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[enb 1 33124y U3y4EHUS] JUCLUTUINHBI

O6opynoBaHue U MaTepuabl

HaunmeHnoBanue npaktuyeckux padot

CopepxaHue MpakTUYecKux padboT

[Tpaktuyeckas padora Nel MaTpuiisl U OnpeaeTuTesH.

[TpakTrueckas padora No2 MeTo bl peleHns CUCTEM JTMHEWHBIX YPaBHEHUMN.
[TpakTudeckast padora No3 DyHKIMH U TIpeaesbl. MeToIbl TPUOIHKEHHOTO BbI-
YUCJICHUS 3HAUYCHUN (DYHKITUI.

[Tpaktuyeckas padota Ned IIpousBoanas u nuddepenuan QyHKIUH OAHOM 1e-
PEMEHHOM.

[TpakTideckast padora NeS Meroapl MCCIEIOBaHHS W TMOCTPOCHUS TPaGUKOB
byHKIHIA.

[Tpaktuyeckas padora Ne6 BeposTHOCTHBIE MOJIETH MPOLIECCOB YIIPABICHHS.
[TpakTrueckas padota Ne7 KoppensimoHHO-perpecCMOHHBIN METO/ UCCIIeI0Ba-
HUS CIIy4allHbIX BEJIUYMH.

[TpakTrueckas padota Ne§ OCHOBBI BHIOOPOYHOT'O METO/IA U IIEMEHTHI CTATUCTH-
YECKOU TEOPHUH OLICHUBAHUS.

[TpakTrueckas pabora Ne9 Craructuyeckas rumnote3a. MeToabl CTaTUCTUYECKOM
IIPOBEPKHU THIIOTES.

Y4eOHo-mMeToanuecKoe U UHPOPMALIMOHHOE 00eCTIeYeHHE TUCITUTINHBI
[lepeyeHb OCHOBHOM U JIOTIOJHUTEIBHOM JIMTEPATYPhI, HEOOXOAUMOU JIJIsi OCBOE-
HUS TUCHUTIIUHBI

[TepeueHp yueOHO-METOAMUECKOTO 00ECTIEYEHNs CaMOCTOSATENbHON paboTHI 00Y-
YarOUIUXCs M0 JUCHUTIIINHE

[Tepeuens pecypcoB HHPOPMAIIMOHHO-TEIEKOMMYHUKAIIMOHHON ceTu MHTEpHeT,
HEOOXOUMBIX JIJIsl OCBOSHUS TUCIIUTUTMHBI



Beenenne

IIpakTrueckue 3aHATHA CO3JAI0T ONTUMAJbHBIE AUAAKTUYECKUE YCIOBUS U EATEIIb-
HOCTHOT'O OCBOCHHS CTYACHTAMHU COACPKAHMS U METOIOJIOTHH U3ydaeMOU nucuuIuivebl «Mate-
MaTHYECKHE METOAbl U MOJEINU B SKOHOMHUKE), UCIIOJIb30BAHUE CIIELUATIBHOIO JJAOOPATOPHOIO
000pyIOBaHUS U TEXHUYECKUX cpeAcTB. [IpakTuueckue 3aHATHS 3aHUMAIOT IPEUMYIIECTBEHHOE
MECTO MPHU M3yYeHHUU OOIIEeTTPO(HECCHOHANBHBIX U MPO(ECCHOHANBHBIX TUCHHILINH. [IpakTrde-
CKHE 3aHATUS IPOBOJATCS C LIEIbI0 BEIPAOOTKHU MIPAKTUYECKUX YMEHUN U IPUOOPETEHHSI HABBIKOB
B pEIIEHUH 3aja4, OTpabOTKH yIpaKHEHHUH, BHITIOJTHEHUN YePTEKEH, MPOMU3BOJICTBE PACUETOB U
T.IL.

Lenbto MpakTUYECKUX 3aHATUH ABIsEeTCS (OPMUPOBAHKUE MPAKTUUYECKUX YMEHUH — TpO-
(eccnoHaIbHBIX (BBIIOIHATH ONpPEACIEHHBIE EHCTBUSA, ONlepaliii, HEOOXOAUMBbIE B MOCIIEAYHO-
eM B Mpo(hecCHOHAIBHON EATENbHOCTH) WIH Y4eOHBIX, HEOOXOMMBIX B MOCIEAYIOIEH yueo-
HOM J€ATeNbHOCTHU 10 00IenpopecCHOHaIbHBIM U IPOPECCUOHATBHBIM TUCIUITIIMHAM.

bubnmorpaduyeckuii CIICOK COAEPKUT CBEACHUS O CIIPABOYHOM JTUTEPAType U JOTIOTHH-
TEJIbHBIX M3/1aHUSAX, HEOOXOJUMBIX ISl YIITyOJI€HHOTO N3YUEHHsI OT/IEIbHBIX BOIIPOCOB.



1. I]enw u 3a0auu uszyuenusn OucyunIUHbL

Lesnb OCBOGHUS JUCHUIUIMHBI SIBJISIETCSI O3HAKOMIJIEHUE CTYACHTOB C BaKHEHIIIMMU METO-
JlaMU ¥ MOJICIISIMH KJIAaCCHYECKOM MaTeMaTHKH, HallPaBJICHHBIMH Ha UCIIOJIB30BaHUE U IPUMEHE-
HUE WX B YIIPABICHUN: METOAaMH JIMHEHHOM anreOpsl, MeTogamu AudQepeHnaabHOro Heurncie-
HUSI QYHKIIMH OJHOU MEPEMEHHON, BEPOSITHOCTHBIMU U CTAaTUCTHYECKUMH MOJETISIMU U UX TPH-
JIOKEHUSMHU B TOCYIapCTBEHHOM M MYHHMIIUTIAJILHOM YIIPaBJICHUH.

3a1a4n OCBOCHUS TUCIUIUINHBI SBIISTFOTCS:

— CO3JIaHHE Y CTYJCHTOB OCHOB TE€OPETUYECKOH MOATOTOBKU B 00JIACTH MaTeMaTHYECKUX
METOJIOB U MOJICJICH B yIIPABJICHNUH;

— OBJIAICHUE MAaTEMaTHYECKUM alapaToM, HEOOXOAUMBIM [T U3y4SHUS TUCIUILIIH TOC-
yIapCTBEHHOTO U MYHHLIUIIAJIBHOTO YIPABJICHUS U PEIICHNS TEOPETUIECKUX M MPAKTHYECKHX 3a-
Aad;

— pa3BUTHE UHTEIUIEKTa K JOPMUPOBAHUE Y CTYACHTOB JIOTHYECKOTO U AJITOPUTMUYECKOTO
MBIIICHHS,

— BBIpAa0OTKA HABBIKOB CAMOCTOSATEIIFHOTO U3Y4eHHsI y4eOHON M HAyYHOU JINTEPaTyphl IO
MaTeMaTHYECKUM METOJIaM M MOJIEIISIM, M UX TIPHIIOKCHHSM;

— MOBBIILICHHUE O0IIEH KyJIbTYpPBI CTYICHTOB.

2. Obopyoosanue u mamepuani
ATmapatHble cpeicTBa: IEPEHOCHON HOYTOYK, MPOEKTOP, T0OCKa MAarHUTHO-MapKepHasl.
VYyebnas ayauTopus AJig IPOBEICHUS] YyUeOHBIX 3aHITHI, OCHAIIEHa 000pyJOBaHUEM U

TCXHUYCCKUMU CPCACTBAMU O6y‘~ICHI/I$I.

3. Haumenosanue npaxmuueckux paoom

W3 Hux npaktu-

Ne Temsbl HaunmeHnoBanue TeM NHCUUIUIAHBI, UX KPATKOE O6bem
yecKas Moaro-
JTUCHUTUTUHBI cozepKaHue 4acoB
TOBKa, 4aCOB
3 cemecTp
IIpakTyeckas padora Ne 1. MaTtpuus! u
OIPEIETUTENH.
1 Onepanuun Hag maTpuiamu. OnpeneaTuTen. 3
Brruucnenue onpenenureneit 2-ro,3-ro ¥ n-ro
MTOPSIKOB.

IIpakTuyeckas padora Ne 2. Metoibl penie-
HUsS CUCTEM JIMHEHUHBIX YPABHEHUM.

Pemenne cucreM TMHENHBIX YpaBHEHUN METO-
noM obpatHoi Matpuibl, Kpamepa u ['aycca.

IIpakTuyeckas padora Ne3. OyHKIUU U IIpe-
Jenbl. MeTo bl TPUOIMKEHHOTO BHIYMCIICHUS
3HaYeHUH QyHKUIUH.

3 OcHOBHBIE METO/IbI BEIYUCIIEHUS TIPEEIIOB 3
¢byukuii. [I[ppumeHeHre SKBUBaJIEHTHBIX O€CKO-
HEYHO MaJIbIX K BBIYUCICHHIO MPEIEsIOB PYyHK-
1005078

IIpakTyeckas padora Ned. [IpousBonnas n
nuddepernran GyHKIINN OTHON TTEPEeMEHHOM.

4 .
JuddepenumpoBanue GpyHKIUN pa3nuIHbIX BU- 3
JIOB.

5 IIpakTyeckas padora NeS. Metobl uccie- 3

JIOBAHUS U TTOCTPOCHUS rPaduKOB (PYHKITUH.




OkcrpemyM pyHkiuu. Toukn nmeperuda.
Acumnrotsl. [Ipumenenne muddepeHnmuans-
HOT'O UCUUCIICHUS K HCCIICIOBAaHUIO (PYHKIIUH U
MIOCTPOCHHUIO UX TPAPHUKOB.

IIpakTnyeckas padora Ne6. BeposiTHOCTHBIE
MO/IEJIH MPOLIECCOB YIIPABICHHUS.

DneMeHTbl KOMOMHATOPUKH. Boluricienue Be-
POSITHOCTH CcITy4aitHOro coObITHs. BeposTHOCTh
B CX€ME OBTOPHBIX UCIIBITAHUN.

IIpakTnyeckas padora Ne7. KoppensuuonHo-
PErPECCUOHHBIN METO UCCIIEJOBAHMS CIIydai-
HBIX BEJINYUH.

YucnoBble XapaKTEPUCTUKH TUCKPETHBIX U HeE-
IIPEPBIBHBIX CIIyYalHBIX BEJIMYHMH: MaTeMaTH4e-
CKO€ OXHUJIaHUE, TUCIIEPCHs, CPEHEE KBaIpa-
TUYECKOE OTKJIOHEHHE. Mcrob30BaHne 4uCIIo-
BBIX XapaKTEPUCTHUK B KOPPEIALUOHHO-PErpec-
CHOHHOM METOJE.

IIpakTuyeckas padora Ne§. OcHOBBI BEIOO-
POYHOr0 METO/A U AJIEMEHThI CTATUCTUUECKOM
TEOPHH OLICHUBAHMUSL.

Br160pouyHas COBOKYITHOCTb, BEIOOpOUHAs
byHKUus pacnpeaeneHus. ' uctorpamma, mojim-
T'OH 4acTOT. BblunciieHue TOYeuHbIX OLIEHOK Ma-
paMeTpoB pacrpezaenaeHus. Beruncinenue untep-
BaJIbHBIX OLIEHOK MapaMEeTPOB paCIpeieICHHUsI.

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

CrarucTrdecKkue UCCieI0BaHus 3aBUCUMOCTEH.
MeToabl CTaTUCTUYECKON TPOBEPKU TUIIOTES.
['unore3a 0 paBeHCTBE reHEPaIbHBIX CPEIHHX.

Hroro:

27




4. Cooeporcanue npakmuyeckux paoom
Ilpakmuueckan paooma Nel. Mampuuwst u onpedenumenu.

Ienw: [TproOpecTn HABBIK BBHIMOJHEHUS ONEpaIiii HaJ MAaTPUIIAMHU U BBIYMCIICHHS OTIpe-
JNCIIUTEIICH.

Ocnoevl meopuu:
[IpsmoyronpHas Tabmuia, coaepxaiias M — CTPOK U N CTOJOIOB HA3BIBACTCS Mampuyel u
obo3HavaeTcs

a; a, - 4, &, a, - 4,
a a cen a a cee a
A |92 22 20l A= 92 22 2n
an Qpy Ay, 8 Ay an,
WA KOPOTKO MaTpuily o6o3naqaotd = || ajj ||, 1=1,2,...,m; j=1,2,..., n.
C]lOQfC'eHl/le mampuy

[lycth nansl 1Be MaTpulblA B 0qMHAKOBOU pasMepHOCTH. X cymMMOll Ha3pIBaeTcs MaTpu-
naC = 4 + B Toil e pa3MEPHOCTH, 3JIEMEHTBI KOTOPOM paBHbI CyMMaM COOTBETCTBYIOLLUX 3JIE-
MeHTOB Matpuil A u B, T.e. ecitu A = ||aij||, B = ||bjj||, To 4 + B = C = ||cij]|.

HpI/IMepZA: 4 1 3, B= 1 -2 4 y TOTJA

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

OTmeTHM, 4TO CKJIaJbIBaTh MOKHO TOJIBKO MaTPHULIbI C OJJUHAKOBBIM YHCIIOM CTPOK U C OJIU-
HAKOBBIM YHUCIIOM CTOJOIOB.
Pa3znocteioB - 4 MaTpull B 1 A (OJMHAKOBBIX CTPOCHUI) Ha3bIBae€TCs Takas MaTpuia X, 4To

A+X=B.
a2 14 [ (357
Hanpumep, A = _2 3 1) = 5 _1 4 . Torma
3 5 7\ (2 1 4y (1 4 3
X=B-A= =

2 -1 4) (-2 3 1) (4 -4 3/
yMHOcheHue Mampm;
a) YMHOXEeHHE MaTPHUIIbl Ha YUCII0. YTOOBI yMHOKHUTH MaTPUILy Ha UUCIIO O, HAZI0 YMHOXKHUTh
Ha 3TO YHUCJIO KaXXAbIX 3JICMCHT ManI/ILIBII
all aij|l = || cai |

2 -1 2 -1 6 -3
[Tpumep. A= , a=3, aA=3 = .
3 5 3 5 9 15

0) YMHOXEHHE ABYyX MaTpHIl.

VMHOXEHHME MaTpHUIIbIB Ha MATPHILy A BO3MOXKHO TOJIBKO B TOM CJIydae, KOT/ia YiuciIo CTOJI0-
1[0B B MaTpUIie B paBHO YHCITy CTPOK B MATpuIe A.

Onement MatpuiibiC = B + A, pacroJIOKEeHHBIN B I-01 CTpoke U | —oM cTouoiie (T.e. Cij) paBeH
CyMMe TPOU3BEICHUI 2IIEMEHTOB | — Ol CTPOKH MATPHIBl B Ha COOTBETCTBYIOIINE 3JIEMECHTHI j—
ro CTOJIOIa MaTPUIIBI A.

n
C;i =auby; +a,h, +...+a,b, = kZaikbkj
-1



Cnez[yeT OTMCTUTDL, YTO YMHOKCHHUC MATpPHUI] HC 06J1anaeT CBOMCTBOM KOMMYTAaTUBHOCTH,

T.€. AB # BA.

a1 2 a (21
II 1.A= )51 = .
PUMED -1 3 3 5
HNmeem
ap [l 22 1)_(1(2+23 11425 (4 1
\-1 313 5/ (-1.(2)+3-3 1-(-1)+3-5) (-11 14
g ("2 11 2)_(-21-11 2:(-2+1:3) (-3 -1
|3 5\-1 3) (31+5:(-) 3.2+53 ) |-2 21

BriBox: AB # BA

Buiyucnenue onpedenumenetl
Eciu B MaTpuIle 9uciao CTpOK paBHIETCS YUCIY CTOJIOIOB, T.€. M = N, TO MaTpHUIla Ha3bIBa-
eTCS K8AOPAMHOLI.

a, a4, - a,
A= a, a, - 4,
a a a

nl n2 T nn
OHpeHeHHTeJ’IB, COCTaBJIEHHBIN M3 DJIIEMEHTOB KBaHpaTHOﬁ MaTpHIbI (663 HepeCTaHOBOK)

Ha3bIBACTCA ONPCACIUTCIIEM MATPHUILIbI A.

a, a, a,
a a a
21 22 2n
A(A) =
a, 4a, - a,
Uwucno a1 az2 - az1 a2 Ha3BIBACTCS OMPEIETUTENIEM BTOPOTO MOPSIKAa M1 0003HAYAETCS CUM-
all a12
BOJIOM A = =a,,8,, —a;,8,, -
aZl a22

OnpenenureneM TPEThETro NOPsAJIKa HA3bIBAETCS YHUCIIO:
ay Ay A

A= Ay 8y Ay3| = 889853 T 8y 83783 T 81p8p383; — 83185583 — 813 8378p3 — 881,853
83 83 Ay

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

a,; Q, a; 2\ 13 Q1] 3
Ay Ay Ayl = 23| ~ |51 3
Ay 83 Agg 1 Ay 2 33

Omnpenenurens TPETHETO MOPSIKA TAKKE PABEH CyMME MTPOU3BEACHUN YIEMEHTOB HEKOTO-
poii cTpoku (cTosi01a) Ha anredpandecKue TOMOJTHEHHS YTHX YJIEMEHTOB, T.€.



A= a11A11 +a,, A12 +ay; A13; A= allAll + a21A21 + a31A31
A= a-21'0‘21 +a,, Azz +a,; A23; A= a;, A12 +a,, Azz +as, A32
A= a31A31 +as, A32 + a3 Ass; A= a3 A13 +a,; A23 +as; A33

Hanpumep, paznoxeHue onpeaeauTeis mo 3JeMeHTaM MEePBON CTPOKHU:
dy Ay ay Ay
a3 Ay

a21 a23
a'31 a33

A= a; - (_1)l+l +a,, '(_1)1+2 + a13 ’ (_l)l+3 =

a32 a33

=8, (8855 —85,8,3) — A5, (85,835 —85853) +35(a,,8,, —85,8,,) =
= a11a22a33 + a12a31a23 + a13a21a32 - a113-32a23 - a12a21a33 - a13a31a22

Pa3znoxxeHnem 1o »eMeHTaM CTPOKH WIIM CTOJIOIa MOKHO BBIYUCIUTH ONPEACTHTEIND JIHO-
Ooro mopska. B kayecTBe mpumepa pacCMOTPHUM OINPEAEIUTEIb YETBEPTOro MOPSIAKA M Pa3JIo-
MM €T0 TI0 3JIeMEHTaM IIePBOIl CTPOKH.

IIpumep 2.
1 -1 2 3
1 -1 4 1 -1 4
L1 1-(-D"3 1 3+(-D-(-D*?2 1 3
= o — +_ o (— +
2 3 1 3
1 0 5 3 0 5
3 1 0 5
11 4 11 -
+2-(-)*2 3 3+3- (-2 3 1|=15+0-3-4-0+15)+
3 15 310

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

=13-6+2-(-17)-3-9=13-6-34—-27=-54

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

1 -1 2 3 a1

0 2 -3 1

0 5 _5 _g=fuwhu=05 -3 -3=24-30+36+12-36-60=-54.
4 -6 -4

0 4 -6 -4

Konmponwvnsie 6onpocwt u 3a0anus.

1. Kakuie MaTpHIIbl MOXKHO CKIIQJBIBATh U IO KAKOMY MPaBUITY?

2. Kakumu cBoiicTBaMu 00JiafaeT omeparus ciaoxeHus marpun? EcTb i oTiawuus ot
CBOICTB CI0KCHHS Yrcen?

3. Kak yMHOXXHUTH MaTpuIly Ha YUCIIO?

4. Kakumu cBOMCTBaMH O0JIAJJAIOT OIeparysl YMHOKEHUS MaTpuilbl Ha uncio? Ecte mu
OTJIMYMSI OT CBOMCTB YMHOKEHUS Uyncen?



5. UTo Ha3bIBAaETCs ONPEACIUTENIEM KBaIpaTHON MaTpULbI?

6. JlaiiTe onpesienieHre MUHOPA U alTreOpandecKoro JIOMOJTHEHHS dIeMEHTa OTIPEIeTUTEIS.

7. Kak BBIYMCIUTH ONPEACTUTENb, pasjiarasi ero Mo Mpou3BOJIbHOW CTPOKE WIIH CTONOIY?
CdopmynupyiiTe COOTBETCTBYIOIIYIO TEOpPEMY U HAmMIIUTE (POPMYJIbl pa3ioKeHHUs OIpenesu-
Tenst 1o i—o# crpoke (k—my cronodiry).

8. Haiitu npoussenenne matpuir A u B.

120 120

2.A=|0 3 1| B=|0 3 1
01 2 01 2
32 -1 4 5 1

3. A=| 5 6 1,3—[3 2 1
21 -7 8 -3 2

-1 3
2. Haiitn A°?, eciu A:(Z j

3. BpIuucCIUTh ONpenesIuTeNb

13 7 ) 4 s 1 1 1 1 1 1
1. A=[8 26 56, 2.a=3 1 -1 3 |x y z|. 41 1+a 1
3 -4 6 2. 0 0 x> y* 7? 1 1 1+b
1 -1 2 3 =2
40 2 0 15 3 -2 1 1 -1 2 1
5, 13-12 6, [427 2 /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 s

Ilpakmuueckasa paboma Ne2. Memoowvl pewienus cucmem JUHEHUHBIX YPAGHEHUIL.

Ilenwy: PaccMOTpETh pa3InyHble METOBI PEIICHMS U 3aKPENUTh HaBbIKU pemienus CJIAY.

Ocnoevt meopuu:
CucremMaMIMHEWHBIX YPAaBHEHHN CNIIEPEMEHHBIMU UMEET BU/L:

agX, + apX, + - 4+a X, = b
Ay Xy + ApX, + o 3, X, = b,
a X, + a,X, + - +a, X, = b,

rae & (i=12,...m;j=12,..,n), bk (k=1,2,...,m) - 3amaHHbBIC ICHCTBUTEIBHBIEC YHCIIA.

Uucna aij (1=1,2,...m;j=1,2,...,n) Ha3BIBAIOTCS KOAPHUIIMECHTAMH CUCTEMBI, a YHCIIa bk

(k = 1,2, ...,m) - CBOOOJHBIMH UJCHAMU CHUCTEMbI JIMHCHHBIX ajIreOpanuecKuX YpaBHCHHIM

(CJIAY).



