IHPOPMALLIMHI TEXHOJIOT I TA KOMITIOTEPHA TEXHIKA

YK 658.5: 681.3
O. . Asapos, a. T. H., npod.; A. B. Cuiryp, acm.
O. . Azapos, a. T. H., npod.; A. B. Cuuryp, acm.
O. Azarov, Dr. Sc. (Eng.); A. Snigur, Post-Graduate

BUMIPIOBAJIbHA CUCTEMA [AJid OIIHIOBAHHA AKTUBHOCTI
TOYOKRK ARYIIYHKTYPU JIOAUHHU Y CTAIIOHAPHHUX
TA HECTAIIIOHAPHHUX YMOBAX

NU3MEPUTEJIBHAA CUCTEMA U4 ONEHUBAHNUA AKTUBHOCTH TOYEK
AKYIIYHKTYPbI HEJTOBEKA B CTAIIMOHAPHbBIX 1 HECTAIITMOHAPHbBIX
YCJOBUAX

MEASURING SYSTEM FOR THE CONTROL OF THE PERSON ACUPUNCTURE
POINTS ACTIVITY AT STATIONARY AND NON-STATIONARY CONDITIONS

Po3pobieHo BUMIPIOBaNIbHY CUCTEMY JIS1 OLIIHIOBAHHSI aKTUBHOCTI TOHOK aKyryHKTYPU JIICAVNHU B
cTauioHapHUX Ta HecTauioHapHux yMoBax Ha 6asi AL i3 BaroBolo HaamuikoBsicTio. loka3aHo, 1o y
AaHii cucTemi € MOX/MBICTb NepioanYHOro BIAHOBAEHHS METPOIOMNYHUX XapakTepucTuk ii «gapa» —
ALl y HecTaLioHapHX YMOBax BHAaCiOK BUKOHaHHS Tak 3BaHOI npoueaypy caMokasibpyBaHHs, ska
J103BOJIIE 3MEHLLNTU ab0 YCyHYTU BrIMB 30BHILLIHIX (PaKkTOPIB Ha KiHLIEBI pe3ynbTaTii BUMIDIOBaHHS.

PaspabomaHa usmepumenbHas cucmema Ofisl OUeHUBaHUsI akImueHOCMU MOYeK akynmyHKmMypbl Yeroeeka
8 crmayuoHapHbIX U HecmauuoHapHbIX ycriosusix Ha 6ase AL ¢ eecoeoll u3beimoyHocmsio. [okasaHo, 4mo
e daHHOU cucmeMe ecmb 803MOXHOCIMb MEePUOOUYECKO20 80CCMAHOBITEHUS MEMPOJIO2UYECKUX XapaKmepu-
cmuk eé «si0pa» — ALl 6 HecmayuoHapHbIX ycrosusix ecriedcmeue 6biNofIHeHUsI maK HasbleaemMoll npoue-
Oyps! caMoKanubpoeaHusi, Komopasi 110360/15em yMeHbWUMb UNu yCmpaHume gosdelicmele eHEWHUX hak-
mopoe Ha KOHeYHble pe3ynbmambi U3MepeHU(.

Measuring system for the control of the person acupuncture points activity at stationary and non-
stationary conditions on base of ADC with weight redundancy is developed. It is shown, that the sys-
tem enables the opportunity to restore periodically metrological characteristics of its «nucleus» — ADC
in non-stationary conditions as performance of the so-called procedure of selfcalibration which allows
to reduce or eliminate the influence of external factors on final results of measurements.

Beryn

Ha renepimmniil fenp y raysi akynyHKTYpHOI Tepariii MOXHA BH/IIATH 1TPOGJIeMY CTBOPEHHS
indopmaitiliiHo-BUMipIOBAJIbHOI  CHCTEMU (IBC) panis ajekBarHiloro JiarHoCTyBaHHA CTaHy 3[0-
POB’S JIIOJIMHK 32 3HAYEHHSMM IAapaMeTpiB aKTHUBHOCTI ii GiosoriuHo-akTuBHUX TouoK (BAT) a6o
touok akymyHkrypu (TA), mo sampomoHoBani B [1]. IIpu mpoMy Ha HpakTHili icHye morpe6a
3a6e3reueHHst poGOTH TAaKOl Ta MOAIGHAX CHCTEM SIK Y cTallioHapHuX (HATPUKJIA[ Y JIKAPHSX), TaK
i B HectarioHapHux (mepeHoCHUX a6o TOJIbOBHX) yMoBax [2].

Cyuacni IBC, tumnoBy 3 skux omnucano B [3], He 3a6e3neuyloTh 3a3HaueHe a/leKBaTHe Jiar-
HocTyBaHHsT (TOOTO i ajleKBaTHe OIiHIOBAHHS AKTMBHOCTI BKA3aHWX TOYOK), OCKIJBKH He Bpa-
XOBYIOTD 11iJly HU3KY iHndopMaruBHux napamerpiB BAT: mBuakicTh 3MiHM 3HAaYeHb PiBHIB CHT-
HaniB TA, inauBigyasbHi Bapianii mapamMeTpiB akTUBHUAX TOYOK, <IIiKA» Yy CUTHAJAX TOYOK aAKY-
MYHKTYPHU TOIO. TakuM YMHOM BUPIIIEHHS 3raflaHoi IPOo6JIeMH € aKTyaJbHUM.

Mera crarri — po3riisi/ miaxoay mo/0 crBoperHs: npoaykrusHinoi IBC mis agexkBarHOoro
oniHOBaHHs aktuBHocTi BAT jo/iuHuM 1K y cTanioHapHuX, Tak i B HecTalliOHapHUX YMOBax.

3a/taui 10cJIi/KeHb:

1. Posrusig npunnunis ¢yuknionysanus IBC gk y cramionaphux, Tak i y HecTaljioHapHUX
yMOBax /IJIs1 a/leKBaTHOro ouiHioBaHHs akruBHOcTi BAT sofiuHu 3a paxyHOK BpaxyBaHHS, 30-
KpeMa: MBHJKOCTEN 3MiHM 3HavYeHb piBHiIB curHasiiB TA, iHjuBijyanbHuX Bapiaiiil nmapamerpis
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AKTUBHUX TOYOK, «I1iKiB» y CUTHAJaX TOUYOK aKYIYHKTYPH TOIIO.

2. Ananiz moxkquBocti migBuiieHHs: mpoayKruBHocti IBC 711 azjeKBaTHOTO OIiHIOBAHHS aK-
tuBHOCTi TA Jf0/iMHU B cTallioHapHMX Ta HECTalliOHApPHUX yMOBaX 32 PaXyHOK BUKOPUCTAHHS
WBUAKOAiiHOrO  110po3psaHoro  anagsoro-nndposoro nepersopiopaya (AIIIl) i3 Barosoio
Ha/IJIMIITKOBICTIO, IO JOJATKOBO HAJA€ MOMKJIMBICTH NMEPIOJUYHOIO BiJJTHOBJIEHHI METPOJIOTIYHUX
xapakrepucTuk sik BjaacHe AL, tak i cuctemu B 1iJloMy 32 paxyHOK TakK 3BaHOI IpolE/ypHu
caMoKaJi6pyBaHHSI.

BBepeHune

Ha HacTtosiwuin geHb B 06nacty akynyHKTYPHOW TepanuM MOXHO BblgenuTb npobnemy cosgaHust
WHpopMaumoHHo-nameputensHon cuctemel (MNC) ana 6onee ageksaTHOro AWarHOCTUPOBAHWUA CO-
CTOSIHAS 340POBbS YEriOBEKa C MOMOLLBIO 3HAYEHWA MapameTPOB AaKTVBHOCTW €ro Buonornyecku-
akTneHbIX Todek (BAT) unun Touek akynyHkTypbl (TA), KoTopble npeanoxeHsl B [1]. Mpyn aTOM Ha npakTu-
Ke cywecTByeT notpebHocTb obecnedeHna paboTel Takon M NOAOGHBIX CUCTEM Kak B CTauMOHapPHbIX
(Hanpumep B GonbHMLAX), Tak N B HECTALUMOHAPHBIX (MEPEHOCHbIX UK NOMAEBbIX) YCnosusx [2].

CoepemeHHble MUC, TnnyHas n3 KoTopbix onucaHa B [3], He obecneyvmBaloT ykasaHHOe agekBaTHoe
ONarHocTMpoBaHne (To eCTb W afeKBaTHOE OLEHVMBAHUE aKTMBHOCTW YKA3aHHBIX TOYEK), MOCKONbKY He
yunTbiBalOT Uenbll pag nHdopmaTnBHbIX NapameTpoB BAT. CKOpOCTe U3MEHEHUS 3HAaYEHWA YPOBHEN
cvurHanos TA, vHAMBMZYanbHbIE BapvauMu NapameTpoB aKTWBHBIX TOYEK, «MWKW» B CUIHaNax TOueK
aKynyHKTypbl 1 T. 1. Takum oBpasom pelleHne ynoMsiHyToln Npobnembl akTyanbHO.

Llenb cTaTbu — paccMOTpeHWe noaxoaa K cosgaHuio 6onee npoussoauTtensHon MNC ans ageksart-
HOrO OLIEHUBaHNS aKTMUBHOCTU BAT uenoseka kak B CTaUMOHAPHbIX, TaK Y B HECTALMOHAPHBIX YCIOBUSX.

3agaym ncenegoBaHum:

1. PaccmoTpenne npuHuunos dyHkumorHmpoBaHma MUC kak B CTaumMoHapHbIX, Tak U B HECTaLMOHap-
HbIX YCNOBUAX ANSi aAeKBaTHOIO OLEHMBAHUSI akTUBHOCTM BAT yenoBeka 3a CUET yyeTa, B YACTHOCTU:
CKOPOCTEN U3MEHEHMS 3HAYEHWUA ypOoBHEN curHanos TA, HAMBMAYAlbHbIX Bapuauvini napameTpoB ak-
TUBHBIX TOYEK, «MMKOB» B CUrHaNax ToMeK akynyHKTypbl 1 T. M.

2. AHanun3 BO3MOXHOCTMW NOBbIWeHNS npomssogutensHocTn MNUC ana ageksaTHOro oueHVBaHUS ak-
TUBHOCTU TA 4enoBeka B CTAUMOHAPHBbIX M HECTALMOHAPHBIX YCIOBUSIX 3@ CYET MUCMNONb30BaHUs BbICT-
poAencTBYIOWEro NOPO3PSI4HOro aHanoro-umdgposoro npeobpasosatens (ALIM) ¢ BecoBo n3beITOUHO-
CTbIO, YTO HOMNONHWUTENBHO AA&T BO3MOXHOCTb MEPUOANYECKOr0 BOCCTAHOBMEHUS METPOIIOrMUYECKUX
XapakTepucTuk kak cobcteeHHo AL, Tak u cuctembl B LENOM 3a CYET Tak Ha3biBaEMOW Mpoueaypbl
camokanmbpoBku.

Introduction

Nowadays in the field of acupuncture therapies it is possible to distinguish the problem of
creation of information-measuring system (IMS) for more adequate diagnosing of person state of
health by means of values of parameters of activity of biologically-active points (BAP) or points of
acupuncture (PA) which are offered in [1]. Thus in practice there is a need to provide the opera-
tion of such and similar systems both in stationary (for example in hospitals), and in non-
stationary (portable or field) conditions [2].

Modern IMS, typical system is described in [3], do not provide the specified adequate diagnos-
ing (that is, an adequate evaluation of the specified points activity) as do not consider a lot of in-
formation parameters of BAP: rate of change of values of PA signals levels, individual variations
of parameters of active points, "peaks" in signals of acupuncture, points, etc. Thus solution of the
above mentioned problem is actual.

The purpose of the article is: consideration of the approach regarding the creation of more
productive IMS for adequate evaluation of BAP activity of the person both in stationary, and in
non-stationary conditions.

Research problems are:

1. Consideration of principles of IMS functioning both in stationary, and in non-stationary con-
ditions for adequate evaluation of BAP activity of the person due to the account, in particular:
rates of change of values of PA signals level, individual variations of active points parameters,
«peaks» in signals of acupuncture points, etc.

