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VYueOnas aucuumiuHa « Teopust BeposATHOCTEH, MaTeMaTHUeCKasi CTATUCTHKA
Y CIIy4aiiHbIE IPOLIECCHD) MPEICTABIEHA B BUJE 5 YaCTEM:

— Cayuaiinbie coObITHS

— CiyyaliHble BEJIMYHHBI

— CucreMsl C1y4allHbIX BEJIMYHUH

— IlpenenbHbIe TEOPEMBI TEOPUU BEPOATHOCTEN

— OCHOBBI MATEMATUYECKON CTATUCTUKH.

[To Teopun BepOSATHOCTEH M MAaTEMAaTHUYECKOW CTATUCTUKE MMEETCs OOIIMp-
Has jurepatypa. Cpeau HUX MOKHO IMOPEKOMEH0BATh CIEAYIOUME YUYeOHbIE MO-
cooust:
1. I'mypman B.E. Teopusi BeposTHOCTEd M MaTemMaTH4ecKas CTaTUCTUKa. M.,
Bricimias mikoma, 2000.
2. Bentnens E.C. Teopus BepostHocTeit. M., Hayka, 1999.
3. Pogaumen H.E. Kypc Teopun BeposSTHOCTEH M MaTeMaTHYECKOW CTATHCTHKH.

Kazanp, KI'TY,. 2001.

Pexomenayercs ciienyromas cxeMa U3y4eHus KaK10U YacTu:

1) o3HaKOMJIEHHE C METOJMYCCKUMH YKa3aHUSAMH, [1€Jb KOTOPBIX IaTh
oO11ee mpeICTaBlIeHNEe O MPEIMETE U €r0 y3JI0BBIX MOMEHTAX;

2) KOHCIICKTHPOBAHHE TEOPETHYCCKOr0 MaTepuaja B COOTBETCTBHH C
METOAUYECKUMU YKA3aHUSAMMU;

3) mapaienibHas MPOBEpPKa YCBOCHHS TEOPETHUYECKOTO MaTepHaia Iy-
TEM OTBETOB Ha BOIIPOCHI CAMOIIPOBEPKH;

4) perieHue 3aaa4 IS JIYUIIEro YACHCHHS TEOPETHUCCKUX CBEICHHHA W
pUOOPETEHUS TPAKTUUECKUX HABBHIKOB B MIPUMEHEHUHU TECOPUH BEPO-

SATHOCTEN U MAaTEMATUUECKON CTaTUCTUKHU.
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[Iporpamma Kypca

"TCOPI/IH BGpOHTHOCTCﬁ, MaTCMaTHUYCCKasi CTaATUCTHUKA U cnyqaﬁHLIe IMpoHCCChI»

1.Cnyuaiinvie coovimusn

Ilepsonauanvusvie céedenus meopuu eepoamuocmei (2 uaca)

[lonstTue cmyyaitHoro coobiTus. Krnaccuduxarms ciiydallHbIX COOBITHIA.
Krnaccuueckoe (TeopeTruyeckoe) onpeaesieHue BEPOSITHOCTH CITy4ailHOTO COOBITHA.
CratucTryeckoe OINpeaeseHue BEPOATHOCTH Ciy4yalHOro coObiTus. [lpuHumn
IPAKTUYECKON HEBO3MOMXHOCTU COOBITUH C BEPOATHOCTHIO, OJM3KOM K HYJIO U
IOPUHLIUI TPAKTUYECKONH BO3MOYKHOCTH COOBITHM C BEPOSITHOCTBIO, OJMU3KOW K
EAUHULIE.

Bepoamnocmu cymmot u npouseedenusn ciayyainvix coovimuii. Dopmyivi

noanou eepoamuocmu, baiicca, bepuynnu u Ilyaccona (4 uaca)

CymMa HecoBMECTHBIX cOObITHI. CymMMa COBMECTHBIX COOBITHIA. Bepost-
HOCTh CyMMbI HECOBMECTHBIX COOBITHI. BeposSTHOCTH cyMMBI COOBITHH, 00pa3y-
IOIIUX TOJIHYIO TPYNNY COOBITUI. 3aBUCHMBbIC U HE3aBUCHUMBIE CITydailHbIE COObI-
tus. [IpousBenenue ciydaitHbIx coObITHI. BeposaTHOCTh IpOM3BEACHUS ABYX He-
3aBUCUMBIX cOObITUH. CiyualiHble COOBITHS, HE3aBUCUMbIC B COBOKYMHOCTH. Be-
POSITHOCTH MPOM3BEJICHUSI HECKOJBKUX CIyYalHbIX COOBITHI. YCIOBHas BEpOAT-
HOCTb CJIy4alfHOro coObITHsI. BeposTHOCTh Mpou3BeneHus ABYyX 3aBUCUMBIX CIY-
YalHbIX COOBITHI. BeposSTHOCTh MPOU3BEAEHUSI HECKOJBKUX CIy4allHbIX COOBI-
TUN. BEpoSITHOCTh CyMMBI JIByX COBMECTHBIX COOBITHI. BEeposTHOCTh CyMMBI He-
CKOJIBKAX COBMECTHBIX COOBITHI. DopMmyia moaHou BeposTHOCcTH. Dopmyra baii-

ecca. @opmyJibl bepnyium u [IyaccoHa 0 mOBTOpEHUN UCTIBITAHUNA.



2. Cnyuaiinvle senruyunnl

Cﬂyqaﬁuaﬂ ééjiuuuna, ee 3aKoH pacnpedeneuuﬂ u ucioenle xapaxkme-

pucmuku (2 uaca)

[lonsiTne ciiyyaiiHOM BENWYUHBI. JIUCKPETHBIE W HENPEPBIBHBIE CIIy4YalHbIC
BEJINYMHBI. 3aBUCUMbBIE U HE3aBUCUMBIE CITy4ailHbIe BETUUYUHBI, KOPPEISIUOHHBIN
MOMEHT. 3aKOH PacHpeaesIeHUs] BEPOATHOCTEN NUCKPETHOM CIy4ailHON BETMYUHBI
Y CIIOCOOBI €ro MPEeICTaBICHU. 3aKOHBI PACTIPEEIICHNS HENTPEPBIBHOM CITy4ailHOM
BenuuuHbl. DYHKIUS pacnpeneseHus BepositTHocTe. CBoiicTBa (DyHKIMHM pac-
npeneneHus BeposTHocTed. [ImoTHOCTE BeposiTHOCTH. CBOMCTBA IUIOTHOCTH BE-
POSATHOCTU. UMCIIOBBIE XapaKTEPUCTUKH CIy4YalHOW BENMYHMHBL. MaTeMaTndeckoe
0KUJAHUE OUCKPETHOW M HENPEPBIBHOW CIIyYalHBIX BEJIMYUH. BepOATHOCTHBIN
CMBICII MaTEMaTHYECKOTO OxuaaHus. (CBOMCTBA MATEMATUYECKOTO OKHJIAHMS.
Jlucniepcrst TUCKPETHOW M HENPEPBIBHOW CIIy4alHBIX BEJIMYHMH KAaK Mepa pacces-
HUS 3HaYEHUN ciaydyaiiHOM BenuuuHbl. CBoiicTBa nucnepcuu. CpenHee KBaapaTH-
YECKOE OTKJIOHEHHE. HauanbHble M HEHTpaJbHbIE MOMEHTBI CIIyYaiHbIX BEJIMYHH.

Hopmanwho pacnpedenennvie HenpepvigHble ciyuaiinvle senudunst (4 uaca)
Kpusas I'aycca. HopmupoBaHHass HOpMalIbHO paclpeieIeHHass HENpepbIBHAS
ciaydaiiHas BenuuuHa. Dyukuus Jlannaca (uHTerpan BeposiTHOCcTel). BeposiT-
HOCTb 3aJIaHHOTO OTKJIOHEHUS HOPMAaJIbHO PACIIPENEIICHHOW CIIy4YallHOW BEJINYU-
HBI OT CBOEr0 MaTeéMaTHYECKOro OXKUIaHUsA. BEpOATHOCTH MOMagaHusi HOPMAJIBHO
pacrpeneseHHON Cily4yallHOW BEJIMYMHBI B 3aIaHHBIN MHTepBaji. OleHKa OTKJIOHE-
HUSl pACHPENETICHUS] HEKOTOPOM HENPEPBIBHOM CIIy4YaliHOM BEJIWYHUHBI OT HOP-

MasbHOr0. Koo duumeHtT acuMMeTpun 1 3KcLecca.



3. Cucmema 08yx CIy4aiiHbIX GETUYUH

Cucmema C‘le'laﬁHblx 6e/lU4YUH, e€ 34dKOHbl pacnpe()efleuu;l U uucjiioenole

xapaxmepucmuxu (4 uaca)

[ToHsiTHE CUCTEMBI CIlyYalHBIX BEIWYMH. J[MCKPETHBIE U HEIIPEPBIBHBIE CH-
CTEMBI CIyYalHbIX BEJIIMYMH. 3aKOH PACHpPENENICHUs CUCTEMBI JIBYX AMCKPETHBIX
Cilly4aiiHbIX BenW4MH. DYyHKIUA paclpencsieHus CUCTEMbI JBYX HEIPEPBIBHBIX
CIIy4alHBIX BEJIMYMH U €€ CBOMCTBA. I [MOTHOCTH BEPOATHOCTEN CUCTEMBI ABYX HeE-
IIPEPBIBHBIX CIyYalHBIX BEJIUYUH U €€ CBOWCTBA. BEpOATHOCTh MoNagaHusl CUCTE-
MBI JIByX HENPEPBIBHBIX CIIy4allHBIX BEJIMYUH B 33/JaHHYI0 00JIaCTh. Y CIIOBHBIE
IJIOTHOCTH BEPOSTHOCTH CUCTEMBI JIByX HENPEPBIBHBIX CIyYaWHBIX BEJIWYMH. 3a-
BUCUMBIC U HE3aBUCUMBIC CIIy4alHbIC BEJIMYMHBI. Y CIIOBHE HE3aBUCUMOCTHU JIBYX
CIIy4alHBIX BEIWYUH. MaTeMaThuuecKkoe OXHUIAHUE CYMMBbI CIyYaWHBIX BEIUYUH.
KoppenaunoHHbIii MOMEHT U KO3((UIMEHT KOPPEISUUNA CUCTEMBI IBYX CIydaii-
HBIX BeJIMYUH. KoppenupoBaHHbIE U HEKOPPEIUPOBAHHBIE CIIyYalHbIE BEIUYHHBI.
KoppensunonHnas 1 HOpMUPOBaHHAsI KOPpEILIMOHHAs MaTpuua. Jlucnepcus cym-
MBI CIIy4alHBIX BEJIIMYMH. YCJIOBHBIE MATEMAaTUYECKUE OKHUIAHWS U AUCIEPCUU
CUCTEMBI JIBYX CIIyYalHBIX BEJIMYMH. JINHUM PETPECCUM CUCTEMBI JBYX CIIyYalHbBIX

BCINYHH.

4. IIpedenvuvie meopemovt meopuu eeposmuocmeit (2 uaca)

CymHocTh 3akoHa Oosbiux uncen. HepaBencTtBo UeOrnimmeBa ero TeopeTu-
YecKoe M MpakThuyeckoe 3HaueHue. Teopema UeOblieBa U ee 3HaUCHUE AJI MPaK-
TUKA. Teopema bepHymnn u ee mpaktuyeckoe 3HadeHue. DopmynMpoBKa LEH-

TpaJIbHOM NpeAEIbHON Teopembl JIsmyHoBa.



5.0cno6b1 Mamemamuueckoit cmamucmuxu

Toueunoe ouenusanue napamempos pacnpeoeieHuil cay4aiuHvlx 6e1UYUH
(2 uaca)

OMIIUPUYECKUE PACIPEICICHUsI U CTaTUCTUYECKash OIIEHKAa MapaMeTpoB
pacnpenenenus. [loguron u rucrorpamma. OMnupudeckas GyHKIUS pacipeee-
Hus. Kputepun onTUMaabHOCTH TOUYEUYHOI'O OIICHUBAHUSI MapaMeTPOB: COCTOS-

TCIBbHOCTb, HCCMCIIICHHOCTD, 3(1)(1)CKTI/IBHOCTI>, JOCTAaTOYHOCTB.

Humepeanvnoe ouyenusanue napamempos pacnpeoeieHuil CayuaiiHblx
eéenuyun (4 uaca)
[ToHsiTHE TOBEPUTEIHLHOTO MHTEPBAJIA M TIOBEPUTEIBHON BeposTHOCTH. JloBe-

PHUTCIIBHBIC HHTCPBAJIBI MATCMATHUYCCKOI'O O KU AAHUA U JUCIICPCHUMH.

Ilepeuunasa odbpadomxa pe3ynomamos usmepeHuil CayuaiHol eeiuUHbl
(4 uaca)

[TocTpoenue ciydaitHOW BBIOOPKM M3MEPEHUN U MPOCTOTO CTATUCTUYECKOTO
psana. I[loctpoenue BapuanmoHHoro psiaa. [lopsiakoBeie cratuctuku. CucteMaru-
YeCKHe M CiydaliHble OmMOKM u3MepeHuit. ['pyobie ommOku n3mepennii. MeTo bl
UCKIIIOUCHUS TPYOBIX ommOoK. OlleHKa MAaTeMaTH4YeCKOTO OXHIAHUS CIydaHON
BenuurHbl. OlieHKa Iucnepcuu HaboaaeMol cirydaitHoil BenunurHbl. OlieHKa Be-
POSITHOCTHU CitydaitHOro coObIThs. OneHka GYHKIIMU U TUIOTHOCTH pacipeneeHus

CIIy4ailHOM BEJIMYMHBI.

3axkoHwl pacnpeoesieHus U XapaKmepucmuku cay4ainslx npoyeccos (4
uaca)

OcHoBHBIE MOHATHS, onpenesieHus ciydanbix npoueccoB (CIT). Bepost-
HOCTHBIE XapaKTEPUCTHKHU CIy4yalHOTro IMpolecca: (PyHKIMH U MNIOTHOCTh pacipe-
nenenud. Yucnosele xapakrepuctuku CII: maTemMaTtnueckoe OKHIAaHHE, THUCHIEP-

CHsl, KOBapUaIllMOHHAS U KOPPEISAIMOHHAS PYHKIIUU.



1. CJIVUAMHBIE COBBITUS

HePGOHa‘laJleble céeoeHUsA meopuu eepo;lmm)cmeﬁ

Bentnens E. C. I'm. 1; 1. 2, §1 —3,5.
I'mypman B. E. I'm. 1.
Ponaumes H.E. I'n. 1.

[Ipu u3ydyenun 3TOrO paszziena TpeOyeTCs YCBOUTH CIEAYIOIIME TOHSITHUS:
cllydaifHO€ COOBITHE, HEBO3MOKHOE COOBITHE, JOCTOBEPHOE COOBITHE, COBMECTHBIE
Y HECOBMECTHBIE COOBITHS, MOJIHASI TPYIIA COOBITUNA, TPOTHUBOIOJIOXKHBIE COOBI-
TUS, BEPOSITHOCTh — KOJMYECTBEHHAs XAPAaKTEPUCTHKA BO3MOXKHOCTH IOSIBIICHUS
cinyyaiiHoro coObiTus. Kiaccuueckoe ornpeseneHue BEpOITHOCTH CIIy4allHOTO CO-
OBITHS, CTATUCTUUECKOE OIPENIEICHUE BEPOATHOCTH COObITHS. OOpaTUTh BHUMA-
HUE Ha TO, YTO TEOPHs BEPOSITHOCTEW — HAyKa O BEPOSITHOCTHBIX HECIy4YalHBIX 3a-
KOHOMEPHOCTAX, HA0JIFOJAEMBIX B MACCOBBIX SIBJIEHUSX U UCIBITAHUAX, 4 TAKXKE Ha
TO, YTO OTHOCUTEJIbHAS YacTOTa (CTAaTUCTUYECKAs BEPOSITHOCTh) COOBITHS 00aia-
€T CBOMCTBOM YCTOMYMBOCTH NP OOJIBIIIOM YUCIIE UCTIBITAHUM.

Cratuctuyeckoe ornpeziesieHue BEpOATHOCTH — OoJiee olliee onpeieseHue,
4eM KJIACCHYECKOE, MOCKOJIbKY OHO MO3BOJISIET ONPENENIATh BEPOSTHOCTH TaKHUX
CIIy4ailHbIX COOBITUI, KOTOPBIE HEJb3sl ONPENEIUTh Mo Kiaccuyeckod cxeme. Ho
CJIElyET UMETh B BUIY, UTO I ONPEAEIICHNUS] OTHOCUTENBHONW YaCTOTHI CIIy4aiiHO-
ro coObITHs TpedyeTcs (pakTHUecKoe MPOBEACHNE UCTIBITAHUH U, KaK MPaBuio, 10-
CTaTOYHO OO0JIBIIOr0 00beMa.

Crnenyet Takxe oOpaTUTh BHUMaHHE Ha JIBa MPHUHIIUIIA TEOPUU BEPOSTHO-
CTell, Ha KOTOPhIX OCHOBBIBAETCSl MPAKTUYECKOE MPUMEHEHHUE 3TON HAyKHU: MPHUH-
IIUTT TIPAKTUYECKON HEBO3MOXKHOCTH COOBITUN C MaJIOM BEPOSITHOCTHIO M TIPUHITUTT
MPaKTHYECKON JOCTOBEPHOCTH COOBITHI C BEPOSTHOCTHIO BeChbMa OJIM3KOU K €/1H-

HUIIE.
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HYTGM pemiCcHus JOCTATOYHO OOJILIIIOr0 YHCIIa 3aJa4 Ha BBIYHMCJICHUC BC-

POATHOCTHU COOBITHS T10 KJIACCHYECKOU CXEMC, 3aKPCIIUTD ITOJTYYCHHBIC 3HAHHA.

Bonpocer miia camonposepku: Pongunmes H.E. ctp. 18.

Bormpocs! i1t camornpoBepku:

1. Yro Takoe cirydaitHoe coObITHE?

2. Ilepeuncnure u naiTe ONpeneIeHne OCHOBHBIX BUIOB COOBITHH.

3. Uro Takoe AIeMEeHTapHBIN UCXO UCTIHITAHU?

4. TlpuBect (popMyIly MOSICHUTH €€ COJEpKaHHUE NIl OMpPENIeTICHUsI BepO-
ATHOCTH IO KJIACCUYECKOW U CTATUCTHYECKOU CXEME.

5. late mpumep, KOTJia BEPOSITHOCTH COOBITHSI HEBO3MOXHO HAWTH TIO
KJIACCUYECKOH CXEME.

6. B 4éM COCTOHUT CMBICT MPUHITUIIOB MPAKTHYECKOW HEBO3MOKHOCTH CO-
OBITHSI C MAJION BEPOSTHOCTBHIO U MPAKTHYECKOM JJOCTOBEPHOCTH COOBITUN C BEPO-

SITHOCTBIO OYE€Hb OJIM3KOM K eTuHUIE?
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Bepoamnocmu cymmut u npouseedenus cayuainovix coovimuil.
Dopmyna noanoii eepoamuocmu, baitecca, bepuynnu u Ilyaccona.

Bennens E. C. I'1.3, I'n.4.
I'mypman B. E. I'n.2, rn.3, rn.4. rn.5 §1.
Poguumie H.E. I'm. 2.

[Ipu npopaboTke TaHHOTO pasjena, Mpexae BCero, He0OXOAUMO TBEPIO
VSICHUTh TaKHe€ MOHITHUSI KaKk CyMMa M Ipou3BelieHre coObiTuid. Cienyer UMETh B
BUJTY, UTO (POPMYIIBI JJIsl ONIPEICTICHUSI BEPOSATHOCTEH CyMMBI U MIPOU3BENICHUS CO-
OBITUN SBJISIOTCS OCHOBHBIMH JJIS JNATbHEUIIEr0 W3JIOKEHUS TEOPUH BEPOATHO-
cteil. OHM MO3BOJISIIOT MO U3BECTHBIM BEPOSITHOCTSAM OJTHUX COOBITHM BBIYHCIHUTH
BEPOSITHOCTh APYyrux coObITHil. [10o yka3aHHOU JUTEepaType U3y4uTh BBIBOABI OP-
MYyJT JIJIs1 BEPOSITHOCTA CYMMBI HECOBMECTHBIX M COBMECTHBIX COOBITUH, ISl BEPO-
ATHOCTH TIPOU3BEJICHUS HE3aBUCUMBIX M 3aBUCHUMBIX cOObITUM. [lyTem pemeHus
psina 3aay mpuoOPECTH HABBIKM MO MPUMEHEHUIO (hOPMYJI JJIsi CYMMBbI U TIPOU3BE-
JIEHUS COOBITUH.

BaxHbIM 1J1s1 IPAKTUYECKUX MPHUI0KEHUA TEOPUU BEPOSTHOCTEM SIBIISI-
10Tcs hopmyria TOJIHON BepossTHOCTH U popmyina baiiecca, a Takxe popmyna bep-
Hysud u [lyaccoHa ajis MOBTOPHBIX HE3aBUCHUMBIX HCIBITAHUM, KOTOpPHIE MOJTyYa-
IOTCSl C UCMOJIb30BAHUEM MPEIbIAYIINX pe3ysbTaToB. CleAyeT ySICHUTh KpYr 3a-

Ja4, TpEOYIOINUX TPUMEHEHUS] YKa3aHHbBIX (POPMYIL.

Bonpocs! aiia camonposepku: Poguuines H.E. ctp. 34.

Bomnpocs! 1 camonpoBepKu:
1. Yro Takoe cymMMa ciaydalHBIX COOBITUM M KaK OHa OIMpeeNseTcs B
CJIy4asiX COBMECTHBIX U1 HECOBMECTHBIX COOBITHIA?
2. YeMy paBHaA BEpOSITHOCTb CyMMbI HECOBMECTHBIX U COBMECTHBIX CO-

ObITHI?
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3. Kak ompenensieTcst BEpOATHOCTb CYMMBI COOBITHI, 00pa3yrouX MoJ-
HYIO TPYIITY COOBITHII?

4. TIoACHUTH YTO TAKOE€ YCJIOBHAsI BEPOATHOCTH coObITHS? Kakue coObl-
THUS Ha3bIBAIOTCS HE3aBUCUMBIMU?

5. IlpuBenute GopMyIibl JUisi BEPOSITHOCTU HE3aBUCUMBIX U 3aBHCHUMBIX
COOBITHIA.

6. Kak ompenernsiercst BEpOSITHOCTD MOSBIICHUS XOTSI ObI OJTHOTO U3 COBO-
KYITHOCTH COOBITHIA?

7. UTO O3BOJISIET ONPEAENIATh (POPMYJIIa OJTHOU BEPOSITHOCTH?

8. Kakol cMbICT UMEET yCIIOBHasi BEPOSITHOCTD, omnpenaeisemas mno ¢op-
myie baliecca?

9. IlpuBeaute hopmynsl bepaymnu u [lyaccoHa o mOBTOpEeHUU HE3aBU-

CUMBIX UCIIBITAHUI U YTO OHU ITO3BOJISIOT ONPENETUTH?
[Ipumeps! pemeHus 3aaa4d K 9acTtu 1

3agaua 1. B nmaGopatopun pabotaroT 7 Myk4uH U 3 xkeHuuHbL. [lo Ta-
OeIbHBIM HOMEpPAM B CIIy4ailHOM MOpsAKe O0TOOpaHbl TpU denoBeka. OnpenenuTh
BEPOSITHOCTh TOTO, YTO OTOOPAHHBIE JIUI[A OKAKYTCS MY>KUUMHAMH.

Pemenue. [[ng HaXOXI€eHUS UCKOMOW BEPOSITHOCTH CJIEAYET BOCIOJIb30-
BaTbCsl (POPMYJION, JArOIIEH KIACCUYECKOE OIMPECICHUE BEPOSTHOCTH CIy4aitHO-
ro coObITHst A: P(A) = m/n, rae N — 9rciio BCEX BO3MOXKHBIX AJIEMEHTAPHBIX HCXO-
JI0B (COBOKYMMHOCTh €IMHCTBEHHO BO3MOHBIX U PABHOBO3MOHBIX UCXOJIOB), M —
YUCJIO TEX AJIEMEHTAPHBIX HMCXOJO0B, KOTOPBIE OJAronpusTCTBYIOT COOBITHIO A
(m<n).

B manno# 3a7ave BeawMdrHA N MOXKET OBITH MpECTaBICHA KaK KOJWYe-
CTBO TPYIII, KOTOPhIE MOXXHO COCTaBUThH U3 o0mero koiaudectsa 10 yenoBek mo 3

yeyioBeka B rpynie. B koMOMHATOpUKE 3TO YMCIO HaXOJAUThCS KaK YMCIIO coYeTa-

. e N (3
Huit 13 10 pasIMUHBIX 3JIEMEHTOB IpymmaMu mo 3 smementa kaxgoit: N=C.
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—C3
OueBunHo, uto M= L7 T. €. cTONBKO MOXKHO 00pa30BaTh U3 7 MY>KUHH TPYIIII O

3 MyxurHbI B Kaxoil. Takum o6pasom, P(A)=CS/CY.

3agauva 2. KoadduimeHnt ucnonap3oBaHusi paboyero BpeMeHH JIBYX aBTO-
MaTHYECKUX CTAHKOB COOTBETCTBEHHO paBeH 0,9 u 0,95. Cunras, 4T0O OCTAHOBKH B
paboTe KaXJO0ro CTaHKa BO3HHMKAIOT CIy4allHO M HE3aBUCHMO JpYr OT Jpyra,
OTIPEJICTNTh OTHOCUTEIIBHOE BPEMS: a) COBMECTHOW padOTHI ABYX CTAaHKOB, 0) pa-
OOTBI TOJILKO OJTHOTO CTaHKa, B) MPOCTOsI 00OUX CTAHKOB.

