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OnpeaeneHne malMHHOro obyyeHms

Obuiee onpegeneHue

MawWwuHHbIM OGV'-IEHVIEM Ha3blBAd€TCA CUCTEMATUYECKOE o6yqume aJIfTOPUTMOB N CUCTEM, B pPeE3Yy/ibTaTe
KOTOPOTro nx 3aHaHNA Nan Ka4ecteo pa6OTbI BO3PaACTAOT NO mepe HaKonieHnaAa orbiTa.

dopmanbHoe onpeaeneHue

[OBOPAT, UTO KOMMNbIOTEPHAA Nporpamma obyyaetca Ha onbiTe E oTHocuTenbHO HeKoToporo Knacca 3agad T
M Mepbl KayecTBa P, ecnn eé KayecTBO Ha 3ajayax, npuHagnexawmx T, usmepeHHoe B COOTBETCTBUU C P,

yny4liaeTca ¢ ysesinyeHnem onbita E. T M



YKpPYNHEHHaA Knaccnpumkauma MmaMHHOro obyyeHmn

Knaccuueckoe
obyueHue
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MawuHHoe
obyueHue

Knactepusauma

Fny6bokoe
obyueHue
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Perpeccua

O6o06weHne

Mounck npasun

Knaccudpumkaums

ABTOKO4NPOBLLMKN

n ap.

DNN

BM

RNN




KOMMOHEHTbl MALLMHHOIO 0by4YeHuUs

@) O6bekTbl NpeaMeTHON 0bacTy

Moaenb malwnHHOro obyyeHun

4 d )
Dis, (x,y) = (ZP‘;‘ ‘3’1|p)
[Mpu3HaKku > j_1 _ '
lu ) meDx
\_ J

@ c Hauano obyuenne

@ O6yuarowmit Habop MOZenNMu.

Q 3aTtem MCnosib3oBaHue
Mmoaenu.

Anropmntm
obyyeHusn

— | [pu3HaKu

NcTouHuK nsobpaxkeHui usetos Upuca: https://www.remontbp.com/raduzhnyj-iris-dlja-horoshego-nastroenija/



[Tpn3HaKK

Mpun3HaKM No3BoAsAOT GOPMaNbHO ONUCATb UCCAeaYEMbIN OO BEKT.
[Apyrmmu cnoBamu NPU3HaKKU NO3BONAKOT NEPENTU OT HenocpeacTBEHHO 06beKTa K abCTPaKTHbIM NPEeACTaB/IEHUAM O HEM.
MocnegHee 06CTOATENLCTBO NO3BONAET MaTeMaTUUYECKM GOPMaNnM30BaTb oNnMcaHne obbEKTA M 3aTEM 3TO MaTEMATMUYECKOe
onMcaHme UCno/sib30BaTb B MOAENAX MALUMHHOIO 0byyeHus.
o cyTn, moaenun, onpeaenaroTca B TEPMMUHAX NPU3HAKOB.

Kakune moryT 6biTb NpU3HaKu y AaHHOro o6bekTa? ‘

BapuaHm Ne 1:

OnuncaTb COBOKYMHOCTbIO NMUKCeNen Bapuarnm Ne 2:
M306pa>KeHMFI LBEeTKa Mpmca. Ho 6uonoru yxke Mccnep,osznm 1) ,ﬂ,J'IMHa YyalleNCTUKa.
' LBETbl UPUCa N BblAENUNTN 4-Pe -
oo ot € [0 255, e o ) e e
PbIX MOXHO OonpeaennTb B1, .
m KOHKPETHOro Mpuca. 4) LupuHa nenecTka.

0 0 N

1 0 | JlenecTtok

5 0 (petal)

3 231

5000 5 Yawenunuctumk

5

(sepal)




Moaenn v 3ana4u

Moaenb ABASETCA UEeHTPabHOM KOHLUENUWUEN MALLMHHOTO 06yyeHmnsA, NOCKO/IbKY MOAEeNb NONYy4YaeTca B pe3ynbrate
0bOy4eHMA Ha AaHHbIX C LLE/NIbI0 PELLEHUA NOCTaB/IEHHOM 3a4a4M.

