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OIIEHKA METOJ0OB OBPABOTKH KAPJIMOCUT'HAJIOB

V crarTi po3ryIsiHYTI OCHOBHI METOM 00POOKH KapAioCHUTHAIIB, 3aCHOBaHI Ha PO3po0Ili aBTOMATH30Ba-
HHUX CHCTEM PEECTpallii i MOMepeAHbOr0 aHall3y CepIEeBO-CYMHHOI CHCTEMH.

The basic methods of cardio-signal treatment based on development of automatize registration system
and preliminary analysis of the cardiovascular system are considered in the article.

KurroueBbie cjioBa: MEIULUHCKass TUAarHOCTHUKA, 3JIEKTPOKapAWOCUTHAIT, apTe(baKTLI, OKCTPACUCTOJIN-
YECKHUE KOMIIOHEHTBI, OTBECACHUS, MUOKap/.

IMocTanoBka npo6sembl. MHOTHE U3 JOCTHXKEHUN TEXHUKU SBIISIOTCS CIE-
CTBUEM U3YYEHUS 3aKOHOMEPHOCTEH MKU3HEACSITETbHOCTU U TOBEJEHUS >KUBBIX
OpraHU3MOB U, B YaCTHOCTH, 4YeJOBeKa. B mocnenHue rojpl KaueCTBEHHbIE U3Me-
HEHHS TIPOU30IUIN B TSXHHYCCKON JTUATHOCTUKE MAIUH U 3HEPTETHISCKOro 000-
PYIOBaHUS, OCHOBOW KOTOPBIX CTajld HOBBIC METOJBI aHajH3a KOJeOaTeIbHBIX
MPOIIECCOB U TPEXkJIE BCEro, KOMIBIOTEPHOrO aHAJN3a MOMYJIUPOBAHHBIX BHOpa-
MU U mymMa. ECTECTBEHHBIM CIEICTBUEM TaKUX M3MEHEHHWH cTajla MOIMBITKA HC-
MOJIb30BaTh 3TH METOJbI JUIsl METUIIMHCKON NUArHOCTHKH, TEXHOJOTHUS KOTOPBIX
OCHOBaHa Ha pa3pa0OTKe aBTOMATU3UPOBAHHBIX CHCTEM PETHCTPALlUH U MIPEIBAPH-
TEJBHOTO aHaJH3a KIMHUKO-(PU3UOIOrHISCKON HHpopManuu. B HacTosiee BpeMs
MOJIy4al0T Pa3BUTHE HOBBIE TEXHOJOTMH BBISBIEHUS COCTOSIHUM, MpEAIIECTBYIO-
IUX Pa3BUTUIO OOJIE3HU. B OCHOBE 3TUX TEXHOJOTHH JISKHUT aHAU3 OHOJIOrHYe-
CKHUX PUTMOB OpPTaHH3Ma YEIOBEKa, BBIJIENIEMbIX U3 AJIEKTPOKAPIMOCUTHAJIOB.

AHanu3 aurepatypsl: B pabote [1] paccMOTpeHbI OCHOBBI 3JIEKTPOKAPANO-
rpaduy, MoKa3aHo, YTO AIIEKTPOKAPANOCUTHAI SIBJISIETCS OJHUM M3 CaMbIX YHOpS-
JIOYEHHBIX CHT'HAJIOB (M3MUYECKOH mpuponsl. [IpuBeneHsl OCHOBHBIE MapaMeTphl
OKT'. B pabote [2] mpoaHaIu3UpOBaHbI CUCTEMbI OTBEICHUH, MIPUBEICHBI PE3YIlb-
TaThl uaeHTHuKamu napamerpoB JKI' npu pasnuuHbIx 3a0oieBaHuIX cepana. B
[3] ompeneneHsl OCHOBHBIC CHMITOMEI 3a00JICBAaHUH cepAla, 0co0oe BHIMAaHME
yneneno orkioneHusM DKI' npu uremun Muokapia U creHoKapauu. B paborax
[4, 5] moka3aHO BO3MOXXHOCTH MCCIIEIOBAHHUSI COKPATUTEIBHON ()YHKIIMH MHOKAp-
na B (azoBom mpocTpaHcTBe. [Ipu 3TOM ompeseneHo, 4To Mpy pas3iNyHbIX Iopa-
KEHUAX MUOKApJAA U3MEHSIOTCA HE TOJIbKO HANpaBJEHUs, HO U CKOPOCTb PacIpo-
CTpaHEHU BOJIHBI ACANONSPU3ALIH U PEHOISIPU3ALUY [0 MUOKAPAY.