Marpurisl

a; a, - 4, ay  aQp, Qg bl
a a - a — a a -« a, b

A= 7% lu A= 7 " 72| KOTOpBIE COCTAaBIEHHI M3
a'ml am2 amn aml am2 a'mn bm

KO3 PHUIMEHTOB NPU MEPEMEHHBIX U CBOOOIHBIX YIEHOB CHCTEMBbI, HAa3bIBAIOT COOTBETCTBEHHO
MaTpPULIEH CUCTEMBI U PACIIMPEHHOW MAaTPULIEH CUCTEMBI.

PaccMOTpUM cUCTeMy TPEX JIMHENHBIX ypaBHEHUM ¢ TpeMs Hen3BeCTHBIMU Xy Xoy X3
a,% +a,X, +apX =h,
X, + 8%, + 8% =D,
8y X + 85X, T 8%y =Dy,

rae & - KO3 HUIUEHTHI IPU HEM3BECTHBIX; b. - CBOOO/IHBIE YJICHBI (MPaBbIC YaCTH) CH-

cTeMbl ypaBHeHuid. OnpeeanTeb TPEThEro nopsaka A , coCTaBIEHHBIN U3 KOO (PHUIIMEHTOB TIPH
HEU3BECTHBIX, HA3bIBACTCS Onpeoenumenem CUCmemsl.
Pemmm cucremy TMHEHHBIX YpaBHEHU METOJIOM OOpaTHOM MaTPHIIbL:

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

BBeném crnenyromue 0003HaYeHUS:

2 1 -3 X, -5
A=[1 -2 2| X=[x,| B=[17
11 3 X 5 4
Brrunciaum ONpeaACINTECIIb CUCTCMEI.
2 1 -3
A=|1l -2 2|=-12+2-3-6-4-3=-26.
1 1 3

Tak xak OonpeaACIMTCIIb MAaTPULbI CUCTEMBI OTJIIMYCH OT HYJIA, TO ManI/IHaA HMECT 06paT-

-1
HYI0, @ pELICHUE CUCTEMBI UMEET BUJ: X=A"B.
JUiist HaXOkKIeHHs1 OOPATHOM MaTpUIlbl A~ BBIYHCIMM anre0pandecKue IOMOTHEHHS dIle-
MEHTOB MaTpPUIIbIA

-2 2 1 -3 1 -3
A, = 1 3‘:_81 '6‘21:_‘1 3‘:_61 Aslz‘_z 2‘:_4’
1 2 2 -3 2 -3
A&zz_‘l 3‘:_1’ Azzz‘l 3‘: ' Aszz_‘l 2‘:_7’
1 -2 2 1] 2 1
A&sz‘l 1‘:3’ Az3:_‘l 1‘=—, A33:‘1 _2‘:_5'

-1
Marpuna A , 00paTHas KA, 3aMuIIeTCs CISAYIOINM 00pazomM
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8 -6 -4

1
Al=——|1 9 -7|
26
3 -1 -5
MarpuuHoe pelIeHre CUCTEMBI UIMEET BHL:

X 1 -8 6 —-4)\-5 L —78 3
X=X |=—=—=|-1 9 7|17 |=-—]130 |=| -5,
26 26

Xq 3 -1 5)\ 4 —52 2

OTCIOJA CIIENYET, 4To X = 3, X, =-5, X =2

[Tpu ycnoBuu, uto A#0, TO € AMHCTBEHHOE PEIICHUE CHCTEMbBI BBIPAXKACTCS (hopmynamu
Kpamepa:

B>

3

_Al X, = X, =
Xl Aa 2 ’ 3 A.

Pemnts no ¢popmynam Kpamepa crenyroomiyro cucTeMy JIMHEHHBIX ypaBHEHUI:
X, = 2%, + Xy =—4
3X; +2X, +5%, =2.
4%, —TX, =9X; =—5

1 -2 1
Bhauarte Haiinem onpenenurens cuctembl A =13 2 5| =-10-40-21-8-30+ +35 =
4 -7 -

- 74. A #0. CneroBaTeIbHO, paccMaTpHBaeMasi CHCTEMa HUMEeT €IMHCTBEHHOE pellieHue. Bpraric-
JIMM ONPENETHTENN A A, A, .

-4 -2 1 1 -4 1
A, =2 2 5/ =40+50-14+10-20-140=-74,A,=3 2 5| =-10-80-
-5 -7 - 4 -5 -
1 -2 -4
15-8-60+25=-148,A;, =3 2 2| =-10-16+84+32-30+ +14=74. Taxum oOpazom,
4 -7 -5
pelreHue JAaHHOM CHUCTEMBI uMeeT BHI:

Paccmotpum pemenne CJIAY meronom IMaycca. Meton 'aycca 3akitouaeTcsiB ocie0-
BaTEJIbHOM MCKITIOUYEHUH HEU3BECTHBIX. /{1151 y100CTBa BRINMUILIEM PACHIMPEHHYIO MAaTPULLYH NIPHU-
BeIeM e€ K TMaroHajJbHOMY BUAY C TOMOIIBIO 3JIEMEHTAPHBIX MTPeoOpa3oBaHuil.
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2 1 -3-5 1 1 3|4

1 -2 2|17 |———|1 2 2|17 |—>

S1 >S5 —S,+S,
1 1 3|4 2 1 -3-5)
11 34 1 1 3|4 11 3|4
—5 )0 8 B =52 50 -1 —9-13|— {0 -1 -9/-13 .
-28,+5 24755 2+
{0 -1 -9-13 0 -3 -113 0 0 26|52

BrimotHMM 00paTHBIN X04. 3amuileM CHUCTEMY,HMCXOs U3 KO3(PPHUIIMEHTOB MOCIeaHEH
MaTpHIbl, U MOCJIEI0BATEILHO HallZleM HEM3BECTHBIE.

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

Konmponwvusie 6onpocwt u 3a0anus.

Ncnone3yst popmynsl Kpamepa u MmeTo 00paTHON MaTpHIIBl HAWTHU PEIICHUS CIICTYIOIIIX
CJIAY:

3X; +2X, + X, =5 X, —2X, +3X; =6 2X, — X, =Xy, =4
1. 42X, +3X, +X; =1 ;2. 92X, +3X, —4X; =20; 3. 13X, +4X, —2x, =11,
2X, + X, +3X%; =11 3X; —2X, —5X, =6 3X; —2X, +4x, =11

Pemnts cnepyromue cucremsl MeTonoM [Maycca.
2%, +4X, +4x, +6x, =18

4X, +2X, +5%X; +7X, =24

3X, +2X, +8X; +5x, =13

2X, +8X, +7X; +3X, =6

Ilpakmuueckaa paooma Ne3. @ynuxyuu u npeoenvt. Memoowvt nPUOIUICEHHOZ0 GbIUUC-
JleHuA 3HA4YeHull YyHKyuil.

Iens: ChopMupoBaTh HaBBIKM BBIYUCICHHS TPEAEIOB (DYHKIMHA, a TaKKe BBIYHCICHUS
NpUOJIMKEHHBIX 3HAUCHUH (QYHKIIUH.

Ocnoebl meopuu:

[lycth dyHKIUS y = f(x) 3a7aHa B HEKOTOPOM OKPECTHOCTH TOYKH @, 3a UCKIIIOUEHHUEM,
MOJKET OBITH, CAMOI TOUKHA.

Yucno A HasbIBaeTcst npedenom gyuxyuu f (x) B Touke X =a, ecim uIst TFOOOTO TTOJI0KH-
TeNbHOro uncia & >0 Haiaéres Takoe MOMIOKUTENBHOE YHUCIIO S(g) >0, 9TO i Bcex X, yIo-

BJIETBOPSIOIINX HepaBeHCTBY 0 < |X - a| <0 , BBINOJHAETCS HEPABEHCTBO |f(x)—b|< & . BoTom ciy-
yae 3anuceBatoT lim f (x) = A.

X—a

JlanuM reoMeTprUYeCcKyI0 WILTIOCTPALMIO TOHATHUS Tpeena GyHKIUU B TOUKE
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(puc. 1.)

h+s

f(x)

Pucynoxk 1. 0 A A X a+A X
Hns BCEX TOUYEKX, OTCTOSIIHUX

OT TOYKHM @ HE Janblue, yeM Ha O , Toukn M rpaduka QyHKIuM f(x) J€XKaT BHYTPH IIOJOCHI

)=

HIMPUHON 2&, OTPAaHUYCHHOM MPSIMBIMU y =b—¢&, y =b + &.
PaccMmoTpuM HEKOTOpBIE ceolicmea npedenos hyHKyuil.

ITycTh lim f (X) =A, lim g(X) =B , C- IOCTOsIHHAs BEIWYMHA ,TOrIA
X—a X—a

1 limc=c:

2. I:iE:l(C-f(X))=C~IXi£ra1f(x)=C-A,

3 lim(C-fe)=C-lim f(=C-A.

4. im (F(x)+9(x)) = lim f(X)+lim 9(x) =A+B,
> IIEW (f(X)-g(x))=|Xi£ £00-im 9() =A-B,

X—a

109 MmO A
6 My imgx) B M img0)#0.

sa 3ameuamenvuvix npedena
[IepBbIil 3aMeUaTeNbHBIN NPEAET UMEET BUA:
. SIinX
lim ——=1.
x—=0 X
Bropoli 3aMeuarenbHblii Ipeiesl UMEET BUL:

X
. 1
lim [1+—| =e,
X—>00 X

1
; X _
XIEO(1+ x) =e.

PaccmoTpum npruMeps! Ha BBIYUCIIEHUE TIPEENIOB (QYHKIUH.

. 12x° +5x
lim =227

Ipumep 1.Beraucmuts npenen , — ax2 +7 '

Pemenue
IIpy noacTaHOBKE MPENEITBHOrO 3HAYEHU apTyMEHTa [10JIy4aeM HEOIIPEIEIIEHHOCTh BUA

818
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B mpumMepax HOIIOGHOFO THUIIA YUCJIIMTCIIb U 3HAMCHATCJIb AC/IAT IIOYJICHHO Ha Xn, raen

2
-CTCIICHb MHOI'OYJICHA B 3HaMeHaTene.Pa32[eJmM YHUCIIMTEIb U 3HaMeHarelb Ha Ha X . B PE3YIIib-
TaTe IMOJIYy4HM:

12x%45x . L2
jim =2 2% _jim
X—>00 4X + 7 X—>00

]

X _12+0_
7 —-4+40
V2

X

Tax xak, npu X = 0O yHKIMH Sy lz CTPEMSATCA K HYIIIO.
X X

- - i x® —4x* -3x+18
nme DBIYUCIIUTD IIPCACT .
prMep P -3 x° —5x? +3x+9

HpI/I MMOACTAHOBKE MPCACIIbHOTO 3HAUCHU A apIryMCHTA I10JIydacM HCOIIPCACICHHOCThb B 1A

% , 4TOOBI €€ PACKPBITH Pa3JI0KHM YMCIIUTEIb U 3HAMEHATENh HAa MHOKUTEJIH:
X® —4x2 —3x+18 = (x —3)(x? —x—6)= (x—3)x = 3)(x + 2) = (x = 3)*(x + 2)
X =52 +3x+9 = (x—3)x? = 2x—3) = (x —3)(x = 3)(x +1) = (x = 3)* (x +1)
x* —4x* -3x+18  (x-3)’(x+2)
x°=5x*+3x+9  (x—3)(x+1)
COKpaTHM YUCIIUTCJIb U 3HAMCHATCJIb HA MHOXHWTCJIb (X _3)2 , B pE3YyJIbTAaTC IMOJTIYyYHUM:

X3 —4x>-3x+18 . x+2 5
lim ; 5 = lim =—
x>3 X* —5X“+3x+9 >3 x+1 4

IIpumep 3.Boruricauts npenen lim VX +13 - 2V +1 :
x—3 3/ X2 _ 9

[Ipu moacTaHOBKE MPEACIBHOTO 3HAYEHHUs apryMEHTa MOJydyaeM HEOIpeesICH-

0
HOCTb BHJA — , yTOOLI €€ PACKPBITh YMHOKHUM YUCIIUTEC/Ib U 3BHAMCHATECJIb HAa BBIPAXKCHUEC, COIIPA-
0

JKCHHOC YHCJIIMNTECIII0,a BBIPA)KCHUEC, CTOALICC B 3HAMCHATCJIC PA3JIOKMM Ha MHOXUTCIIHA.

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

w3 32 g =3 3(x=3)x+3)[Vx+13+2x +1)
:"ms 3 o —lim ~-3(x-3) _
X3 \/x—3\/x+3(\/x+13+2\/x—+1) x—>3 (x—3)%(x+3)§(\/x+13 +2\/x+1)
_jim— —3x=3F o
- (X+3)5(\/X+13 +2\/X+l)
. sin3x
IIpumep 4.Boruncnuts npenen iinOT

.. 0
Nmeem HEOMPECACIICHHOCTh BUJIa — , PaCKPOEM €€ C ITIOMOUIBLIO IMEPBOr0 3aMEYaTCIbHOTO
O 2

npenena.
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. sSin3x .. 3sin3x 3.
lim = lim ——— =—1im .
x—0  4X x—0 43X 4 x>0 3X 4

sin3x 3

im 2Xsin X
IIpumep 5. Boiunciauts npeaen —
P P P x—0 1 — COS X

Bocnone3zyemcst TpuronomMeTpudeckumMu GopMyiamMu:

. X . X X
2sin ? 5= 1—cosx; sin x = 2sin -G0S~ 5 pesymsrare nonysimy

2x-25in§cos§ 2x-cos§
Iimmz[g}zlim 2 2 _|jm— 2 _
x—>071 — CcOS X 0 x—0 Zsinzi x—0 sini
2 2
] X
_2limeos? 54
sin— —-1
< lim— 2
2 x—0 5
2

2x-1
i 3x-1
Ipumep 6.Brruniciuts npeaen X[)noo Ix+ 4 '

0
HOI[CTaHOBKa MMpeaACIIbHOTO 3HAYCHUA IPUBOAUT K HGOHpeIleJIéHHOCTI/I BHUJa 1 .
I[J'Ifi e€ PACKPBITHUA BOCIIOJIB3YEMCA BTOPBIM 3aMCYATCIIbHBIM MTPCACIIOM.

2x 2X
2x-1 1- i 2 lim [1 - 1}
im[ XL Cgin| 8 | L (X2} 2 3
x>0\ 3X + 4 X—>0 1 4 x—o\ 3X + 4 ) 4 2x
+? lim|1+ —
X X—>00 3X
-3x 3
im||1+—
X—>0 [ — Xj e_E ,E
_ _ — 3 _
= = e =
3x )3 e3 e
im||1+—
X—00 37
4

Konmponwnusie 6onpocot u 3a0anun:

1. Onpenenenue npenena GyHKIIAA.

2. OCHOBHBIE CBOMCTBA MPeIEIOB (PYyHKIUH.
3. MeTo/p! BEIUMCIICHUS IPEAETIOB (PYHKIIHMA.
4. IlepBrlii 3aMeuaTENbHbIN NPEEIL.

5. Bropoii 3aMeuaTenbHblid peed.

6. Beraucnuts npeaensl yHKIHiA:



. X*+5 . X?—49
1.lim ) 2. Iim
x>4 3x -4 x>7 X —71
o 2x%+x-1 3y —
3. Iim 7 - . 4. lim X36+2
2X% —2x+4

5 |imM 6. lim
Cxow 8x2 +6x3+1° '

7.1im VX2 +1+x o Iimsin5x
X0 4/X3 +X _X2 x-0 5in 2X

. 1-cosx . tgx —sinx
9.||m—2. 10.||mg—.
x—0 X X—0 X
2
2x24+2) : S
10.1im . 12 Iim (1-|— Zx)x
X—>00 2X2 _1 x—0

Ilpakmuueckasa paooma Ned. Ilpouseoonan u oughghepenyuan pynkyuu oonoit nepe-
MEHHOU.

Iens: ChopmupoBaTh HABBIKK BBIYUCICHHSI TPOU3BOIHBIX CIOKHON (YHKIINH.

Ocnogvl meopuu:
Onpeodenenue npou3sooHol

y = (X) Ha3pIBaeTcsi mpeAeNn OTHOLIEHUs IpHpaIleHUs

Ilpouszeoonou  gynxkyuu
(GYHKIIMU K COOTBETCTBYIOIIEMY MPUPALICHUIO apTyMEHTa, KOT/1a IIPUpAIIeHNE apryMeHTa CTpe-

MUTBCS K HYJTIO:
f!(x) = lim % = lim f(x+§;2—f(x)
Ax—0 Ax—0 .
Ecnu »TOT mpeaen KoHEUHBIH, TO MPOU3BOIHAS cylIecTBYeT U GyHKIus f (X) Ha3bpIBaeTcs
dy' [Ipouecc Haxoxe-

muddepenupyemoii B Touke X. [IpousBoaHas o6o3Havaercsy'(X) win "
X

HUS IPOU3BOJHOMN Ha3biBaeTcs quddepeHIpoBaHNeM (QYHKIINH.
IIpasuna ouggepenyuposanus hynkyuii

[TyctsCeR— mocrostaHas, u = u (x), V = V(X) — QyHKIIUH, UMEIOIINE TPOU3BOIHBIC.
2. (Cu)'=C-u'.

1. C'=0.
3. uxv) =u"£ V. 4. (u-v)'=u"-v+u-v’.
!
c (g) _u'v—w'
Ay 2

IIpasuno ougppepenyuposanus croxcuou yukyuu
Ecmn ¢ynknus y = f(u) auddepenumpyema nou, a pyakumsiu = ¢ (X)xuddepeHuupy-
emario x, To Mpou3BoaHas ciokuon pyukuuny = f(¢ (X)) onpenensercs popmymnoit y' =f' (u) - U’

(x) -
Tabauya npou3Bo00HbIX CIOHCHBIX PYHKYULL

LW =nu"u
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!

1a. (VU ) =Y 16, ) =(3) =—u.

2JU uz
! !
2. (a“):a“-lnaou’. 2a. (e”):e“-u'.
' ’ / '
3. (IogaU) :U'llj—na' 3a(|n U) :%'.
4. (sinu) =cosu. 5. (Cosu) =—sinu-u’.
6. (tqu) =Y . 7. (ctgu) = — U
(tgu) cos2 u (ctou) sin2u
T U
8. (arcsinu) = . 9. (arccos u) =-— .
( ) A-uz ( ) Ji-uz
/_ u; r__ U'
10. (arctgu) TR 11. (arcctgu) = R

Ilpouzeoonvie smopozo nopsoxa

IIpouseodnoti émopozo nopsioxa (6mopoti npouseodnoti) or pynkuun Y = f(X)
Ha3bIBA€TCs IPOU3BOJIHAS OT €€ IIPOM3BOIHOM, T. €.
2

B0 =(F'0x)".
dy

"
BTopyro NpousBOaHYIO Takxke 0003HayarT Y (X) WIH d—z [IpousBonHas ot
X

IPOM3BOIHON BTOPOTO MOPSI/IKA HA3BIBACTCS NPOU3B00HOU mpembe2o nopsaoka u T. 1. [Ipoussos-
n

ay

HYIO N-TO MOpsAAKa 0003HAYAIOT y(n)(x) WITH o

[Toxaxxem Ha MpuUMepax, Kak cielyeT M0JIb30BaThCs IPUBEACHHBIMU BbILIE (HOPMY-
JaMHU.

IIpumepl. Haiitu nponssoanyto: Y = cos’ (XZ) :

y' = 2cos(x?)- (cos(xz))’ =2cos(x?)- (- sin (xz)), : (xz)’ = —2x -sin(2x?).
Tpumep 2. Haiitn npoussoanyro: Y = arcsin \/; :

!

1
P R S
e kT

Tpumep 3. Haittu npoussoanyro: Y = In (arctg X — 1).
Pemenue.

y = (arctg\/ X —1), _ 1 ' (\/ X —1)' 1 1

arctgvx -1  arctgvx -1 1+(m)' - arctgvx —1 ' 0 Ix® — %2

X X

Mpumep 4. Haiitn nponssoanyio Gpyukuun ¥ = In g ,
2 sinx
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, 1 1 1 sinx—Xcosx 1 SIN X—XCOSX _ SiNX—SIiNX+XCOSX

y = ) 5T - 2 - 2 = -2
tgi coszi 2 sin® x Zsinécosé sin® x sin® x
2 2 2 2
_ XCOS X
sinx
2x*
IIpumep 5. Haiitn npou3BoiHy0 QyHKIMK ) = arctg <
Y= 1 B (L=x") - (=8x")2x" _ (1-x")*(8x°-8x" +16x™) _ 8x* +8x" _
Ly 4x® (1-x%)? 1+ x%)*(1-x%)? (1+x?)?
(1-x%)°

_8x(L+x%)  8x’
1+x5)?  1+x®

Konmponwvusie éonpocwt u 3adanusn:

1. Maiite onpenerieHrne MpOu3BOHON (HYHKIIUU B TOUKE.

2. ChopmynupyiiTe OCHOBHBIE ITpaBuiia AUPHEpeHIIUPOBAHUS.
3. 3anumuTe TaOIUIy TPOU3BOTHBIX.

4. Kak omnpenensieTcss IpOU3BOAHASI BTOPOTO, N-T'o mopsiaka’?

5. Haiiti npou3BoiHYIO QYHKITHH.

1. y=4@B+a2x).

2. oy X
N1+ x2
1
3. =arct .
y g1+x2
2
4. X -2

y=INn——————.
J(6-2x)
5. y = InIntgx

1
arcsin—

6. y=e ~

Ilpakmuueckaa paboma Ne5. Memoowvl uccinedoganus u nOCmpoeHus 2pagpurkoe Yyuk-
yuili.

IJens: OopmupoBaHUEe HABBIKOB MpUMEHEHHS AH((epeHInaTbHOTO UCUYNCIEHUS K T10-
CTPOEHUIO TpapUKOB (PYHKITHIA.
Ocnogvt meopuu:

Paccmotpum dykumio y = f (x), HenpepsiBHyto B Touke Xg. Touka X HaspiBaercs

moukou makcumyma (munumyma) @yuxyuuy = f(Xx), €cnm CylmecTByeT Takasi OKPECTHOCTb

touku Xq, uto juist Bcex X # X( U3 9T0if OKPECTHOCTH BBIMOJHSETCS HEPABEHCTBO f (X) < f (XO)
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(f(x)>f (Xo) ). 3HaueHne QYHKIUK B TOUYKE MAaKCHMyMa Ha3bIBaC€TCSI MAKCUMYMOM (yHKIIHH:

ymax = f (XIT'BX ) .3HaueHue (bYHKHI/II/I B TOYKC MUHUMYMa HA3bIBACTCAd MUHUMYMOM (bYHKHI/II/IZ

Ymin = f (Xrmin )

Touky MaKCHMyMa U MUHMMYyMa (DYHKIHMHU HA3BIBAKOTCS MOYKAMU DKCMPEMYMA QyHKYUU.
3naueHus pyHKIUM B TOYKAX SKCTPEMYMa HA3bIBAIOTCS OKCMPeMyMami yHKYUL.

