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BvomMeauuMHa curHannapHU MHTEPNONALMOH KyOMK cnnanH moaennapuHm
Kypuui

Annamayua. Ymly Makoiga OHOMEIUIIMHA CHUTHAUIADMHM KalTa MIUIAla MYXUM XHUCOOJIAaHTaH CIUTaiH
MOJZIe/UIapUHN Kypuiira Oarunuianrad. KyOuk crutaiiH Mozpe/uiapy OMOMEAMLMHA CHUTHAJUIAPHU MHTEPIOJALMsIIALIIA
I0KOPH aHUKJIMKKa 912, Oy 5ca 6eMOpIIapHUHT KacaUTHKIApH [03aCHAaH IHU(OKOPIAPHUHT KaHAAH Kapop KaOyJl KHJIUIIN
xakpza Qoigann MabIyMOTHH OepuII ydyH KaTTa XHcca Kymraau. Mucos TapuKachaa racTpO3HTEPOJIOTHK CHTHAIHU
JACTIa0KH IKCIIEpeMEeHTall MabJIyMOTIIapH OJIMH/IM Ba Iy MabJIyMOT/Iap aCOCHA JIOKAJI HHTEPIOJINOH KyOHK CIUIalitH
Mozenn Kypwian. Kypuiras Jiokan HHTepIoSIHOH KyOHK CIUIaiH MoJenn épJaMuzia racTpOIHTEPOIOTHK CHIHAIHH

HUHTEPpHIOJIAIUIAIT )KapaéHI/I amMaJira OmmpuJLaIn.

Kanum cyznap: VIHTepHONAIIOH KyOUK CIUIAiH, TaCTPO3HTEPONIOTUK CUTHAT, HHTEPIIONSALIHS.

Kupnm. TanamMu3 10MMO COFTUTMMU3 XaKUIa MabIyMOT
O6epanu. SIBHM IOPAKHUHT ypHII TE3JIMIMHH, KOHHUHT
60CHMMHHM, KHCIOPOATra TYHHHTAHIMK JapaKaCHHU, KOHAarx
TJIIOKO3a ~ MHUKJIOPHMHH,  OIIKO30H  (aoNMATHHH,  MHS
¢daonusATHHM Ba IOyHra yXmam  OOIIKa — ab30JapHMH3
(aomusiTiapy Xakuga MabiayMoT Oepamu. ByryHru kynpa Oy
MabJIyMOTJIApHA (PU3NOJIOTHK BOCHUTANAp OPKAIM CHUTHAT
KYpUHHIIMOA OJHUII MYyMKHH. AHBaHara Kypa OyHmait
yIrdamiap BaKTHUHT aHHK HyKTalapuaa aManra OIHpHUIaan Ba
KanBan KypuHummunga Oepwragu. ludokopmapHuHr Ky
XOJJIap/a TAlIXHCIall Ba JABOJALIIHMA OJHO Oopumm ymly
JKaJIBAJIIary HATH)Kanapra acocianrad 6ynamu|[6,8,9].

Bromenumna CUTHATIApHU KaiiTa HIILTAII
OGeMOpJIapHUHT KacaUIMKJIAPU 03acHIaH MU(pOKOPIapHUHT
KaH/ail kKapop KaOyJl KHIHIIN Xakuaa Goiiiaid MabIyMOTHH
OepuI y4yH KaTTa Xucca Kymaan. by aca MeauuHa COXacCHHU
PHBO>KJIAHUIINAA MyXUM axaMusT kacO 3Taau. byrynru kynna
WIMHH U3JIaHyBYH OJIUMIIAP TYPJIH XHJI MaTeMaTHK MOJeIuIap
Ba anropuTmiapaaH Qoiinanannb, Oy CUTHaJUIApHU KaiTa
WIUTAIIHAHT  SIHTH  yCyJUlapuHM  Kamd ost™okma. Iy
ycyJuiap/iad OUTTacy *aaBai KypUHHIINIA OJMHTaH CUTHAITHU
CIUIaliH (YHKIMSUIAp OPKAIM MOJEIMHH KypHII Macajlacu
xucobnanaau[7,9,10,11].

