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Conepxanue

Brenenne

Henb 1 3a1aun U3y4eHUs] AUCLUTIIIMHBI

O6opynoBaHue U MaTepHAIIbI

HaumenoBaHnue npaktuyeckux padoT

Conepxanue MpakTUIECKUX padoT

[IpakTnueckas padorta Nel Matpuiisl u onpeaenuTeny.

[IpaxTiueckas padora Ne2 MeTobl peleHus: CUCTEM JTMHEHHbBIX YpaBHEHUH.
[IpakTnueckas pabora Ne3 @Dynkumu u npenensl. MeTonbl HpUOIHKEHHOTO
BBIYUCIICHUS 3HAUYCHUN (DYHKITHA.

[IpakTnueckass pabora Ned4 IlpomsBomnas u muddepenuman GpyHKUIUA OJHOMN
IIEPEMEHHOM.

[Ipaktuueckass padora NeS Meroasl uccineqoBaHUS W MOCTPOEHUS TpadUKOB
GbyHKIHH.

[TpakTrueckas paboTta Ne6 BeposTHOCTHBIE MOJIEH MPOIIECCOB YITPABICHHUSI.
[Ipaktuueckass  pabota  Ne7  KoppensmuoHHO-PETPECCHOHHBIA  METOM
HCCIEA0BaHUs CIIy4ailHbIX BEJTUYMH.

[Ipaktnueckass pab6ora Ne8 OCHOBBI BBIOOPOYHOIO METOAA M DJIECMEHTHI
CTaTUCTUYECKON TEOPUU OLICHUBAHUS.

[Ipaktuueckas padota Ne9 Crarucrtuueckas runore3a. MeTo bl CTAaTUCTHYECKOM
MIPOBEPKHU TMIIOTES.

YyeOHo-MeToanuecKkoe 1 nHpopMalmoHHOE obecneueHne JUCIUTIITNHbBI
[lepeueHr OCHOBHOW U JOIMOJHUTEIBHON IUTEpATyphl, HEOOXOAMMOMN JUIs
OCBOEHMS JUCIUIUIMHBI

[lepeuenr y4yeOHO-METOIUYECKOTO OOECMEUYEHUSI CaMOCTOSATEIbHONW pPaOOThI
oOyuaronuxcs 1no AUCHUIIIHNHE

Ilepeuens pecypcoB nH(POPMAIMOHHO-TEIEKOMMYHUKALMOHHOM ceTn HTepHeT,

HeO6XO,Z[I/IMI>IX JJIs1 OCBOCHHUA JUCITUITIIMHBI

Crp.



BBenenue

[IpakTueckue 3aHATHS CO3JAOT ONTHUMAJbHBIE JUIAKTUYECKUE YCIOBUS  JUIA
NEATEITbHOCTHOTO OCBOCHUS CTYACHTAMU COJEP KaHHUS M METOJIOJIOTMU U3y4aeMOM JUCIUILIAHBI
«MaremaTtuka». [IpakTuueckue 3aHATHS 3aHUMAIOT MPEUMYIIECTBEHHOE MECTO IPU U3YyYEHHUH
oOmenpoeccCHOHABHBIX W NMPO(ECCHOHANBHBIX  AUCHUIUINH. [IpakTndeckue 3aHATHA
MIPOBOJIATCS C LIENBIO BEIPAOOTKHU MPAKTUYECKUX YMEHUN M MPUOOPETEHHUS HABBHIKOB B PEHICHUU
3aja4, 0TpabOTKU yIPaXHEHUH, BHITIOJTHEHUH YEPTEXEH, IMPOU3BOACTBE PACUETOB H T.II.

Lenbto mpakTU4EeCKUX 3aHATHH sBisieTcss (OPMUPOBAHME TNPAKTUYECKUX YMEHUH —
Mpo(ecCHOHANIBHBIX (BBIMOJHATH OMNpeAeIEHHbIE JENUCTBUA, OIepaluy, HeoOXOoJUMble B
MOCJEAYIONEM B MPOPECCHOHAIBHONW JCSATENIBHOCTH) WM Y4eOHBIX, HEOOXOIUMBIX B
Mocyeayrone yueOHOW AeqaTeabHOCTH MO oOuenpodecCHoHalbHbIM U MPOPECCHOHATBHBIM
JTUCLUILINHAM.

bubnunorpadguueckuit CrnUCOK COAEPKUT CBENEHUS O CIOPABOYHOM JUTEpaType U

JOIIOJIHUTCIIBHBIX U3JJaHUAX, H€O6XO)II/IMI)IX 1L er'IY6J'IeHHOFO HU3YUYCHHUA OTACIbHBIX BOITPOCOB.



1. Ilenv u 3a0auu uzyyeHus OUCUYUNIUHbBL

HGHL OCBOCHHUA OUCHHUIIINHBI ABJIACTCA O3HAKOMIICHUC CTYIICHTOB C Bﬁ)KHGfIH.IHMH
METOOaMHU U MOIACIISIMA KJI&CCH‘ICCKOﬁ MaTe€éMaTHUKH, METOJaMU JIPIHGfIHOI;'I aJIFC6pI>I, METOJaMHnu
maddepeHInaNbHOTO UCUUCIEHUS (QYHKIMH OJHOH TIEPEMEHHOW, BEPOSTHOCTHBIMH U
CTaTUCTUYCCKUMHU MOACTISIMA U UX HpI/IJIO)KeHI/IHM.

3aI[a‘-II/I OCBOCHUS TUCIHHUIIJINHBI ABJISIFOTCA:

— CO3/IaHHE€ y CTYJIEHTOB OCHOB TE€OPETUYECKOM MOATOTOBKU B 00JIACTH MAaTEMATUUYECKUX
METOJIOB M MOJIEJIEH;

— OBJIAACHHUC MATEMATUYCCKUM annapaTOM, H€O6XOI[I/IMI>IM JJIS peHIeHI/H[ TeOpCTI/I‘IeCKI/IX
nu HpaKTI/I‘-IGCKI/IX 3aaa4,

— paSBI/ITI/Ie HHTCIIJICKTA 158 q)OpMI/IPOBaHI/Ie y CTYJIGHTOB JIOTUYECCKOT O 158
aJIFOpI/ITMI/I‘—IeCKOFO MBIIIJICHUSA,

— BbIpa0OTKa HaBBIKOB CAaMOCTOSITENIbHOTO MU3ydeHUs ydeOHOI 1 HaydyHOH JIUTepaTyphl MO
MaTe€MaTU4YCCKUM METOJaM U MOJCIIAM, H UX HpI/IJ'IO)KeHI/ISIM;

— TOBBIIIEHHE 00U KYIbTYPHI CTYJCHTOB.

2. Obopyoosanue u mamepuainl
ArnmnapaTtHble cpe/icTBa: IEPEHOCHOI HOYTOYK, MPOEKTOP, I0CKAa MarHUTHO-MapKepHasi.
YyeOHas ayautopusi Ui MpOBEACHUSA YUeOHBIX 3aHSATHH, OCHaleHa 000pyIOBaHUEM U

TCXHUYCCKUMU CPCACTBAMU 06y‘leHI/I${.

3. Haumenoeanue npaxmuueckux paoom

3 Hux
MpaKTU4YecKas
IMOATIOTOBKA, YaCOB

Ne Temsr HaumenoBanue tem JUCHUIIIMHBI, UX KPATKOC O0beM
AU CHHUITIIMHBI COACPIKAHUC 4aCoB

1 cemectp

IIpakTuyeckas padora Ne 1. Matpuusl u
ONIPENETUTENH.

1 Onepanuu Hag maTpuniamu. OnpeaenuTeny. 3
Brruucnenue onpenenureneit 2-ro,3-ro v n-ro
TIOPSIKOB.

IIpakTnueckas padora Ne 2. Meroap! penieHus
CUCTEM JIMHEHWHBIX YPAaBHEHUM. 3
Pemenue cucremM TMHEHHBIX YPABHEHUM METOAOM
obpartHoit maTpuliel, Kpamepa u ['aycca.

IIpakTnueckas padora Ne3. Oynkuuu u
3 npenensl. MeTo sl TpHOIKEHHOTO BBIYUCIICHUS 3
3Ha4eHUH QYHKIH.




OcCHOBHBIE METO/IbI BEIYUCIIEHUS NIPEAEIIOB
¢ynkuuii. [IpuMeHeHue SKBUBaJICHTHBIX
0ECKOHEYHO MAJIbIX K BBIYMCICHHIO MTPEIEIIOB

GbyHKUIUH.

IIpakTHueckas padora Ned. [IpousBoanas u
maddepennman GyHKIMHA OTHON IEPEMEHHOM.
HuddepenunpoBanue GpyHKIHIA pa3InIHBIX
BHJIOB.

IIpakTnueckas padora NeS. Metobl
HCCIIEI0OBAHUS U IOCTPOEHUS rpapuKOB QYHKIIHH.
OkcrpemyM (yHKmuH. Touku neperuda.
AcumnroTsl. [Ipumenenue auddepeHmaibHOro
WCYMCIIEHUS K UCCIEIOBaHUIO QYHKINUN U
MIOCTPOCHUIO UX IPadUKOB.

IIpakTnueckas padora Ne6. BeposTHocTHbIE
MO/IENH ITPOLECCOB YIPABICHUSA.

OnemMeHTbl KOMOMHATOPUKH. Beruncnenue
BEPOSTHOCTH CIIy9alHOTO COOBITHsI. BeposTHOCTh
B CXEM€E ITOBTOPHBIX HCIBITAHUN.

IIpakTHyeckas padora Ne7. Koppensiuonso-
PETPECCUOHHBIN METOI HCCIIEIOBAHUSA CITYYaHBIX
BCIINYHNH.

Yucnoswie XapaKTCPpUCTUKH JUCKPETHBIX U
HENPEePbIBHBIX CIIy4ailHbIX BEJIMYUH:
MaTeMaTU4eCKOE 0KUJaHHE, TUCTIEPCHs], CPEHEE
KBaJ[paTHUECKOE OTKIOHEHHE. Mcronp3oBaHue
YHCIIOBBIX XapaKTEPUCTUK B KOPPEIALUOHHO-
PErpecCHOHHOM METOJIE.

IIpakTuyeckas padora Ne§. OCHOBBI
BBIOOPOYHOTO METO/Ia U AJIEMEHTHI
CTaTHUCTUYECKOM TEOPUU OLICHUBAHHUS.
Br160opouHasi COBOKYMHOCTb, BEIOOPOYHAS
¢byHkus pacnpenenenus. ['uctorpamMmma, NoauroxH
4acTOT. Beluucienrne TOUeUHbIX OILICHOK
napaMeTpoB pacnpeseneHus. Berancnenue
WHTEPBAIBHBIX OIICHOK MapaMeTpOB
pacnpeeneHusl.

IIpakTuyeckas padora Ne9. Cratuctuueckas
runore3a. MeTopl CTaTUCTHUECKOI MPOBEPKH
TUIOTE3.

CraTucTrueckue Uccie0BaHus 3aBUCUMOCTEH.
MeToap! CTaTUCTUUYECKON TPOBEPKU THIOTE3.
['unores3a 0 paBeHCTBE reHepaIbHbIX CPETHUX.

Hroro 3a 1 cemectp:

27

Hroro:

27




4. Coodepotcanue npakmuydeckux paoom

Ilpakmuueckasn paboma Nel. Mampuywt u onpedenumenu.

Ilenw: IlpuoOpecTy HABBIK BBHINOJHEHHS ONEpalui HaJ MaTpULAMU U BbIUYHCICHUS

OIPENEITUTENEH.

OcHoevt meopuu:

[IpsmoyronpHas TabnauIa, coaepxkaiiass M — CTPOK U N CTOJOIOB HA3BIBACTCS Mampuyeli u
o0Oo3Hagaercsa

a; &, - &, a; &, - A,
a a cee a a a cee a
A: 21 22 2n WK A: 21 22 2n
A Qny Ay Ay Qnpy Ay,
WJIH KOPOTKO MaTpuily obosnauaotrd = || aij||, 1=1,2,...,m; j=1,2,..., n.
Cnoowcenue mampuy

[Iycte nmanbl aBe matpunbld WB OAMHAKOBOM pa3MepHocTH. X cymMMmoll Ha3bIBaeTcs
MatpuniaC = 4 + B To# ke pa3MepHOCTH, 3JIEMEHTbI KOTOPOH PaBHBI CyMMaM COOTBETCTBYIOIIUX
anemMeHToB Matpuil 4 u B, T.e. eciu A = ||aijl|, B = ||bij||, To 4 + B = C = ||cij|.

HpnMep:A= 4 1 3f B= 1 _2 4 y TOTZIA

1+2 —-2+41 5-3 3 -1 2
A+B=C= = )
441 1-2 3+4 5 -1 7

OTMeTI/IM, 4TO CKJIaAblBaTb MOYXHO TOJIBKO MATpHIbl C OAMHAKOBBIM YHUCIIOM CTPOK U C
OJMHAKOBBIM YHCJIOM CTOJ'I6HOB.

PaznocThioB - A matpunl B u A (0OOQUHAKOBBIX CTPOCHHMIA) HA3bIBACTCS TakKas MaTpuia X,

4TO
A+X=B.
A 2 1 4 (3 5 7
Hampumep, A = _2 3 1, = 5 _1 4 . Torma
3 5 7\ (2 14y (1 4 3
X=B-A= - = .
2 -1 4) (-2 31 4 -4 3
Ymnoorcenue mampuy

a) YMHOXEHHE MaTpulbl Ha 4YHCIIO. YT0o0BI YMHOXHWTb MaTpuny Ha 4YHCJIO 0O, HaIo
YMHOKHUTb Ha 3TO YUCIIO KaXKIbI AJIEMEHT MaTpHIbI:

all aij || = || cai||

2 -1 2 -1\ (6 -3
IIpumep. A= , a=3 oA= = .
3 5 3 5 9 15

0) YMHOXEHHUE IBYX MaTpPHLL.
YMHOXEHHE MaTpHuIbiB Ha MaTpuiy 4 BO3MOXHO TOJILKO B TOM Cily4yae, KOTJa YHCIIO
CTOJIOIIOB B MaTpHIIEe B paBHO YUCITy CTPOK B MaTpUIle 4.



Onement MatpuubiC = B+ A, pacnosioKeHHbI B I-0i cTpoke u ] —om cronodue (t.e. Cij)
paBeH CyMMe€ NpPOM3BEICHHUII 2JIEMEHTOB | — Ol CTpPOKM MaTpHilbl B Ha COOTBETCTBYIOIINE
AJIEMEHTHI j— IO CTOJIONA MATPHULIBI A.

n
C; = auby; +a,b,; +...+a,b; =D aby
k=1

Crexyer OTMETHTh, YTO YMHOXKCHHUE MAaTPUI] HE 00JaaeT CBOHCTBOM KOMMYTaTHBHOCTH,
T.e. AB # BA.

1 2 —2 1
HpI/IMepl.A: 1 3 u B= 3 5l
Nmeem
np [t 22 N_(1(d+23 11425 (4 1
-1 303 5/ (-1.(2)+3-3 1-(-)+3-5) (-11 14
aoa ("2 11 2)_(-21-11 2:(-2+1:3)_(-3 -1
|3 5)-1 3) (31+5:(-) 32453 ) |-2 21

BriBoa: AB # BA

Buviuucnenue onpedenumeneti
Ecnu B maTpuie 4HCIO CTPOK paBHSETCS YUCIY CTOJOLOB, T.e. M = N, TO MaTpula
Ha3bIBACTCS KBAOPAMHOLL.

a a

11 2 Ay,

A=| 2 2 2n

a a

Omnpenenuresnb, COCTABICHHBIM U3 3JEMEHTOB KBaJpaTHON MarpHilbl (0e3 mepecTaHOBOK)
HA3bIBAETCS ONpEACTUTENIEM MaTPULBL A.

a

nl n2 o nn

a, 4a, - a,
a a - |
21 22 2n
A(A) =
anl a'n2 o ann
Yucno ai1 a2 - a1 ai12 Ha3bIBaeTcs OIIPCACIIMTECIIEM BTOPOIrO MHOpPAAKAa U 0003Hauaercs
a;,; Qap
CUMBOJIOM A = =a,,8,, —a,,8,; -
a21 a22
OHpe,[[eJ'II/ITeJ'IeM TPETHErO NMOpsAKa HA3bIBACTCS YHUCIIO:
Q; Q, a3
A= a-21 azz a23 = alla22a33 + a-21"3132‘3‘13 + a12a23a31 - a31a22a13 - a11a32a23 - a21a12333
a31 asz a33

CxemaTHuecKky BBIYMCICHUE ONPEIEINUTENS TPETHETO MOPSAKA BBINVIAIUT CIEAYIOLIMM
o0Opa3oM (IpaBUIIO TPEYroJbHUKOB MM npaBuio Cappyca):



a, a, a; 13 [Q4] 3
Ay By Ayl= 23| ~ (@57 3
Ay Az Ag d ay 2 33

Onpenenurens TPEThErO IMOPSAKA TaKKe paBEeH CyMME IPOU3BEACHHN DJIEMEHTOB
HEKOTOPOM CTPOKH (CTOJIONA) HA anredpanyecKue TOTOJIHEHUS 3TUX DJIEMEHTOB, T.€.

A= a11A11 +a,, A12 +ay;, A13; A= a11A11 + a21A21 + a31A31
A= a21A21 +a,, Azz +a,; Azs; A=a, A12 +a,, Azz +as, Aaz
A= a31A31 +as, A32 +ag; A33; A= a5 A13 + a3 A23 +ag; A33

Hanpumep, paznoxeHue onpeaenuTels 0 JIEMEHTaM IIEpBON CTPOKHU:

a'22 a23 aZl a23 a‘21 a22

A=ay, '(_1)1+1 +a,, '(_1)“2 +ay; '(_1)1+3

Agy 32
=ap; (azz 8-33 - a32a23) —a, (a21a33 - a31a23) + a13 (a21a32 - a3la22) =
= a11a22 a33 + a12a31a23 + al3a21a32 - a11a32a23 - a12 a21a33 - a13a31a22

32 33 31 33

PaznoxxeHnem mo 3JeMEHTaM CTPOKH WJIM CTOJIOIAa MOYXHO BBIYHCIIHTH OMPEICTUTEINb
mo0oro mopsaka. B kadecTBe mpumepa pacCMOTPHM OMPEISIUTENIb YE€TBEPTOTO TOpsaKa
Pa3IOKUM €TO0 TI0 DJIEMEHTaM MEPBON CTPOKH.

IIpumep 2.
1 -1 2 3
1 -1 4 1 -1 4
1114 1-(-D"3 1 3+(-D-(-D*?*2 1 3
= o — J— o (— _|_
2 3 1 3
1 0 5 3 0 5
3 1 0 5
11 4 11 -
+2-(-D*%2 3 3+3-(-D'™2 3 1|=1(5+0-3-4-0+15)+
315 31 0

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

=13-6+2-(-17)—-3-9=13-6—-34—-27=-54

JlaHHBIN OMpeNeNuTeNb MOXHO BBIYMCIUTH UHBIM CIIOCOOOM, MPUMEHUB 3JIEMEHTAPHbBIE
npeoOpa3oBaHus K CTPOKAM ONpeaeauTes. A UIMEHHO, YMHOHM 3JI€MEHTHI [IEPBOM CTPOKHU Ha
(-1) ¥ cOXHUM € BIIEMEHTaMU BTOPOM CTPOKH, 3aTEM YMHOYKHM 3JIEMEHTBI IIEPBO# CTPOKHU Ha (-
2) U CIHOXKUM C COOTBETCTBYIOIIMMHU DIEMEHTaMH TpPETheld CTPOKH U, HAKOHEI, YMHOXUM
AIIEMEHTHI TIEPBOM CTPOKH Ha (-3) U CIOXKHM C COOTBETCTBYIOUIUMHU C dJIEMEHTaMH YE€TBEPTOU
cTpoku. Toraa Noay4um onpeaenuTeNb 4-To MopsaKa, B IEPBOM CTOJIOIE KOTOPOTO CTOAT HYJIH,
KpOME MEePBOil CTPOKH, T.€. IOJIy4aeM OIpeAeTUTeNh BUIA:

1 -1 2 3 . 4 4

0 2 -3 1

0 5 -3 _3=a11Au=1~5 -3 —3/=24-30+36+12—36-60=-54.
4 -6 -4

0 4 -6 -4

Konmponwsnwvie éonpocwt u 3a0anusn:



1. Kakue MaTpuLibl MOXHO CKJIa/IbIBaTh U 110 KAKOMY IIpaBUILy?

2. Kakumu cBoiicTBaMu oOsagaer omnepanusi cioxeHus matpull? EcTb nu oTiauuus ot
CBOWCTB CIJIOKEHHS YHuCen?

3. Kak yMHOXHUTB MaTpHIly Ha YUCIIO?

4. KakuMmu cBoiicTBamMH 00J1afjatoT onepaius yMHOKEHUs MaTpulibl Ha uncio? Ecte nu
OTJINYUSL OT CBOMCTB YMHOKEHMSI yUCen?

5. Uto Ha3bIBaeTCA ONPEACIUTENIEM KBaAPAaTHONW MaTpULIbI?

6. Maiite ompeneneHMe MHHOpa M alreOpandeckoro JOMOJHEHUs 3JIEMEHTa
OIIpEIEIIUTEIS.

7. Kak BBIYMCITUTH OMPENeNUTeNb, pa3iiaras ero mo Mporu3BOJIBHOW CTPOKE MIIH CTOJIOIY ?

ChopmynupyiiTe COOTBETCTBYIOIIYI0 TEOpeMy M  Hamumute (GOPMYIBI  pas3lIOKEHUs
ompenenuTeNs no i—ou crpoke (k—My cTonoiry).

8. Haiitu npoussenenne Marpui A u B.

01 120
1. A= . B= .
(5 1j (3 4 5}

120 120
2.A=|0 3 1| B=|0 3 1|
01 2 01 2
32 4 4 5 1
3A—561,B—[321.
21 7 8 -3 2

3. BpraucauTh onpeacinnTeNb

1 3 7 > 4 5 1 1 1 1 1 1
1 A=lg 26 56, 2.A=[3 1 -1 3. |x y z|. 4]l 1+a 1
3 -4 6 2 0 0 x> y? 7? 1 1 1+b
1 -1 2 3 -2
4 0 2 O -1 5 3 =2 1 1 -1 2 1
5. At 3 1% e, [*27 20 7]2 1 3 -2 1|
01 0 5 511 5 3 2 1 -2 3
2 4 3 1 0 4 2 -1 201 3 4 =




Ilpakmuueckasa paooma Ne2. Memoowvl pewienusn cucmem JUHEHUHBIX YPAGHEHUIL.

Ileny: PaccMOTpETh pas3iIMYHBIE METOJbl PELICHUS W 3aKPEHUTh HABBIKA pELICHUs

CJIAY.

OcHoevt meopuu:

CucremamiuuHeNHbIX YpaBHEHUM CNIIEPEMEHHBIMU UMEET BU/L:

agX, + apX, + - +a,yx, = b
A X, +  AyuX, + - 48, X, = b,
A X, + aX, + - +a,X, = b,

rIe aij (i=12...mj=12, ..n), bk (k = 1,2, ...m ) - 3amaHHbIe ACHCTBUTCIbHBIC
qucIa.

Yucna aij (1=1,2,..,m; j= 1,2, ...,n) Ha3pBaIOTCA KOIPPHUITMEHTAMU CUCTEMBI, a YUCIIA

bk (k = 1,2, ...,m) - cBOOOAHBIMU YJIEHAMH CHUCTEMbI JIMHEHHBIX alreOpandeckux ypaBHEHUIH

(CJIAY).
Martpunst
a; ad, - Qg a; a, - Q, b1
a a - a — a a -« a, b
A=|# 77 lp A= F 7 " 72| KOTOpbIE COCTABICHBI 3
a a a a a a_ b

ml m2 mn ml m2 mn m

K03 (GUIIMEHTOB MPU NEPEMEHHBIX U CBOOOTHBIX UJICHOB CHCTEMbI, Ha3bIBAIOT COOTBETCTBEHHO
MaTpHIIeH CUCTEMBI U PACUIMPEHHON MaTPHUILIEH CUCTEMBI.

PaccMOTpUM cucTeMy TpEX TMHEHHbIX ypaBHEHHI ¢ TpeMs HEU3BECTHBIMU Xy Xy Xg:
a, % +a,X, +aX =0,
X 85X, + 8%, =Dy,
8y, X + 85X, + 8% =,
rae & - ko3(p(UMIMEHTH NPH HEM3BECTHBIX; bi - cBOOOJHBIC WICHBI (IIpaBbIC€ YaCTH)

CHUCTEMBI ypaBHeHHH. ONpeneanTeb TPETHEro nopsaaka A, cocTaBleHHbIH U3 KOd()PHUIMEHTOB
MIPU HEU3BECTHBIX, HA3BIBACTCSI onpedenumenem cUCmembl.
Pemum cucreMy JTMHEHHBIX YpaBHEHUN METOJIOM OOpAaTHOM MaTpPHIIBL:

2X, + X, —3%; =5,
X, —2X, + 2%, =17,
X +X, +3X%;, = 4.

Beeném cnenyromnue 0003HaYeHUS:

2 1 3 X, -5
A=|1 -2 2|, X=|x,| B=|17
1 1 3 X 4 4

Brrunciaum OIIPEACIIUTEIIb CUCTEMBI.
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2 1 -3
A=|1 -2 2|=-12+2-3-6-4-3=-26.
1 1 3
Tak kak ONpCAC/IMTCIIb MaTpullbl CUCTCMbI OTJIMYCH OT HYJIA, TO ManI/IHaA UMECT
o0paTHYyI0, a pEIICHUE CUCTEMBI UIMECT BH/I: X=A"B,

Jlnsg HaxoXKIAEeHHs OOpaTHOM MaTpuibl A™' BBEMHMCIMM alreOpandecKHe JOIOIHEHHS
3JIEMEHTOB MaTpPULIbIA

-2 2 1 -3 1 -3
A= 1 3‘ -8 A= _‘1 3 ‘ =6, 3l ‘ ) ‘ —4,
A :_‘1 2‘:_1 :‘2 —3‘:9 A :_‘2 —3‘ ~
SR R I ] o1 2 ’
1 -2 2 1 2 1
As = ‘l 1 ‘ 3, Ay = _‘1 1‘ =-1 A= ‘1 _2‘ —3.

-1
Martpuna A , 00paTHas KA, 3aMHILIETCs CIEAYIOUMM 00pa3oM

) -8 6 4
At=——1-1 9 -7
26
3 -1 5
MarpuydHO€ peleHre CUCTEMbI UMEET BI/I,I[
X 1 -8 6 —4)\-5
X=|%X|=—==|-1 9 7|17 |=-
26
Xq 3 -1 -5

oTCIONA CIIEyeT, uTo X = 3, X, =-5 X;=2.

[Mpu ycnoun, uro A # 0, TO eIMHCTBEHHOE PELICHUE CUCTEMBI BBIpAKACTCS (hopmyaamu
Kpawmepa:

_A X — X —
Xl A’ 2 ' 3 .

Pemuts o opmynam Kpamepa crienyromiyto cucTeMy THHEHHBIX YPaBHEHUH:
X, —2X, + X, =4
3X; +2X, +5%X, = 2.
4X, —TX, =5X; = -5

1 -2 1
Bnauane HaiiieM onpeaenuTenab CUCTEMBI A=|3 2 5[=-10-40-21-8-30++35=
4 -7 -

- 74.A#0. CrnenoBarenpHO, paccMaTpuBaeMas CHCTEMa HMMEET CIHHCTBEHHOE pEIICHHE.
Beruncnum onpenenurenu A, A, A, .
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-4 -2 1 1 -4 1
A,=|2 2 5/ =40+50-14+10-20-140=-74,A,=|13 2 5| =-10-80-

5 7 - 4 5 -
1 2 -4

15-8-60+25=-148,A, =3 2 2| =-10-16+84+32-30+ +14=74. Takum o6pazom,
4 -7 -5

peHIeHI/Ie HaHHOﬁ CUCTEMBI UMECT BUI:

Paccmotpum pemienne CJIAY wmeronom T'aycca. Merox Taycca 3axirouaeTcsiB
MOCJIEIOBATEIbHOM HCKIIIOUEHUM HEW3BECTHhIX. /i1 yanoOCTBa BBINMILEM pPACHIMPEHHYIO
MaTpHILyH MPUBEJEM €€ K TMaroHaIbHOMY By C TOMOIIBIO 3JIEMEHTAPHBIX IPEOOPa30BaHUI.

2 1 -3-5 1 1 3|4
1 -2 2017 |1 -2 2|17 |—=—
1 1 3|4 2 1 -3-5) 7
11 314 1 1 3|4 1 1 3|4
|0 P B = o0 1 913 |—eo[0 1 913,
%0 -1 -9/-13 0 -3 -1/13 0 0 26/52

Brimoraum 00paTHBIN X0/, 3amuIeM CHUCTEMY,HCXOAs U3 KOd(DPHUIIMEHTOB mocHeaHe
MaTPHIIBI, ¥ TTOCIIEIOBATEIHHO HAaliZIeM HEH3BECTHBIC.

X, + X, + 3%, =4, X, =2,
—X, —9%, =13, X, =13—-9%, = -5,
26X, =52, X, =4—-X,—3%X; =3.

Konmponvnwvie 6onpocwt u 3a0anus:

Ucnonszys  dopmynsl Kpamepa u meron oOpaTHOW MaTpHIlbl HAWTH PEIICHHS
cnenyronux CJIAY:
3X, +2X, + X3 =5 X, —2X, +3X; =6 2X, =X, =Xy =4
1. 92X +3X, + X3, =1 ; 2. 12X, +3X, —4X; =20; 3. 13X, +4x, —2x, =11,
2%, + X, +3%; =11 3X; —2X, —5X, =6 3X; —2X, +4x; =11
Pemuts cnepytomue cucremsl MmetogoM [aycca.
2%, +4X, +4x, +6x, =18
4X, +2X, +5X, + 71X, =24
3X, +2X, +8X; +5%, =13
2X, +8X, +7X; +3X, =6

12



Ilpakmuueckasa paooma Ne3. @yukuyuu u npeodenvt. Memoowvt npudIUICEHHO20

6bluUCNIeHUA 3HAYeHUTl YyHKYUIlL.

