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O630p 3NEKTPOXNMUYECKMX OATHYUKOB AN OXKOYNbMETPUYECKOro
ncecnegoBaHus bMonorn4yecknx oo bEKToB

B HacTosiliiee BpeMsi OJHOM M3 BAXKHBIX 33/Ja4 MEIMIIMHBI SIBIIACTCSA OIICHKA
COCTOSIHMSI OMOJIOTMYECKUX TKaHeH u xuakocTted. [IpakTuuecku mnpu KakaoM
3a00J1eBaHU HEOOXOIMMbI JUATHOCTHKA HA PAaHHUX CTaJUSAX U BHIOOP ONTUMAIBHOM
TakTUKU JiedeHus. CyliecTByIOIIME B HACTOSIIMHA MOMEHT METOJbl OIEHKHU
COCTOSIHUA OHOJOTMYECKUX OOBEKTOB (PEHTICHOJOTMYECKUE, PAAUOHYKIUIHBIE,
yIIBTPA3BYKOBBIE, KOMIIBIOTEpHAsE TOMOTpadus, MarHUTOPE30HAHCHAsT TOMOrpadusi)
HAKJIa/IbIBAIOT OTPAHUYCHHUS, CBSI3aHHBIE C OOJBIIMMHU pa3MepaMu MNPUMEHSIEMOU
anmnaparypbl, €€ BBICOKOM CTOMMOCTBIO, OKa3aHHEM Ha YEJIOBEKA JIyYEBOW Harpy3KH,
HU3KOW YYyBCTBUTEJIBHOCTHIO, HEBBICOKOW WMH()OPMATUBHOCTBHIO, U T. A. B CBs3M ¢
ATUM Tepe]; pa3padOoTUMKaMKU MEAMIIMHCKOM ammapaTypbl BCTAe€T BOMPOC CO3JIaHUS
MPUOOPOB KOHTPOJII COCTOSHHSI OMOJIOTMYCCKHX OOBEKTOB, PEaM3YIOIIUX HOBBIC
METO/IbI, JIUIICHHBIC OOJIHIIIMHCTBA U3 BBIIICIEPEUUCICHHBIX HEIOCTATKOB.

B mnocnennee Bpemsi B KauecTBE PEIICHHUS TOCTABJICHHOW 3aJaud CTalld
MPUMEHSTh DJIEKTPOXMMHUYECKHE METOJAbl aHalinM3a, KOTOphIE OCHOBAaHbI Ha
U3MEPEHUN  DJIEKTPUUYECKUX  IMapaMeTpoB  OUOJOTUYECKUX  OOBEKTOB  MpH
MPOMYCKaHUKM Y€pe3 HHUX BJIEKTPUUECKOTro ToKa. OCHOBHBIE JOCTOMHCTBA TAHHBIX
METOJIOB 3aKJIFOYAIOTCSI B MPOCTOTE peav3allid, HU3KOM CTOMMOCTU ammnapaTyphl,
OTEPATUBHOCTHU UCTIOIB30BaHUs, 0€30MaCHOCTD IS 3/I0POBhS YEJIOBEKA.

OnuH U3 HOBBIX M HanOOJIee MEPCIIEKTUBHBIX METOI0B — JPKOYJIbMETPUICCKUN.
OH OCHOBaH Ha U3YYEHUU CBONCTB OOBEKTOB MyTEM HAOJIOICHHS 32 X OTKJIMKOM Ha
BHEIITHEE DJIEKTPUUYECKOE BO37CHCTBUE. [[7151 9TOTO B HICCIIeyeMblii 0OBEKT BBOMISITCS
IEKTPOJBI, U CHUCTEMa «IJEKTPOJ — OOBEKT - JJIEKTPO» CTAHOBUTCS HEKUM
JTATYUKOM, CIIOCOOHBIM XapaKTEepHU30BaTh CBOWCTBA CpeAbl, 3aKIOYaeMol B
oOpazyeMOM MEXD3JIEKTPOJHOM TMPOCTPAHCTBE. B KadecTBe pPErucTpUpyEeMBbIX

napamMcTpOB HanOoJjee YacTo ITPHU 3TOM BBICTYIIAIOT 3HAYCHUS IIPOITYCKACMOro 4€pe3



