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0 NHcpopmMaLunoHHbIii aHaNn3 31eKTPOKapAUOCUTHANO0B
@ Ob6oCcHOBaHUA ANArHOCTUYECKOW METOLNKM
@ cxopHble gaHHble
@ JTansl 06paboTkn faHHbIX

© 3apaua mawmnHoro obyyenuns
@ [lnarHoctnyeckue 3TanoHbl 3abonesaHuii
@ 3apaya obyyeHus nuHelinoro knaccmcukaTopa
@ 3apava otbopa npu3Hakos

9 N3mepeHne kavectsa knaccudukauyunm
@ YyBCTBUTENLHOCTL 1 CReLMUYHOCTb
@ Kpocc-Banngauns
@ Pe3ynbTaTbl 3KCNEPUMEHTOB



NHdopmaunoHHbIii aHanms snekTpokapanocMrHanos ObocHoBaHMS ANArHOCTMHECKO MeToANKM
NcxopHble paHHbie
STanbl 06paboTku gaHHbIX

AnekTpokapauorpadus

P PR gRS ST i U
e segmen Coapi segnent wae

Y

£ Foor BEING IMMERSED 1 JARS 0F = 3-
1872 — nepBble 3anucy 31eKTPUHECKO aKTUBHOCTU cepAua
1911 — kommepyecknii anekTpokapguorpad (coto)

1924 — Hobenesckas npemus no meguuune, Bunnem JiinTxoBeH

Puotocrari oF A COMPLETE ELECTROCARDIOGRAFI, SO
ATTACHED To THE PatmixT, In ms Case mie Hax
Savr Sor
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NHdopmaunoHHbIii aHanms snekTpokapanocMrHanos ObocHoBaHMS ANArHOCTMHECKO MeToANKM
NcxopHble paHHbie
STanbl 06paboTku gaHHbIX

Mpumepbl anekTpokapanorpamm

0708 08 10 11 12 13 14 15 16 17 18 18 20 21 22 23 24 25 26 27 28 20 80 a1 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 1 cox.

140 145 150 185 160 165 170 175 180 185 190 195 200 205 210 215 20 25 20 235 240 245 20 25 20 1, cex

B ocHose guarHoctukn 3abonesaHnii cepgua — MHOrOYUCAEHHbIE
HabnogeHuns 3a ocobenHocTamu PQRST-komnnekca
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NHdopmaunoHHbIii aHanms snekTpokapanocMrHanos ObocHoBaHMS ANArHOCTMHECKO MeToANKM
NcxopHble paHHbie
STanbl 06paboTku gaHHbIX

Teopusa nucgopmaunoHHoin yHkuun cepgua [B.M.YcneHcknii]

Mpegnocbinkn:
o KuTalickas TpaguumnoHHas MeguuuHa: my/ibCoBasi ANarHOCTUKA

o P. M. Bbaesckuii: ucnonssosanne sapuabenbHoOCTH cepaeqHoro
putma (MHTEPBANOB KapAMOLMKIOB) B LENSIX [UArHOCTUKN

o [Mosenenue uudposoli anekTpokapanorpacum
MpeanonoxeHuns:

@ DKT-curHan Hecér uHcopmauuo 0 yHKLMOHNPOBAHUN
BCEX CUCTEM OpPraHnW3ma, He TOJIbKO CEpALa

o llndopmauns o 3abonesaHuy MOXET NPOSIBAATLCS Ha Ntoboii
ero CTafuu, No3TOMY BO3MOXHA PAHHSS [NArHOCTUKA

@ Kaxpoe 3abonesaHne no-ceoemy «momynupyery Kl -curnan
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NHdbopmaumoHHbi aHanns snekTpokapanocurHanos ObocHoBaHNS AMArHOCTUHECKON MeToanKu
NcxopHble paHHble

STanbl 06paboTku gaHHbIX

KpaTkuii 3KCKypC B TeOputo nepegayvyu CUrHanaoB

Mogynsayuns — npouecc, npu KOTOPOM BbICOKOYACTOTHAsi BOJIHA
MCNONb3YyeTCA A NepeHOCa HU3KOYAaCTOTHOro CUrHana.

M&unm — HWN3KOYaCTOTHbIN CUTHaN

Ad  — aMNAUTYLHAs MOAZYNsuus

M — YaCTOTHAas MOAYNALUS

Lemonynayus — npouecc, obpaTHblii Mogynsiuuu,
npeobpasoBaHne MOLYINPOBaHHbIX KoNebaHnii BbICOKON (HecyLueid)
4aCTOTbl B UCXOAHbIA HU3KOYACTOTHbIW CUTHan.

B cnyyae JKI Hecywiast yactota — buenunsa cepgua, ~ 11y
A uTo BymeT aHanoroM MoAynAAUUM U gemMoaynsuun’?
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NHdopmaunoHHbIii aHanms snekTpokapanocMrHanos ObocHoBaHMS ANArHOCTMHECKO MeToANKM
NcxopHble paHHbie
STanbl 06paboTku gaHHbIX

BapurabensHOCTb UHTEPBANOB U aMMNANTYA KapAWUOLMKIIOB

npupalyeHne aMmnanTya;: dRt = Rip1 — R:
npupawerune nurtepsanos: dT; = Tiy1 — T
npupaLLeHmne yrios: datr = a1 — ay, Qo = arctg %

500
450
400 {
350 4
300 {
250 R, Ry
200 {
150
100

50 4
0
-50

a:y| et

400 3

150 3 T,
E t
200 7 Tt+1

250 4

7.0 72 74 76 78 80 82 84 86 88 90 92 94 96 9.8 1, cex.
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NHdopmaunoHHbIii aHanms snekTpokapanocMrHanos ObocHoBaHMS ANArHOCTMHECKO MeToANKM
NcxopHble paHHbie
STanbl 06paboTku gaHHbIX

Ectb nn pa3znuunsa B 3Hakax npupalieHuii y 60nbHbIX U 300p0BbIx?

