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[enb 1 3a1auy U3y4EHUS] JUCLUTUINHBI

HanmeHnoBanue npaktuyeckux padot

CopepxaHue MpakTU4ecKux paboT

[TpakTrueckas padora Nel MaTpHIlbl ¥ OIpEICTUTEIIHN.

[Tpaktyeckas pabora Ne2 MeTozpl pelIeHus] CHCTEM JTMHEWHBIX YpaBHEHHIA.
[Ipaktuueckas padbora Ne3 dyukiuu u npeneasl. MeToabl TPUOIMKEHHOTO BbI-
YHUCIEHUS 3HaYeHUN (QYHKIUH.

[TpakTuueckas pabora Ned IlpousBoanas u auddepenunan GyHKIUU OIHOM Te-
PEMEHHOM.

[TpakTideckass padora NeS Meroapl MCCIEIOBAHHS W TMOCTPOCHUS TPaGuKOB
GbyHKIHIA.

[TpakTiueckast pabota Ne6 BeposiTHOCTHBIE MOZENN TPOLECCOB YIPABICHUS.
[TpakTrueckast padota Ne7 KoppensiiimoHHO-perpecCHOHHBIN METO/1 UCClIeI0Ba-
HUS CITyYalHbBIX BEJIMYUH.

[TpakTraeckas padbota Ne§ OCHOBBI BHIOOPOYHOT'O METO/IA U DIIEMEHTHI CTATUCTH-
YECKOM TEOpUHU OLICHUBAHMSL.

[Tpaktuueckas padota Ne9 Cratuctuyeckas rumnoreza. MeToasl CTaTUCTUUECKOM
MPOBEPKHU THIIOTES.

Y4ebHO-MeToinYeckoe U HH(POPMAIIMOHHOE 00ecrieueHNe TUCIUILIMHBI
[TepeyeHb OCHOBHOM M JIOTIOJIHUTEIBHOMN JINTEPATYpPbl, HEOOXOAUMOI1 ISl OCBOE-
HUS TUCITUTITUHBI

[TepeueHp yueOHO-METOAMUECKOTO 00ECTIEYeHHs CaMOCTOSATENbHON paboThl 00Y-
YarOUIUXCs M0 TUCHUTIIINHE

[Tepeuens pecypcoB HHPOPMALIMOHHO-TEIEKOMMYHUKAIIMOHHOM ceTn HTepHeT,

HCO6XOI[I/IMBIX JJIs1 OCBOCHUSA JUCHUITIIMHBI



BBeneunue

IIpakTrueckue 3aHATUA CO3MAIOT ONTUMAJIbHBIE AUAAKTUYECKUE YCIOBUS U EATEIIb-
HOCTHOT'O OCBOCHHS CTYACHTAMHU COACPKaHUSA U METONOJIOTMH U3ydaeMoW AucuuIUInHbl «Mate-
MaTHYECKHE METO/bI U MOJEIH B YIPAaBIECHUM», UCIOIb30BAHUE CIIELUAIBLHOIO JIAOOPATOPHOIO
000py/I0BaHUsl U TEXHUYECKUX cpeAcTB. [IpakTuueckue 3aHATHS 3aHUMAIOT [IPEUMYILECTBEHHOE
MECTO MPHU M3y4eHHUU OOIIEeTTPO(EeCCHOHANBHBIX U MPO(EeCCHOHAIBHBIX AUCHUIUINH. [TpakTrye-
CKUE 3aHATUS IPOBOJATCS C LIEIbI0 BEIPAOOTKHU IPAKTUUYECKUX YMEHUN U IPUOOPETEHHSI HABBIKOB
B pEILIEHUH 3ajay, OTpabOTKH YIPaKHEHUH, BBITIOJIHEHUH YepTeKei, MpOU3BOJACTBE pacu€éToOB U
T.IL.

Lenbro MpakTUYECKUX 3aHATUH SBIsiCTCS (OPMUPOBAHHUE MPAKTUIECKUX YMEHUN — TIPO-
(deccnoHanbHBIX (BBIIOIHSITH OMpPEACIIEHHBIC EHCTBUS, ONIepallii, HEOOXOAMMEbIE B ITOCIIEAYIO-
11eM B NMPo(hecCHOHAIIBHON JIeATETbHOCTH) WM Y4€OHbIX, HEOOXOUMBIX B MOCIEAYIOIIEeH yueo-
HOM JATeIbHOCTHU O 00IenpopecCHOHAIbHBIM U TPOHECCHOHATIBHBIM TUCIIUITIIMHAM.

bubnmorpaduyeckuii CIICOK COAEPKUT CBEACHUS O CIIPABOYHOM JTUTEPAType U JOTIOTHH-

TCJIBbHBIX U3JaHUAX, HCO6XOI[I/IMI)IX JIIA YI‘JIY6JICHHOFO HU3YUCHUA OTACIbHBIX BOIIPOCOB.



1. I]endb u 3a0auu uzyuenus OUCUUnIUHbL

Ilenp ocBOEHUS AUCHUIUIMHBI SABISETCS O3HAKOMIICHUE CTYJAEHTOB C BaKHEHIIUMU METO-
JlaMH ¥ MOJIEJISIMH KJIaCCUYECKOM MaTEMaTHKH, HAIIPABICHHBIMU Ha HUCIIOJIb30BAHNE U IPUMEHE-
HUE UX B YIIPABICHUU: METOIaMU JIMHEHHOM anreOpsl, MeTogamMu AU(epeHInanbHOro ncumucie-
HUS (QYHKIMM OJJHOHM MEPEMEHHOM, BEPOSTHOCTHBIMUA M CTATUCTHYECKUMH MOJIEISIMU U UX TIPH-
JIO’KEHUSIMU B TOCYAAPCTBEHHOM M MYHULIUIIAJILHOM YIIPABIICHUH.

3aza4v OCBOCHMSI IUCLUIUIMHBI SIBJISIOTCS:

— CO3JlaHHE Y CTYJCHTOB OCHOB TEOPETUYECKOH IOArOTOBKH B 00JIACTH MaTeMaTHYECKUX
METO/I0B U MOJIEJIEN B YIIPABICHUU;

— OBJIaJIEHUE MaTEMaTUUYECKUM alapaToM, HEOOXOAUMBIM JUIsl U3Y4EHUSI AUCLUILINH T'oC-
YAapCTBEHHOI'0 U MYHULIMIIAJIBHOTO YIIPABJICHUS U PELICHHS TEOPETUYECKUX U IPAKTUYECKUX 3a-
nad;

— pa3BUTHE UHTEIJIEKTA i (POPMHUPOBAHUE Y CTYACHTOB JIOTUYECKOTO U aJITOPUTMHYECKOTO
MBIIIJICHNUS;

— BBIPa0OTKA HABBIKOB CAMOCTOSITENILHOTO N3y4eHUs Y4eOHOM 1 Hay4yHOU JIUTepaTypsl IO
MaTEMaTUYECKUM METOJIaM U MOJEIISAM, U UX MIPUIIOKEHUSAM;

— TIOBBINICHHUE O0IIEH KYJIbTYpPhI CTYIEHTOB.

2. Haumenosanue npakmuueckux paoom

Ne Temsr N3 Hux npakrtuue-
HanmeHnoBanue TeM TUCIUIUIMHBI, UX KPATKOE O0BeM
JUCLH- CKasl IOJIrOTOBKA,
coJiepyKaHue 4acoB
TIJTMHBI 4acoB
3 cemecTp
IIpakTnyeckas padora Ne 1. MaTtpuus! u onpe-
JEJIUTENH.
1 Onepaunn Hag Matpunamu. Onpenenurenu. Boi- 4
YUCJIEHUE OIpeAeNuTeNel 2-10,3-ro U N-ro no-
PSAKOB.

IIpakTuyeckasi pa6ora Ne 2. MeTobl penieHus
CHCTEM JIMHEWHBIX YPaBHEHHUI.

Pemenne cucreM TMHENHBIX YpaBHEHUN METO-
oM obpaTtHoii MaTpuiibl, Kpamepa u I'aycca.

IIpakTuyeckas padora Ne3. OyHKIMYU U Npe-
Jenbl. MeTo bl TPUOIMKEHHOTO BHIYMCIICHUS
3HaYeHUH QyHKUINH.

3 OcHOBHBIE METO/IbI BEIUUCIIEHUS PEAEIIOB 4
¢yukuuii. [IppumeHeHne SKBUBaJIEHTHBIX OECKO-
HEYHO MAJIbIX K BBIYUCICHHIO MPEIENIOB (PYHK-
IAH.

IIpakTyeckas padora Ned. [IpousBoanas u
nuddepernpan GyHKIMN OTHON EPEeMEHHOM.




HuddepennmpoBanne GyHKIUI pa3THIHBIX BU-
JIOB.

IpakTnyeckas padora Ne5. Metoas! uccieno-
BaHUS U OCTPOCHUS TpadUKOB (PYHKITHIA.
OkcrpemyM pyHkiuu. Touku nmeperuda. Acumi-
toTbl. [Ipumenenne nuddepenunansHOro nc-
YHUCIIEHUS K UCCIIeI0OBaHUIO GYHKINI U TOCTpoe-
HUIO UX Ipa(uKOB.

IIpakTnyeckas padora Ne6. BeposiTHOCTHBIE
MOJIEJIN IIPOLIECCOB YIIPaBJICHUS.

OneMeHThl KOMOMHATOpUKU. Briunicienue Bepo-
ATHOCTH CiIy4ailHOro coObITHsl. BeposiTHOCTh B
CXEM€ ITOBTOPHBIX MCIIBITAHUMN.

IIpakTuyeckas padora Ne7. KoppensuuonHo-
PErpecCUOHHBIA METO/ UCCIIEA0BAHUS CIydai-
HBbIX BCJIWYHH.

YucnoBble XapakKTEpUCTUKH JUCKPETHBIX U HE-
IMPEPBIBHBIX CJIy‘Iaf/'IHI)IX BCJIMYUH: MaTEMaTH4C-
CKO€ OKMJaHUuEe, TUCIEePCHsl, CpeaHee KBaApaTH-
4yecKoe OTKJIOHeHHe. Mcrnonb30Banne YncioBbIX
XapaKTEPUCTHK B KOPPEIALUOHHO-PErPECCUOH-
HOM METOJE.

IIpakTuyeckas padora Ne§. OcHOBBI BHIOOPOU-
HOT'O METO/1a U DJIEMEHThI CTATUCTUUYECKOH Teo-
pHUM OLICHUBAHMSL.

Br16opoyHas COBOKYITHOCTh, BbIOOpOUHas QyHK-
1us pacrpeneneHus. ['ucrorpamma, mojaurox va-
CTOT. BbIuncieHne ToueyHbIX OLEHOK IapaMeT-
POB pacnpezeieHus. Berunciaenne nHTepBallb-
HBIX OLIEHOK IIapaMeTpPOB paclpeeseHusl.

IIpakTnyeckas padora Ne9. Cratucruueckas
runore3a. Meroapl CTaTUCTUYECKON TPOBEPKHU
TUIIOTE3.

CrartucTruecKkue UCCieI0BaHus 3aBUCUMOCTEH.
MeToabl CTaTUCTUYECKON TPOBEPKU TUIIOTES.
['unore3a o0 paBeHCTBE reHEPaIbHBIX CPEIHHX.

Hroro 3a 3 cemectp:

36

Hroro:

36




4. Cooeprcanue npakmuueckux paoom

Ilpakmuueckan paboma Nel. Mampuywt u onpedenumenu.

Heﬂb: HpI/I06peCTI/I HaBBIK BBITIOJIHCHUA onepaunﬁ Haa MaTpulaMy U BBIYUCIICHHSA OIIpEC-

NEIIUTEIIEHN.

Ocnoevl meopuu:

[IpsmoyronpHas Tabmuia, coaepxaiias M — CTPOK U N CTOJOIOB HA3BIBACTCS Mampuyell u
o0o3Hauaercs

ay, ap, a, (an ap, a, \W

A= ay ay 8y, wm A :i a, ay 8y, i
aml am2 amn Laml am2 aan

WA KOPOTKO MaTpuily o6o3Havaor 4 = || aijj ||, 1= 1,2,...,m; j=1,2,..., n.
CJlOQfC@Hl/le mampuy

[lycth nansl 1Be MaTpuliblA B 0MHAKOBOU pa3MepHOCTH. X cyMMOll Ha3pIBaeTcs MaTpu-
naC = 4 + B Toil e pa3MEPHOCTH, 3JIEMEHTBI KOTOPOM paBHbI CyMMaM COOTBETCTBYIOLLUX 3JIE-
MeHTOB Matpull A u B, T.e. eciu A = ||aij||, B = ||bijl|, To A + B = C = |ci|.

1 -2 5 2 1 -3

ITpumep: A = , B = , TOrza
P P 4 1 3 1 -2

1+2 -2+1 5-3 3 -1 2
A+B=C= = :
4+1 1-2 3+4 5 -1 7
OTmeTHM, 4TO CKJIaJbIBaTh MOKHO TOJIBKO MaTPHULIbI C OJJUHAKOBBIM YHCIIOM CTPOK U C OJIU-

HAKOBBIM YHCIIOM CTOJIOIOB.
Pa3znocteioB - 4 MaTpull B u A (OJMHAKOBBIX CTPOECHUI) Ha3bIBae€TCs Takas MaTpuia X, 4To

A+X=B.
2 1 4 3 5 7
Hampumep, A = , B= . Torma
-2 3 1 2 -1 4
3 5 7 2 1 4 1 4 3
X=B-A= - = :
2 -1 4 -2 3 1 4 -4 3
Vmnooicenue mampuy

a) YMHOXEHHUE MaTpulbl HA YUCJIO. YUToObI YMHOXUTHb MaTpuny Ha 4ucCJio O, Ha10 YMHOXHUTH
Ha 3TO 4YHUCJIO Ka)KJIBIﬁ OJICMCHT MaTpHUIbI:

allaij|l = || cai |

2 -1 2 -1 6 -3
HpI/IMep.Az[ J, a=3,aA=3{ J=[ J
3 5 3 5 9 15

0) YMHOXXEHHUE IBYX MATpPHII.

YMHO)K€eHne MaTpULblB Ha MaTpUlly A BO3MOKHO TOJIKO B TOM CITy4yae, KOTJa YKCIIO CTOI0-
1IOB B MAaTpHUIIE B paBHO YKCIly CTPOK B MAaTpULE 4.

Dnement MatpuibiC = B - A, pacioioKeHHBIH B i-0i cTpoke u | —om crouoiie (T.e. Cij) paBeH
CyMMe€ MPOM3BEICHHUI JIEMEHTOB | — O CTPOKH MAaTPHIbI B Ha COOTBETCTBYIOLINE IIEMEHTHI |—
ro cTO0I1a MAaTPHUIIBI A.



n
Cy = aub; +a,b,, +...+a,b, = Z a, by
k=1

Cnez[yeT OTMCTUTH, YTO YMHOXCHHUE MATpUI] HE o6naz[aeT CBOMCTBOM KOMMYTAaTUBHOCTH,
T.€. AB # BA.

R L (-2t
IIpumep 1. A = u =
prMep 13 3 5
Nmeem
i [T 22 (D23 11s25 4 1
l-1 33 5) (-1(2)+3-3 1.(-1)+3.5) (-1 14
s [f2yr 2 ~2.1-1.1 2.(-2)+1-3) (-3 -1
3 s5)l-1 3) (31+45.(-1) 3.2+5.3 ) |-2 2

BeBox: AB #BA

Buviuucnenue onpedenumenet
Ecnu B MaTpuiie 4icio CTPOK paBHSETCS YUCITY CTOJIOIOB, T.€. M = N, TO MaTpHIla Ha3bIBa-
€TCsl K8AOPAMHOLU.

|a a a
A=l |

L a' nl a n2 t a nn J
Omnpenenuresnb, COCTaBIEHHBIA U3 3JEMEHTOB KBaJpaTHOW MaTpulbl (6€3 MepecTaHOBOK)
Ha3bIBAETCSI ONIPENIEIUTENIEM MaTPULIBL A.

a, a, - a,
A(A) _ a, a, - a4,
anl anz ann

Yucino ai1 az2 - a2 ai2 Ha3bIBaeTCA ONPENEIUTENEM BTOPOro NOpsiika U 0003HAYAETCsl CUM-
a, a

a

BOJIOM A = 12 —aga, -

a

21 22

OnpeﬂenHTeneM TPETHET0 MOPAaAKa HA3bIBACTCS YUCIIO!:

a a a

11 12 13

A= a21 a22 a23 = alla22a33 + a21a32 al3 + a12a23a31 - a31a22 al3 - a11a32a23 - a21a12a33

a a a

31 32 33

CxemaTHuecKH BBIYUCIIEHUE OMPEEIIUTENS TPETHEro MOpsIKa BBIMJISIAUT CIEAYIOUUM 00-
pa3oM (TpaBUIIO TPEYTroJbHUKOB WM MpaBuiio Cappyca):

a;,; 8, agp 1 13 a 7
8y 8y Ay = A 2|7 (@ 3
a a a a a

31 32 33 1 31 2 33

Omnpenenurens TPETHETO MOPSAIKA TAKKE PAaBEH CyMMe MTPOU3BEACHUN 3IEMEHTOB HEKOTO-
poii cTpoku (cTosb1ia) Ha anredpanyecKue JOMOTHEHHUS STHX 3JIEMEHTOB, T.€.



A=a A, +a, A, +a A, A=a A, +a, A, +agAy
A=ay A, +ayAy +a,A,; A=a,A,+a,A, +a,A,

A=a, Ay +a,A, +a,Ay,; A=a A, +a,A, +aghAg,

Hanpumep, paznoxeHue onpeaeauTeis mo 3JeMeHTaM MEePBON CTPOKHU:

a a
+a, '(_1)1+3 a21 azz _

a a a a
A = all '(_1)1+1 22 23 n alz . (_1)1+2 21 23

a a

32 a 33 31 a 33 31 32

=ay, (a22a33 — 838, ) —a, (a21a33 — 858y ) + a4, (a21a32 —a8a, ) =
=8,8,85 8,858, T8,;,8,8; —8,;,8,8,; —&,8, 8,3 —8,;858,
PaznoxxeHueM 1o riieMeHTaM CTPOKHU HIIA CTOJ'I6LI8. MOJXHO BBIYUCIINTB OIIPCACIUTCIIb JIHO-

Ooro mopska. B kayecTBe mpumepa pacCMOTPHUM OINPEAEIUTEIb YETBEPTOro MOPSIAKA M Pa3JIo-
MM €T0 TI0 3JIeMEHTaM IIePBOI CTPOKH.

IIpumep 2.
1 -1 2 3
1 -1 4 1 -1 4
1 1 -1 4 1+1 1+2
=1-(-D"B 1 3|+ (-1)- (-2 1 3|+
2 3 1 3
1 0 5 3 0 5
3 1 0 5
1 1 4 11 -1
+2-(-1)"%2 3 3[+3-(-D"]2 3 1|=15+0-3-4-0+15)+
3 1 5 31 0

+1(5+0-9-12 ~0+10) +2(15 +8+9-36 —3-10)-3(0-2+3+9-0-1) =

=13-6+2-(-17)-3-9=13 -6-34 — 27 = -54

JlaHHBIN OmpeNennuTeNb MOXHO BBIYMCIUTH MHBIM CIIOCOOOM, NMPUMEHHUB 3JIEMEHTapHbIE
npeoOpa3oBaHus K CTPOKaM OIpeeNIuTeNss. A UIMEHHO, YMHOKUM 3JIEMEHTHI MIepBON CTPOKU Ha
(-1) 1 cnoXuM € IIEMEHTaMU BTOPO CTPOKH, 3aTEM YMHOXHM DJICMEHTHI IEPBOM CTPOKH Ha (-2)
Y CJIOKMM C COOTBETCTBYIOIIMMHU 3JIEMEHTAMHU TPEThEN CTPOKU U, HAKOHEL, YMHOKMM JJIEMEHTHI
nepBoi CTPOKH Ha (-3) ¥ CIOXKUM C COOTBETCTBYIOIIMMHU C 3JIEMEHTaMH 4eTBepToi ctpoku. Torna
HOJYYUM ONpEAETUTENb 4-T0 MopsaAKa, B IEPBOM CTOJIO1IE KOTOPOTO CTOAT HYJIH, KpOME TepBOH
CTPOKH, T.€. IOJy4aeM ONpEeAeIUTEIb BUJA!

1 -1 2 3

2 -3 1
0 2 -3 1
—a, A, =1:/5 -3 —3/=24-30+36+12-36 60 =54 .
0 5 -3 -3
4 -6 -4
0 4 -6 -4

Bonpocul ons cobecedosanus:

1. Kakuie MaTpHIIbl MOXKHO CKIIQJBIBAThH U IO KAKOMY MPaBUITY?

2. Kakumu cBoiicTBaMu 00iaaeT omnepamus ciaokeHus marpuil? EcTh nu oTinums OT
CBOICTB CJI0KE€HUSA yncen?

3. Kak yMHOXXHTH MaTpuIly Ha YUCIIO?



4. KakumMu CBOMCTBaMH O0JIaIar0OT OMepanusi YMHOKEHUS MAaTpullbl Ha 4yucyio? EcTe nm
OTJINYHUS OT CBOMCTB YMHOKEHUS YUCEN?

5. UTo Ha3bIBAaETCs ONpPEAEIUTENIEM KBaIpaTHON MaTpULIbI?

6. [laiiTe onpeneneHue MUHOpA U aNreOpandecKoro JOMOIHEHHSI 2IEMEHTA ONPEACTUTEINS.

7. Kak BBIYMCIUTH ONpEIENNTENb, pas3iiaras ero no Mpou3BOJIbHON CTPOKE WU CTOJOIY?
CdopmynupyiiTe COOTBETCTBYIOIIYIO TEOpPEMY M HAmHIIUTE (POPMYIIBI pa3IOKEHUs OIpeIeiu-
Tenst 1o i—o# crpoke (k—my cronodiry).

8. Haiitu npousBenenue matpuil A u B.

0 1 1 2 0
1. A= , B= :

51 3 4 5

(1 2 0) (1 2 0)

2.A=;0 3 1|,B=;0 3 1,
o 12 |02
|(—32—1\| |(4 5 1\|

3.A=;5 6 1, B=-3 2 1]
) s o)

-1 3
2. Haiitu A?,ecim A= { , 4}.

3. Brruucnuth OIIPEACIIUTCIIb

1 3 7 2 4 5 1l ol
1 a=l8 26 s 2.a=l3 1 -1 3 |x vy z|. 41 1l+a 1
3 -4 6 2 0 0 x? oyt o7t 1 1 1+b
1 -1 2 3 =2
40 2 0 1 5 3 -2 1 1 -1 2 1
5, (3 12 6 427 2 7/2 1 3 -2 1
01 0 5 5 1 1 5 s 2 1 _o 3
2 4 3 1 0 4 2 -1
-2 1 3 4 5




Ilpakmuueckan padoma No2. Memoowt pewienus cucmem JUHEUHBIX YPAGHEHUIL.

Ilens: PaccMOTpeTh pa3inyHble METOABI PELICHUS U 3aKpeNUTh HaBblku perieHust CJIAY.

OcHoevt meopuu:

CucremMamMIIMHEHHBIX ypaBHeHI/Iﬁ CNIICpEMCHHBIMU UMECT BU

[a,X, + a,X, + - +a, X, = b

A, X, +  A,X, + - +a, X = b

Lax+a + - +a_x = Db

2 mn “*n m

X

mi171 m2

rae a; (i=1,2,..m;j=12,..,n), bk (k=1,2,...,m) - 3amaHHbIe ACHCTBUTEIBLHBIE YHCIIA.

Yucna a; (1= 1,2,...,m;j = 1,2, ...,n) Ha3bIBaIOTCA KOO PUIHEHTAMH CUCTEMBI, a UMCTIA bk

(k = 1,2, ...,m) - cBOOOJAHBIMU YICHAMH CHUCTEMBbl JHHCHHBIX AIreOpanyecKUX YpaBHCHUN
(CJIAY).
Marpuiisl
(all a, 8y, w (all a, a, bl \]
a a o a — a a - a, b
A= I ooz 2" II/I A = I oo ooz i, KOTOpBIE COCTABJICHBI W3
Laml A, aan Laml An, 0 A, bmJ

K03(PUIMEHTOB NpU MEPEMEHHBIX U CBOOOIHBIX YJIEHOB CHCTEMBbI, Ha3bIBAIOT COOTBETCTBEHHO
MaTpHULEN CUCTEMBI U PACIIMPEHHOW MAaTPULIEH CUCTEMBI.

PaccMoTpuM cucteMy TpEX JIMHEHHBIX YPAaBHEHUI C TPeMsi HEU3BECTHBIMU Xiv X5, Xj:
J a, X, +a,X, +a;,X, = b,
X +8,X, +8,,X, =D,

Ay X+ 85X, +85,X; = bs*

rae &; - Kod(QHUIMEHTHI NP HEeM3BECTHBIX; D; - CBOGOIHbIC WieHb! (IPaBbIe YaCTH) CH-

cTeMbl ypaBHeHUH. OnpeienuTeNb TPEThEro nopsiaka A , cocTaBlIeHHbIN U3 K03 GULIMEHTOB MpH
HEHM3BECTHBIX, Ha3bIBACTCS onpedenumenem CUCHEMbL.
Pemmm cucremy TMHEHHBIX ypaBHEHU METOJIOM OOpaTHOM MaTpHIIbL:

2%, + X, =3X, = =5,
X, = 2X, +2X, =17,

[ X, + X, +3X, = 4.

Brenéwm crnenyronme o003HauYCHUS:

(2 1 -3) (%) (—5\‘

4234

Brrunciaum OIIPEACIIUTECIIb CUCTCMBI.
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2 1 -3
A=1 -2 2|=-12+2-3-6-4-3=-26.
1 1 3
Tak kak onpenenuTeNlb MAaTPUIIBI CUCTEMBI OTJIMYEH OT HYJISI, TO MaTpuiiad uMeeT oopar-
-1
HYIO, @ PELIEHUE CUCTEMBI UMEET BU/L: X=A"'B.

JInst Hax oK AeHUS] 0OpPaTHOM MaTPUIBI A" BBIYUCIUM AITeOpanuecKie IOTOTHEHHS dJie-
MEHTOB MaTpHIIBLA

2 2 13, 1oy
S | N (R ol 2
N - . 2 -3
AlZ - 1 3 - 1 22 1 3 - ! 32 l 2 - !
12| . 2 . 2 1 -
A13 - l 1 - 1 23 l 1 - 33 1 _2 - "

-1
Marpuna A, oOpatTHas KA, 3alUIIEeTCsl CASAYIOUMM 00pa3oM

(-8 -6 -4)

a1 |

Al=——-1 9 -7
26

3 -1 -5

MarpudHO€e peneHne CUCTEMBI UMEET BUJL:

(%) (-8 -6 —4)\(- 5\
1| I 1

e LS 6'LliJ:t‘§J"

OTCIOZA ClIeyeT, 9To X; = 31 X, 5,
[Tpu ycmoBum, 94T0 A # 0, TO STIUHCTBEHHOE PEIICHUE CHCTEMBI BBIPAKACTCS (hopmynamu
Kpamepa:

N

X

1 2

A A A
A A A

Pemts o popmynam Kpamepa crienyroniyro cucTeMy JIMHEHHBIX ypaBHEHUM:
X, = 2X, + X, = -4

J3Xl+2X2 +5X, =2.

