBAETCA KaK CyMMa MapaMeTpoB
(n +d+ h), u B 1TaHHOM IIpUMEpE PaBHO 8.

MeTo/ CKONB3SAIIEero OKHA MO3BOJISIET UCKIIFOYNTh HETIOJHBIC 3alUCH
u3 00yJaronero MHoxecTBa (Tads. 2.3, 6); 4yucio 3anucell 00yJaromero
MHOKECTBA C NOJIHbIMU 3ATMUCIMH paBHO (n — d — h).

Tabnuya 2.3,a
OO0yuaroniasi BHIOOpKa C HEMOJIHBIMU 3aMUCIMHU
Ne d d, x(n) h
2 x(n- x(n+
x(n 1) 1)
-2)

x(
1)
1) x(1) x(
2)




(
)
(
x(2) Z)
(
X
x(1) - 5)
x(2) -
)
1(2) x( - :
1(3) ig -
t(4) iz x(3)
3)
135) |
)
x(

5)




Tabnuya 2.3,6

OOGyuaroniasi BBIOOpKa ¢ MOJTHBIMU 3aTUCIMU

No d d x(n) h
2 x(n- x(n+
x(n 1) 1)
-2)
1(3) x( x( x(3) x(
1) 2) 4)
(4) x( x( x(4) x(
2) 3) 5)

Ilpumep. VIMEIOTCS PETPOCIEKTUBHBIC JdaHHBIE O MOTPEOJICHUM
aeKTpodHepruu (0a3a NaHHbIX «/lompebienue 31eKkmpuieckoll SHepeunLy),
BKuTrodaromue 109 3amucel co CIeAyIOIMMMHU XapaKTepUCTHKaMHu: /lama,

Ob6vexm, [lompebnenue sn. snepeuu, kBmUuac (tabi. 2.4).

Tabnuya 2.4
Hcxonublil Habop TaHHBIX (BPEMEHHOU psijT)

Ne Jama Obvexm Ilompebnenue

x(0) 01.05.2010 | OGbekT 2 185127,5

x(1) 01.06.2010 | OGBekT 2 225127,5

x(2) 01.07.2010 | OGbekrT 2 284265

x(3) 01.08.2010 | OGBekT 2 292792,5

x(24) | 01.01.2008 | OOwekr 1 25668

x(109 | 01.04.2012 | OO®wekT 3 154102,5

)

3.3.1. IlpeaBapurenbHas 00pabOTKa U aHAIM3 BPEMEHHOTO Psija.
Daiin «[lompebnenue s1ekmpuieckoli IHepeun. txt» AIMIOPTUPYETCS B
aHaJTUTHYECKYIO mathopmy Deductor.

x(n
+1

Monen




POTHO
3a

[Ipu mpeaBapuTeILHOM MPOCMOTPE HUCXOAHOTO (hailyla MOMKHO
3aMETUTh, YTO HAOJIOJIEHMUS] O PACXOJ€ AJICKTPOIHEPTUU YyKazaHbl IS
pasHbix 00bekTOB: 1, 2 u 3. IlOCKOJIbKY HPOTHO3UPOBAHUE MOMKET
IMPOBOJUTHCS TOJBKO IS OJHOW TPYIIBI OOBEKTOB, HeoOXoaMMa
npeABapuTeNbHaAs MpoleAypa MpeoOpa3oBaHUs BPEMEHHOIO psga C
BBIJICJICHUEM OJHOTHUIIHBIX OOBEKTOB, T.€. @Qurvmpayus. Jljisi 3TOTO
3anyckaercs ®Macmep oopabomku, 3ateM B paznene Ouucmrka OAHHbIX
yKa3piBaeTca Quuvmpayus; 3areM B 1noje Buibepume cmonbdey
yCTaHaBIUBaeTCs (dvekm= , a 3aTeM U3 MOSBUBIIETOCS CIUCKA 3HAYCHUN
JAHHOTO TIOJIA BhIOMpaeTcs, Hanpumep, Oovexm [. B KOHIIE TIpoleayphl
buUIbTpaliu TPU OMPEACICHUN CHOCOO0B OTOOPaKEHMS YKa3bIBAIOTCS
BU3yanuzatopbl «Tabnuya» M «/[uacpamma»; KOTOPbIE JIEMOHCTPUPYIOT
BPEMEHHOM PsiJi U3MEHEHUS MOTPEOICHUS SJIIEKTPOIHEPTUU IO MECSIaM B

Ta0IuYHOM U TpadudeckoM Buae aist Oovekma 1 (KOIUUIECTBO OOBEKTOB
paBHoO 49) (puc. 2.14).



AHanu3 TOCTPOCHHOM JMarpaMMbl IOKa3bIBa€T, UTO JIaHHBIC
BPEMEHHOTO psjia CcojAepXaT aHOMalduu (BBIOPOCHI) M IIYMbI, M3-3a
KOTOPBIX  CJIIO)KHO TIOHSITh TEHJCHIIMM W3MCHEHHS MOTpeOJIeHHS
anektposHepruu. C HEnpl0  cenajcusanus JaHHBIX s y3na Y

Dunemp([O0BekT] = *O0BEKT 17) 3aIycKaeTcs ® Macmep
0obpabomku, BEIOUpaeTcs BU 00pabOTKH YEHOPSI0UYCHHBIX
JTAHHBIX Cnexkmpanvras oopabomka. B mpouemype criaXuBaHUs

IIPU HACTPOUKE  TIOJIEN BBIAECISAECTCS I10JIE

«l[lompebnenue s1.  suepeuu, xBmlUuacy, ycraHaBnmuBaeTcs

HasHaueHue W Vcnoavsyemoe, a 3aTeM JJi HETO BHIOMpPACTCS
Buiuumanue wiyma, @ypove-npeobpaszosanue (CTEICHb BHIYUTAHUS —
manas).

MNeorpetinerie an

Aara Ofwexr aHeprua kBT uac 36 000

01.04.2008 D6wexr1 24228) B0
01.05.2008 Ofeekr 1 21510 b
01.06.2008 Otrerr 1 16513] RSN
01.08.2008 Oéwexr 1 20073 B0
01.09.2009 O6rerr 1 21951 R
01.10.2008 Oémexr 1 3zi2| XM
01.11.2008 Otwext 1 32688 "jiﬂ:’
01.12.2008 Ofwexr 1 ETEIIN S
01.01.2009 Ofneerr 1 28764 E ;sm:
01.022008 Ofext 1 27387| ¢
01.03.2009 Otuert 1 | o
01.04.2009 Déwexr 1 23037669 %
01.08.2009 O6wekr 1 20361525 &,
01.07.2003 Ofmekr 1 N3723] e
01.08.2009 Otert 1 206597250 g
01.09.2008 Ofnext 1 22602.975 e
01.10.2003 O6wexr 1 26337.15 won
01.11.2003 Ofexy 1 2627925 i
01.12.2009 Otmert 1 36532,425

16000
01.01.2010 Ofwexr 1 29880.45 04.01.2008 01.052008 01112908 01042000 01402009 01032040 01082010 04012011 01082011  DY.122010
M A AR AL e 1 2719 198 Hata

Puc. 2.14. Tabnuia u quarpamMmma rnotpebiaeHus anekTposnepruu st Oovexma 1

Jist  oToOpakeHUs  pe3yJIbTaTOB  CIVIAKUBAHUSA  YKa3bIBACTCS
Bu3yanuzatop /uaepamma. Ha puc. 2.15 mnpencraBieHbl Tabiuia ¢
W3MCHEHHBIMU JTAaHHBIMH M COOTBETCTBYIOIIAs IHAarpamMma, Ha KOTOPOH
VICUE3JIM AaHOMAJIUU U ITyMbl. J[eTanbHbIN aHAIU3 IOCTPOEHHOW TUarpamMMBbl
MOKa3bIBAET, YTO B JAHHBIX UMEETCSI HATMYUE TOJJOBOM CE30HHOCTH, PABHOE
12 Mecsiuam: B 3uMHEEe BpeMsl HAOJIOJAIOTCSl TTMKHU, a B JIETHEE — CHAJbI
AIEKTPUUYECKON SHEPTUM.



Morpetinerue an

32 000

Nara . OfwerT sHepruAKkBTyac | 3510 . B j N
01.02.2008 Otrext 1 29267 4922343733 0500

01.03.2008 Ofwexr 1 27221.3139809433) 00w

01.04.2008 O6wext 1 24791,1840836275% 2~ &0

01.05.2008 D6wexr 1 22754,3123357082| o 2000

01.06.2008 Oéeexr 1 21706.3291659132 5 28500

01.08.2008 D6wext 1 22256,1352575345 'g 28000

01.09.2008 O6wexr 1 24091.492346574. £V

01.10.2008 O6wekr 1 26783,0349545217 000 foocfee ot s

01.11,2008 D6wext 1 29530,1546740336  § 26500

01.12.2008 Ofwert 1 31465 6702055231 g T e e e e e e e T e o e R D o e
01.01.2009 Oéwekr 1 32022.8137668068 S %00t

01.02.2009 D6wext 1 30938,78037157 £ 25000

01.03.2009 Ofwekt 1 26528 2905795555 fafi TE bosd ANl SeRlOReee el R R S S sl A T O (e
01.04.2009 Déwexr 1 25500,9039562672 24000

01.06,2009 Ofeerr 1 22766,1602528576 B _

01.07.2009 O6wekt 1 21153,2282695215 23000 e TN TR e e e

01.08.2009 Déwexr 1 21153,2282595215| 22500 :

01.09.2009 Ofeext 1 22766,1682528576| 22000 L e

01.10.2009 D6wexr 1 25500,9039562672) 21500 } / i i ‘ ]
01.11.2009 Onexr 1 28520,2905795555 M01.2008 01052006 0112006 01042009 (09102008 O1002010 09082010 01042011 04.062011 J|.‘2I2ml
01.12.2009 D6wekt 1 30938,78037157 flars

Puc. 2.15. Tabnuia u quarpaMMa moTpeOaeHus AIEKTPOIHEPTUH sl 00beKTa 1

MOCJIe CIIEKTPaIbHON 00paboTKU

3.3.2. ®@opMHpoBaHHE OOYYAIOIIETO0 MHOXECTBA ISl MPOLEAYPHI
IPOTHO3UPOBAHMS.

BpemeHHON psii METOOM cKob3dwe2o okHa Tpeoldpasyercs B
TabauIly ¢ oOydaromuMmu TpuMepamu. [[Jis 3TOro B TEKyIIeM Yy3je C
pe3yJIbTaTaMH  CHCKTpalbHOM 00paboTkm 3amyckaercs @ Macmep

obpabomku, BEIOMpaETCs METOA 00pabOoTKH NaHHBIX — Ckofb3sauee 0KHO
(puc. 2.16).

|Z| MacTep cbpabotkn - CkoneaAwee okHo (2 ws 4) — O x
Cronbsamee okHo | PEHENOHHPOESHHE CTONGLA C HCNONES0EIHHEM CEONESALEND OKHA
O dara HMma cTontua CoLz
ﬂ OteerT .
TN AaHHE! B ewecTEEHHEIN
J MNaTpetneHde anaHeprvA kBT vac
HazHaveHue & Mcnonesyemoe ~
b
[ NUBKHa NorpuysHeHKa 12 ﬂ
i
["OpWEOHT NPOFHOSUPOESHMA 0 ﬂ
[ ] Dcraenare HENOAHEIE SanHCH
< Hazan Hanee » OTriEHa

Puc. 2.16. Hactpolika mapamMeTpoB CKOIB3SAIIET0 OKHA



Jliist cronOua, coepxkaniero pe3yibrarbl HAOIIOACHUHN, YKa3bIBaeTCS
HasHaueHue v Hcnonv3yemoe, a 3aTeM yCTaHABIUBACTCS 21yOuHa
nocpydicenusi U 20pu3oHm npocHosuposanus. 1loCKONbKY B JTaHHBIX
noTpeOJeHUs BJEKTPOIHEPTUM ObUTla OOHApYy)KeHa TEHJACHIUS TOJ0BOM
CE30HHOCTH, TO 21yOuHa nozpydziceHusi HOJDKHA ObITh paBHa 12. Jlns
NOCTPOEHHSI ~ OOYyYaroIIer0  MHOXECTBA  2OPU3OHM  NIAAHUPOBAHUS
NpUHUMAETCS paBHbIM 0.

Tabmuma ¢ oOywaromuMu npuMepamMu  (QOpMHUPYETCS METOAOM
CKOJIB3SILIIETO OKHA W OyneT coaepxkaTh B Hayaje U B KOHIE HEIOJIHbIC
3aMUCH — UX HYKHO UCKTIOYUMb U3 PACCMOTPEHUS (HE CTaBUTH (JIakOK B
nosie «Ocmasnsams HenoiHvle 3anucuy).

B Tabn. 2.5 mnpencraBieH pe3yibTaT IOCTPOCHUS TaONUIbI C
OoOy4YarolMMH TaHHBIMH O MOTPEOJICHUU AIEKTPOIHEPTUHU, MOTYUYSHHOU B
pe3ynbTare MpeoOpa3oBaHUs BPEMEHHOTO psa METOJOM CKOJB3SIIEro
OKHA, C TIOJIHBIMU 3aITUCSMH.

Tabnuya 2.5
®parmeHT Tabnuilbl 0 noTpedaenuu (17) 3neKTposIHEPTUU
Jlama Obvexm 1I-12 1I-11 17 17
-1

01.02.200 Oo6mbekr 1 30391, 29287, 32022,81 30938.,78
9 54 49

01.03.200 Oo0mbekr 1 29287, 27221, 30938.,78 28528.,29
9 49 31

01.04.200 Oo0mbekrT 1 27221, 24791, 28528,29 | 25500,90
9 31 18 2
01.05.200 Oo0mbekr 1 24791, 22754, 25500,902 22766,17
9 18 31

3.3.3. [locTpoeHne HEUPOCETEBOW MOJEH.

Ha ocHoBe moCTpoeHHOW TaONuIlbl ¢ OOYyYalOIIMMU MPUMEpPAMU O
NOTpeOJECHUN DJEKTPOIHEPTUH CTPOUTCS Helpocemesas Mooelb s
pemieHus 3amayu  nporHosupoBanusd. Jms y3nma  Ckoaw3zsawee OKHO
OoTKpbIBacTCs ® Macmep obpabomxku, BeiOupaercs meton Data Mining —
¥ HelipoceTs.

[IpuHrMaeTcs pereHre o MoCTPOSHNUH MPOTHO3a Ha 1 MecsIl BIiepe,
OCHOBBIBasICh Ha JaHHBIX 12, 11 MecseB Hazan, 2 Mecsia Hazaa u 1 Mecsil
Hazaa. B cooTBeTCTBHM ATHUM pelieHHeM, B Ka4eCTBE BXOJHBIX JTAHHBIX
HEHPOCETH Ha3HAYAIOTCS CICAYIOIIME CTOJOIBI MOCTPOSHHON METOI0M
CKOJIB3SIIIIETO OKHA Ta0MUIBI ¢ 00yYaroUMH MPUMEPAMHU:



«llompebnenue—12», «llompebnenue—I1», «llompebnenue—2»,

«llompebnenue—1I», a B xadectBe Bbixoga UHC — «llompebrenue» (puc.
2.17). OcranbHbie CTOJIOBI — UHPOPMAIMOHHBIE.



|Z| Mactep o6paboTku - HelpoceTsb (2 13 9) = O X

Hacrpofika HasHavenui ctonbuos 3a0aiiTe Ha3HAYEHUA UCKOAHBIX CTONOLOB AaHHBIX

O nara Wma cronbua CoL3

@ Otwexr Tun aaHHBIX BewecTBeHHLIA

&.1 MNorpetaeHue 3n aHeprua kBT vac-12

%1 Morpetneque 30 aHeprus kBT yac-11 Haznaverue 'D BoixoaHoe o
© Norpetinerie 30 aHeprus kBT vac-10 Bua AaHHBIX HenpepbieHbi)

© Norpetinetie 30 aHeprua kBT yac-3
© Norpetinerue 30 3Heprusa kBT yac-8
© Norpetinene 30 aHeprua kBT yac-7 MuHMYM 21153,2282595215
e MNorpetnenue 301 aHeprua kBT yac-b
© Norpetnerue 30 3Heprua kBT vacS Mak iy 32022,8137668868
© Norpetinerie 3 aHeprus kBT vac-4
e MNorpetnenye 30 aHeprus kBT yac-3
%1 MNorpetnenue 301 aHeprus kBT vac-2
9'1 MNorpetneHue 3n 3Heprua, kBT vyac-1
MoTpetneHye 31 3Heprua kBT vac

Craructuka

Cpearee 26487 3536721284

CraHaapTHoe oTKA. 3044 98259354614

HacTpoiika HopManU3aLMM. ..

Puc. 2.17. Hactpoiika HAa3Ha4E€HHUI BXOJIOB U BBIXOJ0B HEMPOCETH

Ha cnenyromem miare macrtepa oOpaOOTKH OMpenensieTcsl CTPyKTypa
NMHC. Ou4eBuHO, YHMCIO BXOJHBIX HEHPOHOB COOTBETCTBYET YHCIY
BXOJHBIX CTOJIOIIOB U PaBHO 4, YMCIO BBIXOJHBIX HEHpoOHOB — 1. IlycTh
KOJIMYECTBO CKPBITHIX CIIOEB PABHO |, YMCIIO HEMPOHOB B CKPBITOM CJIOE — 5;
BCE OCTaJIbHbIE TapaMeTPhl OCTABIIAIOTCSA 0€3 U3MEHEHMUS.

[Ipu HacTpoiike mpoiiecca 00yd4eHUs: HEMPOCETH BBIOUPAETCS METO]
o0paTHOTO pacnpocTpaHeHust omnoku — Back — Propagation, mapameTpbl
oOy4YeHHUs U TTapaMeTpbl OCTAHOBKHU OOYYEHHUSI OCTAIOTCS 0€3 U3MEHEHUSI.

Jns mpocMoTpa pe3ysbTaTOB OOYyYEHHUs] TIPU OMPEIEICHUH CIOO0OOB
OTOOpaXXeHUS! JIaHHBIX BBIOWMPAIOTCS BHU3yalnu3aTtopsl Juacpavma u
HHuacpamma pacceanus. Heodxonumo oOpaTUTh BHUMAHUE HA TO, UTO MPHU
HACTpOWKE mapaMmeTpoB J{uaepammsl  BBIOMpAETCS  peajbHOE U

CIIPOTHO3UPOBAHHOE 3HAYEHHE BbIXOJla HeHpoceTH — «llompebrenue» u
«llompebnenue OUT» (puc. 2.18).



E Macrep oBpatoren - Helipocers (10 w3 11) = O b4
Hactpofixa cronfinos gHarpamMms
HacTooia D3SAMeHEN N30SMETO0E CTONGUOE QMaranhkl
MeTra crontiua | Twn damHbix User i
[_] Norpedneque 3n anepria kBT yac-12 9.0 BewecTBeHH [ | 3
[_] Morpednequs 3n aneprua kBT yac-11 9.0 BewecTBEHH a
[_| Morpednequs 3n aneprua kBT yac-10 9.0 BewecTEEHHE [ ] B
|| Morpednequs 30 3neprin kBT yac-3 9.0 BewecTEEHHEM ] g
[T] Morpatinerve 30 sneprua kBT vac-8 9.0 BewecTEEHHLE O =
|_| Morpednetus 30 3qeprva kBT yac-7 9.0 BewecTEEHHEE | E-l":l
[T] Morpetinerse 30 sneprua kBT vac-B 9.0 BelwecTEeHHLE =
[7] Morpetinerse 30 sneprua kBT vac-S 19,0 BewecTeenHL |
[T] Morpetinerse 30 sneprua kBT vac-4 9.0 BelwecTEeHHLE ]
[T] Morpetinerme 30 3neprua kBT vac-3 9.0 BelwecTEeHHLI =
[] MoTpetinetue 30 anepriua kBT vac-2 9.0 BewecTeeHHbLIA =
[] MoTpetineris 20 aHepriakBT vac-1 9.0 BewecTeeHHbIA =
] MoTpetnetwe 30 aHepria kBT vac 9.0 BewscTeeHHbIA =
[ Motpetinerme 30 aneprua,kBr vac OUT 9.0 BelwecTEenHL ]
[] MoTpetinekme 30 aHeprua kBT vac_ERA 5.0 BewecTees b O
Tun B Msw w Moarwicuno | HOara “
[] Zmaverma no X
= =

Puc. 2.18. Hactpoiika mapameTpoB ouazpammol

Ha puc. 2.19 npencrasieHsl pe3yabTaTbl 00y4eHUs HEUPOHHOM CETH —
MOYTH IS  BCEeX OOBEKTOB  pa3HUIA MEXAY pealbHbIM U
CIIPOTHO3UPOBAHHBIM 3HAYECHHEM BBIXOJIa HEUPOCETH OYEHb Majia, 4TO
CBUJIETEIBCTBYET O XOPOIIMX pPe3ybTaTax 00ydeHUsI.
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Puc. 2.19. Pesynwvratel 00yuenus MUHC na ouaepamme pacceanus

U ouazpamme peajbHOTO U MPOrHO3UPYEMOT0 BBIX0OJa HEHpOCceTH



3.3.4. Pemienue 3a7auv NpOrHO3UPOBAHUS HAa OCHOBE HEUPOCETEBOU
MOJIETH.

JIist  TOCTpOEHMsI TPOTHO3a TMOTPEOJICHUSI AJIEKTPOIHEPTUU Ha
CIENYIOIINE TIEPUOABI I y3na < Hetipocemv OTKpbIBaercs ® Macmep
obpabomku, BeiOupaercs Hpozcnozuposaniue.

[Ipr HacTpolike TPOTrHO3UPOBaHUSI BpeMeHHOro psiga (puc. 2.20)
YCTAHABJIUBAIOTCSI CBSI3M CTOJOIOB: JJIsI KaXJOTO CTOJIONA yKa3bIBAeTCs
1oJie, KOTOPOE Ha OYEPETHOM IIare Hy>KHO HUCIIOJB30BaTh JUIsl pacuera
MPOTHO3UPYEMOIO 3HAYCHHUSI.

MacTep obpabotem - Mpordosupoeadune (2 us 4) — O X
HacTpofika nporHosHposaluA BPEMEHHOT0 pALa
HacTpofiTe ceAsH cTONGLOE 4NA NPOMHOZMDOBEHMA BDEMEHHOMO DALS

Crondey MpH o4epegHOr Ware SpaTk SHAYEHHA WS

O Oara

@ Ofbext

9.1 MNorpeieHue 30 aHepriia kBT vac-12
9.1 MNorpetieHue 30 3Hepria kBT dac-11
ﬂ MNorpeieHue a0 aHeprida kBT dac-10
ﬂ MNorpefieHue 30 3Hepria kBT dac-3
ﬂ MNorpefieHue 30 3HepriA kBT vac-8
ﬂ MNorpefieHue 30 aHepria kBT vac-7
ﬂ MNorpefieHue 30 aHepria kBT vac-B
ﬂ MNorpefieHue 30 aHepria kBT dac-h
ﬂ MNorpefieHue 30 aHepria kBT vac-4
ﬂ MNorpefieHue 30 3Hepria kBT dac-3
9.1 MNorpefieHue 30 aHepria kBT vac-2
9.1 MNorpefineHue 30 3HepriA kBT vac-1
q; MNorpetieHue 30 aHepria kBT dac
8 War nporHosa

[opUEOHT NporHoza 12

¢ Harax

9.1 MNorpetieHue 30 3Hepria kBT dac-11
ﬂ MNorpeieHue a0 aHeprida kBT dac-10
ﬂ MNorpefieHue 30 3Hepria kBT dac-3
ﬂ MNorpefieHue 30 3HepriA kBT vac-8
ﬂ MNorpefieHue 30 aHepria kBT vac-7
ﬂ MNorpefieHue 30 aHepria kBT vac-B
ﬂ MNorpefieHue 30 aHepria kBT dac-h
ﬂ MNorpefieHue 30 aHepria kBT vac-4
ﬂ MNorpefieHue 30 3Hepria kBT dac-3
9.1 MNorpefieHue 30 aHepria kBT vac-2
9.1 MNorpefineHue 30 3HepriA kBT vac-1
q; MNorpetieHue 30 aHepria kBT dac

Hogaensare none "W ar nporqoza"
McHoaHEIE LaHHEE

OtmeHa

Puc. 2.20. Hactpoiika nporHo3upoBaHusi BpEMEHHOIO psia

B okHe HacTpoilkM MNPOTHO3UPOBAHUS CBSI3M MEXIY CTOJIOIaAMU
MOYHO YCTaHOBUTb [0 YMOJIYAHUIO; & B TTOJIE€ [ 0Opu30Hm NPO2HO3a BHOCSITCSA
OyIyIIuii Iepro/l, Ha KOTOPBIA HEOOXO0AMMO ClIeNIaTh MPOTHO3 — HAITPUMED,
Ha 3 Mecsua Brepen. st ynoocTBa paboThl K pe3yabTUPYIOIICH BRIOOPKE
MOXHO J00AaBUTh HUCXOJHBIC JaHHBIE, YCTAHOBUB B OKHE HACTPOUKHU
COOTBETCTBYIOIIUN (PIaXkKOK.

[Ipu BBIOOpPE CHOCOOOB OTOOpaXEHUS PE3yJbTATOB IMPOTHO3U-
pOBaHUS JAHHBIX O TOTPEOJEHUU JJICKTPOIHEPTUU B  KA4YECTBE
BU3yau3aTopa BeIOUpaercs Juacpamma npoecrnosa, B KOTOPOH HEOOXOIUM
BBIBOJ] Ha DKPaH BBIXOJIHOTO CcTOJIOA «[lompebnenuey (puc. 2.21).



Hactpofika cTonbuos aMarpamMmsu NporHosa

MacTep oBpaBoTen - MNpordozupoeanue (4 s 3)

HacTpokika paznuyHel: NapateTpoE CTONSLOE AMarpatdtel OpOrHOSa

MeTka cTonbua
[] NaTpetneHye 2 n 3Hepria kBT vac-12
[] MNaTpetneHye 3 n 3Heprids kBT vac-11
[] NaTpetneHye 2 n 3Hepria kBT vac-10
[] NarpetneHye 3 n 2 Heprids kBT vac-d
[] NarpetneHye 3 n 2 Heprids kBT vac-B
[] NaTpetneHye 3 n 2Heprus kBT vac-7
[] NarpetneHye 3 n 2Heprius kBT vac-B
[] MNaTpetneHye 3 n 3Heprids kBT vac-5
[] NarpetneHye 3 n 2 Heprius kBT vac-4
[] NaTpetneHye 3 n 2 Heprids kBT vac-3
[] MNaTpetneHue 3 n 3 Heprids kBT vac-2
[] NaTpetneqye 3 n 2 Heprua kBT vac-1
MoTpetneHye 30 aHeprua kBT vac
[] War nporHoza

iﬁ TAHK

Tun

T 1N gaHHB:

9.0 BewecTEEHHEIN
9.0 BewecTEEHHEIN
9.0 BewecTEEHHEIN
9.0 BewecTEEHHEIN
9.0 BewecTEEHHEIN
9.0 BewecTEEHHEIN
9.0 BewecTEEHHEIN
9.0 BewecTEEHHEIN
9.0 BewecTEEHHEIN
9.0 BewecTEEHHEIN
9.0 BewecTEEHHEIN
9.0 BewecTEEHHEIN
9.0 BewecTEEHHEIN
12 Uenei

Mogmkcu o | Dara

[ 3naverua no s | Oara

=5

E0EEOEEOEOONON

OTreHa

Puc. 2.21. Hactpoiika oToOpaskeHus Juacpammvl npocHo3a

WNtak, pe3ynapTaThl IPOTHO3WPOBAHUS BPEMEHHOTO psjaa B BHUJIC
ouazpammvl npoecHo3a ¢ PacueTHBIMHU 3HAYEHUSAMH (MeHIO Tun memox —
3Hauenue) N B TPEXMEPHOM BUJI€ (MEHIO 1pexmepHuiii 6u0) IPEICTABICHBI
Ha puc. 2.22. Mojiesib TporHo3a IEMOHCTPUPYET, YTO B CICAYIOLINAEC
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Puc. 2.22. JlnarpaMmma nporao3a ¢ paCu€THbIMUA 3HAYEHUSAMH U B TPEXMEPHOM BUJIE
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IHopsinok BbINOJHEHHSI Pa0OTHI

1. 3yunuth METOAUKY HEHPOCETEBOrO MOJICIUPOBAHUS U METOJIbI
pelieHuss  3ajad  Kiaccu(UKaluu, —anmnpokcuManuu — QYHKIUA U
IPOTHO3UPOBaHUS B nakete Deductor.

2. PemuTh 3amauy KiIacCUPUKALMU C LEJIbI0 O3HAKOMJICHUS C

OCHOBHBIMH TprieMaMu paboThl B cpefie Deductor. PaccMOTpeTs ipuMep
« pubwry (1. 3.1).

[ToctpouTh  HEHMPOCETEBYIO  MOJEJb,  pPEHIAKOINEH  3aaauy
KJ1acCU(PUKAIMU TPUOOB K KJIACCY ChENOOHBIX WM SAOBUTHIX: CTYACHT
JIOJKEH MOJyIUTh OTBET Ha BOMPOC «CheIOOHBIN JI IpuO?» U MPEJICTaBUTh
pe3ybTaThl ONpoca HEUPOCETH MPU 100ABJIESHUN HOBBIX BHJIOB I'pHOOB.

BbIsIBUTH 3HAUMMbIE W HE3HAUYUMBIE TPHU3HAKA B MOJEIH; IS
3HAYMMBIX MPU3HAKOB OMPEICIIUTh TUANa30Hbl 3HAUCHUH, KOTOPHIC BIUSIOT
Ha MPUHSITUE pelIeHUs] 00 OTHECEHUHU Irpuda K KIaccy CheI00HBIX
/ HeCheTOOHBIX.

3. Pemmmtsh 3anauy annpokcumaiuu GyHkiuu. [1o BapuaHTy 3amaHus
chopMupoBaTh O0ydYarOIIyl0 BBIOOPKY II0 MaTeMaTH4eCKOW (YHKIMHU
(BBIMIOJIHUTD pacyeThl B Excel, 3aTeM CKOMUPOBATh B TEKCTOBBIN (aiin
*.1xt) U MOCTPOUTH HEUPOCETEBYIO MO/IEIb.

[IpoBecTn ompoc ceTw, 3amnucaTh I[IOJYyYEHHBIE PpPE3yIbTaThl B
tabauny (1. 3.2, Tadmn. 2.2).

[IoBBICUTL ~ TOYHOCTH  ANIPOKCUMAIIUM,  YJydllas  KadecTBO
oOydJaronux TMPUMEPOB, pACIIUPSS pa3sMep BBHIOOPKH WIM H3MEHSS
ctpykTypy MHC myTeM HacTpauBaHUsl KOJIMUECTBA CKPBITHIX CIOEB, YUCIA
HEWPOHOB B CJIOSAX, BUJIA U MApaMETPOB aKTUBAIMOHHON (DYHKIIMH, a TAKKE
napameTpoB o0ydenus. VcxoaHbie JaHHBIE U PE3yJIbTaThl IKCIIEPUMEHTOB
3aHECTH B TAOJIHILY.

4. O3HaKOMHUTBCSI C PEHICHUEM 33Ja4¥ [POTHO3UPOBAHUS C
MOMOITIIEI0 HEWPOHHBIX CETeH Ha oOcHOBe mnpumepa «llompebrenue
anekmpuueckou duepeuuy i Oowvexkma [ (. 3.3). CamMocTOATEIBHO
pelInuTh 3aJladyy HEWpPOCETEBOTO MpOrHo3upoBaHusa s OObekTa 2 uiu
OOnbekTa 3.

5. Cpenatb BBIBOJBI 00 OCOOEHHOCTSAX 3ajJad KiIacCH(UKAIUH,
anmpoOKCUMAIIMKU U TPOTHO3UPOBAHUS B HEMPOCETEBOM Oa3uce.



TpeGoBanus K coep:kaHuIO H 0(POPMIIEHHIO OTUYETA

OT4et 1o 1abopaToOpHOI PabOTE NOJKEH COAECPKATh:
1. Ha3zBaHue u 11e1b paboTHhI.

2. IlocranoBka 3agaun ki1accuUKaluu B HEHPOCETEBOM Oazuce AJis
BbI0OpKU «I'pubn»; cTpykrypa MHC, napamerpbl 00ydeHus; pe3yabTaThbl
oOyuenusi u omnpoca MHC; 3Haunmble n He3Hauumble npuszHaku MHC.
Pe3ynbTarhl BBHITOHEHUS 3a1aHUS.

3. IloctanoBKka 3ajiauu annpokcumanuu QyHkuuu. Matemarudeckas
bynkuus. Conepxanue oOydaromied BbeiOOpkH; cTpykTypa WHC,
napameTpsl o0ydeHus; pe3yabTarbl o0yueHus u onpoca MHC. Tabnuia
IKCIIEPUMEHTAIBHBIX UCCIEA0BAaHUN 110 HacTpoiike nmapamerpoB MHC.

4. TlocraHoBKa 3amadyd NPOrHO3UPOBAHUA. VCXOIHBIM BPEMEHHOU
pAll, pe3yabTaThl MPUMEHECHUS MEXAaHU3MOB OYMCTKH JIAaHHBIX OT IIyMOB,
aHOMaJIMi, BBISBICHUA  CE30HHOCTH, CrJAXUBAHUS;  IOCTPOCHUS
ckonb3smero okHa. Ctpykrypa MHC, napamerpsl 00ydeHus; pe3yabTaThl
oOyuenus u onpoca MHC.

5. BeiBOJIBI 00 0COOEHHOCTSX 3a1a4 KJ1IaccuuKaimu,
anmnpoKCUMAIIMK U POTHO3UPOBAHUS B HEUPOCETEBOM Oazuce.

Bapuanrtsl 3aganui

z

Maremarnueckast yHKUuUs Jlnana3oH U3MEHEHU X1

X2

fxs, X2) = (1 —x1°) + 2(1 — x2)°

f(X], Xz) = 2(1 + X12) + 3(X2—2]2

fxs, X2) = (xi—1) + (2 — x7)

f[xll XZ] :2[X1—1)2 + (1 +X22]

flxy, x2) = (3 — xi°) + 2(1 + x2)°

flxy, x2) = (1 +x°) + (1 —x35)°

f(X], Xz] = (3 — 2X12] + [1 — ZXZJZ

flxy, x2) = (2 — x1°) + (1 + x2)°

[
[
[
[
[
flxy, x2) = (2 + x7°) + (1 — 2x2)° [-1:1]
[
[
[
[

flxs, x2) = (1 — 2x7%) + (1 — x2)°

S = | O 0| Q[N N | W~




KoHTpoJbHbIE BOIIPOCHI

1. Yro mpeacraBisier co00il MOJENb HCKYCCTBEHHOIO HeMpoHa?
Kakue 3amaun pemarorcsa HeripoceTsiMu? HazoBuTe 00s1acTH MpUMEHEHUS
HEUPOHHBIX CETEM.

2. Kaknie MOKHO BBIJIETUTh KJIACCHI HEUPOCETEBBIX APXUTEKTYP?

3. HazoBute napaaurmbl OOy4YE€HUSI MCKYCCTBEHHBIX HEUPOHHBIX
ceteit. Uto npenacrasisieT coO0M aaropuTM 00ydeHUsl ¢ yuuTeaem?

4. Kak nposiBisieTcs B HEHPOHHOM CeTH CBOMCTBO 00001eHus? Yrto
TaKoe dIMoXa B 00y4eHUH HelpoceTen?

5. Kak moBbICUTH KauecTBO 00OyueHHs] HEHpOHHBIX ceTei? HazoBute
OCHOBHBIE MPOOJIEMBI 00yUEHHS] HEHPOCETEM.

Criucok peKoMeH/1yeMOol TUTepaTypbl

OcHoBHas nuTeparypa:

1. Octpoyx, A. B. CucreMbl UCKycCTBEHHOTO MHTeIeKTa : MoHorpadus / A. B. Octpoyx, H. E.
CypkoBa. — 2-e u3f., crep. — Cankrt-IlerepOypr : Jlans, 2021. — 228 c. — ISBN 978-5-8114-8519-2. —
Tekct : anexTpoHHbIH // JIaHb : 2IeKTPOHHO-OMOIMOTEUHAs CHUCTEMA.

2. Memepuna, E. B. Cucremsl HCKYCCTBEHHOTO MHTEIUIEKTa : ydeOHO-MeToanyeckoe nocodue / E. B.
Memepuna. — OpenOypr : OI'Y, 2019. — 96 ¢. — ISBN 978-5-7410-2315-0. — TeKcT : 3J€KTPOHHBIH //
JlaHb : 25IeKTPOHHO-OMOIMOTEUHAS CUCTEMA.

3. [IpoexTHpoBaHHE CHCTEM HCKYCCTBEHHOro HMHTeiiekTa : ydeOHoe mocobue / C. JI. CoTHHK. -
[IpoekTupoBaHue CUCTEM UCKYCCTBEHHOTO MHTEIIeKTa,2022-12-24. - DnektpoH. aaH. (1 daiin). - Mocksa :
Nurtepuer-Yuausepcuter Undopmanmonnsix Texunonoruit (MHTYUT), A ITu Ap Meaua, 2021. - 228 c. -
anekTpoHHbIN. - Kuura Haxonutcs B npemuym-Bepcun ObC IPR BOOKS. - ISBN 978-5-4497-0868-7,
9K3EMILIIPOB HEOTPAHUUEHO

JlononHuTEeNbHAS IUTEPATYpA:

1. [IpaBoBBIE M THYECKUE ACTIEKTHI, CBSI3aHHBIE C Pa3pabOTKON U MPUMEHEHHUEM CUCTEM UCKYCCTBEHHOTO
MHTEJUIEKTA U POOOTOTEXHUKU: UCTOPHS], COBPEMEHHOE COCTOSIHME U MEPCIEKTUBbI Pa3BUTHUS : MOHOTpadus /
[B. B. Apxunos, I'. I'. Kamanosa, B. b. HaymoB u np.] ; denepansHoe rocynapcTBeHHOE OIOIKETHOE
yupexaeHne Hayku, MTHCTUTYT rocynapctBa u npaBa Poccuiickoit akagemuu Hayk. - Cankt-Ilerepoypr : HII-
[TpunT, 2020. - 260 c. : Tadm. - [Ipun.: c. 236-245. - bubnuorp.: c. 246-259 u B noactpou. nmpumed. - ISBN 978-
5-6045320-4-1, sx3eMisipoB 1

2. Beccmeprabiit, . A. CucTeMbl HCKYCCTBEHHOTO MHTEJUIEKTa: yueOHOe TocoOue JUTst akaJJeMHYECKOTO
6akanaBpuata / M. A. beccMepTHbIit. — 2-e u3a., uctp. u pom. — M.: FOpaiir, 2017. — 130 c.

3. BypakoB, M.B. CucteMsl HCKyCcCTBEHHOTO HHTEIUIeKTa. YueOoHoe nmocodue [Tekcr] / M.B. Bypakos. —
M.: Ilpocnekt, 2017. — 440 c.

4. Kynpseue, B. b. HHTemiekTyanbHble CHUCTEMbI: y4eOHMK M MPAKTHKyM JUid OakajlaBpuaTa M
maructpatypsl [Texct] / B. b. KyapsBues, 3. O. I'acanos, A. C. IToakon3uH. — 2-e u3A., ucp. u jgom. ; MI'Y
uM. M.B. JlomonocoBa. — M.: FOpaiir, 2017. — 219 c.

HNuTepHeT-pecypcebl:

1. https://www.tensorflow.org/ - KommiekcHas rmar¢opma MalliHHOTO 00Y4EHUS ¢ OTKPBITHIM
MCXOJTHBIM KOJIOM

2. WNudopmannonnas cnpaBoynas cuctema Koncynprantllnroc // Pexum nocrtyma: http://
www.consultant.ru

3. OTkpsiThIe cucTeMBI — HH(pOpManmoHHbIN TopTair; URL: http://www.olap.ru/basic/refer.asp.

4. [Ipodeccrnonanshas 6a3a nanueix Poccrara // Pexxum moctyna: http://www.gks.ru/wps/wem/connect/

rosstat_main/rosstat/ru/statistics/databases/
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HEﬂPOCE'l;EBAH KJIACTEPU3ALIUSA _
C HIOMOLBIO CETEU KOXOHEHA B AHAJIMTHYECKOHA
HJIAT®OPME DEDUCTOR U CUCTEME MATLAB

1. Heab u 3aqa4u padoThI

[lenbto pabOTHI SBJISETCS M3YUYECHHE QITOPUTMA HEUpPOCETEBOU
KJIACTEPU3alluy C HCIOJb30BaHWEM ceTe KoxoHeHa B aHAIMTHYECKOM
nmakete Deductor n noncucreMe Neural Networks Toolbox cucteMsbl
Matlab.

3amaun paboThl: (PopMHpOBAaHWE YMEHHUW W HaBBIKOB OOyUYCHUS
HMCKYCCTBEHHBIX HEMPOHHBIX CETEl Ha OCHOBE MapagurMbl oOydeHUs 0e3
YUHUTENS; 3aKpPEIUICHUE HAaBBIKOB TIIOCTPOCHUS W WHTEpIpETaIluu
caMmoopranusympomnmxcs kapT KoxoHeHa.

