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®PAKTAIbHbIA AHANU3 B 3A0AYAX OLIEHK BUOJNEKTPUYECKUX
CUIHANOB C LIENbIO AUPPEPEHLIMAIIBHOU OUATHOCTUKU
NATONOMMYECKUX COCTOAHUU OPIAHOB U TKAHEU OPITAHU3MA

A.A. bonnomoe, H.B. Tuweeackasn
Yenl'MA, 2. YenabuHck

AHanu3upyercs BO3MOKHOCTh HCHOJIb30BAHHA (PPAKTANBHOIO AaHAJIUN3A B COYe-
TAHHH €O CTARJAPTHBIM ANCKPHMHHAHTHBIM aHAJIH30M I aHaIuM3a OHO3JIeKTpH-
4eCKMX CHIHAJIOB, CO3XaBaeMbIX IeKTPHYecKOH aKTHBHOCTBIO BO30YyIUMBIX Kile-
TOK, € 1e1bI0 i depeHnuanbHoli JHArHOCTUKH MATOJOTHYECKMX COCTORHMIA opra-
HOB # TKaHeil. Pabora npoBejena Ha HpuMepe PaclO3HABAHHA TUCTPOPUIECKHX H
3JIOKA4€CTBEHHBIX HPOIECCOB B 0PTATbMOJOTHH.

Knwouesvie croea: gpaxmanoroiti ananus, OUCKDUMUHAHMHABLE AHANU3, BUOIREKMPU-
yeckue CUZHanbl, OUCMPOPUA CEMUAMKY, MERAHOMA, PEMUHOGIACOMA.

B MeaunuHCcKo# NpakTHKE DIUPOKO HCIOIB3YeT-
¢ aHauu3 OMODNEKTPHYECKHX CHIHAJIOB, MOpOXIae-
MBIX IEKTPHYECKOH aKTHBHOCTHIO OPTaHOB H TKaHei.
AHnanu3 TakuxX CHTHAJIOB NIPHMEHAETCA JJIA Onpeaeie-
HUsl COCTOSNHMA OPraHOB M CHCTEM 4YEJIOBEYECKOTO Op-
TaHM3Ma C JUarHOCTHUECKOH neabro. [lpuMepamu Taxux
CHTHAJIOB SBIAIOTCS JNIEKTPOKAPAHOIDAMMEL, 3MIEKT-
posnuedanorpaMmsbl, peorpaMMbl, 3alliCH BO BpeMe-
HH W NPOCTPAHCTBE HaHHBIX YIBTPA3BYKOBBIX HCCIIE-
moBaHuid B T. 0. CTannapTHeIH CHEKTPaALHBIH aHAIM3
(pacuer ®yppe-criekTpa) NONOOHBIX CHUTHANOB NOKa-
3BIBAET, YTO BCEM MM NPHCYHIA MEPHOIHYESCKAA COCTAB-
smomas. OAHako KpoMe HEPHOIUYECKO COCTaBIAIo-
uiel, B OHOdNEKTPUYECKUX CUTHANAX HPUCYTCTBYIOT
KBU3HIEPHOAHYECKHE B CTOXACTHHECKHE KOMIIOHEHTHI.
Oco0eHHO BEJMKa poNlb KBA3UIEPUOAUYECKHUX U CTO-
XaCTHMYECKHX COCTAB/LIIOLIMX B 3alHMCAX DNEKTPOSH-
uedanorpaMM, peorpaMM ¥ BPEMEHHBIX Pa3zBEPTOK
YJIBTPa3BYKOBBIX CUIHAJIOB NpH YILTPa3BYKOBBIX 00-
caenosanusx. [lonpiTka NPUMEHUTH OOBIYHBIN CrieKT-
panbHbi ananus (Dypbe-aHann3) CHrHaIOB CO 3HAYM-~
TEBHOM [0JIed CTOXaCTHYECKOH COCTaBIAOIIEH B
3a/]a4ax PacHo3HaBAHHA NATONOTHYECKUX COCTOSHMH,
KaK [IpaBuJIO0, 3aKaHYMBACTCH Heyjadeil H3-3a INPHH-
OUIHANLHBIX OrpaHH4eHull Pyppe-aHanu3a, 3aKiIo-
YAXOBIUXCA B CIOKHOCTH €r0 NPHMEHCHHS JUIS aHANHK-
3a CTOXacTHueckmx curHanoB. Takue ocobGeHHOCTH
CHTHaJIa KaK, HarpuMep, pe3Kue Nepenannl H BCIUIECKH
BEI3BIBAIOT JHINE HE3HAYUTENbHEIE H3MEHEHHS CIIEKTpa
CHTHAJIa, KOTOPHI€ pacnpeAensioTcs Mo Beei 4acToT-
HOH OCH, YTO JIENIaeT HEBO3MOMXKHBIM HX OOHapYXeHue
n aranus. [1o coctaBy BRICINMX COCTABNAIOIIMX CIICKT-
P2 NPaKTHYECKH HEBO3IMOXKHO ONPEHENHTh MECTOIO-
JNOXKEeHUE OCOOEHHOCTEH BpEMEHHOH 3aBUCHUMOCTH
HCXOAHOTO CHrHana. Bee BhIIECKa3aHHOE 3aCTaBNACT
HCIONB30BaTh A aHaIu3a OHO3JIeKTPHYECKHX CHI-
HQJIOB HOBBIE METOABI, NMPUHUHIHANGHO MOIXOAAIUHE
IUig  aHanu3a [CeBAOCHYYaHHBIX HECTaIHOHAPHBIX
npoueccoB. K Takum MerojaMm OTHOCATCA (paKTaiib-
HbIH ¥ BEHBJIETHBIN aHaNU3.

