Tema Ne§ «Maremarudeckasi craTucTuka. O0padoTKa JTaHHBIX)

Jlekuus 1 «OcHOBBI NPOrPpaMMHMPOBAHMSA CJIYYaNHBIX BeJIUYUH,
XapPaKTEePUCTHK M MPOLECCOB»

1. MoaenupoBaHue 3aKOHOB pacnpenaejieHust
2. Cratuctuyeckne xapakrepuctuku. [locrpoenue rucrorpamm.
3. Ciry4aiiHble mpouecchl

1. MopaeanpoBaHue 3aKOHOB pacipe/e/ieHus

Jl7i MOIeTUPOBaHUS PA3IMUHBIX (PU3MUECKUX, U MMPOUUX 3(PPEKTOB MIUPOKO
pacpoCTpaHEHbl METO/bI, Ha3biBacMble MeTrogamu Monrte-Kapno. X ocHOBHas
ujiesl COCTOUT B CO3/IaHUH OIPEACIICHHON MOCIEI0BATEILHOCTH CITyYaiHbIX YHCE,
MOJACIUPYIOIIE TOT WM HHOW 3(dekr, Hanmpumep, IWyM B (PUINYECKOM
HKCIEPUMEHTE, CIy4yallHyI0 JHUHAMUKYy OUP)KEBBIX HMHAEKCOB M T. M. s 3THUX
neneid B Mathcad umeercs psii BCTpOEHHBIX (PYHKIMHA, peaTU3yOMIUX pa3InyHbIe
THUIIBI TEHEPATOPOB IICEBIOCITYYANHBIX YHCEIL.

Mathcad umeer Gombiioii Habop GYHKIHUA MaTeMaTUYECKOW CTATHCTHKH,
NO3BOJIIOIIMX  BBIYMCIATH  XAapaKTEPUCTUKH BBIOOPKM  JAaHHBIX: CpEIHUE
BEJIMUMHBI, AUCIEPCUI0, KOIPPHUIMEHTHI KOPPEISAUUU U Apyrue KodpQuIUEHTHI,
BBIUHUCIIATh IUIOTHOCTH BEPOATHOCTH, (PYHKUHUU BEPOSATHOCTH, KBAHTUIIU
BEPOSITHOCTU I 17 pa3nuyHbIX BHJIOB PACIPEACIICHHS CIyYalHBIX BEJIMYHMH.
Kpome Toro, B HeM €CTh reéHepaTopbl CIyYalHBIX YHCEN, COOTBETCTBYIOIIUE BCEM
17 Bumam pacnpeneseHus.

CornacHo OMNpENeNeHUI0, CllydailHas BEJIMYMHA MPUHUMAET TO WJIM HHOE
3HAYEHUE, HO KAKOE€ KOHKPETHO, 3aBUCUT OT CIy4YalWHBIX OOCTOATENBbCTB OMbITA U
3apaHee TOYHO IMPEACKa3aHO ObIThb HE MOXET. MOXXHO JIMIIb TOBOPUTH O
BeposaTHOCTH P(X) npuHsSTHS ClydailHON AMCKPETHON BEJIMYUHON TOTO MJIH WHOTO
3HAYEHUS Xy, WA O BEPOSTHOCTU MOMNAJaHUsI HEMPEPHIBHOUW CIy4yailHOW BETMYUHBI
B TOT WM WHOW dYHCIOBOM wuHTepBan (x,x+dx). Beposrnocts P(X), mMoxer
npuHUMaTh 3HaueHus oT 0 1o 1 (ciyyaitHas BeTM4HHA 3aBEIOMO NMPUMET 3HAUCHUE
or x 1o x+dx). CoortHomeHnue F(X) Ha3bIBalOT 3aKOHOM _pacupesieleHus
CllydyaiiHON BeIMYHMHBI, a 3aBUCUMOCTh W(X) MeXTy BO3MOXKHBIMH 3HAYCHHSIMH
HENPEPHIBHON CIIy4YalHOM BEJIMYMHBI W BEPOATHOCTSAMM IIOMAJAHUA B HX
OKpPECTHOCTh Ha3bIBACTCs €€ INIOTHOCThIO BeposTHocTu (probability density).

B Mathcad umeercst psa BCTpoeHHBIX (DYHKIIMI, 3a0al0UUX UCIIOIb3yEMbIE
B MaTeMaTHUYEeCKOW CTaTUCTHKE 3aKOHBI pacnpeneneHus. OHU BBIYUCISIOT Kak
3HAYEHUE IUIOTHOCTH BEPOSTHOCTH PA3NIMYHBIX paACIpEAeNICHUN M0 3HAYEHUIO
CIly4ailHOM BEJIMYMHBI X, TAaK M HEKOTOpbIE COMYTCTBYIOIME QyHKIMU. Bece oM,
10 CYTH, SIBJISIIOTCSI JTMOO BCTPOECHHBIMH aHAJTUTUYECKUMHU 3aBUCHUMOCTAMH, JIHOO
CHenuaibHbIMA  (YHKIUSAMU. bBONbINOM WHTEpeC TMPEACTaBISCT HAIW4YWe
TeHEepPaTOPOB CIIy4alHBIX YUCEIl, CO3AAI0IINX BEIOOPKY MCEBIOCITYYalHbIX JaHHBIX
C COOTBETCTBYIOILIUM 3aKOHOM pPacCIpeAeIICHHUS.




