PEDEPAT

Bremycknast kBanudukanumonnas pabora 120 c., 28 puc.,, 25 Tabn., 6
UCTOYHUKOB, 1 IpUIIOKEHUE.

KiroueBbie clioBa: CaxapHbIN I[I/Ia6eT, N3MCPCHUC TJIIOKO3bI, HCMHBA3HWBHBIC

MCTOJbI, DGSHCTHBHBIﬁ METOd, MECTOAbI IICPCAadYn JaHHBIX.

OOBEKTOM HCCIEIOBAHUS SBISIIOTCA — 4 KOJIOBI C pa3IMYHBIM COJIEpKAHUEM
r1roKo3el: 0; 5; 8; 16 MMonb/1.

[{eas paboThI — HUccnenoBanne  pe3sUCTHBHOIO  METOJA  KOHTPOJIA
INIMKEMUHU, cOOp MakeTa yCTAaHOBKW JJisi MPOBENEHUSI OMNBITOB M JalbHEHIIMX
u3MepeHuid. PazpaboTka cucTteMsl JUisl IEpeIavn JaHHBIX C MAKETa Ha KOMIIBIOTEP
uiu TenaedoH.

B mnponecce uccnenoBaHus MPOBOAMWICA AHAIUTUYECKUI 0030p MHPOBBIX
aHAJIOrOB HEMHBA3UBHBIX TIIFOKOMETPOB, METOJOB MEPEIAUN TAHHBIX, IATEHTOB Ha
CHI0CcOObI HEMHBA3UBHOTO OIPEIETICHMsI YPOBHS caxapa.

B pe3ynbraTe uccnenoBanus OblI cOOpaH MakeT, KOTOPbINA U3MEPSIET IITIOKO3Y
pEe3UCTUBHBIM MEeTOAOM. [IpoBefeHbl M3MEpPEHUs U HUCCIEAO0BAHA 3aBUCHMOCTD
CONPOTHUBJIEHUS OT KOHIIEHTPAI[MU TJIIOKO3bl. DBBUT BBISIBIEH ONTHUMAaJIbHBIN
JIMAna30H 4acTOT Ha KOTOPBIX HEOOXOJUMO MPOBOJUTH U3MEPEHUS U pazpaboTaHa
cUCTEMa KOMMYHUKAIIMHU JJIs TIEpe/layy TaHHBIX C MPUOOpa Ha KOMITBIOTEP.

CreneHb BHEIPEHUSA: Ha nanHo#i »rame paspaboTka HaxoAWUTCS Ha
HayaJbHOM JTare HUCCIAEIOBaHMM, HO JaHHOM paboToM yKe 3aumHTepecoBajach
dbupma CKb «DnexrpoHukay.

O061acTh MPUMEHEHUS: MEIUITMHA.

DOkoHOMHYECKasT A(PPEKTUBHOCTH/3HAYMMOCTh PAOOTHI: HA JAHHOM 3Tare
paboT TOBOPUTH 00 dKOHOMUYECKON I(P(HEKTUBHOCTH ellle paHo. B mampHelmem
IPU MOJIOKUTENBHBIX pe3yibTaTax MCCIEIOBAaHUN MPOIYKT OyJEeT BBIBEJIEH Ha
PBIHOK.

B Oynyiem muiaHupyercsi. UCCIIEZIOBAaHUE €€ HECKOJbKUX  METOOB
KOHTPOJISL TJIFOKO3bl W MHTErpalus UX B OAUH NpuUOOp sl MOJTydeHHsl Hanbosee

TOYHBIX PC3YJbTATOB IIPU HU3MCPCHHUN KOHUOCHTpAUOMUW TJIFOKO3bI B KpPOBH.



[TogkntoueHne K CUCTEME KOMMYHUKALWH, U1l NAIBHEUIIEW TMepenayu JaHHBIX
yepe3 GSM — monyne Ha TenedoH. PazpaboTka mpuiioxkeHus: 1Jis BO3MOKHOCTH

HHCTaHHHOHHOﬁ KOHCYJIbTallUX C BPA4YOM.
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CaxapHbplilf 1uabeT SBJISETCS PACIPOCTPAHEHHBIM 3a00JIEBaHUEM, B MUPE
y>K€ HacuuThiBaeTcs 0osee 175 MUITMOHOB OOJIBHBIX, UX KOJIMYECTBO MOCTOSTHHO
yBenuuuBaeTcsi. CaxapHblii 1uabeT CBsi3aH C BBICOKOW CTENEHbI0 BOZHUKHOBEHHUS
OCIIO)KHEHWH, BKIodas  3a0oyieBaHUs  cepAua, IO0YeK, CeTYaTKu U

HEBPOJIOTUUECKUX 3a00JIeBaHUM

Onpenenenue ypoBHsS TJIIOKO3bl KPOBU — OJWH M3 CAMBIX NOMYJIAPHBIX
TECTOB, BBIMOJHAEMBIX KIMHUKO-AUAarHOCTUYECKUMHU JabopaTopusimu. Yarie
WCIIOJIb3YETCsl MHBAa3UBHBIA METOJ U3MEPEHUS caxapa B KPOBHU, HO B TO XK€ BpeMs

U3MEpPEHUE TaKUM IyTeM TpeOyeT OOJBIINX 3aTpar.



Co3maHre HEWHBAa3MBHOTO TJIIOKOMETpPa B COBPEMEHHOW MEIWIIMHE
SBJIIETCSI OYCHBb aKTyalnbHOU 3amadeii. [Iponenypa nsmepenus 6e360ome3nenna. He
HY)KHO UMETh TpH cebe TecT mojocku. OmacHOCTh 3apaxeHus] WH(EKIIMOHHBIMU
3a00J1€eBaHUSIMU MUHUMAJIbHA.

Jpyroii e akTyaJbHOHM 3a/madeil sBIseTCS OpraHW3allis KaHAJIOB IMepenadu
JTaHHBIX MEXIY yAaleHHBIMUA 00bekTaMu. Tak Kak, 3T0 HeOOXOIUMO AJIsT CO3TAHUS
ABTOMATHU3WPOBAHHBIX CHUCTEM cOOpa W Iepemaadyd HWHOOpPMAIMHA, a TaK JKe

YAAJICHHOT'O KOHTPOJII U MOHHUTOPHUHI'A 34 O0OJILHBIM

OObekToM AUIIIOMHONW paboThl sBIsieTCS -4 KOJNOBI C  pa3iMuHbIM

COJCPIKAHHUECM T'JIFOKO3BI.

[ens paboTHI — HUccnenoBanne  pe3UCTHBHOIO  METOAA  KOHTPOJIS
IJIMKEMUH, cOOp MakeTa YCTaHOBKM JJisi NPOBENEHUS OIBITOB M JAJTbHEHIINX
u3MepeHuid. PazpaboTka cucteMsl Uil Iepeiadn JaHHbIX C MaKeTa Ha KOMIBIOTEP

WM Tene(oH.

B mpouecce uccieqoBaHusl IJIAHUPYETCS NPOBECTH AHATUTUYECKUN 0030p
MHUPOBBIX AHAJIOIOB HEHWHBA3WBHBIX TIIFOKOMETPOB, METOJOB IEpPENadyd JAaHHBIX,
NaTEeHTOB Ha cOCcOObl HEMHBA3UBHOT'O ONPE/IEIICHUs YPOBHS caxapa.

Hayunast HoBu3Ha: B nanHol paboTe paccMaTpuBaeTcsl pe3UCTUBHBIN METO
KOHTPOJISI TJIMKEMHUH KOTOPBIM Ha JaHHBII MOMEHT BPEMEHH HEO0OOCHOBAHHO
3a0BIT

[IpakTryeckass 3Ha4YMMOCTbh:. J[aHHOM pa3pabOTKON yXK 3auMHTEpecoBajIach

dbupma «CKb DnextpoHnka

1 0630p /IuTEepaTyphbI
Caxapnblii [uaber - rpymnma SHAOKPUHHBIX 3a00JI€BaHUM, Pa3BUBAIOIITIXCS

BCJICACTBHUC a0COJIFOTHOM WM  OTHOCHTEJIBHOM HCIOCTATOYHOCTH TI'OPMOHA
HHCYJIMHA, B PE3YyJIbTaTC 4YC€r0 pas3sBUBACTCA THUIICPIIIUKEMUA — CTOMKOE

YBEIMYECHHUE COJIEPKaHMsI TIIOKO3bI B KPOBH. 3a00JieBaHHE XapaKTepU3YyeTCs



XpOHMYECKMM TEYEHHEM W HapylIeHHeM BCeX BHUJOB OOMEHa BEIIECTB:

YIIICBOJIHOTO, JKHPOBOTO, OEJIKOBOT0, MUHEPAJILHOTO M BOAHO-COJIEBOTO.[1]

XapakTepHO OCOOEHHOCTBIO CaxapHOro auadera SBISETCS XPOHUYECKOE
TEYeHHE 3a00JIeBaHUs, HECMOTPS Ha CIIy4al CTOMKOTO YIyUlICHUS H Jaxe
oOpaTHOro pa3BUTHs SBHOTO caxapHoro nuadera. [losTomy kaxawlii OOJIBHOM
caxapHbIM AUa0ETOM, a TaKuX B Mupe 0ko10 200 MUJUIMOHOB YEJIOBEK, HYKAAETCs
B PEryJIIPHOM KOHTPOJIE YPOBHS caxapa B KpOBH. PeryispHblli KOHTPOJIb YPOBHS
caxapa TIO3BOJISIET KOPPEKTUPOBATh JieUEHHWE U U30ekKaTh JaJbHEUIINX

OCJIOKHEHUH.

TpaguuMOHHBIN METOA ONPENEIICHHS YPOBHSA caxapa 3akiIo4acTcs B
IIPOKAJILIBAHUM NAJIbIA IIPU IIOMOIIM JIAHIIETA, [IOMEIICHUN KaIuIli KPOBU HA TECT
MOJIOCKY M 3aT€M BHECEHUU 3TOM MOJOCKH B U3MEPHUTENIbHBIN MpHOOp, KOTOPHIN

TEM WA MHBIM CIIOCOOOM OIpCACIIKICT U IOKA3bIBACT 3TOT YPOBCHDb

Camble nonyJsipHbIE Ha JTAHHBIM MOMEHT CIIOCOOBI aHAIM3a Ha COJIEP KaHNE
caxapa B KpOBM NAalMEHTAa HMEIOT OHMOXMMHUYECKHUW XapakTep. OTU CIOCOObI
OCHOBAaHBI HAa CBOMCTBE Caxapa BOCCTAHABIIMBATH ONPEIEICHHBIEC COJIA B IIPOLIECCE

CJIOKHBIX XUMHNYCCKHUX peaKHHfI.

KpoBb 17151 u3mepenust B Heli caxapa OepeTcst pa3IMuHbIMU CITIOCO0aMU - U3
BCHBI, ITyTEeM IMPOKOJIa KOKM KOHYMKOB TAJIBIIEB MM MOYKH yxa. B mepBoMm ciydae
UCCJIEYeTCsl BEHO3HAs! KPOBb, B OCTAIBHBIX CIIy4asx - KanuuisipHas. B HacTosiee
BpeMs JIFOASIM HET HEOOXOIWMOCTH IIOCTOSIHHO XOIUTh B OOJBHHUILY IS
U3MEpPCHUSI YpPOBHS caxapa, ceidac aKTUBHO HWCIOJIB3YIOTCS TIIOKOMETPHI -
MOpPTAaTUBHBIC TPUOOPHI [IJIST OMpEACNICHUs caxapa B KPOBHU, KOTOPHIMH MOTYT
MOJIb30BaThCs OOJIBHBIE JOMa M CaMH OIpPEAesaTh ypOBEHb caxapa. ITO
HEOOXOMMMO TSI TPABUIBLHOTO TOM0Opa 703 JIEKApCTB OOJIBHBIM CaXapHbBIM

TUa0ETOM, YTO 3HAYUTEIFHO MOBBIIAET 3P (HEKTUBHOCTH JICUEHUSI.
VY nanHoro crnoco0a ecTh CBOM HEJOCTATKU:

—  TpeOytot 06s13aTenbHOTO 3a00pa KPOBH;



—  Heo6xoanMocTh 4acToro npuoOpeTeHus TECT-TOI0COK;
—  Bo3MoxxHOCTH HH(DULIUPOBAHHUS.
Tax >xe U3BECTHBI CHIOCOOBI OIPENEIEHUS COAEPKAHUS TIIOKO3bI B KPOBH,

HCKIIIOYAaromue 3a6op KpOBH HAa3bIBAOTCA OHU HCMHBA3WBHLIMU.
HewnBasuBHbIC MCTOIBI:

— HCKIIOYAar0T BHCCCHUC BO BHYTPCHHIOIO CpEAy OpraHu3mMa 60JI€3HCTBOpHBIX

BUPYCOB U OaKTepuid
—  PeIaoT JIB€ MEIUKO-COIMAIbHbIC 3a/la4u:

1)MOHUTOPHHT OCHOBHBIX OHOXMMHUYECKMX U (YHKIIMOHAIBHBIX

mokasareJjien
2)co31aHne UCTAHIMOHHBIX aJapM-CHCTEM.

— OCBO60>KI[3IOT nmanmuceHra OT KOMIIJICKCA OOJIEBBIX H HCTIPUATHBIX

OIIYIIICHUH.
1.1 HennBa3uBHbIE METOAbI KOHTPOJISI TJIMKEMUH

PaCCMOTpI/IM HU3BCCTHBIC Ha I[aHHBIfI MOMEHT HEWHBAa3MBHBIE CITOCOOBI

OIpCACIICHHS I'TTFOKO3bI B KPOBH.

1) Croco0 ompeenacHus] KOHIIEHTPAUK TIIIOKO3bl B KPOBH YEJIOBEKA Ha
OCHOBE M3MEPEHHUS TTOJTHOTO AJICKTPUUECKOTO COMPOTUBIICHUS KOXKH WA OJTHON M3

COCTABJISIONIUX TOJHOTO 3JIEKTpUYecKoro compotuBieHus koxu (RU 2230485).

[2]

Ho y manHoro cnoco0a ecth cyliecTBeHHbIH HemocTaTok. [Ipu pacuerax
UCTIONB3yeTCsl popMylia B KOTOPYIO BXOSAT TPYIHO OIpenessieMble MapamMeTphl,
MO3TOMY CIOoco0 007agaeT Majloil 4yBCTBUTEIBHOCTBIO K  OMNPEICIICHUIO

KOHIOCHTPAIOWH I''TFOKO3BbI.



2) Cnocob ompeneneHusi KOHIIGHTPALMHU TIIOKO3bI B KPOBH YeJIOBEKa U

HCTIPCPBLIBHOI'O MOHHMTOPHHIA COCTOSSHHMA KOHICHTPAIIMM TJIFOKO3bI B KPOBHU

yenoBeka (RU 2342071, 2007)[3].

Cnoco®6  3akimroyaercs B TOM, 4YTO MOCPEACTBOM  JIBYX  Hap
YETHIPEXINEKTPOJHBIX JAaTYMKOB, 3aKPEIUICHHBIX HA MTOBEPXHOCTH TEJa YeJIOBeKa,
NEPIECHIUKYIAPHO JPYr APYry, HU3MEPSIOT JJIEKTPUUYECKUE TMepeIaTOuHbIC

GbyHKIUH.

3) Cnoco0 omnpe/eneHus KOHIIGHTPAIIMH TJIFOKO3bI B KPOBH YEJIOBEKa
(RU 2295915, 2005) [4].

Crnoco® OCyHIEeCTBISAIOT IyTeM OOJYy4YEHHsS Ja3epHBIM JIy4OM 30HBI
MaKCUMAaJIbHOTO CKOIUICHUS KPOBEHOCHBIX COCYJOB Ha CIIM3UCTON 000JI0UKe,
npueMa UWHPOpPMAlMM U amnmapaTypHOTO IpeoOpa3oBaHUs €€ IOCPEICTBOM
BBIJICIICHUSI OPHCHTAIIMM BEKTOpa TOJSAPU3AIUU W WHTCHCUBHOCTU OTPAKEHHOTO

H3JIYYCHHA U paCcdCTa I10 HUM KOHIOCHTPAIIKMKU BCIICCTBA B KPOBU.

OpmHako fdaHHBIM crmoco® oOmagaer Majgod TOYHOCTBIO, TaK Kak
MMOBEPXHOCTHBIE CJIOM KOXXHM OO0JIaJal0T aHU30TPONHUEeH, W paclpoCTpaHEHHUE
JUHEHHO-TIOISIPU30BAHHOTO CBETAa NMPHUBOIUT K HEOJAHO3HAYHOW WHTEPIPETAINH

PE3yIbTaTOB U3MEPECHUS.

4) Cnoco0 ompeaeneHUs KOHIEHTPAIMK TIFOKO3bI, BKIIOYAFOIIHIA
U3MEPEHUE CHCTOJIMYECKOTO U JIMACTOJMYECKOTO apTepHaIbHOIO JIaBJICHUS
MOCJICIOBATEILHO HA JIEBOW M MPaBOM pyKaxX MalHMeHTa, MPU 3TOM COJCp KaHHE

IIFOKO3bI B KPOBU PACCUYUTBIBAIOT IO MATEMATHYCCKUM (bOpMy.]'IaM

(RU 2368303)[5].

OnHako JaHHBIM CHOCOO SIBJISETCS OYEHb CJOXHBIM U HEJOCTATOYHO
TOYHBIM, TaK KaK OH TpeOyeT KaXXIblii pa3 M3MEpPEHHUs MaBJICHHUS Ha JICBOU H
MPaBOl pyKe MalMEHTAa HATOUIAK W Cpa3zy MOCJE MpHUeMa MUIU, a COACPKaHUE

TJIFOKO3bI B KPOBU PACCUMTHIBAIOT MATEMATUYECKUM (POPMYIIaMm.



5). Crioco6 ompeneneHnss KOHIIEHTPAIUK TIIOKO3bI B KPOBH C MOMOIIIBIO

undpaxpacnoit (UK) cnekrpockomnuu B 6nmxHem nuanazone 350-1500 am.

JlaHHBIA METOJI OCHOBaH Ha aHalM3€ ONTHYecKoro mnoriomieHus HMK-
W3JIyYEHUS, JJIMHBI BOJIH KOTOPOIrO HAaXOMASITCSA B OOJACTU MOTJIOMICHUS TIIFOKO3bI
KpOBH. [[71 3TOro M31ydeHUE MOJKHO MPOUTH YEPE3 TEIECHbIC TKAHU W MOMNAaCTh

Ha (POTOMPUEMHHUK, T1Ie (PUKCUPYETCS COOTBETCTBYIOIIUN CIIEKTP.