B pabore [6] npencraBieHs! pe3yabTaThl KIMHAYECKOTO HCCIENOBaHUS CKO-
poctHbIX nokazareneid 3yona 7 OKI'. Kiimandeckoe 3HaueHne 3Toro 3ydua cyie-
CTBEHHO YBEJIMYMBAETCS NMPHU ONPEETICHUN AIEKTPOIUTUUECKUX HApYIIEHUH, 4To
0COOCHHO BaXKHO MPH JUATHOCTHKE WIIEMHH MuoOKapaa. B [7] paccMoTpeH KoM-
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MIBIOTEPHBI aHAJIW3 M JlaHa WHTEPHPUTALUS 3JIEKTpOKapAuorpaMMm B (ha3oBOM
npoctpaHcTBe. IlpuBeneHsl anmapaTHO-POrpaMMHBIE CPEACTBA Ul HMCCIIE0Ba-
HUSL BApUaOENbHOCTH CEPJICYHOr0 PUTMA B KITMHUYECKOi mpakTuke. B [8] ¢ uenbio
pacumpenus (GyHKIMOHAJIBHBIX Bo3MokHOCTeW Merona DKI' mpuBeneHs! pe3ysib-
TaThl BEHBJIET aHAIM3a OMOMEIUIIMHCKUX CUTHANOB. B paboTte [9] npuBeneH mero-
JIUYECKUH MOIXOA B MOCTPOESHUM CUCTEMBI JUIsi HEMHBA3UBHOT'O KOHTPOJIS COCTOS-
HUS 2JIEKTPUUECKON aKTUBHOCTH CEpLa.

Hens craTbn — olieHUTH 3 PEKTUBHOCTH METOJIOB 00PAOOTKHU KapIUOCUTHA-
JIOB JUTS IMAaTHOCTUKHU 3a00JIEBaHUM cep/Iiia.

BapuabenbHOCTh CEpAEYHOr0 PUTMa MOXKET OBbITh OLIEHEHA C IOMOIbIO Pa3-
JIUYHBIX METOJIOB, K KOTOPBIM MOXXHO OTHECTH BPEMEHHBIE, YaCTOTHBIE, CIIEK-
TpaJbHBIE METOAbl 00pabOTKM KapauocurHaioB M ap. Cpenu amnmaparHo-
nporpammubix komiuiekcoB (AITK), pekomeHnoBaHHBIX MUH3paBoM YKpauHbI B
KauecTBe CTAaHJAPTHBIX CPEJICTB JUIi UCCIENOBaHUS BapUaOEeIbHOCTH CEpAEUHOIO
pUTMa B KIIMHUYECKOH NMPAaKTUKE W MPUKIAAHOW (DH3HOJIOTHH, CIEAyeT Ha3BaTh

«Bapukapa-1.41» u «/Iunamuka-100».

C nomorrsio ATTIK npoBoauiack mapasuienbHas (B peaabHOM MaciiTabe Bpe-
MEHH) PErucTpalysi puT™Ma Cepia ¢ MOCIACAYIOUIUM COMOCTaBIeHHEM HH(opMa-
[MOHHBIX BO3MOXXHOCTEH B YaCTH MaTeMaTHYeCKOTO aHalu3a BapHabelbHOCTH
CepIICYHOr0 pHUTMa. ODTOT AMMapaTHO-MPOrPAMMHBIA KOMIUIEKC O00ECIeUHBACT:
BBIBOJI HAa KpaH MOHHTOPA B PEXHUME PEaNbHOrO BPEMEHH OJHOBPEMEHHO IBYX
rpadukoB; snekrpokapaunorpammbl (OKI') u kapmuounrtepsanorpammbl (KUT);
aBTOMATHYECKOE pacrmo3HaBaHHe R 3yO1oB, apTehakToB, SKCTPACHCTON W apHT-
MUii; aBTOMATH3HPOBAaHHYIO KOPPEKTHPOBKY OLIMOOK U ammpOKCHMAIUI0 apTe-
GbakToB M sKcTpacucroanueckux 3aemenTop DKI'; aBTomMatnueckoe $hopMuposa-
HHUE JUHAMUYECKHUX (BpEMEHHBIX) psa0B RR KapHonHTEPBAJIOB 110 PACIO3HAHHBIM
9NIEMEHTAM M aBTOMATHYECKHI aHAIU3 BPEMEHHBIX psnoB RR kapauonHTepBasioB
CTaTUCTUYECKUMHU, ABTOKOPPEISIIIMOHHBIMY U CIIEKTPAJIBbHBIMUA METOIAMH.