Leas nceaenoBanus. [ensro Hactoswei paboTet
ABJAETCS M3YYEHHE BO3MOXHOCTH IPHMEHEHHs METO-
IoB (paKTaJbHOTO aHAIM3a B COYETAHHWH C JHCKDH-
MUHAHTHBIM aHAJIH30M B 3a1a4ax auddepennnansHoi
IMAarHOCTHKU MATOJNOTHYECKUX COCTOAHHH IO 3amnu-
€M BpPEMEHHBIX pa3BEPTOK YAbTPa3BYKOBBHIX CHTHa-
10B 0py o0cIeROBAHUH IIa3HOro A6n0Ka. B KauecTBe
HCXOAHBIX CHPHAJIOB JUI1 [pOBepkH 3(dexTuBHOCTH
IpuMeHeHNs (PaKTaIbHOTO aHANM3a PACCMATPUBAIHCH
OJHOMEPHBIC 3allHCH YILTPA3BYKOBOTO 0OCHeNnOBaHH:A
BHYTPUINAa3HBIX 00pa3oBaHui, BeIIOJIHEHHEIE Ha Kaden-
pe rnasusix Gonesnedd YenI'MA ¥ ucnosnn3oBaHHBIE B
Haneii pabote ¢ paspemenus npodeccopa B.C. Prikyna.

Meroabt ncciiexoBanus. 3ajaya pemasiack B
Tpu 3Tana. Ha nepBoM 3Tane BBINONHAJIOCH YIBTPa-
3BYKOBOE CKAaHMPOBGHHE C BBICOKHM pa3peliCHHEM
riaasHoro A010Ka Ag Kaxnoro nanuenra. lanee mpo-
BOJMIIACH OLM(POBKA MOJYUECHHBIX CKAaHOTPaMM TaK-
KE C MAKCHMajJbHO BO3MOXHBIM paspemreHueM [3].
Onudposanasie U300paxeHUs COXpaHAIUCH B dop-
mate ASCII (kak TekcTosbli daiin). Ha Bropom sTane
BcE OHMGPOBAHHKIE CKaHOIPaMMBl BBOFUINCH B CTaH-
JapTHYIO NPOTpaMMy i CTaHIAPTHOTO (paKTanbHO-
ro ananmuza FRACTAN [1]. Ha Tpersem sTame pe-
3yNbTathl (PaKTaJbHOIO AHANW33 HONYYEHHBIX CKa-
HOIPaMM HCIONB30BAMCE KAK BXORHBIE NEPEMEHHBIE
JUI CTaHJApTHOTO NUCKPHMHHAHTHOIO aHanmsa [2].
Io pesynbraTaM AHCKPHMHHAHTHOTO aHAaNH3a IPH-
HMMaOCh OKOHYATENIFHOE pelieHne no audpdepeHnu-
aJIbHOM AMArHOCTHKE MAaToJIOTHi ria3Horo 26i0ka.

