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1. HOPMAJIBHBIN 3AKOH PACIIPE IEJIEHUS
HENPEPBIBHOM CJOYYAMHOM BEJIUYUHBI

1.1. HopMmasbHbIil 3aK0H pacnpeneaeHus (3axkon 'aycca) Hau-
Oosee yacTto BeTpeuyaercs Ha npakTuke. OH MOSBISETCA B TEX CIydasX,
KOTJJa HEMPEPBHIBHAS CIIy4alHAasl BEJIUYMHA SBJISIETCS PE3YJIbTATOM BIIHS-
HUSI 00JIBIIOr0 YKcia (PaKTOpOB.

IIpuMepsl CiydaHbIX BEIWYUH, UMEIOLIUX HOPMAJIbHBIA 3aKOH
pacrpeneneHus: OMOK U3MEPEHUH; OTKJIOHEHHUS MNP CTpesibOe; OT-
KJIOHEHUE Pa3MEpPOB JAETalel OT HOMUHAJIbHBIX IPU UX HU3TOTOBIICHUU;
pocCT, BEC JIIOJIEH; TeMIlepaTypa BO3yxXa, Tejla, 00beKTa U T.I1.

1.2. IlnoTHOCTH pacupeaeseHuss BepossTHOcTel (auddepenuu-

aJbHast QYHKUUS pacnpeaejaeHus) UMEET BU:
(=m)
1

2

— 20

Sy (x) o \/Ee )

rie m U ¢ - MapaMeTpbl HOPMAJIBHOTO pacnpeneneHus: m=M(X) - ma-

TEMAaTUYECKOE OKHUJIaHUE clydalHoW BeauuyuHbl X, o=o(X) - cpeaHee
KBaJpaTUYECKOE OTKJIOHEHUE.

Ecnu mapametpsl pactipenesneHusi U3BeCTHbI, (YHKIUS fy(X) MO-
HOCTBIO ompeseneHa. i COKpalieHHON 3aucu TOro, YTo HelpepbiB-
Has cJy4yailHas BeJM4uHa X UMeeT HOPMAJIbHBIN 3aKOH pacipene-
JIEHHsI ¢ MmapaMeTpamMM m M O, TPUHITO YCIIOBHOE 0O0O3HAUYEHUE
X~N(m,o).

['paduk ¢yHKUMHU fy(X) HaA3BIBAETCS HOPMAIbHON KPHUBOW WIIH
kpuBoii ['aycca (puc.1).

OyHKUHUS fy(x) 1 HOpMAJIbHAsE KPUBAsi UMEIOT CJIEAYIOIINE CBOMCT-
Ba:

1) O6nacthb onpeneneHust PyHKIMH fy(x) - BCS YUCTIOBAsS OCh (-oc; +oC);
2) @yHKUHS fy(X) MOXKET NPUHUMATH TOJIBKO TOJOKHUTEIIbHBIE 3HAUe-
HUs: fy(x)>0, T.e. HOpMaJIbHas KpHBas pacnoyiokeHa Haj ockio Ox;

3) Ocsb Ox - ropu30HTaIbHAS] ACUMIITOTa HOPMaJIbHON KPUBOM;

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com

4) HopmanbHas KpuBasi CHMMETPUYHA OTHOCUTEIBHO IPSIMOM X=m1;
5) Ilpu x=m HOpMaJIbHAsi KPUBASI UMEET MAKCUMYM:
1 0,3989

~

fN(m):G\/E o

6) Ilpu x,=mtoc HOpMalbHAs KpUBas UMEET MEPeruo:
10,2420

~

fN(xn):G\/% o

1.3. UnTerpanbHasi (pyHKUUSA pacnpedeieHUs BEPOATHOCTEM HOP-
MQJIBHOM CIIy4YallHOW BEJIMYUHBI:
x o _(emf
1 By
'f e 7 dx.

oN2m

Fy(x)=

['paduk pynkumum Fy(Xx) npuBeaeH Ha puc.2.

CBoiicTBa MHTErpadbHON (PYHKIMU paclpeieeHus HOPMAIbHOU
CIIy4YaliHOW BEJIMYUHBI:

1) ®yukuus Fy(x) ecTb HEyObIBaroIIas U HEMpepbIBHAS (DYHKIIUS;

2) @yukuus Fy(x) ecTb HeoTpuUaTeIbHas! QYHKIMS, 3aKITIOUCHHAs
MEXIy HyJileM U eauHuieit: 0<Fy(x)<1;

3) Fn(—o9) =0; F(+o0) = 1;

4) TTpu x=m pynxuus Fy(x)=0,5.
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m-3o m-oc m m+o m+3c x
Puc.1. Hopmanbhas kpuBas wiu kpuBas ['aycca (rpaduk rmioTHOCTH pac-
MPENEIEHUST BEPOSITHOCTEN CIYYaWHOU BEJIWYHUHBI, UMEIOLIEH HOpMallb-
HBIN 3aKOH pacnpeaeaeHus)

Fy(x)
1,0

0,5

m-3o0 m m+3c Xx
Puc. 2. I'paduk mHTErpambHOil (QYHKIHMH pacrpeiesieHus BepOsTHOCTEN
JUTSL CITy4yailHOM BeTMYUHbBI X~N(m;0)
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1.4. YncaoBble XapaKTEPUCTUKHA HOPMAJIbHOW CIIy4YalHOW BEJIUYWHBI:
MaremaTn4yeckoe OXUJaHHME, MOJAa U MEAMAHA COBHAJAIOT U
PaBHBI m:
M(X)=Mo=Me = m.
Jucnepeuss D(X) =o°.
CpenHee kBaapaTuieckoe OTKJI0OHeHUe o(X)=0.
Kos¢ppuuuent accumerpuun A=0.
Kosdpdunuent 3xcuecca =3, akcuecc E=g—3=0.

1.5. BeposiTHOCTh MONagaHUsA B 3aJAHHBIA UHTEPBAJI: BEPOATHOCTH
TOr0, 4YTO HOpMAaJIbHAs Clly4yaiiHas BeJMYMHA X TIONAJET B 3aIaHHbIN
uHTepBai (a, f), paBHa:

Pla<X< ﬁ):@(ﬁ%’"j—q{“‘ﬂ,

(o)

rae @(z) - pynkuusa Jlammaca. CBolictBa pyHkiuu Jlamiaca npuBe1eHbI
HIDKE (CM. 11.2).