Pemenne. Koaddumment ucnonpzoBanus paboyero BpeMEHH — 3TO OT-
HOIIICHUE BPEMEHM HEMOCPEJCTBEHHOM paboThl CTaHKa KO BCeMy paboueMmy Bpe-
MeHH (Hampumep, cMeHHOMY). OHO COBIAJaeT ¢ ONMPEACIICHUEM BEPOSITHOCTH CO-
OBITHSI, YTO CTAHOK B JIaHHBIM MOMEHT paboTaeT. OTHOCUTEIIBHOE BpEMsi, KOTOPOE
HEO0OXOIMMO OMPEACIIUTH, 3TO TAKKE BEPOSTHOCTH COOTBETCTBYIOIIUX COOBITUH.

Beenem cienyronue coobitust: A, A, - paboTa COOTBETCTBEHHO N1EPBOIO
U BTOPOTO CTaHKa, KE - TIPOCTOM COOTBETCTBEHHO MEPBOTO W BTOPOIO CTaHKA
(coOBITHS, IPOTUBOIOJIOKHBIE COOTBETCTBEHHO cOOBITHSAM A, A,), A - coBMmecT-
Has paboTa IByX CTaHKOB, A - paboTa TOJIbKO OJJHOTO CTaHKa, A - mpocToi 00o-

HX CTaHKOB.

[lo ycnoButo 3amaun  umeem  P(A) 0,9; P(A)=0,95;
P(A )=1-P(A;)=0,1; P(A, )=1-P(A2)=0,05.

a) CoBMecTHas paboTa CTaHKOB — 3TO paboTa U MEPBOTO U BTOPOTO CTaH-
ka Bmecte: A = A A, . Ilockonbky coObiTust Aj, A; — HE3aBUCUMBIE, BEPOSITHOCTD
IPOU3BENIEHUSI COOBITUN PABHSIETCS MPOU3BEACHUIO COOBITUI A1, Ajy!

P(A,) =P(A1)P(A;) =0,9¢0,95 = 0,855.
0) PaGota 01HOTO U3 CTAHKOB MMEET MECTO TOTJa, KOTJa MepBbIi CTAaHOK padboTa-

€T, ¥ BTOPOI He paboTaeT, Win MepBhIi HEe paboTaeT U BTOpor paboraer. Takum

o0pazoM, coObITre A, MOXKHO onpenenutsb Tak: A = A A, + A A,. VuuTsBas, 4To

coobiTist AjA, u AA, - HECOBMECTHBIE, a KaXkaas mapa coobrtuii A, Ay u A, A,

HC3aBHUCHUMBIC, 3aITUIIICM
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P(Ag) =P(A)P(A,) +P(A)P(A,)=0.9-0.05+0.95-0.1=0.14.
B) [IpocToii 000MX CTAaHKOB — 3TO MPOCTOH U MEPBOTO U BTOPOTO CTaH-
KOB: A, = 5\13\2. CoObITHs Ki, Kz - He3aBUCHUMBIE. MIckoMast BEpOsTHOCTD
P(A,)=P(A)P(A,)=0.1-0.05=0.005.
3agaua 3. CTaHOK-aBTOMAT LITAMITYEeT JeTanu. BeposaTHOCTh TOrO, 4TO 32
CMCHY HC 6y,Z[€T HU3TOTOBJICHO HHU O,Z[Hoﬁ 6paKOBaHHOﬁ ACTaJIn, paBHA 0,9. Onpe-
ACJINTb BCPOATHOCTHL TOIO, YTO 3a TPHU CMCHBI HC 6yz{eT HU3TOTOBJICHO HH OI[HOP'I
OpakOBaHHOM JIETAJIH.

Pemenne. O6o3HaunM uepe3 Aj,A,, A3 - coOBbITHSA, COCTOSIINE B TOM,

YTO COOTBETCTBEHHO 3a MEPBYIO, BTOPYIO U TPEThIO CMEHBI HE OYAET U3TrOTOBJICHO
HU OJHOUN OpakoBaHHOW JeTanu. OUeBUAHO, YTO UCKOMOE COObITHE A sIBIsSETCS

npousBeneHueM coobsituii A A5, Ag: A= A A, A;, Tak Kak coObITHE A HacTynaer
Y YCJIOBUM HACTyIUleHUA U A, 1 Ay, u Ay. OTmeTnM, uto coObitust A, A, , Az—

HE3aBUCUMBIEC, UOO BEPOSITHOCTU HACTYIUICHHS KaXJOT0 M3 ATUX COOBITUN PaBHBI
0,9 U He 3aBUCAT OT TOrO, UMEJIM MECTO J[Ba JIPYTUX COOBITUS UIU HeT. Bepost-
HOCTb MPOU3BECHUS HE3aBUCUMBIX COOBITUI paBHA MPOU3BEACHUIO BEPOSTHOCTEN
OTJICJIBHBIX COOBITHIA.
CraenoBaTteibHO,
P(A) =P(AAA;) =P(A)P(A)P(A;) = 0.9% =0.729.

3agaua 4. Pabouuii oOciy>XMBaeT TpU CTaHKa, pabOTaIOIINE HE3ABUCUMO
JpYT OT apyra. BeposTHOCTh TOTO, 4TO B T€UEHHE Yaca MEepBbIi CTAHOK HE MOTpe-
Oyer BHUMaHMs pabouero, paBHa 0,92, mjisi BTOpOro CTaHKa Takas BEPOSITHOCTh
paBHa 0,9 u g tpersero — 0,85. KakoBa BEpOSTHOCTH TOTO, YTO B TEUCHHUE Yaca
XO0TsI ObI OJTUH CTAHOK HE MOTpedyeT BHUMaHUs pabodero?

Pemenne. O603HaunM vepe3 A coObITHE, BhIpaKaroliee TO, YTO B TeUe-
HUE dYaca XOTsA Obl OJMH CTaHOK HE TMOTpedyeT BHUMaHUsA pabouero, a depes

A, A,, A; 0003HaYMM, COOTBETCTBEHHO, COOBITHS, 3aKIIOYAIOIIUECS B TOM, YTO

MIEPBBI, BTOPOW M TPETHI CTAHKH B TEYCHHE Yaca He MOoTpedyeT BHUMaHUs pabo-

yero. Tak kak Bce TpHU CTaHKa pabOTalOT HE3aBUCUMO JAPYT OT Apyra U MOTYT MO-
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TpeOOBaTh BHUMAHUS pab04ero OJHOBPEMEHHO, TO COOBITHS A, A, , Ag ABIAIOTCS

HE3aBUCHUMBbBIMHU, HO COBMCCTHBIMU coopiTisIMH. CorjlacHo 0003HAYEHHUSIM HMEEM

A=A +A, +Asu
P(A) =P(A + Ay + Ag).

B nanHoit 3anade omnpeseseHne uckoMmoii BeposTHocTH P(A) 1enecoo6-
pasHO ocymecTBHTh 110 dopmyrne P(A)=1-P(AAA;), tie AAA; - cobbITns,

COCTOAIIMC B TOM, YHTO COOTBCTCTBCHHO HGpBBIfI, BTOpOﬁ u TpeTI/Iﬁ CTaHKH IIOTpC-

OyroT BHUMaHuUs pabodero. M3 HezaBucumoctu codbituii Ay, A, , Ay crienyer He3a-

BUCUMOCTb COOBITUN AjA, Ag. C y4€TOM CKa3aHHOI'O BEPOSITHOCTH ITPOU3BENCHUS

COOBITHI 'K‘_szﬁs sanmmercst Tak: P(AAA;) =P(A)P(A,)P(As). To ycnosuro
3agaun P(A)=092; P(A,)=0,9; P(A,)=0,95. BeposSsTHOCTH COOTBETCTBYIOIINX
IPOTHUBOIIOIOKHEIX COOBITHH OymyT: P(A)=0,08; P(A,)=01 P(A)=015. B pe-
3yJIbTaTE BBIYUCIEHUIA Haxoaum P(A) =1-0,08-0,1-0,15=0,9988.

3agada 5. B niexe Tpu THna CTaHKOB-aBTOMATOB IPOU3BOAAT OJHU U TE
e neray. CTaHKOB MEPBOTO THIA 5 MITYK, BTOPOTO THIA — 3, TPEThEro THMa — 2.
[Ipon3BOAUTENILHOCTh CTAHKOB OJMHAKOBAs, a Ka4eCTBO palbOThl paziuyHoe. M3-
BECTHO, YTO CTAHKHU MEPBOI0 TUMa MPOU3BOIAT 94% neralieil OTIMYHOTO KaueCcTBa,
BTOporo tuna — 90% u Tperbero tumna — 85%. Bce npousBeeHHbIE B 1IEXE JeTAIN
B HEPACCOPTUPOBAHHOM BHJIE TOMEIIEHBI B OOIIUMA SIIIHK.

OnpenenuTs BEpOATHOCTh TOTO, YTO CIIy4aHO B3sITasi AETallb U3 SIUKa
OKaXETCSI OTIIMIHOTO KAa4YCeCTRBaA.

Pemenne. 3agaum Takoro THIA PEIIAIOTCS C MCIOJIB30BaHUEM (hOPMYJIIBI
noJiHOM BeposiTHOCTH. O603HaUnM uepe3 A coOBITHE, COCTOSIIEE B TOM, YTO CIY-
YaiilHO B3sTas JAETAJIb OKAXKETCS OTIMYHOro KauectBa. UToObI coObITHE A MOTIJIO
MIPOU30MTH, HEOOXOMMO, YTOOBI IIPOU3O0IIIO OAHO U3 coObiTuil Hy, Hy, Hi, Tie H,
— CIy4ailHO€ COOBITHE, COCTOSIIEE B TOM, YTO CIy4ailHO B3sTas JeTajb OblIa U3-
rOTOBJICHA Ha CTaHKE MEepBOro Tuma, H, — getans Obljia M3roTOBJICHA HA CTaHKE

BTOPOI'O THIIA, H3 — ACTaJIb Obly1a M3rOTOBJIEHA HA CTAHKE TPCTLCTO THUIIA.
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YuuThiBasi KOJWYECTBEHHOE COOTHOIIEHWE CTAHKOB PA3HBIX THUIIOB B
00IIIeM KOJTMYECTBE JECATH CTAHKOB U TO, YTO MPOU3BOJAUTEILHOCTh CTAHKOB KaK-
JIOTO THUIIa OJIMHAKOBAsl, JETKO HAWTH BEPOSATHOCThH CIydalHbIX coObITUH Hi, Ho,
Hs: P(H;) = 5/10, P(H,) = 3/10, P(H3) = 2/10. ITockoabky cobbitus Hy, Hy, Hj sB-
JISFOTCS TIOJIHOM TPyNmoi coObITHI, TO CyMMa MX BEpOSITHOCTEH paBHA €IMHHIIC.
[To ycnoBuio 3amaunm HaxomaTcs ychaoBHble BepositHoctH P(A/Hp), P(A/H),),
P(A/Hs), T.e. BEpOSITHOCTH H3BJICUCHUS JCTATN OTJIMYHOTO KayecTBa U3 Habopa Je-
Tajeil, N3roTOBJIEHHBIX COOTBETCTBEHHO MEPBbIM, BTOPHIM U TPETHUM THUIIOM CTaH-
xoB: P(A/H;) = 0,94; P(A/H,) = 0,9; P(A/H3) = 0,85.

[To dhbopmyiie mOTHOM BEPOSTHOCTH

P(A)=P(H,)-P(A/H,)+P(H,)-P(A/H,)+P(H,)-P(A/H,)
onpexnensem: P(A)=0,5-094+0,3-09+0,2-0,85=0,91.

3agaya 6. [IoBTOpsIs yClIOBUSI NMPEABIAYIICH 3aa4d, 3aKIHOUUTEIbHBIN
Bompoc chopmynupyem uHade. CiayyallHO M3BIICUEHHAs U3 SIIMKA JETalb OKA3d-
J1acb demanvlo OmMauyHo2o kavecmea. KakoBa BEpOSTHOCTh, YTO 3Ta JETalb OblLia
U3TOTOBJIEHA CTAHKOM IE€PBOT0, BTOPOT0, TPETHETO THIIA.

Pemenue. 3agaun Takoro THMa PEIIAIOTCS C UCIOJIb30BAaHUEM (hOPMYITbI
beitecca. MIckoMble BEPOSITHOCTH OIPENENSAIOTCS KaK yCIOBHBIE BEPOSTHOCTU CO-
owituit Hy, Hy, Hs npu ycnosuu, uto codbvitie A — U3BjI€UECHUE JETAIH OTIIMYHOTO
KAaueCTBa NPOU30ULTO.

®opmyisl baliecca MPUMEHUTENBHO K JAHHOM 3a7a4e 3alUIIyTCS B BUE:

P(H,/A) = P(H,)-P(A/H,)/ P(A); P(H,/A) = P(H,)- P(A/H,)/ P(A);

P(Hs/A) = P(H3)P(A/H3)/P(A),
rae P(A) — BeposSITHOCTD COOBITHSL A, paCCMOTPEHHAs B MPEABIAYIICH 3a/1a4e U PaB-
Has 0.91. B pesynprate Haxomum: P(Hi/A) = 0,5*0,94/0,91 = 0,516; P(H,/A) =
0,3*0,9/0,91 = 0,297 P(H,/A) = 0,2*0,85/0,91 = 0,187.
B 3akiioueHre oTMeTHM, YTO yCioBHbIe coObitust Hy / AJH, / A, Hz / A sBisitores
HECOBMECTHBIMU U 00pa3yloT MOJIHYIO rpymniy coobiTuid. [loaToMy cymma Haiinen-

HBIX YCJIOBHBIX BGpOHTHOCTefI paBHa CANMHUIIC.
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3a1aun K yacTu

1. CJIVUAMHBIE COBBITUSA

1. ITaptusa u3 100 geranern mpoBEPSIOTCA KOHTPOJIEPOM, KOTOPBIM HAyraj OT-
oupaet 10 geraneil U npoBepsieT UX KauecTBO. Eciau cpenyu BbIOpaHHBIX KOHTpPOJIE-
pom 10 u3genuii HM OIHOTO OpaKOBaHHOIO, TO BCS MapTHs NpuHUMaeTcsa. Kakosa
BEpOSITHOCTh TOTO, uTo maptus u3 100 peraneit, comepxkamas 10 OpakoBaHHBIX,
OyZAeT NpUHATa KOHTPOJIEPOM?

OtgeT: Cqo/C3 = 0.331.

2. B amuxe N neraneit, u3 kotopsix M crannaptaeix. HaliTu BEpOATHOCTH TO-
ro, yto u3 K Hayrajg M3BICUYEHHBIX JeTayiel He OyIeT HU OJHON CTaHIapTHOMN
(K<N-M).

OtBer: C ,,/C%

3. B smuke N netaneit, u3 kotopeix M crangaptaeix. HaiiTu BeposSTHOCTH TO-
ro, 4yTo U3 K Hayraj u3BJICUEHHBIX JeTanei OyaeT XOTs Obl OJHA CTaHIapTHas
(K<N-M).

Otser: 1-(C; ,/CY).

4. JI71st KOHTPOJISI TPOAYKIIMU U3 TPEX NMapTUH B3ATa OJIHA aeTaib. Kak Bennka
BEPOSITHOCTh OOHAPYKE€HUsI OpaKOBaHHOW MPOAYKIMHU, €CIU B OJHON maptuu 1/3
neTaneil OpakOBaHHBIX, & B IBYX JIPYTUX BCE CTaHIAPTHBIE?

Otgert: 1/9.

5. B smmke 30 uzaenuii, u3 kotopbix 20 mepBoro coprta, 5- BToporo, 5- Opa-
KOBaHHbIX. HailTu BepOsSTHOCTh U3BJICUEHUS CTAHAAPTHOTO U3ETUs?

Otger: 5/6.

6. BepoATHOCTh TOro, 4YTO B TEUEHUM OJHOMW CMEHBI BO3HHUKHET HEMOJaJKa
ctaHka, paBHa (0,05. KakoBa BepOSTHOCTb TOTrO, YTO HE MPOU3OWJIET HU OJHOMI

HETOJIAJIK! 3a TP CMEHBI?

Ortser: 0.857.
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7. Ha aByX aBTOMaTHYECKUX CTaHKaX M3TOTaBIMBAIOTCS OJMHAKOBBIC JICTAIIH.
W3BecTHO, YTO MPOM3BOJUTEIBHOCTh MEPBOrO CTaHKa B JIBa pasza Oouiblle, 4eM
BTOPOTO, M YTO BEPOSITHOCTh M3TOTOBJICHHSI JACTAIN BBHICIIIETO Ka4eCTBa HA TICPBOM
paBHa 0.98, a Ha BTopom 0.94. M3roToBiieHHBIE 3a CMEHY Ha 000MX CTaHKax He-
paccopTUpPOBAHHBIC JI€TalU OTMpaBIIeHbI Ha ckiad. OnpenenuTb BEPOATHOCTh TO-
r0, 4TO Hayraj B3ATas CO CKJaJa JIeTalb M3TOTOBJICHA HA MEPBOM CTAaHKE M OKa-

KECTCA BBICHICTO KAYC€CTBA.

Otsert: 0.633.

8. BeposarHocTh 0€30TKa3HOM pabOTHI 0JI0Ka, BXOMSIIETO B CUCTEMY, B Teue-
HUE 3a7aHHOrO0 BpeMmeHu coctasiisieT 0.8. [[sl moBbILIeHUsT HA/IEKHOCTH yCTaHAB-
JMBAIOT TaKOM ke pe3epBHbI 0510K. Tpedyerca HallTH, KaKOW CTAaHET BEPOSTHOCTD
0e30TKa3HON paboThI OJI0KA C YYETOM PE3epBHOTO (JIBYX PE3EPBHBIX).

OtBer: 0.96; 0.992.

9. Tpu sneKTpUYECKUE JIAaMIIOYKH BKJIFOUEHBI B LIEMb MOCIEN0BaTENbHO. Be-
POSITHOCTB TOTO, YTO OJIHA (JIF0Oast) JaMIlOYKa MEePEropuT, €CJIM HAMPSKEHUE B 11e-
M TIPEBBICUT HOMUHAIbHOE, paBHa 0.6. HaiiT BEpOATHOCTH TOTO, YTO MPH MOBBI-

IMCHHOM HAIIPAKCHHUH TOKA B ICIIM HE 6y,HeT.

Otsert: 0.936.

10. Pabota mpubopa npekpaTuiach BCICACTBUE BbIXOJA U3 CTPOSI OJHOM JaM-
nbl u3 obmero unciaa N. OTbICKaHHE OJTHOW JIaMITbl MPOU3BOJAUTCS MyTEM IOOYE-
peaHON 3aMEHbI KaKJI0M JIaMIbl HOBOW. OnpeaenuTh BEpOSITHOCTh TOTO, YTO MPU-
neTcst mpoBepsTh, N J1amI, ecii BepOsITHOCTh BBIX0/1a U3 CTPOS KaXKI0M JIaMIIbI P.

Orteer: (1-p)V'p.

11. B uexe Tpu Tua aBTOMaTUYECKUX CTAHKOB MPOU3BOJIST OJTHU U TE€ XKE JIE-
tand. [Ipon3BOAMTENBPHOCTh UX OJIMHAKOBA, HO Ka4eCcTBO PabOTHI pasznnyHoe. M3-

BECTHO, YTO CTAHKH MIEPBOI0 TUMNA MPOU3BOIAT 94% OTIMYHOTO Ka4eCTBA, BTOPOTO
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tuna 90%, Tperbero tuna-85%. Bce npousBeieHHbIE B 1IEXE 3a CMEHY JEeTalu He-
paccopTUPOBaHHBIMH OTIIPaBJICHBI Ha CKJaf. OmpenenuTh BEPOATHOCTh TOTO, YTO
B3sITasi HAYTa IeTainb He Oy/IeT OTIIMYHOTO Ka4eCcTBa, €CJIM CTAHKOB TIEPBOTO TUIIA

S, BTOPOTO THMNa 3, TPETHErO TUIIA 2.

Ortser: 0.09.

12. BeposSsTHOCTH YJIOBIETBOPUTH CTAaHAAPTY JISI U3JIEIMI HEKOTOPOTO MPOU3BO-
ctBa paBHa 0.9. [Ipemaraercst yrpouieHHasi CHCTEMA NPOBEPKU HA CTAHAAPTHOCTb,
JAOIIAs MOJIOKUTEIBHBIN pEe3yJbTaT ¢ BEpOATHOCTHIO (.95 niisa m3nenwii, yaosie-
TBOPSAIONIUX CTaHJAPTY, a JJIsl U3JCIUM, HEe YJIOBIECTBOPSIOIIUX CTaHIAPTY, C Be-
positHocThio 0.15. HaliTu BEpOSATHOCTH TOrO, YTO H3AEIUE, NPU3HAHHOE MPH

ynpOHlCHHOﬁ IIPOBCPKEC CTAHAAPTHBIM, IIGfICTBPITGJIBHO YAOBJICTBOPACT CTaHOIAPTY.

OtBeT:0.98.

13. Ha TeneBu3nonHoM 3aBojae Ha 40% TeneBU30pPOB CTaBATCS UMIIOPT-
HbIe KMHECKOIBI, a HAa 60%-0TeduecTBEHHbBIE. BEpOATHOCTH TOTO, UTO TEJIEBU30D C
VUMITOPTHBIM KMHECKOIIOM HE BBIMAET U3 CTPOS M3-32 OTKA3a KMHECKOIA B TEUECHUE
rapaHTUUHOrO cpoka paBHa 0.98, a aHanoOrn4Hass BEPOATHOCTH IS TEIEBU30POB C
OTEUYECTBEHHBbIM KMHECKOnoM paBHa 0.82. KyruieHHBIN TENEBHU30p HE BBILIEN W3
CTpOsI M3-3a OTKa3a KMHECKOIla B TEYEHWE rapaHTHilHOro cpoka. KakoBa BeposT-

HOCTBb TOI'O, UTO 3TO OBLIT TCJICBU30pP C UMIIOPTHBIM KHHECKOIOM?

Otsera: 98/221.

14. Ha TeneBu3nonnoM 3aBoae Ha 40% TeneBU30pOB CTABATCS UMITOPT-
HbIe KMHECKOIbI, a Ha 60%-0TeduecTBEeHHBIE. BEpOSTHOCTH TOTO, UTO TEJIEBU30D C
VUMITOPTHBIM KMHECKOIIOM HE BBIMAET U3 CTPOS M3-32 OTKa3a KMHECKOIA B TEUECHUE
rapaHTUHHOrO cpoka paBHa 0.98, a aHanOrn4HasE BEPOATHOCTH JJISl TEIEBU30POB C
OTEYECTBEHHBbIM KHHECKONOM paBHa (.82. KyIuieHHBI TE€IEBU30p HE BBILIEN W3
CTpOsI M3-3a OTKa3a KMHECKOIla B TEYEHWE rapaHTUilHOro cpoka. KakoBa BeposAT-

HOCTB TOI'O, UYTO 3TO OBLII TCJIICBU30P C OTCYCCTBCHHLIM KHHECKOIIOM?

Otser: 123/221.
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15. Hekoropslii asponopT B cpeaHeM 15% oceHHux nHew 3akphiT. Kako-
Ba BEPOATHOCTbH TOT'O, YTO HA OJHOW HENENIE OCEHU a3pOoNopT OyJEeT 3aKphIT a) ABa
JHs 0) TpH JIHS B) He OoJiee 4-X THEH?
Otger: a) 0.21; 6) 0.062; B)
P71+ Pyt Pr3+Pyy (p=13.65/9)).
16. BepossTHOCTH M3rOTOBJICHHS CTaHIApTHOM Jietanu paBHa 0.95. Kako-

Ba BEPOSITHOCTh TOTO, uTO cpeau 10 neraneit He 6osiee OJJHON CTaHIapTHOMN?

OtseT: 0.914.

17. CraHOK-aBTOMAT M3rOTaBIIMBACT JETANHU, KaXKJ0€ U3 KOTOPHIX C Be-
positHOCThIO 0.01 nmeet nedext. KakoB nomkeH ObITh 00bEM CIydyallHON BBIOOPKHU
(c BO3palieHueM ), YTOOBI BEPOSTHOCTh BCTPETUTH B HEM XOTs Obl OAHY Je(hEeKTHYIO
netanb Obl1a He MeHee 0.95?

Otset: Nn>=300.

18. Ilpennpusitue ornpaBuiio 5000 106pokayeCTBEHHBIX U3JEIHUIA aBTO-
TpaHcnopToM. BepodarHocts noBpexaeHus uzaenusa B nmytu 0.0002. Halitu Bepo-
ATHOCTb TOTO, YTO B IIYHKT Ha3Ha4YeHHs NpUOyAET 3 MOBPEKICHHBIX U3ACIUA U3
5000.

Ortger: 0.06.

19. U3 maptum neraneit, cpeau kotopbix N ctanaaptaeix 1 M OGpakoBaH-
HBIX, JJIS1 KOHTPOJIS CITydaiiHo B3sTO S ITYK. [Ipy KOHTpOJE oka3anoch, 4TO mep-
BbIe K neraneit u3 S okazanuch cranmapTHeIMH. ONpeeuTh BEPOITHOCTh TOTO,

YTO CIeayIoIas JeTaib OyAeT CTaHAapTHOM.

Otsert: (N-K)/(N+M-K).

20. B Tpex sMKax HaXOISTCS OJHOTUIHBIE U3eiaus: B epBoM 10 us-

Jenuil, 13 HUX 3 OpakoBaHHBIX, BO BTOPOM 15 m3aenuid, u3 HUX 5 OpakoBaHHBIX, B
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TpetbeM 20 u3nenuii, u3 HuX 6 OpakoBaHHBIX. CllydallHO U3BIIEKAETCS OJHO H37e-
JM€ U OHO OKa3aJIoCh OpakoBaHHBIM. OIpenennuTh BEPOSTHOCTh TOTO, YTO 3TO U3-

JACIHNC OBILJI0 U3BJICUCHO U3 BTOPOTI'O AIIHUKA.

Ortser: 5/14.

21. Jlnsg KOHTPOJIS NPOAYKIMH U3 TPEX NapTUil JeTayied B3siTa s UCIbI-
TaHUS OfHa JeTanb. Kak Benuka BEposATHOCTh OOHapyxX eHHe OpakOoBaHHOW Mpo-
IOYKIIMH, €CJIM B OIHOM napTuu 2/3 neraneil OpakoBaHHBIE,
a B IBYyX JAPYIHX — BC€ J0OpOKaueCTBEHHbIE?

