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METOJIHUKA MOBYJA0OBH TA 3ACTOCYBAHHA
BAMCCOBUX MEPEK

IL.1 bigtok, Tepentber O.M.
1 Beryn

baitecopi Mepeski (bM) 3HaAXOIATL BCE MIHPIIE 3aCTOCYBAHHA B 00poOIIl CTATHCTHIHHX,
JAHUX, TPEACTARICHHX YACOBHMH pAJAMH 1 YaCOBHMM TIepepizaMH, a TaKoK SKICHUMH
JAHUMH, TIPE/ICTABJICHAMH ©KCIIEPTHUMH OIlIHKAMH, JIHTBICTHUHMMH 3MIHHHMH 1 T. 1H.
Cymaun 3 guclia myOJTiKalliif, camMe IMIHPOKS 3acToCcyBaHHSA bM sHaMIIIN y posB’sI3KY 3a1ad
MeHYHOI JIIATHOCTHKH, Jle¢ BOHH JIOTIOMAralOTh CTABHTH Ta YTOYHIOBATH JIIATHOZH CaMHX
pi3HAX XBOpoO B yMOBaxX HeTOUHOI Ta HemoBHOT iH(GopMamii [1-8]. Bimomi zacTocyBanns bM B
CHCTeMAaxX TeXHIYHOi [IarHOCTHKM — CHCTeMa MOHITOPHHTY KOCMIYHOTO  Kopaluist
faraTopazoBoro BHKOPHUCTAHHS, JIATHOCTHKA JBHUTYHIB PIZHOTO NpPH3HAYEHHS, aHATI3 CTaHY
TEXHOJIOTTYHHX MPOIECIB Ta TeXHIYHUX cucTeM [9-12]. IMlupoke 3acTocyBaHHs 3Haxo14Th BM
B cHcTeMax Kiacudikamii JaHux pisHoi mnpupoau [13], cHcTeMaxX aBTOMATHYHOTO
PO3Mi3HABAHHS MOBHHX CHTHamB [14], mMapkeTHHTy 1 Oi3Heci [15-16], a Takox y OaraTbox
iHmux chepax aisuibHocTi [17-18]. CrymiHb YCHINTHOCTI 3aCTOCYBAaHHSA JIAHOTO METONY
MOJIeTIOBaHHA Ta (GOpMyBaHHS BHCHOBKY 3aJIe3KHTh BiJ] BMIHHS KOpeKTHO chopMmymoBaTH
MMOCTAHOBKY 3a/1adi, BHOpaTH 3MIHHI TPOICCY, AKI B MOCTATHIH Mipi XapaKTepH3VIOTL HOTO
TUHAMIKY a00 CTaTHKY, 310paTH CTATHCTHYHI JaHi Ta BUKOPUCTATH X VI HABUAHHS MEpPEsKi, a
TaKOXK KOPeKTHO ¢hopMYyBAaTH BHCHOBOK 32 JOMOMOT 010 MOOYAOBAHOT MepeiKi.

3anaua mobyaoBu BM mopr’sa3aHa 3 AekiIbKoMa MpobieMaMH, 30KpeMa Tie mpodiaeMu
OoOUHCIIOBAILHOTO XapaKTepy IpH HaRUaHHI Mepeki. B saranbHoMy BHOAAKY HaBYAHHS

Mepexi BiHOCHTECA o VP -moBHEX 3ana4, To6T0 06’ €M 06UHCIIEHD 3pOCTAE TTOJIHOMIATBEHO

13 30UIBIIEHASIM YHCIIA BY3IIIB.

Jana poboTa TpHCBSIYCHA po3poOIll MpaKTHYHOI METOJHKH IMOOYIOBH OalieCcOBHX
MepeiK, SIKa Moke OYTH BHKOPHCTaHA MPH HASBHOCTI JOCTATHLOI CTATHCTHUHOI 1H(opMaiii
moao mobyaosu bBM. Pazom 3 TUM mpomoHOBaHA METOAHKA MOke OVTH BHKOpPHCTAHA TaKOXK
THMH, XTO BXKe Mae Yy4BY TpO Mepexi, alie He Mae JIOCBUTY IMoAo iX m1oOyIoBH Ta
sacTocypanHs. CHodYaTKy pO3TISHEMO 3arajibHi MHTAHHS CTOCOBHO BHKOPDHCTAHHS TEOPEMH
baiieca, a moTiM TepeiaeMo 10 3araTbHHX MPHHITHINE MoOyaIoBH Ta Hapuanua Mb Ha ocHoBi

CKCTICPHUMEHTAIIEHHX (CT&TI/ICTHIIHI/IX) JaHHX.
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s IlocranoBka 3ajaui

Pospobutu Metouky nodyaoeu (hopMyBaHHS CTPYKTYpH) Mepeki balieca y BUTIBI
CIIPSIMOBAHOTO AITHKIIYHOTO Tpada, SKHH MpH3HAYCHWH I MOJCTIOBAHHS Ta Bizyaiszariii
iHdopManii mMog0 KOHKPETHOI 3ajadi, HABYAHHA MEpesKli Ha OCHOBI HasgBHOI iHpopMaIii Ta
(popMyBaHHS CTATHCTHYHOTO BHCHOBKY — MPHHHSTTSA piICHHS MO0 TTocTaBleHoi 3a1aui. MbB
MOJKHA PO3TISIATH K MOJIeNb Npe/CTABIICHHS HMOBIPHICHHX 3a/ISKHOCTEH (B3a€MOZB SA3KIB)
Mik ioro pepmuHamu. 3B'szok A —> B masuBarors npuumHHMM, skmo mogin A e
IPUYHHOK BHHUKHEHHs1 3, ToOTO, sIKmIo iCHYe MEXaHi3M BIUIMBY 3HAUYCHb 3MiHHOT 4 Ha
3HAYeHHs, AKi npuiiMae 3MiHHA 5. MB HazHBarOTh IPHYHHHOK (Kay3aJbHOK) TO/, KOJIH BCi
ii 3B S3KH € IPUIUHHHUMH.

DopmanbHo, Baliecopa Mepexa — e mapa < (7, B > nepimor KOMIOHEHTO TIapH €

crpsiMopaHui anmkmiunmi rpad (G, BYIM SKOTO BiANORINAIOTH BHNAJKOBHM 3MiHHHM
MOJIEJILOBAHOTO TpOIECy. JIpyra KOMIIOHeHTa Iapd — B, mpejcraBinsie co60K MHOKHHY

napaMeTpiB, sKI BH3HAYAKOTh XapakTepHCTHKH Mepeki. BoHa MICTHTH HapameTpH

2| palx) =P(x'|pa(X")) gna xosxmoro momumeoro smagemma X 3 X', a Takox

pa(X") 3 Pa(X"), ne wepes Pa(X') nozmaueno Muoskuny GaTbKiBCHKHX 3MiHHHX IS

X' B rpadi (7. Koxna sminna X' rpady (G npecTaBisieTsest ¥ BHIJSUT BepITHHE (BY31a).
p pagy p Y p Y

SIkmmio B 3a/1aw poaTIsIaeThest OUThIe o fHOTO Tpada, To JJ14 BH3HAYeHHA OaThKIBCHKHX BY3JIB

: G
s X' v rpade (G zacrocoByernes nosnauenns Pa” (X').

CTaBHTBCS 3a/1ada po3poOKH JBOXETAITHOTO SBPHCTHUHOTO METOIY MOOVIOBH MEpeiKi
baiteca. Ha meprmoMy eTami BHKOHYETHCS OOUHCICHHS 3HAUCHHS B3acMHOI iH(opMaIii Mixk
yciMa BepmiMHaMu (3MiHHHMH). Ha jipyromy etarni BHKOHYETHCS IUIECHPSIMOBAHHH IONTYK
ONITHMAJIBHOI CTPYKTYPH 3 BHKOPHCTAHHSIM B SIKOCTI KPHUTEPIK OIIHKY OIHCAHHS Mepesi

MiHIMaIBHOT JTIoBKHHH (OMJ]), dka aHami3yeThest Ha KOKHIH 1Tepallii alropuTMy HaBuaHHS.
3 Teopema baiteca i popMyBaHHSI BUCHOBRY Ha 1l OCHOBI

MMOBIpHICTE OJIHOYACHOI HOSBH JBOX He3alexKHHX momid [) i S BuzHauaeThcd 3a

BHpa30M:

p(D,8)=p(D) p(S).
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Skmo momii 1) 1§ sanexHi, To MosBa o/THIET 3 HHX Jla€ AedKy iHQOpMAIIiFO PO MOKIHBICTH

MOSBH 1HIIOL:
pD,S)=p(D) p(S| D),
ne  p(S| D) — #mvoripuicts nosier nogii S npu yMoBi, Mo Bke mMana micie nogis [

Hanpukiaz, nogiro [) MoikHa iHTepIpeTYBATH SIK 3aXBOPIOBAHHSL, a 3 , K CHMOTOM. SIKImo ¢
iHpopMallis Mpo Te, MO MallieHT Mae JeAKe 3aXBOPIOBAHHS, TO MOJKHA TIPHUCBOITH BHINY
HMOBIPHICTh TIOSBH BU3HAYEHOTO CHMIITOMY. BpaxoByioul KOMYTATHBHICTh HABESHOTO BHIIE
BHPA3y, MOJKHA 2alHCATH:

p(D.S)=p(S) p(D|S)=p(D)p(S| D),

a 3BimcH Maemo Teopemy baiteca (Th):

p(D)p(S|D)
pD]S) = :
pS)
Teopemy Baiieca MokHa po3rIsiIaTH SIK MexaHI3M (GopMyBaHHS BUCHOBKY. [Ipunyctumo, 110

PO3IIIAETHCA MPOCTA 3a/1ava MOCTAHOBKH JIIarHO3y. B laHOMY BHIAJIKY MaeMo: p (D | S ) —

HMOBIPHICTL 3aXBOPIOBAHHS IIPH HASBHOCTI CHMOTOMY &, TOGTO Ii¢ MOAifA, BiAHOCHO SIKOI
HeoOxiyiHo copmyopatn BUcHOBOK; P ([)) — HMOBIpHICTE 3aXBOPIOBaHHA Ha KOHKDETHY
XBOpOOY B MeKax MAeskoi MOMyJslii, — I0 BedmumHy Moxkma suMipsta; p(S|D) —

HMOBIPHICTh TOSIBH CHMITOMY, SKINO TMAM€HT BXe XBopHH. OCTAHHIO BEIHYHHY MOKHA
BH3HAYHTH 3a JTOMIOMOTOIO 1CTOpiH XBopod. IMOBIPHICTE TTOSIBH JAHOTO CHMIITOMY YV BHOpaHii

nomymsarii BuzHadacthes P (S); M0 BelMUMHY TakokK MOKHA OOUHCIHTH Ha OCHOBI

CTATHUCTHYHHX JJAHHUX, 4JIC B [IbOMY, AK IIpaBHJIO, HEMAE HGO6XiI[HOCTi.

