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Oo6mmue ykazanus

Hacrosmmuit  Kypc COAEpKUT  OCHOBHBIE  TIOJIOKEHUS  TEOPUU
BEPOSTHOCTEH M MaTEMAaTHYCCKOH CTAaTHCTHKH, a TAKXKE OIMMCAHHUE OCHOBHBIX
METOJ0OB M HJICH, MCHONB3YEMBIX B TEOPETHUKO-BEPOSITHOCTHBIX PacCyKACHHSX.
[IpencraBneHHbIE METOABI HIUTFOCTPUPYIOTCS TMPOCTHIMU — IIPUCMAMHU, YTO
MOMOTaeT B JANbHEHIIEM CAMOCTOSATENBFHO pPEmaTh 33aJaHUs MPaKTHYECKOTO
XapakTepa, CBOZSI X K U3BECTHOI cXeMe.

Jlist ycriemrHoro yCBOEHHS JIaHHOTO Kypca HEOOXOAWMBI: 3HAHMS
TPagUIIMOHHOTO Kypca MaTeMaTH4YeCKOTO aHalW3a, B YacTHOCTH, YMCHHE
WHTETPUPOBaTh, nuddepeHurposarb. Ciymareab TOMKEH OBITh 3HAKOM C
3JIEMEHTaMH TEOPHUH MEpHI, ¢ MOHATHEM HHTErpaia Mo Mepe Ha abCTpaKTHOM
MPOCTPAHCTBE U €0 MPOCTEUIINMHA CBOUCTBAMU.

Lemnpto mpemomaBaHUS JaHHOTO Kypca sBISeTcS  obOecreueHue
HEOOXOIUMBIMH 3HAHUSMH W TIPHBUTHE HABBIKOB NPUKIATHOTO XapakTepa st
paboTBl C OCHOBHBIMH IOHSATUSMH TCOPHH BEPOSITHOCTEH M MaTEMAaTHUCCKOM
CTaTUCTHKH.

3aaun U3y4eHUs] HACTOSIIIETO Kypca COCTOST B CIEIYIOIIEM: 3aKPEIHTh
W pa3BUTh 3HAHWSA, TMOJIYYCHHBIC MpPU HU3YYCHHH pPAa3JCIIOB MaTeMaTHKH, Ha
KOTOpBIC OMHPACTCs JaHHBIA KypC; MOJATOTOBUTh HEOOXOAMMEIH YPOBCHb 3HAHUI
JUIA YCTICIITHOTO OCBOCHUS KypCOB, KOTOpPBHIE ONHMPAIOTCS HAa 3HAHWE OCHOB
TEOPHH BEPOSTHOCTH U MATEMATHIECKON CTATHCTUKH, TAKUX KaK CTaTHCTUIECKast
pannodrsnka, KBaHTOBAs MEXaHHKA, IUIAHMPOBAHKE SKCIIEPUMEHTA U JIp.

[Tocobue comepxuT omucanue S-MH JTaOOPATOPHBIX PAOOT MO KypCy
«OCHOBBI  TEOpMH BEPOATHOCTEH W  MaTEeMaTHYECKOH CTaTHCTHKH» C
WCIIONIb30BaHWEM  TIporpaMMUpOBaHus Ha JavaScript. 32To  mO3BOIMIIO
OpPraHW30BaTh BBIOJHCHHWE J3THUX pabOT yIaleHHO Ha caidTe Kypca
http://dl.kpi.kharkov.ua/techn/nvs10/. [Ins pucoBaHusi rpauKoB B HEKOTOPBIX
nabopaTopHbIX pabor mcnoneiyercs flash-npuiioxkeHue, HaMCaHHOE aBTOPOM
JaHHOTO 1ocoOust. OTKPBITOCTh KOJa IMO3BOJISICT JIETKO BHOCHTH M3MEHEHUS B
ko mporpamMm. [IpeanokeHHBIH NOAXOA TMO3BOJSET peHIaTh 3afadd  0e3
HCIIOJIB30BaHUS CIICIIHATBHBIX TPOTPAMM.

1. JABOPATOPHAS PABOTA Ne 1. TIPOCTPAHCTBO
JEMEHTAPHBIX COBBITHI

1.1. Heab pa6oTbl

W3ydnTh TOHATHE <«IIPOCTPAHCTBO DJIEMEHTAPHBIX COOBITHH» U
pa3paboTaTh KOMIBIOTEPHYIO MPOTPaMMY ISl HATJISITHOTO MPEACTABICHUS 3TOTO
TIOHSTHSL.

1.2. KpaTkue TeopeTuyeckue cBegenus [1]

CoObITHEM (MJIM «CITydallHBIM COOBITHEM)) HA3bIBAeTCSl BCAKHUH (aKT,
KOTOPEII B Pe3yJIbTATE OMBITA MOKET MIPOU30UTH WU HE TIPOU30MTH.
BeposTHOCTBIO COOBITHSI HA3BIBACTCS YUCICHHAs Mepa CTEIeHH OOBEKTHBHON
BO3MOXXHOCTH 3TOTO COOBITHS. BeposTHOCTh coOBITHSI A oOo3Haudaetcs P(A), P
unmn p. JloctoBepHBIM Ha3biBaeTcsl coOBITHE U, KOTOpOE B pe3ynbTaTe ONBITa
HenpeMeHHo noinkHO mpousodtH. P(U) = 1. HeBo3MOXHBIM Ha3bIBaeTCA
cobOpiTHe V, KOTOpOE€ B pe3ylbTare OIbiTa He MOXxeT npousodtu. P(V) = 0.
BeposiTHOCTE 1I000TO COOBITHS A 3akKitoueHa MEXAy HyleM u eauHunei: 0 <
P(A)< 1.

[MomHO# Tpymmoi COOBITHI HA3BIBACTCS HECKOIBKO COOBITUN TAKHUX, YTO
B PE3YJIbTATE OIBITA HEMPEMEHHO JOJKHO IPOU30UTH XOTs OBI OJTHO U3 HUX.
Heckompko cOOBITHH B JaHHOM OITBITE HA3BIBAIOTCS HECOBMECTHBIMH, CCIIH
HUKaKUEC JBa W3 HUX HE MOTYT MOSBUTHCSI BMecTe. Heckompko COOBITHI B
JAHHOM OITBITE HAa3BIBAIOTCSI PABHOBO3MOKHBIMH, €CIIH 110 YCIIOBUSAM CHMMETPHUHN
OTIbITa HET OCHOBAaHWH CYUTATh KAaKOE-IMOO W3 HHUX 0ojee BO3MOXKHBIM, YeM
moboe npyroe. Ecnu Heckoysbko coObITHH: 1) 00pa3yioT MOJHYIO Tpymimy; 2)
HECOBMECTHBI; 3) pAaBHOBO3MOXXHBIMH, TO OHH HAa3BIBAIOTCS CIIyYasMHU
(«mancammy).

Crydaii Ha3pIBaeTCs OJIATONPHUATHBIM COOBITHIO, €CIIH TIOSBJICHHE 3TOTO CITydast
BJIEUET 3a COOOI MOSIBIEHHE COOBITHSI.

Ecnu pe3ynbraThl OMbITa CBOIATCS K CXEME CITyYacB, TO BEPOSITHOCTh COOBITHS A
BBIYUCIISAETCS IO (hopMyIIe

m
P(4) =—
n

E

rac n — 06HIC€ YUCJIO ClIydYaceB; m — YHCJIO CJIy4acs, 6HaFOHpI/IHTHLIX COOBITHIO
A. HpOCTpaHCTBO 3JIECMCHTAPHBIX COOBITHI — MHOKECTBO  Bcex Pa3INIHbIX
HCXOI0B cnyqaﬁﬂoro OKCIICPUMCHTA.



DyieMeHT 3TOr0 MHOXeCTBa ® € € HA3BIBACTCS DIIEMEHTAPHBIM COOBITHEM HIIH
ncxonoM. IIpocTpaHCTBO »IIEMEHTApHBIX COOBITHH HAa3BIBACTCSA AWCKPETHBIM,
€CIIH YHCIO €ro 3JEMEHTOB KOHEYHO MM cdeTHoe. Jlroboe mpocTpaHCTBO
JJIEMEHTAPHBIX  COOBITHH HE  SBIAIONIEECS  AWCKPETHBIM,  HAa3bIBAeTCS
HCAMCKPETHBIM, W TPH STOM, €CIIM HAOJIOJACMBIMH pe3yJibTaTaMu (HEIb3s
MPOU3HOCUTH CITyYaHHBIMH COOBITHSMHU) SBJSIFOTCS TOYKH TOTO WU HHOTO
YUCIOBOTO  apU(METHYCCKOTO WM  KOOPAMHATHOTO MPOCTPAHCTBA, TO
MPOCTPAHCTBO HA3BIBACTCS HEMPEPBIBHBIM (KOHTHHYYM).

[TpocTpaHCcTBO A5IEMEHTapHBIX COOBITHIT £ BMecTe ¢ anreOpoi coObITHI
F u BeposrHocteio P oOpasyer Ttpoiiky (€, F, P), xoropas Ha3bBaeTcs
BEPOSTHOCTHBIM MIPOCTPAHCTBOM.

B Teopuu BeposATHOCTEH 3IIeMEHTapHBIE COOBITHS MIIH COOBITHS-aTOMBI
— 3TO HCXOABl CIy4aifHOTO OJKCHEPHUMEHTa, W3 KOTOPBIX B OIKCIEPUMEHTE
MIPOUCXOTUT POBHO OAWH. MHOXXECTBO BCEX 3JEMEHTAPHBIX COOBITUH OOBIYHO
obozHagaercs 2. Beskoe MOAMHOKECTBO MHOKECTBA €2 DJIEMEHTAPHBIX COOBITHI
HA3bIBACTCS CIIy4allHBIM COOBITHEM. ['OBOPAT, YTO B pe3yNbTaTe SKCICPUMEHTA
MPOM30IIIO0  ClydaiiHoe coObithe A< Q, eciu  (3JEMEHTapHBIA) HCXO
IKCIICPUMCHTA SIBJISICTCS SJIEMEHTOM A.

B omnpexeneHnn BEpOSTHOCTHOTO TIPOCTPAHCTBA HAa MHOMKECTBE
CITyJaiiHBIX COOBITHH BBOIWTCS CHTMa-aJJUTHBHAS KOHEUHAs Mepa, Ha3bIBaeMas
BEPOSTHOCTBIO.

OreMeHTapHbIE COOBITHS MOTYT MMETh BEPOSTHOCTH, KOTOpPHIE CTPOTO
TTOJIOKUTEBHBI, HYJIH, HEONPENeNeHHBI, WIH J0o0as KOMOWHAIMSA M3 AITHX
BapuaHTOB. Hampumep, mr000€ IUCKpETHOE BEPOATHOCTHOE pacIpe/ieieHue
OTIPENIENISACTCS] BEPOATHOCTSIMH TOTO, YTO MOXKET OBITh Ha3BaHO 3JICMEHTAPHBIMU
coObITHsIMH. HampoTus, Bce dlIeMEHTapHBIC COOBITUS MMEIOT BEPOSITHOCTh HYJIh
JUIS HETIPEPBIBHOTO pacnpeaeliicHus. CMEIIaHHbIe pacpeie]icHus, He Oy yYu HU
HENPEPBIBHBIMU, HU JUCKPETHBIMH, MOTYT COJICPIKATh ATOMBI, KOTOPhIC MOTYT
MBICTUTHCS KaK 3JICMEHTapHBIC (TO €CTh COOBITHSA-aTOMBI) COOBITHS C HEHYJICBOM
BEPOSTHOCTHIO. B Teopnu Mepsl B ONpeAesICHHH BEPOSTHOCTHOTO IPOCTPAHCTBA
BEPOSTHOCTh TPOM3BOJIBHOTO 3JIEMEHTAPHOTO COOBITHS HE MOrja OBITh
ompeneNeHa 10 TeX IMOp, MOKa MAaTeMAaTHKHA HE YBHUACIH pPa3IMude MEXIY
MIPOCTPAHCTBOM HCXOJIOB S M COOBITHSAMH, KOTOpPBIE IPEACTABISIOT MHTEpPEC, U
KOTOpBIEC OTIPEIENAIOTCS KaK dJIEMEHTBI G-aJIreOphl COOBITHH U3 S.

DopMansHO TOBOpPS, 3JEMEHTApHOE COOBITHE — 3TO ITOIMHOXECTBO
MPOCTPAHCTBA UCXOMOB CIIyYAHHOTO SKCICPUMEHTA, KOTOPOE COCTOUT TOJBKO M3
OJTHOTO AJIEMEHTA; TO €CTh AJIEMCHTApHOE COOBITHE — 3TO BCE emé MHOXKECTBO,
HO He caM 31eMeHT. OJHAKO IIEMEHTapHBIC COOBITHS OOBIYHO 3aMUCBHIBAIOTCS
KaK DJICMCHTHI, @ HE KaK MHOXKECTBA C IEJBI0 YIPOUICHHUS, KOT/Ia 3T0 HE MOXET
BBI3BaTh HEIOPA3yMCHHUSI.

IIpuMepbl POCTPAHCTB MCXOIOB JKCICPUMEHTa, (2, M 3JIEMEHTAPHBIX
COOBITHIA:
Ecim o0BeKTHl cueTHBIE, a TpocTpaHcTBO ucxomoB Q = {0, 1, 2, 3, ..}
(HaTypanpHBIC YUCIIA), TO JIEMEHTapHbBIE COOBITHS — 3TO JIFOObIe MHOXecTBa {K},
roe k €N.
Ecmu monera Opocaercs apaxabl, Q ={00, OP, PO, PP}, O ans opna, a P ms
pemky, To aneMeHTapHeie coobiTus: {00}, {OP}, {PO} n {PP}.

1.3. Ilopsaaok BbINOJTHEHUS] PadOTHI

CocraBuTh KOMITBIOTEPHYIO mporpamMMmy IS HaIIAJHOTO
MIPEACTABICHUS] TPOCTPAHCTBA 3JEMEHTApHBIX TPH MOAOPACHIBAHWU JBYX
MIPaBUIIBHBIX MHOTOTPAHHHUKOB.

IIpaBUABHBIM MHOTOrpaHHHK WJIHM IUIATOHOBO TENO — 3TO BBITYKIIBIHA
MHOTOTPaHHUK, COCTOSIINI M3 OAWHAKOBBIX IMPAaBUIBHBIX MHOTOYTOJIBHUKOB H
0o0namaromuil  MPOCTPAHCTBEHHONH CHMMETpHel. ODiiepoM ObUTa BBIBEIEHA
¢dopmyna, cesaspiBaromas uuciio BepiuH (B), rpaneit (I) u pédep (P) smobGoro
BBIITyKJIOTO MHOTOTPaHHHKA IPOCTBIM cOOTHOMEeHueM: B+ I'=P + 2.

Mmuororpanank | Bug BepmmHsbl Péopa I'pann
Terpasap

4 6 4
Ky06

8 12 6
Okrasap

6 12 8
Honexasap

20 30 12
Hxocasnp

12 30 20

IIpaBusibHBIE MHOTOTPaHHUKH HW3BECTHBI C JpeBHEHIIMX BpeMEH. Mx
OpHAMEHTHBIE MOAETH MOXKHO HalTH Ha PE3HBIX KAMEHHBIX IIapax, CO3JaHHBIX B
mepron mo3gHero Heonuta, B llormmanmun, xak mMuHmMyM 3a 1000 mer mo
ITnarona. B KOCTSIX, KOTOPBIMH IIOAM WIpalid Ha 3ape IMBHJIM3AINHU, YXKE
yragpIBaroTCs (POPMBI IPABIIIEHBIX MHOTOTPAaHHUKOB.

B 3HaunTenpHOI Mepe MpaBUIIbHBIC MHOTOTPAHHUKH OBLUTH WU3y4YCHBI APCBHUMU
rpekamu. Hexotopeie ucTouHmku (Takue kak [Ipokn Jnamox) mpHUMIUCHIBAIOT




yecTh UX OTKpeITHS [Indaropy. Jpyrue yTBepKIaroT, 9TO eMy OBUTH 3HAKOMBI
TONBKO TETPa’Ap, KyO M JOAEKa’p, a 4eCTh OTKPBITHS OKTadpa W HKocadzpa
npuHAUISKUT Teatery AduHckoMy, coBpeMeHHUKY [lmatoHa. B mo6oMm cimyuae,
Tesrer mam  MaTeMaTHYecKoe  ONHMCAaHWE BCEM  ISITH  NPAaBHILHBIM
MHOTOTPaHHHUKAM H IIEPBOE M3BECTHOE JOKA3aTEIbCTBO TOTO, YTO UX POBHO IISATh.

IIporpammy peann3oBarts:
e uHTepdeiicHas YacTh Ha sA3bIKe pa3MeTku runeprekcta HTML [13];
e  (yHKIMOHATBHAS YacTh Ha CU-TO00HOM si3bIKe JavaScript [23].

HnTepdeiicHast 4acTh N0JKHA BKIYATD!
®  3aroJIOBOK C YyKa3aHHMEM Ha3BaHUs paboThl, mH(OpMAIMu 00 aBTOpE,
BpEMEHH pa3pabOTKH;
e  BEHINAJAIOIINE MEHIO JJIS 3aIaHMSI TUIIOB JBYX MHOTOTPaHHHUKOB;
®  JMHAMHUYECKHU 0TOOpakaeMylo TaOJHUIy Pe3yJIbTATOB;
e oTOOpakeHHE B TaONWIE PE3yJIbTATOB COOBITHIH, MPEACTABIIIONINX
MTOMHO’KECTBA MHOKECTBA AIIEMEHTAPHBIX COOBITHA.

Ha puc. 1.2 npuBeneH Bo3MoXxHBII BuJ nHTEp(Eiica.

MpoCcTpaHCTBO 3MEMeHTapHbIX cobbITHI
©2013 CaeueHro H.B., kadeapa CH, KWT-dakyneTer, HTY "XNKW"

Beifiop obrekToe: Kyb ||| Kyb * | venoeue: | CyMMA OYKOE JeNUTCA HE 5 %

OUKN: UETHBIE UETHBIE
(1,1) | (1,2) | (1,3) | (2.4) | (1,5) | (1,6) OYKN: HEYETHEIE YETHLIE

OUKW: YETHBIE HEYETHLIE

OUKN: HEUETHBIE HEUETHBIE

(2,1} | (2,2) | (23) | (24) | (2,3) | (2,6) CyMMa DUKOB YETHER
CyMMa DUKOB HEUETHEA

(3{1:: (3'23 (3{3:: (3{4:: (3{5:: (3,5:: Ha NepeoM CUKOB BGonblue
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Puc. 1.2. UaTepdeiic mporpamMmmbl «I[IpocTpaHCTBO AIeMEHTAPHBIX COOBITHIN.

1.4. Conep:xanue oTyera

[levaTHBIf OTYET NOIKEH COOTBETCTBOBATH TPEOOBAHUSAM 1O OGOPMIICHHUIO
JOKYMEHTOB TaKOTO THITA M COAEPKaTh CICTYIONIYI0 HHPOPMAIHIO:
1. TurynabHBIHI TUCT.

2. Ha3zBanue nabopatopHoii paboTBHI.

3. Tema naboparopHoii paOOTHI

4. Kparkoe orcanue MeTo/1a BBINOJHEHUS.

5. bnok-cxema anropuT™a peieHus MocTaBIeHHOM 3a/1a4u.
6. Kparkoe o0bsicHeHHe HHTEpdEica MPorpaMmabl.

7. JluctuHTr KOZ#A IPOTrPaMMBL.

8. Pe3ynbTaTel KOHTPOIBHBIX PACUETOB.

9. Pa3zBepHyTBIC OTBETHI HA KOHTPOJIGHBIE BOIIPOCHI.

10. KpaTkue BBIBOIBI.

1.5. KoHTpoJbHbIE BONPOCHI

1. O6pa3yIoT 1 MOTHYIO TPYHITY CIeXYIOMINE TPYIIITEI COOBITHIA:

a) OIBIT — OpocaHue MOHETHI; cOObITHS: Al — nosiBieHue repba; A2 — MosIBJICHUE
unGpEL;

6) ombIT — OpocaHKe OBYX MOHET; coObITHs: B1 — mosiBnenne aByx repoos; B2 —
MOSIBIICHHE JIBYX IU(P;

B) OIBIT — JIBa BBICTpEJIA [0 MUILIEHHU; cOObITUS: AQ — HM OJtHOTO monananus; Al
— OJHO TIonaganue; A2 — 1Ba MOMagaHus;

T) OTBIT — JiBa BEICTpeNa Mo MuiieHu; coObITrs: C1 — X0Ts OBl OJIHO TMOTIaIaHuE;
C2 — xoTs OBl OJTMH TIPOMaX;

1) ONBIT — BEIHUMAaHHWE KapTHl U3 KONOIBI;, coOBITHS: D1 — mosiBieHme KapThl
4epBOHHOW MacTH;,; D2 — mosBieHne kaptel OyOHOBOI Macti; D3 — mosBnenne
KapThI TpedoBoit MmacTu?

2. SIBNSAIOTCS M HECOBMECTHBIMH CJIETYIOLINE COOBITHS:

a) OIBIT — OpocaHue MOHETHI; coObITHS: Al — nosiBieHue repba; A2 — MOsIBJICHUE
HGpEL;

0) ombIT — OpocaHue ABYX MOHeT; coObiTusi: Bl — mosiBieHue repba Ha mepBoi
MoHeTe; B2 — nosiBnenune nudpsl Ha BTOpOH MOHETE;

B) ONBIT — JBa BhICTpena 1o munieHu; coositus: CO — Hu oxHoro nonananus; Cl
— oxuo nonaganue; C2 — 1Ba IoIagaHus;

T) OIIBIT — JIBAa BBICTpEIIA 10 MUIIEHH; COOBITUS: D1 — XOTs OBl OJTHO MOTIaJIaHUE;
D2 — xoTs Ob1 OJTUH MTpOMaXx;

1) OTBIT — BEIHUMAaHHE OBYX KapT W3 Komonsl; coOertus: E1 — mosBienne nByx
4epHbIX KapT; E2 — nmossnenne ty3a; E3 — nmossienne gampl?

3. SIBASIOTCS M PAaBHOBO3MOXKHBIMH CIICAYIOIINE COOBITHS:



a) ombIT — OpocaHue CHUMMETPUYHON MOHETHI; cOObITHS: Al — mosBIeHUE Tepoa;
A2 — mosiBiIeHnE TTUQPHI;

0) ombIT — OpocaHHWe HENpaBUIBHOW (MOTHYTOH) MOHETHI, coObITHA: Bl —
nosiBiieHne repo6a; B2 — nosiBnenue nudpsr;

B) OIIBIT — BRICTpEI 110 MUTIeHH; coObITH: C1 — momaganue; C2 — mpomax;

T) OTBIT — OpOCaHMe JBYX MOHET; coObITHs: D1 — mosiBieHune aByx rep6os; D2 —
nosiBiieHue 1ByX nudp; D3 — nosBnenue oxHoro repba u ogHOM HUGpBI;

Jl) OIBIT — BBIHMMAHUE OJHOM KapThl M3 KOJOABI, coObITHs: El — mosiBieHue
KapThl 4epBOHHOM MacTh; E2 — mnosiBieHue kaptel OyOHOBOM Mmact; E3 —
MOSIBIICHHE KapThI TPe(OBOH MacTH;

€) OIBIT — OpocaHue UrpanbHON KocTH; coObIThs: F1 — nosiBiieHne He MeHee Tpex
oukoB; F2 — nosiBeHne He Ooee YyeThlpex 04KoB?

2. JABOPATOPHAS PABOTA Ne 2. KOMBUHATOPHBIIA METO/T
BBIYMCJEHUS BEPOITHOCTEN B KJIACCHYECKOM CXEME

2.1. Ilean paGoThI

W3y4nTh KiaccHyeckoe ONpeneseHre BeposSTHOCTeH u pa3paboTath
KOMIIBIOTEPHYIO IIPOrpaMMy IS pacueTa BEpOSTHOCTEH, TpeOyromux Imojcyera
KOMOHMHATOPHBIX KOH(PUTYPALUH.

2.2. KpaTtkue Teopernyeckue cBeaenus [1]

Krnaccrnueckast BepoATHOCTHAS cXeMa — cxema ypH. Bo MHOTHX cirygasx
BEPOATHOCTHOE MPOCTPAHCTBO CTPOUTCS HAa OCHOBE IPOBEACHMS aHAJOTUU
MEXIY OIMCHIBAEMBIM OJKCIIEPIMEHTOM M KaKOH-IMOO XOpOLIO HW3Y4YEeHHOH
MOJEJBIO  CIY4YallHOrO  OSKCIEPUMEHTa C H3BECTHBIM  paclpeaesieHueM
BeposiTHOCTEe. TakoBbI, HAIPUMEP, OMBITHI, CBOISAIINECA K KIACCUYECKOW WITU
TCOMETPHYUECKON CXeMe, KOTOPBIE MOIPOOHO paCCMAaTPHBAIOTCS JTayee.

Besikuit SKCTIIEPUMEHT, YIOBJIETBOPSIOIIN I TOMY YCIIOBHIO, 4TO
COOTBETCTBYIOIIEE €My MHOXECTBO €2 TIPEACTaBIsIeT CO00H KOHEYHOe

MHOXKECTBO PaBHOBEPOSITHBIX HCXOJIOB ( Te.
1 y y

P(Wl) = P(w2) =..=P(w,)=—), HasblBaeTcs KJIACCHYECKOH CXeMOH WM
n

cxeMmo# ypH. B cuimy koHedHOCTH 7 anrebpa COOBITHH COBIAMaeT ¢ MHOKECTBOM
BCEX MOJMHOXECTB MHOXKECTBa # (BKJIIOYas M MyCTOe MHOXECTBO). IloaTomy

moboe coObITHE BUIA AZ{wkl,wkz,...,wk } ) unabmonaemo B Takom

SKCIIEPUMEHTE, ¥ BEPOSITHOCTh €r0 OCYIIECTBICHHS OMpeAeseTcs 1Mo GpopMyiie
KJIACCUYECKON BEPOSTHOCTU

N(4) m
P(A)=——=—,
NQ) n
rne N (4) = m — 4HCIO DIeMEHTOB MHOXecTBa A (YHCIO Bcex

OIaroMpUATCTBYIOIIUX COOBITHIO A HCX010B), N () =n — YHCIO IJIEMCHTOB
MHOeCTBa £ (YHCIIO0 BCEX MCXOA0B IKCIIEPUMEHTA).
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Knaccudeckast cxema sBIsIeTcss MaTeMaTHYecKOW —(opManu3arueit
ONMBITOB, B KOTOPBIX 3JCMEHTApHBIC HCXOIbI O00JaNal0T ONpeACICHHOMN
CUMMETpHEH 10 OTHOIIEHHWIO K YCIOBHSM OIIBITA, TaK YTO HET OCHOBAaHWUI
CUMTATh KAKOW-THMOO M3 HCXOMOB 0o0jee BEPOSITHBIM, 4YeM JApyroi. Takum
CBOWCTBOM, HampuMep, OO0JaJaloT ONBITHI 110 UW3BJICUCHHIO Haynady
OIPENEICHHOTO 4YKcla IIapoB U3 YPHBI, COJICpIXKAIleH 3aJaHHOE KOJHYECTBO
HEPa3IMIMUMBIX Ha omIynb mapos. (OTCiofa 1 Ha3BaHHUE — cXeMa ypH.)

PerieHue BepOSTHOCTHBIX 3a/ad HA KIACCHYECKYI) CXEMY 4YacTo
obneryaeTcss  WCIIOJNB30BaHWMEM KOMOWHATOPHBIX  Qopmyn. Kaxmas w3
KOMOWHATOPHBIX (HOPMYJ OIpeeNsseT o0IIee YHCIO 3JICMEHTAPHBIX HCXOJO0B B
HEKOTOPOM OIIBITE, COCTOSAIIEM B BRIOOpE HAaymady 7 DIIEMEHTOB U3 /I PA3TUIHBIX
2JIEMEHTOB MCXOJHOT0 MHOXecCTBa E = {e;, €y, ..., €,}. II[pH 3TOM B MOCTaHOBKE
KaXIOTO TaKOTO OIITa CTPOTO OTOBOPEHO, KaKMM CHOCOOOM IIPOW3BOAUTCS
BBIOOP U UTO MOHUMACTCS O] Pa3TMYHBIMHU BEIOOPKAMHU.

CymecTByIOT IBe NPUHIWIHAIBHO pa3iWYHbIle CXeMbl BbIOOpa. B
MEPBOI CXEeMe BBIOOP OCYIIECTBISCTCS 0€3 BO3BpAICHUS DIIEMEHTOB (3TO
3HAYUT, YTO OTOUpAIOTCS JUOO0 cpaszy Bce m IEMEHTOB, JINOO MOCIEA0BATEIHHO
MO OJHOMY 3JICMEHTY, IPUYEM KaXblii OTOOPAHHBIN AJIEMEHT HCKIIFOYACTCS W3
HUCXOIHOTO MHOXeCTBa). Bo BTOpoli cxemMe BBIOOp  OCYIIECTBISETCS
MOIEMEHTHO C 00s3aTeIbHBIM BO3BpPAIICHUEM OTOOPAaHHOI'O JJIEMEHTa Ha
KaX/IOM IIIare W TIIATSIbHBIM IEepEeMEIINBaHNEM HCXOJHOTO MHOXECTBA IEper
cienyrommM BeibopoM. ITlociie Toro kak BBIOOp TEM WM WHBIM CIIOCOOOM
OCYIIIECTBIIEH, OTOOpaHHBIE JJIEMEHTHI (WM WX HOMEpa) MOTYT OBITH JHOO
YHOPSIOYCHBI (T.. BBUIOKEHBI B TOCIEIOBATEIBHYIO IICMIOYKY), JINOO HeT. B
pe3ynbpTaTe TONydYaroTcs — CIIEAYIOUIME YeThIpe Pa3JIndHble IOCTAHOBKH
JKCIICPUMCHTA IO BEIOOPY HayJady ra JJIEMEHTOB M3 OOIIEro dYucia I
Pa3NIUYHBIX 3JIEMEHTOB MHOXECTBa E.

Cxema BbI0Opa, NPUBOASALIAS K COYETAHUSIM. ECIU OMBIT COCTOUT B
BBIOOpE 71 DIIEMEHTOB 0€3 BO3BpaIlleHUs U 0€3 YIOPSI0UNBAHUS, TO PA3TUIHBIMHU
UCXONIaMH CIIEIyeT CYMUTATh mM-3JICMCHTHBIC TOJMHOKECTBA MHOXecTBa K,
MMEIOIHE pa3IHdHbIi cocTaB. [lodydaembie Ipy 3TOM KOMOWHAITH SJIEMEHTOB

(371eMeHTapHbBIe UCXO/BI) HOCSAT Ha3BAHUE COUYCTAHUS U3 1 IJIEMEHTOB I10 M, & UX
n!

obmree yucno N(Q) ompexaensercs mo Gopmyle C,T = ———— . Jlnsa gucen
m!(n —m)!
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m
Cn , Ha3bIBACMBIX TaKXC OUHOMHUAILHEIMU K03(1)(1JI/IIII/ICHT8.MI/I, CITpaBCJIMBbI

CJICOYIOINE TOXIACCTBA, YaCTO OKa3bIBAIOMIUECA IIOJIC3HBIMU IIPpU PCIICHUN

3a1ay4:
C" =C]" (cBoiicTBO cUMMETpHN),
Crrzn+1 = C,T + C,’in _1, C,Ol =1 (peKyppeHTHOE COOTHOIIICHHE),
| CS + Ci +..+ C: =1 (cnexcTBre OMHOMHAIBLHOM (HOPMYIIBI
HeroroHa).

Mpumep. U3 maprum, comepxkamiei 10 m3nmenwid, cpeaw KOTOPHIX 3
OpaKkOBaHHBIX, Haynadyy U3BICKAIOT TPH W3JICNUsA JUIi KOHTpois. Haitu
BEPOATHOCTH CIEAYIONIUX COOBITHI: A = {B MOJYYEHHOUW BBHIOOPKE POBHO OJTHO
u3nenue OpakoBaHHoe}, B = {B mONyuyeHHOW BHIOOPKE HET HHU OJHOTO
OpaKOBaHHOTO W3JICIINS }.

3anymepyeM wusgenus uuciamu oT 1 mo 10, ¥ mycTe MHOXECTBO
HomepoB E; = {1, 2, ..., 7} COOTBETCTBYET TOJIHBIM H3ICITHUSIM, & MHOXXECTBO
HOMepoB E, = {8, 9, 10} — OpakoBaHHBIM H3ICIIUAM.

CorylacHO ONHCAHHWIO DKCIIEPUMEHTA IPOU3BOJIUTCS BBIOOp 0e3
BO3BpalleHUs] M 0€3 YHOPSIOYMBAHMS TpEX OJIEMEHTOB M3 MHOXKECTBa

E=E UE, ={1,2,..,10}. Tlosromy N() = Cj = 120.

CoObiTHio A 6HaFOHpI/IﬂTCTByIOT TOJBKO TAaKHUC HCXOJbI, KOrjga OJHH
OJICMCHT BI)I60pKI/I IIPUHAITICIKAT Ez, a OCTAJIBHBIC JIBA DJIEMCHTA — MHOXCECTBY
El- Ilo (bopMyne npsAMOro npou3BCACHUS MHOXKCCTB IMOJy4acM, YTO YHCIIO BCEX

Takux UcxonoB N(A) = C; . C% = 63, mo3TOMY

N 21
NQ) 40

CoObITHIO B 0JIarONpHUATCTBYIOT TOJBKO TaKWE MCXOJIbI, KOT/Ia BCE TPH

P(4) =

0T06paHHI)IX JJICMCHTA MpUHAAJICIKAT MHOKECTBY E] , MMO3TOMY

N(B) = C; =35. Orciona cenyer, uto

12



N(B) 7
PB)y=——=—.

NEQ) 24
CxeMa BBIOOpA, MpUBOASIIAS K pa3MenieHusiM. Eciu onbIT cocTout B BEIOOpE
m 3JeMEHTOB 0e3 BO3BPALICHUS, HO C YIOPSI0YMBAHHEM HX [0 Mepe BbIOOpa B
MOCJIEIOBATENILHYIO I[ETIOYKY, TO PA3TUYHBIMU HCXOIaMHU TAHHOTO OMBITa OYAyT
YIIOPSIIOYCHHBIE M-2JIEMEHTHBIC TTOJMHOKECTBA MHOXKECTBA E, OTIMYAIOIINECS
n100 HabOpPOM 3JIEMEHTOB, THOO MOPSIIKOM UX clienoBanus. [lomyuaembie mpu
9TOM KOMOWHAIIMM  DJEMEHTOB  (dJIEMEHTApHBIE HMCXOIbI)  HA3BIBAIOTCS
pa3sMEIIEHUSIMA U3 1 JJIEMEHTOB MO m, a UX OOIlee YHCIO OMpeeNscTCs

!
. m m n
dopmynoit N(Q) =4, =C, -m!=———_. B yacTHOM cIydae m =n OIBIT
(n—m)!
(haKTH9IECKH COCTOMT B IIPOHM3BOJILHOM YIOPSIOYMBAaHWM MHOXeECTBa F, T.c.

CBOJIUTCS K CITy4YailHOW MepecTaHOBKE 3JIEMEHTOB BCEro MHOXecTBa. [Ipu 3Tom
NQ)=4 =n!

Hpumep. MuoxectBo E cocrout u3 10 mepBbIX OYKB pyCCKOTO
andasuta. OTBIT COCTOUT B BBIOOpE 03 Bo3BpamieHus 4 OyKB M 3allMCH CIIOBA B
nopsake moctymicHus OykB. CKONBKO 4-OyKBEHHBIX CIIOB MOXET OBITh
MOJMy4eHO B JaHHOM ombiTe? KakoBa BEpOATHOCTH TOTO, YTO HAyAady
COCTaBJICHHOE CIIOBO OyIIeT OKaHYHUBATHCSI OYKBOM a?

