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- 3NEKTpOn

DAEKTPOXMMNYECKOEe BOCCTAHOBAEHUE KNCAOPOAA BbIAO
OTKpbITO l'eHpuxoMm AaHHeAeM (Heinrich Danneel) u BaAbTepom
HepHcTtoM (Walther Nernst) B 1897 roay.

MoAgporpaduma ¢ nCNoOAb3OBaHMEM KanaloLwen pTyTn 6biAa
CAYYaMNHO OTKpbITa ApocAnaBoM lenpoBckuMm B lNMpare B 1922
roay. C nomouibto 3Toro Mmetoaa B 1940-x roaax 6biIAU NOAYYEHDI
nepBble AaHHble O NapLUMAAbHOM AABAEHNUU KNCAOPOAA B NAa3Me
M KpoBU. BpuHK, AaBuc n BPOHK MMNAAQHTUPOBAAU NAATUHOBbLIE
SAEKTPOAbI B TKaHU AASI UBYHEHUA CHABXXEHUA KNCAOPOAOM

UAU €ro AOCTYMHOCTU NpuMepHO ¢ 1940 roaa, HO 3TU SAEKTPOADI
6e3 NOKPbITUA OTPABAAAUCD NPU NOrPY>XXEeHNN B KPOBb.AUAAHA
KAapK NOMeCcTUA NAQTUHOBbLIN KAaTOA B CTEKASIHHYIO KOABY

M CHavyaAa NOKpPbIA ero ueAAodpaHoOM, a 3aTeM NPOTeCTUPOBAA
CUANKOHOBYIO U MOAUSITUAEHOBYIO MeMbpaHbl.

B 1954 roay KAapK pa3paboTaA U CKOHCTPYMPOBAA NepBbin
MeMb6paHHbIN KUCAOPOAHDBIN SAEKTPOA, B KOTOPOM aHOA M KaToA
HaXOAUAUCDH 3a HEMPOBOASALLEN NMOAUITUAEHOBOM

MeMb6paHon. OrpaHUYeHHasa NPOHNLAEMOCTb MNOAUITUAEHA

AASl KNCAOPOAA CHU3MAQ CTEMNeHb ero BbiMbiIBaHUSA N3 obpasua,
YTO NO3BOAUAO NMPOBOAUTb KOAUYECTBEHHbIE U3SMepeHUs
Hanpsa>XeHUss KUCAOPOAA B KPOBU, pacTBOpPaxX UAU rasax.

9TO nsobpeteHne NpmMBeAO K NOABAEHUIO COBPEMEHHDbIX
annapaTtoB AASl aHaAU3a ra3oBOro cocrtaBa KpoBMu.!

icTopua aHaAmn3a ra3oBoro cocTara KposWu. |V. KMCAOPOAHbBIN 3AeKTPoa ArAaHaa Kaapka//>KypHaA KAMHUYECKOro MOHUTOpUHra. 1986. T 2, P. 25-139
(History of blood gas analysis. IV. Leland Clark's oxygen electrode/Historical Review/John Severinahaus MD & Poul B trup Dr med/ Journal of Clinical
Monitorina/Volume 2, pages 125-139 (1986)
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* [MepBbl GUOCEHCOP, N3BECTHbIN KaK
«3AeKTpoA KAaapka», 6bIA pa3paboTaH
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Ohituary KAapkoMm B 1956 roay
Leland C. Clark Ir. (1918-2005)"
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Oony6AMKOBaA OCHOBOMOAAraloLlyo paborTy, e
NOCBSALLEHHYIO aHAAUTUNYECKOMY NPUMEHEHUIO

TOIro 3AeKTpoOAa

J3D CONTHOL OF BLOGD AMD TISSUR OXVQEN TEMSLOKS

L. C. Clark, Ir
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1962 roay KAapk h AMOHC npeACTaBUAU
KOHLenuu pepMeHTHOro aAeKTpoAa

e YCTPONCTBO BKAKOYAAO MAATUHOBbBLIN SAEKTPOA C

MMMODOUAMNIOBAHHOM Ha €ro MoOBEePXHOCTU FAKOKO300OKCMA30M

(FOA). MoumHUMA PaboTbl OCHOBbLIBAACHA Ha KaTaAUTUYECKOM

ACVCTBUUM depMeHTa: TAIOKO300KCUMAA3a KAaTaAU3MPOBAAA

OKMCAEeHNE TAKOKO3bl C O6Da3OBaHI/IeM FAFOKOHOBOW KMCAOTbI U

nepeKncr BOAOPOAA.