2. TeopeTnueckue cBeIeHUSA

2.1. Heliponnsie cetn KoxoHnena

Knacmepnoiti  ananuz, wWnM  aBTOMaTHYeCKas  Kiaccu(uKaims,
3aHUMACT OJTHO M3 IEHTPAIBHBIX MECT CPEId METOJIOB aHA/IN3a JAaHHBIX H
MPEACTABISIET COOOM COBOKYIMHOCTBH ITOJAXO0J0B, METOIOB, aJTOPHUTMOB,
npeaHa3HAYEHHBIX JJI1 (OPMHUPOBAHUA OJHOPOJHBIX KJIaccoB. 3adada
KJIACTEPHOT'0 aHAIN3a 3aKIII0YACTCs B HAX0XKICHUH HEKOTOPOTO TCOPETUKO-
MHO>KECTBEHHOTO DPa30MEHUS HMCXOJHOTO MHOXECTBa OOBEKTOB JIFOOOM
IIPEAMETHOM 00JIaCTH Ha HEMepeCceKaroIIrecs MOJIMHOKECTBa (Kiacmepbl)
TaKUM 00pa3oM, 4TOOBI 3JIEMEHThI, OTHOCUMBIC K OJTHOMY ITOJIMHOXKECTBY,
OTJIMYAJINCh MEXAy CO00H B 3HAYMTEILHO MCHBINCH CTEICHH, YeM
AJIEMEHTHI M3 Pa3HBIX TIOJIMHOKECTB.

Ha cerompsiimHuil J€Hb MNPEIJIOKEHO HECKOJIBKO  JIECATKOB
aNTOPUTMOB KJIACTEPHU3AIMU M WX pasHOBHAHOCTEH. OMHUM M3 HamOoiiee
U3BECTHBIX  METOJIOB  Helpocemegol  Kiacmepusayuu  SBISFOTCS
camoopeanuzyrowuecs kapmol (COK) Koxomena — 0cCOOBIN Kiacc
UCKYCCMBEHHBIX HEUPOHHBIX cemell, BBEACHHBIX (PUHCKUM  y4deHbIM T.
Koxonenom B 1982 r.

Hetipounvie cemu Koxonena — 310 IpsSIMOHANPaBICHHBIC HEHPOHHEIS
CETH, OCHOBAHHBIC HA KOHKYpeHmom 00ydeHHn . 1[epr0 NCIoap3yeMbIX



B HUX QJITOPUTMOB OOyUECHUS SBJISETCS BBISIBIICHUE U3 MHOXKECTBA BXOIHBIX
JAHHBIX CYIIECTBEHHBIX (3HAUMMBIX) 00pa30B WM MPU3HAKOB 0€3 y4acTHs
BHEIIHETO yuuTens. Takum 00pa3om, alropuTMbl 00ydeHHs OCHOBAHbBI Ha
nogo0uu o0pa3oB 1 pa3MeNniarT OJIM3Kue 00pa3bl B OJIMH KiacTep.

[lycth uMEIOTCS UCXOAHBIE JAHHBIC, COJEpKAIUE 7 OOBEKTOB,
KQXKIbIM W3 KOTOPBIX XApAKTEPU3YETCA p MNPU3HAKAMH; KaXKIbId ¢-U
BXOJHOM BEKTOp UMeeT BUI X=[x; X, ...,.X,]%, Tae q € (1 + n). Ctpourtcs
HelipoHHas ceTb KoxoHeHa, cocTosIias W3 m HEUPOHOB, OOpa3yHOIINUX
pemietky Ha miockoctu (puc. 3.1). Cerb KoxoHeHa HE MMEET CKPBITHIX
CJIOEB: JIaHHBbIE C BXOJHOTO CJIOA MEPEAAIOTCS HEMOCPEICTBEHHO Ha
BBIXOJIHOM CJIOM, HEMPOHBI KOTOPOTO YHOPSAIOYEHBI B OJHOMEPHYIO WU
JBYMEPHYIO PEIIETKY MPSIMOYTOJIbHON WU MIECTUYTOJILHON (POPMBL.
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TpykTypa cetn Koxonena

C. 3..;[ ‘

Bxoounou (pacnpedenumenvruiti) ciou HEUPOCETH COIAEPKHUT IO
OJTHOMY HEHUPOHY I Ka)XJOro BXOJHOTO MpPHU3HAKA Xj,...,X,, [PHUYEM
BXOJ/IHbIC HEWPOHBI HE YYAaCTBYIOT B IIpollecce OOy4YeHHMs; MX 3ajada —
nepesaTh 3HAYEHUS BXOJHBIX MMPU3HAKOB OOYYaKOIIEro MHOXXECTBA Ha
HEUPOHBI BBIXOJHOT'O CJIOS.

Yucno evixooHnvix Hetiponos ceTn KoxoHEHa COOTBETCTBYET UHUCITY
KJIACTEPOB, KOTOPBIE JOJKHBI OBITH TOCTPOCHBI. 3HAYCHUS KaXIOTO
Npu3HaKa OOBEKTa IMOCTYIMAIOT Yepe3 BXOJHBIE HEHUPOHBI HA KaXIbIN
HEUPOH BBIXOAHOrO ciosl. C KaxapIM j-M HEMpoHOM ciosi KoxoHeHa
accouuupyercss BecOBOM BeKTop W), KOTOpOMY COOTBETCTBYET TOYKa
BXOJIHOTO TIpocTtpancTBa: W =wj;, wi,..., wj,, e j=1,2,...,m.



OTtnenpHBIC HEHPOHBI BEIXOIHOTO ¢JI0sl ceTh KoXoHeHa COPEeBHYIOTCS
(KOHKYPUPYIOT APYT C IPYTOM) 3a MPABO aKTUBALIMM — KAXKJIbIN j-i HEUPOH
CpaBHUBAETCS C BXOJIHBIM BekTOpoM X. CpaBHeHUE TMpeArnoJiaract
BBIYHMCIICHUE paccTossHus Mexay X u W, tak uto B cioe Koxonena
MOSIBIISICTCS HEHPOH-TTIOOSUTENh C MHJICKCOM i(X), Beca KOTOPOTO HUMEIOT
HAaWMEHBIIIEE PACCTOSHHE 10 BXOJAHOTO BEKTOpA:

i(x) = arg minillX — W;ll.
B kauecTBe METPUKHM MOXET BBICTYNaTh €BKJIMIOBO PACCTOSTHUE

dl, W) =/3" (x4 — wi)’ Mexay Bexropamu X, u W,.
i=1

Ecmu BekTopel X u W, — HOpMann30BaHHbBIE, TO B KAUECTBE MEPBI
OJIM30CTH MOKHO MCIIOJIb30BaTh CKalisipHOE TpousBenenue W - X.

minjzl','m' (e — wi)°) =min (/3" )j — 2Xqi * Wji + W)
o
i=1 j=1",m" i=1 qi
ji
min (\/Z” X — " (2x5-wi) + 3" W)
3.1)
j=1",m" i=1 qi i=1 i=1 ji

[TockoabKy 1151 HOpMAJIU30BAHHBIX O0yYarOIIUX BEKTOPOB X, T.€.

KOTJIa BBITIOJTHAETCSI PABEHCTBO )."  X° = 1, cTpeMsIuecs: B poriecce

oOy4eHUs1 K HUM BEKTOpHI BecoB I//; aBTOMaTHUue€CKH HOPMAIIU3YIOTCA, TaK
YTO BBINOJIHAETCSA PAaBEHCTBO Y,"  ; W’ = 1. ClenoBareabHo, MUHUMYM
BolpaxkeHuss (3.1) Oyzer JocTuratbCsi MPU  MAKCUMyME€ CYMMBI

npousBeneHus »,"  (Xgi + W;i). Takum oOpa3oM, KpUTEpHUl COOTBETCTBUS,
i=1

OCHOBAHHBI HA MUHUMH3AIIUU €BKJIUIOBOTO PACCTOSHUS, MATEMATHUYECKU
SKBUBAJICHTEH MAaKCUMHU3AIMN CKAJISAPHOTO npousBenacHus y; = W - X.

Wtak, pe3ynabTaToM pabOThl BBIXOJHOTO CJIOSI KOHKYPHUPYIOIIHNX
HEUPOHOB MPU I10J1a4€ HA BXOJHOMN CJIOM HEKOTOPOro BeKTOpa X SBIAECTCS
omnpejiesIieHUue HelpoHa, KOTOPhIN UMeeT HauOOJIbIINI BBIXOIHOM CUTHAI Y
(HeMpoH-TI0OeANTENb). DTOT HEHpPOH O0O0JagaeT BECOBBIM BekTOopoM W),
KOTOpBIM HaumboJsiee OJM30K K BXOJHOMY BekTopy. B pesynbTaTe
ONPENEACTCA MECTOIOJIOKEHUE, KOTOPOE€ MJOJDKHO CTaThb IEHTPOM
TOIOJIOTUYECKON OKPECTHOCTH BO30YKJICHHOTO HEMpPOHA.

Aneopumm obyuenus cemu Koxonena



[llaz 1. 3agaercs CTpyKTypa ceTH (KOJIMYECTBO HEUPOHOB m CIIOSA
Koxonena).

[llaz 2. BecoBbie K03 DUITMEHTH Wy HEUPOHOB MHUITUAIU3UPYIOTCS
HEOOJIBIIUMHU C1yYatHbIMU 3HAYCHUSIMU. OJTHAKO paHJOMU3AIIUS BECOB



cioss KoxoHeHa MOXET MOPOJUTHh CEPhE3HYI0 MPoOsieMy OOyUYEHUs: €CIH
HayajgbHAs IUIOTHOCTh BECOBBIX BEKTOPOB B OKPECTHOCTH OOYYaIOIIUX
BEKTOPOB CIMIIKOM MaJId, TO MOXKET OKa3aThCSl HEBO3MOXHBIM Pa3/ICIICHUE
CXOJHBIX KJIACCOB M3-3a TOr0, YTO HE OYJIeT IOCTaTOYHOTO KOJUYECTBA
BECOBBIX BEKTOPOB B MHTEPECYIOMIEH OKPECTHOCTH ISl IPUIIHCHIBAHUS UX
KJlaccaM BXOJIHBIX BEKTOpoB. Hawmyumnee perieHue 3ToMl mpoOieMbl
3aKJIFOYAETCSl B PACHpE/ICIICHUH BECOBBIX BEKTOPOB B COOTBETCTBUHU C
IJIOTHOCTBIO ~ BXOJHBIX  BEKTOPOB;  BECOBBIC

KO3 PUIMEHTH] YCTAHABIMBAKOTCA PABHBIMU BEIMYMHE W =), ITEN —

JN

pa3MEepHOCTb BXOJHOTO BEKTOPA.

Jlanee NpPOW3BBOAUTCS HOpMaiau3alus BXOAHBIX 00pa3oB B

COOTBETCTBUMU C — . Hopmanuzauus
dhopMyJion: x X M03BOJISACT

a "G
COKpaTUTh JUIMTEIBHOCTh MPOLEcca 00yUEHHUS.

[llaz 3. Ha BXOApl HEWPOHHOM CETHU IIOJAECTCA BEKTOP Xgi, M
PACCUUTBIBAIOTCS PACCTOSIHUSL OT BXOAHOTO BEKTOpa 0 LIEHTPOB BCEX
KJIACTEPOB.

lllaz 4. 1o HauMeHbIIIEMY U3 3HAYEHUN PACCTOSTHUN BhIOMpaeTcs

HEWpOH, B HAMOOJIBIICH CTENEeHW OJM3KUN IO 3HAYEHUSIM K BXOJIHOMY
BEKTOPY (T.€. ONpeNenseTcss «HEUPOH-MOOCIUTENbY), U MNPOU3BOJIUTCS
KOPPEKTHUPOBKA €T0 BECOBBIX KOA(D(PHUITUEHTOB.

BekTop BECOB BBIXOAHBIX HEWPOHOB W, HNOJKEH HU3MEHATHCS I10
HalpaBJICHUIO K BXOAHOMY BeKTOpy X, HeupoHsl, KOTOpBIE SBIAIOTCSA
COCEISIMU HEMPOHA-TMIOOEAUTENS], TAKXKE IOJCTPAUBAIOT CBOM BECOBBIE
KO3(HUITMEHTHI, UCTIOIB3YSI IMHEHHYI0 KOMOMHAIINIO BXOHBIX BEKTOPOB U
TEKYILUX BEKTOPOB BECOB:

wi(t + 1) =wj(t) + 5(t) - [x — wi(t)] - H(j), (3.2)
e — ko3 UIUeHT cxopocmu
n ooyuenus, Wi(t) n Wj(t +
1) -

BEKTOPhl CHUHANTUYECKHUX BECOB C y4eToM (opMalid3alluil JTUCKPETHOTO
BPEMCHHU B MOMEHTHI BpeMeHU (t) u (t + 1).

Hanee onpeaensercs Tonojorudeckas OKpecTHOCTh H(j) ¢ IeHTpOM B
noOeIUBIIIEM HEWpPOHE, KOTOpas COCTOUT M3 MHOXKECTBA HEHWPOHOB;
OKPECTHOCTH IIJIABHO CXOJIUT HA HET C YBEIIMUCHUEM pacCTOSTHUS d(j,1)— oo

MEXIy HEUpPOHOM-TIOOEIUTENeM [ M OCTaJIbHBIMH j-MH HEUpOHAMU



OKPECTHOCTH.



BBIJICJ'IHIOT CJICAYHOIIHUC (I)YHKHI/II/I OKPCCTHOCTMH.

e IMHUYHAS Lj=1H({) ={ojai (3.3)
OKPECTHOCTh
IpAMOYTONBHAT . AL dgj, i) <A "0~ g, (3.4)
OKPECTHOCTH 0: 9> Prii

G0
rayccoBa OKPECTHOCTD —H(j) = e 209, (3.5)

rjie — paauyc oOy4YeHHUsl, WM YPOBEHb COCEACTBA, ONPEACISIONIUN IUPUHY
OJv>Kalilled OKPECTHOCTH HEHUpOHA-MOOEAUTENs, B KOTOPOM HEUPOHBI
OyJlyT CUUTATHCSI COCEMIIMU U y4acCTBOBATh B Mpoliecce 00yUCHHUS.

Panuycy oOy4eHus, wWid BEJIMYMHE YPOBHS COCEACTBA A,
MIPUCBAUBAETCS JOCTATOYHO OOJIbINIasi BEIMUMHA Ay, UTOOBI 00yUYaTUCh BCE
HelpoHbl. OnpeaenseTcs MUHUMAIbHOE 3HAUEHHE YPOBHSI COCEACTBA Apmin,
IpU KOTOPOM OYJET OCTAHABIMBATHCSA OOYyUYEHHUE U IIar €r0 U3MEHECHUS —
AA.

[Tpu kaxa0M PEACTABICHUU HOBOIO MpUMepa 00ydaroniel BbIOOPKU
CKOPPEKTUPOBAHHBIE BEKTOPHl CHHANTHYECKUX BECOB B OKPECTHOCTH
HelpoHa-no0eauTenss OyAyT CTPEMHTBCS CIEAOBATh 3a pacHpeaciiCHUEM
BXOJHBIX BEKTOPOB. HelpoHbl, O1u3KHe K MOOEAUTENIO, TaK K€, KaK U cam
nobenuTeNb, U3MEHSIIOT CBOM BeCa B 3HAUUTEJILHOW CTENEHHU, B TO BpeMs
KaK yJaJICHHbIE OT TMOOEIUTENIsI HEUPOHBI MCIBITHIBAIOT MEHBIINE
WU3MEHEHUS BECOB.

[Ipu mpomomkeHun npoiecca 00ydeHus: pa3Mep 00JIaCTH COCEICTBA
OT HEMpOHA-TOOEANTENS] YMEHBIIAETCA: B Hayajie 0Oy4YeHUsl 3HAUYUTEIbHOE
YUCIIO BBIXOJHBIX HEHPOHOB OYAyT U3MEHATHCSA, HO 3aT€M BCE MEHBIIE U
MEHbIIIE HEHMPOHOB MOJIBEpraeTcsa MOoAU(PUKAIIMU CBOUX BECOB. B KoHIE
oOy4eHUsl TOJILKO MOOENUTENIb PEryJupyeT cBOM Bec. TakuM o00paszom,
MPEJCTABICHHBIN aITOPUTM BEJET K TOMOJOTHYECKOMY YNOPSI0YNBAHUIO
MPOCTPAaHCTBAa MPU3HAKOB BO BXOJHOM IPOCTPAHCTBE, TO €CTh
KOPPEKTUPYEMbIE B pEIIETKE HEHPOHBI OyIyT CTPEMUTHCS UMETh
OJIMHAKOBBIE CUHANTUYECKUE Beca.

AHasoru4Has npoueaypa mpoucXouT U CO CKOPOCHbIO 00yUeHUs: TIO
Mepe oOydeHust KodpUImeHT ckopoctu oOyueHus 1(t) yMeHblaercs, u
€ro CHWXXEHHUE /10 HyJId OCTaHaBIMBAEeT 0Oydaroluil nporecc. B nepoi
daze oOydeHwus, Ha dTare epyoboul MOACTPOUKH, CKOPOCTh 00yueHus 7(t)
BEJIUKA, U BECa HEUPOHOB KOPPEKTUPYIOTCS 3HAYUTEIHHO, YTO MO3BOJISIET
JUIIb TPUMEPHO HACTPOUTH HMX B COOTBETCTBUM C PacIpeelICHUEM



3HAYCHUH NMPU3HAKOB 00BEKTOB B HCXOHOM BbIOOPKE. Bo BTOpOI haze



oOydeHUs, Ha DJTane moyHOU TIOJCTPOUKH, CKOPOCTh OOy4YeHUs
YMEHBINIAETCS, YTO IO3BOJISET IOJCTPauBaTh BECOBbIE KOA(DPUIIMECHTHI
HEeHpOHOB Oosiee akkypaTHO. [Ipu 3TOM KOdPIULIMEHT CKOPOCTH OOyUECHUS,
C KOTOPBIM Beca HelpoHa MOOEIUTENs U €ro coceleii OyIyT ABUTAThCS B
CTOPOHY OYEPETHOTO PK3EMIUIIpa JaHHBIX, U3MEHICTCS B 3aBUCUMOCTH OT
TEKYIEH MOXH O0YUSHHS 10 MPABUIY: A = Ayqy *

T

(%)™ Ayav, THE A — TeKymit pamuyc oOydeHHS, Auu M Awn
Ha4

Ha4daJIbHAaA U KOHCYHAA CKOPOCTHU O6yII€HI/I$I, Tmax — KOJIMYECTBO 310X

oOydeHwus1, T — TeKymias 3moxa o0y4eHus..

J1st TOro 4ToOB! TPH 00YYEHUH MPABUILHO PACTIPEICTUTh IIIOTHOCTD
SAep KIJIAacCOB B COOTBETCTBUM C TUIOTHOCTBIO BXOJHBIX BEKTOPOB,
NPUMEHSETCS MOOUpuKayus aaropuTMa, MOIyIUBINas HA3BaHUE Memood
8bINYKA0U KOMOUHayuu. VIcTionb30BaHUE 3TOT0 METO/1a TTO3BOJIST U30€KaTh
CUTyaIlMHu, KOTJa pas3InyHbIE KJIACChl, KOTOPHIM COOTBETCTBYIOT ILJIOTHO
pacrpeieieHHbIE BXOIHbIE 00pa3bl, COJIBIOTCA WM, HA000POT, pa3apoosTcs
Ha JIONOJIHUTEIbHBIC TTOIKIIACCH B ClIydae OJM3KUX 00pa3oB OJTHOTO U TOTO
xe kinacca. CyTh MeTOJla CBOAUTCA K TOMY, YTO BXOJHBIE 0Opa3bl
npeoOpasyroTcs o ¢popmyJie:

X = B(0) - Xgi + 1, (3.6)

IZI€ Xg — i-51 KOMIIOHEHTa BXOJHOTO o0Opa3a; N — 4MCJIO BXOJIOB KaXKIOTO
BECOBOro BekTopa; P(t) — xkod(pPuUIMEeHT, M3MEHSIOMMICT B MPOIECCce
oOyueHHsI OT TMOJOXKUTEIbHOro 4Yucia, Omuszkoro 0, no 1. B nHauvame
oOyueHus [(t) oueHb MaJio, BCJIEACTBHE YETO BCE BXOIHBIC BEKTOPHI

MMEIOT JJIMHY, OIU3KYIO K |, THOYTH COBIALAIOT C BEKTOPAMU BECOB.

JN

B npornecce 00yuenus cetu [f(t) nocTeneHHO BO3pacTaeT, MpUOIMKasicCh

K |, B pe3ynmpraTe 4ero BHAYaJI€ HA BXOJbl HEMPOHHOW CETH MOJAFOTCS
MPAKTUYECKHU OJJMHAKOBBIE 00pa3bl, & C TCUEHUEM BPEMEHU OHH BCE OOJIbIIE
CXOIATCS K MCXOJIHBIM. JTO MO3BOJISIET PAa3/ENATh BXOJHBIE BEKTOPHI U
OKOHYATEIbHO MPUIIHCHIBAET WM WX HWCTUHHBIC 3HA4YeHUS. BecoBbie
BEKTOPBI OTCJICKUBAIOT OJIMH WA HEOOJBIIYIO TPYIITY BXOAHBIX BEKTOPOB
U B KOHIE O0OydeHHs JaloT TpeOyemMyl KapTHHY BBIXOJ0B. Metoj
BBIMTYKJIOW KOMOMHAIIMU XOPOIIO padoTaeT, HO 3aMeJIsieT MPOIECC
oOy4eHHsI, TaK KaK BECOBBIE BEKTOPHI MOJCTPAUBAIOTCS K U3MEHSIOIIEHCS
LETH.



lllaz 5. BennuuHa ypoBHS COCENICTBA yMmeHbuiaemcs o popmyiie A =
A — AA, u eciiut A > Apin, TO OCYIIECTBIIIOTCS TIEPEXO/T K 1Ay 3 U IMOBTOP
oOy4eHUs1 JUIsl BCEX BXOJHBIX 00pa3oB. TakuM 00pa3om, uem Omuxe
KOHEI[ OOy4YeHUus, TeM MEHbIIIe BeJIUYMHA A M TEeM TOUYHEee
OTIpeJIeINISIeTCSI TPYIINAa HEUPOHOB, OTBEYAIOITNX KaXKIOMY Ki1accy 00pa3oB.
OOyueHue ceTH 3aBEepINAeTCs, €CIU BBIMNOJIHSAIOTCS OJHO WIH
HECKOJIbKO YCJIIOBUM OKOHYAHMS: HCYEPIAHO 3aJaHHOE MpeaeiabHOe
KOJIMYECTBO DJIOX OOy4YeHHs;, HE MPOU3OILIO0 3HAYUMOTO H3MEHEHUS
BECOBBIX KOA((UIIMEHTOB B TMpejenax 3aJaHHOM TOYHOCTH Ha
NPOTSKEHUU TOCIEIHEN 3MOXU 00yUEHHU; UCUEPIaHO 3aIaHHOe
npeaesibHOe PU3nUecKoe BpeMsi 00YUEHHUS; a TAKKE €CIU A < Apin.

2.2. CaMoOpraHu3yoomnmecs KapTbl TPU3HAKOB

Ha ocHoBe HeitpoHHO# cetu KoxoHeHa cTpositcsi 0ojiee CI0XKHBIC
CTPYKTYypsl — camoopranmsytomuecsi kaptel (COK) mnpusnakoB (Self
Organizing Maps — SOM), xoTopble NPEACTABISIOT COOOW OJUH U3
BAPUAHTOB KJIACTEPU3AIMd MHOTOMEPHBIX BEKTOPOB B BUJIE JBYMEPHBIX
KapT, TAE€ pPACCTOSIHUS MEXAY OOBEKTaMU COOTBETCTBYIOT PACCTOSIHUSM
MEXK]ly UX BEKTOPAMU B MHOTOMEPHOM IPOCTPAHCTBE, a CaMU 3HAYEHUS
MPU3HAKOB OTOOPAXKAIOTCS PA3TUYHBIMU [IBETAMU U OTTEHKaMHU.

[Ipu oToOpakeHN MHOTOMEPHOTO MPOCTPAHCTBA HA TJIOCKYIO KapTy
HEN30€KHO HapyIIAETCs €ro TOMOJOTHYECKOe MoA00ue, T.€. CYIIECTBEHHO
yAaJdeHHble OOBEKTHl (C Majoll CTENEeHbI0 CXOJACTBA) B HCXOJHOM
MPOCTPAHCTBE MPU3HAKOB MOT'YT Ha KapTe 0Ka3aThCs PSAOM JIPYT C APYTOM.
N3-3a motepu uHopManuu 00 OJHOM WM HECKOJIBKUX H3MEPEHUSIX
(mpu3HaKax) MOXKET OBITh C/I€JIaH HEBEPHBIN BBIBOJ O CXOXKECTH OOBEKTOB
10 UX CBOMCTBAM, UTO CTAHET MPUIMHON OIIMOOYHOTO OTHECEHHSI 0OHEKTOB
K OJHOMY Kjaccy. MOKHO JOOUTHCS COXPAHEHUS MONOI0SUYECKO20
nogo0usi 0TOOpaKeHUsI MHOTOMEPHBIX BEKTOPOB, €CJIM MPOCHHUPOBAThH Ha
KapTy HE caMH OOBEKTHI, & pacCmosiHus MEX]y HUMH, BBIYMCIICHHBIE B
COOTBETCTBUU C OMPEACICHHON MeTpukon. Takum o0pa3zoM, uem OoJIbIIe
pacCTosIHUE MEXy 00bEKTaMU Ha KapTe, TeM OOJIbIIe PACCTOSTHUE MEXKTY
BEKTOpaMH MX MIPU3HAKOB U, CJIEIOBATEIILHO, TEM OOJIBIIIE PA3TUYAIOTCs UX
CBOWCTBA.

OTob6pakeHre MHOTOMEPHOTO MPOCTPAHCTBA JJAHHBIX Ha MJIOCKOCTH B
Buge COK ob6mamaer OoraTbiMM BBIPA3UTEIBHBIMH BO3MOKHOCTSMHU.
[IBeToBasi packpacka KapT IO BBIJICJICHHBIM KJacTepaMm oOO0ecleurnBacT
HaIrJISITHOCTD U YJI0OCTBO OMUCAHUS KAYECTBEHHON XapaKTEPUCTUKHU



kaxgoro knacrepa. COK MO3BOJISIIOT BU3yalIu3UPOBATH PE3YJIbTATHI
KJIaCTepU3allMi B BHUJE JBYMEPHBIX mennosvix kapm (heat maps), T1e
KaXJOMY 3HAYEHHIO MPU3HAKA COOTBETCTBYET OJIMH U3 OTTEHKOB B 3apaHee
BBIOpaHHOM 1IBETOBOM ramme. KapThl BBICICHHBIX PU3HAKOB COOMPAIOTCS
BOCJIMHO, U B pe3yibTaTe GopMupyercs TonorpaduyecKuii atiac, Jaromun
KOMIUJIEKCHOE MPEACTABIEHUE O CTPYKTYPE MHOTOMEPHBIX TAHHBIX.

Kapmwvr Koxonena cOCTOAT W3 CETMEHTOB MPSIMOYTOJIBHOW WU
IIECTUYTOJIbHOM (hOPMBI, Ha3bIBaeMbIX stueiikamu. Kaxas siueiika cBsizaHa
C OMpeNIeTICHHBIM BBIXOJHBIM HEHPOHOM U TMPEICTaBISIET co00M «cdepy
BIIMSIHUSDY JTAHHOTO HEWpOHA: B HEE MOMaJal0T OOBEKThI, «3aXBaUCHHBIE)
HEWPOHOM B MpOILIECCe KilacTepuszanuu. Pacripenenenue BEKTOPOB BECOB
HEWPOHOB KapThl IPOMCXOJIUT TaK K€, Kak M B 00bIYHOM ceTu KoxoHeHa,
T.€. HA OCHOBE KOHKYPEHTHOTO 00ydeHHus. OOBEKThI, BEKTOPbI KOTOPHIX
OKa3bIBAIOTCA OJMXKE K BEKTOPY BECOB JAHHOTO HEWpOHA, MOMAJarT B
s4elKy, CBSI3aHHYIO ¢ HUM. Torja pacmnpeneiieHue OObEKTOB Ha KapTe B
1eJI0M  OyJeT COOTBETCTBOBATH pACHPEICIICHUIO BEKTOPOB BECOB €€
HelipoHOoB. Cre0BaTeNbHO, €ClIM OOBEKTHI Ha KapTe PACOJIOKEHBI OJIU3KO
IPYT K APYTY, TO U UX BEKTOPHI OYIyT OJIM3KH; M HA00OPOT, €CIIU OOBEKTHI
Ha KapTe€ HaXOJATCS JAJeKO APYT OT ApPyra, TO U BEKTOPHI UX MPU3HAKOB
CUJIBHO Pa3JINYarOTCS.

XOTsl IO PACCTOSIHUIO MEXAY OOBbEKTaMHU MOXHO CJI€NIaTh BBIBOJIBI O
CTEIICHU UX CXOJICTBA WJIU Pa3Inuyus, TaKKe BakHa WHQPOpMaIys o TOM, B
YeM OPOSIBIISIETCS TO CXOJICTBO U pa3Inyue, M0 KAaKUM MpU3HAKaM 00bEKThI
pas3nuyaloTcs B HAauOOJIbIIIEeH CTENIEHH, a 0 KAaKUM — B HAMMEHBIIEH U T.1I.
NMmeHHO cnenuanbHas pacKpacka MOMOraeT IMOJY4YWTh OTBEThI HA 3TH
BOIPOCHI, BBIMOJIHSS (YHKIUIO TPETHErO0 U3MEPEHUS: KaXKJOM sSUehKe Ha
KapTe€ Ha3HA4YaeTcs LBET B COOTBETCTBUM CO 3HAYCHUSIMHU TPU3HAKOB
00OBEKTOB B HEW.

SAuetiku  kapThl KoxoHeHa MOTryT OBITh NOPSIMOYTOJBHOW U
MIECTUYTroabHOM ¢dopmbl  (puc. 3.2): IIECTUYTOJbHBIE sYeiiku Oosee
KOPPEKTHO OTPAXKAIOT PACCTOSHUSI MEXAY 00bEKTaMHU Ha KapTe, MTOCKOJIbKY
B 3TOM CJIy4ae PacCTOSTHUS MEXKIY LIEHTPAMH CMEKHBIX STYECK OJMHAKOBBI;
B CJIydYae K€ MNPSIMOYTOJbHBIX SYEEK PACCTOSAHUS MEXAY LIEHTPaMHU
CMEXXHBIX STYEEK 3aBUCUT OT UX B3aUMHOTO PACTIOTIOKEHHUS.
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Puc. 3.2. lllectuyronbHble (a) n nmpaMoyToibHbIe (6) stueriku COK

Jlist BeIOOpa ymciia HEMpoHOB Ha kapTe KoxoHeHa HE CyIIeCTBYET
cTporux mpaBwil. ONTUMaIBHOE KOJMYECTBO HEWPOHOB OMPENECHSAETCS
HCXOJIA U3 pelIaeMoil 3a1adud U 0COOCHHOCTeW AaHHBIX. Hampumep, ecnu
paz0poc 3HaueHU TPU3HAKOB B 0O0yYarome BBHIOOpKE CHIIBbHBIN (T.€.
BEKTOPBI 00BEKTOB B MPOCTPAHCTBE MPU3HAKOB Pa3peKEHbI), TO, BOZMOXKHO,
cieayeT yMeHbIUTh unciio HelipoHoB COK, uToObI n30exkaTh OOJBIIOro
KOJINYECTBA IMYCTHIX SYEEK, & €CIIM BEKTOPhl OOBEKTOB PACIIOJIOKEHHI B
MPOCTPAHCTBE MPU3HAKOB TJIOTHO, TO JIJISI TOJTYUCHHUS JIYUIITUX PE3yJIbTaTOB
MOYKHO YBEJINYUTH YUCIIO HEUPOHOB (puc. 3.3).
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Puc. 3.3. BeiOop uncia HeMpOHOB KapThl

[Ipu moctpoenun kapT KoxoHeHa MOKET BO3HUKHYTH MpoOsiema
MepmeblX HeupoHos, Beca KOTOPbIX Ha HAYaJIbHOM JTamne ObLIu
IPOUHUIMATU3UPOBAHBI TAKUM 00pPa30M, YTO MX BEKTOPbI OKA3aJIUCh B TON
YacTU IMPOCTPAHCTBA NPU3HAKOB, TJ€ OTCYTCTBYKOT WIH IIOYTH
OTCYTCTBYIOT BEKTOpPbl OOBEKTOB. «MepTBbie» HEHPOHBI B IPOIIECCE
KOHKYPEHIIUM TMPAKTUYECKH HE HMMEIOT IIAHCOB CTaTh MOOEAUTEISIMU U
NPUHATH ydyacThe B OOy4YEHHMH U KOPPEKIMU BecoB. BcneacTBue 3Toro,
00pa0oTKa BXOJHBIX JTAHHBIX MPOBOAUTCS MEHBIIUM (HEAOCTATOUYHBIM)
YUCJIOM HEHWPOHOB, YTO YXYAIIAeT KadeCcTBO Kiacrepusaun. /s
penieHus 3Toi MPoOIEMbI UCTIOJIB3YIOTCS PA3JIMUHbBIC TTOAXOIbI:



BO-TIEPBBIX, MOXKHO MHUITMATIU3UPOBATh KApPTy HE CIy4YallHBIMU BECaMH, a
BEKTOpaMU MPHU3HAKOB OOBEKTOB O0Oydarolle BBIOOPKHU; BO-BTOPBIX,
MOJICUUTHIBATH KOJIMYECTBO «IOOEI» KaXA0Tr0 HEHPOHA C 1IEJIbI0 yUeTa ero
AKTUBHOCTH.

O6nacte npuMeHeHHus: kKapT KoXOHEHa JOBOJIBLHO OOIIMpPHA, OHU C
YCIIEXOM  MOPUMEHSIIOTCS  JJIsi  pEIICHWs  3aJad  MOJEJIIUPOBAHUSA,
MPOTHO3UPOBAHMS, IIOUCKA 3aKOHOMEPHOCTEM B OOJBIIMX 00bemMax
JAHHBIX, BBISIBJICHUS HaOOpa HE3aBUCUMBIX MPU3HAKOB, CXKATHUS
undopmanuu. Kaptel KoxoHeHa MO3BOJAIOT BBIIBUHYTH 2Unomesvl O
HAIUYUYU KIACMEpHOU CMpyKmypsvl U 3aBUCUMOCTEN B HaOOpe JaHHBIX;
OJIHAKO BBIJIBUHYTHIEC TUIIOTE3bI HYICHO TIOATBEPKIATh IPYTUMHU METOAAMHU.
Ocobennoctsimu  kapThl KoxoHeHa sBIs€TCS TO, YTO IIOCKOJBKY B
OOJILIIMHCTBE CIy4aeB HWHUIMATIW3AIMS, WM 33JaHue HadaJdbHbBIX
BEKTOPOB, BECOB HEHPOHOB CETU SIBJISIETCS MPOWU3BOJBHOW, MPOUCXOAUT
nomepsi 00HO3HAYHOCMU PE3YJIbTaTa, KOTOPask MPOSIBIAETCS B TOM, YTO MPHU
KOKJIOM OOy4YeHHU CETH BCSKUU pa3 (POpMHUPYIOTCS pa3HbIE KapThbl
KoxoneHa.

2.3. OcobenHoctu mocTpoeHus kapT KoxoHeHa B aHAIUTUUECKOM
matdopme Deductor

2.3.1. 3arpy3ka (aiina ¢ oOyyaroiieil BHIOOPKON B aHAIUTHUYECKYIO
mwiatdopmy Deductor.

Jlns 3arpy3ku (aiina Be3bBaeTcs B Macmep umnopma (F6) Ha neBoit
naHenu Cyenapuu TJIABHOTO OKHa  mporpaMmbl  Deductor. U3
OTKPBIBILIETOCS CIIMCKA TUIOB MCTOYHUKOB JAHHBIX BBIOMPAETCS MPSIMOM
noctyn k daitnam tuna TXT — Hmnopm uz TXT, yxka3bIBaeTcs UM,
napamMeTpsl UMIopTta ¢aiiyia U 3amycKaeTcs Mpolecc UMIIOPTa KHOIKOM
lanee. 3areM OTKpbIBaeTcs Tabnuma ¢ oOywaromiei BBIOOPKOW U
OCYILIECTBJISICTCS HACTpOWKA MapamMeTpoOB  CTOJOIOB  TaONMIBI  —
yKa3bIBAETCSA WX Ha3HAYCHUE, HeOOXOoauMoe i JajdbHenen o0paboTKy.
Buo oannvix MoXeT ObITh HenpepviéHbiM — 3HAYEHUS B CTOJIOIE MOTYT
MPUHUMATH JII000€ 3HAUCHUE B paMKaX CBOErO TUIA (YUCIIOBBIC JIAHHBIC) U
OUCKpemHblM — 3HAYEHUs] MOTYT NPUHUMATh OTPAHUYECHHOE YHUCIIO
3HAUYE€HUU (CTPOKOBBIC JJAHHEBIE).



2.3.2. Iloctpoenue kapt KoxoHeHa.

[Tocne mporecca MMIOPTHPOBAHMS 3amyckaercs = Macmep
0bpabomku, B KOTOPOM BbIOMpaeTcsi MeTom@Kapma Koxonena. Mactep
00pabOTKM TIO3BOJIICT IIOCTPOWTH HEHPOHHYIO CE€Th C 3aJaHHOMN
CTPYKTYpOH, ONPEIeTUTh €€ TapaMeTPhl U 00YUYUTh C ITOMOIIBIO OJTHOTO U3
JOCTYIHBIX B CHUCTEME alropuTMoB oOydeHus. Hactpoiika u oOydeHue
NHC cocTout U3 cleayromnX Maros.

Illaz 1. Hacmpoiixa naznauerus cmonbyos. ITOT iar HeOOXO0 UM s
YTOUHEHHMSI, KAKHE CTOJOIIBI TaOIHUIBI ¢ 00yUaroiie BHIOOPKOM SIBISIOTCS
BXOJHBIMHM,  BBIXOJHBIMH,  HH(DOPMAIIMOHHBIMH,  HEIPHUTOIHBIMHU,
HEHCII0Ib3YEMbBIMH.

B kauecTBe 6x00HbIX BBIOMPAIOTCS CTOJIOUBI, KOTOpbhIE OyayT
WCITOJI30BaHbI JUIsI OOYYEHHS KapThl; 3TH CTOJOIBI 005S3aTEIBHO JOJDKHBI
UMETb YHCJOBOM THI; HEYHUCIOBBIE CTOJOIBI HE WCIOJB3YIOTCS IS

OoOy4eHUsI KapThl — UX Ha3HAYEHUE JOJKHO OBITH uH@opmamueusvim (puc.
3.4).

- MacTep oBpatoTtku - Kapra Koxonena (2 uz 9) - O x
Hacrpofika HasHauyeHWh croniunos
3308iTe HASHAYEHUA MCKOAHENY CTOAGWOE JaHHE
Sk Mt cTonbua CoLn
D'l Bospact THN LaHHEIR BewecTeeHHEIR
CpegHermecaYHEE pacson
&q CpeaHAR NpoAoN#MTENEHOCTE PasSra. . Haznauerue &.I Broaqoe i

[}n 3BOHKOE AHEM 3a MECAL, B maHHbx M Eams el
D'] 3EOHKOE BEYSPOM 34 MECHAL
bq 3BOHKOE HOYGBHK 53 MECAL

[}.I 3BOHKM B ApYri4e ropoga bl LHRAY R 0
D‘] JBOHKM B APYrHE CTPaHE
Pigy oA SB0HKOE Ha ETALMOHADHLIE TEn... Mark.cirayr 173

E’m konuectso SMS 3a mecAl

CTaTeTHEa

CpeaHes 21.243321460374

HacTpolika HoprManusawkm. . CTaHoapTHOE oTra. 27,9118640606937

Puc. 3.4. Hactpoiika Ha3Ha4Ye€HUI CTOJIOIIOB

[TockosbKy TIpY pelIeHUH 3ajauu Kiactepusanuu ¢ nomoipio COK
KoxoHeHa oCHOBaHBI MCIOJIB3YETCSl aITOPUTM 00ydeHus 0e3 yduTess, TO
8bIXOOHble CTOJIOUBI 111 OOydeHuss He 3agarorca. OpHako s
BU3yaJIM3alldd TPYNIUPOBOK Ha TOCTPOCHHBIX KapTax M IOUCKa
3aKOHOMEPHOCTEH BBIXOHBIC CTOJIOIBI MOTYT OBITH 3a/1aHBbI.

Hacmpoiika nopmanuzayuu mpoBOIUTCS C IEJIBIO MPeoOpa3oBaHUs
JAHHBIX K BHUJY, HauOoJiee MOIXOASAIIEMY JJisi 0OpaOOTKH CpelicTBaMu
naketa Deductor: HOpMaIn3aTOp MOXKET MPeoOpa3oBaTh JUCKPETHHIS



JTaHHbIE K HAO0Opy YHHMKAJbHBIX WHJICKCOB, a JIaHHBIC CTOJIOIA C
HETMPEPHIBHBIMHU 3HAYCHUSMHU, JISKAIMMH B TIPOU3BOJILHOM JHarna3oHe, — K
3ajaHHOMY Auanaszony [0...1].