Pacyer mokaszarteneil CeKTPaJbHOrO aHaIW3a MPOBOIMIICS B YETHIPEX yac-
TOTHBIX JIMAMa30HAX: BEICOKOYACTOTHBIE Konebanus (HF) B quama3one
0,5+0,15Tg (2+7¢); wumskouacrotHbie Konebanus (LF) B aumamasone
0,15+0,05 Ty (7+20c); cBepxuuskodactoTHeie konebanus (VLF) B nuamazone
0,05+0,015 I'r (20+70 ¢); yaprpanuskouactoteie konedanust (ULF) B nuama3zone
0,015+0,001 I'y (70+1000 c). Kpome Toro obecreuynBaeTcsi COXpaHEeHUE pe3yiibTa-
TOB aHajM3a BapHaOENbHOCTH CEPACYHOr0 PUTMA, a TAKKE HMCXOAHBIX TaHHBIX
(curnanoB OKI' v JMHAMHYECKHX PSAMOB KAPIHMOWHTEPBAJIOB) B OAHKE JaHHBIX C
BO3MOXHOCTBIO OOpAIlleHus] K HUM JUIsi Oosee MOJAPOOHOro aHaau3a Wil CPaBHH-
TENbHON OIICHKH U HCIONB30BaHKE [Tl 00paOOTKU M aHAIIU3a JAHHBIX PA3THYHBIX
BHUJIOB ITPOTPAMMHBIX CPEJCTB ¥ BO3MOXKHOCTh MX Pa3BUTHUSI U JIOMOTHEHHS.
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Jis AnarHOCTHKY, HamnpHMep, HWIIEMHUH MHOKapJa B KapAHOJIOTHYECKOM
MIPaKTHKE UCIIOIBb3YIOTCS PAa3IMYHbIE METO/BI HAXOXKEHUSI HEOOXOIUMBIX OTKIIO-
vermit. KT mpencraBiser co0oi 3amuch CUTHAA, HECYIIEro MH(OpMaIuio o0
W3MEHEHHSIX BO BPEMEHH CyMMAapHOI'O JJIEKTPUYECKOrO IMOTEHIMAlla, BO3HUKAIO-
IIEro B CEPJICYHOM MBIIIIIE 32 CUET IBM)KEHHSI HOHOB Yepe3 MBIIICYHYI0 MEMOpaHy
[1]. U3 anamu3a paGoThl [2] OCHOBHBIMH 3JEKTPOKApAUOrpadUUECKUMHU TMPH3HA-
KaMU HMIIEMHH MHOKap/a SIBJISIOTCS U3MEHEHHE ITONISIPHOCTH, aMILIUTYABI U Gop-
MBI 3y01a T , a Takxke cMelleHue (Jenpeccus 1 3JeBaius) cermeHra ST oTHOCH-
TENBHO M303JIeKTpryeckor muand. OmHako u3BecTHO, uto JKI B mokoe ObiBaeT
HOPMaJIGHOH TNPHUMEPHO Yy TIOJIOBHHBI OOJBHBIX CO CTaOMIJIBHOM CTEHOKapIuew,
MIPUYEM, COIJIaCHO JaHHBIM PpeMuHreMckoro uccienosanus, y 8,5% MyxuuH n
7,7% >keHIUH HaONIOMAIOTCS HecTelM()UISCKUe N3MCHEHHS YKA3aHHBIX TPU3HA-
koB OKI', uTo sIBJIsIeTCSI MPUYMHAMH JIOXKHOIIOJIOKUTEIBHBIX PE3YJIbTaTOB JHArHO-
cruku [3] .

