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Anorauis: B po6oTi mpoBeeHO OL[iHIOBaHHS OCHOBHHX METPOJIOTTYHHX XapaKTEPUCTHK (HOTOMICTH3MOrpadhiyHOro npuiagy AlarHocTyBaH-
Hs cTaHy nepupeprudHoro kpooobiry. ITo0ynoBaHO HOro CTPYKTYpHY CXeMy, CKJIAaACHO MaTeMaTHYHY MOAEIb (OTOmpuiiMada Ha OCHOBI
napu  (oTomion-onepauiiHUil IMiICHIIOBAY, CKIAJCHO DIBHSHHS [EPETBOPECHHS Ta OTPHMAHO IPOCTOPOBY (DYHKIIIO MEPETBOPEHHS
BUMIpIOBaJIbHOrO Kanamy. OtpuMano GOpMynIH Uil pO3paxyHKy TAKHX METPOJIOTTYHUX XapaKTEPUCTHUK SIK YyTIHMBICT, KOSDILIEHT BILIUBY
BIUTMBHOI BEIMYMHY, MIBUAKICTh 3MiHH Koe(illieHTa BIUIMBHOI BEIMYMHU [0 BUXiTHOMY IIapaMeTpy, HOMiHaNbHy (yHKIiIO IIEPETBOPEHHS,
a0COIIIOTHY MyJIbTHILTIKATUBHY Ta aOCOMIOTHY aJUTHBHY OXHOKH i OTpHUMaHO iX rpagidHi 3aJIexHOCTI.

KorouoBi c10Ba: MeTpOIOTiuHi XapaKkTepHCTHKH, NepudepuyuHHii KPooodir, poTomnreTnsmorpadiunuii npuiaai.

AnHorarms: B pabore npoBezeHa OL[eHKa OCHOBHBIX METPOJIOTHYECKHX XapaKTEPUCTHK (HOTOILIETH3MOrpadudeckoro npudopa JUarHoCTH-
KM COCTOsIHMS nepudepruaeckoro KpoBoobpamtenus. [loctpoeHa ero crpykTypHast CXxema, COCTaBIeHa MaTeMaTHYeCKasi MOJENb (poTonprem-
HHMKa Ha OCHOBE Iapbl (pOTOJHMOA-ONEPALHOHHBIA YCHIIMTENb, COCTABICHO YPAaBHEHHE NPEOOPAa3OBAHMS M HOJy4YEHA MPOCTPAHCTBEHHAs
(byHKUMS TpeoOpa30BaHus H3MEPHTENBHOrO KaHana. [TomydeHsl (OpMyIIbl AT pacdyeTa TAaKUX METPOJOTHYECKHX XapaKTEPHCTHK KaK dyB-
CTBHTENBHOCTD, KO3(GMHUIMEHT BIMSHHUS BIMATEIBHON BEIMYMHbI, CKOPOCTh H3MEHEHHsI KO3 (HUIMEHTA BIMSTEIBHON BEIMYHHBI 110 HCXO/I-
HOMY IapaMeTpy, HOMHHAIIbHYIO (QYHKIMIO IIPeoOpa3oBaHus, aOCOMIOTHYIO MyJIbTHILIMKATUBHYIO U aOCONIOTHYIO aAAUTHBHYIO IOIPEIIHO-
CTH ¥ TIOJIy4eHbI UX TpaduyecKkue 3aBUCUMOCTH.

KuroueBble cl10Ba: MeTPOIOTHYeCKHe XaPAKTEPUCTHKH, NepHpepuyeckoe KpooodpamieHne, poTonaeTusMorpaduiecknii mpudop.
Abstract: The aim of the research - to assess the main metrological characteristics of photoplethysmographic device for peripheral circulation
diagnostics. It’s necessary for assessment the technical level of designed device. The block diagram is built and mathematical model of the
photodetector based on a pair of photodiode-operational amplifier is composed. Transformation equation is composed and the spatial func-
tion of measuring channel conversion is obtained. The formulas for the calculation of the metrological characteristics such as sensitivity,
influence influential factor values, speed values of the influential factor changes on the source parameter, the nominal conversion function,
absolute multiplicative and absolute additive errors and their graphics are obtained.