Illlaz 2. Hacmpoiika obyuaroweti evioopxu. OOydaromias BbIOOpKa
pa3buBaeTcs Ha JBa MHOXECTBa — ooOyuarouee U mecmosoe. Crocod
pa3OMeHsT UCXOAHOTO MHOKECTBAa JAHHBIX MO YMOJYAHUIO 3aJaH Kak
CAVYAUHO.

Obyuarowee MHOICeCcmeo BKIOYAET 3amucu (MPUMEPBI), KOTOPHIE
OyIyT UCTIONB30BaThCA B KaU€CTBE UCXOAHBIX JaHHBIX A 00yuenus MHC.
Tecmosoe MHOJMICECMBO WCIIONB3YeTCS I TPOBEPKH PE3YyJbTAaTOB
ooyuenus MHC. ITockonbKy J1r000H METOJ KIacTepHU3allii, B TOM YUCTIE U
anroputM KoxoHeHa, CyObEKTUBEH, TO CMBICI B BBIJICJICHUU OTACIBHOTO,
TECTOBOTO MHOXKECTBA, KaK TMpaBuio, orcyrcTByer. Ilosromy mipu
pazaeneHun ooyJaroiieil BLIOOPKHU B 00yJaroIeM MHOKECTBE HEOOXO0IUMO
octaBuThb Bce 100 % 3amuceit (puc. 3.5).

Puc. 3.5. Hactpoiika oby4aroreit BeIOOpKH

Llae 3. Hacmpoiika napamempos kapmul Koxonena (puc. 3.6) 3agaer
pa3Mmep KapThl, T.€. KOJIUYECTBO SUEEK, U3 KOTOPBIX OHA OYIET COCTOSATb.



Puc. 3.6. Hactpolika napameTpoB kapTbl KoxoHeHa

Hnsa aroro B nonsax «Pazmep no ocu X» n «Pazmep no ocu Y»
YKa3bIBACTCS KOJMYECTBO SYEEK IO COOTBETCTBYIOIIMM KOOpAuHAaTaM. B
nosie «Konuuecmeo sueexy OTOOpakaeTcss oOIee YUCIO SYEEK KapThl,
PAaBHOE MTPOU3BEICHUIO 3HAYCHUM 3aJJaHHBIX T1OJIEH.

IIpu co3manuu KapThl CIEAYET PYKOBOJICTBOBATHCS MPABUIIAMMU:

—JJIs1 TIOUCKA CTATMUCTHUYECKH 3HAYMMBIX 3aKOHOMEPHOCTEM oO0Iee
yucio ssyeek COK 10mKHO OBITh HAa MOPSIAOK MEHBIIE YUCIa 00yJaronInx
MIPUMEPOB;

— ISl UCCTICJIOBAHUS KIIACTEPHOM CTPYKTYpPhI JTAHHBIX YHCIIO SUYEEK
COK n0/KHO OBITH CPAaBHUMO C YUCIOM npumepoB. [Ipu 3Tom mosBsTCS
MyCThIE STYEUKH, pa3rPaHUYNBAIOIIUE 00JIACTH JAHHBIX;

— PEKOMEH/IYETCSl BRIOMPATh TAKOU pa3Mep KapThl, UTOOBI HaA KAHCOVIO
AYEUKY NPUXOOUNOCsb Xoms Obl no 06e 3aINCH.

B cnoucke «®@opma sueex» BbIOMpaeTCs OJMH W3 BapUAHTOB
KOH(pUTrypanuu sYedku — TpSAMOYTOJbHAs WX IecTuyroibHas. [lpu
3agaHud (OPMBI SYEEK HYXKHO YUUTHIBATh, YTO IIECTUYTOJIbHUKHU JIatOT
00Jiee KOPPEKTHBIE PE3YIIbTATHI, T.K. PACCTOSIHUE MEXKTY LIEHTPAMU STYEEK B
MIECTUYTOJIbHUKAaX OJMKE K €BKIUIOBY, OJJHAKO CKOPOCTh 00YUYEHUS BBIIIIE
MIPU UCIIOJb30BAHUU MIPSMOYTOJIbHOM (DOPMBI STUEEK.

Illlaz 4. Hacmpouka napamempo8 OCMAaHOBKU 00yyYeHus. 3aaaroTcs
YCJIOBUS, TIPYU BBIMOJHEHUH KOTOPBIX 00yUEeHHE KapThl OyAET MPEKpPaIlICHO:

a) «cyumamov NpuMep PACNO3HAHHBIM, €CAU OUWUOKA MeHbule) —
KpUTEpUEM OCTaHOBAa OOYYEHHsS SBJISIFOTCA  YCJIOBUSL TOrO, YTO
paccoriacoBaHUE MEKy STAIOHHBIM M pEAIbHBIM BBIXOJOM KapThl CTAHET
MEHBIIIE 33ITAHHOTO 3HAYEHUS;



0) «no Oocmudicenuro 3Inoxu» — TapaMeTp OCTaHOBa 3aJacT
KOJIMYECTBO 30X, MO JIOCTUKEHUU 3HAYEHUSI KOTOPOTO MPOLECC 00yUCHUS
OyZIeT OCTaHOBJEH, T.e. Ja)xe TOrja, Korja He JOCTUTHyTa 3aJaHHas
TOYHOCTh OOy4YeHHs. ITO YCIOBHE OCTAaHOBAa TO3BOJIIET U30€XKaTh
3QYUKIUBAHUSL B CUTYAIUSX, KOTJJa TOUHOCTh HE JIOCTWXKKUMA (OIIMOKa HE
YMEHBIIIAETCH ).

Kpome Toro, mis oOyyaromero MU TECTOBOTO MHOXKECTBA B
COOTBETCTBYIOIIUX CEKIMSAX OKHAa MOTYT HE3aBHCUMO YCTaHABIMBATHCS
CIEYIOIINE KPUTEPUHU OCTaHOBa OOYYEHHUsS: CpeIHss KBaJApaTUYHAs
omubOKa WIM MaKCUMaJlbHas KBaJpaTU4yHas OIIMOKa Ha O0O0ydJaroliem
MHOYKECTBE WJIM TECTOBOM MHOKECTBAX JOJIKHA OBITh MEHBIIIE 33JJAHHOTO
3HAUEHMs; KOJIMUECTBO PACMO3HAHHBIX MPUMEPOB Ha O0O0ydaroIliemM
MHO>KE€CTBE U TECTOBOM MHOXKECTBE JIOJKHO CTaTh OOJbIlIE€ 3aJaHHOTO
MPOIIEHTA.

ar 5. Hacmpotika napamempos obyuenusn kapmol Koxonena
(puc. 3.7). Yka3bIBatoTCs CIEAYIONIME MapaMeTpbl OOyUYEHUS:

a) cnocobd HA4aNbHOU UHUYUAAU3AYUU KApThl — OTO CIOCO0
YCTAHOBJICHUSI HAYaJbHBIX BECOBBIX KO3(P(UIIMEHTOB HEUPOHOB KapThl.
Y1auyHo BBIOpAHHBIN CMOCOO MHUIMAIU3AIMU MO3BOJAET CYIIECTBEHHO
YCKOPUTh OOYy4Y€HHE W TPUBECTH K TMOJYUYECHHIO 00Jiee€ KaYyeCTBEHHBIX
pe3ysbTaToB. JlOCTymHBI TpU BapvaHTa HMHUIUAIU3ALMUM: CIy4ailHBIMU
3HAQUCHUSAMU; CIIyYallHbIMU MPUMEpaMU U3 O0y4Yarollero MHOXKECTBA; W3
coOCTBEHHBIX BeKTOpOB. [Ipu BeIOOpE criocoba HauaabHON MHUITMATU3AIUN
ClielyeT  pPYKOBOJCTBOBaTbCd  00beMOM  oOydaroumiel  BBIOOPKH;
KOJIMYECTBOM SIIOX, OTBEJEHHBIX JIsi OOyUEHMS; pazMepaMu oOydaemoit
KapThl;

Mactep oBpaBoTku - Kapta KoxoHena (6 us 9) - O .
Hacrpo#ika napaMerpos ofyyeHua KapTol KoxoHeHa
HEa#MTE 3HAYEHWA NAPAMETPOE 0GYEHMA KapTel K.oxoHeHa

Cnocod HaYanEHOE MHHLMANMEaLMHMI KapTel M= cofcTEEHHEM BEKTOPOE

K.ONUMECTED 3M0%, YEPES KOTOPOE HEOGX0LHMO NEPEMELMESTE CTPOKH 20 ﬂ
CropocTe 06y4eHWa Paguyc ofyyeHus

B Hadane oSyieHHA 0.3 w~ B Havane ofyqeHus 4 ﬂ
*
o

B koHue ofyyeHun 0,005 w~ B koHue ofyyeHus 0.1

PyHEuMA cocegoTea | CTynenvaras ~
K.nacTepuzauus

AETOMITHYECKH ONpEaENHTE KONMYECTED KNACTEROE

YpoBeHs SHAUMMOCTH, 2 1 w 7 ﬂ

Puc. 3.7. Hactpoiika napameTpoB o0yueHus kapThl KoxoHeHa




— eciu 00beM oOydaromiel BbIOOpKM 3HauuTedbHO (pa3 B 100)
IIPEBBIIIACT KOJIMYECTBO HEUPOHOB KAPThI U BpeMsi OOyUCHMsI HE UTPacT
NIEPBOOUYEPETHYIO POJIb, TO JIYUIII€ BEIOPATh MHUIIUATIU3AIUIO CIYYAtiHLIMU
3HAYeHusMu, T.K. B 3TOM CJIydae MCHBIIC BEPOSATHOCTH IOMAJaHUS B
JIOKaJIbHBI MUHUMYM OIITMOKHU KJIaCTepU3aIlUU;

— eciu 00beM oOydarolieid BEHIOOPKM HE OYEHb BEJUK, OIPaHHYCHO
BpeMs 00yUCHHS WIIH HEOOXOIMMO YMEHBIIIUTH BEPOSITHOCTH TIOSIBJICHUS
«MEPTBBIX» HEHUPOHOB (B KOTOpHIE HE MOMAAAIOT OOBEKTHI OOydYaroiiei
BBIOOpPKH), TO CJEAyEeT MCHOJb30BaTh WHUIIUAIM3AIMIO MPUMEpPAMU U3
00yuawWe20 MHOMCeCmaa,

— UHULUAIN3ALHUIO U3 COOCMBEHHbIX 86eKMOPO8 MOKHO HUCIIONb30BaTh
npu JII0OOM CTEYEHHUU OOCTOSATENIBCTB, HO B ATOM Clly4ae BEPOSITHOCTH
MOSIBJICHUS «MEPTBBIX» HEHMPOHOB BO3pAcTaeT MO CPABHEHUIO C TEM, YeM
eciu Obl1a Obl KCTI0JIb30BaHA MHULIMATU3AIUS IPUMEPaMU U3 00yYaroIIero
MHOECTBA. DTOT CIIOCO0 PEKOMEHIyETCs BRIOMPATh MPU O3HAKOMJIICHUH C
JTaHHBIMU;

6) B CEKIIUM CKOpoCcmb 00y4eHus 3aJal0TCsl CKOPOCTh OOyYEHUS 6
Hauase v 8 KoHye oOyueHus KapThl KOXOHEHa; peKOMEHIyeMbIe 3HAYCHUS B
Hauaje ooyuenus 0,1-0,3, B koniie ooyuenus 0,05-0,005;

8) paouyc oOyueHus — 3a1aeTCs 8 Hauajle U 8 KOHYe 00yueHUs; B Hadalle
OH JIOJIKEH OBITh JOCTATOYHO OOJIBIION — MPUMEPHO MOJTOBHUHA HJIU MEHBIIIE
pa3Mepa KapThl (MaKCUMaJIbHOE JIMNHEHHOE PACCTOSHHE OT JTF000T0 HEHpOoHa
JI0 IpYyroro jJr00ro HeMpoHa), a B KOHIIE OOYUYEHHS — JIOCTAaTOYHO MaJblit
(mpumepHO | wiKn MeHbIIE);

2) pyHKYus cocedcmea ONPEACIISIET, KaKue HEHPOHBI Oy Iy T CUUTATHCS
COCEJHMMH 110 OTHOIIICHUIO K HeWpoHy-nioobeautento (3.2—-3.4). Hanpumep,
ecnu (QYHKIMS COCEACTBA CTyIEHYaTas, TO «COCEASIMU» JUisl HEeHWpoHa-
nobenurens OyAayT CUMTAThCS BCE HEHPOHBI, JIMHEHHOE PACCTOSHHE [0
KOTOpPBIX HE OOJbllle TEKyIlero paauyca oOydeHus. Beibop (yHKImm
COCEJICTBA BIUSIET HA CKOPOCTh M KauecTBO 00yueHus. Hampumep, CKopocTh
oOy4eHus OOJIBIIE MPU UCIIOIH30BAHUH CTYIIEHYATON (PYHKIIUH, @ KAYECTBO
oOy4eHHUsl BBINIC TMPU KCIOJb30BAHUE TayCcCOBOM (PYHKIIMU COCENCTBA
(oOydenue OoJsee TUIaBHOE U PAaBHOMEPHOE);

0) knacmepuzayus — B OTOW CEKIIMU YKa3bIBaETCAd CIIOCOO
OTIpeJIeTICHUs KOJIMYECTBA KJIACTEPOB — aBTOMATHUUYECKUM CIIOCOOOM WIIH
BpyuHyt0. [Ipu aBTOMaTHYECKOM ONpPEACIICHUH KOJIMYECTBA KJIACTEPOB
YKa3bIBACTCS YPOBEHb 3HAYUMOCU — YeM OOJIBIIIE TOT apaMeTp, TEM



OoJiplliee KOJUYECTBO KJIAcTepoB OyaeT mojydeHo. I[lpu pydHOM
OMPE/ICIICHUU KOJIMUECTBA KJIACTEPOB HACTPAUBACTCS (HUKCUPOBAHHOE
KOAU4ecmao Kiacmepos — napaMmeTp, KOTOPbIN 3aJa€TCsl MOJIb30BATEIEM.

llaz 6. I[locmpoenue kapmer Koxonena. Ha 3Tom mare 3amyckaercs
nporecc OOy4YeHUs] HaKaTUEeM Ha KHOMNKY [[lyck; TpU 3TOM MOXHO
HaOMIOaTh JUHAMUKY Tporecca oOyuenus cetu Koxonena (puc. 3.8) c
3aJJaHHBIMU napameTpamu. OcrtaHoBKa mpolecca oOyueHusI
OCYIIECTBIISICTCSI KHONKON «Cmony.

Coc 2 oo

Mactep oBpaBotku - Kaprta Koxonena (7 us 9) — O *
MocTpoenue kapTo Koxonedna 3anyck NDOWECCE NOCTPOSHWA KADTE KoxoHeHa
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Puc. 3.8. Hactpoiika nmapameTpoB 00yueHus kapTbl KoxoHnena

1,00E+02

1,00E+01

Koraa Bo3HMKAIOT cuTyaliuu HEOOXOAMMOCTH TMTOBTOPHOM HACTPOUKHU
OOy4YeHUs CETHU, MOXKHO MNPOJOJDKUTH OOydYeHHE, HauhHas C TEKYIIUX
BECOBBIX KO3((OUITMEHTOB — ISl 3TOTO HYKHO yopaTh (iaxxok Pecmapm.
Ecou Bkmtouuth ¢uaxoxk Pecmapm, TO Beca HEUPOHOB CETH OyIyT
MPOMHUIIMATM3UPOBAHBI 3aHOBO COTJIACHO BBIOPAHHOMY Ha MPEIbIAYyIIEM
are Croco0y MHUIIHAIU3AIINH.

Ilar 7. Hacmpotika omobpadicenuti kapm Koxonena. Jna Buzyanu-
3aiu KapT KoxoHeHa HE0OXOAUMO OTMETHUTh BXOJIHbIE / BBIXOJHBIC
CTOJIOIIOB W  CIEHHANIbHBIE KapThl, KOTOpbIE OYyIyT IIOKa3aHBI
MI0JIb30BATEII0, U HACTPOUTH ITapaMeTphbl BU3yau3aiuu (puc. 3.9).



MacTep obpaboTku - Kapra Koxonena (8 us 9) - O ot
Hacrpofixa orobpaxeHwi kapro KoxoneHa
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CrMcok gonycTHMBE oToGpakeHMi KapThl Crocod packpalmMEaHHA Auesk

#- [F] BxoaHele crontu H Ueerhas nammpa “

i [ BrwonHeie cTonfi,

- [F] CreuvansHele
[ Marpuua paccToanui
M aTpULE OWMEDE KBESHTOEaHWA
M aTpULE NAOTHOCTH NONagaHKHA
- [ KnacTepe:
s [ Mpoekuma Carrona

CrnamueaH1e LWESTOE KapTEl

LM paHuue sueek.
[paHMUEI KNacTEpoE

Pazmep AYefkKH No yrondaHu9 [nuec.)

16 3

Puc. 3.9. Hactpoiika napametpoB o0yueHus kapThl Koxonena

B cniucok nomyctumbix otroopaxenuit kapt Koxonena Bxoast
cneyuanbHble KapThl:

a) mMampuya paccmosHuli — Kapta, HeoOXoauMast JIJIsl BU3yalln3aluu
CTPYKTYpPBI KJIACTEPOB, MOJYYEHHBIX B Pe3yibTaTe OOyYCHHSI. DICMEHTHI
MaTPUIIbl OTMPEACIIAIOT PACCTOSHUE MEXIY BECOBBIMHU Kod(pdulMeHTaAaMU
HEWpoOHa W ero OJmKaWluMHu cocedsiMu. boiblimoe 3HaueHHE 3JIEMEHTa
MaTPHIIbI CBUACTEIBCTBYET O TOM, YTO JaHHBIM HEUPOH CHIILHO OTINYASTCS
OT OKPYKAIOIIUX U OTHOCHUTCS K IPYTroMy Kjaccy;

0) mampuya owubOK KeaHmo8auusi — KapTa, KOTopas oToOpa)kaer
CpEelIHEEe pACCTOSHHE OT BXOJHBIX OOBEKTOB 1O IleHTpa sdciiku. OHa
noka3biBaeT kauectBO oOyueHuss COK KoxoHeHa: yeM MEHbIIIe CpeliHEe
paccTosTHUE JI0 [IEHTpa STYeHKU, TeM OMKe K HEel pacoyioKEeHbI TPUMEPHI,
U TEM JIyUIlle MOJIEIIb;

8) mampuya njiIOMHOCMU NONadaHusi — KapTa, OTOoOpaKaroIas
KOJIMYECTBO OOBEKTOB, MOMABIIUX B TYECHKY;

2) xnacmepvl — KapThl KoxoHEHa, KOTOpHIE OTOOpa)KarT SUYCHKH,
00BEIMHEHHBIC B KJIACTEPHI aJITOPUTMOM k-means;

0) npoexkyusa Cammona — KapTa, SBJAIOIIASACS PE3YJIHTATOM
MPOCIIMPOBAHUS MHOTOMEPHBIX JAHHBIX Ha IUIOCKOCTh. [IpumedaTensHoO,
4TO JIaHHBIC, PACIIOJIOKEHHBIE PSJIOM B HCXOIHOWM MHOTOMEPHOM BBIOOPKE,
OyIyT pacrooKeHbI PSAIOM U Ha TUIOCKOCTH.

Jns  HacTpoWKH OTOOpakeHUs TMOCTpOeHHBIX KkapT KoxoHeHna
yCTaHABJIMBAIOTCS CIICIYIONINE ITapaMeTphI:

— Cnocob packpauusanus siueex — BETHAS MAIUTPA U WIH Tpajalius
CEporo: eciau HeoOX0IMMO BCTpanBaTh KapTy KoxoHeHa B IeYaTHbIN OTYET,
TO JIy4IlIe BRIOpATh CEPYIO IIBETOBYIO CXEMY;



— cenajicusanue yeemos Kapmuvl — TO3BOJAET 00ECIeuuTh OoJjiee
IJIaBHBIM TEpexXoJi I[BETOB B KapTax (0e3 BBIOPOCOB), HO MPU ITOM
yXyJIIaeTcs padoTa ¢ KakKI01 SUCHKON B OT/ICIBHOCTH;

— 2paHuybl AYeex — MOKa3bIBAET IPaHULIbI IUYEEK HA KapTe;

— 2panuysl Klacmepos — TOKa3bIBA€T T'PAHUIIBI KJIACTEPOB HAa BCEX
KapTax. ITOT PEKUM YJI00€H JI aHalIu3a CTPYKTYPhI KJIACTEPOB;

— pasmep AdelKu Ha KapTe B MUKCEJIX (M0 yMoa4aHuio 16).

2.3.3. Hacrtporika kapt KoxoneHa.

Buzyanuzayus kapm. Ilocne BBIIOJHEHUS BCEX 9MAN08 NOCMPOEHUS
COK otoOpaxatorcsi kapThl KoxoHeHa, Tak 4YTO KaXJAOMY BXOIHOMY
CTOJIOIly COOTBETCTBYET CBOSl KapTa. TeKkyllas siueiika OZHOBPEMEHHO
oToOpa)kaeTcsi Ha BCEX KapTaxX MPU3HAKOB MAaJEHbBKON OKPY>KHOCTHIO
YEepHOTO 1BETA. I3MEHHUTH TEKYIIYIO STYEMKY MOKHO, IIEITKHYB MBIIIBIO B
HYKHBIH y4acCTOK KapThl. BHU3Y KaXJI0ro oTOOpa)k€HUsl Ha TpaJueHTHOM
IIKAJIE B JKEITOM MPSIMOYTOJBHUKE MOKA3bIBAETCS YHUCIOBOE 3HAYCHHE
IIPU3HAKA, COOTBETCTBYIOILIEE €€ LIBETY.

[Ipu paboTe ¢ KapTamMu NMPUMEHSAIOTCS OTIEpaIliU, 3aITyCKaeMbIe JTMOO
U3 BEPXHETO MEHIO Ha MaHEIM MHCTPYMEHTOB BH3yajau3zaTopa, JU00 W3
KOHTEKCTHOTO MEHIO, BBI3BIBAEMOTO MPABOM KHOMKOM MBIIIHN B JIIOOOM OKHE
KapThl.

B BepxHEeM MeHIO BU3yan3aTopa KapT pacloyiOKEH Ppsiji KHOIOK:

% cparuybl A4E€EeK — HOK&SBIB&CT/CKPBIB&CT I'paHUIbI AYCCK,
ﬁ cparuybl Kiacmepoe — ITOKa3bIBacT/ CKPBLIBACT I'PAHUILIBI KJIACTCPOB,

2 conancusanue y6emoes Kapmul —TUIABHBIN NIEPEXO0/] LIBETOB;

Hacmpouxa omoobpasicerusi —OKHO HACTPOUKH OTOOpaskeHU I

&'KapThl; HACMpoumsb Kiacmepvl — OKHO HACTPOUKH KOJTHUYECTBA
KJIACTEPOB.

Pexcumor pabomur ¢ kapmamu. Ilpu padbore B COK Koxonena B
nporpamme Deductor ectb 4 pexxuma padOThl, KOTOPbIE BKIIIOYAIOTCS C
IIOMOMIEK0 BEPXHETO0 M KOHTEKCTHOTO MEHIO KHONKOM & Msmenumo
pedcum pabomsl ¢ KApmamu:

®npocmou pedxcum — PEXKUM, 3aJAHHBIA MO YMOJIYAHUIO, KOTAa
yKa3aTellb MbIIIA aKTUBU3UPYET TEKYIIYI0 SUYEUKYy B BHUJE MaJCHbKOUN
OKpPY>KHOCTHM OJJHOBPEMEHHO Ha BCEX KapTax B OJHUX U TEX XK€
KOOPAWHATAX;

“pedicum 8vloeeHs — PEXKUM, B KOTOPOM yKa3aTejeM MBI MOKHO
BBIJICTIUTD (WU CHATH BBIJICJICHUE) PETYIIBIO OJHY WU



HECKOJIBKO Y€K Ha KapTe. Eciu HyXHO BBLICIUTH SYCHKHU, 3HAYCHHS
KOTOPBIX BXOJAT B HEKOTOPBIA JIHMAIla30H 3HAYEHWUM, TO CHAdajga 3TOT
JMana3oH HEOOXOIMMO 3a/aTh Ha TPaJUCHTHOW IIIKaje BHU3Y KapThl:
CHayaja BbIOpaTh HaYaJlo JMara3oHa Ha IIKajle, HaXaThb JICBYIO KHOIIKY
MBIIIW I BbIACACHUS (WM TPaBYK) KHOIKY MBIIIK I CHSATHS
BBIJICTICHUSI), 3aT€M, HE OTIYCKas KHONKH, MEPEMECTUTh YyKa3aTelb B
KOHEYHYIO TOYKY JHMaIa30Ha W OTXaTh KHOMNKY MbIW. s oduiieHus
CITMUCKA BBIJICJICHHBIX AYEEK YEPE3 KOHTEKCTHOE MEHIO, BCILIBIBAIOIIEE IO
HAXKaTHUIO MPABOM KHOMKU MBI, HY>KHO BBIOPATh 04UCMUMb 8blOENIEeHHbLE
A4euxu,

dApexcum pucosanusi Konmypa B BUAE JIOMAHOW JIMHUM — PEXKUM, B
KOTOPOM T'paHUIlbl HEKOTOPOU OOBOASTCS C TIOMOIIBIO JJOMaHOW JINHUH;

& peoicum yemanoexu memox — B peKMMe YCTAHOBIIEHHMS, YAAICHHUS U
MMPaBKU TEKCTOBBIX METOK s omnpeneneHHbix sdyeek COK nBoWHBIM
Ha)KaTHEM MBIIIN O SYEHKE BBI3BIBAETCS THUAIOTOBOE OKHO, B KOTOPOM
BBOJIUTCS / pETAKTUPYETCSA TEKCT METKH.

Conocmasnenue xapm Koxonena c oannvimu. 1 B BEpXHEM, W B
KOHTEKCTHOM MEHIO €CTh KHomKadlloxazamuv/ckpvimb okHO OanHvix (F4),
KOTOpasi OTKPhIBACT (WJIM 3aKPHIBACT) B HUKHEHW YaCTH BU3YyaJIU3aTopa KapT
KoxoHnena tabnuity ¢ nmpumepamu oOydaromieid BeIOOpku. IIpu padote c
3TOM TaOIuIIel TOCTYMHBI CAEAYIONTUE OTIEPAIUH:

®naumu auetxy na xapme (Ctri+Enter) — HaX0XIEHHE TEKyIIEH
SYEUKH, COOTBETCTBYIOIIECH 3HAUEHUSIM TEKYIEeH 3anucu Tadauibl. OgHaKo
JaHHasg KOMaH7a HEJAOCTYIIHA, €CIIM BBIOpaH QUIILTP MO SYCHKeE;

[ -
cnocob omoopadcenus (Ctrl+FI12) — Busyanusupyercss Ju0o
Ta0JIUIla ¢ UCXOHBIMH MIpUMepaMH, 00 hopMma, MO0 CTaTUCTHKA;
¥ dunempayus — BeITIOTHAETCS QUIBTpAIUA 3aMIUcelt (IPUMEPOB)

B Tabnuie 4 crrocobamu:

Woes purompayuu — Bce IPUMEPHI KCXOJHOr0 Habopa TaHHBIX;
T punomp no suetixe — IPUMEPHI, TOIMABIINE B BEIACICHHYIO SUEHKY;
LPuremp no Kiacmepy — TPUMEPHI, IMOMABIINC B BBHIOPAHHBIH
KJ1acTep;
& unemp no evloereHHOMy — IPUMEPHI, TIOTIABIIINE B BHIICICHHYIO 00JIaCTh.



3. Meroauka BbINOJIHEHUS PA00ThI

3.1. Pelienue 3a/1aun KJIacTEpU3alMM C MOMOIILI0 kKapT KoXxoHeHa Ha
OCHOBE aHaJUTH4YeCcKoM rmathopmMsl Deductor

Ilpumep. TlpoBoautcs cerMeHTaldss aOOHEHTOB TEJIEKOMMYHHKA-
IIMOHHON KOMITAaHUH, HEOOX0AuMasl IS TIOCTPOCHUS npoduiieii abOHEHTOB
MyTEM BBISIBJICHUS MX CXOXEro MOBEJACHUS B YacCTOTE, JIUTEIbHOCTH,
BPEMEHH 3BOHKOB M €XEMECSYHBIX pPACXOJOB, a TaKXKe I OIICHKHU
HanOoJiee W HaWMEHeEe JOXOJHBIX CErMEHTOB. 3ajlaya HeMpoceTeBOit
KJIaCTEpU3alMu pemaercss ¢ mnomoiibio kapT KoxoHeHa Ha oOCHOBe
aHanuTUYecKou mnatdopmel Deductor.

B kauecTBe oOyuaroiiero Habopa JaHHBIX BBICTyINaeT 0a3za JaHHBIX
KJINCHTOB TEJIEKOMMYHUKAIMOHHOU KOMIIaHUH Abonenmui.txt,
BKJIIOYAIOIIasl 3amucu ¢ onucaHueMm 11 XxapakTepucTuk (MpU3HAKOB),
BKItOYaromux: «Kooy, «Bozpacmy», «Cpeonemecsaunvlii pacxoo,
«CpeoHsis npoooIdHCUMENbHOCTb PA32080Pa», «360HKO8 OHEM 34 MeCsay,

«360HKO8 6euepoM 3a MecAy», «360HKO8 HOUbIO 3a MecAayy», «360HKU 8
opyeue 2opoda», «360HKU 6 Opyaue cmpauvly, «/{ons 360HKO8 Ha
cmayuonaphusie menegonwly, «Konuuwecmeo SMS 3a mecsayy.

3.1.1. ITocTtpoenue kapT KoxoHeHa JijiT HCXOHON BBIOOPKH.

@aiin ¢ oOyuaronieit BHIOOPKON «AOOHeHmbl.1Xt» UMIIOPTUPYETCS B
nporpammy Deductor. Tlociie *MIIOPTUPOBaHUS 3aITyckaeTcs = Macmep
oopabomku (F7); BbIOMpaeTcs MeTod oOpaOOTKM AaHHBIX —&Kapma
Koxonena. Hactpoiika u 00ydeHHE KapT MOPOBOAUTCSA MO IIaraM B
COOTBETCTBUH C II. 2.3.

Ha mare 1 HacTpoiiku Ha3HauYEHUSI CTOJIOIOB TAOIUIIBI ¢ O0yUaroIiei
BBIOOPKOW MepBOMY CTOJIONY «K00» yCTaHABIUBACTCS UHDOPMAYUOHHOE
Ha3HAUYCHHE, BCEM OCTAILHBIM 10 cTosdmam — exoonoe.

Ha mare 2 wHactpoiiku oOyuaromieil BbIOOpKH B oOydaroliee
MHOK€eCTBO BkitouaetTca 100% 3anuceil.

Ocratorcss 0e3 u3MeHEeHHH (T.€. CO 3HAYCHUSIMHM, 3aJaHHBIMHU IO
YMOJIYaHUI0) nmapameTpol kKapTel KoxoneHa (mar 3), mapaMeTpbl OCTAHOBKHU
oOyuenus (mar 4) u napameTpsl 00yueHust kapTel KoxoHnena (war 5).

Ha miare 6 3anmyckaercs npouecc noctpoeHnust kapt Koxonena, nociue
3aBEPIICHUS KOTOPOIo Ha IIare 7 MpOBOJUTCSA HACTPOHKA OTOOPaKEHUI



kapT KoxoHeHa: B ClIUCKe JOMYCTUMBIX OTOOPAKEHUI KapThl OTMEUYAIOTCS
Bce 10 BXOoAHBIX CTOJNIOIIOB, @ TaKXKe€ CpPEAW CIHEIUATbHBIX KapT
YKa3bIBAIOTCSI MATPUIIbl OITMOOK KBAaHTOBAHUS U IJIOTHOCTH TMOIAIaHMUS;
KpOME TOro, yCTaHOBIMBaeTcsi (naxkok B mnone Cenasxcusanue yeemos
Kapmol 1 youpaetcs (pyaxxok U3 1o I panuyvl Kiacmepos.

[Io oxoHuanum Bcex oamanog nocmpoenus  SOMap-kapt
dbopmupyrorcsi kaptel Koxonena (puc. 3.10), B KOTOPBIX Kaxiaomy
BXOJHOMY CTOJIOIlY TaOJIuIbl ¢ 00y4aroiiei BHIOOPKO COOTBETCTBYET CBOS
KapTta npu3Haka (Bcero 10 kapT npu3HAKOB).
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Puc. 3.10. Kaptel Koxonena macmraba /6x/2 njis cerMeHTaIuu aOOHEHTOB



Pyunas xknacmepusayus. Ecnu BHUMATEIBbHO PacCMOTPETh Cpeau
MOCTPOEHHBIX KApT OTJIEIBHO B3SITYIO KapTy Bo3zpacm, TO MOXKHO YBUJETb,
YTO Ha HEW YETKO BBIACISIIOTCA 00JACTH CHUHETO, KEITO-3€JICHOTO U TaKXKe
KpacHoro IBera. [IpumHMMas BO BHHMMaHHWE, YTO Ha KapTaxX MPHU3HAKOB
Pa3IMYHBIMU [IBETAMU MMOKA3aHbl 3HAYEHUSI IPU3HAKOB C UCIIOJIb30BAHUEM
TETIJIOBOM IIKAJIbI, KOT/Ia CaMble HU3KUE 3HAYCHUS M300pakKaroTCsl TEMHBIM
IIBETOM, a CaMbI€ BBICOKHE — KPACHBIM, MOYKHO CJI€JIaTh BBIBOJI, YTO HA KapTe
Bospacm  mokazanbl  TpU ~ BO3pacTHbIe  Tpynnbl  aOOHEHTOB
TEJICKOMMYHHUKAIIMOHHON CETH: MOJOACKb (00JaCTH CHHEro W roy0oro
I[BETOB C MaJIbIMM 3HAYCHHUSAMH), TIOJIH30BATEIM CpEIHETr0 BO3pacTa
(HauOojyee oOmMpHas 00JaCTh JKEJITO-3€JICHOTO I1IBe€Ta) W aOOHEHTHI
cTapiero Bo3pacta (00JacTh OPaHKEBOIO U KPACHOTO I[BETA C BHICOKUMH
3HAYEHUSMU TIPU3HAKA).

Xapakrepusysi 3HaYEHUsSI 00OBEKTOB B OINPECICHHBIX 001acTAX KapT
O I[BETaM, MOXHO TIOCTPOUTH npoghuiu OOBEKTOB B 3TUX 00JACTAX, a JJIs
paccMaTpuBaeMOro IpuUMepa — IMOJYYUTh MNPEACTABICHHUE O TPOPUIIIX
a0OHEHTOB TEJICKOMMYHHUKAIITMOHHON KOMIIAHUH.

Hampumep, Ha kapte Bospacm WMeeTCs HECKOJBKO o00yacTeil ¢
MaJIbIMUA 3HAYEHUSIMU, COOTBETCTBYIOIIMMHU TpyIiIaM aO0OHEHTOB MOJIOA0TO
BO3pacTa: ojJHa O0JacCTh TEMHO-CHMHErO IIBETa, JBE 00JIaCTU TOJIyOOoro
I[BETA.

Ecnu Ha 3TOM KapTe B peorcume evioesieHuss siueek PETYIIbIO BhIACIUTh
HYXHbIE SYEHKH O0O0JIAaCTH TOJyOOTO IBETa C MAJIBIMH 3HAYCHUSIMU
MIPU3HAKOB, a 3aTEM B pedicume puco8anusi KOHmypa oOBECTH 3Ty 00JacTh
(puc. 3.11), T.e. 8pyunyr0 TOCTPOUTH OTICIbHBIN Kiacmep, TO 3Ta Ke
o0yacTh OyAeT oToOpakeHa Ha BCEX OCTAIBHBIX KapTax, 4TO JacT
BO3MO>KHOCTb I10 I[BETY OIIEHUTbh 3HAYCHUS TPU3HAKOB OOHEKTOB B HEIl.

Wtak, B BBIJICICHHBIM Ha KapTax KJIACTEp BXOJUT TPYIIa MOJIOIBIX
JI0JIE, KOTOPhIE UMEIOT CPEJIHUI CpEeJHEMECSUHBIN pacxoj] CPEeACTB Ha
3BOHKM (00JacTh TOJyOOBAaTO-3€JICHOTO IIBETA), MPOAOIKUTEIHLHOCTh
Pa3rOBOPOB BBIIIE CPETHETO (PKEJITO-3€JICHBIN 1BET), KOJUYECTBO 3BOHKOB
BEUEPOM BBIIIE CPETHETO (KENTO-3€JICHBIM 1[BET), MHOT'O 3BOHKOB HOYBIO
(>KenTo-3eJeHbIN 1[BET), Majoe€ KOJMYECTBO 3BOHKOB B Jpyrue ropoja u
cTpaHbl (CHHE-royOOH IBET), MAIYIO JOJIIO 3BOHKOB Ha CTallMOHApHBIC
Tenedonsl (roay0Ooi IIBET) U BBICOKOE KoanuecTBO SMS 3a Mecsir (3kenTo-
3€JICHBIA 1IBET). DTH 3aKOHOMEPHOCTH MOXXHO TaKXe€ OINucaTh B BHUIC
npOAYKUUOHHBIX TipaBun ECJ/IH-TO.



3.1.2. Ananu3 noctpoeHHbIX kKapT KoxoHeHa.
OLIEHUTh KauyeCcTBO MOCTPOEHHBIX KapT KoxoHeHa MOXKHO JHIIb

NyTEM CcpagHeHusi PE3yJIbTATOB TOCTPOCHUSI HECKOIbKUX KapT TMpuU

pa3MyHbIX apamerpax o0yueHusa. OCHOBHBIMU MHCTPYMEHTaAMU aHaJIN3a
OpU OTOM CTAaHOBITCS CHeyudalvbHvle KapThl — Mampuya Oouubox
K6aHmMosanus, 0ToOpaxkaroliasi HACKOJIbKO XOPOIIo 00y4yeHa ceTh (CpeIHue
pPacCTOSIHUA O LEHTpa STYEHKU JOJIKHBI ObITh MUHUMAJIbHBI), U Mampuyda

naiomHocmu YZOI’ICIOCIHufl, IIOKa3bIBaromasa KOJIM4YCCTBO O6’beKTOB, II0ITaBIINX

B s4eiiky. Mcmonp3oBaHue 3TUX WHCTPYMEHTOB IMO3BOJISICT W3 aHCAMOJIS
IIOCTPOCHHBIX KapT BHIOpATh HAWIYYIIUN BapUaHT JUIS PCIICHHS 3aadu
KJIaCTepU3alIMU 00OBEKTOB.
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Puc. 3.11. Kaptel Koxonena /6% 12 ¢ BbIICIEHUEM OTACIBHOTO KJIacTepa




Jns  paccMaTpuBaeMoOro IpuMepa CerMeHTaluuu aOOHEHTOB B
nocTpoeHHbIX KapTax Koxonena (cm. puc. 3.10-3.11) ¢ maciitadbom 16%12,
T.e. ¢ 192 suelixamMu, MaKCUMaJIbHbIC 3HAYCHHS OIMMOOK KBAHTOBA- HUS
paBHbI 0,52, a MakCUMaJbHBIE 3HAYEHHUS TNIOTHOCTH TOIAIaHus paBHbBI 64.

Crpourcs emie onHa kapta KoxoHeHa ¢ yBEJIMYEHHBIM MaciiTaboM
24x18 (t.e. Bcero 432 sueexk — Oospiie B 2,2 pa3a) U ¢ U3MEHEHHBIM
CIIOoCOOOM  MHUIIMAIM3aMK  («U3 OOyYaroIero MHOXKECTBa») BECOB
HEHPOHOB MJIsI CHIDKCHHS BEPOSITHOCTH OOpa30BaHHsS MyCTHIX sdeek. B
HOBOM Kapte Koxonena (puc. 3.12) mMakcumajabHOE 3HAYCHHE OIIMOOK
KBaHTOBaHUs paBHO 0,47, a MAKCUMaJIbHOE YHUCIIO TUIOTHOCTY MONAJaHUl B
OJIHY siuelKy — 48; 3HaueHUs Ha 00CUX CHeIUaIbHBIX KapTaX CHU3WJIHUCH,
YTO FTOBOPUT 00 yiydlieHuu kauyectBa noctpoeHHbx COK.
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Puc. 3.12. Kaptel Koxonena macmmraba 24x /8 st cerMeHTaluu aOOHEHTOB



Takum oOpa3oMm, U3 JABYX NOCTpOeHHBIX KapT KoxoHeHa mis
JATbLHEUINIETro aHaIu3a BRIOUPAETCS KapTa C YBEJIMYEHHBIM MaclITaboM, Tak
KaK OHa UMEET JyYIlINe MOKa3aTeIn Ka4eCTBA KIIACTEPU3ALINH.

3.1.3. Onucanue KIacTepoB, MIOCTPOECHHBIX BPYUYHYIO.

Hccnenys mocTpoeHHblE KapThl Ha puC. 3.12, MOXHO BBIJIEIUTH
IpUMEpHO 7 00JIacTel, B [IEJI0M OMUCHIBAIOIIUX MPOQUIn aOOHEHTOB (Ta0JI.
3.1), KaxAbIi U3 KOTOPBIX XapaKTEPU3YETCS OIPEICICHHBIM CTHUJIIEM H
aKTUBHOCTBIO OOIICHUS MO TeIe(OHY, — 3TO TPU BUJIa MOJIOACKHBIX TPYIIII,
TPU pa3JIMYHbIE TPYNIbl CTApUIEr0 BO3pacTa, a TaKXke ofHa Oonblias
rpyIina abOHEHTOB CPEIHEr0 BO3pacTa.