C fOpyroil CTOpOHBI, Jake HE3HAUUTENbHBIE WM3MEHEHHUS aMIUTUTYIHO-
BpPEMEHHBIX TapaMeTpoB cermeHta ST M 3yOma T MOTrYT CBHIETENBCTBOBATH O
cepbe3HoM 3aboneBanuu [2] (puc.l).
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Puc. 1. OKT B miecTu rpyJHBIX OTBEACHHUSIX MPH OCTPOM MEIKOOYaroBOM HH(papKTe:
1o urdapkra (a); B 1-i nens undapkra (6)

Crnemyer 3aMeTUTh, YTO B pealbHBIX ycioBusax 3amucu DK moaBepikeHBI
BIIUSIHHAIO BHYTPECHHUX U BHEIIHHUX BO3MYIICHUH, KOTOPBIC HCKAXAIOT (GOPMY yKa-
3aHHBIX HH()OPMATHBHBIX ()PAarMEHTOB M TEM CAMBIM BBI3BIBACT JIOTIOIHUTEIHHEIC
MPOOJIEMBI MPHU MOCTPOCHUU KOMITHIOTEPHBIX CHCTEM aHAIN3a U WHTEPIPETAIUU
OKT'. Jlaxke st penieHusi, Ka3ainochk Obl, COBCEM MPOCTOH 3aauu pasnencHus DKI
Ha OTAeJbHbIE cepiacuHble UKIbl (RR WUHTEpBaibl) MPUXOMUTCSA HCIONB30BATH
JIOCTATOYHO CIIOXKHBIE aITOPUTMBI 00HapykeHnss QRS-koMIuIekcoB.

B pabore [4] nokazaHa BO3MOKHOCTh UCCJIEOBAHMS COKPATHTEIBHOM (PYHK-
UM MHOKapia B ()a30BOM MPOCTPAHCTBE, KOOPIAMHATAMH KOTOPOT'O SIBIICTCS aM-
wimtyaa Y(t) u npoussoauas mo Bpemenu dy/ dt Habmogaemoro nporiecca. J{uar-

HOCTHYECKas IEHHOCTh TaKMX HCCIIENOBAHUH O00YCIIOBJEHA TEM, YTO IIPH pa3iIny-
HBIX MOPaXXEHUSAX MHUOKAPA U3MEHSIOTCS HE TONBKO HAapaBJIEHUE, HO U CKOPOCHb
pacnpocTpaHeHHs BOJIHBI ACTONAPU3ANNH U PEMOIIPHU3aIMH 10 MUoKapay [5, 6].
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[ Toro, uToOBI 0OOCHOBATH TpeAIaraeMblii MOAXOM K TTOCTPOSHUIO KOMITb-
I0TEpHBIX anroputMoB 00padoTkn JKI' B (ha3oBBIX KOOpAMHATAX PACCMOTPUM O-
HY U3 BO3MOXHBIX Mojieneil peanpHoi OKT'.

OTO JaeT KoY K MOCTPOCHUIO 3((PEKTUBHOIO METOJa OLEHKH 3TaJIOHHOI'O
IIMKJIa Ha OCHOBE YCpeJHEHUs HaOlofaeMbIX (ha30BbIX TPAEKTOPUH C HOCiIenyo-
HIMM TIEPEX0JI0OM BO BPEMEHHYIO 00J7acTh (pHC. 2). ANTOPUTMBI, PEATH3YIOIIUE
9TOT METOJI, HOAPOOHO PacCMOTPEHEI B pabote [7].

PRI N T v
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Puc. 2. T[locnenoBarenpHOCTH 3TamoB 06padoTku DKI':
a —ucxonnas OKI'; 6 — ee a3oBas TpaekTOpHst; 2 — ycpeaHeHHas (a30Bast TPAaeKTOPHS;
stanonHbri nukit DK™ Bo BpeMeHHO# o0acTu

