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BneAenue. Cnenrpalrnrrfi aH€rJrr43 KapAHoLrHrepB[rJrorpaMM (KIf) - curHaJroB

rlocneAoBareJlbHocrefi nurepB€uloB Mexlq/ R-sy6qarrar,r eneKTpoKapAlrorpaunr (3Kf)
LIJITI BoJlHarvra SorolrJlerl{3MolpaMMbr (@m) - HerrHBa3unnrrfi r4HAeKc, orpa)K€rrou\?fir

BJILttHfle MoAymqukr pnTua cepAua co cTopoHbr KoHTypoB aBToHounofi perynrqu?r

rponoo6paTTleHu{ [1]. PacupocrpaHeHHbrMkr KoJrr{qecrBeHHbrMtr xapaKTepr{crrrKaMil

gToro cI4rH€rIIa {BJl{rorct I4HAeKcbr LF u ltr. LF [peAcraBJurer co6ofi cneKTpulJrbrryro

rlJlorHocrb MoIIIHocrlI B Ar{arra3oHe rracror 0.04-0.15 fq, rcoropyro cB{3brB€rror c

uo4ynxquefi co cropoHbl crrMrrarrrrrecKoro 3BeHa asronoiuHofi peryirflur,rn. Ftr-

IlHAeKc - MoIIIHocrb' B Aila[a3oHe 0.15-0.4 fu cBr3brBaror c aKTr4BHocrbro

rapacr{MnarLrqecKoro 3BeHa pery-Jrrq[u [ 1 ].

Cnraxenue LF v Fm uHAeKcoB rBJrflerc.f, AoKrHHLrrrecKLrM npeAr4KTopoM

aprepuanrnofi rll[epreHzuu lZf, cBr4AerenbcrByror o6 yrelnqeHlrr,r prrcKa cMeprlt y

roxeIJIbIX l4crlhrryeMux [3] H rraqrreHToB rrocne rnn@aprra MuoKapAa [4]. CHnxenue

napua6enbHocrll KI{f cBs3aHo c yBeruqeHpreM pr4cKa pa3B}rrr4fl naronorufi cep4e.rno-

cocyAllcrofi cucreuu (CCC) y naqzeHroB c caxapHrrrvr 4aa6erou [5-7] u mogefi 6eg

ApIarHocrLIpoBaHHbIx uarororzfi CCC [8- 11]. B pa6ore lI2l rroKa3aHa

[epcneKTltBHocTb npI4MeHeHIltf LTHAeKCOB AJrr CKpHHT/rHra O6CrpyKTr4BHOfO anHOS

BMecro noJrprcoMnorpa$un.

Perucrpaqux KapAr{or{HrepBanorpaMM (K[f) c]rrHanoB 3Haqr4rerbHo

ynpocrl{nacb B TIocJIeAHI{e foAbr, 6naro4apr ruupoKoMy pacnpocrpaHeHr4ro yMHbrx-

qacoB, QurHec 6pacneroa kr Apyrr,rx KoMMepqecKax Hocr4Mbrx ycrpoficre,

perucrpr{pyrorqux curH€rrrbr OII| t I 3]:

O,4narco, HecMorpt Ha rrepcneKTvrBbr, cneKTp€rJmnrrfi aHaJrr{3 K?If He

rlpllMeHflerc.fi IuplpoKo B npuxra4uoft MeA[rIr4He. llpnvunofi sBJr.f,ercf, 6onrruas

Bapva\us sHa.{eHnfi I{HAeKcoB, o6ycnoBJreHHatr r,rHALrBpIAyzuIbHbrMLr BecoM,

BO3paCTOM, TIOJIOM I{CrIbITyeMbrX, HeCTaIIUOHapHOCTbTO Cr{CTeMbr, qrrpKaAHbrMlr

pprTM€tMLr n norpellrHocTrMlr MeToAoB orleHKrr crreKTpoB MorrlHocTrr.