Tabnuya 3.1
Omnucanue npoduieit abOHEHTOB, BbIICIICHHBIX
B obstactsix COK KoxoHnena
Kpartkas
No  Bospac Omnucanue npoduiss aOOHEHTOB p
T XapaKTepUcCTH
Ka
1| momomo | Bwicokue 3HaUYCHHS MPU3HAKOB «3BOH- | aKTHUBHASI MOJOJEKb
i KOB BEUEpPOM 3a MECHAI, «3BOHKOB
HOYBIO 3a MECSI, «KOIMISCTBO SMS
3a Mecsaly. AOOHEHThl TpaTAT Ha
pasroBo- pbl  OOJBINE JIEHET, YeM
Jpyras MOJIo-
JIEKb
2| monomo | Marblie 3HaUEHUS IPU3HAKOB MOJIOJIEKD,
it «3BOHKOB BEUEPOM 32 MECSLY, Majo
«3BOHKOB HOYbIO 32 MOJIB3YIOIIAsIC
MecALy, «koamdecTBO SMS 3a Mecawy. | 4 yciayramu
CBSI3U

Mauibie exxeMeCsUYHbIE PACXO/IbI.

3 MOJIOOO YMepeHHI)Ie 3HAa4YCHUA IIPU3HAKOB | OCHOBHAsA MOJIOACIKD

71 «3BOHKOB  BEYEpPOM  3a  MecAly,
«3BOHKOB ~ HOYBIO 32  MeECAly,
«konmuuectBO  SMS 33 mecsamy.
IIpeumymecTBEHHO BEYepHUE
Pa3roBOPHI.

4| 3penblii | BblcokHe 3HaUY€HMS MOYTH BceX mpuiz- | VIP-kiaueHTb
HAaKOB KpoMe SMS, BbICOKHE 3HAUCHUS
I10 3BOHKAaM B JPYTHE rOPOJIa U CTPAHBI.
MecsiuHble pacxo/bl Ha CBSI3b ATOU

KaTeropuu a0OHEHTOB CaMbl€ BBICOKHE.

5| meHC Majsie 3HadyeHUS BCEX «MaJorOBOPALIUE)




u- MIPU3HAKOB, MAJIbIE

OHH €KEMECSIUHBIE PACXO/BI.

bIN

3penbil | YMeEpEHHBIE 3HAYECHHUS AKTUBHAs rpymnia

u TIpU3HAKA CTapIero
BO3pacTa

[ICHCH- «3BOHKOB BEYEPOM 3a MeECSI»,

OHHBIN HE Ucnoyb3yercss SMS-

CEpBHUC.
CpeaHu paboTaroue J0U CPETHETO
171 BO3pacra




JUIsl CTaTUCTUYECKOTrO aHajau3a JAaHHBIX O MpOoPuiIsix aOOHEHTOB,
YCIOBHO BBIJICJIEHHBIX MO 007acTAM, HEOOXOJUMO BOWTH B PEXKHUM
gbloelerusl TYEEK U OTMETUTD 3a/laHHbIe 00JIacTH. 3aTEM aKTUBU3UPOBATH
pEXKUM & [Tokazame OKHO OQHHbIX, YCTaHOBUTH B HEM e " Quaemp no
gbl0eNeHHOMy, A 3aTeM B OKHE NAHHBIX TEpeKIounThea B 2 “Cnocob
omoopadicenuss — Cmamucmuka v BbIOpaTh napameTp Cpeodree.

J1st Tpex mepBhIX 001acTei (MOIOIBIX KIIMEHTOB KOMIIAHUH ) CPETHHE
3HAUYEHUS TPU3HAKOB MPEACTaBICHBI B Ta0. 3.2.

Tabnuya 3.2
CraTtucTHKa 110 MOJIOALIM KJIIMEHTaM KOMIIaHUH
Mertka BXOJHOI'O CTOJIOIA CpenHee 3HaueHUe
1 2 3

KonnuecTBo 3HaueHUM 370 157 890
Bo3spact 28,23 21,8 27,63
CpenneMecsuHbIi pacxon 898,77 95,9 519.4
Cpenusis npoA0HKUTEIBHOCTh Pa3rOBOPOB 6,83 2,58 4,66
3BOHKOB JHEM 3a MECSI] 6,83 39,13 58,7
3BOHKOB BEUEPOM 3a MECHII 103,67 8,48 81,02
3BOHKOB HOYBIO 332 MECSII] 43,04 6,78 7,71
3BOHKHM B JIpyrHe ropona 10,42 1,65 7,57
3BOHKHM B JIpYTH€ CTpaHbl 0,36 0,24 0,33
JoJis 3BOHKOB Ha CTallMOHAPHbBIE 6,05 3,21 9,93
TenedOHBI
KomnaectBo SMS 3a Mmecsin 90,17 44,93 29,15
Mownocms knacmepa 370 157 890

(8%) (3,5%) (20%)
Ipubvinbnocms k1acmepa 281413 49 863 458 763

(12%) (2,2%) (20%)

B nmocneanux 1ByX CTpokax TabJIUIlbl TOKAa3aHbl MOUJHOCMb KIACTEPA,
paccunTaHHasg M3 KOJMYECTBA 3HAYEHUW B KIIACTEPE MO OTHOLICHHIO K
oO1emMy konn4ecTBy (4492) HCXOMHBIX OOBEKTOB, & TAKKE NPUOBLILHOCD
KJIacTepa — cyMma 1o ctosiony Cpeonemecsaunwlii pacxoo.

AHaIM3 CTaTUCTUYECKUX TMOKa3aTeled TpexX TPyHIl MOJIOJbIX
KJIMCHTOB TIOKa3bIBA€T, YTO HaubOoJiee MPUOBUILHOM SBISIETCS TpyIina
MoJioniexxku Ne3 co cpeagHuM Bo3pacToM 27,6 JIET, KOTOpas €XKEMECSIYHO
IJIATUT 3a YCIYTU CBA3U B cpenHeM 519,4 py0., B OCHOBHOM COBEpIIAcT
3BOHKH JTHEM, HO M BEUEPHHUX Pa3rOBOPOB MMEET Takke MHoro. Haumenee
NpUOBUILHOM SIBJISIETCA camasi IOHas TPYyIIa MOJIOJAEKU CO CPEIHUM
BO3pacToM B 21,8 JIeT, B EIOM MaJIO NOJB3YIOWIASCS YCIYyTaMHU CBA3H — C
OYCHb MaJbIM YHCJIOM 3BOHKOB, HO JOCTATOYHO OOJBIIUM KOJIUYECTBOM
SMS 3a mecs1r; cpegHeMeCSYHbIN pacxo rpynnsl — 95,9 pyo.



3.1.4. ABTOMaTHU€eCKas KJIaCTepU3aIIUs.

B nporpamme Deductor umeeTrcsi BO3MOKHOCTh aBTOMAaTUUYECKOU
KJIacTepU3alluu, T.e. TPYNIUPOBKH OOBEKTOB B KjacTephl. Jjis »TOrO B
BEpXHEM WJIM KOHTCKCTHOM MEHIO BBIOMpaeTcsi NyHKTSHacmpoums
Kiacmepwvl, B TIOSBUBIIEMCS JHAAJIOTOBOM OKHE IMPU YCTAHOBICHHOM
bnaxke Asmomamuuecku — onpedenumv  KOAUYECMBO  KIACMEPOS
BKJIIOYAaeTCss anroput™ G-means, KOTOpPbIA (POPMUPYET MHOMKECTBO
KJIACTEPOB.

MOXHO TNpPHUHYAUTENBHO YCTAaHOBUTH B TmoJjie Dukcuposanmoe
KOAU4ecmao Kiacmepos v IPyroe KOIMYECTBO KIACTEPOB, HAIIPUMED,

7 kinactepoB (Kak OBUIO MOCTPOECHO BPYYHYI0). 3aT€M B MEHIO
Hacmpoumwv omobpadsicenuss Hy>KHO YCTaHOBUTH (h1axkoK B none I/ panuyvl
knacmepog (puc. 3.13).
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Puc. 3.13. Kaptel KoxoneHa 24x]8 ¢ aBTOMaTUYECKUM JEIEHUEM Ha 7 KIIACTEPOB



Hna ananmm3za kapt KoXOHEHa ¢ aBTOMAaTUYECKOW KIIACTEpU3ALUEN
yaA00OHO WCIOIB30BaTh CHEHUAIBHYIO KapTy Kracmepwol, HacTpoiika
KOTOPOM OCYILECTBIISIETCS ¢ MOMOLIBI0 5 MacTepa Busyanuzaiuu (F5).

Pe3ynbraTel mocTpoeHust KiacTepoB B kapTrax KoxoHeHa mokaszanw,
YTO BCTPOEHHBIN AITOPUTM KJIACTEPU3ALUH CO3JAT KIACTEPHI MHAYE, YEM
Ipu py4dHOM Kitactepusanuu. Hampumep, 00beIUHUIUCH KIIACTEPHI 3peibiil
U NEeHCUOHHBIU 803pacm, TO-APYyromMy CcHOPMHUPOBATUCH TPYIIIbI
Monooeoico n JIroou cpeonezo sozpacma. TeM He MeHee, aBTOMaTHYECKas
kinactepusanusi B Deductor mMeeT OJHO BaXXHOE MPEUMYIIECTBO Iepe
PYYHOI: MU aBTOMATUYECKOM pa30MEeHUH MOSIBIIACTCS pacUeTHBIN CTOJIOeI
Homep xknacmepa, KOTOPBI MOXKHO HCIIOJIB30BaTh B UHCTPYMEHTE Ymo-
ecu TSI KJIaCTepU3alii HOBBIX 00BEKTOB (puc. 3.14).

Mone 3HaveHue
- D‘I BrogHele
9.0 Boapact 37
9.0 CpegHemecauHeii.. 121,54
9.0 CpegHas npogon... =)

9.0 3B0HKOB AHEM 34...

9.0 380HKOE BEYEPO...
9.0 380HKOE HOMBIO 3... 5

9.0 3goHKu B apyrue ... [

9.0 3s0HKM B apyrue ... 0

9.0 [lona 3soHKOE Ha... 5

9.0 Konmyecteo SMS .. 56

- q> PacyeTtHele

12 Homep aueliku 96

9.0 Paccrosnve go u... 0,155764303951773
12 Homep knactepa 3

9.0 Paccroanve gou... 0,250528363101855

Puc. 3.14. UactpymenT ananuza Ymo-ecau naketa Deductor

3.1.5. Buzyanuzaropsl Mampuya cpasrnenus u Cesa3u Kiacmepoa.

JI1st Toro 4toObl OMpEAeIuTh CXOJCTBO aBTOMATHYECKH MOCTPOCH-
HBIX KJIACTEPOB UCIOIB3YETCsl BU3yanuzatop Mampuya cpasnenus (puc.
3.15); ¢ momoIIbI0 IIBETOBOW WIKAJIBI B MAaTpUIE MOKAa3aHbl MOMapHBIE
CpaBHEHHSI OJIM3KUX [0 3HAYCHUIO OOBEKTOB KJIACTEPOB B MPOIICHTAX.
Hanpumep, crenens cxoacra kimactepoB Nel u Ne4 cocrasnsiror 47,98%.
JIist KakIoM UKy MaTpUIlbl CPAaBHEHUS ClipaBa yKasbiBatoTcs IIpoghunu
Kiacmepog,  KOTOPbIE  TO3BOJISIIOT ~ HMCCIEI0BAaTh  CTAaTHUCTUYECKHUE
XapaKTEPUCTUKU KIIACTEPOB, KOTOPHIE HE BOILIM B BHU3yaau3aToOp KapT
KoxoHeHa: MOITHOCTh (YMCIIO 3alKCei, MONaBIIUX B KJIACTEP), CPEIHEE U
TIp.; OCOOBIN UHTEPEC B 3TOM BU3yaIM3aTOPE



MPEJICTABIIAIOT JIBE€ XAPAKTEPUCTUKA — 3HAYUMOCTh W JIOBEPHUTEIbHBIN
WHTEpBal.

Buzyanuzarop Cesazu xnacmepos (puc. 3.16) Takke NOKAa3bIBAET
CXOJICTBO KJIACTEPOB € MOMOIIIBIO IIBETOBOM mIKaJIbl. Kinactepsr No4, NoS5,
Ne6 o0OnamaroT HaMMEHBIIMM KOJHMYECTBOM CXOXKHUX DJIEMEHTOB — 3TO
MOKA3bIBAET I[BET JINHUU CBSI3U MEXY Kiactepamu (cuHuil), a NeO u Nel,
No6 — umeroT cuitbHBIE CBS3U. [IpH MCOJIB30BaHUM TAHHOTO BU3YJIM3aTOpa
MO>KHO HaXOJWTh HE TOJIBKO CHJILHBIC MJIM CIa0ble CBI3M, HO U 3a/1aBaTh
TpeOyeMble KPUTEPHUH CBS3U C MOMOIIBIO YUCIOBBIX JTMAMA30HOB, a TAKXKe

MCHATH KJIACTCPLI APYI C APYT'OM HAKATHCM HA KHOIIKY .
F

Puc. 3.15. Matpuna cpaBHeHHs ¢ npoduisiMu KiactepoB kapT KoxoHnena

Knacrep N26
MowHocTe: 519
MakcumaneHaa ownbka keantoeanua: 05037301144
CpeaHan ownbka keanTosanua: 0,2371695938

Knactep Ne2 b

Knacrep Ned b€ Knactep Ne3 P&

Puc. 3.16. Cs3u knactepoB kapT KoxoneHa

3.1.6. Pemienue 3agauyd MOPOTHO3UPOBAHMS C TOMOIIBIO KapT
Koxonena.

[Tockonpky kapThl KOXOHEHa OCHOBAHBI Ha aITOPUTME 00yUeHHS 0e3
YUUTENSA, TO 6bIXOOHble CTONOIBI JJIsi OOYyUYEeHHsS HE 3aJIaloTCs, OJIHAKO
OIMIIMOHAIBHO B METOJI€ MOTYT OBITh BBIXOJIHBIE TIOJISI, K B OTOM CITydae



OyIeT pematbes 3a1ada npocHo3uposarus. J{ns pemeHns 3Tor 3a1adn Ha
mare | HacTpollkM Ha3HA4YEHUs CTOJIONOB TaONMIBI C OOyyaromiei
BBIOOPDKOM B KayeCTBE BBIXOJAHOTO CTOJIOIA HYXXHO 3adaTh CTOJIOEIl,
KOTOPBIA TpH KIAcTepH3allid Y4YacTBOBATh YK€ He OyneT. DTo JaeT
BO3MO>KHOCTb I10CJIe 00yUYEHHMS KapT periaTh 3aja4dy Kiiaccupukamuu (eciau
BBIXOJIHOE TI0JIE — JTUCKPETHOE) WM perpeccuu (€cid BBIXOAHOE MOJIe
UMeeT HeTPEePhIBHOE 3HAUCHHE).

Hanpuwmep, ecnu cronbden Bozpacm ykazaTh KaKk BBIXOJIHOW, TO MOCIE
nocTpoeHusi KapThl KoxoHEHa TMOSBIAETCS BO3MOXKHOCTb OIPEICIATh
BO3pACT HOBBIX a0OHEHTOB IO OCTAJIbHBIM MapaMeTpaM: YHCIy 3BOHKOB,
CPETHEMECSYHOMY PacXoay U T.1.

3.2. Pemenne 3amaun KjacTepu3aliiy ¢ MOMoIIbo kKapT KoxoHeHa B
naxkere Neural Networks Toolbox cucrembl Matlab

Jlpyroii croco0 pemeHus 3aJa9d HEHPOCETEBOM KiIacTepHU3aIliu
OCYILIECTBJISICTCS C HCIOJb30BaHueM mnaketa Neural Networks Toolbox
cucteMbl Matlab. OCHOBHBIM TPEUMYIIECTBOM HCIIOJIB30BAHUS CHUCTEMBI
Matlab saBnsieTcss BO3MOXHOCTh MPUMEHEHHUS PaA3JIMYHBIX METOJIOB
OoOy4YeHUs1 — Hampumep, TPAAUIMOHHOTO METOJa U METOJAa BBIMYKJIOM
KoMmOuHaruu (1. 2.1).

Ilpumep. IlycTb UMEETCSI UCXOAHOE MHOXKECTBO P, cocTosiuiee U3 n
JTBYMEPHBIX 00BEKTOB, 3a/laHHOE B hopMmare: P=[a; a; as ... a,, b; b: bs..b,],
rae a, b, — mepBas U BTOpas KOOpAUHATBHI I-r0 0ObekTa. B
KOMaHJIHOM cTpoke Matlab BBOIATCSI KOOPAWHATH 0OBEKTOB, HAITPUMED:
P=[.3 .25 .7 .6 .2 .15 .75 .65 .25 .2 .8 .8 .1 .2 .7 .72 .3 .3 .7 .68;
.2 .6 .6 .12 .1 .7 .8 .15 .3 .8 .65 .3 .15 .65 .75 .1 .3 .7 .8 .2];

HeobxomuMo pa3buth 00BEKTHI Ha 4 KjacTepa Mo 5 OOBEKTOB B
KOKJIOM KJacTepe (IONMyIIeHUEM SBIISIETCS OJUHAKOBOE KOJIMYECTBO
00BEKTOB B KaXKJ0M KJIacTepe).

3.2.1. Pemenue 3aJ1auu HEUPOCETEBOM KJIaCTEpU3aLINHU
TPaJUIIMOHHBIM METOJIOM

a2 1. Co3naercsa cnor KoxoHeHa, mpOBOAUTCS €r0 HHULIMATIN3AIAS
1 00y4YeHHE.

Coznanue ciost KoxoHeHa OCyIIECTBIISIETCS C MOMOIIbIO (YHKIIUU
net=newc(bounds, clusters, m), tne bounds — nuana3zoH HU3MEHEHUS
3HAYCHUN KOOPJAUHAT OOBEKTOB (0T MUHUMAJIBHOTO 0 MAaKCUMAJIBHOTO);



clusters — KOMUYECTBO KJIACTEPOB, HA KOTOPHIE HEOOXOAMMO Pa3OUTh
OOBEKTHI; M — KOIPDUITMEHT CKOPOCTH O0YUCHHS.

net= newc ([0 1;0 1], 4, 0.1);

3aTeM NTPOBOAMTCS WHUIMATU3AIMSA BECOB HEHUPOCETH M 0O0ydeHHUE
ciost KoxoHeHa Ha OCHOBE MacCUBa BXOJHBIX OOBEKTOB, BpeMsi OOyUYEHUS
150 smox:

net =init (net);

net.TrainParam.epochs=15

0O; net=train (net,P);

lllaz 2. OmnpenenseTcs HOMEp KiacTepa IS KaXJI0ro OO0bEKTa
MHOX€ECTBA P.

Chauana mpoBOJUTCS MojenupoBaHue padotel cinosi KoxoneHa, a
3aTEM BBIXOJ HEUPOHHOM CETH KOHBEPTUPYETCS B HOMED KJjlacca:

Y = sim(net, P);
Yc = vec2ind

[laz 3. Onpenensrorcss KOOPAWHATHI IIEHTPOB  KIIACTEPOB,
COOTBETCTBYIOIIHUX BECOBBIM KO3(hHUIIMEeHTaM HEHPOHOB.
MaccuB BecoBbIX KO3 (UIIMEHTOB AJi cJos 1:

w=net.iw{l};

lllaz 4. ]Insa BeIBOJA HA 3KpaH (puc. 3.17) oOBEKTOB C pa3ieiieHHEM
KJIACTEPOB IO I[BETaM BBINOJHICTCS nodnpocpamma, tae N — oOriee
KOJIMYECTBO OOBEKTOB, clusters — KOJIMYECTBO KIIACTEPOB, i — HOMEDP
o0BeKTa, 7, b, g — 1BeTa OOBEKTOB B KJIacTepe.

— _ 0O
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Puc. 3.17. Knactepuzanus TpaauIlMOHHBIM METOJIOM



N=20;
clusters=4
;o1=1;
while i<=N
if Yc (i) ==
plot( P(1,1i),P(2,1),"*r");%3Be3mouUuka KpPacHOTO LIBETAa
end;
if Yc(i)==2
plot( P(1,1i),P(2,1),"'*b');% 3Besmouka CHUHETO LIBETAa
end;
if Yc(i)==
plot( P(1,1i),P(2,1),"'"*m') ;% 3Be3mouka OQUOJETOBOTO LiBETAa
end;
if Yc(i)==
plot( P(1,1i),P(2,1),"'*g');% 3Besmouka 3EJIEHOT'O LIBETA

end
; hold
on;
i=i+1;
% BrIBECTM Ha DKpPaH LEHTPH KJIACTEPOB B BUIE KPYXKOB CHUHETO
usera: plot( w(:,1),w(:,2),'ob");
end;

3.2.2. Pemenue 3amauM HEWPOCETEBOW KIIACTEPU3ALHMH METOAOM
BBITTYKJIOW KOMOWHAIINH.
Coznanue kapThl KoxoHeHa OCYIIECTBIISIETCS € MOMOIIBIO (PYHKIINH:

Netl=newsom ([0 1; O 171, I[1 471);

CornacHO MeTOAy BbINTyKJIONH KoMOuHanuu (3.6) B Havasie oOy4yeHus
Kod(pdUIMEeHT 00y4YeHHUs OYeHb MaJjl, MO3TOMY BXOJIHBbI€ BEKTOPHI MOYTH
COBNAJAIOT C BEKTOPAaMH BECOB M IEPBOHAYAIBHOW TOMOJIOTHMEN KapThl
KoxoHeHa siBnseTcst oHa €qMHCTBEHHAs Touka (puc. 3.18, a):

plotsom (Netl.iw{l,1}, Netl.layers {1l}.distances);

3aTtem YKa3bIBa€TCA KOJIMYCCTBO OJIIOX M 3allyCKacTCia IIPOoLeCC
oOy4eHHUs:

Netl.trainParam.epochs = 100;

net=train (Netl, P);

PesynpTatel  oOyuenus (puc. 3.18, 6) mMOKa3bIBAIOT, YTO
chopMmupoBaiach ogHOMEpHas kapta KoxoHeHa: TOYKaMM SBIISIOTCS
IEHTPHI KIACTEPOB, a TUHUSIMHU — KpaTUalIlIie pacCTOSHUS MEXIY HUMMU:

plotsom (net.iw{l,1}, net.layers {1l}.distances);
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Puc. 3.18. Knacrepuzauusi METOJOM BBIITYKJIOH KOMOMHAIIUU

Takum oOpazoM, IJI pelIeHUs 3a4a4i HEMPOCeTeBOM KiacTepu3aiuu
¢ nomomibio makera Neural Networks Toolbox cuctemsl Matlab moryt
NPUMEHSTBCS  pa3IudHble METOAbl o0yueHus kapt KoxoHeHa wu
MPUMEHATHCS TOHKAs HACTpOHKa mapaMeTpoB O0ydCHHUS.

IHops10K BbINOJTHEHUSI PA0OTHI

1. M3yunTh METOAMKY HEMPOCETEBOM KJIACTEPHU3ALUU C MMOMOIIBIO
camoopranusyrommxcsa kapt Koxonena B nakere Deductor.

2. IlpoBecTn HeHpoceTeBOM aHaau3 JaHHbIX 00 aOOHEHTax
TEeJICKOMMYHUKAIIMOHHOM  KOMHOaHuM (AOoHenmul.txt) C  IIOMOIIBIO
HelipoHHoU cety KoxoHeHa B puioxenuu Deductor.

[IpoBecTn  SKCHEpPUMEHTAJIbHBIE  HCCIEIOBAaHUS  PE3YJIHTATOB
ooyuenus COK, uzmeHsis ciieayroniue napaMmeTphl:

a) BUJ ¥ Kon4decTBo nojieit bJI, ncrnonap3yembix mpu 00y4eHUH;

0) KOJIMYECTBO AMOX rpyO0i U TOUHON MOACTPOUKHU;

B) HaYaJIbHYIO CKOPOCTh O0YUYEHUS;

') paauyc oOy4eHus;

1) BUA GYHKIMHU CKOPOCTH OOyUEHMUS;

€) crnoco0 MHULIMATU3AlUHA BECOB BEKTOPOB;

K) popMy sUEeK.

Onucarp mpoduiab aOOHEHTOB CpPEIHEBO3PACTHOM rpymnmbl. JlaTh
OLICHKY a0OHEHTaM, IOMAaBIINM, HalPUMED, B TUEUKY 48.

Pemute 3amady mporso3upoBaHus, MOCTpouB KapTy KoxoHeHna miis
CErMEHTalMid a0OHEHTOB M YCTAaHOBHMB TI0Jie Bo3pacm BBIXOIHBIM.
Hackonpko criibHO M3MeHMIIach Kapra?



[IpoBecTH SKCIEPUMEHT B BU3YyaJIM3aTope Ymo-eciu: BBECTU JIaHHBIC
B nois Konuuecmso 3680uKk08, (CpedHemecsiuHvlii pacxod0 W T.JA. U
CIIPOTHO3UPOBATH BO3PACT.

3. IlpoBecTu HelpoceTeBoi aHanmu3 B nakere Deductor ¢ OMOIIBIO
kapt KoxoHeHa s TOJIYyYEHHOTO  BapuaHTa 3aJaHus:  JaTh
XapaKTEePUCTUKHU HECKOJIbKUM BBIOpPAHHBIM (Hanbomnee
MpeJCTaBUTEILHBIM) KJIACTEpaM W siuelikaM Mo oOyuaromied u padboueit
BbIOOpKaM. Jlsi »TOoro co3garh OOydYarollyro BBIOOpPKY oObeMoM B 30
O0OBEKTOB.

Cnenath BBIBOABI MO pe3yJibTaTaM aHaiu3a CHOPMUPOBAHHBIX
KJIACTEPOB.

4. ITocTtpouts KapThl KOXOHEHA M TPOBECTU HEUPOCETEBOU aHAJIN3 B
nakete Neural Networks Toolbox cuctembl Matlab nyist BapuaHTa 3a1aHusl.

5. CpaBHUTh  XapaKTEPUCTUKU  CHOPMHUPOBAHHBIX  KJIACTEPOB,
MOJIYYEHHBIX MO0 pe3yJibTaTaM aHalii3a Ha OCHOBE MakeToB Deductor u
Neural Networks Toolbox cuctembl Matlab.

TpeboBanus Kk coaep:kaHuI0 U 0O(POPMJIIEHUIO OTHETA
Otuet no J1abopaToOpHOI pabOTe JOIKEH COIePKATh:
1. Ha3zBanue u 1ienb pabOTHI.

2. Pesynmbrathl  HeWpoceTeBOoro - aHaim3za 00  aOOHEHTax
TEJIEKOMMYHUKAIIMOHHON KOMITaHUKW B TMaketre Deductor. Onmcanue
MOJIYYEHHBIX KJIACTEPOB, B TOM UHCJIE CPEIHEBO3PACTHOM TPYIIIHI.
Pemenne 3amaun mporHo3upoOBaHMUs.

3. Ucxomuple paHHBIC I TIOJIYYCHHOTO BapWaHTa 3aJaHus —
ONMKMCaHUE W COCTaB oOydYaromei BBIOOPKH, Pe3ybTaThl HEHUPOCETEBOTO
aHanuza B makete Deductor. XapakTepucTHKa BBIOPAHHOTO OOBEKTa
(s9efiku) B KJacTepe MO pacCMaTpUBAaE€MbIM KapTam JUIsl MOJYyYEHHOTO
BapyaHTa 3a/I1aHUS.

4. Texct mporpamMMbl Ha s3bIke Matlab niisi MOTyY4EeHHOTO BapHaHTa
3amaHus. Pe3ynpTarel pabOThl IPOTPaMMBI; PE3YyJIbTaThl HEHPOCETEBOTO
aHanm3a B nakere Neural Networks Toolbox cucremsl Matlab.

5. BbIBOAHI.

BapuanTsl 3aganuii

OOyuaromiasi BbIOOpKA COAEPKUT HHGOpPMALMIO O PpabOTHHKAX
HEKOTOpor KoMImaHuu. Kaxaelii 00BEKT XapakTepusyeTcs MAThIO
npu3zHakamu: Bospacm pabomuuka komnanuu; Obwuii cmasic; Cmasic



pabomul no cneyuanvrHocmu;, Keanuguxayus; llpogheccuonanusm. Kaxnoe
noJe nu3Mepsercs senuunHou ot 0 o 1.
Bapuanm 1.

Bbosbiioe komMuecTBO paOOTHUKOB CTapUIEro BO3pacTta C HUBKOU
kBaMpuUKanumen W yMepeHHbIM  mnpodeccruoHanu3MoM.  bobinoe
KOJIMYECTBO paOOTHUKOB MOJIOABIX C BBICOKOM KBalM(PUKAIIMEH W HU3KUM
podheCCUOHATU3MOM.

Bapuanum 2.

bonbiioe konMuecTBO pabOTHUKOB CPEIHETO BO3pacTa C BBICOKOM
kBanuduKanumedn W yMepeHHbIM  mnpodeccroHanmu3MoM.  bosbiioe
KOJIMYECTBO PAOOTHUKOB MOJIOJBIX C HU3KOW KBamu(UKAIIMECH M CPEeTHUM
npodheCCUOHATU3MOM.

KoHTpoJbHbIE BONIPOCHI

1. OxapakrepusyiiTe airoputM oOy4deHUs HEHUpOHHOW ceTu O0e3
YUUTENS.

2. Jlims kakou 3aayv MCIIOJB3yeTCsl HEMpoHHas cetb KoxoneHa?
OnuimuTe CTPYKTYypy 3TOU CETH.

3. B dem 3akirouaercs KOHKYpEeHIUS NMpU GyHKIMOHUPOBAHUM CETU
Koxonena?

4. Wznoxute anroput™M ooydeHus: cetn KoxoHeHa.

5. Kakme mponeaypsl HCHONB3YIOTCS IS OMpEACIICHUsS HEHpoHa-
nooenurend B cetu Koxonena?
6. B ueM coCTOMT mpenuMyIIeCTBO METO/1a BRIMYKJIOW KOMOWHAITUHN ?
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JlabopaTopnasi padora Ne 7-8

HEWPO-HEYETKOE MOJIEJTUPOBAHUE
B CUCTEME ANFIS MATLAB

1. leas u 3aqa4u padoTHI

[lenpto pabOOTHI SBASETCS 3aKPEIUICHHWE YMEHHH U HaBBIKOB
MOJICTUPOBAHMS HEUPOCETEBBIX HEUETKUX ceTeil B cucteme Anfis Matlab.

3agauamMu paOOThI ABJISIOTCA (POPMUPOBAHUE YMEHHH pa3pabOTKu
CTPYKTYPBhl HEHPO-HEUETKUX CETEH, HAaBBIKOB OOyUYEHHS HEHPO-HEUSTKHUX
ceTell Ha OCHOBE TapagurMbl 00yUeHUs ¢ yuuTeaeM B Anfis Matlab.

2. TeopeTuueckue CBeJACHUS

2.1. HelipoceTeBbIe HEUETKHUE CUCTEMBI

HeiipoceteBbie HeueTkue (Helipo-Heuetkue) cucrembl (HHC) — ato
THOpUIHBIE CUCTEMBI, KOTOpPbIE KOMOWHUPYIOT METOJbl MCKYCCTBEHHBIX
HelipoHnHbIx cetet (MHC) u HeueTKoM JIOTHKH.

D¢ dekTUBHOCTH HEUPOHHDBIX cemetl onpeaeseTcs 170.4
anmpPOKCUMHUPYIOIIEH CIOCOOHOCThIO: Ha ocHOBe oOydeHuss MHC MoxHO
omucath JIOOYH0 HENpPephIBHYIO (YHKIIMOHAIBHYIO 3aBUCUMOCTH 0e€3
IpEABAPUTEILHON aHAMTUYECKOW pPAOOThI 10 BBISIBJICHUIO IIPaBUJI
3aBUCMMOCTH BBIXOJa OT BXOJa; oaHako Hemoctatkom MHC sBnsercs
HEBO3MOKHOCTb B SIBHOM BHJI€ OOBSICHUTH (DYHKIIMOHATBHYIO 3aBUCUMOCTD
MEXy BXOJIOM M BBIXOJIOM HCCJIEAYEMOTro 0OBhEeKTa.

[IpeuMyIiecTBOM HeuemKkux CUCTEM SIBJSETCS TO, YTO 3HAHUS B ATUX
CUCTEMaXx MPEeJICTAaBISIIOTCA B opMe NPOAYKIMOHHBIX TipaBui ECJ/IH — TO.

HHC npencrasisitor coboit Muorocnoitneie MHC cnenuanbHOU
CTPYKTYpbl 0€3 OOpaTHBIX CBs3€i, B KOTOPOM HCHOJB3YIOTCS OOBIYHBIC
CUTHaJIbl, BECOBBIE KOIPGUIIMEHTHl CBs3ed M (YHKIUU aKTHBAIIUH.
OcnoBHas konnenuus wmojaenu HHC 3akmrogaeTrcs B TOM, YTOOBI
UCIIOJIb30BaTh MEXaHU3M OOy4YeHUs HEUPOHHBIX CeTed IJIs ONMpEACIICHHS
napaMeTpoB (pyHkuui npuHAISKHOCTH (DPII) KOHKPETHBIX CHCTEM
HeueTkoro BeiBoAa (puc. 4.1). ®II o6kruHO anmnpokcumupyrotcs MHC u3
JAHHBIX 00yYaroIieil BEIOOPKH.
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Puc. 4.1. O0mas cTpykrypa TuOpUIHON HEUPO-HEYETKONU CUCTEMBI

Cuctema ANFIS (Adaptive-Network-Based Fuzzy Inference System)
aBysieTcsl ofHOW u3 mepBod cxeMm rubpuanbix HHC; 3T0 amanTuBHas
HEWPOCETh, OCHOBAaHHAsI HAa CHUCTEME HEUYETKOTO BBIBOJA, PECAIHM3YIOIIAs
HeuéTkyto cucteMy Takaru-Cyreno. Cucrema ANFIS npencrasisieT coooi
MATUCIONHYIO HEMPOCETh MPSAMOro pacnpocTpaneHus (puc. 4.2).

_

VS

N(X)

ol (35)

Bl (xm )

N (xm )

1-1i cioi 5 2-i1 croi 3-11 cnoit 4-ii com 3-1 cooH

Puc. 4.2. Ctpykrypa ANFIS-cetn



Cnou HHC BBINOTHAIOT clieayromue QyHKINH (3aMETHUM, YTO BXOIbI
CETHU B OTJICJIbHBIN CJIOW HE BBIACISIOTCS).

Cnou 1 ocymecTBisieT Ga33uuKanio KakI0ro JIEMEHTa BEKTOpa
BXOAHOro curHama cetd X = [Xi, Xz.., Xm]. Jug N HeYeTKUX IMpaBuUil

BBOIATCA YCJ_IOBI/Iﬂ:
EC.]YHX] =A11 HX2=A21 n... I/IXm =Am1

ECIIN x; =AiwnN x;=Aon U... U Xin = A
IlepBbIii CcOM SBISIETCS hnapamempuyeckum, TOCKOJIbKY B HEM
onpenenstorcs napamerpsl OII u (x;), r=1,2, ..., N ipu o0yuenuu cetu: OI1
U KaXKJOM TIEPEMEHHOW X; M KaXIAOrO0 MpaBuja 7 OIHKCHIBAETCS
o0o0menHon gpynkmuei ["aycca:
@(X) =exp [— ( 2y i
roi _L'

r
l'()'
rae ¢, o', b" — mapameTpbl (QYHKUMH, TOJICKAIUME aJanTallud B
i i r

npolecce OOy4YeHHsI CETH: HU3MEHEHUE MapaMmeTpa C; COOTBETCTBYET

cmemnieHnto OII mo ropu3oHTaNBEHON OCH; MapaMeTp o OTBEYaEeT 3a

MUPOTY GYyHKIMH; TapameTp b i
i —3a dopMy KpUBOH, KOTOpas Mpu
COOTBETCTBYIOIIEM MTOAOOPE TaHHOTO MapaMeTpa MOKET ObITh 3a1aHa JIM0O
kak Qynknus ['aycca, MO0 Kak TpeyrojibHas WM TparelneuaaibHas
GyHKIMS.
Crnoul 2 OCyLIECTBISIET azpecuposarie OTICIbHBIX EPEMEHHBIX X; U

OHpeI[eHﬂeT npeal’ZOCbUlKM KaXa01ro mu3 NHeLIeTKI/IX HpaBHH:
EC]IHX1 :A11 I/IXZ :A21 ... I/IXm :Am1

ECIIM x;=AinNx,=A,y U... U Xy, = A

Kaxnaplii y3em 3TOro cjiosi COOTBETCTBYET OJIHOMY HEUYETKOMY
npaBWily. Beixogamu y3i1a ABISETCS CTENEHD BBIIIOJHEHUS 7-TO HEYETKOTO
npaBujia W, KOTOpasi pPAaCCUUTHIBAETCS Ha OCHOBE aireOpanyeckoro
IIPOU3BEACHUS:

x—c 2b" i
wr = U(X) =G exp[—(__1) ]

i=1 0,
Cnou 3 — Hopmanuzyrowuy CIOW, B KOTOPOM HEATANTUBHBIE Y3JIbI
L]
pPaCCUUTHIBAIOT OTHOCHUTEJIBHYIO CTENE€Hb W, BBINOJHEHUS HEUYETKOIO

npaBuia 7:






Cnou 4 hbopMupyer 3axntoueHusi HEUCTKUX MPaBWI, T.€. OMPEACIIsSIeT
BKJaJ KaXJOro HEYEeTKOro IpaBwja B BBIXOJ CETH, THIIOBOE
npeacTaBieHue N HeYeTKUX npaBuil B Mojelin Takarn-CyreHo umMeeT BUA:

ECIIx1 =AW ... N Xy = A1 TO f1(X) = P10+ Y. P1i 5 Xi

ECHHX1=A1NH I/IszAmNTOfN(X):pN()'I'ZmpNi'Xi. i

3akmtoueHuss mnpaBwin  Mojenu Takaru-CyreHo B OOJIBIITMHCTBE
CIydyaeB cojepkKaT JUHEWHBbIC (YHKIIUH, XOTS MOTYT HMCIIOJIb30BaTHCS
Tak)ke M TIPOU3BOJIbHBIC HeMMHEHHble (yHKIMU. B derBeproM ciioe
paccuuThIBaeTca mnpousBeAacHue GyHKOUN f(X) W 3HAUYCHH BECOBBIX
K03 PUIIMEHTOB Wy, chopMupoOBaHHBIX B IpeaplaylieM cioe. Takum
o0pasoM, onpeAesieTCsl BKIaJ KaK0T0 HEYETKOTO MpaBuia B BBIXOJ CETH
o hopmye:

—
Vr=wr fi(X).

OTOT clioit —  napamempuueckuii, T.K. B HeM KO3()PUIIUESHTHI
f+(X) u3MeHst0TCs B mpoliecce agantaiuu (00y4ueHus) CeTH.

Crnou 5 BBIIOJIHSET arperupoBaHUE pPeE3yJIbTaTa, IMOJYYEHHOI'O IIO
pa3HbIM HEYETKUM MpaBuiaM U (QOPMHUPYET YINPABISAIOUIUMNA CUTHAIL .
ArperupoBaHue COCTOMT B CYMMHUPOBAaHHUU BKJIAJ0B BCEX MPABUIIL:

[T xi—c' 20° o
'%T_VZN y = +Y" p -x)- i=1 exp[—( I_ r) ]
(p o :
r=1 r r=1 ro i=1 i I
A
xi—c,)
=1 =g exp[-( I ) ?

i
Takum o00pa3oM, CIOKHBIE HEIUMHEHHBIE TOBEPXHOCTU MOXKHO
anImpOKCUMUPOBAThL C T[OMOIIBKD MHOXECTBA IUIOCKHX JIMHEHMHBIX
CErMEHTOB, KaXKIbIM W3 KOTOPBIX 3aJa€TCSl OJHUM HEUETKHMM IPaBUIOM
mozaenu Takaru-Cyreno; ANFIS-ceTb COOEpAKUT ABa aJaTUBHBIX cJios (1 u
4), mapaMeTpbl KOTOPbIX YTOUHsIOTCS Tpu o0yyenun HHC.
Ha puc. 4.3 npencrasien npumep CTpykTypsl cetu ANFIS ¢ nByms
BXOJHBIMUA MEPEMEHHBIMU X; U X2, BBIXOJHOW NEPEMEHHON Yy U JBYMS
HEUYETKUMHU MPABUIIAMH.

1 2b



BxogHoi#
CIOH Cmoof 1 Cnofi 2 Caoii3 Craoii4 CraoHS5

Puc. 4.3. llpumep ANFIS-cetn

T'ubpuousle Hetipo-nHeuemkue cemu TO3BOJISIIOT pa3padaThIBaTh U
IPEICTaBIATh MOJENU CUCTEM B (popMme MpaBHJl HEUYETKUX MPOTYyKLHUH,
KOTOpbIE 00JIaal0T HArJSJHOCTBIO M JIETKOCTBIO  COJAEPKATEIbHOU
UHTEpIpeTanuu. Bo3aMOXHOCTh MOCTPOCHUSI MPABHIT HEYETKUX TMPOTYKIIUH
HA OCHOBE HEMPOCETEBBIX METOJIOB JENAET MPOIECC MOCTPOEHUs MoIeTe
0osee yI1OoOHBIM U MEHEE TPYI0EMKHUM.