I[ens: ChopMupoBaTh HABBIKM BBIYMCICHUS TpeNeinoB (PyHKIMH, a TaKKe BBIYHCICHUS

NPUOJIMKEHHBIX 3HAUCHUH (DYHKINHA.

OcHoevt meopuu:

[lycth QyHKIUS y=f(x) 3aJaHa B HEKOTOPOM OKPECTHOCTH TOYKH &, 3a
UCKJIIOYEHUEM, MOXKET ObITh, CAMON TOUKHA.
UYucno A HazbIBaeTcsi npeodenom @yHKyuu f(x) B TOUKe X=4a, eciau A

J000r0 TMOJOKUTENIBHOTO 4YKciia ¢>0 Halnercs Takoe MOJIOKUTEIBHOE YHUCIIO
5(s)>0, 4YTO JUIA BceX X, YIOBJIETBOPAIOLINX HEPABEHCTBY 0<\X—d<5 ,
BBITIOJTHAETCSI HEPABEHCTBO |f (x)—b| < = . B 9TOM Cilydae 3amuchiBaroT ler%na f(x)=A.
JlaquM TeOMETPUYECKYI0 WJUTIOCTPAILUI0 TIOHSATUS mpenenia (YyHKIUU B
TOYKE
(puc. 1.)

h+s

f (%)

P2

ol

Pucynox 1.

JIs1 BceX TOYEKX, OTCTOSIUX OT TOYKHU & HE Jalibliie, Y4eM Ha & , Touku M
rpaduka GyHKIUUA f(x) JEKAT BHYTPH TIOJOCHl IIMPUHON 2¢, OTPAHUYCHHOU
IPSAMBIMHA y=b—s, y=b+s.

PaccMoTpruM HEKOTOPBIE cgoticmaa npedenos QyHKYul.

ITycTs !('Ta f(x)=A, I)('Ta 9(X) =B C- nocrosunas Benmumna ,Torna

1. limc=¢:

X—a

limC-fx)=C-limf(x)=C-A,

X—a X—a

limEC-fx))=C-limf(x)=C-A,

2
3
4. lim (F09+900) = lim () +im 00 = A+B,
S

im (f(x)-9(<) = lim £(x)-lim g() =A-B,

13



f(X) Iimf(X) A
im 200~ lim 900~ B €O lim 900 0.

X—a

Hea 3ameuamenvhvix npedena

ITepBrIil 3ameyaTenbHbIN IPEAET] UMEET BU!
. sinx
lim —=1.
x=0 X

Bropoii 3amedaTenbHbIi peesl UMeeT BUA:

X
. 1
im |1+— | =e,
X—00 X

1
i X —
XIEO(1+ x) =e.

PaccMoTpuM nprMepsl Ha BBIYUCIICHHUE MPEEIOB (PYHKITHIA.

im 12x° +5x
IMpumep 1.BerauciauTe npeen '
PHMEP P oo _ax? 17
Pemenune
[Ipy mojacTaHOBKE TMPEAEHBbHOTO 3HAYEHHMS aApryMEeHTa MOJy4yaeMm
o0
HEOIPEIeICHHOCTh BUAa — .
o0

B IMpuMcEpax HO,IIO6HOFO THUIIA YUCIIUTCIb WU 3HAMCHATCJIb ACJIAT ITOYJICHHO
Ha Xn, raen -CTCIICHb MHOI'OYJICHA B 3HaM€HaTCJI€.Pa3II€J'II/IM YUCJIINTCIIb U

2
3HaMeHaTelb Ha Ha X . B PE3YIbTATC IOJIYYNUM!

5
Caasx . P 1240
i g i =T
—4x° +7 —as L -4+
X

Tak kak, mpu X —>© GyHKIIUU Sy lz CTPEMSATCS K HYJIIO.
X X

. x> —4x*-3x+18
11 ep 2.B lim .
pI/IM p BIYUCIIUTH Hpeﬂeﬂ 3 X3 _ 5)(2 N 3)( N 9

[Ipy 1moOACTaHOBKE TMPENENBHOTO 3HAYEHHs] ApryMEHTa IOJy4aeM

HCOIIPCACICHHOCTD BI/II[a%, YyTOOBI ee PACKpPBITh PA3JI0KUM YHCIHUTCIIb U

3HAMCHATCIJIb HA MHOXUTCIIN .
X® —4x? ~3x+18 = (x —3)(x? — x - 6)
x® —5x* +3x+9 = (x—3)(x> - 2x—3)
x® —4x* -3x+18  (x-3)°(x+2)
x*=5x* +3x+9  (x—3f(x+1)

2
CokpaTuM YHMCIUTEND U 3HAMEHATENIb HA MHOXHUTEIb (X—3) , B pe3yJbTare

(x=3)x=3)x+2)=(x-3)*(x+2)
(x=3)x=3)x+1)=(x-3f(x+1)

MOJTYYHM:
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. x*—4x*-3x+18 . x+2 5
lim 5 5 =lm —=—.
x>3 x* 56X +3x+9 =3 x+1 4

VX+13 -2+ x+1

IMpumep 3.Boiauciauts npeneia i
P p pel IXITB 3/x2 _9

[Ipu mnojcTaHoBKe MpEeAETbHOTO 3HAYEHMs] apryMmMeHTa MoJydaeMm
0

HCONIPEACIICHHOCTD an[aa ) yTOOBI €€ PaCKpbITb YMHOXHUM UYHUCIIHUTCIIb U
S3HaAMCHATCJIb Ha BBIPAKCHHUEC, COIPSIKCHHOC YHUCIUTCIII0,a BEIPAXKCHUC, CTOAIICC B
3HAMCHATCJIC PA3JIOKUM Ha MHOKUTCIIH.

WX +13-24x+1 . (\/X+l3—2\/X+1X\/X+13+2\/X+1)
lim = lim =

=3 3fy2_g o 3/ (x—3)x+3)Wx+13+2x+1)

i —-3x+9 e
X3 X+3( X+13+2 X+1) o (X—3)5(X+3)5(\/X+13+2\/X+1)
L
=lim 1_3()(_3)3 ~-0-
H (x+3)5(\/x+13+2\/x+1)
sin 3x
Ipumep 4.Boruucnuts npeaen J(@OT

. 0
HNMmeem HCOIIPCACIICHHOCTb BHA 6, packpoemMm €€ C IIOMOIIbIO IICPBOIO

3aMCcUYaATCIIBHOI'O npez[eﬂa.

. sSin3x .. 3sin3x 3. sin3x 3
lim = lim =—lim =—.
x>0  4X x—0 43X 4 x>0 3Xx 4

- 5B im 2XSsin X
HnMe « DBIYUCIIUTD IIPCACII - .
p p peaeT S0 1—cosx

Bocnonb3yemcst TpuroHoMeTpudecKkuMu (popmynamu:

., X ) . X X
2sin ? 2 =1-cosX; Sin X =2sIn ECOSE, B PE3yJIbTATE TIOTyIUM

2x-23in§cos§ 2x-cos§
lim 2XSINX :[Q]ZHm 22 _\im 2 _
x—>01 — CcOoS X 0 x—0 28“’125 x—0 sini
2
. X
_ 2jimeos, 21 _,
sin5 E-1
=.lim 2
2 x—0

X
2

15



3% —1 2x-1
Hpumep 6.Berunciauts npeaen )![EO( 3 + 4j '

HOI[CTaHOBKa MNpCACIbHOIO 3HAYCHUA IMPUBOAUT K HCOHpGI[GJ'IéHHOCTI/I BHUOA

1",
JI71 €€ pacKpbITHsT BOCIIOJIB3YEMCS BTOPBIM 3aMEUYaTEIbHBIM IIPEIEIIOM.
2% 2X
. 1
2x-1 l—i 4 Iimi1-—
. 3x-1 . 3x . 3x-1 X—>o0 3X
lim = lim -lim = o 1l=
x>0\ 3X + 4 X—>o0 1 4 x—o| 3X + 4 ) 4 X
+ 3x lim| 1+ —
X X—>00 3X
-3x\ 3
lim| |1+ b _2
X—>00 -3 e _10
3
- 8 8 7" 9
33 e3 e3
4
im||1+—
X—>0 3x
4
Konmponsnuie éonpocwt u 3a0anusn:
1. Onpenenenue npeaena GyHKITAM.
2. OCHOBHBIE CBOMCTBA MPECIIOB (PYHKITHH.
3. MeTtobl BEIYUCIICHUS TIPEIETOB (yHKITHH.
4. TlepBblii 3amMevaTeNIbHBIN TTPEACIL.
5. BTopoii 3aMeuaTenbHbINA Mpeet.
6. Beraucnuts nipeaesnsl GyHKITUI:
. X*+5 x> 49
1.1im , 2. Im ———
x—>4 33X — 4 x>7 X—7
5 lim 2x% +x -1 4 lim x—6+2
' X%2x2+5x—3' S ooz x4 8
_ 5x®+4x-8 - 2x*—2x+4
5. lim — > 6. im .
x-= 8X° 4+ 6X° +1 4 J5—Xx —Jx-3
X241+ 4x . sin5x
7 0im——. 8.1im= :
X—>00 4/X3 LY — X2 x=0 SN 2X
. 1-cosx . tgx —sinx
9.lim———. 10.|Img—-
X—0 X x=0 X
2% 42\ :
] X"+ : ™
10.lim| =22—= | . 12.Iim (1+ 2X>x
X300 2X2 _1 x—0
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Ilpakmuueckasa paooma Ned. Ilpouseoonas u oughghepenyuan ghynkyuu oonoi

nepemenHol.

Iens: ChopMupoBaTh HAaBBIKH BEIYUCICHHSI TPOU3BOIHBIX CJIOXKHON (QYHKITHH.

OcHoevt meopuu:

Onpedenenue npousz800HOU
Ilpouszsoonou  @ynxyuu 'y = f(X) Ha3pIBaeTCs MNpeaeid OTHOIICHUS NPHUPAIICHUS
(YHKIIMM K COOTBETCTBYIOIIEMY IMPHUPANICHUIO apryMEHTa, KOT/a MpHUpaIlleHUue apryMeHTa
CTPEMHUTHCS K HYJTIO:

' . A . S (x+Ax)—f(x)
= lim 2= lim L2297/
f (x) Ax—0 A% Ax 0 Ax

Ecnu ator mpenen KoHeuHBIM, TO mpou3BojaHas cymiectByeT U ¢yHkuus f (X)
HasbiBaeTcs nuddepeHuupyemMoir B Touke X. lIpomsBoanas oOo3Havaercsay'(x) WM d_y
[Ipouecc HaxoXk1eHUSI TPOU3BOJHON Ha3bIBaeTcs quddepeHurpoBaHueM PYHKINN.

IIpasuna ouggepenyuposanus hynkyuii
[MyctsCeR— mocrostHHast, u = u (x), V = V(X) — QyHKINHU, UMEIONIUE IPOU3BO/IHBIC.

1. C'=0. 2.(Cu)'=C-u'.
3. uUxv)'=u"+ V. 4. (u-v)’=u’-v+u-v’,
!
. (ﬂ) _u'v—uy'
Ay 2

Ilpasuno ouppepenyuposarust cioxcHou pyHkyuu
Ecmu byHKIHSA y = f(u) muddepenmupyema mou, a OGyHKOESIU = @
(X)muddepenupyemarno x, To mpousBoaHas ciokHoi (yakmumy = f(e (X)) ompenmensiercs
dopmymoin y' =f' (u) - u' (X) .
Tabauya npouzBOOHbIX CLONCHBIX DYHKYULL
L W) =nu"u'
!

_u Y ' '
la. (JU)_ZJU' 16. () = (§) = -4
! !
2 (a“)za“-lna-u’ 2a. (e”):e“ u’
/ /
_u _Uu
- 4 / - !
4. (sinu) =cosuu'. 5. (cosu) =—sinu-u’.
!
6. (tgu) = U | 7. (ctgu) = —_U"_
g cos?u (ctgu) sin2u

8. (arcsin u)’ =4 9. (arccos u)’ ___u

J1-u2 J1-uz

__u o
R 11. (arcctgu) R

!

10. (arctgu)
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IIpoussoonvle 6mopoeo nopsoxka

Ipouzeoonoti émopozo nopadka (6mopoii npouseodnoii) ot GyHkuuu Y = f (X)
Ha3bIBAETCs IIPOM3BO/IHAS OT €€ IPOM3BOJIHOM, T. €.

F00 =(f'(x)".

2
" d
Bropyto nponssoHyo Tarke obosnagator Y (X) wm Z . IIpousBoanas ot
X
IPOM3BOIHOM BTOPOTO TMOPS/IKA HA3BIBAETC NPOUBOOHOU mpembe0 Nnopsaoka W T. L.
(n) d"y
[Ipou3BoaHyt0 N-TO NOpsAIKa 0003HAYAIOT Y (X) WM ——=-.

dx
Tloxaxxem Ha npuMcepax, KakK CICAYCT II0Jb30BAaTHCA NPUBCACHHBIMU BBIIIC
dhopmynamu.

IIpumepl. Haittn npousBoanyro: Y = cos’ (XZ) .

y' = Zcos(xz)- (cos(xz))’ = 2cos(x2)- (—sin(xz))’ : (xz)' =-2X -sin(2x2).

Tpumep 2. Haiiti npomssomyio: Y = arcsin +/X

1
v Wx) 2k _ 1
- et

Hpumep 3. Haittu npomssoanyo: Y = In (arctg X — 1).

Pemrenue.
[

, _larctg x—1' 1 x-1 1 1
| _lectg i1

arctgvx —1 - arctgvx —1 '1+(\/x——1)’ - arctg/x —1 ' 20X —x?

X X
Ipumep 4. Haiitu npousBoaHyo GyHKIUU JV = ntg————
2 smx
y' = 1 1 1 sinx—xcosx 1 SINX—XCOSX _ SiNX—SiN X+ XCOSX
X ,X 2 sin? T X X sin? - in’ -
tg~ cos’~ 2 St X 2sin - cos Sin- X sin” x
2 2 2 2
_ XCOSX
sin®x |

4
X
IIpumep 5. Haiitu npousBoanyro GpyHkuumn Y = arctg —

—X
yi 1 BX(L-x") - (=8x")2x" _ (1-x")*(8x°-8x" +16x") _ 8x*+8x" _
. 4x8 (1—x®)? (1+ x®)?(1— x®)? (1+x®)?
(1-x7)?

_8xC(L+x%)  8x°
A+x3)?  1+x®
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KOHmpOJleble e80onpocol U 3A0aHUA.

1. JTaiiTe onpenencHue MPOU3BOTHON PYHKIIUU B TOUKE.

2. ChopmynupyiiTe OCHOBHBIE IpaBuia Tu(GepeHIIMPOBAHNUS.

3. 3anumuTe TabIUILy IPOU3BOTHBIX.
4. Kak onpezensieTcs IpOU3BOIHASI BTOPOTO, N-T'0 Topsiaka?

5. Haiiti nmpou3BoiHy10 (yHKIIUH.

1. y=4(+av2x) .
2. ___ X
y N1+ X2
1
3. = arct .
y g1+ NG
4 X2 -2

yzlnm.

5. Yy =InIntgx

.1
arcsin—

6. y=e *
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Ilpakmuueckasa paooma Ne5. Memoowvt ucciedosanus u hocmpoenus 2pagurkos

dyukyuii.

IJens: ®opMupoBaHME HABBIKOB IPHUMEHEHHS TUPPEPEeHINATBHOTO HMCYUCICHHUS K

IIOCTPOEHUIO TPapUKOB PYHKIIHH.

OcHoevt meopuu:

Paccmorpum Qynkuuio y = f (X), HENPEPLIBHYIO B TOUYKE Xo. Touka Xy wHasbiBaetcs
moukou makcumyma (Munumyma) @yuxyuuy = f(X), €ClIu CyIECTBYeT TakKas OKPECTHOCTb

toukn Xy, uro s Bcex X7 Xgu3 3TOW OKPECTHOCTH BBINOJHAETCS HEPABEHCTBO
f(x)<f (XO) (F(X)> f(X,)). 3nauenme Qynxkumm B TouKe MakcHMMyma HasbIBaeTcs
vakcumymoM  GyHkmn:  Yygx = 1| (Xjax ) 3Hauenne QyHKIME B TOUKe MHHAMYMa

naspisaetcs muanvymoM yrkumi: Ymin = T (Xipin ) -
Touyk MakcMMymMa W MUHUMyMa (YHKIUM Ha3bIBAIOTCS MOUKAMU OIKCIMPEMyMA
@ynryuu. 3Hauenus GYHKIMU B TOUKAX IKCTPEMYMA HA3bIBAKOTCS SKCMPEMYMamil (YHKYUU.
! !
Ecmu ¢pyskumst y = f (x) umeer B Touke X 9KCTpEMyM, TO f (XO) =0 ym f (XO)

HE CYILIECTBYET — Heobxooumoe ycnosue sxcmpemyma. OTCIOa CIEAyeT, UTO TOUKU IKCTpeMyMa
(GyHKIHMM ClIeyeT UCKaTh TOJILKO CPEIM TE€X TOYEK, B KOTOPBIX MPOU3BOAHAS (DYHKIHMH paBHA
HYJIO WIK HE CYLIECTBYET, TaKHE€ TOYKH HAa3bIBAIOTCS KPUMUYECKUMU WA CMAYUOHAPHbIMU
TOYKaMH (PYHKITHH.

Ecnn ¢pynkums y = f (X) HenpepelBHa B HEKOTOPOH OKPECTHOCTH KPUTUYECKOH TOYKH

Xy u muddeperipyema B 5TOM OKPECTHOCTH (33 MCKITIOUEHHEM MOKET OBITh, CaMO Toukn X))
¥ eciiu TIpy Tiepexozie X uepes Touky X (ciieBa Hanpago):
!
1) f (X) MEHSET 3HAK C «H» Ha «—», T0 Touka X(eCTh TOuKa MakcuMyma (QyHKIIUH,
!
2) f (X) MEHSET 3HAK C «—» Ha «+», To Touka X eCTh TOuKa MUHUMYMa (QYHKIIUH,
f !

3) (X) HE MEHSIET 3HaK, TO B TOUKe X (QYHKIHS HE UMEET IKCTPEMYMA.

Ecnu B kpurnueckoit Touke Xy dyHkums y = f(x) mBaxasl auddepeHuupyema, To
ONPEJIENUThL XapaKTep dKCTpeMyMa (ecid B Touke X( (QyHKIHMH UMEET SKCTPEMYM) MOXKHO IO
3HAKy BTOPOM MPOU3BOAHOM:

n
1) ecmn | (Xo) < 0, 10 X) — TouKa MakcuMyMa QYHKIIUH,

2) ecm | "(Xo) >0, ro Xy — Touxa MuHEMYMa QyHKIHM.

I'padux pynxumum y = f(X) HaszpIBaeTcs BBIIYKJIBIM BBEpX Ha MHTepBaie (a; b) eciu B
npeenax 3Toro HHTepBaia rpaduk GyHkuun y = f(X) J1exUT HIKe 110001 cBOeH KacaTeabHOM.

I'padux ¢ynkuum y = f(Xx) Ha3pIBaeTCs BBINYKJIBIM BHHM3 Ha MHTepBase (a; b) eciu B
npejenax 3Toro HHTepBaia rpaduk GyHkuuu y = f(X) J1exuT Bblle 000 cBOEl KacaTelIbHOM.

Touka rpadpuka pynkuun y = f(x) Mo (Xo; f(X0)) Ha3bIBaeTcst TOUKO# nepecuba rpaduka,
€CITU TIPH NEepexo/ie X uepe3 Xo rpaduK MEHsET HalpaBJIeHUE BBITYKIOCTH.

B Touke meperu6a Xg BTOpas mpoumsBoaHas ¢ymkuuu f paBHa Hymio f”(XO) =0
(HEeoOxoaMMOe YCIIOBHE MEepernoda).
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Ecnu Bropas mpousBoaHas f”(x) ABaxabl auddepeHuupyeMoit pyHKIUU Mpu nepexomae

yepes TouKky X, MEHsIeT CBOM 3HaK, TO Touka X; eCTh TouKa nepernda eé rpaduka (Jo0CTaTOYHOE
yCIIOBHUE TIeperuoa).

Aneopumm uccreoosanus GyHKyuu Ha BLINYKIOCHb
u mouxu nepezuba

1. Haxomum BTOpYIO Mpou3BOIHYIO GyHKIUHU f"(X).

2. HaxouMm TOYKH, B KOTOPBIX BTOPasi IPOU3BO/IHAS PaBHA HYJIIO UM HE CYLECTBYET.

3. Uccnenyem 3HaK BTOpPOM MPOU3BOAHOMN CIIEBA U CIIpaBa OT HAHACHHBIX TOUEK U JIeJIaeM
BbIBOJI 00 MHTEpBajaxX BBINYKIOCTH M Haluuuu Touek neperuda. Ecim Bropas mpousBoaHas
OyZeT MEeHSATh CBOM 3HAK C IUIIOCA Ha MUHYC MJIM C MHUHYCa Ha IUTIOC B UCCIIEAYyeMOM TOUKE, TO
3Ta TOuka U OyneT Toukol meperunba rpaduka ¢yHkuuu. Eciau BTOpas mpousBojHAs 3HaKa He
MEHSET, TO QYHKIIHS HE UMEeT ToUeK neperuoa.

Acumnmomul epaguxa pynxkyuu
[Mpsimasi LHa3eiBaeTcs acumntoToi kKpuBoi Yy = f(X), ecnm paccrosiHue ot Touku M(X; Y)
KpUBOH 110 3TOW mpsiMoil LcTpeMutes K HyIliO IpU HEOTPAaHUYEHHOM YIAJICHUH 3TOW TOYKHU 1O
KpHBOW OT Hauazna koopauHat. [IpsMas X = asBisieTcsa gepmuxaibHou aCHMITOTON KPUBOH Y =
f(X), eciu BBHIIOJIHSCTCS XOTS ObI OJTHO M3 YCIOBUIA:
lim £ (x)= oo (uru — o)
x—a-0
lim  f(x)= 400 (wru — o)
x—a+0
Ipsimast y = kx + b makmonnas acumnroTta KpuBoi Y=f(X) mpu X —> 400 (mpu X —>—00),
€CJIM BBITIOJTHSIOTCS YCIIOBHS:

lim LX):k u lim [f(x)-k-x]=b

X—>+400 X X—>+00
lim Lx):k u lim [f(x)-k-x]=Db|
x——o X X—>—0

YacTHblid ciydyaid HAKJIOHHOW acCUMMOTOTHI TPHU k=0wubzo _ 20PU3OHMATbHAA
acumrtora y = b.
3x% —x+2
X—2
HaiinemoOmnacte onpeaeneHus GyHKINH D(y) = (— 0, Z)U (2 ;T OO)-

Ipumep 1. Haiitn acumnroTsl rpaduka QyHKuuu y =

Xo = 26CTL TOYKa paspbiBa rpaduka QyHKIUU, dYepe3 Hee MOXKET MPOXOAUThH
BEpPTUKAIIbHAA aCUMIITOTA.
) . 3% —x+2 [12
Hainem lim f (X) = |im = = —00 ,cJIedOBATENIbHO,  IpsMas
X—>xg—0 X—2-0 X—2 -0

Xy =2 sBIsieTcs BePTHKAIBHOM aCHMIITOTOIA.
Haiinem HaknonHyro acumnroty:y = kx + b
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pa3acinuMm YUCINUTCIIb

o0 U 3HaAaMCHATCJIb HAa X2

2
- 1im O i w:m:

3 1.2
= lim X X _3
X—>+0 1_%
(X—>700) X
2 2 2
b= lim [f(x)—k-x]= lim | X "X*2_gy|_ jjm FoXF2-ICHOX_
X—>+00 X—>+00 X— X—>+00 X—2
(x—>—00) (x—>—0) (x—>—00)
5x+2 5+E
lim = lim —X=5,
X—>+400 X—2 X—>+0 1_3
(x—)—oo) (X—)—oo) X

Hamnu, utok = 3 u b = 5, cnenoBarenbHo, ypaBHEHHE HAKIOHHON aCHMMIITOTHI UMEET
Bugy =3 X+ 5.

Konmponwsnsie eonpocwt u 3a0anusn:

1. Haiitu obnacts onpenencHust GyHKINAN.

2. UccnenoBaTth pyHKINIO HA YETHOCTH M HEUYETHOCTD, IEPHOANIHOCTb.

3. UccnenoBaTh QyHKINIO HA HETPEPHIBHOCTD U BEPTHKAILHBIC AaCHMITTOTHI.

4. WccnenoBath moBeacHHE (YHKIIMA HAa OECKOHEUHOCTH, HAWTH TOPU3OHTAJIBHBIC H
HAKJIOHHBIEC aCHMITTOTBI.

5. Haiitu 3KCTpeMyMBbl U HHTEPBaJIbl MOHOTOHHOCTH (DYHKIIUH.

6. Haiitu mHTEpBaJIBI BBITYKJIOCTH (DYHKIIUU M TOYKH TIeperuoa.

7. Haiitu TOYKM niepecedeHust GyHKIIUH C OCSIMHA KOOPIUHAT.

8. I[loctpouts rpadux GyHKIUU.

9. Omnpenenenne skcTpemMmyma GyHKIIHH.

HalTu akcTpemymbl GyHKLUMRA:

1 1 1 1
1. y=-x3-=x%-2x. 2. y==x3+=x%-6x.
3 2 3 2
Haiitu nnTepBasibl BHITYKIOCTH, BOTHYTOCTH M TOUKU neperuda rpaduka GyHKIUu:
4
1. y:)1(—2—2x2. 2.y=x>-5x*+3x-5
Haiitu acumMntoTsl rpadukoB cleayromux (yHKIIHMA:
2 - x? 5x? +2x -1
ly= . 2.y =——-—-.
X+3 1-X
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Ilpakmuueckasa paooma Neb6. Bepoamnocmnule mooeau npoueccos ynpasieHus.

Ilenb: 3akpenuTb HaBblKM MNPUMEHEHUA BEPOSTHOCTbIX MOZesien B npoueccax

ynpasneHus.

OcHoevt meopuu:

Knaccuueckoe onpedenenue eeposmnocmu.
Beposamnocmv cobvimus A onpenensercs hpopmynoin

P(A)=%’

r7ie M — YUCIIO 3JIEMEHTapHBIX COOBITUIH, OIAroNpHUSTCTBYIOIINX MOSBICHUIO COOBITHS A, N
— YHCIIO BCEX DJIEMEHTAPHBIX COOBITHI, BXOSIINX B ().

31O ompeeneHne Ha3bIBACTCS KIACCUUECKUM ONpedeneHuem 8eposimHOCU.

W3 onpenenenrs BEpOsITHOCTH BBITEKAIOT CIIEAYIOIINE €€ CBOICTBA:

1. Beposmnocmov 0ocmosepHoco cobvbimus pasrna eounuye.

JleiicTBUTENBbHO, €CIM COOBITHE JOCTOBEPHO, TO BCE OJJIEMEHTapHble COOBITHSA
OJIarompuATCTBYIOT eMy. B 3TOM cimydae M=N u, cie10BaTeNbHO,

p)="-"_1
n n
2. Bepoamuocmob He803MONCHO20 COObIMUSL PABHA HYIIIO.
JleficTBUTENBHO, €CM COObITHE HEBO3MOXKHO, TO HM OJHO 3JIEMEHTapHOE COOBITHE HE
OnmaronpusaTcTBYeT eMy. B aTom cimyqae m=0 wu, ciiemoBaTeabHoO,

P(@)=" = 0 o
n n
3. Bepossmuocme cayuaiinoeo coobimus ecmo ROLOACUMENbHOE YUCILO, 3AKIOYEHHOEe
MexHcOy Hynem U eOUHUYell.

JleicTBUTENBHO, CIyd4alHOMY COOBITHIO OJarompuATCTBYET JHIIb YacThb W3 OOIIEro

. m
YpCaa dJIEMEHTapHBIX coObITuil. B atom ciysae O<m< N, a svauntr, Q< — <1 W,

n
CJIeIOBATEIILHO, 0 < P(A) <1
Wtak, BepOATHOCTH JF000T0 COOBITHUS YIOBIETBOPSAET HEPABEHCTBAM

0<P(A)<1

Ecnu mpocTpaHcTBO €2 cOolep)KUT OECKOHEUHOE MHOXKECTBO 3JIEMEHTAPHBIX COOBITHI, TO
UCIIOJIb3YETCSI T€OMETPUYECKOE OMpeeNieHue BEPOSATHOCTH, KOTJa BEPOSTHOCTh MOMAaJaHUs
TOYKH B JII00YI0 007acTh MPOMOPLUHOHAIFHA MEpe 3TOH yacTu (AJuHe, TUIoMaau, 00beMy) U He
3aBUCHT OT €€ PacMoIoKeHUs U (POPMBI.

PR =0
mesG

IIpumep 1. Bpocaercs urpanbHblii KyOuK. [IpocTpaHCTBO 3lIeMEHTapHBIX COOBITHH,

rac mes — MEpa JJIMHBI, TIJIOIaau, O6’beMa, £ —4acCTb oomactu G.

OTBEYAIOIIEE JAHHOMY SKCIIEPMMEHTY, UMEET CIIeAyIoIuil Bu:. {2 = {a)l, Wy, .y a)ﬁ}.