OpHaKo TOT METOJ MOKa HE MO3BOJSET JOCTUYh HEOOXOAUMON TOYHOCTH
U3MEPEHUI W3-32 MHAUBUAYaJIbHBIX OCOOCHHOCTEH KOYKHOTO MOKPOBA M COCTaBa

MEXKJIETOYHOM KUJIKOCTH.
6)Ilonsipu3anmoHHast CIIEKTPOCKOTIHSL.

Cnocob, OCHOBaHHBIM Ha W3MEHEHHE IUIOCKOCTH TMOJSpHU3alud B
3aBUCUMOCTH OT KOHLUEHTPALIUU TJTFOKO3BI.

Henocratkom MeTtoja SBISETCS HaIUM4Me, APYIMX BEIIECTB, KpoMe
[JIFOKO3bI, KOTOPBIE U3MEHSIOT MOJIAPU3ALIMIO0 CBETA, TAK K€ OKa3bIBAECT BIIMSHUE

TeMIeparypa.
7) ®U3NKO-XUMUIECCKHI METO/I.

Meron, CBA3aHHBIA C ONPENEIEHUEM YPOBHS TIJIIOKO3bl B MEKKIECTOYHOU
KUIKOCTH. B 3TOM MeToze HCHOJb3yHOTCS pa3Hble BapUaHTbl TEXHUYECKOU
pean3alyy: MOKHO BO3JCHCTBYsS Ha 00JjacTh aHajau3a ClIa0bIM 3JEKTPUUECKUM
TOKOM H3BJ€Yh MEXKKIECTOUYHYIO JXUIKOCTb CKBO3b KOXY. Jlpyroit cmnoco6
pean3alyy, ¢ MOMOIIBIO Ja3epa CO34aTh MHKPOIOPBI, B KOTOPBIX cOOMpaercs
MEKKJIETOUHAs] JKUIAKOCTh. [ ompenesieHuss TIIIOKO3bI B MEXKKJIETOYHOU
JKUJKOCTH HCIOJB3YIOT CIEHHUAIbHBI CEHCOP, KOTOPBIM IMOBBIIIAET CTOUMOCTD
ananu3za. Kpome Toro, ectp eme oaHa mpobiieMa: YpPOBEHb TJIIOKO3bl B
MEKKJIETOUYHON KUIAKOCTH HE OTPAXKAET PEAIIbHOTO 3HAYEHHMS TIIFOKO3bI B JJTAHHBIN

MOMEHT BPEMEHH, a 3ana3jpiBaetT Ha 10-30 MUHYT.

8). TerutoBasi CIEKTPOCKOTIHSI.



MeTton ocHOBaH Ha MH(PAKPACHOM H3IYYCHHH TJIIOKO3bI MIPH HArpEeBaHUU
KOXM M BBIBICHUH 3aBUCUMOCTH HW3JIYYEHHUS OT KOHLEHTPALMH TJIFOKO3bI.
['maBHBIM HEZOCTAaTOK — KOXYy B 00JacTH aHajM3a HEOOXOJUMO OXJaKIaTh 1O

11 C".
9. Meroa paMaHOBCKOM CIIEKTPOCKOITHUHU.

MeTon, OCHOBaHHBIM Ha TOM, YTO CYIIECTBYET 3aBHCHUMOCTH CIICKTpa
MOJICKYJISIPHOTO pacCcestHUsl OT KOHIEHTPAllMK TJIOKO3BI B KUJKOCTH H, B
YacTHOCTH, B KpoBH. JIyis BO30OyKIEeHHs CIEKTpa 00JacTh aHanu3a (Hampumep,

JIa7I0HB) O0JyYaroT CIa0bIM JIa3epOM.
1.2 Anajioru
Campble N3BECTHBIC HCMHBA3UBHBIC TITFOKOMETPHI.
1) HewunBasusHbIi ipubop «Omenon A-1y»

['oBOpst 0 HEWHBAa3MBHOM TJIIOKOMETPE M ABTOMATHYECKOM TOHOMETPE
«Omenon A-1» HeoOXOoIMMO CKaszaTh, 4YTO 3TOT MPUOOP HCIOIB3YET B CBOEH
paboTe MPUHIKIT OOBIYHOTO TOHOMETPA: OH U3MEPAET IABJICHUE U YACTOTY MYJIbCa,
a 3aTeM IMEpPEeBOJUT 3TH JaHHbIE B 3HAYEHHUE YPOBHS TJIIOKO3bI B KpoBH. Kak

BBITTIAAAWUT TNIFOKOMETP NPEACTABIICHO HA PUCYHKC 1.




Pucynok 1

Kaxk paboraer Omenon A-1? KoMmpeccuonHass MaHkeTa, 3aKperisieMas Ha
NpEeAIIeYbe PYKH, 3aCTaBISET UMITYJIbChl KPOBHU, MTPOXOISIINE [0 apTEPUH PYKH,
co3JaBaTh HMMITYJIbCHBIE W3MEHEHHs JaBJICHUS BO31yXa, KOTOPBIM 3aKayaH B
MaHXeTy. JlaTuuk JaBlieHus, pacloiIOKEHHbI B TOHOTJIIOKOMETpE, Mpeodpaszyer
3TH UMITYJIbCBI BO3AYXa B 3JIEKTPUYECKHE CUTHAJIBI, KOTOpBIE 3aTeM 00padaThIBaeT
MUKPOKOHTPOJIEP TIItOKOMeTpa. YToObl M3MEpUTh BEpXHEE U HUKHEE JIaBJICHUE, a
TaK € pacCuuTaTh YPOBEHb TIJIOKO3bl B KPOBH, HCIIOJIB3YIOTCS MapamMeTpbl
IIyJIbCOBOM BOJHBI. Pe3ynbpTarbl IMOMYYEHHBIX W3MEPEHUNW WU PACUYETOB MOYKHO

YBUJIETh Ha AUCIUIeE Tprbdopa.
2)HeunBaszuBHblit mpubop Gluco Track

HevHBa3uBHBIA TJIOKOMETP H3PauIbCKOTO IPOU3BOJACTBA HU3MEPSET
YPOBEHB IIFOKO3bI B KPOBU IIPU IIOMOILH CIIEIUAIbHOMN KIIUIICHI, IPUKPEILIAEMON K
MOYKe yxa. MOXXHO Kak OJHOMOMEHTHO HM3MEpPUTh KOHIICHTPALUIO IJIIOKO3bl B
KPOBH, TaK M OCYIIECTBIATH ITOCTOSSHHBIA MOHUTOPHHI. [lpmHIMN nencTBus
OCHOBaH Ha COYETAaHUM TPEX TEXHOJIOTMHU: YJIbTPa3ByKa, TEILNIOEMKOCTH U
WU3MEPEHUS AIEKTPONPOBOAUMOCTH. BHEIIHNI BHUJ TIFOKOMETPA MPEACTABICH HA

pUCYHKE 2.



Cautiont bnvestigationial device: Limited by federd low toivestigdtional se crly
—-—(A) GlucoTrack Monitor; (B) Performing a Spot Measurement

Pucynoxk 2
3)HeunBazusHbiit mpudop Cumdponus tCGM

OTOT  HEHWHBAa3WBHBIA  I[JIOKOMETP  INPOU3BOJUT  BCE  M3MEPEHHUS
TpaHCAEPMAJIbHO, OH TaK K€ He MPEeAyCMaTPUBAET IMPOKOJA KOXXH U BBEICHUS
ceHcopa moja kKoxy. EquHcTBeHHOE, yTO OH TpeOyeT A TOro, 4TOOBI MPOBECTH
BCE HEOOXOJMMBIE 3aMEpbl — ATO CHEUUAIBHON MOJTOTOBKU KOXKH C MOMOIIBIO
Ipyrou cucrtemsl — lIpemoauu. 9TO yCTPOMCTBO «IOTJONIAET» CAMBIA BEPXHUH
CJIOM KOXH, T. €. Ha HEOOJIbIIOM YYacTKE KOXKH, COCTOSIIEM U3 OpPOTrOBEBLIMX
kieTok tonmHon 0,01 MM, OCyIIecTBIsIeTCS CBOCOOPa3HBIN MIIMHT. JTO HYKHO
JUISL TOTO YTOOBI YIYUYIIMTh 3JICKTPONPOBOJIHOCTh KOKU. BHeUTHMil By anmapara

MPEACTABIICH HA PUCYHKE 3.



L

Pucynok 3

B nanpHelilieM Ha 3TO MECTO KPEMUTCS CEHCOP — KaK MOKHO IUIOTHEE K
koxe. Yepe3 HEKOTOpoe BpeMsl IMONy4YeHbIE JaHHbIE O KOJMYECTBE caxapa B
MOJIKOKHO-KHPOBOM KileTyaTke OyayT mnepenansl Ha Ttenedpon. B 2011 romy
npubop Obut ucciaegoBan B CIIIA. B pesynbTare BCe PECHOHIEHTHI, KOTOpPbHIC
MOJIb30BAIMCH JJAHHBIM CEHCOPOM, HE OTMEUaliu y ce0s KaKuX-Tn0o pa3apakeHui

Ha KOXKC MJIM MMOKPACHEHHI B MECTE YCTAHOBKH JIaTUHKA.
4)Yacei-rmokometp Glucowatch

Januplii npuOop u3MeEpseT YpPOBEHb TIJIOKO3bl Kaxible 20 MHHYT,
MpUChUTas CBeACHUA 00 aHajau3e Ha MOOWIBHBIM TeledoH. ITO YCTPOMCTBO
yno0HO u He3zameTHOo. CTOMMOCTh Takux yacoB kosiebsercs ot 200 mo 400
JIOJITIAPOB, B 3aBUCUMOCTH OT KoJindecTBa (PyHKIMI U nocTaBiuka. CoBpeMeHHBIE
Glucowatch He TPOBOJAT MAHUITYJIAINI HA KOXKE, TECTUPYS MOTOBBIC BBIICICHUS

Ha 3aIICThE YeJIOBEKA. BHENIHMI BUJ YaCOB MPEACTABJICH HA PUCYHKE 4.



PucyHnok 4

1.3 Cnnoco0bI nepeaayu JaHHBIX

AKTyallbHOHN 3aJjaueil B COBPEMEHHON MEAMIIMHE SIBISAETCS OpraHu3alus
KaHaJOB TMepenaydl MTaHHBIX MEXIy yIaJeHHbIMH OO0BeKkTamMHu. Tak Kak, 3TO
HEOOXOJUMO I CO3/IaHHs aBTOMATU3MPOBAaHHBIX CHUCTEM cOOpa W Tmepenadu
uHbOpMAaIInH, a TaK Ke YIAIIEHHOTO KOHTPOJISl 1 MOHUTOPUHTA 32 OOJIBHBIM.

Ilepenaua nannpix yepe3 GSM

[Ipn paccMOTpeHMM TMOCJHEIHUX TEXHHYECKMX HOBHMHOK B o001acTu
nepefayn JaHHBIX B MOOWIBHBIX CETSIX OCHOBHOE BHHMAHHE YACHSACTCS
TexHoinorun GSM, MOCKONBbKY HMMEHHO B CETSAX 3TOM TEXHOJIOTUM IMepenavy
JTAaHHBIX MOXXHO OpraHW30BaTh Hamboyiee eCTECTBEHHBIM 00pa3oMm; i ITOTO
TpeOyeTcs yCOBEpIIEHCTBOBATH TOJIBKO IIEHTPATBHBIN KOMMYTATOpP CETH.

[Ipu wucnonw3oBanuu OecripoBogHON TexHonoruu GSM maHHBIE MOTYT
nepeaBaThCsl TPEMsl OCHOBHBIMH CIIOCOOAMHU: C TOMOIIBI0 CITY>KOBI KOPOTKHX
coobmenuit SMS (Short Message Service), mo rojocoBomy kaHatry GSM u ¢
UCIONIb30BaHUEM TMakeTHoW mepenaun gaHHbIXx GPRS (General Packet Radio

Service). PaccMoTpuM Gosiee moipoOHO KaXKAbIA U3 ITUX CIIOCOOOB.



Cnyxx6a SMS BecbMa momylsipHa Cpeau TOJb30BaTelied MOOWIBHBIX
tenedoHoB. OmHAKO M7 TIEpeIadyd MAcCHBOB JIAHHBIX OHA TOJXOJHUT MEHBIIE
Bcero. IlocpeactBom SMS-coobmieHuii 1enecooOpa3Ho TeperaBaTh KOMaHJ bl
(HampuMep, Ha TOAKIIOYCHUE K CEPBEPY) WU CIYKEOHYIO MHPOPMAIHIO MaJioTO
ooweMa (IP-ampec cepBepa u T. 1m.). OCHOBHBIE JOCTOMHCTBA ITOW CIIyX OBl —
MPOCTOTa MCIOJb30BaHUS, OTHOCUTEIBHO HHU3Kasg CTOMMOCTH YCIYr U y/noOHas
opraHu3anus J0CTaBKHM cooOmeHnii. K HemocTtaTkam ee ciemyeT OTHECTH B
NEPBYIO OYepeb HETapaHTUPOBAHHOCTh OBICTPOIl JOCTaBKM COOOIIEHUS U Majioe
YUCJIO CHUMBOJOB B HeM — 10 160. DT 00CTOSATENbCTBA HAKIIAIbIBAIOT
CYIIECTBEHHbIC OTIPAaHMYECHHUS Ha IpUMEHEeHHE SMS, Hampumep, B CHUCTEMAX
HEIMPEPHIBHOIO MOHUTOPUHTA TPOU3BOJICTBEHHBIX TIPOIECCOB MM KOHTPOJIS
MOOUIBHBIX OOBEKTOB.

BricokockopocTHasi mepenaya AaHHbIX ¢ KoMMyTanueil kanainoB HSCSD
(High Speed Circuit Switched Data) mo3BossieTr opraHu30BaTb OOMEH JaHHBIMU
m000ro 00bemMa MEXay ABYMsi OOBEKTaMU B peaiIbHOM MaciuTtabe BpeMeHH (on-
line) B hopmate coenunenus “‘rouka—rtouka”. OCHOBHBIMU JIOCTOMHCTBAMU 3TOTO
criocoba CBSI3U SBJSIFOTCSL OoJiee BBICOKHE HAACKHOCTh M CKOPOCTH IEpeaadu
JaHHBIX. MakcuMallbHasi CKOPOCTh TI€peladd JaHHBIX MO OJHOMY T'OJIOCOBOMY
kaHairy GSM (pexxum CSD) cocraBnser 9600 KOut/c, a MHOTOKaHAIBHBIN PEXUM
HSCSD o6ecneunBaet nepeaady gaHHbix Ha ckopoct 19 200 Kout/c u Boie. K
HEJI0OCTaTKaM HCIIOJIb30BaHUsI TrojiocoBoro kaHama GSM MOXHO OTHECTH
3HAYNTEIBHYI0 CTOMMOCTh MEPECHUIKH KHJIOOaiTa MHGOPMAIIMKA M CYIIECTBEHHOE
HETaTMBHOC BIIMSHWE (HA DKOHOMHYECKHE TIOKA3aTeIu CHCTEMBI) BpPEMEHU
OpraHM3allud CceaHca CBsI3U Mexay mojemMamu (cBoero pona handshaking) mpu
nepeaaye MajabiX 00bEeMOB JaHHBIX.

HaunbGonee ontumaneHbI crioco0 mepeaaun naHHbIX 1o cetn GSM —
npumeHenue TexHoimoruun GPRS. T'naBHOWT ee OCOOEGHHOCTBIO — SIBISICTCS
BO3MOYKHOCTh ITIOCTOSTHHOTO TOJKIIIOUCHHS a0OHEHTa K CETH, T. €. HaJIN4ue
aKTUBHOTO BUPTYaJbHOTO KaHala cBsi3u. Ha Bpemsi mepemaun makeTa JaHHBIX

aOOHEHTY MpeAOoCTaBIsACTCS peaybHbIM ((pu3nyeckuil) paguokaHaj, KOTOpPHIA B



OCTaJIbHOE BpEMsI UCIIOJIb3YyeTCs JJIsl Mepefadyd MakeTOB JPYTrux IMOJb30BaTeIei
cetu. TakuM oOpa3om, aODOHEHT He 3aHUMaeT PU3NYECKUIN KaHAN MOCTOSHHO, KaK
npu pexumax CSD u HSCSD, u nosToMy Iiatut ToJIbKO 3a Tpaduk, a HE 3a BCe
BpEMsI CeaHca CBA3U. B pe3ynbrare CylecTBEHHO CHUKAETCS CTOMMOCTD Iepe1adn
Mmerabaiita uHpopmanuu. Texnonoruss GPRS ontumanbHa nnsi nmpuMeHeHUs B
CUCTEMAX HEIMPEPBIBHOTO WJIn KBa3HHENPEPBHIBHOTO MOHUTOPHUHTA
MPOU3BOJICTBEHHBIX  IPOIIECCOB, KOHTPOJIE MOOWIBHBIX U  CTAllMOHAPHBIX
OOBEKTOB, a TaKXe JUIsl MOAJEPKKU TNMPUIOKEHUN, B KOTOPBIX KIIIOYEBYIO POJIb
UTpaeT HU3Kasi CTOMMOCTh Tpaduka. MakcHMalbHO BO3MOXHAasi CKOPOCTh 0OMeHa
JaHHbIMUA C ToMolblo TexHosorun GPRS Tteopetmueckm MoXeT gocTUraTth
170 Kourt/c.