OtBert:2/9.

22. Y4acTOK »IEKTPUYECKOM LIENH, MPEJCTaBISIET CO00M mocienoBa-
TEJIBbHOE COECJUHEHUE OJIHOTO 3JIEMEHTA C IBYMs IPYTMMH, KOTOPHIE CaMU COEIU-
HEHbI NapaJljIesIbHO. BEpOATHOCTh BBIXOJA M3 CTPOS Ka)JI0ro 3JEMEHTa 3a OIpe-
neneHHoe Bpems paBHa (0.2. KakoBa BEpOSITHOCTH pa3pblBa LENH 3a YKA3aHHOE
BpeMsi?

OrtBeT:0,232.

23. B amuk, coaepxaumuid 3 OQUHAKOBBIE 10 BHEIIHEMY BUAY JETalH,
OpolieHa cTaHgapTHas AeTaib. HallTu BEpOSITHOCTH TOTO, UTO OYyIET H3BIEUYeHa
CTaHJapTHas JeTajlb, €CJIU BEPOSTHBl BCE BO3MOKHBIE MPEANOJIOKEHUS O YUCIE

CTaHAapPTHBIX ,[[CTEU'ICI\/JI, IICPBOHAYAJIBbHO HAXOAUBIINXCS B AITHUKC.

Otser: 0,625.

24. BpIYUCIUTENBHBIN LEHTP, KOTOPBIA MOJKEH MPOU3BOIMUTH HEMpe-
pBIBHYIO 00paOOTKy mocTynaroumeil nHPpopMaluy, pacrosaraet AByMsl BbIYUCIIHU-
TEJIbHBIMHU yCTaHOBKaMU. V3BECTHO, UTO KaXKJasi U3 HUX UMEET BEPOSITHOCTh OTKa-
3a 0,2 3a HekoTopoe Bpems. ONpeaeanuTb BEPOSATHOCTh: a)TOT0, YTO OTKAXKET OJTHO
U3 HHUX, a BTOpoe OyAeT uchpaBHO; 0) Oe30TKa3HON padOThl KaXJA0ro H3
YCTPOWCTB.

OtBerT: 2)0,32 6)0,64
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25.Ha cbopky arperara mocTymnaroT JAeTajld U3 Tpex aBToMaToB. [lepBbIit

aproMar aenaetr 20%, a Bropoit 30% u tpetuit 50% Bcex AeTaneil, KOTOpbIE MO-

cTynarT Ha coopky. [lepBrrit aBToMaT nenaer 0,2% Opaxa, Bropoit 0,3% u TpeTHii
0,1%. HaiiTu BeposITHOCTb TOTO, UTO Ha COOPKY HocTynuia OpakOBaHHAsS 1€Talb.

Otser: 0,0018.

26. Pabouyune Ha cTaHKE WITAMIYIOT JeTalu. BeposTHOCTH TOro, 4YTo B IHEB-
HYI0O CMEHY He OyJeT BBINYIICHO HU OJHOW HECTaHJAApPTHOM JEeTaju, COCTABISAET
0,9, B BeuepHioro cMeny- 0,85, B HOuHY10-0,8.0npenenurts BEpOATHOCTh TOTO, YTO
3a TpU CMEHBI HE OYET BHIMTYIIICHO HU OJTHOM HECTaHIAPTHOM JETalIH.

Ortser: 0,612.

27. NUmeetcsa nee maptuu uzaenuid no 12 u 10 mwryk, npudeMm B KaxXI0u
napTu OJHO u3Jenue OpakoBaHHoe. M3nenue, B3siToe Hayraa u3 MepBOil MapTuw,
NIEPEJIOKEHO BO BTOPYIO, MOCIIE YETO BHIOMpPAETCS HAyraJ U3/ejue U3 BTOPOr map-
tiu. OnpenenuTh BEPOATHOCTh W3BJICUEHHUS OpaKOBAaHHOTO W3JENHS U3 BTOPOU
MapTUH.

Otser: 13/132.

28. Ha ckmnaze uMeroTcst MpuOophl, U3rOTOBJIICHHBIE TPEMS 3aBOJIaAMMU:
20% mpubopoB nuzrotosyeHsl 3aBojIoM Ne., 50%- 3aBogom No2, 30%- 3aBomom Ne3.
BepostHOCTH TOTO, UTO B T€YEHHUE roja Npudbopy MoTpeOyeTcs pEeMOHT HJis Mpo-
JYKIHMK KaXa0ro 3aBojaa coorBeTcTBeHHO 0,2; 0,1; 0,3. B3sThIl co ckiaga nmpudop
HE UMeJ 3aBOJCKON MapKHUPOBKU M MOTPEOOBaT peMOHTa B TeueHue rojaa. Kakum
3aBOJIOM BEPOSITHEE BCETO OBLIT U3rOTOBJIEH ATOT Mpudop? KakoBa BEpOATHOCTH?

OtBeT: Ne3, 0,5.

29. VYV cOopmuka umeercst 16 neraneid, M3roTOBJICHHBIX MEPBLIM 3a-

BoJI0oM, U 4 neranu, U3roToBJIEHHBIE BTOPHIM 3aBOJ0M. Clly4ailHO B3SThI JBE JI€Ta-
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u. HaiiTu BeposITHOCTh TOTO, YTO XOTS OBl OJIHA I€TaTb OKAYKETCS U3TOTOBJICHHON

MIEPBBIM 3aBOJIOM.

Ortser: 0,968.

30. B maptuu u3 50 uznenuit 5 6pakoBaHHbIX. V3 mapTun BIOUpaAOT-
cs Hayran 6 m3aenuil. OnpenenuTs BEPOSATHOCTh TOTO, UTO CPEIU ITUX 6 U3Aenuil
2 OKaXyTCsl OpaKOBaHHBIMH.

Otget: C:C;,/Cy,.

31. Nmeercs nBe naptuu uzgenuii o 122 u 8 mTyk, NIpuyeM B Kax-
JIOM MapTUW OJHO u3Jenue OpakoBaHHOE. J[Ba w3aenusi, B3ATbIE HAyraj, Mepeso-
JKEHbl BO BTOPYIO MAPTHIO, MOCJE YEro BHIOMpPAETCS Hayraja W3Jeliue U3 BTOPOU
naptun. OnpenenuTs BEpOsSTHOCTh U3BJICUCHUS OPAKOBAHHOTO U3JIEHS U3 BTOPOI
MapTHUH.

Ortser: 7\60.

32. B 1Byx siluKax Haxonarcs aetanu: B nepBoM 10 (u3 HUX 3 cTaHAapT-
HBIE), BO BTOPOM — 15 (M3 HUX 6 cTaHIapTHBIX). M3 KaxI0TO KA CIIy4aifHO BBI-
HUMAIOT MO OJHOM JeTanu. HaillTu BEeposSATHOCTH TOTO, YTO 00€ JETAIU OKAXKYyTCS

CTaHdapPTHBIMH.

Ortser: 0,12

33. Ilpu npuemke maptuu u3 80 mu3nenuil, cpeu KOTOPhIX 6 OpaKOBaHHBIX,
npoBepsiercs 40 ciyyaiiHO BhIOpaHHBIX u3aenuil. OnpeaenuTh BEpOsSITHOCTh TOTO,
YTO MapTus OyAeT MPUHSATA, €CJIM YCIOBUAMH MpHUEMa JOMyCKaeTCsa OpakoBaHHBIX
u3nenuii He 60s1ee IByX Cpe/id TPOBEPEHHBIX.

Otser: (C/9CE +CC! +CC?)/CL0=0,337.
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34. OTaen TEXHUYECKOr0 KOHTPOJISI MPOBEPSET U3JEIUS Ha CTAHIaPTHOCTD.

BeposaTtHOCTh TOTO, 4TO M3Aenue HecTaHaapTHO paBHa 0,1. Haiitu BeposTHOCTH TO-

r0o, 4TO a) U3 TPEX MPOBEPSIEMBIX M3/EIUI TOIBKO OJHO OKaXKETCS CTaHJAPTHBIM,

0) HECTaHJIAPTHBIM OKAXKETCS TOJBKO YETBEPTOE IO MOPSAJKY MPOBEPSEMOE U3[E-
JMe.

Otser: a) 0,243; 6) 0,0729.

35. Ilpu npuemMke napTUU U3ACIIUNA MOJABEPraeTcsl MPOBEPKE MOJIOBUHA CITY-
YallHO O0TOOpAHHBIX M3JETUM. Y CIIOBUS MIPUEMKH — HaJIu4ue Opaka B BHIOOPKE HE
cBbilIe 2%. BpUUCINTE BEPOSATHOCTH TOrO, yTo maptusa u3 100 m3genuid, comep-
xaras 5% Opaka, OyieT mpuHsTa.

OtBet: (CZC2/CH).

36. IIpennpusitue u3rotoBisetr 95% wu3aennili CTaHJapTHBIX, IPUYEM U3 HUX
86% mnepBoro copra. HailTu BEpOSITHOCTh TOrO, YTO CIYyYallHO U3BJICYEHHOE HU3E-

JIMC OKAKCTCA U3ICTIUEM IICPBOI0 COpPTA.

OrtBer: 0,817.

37. B peMOHTHOI MacTepCKOW MO CTAaTUCTUYECKUM JAHHBIM B CPEJHEM Ha
20 OoCTaHOBOK TOKapHOTrO cTaHka npuxomutcs: 10 — nas cMeHsl pe3ua, 3 — u3-3a
HEUCTIPABHOCTU TMPHUBOAA, 2 — H3-3a HECBOCBPEMEHHOW IMOJa4u 3arOTOBKH.
OcranbHble OCTAHOBKU CTaHKA MPOUCXOJAT MO APYrUM npuurHaMm. Haiitu BeposiT-
HOCTb OCTAHOBKH CTaHKa MO JIPYyTUM NpUUYUHAM.

Otser: 0,25.

38. B nexe 10 crankoB. BeposSTHOCTH OBITh BKJIFOUEHHBIM JJISI KaX0TO
cranka paBHa 0,9. HaiitTu BepOSTHOCTB TOTO, 4TO 5 CTAaHKOB OyIyT pabOTaTh OJHO-

BPEMEHHO.

Otser: 0,0015.
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39. Ilpu U3roTOBIICHUM JAETaNeil MPOU3BOJUTCA TPU TEXHOJIOTUUYECKHUE OIle-
pauuu. [IponeHT mosBieHus: Opaka MpuU KaxJa0u U3 HUX COOTBETCTBEHHO pPAaBEH
0,2%; 0,3%; 0,1%. OnpeaenuTb BEPOSATHOCTh MOJIYUYECHUS JETaIU BBICIIETO Kaye-

CTBa, €CJIM BBICIIIUM Ka4y€CTBOM H3TOTOBIISIETCS 25% CTaHapTHBIX JIETAJICH.

Otser: 0,2485.

40. Ha npennpusitun Ha 60% CTUpaJbHBIX MAalIMH CTAaBUTCA HMIIOPTHBIN
JIBUTATEb, & Ha OCTAJIbHbIE — JIBUraTellb COOCTBEHHOIO IPOM3BOJACTBA. BeposT-
HOCTbh 0€30TKa3HOW pabOThl B TEYEHUE TAPAHTHIHOIO CPOKA MMIIOPTHOIO JBUTA-
tens 0,98, a neurarens codctBeHHOro mpou3sBojicTBa — 0,85. HaliTu BEpoATHOCTH
TOT0, YTO CIy4yallHO BbIOpaHHAas MpH MOKYNKE CTUpalbHAs MallMHA HE BBIMAET U3

CTpPOA B TCUCHUC FapaHTHﬁHOFO CpOKa rn3-3a 0TKasa ABHUIaTClisd.

Otset: 0,928.
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Yacts 2. CJIVYAMHBIE BEJIMUMHBI.

Cnyuaiinas eenuuuna, eé 3aKoH pacnpeoenenus u Yucjioesle XapakmepucmuKu.

Bentnems E.C. I'n. 2, § 4, 11..5, § 1- 8.
I'mypman B.E. I'n. 6, §1-3, rnn. 7, §1-4, rn.8
Ponnumen H.E. I'n.3.

[loHATHE CilydalHOM BEJIWYUHBI — OJHO U3 OCHOBHBIX B TEOPUHU BEPOST-
HOocTe. Bo Bcex NMpakTUdecKuX 3aj1adax, B KOTOPBIX MPUMEHSAKOTCS METOJBI TE€O-
pUM BEpOSATHOCTEH, CilydaiiHas BEJIMYMHA — HEOOXOJUMBIA 3JIEMEHT HCCIE0Ba-
Hus. ClieyeT 4eTKO YSACHUTD ONPENEIICHHE JUCKPETHBIX U HEMPEPBIBHBIX CIIyYaii-
HBIX BEJIMYUH U YMEThb IPUBOJAUTH IPUMEPHI ITUX THUIIOB CIYyYaWHBIX BEJIUYUH U3
IIPOU3BOJICTBEHHOM M 3KOHOMHYECKOW oOnactu. Jlanee HEOOXOAUMO YCBOUTH I10-
HATHE 3aKOHA PACHpPEACIICHUSA BEPOATHOCTEW KaK ITOJIHOW, MCUEPIBIBAIOIECH Xa-
PAKTEPUCTUKU CIIyYalHOM BEJIMYMUHBI U €r0 MPEACTABICHUE ISl JUCKPETHBIX CIIy-
YallHBIX BEJIMYUH B (popMe TaOIMIIbI paclpenesieHuss U MHOTOYTIOJIbHUKA pacrpe-
JIeJICHUS], ¥ JJI1 HePEPBIBHBIX CIyYalHbIX BEJIMYMH B BUE GYHKIIMU pacIipeselie-
HUS ¥ TTIOTHOCTH BEPOSITHOCTEM.
bosnproe npakTryeckoe 3HAYEHUE B TEOPUHM BEPOSTHOCTEM MMEIOT TaK
HAa3bIBAEMBIC YHCIIOBBIE XapPaKTEPUCTUKHU CIIyYaWHBIX BEJIMYMH, KOTOPBIE, B OTJIM-
Yye OT 3aKOHA pAaCIpEleSICHUs] BEPOSTHOCTEH, SBISIOTCS YAaCTHBIMU XapaKTepH-
CTUKaMH, OINPEICIAIOIIUMU T€ WIA WHBIE BAXXHBIE CBOMCTBA CIIyYallHOM BEIIWYU-
Hbl. Cpeii 3TUX YMCIIOBBIX XapaKTEPUCTUK HauboJiee CyIeCTBEHHbIE — MaTeMaTH-
YECKOE OKUJIAHUE U JUCIIEPCHUSI, KOTOPBIE SIBISFOTCS YaCTHBIMU CIIy4assMH Hadajlb-
HBIX U LEHTPAJIbHBIX MOMEHTOB CIIy4YalHOW Benn4uuHbl. M3yyas 3ToT pasnpen, ysc-
HUTb KAKUE CBOMCTBA CIy4YalHOW BEJIWYUHBI OTPAXKAIOT €€ MATEMATUYECKOE OXKU-
JAHWUE U TUCIIEPCHSL.
Ctporo roBops, AJis ONPENEIICHNs] MAaTEMAaTUYECKOTO OKUJIaHUS U TUCIIep-
CUU M3YYaeMbIX CIy4yalHbIX BEJIMYMH HEOOXOJUMO 3HAHHUE 3aKOHA pacipenese-

HUA, HO MPAKTHYCCKN UX MOKHO HAXOJAUTH OIIBITHBIM IIYTEM IIPHU IIPOBCACHUU CC-
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pUU UCIIBITAaHUH, 9YTO 0OOCHOBBIBACTCS B pas3fieiie MpeeIbHBIX TEOpPEM, paccMar-
pUBAaEMbIX B TAJIbHEHIIIEM.

CrenytoluMu Ba)KHbIM TOHSATUAMH TEOPUU BEPOSTHOCTEU SIBIISIOTCS
MOHATHUS 3aBUCUMOCTH CIIy4alHbIX BemurnH. HeoOXoamumble 1 JOCTaTOYHBIC YCII0-
BUSI HE3aBUCHMOCTH CIIYYalHBIX BEJIMYMUH OyIyT M3ydeHbl B pazzene «Cucrembl
CIIy4alHbBIX BEJIMYHMH». 3/I€CH K€, ONHPASICh HA ONPEACICHUE HE3ABUCUMOCTH CIIY-
YalHBIX BEJIMYMH KaK HE3aBUCUMOCTb 3aKOHA paclpeiesiCHUs BEPOSTHOCTEH Kax-
JIOM U3 HUX OT TOT0, KAKME€ BO3MOYKHBIE 3HAUEHUS IPUHUMAIOT JPYTHUE CIIy4YalHbIC
BEJIMYMHBI, TO3HAKOMUTHLCS C BBIBOJAOM (POPMYIT [ MATEMAaTUUYECKOTO OXKHUIaHUS

N JUCIICPCHUH CYMMbI HC3aBUCHMBIX CﬂyqaﬁHBIX BCJINYHH.

Bonpocer miia camonposepku: Ponganmes H.E. ctp. 54.

Bomnpocs! 1 camonpoBepKHu.

1. CopmupoBaTh ornpeaeeHne JUCKPETHOM U HENpPEephIBHOW CIy4yallHON Be-
JIMYUHBI U IPUBECTH IIPUMEPHI TON U APYIOU BEIUYUHBI.

2. Kakue ¢hopMbI ipeCTaBICHNS 3aKOHBI PACTIPEICTICHNS Y TUCKPETHON BEIH-
YUHBI?

3. Hatp onpenenennie PyHKIIMU pacrpeesieHus HEeMIPEPHIBHON CIIydailHOM Be-
JIMYUHBI U IPUBECTH OCHOBHBIE CBOWCTBA.

4. JlaTh ompeneneHue MIOTHOCTH BEPOATHOCTEH HEMPEPHIBHOM CIIy4aliHOM Be-
JMYMHBI U YKa3aTh OCHOBHBIE CBOMCTBA 3TON ()YHKLIHUU.

5. Kak onpenensiercss BEpOATHOCTb MOMAaHUs B 3aJJaHHBII MHTEpBaJ Clydaii-
HOU BEJIMYUHBI (IUCKPETHON U HENIPEPHIBHOM)?

6. Ykazarb CBsI3b, KOTOpas CyIIECTBYET MeXAy (DyHKIMEH pacrpeaesieHus u
IUIOTHOCTBIO BEPOATHOCTEM.

7. [aTp onpezneneHne YUCIOBOM XapaKTEPUCTUKH — MAaTEMaTHUYECKOr0 OXKuaa-
HUS JUCKPETHOM U HENIPEPBIBHOW CIIyYalHOW BEJIMYHHBI.

8. KakoB reoMerpuieckuii 1 BEPOSITHOCTHBIN CMBICT MAaT€MAaTHUYECKOTO OXKH-

TaHUs?
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9. IlpuBecTH CBOMCTBAa MATEMATUYECKOTO OXKHIAHUS.

10. [laTs ompeseneHue YMCIOBOM XapaKTEPUCTUKH — IUCTIEPCUN TUCKPETHOU U
HETIPEPBIBHOM CIIyYalHOW BEIIMYHUHBI.

11. JIns XapaKTepUCTUKN KaKOTO CBOMCTBA CIy4ailHOW BEIMYHMHBI UCIOJb3YET-
cs ucnepcust (CpeiHee KBaApaTuyHOE OTKIOHEHHE)?

12. [IpuBecTH CBOMCTBA NUCIIEPCHUH.

13. Uro Takoe Moa ¥ MeANaHAa CIyYaiiHON BETHUNHBI?

14. Yto Ha3bpIBaeTCs HavyajJbHbIM MOMEHTOM U IIEHTPAJIbHBIM MOMEHTOM CIY-
YalHOUW BEJIMYHUHBI?

15. Jlatb onpenenenue ko3 puirieHTa aCHMMETPHUH U KCIIECCA.

16. OxapakTepu30BaTh HENPEPHIBHYIO CIYYalHYIO BEJIMYMHY C PaBHOMEPHBIM
pacrpeneneHueM.

17. JlaTh omnpeneneHue 3aBUCUMBIX U HE3aBUCUMBbIX CITyYailHbIX BEJIMYMH.

18. Ilponenats BbIBOA (OpMYJT Il MATEMAaTUUYECKOTO OKUIAHUS U TUCIIEPCUU

CYMMBI HC3aBUCHUMBIX CHy‘—I&ﬁHBIX BCJIMYHH.

HOpMdJZbHO pacnpedeﬂeunbte HenpépbleHblLe CﬂyllaﬁHble eeiuuunbsl.

Bentnems E. C. I'm. 6.
I'mypman B. E. I'n. 12.
Pomunmes H.E. I'n.4.

Cpenu pacrnpesieieHnii HEMPEPBhIBHBIX CIyYallHBIX BEJIWYWH IEHTPAIBHOE MECTO
3aHUMaeT HOPMAJIbHBIM 3aKOH pacrpeseneHus (3akoH ['aycca). ITOT 3aKoH pac-
npenesieHrs HanOoJiee MUPOKO PACTIPOCTPAHEH B TEX ClydasX, KOrja CiydaitHas
BEJIMYMHA SBJISETCS PE 3yJbTATOM JICUCTBHUS OOJIBIIOrO YHCia Pa3InYHBIX (HaKTo-
POB, MpUYEM KaXKIbI (PAaKTOp B OTACIBHOCTH Ha CIyYallHYIO BEJIMYMHY BIIUSET
HE3HAUUTENHHO. Tak CIydaliHbIMHA BEIWYMHAMH, HUMEIONUMU HOPMAaJbHOE pac-
npeaesieHne, MOTYT OBITh: OTKIIOHCHHE JNCHCTBUTEILHBIX Pa3MEpOB JETaliel, BbI-

IMyCKAaCMbIX CTAHKOM-daBTOMATOM, OIITNOKU U3MCPCHUA U T.II. OcHoBHasg 0COOCH-
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HOCTh HOPMAJIBHOTO pacIpeAesieHNs, KOTOpas BBIIEISET €ro U3 APYyTrux pacupese-
JICHUH, 3aKJII0YAETCS B TOM, YTO OHO SIBJISIETCS NIPEIETbHBIM 3aKOHOM pacIpezelie-
HUS, K KOTOpOMY IpHUOJIMXKAIOTCA ApYyrue pacrpezaeineHus. B nanpHeimem Oyner
paccMOTpEHa TaK Ha3blBaeMasl LEHTPAJIbHAs NIpeIesibHas TEOpEMa TEOPUU BEPOAT-
HOCTEH, B KOTOPOM J0Ka3bIBAETCS, UTO MPH JIOCTATOYHO OOJIBIIOM YHUCIIE HE3aBU-
CUMBIX CIyYalHBIX BEJIUYHUH, TOAYMHEHHBIX HEKOTOPHIM 3aKOHAM PACIpPENCIICHHUS,
UX cCyMMa OyJieT UMETh 3aKOH paclpeaeNieHus] CKOJIb YTOIHO OJM3KUI K HOpMallb-
HOMY.

[Ipn u3ydyeHuun 3TOro paszaena oOpaTHUTh BHUMaHUE Ha psia (opmyd,
UMEIOIINX OOJIbIIOE MPAKTUYECKOE 3HAUEHUE: Ha (DOPMYJTy Jisi BEPOSTHOCTH MO-
NaJlaHusl HOPMAJIbHO PacIpeAeICHHON CIIy4YalHOW BEJIMYUHBI HA 3aJaHHbII UHTEP-
BaJl, Ha (pOpMyIy JJIsl BEPOATHOCTH OTKJIOHEHUS CIYyYalHOU BEJIMYMHBI OT CBOETO
MaTEeMaTHUECKOr0 0XKUJaHUsl, IO a0COJIFOTHON BETMYMHE HE MPEBBIIIAIOLIETO 3a-

JaHHOI'O 3HAYCHH .

Bonpocs! aiis camonposepku: Poguumes H.E. ctp. 70.

Bormpocs! 1i1st camonpoBEpKH.

1. Kakoe pacnpefenenre HENpEepbIBHON Cly4yallHON BETWYMHBI HAa3bIBa-
€TCS1 HOPMAJIBHBIM PACIIPECICHUEM?

2. 300pa3uth rpaduk MIOTHOCTH paclpeiesieHusi BEPOSTHOCTH HOP-
MaJbHOTO paclpeesieHus M MOSICHUTh: Kak OyleT U3MEHsThCcsl popMa 3TOro rpa-
¢uka mpu U3MEHEHHH MAaTEMaTHYECKOrO OKUIAHHS U CPEIHEro KBaJApaTHUYHOTO
OTKJIOHEHUS?

3. Hanucatb 1 mosicHuTh popmyiny [uist onpeaeneHus] BEpOATHOCTH T10-
M1aJIaHUsI HOPMAJIbHO PACIPENCIICHHONW CIIyYallHOM BEJIMYWHBI B 33/IaHHBIA HUHTEP-
Baj. Uto HasbiBaeTcs pyHkiueit Jlamnmaca uim MHTErpajgoM BEpOSITHOCTH, U KaKo-

BBI €€ cBoicTBa?
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4. 3ammcath (GopMyITy JIJIsl BEPOSTHOCTH OTKJIOHEHHSI HOPMIIBHO pacipe-
JICJICHHOM CITy4ailHON BEJIMYMHBI OT CBOETO MATEeMaTUYECKOro OXHUIaHUs, 1Mo ao-
COJIFOTHOM BEJIMUYMHE HE MPEBBIIIAIONIETO 3aJJaHHOTO 3HAYEHUS.
5. B uem 3akmroyaeTcst npaBUiIO «TPEX CUTM»?
6. UeM O0OBSCHSETCS HIMPOKOE pPaACIPOCTpPAaHCHHUE Ha MPAKTHUKE HOP-

MaJIBHOTI'O pacnpeﬂeﬂeHm{?

