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Mertonuueckoe ykazaHwe K BbiosiHeHHIO PI'P mo gucuuminne «BepoATHOCTHBIE METOJbI
CTPOUTENLHON MEXaHUKU U TEOPUU HAJIECKHOCTU CTPOUTENbHBIX KOHCTpYKIHiD» /Coct. U.B. IletpoBa. —
Yeboxkcapsr: YU (D) MITVY, 2023. 29 c.

MeTtoanueckoe yKazaHHE COOTBETCTBYIOT T'OCYAAPCTBEHHBIM OOpa30BaTEIbHBIM CTaHIApTaM
crenranbHOoCcTU 08.05.01. CTpoUTENbCTBO YHUKAIBHBIX 3aHUN U COOPYKEHUU MO CHEUHATU3AIuU
«CTpOUTENHCTBO BHICOTHBIX M OOJIBIICTIPOICTHBIX 3JJaHUN U COOPYKEHUI

B MmeTonnueckux yka3aHUSIX M3JI0KEHA KpaTKas TEOpHs U NPHUMEPHI PEIICHMs 3aad C LEJIbI0
3aKpEIUICHUS] KOMIIETCHIINM, TIOJYYeHHBIX TMPU W3YYEHUU UCHUUIUTUHBI «BeposITHOCTHBIE METOIbI
CTPOUTEITBLHON MEXAHUKHU U TEOPHUS HAJIEKHOCTH CTPOUTENBHBIX KOHCTPYKIIUI.

Metoauueckoe ykaszaHHe IMpeJHA3HAUEHO I CTYACHTOB CIEUUAIbHOCTH «CTpPOUTENBCTBO
YHUKAJIBHBIX 3/ITaHUH U COOPYKEHUI» 04HOM (hopM 00yUeHHsI.



1. 3AJJAYUY TEOPUN HAAEXHOCTU
CTPOMTEJIbHbIX KOHCTPYKIIMI.
MOHATUE HALEXHOCTU U EE CBOMCTBA

OOBIUHBI  JACTEPMUHUCTHYECKUN TOAXOJ K pacyeTry
KOHCTPYKLIMH COCTOMUT M3 JIBYX JTaIlOB:

1) Boblumcisitorcst — HampsbkeHusi,  gedopmanuu U
IIEPEMEIEHUS] B KOHCTPYKLMSAX, IIOJBEP)KCHHBIX JCUCTBHIO
BHEUIHMX Harpy3ok. OrTa 3ajaya pelaercsi MeToAaMu
CTPOMTEIIBHOM  MEXaHWKH, TEOPUHM  YNPYIrOCTH, TEOPHUH
IJIACTUYHOCTH U T.[.

2) BbluncieHHbIE ~— BENUYUHBI  COMOCTABISIIOTCA
HOPMAaTUBHO JONYCTUMBIMHM 3HaueHuUsAMHU. [Ipu 3Tom pemaercs
3aJa4ya  HAJEKHOCTH, JIOJITOBEYHOCTM W OSKOHOMHYHOCTH
KOHCTPYKIIHU.

Opnako peanbHas CHUCTEMa U €€ YCIOBHUS DKCIUTyaTaluu
OTJIMYAIOTCS OT WACAIN3UPOBAHHOW CHUCTEMBI M YCIIOBHH,
paccMaTpuBaeMbIX Ha CTaJuU NPOCKTUPOBaHUS. DaKTUUECKU
HampsDKeHUs, JaedopMamud W TMEPEMEIICHUS  SIBISIOTCS
CIIy4aliHBIMM BEJINYMHAMM M3-32 CIIy4allHOTO XapaKTepa BHELIHUX
BO3JICUCTBUH, NPOYHOCTHBIX W Jp. BHEMIHUX ycioBuil. [loaToMy
HQ/IeKHOCTh ~ KOHCTPYKLIMHM MOXET OBITh  OINpejeieHa ¢
MPUBJIEYEHUEM METOJI0OB MaTeMaTH4YeCKOM M CTaTHUCTUYECKOU
TEOPUU BEPOATHOCTEM.

B Tteopum BepoATHOCTEH TIiaBHAas 3ajada - 3Has COCTaB
TEHEpAJIbHOM  COBOKYIHOCTH, W3YYMTb pACHpENeiIcHUs Ui
cocTraBa Cily4yailHOH BbIOOpKH. OTO mpsiMas 3ajada TEOPHUH

BeposiTHOocTe. OOpaTHast 3ajada - KOIIa HU3BECTEH COCTaB
BBIOODKM M 10 HeMy TpeOyeTcsi OmpelenuTb, Kakod ObLia
reHepabHast COBOKYITHOCTb. Jt0 oOpaTHast ~ 3ajauda

MAaTeMaTUYEeCKON  CTaTUCTUKU. Wi, ToO4HEe, B TEOpPUU
BEPOSITHOCTEN MBI, 3HAas NOPUPOJY HEKOTOPOro  SIBJICHUS,
BBISICHSIEM, Kak OyayT BecTH ceOsi (Kak pacrpeiesieHbl) Te WU
WHBIE U3y4YaeMble HAMU XapaKTEPUCTUKH, KOTOPbIE MOKHO



HaOoIaTh B JKCIepuMeHTax. B maTemaTruuyeckoil cTaTHCTHKE
HA000POT — UCXOTHBIMU SIBIISTIOTCS SKCIIEPUMEHTAIILHBIC JTaHHBIC
(0OBIYHO 3TO HAOMIOJEHUS HAJ CIyYalHBIMH BEJIIMYMHAMH), a
TpeOyeTcst BBIHECTH TO WJIM HMHOE CYXKIEHHE O TMpHpPOJe
paccMaTpuBaeMoOro sIBJICHHS.

HanexxHocTh — CBOMCTBO 00BEKTAa COXpaHATh BO BPEMEHU
B YCTaHOBJEHHBIX TpeJesiax 3HA4eHHs BCeX [apaMeTpoB,
XapaKTepU3yIOIMUX  CIOCOOHOCTh  BBINOJNHATH  TpeOyeMmble
GyHKIUMU B 3aJaHHBIX pEeXUMaX U YCIOBUSX TMPUMEHEHUS,
TEXHUYECKOTO OOCITYy)KMBaHUS, PEMOHTAa M TPAHCIIOPTUPOBAHMSL.
Wnun  HamexHOCTh TakXke — YCTOWYMBOCTH KadecTBa IO
OTHOIICHHIO KO BCEM BO3MOXKHBIM BO3MYyIIeHHUsIM. HanexxHocTs —
KOJIMYECTBEHHBIM TMOKa3aTelnb (IMIPOMEXKYTOK BPEMEHH, YHCIIO
paboYHX IUKIIOB, YUCIIO KWIOMETPOB U T.1I.).

B 3aBucuMOCTH OT Ha3HAYE€HHUS CUCTEMbI U YCJIOBHM ee
AKCILTyaTaIluH HaJIe)KHOCTh BKITIOYAET CBOWCTBA:
1) 6e30TKa3HOCTh; 2) AOJTOBEYHOCTH; 3) PEMOHTOIPHIOIHOCTH;
4) cOXpaHsAEeMOCTb U JFOObIC UX COUCTAHHUSI.

be3oTkazHOCTh — BEpOATHOCTH 0OE30TKa3HOW pPabOTHI
KOHCTPYKIIMH 32 OIPEeSICHHBIN MPOMEXYTOK BPEMEHH.

JlonroBEYHOCT, — BEPOSITHBIA MPOMEKYTOK BpPEMEHU
0e30TKa3HOM pabOThl KOHCTPYKIIUH.

PeMOHTONPUTrOAHOCTE —  BEPOSTHOCTH ~ TOTO,  YTO
HEHCIIpaBHas CHCTEMa MOXeET ObITh BOCCTAHOBJIEHA 3a 3a/IaHHOE
BpeMs.