N(Q) — ugucno Bcex 4-OyKBEHHBIX CJIOB B JIaHHOM OTBITE — pPaBHO 4HCIy 4-
JJIEMEHTHBIX YHOPSAOYCHHBIX MOAMHOXKECTB U3 10 251eMeHTOB, T.¢.

N(Q) = 4y =10-9-8-7 = 5040

Ilycte cobbitHe A = {Haymady COCTaBICHHOE CIOBO M3 4 OyKB MHOXecTBa F
OKaHYHMBaeTCs OyKBOW a}.

Yucno 3IeMEHTOB MHOXKECTBA A PaBHO YHCIY CIIOCOOOB pa3MECTUTh HA TPU
OCTaBIIMECS MECTa IO OAHOMY CHMBOJNIY W3 9 (CHMBON a WCKIIOYEH U3

PacCMOTPCHUsI, MNOCKOJIBKY €ro MECTO YiKE OHpeILeJ'IeHO); TaKUM 06pa30M,
3 N(4) 504 1
N(A)=4y=9-8-7=504 u P(A)=——=—7=

CxeMa BbIOOpa, IPUBOASIIAS K COYETAHUAM ¢ NOBTOpeHUsiMHU. Ecim
OIBIT COCTOUT B BBHIOOpPE C BO3BpAIICHUEM 7 DIIEMCHTOB MHOXecTBa E = {ej, ¢,
.y €n}, HO 0€3 TOCIEIYIOMEro yMopsIOYMNBaHUA, TO Pa3IMIHBIMH HCXOJaMHU

13

TAKOTO OIbITa OYAyT BCEBO3MOXKHBIC 71-3JICMEHTHBIC HAOODBI, OTIMYAIOIIHECS
cocraBoM. [Ipu 3TOM OTHEIBHBIC HAOOPHI MOTYT COIEPIKATH MOBTOPSIOIIMACCS
aneMeHThl. Hampumep, npu m = 4 Habophl {e|, €, €|, €} u {e, €, €], €}
HEepa3IMYUMBI JIJIs TaHHOTO JKCIIEPUMEHTa, a Habop {e;, €, €3, €|} OTIUYEH OT
ar000ro w3 mpeaslaynmx. llomydaronimecss B pe3ysbTare JAaHHOTO OIbITa
KOMOWHAIIMM Ha3bIBAIOTCS COYCTAHWSIMHU C TMOBTOPCHHUSMH, a WX OOIIee YHCIO

m
n+m-1"

onpenensercs Gopmynoit N (€2) =
IMpumep. B TexHndeckoi OMOIMOTEKE UMEIOTCS KHUTH IO MaTeMaTuke, Pu3uke,
XUMHU U T.J., Bcero mo 16 pasmenam Hayku. [IoCTymuiu odepeiHBIC YETHIpE
3akaza Ha Juteparypy. Cumras, 4ro JI000H COCTaB 3aKa3aHHON JIUTEPATypPhI
PAaBHOBO3MOJKCH, HAWTH BEPOSATHOCTH CICAYIONIMX COOBITHI: A = {3aKa3aHbl
KHHTH U3 Pa3IMYHBIX Pa3/IelioB HAYKH}, B = {3aka3aHbl KHUTH U3 OJHOTO U TOTO
JKe pas3jiesia HayKHu .

Yuciio BceX PABHOBEPOATHBIX HCXOJOB JTAHHOTO JKCIIEPUMEHTa paBHO,
OUYEBUIHO, YUCITy COUETAHUH C MOBTOPEHUSIMU U3 16 n1eMeHTOB 110 4, T.€.

N(Q) = C14 6441 = C149 . Uucno ncxonoB, O6IaronpusTCTBYIONINX COOBITHIO A,

paBHO YHCIY CIIOCOOOB OTOOpaTh 0€3 BO3BpAIICHHS YETHIpE dJeMeHTa u3 16,
MOATOMY
4
N(4) Cg 455
P(A)=—=—4=—z0.47.
NEQ) 969
19
Yuciio MCXo0B, OIArOMPHUATCTBYIONIMX COOBITHIO B, paBHO 4YHCIy CrocoOOB
BBIOPATH OAMH 3JIEMEHT U3 MECTHAIIATH, TO3TOMY
1
N(B) 3 Cl6 3 16

— = 0.016.

P(A) = -
N©)  cfy 969

Cxema BbIOOpa, NMpHUBOASIIAS K pa3MelleHMsIM ¢ NoBTOpeHusmu. Eciu
BBEIOOp 71 DIIEMEHTOB W3 MHOXectBa E = {e|, €, ..., €,} TNPOU3BOAUTCS C
BO3BPAILICHUEM U C YIOPSJOYMBAHUEM HUX B IOCICAOBATCIBHYIO IICMIOYKY, TO
Pa3TUYHBIMHA UCXOJaMH OyIyT BCEBO3MOXKHBIE 7-3JIEMEHTHBIE Ha0OpHI (BOOOIIE
TOBOpsi, C MOBTOPCHHSMH), OTIMYAIOIIUECS JTHOO COCTABOM 3JICMEHTOB, JIMOO
TOPSIIKOM WX cliefoBanus. Hampumep, pu m = 4 MHOXecTBa w; = {ej, €;, €,
er}, wo = {ey, €1, €1, €1} u w3 = {ey, €y, €3, €} SBIAIOTCS PA3IUYHBIMU UCXOJAMHU
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JaHHOrO ombiTa. [lomydaemple B pe3ynbTaTe KOMOWHAIIMM HAa3BIBAIOTCS
pPa3MEIIEHUSIMA C TTOBTOPEHUSMH, a UX OOIIee YUCIIO OmpenenseTcs: GopMynoi
N(@Q)=n"".

IIpumep. 7 OAMHAKOBBIX IMIAPUKOB CIy4YailHBIM 00pa3oM pacceimatorcs mo 4
JyHKaM (B OJHY JYHKY MOXKET IOMECTUTHCS JIF000C YUCIIO mapukoB). CKOJIBKO
CYIIECTBYET Pa3UYHBIX CHOCOOOB pacmpenesieHus 7 MapukoB Mo 4 JTyHKam?
KakoBa BepoSTHOCTH TOTO, YTO B pe3yJbTaTe TAHHOTO OMNBITAa TepBas JyHKa
OKaXeTcs MyCTOH (IpU 3TOM MOXET OKa3aThCs IyCTOM M eme Kakas-Inoo
JyHKa)?

3aHyMepyeM JIyHKH U MapuKi. MOXHO CUUTATh, YTO OIBIT COCTOHT B 7-KpPaTHOM
BBIOOpE C BO3BpAIlCHHEM HOMEpa JIYHKH U 3amucu 7-OyKBEHHOTO ciioBa. [Ipu
9TOM KaXIOMy IOPSIKOBOMY HOMEpy OyKBBI (HOMepy mapuka) Oynaer
MOCTABJICHA B COOTBETCTBUE OJJHA U3 YCTHIPEeX OYKB alipaBuTa (HOMEDP JIYHKH).
Tak, HarpuMep, CJIOBO

1 1 3 1 4 4 2

1 2 3 4 5 6 7

03HAYaeT, YTO B MEPBYIO JYHKY rmonayy mapsl Ne 1, Ne2 u Ned, Bo BTOpYIO JIYHKY
— map Ne 7, B Tperbto — miap Ne 3, B uerBepTyro — mapsl Ne 5 u Ne 6. Taxum
00pa3oM, YHCII0 BCEX CIMOCOOOB pachpeNeuTh 7 MIapuKOB 1O 4 JTyHKaM paBHO
qHCITy PAsTMUHBIX 7-OYKBEHHBIX C0B 13 andasuta B 4 6ykeby, T.e. N(Q) =4,
CoOpITHE A = {TIepBas JyHKa OKaXETCsI ITyCTOW} COOTBETCTBYET TAKOMY BEIOODY,
Korga cumBOoi | (HOMep mepBOW IyHKH) yaaleH u3 andasura. [loaromy
N(A) 3
N(Q) 4

2.3. Ilopsiiok BbITIOJIHEHUSI PA0GOTHI

N(A)=3" u P(4) = ~0.133.

Pa3paboTaTh  KOMIIBIOTEPHYIO  IIPOTPaMMy,  KOTOPYIO  MOJXKHO
UCIIOJIb30BaTh JUIs OOJIETYeHHsl pacdyera BEpOsATHOCTEH, TpeOyIomuX IojAcYeTa
KOMOHMHATOPHBIX KOH(PUTYpaLuii.

IIporpammy peann3oBarts:
e wuHTepQeiicHas YacTh Ha sA3bIKe pa3MeTku runeprekcta HTML [13];
e  (yHKIMOHATBHAS YacTh Ha CU-O00HOM si3bIKe JavaScript [23].
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HNnTepdeiicHass yacThb J0JIKHA BKIOYATD:

®  3arojJIOBOK C yKa3aHWeM Ha3BaHus paboThl, mHpopmammu 00 aBTOpeE,
BpEMEHH pa3padOTKH;

e  BHINAJAIOIINE MEHIO JJIS 3aIaHISI HECKOJIBKUX TECTOBBIX 3a/1ad;

e  T0JIe UTI OTOOPaKEHUS Pe3yIbTaTOB pacyera;

® B IICEBJOKOJC MPOrPaMMBbI JJOJDKHA OBITh MPEIyCMOTPEHA BO3MOKHOCTh
pacueTa 4YHCla COYCTAHUM, pa3sMCIICHWA W (YHKIHS BHIYUCICHHS
3Ha4YCHUS (haKTOpHAaJa 3aJJaHHOTO YUCIIA.

Ha puc. 2.1 npuBeneH Bo3MOXHBII BUJ nHTEp(Eiica.

Puc. 2.1. Hutepdetic mporpamMmmbl «BprumciieHue BEpOATHOCTEW Ha 0Oasze
MoJicyeTa Yrciia KOMOMHATOPHBIX KOH(QUTYpaIHii».

2.4. Conep:xaHue oT4eTa

[lewaTHBII OTYET NOIDKEH COOTBETCTBOBATH TPEOOBAHUSM MO O(GOPMIICHHIO
JOKYMEHTOB TAKOTO THIIA U COAEPIKATH CIEAYIONIYIO HH(POPMAIIHIO:
1. TurynabHBIHI TUCT.
2. Haspanwme nabopaTopHO# pabOTHI.
3. Tema naboparopHoii paOOTHI
4. Kparkoe ormucanue MeTo/1a BBINOJTHEHUS.
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5
6
7.
8
9
1

2

biiok-cxema anropuTma pemieHus MOCTaBICHHOM 3a1a4uu.
Kpatkoe o0bsicHeHre naTEpdeiica mporpaMMmel.
JlucTHHT K012 IPOTPaMMBI.

Pe3ynbTaThl KOHTPOJIBHBIX PACUETOB.

Pa3BepHyTBIC OTBETHI Ha KOHTPOJIBHEIE BOIIPOCHL.

0. Kparkwe BBIBOJBI.

.5. KoHTpoJIbHBIE BOIPOCHI

1. Cpenu KaHIMZATOB B  CTYJCHYECKMH coBeT  (akyiprera 3
MEpBOKYpPCHUKA, 5 BTOPOKYPCHHKOB M 7 TpPETheKYpCHUKOB. M3 aToro
COCTaBa HayJgady BHIOMpAlOT TMATH YENOBEK Ha IPEICTOSIIYIO
koH(pepenuuto. Haiitn BepostHOCTH crenyromux coObTii: A = {OynyT
BBEIOpaHBI OJTHU TPEThEKYpPCHUKH}, B = {BCce MEpPBOKYpPCHUKH MOMAayT
Ha koH(pepermmo}, C = {He Oymer BBHIOpPaHO HH OJHOTO
BTOPOKYPCHHUKA } .

2. W3 xomompl B 52 kapThl M3BIEKaloTCs Haymady 4 kaptel. HaiiTu
BEPOATHOCTH CIEAYIONIMX COOBITHIA: A = {B MOJyYEeHHOH BBEIOOPKE BCE
KapTel OyOHOBOW MacTu}, B = {okaxercs xors Obl omuH Ty3}, C =
{nosBsTCS POBHO 2 IHKH }.

3. Ha nsatu xaproukax Hanmcanbl LUdpsl oT 1 10 5. ONbIT COCTOMT B
ClydyalHOM BBIOOpE TpeX KapTO4eK M PacKIaiblBAHUM HX B IOPSIKE
MIOCTYIJICHUSI B psi cjeBa HampaBo. HaliTH BEpOSTHOCTH CIEYIOIINX
coObITnit: A = {mosButca umcno 123}, B = {mosBurcs uucio, He
coneprkarniee mudpsr 3}.

4. B xoHauTepckoi mMeeTcs 7 BUAOB MUPOXKHBIX. OdepeHON MTOKyaTeIh
BBIOWI YeK Ha 4 MUpoKHBIX. CUuTast, 9To JH000H 3aKa3bIBaeMbIil HA0OP
MHPOXKHBIX PAaBHOBEPOSATCH, BBIYUCIUTH BEPOSTHOCTH TOTO, UTO
TIOKYTIaTeNh 3aKa3all: a) MUPOYKHBIC OJTHOTO BUAA; 0) MUPOKHBIC PAa3HBIX
BHUJIOB; B) 110 JBA MMUPOKHBIX PA3IMIHBIX BUIOB.

5. Tenedonnast kKHUTA pacKpbIBaeTCs HayAady M BBIOMpPACTCS CITy4dalHBIN
HoMmep Tenedona. CunTasi, 4To TeseOHHbIE HOMepa COCTOAT U3 7 uuodp,
IpUYeM Bce KOMOMHAIMM IU(p paBHOBEPOSTHBI, HAUTH BEPOSTHOCTH
cllelyonux coObTHil: A = {4eThipe mocienuue udpsl TeaedhoHHOrO
HOMepa OJIMHaKOBbI}, B = {Bce ¢ pbl pa3anyHb}.

17

3. JABOPATOPHAS PABOTA Ne 3. ®OPMYV.JIA ITOJTHON
BEPOSAITHOCTH. ®OPMYJIA BAMECA

3.1. Iean paGoThI

W3yynth TOHATHE YCIOBHOW BEPOSTHOCTH, (HOPMYIBI  ITOJHOMN
BeposiTHOCTH © befieca um pa3paboTath KOMOBIOTEPHYIO IPOTPaMMy IS
o0JieryeHus pacyeToB 110 3TUM (POpMyIIaM.

3.2. Kparkue TeopeTuyeckue cBeneHus [1]

YCIOBHOH BEPOSATHOCTHIO COOBITHSI A TIpH HadWMduud B Ha3bIBaeTCA
BEPOSITHOCTh COOBITUSI A, BBIYKHCICHHAS NPU YCIOBHH, 4YTO COObITHE B

IpoM30IUI0. JTa BEpOSTHOCTE obo3Hadaercs P(A|B). BeposarHocts
MPOU3BEACHHS IBYX COOBITHII paBHA BEPOSTHOCTH OJHOTO M3 HUX, YMHOXXEHHOU
HAa  YCIOBHYIO  BEpPOATHOCTh  JPYroro  MpH  HAIWYUU  [EPBOTO:
P(AB)=P(A)P(B|A) wm P(AB)=P(B)P(A|B). /na He3aBUCHUMBIX
cobbrtnii A u B P(AB) = P(A)P(B) .

Ecnu 006 oOcTaHOBKE OIBITA MOXKHO CHENAaTh 7 WCKIIOYAIOIIUX IPYyT

Jpyra TpennoyiokeHuid (rumote3) H 1,H 2,...,H U eciu coObiTHe A MOXKET
n

IMOABUTHCA TOJIBKO IIPpU OITHON M3 ATHUX TUITIOTE3, TO BEPOATHOCTH coobiTHs A
BBIYUCIIACTCA 110 qupMyne IOJIHOM BCPOATHOCTHU:

P(A)=P(H )P(A|H, )+ P(H_ )P(A|H )+..+ P(H )P(A|H )
1 1 2 2 n n

unmn P(A) = i P(Hl')P(AlHi)’
i=1

rne P(H ) —BeposTHOCTh runoTe3sl P(A | H ) — yclloBHas BEPOSTHOCTh
i i

coObITUS 4 TIpH ATOM TUHIOTE3E.

Ecmu o ombita BEpOSATHOCTH THIIOTE3 OBLIH P(H1 ),P(H2 )y P(H ),
n

a B pe3yJibTaTe OIbBITA IMOSBUIOCH COOBITHE A, TO C Y4€TOM 3TOTO COOBITHS
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«HOBBIE», T.C. YCIIOBHBIC, BEPOSITHOCTH THUIIOTE3 BBIYUCISIIOTCA 1O (opmye
P(H)P(A|H.)
i i

beiteca: P(H, | A) = , ,i=12,.,n
> P(H)P(A|H))
. i i
i=1
Ecmn mocme ombiTa, 3aKOHYMBINETOCS TIOSBICHHEM COOBITHA A,
MPOU3BOJUTCS €IIC OJMH OIBIT, B KOTOPOM MOXKET MOSIBUTHCS WIIM HE TOSBUTHCS
coObITHE B, TO BEpPOATHOCTH (YCJIIOBHAs) OTOTO TIOCIETHETO COOBITHS

BBIYUCIIACTCA 110 q)opMyne IIOJIHOM BEPOATHOCTHU, B KOTOPYIO IMOACTABJICHBI HE

npexHue BeposTHocty runote3 P(H ), anoBeie P(H | A):
i i

n
P(B)= ) P(H.|A)P(B|H.A).

i=1 ! !
ITpumep. metoTcst Tpu 0IMHAKOBEIE ¢ BUIY YPHBI. B miepBoii a 6enbix mapoB u b
YEepHBIX; BO BTOPOIl ¢ OCNbIX U d YEPHBIX; B TPEThCH TOIBKO Oelbie mapsl. Hekto
MOAXOAUT HAayraJ K OAHOW W3 YpH WM BBIHMMAeT W3 Hee oAuH map. Haiitu
BEPOSITHOCTH TOTO, YTO ITOT IIAp OENbIi.
Pemenune. Ilycts coObitme A — mosBicHHE Oenoro miapa. Dopmynupyem
TUITOTE3bI:
H\, —BBIOOp TIEpBO¥ YpHBI,
H, — BbI0Op BTOPOI1 ypHBI;
H; — BBIOOD TpeThel ypHBI.

1
P(HI)ZP(Hz):P(Hg,):g;

a c
P(A|H)=——P(A|H,)=——;P(4|Hy)=1;
(4| Hy) =~ P(A| Hy) = —— P(A| Hy)
ITo popmyiie mosHON BEPOSITHOCTH

I I 11
P(4) == —= +§-Ld+§-1:—( - +1j.
C+

3 a+b a+b c+d

3.3. [lopsinok BBINMOJIHEHUST PA0OTHI

PazpaboTaTs KOMIIBIOTEPHYIO IPOTPAMMY IS OOJIETYCHUS PACUETOB IO
(hopmynaM oOJTHOM BeposTHOCTH U belieca.
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IIporpammy peajin3oBaTh:
e uHTepdelicHas YacTh Ha sI3bIKe pa3MeTku runeprekcra HTML [13];
e (yHKIIMOHAIbHAS YaCTh Ha CH-TIOIOOHOM si3bIKe JavaScript [23].

HNnTepdeiicHass yacThb J0/IKHA BKIOYATD:
®  3aroJIOBOK C YyKa3aHHMEM Ha3BaHUs paboThl, mHGOpMAIMu 00 aBTOpE,
BpPEMCHU pa3pabOoTKu;
e  BBINAJAIOUINE MEHIO JUIS 33/1aHUsI HECKOJIBKUX TECTOBBIX 3a/1a4;
e  [oJIe UTS OTOOpaKEHUsI Pe3yJIbTaTOB PacueTa;
e  BBINAJAIOUIEe MEHIO JUIS 33/1aHUs YUCIIa TUIIOTE3.

Ha puc. 3.1 npuBeneH BO3MOXHBIN BHT HHTEpGeiica.

GopmMyna NonHolA BepoAaTHocTV. Gopmyna balieca
© 2013 Capuenko H.B., kadenpa Cl1, HTY "xMA", Hoead Bogonara - Xapekos

3%
3ad. 5. cTp. 31 ®agessa J1H. v ap. TB w MC. 3ag. v ynp. v

Tpoe NpenoaaeaTenai MoMHMMAOT SKaameH B rpyrne 13 30 YenoBek, Mpkdem
MepBEid oNpallvEaeT 6 CTYASHTOR, BTOPOIA - 3, a TpeTWiA - 21 cTyaeHTa (Boibop
CTYAEHTOB MPOM3B0AMTCA CyHaAHEIM 0DDA30M 13 cricka ), OTHOLWeHV S Tpex
3K3AMEHETOPOE K CNabo NOArOTOBMBLUMMCS CTYAEHTAM DASIMHHOE! LWAHCHI Takx
CTYAEHTOB CAATb SK3aMeH v NEPBOMO MPenoAaBaTans paeHsl 40%, v BTOpOro -
Toneko 109, 2ato v TpeTeero 70%. HaliTi EepoATHOCTE Torg, YTo cnato
MOArOTORMBLLMIACA CTYASHT CAACT SK3aMEH,

YenoBe:

P(H1)=6/30 P(AIHL) =04
P(Hz2)=3/30 P{A|H2)=(0.1
P{Hz)=21/30 P{A|Hz)=(0.7

[ BhIWACIIMTE MONHYHD BEDOATHOCTE ] Dopryna Baleca

P(A)=P(HLP(AIHL) + P(HzJP(AIH2) + P(Ha)P(AIHa) = 0.58

P(H1|A)=P(HP(A|HL)/PIA) = 0,138
P(Ha| &) =P(Hz)P(A|Hz)/PIA) = 0.017
P(Hg| &) =P(Hz)P(A|Hz)/PIA) = 0.845

P(H1| ~A)=P(H1P(=A|HL)/P(-A) = 0.286
P(Hz| ~A)=P(Hz)P(—A|He)/P(—A) = 0.214
P(Hz|~A)=P(HzP(—A|Hz)P(~A) =0.5

Puc. 3.1. Hnrepdeiic nporpammbl «BbrumcieHue BeposiTHOCTEH Ha 0Oase
MOZICYeTa YHCJIa KOMOWHATOPHBIX KOHPUTYpaLHii».
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34.

Couepmalme oTyeTa

[lewaTHBIH OTYET NOIDKEH COOTBETCTBOBATH TPEOOBAHUSM MO O(DOPMIICHHIO

JOKYMEHTOB TaKOTO THIIA U COAEPIKATh CIEAYIONIYIO HH(POPMAIIHIO:

3.5.

1. TurynabHBIHI TUCT.

2. Haspanwme nabopaTopHO# pabOTHI.

3. Tema naboparopHoii paOOTHI

4. Kparkoe orucanue MeTo/1a BBINOIHEHUS.

5. bnok-cxema anropuT™a peleHus MocTaBICHHOM 3a/1a4H.
6. Kparkoe o0bsicHeHe HHTEpdEiica MPOrpaMmBbl.

7. JluctuHr KOZA IPOrPaMMBL.

8. PesynbTarhl KOHTPOJIBHEIX PAacYETOB.

9. Pa3BepHyTBIC OTBETHI HA KOHTPOJIBGHBIE BOIIPOCHI.

10. KpaTkue BBIBOIBI.

KoHTpoabHBIe BONIPOCHI

W3BectHO, 9TO0 80% NPOAYKIMM — CTAHAAPTHO. YTPOIICHHBIA KOHTPOJb
MpU3HACT TONHON CTaHIApTHYIO MPOAYKIHMIO ¢ BeposTHOCTEI0O 0,9 m
HecTaHIapTHYl0 ¢ BepositHocThio 0,3. HailTu BeposSTHOCTH TOTO, YTO
MPU3HAHHOE TOJTHBIM M3J/IEIHE — CTAaHIAPTHO.

Ha nByx craHkax NpOW3BOAST JETallM, MPUYEM HA BTOPOM B J[Ba pasa
Oonbmie, yeM Ha TiepBoM. BeposTHOCTh Opaka Ha mepBoM cranke — 0,1; Ha
BTOopoM — 0,2. HaifTu BeposSITHOCTH TOTO, YTO MPOU3BOJIBHO B3STas AETalb
OpakoBaHHasl.

B renerpaduoM coobmennn "Touka" u "THpe" BCTPEUAOTCS B COOTHOIICHUH
4:3. M3BectHo, uyTo wmcKaxaworcs 25 % "touex" m 20 % tmpe. Haiitn
BEPOATHOCTH TOTO, YTO MPHUHSIT IMEPETaHHbBIA CUTHAJI, €CIIH TPUHATO "THpe".
BepostHOCTE TOrO, YTO HEAETHHBIM OOOPOT TOProOBIA MOPOKEHBIM
npesbicut 2 000 py0., mpu conHedHoi moroxae pasHa 80%, pu epeMEeHHON
obsauHocTr — 50%, a mpu noxayBoi noroxe — 10%. Haiitu BeposiTHOCTH
TOro, YTO Ha CieAyromeid Hexene obopotr mpeBbicuT 2 000 py6., ecim
BEPOSITHOCTH COJTHCYHOW IOTOJBI B JaHHOE Bpems romga coctaBisieT 20%,
BEPOSITHOCTH MEPEMEHHOI OOJIAYHOCTU M BEPOATHOCTH JOXKUIUBOM MOTOJIBI
— 10 40%.

CraTrcTHKa 3alpOCOB KPeaUTOB B OaHke TakoBa: 10% — rocynapcTBEHHEIC
opransl, 20% — gpyrume OaHKH, OCTaJubHBIE — (QHU3WUYECKUE IIHIIA.
BeposiTHOCTH TOTO, 9TO B3ATHIH KpeAWT He OyaeT BO3BpamIEH, COCTABIISIOT
0,01, 0,05 u 0,2 coorBercTBeHHO. OmpenennuTh, Kakas IOJS KPEIUTOB B
CpeIHEeM He BO3BpAIaeTCs.
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Pemenune. Ilycth coObITHE A COCTOMT B TOM, 4YTO B3SITBHIH KpEeIuUT HE
BO3BpaIl[aeTCs, TUIOTe3a H| — B TOM, YTO 3alPOC HA 3TOT KPEAUT MOCTYIHI OT
rOCYAapCTBEHHOIO OpraHa, rumore3a H, — B TOM, YTO 3alpoCc Ha KpEIUT
MOCTYNWJI OT JPYroro OaHka, runore3a H; — B TOM, 4YTO 3alpoc Ha KPEIUT
MOCTYNWI OT (PU3UIECKOTO JIUIIA.

ITo ycnoBuro BeposTHOCTH rumnoTe3 cocrapistor P(H[)=0,1, P(H,)=0,2,
P(H;)=1-P(H,}—P(H,)=0,7.

AnocTepruopHbIe BEpOSTHOCTH, B CBOIO O4Yepellb, 110 yCJIOBHIO paBHBI P(A|H|) =
0,01, P(4|H,)=0,05, P(4|H;)=0,2 . ITo ¢hropmyIie mOTHOI BEpOSITHOCTH

P(A)=P(A|H,)P(H}) + P(A|H,)P(H,)+ P(A|H;)P(H:) =0,01-0,1+0,05-0,2+0,2-0,7=
0,151.
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4. JABOPATOPHASI PABOTA Ne 4. MOAEJINPOBAHUE
IKCHEPUMEHTA BIO®®OHA

4.1. Iean padoThl

W3yuuth 3agauy byddona u pa3paboraTh KOMIBIOTEPHYIO IIPOrpaMmy
JUTSI BUPTYaJIbHOTO MOJETMPOBaHms dkcriepuMenTa broddona.

4.2. KpaTkue TeopeTudeckue cBeeHus [1]

Ecnmu mpocTpaHCTBO 3IIEMEHTApHBIX COOBITHH CONEPKUT OCCKOHEYHOE
MHOKECTBO 3JIEMEHTOB M €My MOXXHO TMOCTaBUTb B COOTBETCTBHE HEKOTOpPOE
TEOMETPHUYECKOE IIPOCTPAHCTBO, a BEPOATHOCTh KaXKIOTO COOBITHS 3aBHCHT
TOJIBKO OT MEpBI 3TOTO COOBITHS, a HE OT €ro IOJIOKEHHS, TO TOBOPSAT, YTO Ha
STOM NPOCTPAHCTBE ONpeAeTCeHa TEeOMETpHUUecKas BepoATHOCTh. [lpm 3TOM
BEPOSTHOCTE KAXAOTO COObITHA A ecTh orHomieHue Mepel 4 k Mmepe U
MIPOCTPAHCTBA DJIEMEHTAPHBIX cOOBITHH. [Toa Mepoii moHuMaeTCs

B OIHOMEPHOM IPOCTPAHCTBE — JUIMHA;
B IBYMEPHOM IIPOCTPAHCTBE — IUIOIIAb;
B TPEXMEPHOM MPOCTPAHCTBE — OOBEM.
Takxum 06pa3om, reoMeTprdecKas BEPOSITHOCTh O3HAYACT, UYTO

mes(A)
mes(U)

reOMeTpI/I‘ICCKOC OIPCACIICHUEC BCPOATHOCTU HYACTO MCIHOJB3YCTCSA B

P(4) =

MeTtonax Monte-Kapio, Harpumep, U MPUOIMKEHHOTO BRIYMCIICHUS 3HAYCHUIH
MHOTOKPaTHBIX OINpeeaEHHbIX HHTETPAJIOB.

[Ipumep: Urna bropdona. Ctos pasrpadiieH mapaiienbHBIMA THHUSIMEI
Ha pacCTOSHHUU 24, Ha CTOJI CIydaiHBIM 00pa3oM Opocaercs urna anuHou 2L, L
< a. KakoBa BepoATHOCTB TOTO, YTO HIJIA TIepecedeT KaKylo-TO JMHHUIO?
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2a

Puc. 4.1. T'eomerpus brogdona.

Bo3MOXHBIE TIOJNIOKEHUS] UMbl (OTpe3Ka) Ha IJIOCKOCTH MOJHOCTHIO
OTPENCNISIOTCS.  TOJIOKECHUEM CEPEMHBl WUIJIBI W YIJIOM IOBOPOTa HIJIBI
OTHOCHTENIHO KaKoro-innbo HampasieHus. I[lpudeM [Be 3TH MepeMEHHbIC
(ToNOKEeHHUE [IEHTPA U YroJl MOBOPOTA) MEHSIOTCS HE3aBUCHMO JIPYT OT Jpyra.

O6o3naunm uepes X €[0,a] paccrosuue or cepeauHbl UIJIBI 10
Omwkaiimedl npsimod, a wepes @ €[0,7] ~  yrom mexkmy Kakum-TO

HampaBJIeHUEM TMPSAMON U UrIIoM. MHOXKECTBO BO3MOXHBIX TOJOXKEHUH HIJIbI
[ENMKOM ~ OTIpeNeNisieTcsl BBHIOOpPOM HayJgady TOYKH U3 TMPAMOYTOJIHHKA

Q=[0,a]x[0,x].
Urna nepecekaer Onmkaiiiyio mpsaMyo, €cid KOOPIUHATHI BEIOpAaHHON Haynady

TOYKH yJIOBJIETBOPAIOT HepaBeHCTRY: X < /Sin ¢
£

a .
r=1[-siny

0 T P

Puc. 4.2. TIpocTpaHCTBO 311€eMEHTapHBIX cOOBITHI 3a1aun brogdona.
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[nomans obnacty A C ), Touku KOTOpPO yIOBIETBOPSIOT TAKOMY
HEPaBEHCTBY, paBHA

u(A) :J-lsin(/)d(pz—l-cosmg:Zl.
0

U rtak kak U(A) = ar , To uckomas BEPOATHOCTb PaBHA
21

4.3. Ilopsinok BHINOJHEHHs PaG0ThI

PazpaboTtaTe  KOMIBIOTEPHYIO  MPOrpaMMy Ui BHPTYaIbHOTO
MOJIETNPOBaHKs IKcTiepuMenTa byddona s Berancnenns uncna m.

IIporpammy peajin3oBaTh:
e uHTepdelicHas YacTh Ha sI3bIKe pa3MeTku runeprekcra HTML [13];
e  (yHKIMOHATBHAS YacTh Ha CU-O00HOM si3bIKe JavaScript [23].

HnTepdeiicHas 4acTh A0JKHA BKIYATD!

e  3arOJIOBOK C yKa3aHMEM Ha3BaHUS pa0oThl, MH(pOpManuu o0 aBTOpe,
BpPEMEHH pa3pabOTKH;

e  00myr0 HH(POPMAIHIO 0 MOJETIUPYEMOM HIPOLIECCE;

e mome AUl OTOOpaKeHMS pPe3yiabTaTOB pacdeTa B  HATILSIIHOM
rpauIecKOM U YHCIOBOM BHE;

e  BBINAJAMONICE MEHIO I 3aJaHMs KOJMYECTBA WIJI, OTHOCHTEIBHOMN
JUTMHE WL

Ha puc. 4.3 npuBeneH Bo3MOXHBII BuJ nHTEpdEiica.

25

3. 3aza4a Broddona © Capuenko H.B., 2008
S o Iocranosia sazamm | 104poGHo |

=7 i = 4 IlapaMeTphnl
PaccToanme MexIy IPAMEIMH a=1

Kompaectso urim N= E] 500 ~
OTHOCHTeNbHAS [IHHA HITIBI [= B 0.6 ~
IITar rECcTOrpaMMEL B 0.1 ~

AN 3

[ HpBBeCTH HCOBITAHHA l

[ OupnctaTs ['HcTOrpaMmy 1

Pe3yabTaThl

‘ : | 0 Unesao UM, TepecekuItx MPAMEIS JHHHH, PARHO
190

YacToTa nepecedeHHs TUHHI paeHa 0.38
IIpusenersoe 4ucno ©* pagHo 3.158
OTKI0HEHHE T* 0T TOYHOTO 3HaYeHHT HHCIA T
paeno 0.016

OTKI0HEHHE B IIarax THCTOrpaMMEl pasHo 0

Puc.4.3. Uurepoeiic nporpammsl «3anaua bropdonar.

4.4. Coagep:xaHue 0T4YeTA

[leuaTHBIN OTYET NOJDKEH COOTBETCTBOBATH TPEOOBAHUSM 110 O(OPMIICHUIO
JIOKyMEHTOB TaKOTO THIIAa ¥ COJEPKaTh CJIEIYIOUIYI0 HHPOPMALHIO:
1. TurtynbHbIHA AHCT.

2. Ha3zpanwue nabopatopHoii paboTBHI.

3. Tema naboparopHoii paOOTHI

4. Kparkoe onrcaHue METOAA BHITIOITHEHHS.

5. bBriok-cxema anropuTMa penieHus MOCTaBICHHOM 3a1a4H.
6. Kpatkoe oO0bsacHeHne HHTEp(Erica IporpaMMBI.

7. JlucTUHT KOJa MpOrpamMMBbl.

8. Pe3ynbTaThl KOHTPOJIBHBIX PACUETOB.

9. Pa3sBepHyTHIC OTBETHI HA KOHTPOJIBHBIE BOIPOCHI.

10. KpaTkue BBIBOABIL.

4.5. KoHTpo/IbHBIE BONPOCHI
1. B npsmoyromsuuk 5*4 cM® BrmcaH kpyr pammyca 1,5 cm. Kakosa

BEPOSATHOCTH TOTO, YTO TOYKA, CIyYaWHBIM 00pa3oM IOCTaBICHHAS
B IIPSIMOYTOJIEHHK, OKa)KeTCs BHYTpPH Kpyra?