[Ipumepsl penieHus 3a7a4 K 4acTu

2.CJIYUYAUHBIE BEJIMUMHBI

3agaua 1. McnbeIThIBa€TCS yCTPOMCTBO, COCTOSIIEE U3 ABYX HE3aBHCUMO
paboTaroiux npubopoB. BepositTHocTn oTkasza npudopoB TakoBsl: 0,2; 0,1. Halitu
MaTEeMaTUYECKOe OKHUIaHUE U JUCTIEPCHUIO CIIYYalHOTO YUCiia OTKa3aBIIUX MPUOO-
pOB.
Pemenne. CnydaitHast BenuurHa X — YMCIIO OTKa3aBIIMX MPUOOPOB — B JaHHOU 3a-
Jlaye MOXKET MPUHUMATh CiiydyaiHo 3HadyeHus: 0, 1, 2 COOTBETCTBYIOIIMMHU BEPO
ATHOCTAMU. OnpenennuM 3TH BEPOATHOCTU. 3HAYCHUE X , PABHOE HYJIIO, COOTBET-
CTBYET CIy4yaro, KOrja He OTKaXKeT HU TEPBBIA, HU BTOpoW mpubdop. OueBuIHO,
P(X =1)=0.8-0.9=0.72. 3HaueHue X , paBHOE |, OTBEYAET Cily4yaro, KOrja nepBblil
npudOp OTKAXKET, a BTOPOM HET, WM BTOPOH MPUOOp OTKAXKET, a NMEpBbId HET. B
3ToM ciydae P(X =1)=0.2-0.9+0.1-0.8=0.26. Hakonen, 3HaueHue X, paBHOE 2,
COOTBETCTBYET CiIy4aro, KOrja OTKaXyT obOa mpubopa coBmecTHO. EcrecTBeHHO,
yTo P(X =2)=0.2-0.1=0.02. Jlerko yoeautcs, uto P(X =0)+P(X =1)+P(X =2) =1.

MaremMaruyeckoe OXUIaHUE CIIyYalHOM JMCKPETHOM BEIMYUHBI X
ompezensieTcs o popmyne

M[X]=0-0.72+1-0.26+2-0.02=0.3.

Jlns BBIYKCIEHUSI AWCHEPCUU YAOOHO BOCIMOJB30BaThes Gopmyion

D[X]=M[X?]-M?[X]. B pe3ynbrare BEIYNCICHHIA TOJTyIUM

D[X]=0-0.72+1-0.26+4-0.02—0.3* = 0.25.
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3agaua 2. 3aenusi HE3aBUCUMO HCTBITHIBAIOTCA HA HAJEKHOCTh. BEPO-
ATHOCTh JUJISI KaXXJOTO W3JENHS BBIUTA U3 CTposi P. MchbITaHus 3aKaHYMBAIOTCS
MOCJIe MEePBOTO K€ M3JENINsI, HEe BhIJEpKaBIero ucnpitanus. Haitu dopmyny s
psila pacnpeieNieHusl, ONpeIeIuTh MaTeMaTHYECKOE OKHUIaHUE CITyYaitHOTO Yrciia
HCIIBITAHUH.
Pemenne. OTMeTHM, YTO B JaHHOM 3ajJa4e HCHOBITAaHUS 3aKaHUYMBAIOTCS
Ha I-M m3genuu (1=1,2,3,...), ecau niepBbIe I-1 W3MeTUs MPOUIYT UCTIBITAHUS, a I-€
BBIMJIET U3 CTPOS.
O6o03HauMM X - CiIy4yallHO€ YMCIO UCTbITaHui. OueBUAHO, UTO AJIS psiia
pacrpeielieHUs MOYKHO 3alicaTh CIASAYIONTYI0 aHAIUTUYECKYI0 (hopMyITy
P(X =i)=1-p)'p, i=123..
O0COOCHHOCTBIO JAHHOMW 3aJIa4Ml SIBJSCTCS TO, YTO | — YMCIIO MCIBITAaHUH - Mpe-
CTaBJIIeT OECKOHEYHOE CUYETHOE MHOXXECTBO 3HAUYCHMM, IMPUYEM BEPOSTHOCTH

P(X =i) mpu HEOrpaHMYEHHOM POCTE | CTPEMUTCS K HYJ0. B cuiy cBoiicTBa psiia

pacnpeneneHrus CyMMa BCEX BEPOSITHOCTEW P(X =i) HOJKHA PaBHATHCS €OUHHUIIE,

T.€. Z::P(X =i)= pg(l— p) ™ =1. YOenumcs B 3TOM.

Pan > (1-p)"™' mpexncrasiser coboil GeCKOHEUHYIO yOBIBAIOILYIO I€O-
i-1

METPUYECKYI0  IPOTPECCHIO CO  3HaMcHaTeJIeM 1-p U TI03TOMY
© i-1 0
> @-p) =1/1-@-p))=1/p.CnenoBarensro, » P(X =i)=1.
i-1 i-1
B cooTBercTBUU ¢ 00mIeH hopmyIoi, MaTeMaTHYECKOE OXKUJAHUE JHC-
KPETHOU CITy4ailHOM BETUYUHBI X 3alHIIETCS CISAYIOINIMM 00pa3om

M[XJ=§ iP(X =i)=p Sid—p)' L

i=1 i=1
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Berancoum psan gi(l— p)' ~1. Jlna ynoGera BBeneM Benumuuny = 1-p. Torma mo-
i=1

© -

CIEIHUM psj 3amumercs B Buae YiQ' ~!, m1d BeIYMCIEHUS KOTOPOTO BOCIHONb3Y-
i=1

EMCS CJICAYIOIIUM [TPUEMOM.

PaccmoTpum psi, mpencTaBisIOmUi OECKOHEUHYIO YOBIBAIOIIYIO T€OMETpUYe-

© 1
CKYI0 MPOIPECCHUIO: zq"1=1+q+q2+...:ﬁ. [Ipomud depennuponas  mo-
i=1 N
d = ., 1
cieqHee no ¢, OyneM umetb — Y. = JleBast 4acTh 3TOrO paBEHCTBA
da; _, L-q)

npeacrasnser psax  yig 7l

i=1

Bo3Bpamasicb k BEIWYHMHE P, MOXKEM 3alKCATh

o - 1
Tig-p) =
i—1 P

. Takum ob6pazom, M[X]= 1 :
p

3agaua 3. LunuHapuyeckue BaIMKH, W3TOTOBJISIEMbIE ABTOMATOM, CUM-
TalOTCS CTaHAAPTHBIMH, €CIU OTKJIOHEHUE AMaMETpa BaJIMKa OT MPOEKTHOTO pas-
Mepa He npeblmaeT 3 MKM. CiydyaliHble OTKJIOHEHHMS IHaMeTpa BaJMKa OT Ipo-
€KTHOTO MOJYUHSIOTCS HOPMAIILHOMY pachpe/ieieHuto ¢ napamerpamu m =0, ¢ =
1,6 Mkm. CKOJBKO TPOIIEHTOB CTAHJIAPTHBIX BAJIMKOB OyAET WU3TOTOBJISATH aBTO-
Mmar?

Pemenue. O603naunM vepe3 X — ciay4yaiiHble OTKJIOHEHHS TUaMeTpa Ba-
JIMKa OT IPOEKTHOTrO pa3Mepa. PaBeHCTBO MaTeMaTHUYECKOTO OKUJIaHUs HYIt0 (M =
0) o3HayaeT, 4TO Ciy4yailHble OTKJIOHEHUS! OyIyT IPYNIHUPOBATHCA OKOJIO MPOEKT-
HOTO pa3Mmepa (cucTeMaTnuyeckas ommoKa OTKIIOHEHUS] OTCYTCTBYET).

Jlist ompesieNieHusl BEPOSTHOCTH COOBITHSA |X —m,| <2 MKM BOCIOJIb3Y-

eMcst popMyJI0il TEOpUM BEPOSITHOCTEMN

P(X —my<d)= 2@[3,
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t 2
1 [exp Ut - byukius Jlamnaca (MHTErpay BEpOATHOCTH), 0 — J0-

N2 0 2

IMyCTUMOC OTKJIIOHCHHC 110 a0cooTHOM BeanuuHe X OT CBOETr0 MaTeMaTHYSCKOTO

rie D(t)=

oxxuaanus (B JaHHOM 3amaue 0 = 2 MM, m = 0), 0 — cpeHee KBaIpaTUIHOE OT-
KJIOHEHUE X.

Hckomas BepositHOCTh P(|X] < 2 mrMm) = 2D(2/1,6) = 2d(1,25). Ilo Tab-
nure Gyukuun Jlamnaca naxomum P(1X] < 2) = 0,789 = 78,9%.
3anaua 4. BeicoTomMep camolieTa UIMEET CIIy4ailHyl0 U CUCTEMATHYECKYIO OLIMOKHU.
Cuctemaruueckas ommoOka paBHa 20Mm. CrydaitHas ommOka pacmpejiesieHa HOp-
MaiabHO. Kakoe cpeaHee KBagpaTUyHOE OTKIOHEHHE JIOJDKHA MUMETh CilydaiiHas
omuOKa BBICOTOMEpA, YTOOBI C BEpOATHOCTHIO 0.9 ommOKka M3MEpeHUs: BHICOTHI
ob11a MeHbIe 100M.

Pemenue. O603naunm H,, - UCTUHHAS BBICOTA MojieTa camosiera, H —
cllydaiiHasi BeJIMYMHA — MIOKa3aHue BbicoTomepa. [1o ycioBuio 3aiauum 3aaaHo, 4To
BEPOATHOCTb COOBITHS

H,-100<H<H,,+100
paBHa 0,9.
st perieHust 3a7jauM BOCIIONb3yeMcsi (hOpMYJIO TeOpUHr BEPOSITHO-

CTEW i1 BEPOSTHOCTH MOMAJaHUs CITy4allHOW BEJIMYMHBI B 33/IaHHBIA UHTEPBAI

P(a<H <b):cb(b_m'* ]—cp{a_m'* )

o4 oy

rae O(t), kak U B mpeasiaymier 3amade, Qynkius Jlammaca. B ganHo# 3amaue

a=H,.,-100 m, b=H,,,+100 M. B pe3ynpTaTe MOXKHO 3aIHiCaTh

09— @(Hm +100-m,, j_@(flm —-100-m,, j |

o4 o4

Cucremarnueckasi omuOKa MpeICTaBIsAET COOON HECITyJaillHyl0 BEIHYH-
HYy My - H,.., KoTOopas 1o ycioButo 3aaaun paBHa 20M. C y4eToM 3TOTO MPUXOIU K

CJIEAYIOIIEMY YPABHEHUIO OTHOCUTEIIBHO Gy

09— (p(100— 20}_@[—100— 2oj |

oy log®
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YuurteiBas, uro pynknus Jlammaca — HewetHas ¢yHkiusa (D(-t)=-D(t)), okoHua-
tenbHO 3anmumeM 0,9=0(80/c,)+®P(120/c,). Ilocinennee ypaBHEHHE SBIsETCA
TPaHCIIEHACHTHBIM, PEIICHUE KOTOPOTO MOXXHO HAWUTH MPUOIMIKEHHO TTyTeM Tpo0:

o0,~58 M.

3a1aun K 4acTu

2.CJIYUYAUHBIE BEJIMUMHBI

1. I3 maptuu B 25 uznenui, cpeau KOTOpbIX 6 OpakOBaHHBIX, BbIOpa-
HBI CIy4yallHbIM 00pa3oM 3 u3jenus 1Jid MPOBEPKH uX KauyectBa. [locTpouts Tabd-
JUIY paclpeeleHUs] TUCKPETHON CIIydaifHOW BeTUYHMHBI X - ynciia OpakOBaHHBIX
W3EIUN, U ONIPEJICIINTh MATEMATUUECKOE OKHUTAHUE ATON CITyYalHOW BEJIUYUHBL.

Ortser: 0,72.

2. VU3 maptuu B 25 u3nenuii, cpend KOTOPhIX 6 OpaKkOBaHHBIX, BHIOPAHBI
Clly4ailHeIM 00pa3oM 3 u3aenus Uil MPOBEPKU MX KadecTBa. [locTpouTs Tabmuity
pacupezne JIeHUsl TUCKPETHOW CIy4YauHOM BEIWYMHBI X — YKCJIa CTAaHIAPTHBIX U3-
JIEHM, COZIEpKalUXCsl B BBIOOPKE M3 TPEX U3JACIUN, U ONPEeIUTh MaTeMaTHie-
CKO€ 0KHUJAHUE ITON CIIy4YalHOW BEJIMYMHBI.

3. [Ipu ycranoBuBIIMMCS TIEpBBIM cOpTOM U 1/3 — BTOpbIM. [locTpouTts Ta0-
JIMILY pACIIPENENICHNS CIIy4YalHOW BEIMYHUHBI X — YMCIIa U3AEIUN IEPBOrO COpTa
cpenu 5 u3aenuii, OTOOpaHHBIX CIIy4ailHbIM 00pa3oM. Berauciute MaTeMaTuye-
CKO€ OKMJAHUE U TUCIIEPCHUIO PACCMATPUBAEMON CIIy4YaiiHOM BEJIMYUHBI.

Otser: M, = 3,33: D, =1,11.

4. TlpousBoasTcsl HE3aBUCHMBIC HCIBITAHUS TpeX MpuOOpoB. Beposit-
HOCTh OTKa3a Ka)J0ro npudopa COOTBETCTBEHHO PaBHBI Pi, P2, P3. Jokazars, yTo
MaTEMaTUYECKOE OKUJIaHME YUCIIa OTKa3aBIIMX MPUOOPOB paBHA P; + Pz + Ps.

5. ABToMarnueckas JIMHUSI IPU HOPMAJIBHOW HACTPOMKE MOKET BBIITYC-
KaTh OpaKOBaHHbBIE arperatbl BEposiTHOCThIO P. [lepenananka TMHUM TPOU3BOAMT-
csl cpa3y Iocie nepBoro OpakoBaHHOTO arperata. HaliTu cpeanee 4ucio Bcex ar-

peraToB, U3roTOBJICHHBIX MCKY ABYM: IICPCHATIAIKAMHU JIMHUU.
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Otser: 1/p.
6.I1aptus u3 100 uznenuit conepxut 10 OpakoBanHbIX. V3 3TON napTun u3-
BJIEKAETCS CIydailHbIM 00pa3zoM 5 uznenuii. U300pa3uth Tabnuily pacnpeneneHus
JTUCKPETHOM CITydailHOM BEeMUYMHBI X — ynciia OpakOBaHHBIX U3JIEIHIA B BHIOOpKE
Y ONIPENCIIUTh €€ MATEMATHUECKOE OKHUIAHUE.
Otger: 0.5.
7. 3BecTHO, uTO B naptuu u3 100 uzgenuii conepxxkurcs 10 HectaHaapT-
HbIX. VI3 mapTuu u3BliekaeTcs ciaydaiftHas BeIOOpKa u3 5 m3aenuid. [loctpouts Tab-
JIMILY PaclpeiesICHUs JUCKPETHOM CIIy4YalHOW BEJIMYUHBI X — YKClla CTaHJAPTHBIX
JeTaneil B BBIOOPKE U ONPEAEIIUTh €€ MAaTEMAaTUYECKOE 0KHJIaHuE.
OrtBerT: 4,5.
8. Omnpenenutb MaTEMaTUYECKOE OKHMJIAHUE YHCiia MPUOOPOB, JABIIMX
OTKa3 3a BPEMs UCIIBITAHUM HA HAJEKHOCTh, €CIIU UCIIBITAHUIO IIOABEPTHETCSA OAUH
npuOop, a BEPOSITHOCTh €r0 OTKa3a .
Otser: p.
9. B maptun u3 10 geraneit umeercs ogHa OpakoBaHHasi. UToObI ee 0oOHa-
PYKUTb, BBIOMPAIOT B CIyYalHOM MOPSAKE OAHY JAETalb 3a APYroM M KaKIyrO
npoBepsroT. [lycth X — 4mclio MpOBEpEeHHBIX AeTalield, BKIOYas OpakOBaHHYIO.
Haiitn 3akoH pacnpeneneHus, MaTeMaTHYeCKOe OXHUAAHWUE U JIUCIEPCUI0 JTHUC-
KPETHOM CITy4allHOW BEJIUYMHBI X.
OTBert: 5,5; 8,25.
10. He3aBucruMble UCIBITAHUS aIlapaTypbl NOBTOPSIOTCS IO TEX MOP,
IIOKA OHA HE JAeT OTKa3. BepoATHOCTh OTKa3a ammapaTypbl OT UCIBITAHUS K UC-
NBITAHUIO MEHSETCS U paBHa P. Hailtm maremarnueckoe OXUIAAHUE CIy4alHOIO
yuciia 0€30TKAa3HbIX UCTIBITAHUI anmaparypsl.
Ortsert: (1-p)/p.
11. WcnbiThIBaeTCA arperaT, COCTOSAILIUN U3 YEThIPEX HE3aBUCHUMO pado-
TAIOLIUX 3JIEMEHTOB, BEPOSITHOCTh OTKa3a KoTophix ciuenytomue: 0,3; 0,4; 0,5; 0,6.
BbruncnuTth MaTeMaTHUECKOE 0XKMJIAHUE U JTUCIEPCUIO YHCTIa OTKa3aBIIUX MpUOo-

pOB.
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OrtBer 1,8; 0,94.

12. TlpousBoasTcss He3aBUCUMBbIE UchbITaHusS N H37enuil HA HaJIEK-
HOCTb, IPUYEM BEPOSITHOCTH BBIAECPKATh UCIBITAHUS JJISI KAKIOTO U3JIENUs OJIU-
HAaKOBa M paBHA P. 3amucaTh BbIpa)KEHUE IS psiia paclpe/ieNIiCHUsl CIIy4allHOro
4yucia U3ENIN, BbIICP/KABIINX UCIIBITAHUS, U HAUTU €r0 MaTeMaTUYECKOE OXKUIa-
HUE.

VYkazanue: ucrnoinb3oBath Gopmyny beprymiu.

13. UcnerthiBatoTcss He3aBUCUMO N arperaToB Ha HaJeKHOCTb. BeposT-
HOCTb HE BBIICPKAaTh UCIBITAHUS Y KaXI0T0 U3ACNIHs OJMHAKOBA U paBHA P. 3amnu-
caTh BBIPAXXEHUE JJIs PsAJla paclpeieiieHUs CIIy4ailHOTO YMCiia arperaTtoB, KOTOpPhIE
MPOIIUIN UCTIBITAHNE HA HAJE)KHOCTh, 1 HATU €r0 MaTEMAaTUYECKOE OKUJIaHUE.

VYkazanue: ucnonb3oBats popmyny bepHysn.

14. V3meputenbHbI npuOOp MMEET CUCTEMATHYECKYI0 OLIMOKY 5 M U
cpenHee kBagpaTuuHoe oTkioHeHwe 50 M. KakoBa BepOSTHOCTH TOro, YTO HOP-
MaJIbHO pacrpezeieHHas OIIMOKa U3MEpPEHHUs He MPEB30UIET M0 aOCOJIIOTHOMN Be-
au4yuHe Sm?

Ortsert: P=0,0793.

15. Kakoil mpuHbl JOJDKHO OBITH TOJIE JOMYyCKa, YTOOBI C BEPOSITHO-
cThio He Oonee 0,0027 momyyanachk aeTaib ¢ KOHTPOJIUPYEMBIM pa3MepOM BHE I10-
JIsl TOTTyCKa, €CIU ClIy4aiiHbIe OTKJIOHEHHS pa3Mepa OT Cepe/IMHbI I0MyCcKa MOA4u-
HSIOTCS HOPMaJIbHOMY pacmpeesieHuto ¢ napamerpamu m =0, o =5 Mkm?

OtBet: He MeHee 30 MKM.

16. KopoOku c II0KOJIa0M YINAaKOBBIBAIOTCS aBTOMaToM. WX cpenHsis
Macca paBHa 1,06 kr. HaliTu cpegHee KBaApaTUYHOE OTKIIOHEHUE, eciau 5% Kopo-
0ok nmeeT maccy MeHbIle 1 kr. [Ipeanonaraercs, 4To Macca KOpoOOK UMEET HOP-
MaJIbHOE pacIpeieiieHue.

OrtseT: 0,0306 xr.

17. Cnyyalinble omMOKU U3MEPEHUST TBYMS U3MEPUTEIbHBIMU MTPHUOOpa-

MU TOJYUHEHbl HOPMAJIBHOMY 3aKOHY ¢ M;,=0 u o, =2 MkM. Onpenenuts Be-

POATHOCTD TOI'O, YTO M3 ABYX HC3aBUCUMbIX H3MCpCHHI>i B KaXXJIO0M
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U3 HUX OIIMOKU M3MEPEHUS MO aOCOMIOTHON BEIMYMHE HE MPEBBIIAIOT 1,5 MKM.
OtBer: 0,4644.
18. JlanbHOCTB 10 00BEKTa OnpeaenseTcs JaIbHOMEPOM, CPEAHSS KBa-

patnuHas ommOKka Kotoporo o, =10, cucremarnyeckas ommoOka +5 M. Ommnodka

U3MEPEHUs MMEET HOpMalibHOE pacmpejeiieHue. HaliTu BeposSITHOCTH TOTO, 4TO
U3MEPEHHOE 3HaYEHUE HE OTKJIOHUTCSA OT HCTUHHOTO OoJiee yeM Ha 15 M.

Ortser: 0,1813.

19. JIanbHOCTB 10 OOBEKTA OMpPENEISETCS JATBHOMEPOM, CPEIHSsS KBa-

paTuuHas omuOKa KoToporo o, =10, cuctematnueckas ommbOka +5 M. OmuOka

U3MEPEHUSI MMEET HOpMalibHOE pacmnpezaeiieHue. HallTu BEpOSTHOCTH TOTO, 4TO
M3MEPEHHOE 3HAUYCHHUE HE MPEB30UAET UCTUHHOE OoJiee yeM Ha 15 m.

Otser: 0,8414.

20. lanbHOCTH A0 00BEKTa OMpeaesieTcs JalbHOMEPOM, CPEIHsIA KBa/I-

patnuHas ommobOka kotoporo o, =10, cucremarnyeckas ommoOka +5 M. Omundka

MU3MEPEHUSI MMEET HOpPMaJIbHOE pacmpenesieHue. Haltu BEpOATHOCTH TOrO, 4TO
M3MEPEHHOE 3HaYeHUE MIPEBLICUT UCTUHHOE OoJiee ueM Ha 20 M.

OtBer: 0,0668.

21. N3nenue cumTaeTcs BBICIIETO KAY€CTBA, €CIA OTKIOHEHUE €ro pas-
MEpPOB OT HOMHUHAJIAa HE MPEBOCXOAUT MO adcomoTHOW BemmuuHe 3,45 mm. Ciy-
YyallHbIE OTKJIOHEHUS pa3Mepa U3JAeirs OT HOMUHANIA MOAYUHAIOTCS HOPMAIBHOMY
3aKOHY CO CPEHUM KBaJpPAaTUUYHBIM OTKJIIOHEHHEM 3 MM. CucTeMaTH4yecKue oumo-
KM OTCYTCTBYIOT. ONIpeesnTh CpeaHee YMCIIO U3JIEIUN BBICIIETO KauyecTBa, €CIU
M3TOTOBJIEHO 4 U3MIENHSL.

OtBer: 3 uznenus.

22. CucreMarnyeckas olmMOKa yaepxaHus BbICOTHI caMoiéToM +20 M, a
clly4ailHasi HOpPMallbHO paclpeesi€HHas OIIMOKa XapaKTepu3yeTcs CpeaHUM
KBaJpaTUYHBIM OTKJIOHEHUEM, paBHbIM 50 M. [[ns monéra camonéra OTBeAEH KO-
punop BeicoToit 100 M. KakoBa BepOsSITHOCTb, YTO caMoOJIET OyAET JEeTEeTh BhILIE,
KOpHIO0pA, €CJIA CAMOJIETY 3aJ1aHa BbICOTA, COOTBETCTBYIOIIAs CEPEIUHE KOPUAOPA.

Otser: 0,0548.
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23. CucremaTuyeckas ommoOKa ynep kanus BbICOTHI camoisieToM +20 M, a
Clly4yailHasi HOpPMaJIbHO pacCIHpeAesieHHas OIIMOKa XapaKTepu3yeTcs CpEeaHUM
KBaJPaTUYHBIM OTKJIOHEHHEM, paBHbIM 50 M. [l mosjera camoiieTa OTBEIEH KO-
puaop BeicoToit 2x 100 M. KakoBa BEpOSITHOCTB, UTO camMoJieT OyAET JETETh HUKE
KOPHUA0pa, €CIIM CAMOJIETY 3aJlaHa BBICOTA, COOTBETCTBYIOIIAS CEPEINHE KOPUAOPA.

Ortser: 0,0082.

24. CucreMaTuieckas ommoOKa ynep kaHus BBICOTBI camosieToM +20 M, a
cillydyailHas HOpPMaJbHO paclpejielieHHas OIINOKa XapaKTepus3yeTcsl CpeaHUM
KBaJpaTUYHBIM OTKJIOHEHMEM, paBHbIM 50 M. [[ns moznera camosieTa OTBENEH KO-
puaop BbicoToi 2x 100 M. KakoBa BEpOSTHOCTB, YTO CaMOJIET OYJET JIETETh BHYT-
pY KOpHIOpa, €CIM CaMOJIETy 3a/JaHa BbICOTA, COOTBETCTBYIOLIAs CEPEINHE KOPU-
zopa.

Otser: 0,9452.

25. Ha mpou3BOACTBEHHOM Y4YacTKE 3a OJHY CMEHY M3IrOTaBIMBACTCSA
100 uznenuit, conepxkamux 10% Opaka. Best aTa maptust npuHUMaeTcsl, €Clii TOI-
HBIMU OKa3bIBalOTCsS BbIOpaHHBIE Ccly4yailHBIM oOpa3oM 4 uznenus. B npotuBHOM
ciydae Bcsl mapTusi Opakyercs. HaliTu maremaTudeckoe OKUJaHUE yucia 3adpa-
KOBAHHBIX MAPTUN WU3/1€JIUH, U3TOTOBJIEHHBIX B TEYEHUE TPEX CMEH.

Otser: 0,00015.

