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'BinHnIbKMi HAlIOHATBHII TeXHiYHMIA YHIBEPCUTET

lMpedcmaeneHo pe3ynbmamu A0CiOXXeHHS, BUKOHaHO20 asmopamu 8 rpoueci popmysaHHs1 0onosioi « Ek-
siganieHmyesaHHs1 wWjinbHocmel po3nodiny OaHux eurnadkogoz20 XapaKkmepy», gu20soweHil Ha MixHapoOdHil
HayKog0-npakmuyHili KoHghepeHuii «IHpopmauiliHi mexHonoeii ma kommn’tomepHe modesntogaHHs (ITKM-24)»,
wo eidbynacsa 8 leaHo-DpaHkiscbKy 6 nepiod 3 21 no 24 mpasHs 2024 poky, 6 sKili 3anpornoHO8aHO crocib
CUHME3y cmamucmuy4HOI OUiHKU eKgiganeHmMHOI wWisibHocmi po3rnodiny 0aHux 8unadkogoeao xapakmepy, sKul
He suMa2aec «8UPIBHIOBAHHSI aicmoepam» 3 sUKopUCmaHHsIM 1y’ -po3nodiny lMipcoHa. Ha nepwomy emarii 3a-
rpornoHoeaHuli asmopamu crocib sukopucmosye noodpibHeHHs1 eicmoepamu, nobydoeaHoi 3 8UKOPUCMAHHSM
8IOHOCHO HesesnuKoi subipku daHux eunadkogo20 xapakmepy, 3 rnodanbWwumM KyMynsmueHUM ridcymosyeaH-
HAM Orisl eU3HaYeHHs1 eKkgiganeHmMHOI ¢hyHKUIT po3nodiny yux 0aHux Ha MHOXUHI Hasie8HUX ix 3Ha4yeHb. Ha Opy-
20My emarii 3anporoHo8aHo20 asmopamu criocoby 30iliCHIEMbCS IHMepnoasyis nobydosaHoi ekeiearieHMHOI
byHKUIT po3riodiny daHux surnadkogoeo xapakmepy KybiyHUMU crinaliHamu 3a an2opummMoM, WO 8UKOPUCO-
8ye sugeldeHi asmopamu MamemMamuyHi crniggiOHOWEeHHS. A Ha mpemboMy emarii Wisixom ougbepeHuUito8aHHs
ekgieannieHmMHoI Mamemamuy4Hoi Mmoderni po3nodinly daHUXx eunadkogo20 xapakmepy, ompuMaHoi Ha rnonepeo-
HiX emanax peasnizauii ybo20 crnocoby, cuHmMe3yembCs eKgigasieHmHa MamemMamuyHa MoOesib WirbHOCmi
po3nodiny daHux sunadKo8020 Xxapakmepy, 3 UKOPUCMAaHHSM SIKUX CMBOPEHO NMepeuHHy ba3osy eicmoepamy.
B pobomi npusedeHo abo 32adaHo yci Python-npoepamu, HeobxidHi 01 peanidauii ycix emariie 3anpornoHosea-
HO20 crocoby cuHme3sy ekeiganeHmHoi modesni winsHocmi po3nodiny GaHUx eunadkoeoz2o xapakmepy, a ma-
KOX HagedeHO rnpuknad po3e’si3aHHsI KOHKPEMHOI npakmu4yHoi 3adayi 3 po3’acHeHHAMU ycix Oil, HeobxiOHUX G0
BUKOHaHHS Ha KOXHOMY i3 emarniie pearidaujii 3anpornoHoeaHo20 crocoby.

Knio4yoBi cnoBa: gaHi BUNagkoBOro xapakTepy, rictorpama, nogpibHeHHs ricTorpamu, KymynsiTuBHa cyma,
dYHKUiS po3noAiny, eksiBaneHTyBaHHSA, iHTepnonsuia, KybiuHi cnnawmHu, wWineHicTe posnoginy, Python-
nporpamu.