Mpupawenua dR;, dT;, do; B nocnemoBaTeNbHbIX Kapauoumknax t

3p0poBslii:

dRn dTn
40
20
0
-20
-40
130 135 140 145 150 170 175 180 185 190 195 200 205 210
OOROCORRORRCOROORCOOROORO0H
mOROOE OROOEROORECEEC)
OOROOEROEROOROOROOOROOR0O0!
~ 6 .
BonbHoii (si3BenHasi bonesHs):
dRn dTn
10 40
20
0 0
10 -20
-40

ROOEECOmO
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NHdopmaunoHHbIii aHanms snekTpokapanocMrHanos ObocHoBaHMS ANArHOCTMHECKO MeToANKM
NcxopHble paHHbie
STanbl 06paboTku gaHHbIX

Ectb nn pa3znuunsa B 3Hakax npupalieHuii y 60nbHbIX U 300p0BbIx?

Mpupawenua dR;, dT;, do; B nocnemoBaTeNbHbIX Kapauoumknax t

3p0poBslii:

dRn dTn
40
20
0
-20
-40
130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210
oomOooH ERCORCORCOOR0ORO0ORECREEOORCION DORROORCORCOORCONEOCERCOROORROORCORECOOROCONE0
][ OROONROONECEECE Omm| niw| wiw| | |ww || OOROCORRCRROOROOREOOR0O0ONE0
OOmOOH EROOROOROOOR00OR00ONEORROORO0 OOREROERCOROOORO0OEEOEROERCOROOOROOROOOROCONE0
7 .
BonbHoii (runeprtonus):
dRn dTn
100
50 4
50
04 0
-50
0]

mOO0O
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NHdopmaunoHHbIii aHanms snekTpokapanocMrHanos ObocHoBaHMS ANArHOCTMHECKO MeToANKM
NcxopHble paHHbie
STanbl 06paboTku gaHHbIX

Ectb nn pa3znuunsa B 3Hakax npupalieHuii y 60nbHbIX U 300p0BbIx?

Mpupawenua dR;, dT;, do; B nocnemoBaTeNbHbIX Kapauoumknax t

3p0poBslii:

dRn dTn
40
20
0
-20
-40
130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210
[/l (il [ [u] | Tn/n] [w/s/ (/e (e (s | (s | (5 (e (il | (wfwl () [m/mm) Tw/nl | (w] | ww] (ww | (e (ws/ [ (el sla] | s)
OO ONCCONECCNEONECN Omm CONCONECCNEONEOORCONECNNOONCONNOON00NED
OORCOOENCENOONOORCOORCCROONEOREOON00) CONECENCCONOOCNOONNORECENCONCOONCOR0OOR00NED
7 .
BonbHoii (pak):
dRn dTn
20
10
10
0 0
-10
10 20

O
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NHdopmaunoHHbIii aHanms snekTpokapanocMrHanos O6ocHoBaHMS ANArHOCTMHYECKOA MeToANKN
NcxopHble paHHbIe
STanbl 06paboTku gaHHbIX

OunarHoctnyeckas cucrema « CkpuHdpakc»

Uundbpoeoii anekTpokapauorpadd ¢ ynydLueHHoM’
NOMex03aLLNLLEHHOCTLIO N PaCLUMPEHHOW MOMOCOA NponycKaHus.

@ bonee 15 neT nccnegosaHuli U HAKONAEHUS JAHHBIX
@ bonee 20 ThiCAY npeueneHToB (KapguorpaMma + AnarHos)
@ bonee 40 3abonesanuii
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NHdopmaunoHHbIii aHanms snekTpokapanocMrHanos O6ocHoBaHMS ANArHOCTMHYECKOA MeToANKN
NcxopHble paHHbIe
STanbl 06paboTku gaHHbIX

O6BbEm ucxopHbix AaHHbIx (Mo 3abonesaHnsm)

abCoNOTHO 340pOBbIE A3 193
runepToHunyeckas bonesHb e 1894
nwemmnyeckas bonesHo cepaua NeC 1265
caxaphoii guaber (CA1 n CO2) ca 871
sa3BeHHas bonesHb Ab 785
MUOMa MaTKu MM 781
y3n080i# (auddysHbiii) 306 WNTOBNAHBIN >kenesb v, 748
OVNCKUHE3UNS XKEeNYEBbIBOAALLNX NyTel OXKBT 717
XPOHUYECKMNTi racTpuT (racTpoAyoAEHUT) runoaLnaHbli X2 700
BEreToCOCYANCTast AUCTOHUSE BCA 694
MoOYeKameHHasi bonesHb MKB 654
pak obwnii (oHKOMATONOrNSI PA3INHHON JIOKANU3aALMM) PO 530
XONEeUNCTUT XPOHUYECKn i XX 340
aCenTn4ecKnii HEKpPO3 rosoBKN BeapeHHO KOCTU HIBK 324
XpoHUYeckuii ractput (ractpoayopeHut) runepaungHsii X'l 324
Xen4HoKkaMeHHas bonesHb XKKB 278
AAHEKCUT XPOHNYECKNTi AX 276
afieHOMa nMpocTaThl Arm>x 260
aHemus xenesogeduunTHas KIOA 260
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NHdopmaunoHHbIii aHanms snekTpokapanocMrHanos O6ocHoBaHMS ANAarHOCTMHECKOA MeToANKM
NcxopHble paHHble
STanbl 06paboTkn AaHHbBIX

