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Abstract. As you know, a network model is a plan for performing some complex of
interrelated operations, given in the form of a network, the graphical representation of which is
called a network graph. At the same time, all the interrelationships of the work to be performed
require a clear definition. Network planning is one of the most well-known applications of graph
theory and is widely used in practice.

In English-language literature, this technique is called the Project Evaluation and Review
Technique (PERT). The tasks solved using the network planning method are to reduce the
duration of the entire project to a minimum and rationally allocate labor and other resources
throughout its execution.

Network planning can be used, for example, when solving the problem of creating long-range
radar stations, when planning roadway reconstruction, in construction, in process management
at enterprises, when planning maintenance of communication systems, when planning assembly
operations and when solving a large number of other applied tasks. Thus, the development of
methods for the computer implementation of algorithms for the study of network graphs is a
very urgent task.

In the case when the duration of work is deterministic, the main task is to determine the
critical path — the longest path along the graph. It is the length of this path that determines the
duration of the entire project, and therefore its increase is unacceptable. In this regard, the most
responsible and qualified specialists should be appointed to work on the critical path. However,
in practice, this case is rare. More often there are cases when the actual time of completion of
the work is not known to us exactly (by chance). In this case, the question arises: what is the
probability that the actual execution time of the complex of works will not exceed a given value
or will be in a given interval? The solution of these issues is obviously very important for practice,
when planning real work packages.
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Solving problems of this kind presents significant computational difficulties. Solving problems
related to network graphs using the Wolfram Mathematica system turns out to be very effective.
This system, especially its latest versions, contains a number of tools that allow you to study
network graphs with random operation times. The use of these capabilities turns out to be very
useful both in solving real-world applied problems, and in the educational process of economic
and technical universities, in studying disciplines related to operations research and computer
modeling.

This article is devoted to solving problems for the study of network graphs with random
work time using the Wolfram Mathematica system.

Keywords: network model, Wolfram Mathematica system.

BBEJIEHUE

Kaxk m3BecTHO, cereBast MOJIEIb IPEACTaBIAET CODOM IJIaH BBIMOJTHEHUS HEKOTOPOIrO
KOMILIIEKCa B3aMMOCBA3aHHBIX OIlepalluii, 3aJaHHblil B crenududeckoit ¢popme cetn, rpa-
dbuaeckoe m300pazkeHme KOTOPOil Has3blBaeTCs ceTeBbIM rpadukoM (cereBbiM rpadom).
OTnauTe IbHON 0COOEHHOCTBIO CETEBOIT MOJIEITH SIBJISIETCSI Y€TKOE OIPEJIe/IeHe BCeX B3a-
MMOCBsI3eil paboT, KOTOPhIe JIOJKHBI OBITH MpoBeieHbl. CeTeBoe IIaHUPOBAHNE, TO €CTh
IJIAHIPOBaHUE KOMILJIEKCOB OIlepallnii, OCHOBAHHOE Ha pa3pabOTKe CeTEeBBIX MOJIeseil, siB-
JISIETCST OJHUM U3 HambOoJIee M3BECTHBIX MpUIoKeHuit Teopun rpados. OHO MIUPOKO MIPH-
MeHsIeTCsl Ha [IpaKTUKe. 3aJIadui, pellaeMble ¢ IOMOIIbI0 METO/Ia CeTEBOTO ILJIAHNPOBaHUSI,
copmysnpoBatbl, Hanpumep, B [1]. DT 3ajaun 3aK09AI0TCA B COKPAIIEHUH 10 MUHV-
MyMa JIJIATETHHOCTU BCETO TTPOEKTa U PAIMOHAIBHOM PACIIPEJICTICHUN TPY/IOBBIX U JIPYTUX
PECYPCOB I10 BceMy BpeMeHu ero ucnojinenus. [Ipuvep nmpumeHeHus ceTeBoro mjaianupoBa-
HUsI K PEIIeHnIO 3a/1a91 CO3IaHus PaIuo/IOKAIMOHHBIX CTAHIIUI JaJbHero obHapyKeHUsI
npusejier B [2|. Crarbs [3] mocesimena ncnob30BaHuio ceTeBbIX rpadoB MPH MJIAHUPOBa-
HIU PabOT [0 PEKOHCTPYKIIUH JIOPOZKHOTO MOJIOTHA, CTaThs [4] — ceTeBoMy IIAHIPOBAHIIO
B CTPOHTENLCTBE, B paborax [5]-[15] mokasaHbl BO3MOKHOCTU IIPUMEHEHHs CET€BOIO ILIa-
HUPOBaHMA B Jpyrux objacrtax. Takmm obpas3om, paspaboTKa METOI0B KOMIILIOTEPHOI
peam3aIu aJrOPUTMOB UCC/IEIOBAHUS CETEBBIX IpadoB ABJISIETCT BeChbMa aKTyaIbHOM
3aa49€i.