26. Ha nmpou3BOJCTBEHHOM YYAacTKE 3a OJHY CMEHY HM3rOTaBJIMBACTCS
100 uznenuii, conepxkamux 10% Opaka. Best aTa mapTusi npuHUMAaeTCsl, €U TOJ1-
HBIMHM OKa3bIBalOTCSl BbIOpaHHbIEC Cily4ailHbIM oOpa3zoMm 4 u3aenus. B npotuBHOM
ciydae Bcs mapTusi Opakyercs. HaillTu maTemaTuyeckoe OKHUJAaHUE YUCIa He3a-
OpaKOBaHHBIX MAPTUI U3ENNN, U3TOTOBJICHHBIX B TEUEHUE TPEX CMEH.

Otset: 0,99985.

27. Pabouuit o6cmyxkuBaet 3 craHka. BepoATHOCTb TOTO, UTO B TEUEHHUE
yaca CTaHOK He MoTpedyeT Hamaaku, paBHbI cooTBeTcTBeHHO: 0,85; 0,9; 0,95. ITlo-
CTPOUTH PSA pacupeneseHUss U HAaUTH MaTeMaTUYeCcKOoe OXKUAaHUE YUCIIa CTAHKOB,
KOTOpbIE€ MOTPEOYIOT HAJIAKU B TEUCHHE Yaca.

Otser: 0,3.
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28. Pabounit o6cmyxuBaet 3 cranka. BepoaTHOCTh TOTO, UTO B TEUEHHUE
yaca CTaHOK He MOoTpeOyeT Hamaaku, paBHbI cooTBeTcTBeHHO: 0,85; 0,9; 0,95. Ilo-
CTPOUTH P PACIPENCIEHUS U HAUTH MAaTEMAaTUYECKOE OKUJJAHUE YHCIIa CTAHKOB,
KOTOpbIE HE MOTPEOYIOT HaNlaJKU B TEUEHHUE Yaca.

OrtserT: 2,7.

29. CnyyaitHast BelnuuHa X - 9KCHEHTPUCUTET IUIMHAPUIECKON JeTaIu
noTauHsieTcst 3akoHy Pemest: P(X < x) = 1 - exp(—x2 / 26%), x > (. Haiity 1ioTHOCTb Be-
POSITHOCTH CITy4aillHOM BeIMYMHBI X U M300pa3uTh ee rpaduk.

Otser: (X/oA)exp(-%/26%)

30. Ommbka u3MepeHus AMaMeTpa MWIMHIPUUECKON JAeTalu MOJYUHSICT-
Csl HOpMAJIBHOMY 3aKOHY, IPUYEM MAaTeMaTUYECKOE OKUJIAHUE U CPEHEE KBaapa-
TAUYHOE OTKJIOHEHUE PaBHBI COOTBETCTBEHHO SMKM U 10 MxkM. Onpenennrts BEposT-
HOCTB TOT'O, YTO 3HAUEHUE JAUaMeTpa OyIeT OTKIOHSATHCS M0 a0COTIOTHOM BETMUMHE
OT UCTUHHOTO HE OoJiee ueM Ha 1 5SMKM.

Ortger: 0,8187.

31. Ciy4aiinbie OIMOKY U3MEPEHHUS TPEMS U3MEPUTEIHHBIMU TIPUOOpaMu
MO TYMHSTIOTCSI HOPMAJIBHOMY 3aKOHY ¢ mapamerpamu: My, = 0, 63, = 1 MM, mp, = 0,
oy = 2 MM, m3 = 0, 63 =3mkm. HaliTi BEpOsSTHOCTH TOTO, YTO U3 TPEX HE3aBUCHUMBIX
U3MEPEHU XOTs Obl B OJHOM M3 HUX OLIMOKA U3MEPEHHs HE MPEB30MAET 1Mo abco-
JIIOTHOM BemuuHe 1,5MKM.

Ortset: 0,965.

32. Cny4aiiHble OMIMOKN M3MEPEHUs OTUMHSIOTCS HOPMAIbHOMY 3aKO-
Hy pacnpeneneHus ¢ mapamerpamu: M=0, o=/ mxMm. HaliTu BEpOSATHOCTH TOTO,
YTO U3 JABYX HE3aBUCHUMBIX U3MEPEHUN OMMOKa XOTS Obl OJJHOTO M3 HUX HE Tpe-
B30MJET MO aOCONMIOTHOM BeIMUHHE 1,28MKM.

Otser: 0,96.

33. ArperaThl UCHBITHIBAIOTCS HE3aBUCHMO Ha HAJIEKHOCTh. M3BECTHO,
YTO BEPOSITHOCTh HE BBIJCP)KATh UCIIBITAHUS y KaXKJIOr0 arperara OJWHaKOBas U

paBHa p. VMcnbiTaHusl IpeKpanaroTcs mociie NePBOro ke arperara, He BbIJIEPKaB-
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mero ucneiTanust. OnpenenuTbh MaTeMaTUYeCKOe OXKUJAHUE CIYyYalHOro 4ucia
arperaToB, BbIJIEPKABIINX UCITBITAHMS.

Ortser: (1 - p)/p.

34. Wzpmenust TmOCIEeIOBAaTEIbHO M HE3aBHCHMO MCIIBITBIBAIOTCS Ha
HaJIC’)KHOCTh. BEpOSITHOCTD BBIJIEPKATh UCHIBITAHUS Y KAXI0T0 U3ACJIHUS OJIMHAKO-
Bas U paBHa p. Ilociie nepBoro e u3aenus, He BhIACPKABIIET0 UCIIBITAHUS, OHU
npekpaiatrorcs. Onpenenurs MaTeMaTHIeCKoe OKUIaHUE YKCIIa MPOBEICHHBIX UC-
MIBITAHU.

Ortsert: 1/(1 - p).

35. IlpoBoaMTCS MCTIBITAHUE arperara, COCTOSIIETO U3 JIBYX HE3aBUCUMO
paboTaronux OJOKOB, BEPOSITHOCTH OTKa3a KOTOPHIX cooTBeTcTBeHHO: 0,05; 0,04.
Onpeaenuts MaTEMaTHUYECKOE OXKUJIAHUE U JUCTIEPCUIO YHCIa OJIOKOB, BBIJICPYKABIINX
UCIIbITAHIE.

Orser: 1,91;0,7.

36. HcnpIThIBaETCS YCTPOMCTBO, COCTOSNIEE U3 TPEX HE3aBUCHMO padoTaro-
nwmx 6J0K0B. BepostHOoCcTH 0TKa3a 6i1okoB ciemytomtue: 0,3; 0,4; 0,5. Onpenenuts Ma-
TEMAaTUYECKOE OXKUIAHUE Y TUCTIEPCUIO CITYy4aifHOTO YMCIIa OTKA3aBIINX OJIOKOB.

Orser: 1,2;0.7.

37. 1IpoBOAUTCS WCTIBITAHUE CUCTEMBI, COCTOSIIEA M3 TPEX HE3aBUCHUMO
paboTaromux >IeMeHTOB. BeposaTHOCTH OTKaza 3Tux snemeHToB TakoBbl: 0,3; 0,4;
0,5. Haiitn MaTemaTtndeckoe OKUJaHWE M JIUCIICPCHIO YKCIIa 3JICMEHTOB, BBIICP)KAB-
IITUX WCTIBITAHNC,

Orser: 1,8; 0,7.

38. IIpoBOIUTCS UCTIBITAHUE CUCTEMBI C YETHIPHMsI HE3aBUCUMO (DYHKITHO-
HUPYIOIUMH OJIOKaMH, BEPOATHOCTH 0TKa3a koTopeix 0.3; 0,4; 0,5; 0,6. Onpenenutsb
MaTEMAaTHYECKOE OKUIAHUE U JUCIIEPCUIO TMCKPETHOM CITyYallHOM BEJMYMHBI - YMCIIA
OJI0KOB, BBIJICPKABIIMX HCTIHITAHNE.

Ortser: 2,2; 0,94.
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39. IIpoBoaATCS] HE3aBUCUMBIE UCIIBITAHUS TPEX arperaroB, BEPOATHOCTU OT-
Ka3a KOTOPBIX COOTBETICTBEHHO PABHBL p1,p2,p3. OIpenenuTs MaTeMaTUyecKoe OXKusia-
HUE YKCIIa arperaToB, BHIIEPKABIINX UCTIHITAHMUSL.
Otser: 3 —p1-po—ps.
40. Arperatsl UCTIBITBIBAIOTCS HE3aBUCHMO TPU MEPETPY30YHBIX PEKHMAX.
BeposTHOCTB 1151 KaXKIIOTo arperara yCrenrHo NpoiTH UCTibiTanus paBHa 4/5. HcrbiTa-
HUSI OCT@HABJIMBAIOTCA TIOCTIE TEPBOTO K€ arperara, HE BBIICP)KABILETO HCIBITAHUE.

Ol'[pGI[eJII/ITL MaTCMAaTHUYCCKOC OKNIaHNC cnyqaﬁﬂoro 4qrcCiia IIPOBCACHHBIX HCTIBITAHU.

Orsert: 1,25.
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Yacts 3. CHCTEMA CJIVYAMHbBIX BEJIMYMH

Cucrema CHY‘I&I?IHBIX BCJINYHH, ¢€ 3aKOHBI pacinpcaciacHusa U YMCJI0BBIC XapPaKTC-
PUCTHUKH

Bentnens E.C.I'n1. 8,§ 1-6,r11. 9,§ 1,3.
I'nypman B.E.I'n. 14,§ 1-9, 11-19.

[Ipn M3y4eHHM CIIOKHBIX SBJIECHUHA PAaCCMAaTPUBAIOTCS COBMECTHO IBE,
TpU U OOJIbIIIEE YUCTO CIYYalHBIX BEJIMYUH, O00Pa3yIOMIMX KOMIUIEKC, CUCTEMY
CIIy4ailHBIX BEJIMYMH. 3]1€Ch BaKHO OOpAaTUTh BHUMAaHHUE HA TO, YTO MPU UCCIEI0-
BAHUU XAPAKTEPUCTHUK CHUCTEMBI CIIyYaWHBIX BEJIMYUH HEJOCTATOYHO M3YYUTh IO
OTACJIBHOCTH XapaKTEPUCTUKU KaXIOM CIIy4YalHOM BEJIWYWHBI, BXOIAILIEU B CH-
cremy. [loJHBIMU, MCUEPINBIBAIOIMIMMHA XAPAKTEPUCTUKAMHU CUCTEMBI CIIyYalHBIX
BEJIMYMH SIBJISIFOTCS. MHOTOMEPHBIE 3aKOHBI pacmnpeiaeneHus. B ciaydae cucremsl
JIUCKPETHBIX BEJIMYMH - 3TO MHOTOMEPHBIE TaOJIMIIBI pachpe/iesieHus, a B cliydae
HEMPEPHIBHBIX CIIyYalHbIX BEJIUYMH — MHOTOMEpHAas (DYHKIIUS pacripeeieHus Uiu
IJIOTHOCTh BEPOSITHOCTEH, KOTOpBIE SBISIOTCS OOOOIIEHHEM COOTBETCTBYIOIIMX
OJIHOMEPHBIX 3aKOHOB PACIIPEICIICHUS CIy4anHOM BeJnunHbl. [10CKONBKY 115 cu-
cTteM ¢ Oojiee, 4eM JBYMsS CIIy4YaHBIMH BEJIUYMHAMHU OTCYTCTBYIOT MPOCTHIE T'€O-
METPUYECKUE MPEACTABICHUS 3aKOHOB PACIPENEIICHUs, TO B OCHOBHOM IIPU KX
M3YyYECHUU OTPAHUYMBAIOTCS CIIY4a€M CUCTEM C JIByMS CIIyYalHBIMU BEJIMYUMHAMM.
[Ipu paccMOTpEeHUM CUCTEMBI CIIyYalHbIX BEJIIMYMH BAXKHOE 3HAUYCHUE MMeE-
IOT MOHATUS 3aBUCUMOCTH M HE3aBUCHUMOCTH CIyYaWHBIX BEJIMYMH, BXOIAILIUX B
CUCTEeMY. DTH TOHATHS 0000IIAIOT MOHATHS 3aBUCUMBIX U HE3aBUCUMBIX COOBITHH.
N3yuaromieMy TaHHBIM pa3ziell CAEAYyET YETKO YICHUTh NPUHLUINAIBHOE OTINYNE
3aBUCHUMOCTH CIIyYalHBIX BEJIMYWH, HA3bIBAEMOW BEPOSITHOCTHOM, OT 3aBUCUMOCTH
BEJIMYMH, PACCMAaTPUBAEMON B MAaTEMATUYECKOM aHAJIU3€, KOTOpas UMEET Xapak-
TEp KECTKOM 3aBUCUMOCTH MEXIY BEJIMYMHAMU. BEpOATHOCTHAS 3aBUCUMOCTD SIB-

JISICTCA 06HII/IM BHUJIOM 3aBUCHUMOCTHU BCIIMYHUH.
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[Ipu nccnenoBaHuM B3aMMOCBSI3U ABYX CIIYYaWHBIX BEJIUYMH UCIIOJb3YIOTCS
MOHSATHUS YCIOBHBIX 3aKOHOB PACIIPEICIICHUS.

JIns OLIEHKM CTENEHHM 3aBHCUMOCTH CIYyYalHBIX BEJIMYHMH HCIOJIB3YETCS
YHCIIOBAsl XapaKTEPUCTUKA — KOPEJUIILIMOHHBI MOMEHT, KOTOPBIX MPHU OTCYTCTBHU
CBSI3U MEXY CIyYallHbIMHU BEJIMYMHAMH PABEH HYJIO, a C YBEJIMYCHUEM CTEIICHU
CBSI3U €r0 3HaYEHHUE BO3PACTAET.

CrnenyeT yCBOUTh XapaKTEPHBIE JJIsI CUCTEMbI JIBYX BEJIMYUH TaKUE YHUCIIO-
BbIC XapAKTEPUCTUKH, KaK YCIOBHbIE MAaTEMATUYECKUE OXKUIAHUS U JUCIIEPCUH, a
TaK € CBA3AHHBIC C STUMH XAPAKTEPUCTUKAMHU MOHSATHS JIMHUNA PETPECCUM.

Jlanee HEOOXOIMMO pacCMOTPETh HOPMAIBHO PACIHpPEACIICHHYIO CUCTEMY
JIBYX HEMPEPBIBHBIX CIyYalHBIX BEJIMYWH, KaK YaCTHBIN, HO UMEIOMIUNA OOJIbIIO0e
MPaKTUYECKOE MPUMEHEHHUE, CIIy4all CUCTEM ClIydalHbIX BeJUuuH. OOpaTUTh BHU-
MAaHHUE HA BBIPAXKECHUE IIJIOTHOCTU BEPOSTHOCTU CUCTEMBI, YCIIOBUS HE3ABUCUMOCTH
JIBYX CIIy4alHbIX BEJIMYWH, HA BBIPAKEHUE YCIOBHBIX IJIOTHOCTEN BEPOSITHOCTEM,
YCJIOBHBIX MAaTEMATUYECKUX 0KUJAHUN U JUCIIEPCUH.

Mexay npoyuM, ¢ UCIOJIb30BAHUEM HOBOM UYHCIIOBOM XapaKTEPUCTUKU —
KOPPEJSIMOHHOTO MOMEHTA — yIAeTCsl MOAYyYUTh (OPMYJIbI ISl AUCTIEPCUU CYM-
MBI 3aBUCHUMBIX CITyYalHBIX BEIUYNH, SBJISIONIUXCS 000OIIEHUEM paHEe PaccMOT-

pEHHOM POPMYIIBIL.

Bonpocs! miist caMOInpoBEpPKH.

1. Yrto Ha3bIBaeTCs CUCTEMOU CiydaHbIX BennduH? [IpuBectu mpume-
PBI CUCTEMBI CIIyYalHBIX BEJIMYMH.

2. llate ompexaenenue (GyHKUMHU pacOpe/iesieHUs CUCTEMbl ABYX CIIy-
YalHBIX BEJIMYUH U yKa3aTbh €€ CBOWCTBA.

3. Hatb ompezaeneHUE IIOTHOCTU BEPOSTHOCTEH CHUCTEMBI JABYX CIy-
YalHBIX BEJIUYUH U IEPEYUCITUTH CBOMCTBA 3TOU (PYHKIIUH.

4. Kak HaxoAauTcs BEPOSITHOCTh MOMAJAaHUS CUCTEMBI CIyYaillHbIX Be-

JIMYUH B 3aJ]aHHYI0 00J1aCTh?
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5. Kak BeIpakaercsi INIOTHOCTh BEPOATHOCTEN KaXKIOM CIy4yalHOH Be-
JMYMHBI, BXOJAIEH B CUCTEMY Yepe3 INIOTHOCTb BEPOSITHOCTEN CUCTEMBI?

6. JaTte ompeneneHue YCIOBHBIX IMIOTHOCTEH BEPOSITHOCTEM CHCTEMBbI
CIIy4alHBIX BEJIMYMH M YKa3aTh, KAK OHU CBSI3aHBI C INIOTHOCTSIMU PACIPEICIICHHS
CHUCTEMBI U KaXJ0M CIIy4alHOM BEJIMYUHBI, BXOAIIEN B CUCTEMY.

/. Kakue 1Be BEeIMUUHBI HA3bIBAIOTCS HE3aBUCUMBIMU? 3aBUCUMBIMU?

8. 3anummTe HEOOXOIUMOE W JOCTATOYHOE YCIOBUE HE3aBHUCHMOCTH
JIBYX CIIyYalHBIX BEJIUYUH.

9. Uro Ha3pIBaeTCs KOPPEISIIMOHHBIM MOMeHTOM? Kod(hduimenTom
KOppEJSIMU ABYX CIy4alHBIX BEIUYMH? YKa3aTh 00JaCTh U3MEHEHUS 3HAUCHUU
KO3 PUITMEHTOB KOPPEISAIUU.

10. Onpenenuth TOHATHA YCIOBHBIX MAaTEMaTHYECKHX OXHUIAHUNA H
JUCIIEPCUM CHUCTEMBI JBYX CIyYalHbIX BEJINYUH.

11. Yro Takoe JIMHUU PETPECCUN CUCTEMBI ABYX CIIyYalHBIX BEIUUNH?

12. Yemy paBeH KOIPIUIUEHT KOPPENIAIUNA CUCTEMBI ABYX CITyYaiHBIX
BEJINYMH?

13. Kakwue cnyyaiiHble BeTMUUHBI Ha3bIBAIOTCS HEKOPPEITUPOBAHHBIMU?

14. Cnenyet nu B 00IIeM ciydyae U3 HEKOPPETUPOBAHHOCTH HE3aBUCH-
MOCTb CIIy4aiHBIX BEIUYHUH?

15. Kakue 4uciaoBble XapakTEPUCTHUKH MOTYT OXapaKTepU30BaTh CHU-
CTEMY HECKOJIBKUX CIIyYalHbIX BEJIHYUH.

16. Yto Ha3pIBAIOT KOPPEIALMOHHOW M HOPMHUPOBAHHON KOPPEISIU-
OHHOM MaTPULEN CUCTEMbI HECKOJIBKUX CITyYalHbIX BEJIMYNH?

17. 3anucaTh BBIpAKEHHUE IUIOTHOCTU BEPOSITHOCTEH HOPMAJIbHO pac-
MIPEAEIEHHON CUCTEMBI JBYX HENPEPBIBHBIX CIyYalHBIX BEJIMYMH..

18. Kakoe mpocToe ycioBUE HE3aBUCUMOCTH JABYX CIy4YalHBIX BEJIMYMH
OyZeT y HOpMaJIbHO pacipeIeIeHHON CUCTEMBbI?

19. IIpuBectu popMymy [Jiss BEPOSITHOCTH TOMAJAaHUs B 3aJaHHBIN TIPsi-
MOYTOJIBHUK CO CTOPOHAaMHM, IMapajuIeIbHbIM OCSAM KOOPAMHAT, IJIi HOPMAJIBHO

pacrpeneaeHHON CUCTEMBI.
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20. 3anucaTh 1151 CIOBHBIX IUIOTHOCTEN BEPOATHOCTU, MATEMATUUECKUX
OKMJIAHUM U AUCIIEPCUH, 11 HOPMAIBHO PACIIPEICICHHON CUCTEMBI.

21. PaccMOTpeTh JIMHUM PETPECCUH HOPMAJIbHO PAcCIpENCICHHON CUCTE-
MBI ¥ MPOAHATIM3UPOBATh UX XapaKTep PAacCHOJIOKEHUS B 3aBUCUMOCTH OT BEJIWYHU-
HbI KO3 PUIIEeHTa KOPPETISAILIHH.

22. YTo TaKoe€ 3IJUIUIICHl PaCCEMBAHUS ISl HOPMAIbHO PaCIpENeICHHON
CUCTEMBI?

23. Ilpuectu dopMyiny sl TUCIIEPCUU CYMMbI 3aBUCUMBIX CITy4alHBIX

BCINYHH.

[Iprmeps! pemenus 3aaa4 K 4aCTH

3.CUCTEMA CJIYYAWHBIX BEJIMUNH

3anmada 1. 3amana neymepHas GyHkius pacupenenenus F (X, Y) nBymepHoii

ciyqaitnoii Bemmunasl (X,Y)

Haiitu  BeposTHOCTH ~ momajgaHus  ciaydaiinod  toukn  (X,Y) B
IPAMOYTOJILHUK, OTPAHMYEHHBIN npsMbiMu X =0, X=7/4 y=7/6 y=7/3,
Pemenne. OnpenennmM BEpOATHOCTH Monaganus ciaydaiinoit roukn (X,Y) B

TPSMOYTOJIBHUK, OrPAHUYEHHBIN IpsiMbiMu X1 =0 X =714y, =716 'y, =7/3 14

bopmye
(LS ===V =V, 2
= (FC% ¥2) — FO4LYR) ) — (FOG ) —FO4, w1 ) = y 1
- 7l2
Cszr%’i—éaﬁ;-zzzu /3
= = = a

_(Sin%-Sin%—Sin O-Sin%) —

7l6 R
0 zld #xl2 X
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:@:0,26.

33,[[21‘1& 2. I[BYMepHaH AUCKPCTHAA cnyqaf/iHaﬂ BCIINYHNHA (X.Y) OITNCBIBACTCs

3dKOHOM pPacCIIpCACIICHUA BepOHTHOCTCﬁ, 3aJaHHOTI'O T&6JIHHCI>'I

N Yi Y,
X P, =0,10 P, =0,15
X P, =0,15 P, =0,25
X; Ps =0,20 P» =0,15

OmnpenenuTh 3aKOH paclpeaeiacHHs CAydalHbIX BeaumduH X u Y, YCIOBHBIH

Y=Y,

3dKOH pPacCIpcaciICHuA X Inpu YyCJIOBHUH, YTO

X =X,

)51 YCJIOBHblf/’I 3aKOH

pacnpeneicHus Y TMPH YCIOBHH, YTO

Pemenue. I[H}I OIIPpCACIICHUA 663YCHOBHBIX 3dKOHOB PpacCIIpCaCIICHUA CquaﬁHLIX

P=>R

e X u Y Bocmosbs3yemcst GopMyIIoit =

, TOT1a

VCIIOBHBINM 3aKOH pacmpenesieHuss X IpH YCIOBHH, 4YTO Y= Y1, onpenensiercst

COBOKYITHOCTBIO YCJIIOBHBIX BEPOATHOCTEH

eSSy I
SR Y T
e o=
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e =
o == g =
&GS GCGGE
sy
e 2= Sk =
&GS GCGGE

VCIOBHBIN 3aKOH pacrpefesieHuss Y TpH YCIOBHH, 4YTO X

=% omnpenensercs
COBOKYITHOCTBIO YCIIOBHBIX BEPOSITHOCTEH
i e — s =
IS GCIiD
IS IO

HetpynHo BUaeTh, UTO Kak O€3yCIOBHbBIE, TAK M YCJIOBHBIE pacIpeaesiCHUs

BEPOSATHOCTEW YAOBJIETBOPSIOT YCIOBUIO HOPMHUPOBKH, T.€. BEPOSITHOCTH B CyMME

PaBHBI CAWHHUIIC.
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3. CUCTEMA CJIYYAMHBIX BEJIMUNH
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1-5. Cucrema AByX AMCKPETHBIX ciydaiHbix BenuuuH (X,Y) 3amaHa

JBYMEPHOW TaOIHIIEN pactpeaesIeHUs:

X X1 Xo X3
Y1 P11 P21 P31
Vi P12 P22 P32

OHpCIIeJII/ITB 3aKOHBI pAaCIIPCACICHUA TUCKPCTHBIX CHY‘I&IZHLIX BCJINYHH X,Y CH-

crembl (X,Y). Haiitu maTeMaTtuyeckoe 0XKMIAHHUE, TUCIIEPCUIO CIIYYaHBIX BEJIH-

gl X,Y U KOPPEIAIMOHHBIA MOMEHT cucteMsl (X,Y).

HMcxonnpie TaHHBIC K 3a/1aUaM:

NoNe P P21 P31 P12 P22 P32
3a7a4uu

1 0,1 0,2 0,3 0,15 0,2 0,05
2 0,25 0,1 0,2 0,25 0,15 0,05
3 0,1 0,3 0,05 0,2 0,05 0,3
4 0,3 0,005 0,3 0,15 0,1 0,1
5 0,1 0,2 0,25 0,05 0,25 0,15
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6-10. Cuctema OBYX AMCKPETHBIX ciydyailHbIXx BenmnuuH (X,Y) 3amaHa

JBYMEPHOW TaOJIMIIEN paclpeiesieHns:

X1 X2
Y
Y1 P11 P21
Y2 P12 P22
Ys P13 P23

OnpenenuTh 3aKOHBI pacrpeAeieHus: JUCKPETHBIX Cly4ailHbIX BenuduH X,Y CH-

crembl (X,Y). Haiftu maTeMaTtuyeckoe 0XHJIaHUE, TUCIIEPCUIO CIYYaHBIX BEJH-

yrH X,Y U KOPPEISIUOHHBIA MOMEHT cucTeMsbl (X, Y).

