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Pa3zpaboTana MeaMIMHCKash METOAOJIOTHS W CO3JaH arapaTHO-IPOrPaMMHBIN KOMILUIEKC ISt
MOUCKA MapaMeTPOB AIIEKTPHUUECKOTO BO3/ICHCTBUS Ha CHHOKAPOTUIHBIE Pe(IEKCOreHHbIC 30HBI.
BoszeiictBue mpencTaBiseT IMOTOK 3JIEKTPUYECKUX HMMITYIbCOB, UYPE3KOXKHO BIHSIONIMX Ha
pedeKcoreHHbICHbIE 30HBI C IO ONTHMHU3AIMN PEXHMa T€MOAMHAMHKH, B YacTHOCTH
CHIDKCHUS apTEePHAIBHOTO JABICHHS.

Kniouegvie cnosa: anexTpudeckas CTUMYIBIINS, CHHOKApOTHAHBIE 0apOpenenTopsl, apTeprualibHas
THIIEPTEH3Ms, apTePHATBbHOE 1aBICHHE, THITOTCH3UBHBIN 3 (PEKT.

BBenenune

AptepuanbHas tunepreHsus (Al) sBusercs MMPOKO pacHpOCTPaHEHHBIM 3a00JIEBaHHEM,
BBI3BIBAIOIIMM MHOTOYHMCIEHHBIE CEPACYHO-COCYANUCTHIE OCTIOXKHEHUS, TAKHE KaK MO3TOBOIl MHCYIIBT,
nHGapKT MHUOKapHa, HileMudeckas OoJe3Hb cepiAla, XpOHHYecKas CepledHass Hel0CTaTOYHOCTH,
THIEPTOHNYECKass  SHIedaronarus, 3HAYUTENIbHO CHWKAIONIMM  KAuecTBO KM3HH H  €¢
IpoaoDKUTeNbHOCTE. [1o manHbiM BO3 oHa cTouT Ha mepBoM MecTe cpenu (akTopoB ymepda s
3710pOBBsI HaceneHus, Bcero mupa [1]. B To ke BpeMs MOBBILIEHHOE apTepuaibHOE JaBICHUE HA BCEX
9Tarax CTAHOBJICHHUS, HE3aBHCUMO OT II0JIa W BO3pacTa, SBISETCS MOIIHBIM, HO MOTEHIIHATBHO
yCcTpaHuMbIM (pakTopoM pucka. TpaHIIMOHHBIM MOJXOJOM K KOHTPOJIIO apTepHalbHOTO JABJICHUS
SIBJISICTCS OXKU3HEHHAsi KOMOMHUPOBaHHasI, MHIMBUIYalbHO ogoOpanHas hapMakoTeparus Ha GoHe
Koppekuu obpasa xu3HH [2]. CyliecTBYIOT, OJHAKO, MHOTOYHCIICHHBIE NPOOJIEMBI, CHIDKAIOIIUE
3¢ GEKTHBHOCTh JJAHHOTO IOJIX0/1a: MOOOYHBIE JEHCTBUSI MEINKaMeHTOB, () (}EKThl YCKOIb3aHUS OT
JEUCTBUSl TpErnaparoB, JOPOTOBH3HA MEIMKAMEHTOB, HEXeJaHWE MalMEeHTOB CTPOro CIEAO0BaTh
Ha3HAUECHHOMY DEKUMY JICUCHHMs, NPEANoJaraloneMy, Kak NpaBWIO, MOKU3HEHHBIH NPHEM JIBYX-
TpeX TpernapaTroB, pe3UCTeHTHhIE (OpMBI apTepuanbHOM runeprersun [3]. Bce asTo nemaer
aKTyaJbHBIM IIOWCK aJbTEPHATHBHBIX (OPM KOHTpOJISI apTepuanbHOro naBieHus. lLlenb
HCCIIEIOBaHUs — pa3padOTKa MEAWIMHCKOM METONOJOTMH M CO3AaHHe AallapaTHO-IPOrPaMMHOTO
KOMIUIEKCa JJIS HApY)KHOW CTUMYJSALMM CHHOKApPOTHAHON pe(]IeKCOreHHOH 30HBI M IOHCKa
MapaMeTpoB AIEKTPUIECKOTO YPECKONKHOTO (HEMHBA3MBHOTO) BO3JIEHCTBUSI Ha OTH 30HBI, JIAOIINX
MaKCHUMaJIbHBII THIIOTEH3UBHBIN 3 (DeKT.
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MeToauuyecKHii Moaxon