Coay4aii, Korjila BpeMsl BBIIIOJIHEHUs] OTJIEJIbHBIX PabOT 3a/IlaHO0 3apaHee, pacCMOTPEH
B [11]. Kak u3BecTHO, B 9TOM cJjlydae OCHOBHOW 3ajiaveil sABJIAETCS ONpeJle/ieHre KpPu-
TUYECKOTO MYyTU — Haubojiee MPOJIOJIKATEILHOrO MyTu 1o rpady. VMeHHo mpojioxKu-

TE€JIbHOCTDb 9TOTI'O IIYyTH OIIpeJaec/ideT IIPOAOJJI2KUTE/JIbHOCTL BCEro IIPOeKTa, WU IIO9TOMY €€

“Taurida Journal of Computer Science Theory and Mathematics”, 2023, 4



06 anaause cemesvir modeaeti CO CAYHAUHBLMU TLPOJOAHCUMEADBHOCTNAMU PAbOM 9

yBenmdaenne Hepomyctumo. OHAKO Ha MPAKTUKE STOT CAydail BCTpedaeTcss peako. Ha-
e BCTPEYAIOTCA CJIydad, KOrjia (hphaKTHYeCKoe BpeMs BBINOJHEHUs paboThl B TOYHOCTHU
Hen3BeCcTHO (ciaydaiiro). B sTom ciydae Bo3HHMKaeT BOIPOC: KaKOBA BEPOSITHOCTH TOTO,
4TO (haKTUIECKOEe BPEMs BBIIIOJTHEHUsT KOMILIEKCa paboT He IPEeB30iIeT 3a/laHHOi BeJIu-
qnbbl! PaccMoTpeHnio cirydast, KOTJia BpeMsl BBITIOJTHEHUST pabOT CIydailHO U TOCBAIIEHA
HacCTOSAIIas CTaThd.

Leavio  dannotlc cmamovl  ABAAEMCA  UCCACIOBAHUE  BOZMONCHOCTNET  CUCTIEMDL

Mathematica no anaausy cemesur 2paduros co CAYUATHHM EPEMEHEM.

1. AHAJIN3 CETEBBIX 'PA®UKOB CO CJIYYAMHBIM BPEMEHEM

[IycTh tony — ONTUMHCTHUYECKAdA OIEHKA JITMTETHHOCTU pPacCMaTPUBAEMON PabOTHI,
trnec — HMECCUMHUCTHYECKAH, tyep — BEPOATHAdA OLEHKA JIJIUTEIBHOCTH 3Tol paborhl. Torma
B Ka4eCTBe OIEHKHN MaTeMaTUYECKOr0 OXKUJaHUS TTPOIOJIXKATEIbHOCTU pacCMaTpUBaeMO

paboThl UCIIOJIL3YeTCsI Clejytorasi orenka (cm. [16])

tonr + 4tBep + thec
6 )

a B Ka4deCTBe CpeJHEero KBaJApaTUIHOT'O OTKJIOHCHUA 6epeTCH cjaeayroliasd OIeHKa

tnec - tOl’IT
6
B PeaJIbHbIX HCCJCI0BaHUAX IIpeAIlojaracTcd, 9To JJIUTEJILHOCTD pa60T]:>I €CTb CJIy-