PaccmoTtpum moapoOHO Bo3MoxkHOCTH Mathcad Ha HeckonbKkUX HamboJsiee
MOMYJIIPHBIX 3aKOHAX pAcIpeleeHus, a 3aTeM NPHUBEIEM IepeYeHb BCEX
pacnpeneneHuii, BCTpoeHHBIX B Mathcad.

HopmauabsHnoe (I'ayccoBo) pacnpenesieHue

B Teopuu BepOATHOCTH [I0Ka3aHO, YTO CyMMa pa3JIMYHBIX X 3aBUCHUMBIX
CIIy4alHbIX CJaraeMbIX (HE3aBUCUMO OT MX 3aKOHA pacIpe/eieHUs) OKa3bIBACTCs
CIIy9aiflHOM BEJIIMYMHOU, pACIpeICICHHON COTIAaCHO HOPMaJIbHOMY 3aKoHYy (T. H.
HEHTpaJIbHAsl TpefelibHass Teopema). [loaToMy HOpMmanbHOE pachpeeneHue
XOPOILIO MOJICTIUPYET CaMbli ITUPOKHUM KPYT SIBJICHUM, ISl KOTOPBIX U3BECTHO, UTO
Ha HUX BJIMSIIOT HECKOJIBKO HE3aBUCUMBIX CITy4alHBIX (haKTOPOB.

[TepeuncnuM ocHOBHBIE BCTpOCHHBIC (hyHKITMHU, uMmeromuecs B Mathcad mis
OIMCaHUsl HOPMAIBHOTO PaCIIpeIeTICHIS BEPOSTHOCTEH:

. dnorm(x,m,0) — INIOTHOCTh BEPOSTHOCTH HOPMAIBHOTO PaCIpE/ICIICHUS,
. pnorm (X,m,0) — GyHKUIKS HOPMAJIBHOIO PacipeieNICHuUs;
. gnorm (P,m,0) — oOpaTtHast GpyHKUHSA HOPMAJIBHOTO pacIpeiesiCHus;
. rnorm(M,m,0) — BekTop M HE3aBHCHUMBIX CIyYalHBIX YHCEN, KaXI0C U3
KOTOPBIX UMEET HOPMAJIbHOE PACIIPENCIICHUE;
o X — 3HAYEHUE CIyYalHOW BEIUYHHBI,
o P — 3HaueHue BEpOATHOCTH;
o M— MaTEMAaTHUYECKOE OKHUIAHUE;
o 0 — CPETHEKBAPaTUYHOE OTKJIOHEHHE.

MarteMaTnyeckoe 0KHUIaHue U JUCIIEPCHS SIBISIOTCS, 110 CYTH, TapaMeTpamMu
pacnpenenenus. [IMoTHOCTE pacnpeneneHus A TpeX Map 3HAYECHUN I1apaMeTpoB
nokazaHa Ha puc. 1. HamomHuM, 4TO TUIOTHOCTH pacrpeneseHus dnorm 3amgaer
BEPOATHOCTb MONAJaHUS CIy4YailHON BEJIMYMHBI X B MaJIbI HHTEPBaJ OT X J10 X+dXx.
Takum oOpa3zom, Hampumep, HJs TEpBOro rpaduka (CIUJIOMIHAS —JIMHUSA)
BEPOSATHOCTH TOTO, YTO CIIy4alHas BEJIWYMHA X NPUMET 3HAYEHUE B OKPECTHOCTHU
HYJISl, NPUOJHU3UTENBHO B TpU pa3za OoJibllie, YEM BEPOSITHOCTH TOrO, YTO OHA
IIPUMET 3HAYEHUE B OKPECTHOCTH Xx=2. A 3HAYEHUs CIy4YallHOM BEIUYMHBI,
OOJBIIME D U MEHBIIUE -5, U BOBCE MAJIOBEPOSITHBI.
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Puc. 1. [I10THOCTh BEpOSITHOCTH HOPMAIbHBIX paclpeeIeHUn
®dyukius pacnpenenenus F(X) (cumulative probability) — sto BepositHOCTB
TOro, YTO CIlydailHas BEJIMYMHA [PUMET 3HAYCHHE MEHbIIEE WM PaBHOE



F(x)=P(X <x). Kak cnemxyer M3 MaTeMaTH4ecKOr0 CMBICNA, OHA SBIAETCA

HUHTErPaioM OT IUIOTHOCTH BEPOSATHOCTH B Tpeaenax oT — X jo x. DyHKuuu
pacrpeeneHus Ul YIIOMSHYTBIX HOPMAaJbHBIX 3aKOHOB H300pa)KeHbI Ha pHC. 2.
dyukuusa, ooparnas F(X) (inverse cumulative probability), naseiBacmas eme
KBaHTHJIEM pacCIpe/e/iCHHs, MO3BOJSIET M0 3aaHHOMY apryMEHTY p ONpEICIHTh
3HAUEHHWE X, MPHYEM ClydaiHas BelWYMHA OyJeT MEHBIIE WA paBHA X C
BEPOSATHOCTBIO p.

pnorm(x,0,1)
pnorm(x,0,2)

pnorm(x,5,1)

-5 0 5 10

X

Puc. 2. Hopmanbabie QyHKIIMM pacripeaesieHus

3nech u nanee rpaduKy pa3TUYHBIX CTATUCTUYECKUX (QYHKIIUN, TOKa3aHHbIC
Ha PUCYHKaX, MOJydeHbl ¢ nmoMoIisio Mathcad 6e3 kakux-1mbo JTOMOTHUTEIBHBIX
BBIpKEHUI B paboueit o0macTu.