[4x1 - 7X, =5X, = -5

1 -2 1
Bruauase Haiizem onpenenurens cuctembl A =(3 2 5| =-10-40-21-8-30+ +35 =
4 -7 -5

- 74. A #0. CniemoBaTenbHO, pacCMaTpuBaeMasi CHCTEMAa UMEET €IMHCTBEHHOE pereHne. Brrauc-
JIUM ONPENEIUTENN A A, A,
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-4 -2 1 1 -4 1
A, =12 2 5/ =40+50-14+10-20-140=-74,A,=3 2 5/ =-10-80-

5 -7 -5 4 -5 -5
1 -2 -4
15-8-60+25=-148,A, =13 2 2| =-10-16+84+32-30+ +14=74. Takum oOpazom,
4 -7 -5
pelicHue JTAHHOM CHCTEMBI uMeeT BHJI:
A, -74 A, —148 A, 74
X,=—t=—"=1 x,=-2=-"""T"2-2 x,=-2=—"=-1
A -74 A -74 A -74

Paccmotpum pemenne CJIAY meronom IMaycca. Meton 'aycca 3akitouaeTcsiB ocieno-
BaTEJIbHOM MCKJIFOUEHUH HEU3BECTHBIX. [l y100CTBa BBIIMILEM PACIIMPEHHYIO MAaTPULLYH MIPU-
BEJIEM €€ K TUaroHaJIbHOMY BHJly C IOMOIIBIO 3JIEMEHTAPHbIX IPE0OPa30BAHUM.

(2 1 =-3|-5) (1 1 3|4)

|1 -2 2|17 I———)I 1 -2 2|17 |————>

Sy >S5 | -S,+8S,
1 1 3|4 l2 1 -3-5) "

(1 1 3] 4)

| | |(1 1 3| 4 \| |(1 1 3| 4 \|
—5 |0 8 U s> 510 -1 —9[-13 | ———— |0 -1 -9[-13].

-2S,+8S, 2 3 2+93
LO 1 -9 —13J lo -3 -1]13 lo o 26|52 |

BrimomHuM 00paTHBINA X0, 3amuIieM CHCTEMY,HCXOAs U3 Kod(D(PHUIIMEHTOB MOCIeaHEH
MaTpHIIbI, U TTOCIEA0BATENbHO Hali/IeM HEU3BECTHEIE.

Jxl+x2+3x3=4, J X, = 2,
—X, 9%, = -13, x, =13-9x, = -5
t 26X, = 52, [x1=4—x2—3x3:3.

3aoanue:.

Ucnonszys dopmynsl Kpamepa u MmeTo1 00paTHON MaTpUIIBl HAUTH PEIICHUS CIIECTYOITUX
CJIAY:

3X, +2X, + X, =5 X, —2%, +3X, =6 2X, =X, =X, =4
1. J2x1+3x2 +X,=1 ;2. J2x1+3x2 -4x, =20 ;3. J3x1+4x2 -2x, =11,
[2x1+x2+3x3 =11 [3x1—2x2—5x3 =6 |3x1—2x2+4x3 =11
Pemmnts crepyromue cucremsl meronom ['aycca.
[2x, + 4%, +4x, + 6x, =18
1 4%, +2X, +5%X, +7x, = 24
| 3%, +2x, +8x; +5x, =13

[2x1+8x2 +7%X, +3x, =6
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Ilpakmuueckas pavoma Ne3. @ynkuyuu u npeoenvt. Memoovl npudIuUIHCEHHO20 8bIHUC-

JleHuA 3HAYeHUull YyHKYUil.

Ilens: ChopMupoBaTh HaBBIKU BBIYMCIICHUS MpeAeNoB (QYHKIUHN, a TAaKKE BbIUMCICHUS

MPUOJIMKEHHBIX 3HAYCHUH (PYHKITUH.

Ocnoevl meopuu:

[Tyctb QyHKIUSA y - f(x) 3a/laHa B HEKOTOPO OKPECTHOCTH TOUYKH &, 3a UC-
KJIFOUEHUEM, MOKET OBbITh, CAMOW TOUKHUA.

Yucio A HaszbIBaeTCs npeoenom QyHKYuu « (x) B TOUKE X =2a, eClid AJis Jo-
O0T0 TOJIOKUTEIIBHOTO YHCIIA ¢ > 0 HAMAETCS TaKOE TIOJOKUTEILHOE YUCIO & (<) > 0

, YTO UL BCEX X , YIOBJICTBOPSAIOIINX HEPABCHCTBY 0< |X - a| <6, BBIIIOJIHACTCS HE-
PaBCHCTBO | (x)-b|< & - B sTom Clry4dac 3aIlMCBIBAIOT lim f (x) = A.

X—a

Jlaaum reoMeTpruecKy0 WILTIOCTPALMIO MTOHATHUS Npeiesia GyHKIUN B TOUKE
(puc. 1.)

h+s

f(x)

h—:/
Pucynoxk 1.

I[JISI BCEX TOYEKX, OTCTOAIINX OT TOYKHU A HE HAJbIIEC, YEM HA o , TOUKU M
Fpa(l)I/IKa q)yHKI_[I/II/I f(x) JIC)KAT BHYTPH I1OJIOCHI H.IPIpHHOﬁ 2¢ OFpaHquHHOﬁ nps-
MBIMHU y=b—-¢,y=b+¢.

PaccMmoTpum HEKOTOpHBIE coticmea npeodenos yHKYu.

[IycTs leina f(x)=Alim g(x) =B (- nocrosiuuas BemmunHa ,TOTHIA

X—a

1. lim ¢=¢»

2 Iixrpa (C~f(X))=C~|im f(x)=C-As

3 Iixrpa (C-f(><))=C-|ixrpa f(x)=C-A,

4, IxiTa(f(X)+g(X)):IxiTaf(X)+lxiTag(X):A+B’
5 lim (f(x)-g(x)) =lim f(x)-lim g(x)=A-B,

X—a X—a X—a

13



foo _Imfe) A
= =—_—,€CIHA |im g(x) = 0.

: l =
0 x'Tag(X) lim g(x) B x—a

X—a

Jlsa 3ameuamenvHvix npedena
[IepBblil 3aMedaTENbHBIN PEAET UMECT BUI:
. sin x
lim =1.
x—0 X

Bropoli 3ameuarenbHbIi IPeiesl UMEET BUL:
X
1
lim (1 + —j = e,
X —> 00 X

1
lim (1+x)X =e.
Xx—0

PaCCMOTpI/IM IIpUMEPHI Ha BBIYUCIICHUE IIPEACIIOB (byHKuHI?I.
2
12X~ + 5x

lim :
IIpumep 1.Berancnuts npenen " — ax% 4+ 7

Pemenne
[Ipu moaCTaHOBKE MPEIEIBPHOTO 3HAYCHUS apTYMEHTA MOJIy4YaeM HEOIpee-

o0
JIEHHOCTb BHJa — .
e8]
B npumepax mogo0HOro THIA YUCIUTENb U 3HAMEHATEIIb JISJISAT MOWICHHO Ha

-CTeIIcHb MHOTOWICHA B 3HaMeHaTene.P a3aCJIMM 4YUCIUTCIb U 3HaMCHA-

n
X", raen
2
TEJIb HA Ha X . B pe3ynprare nomyyum:

1242
* 1240

_ 12x*+5x X
|Im—2=|lm = =-3,
xom —4XT 47 xow 7 -4+40
—4+72
X

5 7
> M - CTPEMATCS K HYJIIO.

Tak kak, mpu X = © QyHKIAA
x° —4x* -3x+18

ITpumep 2.Berauciouts npenen  lim .
pumep p 3 x* _5x° +3x+9
[Ipu nmojcTaHOBKE MPEAETBHOrO 3HAYEHUSI ApTyMEHTa MOJIy4aeM Heolpeie-

JICHHOCTb BI/IlIag ) yTOOBI €¢ PACKPLITE PA3JI0KHUM YHUCIUTCIIb U 3HAMCHATCJIb Ha

(x-3)°(x+1)

MHOKHTEITH:
X —4x? —3x+18 = (x = 3)(x* = x = 6) = (x = 3)(x = 3)(x + 2) = (x = 3)* (x + 2)
x*—5x% +3x+9=(x-3)(x* —2x-3)=(x-3)(x - 3)(x +1)

x° - 4x" -3x+18  (x-3)"(x+2)

x> =5x*+3x+9  (x-3)"(x+1)
2
COKpaTiM YUCIUTENL M 3HAMEHATENIb HA MHOXKHTEND (X-3), B pesyibTare

14
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o x*-4x*-3x+18 _ x+2 5
lim = lim = —

x>3 x° _5x’ +3x+9 3 x+1 4

Hpumep 3.Boruncnuts npefen fjm Y3018 —2vx+1,

X—3 3X2_9

HpI/I MMOACTAHOBKC IIPCACIIBHOI'O 3HAYCHUA apryMCcHTa I1OJIy4acM HC-

OIpCACICHHOCTDb BU/1a 2 , yTOOBI €€ PACKPBITh YMHOXHUM YHUCJIUTCIIb U 3HAMCHATCJIb
0

Ha BBIPAXXCHHUC, COIIPSAKCHHOC YMCIINTCIII0,a BBIPAKCHUC, CTOAIICC B 3HAMCHATCIIC

Pa3JI0KUM Ha MHOKHUTCIIN.
\/x+13 —2\/x+1 i (\/x+13 —2\/x+1X\/x+13 +2\/x+1)_

lim im
x3 Ux2 -9 X3 %/(X—3)(X+3)(\/X+13 +2\/x+1)

-3x+9
— 1 —-3(x-3
= |lim — lim (X )

x—3 %/x—33&/x+3(\/x+13 +2\/x+l) x=3 (x—3)§(X+3)é(\/X+13 + 2\/X+1)

1

= lim ~3(x-3p =0
e (x+3)§(\/x+l3 + 2\/x+l)

sin 3x
lim ——.
IIpumep 4.Borancnuts npenen ' Ay

. 0]
HNmeem HCOMIPECACICHHOCTD BAA 6 , PaCKpO€M €€ € IIOMOIIBIO IIEPBOI0 3aME-

9aTCJIbHOIO IIpcaciia.

. sin 3x . 3sin3x 3. sin3x 3

lim = lim ———— = —1 = —

x—>0 4X x>0 4.3X 4 x>0 33X 4
2Xxsin X

IIpumep 5. Berunciuts npenen lim ———,
P P p x>0 1 — cos X

Bocrnions3yemcst TpUroHoMeTpudecKuMu GopMyamu:

. X ) . X X
2sin > = =1-cos X; sin x = 2sin —cos —, B pe3yJIbTaTe MOJyYruM
2 2 2
2x-2sin ~cos ~ 2 X
- 2%sin x |—0—| - X-2SIn 0082 . X-COS2
Ilm—zt—lelm ™ :Ilm—X =
x—>0 1 — x—0 x—0
1-cosx 0 2sin? = sin —
2 2
Ztlmcos— 5.1
= = _4
. 1
sin — —-1
= . lim—2 2
2 x>0 X
2
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2x-1

) 3x-1
Ipumep 6.Borauciauts npeen X'inw{ 3%+ 4}

HOI[CT&HOBK& MMpcaACJIbHOro 3Ha4YCHUA IIPUBOAUT K HGOHpCI[CJ'IéHHOCTI/I BHUaa

I{J’ISI e€ PACKPBITHUA BOCIIOJIB3YCMCA BTOPBIM 3aMCUYATCIIBHBIM IIPCACIIOM.

2X l 2X
- (- 1) L lim (1— ]

3x-1 3x -1 X—> 0
Iim( X ] :Iim|—34x| -Iim( X ] - LY
e Tl TEes fim [ 1+ -

3X X—> 0 3X
2
—-3X 3
1
lim ((1+ j W 2
x—>ooL — 3x e 3 _E 1
_ _ _ 3 _
- = —e -
3x 33 3
(( VW € €
| |

im [ 114 2|

lim|l1+— |

X—)w|L .?)XJ |

Lo
3aganue:

_ x’+5 Cox? - 49
1.lim . 2 lim ——
x—>43X_4 x>7 X -7
i 2X2+X—1 ) -6+ 2
3. Im ————. 4, |Iﬁ13—
it 2X° +5x-3 x>-2 x* 4+ 8

2
5 lim 5x° +4x -8 - 2%’ —2x 44
Cxox8x® 4+ 6X0+1 'w\/sf_\/ﬁ'
7l Ix2+1+4/x 8Iimsin5x
Jdim ———- . .

X—> 0 4/X3 + X _X2 Xx—0 Sin 2X
. l-cosx . tgx —sinx
9.lim ——=. 10.jm 29X Z3In X
x—0 X x—0 X
( v 5
2x% +2 . 5
10.lim| ——— . 12_|leo(1+2x)x
xoo| 2X° -1 -

Bonpocul ons cobecedosanus:

1. Onpenenenue npenena GyHKIUH.

2. OCHOBHBIE CBOMCTBA MPEJIEIOB (PYHKIUH.
3. MeTo1bl BEIYUCIICHUS TIPENIEIIOB (PYHKIINH.
4. TlepBblii 3aMevaTeNbHBIN TIPEIEIL.

5. Bropoii 3ameuarenbHbli Ipeien.
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Ilpakmuueckan pavoma No4. Ilpouszeoonas u ougpghepenyuan ghynkyuu oonoit nepe-

MEHHOU.

Ilens: ChopmMupoBaTh HABBIKM BHIYMCIICHUS TPOU3BOIHBIX CIIOKHON (PYHKIIHH.

Ochoevt meopuu:

Onpeodenenue npou3so0HoU
Ilpoussoonou  ¢yukyuu y = f (X) Ha3pIBaeTCsA MNpeaen OTHOIICHUS NPHUPAIICHUS
(GYHKIIMM K COOTBETCTBYIOIIEMY MPUPAICHUIO apTyMEHTa, KOTa MPUpAICHIE apryMEeHTa CTpe-
MUTBCS K HYJIIO:
. A .
f'(x)= lm 2= lm

Ax—0 A Ax—0

S (x+Ax)—f(x)
Ax

Ecinu 3TOT mpeien KOHeUHbIH, TO MPOU3BO/IHAS CYIIECTBYeT U pyHKuus f(X) Ha3biBaeTCs
mubdepennupyemoit B Touke X. [IponsBogHas o6o3HavaeTcsy'(X) uiu d_y [Tponecc Haxoxe-
dx
HUS IPOU3BOHOM Ha3bIBaeTcs nuddepeHnpoBaHreM (O yHKIIHH.
IIpasuna oughghepenyuposanus gynxyuti

[TyctbCeR— moctosiuHast, u = u (x), V = V(X) — QyHKIIHH, IMEIOIIHE IPOU3BOIHBIE.

1. C'=0. 2. (Cu)'=C-u".
3. uUxv) =u"+ V. 4, (u-v)’=u"-v+u-v’.
u) _u'v-uv'
o (1 - waw!

IIpasuno ougpepenyuposanus croxcuou ynkyuu

Ecin ¢dynkuus y = f(u) auddepenumpyema nou, a pyukuusiy = ¢ (X)aubdepeHmpy-
emMario x, To Mpou3BoaHas ciokHou pyukuuny = f(¢ (X)) onpenensercs Gpopmynoit y' =f' (u) - U’

(x) .

Tabauya npou3Bo00HbIX CIOHCHBIX PYHKYULL

1w =n-u""u'.

la. (\/a)'=% 16. (u_l)':(l):—u—'.

u uz
2.(a”)=a”-|na.u'. 2a.(e“):e”-u’.
, __u' (nu) =4
3. (log , u) 3 3a.(Inu) U
4. (sin u)’ =cosu-u’. 5.(cos u) =—sin u-u’.
6. (tgu) =—YU . 7. (ctgu) = — U
cos 2u sin 2u
8. (arcsin u) = Y 9. (arccos u) =-—4—.
1-u? 1-u?
10 T__u’ 11. __u
(arctg u) T (arcctg u) T
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Ilpoussoonvle 6mopo2o nopsaoka
Tpoussodnoti emopozo nopsdka (emopoii npouzeodnori) ot pyaxuun Y = f(X)

Ha3bIBACTCA IIPOU3BOJHAA OT €€ HpOHSBOI{HOﬁ, T. €.

F7(x) = (£'(x))".

2
BTopyo Mpou3BOAHYIO Takxke obosnauaor Y (X) wmim d’y

~- [IpousBogHas ot

dx

MIPOU3BOTHOM BTOPOT0O MOPSKA HA3BIBACTCS NPOU3B00HOU mpemve2o nopsaoka u T. 1. llponsBoa-
n

ay
dx "
[MokaxkeM Ha PUMeEpax, KaK CIIEIYeT MOIb30BAThCS IPUBEIEHHBIMHE BhIIIE HOPMY-

HYIO N-TO MOpsiiKa 0003HAYAIOT Y (n) (x) wm

JIaMH.
Mpumepl. Haiiti npoussogmyto: y = €0s ~ (X 7).
y'= 2cos(x2)-(cos(x2))' = 2¢0s(x)- (- sin (xz)), -(xz)' — —2x-sin (2x°).
Ipumep 2. Haiitu npousBogHy0: Y = arcsin \/; ,

!

1
A

IIpumep 3. Haiitu npousBoanyio: y = In (arctg VX — 1).

Pemenue.

(arctg /x —1) 1 | (Vx-1) B 1 !
arctg v/x —1 - arctg vx -1 4 (mi - arctg Jx -1 2\/x3 —x? .

’

’

X X
Ipumep 4. Haiitu npoussoanyro GpyHkiuu ¥ = In 1g —— —
2 sinx
y = 1 1 1 sinx-xcosx 1 Sin X — XCos X  sin X —sin X+ X€Os X
T x X 2 in? - X X in? N in?
tg = cos® > 2 sin” X 2sin X cos & sin” X sin” x
2 2 2 2
_ XCOSX
sin x
2x*
IIpumep 5. Haiitu npousBoanyto GyHKIUU Yy = arclg L
- X
, 1 8x°(1-x°)—(-8x")2x" (1-x%)*(8x°-8x" +16x') 8x°+8x"
y = . = = =
( 4x°% ) 1-x%)? @+ x*)2@1-x*)? 1+ x%)?

L1+7(1_ XB)ZJ

_8x'(1+x") 8
Q+xH?  1+x*

3
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3aganue:

Haiitu npon3BoHy0 (QyHKIHH.

1 y=ifBravan)
X
1

2. g X

W1+ x?
3. y = arctg =
1+ X
4 x? -2

y=Ih—/]m—m——.
\/(6 - 2x2)3
5. y = InIntgx

1
arcsin —

6. y=e "

Bonpocwl ona cobeceoosanus:

1. Jlaiite onpenenenue npou3BoAHON (PYHKIIUU B TOUKE.

2. ChopmynupyiiTe OCHOBHBIE ITpaBuia Tu(GepeHINPOBAHNS.
3. 3anumunTe TabIUIy TPOU3BOIHBIX.

4. Kak onpenensiercss IpoU3BOIHAsI BTOPOro, N-ro mopsiika’?

1. Ilpakmuueckasa paooma Ne5. Memoowvt uccnedosanus u nocmpoenus 2paguxos

dyukuuil.

IJeny: ®opmupoBaHUE HABBIKOB MPUMEHEHHs AU(QepeHInanbHOr0 UCUHUCIEHUS K T10-
CTPOEHUIO TpapUKOB (PYHKIIHIA.

OcHoevt meopuu:

Paccmorpum dyHKIMIo y = f (x), HempepelBHYIO B Touke X;. Touka X, Ha3bpIBaercs
MOYKOU MAKCUMYMA (MUHUMyma) Qynkyuuy = f (x), €CIH CYLIECTBYET TakKasi OKPECTHOCTb
TOYKHU X, uTO 171 BceX X # Xy M3 OTOM OKPECTHOCTH BEINOIHAETCS HEPABEHCTBO f (X) < f (XO)
(f(x)> f(x,)). 3nauenne QpyHkuuM B TOUKe MAKCUMYMa HA3bIBAETCA MAKCHMyMOM ()yHKIIMH:
Ymax = f (Xmax ) .3Hauenue QYHKIMHE B TOUKE MUHUMYMa Ha3bIBAETCS MHHHMYMOM ()yHKITUH:
Yin = f (Xmin ) -

Toukn MmakcuMyma 1 MUHUMYMa G YHKIIUU HA3BbIBAIOTCS MOUYKAMU IKCMPEMYMA PYHKYUU.
3HavyeHus1 GYHKIMU B TOUYKAX SKCTPEMyMa HA3bIBAIOTCS 9KCIMPEMYMAMU QYHKYUU.

Ecom Gynkims y = f (x) uMeer B Touke Xy skcrpemym, 1o f'(Xy) =0 wm f'(X,)
HE CYLIECTBYET — HeobXxoouMoe ycrogue sxcmpemyma. OTCIONA CIEMYET, 9TO TOUKA IKCTPEMYMA
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(GyHKLIUU CleqyeT MCKaTh TOJIBKO CPEeOH TeX TOYEK, B KOTOPBHIX MPOM3BOAHAS (DYHKIMU paBHA
HYJTIO WIN HE CYHIECTBYET, TAKHUE TOYKH HA3BIBAIOTCS KPUMUYECKUMY WA CIMAYUOHAPHLIMU TOY-
KaMu (yHKIUH.

Ecmu ynkius y = f (x) HEpephIBHA B HEKOTOPOH OKPECTHOCTH KPUTHUECKOM TOUKH Xy
1 quddepennupyemMa B 3TOH OKPECTHOCTH (3@ MCKJIIOUEHUEM MOKET ObITh, CAaMOM TOUKH Xj) H
eciu IpH nepexozie X depes Touky X (ClieBa HaIpaBo):
f !
1) f'(X) menster 3nak ¢ «+» Ha «—», T0 TOUKA X( €CTh TOYKa MaKCUMyMa QyHKIIUH,
f !
2) f'(X) memser smak ¢ «—» Ha «+», TO TOUKa X( €CTh TOYKAa MUHUMYyMa (DYHKIIUH,
3) f'(x) X
) HE MEHSET 3HaK, TO B TOUKE X (QyHKIHMA HE UMEET DKCTPEMyMa.
Ecnu B xputnueckoii Touke X, GyHKIMSA y = f (x) ABaxabl fuddepeHnupyema, To onpe-

JEIHUTh XapaKTep SKCTpeMyMa (eci B Touke X; (QyHKIMM MMEET SKCTPEMYM) MOXKHO IO 3HAKy
BTOPOU MPOU3BOIHOM:

1) ecmn f "(XO) <0, 10 X; — TouKa MakcuMymMa GyHKIHH,

2) ecmn f "(XO) >0, 10 X; — TOUKa MUHEMYMa QYHKIUH.

I'padux ¢pynkuuu y = f(X) Ha3pIBaeTCs BHIITYKJIBIM BBEpX Ha HHTEpBaje (a; b) eciu B mipe-
Jiesax 3Toro uHTepBaia rpaduk pyHkiun y = f(X) 1eKUT HIDKE 000 CBOEH KacaTelbHOM.

I'padux ¢pynkumu y = f(x) Ha3pIBaeTCs BHITYKJIBIM BHU3 Ha HHTEpBase (a; b) ecnu B mipe-
Jiesiax 3Toro uHrepBaia rpaduk pyHkiun y = f(X) JexuT Bhile 11000 cBOel KacaTeIbHOM.

Touka rpaduka pynkuun y = f(X) Mo (Xo; f(Xo)) Ha3bIBaeTcs TOUKO# nepesuba rpaduka,
€CIIU TIPH MepexoJie X uepe3 Xo rpa)uk MEHsIeT HalpaBIeHUe BHITYKIOCTH.

B touke nmeperu6a Xo Bropas npoussonnas Gpyrkiuu f papnamymo  f"(X,) = 0 (geo6-

XOJIMMO€ YCIIOBHE Teperuoa).
Ecnm BTOpas npousBomHas f”(x) ABaxasl AuddepeHiupyemMon GyHKIMHA TIPH TIEPEX0Ie

yepe3 TOUKy X, MEHSET CBOHM 3HaK, TO TOYKa X, €CTh TOUKa rnepernda e€ rpapuka (JOCTaTOYHOE
ycloBHe nieperuoa).

Aneopumm uccnedosanusn GyHKyuu Ha bINYKIOCMb
U mouxu nepeauba

1. Haxoaum BTOpYIO MPOU3BOAHYIO QYHKIUHU f "(X) -

2. HaxoauMm TOYKH, B KOTOPBIX BTOpasi MPOU3BO/IHASL PaBHA HYJIIO UK HE CYILIECTBYET.

3. Uccnenyem 3HaK BTOpOil MPOM3BOAHOM CIIEBA U CIIPaBa OT HANJAEHHBIX TOUEK U JIEJIaeM
BBIBOJ1 00 MHTEpBajaX BIMYKJIOCTH U HaJIMUKUU Touek nepernda. Ecnu BTopas nmpousBoaHas Oyner
MEHATH CBOM 3HAK C IUII0CAa HA MUHYC WJIM ¢ MHUHYCA Ha IUTFOC B UCCIIEyEMON TOUYKE, TO 3Ta TOYKA
u Oyzner Toukoi neperuda rpaduka Gynkunu. Ecnu BTOpas npousBojHas 3HaKa HE MEHSET, TO
(GyHKLUS HE UMEET TOYEK Meperuoa.

Acumnmomul epaguxa hynkyuu
[Mpsimast Lua3siBaeTcst acumntoTol KpuBoit Y = f(X), ecu paccrostue ot Touku M(X; )
KPHBOH 10 3TO mpsiMoii LcTpeMuTCs K HYIIO MPH HEOTPAaHUUSHHOM YAAJICHUH TOH TOYKHU I10
KpHUBOW OT Hayana KoopauHar. [IpsmMas X = asBiseTcs éepmukaibHou aCUMIITOTON KPUBOU Y =
f(X), ecru BBIIOJTHSIETCST XOTSI OBI OJTHO M3 YCIIOBHIA:
lim f(x)= 4o (uw — o)
Xx—>a-0
im f(x)= 40 (ww — o)
X—a+0
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[Tpsimast y = kx + b makmonnas acumnrora kpuBoi Y=f(X) mpu X = +0 (mpu X - —0 ),
€CJIM BBITIOJIHSIOTCS YCIIOBHUS:

1)

lim =k u lm [f(x)-k-x]=D
Xx— 4o X X—> +0

(im 29 0 m [r(x)—k.x]=b)
xo>—oo X X5 o0 )

YacTHbIll ciydail HAKJIOHHOM acUMMTOTHI IPHU k=0u b#o - 20PU30OHMATILHAS
acumnToTay = b.
3x% - x+2
X—2 '

Ilpumep 1. Haiitn acumnToThl rpaduka QyHKIUH y =

Haitnemo6nacts onpenenenus ¢yukuuu D (y) = (— o0 | 2) U (2 '+ OO).