Jaiinasg BeJIMYnHa, UMEIOIasd raMMa-pacupejesenue. [lapameTpsr 9Toro pacrpeaeaeHus

HAXOJMSATCS CIICIYIONM 00pa3oM (cM. Hampumep, [16]):

0.2
p=—;
m
m2
o = —.
0-2

JlmmHa KarXK0ro myTH ceTeBoro rpaduka mpecTaBisger co0oit CyMMy CaydailHbIX Be-
JIMYWH, UMeImuX ramma-pacipeenenne. Cucrema Mathematica mossosisier oreHuBaTh
BEPOSATHOCTH COOBITHIl, CBA3aHHBIX C 9TOH cJiydaifiHO#l BeJUYIUHON, B YaCTHOCTH, BEPO-
SITHOCTh TOT'O, UTO IHPOJIOJXKATEIbHOCTh KOMILIEKCa padOT He IPEBBICUT OIPEJIeIEHHOTO

SHa4YeHUudA, UJIn 6y,ZL€T HaXOAUTHCA B 3aJaHHOM HMHTEpPBaJIC.

WexomupiMu TAHHBIMU 15T JITOPATMa PEIIEHUsT pacCMaTPUBAEMON 3a/1a9M SIBJISIOTCS
BEPOSTHBIE TPOJIOIKUTETLHOCTH BCeX PaboT. CaM ajropuTM BKIIOYIAET B ceOs CIIETYIONTHIE

1aru.
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AnroputM BBIYHCIIEHUS XapPaKTEPUCTUK KOMILJIeKca paboT

BXO,ZLZ MaTpulla J€TEPMUHHUPOBAHHBIX OIECHOK IIPOAOJIZKUTEJIbHOCTHU pa60T

Boixos: BeposiTHOCTH COOBITHI MTOJTHBIX TyTell ceTeBoro rpada

. Burumcienme onTUMUCTUYECKUX M ECCUMUCTUUYECKUX OII€CHOK HpO,ILOJI}KI/ITeJIbHOCTeﬁ pa-

OOT.

. Buruncienne omeHOK MaTeMATHYIECKOTO OKUAAHUST U CPEIHETO KBaIPATUIECKOTO OTKJIO-

HEHUs MIPOJO/IKUTEIbHOCTEH PaboT.

. Ilocrpoenue mapaMerpoB raMma pacupeeeHnii JIjist BCeX MPOIOJKUTEIbHOCTENR PaboT.
4. TlocTpoenne MHOXKeCTBa MOJIHBIX IIYTeil 110 ceTeBoMy rpady.

. HOCTpOGHI/Ie KPUTHUYIECKOT'O IIYTH W BBIYUCJIEHUE €ro JJINHBI JJIsI COOTBETCTBYIOIIIETO I€-

TEPMUHUPOBAHHOI'O CETEBOTO I'pada.

. HOCTpOEHI/Ie BEKTOPOB, COAEP2KAIIUX IMTapaMeTPbl 'aMMa~-pacCIIpedeJICHUA JIJId BCEX pa60T,

JIEZKallluX Ha KPUTUYIECKOM ITyTH.

. IlocTpoenne maccuBa peau3anuil CaIydailHON BeJIUYUNHBI, MPEICTABIISIONIEH CYMMAPHYIO

BPEMEHHYIO MIPOTAKEHHOCTh PAbOT, TPUHAIEIKAIINX KAXKIOMY IIOJTHOMY ITyTH.

. Boraucienne BepOHTHOCTeﬁ NHTEpeCyIoInx HacC CO6bITI/II7I, CB#A3aHHbIX C IIOJTHBIMHU ITYy TSIMHA

110 ceTeBOMY I'pady.

2. ITPUMEP PEAJIN3AIIUU AJITOPUTMA

Crpoum MaTpHILy, COOTBETCTBYIOILYIO OIEHKAM ITPOJOJIZKATEILHOCTEH padoT.

