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BCTYN

CyuacHuii eTam pO3BUTKY OOYHCIIOBAIBHOI
TEXHIKH XapaKTEpPHUHA pPO3POOKOI0 1 CTBOPCHHIM
KOMIT'IOTEpiB  HOBOTO TIOKOJIiHHS, TEOPETUYHOIO
OCHOBOIO SIKHX € [ITYYHHH THTEIEKT.

PagukanpHAM HUISIXOM T IBHIICHHS
NPOIYKTUBHOCTI po3Mi3HaBaHHs 00pa3iB Ta 00poOKH
300pakeHb € 3IIMCHEHHS LbOr0 B MapalelbHUX
OIITHKO-CNIEKTPOHHUX ~ CTPYKTypax CHCTOJIYHOTO
tumy [1,2]

Y cnocobi OKO-IPOLIECOPHOTO  PO3Ii3HABAHHS
300paKeHb 3 BHUIIJICHHSAM O3HAK MapayeibHO
MIPOCKTYIOTh 300pa)KEHHS Ta IIEPETBOPIOIOTH BCl
napaMmeTpu OO0’€KTa y JIOTiKO-4acoBi  (YyHKIIIT
(JIYD). OOpobka orpumanoi cucremu JIUD
BiIOYBAETHCS OAHOYACHO MO KITBKICHUM Ta SKICHUM
kaHanaM. Ilpu oMy B KaHasax AKICHOI OOpOOKH 3
JIUD cuHTEe3yIOTh BIAMOBIAHI O3HAKH 00’€KTa, a B
KaHajaxX KiulbkicHOT o0poOku 3 JIUD dopmyroTs
KOMYTaIlifHi KOIH O3HaK. [Tonepennbo
CUCTEMAaTU3yBaBIIM JIOCTATHIO KUIBKICTh SKICHHX

MMOKa3HWKIB, 10  CIPOMOXHI  3a0e3mednuTd
HEOOXiHY JOCTOBIPHICTh BU3HAYCHHS THITY
300pakeHHsl, MOXKHa iMeHTU(IKyBaTH OO0'€KT 3a
JOIIOMOT 010 crenialbHOl XapaKTEPUCTUYHOI

¢dbyukmii, BBemenoi mpod. Koxem'sko B.II. [3].
Inentudikamis o00'ekTa BiIOYBaEThCS MUISXOM
MOPIBHAHHS BKa3aHOT XapaKTepUCTUUHOI (PyHKHIi 3
eTajJoHaMH, M0 HakKomuieHi y 0a3i 3HaHb. s

dbopmyBaHHS XapaKTePUCTHIHOT byHKITT
CKOPHCTAEMOCS 3alIPOIIOHOBAHOIO aBTOpaMu
thopmyoro [3,4]

pefrn-ffafin)y O
m j=1

m
Ie F ,- XapakTepucTHyHa (yHKIis (y3aralibHeHa
pe3yiabTaTiBHA iHTerpanbHa JIYD);
a, - inopmaris, Mo MICTUTLCA B i-My BU3HAYHHKY;

{ - omepaTop BIUINBY BH3HAYHHKIB;
j=1
m - KUTBbKICTh OTPUMAaHUX (PYHKITIH;
p; - 3MiHHa, IO XapakTepusye (i3MYHHNA 3MicT

¢yHKOii, ska Hece B CO01 KiNBbKICHO-SIKICHY
iH(opMaItito;
w; - BaroBl KkoedimieHTH (QYHKIIH CHCTEM
BU3HAYHHKIB;
j - OmepaTop y3arajllbHEHOTO  iHTETpyBaHHA

m
KUTBKICHOTO — pe3yJbTaTy NapajelbHUX BXiTHHUX
3MIHHHMX 3 BU3HAa4YeHHSIM (Pi3UYHUX PO3MIpHOCTEH Ta
HESIBHO BUPKCHUX BU3HAYHHUKIB.

3HaXOKEHHSI ~XapaKTepUCTHYHOI  (QYHKIII B
aHaNiTUYHOMY  BUDJIIAI  moTpedye,  3TiTHO
KJIACHYHOI MAaTeMaTHKH, MOYaTKOBOTO BH3HAYCHHS
noHATTA mnoxigHoi JIUD Ta BIAMOBIIHO omeparrii
nuepeHIlifoBaHHs, fKa € TMEePBUHHOKI IO BiJIHO-
IMeHHI0 o omeparii iHTerpyBanus. Iloximaa JIUD
K-3HAYHOI JIOTIKM - Ile K-3HayHa JIOTiKO-4acoBa
GyHKIis, WO JOPiBHIOE MPHPOCTY (QYHKUII HA i -
My TIPOMiIKKY A-po30HTTs, SKIIO BuxigHa k - 3HauHa
JIU® mpwitmana pi3HI 3HaYeHHS Ha -/ [ -My
NPOMDKKaxX. Y TPOTHICKHOMY BHIIAIKy IOXiTHA
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TIOPIBHIOE HYITIO.
3ayBaXuMo, 110  3TITHO 3
IHTerpay KJIaCHYHOT MaTEMaTHKH:

F'ix)=f(x)
ne F'(x)— nepBicHa, f (x )—migiHTerpanpHa QyHKILIS.
Jst cipoTTieHHsT aHAITHYHOTO OIHUCY TIEPBiCHOT
JIUO OymemMo BHUKOPHCTOBYBATH  IO3HAYCHHS
KJacu4Hoi MateMaTuku. IlpumyctumMo Maemo aesKy
JIYD k-3Ha4HO] JIOTIKK

BU3HAYCHHAM

f(t, t;, ..., tm, T],...,Tm, 611,...,61,,1) (2)

ne ty, ..., t, - 4aCOBI KOOPJAUHATH;

Ty,..., T, - BIINOBI/IHI BiIPi3KK ICHYBaHHS;

aj...a, - aMmIUlTyAd, WIO BiANOBIJAIOTH TaHUM
BiZIpi3KaM iCHyBaHHJ.