B kauecTBe ycTpolicTBa mepenayd JaHHBIX MOXKHO MCIOJIb30BaTh U
OOBIYHBIA  COTOBBIM  TenedoH  (OOJBIIMHCTBO  COBPEMEHHBIX  almapaToB
noanepxuBatotr yciayry GPRS). Ognako Oosee mpuemiieMbIMU C TOYKH 3PEHUS
CTOMMOCTHU, 3P(PEKTUBHOCTH W HAJECKHOCTU pabdOTHI, a TAKKE YCTOWYMBOCTU K
HEOJIAronpuUsITHHIM BO3JACHCTBUSIM OKpY>Karoliell cpenbl (BBICOKHE TeMIlepaTypa,
BJIQXXHOCTb W T. [I.) SIBJISIIOTCSl CHELUANIbHBIE MOJEMBI, BBIIOJHEHHBIC B BHUJIC
BHEIIHUX TEPMHUHAJIOB M BCTPaMBAaeMbIX MOAyJiel. BcrpanmBaembli MOIYIb
GSM/GPRS — 310  OeskopnycHbii  snemeHT (OEM-moayne), s
(GYHKIIMOHUPOBAHUS KOTOPOTO HEOOXOAUMBI JIOMOJHUTEIbHBIE KOMIIOHEHTHI:
CpEIICTBA DJIEKTPONUTAHUSI IU(PPOBOTO U PATUOYACTOTHOTO OJIOKOB, HHTEPGEHCHI
JUISL CBS3U C BHEIIHUMHU YCTPOMCTBaMH, KOpPMyC, aHTEHHAa W T. . Hampotus,
BHemHUi TepmuHal GSM/GPRS mnpezacraBisier co0oil MONHOCTBIO TOTOBOE K
pabote ycTpoiictBo. OCHOBHOE JOCTOMHCTBO  BCTpauBaeMbIX  MOAYJEH
3aKJII0YAETCS B BOBMOXKHOCTH MX WHTETpAllMd B MPOEKTUPYEMOE YCTPOUCTBO —
HaIpuMep, B KOHIIEHTPATOp HH(POPMAIIMK Ha yIaJIEHHOM O0BEKTE. DTO MO3BOJISET
n30eXKaTh MOSBIICHUS JIMIITHAX KOPITYCOB YCTPOMCTB Ha OOBEKTE, OJHAKO HA IIATe
KOHLIEHTpaTopa HEOOXOJUMO Pa3MECTUTh JOIMOIHUTENIbHbIE CXEMOTEXHHYECKHE

KOMITOHEHTBI, 00eCIeunBaroIie paboTocmocoOHOCTh MOYJIS. [6]



IMepenaua nanubIx ¢ momompbio Bluetooth

Tak ke Hy)kHO OOpaTWTh BHUMAHWE HA TO, YTO BBHITYCKACTCS OTPOMHOE
KOJIMYECTBO MEIUIIMHCKOTO OOOPYJOBaHUSA, KaK C aKKyMYJSTOPHBIM THUTAaHHEM,
Tak U ¢ nutanueM ot cetu 220 B. Jlo HemaBHero Bpemenu mpodwis Serial Port
Profile (SPP) Obu1 mpakTU4YeCcKu €TMHCTBEHHBIM, UCTIOJIb3YEMbBIM Ha MPAKTHKE JIJIS
CBSI3M MEXIy COOOW pa3nmuyHbIXx MeauimHCKuX Bluetooth-ycrpoticts. IlosTomy
o0OpyZ0BaHUE, W3TOTOBIICHHOE pPa3HBIMU MPOW3BOJUTEISIMU, HWMEJIO CBOH
cobctBeHHbIe Tpodmiam BepxHero ypoBHS Bluetooth u He wMorigo ObITh

B3aMMO3aMCHACMBIM M COI'JIaCOBAHHBIM.

Hamnpumep, aesrensHocth Continua Health Alliance cocpenoroyena Ha
MOBBIIIEHUA COBMECTUMOCTA  OECHPOBOJHBIX  YCTPOWCTB  JIUCTAHIIMOHHOTO
HAOIOJICHUST 32 COCTOSIHUEM TMAIMEHTOB W IPYTHUX MEIUIIMHCKUAX TpUOOpOB IJis
JIOMAIIIHETO UCMoJib3oBaHusl. B HacTosimee Bpemsi B HacTosiee Bpemst B 3Ty
nporpammy BxoauT Oonee 240 xommnanuii, B Tom umcie Intel, Motorola, Cisco
Systems, Royal Philips Electronics N.V., Samsung, Bluegiga, Kaiser Permanente,
Medtronic u Welch-Allyn.

1.40nucanue MeToaa

B nmanHOM paszmene omucaHO YCTPOMCTBO W CHOCOO HEWHBA3HUBHOIO
U3MEPEHUS KOHIICHTPAIIMM KOMIIOHEHTa KpPOBHU, HAa OCHOBE KOTOPOTO MOKHO
NPOBOANTh aHanu3 (T.e. aHaiuTa KpoBHW). KOHIIEHTpalus aHaJIM3HPYyEeMOIO
BEILIECTBA B KPOBU HU3MEPSAETCS MyTEM MOJA4YM MMIMYJbCa K YHAOTCHHOM TKAHU C
reHepaTopa MMITYJIbCOB, OTBET HAa UMITYJIbC NPUHUMAET JETEKTOpP, U MPOBOJUT
KOPPEJSIMI0O OTBETAa JHJOICHHOM TKAaHM K KOHIEHTPAlUU aHAJIU3UPYyEMOTO
BelecTBa. M3MepeHHbI aHAIUT MOXET OBITh (PU3MOJOTUYECKHUM, TaKUM  Kak
TIF0KO3a KPOBU, UM HE(PUZUOJOTUUECKUM aHAIM3UPYEMBIM BEILIECTBOM, KOTOPOE

BOB)ICI\/’ICTBYCT Ha DHAOI'CHHBIC TKAaHH!.

B onHOM M3 BapuaHTOB OCyIECTBIICHUSI ['€HEpaTOp UMITYJILCOB BKIIFOUAET
B ce0s, MO MEHbIIeH Mepe, JBa 3JIEKTPoJa JUIsl MPUIIOKEHUS DJIEKTPUUYECKOTO

UMITyJIbca K DHJOTCHHOW TKaHHW, a JCTEKTOpP BKIIOYAET B CeOsl DIIEKTpOAd s



OOHApY>KEHUsSI SJICKTPUUYECKOTO OTKIMKA IHIOTCHHON TKaHM Ha AJIEKTPUUECKHI
UMITYJIbC. Y CTPOWCTBO JOIMOJHUTEIBHO BKIIOYAET B CE€O0sl KOHTPOJUIEp s
YIPABJICHUS CWJION U JUIUTEIBHOCTBIO 3JIEKTPUYECKOIO UMITYJIbCAa U COOTHECEHUS

OTBCTHOI'O CUI'HaJIa K KOHICHTPAIHUN aHAJIN3UPYCMOT'O BCIICCTBA Y OOJIBHOTO.

VYCeTpolcTBO MOXKET JTOMOJHUTEIBHO BKIIIOYATh B ce0sl OJMH winu Oosee
yCTpoiicTBa BBOJAA / BbIBOJAA JJIsl OOJETYCHHs] B3aMMOJCHCTBHS TOJB30BATEINS.
Hampumep, B OJAHOM U3 BapUaHTOB OCYUIECTBJICHUS, OYyKBEHHO-IIHM(PPOBOH
JUCIUIe o0ecreuynBaeT BU3yaAIbHYI0 MHANKALNIO KOHIEHTPALMN aHAJIUTa B KPOBH

AJI1 TIOJIB30BATCIIAA @ TPOMKOTI'OBOPHUTCIIb - 3BYKOBYIO MHUKAIIUIO.

Bo3MOXHBI pa3inuHble BapyualuK Pa3MEIICHUS TEHEPATOPA UMITYJIbCOB U
JeTeKTOpa. B OIHOM BapuaHTE OCYLIECTBICHHs, SHIOTCHHOW TKAaHBIO SIBIACTCS
CPEAVHHBIM HEPB, WIEKTPOABI I'€HEPATOPa HMIIYJIbCOB U MEXAHU3M OKKIIO3UU
pa3MeIIeHbl B MAaHXeTe, MPUCHOCOONEHHOM [JIsl KpEIUIEHHs K Mayblly
I10JIb30BAaTENsl, MPUMBIKAIOLIEH K MepBOi 00s1acTH HepBa. [leTeKTop pacmonokeH B
Opaciere, IPUCIIOCOOJIEHHOM JUIsl KPEIJIEHUS K 3aIICThIO IIOJIb30BATENS B MECTE,

IpUJIeTaroieM KO BTOpOi 00IacTu HepBa.

Y cTpoiicTBO UCIIOJIb3YET AHAJINT3ABUCUMBIE M3MEHECHUSA B
bu3MONOTHYeCKOH WM OMOXMMUYECKOW (YHKIIMM SHIOTEHHOM TKaHu. B
MPEANOYTUTEIIHHOM BapUaHTE OCYIIECTBICHUS, HAMPUMEpP, W3MEPEHHE YPOBHS
TJTFOKO3BI B KPOBH y OOJIBHOTO 3aBHCHT OT U3MEHEHHH B AJICKTPO(OU3UOTIOTHISCKON
byHkuun nepudepruueckux HEPBOB, TAKMX KaK CpeauHHbIN HepB. [lo cymiecTBy,
YCTPOWCTBO OIMMCAHHOE 37ECh HCIONB3YeT IMepudeprudecKuii HEPB B KadeCTBE
PHAOTEHHOTO  CEHCopa  TJIIOKO3bl.  TakuM  oOpa3om, OITOT  ammapar
MPEUMYIIIECTBEHHO HE TpeOyeT pa3MelleHHs] MCKYCCTBEHHOTO NaT4MKa BHYTPHU

HWHIUBUAYYMa WX TOJTYUYCHHUA KPOBU OT MHAWBHUAYYMaA.

Enre oqHO mpenMyInecTBO JAaHHOTO YCTPONCTBA 3aKJIFOYACTCS B TOM, UYTO
IpoIecC M3MEPEHUs] He TpeOyeT OJHOPA30BBIX TECT MOJIOCOK. ClemoBaTesbHO,

NECPUOINICCKHUEC PACXOAbl TCCT-IIOJJOCOK HCKIIHOYAIOTCA. B PE3YJIbTATC CHUKACTCA



CTOMMOCTb ~ YCTPOMCTBA, 4YTO JAa€T JOMNOJHUTEIBHOE NPEUMYILIECTBO B
IPOJBMKEHUH YCTpOMCTBa MOTpeOuTesaM. Emie 0IHO MpeuMyIecTBO HACTOSAIIETO
U300peTeHUs] 3aKII0YaeTcss B TOM, YTO HCIOJB3YIOTCA JIETKO JOCTYIHbIE
aHaJIOTOBbIe M IU(POBBIC AJIEKTPOHHBIE YCTPOMCTBa, TakuM o0Opa3zom uzderas
JOPOrOCTOSIIINX KOMIIOHEHTOB. FEle OJHMM NpPEeuMyIIECTBOM HACTOSILErO

M300pETEeHHUS SBJISIETCS €r0 MPOCTOTA B UCIOJIb30BAaHUHU.
Onucanne padoTbl yCTPOHCTBA.

Ha pucynke 5, mnokazaHa cuCT€Ma W3MEPEHHS KOHUEHTPALMU B KPOBU
IyTEM BBISIBICHUS 3aBUCUMOCTH OTKJIMKA dHJOTEHHOW TKAHU Ha MOJAHHBIA K HEH
uMItysbe. CUcTEMa BKIIIOYAET B ce0s reHepaTop UMITYJIbCOB JUIs IOJJaYl UMITYJIbCa
K DOHJOTCHHOM TKAaHM II0J] YIIPABJIECHUEM KOHTpoyuiepa. Takke IpeiokeH
JNETEKTOp, KOTOpBI OOHAapy>KMBAET OTBETHBIM CUTHAJ SHAOICHHOM TKAHU Ha
uMmItysbe. Koppenstop koppenupyer oOHapyKEHHBIN CUTHAII OTKIIMKA 3HIOT€HHOU
TKaHW K KOHUEHTpAlUU aHaJIM3UPYyeMOro BellecTBa Yy OOJIbHOTO, Kak Oyjaer
OMHMCAHO HWXE, U HUHAUKATOP MPEAYCMOTPEH I HMHIWKAIMU KOHUEHTpPALUH

aHAJIM3UPYEMOIO BEILIECTBA.
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KonTpomnep MOXeT BBINONHATh HMHCTPYKIIHH, 0 COXpaHEHHUIO,
reHepaud U OoOpabOTKE AaHaJOTOBBIX W IHU(PPOBBIX CHUTHAJIOB, BBITOJIHEHUIO
BBIYUCIICHUI M XPaHEHUSI JAHHBIX JUIS TOCIEAYIOUIETO U3BICUCHHSI K MOXKET OBIThH

IPEICTABIICH KaK MUKPOKOHTPOJUIEP WU NEPCOHATIBHBIN KOMIIBIOTED.

Hmiynbc MOKET OBITh MOJAH K TOMY K€ y4acTKy SHAOI€HHOM TKaHU, U3
KOTOporo oOHapyXeH CHUTrHal OTBeTa. B KkauecTBe albTepPHATUBBI, OJHAKO,
UMIYyJIBC MOXET OBbITh NPUMEHEH K IEPBOMY YYacTKy SHIOTCHHOW TKaHH, a
OTBETHBI CHTHaj OOHAPYKEH Ha BTOPOM YYACTKE SHIOTNEHHON TKaHH, KOTOpas

pearupyer Ha pa3apakuTeb.

B oOmeM, sHIOreHHass TKaHb 3TO JH0Oas TKaHb, KOTOpas pearupyer Ha
IPWIOKEHHBIM UMITYJIbC, TAKHE, KaK OIPEACIICHHBIE HEPBbI, MBIl WIA IPYrue
TKaHU. B BapuaHTe OCYIECTBIICHMS, OIMCAHHOM 3/1€Ch, HJIOTCHHAs TKAaHb 3TO
HepB. IIpumepHble HEpBBI [JIs HKCIOJNB30BAaHUSA TaKUM 00pa3oM, SIBIISIOTCS
CpenuHHBII HEPB WIM HEPB JIOKTEBOI'O HEPBA. 3aMEUYEHO, YTO KOHLEHTpAIUs
[JIIOKO3a B HEPBE HAXOJWUTCSI B YCTAHOBUBIIEMCS COCTOSIHUM OTHOIICHHH C
KOHIICHTPAIIMEN TJIIOKO3bI B KPOBEHOCHOM COCYyJ€ M CBA3aHa ¢ HepBoMm. Korma
HEPB OKa3bIBA€TCA B TMIIOKCUYECKOM COCTOSIHUHU, OH IMPOSIBISAET JIEKTPUUYECKYIO
aKTUBHOCTbB, COpPa3MEPHYI0 C KOHIIEHTpauuel TJIFOKO3bl B Mpenesnax Heppa. B
YaCTHOCTH, pPEakUWs HEpBa HA DJIEKTPUYECKUI HUMITYJIbC, JOCTABJICHHBIA B
TMIIOKCUYECKYI0 00JIaCTh HEpBa XapaKTepHAa KOHILIEHTpAlMM TJIFOKO3bl HEpBa J0

Ha4dajia THIIOKCHH.

bonee KOHKpETHO, MOJIE3HOCTh MEPUPEPUUECKOT0 HEPBA KaK SHIOTEHHOTO
JlaTYuKa TJIFOKO3bI B KPOBU M HEMHBA3WBHOTO M3MEPUTEILHOTO MPUOOpa IITHOKO3HI,
OCHOBAHbBI Ha HECKOJBKUX OMOJIOTHUECKUX CBOMCTBAX nepudepruyecKux HEPBOB, B

TOM YHCIJIC:

1. KoHueHTpauusi TJIIOKO3bl B HEpPBE, HEMOCPEACTBEHHO CBSI3aHA C

KOHLICHTpH_I.IHCﬁ I'IFOKO3bI B KPOBH.



2. B ycioBHsIX TUIIOKCHH (TO €CTh OYE€Hb HU3Kas WIM OTCYTCTBYET Mojaya
KHUCTIOpOJia B TKaHM), 3J1EKTpodu3nonoruueckas (pyHKIHS HEpBa COM3MEpUMaA C

KOHHGHTpaHHCﬁ T'JIFOKO3bI HCPBA.

3. Draexrpodusnonornueckas (QyHKUIUsS Nepudepruaeckoro HepBa MOXKET

OBITH HN3MCPCHA HCUHBA3MBHO.

C yderoM TpexX BBIIICYIOMSIHYTBIX CBOMCTB, CIOCOO MPOBEACHHUS
HEMHBA3UBHBIX 3JEKTPOPUZUOIOTHUECKUX U3MEpPEHUN nepudepuieckoro Hepsa B

COCTOSAHHMH I'MIIOKCHUH OIIMCAaH HHKCE.

Kak yxe oTMeuanoch BbIlE, KOHIEHTPALMs [JIIOKO3bI B MEepU(EepuIECcKux
HEPBAX HAXOJUTCS B 3aBUCHMOCTH C KOHLUEHTPALMEN TIIOKO3bI B KpOBH. Jpyrumu
CIIOBaMH,  KOHIICHTpalus  IVIIOKO3bl  HEpBa  IpsAMO  IPOIOPLUOHAIbHA
KOHLIEHTpalMu TJIIOKO3bl B KpoBU. B mepudepruyeckux HepBax, B OTIMYUE OT
OOJBIIMHCTBA APYTUX TKAaHEH, 3Ta CBSI3b HE OKAa3bIBAET CYIIECTBEHHOT'O BIIMSHMS
Ha uHCynIMH. Kpome Toro, a¢dpekT n3MeHeHus: B KpOBU KOHUEHTPALUU TJIIOKO3BI,
AHAJIOTMYEH U3MEHEHUAM KOHILICHTPAIUH TIFOKO3bI HEPBA. Y CTOMYHMBOE COCTOSTHUE
BOCCTAHABIIMBAETCS OBICTPO, UEpe3 JAECATh MUHYT IOCIE TOrO, KaK MPOU30LLIN
W3MEHEHHS]  KOHLEHTPALMM TIIIOKO3bI B KpoBHU. CIIEIOBATENIBHO, W3MEPEHUE
KOHIICHTPALMX TJIIOKO3bl B HEPBHAX SABIISIETCA HAIEKHBIM U OTHOCHUTEJIBHO

OBICTPBHIM UHIUKATOPOM KOHIICHTPAIIMH TJIFOKO3bI B KPOBH.