B uacura6Hofi pa6ore [13] uccJreAoB€urr4cb Z4-'racosue crarH€rJrbr @IIf 8

MLiJrJrr.roHoB ucnbrTyeMhrx, 3arrncaHHbre ycrpoficreaMn KoMrraHlrra <fitbiu. B pa6ore



6ruo rloKa3aHo, rrro aMnJII4TyAa rlprpKaAHbrx nole6anrnfi LF 14 I-IF r{HAeKcoB

cocTaBJIteT oKoJIo 40o/o or cpeAHelo 3HaqeHI4rI. Y racusrTyeMblx B Bo3pacTe 60 ler
cpeAHrIe 3HaqeHE LF nnAerca HLIx(e na 66.5Yo y MyxrqrdH H Ha 69.3 % y )KeHrrILrH,

3HaqeHI4[ FIF uH4eKca HrDKe Ya 82.0Yo u 80.9Yo coorBercrBeHHo. O4naro, Aax(e

OIIOHKLI LF u FIF unAexcoB, rloJqrueHHbre .qJrf, rrcrrhrryeMhrx B Bo3pacre 20 ner B oAHo

BpeMs, AeMoHcrpl4pylor 3HaqlrreJrbrryro Arlcrepcrrro rropf,AKa 100% or cpeAHero

3HaqeHl4f,. [atrnrtfi pa:6poc Bo MHoroM odycloueu u]g.IluB]rpiy€rJrbHbrMr4

ocooeHHocrsMu rIcnbITyeMbIX, B ToM qr{cne BecoM, ypoBHeM Sasr.recnofi narpy:Klr 14

H€uII4rIrIeM sa6olenaHufi, Ho ApyrurM cyrqecrBeHHhrM ftagopou -flBJrrerct

IIOfpeIUHOCTb MeTOAa OIIeHIIBAIJkIfl CIIeKTpa, Xar 6ruo oTMeqeHo B yKa3aHHOfi pa6ore.

3rccuepunaeHTuulbHoe Ll3rreHr{e rrorperuHocrrr MeroAa roqrn HeBo3MoxHo u3-3a

HecTaIII{OHapHOCT}I CpICTeMbI, CIOX(HOrO CneKTpaJrbHofo cocTaBa, H€uII4qUrr rrryMoB pr

px4a Apyrr4x Sarropoe.

lloerorvry IIeJrbIo gannofi pa6oru sBr.f,ercr pa:pa6orrca aMrararlr4onsofi

MareMarl{'{ecrofi MoAenv KI4f, Boclpol43ao4aIqefi crreKTp€lJrbHbre xapaKTepucrr4K.vr

peaJIbHbIX cI{|H€UIOB 3.{OpOBbIX UCnbITyeMbIX I{ [arIr4eHToB c naTonon4rMlr cepAeqHo-

cocygucrofi cl{creMhl, Koropylo Bo3Mo}r(Ho r4crroJrb3oBarb, KaK ocHoBy AIrl-,

Hccne.{oBurrufi lpaHI4II rlpl4MeHprMocrpr MeroAoB cneKTp€urbHoro agaJrr6a KI{f.

'ftr 4ocruxeHl4t [ocraBJlesnofi qenu a pa6ore 6rrnn o4peAeneHbr cneAyroque

34.[aql1t:

1) flpoIEsBecrrl o6aop MeroAoB HccneAoBaHLrs cocrorHlr{ cepAeqHo-cocyAucrofi

CI4CTEMbI;

2) frpouzBecrlr o6sop Mero.4oB crreKTpaJrbHoro orleHr4BaHux RR;

3) O6sop pe3ynbraroB aH€uru3a 3AopoBhrx r,r 6olrnux AI;
4) Peatm3allprf, crarucruqecrofi MoAenr,r c 3aAaHHofi cnerrpalrnofi rrJrorHocrbro

MoIIIHocTII n VLF, LF, FIF;

5) TecrzpoBaHr4e

pearusaqufi.

pa:pa6oraHHbrx rvro4enefi H crreKTpEurrnrrfi aHaJrLt3 Hx



OcHonnoe coAeprcaHrre pa6oru.