Moaenu onpeaensatoTcs B TEPMMUHAX NPU3HAKOB.

Pa3Hoob6pa3ne moaenen YypessblyamHO bonblioe. MNpruynHom Takoro 6oabWOro MHoroobpasmsa moaenen ABASETCS
pasHoobpas3une 3a4a4, KOTOpPble NPUXOAUTLCA peLlaTb NPU NOMOLWM MALLWMHHOIO 0byyeHus.

BOT HEKOTOpble U3 OCHOBHbIX 3a4au:

1) KnaccudpuKkauma (Hanpumep BbINOJHUTL KnaccupmKaumio UBETOB npuca);
2) Knactepusaums;

3) perpeccus;

4) BblABNEHWE accouMaLMNil;

5) nowucKk npaBua u gpyrue.

BOT HEKOTOpble U3 OCHOBHbIX FPYNN Mogeneun:
1) NuMHenHble moaenu;

2) BEpOATHOCTHble MOAENU;

3) meTpuyeckme moaenu;

4) mopenu Ha OCHOBe NpaBwun;

5) ApeBoBUAHbIE MOAENU U APYTUE.
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[Tlomepbl 3a0a4

Knaccudpukaumsa

——>

Knacc setosa

Knacc versicolor %ﬂ’

Knacc virginica

Knacrtepusauyua

——>
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Perpeccua

- BbIIBJIEHME accoLMaLnii;
- MOUCK NPaBUA U Apyrve BMAabl 3a4au.

v



JlnHenHaa moaenob

fx)=a+b-x

MeTpuuyeckaa mogenb

Dis, (x,y) = (

d

2.

j=1

|xj - Yj|p>

1
p

[Tomepbl moaenen

Mopaenb Ha OCHOBe nNpaBun

if )Xabpbl = ga A 3ybbl = HeT then Knacc 1
if )Xabpbl = HeT A 3yb6bI = aa then Knacc 2
if Xabpbl = ga A 3ybbl = ga then Knacc 3

BepoATHOCTHAaA mogenb
P(X,Y)

P =5 P =y1)

ApesoBnagHaa moaenb

[ JOnwvHa nenectka < 2.5 cm }

True False

[ LWupuHa nenectka < 1.9 cm ]

True False

Knacc = setosa Knacc = versicolor Knacc = virginica




Moaenn mawmHHOro obyyeHums

Moaenn mawrHHOro 0by4yeHUa MOXKHO pa3fennTb Ha ABa BonbLLINX Knacca.

Knaccbl mogenen
MaLWMHHOro obyyeHus

[MporHocTnyecKkune [lecKpunTuBHbIE

Moaenb BbISiBNAET NOAMHOMECTBA
AAHHbIX, KOTOpble obnagatoTt
cneundunyeckum noseaeHMem
OTHOCUTENbHO LIe/IeEBOM
nepemeHHoOMNn.

Mogaenb nogpasymesaer
Bbl4MC/IEHNE HEKOTOPOW LLENIEBOM

bYyHKUMMN.

C y‘-IéTOM cnocoboB O6VH€HVIFI MaLllMUHHbIX MO,EI,EI'IEVI, MOXHO noayynTtb cnegyrouwme pasHoBMaHOCTU MalUMHHOTO O6Y‘-I€HVIFI.

_ lNMporHocTnyeckaa moagenb [eckpuntneHaa moaenb

Oby4yeHue c yuntenem Knaccndukauma, perpeccus BbifsiBNeHMA NoArpynn

ﬂ,ECKpMI’ITMBHaﬂ Knacrepusauyus,

ObyyeHue 6e3 yuntens  [porHocTMyecKas Knacrepmsaums
BblAB/IEHNE aCCOLMATUBHbBIX NPaBUN 9



yn

+

[TpeactasaeHmne ob anroputme obyyeHms

PaccmoTpum Ha npumepe AMHeHoro KnaccudukaTtopa.
[ycTb MMeeTcAa ABa HAabopa AAHHbBIX «+» U «-» U HEOOXOANMO HANTU PA3AENAOLLYIO X TPAHULY, KOTOPYI MOXHO 3a4aTb

cnepytolLeit nmHelHol mogenbto: y(x) = a - x + b.