Acocuii KHCM

Ymly Makoiaga TacTPOIHTEPOIOTHK KacaUTHKIAPHU
JUAaTHOCTUK  TaxJIMI  KWIMII ~ Makcajguga  JacTiadku
SKCTIEpEeMEHTall MabIyMOTJIap ONHHAW Ba IIy MAabIyMOTJIap
acocusia JIOKJI WHTEPNOJSIIHOH KyOMK CIUIAifH MO
KyPHIIH. Bunamuzkn Ky#nmaru yuTta HMIAPTHA
KaHOATJIAHTHPYBYH yIIOy

S(f,x)=S5(x, f,A,)

(byHKIMS HHTEPIOJIALMOH KyOuK crutaitn neimnanu[1,3,5]:

1) Xap  Oup [Xi v X +1] (i = ﬁ) opaiMKaa
S(f,x)e Hs(P)

2) S(f,x)eC?[a,b]

3) S(x)=f(x),k=0,n

Onan OeBocHTa HMHTEPHOIANMOH KYOWK — CIUTAifH

MOJIENIMHU KypHUIIHU Kypub unkamus. [a,0] opamukau n tenr
6ynaxmapra 6ynu0 yuKaMus3:

A=Xy <X <..<X <Xy <..<X, =D

Kapanaérran nokan MHTEpHOIALUOH KYOUK CIUIaifH MOJETMHU

i+1

Xe [Xi ) Xi+1] i=0,n —1) opanukaa ukkura Yi(X), Ba y2(X)
napaGoagapHUHT YU3UKIN KOMOWHAIMSICH OPKAITH KYpaMH3.
busra Ss(x) craiiHHn X € [Xi , Xi+1] i= O,n—l)

OpaJIMKAa KypHUII y4YyH KyHMZard TYpTTa HyKTa OepmiraH
OyicuH.

Al ¥i 1) BOG ¥ )0 42 ) Dl 0¥ )
lynn aiftu® yTUII Kepakku ymody MeTOAa WHTEPIOJIIIAOH

KyOWK CIUTalH MOJETMHH KypUII YYyH anbaTra TypTTa
HyKTaaaH oinananunamy (1-pacm).

AB,.C HyKTanapJIaH YTyBUn Kyiunaru
yl(x) = aixz + b1X +C, mapabonanm  Kypum — y4yH
HHTEPIIOIALHS apTUIaH dboiinananu6 Ky#npiaru
TEHIJIaMaJIap CUCTEMACHHH TY3aMHU3:
2
axij_q +bxj g +c=vy; 4
ax-2 +bx; +Cc=vy; (1)
i i TC=Yi

2
aXjiq TbXj 1 +C= Vi
(1) cucremanan a,b,c napuu Tomub Kyliumarun
y,(x)=a,x* +b,x +¢, @)

napaboJIlaHu XOCHJ KAITaMU3.

y

A(X 1, V1)
4C(Xit1, Vis1)

! D(Iid»Zl.vH»Z)

B(xi,y:)

S;I(x)
1-pacm. S3(X) kyOHK CIUTaliH KYpHII OPATHFHHUHT

KYpHHUIIIHN.
IOkopumaru  kadbu B,C,D

Y, (X) = a2x2 + b2 X+ C, WKKIHYA napabollaHu  KypHII

HyKTaJlapZiaH ~ YTyBYd

y4yH yi0y TEHIJIaMallap CUCTEMACHHH Ty3aMHU3:
axi2 +bxj +¢=y;
2 ©))
axj g +bXj g +C= Yy
2
iy +hXj o +C =Y
(3) cucremanan a,b,c mapHu Tonub Kyinmarn
y,(x)=a,x* +b,x+c, (4
napaboJaHn XOCHIT KAJIaMu3.

