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Lenb 1 3371241 U3y4YEHUS AUCUUTUIAHBI

HaumeHoBaHue IpakTHYECKUX paboOT

CopepxaHue MPaKTUIECKUX PadoOT

[TpakTrueckas padota Nel MaTpuIiisl U OnpeACTUTEIH.

[Tpaktrueckas padora Ne2 MeTobl pelIeHs CUCTEM JIMHEWHBIX YpaBHEHUH.
[Ipaktuueckas padora Ne3 dyHkumu U npeaebl. MeTobl TpuOIMKEHHOTO BbI-
YHUCJIEHUS 3HAaYCHUH QyHKIHIA.

[TpakTuueckast pabora Ned [IpousBonnas u quddeperipan GyHKIUNA OJHOM 1e-
PEMEHHOM.

[TpakTideckass pabora NeS Meronbl HMcClIeIOBaHUS M IMOCTPOCHHUS TpadukoB
byHKIMIA.

[TpakTrueckas padota Ne6 BepossTHOCTHBIE MOJIEJIH MPOLIECCOB YIIPABICHHUSL.
[TpakTrueckast pabora Ne7 KoppensiiimoHHO-pErpecCCUOHHBIN METOJ] UCCIIE0BA-
HUS CITyYalHbBIX BEJTMYHH.

[TpakTrueckast padbotra Ne§ OcHOBBI BBLIOOPOUHOTO METO/1a U DJIEMEHTHI CTATUCTU-
YECKON TEOPUU OLICHUBAHMSL.

[TpakTiueckas pabota Ne9 CraTuctuueckas rurnore3a. MeToabl CTaTUCTHYECKOM
MIPOBEPKU TUIIOTES.

YuebHo-MeToAn4YeCKOe U MH(POPMAITMOHHOE 00ECTICUeHHE TUCITUTUTUHBI
[lepevyeHr OCHOBHOM W JOTIOJTHUTEIHHOU TUTEPATYPhI, HEOOXOAUMOM NIJIsi OCBOE-
HUS TUCIUILIAHBI

[Tepeuenpb yueOHO-METOAMUYECKOTO OOECTIEYEHNS CAaMOCTOSTENIbHON paboThl 00Y-
YAIOMIUXCS TI0 TUCIUTUTINHE

[Tepeuens pecypcoB HH(DOPMAIIMOHHO-TEIEKOMMYHUKAIIMOHHON ceTn IHTepHeT,

HeO6XOHI/IMI)IX JIA OCBOCHUS JUCIUITIIMHBI



Bsenenune

IIpakTrueckue 3aHATHA CO3JAI0T ONTUMAJIbHBIE NUIAAKTUYECKHUE YCIIOBHS JUIS JIEATElIb-
HOCTHOT'O OCBOCHHMs CTYACHTAMHU COACPKaHUS U METONOJIOTMH M3y4aeMOW NUCHHUILIMHBI «Mate-
MaTHYECKHE METO/AbI U MOJIENHU B yIPABIECHUN», UCIIOJIb30BaHUE CIIELUAILHOTO J1a00paTOpHOro
000pyI0BaHUs U TEXHUYECKUX CpeAcTB. IIpakTnueckne 3aHATHS 3aHUMAIOT IPEUMYILLECTBEHHOE
MECTO MPHU M3yYEeHHH 00HIeTpO(heCCHOHANBHBIX B NMPO(ecCHOHANBHBIX AUCHUILINH. [IpakTuye-
CKHUE 3aHATUS [IPOBOJATCS C LIEIbIO BEIPAOOTKU MPAKTUUECKUX YMEHHUH U TPUOOPETEHNSI HABBIKOB
B pEIIEHUM 3aJay, OTpaOOTKU yIpPaKHEHUH, BBIIIOJHEHUN YepTEeXel, IPOU3BOACTBE PacuéToB U
T.IL.

Lesnbro MpaKTUYECKUX 3aHATUHN sBiIETCS (POPMUPOBAHUE MPAKTUYECKUX YMEHHMH — Mpo-
(eccnoHaIbHBIX (BBIIOIHATH OINpEeIEHHbIE IeHCTBUSA, ONepalii, HEOOXOUMbIE B MOCIETYI0-
11eM B Npo(hecCHOHAIbHOM eATeIbHOCTH) WU y4eOHBIX, HEOOXOJUMBIX B MOCIEAyIOLIed yueo-
HOU JEATEIBHOCTH 10 00IIenpoeCcCHOHATBHBIM U TPOPECCHOHATBHBIM TUCIUILTHHAM.

bubmmorpaduyecknii CIUCOK COAEPIKUT CBEACHHUS O CIIPABOYHOM JTUTEPAType U JOMOTHH-

TCJIBHBIX U3JaHUAX, HCO6XOI[I/IMBIX JI YFHY6JICHHOI"O HU3YyYCHUS OTACIIbHBIX BOIIPOCOB.



1. I]enw u 3a0auu uzyuenus OucCyUnIUHb

Lens ocBOCHUS TUCHUIIIIMHBI SIBIISIETCS O3HAKOMJICHUE CTYJEHTOB C BAKHEUIIMMU METO-
JlaMU U MOJIETISIMU KJIaCCUYECKOM MaTeMaTHUKH, HAllpaBJICHHBIMH Ha UCIIOJIb30BaHUE U TPUMEHE-
HUE UX B YIIPaBJICHUU: METOJIaMU JINHEHHOM anreOpbl, MeTogaMu AuddepeHnaIbHOro neyrcie-
HUSL QYHKIMH OJHOM MEepPEeMEHHOM, BEPOITHOCTHBIMU M CTATUCTUYECKUMU MOJENIAMU U UX MPH-
JIO’KEHUSIMU B TOCYAAPCTBEHHOM M MYHHULIUITAIbHOM YTPABIICHUH.

3ajaun OCBOEHUS AMCLUIUIMHBI SBJISIOTCS:

— CO3/IaHHUE€ Y CTYJEHTOB OCHOB T€OPETHUYECKON MOATOTOBKU B 00JIACTU MaTEMaTUYECKUX
METO/I0B U MOJIEJIEH B YIIPABIICHUU;

— OBJIQJICHUE MATEMAaTHYECKUM anmnapaToM, HEOOXOIUMBIM JIJIs1 U3YYESHHS TUCIUTLINH TOC-
YAApPCTBEHHOT0 U MYHULIMIIAJIBHOTO YIIPaBJICHUS U PELIEHUS TEOPETUUECKUX U TPAKTUYECKUX 3a-
nad;

— pa3BUTHE UHTEIUICKTA U OPMUPOBAHUE Y CTYACHTOB JIOTHYECKOTO U aJITOPUTMUUYECKOTO
MBIILICHUS;

— BBIPA0OTKA HABBIKOB CAMOCTOSTEIIFHOTO U3YUYCHUS YUeOHOW M HAYIHOH JIUTEPATYPHI 10
MaTE€MaTUYeCKUM METOJIaM U MOJAECIIAM, U UX IPHIOKEHUSIM;

— MOBBILIEHHE 001 KyIbTyphl CTY/IEHTOB.

2. Haumenosanue npakmuyueckux paoom

Ne Temsl W3 Hux npakruye-
HanmeHnoBaHue TeM AMCHUIUIMHBL, X KPATKOE Ob6vem
JUCIIH- CKasl IOJIFOTOBKA,
COJEpKaHNE 4acoB
TUIMHBI 4acoB
3 cemectp
IIpakTuueckas padora Ne 1. MaTpuiibl u ompe-
JEITUTENN.
1 Onepanuu Hag Matputiamu. Onpenenutend. Bor- 4
YUCIIEHUE ONpPEENInTENeH 2-r0,3-ro ¥ n-ro no-
PSAKOB.
IIpakTyeckas padora Ne 2. Metozs! perieHus
) CHUCTEM JIMHEHHBIX YPaBHEHUM. 4

Pemenue cucreM JIMHENHBIX YPaBHEHUN METO-
oM oOpaTtHoM Matpuiibl, Kpamepa u [Maycca.

IIpakTuyeckas padora Ne3. DyHknuu u npe-
Jenbl. MeTo bl TPUOIMKEHHOTO BHIYMCIICHUS

3HaYeHUH QyHKINH.

3 OcHOBHBIE METO/IbI BEIYUCIIEHUS NPEAEIIOB 4
¢byuxuii. [IpuMeHneHne SKBUBaIEHTHBIX OECKO-
HEYHO MaJIbIX K BBIYUCIICHUIO TIPEENIOB (QyHK-

.

IIpakTyeckas padora Ne4. [IpousBognas u
muddeperman GyHKIMA OJHONU MEPEMEHHOM.




HuddepennmpoBanne GyHKIHN pa3TiIHbIX BU-
TIOB.

IIpakTyeckas padora NeS. Metos! uccneno-
BaHUs U MOCTPOeHUs TpaduKoB QyHKIUH.
OkcrpemyMm pyukmmu. Touku neperunda. Acumi-
ToThl. [Ipumenenue nuddepeHuanibHOro M-
YHCJICHUS K UCCIICAOBAHUIO (DYHKIIHIA M TIOCTPOE-
HUIO UX Tpa(uKOB.

IpakTnyeckas padora Ne6. BepoarHOCTHbIE
MOJIEJIN IIPOLIECCOB YIIPABIICHUS.

OneMeHThl KOMOMHATOPHUKH. Brruricienue Bepo-
SATHOCTH CIIy4aliHOTO cOOBITHS. BeposiTHOCTD B
CXEM€ NOBTOPHBIX MCIIBITAHUM.

IIpakTyeckas padora Ne7. KoppensuuoHHo-
PErPECCUOHHBIN METO UCCIIEOBAHMS CIIydai-
HBIX BEJINYUH.

YucnoBble XapaKTEPUCTUKH TUCKPETHBIX U HE-
IIPEPBIBHBIX CIyYalHBIX BEJIMYHMH: MaTeMaTH4e-
CKO€ 0’)KHJIaHUE, AUCIIEPCHS, CPEIHEE KBAIpaTH-
YECKO€ OTKJIOHEHHE. VICn0/Ib30BaHNE YHCTIOBBIX
XapaKTEPUCTHUK B KOPPEISLIMOHHO-PETPECCUOH-
HOM METOJE.

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

Br16opouHnasi COBOKYIHOCTb, BEIOOpOUHAs (QyHK-
s pacipenenenus. 'ucrorpamma, mojurox 4ya-
CTOT. BbIuncieHre ToueyHbIX OLEHOK IapameT-
POB pacnpezeieHus. Beruncienne nHTepBaib-
HBIX OLIEHOK IIapaMeTPOB paclpeaeeHusl.

IIpakTnyeckas padora Ne9. Cratucruueckas
runore3a. Meroasl CTaTUCTUYECKON MPOBEPKH
TUIIOTE3.

CratucTudeckue ucciae10BaHus 3aBUCUMOCTEH.
MeToapl CTaTUCTUUYECKOM POBEPKH TUIIOTES.
I'unoresa 0 paBeHCTBE F'eHEPAJIbHBIX CPEIHUX.

Hroro 3a 3 cemecTp:

36

Hroro:

36




4. Cooeporcanue npakmuyeckux paoom

Ilpakmuueckan padoma Nel. Mampuuyvl u onpedenumenu.

Ilens: IlprnoOpecTy HaBBIK BBIIIOJIHEHUS ONEpaLMil HaJl MATPULIAMU U BBIYUCIIEHUS OIIpe-

JCIIUTENCH.

OcHogbl meopuu:

[IpsmoyronbHas TabuIa, CoaepIKaIas 7 — CTPOK M 71 CTOJIOIOB Ha3bIBACTCS Mampuyetl 1
o0o3Hayaercs

a, a, a, (a” a, i )
a4y Ay a,, ‘ a5 2 s,
A= Wi A = |
.o |
a a a a - a
ml m?2 mn kaml m?2 mn )
WA KOPOTKO MaTpuity obo3HavdaroT 4 = || a;j ||, i = 1,2,...,m;j=1,2,..., n.
C]lODfC@Hl/le mampuy

[lyctb nanbl ABe MaTpulbld UB 0IlMHAKOBOM pazMepHOCTH. VIX cyMMoOii Ha3bIBaeTCsl MaTpH-
naC = 4 + B Toil e pa3MEPHOCTH, JIEMEHTBI KOTOPON pPaBHbI CyMMaM COOTBETCTBYIOILUX DJIE-
MeHTOB Matpull A u B, T.e. eciu 4 = ||aij||, B = ||bij||, To A + B = C = ||cif.

( 1 -2 5 2 1 -3

[Ipumep: 4= , B= , TOrma

4 1 3) \r -2 4)

(1+2 - 241 5—3\ (3 -1 2)
A+B=C=lg41 122 34al=ls 1 7l
)
OTmeTHM, 4TO CKIIAJbIBATH MOYKHO TOJIBKO MAaTPHIIBI C OJMHAKOBBIM YHCIIOM CTPOK U C OJIU-
HAKOBBIM YHCJIOM CTOJIOI[OB.

PazHocTbi0B - A MaTpull B 1 A (0IMHAKOBBIX CTPOCHUI) HAa3bIBAETCS Takas MaTpuia X, uro
A+X=B.

(2 1 4) (3 5 7)
Hanpumep, 4 = , B= . Torma

-2 3 1) 2 -1 4)
X=B-4-= (; _51 471) - (_22 jl), Aﬂ = (411 _44 ﬂ
\ )\ )\ )

Ymnoorcenue mampuy
a) YMHOXXEeHHE MaTPHUIIBI HA YACII0. YTOOB yMHOXKUTH MaTPHILY Ha YUCIIO O, HA/I0 YMHOKHUTh
Ha 9TO YMCIIO KaXJIbIi AJIEMEHT MaTPHIIbL:
|l ay || = | cai ||
-1 (2 -1) (6 -3)
HpHMep.A:|3 5|, 0!=3,0!A=3|3 5|=|9 ]5|.
\ )\ J
0) YMHOXeHHE IBYX MaTpUII.
YMHOkKEHHE MaTpUIbIB Ha MaTpHIly A BO3MOXHO TOJIBKO B TOM CiIy4ae, KOIa YuCiIo CTOJ0-
IIOB B MaTpHIle B paBHO YHCITY CTPOK B MaTpuIe A.
OnemeHnTt MatpullblC = B - A, pacriofioKeHHBIH B i-0i1 cTpoke u j —oM ctoulie (T.e. Cj)) paBeH
CyMMe IIPOU3BEACHUIN IEMEHTOB i — O CTPOKM MaTpPHULIbl B Ha COOTBETCTBYIOIINE SJIEMEHTHI j—
ro CTOJI0IIa MAaTPHUIIBI A.



c. = anbu + aizsz +...+ ambnj Z alk W

g

CrnemyeT OTMETUTh, YTO YMHOXKECHHE MAaTPHI] He 00J1a/1a€T CBOMCTBOM KOMMYTAaTHBHOCTH,
T.€. AB # BA.

HpI/IMepl.AZ(I 2) 1 B=(_2 W.
\-1 3) L3 5)

HNmeem

1-(=2)+2-3 1-1+2-5 )
)
1-

A-B= (_11 i)(_gz ;W (
\ A )\
(—2 IYI 2) [ -2-1-1-1 2-(=2)+
B-d=l 3 sl_1 3l=l3.045.c1) 32453
A )\

HW
1-(=2)+3-3 1-(=1)+3-5 1 14

Bemsoa: AB # BA

Buviuucnenue onpedenumeneii
Ecnu B MaTpuile 4uciio CTPOK PaBHSETCS YUCITY CTOJIOILOB, T.€. M = 11, TO MaTPHIIA Ha3bIBa-

€TCsl K8AOPAMHOU:

|(a11 a12 aln |
|a21 a, 4, |
A=t
a4 |
K nl n2 arm

Onpenenuresnb, COCTaBICHHBIA U3 3JIEMEHTOB KBaJpaTHON MaTpulbl (0e3 mepecTaHOBOK)
Ha3bIBACTCSI ONPENIEIUTENIEM MAaTPULIBL A.

a, a, =« 4a,
a a a
21 22 2
A(A) — n
anl an2 o ann

Yucao air a2 - az1 a2 Ha3pIBaeTCA OMPCACIIMTCIICM BTOPOI'O IIOpsAAAKa U 0003HaYaeTCs CUM-

a]] 12
BOJIOM A = =4 Ay —ap dy

a a

21 22

OHpeI[eJ'II/ITeJ'IeM TPETHETO NOPAAKA HA3BIBACTCA YHUCJIO:

all alZ a13

a,a

A=lay ay, Gy|=0a,0y,0, +0,05,0; +0,0,,05 = 030,05 0,030, =0, 0,0y

a a a

32 33
CxemMaTHueCcKU BBIYUCIICHUE OMPEICTUTENS TPETHETO MOPSAKA BBITJISIAUT CICAYIOIINUM 00-
pazoM (TIpaBUIIO TPEYTOJIBHUKOB WK mpaBmiio Cappyca):

31

a33

31
Omnpenenurens TPEThETO MOPSAKA TAKXKE PaBEH CyMMe IIPOU3BEICHU JIEMEHTOB HEKOTO-
poii cTpoku (cTosi01a) Ha anredpandecKue TOMOJTHEHHS YTHX YJIEMEHTOB, T.€.



all All +a12 A12 +a13 A”’ A = allAll +a21A21 +a31A31

a, A, +a,, A, +a,yA,; A=ay A, +a,Ad, +a, A4,

A= a31A31 +a32 A32 + a33 A33; A = al3Al3 +a23A23 +a33A33

Hanpumep, paznoxxeHue onpeneauTess o AIeMEeHTaM MepBoil CTPOKU:
21 a

lla 12a lSa
A:all .(_1)+ 23 +a12 .(_1)+ 23 +a13 .(_1)+ 22 _

a3 ay as as, as s

22 a 21 a

:all(a22a33 _a32a23)_a12 (a21a33 _a31a23)+a13 (a21a32 _azlazz):

=a,,0,05 T0,050,; T 030,05, —0,05,0,; —0,0, Ay —d;;05,dy,

Pa3znoxxeHreM 1o »eMeHTaM CTPOKH WJIM CTOJIOIA MOXKHO BBIYHCIUTH ONPEIEIHTENb JIF0-
Ooro mopsnka. B kagecTBe nmpumepa pacCMOTPHM ONPENETUTENh YETBEPTOrO MOPsIKa M Pasio-
MM €T0 TI0 3JIECMEHTaM IIePBOIl CTPOKH.

IIpumep 2.
1 -1 2 3
1 -1 4 1 -1 4
11 -1 4
=1-(=D"3 1 3|l+(=D-(=D"22 1 3|+
2 3 1 3
1 0 5 3 0 5
3 1 0o 5

1 1 4 1 1 -1
+2-(=D¥32 3 3|+3-(=D*2 3 1 |=1(5+0-3-4-0+15)+
31 5 31 0

+15+0-9-12 ~0+10)+2(15 +8+9-36 —3-10)-30-2+3+9-0-1) =

=13-6+2-(-17)-3-9=13 -6-34 —27 = -54

JlaHHBIN ONpeNeNuTeNb MOXHO BBIYUCIUTH MHBIM CIOCOOOM, NPUMEHUB 3JIEMEHTApHBIE
npeoOpa3oBaHus K CTPOKAaM OIpeesuTeNss. A UMEHHO, YMHOXKHUM 3JIEMEHTHI MIEpBON CTPOKU Ha
(-1) ¥ cIOXKM € IEeMEHTaMU BTOPOM CTPOKH, 3aTEM YMHOXHUM 3JIEMEHTBI IEPBON CTPOKHU Ha (-2)
U CJIOKHUM C COOTBETCTBYIOLIMMHU 3JIEMEHTAMH TPETHEN CTPOKHU M, HAKOHEL, YMHOKUM 3JIEMEHTHI
nepBoi CTPOKH Ha (-3) ¥ CJI0KUM C COOTBETCTBYIOILIMMU C 3JIEMEHTaMH YeTBEpTOM cTpoku. Toraa
HOJYYUM ONpeeNuTeNns 4-ro nopsaKa, B IepBOM CTOJIOIE KOTOPOTO CTOSIT HYJIU, KpOME IepBOi
CTPOKH, T.€. IOJIy4YaeM OIpPEJeINTENb BUAA:

1 -1 2 3

2 -3 1
0 2 -3 1
—a, A, =15 -3 —3/=24-30+36+12-36 —60 =54 .
0 5 -3 -3
4 -6 -4

0 4 -6 -4
Bonpocwl ona cobecedosanusn:

1. Kakue MaTpuiibl MOYKHO CKJIAJIBIBATh U IO KAKOMY MPaBUITy ?
2. Kakumu cBoiicTBaMu oOiajgaeT omepaius cliokeHuss Matpuil? EcTh au OTIWYHs OT
CBOWCTB CJI0)KEHUS YHCeIT?

3. Kak yMHOXXUTb MaTpHIly Ha YUCIIO?



4. KakumMu CBOMCTBaMH 00JIaIatOT OTepalys YMHOXKEHUS MaTpuUIlbl Ha unciio? EcTe nm

OTJIMYMSI OT CBOMCTB YMHOXEHUS yncen?
5. Yro Ha3bIBaeTCs OINPENEIUTENIEM KBAIPATHON MaTPULIbI?
6. aiiTe onpeaeneHre MHHOpa U alaredpandeckoro JOMOIHEHHS 3JIEMEHTA OIPeIeIUTEs.
7. Kak BBIYMCIUTH ONpPEENIUTENb, pa3iiaras ero o Npou3BOJIbHON CTPOKE WU CTONOIYy?

CdhopmynupyiiTe COOTBETCTBYIONIYIO TEOPEMY M HANUIIATE (HOPMYJIIBI Pa3IOKCHUS ONpPEICIT-
Tens 1o i—o# ctpoke (k—my cronobiry).

8. Haittu nmpousseaenue matpuil A u B.
(O 1\ (1 2 OW
LLA=ls (1,B=l3 4 sl

_\\/_
—_
[\
(]
g
-
—_
[\
(e}
-

-3 2 -1 4 5 1
3.A:( 6 1\,B:r—3 2 1).
‘—2 1 -7 8 -3 2.
\ J \ J

. (—1 3}

2. Haiitu A*,ecmn A = .

L2 -4)

3. Bpluuciauth onpeaenureib

137 2 4 5
Loazls 26 56 2-a=p3 1 -1 3. |x ¥y z|. 4 l+a 1
3 -4 6 2 0 0 X2 yr Z? 1 1 1+b




Ilpakmuueckasa padoma Ne2. Memoowl pewienus cucmem JUHEHUHBIX YPAGHEHUIL.

Ilenw: PaccMOTpETH pa3aIM4HbIE METO/IbI PEILICHUS U 3aKpenuTh HaBbIKU petieHus CJIAY.

Ochoebl meopuu:

CucreMamJIMHEHBIX YPAaBHEHUN CNIIEPEMEHHBIMU UMEET BU/L;

[all‘xl + apx, + - +a,x,= b
a x + a x + -+ +a x = b
J 21 1 22 2 2n n 2

2
|a X + a x + +a x = b

roe @; 1=1,2,..m;j=12,..n), b, (k=1,2,...,m) - 3aaHHbIC ICHCTBUTEIbHBIC YHCIIA.

Yucna a; (i=1,2,...,m;j= 1,2, ...,n) Ha3bIBaIOTCA KOOPQULMEHTAMU CUCTEMBI, @ YHCIIA b,

(k = 1,2, ..,m) - cBOOOJHBIMH YICHAMH CHUCTEMbI JIMHEHHBIX aNreOpandecKux ypaBHEHUH
(CJIAY).
Marpuiist
|(a” ap al”\ |(a“ ap a4y, Zl\
A=|% %= T o |I/I z+ = ‘ 4y, 4x a,, °? ||, KOTOpBIE COCTaBJIEHBI U3
Laml a,, - am")| Laml a, ., oa,, bm)|

KOX((UITMEHTOB MPU MIEPEMEHHBIX U CBOOOIHBIX YICHOB CUCTEMBI, HA3BIBAIOT COOTBETCTBEHHO
MaTpHULIel CUCTEMBI U PACIIMPEHHON MaTPUIIEH CUCTEMBI.

PaccmoTrpumM cuctemy TpEX TMHENHBIX YPAaBHEHHUH C TPEMsI HEU3BECTHBIMU Y15 Xp5 X3!
[ anxi + anxy +azxs = by,
a x +a x +a x =b,

ile 22 2 23 3 2
a x +a x +a x =b,

L}ll 32 2 33 3 3

e 4; - Kod3())HUIMEHTH P HEM3BECTHBIX; ©; - CBOGOIHEIE WiIeHH! (IIpaBble YaCTH) CH-

cTeMbl ypaBHeHUH. OnpeenuTenb TPEeThero nopsiika A , COCTaBICHHBIN U3 KOA(P(UIIMEHTOB IpU
HEHU3BECTHBIX, Ha3bIBACTCS onpedenumenem CUchembl.
Pemmm cuctemy IMHENHHBIX YpaBHEHUI METOJ0M OOpaTHON MaTpHIIbL:
[2)(31 +Xx2—3x3 = —5,
x —2x +2x =17,

1 2 3
X +x +3x =4.

L 1 2 3

Beeném crienyromue 0003HAYCHHS
2 1 -3 X 1 -5
A:(1 ) 2), X=(x W B:(lﬂ.
2
| 1 1 3 ’ | X ’
N ) Y N
Braucium OIPCACIIUTECIIb CUCTCMBI:

!
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A=l -2 2|=-12+2-3-6-4-3=-26.
3

Tak kak onpeaenuTeab MaTPUIbl CUCTEMbI OTJIMYEH OT HYJIsI, TO MaTpuiiad uMeer oopar-

— 41
HYIO, a pelleHne cucteMsl uveet Bux: X = A~ B
JInst Hax oK IeHust 00paTHOM MaTpUIbl A~ BBIYUCIUM AITeOpanyuecKHe JOTOIHEHNUS dJIe-

MCHTOB ManI/IHBIAZ

-2 2 1 -3 1 -3
4, = =-8 4, =- = -6, 4, = =—4,
1 3 1 3 -2 2
1 2 2 -3 2 -3
A4, =- =-1, 4,, = =9, 4, =- = -7,
1 3 1 3 1 2
1 -2 2 1 2 1
A, = . | =3, A, = — U =-1, 4, = - = -5.