B mocnegnee mecsituiieTre pe3KO BO3POC MHTEPEC K CTHMYIHPYIONIMM BO3ACHCTBHSIM Ha
CHHOKApOTHIHBIE OapopenenTopsl, Kak OTOJHHUTENBHBIM METOAaM JIEYeHUS PEe3UCTEHTHOM
apTepuabHON runepToHrd. CHHOKapOTHUAHbBIE OapOpelenTOPhl MPEACTABIAIOT CO00I pa3BeTBICHHBIE
HEpBHBIC OKOHYAHUS, PACIIONOKEHHBIE BO BHEUIHEH 000JI0YKE M B MOBEPXHOCTHBIX CIIOSX CpPEeAHEH
000JIOYKH KAapOTHTHOTO CHHYCa, MECTe pacIIMpeHHs BHYTPEHHEH COHHOM apTepuy IocIie
OTXOXKACHHSA €€ OT OOIIel COHHOW apTepuu. bapoperentopsl pearnpyrooT Ha CTENeHb PACTSLKEHUS
CTEHKH COCYZa MYJIbCOBBIMH WJIM HapacTaIOMIMUMHU KOJICOaHUSMH KPOBSHOTO AaBicHUs. UeM BbIlIe
TaBJIICHWE KPOBH, M 4eM ObICTpee OHO HApacTaeT, TEM CHIIbHEE pa3[pa)karoTcs 0apopelenTophl, U
4acTOTa HMITYyJIECOB, MOCBUTIAEMBIX B COCYAOABHUTATEeNbHBIA IEHTP, BO3pacTtaeT. VIMITymbCHI OT
0apopeLenTopoB MO CHHOKApOTUAHOMY HepBY (HepB 'epuHra), u nanee Mo S3bIKOTIIOTOYHOMY HEPBY
U My4YKy OJMHOYHOTO TpPaKTa MOCTYHAarOT HEMOCPEACTBEHHO B JIENIPECCOPHBIM OTAEN COCYAMCTOrO
[IEHTpa, YBEIMYNBasi €ro akTUBHOCTh U YIHETas akKTUBHOCTH €T0 MPECCOPHOTO OTAeNa, BO30YKaas TaK
’Ke KapAHOMHTHOMpYIoUHMK HeHTp. B pesymbraTe pacmmpsioTcs apTepuoiibl, YMEHbLIaeTcsl oliiee
nepuepuIecKoe CONMPOTHBICHHE, CHUKACTCS YacTOTa CEpJCUHBIX COKpAIIEHWHA W, KaK CIICACTBHUE
STHX W3MEHEHWH, CHIDKAeTCs apTepuainbHoe naBieHrne. CHIMKEHHE apTepUaTbHOTO NAaBICHUS [0
BeIMYMHBEI MeHee 60 MM PT. CT. BpEMEHHO BBIKITIOYaeT 0apOperenTOPHBI MEXaHU3M.