HYCTL coObITHE ACOCTOMT B TMOSBICHHMHM 4YeTHOro uymcia o4ykoB. CoObitue A ecTh

\
noaMHuoxkecTBo. 2, A= {0)2 NOMOX } )

aﬂeMeHTapHLIe CO6BITI/I}I, BXOgAIIUE€ B COCTaB CJ'Iy‘-I&lfIHOl“O coObITHS AHA3BIBAIOTCS
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COOBITUSIMH, O1a2onpusmMcmeyrouwuMy osIBICHUIO coObiTus A. J[Ba WM HECKOJIBKO COOBITHI B
JAHHOM OIIBITE€ HA3bIBAIOTCSA PAGHOBO3MOJICHLIMU, €CIIU IO YCIOBHUSM CHUMMETPUM OIIbITA HET
OCHOBaHUH CUMTATh KaKOe-JIM00 COOBITHE OOJiee BO3MOKHBIM, YeM JTIF000€ JIPYyroe.

Ipumep 2. B norepee paspirpeiBaercs 1000 6uneroB. Cpeau Hux 2 Bourpsima mo 50
pyo6., 5 — 20 py6., 10-10 py6., 25-5 py6. Hekro kymwmn onuu Ouier. Haiftu BeposTHOCTH
BBIUTpBIIIA HE MeHee 20 pyOien.

Pewienue.

[To ycnosuro: 1000 = 250+520+1010+255+958 i pourpi-

[Iycte A- uckomoe coObiTve. Bpiurpoiu He menee 20 pyOneir — 310 Bbrpsiul B 20
pyOIeii, KOTOpbIi BcTpedaeTcss Mi=5 pa3 u BRIMTPhI B S0 pyOiield, KOTOPBIH BCTpedaeTcs: M=2
paza. Torma m=mz + m2.n=1000 - o01mee KOMNIECTBO BceX OUIETOB. P(A) = m_>5+2_ 0,007.

1000

Ipumep 3. N3 90 ciyuaiilHO OTOOpaHHBIX OJMHAKOBBIX JI€Taleld BBISIBICHO 3

OpakoBaHHbIX. OTHOCUTENIbHAS YacTOTa OpaKOBaHHBIX JIeTallel paBHA
W=~ -1.
90 30

[Ipn yBenuueHMM uuciaa HUCHBITAaHUM  (ONBITOB) HAOMIOJAeTCsl  yCTOMYMBOCTH
OTHOCHUTENIbHOM YacTOTHI, T.€. CYIIECTBYET HEKOTOpPas MOCTOSHHAs BEJIMYMHA, OKOJIO KOTOPOM
IPYNIUPYETCS OTHOCUTENIbHAsg 4YacToTa M K KOTOpoil OHa Bce Oousbllie NpUOIMKAeTcs C
YBEJIMYEHUEM 4YHCIIa MCMBITAaHUM. OTa TNOCTOSHHAs BEJIMYMHA HAa3bIBACTCS GEPOSAMHOCHILIO
cayuatinoeo coovimu m o603HavaeTcsaP(A). PaccMoTpeHHOE MOHATHE BEPOATHOCTH CIy4ailHOTO
COOBITHS SIBIIIETCS] CTATHCTUYECKUM OIPEIeIICHIEM BEPOSTHOCTH.

[Tycth coObITHSI A 1 B — HECOBMECTHBIC, TPUYEM BEPOSTHOCTH ITUX COOBITHH NTaHBI.
Kak HaiiTH BEpOSATHOCTH TOr0, YTO HACTYNHT JUOO coObiTHe A, nUO0 coObiTHe B, T.c.
BEPOSTHOCTH CYMMBI 3TUX COOBITHI 4 +B? OTBET Ha ATOT BOIIPOC JIaeT CICAYIOIIas Teopema.

TeopeMa ci10’keHUsI BEPOSITHOCTEl HECOBMECTHBIX COOBITMM.BeposmHocms cymmbl
08YX HECOBMECHHbIX COOLIMULL PABHA CYyMME 8EPOAMHOCEL IMUX COObIMULL:

P(A+B)=P(A)+P(B).
TeopeMa yMHO:KeHHMSI BEpPOSITHOCTEHl HE3aBHCUMBIX COOBITHH. Beposmuocmo

npou3sedeHust 08yX HE3ABUCUMbBIX COObIMULL PABHA NPOU3BEOCHUIO 6ePOSIMHOCMEl  IMUX
cobbimuil:

CaencrBue.Bepoamuocms npousseoeHus HeCcKONbKUX He3aBUCUMBIX cOObImuil pasHa
NpPOU3BEOCHUIO BEPOSIMHOCMEN IMUX COOLIMUIL

P(A-A-...- A) =P(A)-P(A)-...- P(A):

Teopema yMHOXKeHHSI BEpPOSTHOCTeH 3aBHCHUMBIX COOBITHHl. Bepoamnocmos
npoussedeHust 08yX 3A8UCUMBIX COOLIMULL PABHA NPOUZBEOEHUIO 8EPOSIMHOCIU 00OHO20 U3 HUX HA
YCIOBHYIO 6€POAMHOCNTb dpyeoeo, BbIYUCIIEHHYIO 6 npeénozzoofceHuu, umo nepeoe cobvimue yorce
HACMYnuuo.

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

IIpumep 1. B ypre 30 mapos: 10 kpacHbIX, 5 cuHux u 15 Genbix. Haiitu BeposTHOCTD
MIOSIBJIEHUSI LIBETHOTO 11apa.
[TosiBneHue LBETHOTO I1apa 03HayaeT MOsIBJICHHE JIMOO0 KPAaCHOTO, TM00 CHHETo Hiapa.
BeposiTHOCTB MOsIBIIEHHST KpacHOTO miapa (coobitue A)
10 1
P(A)=— ==
30 3

BeposiTHOCTB MOsIBIICHUS CHHETO mapa (coobiTre B)
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CoObiTuss A 1 B HecoBMECTHBI (IOSIBIICHHE IIapa OJIHOTO LBETa MCKIIOYAET MOSBICHHUE
niapa Apyroro 1BeTa), I03TOMY UCKOMasi BEpOSITHOCTh paBHA

1 1 1
P(A+B)=P(A)+P(B)==+==—-

3 6 2

Tax kaKk MPOTHBOIOJIOKHBIC COOBITHS BMECTE 00pa3yloT T0CTOBEPHOE coObITHE, TO
P(Q) = P(A)+ P(A) =1,

TN0ITOMY
P(A)=1-P(A).
IIpumep 2. BeposTHOCTH TOTO, 4TO AE€Hb OyIeT JOXKUIMBBIM, paBHA p = 0,3 Haiitn

BEPOATHOCTD TOT'O, YTO ACHDb 6YI[€T SICHBIM.
CoObITHs «ICHb ﬂO)K}IJ'IHBI:IfI» n «ICHb SICHBINY — IMPOTHUBOIIOJIOXKXHBIC, IIO3TOMY

HCKOMasd BEPOATHOCTH paBHA
q=1-p=1-0,3=0,7.

IIpumep 3.MulieHb COCTOUT U3 TPEX 30H. BEpOATHOCTH MOMAaHus B IEPBYIO 30HY MPH
oaHOM BbIcTpene paBHa 0,15; Bo BTopyro - 0,23; B Tpetsto - 0,17. HaliTn BepossTHOCTH poMaxa.

O6o3HaunM  cobeitie  A- mnpomax, A - T[onagaHde B MUIIEHb. Torma
A=A +A,+A;, roe A,A,, A, - nonajganne COOTBETCTBEHHO B NEPBYIO, BTOPYIO H

TpeThio 30HHBL. [I0 TeopeMe clioKeHUsI BEpOSITHOCTEN:

P(A)=P(A)+P(A)+P(A;)=015+0,23+017 =0,55
OTKyJa P(K) =1-P(A)=0,45

[TycTh pOW3BOIUTCS N HE3aBUCHUMBIX MUCIBITAaHUN, B KQXKIOM U3 KOTOPBIX COOBITHE A
MOXeT b0 mpousoitu (ycmex), AuMO0 He TNpom3oWTH (Heymauda). byaem cumtarth, 4TO
BEPOSATHOCTh COOBITHSI A B KaXJIOM HWCIBITAHMM OJHAa W Ta €, a WMEHHO paBHAa p.
CrnenoBatenbHO, BEPOATHOCTh HEHACTYIUICHHSI COOBITHS 4 B KaXKIOM HCIBITAHHU TaKXKe
nocrositHHa W paBHa (=1-p. Takas mnocIenOBaTENbHOCTh HCIBITAHUN Ha3BIBACTCS CXEMOU
bepuynnu.

B KkauecTBe TakMX HCHBITAHUH MOXHO pPaccMaTpHBaTh, HAIpPUMEp, HPOHU3BOJCTBO
U3JICIMH  Ha  OINpENCIICHHOM OOOpYIOBaHMM TMPH IOCTOSHCTBE TEXHOJIOTMYECKHX U
OpPraHU3allMOHHBIX YCJIOBHI, B A3TOM Cly4ae H3rOTOBJICHHE TOJHOTO W3ACIHS — YCIeX,
OpakOBaHHOTO — HeyJ[aya. JTa CUTyallusi COOTBETCTBYET cXeMe bepHysuiu, eciu cuurath, 4To
MpoIecC M3rOTOBJICHHS OJHOTO H3JCNIUS HE 3aBUCHT OT TOrO, OBUTM TOJHBIMH WA
OpakOBaHHBIMU TPEABLIYIIUC H3/ICITHS.

Jlpyrum mpuMepoM SIBIISIETCSI CTpeib0a 10 MUIICHH. 37eCh MOMajaHne — yCIeX, MpoMax
— HeyJayva.

[TocTaBuM cBoell 3amayeil BBIUMCIUTH BEPOSTHOCTH TOTO, YTO TPHU N HUCHBITAHUSAX
coOBITHE A OCYIIECTBUTCS POBHO K pa3 u, clietoBaTenbHO, He ocyiecTBuTes N—K pas, T.e. Oyner
k yciexoB 1 N—K Heynau.

Hckomyro BepOsITHOCTH 0003HaunmM P (k). Hampumep, cuMBonm p (3) O3HaYaeT

BEPOSATHOCTh TOTO, YTO B IATH UCHBITAHUAX COOBITHE MOSIBUTCSA POBHO 3 pasa u, ClieI0BATENbHO,
HE HaCTYNHT 2 pasa.

[locnenoBaTenpbHOCTD 77 HE3ABUCUMBIX MCHBITAHUM MOXHO PacCMaTpUBaTh KaK CIOXKHOE
COOBITHE, SBIAIONIEECS MPOM3BEACHUEM 71 HE3aBUCHUMBIX coObITHH. CienoBarenbHo,
BEPOSITHOCTh TOTO, YTO B /1 UCTBITAHUSAX COOBITHE A HacTYmUT K pa3 u He HacTynuT N—XK pas, no
TEOpeMe YMHOKEHHS BEPOATHOCTEI HE3aBUCUMBIX COOBITUH, paBHA
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p k q n—k
Takux CI0XKHBIX COOBITUI MOET OBITh CTOJBKO, CKOJIBKO MOKHO COCTABUTH COYCTAHUM

k
U3 71 3JIEMEHTOB 110 K 3J1eMEHTOB, T.€. Cn .

Tak kak 3TU CJIOKHBIE COOBITHS HECOBMECTHBI, TO 110 TEOPEME CIIOKEHUS BEPOSTHOCTEN
HECOBMECTHBIX COOBITHII, HCKOMasi BEPOSITHOCTh PaBHA CyMME BEPOSATHOCTEH BCEX BO3MOXKHBIX
CIIOXHBIX cOOBbITHIH. [ToCKOIBKY e BEPOSTHOCTH BCEX ITUX CIIOKHBIX COOBITUI OJMHAKOBBI, TO
MCKOMasi BEpOSITHOCTh (mosiBiicHHe K pa3 coObITHS A B 7 UCIBITAaHHUSAX) PaBHA BEPOSTHOCTH
OJIHOTO CJIO’KHOTO COOBITHUS, YMHOKEHHOM Ha UX YHCIIO

kK Kk Nk
P.(k)=C;p"q
1581071
k)=
= p‘q™
k!(n—k)!
[Tonyuennyto popMyny Ha3bIBAIOT Qopmyno bepryniu.
IIpumep 1. BeposATHOCTH TOro, YTO Pacxo] EKTPOIHEPTHHM HA MPOJOJKEHUM OJHUX
CYTOK HE MPEBBICUT YCTAHOBJIEHHON HOPMBI, PaBHA p = 0,75 Haiit BepossITHOCTB TOTO, YTO B

TeueHue 4 CyTok u3 Omxaimx 6 CyToK pacxo] JIEKTPOIHEPTUH HE TTPEBBICUT HOPMBI.
Pemienne. BepoATHOCTP HOPMAJbHOIO pPACX0/a AJIEKTPOSHEPIUU Ha MPOAOJIKEHUH
KaXIbIX U3 6 CyTOK MTOCTOSIHHA U paBHA p=0,75. CrienoBatenbHO, BEPOSITHOCTh MEpEepacxo/ia

QJICKTPOOHEPTUH B KAXKABIC CYTKH TaKXKE IIOCTOSITHHA U paBHA q =1— p =1— 0,75 = 0’25 .
Hckomas BeposTHOCTH 10 (hopmyse bepHyim paBHa

6-5 1215
P.(4)=C?p*q® =C2p*g® =—>(0,75)* - (0,25)® = ==—= ~ 0,297 -
s(9)=Copa” =Copra” = (0.75)"-(0,25)" = -

B psane 3amau mpencTaBisieT MHTEpEC HAUBEPOSATHEHIEE YHUCIO YCIEXOB, T.€. TaKoe

uucino M ycnexoB, BeposTHOCTE KOTOPOro camas Gosbinas cpeau BeposTHOCTeH. Tak Kak npu
YBEIMYCHUH K BEpOSTHOCTH CHAadaja BO3pAaCTalOT, a 3aTeM, C OIPEICICHHOr0O MOMEHTA,

D\

Ha4YMWHAIoT Y6BIBaTB, TO IJIA m HUMCOT MECTO COOTHOLICHUA

R, (M) > F,(M-1)

u
R, (M) 2R, (M+1).
Ucnonb3ys ¢opmyny ¥ COOTHOILIEHUE p+q =1, [I0JIy4a€EM COOTBETCTBEHHO
HCPABCHCTBA
(n—-Mm+1)p=>mq
u

(Mm+Hg=(n—m)p.

OKOHYATEIBHO noJjrydacm, 4To M JIC)KUT B UHTCPBAJIC e,Z[I/IHI/ILIHOI\/'I JJIUHBI:
np—gq<m<np+p,

OpHako, CTOMT 3aMETHTh, YTO MCIOJb30BaHME (GopMynbl bepHymin mpu OoJbIIMX

3HAYEHUSAX 7 JIOCTaTOYHO TPYAHO, TaKk Kak Qopmyna TpeOyeT BBINOJIHEHUs IEWCTBUH Hax
I'POMAaTHBIMHU YUCIIAMHU.

Hanpumep, ecru N =50, k=30,, P = 0,1, to st oreickanms sepositroctr Py, (30)

HaaO BBIYUCIIUTL BBIPAKCHUC PSO (30) — 570| . (0,1) 30 . (0’9) 20, rae 501= 30414093 ,1057 :

30!-20
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30&226525286-10%;20L=24329020.1o“.

JlokanbHas Teopema Jlamnaca.Eciu eeposmuocms p nosasienus coovimus A 8 kaxcoom
UCHbIMAHUYU NOCMOSHHA U OMIUYHA OM HYAsL U eOunuysl, mo eeposmuocms P (K) moeo, umo

cobvimue A noseumcsi 8 n UCNLIMAHUAX POSHO k paz, npubIuNICeHHO pasna (mem mouHee, yem
bonvbute n) 3HaveHuro QyHKyuu

y: 1 .ie_Tzi.¢(x)npuX:k_np

npq ~2r Jnpqg Jnpg

X2
Vmerotest TabnuLpl, B KOTOPBIX MOMelIeHbl 3HadeHns QyHkuun @(X) = ie 2,
V2
I[Tpu 5TOM CllelyeT yIUThIBATE, YTO ¢(—X) = ¢(X), TaK Kak QyHKIHSI ¢(X) YeTHasl.
CrietoBaTenbHO, BEPOSTHOCTH TOTO, YTO COOBITHE A TMOSBUTCS B 7N HE3aBUCHMBIX
UCIIBITAHUSIX POBHO K pa3, MpUOIMKEHHO paBHA

P (k) ~——

vNPq

~9(x)’

k—np

v npg

Ipumep 1. Haiitu BeposiTHOCTH TOrO, uTO coObITUE A HacTynmut poBHO 80 pa3 B 400
UCHBITAaHUSX, €CIIM BEPOSITHOCTD MOSIBIICHHSI 3TOI0 COOBITHS B KaX/10M UCIIbBITaHUM paBHa 0,2.
Pemenne. TTo yenosmio N=400; K =80; p =0,2; q=0,8. Bocronssyemcst hopmymoii

4.7):

rae X =

1 1
Pas (30) = 2o #00 = - 9(0)

Brramcianm ommpeaAcIEMOC JaHHBIMU 3a/la4i 3HAYCHUE X.

,_k-np_80-400-02 _

Jnpg 8
[To Tabnuie HaxoauM ¢(O) = 0,3989

Hckomas BCPOATHOCTL paBHA

0.

P (80) = ; -0,3989 = 0,04986 -

HYCTL TCIICPb Tpe6yeTc;I BBIYHUCIINTH BEPOATHOCTD Pn (kl’ k2) TOro, 410 coObITHE A
IIOAABHUTCA B 71 UCIIBITAHUAX HC MCHECC kl U He Oboee k2 pas (I[J'IH KpaTKOCTHU 6y,[[eM T'OBOpPUTH «OT

kl b1 (0] k2 pa3»). DTa 3a/1aua periaeTcs C MOMOIIBIO CISYIOIIEeH TEOPEMBI.

HNuTerpanbuas Teopema Jlannaca.Eciu geposamnocms p Hacmynienus cobvimus A 6
KAXCOOM UCNbIMAHUYU NOCMOAHHA U OMIAUYHA OM MY U eOUHUYbvl, Mo 6epOSMHOCHb

Pn (kl’ k2) moceo, 4mo cobvimue A nosaeumcs 6 n UCHbIMAHUAX OMm kldo kzpas, npu6ﬂu9fC€HHO

PABHA OnpedeeHHOMY UHMe2pany
1 % -2
P.(k,.k,) ~ ——— [e 2dz:
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20e Xlzkl_npux :ﬂ.

Jopg  ° Jnpg

[Ipu pemenun 3amay, TpeOYIOIIMX NPUMEHEHHS MHTETpajbHON Teopembl Jlamiaca,

Z2

X
MIOJIb3YIOTCS CIIEUaIbHON TabIuLel JUid UHTerpaia D(X) = 1 I e_sz. B tabnuue nansl
N27

3Ha4YeHUs1 (PyHKIUU q)(X) mist X>0, a wim X <0 Bocrnosb3yeMcesi HEYETHOCTHIO (YHKIMH
CD(X) , T.C. (D(—X) = —(D(X) . OyHKIHIO CD(X) 4acTO HAa3bIBAIOT QyuKyuell Jlaniaca.
Htax, BEpOSITHOCTB TOTO, YTO COOBITHE A TOSIBUTCS B /1 HE3aBUCUMBIX UCTIBITAHHUSX OT kl
10 k2 pas, paBHa
P, (ky, Ky) = ©(x,) — D (xy),

rnex :kl_np I/IX :kz_np.

o Jrpg % Jnpq

IIpumep 2. BeposTHOCTH TOr0, YTO OpPraHM3alsl HE IPOIUIAa MPOBEPKY HAJIOrOBOM

HMHCIEKIUH, paBHa p = 0,2 Haiitu BepostHoCTh TOTO, uTO cpenu 400 ciryyailHO 0TOOpaHHBIX
OPraHu3aIvii He MPOIIEANNX MPOBEepKYy okaxeTcs oT 70 1o 100 opranuzanmii.
Pemenune. Ilo yemosmo N =400; k, =70; k2 =100: p = 0,2; q=0,8
Bocnonsizyemcest popmymoii (4.9):
P, (70,100) = ®(X,) —D(X,)"
Brrancinym HUKHAN U BEpXHUN PEIETbl MHTErPUPOBAHUS
‘= k,—np 70-400-0,2
| = = =
Jnpg  /400-0,2-08
_k,—np _100-400-02 _,
Jnpg  ./400-0,2-08

-1,25;

X

Takum oOpazom, numeem

P (70,100) = ©(2,5) - D(-1,25) = D(2,5) + D(1,25).
[To Tabnuie 3HaueHuil GyHKINUN (D(X) HAXO0IUM
®(2,5)=0,4938; D(1,25) =0,3944.
HckoMast BEpOSTHOCTh paBHA

P, (70,100) ~ 0,4938 +0,3944 = 0,3882.

[TycTh IpOM3BOANTCS N HE3aBUCUMBIX UCHBITAHUHN, B KaXKIOM U3 KOTOPBIX BEPOSTHOCTh
nosiBiieHus: coObITHsI A paBHa p. Jlyis omnpeeneHus BeposSTHOCTH K MOsiBIICHUI COOBITHS B 9THX
UCHBITAaHUSAX MCIOJB3YIOT hopmyny beprymim. Ecnu ske 7 BenTUKO, TO MOJB3YIOTCS JIOKAJIBHOM
teopemoit Jlarumaca. OnHako OHa JaeT OOJIBIIYIO MOTPEHIHOCTh, €CJIM BEPOATHOCTH COOBITHUS

vama (<0,).

Ecau caenate AOMYIICHHUEC, UTO NPOU3BCIACHNC np Ipu nN— o0 COXPAHACT NOCTOSIHHOC

3HaA4YCHHUEC, 4 UMCHHO np = j“ , TO BEPOATHOCTL TOTO, YTO IIPpU OUCHBb OOJIBIIOM YHCIIC HCHBIT&HPIIZ,

B K&XIOM M3 KOTOPBIX BEPOSITHOCTH COOBITHSI OYEHb Majyia, COOBITHE HACTYNUT POBHO K pa3,
HAXOJHTCS O CIeAyIomIel popMmyie:
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Ota dopmyna BeIpaxkaeT 3aKOH pacmpenencHus [lyaccona BEpOSTHOCTEH MacCOBBIX (1
BEIIMKO) W MAJIOBEPOSATHBIX (p Mano) coOwituil. MMerTcs crhenuanbHbie TaOMUIBI s
pacnpenenenus Ilyaccona.

Ipumep 3. 3aBox ormpasmi Ha 6a3y 5000 KaueCTBEHHBIX H3eNUNA. BeposTHOCTH TOTO,
4yTo B NyTu u3jenue nospeautcsd, pasHo 0,0002. Haiitu BeposiTHOCTH TOro, 4ro Ha 0a3y
npuOyAyT 3 TOBPEKICHHBIX U3ICTIHSL.

Peurenue. [1o ycnoButo n= 5000, pP= O, 0002, k= 3. Haiinem A :
A =np =5000-0,0002 =1
Hckomas BeposTHOCTH 110 hopmysie (5.2) paBHa:

1? 1
Psooo('?’)zge ' 2520,06

Konmponwsnwvie gonpocwt u 3a0anu:

. Teopema croxeHus1 BEPOSITHOCTEH HECOBMECTHBIX COOBITHIA.
. Teopema yMHOKEHUSI BEPOSTHOCTEH HE3aBUCUMBIX COOBITHIA.
. Teopema yMHOXEHHUSI BEPOSITHOCTEH 3aBUCUMBIX COOBITHIA.

. Cxema ucnsiTanuit bepnysmim.

. ®opmyna bepnymwiu.

. HanbGonee BeposTHOE YKCIIO yCIIeX0B B cxeme bepHysim.

. [Ipubmmxennas ¢popmyina [lyaccona.

. JlJokanibHas Teopema MyaBpa-Jlamiaca.

© o0 N o o B~ w N e

. MnTerpanbHas Teopema MyaBpa-Jlamiaca.

3aganue 1. bpomiensl 2 wurpaigbHble KOCTH. HalTh BEpOATHOCTH TOTO, YTO CyMMa
BBINIABIINX OYKOB — YETHOE YHUCIO, MPUYEM Ha TPAaHU XOTS Obl OJHOW M3 KOCTEH MOSBUIIACH
IIeCTEPKA.

3ananue?. Ilpu mepeBo3ke diuKa, B KOTOpoM cojepxkanuch 21 cranmaptHas u 10
HECTaHJApTHBIX JeTajed, yTepsHa OJHA JeTallb, NMPUYEM HEU3BECTHO Kakas. l3BieuéHHas
Hayraj TMocje 3TOro JeTallb OKa3zajach CTaHIapTHOW. HailTu BeposSTHOCTH TOro, uto Oblia
yTepsiHa: a) CTaHAapTHAas JeTalb; 0) HeCTaHAapTHAs JeTalb.

3aganue3. 3anymMaHo JBy3HauyHOE 4uciao. HalTH BEpOATHOCTH TOTO, YTO 3aAyMaHHBIM
OKaXEeTCsl: a) CIydyalfHO Ha3BaHHOE JIBy3HayHOE 4Hcio; O) cilydailHO Ha3BaHHOE JBY3HAYHOE
YHCI0, TP KOTOPOTO PA3TUUHBI.

3amanue 4. BeposTHOCTH TOSIBICHUS Ka)XJIOTO U3 JABYX HE3aBHUCHMBIX coObITHII A u B
cooTBeTcTBEHHO paBHbI 0,6 1 0,5. HailTh BEpOSATHOCTD MOSABIIEHUS TOJIBKO OJHOIO U3 HUX.

3ananue 5. B amuke cpeau 100 neraneit Haxoaurtcst 1 OpakoBanHas. U3 siuka Haygayy

nu3BiedYeHs! 10 neraneii. Halitu BCPOATHOCTH TOTO, YTO CPCAN HUX OKAKETCA 6paKOBaHHa}I.
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3amanue 6. Monera OpocaeTcs maTh pa3. HaiiTu BeposITHOCTB TOTO, UTO Opell BhIIAueT 2
pasza.

3ananue 7. B cembe 5 nereit. HaliTu BeposITHOCTH TOTO, UTO CPEU HUX 2 MaJb4yuKa, €ClIu
BEPOSITHOCTb POKJIEHUS MaslburKa pasHa 0,51.

BeposiTHOCTE OOHapyXeHHS omedaTku Ha cTpaHune kaurd pasHa 0,01. Haiitu
BEpOSATHOCTH TOro, 4to B 500-cTpammuHOi KHUTE HE OymeT OOHapyXEHO OIeYaToK
(oOHapyKeHHE OTICUaTOK Ha Pa3IMYHBIX CTPAHUIAX CYMTATH HE3aBHCHMBIMHU COOBITHSMHU ).

3ananue 8. BeposTHOCTh HM3rOTOBJIEHHS JAeTaiu Bbicuiero coprta pasHa 0.4. Haiitu
BEpPOSTHOCTH TOTO, yTO U3 260 nerasneit moJIoOBUHA OYyIET BBICIIETO COPTa.

3ananue 9. BeposTHOCTh M3rOTOBJIEHUS M3JENus Bbicliero kadectsa paBHa 0,8. Haiitu
BEPOSITHOCTh TOTO, UTO cpeau B3AThIX 60 uzaenuit 30 oka)xyTcsi BBICIIETO KauyecTBa.

3amanunel(. BepostHOCTh mosiBieHHs coObITHS A B KaxaoMm u3 100 He3aBUCHMBIX
ucnbpITaHUN noctostHHa U paBHa 0,8. HaiiTu BeposSTHOCTH TOrO, 4TO COOBITHE A TOSIBUTCS HE
6omee 74 pas.

3amanue 11. BeposATHOCTH HEKOTOPOTO COOBITHS B €IUHUYHOM HCIBITAHUH OCTaBIISCT
0,004. Haifti BeposATHOCTB TOTO, 4TO B 2500 UCIIBITAHUSX JAaHHOE COOBITHE MPOU30UIET POBHO 4
paza.

3amanue 12. BeposTHOCTH HacTymuieHHUsI cCOOBITUS A B OAHOM ormbITe paBHa 0,6. Haiitu
BEpPOSATHOCTH TOTO, uTO coObITHE A HacTynuT 1400 pa3 B 2400 ucnbITaHUSIX.

3amanue 13. BeposTHOCTH MOsABIIEHUS COOBITHS B KaXKJOM U3 HE3aBHUCHUMBIX HUCIIBITAHUN
paBHa 0,8. HaliTu BEepOSATHOCTH TOTO, YTO COOBITHE HACTYIUT HE MEHEe YeThIpeX pa3 mpH 5

HUCIIBITAHUAX.
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Ilpakmuueckasa paooma Ne7. Koppenayuonno-pezpeccuoHHnblii Memoo ucciedo6anus

Cﬂyllaﬁﬂblx 6e/IUYUUH.

lleflb.' 3aKp€HI/ITI) HaBbIKW HNPHUMCHCHHUA MATCMATUUYCCKOI'O OXHWIAAHUA, AJUCIICPCUU U

CpCAHCTO KBAAPAaTUICCKOr0 OTKJIOHCHUS.

OcHoevt meopuu:

3aKoH pacrpeaeseHUs MOJTHOCThIO XapaKTepU3yeT ciaydaiHyro BenuuuHy. OpHako mpu
PEIICHUH TPAKTHYECKUX 33124 HET HEOOXOIMMOCTH 3HATh BCE BOBMOYKHBIC 3HAUCHHUS CITyIaliHON
BEIIMYMHBI W COOTBETCTBYIOIIME MM BEPOSTHOCTH, a yJAOOHEe IOJIb30BAThCsl HEKOTOPHIMU
KOJIMYECTBEHHBIMU TIOKA3aTeNsIMUA, KOTOpBIE NAlOT JOCTATOYHYI0 WMH(OpMalUI0 O cilydailHOU
BenuuMHe. Takue TMoKa3aTeau Ha3bIBAIOTCA UYUCIOBbIMU XAPAKMEPUCMUKAMU — CAVYAUHOU
BENUUUHDL.