1.6. BeposSITHOCTH 3aJaHHOI0 OTKJIOHEHHUA: BEPOATHOCTH TOTO, YTO
HOpMaJlbHas CllydaifHas Beau4yrHa X OTKJIOHUTCS OT MaTEMaTHYECKOTO
OKUJIaHUS Ha BEJIMYMHY, MEHBIIIYIO O, paBHa:

P(X —m|<5)= 2@(5}

o

1.7. IIpaBuio «3o». Eciu ciyyaitHas BenuunHa X ©UMEET HOpMaJbHBIN
3aKOH pacHpeAesieHus], TO IPAaKTUUYECKU JOCTOBEPHO, YTO BCE €€ 3Haye-
HUS HaxoasTcs B ""Tpex-o’ unrepnane (m-3 o, m+30):

P(X —m|<35)=0,9973.

INPUMEP 1. Haiitu wunHTerpasnibHyto u auddepeHiuaibHyo
(YyHKLIMM pacrnpenesieHus, eCiau HenpepbiBHAs CiaydyaiHas BeauduHa X
MMEET HOPMAaJbHBIA 3aKOH PacHpeelICHUsI ¢ mapaMerpamu: m=3, o=4.
[TocTpouTh HOPMaJIbHYIO KPHUBYIO M rpaUK HHTErpabHONW (YHKIIHMU
pacnpenenenusi. Hailtu uncioBble XapaKTepUCTUKH.

Pemenue. ITn0THOCTE pacnpenenenus: BeposiTHocTel (auddepen-
nuaabHask QyHKIUS pactpeeieHus1) UMEET BU:
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1
e 2 = e

o217 4~/ 21

S (x)=

WuTerpanbHas QyHKIUS pacipeieIcHus:
(x—m)2 X (x—3)2
1 1

o _J;) e 2 dx= om :f e 2 g

o0

JI71s1 OCTpOEHMST HOPMaIbHON KPUBOM HCIIOJIB3YEM CBOMCTBA (PYHK-
WU fr(X) 1 IPaBUIIO «30» :
1) O6nacthb onpeneneHus: PyHKIUH fy(x) - BCS YUCIOBAs OCh (-oc; +oc).
2) Tak kak QyHKUMS fy(X) MOKET MPUHUMATH TOJBKO MOJIOXKUTEIbHbIE
3Ha4YeHusl fy(x)>0, TO HOpMaJibHas KpUBas PacrojioKeHa HaJ OChIO
Ox.
3) Ocsb Ox - ropu3oHTaNbHAS ACUMIITOTa HOPMaJIbHOM KPUBOM.
4) HopmanbHas KpuBasi CAMMETPUYHA OTHOCUTEIBHO MIPSAMON X=m=3.
5) IIpuOanu3uTENBHO BCE 3HAYEHUS X 3aKJIIOYEHBI B TPEXCUTMOBOM HH-
tepBane: [m—-3 o ; mt+3o]=[3-3-4; 3+3-4]=[-9; 15].
6) IIpu x=m=3 HOpMabHas KpUBasi UMEET MAKCUMYM:
10,3989

Fy(x)=

(m) = =0,099.
I ov2r
7) llpu x,=m+to =31+4=-1;7 HOpMmabHas KpUBasi UMEET MEePEruo:
In(x,)= L0220 060s.
o+ 2rme

['paduk dynkumm fy(x) (HopMajibHas KpUBas) NPEICTaBJICH Ha pUC.3.
st mocTpoenus rpadyka MHTErpaibHON (YHKIIMU pacrpeserne-
HUS UCTIOJIb3YIOTCS CBOMCTBA PYHKIMHU F)(X) U TpaBUiIo «3 o»:
1) ®ynkiusa Fy(x) ecTb HeyObIBarolasi U HeMpepbiBHAS HYHKITUS.
2) @yukuus Fy(x) ecTb HeoTpuUaTeIbHas QYHKIMS, 3aKII0OUCHHAs
MEXITy HyJileM U eauHuieit: 0<Fy(x)<1.
3) Fy(—) =0; Fn(+o0) = 1.
4) Ipu x=m=3 pynkuusa Fy(x)=0,5.
5) IIpubAU3UTENHLHO BCE 3HAYCHHUS X 3aKIIOUYEHBI B TPEXCUTMOBOM
uHrepBaiie: [m—3 o ; mt3o]=[3-3-4; 3+3-4]=[-9; 15].
['paduk pynkuum Fy(x) npuBeaeH Ha puc.4.
HuciioBele XapaKTEpPUCTUKA HOPMAJIBHOM CIIyYalHON BEJUYUHBI:
MaremaTuueckoe oxxkuaaHue, moja u meauana: M(X)=Mo=Me= m=3.
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In(x)

0,12 —

0,1 -

0,08

\ |
-10 0 10 20

X
Puc. 3. HopmanbHas kpuBas [1uist ciiydaiiHoN BenuuuHbl X~N(3;4)

Fy(x)

0.8 —

0.4 —

Puc. 4. I'paduk uHTErpanbHON QYHKIIMU pacipeaeICHUs] BEPOSTHOCTEN JJIs CIydai-
HOM BenmnuuHbl X~N(3;4)
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Juctepcus D(X) =o°=16.

Cpennee KkBaJipaTuuecKkoe OTKJIOHeHUE o(X)=0=4.
Koadpdpuuuent accumerpuu 4=0.

Koaddunuent akcnecca =3, skcuecc E=¢g-3=0.

2. ®YHKIIUS JAILIACA. EE CBOMCTBA

2.1. ®yuxkuus (MHTErpasa BepositTHocTei) Jlanimaca nmeer BUA:

i
2

D(x) =

O'—;X

['paduk ¢pynkuuu Jlamnaca npuBeeH Ha puc.S.

Oynkiua D(x) TabynupoBaHa (cM. Tadi. 1 npunoxenunit). Js
NPUMEHEHHS 3TOM TaOJIUIIBI HY>KHO 3HATh cBoiicTBa pyHkuum Jlanja-
ca:

1) ®yukuus @(x) HeuetHas: D(-x)= -D(x).