OKTI' orobOpaxaercss Ha 3KpaHe KOMIbBIOTEpa B PEATEHOM BPEMEHH — CHH-
XPOHHO BCE OTBEACHHS Win BeIOpaHHbIe. OToOpakaemble Ha skpaHe ydacTku DKI
MOXKHO paclieuaTblBaTh 0€3 OCTAaHOBKU CHTHAJIA Ha PKpaHe, HO yAoOHee KiIaBHIIla-
MU KJIaBHATyphl OTMEYATh MHTEPECYIOLINE MOMEHTHI Kak cobbitus ("6dox", "6bi-
00x", "ucxoonoe" wnu 3adannoe Bamu) — 1715l BOSMOXXHOCTH BIOCITEACTBHH (IOCTe
OCTAHOBKHM CHTHAlla HA 9KpaHe WM MPH MPOCMOTPE 3alKCH) JIHCTATh COOBITHS,
BBIOMpATH IS pacledaTky HHTepecyromue KoMmiuiekesl QRS

PazpabarteiBaeMblii TOIXOJ /IS BBISIBJIEHHSI HOBOW MH(OpManuH, CKPHITOH B
JIMHAMHKE TTOBEJICHUS CJIOKHBIX CHCTEM, IO3BOJIUT PACHIUPHUTH BO3SMOXKHOCTH JIU-
arHOCTMYECKUX KOMIBIOTEPHBIX KOMIUIEKCOB B 00JIaCTH MEIUIIVHEI.

[pennoxxeHHBI METOJ MO3BOJISIET OoONee YeM Ha MOPSJOK YMEHBIIUThH Tpe-
OyeMoe KOJIMUECTBO KOMIIBIOTEPHBIX PECYPCOB U TEM CaMbIM O0ECIIEUHUTH HPaKTH-
YECKYyI0 peaIn3yeMOCTh BBIYHCIUTENBHOTO MTPOIIecca, IPHYEM 3TOT METO/ MOXKET
OBITH MCIIOJB30BaH IIPU AUATHOCTHKE COCTOSHHS CEPIEYHO-COCYANCTOH CHCTEMBI
Ha KOHEYHBIX BPEMEHHBIX HHTEpBaNaX Mo u3MepeHHoMY curHaiy (puc. 3, 4).

I
- "‘ﬂum-irl W"""""Jl"

Puc. 3. Ucxoxansrii anexrpokapaunocuraai, N = 1500
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Puc. 4. ATTpakTop 31eKTpOKapANOCUTHAJIA, BOCCTAHOBIEHHBIN 110 MeToy TakeHca

Taxoke s 006pabOTKK M pacrno3HaBaHUSI OUOMEIUIIMHCKUX CUTHAJIOB HIMPO-
KO HCIOJIB3YIOTCS HOBbIE MOJIXO/IBI HA OCHOBE aHaJM3a CHEKTPOB BBICIIHX MOPS/I-
koB. [Ipemyiaraemple MOAX OB ABISIOTCS CYHIECTBEHHBIM JOMOJTHEHHEM K YKa3aH-
HBIM BBIIIE TPAJUIMOHHBIM METOAM CIIEKTPaTbHO-KOPPEIAIIMOHHOIO aHaIH3a.
JlelcTBUTENBHO, JUTS BBISBICHUS HOBOW MH(OPMAIUH, CKPBITOH B JTHHAMUKE I10-
BEJICHUS CIIOXKHBIX CHUCTEM, COIVIACHO NpEIaraeMOMy IOAXOAY HapsIy CO CIIeK-
TpaMH MEPBOTO MOPSJAKA, HA KOTOPHIX OCHOBAHBI TPAJHUIHOHHBIC CIEKTPAIBHO-
KOPPEJAIUOHHBIE METOIbI, MCTOJB3YIOTCS TAKXK€ U CHEKTPhI BBICHIUX MOPSIAKOB
(MOMUCTIEKTPBI - OUCTIEKTPBI, TPUCTIEKTPHI U T.1.) (puc. 5). DTo mo3BoNsAET paciiu-
pUTh BO3MOXKHOCTH MEAMIMHCKUX JUATHOCTHYECKUX KOMITBFOTEPHBIX KOMILICK-
COB, OJIHUM M3 METOJIOB SIBIISICTCS UICHTHGUKAIMS COCTOSIHUS OHMOMETUIIMHCKOTO
00BeKTa MOCPEICTBOM OlICHUBaHUs siiep Bunepa[8].

n_..J‘ et T M
-1000 -

il xr i

-4000 -

ue . A b A -y I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Abzolute Values of Ca b Cosfficients fora= 1591317 .