OnucaHHbI  (U3MOJIOTUYECKUA MEXaHU3M PEQIICKTOPHON PEryJIsud  apTepUaIbHOrO
TABJICHUS SBUJICSI OCHOBAaHWEM [UIsl BO3JEHCTBHS Ha CHHOKAPOTHIHBIE 30HBI TUAJMHAMHUYECKIMH
TOKaMH U CHHYCOHIAJIbHO MOy TUPOBAHHBIMH TOKaMHU TIpH (pusnorepanesTudeckom neucauu Al [4].
OpfHaKo CTaTUCTHUYECKH 3HAUYMMOTO CHI)KEHHS YPOBHS apTepHUalbHOIO JABJICHUS NPU MPUMEHEHHH
9TH METOAOB He OBLIO 3aperucTpupoBaHo. B pesynbrare 3TH METOIBI MO3HIMOHUPOBAINCH Kak
METOJIbI HEPBHO-TPOPHUECKOTO PETYIATOPHOTO BO3JASHCTBHS HA BET€TATUBHYIO HEPBHYIO CHUCTEMY H
OBLIH OTHECEHBI K BET€TOKOPPUTUPYIOLIMM MeToziaM (pusroTepaneBTudeckoro jgedenus Al [5].

Bo3Bpar wumHTepeca K  CTUMYNHUPYIOIIMM  BO3ACUCTBHSAM Ha  0apopenenTopsl
CUHOKApPOTHIHON 30HBI, KAK METOIY CHIDKCHHS apTEpHATBHOTO JAaBJICHHUS, CBSI3aH C MPOTPECCOM B
00JacTH MUKPOIJIEKTPOIHON TEXHUKU U HEUPO-, KAPAUO- U COCYTUCTON XUPYPTHH, TIO3BOJUBIITUM
MPOBOJUTH TPSMYIO BIIEKTPUYECKYI0 CTHUMYISIIMIO B O0JIACTH KapoOTHIHOTO CHHYCa COHHBIX
aprepuil. J1g 37eKTpUYecKod CTUMYJSAIMM  MPOBOJXJIACH OMepalus, MpU KOTOPOH 3JIEKTPOJbI
cTuMyIsitopa kapotumHoro cuHyca Rheos (CVRx, Minneapolis, MN, USA) moaBogmimce k
COHHBIM apTepHsM, a 3aTeM COSAUHSIIUCEH C T€HEPAaTOPOM, KOTOPBIN BIIMBAJICS MO KOXKY MepenHeit
TPyAHOM cTeHKH. IMITTaHTaIus CTUMYJISTOPA MPOBOAMIACE COCYAUCTBIM XUPYProM, KapAro— WK
Helpoxupyprom. llepen BHEIpEHHEM 3IEKTPOAa B TOJNILY CTEHKHM COHHOM apTepUH MPOBOIHIICS
BEIOOpP Hanbollee YyBCTBUTENBHON K CTHMYJIAINN 30HBI KAPOTUAHOTO CHHYCA: TeHepaTop I0/1aBajl
Ha 3JICKTPOJI HEOOJIBIION TOK MO HampspbkeHueM 1—6 BoibT; yepe3 30 ¢ mocie BO3ACHUCTBUS Ha
JMaHHBIN Y4acTOK KapOTHAHOTO CHHYyca m3Mepsuiochk AJl. DIeKTpoa OCTaBISICS B TOM MecTe, TJie
cHmkeHne AJl B OTBET Ha pa3psl 3aJaHHON CHIJIBI MaKCHMalbHO. B wWccienoBaHWW JBOWHBIM
ClIenbIM IDTae00 KOHTPOIMPYEMBIM METOJIOM, Ha MaTepuane 2065 MallMeHTOB C PE3HCTEHTHOU
apTepUaILHON THIlepTeH3uel, Oblia TokazaHa 3()(EeKTUBHOCTh 3TOTO METO/a: MPH KOHTPOJIe
yepes rof CHIKeHue cucronnyeckoro AJl cocraBuiio B cpegHeM 35 MM pT.cT. [6]. Bpuin oTMedeHbl
TaKWe OCIIOKHEHUS1, KaK HHPHUIMPOBAHHUE OTIEPAIIIOHHON PaHbI U MOBPEXKJICHUE HEPBA.