2. The analysis of the opportunity of IMS performance improvement for adequate evaluation of
PA activity of the person in stationary and non-stationary conditions due to application of high-
speed analog-digital converter (ADC) with weight redundancy, that in addition provides the oppor-
tunity of periodic restoration of metrological characteristics as of ADC itself, and systems as a
whole due to the so-called selfcalibration procedure.
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OniHioBaHHSI aKTUBHOCTI TOYOK aKYNYHKTYPH JIOJAWHH B CTalliOHAPHHUX YMOBax

YV 3araJbHOMY BHUIAJKY aJleKBaTHe OIiHIOBaHHsS akTuBHOCTI BAT moauan (Ta B MOAAJIBIIO-
My crany ii 3mopos’st) y Cy-/[5KOK Ta KoprmopasbHiii Tepamii MoxkHa 3ziiicHioBatH 3a 11-ma
napamerpamu [1]: nmapamerp Hh — wnaGyBae 3HauyeHHsS BUMIpSIHUX PiBHIB curHasnis BAT;
Kh — Ha6yBa€ 3HAYEeHHS Koe(piuieHTiB (HOKaSHI/IKiB), 0 OOYMCJIIOIOThCS HA OCHOBI BUMIpSI-
HUX PiBHIB CHI'HaJiB akTUBHUX Touok (HA); vh — MBUAKICTH 3MiHU 3HAUeHb PiBHIB CUTHAJIB
TA (Hh) y uaci; vk — IMBUAKICTD 3MiHM 3Ha4YeHb KoedilieHTIB (MOKA3HWKIB), MO oGYmMC-
JIOIOThCSI HA OCHOBi BuMipsaHuX piBHiB curnagiis BAT (KA) y uaci; Vs — cepeane apudmeru-
YHe 3HAUEHHSI Pe3yJ/ibTaTiB OOUMC/IEHHS MBUAKOCTEN v MPOTSATrOM BiJIIOBIJIHUX TEPIOiB Yacy
ix BusHaueHHs; Vs — cepenne apudmMeTndHe 3HAUECHHS pe3yJbTaTiB OOUMCJICHHS MIBUIKOCTEH
ok TIPOTSTOM BiJINOBIIHUX TIEPiOJiB Yacy iX BU3HAYEHHS; €y, €fimax — BUMIPSHiI iHIUBIiIya-
JIbHI Bi/IIOBiTHO MiHiMaJbHi, MakcuMaibHi (eKcTpeMasbHi) 3HAYeHHSA PiBHIB curHatis BAT
(Hh); thyin, thp.x — uac BcranoBjenHs (6askaHO BU3HAYATH IPOTATOM J0OKM) BiIIOBiHO
€hmin, €fmax; €Rmin, €Rmax — BUMIpsHI iHIUBIyasIbHi Bi/IOBIHO MiHIMaJIbHi, MaKCHUMaJibHi
(excrpemanbhi) sHaueHHs Khi; tkyin, tRnmax — 4Yac BcraHoBseHHs (6a)kaHO BHU3HAYATH IIPOTS-
roM 06M) BIANOBIAHO €Rpin, €Rmax; S — <«IHAMKATOPHUii» TOKA3HWK, KU BPaxOBy€ HasiB-
nictb (s = 0) a6o BigcyrHicTp «mikiB» (s = 1) y purmorpami nesuux BAT (curnasmax TA).

OrpuMyBaT BUMipIOBaJIbHY iH(oOpMaIlilo — 3HAUEHHS PiBHIB cTpyMiB, GiomoreHtiamis BAT
JUIsT ioziasibinioro BusHauenust Hh, Kh, oh, vk, Vs, Vs, €hnin, €Mmax, €Rmin, €Rmax, @ TAKOK S,
thmin, thmax tRmin, tRmax MOXKHA 3a JOMOMOTOI0 Bi/IIOBi/THOI CHCTeMM BUMipIOBAHHSI Ta PEECTPY-
BaHHs curHasiiB TA, cTpykrypy sikoi ommcano B [4]. Boxgnowac 3asnauena IBC ne nosBouisie
3iificHIOBaTK ajiekBaTHe olliHioBaHHs aktuBHocTi BAT 3a Bcima nepepaxosanumu 11-ma napame-
tpamu. [y 3JilficCHEHHSI TaKOro OIiHIOBaHHS aBTOPaMu IIPOIOHYETbCS BUKOPUCTOBYBATH
B/IOCKOHAJICHUI BApiaHT cHCTeMU. 1i OCHOBHMMM CKJIAJOBHMH €JEMEHTAMH €. KOMYTarop
pxignux curnanis (K) touok akynmynkrypu; ALl nopo3psgHOro BpiBHOBasKEHHS HA OCHOBI
H/UIMIIKOBUX To3uniiinnx cucrem unciaenns (HIICYU) — AIUI i3 BaroBoio Ha/JIMIIKOBICTIO
JUIS TIepeTBOPEHHsT Takux curHajiis; auciieii (1) ans Bisyasisanii pesysbTaris BUMipIOBaHb;
anapar nudposoro 3anucy (AILL3) ans 36epiranns pesyJbraTiB BUMipioBanb; intepdeiic (ID)
repe/laBaHHsl 3apeeCTPOBAaHMX 3HAUeHb PiBHIB curHajaiB TA 10 1epCcOHaJbHOI eJIeKTPOHHO-
o6uncoBanbioi Mammaun (ITEOM); creniasizoBanuii 1udpoBuil 06UKMCTIOBAIbHUAN IIPUCTPiii
(CIHOII) must ycepelHEHHS pe3yJbTaTiB BHMipOBaHb 3a ornoMoroto mocriiiHoro (II3I1) Ta
oneparusroro (O3II) samam’siToByBaJbHOrO MPHUCTPOiB, O6sok KepyBauus (BK) poGortoro
cucremu. Taxa crpykrypa IBC Moxe BuKOpucTOBYBaTucsl sk <«06a3oBa» JIJIs1 OIiHIOBAHHS
aktuBHOCTi BAT momunn y Cy-/[>kok Ta kopnopasbHiii Tepamii 3a BciMa IepepaxoBaHUMU
BUIIe TTapaMeTpaMy y CTAIliOHAPHUX Ta HECTAlliOHApHUX yMOBax. Po3risHeMo BUMAIOK (PYHK-
mioHyBaHHs «6a3oBoi» IBC y cranioHapHHX yMOBax.

[Iporiec GesmocepeaHboro BUMipIOBaHHS Oy/b-Akux iHgopmatuBHuX mapameTpiB BAT cy-
MIPOBO/IKYETHCSI BIJINBOM T€BHUX (DAKTOPiB, cepesl SIKMX MOKHA BU/IJUTH: HeCTaGiIbHICTDH
KOHTAKTiB IIKipa-eJeKTpo/, HaBe/leHHs, MyMH, HecTaGiJbHICTb HANPYTH JKUBJIEHHS TPUCTPOIO
BuMipioBanHg Tomlo [5]. IIpu nomanbniomy oniHoBaHHI cTaHy akTUBHOCTI TA JIOAVMHW MOXKJIH-
Be OTPMMaHHs MMOMUJIKOBMX 3HAueHb MapaMerpiB TOUoK akynyHktypu (ix crpymy, Giomnoremuia-
aiB) [5]. Oanieio 3 npuuun 1i€i cuTyanii €, SIK NPaBUJIO, 3aCTOCYBAHHS OJHOKPATHUX BUMipIO-
BaHb TakuX napaMerpiB. ToMy BaKJIMBUM € KOPUI'YBaHHS OTPUMAaHUX 3HAauy€Hb, 30KpeMa, IpHU
3iilicHeHHi GaraTOKpaTHUX BUMIpIOBaHb 3 MOJAJBIINM YycepeIHeHHSIM X pedyabrariB. Otike,
JUIST KOPEKTHIIoro oiliHioBaHHs aktuBHocti TA soguuu 3a BkadaHumu 11-ma napamerpamu
HeoOXi/IHO 3MEHIIUTH TOXMOKY IpH BU3HAUeHHI «6a3oBoro» mapamerpa H/i, Ha OCHOBi SIKOTO
orpumytorbest inmi: Kk, oh, vk, Vg, Vs, €hnin, €hmax, €Rmin, €Rmax. IIpu 1mpoMy s
OJTHOPA30BOTr0 BUMipIOBaHHS 3TifHO 3 [6]

0
Hh = Hhy + A+ A, (1)

0
e th — Jifiche 3uauennsa Hh (p,eI7ICTBI/ITeJ'IbHoe 3Ha4veHune Hh; the valid value Hh); A A — Bigno-

Bi/[HO BHIIAJIKOBA Ta CHCTeMAaTHYHA MOXUOKM iz dac orpuManis Hh (cooTseTcBeHHO criyyaiiHas u
cucTemMaTMyeckas MorpeLuHocTy npu nonyyernn Hh; accordingly random and regular error at reception of Hh).
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0
3MeHIIUTH A MOJKHA, 32 IIPOIO3UIIIEI0 ABTOPIB, B3SIBIIYU 32 Pe3yJ/bTar BUMipioBaHus Hh

H_h=2th/b, (2)
b

ne Hh — cepenne apudmernune 3nauennsi Hh, orpumane B pedyJibrati b GaratopasoBuX BUMi-
pIoBaHb (cpepHee apudmeTvyeckoe 3HauveHne Hh, nony4eHHoe npy b MHOMOKpaTHBIX M3MepeHusix; the mean

0
arithmetic value Hh, received at b repeated measurements). 3riguo 3 [6] A y (2) Maiotb pisHi 3HaKH i
B3a€MHO 3HHUINYIOTbCs. lIpumyckaioun, 1o 3aKOH PO3MOJIiTY IMIiJbHOCTI #iMoBipHOCTI HA € cuMert-
PUYHHM, cepelHE KBaJpaTW4He BiXWJIEHHSA pe3yJbTary BUMiPIOBaHHS [JaHOIO IapaMeTpa 3MEH-

IIUTHCI B \/5 pasiB IOPIBHAHO 3 BUIIQJKOM /[IJIA (1). Heo6xXiiHO TaKoXK 3a3HAUYMUTH, 1[0 OIUCAHI
6aratoKpaTHi BUMipIOBaHHSI TIOBWHHI 3/[iMCHIOBATUCS, HE 3HIMAIOYM BiJIITOBI/HOTO eJIEKTPO/A 3 J10-
caipkyBanoi BAT. Tepwmin, mpoTsrom sSIKOro BOHM BUKOHYIOTbCSI, OOMEXKeHO Tiepiojiamu t;, ti, sIKi
BUJIJIAIOTBCS 119 BU3HaUeHHT Ha ocHoBi Hh, Kh — vh, vk 3a meranpHOro OIiHIOBAHHA cTaHiB TA
[7]. ¥V Bunaaky ekcripec-ouintoBannsi craniB BAT [7] sk o6MmexxenHst /i1 orpuManis 3uauenb H7
MOJKe BUCTYTATH JIOBiJIbHO BU3HAUeHWit yac T — ToOTO TepMiH TPOBE/IEHHS TAKOTO JIOCJIiKEeHHS.

OuiHiOBaHHS AKTHBHOCTI TOYOK aKyIMyHKTYPH JIOJVHH B HECTalliOHAPHUX yMOBax

Posragnemo Bumajiok (yHKIioHyBaHHSI onmcaHoi Buile <«6a3oBoi» IBC y necramiomapHux
ymoBax. Curiji Bi/I3HAUWTH, IO BaKJIMBOIO OCOOJMBICTIO JAHOTO BUIQJKY € BIUIUB Ha CHCTEMY
(hakTOpiB HABKOJUIIHLOTO cepesioBUMIA. Lle y CBOIO 4epry MpU3BOANTD /IO MOTipIIEHHS MeTpPOJIO-
TiYHUX XapaKTEepPUCTUK, 30KpeMa, ii «saapa» — ALlIl. BpaxoByiouu 1ie, aBTOpaMu IIPONOHY€ETHCS
BBECTH JIO/IATKOBO /IO OCHOBHOTO pexuMy po6oTtu 3asHaueHoro Buiie AIIIl Ha ocHoBi BaroBoi
Ha/JTUIIKOBOCTI (TIepeTBOPEHHsI CHTHAJIB) JOMOMIKHUI pexxum — caMokamiopysanus [8], [9].
Camoxami6pysannst ALIIl i IBC ma iX ocHOBI — oOKpeMa aBTOMaTHYHA TIPOIIEypa BU3HAUEHHS
BiJIXWJIeHDb BiJi HOMiHaabHuX (IiiCHUX) 3HAUEHb HapaMeTPiB OKPEMHX IIPHCTPOIB a0 BUMipioBa-
JbHOTO Kanauay cuctemu (B miziomy) i popMyBaHHS MPOTATOM BKA3aHOI IPOLEAYPH KOPHIYBa/Ib-
HUX TIONPABOK 3 METOI0 3MEHIIEHHSI CTAaTUYHUX TOXMOOK 3 MEepPepuBAHHIM TPH I[bOMY TIPOIECY
OCHOBHOTO neperBopenHsi (BumipioBanus). Pesyibratu Takoi npoluemypu MOXKyTb GaraToKpaTHO
BUKOPUCTOBYBATUCSI Y TIPOIlECi OCHOBHOTO TEePeTBOPEeHHS a00 BUMipIOBAHHS JIOTIOKM BHACJIiIOK
3minenns napametpiB ALIIl a6o BumipioBa/bHOTO KaHaly He BUHUKHe TIoTpeba 3/1iiCHIOBATH HOBE
kani6pyBanns [10]. Takoxx HeoOXifHO BKaszaTtu, MO KOJIM BU3HAYAIOTHCS BiXWJIEHHS 3HAY€Hb
napamerpis a6o xapakrepuctuk auas AT (ninifinocti, npu norpe6i — macmraly TOIIO) Bij
HOMiHAJIy, TO He BUKOPHUCTOBYIOTbCSI CIielliajibHi 3pa3KkoBi Mipum ab6o erasonni curHaau. [Ipm
IbOMY Y 3a3HAUEHOMY <«/IOTIOMi’KHOMY» PeKrMi po6OTH TMepeTBOpIoBava 3/[iHCHIOEThCS BU3HAYECH-
HSI peaJibHUX Bar IEeBHUX <«HeTOYHUX» Qj pospsaniB AlLll, smimenns nysna AA,, ta BianosigHo
KOJIOBOTO eKBiBaJieHTa AA,, — Ky,.