2. KaxoBa BeposTHOCTh Bameit BcTpeunm ¢ JOpyrom, €ciid BbI
JIOTOBOPUIIUCh BCTPETUTHCS B ompeneneHHoM mecte, ¢ 12.00 no
13.00 gacoB u xneTe, ApyT Apyra B TEUCHUE 5 MUHYT?
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3. Ha otpe3ok AB mmunbl L, Opomena touka M Tak, 4ro Jro0oe ee
MIOJIO’KEHHE Ha OTpe3Ke PaBHOBO3MOXKHO. HaliTh BeposiTHOCTB TOTO,
YTO MEHBIIWH 13 0Tpe3koB (AM mim MB) umeer nmuHy O0NbIIyIO,
gem L/3.

4. KakoBa BepOATHOCTH TOrO, YTO CyMMa JABYX HayTraja B3SATHIX
MOJIOKUTEIBHBIX YHCEN, KOKIOC U3 KOTOPHIX HE OOJNbINE TPeX, HE
MIPEB30MIET TPEX, a X MPOU3BEACHHE OyIeT He OobIe 2/77

5. B xpyre ciuydaiineiM o00pa3oMm BbeIOMpacTcs Touka. Haiigure
BEPOSATHOCTH TOTO, YTO 3Ta TOYKA MPHHAMICKUT BIHCAHHOMY B
KpYT KBaJpary.

6. B xpyre cmydaiiHeiM oOpa3oMm BbeIOMpaeTcs Touka. Haiiaure
BEPOSATHOCTh TOTO, YTO 3Ta TOYKA NPUHAIJICKUT BIMCAHHOMY B
KpPYT paBHOCTOPOHHEMY TPEYTOIBHUKY.

7. Touky Haynaudy Opocuiu Ha otpe3ok [0; 2]. KakoBa BeposiTHOCTB ee
nonaganus B orpe3ok [0,5; 1,4]?

8. Ha mapuk HaHeceHa ceTka reorpaduueckux koopaumHat. [lapuk
OpomeH Ha IUIOCKOCTh. lIpenmornaraercs, 4dTO BBINAJACHHUE
o0yacTell, UMCIOIINX PaBHYIO IUIOIIAAb, PABHOBEPOSTHHL. KakoBa
BEPOSATHOCTH TOTO, YTO:

a) IIapUK TMPHUKOCHETCS K IUIOCKOCTH TOYKOW, KOTOpas HAXOAUTCS B

obmacti Mexay 0-M 1 90-M rpamgycamu BOCTOYHOM JOJTOTHI,

0) IIApUK NTPUKOCHETCS K IUIOCKOCTH TOYKOH, KOTOpas HaXOIUTCS

Mexay 45-m u 90-M rpagycaMu CEBEpHOH IUPOTHI,

B) MEHbINIAs Jayra OOJBIIEr0 Kpyra, COCAMHSIONIAs TOYKY KACaHUS C

CEBEPHBIM TOIIOCOM, OyJeT MEHBIIIE a.

9. Ha muockocTH HadepyCHBI MapajuICIbHBIC MPSIMbIC, HAXOAIIHCCS
JIpYT OT JIpyra Ha paccTosHuH 2a. Ha mmockocTh Haymady OpoiieHa
MOHeTa paamyca r<a. KakoBa BepOsSTHOCTH TOTO, YTO MOHETa HE
repeceydeT HU OHON U3 MPSIMBIX?

10. Ha OeckoHeuHyIO MIaXMaTHYIO JIOCKy CO CTOPOHOW KBajpara a
Opocaercs Haydady MOHeTa nuameTpa 2r<a. Hailtm BeposTHOCTH
TOTO, YTO:

a) MOHETa IIOTIaJieT LEIUKOM BHYTPh OJHOTO KBapaTa;

0) MOHeTa iepecedeT He OoJiee OHON CTOPOHBI KBajpara.
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11. Touka OpomieHa Haymady BHYTph Kpyra pamumyca R, BepostHocTb
MOMAaJaHusl TOYKH B JIIOOYIO 00JacTh, PACIOJIOKCHHYIO BHYTPHU
KpyTa, TIpOTOPIIMOHAIbHA TIUIomaan dToW obnactu. Haiitu
BEPOSATHOCTH TOTO, UTO:

a) TOYKa HaXOJIUTCS OT IEHTPA Ha PACCTOSTHUH MeHbIeM r(r<R);

0) MCHBIIMHA yrod MEXIy 3aJaHHBIM HAMpPaBICHUEM | MPSIMOI,

COEIMHAIONIEH TOYKY ¢ Ha4aJloM KOOPAWHAT, HE IIPEBOCXOIUT a.

12. Ha OKpYXHOCTH CIUHHYHOIO pajudyca C IEHTPOM B Hadajie
KOOpAWHAT HayJady BBIOMpaeTcs To4dKa. BeposTHOCTH BbIOOpa
TOYKH Ha JIFOOOH Ayre OKPYKHOCTH 3aBUCHT TOJBKO OT JUTHHBI 3TON
JyTH ¥ IponopLiMoHanbHa ei. Halitu BeposiTHOCTH TOTO, UTO:!

a) IPOEKIXs TOYKU Ha AuameTp (0Ch aOCIUCC) HAXOAUTCS OT LEHTpa Ha

paccTosHUM, He TpeBbIaromneM r(r<l);

0) paccTosiHEE OT BEIOPAHHOM TOYKHM 10 TOYKH ¢ KoopauHatamu (1,0) He

MIPEBBIMIACT T.



5. TABOPATOPHASA PABOTA Ne 5. PACITPEAEJTEHUE
BEPHYJLUIN

5.1. Iean paGoThl

WM3yunth IOUCKpeTHOE pachpenelieHne bepHymnu U paspaboTaTh
KOMITBIOTEPHYIO IPOTpaMMy ISl H3YUCHHUS CBOMCTB STOTO pacHpeaeICHN.

5.2. KpaTtkue Teopernyeckue cBegenus [1]

BunoMuanbHBIM  ABISAETCA  paclpeneNieHHe dYucia M  TIOSBICHHH
coObITHsI F TIpH 5 HE3aBHCHUMBIX HCIBITAHUAK, TP KAKIOM H3 KOTOPBIX
BEPOSTHOCTH TIOSIBJICHHUSI COOBITHSI OCTA€TCS TMOCTOSSHHOM, T. €. PaBHOW OIHON M
TOW K€ MOCTOSTHHOW BEIMYHHE p, & BEPOSITHOCTh IPOTUBOIOJIOKHOTO COOBITHS: ¢
=1-p.

BuHOMUaNBEHOE pacrpenescHue — MPEICTaBISET BO3MOXKHOCTD PEIIUTh
3aj1a4y, KOT/1a UMEETCSI COBOKYITHOCTh M3 N 3K3EMIUISIPOB, U3 KOTOPBIX M = pN
00J1a/1a10T HEKOTOPBIM NPU3HAKOM A, a octanbHble N — M = qN He 001a1a10T UM.

Kak m3BecTHO, MpU3HAKH, KOTOPHIE MOXKHO OXapaKTEPHU30BATH IBYMS
UCXOJIaMH, HAa3bIBAIOTCSI ANbTCPHATUBHBIMH. ECITH €CTh HECKOJBKO pPaBHBIX
rpynn (mpo0) emIuHUI] C aTbTePHATHBHBIMH TPHU3HAKAMH, BO3HHKAET BOIPOC,
CKOJIBKO TaKWX Mpo0 C JaHHBIM MPH3HAKOM MPOOBI M CKOJIEKO 0€3 3TOro
NpU3HAaKa y OTHCNBHBIX €OWHHMI. I Takoi XapaKTepHUCTHKH HCIIONB3YIOTCS
CIIEyIOIINE 0003HAYCHUS:

n — o0I1ee YMCII0 PaBHOBEIHUKHUX P00, B3ATHIX ISl 00CIICTOBAHUS;

m — 9HCII0 MPOO ¢ HAIMYKMEM JaHHOTO IPU3HAKA,

P — OIS eIWHHUIL, 00JIaTafoNINX JaHHBIM IPU3HAKOM, B KK 01 TIpooe;
q — JIOJIs €IUHMUII, HEe 00JIaJA0IIUX ATHM IPU3HAKOM.

Hampumep, B KaXIOM JECITKE CIyYaitHO OTOOPaHHBIX HM3ICITHA MOTYT
BeTpetuthes 0, 1,2, 3,4, 5, 6,7, 8,9, 10 OpakoBaHHBIX. B 0JHOM jmecsTKe UX HE
Ooyner coBcem (0), B mpyrom — ux Oyzer 1 m T. 1. B pe3ympTare momyduTcs
pacmpeneneHue, B KOTOpOM OyIneT BapbUpPOBATh YHCIO COUHHI[ C IaHHBIM
NpU3HAKOM (37ech — 4Ymcina OpakOBaHHBIX HM3ICTHMA B OTHACIBHBIX
PAaBHOYHCJICHHBIX MPO0ax, a B KAuyeCTBE BECOB — YHCIIO COOTBETCTBYIOIIUX
mpoo).
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Yucno 0 1 2 3 4 5 6 7 8 9 10
OpaKoBaHHBIX
u3Zenui B
npobax

Yucno npod 3 4 9 2 1 1 0 0 0 0 0

Pacmipenenenrie  paBHOUMCICHHBIX TIpyNnm € albTEPHATUBHBIM
MPHU3HAKOM TI0 YHCITYy €AWHUI] B KaKJOW TpyIIle Ha3bIBaeTCSI OMHOMHMAIBLHBIM.
OTo Ha3BaHUE OOBSICHACTCS, C OJHON CTOPOHBI, ATBTCPHATHBHBIM XapaKTEPOM
NpU3HAKa, a C JPYrod — TeM, YTO 3aKOHOMEPHOCTh TAaKHX paclpenereHuit
cBsi3aHa ¢ K03 duuueHTamu pasnoxenus oOuaoma HeroToHa.

BrunoMuaneHOE pacnpeneneHne nMeeT BUI:
By (m) = meqn_m
m!(n —m)!

3Has NPUONMKCHHO BEIMYMHY p W YHCIO CAWHUI] B TPYIIIE 72, MOXKHO
MOJYYHTH C MIOMOIIBI0 OMHOMA CIIEAYIONINE JaHHBIE:
npu m = 0 — O)KUAAEMYIO JI0JII0 PABHOUYMCIIEHHBIX TPYIIN, B KOTOPBIX HU OJIHA U3
eMHUII He 00J1a/TaeT NTaHHBIM IPHU3HAKOM;
npy m = 1 — [0MI0 TPYMNI, B KOTOPBIX TOJIBKO OJHA €IWHUIA HUMEET 3TOT
MIPU3HAK;
pu TF000M M — JIOJFO TPYII, B KOTOPBIX M EAMHUI] 00JIafaeT ajJbTCPHATHBHBIM
MIPU3HAKOM.

IIpumep. Cpeau mpoAayKLuu ONpenAeneHHOoro, Buma BcTpedaeTcs 10%
Opaka. Bzaro 100 mpo6 — mo 5 wmsmenwii B Kaxmoi mpobe. OmnpeneauTh
0KUIaEMOE YHUCIIO P00, B KOTOphIX Oyzaet 0, 1, 2, 3, 4, 5 OpakOBaHHBIX W3/ICITHU.

[Tomo6Hyt0 3a7ady pemaroT, HCIOIb3ysI OMHOMHAIIFHOE pacTpeieIcHuE.
Honst mpo0, B KOTOPBIX HEe OyAeT OpaKkOBaHHBIX W3ICIHUH, OMPEHCITUTCS IO
ounomy npum =0,n=5,p=0,1,q=0,9.

» 5|

0!(5—-0)!

Ona pasna 0,59049. Jlons npoO, B KOTOPBIX OKaKETCS OIHO OpakOBaHHOE

0,1°0,9°° =0.59049

W3JIeNAe, BRIYMCIETCS TIPH TeX ke JaHHbIX (T = 1); oHa paBHa 0.32805. Homns
npo0 ¢ AByMs OpakoBaHHBIMHU m3nenusmu coctaBuT 0,07290, ¢ Tpems — 0,00810,
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¢ geteipbMs — 0,00045, ¢ marero — 0,00001. YMuO)HB 3T 1011 Ha 100 (ducio
B3ATBIX IPO0) U OKPYIJIMB 10 LEJbIX, Oay4YnuM, 4yTo 13 100 mpod B 59 mpobax He
JIOJDKHO OBITh HU OJHON OpakoBaHHOW emuHUII, B 33 — mo 1 OpakoBaHHON
eauHMLE, B 7 mpobax — mo nBe M B | mpobe — Tpu OpakoBaHHBIC €JUHUILIBL.
[osiBenne Tpo® ¢ dYETHIpBMS W IATHIO OpPaKOBAaHHBIMH  EAWHHUIIAMH
MaJIOBEPOSTHO.

MoskHO moacYMTaTh, YTo TpH u3BiIedeHnd 1000 mpo6 omma mpoda
OyzeT ¢ ueThlpbMsl OpakoBaHHBEIMHK n3aeausMu. M Tonpko oroopas 10 000 mpoo,
MOXKHO OXKHJaTh, YTO OJHA W3 HUX OyHET colep)kaTh BCE IATH OpaKOBaHHBIX
u3nenuii. bBuHOMHMambHOE pacmpeneneHne — PpaclpelelieHne JUCKPETHOW
BEIMYMHBI, TIOCKOJNBKY BEJIMYWHBI 7 MOTYT TPHHAMATH TOJNBKO BIIOJTHE
onpezeneHHble 1enble 3HaueHus 0, 1, 2, 3.,..., m. OHO MHMPOKO UCMONB3YETCs B
TEOPHH BEPOSATHOCTEH [UI1 OIpeNeNeHUs] BEPOSITHOCTH COOBITHA TPH T
UCTIBITAHUAX, CCITH U3BECTHO YHCIIO MPOBEACHHBIX HCIBITAHUN 7 U BEPOSTHOCTh
MOABIICHUSI COOBITHS TNPH OJHOM WCHBITAHWH P. 3AECh YHCIO BO3MOXKHBIX
UCTIBITAHUN W WX BEPOSTHOCTH BBICTYMAIOT KaK CIyYalHbIC BEIHYUHBI C
JTUCKPETHBIMH BapHaHTaMH. BeposSTHOCTH 3THX BapHaHTOB U OIPEIEINIIOTCS IO
OMHOMHAJIBHOMY 33aKOHY.

I'padmk OMHOMHMALHOTO pacIpeneeHHs], Ha KOTOPOM TI0 OCH aOCITUCC
OTKJIA/IBIBAFOTCS YHCIIA HACTYIUICHUS COOBITHS, @ TI0 OCH OPJIUHAT — BEPOSITHOCTH
STHX YHCeJ, TIPEACTaBIAeT coboi moManyro muHu0. Popma rpaduka 3aBHCHT OT
3HavyeHndd p u . Ecmu p = q, 1. e. p = 0,5, To rpadpux cummerpudeH. Ecmu p
MaJio, rpaduk pacnpeaencHus OyaeT CKOIICHHbBIM.

03+

~.

77 2 0 4 567 & d o zn kst

Puc.5.1. I'padux OMHOMHATEHOTO pacipeneIcHus
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3aKoH OMHOMHATIBHOTO PACIPENEICHIUS Ha3bIBAIOT TAKKE 3aKOHOM bepHymn.

IIpumep. Omnpenenuts BEpoSITHOCTH Toro, uto u3 100 usmennmit 10
OKaXyTcsl OpaKOBaHHBIMH, €CIIM M3BECTHO, YTO B MApTHH NPHUOIM3UTEIBHO 5%
Opaxa. BepositHOCTB paBHa:

100!
p=— " 059,957

= =0.0167
10!(100 —10)!
Pacnpenenenne Ilyaccona (3aKoH MaJibIX YHcCeN).

Pacnipenenenue ITyaccona SIBIISICTCS YaCTHBIM ciyqaeM
OMHOMMHAIEHOTO PacIpeeNIeHIs U UCTIONb3YeTCs B CIIydasx, KOTJa YBeINICHNE
YhCclla WCIOBITAHUA 7 TMPUBOAUT K TOMY, 4YTO BEPOSITHOCTH TMOSBICHUS
OIMHOYHOTO COOBITHA p 3HAUWTeNbHO yMeHbImaercs (p < 0,1). Ilpm sTom
MPOU3BEACHUE 1p COXPAHSIET MOCTOSTHHOE 3HAYCHUE U 0003HAYACTCS A.

-A,m
A

e

B n (m) =

m!

Cremyer OTMETUTB, YTO VIS CIIy4aifHBIX BEJIMYUH, PACIPEIEICHHBIX 10
3akoHy [lyaccoHa, mapameTp A XapakTepu3yeT IHCIEpPCHIO, MaTeMaTHYECKOe
OXKHMIAHNE U CPeIHEe 3HAUCHHE CITyUaifHOM BETUUMHEL, T.¢. A =a = G° = X.

ITpumep. OmepaTtop coToBOIl cBsi3u mnpoBes HabmrogeHue 3a 1000
abOHEHTOB cBOeH ceTH. B TeueHmMH ogHOro Yaca (UKCHPOBAIOCH KOJIUYECTBO

3BOHKOB, KOTOPOC COBCPIINIT Ka)l(ﬂblﬁ 3 aOOHEHTOB U NOJIYUHJIOCH CIICAYIOUICC

pacnpeeneHue.
Yucno 3BoHKOB | Yucmo abonenToB | OOmiee 4ucio TeopeTtuueckoe
NPU PETHCTPAllMK | 3BOHKOB YHCII0 aO0OHEHTOB
0 600 0 613
1 320 320 300
2 70 140 74
3 10 30 12
4 0 0 1
1000 490 1000
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- 490
Tak kak cpeaHee umcno 3BoHKoB y 1000 aGomento X = —— = 0,49,

1000

TEOPETUYECKUH pacdeT YHciaa a0OHEHTOB B TCUCHHH Yaca HE COBEPIIABIINX
3BOHKOB MPOU3BOAUTCS 1O PopmyIie:

—0.49 0
P, =1000°— 2% _ 613
o
COBEPILUBIINX OJHUH 3BOHOK — 110 (hopMyJIe
—-0.49 1
P= 1000# =300
uT. nI.
Pnc.5.2.

CpaBHuBas n300paxxeHrne (aKTUICCKUX U TCOPETUICCKUX AHHBIX, BUIUM IIOYTH
MIOJIHOE COBIIAJICHUE TOM U IPYTrOi KPUBOM.
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OnBITEl HA3BIBAIOTCS HE3aBHCHMBIMH, €CITH BEPOSTHOCTH TOTO WIIH
MHOTO UCX0J1a Ka)XI0T0 OTbITA HE 3aBUCUT OT TOr'0, KAKHE UCXOIbl UMEJH IPYTUE
OTIBITHI.

He3aBucuMble OMBITHI MOTYT TPOU3BOMUTHCS KAaK B OJIMHAKOBBIX
YCIOBHAX, TaK M B Pa3IMYHBIX. B TMepBOM ciy4ae BEpOSTHOCTH MOSBICHHUS
KaKOT0-TO COOBITHSI A BO BCEX OMNBITaX OJHA W Ta XK€, BO BTOPOM Cly4ae OHa
MEHSIETCS OT
OIIBITA K OIBITY.

YacTHasgs TeopeMa 0 MOBTOPeHUH ONBITOB. Ecim mpomsBomutcs n
HE3aBUCHMBIX OITBITOB B OJMHAKOBBIX YCIOBHUSX, NPUYEM B KaXJIOM W3 HHUX C
BEPOSTHOCTBIO p TOSIBISAETCS COOBITHE A, TO BEPOATHOCTH P, , TOro, dUTO

co0bITHE 4 IPOM30MIET B 3TUX /1 ONBITAX POBHO M Pa3, BeIpakaeTcsi GopMyInoi

By =Cpp"g" " (m=012...n),

rneg=1-p.

Ora ¢dopmyna BbeIpaKacT TaK Ha3blBaAGMOC OWHOMHAIILHOE paCIpelIeICHUE
BEpPOSITHOCTEM.

BeposiTHOCTS XOTSI OBI OJHOTO TIOSBICHUS COOBITHSI A TPH 7 HE3aBUCHMBIX
OTIBITaX B OJIMHAKOBEIX YCIOBHSAX PaBHA

B,=1-4".

OO0masi TeopeMa 0 NOBTOPEHHH OMBITOB. Eciy mpou3BOIHMTCS N
HE3aBHCHMBIX OIBITOB B PA3JINYHBIX YCIOBHSX, IIPHYEM BEPOSTHOCTH COOBITHS A
B i-M ombITe paBHa p{i=1,2,...n), TO BEpOATHOCTb P, , TOro, 4ro CcOOBITHE A
MOSABUTCS B OTHX OIBITAX POBHO M pa3, paBHA KOIPQHUIHMEHTY IpH z" B
PA3JI0XKEHUU [0 CTEICHSM z TPOU3BOIAIICH (PYHKIIUU:

n
op(z) = Hl(ql- + p;z), rae ¢i=1-p..
1=

BepOHTHOCTL XOTs OBl OJITHOI'O IIOABJICHUS coObiTus A npu n HE3aBUCUMBIX
OIIbITaX B Pa3JIMYHBIX YCIOBUAX paBHA

R, =1 _Hqi -
i=1

st 1ro0BIX yCcIOBUiA (KaK OJMHAKOBBIX, TaK U Pa3IMYHBIX)
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"pP =1.

=0

BepostHOCTh Ry, TOTO, UTO TPH I OIBITaX COOBITHE A TOSBUTCS HE MeHee k pas,
BhIpaXkaeTcs opMyIon

R, = iPm’n wm R, =1- EP,M
m=k

m=0
TCOpeMLI O TIOBTOPEHMH ONBITOB, KaK 4YacCTHasA, TaK H 06111215{,
JOITyCKarT 00001menne Ha TOT_ CJIy‘I&fI, KOorJga B pE3yJIibTaTre Ka)XA0ro OIIbITa

BO3MO’KHBI He /1Ba ucxoza (A u A ), a HecKOIbKO HCXOOB.
Ecnmu npou3BoAUTCs 77 HE3aBUCHMBIX OIBITOB B OJJMHAKOBBIX YCIIOBHSIX,
NpUYEM KaKABI OIMBIT MOYET MMETh k; HCKIIIOYAMONIAX IPYT Ipyra HCXOIOB

k
A4, A,,..., A, ¢ BeposTHOCTSIME D), Dyseeny Py (z P;), TO BEPOSTHOCTH TOTO,
i=0
4TO B /1) OHBITAX NOSBUTCA COOLITUE A;, B 71, OMBITAX — COOBITHE A, U T.1., B 7
k
OIIBITAX — COOBITHE Ay (z m; = n) Beipaxaercs Gopmyoii
i=1
n! my My My
Pml,mz,...,mk;n = el m Py Py Pl
l: 2'0.' k
Ecin yci1oBHsL OIBITOB Pa3iMyHBL, T.e. B i-M OIBITE COObITHE A; MMeeT

BepoATHOCTL py; (i =1,2, ..., n; j = 1, 2, ..., K), TO BEPOATHOCTb Pm1 T

m m m
BBIUHCIAETCA KaK KOd((UIMEHT TpH dYieHe, cofepXKalleM Z, 'Z, ..Z,' B

Pa3IOXKEHUH 110 CTETICHSM Z|, Z3,..., Z; IPOU3BOASIIEH (QyHKITUH:

n
gon(zl,zz,...,zk) = .Hl(plizl +PyiZy +...+pkl.zk).
1=

5.3. Ilopsiiok BbITIOJIHEHUSI PA0GOTHI
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PazpaboTaTe KOMIBIOTEPHYIO MpPOTpaMMy JJsl HW3yYCHHUS CBOMCTB
JIUCKPETHOTO pacrpeneneHus B cxeme beprymm.

IIporpammy peajiu3oBaTh:
e uHTepdelicHas YacTh Ha sI3bIKe pa3MeTku runeprekcra HTML [13];
e (yHKIIMOHAIbHAS YaCTh Ha CH-TIOIOOHOM si3bIKe JavaScript [23].

HnTepdeiicHast 4acTh N0JKHA BKIOYATD!

e  3aroJIOBOK C yKa3aHMEM Ha3BaHUS pa0oThl, MH(pOpMaluu o0 aBTOpe,
BpPEMEHH pa3pabOTKH;
0011yI0 HHOOPMAIIHIO O METO/IC BRIYHCIICHUS;
ToJIe JUI OTOOpasKeHHMs pe3yIbTaTOB pacyera B BUJIE TaOJIHIIBI;
ToJIe JIJIs1 OTOOpaKeHMsI PE3YIbTaTOB B TpadUIeCKOM BHJIE;
BBINA/IAIONIEe MEHIO Ul 3a[JaHWsl YKMCIa HCHBITAHUA U BEPOSITHOCTH
ycrexa.

Ha puc. 5.3 npuBeneH BO3MOXHBIN BH]T HHTEpderica.

Puc.5.3. Uurepdeiic nporpammsl «Pacripenenenue bepuymmmy.
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5.4. Copep:xanue oTuyera

IleyaTHbIll OoTUET JOJIDKEH COOTBCTCTBOBATH TpeGOBaHI/ISIM o O(i)OpMJ'IeHI/IIO

JAOKYMCHTOB TaKOT'O TUIIA U COACPIKATH CICAYIOUIYIO I/IH(i)OpMaHI/IIO:

1. TurtynbHbIHA THCT.

2. Ha3zBanue nabopatopHoii paboTBHI.

3. Tewma mabopaTopHOl pabOTEHI.

4. Kparkoe onrcaHue METOAA BHITIOIHEHHS.

5. bBriok-cxema anropuTMa penieHus MOCTaBICHHOM 3a1a4H.
6. Kpatkoe o0bsacHeHne HHTEpdErica IpOrpaMMBI.

7. JlucTuHT KOJa MPOrpamMMBbl.

8. Pe3ymnbTaThl KOHTPOJBHBIX PACUETOB.

9. Pa3BepHyTHIE OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI.

10. KpaTkue BBIBOABIL.

5.5. KoHTpoJIbHBIE BONIPOCHI

1.

CroumocTs Ipoe3sia B aBTo0yce paBHa 3 py0., MECSIYHBIH NPOE3aHON OuiIeT
Ha aBToOyC cTout 120 py6., a mTpad 3a 6e30MICTHBINA MPOE3] COCTaBISAET
10 py6. Ilerst 24 pa3a B MecsIll €31UT Ha aBTOOyce B MHCTUTYT U OOpaTHO.
OH He NOKyHaeT MpOe3JHOTO OmieTa, HUKOrZa He IUIATHUT 3a TMPoe3f H
CUMTAET, YTO BEPOSITHOCTH OBITh MOMMAHHBIM M 3aIUIATHTh IUTpad paBHA
0,05. CpaBHUTH CTOMMOCTH MPOE3JAHOTO OWiera ¢ HauOojee BEPOSITHON
BEJIMUMHOM mTpada 3a 48 moe3aox.

Haiiti BepOSITHOCTH MOSIBIICHHUS pOBHO 5 TepOoB mpu 10-kpaTHOM OpocaHnn
MOHETHI.

Cpean 12 mpoBepseMbIX PEBH30pPOM JOTOBOPOB CE€Mb  O(POPMIICHBI
HenpaBwibHO. HaliTu BepoOsSTHOCTH TOrO, YTO CpEAM IIATH JOTOBOPOB,
MPOM3BOJIPHO  OTOOPAaHHBIX  PEBH30POM  UIS  TIPOBEPKH, OKAKYTCA
HENpaBWIFHO O(OPMIICHHBIMH: a) POBHO TPH JOroBopa; 0) He MeHee TpEX
JIOTOBOPOB.

Uro BeposiTHEE: BBIMTPATh B OWIBSPA Y PaBHOCWIBHOIO NPOTHBHUKA TPH
MApPTHUU U3 YETHIPEX WM NATH MAPTHH U3 BOCBMU?

bank umeer nath ornenenuii. ExenneBHo ¢ BeposTHocThio (0,3 Kaxkmoe
OTIeNIeHUEe, HEe3aBUCHMO OT JAPYTHX, MOXET 3aKa3aTh Ha CICAYIOIIHN JICHb
KPYIHYIO CyMMYy JieHeT. B koHIle pabodero IHs OAWH U3 BUILE-TPE3UICHTOB
0aHKa 3HAKOMHUTCS C TIOCTYNHBIIUMH 3asBKamu. HalTi BeposTHOCTH
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CIIEIYIOIIUX COOBITHIA: a) OCTYIHIIA POBHO JBE 3asBKU; 0) IMOCTYIHIA XOTS
Obl OHA 3asiBKAa; B) CpeOH IMOCTYIHMBIIUX JBYX 3asBOK €CTh 3asiBKa OT
MIEPBOTO OTHEICHUS.

UrpaneHyro kocTh OpocaroT msaTh pa3. HailTh BeposATHOCTH TOTrO, 4TO
JBAXKIBI TIOSBUTCS YHCIIO, KPATHOE TPEM.

W3BecTHO, uTO M3 4yMcna 3pureneit ompenenéHHoi Tenemnporpammsl 70%
CMOTPAT W peKIaMHBIe OJIokH. ['pymmel, cocTosmme W3 TpEX Hayrana
BBIODAHHBIX ~ TEJE3PUTEIICH, ONPAIIUBAIOT OTHOCHTEIBHO COJCPKAHHS
pexsamMHOro 6J10Ka. PaccunTath BEpOSTHOCTH YHCIIA JIUI B TPYIIIE, KOTOPEIE
CMOTPSAT PEKIIAMHEIC OJIOKH.

B Opokepckolf KOHTOpE IIsi CTUMYJIHPOBAHWS TNPHOBIIBHOCTH TOPTOBIH
MPUMEHSIETCS. CICIyIomas CUCTeMa IPEMHPOBAaHUS COTPYIHHUKOB. Eciu
COTPYAHUK HE MOCTHTajl YCTAHOBIIEHHOTO THEBHOTO YpPOBHS NMPHOBUIM Ha
npoTsDKeHuu Oojee TpEx aHel 3a ape Hexenu (10 pabouux qHEl), OH TepseT
CBOIO TIPEeMHI0. BeposATHOCTH TOTO, YTO COTPYTHHK BBITOJHHUT TPeOyeMyIo
HOpMY ipuOBLTH, cocTaBisger 0,85. Haiitu uncno npemuii, morepsHHbIX 100
COTPYIHUKAMH TOU OPOKEPCKON KOHTOPHI 32 1o (50 pabounx HEAems).
3aBOjI M3TOTOBIISACT M3JCIUS, KAXKI0C M3 KOTOPBIX JOJDKHO IOJBEPraThCs
YeThlpeM BHIaM HCHBITaHWN. [lepBoe WCHBITaHWE W3AETHE MPOXOTUT
OmaromoiyqHo ¢ BeposiTHOCTBIO 0,9; BTopoe — ¢ BeposTHOCTRIO 0,95; TpeThe
— ¢ BepositHocThio 0,8 W yeTBeproe — ¢ BeposTHocThio 0,85. Haiitu
BEPOSATHOCTH TOT'O, YTO M3JEJIME MpOoieT Onaromoiny4Ho: A — Bce 4eThIpe
ucneiTanus; B — poBHO 1Ba mcmbiTanus (M3 4etbipex); C — HEe MeHee JABYX
WCOBITaHUH (U3 YEThIpEX).

YesnoBek, MNPUHAICKANUA K OINPENEICHHON TpymlIne HaceJIeHus, ¢
BeposaTHocThio (0,2 oxasbiBaeTcsi OprloHeTOM, C BeposiTHOCcThiO 0,3
IaTeHoOM, C BeposATHOCThI0 0,4 — OJOHAMHOM W ¢ BeposiTHOCThIO 0,1
peokuM. BeiOupaercs Hayramg rTpynma HW3 [IECTH 4elOBeK. Haitu
BEPOSITHOCTH CIEAYIOIINX COOBITHI: A — B COCTaBe TPYIIBI HE MEHBIIE
4yeThIpex ONOHIMHOB; B — B cocraBe rpynmbl XoTs Obl ofuH peokuii; C — B
COCTaBe IPYIITEI PaBHOE YUCIIO OJIOHIMHOB M IITIATEHOB.



6. TABOPATOPHASA PABOTA Ne 6. HOPMAJIBHOE
PACIIPEJIEJIEHUE

6.1. Ilean paGoThI

Wzyunts HempepelBHOE pacmpexaeneHune laycca u  pa3paborarh
KOMITBIOTEPHYIO IPOTpaMMy ISl H3YUCHHUS CBOMCTB STOTO pacHpeaeICHN.

6.2. KpaTkue Teopernyeckue cBegenus [1]

HopmanbHoe pacnipeneneHne — 0JIHO M3 BaXXHEHIIMX pacIpeiesieHUi B
TEOPUHU BEPOSTHOCTEH.
Tepmun npunaexut Kapiny [Tupcony (K.Pearson). Berpeuatores Taxoke
Ha3BaHUA: BTopoi 3akoH Jlariaca, 3akon ["aycca, namnacoBckoe pacipeeneHue,
rayCcCOBCKOE pacmpesenenne, pacipenenenue Jlammaca-I'aycca, pacnpeaenenue
Taycca-Jlamnaca. OTu Ha3BaHUS NPUMEHSICTCS KaK 110 OTHOLICHUIO K
pacrpenesieHusIM BEPOITHOCTEH CIydailHbIX BETMYUH, TaK U TI0 OTHOIIICHHIO K
COBMECTHEIM PaCIPEICICHUSIM BEPOITHOCTEH HECKOIBKUX CITyYaiHBIX BETMIUH
— K MHOTOMEPHBIM pacIpeleICHUsIM CITyYaiHbIX BEKTOPOB.

Oo1ee onpeecHrEe HOPMATBHOTO PaCIpeCICHUs 00BIYHO CBOJUTCS K
OJTHOMEPHOMY CIIy4Yaro.

Pacripenenennie BeposTHOCTEHM cCllydalHOM BEJIMUYMHBI X HA3bIBAETCS
HOpPMAaJIbHBIM, €CITH OHO MMEET TUIOTHOCTh BEPOSTHOCTH BHJIA

7():7/71)2 /267

1
JO=
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Puc.6.1 I'padmky IJIOTHOCTM HOPMAIBHOTO pPACHpENeNICHHs] IPH Pa3InYHBIX
3HAYCHHUAX ApaMETPOB.

CeMeiCTBO HOPMAITbHBIX PACIIPEICIICHHH 3aBUCHT OT IBYX [1apaMETpPOB
muoc>0,rae
m = Ex
— MaTeMaTU4YeCKOe 0XKHIaHKUE, MEIUaHa U MOJIa PACIPEACICHHUS, a
2
o =Dx

— IUCTIEpCHUsl HOPMAJIBHOW CITy4allHOW BETMYUHBI.

Puc.6.2 TI'paduku ¢(yHKIMM HOPMAJIBHOTO pAaCHpeNeNeHHs] IPH Pa3InYHBIX
3HAYCHHUAX TApaMETPOB.
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XapakTtepuctudyeckass (yHKUUs OZHOMEPHOHW HOPMalbHOW CiydyalHOMN
BEIMYMHBI UMEET BUJ]

ixt _ eimt—aztz /2

£(t) = Ee

KpuBast HOpMasbHOI TIOTHOCTH = f{(X) CUMMETPUYHA OTHOCHUTEIIHHO
OpIMHATHI, NPOXOAAIIEH dYepe3 TOYKy X = m, W HMEET B O3TOH TOHYKE

1
€IMHCTBEHHBIH MaKCUMyM, DPaBHBII T MN3menenne G MeHseT ¢opmy
oN2rm

KPHBOH: C YMEHBIIEHHEM G KpHBas HOPMAJIBHOW IJIOTHOCTH CTAHOBUTCS Ooiee
OCTPOBEPIINHHOW, W3MCHCHHWE M NPU MOCTOSHHOM IapaMeTpe G BBI3BIBACT
CMEIlIeHne KPUBOM BIOIL OcH abciucc, He MeHsAs (Gopmbl kpuBoi. [lmomans,
3aKIIFOYEHHAS TTO0JT KPUBOW HOPMATHHOH IIOTHOCTH BCET/Ia paBHA CIAMHUIIC.