Ecin dyrkuus y = f (x) umeer B Touke X 9KCTPEeMyM, TO f '(XO) =0 ym f ,(XO)

HE CYILIECTBYET — Heobxooumoe yciosue sxcmpemyma. OTCIOAa CIeayeT, 9TO TOYKH IKCTpeMyMa
(GyHKIUU CledyeT MCKAaTh TOJIBKO CPEeIH TeX TOYEK, B KOTOPBIX MPOM3BOAHAS (DYHKIMU paBHA
HYJIIO WIN HE CYHIECTBYET, TAKHE TOYKU HA3BIBAIOTCS KPpUMUYECKUMY WU CIMAYUOHAPHLIMU TOY-
KaMUu (YHKIUH.

Eciu gyskuus y = f (X) HempepbIBHA B HEKOTOPOIT OKPECTHOCTH KPUTHYECKON TOUKH X()
1 quddepeHimpyemMa B 3TOi OKPECTHOCTH (32 UCKIFOYCHHEM MOXET ObITh, CaMoil ToukH X)) U
eciu npu nepexozge X depes touxy X( (creBa Hanpago):
!
1) f (X) MEHSIET 3HaK C «t» Ha «—», T0 Touka X()eCTh TOUKa MaKCUMyMa QYHKIIUH,
f !
2) (X) MEHSIET 3HaK C «—» Ha «+», T0 Touka X(eCTh TOUYKa MHHUMYyMa QYHKIIUH,
f !
3) (X) HE MEHsIeT 3HaK, TO B Touke X QYHKLHS HE HMEeT IKCTpeMyMa.
Ecnu B kputndeckoii Touke Xy ¢yHkims y = f (x) aBaxas! gudpdepeHuupyema, To omnpe-

JEIHUTBH XapakTep dKcTpemMyMa (eciau B Touke X) (QyHKIHH HMEET SKCTPEMYM) MOXHO I10 3HAKY
BTOPOW MPOU3BOHOM:

1) ecmn | ”(XO) <0, 10 Xy — Touka MakcuMyma (GyHKIHH,

2) ecmn | ”(XO) >0, 1o Xy — Touka MHHEMYMa (yHKIHHL.

I'paduk pynkuuu y = f(X) Ha3pIBaeTCs BHITYKIIBIM BBEPX Ha MHTEpBaie (a; b) eciu B mpe-
Jienax 3Toro uHTepBaia rpaduk pyHkiun y = f(X) 1eKUT HIDKE 000 CBOEH KacaTelbHOM.

I'paduk ¢pyukimm y = f(x) Ha3pIBaeTCs BHITYKJIBIM BHU3 Ha MHTepBaie (a; b) eciu B npe-
Jieniax 3Toro uHTepBajia rpaduk GyHKuM y = f(X) JeXKUT BbIIe JII000H CBOEH KacaTelbHOI.

Touka rpaduka pyrkun y = f(x) Mo (Xo; f(Xo)) Ha3sIBaeTCs TOUKOM nepecuba rpaduka,
€CIIU TIPH MepexoJie X Yepe3 Xo rpa)uk MEHseT HalpaBIeHUe BHITYKIOCTH.

B touke neperu6a Xy Bropas npousonnas Gpynkuuu f pasna Hymro f ”(Xo) = 0 (1e06-

XOJIMMOE YCIIOBHE TTeperuoa).
Ecnu BTOpas mpousBonHas f”(x) ABaxabl AuddepeHunpyeMon pyHKIuu npu nepexoze

uepe3 TOUKy X, MEHseT CBOif 3HaK, TO TOYKa X, ecTh TOuka rnepernda e€ rpaduka (10cTaTog4HOE
ycloBHe nieperuoa).

Aneopumm uccnedosanus GyHKyuu Ha bINYKIOCMb
U mouKu nepeauba

1. Haxoaum BTOpYIO pou3BoaAHYI0 GyHKIUHU f"(X).

2. HaxomuM TOYKH, B KOTOPBIX BTOpast TPOM3BO/IHAS paBHA HYIIO WA HE CYIIECTBYET.

3. Uccnenyem 3HaK BTOPO MMPOM3BOAHOM CJI€Ba U ClipaBa OT HalJCHHBIX TOUEK U JejaeM
BBIBOJ] 00 MHTEpBAJIaX BHITYKIOCTH U HATMYUH TOYEK iepernda. Ecim Bropas mpon3BoaHas Oyaer
MEHSTh CBOM 3HAK C IUII0CA HA MMUHYC WM C MUHYCA Ha IIJTIOC B UCCIIEYeMOH TOUKE, TO 3Ta TOYKa
u OyneTr Toukoi neperuda rpaduka Gynkiuu. Eciu BTOpas mpou3BOaHAs 3HAKa HE MEHSET, TO
(GyHKLUS HE UMEET TOYEK Meperuoa.
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Acumnmomul epaguxa hynkyuu
ITpsimast LuaseiBaercs acumnroroit kpuBoii Yy = f(X), ecnmu paccrostaue ot Touku M(X; Y)
KpUBOH 10 3TON mpsiMOl LcTpeMUTCS K HYJIIO IPU HEOTPaHUYEHHOM YJIaJI€HUH 3TON TOYKH I10
KpUBOW OT Hayana KoopauHar. [IpsiMas X = asBiseTcs eepmukanibHoil aCUMIITOTON KPUBOU Y =
f(X), eciu BBIIOIHSIETCS XOTSI OBl OJTHO M3 YCIIOBHIA:
lim  f(x)=+o0 (wm — o)
x—a-0
lim  f(x)= +oo (w — o)
Xx—a+0
[psimast y = kx + b maknonHas acummrora kpusoit Y=f(X) mpu X —>+0 (mpu X = —0),

CCJIU BBIITOJHAKOTCA YCJIOBUA!

im %)k m [f(x)—k-x]=b

x—>+to X X—>+00
(Iim w:k u lim [f(x)—k-x]:b}
X—>—00 X X—>—0

YacTHbIl Cciydail HAKJIOHHOM aCMMITOTHI P k=0wu b#owo _ 20pU30OHMATIbHASA

acumnToTay = b.
2
3XT—=x+2

X—2
HaiinemoOmacts onpeneneHus GpyHKIHH D(Y) = (— 0, Z)U (2 , + OO).

Xg = 2ectb ToOuKa paspbiBa rpaduka (QyHKIUH, yepe3 Hee MOKET MPOXOAUTH BEPTH-

Ipumep 1. Haiitn acumnToTsl rpaguka QyHKIUM Yy =

KaJIbHasg aCUMIITOTA.

2
Haigew M (x)= fim X X+2={120

} = —00 ,cJIe0BATENILHO,  MpsAMast
X—X0—0 x»2-0 X—2

Xy = 2 sBnsiercs BEPTUKAIBHON aCUMIITOTOM.
Haiinem HakimoHHyro acumMaToTy:y = kx + b

) _ lim 3x2—x+2:[£}_

o0

Pas3acinuM 4YUCINTCIIb

k=l
xl—Too X X—>400 (X - 2)X

(x—>—0) (x—>—0)

" 3HAMCHATCJIb Ha X2

3—£+£2
X—>+00 l—g
(x=) X
2 2 2
b= lim [f(x)—k-x]= lim | X "X*2_gy|_ jjy K oX+27IX+OX_
X—>+00 X—>+00 X—2 X—>+00 X—2
(x—>—o0) (x—>—o0) (x—>—)
5X + 2 542
lim = lim —2X=5,
x40 X—2 X—>+00 1_3
(x—>—0) (x—>—) X
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Harmmm, urok = 3 u b = 5, ciienoBarenbHo, ypaBHEHHE HAKIIOHHON aCUMIITOTHI HIMEET BH]T

y=3X+5.

Konmponwvnsie 6onpocwt u 3a0anus.

1. Haiit o6macTh ornpenencHus pyHKIIUH.

2. UccnenoBath PyHKINIO HA YETHOCTh U HEYETHOCTD, TEPUOTUYHOCTb.

3. UccnenoBarh (hyHKIHMIO HA HETIPEPHIBHOCTD U BEPTHUKAIBHBIE ACHMIITOTHI.

4. UccnenoBath mnoBeneHue (DyHKIUUM HAa OECKOHEYHOCTH, HAWTH TOPU3OHTAJIBHBIE U
HAKJIOHHBIE aCUMIITOTHI.

5. Haiitu sxcTpeMyMbl 1 HHTEpPBaJIbl MOHOTOHHOCTH (DYHKIIHU.

6. HaiiTu mHTEpBaJIbl BRITYKJIOCTH (DYHKIIMK U TOUKU IIeperuoa.

7. Haiiti Touku nepecedeHus QyHKIUU C OCSIMU KOOPAUHAT.

8. IlocTpouts rpaduk GyHKINH.

9. Onpenenenue sKcTpemMyma GyHKITHH.

HanTtu akcTpemymMbl GyHKUNIA:

1 1 1 1
1 y==-x3-=x2-2x. 2.y ==x3+=x%-6x.
3 2 3 2
HaiiTi nHTEepBaibl BBIMTYKIOCTH, BOTHYTOCTH M TOUKH Neperuda rpaduka GyHKINH:
4
X
1.y=15—2x? 2.y=x>-5x*+3x-5
Haiitn acuMnToTs! TpadMKoB CIETYIOIIHUX (yHKITHI:
2 —x? 5x% +2x -1
ly=——. 2 y=—-—7"-—4=.
X+3 1-x

Ilpakmuueckasa paooma Neb6. Bepoamnocmuule mooeau npoueccos ynpasieHus.

Ilens: 3akpenuTh HaBBIKM MPUMEHEHUS! BEPOATHOCTHIX MOJENEH B Ipoleccax yrpasJe-
HUS.

Ocnogvt meopuu:
Knaccuueckoe onpeodenenue eepossmuocmu.
Beposamuocmuv codvimus A onpenensercs Gpopmynon

P(A):%’

rJe M — YUCIIO IEMEHTAPHBIX COOBITHI, ONaroNpUATCTBYIONIHMX MOSBICHUIO COOBITHS A4, N
— YHCIIO BCEX ANIEMEHTAPHBIX COOBITHI, BXOIANHX B ().

D10 onpe/eneHne Ha3bIBACTCSI KIACCUYECKUM ONpedesieHuemM 6ePOSmHOCHI.

W3 onpesiesieHust BEpOSTHOCTH BBHITEKAIOT CIICIYIOIINAE €€ CBOMCTRA!

1. Beposamnocms 0ocmogepHozo codvimus pagua eounuye.

JleicTBUTENBHO, €CIIU COOBITHE TOCTOBEPHO, TO BCE dJIEMEHTapHbIE COOBITHS OJIaronpusT-
CTBYIOT eMy. B 3TOM citydae M=n wu, cjieI0BaTEIbHO,

p)="="_1
n n
2. BeposmHocmb He803MONCHO20 cOObIMUSL PABHA HYIIIO.
JleficTBUTENTLHO, €CTU COOBITHE HEBO3MOXKHO, TO HH OJTHO DJIEMEHTApHOE COOBITHE HE OJ1a-
rONpuATCTBYET eMy. B aToM ciiyqae m=0 u, cnenoBaTenbHoO,
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P(o) =" = 0 _,
n n
3. Beposmnocmu ciyyaiino2o cobbimus eCmo NOJOACUMENbHOE YUCTLO, 3AKNI0UEHHOe
MedHcOy Hynem u eOuHUuyell.

JIeiCTBUTENBHO, CITy4ailHOMY COOBITHIO OJaronpHsTCTBYET JIUIIb YaCTh U3 OOIIEro yucia

. m
SlIeMEHTapHBIX coObITHH. B sToM ciiysae O < M < N, a 3naunt, ) < — < ] U, ClenOBa-

n
TEJILHO, 0< P(A) <1
HTaK, BEposATHOCTB JTI000r0 COOBITHS YIOBIETBOPSAET HEPABECHCTBAM

0<P(A)<1

Ecnu mpoctpancTBO €2 cOEpKUT OECKOHEUHOE MHOXKECTBO JIEMEHTAPHBIX COOBITUH, TO
UCTIONIB3YETCSI TE€OMETPUYECKOE OIPENICIICHNE BEPOSITHOCTH, KOT/Ia BEPOSITHOCTH MOIAJTaHUs
TOUYKH B JIFOOYI0 001acTh MIPOMOPIMOHATIFHA MEPE STOM YacTu (JIJIMHE, TUIOIaau, 00beMy) U He
3aBUCHUT OT €€ PACIIONOKEHUS U (POPMBI.

mesg
P(A) = m— , TJIe mes — Mepa JUIHHEI, IIoMaan, 00beMa, g — 9acTh oonactu G.

esG

IIpumep 1. bpocaercs urpanbubiii Kyouk. [IpocTpaHcTBO 351eMeHTapHBIX COOBITHI, OTBE-
YaoIIee JAHHOMY SKCIIEPUMEHTY, HMEET CIeAYIOIuUi Bu:. 2 = {a)l, @y, .nny (06}.

HYCTB coObITHE ACOCTOMT B MOSIBJIEHUH YETHOIO yncia oukoB. CoObITHE A €CTh IIOAMHO-

\
xectBo. Q, A= {a)z,a)4,a)6}.

DneMeHTapHbIe COOBITHS, BXOJSIINE B COCTAB CIIY9aifHOTO COOBITHS AHA3BIBAIOTCS COOBI-
TUSIMU, O1a20NPpUAMCMEYIoujuMU MOSIBIEHUIO cCOOBITUS A. J[Ba MM HECKOJIBKO COOBITHI B JAHHOM
OTBITE HA3BIBAIOTCS PABHOBO3MONCHBIMU, ECIU TIO YCIOBHUSIM CUMMETPUHU OIbITA HET OCHOBAHUMN
CUMTATh Kakoe-mu0o coObITHE O0Jiee BO3MOXKHBIM, YeM JIF000€ Ipyroe.

IIpumep 2. B nortepee pasbirpeiBaerca 1000 OuneroB. Cpean Hux 2 Bbmrpseima mno 50
py6., 5 — 20 py6., 10-10 py6., 25-5 py6. Hexrto kynmun oaun Ouner. HailTu BeposTHOCTDH
BBIUTPHIIIA HE MeHee 20 pyOieid.

Pewrenue.

ITo ycnouro: 1000 = 250+520+1010+255+958 nponrpei-

ITycth A- ickoMoe cobbiTHe. Bomrpsii He MeHee 20 py0Oiieid — 3To Berpsi B 20 pyOieit,
KOTOpPBIN BcTpedaeTcss Mi=5 pa3 u BeMrpsIl B 50 pyOeid, KoTopslil BcTpedaeTcss M2=2 pasa. To-
raa m=ma + m2.n=1000 - oOmee KoaMUECTBO BeeX OMIIETOB. P(A) = m_>+2_ 0,007.

n 1000

Ipumep 3. N3 90 ciydailHO OTOOpaHHBIX OJMHAKOBBIX JI€Tajei BBIABIECHO 3
OpakoBaHHbIX. OTHOCHTENIbHAS YaCTOTa OpaKOBaHHBIX JeTanel paBHa

wy==-1.
90 30

IIpu yBenmuueHMM dYWCIAa UCHBITAHUKH  (ONMBITOB) HAOMIOAAETCS  YCTOWYMBOCTD
OTHOCHUTEIJIbHOM YacTOThI, T.€. CYHIECTBYET HEKOTOpPAasi MOCTOSIHHAs BEIMYMHA, OKOJIO KOTOpPOI
IpyNIUpYyeTcs OTHOCUTENbHAs YacToTa M K KOTOpOW OHa Bce OoJjblue MpuOIMKaercs ¢
YBEJIMYEHUEM YHCIA WCIBITAHMA. Ta TMOCTOSHHAs BEJIWYMHA HA3BIBACTCS 6epOsAmMHOCHbIO
cnyuatinoeo cobvimu u 06o3HadaercsiP(A). PaccMoTpeHHOE TOHATHE BEPOATHOCTH CIIy4ailHOro
COOBITHS SIBIISIETCS] CTATHCTUYECKUAM OIPEICIIEHUEM BEPOSTHOCTH.

[TycTh coObITHSI A 1 B — HECOBMECTHBIC, TPUYEM BEPOSTHOCTH ITHX COOBITHH HaHbl. Kak
HATH BEPOSATHOCTH TOTO, YTO HACTYHHUT JTUOO coObITHE A, 1100 coObITHE B, T.€. BEPOSTHOCTD
CYMMBI 3TUX COOBITHH A+B? OTBET Ha 3TOT BOMPOC JAET CIASAYIOIIas TeopeMa.

22



Teopema ciI0keHHSI BepPOSITHOCTEH HECOBMECTHBIX COOBITHMIl.BeposimHocmsb cymmbl
08YX HECOBMECMHbIX CODLIMULL PABHA CYMMe EPOAMHOCMEN IMUX COOLIMUTL:

P(A+B)=P(A)+P(B) .
Teopema yMHO:KeHHSI BePOSITHOCTEl He3aBUCHUMBIX COOBITHIA. Beposamuocmsb npousee-
OeHUsL 08X HE3ABUCUMBIX COOLIMULL PABHA NPOU3BEOEHUIO BEPOSMHOCMEL YMUX COOLIMULL:

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

CaencrBue.Beposamnocms npouszeedenusi HeCKONbKUX He3A8UCUMbBLX COOLIMULL PABHA NPO-

U36€0eHUI0 8EPOSAMHOCMEL DMUX COOLIMULL:
P(A-A-...- A) =P(A)-P(A)-...- P(A)-

Teopema yMHOKeHHUsI BEPOSITHOCTEH 3aBUCHUMBIX COOBITHI. Beposmnocmob npouseede-
HUSL 08YX 3A8UCUMBIX COOBIMULL PABHA NPOU3BEOEHUIO 8EPOAMHOCMU 00HO20 U3 HUX HA YCI0B8HYIO
8EPOSIMHOCMb 0PY2020, BbIYUCTIEHHYIO 8 NPEONOI0NCEeHUU, YO Nepeoe coObImue yice HACMYNULO:

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

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

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

BeposiTHOCTH MOsIBIICHHST KPACHOTO 11apa (coObIThe A)

P(A) = E = 1
30 3
BeposiTHOCTh MOsIBIICHUS CUHETO T1apa (coobiTre B)
5 1
P(B)=—=—.
() 30 6

CoObiTust A U B HECOBMECTHBI (IOSIBICHHE IIapa OJIHOTO ILIBETa MCKIIIOYAeT IMOSBICHUE
11apa Jpyroro 1BeTa), I03TOMY UCKOMasl BEPOSITHOCTh paBHa

P(A+B)=P(A)+ P(B):;+é:;

Tak kak MPOTUBOIMOJIOKHBIE COOBITHSI BMECTE 00pPa3yIOT JOCTOBEPHOE COOBITHE, TO
P(Q)=P(A)+P(A) =1,

MIO3TOMY

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

IIpumep 2. BeposiTHOCTH TOTO, 4TO AE€Hb OyJET AOXIJIMBBIM, paBHa p = 0,3 Haiitn

BEPOSITHOCTH TOTO, YTO JIEHb OYyJI€T SICHBIM.
CoObITHS «ICHb TOXKIIUBBIN» U «ICHD SICHBII» — MPOTUBOIOIOKHBIC, IOATOMY HCKOMAast

BCPOATHOCTH PaBHA
q=1-p=1-03=0,7.

IIpumep 3.MuiieHs COCTOUT U3 TpEX 30H. BeposATHOCTh Monafanus B MEPBYIO 30HY NPU
o1HOM BbIcTpelte paBHa 0,15; Bo BTopyto - 0,23; B Tpetsto - 0,17. HaliTn BepossTHOCTh poMaxa.

O6osHauuM  coObiTie A -  mpoMax, A - T[omagaHde B MHIIEHb. Torma
A= Al + A2 + A3, rae Al , Az ) A3 - TIOTIaJJaHNEe COOTBETCTBEHHO B TIEPBYIO, BTOPYIO U Tpe-
Th10 30HBIL. [0 TeopeMe croKeHUsI BEPOSITHOCTEM:

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

[lyctb mpou3BOAUTCA N HE3aBUCHUMBIX HCIBITAHUN, B K&KIOM U3 KOTOPBHIX cOObITHE A
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MoOXeT Ju0o mpou3oiTu (ycmex), nub0 He Npou3oWTH (Heyaaya). bymem cumrtath, 4TO
BEPOSITHOCTb COOBITHS A B Ka)KJJOM HCIIBITAHUM OJJHA U Ta )K€, @ UMEHHO paBHa p. ClieZJoBaTeNbHO,
BEPOSITHOCTh HEHACTYIUICHHS COOBITHS A B KQXIOM UCIBITAHUN TaK)Ke MOCTOSIHHA U paBHa (=1—
p. Takas nociaen0BaTeIbHOCTh UCIIBITAHUM Ha3bIBAaeTCs cxemot bepnynnu.

B xauecTBe TakKMX UCIIBITAHUA MOKHO pacCMaTpUBaTh, HAIIPUMED, IIPOU3BOICTBO U3AEIHUI
Ha ONpEIEICHHOM O0OpYIOBaHMM IPHU IOCTOSIHCTBE TEXHOJIOIMYECKMX M OpraHU3allMOHHBIX
YCIIOBUH, B 3TOM CJIy4a€ M3rOTOBJIEHHUE I'OJHOIO U3JENNsa — YycreX, OpakoOBaHHOI'O — Heyjlayda.
Ora cuTyauusi COOTBETCTBYeT cxeMme bepHymim, ecnu cuumTaTh, 4TO MPOLIECC HU3TOTOBJICHUS
OJTHOTO M3/ETHS HE 3aBUCUT OT TOT'O, OBIJIM TOAHBIMU HJIM OPaKOBAHHBIMH MTPEIBIIYIIINE H3ACTHSL.

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

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

Vickomyio BepoOATHOCTE 0003Ha4MM P (k). Hampumep, cumBon p,(3) o3Hadaer

BEPOSITHOCTDb TOI'O, UTO B IISITU MCIIBITAHUSIX cOOBITHE TOSIBUTCS pOBHO 3 pasa u, cjieaoBaTeiabHO,
HE HaCTYIIUT 2 pasa.