08013 0 14 0 0 O O O O
009 5 10 0 0 0 0 0 0 0
o000 0o o0 o 7 0 0 0 0
o000 10 7 10 0 0 0 0 O
o000 0 0 6 100 0 0 O
XX — oo0oo0o o0 0 0 9 0 17 12 0 0
o000 0 0O O O 0 13 10 0
o000 0 0 0 0 0 0 15 0
o000 o0 0 o0 o0 0 5 0 0
coo0oo0oo0o 0o 0 o o0 0 0 6 19
ooo0 o0 o0 o0 o o o0 0 0 13
o000 o 0 0o o0 0 0 0 0
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CTpOI/IM MaTpHUIlbl, COOTBETCTBYIOINUEC OIITUMUCTUICCKUM U ITECCUMUCTUYIECCKUM OIICH-
KaM IIPOJOJIKHUTEIbHOCTEl padoT. [j1g MOCTpOeHNs MeCCHMUCTHYICCKIX U ONTHMUCTHYC-
CKHUX OIICHOK IIPOJIOJIKHTEIBLHOCTH PabOThI yMHOKAaeM 3HaUeHHe OXKHIaeMOIl IIPOI0JIKH-
TeJIbHOCTU PabOThl Ha BeJUUuHy cooTsercTBenHHo 1+ R1;; u 1 — R1,;, rne R1;; — ciy-

JajiHoe dmcsio u3 npomexyrtka [0, 1;0, 3].

R1 = Table[RandomReal[{@0.1, ©.3}], {i, 1, 12}, {Jj, 1, 12}];

X1 = Table[O, {i, 1, 12}’ {], 1, 12}]5

Do[IF[XX[[i, j]] > @, XI[[i, j]] = XX[[i, §]] (L +RI[[i, j]11)]» {15 1, 12}, {], 1, 12}]

R1 = Table [RandomReal[ {0.1, ©.3}], {i, 1, 12}, {j, 1, 12}];

X2 = Table[O, {i, 1, 12}, {j, 1, 12}];

Do [If[XX[[i, j]] > @, X2[[1, j]] = XX[[i, j]] (1 -R1[[i, j]1])]> {i, 1, 12}, {], 1, 12}]

MX = (X1+4XX+X2) /65 0= ((X1-X2)/6);

CrpouM MaTpHIbI TapaMeTPOB COOTBETCTBYIOIINX TaMMa-PaCIIpe/Ie/IeHIA.

B = Table[@, {i, 1, 12}, {j, 1, 12}];

Do[If[XX[[i, J]] >0, B[[i, J]] =0 [[i, ]I 2/MX[ [, J]]]5 {15 1, 12}, {J5 1, 12}];

a = Table[O, {i, 1, 12}, {j, 1, 12}];

Do[If[XX[[i, §]] > @, a[[i, J]] =MX[[1i, j]1]1"2/0([[1, J]1"2], {i, 1,12}, {j, 1, 12}];

[Tocsie sTOro HAXOMMM BCe Iy TH TI0 rpady OT BepIuHbl 1 /10 BepinuHbl 12 (ToIHBIE Ty-

tn). B Bepcusgx Wolfram Mathematica 10 1eBATON BKIIOUNTETHHO BOSMOXKHOCTH C/IEJIATH

«Taspuueckull secmrur unPopmamury u mamemamurus, Ne 4 (61)° 2023
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9TO HEIMOCPEJICTBEHHO He OBLIO0, BCAEJICTBUAE YEro MPUXOJIMIOCHh UCIOIB30BATD CIEIUA b
HBIIT aJITOPUTM Ha OCHOBE MATPHUIIBI CMEKHOCTH rpada.

CuauaJia CTPOUM MHOZKECTBO BCEX ITOJIMHOXKECTB MHO2KECTBa BEPIIINH rpa(ba.