[IpumycTHMo, 10 3MiHHA 3aXBOpIoBauist /) Mac nBa cTau (abo MOJMKe TPHIMATH IBa

MOZUIMBHX 3HAYCHHA): [), — ICTHHHE 3HAYCHHS HMOBIPHOCTI, SIKe O3HAYAE, I[O MALIEHT Mae
xgopoly; 1) g = HEeICTHHHE (IIPOTHIICkKHE) 3HaueHH. 111 Jipa 3HaueHHs HMOBIPHOCTI JIalOTh B
cyMi 1 HezaIeKHO BiJl TOTO, sIKe 3HAYECHHS IpHiMae S :

D, |+ pDy S =1.
3acTocyeMo 10 0CTAaHHBLOI pIBHOCTI TeopeMy baiicca:

p(Dz)p(S|Dz)+p(Df)p(S|Df):1
P pS)

abo
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pS)Y=p D) p(S|D)+p D) p(S| D),
TOOTO, 3HAKOYH OIIHKY p(S) , HOT0 MOXKHA BHKJIIOUHTH 3 MOJAJILIIOTO po3risy. B JaHOMY

npukIagi 3Miona {) Mae TUILKH [Ba cTalH, ajie, OUSBH/IHO, IO p(S) MOJKIIE BHEJIIOUYHTH 3

POBTISIAY MIPH JTOBLILHOMY YHCT cTamis [ .
Teopemy baiteca MoKHA pOsTJIIIATH K BHpa3 (MeXaHi3M), AKHH 00 ¢THYE «ampiopHy»
Ta «IpapJonoioHy» 1HhOpMAIlii; 3aTHIIeMO i1 Yy BHIIIS/II:
pDIS)=apD)pS|D),
ne =1/ p(S) — nmopmyroua xorcranta. Temep p([)) MoxHa posrismard sk anpiopHy
indopmariito, ockiIbkH BoHa Oyiia BioMa Jo OTpHUMaHHS Oynb-sikux Bumipis; p (S| D) —

npaponoi0Ha iHGopMaIlisl, OCKUILKH MU OTPUMYEMO i 3 aHATIZY (BUMIPIB) CHMITTOMIB.
3anmumeMo MOCTITOBHICTE M (aIropuTM) mMoao (popMyBaHHSA OaleCOBOTO BHCHOBKY
Ha BIJOMIH MHOMKHHI KOHKYPVIOUHX TilIOTE3, AKI MOSCHIOIOTh MHOKHHY NaHHX. JIa KoskHOT
rinoTe3H HeoOX1/THO BHKOHATH HACTYITHE!
— TIepeTBOPHUTH anpiopHy Ta NpapAonodioHy 1HGOpMAIliF, MO MICTUTLCS B JAHUX, ¥
HMOBIPHOCTI;

—  TMePEMHOKHUTH OTPUMaHI HMOBIPHOCTI;

— HOPMYBATH pe3VJIbTaTH 3 METOK OTPHMAHHS anocTepiopHoi HMOBIpHOCTI JIJist
KO3KHOI TIMOTE3H NPH HagBHIH 1HopMaIii.

— BHOpaTH rimoTe3y, AKa Mac MaKCHMAaTIbHY HMOBIPHICTS.

AmnpiopHi 3HaHHA. B fedKkuxX BHIAKaX MH MOKEMO OOUYHCIIMTH alpiopHi HMOBIPHOCTI
HA OCHOBI CTATHCTHUHMX JaHuX. Hampukian, anpiopHy HMOBIPHICTH MOSBH 3aXBOPIOBAHHS
MO3KHA BH3HAYHTH B Pe3yJIbTATI JIUISHHS YHCIa BHMAIKIE 3aXBOPIOBAHHS HA 3arajbHe YHCIIO
MAII€HTIB, SKI MPOXOMATh oryad. OfHak, B OUIBIIOCTI BHMAJKIB II¢ HEMONIMBO 3pOOHTH
BHACTIIOK HEMOMKIMBOCTI OTPUMAHHS CTATHCTHUHHX JAaHHX, ajieé alpiopHi 3HAHHA MOXYThH
npejcTapieHi 'y iHmux ¢opmax. PosrimsiHeMo UIFOCTpaTHBHHH TNPHUKIA] 3 PO3Mi3ZHABAHHS
olpazis.

Ipuxenan 1. Posrmsanemo 3a1auy 1 IPUHIMIN PO3Mi3HABAHHS KOTa V MPEACTARICHOMY
nmHpposoMy obpazi. ANTOPUTMH pPO3MIZHABAHHA IPYHTVIOTBECS, SK MPaBHIO, Ha OOUHCIICHHI
MHOKHHH OHAK Ta iX MOPIBHAHHS 3 BIJOMHAMH. (71 po3mizHARaHHS 200pakKeHHS KOTa MOKHA
CKOpPHCTATHCh (araThMa oO3HaKaMH, ajle BHOepeMO TIPOCTHH BapiaHT pO3Mi3HABAHHSL
Hampukmam, po3poOHMO aJITOpHTM pPO3MMI3HABAHHA KIJT B JaHoMy oOpazi. SIkmo BaaeThest
3HAHTH JIBA CYMIKHHX KOJIa, TO Jaii HeoOXIIHO BCTAHOBHTH, UM € III KOJIa OYaMH KoTa?
[IpumycTEMO, MO 1Ical30BAaHHH KIT Mae KPYIJIl 0l JSAKOTO MiaMeTpy, a MEHTPH Kil (0ueH)
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RHAXOMITECS Ha BimcTami S = 2(}} + rj), me 1. ¥ — pamiycH Kul, 3HalaeHUX B oOpasi. Jma

MPOCTOTH TPHHMEMO, IO PadiyCcH OTHaKoBi. JIns KoKHOI mapd Kul, 3HaHAeHHUX B oOpazi,

oGuncuMo Mipy M HabmkeHHs [0 ovei KOTa 32 BHPazOM:

r;.—rj‘+‘S—2(r;+rj)‘.

¥ T

I I

Ouepnano, mo A =0 npu igcanpnoMy y3roJkeHHi MipH 3 BHOPAHOIO IAapoI0 Kill
Mipy M MokHa epeTBOPHTH 3a ASAKOIO JIOTIKOIO ¥ HMOBIPHICTh, HAIIPHKIAJ, 34 JOIIOMOTOIO
posmojiury HWMoBipHOCTeH. TakuMm crmocoGoM MH MOKEMO 3HAHTH Ccy0 e€KTHBHY OINHKY
HMOBIPHOCTI 3a TOOMOTOI0 OGUHCIICHHX 3HAUeHE MipH M .

AJTbTEpHATHBHOIO CTpaTeri€ld € 3acTocyBaHHs 00 €KTHBHHX MeTo/ie. J[nsg 1moro
HeOOXITHO BUKOHATH JACAKI SKCIISPUMEHTH. [ JaHOTO MpUKIaay HEOOXITHO 3HAHTH PO3MIPH
diryp (xim) mama MHOKHHH (QoTorpadiil. JIma KoKHOTO BHMIPY HapaMeTpiE JBOX KUT
oGunciroemo Mipy A | a Takoxk 3aNMTYEMO eKCIiepTa — UM Mpe/IcTaBlisic BUOpaHa mapa Kijit odi
kota? Ha OCHOBI 1[bOTO eKCIIepHMEHTY MOKHa NOOYJIYBaTH TICTOTpaMy Ta BINOBITHHH
TUCKPETHHIH po3mo/il. OTpUMaHHK o3IO MOKHA OMMHCATH JACIKOI0 (PVHKINETO, HATPHKIIA,

TaKOLO:

2
pPM) =0 exp(=f M),
J¢ napaMcTpH a,ﬁ PO3PAXOBYRTECA 34 JONOMOTOHKY CKCIICPHUMCHTAIBHHUX JAHHX TaKHM

YUHOM, MO0 JOCIITH HAHKpaIoro ONUCAHHA JaHuxX. B Jjedaxidi mipl JJaHuil posnojaun €
HAGIHKEHHSIM JT0 HOPMaJTLHOTO.

Cy0’exktvBHI Ta 00’ekTHBHI ¥HMoBipHocTi. [luTanHs BuOopy cy0 €KTHBHOTO UH
00 eKTHBHOTO TIJXOAY /10 BH3HAYCHHS alpiOpHHUX HMOBIpHOCTEH € mie mpeamMeroM jebatie
MK GaxIBISIME Y Taly3l Teopii 1 NPaKTHKW 3acTocyeaHHs baiiecoeux metosie. Ha mepmmi
moriay OO0 €KTMBHHH MiAXIM € HAOIHHIMHM, a’l¢ BiH MmoTpedye 3HAYHHX 00 eMiB
SKCIIePHUMEHTANILHUX JAHHX, 4 OCTATOUHMH pe3yabTaT € JOCHTh UYTIMBHUM 10 MOXHOOK
pEMIpiB. ToMy 3HauHa dYacTHHA [OCTIIHHKIB CXWIAIOTECSI MO Cy0 €KTHBHOTO BHOOPY
arplopHHUX WMoBIpHOCTEeH. B mojtasibimomy My Oy/1eM0 3BepTaTHCA J10 TOTO UH 1HIIOTO TIXOAY
B 3AJIeKHOCTI BT 0COOIHBOCTEH TTOCTABIEHOT 3a/7a1i.