IIpuy m = 0, o = 1 pacnpeneneHue HA3BIBACTCS CMAHOAPMHBIM
HOPMATbHBIM pacnpedeienueM W COOTBETCTBYIOIIAas (YHKLIHUS paclpeieiIeHus
TIPUHUMAET BHU]

x _ 2
O(x)= [ 2y
—0

B oOmem (HecranmapTHOM) cilydae  HOpManbHas  (yHKUIUS
pacripeseneHus BEIYUCIIIETCs Yepe3 CTaHIapTHYIO 1o hopmylie

F(x;m,0) = ®((x — m) / o).

OyHKIUS CTAaHTAPTHOTO HOPMAJIBHOTO paclpenelicHuss (M HECKONbKO e€
MIPOU3BOIHBIX) TPOTAOYIUPOBAHBI.

I[J'[f{ HOPMAJIBHOI'O paclpeACICHUA
P(x—m|> ko) =1-®(k) + D(k)

— BEPOATHOCTH JAHHOT'O HEPABEHCTBA YOBIBAET JOCTATOYHO OBICTPO C POCTOM K.
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HopmanpsHoe pacnpezneneHne BCTpedaeTcs B OOIBIIOM YHCIIE MPHUIOKEHUH.
BaxHOCTh HOPMAJIBHOTO pacIpeieJIeHUst BO MHOTHX 00JIacTsIX HaYKH, Halpumep,
B MaTeMaTHYECKOW CTATUCTHKE W CTAaTUCTHYECKOW (M3MKE BBITEKACT W3
LEHTPAILHOM MpeieNbHON TeopeMbl Teopuu BeposTHocTed. Ecim pesynbrar
HaOMIONEHNS SBIAETCS CYMMOW MHOTHX CIyYalHBIX Cl1ab0 B3aMMO3aBHCHMBIX
BEJIMUMH, KaXIas W3 KOTOPBIX BHOCHUT Majblii BKJIAJ OTHOCHUTENIBHO OOILEH
CyMMBI, TO TIpH yBEIUHMYCHHH YHCIA  CJIAaTaeMBIX  paclpeaeicHue
[EHTPUPOBAHHOTO W HOPMHUPOBAHHOTO pe3yjbTaTa CTPEMHUTCS K HOPMAILHOMY
pacripeniesieHiio. TOT 3aKOH TEOPHH BEPOSTHOCTEH UMEET CIIEACTBUEM ITUPOKOE
pacrpocTpaHeHHe HOPMAJIBHOTO PACTpEeICHHs, YTO U CTajl0 OJHOW W3 MPUYNH
ero HamMEHOBaHWA. Hampmmep, ciemyromue CiydaiiHble BETHYUHBI XOPOIIO
MOZEINPYIOTCSI HOPMaJIbHBIM PacIIpeelICHUEM:

—  OTKJIOHCHHE TP CTPEILOE

—  MOTPEeIIHOCTH M3MEPeHHi (O0IHAKO, MOrPELIHOCTH HEKOTOPBIX
U3MCPUTEIFHBIX ~ NPUOOPOB  KMMEIOT HE  HOPMAJBHEIC
pacmpeeneHus)

—  HCKOTOPBIC XapaKTCPUCTUKH JKUBBIX OPTAaHU3MOB B ITOMYJISIIHA

Takoe MHUPOKOE pacpoCTpaHEHHE ITOTO PaCcPEEIICHHUS CBA3aHO C TEM, YTO
OHO SBIISIETCI OECKOHEYHO JEeNUMBIM HEMPEPHIBHBIM pacIlpenelicHueM C
KOHEUYHOH mucriepcueii. [l03ToMy K HeMy B Mpejelie MPHOIImKAIOTCS HEKOTOPBIC
IpyTue, HanpuMmep, OnHoMuanbHoe W IlyaccoHOBCKOe. DTHM pacmpeneiicHHEM
MOJICITIUPYIOTCS MHOTHE HE JICTCPMUHHPOBAHHBIC (HU3UYCCKHE MPOIIECCHI
IIpocrefimme nPUONMKEHHBIE METOABI MOJEITHUPOBAHUS OCHOBBIBAIOTCS Ha
LHeHTpaJdbHOH mpenenbHOH Teopeme. HMEHHO, €eCliM CIOXHTh HECKOJIbKO
HE3aBUCHUMBIX OJMHAKOBO PACIpPENeNEHHBIX BEJIMYMH C KOHEYHOW TUCIIEpCUEH,
TO cyMMa OyJIeT pacrpeieicHa IPUMEPHO HOPMAaJIBHO.

Hanpumep, ecnu crmoxuTh 12 HE3aBHCHMBIX CTAaHAAPTHO PAaBHOMEPHO
pactpeenéHHBIX CIIyYallHBIX BEIMYUH, TOTYYAM HPUOTIDKEHHOE CTAaHIAPTHOE
HOpMaJIbHOE pactpesneneHue. Jias mporpaMMHOTO T€HEpHUPOBAaHUS HOPMAJIBHO
pacnpelen€HHbIX CeBAOCTYYailHbIX BETMYMH NPEAIOYTHTENIbHEE UCII0Ib30BaTh
npeoOpazoBanne bokca — Mromiepa. OHO TO3BOISIET TEHEPUPOBATH OIHY
HOPMAaJIbHO pACHpelCNEHHYI0 BEIMYMHY Ha 0a3c OJHOH paBHOMEPHO
pacripeieiEHHOM.
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MomeHTaMH W aOCONIOTHBIMA MOMEHTaMH CIyYalHOW BETMYUHBI X
HasbIBAIOTC MaTemarnueckue oxumanus X' wu |X]° coorBercTBenHO. Ecim
MaTeMaTHYecKOoe OXHUAaHWE CiaydailHONW BenuuuHbl (L =0, TO 3TH MapameTpsl
Ha3bIBAIOTCS  YEHMPANbHbIMU — MoMenmamu. B OONBIIMHCTBE — CilydyacB
MPEACTaBISIIOT MHTEPEC MOMEHTH Ui HeibIX p. Ecnm cimydwaitHas BemuanHa X
UMEET HOPMAJILHOE paclpe/ieiiCHue, TO Uil He€ CyHIeCTBYIOT (KOHCYHBI)
MOMEHTBI TIPH BCEX p C JeHCTBUTENbHOW dYacThio Oombmie —1. Jlis
HEOTPHULATEIbHBIX LEJIbIX p, UEHTPaIbHbIE MOMEHTHI TAKOBbI:

p 0, p=2n+1
ExP1=1 ",
o (p-D, p=2n

3neck n!! o3HavaeT IBOWHON (akTOpHAl, TO €CTh MPOU3BEICHNE BCEX HEUETHBIX
ornmol.

HCHTpaHBHBIe a0COIIOTHBIC MOMEHTBI JJI4 HEOTPULATCIIBHBIX HEIBIX p TAKOBBI:

+1
2p/2r(l72 )

p
=0 ——F/—= .
Vx

E|x [P1=c(p-nt

L, p=2n

Iocnennsisi  ¢dopMyna crpaBeainBa TaKKe Al MPOU3BOJBHBIX 3HAYCHUI
napamerpa p > 1.

HopmanbsHoe pacmpenencHue sBISETCS OSCKOHEYHO nenumbiM. Ecmu
ciydaiiHple BeMMYMHBL X; W X, HE3aBUCHMMBI M HMEIOT HOPMalbHOE
pacnpenienenie ¢ MaTeMaTUYeCKUMU OXKUIAHUSIMU [ U Ll U JUCTIEPCUSIMU o’ u
G,° COOTBETCTBEHHO, TO X, +X, Takxke mMeer HOpMaJbHOE paclpeleleHue C
MaTeMaTHIECKAM OXHUJTaHUEM L+, 0 TACTIEpCHer 6,2+0,%. OTCI01a BBITEKAET,
YTO HOpMallbHAasl CIydaiiHas BEIMYMHA MPEJCTaBUMa KaK CyMMa IIPOU3BOJIBHOTO
YHUCJIa HE3aBUCUMBIX HOPMAJIbHBIX CITydalHBIX BEJIMUUH.

HopmanbsHoe pacnpeneneHue sBisieTcs HEMpepbIBHBIM paclpeaeieHueM
C MAaKCHMAQJIGHOW JHTPONUCH NpU 3aJlaHHOM MAaTEMAaTHYCCKOM OXHIAHUUA U
JIUCTIEPCHUH.

43

MHoromepHOoe  HOpPMAaJbHOE  paclpelesieHHe  WCHOJB3YeTCs  IpH
UCCJIEZIOBAaHUY CBOMCTB JIMYHOCTH YEJIOBEKA B ICHXOJIOTHMHM M IICUXHaTpuu. B
YaCTHOCTH, Il MOJEITHUPOBAHMA IIPOIIecca IeMOKPATHIECKUX BEIOOPOB.

Ilpn npakTHYecKOM pelIeHHH 3aad O HOPMAJIBHO pacIpeleNeHHBIX
CITyJaliHBIX BEMTHYMHAX BAXXHO MMETHh (OPMYIBI AJIS BBEIUUCICHHUS BEPOSITHOCTH
NONaJaHusl BEIWYMHBI B HEKOTOpHIM uHTepBai. Ilycts X pacmpeneneHa 1o
HOPMAaJIbHOMY 3aKOHY C MapaMeTpaM’ |l U G, TOTZla BEpOATHOCTh TOTO, 4TO X
MPUMET 3HaYCHHUE, MMPUHAIICKAIICe HHTepBay (a, ), paBHa

p—m a—m
Pla< X < p)=d( ) —D( ).
o c
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3nece O(x) = T(J)e dt — dpynxuus Jlannaca.
T

B cmydae, xorma naHabii wHTEpBal (0, ) CHMMETPUYEH OTHOCHUTEIIHHO
MaTEeMaTHYECKOTO OXKHJIAHUS, TO €CTh MOXKET OBITh HpEACTaBICH Kak (a,f) = (m-

8, m+d), hbopmyna npuHuMaet ciuenyomui Bua: P(|X-m|<d)=2d(d/c).

Ucnone3ys mnpexapinymyro Gopmyny W TaOnuiy 3HAYCHHHA (QYHKIUU
Jlarutaca, MOXHO BBIYMCIHTH BEPOSTHOCTH TOTO, YTO OTKJIOHEHHE HOPMAIIbHO
pacrpeeieHHON CITyYaifHOW BETMYUHBI OT CBOCTO MATEMAaTHUCCKOTO OXKHIAHUS
10 aOCOJIOTHOM BENTMYMHE HE MPEBBICUT 3 CPEIHMX KBAJPATHYHBIX OTKIOHCHHIA:
P(X-m|< 306)=2®(3)=0,9973=99,73% (coObITHE MPaKTUYECKH TOCTOBEPHOE).
3T10T (akT 00BIYHO HOPMYTUPYIOT B CIEAYIOMIEM BUAE:

HpaBI/IHO TPEX CUTM. Ecimm cnyqaﬁﬂaﬂ BCJIMYMHA pacnpeaejiicHa HOpMajabHO,
TO a0COJIIOTHAs BEJIMYHWHA €€ OTKJIIOHEHHS OT MaTeMaTHYECKOIo OXHUJaHUusg HE
MMPEBOCXOAUT YTPOCHHOI'O CPEAHETO KBAAPATUYHOT'O OTKIIOHCHH.

Ipumep. CryvaitHas BeIMYMHA HMMEET HOPMAJBHOE pACIpPEICIICHHE C
MareMaTHueckuM oxuganueM p=10 U CpelHHM KBaJpaTHYHbIM OTKJIOHEHHUEM
0=5. HaiiTu BEpOsATHOCTH TOTO, YTO CIydYaiiHas BEIMYMHA TPUMET 3HAUCHHE,
npuHaUIekKamee uHTepBany (5, 25). Pemenwme. Ilo ycmouro mmeem: m = 10,
c=5,a=>5, =25 TIlogcraBnsem B GopMyIy:
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P(5<X<25) = @ ((25-10)/5)- @ ((5-10)/5)= @ (3)- @ (-1)= ® (3)+ D (1)
=0,4986 +0,3413 = 0,8399.

6.3. Ilopsiiok BbITIOJIHEHUSI PA0GOTHI

PazpaboTaTe KOMIBIOTEPHYIO MpPOTPaMMy JJIsl HW3yYCHHS CBOMCTB

HOPMAJILHOTO Paclpe/ielieHHsI.

IIporpammy peann3oBarts:

uHTEepQeiicHas YyacTh Ha s3bIKe pasmerku runeprekcra HTML [13];
(yHKIIMOHANbHAs YacTh Ha CU-TT0JOOHOM si3bIKe JavaScript [23].

HnTepdeiicHas 4acTh N0JKHA BKIYATD!

3aroJIOBOK C yKa3aHWEM Ha3BaHUs paboThl, WH(pOpMAIMu 00 aBTOpE,
BpEMEHH pa3pabOTKH;

0011yI0 HH)OPMAIIHIO O METOJIE BEIYUCIICHNS;

oJIe T OTOOpaKEHHs Pe3yIbTaTOB pacyera B BUJIE TaOJHIIbL;

ToJIe JIJIsl OTOOpaKEHHMsI PE3YIbTATOB B TpadUIeCKOM BHJIE;
BBINMAJAMONICe MEHIO JUIS 3aJaHUsl YMCIAa HCIBITAHUA W BEPOSITHOCTH
ycrexa.

Ha puc. 6.3 npuBeneH Bo3MOXHBII BUJ nHTEp(Eiica.

Puc.6.3. Unarepdeiic mporpammer «kHopMalibHOE pactipeieicHIE.
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6.4. Conep:xanue oT4yera

IleyaTHbIll OoTUET JOJIDKEH COOTBCTCTBOBATH TpeGOBaHI/ISIM o O(l)OpMJ'IeHI/IIO
JAOKYMCHTOB TaKOT'O TUIIA U COACPIKATH CICAYIOLIYTIO I/IH(i)OpMaHI/IIO:

1

2
3
4
5
6
7
8
9
1

TUTynbHBIN TUCT.

HasBanue nabopaTopHoii paboTHI

Tema mabopaTopHOl pabOTEHI.

Kpatkoe ommcanne MeTo1a BEITOTHEHNUS.

biiok-cxema anropuTma pelieHus MoCTaBICHHOM 3a1a4uH.
Kpatkoe o0bsicHeHre nHTEpdeiica mporpaMMel.
JlucTHHT K02 IPOTPaMMBI.

Pe3ynbTaThl KOHTPOJIBHBIX PACUETOB.

Pa3BepHyTBIE OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

0. Kpartkue BbIBOABI.

6.5. KoHTpoJIbHBIE BONIPOCHI
1.
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CnyyaiiHas  BenuMuMHa X TOAYMHEHA  HOPMAIBHOMY  3aKOHY
pacripenieieHist € MaTeMaTH4YeCKHM OXXHIaHWeM, pPaBHBIM 3, H
nucnepcueit 4. Halinem BbIpakeHUE AJSl TUIOTHOCTH BEPOSITHOCTH ITON
CIIy4yaiiHOM BETUYMHBI.

Cpok city:x0bl IpUOOpa MpPEACTaBISIET COOOH CIy4YallHYIO BEIHYHHY,
MOJYMHEHHYI0 HOPMAJIbHOMY 3aKOHY paclpelleieHus], ¢ TapaHTHel Ha
15 meT W cpemHUM KBaJIPAaTUYHBIM OTKJIOHCHHEM, PaBHBIM 3 TOIaM.
OnpenenuM BEPOATHOCTH TOTO, 4TO Mpubop mpociayxur ot 10 mo 20
JIeT.

CnyvaiiHas BenMYMHA & UWMEET HOPMAIBHOEC pACHpEClICHHE C
napamerpamu m =0, o=1. Yro Oompme: P{-0,5<E&<-0,1} wnm
P{l1 <g<2}?
IIpousBonutcs B3BEIIMBAHUE HEKOTOPOTO BeLIECTBa oe3
cucteMarndeckux (ogHOro 3Haka) morpemHocTted.  CiydaliHble
MOTPEIIHOCTA B3BEUIMBAHUSI MOJYMHEHBI HOPMAaJbHOMY 3aKOHY CO
CpelHUM KBaJlpaTUYHBIM OTKJIOHeHHeM G =20 r. Hailtu BepoATHOCTD
TOrO, YTO B3BCIIMBAaHHE OYAET MPOM3BEICHO C IOTrPEIIHOCTHIO, HE
MPEeBOCXOAIIIeH 10 abcomoTHO# Benmmauae 10 T.

Hcnonb3ys cBOWCTBA KpUBOW IUIOTHOCTU BEPOATHOCTH  CIydailHOMN

BEWYMHBl X, TOAYMHEHHOW HOPMAaJbHOMY 3aKOHY paclpeeieHus,



HalJuTe ee MaTeMaTU4eCKOe 0XKHUJIaHUE, €CIIU U3BECTHO, 4TO P (—oo <X
<-3)=P G < X <+w). Crenaiite 4epTexK.

6. KopoOku ¢ ImIOKOJamoM YIMaKOBBIBAIOTCS aBTOMATHYECKH; MX CPERHSS
Mmacca paBHa 1,06 kr. Haiitu cranmaprHoe oTkiIOHeHue, eciu 5%
KOpoOOK mMmeroT Maccy Mesbine 1 kr. Ilpenmomaraercs, yro Mmacca
KOpOOOK pacmpeienieHa o HopMaIbHOMY 3aKOHY.

7. Cnyuaiinags BenuuuMHa X  [OJYMHEHAa  HOPMAJlbHOMY  3aKOHY
pacripeniesieHusl ¢ MaTeMaTHdecKuM oxunanueM, a = 50. Onpenenure
JUCIIEPCUIO CITy4yaifHOM BeNMYMHBI X, €CJIM U3BECTHO, UTO BEPOSITHOCTh
TMPUHATHSA CIIy9allHOW BETWYMHOW 3HaueHust B wHTepBaie |150; 60[
paBHa 0,3413.

8. CrmyuaitHas BenmmurHa X  [OJYMHEHAa  HOPMAJbHOMY  3aKOHY
pacnpenenenuss ¢ mapamerpamu m = 0 m ¢ = 2. Haiinure mHTEepBaN
JouB[, B KOoTOpOM 93Ta cilydailHas BeNIMYMHA IPUHUMAET CBOU

BO3MO>KHBIE 3HaU€HUS C BeposATHOCThIO 0,61, eciu U3BECTHO, YTO O = —

7. JABOPATOPHASA PABOTA. Ne7. BBIBOPOYHBIE YUCJIOBBIE
XAPAKTEPUCTHUKH

B.
9. JlaH psx pacupeneneHus CIy9aiHONW BEIMIUHEI &:
13 2 4 6 8
P 0,4 0,3 0,2 0,1

Haiitn: a) HavdambHble H IEHTPaJbHBIE MOMEHTHI TIEPBBIX YETBIPEX

MOPSIKOB; 0) aCHMMETPHIO M SKCIECC ITOH CIyYalHOW BEIIUYUHEL.

10. CrnyuaiiHas BeTMYMHA JKCIEHTPHCUTETA JNETATM WMEET pacrpeiesicHue
Pones:

x2

F(x)=1-e 2 x>0.

HaiiTi: a) MIOTHOCTH BEPOSTHOCTH CIy4YaiHOW BENWYHMHBI; 0) ee MOIy W

MeJuaHy.

11. Hnsa 3akona pacupenenenus N (1,1) HaWTH BepOATHOCTH TOMATAHUS
ciryyaiiHOHM BennuuHbl B uHTEpBadi (0, 1).

12. MoxHO I TI0ZO6PaTh MOCTOSHHYKO ¢ TAaK, 9TOOBI (GYHKIHSA X~
oIpezeIsia INOTHOCTh PaclpeelIeHNsI BEPOSITHOCTEH Ha:

a) ;yye [1, +o0);

0) myue [0, +o0);

B) oTpeske [-2, —1].
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7.1. Lenn padoTsI

W3yunts TeMy O BBIOOPOYHBIX YHCIOBBIX XapaKTEPHCTHKAX B
MaTeMaTHYeCKOH CTaTHCTHKE M pa3paboTaTh KOMIIBIOTEPHYIO HpOrpamMMy JUIs
pacuera 3TUX XapaKTePHCTHK.

7.2. KpaTkue TeopeTHyecKue cBeeHUs

CTraTHCTUYCCKUE HCCIICAOBAHMS HAYMHAKOTCA CO cOopa JaHHBIX. Jlis
3TOTO0 TPOWU3BOTUTCS 7 ONBITOB (HAOMIONEHWH) W PETHCTPUPYIOTCS HX
pesynbratel. Eciau x; — 3HaueHHe HCCIEAyeMOW CllydalHOM BeNWYUHBI X,
MOJYYCHHOE B i-M ONBITE, TO IIOCIEAOBATEIBHOCTH Xi, Xp,..., X, HA3BIBACTCS
BBIOOPKOIA. UKCIIO OMBITOB 77 HA3bIBaCTC 00bEMOM BEIOOPKH. BrIOOpKa siBIISIETCS
WCXOIHBIM MaTepHaIOM ISl BCEX NAIBHEHIINX CTATHCTUYECKAX BBIBOJIOB O
ciydaiiHOl BemuuuHe X.

Ecmu »nemeHTH BBIOOPKH 3ammcaTh B THOPSIKE WX BO3PACTaHHA, TO
MOJYYCHHAS IOCIICIOBATEIEHOCTh OyNeT Ha3bIBAThCS BapPUAIIMOHHBIM PSIIOM.
Pa3HOCTP MeXIy MaKCHMalbHBIM W MHHHMAIBHBIM 3JEMEHTaMU BBIOOPKH
Ha3bIBAIOT pa3MaxoM BBIOOpPKH. Eciam B BEIOOpKE 00BEMa 7 DIEMEHT X;
BCTpEYaeTcst 7; pa3, TO UHCIO #; HA3BIBAIOT YacTOTOM »JJeMeHTa X;, a
MOCJEOBATENILHOCT, Tap (X;, 7;) — CTaTHCTUYECKUM psigoM. OOBYHO
CTAaTUCTHYECKUH pAI 3alMCHIBAIOT B BUAE TAaONHIBI, TEepBas CTPOKa KOTOPOit
COJICPKHT IIICMCHTHI X;, & BTOPAsi — MX YaCTOTEHI #;.

[Tpu GombioM 00BEME BBIOOPKH €€ DJIEMEHTHI OOBEAMHSIOT B TPYIIITHI
(pa3psizbl), MPEACTABIISS PE3YIIBTATHI OMBITOB B BUJIC TPYIITUPOBAHHON BEIOOPKH.
Jmst 3TOro Bech MHTEpBal 3HAYCHWH BHIOOPKHM pa3OWBAarOT Ha k YaCTHUYHBIX
WHTEPBAJIOB WJIM Ppa3psioB; B 3aBUCUMOCTH OT O0BEMa BBIOOPKH YHCIIO
uHTEpBaNIOB k Oepercs or 6 mo 20. 3aTeM ans KaXIOTO WHTEpBala [a;;di:)
MOJICUUTHIBAIOT YHCJIO 7; 3HAYCHUH BBIOOPKHM, IMOMABIIMX B 3TOT HHTEPBAIL
OuepenHoe 3HAYCHHE X; OTHOCHUTCS K 1-My HHTEpPBaNy, €CIHU a; < X; < dj4].

Uwucna m; Ha3bIBAIOTCS 4YacTOTaMH. Pe3ymbTaT 3TOH TPYHNIHPOBKU
cBomuTCA B Tabmuiry. Hapsmay ¢ 9acToTaMu OJHOBPEMEHHO IOJICUUTHIBAIOTCS U
3aHOCSTCS B TAOJIUILY MPEICTABUTEIH HHTCPBAIOB, B KAUECCTBE KOTOPBIX OOBIYHO
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OepyT cepeMHbl  MHTEPBAIOB  z; = (a;+di+1)/2, OTHOCHUTENBHBIE  YaCTOTHI

* m.
i
Ppi* = m;/n ¥ IIOTHOCTH OTHOCHUTENBHBIX YaCTOT fz =

Jnst
na; ) —4)

KOHTPOJISI ~ TIPABWJIBHOCTH  BBIYMCIICHHH  CJIEQyeT IIPOBEPUTH PAaBEHCTBA

mitmyt ... +tm=nup* +p*+.. +tp* =1

CraTtucTuyeckoii win >Mmupuveckoid ¢yHkuueii pacnpeaeneHus
CITy4aiiHOM BETMYMHBI X IO UMCIOIICHCS BRIOOPKE Ha3biBaeTCs PyHKIMS F*(x)
paBHas OTHOCUTEJIBHOHM YacToTe coObiTus  {X <X}, TO ecTh F*(x) = n, /n, 1€ N,
— YHCJIO 3HAYCHUH B BBIOOPKE, MEHBIINX X; # — 00BEM BEIOOPKH.

I'mcrorpamMmmolf  Ha3pIBae€TCS  COBOKYITHOCTH  IIPSIMOYTOJBHHKOB,
OCHOBAaHUSAMH KOTOPBIX CIIYy)KaT YaCTHYHBIC HMHTCPBANBI, a BBICOTHI PAaBHEI
COOTBETCTBYIOIINM IUIOTHOCTSM OTHOCHTENBHBIX 4YacTOoT. Ecnmm cepeauHbl
BEPXHUX CTOPOH MpPSIMOYTOJBHUKOB COCIUHUTH JIOMAaHOH IJUHHEH, TO
MOJyYCHHAs JIOMaHHAas Ha3bIBaeTCS MOJUIOHOM. [mcTorpamMma W IIONWTOH
MOTYT CJIYXHTh HEKOTOPBIM MpPUOJIMKEHHUEM TpaduKa HEH3BECTHOW IUIOTHOCTH
pactpenenenust f(x) ciydaitHoii BenmmumHBI X. TodHOCTE NPHONMKEHUS
BO3PAacTaeT ¢ pOCTOM 00beMa BRIOOPKH U KOJUYCCTBA YACTUYHBIX HHTEPBAJIOB.

Jlmst TeHepaJIbHOM COBOKYIHOCTH oObeMa N ¢  pacnpeleieHHBIM
KOJIMYECTBCHHBIM  MPH3HAKOM X  TaKKe MOXHO BBECTH  YHCIIOBBIC
XapaKTePUCTHKH.

Yarie Bcero MpUMEHSIOTCS] TPH OCHOBHBIX XapaKTCPUCTUKU.

I'enepanbpHOE cpenHee — cpeqHee apudMeTHIecKoe 3HAaUCHNH prU3HaKa
X reHepanbHON COBOKYITHOCTH:

- xl+x2+...+xN
xXr =

N
Ecnu B reHepasibHONW COBOKYNHOCTH 3HAUYEHHUS NPU3HAKA X|, X,..., Xi
UMEIOT 4acTOThl Nj, N, ..., Ny, ipudem N;+ N,+...+ Ny= N, 10

k k
2 xN = X px =M(X),
. 1 11

i
:1 1 =

Xr =

1
N .
]
N
rae p Fl — BCPOATHOCTU MOABJICHUA NPU3HAKA X, X, ..., Xk.
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T'enepanbHas aucnepcus — cpeaHee MO TeHEepalbHOM COBOKYITHOCTH

3HAa4YCHUC KBaJpaTa OTKJIOHCHUA X — X[,
i

k - k -
Y (x.—-xp)'N = 2 p(x —xp).
i=1 " by bt

D, =

=z =

lenepanbHoe cpefHee KBaJpaTHYECKOE OTKIOHEHUE — O = }DF .

YnorpebiiseTcst TakKe TSPMUH CTAaHAAPTHOE OTKIOHCHHE.

OreHKo# MOJIBI d;, YHUMOJIATBHOTO (OJHOBEPIIMHHOTO) PACIIpEACICHHS
SIBIISICTCS.  DJIEMCHT BBIOOPKH, BCTPCYAIOIIMHCA C  HAWOONBIICH 4YacTOTOM.
OtueHKON MeAMaHbl /i, HA3bIBAIOT YUCIIO, KOTOPOE JCIUT BAPHALMOHHBINA psill Ha
JIBE YaCTH, COJICPIKAIIHNE PABHOE YHCIIO JICMCHTOB.

Eciu 06beM BEIOOpKH HEYeTHOE YHCho (T.€. n = 2k+1), T0 h = x i+l

T.€. SIBISIETCS DJIEMEHTOM BapHAIMOHHOIO psijia CO CpeaHuM HOMepoMm. Ecnu ke
n=2k, 10 h=(x +x,)/2.
’ ( k+1 k)

OlleHKH HAYaJlbHBIX W [EHTPAIBHBIX MOMEHTOB 1-ro mopsijika
BBIYUCIIIIOTCS 10 (hopMyJiam
- 1l n | - 1 n —
a =—2x; -mx), [=1,2,3,..
I nl=
Ilo TrpynmMpOBaHHOW BBHIOOPKE OICHKM MOMCHTOB BBIYHCISIIOTCS 10
¢dopmynam
a =—22z.m, pj= Z(xl-—mx) m, 1=1,2,3, ..
] pi=l’ i ni=1 i

®dopMa pachpefeneHus Cily4alHOM BelnWdMHbl X XapaKTepU3yeTcs

i

Ko uImeHTaMH ACHMMETPHH U IKCIECCa, OIEHKH KOTOPBIX BBIYUCISIOTCS I10

hopmynam Ax:'u3, Ex:'u__3
-3 —4
Ox Ox
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7.3. Ilopsiiok BbITIOJIHEHUSI PA0OTHI
CoCTaBUTh KOMITBIOTEPHYIO IIPOrPaAMMy HAXOXKICHHS BEIOOPOUHBIX

YHICIIOBBIX XapaKTepHCTHK. [IporpamMmmy peann3oBaTh:

uHTEepQeiicHas YyacTh Ha s3bIke pa3MeTku runeprekcra HTML [3];
(yHKIIMOHATILHAS YacTh Ha CH-TTOI00HOM si3bIke JavaScript [4].

WntepdeiicHast 4acTh JOIKHA BKIIIOYATh:

3aroJIOBOK C YKa3aHHEM Ha3BaHUS paboThl, nH(popManuu 00 aBTope,
BpPEMCHU pa3pabOTKu;

OJISI BBOJIA UCXOAHBIX JAHHBIX;

BO3MOXHOCTB IIPOBEPKH PAOOTOCIIOCOOHOCTHU MPOTPAMMBI HA TECTOBBIX
npuMepax;

MOJIC BEIBOJIA PE3YJIbTATOB pacyera.

Ha puc. 7.1 npuBeneH Bo3MOXHBII BuJ nHTEpdEiica.

Puc. 7.1. UHTepdeiic mporpamMmbl «BrIOOPOUHBIE XapaKTEPUCTHKNY.
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7.4. Conep:xaHue oT4eTa
IlewaTHbIii OTYET JOKEH COOTBETCTBOBATH TPEOOBAHHSAM IO

Oq)OpM.]'IeHI/IIO JOKYMCHTOB TaKoro THIIA U COACPIKATh (QI(14%10)118%:¢]

nHpopmaruro:
1. TurtynbHbIHA AHCT.
2. Ha3zBanwue nabopatopHoii paboTBHI.
3. Tema naboparopHoii paOOTHI
4. Kpartkoe omucanue METOa BBIOTHEHHUS.
5. bBriok-cxema anropuTMa penieHus MOCTaBICHHOM 3a1a4H.
6. Kpatkoe o0bsacHeHne HHTEpQEica IporpaMMBbI.
7. JluctuHT KOJa MPOTrpamMMBbl.
8. Pe3ynbTaThl KOHTPOIBHBEIX PACUETOB.
9. Pa3zBepHyTHIC OTBETHI HA KOHTPOJIGHBIE BOIIPOCHI.
10. KpaTkue BBIBOABIL.
7.5. KoHTpoJIbHBIE BONIPOCHI

1. Haiitu:
a) BBHIOOPOYHYIO CPEIHION;
0) BBIOOPOYHYIO AHMCIICPCHIO;
B) BBIOOpOYHOE CpejHee KBaIPATHUECKOE OTKIOHEHHE

M0 JaHHOMY CTaTHCTHYECKOMY paclpeleIeHHI0 BBIOOPKH (B TEPBOH CTPOKE

yKa3aHbl BBIOOPOYHEIC BAPHAHTHI X;, 2 BO BTOPOM — COOTBETCTBCHHBIC
YacTOTHI 1; KOJMYECTBEHHOTO MpH3HAKa X).

Xi 45 50 55 60 65 70 75
n; 4 6 10 40 20 12 8
2. BvrmcauTe BBIOOPOYHBIC CPEIHWE M AWCIEPCHH TPYNIHPOBAHHBIX
BBIOOPOK:
I'pannmer 5-7 7-9 9-11 11-13 13-15 15-17
HuTepBanos
Yacroram; | 8 14 40 26 6 4

3. Ha omnoM m3 y4acTkoB mIocce OBLIO HMPOBEACHO H3MEPEHUE CpenHeil

CKOpOCTH  IBIDKCHHA  aBTOMOOMIei. Pe3ynpraTel  cBeAEGHH B

CJICYIONIYIO TaOIHITy:

CKOpoCTh 61-65 65-69 69-73 73-77 77-81
K

onnqecn;ov | 4 5 g 14
aBTOMOOMIIEH
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Borancnnte  BEIOOpPOYHEIE
pacrnpeneneHus.

K03 HUITHEHTHI

ACUMMCTpUM H  DOKCIECca
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8. JABOPATOPHAS PABOTA Ne 8. METOJl HAUMEHBIINX
KBAJPATOB. PETPECCUSA

8.1. Ilens padoThI

W3yuyuts TeMy 00 MCIOJIB30BAHMH METO/Ia HAMMEHBIINX KBaJpaTOB NPHU
BBIYUCIICHUN PETPECCHH U pPa3paboTaTh KOMIIBIOTEPHYIO IIPOrpaMMy IS pacdera
JIUHEHHBIX MOJeNEH.

8.2. KpaTkue TeopeTnyeckue cBeeHUs

Meton nanmenbmmx kBagpatoB (MHK, OLS, Ordinary Least
Squares) — oauH M3 0a30BBIX METOJOB PErpecCHOHHOIO aHaNW3a Ul OLEHKU
HEHM3BECTHBIX MapaMeTPOB PErpecCHOHHBIX MOJEJICH 10 BHIOOPOYHBIM JaHHBIM.
Merton OCHOBaH Ha MHHHMMH3AaLlMM CYMMBI KBaJPaTOB OCTAaTKOB PETPECCHHU.
Heo0xomnmMo OTMETHTH, YTO COOCTBEHHO METOIOM HAaWMEHBIINX KBaJpaToOB
MOYKHO HAa3BaTh METOJ pCIICHHS 3aJadd B 000N 00JacTh, €Cu peuieHne
3aKIJIFOYAETCS MU YAOBIETBOPSET HEKOTOPOMY KPUTEPUIO MIHUMHU3AIIUH CyMMBI
KBaJpaTOB HEKOTOPHIX (PYHKIIMH OT MCKOMBIX TepeMeHHBIX. [loaToMy meron
HaNMEHBIINX KBAJIpPaTOB MOXXET TPHUMEHATHCS TakXKe Uil HPUOIIKEHHOTO
MIpeNCTaBICHu (ammpoKCUMANWK) 3afJaHHod QyHKkmuu apyrumu  (Oojee
OPOCTHIMM)  (GYHKIMSAMH, TIpH  HAaxXOXICHUM  COBOKYITHOCTH  BEJIMYHUH,
YIOBJICTBOPSIIONINX YPaBHEHWSM WJIM OTPaHWYEHHSM, KOJMYECTBO KOTOPBIX
NPEBBIIIAECT KOJMYECTBO 3TUX BEIUYMH U T. 1.