ANNALS Zcioemy or scie
ACADEMY OF SCIENCES

ELECTRODE SYSTEMS FOR CONTINUOUS MONITORING IN
CARDIOVASCULAR SURGERY

https://dolorg/10.1111/5.1745-6632.1962.tb13623.x

~ WIEW METIICS

ELECTRODE SYSTEMS FOR CONTINUOUS MONITORING IN
CARDIOVASCULAR SURCERY

Leland C. Clark Ir and Champ Lyons

Meodical College of Alabama, Birmingham, Ala

Volume 102, Issue 1
Automated and Serni-
Automated Systems in
Clinical Chemistry

ber 1562
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ELECTRODE SYSTEMS FOR CONTINUOUS MONITORING IN
CARDIOVASCULAR SURCERY

Leland C, Clark, Jr., and Champ Lyons

Medical College of Alabama, Birmingham, Ala

Instruments capable of continuously indicating the chemical composi-
tion of blood have proved to be useful in controlling heart-lung machines,
in regulating operative and postoperative management of patients, and in
teaching and research. At first, such instruments were used with sensors
mounted directly in the extracorporeal blood circuit that is used for per-
fusion of open-heart surgery patients.’ Later, continvous monitoring of
both machine and paticnts was conducted by means of continuous with
drawal of blood pumped into external cuvettes equipped with appropriate
sSensors

Improvement in the design and construction of electrode systems and
their associated electronic instrumentation, together with the commercial
development and availability of stable amplifiers and recorders, has now
provided entirely satisfactory systems for the rapid and accurate measure-
ment of blood pH, pCO,, and pO;. Electrodes for measurement of blood
pO; and pCO; can also be used for recording these tensions in gases. By
mixing blood with certain reagents, these electrodes can be used to record
blood gas contents as well as tensions
hydrogen appearance,
to detect changes in oxygen tension, and to record ascorbate indicator

Intravascular electrodes are ln'n.g used to tim

dilution curves. Such electrodes are proving valuable in cardiac catheteri.
zation and in evaluation of the effectiveness of corrective endocardiac
surgical procedures. Speed of response, ease of use, autoclavability, small-
ness of size, and the practic u\nh"\ of using nmlllp)r electrodes simulta
neously is often sufficient advantage to overcome the present lack of

quantitative response of these relatively simple electrodes

By withdrawing blood through microcatheters, continuous recording
of blood composition for many hours, even days, is possible, using only
about 10 ce. of blood per hr. Continued development of electrode systems
may extend their usefulness to the measurement of blood ions, sugar, and
urca and finally result in instruments with which analyses can be performed
with a minimum of reagents and with but little delay. Electrode systems
readily lend themselves to cither intermittent, semiautomatic, or contin-

vous analytical processes






« EcAu Bbl pa3peAnTe CAOBO Ha «6UO» U
«CeHCcop», 3TO AACT Ayuyllee
npeAcTaBA@HME O TOM, UTO 3TO TaKoe.

buoceHcopsbl

« BbuoceHcopbl — 3TO 6MUOAHAAUTUYECKHNE

CUCTEMbI, CNOCOOHDbIE BOCNMPUHNUMATDb
6UOAOrMUYecKue o6pasubl. DTO buocencopuet cocmoam uz mpex wacmeu:
% bHOCENIeKTHBHOIO IEeMEHTA.,

s+l IpeoOpazorarens, KOTOpPLIM Ipeobdpasyer
cnoco6Hble aHaAM3MpoBaTb CUTHAJ, TIOABISIONMHCS B pes3yiabrare

Heb6oAbLLUNE, MOLLHDbIE YCTPOUCTBA,

OUNOAOIrMYEecCcKue 06pa3ub|, yTOODbI I'%"n’llI.’\'I\)JICl“IC'I‘BIM aAHaJI1iuTa C
()HO CCIICKTHBHBIM  3JIEMCHTOM, B APVT )
NOHATb UX PYHKLUIO, COCTaB U . 5 Ry APYT(

CHUT'HAaJTI, l\'()TOpl;’lH Hp(‘)lllt‘ H",A‘VIC]')H'I‘LL

CTPYKTYPY. s Cpszannas MCKTPOHHKA, KOTOPAs OTBEHACT

B TMEPBYK) OQUepelb 3a OTOOpaKeHHe

=

o nepBbIVI KOMMepquKMVI 6V|OC9HCOp PE3YIALTATOB B YIOOHOM JUISA TTOJIL30BATEC 151 ;