Buxinni nepenyMoBH Ta nocTaHOBKA 3a/1a4i

B 3amauax oOpoOIeHHsT JaHUX BUMAIKOBOI'O XapaKTepy YacTO BUHUKAE HEOOXIAHICTh B ITOOYIOBI CcTa-
TUCTUYHUX OLIHOK JU(EPEHIIIAIBHUX 3aKOHIB PO3MOJLTY IUX JaHWX, abo, IO Te X came, B MOOYyH0Bi
CTAaTHCTUYHUX OIIHOK iXHBOI MIUTFHOCTI PO3MOMALTY, JUIA pealizamii SKUX B KJIACHYHIH MaTeMaTH4YHii
CTaTUCTHUI NMPONOHYEThCS CIOCIO, MO MOYNHAETHCS 3 (OPMYBAHHS TiCTOTpaM 3 MOJAIBIIUM iXHIM «BU-
PIBHIOBaHHSIM» 3 BUKOPUCTAHHSM BiJJOMUX TCOPETHYHHMX MOJEICH IS MUIBHOCTEH PO3MOJIITY BHITAIKO-

BHX BEIHUMH Ta > -po3moxiny IlipcoHa sK KpHTEpil0 ajeKBaTHOCTI MpoLeCy «BHpiBHIOBAHHs». IIpn

JOCTaTHIHM KiMBbKOCTI eKCIIepUMEHTAIBHUX JaHUX LeH crocid «BUPIBHIOBAHHS TiCTOrpam», SIK TOKa3aHo B
pobotax [1], [2], IpUBOIUTE O aleKBATHUX CTATUCTHYHHX OITIHOK, aJie 3a IXHIX MaJUX BHOIPOK, 3a3BH-
Yaif, MaloTh Micue ado JOBip4i WMOBIPHOCTI 31 3HAYCHHSMH, HIKYUMH 32 IMOPIT IOBipH, a00 BUHUKAE
HEOAHO3HAYHICTh Y TOMY, B OiK SIKOTO TEOPETUYHOTO PO3MOIIITY CXMINTHCA CTATUCTUYHA HOTO OLIHKA B
MIPUITYIIEHH] 301IBIIIEHHS KUTHKOCTI WX JTAaHUX.

B mamiit momoBimi «EKBiBaleHTHI 3aKOHH PO3IOAUTY BHITAIKOBHX BEIIMYWH», BUTOJIONICHIH Ha YHi-
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BEPCUTETCHKI HAyKOBO-TeXHIUHINA KoH(epeHuii 2024 poky i omyOiikoBaHiil y BUTIIAII CTaTTi B pOOOTI
[3] Ta y BurmAmi Te3 B poOoTi [4], 3apoNOHOBAHO IHITHH CITOCIO TOOYIOBH CTATUCTUIHUX OITIHOK (DYHK-
1ii po3MoAiTy BUMAAKOBOI BEIMUMHH, SIKUM HE BUKOPHCTOBYE MPOLIEC «BUPIBHIOBAHHS TicTOrpam» i3 3a-

crocyBaHHSM ¥ 2 -posnoxiny IlipcoHa sIK KpHTEpito aIeKBAaTHOCTI NPOLECY «BHUPIBHIOBAHHS». 33 UM

CHoco0OM MM 3alpOTIOHYBAM CHHTE3YBaTH €KBiBaleHTHI (DyHKILIi po3mofiny, siki Oi1bIIO0 Miporo Bil-
J3EPKAIIIOIOTh BJIIACTUBOCTI KOHKPETHOTO HAOOPY EKCIIEPUMEHTAIBHUX JaHUX Y MOPIBHSHHI 3 TXHIMH
«BUPIBHIHUMH 32 [TipcOHOM» €KBiBaJICHTAMH.

CyTb 3alpOIIOHOBAHOTO CIIOCO0Y €KBiBaJICHTYBaHHS MOJISITAa€ B MOAPIOHEHHI 6a30BOi TicTOorpamH, 30-
OpaxxeHoi Ha puc. 1, 3 MoJaIbIIMM KYMYJIATHBHUM MiICYMOBYBaHHSM 3a IPOTPaMOI0, HAITHMCAHOI MOBOIO
Python [5], ays orpuMaHHS cXimgacToi €KBiBaJICHTHOI (YHKITI pO3MOALTY, IMOKa3aHOi Ha pUC. 2 IMiCIs
TPUKPATHOTO TOAPIOHEHHS 3 MOAAJBIINM MiJICyMOBYBaHHsIM. [Ipy 1IbOMy MOTPiOHO HE 3a0yTH KOXHY
OpAMHATY Ha IbOMY PUCYHKY MOJUINTH Ha TPH.
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Puc. 1. icrorpama BUNagKOBUX JaHUX Puc. 2. IToapiGHEHHS 1 KyMyJIsLis