T= Table[i, {i, 12}];

T1 = Subsets([T];

BareM BbIOMpaeM M3 3TOINO MHOXKECTBa, JIEMEHTHI, B KOTOPbIE BXOJAT BEPIIUHBI 1 1

12, cooTBETCTBYIONIE HAYATLHOMY U 3aBEPIIAIONIEMY COOBITHIM.

n=Length[T1]; T2 = {{1, 12} };

Do[h = Boole[Length[T1[[i]] M {1}] > @A Length[(T1[[i]] ) {12}] >0@]; If[(h==1, T2 = Append[T2, T1[[i]]]], {i, 1, n}]

T2 = Union[T2];

n = Length[T2];

Hasee cTpouM MHOXKECTBO MOJIHBIX 1y Teit. [enmaercs sTo cieayonum obpaszom. CTpo-
UM MATPHUIYY CMEKHOCTH COOTBETCTBYIOIIErO HeB3BeleHHOro Tpada (B Heil Ha mepecede-
HUU i-ff CTPOKU U j-TO CTOJIONA Oy/IeT CTOATH 1, ec/ii COOTBETCTBYIOIINE BEPITUHBI COETITHE-
HBI MEXK/Ty COOOM, U HY/Ib B IPOTUBHOM CJIydae). 3areM Jijist BCeX 3JIEMEHTOB MHOXKECTBa 2,
B KOTOPOE BXOJIAT BCE MHOYKECTBA BEPIINH T'pada, BKJIOYAIONIe HA9aIbHYI0 1 KOHEYHYIO,
HaXOJINM ITPOM3BE/ICHNS 3HAUYEHUI 9J1€MEHTOB TTOCTPOEHHOU MaTPHUIIhl CMEXKHOCTH BJIOJTH
BCEro IyTHU, COOTBETCTBYIONIErO JaHHOMY 3jeMeHTy. O4YeBuIHO, UTO €C/u TaKoi IyTh B
rpade CyIIecTByeT, TO 9TO IPou3BejieHne He paBHO Hyso. JlobaBiiseM ero K MHOXKECTBY
MIOJTHBIX ITyTeil 0 ceTeBOMY rpady, Mocje 4ero HaXOJAUM ero JJINHY JJId caydas, KOrua

POJIOJZKUTEIBHOCTH PAbOT PABHBI OKHJIAEMbIM (JI€TEPMUHIPOBAHBI ).

A = Table[@, {i, 1, 12}, {Jj, 1, 12}];

Do[If[XX[[1i, 1] >@, A[[1, J]1] =1], {i, 1, 12}, {j, 1, 12}]

“Taurida Journal of Computer Science Theory and Mathematics”, 2023, 4
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T3=1{};

r-1

D°["='-e"8th[T2[[J']]]$k=l_[A[[T2[[j]][[S]]; T2[[j11[[s+1]]1]];

Se1
If (k> @, T3 = Append[T3, T2[[j]1]]]> {35 1, n)]

n = Length[T3]

40

4= ();

Do[u=T3[[]j]]; r = Length[u]; T4 = Append[T4, Table [XX[[u[[s]], u[[s+1]]]]5 {5, 1, r-1}]], {j5 1, n}]

Length[T4]

40

B BepCUudXx CUCTEMbI, HAUHasd C ILGCHTOﬁ, IIodBUJIaChb BOBMOXKHOCTD peHIaTh 3Ty 3a1a49y

HEImocpeacTBeHHO.
® 8 ®» 13 ®» 14 ® ®» ® ® ® ©®
@ ® 9 5 10 © ® ®» ® ® ® ©®
® ® ® ® ® ® ® /] ® ® ® ®
@ ® ® ®» 10 7 10 ®» ® ® ® ©®
® ® ® ® ®» ®» 6 10 ®» ® ® ®
gl:NeightedAdjacencyGraph[ : : : : : : Z : 1: i; :; : ’ VertexLabels—o"Name"]
® ®® ® ® ® ® ® ® ®» 15 »
® ® ® ® ® ® ® ® ® 5 » ®
® ® ® ® ® ® ® ® ® ®» 6 19
® ® ® ® ® ® ® ® ® ®» ®» 13
@ @™ @ @ @ @ @ @ @ @ @ @

lajiee BBOIMIM KOMAaH,1y, TO3BOJIFIONLYIO TIOCTPOUTH I'Padd 1O €ro MaTpUIle CMEYKHOCTH,
[ocJie 9ero CUCTeMa BBIBOJIUT ero rpadudeckoe npejcrasienue. [loce sToro BBOAUTCS
KOMaH/1a, 10 KOTOPOI HEMOCPEJICTBEHHO CTPOUTCHA MHOXKECTBO BCEX IMOJIHBIX myTeit. Ta-
KM 00pa30M, KOJTMYECTBO TOJHBIX ITyTel, TOCTPOCHHBIX JIBYMS OMUCAHHBIMU CIIOCOOAMM,

COBTIAJIAET.