BH/IE. = = =

6bIA pa3paboTaH B 1975 roay
KoMnaHuen «Yellow Springs

Instruments»



IAEKTPOXUMUNYECKUN METOA, MPEAAOIKEHHDbIN

KAapKOM, cTaA KAKOYEBbIM NMPUHLUMNOM pPaboThbl
COBpPeMeHHbIX FAIOKOMEeTpOB

s OTa TEXHOAOIMA UMeeT
HECKOABbKO MPUMEHEHWW, He
OrpaHMYMBaAACH

MEANLIMHCKOW MOMOLLbIO

DOTO COBPEMEHHbBIX KOMMEPYECKM AOCTYMHbIX 6I/IOC€HCODOB ANA OMpeAeANeHVA TAKOKO3bI



KoMnAeKToBaHUEe KHUXXHOro oHAa 6ubamnortek otaena MHLU
BEH PAH no HanpaBAeHUIO B BUOTEXHOAOIMN-6MOCEeHCcOopDbI
CTPOUTCH HA MEeXAUCLMNAUMHAPHOM MOAXOAE, coyeTad
KAQCCUYECKYIO MPOPUABHYIO AUTEPATYPY

BAOCEHCOPHT

OCHOBBb!
N NPUNOXKEHUA

« KOAAEKTMBHaA MOHOrpadma NocBALLeHa OAHOMY
N3 Ba>KHEMLLMX AOCTUMKEHUM SAEKTPOXMMNN - ;7/ _ )
OMOCEHCOPaM. %4‘/:08888%___‘

« C MOMOLLBbK BMOCEHCOPOB CTAHOBUTCHA PEAAbHbBIM //A
HEempPepPbIBHbIM MOHUTOPUHE IN VIVO MeTabOoANTOB,

PEePMEHTOB, OEAKOB N AEKAPCTBEHHbIX
NnopenapaTos.

BrioceHcopbl : OCHOBbLI U NpUAOXKeHUs / AnaaHa C.K. (MA.), Kapybe V., Mapk A.A. n ap.; Pea. : Teprep 2. n ap.; MNep. ¢
aHrA. Abuaop M., — MockBa : Mup, 1992. — 614 c. : ua. — ISBN 5-03-001186-2.



KoMnAeKToBaHUEe KHUXXHOro oHAa 6ubamnortek otaena MHLU
BEH PAH no HanpaBAeHUIO B BUOTEXHOAOTMN-OMOCEHCOPDbI
CTPOUTCHA HA MEeXAUCLMNAMHAPHOM MOAXOAE, coyeTad
KAQCCUYECKYIO MPOPUADBHYIO AUTEPATYPY

Biosensors : Fundamentals and applications / MeMbpaHHbIN TPaHCMoPT : XUMUYECKasa SH3VMMOAOIUA © YYEOHUK /
Turner Anthony P.E. et al. (ed.). — Oxford etc. : MEXKAUCLIMMAMHAPHbBIN Moaxoa / A. KoTbik, K. Bapdonromeer C.A. — Mockga : Academia, 20065.
Oxford univ. press, 1987 AHauek ; nepeBoA C aHrAMMckoro HO. A. — 472 c.: uA. — (Bbicluee npodeccroHaAbHoe

EpmakoBa, A. M. KOpkeBuua noa peaakumen . obpazoBaHme)
A. YusmaprkeBa. — MockBa : Mup, 1980.



KoMnAeKToBaHUEe KHUXXHOro oHAa 6ubamnortek otaena MHLU
BEH PAH no HanpaBAeHUIO B BUOTEXHOAOTMN-OMOCEHCOPDbI
CTPOUTCHA HA MEeXAUCLMNAMHAPHOM MOAXOAE, coyeTad
KAQCCUYECKYIO MPOPUADBHYIO AUTEPATYPY
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[ﬂﬁmmsom

VIMMOBUAM30BaHHbIe depMeHTbl : CoBpeM. MIMMOBUAM30BaHHbIE KAETKM KuHeTuyeckme BuokmnHeTuka / .B. BT AEE

CoCTodHME 1 nepcnexkTusbl : [B 2 T.]. — 1976 n depMeHTbl / Buaen C.I1, 38KOHOMEPHOCTY Bepeaun, C.A. Bapboromees. MPAKTUUECKUI KYPC :
Bpoaenyc M., Kabpan N.M. bepPMeHTaTUBHbBIX PeaKLWi B — MockBa : Hayka, 1979. — yuebHoe nocobrie AAS By30B
zzgagﬁfeﬁig' rn HecTauMOHaPHbIX PeXxXmrMax : 3N c.:uepT. / Bapodonomees C.A,,
Camoxura, Moa PeaX. MeToa. pa3pab. K creLkypcy Fypesuy K. — Mockga
ByaBopaa, Mep. ¢ aHrA. EB.. "durzndeckan xnMMna DAMP, 1999. — 716 . :
un.-kop. AH CCCP M.B. depmerTos" / BepesuH U.B.