I/ICXOI[HBIC JaHHBIC K 3a1a49aM:

NeNezagaum | Pig P21 P12 P22 P13 P23
6 0.1 0.15 0.2 0.25 0.25 0.05
7 0.25 0.25 0.1 0.15 0.2 0.05
8 0.1 0.2 0.3 0.05 0.05 0.3
9 0.3 0.05 0.3 0.15 0.1 0.1
10 0.2 0.1 0.05 0.25 0.25 0.15

11-15. CucreMa ABYyX OUCKPETHBIX ciay4daiHbiX BennuuH (X,Y) 3amaHa

JBYMEPHOU TaOIHIIEH pacripeaesieHUs:

X1 X2 X3
Y
Y1 P11 P21 P31
Y2 P12 P22 P32

OnpenenuTs yCIOBHBIM 3aKOH paclpeAesieHUs] TUCKPETHON CIIy4aillHON BEIWYUHBI

X mpu yCIIOBUM, YTO JAUCKPETHAs ClydyailHas BeJWYMHA Y MOpHUHSIA 3HAYCHUS Y.




Hantn YCIIOBHBIC MATCMATHYCCKOC OXUJIAHHC
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M[X/Y=y;] ®m nucnepcuto

D[X/Y=y].
VcxXoHbIC JaHHBIC K 3a/1a4aM:

NeNezagauu | Prg P21 P31 P12 P22 P32
11 0.1 0.2 0.3 0.15 0.2 0.05
12 0.25 0.1 0.2 0.25 0.15 0.05
13 0.1 0.3 0.05 0.2 0.05 0.3
14 0.3 0.05 0.3 0.15 0.1 0.1
15 0.1 0.2 0.25 0.05 0.25 0.15

16-20. CucreMa JBYX TMCKPETHBIX CIIy4aiHBIX BeqruuH (X,Y) 3amaHa

JIBYMEpPHOM TaOuIel pacrpeaeicHus

X X, X
Y1 Pug P21
Y2 P12 P2,
Ys P13 P23

OnpenenuTs yCIOBHBIA 3aKOH paclpeeIeHUsI JUCKPETHOW CITy4YalHOU BEJINYH-

Hbl X IMPH YCIOBUU, YTO JUCKPETHAS CIy4dailHas BeJIMYMHA Y MPUHSIIA 3HAUEHUE

y, . HaliTu ycroBHble Marematuueckoe okuuanue M[X/Y =y,]| u aqucnepcuto

DIX Y = ,].

Hcxonable naHHbBIE K 3aJa4YaM:

NoNe 3a- Pus P21 Pr2 P2 Pis P2s
aa4u
16 0,1 0,15 0,2 0,25 0,25 0,05
17 0,25 0,25 0,1 0,2 0,2 0,05
18 0,1 0,2 0,3 0,05 0,05 0,3
19 0,3 0,05 0,3 0,15 0,1 0,1
20 0,2 0,1 0,05 0,25 0,25 0,15
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21-25. BeIYUCIUTh BEPOSTHOCTH TIOTMAIaHUS IBYMEPHOU HETIPEPHIBHOU

CIIy4YaifHOM BeJMUMHBI (X,Y) ¢ HOPMAIBHBIM pacrpeeeHHEM B IIPSIMOYTOJILHHK,

OTPaHUYCHHBIN MPSAMBIMU: X=X, X=X,, Y=Y,, Y =Y,. CiydaiiHble BeTUUNHBI

X,Y HE3aBHCHUMBI U UMCIOT MaTEMAaTUYCCKUEC OKUIAaHUS M, ,

paTudHbIC OTKIIOHCHUA O, , O y .

m, ¥ CPEJAHUE KBaI-

NoNe X X, Y1 Y m, m, Ox Oy
3a/1auu
21 1 2 2 3 1,5 2,5 0,5 1
22 2 3 1 2 0,9 1,5 0,6 2
23 1,5 2 2 3 1 2 0,8 1
24 2 4 0 3 1 2 0,5 0,8
25 3 3) 3 3) 0,5 4 0,8 0,5

26-30. Haiitu BepOATHOCTH TOMaJaHUs IBYMEPHOU HENPEPBHIBHOUM CITy-

YaliHOW BEJIWNYMHEI

X=X, X=X
BHYTPH NPSAMOYTOJIbHUKA IIOCTOSIHHAS.

HcxonHble faHHBIC K 3aJa4YaM:

21

B

IIPSIMOYTOJIBHUK,

orpaHn4 CHHBIMN IIPpsAMBIMH:

y=Y,, Yy=Y,. [lnotHocts BepositTHocTH f(X,y) cucremnl (X,Y)

No 3apaum X, X, Yi Y,
26 0,5 2 1 5
27 0,2 2,5 1 4
28 -1 1,5 0 3
29 -0,5 2 1 3)
30 -1 1,5 0,5 2,5

31-35. U3BecTHBI MaTeMaTUYECKUE OKUIAHUSA m,,m,, CpeIHHe KBajpa-

THUYHBIC OTKJIOHCHUA 0,,0, N MaTpHula K KOppCIAONOHHBIX MOMCHTOB CHCTCMBI

(X,Y). 3anucu BBIpaXXCHHUE IIOTHOCTH BEPOATHOCTH BHYTpU f(X,Y)

(X,Y).

CHCTCMBI




Hcxomurle naHHBIE K 3a1aUaM:
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Ne 3amaum | 31 32 33 34 35

m, 26 20 30 45 25

m, 12 8 10 14 15

K 256 -90 |120 10 100 20 |150 -20 |75 15
-90 169 |10 90 20 50 |-20 60 |15 60

36-40. Cuctema HENPEPHIBHBIX CITyYalHBIX BEIMUUH (X,Y)UMEET IMOCTO-

SHHYIO TJIOTHOCTh BepoATHOCTEN f(X,y) B 3aaHHON 0oOnacTu. SABIst0oTCS M CIy-

YalHbIC BEJIMYUHBI X Y He3aBUCUMBbIMH? Eciin HCT, TO OIIPCACIINTDb YCJIOBHBIC Ma-

TCMATHYCCKHUC OXXHNAaHUA cnyqaﬁme BeIUYUH X,Y .

I/ICXOI[HBIC JaHHBIC K 3aJa9aM:

Ne 3a- Bupg obnactu

Ja4u

36 BuyTpenHocTh TpeyronbpHuKa ¢ BepirHamu B Toukax (0,0), (1,0), (0,1)

37 BuytpenHocts kBajapara ¢ BepmmHamu B Toukax (0,0), (0,1), (1,0), (1,1)

38 BHYTpeHHOCTh  MPSAMOYTOJIbHUKA BEPIIMHAMU TOYKax
(0,0).(2,0),(0,1).(2.1)

39 BHYyTpeHHOCTh YE€TBEPTH €AMHUYHOIO KpyTa ¢ eHTpoM B Touke (0,0)

40 BHyTpeHHOCTb MOJOBUHBI €AIUHUYHOTO Kpyra ¢ eHTpoM B Touke (0,0)

41 — 45 . lns 1ByX AMCKPETHBIX HE3aBUCUMBbIX CIy4alHbIX Benu4uH X, Y 3a-

AaHbl 3aKOHBI PACIIPCACIICHUA:

X

X1

X2

P

P1

P,

Haiitu nBymepHbiii 3aK0H pacnipenenenust cuctemsl (X, Y), onpeaenurb Kop-

PEIAIMOHHBII MOMEHT cuctemsl (X, Y).

HUcxonubsle nanuele K 3agadyam 41 — 45:
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Ne 3a-

Aaun

X1

X2 pP1 P2 Y1 Y2 q1 qz
41 1 2 0,1 0,9 -1 1 0,3 0,7
42 4 0,2 0,8 0 2 0,2 0,8
43 6 0,3 0,7 1 2 0,1 0,9
44 0 2 0,4 0,6 3 4 0,4 0,6
45 -1 1 0,25 0,75 2 3 0,5 0,5
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Yacts 4. IIPEJIEJIBHBIE TEOPEMEI TEOPUU BEPOSITHOCTEN

Bentiens I'. C. I'm. 13,§1-3,5,6 - 8.
I'mypman B. E. I'n. 9, ro. 12, § 8.

Pomaunmes H.E. I'n. 5.

[Ipn mpoBeneHUM UCTIBITAHUNA Majoro oO0beMa TaKUue XapaKTEPUCTHUKU
CIIy4aiiHbIX SIBICHUH, KaK OTHOCUTENIbHASI YacTOTa, CpeHss apudmMeTuieckas pe-
3yJIbTaTOB HAOMIOJCHUS U JPYTHE XAPAKTEPUCTUKHU OYyIyT 3aMETHO MEHSIThCS OT
OJTHOM cepuu UCIBITAaHUM K IpYroM, T.e. He OyAyT CTaOMJIbHBIMU, YCTOMYUBBIMU.
OpnHako ecny B ATUX CEPUAX YMCIO UCIBITAHUNA OYEHBb BEIMKO, TO YKa3aHHBIE Xa-
PaKTEPUCTUKH CTAHOBSITCSI CTAOUIIBHBIMH, [TOYTH HE U3MEHSIOIMMHUCA. DTO CBOM-
CTBO HECTAOMJIBHOCTH WJIM CTaOMJIBHOCTH XapaKTEPUCTUK CIIyYailHBIX SIBJIICHUN B
3aBUCHMOCTH OT YMCJIA UCIIBITAHUM B TEOPUM BEPOSITHOCTH HA3BIBAETCS 3aKOHOM
OOJBIINX YUCEN.

[Ipocreiimeit ¢hopmoit 3akoHa OOJBIIUX YKCEN SBJISIETCS Teopema bep-
HYJUIM, KOTOpasi yTBEPXKAAET, YTO MpPU OOJBIIOM YHUCIIE UCIBITAHUNA C BEPOSATHO-
CTbIO, OJIM3KOM K €JUHHIIE OTHOCHTENbHASI YacTOTa MOSBIEHUS CIy4yailHOro co-
ObITUSI OyZeT Majlo OTJIMYaThCA OT BEPOSITHOCTH 3TOTO COOBITHS. YTBEpKIECHUE
ATOM TeOpeMbl OOOCHOBBIBACT OOINMIA, TaK HA3bIBACMBI CTATHUCTUYECKHN METOJ
OTpEAENICHNUs BEPOSITHOCTU CIIY4alHOTO COOBITHSI KaK OTHOCUTEIBHOW 4YacCTOTHI
COOBITHSI PU AOCTATOYHO OOJIBLIOM YHCIIE UCTIBITAHUM.

bonee ob6mast popma 3akoHa OOJBITUX YUCEN BBIpAXKACTCS TEOPEMOI
YeObimeBa. OHa yTBEP:KAAET, YTO MPU JOCTATOYHO OOJIBIIOM YHUCIE HE3aBUCH-
MBIX UCTIBITAHUH C BEPOSITHOCTBIO OJM3KOM K €AMHULIE CpeHee apu(hMETHIECKOe
U3 HaOJIIOIaBIINXCS 3HAYCHUN CITy4ailiHOM BETMYMHBI OyJeT Majlo OTJIMYaThCs OT
MaTEMATUYECKOTO OXHUJAHUS OTOM BEIIMYMHBI. Y TBEPKICHUE ITOM TEOPEMBI
OOOCHOBBIBAE€T CTATUCTHUUECKUNH METOJ OINpEAeTCHHUs MaTeMaTHUYECKOro OXKuia-
HUS, KaK CpeHEro apu(pMeTUyecKoro HabJt0IaBIIMXCsl 3HAUEHU ClTydyallHOU Be-

JIMYUHBI IIPU JOCTATOYHO OOJILIIIOM YHCJIE HE3aBUCUMBIX MCITBLITAHUH.
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Teopembr bepuymiu u YeObleBa, KOTOpble MaTeMaTudecku (hopmyiu-
pPYIOTCA B TEPMUHAX TEOPHUH MPEJIETOB, OTHOCAT K TaK HAa3bIBAEMbIM IPEAEIbHBIM
TeopeMaM TEOpUHU BeposATHOCTEN. [Ipu qoKa3aTenpCTBE 3TUX TEOPEM UCIOJIB3YEeT-
csi HepaBeHCTBO YeObimeBa. Cienyer UMETh B BUAY, UTO JOKA3aTEbCTBO TEOpE-
Mbl bepHymm neiaecooOpa3HO MPOBOIUTH MOCJE J0KA3aTeIbCTBA TEOpeMbl Ye-
ObIIIEBA.

B 3axmroyeHue 3ToM 4acTH CleayeT O3HAKOMUTHCS €IIe C OJHHUM THUIIOM
IIPEIEIBHBIX TEOPEM TEOPHUH BEPOATHOCTEH - LIEHTPAIBbHOUN NPENEIBHON TEOpEMON
(Treopemoii JlsamyHoBa). UToObI Jyylie ySICHUTh CMBICI LIEHTPAIbHOW MpeaeIbHON
TEOpPEMBI, CilelyeT oOpaTUTh BHUMaHUE, YTO B Teopemax bepHymiu u YeObleBa
3aKOHBI PacIpeiesICHNs BEJIMYMH HE PAaCCMaTpUBAIINCh. B LIEeHTpalbHOW IIpeaeiib-
HOI TeOpeMe yCTaHaBIIMBAETCA BUJ NPEEIbLHOTO 3aKOHA pacIpeiesICHUs] U YKa3bl-
BAIOTCS YCIIOBUSI, IPU BBIMIOJIHEHUU KOTOPBIX 3TOT 3aKOH Oy/1eT HOpMaJIbHbIM. Teo-
pema JIsimyHOBa OOBSCHSET, IOUEMY B pealbHBIX 3aJadax IPOU3BOACTBA, SKOHO-
MUKHU U B JPyTUX OOJACTAX ClydyaiiHble BEIMYHMHBI UMEIOT paclpeeneHue, 0ams3-

KOC K HOPpMAJIbBHOMY.

Bonpocs! aiig camonposepku: Poguumes H.E. ctp. 81.

Bomnpocs! miig camonpoBepku

1. B yeM coCTOUT CMBICIT 3aKOHA OONBIIHUX YHCEIL.

2. Kak 3amuceiBaeTcs HepaBeHCTBO YeOwllieBa M KaKoe TEOPETHUECKOe U
IIPAKTUYECKOE 3HAYEHUE OHO UMEET.

CdopmynupoBath TeopeMy UeOrblena.

Kaxkoe 3nauenue nmeet Teopema UeObimeBa Jyisi MPaKTHKU.
CdhopmynupoBaTs Teopemy bepryu.

Kakoe nmpaktrueckoe 3Ha4eHHUE I IPAKTUKU UMEET TeopemMa bepHyum.

CdopmynupoBats TeopeMy JlsmyHoBa.

O N o O bk~ W

B yem cocrout cmbicn Teopemsl JIsmyHoBa.
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IIprmMeps! pemenus 3aaa4 K 4aCTH

4. TIPEJIEJTbHBIE TEOPEMBI TEOPMM BEPOSITHOCTEH

3agaua 1. Ucnions3ys HepaBeHCTBO YeOblleBa, OLICHUTh BEPOSITHOCTh
TOTO, YTO HEMpEephIBHAS Cy4yaliHash BETUYMHA OTKJIOHUTCS MO aOCOJIOTHOM BeH-
YUHE OT CBOEr0 MAaTEMaTUYECKOIo OKUJaHusl O0Jbllle, 4YeM Ha TPU CPEAHUX KBaj-
paTUYHBIX OTKJIIOHEHUH. CpaBHUTH MOJYYEHHBIN PE3yJbTaT C Pe3yJbTaTOM, BbITE-
KaIOIIUM M3 TIpaBuia “Tpex CUrm’ .

Pemenue. [y pemienus 3a1a4u UCIOIb3yeM HepaBeHCTBO YeOrbliieBa
B (hopme
P(X-m,[>&)<D, /&,

Mo ycioeuio 3anaun ¢ =30, =3,/D, . Ucnonb3ys 3T0, HEPABEHCTBO

YeObImena IpcaAcCTaBuUM B BUJC

P(| X -m, |<30,)<1/9=0111.

B cooTBeTcTBHM C IpaBHIOM “TpeX CUIM~ ISl HENPEPBIBHBIX HOP-
MaJIBHO PaCIpEIECICHHBIX CIIy4alHbIX BEJIMYUH
P(| X -m, |<30,) =0,0028.
CrnenoBatenbHO, HepaBeHCTBO YeObllieBa B JaHHOM CIIyyae JaeT 3aBbIIMICHHOE
3HAYEHUE BEPOSATHOCTH BBIXOJA CIIyYallHOUW BEIMYMHBI X 33 TPEXCUTMOBBIN AHana-
30H.

3agaua 2. CKOJBKO CIEAyeT HE3aBUCHUMO MPOBEPUTH JeTajiei, 4TOObI
C BEpPOSITHOCTHIO, HE MeHbIe 0,96, MOKHO OBLIO 0XXHAATh, YTO a0COIIOTHAS Be-
JIMYMHA OTKJIOHEHUS OTHOCUTEIBHOM YaCTOTHI TOAHBIX HU3ACIMU OT BEPOSTHOCTH
OBITH JieTasiu roAHOU, paBHOU 0,98, He npeBbicut 0,02.

Pemenue. O603HaYUM UCKOMOE YHCIIO HE3aBUCUMBIX MPOBEPOK BEIIH-
yuHoi N. /lanee, BBeZeM AMCKPETHYIO CIyYallHYIO BEJIIMYUHY Xj — YUCIO TOJHBIX
JeTanei mpu npoBepke I—it netamu. O4eBHIHO, 3aKOH pacrpeneieHus Xi Oyner

N (14%0)1117178
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X, 0 1

P 0,02 0,98

OTHOCHUTEeNbHAs YacTOTa TOAHBIX JeTajel mpu mpoepke N geTaneit paBHa
X=(X,+X, +...+X)IN.

Hcnons3yst GopMyIIbl 11 MAaTEMaTHYECKOTO OKHIAHUS U TUCTICPCUH
cpennelr apupmMerndeckod N HE3aBUCHUMBIX TUCKPETHBIX CIyYalHBIX BEJIWYHWH,
HalieM

m,=m =p, D, =D, /N=p(1-p)/N,
rie p=0,98 — BeposITHOCTB OBITH JIeTalld TOJHONU. B 1aHHOM 3a/aue BEpOSTHOCTD
OBITH A€TaJIM FOJTHOM paBHAa MAaTEMAaTUYECKOMY OKHIAHHIO X.
Jlns pelieHust 3a/1a4u UCIIONIb3yeM HepaBeHCTBO UeOblleBa, 3amrucaHHoe
JUISL CIIy4aiiHOW BeJIMYUHBI X, B (hopme
P(X-m,|<&)>1-D /&,
1o ycnosuro 3anaun ¢=0,02. B pe3ynbrare noayuum
P(|X-m |<0,02)>1-(0,98*0,02)/0,02**N.
Cnenosarenbho, 1-(0,98*0,02)/0,02°*N>0,96, orkyaa Haxoaum N>1225.
3agaua 3. BepostHocTh TOro. Uto kaxaoe uzaenue OyAeT BBICHIErO Ka-
yectBa 0,3. O1ieHUTh BEpOATHOCTD TOro, 4yTo B 10000 McHbITaHUSIX U3IEIMI HA Ka-
YeCTBO OTKJIIOHECHHE OTHOCHTEIIbHOM YacTOThI M3ACIUN BBICIICIO KauyecTBa OT Be-
POSITHOCTH OBITh M3JICIUIO BBICIIETO KauecTBa MO a0COIIOTHOM BEJIMYMHE HE Mpe-
B3omzaer 0,01.
Pemenne. Kak u B mpenpiaymieil 3agadye pacCMOTPUM OTHOCUTEIIBHYIO

qacToTy X=(X,+X, +...+X 00,) /10000 m3nenuii Boiciiero kauecrna. [lo popmy-
JaM mpenpayiien 3amaum Haxoamm: m,=0,03, D, =0,3*0,7/10000=0,000021.
Hckomast BEpOSITHOCTh HAXOJUTCS ¢ TTIOMOIIBIO HepaBeHCTBa YeOkIieBa, 3amucan-

HOro s choydaiHoi  Bemmuumubl  X:P(IX-my<&)>1-D,/¢*.Ilo  ycioBuio

an e =0,01. CegoBarensro, P(|X-m,|<0,01)>1-(0,3*0,7)/10000*0,01% =0,79.
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Yacts 5. OCHOBBI MATEMATUYECKOM CTATUCTUKU.

I'mypman B. E. I'n. 15 § 8.

Pomguumies H.E. I'n. 6.

MaremaTndeckass CTaTHUCTHKAa 3aHMUMAETCS NOCTPOCHHEM M HCCIENOBaHUEM
MaTE€MaTUYECKUX METOJIOB OLEHUBAaHUS CTaTHUCTUYECKHX 3aKOHOMEPHOCTEHN INpH-
POJIbI IO U3MEHEHUIO UX XapAKTEPUCTHUK.

Kak BUIHO M3 ompeneneHus, He0OX0AUMO HU3YYUTh METOJbl MaTeMaTHUYECKOM
CTaTUCTUKU Y HA OCHOBE 3TUX METOJIOB HAyUUThCA pellaTh MIPAKTUUYECKUE 3a1a4u.

Jlnst Toro, 4ToOBI TOYHO ONPENEIUTh, YTO TAKOE CTATUCTUYECKHE 3aKOHOMEp-
HOCTH, oOpaTuMcs K mpumepaM. [Ipu HaOM0AeHNH OKpY’KaroIero Mupa Mbl OOHa-
PYKUM, 4TO OH a0COJIOTHO MHOTOJMK. Hanmpumep, eciy Mbl B3IJIsTHEM M3 OKHA Ha
JIEPEBBS, Ha MEPBbII B3I, HUYEro 0COOEHHOro B HUX HeT. OgHako, ecinu npu-
IJIEThCSl BHUMATEIbHEE, MOKHO 3aMETUTh, YTO BCE JIEPEBBS paszHble (Aake eciu
OHM OJHOTO BHJA). boiee TOro, HU OJUH JKCTOK Ha OJIHOM U TOM K€ JIepEBE HE
IIOBTOPSAET B TOYHOCTH IPYrOM JIMCTOK. AHAJIOTMYHO, HU OJIMH LIBETOK HE MOBTO-
pseT B TOYHOCTH JIPYroil IBETOK TOTO K€ BUJAA, HU OJJHA CHEXKMHKA HE SBISETCA
TOYHOMW KOMHEHN IPYyroil CHEKUHKU... Bce 3TO MOKHO TPOBEPUTH HA MPAKTHUKE, KO-
TOpast, KaK U3BECTHO, BJIAETCSI KPUTEPUEM HCTHHHOCTH.

Ecnu oOpaTtuthes kK camoi Bbiciel (hopmMe MaTepHu, CO31aHHON TPUPOIOH, — K
YEJIOBEKY, 3/1€Ch Mbl TAK)KE€ BUJUM, YTO KaXK/IbIi YEJIOBEK HEMOBTOPUM M WHIUBU-
JyaJleH: WHJWBHUIYaJ€H BHELIIHE W WHIAUBUIAYAJIIEH €r0 BHYTPEHHHMU JTyXOBHBIN
MUD.

OpHako MBI HACTOJBKO MPUBBIKAEM K ITOW 3aMeyaTEIbHOW CTOPOHE OKpYKa-
IOILIEN HAC PEAIbHOCTH, YTO MOPOU MEPECTAEM 3aMEYaTh BCEr0 OKPYKAKOLIErO HAC
MHOT000pa3usi, onepupyst CIOXKUBIIUMUCA oOpazamu. Hanpumep, Mbl MOKeM TOY-

HO OIPEACNIUTh, YTO ITO JIUCT OEpe3bl, a HABCTPEUY HaM HJIET 4YesioBeK. UTo mo3-
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BOJISIET HaM 3TO fenath? Habmromaembie 00bEKThI, HAPUMED, JINCThS Oepes3bl, pac-
cMaTpuBaeMble B CBOEH Macce (HO HE MO OJWHOYKE), UMEIOT O0IHe XapaKTepH-
CTHKH: CPETHUI pa3Mep, IBET OKPACKH, ONPECICHHYIO (OPMY H T.1.
PaccMmoTpeHHBIC TPUMEPHI TIOSICHSIOT CIAEAYIOIINE BHIBOIBI:
B maccosom nosmopenuu u 83auMO0eUCMBUU CAYYAUHBIX SABACHUL MO2YM

HaOIr0o0ams s yemouuusvle d¢hhexmol VepeOHeHUs.

Onu cocmosim 6 mom, 4mo me UlU UHble XAPAKMEPUCMUKU OO0CMAMOYHO
OOIBLULO2O HUCIA NOBMOPEHUL UTU B3AUMOOCUCBUL CAVHAUHBIX AGNeHUL NoYmu

6ce20a IULUb MAI0 OMKIOHSIOMCS OM HEKOnopblx VCDG()HeHHle COCMOSIHUL.

BoT 3Tu ycpeaqHeHHbIE COCTOSIHHS Y €CTh CTATUCTUYECKNE 3aKOHOMEPHOCTH .

Taxum obpazom, cmamucmuiecKumMu 3aKOHOMEPHOCMAMU HA3bI8AIOM 3AKOHO-
MepHocmu, Komopwle 0ojiee Uiy MeHee YCMOU4U8o NPOAGIAIOMCI NPU MACCOBLLX
NOBMOPEHUSX CAYUAUHBIX SGLEHUI.

[TocTpoeHuss MaTeMaTUYECKON CTATUCTUKKU Oa3UPYIOTCS HAa OpUHLUINAX (TIOCTY-
JlaTax) — OCHOBOIOJIATAIONIUX MPEIOKEHUSIX OMBITHOTO XapakTtepa. MOKHO BbI-
JICJIATH 1Ba OCHOBHBIX IIPUHIIMIIA MATEMAaTUUECKON CTATUCTUKU: NPUHYUN EPOSAM-
Hocmu (ONMCaHWE HAOMIOJEHUNA U CTAaTUCTUYECKUX 3aKOHOMEPHOCTEH MeTojaMu
TEOPUH BEPOATHOCTEH U CITyYalHBIX MPOIECCOB) U NPUHYUn onmumaibHocmu (om-
TUMaJIbHOCTh NMIPUHUMAEMBIX pelieHuil). Ha ocHOBe MpUHITUTIOB CTPOSATCS MaTeMa-
TUYECKUE MOJIeNIU HAONIOJEHUM U CTaTUCTUYECKUX 3aKoHoMepHocTei. Ilpu mo-
MOIIM MPUHIUIIOB (POPMYIHPYIOTCS 1EJIM U KPUTEPUU CTAaTUCTUYECKOTO BBIBOJIA.
Takum 00pa3oM, METO/I MATEMATUUYECKON CTATUCTUKU COCTOUT B MAaTEMATHYECKOM
MOJICIUPOBAHUU HAOJIOJCHUN M MCCIEIOBAHUU CTATUCTUYECKUX 3aKOHOMEPHO-
CTEW HAa OCHOBE AIPUOPHBIX IMPUHIMUIIOB, KPUTEPUEM UCTUHHOCTH KOTOPBIX SIBIIS-
€TCsl IPaKTHKa.