[IpuBeneM  HECKOJIBKO  MPUMEPOB,  MO3BOJSAIONIMX  I[OYYBCTBOBATh
MaTEMaTUYECKU CMBICI PACCMOTPEHHBIX (YHKIMNA Ha MpuUMepe ClaydaHON
BEJIMYMHBI X, pacpe/Ie]ICHHOM 110 HOpMajIbHOMY 3aKoHy ¢ M=0 u 0=1 (mMcTUHTH
1-5).

Jluctunr 1. BeposTHOCTh TOTO, 4TO X OyAeT MeHble 1.881:

pnorm(1.881,0,1) = 0.97

JIuctunr 2. 97%-HpIi KBaHTHIH HOPMAIBHOTO PACIIPEICIICHNS:

gqnorm(0.97,0,1) = 1.881
Jluctunr 3. BeposTHOCTH TOTO, 4TO X OyAeT Oosbiie 2:
1 —pnorm(2,0,1) = 0.023
Jluctunr 4. BeposTHOCTB TOT0, YTO K OYJET HAXOAUTHCS B MHTEpBaje (2,3):
pnorm(3,0,1) — pnorm(2,0,1) = 0.021

1 3 2
—-lerf| — |—erf| — =0.021
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Jluctunr 5. BepostHOCTH TOTO, 4TO [X|<2:



pnorm(2,0,1) — pnorm(—-2,0,1) = 0.954

ert 2z = 0.954
/2
OOpatuTe BHHUMaHHE, YTO 33Ja4M JBYX IOCIICIHUX JHCTHHIOB PEIIAFOTCS
JIBYMsI pa3HbBIMHU criocoO0aMu. BTopoil W3 HHX CBs3aH C €Ile OJHOW BCTPOSHHOU
¢dyukuuen erf, HaspiBaeMON (QyHKIIUECH OMMOOK (MJIM MHTETPAJIOM BEPOSTHOCTH,
unu pyukuen Kpammna).
. erf (X) — dyHKIUA OMIHOOK;
. erfc(x)=1-erf(x).

Matematnueckuii CMbICT (QYHKIMM OMIMOOK NOSCHEH U3 JMCTUHIA O.
WuTerpan BepOATHOCTH MMEET BCEro OJMH apryMeHT, B OTJIMYUH OT (YyHKIUU
HOPMAaJBHOTO pacnpeneieHus. Mcropudeckn, mocneaHss NepecYuThIBAIACh YEPE3
Ta0yJIMPOBaHHBIM MHTErpaJl BEPOSATHOCTH MO (QopMynaMm, MPUBEICHHBIM B
JMCTUHTE 6 TS IPOU3BOJIBHBIX 3HAYCHUN TTapaMeTPOB M 1 O (JIUuCTHHT 6).

JInctuHr 6. BeposTHOCTH TOTO, UTO X Oy1IeT B MHTEpBajie (2,3):
L=5s =2
p1101‘111(3,u,c5) - pnm‘m(l,u,ﬁ) = 0.092
1 3 - 2 -
—-| erf g erf s
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Ecmu Bel umeere neno ¢ MonenupoBaHueMm Metojgamu Mourte-Kapio, To B
KaueCTBE IT€HEepaTopa CIy4YalHbIX YHCENI C HOPMaJIbHBIM 3aKOHOM pacIpeaeieHus
MPUMEHSHTE BCTPOEHHYIO QYHKIIUIO FNOrm. B nuctunre 7 ee nelicTBUe MOKa3aHO
Ha TOpuMepe co3fgaHus JBYX BEKTOpoB Mo M=500 »1eMEHTOB B KaXIOM C
HE3aBUCUMBIMU TICEBAOCTYYaTHBIMU YUCIAMU X1 U X2 PACIPEACICHHBIMU COTJIACHO
HOPMAaJIbHOMY 3aKOHY.

= 0.092

Jluctunr 7. TeHepamus JByX BEKTOPOB C HOPMajbHBIM 3aKOHOM
pacnpeneneHus:
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O xapakTepe pacnpenesieHus] CIIydyaHbIX 3JIEMEHTOB BEKTOPOB MOXKHO CYIUTh
no puc. 3. B npanpHeimeM Mbl OyJeM YacTO CTaJIKUBAaThCS C TeHepalueu
CITy4alHbIX YMCEJ M PACUE€TOM UX Pa3IMYHBIX CPETHUX XapaKTEPUCTHUK.