A B iHIIH Hawmiil nomoBiai «EKBiBaeHTyBaHHS MIIIBHOCTEH PO3MOALTY JaHUX BHIIAAKOBOTO XapaKTe-
py», BHUTOJOMIEHIM Ha MikHapoAHIA HayKOBO-TIpakTH4YHIK KoH(pepeHmii «lHdopmamiliHi TexHOOTril Ta
koMt otepre MozemoBanHs (ITKM-24)y», oo BinOymnacs B IBano-®paHKiBCEKY B Tiepion 3 21 mo 24 Tpa-
BHS 2024 poky, Te3u sikoi omyOJikoBaHi B poOOTi [6], 3aIpONIOHOBAHO HA JAPYTOMY €Talli eKBiBAJICHTY-
BaHHsI 3IIACHUTH IHTEPIOJSLII0 OCTAaHHBOI BEepCii CTATUCTUYHOI OL[IHKK KyMYJIATUBHOTO BapiaHTa €KBi-
BaJIGHTHOI CXiA4acToi (hyHKIT pO3MOMily BHUIAAKOBOI BEIHYUHH, 332 JOTIOMOTOK KyOIYHHX CILIaiHiB,
CKOPHUCTABIINCh METOJUKOIO CILIAHH-IHTEPIIOJIALIT, OMUCAHO B POOOTI [7]. A Ha TpeThOMY €Talli IOro
Croco0y eKBiBaJICHTYBaHHS 3alPONIOHOBAHO NPSMUM Au(epeHIiloBaHHAM CIUIaiH-IHTEPIOILOBAHOI (Y-
HKI1 pO3MOJiTy BHUIAJKOBOI BEIMYMHH CHHTE3yBaTH EKBIBAICHTHY MaTeMaTHYHY MOJENb MITBHOCTI
PO3IOIITY TaHUX BUITQAKOBOTO XapaKTepy.

OCKUTBKH TIEpIIUIA €Tall 3alpOIIOHOBAHOTO CIOCO0Y EKBIiBAJIECHTYBaHHS MaTeMaTHUYHHX MOJeJeH, 1o
XapaKTepU3yIOTh BHITAIKOBI BEJIMYMHU JI0 YOTHPHOX Python-mporpam peasizarii BKIIOYHO, ETaTBHO PO3K-
puTHi y po0oTi [3], To mam 30cepearMOocs JIUIIEe Ha pO3KPUTTI JPYTOTO Ta TPETHOTO ETarliB IIOTO CIIOCO0Y.

Po3B’s13aHHA MOCTaBJIEHOI 3ada4i

[TounemMo po3B’s3aHHS MMOCTABIEHOI 3a/1a4i 13 CHHTE3Y CIDIAiH-MOJIeNi eKBiBaJeHTHOT (DyHKIIT po3mo-
JITy BUNIAIKOBOI BEJIMYMHHU, TicTOrpama Kol Ioka3zaHa Ha puc. 1 i 1o TpaHUYHHAX TOYOK PO3PSIIIB KO MU
OyzeMo «IpuB’s3yBaTH» BiAMOBIAHI KyOiuHi CIUTaiiHH, mMaM’sITal0Y TPU LBOMY, IO MIiCIsl TPUKPATHOTO
MOIpiOHEHHS TICTOTpaMU 1 mepexomy 1o ii eKBiBaJeHTY, MPEICTABICHOMY Ha pHC. 2, OpAWHATI 3 aOCIH-
coro 1 Ha bOMY PUCYHKY OyIIe BIAIIOBiNAaTH OpJAMHATA 3 a0CITUCOIO 3, OpIMHATI 3 abcIucoro 2 Oyme Bia-
MOBiJIaTH OpIWHATa 3 abcUMCcor0 6, OpauHATI 3 abcuucoro 3 Oyne BIINOBIigaTH OpIuHATa 3 adCIUCOIo 9,
opawHaTi 3 abcuucoro 4 Oyne BiamoBimaTH opAuHATa 3 abciucoro 12, a opauHati 3 abcumcoro 5 Oyne
BIAIMOBiIaTH opauHaTa 3 abcmucoro 15.

VYeci 1i abcryicu 1 opAMHATH, BU3HAYHI 3a pUC. 2, 3Be/ICHI B TaoJ1. 1.