[lepudepryeckue HEPBBI COCTOSIT U3 JIECATKOB THICSY OTAENIbHBIX BOJOKOH
CBS3M, Ha3blBaeMbIXx akcoHbl. Ilepudepuueckas HepHas cucrema (IIHC) B
OpraHU3M€ Y€JOBEKa U MO3BOHOYHBIX KMBOTHBIX TpeOyeT OOJBIIOrO KOJUYECTBA
OMOXMMHUYECKOH SHEPruu s NOJIepKaHUS ero HOPMAaJIbHOTO
(GyHKIMOHUPOBaHUS. JTa SHEPTUSI OJyUYE€Ha B OCHOBHOM B pe3yJIbTaTe TMAPOJIHN3a
dochatueix Tpynn Anenosuntpudochopasix  (ATD) wmomekyn. AKCOHBI
nojaaepxkuBaoT cHaOxkeHne AT® wuyepes naBa OHMOXMMHYECKHX Ipoliecca:
OKUCJIHUTENBbHOTO  (QocopunrpoBanus M TIMKOAM3a. ODTU JBa Ipolecca

npeoGnaﬂa}oT B Pa3/IMYHBIX YCIIOBUAX W T'CHCPUPYIOT PA3JIMYHBIC KOJINYCCTBA



AT® u HEKOTOphIX METabONIMUYECKUX MOOOYHBIX MPOAYKTOB. B  a’spoOHbIX
YCIIOBHUSIX, ONPEACICHHBIX HAIMYUEM JIOCTATOYHOrO KOonu4yecTBa kuciopoaa, ATD
3 PEKTUBHO TCHEPUPYETCS MyTEM OKUCIUTEIBHOTO (ochoprmirpoBaHus mpooos
[JIIOKO3bl M JIeTpajjalliid  KUPHBIX KHUCIOT. B  aHa’poOHBIX  yCIIOBUSX,
ONPENEIICHHBIX OTCYTCTBUEM JIOCTATOYHOIO KOJMYECTBAa Kuciopoma, AT
HEpALMOHAJIBHO MPOU3BOAUTCA IYTEM IPOCTOrO0 pacnajga MOJIEKYJ TIIFOKO3bI.
Kpome Toro, MojmouHass KUCJIOTa TPOU3BOAUTCS KaK MOOOYHBIN MPOAYKT MpoIiecca,
YTO NPHUBOAUT K BHYTPUKIECTOYHOMY MOJKHCIICHHS aKCOHOB M, CJIEAOBATEIBHO, K

najsenuto pH akcoHoB.

AHa’poOHbIE  YCIOBHMSI MOTYT OBITh  HAJOXEHbl HA  BHEIIHHE
nepupepruuecKkue HEpPBbI 3aKyNOPKOW KPOBEHOCHBIX COCYIOB, Ye€pe3 KOTOpbIE
JNOCTABJISIOTCA  KHUCJIOPOA, W TUTATEJIbHBIC BELIECTBA, TAKUE Kak IUIFOKO3a.
3aKynopka JOCTUTaeTcsl 3aKMMOM  IOBEPXHOCTHBIX HEPBOB OOOMX BEPXHUX M
HIDKHUX KOHEYHOCTEH, IyTEM Pa3MENICHUs MEXAaHM3Ma HENPOXOJMMOCTH, TAKHE
KAaK JKI'yT, BOKPYI KOHEYHOCTH, TaKMX KaK PYKM WM MAJIbLBI MOJb30BATEII.
Hcnonp30BaHne »Kryra HE BpEOUT HEPBY WIM JPYTMM TKAHSAM €CIM  KIYT

pacIlyCKaeTCsl B TEUCHHUE pa3yMHOT0 Meprojia BpeMeH! (MPUMEPHO, 45 MUHYT).

MexaHn3M OKKIIO3UM CKHUMAET TKaHb, OKPYXKAIOUIYI0 KpPOBEHOCHBIN
COCYJl, KOTOPBIM MOJAET KUCIOPOJ M IUTATEIbHBIC BEIIECTBA K HEPBY U MOXKET
OPUHUMATh Pa3InyHble (POPMBI, TAKME KAK HAJyBHOW MHEBMATHYECKHI MaHXKET,
MOKa3aHHBIM Ha pucyHke 7 W 8 u omucaH HmKe. MexaHU3M OKKJIIO3UU
YIPaBISAETCS KOHTPOJIEPOM, KOTOPBIN OIPEAEISAET CPOKU U MPOJOJDKUTEIBHOCTD

MMPCPLIBAHUA ITOTOKA KPOBU B COOTBECTCTBHUH C 3apaHEC OIIPCACIICHHBIM ITPOLECCCOM.
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Pucynoxk 7

CTPOTO 3aBHCUT OT KOHHOCHTpALIMKU TJIIOKO3LI

B HEpBax.

CrnenoBaTelnbHO, OT CIIOCOOHOCTH aKCOHa TOHJepKuBaTh ypoBeHb AT®D wu



NpeAoTBpallaTh BHYTPUKIETOUYHOE 3aKUCICHUE MPU TUNOKCUU. [T0CKONIbKY akcoH
HE TMOJIy4aeT JOMOJHUTEIbHYIO TJIOKO3Y (MJIM TMOJy4daeT €€ OYeHb Majio) B
TEYEHUE TUIOKCHYECKOro Inepuonaa, 3(p(HEeKTUBHOCTh TIUKOJIN3a B ATOT MEPHOJ
3aBUCUT OT MPEABAPUTEIBHON THUIIOKCUYECKONM KOHUEHTPAIMU TJFOKO3bl HEpBaA.
Kpome TOro, »snekTpodu3HOIOTMYECKUE CBOWCTBA  OTIEIBHBIX  AKCOHOB
U3MEHAIOTCA nOpu Tunokcun cHuxkeHnemM AT® wu pH, crnexnoBarensHo,
ANEKTPOPHU3NOIOTUYECKME  CBOMCTBA HEpBa B 1IEJOM  3aTParuBaloTCs

napajuieIbHbIM 00pa3oM.

B 1aHHOM yCTpOICTBE, UMITYJIBCHI IOJIAFOTCS JIEKTPUYECKUM I'€HEPATOPOM
uMIyJabcoB. CUTHAN TPEACTaBIsIET COOOM AJIEKTPUUYECKUI MMITYJIbC IOJAHHBIN
anekTpogamMu (pucyHok 8). Jlpyrue Bo3MOXHBIE (OpPMBI UMIyJbCa, s
CTUMYJIMpPOBaHUS nepudepuyeckoro Heppa B Ooisiee oOLieM IulaHe, i1 NOJadu
J1000ro MMITYyJIbca Ha KOTOPBIA pearupyer SHJAOTEHHas TKaHb, TAKUMH BUIAMH
ABJIAIOTCS MArHUTHAs CTUMYJISIUUS, ONTHYECKas CTUMYJISIUUSA, Ipyrue (Hopmbl
JIEKTPOMArHUTHON CTUMYJISIUMU 3HEPTUU, CEHCOPHOM CTUMYJSILMU (Hampumep,
BUOpalusi, TeMIiepaTypa WM [JaBJIECHUE), NPUMEHEHUE OPraHWYECKOro WU
HEOPTraHWYECKOIO0 XMMHUYECKOr0 BEIECTBa (HAmpUMeEp HATpUM, AHECTETHK) WIIU
IpUMEHEHHE OHOJOTMYECKOro BellecTBa (Hampumep, O€NoK, HYKJIEHHOBBIC

kuciotsl - PHK).
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B nmaHHOM yCTpOWCTBE TE€HEPATOP WMIYJBCOB COAEPKHUT, MO MEHBIICH
Mepe, J1Ba CTUMYJIUPYIONUX 3JeKkTpoja (pucyHOK &), KOTOpbIe HaxXOJIATCS B
(bU3MYECKOM KOHTAKTE C MOBEPXHOCTHIO KOXKU M TE€HEPATOp TOKA. DIIEKTPUUECKUM
TOK TMPOXOJUT MEXAYy IO MEHbIIEH Mepe [IByX, OTHOCHUTEIIBHO OJIM3KO
PACIOJIOKEHHBIX 3JIEKTPOJIOB. DIEKTPUUECKUI UMITYJIbC MOKET ObITh UMITYJICOM
TOKa, KaK B JAHHOM YCTPOWMCTBE, WJIM UMITYJIbCOM HANPSHKEHUS U YIPABISTHCA
KOHTPOJUIEPOM, KOTOPBIM ONPEAEISAECT NPOJAOJLKUTEIBHOCTh M BEJIMYMHY UMITYJIbCA

B COOTBCTCTBHH C IIPCAOIIPCACICHHBIM IIPOICCCOM, KaK 6y,Z[€T OIIMCAaHO HMIKC.

XoTs1 6oJIBITIasl YacTh TOKA MUMITYJIbCA TPOXOIUT HEMOCPEACTBEHHO MEKITY
AJIEKTPOJAAMH, HE BXOJIs1 B OCHOBHOM HEPB, 4YacCTh OyACT BXOJUTh U CTUMYJIUPOBATH
COCTaBJISIFONINE AKCOHOB BOJOKOH. KOIWYECTBO CTUMYIHPOBAHHBIX BOJIOKOH,
3aBUCUT OT BEJIMYMHBI TOKA, a TaKkKe HEKOTOPHIX TIeOMETPUYECKUX U
OMoU3NYECKUX CBOHCTB BOJOKOH. B  o0ImeM, COOTHOIICHHE  MEXTY
CTUMYJUPYIOIIAM TOKOM M KOJIMYECTBOM AaKTUBHPOBAHHBIX aKCOHOB SIBIISETCS

CUTMOBHUIHON (QYHKIIMEH.

JleTexkTop OOHApPYKMBAET OTBETHBIH CHUTHAI OT BCEX CTHUMYJIHMPOBAHHBIX
BOJIOKOH, 3TO HasbIBaeTcs CHoXHbIA moteHnuan aeictBus (CII) u moxer
PUHUMATh pa3nudHble GopMbl. C ATOH IEIbI0, AETEKTOP BKJIIOYACT B CeOS OJUH
uin  OoJiee JJEKTPOJOB TMPUEMHUKOB TaKMe€ KaK TOKa3aHbl  Ha PHUCYHKE
9,10,koTOpBie HAXOIATCS B (PU3MUECKOM KOHTAKTE€ C TIOBEPXHOCTHIO KOXKHU.
JIeTeKTOp MOXKET OBITh PACIOJIOKEH B MECTE CTUMYJIAIIMH WIIH, aTbTEPHATUBHO, Ha
HEOOJIBIIIOM PACCTOSTHUU OT MecTa cTumylisainuu. Hanmpumep, B ToM ciydae, Kornaa
TCHEpaTOp HMMIYJbCOB WM TPHEMHHUK SHIOTCHHOHW TKaHW 00a HaXOAATCS Ha
CPEIMHHOM HEpBE, TEHEPATOP HMMITYJIBCOB MOXKET OBITH PACIOJOKEHA PSAAOM C
MEepBO 00JIACTHIO TKAHW, Yy Tajiblla MOJL30BATENsA, M JIETEKTOP MOXET OBITh
PACIIOJIOKEH PSJIOM CO BTOPBIM YYaCTKOM TKaHH, Ha 3aIlsICThe IMOJIB30BATENS, KakK

MOKAa3aHO Ha PUCYHKE 2.
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Pucynok 10

AMIIMTYJa TMOTEHUUANA JICUCTBUS COCIMHEHUS] SIBJISIETCS  MEpOH
KOJIMYECTBA CTUMYJIMPOBAHHBIX aKCOHAJIBHBIX BOJIOKOH. Kak yxe yrnomMuHanoch
BBIIIIE, DJEKTPOPU3UOIOTUUECKHE CBONCTBA AKCOHOB  M3MEHSIOTCS  MpHU
ymeHbiieHneM KoureHTparuun AT® u PFL. HaubGonee 3naumTenbHbIN 3 dekT
SABJISIETCS ~ YBEJIMYEHUE TOKA, HEOOXOJUMOIro ISl CTUMYJSIIUM  aKCOHA.
CnenoBarenbHo, u3meHeHuss B AT® u [IDJ] orpakeHbl B aMIUIMTyIE U IPYTHUX

rapamMeTpax JCUCTBUS MOTEHIIMAIA COCUHEHUS.

JICTEKTOp MOIOJHHUTEILHO BKJIIOYAET B CEOS AJICKTPOHHBIE CXEMBI IS
ycwieHuss u 00pabOTKM OTBeTHOro curHama (pucyHok 11) u coeguHeH ¢
KOHTPOJIJICPOM, KOTOPBI WHTEPIPETUPYET CHUTHAT OTKIIMKA MyTeM COOTHECCHUS

CUTHAJ OTKJIMKAa C KOHIIEHTpaluel aHalU3upyeMoro BeumlectBa. Hampumep, B



cllydya€  CHUCTEMbl  MOHUTOPWHIA  TJIFOKO3bl,  KOHTPOJUIED  KOPpEIupyer
OIIpEJeJIEHHbIE ~ OCOOEHHOCTH  OOHApy)KEHHOIO0  OTBETHOTO  CHTHaja ¢
KOHIIEHTpALMEH TJIIOKO3bl B KPOBU Ha OCHOBE 3a/laHHOM (YHKIMH, KaK OIHMCAHO

HMXKE.
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Pucynok 11

[locme TOro, Kak CHTHajd OTKIMK OBUI TIEpEeBENEH B IOKa3aHHE
KOHIIEHTpAaIlMU aHaJU3UPyEeMOr0 BEIECTBA KOHTPOJUIEPOM, 3Ta HUHGOpMAIIUs
CTAaHOBHUTCS JOCTYITHOM JUIsI TIOJB30BaTeNs C TIOMOIIBIO YCTPOMCTBA BBIBOJA,
Harpumep, OyKBeHHO-IIU(DPOBOI AuCIIIel 0OecTieunBaeT BU3YaIbHYIO WHIUKAIINIO
KOHIIGHTpAIlMU aHaJIUTa WIM TPOMKOTOBOPHUTENIHh OOECIEYMBACT 3BYKOBYIO
WHIUKAIMST KOHIICHTPAIMKM aHAJIM3UPyeMoro BemecTBa. Kpome Toro, mpu
YCIIOBUM, YTO OJHO WJIA HECKOJBKO TOJIH30BATEIHCKUX YCTPOWUCTB BBOJA,
MOJIKJIFOUYEHO K KOHTPOJUIEPY, AJST TOTO HYTOOBI MPEIOCTABHUTH IOIH30BATEIIO
CIoco0 B3aMMOJICHCTBUSI C MOHUTOPOM. Y CTPOMCTBOM BBO/IA SIBIISIETCS KJIaBHATypa

(pucyHok 6).

Ha pucynke 7 Ttakke mMoka3aH OJWH W3 BapUAHTOB OCYIIECTBICHUS
CUCTeMbl  WM3MEPEHUsI  aHajJuTa WM  MOHHTOpAa C  KCIOJIb30BAaHHEM
JIOTIOJITHUTEJILHOTO MEXaHU3Ma OKKJIIO3MU KOTOPBIA BKIIFOYAET B C€0sSl OCHOBHOM
050K, MaH)XeT M HamyJbCHUK. ClenyeT MPUHSATH BO BHUMAHHE, YTO TE€HEPaToOp
UMITYJIbCOB, MEXaHU3M OKKJIIO3UM M JETeKTOp MOTYT OBITh (PU3HYECKU

pacnoyiokeHbl mo-pazHomy. CylIecCTBEHHOE OTpaHUYEHHEe Ha JII0OOM KOHKPETHOM



BApUAHTE OCYILIECTBIEHUS SBIISIETCS TO, YTO 3JIEKTPOABI FE€HEPATOPA MMITYJIbCOB
(pucynke 8), u merekTop (pucyHKe 9) HOKHBI HAXOAHUTHCS B COOTBETCTBYIOIIEM
aHATOMHYECKOM MecTe (MecTax), uToObl B3aUMOJEUCTBOBATH C IKeJlaeMOM
OHAOTE€HHON TKaHbl. Hampumep, B KadecTBE aIbTEPHATUBBI, JJIEKTPOIbI
reHeparopa UMIYJIbCOB M JETEKTOPHBIE AJIEKTPOJbl MOTYT OBITH pa3MeElICHbI
BHYTPH JKECTKOM MEPUYATKU, KOTOPAsi COOTBETCTBYET KOHTYPY PYKHU MOJIb30BATEIIA.
Takoe pacnonoxenue OyAeT pa3Memarb 3TH KOMIIOHEHTBI B TOM  Xke

AHATOMHYECKOM B3aUMOCBA3U, KaK IIOKAa3aHO Ha PUCYHKC 2.

Eme oqHO anbTepHATUBHOE PACIIOIOKEHHUE VISl UCTIOIh30BAHUS B CHCTEME
MOHUTOPHHTA SBJISACTCS PACIOJIOKEHHE OJJICKTPOJAOB TEHEpaTopa HMITYJIbCOB,
KTryTa W JIETEKTOpa B MamH)KeTe, KaK MaHKeTa Ha pHCyHKe /. B aTom cmydae
OOHapyXEHHUE  OCYIIECTBISAETCS  HEMOCPEJACTBEHHO  PSAIOM € y4acTKOM
ctumynsaiuu.  CrnenyeT  OTMETHTh,  UYTO  aJIbTEPHATHBHBIE  BapHAHTHI
OCYIICCTBJICHUS, TaKWe, KaKk Te, B KOTOPHIX TIepBas DSHJIOTCHHAS TKaHb
CTUMYJIMPYETCS] M OTBET Ha TaKOM MMITYJIbC OOHAPYKHUBACTCS BO BTOPOM y4YacTKe
OHAOTEHHOW  TKaHW, pa3peliaeT pa3judHble Jpyrue  MEXaHWU3Mbl IS
MO3UIIMOHUPOBAHMS 3JIEKTPOJOB Te€HEpATOpa UMITYJILCOB, KIyTa U JIETEKTOpa IO
OTHOIIIEHWIO K Tojib3oBaTenio.. (OCHOBHOM  OJOK  BKIIOYaeT B ceOs
MOJIB30BATEILCKAE YCTPOWCTBA BBOJA, BBIBOJ TIOJB30BATEIBCKOTO YCTPOMCTBA
(pucyHke 6) ¥ TONOJHHUTEIbHBIC QYHKIIMH, KOTOPbIE (DYHKIHOHUPYIOT B KAaueCTBE
BXOJHBIX M / WM BBIXOAHBIX YCTPOHCTB, BCE M3 KOTOPHIX, KaK IIPABUIIO,
yKa3aHHBIE B KAaueCTBE YCTPONCTB IOJIb30BATEIbCKOTO HMHTEpdeiica. Oaaum w3
TaKuX YCTPOMCTB BBOJA SBIIICTCS KJIaBHATypa KOTOpas BKIHOYaeT B cels
MHOXECTBO TOJIb30BATEIbCKUX (DYHKIIUH  yIpaBiICHUSA, KOTOpas IO3BOJISIET
IIOJIb30BATENII0O BBOJAUTH KOMAHALI M COOOIIEHHMS HAa OCHOBHOM OJIOK.
[Tonp3oBaTENbCKUE DJIEMEHTHI YMPABICHUS BKJIIOYAIOT B cebs OyKBEHHO-
mu@pOBbIC KIABUINM W KIABHWINA KOMaHJ IS BBOJA 3apaHee 3aJaHHBIX
CHUCTEMHBIX KOMaHJ, Takux Kak Haxkarue kHonku MEASURE BrI3bIBaer

KanmuOpoBKy, komaHna SEND BbI3bIBaeT paHee COXpaHEHHbIE H3MEpPEHUs s



OTIPABKU Ha YJAJIEHHBIA KOMIBIOTEP uepe3 MoaeM , u komanna HALT kimaBuiry

3aBCPIICHUA IPOLCCCa USMCPCHHUA aHAIIN3UPYCMOI'O BCIICCTBA.