OCHOBHBIMU M3 OTHUX XapaKTEPUCTHK SBISIIOTCA: Mamemamuyeckoe oxicuoauue,
oucnepcus u cpedHee K8AOpaAmMuyeckoe OmKIOHeHue. Mamemamuueckoe odrcuoanue
XapaKTepU3yeT MOJIOKEHHE CIy4alHOW BEJIMYMHBI HA YHCIOBOW OCH, OINpEAesssi HEKOTOpoe
CpelHee 3HauyeHHEe, OKOJIO KOTOPOro COCpPEAOTOYEHBI BCE BO3MOYKHBIE 3HAYEHHS CIIydalHOM
BeTUYMHBL. JIJIS pemieHuss MHOTHX 3aJa4 JIOCTATOYHO 3HATh MaTEeMAaTHYECKOE OXKHJIaHHE.
Hampumep, eciau HM3BECTHO, YTO MaTeMAaTHYECKOE OXXKHJAHHE 4YHCIa BBIOMBAEMBIX OYKOB Y
MEePBOTO CTpeJiKa OOJIbIle, YeM Y BTOPOTO, TO TEPBBIA CTPEJIOK B CPETHEM BHIOMBACT OOJIbIIE
OYKOB, YeM BTOPOH, U, CIIEJOBATENBLHO, CTPEISET JIydIlle BTOPOTO.

Mamemamuyueckum oxcudanuem OUCKPemHou CIydatuHol seauyunsl X Ha3pIBaCTCI CyMMa
MIPOM3BEICHUI BCEX €€ BOZMOXKHBIX 3HAUCHHI Ha X BEPOSITHOCTU U 0003HauaeTcs uepe3 M(X).

Iycts  cnydaifHas BenmumHa X  npudmMaer 3HadeHms X, Xp,..., X, ¢

COOTBETCTBYIOIMMH BeposTHOCTAMH  [U1, Py,..., P,,. Torma marematHueckoe OXHIaHHE
M(X) ciydaiiHOW BEIMYUHBI X ONIPEAEIACTCS PABEHCTBOM
M(X)=XP, +X,P, +...+ X, P,

Econ JAUCKPCTHas cnyqaﬁHa;I BeanuuHa X IpuHUMAacT OECKOHEYHOE MHOKECTBO
BO3MOXXHBIX 3Ha‘ICHI/II‘/'I, TO

M (X) =D %,

IIpumep 1. Haiitn mareMaTtuueckoe OXKUIaHHUE CIYy4allHON BEIMUYMHBI X, 3HAS 3aKOH €e
pacnpeneneHus

3 5 2
01 0,6 0,3

Pemenne. MckoMoe MareMaTudeckoe OXKugaHue mo Gopmysie paBHO
M(X)=3-01+5-0,6+2-03=309.
Ilyctb X — cnyyaitHas BenuunHa W M(X) — ee MaTeMaTU4YecKOe OXKUJAHHE.

OmKnoHeHuem ciy4aHou eeuduHbl Ha3bIBAETCS Pa3HOCTh X — M (X )

Ha MPAaKTUKE YaCTO Tpe6yeTc;1 OLCHUTL PACCCAHNUC BO3MOKHBIX 3HAYCHHUH CJIy‘-IB.ﬁHOfI
BCJIMYMUHBI BOKPYI' €€ CPCAHCTO 3HAUCHUS. Haan/IMep, B apTUJJICPpHUU BAXKHO 3HATH, HACKOJIBKO
KYYHO JIT'YT CHapsAbl BOJIM3HU e, KoTopasa JO0JKHA OBITH IMopakCHa.
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Jucnepcueii  (paccesanuem) — OUCKpemHOU — CAYYAUHOU — GeIUYUHb!  HA3BIBAIOT
MaTeMaTH4eCKOe OXUJAHWE KBajJpaTa OTKJIOHEHHS] CIydailHOW BEIWYWHBI OT €€
MaTEeMaTHIEeCKOTO OKUTaHUS:

D(X)=M[X =M (X)].
Jisi BBIYMCICHHUS JUCIIEPCHU YacTO OBbIBAaeT yIOOHO BOCIOJIB30BATHCSA CIICAYIOIICH
dhopmyIoii:
D(X)=M(X*)~[M(X)T
Ipumep 2. Haiitu nucnepcuro ciiydailHOM BeMMYMHBI X, KOTOpas 3ajaHa CIETYIOIIUM
3aKOHOM paCIpeEICHHUS:

X 2 3 5

P; 0,1 0,6 0,3

Pemenne. Maremaruueckoe oxunanue M(X) paBHO:

M(X)=2-01+3-06+5-0,3=35.

oy 2
3aKoH pacnpeiesieHus CIIy4aiiHOM BEJINYMHBI X “ nmeer Buz:

X2 4 9 25

P; 0,1 0,6 0,3

Martemarnueckoe oxxunanne M (X 2) paBHO:

M(X?)=4-01+9-0,6+25-0,3=13,3.
Hckomas aucniepcus paBHa
D(X)=M(X?)-[M (X))} =133-(35)? =1,05.
Jlis oueHKH paccessHUsT BO3MOXKHBIX 3HAUEHUH CIIydalHONW BEJIMYHMHBI BOKpPYr €€
CpEIHEro 3HaYeHUsI CIYXKHUT TaKKe Cpe/iHee KBaIpaTUYeCKOe OTKIOHEHHUE.

Cpeonum KeadpamuyecKum OMKIOHEHUeM CAyuauHou eeaudunvl X Ha3bIBACTCS
KBaJIpaTHBIN KOPEHb U3 TUCTIEPCUU:

o(X) =/D(X).

IIpumep 3.Crnyuaiinas BenuurHa X 3a1aHa CIEIYIOIIUM 3aKOHOM PacIipeieieHHUs:
Xi 2 3 10
pi 0,1 0,4 0,5

Haiitu cpenHee kBaapaTnieckoe OTKIOHEHHE o (X ).
Pemenune. Matematuueckoe oxuaanue M(X) paBHo:

M(X)=2-01+3-04+10-05=6,4
Maremarndeckoe oxxumanue M (X 2) paBHO:

M(X?)=4-01+9-0,4+100-0,5=54.
Haitnem nucniepcuto:

D(X)=M(X2)=[M (X)) =54 - (6,4)° =13,04.
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HckoMoe cpeaHee KBaapaTHIECKOE OTKIIOHEHUE PABHO:
o(X)=+/D(X) =/1304 ~361.
JluckpeTHas ciyyaiiHasi BEJIMYMHA MOJKET OBITh 3a/laHa IEPEUYHEM BCEX €€ BO3MOYKHBIX
3HAYeHUH U UX BeposATHOCcTe. OHaKO Tako# crocod 3aaaHusi HENPUMEHHUM ISl HEPEPhIBHBIX

CIIy4aiiHbIX BEJIMYUH.
Hampumep, paccMoTpum ciy4allHyr0 BeIM4YMHY X, BO3MOXKHBIE 3HAY€HUs KOTOPOH

CILIOIIB 3aIllOJIHAKOT MHTCPBAJL (a, b) . OLICBI/II[HO, YTO HCBO3MOKHO COCTABUTH IICPCUCHDL BCCX

BO3MOXHBIX 3Ha4eHHH X. [ToaTomy nenecooOpazHo math o0l criocod 3aaanus JIFOOBIX TUIIOB
CIIydailHbIX BEJHMYHWH, JUTSI 9Yer0 BBOIATCS (DYHKIIUU paclpeleiCHUs BEPOSATHOCTEH CIIydaitHOM
BCJIUYHHEI.

[Iycts x — nelicTBUTENBHOE YMCIO. BeposITHOCTh COOBITHS, COCTOSIIIET0 B TOM, 4TO X
MIPUMET 3HAYCHHUE, MEHBIIIEE X, T.€. BEPOSITHOCTh COOBITHS X < X, o603HaUUM qepes F(X)- Ecmm

x m3mensiercs, To mmensercs u F(X), r.e.  F(x) — dyHKims oT x.
Dynryuell  pacnpedenenus CAyuauno eeaudunvl X HaspiBaercs QyHKUEA F(X),

OTIpeNIeTIsIolIas BEpOSITHOCTh TOTO, YTO CiydyaiiHas BenuuuHa X B pe3yjabTaTe HUCHBITAaHUS
MPUMET 3HAUYCHUE, MEHBIIIEE X, T.€.
F(xX)=P(X <x)-
['eoMeTprueckn 3TO PaBEHCTBO MOKHO MCTOJIKOBATh Tak: F (X) €cTb BEpOSATHOCTb
TOTO, YTO Cly4yailHas BEJIMYMHA TPUMET 3HAYECHHE, KOTOPOe M300pakaeTcs Ha YHMCIOBOW OCH
TOYKOM, JIeIKAIIEH JIeBee TOUKH X.
Ipumep 4.CnydqaitHas BenudnHa X 3aaHa cienyromniei GyHKIUeH pacipeaeeHus:

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

Haiitu BeposSTHOCT, TOro, 4TO B pe3yJabTare HUCHbITAHUSA X TPUMET 3HAYCHUE,
IIpUHAJIE)Kallee HHTEPBAILY (O, 2) -P(0< X <2)=F(2)—F(0)-

Pemenue. Tak kak Ha untepsane (0, 2), no ycuosuo, F (X) = X/4 + 1/4,

To F(2) - F(0) =(2/4+1/4) — (0/4 +1/4) =1/2. Utak, p(0< X <2) =1/2-

HenpeppiBHYI0 cCiy4aiiHyl0 BEIMYHMHY MOHO TakK€ 3a/aTh, HCIOJb3yd JPYryIO

(GyHKLUIO, KOTOpPask Ha3bIBAETCS (PYHKIMEH IIIOTHOCTH.
Qynkyuell NIOMHOCU HENpepvbl8HOU CAy4atHou eenuduHbl X Ha3bIBaeTCs (YHKIUS

f (X) — IepBasi IPOU3BOAHAS OT PYHKIIUU paclpeaeneHus F (X) :
!
f(x)=F'(x).

Otcrona crnenyert, uTo (PyHKIUS pacHpeesieHus BIsSETCs MepBooOpa3sHOn i PyHKITUN
IIJIOTHOCTH. I[J'I}I OIInCaHuia pacnpe):[eneHI/m Bepo}ITHOCTGI‘/'I ,Z[PICKp@THOfI CHy‘I&ﬁHOﬁ BCIIMYNHBI
(I)YHKI_II/IS{ IIJIOTHOCTHU HerI/IMeHI/IMa.

3Ha$I (I)YHKI_II/IIO IIJIOTHOCTHU, MOXXHO BBIYUCIHNTH BepOSITHOCTb TOro, 4T1o HerepBIBHa}I

Clly4aiiHas BeJIMYMHA IIPUMET 3HaYEHUe, IPUHAIEKAIICe 3aJaHHOMY UHTEpBAIly.
Teopema.Beposmnocms mozo, umo HenpepvleHas cayyainas eeaudyuna X npumem

3HaueHue, npuHaoaedcauee UHMePEany (a, b) pasHa onpeoeneHHOMY UHMepary om

@YHKYUU NIOMHOCMU, 835MOMY 8 npedeiax om a 00 b:
b
P(a< X <b) = f(x)dx.
a

IIpumep 5. 3anana GyHKIMS IVIOTHOCTH CIIy4ailHON BeJIMYMHBI X
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0 npu x<0
f(x)=42Xx npu 0<x<1
0 npu x>1

Haiitu BeposTHOCTE TOro, 4TO B peE3yJabTare MCObITAaHWS X IpUMET 3HA4YCHHE,
MPUHAJIEKAILEE HHTEPBATY (0,5; l).

Pemenne. Uckomasi BeposSITHOCTH 110 opMylie paBHA

1
P(05< X <1)= [2xdx=x" |,,=1-0,25=0,75.
0,5

3Has (QYHKUMIO TIJIOTHOCTH pacHpelesieHus f(X), MOKHO HaWTH (yHKIHIO

pacnpejieieHus F (X) o popmyie

X

F(x) = jf(z) dz-

—0
Mamemamuyeckum 0MCUOAHUEM HENPEPBLIBHOU CAVUAUHOU Beauyunbl X, BO3MOXKHBIC
3HAYEHUsI KOTOPOM NPHUHAIJIEKAT OTPE3KY [a, b], HA3bIBAETCS CIEAYIONIUN OINpEeIeTCHHbIN

HHTETpaI
b
M(X) =[x f(x)dx-

Jlucnepcueii nenpepwvigHOU cayuauHou 6eaudyuHbl X, BO3MOXXHBIE 3HAUYEHUS KOTOPOM

IIpUHAIE)KAT OTPE3KY [a, b] , HA3bIBAETCA CIEAYIOLINM ONPEIeICHHBIN HHTErpall
b
D(X) = [[x=M (X" f (x)dx
a

Jly1s BeIYMCIIEHUS AUCTIepcHH OoJiee YA00HBI COOTBETCTBEHHO cleayromue GopmyIbl

D(X) :ix2 f (%) dx—[M (X)F

D(X) = szf(x)dx—[M(X)]Z.

Cpednee  keadpamuueckoe  OMKIOHEHUE  HENPEPLIGHOU  CIVYAUHOU  8eIUYUHDBL
OIIPENENSAETCS, KaK U I TUCKPETHOM CIIy4YaHOU BEJIUYUHBI, CIEAYIOIIUM PAaBEHCTBOM

o(X)=/D(X).

IIpumep 6. HaiiTu maTemaTuueckoe 0XUAAHUE, TUCIIEPCUIO U CPEIHEE KBAIPATHUYECKOE
OTKJIOHEHHUE CITyJailHOW BeTUYMHBI X, 3aJaHHOU clieayromeil (yHKIMel pacipeaeneHus:

0 npu x<0
F(x)=<x mnpu 0<x<1
1 npu X>1

Pemenue. Haiinem (yHKIHIO TUIOTHOCTH:
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0 npu x<0
f(X)=F'(xX)=<1 npu 0<x<1:
0 npu X>1

HaiizieM MaTemaTHueckoe oxuanue o gopmyse (8.1):
M (X) =jx-1-dx: x2/2 |2:1/2-
HaiizieM smcriepcuio o Gopmyie (§.5):
D(X) = sz-l- dx—[1/2]* = x*/3 | L -Y4=112.
>

Haiinem cpennee kBagpaTuieckoe OTKIOHEHUE 10 (opMyIie:

o(X)=/D(X) =112 ~0,29.

KoppenaunonHslii aHanu3 U PErpecCUOHHBIN aHAIU3 SIBISIOTCA CMEKHBIMHU pa3eiaaMu
MaTeMaTHYeCKOW CTAaTHUCTUKM M TNpeJHa3HAUYEHbl IS H3YYEHUs IO BBIOOPOYHBIM JaHHBIM
CTaTHUCTUYECKOM 3aBUCUMOCTH CIy4alHBIX BEJWYUH. J[Be cilydailHble BETUYMHBI MOTYT OBITh
CBsI3aHbI JINOO (PYHKIIMOHATBLHOM 3aBHCHUMOCTBIO, JIMOO CTATUCTUYECKON 3aBUCHUMOCTBIO, JHOO
OBITh HE3aBUCHMBIMU.

Crporas (yHKIIMOHAJIBbHAS 3aBUCUMOCTb PEaIM3yeTCsl PelIKO, TaK KaK 00€ BETMUUHBI UITU
OJIHa U3 HUX TOJBEP)KEHBI ellle ACHCTBHUIO CIydyalHBIX (PaKTOPOB, MPUYEM CPEAU HHUX MOTYT
OBITH U 00IKe I 00CHX BEIIWYHUH, T.€. TaKhe (PaKTOPHI, KOTOPHIE BO3JACHCTBYIOT KaK Ha X,
tak 1 Ha Y . B 3TOM clyuae BO3HMKAeT CTAaTHCTHUECKas 3aBUCHMOCTh. Cmamucmuueckoil
Ha3bIBACTCSl 3aBUCUMOCTb, IIPM KOTOPON W3MEHEHHME OJHON W3 BEJIMYMH BJIEUYET HW3MEHEHUE
pacnipeneneHust apyro. YacTHbIM  CiiydaeM CTATHCTHYECKOM 3aBUCHUMOCTH  SIBJIAETCS
KOPPEJSILIMOHHAS] 3aBUCUMOCTb.

Ecnu cratuctuyeckas 3aBUCUMOCTb MPOSIBISETCS B TOM, YTO NPU U3MEHEHUU OJHOU U3
paccMaTpuBaEMbIX CIIy4ailHBIX BEIMYHMH W3MEHSETCS CpPEJIHEE 3HAYeHUEe JPYyrodl ciydyailHOU
BEJINYMHBI, TO TaKas CTATUCTUYECKAsI 3aBUCUMOCTb HA3bIBACTCS KOPPEIAYUOHHOU.

Jlia aHanu3a KOPPENSIMOHHOW 3aBUCHUMOCTH BOCHOJB3YEMCS MemoOOM HAUMEHbUIUX

kéaopamos. Ilpu HCMONB30BaHMM 3TOTO METOJAa CyMMa KBaJpaToB OTKJIOHEHUU Yi =Y (

| = 1,2, . ), Tae Yi — BBIYMCIIEHHAs 10 ypaBHeHUIo (14.5) opauHara, COOTBETCTBYIOLIAS

HaOI0JTaeMOMY 3HAYCHHIO Xi, a yi — HalmonaeMas OpJauHaTa, COOTBETCTBYIOLIAS Xi,

JOJDKHAa ObITh MHUHHMMaJIBHOH. Tak Kak KaXXKJ0€ OTKIOHCHHMC 3aBHCHT OT OTBICKHMBACMbIX
mapaMeTpoB, TO 1 CyMMa KBaJApaToOB OTKJIOHCHHH €CTh q)YHKI_[I/IH OTUX IIapaMECTPOB:

F(p.b)= 201, -y,)

nim

F(p,6)= 3 (o, +b-y,)"

I[J'Ifi OTBICKaHHU  MHHUMYMa IIPUPABHSACM  HYJIKO  COOTBCTCTBYIOIIHUC  YaCTHBIC
IIPONU3BOJHBIC:
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HNCKOMBIC IMapaMCTPhI:

pyxz(ngxiyi—gxi-gyij ngxiz—(gxijz:
b:(gxf-gyi—gxi-éxiyij niznl:xf—(iznl“xijz

Y :

[ OF

oF

| ab

op

n

i=1
n

i=1

:ZZ(pXi +b-y;)=0

X, =Py Y+C.

re P, — BEIGOPOUHKIH K03 dunmenT perpeccun X Ha Y .

=22(pXi +b-y;)x =0

PemmB 5Ty cucTeMy IBYX JIMHEHHBIX YPaBHEHUM OTHOCHTEIBHO L0 U b, naiizem

AHAJIOTHYHO MOKHO HAHTH BHIOOPOYHOE ypaBHEHHE TpsAMOil muHuM perpeccun X Ha

Ipumep 1. Haiiti BEIGOpOYHOE ypaBHeHHe mpsMoii nuHuM perpeccrn Y Ha X 1o
naHHbeIM N = 5 nabmonenwmii:

Taonmumoal.
Xi 1,00 1,50 3,00 4,50 5,00
yi 1,25 1,40 1,50 1,75 2,25

CocTaBHM CIIEAYIONIYIO PACUETHYIO TaONIHUILy 2.
Haiinem nckomsie mapameTpsl u3 cooTHomenuii (14.9) u (14.10):

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

Hanumem uckomoe YpaBHCHUC HpHMOﬁ JIMHHUHA PETPCCCUU Y Ha X .

y =0,202 X +1,024.

TaoOnuma?2.

Xi Yi X/ XiYi
1,00 1,25 1,00 1,250
1,50 1,40 2,25 2,100
3,00 1,50 9,00 4,500
4,50 1,75 20,25 7,875
5,00 2,25 25,00 11,250

n n n

n 2
D X =15 Zyi in inyi
- i=1 i=1 i=1
=8,15 =57,50 =26,975
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Ipu GosblioM yrcie HAOIIOACHHHA 0HO U Toxe 3HaueHHe X Mmoxer Berperutes N
pas, OHO M TOXe 3HaueHwe Y — I pas, oaHa M Ta KC mapa wucen (X, y) MOJXKET

HaOmonatecst N xy P33 [losToMy naHHbIe HAOMIOACHUN CIEAYeT TPYNIHUPOBATH, AJS 3TOTO

OACYUTBIBAIOTCA YaCTOTbI nx, n n y" Bce CTPYIIIUPOBAHHBIC JAHHBIC 3allUChIBAIOTCA B

AR
BHJIE TAOTHIIBI (mampumep, Tabmuia 3), KOTopas Ha3bIBACTCS KOPPEIAYUOHHOU.
Tabununa3.
X n
Y 10 20 30 40 y
0,4 5 — 7 14 26
0,6 — 2 6 4 12
0,8 3 19 — — 22
n, 8 21 13 18 n=I{

B nepBoii cTpoke KOppenssuoHHOM Tabauipl yka3zaHbl HaOmogaemble 3HaueHus (10; 20;
30; 40) npusnaka X, as nepBoM ctoJidie — Habmomaemsie 3HaueHus (0,4; 0,6; 0,8) mpuzHaka

Y . Ha MEPECEYEHUH CTPOK M CTOJOII0OB HAXOATCS YaCTOThI an HaOJIFOaeMBIX MMap 3HaYEHUN

MIPU3HAKOB.
B nocnennem cronOiie 3ammucalbl CyMMbI 4acTOT CTPOK, a B TIOCTIEIHEN CTPOKE — CYMMBI
4acToT CTOJIOLOB. B kieTke, pacnosoKeHHO! B HUXKHEM MTPaBOM YTy TaOJIHIlbl, TOMEIeHa
CyMMa BCEX 4acToT, T.e. o0Iee unciio Bcex Habmoaenunit N . OueBuaHo, 4T0

dn,=>n =n

Teneps onpenennm napameTpbl BHIOOPOYHOTO YpaBHEHUS MPSAMOU JHMHUU PETrpeccrun Y

ma X B cllyyae, KOI/la TMOJY4eHO OOJIbIIIOE YHUCIO JaHHBIX (TMPAKTUYECKH JUIs
YIOBJIETBOPUTEIBHON OLIEHKH MCKOMBIX MapaMeTpoB JOJDKHO ObITh XOTs Obl 50 HabmroaeHui),
CpeIy HUX €CTh MOBTOPSIOIINECS, U OHU CTPYIIIUPOBAHBI B BUJIE KOPPEIALIUOHHON TaOIUIIBI.

N3 cuctemsr (14.8) MOKHO TIOJIYYUTh CICAYIOIIYIO CUCTEMY:

( n n n
pyxzxi2 +bZXi — inyi
i=1 i=1 i=1 .
n n
pyxzxi + nb: zyl
L i=1 i=1
J7is mpoCTOTHI MPUHSB 0003HAYCHHUS Z X= Zn: X Z y= Zn: Y Z X2 = Zn: Xi2
i=1 i=1 i=1

n
_ X _
) ZX)/ZZXi Y; ¥ BOCIOJIb30BABLINCH COOTHOIICHUSIMU X:Z 4 , y:z%,
i=1
wEDRS
X = - Z Xy :anyxy (B TpENnosIoKEHWH, YTO TMapa dYucem (X, y)

Habro1a1ach nxy pas), noyiydyaem
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9 _
NX’p, +nxb=>"nxy
Xpy +h=Yy
Bropoe ypaBHenue cucrembl (14.13) npeobpasyem k Bugy D=y — )_(pyx u

IIOJCTaBUB IIPaBYK0 YacTb J3TOTO PABEHCTBA B YPaBHEHHE yx = pyxX+ b, nomyuum

CIIEIyIOIIee COOTHOIICHNE
Yx — y:pyx(x_x)'
HaiileM U3 CUCTEMBI BBIOOPOYHBINH K03 (PUIIMEHT perpeccun Py’

_ DN XY —NXy D n, Xy—nxy
= — = = _

n(x2 —(x)z) Noy
YMHOKUM 00€ 4acTH 3TOTO PAaBEHCTBA Ha JPOOb 5‘X / 5'y :
G, 2 NyXy—nxy

o, no,o,

Pyx

Pyx *

O603HauMM TIpaByro 4acTh paeHcTBa (14.15) uepes [
) N Xy —nxy

r :
B ~ ~
no,o,

Toraga momydaem

BUJA

AHAJIOTHYHO MOKHO HaWTH BBI60pO‘lHO€ YpaBHCHHC HpHMOﬁ JIMHUH PETrpeCCUr X Ha

~

2 (y-).
Gy

X, =X =1,

Konmponwvuwvie gonpocwt u 3a0anusn:

1. YucnoBble XapaKTePUCTUKHU AUCKPETHBIX M HETIPEPHIBHBIX CIIydallHBIX BEIHUMH.

2. MaTtemaTHueckoe OXUAaHUEe JUCKPETHBIX U HETPEPHIBHBIX CIy4ailHbIX BEJIHUMH.

3. lucnepcusi AUCKPETHBIX M HETIPEPHIBHBIX CITy4aWHBIX BETHUHH.

4. CpenHee KBaJpaTHMUECKOE OTKIOHEHHE AMCKPETHBIX U HEMPEPBIBHBIX CIIydalHBIX
BEJIUYMH.

5. MeTo1 HaMMEHBIIIUX KBAAPATOB.

6. Koppensuuronnas tabauna.
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7. BeiOopouHOE ypaBHEHUE NMPSAMOU JINHUK PETPECCUH.

3amanue 1. YCTpOHMCTBO COCTOMT M3 TPEX HE3aBUCUMO PAOOTAMOIIUX JIIEMEHTOB.
BeposiTHOCT OTKa3a Kaxaoro aneMeHra B ojxHoM omnbiTe paBHa 0,1. CocTaBuUTh 3aKOH
pacnpeziesieHus: Yucia OTKa3aBIINX JIEMEHTOB B OJJHOM OIIBITE.

3amanne 2. B maptum 10 % HecranmapTtHeIX netaneii. Hayram otoOpaner 4 peranu.
Hanwmcate OMHOMUANBHBIA 3aKOH paclpelesieHus] TUCKPETHON CIydaiiHOW BETMYMHBI — YHCIa
HECTaHJAPTHBIX JeTajled Cpeau YeThIpéX OTOOpaHHBIX U MOCTPOUTH MHOTOYTOJIbHHUK
IIOJIyYEHHOTO PaCIpe/leICHHUS.

3ananue 3. JluckperHas ciydaiiHas BeIUYMHAa X MPUHUMAET TPU BO3MOXKHBIX 3HAUEHUS:

x, =4 C BEPOSATHOCTBIO p =0,5 x, =6, C BEPOATHOCTBIO p, =0,3 U X3 ¢ BeposTHOCThIO [)3. Haiitn

X; u Py, 3Has1, 9TO M (X) =8,

3amanne 4. JlaH TiepeYeHb 3HAYEHWH JUCKPETHOM CiydaliHOW BeNWuMHBl X :

X = 1, X = 0, X; = 1, a TaKXK€ M3BECTHBI MaTeMaTHUYSCKUE OXKUJIaHWS CaMOM dTOW BEIWYHHBI

U e€ KBajpara: M (X) =01, M(Xz) =0,9.. Haiitu BepostHocTH [y Py, Ps-.
3ananue 5. CnyvaitHas BennuuHa X 3a7aHa QyHKIUEH pacnpeneeHus:
0 x<1

F(X) = lx—l -1<x<5
4 4

1 Xx>5

Haiitu: a) mIoTHOCTH pacnpeiesieHusl CITy4aitHOM BETHYHUHBI; 0) BEPOSITHOCTh TOTO, YTO B
pe3yNbTaTe UCTbITAaHUS BEIMYMHA PUMET 3HAUCHHUE, 3aKITI0UYEHHOE B UHTEepBae (2,3).

3aganue 6. Haiitu BBIOOpOUYHOE ypaBHEHHE MpsMOM JuHUH perpeccud Y Ha X 10
JAHHBIM, IPUBEIEHHBIM B CJIEAyIOIIeH Tabnule:

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 n =100
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Ilpakmuueckasa paooma Ne8. OcHnogwvl 66160p0OUHO20 MeMOOa u I1eMeHmbl

CIamucmuyecKkoil meopuu oueHueanu.

Ilens: 3axkpenuTh TOHATHS BBHIOOPOYHOW COBOKYITHOCTH, BBIOOPOYHOW (DYyHKIUK

pacrpeaeneHus.

OcHoevt meopuu:

Ilpeomemom mamemamuyeckol CMAamucmuKku A6IsAemcs co30anue memooos coopa u
06pabOmMKU CMaMUCMUYeCcKUx OAHHbIX OJisl NOJYYEHUS HAYYHBIX U NPAKIMUYECKUX 8bIB000E.

MatemaTtnueckass CTATUCTHKA OIMMPACTCS HA TEOPUI0 BEPOSTHOCTSH, W ee IelNb —
OIICHHUThH XapaKTEPUCTUKH I'eHEPATLHOU COBOKYITHOCTH 110 BEIOOPOYHBIM JTAaHHBIM.

Ecmu  Tpebyercss W3y4yuTh COBOKYITHOCTH OJHOPOIHBIX OOBEKTOB OTHOCHUTEIHHO
HEKOTOpPOTO TPU3HAKA, XapaKTePU3YIOMIETO0 J3TH OOBEKTBI, TO ©CTECTBEHHBIM SIBJISICTCS
MPOBEJACHUE CIUIOMIHOTO OOCHeoBaHUs, T.6. OOCIENOBaHHWE KaXKIOTO W3 OOBEKTOB
COBOKYITHOCTH OTHOCHTEJIBHO 3TOTO IpHu3HaKa. Ha mpakTuke, 0JJHaKO, MPOBEICHUE CILIONIHOTO
o0cyIeIoBaHus 10 TEM I WHBIM NPUYMHAM YacTO OBIBaeT HEBO3MOXXHBIM. B Takux ciydasx
CITy4aifHO OTOMPAIOT M3 BCEHl COBOKYIMHOCTH OTPAHUYEHHOE YUCIIO OOBEKTOB M TOJABEPTaAIOT UX
W3YYCHHUIO.