Tabmums 1
| 0 1 2 3 4 5
X X X X, X, X
Yo 0,03
Y1 0,07

67



ISSN 1997-9266. BicH1K BiHHULIbKOrO NONITEXHIYHOTO IHCTUTYTY. 2024. Ne 4

IIponorxenHns Tadm. 1

Y, 0,15

Y3

0,40

Ys

0,70

Ys

1,0

VY mpoueci crutaitH-iHTepHoNALii HeoOXimHO po3B’sizaTH cucteMy i3 20 piBHSHB 3 20 HEBIJOMUMH,
CKJIaJieHy 3 TOTPUMaHHAM YMOB PiBHOCTI B JOTHYHHMX TOYKax 0a30BHX AJIS CYCIAHIX BiApi3KiB CIJIaliHiB,
YMOB PIBHOCTI IXHIX MEPIIAX Ta APYTHX MOXITHUX yV MUX TOYKAX, a TAKOX YMOB PIBHOCTI HYJIIO IPYTHX
MOXIJHUX Ha KIHIIX IMOJIA 0a30BOi TricTOrpamu, Ui PO3B’sI3aHHS SIKOI pO3pOO0JICHO MPOrpaMy MOBOKO

Python.
3anumieMo 1110 CHCTEMY PiBHSHB BiIHOCHO CILTANHIB
i=0
Ta HOXIAHUX BiJ HUX
3. i-1 -
fJ = ZICIJXJ y J =1,2,...,5

i=1

3 ypaxyBaHHSM BUIIEBHKIIAJICHUX YMOB. B pe3ynbraTi oTprMaemo
Co1 =0,03,

Cpp +Cyq +Cyp +C31 =0,07,

Cpy +Cpp +Cyy +C3p = 0,07,

Coy + 2C5 +4Cyy +8C5, =0,15,
Cop3 +2C;3 + 4Cy3 +8C33 = 0,15,
Cg3 +3C13 +9Cy3 + 27C33 = 0,40,
Coq +3Cy4 +9Cy, +27C54 = 0,40,

2Cy1 +6Cqqy = 2Cyy +6Cgy,
2Cyy +12C5, = 2Cy3 +12C43,
2Cy3 +18C33 = 2Cy, +18C3,,
2Cyy + 24C3, = 2Cy5 + 24C55,
2Cy5 +30c55 =0,

2Cy1 =0.

C04 + 40_]_4 +16C24 + 64C34 = 0, 70,
C05 + 40_]_5 +16C25 + 64C35 = 0, 70,

Cy1 +2Cy1 +3C31 =Cyp +2Cyy + 3C3y,
Cip +4Cyy +12C5, =Cj3 +4Cy3 +12C53,
C3 +6Cy3 +27Cq3 =y +6Cyy +27C5y,
Ci4 +8Cyy +48C34 =5 +8Cy5 +48C55,

Jlnist po3B’sI3aHHS CUCTEMH anreOpaiuHuX piBHAHB (3) BUKoprcTaemo Python-mporpamy 1.

Python-npoepama 1:

In [1]: import sympy

In [2]: from sympy import*

In [3]: c01,c11,c21,c31=symbols('c01l c11l c21 c31")
In [4]: c02,c12,c22,c32=symbols('c02 c12 c22 c32")
In [5]: ¢03,c13,c23,c33=symbols('c03 c13 c23 c33)
In [6]: c04,c14,c24,c34=symbols('c04 c14 c24 c34")
In [7]: ¢05,c15,¢25,c35=symbols('c05 c15 c25 ¢35")
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In [8]: x=symbols('x’)
In [9]: s1=Function('s1")(x)

In [10]:
In [11]:
In[12]:
In [13]:
In [14]:
In [15]:
In [16]:
In [17]:
In [18]:
In [19]:
In [20]:
In [21]:
In [22]:
In [23]:
In [24]:
In [25]:
In [26]:
In [27]:
In [28]:
In [29]:
In [30]:
In [31]:
In [32]:
In [33]:
In [34]:
In [35]:
In [36]:
In [37]:
In [38]:
In [39]:

s2=Function('s2')(x)
s3=Function('s3")(x)
s4=Function('s4")(x)
s5=Function('s5')(x)
s1=c01+c11*x+c21*x**2+c31*x**3
$2=C02+C12*X+C22*X**2+c32*x**3
$3=c03+c13*x+Cc23*x**2+c33*X**3
S4=c04+c14*x+c24*x**2+c34*x**3
s5=c05+c15*x+c25*x**2+c35*x**3
egl=c01-0.03
eg2=c01+c1l1+c21+c31-0.07
eg3=c02+c12+c22+c32-0.07
eqd4=c02+2*c12+4*c22+8*c32-0.15
eq5=c03+2*c13+4*c23+8*c33-0.15
eg6=c03+3*c13+9*c23+27*c33-0.40
eq7=c04+3*c14+9*c24+27*c34-0.40
eg8=c04+4*c14+16*c24+64*c34-0.70
eq9=c05+4*c15+16*c25+64*c35-0.70
€q10=c05+5*c15+25*c25+125*c35-1.0
eqll=c11+2*c21+3*c31-c12-2*c22-3*c32
eql2=c12+4*c22+12*c32-c13-4*c23-12*c33
eg13=c13+6*c23+27*c33-c14-6*c24-27*c34
eql4=c14+8*c24+48*c34-c15-8*c25-48*c35
eql5=2*c21+6*c31-2*c22-6*c32
eql6=2*c22+12*c32-2*c23-12*c33
eql7=2*c23+18*c33-2*c24-18*c34
€q18=2*c24+24*c34-2*c25-24*c35
eql19=2*c25+30*c35
eg20=2*c21
solve([eql,eq2,eq3,eq4,eq5,eq6,eq7,e98,eq9,eql0,eqll,eql2,eql3,\
eql4d,eql5,eql6,eql7,eql8,eql19,eq20],c01,c11,c21,c31,c02,c12,c22,\
¢32,c03,¢c13,¢23,¢33,c04,c14,c24,¢34,c05,c15,c25,c35)

out[39]:

In [40]:

{c01: 0.0300000000000000, c11: 0.0405263157894737,c21: 0.0,
€31: -0.000526315789473684,c02: -0.0131578947368421,
c12: 0.170000000000000,c22: -0.129473684210526,
€32: 0.0426315789473684,c03: 0.647894736842105,
€13: -0.821578947368421,c23: 0.366315789473684,
€33: -0.0400000000000000,c04: -0.361052631578947,
c14: 0.187368421052632, c24: 0.0300000000000000,
€34: -0.00263157894736842,c05: -0.563157894736842,
c15: 0.338947368421053,¢c25: -0.00789473684210526,
€35: 0.000526315789473684}
d1={c01: 0.0300000000000000, c11: 0.0405263157894737,c21: 0.0,
c31: -0.000526315789473684,c02: -0.0131578947368421,
c12: 0.170000000000000,c22: -0.129473684210526,
€32: 0.0426315789473684,c03: 0.647894736842105,
€13: -0.821578947368421,c23: 0.366315789473684,
€33: -0.0400000000000000,c04: -0.361052631578947,
c14: 0.187368421052632, c24: 0.0300000000000000,
€34: -0.00263157894736842,c05: -0.563157894736842,
€15: 0.338947368421053,c25: -0.00789473684210526,
€35: 0.000526315789473684}
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In [41]: s11=s1.subs([(c01,d1[c01]),(c11,d1[c11]),(c21,d1[c21]),(c31\
d1[c31])]).evalf(3);s11
Out[41]:
-0.000526*x**3 + 0.0405*x + 0.03
In [42]: s22=s2.subs([(c02,d1[c02]),(c12,d1[c12]),(c22,d1[c22]),(c32\
d1[c32])]).evalf(3);s22
Out[42]:
0.0426*x**3 - 0.129*x**2 + 0.17*x - 0.0132
In [43]: s33=s3.subs([(c03,d1[c03]),(c13,d1[c13]),(c23,d1[c23]),(c33\
d1[c33])]).evalf(3);s33
Out[43]:
-0.04*x**3 + 0.366*x**2 - 0.822*x + 0.648
In [44]: s44=s4.subs([(c04,d1[c04]),(c14,d1[c14]),(c24,d1[c24]),(c34\
d1[c34])]).evalf(3);s44
Out[44]:
-0.00263*x**3 + 0.03*x**2 + 0.187*x - 0.361
In [45]: s55=s5.subs([(c05,d1[c05]),(c15,d1[c15]),(c25,d1[c25]),(c35\
d1[c35])]).evalf(3);s55
Out[45]:
0.000526*x**3 - 0.00789*x**2 + 0.339*x - 0.563
In [46]: ds1=s11.diff();ds1
Out[46]:
0.0405 - 0.00158*x**2
In [47]: ds2=s22.diff();ds2
Out[47]:
0.128*x**2 - 0.259*x + 0.17
In [48]: ds3=s33.diff();ds3
Out[48]:
-0.12*x**2 + 0.733*x - 0.822
In [49]: ds4=s44.diff();ds4
Out[49]:
-0.00789*x**2 + 0.06*x + 0.187
In [50]: ds5=s55.diff();ds5
Out[50]:
0.00158*x**2 - 0.0158*x + 0.339
In [51]: y,z,u,v=symbols ('y z u v')
In [52]: exprl=s11
In [53]: expr2=s22.subs(x,y)
In [54]: expr3=s33.subs(x,z)
In [55]: exprd=s44.subs(x,u)
In [56]: expr5=s55.subs(x,v)
In [57]: exprll=dsl
In [58]: expr22=ds2.subs(x,y)
In [59]: expr33=ds3.subs(x,z)
In [60]: expr44=ds4.subs(x,u)
In [61]: expr55=ds5.subs(x,v)
In [62]: import numpy as np
In [63]: import matplotlib
In [64]: import matplotlib.pyplot as plt
In [65]: Frl=lambdify(x,exprl,"numpy")
In [66]: x=np.linspace(0,1,21)
In [67]: Fri(x)
Qut[67]:
array([0.03  , 0.03202493, 0.03404947, 0.03607322, 0.03809579,
0.04011678, 0.0421358 , 0.04415245, 0.04616634, 0.04817707,
0.05018425, 0.05218749, 0.05418638, 0.05618055, 0.05816958,
0.06015309, 0.06213069, 0.06410197, 0.06606655, 0.06802402,
0.069974 )
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In [68]: Fr2=lambdify(y,expr2,"numpy")