IpaBaomomioHicTh. SIK mpaBmHiIo, anpiopHi HMOBIPHOCTI TPVHTYIOTECA Ha (hakTax, SKi
3HOBY 1 3HOBY MiJTRepPKYIOThCA 3 IUTHHOM 9acy. IX MOJKHA OIiHIOBATH Ha OCHOBi BiJJOMHX
OOTPYHTOBAHUX 3HAHB IMOJI0 NMPOOIIEMH, KA MOJCTOeTheA. PazoM 3 THM, eKcTlepUMeHTalTbHI

JaHl MICTSTh, SIK TIPABHJIO, TOXHOKH BHMIPIB (a0 MOXHOKH 300py CTATHCTHUYHHX NaHHUX), IO
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MIPH3BOUTL 0 HEBHUAHAYCHOCTI, SAKY BHPAXKAIOTh depes MpaBIomoaiOHICTs. B mpukmami, mo
PO3TISIIACTECS, Il MOXHOKH MOMKYTh OYTH TIOB’SI3aHi 3 MSTONMYHHMH Ta OOUHCIIOBATBHHMH
noxuOKaMH aJITOPUTMY pO3MiZHaBaHHS o0pasiB. AJNTOPUTM pO3MI3HABAHHS HE MOXE B3SITH 1
BHJIUIATH KOJIO, ajleé BIH MOJKE CKa3aTH 3 SIKHM CTylneHeMm HaOvMKeHHs1 Jiesika dirypa
HaOMIKAeThCS 0 Kosia. Hampuiian, MoskHa MigpaxyBaTH YHCJO IIKCEIB, IO (GopMyIOThH
KOJI0. 3HAIOYH YHCJIO TIKCENIB, MOKHA OOYHMCIIMTH BIAMOBIIHY WMOBIPHICTE HAOTHKCHHS ITi€l
dirypu j1o kona. ToOro npapgono/IOHICTh MOKHA OOUYMCIHTH MO aHAJIOTT 3 OOUHCICHHAM
arplOpPHUX HMOBIPHOCTEH.

Temep ™MokHa CHOPMYITIOBATH TMPABWIO TPHHHATTA pPIMICHHS (BUCHOBKY) MO0

HasABHOCTI 300paKeHHs 04ei KoTa B JesIKoMy oOpasi:
pCDH=apC) pd|C),
ne p(C) — ampiopna HMOBIipHICTE TOTo, IO ABAa KOJa HPEACTAB/IOTL OYi KOTa; BOHA

BH3HAYACTLCS Ha ocHoBi MipH M , a Takosk ampiopmoro zmamms mogo nepetsopenns My
fimosipricte;, p ([ | (") — HMOBipHIiCTH OTpUMaHHs HeoOXifHOT iHpopManii momo obpaszy npu
YMOBI, 10 JIBa KOJa MpeJACTaBIiOTE coforw o4l Kora — 1e iHdopmaiis 1mo/10
MpaBIOTOIIOHOCTI, OTPHMAaHA B TIPOTIECi 0OpOOKH BUMIPIB.

[cHYIOTE pi3HI TOTJISIAH Ha MpoOJeMy 3aCTOCYBAHHA CYO €KTHBHHX Ta 00’ ¢KTHBHHX
MeToiB. OJIHI MIKOIH CXMISIOTHCS JI0 CYO €KTHBHHMX, a IHIN 10 OO €KTHBHHX METO/IIB.
Cy0 eKTHBHHH MJIX1]] IPYHTYETHCS HA HAINIOMY PO3YMIHHI Tipe/iMeTHOT obnacti Ta npobiiemu,
Ha HasSBHUX MaHHX, BiH Ja¢ MOKTHBICTE B MOJATbIIOMY cPOPMYIIOBATH BHCHOBOK. 3 IHIIOTO
Ooxy, o0 eKTHBHUHN MJIX1] MOXKe BKIHOUYATH B cebe enmemeHTH ¢yl exTHBismy. Tobro obuasi
dbopMH MOKYTH CYTTEBO MepeTHHATHCH MO0 3/7100YBaHHS Ta 3acTOCYBAHHS 3HaHbL 1 1@
npupoiHo. [Ipu po3B 3Ky KOHKpPETHHX 3a/1a4, 10 MOMKIIMBOCTI, BAPTO CKOPUCTATHCH 00OMa

(l)OpMaMI/I 3 MCTOIO BHABJICHHA Kpamoi' JJBL JaHOT0 BHIIAAKY.

4 IIpocra mepesxa baiieca

PosrnmsanyTait cnpomenui miaxim g0 dopMyBaHHS baiiecoBOro BHCHOBKY HE Jac
MOJKIMBOCTI 3aCTOCOBYBATH HOro y OUIBIN CKIAMHHX CHTVaIlisax oOpoOKH ampiopHOi

indopmanii. Tak, v Bupasi s MipH o/ 1iOHOCTI /10 KOTa

nn| IS=20+n)

T T

I 1

http://mmsa.kpi.ua Kadenpa mareMaTHIHHIX MeTO/TIB CHCTEMHOTO aHAIZY




o0H/IBa WICHH B IPaBil YaCTHHI B OJHAKOBiM Mipi BILIHMBAIOTHL Ha 3Hauenusa M , ane ne me
Kpamui crmocid dopMyBaHHsa MipH. B Mipy MOKHA BBECTH HOBI WICHH, SIKI XapaKTepPHU3VIOTh,
HATMPUKJIA], KOJIP XyTpa HABKOJIO ouel kota. ToOTo cKIaJiHINIOK Mipo 1o/i0HoCTI o0pasy

A0 KOTa MOKE 6YTH TakKa:

r_i—rj‘_l_ﬁ ‘S—Z(ri +rj)|

T

i i

M=«

+ ¥ - (O3naxa xonwopy),

e o, ﬁ 1 }/ = eBpHCTH[IHi KOHCTaHTH, SIK1 MOMKHA BH3HAYHUTH, HAIIpHKJIA[], CSKCIICPTHHM

HUXoM. TakuM YHHOM, [pOIeC aHA3Y CTae eBPUCTHYHUM, a TOMY HeOOX1IHO 1olpoOyBaTH
3HAHTH Kpamui (OUThin hopMalibHHI) MeTO/ Pe/CTABISHHS allPIOPHHX MOJIETIeH.
Posrmsimemo BMIIAOK, KOJNH JaHi IOJ0 IpoOIeMH MOXKYTL MOCTYIATH 3 ASKUILKOX

Jkepen. Tenep Teopema balieca npuiiMae BUTIIS:

DD | S 8., 8. ) = B0 P R i, | DY
p(S]&Sz&Sn)

abo

_pD) p(8.8y,...8, D)
P(S,S,,...5,)

B [1maHoMy  BHIAJKy BHHHKac mpolOlieMa  OIIHIOBAHHS  YMOBHOI  MMOBIPHOCTI

p(D]8,8,5,....8)

p(S1,S,5,....8, | D) npu pemukux sHaueHHsx 7. OjiHAK, SIKINO NPUIYCTHTH HE3AJIEKHICTh
noyiit S,,7 =1,....n upu Bigomomy D, 1o orpuMaemo:

PSS, [ DY=p (S| D) p(S,|D)...p(S, | D).
B pesysbTati 10/1alIbIIOTO HOPMYBAHHS MH MokeMo nozbyruest wiena P (5),.9,,...,5, ), mo

Jemo  copoulye 3ajady (GopMyBaHHS BHCHOBKY. TakuM YHHOM, OTPHMYEMO HACTYIIHE

PIBHSIHHA JUIs (pOpMYBaHHSA BHCHOBKY 3a TeopeMoro Baiieca:

p(D|S.S,,...8 ) =a p(D) p(S; | D) p(S; | D),....p(S, | D).

Ile piBHSIHHS MOXKHa MpejcTaBUTH rpadiuHo, K TMokazaHo Ha puc. 1. Ha rpadi sminmi
MpeJICTABJIEHO KOJIAMHM, a CTPUIKH BKa3ylOTh Ha 3B’ 30K (YMOBHI HMOBIPHOCTI) MIK
HEeBAIKHUMHE 1 3aJIeKHUMH 3MIHHHMH. Hesameskui 3MiHHI HA?HBAIOThL OATBKIBCBKMMH abo

MpeIKaMH, a 3aJIeKHI — THTAIAMH a00 HaIaTKaMH.
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Puc. 1. IIpocra (,,HaieHa”) mepexka balieca

3ajauy pozmizHaBaHHS 00pa3y KOTa TaKOK MOIKHA TPEJICTABHTH Y BHIJII TPOCTOl
(,,HaiBHOI”") Mepeski balieca, mpeacTasieHoi Ha puc. 2. 3a3HAYMMO, IO BUKOPHCTAHHS ACPEBO-
BHJIHOI CTPYKTYPH Jla€ MOMIJIMBICTH TOYHINIE BHPA3HTH BIUIMB KOXKHOTO 4WIeHa MIpH

HalHKeHHs o0pazy /1o 300pakeHHs KOTa Ha HASBHICTH 00pasy KoTa. BUIMOB1HI 3MiHHI

& © o

Puc. 2. Ilpocta mepeska baiieca /s poznizHaBaHHs 00pasy KOTa

onucano B Tabl. 1, a BUCHOBOK JOPMYETHCS 32 BHPA30OM:
pMI|S.DFy=c pM) p(S|M) p(D|M) p(F |M).

3MiHHI, M0 XAPAKTePHIVIOTH IO 3a/1ady, € JINCKpeTHUMH abo HenepepBHHMH. J[HCKpeTHI
3MIHHI TIPHHAMAaIOTh OJIHE 13 CKIHUYCHHOI MHOJKHHH 3Ha4YeHBL abo cTaHiB. lIpu mboMy KOKHHH
CTaH Moke OYTH MNpeACTaBICHHH OJHHUM IUIUM YHCIOM abo IIIMM YHCIIOM VY ACSIKOMY
Jiana3oHi 3HaveHb. HerepepBH1 3MIHHI MOXKYTh NpHHMaTH Oy/b-sfiKe 3HAUCHHS B MeKax
NesdKoTO JTIanazoHy 3HAYeHBb 1 PO3TISIAlOTheA K JiMicHl uwena. Mepexka Baifeca moke

BKJIIOYATH JUCKPETHI Ta HETICPEPBHI 3MIHHI.
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Tatmms 1.