IlocienoBaTenbHOCTL 71 HE3aBUCUMBIX HCHBITAHUN MOXKHO paccMaTpuBaTh Kak CI0KHOC
COOBITHE, SBIIIONIESCS MPOU3BECACHUEM 7 HE3aBUCUMBIX coorIThi. CiremoBaTeIbHO, BCPOSITHOCTh
TOTO, UTO B 1 HCHBLITAHUAX COOBITHE A HaCTyIHUT k pa3 U HE HACTYIIUT n—k pa3, mo Teopeme
YMHOXKCHHUSA BEPOSITHOCTEN HE3aBUCUMBIX COOBITHH, paBHa

p k q n—k
TakuX CI0KHBIX COOBITUH MOKET OBITH CTOJBKO, CKOJIBKO MOYKHO COCTAaBUTH COUYETAHUH
k
W3 1 3IEMEHTOB 1o K 3JIEMEHTOB, T.€. Cn .

Tak kak 3TU CI0XKHbIE COOBITHSI HECOBMECTHBI, TO IO TEOPEME CII0KEHHUSI BEPOSATHOCTEH
HECOBMECTHBIX COOBITHII, HCKOMasi BEPOSITHOCTh PaBHA CyMME BEPOSTHOCTEN BCEX BO3MOXKHBIX
CJIOKHBIX COOBITHH. [T0CKOIBKY k€ BEpPOSATHOCTH BCEX ITHX CIOXHBIX COOBITHH OJJMHAKOBBI, TO
UCKOMast BEpOSTHOCTD (TosiBJIeHUE K pa3 coOBbITHS A B 1 MCTIBITAHUSX ) PABHA BEPOSITHOCTH OJJHOTO
CJIO’KHOTO COOBITHS, YMHOKEHHOM Ha MX YUCIIO

kK \nk Nn-k
P(k)=Cyp7q
WU
n! K n—k
P.(K) = ————=p"q"
" kl(n —k)!

[Tonmyyennyro Gpopmyny Ha3bIBAIOT popmynoti beprynnu.

IIpumep 1. BeposATHOCTH TOr0, YTO PacxoJ] AMEKTPOIHEPTHH HA MPOJOHKEHHHM OJHUX
CYTOK HE NMPEBBICUT YCTAaHOBICHHOW HOPMBI, paBHA p = 0,75 . HaliTn BeposAITHOCTB TOTO, UTO B

TedeHue 4 cyTok U3 OmmKkalmx 6 CyTOK pacxo 3J€KTPOIHEPTHH HE MPEBBICUT HOPMBI.
Pemienue. BepoATHOCTE HOPMalIbHOIO pacxoja JJIEKTPOIHEPIMU Ha IPOAOLKCHUHU
KaX[bIX U3 6 CYyTOK NOCTOSIHHA ¥ paBHa p = 0,75. CiienoBaresbHO, BEPOSATHOCTE TEpepacxo/a

JJICKTPOOHEPIMH B KAXKIBIC CYTKH TAKXKE IMIOCTOSHHA M paBHAa  =1— p=1—-0,75=0,25.
Hckomas BepossTHOCTH 110 popmyne bepHymnnu paBHa

6-5 1215
P.(4)=C:p*g*=C/p*q® =—(0,75)" - (0,25)* = ———~ 0,297 .
(@) =Clpta’ =Clp'a’ = (07)" - (025)" = - 2

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

M ycnexos, BEpPOATHOCTH KOTOPOro camas GOMbIIas Cpeld BEpOATHOCTE. Tak Kak IpHU yBeIH-
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yeHuu K BCPOATHOCTHU CHadalia BO3PACTarOT, a 3aTEM, C OIIPECACIICHHOIO MOMCHTA, HAYMHAIOT YGLI-

Vo

BaTb, TO AJIA m UMCIOT MECTO COOTHOILICHUS

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

P (M) =P (Mm+1).

Hcnonb3ys gopmyny u cootromrenne [+ ( = 1, MOJIy4aeM COOTBETCTBEHHO HEPaBEH-
CTBa

(n—m+1)p>rgq

(m+)g=(h—m)p.

OKoOHYATEIBEHO noJjrygacm, 4To M JIC’)KHUT B UHTCPBAJIC e,I[I/IHI/I‘IHoﬁ JJINHBI.
np—gq<m<np+p.

OnHako, CTOUT 3aMETHTb, YTO MCIIONIb30BaHKue (hopMyisl bepHymy mpu O60bmmx 3HaUe-

HUSX 71 JOCTATOYHO TPYIHO, TaK Kak GopMyIa TpeOyeT BBINOIHEHH s JeiiCTBUI Hajl IPOMaIHBIMH
YHCITAM.
Hanpuwmep, ecmu N =50, k =30,, P = 0,1, TO U OTBICKaHHUsA BeposTHOCTH Py, (30)
|
S0 02)% . (0,9)- Te 50!= 30414093 -10°;
30!1- 20!

301= 26525286 - 107 ; 201= 24329020 -10*.

JlokanbHasi TeopeMa Jlannaca.Eciu eeposmuocmo p nosisieHus coovimus A 8 Kaxcoom
UCNBIMAHUU NOCMOSHHA U OMAUYHA OM HYIs U eOuHuysl, mo eeposmuocms P (K) mozo, umo

HaJ10 BBIYHUCJIIUTD BBIPAXKCHUC P (30) —
50

cobvimue A noseumcs 6 n UCHbIMAHUAX POBHO kpa3, I’lpu6flu9fC€HHO paeHa (meM mo4Hnee, 4em

bonvbute n) 3HaveHUrO QYyHKYUU
11t .
_ 2 _ - P(X) Py = k—np

npq 27 Jnpq Jnpq

XZ

VIMeroTest TaGIHIIBI, B KOTOPBIX TOMEIIEHBI 3HaueHHs QyHKIMH (X)) = ——— e 2 .Tlpn
N2
3TOM CIIE/LYeT YUUTHIBATE, YTO ¢(—X) = ¢(X) , TaK KaK QyHKIHs ¢ (X) YeTHASL.

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

P.(K)~

m '¢(X)’

=~

—Nn

Jnpg
IIpumep 1. Haiftu BeposTHOCTH TOTO, uTO cOOBITHE A HacTynuT poBHO 80 pa3 B 400

MCIBITAHMSAX, ECII BEPOSATHOCTD MOSBJIEHHUS STOT0 COOBITHS B KaXIOM HUCIBITaHuK paBHa 0,2.
Pemenue. ITo yenosuio N =400; k =80; p =0,2; q=0,8. Bocrionssyemcst popmysioit

©

e X =

4.7):
1

~/400.02-08

Py (80)

H0) =400
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Breraucnum OonpeacsiIcMOC NaHHbIMU 3a1a4 3HAUYCHUC X

,_k-np _80-400-0.2 _

Jnpg 8
ITo Tabnuue HaxoaUM ¢(0) = 0,3989 :

Hckomast BEpOATHOCTh paBHA

0.

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

[Iyctp Tenepp TpeOGyeTcs BBIUUCIUTH BEPOSATHOCTD Pn (kl, kz) TOT0, YTO coObITHE A
MOSIBUTCS B /1 UCTIBITAHUSIX HE MEHEe kl u He Oonee k2 pa3 (ans KpaTKocTU OyJIeM TOBOPUTH «OT

kl bi (0] k2 pa3»). DTta 33/1aya pemaeTcs ¢ IOMOUIBIO CIeIYIOIIEH TeOPEMBI.
HNuTerpanbuas Teopema Jlannaca.Eciu eeposmnocms p Hacmynienus cobvimus A 6

KasicOOM UCHBIMAHUY NOCMOSHHA U OMJIUYHA OM HYJIA U eauHZ/H/;bZ, mo 6eposimHoCntb Pn (kl y kZ)

moeco, umo cobvimue A noseumcs 6 n UCHLIMAHUIX OM k100k2p613, I’lpu5]lu9fC€HHO paerHa

onpeoeieHHOMY UHMe2PaLy
1
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G=np k=

P, (k. k,) ~—==[e Zdz:

Jopg 7 Jnpg

[Ipn pewenun 3anay, TpeOyoOIIMX NPUMEHEHHS HUHTETpajibHOM Teopemsl Jlamaca,
2
z

6_7 dz - B Tabnuue nanml

20e X, =

MOJIB3YIOTCS CTICIIMAIBHON TaOJIUIEH JUIsl MHTErpasa CD(X) — 1](‘
Var g
3HAYEHUS QYHKIMH (D(X) mis X>0, a g X <O Bocmonb3yemMcst HEYETHOCTHIO (DYHKIMK
(D(X) , T.€. (I)(— X) = —(D(X) . DYHKIHIO (D(X) 4acTO HA3BIBAIOT ynkyuel Jlaniaca.
WTak, BEPOSITHOCTH TOTO, YTO COOBITHE A MOSBUTCS B 71 HE3ABUCHMBIX HCIIBITAHHAX OT kl
10 k2 pas, paBHa
P, (k. ky) = D(X,) —D(x,),

rae y _kl_np 1y :kz_np.

oJrpg f 0 npg

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

MHCIIEKIIUY, PaBHA p = 0,2 . Haiitu BeposiTHOCTB TOTO, uTO cpeau 400 cinydailHO 0TOOpaHHBIX
OpraHu3alil He MPOIIeAINX IpoBepKy okaxeTcs oT 70 1o 100 opranuzanuid.
Pemenne. Ilo ycmosuro N =400; k, = 70; k2 =100: P= 0,2; q=0,8
Bocnonszyemcst hopmynoit (4.9):
P (70,100) = D(X,) —DP(X,)-
Brrancinnm HUKHHAN U BEpXHUUN NPEETbl HHTErPUPOBAHUS:

k,—np  70-400-0,2

X, = = =
t o Jopg A/400-0,2-0,8

-1,25;
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k,—np 100-400-0,2
2 = = = 2’5
Jnpg  /400-0,2-0,8

Taxum oGpazom, umeem

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

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

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

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

(p<0,1).

Ecnu cnenars ponymenue, uto npoussenenre NP npu 1— %0 coxpaHseT moCToSHHOE

3HaueHue, a umenHo P = A , TO BEPOATHOCTB TOTO, YTO MIPU OYECHH OOJIBIIIOM YHUCIIE UCIIBITAHUH,
B KQXIOM M3 KOTOPBIX BEPOSITHOCTh COOBITHSI OYEHb Mayia, COOBITHE HACTYIHT POBHO K pa3s,
HAXOUTCS MO cleAyroweil popmyie:

A

—e 7.

k!

Ota (dopmyna BeIpakaeT 3aKOH pacmpenaenienus Ilyaccona BEpOSITHOCTEM MacCOBBIX (7
BEJIIMKO) M MAJIOBEPOSTHBIX (p Mano) coObITHi. VMeroTcs cnenuanbHble TaOaMIbl IS
pacnpenenenus [lyaccona.

IIpumep 3. 3aBoxa otmpasun Ha 6a3y 5000 kauecTBEHHBIX M3AeIUNA. BeposTHOCTB TOTO,
YTO B ITyTH u3zenue nospeautcs, papHo 0,0002. Haiitu BeposATHOCTH TOTO, UTO Ha 0a3zy npudyayT
3 NOBPEXJCHHBIX U3EIHSL.

Pemenue. [To ycnoButo n= 5000, P= O, 0002, k=3 . Hatinem A :
A =np=5000-0,0002 =1
Hckomast BeposTHOCTH 110 popmyiie (5.2) paBHa:

13
Poooo (3) = 5 e

P,(K) =

1:izO,OG
6e

Konmponwnusie 6onpocot u 3a0anus.

. Teopema co>xeHHsI BEpOSITHOCTEH HECOBMECTHBIX COOBITHIA.

. Teopema ymMHOXeHHS BEPOSTHOCTEH HE3aBUCHUMBIX COOBITHIA.

. Teopema yMHOKEHUST BEPOSITHOCTEH 3aBUCUMBIX COOBITHIA.

. Cxema ucnbitannii beprysm.

. ®opmyna beprymm.

. HanGonee BeposiTHOE 4KCIIO YCHIeXOB B cxeme bepHyuu.

. [Ipubmmxennas popmyna Ilyaccona.

. JlokanpHas Teopema Myaspa-Jlamiaca.

. UuTerpanbnas reopema Myaspa-Jlammnaca.
3ananue 1. bpomens! 2 urpanpHele KocTu. HaliTu BEpOSTHOCTH TOTO, UTO CyMMa BBIIIAB-

IIMX OYKOB — YETHOE YMCIIO, MPUYEM HA IPaHU XOTs Obl OTHOM M3 KOCTEH MOSBUIIACH IIECTEPKA.
3ananue?. [Ipu nepeBo3ke sIuKa, B KOTOpoM coaepxkanuch 21 crannaptaas u 10 Hectan-

JApTHBIX AETaJeH, yrepsiHa OfHa AEeTallb, IPUYEM HEM3BECTHO Kakasi. V3Bneu€HHas Hayraj 1nocie
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3TOTO JIeTajlb OKa3ajach CTaHAapTHOM. HaiiTu BeposSTHOCTH TOTO, YTO ObUIA yTEepsiHa: a) CTaHAapT-
Has JieTanb; 0) HeCTaHJapTHAS I€TaNb.

3ananue3. 3agyMaHo ABy3HauHoe ynciao. HaliTu BEpoATHOCTH TOTO, YTO 33 yMaHHBIM OKa-
JKETCs: a) CIIy4alilHO Ha3BaHHOE JBy3HAUYHOE YMCII0; 0) caydailHO Ha3BaHHOE JIBy3HaYHOE YHUCIIO,
(Pl KOTOPOTO Pa3THYHBL.

3amanue 4. BeposATHOCTH MOSIBICHUS KaXKI0TO U3 JBYX HE3aBUCUMBIX COObITHI A u B co-
oTrBeTcTBEHHO paBHbI 0,6 1 0,5. HaliTu BepOATHOCTD MOSIBIEHUS TOJIBKO OJTHOTO U3 HUX.

3amanue 5. B smuke cpenu 100 geranei Haxoautcst 1 OpakoBanHas. M3 siuka Haynagy
u3Bneuensl 10 geraneii. HaliTu BEposSTHOCTH TOTO, YTO CPEU HUX OKaXKeTCsi OpakoBaHHAs!.

3amanue 6. MoHeTa Opocaercs msATh pa3. HaliTu BepOSTHOCTB TOTO, YTO OpEN BHIIAACT 2
pasa.

3aganue 7. B cembe 5 nereii. HaiiTu BEpOATHOCTBH TOTO, YTO CPEAN HUX 2 MaJIbUMKa, €CIIU
BEPOATHOCTb POKJIEHUS MajbuuKa pasHa 0,51.

BepositHoCcTh 00HapykeHusi onevyatku Ha crpanuie kHuru pasHa 0,01. Haiitu BeposT-
HOCTB TOTO, 9TO B S00-cTpaHHYHOM KHUTE HE OyAeT 0OOHApYKEHO oredaTok (oOHapyKeHHE Orie-
YaTOK Ha Pa3JIMYHBIX CTPAHUIIAX CUUTATh HE3ABUCUMBIMU COOBITHSIMHU).

3amanue 8. BeposTHOCTh M3rOTOBIEHUS JI€Talu BhIiciiero copra pasHa 0.4. Haiitu Bepo-
ATHOCTb TOTO, 4uTO U3 260 merasneil mosoBruHa OyAeT BHICIIErO COpTa.

3ananue 9. BeposTHOCTh U3rOTOBIJIEHUS U3/1€Us BbICIIEro kKayecTBa paBHa 0,8. Hailitu Be-
POSTHOCTH TOTO, UTO cpenu B3AThIX 60 u3menuii 30 okaxyTcs BBICIIErO KayecTBa.

3amanunel (. BepostHOCTh mosBiIeHUs] cOOBITUA A B KakKa0M 13 100 HE3aBUCHUMBIX UCIIBI-
TaHWUH MocTosiHHA 1 paBHa 0,8. HaiiTi BepoSTHOCTH TOTO, 4TO COOBITHE A TIOsSBUTCS HE Oosee 74
pas.

3amanue 11. BeposTHOCTH HEKOTOPOTO COOBITHUS B €IMHUYHOM HCIBITAHUU OCTaBISET
0,004. Haiitu BeposITHOCTB TOTO, 4TO B 2500 UCHIBITAHUSAX JaHHOE COOBITHE TPOU30UIET pOBHO 4
pasa.

3ananue 12. BeposTHOCTh HacTyruieHHUs coObITUs A B ogHOM onbite paBHa 0,6. Haiitu
BEPOSITHOCTH TOT0, 4TO coObITHE A HacTynuT 1400 pa3 B 2400 ucnblTaHUSX.

3amanue 13. BepoaTHOCTh MOSBICHUS COOBITUS B KaXJIOM W3 HE3aBHCHUMBIX MCIBITAHUI
pasHa 0,8. HaiiTu BEpOSITHOCTB TOTO, UTO COOBITHE HACTYIUT HE MEHEee YeThIpeX pa3 MpH 5 UCIIbI-
TaHUSIX.

Ilpakmuueckasa padoma Ne7. Koppenayuonno-pezpeccuonnstii Memoo uccied08anus
CIYYATIHBIX GETIUYUH.

Iens: 3akpenuTh HABBIKU MPUMEHEHHUS MAaTEMAaTHUYECKOTO OXKUIAHHUS, JUCTIEPCUU U CPE/I-
HEro KBaApaTUICCKOTO OTKJIOHCHHA.

Ocnoevt meopuu:

3aKoH pacrpeeeH s TTOTHOCTBIO XapaKTepu3yeT cilydaitHyto BennaunHy. OTHaKo TpH pe-
[ICHUH TPAKTUYECKUX 3a/1a4 HET HeOOXOJIMMOCTH 3HATh BCE BO3MOJKHBIC 3HAUEHUS CIIy4aliHOMN
BCJIMYMHBI 1 COOTBETCTBYIOIIHME UM BEPOATHOCTH, A yz[o6Hee IMOJIB30BATHCA HEKOTOPBIMHU KOJIUYC-
CTBEHHBIMHU MMOKA3aTENSIMHU, KOTOPBIE JAOT JOCTATOYHYIO HH(DOPMAIIHIO O CIy4JailHOW BETUYHHE.
Taxue moka3aTeny Ha3bIBAIOTCS YUCIOBLIMU XAPAKMEPUCMUKAMU CTLYHAUHOU 8ETUYUHDL.

OCHOBHBIMH U3 3THX XapaKTEPUCTHUK SIBIISIOTCS: MAmMeMamuieckoe 0x4cuoanue, OUCnepcust
u cpeonee kgaopamuueckoe omrioneHue. Mamemamuyeckoe oxcudanue XapakTepusyeT MoJIo-
JKEHHUE CITy4ailHOW BETMUMHBI HA YMCIIOBOM OCH, ONPEEIsisi HEKOTOPOE Cpe/iHee 3HAaYeHHEe, OKOJIO
KOTOPOTO COCPEIOTOUYECHBI BCE BO3MOXKHBIE 3HAUEHUSI CIIy4YalHOW BEIWYUHBL. JlJIs1 pereHus MHO-
TUX 33/1a4 JIOCTaTOYHO 3HATh MaTeMaTH4ecKoe oxkujaanue. Hampumep, eciu U3BECTHO, YTO MaTe-
MaTHYeCKOe OXKHUIAHWE YHCJIa BEIOMBACMBIX OYKOB y TIEPBOTO CTpejKa OOJIbIIe, YeM Yy BTOPOTO,
TO TIEPBBIN CTPEJTIOK B CPEIHEM BHIOMBAET OOJbILE OYKOB, YEM BTOPOM, U, CIEOBATEIBHO, CTPE-
JISIET JTy4Ille BTOPOToO.

Mamemamuueckum oxcuoanuem OUCKpemHOU CIy4auHol eenuduHbl X Ha3bIBACTCS CyMMa
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MIPOM3BEICHUI BCEX €€ BO3MOKHBIX 3HAYCHUI Ha UX BEPOSITHOCTH B 0003Havaercs yepe3 M(X).

[lycTe cinydaiinas BennunHa X npunuMaet sHadenus Xg, X,,..., X, € COOTBETCTBYIO-

mumu BeposithocTavmu [y, Ps, ..., P,,. Torma matemaruyeckoe oxunanue M(X) ciyuaiinoit
BEIMYMHBI X ONPEIEIAETCS PABEHCTBOM
M(X)=X.P, +X,P, +...+ X, P,

Ecnu nuckpetHas cinyyaiiHas BelinunHa X IPUHUMAET OECKOHEUHOE MHOKECTBO BO3MOXK-
HBIX 3HAYCHUM, TO

M(X)= %P,

IMpumep 1. HaiiTu MmaremMaTH4eckoe OXUJAHUE CIIy4YalHOW BEIMYMHBI X, 3Has 3aKOH €e
pacnpezneneHus

X 3 5 2

p; 0,1 0,6 0,3

Pemenwue. ckomoe MaTeMaTHIeCKOE OXKUAAHHE IO POpMYJIe paBHO
M(X)=3-01+5-06+2-0,3=39.
Ilyctb X — cnyyaiiHas BenuunHa U M(X) — ee MareMaTH4ecKOe OXKUIaHHE.

Omxnonenuem C]ZyllaleOZZ eeuvurbl Ha3bIBaCTCA PA3HOCTDH X - M (X ) .

Ha mpaxTuke yacto TpeOyeTcsi OLEHHTh paccesiHUEe BO3MOXKHBIX 3HAYCHHU CITydailHOMN
BEJIMYMHBI BOKPYT €€ CpeAHero 3HadueHus. Hampumep, B apTHIIIIEpUN Ba)KHO 3HATh, HACKOJIBKO
KYYHO JIATYT CHapsi/ibl BOJIM3H L€, KOTOpask JOKHA OBITh OpakeHa.