Key words: metrological characteristics, peripheral circulation, photoplethysmographic device.

Beryn

[Mepudepraanm KpoBOOOIroM Ha3MBAIOTH PyX KPOBI B MUIKMX apTepisiX, apTepioyiax, Kamiispax, BeHynax
Ta BEHaX I10 MPHUHIMITY i3 KPOBi B TKaHWHM, a MOTIM 3 TKaHWH B KpoB. B Moi010My Bili npo0ieMy nopyuieHHs
nepuepUIHOTO KPOBOOOIry 3yCTPIiYarOThCS HE TaK YacTo, aje 3 BIKOM BOHM MPAaKTUYHO HEMHUHYYi. Ale B
OCTaHHI JIeCATHPIYYsl BiK XBOPHX 3 HOPYIIEHHAMH NeprdepuIHOro KpoBooOiry NocTiiHo 3MeHmyerbes [1].

AKTyanbHicTh

[TpoBeneHHs SIKICHOTO MiarHOCTYBAaHHS MOPYIIEHb MEPUPEPUIHOTO KPOBOOOITY € BOXKIIUBOIO 3a/1a4€I0 CY-
YacHOI MEIUITMHU, OCKIIBKY BYaCHO MPOBENCHE JIarHOCTYBAHHS € 3aIIOPYKOI0 YCITIITHOTO JIiKyBaHHA. ChOTOHI
B MEIWYHY MPAKTHKY BIPOBADKYETHCS BEIUKA KiJIbKICTh METOMIB, SIKi JO3BOJISIOTH €)EKTUBHO BU3HAYATH CTaH
nepudeprnIHOro KpoBooOiry moguHu. OIHUM 13 TIEPCIIEKTHBHUX METOMIB € MeToa (oTorueTuamMorpadii, sSKui
JTO3BOJISIE BU3HAYNTH KPOBOHAIIOBHEHHS 1 KPOBOTIK SIK B MOTYXHUX BEHAX 1 apTepisiX Tak i mepupepuaHuX CyIau-
Hax 1 Kamiysipax. Cy4acHi pwiIaay, mo 0a3yloThCs Ha 3aCTOCYBaHHI JAaHOTO METOAY MAlOTh BiTHOCHO HEBUCOKY
JIOCTOBIPHICTB JiarHOCTYBaHHS Ta BUCOKY YYTJIMBICTH 0 apredakriB. [Ipunanu, siki MaroTh OiIbII BUCOKI TEX-
HIYHI MIOKa3HUKH, 0OMEKYIOTHCS B 3aCTOCYBAHHI 4epe3 iX BUCOKY BapTICTh Ta PsA MIPOTUIIOKA3aHb ISt XBOPOTO.
ToMy akTyalnbHUM 3aBIAHHSIM € CTBOPCHHS MPWIAIB 3 PO3MIMPECHUMH (PYHKI[IOHATHEHUMHU MOXJIMBOCTSAMHU Ta
BHCOKOIO JIOCTOBIPHICTIO JiarHocTyBaHHs [1, 2].

MeTta gocJifzKeHb: TiIBUIICHHS JOCTOBIPHOCTI IPUHHATTS pillleHb [I0/I0 JOCHIIKEHHS CTaHy nepudepu-
YHOTO KPOBOOOITY 3a J0MOMOror (GoTorieTu3MorpadivHoro mpuiaay, IIIIXOM pO3paxyHKy Ta OIIHIOBaHHS
HOro OCHOBHUX METPOJIOTTYHHX XapPaKTEPUCTHUK.
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3agaui gocaixKeHn:

- TmOoOyAyBaTH CTPYKTYPHY CXeMY MPHIIAAY IiarHOCTYBaHHS NEPUPEPUIHOTO KPOBOOOITY;

- CKJIACTH MaTeMaTW4Hy MOJAeTh (GoTompHuiiMada MpWiIagy Ha OCHOBI mapd (OTOMION-OTIEpAliiHIA -
CHJIOBA4, Ha OCHOBI SIKOT CKJIACTH PIBHSIHHS IIEPETBOPEHHS Ta OTPHUMATH NPOCTOPOBY (YHKLIIO Hepe-
TBOPEHHS BUMIPIOBAJIILHOTO KaHAIY;