BepesuHa. — M. : Mup, 1988. (noa o6, pea.). — Mocksa,
—215c. 1975. — 140 c.
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OTpacAeBble HOBUHKMU
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HaHOBVOTEXHOAOIUN : MPAKTUKYM / HaroTexHoAorun. A3byka AAd BCex / HaHoTexHoAOornm. HaHoMaTepuaAbl. HaHoTexHOAOTr UK 1 X NpuMeHeHue Y. 1: Kpunuesckui, NepmaH EBceeBunuy.
AbaTypoBa A.M. [U AP.]; YA.-KOP. Abpamuyk H.C. n Ap.; akaa. TpeTbakoB HaHocucTeMHasa TexHuka / MaAbLes AVarHocTuka HaHOOObEKTOB. OCHOBbBI HAHOTEXHOAOT NN

PAH PybuH A.B. (pea.). — Mocksa : FO.A. (FA. pea.). — MocKkBa : M. M./ M.: TexHocdepa. - 2008. HaHoMaTepuanbl. HaHO3AEKTPOHMKA. — T.2: Teopus, OCHOBbI

BMHOM. Aab. 3HaHuin, 2012. — 384 DPN3IMATANT, 2008. — 365 c. 2012. — 208 c.: / Buxpos C.I,, HaHOTEexHOoAOrn. IcnoAb3oBaHMe
c., [4] A. A, NA., TABA. — BuHakoB HukoAam BAapAMMMpPOBUY. — HaHOTEXHOAOr MM B Pa3AMYHbIX

(HaHoTexHoAormnm). — ISBN 978-5- PasaHb : CepBuc. 0BAACTAX HAYKWM U TexHUKK., — 2022
9963-0627-5.



KpynHenwasa B Poccnnckom deapepaunm sAeKTPOHHAa 6mbAnoTeka

Hay4YHbIX Ny6AUKALUN, UHTErpUpPOBaHHAA ¢ POCCUNCKMM MHAEKCOM HAy4YHOro
untuposaHma (PUHLL), AocTynHa Ha PYCCKOM U aHFAMUCKOM S13blKaX.

Ba3a AaHHbIX MO3BOASAET UCKATb NPOodPUAbHble MOHOrpaduu,

ANCcepTauum N cTaTbU Mo 3anpocy «buoceHcopbl» / «biosensors»

CHELIUMANOW M. | CURKING.,  PERCHINOV R |, MEDVEDEVA A LAVROVA T
BELOUSOVA T, TITOVA &' PLEKHANOVA YU 7, TARASOV 5./ KMARNOVA A.
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B HauaAe 1990-x roaooB Ha ocHoBe BHTK 6M0OCeHCOpPOB AOKTOP XMMUNYECKUX
HaykK, npodeccop AHaToAMn HMKkoAnaeBnY PeleTUAOB BbICTYNMUA MHULMATOPOM
HanpaBAeHUSA No paspaboTke 6MoceHcopoB B MHCTUTYTE BUOXMUU

n dusmoaorum MmmkpoopraHusamos mM. I'. K. CkpabuHa (MBDPM PAH)

A.H. Pewerunos, B.A. Anchepos,
T.A. Pewerunopa, 0.H. lonamopesa

bHOCEHCOPbI B POCCHH




B HauaAe 1990-x roaooB Ha ocHoBe BHTK 6M0OCeHCOpPOB AOKTOP XMMUNYECKUX
HaykK, npodeccop AHaToAMn HMKkoAnaeBnY PeleTUAOB BbICTYNMUA MHULMATOPOM
HanpaBAeHUSA No paspaboTke 6MoceHcopoB B MHCTUTYTE BUOXMUU

n dusmoaorum MmmkpoopraHusamos mM. I'. K. CkpabuHa (MBDPM PAH)

Poccuiickas AKajjeMHA HaykK
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MeAULMHCKAA BMOTEXHOAOIrMs — HanpaBAeHUue