CopneprxaHne TEOPUHM HAJEKHOCTH — pa3padOTKa METO/I0B
OLIEHKM HAaJIe)KHOCTU CHCTEM M CO3JaHHE CHCTEM, 00JaIaroIinx
3aJJaHHBIMH MTOKA3aTeIsIMU HAJIEKHOCTHU U IOJITOBEYHOCTH.

3amaum pacueTa Ha HAJEKHOCTH COCTOST B OIPENEICHUHU
BEPOSATHOCTH BBIXOJa KOHCTPYKIIMM U3 CTPOsl B 3aJaHHBIX
YCIIOBHSIX,  HAXOXICHWM IO  3aJaHHOM  DKOHOMHYECKH
1esnecoodpasHon Ha/IeKHOCTH TpeOyeMBbIX pasmepoB
KOHCTPYKIIMH, JOMyCTUMBIX HArpPy30K WJIH ONTHMAJIBHOTO CpPOKa
JKCIUTyaTallid, a TaKXKe OLEHKH HaJIeKHOCTH CHCTEMBI IO
UMEIOIIMMCSL  OIICHKaM  HaJIeKHOCTH  COCTABISIONIMX €€
9JIEeMEHTOB. B 3amauy Teopuum HaJAEKHOCTH CTPOUTEIbHBIX
KOHCTPYKIIMH ~ BXOJUT  Takke  OOOCHOBaHWE  IPOIEAYP
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HOPMHPOBAHUS PacCUYETHBIX XxapakTepucTHk. Creunduka Teopuu
HQ/JIeKHOCTH  CTPOUTENBHBIX  KOHCTPYKIHMH  COCTOMT B
HEOOXOAMMOCTH y4YeTa CIydyalHbIX CBOWCTB Harpy3ok u
BO3JCHUCTBUM HA COOPYXKEHHUs, a TaKXKE YyyeTa COBMECTHOIO
NEHCTBUS CIly4allHbIX Harpy30K Ha CHCTEMY CO CIydyalHBIMH
MPOYHOCTHBIMU XapPaKTEPUCTUKAMHU.

OcHOBHOE TMOHSTHE TEOPUU HANECKHOCTH — OTKa3 —
COOBITHE, COCTOSIEE B HAPYNIEHUH PabOTOCIIOCOOHOCTH
cucrembl. lloHaTHe oOTKaza OJM3KO IO CMBICITY K TIOHATHUIO
npeneiabHoro cocrosiHud. K mpenenabHbIM - cocTOsHUSAM -1
IPYIIbl OTHOCATCS: 0o0LIas MOTeps YyCTOWYMBOCTU (HhOPMBI, TOTEPS
YCTOMYMBOCTH TIOJIOKEHUS, JI000€ paspylieHHe, Iepexoa B
HU3MEHSIEMYIO CUCTEMY, KaUeCTBEHHOE U3MEHEHHE KOH(DUTYpallHH;
COCTOSIHUSI, TPH  KOTOPBIX  BO3HHMKAET  HEOOXOIUMOCTh
MpEeKpaleHus IKCIUTyaTalllH B pe3yJIbTaTe TeKy4ecTH MaTepuana,
CIIBUTA B COCTMHEHUSX, TIOJ3YyUECTH WM YPE3MEPHOTO PACKPBITHS
TpemuH. [IpeaensHbie cOCTOSHUS 2-i TPYIIBI — HEAOMYCTHUMbIE
nedopmaluu KOHCTPYKIUN B pe3ysbTaTe mporuda, moBOpoTa Uiu
0CaJIoK, XapaKTepU3yeMbIX Pa3HOCTHIO BEPTHUKAJIBbHBIX
MEPEMEIEHUH Y3JI0B, OTHECEHHBIX K PACCTOSHHUIO MEXIy HHMH,
KPEHOM COOpPYKEHHS B LIE€JIOM, OTHOCUTEJIBHBIM MPOrHOOM WM
BBITMOOM, KPHBH3HOW  DJIEMEHTa, OTHOCHUTEIBHBIM  YTJIOM
3aKpy4YHBaHM, TOPU3OHTAIEHBIM UITH BEPTUKAIBHBIM CMEIICHHEM
JJIEMEHTa WM COOPYXXEHHS B IIEJIOM, YIJIOM TepeKoca WIH
noBopoTa. K mpenenbHbIM COCTOSHUSAM 2-H TpyHIbl OTHOCSTCS
TaKkKe HeJIONMyCTUMble KojeOaHUsl KOHCTPYKIUH, W3MEHEHHE
TIOJIOKEHHMSI, 00Pa30BaHNE WA PACKPBITUE TPEIIUH.

[TpuMepsl 0TKA30B - 0OpYIIEHUSs, OTIPOKUIBIBAHUS, TOTEPS
YCTOMYMBOCTH, XPYNKOE pazpylieHue, Oosbinue aeopManuu u
nporudbl,  MEXaHWYECKUH  WIM  KOPPO3HOHHBIH  H3HOC,
pacTpecKuBaHHUE H T.JI.

OTka3pl BBI3BaHBI BIHUSHHEM CIy4YalHBIX (PAKTOPOB,
M03TOMY OHM HOCAT CIIy4alHbIN xapaktep. 3a mokasareib (Mepy)
HAQ/IeKHOCTH CHCTEMBbl MOXXET OBITh IpPHHATA BEPOSATHOCTH P
6e30TKa3HOM paboThl B TEUEHUE BCEro cpoka ciryxkO0bl T.

Henocratku Teopuu HaIEKHOCTH - CJIOXKHO MOJIYYHUTh
ONBITHBIE  JaHHbIE B  KOJWYECTBE, JOCTATOYHOM  JIJIS
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nocienyromed ux o0pabOTKH METOJaMU TEOPHH BEPOSTHOCTEH.
Cn0HO UIMTENbHBIA CPOK MIPOBOAUTH UCIIBITAHUSI KOHCTPYKLIMU
JUIE TIONyYSHHSI HAJCKHBIX BBIBOJIOB O €€ JIOJTOBPEMEHHON
pabore.

2. OCHOBHBIE ITOJIOXXKEHUA TEOPUUN
BEPOSATHOCTEM, BAXHBIE JIJ151 PELLIEHUS 3ATAY
TEOPUU HAJTEXKHOCTU CTPOUTEJIBHBIX
KOHCTPYKLIUN

CoOpITHE - KA4YeCTBEHHBIM WM  KOJWYCCTBEHHBIN
pe3yabTaT OMbITa, OCYIIECTBISIEMOrO IPU  OMpPEAeTICHHBIX
ycnoBusix. Hampumep, coObiThe - nmonasanue npejena TeKyu4ecTH
cram Ry B maTepBai ot 240 10 260 MIla. CoObiTHEe MOXKET OBITH
CIIy4aliHbIM, JOCTOBEPHBIM WM HEBO3MOXXHBIM. OObEeKTHBHAS
MaTeMaThyecKas OleHKa BO3MOXKHOCTH peaju3alfi CIy4aiHOTro
COOBITHS - BEPOSTHOCTh. BeposSTHOCTH ecTh 0ObEeKTHBHas Mepa
BO3MOKHOCTH HACTYIUICHUSI COOBITHSI HE3aBUCHUMO OT TOTO,
SBIIAETCS JIM OHO MAacCOBbIM WIM HeT. B KusHu Bce
(MOMyMHTYUTUBHO)  MPUMEHSAIOT  BEPOSTHOCTHBIE  OILICHKHU
OyIyluM COOBITHSM U BEChMa YCIEIIHO.

YacToTta cobbiTUs 4 (CTATUCTUYECKAS BEPOSTHOCTH ).