Xy = 2ecTh TOuKa paspbiBa rpaguka (QyHKUMH, 4epe3 Hee MOXKET IPOXOJUTH BEPTH-
KaJlbHasl aCUMIITOTA.

. o 3xZP-x+2 [12]
Haiinem lim f (X) = lim = L J = —00 ,CJICIOBATEIBHO,  IpsIMast
-0

X—Xg-0 Xx—>2-0 X—2

X, = 2 SBIsSETCS BEPTUKAIBHON ACHMIITOTOIA.

Haiinem HakimonHyro acumMnToTy:y = kKx + b

) f(x) ) 3x’ = x+2 [o] |pasmenum 4HCIHTEID
k= lim =lim —=— = , =
x40 X X—> 400 (x - 2)x LwJ U 3HaMeHaTelb Ha X
(x—>-o) (x—>-o)
1 2
3——+ —
= lim X _X__3;
X—> 4o 1 g
(X—)foo) X
(3% — X+ 2 ) 3x> — x+2-3x"+6X
b= lim [f(x)—k-x]:Iim —— _3x|= lim =
X—> +00 X—> 400 X—2 X—> 400 X —2
(x> -) (x> -o) (x—>-)
5 2
+ —
) 5X + 2 ) X
lim = lim =5.
X—>40 X —2 X—> +00 _ E
(x> =) (x>=)" X
Hamm, urok = 3 u b = 5, ciienoBarenbHo, ypaBHEHHE HAKIIOHHON aCHMIITOTHI KMEET BHJT
y=3x+5.
3aganue:

Haiitu sxcTpeMyMBbl (hyHKITHIA:

1 1 1 1
1.y:—x3——x2—2x. 2.y:—x3+—x2—6x.
3 2 3 2

Haiitu unTEpBabl BHITYKIOCTH, BOTHYTOCTH M TOYKHU Tepernda rpaduka GyHKIUU:
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4
X 2

l.y=——-2x 2.y=x>-5x*+3x-5
12
Haiitn acuMnToTs! rpadMKoOB CIEIYOINUX (YHKITHI:
2 2
1y-22% 2.y 2% *+2x—1
X+ 3 1-x

Bonpocwl ona cobecedoosanus:

1. Haiitu o6macth onpeneneHus GpyHKIIUH.

2. UccnenoBarh (hyHKIMIO HA YETHOCTh U HEYETHOCTD, MEPUOAUYHOCTD.

3. UccnenoBarh (hyHKIMIO HA HETIPEPBIBHOCTD U BEPTHKAIBHBIE ACHMIITOTHI.

4. UccnenoBath moBeneHue (DYHKIUUM HAa OECKOHEYHOCTH, HAWTH TOPU30HTAIBHBIE U
HAKJIOHHBIE ACUMIITOTHI.

5. Haiitu 3KCTpeMyMbl M HHTEPBaJIbl MOHOTOHHOCTH (DYHKIIWH.

6. HaiiTi mHTEpBAaJIbl BRITYKJIOCTH (DYHKIIMU U TOYKU TIepernoa.

7. Haiiti Touku nepecedenus QyHKIUU C OCSIMU KOOPAUHAT.

8. [loctpouts rpaduk QyHKIMH.

9. Onpenenenne skcTpemMmyma (pyHKITUH.

Ilpakmuueckasa padoma Neb. Bepoamnocmuule mooenu npoueccos ynpasieHusi.

Ilens: 3akpenuTh HaBBIKM MPUMEHEHUS BEPOATHOCTHIX MOJENEH B Ipoleccax yrpasJe-
HH.
OcHogvl meopuu:

Knaccuueckoe onpedenenue éeposmuocmu.
Beposmnocmo cobvimus A onpenensercss Gopmynoi
P(A) =
n

rJie M — YUCIIO JIEMEHTapHBIX COOBITUI, OJIarONPHUATCTBYIOIINX MOSBIEHHIO COOBITUS A, N
— YHCJIO BCEX JIEMEHTAPHBIX COOBITUH, BXOAAIIMX B Q) .

310 onpezeneHue Ha3bIBACTCS KIACCUYECKUM ONpedeieHuem 8epOosiImHOCIU.

W3 onpenenenust BEpOSITHOCTU BHITEKAIOT CIIEAYIOIINE €€ CBOMCTRA!

1. Beposmnocmov 0ocmogeproco cobvbimus pagHa eouHuye.

JleliCTBUTENBHO, €CIIU COOBITHE IOCTOBEPHO, TO BCE 3JIEMEHTapHbIE COOBITHS OJIaronpusT-
CTBYIOT eMy. B aTOoM citygae m=n wu, cieqoBaTeNbHO,

m n
P(Q)=—=—=1-
n n
2. BeposmHocmb He803MONCHO20 cOObIMUSL PABHA HYIIIO.
JleficTBUTENTLHO, €CTU COOBITHE HEBO3MOXKHO, TO HH OJTHO DJIEMEHTApHOE COOBITHE HE OJ1a-

rONpUATCTBYET eMy. B aToM ciiyqae m=0 u, cienoBaTensHoO,
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n n
3. Beposmnocmu ciyyaiino2o cobbimusi eCmob ROJIOHCUMETbHOE YUCTIO, 3AKTIOYEHHOE
Medncoy Hynem u eOuHUuyell.
JleicTBUTENHHO, CITy9allHOMY COOBITHIO OJIATONPUATCTBYET JIUIIH YacTh U3 OOIIETO Yuclia

o m
JJIEMEHTAapHbIX COOBITHH. B 3TOM ciiyqae O < m < N, a 3Ha4UT, ) <« — < ] H, ClIeN0OBa-
n

TEJIBHO, 0< P(A) <1
Wtak, BeposSATHOCTH THO00T0 COOBITHS YIOBIETBOPSET HEPABCHCTBAM

0<P(A)<1
Ecnu mpocTpaHcTBO Q CONEPKUT OECKOHEUHOE MHOKECTBO 3JIEMEHTAPHBIX COOBITHH, TO
UCTIOJIB3YETCSI TEOMETPUYECKOE OIPE/ICIICHUE BEPOSITHOCTH, KOT/Ia BEPOSITHOCTH MOIAJIaHUs
TOYKH B JIFOOYI0 00JIaCTh MPOMOPIIMOHAIBHA MEPE 3TOM YacTH (IUIMHE, TJIOMAIH, 00beMY) U HE
3aBHUCHUT OT €€ PACIOJI0KECHHUS U (POPMBI.

mesg

P (A) = —G , LAC MES — MCpa MJIMHBI, IJIOIIaAau, 06’beMa, g —4acThb obnactu G.
mes

Ipumep 1. bpocaercs urpansHbiii Kyouk. I[IpocTpaHCTBO dIIeMEHTApHBIX COOBITHH, OTBE-
Jarolee 1aHHOMY 9KCIIEPHMEHTY, HMeeT cieayomuil Bun:. Q = {0, ,, ..., o, } .

[Tycth coObITHE ACOCTOUT B MOSIBJICHHH YETHOTO YKciia 09koB. CoObITHE A €CTh MTOJMHO-
\

xectB0. Q, A ={0,,0,,0.}.

DneMeHTapHble COOBITHSI, BXOJSIUE B COCTAB CIIy4aifHOIO COOBITUS AHA3bIBatOTCS COOBI-
TUSIMH, O1a20npusmcmeyiouwuMy NosIBIEHNI0 coobIThs A. /[Ba MM HECKOJIBKO COOBITUI B TaHHOM
OIBITE HA3BIBAIOTCS PAGHOBO3MOICHHIMU, ECIU IO YCIOBUSIM CUMMETPHUHU OIBITA HET OCHOBAHUN
CYUTATh KaKoe-Tu00 coObITHE 00JIee BOBMOXKHBIM, YeM JIF000€ IpyToe.

IIpumep 2. B notepee paspirpeiBaercs 1000 6unero. Cpean HuX 2 BbIUrpbima mo 50
py6., 5 — 20 py06., 10-10 py6., 25-5 py06. Hekro xynun oaun Ouner. Haiftu BeposiTHOCTH
BBIMIpHIIIA HEe MeHee 20 pyOuieit.

Pewenue.

ITo ycnoButo: 1000 = 250+520+1010+255+958 upourpsi-

[Tycth A- nckomoe coObiTre. Beiurpsii He MmeHee 20 py0Ouieli —3To BeMrpsiil B 20 pyOreid,
KOTOPBII BcTpeuaeTcss Mi=5 pa3 v BRIMIpbI B 50 pyOiieil, KoTopblit BcTpeuaercs M2=2 pa3za. To-

n 1000
Ipumep 3. M3 90 cnyuyailHO OTOOpaHHBIX OJMHAKOBBIX JeTajeil BBIIBIECHO 3
OpakoBaHHBIX. OTHOCHTENTFHAS YAaCTOTa OpaKOBaHHBIX JeTalell paBHa
3 1
W(A)= —=—.
90 30
IIpu yBenmuueHMM dYWCIAa UCHBITAHUKA (ONMBITOB) HAOMIOAAETCS  yCTOWYMBOCTD
OTHOCHUTEJIEHOW YaCTOTHI, T.€. CYIIECTBYET HEKOTOpas TMOCTOSHHAs BEJIHMYMHA, OKOJIO KOTOPOU
IpyNIUpYyeTcs OTHOCUTENbHAs YacToTa M K KOTOpOW OHa Bce OoJjblue MpuOIMKaercs ¢
YBEJIMYCHNEM YHCIIAa HCIBITAaHWH. OTa IMOCTOSHHAs BEIMYMHA HA3BIBACTCS 6EPOAMHOCHbIO
cnyuatinoeo cobvimu 1 06o3HadaercsiP(A). PaccMoTpeHHOE TOHSATHE BEPOSITHOCTH CIIy4aifHOTO
COOBITHS SIBIISIETCSI CTATHCTUYECKUAM OIPEICIIEHUEM BEPOSTHOCTH.

[TycTh coObITHSI A 1 B — HECOBMECTHBIC, IPUYEM BEPOSTHOCTH ITHX COOBITHH HaHbl. Kak
HATH BEPOSATHOCTH TOTO, YTO HACTYHHUT OO coObITHE A, 1100 coObITHE B, T.€. BEPOSTHOCTD
CYMMBI 3THX cOObITHIH A+B? OTBET Ha ATOT BOIPOC JaeT CIEAYIONIas TEOpeMa.
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Teopema ciI0keHHSI BepPOSITHOCTEH HECOBMECTHBIX COOBITHMIl.BeposimHocmsb cymmbl
08YX HECOBMECHBIX CODLIMULL PABHA CYMME EPOAMHOCMEN IMUX COOLIMULL:

P(A+B)=P(A)+P(B).
TeopeMa yMHO:KeHUsI BEPOATHOCTEH He3aBUCHUMBIX COOBITHI. Beposmuocmsb npousse-
OeHUsL 08X HE3ABUCUMBIX COOLIMULL PABHA NPOU3BEOEHUIO BEPOSMHOCMEL YMUX COOLIMULL:

P(AB)=P(A)-P(B).

CaencrBue.Beposamnocms npouszeedenusi HeCKONbKUX He3A8UCUMbBLX COOLIMULL PABHA NPO-

U3BE0EHUIO BEPOSIMHOCMEL IMUX COOLIMUILL:
P(A -A,-...-A)=P(A)-P(A)-...-P(A,)"

Teopema yMHOKeHHUsI BEPOSITHOCTEH 3aBUCHUMBIX COOBITHI. Beposmnocmob npouseede-
HUSL 08YX 3A8UCUMBIX COObIMULL PABHA NPOU3BEOCHUIO 8EPOSAMHOCU 0OHO20 U3 HUX HA YCIOBHYIO
8EPOSIMHOCMb 0PY2020, BbIYUCTIEHHYIO 8 NPEONON0NHCEHUU, YIMO Nep8oe COObIMuUe YIHce HACIYNUILO:

P(AB)=P(A/B)-P(B)-

Ipumep 1. B ypue 30 mapos: 10 kpacubIxX, 5 cuHux u 15 Gensix. Haiiti BepossTHOCTB
HOSIBJICHUSI LIBETHOT'O 1L1apa.

[osiBeHKe BETHOrO 11apa O3HAYaeT NOABICHHUE JTMO0 KPACHOT0, 1100 CHHETO HIapa.

BeposiTHOCTH MOsIBIICHHST KPACHOTO 11apa (coObIThe A)

10 1
P(A)=—=—:
30 3
BeposiTHOCTh MOsIBIICHUS CUHETO T11apa (coobiTHEe B)
5 1
P(B)=—=—-
30 6

CoObiTust A 1 B HecoBMeCTHBI (IOSIBJIEHUE IIapa OJHOIO LIBETA MCKIIIOYAET MOSIBICHUE
11apa Jpyroro 1BeTa), I03TOMY UCKOMasi BEPOSITHOCTh paBHA

1 1 1
P(A+B)=P(A)+P(B)=—+—=—-
3 6 2

Tak kak MPOTUBOIIOJIOKHBIE COOBITHSI BMECTE 00pa3ylOT TIOCTOBEPHOE COOBITHE, TO
P(Q)=P(A)+P(A)=1,
II03TOMY

P(A)=1-P(A).

IMpumep 2. BeposiTHOCTH TOT0, YTO JIeHb OyIeT AOKAJIHMBBIM, paBHa [ = 0,3. Haiitu

BCPOATHOCTH TOT'O, UTO JACHDb 6yI[CT SICHBIM.
CoOniTHu «ICHb )IO)KﬂHHBBIﬁ)) " «ICHb SICHBII) — IMPOTHUBOIIOJIOXKHBIC, ITOOTOMY HCKOMaAs
BCPOATHOCTH paBHA

q=1-p=1-03=0,7.
IIpumep 3.MuiieHb COCTOUT U3 TpeX 30H. BepOATHOCTE momnagaHus B IEPBYIO 30HY IPH
ozHOM BeIcTpene pasHa 0,15; Bo Bropyro - 0,23; B Tpetsio - 0,17. HaiiTi BeposSTHOCTB IpoMaxa.

O6o3Haunm  coOeiTHE A - mpoMax, A - TONMagaHWe B MHIICHb. Toraa
A=A +A,+A, e A,A,, A, - nonaganue cCOOTBETCTBEHHO B IIEPBYIO, BTOPYIO M TPE-
ThI0 30HEL [0 Teopeme CIIoKEeHUs BEPOSTHOCTEIH:

P(A)=P(A)+P(A,)+ P(A,) =05 + 0,23 + 017 = 0,55

OTKyJa P(A)=1-P(A)=0,45
[TycTh mpoOU3BOAUTCS N HE3aBUCHMBIX MCIBITAHUN, B KXKIOM U3 KOTOPHIX COOBITHE A
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MoOXeT Ju0o mpou3oiTu (ycmex), nub0 He Npou3oWTH (Heyaaya). bymem cumrtath, 4TO
BEPOSITHOCTb COOBITHS A B Ka)KJJOM HCIIBITAHUM OJJHA U Ta )K€, @ UMEHHO paBHa p. ClieZJoBaTeNbHO,
BEPOSITHOCTh HEHACTYIUICHHS COOBITHS A B KQXIOM UCIBITAHUN TaK)Ke MOCTOSIHHA U paBHa (=1—
p. Takas nociaen0BaTeIbHOCTh UCIIBITAHUM Ha3bIBAaeTCs cxemot bepnynnu.

B xauecTBe TakKMX UCIIBITAHUA MOKHO pacCMaTpUBaTh, HAIIPUMED, IIPOU3BOICTBO U3AEIHUI
Ha ONPEIEICHHOM O0OpYZOBaHMM IpPHU IMOCTOSIHCTBE TEXHOJOIMUYECKHMX M OPraHU3al[OHHBIX
YCIIOBUH, B 3TOM CJIy4a€ M3rOTOBJIEHHUE I'OJHOIO U3JENNsa — YycreX, OpakoOBaHHOI'O — Heyjlayda.
Ora cuTyauusi COOTBETCTBYeT cxeMme bepHymim, ecnu cuumTaTh, 4TO MPOLIECC HU3TOTOBJICHUS
OJTHOTO M3/EJIHsI HE 3aBUCUT OT TOTO, OBUIM TOJAHBIMU MM OpaKOBAaHHBIMH NPEABLAYIINE H3/ICTHSL.

Jlpyrum npuMepoM sIBIsieTcs cTpenbOa Mo MUIIEHH. 31ech NoNagaHue — yclex, IpomMax
— Heyjaya.

IToctaBuMm cBoOeH 3a1a4ei BBIYMCIUTD BEPOSITHOCTD TOT'0, YTO IPU N UCIIBITAHUSX COOBITHE
A ocyuiecTBHUTCS pOBHO K pa3 u, clieioBaTeNbHO, He ocyliecTBUTCs N—K pas, T.e. OyzaeT K ycriexos
u N—K Heymau.

Hckomyto BepOSTHOCTh 0003HaUUM p (k). Hampumep, cumBon p_(3) O3Ha4YaeT

BEPOATHOCTH TOI'O, YTO B IISATU UCIIBITAHUAX CO6I>ITI/I€ IMOsIBUTCA POBHO 3 pasa u, CJIca0BaTCIIbHO,
HC HACTYIIUT 2 pasa.

HOCJIGI[OBaTeJH)HOCTI) 71 HE3aBUCUMBIX HUCIIBITAHUNA MOYKHO paccMaTpuBaTh KaK CJIOKHOC
CO6I>ITI/Ie, SABJIIOINCCCA IMTPOU3BEACHUEM /1 HE3aBUCUMBIX COOBITHH. CJ‘IG,Z[OB&TCJ‘IBHO, BEPOATHOCTH
TOTO, YTO B 1 HCIBITAHUSIX COObITHE A HAcTYynuT K pa3 W He HacTynuT N—K pas, mo Teopeme
YMHOXCHHUA BGpO)ITHOCTCfI HE3aBUCUMBIX C06LITI/II7[, paBHa

p k q n-k
Taxkux CIHOKHBIX COOBITHA MOYKET OBITh CTOJIBKO, CKOJIBKO MOKHO COCTaBUTH COUYEeTaHUN
k
W3 1 3IEMEHTOB 1o K DJIEMCHTOB, T.€. C 0

Tak kak 3TU CI0XKHbBIE COOBITHSI HECOBMECTHBI, TO [0 TEOPEME CIIOKEHHSI BEPOSITHOCTEH
HECOBMECTHBIX COOBITHI, HCKOMasi BEPOATHOCTh paBHA CYMME BEPOSITHOCTEH BCEX BO3MOMXHBIX
CJIOKHBIX COOBITHH. [T0CKOIBKY k€ BEpPOSATHOCTH BCEX ITHX CIOXHBIX COOBITHH OJJMHAKOBBI, TO
UCKOMast BepOSTHOCTD (TosiBJIeHUE K pa3 cOOBbITHS A B 1 MCTIBITAHUSX ) PABHA BEPOSITHOCTH OJTHOTO
CJIO’KHOTO COOBITHS, YMHOKEHHOM Ha MX YUCIIO

P.(k)=Cypq""

I

n!

P k _ - k . n-k
a (k) 7k!(n_k)!pq

[Tonmyyennyro Gpopmyny Ha3bIBAIOT popmynoti beprynnu.
IIpumep 1. BeposATHOCTH TOr0, YTO PacxoJ] AMEKTPOIHEPTHHM HA MPOJOHKEHHHM OJHUX
CYTOK HE MPEBBICUT YCTAaHOBJICHHON HOPMBI, paBHa [ = 0,75 . Haittn BEPOATHOCTH TOTO, YTO B

TedeHue 4 cyTok U3 OmmKkalmx 6 CyTOK pacxo 3J€KTPOIHEPTHH HE MPEBBICUT HOPMBI.
Pemrenue. BepoATHOCTE HOPMaabHOTO pacxoja JJIEKTPOIHEPIMU Ha IPOAOLKCHUHU
K&KJBIX U3 6 CYTOK IOCTOSIHHA U PaBHA p = 0,75 . Clie0BaTenbHO, BEPOSATHOCTh MEPEPACX0a

SJICKTPOSHCPTHHN B KAXKABIC CYTKHM TAKXKC IIOCTOSIHHA M paBHA q =1— p =1- 0,75 = 0,25 .

Vckomast BeposiTHOCTH 110 (popmyiie beprymim paBHa

6-5 1215
Pi(4)=C,p‘a’ =CJpa’ = ——(0,75)" -(0,25)" =~ ~ 0297 -
1.2 4096

B pAAC 3aaa4 NpCACTABIIACT UHTCPCC HaHBepOHTHCf/'IHJCC YHUCJO YCIICXO0B, T.C. TAKOC YUCJIO

M  ycnexoB, BEPOSTHOCTh KOTOPOTO camasi OoJbIasi cpeid BeposiTHOCTeH. Tak Kak Mpu yBeJH-
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yeHuu K BCPOATHOCTHU CHadalia BO3paCTaroT, a 3aTEM, C OIMPCACIICHHOIO MOMCHTA, HAYUHAIOT Y6BI-

BaTb, TO AJIA m HUMCIHOT MCCTO COOTHOIICHUA
P (m)>P (m-1)

P(Mm)>P (m+1),

Hcnone3ys hopmynny u cootHomienue P + ( = 1, nomyuaem cooTBETCTBEHHO HepaBeH-
CTBa

(n—-m+1)p=>mq

(M+Dg=(n—m)p.
OKoOHYATEIBEHO noJjrygacm, 4To m JIEeKUT B HHTCPBAJIC e,I[I/IHI/I‘lHOﬁ JJINHBI.
np—-g<m<np+p.
OnHako, CTOUT 3aMETHTb, YTO MCIIONIb30BaHKue (hopMyisl bepHymy mpu O60bmmx 3HaUe-

HUAX n A0CTATOYHO TPYAHO, TaK KaK (I)OpMy.]'Ia Tpe6yeT BBIINTOJIHCHHU A ﬂeﬁCTBHﬁ HaJl rpOMaaHbIMHA
HYHUCJIaMHU.

Hanpumep, ecmu n =50, k =30,, P = 0,1, TO JUIsl OTBICKAHUsI BEPOSITHOCTH P, (30)

HAJI0 BEIYUCIIUTH BHIPAKECHUE P, (30) = 50! -(0,1) 30, (0,9)20, rIe 50!= 30414093 -10°';
30!-20!

25
30!1= 26525286 -10 " ;201= 24329020 -10''.
JlokanbHasi TeopeMa Jlannaca.Eciu eeposmuocmo p nosisieHus coovimus A 8 Kaxcoom
UCNbIMAHUU NOCMOSHHA U OMAUYHA OM HYISL U €OUHUYbL, MO 6ePOAMHOCHb P (K) mo2o, 4mo

cobvimue A noasumcs 6 N UCNLIMAHUAX POGHO k pa3, npubIUdICeHHO pasHa (mem mounee, yem
bonvbute n) 3HaveHUro QyHKYUuU

2
X

1 1 - 1 _
y = . g 2 :7.¢(x)np”x=k np
npq 2z« npq npq

2
X

977. IIpn

VmeroTest TabiuLbl, B KOTOPBIX IIOMELICHBI 3HAYCHHSI QYHKLIHH ¢ (X) =
2r
3TOM CJEIyeT yYUTHIBATh, YTO ¢(— X) = ¢5(X) , TaK KaK (yHKLUs ¢ ( X) YeTHasl.

CrnenoBaTennbHO, BEPOSITHOCTH TOTO, YTO COOBITHE A TIOSIBUTCS B 1 HE3aBUCHUMBIX
UCTIBITAHUSX POBHO K pa3, MpHOIMKEHHO paBHA

P, (k) = 9(x)
npq

k —np

npq

IIpumep 1. Haiitu BeposTHOCTH TOro, 4To coObITHE A HacTynuT poBHO 80 paz B 400
UCTIBITAHUSX,, €CIIH BEPOSITHOCTD MOSIBIICHHSI TOTO COOBITHS B K&)KIOM HCITBITaHUH paBHa 0,2.
Pemenwe. ITo ycnosuro n =400 ; kK =80 ;p = 0,2, q = 0,8- Bocnonmssyemcs popmynoi

rae X =

4.7):

1
P (80) = ¢(X):g¢(x)

/400 -0,2-0,8
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BBI‘{I/IC.HI/IM onpez[ens{eMoe JAHHBIMU 3aa4YU 3HAYCHUC X.

k—np ~ 80 — 400 -0,2 ~
npq 8

ITo Tabnuue Haxoaum ¢(0) = 0,3989 .

Hckomast BEpOATHOCTh paBHA

X =

1
P, (80) = —-0,3989 = 0,04986
8

[Iyctp Tenepp TpeOyercs BBIUMCIUTH BEPOSATHOCTD Pn (kl, kz) TOT0, YTO coObITHE A
MIOSIBUTCS B /1 UCIIBITAHUSAX HE MEHEE k1 u He Oosee k2 pa3 (a1 KpaTKOCTH OYJIEM TOBOPUTH «OT

k1 bi (0] k2 pa3»). DTa 331aya pemaeTcs ¢ IOMOUIBIO CIeIYIOIIEH TeOPEMBI.
HNuTerpanbuas Teopema Jlannaca.Eciu eeposmuocms p Hacmynienus cobvimus A 6

KasicOOM UCHBIMAHUY NOCMOSHHA U OMJIUYHA OM HYZIA U eauHZ/H/;bZ, mo 6eposimHocntb Pn (kl y k 2 )

moceo, 4mo cobvimue A nosaeumcs 6 n UCNbIMAHUIX OMm kldokzpa3, npu6ﬂu0f€€HHO pasHa

onpeoeneHHoOM) uHmezpany
Z

2

P,(k,,k,) = —

- np k - np
[Ipn pemenun 3anay, Tpe6y}onmx IIPUMEHEHUS I/IHTerpanLHofI teopems! Jlamaca,

2
z

7 dz - B Tabnuue naHe!

20e X, =

TOJIB3YIOTCS CIIENMAIbHON TaONULEH /I UHTETPpaa (x) =
3HaYeHus (QyHKIMH (D(X) it x>0, a gt X < O BOCHOIb3yeMCsSl HEUETHOCTBIO (DYHKIUH

D (X),1.e. D(—X) = =D (X) . Dynxumo D (X) wacro naswsaror pynxyueii Jdannaca.

o‘—.x

VITax, BepOSTHOCTB TOTO, 4TO COOBITHE A TOSBATCS B /1 HE3aBUCHMBIX HCTIBITaHUAX OT K
no K, pas, pasHa

P (k. k,)= ®(x,)-D(x,),
k, —np Wy _ k,—np

IIpumep 2. BeposSTHOCTH TOro, 4TO OpraHM3alUs HE MPONUIA MPOBEPKY HAJIOTOBOM

rac X

UHCIIEKIMHU, paBHa [ = 0,2 . Haiitu BEPOATHOCTH TOro, yTo cpeau 400 ciydyalitHO 0TOOpaHHBIX
OpraHM3aluil He mpouleImuX MpoBepKy okaxercs ot 70 no 100 opranuzanuii.
Pemenue. Ilo ycnouio n=400; g, = 70; k,=100; p= 0,2; q=0,8
Bocnonszyemcst hopmynoit (4.9):
Pioo (70,100 ) = D (X,) — P (X;) "
Boruncnum HIKHUN U BEpXHUH Mpeesibl UHTErPUPOBAHUS:

k, —np 70 - 400 -0,2

YT Jopg o400 -02-08

X =-1,25;
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_k,—np 100 -400 -0,2
© Jopg 400 -0,2:0.8

X 2,5

Taxum oGpazom, umeem

P, (70,100 ) ~ ®(2,5) - ®(-1,25) = ®(2,5) + d(1,25).
[To Tabnuiie 3HaueHM QyHKIUN ® (X) HaXOIUM

®(2,5) = 0,4938 ; @ (1,25) = 0,3944 .
Hckomast BeposITHOCTh paBHA

P,,, (70,100 ) ~ 0,4938 +0,3944 = 10,8882 .