Brixoa mosib30BaTeNbCKOrO YCTPOCTBA (PUCYHOK 6) MPEICTABICH B BHUJIE
KUIKOKPUCTAUIMYECKOTO AWCIUICS, TJe OTOOpa)karoTcs JaHHBIE B ai(aBUTHO-
uudpoBoit popme. Eie 0lHO yCTpOWCTBO BBIBOJA SIBJISAETCS JUHAMHUK, KOTOPBIN

obecreynBaeT NoJe3Hy0 00paTHYIO CBA3b JUIs JIULI, C HAPYLUIEHUSIMH 3pEHUS.

JlonomHUTENbHBIE YCTPONCTBA  TMOJIB30BATEIHLCKOTO uHTepdeiica
pacpsroT (QYHKIIMOHAIBHBIE BO3MOXKHOCTH MOHUTOPHWHTA KOHIICHTPAINH
aHanu3upyemoro BemlectBa. B wactHoctH, mopt USB mnosBossier obOecrneunThb
CBSI3b C  TNEPCOHAIBHBIM  KoMmIblOTepoM.  HWHTepdeiic  mamaru s
HSHEPrOHE3aBUCUMBIX 3alIOMUHAOIINX KaPTPUIKEN YBEINYMBAET BPEMS XPAHEHUS
U TpPOrpaMMHBIE BO3MOXKHOCTH yCTpoicTBa. TenedoHHBIM pa3beM pas3periaet
nepeaaBath MHGOpPMALMIO MO TeAe()OHHBIM JIMHUSIM, TEM CaMbIM OOeCTeunBas
aBTOMATHYECKOE ApXMBUPOBAHME M3MEPEHUI  aHAIWTAa HAa  yJAJICHHBIX
KOMIIBIOTEpAX M TMEpeayd U3MEPEHUN aHaIuTa IS MEIUIMHCKOrO MepcoHaia B

YAAJICHHBIX MCCTax.

OcHoBHOM OJIOK pa3meniaeTcsi BHYTPU IUIACTUKOBOro Kopmyca. JlBa
rHOKUX TPOBOJA ISl MOAKIIOYEHUST OCHOBHOTO OJIOKa K MaHKeTe W Opaciery,
COOTBETCTBeHHO. Kabenb, COeTMHSIIONNI MaHKETy ¢ OCHOBHBIM OJIOKOM, COCTOUT
U3 THUOKOH, BO3AyXOHENPOHUIIAEMOM, PE3WHOBOW TPYOKH, UYEpe3 KOTOPYIO
MaH)XeTa HaJyBaeTCsl KOMHATHBIM BO3JYXOM M TOTOM cityckaercs. KaOGenbHbIi
pa3beM TaKXke BKIHOYaeT B CceOS UeThipe M30JMPOBAHHBIX MPOBOJA,
MPUKPEIUICHHBIX K TpyOKe. DTHU MPOBOJA MPOBOAAT DJICKTPUUECKUN TOK IS
CTUMYJIAIIUU  DJIEKTPOAOB (PHCYHOK 8), pacroioKEHHbIC BHYTPH MAaHKEThI W
nepealoT TEMIEPATyPHBIM CHrHAl OT JaTdydka TeMIeparypbl (pUCYHOK 8),
pPacrnoyIoKEHHOTO BHYTpU MamXeTbl. Kabenb uisi TOAKIIOYEHHS JCTEKTOpa C
OCHOBHBIM OJIOKOM COCTOUT M3 IydYKa H30JIMPOBAHHBIX MPOBOJOB. DTH MPOBOAA

00eCIIeYnBarOT IMOJIYUECHHUEC OTBCTHOI'O CHUIHAlla, HW3MCPCHHOIO C IIOMOIIbIO



ACTCKTOpPA U 1oJavdy BHGKTqueCKOﬁ OHCPI'uHu K 3J'I€KTpOHHOI71 CXEMC JCTCKTOpa B

Opacnere (pucynke 11).

Ha pucynke 12 mnpuBeeHO cxeMaTHYeCKOoe H300pakeHHE OCHOBHOTO
osioxa. KonTposutep npeacrasisieT coOOM €IUHBINA YUl MUKPOKOHTPOJLIEPA, TAKOM
kak Motorola M68HC16. AnbTepHaTUBHO MOTYT OBITh HCIOJIb30BaHbI JIpyrue
MUKPOKOHTPOJUIEPHL.. [IpeanoyTuTebHo, MUKPOKOHTPOJIIIEP UMEET ONEPATUBHYIO
naMaTh TOJBKO [JIsl YTEHHWS, NaMATH, MHOXECTBEHHbBIE aHaJOro-IupoBbIe

npeoOpazoBaTev U MHOKECTBEHHBIE JIMHUI BBOJa-BBIBOJIA.
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Pucynox 12

MukpokoHTpojuiep  paboTaeT B COOTBETCTBUM C  MPOTpaMMOM
MPOTPaMMHOT0 OO€CTICUeHUS, XPAHSIIICIHCS B 3allOMHUHAIONIEM YCTPOUCTBE. JTa

InporpamMma BBIIIOJIHACT IIPOHECC HU3MCPCHHUA KOHIOCHTPAIHUH aHAJIU3UPYEMOIO



BEIIECTBa, YIPaBIsSIET YCTPOWCTBaMHU IOJB30BATENIbCKOIO HHTEpdeiica u
BBIIIOJIHACT JUArHOCTUYECKUE TeCThl. MOYHKIIMOHAIBHOCTb, NOAIEPKUBAEMAs
MUKPOKOHTPOJUIEPOM MOXKET OBITh pacIIipeHa ¢ MOMOUIbIO KapT MaMsTH, KOTOpbIE

MOIKJTIOYAIOTCS B pa3beM nHTepdeiica KapTpuIKka Ha OCHOBHOM OJIOKE.

MUuKpOKOHTpOJUIEp NOJKIIIOYAETCSI K UHTEPPEICY, B TOM YHCiie OyKBEHHO-
nupoBON UCIUICH, KiIaBHaTypa W JAWHAMUK. boiee KOHKpPETHO, OyKBEHHO-
nu(poOBOM AUCIIEH COEAMHEH C JUCIUIEEM U yNpaBiseTcss Ha0OpoM IU(PPOBBIX
BBIXOJHBIX  CHTHaJOB Ha  MHUKpOKOHTposuiepe. Colepkumoe  aucIuies
OTIPE/IETSETCS KOHTPOJUIEPOM, KOTOPBIM PErylupyeT COCTOSIHHE HU(POBBIX
BBIXO/IHBIX CHUTHAJIOB Ha MMKpOKOHTposiepe. Ha paucnnee ortoOpaxkarorcs
COOOIIEHUST BKJIIOYAIOIINE KOHIIEHTPALMIO IVIIOKO3bl B KPOBH M COCTOSHUE

HU3MCPCHHA.

KnaBuarypa oOecnieunBaer Ha0Op HUPPOBBIX BXOJHBIX CHIHAJIOB
MHUKPOKOHTpoOJIIepa. Jlornueckue ypOBHM OTUX CHUTHAJIOB COOTBETCTBYET
KOHKPETHOM KJIABUIIE NPU HAXATUHM IMPABOM 4YaCTU KiaBuarypbl. KoHTposiep
ONpENEIAET, KaKue KIABUIIM Ha)XaTbl IIyTEM MOHMTOPHMHIA COOTBETCTBYIOIIUX

1T (PPOBBIX BXOAHBIX CUTHAJIOB.

OnuH BBIXOAHOW CUTHAJI MUKPOKOHTPOJUIEPA CITY>KUT B KAUECTBE BXOJHOTO

CurHajia Ha YCHJIUTCIIb, KOTOprﬁ IMPUBOOUT B IBUKCHUC NTUHAMUK.

OcHOBHOI1 0JIOK OOecreYrBaeT CPEJCTBO [JIsi PETyJIUPOBAHUS TABJICHHUS
BO3/lyXa BHYTpPH XKIyTa. B JaHHOM BapHaHTE OCYIISCTBJICHHS OCHOBHOTO OJIOKA,
ITHEBMATHUYCCKMM HACOC TMIOBBIIIACT JABJICHUE BHYTPH TPYOKH, KOTOpas
COCIUHSETCS] CO KI'YTOM OTKAuyKOH BO3IyXa W3 IMOMEIICHHS, KOTOPBIM MOCTYIaeT
U3 BXOJHOrO OTBepcTHA. IluTaHMe K MHEBMATHYECKOMY HACOCY ITOJaeTCs
TBEPAOTEIBHBIM perte. [IpeoOpazoBareis qaBJICHUs OJHOBPEMEHHO OOHAPYKUBACT
JaBJICHUE BHYTPH HATyBHOW TPYOKH. DTO JaBJICHWE SKBUBAICHTHO JaBJICHUIO
BHYTpH OKI'yTa M, CJCIOBaTeJIbHO, JAaBJIICHUE CXKATH Iajblla I0Jb30BaTEIIS.

[IpeoOpazoBarens reHepupyeT aHAJIOTOBBIA CUTHAJ, MPOMOPIUOHAIBHBIA ITOMY



JABJIICHUIO. OTOT CHUTHAI YCWJIHMBAETCS YCHIIMTENEM IIOCTOSHHOTO TOKa H
npeobpazyeTcss B HUQPPOBOM CHUTHAT C TMOMOIIBIO  aHAJOro-uu@poBoro
npeoOpa3oBarens Ha MHUKpoKoHTpoiuiepe. IlomyueHnslii mmdpoBoit curHan
aHAJIM3HUpPYETCs C IIOMOLIBI0 KOHTposulepa. [IHEBMaTWueckuid BBIKIFOYATED
yIpaBisgeTcsi, C MOMOIIBI0 TBepAOoTenpHOro pene. Korga mnHeBMaTH4ecKuii
BBIKJIIOYATENb OTKPBIT, JIaBJICHUE B COCAMHUTEIBHOW TPYOKE W, CJI€I0BATEIbHO,
KryTe OBICTPO OTBOAUTCS Yepe3 MEpeKIIoYaTeNlb HapyXKy 4epe3 OTBEpCTHE IS
BBIITyCKa Bo31yxa. KoHTposuiep perynupyeT JaBieHUE B KI'yTe, IIOKa JaBJICHUE B
KTyTe, U3MEPEHHOE JaTYNKOM, HE MPEBBIIIACT 3apaHee 3aJaHHOE YCTaHOBJICHHOE
nasienue. Korga mpoXOoAWT TMepHoj 3aBEpIICHUS W3MEPEHUS WM ONepaTop
HakuMaeT KomaHaHyto kinaBuiy HALT (pucyHok 6), TO KOHTpOJUIEp aKTUBUPYET
BBIXOJTHOW CHUTHAJ, KOTOPBIH M30UPATEeIhbHO COCTUHSICT WU Pa3beIUHSICT MUTAHHUE

ITHCBMAaTHYCCKOI'O BBIKJIIOYATCIIA, BI)ICBO60)KIIaH TCM CaMbIM JABJICHHUC B JKT'YTC.

OcHoBHOI1 010K 00pa0aThIBa€T MOCTOSHHBIA TOK aHAJOrOBOIO CHUTHAA,
TEHEpUPYEMOTO  JaTYMKOM  TemImepaTypbl  (PUCYHOK §), B  MaHXeTe.
TeMrepaTypHbIil CHTHAJI YCHUJIMBAE€TCA YCHIIMTEIIEM ITOCTOSSHHOIO TOKAa, a 3aTEM
oLr(poBBIBAETCA aHATIOrO-UU(POBOro NMpeodpa3zoBaTesIeM Ha MUKPOKOHTPOJLIEPE.

[Tomy4yeHHbIi UPPOBOI CUTHAIT AaHATTU3UPYETCSI C TIOMOIIBI0 KOHTPOJLIEPA.

['enepaTop HMMITYJIbCOB CO34A€T TOYHBIA, HE 3aBUCAIIAN OT HArpy3KH,
HU3KHUM YPOBEHb TOKOBOTO CUTHAJIA (PUCYHOK 5) ISl JIEKTPUUECKON CTUMYJISIIUN
SHJIOTEHHOW TKAHUW MPHU MPOXOXKICHUU 4Yepe3 DIIEKTPOAbl T€HEPATOP HUMITYJILCOB
(pucyHOK 8), pacmoJjiOKEHHBIX B MamkeTe. ['eHepaTop CIOCOOCH TeHepHUpOBaTh
UMIYJIbChl cO cKopocThio OT 0,1 mo 1000 MmIUTMCEKYHI MMMYJIBC TOKa MEXIY
HyJIEM M JECAThIO MHIUIAAMIIEp. AMIUIATYJIa UMITYJbCa TOKA YHOPABIAETCA C
MOMOIIIBIO aHAJIOTOBOTO CHUTHAJIa, TEHEpUpyeMoro mpeoOpaszoBarenemM mudpo-
aHAJIOTOBBIX CHUTHAJIOB, Takux kak Makcum MX7520, B oTBeT Ha IUPOBLIE
CUTHAJIBL OT MHUKPOKOHTposuiepa. KoHTposep peryiaupyer IJIUTENbHOCTD
MMIYJIbCA M €r0 aMIUIMTYyAYy IYT€M YCTaHOBKH JIOTMYECKOTO COCTOSIHUSI 3THX

BBIXOOHBIX CHI'HAJIOB. FeHepaTop UMITYJIbCOB  HUMECT BBIXOJIHOP'I Kackan,



M30JMPOBAHHBI OT OCHOBHOT'O MCTOYHUKA MUTAHUS OJIOKOM YCWJICHHS U30JISIINM.
Cnenyer TUpwHATH BO BHHMAaHHE, YTO TEHEPATOP HMITYJILCOB MOXKET OBITh
peaM30BaH B Psijie Pa3IUYHBIX CIOCOOOB VISl JOCTHUXKEHUS BBIIICYTIOMSIHYTOM
dbyaknuoHaasHOCTH. Hampumep, 3-KOHIIEBOW pEryIupyeMbBIH PETyJSTOp, TaKhe
kak Texas Instruments TL783C, Mosker OBITH HCIOJB30BAaH B KadyeCTBE

PETryJIMpPyCMOro HICTOYHHUK TOKaA, YTOOBI 00CCIICUNTH HUMITYJIBC.

OcHOBHOI1 OJIOK TPUHUMAET OTBETHBIN CUTHAI OT IETEKTOpa Yepe3 pa3beM.
Paznenutensubiii  ycunurtenb, Takue kak [SO100, onTuueckn coequHEHHBIN
JUHENHBIN ycuiuTelb u3oasiuuu oT Burr-Brown, obOecneunBaeT BBICOKYIO
Oydepuzanuio HanpsHKEHUS] MEKJIY OCHOBHBIM OJIOKOM U JIE€TEKTOPOM, KOTOPBIi
HaxXOJUTCS B PU3MUECKOM KOHTAKTE C KOXKel mojbs3oBatens. [lonocoBoit punbtp, ¢
nonocor mpomyckanust ot okoio 20 I'm mo 20 KI'm, oTBepraer KOMITOHEHTHI
OTBETHOT'O CHUTHaja BHE JHana3oHa 4YacToOT, TJ€ CUTHAIbI OT NepudepruuecKux
HEpPBOB, HaubOojee Jerko oOHapyXkuTb. IIporpaMMHpyeMblid YCHUIIUTENb, C
KO3 PUIIMEHTOM YCUJICHUSI IPOTpaMMUPYETCS MEXy 3HaUeHUSIMHU TpumepHo 10
u 500, obOecnieuMBaeT 3aKIIOYUTENbHBIA 3Tall MNPOrPAMMHOTO 00ecreyeHus
KOHTPOJIMPYEMOTO YCHUJICHHSI TIPEABAPUTEILHOIO Habopa 10 OIU(pPOBKU C
NOMOUIbIO  aHaJoro-uudpoBoro  mpeodOpa3oBarenass B  MHKPOKOHTPOJLIED.
Koadduiment ycuneHuss ycTaHABIMBAET JIOTMYECKUH YPOBEHb BBIXOJHBIX
CUTHAJIOB MUKPOKOHTPOJUIEpA. YCWICHHE PETYJIHPYETCS KOHTPOJUIEPOM TAKUM
o0pa3oM, 4TOOBI MOJIJEPKUBATh AMIUIMTYJLY HM3MEpPSEMOIr0 CHUrHaja OTKJIMKA B

npejenax onTUMaIbHOTO Auana3oHa (Hanpumep, = 5 BOJIbT).

Ha pucynke 8 moka3aH BapHaHT OCYIICCTBICHHS MAaHXXEThI (PUCYHKE 7)
IJIE IOMa C KTYTOM W 3JIEKTPOJbl I'€HEepaTopa MMITyJIbCOB. JKIyT 3aK/IIOUEH B
TOHKHAW ECTKHW IUIACTUKOBBIM LWIMHAPUYECKOM Kopryc. JKryT coctout us
paCTSDKMMOM M BO3JAYXOHEMPOHUIIAEMOW PE3UHbI, CHOCOOHOW BBIJIEPKUBATH
napienre A0 400 MM pr. B WIIIOCTpAaTUBHOM BapUaHTE OCYIIECTBICHUS
reHepaTopa UMIYJIbCOB JICKTPOJIbI MPEACTABISIOT COOOM TOHKHE KPYTJIbIe TUCKU

U3 D3JEKTPONPOBOAHOTO HEKOPPOAMPYIOLIEr0o MaTepuasna, Takhe Kak IUIaTHHA,



WPUINA, WKW W3 JPYTUX METAJUIOB WU CIUIaBOB. Pasmep m ¢opma 31eKTpooB
TEHEPATOPA MMITYJILCOB MOYET M3MEHSTHCS B 3aBUCHUMOCTH OT Pa3MEpOB IaJibla
MoJIb30BaTeNs  (HApUMeEp - JJIA B3pOCHbIX WM pebeHka). B obmiem, anekTposl
reHepaTopa UMITYJIbCOB UMEIOT IUaMETP OKOJIO OJHOTO CAHTUMETpPA. DTH MPOBOJIA
MPOXOJAT 4Yepe3 pa3beM K OCHOBHOMY OJIOKY, T/I€ OHM 3aKaHUMBAIOTCS Ha
reHeparope uMIlysbca. J[aTyuk TemrepaTypbl MOXKET ObITh JIF000€ YCTPOUCTBO,
KOTOPO€ TEHEPUPYET 3aBUCSIIIMKA OT TEMIIEPATYPhl aHAJOrOBOTO CHUTHAJIA,
HarpuMep, TBEPAOTEIbHBIN 1aTuuk Temrepatypbl AD590 ot Analog Devices. /IBa
MPOBOJIa TOAKIIFOYEHHUSI TATUNKA TEMIEPATYPBI MOJKIOUYEHBI K Pa3beMy, KOTOPBIN

JOITIOJIHUTCIBHO COCAMHCH C OCHOBHBIM OJIOKOM.