2) ®ynHkuusa @(x) MOHOTOHHO BO3pacTaroIiasl.

3) @(0)=0.

4) O(+00)=0,5; D(-00)=-0,5. Ha mpakTHKe MOKHO CUUTATh, UTO MIPU X>5
bynkiua @(x)=0,5; npu x<-5 bynkiua @(x)=-0,5.

2.2. CymectByert npyrue ¢hopmbl pynkiuu Jlamnnaca:

a(x) I sz o z(x)z e dz.
0

#

B otnuume ot 3tux gopm dyHkius D(x) Ha3bIBaeTCs CTaHAAPTHOU
uiu HopmupoBaHHOM dyHkiuen Jlammaca. OHa cBsA3aHa C APYTUMH
dbopMaMu COOTHOIIICHUSMU:

D(x) = 0,5D(x); D(x)=0,5D(x/~2).
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>

D(x) 1

0.5

l

Puc. 5. I'papuk pynkuuu Jlamnaca

10
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IHPUMEP 2. HenpepsiBHasg ciaydaiiHas BenuuuHa X HMEET HOp-
MaJIbHBIM 3aKOH paclpelesieHus ¢ napamerpamu: m=3, o=4. Halitu Be-
POSITHOCTBH TOTO, YTO B PE3YJIbTATE UCIBITAHUS Cly4daiiHasi BenuyuHa X:
a) MpuUMeET 3Ha4YeHHUeE, 3aKJIF0YEHHOE B MHTEpBaje (2; 6); 0) mpuMeT 3Ha-
YeHUEe, MEHbIIIE 2; B) MPUMET 3HadYeHue, Oombiie 10; r) OTKIOHUTCS OT
MaTEMaTHUYECKOTO OXKUJAHUS HAa BEIUUYUHY, HE MpeBbiaronyto 2. IIpo-
WUTIOCTPUPOBATH PEUICHUE 3a1a4M rpadrUUecKu.

Pemenne. a) BepodatHOCTh TOr0, UTO HOpMaJibHas ClTydaiiHasi BEJIM-
yyuHa X monajeT B 3aJlaHHbIN uHTEpBal (o, ), Tie a=2 u =6, paBHa:

P2<X<6)= @(ﬁ—mj_@(a _mj = @(Ej_@(ﬂj =
o o 4 4

= @(0,75)—D(-0,25) = @(0,75)+ @(0,25) = 0,2734 +0,0987 = 0,3721.

3navenus ¢pyHkuuu Jlammaca @(x) onpeaenstor no Tabuuile, Npu-
BEJICHHOM B MPWJIOKEHUH, YUUTHIBasI, 4TO P(—x)= —D(x).

0) BeposTHOCTH TOro, 4TO HOpMajbHAas Ciay4yaiiHass BeludyrHa X
OPUMET 3HAYCHUE MEHbIIE 2, paBHA!

3

P(X <2)=P(-0< X <2)= qb(%j —®(—0)=-®(0,25)— D(- ) =

= @(+0)—@(0,25)=0,5-0,0987 = 0,4013.
B) BeposTHOCTH TOro, 4To0 HOpMajbHas ciay4yaiHass BeluuynHa X
npuMeT 3HaueHue oompie 10, paBHa:

P(X >10)= P10 < X < +o0)= ®(+ oo)—qb($j = D(+0)-d(1,75) =
=0,5-0,4599 =0,0401.

r) BepoaTHOCTh TOro, 4TO HOpMaJIbHAsl Ciiy4yaiiHas BeJndrHa X OT-
KJIOHUTCA OT MaTEMaTU4YECKOro OXKHJAaHWS Ha BEIMYMHY, MEHBIIYIO
0=2, paBHa:

o 2
P(X —m|<2)=20| < |=20 < |=20(05)=2:01915=0383.
o
C reoMeTpHyecKOM TOYKHM 3pPEHMS, BBIYHMCIICHHBIE BEPOSTHOCTH

YUCJICHHO PaBHBI 3alITPUXOBAHHBIM TUIOMIASAM T10]T HOPMAJIbHOW KPH-
BOH (CM. pucC.6).

11
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Jn(x)

0,012 [

P(2<X<6)

P(X<2)

P(X>10)

Jn(x)

0,012

0,01 \ P(|X=3|<2)=P(1<X<5)

1 5

Puc. 6. HopmanbHas kpuBas [uist ciiydaiiHON BenuuuHbl X~N(3;4)

12
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INPUMEP 3. [IpousBoauTcs u3MepeHre q1uameTpa Bajia 0e3 cucrteMa-
TUYECKUX (OJHOTO 3HaKa) omuoOoK. CiiydailHbIe OMMOKH U3MEPEHUSI
NOJYUHEHBI HOPMAJILHOMY 3aKOHY pacIlpeIelIeHus: CO CPEAHUM KBaJipa-
TUYECKUM OTKJIOHEHUEM 10 mMm. HaliTh BEpOSITHOCTB TOTO, UTO U3MEpE-
HUE OYyJIET MPOU3BEACHO C OIIMOKOM, HE MPEBBILIAIONIEH 10 aOCOIIOT-
HOM BeIW4YHuHE 15 MMm.

Pemenue. MateMaTUueCKOe OXHUJAHUE CIyYalHBIX OIIMOOK PaBHO
Hymo m=0. Torga BepOsITHOCTh TOr'O, UTO HOpMaJibHAs Cly4yaiiHasi Be-
auyrHa X OTKJIOHUTCS OT MaTeMaTH4YeCKOTO OXKHJAHHS Ha BEIMYHUHY,
MEHbIIIYI0 0=15, paBHa:

P(x|<15)= 2@(% = 2@(1—5j =20(1,5)=2-0,4332 = 0,8664.
o 10

HHPUMEP 4. Aromar wmzroroBnser mapuku. lllapuk cumraercs
TOJIHBIM, €CJIM OTKJIOHEHHE X JuaMeTpa Iapuka OT IPOEKTHOTO pa3Me-
pa 1o abcontoTHOW BenuunHe MeHble 0,7 mm. Cuurasi, 4To ciaydaitHas
BenuuuHa X pacrpeeneHa HOPMajJbHO CO CPEIHUM KBaAPATUYECKUM
oTtkjoHeHueM 0,4 MM, HailTH, CKOJIBKO B CpeaHEM OyAET TOJHBIX IIapu-
kOB cpenu 100 u3roToBIEHHBIX.