P'(A)=m/n,

1€ M- 4HUCJIO OIIBITOB, B KOTOPBIX Ha6J'IIO,I[aeTC$I coOBITHE

N - o0IIIee YHCIO OIBITOB.
3umauenus P (A) - ciygaiinsl.

P'(A) —> P(A),

n—o0

rae P(A) - mMatemartudeckas BEPOSTHOCTH, SIBIISIOIIASICS
JTOCTOBEPHOM BEJTUYHUHOM, T.€. BEPOITHOCTD TOTO, YTO MPU N—>00

P (A)=P(A) pasHa l.

0<P(A)<1.
IIpu m =n Beposaraocts P(A)=1, npu M =0 cooTBeTCTBEHHO
P(A)=0.



CoObITHS HECOBMECTHBI B JIaHHOM MCIIBITAaHUM, €CIIU
HUKaK{e JIBa U3 HUX HE MOTYT MOsiBUTbcs BMecte. (Hampumep,
nosiByieHue 1udp ot 1 10 6 Ha UTpaTbHOM KyOHUKeE).

CrnyyaiiHple COOBITHSI COBMECTHBI, €CIHM TIpU JaHHOM
UCIBITAHUN MOTYT IIPOU30MTH J1BA 3TH COOBITHS.

Ecin coObitust A u B HECOBMECTHBI, TO BEPOSITHOCTh

HOSIBJICHUS HJIM COOBITHS A Wi cOObITHU B:
P(A+B)=P(A)+P(B) (1)

WJIN B OOIIIEM BUIIE

P(Z A) = P(A) . -

CymMa BeposiTHOCTEH ABYX NPOTHBOMOJIOKHBIX

COOLITHI

P(A)+P(A) =1 3).

CoOpITHEe A He3aBHCHUMO OT B, ecin S
BEPOSITHOCTh TIOSIBJICHUSI COOBITUS A  HE ﬁ.’
3aBHCHT OT TOTO, MPOM30LLIO coObiTHE B
HJIM HET.

Ecnu cobbiTust A u B He3aBUCHMBI (OHH COBMECTHBI), TO
BEPOSTHOCTh MOSBIICHUS ¥ COOBITHS A 1 coObITHS B paBHa:

P(AB) = P(A)P(B) P(l_ll[A}fl[P(A) (4).

Pas

B ypHe nBa KyOuka — 4epHbIil 1 Oelblii ¥ J1Ba MIapUKa — YSPHBIA U
Oenblit. BepoATHOCTB MOSBJICHUS YEPHOTO KyOHKa paBHa
IIPOU3BEICHUIO BEPOATHOCTEHN MOSBIIEHUS YEPHOIO BETA U
KyOuka, T.e. 1/2-1/2=1/4.

U3 popmysl (4) BUAHO, HATIPUMED, YTO €CITH COOBITHE A
(mosiBNeHNEe MaKCHUMaJlbHOM BETpOBOW Harpys3ku) u coObiTne B
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(TTosIBIIEHNE MaKCUMAaJIbHOW CHETOBOW Harpy3Kd) — HE3aBHCHUMBI,
TO BEPOSTHOCTb OJHOBpEMEHHOro mnosiBieHus A u B (T.e.
MaKCUMYMOB Harpy30K) MEHbIIIE BEPOSITHOCTH MOSIBICHUS OJTHOTO
13 COOBITHI (MAKCHMYMOB HAIrPy3KH) (P e =p™.p™ )

cheet+eemep cHee semep

3T0 yunuTHIBaCTCS KOAPPHUIIMEHTOM COYECTAaHUH .
BepostHocte P(AB) Tem wMmeHble, 4yem

Mmenbuie P(A) u P(B). 7
®dopmyna (4) wimocTpupyercs Pl

MOCJICIOBATEIbHBIM COCAMHEHUEM. BeposiTHOCTD

HEpaspyIICHHs IOCIEI0BATEILHON CUCTEMBI: Plsiy)

P=P(A)P(A)P(A) (5) Fed

. (43

rme P(A), I =13 — BepoOATHOCTH 1

HEpa3pyILICHHUS 1-TO SJIEMEHTA CUCTEMBI, M}
A —  cobbiTHEe,  cocTosimice B

1
HEpa3pyUICHU! 1-TO 3JIEMEHTA CHUCTEMBI.

[lpumep mOCIIEAOBATENBHOTO COCTUHEHUS: CTATHYECKH
ompefenMMas CHUCTeMa T.K. paspylleHHe Bceil CHCTeMbl
MPOMCXOAUT MPU Pa3pyLICHUU XOTS OBl OJHOTO M3 HJIEMEHTOB, T.
0. BEPOSTHOCTh HEpa3pyIICHWs BCEH CHCTEMBI MEHbIIE
BEPOSTHOCTH HEPA3PYLICHHs JTFOO0TO €€ OTAETBHOI0 3JIEMEHTa.

®opmyna (4) Takxke WUIIOCTPUPYETCS M IMapajliesIbHbIM
COEIMHEHUEM. BeposiTHOCTB
pa3pyLIeHuUs NapaieabHOH CHCTEMBI: P(4)) P(s)

P =P(A)P(A,)P(A), (6)
rae P(A),i=1.3 — BepOSTHOCTH

pa3pylLIeHHs 1-TO IEMEHTa CUCTEMBI. N}
BepostHOCTh HEpa3pylLIEeHUS

MapayieIbHON CUCTEMBI:

P=1-P=1-(1-P(A))(A-P(A))1-P(A)) ()
Wi B obmieM Buge: P =1-— H L-P(A)) (8).

[Ipumep  mapajIenbHOIO  COEOUHEHMS:  CTaTUYECKH
HeollpeJeuMasl CUCTeMa T.K. pa3pylIeHHe BCEH CHCTEMBI
8



MIPOUCXOUT MPH pa3pylIEHUH BCEX HM30BITOUHBIX M €IIe OJHOU
cszeil. T. 0. BEpOATHOCTH HE pa3pyIlIeHHs BCEH CUCTEMBI 0OJIbIe
BEPOSATHOCTH HE Pa3pyLIEHHs JIOOOro €€ OTAEIbHOIO 3JIEMEHTA.
OpHako B JIEHCTBUTEIBHOCTH B CTATUYECKU HEOINPEAEIUMON
CHUCTEME BEpPOATHOCTH pa3pyLICHUs DIIEMEHTOB CHCTEMBI HE
HE3aBHCHMBI, T.K. pas3pylIeHHE OJHOrO DJJIEMEHTa H3-3a
[IEpEepaclpeleNICcHAss  yCWIMA  HPUBOAUT K  HM3MECHECHHIO
BEPOSITHOCTEM pa3pyLICHUS OCTAIBHBIX 3JIEMEHTOB.

Hanpumep, npu nmarpamme Ilpanarins  «ycioBHOE»
paspylIeHHE OJHOIO DJIEMEHTa CTaTUYECKH HEOIPEIEIUMMON
CHCTEMBI (T.€. HalpsHKEHUE B ITOM 3JIEMEHTE MpU yBeauueHUuH N
OCTaeTCcsi IOCTOSIHHBIM U paBHbIM Ry) B MeEHbLIEH CTENEeHU
IIPUBOJUT K IEPEPACIPENEIICHUIO YCWINH, a, CIE0BATEIbHO, U K
W3MEHEHUIO BEPOSTHOCTEH paspylmieHus. 1. 0. CTaTUYECKH
HeollpeJeiuMasl CUCTEMa CO CTepXKHAMH, paOOTaOLMMH IO
nuarpamme Ilpanatis, Oosbliie MOAXOIUT B KAaueCcTBE MpUMEpa
JUIS TapaJljIeIbBHON CUCTEMBI.