Pe3ynesTaThl HecllelOBAHMA B UX 00cyskaeHHe.
Jna nposepku BO3ZMOXKHOCTH NPHMEHEHHS KOMOHHa-
uuy $paKTanbHOrO aHAIM3a W JUCKPHMHHAHTHOTO
aHanus3a Opuin BHIOpaHBI NALMEHTHI ITIA3HOTO OTHEJe-
HHA 00MacTHOH KIHMHHYECKOH OONBHULBI C TPEMSA BH-
JaMu naTonoruil raasHoro abnoka: amcrpodusa ceT-
YaTKH, MeJaHOMa, peTHHoOIacToMa. BeeM naguexTam
OBiI0 BHINOJIHEHO OJHOMEPHOE C BHLICOKHM pazpeure-
H¥EM YABTPa3BYKOBOE CKAHHPOBAHME ImasHoro 2610ka.
Ilepsuunoe ckagupoBaHUe OBLIO BHINIONHEHO npodec-
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copom Prixynom B.C. Ha Brixone ckanepa Opui nio-
ny4eHs! n3o0paxxeHna (ckaHorpammel). Mzo0paxenus
¢ TIOMOMIBIO CKAHEPa C BHICOKHM Pa3pEICHUEM B [IPO-
rpammbl ouHbpoBkH H300paxeHuit [2] oundpossiba-
JHUcs ¥ nepesonunuck B gopmar *.xls. Tlocne nposep-
KH Ka4ecTBa OLH(POBKHM NTyTeM CPAaBHEHHS ¢ HCXORHOU
CKAHOTPaMMOH, CKAHOTPaMMbl COXPAHMIMCh B TEKCTO-
BoM (opmare (ASCII), kak Toro Tpebyer nporpamma
dpakTanbHOTO aHaNM3a.

IIporpamma QpaKTanbHOro aHaNM3a A4 KAXAOro
[AUHEHTa PACCYMTHIBAET OCHOBHBIE XAPaKTEPHCTHKH
¢dpakranor: pasMepHocTs $a30BOr0 IIPOCTPAHCTRA,
bpakTanbHYI0 pa3sMEpPHOCTh, MOKa3aTellb XepcTa,
KOPPEAIOHHYI0 PasMEPHOCTb U KOPPEJALHOHHYIO
sHTpOrHio. I NPeABapUTEIFHOTO aHalU3a HCHOMb-
30BaHO 24 3anucH no 8 HE3aBUCHMBIX 3amuced s
KaXJI0H HO30JIOTHH.

OCHOBHBIE XapaKTEPHCTHKH (PPAKTATIOB HCIONb-
30BAJIUCH KaK BXO/HBIE [IEPEMEHHBIE IUIA JTHCKPHMU-
HaHTHOro aHaym3a. Ilo paccuuTaHHBIM XapakTepu-
cTeKaM (pakTa’noB NpHUMEHANICH AUCKPHMHHAHTHBIH
aHAIM3 C pacyeToOM HOPMUPOBAHHBIX W HEHOPMHPO-
BaHHBIX K03 HIMEHTOB AUCKPUMHHHPYIOMEH (YHK-
IHMHA C TIOJHBIM BKJIIOYCHHEM BCEX HEPEMEHHBIX H IO~
HIArOBBIH METOA UM BBUIBICHHS HHGPOPMATHUBHBIX
(hpaxTanbHBIX OKa3aTeneH.

Js Merona nonHOTO BKMIOYEHHA BceX (¢pak-
TaJlbHBIX NOKa3aTeneH NOMyYeHs! CICHYIONIHE Pe3y/IbTa-
18 IloCKONIBKY KACCOB NATOJNOTHH TPH, TO Pe3yibTa-
Thl JUCKPMMMHAHTHOIO aHalH3a OTOOpaKaroTcs Ha
IUIOCKOCTH C PacyeToM [ABYX AMCKPHMUHHPYIOMHX
¢$yrknuit. B tabn. 1 npuseneus coOcTBEHHbIE 3HAYE-
HUst ¥ KO3 DHUIMEHTh! KAHOHHYESCKOH KOppeIsLuH.