Pemenne. CiyyaiiHas BenuurHa X - OTKJIOHEHHE JMaMeTpa IIapukKa
OT MIPOEKTHOTO pa3Mepa. MareMaTnieckoe 0KUJaHue OTKIOHEHHS paB-
HO Hymto, T.e. M(X)=m=0. Torna BepoSTHOCTb TOr0, YTO HOpPMaJbHas
cily4yaliHasi BeIMuMHA X OTKJIIOHUTCS OT MaTEMAaTUYECKOTO OKUAaHUs Ha
BEJIMYUHY, MeHbIITYI0 6=0,7, paBHa:

P(x]|<0,7)= 2@(% =20 8’1 =2(1,75)=2-0,4599 = 0,92.
o)

9

Orcrona crmenyet, uro npuMepHo 92 mapuka n3 100 okaxyTcsl TOIHBI-
MU.

INPUMEP 5. Jloka3aTe npaBuio «3o».
Pemrenune. BeposTHOCTH TOr0, YTO HOPMAJIbHAS CllydalHas BEJIMYNHA
X OTKJIOHUTCS OT MaTeMaTUYECKOIO OKHUJAAHUs HA BEJIMYUHY, MEHBIIYIO
0=30, paBHa:
o 30

P(X —m|<30)= 2@(-) = 2@(—) =2((3)=2-0,49865 = 0,9973.
o) o)

13
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INPUMEP 6. CinyuyaitHas BenqnuuHa X pachpeaeieHa HOPMaIbHO C
MarteMaTuueckuM oxkujaanuem m=10. BepostHoCcTh monaganust X B WH-
tepBan (10, 20) paBHa 0,3. YUemy paBHa BEpOSITHOCTbH MoMaaaHus X B
untepai (0, 10)?

Pemenue. HopmanbHasi KpuBasi CUMMETPUYHA OTHOCHUTENIBHO Mpsi-
Mor x=m=10, mOATOMY TUIOIIAN, OTPAaHUYECHHBIE CBEPXY HOPMATBHOU
kpuBoi U cHuzy u"tepBagamu (0, 10) u (10, 20), paBHBI MEXTY COOOM.
Tak kak IIOLIAM YUCIEHHO PaBHBI BEPOATHOCTAM momnaaanus X B co-
OTBETCTBYIOLLIUI UHTEPBAJ, TO:

P(0< X <10)=P(10< X <20)=0,3.

3. HOPMHUPOBAHHBIN (CTAHJIAPTHBIN)
HOPMAJIBHBIN 3AKOH PACHPEJIEJIEHUS

3.1. IlimoTHOCTH pacnpeneseHusi BepoaTHocTel (Auddepenunanb-
Hasi QyHKIMS pacnpeaeIeHus1) UMEET BUJL:

2
X

e ?.

1
/i 0 (x) \/E

s COKpaleHHOM 3alucu TOro, YTO HelpepbiBHAA CJay4yailHass
BeJIUYMHA X HMeeT HOPMHUPOBAHHbIN (CTAHJIAPTHBIN) HOPMAJIbHBIN
3aKOH pacnpejeieHus ¢ napamerpamum m=0 u o=1 , TPUHATO yC-
noBHOE 00o3HaueHue X~NV(0,1).

['paduk PyHkuun fy(x) HaA3BIBAETCS HOPMUPOBAHHON HOPMAJIbLHOU
KPUBOM, KPUBOW OIIMOOK WUJITM MPOCTO CTaHAAPTHOUN KpUBOM (puc.7).

OyHKUHUS fy(Xx) U CTaHAAPTHASA KpUBas UMEIOT CJIEAYIOIINE CBOM-
CTBA:

1) O6nacth onpenenenus: PyHKUUU fy(x) - BCS YUCTOBAsSI OCh (-oc; +oc).
2) @yHKUHS fy(x) MOXKET NMPUHUMATH TOJBKO IOJOKUTEJIbHbIE 3HAUE-
HUst: fy(x)>0, T.e. cTaHAapTHAs KpUBas pacnoyiokeHa HaJl ocbio 0.X.

3) Ocsp 0.X - ropu3oHTaIbHAS] ACUMIITOTA CTAHIAPTHOM KPUBOM.
4) CranpapTtHasi KpyuBasi CAMMETPHUYHA OTHOCUTENBHO NPsIMOi1 x=0).

5) Ilpu x=m=0 cranmgapTHas KpUBasg UMEET MAKCUMYyM:
1

fo(m): \/E

~ 0,3989.

14
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Jo(x)

L
A
1
N
D(x)
\</
-3 -1 1 3 X

Puc.7. CrangaptHas (HopMHpoBaHHas) KpuBas (rpaduk IUIOTHOCTH pacipeiese-
HUS BEPOSITHOCTEH ClIydyallHOM BEJIMUMHBI, UMEIOIIEH HOPMUPOBAHHOE HOPMAJIBHOE
pacnpeeneHue)

Fo(x)

0,5

-3 3 X

Puc.8. I'paduk uHTErpanbHoi GYHKIIMU pacipeaesICHUs] BEPOSTHOCTEN ClIydyaiHON
BEJIMYMHbBI, UMEIOIIE HOPMUPOBAHHOE HOPMAJIBHOE PACIIPECIICHUE

15
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6) Ilpu x,=mto=+1 HOpManbHas KpUBas UMEET NEPeruo:

1
fo(x,)=——=~0,2420.
‘ \ 2me

3.2. UuTerpasbHasi pyHKUUA pacnpeaeseHusi HOPMAPOBAHHOW HOP-
MQJIBHOM CIIy4YallHOW BEJIMYUHBI:

2

Fy(x)= 2,

|
B

['paduk pynkuun Fy(x) npuseaeH Ha puc.8. [Ipu x=0 pynkus
Fo(x)=0.,5.