Ecin cnyuwaiinble coObituss A u B coBmecTHBl (M
HE3aBUCHMBI), TO BEPOSITHOCTb MOSIBIICHUSI WM A uiu B:

P(A+B)=P(A)+P(B)-P(A)P(B) (9),
CnOn >

P(_ZHZA)=_ZHZP(A)—1_1[P(A) (10).
P(A+B)

Ecnu cayuqaitsle coObitust A u B
3aBUCUMBI (M COBMECTHBI) U BEPOSTHOCTH UX
nosieienuss P(A) u P(B), To BepoATHOCTH
coBMeleHust coopiTuil A u B (mpousoiinet u A u B):

P(AB)=P(A)P(B/A) (12),

rae P(B/A) — ycnoBHas BepOATHOCTb, T.€. BEPOATHOCTb

nosiBjieHust coObiThst B, mpu ycnoBuu, uYto coObiTHE A
MIPOU30ILI0. AHAIIOTUYHO
P(AB)=P(B)P(A/B) (12).
Hanpumep, B ypHe 1Ba 4epHBIX M JiBa Oe€NbIX IIapa.
CobbiTHE A — mosiBIeHHE O€JIoro miapa ¢ mepBoro pasa, coObITHE
B - mosBnenue Oenoro mapa co BTOporo pasa. BeposTHocTh
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HOSIBJICHUST 0€Joro Imapa JBa pasa HOAPSJ OINpPEAeNseTCs
bopmyoii:
P(4AB)=P(A)P(B\4)=1/2-1/3=1/6.

N3 popmyn (11) u (12) MOKHO TTOTYUUTH:

P(A/B)= P(A)% (13),

rae P(A) — anpuopHasi BEpOSATHOCTD TMOSIBJICHUSI COOBITHS

A, ompeneneHHas 10 TOrO Kak CTajla M3BECTHA MHQOpMAIUSI O
coOwiTun B.
P(A/B) — amocTtepuopHas BEpPOATHOCTH IOSABJICHUS

coObITHsL A, oOcHOBaHHas Ha OJToM wuHpopmammu. A u B
MPOU30IILIHA, HO MBI OIIPEEIIiEM BEPOSATHOCTh TOTO, 4TO Tiepea B
ObLIO A.

Eciu A u B nesaBucumsl, To P(4/B) = P(A) 1 Hao00pOT.

ITycTh MMeeTcs n HECOBMECTHBIX coObiTuit A, A, ..., A ¢
BeposTHOcTAMU ux moseienus P(A),P(A,),...,P(A ) u mycts
P(B/A),P(B/A),..,P(B/A) - ycioBHblE BEPOSATHOCTH
OCYLICCTBJICHUS cobbitust B ¢ ogHuM n3 n coObituit Au Az""’ A1 (T.e.

cobbitist B u A1, B u Ay,..., B u Ay — 3aBUCHMBI M COBMecTHBI). 1OrJa
BEPOATHOCTH OCYIICCTBIICHU A CO6LITI/IH B:

P(B)=> P(A)P(B/A) (14)
i=1
I10 opMy.ia MOJTHONH BEPOATHOCTH,

rie P(A)P(B/A) - BeposaTHOCTb TOTO, 4TO Npou3oiineT Bu A ;

P(B) — nmo npyromy — BeposTHOCTb TOro, 4To B mpousoiiner ¢
mo0BIM 13 A .

[IycTs cobbiTHE B NPOM30LLIO0, 3TO H3MEHUT BEPOATHOCTHU
P(A),P(A),...,P(A). Hago HaiiTH yCIOBHBIE BEPOSTHOCTH

P(A/B),P(A,/B),...,P(A /B) ocymectBnenns cobbitus A,

i=l,...n mpu ycnoBu, 4ro B mnpoumsomwio (T.e. ecau B
NPOM30IUI0, TO HAA0 HANTH BEPOSTHOCTH TOTO, YTO €My
HPEIIIECTBOBAIIO TOSIBICHUE HUMEHHO COOBITUS A,).
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dopmyita onHO# BepostHocTH Baiteca (u3 (13) u (14)):

P(A/B) = nP(A)P(B/A)
ZP(Aj)P(B/Aj)

(15),

rie P(A) — BeposATHOCTH MOsABIEHUA COOBITUA Ai 10 TOTO Kak

MPOHU301ILIO B,
i=1,2,...n.

(P(A /B) — xak Obl sBIAETCS yAENBHBIM BECOM BEPOATHOCTH
P(Ai) B cymme Beex Bepostrocteit P(A)), j=1,n).
Ipumep 1.

HNmeroTcs fABe mHapTHUM  3aKJIaJHBIX  JeTaned s
KEJIe300€TOHHBIX KOHCTPYKLHUH, IPUUEM H3BECTHO, YTO B OJIHOM
NapTUU BCE JIeTall YAOBJIETBOPSAIOT TEXHUUECKUM YCIIOBHSIM, a B
apyroii maptuu 1/4 neraneil HenOOpOKadYeCTBEHHBIE. 3aKiagHas
JeTanb, B3fATas W3 HayJlady BbIOpaHHOM mapTHM, OKa3aiach
nobpokayecTBeHHONU. OnpesenuTh BEPOSITHOCTh TOTO, YTO BTOPAst
JeTanb U3 STOW JK€ MapTUU OKAXKETCs HeA0OpOKaueCTBEHHOM,
€CIIU IepBast JeTallb [10CJIe IIPOBEPKU BO3BPAILCHA B IAPTHIO.

Pemenne. Ilyctb coObiTue A - nmepBasg  JeTaib
nobpokauecTBeHHas. ['unoresza: Hi - B3sita maptus, coaepraias
HeloOpokauecTBeHHble  getanu; Hz - B3dta  mapTud

noOpokauecTBeHHbIX JieTanei. [lo ycnoButo 3agaun

P(Hl):P(HZ):%, P(A/Hl)z% P(A/H,) =1
2272778

[locne nepBOro ucnbITaHUS BEPOSATHOCTH TOTO, YTO MAPTHS
COJIEP’KUT HET0OPOKAYECTBEHHBIE JIETaNIN:

11



P(H,)-P(A/H,) _1/2-3/4 _3
P(A) 718 7

BepOSITHOCTb TOro, 4Yro nMnapTtusa COACPIKUT TOJIBKO
HOGpOKa‘leCTBeHHHe JcTalinu:

P(H,/A) =

P(H,)-P(A/H,) 1/2-1 4
P(A) 718 7
[Tycts coObiTHe B cocroMT B TOM, 4YTO TpU BTOPOM

HCIIBITAHUU JleTalb OKasajach HET00POKaYECTBEHHOM.
BeposiITHOCTh JaHHOTO COOBITHSI TAaK)Ke€ HAXOTUTCS 1O (hopmyrie

P(H,/A)=

nonHoit Bepostnoctu. Ecrm P, 11 P, - BepositHocTn rumores H,

u H 2 IMoCJIC HCIbITAHUA, TO, COINNIACHO MPCAbIAYIIUM

BhumCIIeHusM, P, = §, P, = ﬂ
7 7
Kpowe toro, P(B/H,) = %, P(B/H,) = 0.
31 4
TosTomy nckomas Bepostaocts P(B) = 22 + 7 0=0,107.

