3. JaKOH HOPAMATbHO2O PAchpedeleHlia ¢ napariempaiii d i 0. HEHPQPBIBHH.H ClIy-

qafiHad BeTHUHHA X TOTIHHAETCS HOPMATbHOMY 3AKOHY pacnpeodeneHis Ha UHCIOBOI
MIPAMOI. eCIIH OHa HMeeT INIOTHOCTE BEPOATHOCTH CIIeIVIOMIETro BHIA
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To. uro cayuaiias BemmunHa X HMeeT HOPMATbHOE pacIpeleleHne ¢ mapaMeTpa-
MI @ 0 0. 6yaeM 3amuceBarte Tak: X € N(a, 0).

Hapalx-[eIpbl d 1 O IpeacTaBIIAI0T co00I1 COOTBETCTBEHHO MaTeMaTHUeCKoe OKHIa-
HHE H CpeHeC KBa/lpaTHIHOC OTKJIOHEHHE cnyqar”moﬁ BEIHIHHEL X, T. €.

a :Mr(X), c:c(X).

Ha pucyvHKke 19 npuBeeHO ceMeficTBO KPHBHIX f{X) IUTOTHOCTEl BepOSTHOCTH HOP-
MalIbHOTO paclpeIeleHHs B 3aBHCHMOCTH OT ITapaMeTpoB & H O (xkpuevie I aveea).
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TaKke NeHTP CHMMeTpHH. IIpH yBedH4YeHHH & TpadHK cMelmaeTci BIPaBO. IIPH
VMEHBIIEHHH @ — BIeBO. IIpH YMeHBIIEHHH MapaMeTpa O MaKCHMYM ILIOTHOCTH f{X)
VBEIHUHBASTCA, [IPH 3TOM 3HAUeHHs IUIOTHOCTH B TOUKAX, JOCTATOUYHO YIANEHHEIX OT d.
YMeHBIIaeTcs, TaKk Kak IUIoIags I10J KPHBOH IUIOTHOCTH IS HOOBIX 3HAUEHHI
IIapaMeTpPOB pPaBHA eIHHHILE.

Ecma=0uo=1,1.e. X&eN(0, 1). To cooTBeTCTByIOIIee HOPMATBHOE PacIpe-
TefleHHe Ha3bIBACTCS CINaHOapPmHbIM.

3ameuyanue 1. BepoATHOCTH TOTO, YTO HOpPManbHAas CIlydaiiHas BeIMYMHA <t
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MMPUMET 3HAYCHUEC U3 NHTCPBAJIa Ii{l‘, ﬁ) , MO’)KHO BBIYHCIIMTH 11O (i)OpMYJ'IeI
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a rae ¥ — pynkuus Jlannaca.



[pumep W3 mynkra ~ Benércs crpenbba U3 Opyaus BIOJb NPAMOH - . [Ipeanonaraercs, 4o
JAIbHOCTh TOJIETa pacnpeliesieHa HOPMAJIbHO ¢ mMaTeMartndyeckum oxuganuem 1000 M U cpenHum
KBaJpaTUYECKUM OTKJIOHeHHeM 5 M. Onpenenuts (B IPOLEHTAaX) CKOJBKO CHApsIOB YHNAIET ¢
nepenérom ot 5 10 70M.

Pemenne: B 3ajaue pacCMAaTpPUBAETCS HOPMAJBbHO paclpeneiéHHas cilydaiiHas BeIMUMHA -1 —
NaTBHOCTH TONETA CHAPANA, M TI0 YCIOBUIO % = 1000, =5

a=1005 6=1070

Tak kak peub HUAET O nepenéme 3a 1iedb, TO Breraucimum

P(1005 < X <1070)

BEPOSITHOCTD — TOTr'0, YTO CHAPSJ YyNAAET B Npeenax dTOU TUCTaHIUH

FI005 < X <1070 = @(M} - @(M] = B D) = 05-0,3413=10,1587
OtBeT TpebyeTcs 1aTh B MPOLIEHTAX, TO3TOMY PACCUUTAHHYIO BEPOSITHOCTh HY)KHO YMHOXHUTH Ha 100:

— c nepenérom ot 5 1o 70 m ynanér npumepso 15,87% cHapsiios.

3ameuanue 2. BCpO?ITHOCTB TOT'0, YTO C.B. OTKJIOHHUTHCA OT CBOCIro Mar€MaTH4YCCKOIo OXXHAaHUA

Pllx -a| < 8)= 2@(%] |

He Gornee ueM Ha O BBIUECIAETCS 11O HOPMyIIe

[pumep . JnameTp moAMMITHUKOB, U3TOTOBJICHHBIX HA 3aBOJIE, IPEACTABISET COOOU CIIydailHyIO
BEJIMYHMHY, PACHPEACICHHYI0O HOPMaJbHO C MaTEMaTHYeCKUM OXHJaHueM 1,5 cM U cpemHum
kBajipaTudeckuMm otkjgoHeHuem 0,04 cm. HailTu BeposSTHOCTH TOro, 4TO pa3Mep Hayraja B3STOTO
MOAIIUITHIKA Kosiebnercsa ot 1,4 1o 1,6 cm.