scales a

500 1000 1500 2000 2500 3000 3500 4000 4500 S000
time (or space) b

Puc. 5. I'padux kapauocuraana u ero CeKTporpamMmma

O06paboTka kapauorpadudeckoi HHGpopMaIuK 3aKIF0YaeTCSI B BO3MOXKHOCTH
cunTe3a MozieiabHoro DKC 1 BU3yanu3aluu COCTOSIHUS cep/ilia MaluueHTa sl mpo-
BEPKH Pe3ybTaTOB 00pabOTKH Kapauorpaduieckoil HHPOpMaIHH.
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KiroueBbIM MOMEHTOM METOJIOIIOTHUECKOT0 MOIX0/Ia B TOCTPOSHUH CHCTEMBI
JUIl HEMHBA3WBHOTO KOHTPOJISI COCTOSIHHSI CEp/lia MaIMeHTa SBISIETCS Ompesere-
HHE DJIEKTPHUYECKOH aKTHBHOCTH cepaua. OmnpeseneHne dIeKTPHYeCKO aKTHBHO-
ctu cepana mo JKC, 3aperucTpupoBaHHOMY Ha TOpPCE MAIMEeHTa, OTHOCUTCS K 00-
paTHOH 3a1aue 3JIeKTpoKapaAnorpaduu, Ui peleHns KOTOPOH HCIONB3YeTCsl Me-
toj perynspuszanuu TuxoHosa A.H. [9].

B ocHoBe mpearaemoro criocoda pemieHus oOpaTHOM 3a1auu 3JIeKTpoKap-
Jorpa Uy JIeXKaT CIeAyIOINe YTBEpKISHNUS

1. CocrosiHue cepana onpeeNnser ero snekrpuueckyro aktusHOCTh (DAC).

2. KonmnuecTBo, pacrnonoxeHue 1 BEIOOp TOYEK MOENH Cepla NanueHTa 3a-
JIAI0T MakCUMaJIbHOE pa3peleHue sl UCCIeOBAHMS DIIEKTPUUECKHX ITPOLIECCOB,
MIPOUCXOJISIINX B CEp/ILIE.

3. Touku Mozieny cep/ia MaryueHTa SBISIOTCS 3JeMEHTAPHBIMU CepJeYHbIMU
JIUIOJISIMHM, ISl KKAOTO M3 KOTOPBIX B CHCTEME KOOpAMHAT CepAla 3aJaHbl Me-
CTOIMOJIOKEHUE, OPUEHTAIMSI M U3MEHEHHE BO BPEMEHH €ro BEIWYUHBI, U OIIpese-
ns0tT DAC nanueHra.

4. CoryacHO 3JIEKTPOKapIUOrpapuieckoMy IpeACTaBICHNI0 3HAYEHHE IO-
TEHI[MaNa, TCHEPUPYEMOTO CEpALIeM M PErUCTPUPYEMOe Ha Topce manueHTa (mps-
Masl 3a/1aua dIIeKTpoKapAuorpaduu), onpeaeseTcs mno popmyie

k
. r o
Jj=— a Nmhbn . D
4p m=k -11
TIe ¢ — 3HAUCHHE 3JIEKTPHUIECKOro IOTEHIMaNa B j-i TOYKe CTaHAapTHOTrO OTBE-
nenust (j =1, ..., 12); p — cpeanee yaenbHOE 3JIEKTPUIECKOE COMPOTUBIIEHHUIO TOP-
ca; Nim — Ko3(GUIMEHT NPONOPIUOHAIBHOCTH, BBIYUCIAEMBIH 1O (dopmyre
cosg .
Njm =—5— 3/€Ch § — YTOJl MEH/ly BEKTOPOM HATPABJICHHs OT MHif obmactu Ha
r.
jm

MOBEPXHOCTH MOJISITH CEP/lla MAIMEHTa K |-if TOUKe OTBEIECHHS U HOPMAJIbIO K MH-if
001acT! Ha MOBEPXHOCTH CEPAlA MAIUEHTA; [jm — PACCTOSHHE OT TOYKH j-T'O OTBe-
neHus 0 obmactu Sy, Pmn — XapakTepuCTHKa 3JCKTPUYCCKOW aKTUBHOCTH Sy

00J1acTH Ha MOBEPXHOCTH MOJENHU cepina nanuenta (M= 1, ..., M), Beruncnsemas
o opmyie
4
Pn=a tni "0 »
i=1

riae Om — kKo3dduiment, yka3pBaloMUil Ha MPUHAIIEKHOCTh | TOYKH K JaHHOU
obnactu (O = 1, ecit TOUKa BXOIUT B 0071aCTh Sy, U Oy = 0, €ciin TOYKa He BXO-
JUT B 00sacth Sy); D — IUMOIBHBIA MOMEHT i-ii TOUKM Ha MOBEPXHOCTH CEp/Ila
TAIMCHTA.