Bvibopounoii  co80KynHoCmuvio WM TIPOCTO GblOOPKOU HA3BIBACTCS COBOKYITHOCTD
CIIy4aifHO OTOOpAHHBIX OOBEKTOB. [ eHepanrbHOU COB0KYNHOCHbIO HA3bIBACTCS COBOKYITHOCTH
00BEKTOB, U3 KOTOPBIX MPOM3BOAMTCS BbIOOpKa. Hampumep, eciam Bce cTyneHTsl Hamorooit
aKaJieMUM — 93TO TEHepaJbHasi COBOKYITHOCTh, TO CTYACHTHI KaKOW-THOO TPYIIBI SBISTFOTCS
BBIOOPKOIA.

Ob6vemom COBOKYITHOCTH (BBIOOPOYHOM WMIIM T€HEPaIbHOM) HAa3bIBAETCS YUCIO OOBEKTOB
aToil coBokymHocTH. Hampumep, ecnmu u3 1000 nperanmeir otobpano st obcnmemoanust 100
nerasei, o 00bem renepansroit copokynnoctn N =1000, a 06vem BeiGopkn N = 100 .

[Ipu cocraBieHWM BBIOOPKM MOYKHO TIOCTYNATh ABYMSI CHOCOOAMH: TOCIE TOTO, Kak
00BbeKT 0TOOpaH M HaJ HUM IPOM3BEIICHO HAOIIOJCHUE, OH MOXET OBITh BO3BpallleH JMOO HE
BO3BpaIlleH B TeHEPAJIbHYIO COBOKYITHOCTh. B 3aBUCMOCTH OT 3TOTO BBIOOPKH TMOIPA3IEIISIOTCS
Ha TMIOBTOPHBIE U OECIIOBTOPHEIC.

IloémopHoti Ha3BIBAIOT BBIOOPKY, MPU KOTOPOH OTOOpaHHBIA OOBEKT (mepes oTOOpoM
CIICAYIOIIET0) BO3BpAIIACTCS B TECHEPAJIbHYI0 COBOKYIHOCTh. becnoemoprotl Ha3bIBAIOT
BBIOOPKY, ITPH KOTOPO# OTOOpaHHBIH OOBEKT B T€HEPAIILHYIO COBOKYITHOCTh HE BO3BPAIIIACTCSI.

Jnist TOro, 4ToOBI 1O JaHHBIM BBIOOPKH MOXHO OBLIO JIOCTATOYHO YBEPEHHO CYIHUTH 00
MHTEPECYIOIIEM MTPU3HAKE ITeHEPAIIbHOM COBOKYITHOCTH, HEOOX0AUMO, YTOOBI OOBEKTHI BEIOOPKU
MPAaBUJIBHO €ro MPEACTABISIIN. [pyrumMu clioBaMH, BEIOOPKA JIOJDKHA MPABHIIBHO MPEICTABISAThH
MPONOPIMKA TeHEPAIbHOW COBOKYITHOCTH, T.€. BBIOOpKA JIOJDKHA OBITh penpe3eHmamueHoll
(npeocmasumenvhoil).

B cuny 3akoHa OOJBIIMX YHCET MOXHO YTBEpXKIaTh, UTO BbIOOpKa OyneT
pENpEe3eHTaTUBHOM, €CIM KaXKIblii OOBEKT BHIOOPKM OTOOpaH CcIy4ailHO W3 TeHepalbHOU
COBOKYITHOCTHU B MPEAINOJIOKEHUH, YTO BCE OOBEKTHI UMEIOT OJMHAKOBYIO BEPOSITHOCTh MOTACTh
B BBIOODKY.

CraTuctuueckoe pacrmpeneineHne Tpaduyeckd MOXKHO H300pa3uTh  pa3NIuYHBIMU
crocob6amu, B YaCTHOCTH, B BHUJIE TIOJIUTOHA U TUCTOTPAMMBI.

Ilonueonom yacmom Ha3bIBaeTCS JIOMaHas, OTPE3KH KOTOPOM COEAUHSAIOT TOYKHU

(Xl; nl), (Xz; nz) Ve (Xk; n, ) JInst MOCTPOEHUSI MOJMIOHA YaCcTOT Ha OCH abCIIHCC

OTKJIaAbIBAOT BAPHUAHTLIL Xi , 4 Ha OCH OpAUHAT — COOTBCTCTBYIOIIHNC UM YaCTOThI ni . Toukn
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(Xi , N, ) COEIMHSIOT OTPE3KAMH MPSIMBIX M HOJIYYaroT MOJMIOH YacTOT.
TIonueonom omuocumenvublx uacmom Ha3bIBACTCS JIOMaHas, OTPE3KH KOTOPOii
COEIUHSIOT TOYKH (Xl; Wl)' (XZ; WZ)' - (Xk; Wk) [ToUroH OTHOCHTEIBHBIX

YaCTOT CTPOMUTCS AaHAJOTUYHBIM TOJUTOHY 4YacToT oOpasom. Ha puc. wu300paxkeH MOJUTOH
OTHOCHTEIJIBHBIX YaCTOT CJIEIYIOLIETO PacTpe/IeICHuUS:

Tabnumal
X; 2 4 6 8
W, 0,1 0,5 0,25 0,15
Vvi
0.6 +
0.5 +
04 +
03 +
0.2 +
0.1 + X;
0 f f f f f
0 2 4 6 8 10

Puc. 1. Ilonmuron oTHOCHUTEIBHBIX YaCTOT.
B cnydae HempeppIBHOTO MpH3HAKA IEIECO0O0Pa3HO CTPOUTH THUCTOTpamMMy, IUISI Yero
WHTEpPBaJl, B KOTOPOM 3aKJIIOUYCHBl BCEe HaOJIO/1aeMble 3HAUYCHHS TPU3HAKA, pa30MBaeTcs Ha
HECKOJILKO YaCTHYHBIX HMHTEPBAJIOB IMHOW KN M [ KakJoro 4acTMYHOIO MHTEpBaa

Haxoymtes [; — cymMMa 4acToT BapHaHT, NONABIINX B i-i HHTEpBAaI.

l'ucmoepammori  uacmom  Ha3bplBaeTcs  CTylneHuatas (Qurypa, cocrosimas U3
IPSAMOYTOJEHUKOB, OCHOBAHMAMH KOTOPBIX CIY’KaT YacTHYHBIE MHTEpBalbl MIMHOI N, a

BBICOTBI paBHbI OTHOUICHUIO ni /h . I[J'Iﬂ IIOCTPOCHUA T'HCTOrpaMMbl 4aCTOT Ha OCH a6cu14cc
CICAYCT OTIIOKHUTh YaCTUYHBIC MHTCPBAJIbl, 4 HAl HUMHU IIPOBECTU OTPE3KHU, MaApaJlJICIbHBIC OCH

abcuuce Ha paccrosuun N, / h.

[Tnomane i-ro 4acTHYHOTO MPSAMOYTOJIbHUKA paBHA h n, / h= N, — cymme uyacror

BapHaHT I-r0 MHTEPBaJa; CICAOBATEIbHO, NIOWAOb 2UCTO2PAMMbL YACHMOM PABHA CYMME 6CeX
yacmom, m.e. 00veMy 8b100PKUL.

TaObnunpa?
Cymma gacToT
HacTuaHbIi BAPMAHT YaCTUYHOTO I1notHOCTS
UHTEpBaI uMHOK h=15 mirepsana N gactoTsl I, / h
i
5—10 4 0,8
10 — 15 6 1,2
15— 20 16 3,2
20— 25 36 7,2
25—30 24 4.8
30—35 10 2,0
35—40 4 0,8

Ha pI/I02 H3o6pa>KeHa rucrorpamma 4acToT paclupeaciCHus, 3aJlaHHbIX B Ta6J'II/II_IC.
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n/ h

O R, N WAHAMOUU O N
I

| e

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

Puc.2. 'ncrorpamma vactot pacnpeaencHus.
l'ucmozepammon omHocumenbHbix Yacmom Ha3bIBAaeTCs CTyleHdaTas GUrypa, CocTosas
U3 MPSAMOYTOJILHUKOB, OCHOBAaHMSAMH KOTOPBIX CIY/KAaT YacTUYHBIE MHTEpBaIbl mmmHoK0 N, a

BBICOTBl PAaBHBI OTHOILICHUIO Wi / h. I'mcTtorpamma OTHOCHUTENBHBIX YacTOT CTPOMTCS
aHAJIOTMYHBIM THCTOIPaMMe 4acTOT 00pazoM.
[Tnomane i-ro YacTHYHOTO MPSIMOYrOJbHUKA paBHA hWI / h ZWi — CyMMe

OTHOCHUTENIBHBIX YaCTOT BapuaHT I-r0 HMHTEpBaJa; CIICAOBATEIBHO, MIOWAOb 2UCMOSPAMMbL
OMHOCUMENILHBIX YACHOM PABHA CYMME 8CeX OMHOCUMENbHBIX YACTNOM, M.e. eOUHUYe.

Ecnu tpeOyercs n3yunTh KOJMYECTBEHHBIH NPU3HAK F'€HEPAIbHON COBOKYITHOCTH, TO
BO3HMKAET 3a/1a4ya OL[EHKU IapaMeTpoB, KOTOPHIMU OTIPEAETSETCS pacpeeieHne 3TOro
npu3Haka. Hanpumep, eciu Hanepea W3BECTHO, YTO M3y4aeMblil MPU3HAK paclpe/iesieH B
reHEePAIbHON COBOKYITHOCTH HOPMaJIbHO, TO HEOOXOUMO OIICHUTH (MPUOIMKEHHO HAWTH)
MaTeMaTH4eCKOoe OKUIAHHUE U CpeHee KBaApaTUUeCKOe OTKIOHEHHUE, TaK KaK 3TH JBa
napaMmeTpa MoJHOCTHIO OMPEEIAI0T HOPMAJIbHOE paclpeiesicHHe.

OOBIYHO MMEIOTCS JIMIIb JaHHbIE BBHIOOPKH, HAIPUMED, 3HAYEHUS KOJIMYECTBEHHOTO
npusnaka X;, Xy, .. , X, , nomxyuennsie B pesymprare [l HabGmronenmit, mpudem stu
HAOJIIOIEHHS [TPEAIIONATAKOTCS HE3aBUCUMBIMU. Yepes 9TH JIaHHbBIE U BBIPAKAETCS OILIEHUBAEMBIH

mapameTp. PaCCManI/IBaH Xl’ X2 y ey Xn KaK HE3aBUCUMBIC CIIYYaWHbIC BEIMYUHBL Xl’ X 2

y ey X n»> MOXHO CKa3aTb, 9YTO HaXOXICHUC CTaTHCTHYECKOH OLCHKH HCU3BCCTHOI'O IIapaMcTpa

TEOPETHYCCKOI'O pPaACHpeCACICHNUA PaBHOCHUJIBHO HaXO0XICHUIO (bYHKHI/II/I oT Ha6J'IIOI[aeMI)IX
CJ'Iy‘I&fIHHX BCIIMYHH, KOTOpasA MU AacT HpI/I6J'II/I)KeHH06 3HAaUCHHUC OLCHUBACMOI'O IIapaMeETpa.
HaanMep, AJI1 OOCHKH MAaTeMaTUYCCKOI'0 OXHAAHUSA HOPMAJIBHOI'O paCIpPEACICHUSA CIIYKHUT

Gynkmus X = (Xl + X R X n ) / N, KoTopas sABIsETCS CPeIHUM apu(PMETHIECKUM

HaOJI0JTaeMbIX 3HAYCHHUM MPU3HAKA.
Takum  00pasoM, cmamucmuueckou  OyeHkou  Heuseecmmnozo  napamempa
TEOPETUYECKOTO pacripeneneHust HAa3bIBACTCs byHKIMS

0 = 5 (n) = 9_ (Xl, X Dyenny X n) OT HaONIOJIaEMBIX CIyYaWHBIX BEJIMYUH, KOTOpas B

OTIpE/IeNIEHHOM CTaTUCTHYECKOM CMbICIIE OJIM3Ka K MCTUHHOMY 3Ha4€HHUIO 3TOTO MapameTpa.
BaxHelmmmu cBOMCTBaMU CTaTUCTUYECKOM OLIEHKH, OMPENENSIOMMHU ee OIM30CTh K
HCTUHHOMY 3HAQUE€HHMIO OLEHMBAEMOIO IIapaMmerpa, SBISAIOTCA CBOMCTBA HECMELICHHOCTH,
COCTOSATENBHOCTH U 3(h(HhEeKTUBHOCTH.
IIycte reHepanbHas COBOKYIIHOCTb HM3Y4aeTCs OTHOCHUTENIBHO KOJIMYECTBEHHOIO
npusHaka X.

Tenepanvroii cpedneii X - Ha3bIBaeTCs cpelHee apudMeTHUecKoe 3HAueHHil NpH3HaKa

reHepanLHoﬁ COBOKYITHOCTH.
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Ecnu Bce 3mauenus X;, X, , ..., Xy Ipu3HaKa reHepaibHON COBOKYITHOCTH 00beMa N
pa3IuYHBl, TO TeHEpaIbHAs CPEIHsSA paBHa
X, =(X + X, +...+Xy)/N.
Ecnu sxe 3Hayenus mpusnaka Xy, X, , ..., X, UMEIOT COOTBETCTBEHHO YaCTOTHI Nl’

N21 vy Nk, puaeM Nl + N2 +...+ Nk =N , TO B 3TOM CcCllydac TeHepaiabHas
CpemHsis paBHA
X, =(XN;+XN,+...+xN,)/N.
Ecnu paccmarpuBaTh oOcneayemblii mpusHak X TeHEpadbHOW COBOKYIMHOCTH Kak

cnyqaﬁHylo BCJIMYMHY, TO MOXXHO CACJIATb BBIBOA, YTO MATEMAaTHUYCCKOC OXHUJIAHUC IIpHU3HAKa
PaBHO T€HEPAITBHOM CPEAHEN ATOrO MPU3HAKA:

X.=M(X).

IIycte  Temepsr Ui  W3YYEHUS  TEHEPATBLHOW  COBOKYIMHOCTH  OTHOCHTEIHHO
KOJIMYECTBEHHOTO TIpH3HaKa X M3BlieueHa BeIGopka o6bema [,

Boibopounoii  cpeoneii X Ha3pIBaeTCA CpelHee apH(pMETHUECKOe HAOIF0IaeMBIX
3HaYeHUH MpU3HaKa BHIOOPOYHONU COBOKYITHOCTH.

Ecmu Bce 3mawenns X, X,, .., X mpusHaka BbIOOpKH oObema [l pasmirdsel, To
BBIOOpOYHAs CpeHsIsl paBHA

Xy = (X + X, +...+X,)/N.
Ecnu ke 3Hauenns npusHaka X;, X,, ..., X, umeror cootsercTenHo yactotsl [, M,

oy Ny, mprwem N +N, +...+ N =N, 10 B 5TOM Citydae BEIGOPOUHAs CpeHss PaBHA
Xz = (XN, +X,N, +...+Xx.0n.)/N

N

I'enepanvnoii  oucnepcuet D [ HaspIBaeTCA CpeaHee apu(METHUECKOE KBAIPaTOB

OTKJIOHECHMH 3HAYCHHI IIPpHU3HAKa reHepanLHoﬁ COBOKYITHOCTH OT UX CPCAHCTO 3HAYCHUA XF .

Ecnu Bce 3nauenust X;, X, , .., X\ IOpH3HAKAa TeHEPaIbHONU COBOKYITHOCTH 0Obema
1 2 N 1P p yn

N pasnuussl, TO reHepanbHas TUCIEPCHs paBHA

N 2

D, = Z(Xi_xr) A\
i=1
Ecnu xe 3Havyenus mpusnaka Xy, X, , .., X, NUMEIOT COOTBETCTBEHHO YaCTOTHI Nl’

N2, - Nk’ npuyeM Nl + N2 +...+ Nk =N, 10 B s10M cllydae TeHepaibHas

AUCTICPCUS paBHA
k

— \2
Dr_ EL(Xi—Xr) I\Ii N .
i=1
I'enepanvuvim cpeoHUM K8AOpAMUYeCKUM OMKIOHeHUeM Ha3bIBAETCs KBaJpaTHBIN
KOpEHb U3 r€HepaIbHOM IUCTIEPCUU:
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GF:\/Dir-

Ipumep 1. ['enepanbHast COBOKYITHOCTH 3aJlaHa CJIEAYIOLIEH TaOIUIIeH pacripeaesieHus :

X 2 4 5 6

N. 8 9 10 3

Haiitn reHepanbHyr0 TUCIIEPCUIO U TEHEPAIBHOE CPENHEE KBAAPATUUECKOE OTKIIOHEHHUE.
Pemenue. Haiinem reHepaibHyIO CPEIHIONO:

s 2-8+4-9+5-10+6-3 120
g 8+9+10+3 30

Haitnem renepanbHyI0 TUCIIEPCHIO:
D - (2-4)°-8+(4—4)*-9+(5-4)°-10+(6—4)*-3 54
" 30 30

Haitnem renepanbHO€ cpeiHEE KBAIPaTUYECKOE OTKIOHEHHUE !
o, =D, =18 ~134.

Bvibopounoii  oucnepcueti D p HasbIBacTCsAd CpeiHee apu(METUYECKOE KBAJIPATOB

4,

18-

OTKJIOHEHUI HaOJt0/JaeMbIX 3HAUEHUN MpHU3HaKa BHIOOPOYHON COBOKYMHOCTH OT UX CPEIHETO

3HadeHns Xjp.

Ecmu Bce 3mauenns X, X,, .., X, mpusHaka BeiGopku o6vema [ pasmmumel, To
BLIOOPOYHAs JUCIIEPCUS paBHA
n
-\
DB :(Z(Xi _XB) ]/n
i=1
Ecnu e 3Hauenus npusHaka X;, X, , ..., X nmeror coorserctBenHo yactotsl My, N,

v ooy Ny, mpuwem Ny +N, +...4+ N, =N, to B 5TOM citydyae BBIGOpOUHAs AUCTIEPCHS

Buibopounvim cpeonum keaopamuueckum OmMKIOHeHUeM Ha3bIBaeTCd KBaJApaTHBIN

KOPCHb U3 FCHCpaJ’IBHOfI JUCIICPCHUN:
oy =+/Djy .

IIpumep 2. BoibopouHasi COBOKYIHOCTb 3a/1aHa CIeyoLIei Tabmuiel pacipeneeHus:

paBHa

i 1 2 3 4
n, 20 15 10 5

HaiiTu BBIOOpOYHYIO IUCTIEPCHUIO B BBIOOPOYHOE Cpe/IHEe KBaIpaTUUECKOE OTKIIOHEHHE.
Pemenue. Haiinem BBIOOPOUHYIO CPEAHIONO:

_ 1-20+2-15+3-10+4-5 100

X5 2.
20+15+10+5 50
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Haiinem BBIOOpOUHYO TUCIIEPCHIO:
(1-2)%-20+(2-2)2-15+(3-2)>-10+(4-2)>-5 50
P = 50 50

Haiinem BBIOOpOYHOE cpeiHee KBaIpaTHIECKOE OTKIIOHEHHE:

7y =D, —\1-1

Teneps mycTh TpeOyeTcst MO JaHHBIM BBIOOPKH OIICHUTh HEU3BECTHYIO T€HEPAIbHYIO

1.

JIACTIEPCUIO D - Beibopounas gucnepcus D p SIBISIETCS] CMEIICHHOM OLIEHKO D I » TaK Kak

n-1
M (DB ) - Dr '
n
Ecau ke B KayecTBE OLEHKHM TeHEPANbHOM IUCIEPCHU IPUHATL UCHPAGILEHHIO
2
oucnepcuio S, KOTopas IOIYYaeTcsl IIYTEM YMHOKEHHS D 5 Ha JIpoOb n/ (n —1), TO OHa

OyZeT HeCMEIIeHHOM OlIeHKOU reHepaiibHo# nucnepenu. [lomyyaem

Z(Xi_XB)Zni ‘
SZZLDB: ! = = Z(Xi_XB)Zni /(n_l)

Ms2)=m[-"—p,|--"m(@D,)=-"-"1p -,
n-1 n-1 n-1 n

Nmeercst nBa croco0a OIEHKH IMMapaMeTPOB: TOUCYHBIM M WHTEPBAIBHBIA. TOYECUHBIE
METO/bl YKa3bIBAIOT JIUIIb TOYKY, OKOJO KOTOPOM HAXOIUTCS HEU3BECTHBIN OICHHBAeMbIN
napamerp. C HOMOIIBIO HMHTEPBAIbHBIX CINOCOOOB MOXKHO HAMTH HHTEpBaJ, B KOTOPOM C
HEKOTOPOU BEpOSITHOCTHIO HAXOAUTCS HEU3BECTHOE 3HAUCHUE TTapaMeTpa.

Toueunoii HA3bIBACTCS OILICHKA, KOTOpAasi OMpeNeisieTcss OAHUM 4uciaoM. [lpu BeIOOpKe
Majoro oObeMa ToYeyHash OICHKAa MOJKET 3HAYUTENIbHO OTIUYaThCi OT OLIEHUBAEMOTO
napamerpa, T.€. MPUBOIUTH K rpyObiM ommOkam. [lo 3Toif mpuuuHe npu HeOOJIBIIOM 00beMe
BBIOOPKH CJIeIyeT MOJIb30BaThCSl MHTEPBAIbLHBIMU OLICHKAMH.

HnmepeanvHoti Ha3bIBa€TCA OLICHKA, KOTOPAs OMPEAETSeTCs ABYMS YHCIaMU — KOHLAMU
uHTepBaia. MIHTepBaIbHbIE OLIEHKH MTO3BOJISIIOT YCTAHOBUTH TOUHOCTh U HA/IEKHOCTH OIICHOK.

HYCTL HaljieHHas MO JaHHBIM BBI60pKI/I CTaTUCTHUYCCKAA XapaKTCPHCTHUKA 9 CIIYKUT

TOYHEe ompejaenser napamerp (7, deM MeHbine O . TouHOCMb OYeHKu XapaKTepH3yeTcs
HOJIOXKUTETBHBIM YHCIOM O .

OLIEHKOM HemsBecTtHOro mapamerpa @ . Ecou O >0 u <O , TO OILIEHKa (9 TEM

OnmHako Henb3s KAaTErOpPUYECKH yTBEPXKIaTh, YTO OLCHKA 0 YIOBJIETBOPSIET
HEPaBEHCTBY ‘6’ — 9‘ < O . Cratuctuyeckue MeTONbl MO3BOJNIIOT JIMIIb TOBOPHUTH O
BEPOSATHOCTH, C KOTOPOH 3TO HEPABEHCTBO OCYILECTBIISIETCS.

Haoescnocmeio  (0oeéepumenshoii  6eposmnocmpio) oueHkd € 1o @ nasuisaercs
BEPOATHOCTB }/ , ¢ KOTOpOit ocymecTBisercs Hepapenctso | — 0 | < O, r.e.
P(l6-0]<5)=7.

B kadectse )/ Oepercs uucio, ONU3KOE K €IMHUIIE.
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W3 nepaBencraa

0—-06 ‘ < O NerKo MOXHO MOJY4HTh JBOMHOE HEPABEHCTBO

0-5<0<0+6.

Torma COOTHOLIEHUE NPUHUMAET CIEAYIOIINUNA BUL
P(@ —-o0<0<6 +5):y.
OTO COOTHOIICHHE O3HAYaeT cieayromee: BEPOATHOCTb TOIO, YTO HHTCPBAJI

(49_ -0, 5 + ) 3aximouaer B cebe (IIOKPbIBACT) HEM3BECTHBII apameTp @, paBHa ¥/ .

Unrepsan (@ — O, O + O) HasbiBaetcs 0osepumensHbiM UHMEPEALIOM, KOTOPBIH
IIOKPBIBACT HEN3BECTHBIN MapaMeTp € ¢ 3aJaHHOM HAJEKHOCTBIO )/ .

[Iycte KOMMYECTBEHHBIM TMpU3HAK X TEHEPAIbHOM COBOKYIIHOCTH pacHpeleneH
HOPMAJIBHO, TIPUYEM CpeHee KBaJpaTHuecKoe OTKIOHeHHe O 3TOro pacrpeneneHus M 3B e C T
H 0. TpeOyeTcs OLEHNTH HEU3BECTHOE MATEMAaTHIECKOE OXKHAaHue A MO BEIOOPOUHOI cpejHeit
X . TloctaBuM cBoeii 3anadeii HAHTH OBEpUTENbHBIE HHTEPBAIb], HOKPHIBAIOIINE HapaMeTp A
C HAJIOKHOCTBIO )/ .

Bynem paccmarpuBaTh BEIOOPOUYHYIO CPEAHION X KakK CIAYYAHHYIO BETHUHHY X (X

M3MEHSETCS OT BEIOOPKH K BHIOOPKE) U BEIOOpPOUHEIE 3HaueHus mpusHaka Xy, X, , .., X, —

Kak OJMHAKOBO PACMpPE/ICICHHbIE CTy4YailHbIE BEIMYHHBI X 10 X T X n (3T ymcIa Takxke

M3MEHSIOTCS OT BBIOOPKH K BBIOOpKE). MaTreMaTnueckoe OKUJAaHWE KaXIOW M3 dTUX BEIUYUH
paBHO A W cpenHee KBagpaTHUeCKoe OTKIOHeHHe — O ..

[ToygaeM, 4To mapaMeTpbl pacipeaeICHHs X ) (513970 1117 (<
M(X)=a, o(X)=c/Jn.
[ToTpebyeM, YTOOBI BHITTOTHSIIOCH COOTHOIIIEHNE
P(‘X —a‘ < 5)= V.

rac 7/ — 3aJlaHHas HaJCKHOCTb.

Ucnons3ys popmyny ¢ 3ameHoii X Ha X u 0 ua O'()? )= O'/ \/ﬁ , HETPYAHO

IIOJIYYUTH COOTHOIICHUEC
P(|X ~a|<5)=20(5Vn/o) = 20(1).
met=o6+n/o.

Haiizig U3 mocietHero paBeHcTsa O = to‘/ ~/ N, MOKHO HaIMcaThb

P(|X —a|<to/+/n )=20(t).

OO6o3Hauast I OOIIHOCTH BBIOOPOYHYIO CPEIHIOI0 BHOBb depe3 X, IOJIydaeM

COOTHOHICHUA
O(t)=y/2

P()‘(—to/«/n <a< >‘<+ta/«/n):y.
3Ha‘-II/IT, C HaJICXHOCTBIO 7/ MOKHO YTBCPIKAATb, YTO ,Z[OBepI/ITeJ'ILHHﬁ HHTCPBAJI

(X — tO'/ \/ﬁ , X+ '[O'/ \/ﬁ ) mokphiBaeT HemsBecTHbIi mapamerp A, Tpu dTOM

46



TOYHOCTb OLEHKH PaBHA O = to‘/ /N, aunucno t onpenenstercs u3 paseHcTBa 1O TabMHIE

¢ynkuun Jlamnnaca.

Ipumep 3. CnyuqaiiHas BenuunHa XuUMEET HOPMAJIbHOE pPACIpEAEICHUE C MU3BECTHBIM
CPEIHUM KBaJpPaTHYCCKUM OTKIOHEHHeM ¢ — 3. HaillTu [0BepHUTEIbHBIA HHTEPBAT ISt
OLIEHKH HEM3BECTHOTO MAaTeMAaTHYECKOTO OXHAaHHs O 1o BHIOOPOUHOM cpemHel X, eciu

o6beM BeIOOpKH N = 36 ¥ 3a/1aHa HAEKHOCTH OLCHKH )/ = 0,95 :

Pemenne. Haitnem {. W3 cootHomenms (13.8) momyuaem (D(t) 20,475 U 10

tabymne ¢GyHkuy Jlamiaca Haxo UM t= 1,96 :

Haiinem TOYHOCTE OLICHKH:

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

JIOBEpUTENIbHBIA HWHTEPBal TAaKOB: ()_(—0,98, X +O,98) Hanpuwmep, ecin

X = 4,1 , TO TOBEPUTEIIbHBIM HHTEPBAJ UMEET CIICTYIOIIHUE T0BEPUTEIbHBIE TPAHUIIBI:

x-098=41-098=312; x+0,98=41+0,98=5,08.

KOHmpOJleble e80onpocol U 3a0aHUsA.

Br160poyHas COBOKYIHOCTb.

Bri6opounas cpenssisi Xg .

© N oukrowbdrE

Bri6opounas aucnepcust DB :

2
9. HcnpaBnennas nucriepcus S .
3ananue 1. Beibopka 3agana B BUIE paclpeIeICHHS 4acTOT:

Bri6opounas ¢pyHKMs pacnpeneneHusl.
l'ucrorpamma, NOJIUroH 4acToT.
CrocoObI cocTaBIEHUST BEIOOPKH.
Boruncnenue To4euHbIX OLIEHOK MTapaMeTPOB pacipeaesieHusI.
Borunicnenue MHTEpBaNIbHBIX OIIEHOK [TapaMeTPOB paclpeIesICHuUS.

Haiitu pacpeaciIiCHUC OTHOCUTCIIbHBIX YaCTOT.

3ananue 2. Haitftu QyHKIMIO pactpeneneHus Mo JaAHHOMY paclpe/eIeHUI0 BHIOOPKU:

0

3a,Z[aHI/Ie 3. HOCTpOI/ITL MOJIMTOH OTHOCHUTCIIbHBIX YaCTOT IO JAaHHOMY pacCIIpCACIICHUIO

BBIOOPKHU:

1

9

2

3ananue 4. Haiitu ¢pyHKIUIO pacnpeaenaeHns o JaHHOMY paclpeeseHUI0 BHIOOPKH:
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3aganne 5. HallTu MeTogoM MOMEHTOB TOYEUYHYIO OIIEHKY IMapamerpa [

— —_ Xi—p
FEOMETPUUECKOTO  pacipeneeHus P(X - Xi) - (1 p) p , rme X, - uuncio
WCIIBITAHUN, TPOBEAEHHBIX JIO TOSBICHUS COOBITHS, P - BEPOSATHOCTH TOSIBJICHUS COOBITHS B
OJIHOM HCIIBITaHUM.