Pllr-15=01)= 2@[%] = 2(2,5) = 2- 0,4938 = 0,9876

— BEpPOSTHOCTb TOrO, YTO JAMAMETP Hayraj
B3STOr0 IMOJAIINITHUKA OTIIMYaeTes ot 1,5 cM He 6onee yem Ha 0,1 cwm.

HDaBI/IJIO «TPpEX CHUI'M). HpaKTI/I‘ICCKI/I JIOCTOBCpHI)IM ABIIICTCA TOT (baKT, qToO HOpMaJIBHO
AT, a + 3T

pacrpesenéHHas clydaifHas BEIMUMHA <L IIPUMET 3HAYCHHE U3 IPOMEXKYTKA G

HopwmanbHoe pacripe/iejieHre SIBJsIeTCs HamOoJiee BasKHBIM pacrpesiefieHUeM HeIpPePhIBHBIX
CIyJallHBIX BeJIMYMH. MHOXKECTBO fABJIEHUU B NPAKTUYECKOW >KU3HU MOKHO ONHUCATh C IIOMOIIBIO
MO/IeJTI HOPMAJIBHOTO pacipeziesieHusA. Hampumep: pacipeziesieHue BBICOTHI /I€peBbEB; IUIOMIAZEN
CaJI0OBBIX YUaCTKOB; MACChI JIIO/Iel; JIHEBHOU TEMIIEPATYPhI U T.II.

HopmaJsibHOE pacmpe/iesieHre UCIOIb3YeTCsl U JJIs1 PENIeHHsI MHOTHUX ITPO0JIEM B 9KOHOMUYECKOHN
»)ku3HU. [To HOpMasTPHOMY 3aKOHY paclpeiesisercs, HallpuMep, YHUCJIO JIHEBHBIX IIPOJIa’K B MarazuHe;
YHCJIO TIOCETUTEJIEN YHUBEPMAra B HEJIENII0; YHCJIO pAOOTHUKOB B HEKOTOPOU OTPaCIv; 0O'beMBI BBIITYCKa
MIPOAYKIIUU HA MIPENPUATUH U T.J.

§17. 3akoH 00JbIINX YHCET

[MpakTHka N3y4eHUs CIydaliHbIX SBICHUH IMOKA3bIBAET, YTO XOTS PE3YJILTAThI OTICIbHBIX HAOIIOICHUH,
Jlake MPOBEJCHHBIX B OJUHAKOBBIX YCIOBHUSAX, MOT'YT CHJIBHO OTJIMYAThCA, B TO e BPEMs CpEIHUE PE3YNbTaThl 1JIs
JIOCTaTOYHO OOJIBIIIOTO YHCIIa HAOIIOICHNI YCTOWYMBEI U €100 3aBUCAT OT PEe3yJIbTaTOB OT/ICIFHBIX HAOIIOCHUH.
TeopeTnueckuM 000CHOBaHUEM ATOTO 3aMEUaTEILHOIO CBOMCTBA CITyYalHBIX SIBIICHUH SIBIISIETCS 3aKOH OOJIBIINX
yycest. OOmuii CMbICI 3aKOHA OOJBIIMX YHUCEN - COBMECTHOE JIEUCTBHE OOMBIIONO YUCIa CIIy4alHbIX (aKTOPOB
MPUBOJUT K Pe3yJbTaTy, IOYTH HE 3aBUCSAIIEMY OT ciydas. DTO MO3BOJIAET IPEABUACTD X0 SABJICHUH.



3aKkoH OOJNBIINX YMCeT — ATO 0000IIEHHOE Ha3BaHUE HECKOIBKIX TeOpeM (K HUM OTHOCSITCSI TEOPEMBI
YeObimeBa u bepHyIum), U3 KOTOPBIX CIIEAYET, YTO IPU HEOrPAHUUSHHOM YBEITMYCHUH YMCIIa UCTIBITAHUH CpeTHIE
BEJIMYUHBI CTPEMSATCS K HEKOTOPBIM TIOCTOSIHHBIM .