PosrnsiHemMo  xapakTepucTHyHy —(YHKIIO SIK
JoriuHy (YHKIiO, TOYHINE SK JIOTiKO-4aCcOBY
dbynkmito. Jlng BU3HAYCHHS 3arajbHOTO BUTIIATY
MEPBICHOT CKOPHCTAEMOCS BBEICHUM IOHATTAM A-
posowurts [1,3].

Busnauennsi. [arerpanom abo nepsicHoro JIUD

Ha3uBaeThcsl Taka JIUD F(t, t;, .., t,, T,,...T,,
aj, ...,y ), A SIKOT BAKOHYETHCS PIBHICTH:
F'(t, ty, .., by T],...,Tm, aj,...,am) =

:f(f, t, ..., ty, T],...,Tm, a;,...,am) (3)

Tomi aHaTITHYHWUN BHUIIISI TIEPBICHOI BKAa3aHOI
(yHKII{ BU3HaYa€THCS HUXKYE TIOAAHUM YUHOM [6].

30UTHIIMMO JTUCKPETU3AIl0 A IHTEpBAJB: KOXCH
iHTepBanm A; po3io’emo Ha 1aBa. OTpuUMaemo iHTepBal

A ;. =Ay2. KinpKicTb TakuX iHTEpBajiB Oyze n'=2n.

}Tt’tls't;rpzf’"%’q"'%):
-t +pMR, 200 <t<t +2p+HDA, p-nopaoxosui

— T
= Homep—inmepeapk=Lm p:le—l
Q t1<t, A LA A £ A <t <t +2p+A

Y Bunaaky ABIMKOBOI JIOTiKM QopMmyla Iemo
CIIPOCTUTHCSA,  OCKIIBKM  aMIUTITYyAH  MOXYTh
MPUIMATH HYJIbOBE 200 OJMHUYHE 3HAUCHHS.

- QyHKIIA Ma€e OAWH MPOMiIKOK iICHYBaHHS:

1). Ti=A; (T)=2A,)

t—t, t<t<t+A
F(Z’Zle):{O o L <t<t @)

, 1<t A t>H+A,

2). Ti#A: (Ti#2A)

Het,T)=

t—+p-A), 4+2pA <t<t+Qp+)A, p-nopaoxosuii
T (5)
=021
P QA

= HomepA—inmepesany

0 1<t A t>t+T A E+Q2p+DA <t <t +2p+2)A

[TepBicHy noBinmpHOI JIYD MoxkHA 300pazuth
rpadiuno (puc.1)

ty t)

t,+T) Ly

4L+T, tho

B)

Puc. 1 — I'padiune 3HaX01:KeHHsI MePBiCHOI:
a) miginterpajgbna JIY® ; ) ii nepBicua JIUD;
B) nmoxigHa Bix nepBicHoi JTUD.

- (pyHKIIIS Ma€ M—TIPOMIXKIB iICHYBaHHS:
T#A (T#2A,), i=1,m,

A, T, )=
-, +p-N)), 1, +2pA <t<t,+Q2p+DA, p—nopaoxosuii

T
= nomep A—inmepsany k=1m p=O,Z' -1 ©)

0, 1<t, A >+ A 1 AQp+DA, St<t +(2p+2)A,

OckibKH I BU3Ha4YeHHs TmepBicHOi JIUD
CYTTEBUM € JHUUIE 1i MONEpPeNHE 3HAYEHHS, TO JIA
CIIPONICHHS PO3yMiHHS O3Ha4YeHHs nepBicHoi JIYD
Oynemo BBakaTH, 110 3Ha4YeHHs JIYD Ha mepmomy
iHTepBaJli A-pO30WTTA CHIiBIIAAa€ 3 IMOTEPEAHIM
3HAYCHHSM.

Busznauenus. Omneparrist 3HAXOMKEHHS
nepBicHOi JIY®D HazuBaeThes inTerpyBanasam JIUD.

Po3rnsiHeMo BIIaCTHBOCTI JJaHOT omepariii.

BnactuBicts 1. IuTerpan mjoriko-uacoBoi
¢GyHKIIT € Mipa TuToni

Baacrusicts 2. Sxmo must JTUD f1(t7 t, T1) Ta
5 (t.0.1,) 1T, 0
[ Aot T)de > [ £,(t.0,.T,)-
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1. BMIACTUBOCTI IHTETPYBAHHSA
BIHAPHUX 30BPAXEHDb

Teopema 1. IlepBicHa BiJ cCyMH TTO MOIYJIIO Ba
JIU® popiBHIOE cyMi MO0 MOJIYJIO J1Ba TEPBICHUX
JHd.

JloBeneHHS.