- orpuMaTH (GOopMYIH AT PO3PAXYHKY TAKHX METPOJIOTIYHUX XapaKTEPHUCTHK K YyTIUBICTh, KOe(DIillieHT
BIUIMBY BWJIMBHOI BEJIMYMHH, IIBHJKICTH 3MiHM KOoe(illieHTa BIUIMBHOI BEJIMYMHM O BUXIJHOMY Ia-
pameTpy, HOMiHaIbHY (DYHKIIIO IEPETBOPEHHS, a0COIIOTHY MYJIBTUIUIIKATUBHY Ta aOCOJIOTHY aJIUTH-
BHY TIOXHMOKH 1 OTpUMaTH 1X rpadivHi 3aJeKHOCTI.

Po3B'si3anns 3aga4

[Tpu po3poOGeHHI HOBOTO MPHIIATy HPOBOJUTHCS OLIHIOBAHHS HOTO TEXHIYHOTO PIBHS LUIIXOM PO3paxyH-
Ky METPOJIOTIYHUX XapaKTepUCTHK. Bruxonsun 3 pexxumiB poOboTH 3aco0iB IIEpeTBOPEHHS, PO3PI3HSAIOTH CTATHYHI
1 AMHAMIYHI METPOJIOTIYHI XapaKTepUCTHKH [3, 4].

Po3pobnennit mpuian mpamioe y CTaTHIHOMY PEKHMIi, OCKIJIBKM CHTHAJNl Ha HOTO BUXOXI HE 3MIHIOETHCA
NPOTSTOM Yacy, ZOCTaTHBOTO Ul 3UMTYBAaHHS MOKa3iB. [0 OCHOBHUX CTATHYHHUX METPOJIOTIYHHX XapaKTepHc-
THK BiTHOCSTH: HOMIHAJBHY (DYHKIIIIO TIEPETBOPEHHS;, Ty TINBICTh; MOXHUOKY HETiHIHHOCTI; aTUTUBHY 1 MYJIbTH-
TUTIKATUBHI CKJIaoBi MoXuOoK [3]. CTpyKTypHY cxemy po3poOiaeHOTo (OTOIIeTH3IMOTpadigHOro IPHIIAy 30-
OpakeHO Ha PUCYHKY 1.

o o > 11 »| ADO < | BE
\V 7y ADI
[ 06’ ext nocnimkenns | AD2 MK - - USB B > K
AD3 i i

-

Puc. 1. CtpykTypHa cxema po3po0ieHOro npuiary

Ha Bxin BumiproBaibHoro kanany (BK) dororuetnsamorpadiuHoro npuiiany AiarHOCTYBaHHS CTaHy IepH-
(epuuHOTO KpOBOOOITY HaAXOOUTh CBITIOBMII curHai. IHdopmaruBauMm mnapamerpom BK, crpykrypa sikoro
MicTuTh QoTonpuiiMay, miacwmosad ta ALl € cuna ceitia I, mo neperBoproeTsest B nBiiikoBuit ko Ny. B
JIaHIi CTPYKTYPi B AKOCTI (poTompHiiMata BHKOPUCTOBYETHCS Mapa (poTomioa-onepamiiHuil miqCHiTIoBay.

Ctpywm, 1m0 mpoTikae gepe3 HOToAi0N, OMMUCYETHCS HACTYITHUM BHpa3oM [4, 7]

DS 0 eUpp 1

IVD :—2_1S eXp
Vl—i_(QTVD)

; (1)

ae Iyp —ctpym dorogiona;
Sjo — iHTerpanabHa CTpyMOBa Yy TJIUBICTh (POTOI0AA TPU HEMOJYJILOBAHOMY OIIPOMIHEHHI;

® — manmarounit Ha GOTOIOM MOTIK ONMPOMIHEHHST;
1 S — TeMHOBHH cTpyM (oTOII0Aa;
Uyp —naninedg Hanpyru Ha GOTORION];

T — abGcomoTHa TeMIieparypa;
k — nocriitna bonpmana;

€. —3apsaj eNeKTPOHa;

() — nuKniYHA YaCTOTA OTOKY ONPOMiHEHHS;
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Ty nocTiiiHa yacy ¢oroniona, ska 3aJeKUTh BiJ] 3HaU€Hb BHYTPILIHHOTO onopy ¢oroaiona RVD , apa-

3utHOI emHocti dorogiona Cy ), yacy pPo3CMOKTYBaHHS HEOCHOBHUX HOCIiB 3apsiy.