-1
Marpuua A , 00paTHast K4, 3aIUILIeTCs CIeAYIOIUM 00pa3oM
1 (-8 -6 -4
V_l S - A
7 | .
)

MarpudHoe pelieHe CUCTEMbl UMEET BUJL:

A=
2_6|k3 —1

PRE-R I e LA N
S T R | R By I Bl el
) \ RSN B =S I

OTCIOJIA CIIeTyeT, 9To X = 3,

[Tpu ycnoBum, 4to A # 0, TO €AMHCTBEHHOE PEIICHUE CUCTEMBI BBIPAXKACTCS hopmynamu
Kpamepa:

Pemmts o popmynam Kpamepa cinenyroliryto cucteMy JUHEHHBIX YpaBHEHUI:
{ X1 —2x2 + x3 = -4

13x1+2x2 +5x, =2.
4x —T7x —=5x =-5
1 2 3
1 -2 1
Bhauane nHaiiem onpenenutens cuctemsl A =3 2 5| =-10-40-21 -8 -30++35 =

4 -7 -5
- 74. A #0. CnenoBaresibHO, pacCMaTpUBaeMasi CUCTEMa UMEET €IMHCTBEHHOE pelieHne. Borauc-
JIUM onpenenuTend A, A, A, .

11



4 -2 1

1 -4 1
A =[2 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 o0Opazom,

4 -7 -5

peuIcHuc I[aHHOﬁ CHUCTCMBbI HUMECT BU/I.
A TR A, —148 A, 74

= —"—=bL "= =2, 4 o ==~
A —-74 A =74 A -74

PaccmoTrpum pemienue CJIAY meromgom ["aycca. Meron ["aycca 3akiito4aeTcsaB mociienno-

BaTEeNIbHOM MCKJIFOUEHUH HEM3BECTHBIX. i1 y100CTBa BBIHILIEM PACIIMPEHHYIO MATPHUILYH TIPH-
Be/IeM e€ K TMaroHaJbHOMY BUY C ITOMOIIBIO 3JIEMEHTAPHBIX IPeoOpa3oBaHui.

ﬁ 1 —3—5\ (1 1 3 41

-2 2|17 |_ET)|1 —2 2117 | —

L1 1 34J Lz 1 —3—5J e
,’1134) (1134\ (1 1 3,4 )
- 50 -3 113 — | | |
ST PR N T Fos |0 -1 -9/-13 |~ 0 -1 -9|-13 I
L ) 0 -3 1|13 L0 0 26|52
BrimonmHuM 00paTHBIM X0, 3anuiieM cCUCTeMY,ucXo1s U3 Ko (GUIIMEeHTOB TocTIeaHen
ManI/IIII)I, U IIOCJICA0BATCIIBHO HaﬁILGM HCU3BCCTHBEBIC.
{x1+x2+3x3:4, { X, =2,
<1—)«72—9)63:—13, 1 X, =13 -9x, = -5,
26x =52, x =4-x -3x =3.
L 3 L 1 2 3

3aoanue:

Ucnonszys Gopmynsl Kpamepa u meTo1 00paTHOM MaTPUIIBl HAUTH PEUISHUS CIETYFOIINX
CJIAY:

3x1 +2x2 +x3 =5 X1 —2x2+3x3 =6 { 2x1 —x2 —x3 =4

1_<2x +3x +x =1 ;2,%2x +3x —4x =20;3,<3

1 2 3 1 2 3
ﬂ2x1+x2+3x3 =11 {3x1—2x2—5x3 =6

Pemmth cIeayromue CUCTEMbI METOIOM Faycca.
f2x1 +4x, +4x3 +6x4 =18

x1+4x2—2x3 =11,

bxl —2x, +4x; =11

1 | 4X +2x, +5x, +7x, =24
3x +2x, +8x, +5x, =13
| 1 2 3 4

|L2x|+8x2 +7x;+3x, =6

12



Ilpakmuueckasa padoma Ne3. @ynkyuu u npeoenvi. Memoovl npuOIUHCEHHO20 BbIYUC-

JleHuA 3HaAYeHUll yHKyuil.

Iens: ChopmMupoBaTh HaBBIKM BEIYUCIICHUS MPEIEIOB (QYHKINH, a TAK)KE BEIYUCICHHS

NpUOJIMKEHHBIX 3HAUYCHUH ()yHKITHHA.

OcHogbl meopuu:

[Tyctb GyHKIMS » = r(x) 3@/laHa B HEKOTOPOM OKPECTHOCTU TOYKH d, 32 UC-
KIIIOUYEHUEM, MOKET OBbITh, CAMOM TOUKHUA.

Yucno A HazpIBaeTcs npedenom QyuKyuu r(»y B TOUKE X =a, €CIH JUIS JItO-
OO0ro MOJOXKHUTEIBHOTO YUCHA ¢ > 0 HAUAETCS TaKOE MOJIOKUTEIBHOE YUCIIO & (s) > 0

, UTO JIJIA BCEX X , YJIOBJICTBOPSIIOIIUX HEPABEHCTBY 0 < |x— a| < J , BBITIOJIHSETCS He-
PaBEHCTBO |f(v-» 4 . B DTOM CIIy4ae 3alUChIBAIOT lim f(x) = 4 .

JlaauM reOMEeTPUYECKYI0 MLTFOCTPAIIMIO MIOHATHS TIpeiesia QYyHKIIUN B TOUKE
(puc. 1.)

b+e

f(x)

pd

b—€ /
Pucynoxk 1.

I[H?I BCEX TOYEKX, OTCTOSAIINX OT TOYKU a HE JAIbIIEC, YEM HA 6 , TOUKU M
Fpa(bI/IKa (1)YHK]_II/II/I f(x) JICIKAT BHYTPHU ITIOJIOCHI HIHpHHOfI 2¢ Ol’”paHHLIeHHOI‘/JI Ips-
MBIMU y =b-¢,y =b+ ¢.

o

a—6 a X a+b X

PaccMoTpuM HEKOTOpPBIE ce0licea npedenos yHKYutl.

[Tycte hin f(x)=4,lim g(x)=B  C-nmocrosiHHas BeITMYHHA ,TOTIA

X—>a

1' Imc=c,

2 1]1’Il (C-f(x) =Clim f(x)=C-4>

3. lim (. ) =c fjp /@=C-4>

4 lim (f(x)+ g(x)) =1lim f(x)+lim g(x)=A +B,
5 X—>a X—a X—>a

lim (f(x)-g(x)) =lim f(x)-lim g(x)=A-B,

X—a X—>a X—a

13



' lim —a=a = 20 eCHH fim g(x) # 0.
x—a g(X) lim g(X) B x—>a

X—>a

ea 3ameuamenvHuix npedena
IlepBbIii 3ameyaTENbHbIN PENEI UMEET B
. sin x
lim =1
x>0 x

Bropoli 3ameuartenbHbIi peAes UMEET BU:

X
1
lim (1+ _W =e,

X_M’OK x}
1

lim (l+x); =e.
x—>0

PaccMmoTpum npuMepsl Ha BBIYHUCIIEHUE TPEIETIOB (DYHKIIHIA.

. 12x% +5x
Mpumep 1.Boraucaurs npegen ™ -
oo —4x 47

Pemenue

[Ipu mocTaHOBKE MPEICIBLHOTO 3HAYCHUS apTyMEHTA MTOJIy4aeM HEOIpeie-
JIEHHOCTH BHUaa = .

0

B IMpuMepax I'IOI[O6HOFO THUIIA YUCJINUTCIIb U 3HAMCHATCJIb ACIIAT IIOYJICHHO Ha
Xn, racn -CTCIICHb MHOI'OYJICHA B 3HaMeHaT€J'I€.Pa3I[eJII/IM YUCJINTCJIb 1 3HAMCHA-

2
TEJIb HA HA X . B pe3ynprare noiy4um:
5

12 + —

2
lim 12X°+5x X _12+O=_3,

e _4x2 47 e, T 440

2
X

Tak kak, mpu x — © HKIUUA > U cTpeMsTCs K HYIIO.
, y
x x?2

x3—4x2-3x+18
Ipumep 2.Beruncauth npegen Lim :
=3 x3-5x? +3x+9

[Ipu moacTaHOBKE MPENEIBHOTO 3HAYEHUS ApTyMEHTA M0JIy4aeM Heompeie-

JICHHOCTD BI/II[a_O , YTOOBI e PACKPLBITh PA3JIOKHUM YHUCIHUTCIIb U 3HAMCHATCIIb Ha
0

MHOXUTCIIN.
w3 —4x? =3x+18 =(x-3)(x2 —x-6)=(x=3)(x-3)(x+2) = (x-=3) (x + 2)
23 =5x243x+9=(x-3)(x2—2x-3)=(x =3)(x=3)(x+1)= (x=3) (x +1)
wio4xt3x418 (x=3)(x+2)
X -5x213x+9 (x-3Y(x+1)

2
COKpaTHM YHCIIUTENbL U 3HAMEHATENh HA MHOXKHTENb (x—3), B pe3yjbTare
MOy YU M:

14



x3 —4x? -3x+18 x+2 5
lim = lim = —,
=3 x3-5x24+3x+9  3ix+1 4

Hpumep 3.BoruucauTs npefen lim YX*+13 Z2vr+ 1,
x—3 3 /xz -9

[Ipr moaCTaHOBKE MPENEIBHOTO 3HAYEHUS] ApTYMEHTA MOJIy4yaeM He-

OIIpCACICHHOCTDb BHAA 0 , yTOOBI €€ PACKPBITH YMHOXHUM YHUCJIUTCIIb U 3HAMCHATCIIb
0]

Ha BBIPAXXCHUC, COIPSIKCHHOC YUCIINTCIII0,d BBIPAKCHUC, CTOAIICC B 3BHAMCHATCIIC
Pa3JI0KUM Ha MHOKHUTCIIN.

Vs coaet (a3 c ok e x e 13 240 0)
3 2 -9 o1 =)+ 3)War13 +24x+ 1)

; -3x+9
= lim L _3(x_3) )
x—3 3 ﬂ l ] i
3 \/x—33\/x+3(\/x+13 +2ﬁ) x> (x—3)5(x+3)5(\/x+13 +2\/x+1)
= lim —-3(x=3) Y.
x—>3 (x+3)§(\/x+13 +2\/X+1)
~ sin3x
IIpumep 4.Beruucnuts npenen llino T

. 0
Nmeem HCONPECIACICHHOCTL BUAA — » PaCKpPOCM €€ C IIOMOIIBIO IICPBOI'O 3aMC-
0

4aTCJIbHOIO IIpeaciia.

_ i 3sin 3x 3 . sin3x
=Im =" _ __lim =

. sin 3x
Iim

3
v50 4x x50 4.3x  4x>0 3x 4

2 si
IMpumep S. Beruucauts npenen lim il

x>0 1 — cos x
Bocnons3yemcst TpuroHoMeTpu4ecKuMu (hopMyJIaMu:
X x X

L) . .
2sin® ——1—cos x; sin x = 2sin —c0S —, B pe3yaBTATE MOTYIUM
2 2 2
x x x
. [0] . 2x-2sin —€0S — 2x-cos —
lim 2xsin x = = lim 2 2 =lim 2 _
x>0 1 —cos x ||_0J| X0 2sin2 >0 gin X
2
. x
2 lim cos
x—>0 2 2-1
= S x =T =4
] sin -1
- lim 2 2
x—>0 i
2
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IIpumep 6.Brruucnuts npenen

(3x—1 Y““l
lim | .

x>0l 3x+4 )

HOI[CT&HOBK& MNpCaACJIbHOI'O 3HAYCHUS IIPUBOIUT K H€OHp€I[€J'IéHHOCTI/I BHa

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

lim (1 - 1)“
1

2x

1
_(3x—1)2“:11m(1_3x) ,(3)(—1)1 el 3x)
lim | - lim _
e 3x + 4 a4 | e\ 3x+4 [ 43"
L“?J lim |1+ — |
X x—>ook 3x)
2
| |(( 1 3x\13
xg)noo| Ll " —3)6] e_é _10 1
= k ) = 267:—
8 8 10
|( 37)‘)3 e3 e 3
4
1 M IW \
m |1+ _—
x—)oo| X |
s
)
3aganmue:
x2+5 x2 —49
1. lim ) 2. lim
xa43x_4 x—>7 X—7
2x24+x-1 1/
3 fim " 4. tim VX 6+2

>l2x? +5x -3
2

o 5x3+4x-38
5. m —
—o8x +6x +1

7 lim VxZ+1+x
xow 4 3
VX +x—Xx
9.liml—cosx.
x—0 X
(2x2+2 )2
10,lim | ——
H“’kaz —1)

Bonpocut ona cobecedosanus:

1. Onpenenenue npeaena QyHKIAH.

2 x +8

2x%2-2x+4
6. lim .
H“\/S—x—\/x—f'a
sin 5x
8.lim .
x>0 gin 2X
. tgx —sin X
10.1im g—3
x—0 X

5

12.1im (1+2x )+

x—0

2. OcHOBHBIE CBOMCTBA MpeenoB QyHKIMII.

3. MeTo/ibl BEIYUCIEHHS TTPEAENIOB (DYHKIIMIA.

4. IlepBblii 3aMeUaTENbHBIN MPEEI.

5. Bropoii 3aMedartenbHbIi npeaes.

16



Ilpakmuueckasa paooma Ne4. IIpouzeoonasn u ougppepenyuan pynkyuu 00noit nepe-

MEHHOU.

Ilens: ChopmupoBaTh HABBIKU BBIUKCICHHSI IPOU3BOIHBIX CIIOKHON (PYHKIINU.

Ochoebl meopuu:

Onpedenenue npouzeooHol
Ilpoussoonou gynukyuu y = f (X) Ha3pIBaeTCsS Tpeaes OTHOIICHHUS IPUPAIICHUS
(GYHKIIUM K COOTBETCTBYIOIIEMY IMPUPAIICHUIO apTyMEHTa, KOTa MPUpPAIEHUE apryMeHTa CTpe-
MUTBCS K HYJTIO:
F(x)= tm A _ fm SGHAO)-f(x)

Ax—>0 X Ax—0 Ax

Ecnm aT0oT npenen KOHeYHbIH, TO MPOU3BOIHAS CYIIECTBYET U (1)YHKIII/I$I f (x) Ha3bIBaeTcs

i depennpyemoit B Touke X. [IpousBonHas o6o3HavyaeTcsy'(x) wim 22 [Ipouecc Haxoxe-
dx
HUS IPOU3BOIHON Ha3biBaeTcs AuddepeHpoBaHueM QyHKIHM.
Ilpasuna ougpepernyuposanus hynxyuii

[TycteCeR— mocrostHHAA, u = u (X), v = V(X) — QYHKINHU, UMEIOIINE TIPOU3BOTHBIE.

1. C'=0. 2.(Cu)'=C-u'.

3. uxv)=u"+ v 4. w-v) =u"-v+tu-v’.

5() u'v—uy'
v2

Ipasuno oughghepenyuposanus cnoxcroi pyukyuu
Ecnu ynkuus y = f(u) nuddepenuupyema nou, a pynkuusau = ¢ (x)aupdepeHuupy-
eMario x, To Ipou3BOHAs CIOXKHON (QyHKIHHY = A (X)) onpenensiercs dopmymoit y' =f " (u) - u'
(x) -

Tabauya npou3Bo0HbIX CIOHCHBIX YHKYUL

la. Q/;) = 16. ) = (L) --

2\/1/[ u?
2. (au) =d" Ina-u'. Za.(eu) =d"u'.

’: u' . 3(1.(111 u ’:u_’
3. (log , u) wln a ) 0
4. (sin u), =cosuu'. 5. (cos u)’=—sin u-u'.
6. (tg u)’ = 7. (ctgu) = __u'

cos 2 u sin 2u

8. (arcsin u) 9. (arccos H)IZ— u .
\/ Vl-u?

10. (arctg u)

11. (arcctg u) =-—=

1-+-u2 ’ 1+u 2
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IIpouzsoouvie 6mopoco nopsoxa

IIpouseodnoti 6mopozo nopadka (6mopoii npouzeodnoii) or dpyukuun Y = f(x)
Ha3bIBACTCS MPOU3BOIHAS OT €€ IPOU3BOJIHOM, T. €.

S x)=(f"(x)".

2
’
BTopyio IpOU3BOIHYIO TaKke 0003HauaroT Y (X) wim

—. [IpousBoaHas ot
dx
MIPOM3BOTHOM BTOPOTO MOPSIIKA HA3BIBACTCS NPOU3BOOHOU Mpembe2o nopsoka u T. 1. [IpousBo-

d"y
HYIO 1-TO mopsiaka o6ossadaror y") (x) wm

n

dx

[NoxaxxeM Ha mpuUMepax, Kak CIeAyeT MOJIb30BaThCs IPUBEICHHBIMU BhIIIE (OPMY-
JIaMH.

Mpumepl. Haiitu npousoguyto: y =cos 2 (x?2).

y' =205 (x2)- (cos (7)) =2c0s (x2)- (=sin (x2)) - (x*) =—2x -sin (2x2).
IIpumep 2. HaiitTu npou3BOIHYIO: y = arcsin \/; ,
1
S BT
N

IIpumep 3. Haiitu npousBoaHy0: y = In (arctg VX - l).
Pewienne.

y = (arctg \/x——l'), _ 1 (\/x_r),

= 1
arctg \/X -1

1
arctg\/x—l 1+(\/:)' arctg Jx -1 2\/)(3—x2

X X
IMpumep 4. Haiitu npousBoanyro Gyrkuun V = In g ——

2  sin x
, 1 ) . . .
y . 1 1 sinx—xcosx 1 SiIn X —XCOS X Sin x —Sin x + X COS X
X s x 2 sin? x X X sin 2 x sin 2 x
tg — cos — 2sin —cos —
2 2 2 2
X COS X
sin? x

2x4
IIpumep 5. Haiitu npon3Boauyto GyHKIIUU Y = arcig

.-
- X
' 1 8x3(1—-x¥)—(-8x7)2x* (1-x®)2(8x3-8x'""+16x!") 8x3 +8x!
YT 4x° W 1—x%)2 A+x5)2(1—x%)2 T 1252
|1+A—L
L d-x) )

_8x(1+x%)  8x?

(1+x%)? 1+ x8
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3aganue:

Haiit npon3BoHYIO (QYHKIHH.

1 y=4G+a2x).
. S
1+ x?
1
y—arctg1+ 5
4 x> =2
y =1In

V(6-2x*)
5. y = Inlntgx

1
arcsin —

6. y=e 7

Bonpocwel ona cobecedosanusn:

1. JlaiiTe onpenesneHue Npou3BOAHOM (PYHKIIMU B TOUKE.

2. Copmynupyiite ocHOBHBIE IpaBuiIa AU HepeHITMPOBAHMS.
3. 3anuuuTe TabNUIly POU3BOAHBIX.

4. Kak ompenensiercst Mpou3BOIHAsI BTOPOT0, N-ro mopsiaka?

7. Ilpakmuueckasa paboma Ne5. Memoowt uccnedosanus u nocCmpoeHus 2pahukos

dynxyuir.

IJeny: ®opMupoBaHUE HABBIKOB NMPUMEHEHUsS IU(PPepeHIINaTIbHOTO UCUUCIEHUS K TO-
CTpoeHUIO0 TpauKOB QyHKIUH.

Ocnoebl meopuu:

PaccmotpuMm (yHKIMIO y = f(x), HEIPEPHIBHYIO B TOuke X(. Touka X, Ha3bIBacTCs
MOYKOU MAKCUMYMA (MUHUMYMA) PYHKYUU y = f(x), €CIH CYLIECTBYET TaKasi OKPECTHOCThb

TOYKHM Xy , UTO JUIs BCEX X # Xy U3 3TOM OKPECTHOCTH BhITIONHsETCst HepaseHcTBo f (X) < (X))
(f(x)> f(x,)). 3HaueHure PYyHKIUU B TOUKE MAKCUMyMa HA3bIBAETCA MAKCUMyMOM (DYHKIIUH:
Viax = J (X nax ) 3HaUEHME QYHKIMK B TOUKE MUHUMYMA HA3bIBAETCS MUHUMYMOM (DYHKIIHH:
Viin = J (Xnin ) -

Touku MakcuMyMa 1 MUHUMYyMa (DYHKIIMU Ha3bIBAIOTCS MOUYKAMU IKCMPEMYMA (DYHKYUU.
3HavyeHus1 PYHKLIUHU B TOUKAX IKCTPEMyMa Ha3bIBAIOTCS 9KCMPEMYMAMU HYHKYUU.

Ecmu dyHKuMs p — f(x) MMeeT B Touke Xo dkctpemyM, 0 f (Xo) =0 mwm f'(x()

HE CYLIECTBYET — HeoOxooumoe ycnogue skcmpemyma. OTCIoa ClIeyeT, YTO TOUKH SKCTpEMyMa
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(GYHKIMM clIeayeT MCKaTh TOJIBKO CPEeld TeX TOYEK, B KOTOPHIX MPOM3BOIHAS (PYHKIMU paBHA
HYJTIO WIH HE CYIIECTBYET, TAKUE TOUKU HA3BIBAIOTCS KPUMUYECKUMU VI CIAYUOHAPHBbIMU TOY-
KaMUu (YHKLUH.

Ecnu ¢pynkius y = f(x) HeIpepbIBHA B HEKOTOPOH OKPECTHOCTH KPUTHIECKOH TOUKU X
U auddepeHnupyemMa B 3T0H OKPECTHOCTH (3a MCKIIOYEHHEM MOXKET OBbITh, CAMOM TOYKH X)) U
€CIIM TIPH IIepexo/ie X 4epe3 TOUKY X0 (CleBa HalpaBo):
!
1) f'(x) menser 3HaK ¢ «+» Ha «—», TO TOUKa X €CTh TOUKA MAKCUMYMa (DyHKIIUH,
!
2) f'(X) MeHseT 3HaK ¢ «—» Ha «+», TO TOYKa X() €CTh TOYKa MUHUMYMa QyHKIIUH,
!
3) f'(Xx) He Menser 3HaK, To B TOUKe X, (DYHKIHS HEe HMEET SKCTPEMyMa.
Ecnu B kputHueckoi Touke X GyHKIUS y = f(x) ABaXIbI quddepeHupyema, To onpe-

JIETUTh XapakTep SKCTpeMyMa (€ClIi B TOUKe X (yHKLIUH UMEeT SKCTPEMYM) MOXKHO IO 3HAKY
BTOPOU ITPOU3BOHOM:

1) ecu f” (x9) < 0,10 X, — TOUKa MaKCUMyMa QyHKLUH,

2) ecm f'(xy)>0,T0 X, — TOUKa MUHHMYMA (YHKIHH.

I'padux Gpynkuun y = f(X) Ha3pIBaeTCs BHITYKJIBIM BBEpX Ha HHTEpBaje (a; b) eciu B mpe-
Jiesiax 3Toro uHTepBaia rpaduk GyHkiun y = f(X) JeKUT HIDKE 000 CBOCH KacaTeabHOM.

I'padux ¢pynkumm y = f(X) Ha3pIBaeTCS BHITYKJIBIM BHU3 Ha HHTEpBasie (a; b) ecu B mpe-
JieNiax 3Toro uHTepBaia rpadguk GyHkun y = f(X) JeKUT BbIIe JII000H CBOEH KacaTelbHOM.

Touka rpaduka pynkuuu y = f(x) Mo (Xo; f(X0)) Ha3bIBaeTCs TOUKOM nepecuba rpaduka,
€CIIU TIPH TEePEXO/JIe X Yepe3 Xo rpaduK MEHSET HAIPABICHHE BBITYKIOCTH.

B Touke nmepern6a X( BTopas npou3BoaHas GyHKImHM fpaBHa HYymo f (x,) = 0 (HeoO-

XOJIUMOE yCIIOBUE TIEpernoa).
Ecnu BTOpast mpousBogHas f(x) ABaXAbl nuddepeHiupyeMoit PyHKIIUU MpU Mepexoie

yepe3 TOUKy X, MEHSET CBOM 3HaK, TO TOYKA X, €CTh TOUYKa mepernda e€ rpaduka (J0cTaToOuHOE
yCIIOBUE Teperuda).

Aneopumm uccrneoosanus pyHKyuU Ha bINYKIOCHb
U mouxu nepezuba

1. Haxoum BTOPYIO IPOU3BOJIHYIO (PYHKIUHU [ (x).

2. HaxouM TOYKH, B KOTOPBIX BTOpast IIPOM3BO/IHAS PABHA HYJIIO WM HE CYLIECTBYET.

3. HccneyeM 3HaK BTOPOi IPOU3BOJIHOM ClIEBA U CIIpaBa OT HAWJIECHHBIX TOYEK U JEIAEM
BBIBOJ] 00 MHTEpBAJIaX BRITYKJIOCTH U HAJTMUUU To4ek nepernda. Eciau BTopas npousBoHas Oyaer
MEHSITh CBOW 3HAK C TUTIOCA HA MIUHYC WJIM C MUHYCa Ha TUTIOC B HCCIIEyEMOM TOYKE, TO 3T TOUKA
u OyneT Toukoit neperuda rpaduka Gpynkuuu. Ecnu BTOpas nmpou3BoHas 3HaKa HE MEHSET, TO
(byHKLMS HE UMEeT TOUYeK meperunoa.

Acumnmomul epaghuxa gynkyuu
[Ipsimast LHa3piBaeTcss acuMOTOTON KpuBOi y = f(x), eciiu paccTostHue OT TOuku M(x; V)
KPHUBOU 110 3TOM mpsiMoi LcTpeMuTcss K HyIr0 IpY HEOTPAaHUYEHHOM YAAJIIEHHH 3TOM TOYKH IO
KpUBOH OT Hayasa koopauHar. [IpsMas x = asBnseTcs epmuKkaibHOlU aCUMITOTON KpUBOH y =
f(x), ecnu BbITIOJHSAETCS XOTS ObI OJJHO U3 yCIIOBUIL:
lim  f(x)=+0 (wwm - o)
x—>a-0
lim f(x)=+oo (wzu —oo)

x—>a+0
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[Ipsimast y = kx + b HaKJIOHHAs aCUMITOTA KPUBOU y=f(x) mpu X — 40 (Ipu X —> —0),
€CITU BBITIOJTHSIOTCSI YCIIOBHS:

£(x)

lim =k u lim [f(x)-k-x]=b
(ﬁm L) [f(X)—k~X]=b}

YacTHblii ciydail HaxnoHHOH acummnrotel mpy K =0 U b # 0 — zopusonmanvhas
acumnToTa y = b.

3x2 —x+2
x—=2
Haiinemo6uacts onpenenenus Gpyuxiuu D ( y) = (— © ; 2) U (2 ; + 00 )

IIpumep 1. Haiitu acumnToTs! rpaduka GQyHKIMu y =

Xy = 2 ecth TouKka paspbiBa rpaduka (QyHKIMH, 4epe3 Hee MOXKET IPOXOAUTh BEPTHU-
KaJbHas aCUMIITOTA.
3x2 —x+2 [12 ]
Haiinem lim  f (x): lim

—:| _| = —00 ,CJICIOBATECIILHO, npsaMas
x—>x0 -0 x—>2-0 x =2 L_O J

X, = 2 sBJISETCS BEPTHUKAIBHOW aCHMITTOTOH.