Camoxani6pyBanus Baru k-ro pospsny Qp HoJdrae y JBOKpAaTHOMY BPiBHOBAa)KEHHi J/10/1at-
KOBOTO CUTHAQJIy: Tepiiuili pa3 3 BUKOpuUCTaHHSIM Qp, a aApyruii — 6e3 BuUKopucTtanHusi. Peasbhe
3HAYeHHS Qp BU3HAYAETHCS SK

" k " k—1 "
Qk = 2 Cl;/'Q]' - 2 CZ}Q]' ) (3)
j=—d j=—d

j=

ne a’, a}f
14 (cooTBETCTBEHHO ABOVYHbIE BUTHI KOAOB Pe3ynbTATOB NEPBOrO M BTOPOro ypaBHOBeLUMBaHWS; accordingly
binary bits of codes of the results of the first and the second equilibration); d — KiabKicTb YMOBHO BH3HAa-
YEHNX <«/I0JIaTKOBMX» PO3PS/IiB IepeTBopioBaya (KOMMYECTBO YCIOBHO ONpedeneHHbIX «4OMOoMHu-
TenbHLIX» paspsaocs npeobpasopatens; humber of conditionally determined certain "additional" digits of the
converter). [l1a BusHaueHHS AA,,, Ha BXix AIIIl nogaerbes BXiguuii curnan Ay, = 0 i saificHio-
€TbCA MOTrO BpPIiBHOBAKEHHSI, B Pe3yJbTaTi SIKOTO Ha BUXO/i (POPMYETBHCS BiIOBiHA KO0Ba

koMb6iHaiist Ny, Bignosigno no N, o6uncmoerves K, 3a dopmymnoo

K., = nz a; Q; (4)

— BiANOBiIHO ABiIMKOBI 6iTH KOIB pe3yJ/bTaTiB MEpPIIOro Ta APYroro BpPiBHOBA)KEH-

BicHuk BiHHMUbLKOrO noniTexHiyHoro iHcTutyTy, 2006, Ne 1 65



IHPOPMALLIMHI TEXHOJIOT I TA KOMITIOTEPHA TEXHIKA

ne a; — po3psaHi KoedillieHTH y KomoBiit KoMGiHatii N ,,, (paspsgHble k03apduUMEHTsl B KOAOBOIA
kombuHaumn N,,; digit factors in a code combination Nz,,,); 7 — KIJbKICTb PO3pA/iB IepeTBoploBava
(konuyecTtso paspsiaoB npeobpasoBartens; number of digits of the converter). KozioBuil ekBiBajieHT KiH-
HeBoro pesyJbrary neperBopenns (micas camokasiOpyBanHs) BXigHoro curnanay BAT Ay,
OTPUMYETBHCS K

n—1 "
K(Avx) =2 4,Q0; —K,,, (5)
i=0

ne a; — pospsiani koedinientn komy 0 abo 1 orpuMani B Xo/li BpiBHOBa)KEHHS (paspsigHble Ko-
acphuumeHTsl koga O unu 1, nonydveHHble B xoAe ypaBHoBelwwwmBaHus, digit factors of 0 or 1 code obtained
during equilibration), 7 — KiJIbKicTh PO3psiZiB TE€pPETBOPIOBAYA, 11O BUKOPUCTOBYIOTbCA LI BPi-
BHOBayKeHHSA A, (konuuecTBo paspsgos npeoGpasoBaTens, KOTOPble WCMOMb3YOTCH AN YpaBHOBELUM-
BaHua A,,; number of digits of the converter which are used for equilibration AVX).

Busnaunmo mapamerpu AIIII i3 Barosolo HajgumKoBicTio (/1 CcTallioHApHMX Ta HECTallio-
HApHMX YMOB), BUXOAguM 3 napamerpiB curnanais TA. Ile sailicnoerses srigno 3 [9], [11],
30KpeMa, 3 ypaxXyBaHHSIM CMYIM YacTOT CIIeKTpa Ta 3HaueHb BXigHux curHajaiB BAT. Ilpu
1boMy HeoOXifHo BKasdaTu, mo 3rajani ALl MoxyTb 6yTy BUTOTOBJIEHI HQ HETOYHIl eJieMeHT-
Hill 6a3i 3 NMEBHUMU BiJXWJEHHSIMU Bar po3psi/liB Biji cBoro HoMminamy. OTike, npuiiMmemo, 1110
3HaYeHHs BUMiploBasibHUX piBHIB curHasiiB BAT y kopnopasnbhiil Ta Cy-/[3KoK Tepailii MOXYTb
3HAXOUTHCS B Jliamas3oHi Bif gecsaTkiB MKB (Ap;,) 3riato 3 [12] (y koprmopasbHiii Teparii) 1o
necaTkiB MB (Ap.x), SIK MOKa3yloTh gocaimkents ta 3rigano 3 [13] (y Cy-/[:ok Ta Koprnopasib-
Hill Tepaii). 3Bifcu AMHAMIYHMI J[ialla30H CUIHAJIIB aKTHBHUX TOYOK

Dy =201g(Apay /A pin ) » (6)

ne Apin, Anax — TpPaHUUHe 3HAUEHHS AianmasoHy curHaliB BAT (npegenbHble sHaueHus guanasoHa
cvrianos BAT; limiting values of BAP signals range), nopiBaioe 6;m3bko 60 nb. Ilpumyckarouu, 1mo
CHIEKTpP CUIHAJLy /I BCiX 3a3HA4eHMX TOYOK 36iractbcst 3i crnekrpom (Bij HMMKHBOT yacToTH
fn=0 't 1o BepxHbOi f, = 430 ') mis TA, posrtamoBaHux mij mKipowo y M’s3ax (y Kopro-
pasbHiii Teparmii) [12], oTpuMaeMo 4acToTy AMCKpETH3allii mepeTBopoBaya

fa =2f, (7

ne f, — BepxHa yacrora B crnekTpi curnany BAT na pisni go 1 KT (BepxHas uacTota B cnektpe
cvriana BAT Ha ypoeHe no 1 KIu, the top frequency in spectrum of signal BAP at the level of up to 1 KHz).
Kiabkicts pospsais AL na ocnosi HIICU (uanpukaan ais o = 1,618) pospaxoByeTbes sk

ny =1y (In2/Ina), (8)

ze
ny=D,/6=10; (9)
My — KiJAbKicTh po3ps/liB 3BMUAHOrO ABIHKOBOro nepersopioBaya (KonniecTso paspsaaos 0BbIuHO-
ro AgsouyHoro npeobpasoBatens; number of digits of conventional binary converter); Ny = 14 po3psmis.
Taka pospsaatictb — 71y = 10 pospsaais (Ta BiANOBIHO po3paxoBaHuii 10 Hel AMHAMIYHUI Jlia-

masoH y 60 1B) € oxHow 3 THHOBMX s mofi6HuX AIIIl y cucreMax OIiHIOBAHHS AKTHBHOCTI
TA [13]. B pasi Buxopucranus ALl na ocnosi HIICU s o = 1,618 Bigxusenns Bar 8Q;

pospazis Q; IepeTBOpIOBaYa BiJi CBOrO HOMiHAJIBHOTO 3HAYEHHS MOKe CTAHOBUTH 10 23,6 %.
[pu ubomy Kisbkicts n — m (e n =n, ) «rounnx» pospsiais AL (o He Kani6pyloThes) BU-
3HAYAETHCS 3 BUPA3y

'S80, 0,50, (10)
i=1

e
Qy = Avxmax/2n2 - (11)

Bara MOJIOJIIOrO po3psilly nepersopioBaua (Bec mnaawero paspsga npeoBpasosatens, weight of the
younger digit of the converter); Baru iHIIHX PO3PSIIiB PO3PAXOBYIOTHCS SIK
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Qi = Qo' (12)
(i=1..n-1, 0en= Ny ). [Ipunyckaiouu, 110 MakcuMaJsibHe 3HAUeHHs1 BXijHoro curHany BAT
st AT Apy max = 100 MB, 8Q; = 0,03Q; (Biaxusenust y 3 %) orpumaemo Qg = 0,097 mB,
KiJIbKicTh po3psaiB (n — m) JOpiBHIOE 5.

¥YzaraspHeHnii miAXiA A0 ONiHIOBAaHHSI AKTHBHOCTI TOYOK aKYIyHKTYPH JIOIHHH

Opniero Bak/mBolo ocobusuBicTio dyHKiionyBanHs nopospsanoro AIlIl na ocnosi HIICY
noBuHHA Oyt Horo 31arHicTb 06pobusitu «iikuy» B curHajgax BAT s BusHaueHHsi napamerpa
s (K B cTamioHapHUX, TaK i B HECTAI[IOHAPHUX YMOBAaX). BUKOpHCTAHHS B [JAHOMY BUIAKY
IIBU/IKOIHHIIINX TepeTBOPIOBAUiB (31aTHUX OOPOGISATH «IIiKU») TapajeJbHOro a6o mapasesb-
HO-TIOCJIi/TOBHOTO THUTIB 36iJIbIIyE KibKiCTb OOTQIHAHHS Ta CIIOKUBAHY MOTYKHICTb i TOMY He €
pouisibHuM. [Ipunycrumo, 1o taki <«iikums (pI/IC. 1a) € XapaKTepHUMU J1JId BCIX JOCJiKyBa-
Hux akTuBHUX TOYoK y Cy-J[KOK Ta Kopropasbhiil tepanii [4] (y ubomy Bunajaxy posrisija-
€TbCSI MAKCMMaJibHA IMBU/IKICTb 3MiHM CUTHAJy JIJIsI <HaWripnioro BI/IHaz[Ky») i s6iralorbcd 3
«mikamu» s 3a3Havenux migmkipaux TA [12] (puc. 16).

f(t)
TH] B_M,.C h
' e M /N
PN o € !

