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Anomauis

3anpononosano npocpamu nabaudicenozco obduucienus inmeepanie Cminmvecama Jlebeea na mosi Python, axux
HUHI HeMmae 8 npocpamuux nakemax Sympy ma Scipy, 6 AKux 30cepeldceHi npocpamui QyHKYii obyucieHHs nuuie
OOHOKpamHux ma 6azamoxpamuux inmezpanie Pivana. [{na peanizayii yux npoepam 30itichene KOpu2y8anHsa KiacudHux
MamemMamuyHux 6upasis, akumu eusHayaiomecs inmeepaiu Cminmveca ma Jlebeea i cunme308aHO aneopummu,
npudamui 07151 pO3POOLEHHI NPOSPAM HAOIUNCEHO20 O00YUCTeHHs yuxX inmeepanie na mosi Python. Ocobausicmio
aneopummy, AKUll CUHMe308aHO ONid HAOIUdNCeH02o obuucienns inmmeepany Jlebeza, € epaxysanns mozo, wjo mipa
Jlebeea Ouckpemmuoi Qynxyii, 3a0aH0l HA HYTLGUMIDHIU MHOJICUHI MOYOK, DO3MIUJEHUX HA GIOPI3KY BUSHAYEHHS il
apaymenmy, € MOHOMOHHOIO HENePePEHOIO PYHKYICIO KOOPOUHAMU (YHKYIOHATLHOT OCT, 3p0Cmaio®01o 8i0 HylA 8 MouYi
MIHIMANbHO2O 3HAYEeHHs Yiel QYHKYIT 00 6enUtUHU, U0 OOPIGHIOE D0BICUHI BIOPI3KA (DYHKYIOHANLHOT OCi 8 Medcax 6i0
MIHIMANbHO20 3HAYEeHHs Yicl QyHKyii 00 i MakcumanbHo2o 3HaveHHs. B yvomy ancopummi 3HaueHHS OUCKPEMHOL
dynxyii, wo inmeepyemuoca no Jlebezy, 8iocopmosyromvpcsi max, wob CKiaoamu 3pocmaroyy nociioo8HiCmb, Mipa
KOJICHO20 3HAYEHHS SIKOT 3a0a€mbCsl 8I0OPI3KOM PYHKYIOHATLHOT OCI 8 Medcax CYCIOHIX 3HaUeHb yici nocaidoenocmi 6 OiK
it 3pocmanmus. Pospobaeni npoepamu inmeepysanns no Cminmvecy ma Jlebezy namoei Python micmams y ceoiil
cmpykmypi cmanoapmHi, yoice 8i0omi npozpamui ynxyii yici mosu. Iloxasano, wo 3anpononosani npoepamu 6yoymo
KOPUCHUMU HAYKOBYAM, AKI 3AUMAIOMbCA 3A0a4amu CUCIEMHO20 aHANi3Y 3 OUCKDEMHUMU MOOeTAMU.

Kniouosi cnosa: inmeepan Cminmoeca, inmeepan Jlebeea, ancopummu aoanmayii inmespanie 00 Mo8u npozpa-
myeanns Python, npoepamu obuucnenna inmeepanie Cminmoveca ma Jlebeea na mogi Python.

Abstract

The article presents programs for the approximate calculation of Lebesgue-Stieltjes integrals in Python,
which are not currently available in the SymPy and SciPy packages. Those packages include only functions
for calculating single and multiple Riemann integrals. To implement these programs, there has been made the
correction of classical mathematical expressions, which determine the Lebesgue—Stieltjes integrals, and synthesized
algorithms suitable for the development of programs for the approximate calculation of these integrals in Python. The
feature of the algorithm synthesized for the ap-proximate calculation of the Lebesgue integral is that the Lebesgue
measure of a discrete function given on a zero-dimensional set of points located on the segment of its argument is
a monotonic continuous function of the coordinate of the functional axis. This axis value increases from zero at the
point of the minimum value of this function to a value equals to the length of the segment of the functional axis in the
range from the minimum value of this function to its maximum value. In this algorithm, the values of a discrete
Lebesgue-integrated function are sorted to form an ascending sequence, the meas-ure of each value of which is given by
a segment of the functional axis within adjacent values of this sequence in the direc-tion of its growth. The developed
Python programs for Lebesgue—Stieltjes integration contain standard already known program functions of this
programming language. The article shows that the proposed programs can be useful for scientists who work
on problems of systems analysis with discrete models.

Keywords: Stieltjes integral, Lebesgue integral, algorithms for adapting integrals to the Python programming
language, programs for calculating Lebesgue—Stieltjes integrals in Python.

Sx Bimomo [1], mpm po3B’si3aHHI 3a7ad ONTHMI3allii HETIEPEPBHUX IUHAMIYHMX CHCTEM, NI0 SKHUX
BIJHOCSTBCA 1 EJNEKTPOCHEPreTHYHI CHUCTEMH, B SIKOCTI KpPUTEpiiB BUKOPHUCTOBYIOTH (YHKIIIOHANH,
0OYHCIEHHS SIKUX 3A1HCHIOETHCS 3a aJIrOpUTMaMH BU3HAUYEHHS iHTerpaliB PiMaHa, g SIKUX B IPOrpaMHOMY
cepenoBuii Anaconda [2] Ha MoBi Python 3amporoHoBaHI CTaHZApTHI MPOrpamMu, MO PO3MIILEHI B
MPOrpaMHUX MAaKeTax Sympy Ta scipy. Ajle B pa3i BUKOPHUCTaHHS JUCKPETHUX MOAEICH LUX AWHAMIYHHX
cUCTEM, sIKi BHM3HAUYeHI Ha MHOXHHI MIpH «HYJNb», OOYHMCICHHS KpUTEepiaIbHUX (YHKIIOHANIB 3
BUKOPHUCTAHHSAM QJITOPUTMIB BHU3HAYCHHS iHTETpamiB PiMaHa HEMOXJIWBE , a TOMY IOTPiOHO B SIKOCTI



KpUTepiadbHUX (YHKIIOHANIB Yy I[bOMY BHIIAJIKy BHKOPUCTOBYBaTH iHTerpanu JleGera [1], mis sKuX
mporpamM o04KcICHHS Ha MOBI Python 111e He cTBOpeHo.

Jns mikBimamii 1i€i mporalvHu B MpOrpaMHOMY cepefoBHIIi Anaconda HaMu po3poOJeHO mporpamy
oOuncneHHs inTerpanis Jlebera, anropuT™ i KOHCTPYKITS SKOT i CKIIAal0Th CYTh Ii€] HAIIOI JOMOBIII.

Jlst peamizarmii mi€i mporpamMu JTOBENOCH 3MIHCHUTH KOPUTYBAHHS KIACHYHMX MATEMaTHYHHX BHPAa3iB,
SIKHMH BHU3HAYarOThCs iHTerpann Jlebera i CHHTE3yBaTH ajrOPUTMH, IPUAATHI I PO3POOJICHHS IpOTrpaMu
HaOMIKEHOTO 00YHMCIICHHS IUMX iHTerpaiiB Ha MOBi Python.

Po3pobrmena mamu mporpama interpyBanHs 1o Jlebery Ha MoBi Python MicTHTR y CBOiff CTpyKTypi
CTaHIAPTHI, y)K€ BiZOMI mporpamHi (yHKIII I(i€l MOBH, 3 SKHMH MOYXHA O3HAHOMHTHCH, HAIpPUKIAd, B
pobori [3].
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