In [69]: y=np.linspace(1,2,21)

In [70]: Fr2(y)

Out[70]:

array([0.0704 , 0.07239233, 0.0744106 , 0.07648678, 0.0786528 ,
0.08094063, 0.0833822 , 0.08600947, 0.0888544 , 0.09194892,
0.095325 , 0.09901457, 0.1030496 , 0.10746203, 0.1122838,
0.11754688, 0.1232832 , 0.12952473, 0.1363034 , 0.14365118,
0.1516 )

In [71]: Fr3=lambdify(z,expr3,"numpy")

In [72]: z=np.linspace(2,3,21)

In [73]: Fr3(z)

Out[73]:

array([0.148 , 0.15641, 0.16542, 0.175 , 0.18512, 0.19575, 0.20686,
0.21842, 0.2304 , 0.24277, 0.2555 , 0.26856, 0.28192, 0.29555,
0.30942, 0.3235, 0.33776, 0.35217, 0.3667 , 0.38132, 0.396 ])

In [74]: Fr4a=lambdify(u,expr4,"numpy")

In [75]: u=np.linspace(3,4,21)

In [76]: Fr4(u)

Oout[76]:

array([0.39899 , 0.413805 , 0.42864967, 0.44352205, 0.45842016,
0.47334203, 0.48828569, 0.50324916, 0.51823048, 0.53322767,
0.54823875, 0.56326176, 0.57829472, 0.59333566, 0.60838261,
0.62343359, 0.63848664, 0.65353978, 0.66859103, 0.68363843,
0.69868 1)

In [77]: Fr5=lambdify(v,expr5,"numpy")

In [78]: v=np.linspace(4,5,21)

In [79]: Fr5(v)

Out[79]:

array([0.700424 , 0.71547652, 0.73052155, 0.74555947, 0.76059069,
0.77561559, 0.79063458, 0.80564805, 0.82065638, 0.83565999,
0.85065925, 0.86565457, 0.88064634, 0.89563495, 0.9106208 ,
0.92560428, 0.94058579, 0.95556572, 0.97054447, 0.98552243,
1.0005 )

In [80]: plt.plot(x,Fri(x),-r'y,Fr2(y),-g',z,Fr3(z),"-c',u,Frd(u),-b'\

v,Fr5(v),"-r' linewidth=3)
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Puc. 3. I'padik exBiBasieHTHOT (HYHKIIT pO3MOIiTY, CHHTe30BaHui Python-miporpamMoro Ha OCHOBI KyOiUHHX CIUTalHIB

In [81]: x=symbols('x’)

In [82]: f1=lambdify(x,exprll,"numpy")