[TycTp 3amana HekoTopas (IapaMeTpHyecKas) MOJIENb BEPOSTHOCTHOM
(perpeccOHHON) 3aBHCUMOCTH MEXAy (OOBSACHAEMOH) NEpeMEHHOW )y W
MHOXECTBOM (PakTOpOB (0OBSCHSAIOMNX ITEPEMEHHBIX ) X

y=fxb)+e,
rac b = (bl N b2 gesey bk ) — BCKTOPD HCEU3BCCTHBIX napamMmeTpoB MOICIIN

& — ciTyJaiiHast OmrOKa MOJICIH.

ITyctp Tarkke MMEIOTCS BBHIOOPOYHBIE  HAOMIOAEHHS  3HAUCHUI
yKa3aHHbBIX NepeMeHHbIX. [lycTh ¢ — HoMep Habmonenus (¢ = 1..n). Torga y,x, —
3HAYEHMsl MEPEMEHHBIX B f-M HaOirofeHuH. Torja mpu 3aaHHBIX 3HAUYCHHAX
napaMeTpoB b MOMKHO paccUMTaTh TEOPETHYECKHE (MOAENbHBIC) 3HAUYCHHSA

obbscusemoit nepemennoit y: £ = f(x,,b).

Toraa MOXHO PacCUYUTATh OCTATKU PErPECCHOHHON MOJACIH — Pa3HUILY
MEXKIY  HaONIOJAaCMBIMH  3HAYCHUSAMH  OOBSICHAEMOW  TMEPEMCHHOW U
TEOPETUIECKUMH (MOICTHHBIMH, OIICHEHHBIMH):

= :yt_ﬁt :yt_f(‘xt’b)’

Bennduaa oCcTaTKOB 3aBUCUT OT 3HAYCHUN TTapaMeTpoB b.
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CymHocts MHK  (00BIMHOTO, KJIACCHYECKOT0) 3aKJII0YaeTcss B TOM,
4YTOOBI HAWTH TaKHe MapaMmeTpbl b, MPU KOTOPHIX CyMMa KBaJIpATOB OCTATKOB
RSS(b) (Residual Sum of Squares) OymeT MUHIMAITLHOM:

§0Ls = argmbin RSS(D),

n n
RSS(b)y=e'e=) e =) (v, — [ (x,,b))".
t=1 t=1

B of0mem cnywae pemieHue 3TOW 3alaud MOXET OCYLIECTBISITHCS
YHUCIIEHHBIMU METOJIaM{ ONTUMHM3alMK (MHHUMHM3ALKHK). B aTOM cirydae roBopsit
o nesmueitnom MHK (NLS nian NLLS — Non-Linear Least Squares). Bo MHOrnx
Cilydasix MOXHO IOJIy4YUTh aHAJIMTHUECKOe pemenue. J{is perenus 3anaqn
MHHUMH3AIMHA HEOOXO0IMMO HaliTH CTallMOHAapHble TOYKH (GyHKIuH RSS(D),
npoauddepeHIupoBaB €€ IO HEW3BECTHBIM TapamMeTpaMm b, TPUPABHSIB
MPON3BOIHBIE K HYIIO ¥ PELINB MOTYyYCHHYIO CUCTEMY yPABHCHHIA:

g(yt - fbn L 2

Ecnu ciyuaiinbple ommOKy MOJIENIM IMEIOT HOPMAJIBHOE paclpelielieHue,
MMEIOT OJIMHAKOBYIO AWCIIEPCHIO M HEKOppeIMpoBaHbl Mexay coboi, MHK-
OLIEHKM [apaMeTpoB COBMAAAIOT C OLEHKAMH METOJa MAaKCHUMaJbHOIo
npasaonogoous (MMII).
MHK B cay4ae THHeHHOH MoeH

ITycTs perpeccuoHHast 3aBUCUMOCTD SIBJISIETCS] IMHEHHOM:

n
¥, :Zb/x,/ +e=xb+e,
7=l

[Tycth y — BekTOp-cTONOCT] HAOMIOACHH OOBSICHIEMON MEPEeMEHHOH, a
X —o1o (nx k) -marpuia Habmonenuii GpakTopoB (CTPOKH MATPHIIBI — BEKTOPHI
3HaueHMii (haKTOPOB B JAHHOM HAGIIONEHHH, IO CTONOLAM — BEKTOp 3HAYEHHMI

JMaHHOTO (haKkTOpa BO BCEX HAOMIONCHHUAX). MarTpuyHOE MpEICTaBICHUE
JIMHEHHON MOJCIHN UMEET BU/I:

y=Xb+¢.

Torna BEeKTOp OLIEHOK OOBSICHICMON MEPEMEHHON M BEKTOP OCTATKOB PETPECCHH
OyIyT paBHBI

£=Xb,e=y—-f£=y—Xb

COOTBETCTBCHHO CyMMa KBaJJpaTOB OCTATKOB PEerpeccuu OyIeT paBHA

RSS =e'e=(y—Xb) (y— Xb).

Huddepenuupys 3Ty GYHKIHIO TIO BEKTOPY MapaMeTpOB H TNPHUPABHIB
MIPOM3BOHEIC K HYIIFO, TIOJIYYHM CHCTEMY YPaBHEHUI (B MaTpHUUHOU (popme):
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(X" X)b=X"y.
B pacumdpoBannoii mMaTpudHOW (GopMe 3Ta CHUCTEMa YPaBHEHWH BBITJISIANAT
CJIeIYIOIIMM 00pa3oM:

Zﬂfﬁ Ziﬁni‘rcz Z MRS Zﬂﬁni‘rm by quyz
Eitfgfﬁn EIEQ Z TyaTez oo Eiﬁzxck by szzy:
Z Taler Z T3l Z '13523 Z Tzl by | = eray: )

E Tl Z TipTeo E TipTya E T by, thhyt

TZie BCE CyMMBI OepyTcsi 10 BCEM AOIYCTUMBIM 3HAUCHHSAM f.
Eciu B Mozenb BKIIOYECHA KOHCTaHTAa (Kak OOBIMHO), TO X,; = 1mpu

BCEX f, TOATOMY B JIEBOM BEpXHEM YIJy MAaTpPHIBI CHCTEMBl ypaBHEHUI
HaXOIUTCA KOJNMYECTBO HAONIONCHWH 7, a B OCTAJbHBIX 3JEMEHTAaX IEPBOM

CTPOKH H TIEPBOTO CTOJNOIAa — MPOCTO CYMMBI 3HAYCHHUH IEPEMEHHBIX: Z)Ctj u

MEPBbIN 3JIEMEHT MPaBOH YacTU CUCTEMBI — Z Y, . Pemenne 310# cucTeMbl

ypaBHeHHH U aaeT obuyro popmyiry MHK-oneHok 1uist TnHeHHOM Mogemnu:

boss = (XX XTy= (L XX L xTy 2 v,
n n

Jnst  aHamMTHUYECKMX LeJiell OKa3blBaeTCsl IOJE3HBIM IOCIEIHEe
MpeJCTaBICHUE 3TOH (GopMynsl (B CHUCTEMe ypaBHCHHH IpH JICJIICHUHM Ha 7,
BMECTO cyMM (DUTYpHPYIOT cpeauHe apudmerudeckue). Eciau B perpeccHOHHOM
MOJICIIN JTAHHBIC IICHTPUPOBAHBI, TO B 3TOM NPEACTABICHUM TEpBas MaTpuUla
UMEET CMBICIT BHIOOPOYHOI KOBapHAIMOHHOW MATPHIBI (PAKTOPOB, a BTOpas —
BEKTOp KoBapuaruii (GakTopoB ¢ 3aBUCHMON TepeMeHHO#. Ecimu kpome Toro
nanaple emé€ u HopmupoBaHel Ha CKO (TO ecTb B KOHEYHOM HTOTE
CTaHOApTH3MPOBAHBI), TO IIepBasg MaTpUIla WMEET CMBICT BBIOOPOYHOI
KOPPEISAIMOHHON MaTpHUIBl (haKTOPOB, BTOPOH BEKTOP — BEKTOPA BHIOOPOUYHBIX
Koppersiuid (PakTOPOB € 3aBUCHMOM TIEpEMEHHOM.

HemanoBaxnoe cBorictBo MHK-oneHoOKk i1 MoJienel ¢ KOHCTAHTOH —
JIUHUSL TIOCTPOCHHOU PErpecCHU MPOXOAUT Yepe3 ICHTP TSHKECTH BBIOOPOYHBIX
JTAHHBIX, TO €CTh BEITIOJHSIETCS PAaBSHCTBO:

y=b+) bX,
j=2

B wactHOCTH, B KpallHEM ciy4ae, KOTJla CIUHCTBEHHBIM PErpeccopoM
SBIISICTCS KOHCTaHTa, moiydaeMm, yto MHK-olieHKa €qMHCTBEHHOTO MmapaMeTpa
(cOOCTBEHHO  KOHCTaHTBI) paBHAa CpEeIHEMY 3HAYCHHI0O  OOBICHICMOM
nepeMeHHOM. To ecTh cpeqHee apuPpMETHIECKOE, N3BECTHOE CBOUMH XOPOIIUMHU
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CBOMCTBAMHU M3 3aKOHOB OOJBIIMX uMcen, Takke sBiastercs MHK-omenkoit —
YAOBIETBOPSET KPUTEPHUIO MUHUMYMa CyMMBI KBaJIpaTOB OTKJIOHEHHH OT HEE.

Ilpocreiinne YacTHbIE CaAydau

B cnyyae napnod nuHedHOH perpeccun ), =4+ bxt +&,, xorma

OIICHUBAETCSI JTMHEWHAS 3aBUCUMOCTh OJIHOHM TIepeMEHHOU OT JIpyroi, GopMyIIbl
pacueTa ympomarTcs (MOXHO 00oHiTHCH Oe3 MaTpuuHOW anreOper). Cucrema
YpaBHCHHU UMEET BHI:

I X \Ya) (¥
¥ ©\b) xy
OTcro1a HECJI0KHO HAlTH OLICHKN KO3 QUIIEHTOB:
jo Covxy) _ xy-57
Var(x) — x* —(x)°
a=y-bx

HecmoTps Ha TO 4Yro B OO0INEM ciay4ae MOJAEIH C KOHCTaHTOM
MPENOYTUTEIBHEH, B HEKOTOPBIX CIydyasX M3 TCOPETHYCCKUX COOOpaKeHUI
W3BECTHO, YTO KOHCTAaHTA g JIOJDKHA OBITh paBHA Hymo. Hampumep, B ¢dusuke
3aBUCUMOCTh MEXJy HalpsbKeHHEeM U cuilod Toka umeer Bun U = IR; 3amepsis
HanpsDKeHHEe W CIIy TOKa, HEOOXOOMMO OIICHHTHh CONpPOTHBICHHE. B Takom
cirydae pedb UAET 0 MoAeH y = bx. B 3ToM ciydae BMECTO CHCTEMBI
ypaBHEHHI IMEEM €INHCTBEHHOE ypaBHEHHE

(zxfz)b - zxtyt

CHCHOBaTCHBHO, q)OpMy.]'Ia OLOCHKH €CANHCTBCHHOI'O KOSq)(i)I/IHI/ICHTa HUMEECT BUJ
n
XA
b = —t=1 =

—
X
2%
t=1
CsoiictBa MHK-onenox

B mnepByto ouepeab, oTMeTuM, 4TO M JMHEWHBIX Moaeneit MHK-
OLICHKH  SIBISTIOTCS ~ JMHEWHBIMH  OIEHKaMH, Kak 23TO CcJIexyeT U3
BhIIIeNTpuBeIEHHON opmynbl. s HecmemenHoctn MHK-onieHok HE0OXx0 1Mo
W JOCTaTOYHO BHIITOJHEHHS BAXXHEUIIETO YCIOBHSA PETPECCHOHHOTO aHaJH3a:
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yCIIOBHOE 10 (aKTopaM MaTeMaTH4YecKoe OXHIAHWE CIIydaifHOH OIIMOKH
JOJDKHO OBITH paBHO Hy0. J[aHHOE yCIIOBHE, B YACTHOCTH, BBITIOJIIHEHO, €CITH

1. MaTeMaTHYeCKOe 0KHIaHHE CIYIailHbIX OIIHOOK PABHO HYIIO, U
2. (akTopel W Ciy4aliHble OIMOKA — HE3aBUCUMBIC CIIyJaiHbIe
BEJIMYMHBI.

IlepBoe ycioBHE MOXXHO CHHTATH BBIMOJHEHHBIM BCEraa Uil MoOAeNed ¢
KOHCTAaHTOM, Tak Kak KOHCTaHTa Oep€r Ha ce0s HEHyJIeBOE€ MaTeMaTHYecKOe
OXMJaHWEe OIIMOOK (II09TOMY MOJAEIM C KOHCTaHTOH B o0OmEeM ciydae
HpEeANOYTUTENbHER).

Bropoe ycimoBme —  ycinoBuME — OK30TEHHOCTH  (JaKTOpOB — —
NpUHOUIHAIBEHOE. Eciin 3T0 cBOWCTBO HE BBINOJHEHO, TO MOXHO CUHMTAaTh, 4TO
MPaKTHYECKH JII00BIE OLEHKN OyAyT KpalHe HeyJIOBJIETBOPHTEIBHBIMU: OHU HE
OyIyT aXke COCTOSITENTLHBIMH (TO €CTh JaXKe OUeHBb OOJBIION 00BEM MaHHBIX HE
MO3BOJISIET MOJYYHUTh KA4eCTBEHHBIC OLIGHKH B 3TOM ciydae). B kiaccuueckom
ciiyyae jenaercsi Oojiee CHIBHOE TMPEIIONIOKEHHE O IeTEPMHUHHPOBAHHOCTH
(daxTopoB, B OTIIMYHE OT CIy4ailHOW OMIMOKM, YTO aBTOMATHYECKH O3HAYaeT
BBITIOJIHEHHE YCJIOBHS 9K30T€HHOCTH. B 00mieM ciydae [Uisi COCTOSTENbHOCTH
OLIEHOK  JIOCTATOYHO  BBIMOJHEHUs] YCJIOBHS OK30T€HHOCTH BMECTE CO

CXOHMMOCTBIO Matpuisl F,  HEKOTOPOHl HEBBIDOXKICHHOH MaTpuLe MpH

YBEIMYCHUH 00bEMa BEIOOPKH 10 OECKOHEYHOCTH.

st Toro, 4ToOBl KPOME COCTOSITENILHOCTH M HECMELIEHHOCTH, OLEHKU
(o6bryHoro) MHK Obimm emé u 3¢QeKTUBHBIMHM (HAWIyYIIMMH B Kiacce
JIMHEHHBIX HECMEICHHBIX OLIEHOK) HEOOXOANMO BBIIIOJIHEHHE JTOMOIHUTEIBHBIX
CBOMCTB CITy4aifHOH OIIMOKH:
* IlocrosHHass (oAMHAKOBAas) MAHCIIEPCHsI CIyJalHBIX OIMMOOK BO BCeX
HaOmomeHussXx  (OTCyTCTBHE TeTePOCKEAACTUIHOCTH):

Vie)= o’ = const
* OTCcyTCTBHE KOPpENALNNN (AaBTOKOPPEISINH) CIyYalHBIX OMHNOOK B pa3HBIX
HaOJNIONEHUSAX ~ MEXIy Cco0oH
Vi,j=1l.n,i# jcov(e,e,)=0
JlanHble NPEIITOI0XKEHHSA MO>KHO chopMyIIpOBaTh JUIS
KOBApUALMOHHON MaTPUIIbI BEKTOpa ciydaitHbix omubok V(&) = o’l .

Jlunelinast MoOJeNb, YAOBIETBOPSIOMIAs TAaKUM YCIOBHSAM, HA3bIBACTCS
kinaccuueckod. MHK-omeHkn 171 KJacCM4eCKOM  JIMHEWHOW  perpeccuu
SBIISIIOTCS HECMEMICHHBIMH, COCTOSITETIBHBIMH W Hanbonee 3(PQeKTHBHBIMU
OIICHKaMH B KJIacCc€ BCEX JIMHCHHBIX HECMEIIEHHBIX OICHOK (B aHTIIOS3BIYHOM
nuTepatype nHorna ynoTpeonsror abopesuarypy BLUE (Best Linear Unbaised
Estimator) — HaHmyumias JMHEiHas HECMENICHHAs OICHKA, B OTEYCCTBEHHOM
JUTEepaType damie npuBomuTcs Teopema [aycca — Mapkosa). Kak HeTpymHO
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MOKa3aTh, KOBApHAIIMOHHAS MaTpHUIla BEKTOpa OIEHOK KO3 (dHUIIMEHTOB OyneT
paBHa:

V(Bpus) =0 (X7 X)"

O¢ddexkTuBHOCT, 03HAYaCT, YTO 3Ta KOBAapHAIMOHHAs MAaTpHUIA SBISETCS
«MUHAMaJIbHOW» (Jo0ast juHeWHass KoMOWHamusi Kod((HULUHUEHTOB, U B
YaCTHOCTH caMH K0d()(PHUIIMEHTHI, IMEIOT MUHUMAJBHYIO JHCIIEPCHIO), TO €CTh B
KJIacce TUHEHHBIX HECMEIICHHBIX o1leHOK onleHkn MHK- nammyumme.
JmaroHanpHBIE 3JI€MEHTHI 3TONH MaTpPHUIIBl — TUCTIEPCHN OIEHOK KO3 PHUINEHTOB
— Ba)XHBIE TMapaMeTPhl KadyecTBa IIONYyYEHHBIX OmeHoK. OJHAaKO paccuuTarth
KOBapHAIlMOHHYI0 MAaTpPHIly HEBO3MOXKHO, IOCKOJBKY IHCIEPCHS CIyYalfHBIX
OoIIMO0OK Heu3BecTHa. MOJKHO [0Ka3aTh, YTO HECMEHIEHHOH M COCTOSTEIHLHOMN
(anst kiIaccuueckoW JMHEHHOW MOJAENU) OLIEHKONW IUCHEePCUU CIy4dalHbIX
OIINOOK SIBIIACTCS BEJIMYMHA:

. RSS
n—=k

IMoncraBuB nmaHHOE 3HaYeHHWE B (HOPMYJy Ui KOBApUAIIMOHHON MATPHUIBI U
MOJYYMM OIICHKY KOBAapHALIMOHHOW MaTpHibl. [loNydeHHBIC OIICHKH TaKKe
SIBIISTIOTCSL HECMEIIEHHBIMH U COCTOSITEIBHBIMH. BakHO TakXkKe TO, YTO OIICHKA
Jucnepcuy omuMOOK (a 3HAuUT M aucnepcuit KodpQUIMEHTOB) M OLEHKH
MapaMeTPOB MOJCIH SIBIITFOTCS HE3aBUCHMBIMH CITYYaWHBIMUA BEITHYUHAMH, UTO
MO3BOJISIET TOJNYYUTh TECTOBBIC CTATHCTUKU JUIS TPOBEPKH THIIOTE3 O
K03 UITMEHTaX MOJICTIH.

Heo6xommmMo OTMETHTB, YTO €CITM KJIACCHYECKHE TPEAIIONOKCHUS HE
BeINoaHeHb, MHK-01IeHKH TTapaMeTpoB He SBISAIOTCS HanOosee 3QGeKTUBHBIMHU
OIICHKaMH (OCTaBasiCh HECMENMIEHHBIMHU U COCTOATENbHBIMK). OTHAKO, emé Oomee
YXYJIIIAETCsl OIlEHKa KOBAPUALIMOHHON MaTpHIbl — OHA CTAHOBUTCS CMEIIEHHOU
U HECOCTOSITENLHOW. DTO O3HA4yaeT, YTO CTATHCTHYECKHE BBIBOJBI O KauyecTBE
MOCTPOCHHOW MOJICJIA B TaKOM CIy4ae MOTYT OBITh KpaiHE HEIOCTOBEPHBIMH.

OnHMM W3 BapUAHTOB PEIICHUS IIOCICAHEH MPOOIEMbI SIBISCTCS
MPUMEHCHUE CIICIUATIbHBIX OICHOK KOBAPUAIIMOHHON MATPHIIBI, KOTOPHIC
SIBIISTIOTCSL COCTOSITEIIEHBIMU TIPU HAPYIIICHUSIX KJIACCUYIECKUX
MPEIONIOKEHUH (cTaHmapTHRIe OmMOku B Qopme Yaiita W cTaHTapTHBIC
ommOku B (hopme Huion-Yecra). [Ipyroit moaxon 3akiarodaeTcs B MPUMEHEHUH
Tak Ha3eBaeMoro 00ooménnoro MHK.

N

8.3. ITopsiiok BbITIOJIHEHUSI PA0GOTHI
CocTaBUTh KOMIBIOTCPHYIO TPOTPAMMY HAXO0XKIICHHUS PETPECCHH IS
nuHerHou moaenu. [IporpamMmy peann3oBaTh:
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e uHTepdelicHas YacTh Ha sI3bIKe pa3MeTKH runeprekcra HTML
[31;
e (yHKIIMOHAIBHAS YACTh Ha CH-TIOJIOOHOM si3biKe JavaScript [4].
WuTepdeiicHas 4acTh TODKHA BKIIIOYATh:
®  3aroJIOBOK C yKa3aHWEM Ha3BaHUs paboThl, HHGOpMamiu 06
aBTOpE, BpPEMEHH Pa3pabOTKy;
e  TIOJIS BBOJA MCXOAHBIX TaHHBIX;
®  BO3MOXHOCTh IIPOBEPKHU pabOTOCIIOCOOHOCTH MPOTrPaMMEBI Ha
TECTOBBIX ITPHMEPAX;
®  [OJIC BBIBOJIA PE3YJILTATOB pacyera.
Ha puc. 8.1 npuBeneH BO3MOXHBIN BHT HHTEpdelica.

Puc. 8.1. UnTepdetic nmporpammel «MeTor HAMMEHBIINX KBaApaToB. JIuHeiHas
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perpeccusi».

8.4. Conep:xanue oTuera
IlewyaTHBIi OTYET AOJKEH COOTBETCTBOBATH TPEOOBAHHSM IO

opopMIIEHHIO  JTOKYMEHTOB Takoro THIIA M  COJEPKaThb  CIEAYIOILYIO
nHpopmaruro:
1.

2
3
4
5.
6.
7
8
9
1

0.

TUTynbHBIN TUCT.

HasBanue nabopaTopHoii paboTHI

Tema naGoparopHoil pabOTHI.

Kpatkoe onrcanmie MeTo/a BEIOTHEHHS.

biiok-cxema anropuTma pemieHus MoCTaBICHHOM 3a1a4uu.
Kpatkoe o0bsicHeHre naTepdeiica mporpaMMmel.
JlucTuHT KOJa IPOrpaMMBl.

Pe3ynbTaThl KOHTPOJIBHBIX PACUETOB.

Pa3BepHyTBIC OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.
Kparkue BBIBOZIBI.

8.5. KoHnTpoJbHbIe BOonpochl
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KOHTpOJ’leLIe BOIIPOCHI

1. Aaredpa coobITHii

1.
2.

e U

10.

12.

Yt0 n3y4aer TeOpus BEPOATHOCTEH?

Onuimmre MOHATUE IKCIICPUMEHTA B KIIACCHYECKOW cxeme coObrTuid. Jlalite
OIpEeICIICHUs CIYyYaifHOTO, HEBO3MOXKHOTO, JIOCTOBEPHOTO COOBITHIA.

[aiiTe onpenesaeHHO MPOTHBOIIOIOXKHBIX COOBITHH.

Cdhopmynupyiite onpeneneHus CyMMbI U IIPOU3BEICHHUS COOBITHIA.

UYro Takoe mosHast rpymnmna coObITHiA?

Kakwue coObITUS Ha3BIBAKOTCS HECOBMECTHBIMU?

YT0 Takoe SKBUBAJICHTHBIEC, PABHOBO3MOXHbBIE COOBITHS?

Yto0 Takoe IeMeHTapHOoe, COOBITHE?

IToxaxute Ha amarpamMmax BeHHa m300pakeHHWE COOBITHIA, yKa3aHHBIX B
MpenbIIyIIUX Bompocax 3, 4, 5, 6.

Harmmmre nepBblid  pacrpeaeTuTeNIbHbIN 3aK0H 1 GopMyIibl 1e MopraHa.
ChopmynupyiiTe TIOHATHA DJIEMEHTApHOTO  COOBITHSA, TPOCTPAHCTBA
JJIEMEHTAPHBIX COOBITUH, COOBITHS B paMKaX aKCHOMATHUYCCKOW CXEMBI
COOBITHIA.

Cdhopmynupyiite akcHOMBI anreOphl (TI0JIsT) COOBITHIA.

2. BeposiTHOCTH

1.

Sk wD

10.
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KakuM ycnoBusAM [OMKEH YIOBIETBOPATH KIIACCHYCCKHHM SKCHEPUMEHT C
PaBHOBO3MOXHBIMH  cioydassmu?  [IpuBemuTe  mpuMepsl  peambHBIX
SKCIIEPUMEHTOB, YIOBIECTBOPSIOMINX STHM TPEOOBAHUIM.

JlaiiTe kitaccuueckoe OrpeesieHHe BEPOATHOCTH.

ChopmynupyiiTe CBOWCTBa BEPOSITHOCTH.

Yro nzydaer komOmHaTOprka? Uto Takoe coenuHeHus?

Cdhopmynupyiite KOMOMHATOPHBIN MPUHIIUAI «YMHOXKCHUS.

MHaiite, onpeencHrue pa3MeNICHUN U3 N 31eMeHTOB 1o k anmemeHToB. Yemy
paBHO ux uncio? [IpuBoauTe MPUMEPHI.

JaiiTe ompenencHue MEPECTaHOBOK M3 n 3jeMeHTOB. Hamummte dopmymy
JUIS UX 4ncia. [I[puBenTe npuMepsl.

JanTte ompeneneHue COYCTaHUA U3 n BIeMEHTOB Mo k ameMeHTOoB. Yemy
paBHO ux gucno? [IpuBeauTe mpuMepHI.

JlaiiTe onpenenenne pa3MelIeHWl ¢ TIOBTOPSHUSIMH W3 N 3JIEMEHTOB 1o k
anemenToB. Hammummte hopmymy ans ux uncina. [IpuBennTe mpuMeps.
JaiiTe ompeneneHHe MEPECTAaHOBOK C IIOBTOPCHHSMH W3 N 3JIEMEHTOB,
Pa3NUYAONINXCS MO THITy: nl SIEMEHTOB IEPBOrO THIA M Tak gaiee, nk,
37eMeHTOB k-ro Tumna. Yemy paBHO X YHCIO?



1.
12.
13.

14.
15.

B gem coctout ypHoBas cxema?

ChopmynupyiTe reoMeTpUIecKoe ONpecieHuEe BEPOSTHOCTH.
Chopmymupytite CTAaTHCTHUYECKOE  ONpEICIICHHE
Ilepeuncnute cBOCTBa OTHOCUTEJIBHON YaCTOTHI.
ChopmynupyiTe akCHOMaTHIECKOE OTIPEICIICHUE BEPOSTHOCTH.
Uro Takoe BepOSTHOCTHOE ITPOCTPAHCTBO?

BEPOSTHOCTH.

3. Anredpa BeposiITHOCTH

1.

2.

1.

12.

13.

14.

Hanumire GpopMyity, BRIpaXarOUIyO MPABIIIO CIOXKCHUS BEPOSITHOCTEH IS
N MOaPHO HECOBMECTHBIX COOBITHH.

Hanumire gpopMyity, BRIpaXarOUIyO MPABIIIO CIOXKCHUS BEPOSITHOCTEH IS
JIBYX JTFOOBIX COOBITHIA.

Yto0 Takoe ycioBHas BepOATHOCTH? 1o kakoi ¢opMyIie OHa BEIYUCISAETCS?
Hanmmmre ¢opmyity, BEIpakalomIyl0 TEOpEeMY YMHOXEHHS BEpOATHOCTEH
UL ABYX JIOOBIX coObITHi. Kak oHa o0oOmiaercs ais ciaydas n JIFOOBIX
COOBITHIA?

Kakme mua coOBITHS Ha3BIBAIOTCS B3aWMHO He3aBUCHMMBIMHU? Kak 3ammcatb
YCIIOBHE MX B3aUMHOH HE3aBHCUMOCTH?

Jaiite onpeencHre B3aMMHON HE3aBUCUMOCTH N COOBITHH.
Chopmynupyiite TeopeMy YMHOXEHHS BEPOSTHOCTSH i1 W B3aUMHO
HE3aBUCHMBIX COOBITHI.

Hanumure GpopMyity, BRIpaxarIyr0 TEOPEMY CI0KCHHUS BEPOSITHOCTEH IS
N B3aMMHO HE3aBUCUMBIX COOBITHIA.

Harmmmure hopmysisl momHOW BeposiTHOCTH 1 batieca.

B wem cocront cxema bepHymmm mociemoBaTeIbHOCTH N HE3aBUCHMBIX
COOBITHIA.

Harmmmure dopmyny nns OWHOMHANBHOW BEpPOSATHOCTH. BeposSTHOCTBHIO
KaKoTo COOBITHS OHA SIBIIICTCS?

Chopmynupyiite Teopemy Ilyaccoma nns mipenena OHMHOMHAIBHOM
BEPOSTHOCTH.

UYro Takoe HopmupoBaHHas ¢yHKuMs Jlammaca? M3oOpasure ee rpadux u
rpaduk ee MPONU3BOIHOM.

Hanummre JOKaNbHYHO W HMHTETPAIBHYIO HPUOIIKCHHBIC (QOPMYIIBI
Myagpa—Jlarmiaca uisi OMHOMHATIBHBIX BEPOSTHOCTEH U HX CyMM.

4. Cnyqaﬁﬂme BCJIMYHMHBI M1 HX YUCJIOBbIC XaPAKTEPUCTUKH

1.

2.

Jaiite obimiee ompeselieHne CiaydailHOW BemWYMHEIL. [IpuBemuTe, TpUMEpHI
PeaTbHBIX CITyIaifHBIX BETHUIHH.

ChopmynupyiiTe ompeneneHne TUCKPETHOH CIy4allHOW  BEJIIMYMHBEI.
Onmmmre Bce M3BeCTHBIE Bam (opMBI 3amaHus 3akoHa paclpereleHUs
JIUCKPETHOM Cy4yaiiHON BETUYUHBI.
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w

1.
12.

13.

14.
15.

5.
1.
2.
3

(9,

*®

10.

1.
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Kakwue cirydaitapie BeTMYUHBI Ha3BIBAIOTCS HEMIPEPHIBHBIMU?

3amumute (HOpMYyJBI, BBIpaXKaronue (QYHKIHIO paclpeacsieHus depe3
MJIOTHOCTH U HA00OPOT.

Kakyro wmH(popMamuio o pacmpelneleHnd 3aKiiovacT B cede TUIOTHOCTh
pacripesieieHsI BEpOSATHOCTEH.

YeMy paBHA BEpOSITHOCTH MOMAJAHMS 3HAUEHUS HEMPEPBIBHON CIydalHOMN
BEJIMYMHBI B 33/IaHHYIO TOUYKY?

Moxer M paBHSATBCS HYJIIO BEPOSTHOCTh  IONAJAHMs  3HAYEHHSA
HETPEPHIBHOM CIy4aiiHON BEIMYMHBI B 3aJJaHHBIH IPOMEXKYTOK?

3anunmre GopMysibl, 3aaal0IIne 3aKOHBI paclipeAecHUus] OMHOMUAIbHBIH,
ITyaccona u reomeTpudecKkuil.

Kak cootHocsTCSl MeXIy co00i OMHOMHANBHBIN 3aK0H U 3akoH [Tyaccona?
3anumuTe IUIOTHOCTH DPAcHpeleNIiCHHH BEpOSTHOCTEH Ui PaBHOMEPHOTO,
MIOKa3aTeIbHOT0, HOPMAJIHFHOTO 3aKOHOB.

YT0 Takoe YUCIIOBas XapaKTEPUCTHKA CIyIaliHOW BETUIHHBI?

Jaiite onpeneneHne MaTeMaTU4eCKOTO OXHUIAHUS CIyYailHON BEIWYUHBI U
chopMynmpyiiTe ero cBoiictsa. s Kakoi IeJi TPUMEHSETCS 3TO MOHSTHE?
Yto Takoe mucmepcus ciydaiiHo BenwmuuHbBI? Chopmymnupyiite cBolicTBa
pucnepcuu. UTo xapakTepusyeT aucnepcusi?

UYro Takoe MOJia U MEiMaHa HENPEPHIBHON CIIyyaifHOM BENUUUHBI?

UYro Takoe HavalbHBIE M IEHTPAJbHbIE MOMEHTHI CIy4alHON BEJIMYWHBI?
UeMy paHeH LEHTPAJIBHBI MOMEHT NIEPBOTO MOpsiiKa?

JIByMepHbIe ciiydaiiHble BEKTOPbI

ChopmynupyiiTe onpenerieHne JByMEpHOTO CITy9aifHOTO BEKTOpa.

Uro Takoe (QyHKIHS pacipeaeeHus JBYMEPHOTO CIy9aiHOTO BeKTopa?
Kakoit aByMepHBI CIlydallHBI BEKTOp Ha3bIBaeTCS ITUCKpeTHBIM? UYTO
SIBJIIETCS €TO TIOJTHOW BEPOSTHOCTHON XapaKTePUCTHUKOMN?

3anumuTe YCIOBHS COTJIACOBAHHOCTH [UIL JBYMEPHOTO JHCKPETHOTO
ciydaiiHoro BekTopa. Kakoii nenu onu ciayxar?

[aiiTe onpesneseHre HEIPEPHIBHOTO ABYMEPHOTO CIy4aifHOTO BEKTOPA.

Kak cooTHocsATCS MeXIy COOOH IUIOTHOCTH pacmpenesieHus W (YHKIHS
pacripeseneHus JByMEPHOTO HETIPEPHIBHOTO CIIy4aiiHOTo BeKTopa?
3anmuummTe YCIOBUS COTJIACOBAHHOCTH JUIS JBYMEPHOTO HEMPEPBIBHOTO
CJIly4allHOTO BeKTOpa 4epe3 QYHKIMH pacipeaeeHus U yepe3 ITIOTHOCTH.
Kakwne naBe cimywyaliHbIe BETHYUHBI HA3BIBAIOTCS] HE3aBUCUMBIMHU?
ChopmynupyiiTe HE0OXOTUMOE W JOCTATOYHOE YCIOBHE HE3aBHUCHMOCTH
JIBYX CIyYalHBIX BETMYMH B JUCKPETHOM H HEIIPEPHIBHOM CITydasx.
[lepeuncnaure cBOWCTBA MaTEMaTHYECKOTO OXWUAAHUS, M3BECTHBIC W3
TIpEIBIAYIIEH TIIaBbl, 1 HOBBIE.

ChopmynupyiiTe CBOWCTBA JUCTIEPCHH.



12.

13.
14.

Yrto Takoe KOPPEISAIMOHHBIH MOMEHT (KoBapuanus) W KodpHuImeHt
koppemsiiun? Kakyro poiib OH BBITTOHSAET?

Chopmynupyiite cBoricTBa KO3 PPHUITUEHTA KOPPEIISAIUH.

Ecmu koadpumment koppemnsuu pXY paBeH HYIIO, TO, YTO MOYKHO CKa3aTh
0 3aBUCHUMOCTH MEXIy CITydalHBIMH BeTHInHAMU X U Y ?