11
a) 6) B)

Puc. 1. Curtamm BAT Ta ix ckaaoi: a) curdan BAT y Cy-/[’KoK Teparii 3 «mikaMus»; 6) CUTHAIH TiMIKiPHAX
BAT y KOpIOpaJbHill Tepalii 3 Bi/IMOBIHAMYU «ITiKaMu»; B) BU/IIEHHH OKpeMoO «Mik» curHatiB BAT
Puc. 1. CurHanbl BAT u nx coctasnsowue: a) curdan BAT B Cy-[xok Tepanuu ¢ «nukamu»; 6) curHanbl NogKoxHbIx BAT
B KOPMOparnbHON Tepanny ¢ COOTBETCTBYIOLMMMN «MMKaMUy; B) OTAENbHO BbIAENEH «nuk» curHanoe BAT
Fig. 1. BAP signals and their components: a) BAP signal in Su-Jok therapies with "peaks"; 6) signals of hypodermic
BAP in corporal therapies with corresponding "peaks"; B) separately taken "peak" of BAP signals

[Ipunyctumo, mo «Imik» Mae $opMy TPUKYTHHKA, TOOTO Bi/TIOBi/Ia€ TPUKYTHOMY iMITYJIBCY.
Takwuii iMmmysbe onucyetbest gyHKiieo [14]

0, t<-1/2;
_ h(1+ 2t/1), -1/2<t<0;
fo= h(1-2t/7), 0<t<t/2; (13)
0, T/2 < t,

ne t — uac (Bpems; time), T — moBskuHa imMmyJibey (amuna wmnynbca; length of the pulse); h — Bucota
iMAynbcy (BbicoTa mmnynbca; height of the pulse) (puc. 1B). [lig Hamoro BWIIAAKY T = 2 MC Ta
h =10 MkB, gki MoxkHa Bu3HAuuTH OopieHTOBHO 3 [11] (puc. 16). Taki mapamerpu iMITyJbCy
BU3HAYAIOTh BKA3aHy BWIE MAKCHMAJbHY IIBU/IKICTb 3MiHH CUTHAJTY (<«HAUTipIINii BUTAIOK> ),
SKa B CBOIO YepPry OTPUMYETHCS SIK TOXiHA

@y =4
@) = 7 (14)
Ha OPOMIXKKY —T/2<t<0 ie
f/(@)=2h/t; (15)

f'(¢t) = 10 mB/c. 3a 1/2 (B KomyBanui <«mika») nopospsiauuii asifikosuii AII i3 ny = 10 pos-
PA/B 3 XapaKTePHUM JUUISI TAKUX TPUCTPOIB YacOM MePETBOPEHHS T o= 10 Mikc [15] 3ailicHUTD
100 neperBopenb. BpaxoByioum, Mo MaKCMMAJbHO JONMyCTMMAa 3MiHa 3HadeHHs (MIBUAKIiCTD)
BXiTHOTO curHaJy /s Gyb-sikoro jBifikoBoro AIIIl He moBMHHA TIepeBUIIYBATH

AAsz = O,SQ(), (16)

ne Qg — moustopmmii pospan AL (mnagwnit pospsia ALM, younger digit of ADC); 3a Tper OTPUMAEMO

BicHuk BiHHMUbLKOrO noniTexHiyHoro iHcTutyTy, 2006, Ne 1 67



IHPOPMALLIMHI TEXHOJIOT I TA KOMITIOTEPHA TEXHIKA

PO3JIiJIbHY 3/IaTHICTH TEPETBOPEHHS OPi€HTOBHO B 6 ABilfKOBUX po3psiB. ¥ cBoio yepry, AIIIL
ma ocuoBi HIICY i3 n, = 14 pospsaiB (exBiBasentHuii ny = 10 po3psiaiB), Moxe 06pOOJSITH
TAaKWil CUTHAJ i3 3HAYHO OiJBIIOI0 MIBUIKICTIO, a came, Y 0,7nyYy,, pasu [9] (me yshy = 3,79 —

KoeIIlieHT TIiIBUMIEHHS MIBUAKO/III MepeTBOpoBava i3 BaroBolo HA/IMIIKOBicTIO 715t o) = 1,618),
to6T0 y 30 pasis. Ile ekBiBasieHTHO 36i/bIIIEHHIO IBU/KOCTI 3MiHeHHsI curHasay Ha Bxogi AIIII
3 n, = 14 pospaniB nopisuano 3 asiiikoBuM y 0,7nyy,,,, pasu. TakuMm 4MHOM IIBHIKICTD 3Mi-

HeHHs curHaJy Ha Bxoji AIIIT moxke popiBHIOBaTH
f/(t)oc = f/(t) '0r7n2Ys/zv . (17)

Ortxe, AILII ma ocuoBi HIICY 3a6e3meunTh MepeTBOPEHHST CUTHAJIB i3 MBU/IKICTIO GiJIbIIOI0
y 30 pasiB Hix /s ABiliKoBUX TeperBopioBadiB (Ha piBHi 10 ABIKOBUX pO3psifiB). 3aBAsSKu
KOMIIeHcallil IUHAMIYHUX MOXUOOK [PYTOro POy TaKWil MepeTBOPIOBAY /[03BOJISIE OTPAIbOBYBa-
TH <«miku» y curHatax BAT 6e3 mpuctpoio Bubipku i 36epiranns. Lle y cBoio depry crpoiiye
anasoroBy yactuny IBC, smeniye ii BapTicTb Ta Hi/IBUIIyE€ METPOJIOTIYHY HALiIHICTD.

[lincymoBytoun ofucaHi BUIle BUMOTHU i MpoIeAypu MOKHa 3a3HauuTH, 1o 6joku IBC muas
po6oTH y cTallioHAPHUX Ta HECTAIiOHAPHUX YMOBAX TOBUHHI BUKOHYBATH TakKi QyHKIII:

1) AIIIl — BuMipioBaHHS 3Ha4YeHb OiomoreHImiagiB a6o crpymiB BAT (To6To BU3HAUEHHS
H h), 311MICHEHHS caMOKaﬂiépyBaHHH.

2) CIHOII — st cramioHapHUX Ta HeCTaI[iOHAPHUX YMOB oGumcJeHHs 3rifgHo 3 (2), BU3Ha-
YEHHA: Hh, Kh, Z)h, Z)k, Vs, Vks, S, ehmin’ ehmax’ thmin; thmax’ ekmin; ekmax’ tkmin’ tkmax;
JUI Hectalionapaux ymMoB (a 3a norpebu i cralioHapHuX) A0AaTKOBO oGuucaents 3rigno 3 (3)
— (5); nis 060X yMOB pazoM — 3a HeoOXigHOCTI mepeTBopeHHst KoiB 3 HIICU o aBilikoBOro
3 METOI0 TOJAJBIIOr0 THYYKIIIOro oliHioBaHHA akTuBHOCcTi BAT 3a momomoroio IIEOM 3a
Bkazanumu 11-ma napamerpamu;

3) TI3II — 36epiranHs BCTAHOBJIEHUX «3a 3aMOBUYBaHHSIM» 3HauyeHb t;, t;, T

4) O3II — 36epiranus sHaveHb kamxiOpoBanux (peampunx) Bar Q; pospsais AL, K,

MOTOYHUX 3HA4YeHb [, tj, T, mo 3amani kopucryBauem IBC; 36epiranus /s TOMAJIBIITOT
Bigyasizanii 3Hauenb ycix 11-tu napamerpis;

5) Il — Bisyauizaiiis Bcix 11-u mapamerpiB aktusHocTi BAT;

6) AIL3 — samuc JaHWX MYHKTY 5 Ha HOCIH iHdopMaIlii;

7) BK — kepyBaHHs PO6OTOIO CHCTEMH;

8) y IIEOM 3nauenns mapamerpiB TA orpumani mpu GesnocepefHbOMY BHMipIOBaHHI a6o
3amcani pasinie 3a gormomoroio All3 mMoxyTh nepemaBatucst yepe3 [D g momanpinoi o6poOKM
3a MEeBHUMU QJITOPUTMAMU, MaTeMAaTUYHUMU MOJIE/ISIMU, 30KpeMa, 1110 3alporioHoBaHi B [7].

TakuM YMHOM CTPYKTypa BHUMipIOBaJbHOI CHACTEMH, IO IPOIOHYETHCS aBTOpaMH, [Js OIli-
HIOBaHHS akTWBHOCTI TA mofuHM y cTallioHAapHUX Ta HECTAI[iOHApHUX yMoBax Oyje MaTh
sursa (puc. 2).

9 10 no [IEOM,
243141 I I KrioBm |
6 = 7 B 11 =
| r22Haze-{az-
5
: : : yl4\ 12
: 13
3n>{4n NE S,
no
A
NVX

Puc. 2. BumipioBaibHa cucTeMa IS OIiHIOBAHHSA aKTWBHOCTI TA JIOMWHU B CTAIliOHAPHWX Td HECTAIliOHA-
PHHUX yMOBaX
Puc. 2. UamepuTtenbHas cuctema Ans OLEHUBAHNA akTMBHOCTM TA yenoBeka B CTalMOHaPHbIX
1 HECTaLMOHaPHbIX YCNOBUAX
Fig. 2. Measuring system for evaluation of PA activity of the person in stationary and non-stationary conditions
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Tyr 1 — o6’ext BumipioBanHusi, To6To BAT sognan (0BBbeKT nsMeperns, To ecTb BAT uyenoBseka;
object of measurements, that is, BAP of the person); A — MHo)kuHa BXifHux curnajis BAT (MHoxecT-
BO BXOAHbIX curHanoe BAT,; set of input BAP signals); 2.1, ..., 2.n — gasaui curnaiais TA, To6TO
(akTUUHO esieKTpoaM /1JiI BUMipIOBaHHS PiBHIB CUTHAJIB aKTUBHUX TOYOK (patuvkn curvanos TA,
TO eCcTb haKTUHECKN 3NeKTPoabl 4NA U3MEPEHNS YPOBHEW CUITHANOB akTMBHbIX Todek; sensors of PA signals, i.
e. actually electrodes for measurement of active points signals levels); 3.1, ..., 3.n — nigcuaosaui
curHasiis TA i3 rajibBaHiuHOIO PO3B’3KOI0 HAIIPUKJIA/[ 32 /IONOMOrOI0 MAarHiTHOrO 10Js1 Yepe3
tpancdopmarop nogibuux go AD215 Isolation Amplifier dipmu Analog Devices [13] aus
YHEMOJKJIUBJICHHS IIPOTIKaHHS CTPYMIB 3 CUCTEMU Ha TiJIO JIIOJAUHU (ycunuterm curvanos TA ¢
ranbBaHNYECKOW pasBsA3KOW Hanpymep € MOMOLbIO MarHUTHOrO nons depes TpaHcopmatop nogobHbIX
AD215 Isolation Amplifier dompmbl Analog Devices [13] gna toro 4tobbl HEQOMYCTUTE MPOTEKAHWE Toka C
cucTembl Ha Teno yenoseka; amplifiers of PA signals with a galvanic isolation, for example, by means of
magnetic field across the transformer, similar to AD215 Isolation Amplifier manufactured by Analog Devices
[13] to avoid current flow from the system on the body of the person); 4.1, ..., 4.n — QiabTPU HIKHIX
vactor s iabTpanii curHasiB Bij 3aBag Mepeki a6o MPUCTPOIO KUBJIEHHS (DUNbTPLI HUKHNX
4YacToT ANna unbTpaunn curHanoB OT NOMEX CEeTU Unu ycTporctea nuTtanus; low frequency filters for filtration
of signal noise from the network or supply unit); 5 — KOMyTaTop BXigHux curHamuiB BAT (kommyTaTop
BXOAHbIX curHanoe BAT; switch of input BAP signals); 6 — CAIIII (CAIIII, SADC) AIIIl na ocHoBi
HIICY i3 camokamni6pyBanusaM (ALMN Ha ocHose UIMCC ¢ camokanubposaHuem; ADC on the basis of

RISC with selfcalibration); 7 — CIIOII (CUBY; SDC); 8 — BK (BY, CU), N, Nyx — Kojiu MiKpOKO-
many BK s BH60py kaHany K (koppi MuKkpokoMaHg, BY ans Bbibopa kaHana K; codes of microcom-
mands of CO for selection of the switch channel); Y{ — CUTHaJ KepyBaHHS (cvrHan ynpaeneHus, control
signal); 9 — TI3II (N3Y; ROM); 10 — O3II (03Y; RAM); 11 — 1D (MU®; TF), 12 — AIL3 — amapar
nudposoro 3anmcy (annapat umdposon sanuck; the device of digital recording); 13 — I — aumcrieit
(amcnnei; the display).
PoGora cucremu (uB. puc. 2) 3[IIHCHIOETHCS B [IBOX PEKMMAX: «OCHOBHOMY» — PEKHMi BH-
snauennss Hh (peecrpyBanusa 3HaueHb crpyMmiB a6o Gionorenuianis BAT), oGuucienns Kh
flowarok Bi/INIOBIJIHO TIPOTATOM BKa3aHWX BUIIE
nepiozis t;, t;, T BuU3HAUYeHHS S; JomaT-
KoBoMy («JI0IIOMiZKHOMY») — pesKuMi
camokasi6pyBanns g CALIL.  Tlpwm
IbOMY  HeOOXiZIHO  3a3HAUUTH  TaKe:
camokaji6pyBanus y  cucremi (s
] HecTalioHapHUX yMOB) NOBWHHI 371iliC-
HIOBATUCS yYepe3 BU3HAYEHI Ha MPaKTUILi
—— Hh= gKb(Ab) IIPOMIYKKU Jacy, IIPOTATOM AKUX
B:=b-1 0 | akropr  30BHINTHBOTO  CepeIOBUIIA
@ MIPU3BOJATD [0 IOTipIIEeHHS MEeTPOJIOriu-
——> 1 Mo:=Hh Hnx xapakrepuctuk AIlIl Ha ocHOBI
h:=h-1 | HIICY, i, Takum uwmnoM, Bciei IBC y
yi:=1 Mo:=Kb(Ab) 1ijiomy; fd, po3paxoBaHa BUIlle LI

w2

Nex:=Nsx 0 MNo:=K

CAILII, gna cucteMu 3 n KaHaJaMU IIO-
BUHHA 301JIbIINUTUCH y 7 pasiB (n Moxe
BU3HAUYATUCSI OKPEMO /JISI KOHKPETHOIO
BUIAQ/KY IpoekTyBaHHs IBC, BpaxoByio-
gy KifgbkicTb BAT morpibHuX st