TexHonorua nHcgopmaymorHHoro aHanusa IKI no B.M.VcneHckomy

STanbl npeasapuTensHoii obpabotkn IKI-curHana:

Q /emogynsums — sbluncnaeHne aMNANTYA, WHTEPBANOB U YrioB
no kapauorpamme gnuxoli 600 kapguoumknos

© [uckpetunzayus — nepesop B KoJorpammy —
599-cumeonbHyto cTpoky B 6-OykBeHHOM ancbasute

© Bekropuzayus — nepesog, B BekTop 65=216 4acToT TpUrpamm

DTanbl MaWnHHOro obyuyeHuns:
Q@ DopmuposaHue obyyatownx BLIGOPOK 300pOBLIX U BONBHBIX
@ DopmuposaHun mogenu Knaccucpukaymm
© OnTtumusauma mogenn knaccudukaymm

© OueHuBaHne KavecTBa ANArHOCTUKM
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NHdopmaunoHHbIii aHanms snekTpokapanocMrHanos O6ocHoBaHMS ANAarHOCTMHECKOA MeToANKM
NcxopHble paHHble
STanbl 06paboTkn AaHHbBIX

Ounckpetusayusa IKI-curHana

Bxop: nocneposaTtensHocTb nuTepsanos n amnautyg (T, Rt)’tvjll

MpaBuna kogupoBaHus:

dRt=Repn —Re |+ — + + -
ATe=Tes—Te |+ — — + + -
dot =1 —ar |+ + + - -
s, A B C D E F

Buixop: kogorpamma x = (s¢)N_; — nocneposaTensHocTs
cumonos andasuta {A,B,C,D,E, F}:

DBFERCFDRRFBHBDDRRDFﬂﬂFFERCFEHCFBREFFQRBFFRRFFRRFFRRFFRREBFREBFERRFCRRFFHRD
FCAFFAADFCADFCCDFDACFFACDFAEFFACFF! FFAAFFAEFFCACFCAEFFCAD
DRRDBFRHFFREBFﬂﬂBFﬂCDFFﬂﬂFBRRDFRRDFDRRFCECFCEDFCEEFCREFBECBBBRRDBRRCFFQRFFR
CFFCECFDARBDAEFFAAFFCEDBFARFFAEF FAEFBACFBAEDFEAAFFCAFFDARFFAEBDARDBBADF DAFF
EABFCCAFDEEBDECFFACFFAABFARDFBARFFACFFFAEFFACFFACFFCECFBARFFFARFFFAARFFARDFB
AABFACDFDAEFFARDBAREFFEAFBCECFDECCFBARFFARDFDACDF ARFFARDFCAADFAEFBAAFFCADFE
AFFCECFCECFFAAFFABCFDARAFFADBF CAEFFARBFACBF AREBFAEBFCAFFBAAFFAAFFDACFDARBFB
CAFFAECFFACFFACDFCADFDARBFAAEDDABBF CACDBAAFFAAFFCADFAADFDACFFAEDFCACFCAEBCE
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NHdopmaunoHHbIii aHanms snekTpokapanocMrHanos O6ocHoBaHMS ANAarHOCTMHECKOA MeToANKM
NcxopHble paHHble
STanbl 06paboTkn AaHHbBIX

BekTtopusauyusa IKI-curHana

Mo 3KI cTpouTcsi TekCTOBas CTpOKa — KOAOrpaMma:

DBEERCF DARFBABDDARDF ARFFEACF EACFBAEF FARBFFARFFAAFFARFFAREBFAEBFEARFCARFFARD
FCAFFARDF CADF CCOF DACFF ACDF AEFF ACFFEADFCAFBCADFFECFF AAFFARFFAEFFCACFCAEFFCAD
DARDBFAAF FAEBF AABFACDF F AAF BARDF AADF DAAFCECF CEDF CEEF CAEF BECBBBARCBARCFFAREFA
CEFCECFDARBDAEFF ARFFCEDGE A ALF FAEFBACEBAEDFEAAEECAE DA AEBDAADBBADF D
EABF CCAFDEEBDECK FACF FARBF ARDFBARFFACFFFAEFFACFFACFFCECFBARFFFAREFFARFFAADEB
RABECOF DAEEE RRDBAREF E A BCECE DL CLY BAAEF ARDF DACOF AREFARDFCAADE ACF BARFE CADFE
AFFCECFCECF FAAFFABCF DARAF F ADBF CAEF F ANBF ACBF AAEGF AEBF CAF FBARF FAREF0ACFDAABFS
CAFFAECFFACFFACDF CADF DAABF AREDDABBF CACDBAAF FAAFFCADF AADF DACF F AEDF CACF CAEBCE

YacToTbl Tpurpamm — HMCNO BXOXKAEHWIA TPUrpaMMbl B KOLOrpammy:

1. FFA - 42 17. EFF - 10 33. CEC - 6 49. EAC - 3
2. FAA - 33 18. DAA - 10 3. ADB - 5 50. DDA - 3
3. AFF - 32 19. ECF - 9 35. FFE - 5 51. CAC - 3
4. AAF - 30 20. FFC - 9 36. EBF - 5 52. EDF - 3
9. ADF - 18 21. FEA - 9 37. CFD - 5 53. EFB - 3
6. FCA - 18 22. DFC - 8 38. AFB - & 56. DBA - 3
1. ACF - 17 23. ABF - 8 39. AAE - & 55. FCC - 2
8. AAD - 15 2. AAB - 8 4. CFC - & 56. AFC - 2
9. CFF - 14 25. FCE - 8 41. CRE - & 57. EAA - 2
10. RAEF - 13 26. AEB - 7 42. DAC - & 58. CED - 2
11. FDA - 13 27. DFD - 7 43, DBF - & 59. CAA - 2
12. FAE - 28. ACD - 6 b, BFC - & 60. BCA - 2
13. FAC - 12 29. CDF - 6 45. CFB - & 61. BBA - 2
1. FBA - 11 30. DFA - 6 46. AED - 3 62. DFF - 2
15. BFA - 11 31. CAF - 6 47. FFF - 3 63. BDA - 2
16. BAR - 11 32. CAD - 6 48. FBC - 3 64. DAE - 2
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[uarHocTn4eckmne stanoHbl 3abonesaHuin
3apaqa oby4eHusi nuHeliHoro knaccudmkaTopa
3apa4a otbopa npusHakos

3apgaya mawnHHOro oby4eHus

CyuiecTByIOT co4eTaHua Tpurpamm, cneyundudHsie gna bonesHeii

Toukn Ha rpachukax COOTBETCTBYIOT Tpurpammam, j = 1,...,216
— ocb X: [OoNs 340POBbIX X; C 4aCTOTOW TpUrpammsi xI’ > 2 n3 600

— ocb Y: ponsi BoNbHBIX X; C 4AaCTOTON TpUrpaMMbl x{ > 2 u3 600

HIBK (acenTtnueckuii Hekpos ronosku HeapeHHol KocTn)

09) ° 09)

04

07

06

° o o o ©

05| 05F o® ,.". o o

)
04 04 o

co

~‘ L) 0@6; e &
03 03 o °

o Por @ 0% °
0 0af o @ oo o

3 o 0 00 O
01 oilzho o %o 85
® gg

0.2 04 0.6 08 1 0 02 04 0.6 08 1

Habnogaemsbie y;

0

CNy4aiiHO nepemellaHHble y;

CneBa: Kak pacnpefensTcs TOYKU, eCN 0bbEKTAM X; Ha3HAYUTb
cnydaiiHblie (Cny4aliHo nepemMellaHHble) METKIM KNacCoB ;.
MKéntaa obnactb: ecin cayyaiivo nepemewats 20 pas, 1000 pas.
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[uarHocTn4eckmne stanoHbl 3abonesaHuin
3apgaya mawnHHOro oby4eHus 3apaqa oby4eHusi nuHeliHoro knaccudmkaTopa
3apa4a otbopa npusHakos

CyuiecTByIOT co4eTaHua Tpurpamm, cneyundudHsie gna bonesHeii

[ns kaxxpoli bonesHn eCTb CBOM HECNYYaliHO YacTble TPUrpamMMmbi

[ 79, @
°
o o B <
o0, ° S §
o gt o ¢ o o
L T T L
nwemmna cepaua rmnepToHns

(] 02 [ 06 [ (] 02 [ 06 [ (] 02 [ 06 [

XKeNYHoKameHHasa bonesHb MNnoOMa MaTKu A3BeHHas bonesHb
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AwnarHocTnyeckne aTanoHsl 3abonesaHunin
ajava MallMHHOro oby4qeHns 3apa4va oby4eHusi nuHeliHoro knaccudmkaTopa
3 6 Y 6y

3apa4a otbopa npusHakos

Bone3Hu otnnyaroTca Habopamu nHpoOpMaTUBHBIX TPUrpaMm

ocb X: — HOMepa Tpurpamm j =1,...,n, n=216
ocb Y: 6onesnn (A3 — abcontoTHO 380poBbIe)

6 . . = o = o= = o o= -
XX - o o . . oo
X2 oo o o moo "o moo oo n on
il am o o . o o = w000 n .
fery mm OEE® O OmmE D0 O O O WO DO0DD D O @ oW O EOm AR s
O an " - o ocmw o0 omoo o " oomom om0 w
N - mo @ o - . moo mooo
VKB mmeo m  oss @O oo 00 wED mED CDOOD Wm@ o oW M mEO O mo
VIEC ms = 0O mmsoooooo m@mo CoED@o @ @ oEs " mame
XKE s 0 m @ masm o o0 oo cmoo m o o W on e
KB . o o = oo o
Xr1 - - . - .- - -
HEK L) o = omow
] " oom momomm @ mo o == o ooooom @ mam o = mamo
o) oM O EmEEmORD mON OOm O8N OmmEes On wem memo mom o Eor ow
AX =0 . "o
A s oo oo oo oo oow oo . =m0 wmowow
KOA o o o = . . oow oo
A3 mo 0w w00 eoODomTe 0 ow o 0 mem emm Oomsoxmo omos o

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215
[0 — Hecny4aiiHO HMW3Kasi 4acTOTa TPUrpaMMel
B — Hecny4aiiHO BbICOKasi 4acTOTa TPUrpaMMbl

BoiBog 1. [Ins kaxpoit 6onesHm ecTb TpurpaMmbl C HECNYHARHO
BbICOKO N HECNy4allHO HWU3KOM 4aCTOTOl

BowiBoa 2. Junarvoctnyeckuii 31anoH bonesun — cneyndpnyHoe
MOAMHOXECTBO TPUrPaMM C HECNy4YailHO BbICOKON 4YaCTOTO
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[JunarHoctudeckne aTanoHbl sabonesaHuii
3apava mMawunHHOro oby4eHus 3apaqa obyqeHus nuHeliHoro knaccudukaTopa
3apa4a otbopa npusHakos

3apaya cratuctuyeckoro (MalwmMHHOrO) 0by4eHUs ¢ yuutenem

BoccraHosnenmne 3aBncumoctn y = f(x) no obyvaroweri Beibopke

(xi,yi)i_q, obbekTsl x; = (xt,...,x"), oTeeThl y; = f(x;).