BcnomorarensHoe HepaBeHCTBO UeObleBa, 0 KOTOPOMY YCTaHABIMBASTCS BEPOSTHOCTD OTKJIOHEHHsT X OT
€€ MaTeMaTH4eCKOr0 OXKHUIaHUS:

POX - MIX] < 21— 2L

HepaBeHCTBO YeoOniena JacT OLICHKY BECPOATHOCTH COOBITHS JUISL CHy‘IaﬁHOﬁ BCJIMYUHBI, paClpeacjICHUC KOTOpOﬁ
HCEU3BCCTHO, U3BCCTHHI JIMIIb €€ MaTEMATUYCCKOC OKUJAHUEC U AUCIICPCUA.

Ipumep. YerpotictBo cocrout u3 100 He3aBUCUMO pabOTAaIOMIMX IEMEHTOB. BeposTHOCTH 0TKa3a KaXKI0ro
snemenTa 3a Bpemst 1" paBta 0,03. OLEHHTH BEPOSTHOCTD TOI0, YTO a0COTIOTHAS BETMUMHA Pa3HOCTH MEKITY
YHICIIOM (MaTeMaTH4ecKOM OXKHIaHHEM) OTKa30B 3a BpeMsi I OKa)XeTcsi: a) MEHbIIIe IBYX; 0) He MEHBIIIE JIBYX.

Pemienue. a). O603HaunM yepe3 X yucio oTkazaBIumx deMenToB 3a Bpemst 1. Torma M X] =np =100
20,03=3u D[X]=npg=100?0,03?0,97 =291 (cm. mpumep ). Bocrionbzyemcs HepaBeHcTBOM UeObliiesa:

P{IX - M[X]| < & >1- ‘ZE—X]

£
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0). CoObITHS 5 MIPOTUBOIIOIOKHEI, TO3TOMY CyMMa MX BEPOSITHOCTEH paBHA
enunuie. CienoBaTebHO,

P{|X —3| = 2} <1-0,27 = 0,83.

Teopema. (3axoH Oonbinx uncen B popme YeOblmiesa)

Ecimu pucnepcin HE3aBUCHMBIX CIy4alHBIX BEJMYMH Xji,...., Xn OFPaHMYEHBI OJHON KoHcTaHToil C, a
YHUCJIO UX JOCTaTOYHO BEJIMKO, TO KaK YrOAHO ONM3Ka K €IMHMIE BEPOSITHOCTH TOTO, YTO OTKJIOHEHHWE CpeaHel
apudMeTnyecKol ITHX CIy4alHBIX BEJIMYMH OT CPEAHEH apUMETHUECKOW MX MaTEMaTHYCeCKUX OXUIAHWH IO

a0COIOTHOM BeTMUMHE OYJEeT CKOJb YTOJHO MAJIO, T.C. JIISl TAHHOTO MOJIOXKHUTEIBHOTO YHCHIA € , KAKUM Obl MaJTbIM
XyttX,,  M(X))+-+M(X,
1n n (1)n (n)<£)=1

OHO HH ObUTO:  lim,, ., p (

CymHocth _Teopembl YeObmiesa CpemHee apu(MeTHUecKoe -t GONBIIOr0 YHCIA HE3aBHCHMBIX
ciydaitupix BemmuuH (Xi; Xp, ... Xp), fABISSICH CiydaifHOW BEJIMYMHON, (DaKTHYCCKH YTPAuMBACT XapakTep

CIY4YaliHOCTH, CTAHOBSICb HEU3MEHHOM KOHCTaHTOM M{X) . DTa KOHCTaHTa paBHA CPeTHEMY apH(METHUECKOMY
MareMaTHYeCKuX OXuAaHuii BeamdauH (X1; X,, ... Xj). B 3TOM M COCTOUT 3aKOH OOJIBIITHX YHCEL.

IIpumep . Kak u3BecTHO, Ta3, MOMEIIEHHBIN B 3aKPBITHIA COCY/, OKa3bIBACT JABJICHHE HA CTEHKH COCY/Ia.
CoracHo 3aKOHaM Ta30BOT'0 COCTOSHUS, TTPH HEM3MEHHOM TeMIlepaType rasa 3TO JaBJeHUe TTOCTOSIHHO. [{aBieHne
raza MMeEeT CBOCM MPUYMHOW XAaOTHUECKUE YyAapbl OTACIBbHBIX €ro MOJEKYJI O CTEHKH cocyna. CKopocTH u
HaIpaBJICHUS] JBHKEHHUS y BCEX MOJIEKYJ pa3Hble, MMO3TOMY DPA3HBIMH SBISIOTCS W CHIBI YIApPOB Pa3THUHBIX
MOJIEKYJI O CTeHKHU cocyna. OHaKo JaBJICHUE ra3a Ha CTEHKHU COCYJa OMPENeIsieTCs] He CUIJION yAapoB OTACIbHBIX
MOJICKYJI, a UX cpedneti cmiioii. Ho oHa, Kak CpemHsss W3 OrPOMHOTO YHCJIAa HE3aBHCHMO ICHCTBYIOIIMX CHII,
COTJIACHO 3aKOHY OOJIBIINX YHCes, Oy/IeT COXPaHsITh MPAKTHYSCKH HEM3MEHHOEe 3HaueHue. [1oaToMy mpakTHuecKu
HEW3MEHHBIM OKa3bIBACTCS U JABJICHHE ra3a Ha CTCHKU COCY/a.