Ilycth mpon3BoAUTCS N HE3aBUCHUMBIX UCIIBITAHUMN, B KQXKJIOM U3 KOTOPBIX BEPOSTHOCTH
HOsIBIICHUS] cOOBITUSL A paBHa p. [lyis onpezeneHus BEepOsSTHOCTH K MOSBICHUIT COOBITHS B 9THX
UCIBITaHUSAX UCTIONB3YIOT popmyny bepnymnu. Eciu e n BEIMKO, TO MOJIb3YIOTCS JIOKAIbHON
teopemoii Jlanmaca. OgHako oHa 1aeT GOMBIIYIO OIPEIIHOCTb, €CIH BEPOSTHOCTh COOBITUS Maa

(p<0,1).

Ecau cnenatn JOIIYIIEHUE, YTO NPOU3BEACHUEC NP IpHU n— o COXPAaHACT IMOCTOSAHHOC

3HaA4YCHUC, a UMCHHO np = ﬂ, , TO BEPOATHOCTH TOT'O, YTO IPHU OYCHb OOJILIIIOM YHCIIE HCHBITaHHﬁ,

B KQXIOM M3 KOTOPBIX BEPOSITHOCTh COOBITHSI OYEHb Mayia, COOBITHE HACTYIHT POBHO K pa3s,
HAXOUTCS MO cleAyroweil popmyie:
P (k A
L (K) = o
Ota (opmyna BbIpaxkaeT 3aKOH pacnpeaeneHus [lyaccona BEpOSTHOCTEH MacCOBBIX (7
BEIIMKO) M MaJIOBEPOSTHBIX (p Majno) coObiTuil. Mmerorcs crnenuanbHble TaOMWIBI ISt
pacnpenenenus Ilyaccona.
IMpumep 3. 3aBog ormpasmw Ha 6a3y 5000 kadecTBEHHBIX H3AeTUi. BeposSTHOCTH TOTO,
4TO B MyTH U3Jenue nospeaurcs, pasHo 0,0002. Haiiti BepossTHOCTB TOTO, YTO Ha 0a3zy mpulyIyT
3 MOBPEXKICHHBIX U3EIHS.

Pemenwe. Io yciosuio N = 5000, p =0,0002,k =3 . Haiinem A :
A =np =5000-0,0002 =1,
Hckomast BeposSTHOCTS 110 (hopmysie (5.2) paBHa:

3
1, 1
P.,,,(3)=—e"=—~0,06
31! 6e
3aoanus:
3ananue 1. bpomens! 2 urpanpHele KocTu. HaliTu BEpOSTHOCTH TOTO, UTO CYMMa BBIIIAB-
[IMX OYKOB — YETHOE YHUCII0, TPUUEM Ha TPAHU XOTS OBl OJTHOM U3 KOCTel MOSABUIIACH IIECTEPKA.
3aganue?. [Ipu nepeBo3ke sAlKKa, B KOTOPOM cojiepxkanuch 21 crangaptaas u 10 Hecran-
JApTHBIX A€Tajeil, yrepsiHa OJHa AeTallb, IPUYEM HEM3BECTHO Kakas. V3Bineu€HHas Hayraj rnocie

9TOro J€TaJlb OKa3ajaacCh CTaHHapTHOﬁ. Haiitu BEPOATHOCTDH TOT'O, UTO ObLIa YTCpAHa: a) CTaHdapT-

Hasl JIeTanb; 0) HeCTaHJapTHAS I€Talb.
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3aganue3. 3aiyMaHo ABy3HA4YHOE YK ciio. HaliT BEpOsITHOCTB TOrO, YTO 3aAyMaHHBIM OKa-
JKETCSI: a) CIIy4ailHO Ha3BaHHOE JABY3HAYHOE YMCJIO; 0) CydyailHO Ha3BaHHOE JIBY3HAUHOE YHUCIIO,
(Pl KOTOPOTO Pa3THYHBL.

3amanue 4. BeposATHOCTH MOSIBICHUS KaXKI0TO U3 JBYX HE3aBUCUMBIX COObITHI A u B co-
oTBeTCTBEHHO paBHbI 0,6 1 0,5. HaliTu BEpOATHOCTh NOSIBJIECHUS TOJBKO OJHOTO U3 HUX.

3ananue 5. B smuke cpenu 100 neraneit Haxonutest | OpakoBanHas. W3 smuka Haynauy
u3Bieuensl 10 geraneii. HaliTu BEposSTHOCTH TOTO, YTO CPEU HUX OKaXKeTCsi OpakoBaHHAs!.

3amganue 6. MoHeTa Opocaercs nsaTh pa3. HallTh BEpOSATHOCTb TOTO, YTO OpEN BhITAACT 2
pasa.

3amanue 7. B cembe 5 nereit. HaliTu BepoOsITHOCTH TOTO, YTO CPEIU HUX 2 MaTb4YMKa, €CIN
BEPOATHOCTb POKJIEHUS Majbunka pasHa 0,51.

BepositHocTh 00HapyeHuUsl onedaTtku Ha cTpanuie kauru pasHa 0,01. Haiitu Bepost-
HOCTb TOTO, 4TO B 500-cTpaHHuYHOM KHUTE HEe OyAeT 0OHapyKEeHO orneyaTok (oOHapyKeHHe ore-
YaTOK Ha Pa3JInYHBIX CTPAHHIIAX CYMTATH HE3ABUCUMBIMU COOBITHIMH).

3amanue 8. BeposTHOCTh M3rOTOBIEHUS J€Talu BhIiciiero copra pasHa 0.4. Haiitu Bepo-
ATHOCTb TOTO, 4uTO U3 260 meraneii mosoBrMHa Oy/AET BBICIIEro COpTa.

3ananue 9. BepoaTHOCTh M3rOTOBICHUS U3/IEHs BhICcIIero kauecta pasua 0,8. Haiitu Be-
POSITHOCTB TOTO, UTO cpean B3AThIX 60 u3aenuit 30 okaKyTcs BBICIIETO KauecTBa.

3amanunel 0. BepostHOCTh mosiBiieHHs cOOBITHS A B Kaxk1oM u3 100 HE3aBUCUMBIX HUCIIBI-
TaHu# noctosiHHa U paBHa 0,8. HaiiTu BeposSTHOCTH TOTO, UTO cOOBITHE A TIOSIBUTCS He Oonee 74
pas.

3ananue 11. BepoATHOCTH HEKOTOPOTrO COOBITHSI B €AMHUYHOM MCIIBITAHUM OCTaBIISIET
0,004. Haiitu BeposSITHOCTB TOTO, 4TO B 2500 UCIIBITAHUAX TAHHOE COOBITHE MPOU30UIET POBHO 4
pasa.

3ananue 12. BeposTHOCTh HacTyIuleHUs: coOBITUS A B ogHOM ombite paBHa 0,6. Haiitu
BEPOATHOCTH TOTO, uTO coObITHE A HacTynuT 1400 pa3 B 2400 ucnbITaHUX.

3amanue 13. BepoaTHOCTh MOSBICHUS COOBITUS B KaXJIOM W3 HE3aBHCHUMBIX HCIBITAHUI
pasHa 0,8. HaiiTi BEpOSITHOCTB TOTO, UTO COOBITHE HACTYMUT HE MEHEE YEThIpeX pa3 MpH 5 UCIIbI-
TaHUSIX.

Bonpocul ona cobecedosanus:

1. Teopema cioxeHHUSI BEPOATHOCTEH HECOBMECTHBIX COOBITHIA.

2. Teopema YMHOKEHUS BEPOSATHOCTEH HE3aBHCUMBIX COOBITHIA.

3. Teopema yMHOKEHUSI BEPOATHOCTEH 3aBUCHUMBIX COOBITHH.

4. Cxema ucnsiTannii beprysmm.

5. ®opmyna beprymu.
29



6. Hanbonee BeposiTHOE YKCIIO yCIIEXOB B cxeme bepHyiu.
7. [Tpubnmxennas popmyna [Tyaccona.
8. JlokanbHas Teopema MyaBpa-Jlamaca.

9. UnrerpanpHas Teopema Myaspa-Jlamaca.

IlIpakmuueckasa paooma Ne7. Koppenayuonno-pezpeccuoHHtvlii MEMoo Uccied06anus
CIYYAIIHBIX GETIUYUH.
Iens: 3akpenuTh HABBIKU MPUMEHEHHUS MAaTEMAaTHUYECKOTO OKUIAHHUS, JUCIIEPCUU U CPEI-
HEro KBaJpaTUYECKOr0 OTKJIOHEHUS.
OcHnoevt meopuu:

3aKOH pacupeieleHus MOJTHOCThIO XapaKTEPU3YeT CiIyyalHyro Belinununy. OHaKo 1npu pe-
HICHUW MPAKTUYECKHUX 3a/1a4 HET HEOOXOJUMOCTH 3HATh BCE BO3MOXKHBIC 3HAYEHUS CIydalHOU
BEJIMYMHBI U COOTBETCTBYIOIINE UM BEPOSITHOCTH, a YA0OHEE MOJIb30BAThCS HEKOTOPBIMU KOJINYe-
CTBEHHBIMH MOKA3aTEISIMHU, KOTOPBIE JAIOT JOCTATOYHYIO MH(POPMAIIKIO O CITy4YaiiHOW BEJIMYUHE.
Takue nmoka3aTesy Ha3bIBAIOTCS YUCIO8bIMU XAPAKMEPUCTIUKAMU CTYYAUHOU 8EIUYUHDL.

OCHOBHBIMU U3 ATUX XaPAKTEPUCTHUK SBIISIOTCS: MamemMamuieckoe 0xcudanue, OUCnepcus
U cpednee Kgaopamuueckoe omrioneHue. Mamemamuyeckoe odxcudanue XapaKTepusyeT MoJo-
JKEHUE CITy4ailHOM BEJIMUMHBI HA YUCIIOBOM OCH, OIIPEIEIIsisi HEKOTOPOE CPEeIHEE 3HAUCHHE, OKOJIO
KOTOPOT'O COCPEIOTOYECHBI BCE BO3MOXKHBIE 3HAUCHUSI CITy4yailHOW BeNUYHHEL. [[71s pereHus: MHO-
TUX 3a7a4 JIOCTaTOYHO 3HATh MaTeMaTH4eCcKoe oxxkuanue. Hanmpumep, eciu U3BECTHO, YTO MaTe-
MaTHYeCKOe OXKHUJIaHHEe YKCiia BEHIOMBAEMBIX OUKOB y MIEPBOrO CTpejKa OoJbllie, Y4eM Yy BTOPOTO,
TO MEPBBIN CTPEJIOK B CPEIHEM BHIOMBAET OOJIBIIIE OYKOB, YEM BTOPOU, H, CIIEIOBATEILHO, CTPE-
JSIET JIy4llle BTOPOTO.

Mamemamuueckum odxcuoanuem OUCKpemHou CAy4atiHol enuyunbl X Ha3bIBAETCS CyMMa
MIPOM3BEICHUI BCEX €€ BO3MOKHBIX 3HAYEHHUI Ha UX BEPOSITHOCTH U 0003HavyaeTcs yepes M(X).

[Tycte ciyvaiinas BenuynHa X mpUHUMAeT 3HaueHus X, X, ,..., X, C COOTBETCTBYIO-

IUMHU BeposTHOCTAMH Py, P,,..., P, . Torna matemarudeckoe oxunanne M(X) ciydaiinon
BEIIMYUHBI X OIIPENEIAETCA PaBEHCTBOM
M(X)=Xp, +X,p, +... + X, P,

Ecnu nuckpetnas cnyvaiiHas BenrynHa X MpUHUMAeT OECKOHEUHOE MHOKECTBO BO3MOJXK-
HBIX 3HAUCHUH, TO

M(X):inpi-

IIpumep 1. HaiiTu MaTemaTHuecKOe OXKUAAHUE CIIy4alHOM BEJIMUYUHBI X, 3Has 3aKOH €€
pacnpezneneHus

X 3 5 2

P; 0,1 0,6 0,3

Pemenne. ckomoe MmaTeMaTnyeckoe oxkuianue mo ¢Gopmysie paBHO
M(X)=3-01+5-0,6+2-0,3=3,9.

Ilycte X — cnyuaiiHas BenmuunHa u M(X) — ee MareMaTH4YecKoe OXXHUIaHHE.
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OmkaoHenuem cry4auHou 8e1uyyHbl Ha3bIBaCTCs pa3HOCTh X -M (X ) .

Ha npaxTuke yacto TpeOyercsi OLEHHTh paccesiHUEe BO3MOXKHBIX 3HAYCHHUU CITydailHOMN
BEJIMYMHBI BOKPYT €€ cpeHero 3HadeHus. Hampumep, B apTuiuiepun BaKHO 3HATh, HACKOJIBKO
KYYHO JISITYT CHapsiAbl BOJU3U LIEJIH, KOTOPask JOJDKHA OBITh MOPaXKeHa.

Jlucnepcueil (paccesnuem) OuckpemHou CIy4atHol eeaudyHbl Ha3bIBAIOT MAaTEMaTHUYECKOE
O’KMJaHUE KBaJpaTa OTKJIOHEHHUS CIy4alHON BEIMUYUHBI OT €€ MaTEMaTHUECKOIO OKUAAHMS:

D(X)=MI[X -M(X)]*.
JIst BBIYMCIICHMS] JUCIEPCHM YacTo ObIBa€T yJOOHO BOCHOJIB30BAThCS CIIEAYIOIICH
dbopmyIoii:
D(X) =M (X") =M (X)".
IMpumep 2. Haiitu nucnepcuto ciydailHOM BeJIMUUHBI X, KOTOpas 3aJaHa CICAYIOIIUM 3a-
KOHOM pachpe/eieHus:

X 2 3 5

P; 0,1 0,6 0,3

Pemenue. Maremarnueckoe oxxunanue M(X) paBHO:

M(X)=2-01+3-06+5-03=35.

o o 2
3aKoH pacnpeaciicHud CJIyd4anHOnu BECJIMUUHBI X HUMCCT BU:

xZ 4 9 25

P; 0,1 0,6 0,3

2
Maremarnueckoe oxunanne M (X °) pasHo:

M(X?)=4-01+9-0,6+25-0,3=13,3.
Nckomast AUCIICPCHUA paBHA
D(X)=M(X?*)=[M(X)]*=13,3-(35)° =1,05.
[[J'ISI OLICHKHU PACCCAHNA BO3MOKHBIX 3HAUYCHUHN CJ'Iy‘lElfIHOfI BCJIIMYMHBI BOKPYT €€ CPEAHETO

3HAYEHMS CIIY)KUT TAKKE CpPEIHEE KBAAPAaTUUECKOE OTKIOHEHHE.
Cpeonum Keaopamuueckum OMKIOHEHUeM CAV4auHol eenudunvl X Ha3bIBaeTCS

KBaJPaTHBIN KOPEHb U3 JUCIIEPCHH:
o(X)=4/D(X).
Ipumep 3.Ciryuaiinas BenrmunHa X 3a/1aHa CIICTYIOIIAM 3aKOHOM PaCIpe/ICIICHHUS

X. 2 3 10

p, 0,1 0,4 0,5

Haritu cpeHee KBapaTHyeCKOe OTKIIOHEHUE & (X ) -
Pemenne. Matematuueckoe oxunanue M(X) paBHO:

M(X)=2-01+3-0,4+10-05=64.

MaremaTnueckoe oxugaHue M (X °) paBHO:
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M(X?)=4-01+9-0,4+100 -0,5=54.
Haitnem nucnepcuto:
D(X)=M(X?)=[M(X)]° =54 —(6,4)* =13,04 .
Hckomoe CpeaAHEC KBAAPATHICCKOC OTKIIOHCHHUEC PABHO!
o(X)=+/D(X) = /13,04 ~3,61.
I[I/ICerTHaSI cnyqaﬁHasI BCJIIMYMHA MOXKCT 6BITL 3alaHa MCPCHYHEM BCCX €€ BO3MOKHBIX
3HAYEHUH U UX BGpOfITHOCTCfI. OI[HaKO Tako# croco0d 3aaaHus HEIMIPUMCECHUM JJIs1 HCIIPEPBIBHBIX

CIIyYalHBIX BEIUYHUH.
Hampuwmep, paccmMoTpum ciy4yallHyr0 BEIMYHMHY X, BO3MOJKHBIE 3HAUEHHUS KOTOPOMl

CIIJIOIIB 3aIllOJIHAKOT MHTCPBAJ (a, b) . O‘ICBI/II[HO, YTO HECBO3MOXKHO COCTAaBUTH IIEPCUCHb BCCX

BO3MOXKHBIX 3HadeHuii X. [loaTomy 1enecooOpa3no gath oOmMii criocod 3aaanus J1IOObIX TUIIOB
CITy4alHBIX BETUYUH, JUIsl YETO BBOAATCS (PYHKIIMU PACTIPEICICHUS BEPOATHOCTEN CIIy4aifHOU Be-
JUYUHBI.

[Iycth x — nelicTBUTENBHOE YKCI0. BEepoATHOCTH COOBITHS, COCTOSIIETO B TOM, 4TO X
IPHUMET 3HAYEHUE, MEHBIIEE X, T.€. BEPOATHOCTH COObITUA X < X, 0003Ha4UM 4epe3 F (x). Eciu

X U3MEHSIETCs, TO u3MensieTcsi 1 F (X), T.e.  F(x) — (GyHKITUSA OT X.
Dynkyueri pacnpeoenenus CIy4atinol eenudunsl X Ha3pIBaeTCa QYHKIUA F (x), OIpPEe-

JISIFOIIAst BEPOSITHOCTH TOTO, UTO Cly4aiiHasi Beln4rHa X B Pe3yJIbTaTe UCIIBITAHUS IPUMET 3HAYE-
HHE, MCHBIIIEE X, T.C.

F(x)=P(X < x)-
I'eoMmeTpuyeckr 3TO paBEHCTBO MOKHO UCTOJIKOBATh TaK: | (x) €CTb BEPOSITHOCTH TOTO,

4TO CilydaiiHas BeJIMYMHA IPUMET 3HaYeHHE, KOTOPOe U300pakaeTcsl Ha YUCIOBOM OCH TOUYKOM,
JIEKALIEH JIEBEE TOYKH X.
IIpumep 4.Cnyyaiinas BennunHa X 3a1aHa cienyomeil pyHkuei pacnpeaeneHus:

0 npu X< -1
F(x)={x/4+1/4 npu -1<x<3

[1 npu X >3

HaiitTn BeposTHOCT TOrO, YTO B pe3ylbTaTe HCHBbITAaHUS X TIPUMET 3HaYeHHE,
npuHagnexamee uatepsany (0, 2): P(0< X <2)=F(2)- F(0)-

Pewrenne. Tak kak Ha uHTepBane (0, 2), no yenosuio, F (X) = X/4 + 1/4 :
To F(2) - F(0) = (2/4 +1/4) — (0/4 +1/4) = 1/2-1/1TaK, P(O< X <2)=1/2-
HenpepbiBHYIO ciTydaiiHyr0 BEJIMYMHY MOXKHO TakKXke 3alaTh, HCIONB3YS APYTYIO

GyHKIHMIO, KOTOpasi Ha3bIBaeTCs PYHKIMEH MIOTHOCTH.
Qynkyuell NIOMHOCMU HENPepbl8HOU CAVYAUHOU eauduHbl X Ha3bIBaeTCs (YHKIIHUS

f (X) — TiepBasi IPOU3BOIHAS OT (PYHKIIMH pacIipeieIeHUs F (X) :
!/
f(x)=F'(x).

Otcrona cienyer, 4to (GyHKIMS pacupeaeseHus SBIIeTCs MepBOoOpa3HOil 11 PyHKIIH
IIJIOTHOCTH. I[.IISI OIMMCAaHUA PpacCIIpCaACICHUSA BepOﬂTHOCTCﬁ I[I/ICKPCTHOﬁ cnyqaﬁﬂoﬁ BCIIMYNHBI
q)yHKHI/ISI IIJIOTHOCTHU HEIIPUMCHHMA.

3Has (I)YHKI_II/IIO IIOTHOCTHU, MOXXHO BBIYUCIIUTH BCPOATHOCTH TOI'0, YTO HCHUPCPLIBHAA

cily4yaiiHas BeIMYMHA TPUMET 3HaYEHWe, TPUHAIIEKAIIee 3aJaHHOMY HHTEPBaTy.
Teopema.Beposmnocms mozo, umo HenpepvlgHas cayyainas eeauduna X npumem

suauenue, npunadnexcawee unmepsany (@, D), pasna onpedenennomy unmeepany om ynxyuu

NJIOMHOCMU, 83IMOM) 8 npedenax om a 00 b:
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P(a<X<b):jf(x)dx-

a
IIpumep 5. 3amana PyHKIUS IIOTHOCTH CITyYailHOM BETMYUHBI X.

0 npu x<0
f(x)=12x npu 0<x<1-
LO npu Xx>1

Haiitu BepoATHOCTE TOrO, 4TO B pE3yJbTaTe HCHObITAHUA X NPUMET 3HAYCHUE,
npuHamexamee uarepsary (0,5; 1).

Pemenue. Mickomast BeposTHOCTH 110 popMyJie paBHA
1

P(05<X <1)= [2xdx =x*[,=1-0,25 =075,
0,5
3Has (YHKOMIO TUIOTHOCTH paclpe/eleHus f (X) , MOXHO HaWTH (QYHKIHIO

pacrpenenenus F (X) o gpopmyne

X

F(x):jf(z)dz-

— 0
Mamemamuyeckum 0x#cuOaHUEM HENpePLIBHOU CIYYAUHOU 8euyunbl X, BO3SMOKHbBIE 3Ha-
YeHUs1 KOTOPOU IPUHAJIEKAT OTPE3KY [a, b] , Ha3bIBAETCs CIEAYIOIIMI ONpENCICHHbI UHTE-

rpain
b

M(X):jxf(x)dx-

Jlucnepcueii nenpepvi8HOU Cy4atiHOU GeauyduHbl X, BO3MOKHbBIC 3HAUEHUSI KOTOPOU MpH-
HaJUJIeXKaT OTPE3KY [a, b] , Ha3bIBAETCSI CIECYIOLUUI ONPEEICHHBIN HHTETpall
b
D(X)zJ'[x— M (X)]? f (x)dx.
a

Jlnst BBIYMCIIEHUS AUciepcuu 0oliee y100HbBI COOTBETCTBEHHO CleAyIoLHe (hopMyJbl
b

D(X):J'xzf(x)dx—[M(X)]z

D(X)= }xzf(x)dx—[M (X)]°.

Cpeonee  keadpamuyeckoe  OMKIOHEHUE  HENPEPBLIGHOU  CAYYAUHOU  BEIUYUHBI
omnpenensercs, Kak 1 JJid JUCKPETHOM CIy4ailHOM BEIMUMHBI, CIETYIOIIUM PABEHCTBOM

o (X)=+D(X).

IMpumep 6. HaiiTn MaTremMaTH4eCKOE OXKUJIAHHUE, TUCIIEPCUIO U CPEJIHEE KBAIPATUUECKOE
OTKJIOHEHHUE CIyYaliHOM BEMYMHBI X, 33JaHHON cieAyIoniel (yHKIMeH pacipeaeIeHNs:
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0 npu Xx<0
F(x)=<x mpu 0<x<1l
[1 npu X>1

Pemenue. HaiineM ¢yHKINIO TUIOTHOCTH:
0 npu x<0

f(x)=F'(x)=11 npu 0<x<1l-

LO npu x>1
Haiinem marematudeckoe oxunganue mo gpopmyne (8.1):

1
M (X) = [x1-dx = x*/2 |1=1/2.
0
Haiinem mucnepcuto o gpopmyie (8.5):
1
D(X) = [x*1-dx —[1/2])" = x*/3 |2 ~1/4 =1/12.
0

Haiinem cpennee kBagpaTHiecKkoe OTKJIOHEHHUE 110 hopMyIie:

o (X)=4+D(X) =+/1/12 ~0,29.

KoppesaiunoHHbIll aHaIM3 UM PErpeCCHOHHBIN AHAINA3 SIBISAIOTCS CMEKHBIMHU pPa3eilaMU
MaTeMaTHYeCKOM CTaTUCTUKU M MpPEIHA3HAYEHBl U1 H3YyYeHHs 110 BBIOOPOYHBIM JIAHHBIM
CTaTHUCTUYECKOM 3aBUCHMOCTU CIy4yalHBIX BEJIMUYMH. J[BE cilydaliHble BEJIMYMHBI MOTYT OBITH
CBsi3aHbl MO0 (YHKLIHMOHAJIBHON 3aBHCUMOCTBIO, JIMOO CTaTUCTUYECKOH 3aBHCHMOCTBIO, JIHOO
OBITh HE3aBUCHUMBIMH.

Crporas (hyHKIMOHaNIbHAs 3aBUCUMOCTb PEATM3yeTCsl peKO, TaK Kak 00e BEIMUMHBI UITH
OJ1Ha U3 HUX MOJIBEPKEHBI elle NEeHCTBUIO CIy4allHbIX ()aKTOPOB, IPUYEM CPEIU HUX MOTYT OBITh
1 o01ye 11t 00enx BEJTMYHUH, T.€. TaKHe (GaKTOPhl, KOTOPBIE BO3JIEHCTBYIOT Kak HAa X , TaK U HA
Y . B aToM ciydae BO3HMKAaeT CTaTHCTHUYECKas 3aBUCUMOCTb. Cmamucmuueckoll Ha3bIBACTCS
3aBUCHUMOCTbD, IIPU KOTOPOM M3MEHEHUE OJHOW U3 BEIIMYUH BIICYET U3MEHEHHUE PACIPEAEICHUS
apyroii. YacTHeIM cCilydaeM CTaTUCTHYECKOM 3aBUCHUMOCTH SIBIIIETCS  KOPPEISALMOHHAs
3aBUCHUMOCTb.

Ecnu cratuctudeckas 3aBUCHMMOCTD IPOSIBISETCS B TOM, 4YTO NPU U3MEHEHUU OJHOW W3
paccMaTpUBaEMbIX CIIyYalHBIX BEIMYMH H3MEHSCTCS CPEIHEE 3HAYEHUE JAPYrod ClydalHOU
BEJIMYUHBI, TO TaKasl CTATUCTUYECKAsI 3aBUCUMOCTb HA3BIBACTCS KOPPENAYUOHHOU.