3amanne 6. HailThu MeTOogOM MOMEHTOB TOYEUYHYIO OIIEHKY IMapamerpa [

— — X—p
Tr€OMETPUUECKOT0 pacipeiesIeHUs P(X - Xi) - (1_ p) P , €CII B YETHIPEX OMBITAX

COOBITHE OSBUIIOCE COOTBETCTBEHHO IIOCTIE ABYX, LICTI)IpéX, IIEeCTH ¥ BOCBMHU MCHBITaHUH.

3amanue 7. U3 renepanbHOM COBOKYITHOCTH U3BJI€UeHa BEIOOpKA 00bEMaA n= 50 :

0

6 |2 4
Haiitn HecMenEHHYI0 OLIEHKY T'eHEPAIbHOM CpEeaHEN.

3ananue 8. HaliTi BBIOOPOUHYIO CPEIHIONO IO JAHHOMY paclpe/ieNIeHUI0 BEIOOPKU:

240 | 250 | 270 | 280

3ananue 9. HaliTu BEIOOPOUYHYIO AWCTIEPCHUIO TIO TAHHOMY PaCIIPEACIICHHIO BEIOOPKH:
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Ilpakmuueckan paboma Ne9. Cmamucmuueckan cunomesa. Memoowt

CIamucmuyecKkoil npoeepku cunomes.

Ilenw: 3akpenuTh METObI CTATUCTUYECKON ITPOBEPKHU TUIIOTES.

OcHoevt meopuu:

[Tycte TpeOyeTcsi ompenenuTh 3aKOH PpACIpENeICHUs T€HEPabHOW COBOKYIMHOCTH M
HazoBeM ero A. Ecaum 3akoH pacmpeneneHusi HEUW3BECTEH, HO MMEIOTCS OCHOBaHUS
MPENINOJNIOKUTh, YTO OH HUMEET OIPENEICHHbI BUJ, BBIJBUTAIOT THUIIOTE3Yy: TIeHEepabHas
COBOKYITHOCTb paclipesieiieHa 1o 3akoHy A. Takum oOpa3zom, B 3TO THIIOTE3€ peub UJIET O BUJIE
MIPENIOJIaraeMoro pacipe/iesieHusl.

Bo3moxeH ciyyail, Korja 3aKOH paclpeleleHHs M3BECTeH, a €ro mnapaMmerpsl
HEM3BeCTHBI. ECiM eCcTh OCHOBAaHHS MPEIOJIOKUTh, YTO HEM3BECTHBIN mapamerp () paBeH

OIpE/IENIEHHOMY 3HA4E€HHUIO @0, To BBIEBHrafoT runoresy: @ = @0. Taxum oOpa3om, B 3TOI

TUIOTE3€ pedyb MAEeT O IMpelnosiaraeMod BeJIMYMHE IapameTpa OJHOTO H3BECTHOTO
pacnpeneneHusl.

Cmamucmuueckoti Ha3bIBae€TCS TUIOTE3a O BUAEC HEM3BECTHOTO paclpelesieHus WU
TUIIOTE3a O MapaMeTpax M3BECTHBIX pacrpeaeneHuil. HanmpuMep, CTaTUCTUYECKUMU SBIISIFOTCS
TUTIOTE3bI:

1) reHepanbHas COBOKYITHOCTh pacipezerieHa mo 3akoHy [lyaccona;

2) JUCIEPCUU IBYX HOPMAJIBHBIX COBOKYITHOCTEH PaBHBI MEXy COOOiA.

B mepBoii runorese caenaHo MPEeArnosiokKeHUe O BUJE HEU3BECTHOTO paclpeaeseHus, BO
BTOpPOM — O MapaMeTpax JBYX U3BECTHBIX PacHpeacICHUN.

Hynesoti (ochoenotl) Ha3bIBACTCS BBIABUHYTAS TUIIOTE3A H 0

Koukypupyroweii (aromeprnamuénoii) Ha3bIBaeTCsA TUNOTE3a H 1, KOTOpasi IPOTHBOPEYHUT
HYJIEBOU.

Hampumep, ecnu HyneBas rumnoTe3a COCTOMT B MPEIINOJIOKEHUH, YTO MaTeMaTHYEeCKOe
oxuaaHue d HOPMAIBHOTO pacrpeieseHus paBHo 10, TO KOHKYypHUPYIOIIas THIIOTE3a MOXKET

COCTOSATB B IIpenooxkenny, uto a % 10; .. H o.a=10; H -a=10.

IIpocmoii Ha3BIBaeTCS TUMOTE3a, COIep Kalias TOIbKO OJHO Ipe/nonoxenue. Hampumep,
runoresa  H 0 MaTeMaTHYeCcKoe OKHIAHHE HOPMAIBHOIO pacmpejencHus pasHo 3 (O
H3BECTHO) — IPOCTas.

CnodicHoli Ha3bIBACTCS TUNOTE3a, KOTOpas COCTOMT M3 KOHEYHOTO MM OECKOHEYHOTO
qncIa npocThIX runotes. Hanpumep, cnoxnas runotesa H @ A > 5 cocrour u3 Gecuncnennoro

MHOXCCTBA IIPOCTBIX I'MIIOTE3 BU/1Ad H i :ﬂ« = bi , TAC bi — mroboe quciio, OoubIee 5.

BbiiBUHYTasi TUNOTE3a MOKET OBITh TPABWIBHOW WM HENPaBWIBHOMW, IO3TOMY
BO3HUKAET HEOOXOJUMOCTh cmamucmuyeckoi (TPOU3BOJUMON CTATHCTUYECKUMHU METOJIaMH)
MPOBEPKH JTOM THUIOTE3bl. B HWTOre CTaTUCTUYECKOW MPOBEPKH THUIOTE3bl MOTYT OBITh
JOTIYIIIEHBI OIIHOKH.

Owiubka nepeoeo pooa COCTOUT B TOM, YTO OyJIET OTBEPrHYTa PaBUIbHAS THIIOTE3A.

Owubra 6mopo2o poda COCTOUT B TOM, UTO OyJIeT MPUHATA HEMpPaBUIbHAS TUIIOTE3a.

Jlnisi TpOBEPKH HYJICBOW THUIOTE3bI UCHOJB3YETCS CICHUANIBHO MOJA00paHHas CilydaiHast
BEITMYMHA, TOYHOE WM MPUOIIKEHHOE pachpeesieHne KOTOpOW W3BECTHO. DJTa ciydaifHas
BenMurHa 0003Hauaercs yepes K w HaswBaercs cmamucmuueckum kpumepuem (MIH TPOCTO
Kpumepuem).
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IIpuBeneM 1mpuMep CTaTUCTHYECKOro Kpurepusa. Ecim mposepsieTcs rumore3a o
PAaBEHCTBE JUCIEPCUM JBYX HOPMAJIBHBIX I'€HEPAIBHBIX COBOKYIIHOCTEM, TO B KayeCTBE
kputepuss K npuHuMMaeTcs oTHOLIEHNE HCIIPABIEHHBIX BHIOOPOUHBIX AUCIIEPCHIA:

2 / 2

F= S; /S,
Habnwoaemvim 3navenuem KHa6/z Ha3bIBACTCS 3HAYCHHE KPUTEpUs, BBIYHMCIECHHOE IIO
BbIOOpKaM. Hampumep, eciu mo 1nByM BBIOOpKAaM HaWJIeHBl HCIPABICHHbIE BHIOOPOUYHBIE

JUCTIEPCUH 512 =20 u S§ = 5, 1o Habmoaemoe 3naueHue KpuTepus F pasmo
Foo =S2/s2 =20/5=4.

[Tocne BpIOOpa OMpENENEHHOTO KPUTEPHUs MHOYKECTBO BCEX €ro BO3MOKHBIX 3HAUCHHI
pa3OuBaeTCs Ha JBa HEMEPECEKAIOIIUXCS TOJMHOMECTBA: OJHO W3 HUX COJCPNKHUT 3HAYCHUS
KpUTEpHs, TIPU KOTOPHIX HYJIEBas THUIOTE3a OTBEpPraercsi, a Japyras — IMpPH KOTOPHIX OHA
MIPUHUMAETCA.

Kpumuuecrkoii o61acmvio Ha3bIBa€TCSI COBOKYITHOCTh 3HAYEHUW KPUTEPHS, MPU KOTOPHIX
HyJIeBasi TUTIOTE3a OTBEPraeTCsl.

Obnacmvio npunamus 2cunomesvl (007aCTbIO JOMYCTUMBIX 3HA4YEHHI) Ha3bIBACTCS
COBOKYITHOCTh 3HAYCHUHN KPUTEPHS, P KOTOPHIX HYJIeBask TUTIOTE3a TPUHUMAETCSI.

Iockombky kpuTepmit K — onHOMepHas ciydaiiHas BeTMUMHA, BCE €€ BO3MOYKHBIC
3HAYEHHS TMPUHAICKAT HEKOTOpoMYy HHTepBary. [losTomMy kpuTHdeckas o0jacTh W 00JacTh
MPUHATHAST TUTIOTE3bI TAKXKE SBIISIFOTCS WHTEPBAJaMH M, CJIEIOBATEIbHO, CYIIECTBYIOT TOYKH,
KOTOPBIC UX Pa3ACIISIOT.

Kpumuyeckumu mouxamu (rpaHuIIaMu) ka HA3bIBAIOTCS TOYKH, OTJENSIOIINE

KPUTHYECKYIO 00JIaCTh OT 00JaCTU MPUHSTUS TUIIOTE3HI.
Ilpasocmoponneii Ha3bIBaeTCs KpUTHYecKas o01acTh, ompezaensieMas HEpaBEeHCTBOM

K> ka , TIe ka — TMOJIOKHUTEIILHOE YHCIIO.

L > [
ka
Puc.1.
Jlesocmoponnell Ha3bIBAeTCsA KpHUTHYECKash o00JIacTh, oOIpejeiseMas HEepPaBEeHCTBOM

K < ka, rac ka — OTpULATCIIbHOC YHCJIO.

0

Y
=

Puc.2.
OonocmoponHeli Ha3bIBAaCTCS IPABOCTOPOHHSS WM JICBOCTOPOHHSSI KPUTHYECKas
00/1aCTh.
Jleycmoponneli Ha3pIBaeTCs KpUTHYECKash o0O0JacTh, oOmpezenseMas HepaBEeHCTBaAMHU

K < kl’ K > k2, rac k2 > kl‘ B YaCTHOCTH, CCJIIM KPUTHYCCKUC TOUKHU CHUMMCTPHUYHLI

OTHOCHUTENILHO HYIIS, JBYCTOPOHHSISI KpUTHYECKas OONacTh OMpeaesseTcsl HepaBEeHCTBAMU (B
MPEAIIOJIOKEHUN, YTO K < —ka) K< —ka, K> ka, WIM  PaBHOCWIBHBIM

HEPaBEHCTBOM ‘K‘ > ka :

eoX /
~

Kp
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Puc.3.
JUid HaxoXIEHUS KPUTHYECKOM OOJacTH [OCTATOYHO HAWTH KPUTHYECKYID TOUKY
(Toukm). i1 HAXOXKIAEHUS K€ TAaKOM TOUKM 3a7aeTcs JOCTAaTOYHO Majlasg BEPOSTHOCTb —

yposens snauumocmu O . 3aTeM KpUTHYECKAst TOUKa ka UIIETCS UCXOIs U3 TPeOOBAHMS, YTOOBI

TP YCJIOBHH CIIPABETHBOCTH HYJIEBOH IUIIOTE36! BEPOATHOCTH TOTro, uto Kputepuii K mpumer
3HAYEHMS U3 KPUTUUYECKON 00J1acTH, ObljIa paBHA MPUHATOMY YPOBHIO 3HAUHMMOCTH.

Hampumep, nns mnpaBOCTOPOHHEM KPUTHUECKOM 00JIaCTH JOJHKHO — BBITIOJIHATHCS
COOTHOLIEHUE

P(K>k,)=«a.
JUISl IEBOCTOPOHHENH —
P(K <k,,)=a.
a JJI IBYCTOPOHHEH —
P(K <k)+P(K>k,)=a.
JUid  KaxJIoro KpUTEpUss HMEIOTCS COOTBETCTBYIOIIME TaONUIbl, MO KOTOPBIM U

HaXOJUTCA KPUTHYCCKasd TOYKaA.
Ecau pacnpeaciCHuc KpUTCpUA CHUMMCTPHUYHO OTHOCUTCIBHO HYIAd W HUMCHOTCA

OCHOBaHHS BBIOpATh CHMMETPUYHBIE OTHOCUTEIBHO HYJIS TOUYKH — ka u ka (ka > O), TO
P(K < —ka) = P(K > ka). VYuuteiBas 3TO COOTHOILICHHWE, W3 JJIA JBYCTOPOHHEH
KPUTHYECKOU 00JIACTH TTOTYIHM COOTHOIIICHUE

P(K >k,)=a/2.

MowHocmbio Kpumepus Ha3bIBAETCSl BEPOSITHOCTH MOTAIaHUsl KPUTEPHS B KPUTUYECKYIO
obnacTb MpU YCIOBUH, 4YTO CIIpaBeIIMBa KOHKypUpyIollas rumnore3a. Jpyrumu cioBamu,
MOIIIHOCTh KPUTEPHsI €CTh BEPOATHOCTH TOTO, YTO HyJieBas T'MIOTe3a OyleT OTBEpPrHyTra, eciiu
BEpHA KOHKYPHUPYIOIIasi TUIIOTE3a.

[lyctp 17 mpoBEepKHM THUMOTE3bl MPHUHAT ONpPEICNCHHBIM YPOBEHb 3HAUUMOCTH, H

BbIOOpKa MeeT (pukcupoBaHHbI 00beM. Ecin ,B — BEPOATHOCTh OLIMOKH BTOPOTO POJa, T.C.
COOBITHSI «IIPUHATA HYJEBask THIOTE3a, MPUUEM CIPaBEUIMBa KOHKYPUPYIOIIAs)», TO MOIIHOCTb

KpUTEpHUs paBHA 1- ﬂ .

HYCTB MOIIIHOCTH 1_ IB BO3pacTacT, CJIC€A0BATCIbHO, YMCHBIIACTCA BEPOATHOCTDH ﬂ

COBCPLINUTDH OIJ_II/I6Ky BTOpOIro poznaa. Takum o6pa30M, 4€M MOIIHOCTH 60J'IBH_IG, TEM MCHBIIC
BCPOATHOCTDH OIINOKHU BTOPOT'O poaa.

I/ITaK, €CJIK YpOBCHbB 3HAUYUMOCTHU YIKC BBI6paH, TO KPUTHYCCKYIO 001acTh CJICAYCT
CTPOUTb  Tak, YTOOBI MOIIHOCTb  KPUTCPHA OblIa MaKCHMAaJbHOIA. OTO  TO3BOJIUT
MUHUMHU3HUPOBATDH OIHI/I6Ky BTOPOI'O poaa.

Janee nam notpebyercs pacnpeaenenue Oumiepa — CHeaexopa.
Ecmn U n'V — He3aBucuMBle ciydaifHble BEIMUMHBI, PACTIPEIECTICHHbIE 110 3aKOHY )/ 2
CO CTETEHSIMHU CBOOOIbI kl u kz, TO BENTMYHMHA
- _Ulk
vk,
MIMEEeT pachpe/eleHne, KOTopoe HasbiBaeTcapacnpedenenuem F @uwepa — Credexopa

CO CTCIICHAMMU CB06OIIBI kl )51 k2 .

CDYHKI_II/IH IUIOTHOCTHU 3TOT'O pacpCACICHUA NUMCCT BU

o1



0 npu X<0

f(x) = y (6-2)/2 |
0 G hpu x> 0
(k, + K, x) )

rac

k, +K k/2;, k,/2
N 2k1/k2/

0=
I(k;/2)I'(k,/2)
Pacnipenenenne F onpenensercs nByms mapamerpaMu — 4mclaMu cTereHei cBOGOIBI
K uk,.
[Tycth reHepanbHble coBokymHOCTH X U Y pacrpeneNeHbl HOPMAlbHO, TIPHYEM HX

AUCTICPCUN N3BCCTHBI. IIo HE3aBHCHUMBIM BI)I60pKaM C O6’beMaMI/I, COOTBCTCTBCHHO PAaBHBIMU nl

u [, u3BnedeHHBIM W3 JTHX COBOKYITHOCTEH, HaiileHBI BBIOOpOuUHBIE cpemue X u Y.

TpebGyercss 1o BBIOOPOYHBIM CpEIHUM NPU 33aJaHHOM YPOBHE 3HAUUMOCTH (X TIPOBEPUTH
HYJEBYIO THUIIOTE3y, COCTOSIIYI0 B TOM, YTO TEHEpaJilbHble CpeIHue (MaTeMaThuyecKue
OKHJIaHMsI) pacCMaTpUBAEMbIX COBOKYITHOCTEH PaBHBI MEXLy COOOM:

H,-M(X)=M(Y).

y‘-H/ITI)IBaf{, qTo BI)I60pO‘—IHI)Ie CpE€OAHUC  ABJIAIIOTCA  HCECMCIICHHBIMHM  OLICHKaMM

reHepaibHbIX CPEHUX, T.€.
M(X)=M(X), M(y)=M(Y),
HYJIEBYIO THIIOTE3Y MOXHO 3alucaTh TakK:
H,:M(X)=M(y).
B kauectBe kpuTepusi MPOBEPKU HYJIEBOM TMIIOTE3bl O PABEHCTBE T'€HEPAIBHBIX CPETHUX
MIPUHUMAETCS HOPMUPOBAaHHAs HOpMallbHasl ciaydaiiHas BEIMYUHA

Z= Xy
JD(X)/n+D(Y)/m"

KpI/ITI/ILIeCKaﬂ 001acTh CTPOUTCA B 3aBUCUMOCTHU OT BHUJIA KOHKypI/Ip}/'IOH_Ieﬁ THUITIOTE3BbI.

[lepBeiit cinyuail. HyneBas rumoresa H 0" M (X) =M (Y ) Koukypupytromas

TUIOTE3a HlM(X) = M(Y)

B sTtom cJIyqac CTPOUTCs ABYCTOPOHHSSA KPUTHUYCCKAA 06J'IaCTL, HCXOOd U3 TpC6OBaHI/I5{,
YyTOOBI BCPOATHOCTb IOMNAJlaHHUA KPUTCPUA Z B OTy o01acTh B IMPCAIIOJIOKCHHUN
CIIpaBCIJIMBOCTH HYHGBOﬁ THIOTE3BI ObLIA paBHA IIPUHATOMY YPOBHIO 3HAUYUMOCTU a.

HOCKOHLKy pacnpeaciicHue Z CUMMCTPUYHO OTHOCHUTCJIIBHO HYJISI, TO KPHUTHYCCKHUC
TOYKH CHUMMCTPUYHBI OTHOCUTCIBHO HYJIA, T.C. €CIU 0003HAYUTH qepe3 ZKp MpaByro

KPUTHUYECKYIO TOUKY, TO — Z _ OyIeT JIEBOM KPUTHUECKON TOUKOH.
b Kp

HawuGonbmras MOIIIHOCTL KpUTCPUS (BGPOHTHOCTB nomnaxaanvss KpUTeprud B KPpUTUYCCKYIO
00J1acTh npu CHpaBCIJIMBOCTU KOHKypI/Ip}IIOH_[Cﬁ PI/IHOTC3LI) J0CTUIra€TCd TOIrJa, KoOIJa
BCPOATHOCTD MOIMAJaHUAd KPUTCPUS B KaXKIpIi U3 ABYX MHTCPBAJIOB KpHTH‘{CCKOf/'I obOmactu paBHa

al2:
P(Z<-z,)=a/2, P(Z>2,)=0/2.
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st Toro, 4yToOBl HAMTH MPaBYIO TPAHMILY pr JIBYCTOPOHHEH KpPHUTHYECKOH o00macTH,

JOCTaTOYHO HAWTH 3HaueHHE aprymenTa (Gynkuuu Jlammaca, KOTOpOMY COOTBETCTBYET 3HAUECHUE
¢byHKIMH, paBHOE (1 4 ) / 2:

0O0603HaUYMM 3HAYCHHE KPUTEPHS, BEIYUCICHHOE TI0 JAHHBIM HAOJIOCHHUIA, Yepes3 ZH a6
Ecnu ‘ZHa 6/1‘ < pr — HET OCHOBAHUI OTBEPrHYTh HYJIEBYIO TUIIOTE3Y.

Ecimn ‘ZW 611‘ > Z,,, — HyNeBas TUNOTE3a OTBEPraeTCs.

Bropoii cnywaii. HyneBas rumoresa H 0 M (X) =M (Y) Konkypupyromias

runoTe’a HlM(X) > M(Y)

B o3roM ciydae crpouTcs TpPaBOCTOPOHHSS KpUTHYECKas o00IacTh, HUCXOAS U3
TpeGoBaHMs, YTOOB BEPOATHOCTH TOMAAaHus KpuTepus Z B 3Ty 00JaCTh B MPENOJNIOKEHHH
CIPaBeUIMBOCTU HYJIEBOM rMIOTE3bI ObLIA paBHA IPUHATOMY YPOBHIO 3HAUUMOCTH:

P(Z>z,)=«a.
Jisg Toro, utoObl HAWTH TpaHUILY pr MIPaBOCTOPOHHEW KPUTHUECKON 00acTH,

JIOCTAaTOYHO HAWTH 3HaueHue aprymenTta Gynkmuu Jlammaca, KOTOpOMy COOTBETCTBYET 3HaUEHUE

(GyHKIMH, paBHOE (1 - 2&')/2 :
D(z,,) = (1-2a)/2.

0O0603HaunMM 3HaYEHHE KPUTEPHUSI, BEIUUCICHHOE IO JaHHBIM HAOJIOCHUM, Yepes ZH a6

Ecnu ZHa on < ZKp — HET OCHOBAHMUU OTBEPTHYTh HYJEBYIO THIIOTE3Y.

Ecnu Z > ZKp — HyJieBas TUI0TEe3a OTBEPraeTcs.

Habn

Konmponwvusie 6onpocwt u 3a0anus.

1. CraTuctuueckas rurnoresa.

2. MOIIHOCTb KpUTEPHSL.

3. Kputnueckas o61acTs.

3amanue 1. Texuuueckas HOpMa mnpeaycMmaTpuBaeT B cpenHeM 40 cek. Ha BBIIIOJHEHUE
OTIpeJIeICHHON TEXHOJOTHYECKOH OTNepaluu Ha KOHBEHepe M0 MpPOu3BOJACTBY HacoB. OT
paboTHul, paboTaloUMX HAa  3TOM  Omepanuu, NOCTYNWIM  JKajoObl, YTO OHU B
JNeMCTBUTENFHOCTH 3aTPAuyMBalOT Ha 3Ty ONepaluio O0ojbllie BpeMeHH. J[1s mpoBepkHu JaHHOU
XKamoObl  TPOM3BENCHBI  XPOHOMETPUYECKHUE M3MEPEHHS BpPEMEHH BBIIIOJHEHUS JTOU
TEXHOJIOTHYECKOM ornepanuu y 36 pabOTHUII, 3aHATHIX HAa ATOU OMEpaluu, ¥ MOJy4eHO CpelHee
BpeMsi BBIMOTHEHHS omepauun 42 cek. MoxxkHO nu (mpeanonarass BpeMsl BBINOJIHEHUS
TEXHOJIOTMYECKOUN omnepauu ciydyalHOW BETUYMHOM, MOJUYMHSIONICHCS HOPMaIbHOMY 3aKOHY)
M0 UMEIOIINMCSI XpPOHOMETPUUECKUM JaHHBIM Ha ypoBHE 3HAUUMOCTH 0,01 OTKIOHUTH TUIIOTE3Y
0 TOM, UTO CpEJIHEE BpPEMs BBINOJHEHHUS 3TON ONEPALMH COOTBETCTBYET HOPME, €CIIU U3BECTHO,

4TO CPCAHEC KBAAPATHICCKOC OTKIIOHCHHUC reHepanLHoﬁ COBOKYITHOCTH COCTAaBJIACT 3,5 cek.?
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3ananue 2. DKOHOMUYECKUI aHaIU3 [IPOU3BOIUTENBHOCTH TPYAA IPEIIPUITUNH OTpaciu
II03BOJIMJI BBIBUHYTH TMIIOTE3Y O HAJIMYMM ABYX THUIIOB IPEINPUATUN C Ppa3IMyHOM cpeaHen
BEIMYMHON TIOKa3aTesiss MNPOM3BOIUTENBLHOCTH Tpyaa. BwiGbopouHoe oOcnenoBanue 42-x
MPEANPUATHI NEpBON TPyHIbl Jaj0 CIEAYIOUUE Pe3yabTaThl: CPEIHSS MPOU3BOAUTEIBHOCTh
Tpyna coctaBwia 119 geraneit. Ilo maHHBIM BBEIOOPOYHOTO OOCIEAOBAHHS 35-U MPEANPUATHI
BTOPOM T'pyHIbl CPEeIHSs MPOU3BOAMTENLHOCTh Tpyna coctaBuiaa 107 neraneit. I'eHepanbHble
mucnepcun u3BecTHbl: D(X) = 126,91 ; D(Y) = 136,1. Cuuras, uTo BHIOOPKH U3BJICUCHBI U3
HOPMAaJIBHO pacIpeesIeHHbIX TeHEepaIbHBIX COBOKYNMHOCTEH X 1 Y, Ha ypoBHe 3Haunumoctu 0,05
MIPOBEPBTE, CIY4YalHO JIM MOJTYYEHHOE pa3jiuuue CpeIHUX MoKa3aTellell MPOU3BOAUTEILHOCTU
TpyZa B IPYINIIAaX WM K€ UMEKTCS JIBa TUIA NMPEANPUATHI C Pa3IMYHOM CpPeIHEW BEIMYMHOU
IIPOU3BOIUTENBHOCTH TPYAA.

[Maptust w3nenuii mpUHUMAaETCs B TOM Clly4dae, €CIM BEPOATHOCTb TOrO, YTO HU3JeNne
OKQ)KETCS COOTBETCTBYIOIIMM CTaHAapTy, cocrtaBisier He Menee 0,97. Cpemu ciaydailHO
oToOpanHbiX 200 m3AEIM TPOBEPSIEMON MapTHUU 0Ka3ajaoch 193 COOTBETCTBYIOMMX CTaHAAPTY.