Tabnvua 1
CobcTBeHHbIe 3HaYeHun
W NpoLeHT 06 bACHeHHON QUcnepcun

Cobcrt- % 00Bsic-
DyHK- N Kanonuyeckas
st BEHHOE HEHHOH I——
n 3HAYEHHUE | JHCIEPCHH
7,458° 91,5 0,939
2 0,696* 8.5 0,641

3HaYHMOCTb EPBOH HHCKPHMHHUpYOMEH QyHK-
muu meree 0,001, sropoit — 0,032.

B T1abn. 2 npuseleHH HOPMHPOBAHHbIC 3Haye-
HHSA K03 (OUIMEHTOB IUCKPUMHHADYIOMUX pyHKIHH,
B Tabu. 3 — HEHOPMHPOBAHHbIE 3HAUCHNS, KOTOPBIE U
JODKHBL HCNIOAL30BaThCA NpH pacyerax. Hopmupo-
BaHHBIE KO3(Q(HUUUEHTH HCNONBIYKTCH JULA CpaBHE-
HHF CHJIBl BIMAHUA MOKasaTeliedl Ha paclo3HaBaHUe
NIaTOJNOrHH.

COOTBETCTBEHHO IHCKPUMHUHHPYIOIIHE (YHKIUH
HMEIOT BUJ:

Fi(x) =KP-2,6+POII1-0,158+ 11X - 4,162 +

+®P.0,552+K3-0,197 -9,622;

F2(x)=-KP-0,317 - P®II-0,094 + [1X - 10,041 +

+®P.2,715-KD2-(—4,4) - 6,241.

Tabnuua 2
Hopmuposanible ko3 PULUMEHTD!
KaHOHWYECKON AUCKPMMUHUPYIoLLEen (byHKUUK

Ilepemennas DyHrus
1 2
Koppensunonnas 0.858 0,104
Pa3sMEpHOCTH ,
Pasmeprocts dazosoro 0,406 0,240
IPOCTPAHCTBA
Tlokasaresns Xepcra 0,404 0,975
DpakrajibHas pa3MEpHOCTD 0,120 0,590
Koppensuponas 0,018 | —0,408
IHTPONHKA
Tabnuua 3

HeHopMmupoBaHHbie Ko3thhLneHTb!
KaHOHUYECKOW ANCKPYMUHUPYIOWEN (PYHKLKN

Ilepemennas Dymxups

1 2
Koppensanuonnas 2600 | —0317
pasmepHoctb (KP) ’ ?
Pasmeprocts dazosoro
npoctpaHcTsa (POIT) 0,158 | -0,094
Toxkasarens Xepera (I1X) 4,162 | 10,041
®pakransHag pasmeprocts (BP) | 0,552 | 2,715
Koppenanuonnas sarponng (K3)| 0,197 | —4,400
Koncranra (K) -9,622 | -6,241

Ha puc. 1 nokaszaHs! B KOOpIMHATaX JHCKPHMH-
HHpYIOIMX (QYHKIMH MONOKEHHA LEHTPOB [Pyl
[ALUEHTOB pasHBIX IATOJNOTHI TIiazHoro #A0noxa u
OTZIETIHHbIC NAIHEHTH.

B 1a0n. 4 npuBeneHs! pe3ynbrarthl inaccuduka-
UM TIpM HCIOJB30BAHHMM BCEX IIOKazaTteneid dpak-
TaJIHOTO AHANU3A.

Jlist BbIsIBAEHUA TONBKO MH(GOPMATHUBHBIX NOKa-
3aTenell PpaTanbHOrO aHAIN3a Ha CIeIyIOMEeM JTame
HCTOJIL30BaJCA HOMIATOBhIH METOH AMCKPUMHHAHTHO-
ro ananusa. IIpu 5TOM Ha KaXJIOM IIare UCIOIb3YeTCH
U aHAJIU3a TOJILKO caMble HHQOPMATHBHBIE HOKa3a-
Tenn. Koraa Bwlaj odepeAHOro IOKa3aTens He mpe-
sotmiaer 0,05, ananu3 ocraHaBnuBaeTcs.