OnucanHs 3MIHHHX MpocToi Mepeski baiteca Aist po3mizHaBaHHs 00pazy KoTa

3MiHHA IaTepnperanis Tun 3HaveHHS
M Mipa MoAiOHOCTI M0 | AuckpeTHa (2 3HaW.) | icTHHa ado (b
KOTa
S BIJICTAaHb MIK HeTIepepRHA S -2(r, + 7})) /r
MeHTpaMH ouelt
D PisHHLA B PO3MIpi HellepepBHa |(r1 _ 7}) /r
ouelt
F KOJIp XyTpa nuckperHa (20 3a HaOMHWIKSHOIO TICTO-
3HAYEHb ) TpaMory  MIKCeTB Ui
BUITIHKIB KOJBOPIB

3a OIHKY KOJBOPY XyIpa HABKOJO Kijl, fAKI BBAKAIOTLCS OYAMM, MOJXKHA BRSITH
riCTorpaMy INKCEMB IS BIATIHKIB KOJBOPIB B Ocamocepeauidl OmmbKocTi qo kim. Ile moske
OyTH JUCKpeTHA 3MIHHA, siKa NpHiiMae oOMelKeHe YHMCIIO 3Ha4YeHb. 3 1HIMOro GOKy, BICTaHb
MIK OUaMHU — II¢ HelepepBHA 3MIHHA, X0Ya TOUHICTH ii BUMIPY MOKHA OOMEKHTH TOUHICTIO
poaMipy mikcesss. MojkHa Jemo 3MiHMTH BHpa3 IS BUHAUCHHS CTVIICHS PO3HSCeHHS oueH v
IPOCTOp1, HANPHKIAJ, MOKHA BBECTH JOAATHI Ta B ¢MHI 3HAYCHIS (3a PaXyHOK BHAATCHHS
MOJTYJIS):
S;—2(+r)  2n-2r-2r

¥, T

I I

[ —
~

Posuecenns oueti =

IpH F; & ¥ Ta S, =2r,. Lle npueese 10 TOro, Mo Mipa PO3HECCHHS oUeH Gye 3MIHIOBATHCD

npubmasno Bia —2,0 (oui posramosani ayke Ommuzpko, S, =2#) 10 2 (0ui 3HAXO/ATHCS

AaNeKo OJIHE BT OJTHOTO, ;= 3,0 7). JlianazoH 3HaUeHb 3MIHHOI ,,pO3HECeHHS OUel™™ MOXKHA
MOUTHTH Ha OYy/Ib-sIKe YHCIIO CTaHIB, ajle JUI UTIOCTpaIlli 3yMMHUMOCh Ha TAKHX 7 CTaHAX:

§ menute — 2,01, £—2,0+(=15)}, {—1,5+(—=L0)}, I—L0=(-0,5)}, {-0,5+01,

{0+0,5}, { 6invreee 0,5}
VYV 3ajeKHOCTI BIJl KOHKPETHOI 3a/laul YHCIO CTaHIB 3MIHHOI MOKHA BU3HAYATH PI3HUMH
crocobaMu, 1e Moske OYTH TpeIMeTOM OKPEeMOTO JTOCHIJIKSHHS.

Koskni#t myz1i Mepexki balfeca CTaBHTRCS YV BIAMOBIAHICTE MATPHIS 3B SA3KY — MATPHILA

YMOBHHX HMMoBipHocTeH. Matpuis, sika 38°si3ye By3zoa ) 3 syagom M pms kosknoi mapu

CTAHIB Mac HaCTYHHHﬁ BHIJIAN:
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_P(d1 le)  pld |Cz)_
pdy|e) pldy|ey)
pdsle) plds]ey)
_P(d4 |c) p(d4|02)_

3HaueHHS €ICMCHTIE MATPHUIL YMOBHHUX MMOBIPHOCTSH MOKHA 3HAHTH SKCMSPUMEHTAILHO.

P(D|M)=

JIi mboro HeOOXiJTHO MaTH pe3YJIbTATH BEJIMKOTO 4YHMCIa JOCHIIIR 3 BIJOMHMH 3HAYCHHSIMH
BCIX 3MIHHHX. [x MOxKHaA oTpuMaTH 1UTAX0M 1 poBoi 00poOKH pealiIbHHX 00pasiB JUIs BY3JIiB-

Hala/IKiB (IHIIMMH CIIOBAMH JIMCTKOBHX Byz1iB) 8,00 1 I mmoc excnepruumii BUCHOBOK

momo Byzia M .
OTpuMaHi TaKUM YHHOM MAaTPHIll 3B 3Ky TPeJCTaBIsIIOTE co00r 00 eKTHBHI

HMOBIPHOCTI, SIKI BH3HAYAKOTHCS TaK:

p(d, | ¢)) =(Hucno pasie nosieu 6 06pasi d, i ¢)) [(Bazanene uucno pasie nosteucy) .

OdeBH/IHO, MO HABITH JUTS JIAHOTO MPOCTOTO TPHKJIATY YHCIO YMOBHHX HMOBIpHocTel Oyie
3HagHUM. TOMY /U1 OTpHMAaHHS IPUHHATHHAX OIIHOK YMOBHUX HMOBiIpHOCTeH HeoOXiTHO MaTH
BSJIMKI MACHBH JAHUX.

Mepexxy balieca, mo pormigacTbess B JaHOMY NPHKIAAl, HA3MBAIOTL IO PI3HOMY:
kiacupikarop baiieca, Haipuuii kiacudikatop balieca Ta npocta Mepexa babieca. 1e npocta 1
3pydHa (opMa Mepeki, SKa 3HAXOAUTh 3aCTOCYBAHHS Y 0araThox MPaKTHYHHX 3aj1adax. Jls
Toro Mol CKOPHCTATHCH Mepelkero HeoOXiHO 3a)laTH 3HAUeHHS 3MIHHHX, MpPeCTABIeHHX
BY3JIaMH. 3aJaBaHIis 3HaYeHL 3MIHHHX HAa3UBAIOTL iHcmanyiiosannam. QopMyBaHHs BHCHOBKY
3a JIOTIOMOTOI MEpeKi, MPE/ICTARICHOI HA PHC. 2, MOMKIJIMBE TICIA TOTO, SK 3aJlaHi 3HAYSHHS

smigEEx O,[) 1 I za jmomomoror indopmarii (BHMipiR), mo MicTHTBCS B obpazi, Ta

BUPOOICHHUX MPAaBHJI JUCKPETH3AIN] 2MIHHHX, SIK MOKa3aHo BHINS. /|7 OTpUMaHHS BHCHOBKY
HcoOXiAHO MePeMHOKHTH 3HAYCHHS BCiX YMOBHHX MMOBipHOCTEH Mt KoxkHoro cramy M | sxi
OGepyTh 3 MaTpHIlb 3B s3KY. Jlanmi HeoOX1THO HOPMYBATH pe3yJibTaT TAKWM YHHOM, M00 cyma
YMOBHHX HMOBIpHOCTeH JiopiBHIOBala 1. TakuM 4MHOM, MU OTPUMAEMO HMOBIPHICTH TOSIBH
o0pazy KoTa B KOHKPSTHHX eKCIePHUMEHTABHAX JaHUX.

3Buuaiino, MO 3MiHHI, AKI BXOOATh A0 MEPEiKi, MOKYTh OVTH B3aeMO3AJISKHUMH. Tak,
I OpHKJIaAy 3 PO3Mi3HABAHHAM 300pakeHHs KoTa, 3MiHHI S =, posnecenns oueli” Ta
D =, pisnuya 6 posmipi oueri” MoxyTh OyTH B JIeAKiH Mipi KOpeJIbOBAHHMH. 30KpEMA, MOKHA
BHCTABHUTH KOHTPAPIYMEHTH INIPOTH Toro, mo O i [) — me fAilicHo Ti 3MiHHI, sSIKi MoXKHa
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BHKOPHUCTATH JJIS1 BCTAHOBJCHHS (PakTy HasBHOCTI oued kKoTa B oOpasi. ToOro imes
PO3Mi3HABAHHS MOKe OYTH c(hopMyJIbOBAaHA SO MO 1HIIOMY.

PosrisiHeMo  yekIaJiHeHY Mepeky, npeictapieny Ha puc. 3. Ila  crpykrypa
npejicTapisic cobOK Kpanly Mo/Iesib MPOIEcy pO3MizHABAHHS, OCKUIBKH BOHA MICTHTH HOBY
CeMAHTHYHY OJUHHUITIO (BY30J) ,,091”. TobTo Takuil eIeMeHT MoxKe OYTH BHSBICHHH B o0pasi,
aje BiH He 000B’A3KOBO 3YMOBJICHHH HAasSBHICTIO 300paskeHH KoTa. Tenmep Byz01 ,,091” MOKHA
POBTISIIATH SIK 3arajibHy MPHYHHY BBEICHHS BY3IB S =, posnecenns oueii” Ta [ =, pisnuys

& posmipi odeti”, MO Jae MOMIMBICTE He pO3TILLIATH MPobieMy iX MOMUTHBOI 3a/Ie)KHOCTI.

Puc. 3. baitecope mepeBo IpHHHATTSA pilIcHD

Ha puc. 3 syzimu M i Oui mawre marpuimpo se’suxy P(Oui |[M); pysin M 1 F -
matpuio P(F M), sysiu Oui i § — wmarpuiwo P(S|Qui), a gysim Oui i D —
matpuiio P(D | Oui).

JI71s HOBOTO By3/a HEOOXiJHO BCTAHOBHTH YHCIIO HOTO cTaHiB. B camomy mpocTomMy
BHIAIKY — II¢ JMXOTOMIYHA 3MiHHA i3 JBOMA CTAHAMHE, ajie B JAaHOMY BHIAKY Kpallle BBECTH

TPH HACTYIHI CTaHH: O; = "HMOBIPDHO ¢ He oul’; O, ="Ie MOKyTb OyTH owi” Ta

05 =7HMOBIDHO e o4l”. 3HAYeHHHd €JIEMEHTIB MAaTpHIll 3B’A3KY MOJXKHA 3HAHTH 3a

SKCIIEPUMEHTAILHUMH JIAHUMH, K [IOKa3aHO BHINE, ajie B JIAHOMY BHIIAJIKY HaM HeoOXiJIHO
OTPHMATH €KCIEPTHY OILIHKY IOMO 3HAYeHHS HeTepMimaibmoro Byzaa () Ta myszma M | na
JOTIOMOTOIO SIKOTO (pOpMY€TLCS rinoTesa.

[IpoaeMoHCTpyeMo poGoTy Mepexi, noumHaroud 3 Bysia () (oui). 3a Teopemoro

Baiieca maemo:
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p(0|5.D) = 2O PS|0) pD|O)
’ 2(S) p(D)

OjtHak, TyT BHHHKae TpobieMa BH3HadeHHs HwmopipHocTi p((J) — anpiopHoi HMoeipHOCTI

HOSBH ouei v obpasi. B ganomy Bumaaky () ¢ MpoMiKHOIO 3MIiHHOIO, O HE BHMIPIOETLCS,

spauennst () mpu ymoei, mo S i (0 oTpHMYIOTE AesKi 3HAYSHHS, TOOTO MOJKHA 3AIIHCATH:
pS0) p(D|0)
p©S) p(D)

1(0|S,D)=

abo B npocTinmii dopmi:

1©)=a p(S|0) p(D|O).
Sk i panime, 3paucnns p(S) i p(L)) MokHA BHKIIOUHTH 3 PO3IIALY MUIIXOM HOPMYBAHHS
CYMH 3HaueHb i (O) no 1. O0uurciIeHa TAKUM YHHOM MPaB oo/ IIOHICTE — 11¢ HMOBIPHICTD, SIKa
oOUHC/IcHA 34 TPHOYIIESHHSM, WO ampiopHi HMOBIpHOCTI KoKHOTO cTamy smimnoi () ¢
ogHakoBUME, To6T0  p(0)) = p(05) = p(0;)=1/3. Temep mas kopemesoro Byzma M

MOSKHA 3AMHCATH:
pAM) pO|M) p"| M)

M|O,FY=
[0 2©O) p()

2

abo mpocTitie:
PO, Fy=ct p(M) p(O|M) p(F | M).