3.3. HUuc/ioBbie XapaKTEePUCTUKH HOPMHUPOBAHHOW HOPMAJIBHOM CIIy-
YalHOW BEJIMYUHBI:

MaremaTuyeckoe OKMJAaHHe, MOAA U MeAMAHA COBIAJAIOT U
pPaBHbBI HYJIO:

M(X)=Mo=Me = 0.

Mucnepcus D(X) =o=1.

CpenHee kBaapaTnieckoe oTkjJI0OHeHue o(X)=0=1.

Kos¢ppuuuent accumerpuun A=0.

Kos¢pduuuent 3xcuecca =3, axkcuecc £=¢g-3=0.

3.4. CBolicTBa HOPMUPOBAHHOM HOPMAJIbHOW CJOYYAHMHON BeEJIUYM-
HbI:

1) BepostHOoCTh momafgaHuss HOPMUPOBAHHOW HOPMAJbHOW CIy-
yaliHo BenumuuHbl X B wuHTepBan (0;x) paBHa ¢yHkuuu Jlammaca

(puc.7):

2
X

PO< X <x)= j F(x)dx = 2 dx = D(x).

1 ¢ -
- J' e
Vaz g

['eomerpuuecku pynkuus Jlammaca nmpeacTaBisieT coO0M 3amTpu-
XOBaHHYIO ILJIONIAb O] CTaHAApPTHON KpuBoi Ha oTpeske (0; x).
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2) UnrterpanbHas (QyHKUHUS pacHpenesieHUus] CIy4yalHOW BEJIMYWHBI,
UMEIOLIE HOPMUPOBAHHOE HOPMAJIBHOE pacHpeAciiCHue, BbIpa-

xaetcs yepe3 pynkuuto Jlammaca o popmysie:
Fo(x)=0,5 +D(x).

['eomerpuuecku (puc. 9) unrerpaibHas GyHKIUS pacrpeaeieHus
OpeACTaBsieT cO0O0M 3alITPUXOBAHHYIO IUIOIIAAb MOJA CTaHIApPTHOM
KpUBOM Ha uHTEpBaje (-oc; x). OHa COCTOUT W3 ABYX YaCTEM: MEpBOM, Ha
unrtepaie (-oc; 0), paBHoit 0,5, T.€. TOJOBUHE BCEH IJIOMIAAM T10]] CTaH-
JapTHOW KpUBOM, U BTOpOi, Ha uHTepBaiie (0; x), paBHou (yHKIMM Jla-
njaca.

Jo(x) Fo(x)=0,5+D(x)

N

)/

L LS SRS

-3 3 x

Puc. 9. CranaaptHas kprBas ¢ 3alITPUXOBAHHOM IUIOIIA/IBIO, YUCIEHHO PABHOU
MHTErpajgbHON PyHKIMH pactipeaenenus Fy(x)

3) JIto0yro HOpMaJIbHYIO CIIy4YalHYI0 BEIUYMHY MOXKHO IpeoOpa-
30BaTh B HOPMHUPOBAHHYIO:

€CIIM CilydyarHas BelauyrHa X MMEeT HOPMAJIbHBIM 3aKOH paclipe-
X—m
o

JIeJICHUS C MTapaMeTpaMu m U O, TO CclydaiiHasi BEJIMUMHA 7 —

MMEET HOPMHUPOBAHHOE (CTaHAApPTHOE) HOPMAJIbHOE pacmpesene-
Hue ¢ napamerpamu m=0 u o=1.
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MINPUMEP 7. JIoka3aTte, 4TO €CM CiiydyarWHas BeaudyrHa X UMEET

HOPMAJIBHBIN 3aKOH PAcCIpeNesIeHus ¢ mapaMeTpaMu m U O, TO HOPMHU-
X—-m
o

pOBaHHas Clly4aiHas BEJIWYMHA 7 — MMEET mapameTphl pacrpee-

nenus m=0 u o—=1.
Pemenune. HalineM MaremMaTHU4eCKO€ OXHUIAHUE U JIUCIEPCUIO
CIIy4YaliHOW BEJIIMYUHBI Z:

M(Z):M(X;mj = é(M(X)—M(m)): é(m—m)z 0
p(7)- D(X ;’"j - L o)+ plo))= (o ~0)=1.

o} :o'(Z): D(Z):l.

IIpu pemienun npumepa 7 UCIHOJIb30BAHBI CBOWCTBA MaTeMaTUye-
CKOT'O OKUJIaHUS W JAUCIIEPCHH, KOTOpbIe O0Jiee MOAPOOHO paccMOTpe-
HbI B METOJIMYECKUX yKa3aHUsX [S]:
1. MaTeMaTuueckoe OXHUJaHUE MMOCTOSSHHOM BEJIMYMHBI PABHO Ca-
Mo noctosinHoM: M(C)=C.

2. MareMaTnuueckoe OXUJAHUE CYMMbI (Pa3HOCTH) CIy4alHBIX
BEJIMYUH PABHO CyMME (pa3HOCTH) UX MAaTEMaTUYECKUX OXKHa-
Huii: M(XZY)=M(X)£M(V).

3. TlocTOAHHBIN MHOXHUTEIh MOKHO BEIHOCUTH 32 3HaK MaTeMaTH-

yeckoro oxuganusi: M(CX)=CM(X).

4. Jlucniepcus NOCTOSHHOW BeNWYMHBI paBHa Hym0: D(C)=0.

. JAucnepcusi cymMmbl (pa3HOCTH) CIy4YallHBIX BEJIMYMH paBHA
cymmMme ux aucnepcuii: D(X2Y)=D(X)+D(¥).
6. IIocTOAHHBIN MHOXWUTEIb MOKHO BBIHOCUTH 32 3HAK JUCIIEp-
CHU, IPEABAPUTEILHO BO3BELS ero B kaapat: D(CX)=C’D(X).