Puc. 3. [lceBnocyyaiiHple Ynciia C HOPMAJIbHBIM 3aKOHOM pacrpe/ieneHust (JIMCTUHT 7)

PaBHOMepHOe pacnipe/iesieHUe

Camoe ipocToe pacrpeeieHue CIIydailHON BETMIUHBI — 3TO PACIIPEIICIICHUE C

(bia) npu x €[a,b]u W(X)

=0, U1 X BHE UHTepBala [a,b]. DTy JIOTHOCTh BEPOSITHOCTHU, HAPSAY € IPOUUMHU
CTaTUCTUYECKUMU XapaKTEPUCTUKAMHU, 33Jal0T CIEAYIOIINE BCTPOCHHbBIE
GyHKIMH:

. dunif (x,a,b) — MIO0THOCTH BEPOSATHOCTH PABHOMEPHOT'O PACIIPEACICHHS;

punif(x,a,b) — GyHKIHMS paBHOMEPHOTO pacnpeieICHuUS;

qunif(p,a,b) — kBaHTUIIb PABHOMEPHOTO PACIIPE/ICIICHUS;

runif (M,a,b) — BEKTOp M HE3aBUCUMBIX CIyYalHBIX YUCEN, KaXKI0€ U3
KOTOPBIX UMEET PABHOMEPHOE PacIpe/IeiICHuUE;

rnd (X) — cnyyaitHOe YUCII0, UMEIOIIee PABHOMEPHYIO TUIOTHOCTD
pacripeneieHus Ha uaTepsaie (0, X);

TIOCTOSTHHOM IIOTHOCTBIO BepositTHOCTH W(X). W (X) =

o X — 3HAYEHHUE CIy4allHOM BEJIUYUHBI,

o P — 3HaueHue BepoOATHOCTH;

o (a,b) — uHTEpBAJ, HA KOTOPOM Cily4yaiiHasi BeJIMYMHA pacipeaesieHa
PaBHOMEPHO.

xl
Puc. 4. [lceBpocnyuaiinple yncia ¢ paBHOMEPHBIM 3aKOHOM pacipeieeHus

Yamre Bcero B HECIIOXHBIX MPOrpaMMax MPUMEHSICTCS IMOCHCHHSS (DYHKITHS,
KOTOpasi MPUBOAWT K TEHEpaIy OJHOTO TceBIOCTydYaHoro uucna. Hamuume
Takol BcTpoeHHOW (yHkimu B Mathcad — nmanp Tpaaumuu, NpUMEHSEMOW B



OOJBIIMHCTBE cpex MporpaMMmupoBanus. IIpumep ucnonp3oBaHus reHepaTopa
BEKTOpa U3 M CIy4YalHBIX YKCEJl IM0OKAa3aH Ha pHC. 4, KOTOPBIM MOJIy4YEH 3aMEHOU B
JBYX TIOCIICHAX CTPOKAaX JIMCTHUHra 7 T€HepaTopa HOPMAIBHBIX yucen Ha runif
(M,0, 1). [In0THOCTD BEPOATHOCTH M (YHKIUS PABHOMEPHOTO pPACHpPEICICHUs
MOKa3aHbl Ha PUC. .

dunif (x,0,1)

punif (x,0,1) 0.5 - m

0 |
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X

Puc. 5. [I10THOCTB BEpOATHOCTH U QYHKIMS PABHOMEPHOTO PACTIPEACTICHHIS

Jlpyrue craTucTu4eckue pacnpeaeieHust

Kak nerxko 3amMeTuTh MO PacCMOTPEHHBIM TpeM pacnpeneneHusiMm, Mathcad
UMEET YEeThIpEe OCHOBHBIEC KATETOpUM BCTPOCHHBIX (GyHKUUNA. OHH pa3inyaroTcs
HaIlMCaHWEM MX TIEPBOM JIMTEPHI, a OCTaBIIAsCA YacTh UMEHU (PYHKIUU (HIKE B
cnucke (yHKIMM OHAa YCIOBHO OOO3Hauy€Ha 3BE3J0YKOM) HUIECHTU(DUIMPYET TOT
WJIM MHOM THUIl pacipeiesicHusl.

. d*(x,par) — mI0THOCTh BEPOSITHOCTH;
. p*(X,par) — QyHKIUs pacupeaeaeHus;
. g*(p,par) — KBaHTWJIb pacIpPe/ICIICHHUS,
. r* (M,par) — BEKTOp M HE3aBUCUMBIX CIYyYalHBIX YHUCEN, KAKIOE U3
KOTOPBIX UIMEET COOTBETCTBYIOIIEE PACTIPECIICHHUE;
o X — 3HaYEHUE CIy4YallHOUW BEJIMUMHBI (APTYMEHT (DYHKIIUH);
o P — 3HaueHue BeposATHOCTH;
o par — cnicoK NapaMeTpoB PACTIPECICHHUS.

UtoObl TONY4YUTh (PYHKIIUU, OTHOCSIIHMECS, HAMpUMEpP, K PaBHOMEPHOMY
pacrpeeieHno, BMECTO * Hajo MOCTaBUTh UNIf W BBECTH COOTBETCTBYIOIIUIA
CIIUCOK TapamMeTpoB par. OH OyaeT coCTOSTh B JAHHOM CiIydae U3 JIBYX 4ucen a,b
— UHTEPBAJIA PACIPEACIICHUS CIIyYaiiHON BEJIMUUHBI.