[Tpu BuKOpHCTaHHI JpKepena CBIiTIa 3 KOHASHCOPHOIO JITH3010, MOKHA OTPUMATH IJIOCKO-TIapajiebHUH 110-
TIK ONPOMIHEHHS, OJHAKOBUI Ha BCiH IUTOMUHI. Y FOMY BHIIAAKY TOTIK OMPOMIHEHHS Ta IUtoma (GoTodyTIH-
BOrO 1apy ($poToAi0/1a, 10 ONPOMIHIOETHCS, ITOB’I3aHi CITIBBIIHOIIEHHSM [5, 6]

®y=J,S=1S/r*, 2)

ne J p — IHTCHCHBHICTb [IPOMEHEBOTO LIOTOKY,

r — BiJICTaHb BiJ] JUKEepelia CBITia 1O MOBEPXHi, 10 OCBITIFOETHCS;
S — myoma, Mo ONPOMIHIOETHCS;
I — cuna cBitna.
Ha ocHoBi 3akony JlambepTa BTpaTH iHTEHCHBHOCTI CBiTJa, M0 MpoxoauTh Kpi3s BT, BHacmimok posciro-
BaHHS Ta MOTIMHAHHS OMUCYIOTHCS HACTYITHUM cHiBBigHOIIEHHM (1, 2, 5)

I=1y-exp(—y, -z), (3)

ne z— tomyHa BT,
Iy — IHTEHCUBHICTH Maal0Y0r0 CBITIIA;
My — KoedilieHT mocnabiIeHHs ONTHIHOTO BUNPOMIHIOBaHHS [5, 12]

Hy =ty + Hy s (4)

Je g — KoeQilieHT PO3CiOBaHHS;

MU, —KoediuienT nornuHanHg bT.

Buxinna Hampyra ¢ortomnpuiimMada Ha OCHOBI mapu ()OTOMIOA-OTIEpaIlifHINA MiICHITIOBAY, 3 YpaXyBaHHIM
3MileHHS HYJIS, PI3HUI BXITHUX CTPYMIB, HAIPYTH IIYMY, OIUCYETHCA BUPa3oM [5, 7]

_ TypR33
1+ R33 /KRpy +1/K

ne K — koedimieHT nepeaadi onepaiiifHoro ImiICHTIoBava;
Rpy — BXimHWI Omip onepaniiHOTO MiACHIIOBAYa,;

U 3)s — Hampyra 3MillleHHs HyJIs OIepaliifHoro miJcuioBaya;

Al — pi3HUIA BXIJHAX CTPYMIB ONEPAI[IHHOTO MiJCHIIOBAYA;
U j;; — Hanpyra mymy Ha BUXoJi ¢oronpuiimaya.
Moynb BEXiTHOI HAIPYTH BU3HAYAETHCS BUPA3oM [5, 7]

2 2 2 2
Uul:\/EulH + U g + iy +133)R33 (6)

ae Ejp7 — cnekTpanbHa MINbHICTh HAIPYTH IIYMY OI€paliifHOro MiACUII0BayYa;

1777 — CHEKTpanbHa IIIBHICTH HIIYMOBOTO CTPYMY OINEpAIifHOTO IMiACHIIOBAYA;
Iy — cnekTpalbHa MiTBHICTH IIYMOBOTO CTPYMY ONOPY 3BOPOTHOTO 3B’5I3KY.

ineHicTs MIyMOBOTO CTpYMY (OTOAIONA, IO MPALFOE Y POTOBOIBTAIYHOMY pexuMi [5, 6]