2.2. Helipo-HedeTkoe MoienupoBanue B Anfis Matlab

Peanuzanus agantuBHbix MTHC, OCHOBaHHBIX Ha CUCTEMaX HEYETKOTO
BbiBOAa (CHB), B makeTe Matlab ipoBoaUTCS C MOMOIIBIO Anfis-penakTopa,
KOTOPBIN MO3BOJIsIeT aBToMatudyecku cuHTesupoBatb HHC Ha ocHoBe
AKCIIEPUMEHTANIBHBIX JIaHHBIX. Pemaktop Anfis peanusyer co3laHue
MOJeJel CUCTeM HeHpo-HedeTkoro BbiBoja U obyuenne HHC,
Bu3yanusupyer crpykrypy HHC.

Anfis-penaxktop B Matlab 3arpyx)aetcs B pe)KMMe KOMaHIHOW CTPOKHU
C TMOMOIIbI0 BBOJIa MMEHU anfisedit. B pe3yibTaTe BBINOJIHEHUS STOMU
KOMaHJbl OTOOpaxaercsi OokHO peaaktopa (puc. 4.4), KOTOpoe COAECPKUT
ocHoBHOe MeHIO File, Edit m View, o0nacTb BU3yalHM3allMu, 00JIACTh
cBorictB ANFIS info, obnactu (maHenw) 3arpy3Kd JaHHBIX, CO3JaHUS
ucxonuort CHB, 00yueHusi, TecTupoBaHus, BEIBOAA TEKYIEH HHGOPMAITUH,
a Taxxe kHonku Help u Close, KOTOpBIE MTO3BOJIAIOT BbI3BaTh OKHO CIIPABKU
U 3aKpBITh Anfis-peaakTop.

B mento File 3anyck komanasl New FIS... coznaet HoByto CHB. Ilpu
ATOM MOXET OBbITh BBIOpAH THI CO3/laBaeMOU CHUCTeMbl: Mamdani wnu
Sugeno.

B wmenwo Edit otkpeiBatorcs:  FIS-penaktop  (komanpa FIS
Properties); penaktop @I Membership Functions; penaktop 6a3bl 3HAHUM
Rules.



Uepes wMenHio View mno komaHnae Rules OTKpBIBA€TCS OKHO
BHU3yaJIu3allid HEYETKOrO JOTMYECKOr0 BBIBOJIA, a IO KOoMaHJe Surface —
OKHO BBIBO/JIa OBEPXHOCTH «BXOJIbI-BbIX01» CHB.

[ OBnacTe BM3yanH3aLMK ] [ Obnacte ceoicte ANFIS

) Anfis Editor: Untitled

OBnacTe BRIBOAE DBnacTe reHepw
OBnacTe Ofnacte
[rekymeﬁ ] [pOBaHM ncxo.n-] [ obyyenus ][ TECTHPOBAHHA ]

uHdopmayum How FIS

Puc. 4.4. OcHoBHOE OKHO Anfis-penakropa

B obnacmu euzyanuzayuu BbIBOASATCS NMOO KpuBas OOydeHHS,
NOCTpOEHHas B BHJE TIpaduKa 3aBUCUMOCTH OIIMOKM OOy4yeHus OT
HNOPSIIKOBOTO HOMEpa HUTEpALMH; JTUOO HKCIEPUMEHTANbHBIE JaHHBIE U
pE3yABTaThl MOACIUPOBAHMS IIPU 3arpy3Ke AAHHBIX U NPHU TECTUPOBAHUU
CUCTEMBI.

OKCIIEpUMEHTAIIBHBIE  JAHHBIE W PE3yJbTaTbl MOJEIUPOBAHUSA
BBIBOJSITCA B BUJE MHOXKECTBA TOYEK B JBYMEPHOM IpocTpaHcTBe. [Ipu
3TOM I10 OCH abCLHMCC OTKIIAAbIBAETCS MOPSIKOBBI HOMEDP CTPOKHU JaHHBIX
B BbIOOpKE (OOyyaroien, TeCTUPYIOUEH WM KOHTPOJIBHOM), a MO OCH
OpJWHAT — 3HaYE€HUE BBIXOTHON MEPEMEHHOM JJIsl TAaHHOW CTPOKH BHIOOPKH.
Hcnonb3yrorces ciaeayomnue MapKephl:

- rony0as Touka (.) — TecTupyeMas BHIOOPKa;

- Toay0ast OKpY>KHOCTb (0) — oOyyaroiias BbIOOPKa;



- Tony0oM mitoc (+) — KOHTPOJIbHAs BEIOOPKA;



- KpacHas 3Be3/104Ka (*) — pe3yJbTaTbl MOJACTUPOBAHUSI.

B obracmu ceoucme ANFIS info BbeIBOguTCS uUHPOpManus o
KOJMYECTBE  BXOJHBIX M  BBIXOJHBIX  TEPEMEHHBIX,  (YHKIUH
MPUHAJIC)KHOCTEN IS KaXJO0WM BXOJHOW IIEPEMEHHOM, a TakKXke O
KOJINYECTBE CTPOK B BbIOOpKax. B 3Toil o0macTu pacmosioKeHbl KHOIKHU
Structure n Clear Plot.

Haxxatue kHONKU Structure OTKPBIBAET CTPYKTYPY HEHUPO-HEUETKOU
cetu. Ha puc. 4.5 npusenen npumep HHC, conep:xarnnein 4eThIpe BXOIHBIX
IIEPEMEHHBIX W OJHY BBIXOJHYIO; I OLIEHKM KaXJOM U3 BXOIHBIX
MIEPEMEHHBIX UCITOJIB3YETCS MO YETHIPE JTUHTBUCTUYECKUX TEpMa

Haxarue Clear Plot ounmiaet 001acTh BU3YyaJIU3allHH.

<) Anfis Model Structure -0 x|
inpLt inpLtmf rule outputmt autpLt

Logical Operations
and

[ ] or
nict

Click on each node to see detailed information Update | Help | Close

Puc. 4.5. llpumep CTpyKTypbl HEHPO-HEUETKON CETH

Obnacmo 3azpy3xu oaunvix (Load data) BKitOUYaeT:

— MEHIO BbIOOpa Tumna JnaHHbiX (Type): Traning — oOy4varoiiasi BEIOOpKa;
Testing — tectupytomasi BoiOOpka; Checking — KOHTpOJbHAs BBIOOPKA;
Demo — neMOHCTpaIMOHHBIN TIPUMED;

— KHONIKY 3aIycka 3arpy3ku AaHHbIX Load Data..., ipu HaXXaTUW Ha
KOTOPYIO OTKpPBIBAE€TCS JIMOO JUAIOroBOE OKHO BbIOOpa (haitna, ecinu



3arpy3Ka JaHHBIX IIPOUCXOJIUT C JUCKA, IMOO OKHO BBOJIA UJICHTU(DUKATOPA
BBIOOPKH, €CJIN 3arpy3Ka JaHHBIX MPOUCXOJUT U3 padoueil o0nacTu;
— KHOIIKY 3amycka ouncTku nanHeix Clear Data.

B Teuenue onHoro ceanca pabotrel ANFIS-pemakTopa MOXKHO
3arpyxaTh JaHHBIE TOJBKO OJIHOrO (hopMara, T.€. KOJUYECTBO BXOHBIX
MIEPEMEHHBIX B BEIOOpPKaX JTOJKHO OBITH OJITMHAKOBBIM.

B obnacmu cozoanus ucxognoit CHB (Generate FIS) pacnoynoxeHo
MEHIO BBIOOpA CII0Cc00a €ro CO3aHMs:

— Load from disk — 3arpy3ka cHCTEMBI C JHUCKa C TIOMOIIbIO
CTaHJIapTHOT'O IMAJIOTOBOI'0 OKHA OTKPHITHS (hailiia;

— Load from worksp — 3arpy3ka cucteMbl U3 padodeit odnactu Matlab ¢
MOMOIIIbIO CTAHAAPTHOTO TUAJIOTOBOT0 OKHA BBOAA uaeHtudukaropa CHB.

[Ipu reneparuu CHB Bo3MOXHBI 1Ba BapraHTa BbIOOpa

1) pewemuamoe pazouenue Grid partition, mpu KOTOpOoM (DYHKIUH
MPUHAIE)KHOCTH HEYETKUX TEPMOB PAaBHOMEPHO PACTPEEIISIIOTCS BHYTPHU
yHUBEpCyMa JaHHbIX. [Ipu BBIOOpE MaHHOM OMIMH B JUAJIOTOBOM OKHE
BBO/JIa MApaMETPOB YKA3BIBACTCS KOJUUECTBO TEPMOB ISl KaXKI0M BXOTHOM
nepemMeHHON 1 thn PII 11 BXOOHBIX TEPEMEHHBIX.

2) cybmpaxmuenasn kiacmepuzayus Sub. clustering, mIpu KOTOPOM
YHUCJIO KJIACTEPOB OMPEAENSETCS BO BpeMsi pabOThl HA OCHOBE MCXOJIHOTO
pactipenenenusi naHHbiX. [Ipu BeIOOpE MaHHOM OMIMH B TOSBUBIIEMCS
JTMAJIOTOBOM OKHE BBOJISITCS TTApAMETPhI:

— Range of influence — ypoBHH BIUSIHUSI BXOJHBIX IEPEMEHHBIX;

— Squash factor — ko> PuUIIUEHT TOAABICHHUS;

— Accept ratio n Reject ratio — k03D PULIMEHTHI, YyCTaHABIUBAIOIIUE BO
CKOJIBKO pa3 TMOTEHIMad JaHHOW TOYKH JOJDKEH OBITh BBHIIIE / HIKE
NOTEeHIMaja IEeHTpa MEePBOro Kiacrepa Ajis Toro, yToObl npu Accept ratio
IIEHTPOM OJHOTO M3 KJIaCTEPOB ObliIa HA3HAYECHA paccMaTprBaeMas Touka, a
npu Reject ratio paccMarpuBaemass Touka Oblla HMCKIIOYEHA U3
BO3MOJKHBIX IIEHTPOB KJIACTEPOB.

Onenka kadectBa noctpoenuss CHB npoBoauTcs TOJNBKO MyTeM
CpaBHEHHUS HECKOJIbKUX BapuanToB CHB ¢ pa3iauyHbiMH MapamMeTpami.
[Ipeanourenue cienyeT OTAaThH TOMY BapUaHTY, PU KOTOPOM PE3YIIbTAThI
TECTUPOBAHUS O0YYCHHOM CETH IMOKA3bIBAIOT MEHBIIIYIO OITHOKY.

B obnacmu o6yuenus Train FIS pacnoliokeHO 10JI€ BRIOOpa METO/1a
ontumuzauu Optim. method: MmeToa 0OpaTHOTO pacIpOCTPaHECHHUS



ombOKku backpropa v TMOpUIHBIM MeTon hybrid, 0ObeTUHSIONIUN METO/T
0OpaTHOTO PacIpOCTPaHEHHUS OIIMOKHA U METOJ HAMMEHBIINX KBAJIPaTOB.

Kpome Toro, B Train FIS MOXHO U3MEHATh MapameTpbl 00yUYEHUS:
3a/1aTh TpeOyeMyl0 TOYHOCTh 0oOyueHus B moiie Error tolerance, 3a1athb
KOJIMYECTBO HUTEpaluii 00ydeHus: B noje Epochs W, HaKOHEI, 3alyCTUTh
pexuM o0yueHus kHOmKoW Train Now. IIpoMexyTOuHbBIE PE3yIbTaThI
oOyueHHsI BBIBOJATCS B 00JacCTh BHU3YaJIM3allMM, a Takke B Padoudyro
obnacte Matlab.

B obnacmu mecmuposanus Test FIS pacmnonoxeHbl MEHIO BhIOOpa
BBIOOPKU M KHOTIKA Test Now 3amycka TeCTUPOBAHUS HEYETKOM CUCTEMBI C
BBIBOJIOM PE€3YyJIbTATOB B 00JIACTh BU3yaIU3alliH.

B ob6racmu evi6o0a mexyweti ungopmayuu BIBOASTCA COOOIICHUS 00
OKOHYAHUM BBITIOJIHEHUHU OIEpalui, OTOOpa)karoTCs 3HAUYCHHUS OIIHOOK
oOy4eHHUsI, TECTUPOBAHUS U T.]I.

3. Meroauka BbINOJHEHUS PA00ThI

IIpumep. Pemaercs 3agaun annpoKCUMaUl PyHKIUN:

flxy x2) = (1 —X)r 2(1— x2)’,

B KOTOpPOM Juana3oH W3MEHEHUS apryMeHTa (YHKUIMM OTPaHUYCH
untepBaiom [—1;1], ¢ ucnonszoBannem HHC B penakrtope Anfis Editor
cuctembl Matlab.

3.1. IloaroToBka o0y4aroIieil BEIOOPKH

Jlist pelieHust 3ajladyd anmpoKCUMAalid HEOOXOJIUMO TOJTOTOBUTH
oOyyarolue JaHHble B TEKCTOBOM (aiinie ¢ pacimupenueM *.dat. Kaxnas
cTpoka oOyuyaromiero aiia npeacTaBiasieT cOOO0M YHCIOBBIE 3HAYCHUS
BXOJIOB U BBIXOJa, pa3CICHHbIC MPOOEIaMH.

CtpykTypa JaHHBIX OOyuaromiero ¢aiiaa omnpeaessieT CTPYKTypy
HHC: nannpumep, ctpoka u3 AByx uuces o3Havaet, yto B HHC oqun Bxon n
OJIMH BBIXOJ; CTPOKAa M3 TPEX YHUCEeI — JBa BXOJa M OJWH BBIXOA U T.H.
OoOyuaromias Beioopka st GyHKIuu f{X;, Xz) mokazana Ha puc. 4.6, a).



3.2. 3arpy3ka JAaHHbIX B peaaktop Anfis Editor

Jlnst oTkphITUA penakTopa Anfis Editor HyXKHO B KOMaHJHON CTpPOKE
cuctemsl Matlab BBecTu anfisedit.

B penakrop Anfis Editor 3arpysxaetcs ¢aiisi ¢ 00y4aronuMu JaHHBIMU
(tun nanHbIX Trainig data) — B MeHo Load data, nmbo ¢ MOMOIIBIO
MeHeKepa (paitioB HYKHO yKa3aTh UM (aiiia ¢ 00yJarouuMu JaHHBIMU C
pacuupenueM *.dat. Ilpu ycnenrHoit 3arpy3ke B pabo4emM OKHE pellakTopa
Oyler mnokazaH Trpaduk, BU3YAIU3UPYIOMMA HMCXOJHYI (YHKIUIO C
3arpy>KeHHBIMH JaHHBIMU (puc. 4.6, 0).

ji-1 -1 @ [ # Neuro-Fuzzy Designer File Edit View = O * ]
| 1

2 -0.8 -1 2.36

2 — ANFSWfo.  —

- EgENeie o Training Data (000) ‘

E=0.7 =0.6 5.63 I ! # of outputs: 1

€ -0.4 -0.5 5,34 | s &l # of input mis:

70,5 -0.3°4,13 | B 3-':

§ 0.3 -0.2 3.79 O 4f ::;:;lgm

g -0.2 -0.1 3.38 [

10 -0.1 0 2.9% <

11 00 3 0 : 2 o g

120.1 0 2.585 0 5 10 15 20

13 0.1 0.2 2.27 data sel index

14 0,2 0.3 1.94 Load data [ Generate FIS 10 TranFs [ TestFis ]

i5 0.4 0.5 1.34 Type From: Optim. Method:

16 0.6 0.3 1.62 (#®) Training () Load from fie hyterid bt Pict against:

17 0.6 0.6 0.98 () Test file () Load from worksp. Error Tolerance: | | (®) Training data

g 0.7 0.8 D.59 ’ i q 7

t:. 0.7 0.8 i Olcsicting O gﬁtﬂpu:ﬂ:m e gmmgmu

0L Bty Sub. clusterin 3 Checking data

20 1 1 O Demo : = :

[oedDafE )| Clear Data | Generate FIS .. | Train HNow | |
train data isaded Help Chsa
a 9]

Puc. 4.6. O0yuaromue nanHbie 1 QyHKIHH f{Xx;, X2) (@)

u penaktop ANFIS nocine 3arpy3ku (aitna ¢ o0ydaronuMu TaHHBIMHU (0)

Coxpanenue pazpadatsiBaemoit HHC B pabouee mpocTpaHCTBO (B
MEPEMEHHYI0) MPOBOJUTCS KOMaHA0U MeHI0 File — Save to workspace as.
3.3. Coznanue crpykrypsl HHC u popmupoBanne HeUeTKUX paBuil.

s cozmanusa crpykrypsl HHC Ha nanenu penakropa Generate FIS
yCTaHaBIUBAETCSA (hopMa pa30MEHUsS] BXOJIHBIX MEPEMEHHBIX HO peuiemke
(Grid partitions), B KOTOpOH HOCUTEIIN HEYETKUX TEPMOB OIPEICIISIIOTCS 110
oOyuyaroriei BRIOOpKEe HE3aBUCUMO JIJI KaXK0TO BX0/a; 3aT€M 3aITyCKaeTCsI
komaHna Generate FIS.



B nosiBuBIIEMCS TUAIOTOBOM OKHE yKa3bIiBaeTCs uucyio u tun OIT gy
OTJICJIbHBIX TEPMOB BXOJHBIX U BBIXOJHOMW TepeMeHHbIX (puc. 4.7, a): B
nosie BBoja Number of MFs 3amaercsi KOJTUYECTBO HEUETKUX TEPMOB —
HanpuMmep, Mo 3 HEYETKUX Tepma JUIsl KaXKJI0W BXOJHOW MEPEMEHHOM; B
nosie MFType ykaspiBaercs tuil DIl BXOAHBIX NEPEMEHHBIX — HAIIPUMED,
TpeyroibHbli, B mojsie QOUTPUT — tun ®PII BbIXOAHOW NMEPEMEHHOW —
nuHenHas OII.

[TIpocmotp cTpyktypsl HHC ocyliiecTBisieTcs ¢ TOMOIBbE0 KOMaH/IbI

Structure penaktopa Anfis Info (puc. 4.7, 6).

4| Add Membership Functions _Oox 4 Anfis Model Structure — g X

i input inputmf rule outputmf output

Number of MFs: MF Type:

trimf ~
trapmf

gbelimf

gaussmf

gaussZmf

pimf

dsigmf

psigmf

33

To as=ign a different
number of MFs to each
input, use spaces to
separate these numbers.

—QUTPUT

tant
MF Type: conelan ~ Legical Operations
and

or

oK | Cancel |

Click on each node to see detailed information | ‘ Update Help Close ‘

a o

Puc. 4.7. Oxno Bb100pa konuuectBa u Tuna @II (a) u crpykrypa CHB (6)

IIpu co3znanuu crpykrypsl HHC B penaktope Anfis Editor cucteMbl
Matlab asmomamuuecku GOPMUPYIOTCS HEYETKHUE IIpaBuja, 00IIee YMCiIo
KOTOPBIX COOTBETCTBYET KOJUYECTBY CBSI3€M BCEX TEPMOB BXOJHBIX
MEPEMEHHBIX JIPYT C IPYTOM U PACCUMTHIBACTCS KaK MPOM3BEICHUE YKCIa
TEPMOB ISl KXKIOM BXOJHOM INEPEMEHHOW: TaK, IS pacCMaTPUBAEMOTO
npuMepa ¢ 3 HEYETKMMH TepMaMH JIsi O00EUX BXOJHBIX MEPEMEHHBIX
dbopmupyeTcs 9 HEUETKUX MTPaBUIL.

3anyck KoMaHjabl MeHIO Edit — Rules OTKpbIBaeT pemakTtop 0asbl
HeyeTkux npasun Rule Editor (puc. 4.8). Ilpu Momudukanuu cucCTEMbI
HEUYETKOTO BBIBOJIA MOXXET MOTPEOOBATHCS JOMOJHUTEIHLHOE W3MEHECHHUE
CYLICCTBYIOIIMX TMpaBuil WIM H3MeHeHue mnapameTpoB PII BXomHBIX
MIEPEMEHHBIX.



3.4. O6yuenue HHC

st o6yuennss HHC na manenu penaktopa 7Train FIS BbiOMpaeTcs
anroput™m ooyuenusi (Hybrid vnvu Backpropo), ycTaHaBIUBAIOTCS 1IEJIEBOE
3HaueHue owmudku Error Tolerance W KOJIWYECTBO LHKIOB OOy4YeHUs

Epochs. Haxatue kHonku Train Now 3amyckaeT mpoiecc o0y4deHusl.

Jlist paccMaTpuBaeMoro npuMepa HY»KHO OCTaBUTh 0€3 M3MEHEHUS
MpEUIOKEHHBIE 10 yMOJYaHUI0 MeTon oOyuenus (Hybrid) m ypoBeHb
omOku (0); KOTUYECTBO IIUKIIOB 00yueHust Epochs yCTaHOBUTH, PAaBHBIM
30. ITocne obyuenus HHC B pabGouem oxHe penaktopa ANFIS Oyner

nmokazaH Tpaduk mporecca oOydeHHsS ¢ JUHAMHYECKUM HW3MEHECHHUEM
OmMOKH MOJIeTIH B X0Jie 00ydeHus (puc. 4.9).
4. Rule Editor File Edit View Options — O >

f {input1 is in1mf1}) and {input2 is inZ2mf1} then (output is cut1mfi) (1)
I {input1 iz in1mf1} and (inputz iz in2mf2) then (output is out1mi2) (1)
If {input1 iz in1mf1} and {inputZ iz in2mf3) then (output is out1mf3) (1)
f {input? iz in1mf2} and {input2 iz in2mf1) then (output is outimid) (1}
. {input! is in1mf2} and (input2 is in2mf2) then (output is out1mfs) (1)
I {input! is in1mf2} and (input2 is in2mf3) then (output is outimfS) (1)
If {input1 iz in1mf3) and ({inputz iz in2mf1) then (output is out1mf7) (1)
I {input1 iz in1mf3) and ({input2 iz in2mf2) then (output is out1mfa) (1)
f (input! iz in1mf3} and (input2 is inZmf3) then {output is out1mf3}) (1}

[T=D =R = PR T T LR

If and
input1 is input2 is
in1mf2
in1mf3 in2mf3
none none
W W

|:| not |:| not
~ Connection Weight:

or

®) and 1 Delete rule Add rule Change rule | cx| ==
FIS Name: Untitled Help | Close

Puc. 4.8. Bug penakropa npaBuii HEUETKOTO BbIBOJIA




.| Meuro-Fuzzy Designer File Edit View - O X
- Training Error — ANFIS Info.
157
1l # of inputs:; 2
# of outputs: 1
| # of input mfs:
S 08 33
| B T T T T TR T T
05T
1 , , , , ) | Structure
0 5 10 15 20 25 30 Clear Plot
Epochs
[ Load data — | [ Generate FIS — | [ TrainFIS | TestFIs ]
Type: From: Optim. Method:
(®) Training (O Load from file hybrid e Plot against:
'::' e @ file: ID Load from worksp. Error Tolerance: @ Training data
Grid parti 0 O Testing dat
() Checking () worksp. ® Grid partiton Epochs: (O Testing data
':::' Demo D Sub. clustering a0 I:::I Checking data
Load Data.. | Clear Data | Generate FIS . ||| £ reain M Test Now
Epoch 30.error= 2.6455e-05 Help Close

Puc. 4.9. I'paduk npouecca o0ydeHust

Jlyist ipoBepKU pe3ysIbTaToOB 00y4YeHHs HEOOXOAUMO MOATOTOBUTH U
3arpy3uTh JOMOJHUTEIbHBIA (ailli ¢ TpOBEPOUYHBIMU (TECTOBHIMHU)
UCXOAHBIMU  JaHHBIMH, CGHOPMUPOBAHHBIMU JJISI Tap  3HAYCHUU
paccMaTpuBaeMoOl MaTreMaTH4YecKoil (QyHKIuU, B pexume Testing data B
OKHE MeEHemkepa (ailioB, a 3areM 3amycTuTh KoMaHay Test Now,
pe3yJibTaT anmpoKCHUMAalMM TECTOBbIX JaHHBIX ¢ noMoubio HHC
oToOpaXkaeTcsl B 00JIaCTH BU3YyaU3aIlUu.

AnHanu3 ToyHOCTH TocTpoeHHOoM Moaenn HHC  BeimonHsieTcs
BU3yaJIbHO MyTeM npocMmoTtpa noBepxHoctu CHB (komanna View/Surface)
(puc. 4.10). CpaBHUTEIBHBIN aHATN3 U300paKEHHOTO rpaduKa ¢ TOYHBIM
rpapukoM QyHKuUU f{X;, X;) TO3BOJSET cAenaTh BBIBOJ O JOCTATOYHO
BBICOKOW CTENEHUM WX COBHAJEHHUS, YTO MOXKET CBUAETEIbLCTBOBATH O
Ka4eCTBE NMOCTPOCHHOU HEUPO-HEUETKON MOJIEIU.



4 Surface Viewer File Edit View Options — O >

input2
input1 P
X (input); input1 W Y (input): inputz o Z (output): output e
X grids: 15 Y grids: 15 Evaluate
Ref. Input: Plot points: 459 Help | Close |

‘ Readv |

Puc. 4.10. I'padpuueckuii uatepderic npocmorpa norepxnoctu CHB

3.5. AHanu3 aJIeKBaTHOCTU TOCTPOCHHON MOJIEJIM MOYXHO BBITIOJTHUTH
C TIOMOIIBIO peaakTopa NpocMoTpa mnpaBwil (koMaHaa View/Rules)
noctpoennoit CHB (puc. 4.11), mo3BoJISItOITYI0 TPOBOAUTH OLIEHKY PaOO0ThI
CHB B pexume «umo-eciu»: B one Input niv U3MEHCHUEM TOJ0KEHHUS
KpacHOM  JIMHUMU-KypCOpa  YCTaHABJIMBAIOTCA  3HAYEHUS  BXOJHBIX
MIEPEMEHHBIX U HA OCHOBE IPOLEAYPbl HEYETKOTO BBIBOJIA BBIUYHUCISAETCS
3HAYEHHUE PE3yJIbTUPYIOIIECH EPEMEHHOM.

Hampumep, eciin 3HaueHUE BXOJHOM IEPEMEHHOU YCTAHABIMBACTCS
paBHBIM 1,1, TO 3HaUYeHUE BBIXO/1a MOJICIM CTAaHOBUTCS 1,28 (paccunTaHHOE
ToyHOE 3Ha4YeHue paBHO 1,331). Eciu e BxonHoe 3Hauenue pasHo 0,1, To
BBIXOJIOM ITOCTPOCHHOM Mojenu siBisieTcs -0,09, XxoTs mo pacyeram JOIAKHO
paBuaThess 0,001 — ganHBIE (QakT CBUIETETHCTBYET HE B MOJB3Y
a7ICKBaTHOCTH TOCTPOCHHON MOJenu W TpeOyeT ee€ JIOMOTHUTEIbHOM
HACTPOMKHU.



4] Rule Viewer File Edit View Options - b X
input1 =05 input2= 05 B
S |
s [ | | T | |
s [ —— | — | | |
= [ =8 0
7| 1 — | | |
8 | _ P ——— 1
8 |1 ,,,f-'"_! |1 — ‘_l |J |
. - 1 |
274 20.82
Input: | 0 5:0.5] Plot points: 111 Move: jeft | right|duwn| up |
Opened system Untitled, 9 rules Hep | Cose |

Puc. 4.11. Penakrop npocmotpa npasuin CHB

s OononnumenvHOU  HACMPOUKU  HEUPO-HEUETKOW  MOJCIH
MPUMEHSIFOTCS CIIETYIOIINE CITIOCOOBI:
1) yBenuueHnue oobemMa BEIOOPKH ¢ 00yUYarOIIMMU JaHHBIMU;

2) wusMmeHenne cTpykrypel HHC mnyrtem KOppeKTUpOBKH Yucia
HEYETKUX METOK BXOJHBIX IEPEMEHHBIX;
3) usmenenue napametrpoB o0yuenust HHC.

Penaktop Anfis Matlab  nomyckaer emie  OOUH  CHOCOO
JNOIOJIHUTEIBHOW  PYYHOM  HACTPOWKH, KOTOPBIA  3AKJIIOYAETCA B
pPENAKTUPOBAHUM TUIIOB M 3HaueHUU mnapameTpoB DIl TepMOB BXOIHBIX
IIEPEMEHHBIX € TOMOIIBIO penakropa PII.

Bbi0op TOro miM MHOTO crnoco0a HACTPOMKM HEUETKUX MOJENei
3aBUCUT HE TOJBKO OT CHEeHU(UKU pEemiaeMoil 3ajadd, HO U OT oO0bema
JOCTYITHOM BBIOOPKH 00YUaOIIUX U MPOBEPOUHBIX JaHHBIX.

[Ipomiecc pa3pabOTKuM THOPUIHBIX HEUPO-HEYETKUX CUCTEM B
MHTEPAKTUBHOM PEXUME SIBIIIETCS HanOosee 3P(HEeKTUBHBIM TSI CIOKHBIX
HEHUPO-HEUETKUX MOJENeH ¢ OOJbIIMM YHCIOM MEPEMEHHBIX M IMPaBUI
HEYETKOro BbIBOJA. 3ananue nepemeHHbix u @I B rpaduueckom pexnme, a
TaKXe BU3yaau3alys NPAaBUJI ITO3BOJISIIOT CYIIECTBEHHO YMEHBIINUTD



TPYJAOEMKOCTh Pa3pabOTKH HEUPO-HEUETKON MOJIENIH, a TaKKe CHHU3HUTHh
KOJIMYECTBO BO3MOJKHBIX OIIMOOK M COKPATUThH OOIlEe BPEMsI HEUETKOTO
MOJICITMPOBAHUS.

Iopsiiok BHINOJIHEHUS PadOThHI

1. U3yunth  METONUKY  pa3padOTKU  TUOPUIHBIX  CHUCTEM C
UCIIOJIb30BAHUEM CPEIbl BU3yaJIbHOTO MoenupoBanus Anfis Matlab.

2. HUccnenoBaTh npolecc pa3pabOTKU aJalTUBHOM CUCTEMBbI HEUPO-
HEUYETKOTO BBIBOJIA [JIsi AINMPOKCUMAIIMU 3aBUCHUMOCTH, OMHUCHIBAEMOM
HEKOTOPOM MaTeMaTUYECKON (PYHKIMEH, COTJIACHO BapUAHTY 3a/IaHUS

2.1. TloarotoBuTh OOy4Yaromue AaHHbIE, COXPAHUThH UX B BUJIE

*.dat —paiina.

2.2. CrenepupoBars  ctpyktypy HHC; o0yuuts HHC ¢
UCIIOJIb30BAHUEM THOPUTHOTO METO/IA.

2.3. BBINOJHUTH OIIEHKY aJ€KBAaTHOCTH IOCTPOCHHOMW HEYETKOU
MOJIeJIM THOPUIHOM CETH.

[IpoBecTn AOMOJHUTENBHYIO HACTPOMKY MOJIENN MyTEM YBEIUYECHUS
o0beMa oOyuaroiieit BbIOOpKHU; n3menenus crpykrypsl HHC, napamerpos
o0yuenuss HHC; myrem pepakThpoBaHUs TUIIOB M 3HAYEHUM MapaMeTpoOB
@I TepMOB BXOAHBIX IEPEMEHHBIX.

3anonuuth  Tab. 4.1  pe3ynbTaTaMud  SKCHEPUMEHTAJIbHBIX
UCCIICIOBAHUMN HAJl MOJEIBIO: 111 PA3HBIX HA0OPOB UCXOAHBIX JJAHHBIX X7 U
X2 paccunTaTh TOYHBIC 3HAaUeHUA d = f{X;, X2); 3aTeM 111 pa3HbIX TUIIOB DI
BXOJIHBIX IMEPEMEHHBIX ONPEICTUTh BBIXOHbIC 3HAUCHUS Y ¥ OIIHUOKY S = (Y
— d)’ mozenu.

Tabnuya 4.1
Pe3ysbTaThl 3KCIIEpUMEHTAIBHBIX UCCIICIOBAaHHM
Mo Bxoomuwie Touno gauss2mf trimf gaussmf
3HaYeHUs e
dyuryuu 3HAYeH
ue
X X d y S y S y s

AW N —







2.4.B ciayyae HE0OXOAMMOCTH BHECTH HM3MEHEHHUS B CTPYKTYpPY
rUOpUIHOM CETH, B IIpaBWJIa HEYETKOIO BBIBOJA; a 3aT€M IPOBECTH
JOTIOJIHUTEIBHYIO IIPOBEPKY TOYHOCTH IOCTPOCHHOM HEYETKOM MOJIEIU
rUOpUTHOM CEeTH.

3. Cpuenath BBIBOABI O Kaye€CTBE MNOCTPOECHHOW HEUPO-HEUETKOU
MO/JIEJIN.

TpeOoBanus Kk conepkaHuio0 U 0(POPMIICHHIO OTHETA

OTtyeT no 1abopaTopHOM paboTe NOKEH CONEPKATH:
1. HaszBanue u 1nienb paboTHI.
2. HcxonHble TaHHBIC BapUaHTa 3aaHus.

3. Dtambl pa3paOOTKH aJanTUBHONW CHUCTEMBI HEWPO-HEYETKOTO
BBIBOJA I aNMNPOKCUMAIIMK 3aBUCUMOCTH, OIKMCHIBAEMOW HEKOTOPOM
MaTeMaTH4eCKO (yHKIIMEH, COTIaCHO BapyaHTy 3aJaHusl.

4. Pe3ynbpTarhl SKCICPUMEHTAIBHBIX MCCIEAOBAHUM HaJ HEUpO-
HEUYETKOU MOJEIBIO.

5. BBIBOIBI O Ka4€CTBE IIOCTPOCHHON HEMPO-HEYETKOU MOJEIIHN.

BapuanTsl 3aganuii

Ne Matematuyeckas QpyHKIUS Jnana3on
M3MEHEHUS X1

X2

1 2 3

1| flxy, x2) = (1 —x°) +2(1 — xz)° [—1;1]

2| flxy, x2) = 2(1 + x°) + 3(x:—2)° [—1;1]

31 flxy, x2) = (xi—1) + (2 — x5°) [—1;1]

4| flxy, x2) = 2(x;—1)° + (1 + x5°) [—1;1]

51 flx, x2) = (3—x1°) +2(1 +x2) [—1;1]

6 | flxi,x2) = (2 +x:°) + (1 — 2x2) [—1;1]

7| flxox2) = (1 +x7°) + (1 —x2)° [—1; 1]

8 | flxy, x2) = (3— 2x°) + (1 — 2x2)* [—1;1]

9| flxi,x2) = (2 —xi°) + (1 +x5) [—1;1]

Ul flxy x2) = (3 —2x7) + (1 — x2)° [—1;1]

0

1| flxy, x2) = (1 —2x5°) + (3 —x2)° [—1;1]

1

1| f(xi, x2) = 3(1 + x°) + 2(x:—2)° [—1;1]




2
U] flxy x2) = (xi—2)° + (1 — X2°) [—1;1]
3
1| flx, x2) = (xi—1)* + 2(1 + x5°) [—1;1]
4
1 f(Xl,X2):(1 —X12]+3[1 +X2)2 [—1, 1]
5




OxkonuaHue mao..

1 2 3

1| flxy x2) = (1 +x2) + (2 — 3x2)° [—1;1]
? flx1, x2) = (1 + %) + (2 — x2) [—1;1]
Z flxs, x2) = (1 — x72) + 2(3 — 2x,)° [—1;1]
? f(x1, x2) = (1 — x{7) + (2 + x2) [—1; 1]
i f(x1, x2) = (1 — 3%2) + (2 — x2)° [—1;1]
0

KoHTpoJibHBbIE BONIPOCHI

1. Uro Takoe HEHPOHHBIE HEUETKUE CUCTEMBI? OXapakTepHU3yWTe

CTPYKTYPY HEMPO-HEUETKOM CETH.

2. Omnumute npouecc pazpadotkn HHC B cucteme Anfis Matlab.

3. Kak nposeputs agekBarHocTh nmocrpoeHnorn HHC?

4. Kakue BappupyeMbl€ MapaMeTPbI

BJIMAIOT Ha OH_II/I6Ky aHHpOKCI/IMaHI/II/I?

HEMUPO-HEUETKON CHCTEMBI

5. B uem npeumyiecTBa UCHOJIb30BAHUS HEMPO-HEUETKUX CETEN?



Cnncok peKOMEHyeMO JINTEPATYPhI

OcHoBHas nuTeparypa:

1. Octpoyx, A. B. CucrteMbl UCKycCTBEHHOro MHTeIeKTa : MoHorpadus / A. B. Octpoyx, H. E.
CypxkoBa. — 2-e usn., crep. — Cankrt-IlerepOypr : Jlanp, 2021. — 228 c. — ISBN 978-5-8114-8519-2. —
Tekct : anexTpoHHbIH // JlaHb : 2JIEKTPOHHO-OMOIMOTEUHAs CHUCTEMA.

2. Memepuna, E. B. Cuctembl HCKyCCTBEHHOTO MHTEIUIEKTA : yueOHO-MeToandeckoe nocodue / E. B.
Memmepuna. — Openodypr : OI'Y, 2019. — 96 ¢. — ISBN 978-5-7410-2315-0. — TeKcT : 37eKTPOHHBIIA //
JlaHb : 2IEeKTPOHHO-OMOINOTEUHAS CHCTEMA.

3. [IpoekTpoBaHHE CHCTEM HCKYCCTBEHHOIO HMHTeiekTa : ydeOHoe mocobue / C. JI. CoTHuK. -
[TpoekTupoBaHME CUCTEM HUCKYCCTBEHHOTO MHTEIIEeKTa,2022-12-24. - DnekTpon. aaH. (1 daiin). - Mocksa :
Nurtepuet-Yuauepcuter Undopmarnmonnsix Texunonoruit (MHTYUT), At [Tu Ap Meaua, 2021. - 228 c. -
aneKkTpoHHbIN. - Kuura Haxomutcs B npemuyMm-Bepcun OBC IPR BOOKS. - ISBN 978-5-4497-0868-7,
AK3EMILISIPOB HEOTPAaHUUEHO

JlononHuTenpHas IMTEpaTypa:

l. [IpaBoBBIE M 3THYECKUE ACTIEKTHI, CBSI3aHHBIE C Pa3pabOTKONW U IPUMEHEHUEM CHCTEM UCKYCCTBEHHOIO
UHTEJUIEKTa U POOOTOTEXHUKU: UCTOPHSI, COBPEMEHHOE COCTOSIHUE U MEPCIIEKTUBBI PA3BUTHUS | MOHOTpadus /
[B. B. Apxunos, I'. I'. Kamanosa, B. b. HaymoB u np.] ; ®enepanbHoe TrocyIapcTBEHHOE OOJIKETHOE
yupexaeHue Hayku, MHCTUTYT rocynapcTBa u npaBa Poccuiickoit akagemun Hayk. - Cankt-IletepOypr : HII-
[TpunT, 2020. - 260 c. : Tadm. - [Ipun.: c. 236-245. - bubnuorp.: c. 246-259 u B noactpou. nmpumed. - ISBN 978-
5-6045320-4-1, 3x3eMmsipos 1

2. beccmepTtsiii, . A. CucteMbl HCKYCCTBEHHOTO MHTEJUIEKTA: Y4eOHOe TTOCO0He [T aKaIeMUIeCKOTO
OaxanaBpuata / U. A. beccmepTHblil. — 2-e u3a., uctp. u gon. — M.: FOpaiit, 2017. — 130 c.

3. Bypakos, M.B. CucreMbl HCKYyCCTBEHHOTO MHTEIJIEKTa. YuebHoe nmocooue [Tekcr] / M.B. Bypakos. —
M.: Ilpocnexr, 2017. — 440 c.

4. Kynpsisues, B. b. MHTemiekTyanbHble CHUCTEMbI: y4eOHHMK M TPAKTUKyM [uisd OakajmaBpuaTa M
maructpatypsl [Texct] / B. b. KyapsBues, 9. 3. I'acanos, A. C. [Toakonsus. — 2-e u3A., ucrp. u jpom. ; MI'Y
uM. M.B. JlomonocoBa. — M.: FOpaiir, 2017. — 219 c.

HuTepHer-pecypcsl:

1. https://www.tensorflow.org/ - KomminekcHas miardopMa MaIHHHOTO 00y4EHUS C OTKPHITHIM
VCXOJHBIM KOJIOM

2. WNndopmanmonnas cnpaBounas cuctema Koncynsrantllntoc / Pexxum nocryna: http://
www.consultant.ru

3. OtkpsiThie cucTeMbl — nH(pOpManmonHbIi moptair, URL: http://www.olap.ru/basic/refer.asp.

4. [Ipodeccuonanbuas 6a3a manubix Poccrara // Pexum mocryna: http:/www.gks.ru/wps/wem/connect/

rosstat_main/rosstat/ru/statistics/databases/


http://www.gks.ru/wps/wcm/connect/
http://www.olap.ru/basic/refer.asp
http://www.consultant.ru/
http://www.tensorflow.org/

JlaGopaTopnas padora Ne 9-10

I'EHETUYECKHUE AJIT'OPUTMbI
JJIA PEHHEHUSA 3ATAY OITUMHN3ALIUAN
B CUCTEME MATLAB

1. Heas u 3aga4u padoTHI

[lenbto pabOTHl SIBIAETCS HM3YYEHHUE METOJIUKU PEIICHUs 3a/aad
OITUMU3ALIMA C HCIOJBb30BAHUEM I'€HETUYECKUX AJITOPUTMOB B CHUCTEME
Matlab.