[lepeuncnum Bce TUIBI pacHpeneseHus, peaan3oBaiueie B Mathcad, BMecTe
UX TapaMeTpaMM, Ha 3TOT pa3 00O3HAUMB 3BE3/I0UKON * HENOCTAIOIIYIO MEPBYIO
OyKBY BCTpOECHHBIX QyHKIMH. HekoTopbie U3 MIOTHOCTENW BEPOSITHOCTH MTOKA3aHbI
Ha puc. /.
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Puc. 7. ILTOTHOCTH BEPOSATHOCTHA HEKOTOPBIX pacCIpeICICHUN

*beta(x,s1,52) — Oera-pacnpenencaue (s1,S; HapaMeTpbl MPHUHAMAIOIIHNE
TOJIBKO TIOJIOKUTENbHBIE 3HaUeHUs, 0<X<1).

*binom(k,n,p) — OmHOMHMaNBEHOE pacmpezeneHue (N — MEIbI Mmapamerp,
O<k<n wm 0<p<l — mapamerp, paBHBI BEPOSITHOCTH ycCIlieXa CIUHHYHOTO
HCTIBITAHUS ).

*cauchy(x,l,s) — pacnpenenenue Komm (1 — mapamerp pasznoxenwus, s>0 —
napameTp macirada).

*chisq(x,d) — x? ("xu-xBagpar") pacnpenenenne (d>0 — umcio creneHeit
CBOOO/IBI).

*exp(X,r) — OKCIOHEHIMaibHOE pacmnpeaenenue (r>0 — TmoKasaresb
AKCIIOHEHTHI).

*F(x,d1,d2) — pacnpenenenne @umepa (d;,d>0 — uuncna creneHei
CBOOOIBI).

*gamma(x,s) — ramma-pacnpenesicaue (s>0 — mapameTp GopMbI).

*geom(k,p) — reomerpuueckoe pactpeneiacane (0<p<l — mapamerp,

paBHBINM BEPOSITHOCTH yCIeXa SAMHHYHOTO UCITBITAHMUS).

*hypergeom(k,a,b,n) — runepreomerpuueckoe pacnpenenceaue (a,b,n —
1[eJIbIe TTapaMeTphl).

*Inorm(x,m,0) — snorapupMHUUECKH HOpPMaJbHOE pacmpeneneHue (m —
HaTypaJbHBIN JiorapudM MaTEeMaTUUECKOTO OXuaaHus, 0>0 — HaTypaJIbHBIHA
norapudM CpeTHEKBAIPATUIHOTO OTKIOHCHHUS).

*logis(x,l,s) — morucruyeckoe pacnpenenacane (I — MaremaTHyeckoe
oxxunanue, s>0 — mapamerp Macirada).

*nbinom(k,n,p) — oTpunarensHoe OMHOMHATIBHOE pacmpeaeiacHue (n>0 —
uenslii napametp, 0<p<l).

*norm(x,m,0) — HOpMAJIBHOE pacnpeesienne (m— cpeanaee 3HaueHue, 0>0 —
CPEIHEKBAIPATHYHOE OTKIIOHCHHE).

*pois(k,a) — pacripenencuue [lyaccona (a>0 — mapameTtp).

*t(x,d) — pacnpenenenue Creiogenta (d>0 — 4yncio cTeneHer cBoOOIbI).

*unif(x,a,b) — paBHOMepHOE pacnipeneienue (a<b — rpaHUIBI UHTEPBAJIA).

*weibuli(x,s) — pacnpenenenune Betioyma (s>0 — mapamerp).

BcraBKy pacCMOTPEHHBIX CTATHCTHYECKUX (PYHKIMH B MPOrpaMMbI yI00HO

OCYIIIECTBIIAAT, C TOMOINBIO jauajoroporo okHa Insert Function (BcraBka
bynkuun). s 5T0ro He0OX0IMMO BBITIOIHUTD CIEAYIOIINUE JEHCTBUS:



. YcTaHOBUTE KypCcoOp Ha MECTO BCTABKU (DYHKIIMU B IOKYMEHTE.
. BeoBute aumanoroBoe okuo Insert Function maxxatuem kHomku f(X) Ha
CTAHJAPTHOM TAHEIW HWHCTPYMEHTOB WM KOMaHaod MeHto Insert »

Function (BcraBka > CDEHKL[I/I}I), i HakatueM krasum CTRL + E.

Function Categar Function M ame

Mumber Theom/Combinatarics A
Piecewize Continuous dbirom

Probability D'enzity deauchy

Prabahility Diztribution dchizg

Fandom Mumbers desp

Salving dF

Sarting dgamma

Special v |dem v

dbetalx, 21, 22]

Returng the probability dengity for the beta distibution with shape
parameters 1 and =2

@ I aE. ][ Inzert ][ Cancel ]

Puc. 8. [lnanorosoe okuo Insert Function

. B cmucke Function Category (Kateropuss ¢yskuu) (puc.8) BbIOSpUTE
OMHy W3 Kareropuid craructudeckux Qynkuui. Kareropus Probability
Density (ILIOTHOCTh BEpOSTHOCTH) COJNEPKUT BCTPOCHHBIC (DYHKIUM IS
IIOTHOCTH BepositHocTH, Probability Distribution (®yuaknwust pacnipenenenvis)
— I BCTaBKM (YHKIMH WM KBaHTWIEH pacmpeneneHus, Random
Numbers (CaydJaiiHbie uncia) — a1 BCTaBKUA (QYHKIMHM TEHEPAIUH CITyYaiHbIX
quced.