L = J4KTAf | Ryp (7)

ne Af — edekTuBHA cMyTa IPOITYCKAHHS SJICKTPOHHOTO TPAKTY.
HIimpHICTS ITYMOBOTO CTPYMY OIOPY 3BOPOTHOTO 3B S3KY [5, 6]
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133 =JAKTAf [R33 . (8)

B 3aranbHOMY BHINQJIKy, BXIJIHHH OIp Ta OMip 3BOPOTHOTO 3B’SI3KYy MAa€ peakTUBHHH xapakrep. Tomy y
KOMIUIEKCHIH opmi, Bupa3 (5) 3amucyeTbes K

iVDZ33

= : 4+ MRz +Usyy + Uy =
1+ Zg3 [KZgy +1/K 330 7sM

Ug

iVDZ33ZBXK

= YD—3 — + A1-Ray + Unys + Uy, 9
ZoxK + 2o + 7y 3 3M 11 )

ne Ugp — KOMIIIEKCHa aMITIiTyla BUXiJHOT Hanpyru GoTonpuiiMaya;

U — KOMIIIIEKCHa IIyMOBAa HAIpyTa;

K — xoMmruiekcHuit KoediLlieHT nepeaadi onepariifHoro mjacuioBaya;
733, ZBX — BiANOBIJHO KOMIUIEKCHHI OMip B KOJIi 3BOPOTHOTO 3B’A3Ky Ta KOMIUIEKCHHMH BXiZHMH omip

oTepamifHoOro MiACHIIIOBaYa.

OHOpI/I 233 . ZBX BHU3HAYalOTHCA BUPpA3aMU

Z33 =R33/(1+ jOR33C33), (10)

Je C33 —napasuTHA €MHICTb KOJIa 3BOPOTHOIO 3B’A3KY.

Zgy =Rpy [(1+ jORz Cpy ), (1T)

ne Cpy — BXiJIHa €EMHICTb ONEPAiHHOTO MiACHIIOBAYA.
KomrmekcHuii koedilieHT nepenadi onepauiifHoro mijcuioBaya 6e3 3BOPOTHOTO 3B’ 3Ky BU3HAYAETHCS K

(5]
K =Ko /(1+/Q/Qp), (12)

ne K — xoedimieHT nepenayi onepauiifHoro niiCUI0OBaya Ha HYJIbOBIH 9acTOTi;

Q) ;p — rpaHMYHA YACcTOTa ONEPaNiifHOTO MiICHIIIOBaYA.

EkgiBaneHTHHIT OHip HaBaHTaXCHHS (IJOTO)_IiOLla BU3HAYA€THCA BUPA3OM

Zgy =233/(1+K+233/ZBX):

R33  Rpy J(L+ jORgy Cy )
Rpy (1+ jQR35C53)

=R33 /(1+ jQR33C33)| 14 Ko [(1+ jQ/Qpp )+ (13)

OTmxe, magiHHAS HAIIPYTH HA HOTOMIO I

. .. I S0 . . .
Upp =lypZgy =— 7~ ZEHS_ZEH]S(eXp(eeUVD/kT)_I)’ (14)
7 1+ _]Q TyD
ne S — KOMIUICKCHa aMILTITYa TIoMli () OTOYYTIMBOTO APy, IO OCBITIIOETHCS.

Ockinbku (HOTOION TpaIfoe Y (OTOBOJBTAIYHOMY PEXHUMI, MAIiHHSA HAPYTH HA HHOMY MaJie Ta CKIIajae

onunnii MB. Bigome criBBinHomeHHs exp(x) =1+ x, x > 0 mae 3mory cpoctutu Bupas (14)
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) . Iy -exp(—u, - 2) . : : : ;
Upp =lypZgy == S S10ZeyS [+ jQryp) = Zpy Is e Uyp [KT . (15)
r

[TpoBiBLIM HECKIIaJHI IEPETBOPEHHS, OTPUMYEMO BHPA3, SIKMI BU3HAYAE MaiHHs HANPYTry Ha GoToaio i

- dg-exp(=u;-z) Sy . . e, :
U= ZoS [ 1¢—=Zgy—1]|. 16
¥ L+ jQryy S oy LEH (16)

[MincraBusim (6), (1), (4), (10), (11), (12), (16) y (9) Ta ckopucraTucst CIiBBiTHOIIEHHAM eXp(x)~1+x,

x — 0 oTpuMyeMoO Bupa3, IO 3B’SI3y€ KOMILIEKCHY aMIUTITYAy BUXiHOI Hampyru ¢orornpuitMadya 3 KOMILIEKC-
HOIO aMIUTITYJOI0 TUIOIII OCBITIIOBAHOTO (POTOUYTIIMBOTO Iapy doromiona [5].