In [83]: x=np.linspace(0,1,21)

In [84]: f1(X)

Out[84]:

array([0.0405 , 0.04049605, 0.0404842 , 0.04046445, 0.0404368 ,
0.04040125, 0.0403578 , 0.04030645, 0.0402472 , 0.04018005,
0.040105 , 0.04002205, 0.0399312 , 0.03983245, 0.0397258 ,
0.03961125, 0.0394888 , 0.03935845, 0.0392202 , 0.03907405,
0.03892 )
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In [85]: y=symbols('y")

In [86]: f2=lambdify(y,expr22,"numpy")

In [87]: y=np.linspace(1,2,21)

In [88]:f2(y)

Out[88]:

array([0.039 , 0.03917, 0.03998, 0.04143, 0.04352, 0.04625, 0.04962,
0.05363, 0.05828, 0.06357, 0.0695 , 0.07607, 0.08328, 0.09113,
0.09962, 0.10875, 0.11852, 0.12893, 0.13998, 0.15167, 0.164 1)

In [89]: z=symbols('z')

In [90]: f3=lambdify(z,expr33,"numpy")

In [91]: z=np.linspace(2,3,21)

In [92]: f3(z)

Out[92]:

array([0.164 , 0.17635, 0.1881 , 0.19925, 0.2098 , 0.21975, 0.2291 ,
0.23785, 0.246 , 0.25355, 0.2605 , 0.26685, 0.2726 , 0.27775,
0.2823, 0.28625, 0.2896 , 0.29235, 0.2945 , 0.29605, 0.297 ])

In [93]: u=symbols('u’)

In [94]: f4=lambdify(u,expr44,"numpy")

In [95]: u=np.linspace(3,4,21)

In [96]: f4(u)

Out[96]:

array([0.29599 , 0.29660327, 0.2971771, 0.29771148, 0.2982064 ,
0.29866188, 0.2990779 , 0.29945447, 0.2997916 , 0.30008927,
0.3003475 , 0.30056627, 0.3007456 , 0.30088548, 0.3009859 ,
0.30104687, 0.3010684 , 0.30105047, 0.3009931 , 0.30089627,
0.30076 )

In [97]: v=symbols('v')

In [98]: f5=lambdify(v,expr55,"numpy")

In [99]: v=np.linspace(4,5,21)

In [100]: f5(v)

Out[100]:

array([0.30108 , 0.30092595, 0.3007798 , 0.30064155, 0.3005112 ,
0.30038875, 0.3002742 , 0.30016755, 0.3000688 , 0.29997795,
0.299895 , 0.29981995, 0.2997528 , 0.29969355, 0.2996422 ,
0.29959875, 0.2995632 , 0.29953555, 0.2995158 , 0.29950395,
0.2995 )

In [101]: fig=plt.figure(facecolor="white")

<Figure size 432x288 with 0 Axes>

In [102]: plt.plot(x,f1(x),"-r'y,f2(y),"-g',z,f3(z),"-c',u,f4(u),"-b'\

v,f5(v),"-r', linewidth=3)

Out[102]:

[<matplotlib.lines.Line2D at 0x1f8ac834310>,

<matplotlib.lines.Line2D at 0x1f8ac8343d0>,

<matplotlib.lines.Line2D at 0x1f8ac8344c0>,

<matplotlib.lines.Line2D at 0x1f8ac8341f0>,

<matplotlib.lines.Line2D at 0x1f8ac834610>]
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72



ISSN 1997-9266. BicHuk BiHH1LbKOro NONiTexHiYHOro iHCTUTYTy. 2024. Ne 4

AHaJi3 OTpUMaHUX pe3yJbTaTiB

O0’enHyI0YN pe3yIbTaTH, OTPUMaHI Iicias BUKOHaHHS kKoMmaHn In [41]—In [45], oTpuMmaeMo ekBiBa-
JICHTHY CIIalH-MOZAeNb QYHKIIT pO3MOaiTy y BUIIISAAL

—0,000526x° + 0,405x + 0,03, x €[0,1],
0,0426x° —0,129x2 +0,17x — 0,0132, xe[L,2],
s=1-0,04x% +0,366x2 — 0,822x + 0,648, x e[2,3], 4)

—0,00263x> +0,03x? +0,187x - 0,361,  x<[3,4],
0,000526x> —0,00789x2 +0,339x — 0,563, x <[4,5].

