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1. EJb PABOTBI

1.1 U3ydenue cnocoO0B ONMUCAHUS OUCKPEMHBIX CLYUAUHBIX ETUUUH.
1.2 TlpnoOpeTeHne MpakTUYECKUX HABBIKOB PACUETa YUCIOBbIX XAPAKMEPUCUK T
SHMpoOnuY TUCKPETHOMN CITydyalHOU BEJIMUUHBI 110 €€ 3AKOHY PACHpeOeneHusl.

2. OCHOBHBIE TEOPETUYECKUE CBEJEHUSA

2.1 Co0bITHE ¥ MPOCTPAHCTBO UCXOI0B IKCIIEPUMEHTA

B ocHOBe TeOpuHM BEpOSTHOCTEH JIGKHUT MOHATHE CIyuatino2o coovimusi. Cirydai-
HOE COOBITHE, KaK MPaBUJIO, CBA3BIBACTCS C pe3yabmamom Npo8eoeHUss HeKOmopo2o
aKCnepumenma (onvima,).

Bynewm npenronarars, 94To MPHU ONMPEISICHHON COBOKYITHOCTH YCIOBUH pe3yJibTa-
TaMH DKCIIEPUMEHTA SIBIISIFOTCA HEKOTOPBIE 21eMEeHmapHbvle coovimus (Ucxoowvl) 7,
Z,, ..., Z,, MHOJKECTBO KOTOPbIX 0003HauuM uepe3 Z = {Zl, Z,, ... Zn}. MHuosxecTBO
Z Ha3bIBaCTCS NpOCMpPAHCmMEoM ucxo0o6. O4eBHIHO, YTO PE3yTbTATOM POBEIACHHS
IKCIIEpPUMEHTA SBJISIETCS KAaKON-TN00 00un UCX0], Z; € Z , 1 He Modicem Oblmb ocyuye-
cmeuM SKCTIEPUMEHT, PE3YJIbTaTOM KOTOPOTO SIBIISIETCS IBa M 00JIee UCXOJIOB.

OOBIYHO MHTEpEeC MNPEJCTABISIOT HE CaMU HCXOABl Z; €Z, a HEKOTOpbIE HX
MHOXKECTBAa S C Z, KOTOpbIC Ha3BIBAKOTCH coObimusmu. OCYIICCTBICHUE COOBITHS
S c©Z o3Hagaer, 4TO Pe3yNbTATOM TMPOBEACHUS SKCIICPUMEHTA SIBISETCS OOUH W3
UCXOJI0B Z; €S.

Jns mobbIx AByX coObitmit S;cZ u S, Z HUMEIT MECTO Cleqylouiue

OIpeCIICHNUS.
Obvedunenuem (cymmoti) cobwimuti Sy, S,, ..., S, Ha3bIBaeTCsi COObITHE
Uinllsi , COCTOsIIIEE B OCYILECTBICHUU X0 Obl 00HO20 U3 cOOBITUH S, S,, ..., S, .
Cosmewenuem (npouzgedenuem) coovimuii Sy, S,, ..., S, Ha3bIBAETCs COOBITHE
ﬂinllsi , COCTOSIIEE B OCYIIECTBIECHUU KaxcO0020 U3 COObITUH S;, S,, ..., S,. CoObI-
™ S, S,, ..., S, Ha3bIBAIOTCA HECOBMECMHbIMU, €CIIN ﬂinllSi SBJISIETCS MyCTHIM
MHO>KECTBOM.

Jlononnenuem cobvimuss S HasbIBaeTCI COOBITHE S, cOCTOsIIEEe B
HeocyuecmeaieHuu COObITus S .

OcymecTBieHue xomsa 661 00HO20 W3 COOBITHI MPOCTPAHCTBA UCXOAOB Z SIBIIS-
eTcs docmogepuvim coovimuem. Tak 4TO MHOXKECTBO Z HWIrpacT poJib YHHUBEPCAIb-
HOT'O MHOJKECTBA.



2.2 BeposATHOCTDb CJIYYalHOI0 HCXO0/Aa

B Teopuu BEpOATHOCTEN KaXKIbli MCXOZ Z; € Z pPAacCMaTpUBACTCA KaK cryuati-
Hblii. DTO O3HAYAET, YTO 3apaxee (anpuopu) HeuzeecmHo, KaKou U3 UCXOI0B Z; € Z
OyIeT UMEeTh MECTO B Pe3yJibTaTe MPOBEACHUs dKcnepuMeHTa. OJHAKO COBEPILIEHHO
OYEBUJIHO, UTO PE3YJBTATOM KAXKJIOTO UCHBITAHUS 00S3aTENbHO JTOJKEH ObITh 00UH U
MOoNbKO 00UH UCXON Z; € Z .

NHTYUTUBHO TION 6eposAmHOCMbl0 UcxX00a TOHUMAIOT YHUCIEHHYIO Mepy,
XapaKTepU3YyIOIIYI0 0ObEKTUBHYIO BO3MOXKHOCTh 3TOI'0 MCXO0Ja. DTO O3HAYAET, YTO

KaXXI0OMYy HUCXOOY Zi €/ CcTaBUTCS B COOTBETCTBHEC HCKOTOpBIfI eec Pi’ KOTOpBIfI

IpeAcTaBisgeT co00il HeompuyamenvHoe eeujecmeennoe uucno. Ha Beca P Hano-

JKCHBI CJICAYIOIMINEC OTPAHNYCHUA

1) Bec P, Tem Goubie, yeM Oomblie 00BEKTHBHAS BOZMOXKHOCTH TOTO, YTO pe3yIIbTa-
TOM IPOBEJICHHsI SKCIIEPUMEHTA OyIeT UCXon Z; € Z ;

2) CyMMa BCCOB PI AJI1 BCCX BO3MOJKHBIX HCXOJOB I3KCIICPHUMCHTA JOJIKHA OBITH

paBHaA €IMHHUIIE, T. €. Zin:lPi =1.

Ecrm P =0, 10 ucxon z,€Z Hegosmodcen, T. €. TPEACTaBIsIET COOOH
nesozmooicnoe cobwimue. Ecim P =1, 1o ucxoxm z;€Z mnpexacraBiser coboi
docmosepHoe coovimue.

CoBOKyNHOCTb BecOoB P, mpunuceiBaeMbIX HcXoiaM Z; € Z, o0pa3yeT MHOXke-

CTBO P:{P, P,..., Pn}, npryemM 0<P <1Vi=12...,n, Zin:lPi =1. Takum oOpa-

30M, MOYKHO TOBOPHTH 06 0TOGpakeHNN MHOKeCTBa Z Ha MHOXKecTBo P: P =P(z,).
OtobpaxxeHne P(Zi) Ha3BIBACTCSl pacnpeodeiieHuem 8eposimHocmeti Ha IPOCTPAHCTBE
ucxonoB Z, a Kax/elil Bec P = P(Zi ), IPUIUCBIBAEMBIN HCXOAY Z; € Z , HA3BIBACTCS

6EPOAMHOCMbIO 3TOI'O UCXO/A.

2.3 BeposiITHOCTH CJIYYalHOI0 COOBLITHUS

OdeBuHO, CiIy4ailHOe coObITHE S CZ TMpeAcTaBIsieT COOOH MHOXECTBO,
COCTOsIIIIEEe U3 YaCTH 3JIEMEHTOB MPOCTpaHCTBa UcXoaoB Z . Tak kak ucxonsl z; € Z

HECOBMECTHBI, TO TTOJI BEPOSATHOCTHIO COOBITHA S C Z MOHMMAIOT CyMMY BEPOSITHO-
cTeii Bcex ucxonos z €S: P(S)=P; = Zzies P(z,).



2.4 JIluckpeTHble ciy4aiiHble BeJJMYMHbI. 3AKOH pacnpeaeeHUusi AUCKPETHOM
CJIy4ailHOM BeJIMYUHBI

Cnyyaunou eeauyunol HA3bIBACTCS BEJIIMYMHA, KOTOpPAs B PE3yJIbTaTE MPOBEE-
HUS SKCTIEPUMEHTA MOXKET MPUHATH TO WM WHOE 3HAYCHUE, IPUUEM HeU38eCMmHO 3d-
paHee, kakoe MMeHHO. CiyyaliHble BEJIWYUHBI, MPUHUMAIOIINE 3HAYCHUS U3 Ouc-
KPEemHO20 MHOHCEeCMBA, HA3bIBAIOTCA OUCKPEMHbIMU CLYYAUHBIMU 8ETUYUHAMU.