2 Pe3yJsibTaThbl U3MEpPEHUN
JIns nmpoBeneHUsT UCCIENOBAaHWM CBOMCTB BOJHBIX PacTBOpPOB, C

Pa3IN9YHbIM COACPKAHNUCM I''ITFOKO3BbI, Obl1a paSpa60TaHa YCTAaHOBKa,

MMO3BOJAOIIAA UBMEPATH COIIPOTUBJICHUC HA PA3JIMYHBLIX 4aCTOTAax.

B ycranoBke (pucyHok 13) ObLT HCIOJIB30BaH HU3MEPUTEIh MMMHTAHCA
E7-20, BBIXOABI KOTOPOrO IIPYM IIOMOIIM IPOBOJOB NPHUKPEIUIIUCH K MEIHBIM
KOHTaKTaM, 3aKpEIJICHHBIM TEepMETUKOM, K MOJMIPONUICHOBOH TpyOKe Ha
paccTostHUU 5 cM JIpyr OT Apyra. BHyTpu TpyOKH MPOMYCKAJIUCh XUIAKOCTH C

Ppa3IMIHbIM COACPIKAHNUEM TI'JIFOKO3bI.

FICTEMA C
OCTE:

Hameputens
ummMuTanca E7-20

IMommpormmeHoEan
TpybKa

Saszm

Pucynox 13

Pe3ynprarsl uamepeHuii

N3mepenust npoBoaunuck Ha 14 dactorax B auamazone ot 100 I'm mo 1
MI 11, B KUIKOCTSIX C pa3IMUHBIM COJEp KaHUEM TITFOKO3bI U 0€3 Heé: IiIoko3a 5, 8,
16 mmonbp/m m Boma cooTBeTcTBeHHO. OObeM BbIOOpKHM — 100 u3MEpeHUI.

Pe3ynbTaThl MPOBEICHHBIX U3MEPEHUN MPECTABICHBI HA pUCyHKax 14-17.
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N3 rtpadukoB, mpencTaBieHHBIX Ha pucyHkax 14-17, BuaHO, 4TO B
nuanazone yactoT oT 100 o 200 ['u HaGmonatotes Gosbiye KojaebaHus, Mo3TOMyY
m3Mepenusi Ha dyacrorax 100 w 120 T'm npoBOaUTH HE PEKOMEHIYETCH.

JlanmpHENIINK aHaMM3 MOJYYEHHBIX 3aBUCHUMOCTEW IOKA3bIBAET, YTO B TOYKAX



NEPEKIIIOUEHUSI YacTOT CYHIECTBYET BEPOSITHOCTh MOSBIEHUS BBIOpocoB. Jlis
OmpeseNieHUus] ONTUMAJIbHOW OOJACTH JOCTOBEPHBIX HW3MEPEHUN MOCTPOUM
CBOJHBIM TpauK 3aBUCUMOCTEM YCPEIHEHHBIX 3HAUYE€HUN CONPOTUBICHUS B
KUIKOCTAX C PaA3IMYHBIM COAEPKAHUEM TIJIFOKO3bl OT 4acTOThl. lloirydeHHBIN

pe3ynbTaT MPUBEICH Ha PUCYHKE 3.
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Pucynok 18

N3 nonyvyeHHoro rpaduka BUAHO, UTO CAaMOM ONTUMAJILHON 00JIaCThIO JIs
M3MEpPEHHSI CONMPOTUBIICHUS ABIstOTCS YacToThl oT 100 mo 2000 I't, T.K. UMEHHO
Ha 3THX YacTOTaxX MpocMaTpuUBaeTcs: pa30dpoc COMPOTUBIECHUN, HEOOXOIUMBIHN IS
0oJjiee TOYHOIO OIpENEICHHs COJEPKaHuUs TIIIOKO3bl. YUNTHIBAsl BhIILIE BBEAEHHBIC
OTpaHMYEHUS IO YacTOTe, MPOAHAIM3UPYEM KOppEeJALMI0 B  00JIacTU
onTUManbHbIX 4YactoT oT 200 mo 2000I'm. A Tak »xe mnocTpouM rpadux
3aBHCHUMOCTH COJEpKaHUS TJIIOKO3bl (MMOJIB/I) OT conpoTtuBieHus. [loaydeHHbie

pe3yJbTaThl IPUBEJCHBI HA pUCYHKAaX 19 1 20 COOTBETCTBEHHO.
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Anann3 pucynka 20 TOKa3pIBaeT, YTO HaWOOJbIIAs KOPPEISLHS

HaOmrogaercs Ha yactorax 200 m 500 I'm, ciaemoBaTenabHO, JAaHHBIA JaUaIia3oH

OyZeT SABAATHCA PabOYUM I JATbHEHIIINX METUITMHCKUX UCCIICTOBAHMM.



BoiBOABI

B I[aHHOI\(JI pa60Te BbISIBJICHA 3aBUCHMOCTDL COIIPOTHUBJICHUA JKUIAKOCTHU OT

COAEP>KaHUS B HEM TIIFOKO3HL.

Onpez[eﬂeH pa6oqm”1 AUAIta3od  4YaCcToT, Ha KOTOPLIX OIITHUMAJIBHO

MPOBOAUTH MeauIIMHCKUE ucciuenoanus (200-5001m).

PesucTuBHBI METOA HAa [JAaHHBIM MOMEHT SBJISETCA JOBOJIBHO IUIOXO
W3YYEHHBIM, [I0O3TOMY B JJaHHOM cepe ecTb OOJBIION NOTEHIMAI Il U3yYEHUS U

anbHENIIINX UCCIeI0OBaHUH.



3 AnnapaTHasa 4acThb

BeagleBone Black — 310 oTnnuHbIi BEIOOpP IS 9JCKTPOHHBIX IIPOCKTOB,
r7ic OAHOBPEMEHHO HY)KHAa U BBICOKAS TMPOU3BOIUTEIBLHOCTh, W IIHPOKUE
BO3MOYKHOCTH JUIsl TIOAKIIOYEHUS] mepudeprun, W aKTUBHOE B3aMMOJICUCTBHE C

CEThIO U UHTEPHETOM, U UHCTpYMEHTapuil Linux.

Hanpumep, Bcero 3a HECKOJIBKO MHHYT MOXHO CJieJlaThb HPOCTOM BeO-
cepBep, KOTOPBIA OyaeT mepeaaBaTh IMOKAa3aHWS MHOXKECTBA IMOAKIIOYEHHBIX K
miaTte AaTdukoB. [Ipu 3TOM yBUIETH pPE3ydabTaT MblI CMOKEM MNPHUBBIYHBIM
CIIoco0OM, uepe3 MHTepHET-Opay3ep, Jaxe eciu OyAeTe HaXOAUThCS Ha JIPYyrou

CTOpPOHE TIIAaHETHI OT CAMOTO YCTPOWCTBA.

Pa3mep mnatel — 87%55 MM, YTO HEMHOTUM OOJIBIIE MJIACTUKOBOM KapThl.

DTO MO3BOJISIET C/IENIaTh YCTPONCTBO JOBOJIBHO KOMIIAKTHBIM.

BeagleBone Black MOCTPOCHA Ha 0aze npoieccopa
Sitara XAM3359AZCZ100 cemeiictBa ARM Cortex A8, koTopblii paboTaer Ha
gactore 1 ['Tu. Taxxe na Gopty Haxomutcss 512 MDB omnepatuBHON mnamsaTu
DDR3L na mune ¢ yactotoit 800 MI't u 4 I'b duemr-namsitu eMMC, ciyxarei

«OKECTKHUM JUCKOM.

BeagleBone Black (unum cokpaménno BBB) — 5310 mpeacraButens
muHeliku  Beagleboard, koTopas pa3pa0oTaHa KOMITAaHMEW aMEpPHKaHCKOU
koMmmanuei Circuitco.

[epudepus

Ha nnare pacrosio)keHO MHOXKECTBO pa3bEMOB JUISI  TOJKIIOYEHUS
BHEIIHUX YCTPOMCTB, CETU U MUTAHMUS:

- Cmot mist microSD-KkapT#l;

- micro-HDMI  miss 1OOKIIOYEHHS  BHEIIHETO  MOHHTOpA WM
TEJIEBU30pa U BOCIIPOU3BEACHUS 3BYKQ;

- mini-USB s coenuHeHus ¢ HACTOJIBHBIM KOMITBIOTEPOM M ITUTAHHUS;



- 2,1 MM rHe3110 AJisi TUTaHUs OT UCTOYHUKA MUTAHUS Ha 5 BOJIBT;
- RJ45-pa3bém st OAKIIIOUEHUS K JIOKAJIBHOU CETH,
~ 2 KOJoJKH 1o 46 MUHOB IS TOAKIIOYEHHS SJIEKTPOHHBIX MOJYJIEH U

KOMIIOHCHTOB.

N3 92 nuHOB Ha KoJMOAKaX 65 MOTYT OBITh HCTOJIB30BAHbI IS ITU(GPOBOTO
BBoJa M BbIBoJa oOmero HazHadeHus (GPIO). Ilpu »ToM HEKOTOpbIE M3 HHX
MPEAOCTABIISIOT TOMOJIHUTEIbHBIE BO3MOKHOCTH:

~ 8 xananos [IIMM Ha 4 He3aBUCHMBIX TaliMepax;

- 7 aHAJOTOBBIX BXOJOB, MOAKIIOUEHHBIX K 12-OmtHOMYy AIIIT (4096
rpajamumn);

—~ 4 nocnenoBarenbHbix uHTepdeirica UART u 1 pononHuTenbHbIN
UART Ttonbko ¢ muaueit nepenaun (TX);

— 2 mmas TWI/I?C;

—~ 2 munb SPI;

- 25 IIOPTOB BBOAA-BbIBOAA PCAJIBHOTI'O BPCMCHU.

[Toptel BBOMA-BbIBOAA peanbHOoro BpeMeHu (PRU) mnoxaxmodensl k
BCTPOEHHOMY MUKPOKOHTpoJuiepy Ha 200 MI'11. DTo mo3BOJsET yIpaBiiaTh MU Ha
HU3KOM YpPOBHE€ B pEalbHOM BPEMEHHM U C BBICOKOH TOYHOCTBHIO, YTOOBI HE
3aBUCETh OT Kapu30B MHOro3aaauynon OC.

IIurtanue

Beagle Bone Black notpe6snsier ot 210 no 460 MA nipu nutanuu ot 5 B.
Ha miate HeT cTabmimM3aTopa HaApsHKEHHS, TOATOMY O00ECIICUHTh M0a4y POBHBIX
5 B — 3anmaua noaw3oBatessi. UMnynbCHBIN OJIOK MUTAHUS OTIWYHO MOAOUIET NSt

9TOroO.

Ponueim Hanpsoxkenuem i moptoB GPIO sBnsiercst yposens B 3,3 B.

OnHako, aHAJIOTOBBIE BXO/IbI MOTYT MPUHSATH HE Oonee 1,8 B.



Buumanue! Ilomaua nHanpspkeHuss OOJbINE JOMYCTUMOTO MPUBEAET K
BBITOpaHUI0 mopTa. HeobXxoammo WCMOaB30BaTh AJIEMEHTAPHBIN  JEIUTEINb

HaIIPAKCHUA, YTOOBI HE BBIMTH 3a JOIIYCTUMBIC PaMKH BXOAHOI'O HAIIPAKCHUA.

MakcuManbHBIA TOK, BBIJABaeMbI NHMHAMHM BbhIBoga — 4 mwim 6 MA B
3aBUCUMOCTH OT nuHA. HeoO0Xoaumo ObITh BHUMATEIBHBIM IMPU TMOJIKIIOYECHUN
JlaXKe TaKUX CJa0bIX HArpy3o0K, Kak cBeTOAuobl. [IpeBbillIeHHE MO TOKY TaKkKe
NpUBENET K TMOBPEXJICHHIO TMopTa. HyXHO HCMOIB30BaTh TPAH3UCTOPHI IS
yIpaBJIeHUs Harpy3KaMHu.

Onepannonﬂaﬂ CUCTEMA U nIporpaMmmMmmpoBaHue

M3HauanpHO HA IUiaTe HpeaycTaHoBieH Angstrdom Linux. YV Hero ectsb
CBOM TPEUMYIIIECTBA!

—  crapryert Bcero 3a 10 cekyH nmocie nojgayv NuTaHus;

—  WMeeT HACTPOEHHbIN neMoH Avahi, Giarogaps KOTOPOMY BbI MOXKETE
MOAKIIIOUUTHCS K TuiaTe mo azapecy «beaglebone.local» ¢ nob6oro xommbroTepa B
CeTH,

—  mpemocraBisieT obonmaunyro cpeay paspadotku Cloud9 IDE.

Cloud9 IDE — 570 camblii OBICTpBIH CIOCOO HayaTh MPOTPAMMHUPOBATH
BBBlack. HeobxomuMo mpocTo OTKpBITH €€ B Opay3epe CBOEro HaCTOJILHOTO
KOMIIBIOTEpAa W TYT € MOXHO CO37aBaTh CKPHIITHI Ha JIFOOMMOM SI3BIKE
nporpammupoBanus: Python, JavaScript, Coffee Script, Ruby, Shell Script, Go u
npyrux. [IpoBepuTh, YTO MOJYUHUIIOCH, U 3aITyCTHTh MPOTrPAMMY MOKHO HE BBIXO/IS
M3 Cpelbl, MPOCTO HaxaTthuem OnHOM KHomku «Runy». bonee Ttoro, cpasy wus
KOPOOKH JIOCTYTICH OTJaAYUK C BO3MOYXKHOCTBIO TIOIIArOBOTO MCIOJIHEHHUs, break

point’amu, watch’amu 1 MHOXXKECTBOM JPYTUX BO3MOKHOCTEH.

Jlist paboThl ¢ BBOJOM-BBIBOJIOM M3 CKPHUIITOB, CYIIECTBYIOT YIOOHBIE
oubimoreku. Hampumep:

- BoneScript nyis Node.js / JavaScript;

- BBIO pnsa Python;



- Beaglebone Ruby Library mis Ruby.
BI/I6JII/IOT€KI/I MOKaXyTCA O4YCHb 3HAKOMBIMU W HMHTYUTHUBHO ITOHSATHBIMMU,

€CIIM TEM KTO yike padoTain ¢ Arduino.

Tak e KpoMe OpurHHaibHOW cuctembl Angstrom Linux, ¢ Beaglebone

coBMecTUMBI 1uctpudyTuBbl : Android, Ubuntu, Fedora, Arch u apyrue.

Pucynok 21

VY Beaglebone Black ects 7 anamoroBbix moptoB (cM. Tabmuiy 1 u
PHUCYHOK 22)

MakcumanbHOe HAIIPAKCHHUC, KOTOPOC MOKHO Ha HUX IIOJATh— 1,8 B.



P9

P8

oo 1EIEl2  Gno CDIEY = o PReD)
3.3V 3 4 3.3V GPIO1_6 3 4  GPIO1_7
5V Raw 5 6 5V Raw GPIO1_2 5 6 GPIO1_3
5v 7 8 5V GPIOZ2_2 7 8 GPIOZ2_3
9 10 GPI02_5 9 10 GPI02_4
Serial4 RX/GPIOO_30 11 12 GPIO1_28 GPIO1_13 11 12 GPIO1_12
Seriald TX/GPIOOG_31 13 14 PWM1A/GPIO1_18 PWM2B/GPIO0_23 13 14 GPIOO_26
GPIO1_16 15 16 PWM1B/GPIO1_19 GPIO1_15 15 16 GPIO1_14
GPIOO_5 17 18 GPIOO_4 GPIOO_27 17 18 GPIOZ2_1
cpr0o_15 1920 GP1OO_14 Pui2a/Gp10e_22 1920 GPIO1 31
Serial2 TX/GPIOO_3 21 22 Serial2 RX/GPIOO_2 GPI01_30 21 22 GPIO1 S
GPIO1_17 23 24 Seriall TX/GPIOO_12 GPIO1_4 23 24 GPIO1_1
GPIO3 21 25 26 Seriall RX/GPIO®_13 GPIO1 O 25 26 GPIO1_29
GPIO3_19 27 28 GPIO3_17 GPI0Z_22 27 28 GPI02_24
GPIO3_15 29 30 GPION3_16 GPIO2_23 29 30 GPION2_25
Gp103_14 31Kl 32 VDD_ADC cproo_10 3132 GP1OO_11
AIN4 33 34 GND_ADC GPIOO_9 33 34 GPIOZ2_17
AIN6 35 36 AINS GPIOOG_8 35 36 GPIOZ2_16
AIN2 37 38 AIN3 Serial5 TX/GPI02_14 37 38 Serial5 RX/GPI02_15
atne 39l 40 AIN1 Gp102_12 3940 GP102_13
GPIOO_20 41 42 GPIOO_7 GPIOZ_10 41 42 GPIOZ_11
oo 430844 GND cp102_8 4344 GP102_9
aNo 45146 GNp cp102_6 45W]46 GPIO2 27
Pucynox 22
Tabmuma 1
Name Pin# Pin# Name
32 VDD_ADC
AIN4 33 34 GNDA_ADC
AING 35 36 AINS
AIN2 37 38 AIN3
AINO 39 40 AIN1

Jlns u3mepenus HanpspkeHus Oonbiie 1.8 B HeoOXoaumo NpUMEHSTH

ACIINTCIIb HAIIPSXKCHUA.
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Pucynox 23
dopmyna Ajisl ONPEACTICHNS HAPSIKEHUS !
U = U1/R1* (R1+R2) 1)
rae, U — M3MepsieMoe HanpsHKeHHe;
R1=0.98 kOm
R2 =9.6 kOm

(Conporunienus R1 m R2 - 3T0 pe3ucTopel, KOTOpbIE €CTh Yy Hac B

HaauYuu. MOXKHO BBIOpATh APYrHe PEe3uCTOphl IIaBHOE ycioBue paccuutarh Ul

9TOOBI OHO HE mpeBbImaio 1,8 B).