6. ®yHKnUu CIy4YalHBIX BeJINYHH

1.

2.

10.

1.

CoopmynupyiiTe OCHOBHYIO 3ajady, KOTOpas CTaBUTCS IIpH H3Y4YECHHH
(YHKIMK CITy4aiiHbIX BEJIMYHH.

[To xakomy 3aKkoHy pacnpenesneHa JuHelHas QyHKMs Y=aX+b HOpMaibHO
pacmpeneneHHoro  aprymMeHTa?  3anuIIUTe IUIOTHOCTh — BEPOSTHOCTH
CIIy4aliHO! BETMUMHBI Y.

JloctaTodHO M Ui HAXOXKACHHUS pacIlpeAclcHUs 3aJaHHOW (DyHKIUH
CIlyJalHBIX apryMEHTOB IpPEIBapUTEIbHON MH(OPMALUK O PACHpPEACICHUN
JTUX apTyMEHTOB: a) B cllydae, KOrja OHU B3aUMHO HE3aBUCUMBL; 0) B
obmem ciydae?

Kakum o00pa3oM cBsi3aHO pacmpeleNcHue Xu-KBagpaT C HOPMaJbHBIM
pacnpenenenuemM?

W300pa3uth XapakTepHbIH BUJI KPHUBOW IIOTHOCTH pacupeaeneHus x2(n)
st n>4. CpaBHHTE MeXay co00il cpeliHee 3HaUEHHE CIy4ailHOW BETMYMHBI
¥2(n) c ee monol. IlompITaiiTech HEHTPHUPOBATH U HOPMHUPOBATH CITyYalHYIO
BeJIMUUHY ¥2(n).

UYro Takoe CTHIOJICHTOBO OTHOILIEHUE C N CTeneHsIMHU cBoOoabl? Kakoit Bua
UMEeT KpuBas IUIOTHOCTH  pacmpenesnenns CTpOgEHTa H  Kak
TpaHcopMHUpyeTCsl OHA TIPH YBEITHUCHUH N.

Uem 00BsCHWUTB, uTO s pacnupenencHust CTbIOfEHTa HE CYLIECTBYIOT
KOHEYHbIE MOMEHTHI TOpSJKa N W BBINIE, a Ui pachpeneneHus y2(n)
CYIIECTBYIOT MOMEHTBI JJFOOOT0 MopsaKa?

ITouemy Ttabnuma kBaHTHieH pacnpenenenus CTbIOJEHTa OOBIYHO
OrpaHMYeHa YHCIIOM CTENeHEeH cBOOOIbI N MOPS/IKA, HECKOJIIBKUX JAECSITKOB?
Kax BBogutrcs pacnpenenenue ®umepa? Ilouemy OHO TECHO CBA3aHO C
HOPMaJIBHBIM pacrpenesicHueM?

Kakoe cBoiictBo pacmpenenenuss @umiepa MO3BOJASET HAMOJIOBUHY
COKPATHUTh TAaOJHILy €ro KBaHTHIEH?

Uro o03HayaeT KOMIO3UIMOHHAs yCTOWYMBOCTb JAHHOTO  3aKoHa?
[IpuBenute mpHMEpHl AWCKPETHBIX M HENPEPBIBHBIX PaCIpEeIICHUH,
0012 1af0INX KOMITO3UITMOHHON YCTOHYNBOCTBIO.

7. YcaoBHble pacnpenesienus. Perpeccun

1.

Yto 3HAYUT 3a7aTh YCIOBHOE pacHpele]ICHUE CIIy4yalHON BEIMYMHBI Y TPHU
(bukcupoBaHHOM 3Ha4YeHUH X = Xi, (1= 1, ... , m) B AUCKPETHOM clrydae?
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Kax BBOIUTCS yCioBHAs (GYHKIWSI pacTpeAesICHUsT U yCIOBHAS TIOTHOCTH B
CiTydae HEMPEPBHIBHBIX CTyYalHbIX BETHYUH?

Jlaiite  ompezaeneHne yCIOBHOIO  MaTeMarhyeckoro oxxuaanus MXY.
Kaxkoit MexaHWYeCKHii 1 BEPOSATHOCTHBIN CMBICI JTUHUH perpeccuu Y Ha X?
B geM cocToUT CBOHCTBO MUHUMAIBHOCTH JIMHUH perpeccuu’?

YTo mNpeAcCTaBISAIOT JUHUM PETPECCHH ISl HOPMAJIBHOTO 3aKOHA Ha
wiockocTr? KakoBa reomerpudeckas poiib Kod3dduimenra koppessiun?
Kak cBs3aH 3HaK K03 (QULIMCHTA KOPPETSIMU C XapaKTEPOM PErPeCCHOHHBIX
3aBUCUMOCTEH B cllydae JIMHEHHOMN KOppesuuu

B yem pasnuume MexAy — (QYHKIMOHAJIBHOW M BEPOSTHOCTHOM
(cToxacTU4ecKoil) 3aBUCUMOCTSIMU MEXY CITy4YalHbIMU BETUUUHAMU ?

8. IIpenenbHbIe TeopeMbl

1.
2.

9
1.
2.
3.
4.
5.
6.
7.
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Harnmmmure nepBoe 1 BTopoe HepaBeHCTBa UeObIieBa.

Chopmynupyiite Teopemy YeOblllieBa W OTMETHTE €€ BAKHBIM YaCTHBIN
CITydai U1 OMMHAKOBO PacIIpeIeIeHHBIX CIaracMbIX.

Jaiite onpeneneHne CXOANMOCTH 110 BEPOSITHOCTH IS TTIOCIIEIOBATEILHOCTH
CITyJaitHBIX BEIUIHH.

Cdhopmynupyiite Teopemy UeObleBa, HCIOIb3Ysl MOHATUE CXOJUMOCTH IO
BEPOSITHOCTH.

Cdhopmynupyiite Teopemy bepHyim 0 NOpHONMKCHUHM OTHOCHTEIHEHOU
YaCTOTHI K BEPOSATHOCTH COOBITHS.

ChopmynupyiiTe UCHTpPaNbHYIO NOPEACTBHYI0 TEOpeMy ULl  Cydas
OIIMHAKOBO PacCIIpeieNeHHBIX CIaracMbIX.

Kak ¢ momomipio IEeHTpaIbHOH MpenebHOW TEOPEMBI MOXKHO OOBSICHUTH
pacnpeneneHre ONTMOKN H3MEPEHHS 1T0 HOPMAITLHOMY 3aKOHY?

Kak BpiBecTu uHTerpaiibHyro teopemy MyaBpa-Jlariaca U3 1eHTpaIbHOM
penenbHONH TeOpeMBbI?

. CiryqaiiHble npouneccsl

Yro Takoe ciy4aiiHas QyHKIHS?

UYrto Ha3bIBACTCS CEYCHUEM CIy4YaiHOW (QyHKIIHN?

Kak onpezensieTcs HOHATHE «peau3alyst CIydyaiHoW QyHKIUU»?
IIpuseaute onpeneneHue cry4aiHoOro mpouecca.

Jaiite onpeaeneHue TpaeKTOPUHU CIIydaifHOTo mpolecca.

Uro Takoe n-MepHOE pacipeeneHne npomecca?

[IpuBenute ompeneneHUs] CXOOMMOCTH B CPEOHEM U CXOAMMOCTH IIO
BepoaTHOCTH. Kak CBsI3aHBI MEXLy COO0 3TH BHIBI CXOAUMOCTH?

Jaiite ompeneneHne YCIOBHOTO CPEIHETO M OIPEAEICHHE PETPecCHu B
TEpMHHaX €BKIIMI0BA IIPOCTPAHCTBA CIIyYalHBIX BEITUUHH.

Kak onpenensieTcst MIOHATHE «OMITUPHUECKUAN TIPOIECC)?



10.
1.
12.
13.

14.
15.

16.

YT0 Takoe MpOCTEHIIHIA MOTOK OTKa30B?

Kaxoit nporiecc Ha3pIBaeTCs TenerpadHbIM CUTHATIOM?

IIpusenure onpenesenue npouecca Bunepa.

Ilepeuncnure u3BecTHhle BaM BUABI CioydalHBIX TPOILECCOB M JIaliTe€ UX
OTIpEICIICHMIS.

Kak onpenensiercss HOHATHE «ITyaCCOHOBCKHM aHCaMOIb»?

Haiite akcuomartudeckoe ompenenenue mnpouecca Ilyaccona. Kak cBszan
STOT MPOLECC ¢ MPOCTEHIINM TOTOKOM OTKa30B?

Kak onpenensiercs moHsTHEe «OpOyHOBCKOE ABIKeHHE»? Kak cBsi3anm 3ToT
npoliecc ¢ mpoueccom Bunepa?

10. Tuckpernbie nenn MapkoBa

1.

2.
3.
4

(9]

8.
9.

JlaiiTe onpenenenrne TUCKpeTHOM e Mapkosa.

Kaxkas nuckpeTHas 11eTnb Ha3bIBa€TCsl OJTHOPOTHOM ?

3anumuTe MaTPUILy IEPEXOAHBIX BEPOSTHOCTEH .

BriBemute Gopmyiny uisi MaTpHUIsl NepexoaHbix BepostHocTterd 7 (k) 3a k
IIIaTOB.

Kakoe cocTosiare MapKOBCKOW CHCTEMBI Ha3BIBAETCSI HECYIIICCTBEHHBIM?
Kakue cyliecTBeHHBIC COCTOSHHS MAapKOBCKOM CHCTEMBI HAa3BIBAIOTCS
coo0IaronMucs?

Kaxas nens MapxoBa, Ha3bIBaeTCsl HEPA3JI0KUMON?

Kakast ienp MapkoBa Ha3bIBacTCS 3PrOAMUCCKON?

Yro takoe (hUHAIBHBIC BEPOSITHOCTU?

MaremaTnyeckasi CTATUCTHKA
11. Boi0opka 1 XapaKTepUCTHKHU ee pacnpeeaeHust

1.
2.
3.

Kak B MaTeMaTn4eckoi cTaTUCTHUKE MPUMEHSIOTCS MOHATHS ¥ MeToabI TB?
CopmynupyiiTe OCHOBHBIE 3a1a4H MaTEMAaTHIECKOW CTATHCTHKH.

Uro Takoe reHepasibHas COBOKYHMHOCTH? C MOMOIIBIO KaKUX XapaKTEPUCTHK
OHa MOXET OBITh omucaHa?

Yro Takoe BEIOOpKA, M KaKOBa €€ POJIb?

Cdopmynupyiite onpeaeneHre mpocToro Cay4aiHoro BeIoopa. YKaKHUTE ero
JIOCTOMHCTBA.

Kakwue TpeboBaHus PEBSBISIOTCS K BEIOOpKE?

Haiite onpeneneHus BapUAllMOHHOTO M CTaTHUCTUYECKOTO psinoB. Kak
rpaduyueckn n300paxaeTcst CTaTUCTUYICCKUN PSa?

Jaiite ompezneneHue sMmupudeckold (QyHKIMH pacnupeneneHus. Kak ona
n3o0paxkaercss TpapuuecKH ¥ B KAaKOM OTHOUICHWH HAaXOIOUTCA K
TreHepaabHON (QYHKIIUU pacipeIeIcHus ?

Hanmmmre dhopMynsl Uit 9eThIpex BEIOOPOYHBIX YHCIOBBIX XapaKTEPUCTHK
paccesams. KakoBo nx Ha3HaueHHUE U CAMMETPUYIHOTO pacTpeieIeHus?
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10.

1.
12.
13.

14.

12.

Jaiite ompeneneHus BBHIOOPOYHBIX ACHMMETPHM M JKciecca. UTo OHHU
XapaKTepU3yoT?

Kaxk ob6pa3yercs rpynnmupoBaHHBIA CTATUCTUICCKUH psi?

Yro Takoe rucrorpamMma? Uto oHa XapakTepusyer?

Kakue cBoiicTBa omepanuid MaTeMaTHYECKOTO OXKHMIAHUS W JTUCIIEPCUU
WCTIONB3YIOTCSI B JOKA3aTEIbCTBE  CXOMUMOCTH IO  BEPOSTHOCTH
BBIOOPOYHBIX MOMEHTOB K T'€HEpaTbHBIM MOMEHTaM?

Kakue pe3ynpTaThl W3 TCOPUH BEPOSATHOCTEH MPUMEHSIOTCS MPU HU3yUCHHUH
ACHMITTOTUYECKOTO MTOBEICHHSI BHIOOPOYHBIX MOMEHTOB?

Teopml TOYCYHOI0 OINCHUBAHHUA YHCJIOBBIX XapaKTCPUCTUK WU

napaMeTpPoOB pacupeneeHuii

Uro Takoe TOYedHasl OLEHKA MapaMeTpa WM YHCIOBOM XapaKTepUCTUKH
pacnpeneneHus?

2. ChopmynupyiTe MOHATHE COCTOATEITHHON OIICHKH.

3. Kakas onenka Ha3bIBa€TCSI HECMEILIEHHON?

BriGopounoe cpeanee X GyjeT M COCTOATENBHOH M HECMENIEHHOM
OIICHKOW TEHEPaTbHOTO MAaTeMAaTHYEeCKOTO OXHAaHUSA? MOXKHO T TO XKe
caMoe CcKazaThb MPO BBHIOOPOYHYIO IUCIEPCHI0 S2 TIO OTHONICHHIO K
reHepaIbHON AUCTIepCHu 627

5. Yro Ttakoe 3¢ deKTUBHAS U ACUMITOTHIECCKH () PEKTUBHAS OIICHKH?

6. Kakas ornjeHka Ha3pIBaeTCsl poOACTHOM?

7. Cohopmynupyiite onpeneyicHue QyHKIIMA ¥ yPaBHCHUS MPABIOTIONO0US s
cilyyass HENPEpBIBHON TeHEPAIbHON COBOKYIHOCTH, MMEIOIIEH IUIOTHOCTH
pacripesieneHus ¢ OTHIM I1apaMeTpoM.

8. Uro Takoe OINEHKAa MaKCHUMAJBHOTO  MpPaBAONONOOMS  Iapamerpa
pacripeieieHus TeHePaTbHONH COBOKYITHOCTH?

9. Omumwure MeToJ MOMEHTOB [UIi TIONYyYEHHS OIIGHOK ITapaMeTpOB
pacripeieeHusL.

10. OmumuTe CHCTEeMHBIM METOA  TOYEYHOTO  OLEHHBAHHUSA  YHCIOBBIX
XapaKTepUCTHK TIOJIOKEHUS W pPacCestHUs Ui Ciydas HOPMAalIbHOTO
pacrpeieeHusL.

11. Cpeam OUEHOK LEHTpa HOpPMAIbHOTO pacmpepenenmsi X, med, tq, tR
ykaxuTe Hamboyiee m HamMmeHee ddexTuBHYy0. Kakne W3 HUX SBISIOTCS
pobacTHBIMU?

12. Cpeam HECMENICHHBIX OICHOK G JUIi HOPMAaJbHOTO pacmpenaeneHus s', d*,
q*, R* ykaxure Hambonee m HamMmeHee d¢p¢exTnBHyr0. Kakas u3 Hux
ABJIsIeTCS poOacTHOM?

13. NnTepBajibHOE OLCHHBAHHE YHMCJIOBBIX XAPAKTEPHUCTHK M MapaMeTpPOB

pacnipeneieHust

1. Cdopmynupyiite onpezesaeHue JOBEPUTEILHOIO HHTEpBaIa.
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Kaxk cooTHOCSTCS MEXTy cOO0W TOYEUHBIE W WHTEPHAIbHBIC OICHKH OIHON
1 TOM K€ BEJTMYHMHEI?

Kak cBsi3ansl Mexay co0oil JOBepUTENbHAsS BEPOSTHOCTh M YPOBEHBb
3HAYUMOCTH?

Harmmmure craructuky Croiogenra. [1o kakoMy 3aKoHY OHa pacmpezeneHa’?
Kaxk ucrnonb3yercst 3TO 3aKOH ISl TIOCTPOSHUS TOBEPUTENBHOTO WHTEpBAa
A MAaTeMaTHYECKOTO O0XKUTaHMS HOpPMAaJIbHOU reHepabHON
COBOKYITHOCTHU?

Kak wucmone3yercs 3aKOH XH-KBaJgpaT NpPU MOCTPOCHHU JTOBEPHUTEIBHOTO
WHTEpBaJia I CpPEAHEr0 KBAJPAaTUYECKOTO OTKIOHCHHS HOPMAllbHOW
reHepaibHONH COBOKYITHOCTU?

[Touemy 1pyu HMHTEPBAILHOM OIICHUBAHHUA MATEMATHYCCKOTO OXHIAHHS M
U CpeIHEer0 KBaJpaTHYECKOTO0 OTKJIOHEHUS G MpH OOJbIIOM 00BeMe
BBIOOPKH W3 TIPOU3BOJIBHOH TEHEPATbHOW COBOKYMHOCTH TPUMEHSIETCS
¢dynkmus Jlammaca? Kak HaiiTl KBaHTHIIM HOPMAIBHOTO pacIipeneacHus?

14. TIpoBepka cTaTHCTHYECKUX THIOTE3

1.

S kWb

— = O 00

12.

13.
14.

15.

ChopmynupyiiTe OCHOBHBIE, CTAaTHCTHYECKHE THIIOTE3Bl W  yKAKUTE
MPAaKTUYECKUE CUTYalllH, B KOTOPBIX OHU BO3HHUKAIOT.

Haiite onpenenenyue CTaTUCTUYECKON TUIOTE3bI.

Yro Takoe KPUTEPHiA 3HAYUMOCTHU M CTATUCTUKA KPUTCPUS?

Uro Takoe runorte3sl HO u H1.

Haiite, ompenencHue YpOBHS 3HAYUMOCTH H KPUTHYCCKOH OONacTH
KPUTEPHSL.

VYKkaxuTe KaKylo-HHOYIb CTATUCTUKY KPUTEPHS ISl POBEPKU THIIOTE3HI O
3aJaHHOM BEPOSATHOCTH COOBITHS.

YT0 Takoe KpUTEPHI coTTacus?

Chopmynupyiite, 0OIIyI0 CXeMY MPOBEPKH CTATUCTHIECCKHUX THUIIOTE3.

Yro Takoe ommoOku 1-ro u 2-ro poma?

Uro Takoe 0THOCTOPOHHUHN U ABYCTOPOHHUN KpUTEpUn?

Chopmynupyiite ompeneneHuss MOMHOCTH ¥ (PYHKIUH MOIIHOCTH
KPUTEPHSL.

Kpatko chopmymupyiite o0IIMe UAEH U METOIUK MPUMCHEHHS BaKHEHIIICTO
KpUTEpHS XU-KBAJpaT sl MPOBEPKH TUIIOTE3bl O 3aKOHE PACHpPEHCICHUS
TCHEPaJbHON COBOKYITHOCTH.

IIpuBenute cratucTuKy KpuTepus coriacusi Koammoroposga.

Chopmynupyiite kputepuii  CMHUpHOBA IS TPOBEPKHA  THIIOTE3bI
OTHOPOIHOCTH ABYX BEIOOPOK.

3amumuTe JABE CTATHCTHKA KPUTEPHS aHOMAJIBHOCTH  PE3yJbTaTOB
HaOJIOIeHMH.
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16. ChopmynupyiTe KpUTEpHil TPOBEPKH pPABEHCTBA AHMCIIEPCHHA  JBYX
TeHEePaJIbHBIX COBOKYITHOCTEH.

17. Kak mnpoBepsieTcsi THIOTE3a O PABEHCTBE MAaTEMAaTHUYECKUX OXHIAHUHN
JIBYX T€HEPATBHBIX COBOKYITHOCTEH?

15. PerpeccuoHHbIi aHAJIN3

1. UYro Takoe OTKJIHK, (haKTOPEI, perpeccus?

2. 3anuiuure JUHEHHYIO0 MUOTO()aKTOPHYIO PETPECCHOHHYIO MOAEIb.

3. 3anummre NpoCTylo JUHEHHYIO PErpeccuro.

4. B deMm 3akirodaercss METOJI HAUMEHBIIMX KBaJIpaToB B IMPUMEHEHHH K
IPOCTOi TMHEeNHOM perpeccun?

5. 3ammmmre QopMyiny JUIS OCTAaTOYHOW perpeccuu S2, KOTOpas SBISIETCS
HECMENICHHOM OIEHKOH TUCTIepCHH G2 OTKINKA Y.

6. JlHs 9ero MpUMEHSETCs KOPUIOp OIMIMOOK MPOCTOW JTMHEWHOH pempeccuu?
Kak oH BEITIISIIUT Ha UepTexe?

7. B dem cocrout mpobiema aaeKBaTHOCTH TPOCTON JTWHEHHOW perpeccuu?
Kak ona pemaerca? UYrto Takoe AHUCIEPCHS BOCIPOU3BOIUMOCTH U
mucriepcns HeagekBaTHOcTH? Kak 3amuceiBaercs otHomenne @umiepa?

16. KoppeasinnoHHbIi aHATU3

1. YTo Takoe KOppensILUOHHBIA aHaIH3?

2. Jlaiite onpeneneHue BHIOOPOYHOTo Kodddunnenta koppemsinui. KakoBbl ero
cBolicTBa?

3. Kak npoBepsieTcst runote3a 00 OTCYTCTBHH CBS3M MEXIY IBYMS CIIydalHBIMH
BEJINYMHAMH, UMCIOIIMMH COBMECTHOE HOpMaJbHOE pachpeneneHue? Onummute
3 crioco6a pOBEPKH.

4. 3anumute QopMydy IS KBagpaHTHOTO (3HAKOBOTrO) Ko3(duimenrta
KOpPEJISIHN.

5. B kakmx ciydasx TpPHUMEHSETCS PaHTOBBI KOA((GHUIMEHT KOPPEAIuu
Cnpmena? 3anummre GopMyIty ISt €0 BHIYHUCICHHUS.

6. UYrto Takoe BBHIOOPOYHBIH KOI(DGUIMEHT KOPPEISAUH MEXIYy ABYMS
coobrtnsiMu? Korna on npumensiercst?

7. J1ns uero Hy>XeH YacTHBII BEIOOPOYHBIN KOd(duIMeHT Koppeasuun?

8. Jlalire ompeneneHus] TEHEPAJIBHOIO M BHIOOPOYHOIO MHOXKECTBEHHBIX
K03(GHUIMEHTOB Koppemsuu. g KakoW Ienu IMPUMEHSETCS BBIOOPOYHBIN
MHOKECTBEHHBIN KO OUITHEHT KOPPEIAHn?
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1. Benruenr E.C. Teopust BepositHocTei: Yue6. Jms By3os/ E.C.
Benrtuens.— 10-e u3a., crep.— M.: Beicur. k., 2006.— 576 c.
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JIHCKpeTHEIE paclpeleIeHHs

HammeHoBaHHE BoamoxHble | BepoATHocTs Marematageckoe | JTHcIepcHA
pacIpefeIeHHs 3HAYEeHHA OKHIaHHE
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Koa nporpammsi 1

<style>

.s1 {font-size: 10pt; font-family: Tahoma}
</style>

<div class="s1">

<hr>

<b>IIpocmpancmaso snemenmapnvix coovimui</b>
<br>&copy,;2013 Caguenxo H.B., kagpeopa CHU, KUT-parxynomem, HTY "XITH"
<hr>

Bwibop 06vexmos:

<select name="sell" class="s1" onchange="f1()">
<option value="2">Monema</option>

<option value="4">Tempa30p</option>

<option value="6" selected>Kyb6</option>

<option value="8">Oxmas’dp</option>

<option value="12">Jlooexarop</option>

<option value="20">Hrocarop</option>

</select>

<select name="sel2" class="s1" onchange="f1()">
<option value="2">Monema</option>

<option value="4">Tempa30p</option>

<option value="6" selected>Kyo</option>

<option value="8">0Oxmasop</option>

<option value="12">Jlooexarop</option>

<option value="20">Hrocazop</option>
</select>

Yenosue:

<select name="sel3" class="s1" onchange="f1()">
<option value="0" selected></option>

<option value="1">QOuku: uemnwvle uemnwvlie</option>
<option value="2">QOuxu.: neuemnvie uemmnvlie</option>
<option value="3">QOuxu.: wemnvle Heuemnvle</option>
<option value="4">Quku: neuemHvle HeuemHnvie</option>
<option value="5">Cymma ouxoe uemnas</option>
<option value="6">Cymma ouxos neuemnan</option>
<option value="7">Ha nepgom oukoe borvuie</option>
<option value="8">Ha nepgom oukoe menvie</option>
<option value="9">Quxu pasnvi</option>
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<option value="10">Cymma ouxoe oeaumcs na 3</option>
<option value="11">Cymma ouxos oeaumcs na 5</option>
</select>

<p><span ID="res"></span>
<p><span ID="res1"></span>

</div>
<script>
J10:
function f1()
{

document.all.res.innerHTML=
document.all.resl.innerHTML="";

”.
»

var nl,n2,ij,sum, par;

nl=1*document.all.sell.value;
n2=1%*document.all.sel2.value;,
par=1%*document.all.sel3.value,

sum="""

sum~+="<table class=sl1 spacepadding=1 cellpadiing=1 border=1>"
m=0;,ml=0;

for (i=1;i<=nl;i++)

{

sum+="<gr>"

Jor (j=1;j<=n2;j++)

{

Slag=1;

iflpar==1 && (i % 2==0) && ( % 2==0)) {flag=0; mil++; sum+="<td
width=40 height=40 align=center bgcolor=yellow>("+i+","+j+")</td>"},
iflpar==2 && (i % 2!=0) && (G % 2==0)) {flag=0; ml++; sum+="<td
width=40 height=40 align=center bgcolor=yellow>("+i+","+j+")</td>"},
iffpar==3 && (i % 2==0) && (G % 2!=0)) {flag=0; ml++; sum+="<td
width=40 height=40 align=center bgcolor=yellow>("+i+","+j+")</td>"};
ifpar==4 && (i % 2!=0) && (i % 2!=0)) {flag=0; mi++; sum+="<td
width=40 height=40 align=center bgcolor=yellow>("+i+","+j+")</td>"};
iflpar==5 && ((itj) % 2==0)) {flag=0; ml++; sum+="<td width=40
height=40 align=center bgcolor=yellow>("+i+","+j+")</td>"},
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iflpar==6 && ((i+j) % 2!=0)) {flag=0; ml++; sum+="<td width=40
height=40 align=center bgcolor=yellow>("+i+","+j+")</td>"};

iflpar==7 && (i>j) {flag=0; ml++; sum+="<td width=40 height=40
align=center bgcolor=yellow>("+i+","+j+")</td>"},

iflpar==8 && (i<j)) {flag=0; ml++; sum+="<td width=40 height=40
align=center bgcolor=yellow>("+i+","+j+")</td>"},

iflpar==9 && (i==j)) {flag=0; ml++; sum+="<td width=40 height=40
align=center bgcolor=yellow>("+i+","+j+")</td>"};

iflpar==10 && ((i+j) % 3==0)) {flag=0; ml++; sum+="<td width=40
height=40 align=center bgcolor=yellow>("+i+","+j+")</td>"};

iflpar==11 && ((itj) % 5==0)) {flag=0; ml++; sum+="<td width=40
height=40 align=center bgcolor=yellow>("+i+","+j+")</td>"};

if(flag==1) sum+="<td width=40 height=40
align=center>("+i+","+j+")</td>";

m++;

/

sum~+="</tr>"

}

sum+="</table>"

document.all.res.innerHTML=sum,
document.all.resl.innerHTML="Kpumepuii n="+ml+"<br>Bcezo: m="+m;

}

</script>

75

Kon nporpammbi 2

<style>

.s1 {font-size: 10pt; font-family: Tahoma}

</style>

<div class="s1">

<hr>

</--

Dnuepadgp.

- Cmoii! Kmo uoem?

- Cuena.

>

<b>Buvluucnenue gepossmmocmell Ha 6aze noOcyema HUCIA KOMOUHAMOPHBIX
KoHGueypyuu</b>

<br>© 2013 Casuenxo H.B., xagpeopa CHU, HTY "XIIH", Hosas Booonaca -
Xapvros

<hr>

<input type="button" name="but2" value="TIpumep" class="s1"
onclick="f prim(1*document.all.sel2.value)">

<select name="sel2" class="s1">

<option value="0" selected></option>

<option value="1">3a0. 1. cmp. 20 ®adeesa JI.H. u op. TB u MC. 3a0. u ynp.
M. Dxemo, 2006</option>

<option value="2">3a0. 3. cmp. 21 ®adeesa JI.H. u op. TB u MC. 3a0. u ynp.
M. Dxemo, 2006</option>

</select>

<table border=0 width=100% class=sl cellpadding=0 cellspacing=0>

<tr>

<td colspan=2 valign="top">

Kommenmapuii = // Kommenmapuii,

C<sub>n</sub><sup>k</sup>=fc(n,k),
A<sub>n</sub><sup>k</sup>=fa(n,k),

n!=ff(n),

Buisoo(res)=fp(res).

</td></tr>

<tr>

<td valign="top">

<input  type="button"  name="but3"  value="Ouwucmumv"  class="sl"

onclick="f cls()">
<br> <br> <br> <br> <br>
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<input  type="button"  name="butl"
onclick="f calc()">
</td><td valign="top">

p—)

<textarea name="txt0" class="s1" rows=14 cols=74></textarea>

</td></tr>
<tr><td valign="top"> </td>

<td valign="top" bgcolor="#ffffcc"><span ID="res"></span></td>

</tr>

</table>

</div>

<script>

function fc(n,k)

{

if(k>n) return 0;
if(k==0) return I,
if(k==1) return n;

return fc(n-1,k)+fc(n-1,k-1);
/

function fa(n,k)

{

var i,p=1;
Sfor(i=1;i<=k;i++) p*=i;
return p*fc(n,k);

/

function ff(k)

{

var i,p=1I;
for(i=1;i<=k;i++) p*=i;
return p;

/

function [ calc()

{

var rc,sprog=document.all.txt0.value,
rc=eval(sprog);

/

function fp(s)

document.all.res.innerHTML+=s+"<br>";

/
function f prim(parl)

value="Buinoinums"

class="s1"
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if (parl1==0) return;
document.all.res.innerHTML=
if (parl==1)

{
document.all.txt0.value="//B awuxe 5 anenvcunos u 4 sbroxa. Hayoauy
eviopanvl 3 gpykma. Kaxosa eeposmuocmv moeo, ymo 6ce mpu @pykma -
anenvbcuHvl?"

document.all.txt0.value+="\n\n//Pewenue: Yucno snemenmapuvix ucxodos n
pasHo yucny cnocobos evibpams 3 snemenma u3 9 (neynopsadouennas evlbopka),
m.e. n=C(9,3)."

document.all.txtO.value+="Yucnro 6razonpusmuelx UCX0008 M PAGHO HUCILY
cnocobos 6vlbopa mpex aneibCcurHos uz umerowuxcs namu, m.e. m=C(5,3). "
document.all.txt0.value+="\n\n//P(A)=C(5,3)/C(9,3)\n\n";
document.all.txt0.value+="fp("P(4)="+Math.round(fc(5,3)/fc(9,3) ¥*1000)/1000),"

",
>

/

if (parl==2)

{

document.all.txt0.value="//Hatimu eposimnocms moeo, Ymo 6 G0CbMU3HAYHOM
yucne poeno 4 yudpel cosnadarom, a OCmaibHbie paziuinbl.”
document.all.txt0.value+="\n\n//Pewenue: B uucne 5 paziuunvix yugp, oona u3z
Komopulx noemopsiemcs. Yucno cnocobog ee evibopa pasua 10."
document.all.txtO.value+=" Oma yugpa 3anumaem nwobvie 4 mecma 6 uucre,
m.e. yucno cnocobog pasno C(8,4)."

document.all.txtO.value+=" Ocmaewuecs 4 mecma 3aHUMAIOM PA3TUUHbIE
Yyughpvl U3 HEUCNONL30BAHHLIX 9, NPU IMOM BAHCEH NOPAOOK CIe008AHUL YUPD, A
HA4UmM Yucio cnoco6oe uemvipex yugp pasno A(9,4)."
document.all.txt0.value+=" Yucno bnazonpusimcmeyIouwux UCx0008
m=10C(8,4)A(9,4), a uucio cnocobos cocmagienuss B0CLMUSHAYHBIX YUCET
paeno n=9*10"7."
document.all.txtO.value+="\n\n//P(A)=10C(8,4)A(9,4)/(9*10"7)\n\n";
document.all.txtO.value+="fp("P(A)="+Math.round(10*fc(8,4) *fa(9,4)/9/1e+7*1
000)/1000);";

H
function [ cls()
{

document.all.res.innerHTML=
document.all.txt0.value="";
document.all.sel2.value=0;

}

</script>

",
>
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Kon nporpammbi 3

<style>

.s1 {font-size: 10pt; font-family: Tahoma}

</style>

<div class="s1">

<hr>

</--

Dnuepadgp.

- Cmoii! Kmo uoem?

- Cmena.

>

<b>Dopmyna nonnoii gepossmuocmu. @opmyna baiieca</b>

<br>© 2013 Caguenxo H.B., xageopa CH, HTY "XIIH", Hosas Bodoraca -
Xapvros

<hr>

<input type="button" name="butl" value="Yucro eunomes" class="sl"
onclick="f crgyp()">

<select name="sell" class="s1">

<option value="2">2</option>

<option value="3" selected>3</option>

<option value="4">4</option>

<option value="5">5</option>

</select>

<br><input type="button" name="but2" value="Ilpumep" class="sl1"
onclick="f prim(1*document.all.sel2.value)">

<select name="sel2" class="s1">

<option value="0" selected></option>

<option value="1">3a0. 5. cmp. 31 @aodeesa JIL.H. u dp. TB u MC. 3a0. u
ynp.</option>

</select>

<br>Ycnosue:

<textarea name="txt0" class="s1" rows=7 cols=80></textarea>
<table border=0 width=100% class=s1 cellpadding=>5 cellspacing=0>
<tr>

<td valign="top"><span ID="res"> </span></td>

</tr><tr>

<td valign="top"><span ID="res1"> </span></td>

</tr>

</table>

</div>
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<script>

var pgyp;
function f prim(parl)

var i,il,sum="";

if (parl==0) return,

if (pari==1)

document.all.txt0.value="Tpoe npenodasameneii NPUHUMAIOM IK3AMEH 6 2pynne
uz 30 uenosex, npuuwem nepevlii onpawusaem 6 cmyoeHmos, emopoi - 3, a

mpemuii - 21 cmydenma (8b100p CcmMYyOeHmMO8 NPOUEOOUMCS  CLYUAUHBIM
obpazom u3z cnucka)."
document.all.txt0.value+=" Omnowenue mpex dK3aMeHAMOPOs8 K Cc1abo

HOO2OMOBUBUIUMCSL CTYOECHMAM PA3TUYHOE: WAHCHl MAKUX CMYOeHmo8 cOamb
9K3aMeH y nepsoeo npenooasamens paghvl 40%, y emopoeo - moavko 10%, 3amo
y mpemvezo 70%. Hatimu eeposimuocms mozo, 4mo ciabo noo2omosusuuics
cmyoenm coacm sK3amen.”