3agayamMu pabOTHI SIBJISIFOTCSA: HACTPOMKA MapamMeTpOB F€HETUUYECKUX
QITOPUTMOB; BBIOOP MCXOJHOM MOMYJISIMA XPOMOCOM, OLIEHKA (PyHKIIMH
MPUCIIOCOOJIECHHOCTH, CEJICKIUS XPOMOCOM, MPUMEHEHUE TEHETUUYECKUX
onepaTopoB (CKpeIIMBaHWS U MYTallUM), OMNPEACICHUE HaWIydlleH
XpoMocoMbl B penaktope Genetic Algorithm ytunutsel Optimization
Toolbox cuctembl Matlab.

2. TeopeTuueckue CBeACHUS

2.1. Pemenmne 3amay ONTUMH3AIMM C MOMONILI0 TEHETUYECKUX
aJITOPUTMOB

MHuorue 3a1auu, BO3HUKAIONME B QyHIAMEHTAIBHBIX U MIPUKIIATHBIX
HayKaX, CBOJIATCS K 3ajiade onmumuzayuu. B ONTUMU3aIMOHHBIX 3a7a4ax
TpeOyeTCsl HATH 3HaYeHUS BXOJHBIX MMapaMeTpPOB, IIPU KOTOPHIX IIejieBast
GyHKIMS JOCTUTaeT MUHUMAIBHOTO (MAaKCUMaIbHOTO) 3HAUCHHUSI.

CnoXHOCTh TOMCKA ONTHMAJILHOTO PEIICHUS 3aBUCUT OT BHUAA
neneBoit pynkuuu. Ecnu nienesas pynkuus F(X) ynumooanvrhasi, T.€. UMEET
OJIUH 3KcTpeMyM (puc. 5.1, a), TO 3aga4a ONTUMHU3AIMKU OTHOCUTEIHHO
pocTa — JJIsl PEHICHUS JIOKAIbHOU ONMUMU3AYUU TIPEJUIOKEHO OOJBIIOE
KOJIMYECTBO METOJIOB, B YaCTHOCTH, METObI CITyCKa IO TPaAUCHTY 11eJIeBON
bynkuuu. TpagunrionHsle (TpagUeHTHBIE) METOJABI ONTUMHU3AIMU JTAI0T
BO3MOXHOCTh HaXOJIUTh TOJIBKO JIOKAJIbHBIC SKCTPEMYMBI.

B cnyuae ecnu nenesas pyukiusa F(X) myromumooanvrnas, T.€. UMEET
MHOTO 9KCTpeMyMoB (puc. 5.1, 6), To 3aga4a ONTUMHU3AIMNHI 3HAYUTEITHHO
YCIIOKHSIETCS, T.K. IPH PEIICHUH 33]1a4H 27100a1bHOU ONMUMUZAYUY MOKHO
CTOJIKHYTbCS JIMOO ¢ MpoOIeMon



MPEXKIEBPEMEHHON CXOIUMOCTH (YCTAHOBJICHHE JIOKAIBHOTO 3KCTpEMyMa
BMECTO TJI00ATIBLHOIO0), MO0 ¢ TPOOJIEMON JJIUTEIHHBIX BHIYUCICHUN.

OcoOEHHOCTSIMU 3a/lad HEMPEPBIBHON TI00ATBHOW ONTHMU3AIUN
SBIISIIOTCS:  HEJWHEWHOCTh, HeauddepeHIMPYeMOCTh,  OBPaKHOCTb,
MHOTO9KCTPEMATBHOCTh (MYJIbTUMOJIATLHOCTE), OTCYTCTBUE aHATUTHYEC-
KOro  BbIpakeHus  (mwioxas  (OpPMaIM30BaHHOCTh) U BBICOKAs
BBEIYUCIIUTENIbHAS CJIOKHOCTh ONTHUMH3UPYEMbIX (YHKIIMHA, BBICOKAsS
pPa3MEPHOCTh MPOCTPAHCTBA TOMCKA, CJOXKHAsI TOMOJIOrUs 00JacTu
JOMYCTUMBIX 3HAYEHUH U T. II.

Ft F(x)4

\ B

Y-

opt
x Jel xapr Iil:opr xgapr x‘éopr

a) 0)

Puc. 5.1. YaumonansHas (a) u MyJIbTUMOJaNbHas (0) 1eneBas GQyHKIUN

JIst MyIbTUMOJIANIBHBIX 1EJIEBBIX (DYHKIIUM, UMEIOIINX MHOXKECTBO
JOKAJIbHBIX AKCTPEMyMOB (puC. 5.2), Takux, Hampumep, Kak (PyHKIHsS

Pactpuruna:
Ras(x) =20 + xX* + X — 10 - (cos2mx; + cOS2TIXz),
12

HAaWTH TJOOQIBHBIM HKCTPEMyM TPAJAUIIMOHHBIMH METOJaMU HE
MPEJICTABIIIETCA BO3MOMXKHBIM.

s pemenus »tux npodiem B 1975 1. [x.Xomnanaom ObLIH
npelIoKeHbl cenemuueckue ancopummsl (I'A), KOTOpbIE OTHOCATCA K
CTOXACTUYECKUM 3BPUCTUYECKUM MeTO/IaM. ['A — 3TO aJaliTUBHBIE METO/IbI
MOMCKA, KOTOpbIE B HACTOAIIECE BpPEMS AaKTHUBHO MCIOIB3YIOTCS JIs
pemienus 3anad onmumusayuy. OHU CTPOATCS HA MPUHLMIAX 80I0YUU
OMOJIOTUYECKUX OPTraHW3MOB: OMOJIOTHYECKUE MOIMYJISIUA Pa3BUBAIOTCS B
TEUEHHE HECKOJBKUX MOKOJECHUM, MOAUYMHSACH 3aKOHAM €CTECTBEHHOTO
orbopa MO TPUHIMIY «BBDKUBAET HaWOOJIEe MPUCITOCOOICHHBIN,
oTKpbeITOMY Yapib3zom JlapBuHOM.



Global minimum at [0; 0]

Puc. 5.2. IT'padux pynkuun Pactpuruna

O160p B I'A TecHoO cBsi3aH C MPUHIMIIAMUA €CTECTBEHHOT'O OTOOpa:

— TPUCTIOCOOJIEHHOCTh OCOOM COOTBETCTBYET 3HAUECHMIO II€JIEBOU
GyHKIMY Ha 3aJJTaHHOM BapHUaHTE;

— BBDKMBaHHME HaubOoJjiee MNPUCIOCOOJIEHHBIX 0CO0EM MPOUCXOAUT
Omaromaps TOMY, YTO MOIMYJSLHS KaKIOTO CIEAYIOLIEro IOKOJECHHUS
dbopMupyeTcsi Ha OCHOBE BBIYHMCICHHUS 3HAYCHUS 1eNeBOM (DYHKIUU C
MOMOIIIBI0 MOJIENIM O0TOOpa — YeM MPUCTOCOOJIEHHEE 0CO0b, TEM OOJIbIIIE
BEPOSITHOCTD €€ y4aCTHs B KPOCCOBEPE, T.€. B PA3MHOKEHUHU.

Mopenp otTOOpa ompenenaser TO, KaK CTPOUTCA MOMYJIALUS
CJIEIYIOIIETO MOKoJeHus. Kak mpaBuio, BEpOSITHOCTh y4acTusi 0cOOM B
CKpEIIMBaHUU OepeTcsl MPOMOPIMOHAIBHO €€ MPUCTIOCO0IeHHOCTH. YacTo
UCIIOJIB3YETCA TaK Ha3blBaeMas cmpameus 3SAUmusmd, TpU KOTOPOU
HECKOJIbKO JIy4IlIMX OCOOed TMepexoasiT B cleaylollee MoKojeHue 0e3
U3MEHEHH, He y4acTBYs B KpoccoBepe v oToope. B mobom ciryuae, kaxaoe
clIeTytolIee MOKOJeHUE OyIET B CPETHEM JTyUIlle MPEbITYIIETO.

Korga  mpucnocoGneHHOCTH ~ ocoOel  mepecTtaeT  3aMETHO

YBEIUYUBATHCS, MPOLIECC OTOOPA OCTAHABIIMBAIOT, U B KAUECTBE PEIICHUS
3a/1a4yy ONTUMU3AIMY BHIOMPACTCS HAWTYUIINM U3 HalJIEHHBIX BAPUAHTOB.

[To ckopocTn HaxoXaeHUs onTtumyma ueneBod QyHkuuu ['A Ha
HECKOJIBKO MTOPSAAKOB IIPEBOCXOAAT CIIYUYANHBIN ITOUCK.



OTMeTHM, YTO ONITHMHU3AIIMOHHAS 3a7a4a MOXKET OBITh 3allicaHa Kak
MUHHUMH3AIMOHHAS WM KaK MaKCUMHU3aIMOHHAsA. DTH JIBE 3aJa4M JIETKO
npeoOpaszyroTcss B Jpyryio  dopmy: min f(x) = max [—f(x)], max
flx) = min [—f(x)], tne f(x) — ueneBas ¢GyHKIUSA, a BEKTOp X —
HEe3aBUCHUMAas MIEpeMEeHHas, WK epeMeHHas pemeHus. Yuciao a1eMeHToOB B
X Ha3bIBa€TCS pa3sMEpPHOCTHIO 3anaud. [lpu MuUHUMU3AIUMU QYyHKIUH
3HAUCHHE I1eJIEBOM (YHKIIMU HA3BIBACTCS (PYHKYyuUel cmoumocmu, a Mpu
MaKCUMU3aIuN
— @pyHKYUel npucnocobieHHOCHU.

2.2. OCHOBHBIE MTOHSATHUSI TEHETHYECKUX AJITOPUTMOB

['’A wucnonp3yroT cjaoBapb, 3aWMCTBOBAaHHBIH W3 €CTCCTBEHHOMU
TCHETUKH:

— XPOMOCOMbL (Yenouxu, uiu Kooogvle NOCied08amelbHOCmuU) — 3TO
YIOPSIOYEHHBIE TOCIEA0BATEILHOCTH 2eHOo8. XpoMocoMma — OuTOBas
ctpoka 0101...101, unu BexkTOp U3 HyJIEW U €IMHULIL, KOTOpAsk OMPENECITACT
TOYKY MPOCTPAHCTBA MOUCKA M TPEACTABISACT MOTCHIIMAIBHOE PEIICHUE
3a/1a4H;

— 2eHbl — DJIEMEHTHI, U3 KOTOPBIX COCTOUT XPOMOCOMA;

— nonynayusi — 3T0 KOHEYHOE MHOKECTBO 0COOEH;

— 0cob6u, BXOJSIIME B MOMYJISIMI0, — XPOMOCOMBI C 3aKOJAUPOBAH-
HBIM B HHUX MHOXXECTBaMH IMapaMeTpPOB 3aJayd, T.C. PEIICHHH, KOTOphIE
MHa4€e Ha3bIBAIOTCS TOYKAMHU B IIPOCTPAHCTBE ITOMCKA;

— 2eHomun, WA CTPYKTypa, — 3TO HAOOp XPOMOCOM JaHHOU OCOOM.
CrnenoBaTenbHO, OCOOSMH TIOMYJISIMM MOTYT OBITh TEHOTHUIIBI JIHUOO
€IUHUYHBIC XPOMOCOMBI (paclpOCTpaHEHHBIN Clydail — KorJa TeHOTHUI
COCTOHUT U3 OJTHOM XPOMOCOMBI);

— ¢henomun — 3TO HAOOP 3HAYEHUMN, COOTBETCTBYIOIIUX IaHHOMY
TE€HOTHITY, T.€. JEKOJAUPOBAHHASI CTPYKTypa WUIM MHOXKECTBO MapameTpoB
3a/1a4 (pellIeHUE, TOUKa MPOCTPAHCTBA MTOMCKA);

— alenb — 3HAYEHHE KOHKPETHOI'O I'eHa, TAKXKE OIpEeesIsieMOe Kak
3HAYEHUE CB0UCMEa U BapUAHT CBOMCTBA;

— JIOKyC, WIW TIO3WUIMS, — MECTO pa3MEIIeHMs JaHHOrO IeHa B
XpomocoMe (1iernoyke). MHOKECTBO MO3UIUKA T€HOB — ATO JIOKH;

— Kpoccosep — OIlepallisl CKPEIIMBAHUS XPOMOCOM, MPU KOTOPOM
XPOMOCOMBI OOMEHHUBAIOTCSI CBOMMH YaCTSIMU;

— Mymayusi — CIy4ailHO€ HW3MEHEHHE OJIHOM WJIM HECKOJIbKUX
MO3UIIMHA B XPOMOCOME;



— ¢hynkyusa npucnocobiennocmu, Ui PyHKIMS TPUTOAHOCTH (fitness
function), — QYHKIHUS OIIGHKH, Mepa MNPHUCIIOCOOJIEHHOCTH OCOOM B
nonynasanud.  VIMeHHO  OHa  TO3BOJISIET  BBIOMpaTh  Haunbosee
npucnoco0i1eHHbie ocoou. Ha kaxaoit urepanuu ['A nprucnocoO0aeHHOCTh
KOKJIOH 0coOM TOMyJSAIMA OIEHUBACTCA TMPU TMOMOIMM  (YHKIIUU
MPUCIIOCOOJIEHHOCTH, M Ha 3TOW OCHOBE CO3/IA€TCA CIEIYIOIIAs MOy IS
oco0ei, COCTaBIISIFONTNX MHOYKECTBO TIOTCHITHAIBHBIX PEIICHHH, HallpuMep,
3aJ1auyy ONTUMU3AINY;

— MEXaHM3M celeKyuy 3aKIuaeTcsl B BBIOOpe 0co0el ¢ HauBBICIIEH
OLICHKOM (T.e. HamOoJiee MPUCIOCOOJEHHBIX), KOTOPbIE PEHPOLYILUPYIOT
qarie, 4eM ocoou ¢ 00Jiee HU3KOM OIIEHKOM (XyXkKe MPUCTIOCOOIECHHBIE);

— penpooykyus — CO3JJaHHE€ HOBBIX XPOMOCOM B pe€3yJibTaTe
PEKOMOMHAIIMM TE€HOB POJUTEIBCKUX XPOMOCOM. Pexombunayus — 3TO
MPOIIECC, B PE3YyJIbTaTe KOTOPOrO0 BO3HUKAIOT HOBBIC KOMOWHAIIMU T'€HOB.
JIJist 3TOTO MCHOJIB3YeTCsl JIBE OMEpallU: CKpeujusaHue, TO3BOJSIONIEE
co3gaTh JBE COBEPIICHHO HOBBIE XPOMOCOMBI IIOTOMKOB IIYTEM
KOMOWHHMPOBAaHMS TEHETUYECKOTO MaTepHuaia Mapbl pOIUTEICH, a TaKxkKe
Mymayust, KOTopas MOKET BbI3BaTh U3MEHEHHUSI B OTJICIbHBIX XPOMOCOMaX.

2.3. DJrtanbl HaxXOXJICHHUS ONTUMAJIbHOTO pEIICHUA 33Ja4ud ¢
MIOMOIIBIO TEHETUYECKOTO aJIropuT™Ma

Crangaptaeii ['A cOCTOMT W3 CIEOYIOUIECH IOCIEI0BaTEIbHOCTH
maroB (puc. 5.3):

ar 1. Anuyuanuzayus — GopMuUpOBaHHE HCXOTHON MOMYJISITAN
XpOMOCOM Ha OCHOBE CIIY4YalHOM TeHepalid 3aJaHHOTO KOJHWYeCTBa
XpoMOcoM (0co0eit), MpeacTaBIsIEMbIX JBOUYHBIMHU IOCJIEIOBATEb-
HOCTSMH (DMKCHUPOBAHHOM JTMHBI.

[lar 2. Oyenusanue npucnocobieHHOCMU XPOMOCOM — pacuer
@dyukyuu npucnocobrennocmuy i KaXJA0M XpOMOCOMBI 3TON MOMYJISIITUU.
Yem Oompiire 3HaYEHNUE 3TON (DYHKITAH, TEM BBIIIE «Ka4e€CTBO» XPOMOCOMBI.

[Iar 3. IIposepka ycrosus ocmanosKu 2eHemuuecko2o aieopumma.

Cy1iecTByeT HECKOJIBKO YCIOBUM OCTaHOBKH ['A:

1) B onNTUMH3ALMOHHBIX 3a7adyaxX, €CJM HM3BECTHO MAaKCHUMAaIbHOE
(WM MUHUMAJIbHOE) 3HaYeHWe (YHKIUM MPUCTOCOOJIEHHOCTH, TO
OCTaHOBKa aJIrOpUTMa OCYILIECTBISETCS MOCIE JTOCTHKEHUS O0KUIAEMOTO
ONTUMAJIbHOTO 3HAYCHUS,



2) korga BeIMoJMHeHHE ['A HEe NPUBOAUT K YIYYIICHHIO YKE
JTOCTUTHYTOTO 3HAYCHHS;

3) amropuT™M MOXET OBITh OCTAHOBJCH JUOO TI0 MCTCUYCHHUH
ONPEJICICHHOTO BPEMCHHM  BBIMOJHEHUS, JHOO IIOCIC BBIMOJHCHHUS
3aJITAHHOTO KOJIMYECTBA UTECPALIUH.

Ecnu ycioBue OCTaHOBKH BBITIOJTHEHO, TO AJITOPUTM MEPEXOIUT K
3aBepIIaroNieMy Imary 7, B KOTOPOM OIPENCHACTCS «HAULYYULASL)
xpoMocoma. Ecnmu ke yclioBHS OCTAaHOBKM HE COOJIOMAIOTCSA, TO
OCYIIECTBIISCTCS TIEPEX0/1 K CASAYIONMIEMY IIary W BBITIOJHSICTCS CceleKyUsl.
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[ar 4. Cenexyus xpomocom — OTOOpP XPOMOCOM, KOTOpPhIE OyAyT
y4acTBOBATh B CO3JAHUM TIOTOMKOB JUISI CJHEAYIOUIEH mnonyisuuu. B
pe3yJibTaTe MpOolecca CEJNEKIHUU CO3HAETCS pOoOUmenbCcKask NOnyasyusl,
(pOAUTENBCKUM TYJI) C YUCICHHOCThIO N, paBHOW YMCIEHHOCTH TEKyIIEH
nonyysiiuu.  CyIecTByeT HECKOJIbKO BHIOB  CEJICKIMHM, Haubosee
MOMYJISIPHBIM U3 KOTOPBIX CUUTACTCS Memoo pyiemKu.

Ilar 5. Ilpumenenue cenemuueckux onepamopos K XpOMOCOMaM
POIUTENILCKON MOMYJISIUKA. [IpUMEHSIIOTCS 1Ba OCHOBHBIX T'€HETUYECKHX
oriepaTopa: OINepaTop CKpEIIMBaHUS (crossover) W ONEPaTOp MyTallu
(mutation). B pe3ynbTare hopMUpyeTCs HOBaAs MOIMYJISLHSA IOTOMKOB: TIPH
CKpEIIMBAaHUM Mapbl POJUTEIBLCKAX XPOMOCOM CO3J1a€TCs Mapa MOTOMKOB.
Onepamop mymayuu ¢ BEPOSATHOCTBIO pPm, T.€. CIyYallHBIM 00paszom,
M3MEHSIET 3HAUYEHUE HEKOTOPOr0 TreHa B HEKOTOPOM XPOMOCOME Ha
MPOTUBOIOJI0XHOE U (OPMHUPYET HOBYIO, paHEe HE CYIIECTBYIOIIYIO
XpOMOCOMY B MOMYJSIIUU. TakuM oOpa3om, ¢ OJHON CTOPOHBI, MyTalluu
BBOJISIT B TOMYJISILIMIO HEKOTOPOE pasHOOOpa3ne M paclupsioT o0JacTh
MOMCKA, a4 C JAPYrOM CTOPOHBI, OHU NPEAYIPEKIAOT MOTEPU, KOTOPHIE
MOTJIA OBl TPOU30NTHU BCIAEACTBUE UCKIIOUEHUS KAKOTO-HUOYIb 3HAYUMOTO
T€HA B PE3YJIbTATE CKPEIIUBAHUS.

[lar 6. @opmuposarnue nHosol nonyaayuu. XpoMOCOMBbI, 00pa30BaH-
HBIE B PE3YJbTATE PUMEHEHUS T€HETUUECKHUX ONEPATOPOB K XPOMOCOMAM
POAUTEILCKON MOMyJsiuuM, (QOPMHUPYIOT HOBYHO momyJsiiuio. Jlanee
aJTOPUTM BO3BPAIAETCS K 1Iary 2.

ar 7. Buibop «naunyuuieiiy xpomocomsi. ECiu yCclioBHE OCTaHOBKH
aJIrOpUTMa BBITIOJIHEHO, TO CJEAYET BBIBECTU pe3yJbTaT pPadOThI, T.€.
MPEJICTAaBUTh UCKOMOE PENICHHUE 3aJayd. JlydymuMm pemieHneM CUMTAeTCs
XpoMOCOMa C HauOOJIBIIIUM 3HAYEHHUEM (PYHKIIUU MPUCTIOCOOTICHHOCTH.

2.4. T'eHermyeckue anropuT™mbl B penaktope Genetic Algorithm
ytuuTsl Optimization Toolbox cuctemsl Matlab

Jlyist perieHyst ONTUMM3ALMOHHBIX 3a7a4 B makete Matlab umeetcs
GUI-ymunuta Optimization Toolbox. OmHUM W3 METOJOB HaXOXKICHUS
TOYEK DOKCTpEeMyMa CKaJsIpHBIX (QYHKIUHA MHOTHUX  TEPEMEHHBIX,
UCIIOJIB3YIOIIUXCS B 3TOU YTUIIUTE, siBsieTcst meton ['A.

Hns  3arpy3ku  penaktopa Genetic Algorithm (GA-penaktopa)
HeoOxoaumo B pazjene APPS rnmaBHOTO MeHIO cucteMbl Matlab 3arpy3uth
ytunuty Optimization Toolbox; a 3aTeM B KaueCTBE pellIaTelis yKa3aTh



Solver — ga — Genetic Algorithm. B pe3ynbTaTe BBIIIOJTHEHUS 3TONH KOMaH IblI
MOSIBUTCS OKHO Tpaduueckoro unrepdeiica GA-penaxropa (puc. 5.4).

JleBasi wacthb OkHa GA-pemakTopa COJEPXKUT TOJSI JJIsi BHECEHUS
OCHOBHOW wWH(poOpMaIruu 00 ONTUMHU3UPYEMOM (PYHKIIMH HECKOJIBKUX
nepeMeHHbIX (Tabi. 5.1).

Tabnuya 5.1
Buecenne nadpopmanuu 06 ontuMuzupyeMoit dyHkiuu B GA-pegakrope
o Hasnauen
Je nue

[Mauens Problem

Fitness function | B TmoJie YKa3bIBaeTCs ONTUMHU3UpyeMmas (YHKIMS B
BUJIC

@fitnessfun, Tne fitnessfun.m — uMs 3apaHee

MIOJITOTOBJICHHOTO

M-aiina, B KOTOpOM OIUCHIBAETCS ONITUMU3UpPYyeMast

byHKIMISA
Number pa3Mep BXOJHOTO BEKTOpa /It PYHKITUU IPUCTIOCOOIEHHOCTH
of (KOJTMYECTBO BXO/IHBIX NIEPEMEHHBIX )

variable

S

Ilanenws Constraints
3aiaroTcs OrpaHUYCHUS 3a1a49M W/ WM OTpaHUYUBarOIas HeTMHEeHHas (yHKITHUS.

Ecnu He TpebyeTrcs BBeIeHUE OTpaHUYEHUM, TO TIOJISI HE 3aMOTHSAIOTCS

Linear JIuHeliHple OrpaHUYeHdss MOJEIM 3allMCHIBAIOTCS B BHIE
inequaliti HEpaBeHCTB BHa: A*x < b, a 3aTeM B 10J€ A YKa3bIBAKOTCS
es 3Ha4YeHUSA KO3PDUIMEHTOB [A), ... , A, uBIONC b — [bY, ...,

b,] — sl n HEPABEHCTB

Linear equalities | JluHeiiHble OrpaHUYEHUS MOJEIM 3alMCHIBAIOTCS B BUJIC

asencme Buna: A*x = b, a 3areM B none Aeq yKa3bpIBaIOTCSA
9

3HauYeHUd KO3(P(ULUUEHTOB ypaBHeHUM [Aeq;, ... , Aeq,] 1 B
nosie beq — [beq., ... , beq,] — 1151 n paBeHCTB
Bounds 3anatorcs HkHUE (Lower — [b) u Bepxuue (Upper — ub)

TPaHHUIIBI 7 TIEPEMEHHBIX B (popmaTe
[Ib(x)), ..., Ib(x,)] v [ub(x)), ..., ub(x,)]

Nonlinear 3anaercs Mpou3BOIbHAS HENMHEWHAS QYHKIMS OTpaHUYCHUN

constraint

function




ITauens Run

Solver
Start 3aIyCK alropuTrma
Current IIPY BBIMOTHEHUH OTOOpaKaeTCsl TEKyIasi MOy JIsIus
iteration
Status BBIBOJSTCS PC3YyJIbTAThI:
— cooOienue "Optimization terminated",
and Results .
— 3HaYeHue QYHKIUU MPUCTIOCOOTICHHOCTH B ONITUMATIHLHOM
TOYKe JJis1 (PUHATILHOMN TOMYJISINY;
— IPUYUHA OCTAaHOBKH PaOOTHI aJITOpUTMA
Final point BBIBOJATCSA KOOPAMHATBl KOHEYHOM TOYKH, MPHU
KOTOPOM
(GYHKIIHMS TPUCTIOCOOIEHHOCTH JOCTUTaeT MUHUMYMa




4\ Optimization Tool  File Help — O X
Problem Setup and Results Options Quick Reference s
Population : : -
Sover: [ ga - Genetic Algorithm v] _ _ Genetic Algorithm Solver —
Fitness scaling This tool corresponds to the ga
Problem function
. - -
Fitness function: | @rmyfun ‘ | Selection
_ Repreduction Click to expand the section below
Mumber of variables: |?— ‘ - corresponding to your task.
Mutaticn
Constraints: R —— Problem Setup and Results
Linear inequalities: A | | b | ‘ Migration » Problem
- - Constraints
Linear equalities: Aeq: | | beq: | ‘ Constraint parameters ’
Bounds: Lower: | ' Upper: | | Hybrid function > Bun solver and view results
Options
Monlinear constraint function: | ‘ Stopping criteria Specify options for the Genetic
Integer variable indices: | ‘ Plot functions Algorithm solver.
FPopulation
) Qutput function g , P .
Run sohver and view results b Fitness scaling
] Display to command window b Selection
[] Use randormn states from previous run » Reproduction
User function evaluation P )
S p . » Mutation
Start ause Stop b Crossover
Current iteration: |.'3_"D|J | | Clear Results » Migration
¢ Constraint parameters
Optimization running. » Hybrid function
Objective function value: -46102.02872343664 » Stopping criteria
Optimization terminated: maximum number of generations exceeded. pping i
= b Plot Functions
[ . » Qutput function
Final point: , .
r Display to command window
1 2 b User function evaluation
?44'333| 615,577 More Information o
b User Guide
< ¥

¢ Function equivalent
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B mnpaBoit uwactu okHa GA-pegaktopa B paszaene Options
OTOOpaXKarTCs JOMOJTHUTEIbHbBIC MTapaMeTphl (OMIINUH), TPETHA3HAUYCHHBIC
11 60J1ee TouHOM HacTpoiiku ['A mpu pelieHrn KOHKPETHOM 3a/1auu; €Cliv
HE U3MEHSITh TapaMeTpbl B OTOM pasjaeine, ToO B padore ['A
YCTaHABJIUBAIOTCS 3HAYCHUS MAPAMETPOB 10 YMOITUYAHUIO.

2.4.1. Hactpoiika mapametrpoB Population (tabm. 5.2) B pasnmeine
Options TI03BOJISIET 3a7aTh TUII BCEX 00BEKTOB NomnyJisiiuu Population type
(1BOITHOM BEKTOp, OUTOBASI CTPOKA WIIM MTOJIb30BATEILCKUI TUIT); HACTPOUTH
pasmep nonyssinuu Population size; 3a1aTh HAYaIbHYIO MOMYJSLUIO [nitial
population; onipeIeNUTh HAYAJIbHBIN PEUTHHT 0co0ei Initial ranges, BBECTH
YUCJIOBOM Juara3oH ocodeil HauanpHOU nonymsiuuu Initial ranges.

Tabnuya 5.2
Hacrpoiika napametpoB ontuu Population B8 GA-penakrope
Xapakrepuctuka nonysinuid ['A
Population
[Tone Hasnauen
ue
Populati 3a7ar0TCs TUTIBI MOMYJISALNU:
on type — Double vector — BEKTOp, COCTaBJICHHBIN U3 JEHCTBUTEIBHBIX YHCET
dhopmata double (64 6uta) (110 yMOTYaHUIO);
— Bit string — cTpoKa JBOUYHBIX CUMBOJIOB;
— Custom — TUTI TaHHBIX, ONIPEIEISIEMBII MOJIb30BaTEIEM
Populati 3ajmaercss 4Mciao OcoOed MOMyJSIMM B KaxaoMm mnokoieHuu. I[lo
on size YMOJTYaHHIO YMCIIO 0c00eH paBHO 50 mpu yuciie BXOAHBIX TIEPEMEHHBIX
MEHBIIIE 5, a B OCTaJIbHbIX ciydasx — 200
Creati YcranaBnuBarorcs QyHKIMM MHULNMATU3auuu nonyisiuuu: Constraint
on depend (mo ymomuanuto); pynkuus Uniform, co3naroias Ha4aJbHYIO
j; L;nctz MOMYJISIIUIO B BUJE TOUEK, PACTIPEICIICHHBIX CIIYYailHO U PaBHOMEPHO;
noJsib3oBatenbekast QyHkius Custom, KoTopas OyJIeT TEeHEepUpOBaTh
0Cco0M B COOTBETCTBUU C TUIIOM Population type
Initial YcTaHOBIIEHHE TOYEK HaYyaIbHOW MOMYJISIUU 8pyuHyto B hopMare:
populati [X17 .. X5 o0 s Xt .. Xmn], TAE 1 — KOJIMUECTBO NEpEMEHHBIX (Number
on of variables), a m — pasmep nonyssiiuu (Population size).
Ecnu nmanubli mapaMeTp HE OMNpENeNieH, HadalbHas
nonyJsinust GopMHUpYyeTCsi B COOTBETCTBUU ¢ onuuen Creation
function
Initi HauansHoe pacnpenenenue GyHKIIUN MPUCTIOCOOIEHHOCTH (HAYaIbHBIN
al perTHHT) ocobei
scor

es

Initi 3agaHue HayaJbHOTO JMama30Ha W3MEHEHHWM KOOpJIWHAT TOYEK




al HayaJbHOW MOMYJISIIUM — MO0 YMOJIYaHUIO0 3T0 uHTepBan [-10; 10] mus
rang Bcex ocoOeil. /lnama3oH UMeeT BUJ MaTPHIIbL, B KOTOPOM YHCIIO CTPOK
es paBHO unciy ocoOelt nomyssituu (Initial length) v Number of variables
cron6bmoB. Kaxkapnii cronden mmeet BUA [ Xmin, Xmax]




2.4.2. Hacrpotika onuuu Fitness scaling — 53T0 HacTpoiika
MacIITaOUpOBaHUs IEIEBOM (PYHKIUM MPUCIIOCOOJCHHOCTH, KOTOpas
3HAYUTEIBHO BIIUSIET HA MMPOU3BOAUTEILHOCTh T€HETUYECKOTO aJrOPUTMA.

Ecau nuamazoH macmitaOupyeMblX 3HAYEHUM CIUIIKOM IITUPOK, TO
0COOM C BBICOKMMHU 3HAUYCHUSMHM MacIITaOupyeMon IejaeBo (YHKIIHUU
BOCITPOU3BOJIATCS CIUIIKOM OBICTPO, 3aXBaThiBasi TeHOMOH/ MOMYJISIUNA U
He 1o3Boysisa 'A  uckarh Jpyrue o0JiacTM MOpocTpaHcTBa pemreHuit. C
JIpYro CTOPOHBI, TIPU MaJIOM JUAIla30HE BCE OCOOM MMEIOT MPUMEPHO
OJIMHAKOBBIE IIAHCHI HAa Pa3MHOXKEHHME, M TIOMCK pelieHus OyaeT
OCYILIECTBISATHCS OYEHb MEIJICHHO.

Rank scales (o ymona4aHuio) — MacmTaOupyeT Oajljibl Ha OCHOBE
paHra KaXKJI0i OTAENbHOW 0COOM, a HE €€ OLEHKH MPHUCIOCOOJICHHOCTH.
Panr ocoOu — 3To ee mo3uiius B 6ajiax: paHT caMoi Jiydlieid ocoOu paBeH 1,
paHT CIEayIoer — 2 1 T.J.

Top scales — HanbombIIIEE 3HAYCHUE PEUTHUHTA MPUCBAUBACTCS JTUIITH
4acTh ocoOeM TeKyIed MOmyJISIMU C HAWIy4dIIMMHU OIIEHKaMHu; B IOJIe
Quantity 3amaeTcs MPOIEHT TaKUX BbIIAOIMMXCSA ocobei (imbo ot 1 10
3Hauenusi Population Size, nu00 Kak A0Ji1 OT 0OIIEro yuciaa ocoOei
nonyyisiuuu B uHTepBae ot 0 1o 1).

Shift linear — cMenieHHOE JIMHEMHOE MACIITUOMpPOBaHUE (DYHKIINH,
KOTOPOE JOCTUTAETCS MyTeM YMHOKEHHS Ha KOHCTaHTy Maximum survival
rate (110 yMOJTYaHUIO PaBHYIO 2).

Custom — IOJIb30BATEIILCKUI BUJT IPeoOpa3oBaHus (yHKIUU.

2.4.3 Selection — HacTpoiika crnocoba omobopa (CENeKIun)
POAUTEIBLCKUX OCO0EM I TeHepaluu IOTOMKOB. B  GA-pemakTope
UCIIOJIb3YETCsI HECKOJIBLKO METOIOB cenekiuu (Selection Function):

Roulette — wetom pyJieTKd, B KOTOPOM POJUTEIbCKUE OCOOU
BBIOMPAIOTCS MIPOTIOPIIMOHATEHO 3HAYCHHSIM 179 byHKIII
MPUCIIOCOOIEHHOCTH;

Tournament — TypHUpHas CEJEKUMS, MPU KOTOPOM H3 CIy4alHO
BBIOPAHHOIO YKCJIa 0COOEH Ha KOHKYPCHOW OCHOBE OTOMPAIOTCS JTYUIIINE;

Uniform — wmerox ot0opa, Korjga pOJIUTEIbCKUE XPOMOCOMBI
OTOMpaOTC B COOTBETCTBUM CO 3HAYEHHEM MPHUCHOCOOIEHHOCTH H
TpeOyeMbIM YHCJIOM IOTOMKOB. DTOT METOJ TOJIE3eH TpH OTJIagKe |
TECTUPOBAHUU AJITOPUTMOB, HO MallO3((HEKTUBEH B PEAIbHBIX 3a/1auax;

Stochastic uniform (o yMOJI4aHUIO) — CTOXaCTHYECKasi paBHOMEPHAas
CeJICKIIUsI. XPOMOCOMBI OTOOPaXKAIOTCSl B OTPE3KHU MPSIMOH, IJTMHA



KOTOPBIX MPOMOPIMOHATIbHA (PYHKIIMU TpHUCIIOCcOOIeHHOCTU. B mporiecce
CCJICKIINU TIPOUCXOJUT JBMKECHHUE IO 3TOM NPSMOM IIaraMu OJWHAKOBOU
muiHbL. Touka, U3 KOTOPOM AeNIaeTcs MepBbIN I1ar, BEIOUpAETCs CIy4aiiHO
(B mpenenax juuMHBI 1mara). Ilocime kaxporo 1mara oTOupaeTcs Ta
XpPOMOCOMA, B MPEJICIIBI KOTOPOU ITOIajia TOYKaA.

2.4.4. Reproduction — HacTpoiika criocoba popMupoOBaHUS TOTOMKOB
JUTS TIOCTICTYFOIIX TTOKOJICHUH.

Elite count — TONOXUTEIbHOE I1I€JIO€ YHCIIO, ONpPEACIsIonee
KOJIMYECTBO JIUTHBIX 0COOCH, T.€. 0c00eH TEeKyIIeH MOMyJISIIIuU, KOTOPhIC
0€3 M3MEHEHUM OyAyT CKOIUPOBAHBI B IMOCICAYIOIIEM MOKOJCHHUH; IIO0
ymonuanuto Elite count pasHo 0,05* Population Size.

Crossover fraction — onpeicIIsIeT 4aCTh XPOMOCOM, KOTOPBIC TTOTIaAyT
B OYIYIIYIO TOMYJISAIMIO U3 POJUTEIBCKOTO IyJia B pe3ybTaTe omneparuu
CKpEIIMBAHUS MPU UCKIIOYEHUHN IUTHBIX 0COOEH; 3TO YUCIIO U3MEHSETCS
ot 0 10 1 (mo ymon4anuto pasHo 0,8).

2.4.5. Mutation — HacTpoWKa IapaMeTpPOB, 3aJAIOIIUX XapaKTep
CIIy4YalHBIX MYyTallMii B POJUTEIBCKUX OCO0SX B KaXJOM TIOKOJEHUH.
Ornepanust MyTalyu TPENATCTBYET MPEKICBPEMEHHON CXOIUMOCTH ITyTEM
«BBIOUBAHUS» TOMYJISALMH U3 JIOKAIBHOTO 3KCTPEMYMA 3a CUET CIIy4ailHOTO
U3MEHEHMS TeHa B XpoMocoMe BO3MOXKHBI ClieAyrolye TUIIbI MapameTpa
MyTalHH:

Gaussian — MyTalusi, KOTOpast ONPENENAET CIy4YalHbIe 3HAYEHHUS OT

0 1o pasmepa mnonynanuu Population Size, pacrpeneleHHbIC I10
l'ayccosckomy 3akoHy. Buapl 3TOrO pacupeaesieHus OMPEAeSIIOTCS ¢
IIOMOIIIBIO TapaMeTpoB Scale u Shrink;

Uniform — ctanaapTHas MyTalusi, KOTOpas ONpenessieT paBHOMEPHO
pacripe/iefiecHHbIE Cly4allHble 3HA4YeHUs; mapaMeTp Rate — BEpPOSTHOCTH
MyTaIlnu;

Adaptive feasible — anantuBHas (QYHKIUS MyTallud, KOTOpas
OCHOBBIBAETCS HA pe3yJibTaTax MPEAbIAYIIEro MOKOJSHHUS;

Custom — oJb30BaTENIbCKAsT QYHKIUS;

Constraint depend — o yMOJITYaHHUIO.
2.4.6. Crossover — HacTpoWKa TIlapaMeTpa CKpEIIWBaHUS, MpPH

KOTOPOM TE€HEPUPYETCSA CIy4YalHbIA JBOWYHBIM BEKTOP COOTBETCTBUS
POIUTENECH:



Scattered — pacnipeneneHHbIN KpoccoBep (110 YMOIYaHUIO);
Single point — 0THOTOUYEUHBIN KPOCCOBED;

Two point — IByXTO4YEYHBIA KPOCCOBED;

Intermediate — npoMexXyTOUYHBIN KPOCCOBED;

Heuristic — 3BpUCTUYECKUN KPOCCOBED;

Custom — T10JIb30BATEIBLCKUIN KPOCCOBEDP;

Constraint depend — 10 yMOJTYaHHUIO.

2.4.1. Migration — HacTpolKa IapaMeTpa, KOTOPbIH HCHOIb3YETCH,
KOT'/Ia HavaJibHAasl MOMYJISLUS 3a7aHa B BUJIE HECKOJIBKUX CYOMOMyIsIuid, U
HEOOXOJMMO ONpPEACIUTh HaNpaBJICHHE JBIKEHUS OCO0eH MeXIy
CyONOMyJISLUSIMH U JIOJII0 TaKUX O0COOEH:

Direction — 3T0 HanpaBJE€HUE NBUXKEHUS ocobeil Briepen Forward
(Mo yMot4aHuio) ¥ B 000MX HampaBieHUsIXx Both.

Fraction — mnapaMmeTp, KOTOPBIM ompeAeiser 00 0co0el,
nepeMenarInXcs MEX1y CyononyasuusamMu (mo ymondanuto pasHo 0,2);
Interval — paHHBIl TapameTp OMNpeaeiseT 4YacTOTy MUTpaluu:

3HAYEHHE 110 YMOJTYaHUIO paBHO 20, UTO 03HAYAET MUTPALIMU 0COOEi mocie
KaX10ro 20-ro noKOJIEHHUs.