Jlns aHanu3a KOPPENSLMOHHOM 3aBHCHMOCTH BOCHOJB3YEMCS MemoOOM HAUMEHbUIUX

k6adpamog. TIpn HCIONB30BAHAM 3TOrO METOAA CyMMa KBajApaToB OTKIOHeHHWH Y, — Y. (

| = 1,2, eeoy M), roe Yi — BBIYUCJICHHAs 0 ypaBHEeHHIO (14.5) opauHaTa, COOTBETCTBYIOMIAS

HabJIr01aeMOMY 3HaUeHHIO X; ,a Y, — Habliro1aemas OpiMHaTa, COOTBETCTBYOIIAs X; , TODKHA

ObITh MUHUMAJIBHOM. Tak Kak Kax/J10€ OTKIIOHEHHE 3aBUCHUT OT OTHICKMBAEMbIX TAPAMETPOB, TO U
CyMMa KBaJIpaTOB OTKJIOHEHUH eCTh (PYHKIUS 3TUX MapaMeTPOB:

F(p,b)= Z(Yi - yi)2

F(p.b) =Y (px, +b-y)".

i=1
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I[HH OTBICKaHUA COOTBCTCTBYIOIIIUC  YACTHELIC

IMPONU3BOJHEIC:

MUHHMYMa [IPUPABHSIEM  HYIIIO

oF "
(72 22 (px;+b—-y;)x; =0
J op i=1
| OF ) - (
— = pX. +b—-y.)=0
(v 7%
PemmuB 5Ty cucremy IBYX JIMHEHWHBIX YPaBHEHUH OTHOCHTENBHO o U b, Haiizem

HCKOMBIC TapaMCTPhI:

e}
<
>
Il
—/
>
M -
x
|
M-
x
35
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—_—_
. >
. M-
— <
I N}
|
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>
X
N—
N
N TN N

AHaIIOTUYHO MO>KHO HalTH BBIOOPOYHOE ypaBHEHHE NPSAMOW JHHUHU perpeccun X Ha

Xy = Py ¥+ 0

e p., — BBIOOPOYHBIN KO3(duimeHT perpeccun X Ha Y .

Ipumep 1. Haiiti BIOOpOYHOE ypaBHEHHE MpsMOW JMHUM perpeccun Y Ha X TIO
JAHHBIM N = 5 HaOI0eHN:

Taonumal.
X 1,00 1,50 3,00 4,50 5,00
Y; 1,25 1,40 1,50 1,75 2,25

CocTraBUM CIEIYIONIYIO paCUeTHYIO Ta0IuIry 2.
Haiinem nckombie mapameTpbl u3 cootHorenwui (14.9) u (14.10):

p, =(5-26,975 —15-815)/(5-57,5-15%)= 0,202 ;
b=(57,5-815—-15-26,975)/(5-57,5 -15% ) = 1,024 .

Hanuiiem nckomMoe ypaBHeHHE TIpAMO iuHuu perpeccun Y Ha X !

y = 0,202 x +1,024 .

Tabnuma?2.
X; Yi Xi2 XiYi
1,00 1,25 1,00 1,250
1,50 1,40 2,25 2,100
3,00 1,50 9,00 4,500
4,50 1,75 20,25 7,875
5,00 2,25 25,00 11,250




n
> X, =15
i=1

=8,15

=57,50

i=1
=26,975

XY,

[Tpu GoJibIIOM YHCIIe HAOIOJCHUH OJHO M TOXKE 3HaueHHe X MOXKeT BeTpeTuTes N «

pa3, OMHO U TOXE€ 3HAYCHHE Y — N ypa3, OoIHa M Ta XCE IIapa YHCCI (X, y) MOXCT

Ha0II01aThCS n, pas. [Toaromy naHHble HAOMIOJIEHUHN CleqyeT TPYyHIUpPOBaTh, AJS ATOTO

NOJCYUTBIBAIOTCS YacTOTHI N, n

y k)

n,, - Bce crpynnupoBaHHbIe JaHHBIE 3aIIUCBHIBAIOTCS B BUJIE

TaOIUIIBI (manpumep, Tabauna 3), KOTopasi HA3bIBAETCS KOPPEIAYUOHHOU.
Tabnuma3.
X n
Y 10 20 30 40 y
0,4 5 — 7 14 26
0,6 — 2 6 4 12
0,8 3 19 — — 22
n, 8 21 13 18 n=~06

B nepBoii cTpoke KOppemsIoHHOM Ta0auIbl yKazaHbl Habmogaemble 3HaueHus (10; 20;
30; 40) npusnaka X , a B mepBoM cTooue — Habmonaembie 3aavenus (0,4; 0,6; 0,8) npusHaka
Y . Ha nepeceyeHur CTPOK M CTOJNOLOB HAXOAATCA 4acTOTHI N Xy HaAOII0/IaeMBIX Map 3HAYCHUI
MPU3HAKOB.

B nocnennem cronlrie 3amucalbl CyMMBI 4acTOT CTPOK, a B IOCTIEAHEH CTPOKE — CYMMBI

4acTOT CTONOIOB. B KileTke, pacoIoKeHHOW B HUKHEM ITPABOM YTITy TaOJIHIIBI, [TOMEIICHA
CyMMa BCE€X 4acToT, T.e. 00111ee Yuciio Bcex Haomoaenuit N . O4eBUaHO, YTO

dn,=>n,=n,

Teneps OnpeaenuM mapaMeTphbl BEIGOPOUHOTO YpaBHEHHs NPSIMON JMHKUK perpeccun Y

Ha X B clydae, KOrJa I[OJy4eHO OONBIIOE YHUCIO JAHHBIX (IPAKTHYECKH  JUIS
YIOBJIETBOPUTEIHHOM OLIEHKH MCKOMBIX MapaMeTpOB TOJDKHO OBITH XOTs Obl 50 HaOMIOACHMI),
CpeIu HUX €CTh MOBTOPSIIOIINECS, M OHU CTPYIIIIUPOBAHBI B BUI€ KOPPEISAIIMOHHON TaOIHIIbI.

N3 cuctemsr (14.8) MOXKHO TOTYUUTDH CIEAYIONIYIO CUCTEMY:

n n n
JIns mpocToThI IPUHAB 0003HaYEHUS Z X = Z Xi ) Z y = Z yi ) Z X2 = Z Xi2
i=1 i=1

i=1

n
— X _
: Xy = X. Y. H BOCIHOJb30BaBIINCh COOTHOLICHUAMH X = Z , Yy = Z y ,
171 n n

i=1
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— 2
X
Xz — Z % ’ Z Xy = Z n,, Xy (B TIpENmoNIOKEHHWH, YTO TIapa 4YHCem (X, y)

Ha0JI01a1ach N, pa3), moiydaem

— B
nX“p, +nxb=>n_xy
Xp, +tb=y

Bropoe ypaBaenue cucremsi (14.13) npeoGpasyemkBugy b = y — X p yx 1 TOJCTABUB

IIPaByl0 4YacTb 3TOIO PABEHCTBA B YypaBHEHHUE 37X = P X+ b, momyunm cnenyromee

COOTHOIIICHHUEC

Y, =Y =p, (Xx=X).

HaiiJIeM U3 CUCTEMbI BBIOOPOYHBIH KO3 HULUEHT perpeccuu p -
B > n, Xy —nxy B > N, Xy —nxy

lny - . ~
n(x7—(x)2) no,

VYMHOKHM 00€ 4aCTH 3TOI0 paBCHCTBA Ha ,Z[pO6L O x /O‘ y :

O, _ 2 NyX - XY
pyx.-« - ~ ~
O'y no-xo-y

O0o3HaunM npaByto 4acTh paBeHcTsa (14.15) uepes I, :

B don,xy —nxy
r, = — .
nO'XGy
Torpa momydaem
o
y
pyx = rB .T'
o

OKoOHYATETHHO MOJyYMM BBIOOPOYHOE YpaBHEHHE MPsSMON JTHHHUK perpeccuu Y Ha X
BHJIA

_ o, _
Y, =Y =TI, —(X-X)-
GX

AHAJOTMYHO MOKHO HaliTH BHIGOPOYHOE ypaBHEHUE NPSIMOM JTMHUKM perpeccun X Ha Y
—_ o,

Oy

3aoanusa:

3aganue 1. YcTpoilcTBO COCTOUT U3 TPEX HE3aBUCHUMO PabOTAIOIIMX 3JIEMEHTOB. Beposr-
HOCTh OTKa3a KaXkJ0ro 3jemMeHTa B ogHoM onbiTe paBHa 0,1. CocTaBUTh 3aKOH pacnpeaeneHus
qKCJla OTKA3aBLIMX YJIEMEHTOB B OJJHOM OIIBITE.

3ananue 2. B maptun 10 % HecranaapTHeIX aeraneil. Hayran orobpansl 4 neranu. Hanu-
caTb OMHOMHUAJIbHBIN 3aKOH pacrpeaeseHns JUCKPETHON CiIydyailHON BEJIMYMHBI — YUClia HECTaH-
JApTHBIX JIeTalleil cpein 4eThIpEX OTOOPAHHBIX U MOCTPOUTH MHOIOYTOJbHHUK IOJIYYEHHOTO pac-
HpeaeieHus.
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3ananue 3. JluckperHas ciiydaiiHas BEIMYMHA X IPUHUMAET TPU BO3MOXKHBIX 3HAUECHHUS:

x, = 4 C BEPOATHOCTBIO p =0,5 x, = 6 , C BEPOATHOCTBIO p, -0,3 U X; ¢ BEpOATHOCTBIO P, . Haittu

X, u Py, 3HA4, 94TO M (X) =8.
3aganue 4. JlaH nepeyeHb 3HAYEHUM JUCKPETHOM CllydalHOW BEJIWYUHBI X !

X = -1, X = 0, Xy = 1, a takxe U3BECTHBI MaTeMAaTUUYECKUE OXKUIAHUS CAMOM 3TOH BEIMUUHbI

u eé ksagpara: M (X) = 0,1, M(X?) = 0,9. . Haiitu BeposiTHOCTH P, Py Py
3ananue 5. CnyyaitHas BennunHa X 3ajJaHa GYHKIUEH pacipeneeHus:
[0 x<1

1 1
F(X)=q—x—-— -1<x<5 ;
4 4

|
{ 1 X>5

HaiiTu: a) nnoTHOCTH pacnpeenenus ciayyailHol BETMYMHBI; 0) BEPOSITHOCTb TOTO, YTO B
pe3ysbTaTe UCIBITAaHUS BeJIMYMHA IPUMET 3HaUE€HUE, 3aKJII0YEHHOE B HHTEpBae (2,3).

3ananue 6. Haiitu BeIOOpOUHOE ypaBHEHME MPSIMOM JIMHUM perpeccud Y Ha X 10 JaH-
HbIM, IPUBEIEHHBIM B CIIeyIOIeH Tabiune:

Y X n,
20 25 30 35 40

16 4 6 - - - 10

26 - 8 10 - - 18

36 - - 32 3 9 44

46 - - 4 12 6 22

56 - - - 1 5

n, 4 14 46 16 20 n =100

Bonpocul ona cobecedosanus:

1. UncnoBble XapaKTEPUCTHKH TUCKPETHBIX U HEMPEPHIBHBIX CIIyYalHBIX BEIMYHUH.

2. MaremaTnyeckoe 0XHJIaHU€e JUCKPETHBIX U HEMTPEPBIBHBIX CIyYalHbBIX BEJIMYMH.

3. Jlucnepcusi TUCKPETHBIX W HETIPEPHIBHBIX CITyYaiHBIX BEJTHYUH.

4. CpenHee KBaJIpaTUYECKOE OTKIOHEHUE TUCKPETHBIX U HEMPEPBIBHBIX CIIy4allHbIX BEJIH-
YHH.

5. Meros1 HAaMMEHBIIUX KBaPATOB.

6. Koppemnsimmonnas tabmima.

7. BeibopoyHOe ypaBHEHUE NPSIMOH JINHUU PETPECCUHU.
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Ilpakmuueckan padoma Ne8. Ocnoewl 6b100pOUHO20 MEMOOA U ITIEMEHMBL CAMU-
CMUYecKoll meopuu OYeHUGAHUSL.
IJens: 3axpenuTh MOHATUS BEIOOPOUYHON COBOKYITHOCTH, BBIOOPOYHOH (DYHKIIMU pacrpe-
JICJICHUS.
Ocnoevl meopuu:

Ilpeomemom mamemamuyeckou cMamMucCmMuku A6ISAemMcs co30auue memooos coopa u
00pabomku cmamucmuyeckux OaHHbIX 01 NOAYYEeHUs HAYYHBIX U NPAKMUYECKUX 8bl80008.

Matematuueckasi CTaTUCTUKA OMUPAETCS Ha TEOPUIO BEPOSITHOCTEH, U €€ 11eJIb — OLCHUTD
XapaKTEPUCTUKU TeHEPATbHON COBOKYITHOCTH 110 BEIOOPOYHBIM JTaHHBIM.

Ecnu Tpebyercss H3ydyuTh COBOKYNHOCTH OJHOPOJHBIX OOBEKTOB OTHOCHUTEIHHO
HEKOTOPOTO TMPHU3HAKA, XapaKTePU3YIOIIETO0 OSTH OOBEKThI, TO €CTECTBCHHBIM SIBISETCS
MPOBEJICHHUE CIUIOUTHOTO 00CIeI0BaHus, T.€. 00CIeI0BaHUE KaXIOTO U3 0ObEKTOB COBOKYITHOCTHU
OTHOCHUTEJIBHO 3TOro npu3Haka. Ha mpakTuke, oJHaKo, NPOBEIECHUE CIUIOIIHOIO 00Cie10BaHUS
MO0 TeM WIM UHBIM NPUYMHAM YacTO ObIBAET HEBO3MOXHBIM. B Takux ciyyasx ciiydaiiHO
OTOMpAarOT U3 BCE COBOKYITHOCTH OIPaHUYEHHOE YHUCI0 00BEKTOB U MOJBEPratoT UX U3YUYEHHUIO.

Buvibopounoii  cosokynHocmsbl0 WM TPOCTO GbIOOPKOU HA3BIBAGTCS COBOKYIMHOCTH
CIIydaifHO OTOOpaHHBIX OOBEKTOB. [ eHepanbHOU COBOKYNHOCHbIO HA3BIBAETCS COBOKYITHOCTH
00BEKTOB, U3 KOTOPBIX MPOU3BOAMUTCS BbIOOpka. Hampumep, ecnu Bce cryaeHTsl Hamorosoit
aKaJIeMMH — 3TO TeHEpalibHasi COBOKYITHOCTh, TO CTYJAEHTHI KAaKOW-TUOO TPYMIbI SBIISIOTCS
BBIOOPKOM.

Obvemom COBOKYITHOCTH (BEIOOPOYHON WIIM TCHEPAIBHOMN) HAa3bIBACTCS YNUCIO OOBEKTOB
9TOi coBoKymHOcTH. Hampumep, ecnu u3z 1000 nerameir otoOpano mis obcnemoanus 100
nerajueil, To 00beM reHepanbHoil coBokynHoct N = 1000 , a o0bem BbiOopku N = 100 .

[Ipu cocTaBiaeHnH BEIOOPKH MOYKHO MOCTYIATh IBYMS CIOCOOAMM: TIOCTIE TOT0, KaK 00BEKT
0TOOpaH U HaJl HUM IIPOU3BEIEHO HAOMI0IeHNEe, OH MOXKET OBITh BO3BpAIlleH 100 HEe BO3BpAIEH
B TEHEpaJbHYI0 COBOKYIHOCTh. B 3aBUCMMOCTH OT 3TOro BBIOOPKM NOJpa3AeisioTcs Ha
MOBTOPHBIE U OECITOBTOPHBIE.

Ilosmopnoti Ha3bIBalOT BBIOOPKY, MPH KOTOPOW OTOOpaHHBIN OO0BEKT (mepes oTOoopom
CJIETYIOIIIETO) BO3BpAIIaeTCsl B TeHEPaIbHYI0 COBOKYIMHOCTh. becnosmopHotl Ha3bIBatOT BEIOOPKY,
IIPU KOTOPOI 0TOOpaHHBIN OOBEKT B T€HEPATIbHYIO COBOKYITHOCTh HE BO3BPAILIAETCS.

Jl51s Toro, 4ToOBI MO JaHHBIM BBIOOPKHM MOKHO OBUIO JOCTATOYHO YBEPEHHO CYIUTH 00
MHTEPECYIOIIEM NTPU3HAKE NeHEPATbHON COBOKYITHOCTH, HEOOXOMMO, YTOOBI 0OBEKTHI BEIOOPKHU
MPaBUIILHO €ro MpeACTaBiIsIu. JlpyruMu cioBamu, BbIOOpKa JOHKHA MPABUIBHO MPECTABIATh
IPONOPLUU TI'eHEepalbHOM COBOKYIHOCTH, T.€. BBIOOpPKA JOJDKHA OBITh penpeseHmamugHou
(npedcmasumenvhoir).

B cuny 3akoHa OonpIIMX YHCENT MOXHO yTBEpXKIaTh, 4YTO BBIOOpKAa OyaeT
pPEeNpe3eHTaTUBHOM, €ClIM KaXIblii OOBEKT BHIOOPKHM OTOOpaH clydyallHO W3 TeHepaIbHOU
COBOKYITHOCTH B TIPEIOIOKEHNUU, YTO BCE 0OBEKTHI MMEIOT OJIMHAKOBYIO BEPOSITHOCTH MOMACTh
B BBIOODKY.

Cratuctuueckoe pacnpejieneHue rpadpudeckd MOKHO M300pa3uTh pa3IMYHBIMU CIIOCO-
0amu, B YaCTHOCTH, B BH/JIE TIOJTUTOHA H TUCTOTPAMMBI.

Ilonuconom uacmom Ha3pIBaeTCsl JIOMaHasl, OTPE3KH KOTOPOM COEAMHSIOT TOYKHU

(X;5 n.), (X,5 n,), ..., (X5 N.). Jlns OCTpoeHHs MOIMIOHA YaCTOT Ha OCH aGCLMCC
OTKJIAABIBAIOT BAPHUAHTBL Xi , @ HA OCH OpAUHAT — COOTBCTCTBYIOIINEC UM YaCTOThI ni . Toukn

( Xi; N, ) COemMHAIOT OTpe3KaMK NPAMBIX M HOJIyYarOT TIOJMIOH YacTOT.
Ionueonom omuocumenvublx Yacmom Ha3bIBACTCA JIOMaHas, OTPE3KU KOTOPOU COEIH-

msror toukn (X3 W.), (X,; W,), .., (X,; W, ). IToauros OTHOCHTENBHBIX 4acTOT
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CTPOMTCSI aHAJIOTUYHBIM TOJIMTOHY YacTOT 00pa3om. Ha puc. u300paXkeH MOJIUIOH OTHOCHTEb-
HBIX YaCTOT CJIEIYIOMIETO paclpeIeIeHuUs:
Tadonungal

>
N
N
(o]

8
W. 0,1 0,5 0,25 0,15

06t
05 |
04 |

01 + X

Puc. 1. Ilonuron oTHOCUTENBHBIX YACTOT.
B cnydae HempepbIBHOTO MpU3HAKA [[EI€CO00Pa3HO CTPOUTH TUCTOTPAMMY, UIS Y€ro UH-
TepBaj, B KOTOPOM 3aKJIIOYEHBI BCE HAOIIOJaeMble 3HAUEHUS NpHU3HAKa, pa30OMBaeTCs Ha He-

CKOJIBKO YaCTUYHBIX UHTCPBAJIOB HHHHOﬁ h u IJId KaKA0ro 4aCTUYHOI'O MHTCPBajla HAXOJUTCA
n — CyMMa 4aCTOT BapHUaHT, IIOIIAaBIIHX B i-i HHTCPBAJI.
Fucmoepaﬂ/moﬁ yacmom HA3bIBACTCA CTyIICHYATAd cbnrypa, cocCToAlIasa U3 NpAMOYIOJib-

HUKOB, OCHOBaHUSMH KOTOPBIX CIY’KAaT YaCTUUHbIE MHTEPBAJIbI AJTMHOI N , @ BBICOTHI PaBHBI OT-
HowieHuo N, / h . Jlns nocrpoenus rucTorpaMMbl 4acTOT Ha ocH abCIHCC CIEAYET OTIOKHTH

YaCTUYHBIC UHTCPBAJIbI, 4 HAJA HUMH IIPOBECTU OTPE3KHU, MTAPATIIICIIBHBIC OCU a6CLII/ICC Ha pacCTosI-

HUN ni/h.

[Inomanp i-ro 4acTHYHOTO MPAMOYTONbFHUKA paBHa N n; / h = N, — cymMMe 9acToT Ba-

PHAHT i-TO MHTEpBaa; CIEJOBATEIBHO, NI0WAOb SUCTNOSPAMMbL YACTOM PABHA CYMMe 6CeX Ud-
cmom, m.e. 00veMy 8b100pKU.

Taonuma?2
CyMmMma yacTot I
HacTnaHbIit BAPHMAHT YaCTUYHOTO JIOTHOCTD
UHTEpBaJT JyHHOK h=5 nTepsana N. 4acToThl N, / h
I
5—10 4 0,8
10— 15 6 1,2
15— 20 16 3,2
20— 25 36 7,2
25—30 24 4,8
30— 35 10 2,0
35—40 4 0,8

Ha puc.2 u3obpaxeHa ructorpaMma 4acToT paclpeaesieHus, 3aJaHHbIX B TaOJIUIIE.
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n/ h

O R, N WHMOUUO N
I

0O 5 .10 .15 .20 . 25 . 30 .35 . 40

Puc.2. 'ucrorpamma yacToT pacnpenencHusl.
l'ucmoepammouni omnocumenvbHbix Yacmom Ha3bIBAE€TCS CTyNEH4YaTast GUrypa, cCocTosas
U3 IPSIMOYTOJIBHUKOB, OCHOBAHUSIMHU KOTOPBIX CIIYKaT YaCTUYHbIE HHTEPBAJIBI JIMHOK h , a BBI-

cots! paBbI oTHOUTeHMIO W . / h . FucTorpaMmMa OTHOCHTENBHBIX YACTOT CTPOUTCS AHATOTHYHBIM
TMCTOrPaMMe 4acToT 00pasom.
Ilnowane i-ro yacTHYHOro npsiMoyronsHuka pasia NW. / h =W, — cymme orHocu-

TEIbHBIX YACTOT BAPHAHT I-r0 HHTEPBAJIA; CIICA0BATEIBHO, NI0UA0b CUCOSPDAMMbL OMHOCUMENb-
HbIX YaCMOMm PaGHA CyMMe 6CeX OMHOCUMENbHBIX YACMOMm, m.e. eOuUHUYe.

Ecnu TpeOyercst U3y4nTh KOJIMYECTBEHHBINH PU3HAK TeHEepalbHON COBOKYITHOCTH, TO
BO3HHUKAET 33Ja4a OLEHKH I1apaMeTPOB, KOTOPBIMU OIPEEIIAETCS paclpeieleHue 3TOro Mpy-
3Haka. Harmpumep, eciin Harepe U3BECTHO, YTO U3y4YaeMblil IPU3HAK paclpeieieH B TeHepallb-
HOW COBOKYITHOCTH HOPMAaJILHO, TO HEOOXOIMMO OIEHHUTH (MPUOIMKEHHO HAWTH) MaTeMaTH4e-
CKOE OXKHUIAHHE U CpeHEE KBAJAPAaTHUECKOE OTKIIOHEHHUE, TaK KaK 3TH JBa MIapaMeTpa MOJIHO-
CTBIO OIIPEEISAIOT HOPMAJIBHOE PACIpEeIICHHE.

OOBIYHO MUMEIOTCS JIUIIb JaHHbIE BBIOOPKH, HAIIpUMEp, 3HAUEHUS! KOJIMYECTBEHHOT O IpH-

3Haka X,, X, ,.., X, HOJy4eHHbIe B pe3yibTate 1 HabmopeHui, mpuueM STH HAOIIOAEHHUS
IIPEII0JIaratoTCsl HE3aBUCUMBIMU. Uepe3 3TH JaHHbIE U BBIPA)KAETCSl OLICHUBAEMBIN IapaMeTp.
PaccmarpuBast X;, X, , .., X Kak He3aBHCHMbIE ciydaiinbie Bemmunasl X , X, , ..., X |

MO>KHO CKa3aThb, YTO HAXOXKICHUE CTATUCTUYECKON OLIEHKH HEM3BECTHOIO ITapaMeTpa TeOpeTHYe-
CKOT'0 pacIpe/ieleHNsl paBHOCUIIbHO HAXO0XACHNUIO (PYHKIMU OT HAOII0JaeMbIX CITy4alHBIX BEJIU-
YMH, KOTOpas M JaeT NpUOJIMKEHHOE 3HayeHue OleHMBaeMoro mnapamerpa. Hampumep, ans
OLICHKM MaTeMaTU4YeCKOro OXHMJaHUS HOPMAJbHOIO paclpeieNeHusl CIYyXUT (QyHKIUSA

X =(X,+X,+...+ X)) / N , KoTopas SIBJISIETCS CPEIHUM apuPMETHISCKUM HaOII0/1a-
€MBIX 3HAYCHUH MPH3HAKA.

Takum oOpazom, cmamucmuueckoli OyeHKol Heu3gecmHo20 napamempa ) TeopeTHde-
CKOTO pacmpeseinenus HasbiBaeres Qyukius € =60 (n) =60 (X, X,,..., X ) o

HaOJFIOJaEMBIX CITy4alHBIX BEJIMUMH, KOTOPAsi B OMPECICHHOM CTaTUCTUYECKOM CMBICIE OJu3Ka
K UICTUHHOMY 3HAQYE€HUIO 3TOr0 IapaMeTpa.

Baxxneimmmu cBOWCTBAMH CTATUCTHYECKOU OTIEHKH, OTIPESIISIFONTUMU €€ OJM30CTh K HC-
TUHHOMY 3HAQYEHUIO OLIEHMBAEMOTrO MapaMeTpa, SIBJIAKOTCS CBOMCTBA HECMEIIEHHOCTH, COCTOS-
TEIbHOCTU U 3(PPEKTUBHOCTH.

HYCTB re’HepajibHass COBOKYITHOCTb U3YYaCTCAd OTHOCUTCIIBHO KOJMYCCTBCHHOI'O ITPU3HAKA
X.

T'enepanvhoii cpedneti X ;. Ha3bIBAETCS CPEHEE apU(PMETHIECKOE 3HAYCHUHN TIPU3HAKA Te-
HEpaJbHOW COBOKYITHOCTH.

Ecnu Bce 3Hauenusa Xy X5y, X IPU3HAKa reHepaIbHOW COBOKYITHOCTH 00beMa N
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pa3iIMyHbl, TO T€HEepabHas CPEIHs paBHA

X, = (X, + X, +...+Xx,)/N.