Haiinem nakimonnyro acumMnTory:y = kx + b

f(x) 3x2-x+2 [ |pasgennm uucmurens
v X sow (x=2)x | !| |u3Hamenarens Ha x°
(x> =) (x=)
1 2
3—- _+
— lim x _x?=3;
2
X —>+0 | —
(x> —0)
X
(3x2—x+2 ) 3x2 - x+2-3x%+6x
b= lim [ x)—k-x||= lim ——  _3x |= lim
X—> 400 Lf( ) J X—> 40 x—2 J X —> 400 x—2
(xA)—oo) (xa—w) (x%—oo)
2
S5+ —
] 5x+2 . X
lim = lim ——=95.
x>tw X —2 x—40 1 - 7
(x—>-x) (x—>-o) X

Hamumm, utok = 3 u b = 5, cnenoBarenbHO, ypaBHEHUE HAKIOHHON aCUMITOTH UMEET BT
y=3x+35.

3amanue:
Haiitu sxkcTpeMyMmbl pyHKINI:
1 1 1 1
l.y=—x"—_x>-2x. 2.y =_x>+_x>_6x.
3 2 3 2
HaiiTi uHTEpBaIIbI BHITYKIOCTH, BOTHYTOCTH M TOUKH Iepernda rpaguka GyHKINU:
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x4

l.y="__»oy2, 2.y=x>=5x*+3x-5
12
Haiitu acuMnToTsl rpaMKOB CIIEAYIONMX (YHKIIUIA:
2 — x?2 2 _
L2 2., _5x+2e1
x+3 l—x

Bonpocul ona cobecedosanus:

1. Haiiti o6macth onpeneneHus PyHKIMH.

2. UccnenoBath (GyHKIMIO HA YETHOCTD U HEYETHOCTD, TIEPHONIHOCTD.

3. UccnenoBarh (GyHKIHIO HA HEMPEPHIBHOCT U BEPTUKAIBHBIE aCUMITOTBHI.

4. UccnenoBaTh moBeleHUE (QYHKIMH HA OCCKOHEYHOCTH, HAWTU TOPU3OHTAIBHBIC H
HAKJIOHHBIE aCUMIITOTHI.

5. Haiiti 3KCTpeMyMBbl M HHTEPBAIBI MOHOTOHHOCTH (DYHKIIHH.

6. HaiiTn mHTEpBaIBl BRITYKIOCTH (DYHKIMHU U TOUKH IIeperuoa.

7. HaiiTi Touku nepeceueHus: GyHKIUHU ¢ OCAMU KOOPAUHAT.

8. IToctpouts rpaduk GyHKIUH.

9. Onpenenenne dKCTpeMyma (GpyHKITHH.

Ilpakmuueckasa padoma Neb. Bepoamnocmmuvie modenu npoyeccos ynpagieHus.

Ilens: 3akpenuTh HaBBIKM MPUMEHEHUS BEPOSITHOCTBIX MOJENIEH B Ipoleccax yrnpasiie-

HUA.
Ochoebl meopuu:

Knaccuueckoe onpedenenue éeposmuocmu.
Beposimnocmu cobvimusa A onpenensercst GopMyon
P(ay="">
n

I'J1€ M — YUCIIO AIEMEHTAPHBIX COOBITHH, 01aronpusITCTBYIOIUX HOSBICHUIO COOBITHS A, 1
— YHCJIO BCEX IEMEHTAPHBIX COOBITUH, BXOJSIINX B Q) .

OT0 onpezieneHne Ha3bIBACTCS KIACCUYECKUM ONpeoesieHUeM GepOSmMHOCIU.

W3 onpenenenuns BEpOSITHOCTH BBITEKAIOT CIEAYIOIINE €€ CBOMCTRA!

1. Beposimnocms 00cmogepro20 cobblmus pasHa eouHuye.

JleicTBUTENBHO, €CITU COOBITHE JOCTOBEPHO, TO BCE 3JIEMEHTAPHBIE COOBITUS O1aronpusT-
CTBYIOT eMy. B 3TOM citydae m=n u, c1e10BaTENbHO,

m n
PQ)=_="_"-=1.

n n
2. Beposamnocmb HeBO3MONHCHO20 COObIMUSL PABHA HYIO.
JIelCTBUTENBHO, €CJIU COOBITHE HEBO3MOXHO, TO HU OJHO AJIEMEHTApHOE COOBITHE HEe O1a-
TOIPUATCTBYET eMy. B aToM ciiyuae m=0 u, ciegoBaTenbHoO,
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m 0
Pd)y=_=_=0-
n n
3. Beposmnocmu cuyuatino2o cooblmuis ecmo noJI0ICUMENbHOE YUCTO, 3aKTI0YeHHOe
MexHcOy Hynem U eOUHUYel.
JIeiCTBUTENBHO, CTy4aliHOMY COOBITHIO OJIarONpPUATCTBYET JIMILB YacTh U3 OOLIETo Ynciia

o m
3JIEMEHTapHBIX COOBITUH. B 3TOM ciiyyae O < m < m, @ 3HAYUT, ) < — < | H, ClIeJ0Ba-
n

temsro, 0 < P(A) <1
Hrak, BepoATHOCTb JH000I0 COOBITHS yIOBIETBOPSAET HEPABEHCTBAM
0<P(4)<1
Ecnn npocTpancTBO Q COAEPKUT OECKOHEYHOE MHOKECTBO DJIEMEHTAPHBIX COOBITHH, TO
UCIIOJIL3YETCSl T€OMETPUYECKOE OIPENEIEHNE BEPOATHOCTH, KOIJa BEPOATHOCTHL IONANaHUs

TOYKH B JIF0OYI0 001acTh MPONOPLUUOHAIbHA MEpE 3TOM YacTu (JUIMHE, IUIOIaau, 00beMy) U HE
3aBUCHT OT €€ PacIoIOKEHUS U (OPMBIL.

esg
P(A)=—— rae mes — Mepa JUTHHEI, TUIOMIAIH, 00beMa, g — JacTh obnactu G.
mesG

IIpumep 1. bpocaercs urpanbubiii Kyouk. [IpocTpaHcTBO Ai1eMEHTapHBIX COOBITHI, OTBE-
qarollee JaHHOMY SKCIIEPHMEHTY, HMEeT Cleayomuii Bua:. Q = {0, @,,..., o, } .
[Tyctb coObITHE ACOCTOUT B MOSIBIICHUU YETHOTO uncia 04koB. CoObiTHE 4 €CTh MOAMHO-
\
xectB0. Q,4A={0w,,0,,0,}.

DneMeHTapHbIe COOBITHSI, BXOSIIUE B COCTAB CIIy4allHOTO COOBITHSI AHA3BIBAIOTCS COOBI-
TUSIMU, O1a20NpUAMCmMEYIouwUMY MOSBICHUIO cOObITHS A. J[Ba MJIM HECKOJIBKO COOBITUH B JAHHOM
OIIBITE HA3BIBAIOTCS PABHOBOZMONCHBIMU, €CIIU 110 YCIOBUSAM CUMMETPHH OIbITa HET OCHOBAaHUIA
CYUTATh KaKoe-Tu00 coObITHE 00JIee BOBMOXKHBIM, YeM JIF000€ IpyToe.

IIpumep 2. B notepee passirpeiBaercss 1000 6uneroB. Cpeau HUX 2 BbIMrpbIma mo 50
py0., 5 — 20 py6., 10-10 py6., 25-5 py6. Hekro kynun onun Ouner. HailTu BepoATHOCTDH
BBIMTpHINIA He MeHee 20 pyOuei.

Pemenue.

[To ycnoButo: 1000 = 250+52011010+255+958uponrpem.

[Tyctb A- nckomoe coObiTre. Boiurpeiin He MeHee 20 py6uieii — 3To BeIUrpbiIi B 20 pyoiiei,
KOTOpPBIN BeTpeuaeTcst mi=5 pa3 u BeIUrpbII B 50 pyOiielt, KoTopblil BcTpedaercs mo=2 pasa. To-
raa m=m; + mz.n=1000 - oblIee KOMMYECTBO BCEX OUIETOB. p(4) =" =+ 2 _ o g07.

n 1000

IIpumep 3. U3 90 caywailHO OTOOpaHHBIX OJMHAKOBBIX JeTajell BBIABIEHO 3

OpakoBaHHbIX. OTHOCUTENIbHASA YacTOTa OpaKOBaHHBIX JIeTaJlel paBHA
w4y = - 1.
90 30

IIpu yBelWYeHHWH 4YHUCIAa UCOBITAHUM  (OMBITOB) HAOMIONAETCd  YCTOHYMBOCTD
OTHOCHUTEJIbHOM YacTOThI, T.€. CYLIECTBYET HEKOTOpasl MOCTOSHHAs BEIMYMHA, OKOJIO KOTOPOM
IPYNIUPYETCsl OTHOCUTENbHAs YacToTa M K KOTOpOW OHa Bce OoJbllle NPUOIIKAETCS C
YBEJIMUEHUEM YMCIIAa HUCHBITAaHUI. 3JTa TOCTOSHHAs BEIMYMHA HA3bIBACTCS BEPOSAMHOCHIbIO
cnyuatino2o cobvimu M obo3HayaercsiP(A). PaccMoTpeHHOE MOHATHE BEPOSTHOCTH CIY4YailHOTO
COOBITHSI SBJIIETCS CTATUCTUYECKUM OIPEIETICHIUEM BEPOSITHOCTH.

[Tyctb cobbITHSt A U B — HECOBMECTHBIE, IPUYEM BEPOSITHOCTH 3TUX COOBITUI AaHbl. Kak
HAlTH BEPOSATHOCTH TOTO, YTO HACTYMUT JINOO coObITHE A, MO0 COObITHE B, T.€. BEPOSTHOCTD
CYMMBI 3TUX COOBITHI A+B? OTBET Ha TOT BOMPOC JA€T CIASAYIOIIas TeopeMa.
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TeopeMa ci10keHUSI BEPOSITHOCTEl HECOBMECTHBIX COOBITMM.Beposmnocms cymmbl
08YX HECOBMECHHbIX COOLIMULL PABHA CYMME 8EPOSMHOCTEN IMUX COOLIMUIL

P(A+B)=P(A)+ P(B).
Teopema yMHOKeHHsI BePOSTHOCTEH He3aBUCUMBIX COOBITHIA. Beposamuocms npousse-
OeHUsL 08YX HE3ABUCUMBIX COOLIMULL PABHA NPOU3BEOEHUIO BePOSIMHOCMEL YMUX COOLIMULL:

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

CaencrBue.BeposmHuocms npou3eederus HeCKOIbKUX He3a8UCUMbBLX COOLIMULL PABHA NPO-

U36€0eHUI0 8EPOSAMHOCMEL DMUX COOLIMULL:
P(A - Ay, ~...-A,)=P(A1)-P(A2)-... - P(A,) -

Teopema yMHOKeHHsI BEPOATHOCTel 3aBHCUMBIX COOBITHH. Beposamuocms npousgede-
HUSL 08YX 3ABUCUMBIX COOLIMULL PABHA NPOU3BEOCHUID BEPOSIMHOCIIU OOHO20 U3 HUX HA YCIIOBHYIO
8EPOAMHOCHb OPY2020, BLIYUCTIEHHYIO 8 NPEONONIONHCEHUU, YMO Nepeoe COObIMUE YiHce HACMYNUILO!

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

IIpumep 1. B ypne 30 mwapos: 10 kpacHbIX, 5 cunux u 15 Oenbix. Halitu BepodTHOCTD
HOSIBJICHUSI LIBETHOT'O 1L1apa.

[TosiBIEeHME NBETHOTO 1Iapa 03HAYAET MOSIBIIEHUE TM00 KPAaCHOT0, IMOO CHUHETO 1Iapa.

BeposiTHOCTB MOsIBICHUS KpacHOTO 11apa (coobITHE A4)

10
P(4)=_— = —.

30 3

BepositTHOCTB nOsIBIIEHUS CUHETO 11apa (coobITHE B)
PBy=_ _ L.

30 6

CoO6biTust A u B HECOBMECTHBI (TIOSBIIEHHUE I11apa OAHOTO [[BETa UCKII0YAET MOSIBICHUE
11apa Jpyroro 1BeTa), I03TOMY UCKOMasi BEpOSITHOCTh PaBHA
1 1 1
P(A+B)=P(A)+P(B)=—+—=—-
3 6 2
Tax kak MPOTUBOIIOJIOKHBIE COOBITHS BMECTe 00pa3yoT JOCTOBEPHOE COOBITHE, TO
PQ)=P(A)+P(A4)=1,
MIO3TOMY
P(A)=1-P(4).

IIpumep 2. BeposATHOCTB TOTO, YTO J€Hb OyAET JOXKUIMBBIM, paBHA P = 0,3 . Haiitn

BEPOATHOCTH TOTO, UTO JIEHb OYAET SCHBIM.
CoOBbITHS «II€Hb 0K UIUBBIN» U «JI€Hb SICHBII — MPOTUBOIOJIOKHbIE, TOITOMY HCKOMast
BEPOSATHOCTH paBHA

g=1-p=1-0,3=0,7.
IIpumep 3.Muniesb coCTOUT U3 TPEX 30H. BeposITHOCTH Monaaanus B IEPBYIO 30HY IpU
oztHOM BbIcTpene paBHa 0,15; Bo BTopyto - 0,23; B TpeThio - 0,17. Haiiti BeposTHOCTh mpomaxa.

O6o3HaunM  coOpiTHE A - mpomMax, A - TOmaJaHWe B MHIIEHb. Toraa

A=A +A,+A;, e A,,A,, A, -nonaganue COOTBETCTBEHHO B IIEPBYIO, BTOPYIO U TPE-
Th10 30HBI. [0 TeopemMe coKeHUs BEpPOSATHOCTEN:

P(A)=P(A,)+P(A,)+ P(4,)=0,15 + 023 + 0,17 = 0,55

OTKyJIa P(A)=1-P(A) =045
[TycTs TpOoU3BOANTCS 7 HE3aBUCHUMBIX HCTBITAHUN, B KOKIOM U3 KOTOPBIX cOObITHE A
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MOXeT Jm0o mpousoltu (ycmex), JuO0 He mpou3oiTH (Heymaya). bynmem cuurtath, dYTO
BEPOATHOCTH COOBITUSI A B KaX/10M UCIIBITAHUM OJTHA U Ta K€, a UMEHHO paBHa p. Clie10BaTeNnbHoO,
BEPOSTHOCTh HEHACTYTUICHHSI COOBITUS A B K&XKIOM HCIIBITAHUM TAKXKE MIOCTOSIHHA U paBHA ¢=1—
p- Takas nmocnenoBaTeabHOCTh UCIIBITAHUHN HAa3bIBACTCS cxemotl bepuynnu.
B xauecTBe TakuX UCIIBITAHUN MOXKHO PaCCMaTpUBaTh, HAIIPUMED, IPOU3BOACTBO U3AEIUI
Ha OIpe/leeHHOM O0OpYyJOBaHUU MPU MOCTOSIHCTBE TEXHOJIOTMYECKUX M OpraHM3alMOHHBIX
YCIIOBHA, B 3TOM CJIy4ae U3rOTOBJICHUE TOJHOTO U3/IENNs — YCIeX, OpakOBaHHOT'O — HEy/1aya.
Ota cuTyanusi COOTBETCTBYET cxeMe bepHyiu, eciau cuuTarh, YTO MPOILECC U3TOTOBJICHHS
OJTHOT'O M3/I€THS HE 3aBUCUT OT TOTO, OBLIM TOJHBIMU MM OpPAaKOBAaHHBIMH MPEABITYIINE U3
JpyrumM npuMepoM SIBJIETCS CTpeb0a Mo MUILEHU. 31ech MMoNaJaHne — ycIex, IpoMax
— Heyzaya.
[ToctaBuMm cBoeil 3a/1a4eil BEIYUCIUTH BEPOSITHOCTH TOTO, YTO MPU 7 UCTIBITAHUSIX COOBITHE
A ocyHIeCTBHUTCS POBHO k pa3 U, CIIEI0OBATEIBHO, HE OCYIIECTBUTCS n—k pa3, T.e. OyJIeT k ycrexoB
u n—k Heyad.
Hckomyro BepOSTHOCTh 0003Ha4YMM  p (k). Hampumep, cumBon p (3) O3HaYacT

BEPOATHOCTH TOI'O, YTO B IIAATU UCIIBITAHUAX COOBITHE ITOSIBUTCS POBHO 3 pasa u, CJIea0BaTC/IbHO,
HE HACTYIIUT 2 pasa.

HOCJIGI[OBaTeHI)HOCTI) 7 He3aBUCHUMBIX HCIIBITAHUM MOKHO paccMaTpruBaTh KaK CJIOXHOC
CO6I>ITI/IG, SABJIAOIICEC ITPOU3BCACHHUECM 71 HC3aBUCHMBbIX COOBITHIA. CJ'ICI[OBEITCJ'IBHO, BCPOATHOCTD
TOro, 4TO B 7 UCIIBITAHUAX coObITHE A HAaCTyIIUT k pa3 U HC HACTYIIUT n—k pas3, mo TeopemMe
YMHOXCHUSA BepOHTHOCTCﬁ HE3aBUCUMBIX CO6BITPII>1, paBHa

k n-k
p 9 -

Takux CI0KHBIX COOBITHH MOKET OBITh CTOJIBKO, CKOJIbKO MOXXHO COCTaBUTb coYeTaHuH

W3 71 DJIEMEHTOB 110 k DJIEMCHTOB, T.C. an .

Tak kak 3TU CI0KHbIE COOBITHSL HECOBMECTHBI, TO 110 TEOPEME CIIOKEHUSI BEPOSITHOCTEH
HECOBMECTHBIX COOBITHI, HCKOMasi BEPOSITHOCTh PaBHA CyMME BEPOSATHOCTEH BCEX BO3MOXKHBIX
CJIOKHBIX COOBITUH. [T0OCKOIBKY 7K€ BEPOSITHOCTH BCEX ITHX CIOMXKHBIX COOBITHI OJIMHAKOBBI, TO
MCKOMasi BEpOSITHOCTH (ITOSIBIIEHUE k pa3 cOOBITHS A B 1 UCIIBITAHUSX ) PABHA BEPOSTHOCTU OJTHOTO
CJIO’KHOTO COOBITHS, YMHOXKEHHOM Ha MX YUCIIO

P,(k)=Cyptq"*
Ui

n! kK n—k
P(k)y=—""—p¢q
k'(n—k)!

[Tonmyuennyto GpopMyity Ha3bIBatOT opmynou bepuyniu.
IIpumep 1. BeposATHOCTH TOro, YTO Pacxo] 3JIEKTPOIHEPTUU HA MPOJOLKEHUU OJIHUX
CYTOK HE NPEBBICUT YCTAHOBIECHHOW HOPMBI, paBHA [ = 0,75 . Haittu BEPOATHOCTH TOT'0, YTO B

TedeHue 4 CyTOK U3 OKaluX 6 CyTOK pacxo]l 3JIEKTPOIHEPTUU HE MPEBBICUT HOPMBI.
Pemenne. BeposSTHOCTP HOPMaJBbHOIO pacxojia 3NIEKTPO3HEPTMH HA MPOAOKEHUH
KaXJbIX U3 6 CyTOK IIOCTOSIHHA M paBHA p = 0,75 . ClenoBaTenbHO, BEPOATHOCTD MIEPEpacxoaa

3JIEKTPOSHEPTUH B KaXK/IbIE CYTKU TAKKE MMOCTOSIHHA M PaBHA ¢ = 1 — p =1 — 0,75 = 0,25 -
Hckomast BeposiTHOCTH 110 (hopmyiie bepHyiu paBHa

"5 1215

_ 4 2
P(4)=Cipq? =Clptq?=—(075)"-(025)" = ——
1-2 4096

~ 0,297 -

B psane 3agau npencraBiseT MHTEPEC HAUBEPOSITHENIIIEE YUCIIO YCIIEXOB, T.€. TAKOE YUCIIO

m YCIICXO0B, BEPOATHOCTL KOTOPOI'0 CaMasd OoJIbIIIast cpeaun BCPOSITHOCTCf/'I. Tak kak Ipu yBCIIN-
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YEHUU k BEPOSTHOCTH CHayalla BO3pacTaloT, a 3aTeM, C ONIPEICIIEHHOTO MOMEHTA, HAYMHAIOT YObI-

BaTh, TO Ui /11 MMEIOT MECTO COOTHONICHUS
P(m)zP (m-1)

P, (h)=P (i +1).

Vcrons3ys Gopmyiy u coorHomenne P + ¢ = |, momydaem cooTBeTCTBEHHO HEpaBeH-
CTBa

(n—-m+1)p>mq

(m+)g=n—m)p -

OxoHYaTEeILHO noJjrydya€m, 410 m JISKUT B HHTEPBAJIC G,HHHHHHOIZ JJIMHBI:
np—q<m<np+p.

OnHako, CTOUT 3aMETHTb, YTO HCIIONIb30BaHue GopmMyiibl bepHyum npu 60ibIuX 3Have-

HUAX n I0CTATOYHO TPYAHO, TAK KaK (l)opMyna Tpe6yeT BBIIIOJTHCHUA HeﬁCTBHﬁ HaJl I'pOMaJIHbIMHA
qucCJaMu.

Hanpumep, eciu n =50, k=30, p = 0,1, TO [V OTBICKaHUsA BeposTHOCTH P, (30 )

!
HAJI0 BBIYUCITUTH BBIPAKCHHE P,(30) = 50! L(0,1) - (0,9)%> TII€ 501= 30414093 10 %7 ;
!

30!-20
301= 26525286 -10 °;201= 24320020 10 11 .

JlokanbHasi Teopema Jlannaca.Eciu eeposmuocms p nosenenust coovimusi A 6 kasxcoom
UCNbIMAHUU NOCMOSHHA U OMIUYHA OM HYJIA U €OUHUYbL, MO 6ePOAMHOCMb P (k) mMO20, 4mo

cobvimue A nosasumcs 6 n UCNBIMAHUAX POGHO k pa3, npubIUdXCeHHO pagHa (mem mounee, yem
bonvbule n) 3HaYeHUro QyHKYUU

1 _
y=—— e 2 o gx)ypu =k
npq N2 npq npq

2
X

1 -
e 2, HpI/I
Nz

3TOM CJIEYET YUUTBIBATD, UTO ¢ (—x)= ¢ (X) , Tax kak pyHKIHS ¢ (x) wernas.

NmeroTest TabNuIIb, B KOTOPBIX MOMEIEHBI 3HAYEHHUS PYHKINH ¢ (x) =

CnenoBarenbHO, BEPOSITHOCTH TOTO, YTO COOBITHE A TOSBUTCS B 7 HE3aBUCHUMBIX
UCTIBITAHUAX POBHO k pa3, MpUOIMKEHHO paBHA

1
P (k) ~ ———=¢(x)’
npq
k —np

rone x = —(/——.
i \/ npq

IIpumep 1. Haiitu BeposiTHOCTH TOTO, 4TO cOoObITHE A HacTynuT poBHO 80 pa3 B 400
UCTIBITAHUSAX, €CJIN BEPOSITHOCTD MOSIBIICHHSI 3TOTO COOBITHS B KaXKAOM HMCIIBITaHUM paBHa 0,2.
Pewenue. ITo ycnosuro n =400 ; £k =80;p = 0,2; ¢ = 0,8. Bocmonesyemcst popmynoit

4.7):

P,,(80) =

1
p(x) = — d(x)
\J400 -0,2 0,8 8
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Breramcianm onpeacisiIEMOC JaHHBIMU 3ala4y 3HAYCHUC X

k—np 80 —400 -02
x: = =

npq 8
ITo Tabnuiie HaxOaMM ¢ (0)=0,3989 .

Hckomast BEpOATHOCTh paBHA

1
Py (80) = g -0,3989 = = 0,04986

Ilycts Teneps TpebGyercs Boruuciuts Bepositiocts P (k,,k,) Toro, uro cobbitue A
TOSIBUTCA B 71 UCTIBITAHUSIX He MeHee K| u He Gosee k, pas (st KpaTkocTH GyeM FOBOPHUTH «OT
k| no k, pas»). Dra 3agada pemaercst ¢ HOMOIIBIO CIICAYIOLIEH TEOPEMBL.

Hurerpaibuas teopema Jlamnaca.Eciu eeposmnocme p nacmynienus cobvimus A 6
KaocOOM UCNBIMAHUY NOCMOSIHHA U OMAUYHA OM HYIA u eOuruybl, mo éeposimuocms P (ki ,k»)
mozo, umo cobvimue A noseumcsi 6 n ucneimanusix om  k,0ok,pas, npubnuscenno pasna

onpeoeneHHoOM) UHMe2pay

1 ro-
Pn(kwkz)z\/TJ‘e
T
k, —np

2de x, = F F

[Ipu pemenun 3anad, TpeOyOIMX NPUMEHEHMs] UHTErpajlbHON Teopemsl Jlamaca,

X Zz

1 J' e 2 4, . B Tabnuie nanml
Jax 0

3HaueHusl (QyHKIUU CD(x) s x>0, a s x < 0 BOCHOIb3YEMCSl HEUYETHOCTBIO (DYHKIMU

MMOJIB3YIOTCA CIICLIMaJIbHOM Ta6J'IPII.[eI>i A1 HHTCTpalla ¢ ( X) —

) (x ) ,T.e. D (— x) =—-0 (x) . dynkmuo P (X ) 4acTO Ha3bIBAIOT QyHKyuet Jlannaca.

I/ITaK, BEPOATHOCTH TOTO, UYTO coObITHE A TIOSBUTCS B 77 HE3aBUCUMBIX UCIIBITAHHUSAX OT k]

no k, pas, paBra

P, (ki ky) = @ (x,) =D (x,),

rae _ky—mnp o, _ ky—mnp

" T me

IIpumep 2. BeposTHOCTH TOro, YTO OpraHM3allds HE IMPOLUIa MPOBEPKY HAJIOTOBOM
VMHCIEKIWH, paBHA P = 0,2 . Haittu BEPOSTHOCTH TOTO, 4TO cpeau 400 ciayyaitHo 0TOOpaHHBIX
OpraHu3aIMi HE MPOIIEeAINX MPOBEepKYy okaxkeTcst oT 70 1o 100 opranuzarmii.