S1an obyueHus (train)
Mertog obyuyenus i CTpoUT anroputMm a:

1 n
Xl P X]. _y]_

1
Xp . Xp Ve

dTan npumeHeHus (test)

Anropntm a Bbigaér oteeThl a(X;) AN HOBbIX OOBEKTOB X1, ..., Xk:
~1 ~ ~
XKoo X . a(xy)
...1 ~n ~
50.00% a(Xk)
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[JunarHoctudeckne aTanoHbl sabonesaHuii
3apava mMawunHHOro oby4eHus 3apaqa obyqeHus nuHeliHoro knaccudukaTopa
3apa4a otbopa npusHakos

JluHeiiHaa mogenb knaccucpukauum ¢ gByMa Kaaccamu

[na npocToThl pacCMOTPUM TO/ILKO OfHO 3aboneBaHue:
yi=1 —bonbHoli, y; =0 — 3a0pOBHIii
@ YeM Bblllie 4aCTOTa Tpurpammsl X/, Tem oHa nHcbopMaTuBHee

@ ecTb Tpurpammbl, bonee xapakTepHble A5 BOAbHBLIX, U
ecTb Tpurpammel, bonee xapakTepHsle gnsi 300POBbIX

JuHeiinas mogens knaccudukauun:

1, <X’ W> Z W
0, (x,w)<wp

ow) =S wxd,  a(x) =
j=1

rae w; — BeC j-li Tpurpammsi:
@ w; > 0, ecnu Tpurpamma bonee xapakTepHa Anst 60bHbIX
@ w; <0, ecnu Tpurpamma bonee xapakTepHa Ans 340POBbIX
@ w; = 0, ecnn Tpurpamma He nHcbopmMaTuBHa A1 3TOK BonesHu
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[JunarHoctudeckne aTanoHbl sabonesaHuii
3apava mMawunHHOro oby4eHus 3apaqa obyqeHus nuHeliHoro knaccudukaTopa
3apa4a otbopa npusHakos

BuHapusauuns npusHakos

IBPUCTUKA: BaXKHO, YTO TPUrpaMma 4acTo BCTpedaercs,
HO He TaK BaXKHO, HACTOJIbKO YacTo.

VlCXOp,HbIe uesio4dncieHHble Npu3Hakun:

xIJ. — CKOJIbKO pa3 j-s TpurpaMma BCTpeTunachb B i-li kogorpamme

BuHapusoBatHbie npu3Haku:
bl =[x > A] (nosxe Buisichunock, uTo nyuwe 6pats A = 2)

Yucno obyqatowmx obbekTOB knacca y, Ans KoTopeix bl = z:
1
o — R j
M. = lvi=y][bl =2
. i=1
N{; — 4ncno 6onbHbIX, y KOTOPLIX j-51 TPUrPaMMa HacTas

M, — 4ncno 340poBLIX, Y KOTOPLIX j-si TPMUrpaMMa 4acTas
01 4aop y pbIX purp
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[JunarHoctudeckne aTanoHbl sabonesaHuii
3apava mMawunHHOro oby4eHus 3apaqa obyqeHus nuHeliHoro knaccudukaTopa
3apa4a otbopa npusHakos

Bbibop Becos

dBpucTuka: sec j—" TPUrpaMMbl Tem bonbLue,
1) 4em bonbluie N11 " NOO,

2) yem meHble Ny; n Ny,

MoxHo npoboeaTh pasHbie dOpMyNbl A4St BECOB:

o N{u Wi — N11N(J)o
= — j =
N(J)l N01M10
N N N
ij — |0g% VVJ _ |Og “"117%00
Noq N(Jano

R T j - Y. N\
wj =1/ Ny Noy wj = \/NﬁNoo \/N(J)INIO
. n paspeluaeTcs aHTa3nposaTs!
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[JunarHoctudeckne atanoHbl sabonesaHuii
3apgaya mawnHHOro oby4eHus 3apaqa oby4eHusi nuHeliHoro knaccudmkaTopa
3apaqa otbopa npusHakos

OT60p npusHakoB

MvnoTtesa: ecnn B nuHeiiHbli knaccudpukatop (x, w) pobasutb
Kydy HEMH(OPMaTUBHbIX NPU3HAKOB, HUKAK HE CBSA3AaHHbIX
C AaHHoIi bonesHbto, To nonyuntes (x, w) + wym.

dBpucTuka 1: otcopTMpoBaThL NpU3HaKN MO ybbIBaHMIO BECOB |Wj|
n B3sTb nepsble K aydwunx. [ns octanbHbix nonoxute w; = 0.

IBpuUCTUKA 2: OTCOPTUPOBATL MO BECAM U3 OFHOI POopMYIbI,
a B KNnaccudmkaTope MCnonb30BaTh Beca U3 Apyroii hopmMysbl.

Moandukaunm mogenn (NPUMOHKM, KOCTbIIMN,...), CAENAHHbIE U3
HECTPOrnx Coobpar>keHuii, NO-HAYYHOMY HA3bIBAOTCA 3BPUCTUKAMMU.