Ecnu e 3HaueHus npuszHaka Xl, X , X x MMCIOT COOTBETCTBEHHO 4aCTOTBI N 1

-
N,,..., N, ,mpuuem N, + N, +... + N, = N, 1o B9oTOM Ciyuae resepanbHas cpeHss
paBHa
X, = (XN, +X,N, +...+x,N_)/N.
Ecnu paccmarpuBath 00cieyeMblid TpU3HAK X TeHepaTbHOW COBOKYITHOCTH KaK CITydaii-

HYIO BEJIMYMHY, TO MOXKHO CAEJIATh BBIBOJI, YTO MAaTEMAaTHYECKOE OXKHJIaHWE MPU3HAKa PaBHO Te-
HEpaJIbHOU CPEeAHEH ATOro MpHU3HaKa:

X, =M(X).

[Tycts Temeps Ans M3ydeHHsI T€HEPAITbHOM COBOKYMHOCTH OTHOCHUTEIHFHO KOJIMYECTBEH-
HOTO MpH3HaKa X u3Bje4eHa Bbibopka oobema N .

Buibopounoii cpeonetl X 5 HasbIBAETCs cpeHee apupMeETHYECKOe HaOII0JaeMbIX 3HaYe-
HUI TpU3HaKa BEIOOPOYHON COBOKYITHOCTH.

Eciu Bee 3navenus X, X, , ..., X  Ipu3HaKa BBIOOPKU 0Obema N pasiuyHbl, TO BBIOO-
pOYHAsE CpeIHsIsl paBHA

X, = (X, + X, +...+x.)/n.

Ecnu xe snayenus npusnaka X,, X , X, HMEIT COOTBETCTBEHHO 4acTOThI N, N

21"' 2!

., Ny ,opugem N, + N, +... + N, =N, T0B>5TOM ciyyae BBIOOPOYHAsI CPEIHSSI paBHA
X, = (XN, +X,n, +...+x.n.)/n

X, :(Izk;‘ xini} n.

Tenepanvnoii oucnepcueti D ;- Ha3bIBAETCsl CpelHEe apuPMETHIECKOE KBAIPATOB OTKIIO-
HEHUI1 3HAYCHUH NPH3HAKA T'€HEPaIbHOW COBOKYITHOCTH OT X CPEAHETro 3Ha4YeHUst X . .

Ecmu Bee 3Hauenus X, X , Xy IPH3HAKa F€HEPATBHOM COBOKYITHOCTH 00beMa N

o1 e
pa3JInvdHbl, TO '€HEPAJIbHAA OUCIICPCUA PABHA

Dr{;(xi—mj N

Ecmu ke 3Hauenus mpusnaka X,, X , X AIMCIOT COOTBETCTBEHHO YaCTOTHI N L

S
N,,.., N, ,mpuaem N, + N, +... + N, = N, 1o BorOM Cryqae renepanbHas aucrep-

cusl paBHa

i ')

FeHepanbezm cpeOHuM KGGapamull€CKuM OMKIJIOHEHUEeM Ha3bIBaCTCs KBaHpaTHBIfI KOpPCHb

n3 FCHCpaHBHOﬁ I[I/ICHepCI/II/IZ
O, =4 D o

IIpumep 1. ['enepanbHas COBOKYIHOCTD 3ajjaHa CIICAYIONIeH Ta0nuielt pacpeieTIeHUs:
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X 2 4 5 6

N 8 9 10 3

Haiitu renepalibHyr0 JUCIIEPCUIO U TEHEPAIBHOE CPEAHEE KBAIPATUUECKOE OTKIOHEHHE.
Pemenue. Haiiiem reHepalibHYIO CPEAHIONO:

2-8+4-9+5°10+6-3_120
8+9+10 +3 30

Haitnem renepanbHyro THCIIEPCUIO:

_— (2-4)"-8+(4-4)"-9+(5-4)"-10+(6-4)"-3 54 18
" 30 30

Haitnem TCHEPAJIbHOE CPEAHEEC KBaAPATHUICCKOC OTKIOHCHUE.

o, =+D, =18 ~1,34.

Buvibopounoii oucnepcueii D » HA3BIBAETCS CPEHEE APUPMETUIECKOE KBAJPATOB OTKIIO-

-4

X, =

HEHHI Ha0JII0JaeMbIX 3HAYCHHI TPU3HAKA BEIOOPOYHON COBOKYITHOCTH OT MX CPETHETO 3HAUCHUS

X,

Ecmu Bee 3nauenust X,, X , X, Tpu3HaKa BeIOOPKU 00beMa N pas3Iv4HbL, TO BbI-

20

DB:(Z(Xi_XB) j/n

i=1

OopouHas nucrepcus paBHa

Ecnu xe 3HaueHus npusHaka X1 , X2 Y ey Xk HUMEIOT COOTBETCTBEHHO YaCTOThI nl , N 2

., N ,mpuuem N, + N, + ... + N, = N, T0 B3TOM ciyyae BEIOOPOUHAs TUCTIEPCHS PaBHA

D(z<>) n

Bbl60p0’~lelM cpeéHuM KeadpamuquKuM OMKNOHEeHUuemM Ha3bIBaCTCs KBaI[paTHI)IfI KOpPCHb

nus3 reHepaanOﬁ AUCTICPCUH:
o, =4D,.

IIpumep 2. BeibopouHast COBOKYIHOCTH 3ajlaHa CAeyIoIIel Tabiuiel pacipeneaeHus:

X 1 2 3 4

n. 20 15 10 5

Haiitu BBIOOpOYHYIO TUCTIEPCHIO M BLIOOPOUYHOE CpeHee KBaIPATHIECKOE OTKIOHCHHE.
Pemenne. Haiiem BBIOOPOUHYIO CPEAHIONO:

1-20+2-15+3-10+4-5 _100
20 +15 +10 +5 50

Haiimem BEIOOPOYHYIO TUCTIEPCHIO:
5 (1-2)"-20+(2-2)"-15+(3-2)"-10+(4-2)°"-5 50 .
? 50 50

=2.

X, =
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Haiinem BeIOOpOUHOE cpesiHee KBaIpaTHIECKOe OTKIOHEHHUE:
c,=+D, =1=1.
Teneps nmycTh TpeOyeTcs 1O JaHHBIM BRIOOPKH OIICHUTHh HEU3BECTHYIO T€HEPAIbHYIO JIUC-

nepcuro D - - Beibopounas nucnepcust D 5 ABISETCSA CMELIEHHOMN OLIEHKOM D > TaK Kak

-1
M(DB):nnD

re

Ecnu e B kauecTBe OLICHKHU FeHepaﬂbHOﬁ JUCIICPCHUU IIPHUHATD UCNPABIIEHHYIO ducnepcu;o

2
S", KOTOpas IOJIydaeTcs IyTeM yMHOXkeHus D » Ha pods N / (n —1), To ona Gyner Hecme-

LIEHHOW OLIEHKOM reHepanbHOM aucrnepcud. [lomyyaem

2 n _ n Kizl -}_ ‘ 7 ) _
S _n—lDB_n—l - _(il(xi xB)ni} (n-1)

n n n n-1
D,|=——M(D,)= -——D, =D
n-1 n-1 n-1 n

Nwmeetcs nBa cioco0a OLEHKH IapaMeTpOB: TOYEUHbIN U UHTEPBAIbHBINA. TOUECUHbBIE ME-
TOJIbl YKa3bIBAIOT JIMIIbL TOYKY, OKOJIO KOTOPOI HaXOAWTCS HEM3BECTHBIM OLlEHMBAEeMBbIi mapa-
MeTp. C NOMOIIbI0 MHTEPBAIBHBIX CIIOCOOOB MOXKHO HAWTH MHTEPBAJ, B KOTOPOM C HEKOTOPOU
BEPOSITHOCTBIO HAXOJUTCS HEM3BECTHOE 3HAYEHUE ITapaMeTpa.

Toueunou Ha3bIBAETCs OLIEHKA, KOTOpas ornpeaesnseTcs: oqHUM uncioM. [lpu Beibopke ma-
Joro o0beMa TOYe4Hask OLIEHKAa MOXET 3HAUUTENbHO OTIMYAThCS OT OLIEHMBAEMOIO Mapamerpa,
T.€. IPUBOJUTH K IpyObIM omubkaM. [lo 3Toil mpuunHe npu HEOOJIBIIOM 00beMe BBIOOPKH Clie-
ZyeT N0JIb30BaThCsl UHTEPBAIbHBIMU OLICHKAMHU.

HumepeanvbHoii Ha3bIBAETCs OLEHKA, KOTOpast OIpeAEsIeTCs: ABYMS YNCIaMU — KOHLIAMHU
MHTEpBaJia. MIHTepBaIbHbBIE OLIEHKH MTO3BOJISIFOT YCTAHOBUTH TOUHOCTD U HAJEKHOCTh OLIEHOK.

M (s*)=M

re

IlycTh HaiijieHHas 1O JAHHBIM BEIGOPKH CTATHCTHUECKAs XapakTepucTuka 6  cmyxuT
0 -6

Hee oIpenenseT napameTp & , 4eM MeHbllie O . ToyHocmb oyeHKU XapaKTepU3yeTcs MOJI0KH-
TETbHBIM YHUCIIOM ¢ .

OLIEHKOM HEU3BECTHOTrO mapamerpa @ . Eciim & > 0 u < & , 70 onenka 6 Tem Tou-

O,Z[HaKO HCIIb34 KaTeFOpI/ILIeCKI/I YTBep)KI[aTB, YTO OLICHKAa 9 y,HOBHeTBOpHeT HepaBeHCTBy
‘ 0—0

pOii 3TO HEPABEHCTBO OCYIICCTBIISETCS.

< 5 . Cratuctuueckue MCTOJbI MMO3BOJIAIOT JIUIIb TOBOPHUTH O BEPOATHOCTH, C KOTO-

Hadeorcrocmuio (0osepumenvroii 6eposimuocnivbio) oueaku @ 1o 6 HaspiBaeTcs BeposT-

HOCTb /' , C KOTOPO# OCYIIECTBIISETCSl HepaBeHCTBO |0 — @ | < O , T.e.
P(lo-6|<s)=r.
B kauectBe ¥ Oepercs umcio, OJIU3K0OE K €AUHHULIE.

U3 HepaBenctBa | @ — @ | < O Jerko MOXHO TOJIyYHUTh JBOIHOE HEPABEHCTBO

0_—5<¢9<9_+5.

Torga coOoTHOIIEHUE NPUHUMAET CIEAYIOIIHUN BU
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P(0-6<0<0+65)=y.
OTO COOTHOIIIEHHE O3HAYaeT cieayromee: BCPOATHOCTb TOTO, 4YTO HUHTCPBAI

(6 — 6, 6 + 0) 3axmouaer B cebe (IIOKPBIBAECT) HEU3BECTHBIHM MapaMeTp & , paBHA ¥ .

Wnreppan (6 — 6, @ + O) Ha3bIBAeTCs 0osepumenbHbiM UHMEPEanioM, KOTOPBIH 1o-

KpBIBAE€T HEU3BECTHBIN MapamMeTp @ C 3aJaHHOM HAJEKHOCTBIO )/ .

[lyctb KONMMYECTBEHHBI MpuU3HAK X TEHEpaJbHOM COBOKYNHOCTH pacIpelesieH
HOpPMAaJIbHO, IPUYEM CpeHEee KBaApaTHUECKOe OTKIIOHEHHE O 3TOro paclpeieieHus 3B e C T
H 0. TpeOyeTcs OlIeHUTh HEM3BECTHOE MaTEMAaTHUECKOE OXKHIaHue A 10 BEIOOPOYHOMW CpeaHei
X . ITocTaBuM CBOEH 3a1aueii HAiTH JTOBEPUTEIBHBIE MHTEPBAIIBI, ITOKPHIBAIOLIKME apamMeTp &
HaJISKHOCTBIO J .

ByjieM paccMaTpHBaTh BHIGOPOUHYIO CPEIHIO X Kak ciydaitnyio Bemmuuay X (X

M3MEHSAETCS OT BBIOOPKH K BBIOOPKE) M BHIOOPOYHBIE 3HA4YEHUs Tpu3HaKa X, X, , .., X —

KaK OJMHAKOBO PACHpe/eICHHbIE CIydaiiHbIE BETUUMHBI X L X ot s X . (oTH uncna TaKKe

WU3MEHSIOTCSI OT BBIOOPKH K BBIOOpKE). MareMaTH4eckoe OXKHJIaHWE KKIOW M3 ITUX BEIMYUH
paBHO A WU CpeHEe KBapaTHUECKOEe OTKIIOHEHHE — O ..

[omy4daeM, 4TO HapaMeTphl PacrpeeeHusT X  CIeayoIme:
M(X)=a, o(X)=oc//n.
[ToTpeOyeM, 4TOOBI BBITOTHSIIOCH COOTHOIICHUE
P(‘X —a‘<5)=7,

rae y — 3aJaHHasd HaACKHOCTb.

Ucnons3ys popmyiy ¢ 3amenoit X nma X u O Ha o ( )?) =0 / A/N , HETPYJIHO

MOJIYYUTb COOTHOIICHHUEC
P(|x —a|<s)=20(5Vn /o) =20 (1),
rnet = o \/F / o .
Haiins u3 mocneHero paBeHcTsa & = to / \/F , MOYKHO HAIUCaTh

P(IX —al<to/Vn)=2a(1).

O6o3Hauast Uit OOIIHOCTH BBIOOPOYHYIO CPEIHIOI BHOBH 4epe3 X , IOJIydaeMm
COOTHOIICHUA
D (t) =y /2
)51

P()?—ta/«/n <a< f+to-/«/n ): a
3HAYUT, C HAAEKHOCTHIO » MOXHO YTBEPKIATh, YTO JOBEPUTEIBHBIA HHTEPBAI
(x — ta/ Jn, X +to / A/N) TIOKpbIBaET HEM3BECTHBI mapameTp & , NPH ITOM

TOYHOCTBH OLICHKU paBHaA o = tO'/”\/ n , a 4ucio t OIPCACIICTCA U3 paBCHCTBA 110 Ta6J'II/II_IC

¢byukun Jlamnaca.

IIpumep 3. CayuqaiiHas BelMunMHAa XUMEET HOPMAJIBHOE PACHpENElIeHHE C M3BECTHBIM
CPEIHMM KBAaJpPAaTUYECKUM OTKIOHEHHMEM o = 3. HallTu noBepuTenbHBIM MHTEpBAI IS
OIIEHKH HEM3BECTHOI'O MATEMATHYECKOTO OKUIAHUsT & 10 BHIOOPOYHOM CpeHel X , €Clii 00beM
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BbIOOpKM N = 36 U 33JaHa HAJIEKHOCTb OLIEHKU ) = 0,95 .
Pemmenne. Haiinem t . 3 coornomenus (13.8) monygaem @ (t) = 0,475 wu no ra6muue

¢byukun Jlamraca Haxoaum t= 1,96 :
HalineM TOYHOCTD OLIEHKU:

s =to/~/n = (1,96 -3)/~/36 =0,98.

JIOBEpUTENIbHBI UHTEPBal TAaKOB: ()? -0,98; X + 0,98) . Hampumep, ecinu

X=4 ,1 , TO JIOBEPHUTEIbHBIA HHTEPBATI HMEET CJICIYIOIINE JOBEPUTEIIbHBIC TPAHHIIBI:
X-098=41-098=312: x+0,98=41+0,98 =5,08 .
3aoanua:

3ananue 1. Beibopka 3aana B BUjE pacrpee/ICHUs 9acToT:

X. 2 5

0, 1 3

Haiitu pacupeacICHUC OTHOCHUTCIIbHBIX YaCTOT.

3ananue 2. Haiitu pyHKIMIO pacipeneneHus Mo JaHHOMY pacipeiesIeHHuI0 BHIOOPKU:

X, 1 2 5
P, 10 4 6
3aganue 3. [IoCTpOUTH OJUTOH OTHOCUTENIBHBIX YaCTOT IO IAHHOMY PaclpeieIeHUIO Bbl-
OopKH:
X, 2 4 5 8
P, 11 19 8 12
3ananue 4. HailTu pyHK1IMIO pacnpeesieHns 0 JaHHOMY pacipe1eIeHUI0 BBIOOPKHU:
X; 1 2 5
P, 10 4 6

3a,Z[aHI/Ie 5. HailTu MeTOoJIOM MOMEHTOB TOYCYHYIO OLICHKY IapaMeTpa P TeoOMETpHUYC-

Xi—p
CKOI'0 paclpeneinecHus P(X = Xi) = (1 - p) P ,T7e X; - YUCJIO UCIIBITAHHM, IPOBEIEH-

HBIX JO ITIOSABJICHUA CO6I)ITI/I$I, p - BEPOATHOCTH IMOABJICHUA CcOOBITHA B OHOM HCIIbITAaHUH.

3al[aHI/IC 6. Haiitn METOAOM MOMCHTOB TOYCYHYIO OILICHKY ITapaMeTpa P TECOMETpHYC-

Xi—p
CKOI0 pacnpeeneHus P(X = Xi) = (1 - p) " P ecomB YeThIPEX OMBITaX COOBITHE MO-

SABUJIOCH COOTBETCTBCHHO ITOCJIC ABYX, quBIpéX, IMIECTH ¥ BOCBMH MCHBITAaHUH.

3amanue 7. U3 reHepanbHOM COBOKYITHOCTH M3BJeUeHa BHIOOpKA 06béMa 1 = 50 .

X, 2 5) 7 10

n 16 12 8 14

Haiitn HecMemEHHYIO OLIEHKY T€HEPATIbHOM CPEIHEN.

3amanue 8. HaliTu BEIOOPOUHYIO CPEAHIOO 110 JAHHOMY PacipeieIeHUI0 BRIOOPKH:
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X; 1240 1250 1270 1280
n, 6 2 1 1
3ananue 9. HailTu BBIOOPOUYHYIO TUCIIEPCHUIO 110 TaHHOMY PAcCIpe/ieICHUIO BEIOOPKH:
X, 2 3 7 8
n, 4 2 3 1

Bonpocul ona cobecedosanus:

Br16opouHasi COBOKYITHOCTb.

Bri6opounas GyHKIIUS pacrpeaeieHus.

I'ucrorpamma, IOJUIOH 4acToOT.

Crioco0OsI coCTaBICHUS BEIOOPKH.

Brrunciienue Toue€YHBIX OLIEHOK MMapaMeTPOB paclpeieIeHuUs.
BbrunciieHre HHTEPBAIBHBIX OLIEHOK MApaMETPOB pacIpeICIICHUsI.

BriGopouHas cpeHsst Xy .

Bri6opounas qucnepeus Dy .

© 0 N ok

2
VcripaBaeHHas JUCTIEpCHs S .

Ilpakmuueckaa paooma Ne9. Cmamucmuueckaa zunomesa. Memoowvt cmamucmuue-
CKOIl npogepKu cunomes.
Ilens: 3akpenuTbh METO/IBI CTATUCTUYECKON TPOBEPKU THIIOTES.
Ocnogvl meopuu:

ITycTth TpeOyeTcst onpenennuTb 3aKOH paclpeieeHus FTeHepaIbHOM COBOKYITHOCTU M Ha30-
BeM €ro 4. Eciu 3akoH pacnipeneneHusl HEU3BECTEH, HO UMEIOTCS. OCHOBAHMSI TPEATIONO0KHUT, YTO
OH MMEET OIpeIeNIEHHBIN BUJI, BBIIBUTAIOT TUIIOTE3Y: FeHepaibHasi COBOKYITHOCTb paclpe/ieieHa
1o 3akoHy 4. TakuM 06pa3zom, B 3TON TUIIOTE3€ pedb UAET O BUJIE MTPEINOoIaraeMoro pacrnpejaese-
HUSL.

Bo3MmoxeH citydail, Korja 3aK0H paclpeieeHus U3BECTEH, a €T0 NapaMeTpbl HEU3BECTHBI.
Ecin ecTe OCHOBaHHUS NPEAINIONOKUTH, YTO HEU3BECTHBIN NapaMeTp  paBeH ONPEACICHHOMY

sHauenmio © , To BeyBUraoT runotesy: ® = © . Takum 06pasom, B 3TOH FUIIOTE3E pedb HACT

0 MpeArnoiaraeMoi BeJIM4rHe TapaMeTpa 0OJHOT0 U3BECTHOTO pacIpeleeHHUs.

Cmamucmuyeckotl Ha3bIBaeTCs TUNIOTE3a O BUJE HEU3BECTHOTO pACIIPEACIICHUS] WU THUIIO-
Te3a 0 ImapaMmeTpax M3BECTHBIX pacmpesencHuii. Hampumep, CTaTUCTHYECKUMHU SBJISIFOTCSI THIIO-
TE3bL:

1) reHepasbHas COBOKYITHOCTD pacipe/eieHa mo 3akony [lyaccona;

2) JHMCTIePCHU JBYX HOPMAIBHBIX COBOKYITHOCTEH PaBHBI MEXTY COOOIA.

B nepBoii runorese cuenaHo MPeanoioKeHNe O BUJE HEU3BECTHOTIO pacIipe/ieieHHs], BO
BTOPOW — O IapaMeTpax ABYX U3BECTHBIX paclpeieICHUN.

Hynesoti (0cho6HOoll) Ha3bIBAETCS BBIABUHYTas runoresa H 0"

Kouxypupyioweii (arvmepnamusnoti) Ha3biaetcs runoresa H 1» KOTOpast MPOTUBOPEYHT

HYJIEBOU.
Hanpumep, eciau HyneBas THIOTE3a COCTOMT B IPEANONIOKEHUH, YTO MaTEMaTHYECKOe
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OXHJaHHE & HOPMAJIBHOTO pacrpesiefeHus paBHo 10, To KOHKYpHPYIOIIas TUIIOTe3a MOXKET CO-
CTOAITH B MpeAmonoxenui, uto a = 10; te H,:a=10; H, :a #10.

IIpocmoii Ha3bIBAETCS THIIOTE3a, COAEPKAIAs TOILKO OJHO Ipejnosokenue. Hampumep,
runoresa H ) : maTemarideckoe okuaHIe HOPMABLHOTO PACTIPEEICH S PABHO 3 (O M3BECTHO)

— Ipocrasi.
Cnoorcnoti Ha3pIBA€TCsl TMIIOTE3a, KOTOPAs COCTOMT M3 KOHEYHOro MM OECKOHEYHOIro

yycsa NpocThix runores. Hanpumep, cinoxnas runoresa H : A > 5 cocTouT u3s GecyncieHHoro
MHOJKeCTBa IIpocThix runores Buga H . 1A = D, , rue b, — moGoe uncno, Gonpuee 5.

Br1iBuHYTast THTIOTE3a MOKET OBITh IPABUIIBHOM WIIM HEMTPABUIIBHOM, TTOATOMY BO3HHUKAET
HEOO0XOUMOCTh cmamucmuydeckoti (IPOU3BOJUMON CTATUCTHYECKUMHU METO/JaMHU) TPOBEPKU
9TOW TUIIOTE3bI. B UTOTE CTATUCTHYECKOM MTPOBEPKH THITOTE3BI MOT'YT OBITH JOMYIICHBI OITUOKH.

Owubka nepeoco pooa COCTOUT B TOM, YTO OYJI€T OTBEPrHyTa MPaBHIIbHAS TUIIOTE3A.

Owubka 6mopo2o poda COCTOUT B TOM, UTO OyJIEeT MPUHSITA HETIPABUIIbHAS TUIIOTE3A.

JIJiss IpOBEpKY HYJICBOW THUIIOTE3BI UCIOJB3YETCS CHEIHAIBHO Mo00paHHas cliydaiHas
BEJIMYMHA, TOYHOE WX MPHUOJIMKEHHOE pacipeieieHue KOTOPOU M3BECTHO. DTa CilydaiiHasl BEJH-
yrHa 0003Havaercs yepe3 K u HaspiBaeTcs cmamucmuyeckum kpumepuem (WA TIPOCTO Kpume-
puem).

[TpuBenem npumep CTaTUCTUYECKOTO KpuTepus. Eciiu mpoBepsieTcst TUmoTe3a 0 paBeHCTBE
JMCIIEPCHUI JIBYX HOPMaJIbHBIX F€HEpaIbHBIX COBOKYITHOCTEH, TO B KauecTBe Kpurepus K mpu-
HUMAETCsI OTHOIIICHUE MCIIPABICHHBIX BHIOOPOYHBIX JIUCIICPCHIA:

2 2
F=s’/s2.
Ha6ﬂIOOCl€MblM 3HAYEeHUem K wabn HAa3bIBACTCA 3HAUCHUC KpI/ITepI/Iﬂ, BBIUYHUCIICHHOC I1O BbI-

60pKaM. HaanMep, €CJIU 110 IBYM BBI60pKaM HalJI€HBI HCITPABJICHHBIC BBI60p0‘{HBIe AUCIICPCUH

2 2
s, =20 n's, =5, T0 HabmoaeMoe 3Ha4eHne Kpurepust F pasHo

F =s?/s?=20/5=4.

[Tocne BEIOOpa ONIpeieIeHHOTO KPUTEPHSI MHOKECTBO BCEX €T0 BO3MOXKHBIX 3HAYEHUH pa3-
OWBaeTCs Ha J[BA HEMIEPECEKAIOIIMXCS TIOJMHOKECTBA: OJTHO M3 HUX COJICPKUT 3HAUCHUS KPUTE-
pHs, IPU KOTOPBIX HyJIeBas THIIOTE3a OTBEPraeTcs, a Apyras — MPH KOTOPHIX OHA MPHHUMAETCA.

Kpumuueckoii obnacmpio Ha3pIBaCTCS COBOKYITHOCTh 3HAYCHUH KPUTEPHS, TIPU KOTOPBIX
HyJIeBasi TUIIOTE3a OTBEPraeTcs.

Obnacmoio npunuamus eunomeswvl (0071aCThIO JOIMMYCTUMBIX 3HAYCHUI) HA3bIBAETCS COBO-
KYIMHOCTh 3HaYEHHUI KPUTEPHsI, TPH KOTOPHIX HYyJEeBasi TUIIOTE3a TPUHUMACTCSI.

[Tockonbky kputepuit K — ogHOMepHas ciiydaiiHasl BEIMYMHA, BCE €€ BO3MOXKHBIC 3HA-
YSHUS MPUHAICRKAT HEKOTOpOoMY HHTepBay. [loaToMy KpuTHYeckast 00J1acTh M 00JIACTh TTPHHSI-
THUSI TUMIOTE3bI TAKXKE SIBISIFOTCS MHTEPBATIAMHU U, CIEJI0BaTENbHO, CYIIECTBYIOT TOUYKH, KOTOPHIC
WX pa3JelisioT.

nabn

Kpumuqecmmu modixkamu (FpaHI/ILIaMI/I) k xp Ha3bIBAOTCA TOYKH, OTACIIAOIINEC KPUTHUYC-

CKYI0 00J1acTh OT 00JIaCTH MPUHSATHUS TUIIOTE3bI.
IIpasocmoponneri Ha3pIBaeTCs KpUTHUYECKas oOO0JIacThb, oOIpenenseMas HEpaBeHCTBOM

K > ka , TII€e ka — MOJIOKUTENIBHOE YHCIIO.