«Taspuueckull secmrur unPopmamury u mamemamurus, Ne 4 (61)° 2023
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o]
.
i 2 5 ‘ge
2\ Ts \‘V} ;9
/g
\(')}’
\g 12

TT3 = FindPath[g1, 1, 12, Infinity, All]

Length[TT3]

40

H=Table[Mean[T4[[]j]]] Length[T4[[]j]]], {J> 1, n}];

Y = Flatten[Position[H, Max[H]]][[1]];
T3[[Y]1]
1, 4,5,7, 10, 12)

TA[[Y]]

(13, 1e, 6, 13, 19)

Mean[T4[[Y]] Length[T4[[Y]]]]

Haiiiem kputwdeckuii myTh Ha rpade u ero JUIMHy, CIuTasg, YTO BpeMeHa PadoT Jie-
TEPMUHUPOBAHBI.
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Bumo, uro kputndeckuii myTh Ha rpade MpoxouT depe3 Bepruubl 1, 4, 5, 7, 10, 12
U ero MPOJI0IKUTE/ILHOCTD IIPH JIETEPMUHUPOBAHHBIX BpeMeHax padoThl cocTtan/isieT 61.

JI1st HaXOXKJAEHUsT 9TOro IyTH MOYKHO HCIIOJIB30BaTh U JIPYTOil CI10CO0, ONMCaHHbIN
Hamu B [11], a uMeHHO, YMHOXKUTBH JUIMHBI Beex Jjyr rpada Ha —1 u HallTh KpaTdaii-
NI IyTh 110 BHOBbL ITOCTPOEHHOMY T'pady C MOMOIIBIO CIIEIHUAILHON KOMaH/ bl CUCTEMbI
Mathematica, ncronbsyromeit aaroput™m Popaa-bennvana.

3areM CTPpOUM BEKTOPA, COJIepKAIIe TapaMeTPhl PACIIpeIe/IeHuIs JIjI paDOT KarKI0T0

IIOJIHOT'O ITIYTH.

X = Table[x;, {i, 1, 12}];

T5={};

Do[u=T3[[j]]; r =Length[u]; T5 = Append[T5, Table[a[[u[[s]], u[[s+1]]]]), {5, 1, r-1}]1], {J, 1, n}]
Length[T5]

40

Dofu=T3[[j]]; r=Length[u]; T6 = Append[T6, Table[B[[u[[s]], u[[s+1]]11]s {s5 1, r-1}1], {j, 1, n}]

ul = Table[@, {j, 1, Length[T5]}];

Do[m = Length([T5[[k]]]; ul[[k]] = TransformedDistribution[Zx[i] ’
e

Table[x[i] ~ GammaDistribution[TS[[k]]J[[1]1], T6[[k]11[[1i11], {i, 1, m)]], ik, 1, Length[TS])]

[Tocyteqasist KoMaH1a CTPOUT MACCUB PEATM3AIUN CIYIaitHON BEeJTMIMHBI, ITPEJICTaBJIsI-
IOIEel CyMMapHYIO0 BPEMEHHYIO MPOTSKEHHOCTh PabOT, PUHAJIEKAINX KayKIOMY I10JI-

nomy myTu. [lociie 3Toro paccuuThIBAIOTCA BEPOITHOCTH MHTEPECYIONNX COOBITUIA.