Slkmo ¢ 3nadennst (Bumip) f7, Hanpukian, = f5, To 3 MaTpHIi 3B73KY MOJKHA BH3HAYHTH
p(F|M). Onmmak, Mu me macmo 3HadeHus cramy 3minHoi (), a TINBKH OIIHKY
npapgonofi6HocTi A1a Hei: [ (O), SIKa € SJICMCHTOM PO3IMOJUTY MOMIUBHX CTAHIB 3MIHHOI
O . JTna Toro mob 3Ha#TH OIIHKY p(O |M ) , HEOOX1/THO 3HANTH CepejIHE 1BOTO PO3MOIUTY.
e MoxHA 3pOOHTH HACTYITHHM YHHOM:

plo|my) = ploy | m) (o) + plo, |m)(0,)+ ploy | my){05).

plo|my) = p(oy | my) (o)) + plo, | my)l(0,)+ p(oy | my) (05).

Tenep mosxHa oGuUHCIHTH po3noin HiMosiprocTel aua A

p'm) = pim | O, fs)=a p(m){plo, |m) (o) + p(o, |m)l(0,)+
+ plos |m) (03)} p( f5 | m) 7
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pmy) = p(m, |O, f5) = a p(my){p(oy |my) (o)) + p(o, |my)1(0,) +
+ ploy [ my) 1(03)} p(fs | my)
ne  p'— cepeaHs amocTepiopHa HMOBIpHICTh, TOGTO HMOBIpHICTH NPHEHATTA 3MiHHOIO

JeAKOTO 3HAUSHHS TIPH YMOBI, IO BUIOMA Jiedka 1HopMaIlis (B JaHOMY BHITQIKY 1€ 3HAYCHHS

F,SiD.

Xoua MH He MaeMo anpiopHoi MMoBipHocTi jgus Bysina (), ii MoXKHAa OLIHHTH 3a
MOTOMOTOI0 ampiopHoi (abo amocTepiopoi) HMomipmocti mamst A Ta MaTpumi 3B7SI3KY
P(O|M). VY pextopniit Gopwmi e piBHAHES Mac BHIIST:

p(O)=PQO|M)p(]).
Ha pigminy BiJlT HaeejieHoi Bume Teopemu babieca (y cxansipHiéi dopwmi), 1e BeKTOpHE
piBmsHEs, To6TO  p(0;) % plo; | my) p(my). llpunyetamo, mo PpAM)={0,4 0,6}; ne

O3Havae€, o

pO)=| p(o; |my)  plo, |m,) = 0,4 p(o, |m)+0,6 p(o, |m,) |.

plo |m)  p(o |m,) {O 4} 0.4 p(o [ m)+0,6 p(o, | m,)
plog|m)  plos|m,) ,

0,4 p(os [m;)+0,6 p(o; |m,)

OCKUIBKH CYMH €JIeMEHTIB CTOBIYMKIE MaTpHIN 3B S3KY JOPIBHIOWTH 1, TO IeH pe3yibTar

BiZTHOCHTECS TAKO3K J10 o6uncnenux sHadens P(()).

Temep MoikHA OGUHCIMTH PO3IOALT HMOBipHOCTEH A 3HaueHbL cTaHiB 3MiHHOT (),

IPH YMOBI, IO € BUMIPH, CKaKeMO, {85, d5}:

ploy|sy.dy)=a p(o) p(sy o) p(d, | o)),
P(0y | 55.dy) = p(0y) p(s5 | 0y) p(dy | 0,),
P03 | 53,dy) = p(0y) p(s3]03) p(d, | 03),

a To# Qaxr, mo POy | 85.d,)+ p(o, | 55.d5) + ploy | 55,d,) =1, J03BOJISE
BUKIIIOUHTH 3 po3risiay & . OUeBHIHO, [0 HABSICHA POLEYpa O0UHCIICHHS HMOBIpHOCTEH €

TOCHTEL CKJIAIHOIO Ta TPOMIZIKOIO, a MPH 30UTHIICHH] PO3MIPIB MEePEiKl BOHA CTa€ HETOCTKHOIO
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nas cupuiiMaHasa. To0To BHHHKAae HEOOXIMHICTE PO3pOOKH CICIMIANBHHX AJITOPUTMIB JUIA

BHKOHAHHS MOII0HUX pO3paxXyHKIB., Po3TisIHEMO 10 3a0a9y B HACTYITHOMY PO3MLIL.
3 EBpucrununnii Mero modoyaosu Mepe:ki baiieca

[MoGynopy MB MoxHa BHKOHATH TPOCTHM 1epeGOpOM MHOXKHHH YCIX MOXKIHBHX
HSIUKTIYHAX TpadiuHuxX MoaeseH Ta BUOpATH 3 HUX Ty, MO 3 MaKCHMAJIbHOK aJCKBATHICTIO

BIJIMOBIIae SKCIICPUMEHTAILHAM (HABYATILHAM) daHuM. 1l 3agada € NP-cKITamHo10, OCKITLKH

n{n—1)

2

pH MoBHOMY Tmepebopi 4McIo BCiX Momenedt mopieHioe 3 —kcyde, Je B — YHCI0

BEPIIHH. k

eyele — THCIIO MOJIelied 3 MUKIaMH. UHCTIO Ye1X MOMKIIMBHX HEIHUKIIYHHX MOJIeJIeH

MOKHA MOPaxyBaTH 3a pekypcupHow dopmynorw Pobincona, zanpononopanow B 1976 poru

[19, 20]:
=3 (=D .CL 25D £y,
i=1

ne 7 — wmcio sepmun, a f (0) =1.

Tabmumst 2. TabauIs 3a1e:KHOCTI YACTA MOJCIICH Oe3 IUKIIR B YHCTIA BEPIIHH, MO

aHAJTI3YBATH IIPH TOBHOMY Iepedopi MoIe/IeH

Yucno sepmue | Mogem Oe3 TTUKTIB Ywucno BepmiuH Mogemi 6e3 HKTIB
1 1 8 783.702.329.343
2 9 1.213.442.454.842 881
3 25 10 4.175.098.976.430.598.100
4 543
5 29.281 15 2,38%10741
6 3.781.503
7 1.138.779.265 20 2,34%10772

BukoHatu moBHUH nepebip MOMIIMBHUX CTPYKTYP MOJeHeH MOKHA TUTBKH IS MEpeK,
SIK1 MICTSITh He OUTBINEG CeMH BY3JB. SIKIO YHCIO BY3JIB MEPEBHINYE 7, TO BUKOHATH TIPOCTHH
nepelip MPakTHIHO HEMOKIIMBO, OCKUITLKH He BHCTaYae 0OUHCITIOBATTLHUX pecypcis. Tomy s
moOYIOBH MEpeiKi MPOTOHYETHCSA CHOPOUSHHH CBPUCTHIHHE MeTon [24], AKkMH mojsArae B
HacTymHoMY: (1) OOUYHCICHHS Tak 3BaHOi B3acMHOI iHGopMamii MK yciMa BepOIHHAMH 3a

JOIIOMOTI'OKY CKCIICPHMCHTAJIBHHX HaHHX, (2) BHKOHAaHHA HiHeCHpHMOBaHOFO [IOMYKY 3
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BHKOPHUCTAHHSIM OINIHOYHOI (PYHKINI Ha OCHOBI IPHUHITAITY OMHCAHHSI MIHIMAJLHOI TOBKUHH

(OM/D); (3) moBTOpEeHHS ITepalliif 1O JOCATHCHHS MePEiKl 3aTaHOl SIKOCTI.

Z[.HH OIMHHOBAHHA CTYHGHH 3AJISHHOCT1 JBOX JOBUIBHHX BHIIAJKOBHX 2MIHHHX X 1 xj

Yay 1 Jhiy [21] zanpomnoHyBaii BHKODHCTOBYBATH 3HAuYeHHA B3aeMHOI iHopmali

MI(x',x7), axa o6uncTIOETHCA 32 BHPA3OM:

MI(x %) = ‘ x7)-log| LX)
R Ve o)

3a cBo€r0 CYTTIO B3aeMHA 1H(OPMAIS € aHAIOTOM KOpeJsIlii, ajle 3a 3MICTOM — T
OIiHKA KiNbKOCTi iH(opMallii, Mo MicTHThCS B 3MiHHiH X mnpo aMimmy X’. BaaeMua
: ; 5 5 . i
indopmanist npuitmac Hepin emui smagenns, M/ (x',x’) >0, a y Bunmagxy, AKIo BepIIHHH

T
x i ox!

p(x'.x") = p(x)-P(x') i

p(xlij) —1 p(xi)'P(xj) —1 D=0,
2oy Pe ) pe) Pooy) B

€ TOBHICTIO HesalexxHHMH ofHa Bia omHoi, 10 MI(x',x’) =0, ockineku

VY BHmagky, KojH Mepeka Dadeca ckimafgacthes 3 N Bepmum, To st oGUHCICHHS

N-(N-=1)

MI(x', x") nna peix mosxmeux nap x' i x7 meobxinHo BEKOHATH oOUHCIIeHD,

npu weony MI(x', x7) = MI(x/,x").