XaronukHW ~Oaxonamjga KyJNaiimk Oyiaumm — y9yH
Ky#ugaruua alMamTHpHII 6axapamMus:

X;Xi —t;x=th+x (h=1) ()
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Hatwkaga X € |:Xi v X +1] KecMajaH te [01] kecmara yTamms

Ba OyHAa KyWuaaru mapt Oaxapuiaam:
Y(Xi ):Vl(o)? V(Xi+1):V2 () ©
Harmxana yi(X), Ba y2(X) KypuHHIIMAard mnapadosanap
KyHuzaru KypyuHUIIra yraau

2
vy (t)=agt” +byt+c
2
Vy(t)=a,t” +byt+c,
by KyOuK crutaiiHHE TYT'YH HyKTajapAard HHTePIIOJLHS
IIAPTHHY KAHOATIaHTHPAIH.
Xe [Xi , XM] kecMaga Kypwiran  Yi(x), Ba  Y2(X)

napaboJialapHIHT KyHUIard YH3UKIIN KOHONHATIUSCH OpKaTII
S3 KyOUMK crutaifHHI €3aMH3:

S, =([1-tV, +tV, 0
Mabiym oup coanallTHpUIIIIapIaH KeluH
MHTEPIIONSIUOH KyOUK CIUIaiiH MOJENH KyHUIard KypUHHUILITa
kenanu[1,2,3,4,8,15].
3 2
S; =@ X" + @, X" + X+ @, (8)
Wnrepnonsanuon KyOMK cIuiailH MopenHu Kypumr (1-

)KaI[BaJ'I) Jla KCJITHPpWIIraH TacTPO3HTEPOJIOTUK CHIHAJIHU
I[aCTJ'Ia6KI/I MabJIyMOTJIapU acoCcyula amaJira omunpuiaan

1-xamBan
['acTpOIHTEPOJIOT UK CUTHAIHH TACTIA0KH MabIyMOTIapH
Ne X y
1. 0,5 0.051
2. 1 0.056
3. 15 0.049
4. 2 0.069
5. 2,5 0.097
6. 3 0.132
7. 3,5 0.066
8. 4 0.118
9. 4,5 0.080
10. 5 0.090
11. 55 0.072
12. 6 0.043
13. 6,5 0.112
14, 7 0.128
15. 7,5 0.109
16. 8 0.056
17. 8,5 0.121
18. 9 0.091
19. 9,5 0.138
20. 10 0.142
21. 10,5 0.119
22. 11 0.053
23. 11,5 0.074
24, 12 0.107
25. 12,5 0.107
26. 13 0.085
27, 13,5 0.058
28. 14 0.021
29. 14,5 0.004
30. 15 0.037
31. 15,5 0.036
32. 16 0.099
33. 16,5 0.094
34. 17 0.075

35. 17,5 0.064
36. 18 0.034
37. 18,5 0.067
38. 19 0.045
39. 19,5 0.063
40. 20 0.069
41. 20,5 0.069
42. 21 0.097
43. 21,5 0.077
44, 22 0.066
45. 22,5 0.093
46. 23 0.061

IOkopumarn kerma-keTnuk acocuga (1-xazBam) na
Ooepwiaran curHanau MATLAB pmacTypu MyxXuTHIA JIOKal
HHTEPIIOJIINOH KYOUK CIUIaiiH MOJENMHH KypHII IacTypu
nnuad YMKWIIM Ba HWHTEPIOSIOMSUIAII JKapaéHHM amaira
OIIMPHIIIH.

Mucon yuyH (l-xamsam) nman nmactinabku  A,B,C,D
HyKTanap

A(0.5,0.051); B(1,0.056 ); C(1.5,0.049 ); D(2,0.069 );
AB,C

KYpUHMILIA OJMHAM Ba HyKTaJlapJaH YTyBUH

napaboina

Y, () = ~0.024x% +0.046x + 0.034

y 1 (X)  rtysunmam. Xyamu IOyHH  CHHTapu B,C,D
HyKTanap/aH yTyB4u napabosna
Y, 0= 0.054x% — 0149 + 0.151
y ’ (X) Tysummu.
B,C Hykramap opacuma, Y 1 (X) B Yy ) (x)
napabosaNapHUHT KyHUIard YM3HKI KOHOMHATIMACH OPKAJH

5,00 = 0.156x° — 0.492x2 + 0.475x — 0.083

S 3(X) MHTEPIOJSIIIMOH KYOWK CIUIaifH MOJeNn Kypuiau

[1,2,3,4,5].
Jlokan MHTEPHONAIMOH KyOWK CIUIAWH MOJCTH OpKaJH
racTPOIHTEPOJIOTHK CHTHAJIH MHTEPIIOJIAIHSLIAIT

JKapaHUHUHT rpaMK KYPUHHUIINA XOCHI KWIHHAN (2-pacm).