. B cmucke Function Name (Mms  ¢yHkiuun) BbiOepuTe (GYHKIHIO, B
3aBHCHMOCTH OT TpeOyrolierocs 3akoHa pacupenenenus. [Ipu BeiOope Toro uimum
MHOTO 3JIEMEHTa CIHMCKa B TEKCTOBBIX MOJIAX B HIKHEH 4YacTH OKHa OyzeT
MOSIBIISATHCA UH(OpPMAIMs 0 HA3HAYECHUU BEIOPAHHON (QYHKIIUU.

. Haxwmure kaHonky OK a1t BcTaBKM QYHKIIUM B JOKYMEHT.

2. CtaTucTuyeckue xapakrepuctuku. [loctpoenue rucrorpamm.

B OonpmMHCTBE CTaTUCTUYECKUX pacueToB Brl nmeere aemno nubo co
CIIy4yailHBIMM JAHHBIMH, TOJYYEHHbBIMH B XOJ€ KaKOro-iMbo HKCIEpUMEHTa
(KkOTOpBIE BBIBOASTCS U3 (haiiia Wik NeyaTaroTCs HEMOCPEACTBEHHO B IOKYMEHTE),
amb0 ¢ pe3ylbTaTaMHU TEHEpaluW CIy4YalHBIX YHCEN, PAaCCMOTPEHHBIMU B
OpEIbIIyIIUX pa3eliax BCTPOCHHBIMH (DYHKUIHUAMH, MOJCIUPYIOIMIUMU TO WU
uHoe siBIeHue metonoM MonTte-Kapno. Paccmotpum Bo3moknoctn Mathcad mo
OolleHKe (yHKUMH pacnpeleieHus U pacyeTy UHUCIOBBIX XapaKTEPUCTHUK
CIIy4ailHbIX JaHHBIX.

B Mathcad umeetcst psigm BCTpOCHHBIX (DYHKIIMM 1T pacueTOB YHUCIOBBIX
CTATUCTUYECKUX XaPAKTEPUCTHUK PSAAOB CIyYalHBIX TaHHBIX.



mean(X) — BLIOOPOYHOE CpeHEE 3HAUCHUE,

median (x) — BbIOOpouYHas Meamana (Median) — 3HaYeHHWE apryMEHTa,
KOTOPOE JCJIUT THCTOTPaMMy IDIOTHOCTH BEPOSTHOCTEH Ha JBE paBHBIC YacTH,

var(x) — BeioopouHas aucriepcus (variance);

stdev(x) — cpenmnexkBamparnyHoe (Wi "cTaHmapTHOE") OTKIIOHCHHE
(standard deviation);

max(x), mm (X) — MakCHMaJIbHOE ¥ MUHUMAJIbHOE 3HAYCHHUS BEIOOPKH;

mode(X) — HanboJIee YaCTO BCTPEUAIOIIEeCs 3HAUCHHNE BEIOOPKH;

var (X),stdev(X) — BbIOOpoYHAs JOUCHEPCHS MW CPEIHEKBAJAPATHUHOEC
OTKJIOHCHHUE B PYroi HOPMHUPOBKE;
o X — BEKTOp (MJIM MaTpuIia) C BLIOOPKOM CIIyJalHBIX JTaHHBIX.

[Ipumep ucnosib30BaHUs MEPBHIX YEThIpeX (YHKIMM NPUBEACH B JIMCTUHIE

8.1.

JIuctunr 8.1. Pacdet ynCIOBBIX XapaKTEPUCTUK CITyYaHOTO BEKTOpa:

x = rweibull (1000, 1.5)

N = length(x) N=1x10
mean(x) = 0.917

median(x) = 0.781

var(x) = 0.402

stdev(x) = 0.634  +/var(x) = 0.634

hi := mean(x) + stdev(x) lo := mean(x) — stdev(x)

I'mcrorpammoii Ha3pIBaeTCs rpaduk, anmpOKCUMHUPYIOIUN MO CIIyYailHbIM

JAHHBIM TUIOTHOCTh UX pactpezenenus. [Ipu moctpoeHnn rucrorpaMMbl 00J1aCTh
3HAYCHUN CiaydailHoOM Benu4uHbl (a,b) pazOuBaeTcs Ha HEKOTOPOE KOJUUYECTBO
CETMEHTOB - DiN, a 3aTeM MOJCUNUTHIBACTCS MTPOICHT MOMAIaHNs JAHHBIX B KaXKIbIN
cermeHT. Jlns moctpoenus rtuctorpamm B Mathcad wumeercss HeckosbkO
BCTPOCHHBIX (QyHKIuH. PaccmMoTpuM uX, HauMHAasE € caMoOMl CJOXKHOW IO
MPUMEHEHUIO0, YTOOBI JTydIlie pa3o0paThCs B BO3MOXKHOCTSX KaXI0M U3 (PYHKITUH.