Jns uccnenoBaHus CTATUCTHUYECKMX 3aKOHOMEPHOCTEM B MaTE€MaTUYECKOM
CTATUCTUKE pa3paboTaHbl METOJbl OLICHUBAHMUS CTATUCTUYECKUX 3aKOHOMEPHO-
CTEM.

CymiecTByIOT CIEIYIOIINE OCHOBHBIE (DOPMBI TOCTPOEHUS OIIEHOK CTaTUCTHUYE-

CKUX 3aKOHOMEPHOCTEM.
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1. TlocTpoeHne TOYEYHOM OLEHKH CTATHCTUYECKOW 3aKOHOMEPHOCTH — 3TO

onpeaeneHue NpUOIMKEHHOI0 3HAaUeHHsI (COCTOSIHUS) CTATHCTHYECKOM 3a-

KOHOMCPHOCTH I10 PC3yJIbTaTaM U3MCPCHUA €C XapPAKTCPUCTHUK.

2. JloBepuTenbHOE (MHTEPBAILHOE) OIICHUBAHUE CTATHCTHYCCKON 3aKOHOMEP-

HOCTH — 3TO IIOCTPOCHUC cnyqaﬁﬂoro HHTCPpBAaJIa UJIN o0yacTH 1o pe3yJibTa-

TaM U3MEPEHU, KOTOPbIE MPAKTUYECKU JOCTOBEPHO COEpKaT (HaKphIBa-

IOT) OLOCHUBACMYIO 3dKOHOMCPHOCTD.

1)

2)

3)

4)
5)

3amaHue K 4acTH S5

OCHOBBI MATEMATHUYECKOU CTATUCTUKU

IIpoBecTr n3MepeHns MPAKTUYECKU 3HAYMMOW CITy4allHOW BEJINYU-
ubl (CB) X ¥ nonyuuTs BEIGOPKY H3MEPEHHI X

OO0beM BBIOOPKH B COOTBETCTBMHU C BapUAaHTOM 3aJaHuUsi BbIOpATh
u3 Tabmuiel 1. Homep BapraHTa 3a1aHusI COBIAaeT C MOPSIKOBBIM
HOMEPOM CTYJICHTA B CIIMUCKE TPYTIIHI.

3amath ypoBEHb 3HAYMMOCTH O TIO CJIEIYIONIEMY TMPAaBIIIY: IS
KQKJIOTO YETHOTO TOPSIKOBOTO HOMEpa CTYJIEHTa B CIUCKE TPYII-
el 0=0,01; ms xaxaoro Heuetnoro — a.=0,05.

BbINONHUTH TEOpETHUECKOE 0O0CHOBAHUE PAOOTHI.

[IpoBecTH MEpPBUYHYIO CTATHCTHYECKYI0 OOpaOOTKY MOTyYEHHBIX
JAHHBIX U TPEJICTaBUTHh pe3yJbTaThl B BHJE (HOpMyJ, TaOIUI U

rpaduKoB.

HpI/I IMOCTPOCHUHU I'PAHUIT UHTCPBAJIOB YUUTHIBATH CJICAYIOIMICC ITPpaBUJIO: €CIIN

nocyenHss uudpa Homepa rpymbl — YUCIO YETHOE, TO MpaBasi rpaHUIa KaXK0ro

WHTEpBaJIa IOJKHA OBITh BKJIIOUEHA B MHTEPBAJ; €CIU MocaeAHss nudpa Homepa

rpyaiibl — YHUCJI0 HCYCTHOC, TO JICBAA I'PAHHIIA KAKIOT'O HHTCPBAJIa JJOJIPKHA OBITH

BKIJIIOYCHA B MHTCPBAJ.
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Taomuna 1

No O6bem B Ne Oo0bem No O06bem BbIOOP-

BapHaHTa bIOOPKH Bapu- BBIOOPKH BapHaHTa KH
aHTa

1 48 11 33 21 50
2 43 12 40 22 48
3 50 13 37 23 42
4 47 14 38 24 41
5 49 15 39 25 46
6 45 16 36 26 34
7 35 17 34 27 49
8 47 18 44 28 35
9 44 19 41 29 31
10 42 20 32 30 40

[TepBuunyto 00pabOTKy pe3yiabTaTOB MU3MEPEHUN (MCXOAHOW BBIOOPKH)

(IyHKT 5 3aJlaHus TI0 TeMe 5) MPOBECTH B COOTBETCTBUM CO CJIEIYIONTUM aJITOPUT-

MOM:

1)

2)

3)

4)

5)

6)

7)

Ha OCHOBE BBIOOPKU M3MEPEHUI MMOCTPOUTHh BApUALIMOHHBIH psi;

Ha OCHOBE BBIOOPKM H3MEPEHUI MOCTPOUTH TOUEUHBIE U WHTEPBAJIbHBIC
OLICHKM MaTE€MaTUYECKOTO OKHUJIaHUS U JUCTIEPCUM CITyYailHOW BETUYNHBIL;
Ha OCHOBE BAPHUAIIMOHHOTO PsiJia MOCTPOUTH CTYNEHUYATYIO OLIEHKY (PyHKIHUU
pacrnpeiesieHus CIy4aitHOW BEIMUYMHBI — CTATUCTUYECKYIO (AIMIIMPUUECKYIO)
(GyHKIUIO pacnpeeneHus;

IOCTPOUTH CTATUCTUYECKUH PSILI;

Ha OCHOBE CTaTHUCTHUYECKOTO psifia MOCTPOUTH BTOPYIO OLEHKY (DYHKIIMU
pacrpeneneHus CIy4ailHON BETUYUHBI — KyMYJISSTUBHYIO JIOMaHYIO;

Ha OCHOBE CTATHCTHYECKOIO psAJia MOCTPOUTH MEPBYIO OLEHKY IUIOTHOCTH
pacupeneneHus CiIy4anHoN BEJIMYUHBI — TUCTOIPaAMMY.

Ha OCHOBE CTaTHUCTHUYECKOrO psiia IMOCTPOUTHh BTOPYH) OLIEHKY IJIOTHOCTH

pacrpenesneHus Ciiy4aiiHOM BEJIMYUHBI — ITOJIATOH YaCTOT.
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[locTpoeHune BapuaoOHHOTO psiia

Ha npakTuke BapHallMOHHBIN psAI IpencTaBisieT cOO0M HEYOBIBAOIIYIO MO-
CIIeIOBATEIbHOCTh BAPUAHTOB (X(1), ..., X(n)) — IIOCIEAOBATEIHLHOCTh 3JIEMEHTOB BbI-
OOpKH N3MEPEHUH, PaCIIONI0KEHHBIX B MOPSIKE HEYObIBAaHHUS.

[lepBelii 371eMEHT BBIOOPKH X(1) HA3bIBA€TCSd MUHHMMAJIBHBIM U 0003HA4aTh
€r0 Xmin, HOCIEIHUNA 3JIEMEHT BBIOOPKH Xy OyleM Ha3blBaThb MaKCHUMAJIbHBIM U
0003HAYaTh Xmax, PA3HOCTh MEXy MaKCUMAJIbHBIM U MHUHUMAJIBHBIM 3JIEMEHTAMU

BBIOOPKU Xmax = Xmin HA3BIBAIOT Pa3MaxoM BBIOOPKH 1 0003HAYAIOT I.

HOCTpOGHI/IG CTATUCTHYCCKHUX OLCHOK MATCMATHYCCKOI'O OKMAaHUA U JUCIICPCHU.

Cratuctuyeckue OlleHKM OCHOBHBIX YMCJIOBBIX XapaKTEPUCTHUK CIyUYalHBIX
BENUYMH (MAaTeMAaTHUYECKOTO OXKHUAAHUS U TUCIIEPCUN ) TIOJIpa3IesIOTCA Ha J1Ba
BHJIa: TOUYCYHBIC U UHTEPBAJILHBIC.

Hanomuaum onpeneneHus MaTeMaTUYECKOrO OXKUJAHUS U TUCHEPCUU IJIS
JUCKPETHBIX CITyYalHbIX BEJIMYHH.

Mamemamuueckum odxcudanuem ITACKPETHOU ciydaiiHON BermduHbl M[X]
Ha3bIBACTCS CyMMa MPOU3BEACHUN BCEX BO3MOXXHBIX 3HAYEHHUM CIIYYalHOW BEJIH-

YUHBI X, HA BEPOSITHOCTH P, 3TUX 3HAYEHUMU:

Mwhgxn

Hpyroe o603HaueHHE MaTEMATHYECKOTO OKHUIAHUS CITy4YalHOW BETUUUHBI —

Jlucnepcuen ciiydaliHOM BEJIMYMHBI HA3bIBACTCSI MAaTEMATUYECKOE OXKUJIaHUE
KBaJIpaTa COOTBETCTBYIOLIEH IEHTPUPOBAHHOW CIIy4YaliHON BEJIMYUHBI:
D[X] = M[(X-m)*]
CornacHo 3TOMY ONpPEACIICHUIO, NUCIEPCUsl TUCKPETHON CiIy4yallHOM BEJu-

YUHBI MOKET OBITh HaliJieHa 1o popMmyiie:

n

DIX] = (% ~m)?p,.

i=1



62
PaCCMOTpI/IM IMOCTPOCHUC TOUCYHBIX OICHOK MATCMATUYCCKOT'O OKUAAHUA U

JIACTIEPCUH.

HOCTpOGHI/Ie TOYCYHBIX OLICHOK

Mamemamuueckum oxxcudanuem ciydaiinoi Bennuuabsl M[X] Ha3bIBaeTcs

CyMMa IPOM3BEICHUN BCEX BO3MOXKHBIX 3HAYCHHWW CIIy4YalHOW BEJIWYMHBI X, HA

BEPOSTHOCTU P, 3TUX 3HAYCHUM:

MEX]= 3 x,p

ﬂucnepcued cnyqaﬁﬂoﬁ BCJIMYMUHBI HA3BIBACTCA MAaTCMAaTHYCCKOC OXXHNIaHKUC

KBaJIpaTa COOTBETCTBYIOIIECH HEHTPUPOBAHHOW CIIy4YallHON BEJIMYUHBI:
DIX] = M[(X-m)*] = > (x, —m) p,.
i=1

Jlucniepcus XapakTepU3yeT PACCESIHUE 3HAYCHUM CIy4alHOW BEJIWYUHBI
OKOJIO €€ MaTeMaTUYECKOr0 OXKHUIaHus (CpEeIHEr0 3HAaUECHNU).
Peanu3anus TOYEUHON OLICHKM MaTEMaTHYECKOTO OXXHMIAHHS Ha3bIBACTCS
BBIOOPOYHBIM CPEIHUM U ONpeiesieTcs o popMmyiie:
~ 1
m, = H;Xi :
JUist nucniepcuun peai3anueil TOUeYHOM OLEHKH CIIY>KUT BBIOOpOYHAs AMC-

nepcus

M UCIIPABJICHHAA BBI60pO‘IHa$I AUCIICPCHU

%2 1 n _2
" = T2 -%)

Komopas Ae6ji:1emcs H€CM€M4€HHOZZ U COCMOSIMENbHOU MOYEUHOU 01/;€HK012 ducnep—

CUU.
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HOCTpOCHI/IC HHTCPBAJIBHBIX OLICHOK

NHTEpBAIBHON HA3BIBAIOT OLIEHKY, KOTOpas OIPENENIeTCd KaK WHTEPBAI C
JIBYMsI KOHIIaMU (B OOIIEM cilydae CIy4allHbIMHU), HAKPBIBAIOIINI OIEHUBAEMBIi
napamerp.

JloBepUTENbHBIM HA3bIBAETCA MHTEPBAJI CO CIyYalHBIMH KOHIIAMH, KO-
TOPBIN C TOBEPUTEIILHON BEPOSTHOCTHIO (HAZACKHOCTBIO) f CONEPKUT (MU HAKPHI-
BAET) HEM3BECTHBIN OllCHUBAaEeMbIN mapameTp. [lockombKy KOHIIBI MHTEpBAJIA MPE-
CTaBJISIOT COOOM ClTydailHble BEJIMYMHBI, TO UX HA3bIBAIOT 008ePUMENbHbIMU 2Pa-

HUUAMU.

I/IHTepBaJ'IBHaH OLCHKAa MaTCMAaTHYCCKOI'O OKUIaHH cnyqaﬁHoﬁ BCINYHMHBI

HNuTepBasIbHOM OIIEHKON MaTeMaTrudeckoro oxuaanusi CB Ha3bIBaeTCs

CIIy4alHbIA HHTEPBAJ BUA!

~ ~

| (m)=(x-2x.t;x+2

R )

['paHMIIBI JOBEPHUTEILHOTO UHTEpBAIA I M

fi=x— -2t
' Jn=1
_ 5t
m, =X+

n-1

Peanmaunﬂ AOBCPHUTCIBHOI'O HHTCPBAJIA JJII MAaTCMATHYCCKOI'O OKUIaHU A

AMEET BUT:

i(m)=(X-——-t;X+

’ — t )
Jno o dn
I[HH HaXO0XICHUA HHTepBaHBHOﬁ OOCHKHU MATCMATHUYCCKOI'O OKUIAHUS

HGO6XOI[I/IMO BBIYUCIINTE pPCAJIU3alUIO TOYCUHOM OOCHKH CPCAHCTO KBaApaTH4dcC-

CKOT'O OTKJIOHEHHUS (peann3alnio CTaHJaPTHOTO OTKJIOHEHUS):

1 n

s= |1 $(x —x).

n—-1
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U3 Ta6JII/IH pacpeaciCHus CTBIO,Z[CHTa 10 3HAYCHUSAM N U & HAaXOAUM 3Ha-

yeHHue t,, KaKk peleHne ypaBHCHUSA:

ﬂ -BCPOATHOCTD ITPAKTUICCKHU JOCTOBCPHOI'O COOBITHS

t, -TpaHuIa MPAKTUYECKU JOCTOBEPHBIX 3HAUCHU npobu CteroaeHTa T

NHTepBanbHas OLEHKA JUCIIEPCUN CITyYaHON BETUYUHBI

WHTepBaIbHOM OLIEHKOW AUCTICPCHU CITYXKHUT UHTEpBAT Ip = (571, 57%2),
rae 671 = (Na?y )ty %o =(Nc? Yy, 1y, t, HaAXOAAT U3 TAOIHII xz—

pacrpeeseHus o BXoAaM a1, &, u (N-1).
BeposiTHOCTH @1 ¥ &, BBIYUCIISIIOT IO POpMYJIaM:
a1=(1+p)/2,
a,=(1-p)/2.
3nech [/ — noBepUTelibHas BEPOSITHOCTh, & = 1-p.

Takum 00pa3om, HHTEpBaIbHas OLIEHKA JUCIIEPCUU — ATO CIIy4alHbIA UHTEP-
BAJI BUJA!

1,(D,)=(

no’ n&z)
t, ot

Peanuzanus nHTEpBANIbHOM OLIEHKH TUCIIEPCUH — 3TO HHTEPBAII

. ns® ns’
'a(Dx):(t—, t—)-

1 2

HOCTpOGHI/Ie CTaTUCTHUYCCKOI'O psAaa

I[J'IS{ IMOCTPOCHUA CTATUCTHUYCCKOI'O psga OIPCACIIAIOT OTPE30K YHMCJIOBOU

OCH, COAEPIKAIIMI BCE DIIEMEHTHI BEIOOPKH X =(Xy,...,Xn), T.€. HHTEPBAI (Xmin, Xmax)-
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3areM HEOOXOIUMO MPOBECTH pa3OMEHHE 3JIEMEHTOB BBHIOOPKM Ha TPYMIHI (BBI-
MOJIHUTH MPOLEAYPY TPYIIUPOBKH BBHIOOPKH), TO €CTh MHTEPBAT (Xmin, Xmax) Pa3-
OUTh Ha MOJXYUHTEPBaJBI (pa3psiabl). s 3TOro HEOOXOAUMO Pa3AEIUTh TOUKAMU

1.2 a4 a bt
X', x%,...,X" JEHUCTBUTEIbHYI0 OChb Ha (| HEIepeceKarolMXcs pa3psanoB (x, ),

j=1,0, 0AMHAKOBOM JJIHHBIL.

KonudecTBO paspsamoB BeHHCIsseM 1Mo Gopmydie: q=\/ﬁ , 0=5-20, a quHy
paspsia BEIYUCISIEM 110 (opMyJIe:
I =r/q.
T[IprUeM Xmin = X°) Xmax = X

ITocne aTOrO ISl KQXKI0T0 U3 pa3psa0B HaXOIAT IPEICTaBUTENICH pa3psaaoB,

T.C. YCTaHABJIMBAIOT KOOPAHWHATHI CPCAHUX TOYCK PaA3PAA0B )_(j .

X 4+ x!
i~ T
3aTem HaxXogd4AT 4YUCJIO0 3JICMCHTOB BBI60pKI/I nJ (a6COJIIOTHaH qacToTa pasps-
1a), TOMAaaroIIuX B J-bIi pas3psaa. HakoHel, BEIYHUCISIETCS OTHOCHTEIbHAS YacTOTa
paspaap
p'=ny/n (=1.0).
Psiji OTHOCHTENBHBIX YacToT P j, (j=1,0) Ha3bIBAaeTCA CTATHCTHUECKHM psi-
JIOM.
CTaTUCTHUCCKHUI DS HEOOXOMMM JUIS YIOPSAOYMBAHHSA HH(pOpMauu u

CTPOUTCA B BUJIC Ta6J'H/II_[BI.

Cratuctuyeckue OLICHKH 3aKOHA PaCIpEeIeHUs CIIy4alHOM BETNYUHBI

[TocTpoeHne CTaTUCTUYECKUX OLIEHOK (DYHKIIUU pacrpeesieHus]

Omnupuveckoil (cmamucmuueckoi) @yukyueli pacnpeoenenuss Ha3bIBAIOT
byuknuto F*(X), onpenensromnyro A KaKA0ro 3HaYCHHUsS X OTHOCHTEIbHYIO Ya-
CTOTY COOBITHST X<X.

Cratuctuieckas QyHKus pacrpenenenus: F*(X) paccuntsiBaercs o Gpopmy-

J¢€:
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Fr(x) = Mo
n

rae N - 9uciio BAPUAHTOB (3HAYEHUI) BAPUALMOHHOTO PsAJa, PACIIOJI0KEH-

HBIX JICBEE TEKYIIETO 3HaYEHUS X BKIFOUUTEIBHO,

N — 06beM BBHIOOPKH.

N3 Teopembr bepHymu cinegyer, 4To MpU HEOTPAHUYCHHOM YBEIUYCHUH N
OTHOCHUTEJIbHAS YacToTa coObITHS X< X, T.e. F*(Xj) cTpeMUTCs 10 BEpOSTHOCTH K

F(X) aToro codpITHs, Tak Kak lim P{] p*— p‘ <e&}=1.

Otcrona cnenyer 1enecoo0pa3HOCTh UCIOJIb30BAHUSA SMIIMPUYECKON (PYHK-
MU pacHpeeseHus BbIOOPKH JUIsl MPUOIMKEHHON OLEHKH TEOpPETUYECKON (PyHK-
LMW paclpesie]IeHUs] TeHEPaTbHON COBOKYIMHOCTU. JTO MOATBEPKIAETCA TEM, YTO

F*(X) obnmamaet Bcemu cBoiictBamu F(X):

3HAYEHMSI SIMIUPUUYECKON QYHKIIMK TpUHAIEe)KaT oTpe3ky [0,1];

F*(X)- neyOpIBatomast GyHKIHUS;

€CJIU X1 - HAUMEHbIIIasg BapranTta, To F*(X)=0 npu x < xy ;

€CITU X - HanOoubIIass BapuanTa, To F*(X)=1 mpu x >= xy.
[Tpumep rpaduka cTaTUCTUYECKON (GYHKIUHU paclpeaesieHus MpeICTaBIeH Ha

puc.l.

F{x)

1.2 |

1 e |

0.8 -
06 |
0.4

0.2 4

1 1 14.32 14.61 15.48 15.78 16.21 17.08 15.09 16.43 x

Puc.1. Cratuctuueckast yHKIMS pacipeiesieHusl.
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BTopoii otieHko# (GyHKIIMHN pacipeeieHUs IBISETCS KyMYJISTUBHAS JIOMa-

Hasil.

Ilpu oocmamouno 6onvuiux 06vemMax 6blOOPKU UsMepeHUll (Haba0OeHuUll) no-

smopernue cmynenyamotl oyenku F*(X) cmanosumces neyoobnuim.

B smom cnyuae, ona nocmpoenus oyenku (ynkyuu pacnpeoenenus, yoooree

UCNONb308aMb OAHHbIE CIMAMUCTUYECKO20 pﬂda, a UMEHHO.

q
rae > p; =1
=1

Hcnonb3ys 3Ti GOpMyIIbl, MOKHO TIOCTPOHTH JoMaHyto F**(X), mpoxo-

F**(x°) =0
F**(x') = p,
F**(x*) = p+p;

* * * q *
F**(x%) = p, + P, +...+ P, = D.p;
i=1

asnyo uepes touku (X', F**(x')), j=0,q u mpuHATH ee B KauecTBe rpaduxa

olleHKHU (PYHKIMU pactpenenienus. Ee Ha3pIBalOT KyMyJIsITUBHOW JIOMaHOM.

[Ipumep pacueToB npuBeneH B Ta01.2.

Tabmuma 2
Howmep unrep- 1 2 3 4 5 6
Bajia
FI’T*‘;I‘)P;‘;‘;‘(EH' [14,01;14.74) | [14.74:15.58) | [15.58;16.32) | [16.32;17.93) | [17.93:18.71) | [18.71;19.55]
OTHOCHTENbHAs
4acTOTa UHTEP-
BaJIOB 0.18 0.16 0.16 0.16 0.16 0.16
* nJ
p; = F
F**(x) 0.18 0.34 0.48 0.64 0.84 1
3HaveHus F**(X) ams nmpumepa, MPUBEIEHHOTO B TA0. 2, BBIYHCIISIOTCS
o ¢popmyiie:

Frx(x°) = 0
Fr(x) =
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F**(x*) = p +p,.
F**(x*) = p;+p,+p;

FX*(x*) = pi+p+..4ps =1

['paduk KymyJISITUBHOM JIOMaHOM TIPECTaBIICH Ha puc.2.

F**{x)

/
T
e S R

I I I
14.01 1474 15.58 16.32 17.93 18.71 19.55 X

Puc.2. KymynsatuBHas 1oMaHas

5) ITocTpoeHne CTATUCTHYECKUX OLIEHOK IJIOTHOCTH pacnpeaencHus f(X): ructo-

rpamMmbl T*(X) u monmurona yacrot f**(X).

CraTucTuyeckoi OlleHKON (CTaTUCTUYECKUM aHaJI0roM) IJIOTHOCTH pacipe-
JICJICHUS ABJISCTCS MTOJIUTOH YaCTOT U TUCTOTPaMMa.
T'ucmoepammori Ha3bIBAIOT CTYNEHYATYI0 (UTYPY, COCTOSLIYIO M3 HPSIMO-

YTOJIbHUKOB, OCHOBAaHHMSAMH KOTOPBIX CIIy’KaT MHTEPBAIbI IIMHOK |, = X' —x" a

BBICOTA PaBHA OTHOIIEHUIO P, /|, (IIIOTHOCTH OTHOCHTENBHOM YacTOTHI).

YuuTtsIiBas CBOMCTBO IJIOTHOCTU PACIIPENEIIEHUS MOKHO 3aIUCaTh:
PO <X<x)=1(5)*; (i=1a),
rae |; — nnuna j-ro untepBana (paspsazna), f(0;)- cpennss na untepsane lj mnor-
HOCTh pacnpeneneHus f(X), Beraucisiemast B Touke 0 (CpemHsst TOUKa pa3psiaa).
3ameHsis P(Xj‘1 <X<x ) OTHOCHUTEIIBHOW 4aCTOTOM p*j CTaTUCTUYECKOTO Ps-
1, TOJIY4YUM CIIEAYIOLIee BhIpAXKEHUE I MPUOIUKEHHOTO 3HAYSHHUS f*j IJIOTHO-

CTH PacIpe/IeIICHUs] Ha pa3psie:
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f*j: p*j/ |j,
n.

J

30ech P'j =—- — OTHOCHTENIbHAs YacTOTa paspsana, |, — mmna paspsna, fj—

IUIOTHOCTh OTHOCHTEJIBHOM YacTOTHI pa3psia, | —HoMmep paspsaa ( j=1,9).

Takum 06p330M, rucrorpaMmMa OTHOCUTCIIbHBIX 9aCTOT CTPOUTCA CIICAYHOIINM
o0pa3zom: Ha ocu OX OTJIOKUM JIUTMHBI pa3psiioB ¥ Ha HUX, KaK Ha OCHOBaHMSX, I10-
CTPOMM MpAMOYTONBHHKH, MMEIOIMe TUTOMAab Pj M BHICOTY paBHyio f; (oM.
puc.3.).

[Tnomanas THCTOrpaMMBbl OTHOCUTENBHBIX YaCTOT PaBHA CyMME BCEX OTHOCH-

TCJIBbHBIX 9AaCTOT:

a q nj
=1 =
f(x)
0.3
0.25 —
0.2
0.15
0.1
0.05
0
1 2 3 4 5 6 X

Puc.3. 'ucrorpamma — o1ieHKa MIIOTHOCTH Paclpe/IesIeHUs, TOCTPOECHHAs IO OTHOCUTEINb-

HBIM 4aCTOTaM.