Pemenue. [lo ycrmosuio n=400; 4 — 705 k2=100; p= 0,2; 4-03
Bocnonszyemcs popmyoit (4.9):

P, (70,100 ) =~ ®(x2) — @ (x,) -

Berauciaum HIDKHUN B BCpXHI/Iﬁ peaAciibl HHTCIPUPOBAHUA:

k,—np 70 —400 -0,2

T g 400 0208

=-125;
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_ky,—np 100 —400 -0,2
Jnpg 4000208

X, =25.

Taxum 006pa3oM, umeem
P, (70,100 ) » ©(2,5) - D (-1,25) = ®(2,5) + D(1,25).
[To Tabnuiie 3HaYeHUH QYHKIIUU () (x) HAXOIUM

®(2,5) = 0,4938 5 @ (1,25) = 0,3944 -
Hckomas BEPOATHOCTH paBHA

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

IlycTp IpOU3BOAMTCS 77 HE3aBUCHMBIX HCIIBITAHUMN, B KaXXJOM U3 KOTOPBIX BEPOATHOCTH
NOSBICHUS COOBITUSL A paBHA p. [ omnpeneneHus BEPOSITHOCTU k TOSBICHUIN COOBITHS B 3TUX
UCTIBITAHUAX UCTIONB3YIOT hopmyny Beprymnu. Eciu ske n BeTHKO, TO MOJIB3YIOTCS JOKAIBHOM
teopemoii Jlanaca. OtHaKo OHa 1aeT GOJIBIIYIO OTPELUIHOCTb, €CIIUM BEPOATHOCTh COOBITHS MaJla

(p<0,1).

Ecnu cnenare nomyuieHue, yTo MPOU3BEIACHUE np TpU B —> 0 cOoXpaHsIeT MOCTOSIHHOE

3HAYCHHE, a UMCHHO NP = A , TO BEPOATHOCTB TOTO, YTO MPU OYEHBb OOJIBIIIOM YUCIIE UCTIBITAHUH,

B K@KIOM M3 KOTOPBIX BEPOSITHOCTH COOBITHS OYCHb Majia, COOBITHE HACTYIHT POBHO k pas,
HAXOIMTCS IO cieayronei Gpopmyie:
k

P (k LB
=—ce
()=

Ota dopMmyna BbIpaxaeT 3aKOH pacupeneneHus /Iyaccona BEepOSTHOCTEH MacCOBBIX (n
BEJIIMKO) W MAJIOBEPOSTHBIX (p Maino) coObiTuil. MMeroTcs crenuanbHble TaOIUIBI IS
pacripenenenus Ilyaccona.

Ipumep 3. 3aBox ormpasun Ha 6a3y 5000 KaueCTBEHHBIX M3AETHA. BeposSsTHOCTH TOTO,
4TO B IMyTH U3aenue nospeaurcs, pasao 0,0002. HaliTu BeposTHOCTB TOT0, UTO Ha 6a3y mpuOyIyT
3 MOBPEXKICHHBIX U3EIUS.

Peurenue. Ilo yenosmo 7 = 5000, p =0,0002, k =3 . Haiinem 1 :
A =np =5000-0,0002 =1,

Hckomast BepoATHOCTH 110 popMyIie (5.2)3paBHa:

1 1
P (B)=_e'=__~0,06

5000
3! 6e

A

3aoanusn:

3ananue 1. bpouiensl 2 urpanbHbie KOCTH. HaliTh BEpOATHOCTH TOTO, UTO CyMMa BBINIAB-
[IMNX OYKOB — YETHOE YHUCIIO, TPUUEM Ha TPAHU XOTS OBl OJTHOM M3 KOCTEH MOSBUIIACH IIECTEPKA.

3aganue?. [Ipu mepeBo3ke AIIKKa, B KOTOPOM cojepkaiuch 21 ctannaptras u 10 HecTaH-
JApTHBIX JIeTalied, yTepsiHa OJTHA JeTallb, TPUYEM HEU3BECTHO Kakas. M3Bneu€HHas Hayra mocie
ATOrO JIeTalb OKa3ajaach CTaHAapTHON. HaliT BEpOSITHOCTH TOTO, UTO ObLjIa yTepsiHA: a) CTaHAapT-

Hasa J€Tallb, 6) HECTaHAapTHad ACTallb.
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3aganue3. 3alyMaHo ABy3HA4YHOE YK Ci10. HaliTh BEpOsSITHOCTB TOTO, YTO 3ayMaHHbBIM OKa-
JKETCs: a) CIIy4allHO Ha3BaHHOE JBy3HAUHOE YKCIIO0; 0) cydyailHO Ha3BaHHOE JIBY3HaYHOE YHUCIIO,
(Pl KOTOPOTO Pa3ITHYHBL.

3amanue 4. BeposATHOCTH MOSBICHUS KKIOTO U3 IBYX HE3aBHUCUMBIX COOBITHI A 1 B co-
OoTBeTCTBEHHO paBHbI 0,6 1 0,5. HaliTu BEpOATHOCTh NOSIBJIEHUS TOJBKO OJHOTO U3 HUX.

3anmanue 5. B smuke cpenu 100 neraneit naxonutes 1 OpakoBanHas. M3 smuka Hayady
u3Bneuensl 10 geraneii. HaliTu BEposSTHOCTH TOTO, YTO CPEU HUX OKaXKeTCsl OpakoBaHHAs!.

3amanue 6. Monera OpocaeTcs maTh pa3. HailTu BeposSTHOCTH TOTO, YTO OpeJl BBIIAALT 2
pasza.

3amanue 7. B cembe 5 aeteil. HailTu BepOATHOCTH TOTO, UTO CPEId HUX 2 MaJIbYUKa, €CIIU
BEPOATHOCTb POXKAEHMS MaburKka paBHa 0,51.

BepositHocTh 00HapyskeHus1 onevyatku Ha crpanuie kauru paBua 0,01. Haiitu Bepost-
HOCTB TOTO, 9TO B S00-cTpaHWYHONW KHUTE HE OyJeT 0OOHApYKEHO OnedaToK (0OHapyKEHHUE OIle-
YaTOK Ha PA3JTMYHBIX CTPAHUIIAX CUUTATh HE3ABUCUMBIMU COOBITUSMH).

3ananue 8. BeposTHOCTh M3rOTOBJIEHUS J€Talu Beicuiero copra pasHa 0.4. Haiitu Bepo-
ATHOCTb TOTO, 4TO U3 260 meraneii mosoBruHa OyAET BHICIIErO COpTa.

3ananue 9. BeposTHOCTh U3rOTOBIICHUS U3/€us BbICIIEro kayecTBa paBHa 0,8. Haiitu Be-
POSTHOCTH TOTO, UTO cpean B3sAThIX 60 u3aenuii 30 okaxyTcs BBICIIETO KauecTBa.

3ananuel0. BeposTHOCT mosiBiIeHUs COOBITHA A B KaX10M U3 100 HE3aBUCUMBIX HCITBI-
TaHu# noctosiHHa U paBHa 0,8. HaiiTu BeposSTHOCTH TOTO, UTO cOOBITHE A TIOSIBUTCS He Oonee 74
pas.

3ananue 11. BepoATHOCT HEKOTOPOrO COOBITHS B €AMHUYHOM HCIBITAHUH OCTaBJISIET
0,004. Haiitu BeposITHOCTH TOTO, 4TO B 2500 HCHBITAHUSAX JaHHOE COOBITUE MPOU30MAET POBHO 4
pasa.

3amanue 12. BeposaTHOCTh HacTyIieHUs] cOOBITHA A B ogHOM ombiTe paBHa 0,6. Haiitu
BEPOSITHOCTH TOT0, 4TO coObITHE A HacTynuT 1400 pa3 B 2400 ucnblTaHUSX.

3amanue 13. BeposSTHOCTH MOSBICHUS COOBITUSI B KaXJIOM W3 HE3aBHUCHUMBIX UCIBITAHUI
paBHa 0,8. HaiiTi BEpOSITHOCTB TOTO, UTO COOBITHE HACTYIHUT HE MEHEE YETHIPEX pa3 MpH S5 UCTIbI-
TaHUsX.

Bonpocwl ona covecedosanusn:

1. Teopema cro>keHHUsI BEPOSITHOCTEH HECOBMECTHBIX COOBITHH.

2. Teopema yMHOKEHUS BEPOSTHOCTEH HE3aBUCHUMBIX COOBITHIA.

3. Teopema yMHOKEHUS BEPOSTHOCTEH 3aBUCUMBIX COOBITHIA.

4. Cxema ucnbiTanuit bepnysu.

5. ®opmyna bepryuu.
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6. Haubonee BepossTHOE YUCIIO yCIIeX0B B cxeme bepHyu.
7. [Mpubnmxennas ¢popmyna [lyaccona.
8. JlokanbHas Teopema MyaBpa-Jlamnaca.

9. UnTerpanbHas Teopema Myaspa-Jlamnaca.

Ilpakmuueckasa paboma Ne7. Koppenayuonno-pezpeccuontvlii Memoo uUccie006anus
CIYUATIHBIX 6ETUYUH.
I]ens: 3akpenuTh HABBIKU MPUMEHEHHUS MATEMaTUYECKOTO OKUAHUS, TUCTIEPCUU U Cpell-
HEro KBaJpaTUYeCKOro OTKJIOHEHHUS.
OcHogvl meopuu:

3aKoH pacnpeieJeHus OTHOCThIO XapaKTepU3yeT CaydaiHy o BennunHy. OJIHaKo NpHU pe-
HICHUH MPAKTUICCKUX 3a/1ad HET HEOOXOJUMOCTH 3HATh BCE BO3MOXKHBIC 3HAYCHUS CIy4YailHOU
BEJIMUMHBI U COOTBETCTBYIOILIUE UM BEPOSTHOCTH, a yI0OHEE MOIb30BaATHCS HEKOTOPHIMH KOJIHYE-
CTBEHHBIMH ITOKA3aTEISIMHU, KOTOPBIE JAIOT JOCTATOYHYIO HH(POPMAIUIO O CIIyYalHOW BEIIMYMHE.
Takue nmokazaTesny Ha3bIBAIOTCS YUCIO8bIMU XAPAKMEPUCTIUKAMU CTYYAUHOU 8eNUYUHDL.

OCHOBHBIMU U3 3TUX XapaKTEPUCTHUK SIBIISIOTCS: MAMEMAMULECKOE 0HCUOAHUE, OUCNEPCUSL
u cpednee Keaopamuieckoe omkioHeHue. Mamemamuueckoe odcudanue XapakTepusyeT MoJo-
JKEHUE CIy4yailHOW BEJIMYMHBI Ha YUCIIOBON OCH, OIIPENENAs HEKOTOPOE CpeHEe 3HAUEHUE, OKOJIO
KOTOPOTO COCPEIOTOYECHBI BCE BOZMOXKHbBIE 3HAYCHHUS CITy4allHOM BenUuuHbL. J{J1s pemieHus MHO-
rUX 3a7a4 JOCTaTOYHO 3HaTh MaTeMaTH4YecKoe oxuaanue. Hanpumep, eciu n3BECTHO, UTO MaTe-
MaTHYECKOEe OXHJIaHHE YKCIIa BHIOMBAEMBIX OUYKOB y MEPBOT0 CTpeNka OOJbIlIe, YeM Y BTOPOTO,
TO TIEPBBIN CTPEJIOK B CPEIHEM BHIOMBAET OOJIbIIIE OYKOB, YEM BTOPOIL, H, CIEIOBATEIBHO, CTpE-
JSIET JIy4llle BTOPOTO.

Mamemamuyeckum odxcudanuem OUCKPemHOU CIyYauHoU éenuyuHbl X Ha3bIBACTCS CyMMa
MIPOM3BEICHUI BCEX €€ BO3MOKHBIX 3HAUECHUI Ha UX BEPOSITHOCTH M 0003HavyaeTcs yepe3 M(X).

HYCTB cnyqaﬁHa;{ BennuuHa X MNPUHHUMACT 3HAYCHUS Xl ) X2 seee 3 X C COOTBCTCTBYIO-

n
IMMHU BEPOATHOCTAMH D, P, ,... , P, . Torna maremartudeckoe oxunanue M(X) ciaydaiiHon
BEJIMYUHBI X ONPEIEAETCS PABEHCTBOM

M(X)=xp +x,p, +...+x,p,.

Ecnu auckperHas ciydaiiHas BemuurHa X MpUHUMAeT OECKOHEYHOE MHOKECTBO BO3MOXK-
HBIX 3HAUCHUI, TO

M(X)= x;p;-
i=1

IIpumep 1. HaliTu MmareMaTuueckoe OKuJaHue CIydyailHOW BETMYMHBI X, 3Has 3aKOH €€
pacrpeneneHus

X. 3 5 2

1

P, 0,1 0.6 03

Pemenue. ckomoe maTemaTuyeckoe oKuaanue mo popmysie paBHO
M(X)=3-0,1+5-0,6+2-0,3=3,9.

Ilyctb X — cnyvaiiHas BenuuumHa M M(X) — ee MaTeMaTuyeckoe OXKUIaHUE.
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Omxknonenuem ciyuaiinoli eenuyunbl HaspiBaercs pastocts X — M (X ) .

Ha npaktuke vacto TpeOyeTcsi OLIEHUTh paccesHrhe BO3MOXKHBIX 3HAUEHUH CIydailHOM
BEJIMUMHBI BOKPYT €e cpefHero 3HadeHus. Hampumep, B apTHiLIepun Ba’kKHO 3HATh, HACKOJIBKO
KYYHO JISITYT CHapsiIbl BOJIM3H LIEJIH, KOTOpas JOKHA OBITh TIOPakeHa.

Jlucnepcueti (paccesinuem) OUCKpemHoOU CIy4aiHOU 8e1UuyUHbl Ha3bIBAIOT MATEMATHIECKOE
0’KHMJIaHHE KBaJ[paTa OTKJIOHEHUS CIIy4yalHON BEIMYUHBI OT €€ MATEMATUUE€CKOTO OXKUIAHUS:

D(X)=M[X -M(X)]>*.
JInist BBIYMCIIEHUS TUCIIEPCHM YacTO OBIBaET yJOOHO BOCIOJIB30BAThCS CIIEAYIOMICH
dbopmyIIoii:
D(X)=M(X?*)-[M(X)]*.
IMpumep 2. HaliTu qucnepcuro CiiydyaidHOM BEIMYMHBI X, KOTOpas 3a/laHa CJICIYIOIINM 3a-
KOHOM pachpeesIeHus:

X, 2 3 5

1

12 0,1 0,6 03

Pemenue. Matematuueckoe oxunanue M(X) paBHo:

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

3aKOH paCIIPEeCICHNS CITy aiiHoON BemmuuHEl X 2 MMEET BHJL;

x’ 4 9 25

1

)2 0,1 0,6 0.3

Maremaruueckoe oxuganue M (X 2) pasHo:

M(X2)=4-0,1+9-0,6+25-03=133.
Nckomas AUCIICPCHA paBHA
D(X)=M(X2)—[M(X)]?* =13,3-(3,5)% = 1,05 .
Z[J'ISI OLICHKHU PACCCAHNA BO3MOKHBIX 3HAUCHU CJ'Iy‘IElfIHOfI BCJIMYHUHBI BOKPYT €€ CPECAHETO

3HAYEHMS CIIYXKUT TAKXKE CPEJIHEE KBAAPATUUECKOE OTKIOHEHHE.
Cpeonum  Keaopamuyeckum OMKIOHEHUeM CAy4auHou  eenudunvl X Ha3bIBACTCS

KBaI[paTHLII\/’I KOpPCHb U3 NUCIICPCUHN:
o(X)=+D(X).

IIpumep 3.Cnyuaiinas BennunHa X 3a7aHa CieIyOIIMM 3aKOHOM paclpeaeIeHUs:

X. 2 3 10

1

P, 0,1 0.4 0,5

Haiitu cpennee kBaipaTM4eCKOe OTKIIOHEHHE o ( X ) -
Pemenue. Maremarnueckoe oxxunanne M(X) paBHO:

M(X)=2-0,1+3-04+10-0,5=64

Maremaruueckoe oXuganue M (X °) paBHO:
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M(X2%)=4-0,1+9-04+100 -0,5 =54 .
Haitnem nucnepcuto:
D(X)=M(X?)—[M(X)]> =54 —(6,4)% =13,04 .
Hckomoe CpCAHCC KBAAPATUICCKOC OTKJIIOHCHUC PABHO!:
o(X)=+/D(X) =4/13,04 ~361.
I[I/ICerTHaH CJ’Iy‘IaI\/JIHaSI BCIIMYMHA MOXKCT 6BITB 3aJaHa HepequM BCEX €€ BO3MOKXHBIX
3HAYEHUH U UX BepOfITHOCTeﬁ. O,I[HaKO TaKOU CHOCO6 3aaaHus HEITPUMCHUM JJIs1 HCIIPEPBIBHBIX

CIIyYalHBIX BEJIUYMH.
Hanpumep, paccmoTpum ciy4ailHyr0 BEIMYMHY X, BO3MOXHBIE 3HAY€HUs KOTOPOU

CILIOIIb 3aITOJIHAKOT MHTCPBAJI (a N b) . O‘IeBI/I,Z[HO, YTO HEBO3MOXHO COCTaBUTH IIEPEUCHB BCEX

BO3MOXKHBIX 3HadeHuil X. [loaTomy nenecooOpa3no gath oOuHii crocod 3agaHust JTHOObIX THIIOB
CJIy4aiiHBIX BEJIMYMH, JUUIs YeTO BBOJATCS (DYHKIIMU pacTIpeIeICHUs] BEPOSITHOCTEH CIIy4aiiHO Be-
JIUYHHBI.

[lycte x — nelicTBUTENBEHOE YUCIIO. BEpOATHOCTH COOBITHS, COCTOSIIETO B TOM, 4TO X
IPUMET 3HAYEHHE, MEHBIIEE X, T.€. BEPOATHOCTD COOBITUA X < x, 0003Ha4NUM uepe3 F (x). Ecim
X W3MEHSCTCA, TO UBMCHACTCA U ['(x),T.e. F(x) — (GyHKIHS OT X.

Dynxyuell pacnpeoeienus Ciy4atnou eeauyunvl X Ha3pIBaeTca QYHKIUA F (x), ONpeae-

JISFOIIAst BEPOSITHOCTh TOTO, UTO ClydaliHasi BeIMYMHA X B pe3yJIbTaTe UCIBITAHMS MPUMET 3Have-
HHE, MCHBIIIEE X, T.C.

F(x)=P(X <x)-
FCOMCTpI/ILIeCKI/I 9TO PaBCHCTBO MOKHO MUCTOJIKOBATb TaK: F (x) €CTb BEPOATHOCTH TOIO,

YTO CllydaiiHas BeJIMYKMHA IPUMET 3HaYCHHE, KOTOPOE N300paXKaeTcsl Ha YUCIOBOM OCH TOUKOM,
JIeJKaIIe! JIeBee TOUKH X.
IIpumep 4.Cnyuaitnas BennunHa X 3a7ana cienyrolei GyHKIUeH pacipeaeneHus:

[0 npu x < -1

F(x)=Jx/4+1/4 npu —1<x <3
|

[ npu x>3
HaiiTu BepoOsSTHOCTH TOrO, YTO B pe3yJibTaTe WCHBITAaHUA X TpPUMET 3HAYCHUE,
npuHaaiexamiee uarepsany (0, 2) : p(0< X <2)= F(2) - F(0)-

Pemenue. Tak kak Ha unTepBaie (0, 2) ,no ycinosuio, F(x) = x/ 4+ 1/ 4,

To F(2)y - F(0) = (2/4 +1/4) = (0/4 +1/4) =1/2 - UTaK, po< x <2)=1/2-

HenpepriBHy0 cily4aliHy!0 BEIMYMHY MOKHO TaKKe€ 3a7aTh, HMCIOJIb3Ys JAPYTyHO
(GYHKIUIO, KOTOpast Ha3bIBaeTCsl PYHKIMEH MIOTHOCTH.

DyHKyueli nIOMHOCMU HEnpepbl6HOU CAy4auHol eenudunsl X Ha3bIBaeTCs (QYHKIHS

f(x) — nepsas npoussoxnas ot hyukimy pactpeenenns F (X):

f(x)=F'(x).

Otcrona cienyer, 4To QyHKIMS pacnpeeneHus IBIseTcs: nepBooOpa3Hoi i GYHKIUU
IJIOTHOCTU. JlJI1 ONMCaHus paclpeiesieHus] BEPOATHOCTEH TUCKPETHOM CIIy4alHOM BEIMYMHBI
(YHKIUS TUIOTHOCTU HETIPUMEHUMA.

3Hast (GYHKUUIO MJIOTHOCTH, MOXHO BBIYMCIUTH BEPOSTHOCTH TOTO, YTO HEMpEepbIBHAs
Clly4aiiHas BETMYMHA IPUMET 3HAUEHUE, IPUHAJIEKAIIEE 3aJaHHOMY HUHTEPBAITY.

Teopema.Bepoasmnocms mozo, umo HenpepvigHas caydauHas eeiuduna X npumem

suauenue, npunaonexcawee unmepsany (a, b)), pasna onpedenennomy unmezpany om ynxyuu

NJIOMHOCMU, 83MOMY 6 npedenax om a 0o b:
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b

P(a<X<b):J‘f(x)dx-

Ipumep 5. 3agana GyHKIMS ITIOTHOCTH CIyYaliHON BETUYHHBI X:
[0 npu x<0

f(x):JZx npu 0<x<1-
|

L0 npu x>1

Haiitu BepOATHOCTH TOrO, 4YTO B pe3yibTaTe HUCHbITAaHUSA X IPUMET 3HAYCHHE,
npuHayIexaiee uatepsairy (0,5; 1).

Pemenwue. Mickomas BeposiTHOCTB 110 (hOpMyIie paBHA
1

POS<X <1)= [2xdx=x’ b =1-025 =075.
0,5
3Has (YHKIUIO TUIOTHOCTH paclpeneieHus f (x) , MOXHO HaWTH (PYyHKIUIO

pacrpeneieHus F (x) 1o ¢opmyiie

F(x) = jf(z)dz‘

Mamemamuueckum odxcudanuem Henpepvl8HOU CyYalHOU eauduHbl X, BO3MOXHbBIE 3HA-
yeHHs KOTOPOH TIpHHAIEkKaT oTpesky [d , b |, HaspiBaeTcs cnemyroumii onpeeseHHbIH HHTe-

I'pail
b

M(X):jxf(x)dx-

a
Llucnepcueii nenpepvigHoli cayuaiHou 6enuduHbl X, BO3MOXKHBIE 3HAUYEHHSI KOTOPOH MpH-

HaUTexKaT oTpesky [a , b |, naspiBaercs ciemyrommit onpe e eHHbII HATETpa
b

D(X):J.[X_M(X)]2f(X)dX

JU1st BBIYMCIIEHUS IUcnepcun 6osee y100HbI COOTBETCTBEHHO Cleayonue GopMyItbl
b

D()():J’fo(x)a’x—[M(X)]2

(oo}

D(X)= Ifo(X)dx—[M(X)]z-

— 00

Cpeonee  keaopamuueckoe  OMKIOHEHUE  HENpepwbi6HOU  CAVYAUHOU  BeIUYUHDbL
onpeaeNseTcs, Kak U JJIsl AUCKPETHOM CIIydyallHOW BEJIMYUHBI, CIEAYIOIIUM PAaBEHCTBOM

c(X)=A/D(X).

IMpumep 6. Haittu MaTemMaTnyeckoe OXKUaHUE, TUCIIEPCUIO U CPEIHEE KBAAPATHYECKOE
OTKJIOHEHHE CITy4aifHOM BETTMYUHBI X, 3aJaHHOU Clenyromiel GyHKIuen pacrnpeneacHus:
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F(x)=<3x npu 0<x<1-

Pemenue. Halinem GyHKINIO ITIOTHOCTH:
(0 npu x<0

f(x)=F'(x)={|1 mpu  0<x<1

L|0 npu x>1

Haiinem matemaTtideckoe oxumanue mo popmyse (8.1):
1

M(X)=J;x~l-dx:x2/2 |L=1/2~

Haiinem aucnepcuro o popmyie (8.5):
1

2 _ 3 L _ —
D(X)zsz-l-dx—[l/z] = x/3 |0 l/a=1/12-
0
HaﬁHeM CPCAHEC KBAAPATUICCKOC OTKIIOHCHUEC I10 Q)OpMYHCZ

o (X)=+/D(X) =/1/12 ~ 029

KoppensiuoHHbI aHanu3 U PErpeCCUOHHBIA aHAJIN3 SABIIIOTCS CMEXHBIMU pa3leilaMu
MaTeMaTHYeCKOM CTAaTHUCTUKUM W TNpEeAHa3HA4YeHbl JUIsl M3Y4YEHUs IO BHIOOPOYHBIM JaHHBIM
CTaTUCTUYECKOM 3aBUCUMOCTU CIy4yallHbIX BeIMUYMH. J[BE cilydaliHble BEJIMYUMHBI MOTYT OBITH
CBsi3aHbl MO0 (PYHKIIMOHAJIBLHON 3aBUCHUMOCTBIO, JIMOO CTATUCTHUYECKOW 3aBUCUMOCTBIO, JHOO
OBITh HE3aBUCUMBIMH.

Crporas (pyHKIMOHAJIbHAs 3aBUCUMOCTb PEATU3yeTCsl PEIKO, TaK KaK 00€ BETMUYHUHBI UIIH
0JIHAa U3 HUX MOJBEPKEHBI elle ASUCTBUIO CIyYaiHbIX ()aKTOPOB, IPUYEM CPEId HUX MOTYT OBITh
U o0miue /uig 00enx BEIUYUH, T.€. Takhe (DaKTOpbl, KOTOPbIE BO3AEUCTBYIOT Kak Ha X , Tak U Ha
Y . B 3TOM ciiyyae BO3HMKAET CTaTUCTHYECKas 3aBUCUMOCTb. Cmamucmuueckoli Ha3bIBAeTCs
3aBUCHUMOCTh, TP KOTOPOH M3MEHEHHUE OJIHOM M3 BEJIUYMH BJIEYET U3MEHEHHE pacipe/leleHUs
apyroid. YacTHBIM CilIy4aeM CTATUCTHYECKOW 3aBUCHUMOCTH SIBIISIETCSl  KOpPpPENALMOHHAs
3aBUCHMOCTb.

Ecnu cratuctuueckas 3aBUCMMOCTD MPOSBIISETCS B TOM, YTO NMPU U3MEHEHUU OJHOW U3
paccMaTpuBaEMbIX CIy4YalHBIX BEIWYMH H3MEHSETCS CpeJHEe 3HA4eHHE IPYro CiydalHON
BEJIMYMHBI, TO TaKasi CTATUCTUYECKAsl 3aBUCUMOCTD Ha3bIBACTCS KOPPENAYUOHHOU.