[TycTh TpOU3BOAUTCS N HE3aBUCHUMBIX OMNBITOB, MMEIOLINX
JIBa BO3MOXHBIX UCXO/a — MOSIBIIEHUE U HETOSIBIIEHHE COOBITHS A
(BepOSITHOCTh TOSBJICHUS p , HemosBIeHus q = 1 - p).
BeposiTHOCTB TOTO, YTO IPU N UCHIBITAHUSIX COOBITHE A HAcTymaeT
m pa3 BeIUMCIsETCS 110 hopmyne bepuyniu

P (A)=Clp g™ (16),

12



n! ~n(n-H(n-2)...(n—[m-1])

= qucJio
m!(n —m)! 1.2-3..m

rae Cn’" =

COUYETAaHUU U3 M DIIEMEHTOB B N.
1
Beposthocts P, (A) Toro, uro B pe3yabTare n

HE3aBMCHUMBIX OIBITOB COOBITHE A MPOU30UIET XOTsI ObI OJUH pa3
(Mosket u 6oabie): Pn(A) =1-q",

I/Ie q - BEpOSTHOCTh HEMOSBJICHUS COOBITUS A B IEPBOM
UCIIBITAHUY;
q" - BEpOSTHOCTb TOTO, YTO 4 HE MPOU3OUICT HH pa3sy;

1- Q" - BepossTHOCTH TOTO, YTO A MPOU30UIET OTUH pas, WIH

JBa pa3a uiu BCe N pas.

IIpumep 2. CoObiTHe A - paspylleHue 3[0aHUs B
ceiicmuueckoM paiione, p = 0,1 - BEpOATHOCTb pa3pyLIEHUsI €r0 B
Te4eHwe TmepBoro roxa. Torma q=1-p - BepOATHOCTH

Hepas3pylleHus B TeueHue nepsoro. Toraa
P>(4)=1-0.9=0.19,  P3(4)=1-0.9%=0.271,  Pio(4)=1-
0.91°=0.651, P20(A4)=1-0.9°=0.878, Pso(4)=1-0.9°9=0.995, rxe
Pn(A) — BepoSTHOCTH pa3pylleHuUs 31aHuUs 3a N JieT.
T.o. dyHKIMA HAaAEKHOCTH (3aBUCUMOCTb BEPOSTHOCTU

HEpa3pyIIeHHs OT MPONJICHHOTO0 KOJIMYECTBA JIET) OT 3Ha4YeHUs |

ACUMIITOTUYCCKHU HpI/I6J'II/I)KaeTC$I K OX.

3. 3AKOHBI PACITIPEAEJIEHUA CJIVUAUHBIX
BEJIMYMH.

Cnyuaiinas BenuuuHa (CB) - 3T0 m3MeHumMBas BelWYMHA,
KOTOpasi MOXET NpUHUMATh TO WIM MHOE 3HAYEHUE B
3aBUCUMOCTH OT CTENEHW BO3JCHCTBUA HA HEE CIIy4alHbIX
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(dakTopoB. UmcieHHOE 3HAYECHHWE  CIyYallHOM  BEJTMYHHBI
MpeAcKa3aTh TPYJAHO. TeM He MeHee MPAKTUYECKU BaKHO 3HATh,
Kakoe U3 BO3MOKHBIX UYHCIICHHBIX 3HAUCHHWM ©W C KakoH
BepOSITHOCTBIO MOXET HpI/IHSITB cnyqaf/iHa;I BCJIIMYUHNHA B
pesyabpTaTe ciydaiHoro coobiThsa. CiaydailHble BETHMYUHBI MOTYT
OBITh TUCKPETHBIMH (IIPEPHIBHBIMHU) U HETPEPHIBHBIMH.

IIpuMepsl JIUCKPETHBIX CIIyYalHbIX BEIUYHH:

- YHUCJIO LMKJIOB MOBTOPHOM HArpy3Kud A0 pa3pylieHus
KOHCTPYKIIUU;

- yucyo neeKTHRIX U3Aenuil (IaHenei) B mapTuu;

- YHCJIO0 CTAHKOB, TPEOYIOMNX HAIAIKH.

JCB cuutaercsi U3BECTHOM, €CIM U3BECTHHI MPUHUMAaEMbIe
et0o 3HaueHuss u BepositHocTH. [ JICB pacnpenenenue
BEPOATHOCTEH MpEACTaBIsAET COO0H COBOKYITHOCTb BEPOSTHOCTEM
CIy4yallHbIX COOBITHH, 3akimtouvaromuxcs B ToMm, uto CB
MIPUHUMAET OJIHO U3 BO3MOXKHBIX 3HAYCHHI.

®opmyna i pactpenenenus BepostHocteil JJCB B obmiem
clly4ae UMeeT BUI:

Pi=P (X=xj), (17)
rae X — ciyyaiiHas JUCKPETHas BEIMYHHA,

Xi — Bo3MoxkHbIe 3HaueHus JICB, i=1,2,3..n

[TpaBas yacte paBeHcTBa (17) 03Ha4aeT BEPOSTHOCTH TOTO,
yro JICB mpumer 3HaueHue X. 3akoH pacnpenenenus JICB
cornacHo (17) 3anuceiBaercs B Buze Tabmuis (tabim. 1).

Tabnuna 1. Pacnpenenenue ciyd4aiiHON AUCKPETHON BENUYMHBI

x" ‘ x] ! x: ‘x.t | '” ‘xn
| 2 | R | A S P,
Cymma Pi, Kak cCcyMma  BEpOSTHOCTEM  IpyIIIbI

HECOBMECTHUMBIX COOBITHI JOJIDKHa OBITh paBHaA CAUHUILIC:

PWAY
i=1
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IIpumep 3. 3aBoj M3rOTABIMBALT KEIE300CTOHHBIE TTAHEIH.
Ecnu u3 607b110# TapTUX 0TOOPATH TPU U3IEIHS, TO BO3MOXKHBIC
3HauYeHHMS ACPEKTHBIX TaHeNe B CiydailHOM BBIOOpKE OyayT
paBubl 0, 1,2,3. Ha ocHoBe HaOmoAeHUA U U3MEpPEHUI
YCTaHOBJICHBI BEPOSITHOCTH MOMaJaHUN AePEKTHBIX H3JEIHA B
CIy4allHYyI0 BBIOOpPKY (Talu. 2).

Tabnuua 2. BeposTHOCTD U3roTOBICHHS Je(PEKTHOM MaHenn

i [ 3 5§ 4
W [i 1 -2 =
L N = K

F‘i.- (L334 021% [{RTE [ERERN

[Tpumeuanue. Xi- 4uciao JAePEKTHHIX IUIMT B CIy4dalHOU
BbIOOpKE, Pi - BEpOATHOCTb NomafaHus Ae(EeKTHbIX H3JeIuil B
BEIOODKY.

PaccmotpenHsie 4eThIpe BEPOATHOCTH 00pa3yroT
pacmnpenenenue BepositHocte JICB — uncna nedekTHpIX WInT B
CIIly4aiiHO# BBIOOpPKE.

KonTposs:

Zg =0,754+ 0,219+ 0,026+ 0,001 =1
i=1

Ananu3upys ~ gaHHele  Tabin. 172 w  y4yuThIBas
CTAaTHUCTUYECKUN XapaKTep BEPOSTHOCTH, MOXKHO MPEAINOJarath,
9TO MPH OOJBIIOM KOJMYECTBE BBIOOPOK IO TPH ILTUTHI KaXKas,
COTJIACHO 3aKOHY OOJBIIUX YHcel, TpuMepHO 75 % BHIOOPOK HE
OyIyT UMeTh HU oAHOoro nedextHoro mzaenus, 22 % —oaHo, 3
%—nBa u 0,1 %—sBce Tpu, T.€. B OCIEAHEM CIIy4dae B OJHOU U3
TBICSIYM BEIOOPOK BCE TPH U3JICITHS OKAKYTCS Te(EKTHBIMH.

Jannsle o BeposaTHOcTsX u 3HaueHusx [JICB u3 tabm. 2
MOYHO MPEJICTaBUTh B BHE rpaduka (puc. 1).

Wuorna BepmIMHBI OTPE3KOB, OMPEICNSIONINX BETHYUHY
BEPOATHOCTEHN, COEIUHSIOT JIOMAHOW JIMHUEHW, KOTOPYK YacTo
HA3BIBAIOT MHOTOYTOJBHUKAM PACIpe/IeICHHS.
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Puc.l. BeposTHocTh mnomananus Ae(eKTHBIX IKeIe300eTOHHBIX
MaHeNel B CIIyYailHyt0 BEIOOPKY.