CriaxeHHy0 TUCTOTPAMMY OTHOCHUTEINIbHBIX YAaCTOT B BHUJIE€ JIOMAHOU JIMHUU
Ha3bIBAIOT MOJMIOHOM OTHOCHTEIbHBIX 4acToT f**(x). [ToMMroH OTHOCHTEIbHBIX

4acCTOT SABJIAETCS BTOPhIM criocobom onenku f(x). Ona cTpoutcs mo toukam (X,

f*j), (j=19) (cm. puc.4).



0,25
0.2

—~ 015
0,1
0,05

MonuroH oTHOoCUTENbHbLIX YacToT

,Aﬁ,

20

21

22 23 24 25

MpencraBuTenn NHTEPBaNoB X_j

*(x)

Puc.4. ITonuros OoTHOCUTENIBLHEBIX YaCTOT

70
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[Ipunoxenus

[Tpunoxenue 1 (MckmoueHue rpyobIx ommOoK)
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A B C D E F
1 14.01 16.63 7.5076 | 0.0144
2 14.05 16.87 7.29 0.0144
3 14.24 16.88 6.3001 0.0169
4 14.32 17.08 5.9049 | 0.1089
5 14.42 17.48 5.4289 | 0.5329
6 14.52 17.85 4.9729 1.21
7 14.55 17.9 4.84 1.3225
8 14.58 18.02 4.7089 | 1.6129
9 14.61 18.09 4.5796 | 1.7956
10 14.98 18.21 3.1329 | 2.1316
11 14.98 18.29 3.1329 | 2.3716
12 15.15 18.33 2.56 2.4964
13 15.34 18.38 1.9881 2.6569
14 15.48 18.43 1.6129 | 2.8224
15 15.49 18.58 1.5876 | 3.3489
16 15.49 18.61 1.5876 | 3.4596
17 15.56 18.62 1.4161 3.4969
18 15.71 18.81 1.0816 | 4.2436
19 15.78 19.01 0.9409 | 5.1076
20 15.86 19.01 0.7921 5.1076
21 15.93 19.06 0.6724 | 5.3361
22 15.99 19.24 0.5776 | 6.2001
23 16.16 19.25 0.3481 6.25
24 16.21 19.45 0.2916 7.29
25 16.45 19.55 0.09 7.84
2 2
e e
< 2}
a a
i i
D D
o o
150.1331
Xcp= 16.7498 ta(npu a=0,05) = 2.987
= 1.750412
Xmin= 14.01
Xmax= 19.55

Xmin>Xcp-St,

14.01>16.75-1.750412*2,987

14.01>11.5227

Xmin He aBnsieTcs rpybon ownbkon

Xmax<Xcp+St,

19.55<16.75+1.750412*2.987

19.56<21.9773

Xmax- He aBnseTcs rpybon owmbKomn




[Tpunoxenue 2

HOCTpOGHI/Ie CTaTUCTUYCCKOI'O psaa
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A B C D E F H |
2
3
4
5
6
7
8
9 CraTucTuueckas Tabnuua
NelHTepsan
a 1 3 5
16.32-
14.01-14.7414.74-15.58 [15.58-16.32 [17.93 17.93-18.71
14.375 15.16 15.95 17.125 18.32
9 8 7 8 10
0.18 0.16 0.14 0.16 0.2 0.16[§ B14/50

0.22971108
7

0.204187633

0.17866418

0.20418763

0.25523454/0.20418763(IB15/0.783

593

Makcumym 19.55
MuHVMyM 14.01
h 0.783593
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[Tpunoxenue 3

(TO‘IG‘{HBIC N MHTCPBAJIBHBIC OICHKH MaTEMAaTUYCCKOI'O OXKHJAaHH U ,I[I/ICHepCI/II/I).

| J

1
2
3
4
5 mn = 16.7109] CYMM(B3:K3)
6
7 23359 -1.5509] -0.7609 0.4141 1.6091 2.4191 B1-B5
8 9 8 7 8 10 8
9 49.10786] 19.24233 4.052782] 1.37183 25.89203 46.81636 B7"2*B8
10
11|p* = 2.989453/1/49*CYMM(B9:G9) S* = 1.729003KOPEHb(B11)
12 |p= 2.929664/1/50*CYMM(B9:G9) S= 1.711626KOPEHb(B12)
13
14
15

0.496861 16.71 0.496861 I
16

16.21314 17.20686 I
17 B5-2,032*G11/KOPEHb(50) B5+2,032*G11/KOPEHb(50)
18
19 2.989453 : 1.007248 < Ja(D,) < 1.227248)  +  |2.989453
20 1.762205 < Ja(Dx) < 4.216701
21 B11-B11*KOPEHbB(2/49)*2,032 B11+B11*KOPEHb(2/49)*2,032




MMpunoxenue 4

75

Tabauia 3Hauenuit pyukmpu O(X)= 7Ief 2 dz

A 27 0
X @ (X) X @ (x) X @ (X) X @ (x)
0,00 0,0000 0,32 0,1255 0,64 0,2389 0,96 0,3315
0,01 0,0040 0,33 0,1293 0,65 0,2422 0,97 0,3340
0,02 0,0080 0,34 0,1331 0,66 0,2454 0,98 0,3365
0,03 0,0120 0,35 0,1368 0,67 0,2486 0,99 0,3389
0,04 0,0160 0,36 0,1406 0,68 0,2517 1,00 0,3413
0,05 0,0199 0,37 0,1443 0,69 0,2549 1,01 0,3438
0,06 0,0239 0,38 0,1480 0,70 0,2580 1,02 0,3461
0,07 0,0279 0,39 0,1517 0,71 0,2611 1,03 0,3485
0,08 0,0319 0,40 0,1554 0,72 0,2642 1,04 0,3508
0,09 0,0359 0,41 0,1591 0,73 0,2673 1,05 0,3531
0,10 0,0398 0,42 0,1628 0,74 0,2703 1,06 0,3554
011 0,0438 0,43 0,1664 0,75 0,2734 1,07 0,3577
0,12 0,0478 0,44 0,1700 0,76 0,2764 1,08 0,3599
0,13 0,0517 0,45 0,1736 0,77 0,2794 1,09 0,3621
0,14 0,0557 0,46 0,1772 0,78 0,2823 1,10 0,3643
0,15 0,0596 0,47 0,1808 0,79 0,2852 1,11 0,3665
0,16 0,0636 0,48 0,1844 0,80 0,2881 1,12 0,3686
0,17 0,0675 0,49 0,1879 0,81 0,2910 1,13 0,3708
0,18 0,0714 0,50 0,1915 0,82 0,2939 1,14 0,3729
0,19 0,0753 0,51 0,1950 0,83 0,2967 1,15 0,3749
0,20 0,0793 0,52 0,1985 0,84 0,2995 1,16 0,3770
0,21 0,0832 0,53 0,2019 0,85 0,3023 1,17 0,3790
0,22 0,0871 0,54 0,2054 0,86 0,3051 1,18 0,3810
0,23 0,0910 0,55 0,2088 0,87 0,3078 1,19 0,3830
0,24 0,0948 0,56 0,2123 0,88 0,3106 1,20 0,3849
0,25 0,0987 0,57 0,2157 0,89 0,3133 1,21 0,3869
0,26 0,1026 0,58 0,2190 0,90 0,3159 1,22 0,3883
0,27 0,1064 0,59 0,2224 0,91 0,3186 1,23 0,3907
0,28 0,1103 0,60 0,2257 0,92 0,3212 1,24 0,3925
0,29 0,1141 0,61 0,2291 0,93 0,3238 1,25 0,3944

0,30 0,1179 0,62 0,2324 0,94 0,3264

0,31 0,1217 0,63 0,2357 0,95 0,3289
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Tabauia 3Hauenui pyukpn O(X)= Ie 2 dz
A 272' 0

X @ (X) X @ (x) X @ (X) X @ (x)
1,26 0,3962 1,59 0,4441 1,92 0,4726 2,50 0,4938
1,27 0,3980 1,60 0,4452 1,93 0,4732 2,52 0,4941
1,28 0,3997 1,61 0,4463 1,94 0,4738 2,54 0,4945
1,29 0,4015 1,62 0,4474 1,95 0,4744 2,56 0,4948
1,30 0,4032 1,63 0,4484 1,96 0,4750 2,58 0,4951
1,31 0,4049 1,64 0,4495 1,97 0,4756 2,60 0,4953
1,32 0,4066 1,65 0,4505 1,98 0,4761 2,62 0,4956
1,33 0,4082 1,66 0,4515 1,99 0,4767 2,64 0,4959
1,34 0,4099 1,67 0,4525 2,00 04772 2,66 0,4961
1,35 0,4115 1,68 0,4535 2,02 0,4783 2,68 0,4963
1,36 0,4131 1,69 0,4545 2,04 0,4793 2,70 0,4965
1,37 0,4147 1,70 0,4554 2,06 0,4803 2,72 0,4967
1,38 0,4162 1,71 0,4564 2,08 0,4812 2,74 0,4969
1,39 0,4177 1,72 0,4573 2,10 0,4821 2,76 0,4971
1,40 0,4192 1,73 0,4582 2,12 0,4830 2,78 0,4973
1,41 0,4207 1,74 0,4591 2,14 0,4838 2,80 0,4974
1,42 0,4222 1,75 0,4599 2,16 0,4846 2,82 0,4976
1,43 0,4236 1,76 0,4608 2,18 0,4854 2,84 0,4977
1,44 0,4251 1,77 0,4616 2,20 0,4861 2,86 0,4979
1,45 0,4265 1,78 0,4625 2,22 0,4868 2,88 0,4980
1,46 0,4279 1,79 0,4633 2,24 0,4875 2,90 0,4981
1,47 0,4292 1,80 0,4641 2,26 0,4881 2,92 0,4982
1,48 0,4306 1,81 0,4649 2,28 0,4887 2,94 0,4984
1,49 0,4319 1,82 0,4656 2,30 0,4893 2,96 0,4985
1,50 0,4332 1,83 0,4664 2,32 0,4898 2,98 0,4986
1,51 0,4345 1,84 0,4671 2,34 0,4904 3,00 0,49865
1,52 0,4357 1,85 0,4678 2,36 0,4909 3,20 0,49931
1,53 0,4370 1,86 0,4686 2,38 0,4913 3,40 0,49966
1,54 0,4382 1,87 0,4693 2,40 0,4918 3,60 0,499841
1,55 0,4394 1,88 0,4699 2,42 0,4922 3,80 0,499928
1,56 0,4406 1,89 0,4706 2,44 0,4927 4,00 0,499968
1,57 0,4418 1,90 0,4713 2,46 0,4931 4,50 0,499997
1,58 0,4429 1,91 0,4719 2,48 0,4934 5,00 0,499997



IIpunoxenue 5

Kputnueckue Touku pacnpeaenenus Xu—KBaapar

nQ 0,995

0,99 0,975 0,95

0,05 0,025 0,01

0,005

13,9271E-05
2/0,01002467
3(0,07172345
4/0,20698363
5(0,41175081

0,000157090,00098210,003932
0,020100410,05063570,102586
0,114831620,21579490,351846
0,29710681 0,4844190,710724
0,554296910,83120891,145477

3,8414555,0239036,634891
5,9914767,3777799,210351
7,8147259,34840411,34488
9,48772811,14326 13,2767
11,0704812,8324915,08632

7,8794
10,59653
12,83807
14,86017
16,74965

6/0,67573335
7/0,98925088
8|1,34440274
9|1,73491138

102,15584538

0,872083261,2373419 1,63538
1,23903171 1,6898642,167349
1,646506172,17972472,732633
2,087889422,70038873,325115
2,558198833,24696353,940295

12,5915814,4493516,81187
14,0671316,0127718,47532
15,5073117,5345420,09016
16,9189619,0227821,66605
18,30703 20,483223,20929

18,54751
20,27774
21,95486
23,58927
25,18805

1112,60320192
12| 3,073785
13/3,56504197
1414,07465883
154,60087406

3,053495723,81574244,574809
3,570551354,40377755,226028
4,106899645,00873765,891861
4,660415495,62872386,570632
5,229355916,26212297,260935

19,6751521,9200224,72502
21,0260623,3366626,21696
22,3620324,7355827,68818
23,6847826,1189329,14116

24,995827,4883630,57795

26,75686
28,29966
29,81932
31,31943
32,80149

16[5,14216425
17/5,69727365
18|6,26476587
19/6,84392333
20(7,43381136

5,812196856,90766417,961639
6,407741967,56417868,671754
7,014903428,23073729,390448
7,632697638,906514410,11701
8,260368389,5907725 10,8508

26,2962228,8453231,99986

27,587130,1909833,40872
28,8693231,5264134,80524
30,1435132,8523436,19077
31,4104234,1695837,56627

34,26705
35,71838
37,15639
38,58212
39,99686

21{8,03360214
22/8,64268062
23|9,26038309
24(9,88619866
25(10,5196471

8,8971724510,28290711,59132
9,54249443 10,9823312,33801
10,195688811,68853413,09051
10,856349412,40114613,84842
11,523951113,119707 14,6114

32,6705635,4788638,93223
33,9244636,7806840,28945
35,1724638,0756141,63833
36,4150339,3640642,97978
37,65249 40,646544,31401

41,40094
42,79566
44,18139
45,55836
46,92797

26(11,1602178
27| 11,807655
28|12,4612811
29(13,1210666
30|13,7866817

12,198176913,84388115,37916
12,878468514,57337316,15139
13,564666115,30785416,92788
14,256406216,04705117,70838
14,953464416,79075618,49267

38,8851341,9231445,64164
40,1132743,1945246,96284
41,3371544,4607948,27817
42,5569545,7222849,58783

48,28978
49,64504
50,99356

52,3355

43,7729546,9792250,89218

53,67187

3114,4577359
32/15,1340182
33[15,8151796
34/16,5012991
35/17,1917287

15,655466917,53871619,28056
16,362203418,29079120,07191
17,073480219,04666320,86652
17,789104319,80623721,66428
18,5088696 20,5693822,46501

44,9853448,2319252,19135

55,00248

46,1942449,4804453,48566/56,32799
47,3999 50,725154,7754557,64831
48,6023651,9660256,0608558,96371
49,8018353,2033157,34199(60,27459

36|17,8867503
37|18,5858845
38|19,2888188
39(19,9958261
40/20,7065768

19,232627621,33587323,26862
19,960267722,10561624,07494
20,691410422,87848924,88389

21,4261387 23,654325,69538

50,9984854,4372658,61915/61,58107
52,1922955,6679859,89256/62,88317
53,3835156,8954961,16202/64,18123

54,5722458,1200562,4280965,47532

22,164201224,433058 26,509355,7584959,3416863,69077/66,76605

41)21,4207505
42| 22,138381

22,905558825,21451827,32556| 56,942460,5605564,9499868,05263
23,650141425,99865728,1440558,1240361,7767266,2062969,33604

77



n\Q

0,995

0,99 0,975 0,95

0,05 0,025 0,01

0,005

43
44

3,5836204

2,8595681
24,310982

24,397568726,78536928,96471
25,148011727,574543 29,7875
25,901200328,36617730,61226

59,3035262,9903167,45929
60,480964,2014168,70964
61,6562265,41013 69,9569

70,61573
71,89234
73,16604

5,0413006
5,7745002
6,5106735
7,2493695
7,9908247

26,65718629,160024 31,439
27,4158207 29,9561632,26761
28,176972530,75449933,09807
28,9405947 31,5549333,93029
29,706725332,35738534,76424

62,8296166,61647 71,2015
64,0011367,8206472,44317
65,1707669,0225773,68256
66,3386570,2223674,91939
67,5048171,42019 76,1538

74,43671
75,70385
76,96892
78,23055
79,48984

0,2300184
0,9811231
1,7348945

30,475010733,16179535,59986
31,245686333,96813336,43708
32,018547834,77630337,27589

32,7934335,586332 38,1162
33,570516436,39811338,95805

68,6693272,6160377,38601
69,8321673,8099278,61563

80,74645
82,00062

70,99343 75,001979,84336
72,1532176,1920681,06878
73,3114877,3804482,29198

83,25251
84,50176
85,74906

45
46
47
48
49
50
51
52
53
54
55
56

57
58
59
60

2,4906266
3,2482311
34,008467
4,7703768
5,5343972

8,7347386
9,4810772

34,349544737,21156639,80127
35,130559338,02671640,64592
35,913510138,84352141,49198
36,698175339,661852 42,3393
37,484795640,48170743,18797

74,4682978,5671383,51355
75,6237279,7521884,73265
76,77778 80,935685,95015
77,9304982,1173787,16583
79,0819583,2977188,37943

86,99398
88,23656
89,47699
90,71533
91,95181

61
62
63
64
65

36,3004603
37,0683273

37,838301
38,6097353
39,3832265

38,273195441,303169 44,0379
39,063258442,12599244,88904

80,23209 84,476489,59122
81,38098 85,6537 90,8015

39,855087142,95030645,74135
40,64851443,775944 46,5949
41,4435539 44,6029747,44957

82,5287286,8296392,00989
83,6752488,00398 93,2167
84,8206489,17716 94,422

93,18622
94,41853
95,64919
96,87794
98,10492

66
67
68
69
70

40,1582883
40,9348768

2,4934268

F1,7135681
43,275305

42,240245645,43137448,30538
43,038356446,26099649,16225
43,838038747,09194350,02026

44,6391747,92411950,87924
45,441700148,75753651,73926

85,9649490,3488395,62559
87,1080491,5193396,82768
88,2501792,6884998,02832
89,3911993,8564899,22741
90,5312695,02315100,4251

99,33027
100,5538
101,7757
102,9961
104,2148

71
72
73
74
75

44,0584365
44,8432
45,6291399
46,4168393
47,206144

46,245639949,592165 52,6003
47,0510202 50,4279453,46232
47,857729151,264784 54,3253
48,665664352,10281955,18922
49,475121652,94191956,05405

91,6702696,18873101,6214
92,8082797,35298102,8163
93,9453398,51621104,0098
95,0814699,67838105,2019
96,21666100,8393106,3929

105,4323
106,6473
107,8619
109,0742
110,2854

76
77
78
79
80

47,9963545
48 7884731

9,5814052
0,3759668
1,1719331

50,285525853,78208656,91982
51,09731954,62332157,78646
51,9104155,46560858,65393
52,724781456,30887359,52228
53,539983157,15315260,39146

97,35097101,9992107,5824
98,48438103,1581108,7709
99,61696104,3159109,9582
100,7486105,4727 111,144
101,8795106,6285112,3288

111,4954
112,7037
113,9107
115,1163
116,3209

81

82
83

84
85

1,9690425
2,7671934
3,5668681
4,3677646
5,1695015

54,356681357,998401 61,2615
55,174275258,844652 62,1323
55,993008559,69173363,00389
56,81292560,53983363,87624
57,63390961,38876864,74937

103,0095107,7834113,5123
104,1387108,9373114,6948
105,2672110,0902115,8762
106,3949111,2422117,0566
107,5217112,3933118,2356

117,524
118,7261
119,927
121,1262
122,3244

86
87
88

5,9725781
6,7770135
7,5824596

58,455882762,23863365,62326
59,279057763,08936566,49788

108,6479113,5436119,4137
109,7733114,6929120,5909

123,5218
124,7176

60,102949263,94093567,37323

110,898115,8415121,7672

125,9123

78



nQ 0,995

0,99 0,975 0,95

0,05 0,025 0,01

0,005

89 ’58,3887624
90| 59,196327

60,9279888 64,7933968,24927
61,754018665,64659269,12602

112,022 116,989122,9422
113,1452118,1359124,1162

127,106
128,2987

91/60,0048848
92|60,8145966
9361,6251739
94162,4368531
95|63,2495125

62,580973366,50068570,00347
63,408917367,35556970,88159
64,237996968,21124771,76032
65,067608469,06761972,63976
65,898256869,92485773,51982

114,2679 119,282125,2893
115,3898 120,427126,4616
116,511121,5714 127,633
117,6317122,7152128,8032
118,7516 123,858129,9725

129,4902
130,6812
131,8705
133,0589
134,2466

96(64,0633447
9764,8777974
98|65,6934824
99(66,5099065
100[67,3275332

66,73003470,78278674,40057
67,562343971,64153675,28184
68,395712972,50090776,16378
69,229855873,36110377,04631

119,8709125,0001131,1411
120,9897126,1414132,3089
122,1077127,2821133,4756
123,2252128,4219134,6415

70,064995174,22188277,92944

135,4327
136,6188

137,803
138,9869

124,3421129,5613135,8069

140,1697

79



[Ipunoxenue 6

KpI/ITI/I‘IeCKI/IC TOYKH pacCrpeCaciCHusd CTBI—OI[GHTa

‘Incnou YpoBeHb 3HAYMMOCTH 2 (JIBYCTOPOHHSS KPUTHYECKAS 00J1aCTh)
creneHeii
caobonnt k 0,10 0,05 0,02 0,01 0,002 0,001
1 6,31 12,7 31,82 63,7 318,3 637,0
2 2,92 4,30 6,97 9,92 22,33 31,6
3 2,35 3,18 4,54 5,84 10,22 12,9
4 2,13 2,78 3,75 4,60 7,17 8,61
5 2,01 2,57 3,37 4,03 5,89 6,B6
6 1,94 2,45 3,14 3,71 5,21 5,96
7 1,89 2,36 3,00 3,50 4,79 5,40
8 1,86 2,31 2,90 3,36 4,50 5,04
9 1,83 2,26 2,82 3,25 4,30 4,78
10 1,81 2,23 2,76 3,17 4,14 4,59
u 1,80 2,20 2,72 3,11 4,03 4,44
12 1,78 2,18 2,68 3,05 3,93 4,32
13 1,77 2,16 2,65 3,01 3,85 4,22
14 1,76 2,14 2,62 2,98 3,79 4,14
15 1,75 2,13 2,60 2,95 3,73 4,07
16 1,75 2,12 2,58 2,92 3,69 4,01
17 1,74 2,11 2,57 2,90 3,65 3,96
18 1,73 2,10 2,55 2,88 3,61 3,92
19 1,73 2,09 2,54 2,86 3,58 3,88
20 1,73 2,09 2,53 2,85 3,55 3,85
21 1,72 2,08 2,52 2,83 3,53 3,82
22 1,72 2,07 2,51 2,82 3,51 3,79
23 1,71 2,07 2,50 2,81 3,49 3,77
24 1,71 2,06 2,49 2,80 3,47 3,74
25 1,71 2,06 2,49 2,79 3,45 3,72
28 1,71 2,06 2,48 2,78 3,44 3,71
27 1,71 2,05 2,47 2,77 3,42 3,69
28 1,70 2,05 2,46 2,76 3,40 3,66
29 1,70 2,05 2,46 2,76 3,40 3,66
30 1,70 2,04 2,46 2,75 3,39 3,65
40 1,68 2,02 2,42 2,70 3,31 3,55
60 1,67 2,00 2,39 2,66 3,23 3,46
120 1,66 1,98 2,36 2,62 3,17 3,37
o 1,64 1,96 2,33 2,58 3,09 3,29
0,05 0,025 0,01 0,005 0,001 0,0005
YpoBeHb 3HAYMMOCTH O
(OIHOCTOPOHHSAS KPUTHYECKAs 06/1aCTh)



[Tpunoxenue 7

K ucxmrouennro rpy0BIxX ommO0K U3MepeHUH

n\Q 0,001 0,01 0,025 0,05 0,1
3 1,414 1,414 1,414 1,412 1,406
4 1,731 1,723 1,710 1,689 1,645
5 1,990 1,955 1,917 1,869 1,791
6 2,203 2,130 2,067 1,996 1,894
7 2,377 2,265 2,182 2,093 1,974
8 2,521 2,374 2,273 2,172 2,041
9 2,643 2,464 2,349 2,238 2,097

10 2,747 2,540 2,414 2,294 2,146
11 2,837 2,606 2,470 2,343 2,190
12 2,915 2,663 2,519 2,387 2,229
13 2,984 2,713 2,563 2,426 2,264
14 3,046 2,759 2,602 2,461 2,297
15 3,102 2,800 2,638 2,494 2,327
16 3,152 2,837 2,670 2,523 2,354
17 3,198 2,871 2,701 2,551 2,380
18 3,240 2,903 2,728 2,577 2,404
19 3,278 2,932 2,754 2,601 2,426
20 3,314 2,959 2,779 2,623 2,447
21 3,347 2,984 2,801 2,644 2,467
22 3,378 3,008 2,823 2,664 2,486
23 3,407 3,030 2,823 2,683 2,504
24 3,434 3,051 2,862 2,701 2,521
25 3,459 3,071 2,880 2,718 2,537
26 3,483 3,089 2,897 2,734 2,553
27 3,506 3,107 2,913 2,749 2,568
28 3,528 3,124 2,929 2,764 2,582
29 3,548 3,140 2,944 2,778 2,596
30 3,567 3,156 2,958 2,792 2,609
31 3,586 3,171 2,972 2,805 2,622
32 3,603 3,185 2,985 2,818 2,634
33 3,620 3,199 2,998 2,830 2,646
34 3,636 3,212 3,010 2,842 2,657
35 3,652 3,224 3,022 2,853 2,668
36 3,667 3,236 3,033 2,864 2,679
37 3,681 3,248 3,044 2,874 2,689
38 3,695 3,256 3,055 2,885 2,699
39 3,708 3,270 3,065 2,894 2,709
40 3,720 3,281 3,075 2,904 2,718
41 3,733 3,291 3,084 2,319 2,727
42 3,745 3,301 3,094 2,922 2,736
43 3,756 3,310 3,103 2,931 2,745
44 3,767 3,320 3,112 2,940 2,753
45 3,778 3,329 3,120 2,948 2,762
46 3,788 3,338 3,129 2,956 2,770
47 3,798 3,346 3,137 2,964 2,778
48 3,808 3,354 3,145 2,972 2,785
49 3,818 3,363 3,152 2,980 2,793
50 3,827 3,370 3,160 2,987 2,800
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