B tabx1. 5 u 6 npUBeNCHB! HOPMHPOBAHHBIEC U He-
HOPMHPOBaHHBIE KO3(QOAUHEHTH! AUCKPUMUHUPYIIHX
¢byakuui 1is nomrarosoro MetoAa. U3 tabaun Bugso,
yto jang gudepeHnuanbHOH HarHOCTHKM JOCTATOq~
HO TOJIBKO ABYX MoKazateneil (pakTaibHOrO aHaNM3a:
KOpPeIALMOHHOM Pa3sMepHOCTH U roka3atens Xepcra.
Ilpu sToM x03hdUNMEHTH KaHOHHYECKOH KOppest-
mau ana pepsoit yaxnuu 0,927 npu 3HAYAMOCTH
menee 0,001, a xna Bropo#l — 0,545 npu 3HaYUMOCTH
0,006.

Brnonue nouaATHO, uTO K03(GUUHEHTH KAHOHH-
4ecKOol KOppeiaiUuy CTald MEHBbILE, HO He CYILecT-
BeHHo. I1pn 3ToM 3HAYNMOCTE QYHKLMIH COXPAHMIACK.

Bua RUCKpAMEHHAPYIOUIHX QYHKIMHA:

Fi(x) = -8,729+3,162-KP + 4,741 -11X;

F2(x) = -3,297 - 0,428 - KP + 9,746 - T1X.
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MpoGnembl 3apaBoOXpaHeHust

KarHoHMuyeckne ANCKPUMUHAHTHLIE (PYHKLNNK
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Puc. 1. MonoxeHwe rpynn nauveHTOB Pa3HbIX NaTONoOrui
B KOOPAUHATAX ANCKPUMUHUPYIOWNX PYHKLMA
Tabnwua 4
PesynbTathl Knaccudmukaumm
IIpeackazanHas OPUHAMICKHOCT, ©
Ho3zonorus pea PURA/IORHAOCT: X Tpyrin Hroro IIporuos
Hductpodus Menanoma Petunobnacroma
Jucrpodus 7 1 0 8
Menasoma 0 8 0 8 Yactota
Pernnobiiactoma 0 0 9 9
Hucrpodus 87,5 12,5 0 100,0
Menanoma 0 100,0 0 100,0 Hons, %
Perunobnacroma 0 0 100,0 100,0
Tabnuua 5

HopmuposaHHbie xoaduumeHTbl
KaHOHWYECKOW AUCKPUMUHUPYIOWEN (DYHKLUN

Ilepemennasn ;Dymam;
KoppensanuorHas pasMEpHOCTh 1,043 10,141
Tloxasarens Xepera 0,461 | 0,947

Tabnwvua 6

Henopmuposatitble K03 puumeH bl
KaHOHUYECKON QUCKPUMUHUPYIowlel yHKUMK

Ilepemennas 1 Dyniuws >
Koppemsiznornsas 3,162 0428
pasmepHocTh (KP)

IMoxa3zarens Xepcra (I1X) 4,741 9,746
Komncranra (K) -8,729 -3,297

OtMmeruM, 910 BHIOOP KOPPENALMOHHOH pa3Mep-
HOCTH H IIOKaszaresis XepcTa COOTBETCTBYET MaKCH-
MaJIbHBIM 3HAYEHHSM HOPMHPOBAHHBIX KO3 ¢HIHEH-
TOB ITIpHM [10JHOM BIUIFOYEHHMH BCEX [NEPEMEHHEBIX B
IHCKpPUMHHAHTHBIHA ananu3. Ha puc. 2 nokaza”Ho mno-

TOKEHUE TPYIII NAUUEHTOB C Pa3HBIMM I1aTONOTHAMH
TIp# BBIOOPE TOJIBKO JABYX IIEPEMEHHbIX.