2.4.8. Constraints parameters — HacTpouka mapameTpoB ['A mis
pelIeHUS 3a/1a4 HEJTMHEMHON ONITUMM3AIUU C TUHEHHBIMUA U HETMHEWHBIMU
OTPaHUYCHUSIMU U TPAHUIIAMH.

[To yMon4aHUIO TE€HETUYECKUH aJIrOPUTM MCIOIB3YET AITOPUTM
ALGA (Augmented Lagrangian Genetic Algorithm), B KOTOpOM
onpenensatcsa Initial Penalty — nayanbHOe 3HaueHue 1mTpada, paBHOE IO
yMoiuanuto 10, PenaltyFactor — 3Hauenue mrpada, paHoe 100.

Hpyroit anroput™ - Penalty Algorithm —ucnonb3yeT MeTo1 ITpados.

2.4.9. Hybrid function — HacTpoiika mapameTpoB THOPUIHOIO WU
KOMOMHHMPOBAHHOTO MOUCKA ONTUMyMa (M0 YMOJIYAaHUI0 — MUHUMYyMA),
KOTOPBIN 3aIyCKaeT JOMOJHUTEIbHYIO (PYHKIIUIO TTOMCKA ITOCIE OCTAaHOBKHU
pabotel I'A 1711 yTOUHEHUS TMOJOKEHUS TOYKUM MUHUMYMa. BO3MOXKHBIN
BBIOOp: none (MO yMOJYaHUIO); fminsearch — Matlab- dyHkuusa moucka
MUHUMyMa Oe3 orpaHudeHudl, peanusyromas wmeron Hennepa-Muna;
patternsearch — (QyHKUMS TOWCKAa MO 00pa3ny; fminunc — QyHKUUS
MUHUMU3aMK B yrunute Optimization Toolbox.



2.4.10. Stopping Criteria Options — HAaCTpOHKa yCIOBHI OCTAHOBKHU
IreHEeTUYECKOro ajiropurma (tadi. 5.3).

2.4.11. Plots function — HacTpolika rpaKOB, BU3yaTU3UPYIOIIUX
pazinyHbIe acnieKThl ['A mo Mepe ero BeinojiHeHus (Tada. 5.4).

2.4.12. OQutput Function — HaCTpOHWKa IMapaMETPOB

BBIBOJIA PE3YJIHTATOB.

History to new window — OTKpbITHE TOTIOJIHUTEILHOTO OKHA, B
KOTOpOM IpadUKH OTOOpakaroTCs uepe3 Kaxaple /nterval utTepanmii.

Custom — 3a71aeTcs MOJb30BaTENbCKas (PYHKIIMS BHIBOIA BBIXOIHOM
uH(pOpMaluu.

Tabnuya 5.3
YcmoBust ocTaHOBKM anroputma Stopping Criteria
ITo AJITOPHUTM OCTaHABIMBACTCS ......
e
Generations KOTla YHCJIO TOKOJEHWH JOCTHraeT 3aJaHHOTO
3HAYCHUA

Generations (mo ymonuanuto paBHo 100*numberOfVariables)

Time limit 10 UCTEYEHUH 3aJ]aHHOTO BPEMEHU B ceKyHaax Time limit

Fitness limit KOr/ia 3HauyeHue QyHKUUU TPUCTIOCOOIEHHOCTH JIsl HAMTydIIei
TOUYKH TEKYILEro ceMeicTBa Oy1eT MEHbIIIE WU paBHO Fitness
limit

Stall generations | ecna  HeT  yAydllleHUs O [EJeBOM  (QYyHKIUM B
MOCJICJIOBATEIILHOCTH CJICAYIOIIMX JPYT 3a JPYroM IOKOJICHUN
nuHOM Stall generations

Stall time limit €CJIM HET yJy4dlleHUs AJis 1eleBol (PyHKIMH B TeUEHUE UHTEpBaja

BpeMeHHU (cek.), paBHoro Stall time limit

Tabnuya 5.4
Hacrpoiika oToOpaxkeHus pe3yinbTaToB padoTsl ['A
ITo Busyanuzanus
ne e
1 2
Best fitness JTydinei 1 cpefHed GyHKIMU TPUCIIOCOOIEHHOCTH ISl KaXKJI0TO
MOKOJICHUS

Expectation 0’KUJAEMOT0 KOJIMYECTBA TIOTOMKOB 10 CPAaBHEHHIO C UCXOJAHBIMU

OaaMu JJIAA KaXXA0T'0 ITOKOJICHU .

Score diversity | OLIEHKH pa3HOOOpa3usi UTOMOBOM MOMYJISIUH B BUJIE THCTOIPAMMBI
pPacCTOSIHUIM MEXTy 0CO0sSIMU

Stopping KPUTEPHUEB OCTAHOBKHU

Best individual | 3HaueHus XpoMOCOM 0COOU (3HAYCHUS BXOJHBIX MIEPEMEHHBIX) C

nydied GyHKuen npucnocoOJIeHHOCTH ISl TEKYIIETO MOKOJICHUS




Genealogy

rpaduka, WUTIOCTPUPYIOLIETO MpOIecC 00pa3oBaHUS IOTOMKOB.

Jlunuu mepexoja OT OAHOTO TMOKOJIEHUS K  CIEAYIOIEMY

pacKpalieHsl cIeIyonuM o0pa3om:

— KpacHbIE TMHUH — IOTOMKH, 00pa30BaHHBIC B PE3yJIbTaTe
MyTaIllu;

—TroiyOble JUHUM — TIOTOMKa, OOpa3oBaHHbBIE B
pe3yibTaTe KpoCcCoBeEpa;

— YepHBIE JINHUH — JIUTHBIE 0COOU




Oxonuanue maon. 5.4

1 2
Scores 3HAaYeHUH 11eJIeBOM EPEMEHHOM 1J11 0cOOel TeKYIEero MOKOJICHUS B

BHUC THCTOIPpaAMMBI

Max constraint | MaKCUMaJIbHOTO HapyIICHHs] HETMHEHHOTO OrPAaHUYEHUS B KaXKIOM

MOKOJIEHUH (/7151 3a]1a4 C OTPAaHUYECHUSIMU )

Distance CPEIHETO PACCTOSHUS MEXAY OCO0SMH B KaXJIOM
MOKOJICHUU
(pa3Hua 3Ha4eHU QYyHKIMH MPUCTIOCOOJICHHOCTH )

Range JIy4lIero, XyIAUIEro " CpEIIHETO 3HAYCHUS
(bYHKI_II/II/I HpI/ICHOCO6JIeHHOCTI/I B KaXXIO0OM ITOKOJICHUH
Selection KOJTMYECTBA MTIOTOMKOB JJIs1 K&XKI0M pOIUTEIBCKONU 0cOOU
Ha4YaJIbHOU
IOy JIAIIUHU
2.4.13. Display to command window — HacTpoWka mapamMeTpOB

O0TOOpakeHUs1 pabOThI TEHETUYECKOTO aaropuT™Ma B okHe Matlab.
VYposens oroOpaxkenus (Level of display) npuHrMaeT 3HaYEHUS:

Off — BBIBOIUTCS TOJBKO KOHEYHBINA pe3ybTat (10 YMOTYAHUIO);

Iterative — wHdopmanus O MOMCKE MHHMMyMa OOHOBJISICTCS Ha
KaXJI0W UTEpaAlluM aJlTOPUTMA;

Diagnose — undopManusi 0 MOUCKE MHUHUMyMa OOHOBJISETCS Ha
Ka)KJI0M uTepaluy ajJropuT™Ma 1 BEIBOJIUTCS JOMOJHUTEIbHAS HHPOPMaIIUs
C ClIy4ae OTCYTCTBHUS CXOAUMOCTH aJITOPUTMA;

Final — vadopmariys o 3aBepIlieHUH MTOMCKa U MTPUYNHAX OCTAHOBA.

2.4.14. User function evaluation — HacTpoWiKa mapamMeTpOB OLICHKU
M0JIb30BaTENbCKON QyHKIMHU (in Serial — BBIKIIOUEHA, IO YMOJIYaHUIO).

3amanue mapamerpa vectorized IPUBOAUT K BEKTOPU3ALUHU LIEJIEBOM
byHKIMM, TpU KOTOPOM MpH OJHOKpPATHOM oOpaiieHun K ee m-(paitry
OJIHOBPEMEHHO HAXOJUTCS HECKOJIbKO 3HAUYCHHH (YHKIUU TPHU 3aJaHUU
HECKOJIbKUX (B ()opMEe MacCuBa) 3HAUYCHUI apTyMEHTOB.

3. MeToauka BbINIOJHEHUS PA00THI

Ilpumep. PaccmaTtpuBaeTcs IPOIIECC HAXOXKIACHUS MUHUMYMA U
maxcumyma GyHKITUU ABYX MEPEMEHHBIX:
flx, y) = 4sin(2mx) * cos(1.5my)(1 — x* ) * y x (1 —y)
B quana3zoHe —I1 <x <1, 0 sy < 1 c nomompsio meroga ['A B penakrope
Genetic Algorithm ytumutel Optimization Toolbox cuctembl Matlab. J1ns
ATOr0 HEOOXOAUMBI CIICTYIOIINE SHCTBUS.



3.1. IIpeaBapuTeNbHBIN NPOCMOTP NOBEPXHOCTU (PYHKIIUH.

Jlnst Toro, 4ToObl MpoaHaIM3UupoBaTh GopmMy U rpaduk QYHKIUA U
IpEABAPUTEILHO  ONPEACIUTh TOYKY MHHMMyMa M MaKCHMyMa,
HE0OXOMMO MOCTPOUTH TPEXMEPHBIN IpauK MOBEPXHOCTH (PYHKITUU ABYX
nepeMeHHbIX B Matlab.

OcyiiecTBasieTcss pa3MeTka CeTKH Oyaylleil MOBEpXHOCTH C
MHTEPBAJIIOM U3MEHEHUS X U Y OT —5 10 5 ¢ marom 0,1:

[x,y]=meshgrid(-1:0.05:1,0:0.05:1)

3anaeTC$1 BBIPAKCHUC IJI1 BBIYHUCIICHUA 3HA4YCHUU Z B y3J1aX CCTKHU:

z=4*sin (2*pi*x) .*cos (1.5*pi*y) .*(1-x."2) .*y.*(1-vy)
rac YU« — ornepanuvu Mmo3JICMCHTHOTO YMHOXKXCHUSA U BO3BCIACHUA B

CTEIICHb;
CtpouTtcst TpeXxMepHbIi rpadK MOBEPXHOCTU (PYHKIUU:

mesh (x,y,z) .

Ha mnoctpoeHHOM rpaduke TMOBEPXHOCTH CIOXKHOW (YHKIUU
OOHapy>KMBAETCSI HECKOJIBKO TOUYEK JIOKAJIbHOTO MUHUMYyMa U MaKCUMyMa
(puc. 5.5). B touke 4 (-0,25; 0,65) nocturaercsi MaKCUMaJIbHOE 3HAYCHHE
dbyHkuu, paBHoe f(x;,x,)=0,856, a B Touke B(0,25; 0,6) mocruraercs
MHHUMaIbHOE 3HaueHue z =—0,856.

| # Figure File Edit View Inset Tools Desiktop Window Help - 0 X |

1~

' A
X -0.25
I 05 - Y 0.6
Z 0.856
{] 1 .
0.5 < -':_' . I“'-\ o g J
\H :
XA
VY| x 0.25
. B Y06
e o P
0.5 = == 05 1
' 0-1 0.5 :

Puc. 5.5. TpexmepHslil rpaduk MOBEpXHOCTHU CIOKHOU PYHKIIUU



CtpouTcs KOHTYpHBIM rpaduKk s MPEACTaBICHUS Ha IUIOCKOCTH
GyHKIIMA ABYX TEPEMEHHBIX BHUAAa z(X,y) C MOMOIIbIO JUHUA PaBHOTO
YPOBHH, 00pa3oBaHHBIX NEPECEUCHUEM  PSJIOM MJIOCKOCTEM,
PACIIOJIOKEHHBIX TapaJIEIBHO APYT APYTY:

contour (x,y, z) .

KonTypHBIE rpaduky 9acTo HCIOIL3YIOTCS IS IPEACTABICHUS Ha
IJI0CKOCTH 00beMHON (DyHKIMH. J[JISI OIEHKH BBICOT KOHTYPHBIX JIMHHI
UCIIONB3yeTcs (DYHKIIMOHANbHAS OKpacka. Ha MOCTPOCHHOM KOHTYPHOM
rpaduke (puc. 5.6) OTYETIMBO BHUJHBI O0JIACTh MUHUMANbHBLIX 3HAYCHUM
IyOOKOro (DHOJETOBOTO IIBETa M O0JaCTh MAKCUMANbHbIX 3HAYEHUN
KEJTOTO IBETA.

Br Figure 1 File Edit Mew Insert Tools Desktop Window Help — O bt

Nede S/ 08|k E

0.9
08 | % .0.25 [ | X 0.25

Y 0.65 F| Y 0.65

0.7 F Level 0.B56 | | Level -0.856

T i e ,

06t A4 | | B)
05T
0.4 f
0.3t
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Puc. 5.6. Kourypnsiii rpaguk GyHKIuI

3.2. llouck munumyma GyHKIUHU C TOMOIIBIO YTUIUTHL Optimization
Toolbox cuctembl Matlab

3.2.1. Co3nanue M-daiina u BBeaeHue ero B GA-perakTop.

[leneBass ~ omrumusupyemas  @yHKyuss  NPUCNOCOOIEHHOCMU
onuchiBaeTcs B M-daitne @myfun, KOTOpHIA co3gaeTcs uepe3 MeHio File —
New — M-File. lleneByto (yHKIUIO TPUCIIOCOOJEHHOCTH TIPH 3TOM
HEOOXOJMMO TMPEACTaBUTh B TaKOM BHUJIE, 4YTOOB TpeOOBaach e€e
MUHUMUSAYUS.



Hanpumep, 1 munumuzayuu QyHKIUM ABYX HEPEMEHHBIX

flx1, X2) = 4sin(2mx;) * cos(1.5mx;) * (1 — X°)* x; % (1 — xz)

GyHKIMSA TPUCTIOCOOIEHHOCTH B M-(daiine Oy1eT UMETh BUJL:
function [z] = myfun (x)
z=d¥%gin (2%pi*x(:,1)}) .*cos(l.5%pi*=x(:,2}) . *(1-=(:, 1) ."2).*=x(:,2).*(1-x(:,2))
end

{1 KOppeKTHOM paldoThl yTUIWTHI M-baiin ¢ ueneBor (yHKIUEH
100 JOJDKEH HaXOAUTHCS B OJTHOM U3 TAToK JocTtyna Matlab, nnbo noimkeH
ObITh YCTAHOBJIEH MYTh K (paiiily B KaTanore noucka Matlab ¢ momMoIbio
CIIeayIOIIEH TOCeI0BaTeIbHOCTH JAEUCTBU: ocHosHoe okHo Matlab — File
— Set Path — Add Folder — Save.

HNanee 3amyckaerca rpaduueckuid uHTepdeiic penakropa ['A B
ytunute Optimization Toolbox cucteMbl Matlab ¢ ykazaHueM peniaTens
Solver — ga-Genetic Algorithm Wiy BIIOTHEHUEM KOMaHbI gatool.

B oTkpsiBIIEMCS TUAIOTOBOM OKHE rpadudeckoro untepdeiica GA-
penaktopa B maHenu Problem BBOASTCA HaHHBIE O I€1€BOM (YHKIUU
MpUCIIOcO0IeHHOCTH (puc. 5.7).

Solver: | ga - Genetic Algorithm w
Problem

Fitness function: @royfun

Mumber of vanables: |2

Puc. 5.7. BBog ¢pynkiuu npucnocodsieHHocTH B GA-penakTope,

B mnone Fitness function yka3bIBaeTCsi WMS ONTUMHU3UPYEMOU
byHKIIMY B BUJE (@myfun, e myfun.m — UMsl IOATOTOBIIEHHOTO M- dhaiina,
a B none Number of variables — njiuHa BXOJTHOTO BEKTOpPa ONITUMU3UPYEMOM
byHKIMKM, paBHas 2 AJi1 pacCMaTprUBaeMOTo IIpuMepa.

3.2.2. YcraHOBIIEHHE IHaNa30Ha U3MEHEHU apryMEHTOB (DYHKIUU.
CoryiacHO HayaJbHBIM YCIIOBHSM apryMEHTHI LIEJIE€BON (DYHKIUU X U
V HaXOJATCA B rpaHuiax auanasoHa [-1;1]: —1<sx<1,0<sy<1.

JI1s1 yCTaHOBKH 3TUX TPaHUL] Bounds HEOOXOAUMO B MaHEIU 3aJaHuUs
orpannuenuii Constraints GA-penaktopa ykazaTb HWXHHE Lower u
BepxHue Upper mnpenensl W3MEHEHUS TpaHUIl IEPBOTO M BTOPOTO
apryMEHTOB COOTBETCTBEHHO (puc. 5.8).



Constraints:

Linear inequalities: A b
Linear equalities: Aeq: beq:
Bounds: Lower: |[-1: 0] Upper [1; 1]

Monlinear constraint function:

Integer variable indices:

Puc. 5.8. YcraHoBka 11ana3zoHOB U3MEHEHHUS apryMEHTOB (DYHKIIMH

3.2.3. Hactpotika ocHOBHBIX oniinii GA-penakropa.

[Ipu HacTpoiike mapaMeTpoB ['’A OCHOBHBIE TTapamMeTPhl NOMYJISLINU
I'A ocraroTcs 3aJaHHBIMU 110 YMOJIYaHUo (puc. 5.9).

[TapameTpsl MaciTabupoBaHus, 0TOOpa, BOCIIPOU3BOICTBA, MyTalllH,
CKpEIIMBAHUS, MUTPALIMU U JP., 4 TAKXKE YCIOBUSI OCTAHOBKU alTrOpUTMa
(puc. 5.10) Taxke ocTaroTcst 6€3 U3MEHEHUH.

=l Population
Population type: | Double vector ~

Population size: (®) Use default: 30 for five or fewer variables, otherwise 200

() Specify:

Creation function: | Constraint dependent ~

Initial population: (®) Use default: []

() Specify:

Initial scores: (® Use default: []
() Specify:

Initial range: (®) Use default: [-10:10]
() Specify:

Puc. 5.9. Hactpoiika napametpoB Population



[=l Stopping criteria

Generations:

Time limit:

Fitness limit:

Stall generations:

Stall tirme limit:

Stall test:

Function tolerance:

(®) Use default: 100*numberOfVariables
() Specify:

(@) Use default: Inf
() Specify:

(®) Use default: -Inf
() Specify:

(®) Use default: 50

() Specify: 100

(®) Use default: Inf

() Specify: |20

average change w

(®) Use default: 1e-6
() Specify:

Constraint tolerance: (@) Use default: 1e-3

() Specify:

Puc. 5.10. Hactpoiika mapametpoB Stopping Criteria Options

B pasnene Plot functions BeiOuparoTcsi Tpaduku Uisi OTOOpaKEHUS
pe3yJbTaToB onTuMH3anuu (puc. 5.11).

[= Plot functions

Plot interval:

Best fitness
[] Expectation
[ Score diversity

[] Stopping

1

Best individual Distance
[ ] Genealogy []Range
[] Scores [] selection

[ ] Mazx censtraint

[] Custom function:

Puc. 5.11. YcTanoBka rpaHui] ©3MEHEHHUS apTYMEHTOB (QYHKIIHH

3.2.4. 3amyck pabotsl ['A.

Jlist 3amycka paOoThl alropuTMa HY>KHO B pasuene Run solver and
view results HaxxaThb kKHONKY Start. [0 OKOHYaHWU BBIYMCIICHUU B TOJIE
pe3yJIbTaToB nosiBUTCS uHGopMaius (puc. 5.12), moaTeepskaaronias To, 4To

OonTUMHU3aUs 3aBCpIICHA, IIPHYMHA OCTAHOBA
3HAYCHUA HpI/ICHOCO6J'IeHHOCTI/I MCHBIIC,

CpcaHCC H3MCHCHUC

4yeM 3aJaHHOE€ B OIINHUH

FunctionTolerance, xoTopoe 110 yMOJ4aHHIO paBHO 1e—6.



Current iteration: 08 Clear Results

Cptirnizaticn running. #
Objective function value: -0.8631683313833108

Optimization terminated: average change in the fitness value less than options.

FunctionTolerance,
F N 4

Final point:

1 2
0,237| 0,621

Puc. 5.12. Pe3ynbTaThl moMcka MUHUMYMa (PYHKITUU

Pe3ynbpTaThl pelieHus 3ajayd  ONTHUMHU3AlMU  [OKa3allh, 4YTO
KOOPAWHATHI HAMICHHON UTOTOBOM TOUKW MUHUMYMa (Final point) —
[0,237 0,621]; 3HaueHue 1eneBor QyHKIMMU B JaHHOU Touke paBHO —0,865.
HerpyaHo  Buaerp, 4YTO TIOJYYEHHBIW  PE3yJbTaT  XOPOLIO
COOTHOCUTCA C pe3yjibTaTaMH, IOJYYEHHBIMH MpPU MPEABAPUTEILHOM
npocmoTpe. Ilporiecc BbIYMCIEHUM JEMOHCTpUpYETCs Ha rpadukax
(puc. 5.13). Ha rpaduke Fitness Value mokazaHbl "3MEHECHHS 3HAUCHUN
1eaeBo  (YHKIMM TPHUCIIOCOONEHHOCTH: Ha 66-i1 uTepanuu OBLIO
HaiijieHo petienue u ['A 3akoHuuna padory.

4| Genetic Algorithm  File Edit View Insert Tools Desktop Window Help — O X
o
D de | 08| L E
Best: -0.865168 Mean: -0.865168
L 0
= . +  Bestfitness
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=
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Puc. 5.13. YcTanoBKa rpaHui] U3MEHEHHUS apryMEHTOB (DYHKIIMH



Ha rpaduxe Current best individual n3o0paxena Havty4miasi 0coOb:
CTOJIOMKaMU MOKa3aHbl 3HAYEHHUS MEPBOTO U BTOPOro aprymeHTa. Tperwii
rpaduk Average Distance TOKa3bIBa€T U3MEHEHMS PACCTOSHUN MEXIY
0COOSIMM Ha pa3HbIX HUTEPALMSAX: HA MOCICAHUX HUTEPALUSIX HW3MEHEHUS
PaBHBI HYJIIO.

3.3. Ilouck maxcumyma bynkuuu B yruiaure Optimization Toolbox

cucreMmbl Matlab

JUis ~ pemieHWss 3aadd  HAXOXKACHUS  MakcMMyMa  (QyHKIHAH
HEO0OXOoaUMO TMpeoOpa3oBaTh IeNeByl0 (yHKIMIO 10 dopmylie min
f(x) = max [—f(x)]

flx1, x2) = —(4sin(27x;) * cos(1.5mx;) * (1 — X°) * xz* (1 — x3)),

T.€. B M-(aiine Hy>KHO 3anucarh:

function [z] = myfun(x)
Z=—(4%sin(2*pi*x(:, 1)) . *cos(l.5%pi*x(:,2)) . *(1l-=x(:,1).72) . *x(:,2).*(1l-x(:,2)))
end

Ecnu nipu 3TOM OCTaBUTH T€ K€ MapameTpbl ['A, 4To W 1715 3aaa4u
HaXOXJICHUS MUHUMYMa, TO KOOPJAMHATHI TOYKH MaKCUMyMa paBHbI [-0,237
0,621]; 3HayeHue 1eNeBOM (PYHKIMU B JaHHOM TOYKE TIOCIHE
npeoOpaszoBanus paBHo 0,865 (puc. 5.14).

Current iteration: 68 Clear Results

Optimization running.
Objective function value: -0.8651683296760179

Optimization terminated: average change in the fitness value less than options.FunctionTolerance, “
S,

Final point:

1 2
-0,237 0,621

Puc. 5.14. Pe3ynbraThl moncka MakcuMmyMa (QyHKIIHH

['A sBasieTcs CTOXaCTUYECKUM, TaK KaK B aJlTOPUTME UCTIOIB3YIOTCS
reHepaTophl CIHy4dalWHbIX uucen rand W randn, KOTOpbie (POPMHUPYIOT
CllydyaliHble BBIOOPKHM I KaXJAOW WTEpPAlMH, II09TOMY BBIXOJHBIC
pe3yabTaThl HOBTOPHBIX BBIMOJHEHHH paO0oThl 'A MOTYT OTIMYATHCSI.

JIJ1s Bocipon3BeACHUS PE3YIbTaTOB ToceAHero 3amycka ['A cnenyer
BbIOpaTh KoMaHay Use random states from previous run, KOTOpas
NepEyCTaHABIMBAET COCTOSHUSI TEHEPATOPOB MPOU3BOJIBHBIX YHCET B UX
OpenbIylue 3HA4eHUS ¢ JlaeT BO3MOXKHOCTH IPOAHAIU3UPOBATH
MOBEJICHNE aJTOpUTMA.



IHopsinok BbINOJHEHHS PadOTHI

1. U3yunTh METOIWKY PEIICHUS 3aJayd ONTHMH3AIMNHN C ITOMOIIBIO
T€HETUYECKUX aJropuT™MOB B Matlab.

2. Tloctpouts B Matlab TpexmepHblii Tpaduk TOBEPXHOCTH U
KOHTYPHBIM TrpaduK MyJIbTUMOAQNbHOW GyHKIMM PacTtpurmHa ¢
napaMeTpamu, 3aJaHHBIMM 10  BapuaHTy 3aganHus (m.  3.1).
[IpoananuzupoBath GopmMy (QYHKIMU W BU3YAJIbHO OMNPENETUTH TOUKHU
MUHHMYMa.

3. IlogroroButh M-daiin ¢ neaeBoit GyHKIUEH MpUCIIOCO0ISHHOCTH.

4. 3anyctuth Tpaduueckuil uHTtepderic penaktopa 'A B cucreme
Matlab (n. 3.2). Yka3zaTb JaHHBIE O LEJEBOM (YHKIMU U TIPEAeIbl
W3MEHEHUS TPaHULl IEPBOTO U BTOPOrO apryMeHTOB [-3; S].

5. BBINOJHUTE MOUCK ONTUMAJIBHOTO 3HAYEHMS ¢ ToMolsio ['A (1.
3.1-3.2); onpeaeanTh KOOPAUHATHI TOYKH ONTUMyMa M 3HAYCHHUE 1eJIeBOM
dbyHKIMM B TaHHOU Touke. BeiBectu Ha rpaduku Plot Functions 3Ha4eHUS
HaWJTy4Iei ocoou, U3MEHEHHUsI 3Ha4eHUH (QYHKIIUU PUCTIOCOOJICHHOCTH U
PacCTOSIHUM MEXKTy OCOOSIMU Ha pa3HbIX UTEPALIUIX.

6. IlpoBecTu JSKcIepUMEHTAIbHBIE HCCAEAOBaHUA paboTel ['A,
u3MeHsis pazmep HadanbHoU monyssiiuu (10; 50; 100) u mapametpsi T'A,
Takue Kak ¢QyHKuug co3fganus nonynsuuu Creation function, oTOOpa
Selection,  BocnpousBeaeHusi  Reproduction, wmytauuu  Mutation,
ckpemuBanus Crossover (Ta0i. 5.5).

Tabnuya 5.5
Pe3ynpTarsl 3KCIIEpUMEHTAIBHBIX UCCIEIOBAHUI
MNo [Tapametpsl 'A KonuaectBo ocobeii
1 5 1
0 0
0
1| Creation 89 79 69

function=Uniform iterations iterations iterations
Selection=Stochastic x;=0.995 x,=0 x;=0
uniform x,=0 x,=0.995 x;=0
Reproduction=default z=0.995 z=0.995 2=0)

2| Creation
function=Uniform
Selection=Roulette

3| Selection=Stochastic
uniform Reproduction:
ElitCount=5

4| Reproduction: default




Mutation:
Uniform=0.02

Mutation: default
Crossover=single
point

Crossover=Arithmetic




Cnenath BBIBOJ O TOM, KakK BJIMSCT pa3Mep MCXOJHOM IMOMYJIAIHHA Ha
PE3YIbTATHI, @ TAK)KE KAKOC BIIMSTHUE BHOCST Pa3IndHbIC OIIEpPaTOphl 0TOOpa
POAUTEIBLCKUX OCOOCH.

TpeOoBanus K comep:kaHUI0 U 0POPMIICHUIO 0TYETA
Otuet no nabopaTopHOM padoOTe TOKEH COACPKATh:

1. Ha3Banue u menp pabotrel. [locTaHoBKa 3amayu ONTHUMH3AIHAH
MYJIbTUMOJAIIBHOW TI€JIEBOM (YHKIIMH C OrpPaHUYCHUSMH COTJIACHO
BapUaHTY 3aJIaHMUs.

2. TpexmepHbli TpaduK IMOBEPXHOCTH W KOHTYPHBIM Tpaduk
GyHKIMY, TPEIBAPUTEIIBHO ONPEACIICHHBIC TOYKHA ONTHUMYMA.

3. Pe3ynbpTarel MNOMCKAa PEHIEHUA C IIOMOIIBIO TE€HETHYECKUX
aNropuT™MOB B Matlab.  3amonHeHHass ~— TaOnMIa  PE3yJbTATOB
AKCIIEPUMEHTATBHBIX UCCIICIOBAHUM.

4. I'paduxu U3MEHEHUS 3HAYEHUU LEJIEBOM byHKIIH
PUCTIOCOOJIEHHOCTH Ha Pa3HbIX UTEPAIUAX, 3HAUCHHS HAWITy4IIIeH 0co0H,
MU3MEHEHUS PACCTOSTHUN MEXKTy 0COOSMH Ha pa3HbIX UTEPaIIUSX.

S. BBIBOIBL.

BapuanTtsl 3a1aHU

Haiita munumym MyJIbTHMOJANBHON (QYHKIIMH JIBYX IIEPEMEHHBIX —
HKIuY PacTpuruna: _ _
X1, X2) =20 + (X* — 10 * cos(2 * pi * x;)) + (xX* — 10 * cos(2 * pi * x;)),
1 2
rie —5<x; <5, —5 < x; < 5 ipu u3MEHEHNHU MTapaMeTPOB, yYKa3aHHBIX B
Tabn. 5.6.

Tabnuya 5.6
No OyHKII
st
flx, x2)=a+ (b *xz—lc* cos(d*pi*x1])+(e*x2—2f* cos(h * pi * x;))
a b c d e f h
0 2 1 1 2 1 10 2
0 0
1,11 2 1 1 2. 1 12 2.
5 , 1 05 , 1
| 2
2,12 3 0 1 1, 1 7 2,
, 2 9 , 2
9 1




05

14

15

3,13

4,14

5,15

6,16

7,17




Oxonuanue maobn. 5.6

8,18 1 1,2 1 2, 0,8 13 1,9
8 3 4

9,19 2 1,1 1 1, 1,2 12 1.8
3 2 7

10,2 2 0,9 1 1, 1,1 10 1,5
8 0 6

11,2 2 0,8 6 2, 0,9 6 2.1
5 05

12,2 3 1.2 1 1, 0,8 10 2.2
0 0 9

KoHTposbHbIE BOPOCHI

1. Kakue CyimiecTBylOT OCOOCHHOCTH TPUMEHEHHUS T€HETHUYECKUX

AJITOPUTMOB IIPpHU pCIICHUH 3a/1a4 OIITUMH3AlIH.

2. Ilepeuncnute sTamnsl padoTel ['A.

3. HazoBute ocHoBHbie ToHsATHS ['A. UYto Takoe QyHKIUA

npucnocobiaeHHocTn? Kakne reHeTHIecKue onepaTopsl Bl 3HaeTe?

4. Kakoii meTos1 0TOOpa ucmoib3yercsa B cranaapTHoM ["A?

5. Kak paboTtaroT onepatopbsl KpOCCUHTOBEpPA, MyTallUH?

JlaGopaTopHnasi padora Ne 11-12
Pa3pa0orka Moaen 3HAHNH NPOCTeHIeil IKCIMEePTHON CHUCTEMBbI

Leab u conep:kanme: ucciaen0BaTh 0COOEHHOCTH U MPUOOPECTH HABBIKM MOCTPOEHUS MPOAYKLIMOHHON

MOJEIN 3HAHUU.

Conep:xkanue padoThi:
1. I3y4uTh TEOPETUUECKHE ACIIEKTHI IOCTPOEHUS MPOLYKLIIMOHHBIX MOJEIIEN 3HAHUIA.
2. TloctpouTh TPOAYKIIMOHHYIO MOJENIb 3HaHUK B Buje rpada Ha ocHoBe mpaBmwi «ECJIN-TO» B

COOTBETCTBUH C paCCMAaTPUBAEMON 3a1a4eHl.

3. Ilpoanann3upoBaTh NOJYYEHHBIE PE3YIIbTATHI.
4. BBIMIOJIHUTE 3aJJaHKE ISl CAMOCTOSTEIbHON paOOTHI.

Copepxxanue oTyera u ero popma

OtyeT 0 mabopaTopHO paboTe, MPEACTABICHHBIN K 3aIUTe, JOJKEH COJEPKaTh: HOMED J1abopaTOpHOI

paloThl, TeMy, Ledb JIAOOpPaTOpHOW paboThI, MEepeueHb H3YyUYEHHBIX BOIIPOCOB, PE3YyJbTAThl BBHITOJHEHHBIX
3aJJaHUuH, OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

Cnucok peKOMeHyeMOl JINTePaTyphl

OcHoBHas nuTeparypa:

4.

Octpoyx, A. B. Cuctembl UCKyCCTBEHHOTO MHTeIIeKTa : MoHorpadus / A. B. Octpoyx, H. E.

CypkoBa. — 2-e u3., crep. — Cankrt-IletepOypr : Jlanp, 2021. — 228 c. — ISBN 978-5-8114-8519-2. —
TekcT : anexkTpoHHbIH // JlaHb : 371€eKTPOHHO-OMOIMOTEYHAs CHUCTEMA.



3. Memepuna, E. B. CiucteMbl HCKyCCTBEHHOT'O MHTEIUIEKTA : ydeOHO-MeToandeckoe nocodue / E.
B. Memepuna. — OpenOypr : OI'Y, 2019. — 96 c. — ISBN 978-5-7410-2315-0. — Texkcr :
ANIEKTPOHHBIN // JIaHb : 2IeKTPOHHO-OMOINOTEYHAs CHCTEMA.

6. [TpoexTHpoBaHKE CHCTEM HCKYCCTBEHHOTO HMHTEIekTa : ydeOHoe mocobue / C. JI. CoTHuK. -
[TpoekTupoBaHKE CHCTEM HCKYCCTBEHHOTO MHTEINeKTa,2022-12-24. - DnektpoH. aaH. (1 daiun). - Mocksa
: UnrepHet-YHuBepcutet Mudopmanmonnsix Texnonoruit (MHTYUT), Aii [Tu Ap Menua, 2021. - 228 c.
- anekTpoHHbIN. - Knura nHaxoaurces B npemuyM-Bepcur bC IPR BOOKS. - ISBN 978-5-4497-0868-7,
AK3EMILISIPOB HEOTPAaHUUEHO

JononHuTenpHas IUuTeparypa:

5. [IpaBoBblE W OTHYECKHE aCIEKThI, CBSI3aHHbIE C pa3pabOTKOM U NPUMEHEHHUEM CHUCTEM
UCKYCCTBEHHOI'O MHTEJIEKTa U POOOTOTEXHMKH: HCTOPHS, COBPEMEHHOE COCTOSHHE U IEPCHEKTUBBI
pasButua : MoHorpadus / [B. B. Apxunos, I'. I'. Kamanosa, B. b. HaymoB u ap.] ; PenepanbHoe
rocyJJapCTBEHHOE OIOJKETHOE yupexieHue Hayku, MHCTUTYT rocynapcTBa 1 mpasa Poccuiickoil akagemun
HayK. - Cankt-IletepOypr : HII- IIpunt, 2020. - 260 c. : Tabmn. - [pui.: c. 236-245. - bubauorp.: ¢. 246-259 u
B noAcTpod. npumed. - ISBN 978-5-6045320-4-1, sx3emrusipos 1

6. beccmeptubiii, M. A. Cuctembl HCKyCCTBEHHOTO MHTEUIEKTa: Y4yeOHoe mocobue s
akagemuieckoro 6akanaBpuata / M. A. beccmepTHsIit. — 2-e u3., uctp. u jgoi. — M.: FOpaiir, 2017. — 130 c.
7. Bypakos, M.B. Cuctembl HCKyCCTBEHHOTO MHTEIUIEKTa. YueOHoe nmocodue [Tekct] / M.B. Bypakos.
— M.: IIpocniekt, 2017. — 440 c.

8. KyapsBues, B. b. UHTennekryaibHble cUCTEMBbl: YYeOHMK M MPAKTUKyM ajsi OakajnaBpuara u
maructpatypsl [Tekcr]/ B. b. Kynpssues, 3. D. 'acanos, A. C. [Toakonsus. — 2-e u3f., ucnp. u goi. ; MI'Y
uM. M.B. JlomonocoBa. — M.: FOpaiir, 2017. — 219 c.

HNuTepHeT-pecypebl:

5. https://www.tensorflow.org/ - KommiekcHas 1uargopma MaIIMHHOTO OOY4YEeHHS C

OTKPBITBIM UCXOJTHBIM KOJIOM

6. Nndpopmannonnast crnpaBounas cuctema Koucynprantllmoc / Pexxum pocrtymna:

http:// www.consultant.ru

7. OTtkpeITEIE cucTeMbl — nHpopMannoHHbIi moptan; URL: http://www.olap.ru/basic/refer.asp.

[TpodeccuonanbHas 6aza manHeix Poccrata // Pexxum mocrtyma: http://www.gks.ru/wps/wem/connect/

rosstat_main/rosstat/ru/statistics/databases/

JlaGopaTopHnasi padora Ne 13-14
OCHOBBI JIOTHYECKOr0 NporpammupoBanus B cpeae Prolog.

Leab u coaep:xkanue: U3y4dnuTh HHTEp(dENc 1 OCHOBHBIEC MPUHIIUIIBI paOOTHI B Cpe/ie MPOrPAMMUPOBAHMUS
Prolog,

Conep:xkanue padboThI:

1. 3y4unTh TeopeTUIecKre acrekThl paboThl B cpene Prolog.

2. PeasizoBath B cpene Prolog penienne mocraBieHHBIX 3a/1a4.

3. [Ipoananu3upoBaTh NOJYyUYEHHbBIE PE3YJILTATHI.

4. BBINOJTHUTH 3a/IaHKE JIJIS1 CAMOCTOSATEIILHON paOOTHI.

Conep:xkanue oTyera u ero popma
Otuet o naboparopHOi padoTe, MPeACTaBICHHBIN K 3allUTe, TOKEH CO/IePKaTh: HOMEp JIabopaTopHOU
paboThl, TeMy, IieJib JIabopaTOpHOW paboOThl, MEpeYeHb H3YYEHHBIX BOIPOCOB, PE3YJbTaThl BBIMOJIHEHHBIX
3aHaHHfI, OTBCTBI HA KOHTPOJILHBIC BOIIPOCHI.

Cnucok peKOMEHIyeMO JINTEPATypPbl

OcHoBHas nuTeparypa:

7. Octpoyx, A. B. Cuctembl UCKyCCTBEHHOIO MHTeNIeKTa : MoHorpadus / A. B. Octpoyx, H. E.
CypxoBa. — 2-e u3n., crep. — Cankr-IlerepOypr : Jlans, 2021. — 228 c. — ISBN 978-5-8114-8519-2. —
TexcT : 3neKTpoHHbIH // JIaHb : 3JEeKTPOHHO-OUOIMOTEUHAs CUCTEMA.

8. Memepuna, E. B. CucreMbl HCKYyCCTBEHHOTO MHTEIUIEKTA | ydeOHO-MeToanyeckoe nocodue / E.


http://www.gks.ru/wps/wcm/connect/
http://www.olap.ru/basic/refer.asp
http://www.consultant.ru/
http://www.tensorflow.org/

B. Memepuna. — OpenOypr : OI'Y, 2019. — 96 c¢. — ISBN 978-5-7410-2315-0. — Tekcr :
AIIEKTPOHHBIH // JIaHb : 2IEKTPOHHO-OMOIMOTEUHAs CUCTEMA.