JoBenemo mgaHy TeopeMy METOJIOM IIOBHOI
MatemMaTu4Hoi iHAyKUii. Po3rmsHeMo cHo4aTky
BHUIIQJIOK 3HAaXO/DKEHHS TMOXiTHOI Bil CyMH IO
Moy JiBa ABoxX JIUD, mpuyoMmy KOXKHA 3 IUX
(GYHKLIH MICTUTP JIMIIE OAWH BiPI30K iCHYBaHHS i
BiJITIOBiIHI 9aCOBI KOOPJMHATH HE CITIBIIAJArOTh (IUIs
MIPOCTOTH BBAXKAEMO, IO t<t; ):

t—t,, aKuo

L<t<t+1, (7)
0, axwo (tStl)/\(t>t1 +T1)

ﬁ(aa,m:{

t—ty,akmo 1, <t<t,+7T, g
0,6,,T,) = ’ 8)
fZ(’z’ 2) {0, AKUO (tStz)/\(t>t2+T2)

Hexait T,=T,=A;. Toni JIUY® (7) ta (8) matumyTh
BUTJISA:

t=takwo 4 <t<h+A, 9
e )
fi(tatlﬂ z) {0, AKWO ([ < Il)/\(l >t1 +A,')
=ty akwo 1, <ISH+A,
AKWO (tﬁtz)/\(l>t2+Af)

o)<, (10

[Mizcymyemo JIUD (9) Ta (10) 3a Mmomynem nBa,
OTPUMAEMO:

£66,8)@ f(01,8) =
t—t, AKWo

= t—t,,
0, sakwo (E<t)AN({, +A, <t<t)A(E>t,+A)

t<t<t +A,
t, <t<t,+A,

(11

AKWO

30UTBIITIMO TUCKPETH3AITII0 A IHTEpBaJIiB: KOKCH
iHTEepBal A; po3i6’eMo Ha aBa. OTpUMAEMO iHTEpBAI

A, =Ay/2. xinpKicTh TakuX iHTepBamiB Oyae n'=2n.

3naitnemo nepBicHy JIUD ¢ynkuii (11):

.[fw(t’twAr)@fz(t’tz’A/):

t—t, akwo I <t<t +A,

= t—t,, skwo t,<t<t,+A, (12)
0, sxwo (E<t)AE +A <t<t,)A(t, >1, +A))
O6uncnumo nepeicHi yHkii (9) Ta (10):

t—t, t<t<t+Ai
Rlo.a)=y 0 107 T (13)
0, 1<t A t>t+A,

t—t,, t,<t<t +A
Fz(r,tz,A,.):{ » hISh (14)

0, t<t, A t>t,+A,

3HalgeMo cyMy 1Mo MOJYJo aBa nepBicHux (13)
Ta (14):

F(t,1,,A,)® F,(1,1,,A,) =
t—t, sKkwo t]<t§t,+A',‘. (15)
= t—t,, akuo t,<t<t,+A,
0, sxwo (E<t)ANE+A <t<t)A(t,>t,+A)

[paBi yactunm piBHOcTe# (11) Ta (15) piBHI Mixk
c000¥0, a OTKE PiBHI 1 JIiBI YaCTHHH, TOOTO:
[£00.8)8 f(e0.4)= £ 00,8 )+ [ £n.8,) - (16)
PosrisiHeMo TpaHWYHHMNA BUMAIOK, I SKOTO
Binpisku icHyBanHs JIU®D (7) Ta (8) pi3Hi Ta
BiiMiHHI Big A-inTepBany, T00TO T #T#A;;
yacoBi koopauHatu (GyHKuiii (7) Ta (8) He
CHIBITAJA0Th.
3Haitnemo cymy mo moxyito asa JIUD (7) Ta (8)

He0,1)® £,6.0,T) =
t—t,

= t—t,, axuo t,<t<t, +T,
0, sxwo (t<t)A(t,+T <t<t,)A(t>t,+T,)

1

akwo t <t<t +T,

(17)

Ta nepicay JIUD (17)

[£e6.T)@ £(t.1,.1,)=

. , T
t—(t, +pA,), saxwo t,+2pA. <t<t +Q2p+DA,, p:O,X‘—l
L(18)

i

. . T,
=qt—(t, +kA,), sxwo t,+2kA, <t<t, +(2k+1DA,, lc:O,I2

i

t<t) A (G, +Q2p+DA <t<t,+2p+2A, A

0, saxwo ) .
At +QE+DA, <t <t + 2k +2)A) A (>t +T)

Busnaunmo niepsicHi pynkiii (7) Ta (8) gk

F(t’tI’Z):

1= +p-A), 1 +2pA <t<t +Qp+DA, p-nopsaoxosuil

T
= HomepA—inmepsany p=0,z‘ -1 (19)

0 1<t A >4 +T A L +Qp+DA <t<t, +(2p+2)A

Att,T)=

1=, +h-A), t,+A <t<t,+Q2k+DA, k—nopsaoxosui

T
= HomepA—inmepsany k :QXZ -1 (20)

0 1<t

2

A >+ A kDA <t<t, +Qk+2A

Ta cymy mo moxaymto nBa (1.13) Ta (1.14) sx
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Flot,T)®F,t.1,,T,)=

) . T
t—(t, +pA,), sxwo t+2pA, <t<t, +(Q2p+1A,, pzo,zl—l

: : r, (21
=1, Ao 1+ K8, <t<t, + kDA, k=0

. (<t) A (@ +Qp+DA <<t +Qp+DA A
,  AKUO } )
“ At +Qk+DA, <t <t, + 2k +2)A ) A(t>t, +T)

g naHOrO IpaHWYHOTO BUIAJKY, BPaXOBYIOUH
piBHOCTI (18) Ta (21), Teopema Mae Micrie.

Ha puc.2 rpadiuHo mnpeacTaBiIeHO MNEPBIiCHI
JIY®, mo BiAMOBiAAIOTH PO3IIITHYTOMY BHUIIAIKY:
cymy 1o Moayiro nBa ganmx JIU®D i mepBicHy 1iel
cymH a Takox JIUD, orpuMaHy sIK CyMy 110 MOJYJIIO
nBa nepsicHux JIUD.