Hucnepcueii (pacceanuem) OuckpemHou cayuainoll 6eauyutsbl Ha3bIBalOT MaTEMaTHUECKOe
O’KMJaHU€e KBaJpaTa OTKJIOHEHHUS CIyJaliHON BEIMUYUHBI OT €€ MaTEMaTHUECKOI0 OKUIaHUS:

D(X)=M[X =M (X)J*.
JInst BBIYMCIICHMS] JUCTIEPCHHM YacTo OBIBA€T yMOOHO BOCIOJIB30BATHCS CIIEAYIOIICH
bopmynoi:
D(X)=M(X*)~[M(X)J"
IIpumep 2. Haiftu qucnepcuto ciydaiiHON BeTMUUHBI X, KOTOpas 3ajjaHa CIe1yIOLIIM 3a-
KOHOM pPaclpeIeIeHus:

2 3 5
0,1 0,6 0,3

Pemenne. Maremarnueckoe oxxunanne M(X) paBHO:

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

o . 2
3aKOH pacHpeelIeHUs CIIy9aliHON BEIINYUHBI X “ umeer Bux:

X2 4 9 25

p; 0,1 0,6 0,3

MarteMaTH4ecKoe OKHIaHue M (X 2) paBHO:
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M(X?*)=4-01+9.0,6+25-0,3=133.
Hckomas nucnepcus paBHa
D(X)=M(X?)-[M(X)] =13,3—(35)? =1,05.
JIJ1s1 OLIEHKU pacCcesiHUsl BO3MOKHBIX 3HAYEHHUM CIIy4allHOM BEJIMYMUHBI BOKPYT €€ CPEAHETO
3HAYCHUS CIIY)KUT TAKXKE CPEHEE KBAIPATUUECKOE OTKIOHEHHUE.

Cpeonum Keaopamuueckum OMKIOHEHUeM CAyHauHou eeiuyunsl X Ha3bIBACTCS
KBaJ[paTHBIA KOPEHb U3 JUCIICPCUU:

o(X)=,D(X).
IMpumep 3.CiyuaitHas BeauurHa X 3a7aHa CICTYIONTUM 3aKOHOM pacipeIeIeHuUs:
X 2 3 10
P; 0,1 0,4 0,5

Haiitu cpenree kBaaparnyeckoe OTKIOHEHHE o (X ) -
Pemenue. Matemaruueckoe oxunanue M(X) paBHo:

M(X)=2-01+3-04+10-05=64.

Maremaruueckoe oxumanue M (X 2) paBHO:

M(X*)=4-01+9-04+100-05=54.
Haitnem nucnepcuro:
D(X)=M(X?)=[M(X)F =54-(6,4)* =13,04.
HckoMoe cpenHee KBaIpaTUUeCKOE OTKIIOHEHHE PABHO:
o(X)=,/D(X) = /13,04 ~3,61.
I[I/ICerTHaSI cnyqaﬁHaﬂ BCIIMYMHA MOXECT 6I)ITI> 3a1aHa nepequM BCEX €€ BO3MOJKHBIX
3HAYEHUH U UX BCpOSITHOCTGfI. O,I[HaKO TaKoOU CHOC06 3aaHus HCIIPUMCHHUM IJII HCIIPECPBIBHBIX

CIIyYalHBIX BEJIUYHH.
Hanpumep, paccmorpum ciiydallHyrO BEIMYMHY X, BO3MOXHBIE 3HAUEHUS KOTOPOU

CIIJIOIIB 3aIllOJIHAKOT UHTEPBAJL (a, b) . O‘{eBI/I,[[HO, 4YTO HCBO3MOKHO COCTABUTH IIEPCUCHL BCCX

BO3MOXKHBIX 3HaueHui X. [loaTomy nenecooOpa3Ho gath oOmIMii crioco0 3aaaHus TIOObIX TUIIOB
CJIydaliHBIX BEJIMYMH, JUIS 4ErO BBOIATCA (PYHKLIUHU paclpe/ieieHusl BEpOATHOCTEH ciyuaiiHOM Be-
JIMYHUHBI.

ITycth x — paelicTBUTENbHOE YKMCIO0. BEposATHOCTh COOBITHS, COCTOSIIETO B TOM, YTO X
IPUMET 3HA4YCHHE, MEHBIIEE X, T.¢. BEPOATHOCTb CoOBITHS X < X, 0603HauuM uepe3 F(x). Ecin

x m3MeHsiercs, To m3mensiercst 1 F (X), .. F(x) — dyHKIms ot x.
Dynkyuetl pacnpeoenenus CrLy4auHol éeauyunsbl X HasbIBaeTCA QyHKIMA F (X), ONpee-

JS011Ast BEPOSITHOCTH TOTO, UTO Clly4aiiHasi BeIMurHa X B pe3yJIbTaTe UCIIBITAHUS TPUMET 3HAYe-
HUEe, MEHBIIIEE X, T.C.

F(x)=P(X <Xx)-
FCOMCTpI/I‘-ICCKI/I 3TO paBeHCTBO MOXHO UCTOJIKOBATh TakK: |: ()() CCTh BepOHTHOCTL TOrO,

4TO CilydaiiHas BeJIMYMHA MPUMET 3HaYeHHE, KOTOPOe M300pa)kaeTcsl Ha YUCIOBOM OCH TOUYKOM,
JIeKAIIEH JIEBEE TOYKH X.
IIpumep 4.Cnyyaiinas BenuunHa X 3a/1aHa cienyomeil pyHkiuei pacnpeaeneHus:
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0 npu x<-1
F(X)=<x/4+1/4 nmpu —-1<x<3
1 npu X>3

HaiitTd BEpPOATHOCTH TOrO, YTO B pE3yibTare HCHObITAHUS X TPUMET 3HAYEHHE,
IPHMHAJIEKAIIEE MHTEPBALY (O, 2) I P(0< X <2)=F(2)-F(0).

Perrenue. Tak Kak Ha HHTEpBAJIe (O, 2) , TIO YCIIOBHIO, 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.

HenpepsiBHyIO ClIyuaiiHyl0 BEJIMYMHY MOXKHO TakKXKe 3a1arTh, HCIONb3Ys IPYIYIO

(GyHKLMIO, KOTOpask Ha3bIBaeTCA (DYHKIMEH TUIOTHOCTH.
Dyukyuel NIOMHOCMU HENPEePuIBHON CIyYauHou eeauyunbl X Ha3bpIBaeTCa (QyHKIUSA

f (X) — nepBasi IPOU3BOJIHAS OT (PYHKIMH pacIipe/leIeHUs F (X) :
!
f(x)=F'(x).

Otcrona cienyer, 4to (GyHKIMS pacupeieseHus ABIseTcs nepBooOpa3Hoi i GyHKIUU
IUIOTHOCTU. JUJI1 ONMCaHUs pacHpeAciIeHUs] BEPOATHOCTEH TUCKPETHOM CIIy4alHOM BEIMYMHBI
(GyHKLUS TUIOTHOCTU HETIPUMEHUMA.

3Hast (QYHKLUIO MJIOTHOCTH, MOXKHO BBIYMCIUTH BEPOSATHOCTH TOTO, YTO HENpEpbIBHAsS

ClIy4aifHas BeTUYMHA MIPUMET 3HaUCHUE, MPUHAAIeKAIee 3aJaHHOMY HHTEpBAIly.
Teopema.Beposmnocms mozo, umo HenpepvléHas cayyaiinas eenuduna X npumem

3HaueHue, npuHaoexcaujee UHMepeay (a, b) pasHa onpeoesenHoMy UHmMe2pay om QyHKyuu

NJIOMHOCMU, 83IMOM) 8 npedenax om a 00 b:
b
P(a< X <b)={f(x)dx-
a
IIpumep S. 3amana GyHKIMS IIOTHOCTH CIy4YailHONW BEMUYMHBI X
0 npu x<0
f(x)=<2x npu 0O0<x<1
0 npu x>1

Haiitm BepoATHOCTE TOTrO, YTO B pE3yJbTAaTe€ HCNBITAHUA X TPUMET 3HAYCHUE,
npunagnexamee uarepsany (0,5; 1).
Pemenue. Mckomast BepoATHOCTH 110 pOpMYyJie paBHA

1
P(O5<X <1)= [2xdx=X,,;=1-0,25=075.
0,5
3Has (QYHKUMIO TIUIOTHOCTH paclpesesieHus f (X) , MOXHO HaWTH (QYHKIHIO
pacnpesenenus F (X) 1o Gpopmyiie

F(x) = Jx.f(z)dz-

Mamemamuueckum oxHcuOanHuem HenpepuleHoll CIy4aunol eauyunsl X, BO3MOXKHbBIE 3HA-
YeHUs! KOTOPOM MPUHAMJIEKAT OTPE3KY [a, b], Ha3bIBACTCS CIEAYIOUIUN ONpeeIeHHbIN UHTE-

rpan
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M(X):Txf(x)dx-

Jlucnepcueii Henpepbl8HOU CLy4atiHOU GeluyuHbl X, BO3MOXKHBIC 3HAUEHUSI KOTOPOU Mpu-

HaJUIeKAT OTPE3KY [a, b], Ha3bIBACTCSI CIICIYIONTUN OTNPeIeTICHHBIN HHTETPa

b
D(X) :j[x—M (X)]? f (x) dx.
a
J1Jis BEIMHCTICHUS TUCTiepcuu OoJiee YI00HBI COOTBETCTBEHHO CleyIOIHe (popMyIbl

D(X) :_szf(x)dx—[M(X)]Z

D(X) = szf(x)dx—[M(X)]z.

Cpeonee  keadpamuyeckoe  OMKIOHEHUE  HENPEPBLIGHOU  CAYYAUHOU  BEIUYUNBI
OIPENENACTCS, KaK U I JUCKPETHOM CIIy4aiiHOM BEJIMYMHBI, CJICIYIOLIUM PABEHCTBOM

o(X)=./D(X) .

Ipumep 6. HaiiTu MatemMaTHuyeCKOE OXKUJIAHUE, TUCIIEPCUIO U CPEJIHEE KBAJIPaTUUECKOE
OTKJIOHEHHE CITy4yaifHOM BEJTMYUHBI X, 3aJaHHOU clenyromel (yHKIMeH pacipeneineHus:

0 npu x<0
F(X)=4x mpu 0<x<1l
1 npu X>1
Pemenue. Haiinem QpyHK1MIO MI0THOCTH:
0 npu x<0
f(X)=F'(x)=<1 npu 0<x<1
0 npu X>1

HaifleM MaTeMaTiuecKoe oxuanme o hopmyre (8.1):
M (X) =J1'x-1-dx =x?/2 |2=]/2-
Hafizem AHCTICpetio 1o Gophyie (8.5):
D(X) = j X1 dx—[Y2F =x*/3 |} —y4=112.
0

Haiinem cpennee kBapaTHIeCKOe OTKJIOHEHHUE 110 hopMyIie:

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

KoppenaunonHslii aHaIM3 U pErpecCHOHHBIN aHAJIA3 SIBJISIOTCS CMEKHBIMU pPa3zeilaMU
MaTeMaTHYECKOM CTaTHUCTUKM W TpPEeIHA3HAYEHBl Ui H3YYEHHs 10 BBIOOPOYHBIM JIAHHBIM
CTaTHUCTUYECKON 3aBUCHMOCTH CIy4yalWHBIX BeIMUYMH. J[Be cilydaliHble BEJIMYMHBI MOTYT OBITH
CBsi3aHBl MO0 (YHKIMOHAJIBHON 3aBHCHMOCTBIO, JIMOO CTATHCTUYECKOH 3aBHCHMOCTBIO, JTHOO
OBbITh HE3aBUCUMBIMHU.

Crporas (hyHKIMOHaNbHAs 3aBUCUMOCTb PEAJTM3yeTCsl pEAKO, TaK Kak 00e BEIMYMHBI UITH
OJIHA U3 HUX MOABEPIKEHBI eI1le ASHCTBHIO CIy4allHbIX (PAKTOPOB, IPUUYEM CPEIU HUX MOTYT OBITh
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1 001IMe 111 06X BEMYMH, T.€. Takhe (PaKTOphI, KOTOphIE BO3/EHCTBYIOT Kak Ha X , Tak U Ha
Y . B 3T0M cilydyae BO3HMKAeT CTATHCTHYECKas 3aBUCHUMOCTb. Cmamucmuueckoti Ha3bIBaeTCs
3aBUCUMOCTD, IIPU KOTOPON M3MEHEHHUE OJIHOM M3 BEIMYUH BIEYET M3MEHEHUE paclpeiciieHus
Opyroil. YacTHBIM CilydyaeM CTaTHCTUYECKOH 3aBUCHUMOCTU SIBIISIETCS  KOPPEISILIMOHHAs
3aBHCUMOCTb.

Ecnu cratucruyeckasi 3aBUCUMOCTb IPOSIBIISETCS B TOM, YTO IPU U3MEHEHUU OJHOM U3
paccMaTpUBaEeMbIX CIIyYalHBIX BEIMYMH H3MEHSCTCS CPEIHEE 3HAYEHUE JPYrod ClydalHOU
BEJIMYMHBI, TO TaKasi CTATUCTUYECKAs 3aBUCUMOCTb HA3bIBACTCS KOPPENAYUOHHOLL.

Jis aHanu3a KOPPENALMOHHOM 3aBHCHMOCTU BOCHOJB3YEMCS MEmMOOOM HAUMEHbUAUX

keaopamos. 1lpu MCHONB30BaHUU ATOrO METOJA CymMMa KBaJApaTOB OTKJIOHEHUI Yi =Y (
| = 1,2, ooy ), Tre Yi — BBbIUMCJICHHAs 0 ypaBHeHHUIO (14.5) opanHaTa, COOTBETCTBYIOIIAS

Ha0JII0JTaeMOMY 3HAUYCHUIO Xi ,a yi — Habmro1aeMas OpJIMHATa, COOTBETCTBYIOIIAs Xi , JOJDKHA

OBITh MUHUMAJIbHOM. Tak Kak KaXK10€ OTKIIOHCHUC 3aBUCUT OT OTBICKMBACMbIX TIaApaMETPOB, TO U
CyMMa KBaJIpaToB OTKJIOHEHHMH €CTh q)YHKI_II/ISI OTHUX IIApaMECTPOB:

F(p.b)= 201, -y,)
F(p,6) = X (o, +b- )"

I[JIH OTBICKaHWsA  MHHUMYMaA IIPHPABHACM  HYJIIIO COOTBECTCTBYIOIIMC  YAaCTHBIC
IMPOU3BOJHBIC:

(OF 3

—=2) (pX;+b-y;)% =0
ﬁp Zl _
OF n

— =2 X +b—-y.)=0
P é(p' yi)

PemmB 5Ty cucreMy IBYX JIMHEWHBIX YPaBHEHUH OTHOCHTEIBHO L0 U b, naiinem

HCKOMBIC ITapaMETPhI:

n n n n n 2
Pyx = nZXiYi_ZXi'ZYi nzxiz_ in ;
i=1 i=1 i=1 i=1 i=1
n n n n n n 2
b= ZXiZ'ZYi_ZXi'ZXiYi nzxiz_ in
i=1 i=1 i=1 i=1 i=1 i=1

AHaJIOrMYHO MOXXHO HalTH BBI60pO‘{HOC YpaBHCHHC HpHMOﬁ JIMHUUN PETpCCCrUu X Ha

X, = Py Y +C

e O, — BBIOOPOUHBI K03 durment perpeccun X Ha Y .

Hpumep 1. Haiitu BeiGopounoe ypasHenue mpamoit jmuauu perpeccun Y Ha X 1o
naHHeIM N = 5 wa6monenni:
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Taonungal.

) &

1,00

1,50

3,00

4,50

5,00

Yi

1,25

1,40

1,50

1,75

2,25

CocTaBuM CIEIYIONIYIO pacUeTHYIO Ta0uILy 2.
Haiinem uckombie mapametpsl u3 cootHomienui (14.9) u (14.10):

p,. = (5-26,975-15.8,15)/(5-57,5-15? )= 0,202,
b=(57,5-815—-15-26,975)/(5-57,5-15% ) =1,024.

HarnumeMm nckomoe ypaBHEHUE IPSIMOM JIMHUK PETPECCUU Y wa X:

y =0,202 x+1,024.

Taoaxuma?2.
2
Xi yi Xi Xi yi
1.00 1.25 1.00 1.250
1,50 1,40 225 2.100
3.00 1,50 9,00 4500
450 1,75 2025 7.875
5.00 2.25 25 00 11,250
n n n
n 2
> X, =15 2.V 2% 2 %Y,
. i=1 i=1 i=1
=1 =815 =57 50 =26.975

Ipu GonblioM uKciIe HAGMOACHNIT 0OHO U Toxe 3HaueHne X Mmoxer Berperutes N
pas, OJIHO W TOXe 3HaueHWe Y — [ pas, OJHA M Ta e Mapa YHCeN (X, y) MOXeT

Ha0Jr01aThCS nxy pa3. Iloaromy naHHble HAOMIOJIEHUM CleqyeT IPyHIUpPOBaTh, IS ITOrO

nojcunThiBaroTcsa yactotel N, , N v nxy . Bce crpynnupoBaHHble JaHHBIE 3aIIHCHIBAIOTCS B BUJIE

TaOIUIIBI (Hanmpumep, Tabnuua 3), KOTopas Ha3bIBACTCS KOPPENAYUOHHOU.
Tabnaumal.
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==6

B nepBoii cTpoke KoppensaIimoHHON TabauIbl  yKa3aHbl HaOmonaemblie 3Hauenus (10; 20;
30; 40) npusHaka X , a B TIepBOM cTon011e — Habmrogaemble 3Hadenus (0,4; 0,6; 0,8) mpusHaka
Y .Ha MepeCceYeHUN CTPOK M CTOJIOIOB HAXOSATCS YaCTOTHI an Ha0II0JaeMBIX TIap 3HAYCHUM
MPU3HAKOB.

B mocnennem ctonbiie 3anmucanbl CyMMBbI YaCTOT CTPOK, @ B TIOCIICTHEH CTPOKE — CYMMBI

4acTOT CTOJIOIOB. B KileTKe, pacroioKeHHON B HIDKHEM MTPaBOM YTy TaOIUIIbI, TOMEIEHA
CyMMa BCEX 4acToT, T.¢. obIee 9nciio Beex Habmoaenuit . OueBuaHO, 9TO
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dn,=>n,=n

Terneps onpenenuMm mapaMeTpbl BHIOOPOYHOTO YPaBHEHHUS MPSMON JIMHUH PErpeccuu Y

ma X B cllyyae, KOIJla TOJy4YeHO OOoJIbIIOe YHCIO MJAHHBIX (TPAKTHYECKH IS
YIOBJICTBOPUTEILHON OLIEHKH MCKOMBIX MapaMeTpPoOB JOJDKHO OBITh XOTs Obl 50 HaOmIOICHMIA),
Cpelu HUX €CTh MOBTOPSIOIINECS, 1 OHU CTPYIIIUPOBAHBI B BUI€ KOPPEISAIIMOHHOMN TaOIUIIbI.

N3 cuctemsl (14.8) MOXKHO MOJYUUTDH CIAEAYIONIYIO CUCTEMY:

pyxzn:xf + bznlxi = Zn:xiyi
i=1 i=1 i=1
3
pyxZXi + nb = Zyl
Jljis IpocTOTHI MPUHSB 0003HAYECHMUSI Z X= Z X, Z y = Z Yi Z X Z X

Z Xy = z X;y; ¥ BOCIOIB30BABIINCH COOTHOLICHUSIMU = Z / / ,
i z X

HaOJIr01a1ach nxy pa3), moiyuyaem

z Xy = any Xy (B NpPEINONOKEHHM, UTO T1apa HHCEN (X, Y)

9 _
NX’p,, +nxb=>"n xy
Xp, th=Yy
Bropoe ypasHenue cuctemst (14.13) npeo6pasyem k Buny D = Yy — X yx W TONICTABHB

OpaByl0 4YacTbh 3TOT0 PABCHCTBA B YPAaBHCHHUC )_/X = pyXX+ b, noTy4dum  CICAYoMIee

COOTHOILICHUE
Yy Y :pyx(x_x)'
HalJeM U3 CUCTEMbI BBIOOPOYHBIN KOAPPUIIUEHT PErpecCuu Py
DN XY —NXY > n, Xy—nxy
= = = .

n(x2 —(x)z) no,
YMHOXHUM 00€ 9acTH 3TOr0 paBeHCTBA Ha APO0b 5)( / 5y ;
&, D N Xy —nxy |

o, no,o,

Py =

Pyx *

OG6o3Ha4MM npaByto 4acTh paBeHcTBa (14.15) uepes [

Torma nomydaem
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BUIA

YHH.

AHaAJIOTUYHO MOXKHO HATH BBIOOPOYHOE ypaBHEHUE MPSMON JIMHUH PErPECCUU X maY
(o)

= (y-Y)
Gy

X, =X =T,

Konmponwvuwvie 6onpocwt u 3a0anus:

1. UnicnoBble XapaKTEPUCTHKH TUCKPETHBIX U HEMPEPBIBHBIX CIIyYalHBIX BEIMYHUH.

2. MaremaTtn4eckoe 0XKHJIaHNE JUCKPETHBIX U HEMTPEPBIBHBIX CIyYaHbBIX BEIIMYHH.

3. Jlucnepcust TUCKPETHBIX U HENPEPHIBHBIX CIIyYalHbIX BETHUYHUH.

4. CpenHee KBaJIpaTUUECKOE OTKIOHEHUE IUCKPETHBIX U HEMPEPBIBHBIX CIIYYalHbBIX BEJIH-

5. Meron HAaMMEHBIINUX KBaPATOB.

6. Koppemsiimonnas Tabnuna.

7. Be1bopo4yHOE ypaBHEHUE NPSAMOM JINHUU PETPECCUU.

3aganue 1. YCTpoicTBO COCTOUT U3 TPEX HE3aBUCHMO PabOTAIOIIMX 3JIeMEHTOB. Beposr-

HOCTh OTKa3a KaXJ0ro 3jemMeHTa B ogHoM orbiTe paBHa 0,1. CocTaBUTh 3aKOH pacmpeeacHus
YHCIIa OTKA3aBIIUX DJIEMEHTOB B OJHOM OIIBITE.

3ananue 2. B maptuu 10 % HectanaapTHeIX aeraneil. Hayrag otoOpanst 4 neranu. Hanu-

caTb OMHOMHUAJIbHBIN 3aKOH pacripeaeseHns JUCKPETHON CilydailHON BEJIMYMHBI — YUCia HECTaH-
JApTHBIX JeTallel Cpein YeThIPEX OTOOPAHHBIX U MOCTPOUTH MHOTOYTOJIbHUK MOJYYEHHOTO pac-
[IPEACIICHNUS.

3ananue 3. JluckperHas ciydaiiHas BeTUYMHAa X MPUHUMAET TPU BO3MOXHBIX 3HAUCHUS:

X, =4 C BEPOATHOCTBIO p, =0,5 X, =6, C BEPOATHOCTBIO p, =0,3 U X3 C BEPOATHOCTHIO P,. Haiitu

X; u Pj, 3Has, 9TO M (X) =8,

Bamanne 4. JlaH TiepedYeHb 3HAYEHHWH JUCKPETHOW CIlydaliHOW BenuuMHBl X !