Iy -expEuy - 2) Iy-expEu-z) . - e, . .
(KORBXRB’BOI:ZMSIO_ISeeOi)ZIUtSIOZEH k IS;;,ZEH_I S

U(p == +
, o o B3t Rpx
(1+ jQryp) Ryz+Rpx(Ky+1)—— RgyRoz(Cay—Cs)+ jO =22 B% 4 Ry Ry Cpy + C3( Ky +1))
Qrp Qrp
+AI-Ryy +Uyy, +U ;. (17)

Bupas (17) € MaremaTHyHOIO MOAEIIIO (OTONPHiIiMada Ha OCHOBI napu (OTO10A-0NepatiiHui MiACHITIO-
Bau. IIpu ymoBax Ugp >>Ugys Ta Iyp >> Al , 3Hauennsmu U 3y, Ta Al moxna 3uexTyBatH. Ilpu BuKOpHC-
TaHHI €JIEMEHTHOI 0a3W 3 HU3BKUM pPiBHEM IIYMiB, ITyMOBOIO CKJIAAOBOIO BUpa3y (17) MokHa 3HexTyBaTH. BHa-
CIIJOK MaJIOTO 3HAYEHHS MAJiHHSA HAIpPYTH Ha (OTOMIONI MpH Horo poOoTi y (OTOBONBTAIYHOMY peXHMi Ta
MAaJIOTO 3HaYEHHS TEMHOBOTO CTPYMY, Jpyra CKJaIoBa dncelbHUKa BUpasy (17) O6nmspka no Hyns. 3 ypaxyBaH-
HSIM IIUX yMOB Bupas (17) matume Burmsn [5)]

Io-expéy -2)-SyoKoRpxRssS 1 - (14jQp)S

2 (Cpx—Cy3) [ R33+Rgy
KoRpx+R33+Rpy—CY RpyRs33 O +J o +RgyR33(Cay+C3(Ky +1))
rp rp

U@:

(18)

I3 (18) BumMBaE, 1m0 IPHU BHUKOHAHHI BHIIEHABEJICHUX YMOB, BHXIiJHA Harpyra QoTomnpuiiMaya MpsMo
NpOMOpIiliHa IUIONII OCBITIIIOBaHOTO (oTouyTHBOro mwapy ¢oronioxa. SAxmo posrisnaru GoTonpuiiMad Ha
ocHOBI napu (oToxio-onepaliiHuil MiICKIIIOBaY SIK IIEPETBOPIOBAY IUIOLII OCBITJIIOBAHOTO Iapy ¢oTtoaiona y
HAarpyry, JOLJIBHO BBECTH IMOHATTS KOE(ILI€HTY NEpeTBOPEHHS, SKHH JIOPIBHIOE BiJHOIICHHIO KOMIUIEKCHOT
aMILTITY M BUXIJHOI HAlpyru A0 KOMIUIEKCHOI aMIUIITY/IM OCBITJIIOBAaHOI Iuiomli, 0e3 ypaxyBaHHs IIyMOBOi Ha-
MPYTH, HATIPYTH 3MIIIEHHS Ta Pi3HUII BXiJHUX CTPYMIB ONEepamiiHOTO MiJCHIIIOBa4Ya, TEMHOBOTO CTPYyMY (OTO-
nionma

_ Iy -expfpy -2)- KoRpxRs3S10/r* (1+/Q;p) (19)
0% {Ry3+Rgy '
KoRpy+R33+Rpxy ———— RpyR33(Cpy —C33)+ ) oo +RgyR33(Cpy +C33(Ky +1))
P P