+
t oy

y 4 Wtepauma Ne 1

Toraa 3agayva anropmtma obyyeHus,
NCKaTb TakMe 3HaYeHUs Ko3PpPULUNEHTOB
a v b, ytobbl Hanaydwmnm obpasom
pas3aenuTb ABa TUna o6 bEKTOB.

vy 4+ WNtepauma Ne 3

V 4

Takum obpasom anropntm obyyeHms noadbumpaet KoadPUUNEHTbI

MOJEeNN, TO ecTb «oby4yaeT» moae/b.
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Dis, (x, Y) = \/Z;l:llxj

[TpeactasaeHmne ob anroputme obyyeHms

PaccmoTpuMm Ha npumepe Knactepusaummn metogom K cpeaHux.
[ycTb MMeeTcA NPOU3BONbHbIM Habopa AaHHbIX O KOTOPOM M3BECTHO, YTO Y HErO MMEEeT TPU Knactepa.
Heobxoanmo pas3aenntb NPomn3BOAbHbIA HAOOP AaHHbIX HA 3TN TPU KNacTepa, UCMONb3ys METPUYECKYIO MOAEND:

|2 1

10 12 14

_y] ryzm

ZXED X

10 A

3aa4a anroputma obydyeHms => oTbICKaTb

BCE TOUYKM ANA KaxKA0ro Kaacrepa. g

AHanun3npys nx pacctoaHmna ao

npeanonaraembix LEHTPOB KaxKa0ro 6

Knactepa. LleHTpbl anroputm Toxe

BbIYUCNAT. 41

Takum obpasom, anroputm

pacnpeagennmn TO4KM no KNaCtepam, Ha 01

OCHOBeE BbIOpaHHOM MOAENN MALLUUHHOTO
obyyeHus.

11
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Tunbl MawWmMHHOTO 0byyeHunsa

MawwuHHoe obyyeHue c yuutenem @ MawunHHoe obyueHue 6e3 yuntens MawuHHOoe obyueHue ¢ noaKpenieHnem

12



MallnHHOEe 0bydyeHue C yYnTenem

MawunHHOe obyyeHue c yuntenem ABASETCA OAHUM U3 CaMbiX Hanbonee 4acTo MCNONb3YEMbIX U YCNELLHbIX BUAOB
MaLLUMHHOro oby4yeHus.

OCHOBHOM MalUMHHOIO 06YYEeHUA C yunTeiem ABASETCA HAIMUYME TaK Ha3blBaeMbIX Pa3MeY€eHHbIX AaHHbIX, TO eCTb Korga
ANA BbIOOPKKU AaHHbIX YXKe 3apaHee M3BECTHbI NpaBuibHble oTBeTbl. Mogenb obyyaetca Ha pasmevyeHHOM Habope
[AHHbIX, TaKoW Habop Ha3biBaeTcA obyyatowmm Habopom gaHHbIX. [Tocne Toro Kak moaenb byaet obyyeHa Ha
pa3ameyeHHOM Habope AaHHbIX, OHA MOXEeT NPUMEHATCA A8 aHaIM3a HOBbIX AAaHHbIX, KOTOPbIe paHee He BCTPEeYaUCh.
EcTecTBEHHO AaHHbIe A0MKHbI ObITb U3 TON e 06/1aCTH, YTO N Pa3MeYeHHbIe AaHHbIe.

dopmManbHO NPOLLECC MALIMHHOFO 0BYYEHMA C yUUTENEM, MOXKHO NPEACTaBUTb TaK: 3a0aya T 3akaoyaemcs 8 mom,
ymobbl 0by4umeca omobpaxceHuro f MHoxcecmea 8xo0o8 x € X (Npu3HaKos) 80 MHoXecmaso 8bixo008y € Y.