JUis aHanM3a KOPPENSLUOHHON 3aBUCHMOCTH BOCIIOJIB3YEMCS MemoOOM HAUMEHbULUX

keadpamog. TIpn HCIONB30BAHMM DTOr0 METOAA CyMMa KBaJgpaToB oTkioHeHmit Y, — ), (
i=1,2,....n),tne Y ; — BBIYMCIIEHHAs 110 ypaBHeHHIO (14.5) opiuHaTa, COOTBETCTBYIOMIAS

Ha6J'IIOIlaeMOMy 3HAa4YCHUK X i»a yz' — Ha6m0/:[aeMa;1 OopauHara, COOTBCTCTBYIOIIAs X ; » HOJDKHA

OBITH MUHUMAaJIbHOM. Tak Kak Ka)kJJ0€ OTKJIOHEHHE 3aBUCUT OT OTHICKHBAEMbIX TapaMETPOB, TO U
CyMMa KBaJIpaTOB OTKJIOHEHUH eCTh (PYHKIIUS 3TUX apaMEeTPOB:

F(p,b)y=Y (¥, -¥)

NI

n

F(p,by=Y (px, *b=1)".
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JUs  OTBICKAHMS ~MMHMMyMa [IPMPaBHSEM HYJIIO COOTBETCTBYIOIIME  4YACTHBIE
IMPOU3BOAHBIC:
[ oF 2 : b ) 0
P X, +tb—-y;)x; =
J op Z (p
i=1 .
oF "

|
— =23 (px, +b-y,)=0
lLob Z

PemnB 5Ty cucremMy JABYX JIMHEMHBIX YPAaBHEHHMH OTHOCHUTENBHO O W b , Haijuem
n . (. ()
pyx:(nzxiyi_zxi'zyi] an x?_kzxi) .;
i=1 i=1 i=1 o - )
[ n n ([ ()
p=(3 S0 -5 S ) REEE)
i=1 i=1 i=l i —

HCKOMBIC ITapaMETpPhbI:

n

i=l

)
-
)

AHaNIOrM4YHO MOXHO HAlTH BBIOOPOYHOE ypaBHEHHE IPSIMOM JIMHUU perpeccun X  Ha

X, =p,y+tec,

rne o, — BBIOOpOYHBIH K03 PuumeHt perpeccun X Ha Y .

IIpumep 1. Haiitu BbIOOpOYHOE ypaBHEHHE NpAMOM JUHUM perpeccun Y Ha X 10

JAHHBIM 77 = 5 HaAOIIIOJCHMI:
Taomnuma l.

X, 1,00 1,50 3,00 4,50 5,00
1,50 1,75 2,25

y, 1,25 1,40

CocTaBuM cieyollyl0 pacyeTHYIO Ta0uuIty 2.
Haiinem nckomblie mapamerpsl u3 cooTHorienui (14.9) u (14.10):

Pr =(5-26975 —15-8,15)/(5-57,5-152)=0,202 ;
b=(57.5-815 -15-26,975 ) /(5-57.,5-152 ) = 1,024 .

Hanuiem nckoMoe ypaBHEHHE TIpAMO iuHuu perpeccur ¥ Ha X :

y=0,202 x +1,024 |

Tabnuma 2.
X Vi x,-2 X Vi
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
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D x, =I5
i=1

=8,15

=57,50

D xy,

~26.975

1

ITpn GonpiioM uyuciae HaOMIOAEHUI ONHO M TOKE 3HAUEHHE X MOXKET BCTPETUTCSA 1

pa3, OJHO MW TOXC 3HA4YCHHUC y — nypas, OoaHa M Ta XK€ IIapa YHUCCII (X, y) MOXKET

HaOJII0JaThCs n. pas. [TosToMy nanHble HAOMIOACHUH CIEAyeT TPyNIUPOBaThb, Ui ATOTO

MOACUYUTBIBAIOTCS YaCTOTHI 11 _, 71 n _ . Bce crpynnupoBaHHbBIC JaHHBIC 3aIIMCBIBAOTCA B BUJIC
X Xy

y?

TaOJINIIBI (manpumep, Tabimima 3), KoTopasi Ha3bIBaCTCS KOPPEIAYUOHHOLL.
Tabnumal.
X
n
Y 10 20 30 40 y
0,4 5 — 7 14 26
0,6 — 2 6 4 12
0,8 19 — — 22
n. 8 21 13 18 n==~6

B nepBoii cTpoke KoppessIIMOHHON Ta0aUIBl yYKa3aHbl HaOmogaembie 3HadeHus (10; 20;
30; 40) mpuznaka X , a B mepBoM crosdiie — Habromaemeie 3nauenus (0,4; 0,6; 0,8) npusHaka
Y . Ha nepeceyennu cTpok u CcTONOIOB HAXOAATCS YaCTOTHI 71 . HAOJI0/TAEMBIX TIap 3HAYCHUN
MIPU3HAKOB.

B nocnennem cronbiie 3anucanbl CyMMBI 4aCTOT CTPOK, @ B MOCTEAHEN CTPOKE — CYMMBI

4acTOT CTOJIOIOB. B KileTke, pacrnonoKeHHON B HIDKHEM MTPaBOM YTy TaOIUIIbI, TOMEIeHa
CyMMa BCE€X 4acToT, T.€. o0IIee 4uciio Bcex HabmoaeHuid 71 . O4eBUIHO, YTO

an:Zny=n.

Terneps onpeenuM napamMeTpbl BEIOOPOYHOTO YPABHEHUS TPSIMOI TMHUK perpeccuu Y

Ha X B ciydae, Korja MOJYy4eHO OOJBIIOE YHCIO JAHHBIX  (IPAKTHYECKH  JUIS
YAOBJIETBOPUTENILHOM OLIEHKH MCKOMBIX ITapaMeTpOB AOHKHO ObITh XOTs Obl 50 HaOmoaeHuit),
CpeaM HUX €CTh IMOBTOPSIONIUECS, U OHU CTPYNIHUPOBAaHbI B BU/I€ KOPPEIALMOHHON TaOIUIIBI.

N3 cuctemsl (14.8) MOKHO MOTYUYUTH CIEAYIONMIYIO CUCTEMY:

( n

1P 2%

<| i=1 )

pyxzxi'i‘nbzzyi

[
X=2x~2y=zywzxz=zxz

I[HH MMPOCTOTHI IPHUHAB 0003HaYCHHS Z i

n n
+ bz X = Z X Vi
-1 i=1

i=1

i=1 i=1
n
X/
s Z Xy — Z X;y, W BOCIHOJb30BAaBIINCh COOTHOIICHUSMH X = ) y= )
i=l1
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e 2
xz _ Zx 4 , > xy => n_xy (B TPENOIOKEHMH, 4TO mapa HHCeN (x, )

Ha0Jr01a1ach n,, pa3), mojaydaem
[ 2 “h —
<|nx P, +nxb=>Yn_xy

lxp, +b=y
Bropoe ypasuenue cuctemst (14.13) mpeobpasyeM K BUgy b = y — x p ,» 1 TIOJICTaBHB
MpaByI0 4YacTh OJTOrO PAaBEHCTBA B ypaBHEHHE ) = P, X + b, monyunm crenyomee
COOTHOIIIEHUE
V.= y=p,(x-x).
HaWJeM U3 CUCTEMBI BBIOOPOUHBIN KOd(PUIIMEHT perpeccun Pt

anyxy —nxy Z n,xXy —nxy

AN

Py = n@_(;)z) I’l(;j

YMHOKUM 00€ 4acTH 3TOTO paBEHCTBA Ha Ipo0b O / G
X y

o Smw-nxy
pyx"" B o~
( no «
y X y

O603naunM IpaByIo YacTh paBeHcTBa (14.15) uepes 7 :

-nxy
_ 2 myw T xY
ry = — .
no ¢
X
Torma nomyyaem
( y
Py =T~
o
X
OxoHYaTeIbHO MOJIYYUM BHIOOPOYHOE YpaBHEHHE MpPSIMOW JIMHUU perpeccun Y Ha X
BUIa
. _ o, _
y,=y=ry—=—((x-x)
(o2

X

AHAJOTHYHO MOKHO HAWTH BRIOOPOYHOE YPABHEHHUE IPSIMOU JTMHHK perpecchd X pa YV

~

_ _ o _
xy—x=”BT(y—y)'
O-y
3aoanua:
3ananue 1. YcTpolcTBO COCTOUT U3 TPEX HE3aBUCHUMO pabOTaroluX 3J1eMeHTOB. BeposT-
HOCTb OTKa3a Ka)KJO0ro 3J€MeHTa B 0JHOM onbiTe paBHa 0,1. CocTaBUTh 3aKOH paclpeesieHus
YHClia 0TKa3aBUINX AJIEMEHTOB B OJJHOM OTIBITE.
3ananue 2. B maptuu 10 % HectanmapTHbIX netaneil. Hayran orobpans! 4 neranu. Hanu-
caThb OMHOMUAJIbHBIN 3aKOH pacrpeesieHus: JUCKPETHOM Cily4aiiHO BEeIMYMHBI — YMCIIa HECTaH-
JApTHBIX JIeTaleil cpein 4YeThIpEX OTOOPAHHBIX U MMOCTPOUTh MHOTOYTOJIBHUK IOJIyY€HHOTO pac-
Hpe/IeEHUsL.
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3ananue 3. JluckpeTHas ciiy4yaiiHas BEIMYMHA X TNPUHUMAET TPU BO3MOYKHBIX 3HAUEHUS:

x, =4 C BEPOATHOCTBIO p =0,5 x, = 6, C BEPOATHOCTBIO , —0,3 U X; C BEPOATHOCTBIO P;. Haiitu

X, u p3,snas,aro M (X)=8.

3aganne 4. J[lan nepedeHb

3HAQYEHUN JUCKPETHOMN

CIIy4yallHOM BEJIMYUHBI X :

x, =-1,x, =0,x, =1, a Takke U3BECTHBI MaTEMATUYECKHE OKMIAHUSA CAMOM DTOM BEIMYUHEI

u e€ kBaapara: M (X)=0,1, M(X?)=0,9. . Haiitu BEPOSITHOCTH pl, pz, p}. .

pe3yNbTaTe UCTbITaHKs BEIMYMHA IPUMET 3HaUCHUE, 3aKII0YEHHOE B HHTEpBae (2,3).

3amanue 5. CayyaiiHas BeMUUMHA X 3a/1aHa QyHKUIUEH pacrpeaeneHus:

[ 0 x <1

|l
F(x):%_x—_ -1<x<5

|4 4

|L 1 x>5

E

HaiiTu: a) mioTHOCTh pacnpeaeneHus cily4aiiHON BeJIMYMHbBL; 0) BEPOSITHOCTb TOT'O, UTO B

3ananue 6. Haiitu BEIOOpOYHOE ypaBHEHUE MPSMOM JIMHUU perpeccud ¥ Ha X 10 JaH-
HBIM, IPUBEIEHHBIM B CJIEyIOIIEH Ta0nuLie:

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 0
n, 4 14 46 16 20 =100

YHH.

Bonpocwl ona cobecedosanus:

1

2
3
4

~N O W

. HucnoBsie XapaKTCPUCTUKU JUCKPETHBIX U HCIIPCPBIBHBIX CHy‘I&ﬁHBIX BCJIIMYHH.

. MaremaTudeckoe OKHIaHue AUCKPECTHBIX U HECIIPEPBIBHBIX CHy‘I&ﬁHHX BCJIIMYHH.

. I[I/ICHGPCI/I?I AUCKPETHBIX U HEIMTPCPBIBHBIX CJ'Iy‘I&fIHI:IX BCJIIMYHUH.

. CpenHee KBaJpaTUYECKOE OTKJIIOHEHHE AUCKPETHBIX U HEMPEPBIBHBIX CIIy4YaliHbIX BEJIU-

. Metoa HauMeHbIIUX KBaJgpaToB.

. Koppensiironnas Tabnuua.

. Be1bopouHoe ypaBHeHUE NPSIMO JIMHUU pPEerpeccuu.
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Ilpakmuueckan paooma Ne8. Ocroswl 86100pOUHO20 MemMOOa u I1eMEHMbl CHAMU-
CMUYecKoil meopuu OUeHUBAHUAL.
IJens: 3axpenuTh NOHATUS BEIOOPOYHON COBOKYITHOCTH, BRIOOPOYHOH (DyHKIMU pacrpe-
JIETICHMSL.
OcHoevl meopuu:

IIpeomemom mamemamuyeckou CMaAMUCMuKU A6IAemMcs CO30aHue Memooos coopa u
00paboOmMKU cCMmamucmuyeckux OaHHuIX OJisl ROAYYEeHUs. HAYYHBIX U NPAKMUYECKUX BbIBOO0S.

MatemaTrnueckasi CTAaTUCTHKA OIIUPAETCSI HA TEOPUIO BEPOSTHOCTEMN, U €€ LIEJIb — OLIEHUTh
XapaKTePUCTUKHU TeHEePaIbHON COBOKYITHOCTH 110 BEIOOPOYHBIM JIaHHBIM.

Ecmu  Tpebyercss W3y4uTh COBOKYMHOCTb OJHOPOAHBIX OOBEKTOB OTHOCHUTEIBHO
HEKOTOPOT0 TMPHU3HAKA, XapaKTePU3YIOUIEr0 53TU OOBEKTbI, TO €CTECTBEHHBIM SIBJISIETCS
IPOBE/ICHUE CIUIOIIHOTO 00CIE0BAHMS, T.€. 00CIeI0BaHNE KaXKJ0T0 U3 00bEKTOB COBOKYITHOCTH
OTHOCHUTEIIHO 3TOTO Ipu3HakKa. Ha mpakTuke, oJlHaKoO, MPOBEACHHUE CIUIONIHOIO 00CIeI0BaHuUs
0 TEeM WM WHBIM TPUYMHAM YacTO OBIBACT HEBO3MOXXHBIM. B Takux clydasx ClIy4aiHO
OTOMPAIOT U3 BCE COBOKYIMHOCTH OIMPAaHUYCHHOE YMCIIO OOBEKTOB M MOABEPratOT UX U3YUYCHUIO.

Buvibopounoii  coeoxynHocmvio WO TPOCTO  8bIOOPKOU HA3BIBAETCSA COBOKYITHOCTH
CIly4ailHO OTOOpaHHBIX OOBEKTOB. [ enepanbHOU COBOKYNHOCMbIO HA3bIBAETCSI COBOKYIIHOCTH
00BEKTOB, U3 KOTOPBIX MPOU3BOAUTCS BbliOOpka. Hampumep, ecnu Bce cTyaeHThl Hamorosoit
aKaJeMUu — 3TO TEeHepajbHas COBOKYIMHOCTb, TO CTYICHTHI KaKOH-IMOO TPYIIbI SBISIOTCS
BBIOOPKOIA.

O6vemom COBOKYITHOCTH (BHIOOPOYHON HITM T€HEPATbHOW) HA3BIBACTCS YUCIO OOBEKTOB
3TOM coBOKymHOCTH. Hampumep, ecnu u3 1000 nmeraneit otoOpano mis obcnemoBanus 100
JeTaneu, To o0beM reHepaibHoil coBokynmHoctd N = 1000 , a o0beM BbiOOpKH - = 100

[Ipu coctaBiaeHnr BEIOOPKH MOKHO TIOCTYTIATh AIBYMSI CIIOCOOAMH: TIOCJIE TOTO, KaK 00BEKT
0TOOpaH W HaJl HUM IIPOU3BE/ICHO HAOIIOICHNEe, OH MOXKET OBITh BO3BpAIIleH TMOO HE BO3BpaIlleH
B TEHEpaJbHYI0 COBOKYINHOCTb. B 3aBUCHMOCTH OT 3TOro BBIOOPKHM MOJPa3IeNsioTCs Ha
MOBTOPHBIE U OECITOBTOPHBIE.

Ilosmopnoti Ha3bIBalOT BBIOOPKY, NMPU KOTOPO OTOOpaHHBIH OOBEKT (Iepen oTOOpOM
CJIETYOIIIETO0) BO3BPAIIAETCS B TEHEPATBbHYIO COBOKYITHOCTD. becnosmopHoti Ha3bIBAIOT BEIOOPKY,
IIPU KOTOPOI 0TOOpaHHBIN OOBEKT B T€HEPATIbHYIO0 COBOKYITHOCTh HE BO3BPAILIAETCS.

J5is Toro, 4ToOBI MO JaHHBIM BHIOOPKHM MOKHO OBLIO JOCTATOYHO YBEPEHHO CYAHUTH 00
MHTEPECYIOIIEM MPU3HAKE TeHEPaAIbHOM COBOKYITHOCTH, HEOOXOIMMO, UTOOBI OOBEKTHI BBIOOPKU
MPaBUJIBHO €ro MpeACTaBIsIu. [IpyruMu cioBaMu, BBIOOpPKa JOJKHA MPABUIBHO MPEICTABIATh
IPONOPLUU TI'eHEepalbHOW COBOKYMHOCTH, T.€. BBIOOpKa JIOJKHA OBITH penpezenmamusHou
(npeocmasumenvhoii).

B cuny 3akoHa OoJpIIMX YHMCENT MOXHO YTBEPXKIaTh, YTO BBIOOpKa Oyner
pPENpe3eHTaTUBHOM, €ClIM KaXIblii OOBEKT BBHIOOPKHM OTOOpaH CIly4allHO W3 TeHEepalbHOM
COBOKYITHOCTH B NPEATONI0KEHUH, UTO BCE OOBEKTHI HMEIOT OJJUHAKOBYIO BEPOSATHOCTH NOMACTh
B BBIOODKY.

Cratuctuueckoe pacnpejeneHue rpadpuyeckl MOXXHO M300pa3uTh pa3M4YHBIMHU CIIOCO-
0amm, B YaCTHOCTH, B BH/JIE TIOJTUTOHA H TUCTOTPAMMBI.

Ilonuconom uacmom Ha3bpIBa€TCAd JIOMaHas, OTPE3KH KOTOPOM COEIUHSIOT TOYKH

(x5 n;), (x,; n2), .., (x,; n,).Jlns NOCTPOEHNS MONMIOHA YACTOT HA OCH abCIHCC
OTKJIaAbIBaAOT BapHWAHTBI xi , @ Ha OCH OpAWHAT — COOTBCTCTBYIOIIUC MM YaCTOTBI n i Touku

(X i s n i ) COCAUHAIOT OTPE3KaMHU MPAMBIX U IMOJIYYarOT MMOJIMT'OH YaCTOT.
Ilonueconom omuocumenvHvix 4acmom Ha3bIBACTCS JIOMaHas1, OTPE3KU KOTOpOI>'I cocau-

mstot toukn (x5 W), (x,5 W), .., (x,; W, ). Ilonuron OTHOCHTEIBHBIX YacTOT
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CTPOUTCS aHAJIOTUYHBIM TOJUTOHY YacToT oOpa3oM. Ha puc. n3o0pakeH MOJUTOH OTHOCUTENb-
HBIX YaCTOT CJEIYIOIIEr0 pacpeeIeHUs:

Taonumal
X, 2 4 6 8
w. 0,1 0,5 0,25 0,15
W,
06 +
05 |
04 +
03 |
02 +
01 1 X;
0 f } } } {
0 2 4 6 8 10

Puc. 1. Ilonurod oTHOCUTEIBHBIX YacTOT.
B ciydae HenpepbIBHOTO MpH3HaKa 11eJIeco00pa3Ho CTPOUTh THCTOTpaMMy, JIJIs 4Yero UH-
TepBaj, B KOTOPOM 3aKJIIOYEHBI BCE HAOIIOJaeMble 3HAUEHUS NpHU3HAKA, pa30OMBAETCs Ha HeE-
CKOJIBKO YaCTHUYHBIX UHTEPBAJIOB IJIMHOW /2 W ISl KQXJO0TO YaCTUYHOTO MHTEPBAa HAXOAUTCS

N, — CyMMa 4acTOT BapMAHT, IIONABIINX B -1 HHTEPBAIL.

T'ucmozpammoii wacmom Ha3bIBAE€TCS CTyNEeHYaTas GUrypa, COCTOSIIIAst U3 MPIMOYTOJIb-
HUKOB, OCHOBaHUSIMHU KOTOPBIX CIY>KaT YaCTUYHbIE MHTEPBAJIbI JJIMHOIO /1 , @ BBICOTHI PaBHbI OT-

HOIICHHIO nl. /h . [[J'Iﬂ IIOCTPOCHUA THCTOIpaMMbI 4aCTOT Ha OCHU a6CI_[I/ICC CIICAYCT OTJIOKHUTDH

YaCTUYHBIC UHTCPBAJIbI, 4 HAJl HUMU IIPOBCCTHU OTPE3KU, ITApPAJIJICIIbHBIC OCHU a6CIlI/ICC Ha pacCTosd-
HHNH I’ll- /h .

[l10L@ b i-ro YaCTHYHOTO IPSIMOYTOJIbHUKA paBHa /1 1, / h = n, — cymme yacTor Ba-

PHMAHT i-r0 UHTEPBAJIA; CIEA0BATEIBHO, NI0WA0b CUCOSPAMMYL YACMOM PABHA CYyMMe 8CexX 4a-
cmom, m.e. 00bemy 8blOOPKUL.

Tabnuma?
. Cymma gactoT OTHOCTE
HacTiamblii BapUAHT YaCTHYHOTO
UHTEpBaJ IJIMHOIO /=5 HHTepBANa 1, 4acTOThI /1, / h
5—10 4 0,8
10— 15 6 1,2
15—20 16 32
20 —25 36 7,2
25 —30 24 4,8
30 —35 10 2,0
35—40 4 0,8

Ha puc.2 nzo6pakeHa ructorpaMmma 9acToT pacipeielieHus, 3aJaHHbIX B TaOJIHUIIE.
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n/h

O = N W hHh oo N O
I

| 1 -

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

Puc.2. 'ucrorpamMma 4acToT pacnpe/iesieHusl.
l'ucmozpammori omrocumenvuvix Yacmom Ha3bIBAETCS CTyNeHYaTas (GUrypa, cCocTosas
13 NIPSIMOYTOJIbHUKOB, OCHOBAHUSIMU KOTOPBIX CITY’KAaT YaCTUYHbIE HHTEPBAJIbI IJIUHOIO /1 , a BbI-

COTBI paBHbI OTHOLICHHIO WV / h . TuctorpaMMa OTHOCUTEIBHBIX YaCTOT CTPOUTCS AHAJIOTHYIHBIM
TUCTOrPaMMe 4acTOT 00pasoMm.
[l0w@ap i-ro YaCTHYHOTO NPSMOYroNbHUKa pasHa f W, / h =W, — cymme otHocn-

TEJIbHBIX YaCTOT BAPUAHT i-I'0 MHTEPBAJIa; CIIE0BATEIbHO, NI0WAOb 2UCTNOZPAMMbL OMHOCUMENb-
HbIX YACMOM PAGHA CYyMMe 6CeX OMHOCUMENbHBIX YACMOMm, M.e. eOuHUYe.

Ecnu tpeOyercs U3yuuTh KOJTMUYECTBEHHBIN NPU3HAK T'€HEpaibHON COBOKYITHOCTH, TO
BO3HHUKACT 3a/]ja4a OLEHKH [1apaMeTPOB, KOTOPBIMU OIIPENENIAETCS paclpeieeHnue 3TOro MpHy-
3Haka. Hanmpumep, eciu Haniepea U3BECTHO, YTO U3yUYaeMblil IPU3HAK paclpe/eieH B TeHepab-
HOM COBOKYIHOCTH HOPMAJILHO, TO HEOOXOIMMO OLIEHUTH (IIPUOIMKEHHO HAWTH) MaTeMaTuye-
CKO€ OKUJAHUE U CpeHee KBaIpaTHYEeCKOe OTKIOHEHHE, TaK KaK 3TH J[Ba apaMeTpa MOJIHO-
CTBIO OIIPEACISAIOT HOPMAJIBHOE PACIIPEICIICHUE.

OOBIUHO UMEIOTCS JIUILB JaHHbIE BBIOOPKH, HAIIPUMEP, 3HAYEHUsI KOJIMYECTBEHHOT'O PH-

3Haka X, X2, .., X, , IOJy4EeHHbIE B pe3ynbTaTte X HaOII0IeHUH, NpUYeM 3TU HAOMIOAECHNSA

n 2

npeamnojaaratoTcsa HE3aBUCUMBIMHU. Ilepe3 9THU JAaHHBIC U BBIPAKACTCA OLICHUBACMBIi napameTp.

PaccmatpuBast X, X, , ..., X, Kak He3aBHCHUMbIe CTydaitnble Benuuuuel X |, X ,, ..., X

n?
MOKHO CKa3aTh, YTO HAXOXKAECHUE CTATUCTUYECKON OLIEHKU HEU3BECTHOI'O IIapaMeTpa TEOpeTHuye-
CKOT'O pacipe/ieleHNsl paBHOCUIIBHO HaX0XACHUIO (QYHKIIUU OT HAOJI0JaeMbIX CITy4YallHbIX BEJIH-
YMH, KOTOpas M JaeT NpUOJIMKEHHOE 3HayeHue OleHMBaeMoro mnapamerpa. Hampumep, ans

OLICHKM MaTeMaTHYeCKOr0 OXXKUJAHHUS HOPMAJbHOTO pAacCHpeleNieHUusl CIYXUT (yHKIHS

X=X, +X,+...+ X)) / n , KOTOpas sBJISETCs CPeJHUM apu(pMETHUECKUM HalIoa-
€MbIX 3HaYECHUH NIPU3HAKA.

Takum obpasoM, cmamucmuyeckoll oyeHKoll HeusgecmHo2o napamempal) TeopeTude-
CKOro pacmpezneneHus HaspiBaetca Qynkuua § =0 (n) =60 (X,, X,,...,X,) oOT

HaOJIOJaEMBIX CITyYalHBIX BEIMYUH, KOTOPAs B OMPEICICHHOM CTATHCTHYECKOM CMBICTIE OJIM3Ka
K UICTUHHOMY 3HAQYEHUIO 3TOr0 IIapaMeTpa.

Baxxnaeimmmu cBOMCTBaMU CTAaTHCTHYECKON OIEHKH, ONIPEACIISIONIMME €€ OJIM30CTh K MC-
TUHHOMY 3HAYEHUIO OLIEHMBAEMOTO NapaMeTpa, SIBJISIIOTCS CBOMCTBA HECMEIIEHHOCTH, COCTOS-
TEIbHOCTU U 3(PPEKTUBHOCTH.

[IycTb renepanpHast COBOKYITHOCTh M3Y4YaeTCsl OTHOCUTENIBHO KOJIMYECTBEHHOIO ITPU3HAKA
X

I'enepanvhoii cpedneli X . Ha3bpIBAETCA CpeAHEE apu(PMETHYECKOE 3HAYCHN I PU3HAKA Te-
HEpaJIbHOW COBOKYITHOCTH.