MarenaarraqecKa{ MoAeJIb cl{rHaJra KI4f AJrf, perueHr.rr [ocraBJreHHbrx n pa6ore

qenu vr 3a!.arl' 6rrna [ocrpoeHa B BI4Ae aBToperpeccLroHHofi (AR) MoAeJrrd, Korop€ur

r{Meer o6ruufi nua:

+ of,e, (1)

r4e p : 300 - [oprAoK MOAenn, ar,.'i unu a - BeKTop [apaMerpon AR MoAeJrr4, r, -

6enrrfi myl\{ c eAI{HLIqnofi gzcnepczefi, ol - azcrepcnfl deloro [ryMa. llaparraerpu

AR nao4enu arr6npzlJlllcb raKlrM o6parou, .{ro6rr coorBercrBoBarb cleKTp€urrnofi

rIJIorHocrLI " MoIqHocrLI sranonHoft KI4f, Koropar o[rrcbrBaJracb cne4yrorqefi

lsrnl'=h*(W).h*
.L*o( _U-[.)']* 

'
^,lzttc'* ( 2r'r, ) arf +b,

tpe fryp,.frr,.fo, - qacrora ocHoBHbIX rIltKoB B cIIeKTpg, crrrrrcrF,cHF - rlapaMerpbl

oIIpeAeJUIrcuIIIe Itrupul{y IIllKoB' , 6ru,rOrp,Cnr - IIapaMeTpbI oIIpeAeJItIouIIiIe

MoulHocrb nI{KoB, ar v b, - napawerpbr rpeuAa, Ha Koroprrft na-noxeHbr ocHoBHbre

TIIIKH KII|. flaparvlerpbl MoAeJII{ rro3BoJurror He3aB}rcprMo ocyulecrBrrnb [oAcrpofiry
MoIrIHocrlI u Qoprrarr Ka)KAoro xapaKTepHoro crreKTp€rJrbHoro rrkrKa KI4f rloA

KoHKperHrrfi sxcnepkrMeHT€rnrnufi cLrrHurJr.

rlro6u rloJry^ruTb napaMerprr AR- MoAeJrrir, coorBercrayrorqefi crreKTpy rr:a1a

(2)

p

x, =Za,x,-,
i-l

Sopuynofi:

(-v-ti').
f. 2ri, )

(2.2) ro cneKrpy orleHr4Barracb aBroKoppersrrr4oHHar Qynrcqr,rx ry(t) :



v(t) = ne(rr-'(Frnl')) (3)

(4)

rAe T cMeureHl{e B AI{cKperHBrx orcqerax BpeMeHr4, FT-t o6paruoe

upeo6pasoBaHue @ypre. ,.{nx zccreAoBaHHbrx crrrH€rJron ry(t) crra,qaer ao 0 ilpn r =
75 c. B pa6ore ucnonb3oBaJlcf, ruar LrHTelpupoBaHurr B 0.25 c, rrogToMy

xosS$uql4eHrbl AR MoAeJrI{ olleHr{B€rJrr{cb rro repBbrM 300 3HaqeHuf,M V(r) c

rIoMoIrIbIo KJraccl4tlecKoro MeroAa IOla-Yorepa [15-16], xoroprrfi cBoAraTc{ K

perueHr,to cJreAyrouefi czcreurr nranefi nbrx ypaBHennfi :

\y(0) V(-1)
\u(1) V(0)

v(p*1)

v(r -p)
v(2 - p)

ar

a2

Cln

\v(1)

vQ)

v@)

Ecln o6osHa'{zrb KBaAparlryro Marpraqy Teurnrla B upaeofi qacrn cr{creMbr KaK

;,f{, a nertop B ileBofi.racru cl{creMbr (2.4) rax Z, To BeKTop [apaMerpoB AR uoAelz

a uoxno naitrn lrs BeKTopHoro [porrcBeAeHr4rr:

;-la = K 'xr (5)

3arnro'rureJlbHblM gTarroM 6rm pacqer gMrrr{prrlecKLrx noqpaBorrHbrx

roe$SraIII{eHToB, roropufi panA.arzcr orHorrreHrrro c[eKTp€rJrrnofi nJrorHocrLl

Molrrnocrrl oruuloHHbrx cr{rHuuroB r{ AR uo.qenefi (1). Crarnalrr AR uogenefi sareNa

HopMI{poBtlJII{cb Ha AaHHbIe rcoe@@raqrreHTbr. Heo6xo.qr{Mocrb ronpaBoqHbrx

rosSSuqI{eHToB o6ycnonleHa reM, uro roeSQuqllenrrr AR uo4elefi orleur{BarrLrcb

TOJTbKO nO [epBbrM n 3HarreHLrsM aBToKoppenf,rlr{oHHrrx symqllfi, .ITo no3BoJrr4Jro

coxpaHrrG oopr"ry cneKTpa MorrlHocrrrr, Ho He cyMMapHyro MorqHocrb.