Obyuatowmn Habop AaHHbIX POPMUPYET KaK pa3 ToT onbIT E, KOoTopbI HEOBX0ANM CMCTEME MALLMHHOIO 0byyeHus.

Ana mawmnHHOro obyyeHuna c yumntenem tpebyeTtca pasmeyeHHbIM Habop AaHHbIX, KOTOPbIM KaK NPaBu/io
NOAroTaB/INBAETCA YE/IOBEKOM.

X
x; f Y1
= ) Y=
X4 Y3 rae: X;- AMHA, WWMPUHA YaLenncTMKa n nenecTka.

Y;- Knaccel setosa, versicolor, virginica. 13



MalWwmnHHOEe 0by4yeHune ¢ yynTenem

Hebonbline obyyatowne Habopbl AaHHbIX, C HEOONbLLUMM KONNYECTBOM NMPU3HAKOB, NPEeACTaBASAIOT B BUAE TaK
Ha3bIBAaE€MOM MaTpPMULbl NNaHa, paamepom N X D.
I'ne

N — Konn4yecTBO CTPOK B MaTpuLe, KOTOPOE NpeacTaBaAeT KO/IMYeCTBO Pa3MEYEHHbIX MPUMEPOB;

D — KonnyecTBO cTONOUOB B MaTpuLe, KOTOpoe NpeacTaBAseT KOIMYECTBO NPMU3HAKOB.

N > D — 710 310 «60nbLUME AQHHbIEY.
D > N—T0 3TO «LUIMPOKME AaHHbIEY.

Mpumep maTpuubl NaaHa AAA UPUCOB

Homep AnuHa WnpuHa AnvHa WunpuHa MeTka
obpasua | YawenucTtuka, CM | YalweNUCTUKa, CM | nienecTtka, CM | nenectka, cm Knacca
0 5.2 3.4 1.6 0.1

setosa
1 4.9 3.0 1.5 0.3 setosa
N=15

50 7.1 3.0 4.5 1.1 versicolor
51 6.8 3.2 4.2 1.4 versicolor

148 5.2 3.1 5.5 2.1 virginica

149 5.1 3.2 5.2 1.9 virginica

— ——— —




MalWwmnHHOEe 0by4yeHune ¢ yynTenem

CxemaTnyHo, TO ecTb B 0bLwem Buae 6€3 TOYHOro aAropuTmMa, paccMmoTpmm obyyeHmne mogenm MalnMHHOro obyyeHus ¢
yuntenem.

B KauecTBe moaenn moxem BbibpaTb, HaNpUMep, peluaroLlee aepeso.

MOXHO BbINOAHUTb BU3yanm3aumMio AaHHbIX MO Napam NPU3HAKOB M UCCAea0BaTb Kak AaHHble pacnpeaeneHbl B
KOOpAMHATax COOTBETCTBYIO NPU3HAKOB. [JONyCTUM, YTO AOCTAaTOYHO PACCMOTPETb Napy NPU3HAKOB «AJINHA enecTKa —

LUMPUHA NenecTKa».
Pewatowee gepeso

LUMpMHa nenecTtka, cm

=
. ° AnvHa nenectka < 2.5 cm
A I T a
1 =
1 (]
| ]
: o True False
1 N
; : -
| virginica > virginica
1 L]
1 [ ) ./ X N o ../
t i s o > setosa X :.: $
setosa . seoe
! P 19 -p-mopoomeeee- oy e e e LLUnpunHa nenectka < 1.9 cm
}
° :. Y : .:.. ‘. ° :. ° .:.. ~.
e’ o o0 o °o° o 00 0,
) .. [} ° ‘. ° . PSS Y ... Py N I
°.. | % ®— versicolor o ¢ *— Vversicolor True False
1 > -
2.5  [avHa nenecTka, cm 2.5  [svHa nenectka, cm