Uepes koedimieHT epeTBOPEHHS IO B HANPyTy BUpa3 (19) 3anummerbes sk

Up =K (Q)S(l—[see ZEH/KORBXR33kT(IS zeTZ'EH —1D+ Al-Ry3 +Usy, +U ; (20)
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B 6inmbirocTi BUMAAKiB TpaHUYHA 4acTOTa (OTOMI0AA 3HAYHO MEHIIA 32 TPAHUYHY YACTOTY OMEPalliitHOTO
migcwioBaya. ToMy cmaj 4acTOTHOI XapaKTEpPHCTHKHM B 00JacTi BEpXHIX 4acTOT BU3HAYAETHCS YaCTOTHUMHU
BIACTUBOCTAMH (poTomioma. BXimHWiA omip cydacHUX OIEpalifHUX IIiICHITIOBAaYiB ckiamae aecsaTku MOw, mo
3HaYHO MEPEBUINY€E OTip B KOJI 3BOPOTHOTO 3B’SI3Ky Ta BHYTpIIIHIA omip ¢goTtomiona. ToMy MOXHA TPUHHATH
Rpy =o0.3 ypaxyBaHHAM yCiX BHIICHaBEJCHUX yMOB, Bupa3 (20) matume Burisa [5]

2
Kg=1Iy-exp(—, -2)-Syo Ry3 [r2 1 +(Qzyp ) . 1)

[Ipu ymoOBI, 10 9acToTa ONPOMIHEHHS 3HAYHO MEHINA 32 TPAaHUYHY YacTOTy (OTOi01a, HOTO YaCTOTHUMH
BJIACTHBOCTSIMU MOXKHA 3HEXTYBaTH, BUpa3 (21) MaTuMe BUTIIAL

Kg =1o-exp(~u; -z)-Sio Ryz /12 . (22)

A Bupa3 a1t BUXiHOI HanpyrH (oTonpuiiMaya B 3aI€)KHOCTI BiJ] TUIOLI OCBITJIIOBAHOTO ()OTOUYTIHBOTO
nrapy doromiona

Ugp =1y exp(—y; -z)- Sy R338/r? . (23)

Bupas (23) € MakcHManbHO CHPOLICHOI0 MaTEMAaTHYHOI0 MOJEIUIIO (hOTONpHiiMaya Ha OCHOBI mapu (oTo-
Iioa-omepariifHuil MiACHIIOBaY K IepeTBOPIOBaYa IUIOIII B HATIPYTY, SKY MOKHA BUKOPHCTOBYBATH IPH YMOBI
TOTO, IO IIUPHHA CIEKTPY OTPOMIHEHHS 3HAYHO MEHIIIA TPAaHIMYHOI 9acTOTH (PoToioa.

3 ypaxyBanusM ¢opmyin (23) piBHsSHHS nepeTBopeHHs BK Matume Bursan

2
Nx:IO'eXp(_/ut'Z)'SIO Ry3S|/r 'K’zn’ (24)
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Pucynox 2 — IIpocropoBa ¢yHxkuis nepersopenHs BK

Sk BUIHO 3 puC. 2, OTpUMaHe PiBHSAHHS NEPETBOPEHHS Mae HENiHIMHUHA xapakTep. DyHKIIsS IepeTBOPSHHS
BK € BUXiTHOIO IIpM OTpHMaHHI aHAJITHYHUX 3aJIEKHOCTEH JUIS OL[IHIOBAHHS TAaKUX CTATUYHHX METPOJIOTIYHHX
XapaKTEePUCTHK SIK HOMiHanbHa QyHKLis, QyHKIIsS NepeTBOPEHHS, Yy TINBICTh, MOXUOKA HENIHIHHOCTI, aANTHBHA
1 MyJTBTUIUTIKATHBHA CKJIAJIOBI TIOXHOKH.