N
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4. SAIAYU JIA CAMOCTOATEJIBHOI'O PEILIEHUSA

1. MaremaTnueckoe OXHUIAAHUE HOPMAJbHO PaCHpeACTICHHOU Ciy-
yaliHOW BenumuyuHbl X paBHO 3. CpenHee KBaJIpaTHUUECKOE OTKIIO-
HEHHE paBHO 2. Hamumcars MIOTHOCTH pacnpeneneHus BEPOSITHO-
CTU W UHTETPAIBbHYIO (PYHKLUHMIO pPAaCHpEeAesICHUs BEPOSTHOCTH
ciaydyanHou BennuuHbl X. HaWtu pucnepcuro, Moay, MeIUaHy,
KO3 PUIMEHT aCUMMETPHUU U KCILIECC.

2. HopmanibHO pacnpenelieHHass ciaydaiHas BenuuumHa X 3aJaHa
IUIOTHOCTBIO PACIIPEAEIICHUS BEPOSATHOCTEN:
1 (x_l)z

fu) = ——=e ¥
NP
Haiitu uHTEerpaibHyr0 (QYHKIMIO pacrpeeseHus BEpOSATHOCTEH,

OIPENCIUTh MATEMAaTUYECKOE OKUIAHUE U JUCIIEPCUIO CITyYalHON
BeJIMYUHBI X. [I0OCTPOUTH HOPMAIIBHYIO KPUBYIO.

3. [TapaMeTpbl HOPMAJIBHO PACTIPECICHHON CIIy4YailHOM BETWYUHBI X
paBubl m=20 u ¢=5. Halitn uHTErpansHyo u nuddepeHInaIbHy0
¢ynkuuu pactpenenenusi. [loctpouts ux rpaduku. Halitu uncio-
BBIC XapaKTEPUCTUKHA. ONpeaenTbs BEPOATHOCTh TOTO, YTO B pe-
3yJbTaTE UCIBITAaHUS X MPUMET 3HAYEHUE, 3aKITIOUCHHOE B HHTEP-
Basie (15;25). IIpowumtocTpupoBaTh pelIeHUE 3a/1a4u rpaduuecKu.

4. ABromar mrammyer aerand. KonTpommpyercs nnuHa aeranu X,
KOTOpas pacupeieicHa HOPMaJIbHO ¢ MAaTEMATUYECKUM OXKUJIaHU-
eM (TpOoeKTHOM JJIMHOM), paBHBIM 50 MM. DakTUYECKU JIMHA W3-
TOTOBJIEHHBIX JeTajied He MeHee 32 u He Oosiee 68 mMm. Halitu Be-
POSITHOCTB TOT'O, YTO JUIMHA HayAady B3sATON AeTanu: a) Oonbiie 55
mMM; 0) Menbine 40 mm. IIpOMILIFOCTPHPOBATH PEIICHHE 3a1a4M

rpaduuecku. (Ykaszanue: u3 paBeHctsa P(32<X<68)=1 npensapu-
TEJIbHO HAWTH 0).

5. IlpousBoauTCs B3BEIIMBAHUE HEKOTOPOTO BELIECTBA O€3 cucTeMa-
TUYeCcKuX omuOoK. CiydailHble OIIMOKKA B3BEUIMBAHUSA MOJYHUHE-
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Hbl HOPMAJLHOMY 3aKOHY CO CPEAHUM KBaJpaTUYE€CKUM OTKJIOHE-
HueMm 20 r. HailTu BepOsSITHOCTh TOrO, YTO B3BEIIMBAHUE OYJET
MPOU3BEJICHO C OIIMOKOM, HE MPEBOCXOAAIIEH 0 a0COTIOTHOM Be-
muuuHe 10 r. [IponmocTpupoBaTh peuieHre 3aaa4u rpapuuecku.

6. Jlerasb, U3rOTOBJICHHAS aBTOMATOM, CUMTAECTCA T'OJHOM, €CJIIU OT-
KJIOHEHHUE €€ KOHTPOJIUPYEMOIro pa3Mepa OT MPOEKTHOIO HE Ipe-
BbimaeT 10 mm. CiyyailHble OTKJIIOHEHUSI KOHTPOJHUPYEMOTO pas-
Mepa OT MPOEKTHOTO MOJAYMHEHBI HOPMAJIBHOMY 3aKOHY C mapa-
MetpamMud m=0 MM U 0=5 MM. CKOJBKO MPOIIEHTOB TOJHBIX JETa-
JIE U3rOTaBJIMBAaET aBTOMAT?

7. CnyuaiiHas BenuurHa X (JIJIMHA JI€TalM) pacnpeeseHa HopMaib-
HO C MaTeMaTUYeCKUM OXujaHueMm 25 mM. BeposiTHOCTH momnaja-
Hust X B uHtepBan (10;15) paBna 0,2. YUeMy paBHa BEpOSITHOCTb
nonajganus X B uatepBai (35;40)? IIporwsmocTpupoBaTh peIICHUE
3aJlayu CXeMaTHYECKH.

8. IlapamMeTpbl HOpMAIIBHO PACHPEACICHHON CIIyYalHON BEIUYUHBI X

(anameTp BanukoB) paBHbl m=10 MM 1 6=0,1 mm. Hanucarts uHTe-
rpasibHyI0 U nuddepeHnuanbayo GyHKIUU pacnpeaeneHus. Haii-
TH WHTEPBAJ, CUMMETPUYHBIA OTHOCHUTEIIBHO MAaTEMaTHYE€CKOTO
OKHUJIaHUS, B KOTOPOM C BEpOSATHOCTHIO 0,9973 OyayT 3aKiItOUEHbI
JIMaMETPbl U3TOTOBJICHHBIX BalMKOB. Kak Ha3bIBa€TCsA 3TOT UHTEP-
BAJI?

9. CmyuaiiHas BenmnunHa X UMEET HOPMAJIBHBIM 3aKOH pacupeacse-
HUs C IapameTpoM o=5. HalTu JIMHy MHTEpBaJia, CAMMETPUYHO-
0O OTHOCUTEJIBHO MaTeMaTUYECKOI0 OXUIAHHUs, B KOTOPBIUA C Be-
posiTHOCTBIO 0,9973 monazger X B pe3yabTaTe UCIIBITAHUS.