Jaxe mnpu nanpHEHIIEM YCHEIIHOM pAa3BUTHM M COBEPIICHCTBOBAHMM 3TOT METOJ
MMOTEHIMAIBHO OTPAHWYEH JIOBOJBHO Y3KHMM KOHTHHT€HTOM TIAlHEHTOB C PE3UCTEHTHON
aprepuanbHON THmepren3ueil. Haunboslee BaXKHBIM HAYYHBIM W IPAKTHYECKAM PE3YJIbTATOM
KJIIMHUYECKUX HCIIBITAHUNA NaHHOW METOJUKH, TI0 MHEHHMIO aBTOPOB, SIBIISIETCS JTOKa3aTEIbCTBO
MPUHIAITUAIBHON BO3MOXKHOCTH JJIUTENLHOTO 3((dekTnBHOr0 KoHTposs AJl Meromom mpsiMoin
CTUMYJISIIMK  OapOpeLenTOpOB CHHOKAPOTUIHOW 30HBI. B cBeTe BBIMIEH3IONKEHHOIO OCOOEHHO
aKTYaJbHBIM TPEJCTABISIETCS] BONPOC MOKcKa () ()EKTHBHOTO HEWHBA3UBHOTO METOJIA CTHMYJISIIIUN
0apopenenTopHOro CHHOKAPOTHIHOTO pediiekca.
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MeToauka uccjaes0BaHus

BrIn co3man ammapaTHO MPOTrpaMMHBIN KOMIUIEKC JJIs 1ToJ00pa mapaMeTpoB BO3ICHCTBHS
TakWX, Kak: (opMa WMIyJbCa, UIMTETHHOCTh WMITYNIbCA, HAMPSHKEHHWE, CHla TOKa, YacToTa,
Hecymasi 4acToTa, 4YacTorTa M DIIyOMHa MOJIYJSIIMH, HENPEPBIBHOCTH/TIPEPHIBUCTOCTD,
JUITUTENBHOCTh Tay3bl, JIUTEILHOCTh IMKIIA M pa3paboTaH MPOTOKOJ, TO3BOJISIONIMN OIICHUBAThH
HETIOCPEICTBEHHBIH A((EKT YpecKoKHOro (HEHMHBA3WBHOTO) BO3IEHCTBHA Ha pPeICKCOTCHHBIC
CHHOKApPOTHIHBIE 30HBI IO XapakTepy ¥ BEIWYMHE H3MEHEHHS apTepHabHOTO MaBICHUS |
4YacTOTHl IyJibca JIO, BO BpeMs M Tocie Bo3aekcTBus. I[IpoTokon BKIOYal H3MEpEHUE
apTepHaTFHOTO JABJICHUS Ha TUIEYeBOW apTepu MeToqoM KopoTkoBa W OIpeeneHre YacTOTHI
mynsca. Vi3MepeHus MpOBOAMIINCH B CEMH BPEMEHHBIX TOYKAX KaKIOTO MCCIEAOBAHUS: HCXOMHAS
— cpa3y TOCIC HAJOXKCHUS D3JICKTPOAOB, 0a3oBas — uepe3 IMATh MUHYT TOCIE HAJIOXKCHHS
AJICKTPOJIOB M HAXOXKACHHUS B COCTOSHUHM (PU3NYECKOTO W TICUXWYECKOI'O TOKOS, W Jaliee: Ha
MEpBOM, TpPEeTbed W TIATOH MUHYTaX BO3ACWCTBHA W 4Yepe3 | W 3 MHH MOCHIe MpeKpamieHus
BO3JECHCTBHUS.