PaccMOTpUM JUCKPETHYIO CIy4ailHyl0 BEIWYUHY &, MPUHUMAIOLIYIO 3HAYEHUS
U3 TUCKPETHOTO MHOXECTBa X = {Xl, Xoy ey Xn}. B pesynbrare npoBeneHus 3KCHepu-
MEHTa cly4aiiHas BeJIM4MHA ¢ NPUMET OJHO U3 3HaueHuil X, € X . Takum oOpazom,
MHOeCTBO X 00pa3yeT MpOCTPAHCTBO HMCXOAOB, KOTOPOMY MOKHO IOCTaBUTH B
COOTBETCTBHE MHO>KECTBO BEPOSITHOCTEN P= {P, B,..., P, } Yucno
P= P(g8 = Xi): P(Xi) €CTh BEPOSITHOCTH TOr0, YTO B pE3yJNbTATE MPOBEICHUS
HKCIEPUMEHTA CllyyailHas BeIMuuHa & IPUMET 3HadeHue X; € X .

3axonom pacnpedeneHus OUCKPEeMHOU CIY4altiHOU 8eUYUHbl HA3bIBACTCS 3aBUCH-
MOCTb P((f = X; ), yCTaHABIIMBAIOIAsl CBA3b MEXKAY BO3MOXKHBIMH 3HAUCHUAMHU X; € X
CllyyallHOM BeIM4YUHBl & U COOTBETCTBYIOIIMMHU UM BeposATHocTsMU P € P. 3akoH
pacmnpeneneHus BISETCA Ucuepnvliéaroweli XapaKmepucmukol TUCKPETHON Cirydaii-
HOM BEJIMYHMHBI, TAK KaK MOJIHOCTHIO XapaKTepU3yeT MOCIEIHIO C BEPOSITHOCTHOMN
TOUYKH 3pEHUSI.

YrtoOsI puAaTh 3aKOHY paclpeieJICHUs] HATJISIIHBINA BU], 4aCTO IPUOETaIOT K €ro
epaghuueckomy uzoopaddceruio: o 0Cu adCUUCC OTKIIAIBIBAIOT BO3MOXKHBIE 3HAYEHUS
CJIy4aliHOM BEJIMYUHBI ( X;), @ [I0 OCH OpJUHAT — BEPOSTHOCTH dTUX 3HaueHuil (P). C

TOYKH 3peHUss GU3MUECKOW HATJSTHOCTH yIOOHOU SIBISIETCS MeXxaHuuecKkas ummep-
npemayusi 3aKOHA PpaCIpEENICHUs: 3aKOH PacHpeiesieHUs] MHTEPIPETUPYETCS Kak
cucmema MamepuaibHblX moueK, PACTOI0KEHHBIX BIOJIb OCH abCIMCC, UMEIOIINX

n
Macchl P 1 KOOpAMHATBI X; COOTBETCTBEHHO, IIPUYEM Zi_lPi =1.

JIns KOMMYECTBEHHOW XapaKTEPUCTUKU PACIPEACIICHUSI BEPOSTHOCTEN Cllydau-
HOM BeMuuHbI ¢ yIO0OHO MOJIB30BAaThCS BEPOSITHOCTHIO P(r;‘ < X) (BEpOSITHOCTH TOTO,
YTO ciaydaiiHas BelMYrMHA & TPUHUMAET 3HAYCHUS, MeHbuiue X ), TAe X — HEKOTOpas
TeKymias nepeMmenHas. OyHKIuUs F(X) = P(f < X) HA3BIBACTCS UHMESPAIbHbIM
3axKoHoM (QhyHKyuell) pacnpedenerus CIIy9atHOW BETUIUHBI & .

VnTerpanbHas GyHKims pacnpegenenns F(X) o6namaer cieqyromuMe CBOHCT-
Bamu: F(X) ecTh HeyGbiBaromas (yHKIus cBoero aprymenta, F(—o)=0, F(w)=1.

2.5 YucjioBbIe XapaKTePUCTHKH AUCKPETHOI CJIy4yaiiHO# BeJIMYHHbI

3aKOHBl ~ PACIpENENICHUSI  CIYYallHOW  BEJIIMYMHBI  SIBIAKOTCS  HOJIHbIMU,
ucuepnoulearOWyuMy BEPOSITHOCTHBIMU XapakKTEpUCTHUKaMu mocieaHen. OgHako BO
MHOTHX BOIPOCAaX MPAKTUKU HET HEOOXOJIMMOCTH XapaKTEpU30BaTh CIy4YaillHYIO BeE-
JUYUHY TOJHOCTHIO. 3a4acTyI0 JOCTAaTOYHO OBIBAET yKa3aTh TOJBKO OTJIEJbHBIC YH-
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CJIOBBIE MAPaMETPhI, XapaKTEPUIYIOLIUE Hauboiee cyujecmeenHvle Cmoponsl pacnpe-
oenlenusl CAyyainou eenudunsl. Takue MmapaMeTpbl, BRIPAXKAIOIINE B cocamoil ¢hopme
HanOoJiee CYIIECTBEHHbIE OCOOEHHOCTH pacHpeleieHUs, Ha3bIBAIOTCH UYUCIO8bIMU
Xapaxkmepucmukamu CIIy4aiHON BEJTUYUHBI.

Bun u pa3sHooOpasue 4UCIOBBIX XapaKTEPUCTUK CIy4YaWHBIX BEJIMYMH OOYCIIOB-
JIEHBI aHano2uel Mexcoy pacnpeoesenHuem CryyauHou eaudUnbl U CUCmemMol mame-
puanvhbix moyek. B MexaHuke AJi ONUCAHUS pacnpeoenenuss Macc IUPOKO UCTIOIb-
3yeTcsl NOHIATHE MOMeHma (CTaTUYECKUEe MOMEHThI, MOMEHTBI UHEPIMH U T. 1.). Co-
BEPIIEHHO TEMH K€ MPUEMaMH TOJI3YIOTCSI B TEOPUU BEPOSITHOCTEH ISl OMUCAHUS
OCHOBHBIX CBOMCTB pacnpeoenenus ciyyaiHou eiuyunsl. Yaie BCero Ha MpaKkTHKE
IPUMEHSAIOTCS MOMEHTBI JIBYX BUJIOB: HAUAIbHbIE U YEHMPATIbHBLE.

Hauanenvim momenmom S-2o nopsioka AUCKPETHOW CIIy4aiHOW BeJUYUHBI &

HaA3bIBACTCA CYMMa BHUJ14
n
a, (&)=Y %P (1.1)
i=1

Ilepsviii  HauanbHbIl MOMeHm HA3BIBACTCS MameMamuiecKum O0XCUOAHUEM
CIIy4aliHOW BEJIWYWHBI:

ay(§)=M(&)=2 %R (1.2)

O‘IGBI/II[Ha MCXAaHHUYCCKaAA Urmepnpemayusl HaA4ajilbHOc0 MOMEHmMa nepeoco no-

PpAOKa: MaTeMaTUYECKOe OXKHUIAHKNE CIIydalHON BeTUUYUHbI & , MPUHUMAIOIICH 3Haue-
HUS W3 MHOXecTBa X = {Xl, Xoyeeny Xn} C COOTBETCTBYIOIIMMHU BEPOSITHOCTIMHU
P= {P, P Pn} €CTh abcyucca yeHmpa mMacc CUCTeMbl MaTepUaIbHBIX TOUEK, pac-
HOJIOKEHHBIX BIOJIb OCH a0CIHCC, UMEIOIIUX Macchl P 1 KoopauHaThl X; COOTBETCT-
BEHHO.