«Taspuueckuli secmnur unPopmamuru u mamemamuru», M4 (61)’ 2023
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HaxomauMm, nHanpumep, BepOATHOCTH TOTO, YTO JAUHA 16 MyTH B CIIMCKE TOJHBIX ITy-
Teil (TO ecTh BpeMs BBINOJHEHUs] pabOT, MPUHAIJIEKAIIMX STOMY IIyTH) He IPeB30iigeT
63. DToT MyTH OyIEeT BKJIIOYATh B ceOs BepimumHbI ¢ HOMepamu 1, 4, 5, 7, 10, 12. Nmen-
HO 9TOT IYTh, KaK YKa3aHO BbIIIE, ObLT KPUTUIECKUM B I'pade ¢ JIeTepMUHIPOBAHHBIMU

IPOIOJIZKUTEIbHOCTAMU PAOOT.

W = Timing [NProbability[Z < 63, Z~ ul[[16]]]]

139.594, ©.752848 )

Beraucsenne 5T0ii BEPOSTHOCTH JINTCS JOCTATOTHO j10Jr0 (139,6 cekyH), mpu 5TOM

CUCTEMa BbLAACT CJICAYIOIIUe COO6HL€HI/IHZ

NIntegrate::slwcon: Numerical integration converging too slowly; suspect
one of the following: singularity, value of the integration is 0, highly

oscillatory integrand, or WorkingPrecision too small.

NIntegrate::eincr: The global error of the strategy GlobalAdaptive has
increased more than 2000 times. The global error is expected to decrease
monotonically after a number of integrand evaluations. Suspect one of
the following: the working precision is insufficient for the specified
precision goal; the integrand is highly oscillatory or it is not a
(piecewise) smooth function; or the true value of the integral is O.
Increasing the value of the GlobalAdaptive option MaxErrorIncreases
might lead to a convergent numerical integration. NIntegrate obtained
0.8686657861290231¢ and 0.00020234133716988634¢ for the integral and

error estimates.

OTH COODINEHNS CBUACTENbCTBYIOT O MEJJIEHHON CXOAMMOCTH IIPOIECCa pacdera HH-
TerpaJjioB, BEIYNCIEHIE KOTOPBIX HEOOXOIUMO JJIs pacdera TpeOyeMoil BEpOSITHOCTH. 3Ha-
9OK A%, BXOJSIINN B JIBE TIOCJIEIHIEe KOMAH/IbI, IIPE/ICTaB/IgeT COOOM ClIelnaJbHbII CUMBOJI
cucrembl Mathematica u nabupaercs nocsenoBarebabiM HazKaTueMm Kirasuiin KSC, BBo-
oM cioBa dist u cHoBa HaxkaTmeMm Kitapuin ESC.

Haitem Temeps BepOATHOCTH TOTO, YTO JIUHA 9TOTO IMyTH OYIeT HAXOIUTHCS B IIPO-

MeXKyTKe OT 58 110 63.

W = NProbability[Z < 63AZ > 58, Z~ ul[[16]]]
0.684654
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S3AKJIFOYEHUE

Cucrema Wolfram Mathematica mossossier 3¢pdEeKTUBHO HCCIeI0BAThH CEeTEBbIE I'Pa-
¢BbI, B KOTOPBIX YIUTHIBAETCs CJIYyYalHBIN XapaKTep JIUTeLHOCTEl PaboT.

JIs1 BBIYMCTIEHUIT MOXKHO MCIIOJIB30BaTh Pa3/IMIHBIE CITIOCOOBI: KaK OCHOBAHHBIE Ha
BCTPOCHHBIX KoMaHax cucrteMbl Mathematica, peain3oBanmbie B e HOBBIX BEPCUAX, TaK
1 CIIOCOOBI, B XOJe pean3alliil KOTOPBIX JIVUIIe BHIHO COJAEpP:KaHUe 3a/ad, PelraeMbxX
[P aHAJIM3€e CETEBBIX rpadoB.

[TepBbIit 110IXO0/T JIyUIle HCITOIB30BATH IIPU PENTEHNN KOHKPETHBIX TPUKJIATHBIX 33,144,
BTOPOIT — B X0 y4eOHOro IpoIiecca, KOraa CTyAeHTaM HaJI0 JaTh BO3MOXKHOCTh YBHUIETH

CYTb pacCMaTpUBaeMOil METOJINKU.
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