Puc. 2 — BapianTt o0uuncieHHs nepBicHOI Bix cyMH 1o
MO/YJIIO IBa TA CyMH 110 MOAYJIIO0 1Ba nepBicHux JIYP
s sunaaky Ti#A;.

Y BHIAAKy, KOJTH BiAPI3KH ICHYBaHHS UTSI TBOX
JIUD uactkoBo cniBmanawTh B uaci (T,#T,#A;),
MaEMO YOTHPH MOXJIMBUX TPAHWYHUX BUIIAJIKH, IO
300pakeHi Ha puc. 3.

Jlia BapiaHTIB, 300pakeHUX Ha puc. 3. a-0, cyma
o MoayJro aBa GyHkuii (7) Ta (8) 3HaX0OUTHCS 5K

Het.T)® £(e.0,.7.)=
t—t,,

=dt—(t, +T,), sxwo 1, +T, <t<t, +T,
Omkwo (t<t,) n (6, <t<t, +T,) A (t>t,+T)

akujo t, <t<t,

(22)

ne t,=min{t; t; };
T,- BignoBimHA YacoBiii KOOPAWMHATI t, TPUBAIICTH
BiJIpI3KYy iCHYBaHHS,
tj =Tax{t1, tz},
T; - BiamoBizHa 4acoBilf KOOPJAMHATI tj TPHBAJICTh
BiJIPi3Ky iCHYBaHHSI.

s Bumanky, 300pakeHoro Ha puc. 3. B-T, cyMa
o moxyJito aBa JIUD (7) Ta (8) mae Bursi:

f](l,l“,Tl)@f:(t,t:,TZ)=
t—t,,

= t—(t/+T,), akwyo t,+T, <t<t +T,
Omxwo (t<t,) A (6 <t<t, +T) A (t>t,+T,)

sakuo t, <t<t,

(23)

ne t,=min{t; t; };

T,.- BIINIOBiIHA YaCOBili KOOPAHMHATI ¢, TPUBAIICTh
BiJIpi3Ky iCHYBaHHS,

ty=max{ty, tr};

T; - BINNOBIZHA YacOBi KOOPAMHATI f; TPUBATICTh
BiJIPi3Ky iCHYBaHHSI.

jy

Puc. 3 — a,0. MoximBi BapiaHTH 4aCTKOBOI0

cniBIaJaHHA OMMHUYHUX iMIyJIbCiB B yaci Ta

rpadiiuHe 3HAXO/KEHHsI CyMH 110 MOIYJIIO IBa
nepBicunx JIY®D (a,0).

Puc. 3 — B,r. MokJauBi BapiaHTH 4aCTKOBOT'0

cniBNaJaHHA OQMHMYHUX iMIyJIbCiB B yaci Ta

rpagivHe 3HAXOIKEHHSI CYMH 110 MOYJIIO IBA
nepBicuux JIY®D (B,r).
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Busnaunmo nepsicHy ¢yHkmii (22) (puc. 1.3 a-
0):

[flesT) @A, T)=

' /1|
1=, +pN), axwot, +2pA <t<t +(2p+DA, p=(),T‘—1

(. +T) 424 <r<(+T)+k+DA,
e +T
NN

24)

1=, +T, +kY), sxuqo

m

A

Q (<t) @ +Qp+DA<t<t, +Qp+2A A
AKUWO . .
A AT)HAADA <<, +T)+HAKADA) AC>1, +T)

Ta nepsicHy ¢ynkuii (23) (puc.1.3 B-r):

[fleq. 1)@, T)=

t
t—(t,+pN), axwot, +2pA <t<t +Q2p+DA, p=0,
arkwo (¢ +T)+2kA <t <t +T)+2k+DA,
el T
A

]
Uy
A

(25)

1=, +T +hA),

-1

0 o5 A GHCoHDA <<t + QA A
AKWO | .
W A +T)+2k+DA <t <@t +T)+2k+2A) A >, +T)

[epgicai JIY® (7) Tta (8) aHamiTU4HO
MIPEICTABISAIOTECA piBHOCTAME (19) Ta (20).

3HalIeMO CyMy 110 MOYJIO JBa TepBicHux JIUD
JUTSL TIEPIIIOTO BUIAAKY SIK

et et T)=
i

1=, +p), Arwd, +2p\ <1<t +Qp+DA, p=Q A

?

, o JerHa] (26)
=\t +T +HA\), axwdt, +T)+IA <<, +T)HA+DA, k:QT -1

) A AT, D A
AT HH IR <1< AT HA DA +T)

Q

Ta CyMy Mo Mozaymto japa nepBicHux JIYD mms
JIpYyroro BUIAJAKY sIK

[Aes. @A, T)=
i,
A

P . B
] (27)
A

=t~ AT +dY), axuydt +1)+AA << +D)+H2Ak+DA, k=0

o(l <L) A 6HPIAS DA A

Q axuy ‘ A
NEADHIADA LG HIA2A)AE, AT

[lpaBi wactuHu piBHOCTEH (26) Ta (27)
CHIBIIA/Ial0Th 3 MPABUMH YaCTUHAMHU piBHOCTEH (24)
Ta (25) BigmoBiaHO, TOOTO

[ft.1)® £,(e0.7)=] /et )@ [ £(t.0,.T,) (28)

Basuc inaykuii 1oBeIeHuH.
[Ipunycrtumo, mo Teopema CHpaBeIIMBa IS
Bunaaky n JIY®, tooro:

At 1)@ £00.1)®.. @ £, (t.1,.T)=[ £(t.t,.T)®] £,(0.1,.T,)®
‘ (29)
"'®an(t9trt’771)

JoBenemo, 10 TeopeMa Mae Micle Ui BUMAIKy
n+1 JIU®. CropucraeMocs Jyis [LOTO PiBHICTIO (28)
Ta punymeHHsM (29), To0TO0:

[fen.1)@ £0.1)@...@ £(.1,.T,)® £, (0t,..T,, )=
=140, 1)® £(0. )@@ £, 1)@ £, (6.0.7)=
=14 D)@ A D)® @] £, 1)@ [ £, (1, T,.,)

TobOTo Teopema cmpaBemnuBa nis OyAb-SKOi
kimpkocTi JIYD, 1m0 ckiraaroThCs 3 OMHOTO Bipi3Ka
iCHyBaHHSI.