Taxkum oOpa3om, 3akoH pacnpeneneHus [ICB moxer ObITh
3agaH aHanuTHaecku (17), B Buae Tabauisl Win rpaduyeck.

HenpepriBaast ciyvaitnas BenumunHa (HCB) npunumaer
M00ble 3HAYEHMsI U3 HENpPEpPBhIBHOIO YHCIOBOI'O MHOXKECTBA B
IPOMEKYTKE MEXJy NpelelbHbIMU 3HAYEHUAMU. DTH 3HAYCHMS
MOTYT OBITh LEIBIMHU U APOOHBIMU. OUEBUIHO, YHCIO BO3MOKHBIX
3Ha4eHUI HENIPEePBhIBHOM BEIMUYUHBI Oy/1eT OECKOHEUHO.

[TpuMepbl HeNPEPHIBHBIX CIYYaHBIX BETMYHH.

1) Ilpenen TekyuecTH CTajld U3MEHSETCS B IIpeienax oT

(6, = 210 MIla no oy™* = 360 MIla. CoyuaiiHsie
3Ha4YeHHUs IpeJiesia TeKy4ecTH OyAyT HaXOIUThbCS B IMPOMEKYTKE
Mexay ATUMH 3HaueHusMu oy = 210..360 MIla. KonuuectBo
3Ha4eHUH mpejena TEKydecTH B YyKa3aHHBIX Ipejenax Oypaer
OECKOHEYHO.

2) Cpok ciyx0bl JepeBSHHBIX KOHCTPYKLHH CKJIaJ0B
MUHEpaJIbHBIX yH00peHuil kosebnercss B npenenax T = 30..50
JeT.

3) IlpouHocts OetoHa Ha cxarue kiacca B30 moxer
u3MeHsThes B npeaenax R =28...50 MITa.

4) IIporu6s! M3rudaeMpIX 31€MEHTOB MOTYT OTIMYATHCS OT
cpenHux 3HadeHuit Ha 15. ..20%.

5) IllupuHa packpbITUS TPEIIMH B >KEIe300€TOHHBIX
KOHCTPYKIIHSX

MOET U3MEHAThCS B ipenenax ace = 0,01 ...0,4 mm.

s  KOIMYEeCTBEHHOM XapaKTepUCTUKH pPACIpEIeTIeHUsS
BEPOSATHOCTEH yZ0OHO MOJIB30BATHCS HE BEPOSATHOCTHIO COOBITHS
IIPU  HEKOTOPOM 3HAYEHWM TEKylled TNEepeMEeHHOW X, a

16



BEPOSATHOCTBIO COOBITUSL TOrO, YTO Cly4yaiHas BeIUYMHA OyZeT
MEHBIIE 3TOr0 3HAYEHHUs TeKylled nepeMeHHoH. C 3TOM LENbIo
BBOJUTCS (PYHKLUS pacpeeeHus CIydaiiHON BEJIMYUHBI.

Oynkuueit pacnpeaenenus F(x) HaspBaercs (QyHKUuS,
OIpeIeIIAoNIasl BEPOSTHOCTbh TOTO, YTO CilydaiiHas BelnduHa X B
pe3yJsibTare UCIBbITAHUI IPUMET 3HAUEHUE MEHBILIE X:

F(x) =P (X<x),

I/1e X — TeKyllas IepeMeHHasl.

@DyHKIMS pacHpelesIeHUs SBISETCS CaMOM yYHUBEPCAIBHOU
xapakrepuctukon kak s JACB, tak u pus HCB. ®ynkius
pacnpefelieHuss  TOJHOCTBIO  XapaKTEepU3yeT  CIydalHYro
BEJIMYMHY C BEPOSITHOCTHOW TOYKH 3pEHUS, T.€. SIBISIETCS OJHOU
u3 Qopm 3akoHa pacnpeneneHus. DYHKIMIO paclpeeneHus
WHOTJAa HA3BIBAIOT WHTETPAIBHON (DYHKIHMEW pacrpenaeneHusl.
OHa MOXET UMETh KOHEYHbIC H OCCKOHEYHBIE MPEAeIbl (pHc. 2)

rl:.l) 4
1.0 s

-!]I 'r-x I } [~

)

-
-
-
_«.rru%}“ - o~
T :"1 \"1 "]"'mm
Puc. 2. ®yHkuus pacnpeeneHnst HEPEPbIBHON CIIy4aiiHON

BEJIMYUHBL: | — MNpH OrpaHWYEHHBIX 3HAYECHMAX CIy4alHOU
BEJIMYMHBI; 2 — IPU HEOIPAHWYECHHBIX 3HAYEHUSX CIIy4alHOU
BEJINYMHBI.

OO1u1me cBoiicTBa MHTErpaIbHOM (DYHKIIMU pacipeieneHHs

1. ®ynkuusa F(x) ectp HeyObIBaromias (pyHKIHS CBOETO
apryMeHTa:

F(x2) > F(x1) mpu x2 > X1,

2. VHrerpanbHas (QyHKIUS paclpeseleHus HU3MEHSETCs B
npenenax ot 0 go 1.

3. Ecaum BO3MOXXHBIE 3HAUEHUS CIy4yailHOW BEIWYMHBI
KOHEYHBI (CM. puc. 2, kpuBas 1), TO
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F(x) =0 mpu X < Xmin,

F(x) =1 mpu X> Xmax .

Ecnu  BO3MOXHBIE 3HA4Y€HUS HENPEPHIBHOM CIydailHON
BEJIMYUHBI PACIIONIOKEHBI MO BCEM OCHU X (CM. pHC. 2, KpuBas 2), TO
CIPaBEJIUBBI CIEIYIOIINE MPeIeIbHbIE COOTHOUICHHUS:

F(x) =0 npu x = -0

F(x)=1mpu x=o0

HCB wMoxHO 3amarh, HCHONB3YysA APYrylo (YHKIUIO,
KOTOPYI0  HAa3blBalOT  IUIOTHOCTBIO  paclpeleieHus,  WIu
TUIOTHOCTBIO BEPOSTHOCTH (uHOTIA ee Ha3bIBAIOT
muddepeHnmanbHON QYHKIUEH ).

[TnotHocThiO pacnpenenennss HCB Ha3biBaloT 1epByro
MIPOU3BOJIHYIO OT MHTETPAbHON PYHKIIMU pacTipeaeNeHus:

f(x) = F'(x)

Huddepenumnansuyro  pynkuuto pacnpenenenus HCB
y1o0HO TPeCTaBUTh B rpaduyeckoi hopme (puc. 3).

4fx)

-

Puc. 3. [IlnotHOCTh pacmpeneneHusi HENpPepbIBHOMN
CIIy4allHOM BEJIMYUHBI.

OcHoBHbIE CBOMCTBA MJIOTHOCTH paclpe/iesieHus

1. IInoTHOCTH pacmpeneneHuss €cTb HEOTPULATENIbHAS
byHKIUS:

f(x)>0

OTO CBOMCTBO BBITEKAET HEMOCPEACTBEHHO M3 TOT0, YTO
UHTerpajbHas (YHKIMS paclpeleslieHus ecTh HeyObIBarolias
¢byuknusa. ['eomMeTpuueck 3TO CBOMCTBO O3HAYAET, YTO TOYKH,
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NpUHAIeKamme  rpa@uky  MJIOTHOCTH  paclpeaeieHus,
pacnosoxeHnsl Hag ockio OX.