AJIEKTPOJBI TOKA M BBI3BAHHOTO MM NAJEHUS HAIPSOHKEHUS Ha 3JIEKTPOJax BO BpeMs
AIIEKTpUYECKOro Bo3aeucTBus. [lo cymecTBy pedb HIET O CHATUU BOJBTAMIIEPHBIX
xapakTepuctuk. CyTh JaHHOTO METO/JAa B TOM, YTO MPOUCXOJSAIIME B TKaHIX H
opraHax NaTOJIOTHYECKHE IMPOLECChl (BOCHAIIEHWE, HOBOOOpPAa30BaHMS) BBI3BIBAIOT
U3MEHEHHUE UX JIEKTPOXUMHUYECKUX CBOMCTB. Takum o0pa3om, 3Has XapaKTepUCTUKU
3I0POBBIX TKAaHEW, MPH MOMOIIM JaHHOTO METOJIa MOKHO C BBICOKOM TOYHOCTBIO
OINPEAENATh T'PAHULBI TATOJIOTUH.

B ocHOBY JKOYIBMETPUUECKOTO METO/Ia KOHTPOJISI COCTOSIHUSL OMOJIOTUYECKUX
OOBEKTOB TMOJOKEHO COOTBETCTBHE MEXIy pabdOTOH, COBEpIIAEMON BHEIIHUM
VMCTOYHUKOM D3JIEKTPUYECKON SHEPruv, U H3MEHEHUEM COCTOSHHUS HCCIEIYyEeMOro
oObekta [1]. Ecim B kauecTBe BHEIIHETO BO3JCHCTBHS HCIOJB30BaTh TOK I(t), a B
KauecTBEe I[apaMeTpa, XapaKTEepPU3YIOUIErO0 COCTOSHHE OOBEKTa, H3MEHEHHUE
MeskaIeKTpoHoro Hanpspkenus: U(t) Bo BpeMeHu, To 3HaYCHUS 3aTpaueHHON paboThI
A(t) Ha BpeMeHHOM uHTepBaje OT ty 70 t MOXHO ONpeNeNTUTh Ha OCHOBAHUH

CHEYIOIIEN 3aBUCUMOCTH:

t
A(t)= [1(tU (t)dt.
ty

[Ipu 3TOM HanuM4ue 3HAYEHUM BXOJHOTO BO3JACHCTBUA U OTKJIMKA B BHJIEC
Habopa BBIXOJIHBIX TMEPEMEHHBIX IO3BOJISICT ONPEACTATh NMEPEAaTOUHYI0 (DYHKITHIO
HCCIIeyeMON CHUCTEMBl M HACHTU(HIIMPOBATH TapaMeTPhl 3JIEMEHTOB MPHHSATHIX
DKBUBAJICHTHBIX CXEM 3aMCIICHHUS.

Pacmiupenne BO3MOXXHOCTEM NPUMEHEHUs JHKOYJIBMETPUM B CHUCTEMAax
pacro3HaBaHUs 00pa30B CBS3aHO C YBEIWYEHUEM KOJUYECTBA (HOPMUPYEMBIX
nH(pOpMaTUBHBIX MpuU3HaKoB. OAUMH U3 BAPUAHTOB PEILICHUS ITOU MPOOJIeMbl CBSI3aH
C JICKOMITO3HITHEH 0000IIICHHOTO 3HAYCHUS pabOThl Ha OTIACIBHBIC COCTABISIONINE U

HCIIOJIb30BaHUEM UX B KQUECTBE CAMOCTOSITEIILHBIX MPU3HAKOB (pHC. 1).
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Pucynok 1. I'paduueckast uHTEeprpeTanus 1K0yJIbMETPUIECKOI0 JEKOMIIO3UIIMOHHOTO METO/1a

Ecnu npusATh 3HaueHHe {; 32 MOMEHT OKOHYAHUS MPOoILIecca 3apsiaa IBOMHOIO
ANEKTPUYECKOTO  CJOsl, 3HaueHue t, 3a MOMEHT OKOHYaHHsS mpolecca
AICKTPOXMMHUYECKUX peaknuid u 3HaueHue Uy 3a TajgeHHe HampsoKeHUs Ha
AIEKTPOXUMHUYECKON SYEWKE B MOMEHT KOMMYTAIlMM TOKA, TO COTJIACHO PHUCYHKY
oOmast paboTa, COBEpIIeHHAs TOKOM |, ciaraeTcst U3 CJIeIyImMuX KOMIIOHEHT:

Al - xapakTepu3yeT aKTUBHOCTb JIEKTPOXUMUUECKUX PEaKIIN;

A2 - xapakTepHu3yeT COMPOTUBIICHUE DJICKTPOXUMHUYECKON PEAKITNN;

A3 - xapakTepu3yeT eMKOCTb JBOHHOTO JIEKTPUUECKOTO CI0OS U

A4 - xapakTepu3yeT MEKIJIEKTPOIHOE CONPOTUBIICHUE.