I'mcrorpamma ¢ npou3BOJILHBIMHM CerMEHTAMHU Pa30MeHust

hist(intvis,X) — BekTOp 4YacTOTHl TMOMAJAHHS JAHHBIX B HHTEPBAJIbI
THCTOTPAMMBI;
o INtVIS — BEKTOP, 3JIEMEHTHI KOTOPOTO 33Jal0T CETMEHTBI TIOCTPOCHHUSI

THCTOTPaMMBI B TIOPSIKE Bo3pacTanus a<intvisi<b;
o X — BEKTOP CITy4ailHbIX JaHHBIX.



Ecimu BekTop intvis mMeer bin smemenToB, TO M pe3ynbrar hist umeer
CTOJIBKO K€ 3J1eMeHTOB. I1ocTpoeHHe THCTOrpaMMbl MJUTIOCTPHPYETCS JINCTHHTOM
8.2 m puc. 9.

JInctunr 8.2. [TocTpoeHune rucTorpaMmsl:
N := 1000
bin := 30
x = morm(N,0,1)
lower := floor(min(x))
upper ;= ceil(max(x))

_ upper — lower

h:=
bin

j:= 0. bin

int; = lower + -

f:= i-hist{int,x]l
N-h

Hus  anamuza  B3sito N=1000 paHHBIX C¢ HOpPMajibHBIM 3aKOHOM
pacmpesielieHus, CO3JaHHBIX TCHEPATOPOM CIIyYalHBIX dYHceNl (TPEeThsl CTPOKa
auctuHra).  Jlanmee  ompenensioTCs  TpaHHWIBI  MHTepBadga  (upper, lower),
coJlepKallero BHYTpU ce0si BCE ClydaiiHble 3HAYEHUs, W OCYIIECTBISETCA €ro
pa3ouenue Ha KojmuecTBO (DIN) OAMHAKOBBIX CErMEHTOB, HadYajbHBIC TOYKH
KOTOPBIX 3alTUCBIBAIOTCS B BEKTOP INt (MpeAnoceiHss CTpoKa JUCTUHTA).

B Bekrtope INnt MoOXXHO 3amaTh TPOW3BOJIBHBIC TPAHMIEI CETMCHTOB
pa30ueHus Tak, 4ToObl OHU UMEIU Pa3HYIO HIUPUHY.



. . h
mt ;= mt+ —

f

o
dnorm (int,0,1)
.—-- 02 F
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Puc. 9. [ToctpoeHue ructorpaMmbl (JIMCTHHT 8)

OOparutre BHMMaHHE, YTO B IOCJIEIHENW CTPOKE JIMCTUHTA OCYIIECTBIICHA
HOPMHUPOBKA 3HAYEHHM THUCTOTPAaMMbI, C TeM YTOObBl OHAa MPABUIBHO
anmpOKCUMUPOBAJIa TJIOTHOCTh BEPOSITHOCTH, TAKXKE IMOKA3aHHYIO Ha Tpaduke.
OdeHb BaXKHO TepeomnpesesieHue BekTopa INt B camoM Bepxy puc. 9, KoTopoe
HEO0OXOAMMO ISl IEPEX0/1a OT JIEBOM I'PaHULBI KaXKOTO JJIEMEHTAPHOTO CErMEHTa
K €r0 LEHTPY.

I'mcrorpamma ¢ pa3doneHueM Ha paBHbIE€ CErMEHTbI
Ecin Her HeoOXoaumocTH 3ajaBaTh CETMEHTHl THCTOTPAMMbl Pa3HOM
IIMPHHBI, TO yI00HEE BOCIOIB30BAThCS YIPOIICHHBIM BaprianToM (yHKkiuu hist.

. hist (bin, X) — BEKTOp 4YacTOTHl IIONAJAaHUA JAaHHBIX B MHTEPBAJIbI
TUCTOTPAMMBI;
o bin — KoMYecTBO CErMEHTOB MOCTPOCHHSI TUCTOTPAMMBI;
o X — BEKTOP CJIy4alHBIX JTaHHBIX.

st TOro 4TOoOBI HMCIIONB30BaTh JTOT BapwaHT (yHKnuu hist BMecTo
IPEIBIIYIIero, JOCTATOYHO 3aMEHUTD TIEPBBIN U3 €€ apTYMEHTOB B JIUCTUHTE 8.

Henocrarok ynpouienHoi ¢opmbl pyHKIMU hist B TOM, YTO NO-TpEeKHEMY
HEOOXOAMMO JIOTIOJHUTEIBHO OMNpPEAENATh BEKTOP CErMEHTOB IOCTPOCHHMS
ructorpammbl. OT 3TOro Hegoctarka cBoOonHa mnosiBuBIIasicsi B Mathcad 14
¢bynkuus histogram.

. histogram (bin, x) — MaTpuIia ructTorpamMmmsl pasmepa bin x 2, cocrosias
M3 CTOJOIAa CErMEHTOB pa30MEHUs W CTOJNOIA YacTOTHI IOMAJaHUs B HHUX
JTaHHBIX;

o bin — KoMMYecTBO CErMEeHTOB MOCTPOCHHSI THCTOTPAMMBI;
o X — BEKTOP CIy4aiiHbIX JaHHBIX.