Pe:ynrrzpyloqne AR MoAenIl rro3Bonr{Jru o6ecnequru coorBercrB}re

3TaJIoHHrIM cneKTp€lM MolrlHocrrr 3AopoBbrx mo4eft H narIHeHToB c apreplrrrJrrsofi



frrrrepreH3r,reft c norpeuHocrbro MeHee IYo ltts LF u FIF nn.uercoe.

Alroputrra OIIeHKI{ crleKTp€rJrbHbrx LrHAeKcoB rro cr4rHaJraM K?If
pernaMeHTl{poBaH o6rqeupuHsrblMl4 MeroAuqecKr/rMu peKoMeHA ar\ufl:vrr4 erponeficrcofi

accoquaql4ll KapAI4oJIoroB t1]. Perouen.4yercr ucrroJrb3oBarb BpeMeHHhre p.rrAbr

Anl4TeJlbHocrbro or 5 Mrlrryr, B KaqecrBe MeroAa orIeHKu crreKTpoB rrpllMeHtrb

HenapaMerprqecKl4x noAXoAbI (upeo6pa:oBaHr{e @ypre) prnu rapaMerpn'recKrafi

rIoAXoA, ocHoBaHHrrfi na nocrpoeHun AR-rrao4enefi. floprgor MoAenr{ npr{ 3ToM

peKoMeHAyerc{ rrr6upam B EpeAenax 8-20. flepe4 pacqeroM cneKrpoB

Ha oKoHr{Fo Synxquro, [peArroqreur.repeKoMeHAyercr yMnoxr{rb BpeMeHHoi, prn

orAaercs QyHrqnarvr XanHa, Xeuuranra u Eaprnerra, TaKxre npeAnaraercf,

uc[onb3oBaTb cneAyroqr4e r4HAeKCbr:

. VLry - cneKTp€ubH€ul rrnorHocrb Morr{Hocrrrr B Ar.rana3oue qacror 0.003-0.04 fq;
o LF - cneKTp€ulbHtul rnorHocrb MorrlHocrtr B Arlarra3oHe qacror 0.04-0.15 frl;
o F# - crIeKTpuuIbH€uI rlJloruocrb MorrlHocrr4 B Ar.r€llul3oHe qacror 0.15-0.4 fq;
o HoprvrupoBaHHbre prHAeKcbr LFn z FIFn, r4e:

LFn -
LF

LF+HF
VI

HF

(6)

LF+HF
(7)

O4naro npu llccJleAoBarrun aAeKBarHocrlr rrpeAcraBrennofi uo.denu 6uro
pellreHo rIpoBoAI{Tb cneKTpzlJrrnrrft aHaJrrr3 no 3HarrHTeJrbHo 6olee

rlpoAonxr{TeJlbHrlM BpeMeHHbrM yrracrKzlM AJr[TeJrbuocrbro a 100 qacoB, nocKonbKy

cI{rHaJIhr MoAeJII4 crallrloHapHbr u raroft rroAXoA o6ecne.rnr nf{m5rro roqHocrb

HFn -

i

OIIeHKLI LIHAeKCOB.

Pac.rer HopMr{poBaHHbrx HHAeKcoB LFn u FIFn rroK€BaJrcf, B

I4CCJTeAOBAHUr LIA6UTOVHUU, [OCKOnbKy oHLr oAHO3HaqHbrM

.IIAHHOM

o6parorr,t



BbICTIIIITbIBAIOTC.S I43 LF I{ FIF LIH,IIEKCOB.