B 251eKTpOoaHBIX peakuusx HOCUTENb 3apsjaa (MOH WM DJIEKTPOH) MEPEeXOqUT
yepe3 WOHHBIA JBOMHOW ciioii u3 oxHoi (a3el B apyryto. Ha ero mepexon
3aTpayuBaeTCA onpeaeseHHas sueprud. [Ipu 3ToM OH peogoieBaeT NOTEHINATbHBIN
Oappep. B cBoro ouepenp, MNOTEHIMANBHBIN Oapbep 3aBHCHUT OT Pa3HOCTH
MOTEHI[MAJIOB, BO3HHUKAIOIIEH MEXIYy OJJIEKTPOJOM H  DJIEKTPOJIUTOM IpHU
MPOMYCKaHUM Yepe3 HUuX Toka. [Ipy OAHOBPEMEHHOM IPOTEKAHUM HECKOJbKUX
AJEKTPOJHBIX PEAKIHUM YCTAHABIMBAETCS HEKOTOPBIA CMEMIAHHBIM MOTECHIMAIbHBIN
Oapbep, OTIUYAIOIINICS OT Oapbepa KaXKI0H peakiuu B OTAeIbHOCTH [2]. OueBuIHO,

YTO HauOOJbIIEH BEPOSITHOCTHIO BCTYIUICHUS B peaklMu OyayT 00JagaTh 4aCTHUIIBL,



NOTEHUUANIbHBIA Oaphep KOTOPHIX HE MPEBBINIAET 3HAUYEHUH MOTEHIUATBHOTO
Oaprepa GopMUpyeMOro, IpH 3aJaHHOM 3HAUYEHUU TOKa. Takoe MOBEJCHHE YaCTHI]
CO34ACT OCHOBY JUIs  YIPABJICHHS  JJICKTPOXMMHUYECKUMH  pPEaKLUAMU  IIO

MOTEHIIUAIBHOMY Oaphepy.

B aT0li cBsI3M 114 penieHus MocTaBICHHOM 3a/1aun Ha kadenpe «MeauimHcKue
npubopsl u obopyaoBaHue» [IeH3eHCKOTO TOCYIapCTBEHHOTO YHHUBEPCUTETa OBLI

pa3paboTaH ¥ BHEAPEH B MPAKTUKY METOJ KOy IbMeTpHH [1].

Meron wucnonb3dyercs I8 OUEHKM  AKTUBHOCTM  BHYTPHIIOJOCTHBIX
BOCHAJIMTENbHBIX ~ IPOLECCOB, BOCHAJIUTENBHBIX MPOLIECCOB B JOOHBIX U
KJIIMHOBUJHBIX TMa3yxaxX, JJIsi KOHTPOJs (OPMHUPOBAHMS KOCTHOTO pereHepara, a
TaK)Ke JUId JMAarHOCTHUKU COCTOSIHUSL OHMOJIOTMYECKMX OOBEKTOB U pean3aluu
TKaHECOXPAHSIOIIUX METOJIMK IIpoBeneHus onepauuii ¢ 1994 roga. B ocHoBY MeTona
JUKOYJIBMETPHUM TIOJIOKE€HA OIIEHKAa 3HA4Y€HM padoThl, 3aTpauMBaeMOW BHEIIHUM
UCTOYHUKOM 3JIEKTPUYECKOW 3HEPIUH, Ha 3JIEKTPOXMMHUYECKHE NMpeoOpa3oBaHUs B
MEKDIJIEKTPOJHOM IPOCTPAHCTBE JBYXAJEKTPOAHOIO JAaTYMKA, Pa3MEIMIAEMOTO B
ucciaenyeMoi (pu3MoIorudecKoi kuakoctu (ouotkanu). s peannszanuu TaHHOTO
MeTo/1a ObLT CO3/IaH PSI/ MOPTATUBHBIX TPHUOOPOB.