L > K
0 k

Kp
Puc.1.
Jlesocmoponneii Ha3bIBaeTCs KPUTHYECKas 007acTh, OIpeaeisseMas HEPaBCHCTBOM

48



K <k _ ,rme K — orpunarensnoe uncno.
K Kp

0

Y
=

Puc.2.
Oonocmopontell Ha3bIBACTCS TPABOCTOPOHHSS WM JICBOCTOPOHHSISI KPUTHUYECKash 00-
JacTh.

Jleycmoponneli Ha3bIBaCTCA KPHUTHYECKas O0OJIaCTh, OIpeaesieMas HEPaBEeHCTBAMHU
K < k1 ) K > k2 , The k2 > k 1 B yacTHOCTH, €ClIM KPUTHYECKUE TOUKM CUMMETPUYHBI OT-
HOCHUTEJIHHO HYJIS, TBYCTOPOHHSSI KPUTHYECKAsE 001aCTh ONPEIesaeTCs HEpaBEeHCTBAMU (B TIPE/I-

HoJIoKeHuH, 410 K < —ka) K < _ka , K > kkp , WIA PAaBHOCHIHHBIM HEPABCHCTBOM

‘K‘> ka

N /

k

Kp
Puc.3.
JIst HaX 0K ICHHST KPUTHYECKOM 00JIaCTH JOCTATOYHO HAMNTH KPUTHYECKYIO TOUKY (TOUKH).
JIyis HaX O ICHHSI )K€ TAaKOW TOYKH 3a/1a€TCs JIOCTATOYHO MaJiasi BEPOSATHOCTb — VPOBEHb ZHAUU-
mocmu O . 3aTeM KPUTHYECKas TOUKa ka UIIETCS UCXO/ISl U3 TPEOOBaHUs, YTOOBI P YCIOBUH

CIIPaBEUIMBOCTH HYJICBOW THIIOTE3bI BEPOSTHOCTH TOTO, 4TO Kputepuii K npumer 3HaueHus u3
KpUTHYECKOHN 00nacTu, Obula paBHa PUHATOMY YPOBHIO 3HAUMMOCTH.

Hanpumep, u1st mpaBOCTOPOHHEH KPUTUYECKON OOJIACTH JIOJKHO BBIMOIHATHCS COOTHO-
LICHUE

P(K>k,)=«a,

JUISL IEBOCTOPOHHEN —
P(K<k,)=«a,
a JUIsl ABYCTOPOHHEN —
P(K<k)+P(K>k,)=a.

Z[J'ISI KaXJA0ro KpuTepusa HMCIOTCA COOTBETCTBYROIIIUC Ta6J'II/II_[LI, 10 KOTOPBIM U HAXOAUTCH
KpHUTHYCCKasd TOYKaA.

Ecnu pacnipenesnenue KpuTepusi CHMMETPHYHO OTHOCHTEIIBHO HYJISl © IMEFOTCSI OCHOBAHHS
BBIOpaTh CHUMMETPUYHBIC OTHOCHTENLHO HYJIsS TOYKH — K u K (k >0), 10
Kp Kp Kp

P(K < — ka )=P(K > ka ) . YuuThIBasi 3TO COOTHOILIEHUE, U3 I IBYCTOPOHHEH Kpu-
TAYECKON 00JIaCTH TTOJTYIUM COOTHOIIICHUE
P(K>k )=a/2

Mownocmbio Kpumepus Ha3bIBAETCSI BEPOATHOCTH MOMAJaHUS KPUTEPHSI B KPUTUYECKYIO
00J1acTh MPH YCJIOBUH, YTO CIIpaBeUIMBa KOHKYpHpYIOIas rurnoresa. JpyruMu clioBaMu, MOIII-
HOCTb KPUTEpUs €CTh BEPOATHOCTHh TOTO, YTO HyJeBasl rUIoTe3a OyJeT OTBEprHyTa, €Cii BepHa
KOHKYpHPYIOILasi THIIOTE3A.

[TycTb Uit MpoBepKH TMIOTE3bI MPUHST OINPeIeIeHHbI YPOBEHb 3HAUMMOCTH, U BBIOOpKa

umeeT pukcupoBaHHbI 00beM. Eciin ,B — BEPOSATHOCTb OUIMOKH BTOPOTO pPoOJia, T.€. COOBITUS

«IIpHUHSATA HYyJIEBas TMIIOTE3a, IPUYEM CIIPABEIIMBA KOHKYPUPYIOLIAs», TO MOIIHOCTh KPUTEPHUs

pasral— 3.
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IycTh MOIIHOCTE 1 — ,B BO3pacCTaeT; ClIeA0BaTEIbHO, YMEHBIIAETCS BEPOSTHOCTD ﬂ co-

BEPILIUTH OMMOKY BTOPOTo poza. Takum oO6pa3zoM, 4eM MOILTHOCTH OOJIbIIIE, TEM MEHBILIE BEPOSIT-
HOCTb OIIKUOKK BTOPOTO pojia.

WTak, ecny ypoBEeHb 3HAYMMOCTH YK€ BEIOpaH, TO KPUTHYECKYIO 00JIACTh CIIEAYET CTPOUTh
TaK, YTOObI MOUTHOCTh KPUTEPHs ObLIa MaKCUMaIbHON. DTO MO3BOJIUT MUHUMU3UPOBATH OLITHOKY

BTOPOT'O POJa.

Janee Ham notpedyetcs pacnpenenenne Oumiepa — CHeekopa.

o 2
Ecim U mV — He3aBUCHMBIE Cly4alHbIe BEJIMYUHBI, PACIIPEICICHHBIC 110 3aKOHY ¥
CO CTCIICHAMMU CBOGOI[BI kl n k2 , TO BEJINYHUHA
U /k,
F=—1
vV /k,
HMMEET pacipe/ielieHne, KOTOpoe HasbiBaeTcsapacnpedenenuem F Quwepa — Cnedexopa co

CTCIICHAMU CBO60,I[I>I kl n k2 .

CDYHKI_II/IH IUIOTHOCTH 3TOI'O paCIpCaACICHUA HMCCT BUI

0 npu X <0
f(x)= x (ki=2)/2 ,
C npu X >0

L 0 (k2 + klx)(k1+kz)/2

raec
k, + k
F l2 2 k1k1/2k2k2/2
T T(k,/2T(k, /2)

Pacnipenenenne F ompenensiercss qBymsi mapameTpaMyu — YHCIaMH CTETIEHEH CBOOOJIBI
k,uk,.
[Tycts renepanbHble cOBOKyNMHOCTH X # Y pacnpeaeneHbl HOpMaJIbHO, IPHYEM UX JIUC-

TnepcuM U3BECTHEI. 10 He3aBUCUMBIM BHIOOpKaM ¢ 00beMaMH, COOTBETCTBEHHO paBHbMU N, 1 M

, U3BJICUEHHBIM M3 3THX COBOKYIHOCTEH, HaliieHbI BIOOpouHble cpeanue X u Y . TpeOyercs no

BBIOOPOYHBIM CPETHUM MPHU 33JaHHOM YPOBHE 3HAUYMMOCTH ! TPOBEPHUTH HYJIEBYIO THIIOTE3Y,
COCTOSIIIIYIO B TOM, YTO T€HEpaJIbHbIE CpeHUE (MaTeMAaTUYECKUE 0KHMJIaHUS) pacCCMaTPUBAEMBIX
COBOKYITHOCTEH paBHBI MEXy COOOM:

H,:M (X)=M(Y).
yLIPITBIBaH, qTo BBI60pO‘-IHBIC CpCAHUC SBJIAIOTCA HECCMCIHICHHBIMH OIICHKAMH I'€HECpaJlb-
HBIX CpeHHI/IX, T.C.

M(x)=M(X), M(y)=M(),
HYJICBYIO TUIIOTC3Y MOXXHO 3aIllUCATh TaK:
H,:M(x)=M{(y).
B kauectBe KpUTCpUA IPOBCPKU HyﬂeBOﬁ THUIIOTE3bI O PABCHCTBC I'CHCPAJIBHBIX CPCIHUX
MPUHAMAETCSI HOPMUPOBAHHAS HOPMaJIbHAs CITyJaiiHasi BeTHYInHA
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_ Xy
- /D(X)/n+D(Y)/m "

KpI/ITI/I‘ICCKaﬂ 00J1aCcTh CTPOUTCA B 3aBUCUMOCTHU OT BUJA KOHKprIpy}OIHeﬁ TUITIOTE3bI.

Z

Ilepssii cnyyaii. Hynesas runoresza H 0- M (X ) =M (Y ) . Konkypupyromas rumno-
Te3a Hl:M (X)=M(Y).

B sTOM ciyyae cTpouTCs ABYCTOPOHHSSI KpUTHUECKask 00JIacTh, UCXOAS U3 TpeOOBaHUs,
4TOOBI BEPOSATHOCTH MONAaHKsI KpUTepusi Z B ATy 00JIACTh B MPEANOI0KEHUHU CIIPABETMBOCTH
HYJIEBOI runoTe3sl Oblia paBHA MPUHATOMY YPOBHIO 3HAYHUMOCTH X .

[Tockonbky pacnpesnenenne 7 CHUMMETPUYHO OTHOCUTEIBHO HYIIS, TO KPUTHYECKHE
TOYKH CUMMETPHYHBI OTHOCUTENIBHO HYJIS, T.€. €ClIi 0003HAUYUThH Yepes Z,, TPaBYIO KpUTHYe-

CKYIO TOUKY, TO — Z OyZeT JeBOM KpUTUUECKOW TOUKOM.

Hau6onbiias MOIIHOCTE KpUTepus (BEPOATHOCTD MOMNAJaHUs KPUTEPUS B KPUTUUYECKYIO
00J1aCTh MPU CNPABEIIUBOCTH KOHKYPUPYIOIICH THIOTE3bI) JOCTUTACTCS TOTJA, KOTAa BEPOST-

HOCTb IOIIaIaHUsI KPUTEPUS B KaXKbIN U3 IByX MHTEPBAJIOB KPUTHUECKON 00JIaCTH paBHA O / 2:
P(Z<-z,)=a/2, P(Z>12,)=0a/2.

Jljig Toro, 4ToObl HAMTH MpaByIO TPaHULy Z » JIBYyCTOPOHHEHN KPpUTHUECKOH o0nacTu, A0-
CTaTOYHO HAWTH 3Ha4yeHue aprymeHTa ¢pyHkuuu Jlammaca, KOTOpOMY COOTBETCTBYET 3HAaUECHUE
dynxumn, pasnoe (1 — o )/2 :

D(z,)=01-a)/2.

O003HaUYMM 3HAYCHUE KpUTEpU:A, BBIYUCICHHOC 110 JaHHBIM Ha6J'IIOI[eHPII>i, qcpes3 Z wabn

Ecmun ‘Z i ‘ < Z,, — HET OCHOBAHWH OTBEPTHYTh HYJIEBYIO TUIIOTE3Y.

Ecan ‘Z ‘ > Z — HYJICBAd T'HII0TE3a OTBECPracTcCH.
Hnabn Kp

Bropoii cinyuwait. Hynesas runoreza H 0" M (X ) =M (Y ) . Konkypupytromias rurmo-
tesa H M (X)>M(Y).
B sToMm citydae cTpouTcst IpaBOCTOPOHHSISI KpUTHYECKask 00J1aCTh, UCXO/Is U3 TPEOOBaHMS,

9TOOBI BEPOSATHOCTH MOMAIaHNU KpUTepust Z B 3Ty 00JacCTh B MPEIIOJIOKEHNH CIIPABEATNBOCTH
HYJIEBOI runoTe3sl Oblila paBHA IPUHATOMY YPOBHIO 3HAUMMOCTH:

P(Z>z )=«a.
Kp
Jnist Toro, 4ToObl HAWTH TPAHUILY Z,, MIPABOCTOPOHHEW KpUTHUYECKOW 00jacTu, JocTa-

TOYHO HANTH 3HAYEHHE apryMeHTa QpyHKImu Jlarmaca, KOTOPOMY COOTBETCTBYET 3HAYEHHE (yHK-
uu, pasroe (1 — 2a)/2 ;

®(z,,)=01-2a)/2.
OG03HaYMM 3HAUYEHUE KPUTEPHs, BBIYMCIEHHOE 110 JAHHBIM HaOMI0IeHuH, uepes Z
Ecim Z
Ha
Ecmu Z
Ha

Habn '

6n < Z w HET OCHOBAHHU OTBCPIHYTH HYJICBYIO THIIOTC3Y.

6u > Z,, — HyJCBas rHIIOTE3a OTBEPTacTCs.
1 Kp

o1



3aoanusa:

3amanue 1. Texnudeckas HOpMma mpexycMaTpuBaeT B cpeaHeM 40 cek. Ha BBINOJTHEHUE
OIpE/ICIEHHON TEXHOJIOIMUYECKOH ollepallMi Ha KOHBEMepe Mo Mpou3BOoACTBY 4acoB. OT paboT-
HUI, pa0OTAIOIIKMX HA 3TOM oOmepanuu, NOCTYMHIN >KaloObl, YTO OHU B IEHCTBUTEIBHOCTH 3a-
TPauMBaIOT Ha 3Ty Olepanuio 0osbiie BpeMeHu. [[1s mpoBepku HaHHOM kanoObl MPOU3BEICHBI
XPOHOMETPUUECKHE U3MEPEHNSI BPEMEHH BBIIIOJIHEHUS 3TOM TEXHOJIOTUYECKOM onepanuu y 36 pa-
OOTHULI, 3aHSTHIX Ha ATOU OIlEpalMU, U IOJyUYEHO CPEJHEE BPEMS BBIIIOJIHEHUS onepanuu 42 cex.
MosxHo 11 (mpearnosaras BpeMsi BHIITOJIHEHUS TEXHOJIOTHYECKON Olepalyy ciiydailHOM Beardu-
HOM, OTYUHSIONICHCS HOPMAIBHOMY 3aKOHY) MO MMEIOLIUMCSI XPOHOMETPUYECKUM JIaHHBIM Ha
ypoBHe 3HauuMOcTH 0,01 OTKJIOHUTH THUIIOTE3Y O TOM, UYTO CPEAHEE BPEMS BBINOIHEHUS ITOU
orepanuy COOTBETCTBYET HOPME, €CJIM U3BECTHO, YTO CPEAHEE KBAAPATUUECKOE OTKIIOHEHUE Ie-
HEpaJIbHOW COBOKYITHOCTH COCTaBIIAET 3,5 ceK.?

3agaHue 2. DKOHOMUYECKUN aHaJIN3 IPOU3BOJUTEIBHOCTH TPYya NPEANPUATUN OTPACIU
MIO3BOJIWJI BBIIBUHYThH TMIIOTE3Y O HAJIMYMM JABYX THUIIOB HPEAUPUITUN C Ppa3IMYHON CpeaHei
BEJIMYMHOM MOKa3aTessl IPOU3BOIUTEILHOCTH Tpyia. BeibopouHoe obcnenoBanue 42-X npeanpu-
ATUM MEPBOM TPYMIIBI JAJI0 CIEAYIOLIME PE3YJIbTAThI: CPEAHSS MPOU3BOAUTEIBLHOCTh TPy CO-
craBuia 119 peraneii. [lo maHHBIM BBEIOOPOYHOTO OOCIEAOBAHMSA 35-M NPEANPUITHH BTOPOU
TPYIIBI CPEHssS MPOU3BOAUTEIBLHOCTD Tpyia cocTtaBuiia 107 neraneil. ['eHepabHble qucnepcun
u3BecTHbl: D(X) = 126,91 ; D(Y) = 136,1. Cuuras, yTo BEIOOPKH U3BJICUYCHBI U3 HOPMAJILHO pac-
IIPEJIEIICHHBIX TeHEPAJIbHBIX COBOKYIHOCTEN X U Y, Ha ypoBHe 3HaunmocTu 0,05 nposepseTe, ciy-
YaliHO JIM NOJyYEHHOE pa3iIMuie CPEJHUX MOKa3aTelaeil MPOU3BOJUTEIBHOCTH TPYyla B TPYIIIax
WJIM %K€ UMEFOTCS JIBA TUIIA IPEAIPHUATHH € pa3INYHON CPETHEN BETNYMHON IPOU3BOAUTEIBHOCTH
TpyZa.

[TapTus u3genuii IpUHUMAETCS B TOM CIIydae, €CJIM BEPOATHOCTb TOrO, YTO U3JIEIUE OKa-
KETCsl COOTBETCTBYIOIUM CTaHJapTy, cocTaBisieT He MeHee 0,97. Cpeau ciaydyaiiHO OTOOpaHHBIX
200 u3nenuii npoBepseMON MapTUX 0Ka3anock 193 coOTBETCTBYIOIMX CTaHAApTy. MOXKHO 11 Ha
ypoBHe 3HauuMocTH [ = 0,02 mpuHATH HapTHIO?

Bonpocul ona cobecedosanus:

1. Craructuueckas runoresa.

2. MOIHOCTh KPUTEPHS.

3. Kpurnueckast 0011acTh.
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4, Yyeono-memoouueckoe u ungopmayuonnoe obecneveHue OUCYUNIUHDBL

4.1 Ilepeuensv 0CHOGHOI U OONOIHUMETILHOU TUMEPAMYPbL, HEOOXOOUMOUL 071 0C80e-
HUA OUCUUNIUHDL

4.1.2 Ilepeuenv ocHOBHOU TUumMeEpamypol:

1. lumayes, B. C. Beiciias maremaTrka: yaeOnuk s 6akanaspos / B.C. Hlunaues ; mox
pen. A.H. Tuxonosa. — 4-e uzz., ucnp. U non. — M. : FOpaiit, 2014. — 607 c. — (bakanasp. ba3oBsiii
Kkypc). — Ha yue6nuke rpud: Pex. YMO. — ISBN 978-5-9916-3325-3

4.1.3 Ilepeuenv 0onoiHumenbHOU AUmMeEPAmMypobl:

1. boromoso, H. B. Marematuka: yueOHuK 1st 6akanaspos / H.B. boromomnos, I[1.1. Ca-
moitnenko; Mock. ['oc. YH-T Tex. U ynp. m. K.I'. PazymoBckoro. — 5-e u3n., ne-pepad. U gom. —
M. : FOpaiit, 2014. — 396 c. : un. — (bakanasp. ba3osslit kypc). — Ha yueOnuke rpud: Jon.MO. —
ISBN 978-5-9916-3467-0

4.2 Ilepeuensv yuedoHo-MemoouuecKo2o obecneuenus camocmoamenbHoil padomot 0oy-
YaWUXca o OUCYUNIUHE
1. Metonnyeckue peKOMEHIAINK IO OpraHU3allii CaMOCTOSTEIbHON pabOThl CTY/IEHTOB

10 AUCIUIIIINHE «MaremaTtndeckne MCTOAbI U MOJICJIN B YIIPABJIICHUN)).

4.3 Ilepeuens pecypcos unghopmayuonHno-meneKomMmynuKayuonnou cemu Hnmepnem,
Heo0X00UMBbIX 0713 0C60CHUA OUCUUNTUHDL
1. http://www.biblioclub.ru -O5BC "Yuusepcurerckas 6ubnnorexka oHmaiia"

2. http://www.iprbookshop.ru/ - Dnexkrporto- 6ubnuoreunas cucrema IPRbooks
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MMHUCTEPCTBO HAVKH U BBICIIIET'O OBPA30OBAHU S POCCUMCKOM ®EJIEPALINN
OEJIEPAJIBHOE I'OCYJAPCTBEHHOE ABTOHOMHOE OGPA3OBATEJIbHOE YUPEX/IE-
HUE BBICIHEI'O OBPA30OBAHUA
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBI YHUBEPCUTET»

[Tsturopckuit unctutyt (punuan) CKOY

MeToanyeckue yKazaHus

10 OpraHu3aluy U MPOBEJACHUIO CAMOCTOSATEIbHON pabOThI
o gucuunnuae KMATEMATHUYECKHWE METOJIbI U MOJIEJIM B YIIPABJIEHW
JUISL CTYJIEHTOB HaIlpaBJICHUSI TOATOTOBKH
38.03.04 I'ocynapcTBEHHOE M MYHHULIMIIAJIBHOE yIIpaBicHHUEe, PernonanpHoe ynpasieHue
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Coneprxanue

Bsenenue

OO01m1ast XapakTepUCTUKA CaMOCTOSITEIBHON PabOThl 00YJarOIIErocs Mpu u3yde-
HUM JUCLUIUIMHBI «MaTeMaTn4eckue METO/Ibl U MOJIENIN B YIIPABICHUN»
[Tnan-rpaduk BBIIOIHEHUS CAMOCTOSITEIbHON pabOThI

KoHTpOIbHBIE TOUYKH U BHJIBI OTYETHOCTH IO HUM

MeTtoandyeckie peKOMEHIANH 110 H3yYSHUIO TEOPETUIECKOTO

marepuasia

yLIe6HO'MeTO)II/ILICCKOG u I/IH(I)OpMaI_II/IOHHOG obecneyenne JUCHUITIIMHBI
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BBenenune

CaMocrosiTenbHas padoTa — riaHupyemas yueOHas, yae0HO-HCCIIeI0BaTeIbCKasl, HAyYHO-
HCCIIeIOBaTeNbCKas paboTa CTYIEHTOB, BHINOIHIEMAas BO BHEAYTUTOPHOE (ayAUTOPHOE) BPEMSI 1O
3aJJaHUI0 U TIPU METOAMYECKOM PYKOBOJCTBE IpErojaaBaressi, HO 0e3 ero HemocpeICTBEHHOro
ydactus (Mpy YaCTUYHOM HEMOCPECTBEHHOM Y4aCTHUHU MPENO0IaBaTelis, OCTABISIONEM BEYIIYIO
pOJIb 32 pabOTOMN CTY/IEHTOB).

CamocrosTensHas padbora cTyeHToB B BY3e sBisieTcsi BaXKHBIM BUIOM Y4E€OHOU M HAYy-
HOM JIeATEIbHOCTH CTY/ICHTA.

Benymas nens opranuszanuu u ocymiectsienus CPC momkHa coBnagaTs ¢ 1enpio ooyde-
HUS CTYyJIEHTa — IMOATOTOBKOM OakanaBpa ¢ BeicInM oopazoBanueM. [1pu opranuzaiuu CPC Bax-
HBIM ¥ HEOOXOMMBIM YCIIOBUEM CTAaHOBSTCS ()OPMUPOBAHUE YMEHHUS CAMOCTOSITEIILHON PabOThI
JUTSI IPUOOpETEHNS 3HAHNUN, HABBIKOB U BO3MOYKHOCTH OpraHU3alluy yueOHOW 1 HAyYHOU JIesTeNb-
HOCTH.

[lenpro camMoCTOSTETEHOM PabOTHI CTYJCHTOB SIBIISICTCSI OBNIaJCHUE (DYHIaMEHTATbHBIMU
3HAHUSAMU, TPOPECCUOHATBHBIMU YMEHUSIMHU U HaBBIKAMH JESATEIBHOCTH MO MPOMUITIO, ONTBITOM
TBOPUYECKOM, HCCIEN0BATENbCKON JiesTenbHOCTH. CamocTosTenbHas paboTa CTyAEHTOB CIOCO0-
CTBYET Pa3BUTHUIO CAMOCTOSITEIHHOCTH, OTBETCTBEHHOCTH M OPTaHM30BAHHOCTH, TBOPYECKOTO

MOJIX0/Ia K PELIECHUIO Mpo0JIeM y4eOHOro 1 NpoQeccroHaIbHOTO YPOBHSL.
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O01mas xapakTepuCcTHKA CAMOCTOSITEJIbHOI Pad0THI 00y4aKoIerocs Npu u3y4eHuu

JUCHHUILIMHBI «VlaTeMaTH4YeCKHe MeTOAbl M MOJIeJIN B YupaBJI€CHUU»

CamocrosiTenbHas paboTa - IiiaHupyemMasi yueOHasi, yueOHO-UCCIIeJOBaTeNbCKas, Hay4YHO-
HCCIIeIOBaTeNbCKas paboTa CTyIEHTOB, BHIIOIHIEMAas BO BHEAYTUTOPHOE (ayIUTOPHOE) BpeMs 110
3a/laHUI0 M IIPU METOJUYECKOM PYKOBOJCTBE IPEMNOJABaTelIsl, HO 0€3 €ro HenocpeaACTBEHHOIO
y4dacTus (IpU YaCTUYHOM HETIOCPEICTBEHHOM YYaCTHH IIPENOJABaTENsl, OCTABISIOLIEM BEIYILYIO
POJIb 32 pabOTOM CTYICHTOB).

CamocrosTenpHas padora cTygaeHToB B BY3e sBisercst BaXHBIM BUIOM YUCOHOM U HAYy4-
HOU JIesATeNbHOCTH cTyAeHTa. CaMocTosITeNIbHAs padoTa CTYJICHTOB UTPAET 3HAYUTEIBHYIO POJIb B
pPEUTHHTOBOI TexHOIOTUU 00yueHus. B cBs3u ¢ atuMm, oOyuenne B BY3e BkirouaeT B cedst aBe,
MPAKTUYECKH OJMHAKOBBIE IO 00bEMY M B3aMMOBIHUSHUIO YacTU — Mpoliecca 0Oy4eHHUs U IMpo-
necca camoooydenus. [losromy CPC nomxkHa ctath 3 QeKTUBHOMN U 1eJIeHanpaBIeHHON paboToi
CTYJEHTA.

K coBpemeHHOMY crienagucTy 00IEeCTBO NPEABSABISAET JOCTATOYHO LIMPOKUN ITEpEeUEHb
TpeOOoBaHUil, Cpeal KOTOPHIX HEMATOBAXKHOE 3HAYCHHE UMEET HAIMYUE Y BBIITYCKHUKOB OTpee-
JICHHBIX CIOCOOHOCTEN U YMEHUS CaMOCTOATEIHHO J00BIBATh 3HAHUS U3 PA3IMYHBIX HCTOYHUKOB,
CUCTEMATHU3UPOBATh MOIYYEHHYIO0 HHPOPMAIHUIO, 1aBaTh OLIEHKY KOHKPETHOH (PMHAHCOBOM CUTY-
aruu. @opmupoBaHUe TaKOro YMEHHsI MPOUCXOAUT B TEUEHHE BCETO Mepuojia oO0ydyeHus yepes
y4acTHe CTYJEHTOB B MPAKTUYECKHX 3aHATHX, BBIIIOJHEHHE KOHTPOJBHBIX 3a/laHUIl M TECTOB,
HalMCcaHUe KypCOBBIX U BBIITYCKHBIX KBATU(UKALMOHHBIX padoT. [Ipu 3TOM camocTosiTeNnbHas pa-
00Ta CTYJEHTOB UTPaeT pelIatollyIo POjib B X0/1€ BCEro yueOHOro mpoiecca.

Benymas nens oprannzanuu u ocymectsienuss CPC nomkHa coBnagarh ¢ Lelblo o0yde-
HUS CTYJIeHTa — IOJATrOTOBKOM crenuanucra 1 6akaigaBpa ¢ BeIcuM oOpa3oBanueM. [1pu opranu-
3anuu CPC BakHBIM U HEOOXOJIMMBIM YCIOBHUEM CTaHOBSATCA (POPMUPOBAHUE YMEHHS CaMOCTOS-
TeIbHOU paboThl /Ui MPUOOPETEHUS 3HAHUM, HABBIKOB M BO3MOKHOCTH OpraHU3alliy yueOHO! 1
Hay4YHOU JEATEIbHOCTH.