Hcnonp3ys NOHITHE MAaTEMAaTUYECKOTO OXUIAHUS, MOKHO 3aIIUCaTh:

a(&)=M(e°) (1.3)

Llenmpuposannot cayuatnou eenuyunou ¢, COOTBETCTBYIOIICH CIIydailHOM
BenMYMHE &, HA3BIBACTCA OTKJIOHCHHE CIyYailHOW BEeTWMYHMHBI & OT €¢ MaTeMaruye-
CKOT'O OKHJIAHMS

£=¢-M(¢). (1.4)

O‘—IeBI/II[HO, YTO Mamemamudeckoe O0AHCUOaHUue L!eHmPMPOGGHHOﬁ ClellCllZHOZZ eenu-

A

yunwvl pasro nymo. M (f)z 0.



HavanbpHbple MOMEHTBI LIECHTPUPOBAHHOU CIIyYaHOW BEIWYUHBI HOCAT HAa3BaHUE
yeumpanovuoix mMomenmos. OHM AHAJIOTUYHBI MOMEHMAM OMHOCUMENbHO YEeHmpa
msoicecmu B MEXaHUKE.

Taxum oOpazom, yenmpanoHvim MOMEHMOM S-20 NOPsAOKA CIIyYalHON BETUYNHbI
& Ha3bIBACTCSl HAYAILHBIU MOMEHM S-20 NOPsAOKA COOTBETCTBYIOILEH yeHmpuposan-

HOU CITy4YaiiHOW BEJTMYUHBI f =£-M (5 ):

1(&)=a, ()= M(*)=M{[§—M(é)]s}=g[xi—M(f)]SPi- (L5)

OuyeBusIHO, IS 1F000U CIIy4allHOW BEJIMUUHBI YEeHMPALbHbIIU MOMEHM Nepeo2o

NOps0Ka paseH HYJO' ,ul(f): M (99): M [f— M (5)]: 0.

Bmopoti yenmpanvhslii Momernm Ha3bIBACTCS Oucnepcuell Cy4aiHON BETMYHUHBIL:

16(£)=D(€) =, (E)=M(E)=M{e-MEF =3[ -M(EFR. (186)

n
|=1

Jucnepcust cnmydailHON BEJIMYMHBI €CTh XapaKTepUCTUKA paccesanusi, pa30opocaH-
HOCTH 3HAUYEHHU CIy4YallHOW BEJIUYMHBI OKOJIO €€ MaTEMAaTHYECKOro oxuaanus. Ecnu
00paTUTBhCS K MEXaHMYECKOW MHTEPIPETAllMU pacipenesieHus, TO JTUCIIEePCUs Mmpe-
CTaBJISIET COOOM MoMeHnm uHepyuu COOTBETCTBYIOIIEH CUCTEMbl MAaTEPHAIIBHBIX TOUYEK
OTHOCHUTEBHO LIEHTPa Macc (MaTeMaTHUYeCKOTO OXKUIAHUS).

JIns HarasgHOM XapaKTePUCTHKU PACCESHUS yIOOHO IMOJIh30BATHCS BEITUYUHOM,
PA3MEPHOCMb KOMOPOU co8naoaem ¢ pasmepHOCmblo CIVYAUHOU eeaudunsl. JIns
ATOr0 U3 JUCIEPCUU W3BJIEKAIOT KBaJApaTHBIN KopeHb. [lolyueHHas BeIUYrHA Ha3bl-
BACTCS CPEOHUM KBAOPAMUYECKUM OMKIOHEeHUeM CITy4YalHON BEJTMYUHBI:

o(£)=/D(&). (1.7)

Mamemamuueckoe odxcuoanue u oucnepcus — Haubojee 4acmo npumeHsemovle
xapaxmepucmuku cayuatinou eeauyunvl. OHH XapaKTepU3yIOT HamOoJiee BaKHBIC
YepThl PACHpENeNICHUsl: er0 nojodceHue U cmenensb pazdopocanHocmu. [{ns Gonee
MOAPOOHOTO OMUCAHUS PACTIPEEICHIS TIPUMEHSIIOTCS MOMEHTBI BBICIITMX MTOPSIIKOB.

JInst XapakTepUCTUKU acummempuu (CKOUIEHHOCTH) pacIpeieieHuss OTHOCHU-
TEJIHPHO MAaTEMaTUYECKOTO OXKHUIAHUSI UCTIONB3YIOT K03 duyuenm acummempuu:

sk = 4al(8) (1.8)

[o(&)F

JInst XapaKTepUCTUKH OCMPOSEepUIUHHOCIY PACTIPEJICTICHUS [0 CPaBHEHHUIO C
HOPMANbHLIM pacnpedeieHuem UCTIONb3YIOT Koaggduyuenm sxcyecca.



Ex= Hal&) o (1.9)

o)

2.6 JHTpONMNSI JUCKPETHOM CJIydaiiHOW BeJTUYUHbI

OHTpONHUS OUCKPEMHOU CAYUAUHOU Geauyunbl &, TPUHUMAIOUIEH 3HAYEHHS U3
MHOECTBa X = {Xl, Xoyeeny Xn} C  COOTBETCTBYIOIIMMU  BEPOATHOCTSIMU
P= {P, P Pn}, €CTh CyMMa MPOU3BEJICHUIN BEPOSITHOCTEN pa3IWYHbIX 3HAUCHUM

cnyqaﬁHoﬁ BCIIMYMHBI Ha J'IOI‘apI/I(i)MBI 9TUX BepOﬂTHOCTeﬁ, B3dATad C 06paTHBIM 3Ha-
KOM:

H(Z)=-3 R logR. (110)

i=1

Jlorapudm B dopmyse (1.10) MoxkeT ObITH B3AT TIpH JI0OOM OCHOBaHUHU, 0OJb-
meM eIuHUIBL. BeiOop ocHOBaHUS JorapudMa paBHOCHIIEH BBIOOPY OINpeeIeHHON
eouHuysl uzmepenus >HTponuu. Eciu 3a ocHoBaHue BbIOpaHo unciio 10, To TOBOPST O
«IECATUYHBIX eAUHUIIAX» (Oumax), eciu 2 — 0 «JIABOUYHBIX eAMHUIAX)» (6umax).

Outrponusa (1.10) sBageTCS Mepou anpuopHol HeonpeoeieHHOCMU OUCKPEemHO
cayyaunou eeauyunvl. K OCHOBHBIM CBOMCTBAM SHTPOINHHU JUCKPETHOW CIy4alHOU
BEJIMYUHBI MOKHO OTHECTH CIIEYIOIIHE:

1. DHTpomus ecTh BeJIMUMHA BEIIECTBEHHASI, OTPAaHUYEHHAs! U HEOTPUIIATEIbHAS.
2. DHTpoONUs MUHUMAaJIbHA U paBHA HYIIO, €CITU 3HAYCHUE CIYYalHOU BEIUYHHBI &

U3BECTHO 3apaHee.
3. DHTpornusi MaKCHMallbHa, €CIIM BC€ 3HA4YeHUs CIy4alHOW BeIWYMHBI &

PaBHOBEPOSITHBI.
4. DHTpomUs HE 3aBUCUT OT MaTEMaTHYECKOT 0 OKUAAHUS CIyJailHON BEIUUYUHBI & .

2.7 HekoTopble 3aKOHBI pacnpe/ieieHusl TUCKPETHOI cayyaiiHoi BeTHYUHBI

Bo mHornx 3aJa4ax MPAaKTUKH IIPUXOJUTCA UMCTb ACJIO0 CO CJ'Iy‘—IElﬁHBIMH BCJIN4YHN-
HaMM, PpaClpCACICHHBIMU I10 HCKOTOPBIM CBOGO6p33HBIM 3aKkoHaMm. Hipke ommcanbl
HCKOTOPBIC N3 HUX.

1. I'eomempuueckuii 3akon

0,k e(—c0, 0]

P(&=k)= p(1— p)k‘l, k (0, ),

(1.11)

rae K — memoe grcio, P — mapamerp, MPUHAMICKAIINNE HHTEPBATY (O, 1).



2. bunomuanvhwiii 3akon (3axon bepnynnu)

0,k e(—0,0),

P(&=k)=1Cp*{L-p)"* kel0,m]

0, ke (m, oo),

(1.12)

TAac k — IeJIOC YMCJIO, M — HaATypaJbHOC YHCJIO, P — IapaMeTp, HpI/IHaJIJIe)Ka]_HI/Iﬁ

UHTEPBAY (O, 1), Crlg — OMHOMUANBHBIA KO3 PUITEHT.