Hpymmun omucanHa MiHiMaabHOT goBkHu (OM/I). 3rigHo 3 Teopicio KOAyBaHHS

Illennona, npu Bigomomy posmopini  FP(X)  Bumaakosoi sesmumuun X JloBKHHA

ONTHMAJIBHOTO KOOY JJIA Hepe):[aqi KOHKPETHOI'O 3HAYCHHA X HYepe3 KaHall BB,HSKy npAaMye 1o

smawenns  L(x) =—log P(x). Emrpomis mxepena S(P)=-Y P(x)-log P(x) ¢

MIHIMUIBHOK OYIKYBAHOK JIOBKHHOI 3aKO/IOBAHOTO MOBIIOMIISHHS. By)b-sKuil 1HIHH KO/,
SIKUH TPYHTYETHCS HA HENIPABHJILHOMY TIPeJICTABIICHHI TIPO JKEepeso MOBIOMIICHHS, NPHBE/Ie
10 OOJBIIOI OUIKYBAHO! TOBKHHM TMOBLIOMICHHS. [HITHMH CIOBAMH, YHM KPaIIolO € MOJICINb

JKepesia, THM KOMIAKTHINTAMHE MOKYTh OYVTH 3aK0OJ0BaHI TaHi.
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B 3amaui HaBUaHHS MEPEIKi HKEepeIaMi JaHHX € JesKa HeBiJoMa HaM 1CTHHHA (PYHKITIS
pozmoginy P (D|h0), ne D={d,,....dy} - wabip pamux; h - rinoreza oo
HMOBIPHICHOTO TOXOMKEHHS TAHHX, L(D|h) =—logP (D|h) — eMIIPHYHHH PUIMK, SKHH €
AJHTHBHHM BIJJHOCHO YHCJIA CIIOCTEPEKeHb 1 NPONOPIIOHAILHAM eMINpHIHIH MOXHOIIL.
Biaminnicts mix P (D|h0) i MostesbHUM posnostisiom P (Dlh) 3a miporo KynnGaxa-JleGnepa
BH3HAYACTLCS TAK:

P(Dhy) _
P(D|h)
= %:P(D|h0) LDy - L(DJhy)| = 0

|P(DJiy— P(DJhy)| = %:P(D|ho) log

TOOTO T PI3HHUI MK OYIKYBAHOI JIOBKHHOK KOy JAaHHHMX, OTPHMAHOK 32 JOTIOMOTOR
TiHOTe3H 1 MIHIMAJLHO MOMKIHBOIO. L[ PI3HHIA € 3aBKIH HEBI €MHOIO 1 JOPIBHIOE HYJIIIO
JUIIEe V BUNAAKY NMOBHOTO CIIBIAJAHHS ABOX PO3MOIUNIB. [HITMMH ¢I0oBaMHM, TiIoTe3a ¢ THM
Kpallok, YUM KOPOTINOK € cepefHsd JoBxKHHA koay jaHux [4]. Ilpuanun OMJI y croemy
HECTPOToMY 1 HalOIIIbII 3araibHOMY (POPMYITHOBAHHI TIPOTOJIONIYE: Cepe)l MHOKHHHA MOJIeJieH
HeOoOXITHO BHOpATH TV, SIKa TO3BOJIAE OMHCATH TaHI HAHOUTLIT KOPOTKO 1 0e3 BTpat iHdopmarii
[6].

B saraneromy BHTIEAL 3amada OMJ[ dopmymioeThes Tak: clOUATKY — 33JJa€ThCs

oNC)

N s
MHOKHHA HaBuanphux mamux D ={d,...d }. d, ={x;"x; ..x_i( )} (MIOKHIM iHIeKE —

HOMEp CIOCTEpEKEHHS, a BEpXHIH — HOMep 3MIHHOI), F1— YHMCJIO CIOCTEPEKEHb, KOXKHE

crocTepekennst ckaagactoes 3 N (N = 2) amimnux X m,X (2),...,X W) Kosma J-a
sminma ( f =1,...,N ) mae AW = {O,l,...,OLU) -1} (OLU) = 2) cramiB, a KOJKHAa CTPYKTYpa
g € G BC npeacrapnsieThes N MHOKHHAME TIPEIKiB (H(l),...,l_[(N) ), TOOTO I KasKHOL
pepuman j=1,.... NV, 1Y _ 1e mHOXHMHA GaThKIBCHKHX BEpIIMH, Taka, IO

I’ Q{X(l),...,)((N)}\{XU)} (BepuiMHa He Moke OyTH npejikom camoi cebe, To6TO

nert y rpadi BigcyTni). Takum urmom, OM/JI ctpykrypr € € (G 1pH 3a1aHii OCITiJOBHICTI 3

bl
n CIIOCTEPEKEHD % =ihdyeid, 0BUHETIOETHES na BHPA3OM:
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L(g,x")=H(g,x")+

Jog(n), ne k(g) — uMCHO HeaIeKHHX  YMOBHHX

k(g)
2
iiMoBipHOCTel B Mepekesiit ctpykrypi ¢, a H (g, x") — emnipuuna entpomnis:

H(g,x")=3 H(j.g.x"), k(g) =2 k(J.8).

jed jeJ

e OMJ j-i epimiHHE OOUYUCITIOETHCS 32 BUPA3OM:

o BE
L L8, & = H( L8, % >+(’Tg)-log<n>;

k(j,g) — uucno HesaNeKHUX YMOBHHX MMOBIpHOCTEH f -i BepIIHHU:

k(j,g)= (@Y -1 []o*,
ksp( )

e G cL..j—Lj+L...N} Taxa muosuma, mo 11V = {X© : k e ¢},

Emmipudna eHTpomist -1 BepIIHHE 00UHCTIOETHCS 32 BUPA3OM:

b 1 . e :S: .7
Hijsgxd y= Y, 3, —n[q,s,J,g]-logM,me

SGS(_j,g)qu(f) n[S,j,g]
n(s, ) =21m" =) nlg.s.j.gl=21x =q.1 =),
=1 i=1

e ¥ =TIV osnamae X% = x(k),Vk = (I)(j ); dyukuis [(£)=1 xonm npeamkar
FE =true , » nporunexnomy sunanaxy [ (f0) =0.

[poctuit anroput™m Hapuanus MB 3 puxopucranusim OMJ] OyayeTbes Tak: IMHKITIHO
BHKOHYETHCS Mepedip BCIX MOMIIMBHX HEITHKIITHHX MEepPEKEBHX CTPYKTYp. B g* 30epiraeThcs
ONTHMANbHA MepelkeBa CTPYKTypa. ONTHMAILHOIO CTPYKTYpolo Oyae Ta, I sIKoi (PyHKITS

L(g,x") upuiimae nalivenme 3HaucHus.

I pocruii anropurm Hapuyanusa Mb 3 Bukopuctannam OM]
l.g < g,(€G),;

2.1 Vg eG—{g,}: axmo L(g,x") <L(g , XY 10 g «g;

*
3. 3a pllIeHHS NpHHMaeThed & .
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Ipuricaan Bukopucransa meroxy OMJL. IHexait ¢ 10 criocTtepekenb 151 HABUAHHS

MB (tabm. 3).

Tabmurs 3.
10 criocrepeskeHs Uit HapuanHs MBb.
H x® Y@ @ 4 ¥ ® Y@ e
1 0 1 1 6 0 1 |
2 1 0 0 7 1 0 1
3 0 i 1 8 i 0 0
4 1 0 0 9 0 1 1
5 0 1 1 10 1 1 |

VY BHOAOKY MOBHOTO Mepebopy BCIX MOMIHBHX CTPYKTYP HEOOXINHO PO3TIIHYTH 25
cTpykTyp. llocasa Toro sk OyayTh PO3TISIHYTI BCl 25 CTPYKTYP, 3a ONTHMANLHY Oyae BHOpaHa

CTPYKTYpa, 300pakeHa Ha pHc. 4.

= —()

()
Puc. 4. Ontumanbaa Cprl<¥ypa, 1o Bi/iMoe1iae Tabi. 3.

.. 1
JloBKHHA OIIHCAHHS i€l CTPYKTYPH OOUHCIIFOETHCH HACTYITHHM YHHOM. Bepmuna X ()
i 6ro 11V = Emi st 06
He Mac HpeI[KlB, TOOTO = {} MHlpI/IIIHa eHTI)OHIH QOUHUCIIOCTLCA 3a BHpaBOM

H(j=1g)=-5- log(%j -5 log(%j =06,9315, a wuHCIO He3aleKHHX YMOBHHX

fimopiprocteit mopiemroe k(j=1,2)=2—1=1. Takum duHOM, HOBKHMHA ONHMCAHHS

pepuman XV nopiemroe L(1,2)=69315+ % log(10) =8,0828. TIpu obumcrenni

MOKHAa BHKOPHCTATH J'IOFapH(I)M C 6y,[[b-HKOI-O OCHOBORO; B JJAHOMY HpHKJIaﬂl BHKOPHCTAaHO

ocHoBy € = 2. 7183, 10610 HaTypanbHuit orapudm.

Tabmurs 4.

Ta6mis 3HAUSHEL NapaMeTpiB BepuIHHA X .

X(l) n[q;sa.j:g] n[sa.j:g]
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Bepmuna X 2 ae onHOrO npeaka X W rosr0 TP ={X (1)}. Emmipruuna

SHTPOTIS:

Hlj=22)= [—O -log[%j -5 log[gn + [—4 -log[%j—l-log[én =2.502,

a YHCIIO Hesalle)XHHUX yMOBHHX iimosipHocted: k(j=2,2)=(2-1)-2=2. Jlorxkuna

ONMCAHHS BepIIHHH X ) JTOPIBHIOE:
L2,g)=2,502 +% Tog(10) = 4,8046.

Tabmuus 5. TaGauis 3HaueHb TapaMeTpiB Bepuran X @D g x®,

x| x® |nlg.s.j.gl | nls.jgl| | x® | x@ |nlg.s.j.gl|nls.j.g]
0 0 0 5 0 0 3 4
0 1 5 0 1 1
1 0 4 5 1 0 0 6
1 1 1 1 1 6

Bepmuna X® ‘e ommoro Tpe/Ka X® 10610 1P ={X(2)}; eMITipHIHa

CHTpPOTIIS:

H(j=3,2)= (— 3. log(%] -1 log(%D + (— 0- log(gj -6 log[gn =2.2493,

a YHCIO HE3ANCKHHX YMOBHHX MMmosipmoctei: k(j=3,2)=(2—-1)-2=2. Jlopxuna

OTHCAHHS BEPIIHHH X @ TOPIBHIOE:
L(3,2)=2,2493+ % -log(10) =4,5519.

ToGTo 1oBKHHA OLIUCAHHS CTPYKTYPH £, IPEJICTABICHOI HA pHC. 4, JOPIBHIOE:

3
H(g.x"y=> H(j.g.x")=17,4393.

J=1
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EBpuctuunuii aaropurv nodyaosu mepe:xi baiteca
P ioka D= {dr....d V. d = (Dx® (00 "
Bximui mami. Hapuanoua BuGipka id,....d . d, ={x"x" . x;""} (moxuii

HJIEKC — HOMEp CIIOCTEPEKEHH, a BEPXHIM — HOMEp 3MIHHOI), 71— YHMCIO crocTepeskenb; N —
YUCIJIO BEPIIHH (3MIHHHX ).