Ecmu Bee 3HaueHust X,, X2 , ..., X, [IPU3HAKa FeHEPAIIbHOM COBOKYMHOCTH 00bema [N
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Pa3IMYHBI, TO TeHEepalbHAs CPEIHASA PaBHA
Xp=(x +x, +... +x,)/N.
Ecnu e 3HaYeHUs OpU3HAKa X,, X2, ..., X, HMCIOT COOTBETCTBEHHO 4acTOTH [V |,
Ny ,...,N, ,npuuem N, + N, +... + N, = N , 10 B 9TOM Cilydae reHepaabHas CpeIHss

paBHa
X, =(x,N,+x,N, +...+x,N,)/N .
Ecnm paccmatpuBath 00cieayeMplid mpu3HaKk X reHepabHOM COBOKYITHOCTH KaK CITydaii-
HYIO BEJIMUKHY, TO MOKHO CJI€JIaTh BBIBOJI, YTO MaTeMaTUYECKOE OXKUAaHUE TPU3HAKA PaBHO Te-
HEpaJbHOU CPETHEN TOro MpU3HaKa:

X, =M(X).
ITycTs Teneps A U3y4eHHs T'eHEepalbHOI COBOKYITHOCTH OTHOCUTEIBHO KOJIMYECTBEH-
HOTO NpHU3HaKa X u3BjIedeHa BbIOOpKa oObema 71 .

Buibopounoii cpeoneti X ; Ha3bIBAETCA CpelHEe apu(hMETHUECKOE HAOIIOaEMbIX 3HaYe-
HUM NpU3HaKa BHIOOPOYHON COBOKYITHOCTH.
Ecmu Bee 3Hauenus X,, X2, ..., X, NpU3HaKa BBIOOPKKM 00bEMA /1 PA3IMYHBI, TO BBIOO-

pOuHas CpeHss paBHA

X =(x,+x, +... +xn)/n.
Ecam xe 3HaueHUs IMpU3HaKa xl 5 x2 5 eee s xk HMCIOT COOTBETCTBCHHO YaCTOTbI I’ll , I’l2 ,
.., N, ,OpudeM N, + n, +... + 1, = N ,TO B3TOM ClIyuae BHIOOPOYHAs CPE/HSS PaBHA

Xp = (xn, +x,n, +...+x,.1, )/n

58105 ) (Zk: \|
B_Kl._l i i} :

Tenepanvhoii oucnepcueti D, HaspiBaeTcst cpesiHee apu(pMETHIECKOE KBaJPaTOB OTKIIO-
HEHUH 3HAUYEHWH IIPU3HAKA T€HEPATbHOM COBOKYITHOCTH OT UX CPEIHETO 3HAYEHUS X - .

Ecnu Bee 3Hawenus X, X7 , ..., X, NPHU3HAKA T€HEPAILHON COBOKYITHOCTH 00beMa N

pa3IMYHBI, TO TeHEpaIbHAs TUCIICPCUsT PaB
[ )
Dr:|2(xi_xr)| N-
i )

Ecnu ke 3HAaYCHUS NpU3HAKa X,, X2, ..., X, HIMEIOT COOTBETCTBEHHO 4acTOTs [V |,

Ny ..., N, ,opuaem N, + N, +... + N, = N , 10 BOTOM Cly4ae reHepabHas ICIIep-

> )
Dr:| xi_;f)Ni| N -
e j

FeHepanbezm cpeOHuM Kea()pamulteCKuM OMKJIOHEeHUeM Ha3bIBACTCA KBa)IpaTHI)IfI KOpPCHb

nu3 FCHCpaHBHOﬁ AUCTICPCHUHN:
O, =+D[ .

IIpumep 1. ['enepanbHas COBOKYIMHOCTb 3aJlaHa ClIeAyIolIel Tabauiel pacrpeaeeHus:
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X 2 4 5 6
8 9 10 3

Haiit reHepanbHy0 JUCHIEPCUIO U TEHEPAIIBHOE CPEHEE KBAAPATUUECKOE OTKIIOHECHHUE.
Pemenue. Haiiiem reHepalibHy10 CpEIHIONO:

:2-8+4-9+5-10 +6-3 _120 _4
8+9+10+3 30

Haitnem renepalibHy10 JUCIIEPCUIO:

(2-4)2-8+(4-4)?-9+(5-4)7-10 +(6-4)?-3 54 g

30 30
Haiinem renepaibHOe cpeHee KBaIpaTUIECKOE OTKIOHEHHE:

o, =~/D, =+/18 ~134.

Bwibopounoti ducnepcueii D, HassBaetcs cpeaHee apudMeTHYECKOe KBAJPATOB OTKIIO-

r

r

HEHUI HaOJI0JaeMbIX 3HAYEHU I TPU3HAKa BBIOOPOYHOM COBOKYITHOCTHU OT UX CPEIHET0 3HAYECHUS

X,
Ecnm Bce 3Ha4eHus X,, X, , ..., X, IpU3HaKa BEIOOPKU 0ObEMa /1 PA3IUYHBI, TO Bbl-
0opoYHas AMCIEPCUs PaBHA i
( 2
DB:| (xi_xB) | /n-
= )
Ecnu xe 3HaueHuA IIpHU3HaKa .xl , x2 5 eee s xk HMCIOT COOTBCTCTBCHHO 4aCTOTHI I/ll , n2 ,

.., N, ,0pudemM Ny + N, + ... + N, = N, TO B 3TOM Clly4ae BEIOOPOYHAs TUCIIEPCHS PABHA

DB:| xi_)?B) | /n-
e

Bbl60p0’~lelM cpe()HuM Kea()pamuquKuM OMKJIOHEeHUem Ha3bIBaCTCs KBaI[paTHBIﬁ KOpPCHb

nu3 reHepanLHoﬁ AUCIICPCUH:
oy =+D; .

IIpumep 2. BeiGopouHasi COBOKYIHOCTb 3aJlaHa clieytoliel Tabnuieil pacipeaeneHus:

X, 1 2 3 4

1

n. 20 15 10 5

1

HaiiTi BBIOOpOUYHYIO TUCTIEPCHIO U BBIOOPOUHOE Cpe/lHEee KBAAPATUIECKOE OTKIIOHEHHE.
Pemenue. Halimem BEIOOPOYHYIO CPETHIOKO:

_1-20+2-15+3-10+4-5 100 _»
20 +15+10 +5 50

Haiinem BEIOOPOYHYIO TUCTIEPCHIO:

C(1-2)2:20 +(2-2)2-15+(3-2)2-10 +(4=-2)*-5 50 _

B

D

50 50

B
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Haiinem BeIOOpOUHOE Cpe/iHEe KBAAPATUUECKOE OTKIIOHEHHE:

o,=~D, =1 =1.
Terneps mycTh TpeOyeTCs MO JaHHBIM BEIOOPKH OLCHUTH HEM3BECTHYIO T€HEPATBHYIO IUC-

nepcuro D - - BeiOopounas nucnepcus D 5 ABIAETCH CMELIEHHON OLIEHKOM D r » TaK KaK
n-—1
M(D,)=——D
n
Ecnu ke B kauecTBe OLICHKU TeHEPATBHON TUCTIEPCUU IPUHSATD UCHPABTIEHHYIO OUCNEPCUIO

re

s2, KOTOpas HONy4aeTcs ImyteM ymHOxeHus [ , Ha apoGb 1 / (n —1), 1o ona Gyzer necme-

> )
Z(xi—)?B)l’li|

IIEHHOW OLEHKOU TeHepaIbHOM zmcnepcz/m. [Tonyuaem
k

|

n _ n Ki:l ) ‘ — \2

2= D - = P — i —

’ n-1 " n-1 n |K§(x xB)nj (n=1)

u

n —_—

M(S2)=M( ! DBL—M(DBFL.” 'p =p,.
\n-1 ) n-1 n—1 n

Nwmeercs 1Ba criocoba OLIEHKU MMapaMeTpoB: TOUEUHbIM U MHTepBaibHbIA. ToueuHble Me-
TOJIbl YKa3bIBAIOT JIMILIb TOYKY, OKOJIO KOTOPOH HaXOJWTCS HEM3BECTHBIM OLlEHMBAeMbli mapa-
meTp. C MOMOIIBI0 UHTEPBAIBHBIX CIIOCOOOB MOXKHO HAalTH MHTEPBAJ, B KOTOPOM C HEKOTOPOM
BEPOSITHOCTBIO HAXOJUTCS HEM3BECTHOE 3HAYEHUE ITapaMeTpa.

Toueunoti Ha3pIBaETCS OLIEHKA, KOTOpas onpeaensercs oqHuM ducioM. I1pu Beibopke ma-
J0ro o0beMa TOYEYHas OLIEHKAa MOXET 3HAUUTENIbHO OTIMYAThCS OT OLICHMBAEMOIO Mapamerpa,
T.€. IPUBOJUTH K TPyObIM omuOkam. [1o 3Tol npuuuHe npu HEOONBIIOM 00beMe BEIOOPKHU clie-
Jy€T M0JIb30BAThCS UHTEPBAJIbHBIMU OLICHKAMHU.

HnumepeanvHou Ha3bIBa€TCS OLIEHKA, KOTOPask ONPENENAETCs ABYMsI YACIaMH — KOHIIAMHU
MHTEpBasa. MIHTepBaNbHbBIE OLIEHKH MT03BOJISIFOT YCTAHOBUTH TOYHOCTh U Ha/IEKHOCTD OLICHOK.

HYCTB HaliJICHHas 110 JTaHHBIM BBI60pKI/I CTATUCTHYCCKAA XApPaKTCPpUCTUKA 9 CIIYKUT

Hee onpeAessaeT napamerp @, yeM MeHblIe O . TouHocmsb oyeHKu XapaKTEPU3yeTCsl MOI0XKH-
TEJIbHBIM YHUCIIOM O .

OIIEHKOM Heus3BecTHOro napamerpa ¢ . Ecnmu 6 > 0 u < & , 10 onenka & Tem Tou-

O,ZLHaKO HCJIb3s KaTCTrOPUYICCKH YTBCPIKAAThH, UTO OLICHKA 0 YAOBJICTBOPSCT HCPABCHCTBY

PO 3TO HEPABEHCTBO OCYIIECTBIISICTCS.

< 5 . Cratuctuueckue MCTOABI MMO3BOJIAIOT JIMIIb TOBOPUTH O BEPOATHOCTH, C KOTO-

Haoevxrcnocmbio (0oepumensioti seposimuocmpio) onenku @ no 6 mnassiBaercs BeposT-

HOCTB J , C KOTOPO# OCymIecTBIsieTcst HepasenetBo | @ — @ | < O , T.e.

P(lo-0|<5)=7.
B xauectBe ) Gepercs uncio, OIMU3K0e K €IUHHUIIE.
0-0

s HEPABCHCTBA < 5 JICTKO MOJHO IOJIYYUTh JIBOMHOE HCPABCHCTBO

0-5<0<0+6.

Torma cooTHOIIEHUE TPUHUMAET CIEAYIOIIUNA BUT
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P(6-6<60<6+65)=y.
OTO COOTHOIIEHUE 0O3Ha4YacT clieayromee: BCPOATHOCTH  TOr0, 4YTO HHTCPBAJI

(60 — 6, 0 + O) 3akm0yact B cebe (IIOKpBIBAET) HEU3BECTHBIN MapaMeTp @ , paBHa y .

WnrepBan (0 — &, 6@ + O) Ha3bIBaeTCs 006epUmMeNbHbIM UHMEPBAIOM, KOTOPBI T10-
KpbIBACT HEU3BECTHBIN NapaMeTp ¢ ¢ 3aJaHHON HAIEKHOCTBIO ¥ .

[Iycts konuuecTBeHHBIM Npu3HaK X T'E€HEpaIbHOM COBOKYIHOCTH paclipeielieH

HOPMAaJIbHO, IIPUYEM CPEHEE KBAAPATUYCCKOE OTKIOHEHNE O 3TOr0 paclpencicHuss ¥3 B € C T
H 0. TpebyeTcs OLleHUTh HEN3BECTHOE MaTEMAaTUUECKOe OXMJlaHie ¢ 10 BEIOOPOUHON cpelHeit
x . I[ToctaBuM cBoeH 3a/1aueil HAITH JOBEPUTENLHBIE HHTEPBAIbI, HOKPBIBAKOIME HapaMeTp d C
HAaJIEKHOCTBIO ¥ .

Byznem paccMaTpuBaTh BEIOOPOUHYIO CPEIHIOI x Kak CIIydaifHyro Benuunay X (x

U3MEHSETCS OT BBIOOPKM K BHIOOPKE) M BBIOOPOUYHbIE 3HAUEHUS NPU3HAKA X,, X2, .., X, —

KaK OJMHAKOBO PacIpe/IeleHHbIe ciydaiinbie Bemnunael X |, X ,, ..., X (3T 4ucna raoke

U3MEHSIOTCS OT BBIOOPKHU K BBIOOPKE). MaTemMaThueckoe OKUAAHUE KaKION U3 3TUX BEJIUYUH
paBHO d M CpelHEE KBAIPaTHYECKOE OTKIOHEHHE — O ..

Tomydaem, UTo IApaMeTPhl pacipeeieHns X  ClemylomHue:

M(X)=a, o(x)=0/n.

HOTpe6yeM, YTOOBI BBITOJHII0CH COOTHOIIIEHHE

P()?—a}<§):7/,

rac y — 3alaHHas HaACXKHOCTD.

Ucnone3ysa popmyny c 3ameHoit X Ha X uo no (X)=0 / ~/ n , HCTPYJIHO
IIOJIYYUTh COOTHOILIEHHE

P(X -d|<8)=206n/o)=20().
riae t = 5\/n—/0.

Hatins w3 mocienHero paBeHcTBa 0 = (o / ~/ n , MOKHO HaIlMcaTh

P(x -d/<to/In)=200).

OO6o3Hauast Ui OOIIHOCTH BHIOOPOUHYIO CPEIHIO0 BHOBb 4epe3  x,  IOJydyaeMm
COOTHOIICHMA
D(t)=y/2
n

P(E—to/\/;<a<f+ta/\/;):7/.

3HAUMT, C HAJEKHOCTBIO ¥ MOXHO YTBEPIKIATh, YTO JOBEPUTENbHBIA HHTEPBAT
(x —to / Nno, x4+ tG/ /1) TIOKpBIBAa€T HEW3BECTHBIH Tapamerp ( , TpU 3TOM

TOYHOCTH OICHKH paBHa o= to /”\/ n , ayucio f OIIPEACIIACTCA U3 PABCHCTBA 110 Ta6J'II/II_[C

¢yukuuu Jlamnaca.
IIpumep 3. CayuaiiHasg BelMYMHA XWMEET HOPMAJIbHOE DPACIPECICHUE C U3BECTHBIM
CPEIHUM KBaJPAaTUYECKUM OTKIOHEHHMEM O = 3. HalTu n0BEpUTENBHBIM HHTEpBANl A

OIIEHKU HEU3BECTHOI'O MATEMATUYECKOTO OXKUJIaHUA . 110 BBI60p0‘-IH01>i CpeI[Hef/'I X7, eciIu 00beM
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BBIOOPKH 7 = 36 W 3a/1aHa HAJIGKHOCTH OIICHKU Yy = 0,95 .
Pemenue. Haiinem ¢ . U3 coorromenws (13.8) moxyaaem @D (f ) = 0,475 u no rabmuue

dyukiun Jamaca naxogum § = 1,96 .
Haiinem TOYHOCTH OLICHKU:

5 =to/~n = (1,9 -3) /36 = 0,98 .

JIOBEPUTENbHBI ~MHTEpPBal  TaKOB: ()? -0,98; x + 0,98). Hanpumep, ecmm

X = 4,1 , TO [[OBGpHTGJIBHBIﬁ HHTCPBATI UMCCT CJICAYIOUC JOBCPUTCIILHBIC I'PAHUIIbIL:

x—098 =4,1-098 =3,12; x+0,98 =4,1+0,98 =5,08.

3aoanus:

3amanue 1. BeiOopka 3a1ana B BUI€ pacipeiesieHus 4acToT:

X, 2 5

i

b; 1 3

Haiitu pacnpeneneHne OTHOCUTEIBHBIX YaCTOT.

3ananue 2. Haiitu GyHKIUIO paciipeieseH s 10 JaHHOMY pacipeesIeHHUI0 BEIOOPKHU:

X, 1 2 5

1

», 10 4 6

3ananue 3. [IocTpOUTH NOJUTOH OTHOCUTENBHBIX YACTOT MO IAHHOMY PacIpe/IeIICHUIO BbI-
OopKu:

X, 2 4 5 8
P 11 19 8 12
3ananue 4. Haiitin QpyHKIUIO pacnpeaenaeHus No JaHHOMY pacipeeeHUIO BEIOOPKU:
X, 1 2 5
P 10 4 6

3a,Z[aHI/Ie 5. HailTu MeTOJI0OM MOMEHTOB TOYCUYHYIO OLCHKY IIapaMeTpa p TCOMECTpUYC-

_ _ xi P o ..
CKOT'O pachpeielieHus PX =x,)=(-p) " P ,rhe X, - 9uClio UCTIBITaHKH, TPOBEIEH-

HBIX J0 IIOABJICHUA CO6I)ITI/I$I, p - BCPOATHOCTE MOABJICHUA COOBITHS B OZHOM HCIIBITAHUU.

3a,Z[aHI/Ie 6. Haiitn MCTOAOM MOMCHTOB TOYCYHYIO OLCHKY IIapaM€Tpa p TICOMECTpUYC-

j— j— xi -p .
ckoro pactpenenerns DX =X;) = (1-p) * P, ecliu B 4ETBIPEX OINBITAX COOBITHE TIO-

SABUJIIOCH COOTBETCTBCHHO ITOCJIC IBYX, quBIpéX, IIECTH ¥ BOCBMH MCHBITAaHUH.

3aganue 7. U3 reHepaibHOI COBOKYITHOCTH M3BIIeUeHA BEIOOpKA 00bEMa 71 = 50 .

X, 2 5 7 10

i

n, 16 12 8 14

i

Haiitn HecMelEHHY10 OLIEHKY I'eHEpaJbHOW CPEAHEM.
3ananue 8. HaifTu BEHIOOPOYHYIO CPEIHION MO JAHHOMY PacIpeieIeHUIO BBIOOPKH:
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X, 1240 1250 1270 1280
n, 6 2 1 1
3ananue 9. Haiitu BEIOOPOYHYIO JUCTIEPCHUIO MO JAHHOMY paclpeesieHUI0 BEIOOPKU:
X, 2 3 7 8
n, 4 2 3 1

Bonpocul ona cobecedosanus:

Br100pouHas COBOKYITHOCTb.

Bri6opounas GpyHKIMS pacpeaeieHusl.

I'ucrorpamma, IOJIUIOH 4aCTOT.

Crioco0ObI COCTaBICHUS BHIOOPKH.

Brrunciienne ToueuHbIX OLEHOK TapaMeTPOB PACIPE/ICICHUS.
Brruncnenyne nHTEpBabHBIX OLIEHOK MapaMeTPOB pacipeiesiCHHsL.

Bri0opounas cpegusisi X .

® N b=

Beibopounas aucrnepcus D, .

e

Vcnpasnennas mucrepeus S 2 .

Ilpakmuueckasa paboma Ne9. Cmamucmuueckan zunomesa. Memoowst cmamucmuue-
CKOIl npoGepKu 2unomes.
Ilens: 3axkpenuTh METO/Ibl CTATUCTUYECKON MPOBEPKH TUIIOTES.
Ocnoevt meopuu:

[Tyctb TpeOyeTcst onpeaenuTh 3aKOH pacrpeaeseH!s TeHepaaIbHOW COBOKYITHOCTH U Ha30-
BeM ero A. Eciu 3akoH pacrpeiesieHust HeU3BECTEeH, HO UMEIOTCS OCHOBAHUS TPEIIOIOKUTh, YTO
OH UMEET ONPEIETCHHBIN BU, BBIIBUTAIOT TUIIOTE3Y: T€HEpaIbHasi COBOKYITHOCTh pacipeiesieHa
1o 3akoHy 4. Takum 006pazom, B 3TOI TUIIOTE3€ PEUb UIET O BUJE MPEIOIaraeMoro pacmpeesne-
HUSL.

Bo3moxeH citydaii, Korja 3aK0H pacipe/IesIeHNs U3BECTEH, a €ro apaMeTpbl HEU3BECTHBI.
Ecnu ecth OCHOBaHMS MPENINOI0KUTh, YTO HEM3BECTHBIN MapaMeTp © paBeH ONpPEEICHHOMY

snagennio ® ¢ , o BegBHTaroT runoresy: ® = © (. Takum 06pa3oMm, B 3TOM FMIOTE3E pedb UIET

0 IpeIoiaraeMol BeIMUMHE apaMeTpa 0JTHOTO U3BECTHOTO pacIpeesIeHusI.

Cmamucmuyeckoti Ha3bIBa€TCs TUIIOTE3a O BUJIE HEM3BECTHOI'O PACIPEIEICHUS HIIA THII0-
Te3a O MapameTpax M3BECTHBIX pacmhpeneneHuid. Hampumep, cTaTUCTUYECKUME SIBISIOTCS THUIIO-
TE3bI:

1) reHepanbHas COBOKYITHOCTD paclpesiesieHa o 3akony [lyaccoHna;

2) AMcCTIepCHH ABYX HOPMalIbHBIX COBOKYITHOCTEH paBHBI MEXTy COOOH.

B nepBoii runorese cenaHo NpeArnoaokKeHne 0 BUAe HEM3BECTHOTO pacIipe/ieIeHHs], BO
BTOPOW — O IapaMeTpax ABYX M3BECTHBIX paclpeieICHUN.

Hynesoii (ocHosHoU) Ha3bIBaeTCsl BIIBUHYyTAs rumotesa 1 .

Konxypupyioweii (arnomeprnamugnotr) HassiBaercs runoresa [ |, Koropast IpOTHBOPEYHT
HYJIEBOM.
Hanpumep, eciau HysneBas TUIOTE3a COCTOUT B IPENAINOJIOKEHUH, YTO MaTeMaTH4ecKoe
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0KUJAHUE ¢ HOPMaJIBHOTO pactpenenaeHus paBHo 10, To KOHKypHpyroIIas TUIIOTE3a MOXKET CO-
CTOSATH B IPEAIOJIOXKEHUHU, UTO ¢ = 10 ; T.€. Ho:a =10; lea =10 .

IIpocmotu Ha3bBIBaeTCS TUIOTE3a, COAEPIKaIasi TOJBKO OHO Mpeanoioxenue. Hanpumep,
runoresa H o - MAaTEMaTUYECKOE 0’KUAaHNE HOPMATIbHOTO paclpeIesICHNs PaBHO 3 (O u3BECTHO)

— IIpocTas.
Cnooicnoti Ha3bpIBAETCS rumnoTe3a, KoTopasd COCTOUT H3 KOHCYHOI'O WA OECKOHEYHOT 0

yycia npocThix runores. Hanpumep, cnoxHas runotesa f1 : A > 5 cocTouT U3 GECUMCICHHOTO
MHOK€ECTBA IPOCTBIX TUnoTe3 Buna ; A= bl. , TIe bl. — J1000€e Yucio, OoJbIee 5.

Br1iBUHYTas TUTIOTE3a MOXKET OBITH MPABHIILHOW MM HETPABUIILHOW, II03TOMY BO3HUKAET
HEOO0XOIUMOCTh cmamucmuyeckoti (IPOU3BOJUMON CTATUCTUYECKUMHU METOAAMHU) MPOBEPKH
9TOM TUIIOTE3bI. B UTOTE CTATUCTHYECKOW TPOBEPKH TMITIOTE3bI MOTYT OBITh JOMYIICHBI OIIMOKH.

Owubka nep6o2o pooa COCTOUT B TOM, UTO OyZE€T OTBEPrHYTa MPABUIIbHAS TUIIOTE3A.

Owubka 6mopo2o pooa COCTOUT B TOM, UTO OyJET MPUHATA HEMPABUIIbHAS TUTIOTE3A.

JIJis IpOBEPKYU HYJIEBOUM THUITOTE3bI MCIIONB3YETCS CIICIHATBHO TO00paHHAas ClTydaiHast
BEJIMYMHA, TOYHOE WIIA TPUOIMKEHHOE pactpeie]IeHne KOTOPOil U3BECTHO. DTa CiyJaifHas BeJu-
yrHa 0003HavaeTcs uepe3 K W Ha3bIBACTCA crmamucmuieckum kpumepuem (AIH TIPOCTO Kpume-
puem).

[TpuBenem nmpuMep CTaTUCTHYECKOTO KpuTepws. Eciu mpoBepsieTcs rUmoTe3a 0 PaBeHCTBE
JUCTICPCUI JIBYX HOPMAIBHBIX I'€HEPaIbHBIX COBOKYITHOCTEH, TO B KadecTBe Kputepus K mpu-
HUMAETCsI OTHOIIICHUE MCIIPABICHHBIX BEIOOPOYHBIX TUCIICPCHIA:

_ 2/2
F—S1 S5 -

Hab6miooaemoim snauenuem K Ha3bIBACTCSI 3HAUEHUE KPUTEPUS, BBIYMCIECHHOE 10 BbI-

Haon

6opkam. Hanpumep, eciiv o 1ByM BbIOOpKaM HaiiIeHbI HCIIPABIEHHbBIE BBIOOPOYHBIE AUCIIEPCUU

812 =20 us 22 = 5, To HaOMrO1aeMOe 3HAUYCHHE KpUTepust [ paBHO

= s’ /s2=20/5=4.

[Tocne BeIOOpa OTIpeIETICHHOTO KPUTEPHS MHOKECTBO BCEX €0 BOZMOKHBIX 3HAUCHUH pa3-

OMBaeTCs Ha JIBa HEMEePECEKAIOIUXCsl TOJJMHOKECTBA: OHO M3 HUX COJIEPKUT 3HAUCHUSI KpUTE-

pusi, IPU KOTOPBIX HYJIEBAasi THUIIOTE3a OTBEPTaeTcs, a qpyras — IMPH KOTOPBIX OHA IPUHIMAETCSI.

Kpumuueckoii o61acmuio Ha3bIBa€TCSd COBOKYITHOCTh 3HAUEHUH KPUTEPHsl, P KOTOPBIX
HyJIeBasi THIIOTE3a OTBEPraeTCsl.

Obnacmoio npunuamus eunome3swvl (001aCTHIO JOMYCTUMBIX 3HAYEHUMN) HA3bIBAETCS COBO-
KYIHOCTb 3Ha4€HUN KPUTEPHUs, IPU KOTOPBIX HYyJIEBask THIIOTE3a IPUHUMAETCSI.