3. l'unepeeomempuueckuii 3aKoH

P(&=k)=1="0=" k&[0, m]

(1.13)

rie K — menoe gyucimo, m, r, N — HarypajbHBIE YHCIA, CiJ — OMHOMHAJILHBIN

kodhurment, M<r <N -—m.

4. 3akon Ilyaccona

rae K — nemnoe uncno, A >0.

(1.14)

3. IPOT'PAMMA U METOIUKA BBIIIOJTHEHUS PABOTbBI

=

[TonyuuTs y npenoaBaTesiss BADUAHT 3aJaHUS.

2. Hammcats (QyHKIHIO, ONIPEACISAIONMIYIO pacnpedeiieHue 8eposimHocmeli OUCKpent-
HOU CAYYAUHOU BeIUYUHbI B COOTBETCTBUU C 3aJJaHHBIM 3aKOHOM PACIIPEICIICHHUS.

w

[IpoBepuTth ycrosue Hopmuposxu.

4. Hamucate (QyHKUMIO UISI ONPEIEICHUS HAYANbHO20 MOMEHMA S$-20 NOpPAOKdA.

Brimucats cooTBeTCTBYIONIYIO (hOpMyITy.

5. Haiitu nauanvuoiii momenm nynegoco nopsioka. OOBIACHUTH pE3yJbTaT.
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10.
11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.
24,

Hanucate QyHkumio ans ompeneneHus mamemamuyecko2o oxcuoanus. Buimu-
caTh COOTBETCTBYIONIYIO (hOpMYITy.

[TocTpouTs TpaduKu 3aBHCUMOCTH MAaTEMaTHYECKOTO OKHIAHHS OT MapaMeTpOB
pacmpeaeneHusl.

Hanucate QyHKUMIO U1 ONpPENETCHUS YeHMPAaIbHO20 MOMEHmMA S-20 NOPAOKA.
Beimucats cOOTBETCTBYIONIYIO (DOPMYITY.

Haiitu yenmpanvuoiii momenm nyneeozo nopsioka. OObSICHUTH pe3yJbTarT.

Haiitu yenmpanvnoiii momenm nepsozo nopsioxa. OObACHUTD PE3YNbTAT.
Hanmcate ¢yHKIMIO A0 onpeneieHust oucnepcuu. BpimucaTh COOTBETCTBYIO-
1y Gopmyiy.

[TocTpouTh TpaMKu 3aBUCUIMOCTH JTUCTIEPCUU OT MTapaMETPOB pacIpeIeiICHUS.
Hanucate QyHKIMIO 1151 ONIpEAENIeHUs cpeoHe20 K8AOpaAmuyeck020 OMKIOHEHUs.
Brimucats cOOTBETCTBYIOIIYIO (hOPMYITY.

[TocTpouTh TpaMKu 3aBUCUMOCTH CPETHETO KBAJAPATUYCCKOTO OTKIOHCHUS OT
napaMeTpoB paclpeIeIeHUs.

Hanmcatp QyHKIMIO A1 onpeesieHust koaghguyuenma acummempuu. Beimucatsb
COOTBETCTBYIOIIYIO (hOpMyITy.

[TocTpouTs rpaduKu 3aBUCUMOCTH KO3(DPUIIMEHTa aCHMMETPUHU OT TapaMeTPOB
pacmpeaeneHusl.

Harmucate QyHKUIMIO 1715 omnpeneneHus xodgguyuenma sxcyecca. Brpimucarthb
COOTBETCTBYIOILYIO (hopMyiTy.

[TocTpouTs rpadguku 3aBUCUMOCTH KO3 PHUIMEHTa IKCIIecca OT apaMeTpoB pac-
npeieeHusl.

[locTpouts Tpaduku pacrpeneseHuss BEPOSTHOCTEH [JIs pa3HbIX MapaMeTpoB
pacmpeneneHus.

Hanucate (QyHKIMIO, ONPENENSIONIYI0 UHMEeSPAlbHbllL 3aKOH pacnpeoeieHus
TUCKPETHOM CIyYalHOW BEJIIMYMHBI, TIOJ]UUHEHHON 3aJIJaHHOMY 3aKOHY pacmupese-
JICHUSL.

[locTpouts rpaduku MHTETPATBHOTO 3aKOHA pACTIPENCICHHS ISl Pa3HbIX
napameTpoB pacupeieIeHusI.

Hamucate QyHKIMIO 11 BBIYUCICHUS SHMPONUU.

[TocTpouTs Tpaduku 3aBUCUMOCTH SHTPOITMH OT MAPaMETPOB pacIpeieICHuUs.
CnenaTh pa3BepHYThIE BBIBOJIBI TIO PE3YJIbTATaM HCCIICIOBAHUH.

4. TIPUMEP PACYETA.

Pacnpenenenne MUCKpETHOM Cly4yaHOM BEIWYWHBI, MOJYMHEHHOWM OMHOMUAJb-

HOMY 3aKOHY, onuchiBaeTcs popmyoit (1.12).

4.1 OnurneM oepanuyeHusl, HaKIaabIBaeMbIe Ha mapaMeTpbl pacrpeaenenus (K — ye-
Jloe 4uCio, M — HamypaivHoe YUCIOo, P — MapaMmeTp, NPUHAIJICKAIINN uHmepeany

o

1), P(&=k)#0 pu k [O, m])
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> assume (m::integer,m>0) ; # mapamMeTp m - HaTypajlbHOE YMCIIO
> assume (k::integer,k>=0,k<=m) ; # BHaueHMe CIydYalMHOM BEJIMYUMHEI
> assume (p>0,p<1l); # napaMerp p nexur B mMHTepBane (0,1)

4.2 TlpoBepka orpaHUYEeHHMA

> about (k,m,p) ;
Originally k, renamed k~:
Involved in the following expressions with properties
-m+k assumed RealRange (-infinity,0)
is assumed to be: AndProp(integer,RealRange (0,infinity))
also used in the following assumed objects
[-m+k] assumed RealRange (-infinity,0)

Originally m, renamed m~:
Involved in the following expressions with properties
-m+k assumed RealRange (-infinity,0)
is assumed to be: real
also used in the following assumed objects
[-m+k] assumed RealRange (-infinity,0)

Originally p, renamed p~:
is assumed to be: RealRange (Open (0),Open(l))

4.3 Hanumiem GyHKIMIO, ONPEACISIIONIYIO pacnpeoeiieHue 8eposmHocmell Ouc-
KPemHOU CAYYQUHOU 8eUYUHbI B COOTBETCTBUU C OUHOMUATLHLIM 3AKOHOM PacIpe-
TeIIeHUs

> P:=(k,m,p) ->binomial (m, k) * (p*k) *((1-p) * (m-k) ) ;

# 6mMHOMMAaNEBHBII BaKOH pacrpeleieHus:

P :=(k, m, p) — binomial(m, k) p* (1 - p)(mik)

4.4 BpINOJHUM MPOBEPKY VCI0GUSL HOPMUPOBKU

OueBuanHo, ¢ yuetom (1.12) ycinoBre HOpMUPOBKH MOKHO 3aIlicaTh B BUJIE
m
> P(k,m, p)=1 (1.15)
k=0

> sum(P(k,m,p) ,k=0..m); # npoBepka yCJIOBMS HOPMUPOBKM
m~

(1 75) e

1

> simplify (%) ;
> # ycloBMe HOPMMPOBKM BHIIOJIHSIETCSI

4.5 Hanumiem (yHKIUIO J1s1 ONIPEACIICHUSI HAYAIbHO20 MOMEHMA S-20 NOPAOKA

12



OueBuaHoO, ¢ yueroM (1.12) BbIpaskeHHe ISl HAYAIBHOIO MOMEHTA S-TO MOpPsAKa
(1.1) MmoxHO 3anucath B BUJE

3

a,(m, p)=> k°P(k,m, p). (1.16)

k=0

> alpha:=(m,p,s)->sum((k”*s)*P(k,m,p) ,k=0..m) ;
# HavaNbBHENM MOMEHT S-I'O IOPsgKa

a:=(m,p,s)— Z k®P(k, m, p)
k=0

> simplify (alpha(m,p,s));
> k~* binomial(m-~, k~) p~* (1 - p~)(m~_

k~=0

k~)
I/ITaK, JJI1 HAa4aJIbHOI'O MOMEHTA S-TO nopsAaaKa MOXHO BBIIIUCATDH (I)OpMy.]'Iy
i k
a,(m, p)=> k°Crp“(l-p)"". (1.17)
k=0

4.6 Haiinem Hauanvhwiti MOMeHmM HY1€6020 NOPAOKA'

> alpha(m,p,0); # HauaNBHEN MOMEHT HYJIEBOT'O NOPSIOKA
M

(“ 1:~) (1-p~)™

> # cooTBeTCTByeT YyCJIOBMIO HOPMMPOBKM
> simplify(alpha(m,p,0));

1

Takoll pe3yabpTaT U CIe0BajI0 OKUIATh, TAK Kak B cCOOTBETCTBUHU C (1.16)
m
ao(m, p)=2_P(k,m, p), (1.18)
k=0

YTO MOJIHOCTHIO DKBHBAJICHTHO YCIOBHIO HOpMHUPOBKH (1.15).