Pucynox 24

Jlns pabotel ¢ Beaglebone Black neodxoaumo:



1) ycranoBute Debian. (MHCTpyKIMST HAaXOOUTCI TIO  CCBUIKE:
http://beagleboard.org/getting-started)

2)Ucnonws3oBath Putty mis padotsl ¢ kommbioTepa (http://www.putty.org/)

3)YcranoButh 6mbIMoTeKy Adafruit-BeagleBone-10-Python

4)KorupoBath cieayromire KOMaHabl: (IpU MOIKIIOYCHUE K HHTEPHETY)

«sudo apt-get update

sudo apt-get install build-essential python-dev python-setuptools python-
pip python-smbus —y

sudo pip install Adafruit_ BBIO »

5)Hammucats python-mporpammy s BeagleBone

Co3aaTh HOBYIO MAMNKY:

mkdir newfolder

Boiitu B Hee:

cd newfolder

Coznate HOBbIM Python-daitn ¢ umMeHuem «measure voltage.py» 10
KOMaH/IC:

nano measure_voltage.py

CxonupoBath KOJl ¥ BCTABUTH B CO3/IaHHBIN (haiii:

import Adafruit. BBIO.ADC as ADC #import library

Import time

sensor = "P9_40" #set pin on BB to reading sensor

ADC.setup()

while True:

reading = ADC.read(sensor) # read the analog values on P9 40

voltage = reading * 1.8 #1.8V ~ 1800mV

measure_voltage = voltage*(9.6+0.98)/0.98

print("Value on analog input P9_40 is: " + str(voltage) + " Volts");

print("Measuring voltage is: " + str(measure_voltage)+" Volts");

print(" ")

time.sleep(3) #loop every 3 seconds.



3anycTuTh Mporpammy:
Python measure_voltage.py

ITosryyeHHBIN pe3yabTaT NMPeACTABJIEH HA pUCYHKAaX 25,26:

@ debian@beaglebone: ~ l =SAE l‘c&

Pucynok 26

Bo3mo:xHOCTH najibHeleii padoThl

- Iloka3zartb pe3ynbTatr u3mepenus Ha 3kpane LCD



~  Cosnate BeO-cepBep 1S yaaIeHHOW paOOThI CUCTEMBI

OTnpaBuTh JaHHBIE Yepe3 email

3ak/iloueHue
CaxapHplii 1rabeT SBISETCS PacpOCTPaHEHHBIM 3a00JICBAaHHEM, B MHPE

y’K€ HacuuThIBaeTcs Oosiee 175 MUIIIMOHOB OOJBHBIX, UX KOJUYECTBO MOCTOSHHO
yBennunBaeTcs. CaxapHblii 1Ma0€T CBSI3aH C BBICOKOW CTENEHbIO BOSHUKHOBEHHUS
OCIOXXHEHUHM, BKIIOYas  3a00jeBaHUs  cepAala, IIO0YeK, CeTY4aTKu U

HEBPOJIOTUUECKUX 3a00JI€BaHUM

C03I[aHI/IC HCHUHBA3HWBHOI'O I'NTIOKOMCTpPA B COBpeMCHHOﬁ MCOANUIOUHC ABJISICTCA

OYEHb AKTYaJIbHOW 3a/1aueil.

B nanHo# paboTe Obu1a poBeieHa padoTa 1Mo U3YYEHHUIO CYIIECTBYIOIINX
METOJIOB HEMHBa3UBHOTO KOHTPOJIS TIuKeMuu. CoOpaH MakeT U POBEICHBI

HCCICAOBAHNA 3aBUCUMOCTHU COIIPOTHUBIICHUA OT KOHIOCHTPAIKWHU I''TFOKO3HBI .

B nanpHeimeM miaHupyeTcs: UCCIEAOBAHUE €le HECKOJIBKHUX METOJIOB
KOHTPOJIS TJIFOKO3bl M MHTETPaIvs UX B OJUH MIPUOOP IS MOTyUeHUs Hanboiiee
TOYHBIX PE3YJIbTATOB MMPU U3MEPEHUU KOHIIEHTPAIIUU TITFOKO3bI B KPOBH.
[ToakiroueHnEe K CHCTEME KOMMYHUKAIIWU, JIUTSI JAJbHEUIIIEH TIepeaayr TaHHbIX
yepe3 GSM — moyne Ha TenedoH. PazpaboTka mpuioKeHus ISl BO3MOKHOCTH

HHCT&HHHOHHOﬁ KOHCYJIbTaOH C Bpa4OM

CnMCOK nyo6/IMKalun
1) Me3enneBa M. A. , bykpuna T. A. HenHBa3uBHbIE METO/IbI U3MEPEHUS

caxapa B KpoBU [DnekTpoHHbI pecypc] // NnHbopmarmoHHO-U3MEpUTEIbHAS
TEXHUKAa U TeXHOJOTHH: Mmarepuanbl VI HaydHo-mpakTtuueckoit koHbeEpeHIuu ¢
MEXKIyHApOIHbIM ydyacTueM, Tomck, 27-30 Mas 2015. - Tomck: TITY, 2015 - C. 74-
82. - Pexxum noctyna: http://www.lib.tpu.ru/fulltext/c/2015/C18/C18.pdf

2) M.A. Me3senueBa, T.A. bykpuna, E.B. FOpuenko METO/IbI I[TEPEJIAYU
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uHpopmaruzamuu peruona. [IMP-2015: Marepuanst XIV Beepoccuiickoit HayuHO-
npaktuyeckol koHpepenunu, Kpacnospck, 17-19 nosopsa 2015 romga — C.150-155

- Pesxum noctyma: http://conf.nsc.ru/files/conferences/pir2015.pdf

3) bykpuna T.A. Pe3ucTuBHbIE MeETOA OMNpeAeieHUs TJIIOKO3bl B
OMOJIOTHYECKUX JKUIKOCTAX [DnexTtponnslt pecypc] // VI Bcepoccuiickas
HAyYHO-TIPAKTUYECKON  KOH(PEpEeHIMsI  CTYAEHTOB W  MOJIOABIX  YYCHBIX
«Hepa3pymaromuii KOHTpOIb: 3JIEKTPOHHOE MNPUOOPOCTPOCHUE, TEXHOJIOTHUH,
oe3onacHoCThY, 23 —27 mas 2016 1. — Tomck, TITY, 2016. CtaThst nmpencraBieHa K
nyOIHKanuy.

4) M.A. MesenueBa, T.A. bykpuna, METO/Ibl TIEPEJJAYM JTAHHBIX C
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M3MEpUTENIbHAsA TEXHUKA W TexHoioruu: marepuaibl VII HayuHo-mpaktuueckoi
KOH(EPEHIIMN ¢ MEXAYHAPOJIHBIM ydacTheM, Tomck, 25-28 Mas 2016. - Tomck:

TI'Y, 2016. CtaThs npeAcTaBieHa K MyOIMKaIuy.

APPARATUS AND METHOD FOR NON-INVASIVE BLOOD
ANALYTE MEASUREMENT

The use of real-time physiological data for evaluating options and making
decisions about the treatment of a variety of medical conditions is appealing to
both patients and health professionals. Technologies that obtain such data in non-
invasive ways are particularly attractive because they minimize patient discomfort
and nearly eliminate the possibility of infectious contamination. In those situations
where frequent monitoring is required, such as Diabetes Mellitus, non-invasive
technologies are particularly important.

Diabetes Mellitus is a common disease that afflicts 14 million people in the
United States and several times that in the industrialized world. There are several
different types of diabetes, however they all share a common metabolic
dysfunction. Individuals with diabetes do not regulate the concentration of glucose

within their blood in a normal physiological fashion. In particular, diabetics tend to


http://conf.nsc.ru/files/conferences/pir2015.pdf

have a high blood glucose concentration. This condition is called hyperglycemia
and is caused by a lack of insulin, a reduced level of insulin or a resistance to the
action of insulin. Diabetes Mellitus is associated with a high degree of morbidity
including cardiac disease, renal disease, retinal disease and neurological disease.
The cost of these complications to individuals and to society are severe.

There is no cure for Diabetes Mellitus. However, effective treatment
modalities exist. A common goal of all treatment approaches is maintenance of
blood glucose concentration within normal physiological limits. This is most often
accomplished through a combined use of diet and therapeutic drugs such as insulin
and/or oral hypoglycemics. The recently completed Diabetes Control and
Complications Trial (DCCT) has conclusively demonstrated that any degree of
normalization of blood glucose levels reduces long term diabetes associated
morbidity. An essential element of such a normalization is frequent measurement
of the blood glucose concentration. In intensive treatment programs, these blood
glucose concentrations are used to acutely alter insulin doses. In less intensive
programs, the measurements are recorded and provide very useful information that
aids the physician in adjusting and fine tuning the individual diabetic’s treatment
plan.

Conventional self-monitoring of glucose by diabetic individuals can be
divided into approaches that analyze fluids extracted from the body and those do
not require bodily fluids. These approaches can be further subdivided into invasive
and non-invasive techniques. Invasive techniques involve breaking the skin barrier
and generally require that a sample of blood be obtained from the individual,
whereas, non-invasive techniques do not require the skin barrier to be broken.

Systems for measuring glucose in bodily fluids are generally based on the
oxidation of glucose by oxygen in the presence of glucose oxidase. The
concentration of glucose is determined by correlation with the amount of particular
by products of this reaction. The most common measurement is that of electrical
energy produced by the oxidation reaction and measured by electrodes. Such
approaches are the subject of U.S. Pat. Nos. 4392933 to Nakamura et al., 4436094



to Cerami and 4431004 to Bessman et al. The electrical energy can be measured by
an electronic device and converted to a glucose concentration that is displayed.

Blood is the standard bodily fluid used for glucose oxidase based
measurement of glucose concentration in diabetics. The disadvantage of this
approach is that it is invasive because it requires a sample of the individual’s
blood. This sample is usually obtained from well vascularized tissue, such as a
finger tip, with a small lancet. This process is quite painful and unacceptable to
many diabetics. In addition to the physical discomfort, this procedure may result in
scarring of the finger tips, is undesirable from an infectious disease perspective, is
often embarrassing, and tends to be inconvenient.

Recently, techniques for obtaining bodily fluids non- invasively have been
proposed. For example, U.S. Pat. No. 5139023 describes a system for measuring
glucose in fluid obtained through the skin or a mucosal membrane. The major
disadvantage of this and similar approaches is that the bodily fluid thus obtained
may have a delayed and variable relation to the blood glucose concentration.

All approaches that measure glucose in a sample of bodily fluid have the
additional disadvantage that each sample requires a separate disposable test-strip.
This is necessary to minimize the possibility of transmitting infectious material.
These disposable elements represent the major expense in current blood glucose
monitoring technology. This expense may influence diabetics to minimize the
frequency with which they monitor their blood glucose.

The aforementioned disadvantages of bodily fluid based measurement of
glucose have motivated research into devices that measure the blood glucose
concentration non-invasively, without breaking the skin barrier. One such device,
described in U.S. Pat. No. 4882492 to Schlager, directs infrared light of two or
more discrete wavelengths or within a continuous band into body tissue, either
transmissively or reflectively. A microprocessor then calculates the glucose
concentration from a series of such absorbance measurements. If the body tissue is
well vascularized, such as a finger tip or ear lobe, then the resulting measurement

of glucose approximates the blood glucose concentration. A major disadvantage of



this approach however, is that other blood constituents have absorption spectra
similar to that of glucose. As a result, it is difficult to obtain accurate
measurements of blood glucose in real environments. A potential further

disadvantage of this approach is that optical technologies may be expensive.

Fundamentals

In accordance with the invention, apparatus and methods are provided for
non-invasively measuring the concentration of a blood constituent on which an
analysis can be performed (i.e., a blood analyte) in an individual. The blood
analyte concentration is measured by applying a stimulus to an endogenous tissue
with a stimulator, detecting a response to the stimulus with a detector, and
correlating the detected response of the endogenous tissue to an analyte
concentration with a correlator. Also provided is an optional occluding mechanism
for obstructing a flow of blood to the stimulated and/or the responsive endogenous
tissue. The measured analyte may be a physiological analyte, such as blood
glucose, or a non-physiological analyte which affects the endogenous tissue, such
as cocaine. The stimulated endogenous tissue may be the same tissue or a different
tissue than the detected tissue.

In one embodiment, the stimulator includes at least two stimulation
electrodes for applying an electrical stimulus to the endogenous tissue and the
detector includes a detection electrode for detecting an electrical response of an
endogenous tissue to the electrical stimulus to provide an electrical response
signal. The apparatus further includes a controller for controlling the strength and
duration of the electrical stimulus and for correlating the response signal to an
analyte concentration of the user.

The apparatus may further include one or more input/ output devices for
facilitating user/monitor interaction. For example, in one embodiment, an
alphanumeric display provides a visual indication of the blood analyte
concentration to the user and a speaker provides an audible indication of the

analyte concentration to the user. Also provided is a keyboard permitting user



control of certain operations of the monitor.

Various arrangements for housing the stimulator and detector are possible.
In one embodiment in which both the stimulated and detected endogenous tissue is
the Median nerve, the stimulation electrodes and the occlusion mechanism are
housed in a cuff adapted for securing to a finger of the user, adjacent to a first
region of the nerve. The detector is housed in a wristband adapted for securing to
the user’s wrist at a location adjacent to a second region of the nerve.

With the present invention, apparatus and methods are provided for rapidly
and reliably measuring blood analyte concentrations in individuals, such as glucose
in diabetics. Moreover, these advantageous characteristics are achieved in a non-
invasive manner (i.e., without breaking the skin barrier), thereby minimizing
physical and emotional discomfort, the possibility of transmission of infectious
material, and inconvenience to the user. The apparatus and methods described
herein utilize analyte dependent alterations in the physiological or biochemical
function of endogenous tissue to non-invasively measure analyte concentrations in
humans. In a preferred embodiment for example, measurement of blood glucose in
users relies on blood glucose dependent alterations in the electrophysiological
function of peripheral nerves, such as the Median nerve. In essence, the apparatus
and methods described herein employ a peripheral nerve as an endogenous glucose
sensor. As such, this apparatus advantageously does not require placement of an
artificial sensor within an individual or acquisition of a bodily fluid from the
individual.

A further advantage of the present invention is that the measurement
process does not require a disposable element. Consequently, the recurrent expense
of test-strips is eliminated. The resulting reduced cost yields the added benefit of
promoting frequent analyte measurement by individuals. A further advantage of
the present invention is that readily available analog and digital electronic devices
are used, thereby avoiding expensive components. Another advantage of the
present invention is its ease of use. The software based controller minimizes the

need for user expertise.



DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to FIG. 1, a blood analyte measuring system for measuring the
concentration of a blood analyte by communication with an endogenous tissue of
the user is shown. The analyte measuring system includes a stimulator for applying
a stimulus to an endogenous tissue under the control of a controller. Also provided
IS a detector which detects a response signal of an endogenous tissue to the
stimulus. A correlator correlates the detected response signal of the endogenous
tissue to an analyte concentration of the user, as will be described, and an indicator
is provided for indicating the analyte concentration in response to the correlation.

The measured blood analyte is any blood constituent on which an analysis
can be performed and may be a physiological analyte, such as blood glucose, or a
non- physiological analyte which affects the endogenous tissue, such as cocaine.
The controller is capable of executing stored instructions, generating and
processing analog and digital signals, performing computations and storing data for
subsequent retrieval and may take various forms, such as a microcontroller, as in
the illustrative embodiment shown herein, or a personal computer.

The stimulus may be applied to the same endogenous tissue from which the
response signal is detected. Alternatively however, the stimulus may be applied to
a first endogenous tissue and the response signal detected at second endogenous
tissue which is responsive to the stimulus.

In general, the endogenous tissue is any tissue that is responsive to an
applied stimulus for producing a detectable response as a function of an analyte
concentration, such as certain nerves, muscle or other tissue. In the embodiment
described herein, the endogenous tissue is a nerve and the monitored blood analyte
is glucose. Exemplary nerves for use in this manner are the Median nerve or the
Ulnar nerve. It is observed that nerve glucose concentration is in a steady state
relationship with the blood glucose concentration in a blood vessel in
communication with the nerve. When the nerve is rendered hypoxic, it exhibits
electrical activity commensurate with the concentration of glucose within the

nerve. In particular, the response of the nerve to an electrical stimulus delivered to



a hypoxic region of the nerve is characteristic of the nerve glucose concentration
prior to initiation of hypoxia. By repetitive application of such stimulus and
measurement of the associated nerve response, a highly accurate estimation of
blood glucose concentration is provided.

More particularly, the utility of a peripheral nerve as an endogenous blood
glucose sensor and the non-invasive blood glucose measurement instrument
described herein is based on several biological properties of peripheral nerves,
including:

1. The concentration of glucose within peripheral nerves, called the
endoneurial or nerve glucose concentration, is directly related to the blood glucose
concentration.

2. Under hypoxic conditions (i.e. very low or absent supply of oxygen to
a tissue), the electrophysiological function of a nerve is commensurate with the
nerve glucose concentration.

3. The electrophysiological function of a peripheral nerve can be
measured non-invasively.

Using the three aforementioned properties, a set of noninvasive
electrophysiological measurements of a hypoxic peripheral nerve is translated into
the individual’s blood glucose concentration in a manner described below.

As noted above, the concentration of glucose within peripheral nerves is in
a steady state with the blood glucose concentration. In other words, the nerve
glucose concentration is directly proportional to the blood glucose concentration.
In peripheral nerve, unlike most other tissues, this relationship is not significantly
affected by insulin. Furthermore, changes in the blood glucose concentration effect
similar changes in the nerve glucose concentration. Steady state is reestablished as
quickly as ten minutes after an alteration in the blood glucose concentration.
Consequently, a measurement of nerve glucose concentration is a reliable and
relatively rapid indicator of blood glucose concentration.

Peripheral nerves are composed of tens of thousands of individual

communication fibers called axons. The peripheral nervous system (PNS) in



humans and most vertebrate animals requires a large amount of biochemical
energy to maintain its normal function as a long distance signaling system. This
energy is derived primarily from hydrolysis of phosphate groups on ubiquitous
Adenosine tris-phosphate (ATP) molecules. Axons maintain their ATP supply
through two biochemical processes: oxidative phosphorylation and glycolysis.
These two processes predominate under different conditions and generate differing
amounts of ATP and certain metabolic byproducts. In aerobic conditions, defined
by the presence of sufficient oxygen, ATP is efficiently generated by oxidative
phosphorylation through glucose breakdown and fatty acid degradation. In
anaerobic conditions, defined by the absence of sufficient oxygen, ATP is
inefficiently produced by the simple breakdown of glucose molecules. In addition,
lactic acid is produced as a by-product of the process resulting in intracellular
axonal acidification and hence a drop in axonal pH.