10. HenpepriBHas ciydaitHass BelM4MHA X UMEET HOPMUPOBAH-
HbII HOpPMaJIbHBIM 3aKOH pactpenenenus. Hantu «3o»-unTepBan.
Onpenenuts BEPOATHOCTh TOTO, YTO CJIy4dailHas BeJIW4YuHA X MO-
nager B uHtepBan (1;3). [IpommtocTpupoBaTh pelICHUE 33Ja4u
rpauyecKu.
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11. OTKJIOHEHUE CTPEJIKM KOMITAca W3-3a BJIMSHUS MarHUTHOIO
NoJI B ONPE/IETICHHON 00JacTh 3anoisipbsi €CTh ClydailHasi BEJU-
ypna X~ N(0;1). Uemy paBHa BEpOSITHOCTh TOT'O, YTO aOCOJIIOTHAS

BEJIMYMHA OTKJIOHEHHUSI CTPEJIKM KOMIaca B OIPEACICHHBIM MO-
MEHT BpeMeHH OyzeT Oonbiie, yeM 2,4? [IpowsutoctpupoBaTh pe-
HIEHUE 33/1a4d rpaUuecKu.

12. JlHeBHast 1oObIYa YIJIsI B HEKOTOPOM IIaxTe pacipeiesieHa mo
HOPMAJIBHOMY 3aKOHY ¢ mapamerpamu m=785 T u 0=60 1. Haittu
BEPOSATHOCTh TOr'O, YTO B OINPEEICHHBIN JeHb OYIyT JOOBITHI: Q)
no kpaitnerr mepe 800 T yriis; 6) meHee 665 T.

13. Bec rpeiindpyrta, BeipamenHoro B KpacHogapckoMm kpae, —
HOpPMaJIbHO paclpeesieHHasi cllydyailHasg BEJIUYMHAa C HEU3BECT-
HBIM MAaT€MaTUYECKUM OXHUJAaHUEM M aucnepcuer, paBHout 0,04
Kr’. ATpOHOMBI 3HAIOT, 9T0 65% (PYKTOB BecsAT MeHbIe, 4eM 0,5
kr. HaiiTu oxxunaemsiil Bec ciiydaiiHO BRIOpaHHOTO rpeindpyra.

14. Bec ToBapoB B KOHTEHHEpPAX — €CThb HOPMAJIbHO pacrpese-
JIEHHAs cily4yarHas BelndnHa. M3BecTHO, 4TO 65% KOHTEMHEPOB C
TOBAapOM HMEIOT Bec Oosbine, yeM 4,9 T, a 25% — uUMeroT Bec
MeHbIe, yeM 4,2 T. HaliTu oxugaeMbliil CPEJHUN BEC U CPEIHEE
KBaJIpaTUUYECKOE OTKJIOHEHHUE Beca KOHTEHepa.

15. CiydaitHple OIIMOKH M3MEPEHUsI MOJAYUHEHBI HOPMAJIbHOMY
3akoHy ¢ napamerpamu m=0 u 0=20 mm. Haiitu BepoATHOCTH TO-
ro, 4TO U3 TPEX HE3aBUCUMBIX M3MEPEHUN OlIUOKa XOTS Obl OAHO-
ro HE IMPEB30MIET 1O a0COIIOTHOM BETUUHUHE 4 MM.
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KOHTPOJIBHBIE BOITPOCHI

. Kakas BenuunHa Ha3bIBA€TCS CIIy4allHOW?

. Jlayite onpeneneHre HENPEPHIBHOW CIIyYalHOW BEJIMYHUHBI.

3. Uto Ha3bIBaeTCA 3aKOHOM PACIPEACIICHUS HENPEPBIBHOM CIIy4alHOU
BEJINYUHBI?

4. Jlaiite onpenenenue audepeHnanbHON U UHTErpIbHON (DYHKIIUU

pacrpeneneHus BEPOSITHOCTEM.

. Kakoe pacnpenenenne BEpOATHOCTEN HA3bIBAETCS HOPMAJIBHBIM ?

6. Chopmymupyiite cBorictBa auddepenimaibHol GyHKIUU (TIOTHO-
CTH) paclpeieJIeHUs] BEPOSITHOCTEH HOPMAJIbHON CIIydyalHOW BeJH-
YUHBI X.

7. ChopMynupyiiTe CBOMCTBA MHTErPAIbHON (DYHKIIMU pacrpeieeHus
BEPOSTHOCTEN HOPMAJIbHOW CIIyYalHOW BEJIMYUHBI X.

8. UeMy paBHBI YHMCJIOBBIC XapPaKTEPUCTUKH CIIyYaWHOW BEIUYMUHBI,
MMEIOIIEH HOPMAIBHOE PACIIPEICIICHHE?

9. Chopmynupyiite mpaBuiio «3o».

10.Chopmynupyiite cBorictBa (pyHkiuu Jlamnaca.

11.Kak MOXHO HAUTH BEPOSATHOCTh MOMATAHNSI HOPMAIBHOW CITy4ailHOW
BEJIMUMHBI X B 3aJjaHHBIN uHTEpBa (a, f5)?

12.Kak MOKHO HalTH BEPOSTHOCTh 3aJIaHHOTO OTKJIOHEHUS 0 HOpMaJlb-
HOM CJIy4ailHOM BEIUYHHBI X OT €€ MaTEMAaTUYE€CKOTO OXKUIaHUA?

13. Kakoe pacnpeneneHne BEPOSTHOCTEM HA3bIBACTCS HOPMAJIbHBIM
HOPMHUPOBAHHBIM pacupeacicHuEM?

14.Yemy paBHBI YHWCIIOBBIE XApPAKTEPUCTHKH CIy4alHOM BEJIWYHHBI,
MMEIOIIE HOPMUPOBAHHOE HOPMAJIbHOE pacupeacicHue?

15. IlpuBenuTe mpuMeEpHI CIyYaNHBIX BEIUYMH, UMEIOIINX HOPMAJIBHOE

pacnpeneneHue.