HccnenoBanne MpOBOAMIOCH Ha J0OPOBOJBIAX, TOCIE MOTy4YeHUs UH(POPMHUPOBAHHOTO
cormacus. Kaxnoe mccienoBanne MpOBOAMIOCH B BUAE CEPUHU U3 TPEX BO3JACHCTBHUMA HA KaXKIOM
WCIIBITYEMOM, B KOTOPOH OT OJHOTO BO3ACHUCTBUS K JPYrOMY M3MEHSUTUCH TaKHE IMapamMeTphl Kak
JJIUTCIBbHOCTh MMITYJIbCa M YacCcTOTa IIpU BO3I[CI>'ICTBPIPI HUMITYJIbCHBIM TOKOM, a TaKXXC FHy6I/IHa u
4acToTa MOMAYJALNMHA TIpU BO3ACWCTBUH CHHYCOMIAIBHO MOMAYJIMPOBAaHHBIM TOKOM. Jlis
BO3/ICHCTBHS HMITYJIbCHBIM TOKOM, OJIM3KUM TIO ITapaMeTpaM K AHaTuHAMHYECKUM, FCTIOIb30BaJICs
ABTOPCKUN OPUTMHAIBHBIM alnapaTHO-NPOTPAMMHBINA KOMIUIEKC, T€HEPUPYIOIIUN OQHOIIOISIPHBIE
OpAMOYTOJIbHBIC UMITYJIBCHI. BO3I[€I>'ICTBHC OCYIICCTBJIAIOCH B HEIIPCPBIBHOM PCXKHUME UMITYJILCaAMU
mmtenbHOCTRIO OT 0,2 Mc f0 1,5 mc ¢ wactoramu 30, 80 100 I'i, Hanpsokernem 8—16 B, cuioit
TOKa 5—6 MA.

Bluetooth Bluetooth MK Yeunurens
K |- - - > > >
MOIYJIb MOLYIb ATinny2313 Kanai |
+ ObbexT
|Bo3neiicTRIs
Vewmurens |
no KaHaJ 2 o
A
Ocumn-
morpad

Puc. 1. CTpykTypHas cxema anmapaTHO-IIPOrpaMMHOTO KOMILIEKca

VYmpapmeHue = anmapaTHOW  YacThl0  KOMIUIEKCAa  OCYIIECTBISIETCS  MOCPEICTBOM
mukpokonTposiepa ATinny2313. Cs3p ¢ IIK ocymectBusercss mo Bluetooth mnTepdeiicy nHa
ocHOBe MOjayis - Bluetooth HC-05. B ammpaparHO-IporpaMMHOM KOMIUIEKCE HCITOJIB30BaH
npeobpasosatens Hanpsbkenus DC-DC  mpeoOpasoratens MC33063, a Takke JIMHEHHBIN
crabmimzatop Hampspkerus LM1117. ['enepanust cTUMynupyIOIIMX CUTHAJIOB OCYIIECTBIISIETCS C
MOMOILIBIO OnepalMoHHbIX ycunutenedl LM358. dopma, yacToTa U aMIUIUTYAd CTUMYIUPYIOLIUX
TOKOB W HampsbkeHWi oroOpaxarorcs Ha wnudpoBoM ocmmuiorpade. s BozgeicTBUs
CHUHYCOMJIATBHO MOJIyJTUPOBAaHHBIMH TOKAMH HCIIONB30BAJICS (PH3MOTEpANleBTHYECKH ammapar
«PED®TOH-01-®JIC». BoznelicTBue ocymecTBisiiock B mpepbiBuctoM pexume (I PP) B
cootHomeHnu «1:1,5» ¢ rmybunoit mogymsimuu 100 %, mogynupyromei yactotoit 25, 50 u 100 I'rg
B K)XIIOM TIOCTIEAYIONIEM BO3/IeicTBIH, HanpspkeHneM 6—10 B, cmtoit Toka 2—3 MA.

Pe3yabTaThl M 00CyKICHHE

IIpu BO3mEHCTBUM TPSMOYTOJIBHBIM OHOMOJISPHBIM UMIYJIBCHBIM TOKOM B TIOCTOSTHHOM
peXuMe C ITUTEIBHOCTHI0 UMITYJIbcoB OT 0,2 Mc mo 1,5 mc ¢ wactoramm 30, 80 u 100 I,
O0TMEYAIIOCh CYOBEKTHBHOE OIIYyIICHHE B BUJEC BHOpaIlMH, MEPEeXO/AIIed B MBIIICYHBIC
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COKpAIIICHHUS TIPU JTATbHEHIIIEM TIOBBIIICHUN HANPSHKCHUSI U CHJIBI TOKA, KOTOPOE JIMMUTHPOBAIIO
JaNbHEHIIee MOBBIIIEHUE STHX apaMeTpoB. Jpyrux cyObeKTHBHBIX ONIYIIECHHH HE HAOIOIAIOCH.
CraTHCTHYECKH 3HAYMMBIX M3MCHEHHH apTEepUANbHOTO JABJICHHS M YacTOTHI MyJbCa MPH 3THX
pPeXKHUMAaX CTUMYJISIIUN HE OTMEUYCHO.