KineLe JIOCJT[UKEHHST ) .
e pad-cxemy anroput™my QyHKIIOHY-
Puc. 3. I'pad-cxema anroput™a GYHKITIOHYBAHHS BIMipTo- BauHga IBC (pI/IC. 2) IS BU3HAUYEHHS

BaJIbHOL CI/ICTGM.I/I JJIA OIlIHIOBAHHA 'c.lKTI/IBHOCTl TA OCHOBHOTO HapaMeTpa Hh MOKA3aHO HA
JIIOAAUHN Y CTAallIOHAPHUX Ta HeCTAal[lOHapHUX YMOBaxX

Puc. 3. M'pad-cxema anroputma yHKLUOHNPOBAHNSA N3MEPUTENBHON puc. 3. .
CUCTEMbI ANS OLeHUBaHNS akTUBHOCTU TA yerioBeka B CTa- TyT J — HOMep KaHaay K (HOMep

| LiOHAPHBIX 1 HECTALNOHAPHBIX YCIIOBUAX . kaHana K number of the channel S); d —
Fig. 3. Flow-chart of measuring system functioning algorithm for

evaluation of BAP activity of the person in stationary and 1HCJIO KPOKiB JIMCKpeTu3altii o
non-stationary conditions KOKHOMY Kanauy (umcno waros amckpetu-
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3aUmMM Mo KaxxaoMmy kaHany; number of steps of digitization on each channel); A — aMILIiTy/la BXiJTHOIO
curHasy BAT (amnnutyaa BxogHoro curHana BAT; amplitude of the input BAP signal); A— K — nepe-
TBOpeHHs A y ABiiikoBull koj K (npeoBpasoBaHie A B ABOUYHBINA koA K; conversion of A into binary code

K); 115:=K — szamuc y mam’sitp O3II (Il) komy K (3anuck B namsits O3M (M) koaa K; writing in
memory RAM (,) of code K); K(A) signosigae K(A,,) srigno 3 (4) (K(A) cootBetcTByeT K(A.,)
cornacHo (4); K(A) corresponds to K(A,) according to (4)); Kp(Ap) — Komosmii eksiBasent A s
6araropasoBoro b BpiBHOBaskeHHs1 3rizHo 3 (2) (kogoBbiii 3kBMBaneHT A Ans MHorokpaTHoro b
ypaBHOBeLLMBaHMS cornacHo (2), code equivalent A for repeated b equilibration according to 2)); II, —
nam’a1b AIL3 (namste AL3; memory DDR). [lag vy = 1 saificHioerbes (y4 = 0 — He 31ilCHIOETD-
cs) BPiBHOBaKeHHS BXiJlHOTO curHaiay A.

OI[CHI/IBaHI/Ie AKTHBHOCTH TOYE€K aKYIIYHKTYPbI Y€JIOBC€Ka B CTAIlHOHAPHbBIX YCJIOBUAX

B obwem cnyyae agexksaTHOe oueHuBaHWe akTuBHOCTU BAT 4Yenoeeka (1 B ganbHerhwem COCTOSHUA
ero 3gopoebsl) B Cy-[bkoK 1 KOpnopanbHOW Tepanun MOXHO OCYLLECTBNATbL C nomowpto 11-1n napamet-
poe [1]: napameTp Hh — NpUHUMaET 3Ha4YeHne N3MepeHHbIX yposHel curHanos BAT, Kh — npuHymaeT
3HaveHue KoatbdUUMEHTOB (nokasaTtenei), KoTopble BbIMUCIAIOTCS HA OCHOBE M3MEPEHHbIX YPOBHEW
CUrHanoB akTMBHbIX Touyek (Hh); vh — CKOpOCTb U3MEeHeHMs 3HaveHwnin ypoeHel curHanos TA (Hh) Bo
BPEMEHM; VK — CKOPOCTb U3MEHEHNS 3HAYEHUI KOIPULUMEHTOB (NokasaTenei), KOTopble BbIYMCATCS
Ha OCHOBE M3MeEpeHHbIX ypoBHeln curHanos BAT (Kh) Bo Bpemenu; Vs — cpegHee apudmeTtnyeckoe
3HaYeHVe pesynbTaToB BbIMUCNEHNS CKOPOCTEN vh Ha MPOTSXKEHWU COOTBETCTBYHOLMX NEPUOLOB Bpe-
MEHUW ux onpegdeneHust; Vi, — cpegHee apudMeTUYEcKoe 3HaYeHNe Pe3ynbTaToB BblYMCIEHNS CKOPO-
CTElN VK Ha NPOTSKEHUN COOTBETCTBYIOLMNX NEPUOAOB BPEMEHN X onpegenerust; efnin, €hmax — name-
PEHHbIE  MHAMBMAYalbHbIE COOTBETCTBEHHO MUWHMAMAIbHBIE, MaKCUManbHble (3KCTpemarbHbIE)
3HayeHus ypoeHel curbanos BAT (HhB); thyin, thmax — BPEMS YCTaHOBREHNA (kenaTernbHO onpeaensaTs
Ha MPOTSXEHWUN CYTOK) COOTBETCTBEHHO €Nmin, €Nmax; €Kmin, EKmax — W3MEPEHHbIE MHAMBUAYaNbHbIE CO-
OTBETCTBEHHO MUHUMAaIbHbIE, MaKCUMasnbHble (AKCTpemarnbHble) 3HaveHnss Kh; tkyin, thknax — BpEMS yc-
TAHOBMNEHWS (KenaTensHO onpeaensiTe Ha NPOTSXKEHWU CYTOK) COOTBETCTBEHHO EKnin, €Kpax; S — «UH-
OVKaTOPHbBIN» MoKasaTenb, KOTOPbIA yunTbiBaeT Hanuume (s = 0) unu oTCyTCTBUE «MUKOB» (S = 1) B
putmorpamme onpegerneHHsix BAT (curHanax TA).

Mony4yaTe M3MEpUTENbHYIO UHOPMaUMIO — 3Ha4YeHna ypoBHER Tokos, BuonoTeHuwanos BAT ans
AanbHenwero onpegenenusa Hh, Kh, vh, vk, Vs, Vs, €hiny €hmaxs €Kiminy €Kmax, @ TaKXKe S, thmin, thmax tKmin,
tKnax MOXHO C MOMOLLbIO COOTBETCTBYIOLUEA CUCTEMbI U3MEPEHUSA N PErMcTpUpOBaHmsa curHanos TA,
CTPYKTypa KOTOpOi onucaHa B [4]. BmecTe ¢ Tem ykasaHHaa UNC He paspeluaeT ocywecTBNATb agek-
BaTHOE oueHmBaHne akTuBHoCcTM BAT no Bcem nepedncrneHHeiM 11-Tn napameTtpam. [ns ocywectsne-
HMS1 TAKOrO OLEHUBAHUSA aBTopamu NpeanaraeTcsl NCnonb3oBaTh YCOBEPLUEHCTBOBAHHBIN BapUaHT CHc-
Tembl. E€ OCHOBHbIMW COCTaBHbIMM 3MEeMEHTaMW €CTb. KOMMYTaTOp BXOAHBIX curHanoe (K) Touek
akynyHkTypel; AL nopo3psagHoro ypasHOBELWMBAHUA Ha OCHOBE M3ObITOYHBIX MO3UUMOHHBIX CUCTEM
ncuncnennsa (UMNCC) — ALUM ¢ BecoBoi M3BBLITOMHOCTBIO AN nNpeobpasoBaHMa Takux CUrHaNoB; AuUc-
nnein () ans susyanusauun pesynbTaToB M3MepeHuin; annapat undposor 3anucu (ALU3) gnsa coxpane-
HUSA pe3ynbTaToB U3MepeHni; nHTepdenc (UP) nepegayunm 3aperncTpmpoBaHHbIX 3HAYEHUIA YpPOBHEN
curHanos TA K NepCoOHarnbHOW 3MeKTPOHHO-BblMMCIUTENbHOW MawwvHe (M3BM); cneunanusmpoBaHHoe
uudposoe BblMMCNTENbHOE ycTporcTeo (CLUBY) ana ycpegHeHws pesynbTaToB U3MEpeHuid ¢ Nomo-
wpto noctosiHHoro (M3Y) n onepaTtusHoro (O3Y) 3anomuHarowero yctponctea, 6nok ynpasneHus (bBY)
paboTtoii cuctemsl. Takasa cTpyktypa MMUC moxeT ncnonb3oBatbes kak «basosas» Ansi OLUeHMBaHNS ak-
TmBHOCTN BAT yenoeeka B Cy-[)XOK 1 KOpPNoOpanbHOW Tepanuu no BCEeM BbilLENepeYnCcieHHbIM napa-
METpam B CTALMOHAPHbBIX M HECTALMOHAPHbLIX ycnosuax. PaccmoTpum cnyyain yHKUMOHUpoBaHus «6a-
30BoVi» MNC B cTaumMOHapHBIX YCIOBUSIX.

Mpouecc HenocpeaCcTBEHHOrO namepeHnsa nibbix nHpopMaTuBHbLIX NnapameTpos BAT conposoxaa-
€TCH BNUSHWEM OnpegeneHHbIX hakTopoB, Cpean KOTOPbIX MOXHO BbIAENUTL: HECTAOUMTBEHOCTb KOHTaK-
TOB KOXa-3MeKTpos, HaBOAKU, LyMbl, HECTabUIbHOCTb HAMPSKEHNS NMUTAHUS YCTPOWCTBA U3MEPEHUS
n 1. n. [5]. MNMpn ganbHeAWeM OLEHNBAHNN COCTOSHUA akTUBHOCTM TA yenoBeka BO3MOXHO MosyydeHune
OWNBOYHBIX 3HAYEHWUA NapamMeTpoB TOUEK aKynyHKTYpbl (X Toka, GnonoTteHumanos) [5]. OgHon 13 npu-
UMH 3TON cUTyauum SBNSETCH, Kak NpaBuno, NPUMEHeHne O4HOKPATHBIX M3MEPEHUIA TakUX NapamMeTpos.
MoaTomMy BaxkHa KOPPEKTUPOBKA MOMYYEHHbIX 3HAYEHWUN, B YACTHOCTW, MPY OCYLLECTBNEHMN MHOTOKPAT-
HbIX U3MEPEHUI C JanbHEAWNM yCpegHEeHnem nx pesynetatoB. Utak, ana 6onee KOPPEKTHOro oueHu-
BaHMsA akTMBHOCTM TA 4enoseka C MOMOLWpBIO yKasaHHbIX 11-TM napameTpoB HEOBXOAMMO yMEHbLUTD
MOrpeLHoOCTs NpK onpeaeneHnn «6asosoro» napametpa Hh, Ha 0OCHOBe KOTOPOro NOMy4valTCs APYrue:
Kh, vh, vk, Vs, Viks, €hmins €Nmaxs €Kemins EKmax. py 3TOM 418 O4HOKPATHOIO M3MEePEeHnst cornacHo [6] no-
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ny4mm (1). YMEHbWNTE A MOXHO, MO NPEANOoXKEeHNIO aBTOPOB, B3AB 3a pe3ynbTtaT namepeHus (2). Co-

0

rmacHo [6] A B (2), umetoLmMe pasHble 3HaKKW, B3auMHO yHU4YTOXaKTCA. [pegnonaras, 4YTo 3akoH pac-
npeaeneHns NNOTHOCTM BEPOATHOCTU Hh CUMMeTpUYeH, cpeaHee KBaapaTUYHOE OTKNOHEHWE pesyib-
Tata M3MepeHns AaHHOro napameTpa yMEeHbLUUTCH B Jb pa3 no cpaBHEHUIO cO cnydaem gnsa (1).
Heobxoanmo Taioke ykasaTb, YTO OMMCaHHbIE MHOMOKPaTHbIE U3MEPEHNS AOIMKHbLI OCYLLECTBNATLCS, HE
CHVYMasi COOTBETCTBYIOLUEro anektpoaa ¢ uccnegyemoin BAT. Cpok, Ha NpoTSXKEHMN KOTOPOro OHU Bbl-
NONHAKTCS, OrpaHuyveH nepuogamiu i, f, kKoTopble BbIGENSIOTCA ANg onpegeneHnsa Ha ocHoee Hh, Kh —
vh, vk Npn geTanbHOM oueHnBaHun coctoaHnin TA [7]. B cnyyae skcnpecc-oueHnsaHng coctodaHnin BAT
[7] kak orpaHudeHne and nonydeHus 3HadeHuin Hh moxeT BbICTynaTe NPOW3BONBHO onpegeneHHoe
Bpems T — TO eCTb CPOK NPOBEAEHMSA Takoro nccneaoBaHus.