N =

9
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Ipunoxenue

2
Ta6nuna 3Hauenuii pynknuu Jamraca @(x) = %J. e ?dx
7T o

X D(x) X D(x) X D(x) X D(x)
0,00 0,0000 0,42 0,1628 0,84 0,2995 1,26 0,3969
0,01 0,0040 0,43 0,1664 0,85 0,3023 1,27 0,3980
0,02 0,0080 0,44 0,1700 0,86 0,3051 1,28 0,3997
0,03 0,0120 0,45 0,1736 0,87 0,3078 1,29 0,4015
0,04 0,0160 0,46 0,1772 0,88 0,3106 1,30 0,4032
0,05 0,0199 0,47 0,1808 0,89 0,3133 1,31 0,4049
0,06 0,0239 0,48 0,1844 0,90 0,3159 1,32 0,4066
0,07 0,0279 0,49 0,1879 0,91 0,3186 1,33 0,4082
0,08 0,0319 0,50 0,1915 0,92 0,3212 1,34 0,4099
0,09 0,0359 0,51 0,1950 0,93 0,3238 1,35 0,4115
0,10 0,0398 0,52 0,1985 0,94 0,3264 1,36 0,4131
0,11 0,0438 0,53 0,2019 0,95 0,3289 1,37 0,4147
0,12 0,0478 0,54 0,2054 0,96 0,3315 1,38 0,4162
0,13 0,0517 0,55 0,2088 0,97 0,3340 1,39 0,4177
0,14 0,0557 0,56 0,2123 0,98 0,3365 1,40 0,4192
0,15 0,0596 0,57 0,2157 0,99 0,3389 1,41 0,4207
0,16 0,0636 0,58 0,2190 1,00 0,3413 1,42 0,4222
0,17 0,0675 0,59 0,2224 1,01 0,3438 1,43 0,4236
0,18 0,0714 0,60 0,2257 1,02 0,3461 1,44 0,4251
0,19 0,0753 0,61 0,2291 1,03 0,3485 1,45 0,4265
0,20 0,0793 0,62 0,2324 1,04 0,3508 1,46 0,4279
0,21 0,0832 0,63 0,2357 1,05 0,3531 1,47 0,4292
0,22 0,0871 0,64 0,2389 1,06 0,3554 1,48 0,4306
0,23 0,0910 0,65 0,2422 1,07 0,3577 1,49 0,4319
0,24 0,0948 0,66 0,2454 1,08 0,3599 1,50 0,4332
0,25 0,0987 0,67 0,2486 1,09 0,3621 1,51 0,4345
0,26 0,1026 0,68 0,2517 1,10 0,3643 1,52 0,4357
0,27 0,1064 0,69 0,2549 1,11 0,3665 1,53 0,4370
0,28 0,1103 0,70 0,2580 1,12 0,3686 1,54 0,4382
0,29 0,1141 0,71 0,2611 1,13 0,3708 1,55 0,4394
0,30 0,1179 0,72 0,2642 1,14 0,3729 1,56 0,4406
0,31 0,1217 0,73 0,2673 1,15 0,3749 1,57 0,4418
0,32 0,1255 0,74 0,2703 1,16 0,3770 1,58 0,4429
0,33 0,1293 0,75 0,2734 1,17 0,3790 1,59 0,4441
0,34 0,1331 0,76 0,2764 1,18 0,3810 1,60 0,4452
0,35 0,1368 0,77 0,2794 1,19 0,3830 1,61 0,4463
0,36 0,1406 0,78 0,2823 1,20 0,3849 1,62 0,4474
0,37 0,1443 0,79 0,2852 1,21 0,3869 1,63 0,4484
0,38 0,1480 0,80 0,2881 1,22 0,3883 1,64 0,4495
0,39 0,1517 0,81 0,2910 1,23 0,3907 1,65 0,4505
0,40 0,1554 0,82 0,2939 1,24 0,3925 1,66 0,4515
0,41 0,1591 0,83 0,2967 1,25 0,3944 1,67 0,4525
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X D(x) X D(x) X D(x) X D(x)
1,68 0,4535 1,91 0,4719 2,28 0,4887 2,74 0,4969
1,69 0,4545 1,92 0,4726 2,30 0,4893 2,76 0,4971
1,70 0,4554 1,93 0,4732 2,32 0,4898 2,78 0,4973
1,71 0,4564 1,94 0,4738 2,34 0,4904 2,80 0,4974
1,72 0,4573 1,95 0,4744 2,36 0,4909 2,82 0,4976
1,73 0,4582 1,96 0,4750 2,38 0,4913 2,84 0,4977
1,74 0,4591 1,97 0,4756 2,40 0,4918 2,86 0,4979
1,75 0,4599 1,98 0,4761 2,42 0,4922 2,88 0,4980
1,76 0,4608 1,99 0,4767 2,44 0,4927 2,90 0,4981
1,77 0,4616 2,00 0,4772 2,46 0,4931 2,92 0,4982
1,78 0,4625 2,02 0,4783 2,48 0,4934 2,94 0,4984
1,79 0,4633 2,04 0,4793 2,50 0,4938 2,96 0,4985
1,80 0,4641 2,06 0,4803 2,52 0,4941 2,98 0,4986
1,81 0,4649 2,08 0,4812 2,54 0,4945 3,00 0,49865
1,82 0,4656 2,10 0,4821 2,56 0,4948 3,20 0,49931
1,83 0,4664 2,12 0,4830 2,58 0,4951 3,40 0,49966
1,84 0,4671 2,14 0,4838 2,60 0,4953 3,60 0,499841
1,85 0,4678 2,16 0,4846 2,62 0,4956 3,80 0,499928
1,86 0,4686 2,18 0,4854 2,64 0,4959 4,00 0,499968
1,87 0,4693 2,20 0,4861 2,66 0,4961 4,50 0,499997
1,88 0,4699 2,22 0,4868 2,68 0,4963 5,00 0,499997
1,89 0,4706 2,24 0,4875 2,70 0,4965
1,90 0,4713 2,26 0,4881 2,72 0,4967
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FOnus bopucosna Eroposa
Hrops MuxaiisioBua MaMOHOB
Anekcannp ButanbeBuu YennaHos

HOPMAIJIBHBIN 3AKOH PACTIPE/IEJIEHUS

MCTOI[I/I‘{eCKI/IC YKa3aHus K IMPAKTUYICCKHUM 3daHATHAM
110 AU CTOUITIIMHC «MaremaTuka

Vu.-u3n.a. — 1,34.
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