Kak sunHO u3 cpaBHeHms puc. 1 u 2, paznuumii
NPaKTHYECKH HeT. Pe3ynpTarsl xjaccHOUKAuH Ipu
HCHONB30BAaHMH TONBKO IBYX NepeMeHHbIX {96 % cuy-
43€B KIACCHQUITMPOBAHO MPABUIILHO) NPAKTHYECKH HE
OTIIHYAIOTCA OT OOWIMX PEe3yNbTATOB KIacCHU(UKAIIHH.
3T0 FOBOPHUT O TOM, YTO AciiCTBUTENBHO padoTaroT Ha
KacCH(HKAIMIO B CIIy4ae INa3HOH MatoyIOrMH TOMBKO
KOPPE/AHOHHAA Pa3MEPHOCTD H 110Ka3aTelb XepceTa.

Ha puc. 3 noxasana Tak Ha3plBaEMas TEPPUTO-
pHanbHas KapTa B KOOpAMHATAX JABYX AHCKPUMHHH-
pyiouux ¢GyHKOUHA, HA KOTOPOH MOKa3aHbi LEHTDPHI
pacnpezesieHnid A Tpex INasHBIX [ATOJOTHI U BBI-
6paHHble JHCKPHMHHAHTHBIM aHAIM30M JHHHWH, pas-
Zeadomue 3TH narosorun. TeppuropuansHas xapra
NI03BOJIAET ONPENEINUTh, K KaKoil 00sacTu OTHOCHTCH
BHOBb o0cnenyemblii manueHt. s 3Toro xas Hero
BBIYMCAAIOTCS 3HAYCHHA ABYX MHMCKPUMHHHPYIOIIUX
GyHKIUHA, 3TH 3HAYCHHS HCHONB3YIOTCH KaK KOODIH-
HaThl Ha IJIOCKOCTH. DTH KOODHHHATH! HAaHOCATCA Ha
TEPPUTOPUANLHYIO KapTy, H B KaKyio obnactp noma-
JaeT TOYKa Ul JaHHOTO IAIIMEHTa, BHIHOCHTCH MpeX-
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NOJIOKUTENbHBI OuarHo3 i Hero. Ksanparmkamu
0003HaYeHbl [EHTPH! pacHpe/icicHUHA KOOpAWHAT Ha-
[HEHTOB JUIs PA3HBIX NaTOJIOTHH.
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Puc. 3. TeppuropuanbHas Kapra

3axmouenne. Takum o6pasoMm, HpuMeHeHHe
(pPaKTaILHOTO aHAM3a ¢ NOCHEAYIOINUM AUCKPUMHU-
HAaHTHBIM 3HANH30M I[10Ka3ano ero BHICOKYIo 3didex-
THBHOCTh JJ1 peuleHns 3amad auddepenuuansHoil
JHATHOCTHKH HATOJOrHYECKMX COCTOSHHH IO NaHHBIM
BPEMEHHBIX Pa3BEPTOK YABTPA3BYKOBBIX CHIHAIOB.
KoM0OnHupoBaHHOE HCIONB30BAHUE (PAKTAILHOIO U
MUCKPUMUHAHTHOTO AHAJIM33a MOXET HANTH DIMPOKOE
NMPUMEHEHHE B CTaTHCTHYECKOH 00paboTke peructpa-
LIHOHHBIX KPHBBIX, HMCIONIMX NEPHOAUYECKYIO, KBa-
3UNEPHOJUYECKYI0O H CTOXACTHYECKYH0 COCTABIAIO-
HIME, TAaKHX KaK JJIEKTPOKapJAHOrpamMMa, 3JISKTPOJH-
nedanorpamMma, peorpamMma, 3afich YIBTPa3ByKOBOIO
ckanuposanns U T. 1. Mcnonb3oBanue ¢paxraisHOro
aHanu3a JUd OHEHKU PE3YNBTATOB HHCTPYMEHTaNb-
HBIX METOHOB OOCIe]OBaHAI YeNOBEKa W JXKUBOTHBIX
ABJACTCA HOBBIM IMEPCIEKTHBHBIM CTATHCTUYECKUM
METOJOM B OHONOTHH U MEIUIHHE.
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