AHTEpnonAUMoH KkyBuK cnnaiH
0.16 T T
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2- pacM. ['acTpOIHTEPOJIOTUK CUTHAHE MHTEPIIOJALMsIIALI
XKapaéHiapHu.
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Jlokan WHTEPHOSUMOH KyOMK CIUIAiH MOJENUHHI
KypHIII MaKcaguaa KyHunara 6J0K-cxeMa HIiab YMKUIIH.

AB ->[ah] OATHEIATH TACTIA0RH B2 cyEre mm.m‘lap ¥=[ab]
OPANHENATH CHTHAT EHiMaTIaps, N-> 1 Ta OVIakka GIHI KHEMATE,
%= [ab] opamHEIars HHTEPNOAIEATARYESH KHIMATTaD

i=l, man
1==B-A ra=a

=1, gan
I -2) rasa

@(D=(}(1—1}2=w(1+1}—w(1)) (2°h*h);
g@):(‘,(wn (D h-ali PO 1)
S{D=y0)-aliy N 2-bE) X,

- 1

I=1 nam
J==(N-3) raua

!

i=1 gam =0
Taga

Jiiy e

Yipa(yul). 2+ b0 ),

T(+= —1)*:@ 3+b(| Ty*(irojHl);
1=<6(1) m»m

S=(1- t)"Yﬂ}H*‘f(lﬂ)

Tanom

oy

3-pacm. Jlokar HHTEPIOISIIUOH KyOHK CIUIAifH MOJETHHU
KYpHIII OJIOK-CXEMACH.
XyJoca

Curnannapra paKamiu UIIUIOB Oepuia
MHTEPIOJSIIMSUIAI MacalacCl MYXUM axaMHAT KacO OSTajiu.
Ymby wmma XaM TacTPOIHTEPOJIOTHK CHTHAIHH JIOKAll
HMHTEPIIOISIIHOH KyOuK CIUIalH MOJIEINA Kypuiuo
MHTEPIIONSNMSUIAIT Kapa€Hu amanra omumpunan. Hartmkara
Kypa CIUTAifH (QyHKIWSIAp CHUTHAUIAPHN WHTEPIIOJISAIMSIIALT
Macalacua aHUKJIUTU I0KOPH SKaHJIUTHHU KypcaTtau OyHH (2-
pacM) aH XaM KYpHUIIUMHU3 MYMKUH. JIOKaJl MHTEpHOJISLNOH
KyOWK CIUIAifiH MOJIEJMHH KypHII >KapaéHHHHU KapaiJuroH
Oyicak JOKaJl HMHTEPHOSILMMOH KyOMK CIUIaiiH Mozeuiapu
V3UHUHT KyWuaarn MMKOHMSATJIApUIa 3ra SKaHJIMTH HaMOEH
Oymmm:

1) OwomenaumK  CHUTHAJUTAPHU
00BEKTTa SXIIHN SKUHIIATYBIAHIINTH;

2) MOJCNHUHT KypWJIHIIM KIACCHUK IOJHHOMIIApra
HHUCOATaH XKy/Ia COJAINIH;

3) KOMIBIOTEp/A aJTOPUTMUHHU TY3HII COJIA Ba KyJlaii
SKaHJIMTUHY KYpCaTIu.

Jlemak OuoOMeInWIIMHA CUTHAUIApUra pakamjId HILUIOB
Oepringa WHTEPNOMAMUOH KyOWK CIUIAH MOZENIapuaaH
tdoiimamannm  sxmm camapa Oepamu. By a3ca Gemopnap
fo3acuian  oqub  OopWiagMraH — AWArHOCTHK — TaxJIHI
HaTIDKAJIAPUHU ~ aMalMi  XKHUXATHaH aHUKIWTH  FOKOPH
Oynuimunra oaub Kemagu.
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Annotation. This article investigates the construction of Key words: interpolation cubic spline, gastroentrologik
biomedical signals of interpolation cubic spline models. As an signal, interpolation.
example, it was taken initial experimental information of
gastroenterologic signals. The process of interpolation of
gastroenterologic signal carried out with the help of this model.
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