X = -1, X = 0, X, = 1, a Taxke M3BeCTHBI MaTeMaTHUYECKHE OKUIAHUS CAMOM ATOM BEINYMHBI

u eé kagpara: M(X) =0,1, M(XZ) =0,9.. Haitru Bepostroctn Py, Py, Ps-.

3ananue 5. CnyyaitHas BennunHa X 3ajaHa QyHKIUEH pacipeneeHus:

0 x<1
F(x)= 1x—1 -1<x<5 ;
4 4
1 X>5

Haiitu: a) IIJIOTHOCTBH paClpCACICHUA CJ'Iy‘-IB.fIHOfI BCIIMYHHBI, 6) BEPOATHOCTH TOT'O, YTO B

pe3yJibTaTe UCTIBITAaHKS BEJIMYMHA IPUMET 3HaUEHUE, 3aKII0YEHHOE B MHTEpBae (2,3).

3amanue 6. Haiitn BEIOOpOUYHOE ypaBHEHHE MPSMOW JTMHUU perpeccud Y Ha X TI0 JaH-

HBIM, IPUBEIEHHBIM B CIIEAYIOIICH TaOIHIIE:

Y

X

20

25

30

35

40

16

4

6

10
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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

Ilpakmuueckas paooma Ne8. Ocnoewl 6b100pOUHO20 MEMOOA U ITIEMEHMbL CHAMU-
CMUYecKoll meopuu OUeHUGAHUSL.

IJens: 3axpenuTh MOHATUS BEIOOPOUHON COBOKYITHOCTH, BBIOOPOYHOH (DYHKIIMH pacrpe-
JICTICHUSI.

OcHnoevt meopuu:

IIpeomemom mamemamuyeckou CMaAMUCMUKU A6ISemMcs co30anue memooos coopa u
00pabomku cmamucmuyeckux OAHHbIX 01 NOAYUEeHUs HAYYHBIX U NPAKMUYECKUX 8bl80008.

MatemaTtuueckas CTaTUCTUKA OMUPACTCS HAa TEOPHUIO BEPOSTHOCTEH, U €€ 11e]Ib — OILCHUTh
XapaKTEPUCTUKU T€HEPaIbHON COBOKYITHOCTH 110 BEIOOPOYHBIM JIaHHBIM.

Ecnu Tpebyercss H3y4yuTh COBOKYNHOCTH OJHOPOIHBIX OOBEKTOB OTHOCHUTEIHHO
HEKOTOpPOT0 TMPHU3HAKA, XapaKTEPU3YIOIIEro OSTU OOBEKThl, TO €CTECTBEHHBIM SBJIETCS
MPOBEJICHHUE CIUIOUIHOTO 00CIeI0BaHus, T.€. 00CIeI0BaHUE KX I0T0 U3 00BEKTOB COBOKYITHOCTH
OTHOCHUTEJIBHO 3TOro npu3Haka. Ha mpakTuke, oJHaKo, NPOBEAECHUE CIUIOIIHOIO 00Cie10BaHUS
MO0 TeM WIM WHBIM NPUYMHAM YacTO ObIBa€T HEBO3MOXHBIM. B Takux ciydasx cilydaitHO
OTOMpAIOT U3 BCE COBOKYIHOCTH OIPaHUYEHHOE YHCI0 00BEKTOB U MOJBEPratoT UX U3YUYEHHUIO.

Buvibopounoii  cosokynHocmebl0 WA TPOCTO GbIOOPKOU HA3BIBACTCS COBOKYIMHOCTH
CIIy4ailHO OTOOpaHHBIX OOBEKTOB. [eHepanbHOU COBOKYNHOCMbIO HA3bIBAETCSI COBOKYIMHOCTH
00BEKTOB, U3 KOTOPBIX MPOM3BOAUTCA BbIOOpKa. Hampumep, ecnu Bce cryneHTsl Hamorosoit
aKaJeMUM — 3TO TEHEepaJibHasi COBOKYIMHOCTb, TO CTYJIEHThl KaKOW-TMOO TpYNIbl SBISIOTCS
BBIOOPKOH.

Ob6vemom COBOKYITHOCTH (BBIOOPOYHOM WITM T€HEPATbHOM) HA3bIBAETCS YUCIO OOBEKTOB
3TOl coBOKymHOCTH. Hampumep, eciu u3 1000 netaneit otobOpano ans obcnemoBanus 100
neraneii, To 00beM renepansaoii copokynaocty N = 1000, a 06bem Beibopku N = 100 .

[Ipu cocTaBieHnH BBIOOPKH MOYKHO IMOCTYIATh ABYMSI CIOCOOAMMU: TIOCTIE TOT0, KaK 00BEKT
0ToOpaH U HaJl HUM ITPOU3BEACHO HAOII0/IEHHE, OH MOXET OBITh BO3BpAIIIEH JINOO HE BO3BpaIlleH
B TEHEpaJbHYI0 COBOKYMHOCTh. B 3aBUCMMOCTH OT 3TOro BBIOOPKHM MOJpa3ensioTcs Ha
MOBTOPHBIE U OECTIOBTOPHBHIE.

IlosmopHoti Ha3bIBalOT BBIOOPKY, MPH KOTOPOW OTOOpaHHBIH 00BEKT (mepen oTOoopom
CJIEYIOIIETO0) BO3BPAIAeTCs B TEHEPAIbHYIO COBOKYITHOCTb. becnoemopHoii Ha3bIBalOT BEIOOPKY,
IIPU KOTOPOIl 0OTOOpaHHBIN OOBEKT B T€HEPATIbHYIO COBOKYITHOCTh HE BO3BPALLACTCS.

Jlnst TOoro, 4ToOBl MO JJAHHBIM BBIOOPKH MOXHO OBUIO JIOCTaTOYHO YBEPEHHO CYIHUTH 00
MHTEPECYIOIIEM NPU3HAKe IT'eHEPATbHOM COBOKYITHOCTH, HEOOXOIMMO, YTOOBI 0OBEKTHI BEIOOPKHU
MPAaBUIILHO €ro MPEeJCTaBISAIU. JpyruMu coBaMu, BRIOOpKA JOKHA MPABUIIBHO MPEACTABISATh
MPOMOPLUU T'eHEepalbHONM COBOKYIHOCTH, T.€. BBIOOpPKA IOJDKHA OBITh penpeseHmamugHol
(npeocmasumenvhoti).

B cuny 3akoHa OonpIIMX YHCENT MOXHO YyTBEpXKIaTh, 4YTO BBIOOpKAa OyaeT
pENpe3eHTaTUBHON, €CIM KaxAblii OOBEKT BHIOOPKM OTOOpaH cllydyailHO M3 TeHepalbHOU
COBOKYITHOCTH B MPEATNOJIIOKEHUH, YTO BCE 0OBEKTHI UMEIOT OJMHAKOBYIO BEPOSTHOCTD MOMACTh
B BEIOODKY.
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CraTtuctuueckoe pacmpenesieHiue rpaguueckd MOXKHO M300pasuTh Pa3IUYHBIMU CIIOCO-
06aMu, B 4aCTHOCTH, B BUJIE ITOJINTOHA U THCTOTPAMMBI.
Ilonueonom wuacmom Ha3bpIBACTCS JIOMaHas, OTPE3KM KOTOPOM COEIUHSIOT TOYKH

(X11 I"Il), (XZ, nz) R (Xk, n, ). Jlnst mOCTpOeHUs TIOMHIOHA YACTOT HA OCH aBCILHCe
OTKJIaABIBAOT BAPHUAHTLL XI , 4 HA OCH OpAMHAT — COOTBCTCTBYIOIIUEC MM YaCTOTBI nl . Touku

(Xi , N, ) COEIMHSAIOT OTPE3KAMU MPAMBIX M [OJIYYAOT TOJUIOH YacTOT.
Tonuzonom omuocumenvublx yacmom HaA3bIBACTCSA JIOMaHas, OTPE3KH KOTOPOH COeIu-
HSIIOT TOYKHU (Xl; Wl)’ (XZ; WZ)’ oy (Xk; Wk) [ToJIMTOH OTHOCHUTEIBHBIX YAaCTOT

CTPOUTCSI aHAJIOTUYHBIM TTOJIMTOHY 4acToT o0pazom. Ha puc. m300pa’keH MOIUIOH OTHOCHTENb-
HBIX YacTOT CJIEIYIOLIEro paclpeieeHus:

Tabnumnal
X; 2 4 6 8
W, 01 05 0,25 0,15
Wi
0,6 +
05 +
04 +
0,3 +
0,2 +
01+ X
0 1 1 1 1 1
0 2 4 6 8 10

Puc. 1. [Tonurod oTHOCUTENBHBIX YACTOT.
B cnydae HempepbIBHOTO TpU3HAKA I[EI€CO00Pa3HO CTPOUTH TUCTOTPAMMY, IS YEro UH-
TepBaj, B KOTOPOM 3aKJIIOYEHBI BCE HAOIIOJaeMble 3HAUEHUS TMpHU3HAKa, pa3OMBaeTCs Ha He-

CKOJILKO YaCTHYHBIX MHTEpPBAIOB JUIMHONH N ¥ 115 Kaka0ro 4acTHYHOro MHTEpBAja HAXOMUTCS
N, — cymma gacToT BapuaHT, NIONABIINX B i-if HHTEpBaIL.
T'ucmoepammoui uacmom HasbIBaeTCs CTylNeH4aras (uUrypa, CoOCTOsIas U3 MpsiMOyroib-

HUKOB, OCHOBAHHAMHU KOTOPBIX CIIYXXAT YaCTUYHBIC NHTCPBAJIbI JJIMHOIO h , 4 BBICOTBI paBHBI OT-
HOIICHHIO ni /h . I[J'IH MMOCTPOCHUS TUCTOTPAMMBI YaCTOT Ha OCHU a6CI_II/ICC CJICOAYCT OTJIOKHUTDH

YaCTUYHBIC MHTCPBAJIbI, @ HAA HUMHU NPOBECCTH OTPE3KU, MAPAJJICITIBHBIC OCU 36CHI/ICC Ha pacCTos-

HI/II/Ini/h.

[Tnomane i-ro 4YaCTUYHOTO MPSIMOYTOJIFHUKA paBHA h n, / h= N, — cymme yactor Ba-

pHAHT i-TO0 MHTEPBAJA; CIEOBATEIBHO, NI0WAOb CUCMOSPAMMbL YACTNOM PABHA CYMMe 6CeX Yd-
cmom, m.e. 00vemy 8b100pKU.
Taonuma?2

Cymma gactoT

YacTuuHbIl BapHUaHT YaCTUYHOI'O
UHTEpBaJ JyiuHOK h=5

IlnotHOCTE

YaCTOTHI ni / h

unrepsana M;

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
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30— 35 10 2,0
35—140 4 0,8

Ha puc.2 n3obpaxkeHa rucTorpaMma 4acToT paclpeeNieH s, 3alaHHbIX B TaOJIHIIE.

n/h

OFRP N WSO O N
I

| 1 -

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

Puc.2. 'ucrorpamma yacToT pacnpeaencHus.
T'ucmoepammon omHocumenbHbiX Yacmom HA3bIBACTCS CTyNeHYaTast GUrypa, CoCTOsIIAs
3 IIPAMOYTOJILHUKOB, OCHOBAHMSAMH KOTOPBIX CIIYKAaT 4aCTHYHbIE HHTEPBab JyIMHOW N | a BbI-

COTBI paBHbI OTHOIICHUTO Wi / h T HUCTOorpamMmMa OTHOCUTCIIbHBIX YaCTOT CTPOUTCA aHAJIOTHYHBIM
TucTorpaMme 4aCTtoT O6p330M.
IInomans I-r0 4aCTUYHOIO MNpsAMOYIOJIbHUKA paBHA hWI /h :Wi — CYMMC OTHOCH-

TEJbHBIX YACTOT BAPHAHT I-r0 HHTEPBAJIA; CIICA0BATEIBHO, NI0UA0b 2UCOSDAMMbL OMHOCUMENb-
HbIX YaCMOMm PaGHA CyMMe 6CexX OMHOCUMENbHBIX YACMOMm, m.e. eOuUHUYe.

Ecnu TpeOyercst H3y4uTh KOJIMYECTBEHHBINH NMPU3HAK TeHEpaIbHOI COBOKYITHOCTH, TO
BO3HHUKAET 3aJja4a OLEHKH I1apaMeTPOB, KOTOPBIMU OINPEEIIAETCS paclpeielIeHue 3TOro MpHu-
3Haka. Hanpumep, eciin Hanepe U3BECTHO, YTO U3Y4aeMbIi IPU3HAK PACIPEEIIEH B TeHEpallb-
HOM COBOKYIHOCTH HOPMAaJIbHO, TO HEOOXOIMMO OLEHUTH (MPUOIMKEHHO HAWTH) MaTeMaTuye-
CKOE OXKHUIAHHE U CpeHEE KBAAPAaTHUECKOE OTKIIOHEHHUE, TaK KaK 3TH JBa MIapaMeTpa MOJIHO-
CTBIO OIIPEAEISAIOT HOPMAJIBHOE PACIpECIICHUE.

OOBIYHO MMEIOTCS JIUIIb JaHHbIE BBIOOPKH, HAIIpUMEp, 3HAUEHUS! KOJIMYECTBEHHOI O IpH-

snaka X;, X, , ..., X, HOJy4eHHbIE B pe3ysIbTaTe N nabmonenuii, mpuuem >tu HaGMIOAEHUS
IpEeJIIoJiaratoTCsl He3aBUCUMbBIMU. Uepe3 3TH JaHHbIE U BBIPA)KAETCS OLICHUBAEMbIN MapameTp.

PaccmaTpuBast Xl, X2 e Xn KaK HE3aBHCHUMBIC CITyYallHbIC BEIIMIMHBI Xl’ XZ’ . X N
MOYKHO CKa3aTh, YTO HaX0XKICHHE CTATUCTHUECKOW OIIEHKH HEU3BECTHOTO IIapamMeTpa TeopeTude-
CKOTO pacIpe/esieHUs] PABHOCHIIBHO HAXOXKJICHUIO (DYHKIIMU OT HAOJFOTAEMbBIX CITyYaiHBIX BEJH-
YMH, KOTOpas W JaeT NMPHOIMKEHHOE 3HAYCHHWE OIEHWBAaeMOro mapamerpa. Hampumep, s

OLIEHKM MAaTeMaTHYeCKOr0o OXHJAHUS HOPMAJIBHOTO pAaclpelesieHUs] CIYXHUT (QYHKLIUSA
X = (X1 + X, +...+ X, ) / N, KoTopas sABIAETCS CPpeHUM apuPMETUIECKHM HaOI01a-

€MbIX 3HAaUeHUI NpU3HAKA.

Takum 00pa3oM, cmamucmuueckoll OyerKol Heuzsecmnozo napamempa @ Tteopernde-
ckoro pacnpenenenus Haspsaercs ¢ymkums @ =@ (N) =6 (X, X,,..., X)) or
HaOJIOJaEMBIX CITy4alHBIX BEJIMUMH, KOTOPAsi B ONPECICHHOM CTaTUCTUYECKOM CMBICIE OM3Ka
K UICTUHHOMY 3HAY€HHUIO 3TOT0 MapaMeTpa.

Baxxneimmmu cBOWCTBAMH CTATUCTHYECKOU OIIEHKH, OTIPEICISIFONUMU €€ OJTM30CTh K HC-
TUHHOMY 3HAQYEHUIO OLIEHMBAEMOTrO MapaMeTpa, SIBJIAKOTCS CBOMCTBA HECMEIIEHHOCTH, COCTOS-

TEIBLHOCTH ¥ 3(PPEKTUBHOCTH.

HYCTB réeHepajibHast COBOKYITHOCTb U3Y4YaCTCAd OTHOCUTCIIbHO KOJIMYCCTBCHHOI'O ITPU3HAKA
X.

39



I'enepanvroii cpeoneii X ~ Ha3bIBaeTCs cpeHee apu(pMETUYECKOE 3HAUCHNUI IPU3HAKA e~
HEPAJIbHOW COBOKYITHOCTH.
Ecnu Bce 3HaueHus Xl, X2 R XN MpU3HAKa TeHEPAIbHON COBOKYITHOCTH 00bheMa N
pa3IMYHBbI, TO T€HEpaIbHasl CPE/IHSsS paBHA
X, =(X + X, +...+Xy)/N.
Ecnu ke 3navenns npusHaka X;, X, , .., X, UMEIOT COOTBETCTBEHHO YaCTOThI Nl,

NZ’ .\ i » IpUYEM Nl + N2 +...+N K = N , o B 9TOM cllydae TeHepasibHas CpeIHss
paBHa
X, =(XN; + XN, +...+%N,)/N.
Ecnm paccmarpuBath 00cneayeMplid Mpu3HaK X reHepaibHOM COBOKYITHOCTH KaK Clydam-

HYIO BEJINYMHY, TO MOXKHO CJEJIaTh BBIBOJI, YTO MAaTEMAaTHUYECKOE OXKHIaHHE TIPU3HAKA PABHO T'e-
HEPaJbHOU CpeiHel ATOro MpHU3HaKa:
X, =M(X).

[IycTp Tenepp s U3ydeHHs T€HEPAIbHOM COBOKYIIHOCTH OTHOCHUTEIBHO KOJIMYECTBEH-
HOTO TIpM3HaKa X u3BIedYeHa BbIOOpka oobema 1.

Boibopounoii cpeoneii X 5 Ha3bIBAETCS CPEIHEE APHPMETHIECKOE HAONFONAEMBIX 3HAYE-
HHH MPHU3HAKa BEIOOPOYHON COBOKYITHOCTH.
Ecnu Bce 3HaUEHUS Xl, X2 e Xn IpH3HaKa BeIOOpKU oO0bema [ pasmudnbl, TO BEIOO-

pOYHas CpeHsIsI paBHA
Xz =(X + X, +...+X.)/n.
Ecnu ke 3HaYeHUS TIpHU3HAKA Xl, X2, s Xk MMEIOT COOTBETCTBEHHO YaCTOTEI nl, n2,

oy Ny, mpuem N +N, +...4+ N, =N, 10 B 3TOM Cryuae BeIGOPOUHAS CPEHSA PaBHA
Xz = (XN, + XN, +...+ XN )/N

k
Xy =| > xn | /n.
i=1

I'enepanvnoii oucnepcuetl D ;- Ha3bIBAETCs CpejiHee apu(PMETUYECKOE KBAIPATOB OTKJIO-

nimn

HEHMI 3HaYCHUI IIpU3HaKa TCHCpaJIBHOﬁ COBOKYITHOCTH OT UX CPCAHCTO 3HAYCHUA XF .

Ecmu Bee 3Hauenus X;, X, , ..., X\ IpH3Haka renepanbHoii coBokymHoctr oobema N

Pa3IMYHBI, TO TeHEpaIbHAs AUCIIEPCHs PaBHA
N
— \2
Dr: Z(Xi_xr) N .
i=1

Ecnu xe 3HauyeHHs IIprU3HaKa Xl’ X2 y ey Xk HUMCIOT COOTBETCTBCHHO 4YaCTOThI Nl'

NZ’ Nk,anqu N1 + N2 +...+ Nk = N, 10 B o1OM cllyyae reHepajibHast JucIep-

CHUs paBHaA
k

-\
Dr: Z(Xi_xr) I\Ii N
i=1
Tenepanvuvim cpedHum K6aopamudeckum omrkioHeHIeM Ha3bIBAeTCs KBaIPaTHBIA KOPEHb
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U3 I'eHEPAIbHOU JUCIIEPCUU:

GF:\/D7F-

Ipumep 1. ['eHepanbHas COBOKYITHOCTh 3aJiaHa CJICIYIONIEH TaOJIUIIeH pactpeaesieHUs

X. 2 4 5 6

N. 8 9 10 3

Haiitu renepalibHyr0 TUCIIEPCUIO U T'€HEPAIbHOE CPEAHEE KBAIPATUUECKOE OTKIIOHEHUE.
Pemenue. Haiiiem reHepalibHYIO CPEAHIONO:

_— 2-8+4-9+5-10+6-3 120
g 8+9+10+3 30

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

Haiinem renepanbHoe cpeHee KBaIpaTUUECKOE OTKIOHEHHUE !
o, =D, =18 ~1,34.

Buibopounoii oucnepcueii D 5 HA3BIBACTCS CpeNHEe apu(hMETHUECKOE KBAIPATOB OTKJIO-

4

18-

HEHHI Ha0JII0JaeMbIX 3HAUYCHHI TIPU3HAKA BEIOOPOYHON COBOKYITHOCTH OT MX CPETHETO 3HAUCHUS

X .

Ecnu Bee 3navenns Xy, X, , ..., X, npusHaka BbIOOpku oObeMa [l pasiuuHbl, TO BbI-

n

(g0 0]

Ecnu ke 3HaueHUs Ipru3HaKa Xl, X2, v Xk HAMEIOT COOTBETCTBEHHO YaCTOTEI nl, n 2

OopouHas nucrepcus paBHa

ooy My, mpuwem N + N, +...+ N, =N, 10 B 3TOM cnyyae BEIGOPOUHAS AUCTIEPCHS PaBHA

(S o)

Bbl50p0’~lelM cpeOHuM Kea()pamuueCKuM OMKNOHeHUueM Ha3bIBaCTCs KBallpaTHblf/'I KOpPCHb

ns3 FCHCpaﬂBHOﬁ AUCTICPCHUHN:
o, =+D;.

IIpumep 2. BoibopouHast COBOKYITHOCTb 3a/laHa CJeyoueil Tabauiei pacipeaeieHus:

1 2 3 4
20 15 10 5

HaiiTi BRIOOpOUHYIO AUCTIEPCHIO ¥ BBIOOPOUHOE CPEeIHEE KBAIPAaTHUECKOE OTKIOHEHHUE.
Pemenue. Halimem BEIOOPOYHYIO CPEIHIONO:

< - 1.20+2-15+3-10+4-5 100

5 2.
20+15+10+5 50
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Haiinem BEIOOPOYHYIO TUCTIEPCHIO:
(1-2)°-20+(2-2)*-15+(3-2)*-10+(4-2)*-5 50
D5 = 50 T50

Haiinem BbIOOpOUYHOE cpeiHEE KBAIPATUUECKOE OTKIOHEHUE:!