DBPUCTNYECKOE MbILLAEHNE B NPUKAAAHbLIX UCCAEf0BaHUAX
HEobxoa Mo, OHO Bnxe K MbllAeHNO bU3nKa, 4eM MaTeMaTuKa.
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[JunarHoctudeckne atanoHbl sabonesaHuii
3apgaya mawnHHOro oby4eHus 3apaqa oby4eHusi nuHeliHoro knaccudmkaTopa
3apaqa otbopa npusHakos

WTak, Haw nepBblii anroputm obyyeHus!

Bxoa: ebibopka (x;,yi)i_1; & = {A1, ..., AN}, H = {K1, ... Km}
Buixoa: seca w;j, napametpel A, K

1 AnS Bcex 3HadeHuli napametpos A€ &7, K € ¥

2 sblumcaute N, anascex j=1,...,n, y,z € {0,1};
3 BbIYNCNNTL BECAa W, ANA BCeX Npu3Hakos j = 1,...,n;
4 OTCOPTWUPOBATL NpU3HaKK No ybbiBaHMIO |Wj|;

5 OBHYNINTb BECA MPU3HAKOB WK i1, ..., Wp;

6 oueHnTb KadecTBo knaccudmkaunn Q(A, K);

7 octasutb A, K, npn koTtopsix Q(A, K) — max;

MepebupaTh MOXHO Takxe BUAbl DOPMyn BECOB, MOPOr Wy,
n ppyrue napamerpsl (ecanm nx npugymats)

Cnepyouwimnii BOMpoc: Kak M3MEPsiTb Ka4ecTBO?!
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YyscTBUTENBHOCTL M creyndruHHOCTL
Kpocc-sanupgauns
NamepeHne kavecTBa knaccudpukaymmn PesyneTaThl akcnepumenTos

TepmuHonorusa gMarHoCTUKM

lNonoxuTensHelii gnarHo3 — anropuTMm NpeAcKasbiBaeT bonesHsb

(xoTs, Ka3anock Bbl, 4TO TYT NONOKNTENLHOTO...)

[ons 60onbHBIX C BEPHBIM MOAOKMNTENbHBIM ANArHO30M:
l
2 izalyi = 1[a(xi) = 1]
l
izl =1]

HYBCTBUTENBHOCTb —

[onsi 300poBbIX C BEPHBIM OTPULATENIbHLIM 4MArHO30M:
¢
> izalyi = 0][a(x;) = 0]
7
Yi—ilyi = 0]

cneunduyHOCTb =

l‘IyBCTBI/ITeJ'II:HOCTI: n CneU'VId)VI‘-IHOCTb XOTUM MaKCVIMVI3V|pOBaTb.
@ OHKN He 3aBUCAT OT COOTHOLLEHNA MOLLHOCTEN KNacCoB.
@ Xopowo noaxoaaT ans HecbanaHCMpoBaHHbIX BbIGOPOK.
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YyscTBuTensHocTs 1 cneyndpmyHocTs
Kpocc-sanupgauus
NamepeHne kavecTBa knaccudpukaymmn PesyneTaThl akcnepumenTos

OnpepenenHune ROC-kpugoii

no ocu X: 1 — cneunduurocts = FPR, false positive rate,
no ocm Y: uyecTBuTensHocTe = [ PR, true positive rate

Kaxpgasa touka ROC-kpuBoii cCOOTBETCTBYET 3HA4EHUIO NOpora wy
(ROC — «receiver operating characteristic» ),

TPR, true positive rate, %

100
90 1
80 1
70 4
60
50 4
40
30 1
20
10 4
0 4
0 10 20 30 40 50 60 70 80 90 100
FPR, false positive rate, %
AUC, nrowagb nog ROC-kpuBon ~ —— Hauxygwas ROC-kpveas
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YyscTBuTensHocTs 1 cneyndpmyHocTs
Kpocc-sanupgauus
NamepeHne kavecTBa knaccudpukaymmn PesyneTaThl akcnepumenTos

AUC — naowapgb nog ROC-kpusoii

Mogenb knaccudpmkaunu: a(x;) = [{x;, w) > wp],

AUC paBHa gone npaBunbHO ynopsigodeHHsix nap (x;, xj)

(mokaxuTe): A

AUC = W ZZ[% < yj] [(X,', W> < <X17 W>}
0175 =1

Mpeumyuiectea AUC:

@ He 3aBUCMT OT NMOpPOra Wy, OLEHNBAET TONBbKO Ka4ecTBO W;

@ He 3aBUCUT OT YNCNEHHOCTU KNACCOB;

@ >T0 oblwenpuHsaTas Mepa KadecTea Kiaccudpmkaumu;

Metog obyuenns 1 no swibopke (x;,y;)i_, cTponT anroputm a.
Y7061 N3MepUTh NpefckasaTenbHY CNOCOBHOCTLIO L, byaem
BoluncasTs AUC Ha KoHTponbHoOl Bbibopke.
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YyscTBUTENBHOCTL M crieyndruHHOCTL
Kpocc-sanupgauns
NamepeHne kavecTBa knaccudpukaymmn PesyneTaThl akcnepumenTos

Pe3ynbTaThl KpOoCC-Banugauun

Obyuatowas Beibopka — ANa oNTUMWU3aALMM NApPaMeTPOB MOAENU
TecToBas Bblbopka — fnsi oueHuBaHus dyec., cneu., AUC
40x10-fold cross-validation — gns noBepUTENBHOrO OLEHMBAHMS