Anaerobic conditions can be externally imposed on peripheral nerves by
occlusion of blood vessels through which oxygen and nutrients such as glucose are
delivered. Occlusion is accomplished for superficial nerves of both the upper and
lower extremities, by placement of an occlusion mechanism, such as a tourniquet,
around an extremity such as the arm or a finger of the user. Use of a tourniquet
does not harm the nerve or other tissues as long as the tourniquet is released within
a reasonable period of time (e.g. 45 minutes).

The occlusion mechanism compresses the tissue surrounding the blood
vessel that supplies oxygen and nutrients to the nerve and may take various forms,
such as the inflatable pneumatic cuff shown in FIGS. 2 and 4 and described below.
The occlusion mechanism is controlled by the controller which determines the
timing and duration of blood flow interruption according to a predetermined
process.

Glycolysis is strictly dependent on the concentration of nerve glucose.
Consequently, the ability of the axon to maintain ATP levels and prevent
intracellular acidification during hypoxia depends on the nerve glucose

concentration. Since the axon does not obtain additional glucose (or very little)



during the hypoxic period, the efficiency of glycolysis during this period is
dependent on the pre-hypoxic nerve glucose concentration. Furthermore, the
electrophysiological properties of individual axons are altered by hypoxic
decreases in ATP and pH, hence the electrophysiological properties of the nerve as
a whole are affected in a parallel fashion.

Axonal fibers are impulse conducting tissues, where the impulses represent
the essential signaling unit. In accordance with the present invention, the impulses,
all-or- nothing electrochemical events called action potentials, are artificially
initiated by electrical stimulation with stimulus. Thus, in the illustrative
embodiment, the stimulus is an electrical pulse stimulus applied by electrodes
(FIG. 4). Other possible forms of stimulus, for stimulating a peripheral nerve or
more generally, for stimulating any stimulus responsive endogenous tissue, are
magnetic stimulation, optical stimulation, other forms of electromagnetic energy
stimulation (e.g. RF), sensory stimulation (e.g. vibration, temperature, or pressure),
the application of an organic or inorganic chemical (e.g. sodium, neurotransmitter,
anesthetic) or the application of a biological substance (e.g. protein, nucleic acids -
DNA/RNA).

In the illustrative embodiment, the stimulator comprises at least two
stimulation, or stimulator electrodes (FIG. 4) in physical contact with the skin
surface immediately overlying the nerve and a current generator. A current is
passed between at least two, relatively closely spaced electrodes. The electrical
pulse stimulus may be a current pulse as in the illustrative embodiment, or a
voltage pulse and is controlled by the controller which determines the duration and
magnitude of the stimulus according to a predetermined process, as will be
described below.

Although most of the current of stimulus passes directly between the
stimulator electrodes without entering the underlying nerve, a fraction will enter
and stimulate the constituent axonal fibers. The number of fibers stimulated
depends on the magnitude of the current as well as certain geometric and

biophysical properties of the fibers. In general, the relationship between



stimulation current and the number of activated axons is a sigmoidal function.
Each stimulated axonal fiber generates a nearly simultaneous action potential that
IS propagated in both directions away from the point of stimulation.

Detector detects a superimposed response signal from all the stimulated
axonal fibers, called the Compound Action Potential (CAP) and may take various
forms. To this end, the detector includes one or more detection electrodes in
physical contact with the skin surface immediately overlying the nerve, such as the
illustrative two detector electrodes in FIG. 5. The detector may be positioned at the
stimulation site or alternatively a short distance from the stimulation site. For
example, in the case where the stimulated and detected endogenous tissue are both
provided by the Median nerve, the stimulator may be positioned adjacent to a first
region of the tissue, in a finger of the user, and the detector may be positioned
adjacent to a second region of the tissue, at the user’s wrist, as shown in FIG. 2.

The amplitude of the compound action potential is a measure of the number
of stimulated axonal fibers. As mentioned above, the electrophysiological
properties of axons are altered by decreases in ATP concentration and pFL The
most significant effect is an increase in the current required to stimulate an axon.
Consequently, changes in ATP and pFl are reflected in the amplitude and other
parameters of the compound action potential. Since such changes are nerve glucose
dependent during hypoxia, the compound action potential serves as a reporter on
the nerve glucose concentration.

The detector further includes electronic circuitry for amplifying and
processing the response signal (FIG. 6) and is connected to the controller which
interprets the response signal by correlating the response signal to an analyte
concentration. For example, in the case of a glucose monitoring system, the
controller correlates certain features of the detected response signal with blood
glucose concentration on the basis of a predetermined function, as described
below.

Once the response signal has been translated into a reading of the analyte

concentration by the controller, this information is made available to the user by a



user output device, such as an alphanumeric display providing a visual indication
of the analyte concentration or a speaker providing an audible indication of the
analyte concentration. Also provided are one or more user input devices connected
to the controller to provide the user with a way of interacting with the monitor. An
illustrative input device is a keyboard (FIG. 2).

Referring also to FIG. 2, one embodiment of the analyte measuring system,
or monitor utilizing the optional occlusion mechanism is shown to include a main
unit, a cuff, and a wristband. The cuff houses the stimulator electrodes (FIG. 4) and
the tourniquet and the wristband houses the detector. It will be appreciated that the
stimulator, occlusion mechanism and detector may be physically arranged in many
different ways. The essential constraint on any particular embodiment is that the
stimulator electrodes (FIG. 4), tourniquet and detector electrodes (FIG. 5) contact
the user at the appropriate anatomical location(s) to interact with the desired
endogenous tissue(s). For example, alternatively, the stimulator electrodes
tourniquet and detector electrodes may be housed within a rigid glove that
conforms to the contour of the user’s hand. This arrangement would place these
components in the same anatomical relationship as shown in FIG. 2.

A further alternative arrangement for use in the monitor system is to
provide the stimulator electrodes, tourniquet, and detector electrodes all in a cuff,
like cuff of FIG. 2. In this case, the detection is performed directly adjacent to the
stimulation site. Note that alternative embodiments, such as those in which a first
endogenous tissue is stimulated and the response to such stimulation is detected in
a second endogenous tissue, permit various other arrangements for positioning the
stimulator electrodes, tourniquet and detector electrodes relative to the user and
which are within the spirit of this invention. The main unit includes user input
devices (FIG. 1), user output devices (FIG. 1) and additional features which
function as both input and/or output devices, all of which are referred to generally
as user interface devices. One such input device is a keyboard including a plurality
of user actuable controls, which permits a user to input commands or messages to

the main unit. The user actuable controls include alphanumeric keys and command



keys for entering predetermined system commands, such as a MEASURE
command key causing a calibration and measurement sequence to be performed, a
SEND command key causing previously stored measurements to be sent to a
remote location via a modem, and a HALT command key terminating the analyte
measurement process. Braille elevations on the keyboard can be included to assist
visually impaired individuals.

A user output device (FIG. 1) is provided in the form of a liquid crystal
alphanumeric display displaying the analyte concentration and other messages to
the user. Another output device is a speaker which provides useful auditory
feedback to individuals using the monitor, particularly those with visual
disabilities.

Additional user interface devices extend the functional capabilities of the
analyte concentration monitor. Specifically, a serial interface port permits
communication with a personal computer. A memory interface for non-volatile
memory cartridges enhances the data storage and software capabilities of the
apparatus. A telephone jack permits information to be transmitted over phone lines,
thereby allowing automatic archiving of analyte measurements at remote
computers and communication of the analyte measurements to medical personnel
at remote locations.

The main unit is housed within a box-like encasement. Two flexible
connectors and connect the main unit to the cuff and the wristband, respectively.
The cable connecting the cuff to the main unit consists of a flexible, air-tight,
rubber tube through which the tourniquet is inflated and deflated with room air.
Connector cable also includes four insulated wires attached to the tube. These
wires carry electrical stimulation current to stimulator electrodes (FIG. 4) located
within the cuff and carry a temperature signal from a temperature sensor (FIG. 4)
located within the cuff. Cable connecting the detector with the main unit consists
of a bundle of insulated wires. These wires provide a means to obtain the response
signal measured by the detector and to provide electrical power to the electronic
circuitry of the detector within the wristband (FIG. 6).



Referring also to FIG. 3, a schematic of the main unit is shown. In the
illustrative embodiment, the controller is a single chip microcontroller, such as the
Motorola M68HC16. Other microcontrollers, single or multiple chip, may
alternatively be used. Preferably, the microcontroller has random access memory,
read only memory, multiple analog-to-digital converters and multiple input-output
lines.

The microcontroller operates in accordance with a software program stored
in read only memory. This program carries out the analyte concentration
measurement process, controls the user interface devices and executes diagnostic
tests. The functionality supported by the microcontroller may be extended by non-
volatile add-on memory cartridges that plug into an interface cartridge slot on the
main unit.

The microcontroller connects to the user interface devices, including the
alphanumeric display, the keyboard and the speaker. More particularly, the
alphanumeric display is connected to and controlled by a set of digital output
signals on the microcontroller. The contents of the display are determined by the
controller which regulates the state of the digital output signals on the
microcontroller. Illustrative displayed messages include the blood glucose
concentration and measurement status.

The keyboard provides a set of digital input signals to the microcontroller.
The logic levels of these signals corresponds to the particular keys depressed on
the keyboard. The controller determines which keys are depressed by monitoring
the appropriate digital input signals.

One output signal of the microcontroller serves as the input to an amplifier
which drives the speaker. The controller generates tones of arbitrary frequency by
oscillating the logic level on the output pin between low and high at the desired
frequency.

The main unit provides a means to control the air pressure within the
tourniquet. In the preferred embodiment of the main unit, a pneumatic pump

elevates the pressure within a tube that connects to the tourniquet by pumping



room air that enters from an inlet port. Power to the pneumatic pump is controlled
by a solid state relay triggered by a single digital output line on the
microcontroller. A pressure transducer simultaneously detects the pressure within
the inflation tube. This pressure is equivalent to the pressure within the tourniquet
and hence, the pressure compressing the user’s finger. The transducer generates an
analog signal proportional to this pressure. This signal is amplified by a DC
amplifier and converted into a digital signal by an analog-to-digital converter on
the microcontroller. The resulting digital signal is analyzed by the controller. A
pneumatic switch is controlled, by a solid state relay triggered by a single digital
output line on the microcontroller. When the pneumatic switch is opened, the
pressure in the connection tube and hence the tourniquet is rapidly diverted
through the switch to the outside via an air outlet port. The controller regulates the
pressure in the tourniquet by turning on the pneumatic pump until the pressure in
the tourniquet, as measured by the transducer, exceeds a predetermined set
pressure. When the measurement period is finished or the operator depresses the
HALT command key (FIG. 2), the controller activates the output signal that
selectively connects or disconnects the power to the pneumatic switch, thereby
releasing tourniquet pressure.

The main unit processes a direct current analog signal generated by
temperature sensor (FIG. 4) in the cuff. The temperature signal is amplified by a
DC amplifier and then digitized by an analog-to-digital converter on the
microcontroller. The resulting digital signal is analyzed by the controller.

A stimulus generator generates a precise, load independent, low current
signal (FIG. 1) for electrically stimulating endogenous tissue when passed through
stimulator electrodes (FIG. 4) located within the cuff. The stimulus generator is
capable of generating a 0.1 to 1000 millisecond current pulse of between zero and
ten milliamps. The amplitude of the current pulse is controlled by an analog signal
generated by a digital-to-analog converter, such as the Maxim MX7520, in
response to digital signals from the microcontroller. The controller regulates the

pulse duration and amplitude of the stimulus by setting the logic state of these



output signals. The stimulus generator has an output stage isolated from the main
unit power supply by an isolation amplifier (not hown). It will be appreciated that
the stimulus generator can be implemented in a number of different ways to
achieve the aforementioned functionality. For example, a 3-terminal adjustable
regulator, such as the Texas Instruments TL783C, can be used as an adjustable
current source to provide the stimulus.

The main unit receives a response signal from the detector through
connector. An isolation amplifier, such as the 1SO100 optically coupled linear
isolation amplifier from Burr-Brown, provides high voltage buffering between the
main unit and the detector which is in physical contact with the user’s skin. A
bandpass filter, with a pass band from about twenty Hz to twenty Khz, rejects
components of the response signal outside the frequency range where signals from
peripheral nerves are most readily detected. A programmable gain amplifier, with a
gain programmable between approximately 10 and 500, provides a final stage of
software controlled amplification prior to digitization by an analog-to-digital
converter in the microcontroller. The gain of amplifier is set by the logic level on
output signals of the microcontroller. The gain is adjusted by the controller so as to
maintain the amplitude of the measured response signal within the optimal
digitization range of the microcontroller’s analog- to-digital converter (e.g., 5
volts).

Referring also to FIG. 4, an embodiment of cuff (FIG. 2) housing the
tourniquet and stimulator electrodes is shown in connection with a user’s finger.
The tourniquet is encased in a thin rigid plastic cylindrical encasement and
includes an elongated donut shaped bladder composed of distensible and air-tight
rubber capable of sustaining pressures up to 400 mmHg. The outer surface of the
bladder is attached to the inner surface of the encasement. Stimulator electrodes
and temperature sensor are located on the inner surface of the bladder. In the
illustrative embodiment, the stimulator electrodes are thin circular discs of
conductive non-corrosive material, such as platinum, iridium, or other metals or

alloys. The size and shape of the stimulator electrodes may vary depending on the



dimensions of the user’s finger 80 (e.g. - adult verses child). In general, stimulator
electrodes have a diameter of about one centimeter. A single insulated wire passes
through the inside of the bladder to connect to the stimulator electrodes. These
wires run through the connector to the main unit where they terminate at the
stimulus generator. The temperature sensor may be any device that generates a
temperature dependent analog signal, such as the AD590 solid state temperature
sensor from Analog Devices. Two wires connect the temperature sensor to the
connector which is further connected to the main unit.

The bladder is rapidly inflated with room air delivered through connector
from air inlet located within the main unit (FIG. 3). Because the cuff is encased in
a rigid material, the bladder inflates inwardly causing compression of the user’s
finger. This inward bladder inflation has two consequences. First, as compression
increases, the pressure within the finger increases. When bladder pressure is
sufficiently elevated, tissue pressure within finger exceeds blood systolic pressure,
thereby resulting in a temporary interruption of arterial blood flow to the
compressed portion of the finger 80 and distally (i.e. towards the tip of the finger).
Second, because the stimulator electrodes and temperature sensor are located on
the inner surface of the bladder inflation of the bladder ensures a tight apposition
of these elements against the user’s finger. However, the bladder does not have to
be inflated to its final pressure to enforce suitable contact between the electrodes
and the skin. Tight placement of the stimulator electrodes against the finger is
important because it reduces the impedance of the electrode to skin contact, thus
reducing the voltage that has to be developed across the electrodes in order to
stimulate the underlying nerve (FIG. 2). In addition, this arrangement minimizes
variation in the electrode to skin impedance during the course of the measurement
due to movement of the finger 80 which might otherwise degrade the quality of the
analyte measurement.

Stimulator electrode is the cathode and serves as the active electrode and
electrode is the anode and serves as the reference electrode. The reason for placing

the cathode proximally, as shown in FIG. 4, is that optimal nerve stimulation and



recording is obtained when the active electrode is placed closest to the recording
electrodes. In this apparatus, the recording electrodes are located within the
detector located at the wrist. When a current, generated by the stimulus generator,
Is passed between the cathode and anode, a portion passes through and stimulates
the nerve located beneath the electrodes.

Referring also to FIGS. 5 and 5A, alternate views of the wristband, are
shown. Specifically, FIG. 5 shows a top view of the wristband and FIG. 6 shows a
side view, illustrating that the detector housed therein is thin, giving the wristband
an appearance similar to that of a watch. The wristband consists of a plastic
encasement and a band. The encasement serves as a support structure for the
detector electrodes and detection circuit. Detector electrodes are strips of highly
conductive, non-corrosive metal, such as platinum, iridium, or other metals or
alloys. The exact dimensions of detector electrodes depend on the physical
dimensions of the user (e.g. adult vs. child or male vs. female). Each detector
electrode is connected by one wire to the detection circuit mounted on a circuit
board within the wristband. The wire is short, less then a few millimeters, and is
insulated to minimize the acquisition of noise prior to buffering the response
signal, as discussed below. The band ensures a tight apposition of the detector
electrodes against the user’s skin at the wrist. The ends of the band are fitted with
short VELCRO strips 87 that allow the band to be easily placed or removed. On
one end of the band, a strip of conductive material (e.g. platinum or iridium) is
placed, which serves as a reference electrode. When the band is placed around the
wrist and secured by the VELCRO strips, the reference electrode contacts the skin
on the dorsal surface of the wrist, which is sufficiently distant from the nerve (FIG.
2) to serve as a reference. The response signal output of the detector is a buffered
amplified analog signal representing the actual nerve signal and is sent to the main
unit via connector. Connector cable also carries the power signal for powering the
detector circuit.

Referring also to FIG. 6, a schematic of the detector, including detection

circuit and detector electrodes, is shown. The detection circuit provides a means to



buffer the high impedance electrode-to-skin contact and to preamplify the nerve
response signal. The impedance of the skin-electrode interface is generally quite
high. In many situations (e.g. EMG recording), the impedance is reduced by
placing a conductive gel between the skin and the detector electrode. However, the
apparatus described in this invention does not require such gels. In the present
embodiment, the potential impedance problem is overcome by buffering the
response signal detected by the detector electrodes 85 a short distance from the
actual detection site. since the signals detected from sensory nerves are generally
quite small, usually on the order of microvolts, it is advantageous to preamplify the
response signals prior to transmission to the main unit in order to prevent
degradation of the signal-to-noise ratio.

More particularly, detection circuit includes an instrumentation amplifier
that generates an output signal proportional to the difference between the potential
at the two detector electrodes. The detector electrodes are connected to the
instrumentation amplifier by short insulated wires. Since the response signal is in
the microvolt range and the impedance of the electrode-skin contact very high, it is
advantageous to use a FET-input instrumentation amplifier, such as the monolithic
INA111 from Burr-Brown which has a very high input impedance (>10* ohms), a
low bias current (<20 picoamps), and a common mode rejection ratio of about
decibels. An illustrative amplifier gain of approximately 1000 boosts the microvolt
level response signal detected at the electrodes to the millivolt range, thereby
reducing susceptibility to various forms of noise.

The output of the instrumentation amplifier is filtered by a high pass filter
to remove the direct current component. A common mode reference for the
detector is obtained by buffering the signal at the reference electrode via a virtual
ground circuit. The output of detector is a processed response signal transmitted to
the main unit, where it is isolated by isolation amplifier (FIG. 3). Power for the
detector is provided by an isolated power supply located within the main unit.
Thus, the detector is electrically isolated from external power sources to the main

unit.