Howminanpanii KoedillieHT mepeTBOPeHHs a00 YyTJIMBICTh B Jiala3oHi 3MiHA BUMipIOBAIHHOTO TapaMeTpy
(3, 5]
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3MiHa 4yTIUBOCTI B Jliania30Hi epeTBOPEHHs iH(popMaTuBHOTO apameTpy | gopisHioe [5]
r 0°N n &N
S; =——2=0; S, =——%=0. (26)
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2
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2
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AbcomoTtHa moxubka AN, HENIHIHHOCTI HOMiHANBHOI (GYHKIIT BUMIPIOBAIEHOTO MEPETBOPEHHS TOPIBHIOE

"

!
AN, =S, -(I-1,)*+S, -(I-1,) =0. (31)
Bignocna noxu6ka 0, HeTIHIHHOCTI HOMIHAIBHOT (YHKIIT BUMIPIOBaJIBHOTO IIEPETBOPCHHS

AN
Oy =07, (32)
Sl ([_IH)

3BigKH O, = 0.
AGCOoTIOTHA MYJIBTHILTIKATHBHA MOXHOKA MEPETBOPEHHS

I Au-z-e#**.§,.R._.S.2". K
AN, =a-I-Au=-—"H28 010 2 . (33)
r .Uref

AOGcomoTHa aJuTUBHA MOXHOKa NEPETBOPCHHA
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OTpumaHi pe3yNbTaTH aHATITHYHHUX 3alie)kHOCTeH (25 — 34) OCHOBHHX CTATHYHHX METPOJIOTIYHUX Xapak-

tepuctuk BK HaBeneni Ha puc. 3 — 9 [7]
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Pucynok 3 — UyTimBicTs B nianma3oHi
3MiHH iIHPOPMATHBHOTO MapaMeTpy
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Pucynok 5 — IIBuaKicTh 3MiHI
Koe}illieHTa BIUIMBHOT BETUYUHI
10 BUXITHOMY MapaMeTpy
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Pucynok 7 — HominaneHa
(hYHKITiSI IEpETBOPEHHS

Pucynox 8 — AbcomoTHa
MYJbTUIUTIKATHBHA TIOXHOKA
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Pucynox 4 — KoedimieHT BIDTHBY
BIUTMBHOI BEJIMUNHH
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Pucynok 6 — KoedimieHT cymicHOTO
BIUIMBY KoeilieHTa mociaabieHHs 1 BIIMBHOT
BEJIMUMHU HAa HOMIHAJIBHY Yy TJIMBICTh
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Pucynok 9 — AGcomoTHa
aJIUTABHA ITOXHOKa
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BucnoBku

B crarTi OyJi0 NpoBeEHO OLIHIOBAHHS OCHOBHUX METPOJIOTIYHHMX XapaKTEpPUCTHK (OTOoIuIeTH3IMOrpadiy-
HOTO TIpWJIay AiarHOCTYBAaHHS CTaHy MepHUQEepUIHOTO KPOBOOOITY.

1. OTprMaHO PiBHSIHHS NEPETBOPEHHS BUMIPIOBAIEHOTO KaHAITY, TIO0YAyBaHO CTPYKTYPHY CXeMY IPHIIaLy
Ta CKJIAZICHO MaTeMaTHIHY MOJIeNb (OTONpHiiMaya Ha OCHOBI apu POTOII0q-ONepaIliifHAN TTiICHITIOBAY.

2. CkJIafieHo piBHSHHS IEPETBOPEHHS 1 OTPUMAHO IPOCTOPOBY (YHKIIIO NMEPETBOPEHHS BUMIPIOBAILHOIO
KaHay.

3. OtpumaHo GOpPMYIH I PO3PaXyHKY TAKHX METPOJOTTYHMX XapaKTePUCTHUK K YyTIHBICTh, KOSDIIlIEHT
BIUIMBY BIJIMBHOI BEJIMYMHH, IBUJAKICTH 3MIHH KOe(II[iEHTa BIUITMBHOI BEJIMYMHU 10 BUXIJHOMY Hapamerpy,
HOMiHAJNbHA (QDYHKILSI IEPETBOPCHHS, a0COIFOTHA MYJIbTHUILTIKATHBHA Ta a0COJIIOTHA aJIMTUBHA TIOXUOKH 1 OTpH-
MaHo iX rpadiyHi 3a1eXHOCTI.
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