Hepumii eram. J[1s BCiX Hap BepUIMH OUHCIIOIOTh 3HAUSHHA B3aeMHOI iH(opmarii

Set MI =<MI(x',x’), Vi, j¢. llocte musoro ecmements wmuoxumd —Set MT

YIHOPAIKOBYHTE 34 CIIaJIAaHHAM:
Set  MI ={MI(x™ x"™ ), MI(x" ,x™),MI(x™ x™),...}.
JApyruii erar.

Kpoxk 1. 3 MHOKHHH 3HaYeHb B3aeMHoi indopmamnii Sef A suGuparors mepmri gsa
mo L My
Makcumanbuux zmavenns AMI(x™,x™?) w MI(x™,x™). 3a orpuManuM 3zHAUCHHAM

MI(x™, x™) u MI(x™ ,x™) 6ymyernes Maoxuna Mogetelt G BHTIATY:
(g <= My, iy —>1y), (M) <=, Wy He 3a0eKHTBL BiL Hly), (M —> My, My He
3ANIeXKMTL Bl M1,), () He 3aNeKHTL Bill M, My —> 1, ), (] He 3aJCKMTL BiJ 1,

My €— 1, ), (M) He 3aJeKHTL BIJ H1,; M1y He 3aJIeKuTh Bl 1#1,)}.

;

bi13
3anmc puLIANY 1, —> M ', O3HAYAE, O BEPIIMHA X' € IPEIKOM BEPIIHHH X 7.

*
Kpok 2. BukonyeThes nHolyk cepejl mojedeii muoxuun (7. B mapamerpi g

30epiraeThcsd ONTHMAIIbHAS MepeKeBa CTpYKTypa. ONTHMANTLHOIO CTPYKTYPORO Oy/ie Ta, Y sKoi
Oyne maiimenme zmauenus ¢ymkmii. L(g,x") — OMJl cTpyKTypH Mojedi HpH 3amaHii
OCTI/IOBHOCTI 3 71 CIOCTEpPEKEHh X = dd,..d,.

1Lg <« 20(€G);

2.mm1 Vg e G—{g,}: sxmo L(g,x") < L(g*,xn) TO g* «— g

3. Ha BUXOMl € — HIyKaHe pimieHHs.

Kpox 3. Ilicast Toro sk 3HaAHOCHO ONTHMAJIBHY CTPYKTYPY (CTPYKTVPH) g* 3G,

MHOKHHH 3HA9¢HbL B3acMuoi imopmanii Sef A/ BuGuparoTh MakcHMalbHe 3HATCHES:
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i_next
>

et et ot
MI(xX'"% x?-"""Y 3a orpumanum smavenmay M7 (x x/ ="

1 CTPYKTYpOIO
(CTpyKTYpamu) g* Gynyerbes MHokuHa Mojieiet G Burasty: { ( g*; 1 _next — j next),

(g*; 1 _next < j next), (g*; i _next we sanexuts B J next)}. Ilepeiitu Ha Kpok

2,
VYMoeBa 3aKiHUeHHA TIpolleypH HOIIYKY. EBpHCTHYHHH MeTO/| NPOJIOBKYETECA /10

THX Mip, TOKH He OvA¢ BUKOHAHO aHaJIi3 BH3HAUCHOTO YHCIA SJICMEHTIB MHOKHHHE a0 K BCIX

N-(N -1 _ . . .

# enemenTip MHOKkHHH Sef M . Sk nokasye npaktHka, y GibIIoCTi BHMAIKIB
o N-(N-1 _

HEMAae CMHCIY BUKOHYBATH aHaliz Oulbllie TOJOBHHH (ToOTO ——————) eJIleMeHTIB

muosxunm Set M .

Buxin: ontuManbHa CTPYKTYpa (CTPYKTYPH) g* .

6 Ilpukiaan moGya0BHA Mepexi “A3ia” 3a eBpHCTHIHHM METO10M
CKOpHCTAEMOCH BIJIOMOIO TECTOBOK Mepeker “Azig” 3 BickMOMa BepllMHaMU. B
TaOMHUI 6 HABEICHO 3HAUCHHA B3acMHOI 1H(OpMAIIIT IJIA BCIX BEPIIHH Mepeiki (TICPIIHH eTam
AITOPHTMY), a B TaOMuIl 6 HaBeACHO MOpsIoK moOyaosd MbE “Azig” eBpHCTHUYHHM METOJOM
(npyruit eran anroputmy). HapuaHHs BukoHaHO 3a Jjonomorow euOipku 3 7000
crocrepekenb. Ha puc. 2 HapejeHa CIpyKTypa oOpUriHajBHOI Mepexxi balieca, za skoro

IreHEPYBAJIMCh 3HAYUCHHA.

5. Un 6ynH B Asii?

4. TyGepkyibos abo

el \
6. PeHTreHOTpaMa
8.3agmmka?

Puc. 5. OpurinaisHa Mepeka “Azisg”

pakK.
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Tabms 6.

3HaveHHs B3aeMHoI 1HpopMaIii MiK BciMa BepiiuHaMud MB “Asig”.

No | MT |7 |7 | Ne MI i |J | Ne M J | Ne M i |J
1 o251 7|8]|8 00245 | 1] 8[15] 0001227 | 3| 5|22 | 000012271 [ 2| 5
2 0136 2] 4|9 00132 | 4| 8|16 | 0000851 | 1| 6|23 | 000006475 | 5| 6
3 0,125 4| 6| 10 00101 | 2| 8|17 ] 0000508 | 2| 7|24] 000003950 | 2| 3
4 0,096 | 2| 6]11 00051 | 6| 8] 18| 0000381 | 3| 7[25] 000003249 | 5[ 7
5 0048 | 1| 7 (12 00031 1| 2|19 | 0000266 | 4| 5|26| 000001725 5| 8
6 0,036 | 3] 4|13 0,0028 | 3| 8120 | 0000197 | 1| 5|27 ] 000000303 1| 3
7 0025] 3] 6| 14 00022 1| 421 ] 0000128 | 4| 7|28 | 000000074 | 6| 7
Tabmurs 7.
Hapuanns MB “Azis”™.
OTpHMaHO ONITHMAJILHY CTPYKTYPY ITepartis
s 1 Ha 1-# itepamii 3a mepmuMu 2-Ma psAIKaMH
o . , ® .5 . , .1 MI(7,8) u MI(2,4), Bi;[copTczBaHoi' MaTpui M,
® o ® OyayeThesl MHOIKHHA MOJCNEH 3 9 CTPYKTYD.
2T ®
6 ® 8( 6 L RK.
® © ® ©
5 1 Ha 2-# 1Tepanii 3a OTpHMaHHMH ONTHMAJIBLHHUMH
[ _JE , @ MomeAMH 1 MI(4,6) OyayeThess MHOKHHA
o , K. MOJIEJIEH 3 6 CTPYKTYP.
" ‘. < ‘/. 7 Ha 3-ii 3a ontumansHOW Mojesuiw 1 MI(2,6)
® () OyaveThest MHOKHHA Mojelied 3 3 cTpykryp. B
PeRVILTATI  OTPUMYEMO Ty IK  ONTHMAJILHY
CTPYKTYPY, IO # Ha nornepeaHid 1Tepaiti.
Ha 4-# itepamii 3a ONTHMAJIBHOK MOJCIUTIO 1
.5 ! .5 ! Mi(l,7) Oynyerbcst MHOKHHA Mojened 3 3
3 i) 3 2
CTPYKTYP.
o 4‘. L 4’.
6 S ’ 6 8 a” ’
® © ® ©
5 ] 5 1 Ha 5-# iTeparrii 3a onTHMaIbHHMHA MOJCISIMHA 4-1
o . ) ® . 5 iTepammii i MI(3,4) OynveTbes MHOKHHA MOISICH
.‘ 1 4 3 6 CTPYKTYP.
6‘. Sa” 7 ﬁ’. Sa” 7 | Ha 6-it iTeparrii 3a ONTHMANbLHHMH MOJCIISIMHA -1
® © ® © iteparii 1 MI(3,6) Oynyerbesi MHOKHHA MO/IeNeH
3 6 cTpyKTYp. B pesvibTari oTpuMyeMo Ti K
OTNITHMAJTBHI CTPYKTYPH, IO 1 HA TIoTIepe/IHIH S5-H
iTepaifii.

http://mmsa.kpi.ua Kadenpa maremarnaaux M820/1iB cHCTEMHOTO aHAMIZY




Ha 7-# iTepaiii 3a onTHMaNbHUMHA MOJISJISIMH 3-1
iTepamii i MI(1,8) OynyeTbess MHOKHHA MOISICH
3 6 CIpykTyp. Pesymprar cmiemagae 3 5-10
iTepariero.

5 1 5 1 Ha 8-#t iteparii 3a MoIeasAMH, OTpUMAaHHMH Ha
7-# itepamii Ta MI(4,8) OyayeThca MHOKHHA
MoJIeJIed 3 6 CTPYKTYP.

Ha 9-#i iTepaiii 3a onTHMaNbHUMHA MOJIJISIMH 8-1
itepainii Ta M2, 8) SynyeTbcsi MHOKHHA MO/TeNeH
3 6 cTpyKTYp. B pesyibTari oTpuMyeMo Ti K
ONTUMAIBHI CTPYKTYPH, IO 1 Ha momnpeaHid 8-i
iTeparii.

Ha 10-# iTeparii 3a onTHMaNhHUMHA MOJICTSIMH 8-
i itepamii Ta  MI6,8) OyayeThcd MHOKHHA
MojIelieH 3 6 cTpyKTyp. PesynbraT criiBnanae 3 8-
10 ITepallier.

io,a
Y.

o
e
.
%

1 5 1 Ha 11-i1 itepamii 3a MoJie/siMHA, OTPUMAHUMH HA
3 ) 10-# i1tepami Ta MI(1,2) OGynyerhcsi MHOKHHA
.‘ 4 ‘,', MoJIeJIed 3 6 CTPYKTYP.
" | Ha 12-i itepanii 3a MI(3,8) GyayeThcs MHOKHHA
¢ @ e O MoOJIeJIed 3 6 CTPYKTYP.
Ha 13-i1 itepamii 3a MI(1,4) OynyeThcd MHOKHHA
MoJIelieH 3 6 CTPYKTYP.
Ha 11-#1, 12-#1, 13-#1 iTepaiiix OTPHMYEMO
0JIHAKOBI ONTHMAJILHI CTPYKTYPH MO/IeJIeH.