Knacc = setosa Knacc = versicolor Knacc = virginica
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O6o0bLwatoaa cnocobHOCTS,
nepeobyyeHne n HeaoobyyeHne moaenm

B MmawMHHOM 06yuyeHuun ¢ yuntenem HeobxoaMmMo NoOMeYeHHble AaHHble pa3aenaTb Ha ABa Habopa:

1. obyyatowmint Habop AaHHbIX (= 75% OT pa3MedyeHHOTro Habopa);

2. TecTtoBbI Habop AaHHbIX (= 25% OoT pa3MedyeHHOro0 Habopa).

ITO CBA3aHO C Tem, YTO MoJeNnb obyyaeTcsa Ha obyyatoulem Habope, a NpoBepKa NPaBUNbHOCTU e€ 0byyeHus
BbIMOJIHAETCA Ha TeCTOBOM Habope AaHHbIX. Henb3a npoBepaTb NPaBUIbHOCTb 06YYeHHOCTU MALWKMHHOU Mmoaenu no
obyuarowemy Habopy.

O606watowan (generalize) cnocobHoOCTb. EC MalLMHHAA MOAEIb MOXKET Bbl4aBaTb TOYHbIE NPOrHO3bl Ha paHee He
BCTPEYAlOLMXCA AaHHbIX (TecTOBbIN Habop), TO rOBOPAT, YTO MalLMHHAA moaenb obnagaeT cnocobHocTbO 0606WaTh.

MNepeobyueHue (overfitting) umeeTt mecTo, Koraa BbiIbpaHHaA MallMHHAA MOAENb CAAMWKOM TOYHO NOACTPaMBaeTcs noj,
KOHKpeTHble ocobeHHOCTN obyyatowero Habopa AaHHbIX. B pe3ynbtate nepeobyyeHHana mallMHHAA MOAE/ b NPEBOCXOAHO
paboTaeT Ha oby4yatowem Habope AaHHbIX, HO He cnocobHa 0606WMTb pe3ynbTaTbl HA HOBbIX AaHHbIX. [lepeobyyerHmne
NPOUCXOANT KOrda MalUMHHAA MOAENb CAULLKOM CNOXKHA ANA umetoweroca o6béma nHdopmaumnm B obyyatowem Habope
NAHHbIX.

HepoobyueHue (underfitting) nmeet mecto Ans CAUWKOM NPOCTbIX MOAENEN MALLMHHOFO 0by4YeHUA, KOTOPble He
NO3BO/IAKOT ONMCATb BCE MHOroobpasme U N3MEHUYMBOCTb AaHHbIX AaXe Ha oby4yatoulem Habope.



O6o0bLwatoaa cnocobHOCTS,
nepeobyyeHne n HeaoobyyeHne moaenm

Taknm 0bpa3om cyLlecTByeT HEKOTOPaA ONTMMa/ibHaA TOYKa B CZIOXKHOCTU MOAENN, KOTOPaA NO3BOAAET NOAYYUTb
Hauayywyo 0606 a0 CNOCOOHOCTL A8 MOAENN MAaLLWMHHOIO 0by4yeHus.

b6onble

0 OnTumanbHas
3 CNOXHOCTb
I
O
o)
O
o)
C
(@)
x
©
=)
Q
©
=)
O
o)
O
o
HepnoobyyeHne MNepeobyuyeHune
MeHblle 6onbLe

CnoxHocTb mogenu

Yem 60nbLue pasHOO6pa3HbIX TOuEeK B obyuatowem Habope gaHHbIX, Tem 6osiee CNOXKHYI0 MOAEIb MAaLLMHHOIO 0by4YyeHuns
MOXHO MUCMOAb30BaTb He HecnokoAcb o eé nepeobyyeHun.

HO! MNpoctoe aybanposBaHmne nnm cbop oveHb noxoxmnx aaHHbix HE YBEJIMMUBAET pa3sHoobpasme aaHHbIx!