6UOTEeXHOAOTrUN, HaNnpaBAeHHOe Ha co3AaHue

ANArHOCTUYECKUX, NPODPUAAKTUYECKUX U AeYeBHbIX

npenapaTtoB — e

~~~~~~~~

{ ; }". ‘ .\‘j”'\ ( }‘ '”“, .HI !fj'{ ti\ 3‘“! Sergei Tarasov '+, Yulia Plekhanova ', Anatoly Reshetilov |, Sergey Melenkov ¥ and Ivan Saltanov *
N BECTHHK s - o e B

Pe3yAbTaTOM paboTbl CTaAM
BbIMYCKW CTaTeM B Pa3HbIX
OTeYeCTBEHHbIX

N MHOCTPAHHbBIX >XXYPHAAAX,
AOCTYMHbIX B YMTAAbHbIX

Mpumenenne 6HOCEHCOPA Ha
OCcCHOBE HMMMOOHANIOBANNBIX

3anax ombAanoTexk bEH PAH i b ol g

Ha3HavYenNmna n TOBapoB ANA geren

M MO LEHTPAAM3OBAHHOMY
MEXXOUDOANOTEYHOMY
aboHemMeHTy BEH PAH



DET (FET — noAeBOU TPAH3UCTOP) CeHcopbl
AN ornpeAeAeHNsS aMMUaka U MOYeBUHbI —
3TO BbICOKOYYBCTBUTEAbHbIE TBEPAOTEAbHbIE
MUKPOSAEKTPOHHbIE YCTPOUCTBA

¢« OHW PaboTatoT Ha U3MEHEHUN IAEKTPUYECKOW

MOOBOAMNMMOCTN TTOAYTIPOOBOAHWKA TOA,
BOBAGI?ICTBI/IGM LleAeEBbIX MOAEKYA.

(L Biosensors and Bioelectronics a

« B Takmx pAaTumMKax 3aTBOP TPAH3MCTOPA MOKPbLIT sy e
cneunaAbHOM MOAMMEPHOWM MeMbpaHow, L
KOTOPAaA CEAEKTVBHO aACOPOMPYET MOAEKYAbI

FET-based sensors with robust
photosensitive polymer membranes for

aMMMaKa. detection of ammonium ions and urea

e MoueBMHa HANPAMYIO HE 3apaAXKeHa, MO3TOMY ee
AETEKTUPYIOT PEPMEHTATUBHbBIM MNYTEM C
MNOMOLLBIO MHTerpaunm GET-TexHOAOr 1N, Ha
3aTBOP CEHCOPA MAM Ha ero nokKpbiTHe
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Hapsiny ¢ TpaAMLIMOHHBIMI METOIAMY OMNpE/IeICHNUS 3arpsi3sHeHNI 06BEKTOB OKPYXAIOLIEH CPeisl B 110~
cielHMe TO/Ibl MIMPOKOE PACcTpOCTPaHeHHe Mosyyiin 6uoceHcopsl. IIpencTasieH 0630p COBpeMEHHBIX
MHMKPOOHBIX GHOCEHCOPOB VIS ONPeie/IeHHs] OCTATKOB TECTHUIIMIOB B OKpYyXaloleii cpeae. MUKPOGHbIH
,, » 6HOCEHCOP Npe/ICTaB/ISIET COBOI CIOKHOE AHATHTHYECKOE YCTPOHCTBO, B KOTOPOM MUKPOOPTAHH3M SIBJIsI-
HAYKA €TCsI YYBCTBHTE/IBHBIM 3JIEMEHTOM, PEArHPYIOLIMM Ha IIPUCYTCTBHE MECTHLIMIA B AHATM3HPYEMOM 06pas-
11, IPH ITOM BeTHYMHA CHIHAIA 3ABUCHT OT KOHLEHTPALIMH OTpe/Ie/IieMOoro coeunerus. Onucansl oc-
HOBHBIE PHHLIMITEI (HOPMHPOBaHHSA TaKMX GMOCEHCOPOB, MX JIOCTOMHCTBA M HeocTaTKH. [IpeacTaBieHb
METO/IEl HMMOGHIN3ALIHH MHKPOOPTAHM3MOB B COCTaBe HHOCEHCOPa M Pa3IMYHEIE THITHI Npeobpa3oBare-
Jieit curHana. PaccMaTpHBaloTCs NEPCNeKTHBEl Pa3BHTHS JTAHHOTO HAIIPABJICHUS HCCIIEOBAHMIA.

C uesnpio Bbibopa naubosee AKTHMBHBIX WITAMMOB-He(TEAECTPYKTOPOB OCYLIECTBIECHO KYJIbTHBMPOBAHHE
MHKPOOPraHH3MOB Ha cpefax ¢ cybeTpatamu: AM3eNbHOE TOIUIMBO, MOTOPHOE MACJ]0, KOMIIPECCOPHOE Mac-
0 W TpaHcMuccHoHHoe Macso. Coazamnbl JabopaTopHbie MOAETH GHOCEHCOpa Ha OCHOBE KHCJIOPOIHOTO
IEKTPOAA, MOAHMDHIMPOBAHHOTO IITAMMAMH-AECTPYKTOpPaMH yr/ieBojiopofoe nedru. Iloayuensl oTBeTHI