OpaHa U3 OCHOBHBIX MPOOJEM MPU peah3aluu JHKOYJIbMETPUUECKOr0 METOIa
UCCJIEJOBaHMs CBOMCTB TKaHEW 4esloBeKa — BHIOOpP TUIA M KOHCTPYKIIMHM 30HI0OBOTO
natyrka. OCHOBHBIM 3JIEMEHTOM JaT4YMKa SBJISETCS CUCTEMA «IJIEKTPOI—ONO00DBEKT-
aneKTpo». CBOMCTBA OMOJIOTHYECKOTO 00BEKTA ONPENETSAIOT MPOXOKICHUE CUTHAIIA
MEXKIy JJIEKTpoAaMu. ['paHuLbl pasaena MexIy dJIEKTPOAaMHU MOKHO IIPEIACTABUTH
HKBUBAJICHTHOW  AJIEKTPUYECKOM  LEnblo, JUMOO0  mepenaroyHord  (yHKIMEH,
YUUTBIBAIOIIEH MPOIECCHl IEpeHOca 3apsaaa B IBOMHOM 3JIEKTPUUYECKOM CJI0€ BOJIU3U
MOBEPXHOCTEH  AJIEKTPONOB, AUPPYy3uH, KpUCTAIM3AUMA W  NPOTEKaHUs
DIEKTPOXUMHUYECKUX PEAKLUN.

CymiecTByeT  HECKOJIBKO  BAapUAHTOB  KOHCTPYKTMBHOI'O  MCIOJIHEHUS

QJICKTPOXUMHUUCCKUX NTATYHUKOB. BBI60p JaTUWKa W THUIIa UCIIOJIb3YCMbIX JJICKTPOJI0B



OOyCNIOBJIEH Pa3IMYHBIMU (PAKTOpaMH U 3a4acTyl0 CBSI3aH C BO3MOXKHOCTBIO HX
WU3TOTOBJICHUS.

B psae sneKTpOXMMHUYECKUX METOAOB I HCCIEIOBaHUS OWOJIOTMYECKUX
OOBEKTOB UCHOJB3YETCSI PTYTHO-KaNeIbHBIN 31eKTpoa. Ero ocHOBHOE JOCTOMHCTBO
— IIOCTOSIHHO OOHOBJIAIOIIASACS TOBEPXHOCTD AEKTpoaa. OQHAKO NP pELICHUH 3a/1a4
ONpENENCHUs] TPaHUL] PE3eKUUH HOBOOOpa30BaHMM M  OLEHKU JUHAMHUKHU
BHYTPHIIOJIOCTHBIX BOCHAJIMTENBHBIX IPOLECCOB HCIOJB30BAHUE 3TOTO METOAA
OTrPaHUYEHO YCIOBUSAMHU KOHTPOJIS, a4 TAKKE€ TOKCUYHOCTBIO PTYTH. B CBA3M ¢ 3THM B
nanbHeimeM OynyT paccMaTpuBaTbCid KOHCTPYKIIMM JAaTYMKOB C TBEPABIMH
AIEKTPOJAaMHU, KOTOphIE CIOCOOHBI 0Oe3 nedopmanuu NpPOHUKATH B JOCTATOYHO
IUIOTHBIE CTPYKTYPbI OMOJIOTUYECKUX TKAHEH.

Kak mnpaBuiio, 31€KTpOJbl BBIOJHAIOTCS M3 cepedpa, 30/10Ta, IUIATUHBI U
yriepoza.

Ha pucynke | mnpuBeneHa KOHCTPYKLHS JABYX3JIEKTPOJHOIO —JIaTYUKA,
MIPEAHA3HAYEHHOTO JUII OLEHKM JWHAMUKM BHYTPHUIIOJIOCTHBIX BOCHAJIUTEIBHBIX
npoueccoB. Ero 0coGeHHOCTh 3aKIII0YaeTcsl B TOM, YTO AJIEKTPOJAbI pa3MELICHbl Ha
KOHLIE CWIMKOHOBOW TpyOku KaHmmHa, ucnonb3yemMoll TMpu JIE€HIPUPOBAHUU

abcIeccos.

Tpybka KaHwrHa 1
1-n anekTpoa 1

2-11 aneKkTpog

Pucynok 1. KoncTpykius natumka ajs OLlEeHKH JUHAMUKU BHYTPUIIOJIOCTHBIX
BOCIAJIUTENBHBIX IIPOLIECCOB.



Ha PUCYHKC 2 MNPUBCACHA KOHCTPYKIHA HIOJbYATOr0 AaTUWKa JIA OLCHKH

napaMeTpoB OMOJIOTUYECKUX TKAHEH.