JloBenemo Temep , II0 TeopeMa Mae Micie 1 y
BUTAJKY 7 BIIPI3KiB iCHyBaHHSL.

Hexait f(t,4,,1,,T,.T,) Ta f(t,t,,t,,T;,T,)- naui
JIY®. Ockinbku, 3TiHO 13 BIACTHBICTIO OIIeparii
JTIOTaBaHHS IO MOAYJIO [7] 1Ba MaeMo:

filet.,. 1.1 = £(66.T)@ £(61,.T,)
fltt.t.1.T) = £(6.6,.T)@® f.(e.1,.T,)

Ta BPAXOBYIO4YU IMONIECPEAHE JOBCACHHS OTPUMYEMO!

J.fl(t’tlatzaTlaTz)@fz(t’t}’ A’T.HTA):

=11 e.1)e )@ (40 T) £, T) =
=1 £6.6,.T)® f(6,0,,T,)® f.(0.1,,T,)® £, (6.2,.T,)
:Ifl(t’tl’tz’Z5T2)®Ifz(t’t3’t4’ ’TA)

(30)

!

[pumyctumo, mo piBnicts (30) crnpaBeanuBa
JUTSL BUTIAJIKY 7 TIPOMDKKIB iCHYBaHHS, TOOTO:

JA st T T 1)@ [0 1 et T LT )= (31)

= [ttt T T T )@ [ (00,8 e, T T T))

"o

CkopucraBmuch BucHoBkamu (30) Ta (31),
JIOBEZIEMO CIPABEIUIUBICTh TEOPEMH ISl BUIAIKY
n+1 Bimpi3Ky iCHyBaHHS:

Attt LT DT )@l ot LT T T )=

=Jlettont, DT D) @St TN et ot T T L) @L (0, T )=
[ttt DT L)@ TR0, T T T )L 1, T ) =

=[Sttt T LT )OI [l60, 1, T TT)
Teopemy A0BeIEHO.

Teopema 2. Cyma interpaniB JIU®D Ta ii inBepcii

JIOPIBHIOE  OJMHUYHOMY IMIyJIbCY TPHBAIICTIO
YacoBOTO IHTEpBAy, Ha SKOMY PpO3IJIAHAETHCA
JYD.
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Jlema 1. Cyma mo moxaymio nBa JIUD mopisHIOE
CyMi 110 MOJIYJIIO /IBa iHBEPCIH X QYHKILiH.

Teopema 3. IuTerpan cymu Mo MOAYIIO JBa
JIU® nopiBHIOE CyMi MO MOAYNIO JBa IHTETPANiB
iHBepciil uux QyHKUil.

JloBeaeHHsI.

HaBenemo poBenmeHHs TeopeMH JUISI OIHOTO
Buraaky, xomu JIUD wmaroTh omWMH  BiIpi30K
ICHyBaHHSI.

3a reopemoro 1:

Ae.1)@ £ (en.1)=] flee.T)@f fler.T,)

3riHO JIEMHU:

[e6.1)® £,(t..1)= f(t.0.T)® f(t.0,.T,)

Maewmo:

[ £e6.1)® f(e.T)=] f66.T)®] fi(6t,.T)

Te, 1110 1 Maju JOKa3aTH.

Teopema 4. Cyma 1o MOAyJIO JBa NEPBICHOI
JIY®D Ta nepsicHoi JIUD 3 3aTpumkoro Ha oquH Ay/2
iHTepBaNI MopiBHIOE maHii JIUD

oeeoenns.
JoBeneHHss naHOi TeOpeMH MPOBOIUTHCA 3a
JOTIOMOTO0 ~ METOJly ~ MaTeMaTW4YHOi  iHIYKIIii.

Hasenemo ¢parmeHT noBeneHHS.

basuc imgykuii. IlepeBipumo, uym cropaBeniuBa
JaHa TeopeMa y BHIIQJKY JIOTiKO-4acoBOi (YHKIIIi,
o0JlacTh BM3HAUEHHS SIKOI CKJIAaJaeTbCcAd JIUILE 3
OJTHOTO BijIpi3Ka iCHYBaHHS:

Posrnsaaemo Bumanok, konu T ZA;.

f(lt T)— t—t,akyo t,<t<t+T
A 0, saxwo (tSt])/\(t>tl+Tl) (33)
[i mepaicHa:
F(t?tn]:) =
G +p-A), 4 +2pA <t<t +Q2p+DA, p-nopadxosui
T
= HomepA—inmepsany szZ' -1 (34)

0 1<t A t>4+T A 1 +Q2p+DA <t <t +(2p+2)A

Ta TIepBiCHA 3 3aTPUMKOIO Ha A/2 iHTepBalI:

At +AT)=

AR, 1HIAI< DA, pnopadkosuil
T
= Home\—inmepeajy p:(),z' -1
Q t<tHA A AT A (- 2ApHDA <t <t +2Ap+DA

(35)

BukonaBmm npuBEeNCHHS MOMIOHMX TOMAHKIB 1
BpPaxOBYIOUH, IO 2Ai =A,, cyMa 1o MOZyNIO JBa
¢dbynakmii (34) Ta (35) Taka:

Fon, )@ R +A’A=Tl)={0 (=t ko t, <t<t +T

AKWO (z‘Sz‘])/\(z‘>tI +7}) (36)

TakuM 4MHOM, i B [bOMY BHMAJKy TEOpEMa Ma€
Micue (puc. 4), OCKIIBbKH MpaBi YaCTUHU PiBHOCTEH
(33) Tta (36) piBHi Mix co0oro, TO piBHI i IiBi
YaCTUHU, TOOTO

Flot,1)® Flot,+8,T)=f(e0,7)  (37)

Bbazuc ingykmii moBeneHmiA.

a‘-“'{x,rl,.f,.‘lr'r}. f':[_!.-f H) I

Puc. 4 — 3Haxo1sKeHHS CyMU IO MOAYJIIO ABA
nepBicHux JIY® ta JIYD 3 3aTpuMKoI0 HA A;
inTepBai, koau Ti#A;.

Teopema 5. KuTbKiCTh BIOpi3KiB iCHYBaHHS
nepBicHOi JIUD nopiBHIOE KITBKOCTI A; iHTEpBaiB,
Ha axkux JIYD mae oqMHUYHUH IMITyJIBC.

JloBeneHHS.

[NepeBipumo, 4m crpaBeIMBa JlaHa Teopema y
BUNAAKy  JIOTiKO-4acoBoi  ¢yHKuUii,  oOnacTb
BU3HAYEHHS SAKOI CKIAQJA€ThCs JUIIE 3 OTHOTO
BiZIpi3Ka iCHYBaHHSI.

Jany TeopeMy J0BeIeMO 3a JOTIOMOTOK0 METOLY
MaTeMaTUYHOI 1HTYKIIi].

bazuc inmyxkiii. Posrstaemo Bumanok, komu T =
A;.
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t—t,akmyo t<t<t +A,
ﬁ(t,rl,Ai):{O ‘ R (38)

,  AKWO (tStl)/\(t>tl+A,)

Jie t - MOTOYHE 3HAYCHHS MapaMeTpa; t; - MoYaToK
BiApi3ka icHyBaHHS; T; - TPHUBaIICTh BiApi3Ka
icuyBauns, ,_ 1. IlpoBemeMo mHCKpeTHsawiio A

A,

IHTEpBaIB: KOXEH iHTepBal A; po3id’eMo Ha [Ba.
OtprMaemMo  iHTEpBaI Ai =Ay/2. KITBKICTh TaKHX
iHTEepBaiB Oyne n'=2n.

3nraiinemo mnepsicHy JIUD ¢ynakmii (38). 3a
O3HAYEHHSM Ma€EMO:

t—t, t <t<t +A;
F(t,1,,A,)= (39)

0, t<t, A t>1 +A,

TakuMm 4YHHOM, TEpBICHA Ma€ OAHMH BiJIPi30K
icHyBaHH:. ba3uc iHIyKIlii JOBEeIeHUI.

I'padiune niATBEpIKEHHS MOBEIACHHS JaHOTO
BHITJIKY 300pa)KEHO Ha puUC.5S.

. '
' . '
[—

L h 1 +A, .‘ ;‘[m

Fi)

Fl6.A) |

FS T

Puc. 5 — 3uaxomkenns neppicHoi JIYD y Bunagky
T=A:

[Mpunyctumo, mo TeopemMa Mae Micue, KOJH
Ti?ﬁAi Ta 7—{ = l’lAl- ,
OJVUHUYHUHN IMITyJIbC Ha TIPOMIXKY, IO JOPiBHIOE 71
A; inTepBanam, To i IepBicHa OyJie MaTu 7 BiIpi3KiB
ICHyBaHHSI.

JloBeaemo, 110 TBEPIKECHHS TeopeMHu
cupaBeuiiBe 1 g Bumaaky JIU®D, Bimpizox
ICHyBaHHS SKOi MiCTUTB n+/ A; iHTepBan. Maemo:

T100TO Km0 JIUD® wMmae

t—t,akuyo t <t<t+T
fl(t,tl,Tl)={0 | AN (40)

AKUO (tStl)/\(t>tl +TI)

T =(n+1)A

i

[i nepaicHa:

e, T)=
¢ +p-A), +2pA <t <t +2p+DA, p-nopsaokosuii

= Homep A—inmepeany p=O,ZT' -1 (41)

1} 1<t A t>tAT A EH2pHDA <t <t +Q2p+2DA

£—1=M—1:n+1—1:n
A, A )

i i

p:

3BiAKH, KUTBKICTh BiAPI3KIB iCHyBaHHS Oyne
CTAaHOBUTH n+1.

Takum 4MHOM, 1 B I[bOMY BHIIaJIKy TE€OpPEMa Mae
Micre (puc. 6).

Puc. 6 — MoxauBuii BapiaHT 3HAXO’KEHHS NepPBicHOT
JUD, xoam Ti#A;.

OTxe, 3riAHO TOPHHOUNY  MaTeMaTU4YHOI
inaykuii piBHicTh mepsicHa JIUD Oynme ™atm
CTUTBKH BiZIPi3KiB iCHYBaHHS, CKIJIBKH A; IHTEpBAJiB
BKJIAZIAEThCS B BiApizok icHyBamHsS JIUD (mis
KOXKHOTO  Bifpi3Ky icHyBanHs JIUD oxpemo).
Teopema noBeneHa.