OueHnBaHe aKTUBHOCTMU TOYEK aAKYNyHKTYPbIl YenoBeka
B HeCTaLlMNOHapPHbIX yC/NOBUAX

PaccmoTpum cnyyar (OyHKLUMOHWPOBaHUS OMNUCaHHOW Bbilwe «bazoBoiy MNC B HecTauMoHapHbIX
ycnosusax. CrnegyeT OTMETUTL, YTO BNUSHUE Ha CUCTEMY (DAKTOPOB OKPYXKalOLLEN Cpeabl — 3TO BaXHas
0COBEHHOCTL AaHHOrO Criyyasi; 3TO B CBOK ovepedb MPUBOAUT K YXYALWEHUO METPONOrMYeckmMX Xapak-
TEPUCTUK, B YaCTHOCTU, ee «agpa» — AL, YunTbiBan 370, aBTOpamMu npeanaraeTcs BBECTU AOMNOMHU-
TENbHO K OCHOBHOMY pexumMy paboTbl ykasaHHOro Bbiwe AL Ha 0CHOBe BECOBOW M3BLITOYHOCTM (Npe-
obpasoBaHMe cUrHanoBs) BCNOMOraTenbHLIA pexum — camokanmbposaHue [8], [9]. CamokanmbposaHue
AU n MNC Ha ux ocHoBe — OTAenNbLHas aBToMaTudeckas npoueaypa onpeneneHust OTKNOHEHUIA OT
HOMWHanbHbIX (4ENCTBUTEMbHBIX) 3HAYEHUA NapameTpPoB OTAENbHbLIX YCTPOWCTB UMNN U3MEPUTENBHOro
KaHana cucTtembl (B Lenom) u hopMupoBaHue B TEYEHNE YKaszaHHOW npouenypbl KOPPEKTUPYIOLWMX No-
NPaBoK C LiENbI0 YMEHbLUEHWS CTaTUYEeCKUX NMOrpeLuHOoCTEN C NpepbiBaHUEM MPU 3TOM npoLecca OCHOB-
Horo npeobpasoBaHus (M3MepeHus). PesynbTaTbl Takow npoueaypbl MOrYT MHOFOKPaTHO MCMOMb3o-
BaTbCs B MpoLEcce OCHOBHOrO npeobpasoBaHWa WNM UIMEpeHUs A0 Tex Nop, noka BCreacTBue
nameHeHus napametpo AL vnm namepuTenbHOro kKaHana He BO3HUKHET NOTPEeOHOCTL OCYLLECTBNATL
HoBoe kanubposaHue [10]. Takke HEOOXOAUMO yKasaTb, YTO €Cnu OnpeaensanTCs OTKNOHEHUS 3Haude-
HUI NapaMeTpoB Unu xapaktepuctuk ans AL (nMHeAHoCTU, Npu NOTPeBGHOCTU — MacwTaba u T. n.) oT
HOMWHana, TO He UCMOMb3YITCH crneynansHble 06pasuUoBble Mepbl UMK 3TanoHHbIE curHansl. [pn 3Tom
B YKa3aHHOM «BCMOMOraTenbHOM» pexume paboTbl npeobpasoBaTens OCYLUECTBNSETCA onpeaeneHue
peanbHbIX BECOB OnpeAeneHHbIX «HEeTOUHbIX» Qy pa3psgos AL, cmelleHne Hyns AA,, U COOTBETCT-
BEHHO KOAOBOro akBuBaneHTa AA,, — K.

CamokanubpoBaHve Beca k-ro paspsga Q COCTOMT B ABYXKPATHOM YpaBHOBELLMBAHUU AOMNOMHK-
TENbHOrO CUrHana: NepBbIi pas ¢ UCNonbL3oBaHNeM Qy, a BTOpon — 6e3 ucnonb3oBaHus. PeansHoe 3Ha-
yeHne Qy onpegensietca kak (3). [ns onpegeneHus AA,, Ha Bxog AL nogaetcs BXOZHOW curHan
Aux= 01 OCYyLECTBMAETCH €ro ypaBHOBELLMBAHWE, B pe3ynbTaTe KOTOPOro Ha Bbixode dopmupyeTcs
COOTBETCTBYHOLLAsA kogosas kombuHaumst N,. COOTBETCTBEHHO N, BbluUcnseTcs K, no dopmyne (4).
KofoBbIA 3KBMBaNEHT KOHEYHOro pesynbTata npeobpasoBaHusa (Nocne camokannbpoBaHUs) BXOAHOMO
curHana BAT A, nonydvaeTtcs cornacHo (5). Onpegenum napameTpbl AL ¢ BeCoBON U3BLITOYHOCTLIO
(4Ns cTauMOHapPHLIX U HECTALMOHAPHBLIX YCNOBUI), UCXOAS M3 NapameTpoB curHanos TA. OTo ocyLuecT-
BnsaeTtca cornacHo [9], [11], B YaCTHOCTK, C Y4ETOM MOMOChl YAaCTOT CMEeKTpa U 3HAYEHNA BXO4HbLIX CUr-
Hanos BAT. MNpu 3TomMm HeoBXOAUMO yKkasaTb, 4YTO ynomsHyTble ALIIN MoryT GbiTb M3roToBMeHbl Ha He-
TOYHOW 3nemeHTHoN 6ase C onpeAeneHHbIMU OTKNOHEHUSIMU BECOB PaspsaoB OT CBOEro HOMMHana.
UTak, npumem, 4YTO 3HaYeHME U3MepUTEnbHbLIX YPOBHEN curHanoB BAT B koprnopanbHoi 1 Cy-[Ixok Te-
panumn MoryT HaxoAWTbCH B AuanasoHe oT aecaTtkoB MKB (An,) cornacHo [12] (B kopnopanbHOn Tepa-
nun) Ao AecATKOB MB (An.y), Kak nokasblBaloT nccnenoBaHus u cornacHo [13] (8 Cy-[xok n kopnopanbs-
HoW Tepanuu). OTCloAa AMHAMUYECKUA AMANasoH CUrHanoB aKkTMBHbLIX TOYeKk (6), paBHAETCS OKONo
60 pb. MNpepnonaras, 4To CAEKTP CUrHana Ansa BCEX yKasaHHbIX TOYEK COBMadaeT CO CNEKTPOM (OT HMDK-
Hew yacToThl f, = 0 'y fo BepxHen f, = 430 'y) ana TA, pacnonNOXeHHbIX NoA KOXKEWN B MbllLaX (B KOp-
nopansHon Tepanuu) [12], nony4ymMM 4acToTy AUCKpeTUsaLum npeobpasoBatens (7) Ha yposHe o 1 Kru.
KonuuecTteo paspsgos ALIM Ha ocHoe UMCC (Hanpumep ansa o = 1,618) paccunTbiBaeTcs Kak (8), a n,
cornacHo (9); n, = 14 paspsago. Takas paspsgHocTb — n, = 10 pa3psgos (M COOTBETCTBEHHO paccyu-
TaHHbBIA ANS Hee AMHaMUYEeCKU AManasoH nopsaka 60 Ab) ecTb 04HOW M3 TUNWYHBLIX ANA NOA0BHbLIX
AU B cuctemax oueHuBaHua aktueHocTu TA [13]. INMpu ucnonb3osaHum AL Ha ocHoe UIMCC ans
o = 1,618 OTKNOHeHMe BecoB dQ; paspanoB Q; npeobpazoBaTens OT CBOEr0 HOMUHANBHOMO 3HaYeHUs
MOXET cocTaBnaTh A0 23,6 %. [pn 3TOM KONMYeCTBO N — m (r4e n = n,) «ToYHbIX>» paspagos AL (ko-
TOpble He KanubpyloTcs) onpeaenseTcs us BolpaxkeHus (10), a Q, cornacHo (11); Beca Apyrnx paspsaos
paccunTbiBaloTCA Kak B (12). MNpeanonarada, YTo MakcUmarnbHoe 3HavyeHne BXoAHoro curHana BAT ang
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AL Ay max = 100 MB, 8Q; = 0,03Q; (oTknoHeHue B 3 %) nonyynm Q, = 0,097 mB, konvuecTso paspsgos
(n —m) paBHsaeTcs 5.

OO600LEeHHbIV NOAX0A OLEeHNBaHNA aKTUBHOCTU TOUYEK aKyNyHKTYPbl YeJsioBeKa

OpHow BaXHON 0COBEHHOCTLIO YHKLUMOHMPOBaHMSA nopospsgHoro AL Ha ocHoBe UTMCC gomkHa
ObITb ero cnocobHocTb obpabaThiBaTh «MUKW» B curHanax BAT ans onpeaeneHus napameTpa s (Kak B
CTaUMOHapHbIX, Tak U B HeCTauMOHapHbIX ycnosusx). Micnonb3oBaHne B AaHHOM crnydae Gonee ObICT-
poaencTeyoWwmX npeobpasosaTtenel (cnocobHbIX obpabaTtbiBaTh «NWUKWU») NapanfnensHOro unu napan-
nenbHO-NoCNeA0BaTENLHOMO TUMOB YBENUYMBAET KOMUYECTBO 00OpYAOBaHMS U NOTPebnsemyo MoLL-
HOCTb U MOSTOMY He siBnsieTcs uenecoobpasHon. [peanonoxum, 4To Takme «nuku» (puc. 1a) xapak-
TEPHbl ANSA BCEX UCCReAyeMblX akTWBHbIX Touek B Cy-[PKOK M KoprnopanbHoh Tepanun [4] (B AaHOM
crnyJyae 3aecb paccMaTpyBaeTCs MakCUManbHas CKOPOCTb U3MEHEHMUS CUrHana ans «Haubonee nnoxo-
ro» cryvas) U COBMagaroT C «MMKaMu» Ans YKazaHHbIX NoakoxHbix TA [12] (puc. 16).

MpeanonoXumMm, YTO «MUK» UMEET OPMY TPEYronbHUKa, TO €CTb COOTBETCTBYET TPEYrofbHOMY UM-
nynbcy. Takon UMnynbc onucbiBaeTcsa dyHKumen [14] (13). Ana Hawero cnyyaa t=2 Mc u h = 10 MKB,
KOTOpble MOXHO OnpeaenuTs OpUEHTUPOBOYHO 13 [11] (puc. 16). Takne napameTpbl MMNyNbLCca onpeae-
NS0T yKasaHHYI0 Bbllle MakCUManbHYH CKOPOCTb M3MEHEHUs curHana («Haubonee NnoxXow criyyamn»),
KOTOpas B CBOK O4vepeldb MNonyyaeTcs kak npousBoaHas (14) Ha npomexyTtke —-1/2<t<0 U ecTb
f' =10 mB/c (15). 3a /2 (Npn KOAMPOBaAHUU «NUKa») NopaspaaHbLIN ABOUYHBIA AL nmeowmn n, = 10
paspsifoB M XapakTepHbIM A Takux YCTPONUCTB BpeMeHeM npeobpasoBanunsa T,..= 10 Mkc [15] ocyLe-
cteuT 100 npeobpaszoBaHUA. YUMTbiBas, YTO MaKCUManbHOEe AOMYCTUMOE U3MEHEHWEe 3Ha4veHUs (CKo-
pOCTb) BXOAHOro curHana ans modoro gsonyHoro AL He formkHa npesbilath (16) 3a Tpe, MONYYAM
paspeLlarLyo cnocobHOCTL NpeobpasoBaHUs OPUEHTUPOBOYHO B 6 ABOUYHbLIX pa3psaaos. B cBow ove-
peapb, ALUIM Ha ocHoee UMCC umetowero n, = 14 pa3psanoB (3KkBUBaANEHTHbIA N, = 10 paspsagos), MOXeT
06pabaTbiBaTh TaKOW CMrHan co 3HaunTensHO ComnbluUel CKOPOCTbIO, @ UMeHHO, B 0,7n,Y,,, pasa [9]

(roe yeop, = 3,79 — rkoadbpuUMeHT noeblleHna GeicTpogencTena npeocbpasosaTtensd ¢ BeCOBOR 13bblI-

TOYHOCTLIO Ana o = 1,618), To ecTb B 30 pas. 3TO SKBMBANEHTHO YBENUYEHMUIO CKOPOCTM WU3MEHEHUS
curHana Ha exoae AL umetouero n,= 14 paspanos No CpaBHEHWO C ABOWUYHbIM B 0,7n,y,,, Pasa.