O6o0bLwatoaa cnocobHOCTS,
nepeobyyeHne n HeaoobyyeHme moaenm

MpocToit npumep. MarasmH nNo NpoaaKe N0A0K XO4EeT NONYYUTb MALLMHHYIO MOAeNb, KoTopas byaeT AaBaTb OTBET «KTO UX
NOTEHLUMWANbHbIN MOKYNaTenb.

m Bospacr EcTb aBTO ,D,OM/KB Kon-so geteint | CemeinHoe nonoxkeHue Kynvm NoAKy

1 eHar

2 50 [a dom 3 KeHaTt [a
3 22 Het KB 0 Xonoct Het
4 25 Het KB 1 Pa3BenéH HeTt
5 44 HeTt KB 1 Pa3sepnéH HeTt
6 39 [a Ks 2 KeHaTt HeTt
7 53 [a om 2 Pa3BengéH [a
8 64 Het lom 3 KeHaTt [a
9 58 [a dom 3 KeHaTt [a
10 33 Het KB 2 Pa3BenéH HeTt

18



O6o0bLwatoaa cnocobHOCTS,
nepeobyyeHne n HeaoobyyeHme moaenm

MpocToit npumep. MarasmH nNo NpoaaKe N0A0K XO4EeT NONYYUTb MALLMHHYIO MOAeNb, KoTopas byaeT AaBaTb OTBET «KTO UX
NOTEHLUMWANbHbIN MOKYNaTenb.

m Bospacr EcTb aBTO ,D,OM/KB Kon-so geteint | CemeinHoe nonoxkeHue Kynvm NoAKy

MeHaTt
8 64 Het om 3 KeHaTt [a
9 58 [a dom 3 KeHaTt [a

Mopenb Ha ocHOBe npaBuA:

if Bospact >=50 A lom = TRUE A Oeteir >= 3 A CemenHoe nonoxkeHue = ¥eHart then “Haw kaneHTt”.

Takas mogenb MalMHHOro obyyeHna byaeTt nepeobyvyeHHOMN, TaK Kak CAULIKOM Masio AaHHbIX B
obyuatouiem Habope, Bcero N = 10 3anucen.

if Bo3pacrt >= 50 then “Haw kKanent”.

Takaa moaesib MalWMHHOIO O6yquMFI 6V,£I,€T HEAOOGV‘-IEHHOE, TadK KaK TdKaAd MOeE/1b CKOpEI7I BCEro He
NO3BOJ/INTb OXBATUTb BCE N\Horoo6pa3me N UAIMEHYNBOCTb AaHHDbIX.

19



MalnHHOe obydyeHune be3 yyntens

MaluMHHOEe 0byyYeHMe C y4uTeNnem no CyTm «TPEHUPYET» MALIUHHYIO MOAENb acCoLUMMPOoBaTb HABOP NPU3HAKOB C
MHOXECTBOM BbIXOAHbIX METOK. B 3TOM cMbIC/ie MalLMHHOE 0byYeHMe ¢ yunTenem npeacrasnseT coboit Yyto Ha noaoobmm
annpoKcMmaumu.

MawunHHoe obyueHue 6e3 yuntensa He TpebyeT obyyatouwero Habopa AaHHbIX, @ NbITAETCA KM3BAEYb CMbICA» U3 UCXOAHbIX
NaHHbIX. TO eCTb BCE YTO Y HAC eCTb, TaK 3TO TO/IbKO BXOAHbIE AAaHHbIE U HET HUKAxX Pa3MeyYeHHbIX UM BbIXOA0B.

Knaccuyeckmm npumepom MallMHHOTO 0byyeHua 6e3 yumntena ABNAETCA YKe He pa3 YNOMMHABLUMECS Bbllle
Knactepusauums.

Ecnu BBECTU MepPy KKOMMAKTHOCTUY», HANPUMEP, 3TO MOXKET BbITb MeTPUYECKoe NpPaBuIo, TO PE3Y/IbTaTOM MALLUMHHOTO
0by4yeHnAa 6e3 yumutena AONXKHO CTaTb pa3bueHna NCXoaHbIX AaHHbIX HA TPU KnacTepa.