2. WHrterpan OT NJIOTHOCTH pacHpelesieHus] B Mpenaesax
n3menenus HCB paseH eaunuie:

(15T

J’ f(x)dx=1x,, Sx<x

DTO 03HAYAET, YTO COOBITHE JOCTOBEPHO U €r0 BEPOSTHOCTD
paBHA eIMHMIIE. ['€OMETPUUECKH 3TO 03HAYAET, YTO BCA IUIOIIA/Ib,
orpanuueHHas ocbl0 OX U KpUBOM pacHpeleleHus, paBHA
EAVHULIE.

Oynkmms  F(X), kak U BcsSKas BEpOSTHOCTb, BEIMYHHA
O0e3pasMmepHas. Pa3MepHOCTh IUIOTHOCTH pacmpenencHus f(X)
oOpaTHa pa3MEPHOCTH CITyYalHOW BETUIHHEI.

BepositHocte monaganuss HCB B uHTepBan paBHa
OINPENIEIICHHOMY HHTETpaILy:

Plx <X <xy)= }-f'[-x]it

['eomeTpuyeck  BEPOSTHOCTh NOMAAAHUS  CIYy4YaHOMN
BEIMYMHBI X Ha yYacTOK Xi.. X2 PpaBHA 3alITPUXOBAHHOMN
IUIOLIAIA, OTPAaHUYEHHOW KPHUBOM IUIOTHOCTBIO PAcCIpElENICHUs B
npejenax JaHHOTO ydacTKa M OChbIo abcimce (cM. puc. 3).

Beposraocts nonananus HCB B onpeneneHHbI MHTEpBai
MOKHO BBIYUCIIUTH TaKXE C MOMOUIbI0 MHTETPaJIbHON (PYHKIMU
pacrpeneieHus:

P(x1 <X<X2) =F(X2) — F(Xl) ,

rne  F(X1) m F(X2) - 3HavueHue WHTErpasbHON (QYHKIHH
pacupenesneHrs Ha rpaHUIaXx HHTEpBAJIa.
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4. YMCJIOBBIE XAPAKTEPUCTHUKHA
PACITPEAEJIEHUA

Maremarnueckoe oxxuganue c.B. X ©

- TUCKPETHOM:

M (x) =zx P (18)
[Tpu sTOM Zml: p =1 (M(x) - cyuqaiina npu N#oo).
- HETIPEPBIBHOMU 7

X = T xp(x)dx, (19).

MaremaTudeckoe OXKHAaHUC X - JOCTOBCPHAdA BCIMYHMHA,
T.K. BEPOSITHOCTb TOI0, YTO HpH N=00 HCIBITAHUAX MBI ITOJTYUYHM

cpennee apudmernueckoe M(X)= X papHa 1.

M(c)=c, M(cx) = cM(x), Tiie ¢ — HECTy4atHOE YUCIIO.

J1s1 HE3aBUCHUMBIX C.B. X1 1 X2

M(X1+X2)=M(X1) +M(X2), M(X1X2) =M (X1)M(X>2),
M(x2)=[M(x)]*+D(x).

K wmaremarnyeckoMy OXHUJIAHHIO CTPEMHUTCS CpEIHEe
apudmeTnyeckoe HaONIOIaeMbIX 3HAYEHHUH C.B. MPU KOIUYECTBE
ucnelTaHuil N—oo. ['eomeTpuueckn M.o. — 3TO abcmmcca II. T.
IUIOUIAIM TIOJ KPUBOM IJIOTHOCTH pacrnpezeneHus. PasmepHocTsb
M.0. COBIAJAET C pa3MEPHOCTHIO C.B.

Hucnepcus c¢.B. X - M.0. KBajpara OTKJIOHEHUA C.B. X OT €€
M.0. (LIlEHTpa pacnpeieieHus):

D(x)=M[x-M)]’=M(x*)-M*(x), (20)
e T).K.MZ( ) M[x-M(X)]>=M[x2-2xM(X)+M?(x)]=M(x?)-
X)+M?(x),

M[2xM(x)]=2M?(x) u M[M(X)]=M(X).
Jucnepcus auckpeTHoi ¢.B. X

D() =3 (x ~M(X))*p, 21)
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Jucnepcust HenpepbIBHOM C.B. X

D(x) = T (x—X)? p(x)dx =T p()dx—x (22

—00

D(X) =M[(x=X)?], mpu X =0 D(x)=M(X?), X
-MaTeMaTHYEeCKOEe OXKHUIaHHeE.

Jlucriepcust XapakTepusyeT pa3opoc ¢.B. BOKPYT €€ CPEIHETO
3HAYCHUS (MaTEMaTHYECKOTO OXKHMIAHUS).

D(c)=0,

D(cx)=c?D(X),

D(c+x)=D(x).

Jloka3areabCTBoO.

D(cx)=M[cx-M(cx)]>=M[c3x?-2cxM(cx)+M?(cx)]=

c2M(x?)-M[2¢*xM(X)]+M[c?M?(X)]=

C2M(x?)-2c?M?(x)+C*M3(x)=

2 [M(x?)-M2(x)]=c?D(x). D(c+x)=

M[c+x-M(c+x)]>=M[c+x-c-M(X)]>=M[x-M(x)]*>=D(x).

Jliis He3aBUCHMBIX C.B. X1 U X2 D(X1+x2)=D(X1)+D(X2).

['eomeTpuyeckn aucnepcusi — 3TO LEHTPAJIbHBIA MOMEHT
WHEPLMH IUIOIIAAN TI0J KPUBOM IUIOTHOCTH pACIpEIeIICHHS.
Pa3MepHOCTD JAUCIIEPCHH - KBAPAT Pa3MEPHOCTH C.B.

CpenHeKBapaTHUECKOE OTKIIOHEHHE (CTaHaapT): .

o(x) =+/D(x) (23)
AcuMMeTpHUst HEMIPEePhIBHOM C.B. X
AX) = [ (x=X)? p(x)dx (24).

Ecnu c.B. X pacnpenerneHa CUMMETPUYHO OTHOCHTEIBHO
CBOETO M.0., To A(x)=0.

Kosdduuument wu3menunBoctu (Bapuanuu) c.B. X -
OTHOIIEHHE CTaHAapTa K M.O.:

V(X)=o(x)/ X <1 (25).

21



Ipumep 4. OnpeneneHre CTaTUCTUYECKUX XapAKTEPUCTHK

MPOYHOCTU OETOHA.

[To monydennout B pesynbTate 100 mcnbiTaHuii 0OpasioB
OeToHa Ha MPOYHOCTH MPHU CKATUHU CITy4daliHOU BBIOOpPKE (Tabi. 3)
MIOCTPOUTh CTATUCTHUECKUN PsA paclpelesieHus MpPOYHOCTH,
TUCTOTpaMMy  TUIOTHOCTH  PacIlpeieleHUs MIPOYHOCTH,
rucrorpaMmy  (QYHKIUH  pacmpeleleHuss U ONPEeAeTuTh
MaTeMaTU4eCcKoe OKUAaHUE (MapOYHYIO IPOYHOCTH), TUCIIEPCHIO,
cTaHaapT, ko3P GUIIUEHT Bapualuu, Kiacc 6eToHa (HOpMaTUBHYIO
KyOMKOBYIO IIPOYHOCTb).