Taknm oBpaszom CKOpOCTb M3MeHEeHUA curHana Ha Bxoge AU moxeTt pasHATbea (17). Utak, AL Ha
ocHoee UMCC obecneunt npeobpasosBaHne curHanos co ckopocTeio Bonben B 30 pas yem gnsa aso-
WyHeIX NpeobpaszoBartenel (Ha ypoeHe 10 gBonyHbIX paspsigos). bnarogaps komneHcauymm guHammye-
CKMX MOrpeELUHOCTEN BTOPOro poga takon npeobpasopartenb nossonset obpabartbiBaTth «NUKW» B CUrHa-
nax BAT 6e3 ycTpoincTea BbIOOPKN N XpaHeHUs. OTO B CBOK Odepedb yrnpolwaeT aHanoroBylo 4actb
UNC, ymeHbLIaeT ee CTOMMOCTb M NOBbILLAET METPOSIOrMHECKYI0 HAAEXHOCTb.

MogbiToXXMBaA onucaHHble Bbile TpeboBaHMA 1M Npoueaypkl MOXHO ykasaTb, YTo Gnokm MAC gna
paboTbl B CTaUMOHaPHbLIX U HECTALMOHAPHbBIX YCNOBUSAX OOMKXHbI BBINOMHATL Takne QyHKUUN:

AUMN — namepeHne 3HavyeHuin GuonoteHuymanos nnm Tokoe BAT (To ecTb onpegenerne Hh), ocyuwie-
CTBIIEHME CamoKanubpoBaHus.

2) CLUBY — gna ctaumMoHapHbIX U HECTaUMOHapHbIX YCNOBUI BbIYMCIEHMS CornacHo (2), onpegene-
Hue: Hh, Kh, vh, vk, Vs, Vs, S, €hmins €Pmaxs thimin, thmaxs €Kminy €Kmaxs tKmin, tKmax, 4N HECTALMOHAPHBLIX
ycnosui (a npn HeoBXoANMMOCTU N CTaUMOHApPHbIX) BbluMcieHns cornacHo (3) — (5); anga obownx ycnosui
BMECTE — npu HeobxogumocTn npeobpasosaHue kogos 3 UMNCC B ABOMYHBIA C Lefbio ganbHenLwero
6onee rmbkoro oueHuBaHma aktusHocTM BAT ¢ nomowpio NMEOM Ha ocHoBe ykasaHHbIX 11-Tv napa-
METPOB,;

3) MN3Y — coxpaHeHne yCTaHOBNEHHbIX «MO YMOMYaHWO» 3HaYeHui &, &, T;

4) O3Y — coxpaHeHue 3HaveHuin KanubpoBaHHbIX (peanbHblX) BecoB Q; paspsgoe AUM, K, Teky-
Wnx 3HadeHunn &, £, T, koTopele 3agatoTcsa nonb3osatenem NUC; coxpaHeHne ana ganbHerwen susya-
nmnsaumm sHaveHuin scex 11-n napameTpos;

5) I — susyanusaumns scex 11-n napameTpos akTuBHoCTH BAT,;

6) AL3 — 3anuck gaHHbIX NyHKTa 5) Ha HocuTenb nHdopMauum;

7) BY — ynpasneHue paboTol cncTemsl;

8) B N3BM 3HaveHne napameTpoB TA MNOfy4YeHHbIe NPY HENOCPEACTBEHHOM M3MEPEHUN Mnn 3anu-
caHHble paHee ¢ nomolbio ALI3 moryT nepegasatbca yepes N gna ganeHenwen obpaboTkn cornacHo
onpeAeneHHbIX anropuTMoB, MaTEMaTUYECKUX MOAENEN, B YACTHOCTU, KOTOPbLIE NPeasoXeHs! B [7].

Takum oBpa3om CTPyKTypa U3MEepUTENbHOW CUCTEMbI, KOTopas npeanaraeTcs aBTopamMu, Ans oue-
HMBaHWA akTMBHOCTU TA 4yenoBeka B CTaUMOHaPHbLIX U HecTauMoHapHbIX ycnoeusax OyaeT umeTb Bua
(pnc. 2). Pabota cuctembl (CM. puc. 2) OCYLLECTBNASTCA B ABYX PEXMMAX: KOCHOBHOM» — PEXMME On-
pegenenna Hh (pernctpmpoBaHne 3Ha4YeHni TokoB unn GuonoteHumanos BAT), Beluucnenunsa Kh coot-
BETCTBEHHO B TeueHune ykasaHHbiX Bbile nepuofos T, f, ; onpeaeneHns s; AONOMHWTENbHOM («BCMO-

BicHuk BiHHMUbLKOrO noniTexHiyHoro iHcTuTyTy, 2006, Ne 1



IHPOPMALLIMHI TEXHOJIOT T TA KOMITIOTEPHA TEXHIKA

MoraTenbHOM») — pexume camokanudposanuna gnsa CAUIM. Mpw atom HeobxoamMmMo ykasaTb Takoe, ca-
MokanubposaHne B cucteme (Ans CTaumoHapHbIX M HeCTauMOHapHbIX YCNOBWMIWA) LOMMKHBI OCYLLECTB-
NATLCA Yepes onpeaeneHHbIe Ha NPaKTUKe NPOMEXYTKU BPEMEHN, B TEYEHNE KOTOPbIX (PaKTOPbl BHELU-
HeW cpedbl NPMBOAAT K YXYALWEHUIO MeTponornyecknx xapakrepuctuk ALUM Ha ocHose UMCC, n Takmm
o6pasom Bcenn UNC B uenom; fy paccuntanHas seiwe gng CALI, ang cuctemel ¢ n KaHanamm gospkHa
YBENMUUYUTLCH B N pas (N MOXET ONpeAensTbCs B OTAENBbHOCTA AN KOHKPETHOrO Cry4as NpoekTnpoBa-
Hua MNC, yunteiBas konnyectso BAT HyXXHBIX A8 uccneaoBaHuns).

pad-cxema anropntma dyHkumoHuposaHus MUC (cm. puc. 2) npu onpegeneHnn OCHOBHOIo napa-
meTpa Hh nprneegena Ha puc. 3. MNpn y; = 1 ocywectenseTca (¥, = 0 — He OCYLLEeCTBNSETCH) ypaBHOBE-
LUMBaHME BXOAHOro curHana A.

Evaluation of person acupuncture points activity in stationary conditions

In general case adequate evaluation of BAP of the person (and the state of health) in Su-Jok
and others types of therapies can be carried out applying 11 parameters [1]: parameter Hh —
aquires the value of the measured levels of BAP signals; Kh — aquires the value of factors (parame-
ters) which are calculated on the basis of the measured levels of signals of active points (Hh); vh —
rate of change of values of PA signals levels (Hh) in time; vk — rate of values of factors (parameters)
change which are calculated on the basis of the measured levels of BAP signals (Kh) in time; Viys—
average arithmetic value of the results of calculation of vh rates during the corresponding periods of
time of their definition; Vi — average arithmetic value of results of calculation of rates vk during the
corresponding periods of time of their definition; eh,, ehnx — measured individual accordingly
minimal, maximal (extreme) values of levels of BAP signals (Hh); thyin, thmax — time of setting (it is
desirable to define during the day) accordingly ehin, €1max; €Kmin, €Kkmax — Mmeasured individual ac-
cordingly minimal, maximal (extreme) values Kh; tkq,, tknmax — time of setting (it is desirable to define
during the day) accordingly eknmin, €kmax; S — a "display" parameter which takes into account the
presence (s = 0) or absence of «peaks» (s = 1) in rhythmogram of certain BAP (PA signals).

We can receive the measuring information — values of current levels, biopotentials BAP for
further definition of Hh, Kh, vh, vk, Vs, Vis, €Pminy €Pmax, €Kmin, €Kmax, @nd also S, thuin, thmax themin,
tknax by means of corresponding system of measurement and registration of PA signals which
structure is described in [4]. At the same time the specified IMS does not allow to carry out ade-
quate evaluation of BAP activity by all listed 11 parameters. For realization of such evaluation au-
thors offer to use the improved version of the system. Its basic components are: the switch of in-
put signals (K) of acupuncture points; ADC of digital equilibration on the basis of redundant
positioning systems of calculation (RISC) — ADC with weight redundancy for conversion of such
signals; the display (D) (for visualization of the results of measurements; the device of digital re-
cording (DDR) for saving of the results of measurements; the interface (IF) for transfer of the reg-
istered values of PA signals levels to personal computer (PC); specialized digital computer (SDC)
for averaging the results of measurements by means of read only (ROM) and operative or ran-
dom access (RAM) memories, control unit (CU) of system operation. Such structure of IMS can
be used as the "base" for evaluation of BAP activity of the person in Su-Jok and other therapies
by all the above-mentioned parameters in stationary and non-stationary conditions. Let us con-
sider the case of "base" IMS functioning in stationary conditions.

The process of direct measurement of any information parameters of BAP is accompanied by
the influence of certain factors among which it is possible to distinguish: instability of contacts
skin-electrode, inducing, noise, instability of measuring device supply voltage, etc. [5]. At the fur-
ther evaluation of PA activity of the person it is quite possible to obtain the erroneous values of
acupuncture points parameters (their current, biopotentials) [5]. One of the reasons of this situa-
tion is as a rule application of unitary measurements of such parameters. Therefore, the correc-
tion of the values obtained is very important in particular, while carrying out the repeated meas-
urements with further averaging of their results. Hence, for more correct evaluation of PA of the
person by means of specified 11 parameters it is necessary to reduce the error at definition of
"base" parameter Hh, on the basis of which others are obtained: Kh, vh, vk, Vs, Vks, €Pmin, € max,

0
€knin, €Kmax. Thus for single measurement according to [6] we obtain (1). It is possible to reduce A
it is possible, that is offered by authors, taken for result of measurement Hh (2). According to [6]

0
A in (2) having different signs, are mutually destroyed. Assuming, that the law of distribution of
probability density of Hh is symmetric, the average square-law deviation of result of measurement

of the given parameter will decrease at Jb times in comparison with the case for (1). It is also
necessary to specify, that the described repeated measurements should be carried out without
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removing the corresponding electrode from investigated BAP. Term during which they are carried
out, is limited by the periods f, t;intended for definition on the basis of Hh, Kh — vh, vk at detailed
evaluation of PA states [7]. In case of the express-evaluation of BAP states [7] as restrict ran-
domly determined time t that is term of carrying out of such research can act as the restriction to
obtain Hh values.

Evaluation of person acupuncture points activity at non-stationary conditions

We shall consider the case of functioning of described above "base" IMS in non-stationary
conditions. It is necessary to note, that the influence of environment factors on the system is im-
portant feature of the given case; it in turn leads to deterioration of metrological characteristics, in
particular, its "core" — ADC. Taking this into account authors offer to introduce in addition to the
basic operating mode of specified above ADC, on the basis of weight redundancy (conversion of
signals) the auxiliary mode — selfcalibration [8], [9.] Selfcalibration of ADC and IMS on their basis
is — separate automatic procedure intended for definition of deviations from nominal (valid) values
of parameters of separate devices or measuring channel of the system (as a whole) and forma-
tion during the specified procedure the corrections in order to reduce statistic errors with interrup-
tion of process of the basic conversion (measurement). Results of such procedure can be reused
during the basic conversion process or measurement until, owing to ADC parameters change or
the measuring channel need to carry out new calibration emerges [10]. Also it is necessary to
specify, that if deviations of parameters values or characteristics for ADC (linearities or if neces-
sary — scale, etc.) from rated value are determined then special reference measures or reference
signals are not used. Thus in the specified "auxiliary" operating mode of the converter the defini-
tion of real weights of certain "nonexact" Q digits of ADC, zero drift AA,,, and code equivalent of
AA;n — K accordingly is carried out.