7, =D, —1-1

Teneps mycTh TpeOyeTcst IO JaHHBIM BBIOOPKH OIICHUTh HEU3BECTHYIO T€HEPATIHHYIO IUC-

1.

IIEPCUIO D . Berbopounas JUCIICPCUA D SABJIACTCA CMGH.IGHHOﬁ OI.ICHKOfI D TaK KaK
r B I

M(D,)=""" b
B ) = F .
n
Ecin xe B kauecTBe OLICHKHU FeHepaﬂbHOﬁ JUCIICPCHUU IIPUHATD UCNPABIIEHHYIO ducnepcum

2
S, KoTOpas MoIydaeTCs MyTeM YMHOXKeHus D 5 Ha pods N / (n — 1) , TO OHa Oy/IeT HecMe-

HIEHHOW OLIEHKOM reHepanbHou aucriepcud. [lomyyaem

SZZLDB: L = = Z(Xi_XB)Zni /(n_l)

M(SZ): M LDB :LM(DB)zl-n—lDF =D,.
n-1 n-1 n-1 n

Nwmeetcs nBa cioco0a OLEHKH IapaMeTPOB: TOYEUHbIN U UHTEPBAIbHBINA. TOUEUHbIE ME-
TOJBI YKa3bIBAIOT JINIIb TOYKY, OKOJIO KOTOPOH HaXOJUTCS HEU3BECTHBIM OLICHMBAEMBIN INapa-
MeTp. C mOMOIIbI0 MHTEPBAIBHBIX CIIOCOOOB MOXKHO HAWTH MHTEPBAJ, B KOTOPOM C HEKOTOPOU
BEPOATHOCTBIO HAXOAMUTCS HEU3BECTHOE 3HAUECHUE ITapaMeTpa.

Toueunou Ha3bIBAaETCS OLIEHKA, KOTOpas onpeaenseTcs: oqHUM uncioM. [lpu Beibopke ma-
Joro o0beMa TOYe4Has OLIEHKAa MOXET 3HAUUTENbHO OTIMYAThCS OT OLIEHMBAEMOIO Mapamerpa,
T.€. IPUBOJUTH K IpyObIM omuOkaM. [lo 3To#l mpuunHe npu HEOOJIBIIOM 00beMe BBIOOPKH Clie-
ZyeT N0JIb30BaThCsl UHTEPBAJIBbHBIMU OLICHKAMHU.

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

[lycth HaliieHHas MO JaHHBIM BBIOOPKM CTaTHCTUYECKas XapaKTepUCTHUKa 0 CILYXKUT

Hee onpezenseT napamerp &, yem MeHblie O . TOUHOCMb OYeHKU XapaKTepHU3yeTCs MOJI0KHU-
TeIbHBIM YUCIIOM O .

oneHkoi HensBecTHOro napamerpa & . Ecmu 0 > 0 u < &, 1o ouenxa @ Ttem Tou-

OJ1HaKO HEJb3s KATETOPUYECKU YTBEPXKIaTh, UTO OIIEHKA 0 YIIOBJIETBOPSICT HEPABEHCTBY
‘ 0—-6 ‘ < O . CTaTHCTHYECKUE METOIBI [O3BOJSIOT JIMIIb TOBOPUTH O BEPOSITHOCTH, C KOTO-
pOii 3TO HEPABEHCTBO OCYIICCTBIISETCS.

Haoescrnocmoio (006epumenshoi 6eposamnocnpio) olleHKu @ no 6 nasvisacres BEPOSIT-

HOCTb )/, C KOTOPO# OCYIIECTBIISETCSA HEPABEHCTBO ‘ 0-6 ‘ <0,re.

P(|o-6]<5)=7.

B xauecTBe )/ Oepercs ynucno, OIM3KOE K TMHUILIE.
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W3 HepaBeHCcTBa ‘ 0—-0 ‘ < O Nerko MOKHO MOJNY4HTh JABOHHOE HEPABEHCTBO

0-5<0<6+56.

Torna cooTHONIEHHE TMPUHUMAET CIACAYIOIIUA BUT
P(0-5<0<0+5)=y.
OTO COOTHOIICHHUE O03HAYaeT cieayromee: BCPOATHOCTb TOTO, 4YTO HMHTCPBAI

(@ — O, 6 + &) 3axmouaer B cebe (MOKPHIBACT) HEU3BECTHEII Mapametp & , paBHa ) .
Unrepsan (6 — &, € + ) HasbBaeTCs 006epumensHbLM UHMEPEAIOM, KOTOPBIH 1T0-

KPBIBACT HEM3BECTHBIN napameTp €@ ¢ 3a1aHHOH HAEKHOCTBIO ¥/ .

IlycTb KOIMYECTBEHHBIM MNpU3HAK X TIEHEPAIbHOM COBOKYIIHOCTH PpacIpeleNcH
HOPMAaJIbHO, TIPHYEM CPEHEee KBaIpaTHIecKoe oTKiIIoHeHHe O 3TOro pacrpenesieHus M3 B € C T
H 0. TpebyeTcs OlleHHTh HEM3BECTHOE MATEMATHUECKOE OKMiaHne Ol 110 BEIGOPOUHO cpeaneii
X . IlocTaBum cBoeii 3a1aueil HANTH JOBEPUTETBHBIE HHTEPBAIIBI, HOKPHIBAIOIIHE MapamMeTp A ¢
HaJIE)KHOCTBIO )/ .

ByzseM paccMarpuBarh BHIOOPOUHYIO CPEAHIO X Kak CIYYalHYIO BEIHYUHY X (X

M3MEHSETCS OT BBIOOPKH K BHIOOPKE) M BBIOOPOUHBIC 3HAYeHHs Tpu3Haka Xy, X, , .., X, —

KaK OJMHAaKOBO PacCIpPCACICHHBIC cnyqaﬁHLIe BCJINYHHBI Xl’ X 21 X n (3TI/I qucila TaKXKeE

WU3MEHSIOTCSI OT BBIOOPKH K BBIOOpKE). MareMaTH4eckoe OXKHJIaHWE KaKIOW M3 dTUX BEIMYUH
paBHO A U cpeaHee KBaApaTHYeckoe oTkIoHeHne — O ..

HonyqaeM, 4TO IapaMCTpbl paCIIpCaACICHUA X cleayromue:
M(X)=a, o(X)=c//n.

HOTpe6yeM, YTOOBI BBIOJIHSAIOCH COOTHOIIIEHHE
P(|X ~a|<5)=7,
rac 7/ — 3a1aHHasA HaJACKHOCTb.

Ucnone3ys Gopmyny ¢ 3ameHoit X Ha X u0 m cy()?) = G/ /N, HETpymHO

HOHy‘-II/ITI) COOTHOIIICHUC
P(|X —a<5)=20(5Vn /o) = 20(t).
e t = 5\/5/0.

Haiins u3 nocneanero pasenctsa O = to / \/ﬁ , MO>KHO HaIlMCcaTh
P(|X —a|<ta/n)=20().

O6o3Hayast g OOIIHOCTH BHIOOPOYHYIO CPEAHIOD BHOBb depe3 X, TOJydaem

COOTHOLICHUA
O(t)=y/2

P()?—ta/\m<a<)?+ta/\m):y.

3H211H/IT, C HaIACKHOCTBIO 7/ MOKHO YTBCpPKIAATb, YTO I[OBCpHTCHBHLIﬁ HUHTCpBAJ

(X—to / \/ﬁ , X +t6/ \/ﬁ ) mOKpbIBaeT HeM3BeCTHBIH mapamerp G, mnpu 5ToM
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TOYHOCTH OLEHKU paBHa O = to" / N, auaucno t OTIPENIETISICTCS U3 PABEHCTBA IO TaOJIHIIE

¢ynkuuu Jlamnaca.
pumep 3. Cinyyaiinas BenuurHa XUMEET HOPMAJIbHOE pPACHpPEACIICHUE C U3BECTHBIM
CPEIHUM KBaIPaTHUYECKMM OTKIOHEHHEM & = 3. HaliTu 10BepUTEIbHbIN HHTEPBAI LIS OLIEHKH
HEN3BECTHOTO MAaTEMAaTHYECKOTo OKuaaHus A Mo BHIOOPOUHOI cpemHeil X , eciu 00BEM BbI-

6opku N = 36 u 3anaHa HAJEKHOCTH OLCHKH )/ = 0,95.

Pemenue. Haitnem . Y3 cootnomenus (13.8) nonyyaem (D(t)

¢dbyakuum Jlamnnaca Haxoqum t= 1,96 :

HaligeM TOYHOCTD OLIEHKU:

JIOBEpUTENIbHBI MHTEPBAl TaKOB:

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

X = 4,1 , TO ZIOBepI/ITeJH)HI)If/'I HHTCPBAJI UMCCT CIICAYIOIINEC TOBCPUTCIIbHBIC I'PAHUTBI:

OopKH:

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

KOHmpOJleble 60npocoul U 3a0aHUA.

© N oukrowbdPE

9.

Bp100povHasi COBOKYITHOCTb.

Bribopounas GpyHKIHS pacipeiesicHus.

['ucrorpaMma, MOJUIOH YacToOT.

Crioco0bI cocTaBICHUST BEIOOPKHU.

BrlunciieHne TOYEUHBIX OL[CHOK apaMeTPOB PACIPEICICHUSL.
BrrunciieHne nHTEpBaJIbHBIX OLIEHOK apaMETPOB PaCIpPEICTICHHUS.

Bri6opounas cpemnss Xg

Bri6opounas mucrepcus Dy

2
Hcnpasnennas qucnepcus S

3ananue 1. BeiOopka 3a1aHa B BUIe paclpeeeHHsI YacToT:

X. 2 5

P 1 8

Haiitu pacipeacieHue OTHOCUTCIIbHBIX YaCTOT.

3ananue 2. Haiitu ¢pyHKIMIO pacnpeeneHus o JaHHOMY pacipeeIeHUI0 BBIOOPKH:

X

1

2

5

P

10

4

6

= 0,475 U I10 Ta0IHIe

()_( —0,98; x+ 0,98) Hanpumep, ecnu

3a,Z[aHI/IC 3. HOCTpOI/ITB MMOJIMT'OH OTHOCUTCJIBHBIX YaCTOT I10 JaHHOMY PAaCpPCACICHUTO BbI-

X; 2 4 5 8
P, 11 19 8 12
3ananue 4. Hailtu pyHK1IMIO pacnpeesieHns o JaHHOMY pacipe1eIeHUI0 BBIOOPKHU:
X 1 2 5
p, 10 4 6
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3aganue 5. HailTu METOIOM MOMEHTOB TOYEYHYIO OLIEHKY mapamerpa [P reomerpuye-

PX=x;)={-p)""-p . npones
CKOTI'O pacrpeCaciICHUA | , TAC Xi - YUCJIO UCIIBITAHUU, IIPOBCACH-
HBIX OO0 ITOABJICHUA CO6I>ITI/I}I, P - BEPOATHOCTH MMOABICHUA COOBITHS B OJIHOM UCIIbBITAHUMU.

3ananue 6. HailTu METOJOM MOMEHTOB TOUEYHYIO OLIEHKY Iapamerpa [) reomerpuye-

P(X:X):(l—p)x'_p p ..
CKOI'O pacrpeCaciICHusA i , €CJIM B YETBIPEX OIIbITax CcOOBITHE II0-
SABUJIOCH COOTBETCTBCHHO IIOCJIC IBYX, quBIpéX, IIECTH ¥ BOCbMH HCHBITAaHUH.

3ananue 7. I3 reHepabHON COBOKYITHOCTH U3BJIEYCHA BEIOOPKA 00BEMaA n=>50 :

Xi 2 5 7 10

n, 16 12 8 14

Haiitu HecMeIEHHYIO OLIEHKY T€HEPAIbHOM CPEeIHEM.

3ananue 8. HaiiTu BHIOOPOYHYIO CPEIHIONO MO JAHHOMY PACHpeIeICHUIO BIOOPKHU:

X, 1240 1250 1270 1280
n, 6 2 1 1
3ananue 9. Haiftu BHIOOPOYHYIO TUCTIEPCHUIO 110 TaHHOMY pacIpe/ieICHHIO BEIOOPKH:
X, 2 3 7 8
n, 4 2 3 1

Ilpakmuueckan paboma Ne9. Cmamucmuueckan cunomesa. Memoowvt cmamucmuue-
CKOIll npoéepKu unomes.

Ilens: 3akpenuTh METO/ABI CTATUCTUYECKON MTPOBEPKU THIIOTES.

OcHogvl meopuu:

ITycTs TpeOyeTcst onpeaenuTh 3aKOH paclpeeIeHUs FeHepalbHOW COBOKYITHOCTH U HA30-
BeM ero 4. Ecnu 3akoH pacnpeenieHust HeM3BECTeH, HO UMEIOTCSI OCHOBAHMS IPEONI0XKUTh, YTO
OH UMEET OTIPE/ICTICHHBIN BUJI, BEIIBUTAIOT TUIIOTE3Y: TeHEepaJIbHasi COBOKYITHOCTh pacrpeaeieHa
1o 3akoHy 4. TakuM 06pa3zom, B 3TOH TUIIOTE3€ peub UAET O BUJIE MTPEINOoIaraeMoro pacrnpeaese-
HHU.

Bo3MmokeH citydait, Korjja 3aK0H pacrpe/ieIeHUs] U3BECTEH, a €ro NapaMeTpbl HEU3BECTHBI.
Ecii ecTh OCHOBaHUsI MPE/IIONIOKHUTE, YTO HEM3BECTHBIN Mapamerp & paBeH ompeneaeHHOMY

3HAYECHHIO @0 , TO BBIJIBUTAIOT TUIIOTE3Y: ®= ®O . Takum 006pa3om, B 3TOM THIIOTE3€ PeUb UJIET

0 MPEIIOIAraéMoOi BEIMYHMHE ITapaMeTpa OJTHOTO U3BECTHOTO PACTIPEICICHUS.

Cmamucmuyeckoii Ha3bIBa€TCS TUIIOTE3a O BUJE HEU3BECTHOT'O PACIIPEEIICHUS UIIU TUIIO-
T€3a O MapameTpax M3BECTHBIX pacnpezeneHuil. Hanmpumep, cTaTuCTUYECKUMU SIBISIFOTCS] THUIIO-
TE3bl:

1) reHepagbHas COBOKYITHOCTD paciipe/esieHa mo 3akony [lyaccona;

2) JUCTIepCHU IBYX HOPMAaJbHBIX COBOKYITHOCTEH PaBHBI MY COOOH.

B nepBoii runorese cienaHo MPeanoyioKeHne O BUJE HEU3BECTHOIO pacIpe/ieieHHs], BO
BTOPOH — O IIapaMeTpax ABYX U3BECTHBIX PACIPEICICHUN.

Hynesoii (ocnosHotl) Ha3bIBAETCS BBIIBUHYTASI TUTIOTE3a H 0-
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Koukypupyroweti (aromeprnamugnoii) Ha3pIBaeTCs TUNIOTE3A H 1> KOTOpast IPOTHBOPEYHUT

HYJIEBOU.
Hanpumep, eciau HyneBas THIOTE3a COCTOMT B IPEANOIOKEHUH, YTO MaTeMaTHYecKoe
oXxuIaHne d HOPMaJbHOIO pachpeesieHus: paBHO 10, TO KOHKYPUPYIOIIAs TUIIOTE3a MOXKET CO-

cTosITh B npeanonoxkenny, uro @ = 10; T1.e. H o-a=10; H 1-a=10.
IIpocmoii Ha3bIBAETCS THIIOTE3a, COEPIKAIas TONBKO OJHO Mpejnosoxkenue. Hampumep,
rumoreza H 0 - MATEMATHYECKOE OKHIAHHIE HOPMATBHOTO pacipesieseHust paBHo 3 (O H3BECTHO)

— Ipocrasi.
Cnoorcnoti Ha3pIBa€TCsl TMIIOTE3a, KOTOPas COCTOMT M3 KOHEUHOro MM OECKOHEYHOIro

YKCiIa MPOCTHIX TUIoTe3. Hanpumep, clioskHas runoTe3a H : A > 5 cocrour u3 6ecuncnennoro
MHO>KECTBa MPOCTHIX TUTIOTE3 BU/IA H i ‘A= bi , TIe bi — m1000€e Yucio, OobIIee 5.

Bb1BUHYTas TUTIOTE3a MOKET OBITh IPABUIIBHOM WIIM HEMTPABUIIBHOM, TTOATOMY BO3SHUKAET
HEOOXOIUMOCTh cmamucmuyeckoti (IPOU3BOJUMON CTAaTHUCTHYECKUMHU METOJaMHU) TPOBEPKU
9TOM TUIIOTE3bl. B UTOTE CTATUCTHYECKOM MTPOBEPKH TMITIOTE3bI MOT'YT OBITH JOMYIICHBI OIIUOKH.

Owubka nepeoco pooa COCTOUT B TOM, YTO OYyJIeT OTBEPrHyTa MPaBHJIbHAS TUIIOTE3A.

Ouwiubka 6mopoeo pooa COCTOUT B TOM, UTO OyJIeT MPUHATA HEMPaBUIbHAS TUIIOTE3a.

JIJiss IpOBEpKY HYJIEBOW THIIOTE3BI UCIOJIB3YETCS CHEIHABHO No00paHHas cliydaiHas
BEJIMYMHA, TOYHOE WU MPUOINKEHHOE pacpe/iesieHne KOTOPOi H3BECTHO. JTa ciyJaiiHas Belu-
unHa 06o3Hauaercs uepes K u HasbiBaeTcs cmamucmuueckum Kpumepuem (AT OPOCTO Kpumie-
puem).

[TpuBeeM npuMep CTATUCTHYECKOTO KpuTepus. Ecim mpoBepsieTcs THIIOTE3a O paBEHCTBE
JUCTIEPCHii IBYX HOPMaJIbHBIX TEHEpPAIbHBIX COBOKYITHOCTEH, To B KadecTse kpurepus K mpu-
HUMAETCs] OTHOIICHUE MCIIPABIICHHBIX BEIOOPOYHBIX JUCIICPCHI:

o2 / 2
F=s;/s,.
Habnwooaemvim snauenuem K Habn HA3bIBACTCA 3HAYCHUC KPUTCPUA, BBIYMCIICHHOC 110 BbI-

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

2 2
S; =20 u S; =5, o HabmonaeMoe 3HAYEHNE KPUTEPHS F pasno

F__ =s2/s2=20/5=4.

Ha

[Tocne BbIOOpa ompeIeIEHHOTO KPUTEPHSI MHOYKECTBO BCEX €0 BOZMOKHBIX 3HAUCHUH pa3-
OuBaeTcs Ha JiBa HEMEPECEKAIOIINXCs MTOJMHOXKECTBA: OJHO U3 HUX COJIEPKUT 3HAUCHUSI KPUTe-
pys, IpHU KOTOPBIX HYJIEBAs THIIOTE3a OTBEPraercs, a Apyras — IpU KOTOPBIX OHA IIPUHUMAETCS.

Kpumuueckoii obnacmoio Ha3pIBa€TCA COBOKYITHOCTh 3HAYEHUI KpUTEPUS, TIPU KOTOPBIX
HyJIeBasi TUTIOTE3a OTBEPraeTcs.

Obnacmbio npunamus eunomesvt (001aCTbIO JOMYCTUMBIX 3HAYCHMI) Ha3bIBAETCS COBO-
KYITHOCTb 3HAYE€HUW KPUTEPUs, IPU KOTOPBIX HYyJIEBAsi TUIIOTE3a IPUHUMAETCS.

Iockombky kputepniit K — omHOMepHas cirydaifHas BelMUMHA, BCE ee BO3MOXKHBIE 3Ha-
YeHUsI IPUHAATIEKAT HEKOTOpoMY HHTepBaly. [loaTomy KpuTHUeckas 06JacTh U 00JIaCTh MPHUHSI-
TUSA TUIIOTE3bI TAKXKE ABJIAIOTCA MHTCpBAJIaMU U, CJICA0OBATCIBHO, CYIICCTBYIOT TOYKH, KOTOPLIC
WX pa3aessioT.

Kpumuueckumu mouxkamu (rpaHULIaMN) ka Ha3bIBAIOTCS TOUKH, OTACISAIONINE KpUTHYE-

CKYIO 00J1acTh OT 00JIaCTH NPUHATHA TUIIOTC3bI.
HpCIGOCMOPOHHeZZ HAa3bIBACTCA KPHUTHYCCKaAAd O6J'IaCTI), ornpeacisicMass HEPaBCHCTBOM

K> ka , e ka — MOJIOKUTEIBHOE YUCIIO.

® > K

0 k
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Puc.1.
Jlesocmoponneti Ha3bIBaeTCS KpHUTHYECKass 0OIacTh, ompeneiseMas HEPaBEHCTBOM

K< kkp, rmae ka — OTpPHUIIATEIHFHOE YUCIIO.

0

Y
=

Puc.2.
Oonocmopontell Ha3bIBACTCS MPABOCTOPOHHSS HMJIM JICBOCTOPOHHSS KpHTHYECKas 00-
JIACTh.
Jleycmoponneii Ha3pIBaeTCsA KPUTHYECKass 00JacTh, OmpeaeiseMas HEpaBEHCTBAMU

K < kl’ K > k2 , TJC k2 > kl .B YaCTHOCTH, €CIIU KPUTUICCKUE TOYKHN CUMMETPUYHEI OT-

HOCHUTEJILHO HYJIS, TBYCTOPOHHSSI KPUTHYECKas: 00JIaCTh ONPeessieTcs HEpaBeHCTBAMU (B TIPe/i-
nonoxenun, uro K < —ka) K< —ka, K> ka , WM PaBHOCUJILHBIM HEPABEHCTBOM

‘K‘ > ka '

oe

k

Kp
Puc.3.

JUig HaX 03K JIeHUs] KPUTUYECKOM 001aCTH JOCTATOYHO HAMTU KPUTHUECKYIO TOUKY (TOUKH).
JI1 HaX0XKIeHUs KE TaKOM TOUYKHU 3a1aeTCsi JOCTaTOUYHO MaJlasi BEPOSITHOCTb — YPOGEHb 3HAYU-

mocmu O . 3ateM KpUTHYECKasi TOUKa ka UIIETCA UCXO0/I U3 TpeOoBaHMsl, UTOOBI IPU YCIIOBUU

CTIpaBeTMBOCTH HYJIEBO THIIOTE3bI BEPOSTHOCTH TOro, uTo KpuTepuii K mpumer 3navenus u3
KPUTHYECKOH 00s1acTH, OblIa paBHA IPUHITOMY YPOBHIO 3HAUMMOCTH.