OnekTpog, 1

- OnekTpog 2
WUrna
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Pucynok 2. KoHcTpyKIHst UTOIBYATOTO AATYMKA JJI OLICHKU MapaMeTpoB OHOIOTHUECKUX
TKaHEN

JlaTuuk COOEpPKUT DIEKTPOAbI, KOTOPHIE BBIIIOJIHEHBI B BHUJIE JBYX
W30JIMPOBAHHBIX CEPEOPSHBIX MPOBOJOB, HAMOTAHHBIX MapauIeIbHO JAPYT APYTY C
PaBHOMEPHBIM IIArOM Ha M30JIMPOBAHHYIO MOBEPXHOCTH UIJIbI. Takash KOHCTPYKIIMS
JIaTYUKA CHUKAET TPABMATUYHOCTH MPHU BBEICHUHU €T0 B UCCIEAYEMBIN OpPraH.

Jnst  ompeneneHuss TpaHUI] PE3EKIM  HOBOOOPA30BaHUS HCIOJIb3YETCS

MaTPUYHBIN JaTUYUK, U300paKEHHBIA Ha PUCYHKE 3.
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Pucynox 3. KoHCTpyKIIHMst MAaTpUYHOTO JATYMKA IS OLEHKH MapaMeTpOB OMOJIOTMUECKUX
TKaHeNn

OTnuuuTtensHas 0COOEHHOCTh JTOTO JaTyvKa 3aKII0YaeTCs B PACIOJIOKEHUU
MHKPOJJIEKTPOJIOB HA IUIOCKOM MOBEPXHOCTH B BHUAE KOHTAKTHBIX IUIOMIAJOK,
COEJMHEHHBIX Nj TOPU3OHTANBHEIX M Mj BEPTUKANBHEIX 1070C. CXema MOAKI0YEHHs
MaTpUYHOIO JaTuMKa MpuBeAcHa Ha pucyHke 4. Kaxnas KOHTaKTHas IUIOLIAIKa
TOPU30HTAIBHBIX TMOJOC KOMMYTHUPYETCA € IUIOMIAAKAMU BEPTHKAIBHBIX MOJoc. B
pesynbrare 0O0pabOTKM JaHHBIX CTAaHOBUTCS BO3MOXKHBIM IMOJIYYCHHE JAHHBIX O

pacnpenesieHUH 3Ha4CHUH [MapaMeTPOB OTHOCUTEIBHO OLIEHUBAEMOM ITOBEPXHOCTH.

KoMmyTaTop mxn
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Pucynok 4. Cxema noAKIt04eHUs] MATPUYHOTO JATYHKA.



OCHOBHOI HEIOCTATOK TBEPABIX 3JEKTPOJOB 3aKJIIOYAETCS B 3arpsI3HEHUU HX
MOBEPXHOCTU U 00Opa30BaHMM TUJICHKUA M3 MPOIYKTOB peakivii B mpolecce padoThl.
Kpome Toro, ¢ TeueHHEM BPEMEHU IEKTPObI MOTYT aJICOPOUPOBATH MOBEPXHOCTHO-
AaKTHBHBIE BEIIECTBA. JTO YXYAIIAET BOCIHPOM3BOJMMOCTh PE3YyJIbTATOB. B CBsi3n ¢
TUM HEOOXOJUMO TMPOBOJUTH TINATEIBHYIO MPEIBAPUTEIBHYI0 MEXaHUYECKYIO
00pabOTKy MOBEPXHOCTHU AJNEKTPOIOB MIEPE]] HAYAIOM HX HCIOJIb30BAHUS.

OgHrM W3 TEpCHNEKTUBHBIX  HAMNPABICHUN  Pa3BUTUA  JATUYUKOB IS
JUKOYJIBMETPHUECKUX HCCIIEIOBAaHUN CBSI3aHO C MPUMEHEHHUEM MOJU(PHUIIMPOBAHHBIX
ANEKTPOJOB. B HMX KOHCTpYKUMH TNpeanoiaraercd HaJIWYUe Ha IOBEPXHOCTU
3JIEKTPOJIOB MHOTOCJIOMHOIO WM CYOMHOTOCIOMHOIrO TMOKphITUsA. B  KkauectBe
MaTepHuaia MOKPBITHS MCHOJB3YIOTCS MOIUMeEpPbl. B HacTosmiee Bpems pa3paboTaHbl
METOABl  XUMHUYECKOM  IOJMMEpPU3ALMH  COOTBETCTBYIOIMX  MOHOMEPOB €
0o0pa30oBaHMEM CLEIJICHHBIX C IOBEPXHOCTBIO PEAKOC-TIOIMMEPHBIX IUICHOK.
[TonOopoM COOTBETCTBYIOIIMX IUIEHOK JIOCTUTAeTCsl HACTpOiKa JaTdyMka Ha

KOHKPCTHBIC 3JICKTPOXUMHUYCCKUC PCAKIIUHU.
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