PgP=3;

document.all.sell.value=pgyp,

Jor(i=0;i<pgyp;i++)

{

il=i+l;

sum~+="P(H<sub>"+il+"</sub>)=<input type='text' name="txt"+il+"'
size=15 value=">";

sum+=" P(A|H<sub>"+il+"</sub>)=<input type="text' name='"txtp"+il+""'
size=15 value="><br>";
/

sum+="<br><input type='button' name="but3' value='Boiyuciumo noanyio
sepoamunocms'  class='sl' onclick=f calc()'’> @opmyna baiieca <input
type="checkbox' name='chl’' checked> "

document.all.res.innerHTML=sum,

document.all.txt].value="6/30";
document.all.txtpl.value="0.4";

document.all.txt2.value="3/30";
document.all.txtp2.value="0.1";

document.all.txt3.value="21/30";
document.all.txtp3.value="0.7";
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/

/

function f calc()

{

var i,il,sum,suml, a,b,sum2;
pgvp=1*document.all.sell.value,
sum="P(A4)=";
for(i=0;i<pgyp;i++)

{

il=i+l;
sum~+="P(H<sub>"+il+"</sub>)P(A|H<sub>"+il+"</sub>)";
iftil!=pgyp) sum+="+"

/

—_rn_n.

sum-+=

suml=0.0;

for(i=0;i<pgyp;i++)

{

il=i+l;
a=eval(eval("document.all.txt"+il+".value"));
b=eval(eval("document.all.txtp"+il +".value"));
suml+=a*b;

}

document.all.resl.innerHTML=sum~+suml;
if(document.all.chl.checked)

{

document.all.resl.innerHTML+="<hr>"

sum2="";
Jor(i=0;i<pgyp;i++)

{

i1=i+l;

a=eval(eval("document.all.txt"+il+".value"));
b=eval(eval("document.all.txtp"+il +".value"));
sum2+="P(H<sub>"+il+"</sub>|4)=P(H<sub>"+il+"</sub>)P(A|H<sub>"
+il+"</sub>)/P(A) = "+Math.round(a*b/sum1*1000)/1000+"<br>";

/

document.all.resl.innerHTML+=sum?2

sum2="<hr>";
Jor(i=0;i<pgyp;i++)
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{

il=i+1;

a=eval(eval("document.all.txt"+il+".value"));
b=eval(eval("document.all.txtp"+il +".value"));
sum2+="P(H<sub>"+il+"</sub>| ﬁA) =P(H<sub>"+il+"</sub>)P(—A|H<su
b>"+il+"</sub>)/P(—A) "+Math.round(a*(1-b)/(1-
sum1)*1000)/1000+"<br>";

/

document.all.resl.innerHTML+=sum?2

}

/
Sfunction | crgyp()
{

var i,il,sum="";
document.all.vesl.innerHTML=""";
document.all.res.innerHTML="";
document.all.txt0.value="";
document.all.sel2.value=0;
pgyp=1*document.all.sell.value,
for(i=0;i<pgyp;i++)

{

il=i+l;
sum+="P(H<sub>"+il+"</sub>)=<input type="text' name="txt"+il+""'
size=15 value=">";

sum+=" P(A|H<sub>"+il+"</sub>)=<input type="text' name='"txtp"+il+""'
size=15 value="><br>";
/

sum~+="<br><input type='button' name='but3' value='Boiuuciumo noamywo
seposmuocms'  class='sl' onclick=f calc()'’> ©opmyna baitleca <input
type="checkbox' name='chl' checked> "

document.all.res.innerHTML=sum,

/

</script>
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Kon nporpammubi 4

<style>

.s1 {font-size: 1 2pt;font-family: Times New Roman,}

.sla {font-size: 10pt,font-family: Tahoma;,}

</style>

<table border=0 width=100% class=s1>

<tr>

<td bgcolor=ffffcc valign=top>

<img src="embl_kit_si.gif" border=0 align=absmiddle>

<b>3. 3adaua broggona</b>

</td>

<td bgcolor=ffffcc valign=top align=right>

© Casuenxo H.B., 2008

</td>

</tr>

<tr>

<td bgcolor=ffifcc valign=top width=50%>

<span ID=grl> </span>

</td>

<td bgcolor=ffffcc valign=top>

<b><u>Ilocmanosxa sadauu</u></b>

<input type="button" name="b 1" value="Iloopoonee" onclick="f id(1)"
class=nsh>

<div ID="n_1"> Inockocmov  pasepagpnena napanienoHblMU  NPAMbIMU,
omemosyumu Opye om opy2a Ha paccmosiHuu d.

Ha naockxomv nayoauy o6pocaiomcs uenvt oaunvt <i>l (I < a)</i>. Haiimu
8EPOSIMHOCMb MO20, YMO U2id

nepeceuem  Kakylo-wu6yob — npamyio. (Imedenxko B.B. Kypc meopuu
6eposimHocmett)

</j>

</div>

<p><b><u>Ilapamempvi</u></b>

<br>Paccmosinue mexcoy npamvimu a=1

<br>Konuuecmeso uen N=

<input type="button" value="-" class=sla onclick="f ch_sel(-1,'sell')"><select
name="sell" class=s1 onchange="f change par()">

<option value="5">5</option>

<option value="10">10</option>

<option value="20">20</option>
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<option value="50">50</option>

<option value="100">100</option>

<option value="200" selected>200</option>

<option value="500">500</option>

<option value="1000">1000</option>

<option value="2000">2000</option>

</select><input type="button" value="+" class=sla
onclick="f ch_sel(l,'sell’)">

<br>Omuocumenvhas onuna uenvt <i>[=</i>

<input type="button" value="-" class=sla onclick="f ch_sel(-1,'sel2')"><select
name="sel2" class=s1 onchange="f change par()">

<option value="0.1"> 0.1</option>

<option value="0.2"> 0.2</option>

<option value="0.3"> 0.3</option>

<option value="0.4"> 0.4</option>

<option value="0.5"> 0.5</option>

<option value="0.6" selected> 0.6</option>

<option value="0.7"> 0.7</option>

<option value="0.8"> 0.8</option>

<option value="0.9"> 0.9</option>

<option value="1.0"> 0.99 </option>

</select><input type="button" value="+" class=sla
onclick="f ch_sel(l,'sel2')">

<br>Illaz cucmoepammol

<input type="button" value="-" class=sla onclick="f ch_sel(-1,'sel3")"><select
name="sel3" class=s1 onchange="f change par()">

<option value="0.05"> 0.05</option>

<option value="0.1" selected> 0.1</option>

<option value="0.15"> 0.15</option>

<option value="0.2"> 0.2</option>

<option value="0.25"> 0.25 </option>

<option value="0.3"> 0.3</option>

</select><input type="button" value="+" class=sla
onclick="f ch_sel(l,'sel3')">

’

<p><input  type="button"  value="Ilpogecmu  ucneimanus"  class=sl

onclick="graphl()">
<input type="checkbox" name="chbl" class=s1>
<input  type="button"  value="Ouucmumo  [ucmoepammy"”  class=sl

onclick="clr_buf()">
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<p><b><u>Pesyrbmamul</u></b>
<br><span ID=res1> </span>
</td>

</tr>

<tr>

<td bgcolor=ffffcc valign=top><span ID=gr2> </span></td>
<td bgcolor=ffffcc valign=top>
<b><u>l'ucmoepamma</u></b>
<br><span ID=res2> </span>
</td>

</tr>

</table>

<script>

var pgr = new Array(10),
var maxbuf=21,initbuf=-10;
var bufx = new Array(21);
var bufy = new Array(21);
var bufyl = new Array(21);

var sumx,Summx,Sumy,summy,;

buf init();
graphl();

function buf init()

{

var i;

for (i=0;i<maxbuf}i++)
{

bufy[i]=0;

bufyl[i]=0;

bufx[i] =initbuf+i;

/

}

function clr_buf()

{

buf init();
document.all.res2.innerHTML="";
document.all.gr2.innerHTML="""
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/

function add_buf(gx)

{

var sbuf="",sumbuf=0;
var max_value_buf1=0;
var smx=0, sdx=0;

for (i=0;i<maxbuf;i++)

l'{f (gx==bufx[i])

bufy[i] ++;
break;

/
for (i=0;i<maxbuf}i++) sumbuf+=bufy[i];

for (i=0;i<maxbuf}i++)

{

bufy1[i] =bufy[i]/sumbuf;
bufyl[i]=Math.round(bufy1[i]*100)/100;

/

for (i=0;i<maxbuf;i++) if
max_value_bufl=bufyl[i];

// Botuucinsiem mamemamuueckoe odcuoanue

for (i=0;i<maxbuf}i++) smx+=bufx[i] *bufy1[i],

// Botuucnsiem mamemamuueckoe oucnepcuio

(bufyl[i]>max_value bufl)

for (i=0;i<maxbuf}i++) sdx+=(bufx[i]-smx) *(bufx[i]-smx) *bufy1[i] ;

sdx=Math.sqrt(sdx)

sbuf="<b>M[x]="+Math.round(smx*100)/100+"
?="+Math.round(sdx*100)/100+"</b><br>";

sbuf+="<table rules=rows cellpadding=1 cellspacing=0 class=sla>"

sbuf+="<td align=center>Hnumepsanor"+"</td>"

sbuf+="<td align=center>Konuuecmso<br>nabnodenuii"+"</td>"
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sbuf+="<td align=center>Yacmomut"+"</td>"

for (i=0;i<maxbuf}i++)

{

sbuf+="<tr>"

sbuf+="<td align=center>"+bufx[i] +"</td>"
sbuf+="<td align=center>"+bufy[i] +"</td>"
sbuf+="<td align=center>"+bufyl [i]+"</td>"
sbuf+="</tr>"

}

sbuf+="</table>"
document.all.res2.innerHTML=sbuf;

per[2]="-10|-9|-8|-7|-6|-5|-4|-3|-2|-1]0]0|1)2|3|4|5]6|7|8|9|10";
per[3]="0.010.1]0.2]0.30.4|0.5]0.6/0.7|0.8|0.9|1.0";

if (max_value buf1<0.7) pgr{3]="0.0/0.110.2|0.3]0.4]0.5|0.6]0.7";
if (max_value_buf1<0.5) pgr{3]="0.0|0.110.2|0.3|0.4]0.5";
if (max_value buf1<0.3) pgr{3]="0.010.110.20.3";

per[5]="9999",
pgr[6]="Homep unmepsana’;

pgr[7]="Hacmoma "+"M[x]="+Math.round(smx*100)/100+"
?="+Math.round(sdx*100)/100;

per(8]="119900";

pgr[9]=2;

sumx="""

sumy="";

for (i=0;i<maxbuf;i++)
{

sumx+=bufx[i]+"|";
sumy+=bufyl [i]+"|";
/

pgr[0] =sumx;
par{1]=sumy;
pgr[4]=maxbuf+"|";
getArg("gr2")

/
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function graphl()

var x1,y1,x2,y2;

var a=1.00, [=0.75;

var i, num=200,p=0,pi,phi,x,y,a05=a*0.5,105;
var dx=35,dy=35,dxi,dyi;

var dg,dg05;

pi=Math.PI;

num=1%*document.all.sell.options[document.all.sell .selectedIndex].value,
I=1*document.all.sel2.options[document.all.sel2.selectedIndex] .value,
105=1%0.5,
dg=1*document.all.sel3.options[document.all.sel3.selectedIndex].value;
dg05=dg*0.5;

pgr[2]="0.011.0|12.0|3.04.0|5.0";
pgr[3]="0.011.0|12.0|3.04.0|5.0";
pgr{5]=""

pgr{6]="";

perl7]=";

per[8]="red";

per[9]=2;

Sumx= rm,.

sumy= rm,.

numx=""

for(i=0;i<num,i++)

{

phi=pi*Math.random(),
x=dx*Math.random();
y=dy*Math.random(),

sinl=Math.sin(phi),
cos1=Math.cos(phi)

yI=x+105*sinl;
y2=x-105*sinl;,
ylt=Math.floor(y1l)
y2t=Math.floor(y2)
yt=Math.abs(y2t-ylt)
xI1=y+l05*cosi;
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x2=y-105*cos1;

sumx+=Math.round(x1*100)/100+"|";
sumx+=Math.round(x2*100)/100+"|";

sumy+=Math.round(y1*100)/100+"|";
sumy+=Math.round(y2*100)/100+"|";
numx+="2|"

if (vt>0)

{

pr+;
per[5]+="9999f";
ilse

{

fgr[ 5]+="{f9900|";
/

pgr[0]=sumx;
pgrl[1]=sumy;
pgr[4]=numx;

’

getArg("grl")

sres="Yucno uen, nepecexuux npamvle TuHUlL, pasro "+p

p/=num;

sres+="<br>Yacmoma nepeceuenus runuu pasna "+Math.round(p*1000)/1000
p=2*l/a/p;

sres+="<br>IIpusedennoe uucno ?* pasrno "+Math.round(p*1000)/1000
p=p-Math.PI

dpi=p;

s_dpi=I; if (dpi<0) s_dpi=-1;

dpi=Math.abs(dpi),

if (dpi<=dg03)

ndpi=0

else

ndpi=Math.round((dpi-dg05)/dg+0.5)

ndpi*=s_dpi,

89

sres+="<br>Omxknonenue ?* om mouno20 3HAUeHUs yucia ? PaGHO
"+Math.round(p*1000)/1000

sres+="<br>Omxnonenue 8 wazax scucmozpammol paguo "+ndpi
document.all.resl.innerHTML=sres;

add_buf(ndpi),

/

function getArg(sl)

{

s="<OBJECT classid="clsid:D27CDBG6E-AE6D-11cf-96B8-444553540000'
codebase="http://download.macromedia.com/pub/shockwave/cabs/flash/swflash.
cab#version=6,0,0,0' WIDTH='450" HEIGHT='380" id='Igraph3' ALIGN="
border=0>"

s+="<PARAM NAME=movie VALUE='"Igraph3.swf’>"

s+="<PARAM NAME=flashvars
VALUE='s _dx="+pgr[9]+"&s xmas="+pgr[0]+"&s ymas="+pgr[l]+"&s xm
t="+pgr[2]+"&s ymt="+pgr[3]+"&s nmas="+pgr{4]+"&s bgcol="+pgr[5]
+"&text]="+pgr[6]+"&text2="+pgr[7]+"&bgcol2="+pgr[8]+"&">"
s+="<PARAM NAME=loop VALUE=false>"

s+="<PARAM NAME=quality VALUE=high>"

s+="<PARAM NAME=bgcolor VALUE=#FFFFcc>"

s+="</OBJECT>"

eval("document.all."+s1+".innerHTML=s");

/

function f change_par()

{
document.all.grl.innerHTML="""

document.all.resl.innerHTML="";

clr_buf();
if (document.all.chb1.checked) graphl();

/

function | ch_sel(tsh,namesel)

{

var maxsel=eval("document.all."+namesel+".length")-1
var curtsh=eval("document.all."+namesel+".selectedIndex")
if (tsh==1 && curtsh<maxsel)

eval("document.all."+namesel+".selectedIndex++")
f change par()
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/
if (tsh==-1 && curtsh>0)

eval("document.all."+namesel+".selectedIndex--")
f change par()
/

}

var flag 1=true;

s_1=document.all.n_l.innerHTML,;document.all.n_1.innerHTML=""

function f id(pk)
{

if (eval("flag_"+pk))
{eval("document.all.n_"+pk+".innerHTML=s "+pk);
eval("document.all.b_"+pk+".value='Cgepnyms'");
eval("flag "+pk+"=false");}

else {eval("document.all.n_"+pk+".innerHTML="");
eval("document.all.b_"+pk+".value='Tloopoono'");
eval("flag "+pk+"=true");

/

}

</script>
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Koa nporpammsi 5

<style>
.s1 {font-size: 1 2pt;font-family: Times New Roman,}
.sla {font-size: 10pt,font-family: Tahoma,}
</style>
<table border=0 width=100% class=sl cellpadding=5>
<tr>
<td bgcolor=ffffcc valign=top width=50%>
<img src="embl_kit_si.gif" border=0 align=absmiddle>
<b>5. /luckpemmnuie pacnpedenenus. Cxema bepuyiu</b>
</td>
<td bgcolor=ffffcc valign=top width=50% align=right>
© Casuenxo H.B., 2008
</td>
</tr></table>
<table border=0 width=100% class=s! cellpadding=2>
<tr>
<td bgcolor=ffffcc valign=top width=50%><span ID="grl"></span></td>
<td bgcolor=ffffcc valign=top><span ID=res1></span></td>
<td bgcolor=ffffcc valign=top><b><u>Memoo sviuucrenus</u></b>
<input type="button" name="b 1" value="Iloopoobuee" onclick="f id(1)"
class=nsh><div ID="n_1">
<i>  [Ipouzeooumcs nociedo8ameibHOCMb N HE3A6UCUMBIX UCHbLIMAHUL, 6
Kasicoom u3 Komopwix coovimue A
Modicem npousotimu ¢ OOHOU U MOU Jice 6eposmHocmblo p. Beposmnocmo
P<sub>n</sub>(k) mozo, umo cobvimue
A npousotioem npu k KaAKux-mo UCHBIMAHUAX, A HPU OCMATbHLIX N-k He
npousolidem, pagua
<br><center>P<sub>n</sub>(k) =
C<sub>n</sub><sup>k</sup>p<sup>k</sup>(1-p)<sup>n-
k</sup>.</center>

30ece C<sub>n</sub><sup>k</sup> oznauaem uyucno covemanuti u3 n no k.
<br> [lpu neocpanuieHHOM 803pACMANUU YUCIA UCHBIMAHUL N U YMEHbULEHUU
seposimuocmu  p cobvimus A max, umo np=? ocmaemcs HNOCMOAHHOU,
8EPOSIMHOCHIb
P<sub>n</sub>(k) npu k=0, 1, 2, ... cmpemumcs k npedeny (gpopmyra
Ilyaccona)
<br><center>Il(k) = ?<sup>k</sup>e<sup>-k</sup>/k! .</center>
<br> (Jloxanvnas meopema Myaspa-Jlannaca). Eciu uucio He3a8ucumvlx
UCnvLImanuil
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N HeO2PAHUYEHHO 803pACMAem, d 8ePOSMHOCHb NOSGIEHUsL CODLIMUS 8 KANCOOM
U3 UCTILIMAHUL NOCTNOAHHA U OMAUYHA

om Myl U eOuHuyvl, BePOSIMHOCMb NOAGNEHUs po6HO k cobvimuii 8 n
UCTILIMHAHUSX NPUOTUNCCHHO PABHA

<br><img src="/db_img/a4_nvsl0/a0/dbinoml.gif" border=0
align=absmiddle>
<br> Qynxyuss  pacnpedenienuss  OUCKPEMHOU  CAVYAUHOU — GelUYUHDBI

onpeodeisiemcs KaKk

<br><center><img src="/db_img/a4_nvs10/a0/dbinom2.gif" border=0
align=absmiddle></center>

</i>

</div>

<b><u>Illapamempor</u></b>

<br><select name="sel6" class=s1 onchange="f change_ par()">

<option value="0" selected> Ilnomnocms pacnpedenenus </option>

<option value="1"> @ynxyus pacnpedenrenun</option>

</select>
<div align=right>
Tounocms
<input type="button" value="-" class=sla onclick="f ch_sel(-1,'sel2')"><select

name="sel2" class=s1 onchange="f change par()">

<option value="10"> 1</option>

<option value="100"> 2</option>

<option value="1000" selected>3 </option>

<option value="10000">4</option>

<option value="100000">5</option>

<option value="1000000">6</option>

</select><input type="button" value="+" class=sla
onclick="f ch_sel(l,'sel2')"></div>

Yucro<br>ucnvimanuii n =

<input type="button" value="-" class=sla onclick="f ch_sel(-1,'sell')"><select
name="sell" class=s1 onchange="f change par()">
<option value="4"> 4</option>

<option value="6"> 6</option>

<option value="8"> §</option>

<option value="10" selected> 10</option>

<option value="12">12</option>

<option value="16">16</option>

<option value="18">18</option>

<option value="20">20</option>
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<option value="50">50</option>

<option value="100">100</option>

<option value="400">400 </option>

</select><input type="button" value="+" class=sla
onclick="f ch_sel(l,'sell’)">

<p>Beposmnocmb<br>ycnexa p =

<input type="button" value="-" class=sla onclick="f ch_sel(-1,'sel3')"><select
name="sel3" class=s1 onchange="f change par()">

<option value="0.01"> 0.01 </option>

<option value="0.1"> 0.1</option>

<option value="0.2"> 0.2</option>

<option value="0.3"> 0.3</option>

<option value="0.4" selected> 0.4</option>

<option value="0.5"> 0.5</option>

<option value="0.6"> 0.6</option>

<option value="0.7"> 0.7</option>

<option value="0.8"> 0.8</option>

<option value="0.9"> 0.9</option>

<option value="0.99"> 0.99</option>

</select><input type="button" value="+" class=sla
onclick="f ch_sel(l,'sel3')">
<p><input type="button" value="Boiuucaums" class=sla

onclick="clrl();f calc()">

<input type="checkbox" name="chbl" class=s1>

<input type="button" value="Cpasnums" class=sla
onclick="clr1();f comp_calc()">

<input type="checkbox" name="chb2" class=s1>

<input type="button" value="x" class=sla onclick="clrl()">

</td>

</tr>

</table><table border=0 width=100% class=s1 cellpadding=2>

<tr>

<td bgcolor=ffffcc valign=top width=50%><span ID=gr2></span></td>

<td bgcolor=ffffcc valign=top><span ID=res2></span></td>

<td bgcolor=ffffcc valign=top>

<u><b>IIpamoe modenuposanue</b></u>

<br><input type="button" value="Ouucmumv ['ucmoepammy" class=sl
onclick="clr_buf()">

<br>Illaz cucmoepammol

<input type="button" value="-" class=sla onclick="f ch_sel(-1,'sel5')"><select
name="sel5" class=s1 onchange="f change par()">
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<option value="0.05"> 0.05</option>

<option value="0.1" selected> 0.1</option>

<option value="0.15"> 0.15</option>

<option value="0.2"> 0.2</option>

<option value="0.25"> 0.25 </option>

<option value="0.3"> 0.3</option>

</select><input type="button" value="+" class=sla
onclick="f ch_sel(l,'sel5')">

<br>Konuuecmso cepuii UCnbIManutl

<input type="button" value="-" class=sla onclick="f ch_sel(-1,'sel4')"><select
name="sel4" class=s1">

<option value="10"> 10</option>

<option value="50"> 50</option>

<option value="100"> 100</option>

<option value="250" selected> 250</option>

<option value="500"> 500</option>

<option value="1000"> 1000</option>

<option value="2000"> 2000</option>

<option value="5000"> 5000</option>

<option value="10000"> 10000 </option>

</select><input type="button" value="+" class=sla
onclick="f ch_sel(l,'sel4')">

<br><input type="button" value="Buvimornums ucnweimanus" class=sla
onclick="f calcl()">

</td>

</tr>

<tr>

<td bgcolor=ffffcc valign=top><span ID=gr3> </span></td>

<td bgcolor=ffffcc valign=top colspan=2>

<span ID=res3> </span>

</td>

</tr>

</table>

<script>

var pgr = new Array(10),;
var maxbuf=21,initbuf=-10;
var bufx = new Array(21);
var bufy = new Array(21);
var bufyl = new Array(21);
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buf init()

var flag 1=true;

/var flag 2=true;

/var flag 3=true;
s_I=document.all.n_Il.innerHTML,;document.all.n_1.innerHTML=",;
//s_2=document.all.n_2.innerHTML;document.all.n_2.innerHTML=""
//s_3=document.all.n_3.innerHTML;document.all.n_3.innerHTML=""

function f id(pk)
{

if (eval("flag_"+pk)
{eval("document.all.n _"+pk+".innerHTML=s "+pk);
eval("document.all.b_"+pk+".value='Ceepryms'");
eval("flag "+pk+"=false");}

else {eval("document.all.n_"+pk+".innerHTML="");
eval("document.all.b_"+pk+".value="Tloopoono'");
eval("flag_"+pk+"=true");

/

}

Sfunction getArg(sl)

{

s="<OBJECT classid="clsid:D27CDBG6E-AE6D-11cf-96B8-444553540000'
codebase="http://download. macromedia.com/pub/shockwave/cabs/flash/swflash.
cab#version=6,0,0,0' WIDTH='450" HEIGHT='380" id='Igraph3’' ALIGN="
border=0>"

s+="<PARAM NAME=movie VALUE='"Igraph3.swf’>"

s+="<PARAM NAME=flashvars
VALUE='s_dx="+pgr[9]+"&s _xmas="+pgr[0]+"&s ymas="+pgr[l]+"&s xm
t="+pgr[2]+"&s ymt="+pgr[3]+"&s nmas="+pgr{4]+"&s bgcol="+pgr[5]
+"&text]="+pgr{6] +"&text2="+pgr[7]+"&bgcol2="+pgr[8]+"&">"
s+="<PARAM NAME=loop VALUE=false>"

s+="<PARAM NAME=quality VALUE=high>"

s+="<PARAM NAME=bgcolor VALUE=#FFFFcc>"

s+="</OBJECT>"

eval("document.all."+s1+".innerHTML=s"),

}

function fzn(t)

96



{

var z;

z=I1*document.all.sel2.options[document.all.sel2.selectedIndex].value,

return Math.round(t*z)/z;

/

function | ch_sel(tsh,namesel)

{

var maxsel=eval("document.all."+namesel+".length")-1
var curtsh=eval("document.all."+namesel+".selectedIndex")
if (tsh==1 && curtsh<maxsel)

eval("document.all."+namesel+".selectedIndex++")

f change par()

}

if (tsh==-1 && curtsh>0)

{
eval("document.all."+namesel+".selectedIndex--")
f change par()

/

/

function clrl()

{

-

document.all.resl.innerHTM,
document.all.grl.innerHTML=""

}

function f comp_calc()

{
var mp = new Array (501);

var mpl = new Array (501);
var mp2 = new Array (501);

clrl();

var n,p,k,sbufl="",maxv,
var mxp=0,mxp1=0,mxp2=0,dxp=0,dxp1=0,dxp2=0;

n=1*document.all.sell.options[document.all.sell.selectedIndex].value;
p=1*document.all.sel3.options[document.all.sel3.selectedIndex].value;

for (k=0;k<=n;k++)
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mp/[k]=pbinom(n,k,p);
mxp+:k*mp[k],'

mpl[k]=dpois(n,k,p),
mxpl+=k*mpl[k];

mp2[k]=dmuar(n,k,p);
mxp2+=k*mp2[kj;
}

for (k=0;k<=n;k++)

{

dxp+=(k-mxp)*(k-mxp) *mp[k] ;
dxpl+=(k-mxpl)*(k-mxpl)*mpl[k],
dxp2+=(k-mxp2) *(k-mxp2) *mp2 [k] ;
/

namep= "p VI).

if (document.all.sel6.selectedIndex==1)

{

for (k=1 k<=n;k++) mp[k]+=mp[k-1];
for (k=1;k<=n;k++) mpl[k]+=mpl[k-1];
for (k=1;k<=n;k++) mp2[k]+=mp2[k-1];
namep="®o";

/

sbufl+="<table  rules=rows cellpadding=1 cellspacing=2  class=sla
align=center>";

sbufl+="<tr><td> </td><td align=center>k</td><td> </td>";
sbufl+="<td align=center bgcolor=ff9900> "+namep+"<sub>n</sub>(k)
<Mtd><td> </td>";

sbufl+="<td align=center bgcolor=9999f> "+namep+'"pk) </td><td>
</ld>",'

sbufl+="<td align=center bgcolor=99f99> "+namep~+"<sub>ml</sub>(k)
<Mtd><td> </td><tr>";

Jor (k=0;k<=n;k++)
{

sbufl+="<tr><td> </td><td align=center>"+k+"</td><td> </td>";
sbufl+="<td align=right>"+fzn(mp[k])+"</td><td> </td>";
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sbufl+="<td align=right>"+fzn(mp1[k])+"</td><td> </td>";
sbufl+="<td align=right>"+fzn(mp2[k])+"</td><td> </td></tr>";
/

sbufl+="<tr><td> </td><td align=center>M/[X]</td><td> </td>",;
sbufl+="<td align=right>"+fzn(mxp)~+"</td><td> </td>",
sbufl+="<td align=right>"+fzn(mxpl)+"</td><td> </td>";
sbufl+="<td align=right>"+fzn(mxp2)+"</td><td> </td></tr>";

sbufl+="<tr><td> </td><td align=center>D[x]</td><td> </td>";
sbufl+="<td align=right>"+fzn(dxp)+"</td><td> </td>";
sbufl+="<td align=right>"+fzn(dxp1)+"</td><td> </td>";
sbufl+="<td align=right>"+fzn(dxp2)+"</td><td> </td></tr>";

sbuf1+="<tr><td> </td><td align=center>?</td><td> </td>",;
sbufl+="<td align=right>"+fzn(Math.sqrt(dxp))+"</td><td> </td>";
sbufl+="<td align=right>"+fzn(Math.sqrt(dxp1))+"</td><td> </td>",
sbufl+="<td align=right>"+fzn(Math.sqrt(dxp2))+"</td><td> </td></tr>";

Sfor (kk=0;kk<2;kk++)

{

sbuf1+="<tr><td> </td><td align=center> </td><td> </td>";
sbuf1+="<td align=right> </td><td> </td>"

sbufl+="<td align=right> </td><td> </td>";

sbufl+="<td align=right> </td><td> </td></tr>";

/

sbufl+="</table>",

perl2]="0)"

stp=1; pgr[9]=5;

if (n>=20 && n<=50) {stp=5, pgr[9]=3,}

if (n>=51 && n<=100) {stp=10; pgr{9]=2;}
if m>=101 && n<=500) {stp=25; pgr(9]=1,}

fOV (k:];k<n;k++) lf(k %Stp == 0)pgi’[2]+:k+”\ N’.
per[2]+=n;

maxv=mp[0];
for (k=1;k<=n;k++) if (mp[k]>maxv) maxv=mp[k];
for (k=0;k<=n;k++) if (mpl [k]>maxv) maxv=mpl[k],
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for (k=0;k<=n;k++) if (mp2[k]>maxv) maxv=mp2[k],

yst=0.1; if (maxv<=0.3) yst=0.05
num_sc_y=Math.ceil(maxv/yst)

pgr[3]="0.0"

for (k=1 k<num_sc_y;k++) pgr[3]+=yst*k+"|";
pgr[3]+=yst*k;

Per(6]="k";
per(7]="P(k),Pp(k).Pmi(k)";

if (document.all.sel6.selectedIndex==1) pgr[7]="d(k), Pp(k), Dml(k)";

per(8]="f19900";

pgr[o —_n r/).

pgr[] — m/).

pgr[4]: NH;
per[5]="{9900!";

if (document.all.sel6.selectedIndex==0)
{

for (k=0;k<=n;k++)
{

pgr[0]+:k+ II| r/,.
per[1]+=mp[K] +")";
/

per(4]+=n+1+"";

per[5]+="9999]";
for (k=0;k<=n;k++)
{

pgr(0]+=k+"|";
pgr[1]+=mpl[kj+"|";

perl4]+=n+1+"";

pgr[5]+="99(99|";
for (k=0;k<=n;k++)

{
pgr[0]+:k+"| u),
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perl1]+=mp2[k]+"";

/

perl4]+=n+1+"";

if (document.all.sel6.selectedIndex==1)

{

for (k=0;k<n-1;k++)

{

pgr[()]_'_:k_j’_ U| U_j’_(k_'_l) + N| l/+(k+1)+ N| N’.
pgr[1]+=mp[k]+"|"+mp[k] +"|"+mp[k+1]+"|";
perl4]+="3|";

per{5]+="(/9900)";

/

per[0] +=k+"|"+(k+1)+"|";
pgr(1]+=mp[k]+"|"+mp[k]+"|";
per(4]+="2|";
per[5]+="§9900]";

for (k=0;k<n-1;k++)

{

pgr[()]_'_:k_j’_ U| U_j’_(k_'_l) + N| l/+(k+1)+ N| N’.
pgr[1]+=mpl[k]+"|"+mpl[k]+"|"+mpl[k+1]+"|";
perl4]+="3|";

per[5]+="9999f";

/

pgr[0]+:k+ll| VI+(k+1)+H| ’I,.
per[1]+=mp 1] +"" tmp1 [k] +"]";
perl4]+="2|";

per[5]+="9999f";

for (k=0;k<n-1;k++)

{

pgr[0]+:k+ U| U_j'_(k_'_l) + N| l/+(k+1)+ N| N’.
pgr[1]+=mp2[kj+"|"+mp2[k]+"|"+mp2[k+1]+"";
perl4]+="3|";

pgr[3]+="99(99|";

/

per[0]+=k+"|"+k+1)+"|";
per[1]+=mp2[k]+"|"+mp2 [k]+"|";
perl4]+="2|";
per[5]+="9999|";

101

/
getArg("grl")
document.all.resl.innerHTML=sbufl;

}

function dpois(n,k,p)

{

var 1,j,sdpois=1.0;

I=n*p;

for (j=1,j<=k;j++) sdpois*=l/j;
return sdpois*Math.exp(-1),

/

function dmuar(n,k,p)

{

var x;

x=(k-n*p)/Math.sqrt(n*p*(1-p))

return Math.exp(-x*x/2)/Math.sqrt(2*Math.P[*n*p*(1-p)),
/

Sfunction [~ calc()

{
var mp = new Array (501);

nn

var n,p,k,sbuf=""maxv;,
var mx=0.0,dx=0.0;

clrl(),
n=1*document.all.sell.options[document.all.sell.selectedIndex].value;
p=1*document.all.sel3.options[document.all.sel3.selectedIndex].value;
for (k=0;k<=n;k++)

{
mp[k]=pbinom(n,k,p);

Jor (k=0;k<=n;k++)
mx+=mp[k] *k;

for (k=0;k<=n;k++)
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dx-+=(k-mx) *(k-mx) *mp k] ;

namep="P";

if (document.all.sel6.selectedIndex==1)
{

for (k=1;k<=n;k++) mp[k]+=mp[k-1];
namep="®0";

}

sbuf+="<table  rules=rows  cellpadding=1  cellspacing=2  class=sla
align=center>";

sbuf+="<tr><td> </td><td align=center>k</td><td> </td>";

sbuf+="<td align=center>"+namep+"<sub>n</sub>(k)</td><td>
</td></tr>";

for (k=0;k<=n;k++)

{

sbuf+="<tr><td> </td><td align=center>"+k+"</td><td> </td>";
sbuf+="<td align=right>"+fzn(mp[k])+"</td><td> </td></tr>";

}

sbuf+="<tr><td> </td><td align=center>M|[x]</td><td> </td>";
sbuf+="<td align=right>"+fzn(mx)+"</td><td> </td></tr>";
sbuf+="<tr><td> </td><td align=center>D[x]</td><td> </td>";
sbuf+="<td align=right>"+fzn(dx)+"</td><td> </td></tr>";
sbuf+="<tr><td> </td><td align=center>?</td><td> </td>";

sbuf+="<td align=right>"+fzn(Math.sqrt(dx))+"</td><td> </td></tr>"
sbuf+="<tr><td> </td><td align=center>np</td><td> </td>";

sbuf+="<td align=right>"+fzn(n*p)+"</td><td> </td></tr>"
sbuf+="<tr><td> </td><td align=center>npq</td><td> </td>";

sbuf+="<td align=right>"+fzn(n*p*(1-p))+"</td><td> </td></tr>";

sbuf+="</table>";

per(2]="0]"

stp=1; pgr[9]=5;

if (m>=20 && n<=50) {stp=5; pgr[9]=3;}

if m>=51 && n<=100) {stp=10; pgr[9]=2;}
if (n>=101 && n<=500) {stp=25; pgr[9]=1,}

Jor (k=1:k<n:k++) if (k % stp == 0) pgr[2] +=k+"|";
pgr[2]+=n;
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maxv=mp[0];

for (k=1;k<=n;k++) if (mp[k]>maxv) maxv=mp[k];
yst=0.1;

if (maxv<=0.30) yst=0.05
num_sc_y=Math.ceil(maxv/yst)

pgr[3]="0.01"

for (k=1;k<num_sc_y;k++) pgr[3]+=yst*k+"|";
pgr[3]+=yst*k;

pgr[5]: m/).
pgr[6] o Ifk",.
perl7]="P(4)";

if (document.all.sel6.selectedIndex==1) pgr[7]="dk)",

per(8]="119900";

pgr[()]: vw;
pgl”[I]: vw;
pgr[4]: vw;

if (document.all.sel6.selectedIndex==0)
{

Jor (k=0;k<=n;k++)