4.7 Hanumiem (yHKIUIO IJ1s1 ONPEACICHUS MAMeMamuyecko2o 0#CUOAHUSL

>M:=(m,p) ->alpha(m,p,1);
# MaTeMaTnyeCKoe OoOXmagaHne - HavaJIbHEL MOMEHT l-T0 nopsigka
M= (m,p)—> a(m,p,1)

> simplify (M(m,p)) ;
m~ p~

I/ITaK, 0Ka3aJ0Chb, YTO AJII MATEMATUYICCKOI'O O KMAAHHA CIIPABCAJINBO BBIPAKCHUC
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M(m, p)=ay(m, p)=mp. (1.19)

®opmyna (1.19) nmokas3bIBaeT, YTO MaAMeMAMUiecKoe OHCUoaHue OUCKPEemHou CJy-
YAUHOU BeIUYUHDL, PACNPEOeNeHHOU N0 OUHOMUATLHOMY 3AKOHY, HAXOOUMCS 8 Npsi-
MOt 3a8uUcuMocmu om napamempos M u P pacnpeoenenus..

4.8 [loctpoum rpaduku 3aBUCUMOCTH MaT€MAaTUYECKOIO OKUJAHUS OT MapaMmeTpoB
M U P pacrpenenacHus

> plot([M(5,p) ,M(10,p) ,M(15,p)],p=0..1,axes=BOXED,
axesfont=[COURIER,BOLD,12],color=black,
font=[TIMES,ITALIC,14],labels=["p","M"],
linestyle=[SOLID,DOT,DASHDOT], thickness=2,
title="rpadmk BaBMCMHMMOCTM MaAT. OXMIOAHMS OT IapamMeTpa
p\n (6uHOMMaNEBHINI BaKOH pacnpegesienus:, m=5,10,15)",
titlefont=[TIMES,ROMAN,12]) ;

Pe?)y.HI)TaT BBITIOJTHCHUS KOMAH/bI ITPCACTABJICH HA PUCYHKC I1.1.

rpadMKH 3aEHCHMOCTH MaT. 0EHIAHHA oT TapaMeTpa p
(GHHOMHATEHEIH 2aK0H pacopeleneHnd, m=2, 10,13

147 it
121 e
10]

M

I:I:'I"'I""I""I""I""
0 0.2 0.4 0.6 0.8 1

%
Pucynok 1.1 — I'paduku 3aBUCUMOCTH MaT. OKUJAHUS OT mapamerpa p

4.9 Hanmummem GyHKIUIO IJ1S1 OTIPEICTCHUS YEHMPATbHO20 MOMEHMA S-20 NOPAOKA

OueBunHO, ¢ yueroMm (1.12) BelpakeHue sl LEHTPATILHOTO MOMEHTA S-TO MOpsIKa
(1.5) MoOXHO 3amucaTh B BUJE

,(m, p>=§[k—m<m, p)FP(k,m, p). (1.20)
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> mu:=(m,p,s)->sum(((k-M(m,p))*s)*P(k,m,p) ,k=0..m);
# UeHTpaNBHENI MOMEHT S-T'O NOPSIgKa

pi=(m,p,s)— kZ (k—=M(m, p))*P(k, m, p)
=0

> 51mp11fy(mu(m R s));
z (k~— p~m~)® binomial(m-~, k=) p~~ (1 p~)""

k~=0

—k~)
Wtak, 11t IeHTpaJIbHOTO MOMEHTA S-TO TOPsIIKa MOXKHO BhITUCATH POpMYITy

ps(m, p)=i(k—mp)scrﬁpk(1— p)" . (1.21)
k=0

4.10 Haiinem yenmpanbHwili MOMEeHM HY1€68020 NOPAOKA

>mu(m,p,0);
m~

(“ 1:~) (1-p~)™

1

> simplify (%) ;

Takoil pe3yabTat v CIeJ0BalI0 0XKUAATh, TaK Kak B cOOTBeTCTBUHM C (1.20)
m
)=>P(k,m, p), (1.22)
k=0

YTO MOJIHOCTHIO SKBUBAJIEHTHO YCIOBUIO HOpMUPOBKH (1.15).

4.11 Hailinem yenmpanvbHbiii MOMEHM nepeozo nopsioka

> mu(m,p,1l); # UeHTpanBHEN MOMEHT NEpPBOT'O0 NOpPSAKa
0

> # paBeH HyJ©O

HetictBurensHo, B cuny (1.20) mng neHTpaabHOTO MOMEHTa MEPBOTrO MOpSA/Ka
MOYKHO 3aITACaTh:

:g[k—M(m, p)[P(k, m, p):é P(k,m, p)- kzr:(;P (k,m, p). (1.23)

Tak kak
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ikP(k, m, p)=M(m, p) (1.24)
k=0
iP k, m, p =1 (1.25)
k=0

TO, OYEBUTHO, ,ul(m, p):

4.12 Hanumem QyHKIUIO ISl OTIPEACIICHUS Oucnepcuu

> Dsp:=(m,p)->mu(m,p,2);
# mucnepcmust - UEHTPANBHENM MOMEHT BTOPOT'O MNOPSIgKAa
Dsp = (m, p) —»> u(m, p, 2)
> simplify(Dsp(m,p));
—p~ -~ (~1+p~)

I/ITaK, 0Ka3aJIoCh, UTO IJIsI AUCIICPCHUU CIIPABCIJIMBO BBIPAKCHUC

D(m, p)= 1,(m, p)=mp(1-p). (1.26)

®opmyna (1.26) mokas3wsIBaeT, 4TO Oucnepcus OUCKPEMHOU CAYYAUHOU GeIUYUHDL,
pacnpeoeeHHol N0 OUHOMUATLHOMY 3AKOHY, HAXOOUMCSL 8 NPSAMOU 3A8UCUMOCIU O
napamempa M u npouzgeoenus geaudur P ul—p.