Tabmuma 3. CnywaitHas BeiOopka 100ucnbITaHmiA
00pa3noB 6eToHa HAa TPOYHOCTD MPU CHKATHUH

23,70 | 22,60 | 21,60 [ 24,40 | 22,00 | 25,60 | 20,10 | 25,30 [ 26,70 | 22,40
21,70 | 23,70 | 23,30 [ 22,80 | 18,20 | 23,60 | 22,50 | 24,00 [ 19,60 | 21,60
22,60 | 2230 | 24,60 [ 20,70 | 22,90 | 20,00 | 24,40 | 23,80 [ 25,30 | 24,70
24,10 | 21,70 | 23,10 [ 23,80 | 23,00 [ 24,70 | 24,60 | 21,30 | 22,80 [ 23,70
20,90 | 22,10 | 21,40 [ 1990 | 22,40 | 22,80 | 22,30 | 23,40 [ 23,70 | 24,80
19,80 | 26,90 | 24,50 | 22,70 | 22,10 [ 23,30 | 20,10 | 24,00 | 22,80 [ 21,40
22,00 | 20,90 | 22,00 [ 24,70 | 22,60 | 24,30 | 2430 | 21,90 [ 20,50 | 21,00
23,50 | 21,00 ) 22,30 [ 21,40 | 21,40 | 23,00 | 23,30 | 22,00 [ 24,90 | 21,50
2480 | 22,10 | 21,40 | 22,10 | 23,70 | 22,70 | 23,40 | 24,00 | 23,60 | 23,30
21,50 ) 22,90 | 21,60 | 21,50 | 21,70 | 21,80 | 18,80 | 23,20 | 22,30 | 24,30

ITocTporMM CTAaTUCTUYECKUU DSl pacHperesIeHNs IPOYHOCTH
(tabn. 4). B mepBoil CTpoke TaONUIIBI 3alKCHIBAEM DPa3psiibl B
MOPSAJIKE HX PacCHOJIOKEHUs BJIOJb OCH alcuucc (IIpUHUMAaeM
JIeCcATh OJJUHAKOBBIX Pa3psAI0B); BO BTOPOH CTPOKE — KOJIUYECTBO
MOMAJaHUM mj 3HAYCHUH CIy4yallHOM BEJIWYUHBI B JaHHBIA
HMHTEPBAJ; B TPETHEH — COOTBETCTBYIOIIUE YACTOTHI Pi.

Tabmuua 4 CratucTUueckuil psj pacrpenesieHus
MIPOYHOCTU OETOHA MPH CKATUU

[8.20; | 19.07; | 19.94; [20.81; [21.68; | 22.55; | 23.42; [ 24.29; | 25.16; | 26,03;
19,07 | 1994 | 2081 | 2168 | 22,55 | 2342 | 2429 | 25,16 | 26,03 | 26.90
m | 2 3 5 15 | 21 20 14 14 4 2
p | 002 | 003 | 005 | 015 | 021 | 02 | 0,14 | 0,14 | 0,04 | 0,02

[Toctponm rucTorpamMmy IUIOTHOCTH pacrpejaeneHus (puc.
4) u ructorpaMmy QYHKIUH pacnpeaeneHus (puc. 5).
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N C(R-22.71Y
1 SIS
0,25 p{R.)=me
0,20
0.15
0,10
0,05 |
0,00 , | . | — —
1820 1907 1994 20,81 2168 22,55 2342 2429 2516 26,03 2690 “R
Puc.4
FIN | R, _I:R..Mzié’!ﬂ}’
N ﬂm=7§EfL£ B R, |
#_
RN
0,6
0,4 -
0,2 -
0,0

~
1820 19,07 19.94 2081 21,68 255 2342 2420 2516 26,03 26,90 7
Puc.5.
OmpenenseM  MaTeMaTHYECKOe  OKUJAaHHE (MapOYHYIO
MIPOYHOCTH) 10 hopmyIie :
M[R]=R=3R.p,,

rne Ri — cpenHee 3HaueHHE MPOYHOCTH HA KaXKIOM
UHTEpBaJe, paBHOES
23



. R 4 R
2
M[R]=18,635-0,02+19,505-0,03+20,375-0,05+21,245-0,15+
+22,115-0,21+22,985.0,2+ 23,855.0,14=24,725-0,14 + 25,595 0,04 +
+26,465-0,02=22,71 MIa.

Omnpenenum gucnepcuo mo popmyie:

DR]=Y (R, =R} p, =(18.635-22,71) -0,02+

—-— . — N . S =+ . — . . : +
19,505 -22,71)* 0,03 +(20,375-22,71) -0,05
+(21,245-22,717 0,15+ (22,115-22,71) -0,21 +
+(22,985-22,711 0,2 +(23,855 - 22,71 - 0,14 +
Rl 8 ] - ' " » - ¥ - bl 3 ' L] +
24,725-22,71)*-0,14 + (25,595 - 22,71)* - 0,04
+ | 2Lb, -2, 2. I — £ az_
(26,465-22,71) -0,02 = 2,54 MI1

OmpenensieM  CpPeJHEKBAAPATHYECKOE  OTKIOHEHHE 10
bopmyie:

o[R]=+/D[R] =1,59 MIa.

TTokaxem Ha rucTorpaMmmax KpPHBBIC IIJIOTHOCTHU

pacnpeneneHus] ¥ WHTETPAIbHONH (YHKIMH pacnpeneneHus (CM.
puc. 4 u 5).

Omnpenensiem ko3 PHUIMEHT BapHaIlK IPOYHOCTH OETOHA:
o[R]

R= =0,07.
f1R] MR~
3Has MapOYHYK TIPOYHOCTh OeToHa u KOd(hHIMEHT
BapHaIlly, ONpeeIUM Kilacc OeToHa:

B=R-(1-164f[R])
B=2271-(1-1,64-0,07)=20,1.
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Pemrenue B cpene Mathcad

m
—
=1

ORIGIN = 1 N =100 f
SAAAARARARAR
X = mom(N, 227, 16)

| A

m = mean(X) = 12439 5= stdev(X) = 1.363 hl = > = 0.623
XT= 1 2 3 4 3 6 7
1 21.998 21.613| 21.943| 21.178| 20.003 22.77

. . . i R
1 = min{X) = 18.039 u = max{X) = 27.377 E=u-1=931§ n=cell — | =16
A Ay I\\hl_}'

R cne .
h = " = 0593 H = histogram(n.X)
ol 1 7] 3 4 5 3 7

1 18.356| 18.651| 19.546( 20.141| 20.736[ 21.331
@ o
p=H— f=E max(f) = 0268  min{f) =0 p.=1
N n B DI
i=1
=
MMCTorpamma nnoTHOCTH PacnpefeneHinA

0.2 | ]
f
o

0.1

1&.059 19248 20438 21628 22818 24008 25197 26387 27577

ek

Hcxonueiii MmaccuB X o0Opa3oBaH BeIOOpKOM (00bemMom N =
100) HOpMaJIBHO pacCHpelNeiICHHBIX CIyYalHBIX YUCET C
napamerpamu m = 22.7, ¢ = 1.6. Pazmax (mmpuHa) BBIOOpKHU
o0o3HaueH yepe3 R. Uncno pa3psaoB (IpoMexxyTKOB), paBHO 16.
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Jnst BeIACNIEHUS LEI0M 4acTh N MCIOJIb30BaHa BCTPOCHHAsS
¢ynkuusa ceil (BBIBOAMT HauMeHblee IIeJ0e, Oobliee MU
paBHOE 3HAUEHUIO €€ apIyMEHTA).

Oynkuust  histogram  ¢opmupyer mnepBbIid  cTONOEI]
(cepeMHBI TPOMEKYTKOB), BTOPOl — aOCOJIIOTHBIE YaCTOTHI
MOMaJaHui  3HAYeHWH Cioy4yaiiHON BennmuuHbl X B paBHBIC
IIPOMEKYTKH, YUCIIO KOTOPBIX PAaBHO N.

i
i=1.n hl-:&“=z pj
=1

0.8 licTorpamma dyHKLaN pacnpegeneHua
E 0.6
F o4

02

19050 1901 19962 20914 21866 22818 2377 24722 25673 26625 21577

H{1>
n
{17

s (&7),

M=l s

n 2
D= % |:I:{H{l>)k - M] -pJ =250 a=yD=158
k=1

= 0.069 - Ko3thhMUMEHT BAPMALMY NPOYHOCTH

=

zZla

B=M{1- 1.64£)=20224 - knacc GeToHa no MpoyYHoCTH
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