ITockonbky Kputepuit K — ofHOMepHas cilydaiiHasi BeJIMYMHA, BCE €€ BO3MOXKHBIE 3Ha-
YeHUs NpUHAJIeKaT HEKOTOpOMY HHTepBaily. [loaTroMy kpuTHueckas o61acTh U 006JacTh MPUHS-
THUSI TUTIOTE3bI TAKXKE SBISIFOTCS MHTEPBAJIAMH H, CIIEIOBATEIbHO, CYIIECTBYIOT TOYKH, KOTOPHIE
UX Pa3/eisIoT.

Kpumuueckumu mouxamu (rpaHUIIaMN) ka Ha3bIBAIOTCS TOYKH, OTACISIONINE KPUTHYE-

F

naon

CKYIO 00J1acTh OT 00JIacTU MMPUHATHUSA TUIIOTE3BbI.
HpCIGOCMOPOHHeZZ Ha3bIBACTCA KPUTHUUYCCKas O6.]'IaCTB, omnpeacisieMas HEPaBCHCTBOM

K > ka , TIIe ka — MOJIOKHUTEIBHOE YHCIIO.

® > K
0 k

Kp
Puc.1.
Jlesocmoponneti Ha3bIBaeTCs KpUTUYECKas o00JIacTh, OIpeaensieMas HEepaBEHCTBOM
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K < ka ,tae k 4y — OTPHIIATENLHOE YHCIIO.

0

Y
=

Puc.2.
Oonocmopontell Ha3bIBACTCS MPABOCTOPOHHSS WJIH JICBOCTOPOHHSS KPHUTHYECKash 00-
JacTh.
/Jleycmoponneii Ha3zpIBaeTCs KpUTHUYECKas o01acTh, OIpenenseMas HEpPaBEeHCTBAMH

K <k, K > k,,rtne k, > ki.B 4actHOCTH, €ClIM KPUTHYECKHE TOYKH CHMMETPUYHBI OT-

HOCHUTEJIFHO HYJIS, IBYCTOPOHHSISI KPUTHUYECKAsi 001acTh OMpeesieTcss HepaBeHCTBAMU (B TIpe/I-
MMOJIOKEHHUHU, YT0 K < —ka) K< -k , K> ka , WJIA PAaBHOCUJIbHBIM HEPaBEHCTBOM

‘K‘> kkp :

Kp

0 k

Kp
Puc.3.
JIst HaX 0K ICHUST KPUTUIECKOU 00J1aCTH TOCTATOYHO HANTH KPUTUIECKYIO TOUKY (TOUKH).
J171s HaXOXKJICHUS JKE TAKOW TOYKH 337a€TCs JOCTATOUHO Majiast BEPOSITHOCTD — YPOBEHb 3HAUU-

mocmu X . 3aTeM KpUTHYCCKas TOYKa k HeTCAa NCXO044 U3 Tpe6OBaHI/IH, YTOOBI IIpu yCJI0BUU
Kp

CIIPABEIMBOCTU HYJIEBOM TMIIOTE3bI BEPOATHOCTH TOT0, YTO KpUTEPUH K IPUMET 3HAYCHUS U3
KpUTHYECKOHN 00acTy, ObUIa paBHA PUHATOMY YPOBHIO 3HAUMMOCTH.

Hanpumep, 11 npaBOCTOPOHHENH KPUTHYECKOH 00JaCTH TOJIKHO BBIIOIHATHCS COOTHO-
LICHHE

P(K >k, ,)=0a,
JUISL IEBOCTOPOHHEN —
P(K < ka )=,
a JUIsl IByCTOPOHHEN —
P(K<k)+P(K >k, =«c.
J171 Ka)X10r0 KPUTEPUSI UMEIOTCA COOTBETCTBYIOIINE TAOIHIIBI, 10 KOTOPHIM M HAXOUTCS

KpHUTHYCCKasd TOYKaA.
Ecmm paciupeacIICHUC KPUTECPUA CUMMETPUYIHO OTHOCUTECIILHO HYJIA 1 UMCHOTCSA OCHOBAHU

BbIOpaTh CUMMETPUYHBIE OTHOCUTEIIBHO HYJIS TOYKH — ka u ka (ka > 0), TO

P(K <—-k,, )= P(K > k., ) - YUUTBIBAs 5TO COOTHOLICHHE, U3 [UIsl IBYCTOPOHHEH KpH-

TUYECKOU 00JIaCTH MOIYyYUM COOTHOIIEHUE
P(K>k,)=a/2.

Mownocmyo Kpumepus Ha3bIBAETCSI BEPOSATHOCTD IONAJaHUS KPUTEPHUS B KPUTUUECKYIO
00J1aCTh MPH YCIOBUH, YTO CIIpaBeIMBa KOHKYPHUpYIOLIas rumnotes3a. JpyrumMu ciioBamMH, MOIII-
HOCTb KPUTEpUs €CTh BEPOATHOCTH TOTO, YTO HyJIeBasl UIOTe3a OyJeT OTBEprHyTa, €CiIu BepHa
KOHKYpPUpPYIOIas TMIOTE3A.

[Tycth 115t MpOBEPKU TUIIOTE3bl IPUHAT ONpeAENICHHBIH YPOBEHb 3HAUYMMOCTH, U BEIOOpKA
umeeT pukcupoBaHHbIN 00beM. Eciu ,B — BEpPOSTHOCTh OMIUOKKA BTOPOTO POJa, T.€. COOBITUS
«TIpUHSATA HyJIEBas TUIIOTE3a, IPUYEM CIPaBEIMBa KOHKYPUPYIOIAs», TO MOLUTHOCTb KPUTEPHUS

pasna | — ,B
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Iycts MomHOCTh | — ,B BO3pACTAaET; CIEA0BATEIbHO, YMEHbBILIAETCS BEPOATHOCTD ,B co-

BEPILUTH OMUOKY BTOporo pona. Takum oOpa3zom, 4eM MOLTHOCTH OOJIbIIIE, TEM MEHBIIIE BEPOSIT-
HOCTb OIIKUOKU BTOPOTO pojia.

WTak, ecnmy ypoBeHb 3HAYMMOCTH YK€ BBIOPaH, TO KpUTUYECKYIO 00JIaCTh CIIETyeT CTPOUTh
TaK, YTOObI MOLUTHOCTh KPUTEpHs ObLIa MAKCUMAaJIbHOW. DTO MO3BOJIUT MUHUMHU3UPOBATH OLINOKY
BTOPOT'O poAa.

Jlanee nam noTpeOyeTcs pacnpenenenue Oumepa — CHenekopa.

Eciu U u V' — He3aBUCHMbIE CITyYailHbIe BEJTMYUHBI, PACTIPEIENIEHHBIE T10 3aKOHY ¥ 2
co cTerneHsiMu cBoboas! K, u K, , TO BenmuuHa
Uk
vk,

HUMeeT pacrpesiefieHue, KOToOpoe HaszbIBaeTcsipacnpeodenenuem F Quwepa — Chedexopa co

F =

crenensiMu codoapl k, u k.

CDYHKI_II/ISI INIOTHOCTH 3TOI'O paClnpeCaCICHA NMCCT BU/

[ 0 npu x <0
Jx) =y £ (=22 ,

C npu x>0
|7k, + k)P

2 1

e
F kl + kZ k1k1/2k2k2/2
2

T T(k, 2)T(k, [2)
Pacnipenenenne F onpesiensieTcs AByMs IapaMeTpaMi — YHCIIaMH CTETEHel CBOGOIbI
kiuk,.
ITycTb reHepanbHble COBOKYNHOCTH X M Y pacrpe/ieeHbl HOPMAILHO, IPHYEM HX JIHC-
TepCHH M3BECTHBL. [10 HE3aBHCHMBIM BBIGOPKaM ¢ 00bEMaMH, COOTBETCTBEHHO PAaBHBIMHU 111 1 11
, U3BJIEUEHHBIM U3 STHX COBOKYMHOCTeH, Haii/leHbI BEIGOpouHbie cpennue X u Y . TpeGyercs no

BBIOOPOYHBIM CPEIHUM IPH 3alaHHOM YPOBHE 3HAYUMOCTH (X TPOBEPUTH HYJIEBYIO T'MIIOTE3Y,
COCTOSIIYIO B TOM, YTO T€HEepaJbHbIE CpeTHIE (MAaTeMaTHUECKUE 0KUIaHHs) pacCMaTPUBAEMBbIX
COBOKYITHOCTEH PaBHbI MEX]ly COOOM:

H M(X)=M(Y).
y‘II/ITBIBaSI, qTOo BBI60pO‘-IHBIe CpeHHI/Ie SABJISAKOTCS HECMCIIICHHBIMU OLICHKaAMU reHepanL-
HBIX CPCOHUX, T.C.

M(x)=M(X), M(y)=M(Y),
HYJICBYIO THUIIOTE3Y MOXKHO 3allMCaThb TaK:
H,M(x)=M(y).
B xagecTBe kpuTepHs IPOBEPKH HYJIEBON THIIOTE3bI O PABEHCTBE TEHEPATBHBIX CPEIHUX
NMPUHHUMACTCA HOPMHUPOBAHHASA HOPMAJIbHAA cnyqaﬁHaﬂ BCIIMYHHA
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x-y
) JD(X)/n+D(Y)/m

KpI/ITI/I‘ICCKaH obnacThb CTPOHUTCH B 3aBUCUMOCTHU OT BHa KOHKypI/Ip}IIOH_[eﬁ TUIIOTC3BbI.

VA

ITepebiii cnyuaii. Hynesas runoreza H o:M (X ) =M (Y ) . Konkypupyromas rumo-
Te3aHl:M(X)¢M(Y).

B sToM ciyyae cTpouTCs ABYCTOPOHHSST KpUTHUECKass 007acTh, UCXOs U3 TPpeOOBaHMUS,

4TOOBI BEPOSTHOCTH MOMAJaHHUsI KPUTEPHUS Z B 3Ty 00JIaCTh B MPEINOI0KECHUHN CIIPABEIIIMBOCTH
HYJIEBOIl TUIIOTE3bI ObLIa paBHA MPUHATOMY YPOBHIO 3HAYMMOCTH (X .

[Tockonbky pacmpeneneHie Z CHUMMETPUYHO OTHOCHUTENBHO HYJISA, TO KPHUTHYECKHE
TOYKHA CUMMETPUYHBI OTHOCHTEIBHO HYJIIS, T.€. €CIIM 0003HAYHUTh Yepes3 z,, TPaBYIO KpHTHYE-

CKYIO0 TOYKY, TO — Z p 6y,[[€T JIEBOU KPUTHYCCKON TOYKOMU.

Haunbomnpmras MOITHOCTH KpUTEPHS (BEPOATHOCTH IMOTAIaHHS KPUTEPHUS B KPUTHUECKYTO
00JacTh NMpU CHPABEIMBOCTU KOHKYPHUPYIOIIEH TMIOTE3bl) TOCTUTaeTCsl TOI/1a, KOrjia BEposiT-

HOCTb TIONIAJIAHKS KPUTEPHSI B KOXKIBIA U3 IBYX MHTEPBAJIOB KPUTHUYECKOI 001acTH paBHa O / 2:
P(Z<-z,)=a/2, P(Z>z,)=a/2.

Jiist Toro, 4TOOR! HAUTH HPABYIO IPAHHIY z,  JIBYCTOPOHHEH KPHTHYCCKOH 00macTH, J10-
CTaTOYHO HAaWTH 3HAa4YeHUE apryMeHTta (yHKuuu Jlammaca, KOTOpOMY COOTBETCTBYET 3HAUCHHUE
(ynxmun, pasroe (1 — @) / 2:

D(z,)=(1-a)/2.
OG603HaYMM 3HAYCHHUE KPUTEPHSI, BBIYMCICHHOE 110 JaHHBIM HAOJIIOICHUIA, Yepe3 Z

Habn *

Ecmu ‘ 7z it ‘ < ZKp — HCT OCHOBAHHHU OTBCPTHYTH HYJICBYIO I'MIIOTE3Y.

ECHH ‘Z ‘ >z — HyHeBaﬂ TUIIOTE3a OTBepraeTCSI.
Habn Kp

Bropoii cryuait. Hynepas runoreza 0 M (X ) =M (Y ) . Konkypupyromas rumno-
tesa H M (X)>M(Y).
B sTOM ciydae cTpouTcst MpaBOCTOPOHHSS KpUTHYECKasi 00J1acTh, UCXO/1s U3 TPeOOBaHMS,

YTOOBI BEPOSITHOCTD MONAJaHUsI KpUTepusi Z B 3Ty 00J1acCTh B MPEAIIOI0KEHUN CIIPABEATUBOCTH
HYJIeBO TUIIOTE3bI OblIa paBHA NIPUHATOMY YPOBHIO 3HAUUMOCTH:

P(Z>z,)=«.
Jlyig Toro, 4ToObl HAUTH TpaHUIY Z, MPaBOCTOPOHHEN KPUTUUYECKOM o0iactu, A0CTa-

TOYHO HAWTH 3HAYEHKE aprymMenTa GpyHKimu Jlammaca, KOTOpOMY COOTBETCTBYET 3HAUYEHHE (yHK-
uuu, pasroe (1 — 206)/2 ;

D(z,,)=(-2a)/2.
O603Ha‘-II/IM 3HAYCHUEC KPUTCPUS, BEBIYUCICHHOC 110 TaHHBIM Ha6J’IIO)IeHI/II71, qepe3 Z

Ecm Z »

Habn °

s < Z,, — HET OCHOBAHMH OTBEPTHYTb HYIEBYIO THIIOTE3Y.

Ecm Z >z — HYJICBad T'UI0TC3a OTBCPracTcs.
Ha Kp

on
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3aoanusn:

3aganue 1. Texuuyeckas HOpMa mOpeaycMmaTpuBaeT B cpenHeM 40 ceK. Ha BBIOJIHEHUE
ONpeIeTICHHON TEeXHOJIOTHYECKOHN Olepalui Ha KOHBeiepe 1Mo mpou3BOACTBY yacoB. OT paboT-
HUI, pabOTAIOUIMX HA 3TOM oOmepanuu, MOCTYNUIN >Kajlo0bl, YTO OHU B JEWCTBUTEIHHOCTH 3a-
TPauMBaIOT Ha 3Ty OMepanuio O0osbile BpeMeHu. [ mpoBepKH JaHHOMN >kamo0bl MPOU3BEACHbI
XPOHOMETPUUECKHE U3MEPEHMSI BDEMEHHU BBIINIOJIHEHUSI ATOM TEXHOJIOTMYECKOM onepanuuu y 36 pa-
OOTHULL, 3aHSTHIX HA 3TOW ONEepaIy, U II0JIy4EHO CPEIHEE BPEMS BBIIIOJHEHUS onepauun 42 cek.
MoxHo 11 (mpezmnosnaras BpeMs BBIIOJIHEHHSI TEXHOJIOTMUYECKOH omnepanuu ciay4yailHOW BeIUYu-
HOM, TOTYUHSIONICHCS HOPMAIbHOMY 3aKOHY) 110 UMEIOIIUMCA XPOHOMETPUUECKUM JaHHBIM Ha
ypoBHe 3HauuMocTH 0,01 OTKJIOHUTH MIOTE3y O TOM, YTO CPEAHEE BPEMsI BBIIOJIHEHUS 3TOM
oIrepanuy COOTBETCTBYET HOPME, €CJIM U3BECTHO, YTO CPEHEE KBaIpaTUUECKOEe OTKIOHEHUE Ie-
HEpaJIbHOW COBOKYITHOCTH COCTaBJIseT 3,5 cek.?

3ananue 2. DKOHOMUYECKUI aHAJIN3 MPOU3BOJUTEIBHOCTH TPY/a NPEANPUATUNA OTpaCIn
MO3BOJIUJI BBIIBUHYTh TMIIOTE3y O HAJMYMUU JIBYX TUIIOB MPEANPUSATHI C pa3IudyHON cpenHei
BEJIMYMHOM [TOKa3aTes IPOU3BOIUTENILHOCTH TpyAa. BeiOopouHoe obcnenoBanue 42-x npeanpu-
ATUM EPBOW IPYIIIBI AAJIO CIEIYIOLIUE PE3YNbTAaThl: CPEAHSS MPOU3BOAUTENBHOCTh TPyAa CO-
craBuna 119 peraneii. Ilo gaHHBIM BBIOOPOYHOTO OOCHEAOBaHUS 35-U MPEANPHUATHNA BTOPOM
TPYIIBI CPEIHSS IPOU3BOAUTENBLHOCTD TpyAa coctaBuia 107 neraneii. 'enepanbHble Auciepcun
u3BecTHBl: D(X) = 126,91 ; D(Y) = 136,1. Cuurasi, 4To BEIOOPKH M3BICYCHBI U3 HOPMAJILHO pac-
IIPEJIETICHHBIX TeHEPAJIBHBIX COBOKYITHOCTEW X 1 Y, Ha ypoBHe 3HaunmocTH 0,05 nmposepsTe, ciny-
YaifHO JIM MOJIyYEHHOE pa3IMuue CPEeAHMX I0Ka3aTeled MPOU3BOJUTEIBHOCTH TPyAa B Ipymnnax
VI K€ UMEIOTCS JIBa TUTIA IIPEIIPUATUN C Pa3IMYHON CPETHEN BETMYMHON POU3BOUTEIBHOCTH
Tpyna.

[TapTust u3genuit IpUHUMAETCS B TOM CIIy4ae, €ClId BEPOSATHOCTb TOrO, YTO U3/IEIHE OKa-
JKETCSI COOTBETCTBYIOIIUM CTaHAAPTY, cocTaBiisieT He MeHee 0,97. Cpeau cirydyaiiHO 0OTOOpaHHBIX
200 uzpenuii npoBepseMoil MapTHUH OKa3aloch 193 COOTBETCTBYIOMIMX CTAaHAAPTY. MOXKHO JIM Ha
yposHe 3naunmocTd [ = 0,02 npunste naptuio?

Bonpocul ona cobecedosanus:

1. CraTuctuyeckas runoresa.

2. MOIHOCTH KpUTEPHSI.

3. Kputnueckas 001acTs.
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4. Yueono-memoouueckoe u ungpopmayuonnoe odecneuenue OUCYUNIUHbL

4.1 Ilepeuensv ocHO6HOI U OONOIHUMETLHOU TUMEPAMYPbl, HEOOX00UMOU 0N 0C80€e-
HUA OUCUUNIUHDL

4.1.2 Ilepeuenv ocrnosnoil tumepamypol:

1. Hlumayes, B. C. Beicmast matemaruka: yaeOHuUK 171 6akanaspos / B.C. Illumayes ; mox
pea. A.H. Tuxonosa. —4-e uz ., uctp. U non. — M. : FOpaiit, 2014. — 607 c. — (bakanasp. ba3zoBsrit
Kkypc). — Ha yue6nuke rpud: Pex. YMO. — ISBN 978-5-9916-3325-3

4.1.3 Ilepeuens 0onoiHumenbHOU TUMEPAmMypsbl:

1. boromomnog, H. B. Matemaruka: yaeoHuk aiist 6akanaspos / H.B. Boromosnos, I1.11. Ca-
moitnenko; Mock. ['oc. YH-T Tex. U ynp. Um. K.I'. PazymoBckoro. — 5-e u3a., ne-pepad. 1 nom. —
M. : FOpaiit, 2014. — 396 c. : un. — (bakanasp. bazosslit kypc). — Ha yuebnuke rpud: Jon.MO. —
ISBN 978-5-9916-3467-0

4.2 Ilepeuens yuedoHo-memoouueckozo obecneyeHus camocmoamenbHo padoomaol 00y-
Yauuxca no OUCYUNIUHe
1. MeTonuueckre peKOMEHIAINH TT0 OPTraHU3AIMH CaMOCTOATENIbHON PabOTHI CTYICHTOB

10 AUCIHUILIMHE «MaTeMaTu4eCKue METOIbl M1 MOJICIU B YHOPpaBJICHUN).

4.3 Ilepeuensv pecypcos ungpopmayuonno-menekommyHukayuonnoi cemu Hnmepnem,
Heo0X00UMBbIX 011 0C60CHUA OUCYUNTUHDL
1. http://www.biblioclub.ru -OBC "YHuBepcurerckas Oubanorexa oHyiaiin"

2. http://www.iprbookshop.ru/ - Dnekrponno- 6ubnroreunas cucrema IPRbooks
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MUHMCTEPCTBO HAYKH 1 BBICILIEI'O OFPA3OBAHMS POCCUMCKOM ®EJIEPALIMNA
OEJJEPAJIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIbHOE YUPEX/IE-
HUE BBICIHEI'O OBPA3OBAHUA
«CEBEPO-KABKA3CKUI ®EJEPAJIbHBII YHUBEPCUTET»

[Tsaturopckuit uacturyT (punuan) CKOY

MeToanyecKkue yKazaHus

10 OPTaHU3aIUH U TIPOBEICHUIO CAMOCTOSTEIBHON padoThI
no guctumimHe KMATEMATUYECKHUE METObI 1 MO/IEJIN B YITPABJIEHUW»
IUISL CTYZICHTOB HaIlpaBJICHUS MTOrOTOBKU
38.03.04 'ocynapcTBEHHOE M MyHULIMTIIAJILHOE YIIpaBiieHUe, PernoHanpHoe ynpaBiieHue
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Copepxanue

Beenenue

OO1m1ast XapaKTepHCTUKA CaMOCTOSATENIbHOM paboThl 00yUaromerocs mpu u3yye-
HUY JUCHIUIUIMHBI «MaTeMaTH4eCKue METOIbI U MOJICIIH B YIIPABICHUNY
[Tnan-rpaduk BHITOIHEHUSI CAMOCTOSTEIBLHOM PAOOTHI

KoHTpoJIbHBIE TOYKH U BUIbI OTYETHOCTH 110 HUM

Metoanyeckre peKOMEHIAINH 110 U3yUYECHHIO TEOPETHUECKOTO

Marepuaia

y‘le6HO—MeTOI[I/I‘leCKO€ n I/IH(bOpMaI_[I/IOHHOG obecrieyeHue JAUCHHITIINHBI
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BBenenne

CamocrositenbHas paboTa — IutaHupyemMast yuaeOHasi, yueOHO-UCCIIeJoBaTeIbCKas, HAyYHO-
HCCIIeIOBATENhCKAsl pad0Ta CTYICHTOB, BHIMOTHIEMAs BO BHEAYIUTOPHOE (ayJUTOPHOE) BPEMSI T10
3aJJaHUI0 U TIPU METOAMYECKOM PYKOBOJICTBE IpernojaBaTelisi, HO 0e3 ero HernocpeiCTBEHHOIO
y4dacTus (MpU YaCTUYHOM HETIOCPEICTBEHHOM Y4aCTUU MPEIo1aBaTeisi, OCTABIIAIONIEM BEAYIIYIO
pOJIb 32 pabOTOMN CTYACHTOB).

CamocrosTenbHas padoTta cTyieHTOB B BY3e sBiisieTcst BaXKHBIM BUJIOM YUYEOHOUW M Hayd-
HOM JIEATEIIbBHOCTH CTYJICHTA.

Benymias nens opranuzanuu u ocymectienuss CPC nomkHa coBnasath ¢ 1enbio o0yue-
HUS CTYyZCHTa — OJATOTOBKO OakanaBpa ¢ BeiciinM obpa3zoBanueM. [Ipu opranmuzanuu CPC Baxk-
HBIM ¥ HEOOXOMMBIM YCIIOBUEM CTAaHOBSTCS ()OPMUPOBAHHUE YMEHUSI CAMOCTOSITEILHON pabOThI
JUTSI TPUOOPETEHUS 3HAHNU, HABBIKOB M BO3MOYKHOCTH OPTaHU3AINH YIYeOHON U HAyIHOH JesTeIb-
HOCTH.

Lenbto camocToATENHHOM PaboOThl CTYICHTOB SIBJIIETCS OBJIaJicHHE (PyHIaMEHTAIbHBIMU
3HAHUSAMU, TPOPECCUOHATBHBIMU YMEHUSMHU U HaBBIKAMH JESATEIBHOCTH MO MPO(UITIO, ONBITOM
TBOPUYECKOH, HCCIEI0BaTENbCKOM NesTenbHOCTH. CamocTosTenbHas paboTa CTyAEHTOB CIOCO0-
CTBYET DPa3BUTHUIO CAMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH M OPraHW30BAHHOCTH, TBOPYECKOTO

MOJIX0J1a K PEeLIEHUI0 MpobiieM y4eOHOTo U MPOPEeCCHOHAIBHOIO YPOBHS.
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O01masi XapakTepruCcTHKA CAMOCTOSATEILHON PadoThl 00y4aromerocs Npu u3y4yeHuu

JUCHHUILIMHBI «VlaTeMaTHYecKHe MeTOAbl M MOJI€/IH B YHpaBJIC€HUN»

CamocrosTenbHas paboTa - Iuanupyemas yueOHasi, yaeOHO-HcCe10BaTeNbCcKasi, Hay4HO-
HCCIIeIOBaTENbCKas paboTa CTyIEHTOB, BHINOIHIEMAast BO BHEAY TUTOPHOE (ayAUTOPHOE) BPEMsI 1O
3aJaHUI0 ¥ TIPU METOJUYECKOM PYKOBOJICTBE MPEMOAaBaTeisi, HO 0e3 ero HemocperICTBEHHOTO
y4dacTus (IpU 4aCTUYHOM HETIOCPEICTBEHHOM Y4aCTUH IPENO01aBaTeNsl, OCTABIISAIOIEM BEAYIIYIO
POJIb 32 pabOTOMN CTYJACHTOB).

CamocrosTensHas padota cTyieHTOB B BY3e sBisieTcst BaXXHBIM BUJIOM YU4eOHOM U Hayd-
HOM AesTenbHOCTH CTyAeHTa. CaMocTosiTeNbHAs paboTa CTYIEHTOB UTPAET 3HAUUTEIbHYIO POJIb B
pEUTHHIOBOM TexHosoruu ooyueHus. B cBs3u ¢ atum, oOyuenue B BY3e Britouaer B ceds ABe,
IPAKTUYECKHU OJMHAKOBBIE 10 00BEMY M B3aUMOBIIMSHHUIO YAaCTH — Mpolecca 00ydeHHs! U Ipo-
recca camoooydenus. [losromy CPC nomkHa crath 3 QeKTUBHOI U LieJIeHanpaBIeHHON paboToi
CTYJCHTA.