Selfcalibration of weights of k th digit Q, consists in twofold equilibration of additional signal:
first time using Qy, and the second — without it. Real value of Q is defined as (3). For definition of
AA;, input signal A,= 0is sent to ADC input and its equilibration is performed, as a result of
which corresponding code combination N,,, is formed at the output. Accordingly N, is calculated
K.m by the formula (4). The code equivalent of final result of conversion (after selfcalibration) of
input signal, BAP A, is obtained accordingly (5).

Let us define parameters of ADC with weight redundancy (for stationary and non-stationary
conditions), proceeding from parameters of PA signals. It is carried out according to [9], [11], in
particular, taking into account frequency range and values of BAP input signals. Thus it is neces-
sary to specify, that mentioned ADC can be manufactured on nonexact element base with certain
deviations of digit weights from the rated value. So, we shall assume, that the value of measuring
levels of BAP signals in Su-Jok and other therapies can be in the range of tens of MV (Anin) ac-
cording to [12] (in other therapies) up to tens of MV (Amax) as research show and according to [13]
(in Su-Jok and other therapies). Thus dynamic range of active points signals (6), is equal to ap-
proximately 60 dB. Assuming, that the spectrum of the signal for all specified points coincides
with the spectrum (from low frequency f, = 0 Hz up to high f, = 430 Hz) for PA, located under the
skin in muscles (in other therapies) [12], we shall obtain frequency of digitization of converter (7)
at the level of up to 1 KHz. The number of ADC digits on the basis of RISC (for example for
o= 1.618) is calculated as (8), and n, according to (9); n. = 14 digits. Such word length —
n, = 10 digits (and dynamic range calculated for it is of the order of 60 dB) is one of typical for
similar ADC in systems of activity evaluation of PA [13]. Using ADC on the base of RISC for
o = 1.618 deviation of weights 5Q; of digits Q; of the converter from the rated value can make up
t0 23.6 %. In this case the number of n— m (where n = n,) of «exact» digits of ADC (which are not
calibrated) is defined by the expression (10), where Q, is defined from the expression (11);
weights of other digits are calculated as in (12). Assuming, that the maximal value of BAP input
signal for ADC A/xmax = 100 mV, 8Q; = 0.03 Q; (deviation by 3 %) we shall obtain Q, = 0.097 mV,
the number of digits (n — m) equals 5.

Generalized approach to the evaluation of the person acupuncture
points activity

One important feature of functioning of ADC on the basis of RISC is its ability to process
"peaks" in BAP signals for definition of s parameter (both in stationary, and in non-stationary con-
ditions). Usage in this case of more high-speed converters (capable to process "peaks") of paral-
lel or parallel-serial types increases the quantity of the equipment and power consumption and
consequently is not expedient. We shall assume, that such "peaks" (Fig. 1) are characteristic for
all investigated active points in Su-Jok and other therapies [4] (in given case maximal change rate
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of signal for the "worst case" is considered here) and coincide with "peaks" for specified hypo-
dermic PA [12] (Fig. 1b). Let's assume that «peak» has the form of a triangle, i. e. corresponds to
triangular pulse. Such pulse is described by the function [14] (13). For our case t=2 ms and
h =10 MV which can be defined roughly from [11] (Fig.16). Such parameters of the pulse define
the maximal rate of signal change specified above ("worst case") which in its turn is obtained as a
derivative (14) on the interval -1/2<t<0 andis (15) f'(t) = 10 mV/sec. For t/2 (at "peak" cod-
ing) binary ADC having n, = 10 digits and conversion time of T,,,= 10 Ms which is characteristic
feature for such devices will perform 100 transformations. Taking into account, that maximal ad-
missible change of input signal values (speed) for any binary ADC should not exceed (16) for
Tper , We shall obtain resolution of transformation roughly in 6 bits. In its turn, ADC on the basis of
RISC having n, = 14 digits (equivalent n, = 10 digits), can process such signal with much greater
speed, namely, 0.7nyy,,, time [9] (where vy, = 3.79 — factor of converter speed increase with

weight redundancy for o = 1.618), i. e. 30 times. It is equivalent to the increase of signal change
rate at the input of ADC having n, = 14 digits as compared with binary 0.7n,y,,, time. Thus rate

of signal change at the input of ADC can be equal (17). Hence, ADC on the basis of RISC will
provide transformation of signals with speed 30 times greater than for binary converters (at the
level of 10 bits). Owing to compensation of dynamic errors of the second order such converter al-
lows to process "peaks" in BAP signals without the device of sampling and storage. This in its
turn simplifies analog part of IMS, reduces its cost and improves metrological reliability.

Summing up the described above requirement and procedures it is possible to specify, that 11S
blocks for operation in stationary and non-stationary conditions should perform such functions:

ADC - measurement of values of biopotentials or BAP currents (that is definition of Hh), reali-
zation of selfcalibration.

2) SDC - for stationary and non-stationary conditions calculation according to (2), definition:
Hh, Kh, vh, vk, Vs, Vks,, S, €Pmin, €Pmaxs thimin, thmax, €Kmin, €Kimax,» tKmin, tkmax, fOr non-stationary condi-
tions (if necessary for stationary conditions) calculations according to (3)—(5); for both conditions
— if necessary transformation of codes from RISC into binary for further more flexible evaluation
of BAP activity by means of PC on the basis of specified 11 parameters;

3) ROM — saving of the values t; {;, T set«by default»;

4) RAM - saving of values of the calibrated (real) weights Q of ADC digits K, current values
t, &, T which are set by the user of IMS; saving for further visualization of the values of all
11 parameters;

5) D — visualization of all 11parameters of BAP activity;

6) DDR — point 5 data recording on information carrier;

7) CU — control of system operation;

8) in PC, values of PA parameters obtained in the process of direct measurement or of written
down prior by means of DDR can be transferred across IF for further processing in accordance
with definite algorithms, mathematical models, suggested in [7].

Thus, the structure of measuring system, suggested by the authors, intended for evaluation of
PA activity of the person in stationary of the person in stationary and non-stationary conditions will
have the following form (Fig. 2). Operation of the system (see Fig. 2) is carried out in two modes:
"basic"-mode of Hh determination (registration of current values or biopotentials of BAP), compu-
tation of Kh correspondingly during the above- mentioned periods T, t, t, determination of s; "aux-
iliary"-mode self calibration for SADC. In this case, it should be taken into account the following:
self calibration in the system (for stationary and non-stationary conditions) must be performed in
certain determined in practice time interval, during which environmental factors lead to deteriora-
tion of metrological characteristics of RISC-based ADC and information measuring system as a
whole fd, calculated above for SADC for the system with n channels must be increased n times
(n can be determined separately for each given case of IMS design, taking into account in num-
ber of BAPs needed for investigation.

Diagram of IMS operation algorithm (see Fig. 2) for determination of basic Hh parameter is
presented in Fig. 3. At y; = 1 equilibration of input signal A is carried out (y; = 0 — equilibration is
not carried out).

Bucuosxu

1. BukopucTaHHd 3alIpONIOHOBAHOI BHUMipIOBAJbHOI CHCTEMHU A€ MOXKJWBICTH aJIeKBaTHille
OLIIHIOBATH AaKTWBHICTb TA JIIOAVHM 3aBASKM BpaxyBaHHIO iHAWBIAyaJbHUX Bapialliii mapamMer-
PiB AKTUBHHUX TOYOK, <IiKiB» y CHUTHAJaX TOYOK aKYIYHKTYpH TONIO Yy CTalliOHAPDHUX Ta
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HecTalliloHapHUX YMOBAaX i, 30KpeMa:

— 3HAYHO 301JIbIIUTHU (y 30 pasiB) MBU/KICTb 3MiHM BXigHOoro curhany AIlIl, 3 meroro
KOJlyBaHHs «IiKiB» curnaais BAT (y cranioHapHUX Ta HeCTAlliOHAPHUX YMOBAX);

— 3MEHIIUTU Cepe/IHbOKBa/IpaTuuHe BijixuyieHHs1 3HadeHb napamerpiB BAT 3a paxyHok ix yce-
pe/lHeHHsT B pe3yJIbTaTi GaraToKparHux BuMipioBanb (y cTalioHApHUX Ta HECTAIliOHAPHUX yMOBaXx);

— 3pilicHioBaTH Tpolleypy camokasiopyBanus «sizpas [IBC — AIIl ma ocnosi HIICY, a
TAaKOK KasibpyBaTu napaMeTpy BChbOTO BUMipIOBAJbHOTO KaHAIY CUCTEMU.

Buxopucrannss AIII na ocnosi HIICY y ckaani IBC gopatkoBo /103BOJISIE:

— CHPOCTUTU CTPYKTYPY AHAJOIOBOI YACTUHU CUCTE€MM Ta 3MEHIIUTU ii BapTiCThb BHACJI/IOK
MosKJMBOCTI pyHKITioHyBaHHs 3a3HayeHoro AILII 6e3 nmpuctpoio Bubipku i 36epiranng;

— MiJBUNIATU 32 PaXyHOK CaMOKaJiOpyBaHHS CTaGiJTbHICTb METPOJIOTIUHUX XapaKTePUCTUK
CUCTeMM, He 3BaXKAlOUM Ha BIINB (DAKTOPIiB HABKOJIUITHHOTO CEPEIOBUINA y HeCTallioHAPHUX
YMOBaXx.

BsiBoapl

1. Ncnonb3oBaHne NpeanoXKeHHOW N3MepUTEenbHON CUCTEMBI 4aeT BO3MOXHOCTb Bonee agekBaTHO
oueHuBaTb aKkTMBHOCTb TA yenoBeka Gnarogaps yyveTy nHAMBUAYambHbIX Bapuauuii napameTpoB ak-
TUBHBIX TOYEK, «MMKOB» B CUrHanNax TOYEK akynyHKTYpbl U T. M. B CTALUMOHAPHBLIX U HECTALMOHAPHbLIX YC-
NOBMWSAX W, B YACTHOCTK:

— 3HauyuTenoHo yBenuuuTb (B 30 pas) CKOpoCTe U3MEHeHMs BxogHoro curHana AU, ¢ uenbio
KOANPOBaHNS «NKOB» curHanos BAT (B cTauMOHapHbBIX N HECTALMOHAPHBIX YCNOBUAX);

— YMEHbLWMWTb CpedHeKBagpaTu4eckoe OTKIOHEHNE 3HaveHuin napameTpoB BAT 3a cyeT ux ycpea-
HEHWSI MPU MHOTOKPATHBIX U3MEPEHMSAX (B CTALMOHAPHBIX 1 HECTALMOHAPHBIX YCNOBWSX);

— OCyLecTBNATb nNpoueaypy camokanubposanua «sgpa» MNC — AL Ha ocHose UIMCC, a Takke
KanubpoBaTb NapameTpkl BCEr0 N3MEPUTENBHOIO KaHana CMcTeMb!.

2. NcnonbsosaHne AL Ha ocHoBe UMCC B coctase MNC gononHuTensHO No3BoNnseT:

— YNPOCTUTb CTPYKTYPY @HaNOroBON YacTu CUCTEMbI U YMEHbLUWTL €€ CTOMMOCTb BCNEACTBME BO3-
MOXHOCTUN PYHKUMOHNPOBaHUA ykasaHHoro ALIM 6e3 ycTponcTea BeIGOPKM U XpaHEHWs,

— MOBbLICWTb 32 CHET CamoKanmbpoBaHUs CTAabUITBHOCTb METPONOMMYECKUX XapaKTEePUCTUK CUCTEMBI,
He CMOTPS Ha BNusiHME haKTOPOB OKPY>KaIOLLE cpelbl B HECTALMOHAPHBIX YCIOBUSIX.

Conclusions

1. Use of the offered measuring system enables more adequately to estimate activity of per-
son PA owing to the account of individual variations of parameters of active points, "peaks" in sig-
nals of acupuncture points, etc. in stationary and non-stationary conditions and, in particular:

— considerably increase (30 times) speed of input signal of ADC change, with the purpose of
coding of "peaks" of BAP signals (in stationary and non-stationary conditions);

— To reduce average quadratic deviation of values of BAP parameters due to their averaging
at repeated measurements (in stationary and non-stationary conditions);

— To carry out procedure of selfcalibration of "kernels" IMS — ADC on the basis of RISC, and
also to calibrate parameters of the whole measuring channel of the system.

2. Use of ADC on the basis of RISC in the structure of IMS additionally allows:

— to simplify the structure of analog part of the system and to reduce its cost owing to an op-
portunity of functioning of the given ADC without the device of sampling and storage;

— to improve due to selfcalibration the stability of metrological characteristics of the system,
without paying attention to the influence of environment factors in non-stationary conditions.
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