Teopema bepnysum. Ecii B KaXIOM M3 T HE3aBHCHMBIX HCIBITAHUA BEPOSTHOCTh  IOSBIICHUS
CO6BITI/I)1 A IMOCTOAHHA, TO KaK yroaHo 6JII/13K3, K €AMHULIC BCPOATHOCTH TOI'O, YTO OTKIIOHCHUC OTHOCHUTEILHOMN
YaCTOTBI OT BEPOSTHOCTH ' MO aOCONIOTHOW BenWUYWHE OyNET CKOJMb YrOIHO MAllbIM, €CJIM YWCIIO HCIBITaHUN



JOCTATOYHO BEJIMKO. JIpyruMu ciloBaMH, €CIM & CKOJb YIrOJHO Majloe IIOJOXKHUTEIbHOE 4YHCIO0, TO IpHU
COOJIIO/IEHNH YCIIOBHH T€OPEMBI IMEET MECTO PABEHCTBO
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TeOpeMa BepHyJIJ'II/I 06'B$[CHHGT, MMo4YeMy OTHOCHUTCJIbHAad 4YacCcTOTa IIpyd JOCTATOYHO 6OHBHIOM YUCJie

HUCIBITaHUI o6na;1aeT CBOMCTBOM YCTOfIQHBOCTH U OIPaBABbIBACT CTATUCTUYICCKOC OIIPECACICHHUE BECPOATHOCT U

3aKoH OONBIIMX YHCEIN JICKHUT B OCHOBE PA3JIMUHBIX BHIOB CTPAaXOBaHUS (CTpaXOBaHME )KU3HH YEIOBEKa Ha
BCEBO3MOXHBIE CPOKH, IMYILIECTBA, CKOTA, TIOCEBOB H IP.).

[Ipy nnaHUpOBaHMM AaCCOPTHMEHTA TOBApOB IIMPOKOrO IMOTPEOJICHUS YUMTHIBACTCS CIPOC HAa HHUX
HaceleHus. B aToM cripoce nposiBisiercs [eiicTBUe 3aKOHA OOBIIMX YUCETL.

IlenTpanbHas npeaebHasi TeopemMa
(Teopema JIsmyHoBa)

Ecnu cnywaiinas Benmunna X mpeacTaBisieT co00i CyMMy O4€Hb OOJIBILIOTO YHCIa B3aUMHO HE3aBUCHMBIX
CJIy4allHbIX BEJIMYMH, BJIMSIHUE KAXKJIOM U3 KOTOPhIX HAa CYMMY HUYTOXHO MaJjlo, TO X UMEET pacupeieiCHUE,

0JIN3KOE K HOPMAIILHOMY.

Teopema JlsmyHoBa OOBSACHSAET MIMPOKOE PACHPOCTPAHEHHE HOPMAJIBHOIO 33aKOHA pAaCIpefeieHHUs U
HOSICHSIET MEXaHU3M ero oOpa3oBaHus. Teopema MO3BOJISIET YTBEPIKAaTh, YTO BCEIAa, KOTa ClydaiiHas BeIMYUHA
o0pasyeTcs B pe3ysibTaTe CIOKEHHs OOJIBIIOTO YKMClia HE3aBUCUMBIX CIYyYalHBIX BEJIHMUYHMH, JUCIEPCHH KOTOPBIX
MaJIbl II0 CPAaBHEHUIO C AMUCIIEPCUEN CYMMBI, 3aKOH pacHpelesieHUs 3TOM CIIy4alHOM BEIMYMHBI OKa3bIBACTCS
MPAKTUIECKA HOPMAIILHBIM 3aKOHOM. A TIOCKOJIBKY CIIydailHble BEJIMYHHBI BCETAAa MOPOKIAAIOTCS OECKOHEUYHBIM
KOJIMYECTBOM IPUYUH M Yalle BCETO HU OJHA M3 HUX HE MMEET TUCIEPCHH, CPABHUMOH C AMcCIepcHed camou
CIlyJallHOM BEJNIMYUHBL, TO OOJBIIMHCTBO BCTPEUAIOIIMXCS B TPAKTUKE CIYYalHBIX BEIMYUH ITOTYMHEHO
HOpPMAaJIbHOMY 3aKOHY pacIIpe/eJICHNUS.