9. [IpoexkTupoBaHHE CUCTEM HCKYCCTBEHHOro MHTeiiekTa : yueOHoe mocodue / C. JI. CoTHHK. -
[TpoekTHpoBaHUE CHCTEM HCKYCCTBEHHOTO MHTEIeKTa,2022-12-24. - DnektpoH. naH. (1 ¢aiur). - Mocksa
: Unrepuer-YHuusepcutet Mudopmanuonnsix Texnonoruit (MHTYUT), Aii [Iu Ap Menua, 2021. - 228 c.
- 2JIeKTpOHHBIN. - KHura naxogurcsa B npeMuym-sepcun ObC IPR BOOKS. - ISBN 978-5-4497-0868-7,
HK3EMIUIIPOB HEOIPAHUUEHO

JlononHurenbHas TUTEpaTypa:

9. [IpaBoBble W OTHYECKHE aCIEKThI, CBSI3aHHbIE C pa3pabOTKOH U MNPUMEHEHHEM CHUCTEM
UCKYCCTBEHHOI'O MHTEJIEKTa U POOOTOTEXHMKH: HCTOPHS, COBPEMEHHOE COCTOSHHE U MEPCHEKTUBBI
pa3Butus : MoHorpadust / [B. B. Apxumos, I'. I'. Kamamnosa, B. b. HaymoB u np.] ; denepanbHoe
rocyJIapCTBEHHOE OI0/KETHOE yupexaeHue Hayku, MHCTUTYT rocynapcersa u npasa Poccuiickoil akanemun
HayK. - Caskt-IletepOypr : HII- ITpunT, 2020. - 260 c. : Tadu. - [Ipun.: c. 236-245. - bubnuorp.: ¢. 246-259 u
B nojictpod. npumed. - ISBN 978-5-6045320-4-1, sx3emmsipoB 1

10. beccmeptnriii, M. A. CucremMbl HCKyCCTBEHHOTO HMHTEIIEKTa: YydeOHOe TmocoOue s
akanemmudeckoro 6akanaBpuara / M. A. beccmeptHbiid. — 2-€ u3., ucnp. u nomn. — M.: FOpaiit, 2017. — 130 c.
1. bypakos, M.B. Cuctembl HCKyCCTBEHHOTO MHTEILIEKTa. YueOHoe nmocooue [Tekcr] / M.B. Bypakos.
— M.: IIpocniekt, 2017. — 440 c.

12. Kynpssues, B. b. MHTemiekTyanbHble CUCTEMBbI: YYeOHMK M TPAKTUKYM JUIs OakayiaBpuara U
maructpatypsl [ Tekct]/B. b. Kyapssues, 3. 3. 'acanos, A. C. Ilogkonsus. — 2-e u3f., ucnp. u goi. ; MI'Y
uM. M.B. JlomonocoBa. — M.: FOpaiir, 2017. — 219 c.

HuTepHeT-pecypcehl:

8. https://www.tensorflow.org/ - KommuiekcHas 1iaTdopmMa MaIIMHHOTO OOYYEeHHS C

OTKPBITBIM UCXOIHBIM KOJIOM

0. Nudopmanmonnas crpaBounas cuctema Koncymbrantllmroc // Pexxum moctyma:

http:// www.consultant.ru

10. OTKpBITEIE cUcTeMbl — nHpopMannoHHbIi moptan; URL: http://www.olap.ru/basic/refer.asp.

[Tpodeccuonanvhas 6aza manubeix Poccrara // Pexum pocrtyma: http://www.gks.ru/wps/wem/connect/

rosstat main/rosstat/ru/statistics/databases/

JlabopatopHast pab6ora Ne 15-16
Co3panue npocreiiliux MpoekToB B cpeae Prolog.

Hear u comep:kaHme: TPUOOPECTH HABBIKM pPa3pabOTKUM TNPOCTEUIIMX MPOEKTOB B Cpene
nporpammupoBanus Prolog,

Copnepxanue padboThI:

1. 3yunTh TeOpeTHIeCcKre BOPOCH pa3padOTKH MPOEKTOB B cpene Prolog.

2. PeanuzoBartsk B cpene Prolog pemenue mocTaBIeHHBIX 3a71ay.

3. Ilpoananu3upoBaTh MOITYYCHHBIC PE3YIbTATHI.

4. BBINOTHUTH 3aJaHNE [T CAMOCTOSATEIILHON paboTHI.

Conep:xkanue oT4yeTa u ero ¢popma
Ortuer o abopaTopHOi paboTe, MPEICTABICHHBIN K 3alllUTe, JOJKEH COJEP)KaTh: HOMEp JIabopaTOpHOH
paloThl, TeMy, Liedb JIAOOpPaTOpHOW paboThI, MEepeueHb H3yUYEHHBIX BOIPOCOB, PE3YJIbTAThl BBHITOJHEHHBIX
3aJJaHA, OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

Cnucok peKOMEHIyeMOM JTUTEPaTyphl

OcHOBHas UTeparypa:

10. Octpoyx, A. B. Cucrembl HCKyCCTBEHHOTO MHTEIUIeKTa : MoHorpadwus / A. B. Octpoyx, H. E.
CypxoBa. — 2-e uzn., crep. — Cankrt-IlerepOypr : Jlans, 2021. — 228 c. — ISBN 978-5-8114-8519-2. —
Texct : aneKTpoHHbIH // JIaHb : 3IEeKTPOHHO-OUOIHOTEUHAs CUCTEMA.

11. Memepuna, E. B. CucreMbl HCKYCCTBEHHOTO HHTEIIJIEKTA | ydeOHO-MeToandeckoe mocooue / E.
B. Memepuna. — OpenOypr : OI'Y, 2019. — 96 c. — ISBN 978-5-7410-2315-0. — Tekcr :


http://www.gks.ru/wps/wcm/connect/
http://www.olap.ru/basic/refer.asp
http://www.consultant.ru/
http://www.tensorflow.org/

AJIEKTPOHHBIH // JIaHb : 3IEKTPOHHO-OMOIMOTEUHAs CHCTEMA.

12. [IpoekTupoBaHUE CHUCTEM HMCKYCCTBEHHOTO MHTEUIeKTa : yueOHoe mocobue / C. JI. CoTHHK. -
[IpoexTupoBaHue CUCTEM UCKYCCTBEHHOTO HHTEIUIEKTa,2022-12-24. - OnexTpoH. naH. (1 daitr). - Mocksa
: Uarepuer-YHuusepcutet Madopmanuonnsix Texnonoruit (MHTYUT), Aii [Tu Ap Menua, 2021. - 228 c.
- 3JIeKTpOHHBIN. - KHura naxoaurcsa B npeMuym-sepcun ObC IPR BOOKS. - ISBN 978-5-4497-0868-7,
HK3EMILISIPOB HEOTPAHHUEHO

JlononHuTenbHas IuTepaTypa:

13. [IpaBoBble W OSTHYECKHE AaCMEKThl, CBA3aHHbIE C Pa3pabOTKOM W NPUMEHEHHEM CHCTEM
UCKYCCTBEHHOT'O MHTEJIEKTa U POOOTOTEXHHMKH: HCTOPHS, COBPEMEHHOE COCTOSHHUE U IEPCHEKTUBBI
pazButus : moHorpadwus / [B. B. Apxumos, I'. I'. Kamanosa, B. b. HaymoB u np.] ; denepansHoe
rocyJapcTBeHHOE OI0/KETHOE yupexaeHue Hayku, MHCTUTyT rocynapctsa u npasa Poccuiickoit akagemMuu
HayK. - Cankt-IlerepOypr : HII- ITpunt, 2020. - 260 c. : Tadu. - [Tpun.: c. 236-245. - bubnuorp.: ¢. 246-259 u
B nozcTpod. nmpumed. - ISBN 978-5-6045320-4-1, sx3emmsapos 1

14. beccmepthbiii, M. A. CucremMbl HCKYCCTBEHHOTO UHTEUIEKTa: YydyeOHoe mocobue ams
akanemuueckoro 6akanaBpuara / M. A. beccmeptHbiid. — 2-€ u3., ucnp. u gon. — M.: FOpaiit, 2017. — 130 c.
15. BbypakoB, M.B. CucteMbl HCKYCCTBEHHOTO MHTEIIEKTa. YuebHoe nocooue [Tekcr] / M.B. bypakos.
— M.: IIpocnekr, 2017. — 440 c.

16. KyapsBues, B. b. UHTennekryaibHble CUCTEMBl: YYEeOHMK W MPAKTUKYM sl OakanaBpuara u
maructparypsl [ Tekct]/ B. b. Kynpssues, O. 3. 'acanos, A. C. [Toakom3un. — 2-e u3., ucnp. u goi. ; MI'Y
uM. M.B. JlomonocoBa. — M.: KOpaiir, 2017. — 219 c.

WHTepHeT-pecypchl:

11.  https://www.tensorflow.org/ - KommuekcHas 1miar¢popmMa MalIMHHOIO OOydYeHHUS C

OTKPBITBIM UCXOTHBIM KOJIOM

12.  HudopmammonHas crpaBoyHas cucrema Koncynsrantllmtoc // Pexxum nocryma:

http:// www.consultant.ru

13. OTkpbIThIe cucTeMbl — MHGopMarmonHslil moptan; URL: http://www.olap.ru/basic/refer.asp.
[IpodeccuonanpHas 6a3a ganHbix Poccrata // Pexum gocryna: http://www.gks.ru/wps/wem/connect/

rosstat_main/rosstat/ru/statistics/databases/

JlaGoparopHasi pabora Ne 17-18
Co3paHme IKCNIEPTHBIX cUCTEeM cpeacreamMu Prolog

Llesb u copep:kaHue: MPUOOPECTH HABBIKK CO3/1aHUS SKCIIEPTHOM CUCTEMBI B CpeZie IPOrPaMMHUPOBAHUS
Prolog,

Copnepxanue padboThI:

1. U3yunTh 1 IpoaHATIM3UPOBATH PUMEP CO3aHUs IKCIIEPTHOM crcTeMbl B cpezie Prolog.

2. Peanu3zoBarts B cpezie Prolog pemienne noctaBieHHbIX 3a1a4.

3. Ilpoanann3upoBaTh NOJYYEHHBIE PE3YIIbTATHI.

4. BBINOIHUTE 3aJ]aHKE ISl CAMOCTOSTEIbHON paOOTHI.

Copepxxanue oTyera u ero popma
OtyeT 0 mabopaTopHO paboTe, MPEACTABICHHBIN K 3aIUTe, JOJKEH COJEPKaTh: HOMED J1abopaTopHOI
paboThl, TeMy, Ledb JIAOOpaTOpHOW paboThI, MEepeueHb H3YyUYEHHBIX BOIIPOCOB, PE3YyJbTAThl BBHITOJHEHHBIX
3aJlaHul, OTBEThl HA KOHTPOJIbHBIE BOIIPOCHI.

Cnucok peKOMeHyeMOl JINTePaTyphl

OcHoBHas nuTeparypa:

13. Octpoyx, A. B. Cuctembl UCKyCCTBEHHOTO MHTeIIeKTa : MoHorpadus / A. B. Octpoyx, H. E.
CypkoBa. — 2-e u3f., crep. — Cankrt-IletepOypr : Jlanp, 2021. — 228 c. — ISBN 978-5-8114-8519-2. —
TekcT : anexkTpoHHbIH // JlaHb : 371€eKTPOHHO-OMOIMOTEYHAs cCHUCTEMA.

14.  Memepuna, E. B. CucteMbl HCKyCCTBEHHOTO MHTEIJIEKTA : yueOHO-MeToanueckoe nocooue / E.
B. Memepuna. — Openbypr : OI'Y, 2019. — 96 c. — ISBN 978-5-7410-2315-0. — TexkcrT :
AJIEKTPOHHBIH // JIaHb : 2IeKTPOHHO-OUOIMOTEYHAsI CUCTEMA.


http://www.gks.ru/wps/wcm/connect/
http://www.olap.ru/basic/refer.asp
http://www.consultant.ru/
http://www.tensorflow.org/

15.  IlpoekTupoBaHHE CHUCTEM HCKYCCTBEHHOTO MHTelUIeKkTa : ydyeOHoe mocodue / C. JI. CoTHUK. -
[TpoekTUpoBaHKEe CHCTEM HCKYCCTBEHHOTO MHTEINeKTa,2022-12-24. - DnektpoH. aaH. (1 daiun). - Mocksa
: nrepHet-YHuBepcutet Mudopmanmonnsix Texnonoruit (MHTYUT), Aii [Iu Ap Menua, 2021. - 228 c.

- anekTpoHHbIN. - Knura Haxoautces B npemuyM-Bepcur DbC IPR BOOKS. - ISBN 978-5-4497-0868-7,
AK3EMIUISIPOB HEOTPAHUYEHO

JlonmonHuTEebHAS IUTEpATYpa:

17. [IpaBoBblE W OTHYECKHE aCIEKTHI, CBSI3aHHbIE C pa3pabOTKOM U NPUMEHEHHWEM CHUCTEM
UCKYCCTBEHHOI'O MHTEJJIEKTa U POOOTOTEXHMKH: HCTOPHS, COBPEMEHHOE COCTOSHUE U IEPCHEKTUBBI
pasButua : MoHorpadus / [B. B. Apxunos, I'. I'. Kamanosa, B. b. HaymoB u ap.] ; Penepanbnoe
rocyJJapCTBEHHOE OIOKETHOE yupexkeHue Hayku, MHCTUTYT rocynapceTBa u mpasa Poccuiickoil akagemun
HayK. - Cankt-IletepOypr : HII- [Ipunt, 2020. - 260 c. : Tabmn. - [Ipui.: c. 236-245. - bubauorp.: ¢. 246-259 u
B noAcTpod. npumed. - ISBN 978-5-6045320-4-1, sx3emrusipos 1

18. beccmeptubiii, M. A. Cuctembl HCKyCCTBEHHOTO MHTEUIEKTa: Y4yeOHoe mocobue s
akangemuieckoro 6akanaBpuata / M. A. beccmepTHsIit. — 2-e u3., uctp. u goi. — M.: FOpaiir, 2017. — 130 c.
19.  bypaxos, M.B. CucremMsl HCKycCTBEHHOTO HHTEIIEKTa. YueOHoe nocooue [Texct] / M.B. Bypakos.
— M.: IIpocniekt, 2017. — 440 c.

20. KyapsBues, B. b. UnTennekryaibHble cUCTEMBbl: YYeOHMK M MPAKTUKyM ajsi OakanaBpuara u
maructpatypsl [Tekcr]/ B. b. Kynpssues, 3. D. 'acanos, A. C. [loakonsus. — 2-e u3f., ucnp. u goi. ; MI'Y
uM. M.B. JlomonocoBa. — M.: FOpaiir, 2017. — 219 c.

HNuTtepHeT-pecypebl:

14.  https://www.tensorflow.org/ - KommiekcHas muargopma MaIIMHHOTO OOYy4YEeHHS C

OTKPBITBIM UCXOJIHBIM KOJIOM

15. Nndopmannonnast crnpaBounas cuctema Koucynbrantllmoc / Pexxum pocrtymna:

http:// www.consultant.ru

16. OTtkpeITEIE cUcTeMbl — nHpopMannoHHbIi optan; URL: http://www.olap.ru/basic/refer.asp.
[Ipodeccuonanvuas 6a3a manHbix Poccrata // Pexum poctyma: http://www.gks.ru/wps/wem/connect/

rosstat_main/rosstat/ru/statistics/databases/


http://www.gks.ru/wps/wcm/connect/
http://www.olap.ru/basic/refer.asp
http://www.consultant.ru/
http://www.tensorflow.org/

1. KoHTpoJsb caMoCTOAATe/IbHOH PA00THI CTYACHTOB

KonTponb camocTosTenbHOM paboThl MPOBOIUTCS MPENOIaBaTeIeM B ayAUTOPUH.

[TpenycMoTpeHsI clieayIoIre BUIbI KOHTPOJIS: co0eceloBaHue, OlleHKa pedepara, OlleHKa
MIPE3EHTAlNN, OLIEHKA Y4aCTHs B KPYTJIOM CTOJIE€, OLIEHKA BBINIOJHEHUS ITPOEKTA.

[TonpoOHble KpUTEpUU OLIEHUBAHHUS KOMIIETEHLMH NpuBeZeHbl B DOHAE OICHOYHBIX
CPEACTB IS TPOBEACHUS TEKYIIEH U MPOMEKYTOYHON aTTECTALlUN.

2. Cunucok gureparypsl 1 BbinoJHenuss CPC

OcHoBHas1 JiuTEeparypa:
1. [TanemoB, C.B. MHTEMIEKTYya IbHBIE CUCTEMbI U TEXHOJIOTHH DJIEKTPOHHBIN pecypc
: yueOHoe nocobue / C.B. I1anbmoB. - Camapa : [ToBoiKCKU TOCYyIapCTBEHHBI YHUBEPCUTET

TeJIEKOMMYHUKaIMi 1 uHpopmatuku, 2017. - 195 c. - Knura Haxonutcs B 6a3zoBoit Bepcuu ObC
IPRbooks.

2. CeicoeB, /I. B. BBenenue B TeOpHI0O HCKYCCTBEHHOIO HHTEJUIEKTa @ ydeOHOE
noco6ue / /1. B. Cricoes, O. B. Kypunra, /1. K. Ilpockypun. — Mocksa : Aii [Tu Ap Meaua, 2021.
— 170 c¢. — ISBN 978-5-4497-1092-5. — Tekctr : osnexkTpoHHblii // Lludposoit

oOpa3zoBatenbHblil pecypc IPR SMART

JdonmosiHuTe/ILHAS JIUTEPATypa:

l. AsepuenkoB, B. U. Cucrtema ¢dopmupoBanus 3HaHuUi B cpenae MHTepHeT :
Monorpadus / AsepuenkoB B. WM. - bpsHck : BpsHckuil rocynapcTBEHHBIH TEXHUYECKHIA
yauBepcureT, 2012. - 181 c. - Kuura naxoaurcs B 6a3oBoit Bepcun DbC IPRbooks. - ISBN 5-
89838-328-X

2. [TaBnoB, C. U. Cuctembl HCKYCCTBEHHOT'O UHTEIJIEKTA : yueOHoe mocodue : [16+] /
C. U. IlaBnoB. — Tomck : TOMCKMI TOCYIapCTBEHHBI YHUBEPCUTET CHCTEM YHIPABICHUS U
paauosnekrponuku, 2011. —Yacrte 1. — 175 c.

3. [TaBnos, C. Y. CucremMbl HCKyCCTBEHHOTO MHTEIUIEKTA : yueOHoe nocobue / C. U.
[TaBmoB. — Tomck : ToMCKHH TrOCYyIapCTBEHHBIM YHUBEPCHUTET CHCTEM YIPABICHHS U
paanosnektponuku, 2011. —Yacte 2. — 194 c.

4. Ceprees, H. E. CuctemMbl HCKYCCTBEHHOTO MHTEIIEKTA : yueObHoe mocobue : [16+] /
H. E. Ceprees. — Taranpor : IOxHbIil penepanbubiii yausepcuret, 2016. — Yacts 1. — 123 c. :
CXEM., UJI., TaOJI.

5. Cotnuk, C. JI. IIpoekTupoBaHHE CUCTEM MCKYCCTBEHHOT'O MHTEJUIEKTA : yueOHoe
noco6ue / C. JI. Cotnuk. — 3-e u3g. — Mocksa : HtepHeT-YHuBepcutrer MHbopmManmoHHbIx
Texnonoruit (MHTYUT), Aii [Tu Ap Menua, 2021. — 228 ¢. — ISBN 978-5-4497-0868-7. —
Texkcr : anexTponnslii // Hudposoit oOpazoBatenbhblil pecypc IPR SMART

MeToanuyeckas aureparypa:
1. MeTtoauueckue yKka3aHus K CaMOCTOSATEIbHON paboTe (3JIeKTPOHHBIN BapuaHT)

HNuTepHeT-pecypcesbi:

l. Bopoiickuit ®@. C. MHpopmaThka. DHIUKIONETUYECKUN CIOBAPb-CIIPABOYHHUK:
BBEJICHUE B COBpEMEHHble MH()OPMAIMOHHBIE M TEJIEKOMMYHHKAI[MOHHbIE TEXHOJOTUU B
tepmuHax u (akrax. - M.: OUIMATIIUT, 2006. - 768 c. — HoctymHo: http://physics-for-
students.ru/bookpc/informatika/slovar.zip


https://www.iprbookshop.ru/108282.html
https://biblioclub.ru/index.php?page=book&id=493307
https://biblioclub.ru/index.php?page=book&id=493307
https://biblioclub.ru/index.php?page=book&id=208933

2. HBaHoB B. OcHoBBI UCKYCCTBEHHOTO WHTEIJICKTa —
https://libtime.ru/expertsystems/osnovy-iskusstvennogo-intellekta.html

3. Pomanos I1.C. OCHOBBI HCKYCCTBEHHOTO MHTEJUIEKTa; YUeOHO-METO/I. Ioco0He. —
http://www.studfiles.ru/preview/2264160/

4. Caiit OcHoBbel MU — https://sites.google.com/site/osnovyiskusstvennogointellekta/
5. Cob6omb b.B. Undopmaruka: yueonux/ b.B. Co6ons [u ap.] — U3a. 3-e, nononH. u
nepepa6b. —  PocroB  w/[l:  ®enuxc, 2007. - 446 c. —  JlocrymnHo:

http://physics-for-students.ru/bookpc/informatika/Sobol.rar
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Crasponons, 2026






BBEJIEHUE

CamocrosiTenpHas paboTa - ImaHupyemas yueOHasi, yaeOHO-uCCae10BaTeNIbcKasi, HayJYHO-
UCCleIoBaTeNbCKas padoTa CTYJCHTOB, BHIOTHIEMast BO BHEAY TUTOPHOE (ayAUTOPHOE) BPEMS I10
3aJJaHUI0 U TPU METOJAMYECKOM PYKOBOJCTBE IpErojaaBaresisi, HO 0e3 ero HemocpeICTBEHHOTO
ydacTus (IpU YaCTUYHOM HETIOCPEICTBEHHOM yUaCTHH MIPENOJABATENsl, OCTABISIOLIEM BEYILYIO
pOJIb 32 pabOTOM CTY/ICHTOB).

CamocrosrenbHas pabota cTyAeHTOB B BY3e sBisercs BaKHBIM BHJIOM Y4eOHOH H
HAy4YHOU JesATeNbHOCTH cTyAeHTa. CaMocTosTeNnbHas paboTa CTyACHTOB UTPAET 3HAUUTEIHHYIO
POJIb B PEUTHHTOBOI TEXHOJIOTUU O0yUYEHUSI.

Llenpro maHHOW MUCHUTLIMHBEI siBisieTcs: popmupoBanue Hadopa (YK — 1) xomnereHui
Oynymiero OakanmaBpa mo HampaeieHuto mnoarotoBku 38.03.02 Menemxment» (IIpodub:
MapKeTHHT ¥ phIHOYHASI aHAJTUTHKA).

3amagamu TUCHUIUIMHBI «VICKYCCTBEHHBIH HMHTEIUIEKT B MPOQPECCHOHATBHON cdeper
ABIIIOTCA:  ONpPENENsITh  OCHOBHBIE JKOHOMHUYECKHE  IIOKa3aTelld, XapaKTepH3yIollue
JeSITETbHOCTh XO3AUCTBYIOINX CYOBEKTOB; aHAIM3UPOBATh M OLIEHUBATh OPIraHU3AIMOHHO-
yIOpaBlieHYEeCKHe PEleHUs; BIaJeTh HaBbIKaMU MPUMEHEHHS OPraHU3allMOHHO-YIPaBIEeHYECKIX
pemeHuii n1udpoBOil SKOHOMUKH B OyAyIIel MpodecCHOHaTbHON NesITeIbHOCTH; 3HATh CUCTEMY
HSKOHOMUYECKUX TMPOLECCOB WU SBJICHUN; BiIaJeTh METOAAMM aHaIM3a U COAEpXKaTelbHO
MHTEPIPETUPOBATH MOITYUYEHHBIE PE3YIbTATHI.

Huctunmaa «VICKyCCTBEHHBIH HWHTEUIEKT B TpodecCHOHAIbHOU cdepe» BXOIUT B
BapUaTUBHYIO YaCTh U OTHOCHUTCS K (hakynbraTiBaM ydeOHoro maHa 2026 roga 1o HarpaBIeHHUIO
38.03.02 Menemxment (Ilpodunb: MapkeTuHr W pblHOYHAs aHanuTHKa). Ee ocBoeHwme
IIPOUCXOMMUT B 5 ceMecTpe.



OO0mas xapakTepuCTHKA CAMOCTOSITEJIbHOM Pa0oThI CTYy/IEeHTA NIPH U3YYEeHU U
AUCHMILTUHBI « BU3Hec-TeXHOJ10ruu ¥ N pPoBbIe KOMIETEHITUN»

Ilenbto caMOCTOATENLHON pabOThl CTYAECHTOB SBISIETCS OBJaJieHUE (DyHIaMEHTaIbHBIMU
3HAHUSIMH, TPO(ECCHOHANBHBIMUA YMEHUSIMU M HaBBIKAMU JIEATEIBHOCTH MO MPO(UIIO, OTIBITOM
TBOPYECKOH, HCCIIEOBAaTENbCKOM  JesrenbHOCTH. CamocTtosATenbHas paboTa  CTYJIEHTOB
CHOCOOCTBYET pPa3BUTHIO CaMOCTOSATEIBHOCTH, OTBETCTBEHHOCTH M  OpPraHW30BaHHOCTH,
TBOPYECKOTI'0 MOAX0/1a K PEIIEHUI0 MpodsieM yueOHOro U npo(ecCuoHaNIbHOrO YPOBHSL.

3anagamu CP sBistoTcs:

- CUCTEMATH3alMs U 3aKPEIJICHUE TOJIYyYEHHBIX TEOPETUUECKUX 3HAHUN U IPAKTHYECKUX
YMEHUU CTYJICHTOB;

- yriry0JieHre U pacIiipeHne TeOPEeTHUECKUX 3HAHUM;

- (QopmupoBaHue yMEHHMH HCIOJb30BaTh HOPMATUBHYIO, MPAaBOBYIO, CIPABOYHYIO
JOKYMEHTALMIO U CIELHAIBHYIO JINTEPATYPY;

- pa3BUTHE TIO3HABATEIbHBIX CIIOCOOHOCTEH M AKTHMBHOCTH CTYJCHTOB: TBOPUYECKOM
WHULMATUBBI, CAMOCTOSTEIbHOCTH, OTBETCTBEHHOCTH U OPIaHU30BAHHOCTY;

- (opMHpOBaHHE CAMOCTOSTEIBLHOCTH MBIIUICHUS, CIIOCOOHOCTEH K CaMOpa3BUTHIO,
CaMOCOBEPILECHCTBOBAHUIO U CAMOPEAIIN3ALINN;

- pa3BUTHE UCCIIEOBATENbCKUX YMEHUI;

- UCMOJIb30BaHUE MaTepuasla, COOPaHHOIO M IMOJYYEHHOTO B XOJ€ CAMOCTOSITEIbHBIX
3aHATHI HA CEMUHApax, Ha MPAKTHUECKUX U Ja00paTOPHBIX 3aHATHAX, IPU HANMCAHUH KyPCOBBIX
U BBIIIYCKHOM KBaM(UKAIIMOHHON paboT.

I1l1an-rpaduk BHINOJHEHHS CAMOCTOSITEJILHOM PadoThI

HanmeHnoBaHue pa3/ie/ioB U TeM TUCHUILIMHBI, HX Dopma 3ayeTHbIE
Ne KPaTKoe coJepKaHue; KOHTPOSI (9107050701181
BH/I CAMOCTOSITE/ILHOI PadoThI (4achbl)
5 cemecTp
1 | moaroroBka K 1a00paTOPHBIM 3aHATUIM Brinosnnenune 40,5
71a00paTOPHBIX
pabot
HTroro 3a 4 cemecTp 40,5
Hroro 40,5

MCTOI[I/I‘-IeCKI’Ie YKa3aHud 110 U3YICHHUIO TCOPECTHIECCKOI0 MaTepuaJia
Pabora ¢ kHuroi

[Ipu pabGote ¢ KHUTOW HEOOXOAMMO MOAOOPaTh JUTEPATYPy, HAYUYUTHCS MPABUIBLHO €€
YUTaTh, BECTH 3amucu. [ mogbopa nureparypbl B OMOIMOTEKE UCIIONB3YIOTCS an(aBUTHBIN U
CHCTEMaTUYECKHI KaTaJIoTH.

Ba)xHO MOMHUTH, YTO pallMOHANBHBIC HABBIKA PaOOTHI ¢ KHHUTOM - 3TO Bcerja Ooblias
SKOHOMUS BPEMEHHU U CHJI.

[TpaBuibHBI TOA0OpP Y4YEOHHKOB PEKOMEHIYETCsS MPEenojaBaTesieM, YUTAOIINM
JEKIMOHHBIN Kypc. HeoOxoammasi nuteparypa MoKeT OBITh TakKe yKa3zaHa B METOJUYECKHX
pa3paboTKax Mo JaHHOMY Kypcy.

N3yuas marepuan mo yuyeOHUKY, CIEAyeT MEePEXOIUTh K CIEIYIOMEMY BOMPOCY TOJIBKO
MOCIIe MMPaBUIIBHOTO YSICHEHUS MPEABIAYIIET0, OMUCHIBAs Ha OyMare BCe BBHIKIAIKU U BBIYUCIICHUS
(B TOM 4mcCIe Te, KOTOphIE B YUYCOHMKE OMYIIEHBI WM Ha JICKIIUU JaHbI JJII CAMOCTOSTEIHHOTO
BBIBOJIA).

[Ipu nzydyenuu r000H TUCIUTITUHBI OOBIIYIO M BAXKHYIO POJIh UTPAET CAMOCTOSITEIIbHAS
WHAWBHUAyalIbHAs paboTa.



Ocoboe BHMMaHHe cielyeT OOpaTHUTh Ha ONpeesicHMEe OCHOBHBIX MOHSATHH Kypca.
CryneHT noipkeH moApoOHO pa3dupaTh MPUMEpPbI, KOTOpPbIE MOSICHSIIOT TaKHe ONpeiesieHus, U
yMETh CTPOMTh QAHAJOTUYHBIE MPHUMEPHl CaMOCTOATeNbHO. HyXHO 100MBaThCs TOYHOTO
IIPEJICTaBICHUS O TOM, UTO M3y4aellb. [[07e3H0 cocTaBsATh OnopHble KOHCHEKTHI. [1pu n3yuenuu
MaTepHaia 1o y4eOHMKY IMOJIE3HO B TETpaau (Ha CHEIHMAIbHO OTBEACHHBIX IMOJISAX) JOMOIHSATH
KOHCIEKT JieKuuid. Tam ke cleayeT OTMedaTb BOIPOCHI, BbIIEICHHBIE CTYACHTOM JUIS
KOHCYJIbTAIlH C MIPENOoJaBaTelIEM.

BbIBoIbI, MONTydYEHHBIE B PE3YyJIbTaTe U3YUECHUS, PEKOMEHIYETCSI B KOHCIIEKTE BBIJIEISATD,
4TOOBI OHM ITPU NEPEUUTHIBAHUY 3aMMCEH JIyUllle 3alIOMUHAIIUCH.

OnbIT MOKa3bIBa€T, YTO MHOTHUM CTYJIEHTaM [OMOTaeT COCTaBJIEHHE JIMCTa OIMOPHBIX
CUTHAJIOB, COJIEPXKAIEr0 BaKHEHIINE U Hanbosee 4acTo ynorpedisemble GOpMyIIbl U MOHATHUS.
Takoil nUCT moMoraer 3arnoMHUTH (POPMYJIbl, OCHOBHBIE MOJIOKEHHUS JIEKIIUH, a TaKKE MOXKET
CITyKUTb IIOCTOSIHHBIM CIIPaBOYHUKOM JJIsl CTYJEHTA.

PasznuyaroT 1Ba BUIa YTeHUs ; MIEPBUYHOE U BTOpUYHOE. [lepsuunoe - 3TU BHUMATEIBHOE,
HETOPOIIMBOE UYTEHHUE, IPU KOTOPOM MOXHO OCTAaHOBUTBHCA Ha TpYJAHBIX MecTax. Ilocne Hero He
JIOJI’KHO OCTaThCs HU OJTHOTO HETOHSATHOrO cioBa. CopepxkaHue He BCEr/la MOKET ObITh TIOHATHO
[10CJI€ TIEPBUYHOTO YTEHHUS.

3agada 6mopuuHo20 YTEHUs IIOJIHOE YCBOGHHE CMBICIA LIEJIOro (IO CYETy ITO UTCHUE
MOYET OBITh M HE BTOPBIM, @ TPETbUM HIIH YETBEPTHIM).

IIpaBuia caMocTOsITE/ILHOM PA0OTHI C JINTEPATYPOH
Kak yxe oTmedanock, caMocTOsiTeNIbHasE paboTa ¢ yueOHHKaMU W KHUTaMH (a2 Takxke
CaMOCTOSITENIbHOE TEOPETUYECKOE HCCieloBaHne MpobiieM, 0003HAUYEHHBIX IpernojaBaTesieM Ha
JEeKIMIX) - 3TO BakHeHInee yciaoBue (OpPMHUPOBAaHUS y ce0si HayyHOro croco0a MO3HaHMA.
OCHOBHBIE COBETHI 3/1€Ch MOKHO CBECTH K CJIEIYIOLIIM:

» CocTaBUTh NIEPEYEHb KHUT, C KOTOPBIMU Bawm ciiefyeT no3HaKOMHTHCS;

* CaM Takol nepeyeHb JTOJIKEH ObITh CHCTEMATU3UPOBAHHBIM.

* O0s3aTeNbHO BHIMHMCHIBATH BCE BBIXOJHBIC JJAHHBIC MO KaX10M KHUTE (IIPU HANHMCAHUH
KYPCOBBIX U JUIIJIOMHBIX PabOT 3TO MO3BOJHUT OYE€Hb COKOHOMUTH BPEMS).

* PazoOparbcest s ce0si, Kakre KHUTH (MM KaKKe TJIaBbl KHUT) CIIeAYeT MPoYnuTaTh Oosee
BHUMATEJbHO, a KAKUE - TPOCTO MIPOCMOTPETh.

* [Ipu cocTaBineHnn nepeyHeN INTEPATYPhI CIEAYET IOCOBETOBATHCA C IPENOAABATENIMU
U HayYHBIMH DPYKOBOAMUTEISIMH (WM Jaxe ¢ Oojee MOATOTOBICHHBIMU M 3PYIUPOBAHHBIMU
COKYPCHUKaMH), KOTOpbIe NMOMOTYT Bam mydiie COpHeHTHPOBAThCS, Ha YTO CTOUT OOpaTUTh
OoJblliee BHUMaHHUE, a HA YTO BOOOIIE HE CTOUT TPaTUTh BPEMSL...

* EcrecTBEeHHO, Bce MPOUNTAHHbBIC KHUTH, YYEOHUKHU U CTaTbU CJIEAyeT KOHCIIEKTUPOBATH,
HO 3TO HE O3HAYaeT, YTO HAJ0 KOHCIIEKTHPOBATh «BCE MOAPSAI»: MOKHO BBIITUCHIBATH KPATKO
OCHOBHBIC HJIEM aBTOpPAa U WHOT/A MPHUBOAMTH Hauboliee SpKHe W TMOoKa3aTeJIbHbIC IMTATHI (C
yKa3aHWEM CTpaHUII).

UreHne Hay4YHOIO TEKCTa SIBJISETCS 4acThbIO MO3HABATEJILHOM JEATENBHOCTH. Ee 1einp -
U3BJIEYCHHE U3 TEKCTa HeoOxoauMoi nHopmanuu. OT TOro Ha CKOJIBKO OCO3HAHHA YUTAIOIINM
COOCTBEHHAsi BHYTPEHHsSI YCTaHOBKAa INpH OOpallleHMH K TEYaTHOMY CIOBY (HAlTH Hy>XHbBIE
CBEJICHUSI, YCBOUTh MH(POPMAIUIO MOJHOCTHIO WM YaCTUYHO, KPUTUYECKU MPOaHATIM3UPOBAThH
MaTepHal 1 T.I.) BO MHOT'OM 3aBUCHT 3(PPEKTUBHOCTH OCYIIECTBISIEMOTO ICHCTBHUSI.

Beinensror uemsvipe ocnognble ycmanoéKu é YmeHuU HAYYHO20 MEKCMA:

1. MH(POPMALIMOHHO-TTIOUCKOBBIN (3a/1a4a - HAWTH, BBIJICIUTh HCKOMYIO
nH(bOpMaIHIO);
2. ycBauBaromas (yCWJIMs YuTaTessl HalpaBieHbl Ha TO, YTOOBI Kak

MOXXHO ITOJTHEC OCO3HATH U 3alIOMHUTH KaK CaMU CBCACHHA HU3JIara€MbIC aBTOPOM,
TaK U BCIO JIOTHUKY €T0 pacCyIACHHMN);

3. aHAJIMTUKO-KpUTHYECKass  (YUTATedb CTPEMHUTCS  KPUTHUECKH
OCMBICIIUTE MaATCpuall, MpoaHAJIU3UPOBAB €TI0, OIPCACINB CBOC OTHOIICHHUC K
HEMY);



4. TBOpYECKas (CO3aeT y YUTATENsi TOTOBHOCTh B TOM MJIM HHOM BHUJIE
- KaK OTIPaBHOW MYHKT JIJII CBOMX PACCYXACHHUH, Kak o0pa3 JJis ACHCTBUSA 1O
aHAJIOTHUHU U T.II. - UCIIOJIB30BATh CYKIEHUS aBTOPA, XOJ €r0 MBICIEH, pe3ybTaT
HaOJI0/IeHus, pa3paboOTaHHYI0 METOJMKY, JONOJHUTbH WX, MOABEPrHYTH HOBOMU
MIPOBEPKE).

OcHoenble 6u0bl CUCIMEMAMUZUPOCAHH O 3ANUCH NPOYUMAHHO20:
1. AHHOTHpPOBaHUE - TIPENEIbHO KpaTKOE CBS3HOE OIHMCAaHHE
IPOCMOTPEHHON MM MMPOYUTAHHON KHUTH (CTaTbU), €€ COEePIKaHMsl, UCTOUHUKOB,
XapakTepa U Ha3HaYeHUs;

2. IInanupoBaHue - KpaTkas JIOTMYECKas OpraHu3alldsg TEKCTa,
PacKphIBAIOLIAs COAEPIKAHUE U CTPYKTYPY U3y4aeMOro MaTepuania;

3. Te3upoBaHue - JIAKOHUYHOE BOCIPOU3BEAECHHE OCHOBHBIX
YTBEPKIACHHUM aBTOpa O3 mpuBiiedeHHs (PAKTHUECKOro MaTepuaia;

4. [uTupoBaHue - JOCIOBHOE BBIMCHIBAHUE M3 TEKCTa BBIIEPIKEK,
M3BJICYCHUI, HanboJiee CYIIEeCTBEHHO OTPaXaroIUX Ty WIH HHYIO MBICIb aBTODA;

5. KoHcnekTupoBaHue - KpaTKO€ M IOCIEA0BATEIbHOE HM3JI0KEHHE

COJIepKaHUs MPOYUTAHHOTO.

KoHCTeKT - CI0XKHBIN c1oco0 M3I0KEHUS COJIEPKAHUA KHUTH WIN CTaTbU B JIOTHYECKOMN
nocneaoBaTeabHOCTH. KOHCTIEKT akKyMyIupyeT B ce0e Mpeblaylue BUAbI 3alUCH, T03BOJISET
BCECTOPOHHE OXBAaTUTh COAEPKAHUE KHUIY, CTaTbU. [103TOMYy yMEHME COCTABIIATH ILIAaH, TE3UCHI,
JleNaTh BBIMUCKY U APYTHE 3alIMCH ONPEIEsieT U TEXHOJIOTHUIO COCTABICHNS KOHCIIEKTA.

MeTonnquKne YKa3aHud 110 COCTABJICHUIO KOHCIICKTA

1. BHuMaTeNnbHO MPOYMTAWTE TEKCT. YTOYHUTE B CIPABOYHOMU
JUTEpaType HEMOHATHBIE cloBa. IIpyu 3amucu He 3a0yAbTe BBIHECTH CIIPAaBOYHbBIE
JIAaHHBIC Ha I0JI1 KOHCIIEKTA.

2. Brimenure ritaBHOE, COCTAaBhTE IIIAH.

3. Kpatko copmynupyiiTe OCHOBHBIE TIOJOKEHUSI TEKCTa, OTMETHTE
apryMEeHTal1IO aBTOpa.

4. 3aKOHCIIEKTUPYHUTE MaTepHall, YETKO ClIeAys IIyHKTaM 1uiaHa. [Tpu

KOHCIIEKTUPOBAHUU CTapaTech BBIPA3UTh MBICIb CBOMMHU CJIOBaMH. 3alUCU
CJeyeT BECTU YETKO, SICHO.

5. I'pamoTHO  3ammceiBaiite  1tutatel. LuTupys, yduThIBalTE
JJAaKOHUYHOCTbB, 3HAYUMOCTD MBICJIH.

B TekcTe KOHCIEKTa jKenaTesIbHO MPUBOIUTH HE TOJBKO TE3UCHBIE MOJOXKEHHS, HO U UX
nokazatenbeTBa. [Ipu odopMieHHH KOHCIEKTa HEOOXOJUMO CTPEMHTHCS K €MKOCTH Ka)JIO0TO
npenioxkeHus. MpICIU aBTOpa KHWUTH CJeAyeT u3jlaraTb KpaTKo, 3a00TiIchb O CTWIE U
BBIPA3UTCIILHOCTU HAITMCAHHOTO. Yucio JOIIOJIHUTCIIBbHBIX 3JIEMECHTOB KOHCIIEKTA JOJIZKHO GBITB
JOTUYECKHM  OOOCHOBAaHHBIM,  3alUCH  JOJDKHBI  PAclpeieNsiThCs B OINpeAeTeHHOU
[IOCJIEIOBATEIbHOCTH, OTBEYAIOLIEH JIOTUYECKON CTPYKType Npou3BencHUs. /[ yrouHeHus u
JIOTIOTHEHUS HE0OXOJUMO OCTABIIATh MOJIS.

OsnazieHre HaBBIKAMU KOHCIIEKTHPOBAHUS TpeOyeT OT CTYACHTa IENIeyCTPEMIICHHOCTH,
MTOBCETHEBHON CaMOCTOSTEIILHON PaOOTHI.
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