@DopMbI CaMOCTOATENBHOM PabOThI CTYJEHTOB pa3Ho0Opa3Hbl. B cooTBeTcTBHM ¢ paboueit
IpOTpaMMOM JTHUCIUIUIMHBI MIPETYCMOTPEHBI CIIEAYIONINE BUbI CAMOCTOSITEIbHON PabOTHI CTY-
JeHTa:

- CaMOCTOSATEIbHOE U3YUEHHUE JINTEPATYPhI;

- CaMOCTOSTEIbHOE PELIEHUE 3a/1a4.

Ilenv camocmoamenvhozo uzyuenus aumepamypsvl — CAMOCTOATEIBHOE OBJIA/ICHUE 3HA-
HUSIMH, OIIBITOM HCCIIEZIOBATEIBCKOM 1eATEIbHOCTH.

3aoauamu camOCTOSITENEHOTO U3YyUYCHHUS INTEPATYPHI SIBISIOTCS:
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J yriIyOJieHHE U pacIiipeHne TEOPETHUECKUX 3HAHUM;

J ¢dopMHpoBaHHE yMEHHI HCIIOIB30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOYHYIO
JOKYMEHTAIUIO U CHEeLMATIbHYIO IUTEPATYPY;

J pa3BUTHE MO3HABATEIBHBIX CIIOCOOHOCTEN M aKTUBHOCTHU CTYZIEHTOB.

Ilenv camocmoamenvnozo peuwienusa 3adau - oBnajeHue npodeccuoHalIbHBIMH YMEHU-
MU U HaBBIKAMH JIEATEIbHOCTH 10 MPOGUI0 OyayIIei esTeIbHOCTH.

3adauamu caMOCTOATEILHOTO PEIICHUS 3a/1a4 SIBISIOTCS:

J CUCTeMAaTH3alMsl U 3aKpEeIJICHHE MOJIyYeHHBIX TEOPETUUECKUX 3HAHUM U MPaKTH-
YECKUX YMEHUU CTYIECHTOB;

J (dbopMHpOBaHUE CAMOCTOSTETLHOCTH MBIIUICHHUS, CTIOCOOHOCTEH K CAMOPA3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CAMOPEATIU3aLINN;

J pa3BUTHE UCCIIEOBATEIbCKUX YMEHUH.

B pesyibrare 0CBOCHUS TUCHMIUIMHBI (POPMUPYIOTCS CIEAYIOIINN NEpevYeHb TUIaHupye-
MBIX pPe3yNbTaTOB OOYy4EHHUS MO NUCIUIUIMHE, COOTHECEHHBIX C MJIAHUPYEMbIMHU PE3yJIbTaTaMu

OCBOEHUSI 00pa30BaTENbHOMN MPOTrPaMMBbL:

Kon, popmymupoBka Kopa, dopmynupoBka nHaMKaTopa

KOMIICTCHII N

[Tmanupyemble pe3yabTaThl

00y4eHUS IO TUCUIUIITNHE

(MonyII0), XapakTepu3yro-

1[Me 3Tansl GOpMUPOBAHUS

KOMIIETEHINH, MHINKATO-
poB

VYK-1 Cnocoben ocy-
HIECTBIISATH TOUCK, KPUTHU-
YECKUM aHAJIW3 U CHHTE3
nHpOpMAINHY, TPUMEHSTH
CHCTEMHBIH TOIXOMA JUIS
pelIeHHsT TOCTaBICHHBIX
3a1a4

N-1yk-1 BbIOEnseT npoOJIeMHYIO
CUTYallUIO, OCYLIECTBISIET €€ aHa-
JIU3 U JIMaTHOCTUKY Ha OCHOBE CH-
CTEMHOTI'0 MO/IX0/1a;

NJ1-2yk-1 ocymiecTBIseT NOUCK, OT-
00p U cucreMaTH3auo uHpopMa-
WU U ONpPENETICHUs allbTEpHa-
TUBHBIX BAapUAHTOB CTpaTeruye-
CKUX pelleHHi B MpoOiIeMHOU cu-
Tyaluu,

NJI-3yk-1 OTIpeeiseT U OIIEHUBAET
PUCKH BO3MOXHBIX BapHaHTOB pe-
LIeHUH TPOOIEeMHOM CUTYallH, BbI-
OupaeT ONTUMAIIbHBIM BapuaHT e
pelieHusl.

3HaeT OCHOBBI MaTeMaTHYe-
CKOr0 aHalm3a, JIWHCHHOH
anredpbl, TEOPUU BEPOSATHO-
CTEH 1 MaTeMaTUIEeCKOI CTa-
TUCTUKHA KaK YHHBEpPCalb-
HOTO SI3bIKa HAYKU.

YmMeer pacno3HaTh MaTeMa-
TUYECKHUE OOBEKTHI.

Brnaneer naBbikamu cbopa,
o0paboTku HHpOpMaUU U
ydactusi B uH(popMaTru3aum
NeSTETLHOCTH COOTBETCTBY-
IOIUX OPTaHOB BJIACTH U OP-
raHu3aluii, WHCTPYMEHTa-
pueM s perieHus Ipo-
CTEHIMX MaTeMaTHYEeCKUX
33la4 U MaTeMaTUYeCKOH
TEPMHUHOJIOTUEH, U pPa3INy-
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HBIMH CTIOCO0aMU TIPEICTaB-
JICHUS MaTeMaTHYeCKOM WH-
dhopmarun (aHamuTH4e-
CKUM, TIpaduvecKuM, CJo-
BECHBIM U JIp.)

OIIK-2 Cnocoben pa3zpa-
0aTeIBaTh W PEATU30BBI-
BaTh yNpaBJIEHYECKHUE pe-
IICHUSI, MEPBI PETYIHpY-
IOIIEro BO3JCHCTBUS, B
TOM 4YHCJIE€ KOHTPOJIEHO-
HaJ[30pHBIC byHKIIH,
TOCY/IapCTBCHHBIE U MY-
HULUTIAIBHBIC npo-
rpaMMbl Ha OCHOBE aHa-
JM3a  COIMAaIbHO-’KOHO-
MHUYECKHX MPOIECCOB

N-lonk-2 AHanusupyer comu-
QJIbHO-KOHOMUYECKHE MPOLIECCHI

3HAaeT OCHOBHBIE METOIBI U
MOACIN peL[IeHI/DI TUITIOBBIX
3a1ad.

YMeer NpPUMEHSATh METOJIbI
MaTeMaTHYECKOro aHaIn3a U
MOJICITUPOBAHMSI, TEOPETH-
YECKOTO M IKCIIEPUMEHTAIb-
HOT'O MCCIIEIOBAaHMS JUIS pe-
IICHUS 33/1a4, PeliaTh CTaH-
JMapTHBIC 3a1a4d podeccu-
OHAJILHOM JEATEIIbHOCTH Ha
OCHOBE WH(POPMAIMOHHON U
oubnuorpaduueckoil Kyib-

TYpBI.

Brnageer naBblkamu mpume-
HEHUSI COBPEMEHHOI'0 MaTe-
MaTHYeCKOr0 MHCTPYMEHTa-
pusi Ui pelieHus 3axady
YIPABJIECHUS, METOAUKOH MO-
CTPOEHHSI, aHAIN3a U TPUMeE-
HCEHUA MaTEMATHYCCKUX MO-
JIeJIed JUISL OLIEHKH COCTOS-
HUSA U IPOTHO3a Pa3BUTHSL
SIBIEHUM W TPOLECCOB B
yIpaBJIEHUH, CIIOCOOHOCTHIO
nepeaaBaTh pe3yibTaT Mpo-
BC€ACHHBIX I/ICCJ'IGI[OBaHI/II\/'I B
BHUJIC KOHKPETHBIX PCKOMCH-
Tl B TEPMHAHAX MPEIMET-
HOI 00JIacTH 3HAHUSI.

59




IInan-rpa¢guk BBINOJHEHHS CAMOCTOSATEJIbHON PadoThI

(01010}
OObeM 4acoB, B TOM YHCIIE
Konpl peanuzye-
CpencrBa u KonraktHas
MBIX KOMIICTEH- Bup nestenpsHOCTH
. TEXHOJIOTHH pabota ¢
UM, WHIUKa- CTYACHTOB CPC Bcero
OIICHKHU pero/iaBa-
Topa(oB)
TeJIeM
3 cemecTp
CamocTosTeNNLHOE Cobeceno
U3y4CHHE JTUTEPATYPHI BaHH? 50 9,4 59,4
YK-1 o TemaMm Nel-9
OIIK-2 IToaroroBka K JIeK- Cobeceno-
1 0,8 1,8
W/1-1lomk-2 UM BaHUE
IToaroroBka K mpax- Cobeceno-
A P . 28 08 28,8
THYECKUM 3aHITHAM BaHUE
Hroro 3a 3 cemecTp: 79 11 90
Hroro: 79 11 90
0390
OO0BeM 4acoB, B TOM YHCIIC
Konsl peanuzye-
CpenctBa u KonraktHas
MBIX KOMIICTCH- Bup nesteapHOCTH
. TEXHOJIOTUH pabora ¢
UM, WHIWKA- CTYJACHTOB CPC Bcero
OIICHKU npernojaaBa-
Topa(oB)
TeJIeM
3 cemecTp
CaMOCTOsITeIIbHOE Cobecero-
W3Y4YEHHUE JTUTEPATYyphl BaHHg 100 28,8 128,8
VK-1 mo TeMam Nel-9
OIIK-2 IToaroroBka K Jiek- Cobeceno-
A ! 0,2 0,2 04
N/I-1lomnk-2 UM BaHUE
IToaroroBka K mpax- Cobecemo-
A P A 4 08 48
THYECKUM 3aHITHSIM BaHUE
Hroro 3a 3 cemecTp: 104,2 29,8 134
Hroro: 104,2 29,8 134
KoHTpoJibHbIE TOYKH U BUbI OTYETHOCTH 10 HUM
Ne Bun nesrenbHOCTH CTYIEHTOB Cpoxku KoauuectBo
n/n BBITIOJTHCHUS 0aioB
3 cemecTp
1. IIpakTnueckoe 3anarue Ne 2 6 Henens 25
2. ITpakTnueckoe 3ansatue Ne 5 10 nepens 15
3. [TpakTrueckoe 3anstue Ne 7 16 Henensa 15
Hroro 3a 3 cemecTp 95
Hroro 55
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MakcumanbHO BO3MOXKHBIN 0aJl1 32 BECh TEKYITUH KOHTPOJIb MaKCUMalIbHO BO3MOJKHBIH
0aJw1 3a BeCh TEKYIIMM KOHTPOJIb yCTaHABIMBAETCS paBHBIM 55. Tekylliee KOHTPOJIbHOE MEPOIIPU-
ATHE CYUTACTCS CIAHHBIM, €CJIM CTYJICHT MOJIy4rJI 32 Hero He MeHee 60% OT yCTaHOBJIEHHOTO IS
3TOr0 KOHTPOJISI MaKCUMaNbHOTO Oasuia. PeMTUHIOBBIN Oai, BHICTABISIEMbIN CTYJIEHTY 3a TEKY-
11ee KOHTPOJIbHOE MEPONPUATHE, CJAHHOE CTY/ICHTOM B YCTAHOBJICHHbBIE IPa)KOM KOHTPOJIBHBIX

MEPOIPUATHIA CPOKH, OIPEAEIACTCA CIECAYIOMUM 00pa3oM:

YpoBeHb BHITIOJIHEHHS] KOHTPOJIBLHOTO PetitunroBerii 6amt (B % OT MaKCHUMaIbHOTO
3aJaHHs 0ajia 3a KOHTPOJILHOE 33J1aHNUE)
OTINYHBIH 100
Xopomuit 80
Y 10BIIETBOPUTETHHBIN 60
HeynoBieTBopuTeIbHBIN 0

MeToauuyecKkue PECKOMEHIAIMHA 110 UBYICHUIO TECOPETUYIECCKOI0 MaTEpHaJia

CaMocTosTenbHast paboTa CTyJeHTa HAYMHAETCS C BHUMATEIBHOTO O3HAKOMIICHUS C CO-
JepKaHueM y4eOHOTro Kypca.

N3yuenne kaxaou TeMbl ClieyeT HAYMHATh C BHUMATEJIBHOTO O3HAKOMJICHUSI ¢ HAOOpOM
BOMpocoB. OHU OPUEHTUPYIOT CTYACHTA, MOKA3bIBAIOT, YTO OH JOJKEH 3HAThH 0 JAHHOU TEeME.
Bomnpocs! TeMbI kak Obl HAKJIAABIBAIOTCSI HA COOTBETCTBYIOIIYIO TJIaBY M30PaHHOTO Y4eOHUKA WITH
yueOHoro mocodusi. B utore A0MKHO OBITH SICHBIM, KaKHe BOIMPOCHI TeMbI y4eOHOTO Kypca U ¢
KaKo TTTyOMHOM pacKphITH B KOHKPETHOM y4eOHOM MaTepuare, a kKakue Booo1ie onyiieHsl. Tpe-
OyeTcst TBOPYECKOE OTHOIIEHUE U K CAMOMY COJIEPYKAHHUIO TUCITUTIITNHBI.

Bormpocsl, cocTaBmsitommue ee cojepanue, 00J1aatoT pa3HOM CTENEeHbI0 BaXXHOCTH. ECTh
BOMPOCHI, BBITIOJTHSIONINE (PYHKIIMIO JIOTHYECKOM CBSI3KH COIEpXKaHMs TEMBI U BCETro Kypca, uMe-
FOTCSI BOIIPOCHI OMUCATENBHOTIO WM Pa3bsICHUTEIBHOIO XapaKTePa, a TAKXKE UCTOPUUYECKOTO IKC-
Kypca B 00J1aCTh H3y4aeMOM TUCIUTUINHBI. BCe 3TH BONIPOCH HE COCTABIISIIOT CYTH MOHATUMHOTO,
KOHIIETITYaJIbHOTO COJIEP KaHMUs TEMbI, HO HEOOXOMMBI JISI TIEJIOCTHOTO BOCIIPHUATHUS N3YIaeMBbIX
npooeMm.

N3ydaemas nucuuIuiiHa UMEET CBOM KaTeropualbHO-TIOHATUIHBIN annapat. Hayunsie mo-
HATUSI — 9TO Ta 0a3a, HA KOTOPOWM CTPOUTCS Kaknas Hayka. [IoHSATHS — y3JI0BBIE, OMOPHBIC
MYHKTHI KaK HAYYHOTO, TaK M Y4E€OHOTO MO3HAHUS, JIOTHUYECKUE CTYIEHH JBIKCHUS B ydeOe OT
MIPOCTOTO K CIIOKHOMY, OT SIBIIEHUS K CYITHOCTU. be3 CHOT0 MOHUMaHUs MOHITHI yueba KpaliHe

3aTPyAHACTCA, a COACPIKAHUC HpI/IO6p€TeHHI>IX 3HAHUU CTAaHOBHUTCS TYCKIJIbIM, PAaCIlJILIBYATBIM.
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CTyneHT JOoKeH MOHUMATh, YTO CaMOCTOSATENIbHOE OBJIaZICHUE 3HAHUSAMM SBIISIETCA TJ1aB-
HBIM, OIIPEACIISIIONMM. Bhicias mkosa co31aet st 3Toro HeoOXoAUMbIE YCIOBUS, TOMOraeT 0y-
JyIIeMY BBICOKOKBATH(PUIIMPOBAHHOMY CIIEHUAINCTY OBJIAETh TEXHOJIOTHEH CAaMOCTOSTEILHOTO
IIPOM3BOJICTBA 3HAHUH.

B camocrosTensHON paboTe CTyA€HTaM IPUXOJUTCS MCII0JIb30BaTh JIUTEPATypy pa3iiuy-
HBIX BUJIOB: IEPBOMCTOYHUKH, MOHOTpaduu, HaydHbIe COOPHUKH, XPECTOMATHH, yUeOHUKH, yueO-
HBIE T0COOUS, KYpHAJBI U JIp. MI3ydeHne Kypca npeanoiaraeT 3HakoOMCTBO CTYJICHTOB € OOJIbIIUM
00BbEMOM HayyHOU M y4e€OHOH JIMTepaTyphl, YTO, B CBOIO OYEPE]lb, IOPOXKIAET HEOOXOAUMOCTh
BbIPAaOOTKH Y HUX pallMOHAJIbHO-KPUTUYECKOIO MOAX0/1a K U3y4aeMbIM HCTOYHHUKAM.

UTo0OBl HE «YTOHYTH» B OTPOMHOM 00BbEME PEKOMEHJOBAHHBIX EMY JJISl U3Y4YE€HUS UCTOU-
HUKOB, CTYJIE€HT, IIPEXkE BCET0, JOKEH HAYyUUThCS MPABUIBHO UX 4uTaTh. [IpaBuibHOE UTEHHE
PEKOMEH/I0BaHHBIX UCTOUHUKOB IIPEJIIOJIAraeT CiIeJ0BaHUEe HECKOJIbKUM HECI0KHBIM, HO BECbMa
HOJIE3HBIM MpaBUJIAM.

[IpenBapuTenbHbIil MPOCMOTP KHUIM BKJIIOYAE€T O3HAKOMIIEHHE C TUTYJIBHBIM JIMCTOM
KHUTH, aHHOTALIMEH, TPETUCIIOBHEM, OryiaBieHrneM. [Ipr o3HaKOMIIEHHH C OTJIaBJICHHEM HE00XO0-
JIMMO BBLACTUTD Pa3Jiebl, IaBsbl, naparpadsl, IpeACcTaBIsIoIUeE U1 BaC HHTepec, Oerio ux mpo-
CMOTpETh, HalTH MeCTa, OTHOCSIIMECS K TeMe (ab3albl, CTpaHUIbl, naparpadsl), 1 MO3HAKO-
MUTBCSI C HUMU B OOILIIUX YepTax.

HayuHble u3gaHusi CONMPOBOXKIAIOTCS PA3IUYHBIMU BCIIOMOTaTeIbHBIMU MaTepHalaMu —
Hay4YHBIM aIlllapaToM, I0O3TOMY Ba)KHO 3HATh, U3 KAKMX OCHOBHBIX 3JIEMEHTOB OH COCTOUT, KAKOBBI
ero pyHKIuH.

3HaKOMCTBO C KHUTOM JIy4Ille BCErO HAUWHATh C U3yUYEHUsI aHHOTAallMM — KpaTKO#l Xxapak-
TEPUCTUKH KHHUTH, PACKPBIBAIOIIEH €€ colep)kaHue, HJICHHYI0, TEMAaTHYECKYI0 U YKAaHPOBYIO
HalpaBJIEHHOCTh, CBEJICHUs 00 aBTOpe, Ha3HAUYEHHUE U JAPYrue 0CoOOEHHOCTH. AHHOTAIMS TOMO-
raeT COCTaBUTb NIPEABAPUTEIBHOE MHEHHUE O KHUTE.

I'my0xe MoHATH coiep KaHue KHUTH MO3BOJISIOT BCTYNUTEIbHAS CTaThsl, B KOTOPOU JaeTcs
OIICHKA CO/IepKaHMsI KHUTH, 3aTparuBaeMoi B Hell MpoOIeMaTuKU, COAEPKUTCS UHPOpMAaIHs O
KU3HEHHOH U TBOpUecKoi Onorpaduu aBTopa, BHICKa3bIBAIOTCS IMOJIEMUYECKHE 3aMEYaHMsl, pa3b-
SCHSAIOTCS OTAEJIbHBIE MOJ0XKEHHUS KHUTH, Tal0TCd KOMMEHTapHuy U T.1. BOoT moyemy 3HaKOMCTBO
C BCTYIHTENBHOMN CTaThell MpencTaBiIsieTcsl OYeHb BaXKHBIM: OHO TIOMOTA€T CTYACHTY COPUEHTH-
poBaTbcs B TEKCTE pabOThl, 00OpaTUTH BHUMAHUE Ha ee HanloJiee [IEHHbIE Y Ba)KHbIE pa3/Ielbl.

Toli ke 1enu coleicTBYEeT 3HAKOMCTBO C OIJIABJIIEHUEM, NPEANCIOBUEM, MTOCIECIOBUEM.
Becpma mone3HbIMH 3J€MEHTaMH HAY4YHOTO ammapara SBISIOTCS CHOCKHM, KOMMEHTapuu, Tao-

JUIBL, TpaduKH, CIUCKUA JUTepaTypbl. OHU HE TOJBKO WJUIIOCTPUPYIOT OTIEIbHBIE MOJIOKEHUS
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KHWUTH WU CTaThU, HO M CaMU MO ceOe SBISIOTCS AOMOJHUTEIbHBIM HCTOYHUKOM MH(OpMaluu
JUISL YUTaTEIs.

Ecnu uuratens 3auHTEpecoBaja Kakas-TO BbICKa3aHHAas aBTOPOM MBICIIb, HE Hallle/IIas
MOJIPOOHOTO OCBEIICHUSI B JAHHOM MCTOYHUKE, OH MOXKET 0OpaTUTHCS K TEKCTY UCTOYHUKA, YIIO-
MHHAEMOT0 B CHOCKE, JIM0O K UCTOYHHUKY, KOTOPBIM OH MOXET HallTH B CIIUCKE JTUTEPATypHl, pe-
KOMEHI0BaHHOM aBTOPOM JJIsl CAMOCTOSITENIbHOTO U3yUEHUSI.

CymiecTByeT HECKOJIBKO (OPM BEICHHUS 3aITUCEH:

— Tu1aH (IIPOCTOM M pa3BEepHYTHIN) — Haubosee Kparkas (opma 3amucy TPOYUTAHHOTO,
IpeJICTaBIsIoNIast cOO0M MepeyeHb BOIPOCOB, paCCMAaTPUBAEMBbIX B KHUTE UJTU cTaThe. Pa3BepHy-
THIA IUIAH TPEJCTaBIsICT co00i Oosiee MOAPOOHYIO 3alMCh IPOYUTAHHOTO, C JETAM3AIUCH OT-
JIEJIbHBIX TOJI0KEHUH U BBIBOJIOB, C BBIMMCKOW LIUTAT, CTATUCTUYECKUX JaHHBIX U T.1. Pa3BepHy-
TBIN IJIaH — HEOLEHUMBbIN MIOMOIIHUK IPU BBICTYIJIEHUU C JOKJIaJ0M Ha KOHKPETHYIO TEMY Ha
ceMuHape, KOH(PEpEeHILINH;

— TE3UCHI — KPaTKO cPOpMyIMPOBAHHBIE TIOJI0KECHHU S, OCHOBHBIE TIOJI0KECHHUS KHUTH, CTa-
Thu. Kak npaBuio, T€3UCHl COCTABIISIFOTCS MOCIE IPEIBAPUTEILHOIO 3HAKOMCTBA C TEKCTOM HC-
TOYHHKA, IPU €r0 MOBTOPHOM NpouYTeHUH. OHU IOMOTAIOT 3alIOMHUTh U CUCTEMATU3UPOBATH UH-
dbopmanuio.

CocraBiieHrE KOHCIIEKTOB

bonpmiyro posib B yCBOGHMM M NOBTOPEHUH IPOMJAECHHOTO MaTepHaja UrpaeT XOpOIIUi
KOHCIIEKT, COJIepKallliii OCHOBHbIE MJIeW IPOUYUTAHHOTO B YYEOHUKE U YCIBIIIAHHOTO B JIEKIHH.
Koncnekt — 3710, 110 cymiecTBy, HaOpOCOK, pa3BEPHYTHIH MJIaH CBA3HOTO pacckas3a o OCHOBHBIM
BOIPOCAM TEMBI.

B kakoli-To Mepe KOHCIEKT paccuuTaH (B 3aBUCUMOCTH OT MHJIMBUIYaJbHBIX OCOOEHHO-
CTEW CTyJIeHTa) He TOJIbKO Ha MHTEJUIEKTYaJIbHYIO0 M SMOLHMOHAIBHYIO, HO U Ha 3pUTENbHYIO Ma-
MSITh, IPUYEM TEKCT KOHCIIEKTa HEPEJIKO aCCOLIMUPYETCS €1l ¥ C TEKCTOM Y4eOHHMKa WIIN 3aITUChI0
nexkuuu. [Toaromy nerue 3amoMuHaeTcsl coJep>KaHue KOHCIEKTOB, HAMMCAHHBIX pa30op4uBoO, C
MOMYEPKUBAaHUEM WUJIU BBIJEICHUEM PA3psIKON KIHOUYEBBIX CIIOB U (pa3.

CamocCTOATeNbHO M3YyYEHHBIE TEMBbI IMPEJOCTABISIOTCA IMpernojaBareno B (Gopme KoOH-
CIEKTa, IO KOTOPOMY IIPOUCXOIUT cobecenoBanue. TeopeTnueckue TeMbl Kypea (OTAeIbHbIE BO-

HpOCLI), BBIHOCHUMBIC HA CAMOCTOATEIIBHOC U3YUCHUEC, ITPEACTABIICHBI HHUXKC.
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OUCUUNTUHDL

Ilepeuens ocnoenoil tumepamypol:

1. lumayes, B. C. Beiciias maremaTrka: yaeOnuk s 6akanaspos / B.C. Hlunaues ; mox
pen. A.H. Tuxonosa. — 4-e uzz., ucnp. U non. — M. : FOpaiit, 2014. — 607 c. — (bakanasp. ba3oBsiii
Kkypc). — Ha yue6nuke rpud: Pex. YMO. — ISBN 978-5-9916-3325-3

Ilepeuens oononnumenvHnoil 1umepamypol:

1. boromoso, H. B. Marematuka: yueOHuK 1st 6akanaspos / H.B. boromomnos, I[1.1. Ca-
moitnenko; Mock. ['oc. YH-T Tex. U ynp. Um. K.I'. PazymoBckoro. — 5-e u3n., ne-pepad. U gom. —
M. : FOpaiit, 2014. — 396 c. : un. — (bakanasp. ba3osslit kypc). — Ha yueOnuke rpud: Jon.MO. —
ISBN 978-5-9916-3467-0

Ilepeuens yueono-memoouuecko2o obecnedenus camoCcmoameibHoil padoomst 00yuaro-
WUXCcA o OUCHUNIUHE
1. Meroanueckne peKOMEHIaluu I MOATOTOBKU K MPAKTUYECKUM 3aHATHUSAM I10 AUCIIH-

mHe «MaTteMaTHdecKue METOJAbI U MOJICJI B YIIPABJIICHUN.

Ilepeuens pecypcos unghopmayuonno-meneKomMmynukayuonnoi cemu Humepnem, ne-
00X00UMBIX 011 0C6OCHUA OUCUUNTIUHDL
1. http://lwww.biblioclub.ru -OBC "Yuusepcuterckas 6ubnrorexka oHmaiia"

2. http://www.iprbookshop.ru/ - Dnexkrporto- 6ubnuoreunas cucrema IPRbooks
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