[Mpumepb! ncnoab3oBanus ¢GyHkiuy histogram npuBeaeHbI B JIMCTHHIE
9 u puc. 10.



Jluctunr 9 llpumenenue pynkuuu histogram

HOpManeHOE pacnpeneneHWe V= m.jfmflljl:llj-lﬂ_])

NoCTpOEeHHE THCTOTPAaAMMBI
nn =21  hh = histogram(nn V)

it = hh{l} BEKTOR CpedHWX TONMEK UHTEpPBANOE

{2}

h="Hhh NacCToTa NonagaHKuA YMcen B MHTEREAN
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Puc. 10. I'paduk rucrorpammsl (TucTUHTI)

Co3nanue rpauka rucTorpaMMbl
Jl71st Toro yToOBI CO3/1aTh rpaduK B BUIE TUCTOTPAMMBI:

[TocTpoiiTe AByMepHBIi rpadukK, 3a1aiiTe IEpeMeHHbIE TI0 OCSM U TPEIeIbl
ocu x (uucia lower u upper).

Boiinure B  amanoroBoe  okHo Formatting Currently  Selected
Graph (®opmarupoBanre) BbIOpaHHOTO Tpaduka (HampuUMep, JIBOHHBIM
LIETYKOM MBIIIN) U niepeiianTe Ha Bkiaaky T races (I'padukmn).

YcranoBuTe A CEPUM JAHHBIX THCTOrpamMmel B nose Type (Tum) snement
criricka bar (cron6isr) wiu solidbar (rucrorpamma) (puc. 11).

Haxxmure knonky OK.

350 ' ' '
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Puc. 11. YcranoBka tuna rpaduka Jjisi IOCTPOEHUS THCTOTPaMMBbI



3.Cayuaiinbie mpouecchbl

Berpoennbie GyHKIMM 7151 TEHEPAIMK CIIyYallHbIX YHCEIl CO3Jal0T BEIOOPKY U3
Clly4ailHbIX JaHHbIX. YacTo TpeOyeTcsi co3AaTh HENPEPBHIBHYIO WM JAUCKPETHYIO
ciydaiinyio pyakouio A(t) oXHON WM HECKOJBKHX TEPEMEHHBIX (CITyJaiHBIN
IpoLecC WM CIy4YailHOe TI0JIe), 3HAa4eHUsT KOTOpOM OyayT yHOpsSI0YEHBI
OTHOCUTEIBHO CBOMX IepeMeHHbIX. Co3/1aTh MCEBAOCTYyYalHbIA MPOLECC MOYKHO
CrIoco0oM, MpeACTaBICHHBIM B ucTuHTE 10.

Jluctunr 10. 'eHepanus nceBnocIydaifHOro mpolecca:
N:= 20
T:= 0.5
Tmax = (N—-1)-1
1] =0.N-1

Tj=J1

X := morm(N,0,1)
KS1 = cspline(T,x)

A(t) = interp(KS1,T,x,t)

B mnepBoit ctpoke muctunra 10 ompeneneHo konaudecTBO N HE3aBUCHMBIX
CIIy4YallHbIX YHCEJ, KOTOpbhle OyIyT BIOCJIECACTBUU CIEHEPUPOBAHBI, U PAAUYC
BPEMEHHOU KOppesiuuu T. B cienyrommx Tpex CTpoKax OMpeaesitoTCsl MOMEHTBI
BpemeHu Tj, KoTopsIM OyayT oTBedaTh ciydaiiHble 3HaueHus A(t). Co3manue
HOPMAJILHOTO CJIYy4YalHOTO TPOIlecca CBOJUTCS K TeHepalii OObIYHBIM CITIOCOOOM
BEKTOpAa HE3aBUCHMBIX CIIyYalHBIX YHCEI X U MOCTPOCHUIO MHTEPIOISALUOHHON
3aBUCHUMOCTH B NPOMEXYTKax Mexay HUMU. B nuctunre 10 wucnons3yercs
CIUIANH-UHTEPIIOJISIIHS.

A(D)

t,jt

Puc. 12. TlceBnocayyaitnbiii mporecc (muctunr 10)



B pesyinbrare momydaercs ciydainbii mporece A(t), pamuyc Koppemnsiuu
KOTOPOTO OMPENEISACTCS PACCTOSIHUEM T MEXAY TOYKAMH, JJISI KOTOPBIX CTPOUTCS
uaTepnioysinusa. ['papuk  ciaydaitHoro mnporecca A(t) BMecTe ¢ HCXOIHBIMHU
CIIy4yalHbIMM YHCJIaMM MoKazaH Ha puc. 12. CmydaiiHoe moJie MOXHO CO3/aTh
HECKOJIBKO 00Jiee CJI0KHBIM CIIOCOO0M C MOMOIIBI0 MHOTOMEPHON MHTEPIIOISIIIHH.
Bonpocsr 06paboTku JaHHBIX PACCMOTPEHBI B CIICAYIOMIEH JTEKIIHH.