4.13 Iloctpoum rpaduku 3aBUCUMOCTH TUCIIEPCUU OT apaMeTpoB M U P pacrpe-
JICICHHUS

> plot([Dsp(5,p) ,Dsp(10,p) ,Dsp(15,p)],p=0..1,axes=BOXED,
axesfont=[COURIER,BOLD,12],color=black,
font=[TIMES,ITALIC,14],labels=["p","D"],
linestyle=[SOLID,DOT,DASHDOT], thickness=2,
title="rpadmxk BaBMCHMMOCTM AMCIepCHMM OT mnapamerpa p\n
(6uHOMMANEBHENI BaKOH pacnpepeneHuss, m=5,10,15)",
titlefont=[TIMES,ROMAN,12]) ;

Pe3ynbpTaT BRITIOTHEHUST KOMaH bl PEICTABIICH HA pUCyHKE 1.2.
OyHKIUA D(m, p) npu (PUKCUPOBAaHHOM M HMMEET SPKO BHIPAKEHHBIM MaKCH-

MyM (CM. pUCYHOK 1.2), KoTOpsIii qocturaercs mpu P =0,5 (3T0 MOKHO TTOKa3aTh C

nomonibio auddepenuuporanus (1.26)). I'paduku, npencraBieHHbE HAa PUCYHKE
1.2, HarnsiTHO MOKAa3bIBAIOT, YTO 3HAYECHUE AUCIIEPCUU B PABHOU CTETIEHU 3aBUCHUT OT
BemuurH P U 1- p (cm. Take Gpopmyiy (1.26)).
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rpadHKH 3aBHCHMOCTH JHCIOERCHH OT DapaMeTpa p
(bHHOMHANEHEHA SaKoH pacnpegenesud, m=o, 10,15}

L

[

[
n

=

=
=YY, B SRY, B RTINS

0 0.2 0.4 0.0 0.8 1

r
Pucynok 1.2 — I'paduku 3aBUCUMOCTH AUCTIEPCUU OT TapaMmeTpa P

4.14 Hariumiem  QyHKIUIO JUIS  ONpPEACICHUS  CpedHe20  K8AOpAmuuecKoco
OMKIIOHeHUs.

> sigma:=(m,p)->(Dsp(m,p))~(1/2);
# cpenHee Ksanpawnqecxoe OTKJIOHeHMne

c:=(m, p) —/Dsp(m, p)
Jm~/p~/1-p~

> simplify(sigma (m,p)) ;

I/ITaK, AJIA CPCAHCTO KBAAPATHICCKOI'O OTKJIOHCHHUA CIIPABCIIMBO BBIPAKCHUC

o(m, p)=+/D(m, p)=/mp(1-p). (1.27)

4.15 Tloctpoum rpaduky 3aBUCUMOCTH CPEIHET0 KBAaJAPAaTUYECKOTO OTKIOHEHUS OT
napaMeTpoB M U P pacnpeieneHus

> plot([sigma(5,p) ,sigma(10,p) ,sigma (15,p)],p=0..1,axes=BOXED,
axesfont=[COURIER,BOLD,12],color=black,
font=[TIMES,ITALIC,14],labels=["p","CKO"],
linestyle=[SOLID,DOT,DASHDOT], thickness=2,
title="rpapmxk saBucumocTu CKO oT mapamerpa p\n
(6uHOMMANEBHENI BaKOH pacnpepenenHuss, m=5,10,15)",
titlefont=[TIMES,ROMAN,12]) ;
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Pe3ynpTaT BBINOJHEHUSI KOMaH bl IPECTaBIEH Ha pucyHke 1.3.

rpaduEl sapHcHEMocTH CEO oT napameTpa p

(bMHOMHATEHEIH 2aK0H pacopeleneHnd, m=o, 10, 13)

Pucynok 1.3 — I'padpuku 3aBucumoctu CKO ot mapamerpa p

4.16 Hanumem GyHKIHIO 7151 ONIPEACIICHUS Koo duyuenma acummempuu

> Sk:=(m,p)->mu(m,p,3)/((sigma(m,p))*3); # xosdpdpuumenT acuMMmeTpuUM

Sk:=(m, p)—)M
o(m, p)
> simplify (Sk(m,p));
2p~-1

e e

Takum o6pazom, g KOIPPUIMEHTA ACUMMETPUH MOXXHO BBIMHCATH CIEAYIOUTYIO
(bopmyry:

sk(m, p)= m(m, p) _ 1-2p (1.28)

[o(m, p)F /mp(-p)’

Ananuz ¢opmynbl  (1.28) 1O3BONISIET BBIABUTH CIEAYIOUIME OCOOEHHOCTH
koddummenta acummetpun (1.28):
1) mpu pe(0,05) Sk(m, p)>0, T. e. pacnpesencHHe UMEET HOMONHCUMENHHYIO

acummempuro («CKOIICHO BJIEBO» OTHOCHUTEIIBHO MaTeMaTHICCKOTO OXKUIAHHUS ),
2) mpu p=0,5 Sk(m, p):O, T. €. pachnpeiesieHue pPacIo0oXeHO CUMMEMPUUHO

OTHOCHTEIBHO MaTEMAaTHYECKOrO OKHIAHUS;
3) mpu pe(0.5,1) Sk(m, p)<O0, T. e. pacpenenenye UMEET OMpUYAMELHYIO ACUM-
Mmemputo («CKOLUIEHO BIPABO» OTHOCHTEIBHO MAaTEMATUYECKOTO OKHIaHU).

18



4.17 Iloctpoum rpaduku 3aBUCUMOCTU KO3(PUIMEHTA aCUMMETPUH OT apaMeTpoOB
M U P pacHpenencHus

> plot([Sk(5,p),Sk(10,p) ,Sk(15,p)],p=0.1..0.9,axes=BOXED,
axesfont=[COURIER,BOLD,12],color=black,
font=[TIMES,ITALIC,14],labels=["p","Sk"],
linestyle=[SOLID,DOT,DASHDOT], thickness=2,
title="rpad¢uk saBMcMMocTM kO3d. acmumMMeTpum oT mapameTrpa p\n
(6MHOMMANBEHE BaKOH pacnpepjenenHms, m=5,10,15)",
titlefont=[TIMES,ROMAN,12]) ;

Pe3ynbpTaT BBINONHEHMS] KOMaHJIbl MpejacTaBieH Ha pucynke 1.4. [Ipeacrasnen-
Hble Ha pucyHke 1.4 rpaduku HarjasgHO MOKA3bIBAIOT, YTO HAMOOJIEe IPKO aCUMMET-
pusi pacnpezenenus nposieisier ceds npu P — 0 (monmokutenbHas acCUMMETpUs) U
p—1 (orpunarenpHas acummeTpus); npu P =05 pacnpenenenue sBIAETCA
CUMMETPUYHBIM.

rpadHKH SaEHCHMOCTH K03, acHMMETPHE OT DapaMeTpa p
(GHHOMHATEHEIH 2aK0H pacopeleneHnd, m=2, 10,13

0.1 0.30.40.50.60.70.80.9

[
Pucynoxk 1.4 — I'paduku 3aBucumMocT k03¢ dHullMeHTa aACMMMETPUH OT TapaMeTpa P

4.18 Hanmmiem QyHKITHIO JUTsl OTIPEACIICHUS K03 duyuenma sxcyecca

> Ex:=(m,p)->(mu(m,p,4)/((sigma(m,p))*4))-3;
# xosdbdmumenT skcuecca
u(m.p,4)

Ex:=(m,p) > o(m. )’
> simplify (Ex(m,p)) ; ,
6p~—-6p~+1

- m~p~(-1+p~)
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Taxkum oOpazom, st Ko PuIMEeHTa dKCIecca MOKHO BBINTUCATh CIENYIONIY0 (op-
MyITy:

2
Ex(m, p)= #a(m.p) ,_6p’—6p+1_1-6p(-p) (1.29)

[o(m, p)* ~ mpl-p)  mp(-p)

Ananuz popmyisl (1.29) nokassiBaet, 4To K03 @uyuenm sxcyecca OUCKPEemHoU
CYUAUHOU BENUYUHBI, PACHPEOENeHHOU N0 OUHOMUANLHOMY 3AKOHY, 00pamHo npo-
nopyuoHalen napamempy M, HOO0OHO Ouchnepcuu u cpeoHem)y KeaopamuiecKoMy
OMKIIOHEHUI, KOIhhuyuenm skcyecca 3a8UcCum om NPou38e0eHusl p(l— p).