K coBpemenHoMy cnienuanucty oOIIECTBO MPEABSABISAET JOCTATOYHO IUPOKHUI NEpeYeHb
TpeOOBaHUll, Cper KOTOPbIX HEMAJIOBAKHOE 3HAYEHHE UMEET HAJIMUUE Y BBIITYCKHUKOB OIpeie-
JICHHBIX CIOCOOHOCTEN U YMEHUSI CAMOCTOATEIBHO JOOBIBATh 3HAHUS U3 PA3JIMYHbIX HICTOYHHUKOB,
CUCTEMAaTHU3UPOBATh MOIYYCHHYIO HH(OPMAILIUIO, 1aBaTh OLIEHKY KOHKPETHON (PMHAHCOBOI CUTY-
aruu. GopmupoBaHre TaKOro yMEHHUsS] IPOMCXOAUT B TEUEHUE BCErO MepHoaa oOydeHHs uepe3
y4acTue CTYJEHTOB B MPAKTUUYECKHUX 3aHSTHUSIX, BHIMOJIHEHHE KOHTPOJBHBIX 33JaHUI U TECTOB,
HalMCcaHue KypCOBBIX U BBIITYCKHBIX KBaTHM(PUKAIIMOHHBIX paboT. IIpu 3TOM camocTosTeNnbHas pa-
00Ta CTYJIEHTOB UI'PAET PEIIAOLIYIO POJIb B X0O/I€ BCEr0 yueOHOro mpolecca.

Benymas nens opranuzanuu u ocymectsieHust CPC nomkHa coBaaath ¢ 1ebio o0yue-
HUS CTyJIEHTa — IOJrOTOBKOM clieruanicTa 1 6akaiaBpa ¢ BRICIIUM oOpa3oBaHueM. [Ipu opranu-
3auuu CPC BakHBIM U HEOOXOUMBIM YCIOBHEM CTaHOBATCS (POPMHUPOBAHUE YMEHHS CAMOCTOSI-
TeNbHOU paboThl Uil MPUOOPETEHUS 3HAHUI, HABBIKOB U BOZMOKHOCTH OpraHU3aIMK Y4eOHOH 1
HAay4YHOU JEATEIbHOCTH.

@DopMBbI CaMOCTOSITENBHOM pabOTHI CTYIEHTOB pa3HO0Opa3Hbl. B cooTBeTcTBUM € paboueii
IPOrpaMMOM AUCHMILIUHBI MPEAYCMOTPEHBI CIEAYIONIINE BHUJIbI CAMOCTOSITENIbHON paboThHI CTY-
JIeHTa:

- CaMOCTOSATENbHOE U3yUEHUE JIUTEPATYPBL;

- CaMOCTOATENBHOE PELICHUE 3a/au.

Ilens camocmoamenvno2o uzyuenus 1umepamypsl — CAMOCTOSITEIbHOE OBJIaJICHHE 3Ha-
HUSIMH, OIIBITOM HCCIIEZJ0BATEIBCKOM 1€ATENBHOCTH.

3aoauamu caMOCTOATENBHOTO N3YUEHHUSI TUTEPATYPBI ABIISIFOTCS:
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J yrayOJIeHre U paclIupeHue TeOPETUISCKUX 3HAHUM;

J dbopMUPOBaHHE YMEHHI HCIOJIB30BaTh HOPMATHBHYIO, MPABOBYIO, CIPABOYHYIO
JIOKYMEHTAIMIO U CICIHATBHYIO JINTEPATYPY;

o pa3BUTHE MIO3HABATEILHBIX CIOCOOHOCTEH M aKTUBHOCTH CTYACHTOB.

Iens camocmoamensvnozo pewienus 3a0ay - opnaeHue NpophecCuoHaTbHBIMU YMEHH-
SIMHA Y HaBBIKAMU JICATEIHHOCTH IO TPODUITIO OYIyIIeH e TeIbHOCTH.

3aoauamu caMOCTOSTETLHOTO PEIICHUS 3a/1a4 SBISIFOTCS:

J CUCTEMATH3AIMS U 3aKPETUICHUE MOTYYCHHBIX TEOPETUICCKIX 3HAHUN U TIPAKTHU-
YECKUX YMCHHM CTY/ICHTOB;

o (dbopMHpOBaHUE CAMOCTOATEIIBHOCTH MBIIIJICHHS, CIIOCOOHOCTEH K CAMOPa3BUTHIO,
CaMOCOBEPILICHCTBOBAHHUIO M CAMOPEATH3AIHH;

. Pa3BHUTHE UCCIICAOBATEIHCKUX YMCHH.

B pesynbrare OCBOCHUS TUCIUIUIMHBI (POPMUPYIOTCS CICIYIONIMA MEPEUYCHb IUIaHUpPYye-

MBIX PE3YyJIbTATOB O6y‘~I€HI/I$I 10 JUCHHUIIIINHE, COOTHECEHHBIX C IJIaHUPYEMBIMU PE3YyJIbTaTaMU

OCBOCHHA O6paSOBaTeHBHOﬁ IIporpaMMmbl:

Kon, popmynupoka
KOMITICTCHIIUH

Kon, hbopmynupoBka unaukaropa

[Tnaaupyembie pe3yabTaThl

00y4YeHHUS IO JUCIUTUINHE

(MomymI0), XapaKTepu3yIo-

IIKE ITArbl POPMHUPOBAHUS

KOMMETEHIINH, HHANKATO-
poB

VYK-1 Cnocoben ocy-
IIECTBIISITH MTOUCK, KPUTH-
YECKUM aHaJIW3 U CHHTE3
nHpOpMAINY, TIPUMEHSATH
CHCTEMHBIH TOJXOMA IS
pelIeHus] TOCTaBICHHBIX
3ama4y

NJ-1yk.1 BbIIENSIET TPOOIEMHYIO
CUTYyalUI0, OCYILECTBISAET €€ aHa-
JIU3 U JUarHOCTHKY HAa OCHOBE CH-
CTEMHOTO ITOAXO0/a;

NJI-2vk-1 OCYIIECTBIISET TIOUCK, OT-
0op u cucremaruzanuo UHopMma-
WA Ui ONpPENENICHUs allbTepHa-
TUBHBIX BapUaHTOB CTpaTeruye-
CKUX pelleHUul B MpoOJIeMHON CHU-
Tyaluy;

N/I-3yk-1 onpenensieT 1 OLEHUBAET
PUCKU BO3MOJKHBIX BapUaHTOB pe-
[ICHUH TPOOIEMHOM CUTYAIINH, BbI-
OupaeT ONTUMAaNbHBIA BapUaHT e&
peLIeHusI.

3HaeT OCHOBBI MaTeMaTHYe-
CKOr0 aHalim3a, JIMHEIHOM
anredpbl, TEOPUU BEPOATHO-
CTEeH ¥ MaTEeMaTHICCKOM CTa-
TUCTUKU KaK YyHHBEpCAb-
HOTO SI3bIKa HAYKH.

YMmeer paciio3Hatb Marema-
THYECKHE OOBEKTHI.

Brnaneer HaBbikamu cOopa,
0o0paboTku HHpOpMaAIUK U
ydacTus B MHGopMaTu3auu
JeATEILHOCTH COOTBETCTBY-
IOIINX OPTaHOB BJIACTH U OP-
raHu3alui, WHCTPyMEHTa-
pHeM JUIS pelIeHHs Mpo-
CTEHIINX MaTeMaTHYECKHX
3a7a4 M MaTeMaTU4ecKO
TEPMHUHOJIOTHEN, U pa3iIny-
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HBIMH CIIOCOOAMU TPEICTaB-
JICHUST MaTeMaTU4YeCKOM HH-
dopmanuu (ananutuye-
CKUM, TpapHUuecKuM, CIlo-
BECHBIM H JIp.)

OIIK-2 Cnocoben paspa-
0aThIBaTh W PEATU30BbI-
BaTh yIpaBJICHYCCKUE Pe-
IICHUSI, MEPBl PETrYIHpPY-
IONIET0 BO3JICHCTBUS, B
TOM 4YHCJE KOHTPOJBHO-
Ha/I30pHbBIE byHKIHH,
TOCYJApPCTBCHHBIE U MY-
HUIHIATEHBIE npo-
rpaMMbl Ha OCHOBE aHa-
JM3a  COIMAIBbHO-DKOHO-
MUYECKHUX MTPOIIECCOB

N-1onk-> AHanu3upyer couu-
aJTbHO-3KOHOMHUYECKHE ITPOLIECCHI

3HaeT OCHOBHBIE METOIBLI U
MOoaciin peI_HeHI/HI THUITIOBBIX
3a1a4.

YMeer NMpUMEHSATh METOJIbI
MaTeMaTHYECKOTO aHaIn3a U
MOJICIIUPOBAHUS, TEOPETH-
YECKOTO U IKCIIEPUMEHTAIb-
HOT'O WCCIIEJIOBAHUSI IS pe-
IICHUS 3aj1a4, pelaTh CTaH-
JapTHBIE 3a1aun npodeccu-
OHAJIBHOM JEATETHLHOCTH Ha
OCHOBE MH(OPMAITMOHHOU H
Ooubnuorpaduueckoi Kylib-

TYpBI.

Bnaneer HaBblKamu Ipume-
HEHMsI COBPEMEHHOI'0 Mare-
MaTUYECKOI'0 MHCTPYMEHTa-
pus s pelieHus 3ajad
yIpaBieHUs, METOIUKOH I10-
CTPOEHUS, aHAJIN3a U ITpUMe-
HEHMs MaTeMaTHYeCKHX MO-
Jienel Uil OLIEHKU COCTOsI-
HUS W TPOTHO32 pa3BUTHS
SABJICHHU M TPOLECCOB B
yIpaBiIe€HUH, CHOCOOHOCTHIO
nepefaBaTh pe3ysbTaT Ipo-
BE/ICHHBIX HCCIIEZIOBAaHUI B
BUJI€ KOHKPETHBIX PEKOMEH-
Jalui B TepMUHAX MIPEAMET-
HOMU 00JIaCTH 3HAHMS.
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IInan-rpa¢guk BHINOJTHEHUS] CAMOCTOSTEIBbHOM PadoThI

0390
O0BeM HacoB, B TOM YHCJIE
Konpl peanusye-
CpenctBa u KonrakrHas
MBIX KOMITETEH- Bun nestenbHocTH
. TEXHOJIOTUHU pabora ¢
UM, UHINKA- CTYJICHTOB CPC Bcero
OILIEHKU Mpernojana-
Topa(oe) TeneM
3 cemecTp
CaMoCTOsATENLHOE Cobeceno-
U3Yy4YEHUE JIUTEPATYPBI A 100 28,8 128,8
VK-1 mo TeMaM Nel-9 BaHHUC
OIIK-2 IToaroroBka K Jiek- Cobecerno- 0.2 0.2 0.4
WJI-1omnk-2 ASIM BaHHC
[ToaroroBka K rpak- Cobeceno- 4 0.8 48
THYECKUM 3aHATHUAM BaHHE
Hroro 3a 3 cemectp: 104,2 29.8 134
Hroro: 104,2 29,8 134

KOHTpOJIbHI)Ie TOYKH M BUJIbI OTYETHOCTHU 110 HUM

PelitnHroBass cmcreMa OIGHKM HE MPEAyCMOTpPEHa MJIss CTYACHTOB, OOydYaromuxcs Ha
0o0pa30BaTeNbHBIX MPOTPAMMAaX YPOBHS BBICHIETO OOpa30BaHMs OakaliaBpuaTa OYHO-3a0YHOU (OPMBI

o0y4eHusl.

MeToandyecKkue PEKOMEHAAIUHA 110 M3YYCHHUIO TEOPETUICCKOI0O MaTepuaJja

CamocrosiTenbHast paboTa CTyJ€HTa HaYMHAETCsSl ¢ BHUMATEIbHOIO 03HAKOMJIEHHUS C CO-
JiepKaHueM y4eOHOro Kypca.

N3ydenune kaxJ0i TeMbl clIeyeT HaunHATh C BHUMATEIbHOTO O3HAKOMIIEHHs C HA0opOoM
BONpocoB. OHU OPUEHTHPYIOT CTYAEHTA, MOKa3bIBAIOT, YTO OH JOJKEH 3HATh 110 JaHHOU TEME.
Bormpockl TeMbl Kak Obl HaKJ1a/1bIBAIOTCS HA COOTBETCTBYIOIIYIO IJIaBy M30paHHOIO yueOHHUKA UITH
yuebHoro nocobus. B utore 10mKHO OBITH SICHBIM, KaKHe€ BOIPOCHI TEMbI Y4eOHOTO Kypca U ¢
KaKol r1yOMHON pacKpbIThl B KOHKPETHOM Y4eOHOM MaTepuale, a Kakue BooO1e onyuieHsl. Tpe-
OyeTcsi TBOPUECKOE OTHOIIEHHE U K CAMOMY COJEP>KAaHUIO JUCIUILITUHBIL.

Bompocsl, cocTaBnsitonue ee cogepxanue, 001agaloT pa3Hoil CTeneHblo BaxHOCTU. ECTh
BOIIPOCHI, BHIMOIHAONIME (PYHKIHUIO JOTHYECKON CBS3KU COJIEp>KaHHsI TEMBI U BCETO Kypca, uMe-
I0TCSI BOIIPOCHI OMUCATENIBHOIO UM PAa3bsICHUTEIBHOIO XapaKTepa, a TAKKE UCTOPUUECKOIO JKC-
Kypca B 00JacTh U3yyaeMol JUCHMILIUHBL. Bee 3Th BOmpOoCkl He COCTaBIISIIOT CYyTH HOHATUHHOTO,

KOHICIITYAJIbHOI'O0 COACPKAHNUA TEMBI, HO HGO6XO}II/IMBI AJIA IEJIOCTHOT'O BOCTIPUATHUSA U3YyYaCMbIX
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npoOem.

N3yvaemas aucuuiuinHa KMEET CBOM KaTeroprualbHO-MIOHSITUHHBIN annapaT. HayuHble no-
HATHUSI — 9TO Ta 0a3a, HA KOTOPOM CTPOMTCS Kakaas Hayka. [IoHATHS — y3JI0BbIC, OMOpPHBIE
MYHKTHI KaK HAYYHOTO, TaK U y4eOHOTO MO3HAHUS, JIOTHYECKUE CTYNICHH IBUXKCHHS B ydeOe oT
IPOCTOTO K CIIOKHOMY, OT SIBJICHUS K CYITHOCTH. be3 sicHOro moHnMaHust MOHATUH y4yeOa KpaiHe

3aTPYAHACTCA, a COACPIKAHUC HpI/IO6peTeHHBIX 3HAHUM CTaHOBUTCS TYCKIJIbIM, PAaCIlJIbIBYATbIM.

CryneHT NOJKEeH MOHUMATh, YTO CAMOCTOSITEIbHOE OBJIAJICHUE 3HAHUSAMU SIBJISIETCS IJ1aB-
HBIM, OTIpeACTIAIOMKM. BrIcias mkoa co3aet s 3TOro He0OX0UMbIE YCIIOBHS, TIOMOTaeT Oy-
JyLIEMY BBICOKOKBATH(DULIMPOBAHHOMY CHELUAINCTY OBJIaeTh TEXHOJIOTUEH CaMOCTOATEIBHOTO
IIPOU3BOJCTBA 3HAHUM.

B camocrosTenpHON paboTe CTyJeHTaM MPUXOIUTCS UCIOIb30BaTh JUTEPATypy pa3iind-
HBIX BUJIOB: IEPBOMCTOYHUKH, MOHOTpa(uu, HayuyHble COOPHUKH, XpECTOMATUH, YU€OHUKH, yueO-
HbIE [10COOUS, )KypHaJIbl U Ap. M3yueHue Kkypca npearnoaraeT 3HakOMCTBO CTYI€HTOB C OOJIbIINM
00BbEMOM HayuyHOU M y4eOHOH JINTepaTypbl, YTO, B CBOIO OYepe/ib, MOPOXKIAET HEOOXOAUMOCTh
BbIPA0OTKH Y HUX PallMOHAIIbHO-KPUTUYECKOTO MOJAX0/Aa K U3yYaeMbIM UCTOUHUKAM.

YroObl HE «KYTOHYTb» B OTPOMHOM 00BbEME PEKOMEHOBAHHBIX MY JAJIS U3yUEHHs HCTOY-
HUKOB, CTYJIEHT, IPEXKIE BCEro, JOJKEH HAyUUThCsl IPAaBUIbHO UX 4nuTaTh. [IpaBuiibHOE UTeHKE
PEKOMEH/I0BaHHBIX UICTOYHHUKOB IIPEATONIAraeT CIe10BaHNE HECKOJIbKUM HECIIOKHBIM, HO BECbMa
MIOJIE3HBIM IPAaBUJIAM.

IIpenBapuTENbHBII MPOCMOTP KHHUIM BKJIKOYAET O3HAKOMIIEHHE C THUTYJIBHBIM JINCTOM
KHWUTH, aHHOTAIMEeH, IpeIncIoBUEM, oriaBieHneM. [Ipu o3HakoMIIeHHH C OrJIaBJI€HHEM HE0OXO-
JUMO BBIIETTUTH pa3Jiebl, IN1aBbl, aparpadsl, IpeICTaBISIONINE AJI BaC MHTEpEC, OEryIo ux Mmpo-
CMOTpETh, HalTH MeCTa, OTHOCSIIUECS K TeMe (ab3allbl, CTpaHUIbl, Maparpadsl), ¥ MO3HAKO-
MUTbBCS C HUIMHU B OOIUX YepTax.

HayuHble u31aHusi CONMPOBOXKAAIOTCS PA3IMYHBIMU BCIIOMOTATENIbHBIMU MaTepuaiaMu —
Hay4YHBIM anmapaToM, IOATOMY Ba)KHO 3HaTh, U3 KAKUX OCHOBHBIX 3JIEMEHTOB OH COCTOUT, KAKOBbI
ero pyHKUuU.

3HAKOMCTBO ¢ KHUTOM JIy4Ille BCETO HAYMHATh C U3yYEHNs AHHOTALlMM — KPATKOM Xapak-
TEPUCTUKH KHUTH, PacKpbIBaloUled ee cojaepikaHue, UACHHYI0, TEMaTHUYECKyl0 U >KaHPOBYIO
HAIpPaBJIEHHOCTb, CBECHUS 00 aBTOpe, Ha3HAUYEHUE U JIpyrue 0COOEHHOCTH. AHHOTAIUSI TTOMO-
raeT COCTaBUTh NPEABAPUTEIBHOE MHEHHUE O KHUTE.

['my0>ke MoHATh cofiepaHNe KHUTH MTO3BOJISIIOT BCTYIUTENIbHAS CTaThsl, B KOTOPOH J1aeTcs
OIICHKA CO/IepKaHMsI KHUTH, 3aTparuBaeMoi B Heil MpoOieMaTuku, ColepKuTcs nHbopMalus o
KU3HEHHOH U TBOpUeckoi Ouorpaduu aBTopa, BHICKA3bIBAIOTCS MOJIEMUYECKHE 3aMEUaHusl, Pa3b-

SACHAKOTCA OTHCJIBHBIC ITOJIOKCHUA KHUT'U, JAOTCAd KOMMCHTApHUU U T.[. Bort mo4YyeMy 3HAaKOMCTBO
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C BCTyHHTCHBHOfI cTaTbeit NpEaACTaBIACTCA OYCHb BAXKHBIM: OHO IMOMOTIacT CTYACHTY COPHUCHTU-

POBaTbCAa B TCKCTE pa6OTBI, O6paTI/ITB BHUMAaHHE Ha ee Hauboee LCHHBIC U BAXKHBIC pa3J€JIbl.
Toit xe ocian COHeﬁCTByeT 3HAaKOMCTBO C OTJIaBJICHUEM, IIPEANCIOBHUEM, ITOCIECIOBHUEM.

Becbma mosie3HbIMH dlIEMEHTaMU HAay4YHOro ariapara ABJIAKTCA CHOCKHU, KOMMCHTApHH, Ta0-

TUIBL, TpadUKH, COIUCKU JUTeparypbl. OHU HE TOJIBKO WIUTIOCTPUPYIOT OTICIBHBIE TOJI0KECHUS

KHUTH WIN CTaThH, HO ¥ CaMH IO ceOe SBISIOTCA JONOIHUTEIBHBIM UCTOYHUKOM HH(pOpMAIHN
JUTSL YUTATEIs.

Ecnu yuratens 3auHTEpecoBaja Kakas-TO BbICKa3aHHAas aBTOPOM MBICIIb, HE HallleIIast
NOAPOOHOTO OCBEIIECHHS B TAHHOM HCTOYHUKE, OH MOXKET 00paTUThCS K TEKCTY UCTOYHHKA, YIIO-
MHUHAEMOT0 B CHOCKE, JIN0O K UCTOUYHUKY, KOTOPBIM OH MOXET HAalTH B CIIUCKE JTUTEPATyphl, pe-
KOMEHIOBAaHHOI aBTOPOM JJIsi CAMOCTOSITEIbHOTO U3yUEHUSI.

CymiecTByeT HECKOJIBKO (POpM BEICHUS 3aIHCE:

— 1u1aH (IIPOCTOM M pa3BEepHYTHIN) — Hambosee KpaTkas (popma 3anucu NPOYUTaHHOTO,
IpeJICTaBIsIoIIast coO0M NepeyeHb BOIIPOCOB, paCCMaTPHUBAEMbIX B KHUI'E WK cTaThe. Pa3BepHy-
THIA IUIAH TpEJCTaBiIsieT co0oil Oosiee mMoAPOOHYIO 3alMCh MPOYUTAHHOTO, C JETAIU3AINCH OT-
JENBbHBIX TOJ0KEHHUI U BBIBOJIOB, C BBIMMCKOM IIUTAT, CTATUCTUYECKUX JTaHHBIX U T.JA. Pa3zBepHy-
TBI TUIaH — HEOLIEHUMBbI MOMOIUTHUK MPHU BBICTYIJICHUH C JOKJIAJJOM Ha KOHKPETHYIO TeMY Ha
ceMHHape, KoH(pepeHuuy;

— T€3UCBl — KPaTKO CPOPMYJIHPOBAHHBIE MTOJIOKEHNS, OCHOBHBIE MTOJIOKEHUS KHUTH, CTa-
ThU. Kak npaBuiio, T€3UChl COCTABISAIOTCS MOCE NPEABApUTENFHOIO 3HAKOMCTBA C TEKCTOM HC-
TOYHHKA, [IPU €r0 MOBTOPHOM NMPOoUYTeHUU. OHU MOMOTalOT 3aIOMHUTh M CUCTEMAaTU3UPOBATh UH-
dbopmariuto.

CocraBiieHr€e KOHCIIEKTOB

Bosblnyto posib B YCBOGHHH M MOBTOPEHHMHU NMPONAEHHOTO MarepHajga UrpaeT XOpOUIMH
KOHCIIEKT, COJIepKallliil OCHOBHbIE HJIeW IPOUYNTAHHOTO B yU€OHUKE U YCIIBIIIAHHOTO B JIEKIHH.
Koncnekt — 3710, 110 CyliecTBy, HAOPOCOK, pa3BEPHYTHIH MJIaH CBA3HOT'O pacckasa 110 OCHOBHBIM
BOIPOCAM TEMBI.

B kakoii-To Mepe KOHCHEKT paccuuTaH (B 3aBUCUMOCTH OT MHIAUBUAYAIbHBIX OCOOCHHO-
CTEH CTy/IeHTa) He TOJIbKO Ha MHTEJUIEKTYaJIbHYI0 M SMOLMOHAIBHYIO0, HO U Ha 3pUTEJIbHYIO Ta-
MSTh, IPUYEM TEKCT KOHCIIEKTa HEPEIKO aCCOLUUPYETCS eIIe U ¢ TEKCTOM YUeOHHMKA MITH 3aITUCHI0
nekuuu. [Toaromy nerue 3amoMuHaeTcsi coJiep’KaHrue KOHCIIEKTOB, HAMCAHHBIX pa300pyuBo, C
MOYEpKUBAaHUEM UJIU BBIJICIIEHUEM PA3PsIKON KIHOUYEBBIX CJIOB U (pas.

CaMoCTOSATENbHO H3yUYEHHBIE TEMbl NMPEAOCTABISIOTCS IMpenojaBarenio B (GopMe KOH-
CIIEKTa, 10 KOTOPOMY IIPOUCXOAUT cobecenoBaHue. TeopeTnueckre TeMbl Kypca (OTaeIbHbIE BO-

HpOCBI), BBIHOCHUMBIC Ha CAMOCTOATCIIbHOC U3YUYCHUC, ITPCACTABJIICHBI HUXKC.
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Yueono-wemoouueckoe u unghopmayuonnoe obecnevenue oucyuniaunvl

Ilepeuens ocHo6HOI U 0ONOIHUMENIbHOU TUMEPAMYPbl, HEOOXOOUMOU 011 0CEOCHUS
OUCUUNTUHDL

Ilepeuens ocnosnoit numepamypol:

1. Hlumayes, B. C. Beicmast matemaruka: yaeOHuUK 171 6akanaspos / B.C. Illumayes ; mox
pea. A.H. Tuxonosa. —4-e uz ., uctp. U non. — M. : FOpaiit, 2014. — 607 c. — (bakanasp. ba3zoBsrit
Kkypc). — Ha yue6nuke rpud: Pex. YMO. — ISBN 978-5-9916-3325-3

Ilepeuenv oononnumenvHoll numepamypoi:

1. boromomnog, H. B. Matemaruka: yaeoHuk aiist 6akanaspos / H.B. Boromosnos, I1.11. Ca-
moitnenko; Mock. ['oc. Yu-T Tex. U ynp. Um. K.I'. PazymoBckoro. — 5-e u3a., ne-pepad. 1 nom. —
M. : FOpaiit, 2014. — 396 c. : un. — (bakanasp. bazosslit kypc). — Ha yuebnuke rpud: Jon.MO. —
ISBN 978-5-9916-3467-0

Ilepeuensy yuebno-memoouueckozo odbecneyenHus camocmoamenvHol padoomeol 00yuaro-
wuxcsa no oucyuniune
1. Meroauyeckue peKOMEH AU JIJIsl TOATOTOBKU K MPAKTUYECKUM 3aHSTHUSIM IO JUCIIH-

IUIMHEe «MaTeMaTH4eCKUEe METO bl M MOJIEIN B YHOpaBJICHUN)).

Ilepeuens pecypcoé ungpopmayuonno-menekomMmynuxayuonnoi cemu Hnmepnem, ne-
00X00UMBIX 07131 0C6OCHUA OUCYUNTIUHDL
1. http://www.biblioclub.ru -OBC "YHuBepcurerckas Oubanorexa oHyiaiin"

2. http://www.iprbookshop.ru/ - Dnekrponno- 6ubnroreunas cucrema IPRbooks
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