{

pgr[0]+:k+’l| Vl+k+ Nl "’.

pgr[I]_'_: ”()| /V+mp[k]+//| ";

per(4]+="2|";
per[5]+="9999";
;

;

if (document.all.sel6.selectedIndex==1)

{
for (k=0:k<n-1;k++)

{

pgr[0]+:k+ll| VI+(k+1)+H| Il+(k+])+ﬂ| ",.
perl1]+=mp[k]+"| " tmp[k] +"| " mp{k+ 1]+
perl4]+="3|";
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per[5]+="9999f1";
/

pgr[0]+:k+ll| VI+(k+1)+H| ’I,.
perl1]+=mp[k]+"| "t mp[k] +"";

perl4]+="2]"
per[5]+="9999";
;

getArg("grl")
document.all.resi.innerHTML=sbuf;

}

function f calcl()

{

var mp = new Array (501);
var mpl = new Array (501);
var n,p,k,sbuf=""maxv;,

var mx=0.0,dx=0.0;

var i,nn,npp;

n=1*document.all.sell.options[document.all.sell.selectedIndex].value;
p=1*document.all.sel3.options[document.all.sel3.selectedIndex].value;

nn=1*document.all.sel4.options[document.all.sel4.selectedIndex].value,

for (k=0;k<=n;k++) mp[k]=0.0;

Jor (i=0;i<nn;i++)

{

npp=0,

Jfor (k=0;k<n;k++) {if (Math.random()>1-p) npp++;}

mp[npp]++;

for (k=0;k<=n;k++)
{
mpl[k]=mp[k]/nn;

;np[ kj=fzn(mp1[kj)

sbuf+="<table rules=rows cellpadding=1 cellspacing=2 class=sla>";
sbuf+="<tr><td> </td><td align=center>k</td><td> </td>";
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sbuf+="<td align=center>P<sup>*</sup><sub>n</sub>(k)</td><td>

</td></tr>";

Jor (k=0;k<=n;k++)

{

sbuf+="<tr><td> </td><td align=center>"+k+"</td><td> </td>";
sbuf+="<td align=right>"+mp[k]+"</td><td> </td></tr>";

sbuf+="</table>";

for (k=0;k<=n;k++) mx+=mpl [k] *k;
sbuf+="<br>M<sup>*</sup>[x] = "+fzn(mx),
for (k=0;k<=n;k++) dx+=(k-mx)*(k-mx) *mp 1 [k];

shuf+="<br>D<sup>*</sup>[x] = "+fzn(dx);
sbuf+="<br>?<sup>*</sup> = "+fzn(Math.sqrt(dx));

document.all.res2.innerHTML=sbuf;

per[2]="0]"

stp=1; pgr[9]=5;

if (n>=20 && n<=50) {stp=5, pgr[9]=3,}

if m>=51 && n<=100) {stp=10; pgr[9]=2;}
if (m>=101 && n<=500) {stp=25; pgr[9]=1;}

Jor (k=1:k<n:k++) if (k % stp == 0) pgr[2] +=k+"|";
pgr[2]+=n;

maxv=mp[0];

for (k=1;k<=n;k++) if (mp[k]>maxv) maxv=mp/[k],
yst=0.1; if (maxv<l1.5) yst=0.05
num_sc_y=Math.ceil(maxv/yst)

pgr[3]="0.0]"

for (k=1 k<num_sc_y;k++) pgr[3]+=yst*k+"|";
per[3]+=yst*k;

pgr[5 :m/’.
pgr[6]: Ifk"’.
pgr[7]="P*(k)";
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per(8]="119900";

pgr[o —_n r/).

pgr[] — m/).

pgr[4]: m/).

for (k=0;k<=n;k++)

{

pgr[()] + :k+ U| !/+k+ H| ”’.
pgr[1]+="0|"+mp[k]+"|";
pgr[4]+="2|";

fgr[ S]+="00/1";

getArg("gr2")

dg=1*document.all.sel5.options[document.all.sel5.selectedIndex].value;

dg05=dg*0.5;

pl=mx-p*n;

dpi=pl;

s_dpi=1, if (dpi<0) s_dpi=-1;
dpi=Math.abs(dpi),

if (dpi<=dg05)

ndpi=0

else
ndpi=Math.round((dpi-dg05)/dg+0.5)
ndpi*=s_dpi,

add_buf(ndpi),

}

function f change_par()
{

document.all.resl.innerHTML=""
document.all.grl.innerHTML=""
document.all.res2.innerHTML=""
document.all.gr2.innerHTML=""
document.all.res3.innerHTML=""
document.all.gr3.innerHTML=""

buf init()

if (document.all.chbl.checked &&
{clrl(),f comp calc()}

else

if (document.all.chbl.checked) {clri(),f calc()}

document.all.chb2.checked)
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}

function clr_buf()

{

buf init();
document.all.res3.innerHTML="";
document.all.gr3.innerHTML="",

}

function add_buf(gx)

{
var sbuf="",sumbuf=0;

var max_value_buf1=0;
var smx=0, sdx=0;

for (i=0;i<maxbuf}i++)
i{ (gx==bujfx[i])

bufy[i] ++;

break;

/

for (i=0;i<maxbuf}i++) sumbuf+=bufy[i];
for (i=0;i<maxbuf}i++)

{

bufyl[i] =bufy[i]/sumbuf;

bufyl[i] =Math.round(bufy1[i] *100)/100;
/

for (i=0;i<maxbuf;i++) if (bufyl[i]>max_value bufl)
max_value bufl=bufyl[i];

// Boluucisiem mamemamuueckoe oxcuoanue

for (i=0;i<maxbuf}i++) smx+=bufx[i] *bufy1[i];

// Buluucnsiem mamemamuyeckoe OUCnepcuro

for (i=0;i<maxbuf}i++) sdx+=(bufx[i]-smx)*(bufx[i]-smx) *bufy1[i] ;

sdx=Math.sqrt(sdx)
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sbuf="<b>M[x]="+Math.round(smx*100)/100+"
?="+Math.round(sdx*100)/100+"</b><br>";

sbuf+="<table rules=rows cellpadding=1 cellspacing=0 class=sla>"
sbuf+="<tr><td align=center>Humepsanol"+"</td>"

sbuf+="<td align=center>Konruuecmeo<br>uabmoodenuii"+"</td>"
sbuf+="<td align=center>Yacmomut"+"</td></td>"

for (i=0;i<maxbuf;i++)

{

sbuf+="<tr>"

sbuf+="<td align=center>"+bufx[i] +"</td>"
sbuf+="<td align=center>"+bufy[i] +"</td>"
sbuf+="<td align=center>"+bufyl [i]+"</td>"
sbuf+="</tr>"

/

sbuf+="</table>"
document.all.res3.innerHTML=sbuf;

per[2]="-10|-9|-8|-7|-6|-5|-4|-3]-2|-1]0]0|112|3|4|5|6|7|89| 10";
per[3]="0.00.10.2|0.30.4]0.5|0.6]0.7]0.8|0.9| 1.0";

if (max_value buf1<0.7) pgr{3]="0.0]0.110.2|0.3]0.4]0.5]0.6]0.7";
if (max_value buf1<0.5) pgr{3]="0.010.110.2|10.310.4]0.5";
if (max_value_buf1<0.3) pgr{3]="0.0|0.110.2]0.3";

pgr[5]="33{199|";

pgr[6]="Homep unmepsana’;
pgr[7]="49acmoma "+"M[x]="+fzn(smx)+" ?="+fzn(sdx);

per[8]="19900";

per(9]=2;

sumx="""

sumy="";

for (i=0;i<maxbuf}i++)
{

sumx+=bufx[i] +"|";
sumy+=bufyl [i]+"|";

/

pgr[0] =sumx;
per(1]=sumy;
pgr[4]=maxbuf+"|";
getArg("gr3")

}

function buf init()

{

var i;

for (i=0;i<maxbuf;i++)
{

bufy[i]=0;

bufyl1[i]=0;
bufx[i]=initbuf+i;

/

/

function pbinom(nb,kb,pb)

{

var i,pbi=1.0;

Jor (i=1;i<=kb;i++) pbi*=pb*(nb-i+1)/i;
for (i=1;i<=nb-kb;i++) pbi*=1-pb
return pbi;

/

</script>

110



Ko nporpammbi 6

<style>

.s1 {font-size: 1 2pt;font-family: Times New Roman,}

.sla {font-size: 10pt,font-family: Tahoma;,}

</style>

<table border=0 width=100% class=s! cellpadding=5>
<tr>

<td bgcolor=ffffcc valign=top width=50%>

<img src="embl_kit_si.gif" border=0 align=absmiddle>
<b>6. Keanmunu nopmanvrozo pacnpedenenun</b></td>
<td bgcolor=ffffcc valign=top align=right>© Caguenxo H.B., 2008</td>
</tr>

<table>

<table border=0 width=100% class=s! cellpadding=0>
<tr>

<td bgcolor=ffifcc valign=top width=50%>

<span ID="grl"></span>

</td>

<td bgcolor=ffffcc valign=top>

<span ID=resl> </span>

</td>

<td bgcolor=ffffcc valign=top colspan=2>
<b><u>Memoo eviuucienua</u></b>

<input type="button" name="b 1" value="Iloopoobuee" onclick="f id(1)"
class=nsh>

<divID="n_1">

<img src="normall.gif" border=0 align=absmiddle><br>
<img src="normal2.gif" border=0 align=absmiddle><br>
</i>

</div>

<b><u>Ilapamempoi</u></b>

<div align=right>Tounocmuo

<input type="button" value="-" class=sla onclick="f ch_sel(-1,'sel2')"><select
name="sel2" class=s1 onchange="f change par()">
<option value="10"> 1</option>

<option value="100"> 2</option>

<option value="1000" selected>3 </option>

<option value="10000">4</option>

<option value="100000">5</option>

<option value="1000000">6</option>
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</select><input type="button" value="+" class=sla
onclick="f ch_sel(l,'sel2')"></div>

Mamemamuueckoe<br>oaxcuoanue <br><i>m</i> =
<input type="button" value="-" class=sla onclick="f ch _sel(-1,'sell')"><select
name="sell" class=s1 onchange="f change par()">
<option value="-5"> -5</option>

<option value="-4"> -4</option>

<option value="-3"> -3</option>

<option value="-2"> -2</option>

<option value="-1"> -1</option>

<option value="0"> 0</option>

<option value="1"> 1</option>

<option value="2"> 2</option>

<option value="3"> 3</option>

<option value="4" selected> 4</option>

<option value="5">5</option>

<option value="6">6</option>

<option value="7">7</option>

<option value="8">8</option>

<option value="9">9</option>

<option value="10">10</option>

</select><input type="button" value="+" class=sla
onclick="f ch_sel(l,'sell’)">
<p>Cpeoneksadpamuunoe<br>omrnonenue <br>? =
<input type="button" value="-" class=sla onclick="f ch _sel(-1,'sel3')"><select
name="sel3" class=s1 onchange="f change par()">
<option value="0.01"> 0.01</option>

<option value="0.1"> 0.1</option>

<option value="0.2"> 0.2</option>

<option value="0.3"> 0.3</option>

<option value="0.4" selected> 0.4</option>

<option value="0.5"> 0.5</option>

<option value="0.6"> 0.6</option>

<option value="0.7"> 0.7</option>

<option value="0.8"> 0.8</option>

<option value="0.9"> 0.9</option>

<option value="1.0"> 1</option>

<option value="2.0"> 2</option>

<option value="3.0"> 3</option>

<option value="4.0"> 4</option>
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<option value="5.0"> 5</option>

</select><input type="button" value="+" class=sla
onclick="f ch_sel(l,'sel3')">
<p><input type="button" value="Bviyuciums" class=sla

onclick="clrl();f calc()">

<input type="checkbox" name="chbl" class=s1>

<input type="button" value="x" class=sla onclick="f change par()">
</div>

</td>

</tr>

</table>

<script>
var pgr = new Array(10);

var flag 1=true;

/var flag 2=true;

/var flag 3=true;
s_I1=document.all.n_l.innerHTML,;document.all.n_1.innerHTML="",
/s _2=document.all.n_2.innerHTML;document.all.n_2.innerHTML=""
//s_3=document.all.n_3.innerHTML;document.all.n_3.innerHTML=""

function f id(pk)

{

if (eval("flag_"+pk)
{eval("document.all.n_"+pk+".innerHTML=s "+pk);
eval("document.all.b_"+pk+".value='Ceepryms'");
eval("flag "+pk+"=false");}

else {eval("document.all.n_"+pk+".innerHTML="");
eval("document.all.b_"+pk+".value='Tloopoono'");
eval("flag_"+pk+"=true");

/

}

function getArg(sl)

{

s="<OBJECT classid="clsid:D27CDBG6E-AE6D-11cf-96B8-444553540000'
codebase="http://download. macromedia.com/pub/shockwave/cabs/flash/swflash.
cab#version=6,0,0,0' WIDTH='450" HEIGHT='380" id='Igraph3’' ALIGN="
border=0>"
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s+="<PARAM NAME=movie VALUE='"Igraph3.swf’>"

s+="<PARAM NAME=flashvars
VALUE='s _dx="+pgr[9]+"&s xmas="+pgr[0]+"&s ymas="+pgr[l]+"&s xm
t="+pgr[2]+"&s ymt="+pgr[3]+"&s nmas="+pgr[4]+"&s bgcol="+pgr[5]
+"&text]="+pgr[6]+"&text2="+pgr[7]+"&bgcol2="+pgr[8]+"&">"
s+="<PARAM NAME=loop VALUE=false>"

s+="<PARAM NAME=quality VALUE=high>"

s+="<PARAM NAME=bgcolor VALUE=#FFFFcc>"

s+="</OBJECT>"

eval("document.all."+s1+".innerHTML=s");

}

function fzn(t)

{

var z;
z=I1*document.all.sel2.options[document.all.sel2.selectedIndex].value;
return Math.round(t*z)/z;

/

function clrl()

{
document.all.resl.innerHTML=",;document.all.grl.innerHTML=""
/

function | change_par()

{
document.all.grl.innerHTML=""

document.all.resl.innerHTML=""
if (document.all.chbl.checked) {clri();f calc()}

}

function | ch_sel(tsh,namesel)

{

var maxsel=eval("document.all."+namesel+".length")-1
var curtsh=eval("document.all."+namesel+".selectedIndex")
if (tsh==1 && curtsh<maxsel)

eval("document.all."+namesel+".selectedIndex++")
f change par()

if (tsh==-1 && curtsh>0)

eval("document.all."+namesel+".selectedIndex--")

114



f change par()
/
/

function gaus(x)

{

var x,a,b,n=200,h,s,i,xi;
a=0.0;

b=x;,

h=(b-a)/n;
§=0.5+0.5*Math.exp(-b*b/2.0);
for(i=1;i<n;i++)

{

xi=a+i*h;
s+=Math.exp(-xi*xi/2.0);

/

s*=h;
s*=1.0/Math.sqrt(2*Math.PI),

return s,

/

function [ calc()

{

var mp = new Array (501);
var mpl = new Array (501),

var mpx = new Array (501);
var n,k,sbuf="",maxv,xk;

zm=1*document.all.sell.options[document.all.sell.selectedIndex].value;
zd=1%*document.all.sel3.options[document.all.sel3.selectedIndex].value,
a=1*zn(zm-4*zd)

b=1*zn(zm+4%*zd)

n=21;

zxst=(b-a)/(n-1);

mpx[k]=a;

for (k=0;k<n-1;k++) mpx[k]=fzn(a+k*zxst),
mpx[n-1]=b;

for (k=0;k<n;k++)

{

xk=(mpx[k]-zm)/zd

mp[k] = Math.exp(-xk*xk/2)/zd/Math.sqrt(2*Math.PI);
mpl[k]= gaus(xk)+0.5;

/

sbuf+="<table  rules=rows  cellpadding=1  cellspacing=2  class=sla

align=center>";

sbuf+="<tr><td> </td><td align=center>x</td><td> </td>";
sbuf+="<td align=center bgcolor=#FF9900>f(x)</td><td> </td>";
sbuf+="<td align=center bgcolor=#9999FF>F (x)</td><td> </td></tr>",;
for (k=0;k<n;k++)

{

sbuf+="<tr><td> </td><td align=center>"+mpx[k]+"</td><td> </td>";
sbuf+="<td align=right>"+fzn(mp[k])+"</td><td> </td>";

sbuf+="<td align=right>"+fzn(mp1[k])+"</td><td> </td></tr>";

}

sbuf+="</table>";

document.all.resl.innerHTML=sbuf;

n=101;
zxst=(b-a)/(n-1);

mpx[k]=a;
for (k=0;k<n-1;k++) mpx[k]=fzn(a+k*zxst),
mpx[n-1]=b;

Jor (k=0;k<n;k++)

{

xk=(mpx[k]-zm)/zd

mp[k]= Math.exp(-xk*xk/2)/zd/Math.sqrt(2*Math.PI),
mpl[k]= gaus(xk)+0.5;

maxv=mp[0];
for (k=1;k<n;k++) if (mp[k]>maxv) maxv=mp[k];
for (k=0;k<n;k++) if (mpl[k]>maxv) maxv=mp1[k];

yst=0.1;
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if (maxv<=0.30) yst=0.05

if (maxv>2) yst=Math.ceil(maxv)/10;

num_sc_y=Math.ceil(maxv/yst)

per(3]="0.0]"

for (k=1 k<num_sc_y;k++) pgr[3]+=fzn(yst*k)+"|";

pgr(3]+=fen(yst*k);

pgr[zjz vw;

for (k=-4;k<4;k++) pgr[2]+=zm~+k*zd+"|";

pgr[2]+=zm+4*zd;

per[5]="FF9900|9999FF";
pgr{6]="x";
per{7]="1(x).F(x)";
pgr{8]="1f0000";
pgr{9]=2;

pgr[()] — NH;

pgl’[IJ: NH;

pg},[4]:n+ N| N_;’_n;

for (k=0;k<n;k++)

{
pgr[0]+=fzn(mpx[k])+"|";
fgr[ 1] +=fzn(mp[k])+"|";

for (k=0;k<n;k++)

{
pgr[0]+=fzn(mpx[k])+"|";
fgr[ 1]+=fzn(mpI[k])+"";

getArg("grl")

/

</script>
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Koa nporpammsi 7

</--

Dnuepagh.

- Cmoii! Kmo uoem?

- Cuena.

>

<style>

.s1 {font-family: Tahoma,font-size:10pt;}

.sla {font-family: Tahoma,font-size: 10pt;width:250px;}
</style>

<div class="sl" style="margin: Opx Opx Opx Opx; padding: Opx Opx Opx
Opx,"><hr>

<b>Bsibopounvie uuciosvie xapaxmepucmuxu</b>

<br>© 2013 Casuenxo n.6., HTY "XII1", Xapvros, Hosass Booonaeca

<hr>

</div>

<table border=0 cellpadding=1 cellspacing=0 class=s1>

<tr>

<td colspan=4 align=right>

<input type="button" value="Bviuuciums" name="but4" onclick="f calc()">
Tounocmu

<select name='"sel2’ class='s1">

<option value="0">0</option>

<option value="l">1</option>

<option value="2' selected>2</option>

<option value="'3">3</option>

<option value="4">4</option>

<option value="'5">5</option>

<option value='6">6</option>

</select>

<input type="button" value="IIpumep" name="butl"
onclick="f prim(document.all.sell.value)">

<select name='sell’ class='s1">

<option value="0" selected>Daoeesa 2006, cmp. 125, 3a0. 29</option>
<option value="1">®aodeesa 2006, cmp. 125, 3a0. 30</option>
</select>
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<br>

<textarea id="txt3" cols="72" rows="6" class=s1></textarea>

<input type="button" value="x" name="but5"
onclick="document.all.txt3.value="">

</td>

</tr>

<tr>

<td valign="top">x<sub>i</sub>=</td>

<td valign="top"><textarea id="txtl" cols="30" rows="10"
class=s1></textarea>

<input type="button" value="x" name="but2"
onclick="document.all.txtl.value="">

</td>

<td valign="top">n<sub>i</sub>=</td>

<td valilgn="top"><textarea id="txt2" cols="30" rows="10"
class=sl></textarea>

<input type="button" value="x" name="but3"
onclick="document.all.txt2.value="">

</td>

</tr>

<tr>

<td colspan=2 valign=top><span id="res2"> </span></td>

<td colspan=2 valign=top><span id="res1"> </span></td>

</tr>

</table>

</div>

<script>

function f prim(par)

{

vars_ni="", s xi="", s _info="";

document.all.resl.innerHTML=""";

document.all.res2.innerHTML=""";

if (par==0)

{

s xi="5.1\n5.2\n5.3\n5.4\n5.5\n5.6\n5.7\n5.8";

s ni="5\n8\n12\n20\n26\n15\n10\n4";

s_info="B mabauye npusedenvl CCPynnuposanuvie Oaruvlie 0 KoIG@uyuenmax
COOMHOULEHUST 3AeMHbIX U cOOCmEeHHbIX cpedcme na 100 manvix npedonpusmusix
peeuona. Havmu evib60poynoe cpedHnee, 6b100pOYHYIO OUCNEPCUIO, CpedHee
KeaopamuuHoe OmKIOHeHUe, GblOOPOUHYIO MOOY."

/
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if (par==1)

{

s xi="0\n1\n2\n3\n4\n5\n6\n7\n8\n9\ni0\nll\ni2\ni4";

s ni="57\n203\n383\n525\n532\n408\n273\n139\n45\n27\nl10\n4\nl\nl";
s_info="llposedeno uccredoganue nocewaemMcmuy MnONYIAPHO2O UHMEPHem-
catuma. B meuenue mHO2UX uACcO8 pe2UucmMpupylOmcs HUCIO nocemumenet,
nocemuewiux canim 6 meyenue O0aHHO20 4aca. Pesynemamor uccnedosanus
npeocmasgnenvt 6 madauye. Hatimu evibopounoe cpeduee, 6b100POUHYIO
oducnepcuro, cpedHee KeaopamuiHoe OMKIOHeHUe, 8bLOOPOUHYI0 MOOY. "

}

document.all.txtl . value=s_xi;

document.all.txt2.value=s_ni;

document.all.txt3.value=s_info;

/
function f calc()

{

var s_xi,s_ni,mxi,mni,i,l,num,xsr,disp,sotk,mu3,mu4,ass,eks,suml;
document.all.resl.innerHTML="";

s_xi=document.all.txtl.value;

s_ni=document.all.txt2.value;

if (s_xi.length==0) {alert("Habop oannvix xi nycm!"); return}

if (s_ni.length==0) {alert("Hab6op oannvix ni nycm!"); return}
s_xi=f tr(s_xi),
s_ni=f tr(s_ni);

mxi=s_xi.split(" ");

mni=s_ni.split(" "),

I=mxi.length;

i=mni.length;

if (1I==0) {alert("Habop oanuwix xi nycm!"); return}

if (i==0) {alert("Habop dannvix ni nycm!"); return}

if (I!=i) {alert("/[nuna maccusos dannwix xi u ni e cosnaoaem!"); return}
for(i=0;i<l;i++)

if (isNaN(mxifi])) {alert("Henpasunvroe éxoonoe dannoe xi["+i+"]="+mxi[i]);
return}

mxifi] =1*mxi[i];

if (isNaN(mnifi])) {alert("Henpasunvhoe 6xoonoe oannoe nif"+i+"]="+mnifi]),
return}

mnifi]=1*mnifi];

/

suml="<b>HUcxoonvie oannvie<b>";
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document.all.res2.innerHTML=suml;

suml="<table border=0 width=50% cellpadding=1 cellspacing=0 class=sl
align=center>"
SJor(i=0;i<l;i++)

suml+="<tr><td align=right>"+(i+1)+".</td><td
align=right>"+mxi[i] +"</td><td align=right>"+mni[i] +"</td></tr>"
suml+="</table>"

document.all.res2.innerHTML+=suml;

xsr=0;

num=0,
SJor(i=0;i<l;i++)

{

xsr+=mxifi] *mnifi];

num-+=mnifi];

/

xXsr/=num;

document.all.resl.innerHTML="<b>Buvibopounoe cpeonee pasno</b>
"+f pre(xsr);

disp=0;
for(i=0;i<l;i++) disp+=mxi[i] *mxi[i] *mni[i];

disp=disp/num-xsr*xsr;
document.all.resl.innerHTML+="<p><b>Bvibopounas oucnepcus pasHa</b>
"tf_pre(disp);

sotk=Math.sqrt(disp),

document.all.resl.innerHTML+="<p><b>Buvibopounoe cpeonee
Kéaopamuueckoe omxioHeHue pasno</b> "+f pre(sotk),

if1>1)

{

if (mni[0]>mni[1])

document.all.resl.innerHTML+="<p><b>Bwibopounas  mooa  pagna</b>
"+f_pre(mxi[0]);

Sfor(i=1;i<l-1;i++)

if (mnifi]>mnifi-1] && mnifi]>mnifi+1])
document.all.resl.innerHTML+="<p><b>Bwibopounass =~ mooa  paena</b>
"+ pre(mxifi]);

if (mnifl-1]>mnifl-2])

document.all.resl.innerHTML+="<p><b>Buvibopounas  mooa  paena</b>
"+f pre(mxifl-1]);

/

mu3=0;
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mud4=0;

for(i=0;i<l;i++)

{

mu3~+=(mxifi]-xsr) *(mxifi]-xsr) *(mxi[i]-xsr) *mni[i];

mud~+=(mxifi]-xsr) *(mxi[i]-xsr) *(mxi[i]-xsr) *(mxi[i]-xsr) *mni[i] ;

/

mu3/=num;

mud/=num;

ass=mu3/(sotk*sotk*sotk),

eks=mud/(sotk*sotk*sotk*sotk)-3;
document.all.resl.innerHTML+="<p><b>Bei6opounbviii K03 uyuenm
accumempuuu pagen</b> "+f pre(ass);
document.all.resl.innerHTML+="<p><b>Dkcyecc  eapuayuonnoco  psaoa
pasen</b> "+f pre(eks),

/

function f tr(s)

{

var i,l,sum,flag=true;

[=s.length;

Sum:,”,;

for(i=0;i<l;i++) s.charCodeAt(i)==13 || s.charCodeAt(i)==10 ? sum+="" .
sum~+=s.charAt(i),

s=sum,

Sum:'”';

for(i=0;i<l;i++)

{

if (s.charAt(i)!="") {sum+=s.charAt(i), flag=true,}

if (s.charAt(i)==""&& flag) {sum+=s.charAt(i), flag=false,}
/

return sum,

/

function [ pre(x)

{

var n=1*document.all.sel2.value;
n=Math.pow(10,n);

return Math.round(x*n)/n;

/

</script>
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Koa nporpammsi 8

</--

Dnuepagh.

- Cmoii! Kmo uoem?

- Cuena.

>

<style>

.s1 {font-family: Tahoma,font-size:10pt;}

.sla {font-family: Tahoma,font-size: 10pt;width:250px;}
</style>

<div class="sl" style="margin: Opx Opx Opx Opx; padding: Opx Opx Opx
Opx;"><hr>

<b>Memoo naumeHnvuiux keadpamos. Jluneunas pecpeccusa</b>

<br>© 2013 Casuenxo n.6., HTY "XII1", Xapvros, Hosass Booonaeca

<hr>

</div>

<table border=0 cellpadding=1 cellspacing=0 class=s1>

<tr>

<td colspan=4 align=right>

<input type="button" value="Bviuuciums" name="but4" onclick="f calc()">
Tounocmuo

<select name='"sel2’ class='s1">

<option value='0">0</option>

<option value='l">1</option>

<option value="2' selected>2</option>

<option value="'3">3</option>

<option value="4">4</option>

<option value="'5">5</option>

<option value="'6">6</option>

</select>

<input type="button" value="IIpumep" name="butl"
onclick="f prim(document.all.sell.value)">

<select name="'sell’ class='s1">

<option value="0" selected>Daoeesa 2006, cmp. 175, 3a0. 1</option>
<option value="l">®Daodeesa 2006, cmp. 178, 3a0. 5</option>
</select>

<br>
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<textarea id="txt3" cols="72" rows="6" class=s1></textarea>

<input type="button" value="x" name="but5"
onclick="document.all.txt3.value="">

</td>

</tr>

<tr>

<td valign="top">x<sub>i</sub>=</td>

<td valign="top"><textarea id="txtl" cols="30" rows="10"
class=s1></textarea>

<input type="button" value="x" name="but2"
onclick="document.all.txtl.value="">

</td>

<td valign="top">y<sub>i</sub>=</td>

<td valilgn="top"><textarea id="txt2" cols="30" rows="10"
class=sl></textarea>

<input type="button" value="x" name="but3"

onclick="document.all.txt2.value="">
<br>x<sub>0</sub>=<input type="text" value="" name="txt4">
</td>

</tr>

<tr>

<td colspan=2 valign=top><span id="res2"> </span></td>

<td colspan=2 valign=top><span id="res1"> </span></td>
</tr>

</table>

</div>

<script>

Sfunction | prim(par)

var S_ni: /w, S_Xi: rm’ S_i}’lfOZ mr’ s x= mr;
document.all.resl.innerHTML="";
document.all.res2.innerHTML="";

if (par==0)

{

s xi="1998\n1999\n2000\n2001\n2002\n2003";

s ni="827\n846\n878\n891\n891\n915";

s_info="B mabauye npedcmasnenvl OaHHble 0 NPOU3BOOCHEE ILEKMPOIHEPSUL 8
Poccuu 3a 1998-2003 ee. Ilposecmu aunelnyro pezpeccuro npou3eoo0cmed no
200am u coeaamuv npoenos na 2004 2."
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s x=2004;
/

if (par==1)
{

s xi="1951\n1952\n1953\n1954\n1955\n1956\n1957\n1958\n1959\n1960\n1961
\n1962\n1963\n1964\n1965\n1966\n1967\n1968\n1969\n1970";

s ni="7.4\n8.6\n7.8\n7.7\n8.4\n9.9\n8.4\n11.1\n10.4\n10.9\n10.7\n10.9\n8.3\n11
An9.5\ni3.7\ni2.1\n14.0\n13.2\n15.6";

s_info="B mabruye npedcmagieHvl OauHble 00 YPONUCAUHOCMU 3EPHOBLIX
xkyaomyp 6 CCCP (ylea) 3a 1951-1970 ee. Ilposecmu numetinylo pezpeccuro
ypoocaiunocmu no 200am.)”

s x=2013;

/

document.all.txt]l . value=s xi;

document.all.txt2.value=s_ni;

document.all.txt3.value=s_info;

document.all.txt4.value=s_x;

/

Sfunction f calc()

{

var s_xi,s_ni,mxi,mni,i,|,num,xsr,disp,sotk,mu3,mud,ass,eks,suml;
document.all.resl.innerHTML="";

s_xi=document.all.txtl.value;

s_ni=document.all.txt2.value;

if (s_xi.length==0) {alert("Habop oannvix xi nycm!"); return}

if (s_ni.length==0) {alert("Habop oannvix ni nycm!"); return}

s xi=f tr(s_xi);
s_ni=f tr(s_ni);

mxi=s_xi.split(" ");

mni=s_ni.split(" "),

I=mxi.length;

i=mni.length;

if (I==0) {alert("Habop oannwix xi nycm!"); return}

if (i==0) {alert("Habop dannvix ni nycm!"); return}

if (I!=i) {alert("/[nuna maccusos dannuix xi u ni e cosnaoaem!"); return}
for(i=0;i<l;i++)

if (isNaN(mxifi])) {alert("Henpasunvroe 6xoonoe dannoe xi["+i+"]="+mxi[i]);

return}
mxifi] =1*mxi[i];
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if (isNaN(mnif[i])) {alert("Henpasunvnoe 6xoonoe oannoe nif"+i+"]="+mnifi]),
return}

mnifi]=1*mnifi];

/

suml="<b>HUcxoonvie oannvie<b>";

document.all.res2.innerHTML=suml;

suml="<table border=0 width=50% cellpadding=1 cellspacing=0 class=sl
align=center>"

for(i=0;i<l;i++)

suml+="<tr><td align=right>"+(i+1)+".</td><td
align=right>"+mxi[i] +"</td><td align=right>"+mni[i] +"</td></tr>"

suml+="</table>"
document.all.res2.innerHTML+=suml;

var xs,ys,b,a;
xs=0;

ys=0;
SJor(i=0;i<l;i++)
{

xs+=mxi[i];
ys+=mnifi];

/

xs/=l; ys/=lI;

a=0;

b=0;

SJor(i=0;i<l;i++)

{
at=(mnifi]-ys)*(mxi[i]-xs),
b+=(mxi[i]-xs) *(mxi[i]-xs),
/

b=a/b;

a=ys-b*xs;

document.all.resl.innerHTML="<b>Ypasnenue nunetinou pecpeccuu y=a+bx
unu y=ys+b(x-xs)</b>";

document.all.resl.innerHTML+="<p><b>0bvem 8b100pKU pagen</b>
"f pre();
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document.all.resl.innerHTML+="<p><b>Cpeodnee 3nauenue x paeno</b>

"+f pre(xs); COJAEPXAHUE
document.all.resl.innerHTML+="<p><b>Cpednee 3nauenue y paeno</b> Oo6mue ykazanus 3
"t _pre(ys); 1.  TMPOCTPAHCTBO DJIEMEHTAPHBIX COBBITUI 4
document.all.resl.innerHTML+="<p><b>Koa¢puyuenm a pasen</b> 2. KOMBUHATOPHBIA METO/ BLIUUCJIEHUSI 10
"tf pre(a); BEPOSTHOCTEMN B KJTACCUYECKOU CXEME
document.all.resl.innerHTML+="<p><b>Kosppuyuenm b pasen</b> 3. ®OPMYJIA IIOJIHOM BEPOSITHOCTHU. ®OPMYJIA 18
"tf_pre(b); BAMECA
4. MOJIEJIUPOBAHUE S5KCIIEPUMEHTA BIO®®OHA 23

if(document.all. txtd.value!= ") 5. PACHPE/JEJIEHUE BEPHYJIJIU 29
{ 6. HOPMAJIBHOE PACIHIPEJIEJIEHUE 39
var ;gf; document.al.txtd value; 7. BbIBOPOYHBIE YMCJIOBBIE XAPAKTEPHCTHKH 43
c,f’ocument.all.res] .innerHTMLA+="<p><b>3uauenue y("+x0+")=</b> 8. yi{gﬂg{tgfigﬁgﬂx KBAIPATOB. PETPECCHA 23

S pre(v0); JlutepaTypa 71
ﬁ Koa nporpammsi 1 73
function f tr(s) Koa nporpammsi 2 76
‘{ o Koa nporpammsi 3 79
var i,l,sum flag=true; Koa nporpammsi 4 83
I=s.length; Kox nporpamMmsl 5 92
sum="" Koxa nporpammel 6 111
Jor(i=0;i<l;i++) s.charCodeAt(i)==13 || s.charCodeAt(i)==10 ? sum+="" : Kon nporpammer 7 118
sum+=s.charAt(i), Kon nmporpammsr 8 123
s=sum,
sum="";
SJor(i=0;i<l;i++)
{

if (s.charAt(i)!="") {sum+=s.charAt(i), flag=true,}
if (s.charAt(i)==""&& flag) {sum+=s.charAt(i); flag=false;}
/

return sum,

/

Sfunction f pre(x)

{

var n=1*document.all.sel2.value;
n=Math.pow(10,n);

return Math.round(x*n)/n;

/

</script>
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