4.19 IMoctpoum rpaduku 3aBUCUMOCTH K03 PuImeHTa 3kciecca OT mapaMeTpoB M
U P pacnpeneneHus

> plot([Ex(5,p) ,Ex(10,p) ,Ex(15,p)],p=0.1..0.9,axes=BOXED,
axesfont=[COURIER,BOLD,12],color=black,
font=[TIMES,ITALIC,14],labels=["p","Ex"],
linestyle=[SOLID,DOT,DASHDOT], thickness=2,
title="rpadpuk saBucMMOCTM kKO3d. 3KClecca oT mapamerpa p\n
(6MHOMMANBEHEN BaKOH pacnpegpenenHumss, m=5,10,15)",
titlefont=[TIMES,ROMAN,12]);

PGSYJII)TaT BBITIOJTHCHUS KOMAHBI ITPCACTABJICH HAd PUCYHKC 1.5.

rpadHKH SaBHCHMOCTH K03, SKCIECCa oT HapaMeTpa p
(CHHOMHATEHEH SaK0H pacopegenend, m—o,10,15)

1

0.8-
0.6

0.4
Fx A

_I]'4_-""I""I'"'I""I""I""I""I""
0.1 0.30.40.50.60.70.80.9
[
Pucynok 1.5 — I'paduku 3aBucumoctu ko3 PuimenTta skciecca oT napamerpa p

AHanu3 nmpeACTaBICHHBIX HAa pUCYHKE 1.5 rpadukoB mokKa3bIBaeT, uTo KO3 du-
IMEHT DKCIlecca MMEET SIPKO BBIPAKEHHBIH MUHHUMYM, KOTOPBIN JOCTHTAETCS TpU
p=0,5 (310 MOXHO MOKa3aTh ¢ momoiisio auddepermupoanus (1.29)). I'padukmn,

MpeACTaBICHHbIE HAa PUCYHKE 1.5, HarisiiHO MOKa3bIBAIOT, YTO KOA(DPUIMUEHT IKC-
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1ecca B paBHOW CTENEHW 3aBHCUT OT BelqMuMH P U 1—p (cMm. Takke dopmyrny

(1.29)).

OO6pamiaeT Ha ce0s BHUMaHUE TO OOCTOATENIBCTBO, UTO KOIPGuyuenm skcyecca,
Xapaxkmepuzylowuti «cmenensb O0CMPOBEPUUHHOCIUY pAcChpedesenus, NpUuHUMaem
MUHUMANIbHOE 3HAYEeHUe Npu mex napamempax pacnpeoeieHusl, npu KOmopbvlx Ouc-
nepcus, Xapakmepuzylowas «Cmenenv pazopocar» pacnpeoeieHus OMHOCUMENbHO
MAMeMamu4ecKoeo 0ACUOAHUS, NPUHUMAEM MAKCUMATbHOEe 3HAYeHUue U Haobopom,
yem Oonbue KodIpduyuenm sxcyecca, mem mMeHvuie oucnepcus. ITOT BBIBOJ UMEET
HATTSAIHYI0 (DU3UYECKYI0 WHTEPHpPETAIMIO: €AUHUYHAS Macca (CyMMapHas BEpOST-
HOCTh, paBHas €JMHUIIE) MPU OOJIBIINX 3HAYCHUSAX KO3 duIireHTa 3xciecca (0CTpo-
BEPIIMHHOCTH) COCPEIOTAYMBACTCS OKOJIO IEHTPA TSHKECTH (MAaTEMaTHYECKOTO OXKH-
JIaHWs ), BCJICICTBUE YETO MOMEHT WHEPIIMH (JIUCIIEPCHs) YMCHBIIIACTCS.

Ha ocnoBanuu ¢opmyn (1.26) u (1.29) MOKHO BeITUCATH CIEAYIOLIEE 8blpadiCe-
HUe 0/ C6s3U oucnepcuu u Kosghguyuenma sxcyecca.

_ 1-6D(m, p)/m
D(m, p)

Ex(m, p) (1.30)

4.20 Iloctpoum rpaduku pacrpeiesieHuss BEPOITHOCTEN I pa3IMYHbIX 3HAUYCHUU
napamMeTpoB M u p

> pointsll:=[[k,P(k,5,0.2)] $k=0..5]:
pointsl2:=[[k,P(k,5,0.5)] $k=0..5]:
pointsl3:=[[k,P(k,5,0.8)] $k=0..5]:
> plot([pointsll,pointsl2,pointsl3],axes=BOXED,
axesfont=[COURIER,BOLD,12],color=black,
font=[TIMES,ITALIC,14],1labels=["k","P(k)"],style=POINT,
symbol=[CIRCLE ,DIAMOND, BOX] ,symbolsize=[15,15,15],
title="6uHOMMANBEHOE pacHpefeljieHne BeposITHOCTe\n
(m=5, p=0.2,0.5,0.8)",titlefont=[TIMES,ROMAN,12]);

Pe3ynbpTaT BRITIOTHEHUST KOMaH/ bl MPEJICTABIICH HA pUcyHKe 1.6.

> points2l:=[[k,P(k,10,0.2)] $k=0..10]:
points22:=[[k,P(k,10,0.5)] $k=0..10]:
points23:=[[k,P(k,10,0.8)] $k=0..10]:

> plot([points2l,points22,points23],axes=BOXED,
axesfont=[COURIER,BOLD,12],color=black,
font=[TIMES,ITALIC,14],1labels=["k","P(k)"],style=POINT,
symbol=[CIRCLE,DIAMOND,BOX] , symbolsize=[15,15,15],
title="6urHoMManbHOE pacnpenejyieHue BeposiTHOCTelN\n

(m=10, p=0.2,0.5,0.8)",titlefont=[TIMES,ROMAN,12]);

Pe3ynbTaT BRINOJHEHUS] KOMAH bl IIPECTABIICH HAa pUCYHKe 1.7.
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BHHOMHATEHOE PACIpPEOEIIEHIE EEpOH‘THOCTEﬁ

(=5, p=0.2,0.5,0.8)

u-4_ [ O
= o o m|
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1= <
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Pucynok 1.6 — buHomuanbHO€ pacnpeeaeHue BepOATHOCTEN

(m=5, p=0.2,05,0.8)

BHHOMHATEHOE PACIpPEOEIIEHIE EEpOH‘THOCTEﬁ

(=10, p=0.2,0.5,0.8)

0.31 < d
] o m]
D.EE? &
0.2 o ¢ ¢ o
Pfk) 0.15]
] o &
1o m]
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Pucynok 1.7 — buromuanbHOe pacnpeneneHue BEpOATHOCTEN
(m=10, p=0.2,0.5,0.8)

> points31l:=[[k,P(k,15,0.2)] $k=0..15]:
points32:=[[k,P(k,15,0.5)] $k=0..15]:
points33:=[[k,P(k,15,0.8)] $k=0..15]:

> plot([points3l,points32,points33],axes=BOXED,
axesfont=[COURIER,BOLD,12],color=black,
font=[TIMES,ITALIC,14],labels=["k","P(k)"],style=POINT,
symbol=[CIRCLE,DIAMOND,BOX] ,symbolsize=[15,15,15],
title="6uHOMMaNBEHOE pacHpefelyieHne BeposiTHocTel\n

(m=15, p=0.2,0.5,0.8)",titlefont=[TIMES,ROMAN,12]);
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Pe3ynpTaT BBINOJHEHUSI KOMaH bl IPECTABIECH HA PUCYHKe 1.8.

E'HHOI'.'IHE!J'ILHOE PAclIpeOelIEHHE EEpOHTHOCTEﬁ
(=15, p=0.2.0.5.0.8)

0.251 [ O
1 L] m]
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0.17 s %
0.057 o o o o
] & o 0 )
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e 2
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k

Pucynok 1.8 — buHomuanbHOe pacnpeeseHue BepoITHOCTEN

(m=15, p=0.2,0.5,0.8)

> points4l:=[[k,P(k,30,0.2)] $k=0..30]:
points42:=[[k,P(k,30,0.5)] $k=0..30]:
points43:=[[k,P(k,30,0.8)] $k=0..30]:

> plot([points4dl,points42,points43],axes=BOXED,
axesfont=[COURIER,BOLD,12],color=black,
font=[TIMES,ITALIC,14],1labels=["k","P(k)"],style=POINT,
symbol=[CIRCLE,DIAMOND,CROSS] ,6 symbolsize=[15,15,15],
title="6uHOMMANBHOE pacHpefelleHne BeposiTHOCTei\n

(m=30, p=0.2,0.5,0.8)",titlefont=[TIMES,ROMAN,12]);

Pe3ynbpTaT BRINIOTHEHUST KOMaH/IbI MPECTaBIeH Ha pucyHke 1.9.