JIaHHBIX MHKPOOHBIX OMOCEHCOPOB Ha NPUCYTCTBHE B BOAHON cpeje e MbIx Hedrenpoaykros. Jloka-
3aHA BO3MOXKHOCTb HOJYYEHHs] aHAUIMTHYECKMX CHIHANOB OGuoceHcopa MeMOPaHHOIO THIA Ha OIpe

Hble Mapku HedTenpoj
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Abstract: Recent years have wilnessed an ever-increasing interest in developing electrochemical biosen- graphite
sors based on direct electron transfer-type bioelectrocatal . This work investigates the bioclectrocatalytic
oxidation of glucose by membrane fractions of Cluconobacter oxydans cells on screen-printed electrodes
modified with thermally expanded graphite and poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate)
(PEDOT:PSS). Electrooxidation of glucose was shown to occur without the presence of electron trans-
port mediators. Chronoamperometric and cyclic voltametric characteristics showed an increase of
anodic currents at electrode poten als of 0-500 mV relative to the reference electrode (Ag/AgCl).
The direct electron transfer effect was observed for non-modified PEDOT:PSS as well as for PE-
DOT:PSS linked with crosslinkers and conductive fillers such as polyethylene glycol diglycidyl or
dimethyl sulfoxide. Bioelectrodes with this composite can be successfully used in fast reagent-free

glucose biosensors.
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B KHUre ocBeLlatoTCa HOBEeNLLME AOCTUMKEHNS
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I HAHOOMOCEHCOPOB, PACCMaTPMBAOTCHA
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YeTbipexKaHaAbHbIA aHAAU3ATOP
N TeCTUpOBaAHME peaAbHbIX obpa:

B VIHCTUTYTE BUOXUMUK 1 DUBUOAOT UM
MUKpPoOpraHmamos PAH pa3paboTaAu
4-KaHaAbHbIV DMOCEHCOP, KOTOPbIM
KOHTROAMPYET KadeCTBO 3epHa

N KOHLEHTPAaLMKO CnMpTa NnpsgMo

B npoLecce npon3BoOACTBa.

OH Tak>Ke MOXXeT OLEeHUTb CTeneHb
OYNCTKM CTOYHbBIX BOA.

AaTUVK B DEaABHOM BPEMEHU CAEAUT

33 KaQ4YeCTBOM CbIPpbSA M TOTOBHOCTbIO MPOAYKTA.
OTO MOMOraeT COKPaTUTb

NoTepu M MOBbLICUTb BbIXOA,

EcAM pa3paboTkM 3anHTEepecyoT bUsHec,

B OAVMKANLLME FOAbI OHM MOTMYT MPEeBPaTUTLCA
13 AADOPATOPHbIX MPOTOTUMNOB B ABUIraTEeAb
OVOKOHOMUKMN.

OnpeAeAeHIe FAIOKO3b
KoppeAsauma bMoceHCOPHO!

«BMOCGHCOpr Y>Xe CTAHOBATCHA 4aCTbiO 60AbLLUMNX g =
CO CNEeKTPOPOTOMETPUYECKMM METOAON

MHTEAAEKTYaAbHbIX cMCcTeM. Hanpumep, cocTasvaa 80-97 %

B CEAbCKOM XO3SIMCTBE TAaKOMN AAQTUUK,

BCTpOEHHbIﬁ B No4By, CaM ONpeAeAUT HEXBATKY YeTblpexkaHaAbHOe aHaAnTUYeCKoe YCTPOWCTBO
BAArv U AaCT KOMaHAY Ha NMNOAMUBY», — pacckasana SmartSense BioEL

PYKOBOAMTEAb AabopaTopun KOAna MNaexaHoBa.
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