A4er<narHocm MoAeJrr{ trccJreAoBzuracb rrpn

Mou{Hocru KI4f 3AopoBhrx lloAefi H rrarlrreHToB c

flapavrerprr AR uo4elefi v Ancrepcr{ra 6elrx
coorBercrBvrl 3T€uIoHHbIM 3HarleHuxrr,r VLF, LF u FIF un4eKcoB, B3{TbrM u: pa6orrr

[1a]. [;rx 3AopoBoro rreJroBera: VLFnorm: 7I0 ruc2, LFno_ :452 Mcr, FFnor :552
ruc'. [trr_ narllreHTa c Af: VLF6ro :571oac', LFn o:378 ir,rct, HFnro:479 rntc2.

3na'reHH.{ napaMerpoB MoAenu [peAcraBJreHhr B ra6luqe 1. 3rzuronnsre

MoAenbHble cneKTpbl MoIrIHocrlI KI4f 3.qopoBoro trenoBeKa a 11aqlregTa c

aprepnanrnofi rr{nepreHsuefi [peAcraBneHbl Ha prac. 1. Mo4elra rro3BonprJrr4

BOCIpOII3BeCTII 3T€uIOHHhIe 3HaqeHV' c[eKTpanbHhrx r4HAeKcoB C norpernHocTbro

MeHee lo/o,.uro [poI{.JInIocrpI,IpoBaHo KoJrr{qecrBeHHbrM COOTBeTCTBUeM Cnerrpon AR
uo4elefi r{ 3TaJroHHbrx crreKTpoB.

Ta6nnqa 1. llapauetprr uo4enefi, Bocrrpoa3BoAqrqux $opt"ry sr€urogHbrx

c[eKTpoB MOIIIHocT]I cLITHaJIOB KapAIIokIHTepBaJIorpaMM 3AopoBbrx r{crrbrTyeMbrx pr

rraqr{eHToB c apreppranrnoft rLr nepreHsr,reft

MOAenr,IpoBaHuu cneKTpoB

aprepr4€rrrrnofi rr4[epreHsHefi .

rrryMoB uo46apa-uucr Anfl

3qoponufi 0.1 58 0.078 0.097 4 se2/df

AIc 0.135 0.063 0.07s 4 se2tdf
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Pracynor 1. - 3raloHHble cneKTp€rJrbHbre mrorHocrr{ MorrlHocrlr

KapAllol'IHrcpnanorpalau 3AopoBbrx r{cnbrryeMbrx H narlr{eHToB c aprepr{anrsofi

rnreproHuefi u cneKrpbl nolyqeHHux AR naogenefi. (a) - 3AopoBbre r{crrbrryeMbre,

cnJlolrrHa,s qepH€tt Irr4H'vIlr - 9T€trloHHrrfi cuemp, 3eJreH€ur lrvruLrfl - cneKTp AR uoge.uz.

(b) naIII4eHTbI c aprepu€urnofi n{nepreHsrlefi, cnJroruHar qepHa.f, rru1vtg,

gralronHbrfi cnexrp, 4pacnar rrtrmtrg- c[eKTp AR nao4elu.

MATEMATI4qCCK€UI

BOCnpOrr3BecTI{

3ax.nroqenne. Pa:pa6oralnafl B xoAe BbrrroJrHeHr{f, pa6orrr uMHTarIr4oHHzur

ABTOPETPECCI4OHHAtr MOAEJIb TIO3BOJII,IJIA KAqECTBEHHO

Sopuy crreKTp€lJrbHoro npo$nnx gKcnepr4MeHT€rJrbHbrx

KapArIorIHTepB€IJIorpaMM Lr KoJrwrecrBenHo, c [orperxHocrbro MeHee lyo,

Boclpolt3Becrlt 3HarIeHIrIt crleKTp€IJlrnofi rIJIorHocrIa MoIrIHocrE B ocHoBHbrx

qacrorHblx AHana3oHax AaHHoro cr4rHarra y 3AopoBbrx nro4efi u naqpregToB c

aprepra€rJrrnofi rr{repreusraefi .

Pa:pa6omnH€ur MoAeJrb Moxer 6rrru r{crroJrb3oBaHa .rlJrf,

cneKTpaJrbHofo aHaJrr8aIpI4MeHI4MOCTI4 MeTOAOB

KapAr{o}rHTepB€urorpaMM.

r4ccneAoB aIJu[, lpaHHrI

peaJrbHbrx crrrHzLrroB