EHHOMHE{I{LHOE PAcIpEeNENEHHE BEpOHTHOCTEfI
(=30, p=0.2,0.5,0.8)
0.18- [a] +
0.161 o N

0.147 o o o +
0.12-
0.1
0.081 o @ @ +
0.061
0.04°
0.02-
0163 4p g0

0 5 10 15 20 25 30
k

Pucynok 1.9 — bunomuanbHOoe pacnpeneneHue BEpOATHOCTEN
(m=30, p=0.2,0.5,0.8)

P(k)
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4.21 Hanuiiem (QyHKIUIO, OMPEACISIIONIYIO UHMESPAIbHbIU 3AKOH PACnpeoeleHUs.
JUCKPETHOW CIy4yalHOM BEJIMYMHBI, NOJYMHEHHOW OWHOMHUAIBHOMY 3aKOHY
pacnpeneneHus

B cooTBeTCTBUUM C OMNpeAeNeHNeM HHTETPANbHOIO 3aKOHA paCIpEeiesIeHUs, IS
MOCJIETHETO MOKHO BBIITUCATh CIEAYIOYIO (hOpMYyIy:

1-1

F(I,m, p)=P(k<l,m, p)=>_P(k,m, p). (1.31)

k=0

> F:=(1,m,p)->sum(P(k,m,p) ,k=0..(1-1));

# mMHTerpanbHHI BaKOH pacHpeneseHMs
-1

F:=(l,m p)— > P(km,p)
k=0

> simplify (F(l,m,p));
1 — binomial(m-~, I) p~' (1- p~)(m~_|) hypergeom([l, -m~+1],[1+1], _1Fi:p~)
> simplify (F(0,m,p));
0
> simplify (F(infinity,m,p));
1

Taxum oOpaszom, i UHTETpaIbHOTO 3aKoHa (1.31) MOXKHO 3amucaTh:

F(Lbm, p)=1-Cpp'@-p)" ' H[L1-m,1+1, p/(p-1)]=

1.32
=1-P(I,m, p)H[L, 1-m,1+1, p/(p-1)] (1.32)
rae H (a, b, c, Z) — rurnepreomerpuieckas GyHkuus. HetpynHo yoeauTscs, 94To
F(0,m, p)=0, (1.33)
F(oo,m, p)=1. (1.34)

4.22 TloctporM TpauKH WHTETPATHHOTO 3aKOHA paCTHpeNeNICHHs IS Pa3IddHBIX
3HAYCHUW mapaMeTpoB M u P

> Fpointsll:=[[1,F(1,15,0.2)] 1=0..20]:
Fpointsl2:=[[1,F(1,15,0.5)] 1=0..20]:
Fpointsl3:=[[1,F(1,15,0.8)] $1=0..20]:

> plot([Fpointsll,Fpointsl2,Fpointsl3],axes=BOXED,
axesfont=[COURIER,BOLD,12],color=black, font=[TIMES, ITALIC,14],
labels=["1","F(1)"],style=POINT, symbol=[CIRCLE,DIAMOND,CROSS],
symbolsize=[15,15,15],title="uHTerpansHs BaKOH pacnpegesyeHusi\n

(m=15, p=0.2,0.5,0.8)",titlefont=[TIMES,ROMAN,12]) ;
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Pe3ynpTaT BRINOJHEHUS! KOMaH/bI pecTaBieH Ha pucyHke 1.10.

HHTEIPB.JILHBIE JaFoH paclIpeelIEHHEA

(=15, p=0.2,0.5,0.8)
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Pucynok 1.10 — MHTEerpanbHblil 3aKOH pacrpeaeineHus

(m=15, p=0.2,0.5,0.8)

4.23 Harnuirem GyHKIMIO JJIs1 BRIYUCICHUS SHMPONUU

> H:=(m,p)->-sum(P(k,m,p) *1n(P(k,m,p)) ,k=0..m) ; # sHTpOmMS
H:=(m,p) —>—{ P(k, m, p) In(P(k, m, p))}

=0
Z In(binomial(m~, k~)) binomial(m~, k~) (1 - p~)

k~=0

k

> simplify (H(m,p));
—p~m~ In(p~) - m~In(1 - p~) + p~m~In(1-p~)

(m~—k~) -
| )

4.24 Tloctpoum rpadvKu 3aBUCUMOCTH YHTPOITUU OT MapaMeTpoB M u P

plot([H(5,p) ,H(10,p) ,H(15,p)],p=0..1,axes=BOXED,
axesfont=[COURIER,BOLD,12],color=black, font=[TIMES,ITALIC,14],
labels=["p","H, HaT"],linestyle=[SOLID,DOT,DASHDOT] , thickness=2
title="suTponuss, m=5,10,15\n

(uHOMMaNBHOE pacnpejesyieHMe BeposiTHoOCTemn) ",
titlefont=[TIMES,ROMAN,612]) ;

Pe3ynbTaT BRINOJHEHHUS] KOMaH bl TIPEACTaBlIeH Ha pucyHke 1.11.
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SHETROOHA, m=0,10,15
(OHHOMHANEHOE PACOpPENENEHHE BEPOATHOCTEH)

b - —
] - TS

Pucynok 1.11 — I'padmku 3aBUCUMOCTH SHTPOIIUU OT TapaMeTpoB M U P

Ananu3 npeacrtaBieHHbIX Ha pucyHke 1.11 rpadukoB mokasbiBaeT, YTO IHMPO-
nus yeeauuueaemcsi ¢ pocmom napamempa M, npu QuKrcupoeanuwvix M 3a8ucu-
MOCMb dHmMponuu om napamempa P KA4eCmeeHHO HANOMUHAEem 3A8UCUMOCTb
oucnepcuu om s3moeo napamempa (cM. pucyHok 1.2). Ilpu p =0,5 sHTponUa umeeT
SPKO BBIPAKEHHBI MAaKCHUMYM.

COAEPKAHME OTYETA

OTuer I0KEH COJIEPKATh:

TUTYJIBHBIN JIUCT;

enb paboThI;

[IporpaMMmy 1 METOAMKY HCCIENOBAHUMN;
Pe3ynpTarsl 3KCIIEpUMEHTAIBHBIX UCCIIEI0OBAHUN;
BriBobI IO paborTe.

BOIIPOCHI JJIs1 CAMOITPOBEPKH

1. Yro Takoe ciyvaitHoe coObITHE?

Uto Takoe ucxon? UTto moHUMAIOT MO MPOCTPAHCTBOM HUCXO0B?
OxapakTepusyiiTe oOmnepanuu HaJ COOBITHUSIMH: OOBEIWHEHWE, TepeceycHHue,
JOTIOJTHEHHE.

YUT0 NOHMMAIOT MO/ BEPOSITHOCTBIO CIIy4YalHOTO UCX0oaa?

UTO MOHUMAIOT MO BEPOSITHOCTHIO CIIY4YaHHOTO COOBITHS?

UYro Takoe ciryyaiiHas BeJIM4YUHA?

Kakue cnydaiiHple BETMUMHBI Ha3bIBAIOT JUCKPETHBIMU ?

OxapakTepusyuTe psJl paclpeiesieHUus U €ro CBOMCTBA.

w

N Ok
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9. OxapakTepusyiiTe HMHTETpaJbHYI0 (PYHKLUUIO pacCHpenesieHus JHUCKPETHON
CIIly4aliHOM BEJIMYHHBI.

10. Ilepeuncnute M OXapaKTEpU3YWTE UYHCIIOBBIE XapaKTEPUCTHUKU JAUCKPETHBIX
CJIy4alHbIX BEJIMYMH: MOMEHTHI, MATEMAaTUYECKOE OKUAAHUE, TUCIIEPCUSs, CPEL-
Hee KBAJpPAaTUYECKOE OTKJIOHEHHE, KOI(P(PUUUEHT aCUMMETpUH, KO3(PHUIMEHT
JKcLecca.

11. Yo Ha3bIBAIOT SHTPOIUEN JUCKPETHOU CIy4ailHOW BETUYUHBI?

12. IlepeuncnuTe CBOICTBA IHTPONUHU JUCKPETHOM CITydaiiHON BEIUYHHBI.

BUBJINOTPAONMYECKHUNA CITMCOK
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JICKIIUM.
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3. I'megenko b.B. Kypc teopun Bepostaocreii / b.B. I'nenenxo. — M.: Exutopuan
YPCC,2005. — 448 c.

4. Martpocos A.B. Maple 6. Perrenne 3a1a4 BoICIicii MaTeMaTHKU U MeXaHuku / A.B.
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