Teopema 6. Koxxna nHactynna nepsicHa JIUD mae
TaKy caMy KUIbKICTb BiJpi3KiB iCHyBaHHS, IO i
miginrerpaisHa JIUO.

JloBeneHHs.

Posrisgnemo  noriko-yacoBoi QyHKUil, 001acTh
BU3HAUCHHS $KOI CKJIAQNA€ThCs JIMIIE 3 OIHOTO
BiZIpi3Ka iCHyBaHHSI.

Posrasaemo Bumnanok, koau T = A;.

t—t,akwyo L <t<t+A
t,t,A. _ 1 1 1 i
ARy {O,

siwo (t<t)a(t>1,+A) (42)

e t - TOTOYHE 3HAYCHHS MapameTpa; t; - I04aToK
Bilpi3ka icHyBaHHA, T; - TpHUBAIICTh Bimpi3Ka
iCHyBaHHS, 5 — I IIpoBenemo muckpeTmzamiro A

Ai
IHTEepBANIB: KOXKEH iHTepBa1 A; po3ib’eMo Ha JBa.
Orpumaemo iHTepBan A, =A/2. KIIBKICTh TaKHX
iHTepBatiB Oyne n'=2n.

3unaiinemo mnepBicHy JIUD Pynkmii (42). 3a
O3HAYEHHSAM Ma€eMO:
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t—t, t,<t<t+A
F(l‘,tl,A[)Z (43)

0, t<t, A t>1+A,

TakuM dYHHOM, TIEpBICHA Ma€ OIWH BIAPI30K
ICHyBaHHSI.

3uaiimemo nepeicay JTUD F (t,tl,Al.) . e pa3
MPOBEEMO  JIUCKPETH3AI0 A

IHTEpBAIB:  KOXKEH

intepsan A, posi6’emo Ha nBa. OTpuUMaeMo iHTepBan

2 _ A . . )
A; 7 KUIBKICTb ~ Takux  iHTepBaltiB  Oyze
n’ =2n =4n
3a 03HAaYCHHSIM MA€EMO:
t—t, t<t<t+A
I e (44)
0, t<t, AN t>1+A,

TakuM YHMHOM, Jpyra TEpBICHA Ma€ OJUH
BiZIpi30K icHyBaHHA. Biapi3ok icHyBaHHS AOPIBHIOE
A; iHTepBally, TOMY 3TiTHO 3 TEOPEMOIO 5 KOXKHA
HaCTymHA TIepBicHAa Oyae MaTh OIWH BiZPi30K
ICHyBaHHSI.

Bazuc inpykiii noBeeHui.

I'padiure migTBEepIKEHHS IOBEISHHS IaHOTO
BUIIaJKy 300paxxeHo Ha puc.7.

| ' ] 4 ' ' . " 1 '
H v 1 ' - i '

LErSHE RN R R EE
BE (48, ] | g |
Blgayd i1 [7] ¢

EEE IRLIREL

frena) o0 [T

BRI

Puc. 7 — 3naxomkenns nepBicanx TUY®D y Bunaaxky
T1=Ai.

PosrisHemo Bumanok, xomn Ti#A; ta 1) = nA, .

IleppicHa miei ¢yHkmii Oyme matu 7 BiIpi3KiB
ICHyBaHHS, KOXKEH 3 SKAX Ma€ po3Mmip A- iHTepBay.
TakuM YHMHOM KOXEH BiJpI30K ICHYBaHHS MO>KHA
posrisigatd sk okpemy JIUD |, nus sAKoi KoxkHA
HaCTyIHa TIepBicHa Oyae MaTh OIWH BiZPi30K
ICHYBaHHS pO3MipOM BJIBidi MEHIIIUM 3a IMOTIEPEIHIH.
Lle o3Hauae, 110 KUIBKICTH BiIPI3KiB ICHYBaHHS st
nepBicHoi JIY®D, He 3MiHIOETBCSI 1 JIOpIBHIOE
KUTBKOCTI A -IHTEpBAJIiB, SIKi BMIIIIYIOTHCS Y BiIPi30K
icHyBaHHs noyatkoBoi JIUD (puc.§.)

1y ty
Puc. 8 — 3naxomxenns nepBicuux JIUD, koau Ti#A;.

Teopemy n0BeI€HO.

BUCHOBOK

1. Yepe3 MHOHATTA 3arajJibHO MaTEMaTHYHOIO
BUTJISIY MEPBICHOI BU3HAUEHO aHANITUYHUI BUTIISA
inTerpansHoi JIUD.

2. Briepmie BBemeHO HOBY CICIiUIbHY — OTICpAITiFo
BIBHAYCHHsI 1HTErpaty sK (DYHKIIi BEpXHBOI MEXi, SIKa
JIO3BOJISIE BIAOCKOHATUTH (POpPMANIbHMK arapar aHalizy
MaTeMaTUYHUX MOJIETICH.

3. BukopucTaBim moHSATTS. A po30HTTS iHTerpaibHa
JUO jama MOXIMBICT 3IIHCHUTH  TIEPETBOPCHHS
AHAJIOTOBOTO CHTHAIY B KUTBKICHHMIA JIMCKPETHIN BAPA3.