B paspaboranHoli cucteMe i HEMHBa3UBHOT'O KOHTPOJISI COCTOSIHUS Cep/IIia
MAIMEHTA ONPEICICHUE YJICKTPUICCKON aKTUBHOCTHU CEpJIlla OCYIIECTBISICTCS MMy-
TEM MMOCTPOEHHSI CUCTEMBI JIMHEHHBIX anrebpanueckux ypasueruii (CJIAY), uncio
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HEU3BECTHBIX KOTOPOM PaBHO KOJIHMYECTBY TOYEK MOJEIU Cepild maruenta. J{ius
9TOrO MOBEPXHOCTh MOJEIH Cep/lia MAlHeHTa «pa30HBaeTCs» HA CMEXHBIC Helle-
pecekaromuecss obmactn Sy KonnuectBo BOSMOKHBIX pasiMYHBIX obmacteil M
pPaBHO KOJIMYECTBY DJIEKTPUYECKH AKTUBHBIX TOYEK cepiua i. Ui mony4eHHbIX
obnacreit cocraisitorest i/j CJIAY Buaa (2) pasmepHocTsio iX] (puc. 6).

Puc. 6. Monens cepatia ¢ BBIJIETIEHHBIMI Ha MTOBEPXHOCTH CMEKHBIMH HETIePECeKaIOINMHUCS
obmactsiMu 1 ipumMep coctaBieHust CJIAY uist onpeneneHns 3IeKTpUIecKOi aKTHBHOCTH
touek mozenu cepama (I- 11l Touxku orBenenmin)

Ty =mUsg +mUg +mgUs s Ty =mpUge+ maUge+ misUse
1Voa1) =NMalUg +MoUsg + Mgl 1Vo(11) = MpgU et Mool g+ MogU ¢
i i

$Va(i) = MelUs +MgoUg +eaUs  §Va(y = MaaU et NgpU s+ NegU ¢

Tvyy = mUget MmoUse+ MiaUse
1V2(11) = NtV set MU g+ NpgU o )
%Vs(m) = NgU get NgoU ¢+ NgsU s
CJIAY (2) npencraBisieTcsi B MATPUYHOM BHJIE:
pP=qQ, ©)

rae Q —marpuna pasmepom |~ | (I — 4KCITO 37EKTPHYECKU aKTHBHBEIX TOUEK MOJIE-
JI Cepjlia MalueHTa), ONpeaeaiomasncs IPUHAUIEKHOCTRIO i-if TOUKH B MHii 00-
JIaCTH; P — BEKTOP-CTONOCI] DIICKTPUUECKOW aKTHBHOCTHU IMHiA obractu cepiua; | —
BEKTOP-CTOJIOCI JIEKTPUICCKON aKTUBHOCTH |-ii TOUkH cepara.

Martpura Q sBisieTcs mioxo o0yCIOBIeHHOH. [I[puMeHeHHe MeToa peryiis-
pusamun TuxoHoBa A.H. m03BONISIET KOPPEKTHO CHOPMYITUPOBATH OOPATHYIO 3a]a-
4y U 00eCIeYnBaET CYIIECTBOBAHUE, CTUHCTBEHHOCTh M YCTOWYHBOCTH IONTy4Yae-

MOI'0 pC€uIC€HUsA, HA3bIBAEMOI'O IMCCBAOPCIICHUEM C MUHHMAaJIbHON HOpMOﬁ ||J||

Hns nomydenus: ncesaopenieHuss CJIAY (3) BBomuTCS YCIOBHE MHUHHMH3AILUN
CIVIAXKUBAIOIIETO (YHKIMOHAIA
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|Qi- Pl +aj|* = min, (4)

e a > 0 — napamemp peeyrspusayuu, KOTOPBIA ONPEAEISETCS M0 HEBS3KE
Qo - P =d,

rae d — morpentHoCTh MpaBoii YyacTu P, 00YCIIOBIEHHAs IOTPENIHOCTHIO BBIYUCIIE-
HUS DJIEKTPUYECKUX aKTHBHOCTEW oOJacTeid cepaua.
W3 ycnous (4) nonygaercs HoBast CJIAY:

(aE+Q"Q)ia =Q"p. (5)

e E — enunnunsiii oneparop (Ej =j); Q' — Tpancnonuposannas matpuna Q.
PerynsipuzoBannoe perienue CJIAY (5) umeer Buj

b =(aE+Q"Q) 'QTp. ©

I'paduueckoe npencrasnenue pemenus (6) npuBeneHo Ha puc. 8.

Ha puc. 7 na ocu X ormeuensl Homepa (0T 1 10 100) qHCKPETHBIX OTCYETOB B
TeYeHUe Kapauonukia; Ha ocu Y — Homepa (ot 1 1o 900) Touek Ha MOBEPXHOCTH
MOJICITH Cep/ilia MALMEHTa; Ha OCH Z — 3HAYCHUs DJICKTPUYECKON aKTHBHOCTH TO-
YeK. AHAJIM3 PUC. 7 MOKA3bIBAET, YTO MONYYCHHOE B PE3YNbTATE PEIICHHUS 3HaYe-
HHE JICKTPUUYESCKON aKTUBHOCTH - TOUKU MOJIETIH Cep/illa MalleHTa MPeCTaBIIs-

€T co0Ol MHTErpaIbHYI0 XapaKTEPUCTUKY OKPYXKAIOUIMX 3Ty TOYKY KIETOK MHO-
KapAa.

I RITED T AT AT
T M SRS

Lawt T
e

Puc. 7. 3J'ICKTpI/I‘IeCKa$I AKTUBHOCTB TOYEK MOJCJIN CEpAlla MAlMCHTa B TCUCHUE KapIUO0-
OUKJIa
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JanHoe pemeHre oOpaTHON 3a7add 3JIEKTPOKAPAHOrpaduu Mo3BOISIET MHO-
TOKPATHO MOBBICUTH TOYHOCTH OMpEJIeNIEHUs] MeCcTa MOBpeXAeHUs MUoKapaa. Eciu
MIPU CTAHIAPTHOM 3JIEKTPOKapaAuOrpaguIeckoM oO0CICTOBAaHUHM MOXKHO OIpele-
JIUTH AJIEKTPHUYCCKYI0 aKTUBHOCTHh TOJNBKO 8 00acTeil MOBEPXHOCTH CEepAla, TO B
MpeJIaraeMoM TIOAXOJIE ONPENEISIONUM (HaKTOPOM SIBJISICTCSI YHCIIO SJICKTpHYC-
CKU aKTUBHBIX TOYCK B MOJICITH CEp/lla MaruenTa. Takue MeTomsl 00paboTKU CHr-
HAJIOB, OCHOBAHHBIX Ha YCpEHTHEHUsX uckaxeHudd nukioB JKI B ¢aszoBom mpo-
CTPAHCTBE KOOPJIMHAT, ITO3BOJISIONINN MTOBBICUTH 3P (QEKTHBHOCTE OI[CHKH 3TaJIOH-
HOT'O CEP/IEYHOrO IHUKJIIA.

HNudopmatuBHOCTE, a, CIEIOBATEIBHO, JUATHOCTUYECKAS I[CHHOCTH BHIIIIE-
MIEPEYUCIICHHBIX METOJIOB pa3jIMyHa, a 3HAUMMOCTh KaXKJOr0 U3 HUX OTHOCHUTEJb-
Ha. TeM He MeHee, PaCCMOTPEHHBIC MOAXOIBI K MOCTPOSCHUIO UH(OPMAIIMOHHBIX
TexHonmoruit oopadorku OKI' i pemieHus 3a1a4uv BBIIBJICHUS OMACHBIX 3a00J1e-
BaHUI cepJla MO3BOJISIET OCYIIECCTBUTHL CBOCBPEMCHHYIO TMATHOCTUKY M OOecIie-
YUTHh COOTBETCTBYIOIIIEE JICUCHUE.
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