[Tpu BO3IEHCTBUM CHUHYCOUJAIBHO MOIYJIHUPOBAaHHBIMU TOKaMH (DH3HOTEPANEBTUYCCKUM
anmnapatoM «PEDTOH-01- ®JIC» takike 0TME4aa0ch CyObEKTHBHOE OIIYIIICHHE B BUIE BUOPALIUHY,
MEPEeXO/INIed B MBIIICYHbIC COKPAIICHHUS TPU JajJbHEHIIEM TMOBBINICHUN HANPSOKCHUS U CHITBI
TOKa, KOTOPOE JIMMUTHPOBAIIO JalibHEHIIee MOBBIIICHUE 3TUX HapaMeTpoB. Hu mpu omHOM U3
MPUMEHEHHBIX PEKHMOB CTUMYJISIIIUM CTATUCTHYCCKH 3HAYMUMBIX WM3MCHEHHH apTepHaNBHOTO
JIABJICHUS U YaCTOTHI MyJIhca He OBLIO OTMEUYCHO.

OTCYTCTBHE TPSIMOTO HEIMOCPEACTBEHHOTO TUITOTCH3UBHOTO 3((eKTa yKa3blBacT Ha TO,
YTO 3JICKTpUYCCKAs CTUMYJISIIAS CHHOKAPOTHIHBIX 30H, OCYIIECTBIseMas ONMCAaHHBIMU METO/ITaMHU
C NMPUMEHEHHBIMH TIapaMeTpaMH, HE BBI3bIBAET MOTOKA MMITyJIHCOB B CHHOKAPOTHIHOM HEPBE H,
COOTBETCTBEHHO, OTCYTCTBYET CTUMYJISIUS JCTIPECCOPHOW W  KapAUOWHTUOMTOPHON 30H
COCYJOJBUTaTEeIbHOTO LECHTPA.

3aka0ueHnne

Pa3zpaOoTanHblil anmapaTHO-MPOrPaMMHBIM KOMIUIEKC MPEAOCTABISIET BO3MOXKHOCTh
BBHIMOJIHATh ~ HAPYXKHYIO DJIEKTPUYECCKYIO CTHUMYJSIHMIO pediaekcoreHHbix 30H. lupoxwmii
OUHAMHYECKUI [Uana3oH MPOTPaMMHO-YIPABISIEMOT0 T'€HEpPaTopa IO3BOJSET  BBINOJHSTH
HCCIICIOBAHNE MO ONPENEICHUIO ONTHMAIbHBIX PEXHMOB CTUMYJSIIMU C LEIbI0 JOCTHXECHHUS
MaKCUMaJIbHOTO TUIIOTEH3UBHOTO 3 dekTa.

METHODOLOGICAL FOUNDATIONS AND EQUIPMENT SUPPORT TO
ADDRESS PARAMETERS OF ELECTRICAL INFLUENCE ON SINOCAROTID
REFLEXOGENOUS ZONES

A.G. MROCHEK, A.N. OSIPQV, I.D. KOZLOV, A.V. FROLOV, V.S. SHEKUNOV

Abstract

An approach and hardware-software set to address parameters of electrical influence on
sinocarotid reflexogenous zones have been developed. Exposure represents a flow of electrical
pulses affecting transcutaneously reflexogenous zones for optimal hemodynamics, and lower
blood pressure in particular.

Keywords: electrical stimulation, sinocarotid baroreceptors, carotid artery, arterial hypertension,
blood pressure.
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