4. PosrnsaHyTi BJIACTHBOCTI IHTETpyBaHHS
OiHapHMX 300pak€Hb PO3LIMPIOIOTh 0a3y 3HaHb
teopii JIUD.
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Abstract: In paper there are discussed problems of integration operation determination and definition of primary
logical-time functions, characteristic of binary images integration for eye-processor images processing efficiency
increasing and possibility of analog signal transformation into discrete numerical expression.
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Modern stage of computer engineering
development is marked by the development and
establishment of new generation computers with
artificial intelligence as their basis.

Drastic method of imprints recognition and
graphical model processing productivity gain is its
actualization in parallel optic-electronic structures of
systolic type. [1,5]

By the method of eye-processing recognition of
imprints with feature selection, the imprint is
projected and all object parameters are transformed
into logical-temporal function (LTF) in parallel.
Processing of the received LTF system is happening
simultaneously over quantitative and qualitative
channels Herewith corresponding object properties
are synthesized over the channels of qualitative
processing with LTF and commutative code patterns
of properties are formed over the channels of
quantitative processing.

Having previously synthesized the sufficient
amount of qualitative properties which are able to
provide the necessary confidence of imprint type
determining we can identify the object with the help
of special characteristic function which was
introduced by Prof. Kozhemiako V.P. [2] Object
identification is carried out via comparison of the
given characteristic function and the reference
elements that are accumulated in the database. In
order to form a characteristic function the proposed
by the authors formula [2] can be used.

F,=[Fw=] M

m

m
ai ﬂ pj Wi
j=1

where —F is a characteristic function (generalized
efficient integral LTF);
a,—information stored in the i-determinant;

ﬁ —determinant influence operator;

j=1

m —number of the received functions;

p; —variable which characterizes physical content of
the function that carries quantitative-qualitative
information in itself;

w; —weight functions factors of determinant systems;
J' —operator of generalized integration of

quantitative result of parallel re-entrant variables
with physical dimensionality and tacitly expressed
determinants finding.

Detection of a characteristic function in its
analytical form requires according to classical
mathematics the initial definition of LTF derivative
and respectively the operation of differentiation
which is primary with regard to the operation of
integration. LTF derivative of k-value logics is k-
value logic temporal function which is equal to the
increment at i-interval of A-division if datum k-value
LTF takes up different values at i-/ i-interval.
Otherwise the derivative is equal to zero.

Note that according to the definition of an
integral in classical mathematics:

F'(x) = f (x ),where F'(x)— is a primary function
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and f (x )— is a subintegral function.

In order to simplify analytical description of
initial LTF we wuse denotations of classical
mathematics. Let us assume that we have some k-
logic LTF

f(t, t;, ..

where ¢/, ..., t, - temporal coordinates;

Ty,..., T, - respective intervals of existence;

a,....a, - amplitudes which are responsible for the
given intervals of existence.

Let us analyze the characteristic function as a
logical function, to be more precise, as a logic-
temporal function. In order to define the general
form of the initial we use the introduced definition

s tm) T])"')Tﬂl) a])"')am) (2)

(= +p-A)y,
Flttysetyys Ty sy tl) =

0, 1<t A

In case of binary logics the formula is somehow
simplified as the amplitudes can take the zero or unit
value. If the function has one interval of existence
then the initial is defined by formulas (4) and (5). If
the function has m-intervals of existence then
formula (6) is used. This formula may be considered
as a general form of the initial in case of binary
logic.The initial of arbitrary LTF can be presented
graphically (Fig.1)

Definition. The operation of the initial LTF
finding is called integration of LTF. Let us consider
the properties of the given operation.

Property 1. Integral of a logic — temporal
function is the measure of content.

Property 2. If for LTF  f(s,4,,T) and

then

£(6.8,,T,) T,>T,,
[ fe0.T)de> [ £, T,)-

Properties of binary imprints integration

Theorem 1. The initial of the sum by module
two of LTF is equal to the sum by module two of
initial LTF.

Theorem 2. The sum of LTF integrals and its
inversion is equal to the unit impact of temporal
interval duration where the LTF is considered.

Lemma 1. The sum by module two of LTF is
equal to the sum by module two of the inversion of
these functions.

of A-division [1].
Definition. We call integral or initial LTF such
an LTF F(¢, t;, ..., tw, T4,...., Ty, ay,...,a, ), for which

congruence:
F'(t, t, .., by, T],...,Tm, a;,...,am)
:f(t) t]; sy tm; T])"')Tm) a])"'!am) (3)
is made.

Then, analytical form of the given function initial
is determined in the given below way.

We increase the digitalization of A-intervals:
each interval A; we will break into two. We receive

the interval A ; =Ay/2. The number of such intervals is

equal to n'=2n.

1, +2pA; <t<t, +Q2p+DA., p— A-interval

— T
index number |, k=Lm sz,—l—l

]

1>4,+T, A b +Qp+DA, <t<t, +Qp+2)A,;

Theorem 3. Integral by the sum by module two
of LTF is equal to the sum by module two of
inversion integral of these functions.

Theorem 4. The sum by module two for the
initial LTF and the initial LTF with A/2 interval
delay is equal to the given LTF.

Theorem 5.The number of intervals of existence
of initial LTF is equal to the number of A; intervals
where the LTF has a unit impact.

Theorem 6. Each next initial LTF has the same
number of intervals of existence as the subintegral
LTF.

SUMMARY

1. By means of concept of general-mathematical
form of the initial, the analytical form of the
integral LTF is specified.

2. For the first time a new special operation of
integral definition as the function of the upper
bound that allows to improve the formal device
of mathematics pattern analysis is introduced.

3. Using the concept of A division of the integral
LTF allows to carry out the transformation of
analog signal into quantitative discrete formula.

4. Considered properties of binary imprints
integration widen the knowledge base of LTF
theory.
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