®.
-
@

3
\
;
\

Ha 14-i1 itepamii 3a MoJe/siMHA, OTPUMAHUMH HA

.5 . 10-ii itepamii, Ta MI(3,5) Oyayerbcsi MHOKHHA
bV .2 MOjIeJICH 3 6 CTPYKTYP.
4
¥ 7
6A 8 o Ha 15-#f itepami 3a oTpuMaHoro Ha 14-#
L L iTepallield  ONTHMAJBHOK  CTPYKTYPOK  Ta
MI(l,6) Oynyerbcst MHOXKMHA Mojiesied 3 3-x
CTPYKTYD.

3 151 mno 27-y iTepamii HISKHX 3MiH
ONTHMAIBHOT CTPYKTYpH, OTpHMaHOi Ha 14-H
iTepailii He Bi/IOYBaETHCA.

Jns modymoru MB “Asist” mpu mpocTOMY IpSMOMIHIHHOMY aHAJi31 BCIX MOMTHBHX
HEIUKIIYHUX CTPYKTYp HeoOxiHo omiauTH 783 702 329 343 wMopesieil.  3apisiku
3aCTOCYBAHHIO 3aMPOMOHOBAHOTO MeTOTY Ha 27-H iTepallisix alTOPHTM BHKOHYE aHATI3 JIMIIE
120 cTpyKTYp, IPUUOMY BiKe Ha 14-# iTeparii, mocihd aHam3y 81 cTpYKTYpH, METOI TPOIOHYE
CTPYKTYPY. sIKa MOBHICTIO CITIBIAJAe 3 OPHUTIHAILHOIO Mepekeio “Asiga”. Tobro Ha mpoTssi
HacTymHHX 13 iTepaiii MeToJly HISIKMX 3MIH Y CTIPYKTYpl He BIAOYBAaeThCH, TOMY IO

OTNITUMAJILHA CTPYKTYpPA BiKe 3Hai)leHa Ha 14-i iteparltii.
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Ouminka sxocri Hapuannsa Mb. g omimoBanns akocTi HaBuamHs MB MoxkHa
BHKOPHUCTATH YHCIIO 3aHBHX, BIICYTHIX Ta PEBEPCOBAHUX VT B HABUCHIH MEpeiKi V MOPIBHIHHI
3 opuriHaTebHOK MB. 3a Mipy noxuOKH HaBYaHHS MOKHA BHKOPHCTATH CTPYKTYPHY PI3HHITO
abo mepexpecHy eHTPOIIIO (Ccross enfropy) MiK HapueHO MB Ta opHriHATBHOK MepeKero.

Jns oGuncIeHHS CTPYKTYPHOL PI3HHIN 3aCTOCOBYIOTE (DOPMYITY CHMETPHUIHOI pI3HHITI

CTPYKTYD [9]:

5=36 = card[OBATY ()= card (19 (B)\ TT® (4))U [T (4)\ TI(B)))

i=1 i=1

ne B — mapuena MB; A — opurinanbna MB; 71 — 4HCIO BEpIIHMH Mepeiki; H@(B) —

MHOKHHA IPeJIKiB [ - BepIIHHH HaBdeHoi Mepexi B [ (A) — mpoxwunHa npeaxis f -i
BEpINHHM OpHriHanbHOi Mepexi A; card(E) — NOTYKHICTE CKIHUEHOT MHOKHHH &, sKa
BH3HAYACTLCS THCIIOM CJICMEHTIB, IO HATC/KATh MHOKHHI .

Hepexpecna enmponia — 1ie BICTaHB MK po3mo/iutoM HaBdeHoi MB Ta opuriHamsHoi
MB. Sxkmo p(V) — cminemmii pozmomin opurinamenoi MB, a ¢(V) — cHiIBbHHH posmomin

HapueHOi Mb, To mepexpecHa eHTpomist o0uncIoeThes Tak [10]:

YW = 11V =
H(p.q)= Zp(v)-lOg p(v) :Z Z Z PV = a|H(” =4 lop P( a| 5)
v v

q(v) jed s€5(].2) aed q(X(J) — a|H(J) - S)

ExcnepuMeHTATIBHI pe3yibTaTH. BUKOHAHO MICTH OGUHCITIOBATTEHIX eKCTIEPHMEHTIB.

B KoXHOMY eKCIlepHMeHTi 3a eBpHCTHYHHM MeTO/IOM BHKOHAHO HaBdYaHHS Mepexi 3 10

BepiidH BuOipkow 3 2000 HaBYAILHHX cHOCTepe:KeHb. [ OMIHIOBAHHS SKOCTI HABYAHHS

BHKOPHCTAHO CTPYKTYPHY PI3HHI[I0 MIK HARUEHOI Ta OPHTTHAIBHOK Mepekero baiieca. B

Tabmuili 8 HapeJeHO pe3yJbTATH NIECTH OOYHCIIOBAIBHHX eKCcTepuMeHTIiB. JUIs KOKHOTO
SKCIIePHUMEHTY BUKOHAHO 44 1Tepallii HABUAHHSL.

Tabmuus &.

PesyanTaTi mecTH 0OUNCIIOBANILHUX KCIISPUMEHTIB.

Homep o09HCTIOBATIEHOTO Nel | Ne2 | Ne3 | Ned | No5 | Noo
EKCTICPHMEHTY
3arajbHe 4HCIIO MoOJIeleH, 9K OyiIu

aHaIizoBaHi 3a CBPHCTHYHHM MCTOOOM 513 178 | 415 2821 550 | 329

Ha BCIX ITepaIfiiax

3aiiei Iyru 1 0 1 2 4

BigcyTHi ayru 0 0 0 0 1
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Pepepcopani Oyru 3 0 1 1 1

CTpyKTYpHA PIZHHIA MIZK HABUSHOIO Ta 8 0 3 3 4

OPHFiHaJ'[bHOI-O MOIOCIIAMH

Sk BHAHO 3 TabaMIi 8, B ABOX 13 MISCTH OOUHCIIOBAILHHEX eKcepuMeHTax (Ne 2 1 Ne 6)
HABYEHA Mepeka MOBHICTIO CriBmaia 3 opuriHansHorw MB. B qBox i3 mecTH ekcepumeHTax
(Ne 3 1 Ne 4) noxubka HaBuaHHA, TOOTO CTPYKTYPHA PI3HHIL MI3K HABYEHOI TA OPUTTHAILHOK)
MOJACISIMH, NOpiBHIOE 3, o I Mepeki 3 10 BepIIHH € MUTKOM TPHHHATHAM 3HAYCHHSIM.
3HauHl NOXWOKH HABYaHHS OTpUMaHO B ekcnepumenTax Ne 1 ta Ne 5. Opnax just moOynoeu
MepeKi Ha BCiX 44-X iTepamisix Oyiio BHKOHAHO aHaJi3 TUTBKH 513 1 550 Momenei, BiamoOBIHO,

B TOM Hac sK NpH NpocTomy mepebopl BCIX MOKIMBHX HEIMKIYHHX Mojeliel HeoOXiaHO

npoanamzypaTa 4 175 098 976 430 598 100 moaemet.

7 BucHoBKH

B po6oTi po3risiHyTo NPHUHIANH MTo0yI0BH Ta IpobiieMa HaBUaHHS Mepek Balteca. Ha
MIPOCTOMY MIPHKIA/I MPOUTIOCTPOBAHO TPOISAYPY MOOYAOBH Mepeii Ta MOKa3aHO MOMIHBOCTI
OTpHMAaHHS anpiopHoi iHdopMalii mo/10 cTany By3Jie Mepexki. Ockiibku HapuanHst Mb e NP-
MOBHOK 33/1a9er0, TO JUIS 3MeHIMIeHHS 00YHCIIOBAILHOT CKIIAJTHOCT 3a/a1l 3alpOTIOHOBAHO
HOBHH CBPHUCTHUHHH MeTon moOymou MB, AKHH TpYHTYETHCS Ha BHKOPHCTAHHI OIIHKH
B3aeMHOI iH(opmMarii MixK BepmuHaMH 1 MeTomi OMJI. JlaHwWi eBpHCTHUHHH METOI €
ITepaIliiHAM, BiH JIJa€ MOMKIIHBICTh 3HAYHO 3MEHITUTH OOUHCIIOBAIBHY CKJIAJIHICTh HABYAHHS
MBE.

AJITOPUTM  3aMPONOHOBAHOTO SBPUCTHYHOTO METOAY MOKJIAJHO pO3IJIAHYTO Ha
BiIoMOMY HpHKIaT MB “Asig”, mo ckiagaeThes 3 8 BepmuH. /s HaBUaHHS 3HATOOHIOCH
BHKOHATH aHam3 120 cIpykTyp, TOJli SIK NPH HPOCTOMY MHOBHOMY mepebopi HeoOXiTHO
npoanamizypata 783 702 329 343 HenUKINYHUX CTPYKTYP.

Ha ocHoOBI pe3yNbTaTiB BHKOHAHHX OOYUCIIOBATRHUX CKCIICPHMEHTIE MOJKHA 3pOo0HTH
BUCHOBOK, MO y OUIBLIIOCTI BUMAJKIB MOXMOKA HABUAHHA 3a CBPUCTHUHHM METOJOM €
MPHHHATHOI, a CKOHOMIS OOUYHCTIOBAILHUX PECYPCIB 1 4acy OOYHMC/ICHBL € 3HAYHOIO. JI7Ist
OI[IHIOBAHHSA SIKOCTI HABUAHHA MEPEeK BHKOPHCTaHO OpMYIH CTPYKTYPHOI PI3HHIN Ta
MepeXpecHOi eHTPOTIIi.

BukopucTaHHs eBpHCTUYHOTO METOIY HABUAHHS J1a€ MOMKIHBICTH 3HAUHO POIIHPHTH
MOSKITHBOCTI 3aCTOCYBAHHS Mepesk baifeca Tpu BHKOHAHHI aHATIZY JAHHX Ta SKCTEPTHHX

OIIIHOK TOMIH pPI3HOI TPHPOIH, OCOONHBO TaM, ¢ TPHUXOJHTHCS TPAIIOBATH 3 BSIUKHMH
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o0’emamu  1HGMpopMamii. B momampmuX  JOCTTKEHHSIX — IJIAHYETBCS — 3aCTOCYBATH

3alpoNMOHOBAHUH MeTo HapuaHHSA Mb 10 po3B’sa2Ky 3a7a4 pO3MI2HABAHHA Ta MIPOTHO3YBAHHS

3 BHKOPHCTAHHAM JJHCKPETHHX Td HENMCPCPBHHUX 3MIHHHX.
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