6onesHb BbIGOpKa AUC, % C% npun 4=95%
HEKPO3 ronoBku BespeHHOR KoCTu 327 | 99.19 £0.10 96.6 = 1.76
Xen4HokaMeHHas bonesHb 277 | 98.98 +£0.23 94.4 +1.54
nwemnyeckas bonesub cepaua 1262 | 97.98 +0.14 91.1 +£1.86
ractpur 321 | 97.76 £0.11 88.3 + 2.64
runepToHunyeckas bonesHb 1891 | 96.76 £ 0.09 84.7 +1.99
caxapHblli gnaber 868 | 96.75 £0.19 85.3 +2.18
afleHOMa npocTaThl 257 | 96.49 £0.13 80.1 £3.19
pak 525 | 96.49 +0.28 82.2 +2.38
y310BOii 300 WNTOBNAHONR >enesbi 750 | 95.57 £0.16 73.5+3.41
XONELNCTNT XPOHUYECKN i 336 | 95.35 £0.12 74.8 £ 2.46
ancknuesuns XKBI 714 | 94.99 £0.16 70.3 £ 4.67
MoYekameHHas bonesHb 649 | 94.99 +0.11 69.3 +2.14
sA3BeHHas HonesHb 779 | 94.62 £0.10 63.6 + 2.55
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YyscTBUTENBHOCTL M crieyndruHHOCTL
Kpocc-sanupgauus
Nsmepenne kavectBa knaccudukaymn PesynbTaThl akcnepumenTos

ROC-kpusbie B ocsix X:(1—cneyuncdunyHocTs), Y:4yBCTBUTENLHOCTb

o o1 02 03 04 05 o o1 02 03 [ 05 o o1 02 03 [ 05

acentnyeckuii Hekpo3 TBK xenuHokameHnHas BonesHb uwemnyeckas bonesub

XpoHu4ecknii ractput 1 caxapHblii gnaber rmnepToHns

NB — Naive Bayes, SA — Syndrome Algorithm, LR — Logistic Regression
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YyscTBUTENBHOCTL M crieyndruHHOCTL
Kpocc-sanupgauus
Nsmepenne kavectBa knaccudukaymn PesynbTaThl akcnepumenTos

ROC-kpusbie B ocsix X:(1—cneyuncdunyHocTs), Y:4yBCTBUTENLHOCTb

o o1 02 03 04 05 0 o1 02 03 [ 05 0 o1 02 03 [ 05

pak obwymii afleHOMa npocTaThbl 306 WNUTOBUAHON >Kenesbl

o o1 02 03 04 05

XPOHNYECKUIA racTpuT 2 auncknnesna KBTI MoYeKameHHasi bosesHb

NB — Naive Bayes, SA — Syndrome Algorithm, LR — Logistic Regression
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YyscTBUTENBHOCTL M crieyndruHHOCTL
Kpocc-sanupgauus
Nsmepenne kavectBa knaccudukaymn PesynbTaThl akcnepumenTos

ROC-kpusbie B ocsix X:(1—cneyuncdunyHocTs), Y:4yBCTBUTENLHOCTb

o o1 02 03 04 05 0 o1 02 03 [ 05 0 o1 02 03 [ 05

a3BeHHaA bonesHb MMNOMa MaTKN

XpOHI/lHeCKI/lﬁ AAHEKCUT aHeMunsa BEreToCocyancTasa ANCToHnA

NB — Naive Bayes, SA — Syndrome Algorithm, LR — Logistic Regression
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YyscTBUTENBHOCTL M crieyndruHHOCTL
Kpocc-sanupgauus

Nsmeperne kavecTea knaccudpukayun PesynbTaTthl akcnepumeHToB

3aBucumoctu AUC ot 4nucna ucnosnb3yembix npusHakos K

Cunpgpomublii anroputm (HaueHbili Baiiec Ha K npusHakax):

05| 095 095

10 20 30 40 S50 60 70 8 %0 100 BT

20 30 40 S0 60 70 80 90 100 BT 0 0 w0 so

TNornctuyeckas perpeccusi (K — 4MCNO rMaBHbIX KOMMOHEHT):

1

095

095 095

W 70 8 90 100

035!

s 10 s 20 B 30

5 0 5 0 25 30 5 0 5 0 2 30

acenTtuyecknii Hekpo3s BK  xenyHokameHHas 6onesHb uwemu4yeckasi 6onesHb

ToHkas (BepxHsisi) nuHUsS — Ha obyuatowein Beibopke
Toncrasi (HUXKHAS) NUHNS — Ha TeCTOBON BbIbOpKe
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YyscTBUTENBHOCTL M crieyndruHHOCTL
Kpocc-sanupgauus

Nsmeperne kavecTea knaccudpukayun PesynbTaTthl akcnepumeHToB

3aBucumoctu AUC ot 4nucna ucnosnb3yembix npusHakos K

CuHgpomubili anroputm (K — 4ncno npusHakos):

095 095| 095

0
1020 30 40 50 6 70 8 %0 100 020 30 4

S0 6 70 8 9% 10 BT 0 30 a0 s0 e 0 s 90 100

JNornctuyeckas perpeccust (K — 4UCNO rMaBHLIX KOMMOHEHT):

1

W/< Wf//f—J_,/—’\—:i B

: = 035!
5 0 5 20 25 30 s 10

is 20 B 30

XpOHMYeCKuii ractput 1 caxapHblli gnaber

5 0 5 0 2 30

rMNepToHNS
ToHkas (BepxHsisi) nuHUsS — Ha obyuatowein Beibopke
Toncrasi (HUKHAS) NUHNS — Ha TeCTOBON BbIBOpKe
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YyscTBUTENBHOCTL M crieyndruHHOCTL
Kpocc-sanupgauus
Nsmepenne kavectBa knaccudukaymn PesynbTaThl akcnepumenTos