A 00’eHYI0YH pe3yNbTaTH, OTPUMaHi micis BUKoHaHHS KoMmaH[ In [46]—In [50], orpumaemo exBiBa-
JIEHTHY CIHIaHH-MOJIEh MUTEHOCTI PO3IIOAUTY Y BHTJISII

—0,00158x2 + 0, 0405, x €[0,1],
0,128x% -0,259x+0,17,  xe[1,2],
f ={-0.12x> +0,733x-0,822, xe[2,3], (5)

—0.00789x? +0,06x + 0,187, x <[3,4],
0.00158x% —0,0158x + 0,339, x [4,5].

I'padiku exBiBaneHTHUX crIaiH-Mozeneii (4), (5), moka3aHux Ha puc. 3, 4, MATBEPAKYIOTh 1 IPaBH-
JBHICTh PO3B’SI3aHHS MOCTABIICHOI 3a/1adi, i BUCOKY TOYHICTh OTPHUMAaHUX Pe3yJbTaTiB, apke, TKOU TOU-
HiCTh OyJia HEAOCTAaTHROIO, TO KiHIIi JIiHIH 00’ €qHAHOTO rpadika Ha TPAHUIAX BiIpi3KiB He 30iramucs 0.

BucHoBku

3amponoHOBaHO METOJl CHHTE3Y €KBIBAJIEHTHUX MOAeel (YHKLiH po3moaity Ta LIIBHOCTEH pO3MHo-
Iily AaHUX BHIIQJIKOBOTO XapakTepy, SIKHH HEe BUMarae BUKOHAHHS NPOLEIYPH «BUPIBHIOBAHHS» IiCTOT-

paM 3 BUKOPUCTaHHAM xz -posnoainy IlipcoHa B KJIaCHYHOMY BapiaHTi CHHTE3Y IIUX MOJICICH.

3anponoHOBaHUA METOI CHHTE3y 0a3y€eThCs HA BUKOPHCTAaHHI KyOIYHUX CIUIAHHIB 1 IXHBOMY JIEKalTb-
HOMY IIPHIIACYBaHHI Miciist TpanchopMalii TicTorpaMu y cXiT4acTy GYHKIII0 pO3MOALTY.

I'padix minsHOCTI posmominy (puc. 4), sika Habyja BIACTHBOCTI KJIACHYHOTO [-pO3MOIiny, MiATBEp-
JDKY€ BUCOKY €()eKTHBHICTH 3alpONOHOBAHOIO CIIOCO0Y CHHTE3Y, OCKIIBKM BUXiJHY TicTOrpamy A0 Tako-
r'0 PO3MOJILTY KJIACHYHUM «BHPiBHIOBaHHSM» 3a [lipcOHOM 3 BUCOKOIO JIOBipUOIO HMOBIPHICTIO TPUBECTH
He BJayocs 0.
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Equivalent Models of Random Data Distribution Functions

Vinnytsia National Technical University

This paper presents the results of the research carried out by the authors in the process of forming the report "Equiva-
lence of random data distribution densities", delivered at the International Scientific and Practical Conference "Information
Technologies and Computer Modeling (ITCM-24)", held in Ivano-Frankivsk in the period from May 21 to 24, 2024, in which
the method for the synthesis of a statistical estimate of the equivalent density of a random data distribution is proposed,
which does not require "histogram alignment" using the Pearson y? -distribution. At the first stage, the method proposed by

the authors uses the crunching of a histogram constructed using a relatively small sample of random data, followed by cu-
mulative summation to determine the equivalent distribution function of these data on a set of their available values. At the
second stage of the method proposed by the authors, the constructed equivalent distribution function of random data is
interpolated by cubic splines according to the algorithm that uses the mathematical relations derived by the authors. And at
the third stage of the method proposed by the authors, by differentiating the equivalent mathematical model of the distribu-
tion of random data, obtained at the previous stages of the implementation of this method, an equivalent mathematical mod-
el of the density of the distribution of random data is synthesized, using which the primary base histogram was created. The
paper contains or mentions all the Python programs necessary for the implementation of all stages of the proposed method
of synthesis of the equivalent density model of the random data distribution , as well as the example of solving a specific
practical problem with explanations of all actions necessary to perform at each of the stages implementation of the proposed
method.

Keywords: random data, histogram, histogram shredding, cumulative sum, distribution function, equivalence, interpola-
tion, cubic splines, distribution density, Python programs.
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