Mo>xHO 1 Ha ypoBHE 3HAUUMOCTH [ = 0,02 npuHATH mapTHio?
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5. Yueono-memoouueckoe u ungpopmayuonnoe obecneyenue OUcCyUnIUHb

5.1 Ilepeuenv o0cHO6HOU U OOROJTHUMETbHOU JUMEPAMYPbl, HEOOXO0UMOU O
0CB80CHUA OUCUUNTIUHDL

5.1.2 llepeuensv ocnoenoii 1umepamypul:

1. 1. Knoso, A. I'. Kypc nekmuii mo matemaruke : yaeoHoe nmocobue / A. I'. Kioso, 1. A.
JIsmynoBa. — PocroB-na-Jlony, Taranpor : W3marensctBo IHOxkHOTO (henepanbHOTO
yauBepcurera, 2020. — 199 c. — ISBN 978-5-9275-3503-3. — Tekcrt : aneKTpoHHBIN //
Hudposoit  obpazoBarensHbii  pecypc [PR SMART :  [caéit] —  URL:
https://www.iprbookshop.ru/107998.html

2. BeiromumkoBa, U. HO. dunancoBas maremaruka : ydeObHoe mocobue / U. IO.
BeiromunkoBa. — Mocksa : Aii [Tn Ap Memua, 2020. — 149 ¢. — ISBN 978-5-4497-0609-6. —
Texcr : snexrponnsiit / [{ludposoit oOpazoBarensHbIil pecype IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/96562.htmi

3. beipauH, A. I1. Martemaruka : npaktukym / A. I1. Berpmun, A. A. Cupopenko, O. A.
CoxkonoBa. — Boponex : BopoHeXCkuid rocyapCTBEHHbIM TeXHUUYECKUU yHuUBepcuter, JbC
ACB, 2021. — 167 c¢. — ISBN 978-5-7731-0923-5. — Texkct : anektponHsiii // I{udposoit
00pazoBaTeNbHBIN pecypc IPR SMART : [caiit]. — URL.:
https://www.iprbookshop.ru/111470.html

5.1.3 Ilepeuenv oononrnumenvHoil 1umepamypol:

1. Anekcees, I'. B. Boiciias matematuka. Teopust u mpakTuka : yueOHOE rmocooue s
CIIO / I'. B. Anexkcees, 1. 1. XonsasuH. — Capatos : [IpodoOpazoanue, At [Iu Op Menua,
2019. — 236 c. — ISBN 978-5-4486-0755-4, 978-5-4488-0253-9. — TekcT : 3/IeKTPOHHBIN //
Hudposoit  obpazoBarenbubii  pecypc IPR SMART :  [caiit] —  URL:
https://www.iprbookshop.ru/81274.htmi

2. Maremaruka. COOpHHMK 3aJa4 1O YrIyOJIE€HHOMY Kypcy : Yy4eOHO-METOAUYECKOE
nocobue / b. A. bynak, H. JI. 3omorapésa, FO. A. IlomoB [u ap.] ; mox pemakmueit M. B.
denoroBa. — 5-e¢ u3n. — Mocksa : Jlabopatopus 3nanuii, 2020. — 327 c. — ISBN 978-5-
00101-707-3. — Teker : snextpoHHbIH // Hudposoii obpasosarenshelii pecypc IPR SMART :
[caitr]. — URL.: https://www.iprbookshop.ru/98524.htmi

3. Maremaruka. COopHUK 3a7a4d M0 6a30BOMY Kypcy : yueOHO-MeTOoAnuecKoe mocodue /
H. 1. 3onorapésa, 0. A. Ilonos, H. JI. CemennseBa, M. B. ®enotoB ; noxa penakuueit M. B.
denoroBa. — 2-e¢ u3n. — Mocksa : Jlabopatopust 3nanuii, 2020. — 241 c. — ISBN 978-5-
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00101-706-6. — Texkcr : snextponHusblil / Hudposoii obpasoBarenbubiii pecypc IPR SMART :
[caiiT]. — URL.: https://www.iprbookshop.ru/98527.html

5.2 Ilepeuenv yuedoHO-Memoouueckozo obecneueHus CaAMOCHMOAMENbHOU PAdombl
o0yuarouuxca no OucCyuUnIune

1. Meronudeckue pPEKOMEHIAIUM IS TIOATOTOBKM K TPAKTHYECKAM 3aHSATHSM TI0
TUCIHIUINHE «MaTeMaTHKa.

2. MeTtoanueckue peKOMEHJAINY 110 OPTraHU3alli CaMOCTOATEIBHOW pabOTHI CTY/ICHTOB

0 JUCHUILINHE «MaTeMaTHKa».

5.3 Ilepeuenv  pecypcoé  uHpOpMayuOHHO-MENEKOMMYHUKAUYUOHHOU  cemu
Humepnem, Heo0X00uMbix 01151 0C60EHUA OUCUUNTIUHDBL
1. http://www.biblioclub.ru -OBC "Yuusepcurerckas 6ubdnuoreka oHiaiiH"

2. http://www.iprbookshop.ru/ - DnexrponHo- 6ubmuoreunas cucrema IPRbooks
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MUHUCTEPCTBO HAYKU U BBICIIIET'O OFPA3BOBAHUS POCCUNICKON ®EIEPAIINN
OEJIEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YYPEX/JIEHUE BbICHIEI'O OBPA3OBAHUA
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHbI YHUBEPCUTET»

[Isaturopckuit uuctutyt (pumman) CKOY

MeToanueckue yKazaHus

10 OpTaHU3AIMH U MPOBEJCHUIO CAMOCTOSATEILHON pabOTHI
no nucruumnae <KMATEMATUKA»
JUTSI CTYZIEHTOB CIIEIUATbHOCTH
38.05.01 DxonomMuueckass 6€30IMaCHOCTE
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Conepxanue

Beenenne

OOmiass xapakTepUCTHKa CaMOCTOSITENIbHOM paboThl oOywarouierocs
M3Y4YEHUU JUCHUILIMHBI « MaTtemaTrnka»

[Tnar-rpaduk BBITOJHEHHUS CAMOCTOSITEIIEHON paOOThI

KoHTposbHbIE TOUKH U BUABI OTYETHOCTH 110 HUM

Metomueckre peKOMeHAANN N0 U3YYEHUIO0 TEOPETUIECKOTO
Marepuana

Metondeckue yka3aHus 1o IOArOTOBKE K SK3aMEHY

VYyebHo-MeToquueckoe 1 HHGOPMAIIMOHHOE 00ecriedeHUE TUCIIUTUTMHBI

pu
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Beenenue

CamocrosarensHas paboTa — TUIaHUpyemas ydeOHas, y4eOHO-HCCIIeIOBATEIbCKAs,
HayYHO-HCCIIeIOBATEIbCKast padoTa CTYyIEHTOB, BHITIOJIHIEMAsi BO BHEAYIUTOPHOE (AyJAUTOPHOE)
BpeMsi [0 3aJaHUI0 U IIpU METOAMYECKOM PYKOBOJACTBE IpenojaBareis, HO 0e3 ero
HENOCPEJCTBEHHOI0 y4yacTHs (IpH YaCTMUYHOM HENOCPEICTBEHHOM YYaCTUH IIpernojaBaTelis,
OCTAaBJISIFOILEM BEAYIYIO POJIb 32 PA0OTOM CTY/ICHTOB).

CamocrositenpbHas paboTa cTyaeHTOB B BY3e sBisieTcsi BaXHBIM BHJIOM Y4eOHOU M
HAY4YHOM JIEATEIIbHOCTH CTYICHTA.

Benymas unenp opranmsanuu u ocymectsieHuss CPC nomkHa coBmagaTh € LENbIO
oOyueHusi CTyJeHTa — MOJroTOBKOM OakanaBpa ¢ BeICIIMM oOpa3oBaHueM. IIpu opranuszanuu
CPC BaxHBIM U  HEOOXOAUMBIM  YCIOBUEM  CTAHOBATCS  (OPMHUPOBAHUE  YMEHMUS
CaMOCTOSITENIbHOM paboThl Al MPUOOpETEeHHs] 3HAaHUM, HABBIKOB M BO3MOKHOCTH OpraHHU3aliu
y4eOHOU U HAyYHOU JESATEITHHOCTH.

Henbto camocTosITeNbHOM pabOThl CTYJEHTOB SBJISIETCS OBJIaJIeHHE (PyHIaMEHTaIbHBIMU
3HaHUSMH, TPO(ECCHOHATBHBIMUA YMEHUSMHU U HABBIKAMU JIEATEIBHOCTH M0 MPOUIIIO, OMBITOM
TBOPYECKOH, HCCIEAOBATEIIbCKON  AesTenbHOCTH. CamocTosATenbHas padoTa CTYIEHTOB
CIOCOOCTBYET pPa3BUTHUIO CaMOCTOSTEIbHOCTH, OTBETCTBEHHOCTH M OPraHM30BaHHOCTH,

TBOPYECKOTO MOAXO0a K PEIICHHUIO MPo0sieM yaeOHOTro 1 MpodheCcCHOHATBHOTO YPOBHSI.
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Oﬁmaﬂ XapaKkTepucTuKka CaMOCTOSITEIbHOIM p360TLI oﬁyqalomerocsl pu U3y4YCHUHU

JMUCHUILIMHBI «VMaTeMaTuKka»

CamocrosarenpHas paboTa - IUTaHHpyeMass ydeOHas, y4eOHO-HCCIIeIOBATEIIbCKAs,
Hay4YHO-HCCIIeI0BaTENbCKas paboTa CTYACHTOB, BBITIONHsIEMAsl BO BHEAYAUTOPHOE (AyJUTOPHOE)
BpeMsi 10 3aJaHUI0 W TP METOAMYECKOM PYKOBOJACTBE TIIperojaBareis, HO 0e3 ero
HEMOCPEJCTBCHHOTO y4YacTHs (TpH YaCTHYHOM HEIOCPEICTBEHHOM YYaCcTHHU IPEToaBaTells,
OCTAaBJISIIOIIEM BEIYIYIO POJIb 32 PA0OTOM CTY/ICHTOB).

CamocrositenpbHas paboTa cTyaeHTOB B BY3e sBisieTcsi BaXHBIM BHJIOM Y4E€OHOU M
Hay4YHOU NIeATETLHOCTH cTyneHTa. CaMocTosTenpbHas padoTa CTYIGHTOB UTPaeT 3HAUYUTEIHHYIO
pOJIb B PEUTHHTOBOM TeXHOJIOTHH 00ydeHus. B cBs3u ¢ stuM, oOydenue B BY3e Brimouaer B
ceOs 1Be, TPaKTHYECKH OJMHAKOBBIC TI0 00hEMY M B3aUMOBJIMSIHHIO YaCTH — MpoIiecca 00ydeHus
u npouecca camoodyuenus. [loatomy CPC nomxHa crath 3(p()eKTUBHON U LieJIeHanpaBiIeHHON
paboToi CcTy/IeHTa.

K coBpeMeHHOMY CHEIHATUCTY OOIIECTBO MPEIBABISICT JOCTATOYHO IITUPOKUH TTepeUeHb
TpeOOBaHUM, Cpeau KOTOPHIX HEMaJOBa)KHOE 3HAUYEHHWE HMEET HaJUYHhe Y BBIMYCKHUKOB
OTIPEJICNIEHHBIX CHOCOOHOCTE M YMEHHS CaMOCTOSTEIbHO NOOBIBaTh 3HAHUS M3 Pa3IUYHBIX
HMCTOYHUKOB, CHUCTEMAaTU3UPOBATh MOJYyYEHHYIO HHGPOpPMAIUIO, JaBaTh OLIEHKY KOHKPETHOM
¢unaHcoBoM cutyauuu. PopMUPOBAHUE TAKOTO YMEHHS MPOUCXOTUT B TEUEHUE BCETO MEpHOa
oOyueHusi yepe3 ydyacThe CTYJCHTOB B IMPAKTHUYECKUX 3aHATHUAX, BBIIOJHEHHUE KOHTPOJIBHBIX
3aJlaHUi ¥ TECTOB, HAMMMCAHUE KYPCOBBIX M BBIMTYCKHBIX KBaTU(PUKAUOHHBIX paboT. [Ipu 3Tom
camMocCTosiTeNIbHasg paboTa CTYAGHTOB HUIpPaeT pEUIaloNIyl0 poJib B XOJ€ BCEro Y4eOHOro
npotrecca.

Beaymas uens opranuszanuu u ocymiectBiienuss CPC nospkHa COBIAgaTh C IENbIO
oOyueHusi CTyJIeHTa — MOJrOTOBKOH crenuanucra u 6akanaBpa ¢ BeICIIUM oOpa3zoBanueM. [Ipu
opranmzaiuu CPC BaxHBIM U HEOOXOJUMBIM YCIOBHEM CTaHOBATCA (OPMUPOBAHUE YMEHHUS
CaMOCTOSITENIBHOM paboThl AJisl MPUOOpPETEHHUST 3HAHUM, HABBIKOB U BO3MOKHOCTH OPraHU3alluu
y4eOHOM U HAYYHOU JeSITEeTbHOCTH.

@opMBI  CaMOCTOSITENILHOM pabOThl CTYACHTOB pa3HOOOpa3Hbl. B cOOTBETCTBHH C
paboyeil mporpaMMoil JUCHMIUTUHBI TPETyCMOTPEHBI CIEIYIOIIUe BUABI CAMOCTOSTEIbHOU
paboTHI CTy/IEHTA:

- CAaMOCTOSATENILHOE U3YUEHUE JINTEPATYPHI;

- CaMOCTOSITETTFHOE PellIeHUE 3a/1aY;

- BBIIIOJIHCHHUEC KYPCOBOT'O ITPOCKTA.
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Ilenv camocmosamenvno2o usyuenus aumepamypsl — CAMOCTOSITEIIBHOE OBJAJICHUE
3HAHUSIMM, OIIBITOM HCCIIEI0BATENbCKON AEATEIbHOCTH.

3adauamu caMmOCTOSITEIIBHOTO U3YyYCHUS JTUTEPATYPHI SBIISIOTCA:

. yriayOlieHre U pacuIMpeHrne TEOPETUUECKUX 3HAHUI;

. (opMupoBaHHE yMEHHI HCIIOJIB30BaTh HOPMATHUBHYIO, IPABOBYIO, CIPABOYHYIO
JOKYMEHTAIMIO U CHELUAIIbHYIO JIUTEPATypy;

. pa3BUTHE O3HABATENBHBIX CIOCOOHOCTEN U AKTUBHOCTH CTY/IEHTOB.

Ilenv camocmoamenvnozo pewienus 3a0ay - OBIAJCHUE TPOPECCHOHATBHBIMU
YMEHUSAMH U HaBBIKAMU JIEATEILHOCTH 10 TPOPIITI0 OyAyIIeH AeITeTbHOCTH.

3aoauamu caMOCTOSITEIILHOTO PEIICHUS 3a/1a4 SIBJISIOTCS:

J CUCTeMaTH3allsl W 3aKpelyIeHHE [MOJIyYEHHBIX TEOPEeTUYECKUX 3HaHUM u
MPAKTUYECKUX YMEHUU CTYJCHTOB;

. (dhopmupoBaHue CaMOCTOSITEJIbHOCTH MBIILICHHUS, criocoOHOCTEM K
CaMOpa3BUTHIO, CAMOCOBEPIIIEHCTBOBAHUIO U CaMOpEaIn3alliu;

. pa3BUTHE UCCIIEIOBATEIBCKUX YMEHUM.

Ilenvio camocmoamenvnozo 6bINOAHEHUA pacUemHO-2pauyeckoil padomsl 10
TUCLMIUIMHE SBJIAETCA OBJaJeHuEe (yHAaMEHTaIbHBIMU 3HAHUSMH, NpO(eccHnoHaTbHBIMU
YMEHHSIMHU U HaBBIKAMH JESATENILHOCTH MO MPO(UIIIO, OMBITOM TBOPUECKOM, HCCIIEeI0BATENbCKON
NeSITeIbHOCTH.

3aoauamu naHHOTO BUA CAaMOCTOATEIbHON pabOThI CTY/AIEHTA SBIISIOTCS:

o CUCTeMaTH3alis U 3aKpelUIeHUEe IMIOJyYEHHBIX TEOPETUYECKUX 3HAHUU U
MPAKTUYECKUX YMEHUN CTYJIEHTOB;

o yriIyOJIeHHEe U PaCUIUPEHUE TEOPETHUECKUX 3HAHUIA;

. (dhopMHpOBaHHE YMEHHH HCIOJIH30BaTh HOPMATHUBHYIO, NMPABOBYIO, CIIPABOYHYIO
JOKYMEHTAIUIO U CHEIHAbHYIO TUTEPaTypy;

. pa3BUTHE TMO3HABATEIbHBIX CIIOCOOHOCTEN M aKTUBHOCTU CTYACHTOB: TBOPYECKOU
WHUIMATUBBL, CAMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH U OPTaHU30BAHHOCTH;

o (dhopmupoBanue CaMOCTOSITENILHOCTH MBIILUICHHUS], crocoOHOCTeH K
CaMOPa3BUTHIO, CAMOCOBEPILIEHCTBOBAHUIO U CaMOpPeaIn3allliu;

J pa3BUTHE UCCIEA0BATEIbCKUX YMEHHIA,

J UCMIONIb30BaHUE  MaTepuana, COOpPaHHOTO W MOJIyYEHHOTO B XOJie
CaMOCTOSITENIbHBIX 3aHATHI Ha CEMUHAapax, Ha MPAKTHUYECKUX U JIADOPATOPHBIX 3aHSITHUSIX, TIPH

HaIMCaHUU KypCOBOM pabOTHI.
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B pesynbrare

OCBOCHHUA

IUCIUTIIINHEI

bopmupyrorcs

CIIENYIOLUMN  IepedYcHb

IUIaHUPYCEMBIX PE3YJILTATOB O6y‘-I€HI/ISI 110 JUCHUIIINHE, COOTHECEHHBIX C IJIAaHUPYCMBIMU

pe3ylbTaTaMu OCBOEHUSI 00pa30BaTENLHOM MTPOTPAMMEI:

Kon, hopmymnupoBka
KOMIICTCHIIHN

Kon, hopmymnupoBka
WHIUKATOPA

(MOZyITI0), XapaKTEPHUIYIOLINE

IInanupyemMslie pe3ysbTaThl
00y4eHUs M0 TUCUUILINHE

sTansl (GOPMUPOBAHUS
KOMIIETEHIINH, HHANKATOPOB

OIIK-1 Cnocoben
HCIIONB30BaTh 3HAHUA U

METObI SKOHOMHUYECKOH HAayKH,

MPUMEHSTh CTATUCTHKO-
MaTeMaTH4eCKU
UHCTPYMEHTApUi, CTPOUTD
HKOHOMMKO-MaTeMaTHUECKHe
MOJENU, HEOOXOAUMBIE IS
pelieHus npodeccuoHaaIbHbIX
3a/1a4, aHaTU3UPOBATH U
HUHTEPIPETUPOBATH
MOJIy4YE€HHBIEC PE3YIbTaThI

NI-20nk-1 [IpumensieT
CTaTHCTUKO-MaTeMaTHUECKUH
WHCTPYMEHTapHil, CTPOUT
9KOHOMMKO-MaTeMaTHYeCKHe
MOJIeTIH, HEOOXO0IUMBIE IS
petieHus npodeccuoHalIbHbIX
3a/1a4, aHaJIU3UPYeT U
UHTEPIPETUPYET MOJTy4YECHHBIE
pe3yabTaThl

3HaeT OCHOBBI
MaTEeMaTHYECKOT0 aHaJIN3a,
JUHENHOHN anredpsl, TEOPUU
BEPOSITHOCTEN U
MaTeMaTHYeCKOH CTaTHCTUKU
KaK YHUBEPCAJIBHOTO SI3bIKa
HayKH, HEOOXOIUMOTO ISt
MOJIETTMPOBAHMS SIBIICHUHN U
MIPOLIECCOB, OCHOBHBIE
METOIbl ¥ MOJICIIH PEIICHUS
TUTIOBBIX 3a71a4.
Ywmeet pacnio3HaTh
MaTeMaTH4eCcKue 0ObEKTHI,
MIPUMEHSITh METO/IbI
MaTeMaTHYeCKOro aHallu3a 1
MOJETUPOBaHUS,
TEOPETUYECKOTO U
AKCIEPUMEHTATBHOTO
WCCIIEIOBAHUS ISl pEeLICHUS
3a1a4
Bnaneer naBbikamu cbopa,
00paboTku nHpOpMaIUU U
yuyacTtusi B mH(GOpMaTu3aluu
JeSITEIbBHOCTH
COOTBETCTBYIOIIUX OPT'aHOB
BJIACTH U OpraHU3aIUH,
WHCTPpYMEHTapueM AJisi
pelIeHus MPOCTEHIINX
MaTeMaTHYeCKUX 3a7a4 U
MaTeMaTH4eCKOU
TEPMHUHOJIOTHEH, U
Pa3IMYHBIMU CIIOCO0aMU
MIPEICTaBICHUS
MaTeMaTH4eCKOU
uHpOpMaLUU
(aHaTUTHYECKUM,
rpaduyecKuM, CIIOBECHBIM U
Ip.), HABBIKAMH TPUMEHEHUS
COBPEMEHHOTO
MaTeMaTH4eCKOTO
WHCTPYMEHTApUS AJIs
pelleHus 3a/1a4 YIpaBJICHHs,
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METOJUKOM IIOCTPOECHUS,
aHaJIM3a U IPUMEHEHUS
MAaTeMaTUYECKUX MOJEIEN
JUISL OLIEHKU COCTOSIHUS U
MIPOTHO3a Pa3BUTHUSA SIBJICHUN U
IIPOLIECCOB B YIIPABJICHUH,
CIIOCOOHOCTBIO IIEpeIaBaTh
pe3yabTaT NPOBEICHHbBIX
HUCCIEN0BAHUN B BUJE
KOHKPETHBIX PEKOMEHAALIUN B
TEPMHUHAX IIPEIMETHON
00J1aCTH 3HAHMUS
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Hnaﬂ-rpaq)mc BBLIIIOJIHEHHS CAMOCTOSATEIbHOMH paﬁoTLI

O0BEM YacoB, B TOM YHCIIC

Ko bt
CpenctBa u KonrakrHas
pealn3yeMBbIX Bun nesarensHOCTH
. TEXHOJIOTHUH pabora ¢
KOMIIETECHIINH, CTY/ICHTOB CPC Bcero
OIICHKHU pernoaBaT
MHIUKATOpa(oB)
eJeM
1 cemectp
CamocrosiTensHOE
uzydenne qureparypsl | CobecenoBanue | 18,225 2,025 20,25
o Temam Nel-9
Ofk-1 | Hoarotoska k Cobecenopame | 1215 | 0,135 1,35
N-20mk-1 JICKIHSIM
[ToaroToBka k Pelennas
MPAKTUICCKUM 4,86 0,54 5,4
3aava
3aHSITHIM
Hroro 3a 1 cemectp: 24,3 2,7 27
Hroro: 24,3 2,7 27
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KOHTpOJIBHLIe TOYKH U BUJABI OTYCTHOCTH I10 HUM

No Bun gestensHOCTH CTYIEHTOB Cpoxku KoanuectBo
/i BBITIOJTHEHU ST 0amioB
1 cemecTp
1. [IpakTnueckoe 3anarue Ne 2 6 Henens 25
2. [IpakTnueckoe 3ansrue Ne 5 10 Hepens 15
3. [IpakTnueckoe 3anarue Ne 7 16 Hepens 15
Hroro 3a 1 cemectp 55
Htoro 55

MaxkcuManbHO BO3MOXKHBIN Oalljl 32 BECh TEKYIIMH KOHTPOJIb MakcuManbHO BO3ZMOXKHBIN
O0aul 3a Bech TEKYLUIMH KOHTPOJb YCTaHABIMBAaeTCs paBHBIM S55. Tekyllee KOHTPOJIbHOE
MEpPONPUATHE CUUTAECTCA CIAHHBIM, €CIM CTYIEHT NOJIydums1 3a Hero He MeHee 60% oT
YCTAaHOBJIEHHOTO JJIsi 3TOTO KOHTPOJS MakCcUMallbHOTO Oaina. PeltuHroBeit  Oann,
BBICTABIIIEMBI CTYACHTY 3@ TEKyllee KOHTPOJbHOE MEPOIPHUATHE, CHAHHOE CTYACHTOM B

YCTaHOBJIEHHBbIE TPa(UKOM KOHTPOJIbHBIX MEPONPUSITHUH CPOKH, ONPEAENsSeTcs CIEIYIOIUM

o0pazom:
YpoBEHB BBINIOJIHEHUS] KOHTPOJIBHOTO Pefitunroseiii 6ami (B % 0T MakCHMaIbHOTO
3aaHusI Oayiyia 32 KOHTPOJIBHOE 3a/IaHHE)
OTAMYHBINA 100
Xopommid 80
Y 10BIETBOPUTEILHBIN 60
HeynonerBopuTenbHbII 0
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MeToanueckue PECKOMEHIANNHA 110 U3YUCHUIO TEOPETUIECCKOI'0 MaTepUuaJia

CamocrosTenpHas paboTa CTyIEHTa HAYMHAETCS C BHHUMATEIBHOTO O3HAKOMIICHHS C
coJiepaHueM yueOHOTO Kypca.

N3ydenne kax10i TEMbI cleAyeT HaulHATh C BHUMATEIbHOIO 03HAKOMIIEHHS ¢ HAOOpOM
BonpocoB. OHU OPUEHTUPYIOT CTYAEHTA, NOKa3bIBalOT, YTO OH JIOJDKEH 3HATh 10 JIaHHOM TeMe.
Bonpocsl TeMbl Kak Obl HAaKJIAIBIBAIOTCS Ha COOTBETCTBYIOIIYIO INIaBy M30paHHOrO ydeOHUKa
i yueOHoro nocobust. B urore 10KHO OBITH ICHBIM, KaKH€ BOIIPOCHI TEMbI yueOHOTO Kypca U
C Kakoi IiTyOMHOM pacKphIThl B KOHKPETHOM y4eOHOM MaTepuaie, a Kakhe BOOOIIEe OIMyIIEHBI.
TpebyeTcst TBOpUECKOE OTHOLLIEHUE U K CAMOMY COJIEP’KaHUIO TUCITUIUINHBI.

Bormpocsl, cocraBistomue ee cogepxkaHue, 001agaroT pa3HONW CTENEHbI0 BaXKHOCTH. EcTh
BOIPOCHI, BBIMOJHSIONINE (DYHKIUIO JIOTMYECKOM CBSI3KM COJAEp)KaHMsSI TEMbl U BCEro Kypca,
MMEIOTCS BOIIPOCHI OMKCATENBHOTO WM PAa3bSICHUTENBHOIO XapakTepa, a TaKKe UCTOPUUYECKOTO
JKCKypca B 00JIaCTh M3y4aeMOM JUCHMIUIMHBL Bce 3TH BOMpPOCH! HE COCTABISIOT CYTH IOHS-
TUHHOTO, KOHIIETITYaJbHOTO COJIEP’KaHUs TEMbI, HO HEOOXOIAMMBI Ul IIEIOCTHOTO BOCHPUSATHUS
M3y4aeMbIX MPOOIIEeM.

N3ydaemass DUCIUIUIMHA UMEET CBOM KaTeropUalbHO-TIOHSATHIHBIN ammapar. HaydHbie
MOHATHS — 3TO Ta 0a3a, Ha KOTOPOM cTpouTCs Kaxknas Hayka. [IoHSATHS — y3/10Bble, OOPHBIE
MYHKTBl KaK Hay4yHOTO, TaK M y4e€OHOTO MO3HAHUs, JJOTHYECKHE CTYIEHU ABM)KEHUS B yueOe OT
MIPOCTOTO K CIIOKHOMY, OT SIBJICHUS K CYITHOCTU. be3 scHOTO moHMMaHUs MOHATHH yueba kpaliHe
3aTpyaHSETCS, a CoIep KaHue TPUOOPETEHHBIX 3HAHUI CTAHOBUTCS TYCKJIBIM, PACILIIBIBYATHIM.

CTyneHT JOKeH MOHMMATh, YTO CAMOCTOSATEIbHOE OBJIAJICHHE 3HAHUSIMU SIBIISETCS
[JIaBHBIM, OIpeAeNsiomuM. Bbicmias mikojga co3laeT Ajas 3TOro HeoOXOJUMBIE YCIIOBHS,
nomMoraer OyJylieMy BbICOKOKBATH(DUIIMPOBAHHOMY CHELHMAIUCTY OBJIAJCTh TEXHOJIOTUEH
CaMOCTOSITEILHOTO MPOU3BO/ICTBA 3HAHU.

B camocrosTensHOM paboTe CTyOeHTaM MPUXOJUTCS HUCIHOIB30BaTh JHUTEPATYpy
pPa3NMYHBIX BHJIOB: TIEPBOMCTOYHHKH, MOHOTpaduu, HaydyHble COOPHUKH, XpECTOMATHH,
yuyeOHHKH, ydeOHble mocoOusi, >KypHaibl W Ap. M3ydeHue Kypca MpearnojiaraeT 3HaKOMCTBO
CTYIEHTOB ¢ OOJbIIUM OOBEMOM HaydyHOM M y4yeOHOM JHUTEepaTypsl, 4TO, B CBOIO OYEpE[b,
MOPOXKAAET HEOOXOJIUMOCTh BBIPAOOTKM y HHUX pPAalMOHAIBHO-KPUTHUYECKOTO TMOJX0Aa K
M3y4aeMbIM UCTOYHUKAM.

UroObl HE «yTOHYTH» B OIPOMHOM OOBEME PEKOMEHJOBaHHBIX €MY JUIl H3ydeHHs
HCTOYHUKOB, CTY/AEHT, MPEXJE BCEro, NOJHDKEH HAaYyUMThCS MPAaBUIBHO WX yuTaTh. [IpaBUibHOE
YTEHUE PEKOMEHJIOBAHHBIX MCTOYHHKOB IPEIIOJaraeT cjaell0BaHUE HECKOJIbKUM HECIO0XKHBIM,

HO BCCbMa II0JIC3HBIM ITpaBHJIaM.
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[IpenBapuTenbHbIl NPOCMOTP KHHMIM BKJIIOYAE€T O3HAKOMJIEHHE C TUTYJIbHBIM JIMCTOM
KHWTM, aHHOTallUeW, MNpEeAuCIOBUEM, OTJaBieHUEM. lIpu O3HAKOMJIEHMM C OIJIaBJIEHUEM
HEOOXO0JMMO BBIICJIUTH pa3zelbl, IIaBbl, naparpadsl, MpeacTaBiIsoIKe A1 Bac HHTEpeC, Oerio
UX TPOCMOTPETh, HaMTH MecTa, OTHOcAIMecd K Teme (al3albl, CTpaHULbl, Maparpadsl), U
[T0O3HAKOMUTHCS C HUMHU B OOLIUX YyepTax.

Hayunble u3aanus conpoBOX/al0TCs pa3IndyHbIMU BCIIOMOTaTeIbHBIMU MaTeprajlaMyu —
Hay4yHbIM alIapaToM, MO3TOMY Ba)XHO 3HaTh, U3 KAaKUX OCHOBHBIX 3JIEMEHTOB OH COCTOMT,
KaKOBBI €r0 (DyHKIIMH.

3HaKOMCTBO C KHHUIOH JIydllle BCEro HAyMHATh C M3y4EHHs] aHHOTALMU — KpaTKOM
XapaKTePUCTUKU KHUTH, pAacKpbIBAIOLIEN ee cojepkKaHue, HWICHHYI, TEeMaTHUYecKyl |
KAQHPOBYIO HAIIPABJIEHHOCTb, CBEJCHHMA OO aBTOpE, HA3HAUYEHUE M JpPyrue OCOOEHHOCTH.
AHHOTAaIMSI TIOMOTAET COCTABUTH MPEABAPUTEIHHOE MHEHHE O KHUTE.

I'my0Oxe MOHATH cojiepaHWEe KHHUIM TO3BOJISIIOT BCTYMHUTENbHAs CTAaTbs, B KOTOPOM
JaeTcs OIIeHKa COJEp)KaHWs KHUTH, 3aTparuBaeéMoil B HeH MNpoOJeMaTUKH, COIEPKUTCS
nHpopmalus o0 )KU3HEHHON M TBOpYeCcKoW Omorpaduu aBTOpa, BHICKA3BIBAIOTCS MOJEMHUYECKUE
3aMEYaHusl, Pa3bACHAIOTCS OTAEIbHbIE IOJOXKEHUS KHHUIH, JAlTCS KOMMEHTapuu U T.0. Bot
[I0YEMY 3HAKOMCTBO C BCTYNUTEIBHOM CTaThel MPECTABIAETCS OUEHb BAXKHBIM: OHO ITOMOIAaeT
CTYIEHTY COPHEHTUPOBAThCS B TEKCTE pabOThl, 0OPaTUTh BHUMAHUE HA €e HauboJjiee IIEHHbIE U
BaXKHBIE pa3febl.