3aBucumoctu AUC ot 4nucna ucnosnb3yembix npusHakos K

Cungpombiii anroputm (K — 4ncno npusHakos):

05| 05| 05|

0 0 0
1020 30 40 S50 60 70 8 %0 100 1020 30 40 S0 60 70 8 %0 10 1020 30 40 50 6 70 8 %0 10

JNornctuyeckas perpeccust (K — 4uCO rMaBHbIX KOMMOHEHT):

W

035!
s 10 s 20 B 30 s 10 15 20 B 30 s

pak obuwnii afleHoMa MpocTaThl 300 WUTOBNAHON >Kenesbl

ToHkas (BepxHsisi) nuHUsS — Ha obyuatowein Beibopke
Toncras (HUXKHAS) NUHNS — Ha TeCTOBON BbIBOpKe
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YyscTBUTENBHOCTL M crieyndruHHOCTL
Kpocc-sanupgauus

Nsmeperne kavecTea knaccudpukayun PesynbTaTthl akcnepumeHToB

3aBucumoctu AUC ot 4nucna ucnosnb3yembix npusHakos K

CungpomHbiii anroputm (K — 4ucno npusHakos):

095 05| 05|

0
1020 30 40 50 6 70 8 %0 100 020 30 4

0
S0 6 70 8 9% 10 1020 30 40 50 6 70 8

TNornctuyeckas perpeccusi (K — 4MCNO rMaBHbIX KOMMOHEHT):

095 /i 099 g 0 «vs/:.i/—’—/x

%0100

: = 035!
5 0 5 20 25 30 s 10

035!
s 20 B 30 s 10 15 20 B 30

XPOHNYECKUIA racTput 2 auncknnesna KBTI MOYeKameHHasi bonesHb
ToHkas (BepxHsisi) nuHUsS — Ha obyuatowein Beibopke
Toncrasi (HUXKHAS) NUHNS — Ha TeCTOBON BbIbOpKe
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YyscTBUTENBHOCTL M crieyndruHHOCTL
Kpocc-sanupgauus
Nsmepenne kavectBa knaccudukaymn PesynbTaThl akcnepumenTos

3aBucumoctu AUC ot 4nucna ucnosnb3yembix npusHakos K

Cungpowmtbiii anroputm (K — 4ncno npusHakos):

05| 05| 095

0 0 8
1020 30 40 50 6 70 8 %0 100 10 20 30 40 50 60 70 8 %0 10 1020 30 40 50 60

TNornctuyeckas perpeccust (K — 41CNO rnaBHbIX KOMMOHEHT):

. ‘ﬁfé 095 095

080 90 100

035! = 035!
s 10 s 20 B 30 s 10

15 20 B 30 5 0 5 0

XpOHI/I'-lECKI/Iﬁ xoneuncTunT A3BeHHas 6osesHb MNnoOMa MaTKu

ToHkas (BepxHsisi) nuHUsS — Ha obyuatowein Beibopke
Toncras (HUXKHAS) NUHNS — Ha TeCTOBON BbIBOpKe
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YyscTBUTENBHOCTL M crieyndruHHOCTL
Kpocc-sanupgauus
Nsmepenne kavectBa knaccudukaymn PesynbTaThl akcnepumenTos

3aBucumoctu AUC ot 4nucna ucnosnb3yembix npusHakos K

Cungpowmtbiii anroputm (K — 4ncno npusHakos):

05| 05| 05|

0 0 0
100 20 30 40 50 60 70 8 %0 100 1020 30 40 50 60 70 8 %0 10 10 20 30 40 50 60 70 8 %0 10

TNornctuyeckas perpeccust (K — 41CNO rMaBHbIX KOMMOHEHT):

095] 05| 05|

035! = 035!
s 10 s 20 B 30 s 10

= 035!
15 20 B 30 s 10

is 20 B 30

XpOHI/lHeCKI/lﬁ AAHEKCUT aHeMunsa BEreTococyancTasa AUCTOHMNA

ToHkas (BepxHsisi) nuHUsS — Ha obyuatowein Beibopke
Toncras (HUXKHAS) NUHNS — Ha TeCTOBON BbIBOpKe
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YyscTBUTENBHOCTL M crieyndruHHOCTL
Kpocc-sanupgauus
Nsmepenne kavectBa knaccudukaymn PesynbTaThl akcnepumenTos

nMjaHbl

0CBOWTL nporpammupoBaHue 8 Python

Hay4nTbCA paboTaTh C JaHHLIMU U KCMOTPETb Ha JaHHbIEY
nonpoboBaTh HECKONLKO METOAOB « U3 KOPObKM>»

cAenaTb YTO-TO CBOE U MPOBECTU COPEBHOBaHME METOL0B

KOONEPUPOBATHLCS CO CMEXKHBIMU MPOEKTaMM:

«AHTUTENa» — aNnropuTMbl MHOXECTBEHHOMO BbIPABHUBAHUSA
«Cnyuaiivble asneHnay — dpakTtanbhblii aHanus KT
«OnTUMN3aumMa» — rpagueHTHbIE METOAbI

Hay4YUTbCS NPOBOAUTH MO3rOBbIE LUTYPMbI
Hay4nTHCA OPOPMIATL Pe3yNbTaThl UCCNEA0BAHNI

NOATOTOBUTL BLICTYNEHNE Ha KOHbepeHLun
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Boponuoe Koncrantun Bsiwecnasosuy
voron@forecsys.ru

www.MachineLearning.ru e VYuactHuk:Vokov

Korpa 4To-TO HE NOHSATHO,
He CTECHSATECh NOAXOANTL U CMPALINBaTh :)
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