A A
=
5 S
5 o Knactep 3
g L IR GE) ®e
(] ®e_0 ,° oo _0 ,°
< esssh S RPEY
© “e®seee ® | Knactep 1 Lo treoe
< 0% = % *%
o
o
X e 0 o .:.. s. = [ ] :. ° .:.. s.
3 ® o o 00, 5 ..... ..:...
°°° ‘%, 0 °. *% ¢ - Knactep 2
. |-

AnnHa nenectka, cm ONnHa nenectka, cm



MaTtemaTuyeckme obo3HavYeHUs

MpegmeT paccMOTpPeHMA B MalUMHHOM 06y4yeHUM Ha3biBaeTcs 06beKToMm (LBeTbl MpUca, COObLLEHNA SNEKTPOHHOM NOYTbI).

MHOeCTBO BCEX BO3MOXHbIX PaCCMATPMBAEMbIX 06bEKTOB Ha3blBaeTCA NPOCTPAHCTBOM 06bekTOB X

MpocTenwee NPOCTPAHCTBO 06bEKTOB BO3HMKAET TOrAa, KOraa 06beKTbl ONUCLIBAOTCA GUKCMPOBAHHBIM MHOXKECTBOM NpuU3HakoB. O6nacTb 3HaueHUMn
npu3HaKka obo3HavaeTca Kak F;, Torga nonyunm, 4to Kaxablii 06bekT X' MOXKHO 3anmcatb Kak X = F; X F, X...X F4, TO eCTb Kaxablii 06beKT ABnsAeTcA
BEKTOPOM A/1MHbI d, COCTOALLMM U3 3HAYEHWNI NPU3HAKOB.

Mpu3HaK = aTpMbYT = NPOrHOCTUYECKNI NapaMeTp = 0O BACHAOLWAA NepeMeHHaa = He3aBUCMMana NepeMeHHan = KoBapuaT = NpPeanKTop.

MpocTpaHcTBO MeTOK 0603HavaeTcA Kak L (Mcnonb3yeTca B MalWMHHOM 0By4eHnn ¢ yuutenem).

MpocTpaHcTBO BbIXOA0B 0603HaYaeTcA Kak Y.

[na peweHns 3agaum Tpebyetca mogenb MalMHHOIO 0byyeHus, KOTopasa ABNAAETCA 0TObpaxKeHnemM NPOCTPAHCTBA 06 bEKTOB B MPOCTPAHCTBO BbIXOA0B
f: X =Y, 3pecb f mogenb MalWMHHOIO 0by4eHus.

O6yuatowmii Habop nomeueHHbIx 06bekToB T = {x, [(x)} 3aecb [: X — L - nomeuatowwan GyHKLmA.
TecToBblit Habop obbekToB Te = {x, [(x)}.

Koraa McTuHHbIe GYHKLMN HEM3BECTHbI, TO ULLYT UX anNNPOKCMMaLMK. B aTom cnydae f06aBAAIOT 3HAK KKPbIWKN» Hag, CUMBONOM GYHKLMWN U TOBOPAT, YTO 3TO
annpoOKCUMaLMA NN OLLEHKA UCTUHHOM dYyHKUMK, Hanpumep [: X — L.

HabnogeHne MoKeT OCNOKHATLCA HAIMUMEM KLLIYMA», KOTOPbIN MOKET CTaTb METOUYHbIM LWYMOM 1 Toraa BmecTto pyHKumum [ = [(x) bynet Habnopatbea
NCKaXKEHHaA MeTKa, KoTopaa 06o3HauaeTca Kak [’. TaK ke MoXKeT 6biTb 06 bEKTHbIN WYM, TOr4a BMECTo 06beKTa X byaeT Habo4aTbCA NCKasKEeHHbIN
o0b6beKT x'.
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