Toit ke nenu coaecTByeT 3HAKOMCTBO C OTJIABIEHUEM, IPEAUCIOBUEM, TIOCIECIOBUEM.
Becpma 1osie3HBIMH 3JIEMEHTaMM HAy4qHOIO amnmapaTa SBISIOTCS CHOCKHM, KOMMEHTapHH,
TaOIUIbI, TpapuKH, CHOUCKM JuTepaTypbl. OHU HE TOJIBKO WUIIOCTPUPYIOT OTAEIbHbIE
MIOJIOKEHUSI KHUTU WM CTaThbH, HO U CaMU IO cede SIBJIAIOTCS JOMOJIHUTEIbHBIM HCTOYHUKOM
MHGOpPMALIUY TSl YUTATEISL.

Ecnu yuraTens 3amHTepecoBaa Kakas-TO BBICKA3aHHAs aBTOPOM MBbICIIb, HE HaIllEas
MOJIPOOHOTO OCBELICHUS B JJAHHOM HCTOYHUKE, OH MOXXET OOpaTUThCA K TEKCTYy HCTOYHMKA,
YIIOMHUHAEMOTO B CHOCKE, JIM0O K UCTOYHUKY, KOTOPBI OH MOKET HAWTH B CIIUCKE JIUTEPATYPHI,
PEKOMEHIOBAaHHON aBTOPOM JUIsl CAMOCTOSITEIbHOTO U3YUEHHUS.

CymiecTByeT HECKOJIBKO ()OPM BEJICHHUS 3aITUCEH:

— 11aH (IpOCTOM U pa3BepHYTHIN) — Hanbojee KpaTkas GopMa 3anucu MPOYUTaHHOTO,
IpeJCTaBisAlomas co0Ol IepedyeHb BOINPOCOB, PACCMATPUBAEMBbIX B KHHIE WM CTaThe.
Pa3zBepHyThIll IUIaH mpeAcTaBiIsieT coOoil Oosiee MOAPOOHYIO 3amMCh MPOYUTAHHOIO, C
JeTanu3alnen OTAEIbHBIX MOJ0KEHUI U BBIBOJOB, C BBIITUCKOM IIUTAT, CTATUCTUYECKUX JAHHBIX
u T.4. Pa3BepHyTbIl IJIaH — HEOLEHUMBIM MOMOIIHUK IMPH BBICTYIUIEHUM C JOKJIAJOM Ha

KOHKPETHYIO TEMY Ha CEMHHAape, KOHPEePEHIINH;
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— TE3UCHl — KPaTKO CPOPMYIMPOBAHHBIE IOJIOKEHUS, OCHOBHBIE IMOJIOKEHHSI KHUTH,
ctarbi. Kak nmpaBuiio, T€3MChl COCTABISIOTCS NOCIE MPEABAPUTEIBHOTO 3HAKOMCTBA C TEKCTOM
HCTOYHUKA, IIPU €r0 MOBTOPHOM IPOYTEHUHU. OHU MTOMOraroT 3allOMHUTh U CUCTEMATU3UPOBATh
nH(OpMAIHIO.

CocraBieHrEe KOHCIIEKTOB

bosbyro posib B yCBOGHMM M NOBTOPEHUHU IPOWIECHHOTO MaTepHalla UTPAeT XOPOLIUM
KOHCTIEKT, COJIEpKaIliii OCHOBHBIE U/IEH TPOYUTAHHOTO B YUCOHUKE U YCIBIIIAHHOTO B JICKIIHH.
KoHncnexkt — 3710, 10 cymiecTBy, HaOPOCOK, pa3BEPHYTHI IJIaH CBSA3HOIO paccka3a o OCHOBHBIM
BOIIPOCAM TEMBI.

B kakoii-To Mepe KOHCHEKT pacCcUuTaH (B 3aBUCHUMOCTH OT WHAWBHIYaJIbHBIX
OCOOEHHOCTEH CTy/leHTa) HE TOJIbKO Ha WHTEUIEKTYaJIbHY0 M SMOLMOHAJIBHYIO, HO U Ha
3pUTENbHYIO TaMATh, IMPUYEM TEKCT KOHCIIEKTa HEPEIKO acCOLMHUPYeTCs €lle U C TEKCTOM
yueOHMKa WJIM 3amuchio JieKuuu. [lodToMy Jerde 3amoMUHAeTCsl COJEp)KaHHWE KOHCIIEKTOB,
HaMMCaHHBIX pa300pPUMBO, C MOJUEPKUBAHUEM WJIM BBIJICJICHUEM pa3psIKON KIIFOUYEBBIX CIOB U
¢pas.

CaMmocCTOSTEIPHO H3YYEHHBIE TEMbl IPEJOCTABIAIOTCA IpenojaBareno B (opme
KOHCIIEKTa, 110 KOTOPOMY IIPOUCXOIUT cobecenoBanue. TeopeTnueckue TeMbl Kypea (OTAeIbHbIE

BOHpOCI)I), BBIHOCHUMBIC Ha CAMOCTOSATCIIBHOC U3YUCHUC, IMTPEACTABICHBI HUXKC.
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MeToau4yeckue YKa3aHud 1o nmnoAroToBKe K 3K3aMEHY

N3yuenne pmucuuruinebel «Marematuka» 3aBepmiaercs dk3aMmeHoMm. [loaroToBka k
9K3aMEHY CIOCOOCTBYET 3aKpPEIUICHHUIO, YIIIYOJCHUI0 M OOOOIICHHUIO 3HAHWM, IMOJTyYaeMbIX, B
mporecce 00ydeHHs, a TaK)Ke MPUMEHCHUI0 X K PEIICHUIO MPAKTUYSCKUX 3a7ad. [ 0TOBSICH K
JK3aMEHY, CTYACHT JHUKBHIUPYST WMCIOIIMECS MpoOeinsl B 3HAHWX, YIIIyOJserT,
CHUCTEMATU3UPYET U YIOPSAAOUMBACT CBOU 3HaHUs. Ha sKx3aMeHe CTyJIeHT 1eMOHCTPUPYET TO, YTO
OH MpUOOpEN B Mpoliecce 00ydeHHs M0 KOHKPETHON Y4eOHOM TUCIIUTITHHE.

Ha xoncynpTamuu mepen HSK3aMEHOM  CTYACHTOB TO3HAKOMST C  OCHOBHBIMH
TpeOOBaHUSAMHU, OTBETAT HA BO3HHUKIINE Y HUX BOMNpPOCHL. [loaTomMy mocemnieHue KOHCYIbTaIui
0053aTeNbHO.

[Ipy moaroToBke K OHK3aMeHYy HEOOXOIWMO WCIOJB30BAaTh KOHCIIEKTHI JICKIIUH TI0
JTUCIUTIIINHE, YYEOHHKH W ydeOHble MOocoOus (M3 CIHCKa OCHOBHOM W JIOTIOJHUTEIHHOM
JUTEPaTyphl) UIK KOHCIICKT JINTEPATYPHI, MPOYNTAHHOM 10 YKa3aHUIO TIPETIOIaBaTels B TCUCHHE
cemecTpa.

Buauane crnemyer mpocMOTpeTh BECh MaTepual IO CAaBaeMOW JUCLMILIUHE, OTMETUTH
st cebs TpyaHble Bompochkl. OO0s3aTelbHO B HUX pa3oOparbes. B 3axmodenuwe eme pas
1enecooOpa3zHo MOBTOPUTH OCHOBHBIE MOJIOKEHUS.

CucremaTnueckas MOJrOTOBKA K 3aHATHUSAM B TEUEHHUE CEMECTpPA MO3BOJUT UCIOIb30BATh

BpemMms 9K3aMEHAIIMOHHOM CECCHUH JJIs1 CUCTEMaTUu3alluu 3HAHUM.

Bomnpocsl Kk 3xk3aMeny

1. Bomnpocs (3a1aua, 3amanue) a1 IPOBEPKU YPOBHS 00yIEHHOCTH:

2. Yro Takoe MaTpUIla U KaKOBBI ONIEPALIUU HAJ MaTpUIIaMU?

3. JIJ1s KakuX MaTpHUIl OIIPEIEIICHbI ONEPALUU CI0KEeHUSI (YMHOXKEHHST)?

4. Ob6nanaer nu cnokeHue (YMHOKEHHE) MaTPHUI] CBOMCTBOM KOMMYTATUBHOCTHU?

5. Uto Takoe oOpatHas matpunia? Jlro6as 11 MaTpuia UMeeT IPOTUBOTIOIOKHYIO?

6. [Touemy He ompeneneHa onepanus AeJIeHUs] MaTPUIL?

7. Urto Takoe ompenenutenab matpuipl? Kak cBsizaHa oOpaTUMOCTh MATpHIIBI C €€
omnpeneauTenem?

8. OnummnTte METOIbl OTHICKAHUS PAHTa MATPHUIIBL.

9. Cdhopmynupyiite TeopeMy 0 pa3ioKEHUH OTPEACTUTENS 10 CTPOKE (CTONOIY).

69



10.

Hepe‘-II/ICHI/ITe OCHOBHEIC CBOMCTBA ONPCACIIUTCIIA.

11.  Yro Takoe apudpMETHIECKOE MPOCTPAHCTBO BEKTOPOB U €ro 0a3uc?

12. Kak wu3MeHSATCS KOOPJAWHATHI BEKTOpa IPHU MEPEexXoJie OT CTaporo Oasuca K
HOBOMY?

13. UYro Ttakoe cucrema JIHMHEWHBIX anreOpamdeckux ypaBHeHH (CJIAY) u ee
perenue?

14.  Yro 3HAYUT pPEeLINTh CUCTEMY JIUHEHHBIX YPAaBHEHUN?

15.  Ckounbko pemrenuit Mmoxet umets CJIAY?

16. B gem cyrp merona ['aycca? Uto Takoe 3ieMeHTapHbBIE MpeoOpa3oBaHUS CTPOK
MaTpHIbI?

17.  JlroOble 11 cUCTEMBI MOKHO pElINTh MeTo10M Kpamepa 1 MaTpu4HbIM METOAOM?

18.  UYro Takoe TUHEHWHBIN OIlepaTop U ero Marpuma’?

19. OnuimuTe METOI OTHICKAHHUS COOCTBEHHBIX BEKTOPOB M COOCTBEHHBIX 3HAUCHUM
orepaTopa.

20.  Yro Takoe kBagpaTtuyHas Gopma U e KAHOHUYCCKUN BUT?

21.  Kak cocraBnsieTcs MaTpuiia KBaApaTHIHOW GopMBbI?

22.  Yto Takoe BEKTOp, U Kakue JIMHEHHbIC Olepaly HajJ BEKTOpaMU MOKHO
MPOU3BECTH?

23.  Yto Takoe 0a3uc, U CKOJIbKO 0A3MCOB CYIIECTBYET B MHOYKECTBE BCEX BEKTOPOB
npocTpaHcTa’?

24.  CkOJbKO pa3ioKeHUH Mo JaHHOMY 0a3uCcy UMEeT IaHHBIH BEKTOp?

25.  3aBucAT JM KOOPAUHATHI OT BEIOOpa Oa3uca?

26. OmnpenensroTcs 11 KOOPAMHATHI OJJTHO3HAYHO BEIOOpOM Oa3uca?

27.  YT0 Takoe CKalIpHOE MPOU3BEJICHNE BEKTOPOB U €T0 OCHOBHBIE CBOMCTBA?

28.  Kak ompenenuth yroa Mexay Bekropamu? KakoBbl ycloBUsI KOJUIMHEAPHOCTH U

OPTOTrOHAJIBHOCTHU BCKTOPOB?
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29.

KaxkoBsl reoOMETPHUICCKOC u MEXaHHUYCCKOC IMMPUIIOKCHUA BCKTOPHOTI'O

IIPOU3BEAECHUS BEKTOPOB?

30.

31.

32.

33.

34.

KakoBo reomeTrpuieckoe NpuiioKeHHe CMEIAaHHOTO TTPOU3BEICHHSI BEKTOPOB?
YeMy paBHO CMEIIaHHOE MTPOU3BEICHUE TPEX KOMILIAHAPHBIX BEKTOPOB?
JIro0as 1 psiMasi MOXKeT OBITh 33aJJaHa JTMHEHHBIM YpaBHEHUEM?

JIro6oe 1 TMHENHOe ypaBHEHUE OIIPEIENISIET PSMYIO?

Onumure Bce BHUAbI YpaBHEHUN NPSMON M TOSCHUTE, KAKOB I€OMETPUYECKUIN

CMBICIT KO3(DPHUITUEHTOB B STUX YpPaBHEHUAX ?

35.

36.

Kak nHaiiTu pacctosiHue OT TOYKHU 70 IPSIMON Ha MIIOCKOCTH?

Kax OMPCACIIMNThG B3AMMHOC PACIIOJIOKEHNEC NIPSAMBIX Ha IMJIOCKOCTH: MapaJlJICIIbHBI,

MEePNEHINKYIISIPHBI WM TiepecekaroTcsi? W ecnam mepecekaroTcsi, KaKk HAWTH Yrojl MEXIy

pSIMBIMA?
37.

38.

IIJIOCKOCTH?
39.

40.

JIro6ast 1 TUIOCKOCTh MOKET OBITh 3a/laHa JTUHEHHBIM YpaBHEHUEM U HA000pOT?

KakoB reomerpuueckuii cMmpica Kod(p(UIIMEHTOB B 0O0IIEM ypaBHEHHH

Kak nostyun s ypaBHEHHE TIIIOCKOCTH, MPOXOSIIECH Yepe3 TpU TOUKU?

KakoB kaHOHMYECKH BHUJ YpaBHEHU 3JUIMIICA, THUIEPOOJBI, Mapadoibl U KaKOB

reOMEeTPUUECKUN CMBICT KOA(PPUIIMEHTOB ATHX YpaBHEHUIT?

41.

42.

43.

44,

CKOJIBKO Oceli CHMMETPUH UMeeT AJuTUIic (Tunepooa, mapadosa)?
CKOIBKO BEpIIMH UMEET AJUIUIC (runepbona, napadomna)?
Kak onpenennith SKCICHTPUCUTET, JUPEKTPUCHI U POKYCHI dJutuIica (Turnep0oJinn)?

Yrto Takoe OUIMHAPUYCCKUC TNOBCPXHOCTH M KaKUC OBIBAIOT BUbl UJIHUHIAPOB

BTOPOTO NopsiaKa?

45.

Yro Takoe MMOBCPXHOCTHU BpaH_IeHI/IH? SBistroTCS M IMOBCPXHOCTAMH BpalllCHUS

IUITMITUYECKUN WK TUIepOOIMUeCcKuil mapadboaoua?

46.
byHKIIH?

47.

Haiite omnpenenenune ¢ynkuuu. UYUro Ha3bpIBaeTcs, 00JACThIO ONpeAeTICHUs

KakxoBbI OCHOBHBIE CITIOCOOBI 3aJaHuA (I)YHKI_II/II/I? HpI/IBe,Z[I/ITe IIPUMCPEIL.
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48.  OOpatHas QyHKUIHS.
49.  Kakas ¢pyHkums Ha3zpiBaeTcs ciioxHoU? [IpuBeanTe npuMepsl.

50. UYro Takoe wumcioBas TociaenoBaTeNbHOCTE? ChopMmynmupyiiTe ompeeieHne

OTpaHMYEHHOM CBEPXY MOCJIEI0BATENBHOCTH (OTPAaHUUEHHON CHU3Y, OTPaHUYEHHOMN).
51.  CdopmynupyiiTe onpeesieHue Ipeelia YHCIOBON MOCIeI0BATSILHOCTH.

52.  UYrto Takoe CXOIAIIasCsS YHCIOBas IOCIIEIOBATEILHOCTh (pacxojsmiasics)?

OCHOBHO€E CBOMCTBO CXOJSIINXCS ITOCIEN0BATEIHLHOCTEMN.

53. Kakas mociemoBarenbHOCTh Ha3bIBACTCI OeCKOHEUYHO Mastoi? CBsA3b OECKOHEUHO

MaJIO HOCJIEA0BATEIILHOCTH CO CXOIIIEH TOCIEN0BATEILHOCTRIO.

54.  Kak cBs3aHbl NOHATUA Ipenena (QYyHKIUM C MOHATUSIMM €€ MPEeIesioB CrpaBa U
cinesa?

55. CdopmynupyiTe OCHOBHBIE TEOPEMBI O TIpeneaax (PyHKITHA.

56.  CdopmynupyiTe ompeneneHne JUisi OSKBUBAJICHTHBIX OECKOHEUYHO MaJIbIX

(6eCKOHEYHO MaJIBIX OJHOTO MOPSIKA MAJIOCTH).

57.  IlpuBenute psia SKBUBAJICHTHOCTH OECKOHEYHO MAJIBIX (DYHKITHA.

58.  CdopmynupyiTe omnpeneaecHHe HEMPEPHIBHOCTH (YHKIMM B TOYKE M Ha
MHOJKECTBE.

59.  Kakue TOYKHM Ha3bIBAIOTCS TOUYKAMU pa3pbiBa QYHKIUH?

60. CdopmynupyiiTe OCHOBHBIE TEOPEMBI ISl HEITPEPHIBHBIX HA OTPE3KE (PYHKITUI.

61. Yro Takoe mpomsBogHas (yHKuuMU? KakoB reoMEeTpHUECKUl M MEXaHUYCCKHI

CMBICJT IPOU3BOAHOM?
62.  UYto Takoe npaBas (JeBast) Mpou3BOAHAS?

63. SBnsercs JIn CyHI€CTBOBAHUC HpOPI3BOI[HOI>i H606X0):[I/IMLIM YCJIOBUEM

middepenunpyemoctu GyHKIMH? Jl0CTaTOUHBIM yCI0BUEM?

64. CdopmynupyiiTe HEOOXOIMMOE U JOCTaTOYHOE ycloBHe AuddepeHnnpyeMocTH

GbyHKIMH.

65.  SBnsercs M HENpPEpHIBHOCTh  (PYHKIUM HEOOXOJUMBIM  YCIOBHEM €€

middepenunpyemoctu? JloctaTOUHBIM ycI0BHEM?
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66. B mro0oit iu Touke HenmpepbIBHAS (PYHKINS UMEET KacaTelbHYIO?

67. Moxer 11 QYHKIUS UMETh KacaTeJbHYIO B JIAHHOW TOYKe, HO OBITh B HEH He-
maddepenunpyemoii?

68.  Cdopmymupyiite Teopembl 0 TUPGEPSHIUPYSMOCTH CIOXKHOW M 0OpaTHOMN
GbyHKIUH.

69.  UYro Takoe orapudmMudecKas Mpou3BOIHAsS?

70. Kaxoit reomerpuueckuii cMmbica auddeperiuana QyHKimm?

71.  Kakol MexaHW4eCKHIl CMBICI TPOU3BOIHOM 2-T0 nopsiaka?
72.  Kakue BUIbI HEOTIPEICICHHOCTEH pacKpBIBAIOTCS MO MpaBwity Jlommrans?
73.  Oynkmus quddepeHnnpyemMa Ha MPOMEXKYTKE 1 MOHOTOHHA. YTO MOYKHO CKa3aTh

0 €€ POU3BOTHOM?

74.  DyHKUUA HAa OTPE3KE UMEET MOJIOKHUTEIbHYIO MPOU3BOAHYI0. UTO MOXKHO CKa3aTh

0 €€ MOHOTOHHOCTH?

75.  ®DyHKUMS MOHOTOHHA Ha OTpe3ke. MOXKeT JIu ee MPOU3BOJHAsI HA 3TOM OTpE3Ke

oOpaniaTecs B HYJb?
76.  CdopmynupyiTe HEOOXOAMMOE B TOCTATOYHOE YCIOBUE TOUEK IKCTPEMyMa.
77.  SBnsercs nu r00ast TOYKa SKCTpEMyMa CTaIlMOHAPHON TOYKOM?

78.  Moxet i1 QyHKIHS B TOUKE IKCTpeMyMa ObITh HenudhepeHITupyeMon?

79.  Moxet i1 QyHKIHS B TOUYKE IKCTPEMyMa OBITh pa3phIBHOM ?

80.  Kakas kpuBas Ha3bIBAa€TCs BBIYKJION BBEpX (BHU3)?

8l.  CdopmynupyiiTe ycI0oBUE BBITYKIOCTH KPUBOW BBEPX (BHU3).

82.  CdopmynupyiiTe HEOOX0IMMOE U JIOCTATOYHOE YCIIOBHE TOUEK epernoa.

83.  Moxer 1u ¢pyHKuMs B TOuKe nepernda 6u1Th HequddepeHupyemMon?

84.  Moxer 11 QyHKIHUS B TOUKE Neperuda ObITh pa3pbIBHOM?
85.  Kakumu ObiBaroT acumntoTbl? Kak ux Hailtu?
86.  JIro0oii mu rpauk UMeeT aCUMITOTHI?
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87. Moxer nu rpaduk HMMETh HECKOJBKO acUMNTOT? beckoHeyHOoe MHOXKECTBO

aCHMNTOT?

88.  Ut0 Takoe KOMILUIEKCHOE YUCIIO ¥ KAaKOBBI (DOPMBI 3aITUCH 3TOTO Yncia?

89. Kak mocTaBUTh B COOTBETCTBHE KOMIUJICKCHOMY YHCIY TOYKY KOMIUICKCHOMN
10cKoCTU ?

90. Onummre aIropuTM Mepexoaa oT aaredpandeckoi GopMpl KOMIUIEKCHOTO YHCiIa

K TPUTOHOMETPUYECKOH U MOKa3aTeabHOU (popmam.

91. Kak cnoxuTh ¥ BeIUEeCTh KOMIUICKCHBIE UHClIa U KaKOB FGOMeTpI/I‘-IGCKI/Iﬁ CMBICJI

ATUX orepanun?

92.  Kak yMHOXUTh M pa3JIelInTh KOMIUICKCHBIC YHCIIa B pa3IMIHBIX (hopmax 3amucu?
93.  Kak B03BeCTH KOMIUIEKCHOE YHCIIO B CTEIIECHB?
94, CKOJBKO pPa3MYHBIX KOPHEW N-Ml CTENEHW M3 KOMIUIEKCHOTO YHCJIa U KaKOB

XapakTep UX PACIOJI0KEHUS HA KOMIUIEKCHON IJIOCKOCTH?
95.  Yrto Takoe KOpeHb MHOTOWICHA U €r0 KPaTHOCTh?
96. CdopmynupyiTe OCHOBHYIO TEOPEMY aJIreOpHI.
97.  CxonbpKO KOpHEH y MHOTOYJICHA N-i CTENeHn 0e3 ydeTa KpaTHOCTH?

98. Yrto Takoe HeﬁCTBHTeHBHBIfI MHOI'OYJICH MW KaK pPas3JIOKUTH €ro Ha JIMHEHHBIE U

KBaJ[paTHbIC MHOXHUTEIH?
99.  Yro Takoe nepooOpazHas?
100. Moxer 1 QyHKIUS UMETH Pa3IUYHbIE IEpBOOOpa3HbIe?
101. Moryr nu paznuyHble GYHKIMU UMETh OJIHY U TY e MepBo0OpasHyo?

102. Yro Ttakoe HeompeaeieHHbIH HHTerpain? B ueM orinuume mnepBoOOpa3HON OT

HEOIIPCACIICHHOTO I/IHTeraJIa?

103. B xakoMm cMmbIclie OINEpaluu HaXOXXAECHUS IPOU3BOJHOW U MNEpBOOOpPa3HOI

SBJIIFOTCS] B3aUMHO OOpaTHBIMU?
104. Ilepeuucnute cBOICTBA HEONPEAEIECHHOIO HHTErpaa.

105. KakoBBI OCHOBHBIE METOAbI HHTETPUPOBAHHUSI?
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106. UYro Takoe panuoHaibHas QYHKIHS U KAKOBBI METObI €€ HHTETPUPOBAHMS?

107. Kakwue byHKIuN UHTETPUPYIOTCS c IIOMOIIBIO YHHUBEpCAIbHOI
TPUTOHOMETPHUUYECKON TOJICTAHOBKHU?

108. Kaxue BuABI UppANMOHATIBHBIX (PYHKIMI MOXHO MPOUHTErPUPOBATh, IPUMEHUB
TPUTOHOMETPHUYECKUE 3aMEHBI TEPEMEHHBIX?

109. U3 xakoit popmynsl quddepeHIMpoBaHUs CIeayeT GopMyia HHTETPUPOBAHUS TI0
yacTam?

110. Yro Takoe mHTErpasnbHas cymMmma? KakoB ee reoMeTpu4ecKuii CMBICIT?

111. Yro Takoe ompeaeseHHbIM HHTErpal U KaKOB €0 T€OMETPUUECKUN CMBICT?
112. JIrwobas nu HenpepbIBHAS QPYHKIHS HHTETpHpyemMa?

113. JIrobas nu uaTerprpyemMas QyHKIHS HelTpepbhIBHA?

114. KakoBO IOCTaTOYHOE YCIOBUE HHTErPUPYEeMOCTH (DYHKIIMH HaA OTpe3ke?
115. Cdopmynupyiite Teopemy o cpenHeM. KakoB ee reoMeTpu4ecKkuii cMbICi?
116. BwmBeaure dhopmyrny Herorona-Jleiionuma.

117. Yrto Ttakoe HecoOCTBeHHbIN wuHTerpan? KakoBbl aBa BHJa HECOOCTBEHHBIX
WHTETPAJIOB?

118. KakoBBl TEOMETPHUYECKHE M MEXaHWYCCKHE TPHIOKEHHUS OINPEACIIEHHOTO
UHTETrpaa?
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Yueono-memoouueckoe u ungpopmayuonnoe obecnevenue oucyuniunvl

Ilepeuenv ocHo6HO U 0ONOIHUMEIbHOU TUMEPAMYPBL, HEOOXOOUMOU 01 0CBOEHUS
OUCUUNIUHDL

Ilepeuenv ocrnosnoil tumepamypol:

1. Koo, A. I'. Kypc nekuuii mo marematuke : ydyeOHoe mocodue / A. I'. Kioso, U. A.
JIsmynoBa. — PocroB-na-Jlony, Taranpor : W3marensctBo IHOxkHOTO (henepanbHOTO
yauBepcurera, 2020. — 199 c. — ISBN 978-5-9275-3503-3. — Tekcrt : aneKTpoHHBIN //
Hudposoit  obpazoBarensHbii  pecypc [PR SMART :  [caéit] —  URL:
https://www.iprbookshop.ru/107998.html

2. BeiromumkoBa, U. HO. ®dunancoBas maremaruka : ydeObHoe mocobue / U. IO.
BeiromunkoBa. — Mocksa : Aii [Tn Ap Memua, 2020. — 149 ¢. — ISBN 978-5-4497-0609-6. —
Texcr : snexkrponnsiit / Lludposoit oOpazoBarensHbIil pecypc IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/96562.htmi

3. beipaun, A. II. Maremartuka : npaktukym / A. I1. Beipnun, A. A. Cugopenxko, O. A.
CoxkonoBa. — Boponex : BopoHeXCKuid roCcyIapCTBEHHbIM TEXHMYECKU yHUBEpcHUTET, DbC
ACB, 2021. — 167 c¢. — ISBN 978-5-7731-0923-5. — Texkct : anektponHsiii // I{udposoit
00pazoBaTeNbHBIN pecypc IPR SMART : [caiiT]. — URL.:
https://www.iprbookshop.ru/111470.html

5.1.3 Ilepeuenv oononrnumenvHoil 1umepamypol:

1. Anekcees, I'. B. Beiciias matematuka. Teopus u mpakTuka : yueOHOE rmocodue s
CIIO / I'. B. Anexkcees, 1. 1. XonsasuH. — CapatoB : [IpodoOpazoBanue, At [Iu Op Menua,
2019. — 236 c. — ISBN 978-5-4486-0755-4, 978-5-4488-0253-9. — TekcT : 3/IeKTPOHHBIN //
Hudposoit  obpazoBarenbubii  pecypc IPR SMART :  [caiit]. —  URL:
https://www.iprbookshop.ru/81274.htmi

2. Maremaruka. COOpHHMK 3aJa4 MO YrIyOJIE€HHOMY Kypcy : Yy4eOHO-METOAUYECKOe
nocobue / b. A. bynak, H. JI. 3omorapésa, FO. A. IlomoB [u ap.] ; mox pemakmueit M. B.
denoroBa. — 5-e¢ u3n. — Mocksa : Jlabopatopust 3nanuii, 2020. — 327 c. — ISBN 978-5-
00101-707-3. — Texkcer : snextpoHHbIH // Hudposoii obpasoBarenbhblii pecypc IPR SMART :
[caitr]. — URL.: https://www.iprbookshop.ru/98524.htmi

3. Maremaruka. COopHUK 3a7a4d M0 6a30BOMY Kypcy : yueOHO-MeTOoAnuecKoe mocodue /
H. 1. 3onorapésa, 0. A. Ilonos, H. JI. CemennsieBa, M. B. ®enotoB ; noa penakuueit M. B.
denoroBa. — 2-e¢ u3n. — Mocksa : Jlabopatopus 3nanuii, 2020. — 241 c. — ISBN 978-5-
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00101-706-6. — Texkcr : snextponHusblil / Hudposoii obpasoBarenbubiii pecypc IPR SMART :
[caiiT]. — URL.: https://www.iprbookshop.ru/98527.html

Ilepeueny yueOHO-MemoOuuecko20 obOecneyeHus CamMoCMOAMeNbHOU padomol
00yuarwuxca no OucCyunIuHe

1. Meroauyeckue peKOMEHAAIMH JUIsi MOATOTOBKM K MPAKTUYECKUM 3aHATHSIM TIO
JuciuIummae «MareMaTuka».

2. Mertorueckue peKOMEH IAIUH 110 OPTaHU3AIMN CAMOCTOSTEIHLHON paOOThI CTYICHTOB

0 JUCHUILINHE «MaTeMaTHKa».

Ilepeuenv pecypcoe ungpopmauuonno-meneKoMmyHukauuonnou cemu Humepnem,
Heo0X00uMblX 07151 0C60CHUA OUCUUNTUHDL
1. http://www.biblioclub.ru -OBC "YuuBepcuterckas 6ubimnoreka oHaaiH"

2. http://www.iprbookshop.ru/ - DnexrponHo- 6ubmuoreunas cucrema IPRbooks
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