Hanpumep, 1151 mpaBOCTOPOHHENH KPUTHUECKON 00JIaCTU AOKHO BBITOIHATHCS COOTHO-
LHICHUE

P(K>k,)=a.
151 IEBOCTOPOHHEH —
P(K <k, )=a.
a Ui IByCTOPOHHEN —
P(K <k,)+P(K>k,)=a.

21.]'[5{ KaXXJI0ro KpuTepusa UMECIOTCA COOTBETCTBYIOIIHUEC Ta6J'II/II_[BI, I10 KOTOPBIM U HAXOOUTCA
KpHUTHYCCKad TOYKaA.
Ecmm pactpeaCICHUC KPUTECPUA CUMMETPUIHO OTHOCHUTCIIBHO HYJIS U UMCIOTCA OCHOBAHUA

BBIOpATh CHMMETPHYHBIE OTHOCUTENBHO HYIS TOYKM — ka u ka (ka >0), 1o
P(K < —kkp) =P(K > ka). VUHTBIBast 3TO COOTHOIIEHHUE, U3 JUIS ABYCTOPOHHEH KpH-
THYECKOM 00IaCTH TOIYYMM COOTHOIIEHHE

P(K>k,)= al2.

Mownocmoio kKpumepus Ha3bIBAETCSI BEPOATHOCTD NOMAJAaHUS KPUTEPHSI B KPUTUUYECKYIO
o0JacTh MpH YCIOBUH, YTO CIpPaBeIMBa KOHKYPHUpPYIOIas rurnore3a. Jpyrumu cioBamu, MOII-
HOCTbh KpUTEpHUS €CTh BEPOSATHOCTH TOTO, YTO HYJEBask rumore3a OyJeT OTBEPrHyTa, €CIM BepHa
KOHKYPHPYIOIIAsl THIIOTE3A.

[TycTh 171t MPOBEPKH TUIOTE3bI IPUHSAT ONPEACTICHHbIN YPOBEHb 3HAUUMOCTH, U BRIOOpKA

umeet (puxkcupoBanHbii 00beM. Ecin ﬂ — BEpOATHOCTH OIIMOKH BTOPOTO pOJa, T.€. COOBITHS
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«IIpHUHSATA HYyJIEBas TMIIOTE3a, IPUYEM CIIPABEIMBA KOHKYPUPYIOLIAsa», TO MOIIHOCTh KPUTEPHUS

paBHa 1- ﬂ

HyCTB MOIIHOCTb 1 - IB BO3pacTacT,; CJICA0BATCIIbHO, YMCHBIIACTCS BEPOATHOCTD IB CO-

BEPILIUTH OMKOKY BTOPOTro pofa. Takum oO6pa3zoM, 4eM MOILTHOCTH OOJIbIIIE, TEM MEHBILIE BEPOSIT-
HOCTb OIIKUOKU BTOPOTO pojia.

Wtak, ecnmy ypoBEeHb 3HAYMMOCTH YK€ BEIOpaH, TO KPUTHYECKYIO 00JIaCTh CIIEAYET CTPOUTh
TaK, YTOObI MOLTHOCTh KPUTEPHs ObUIa MaKCUMaIbHON. ITO MO3BOJIUT MUHUMU3UPOBATH OLITHOKY

BTOPOI'O poJa.
Hasnee nam norpedyercs pacnpezenenue @urnepa — CHenexopa.
N 2
Ecim U uV — HesaBucuMble cirydaifHble BETHYHHbI, PACIPECICHHbIC 10 3aKOHY Y
CO CTETEHSIMH CBOOOIbI |(1 u kz, TO BEJIMYMHA
F = U/ kl
Vik,

MMeeT pacipejieieHHe, KOTopoe HasbiBaeTcspacnpedenenuem F @uwepa — Cuedexopa co

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

CDYHKI_II/IH IUIOTHOCTH 3TOI'O paCIpCaACICHUA HMCCT BUI

0 npu X<0

f(x)= x (a=2)/2 ,
0 iz pu X > 0
(k, + k,x)®r)

rIe

K, +K k/2p, k,/2
r 2k1/k2/

O =
I(k,/2)I(k,/2)
Pacnpeneneane F onpenensercs meyms mapamerpamm — umcnamum cTemneHeil cBOGO BT
k k.
ITycTs renepanbHble coBokymHoct X 1 Y pacrhpeieneHbl HOpMalbHO, IPUYEM UX JUC-

MNEepCUN N3BCCTHHI. I1o HE3aBHUCUMBIM BBI60pKaM C O6’beMaMI/I, COOTBCTCTBCHHO paBHBIMU nl u m

, U3BJICYCHHBIM M3 9THX COBOKYITHOCTEH, HailieHbI BbIOopouHble cpennue X u Y . TpeOyercs no

BBIOOPOYHBIM CPEHUM TPH 33JaHHOM YPOBHE 3HAUMMOCTH (¥ TPOBEPUTH HYJEBYIO THIIOTE3Y,
COCTOSIIIIYIO B TOM, YTO T€HEpaJIbHbIE CpeHUE (MAaTeMAaTUYECKUE 0KHUJIaHUS) pacCCMaTPUBAEMBIX
COBOKYITHOCTEH paBHBI MEXy COOOM:

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

y’—II/ITI)IBaSI, qTO BI)I60pO‘—IHI)Ie CPpEAHUC SABIAIOTCA HECMCIICHHBIMHU OLICHKAMH I'€HCpaJb-

HBIX CpeHHI/IX, T.C.
M(X)=M(X), M(y)=M(Y),
Hy.]]eByIO FHHOTe3y MOXXHO 3aIiiucaTthb Tak.
HO: M (X) =M (y)
B kauecTBe KpUTEpHUs MIPOBEPKU HYJIEBOM TMIIOTE3BI O PABEHCTBE MEHEPAIBHBIX CPEIHUX
HNPUHAMACTCSI HOPMUPOBAHHASI HOpMAJIbHAS ClTyYaifHas BelU4nHa
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Z= Xy
JD(X)/n+D(Y)/m’

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

Ilepseiii cnyyait. Hynesas runoresa H 0 M (X ) =M (Y ) . Konkypupyromas rumo-
Te3a Hl:M (X) M (Y)

B 5TOM Cilyuae CTpOUTCS ABYCTOPOHHSS KPUTHYECKAss 00IACTh, HCXOAs M3 TPeOOBaHMS,
9TOOBI BEPOSTHOCTD MONAaHus KpuTepus Z B 3Ty 00JIACTh B IPENOI0KEHHH CIPABEITHBOCTH
HyJICBOM TMIIOTE3bI ObLIAa PaBHA IIPUHATOMY YPOBHIO 3HAUMMOCTH O

IMockonbKy pacnpenenenue Z CHMMETPHYHO OTHOCHUTENBHO HYJSA, TO KPUTHUECKHE
TOYKH CMMMETPMYHBI OTHOCHUTENILHO HYIIS, T.€. €CIIM 0003HAUYUTh Yepes3 pr IpaByl0 KpUTHYE-

CKYIO TOYKY, TO — pr OyZeT JeBOM KpUTUUECKOW TOUKOM.

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

HOCTb IONa/laHusl KpUTEPUS B KXKIbINA U3 ABYX UHTEPBAJIOB KpUTUUYECKON 00acTu paBHa O / 2:
PZ<-z,)=a/2, P(Z>2,)=a/2.

Jliig Toro, 4ToObl HAMTH NPaByIO TPAHUILY chp JIBYyCTOPOHHEHN KPpUTHUECKOH o0nacTu, A0-
CTaTOYHO HAWTH 3Ha4yeHue aprymeHTa ¢pyHkuuu Jlammaca, KOTOpOMY COOTBETCTBYET 3HAaUECHUE
byHKIMH, paBHOE (1 - ) / 2:

D(z,,)=01-a)/2.
O003HaunM 3HaUEHUE KPUTEPHS], BEIUMCIEHHOE 110 IaHHBIM HAOII0IeHUH, uepes3 Z

Eciau ‘Z

Habn "

a 5ﬂ‘ <Z, —Her OCHOBAHUH OTBEPTHYTh HYJIEBYIO THIIOTE3Y.

Ecmu ‘Zna(ﬁﬂ ‘ > ZKp — HYJICBAd T'HII0TE3a OTBECPracTcCH.

Bropoin cnyyaii. Hynesas runoresa H 0 M (X ) =M (Y ) . Konkypupyromas rurmo-
Te3a Hl:M (X) > M (Y)
B sToMm citydae cTpouTcst IpaBOCTOPOHHSISI KpUTHYECKask 00J1aCTh, UCXO/Is U3 TPEOOBaHMS,

4TOOBI BEPOATHOCTD MOMAaHus KpuTepus Z B 3Ty 06IacTh B IPEANOI0KEHHHN CIIPABEITHBOCTH
HYJIEBOI runoTe3sl Oblila paBHA IPUHATOMY YPOBHIO 3HAUMMOCTH:

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

TOYHO HAWTH 3HAYCHHUE apryMenTa ¢GyHkinn Jlammaca, KOTOpoMy COOTBETCTBYET 3HaAUCHHE (DYHK-
WU, PaBHOE (l — 26!)/2 :
®(z,,) = (1—2a)/2.
O0603Ha4NM 3HaYEHNE KPUTEPHSI, BEIYUCIEHHOE TI0 JAaHHBIM HAOJII0ICHHM, Yepe3 Z wabn

Eciu ZHa6}l < ZKp — HCT OCHOBAHWHN OTBCPIrHYTH HYJICBYIO 'MIIOTEC3Y.

Ecmm ZHa on > chp — HyJIeBasi TUTIOTE3a OTBEPraeTcsl.

Konumponwvusie éonpocwt u 3a0anu:
1. Cratuctnueckast THIOTE3A.
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2. MoIHOCTh KpUTEPHSI.

3. Kputnueckas o01acTh.

3amanue 1. Texnudeckas HOpMma mpexycMaTpuBaeT B cpeaHeM 40 cek. Ha BBINOJTHEHUE
OTIpe/ieNIeHHOM TEXHOJIOTMUYECKOH olepaluy Ha KOHBeiepe Mo mpou3BOACTBY 4acoB. OT paboT-
HUII, pabOTAIONIUX HA 3TOW OIEpaluy, MOCTYIIIN >KAI0ObIl, YTO OHU B JEHCTBUTEILHOCTH 3a-
TPaAuMBaIOT Ha ATy Ollepaluio 0oJbine BpeMeH!. [[j1s MpoBepKU AaHHOM KaloObl MPOU3BEICHBI
XPOHOMETPUUECKHE U3MEPEHNS BPEMEHH BBIIIOJIHEHUS 3TOM TEXHOJIOTUYECKOM onepanuu y 36 pa-
OOTHUII, 3aHATHIX Ha STOU OIEpaliy, 1 MOJIyUYeHO CPeIHEE BpEeMsl BBIIIOJIIHEHUS oniepauu 42 cex.
Mo:xHo 11 (Tpearnosaras BpeMsi BBIIOJHEHUS TEXHOJIOTUYECKON OIepaluu Cly4aiHOW BEIU4H-
HOM, OTYUHSIONICHCS HOPMAIBHOMY 3aKOHY) MO MMEIOIIUMCSI XPOHOMETPUYECKUM JTaHHBIM Ha
ypoBHe 3HauuMOocTd 0,01 OTKIOHUTH THIIOTE3Y O TOM, UTO CPEAHEE BPEMS BBIIIOJIHEHUS ATON
ONEpPALMH COOTBETCTBYET HOPME, €CJIM U3BECTHO, UTO CPEAHEE KBAAPATUUECKOE OTKIOHEHHE Te-
HEPaJIbHOM COBOKYITHOCTH cOCTaBiseT 3,5 cek.?

3ananue 2. DKOHOMHYECKUI aHAIN3 MIPOU3BOAUTEIBHOCTU TpyAa NPEANPUATHI OTpaciiu
MIO3BOJIWJI BBIIBUHYTh TMIIOTE3Y O HAJIMYMU ABYX THIIOB NPEANPUATUN C Pa3IUYHON CcpenHen
BEJIMUMHOM MTOKa3aTesi IPOU3BOIUTENLHOCTH Tpyaa. Beibopounoe o0cnenoBanue 42-x mpeamnpu-
ATUN TIEPBOM TPYIIIBI JAJIO CIASAYIOUINE PE3YJIbTAThl: CPEIHAS POU3BOIUTENBHOCTh TPYAA CO-
craBuia 119 peraneii. [lo maHHBIM BBEIOOPOYHOTO OOCIEAOBAHMSA 35-M MPEANPUITHH BTOPOU
IPYIIbI CPEHSS MPOU3BOAUTEILHOCTD Tpyia cocTaBmiia 107 aeraneil. ['eHepabHble qucnepcun
u3BecTHbl: D(X) = 126,91 ; D(Y) = 136,1. Cuuras, 4To BEIOOPKH H3BJICUCHBI H3 HOPMAJIBHO pac-
IIpeJIeIIeHHbIX TeHEepaJIbHBIX COBOKYNHOCTeN X U Y, Ha ypoBHe 3Haunmoctu 0,05 nposepbre, ci1y-
YailHO JIM NOJIyYEHHOE pa3IMuMe CPEIHUX MOKa3aTelel MPOU3BOAUTEIBHOCTH TPYAa B IPYIIAX
WJIM K€ UMEIOTCS J1BA TUIIA IPEAIPUATHHI € PAa3JINYHON CPEAHEN BETMYMHON IPOU3BOAUTEIIBHOCTH
TpyJa.

[TapTust u3genuit IpUHUMAETCS B TOM ClIy4ae, €CJId BEPOATHOCTb TOr0, YTO U3JIE€IHE OKa-
KETCsl COOTBETCTBYIOIIUM CTaHJapTy, cocTaBiseT He MeHee 0,97. Cpeau ciaydyaiiHO OTOOpaHHBIX
200 uzgenuit mpoBepsieMol apTUn oka3ainoch 193 cooTBeTCTBYIONIMX cTaHAAPTY. MOXKHO 11 Ha
ypoBHe 3HauuMOCTH [| = 0,02 npuHSATH MapTHIO?

BOl'[pOCI)I JJIsl co0ece10BaAHUA

1. Yto siBnsieTcss 0ObEKTOM U S3BIKOM HCCIIEJOBAHMS B 9KOHOMUKO-MaTEMAaTUYECKOM MO-
J€TUPOBAHUU?

2. Kakoe MaTpuyHOe ypaBHEHHE ONMCHIBAET 3aMKHYTYIO SKOHOMHUYECKYIO Moienb JIeoH-
TheBa?

3. Kakoe nmomymienue moctynupyercs B Monenu JICOHTheBa MHOTOOTPACIEBOW HKOHO-
MUKH?

4. Kakoe ypaBHEHHE Ha3bIBACTCS XapaKTEPUCTUUECKUM ypaBHEHUEM MaTpHILbl A?

5. MHOk€eCTBO N — MEPHOT0 apru(pMETHIECKOI0 TOUEUHOT0 TPOCTPAHCTBA HA3bIBAECTCS BbI-
IIYKJIbIM, €CJIH ...

6. 3amaua TUHEWHOTO MPOTPAMMHUPOBAHUS HA3bIBACTCS KAaHOHWYECKOH, €Clii cHcTeMa
OrpaHUYEHUH BKIIIOYAET B ceO ...

7. TpuUBHAIBHBIMU OTPaHUYCHUSIMU 33/1a4U JIMHEWHOTO MPOTPaMMHUPOBAHUS HA3bIBAIOTCS
YCIIOBHS ...

8. Ecnu B 3amaue TMHEHHOTO MPOTPaMMHUPOBAHHS JOMTYCTUMOE MHOXKECTBO HE ITYCTO M
neneBast PyHKIUS OrpaHUYEHa, TO ...

9. B kakoM BHJIe CHMIUIEKC-METO/] IPEAHA3HAYCH JUIsl PEHICHUs 33]a9i JTMHEHHOTO MPO-
IrpaMMHPOBAHUs?

10. HewsBecTHbBIE B JOITyCTUMOM BHJI€ CUCTEMBI OTPAHWYCHUN 3a/a4¥l JTMHEWHOTO TPO-
IPAMMHUPOBAHMS, KOTOPBIE BBIPAXKEHBI UEPE3 OCTAIbHBIEC HEU3BECTHBIE, HA3BIBAIOTCH ...

11. IlpaBuibHBIM OTCEUYEHHEM B 3aJaue LEJIOYUCIEHHOrO MPOrpaMMHUPOBAHUs Ha3bIBa-
eTcs JIOMOTHUTEIbHOE OrpaHryYeHHE, 00J1aarolee CBOMCTBOM. ..
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12. Kakoii 13 METOA0B IETOYUCICHHOTO MPOrPaMMHUPOBAHHUS SBJISIETCS KOMOMHUPOBAH-
HBIM?

13. Kakyro 0coOeHHOCTh UMEET JMHAMUYECKOE MPOTrPaMMHUPOBAHUE KAK MHOTOIIAT OBBIN
METO/i ONITUMU3ALUH YIIPABJICHUS?

14. Merox cKOpEHIIEro CIycKa sBIsSETCS. .

15. Muoxurenu Jlarpanxa B 3KOHOMUYECKOM CMBICIIE XapaKTEPU3YIOT ...

16. BepxHeii ieHON MapHON UTPHI SIBIAETCH ...

17. Yucroii 1ieHOM UTPBI HA3BIBACTCH ...

18. MaremaTr4eckoii OCHOBOW METOJIOB CETEBOTO IJIAHUPOBAHUS SBISCTCS ...

19. I'nmaBHBIMM 371EMEHTaMHU CETEBOI MOJIENH SABIISIOTCS ...

20. Kaky1o 3a1aqy MOXKHO PEUIMTh METOAOM JUHAMHYECKOTO MPOrpaMMHUPOBAHUS?

5. Yueono-memoouueckoe u ungpopmayuonnoe obecneuenue oucyuniunsl

5.1 Ilepeuenv ocHO6HOII U 0ONOTHUMENbHOU TUMEPAMYPbL, HEOOXO0OUMOIL 011 0CBOe-
HUA OUCUUNIUHDL

5.1.2 Ilepeuens ocnoenoit 1umepamypul:

1. Hlunaues, B. C. Boiciias MmaTematuka: yuyeOHuk it 6akanaspos / B.C. llunayes ; o
pen. A.H. Tuxonosa. — 4-e uzn., ucrp. U non. — M. : FOpaiir, 2014. — 607 c. — (bakanasp. ba3zoBsrit
Kypc). — Ha yuebnuke rpud: Pex. YMO. — ISBN 978-5-9916-3325-3

5.1.3 Ilepeuenv oonoanumenvHoll 1umepanmypol:

1. boromonos, H. B. Maremaruka: yue6Huk ans 6akanaspos / H.B. boromonos, I1.1. Ca-
moiinienko; Mock. 'oc. YH-T Tex. U ynp. m. K.I'. PazymoBckoro. — 5-¢ u3n., me-pepad. U gormr. —
M. : FOpaiit, 2014. — 396 c. : un. — (bakanasp. ba3osblit kypc). — Ha yueOnuke rpud: Jon.MO. —
ISBN 978-5-9916-3467-0

5.2 Ilepeuensv yueono-memoouuecko2o odecneuenus camocmoamenbHoi pabomot ooy-
yauuxca no OUCYUnIUHe

1. Metoauueckue yka3aHus AJIsl MOATOTOBKH K MPAKTUUECKUM 3aHSITUSM TI0 JTUCITUILINHE
«MaremaTrdecKue METOIbl U MOJIETTH B YIIPABIICHUI.

2. Metoanueckue yka3aHUsl MO OpPTaHU3AlUd CaMOCTOSITENFHOM pabOThl CTYAEHTOB O
TUCIUIIIMHE «MaTteMaTH4ecKue METOIbl M MOJIETH B YIIPABICHUM.

5.3 Ilepeuens pecypcoe ungopmayuonno-meneKoMmyHuKayuonnoi cemu Humepnem,
Heo0X00UMBbIX 011 0C60CHUA OUCUUNIUHDL

1. http://www.biblioclub.ru -OBC "YHuBepcuterckas Oubnmoreka oHnaiH"

2. http://www.iprbookshop.ru/ - Dnexkrponno- 6ubnuoreunas cucrema IPRbooks
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MHWHHUCTEPCTBO HAYKHU U BBICIIEI'O OBPA3OBAHU S POCCUMCKOM ®EJEPAIHN
OEJIEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE YUYPEX/IE-
HUE BBICIIET'O OBPA3OBAHUA
«CEBEPO-KABKA3CKWI ®EJIEPAJILHBINM YHUBEPCUTET»

[Tsaturopckuit uaCcTUTYT (prmmnan) CKOY

MeTtoauyeckue yKasaHusl
10 OpraHU3aIuu CaMOCTOATEILHON paboThl 00YHArOIITUXCSI
10 TUCIUIIINHE

MATEMATUYECKHWE METOJIbI U MOJJEJI B DKOHOMUJKE)»
U CTyZeHTOB HanpasieHus moarotoBku 38.03.01 «OkoHoMUKa»

Hanpasnennocts (mpoduis) « MHxkeHepHas 3KoHOMUKA U (hrHaHCOBast Oe3ormac-
HOCTb B IU(POBOM cpeniey

IIsaTuropck
2024
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Coneprxanue

BBenenue

OO01m1ast XapakTepUCTHKA CaMOCTOSITEIbHON PabOThl 00YJarOMIErocs Mpu u3yde-
HUH JUCHUTUTMHBI «MaTeMaTn4ecKue METOIbI U MOJICIIN B YIIPABIICHHM)
[Tnan-rpaduk BBITOJHEHUS CAMOCTOSITEILHON PaObOTHI

KoHTpOJIbHBIE TOUKH U BHJIBI OTYETHOCTH TI0 HUM

Metoanyeckue yKkazaHHs 110 U3YYEHUIO TEOPETUIECKOTO

marepuaia

Y4eOHo-MeToanuecKoe U HHPOPMAIIMOHHOE 00€CTICYCHHIE TUCITUTLINHBI
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BBenenue

CaMocrosiTenbHas padoTa — riaHupyemas yueOHas, yae0HO-HCCIeI0BaTeIbCKasl, HAyYHO-
HCCIIeIOBaTeNbCKasg paboTa CTyIEHTOB, BHIIOIHIEMas BO BHEAYTUTOPHOE (2yIUTOPHOE) BpeMs 110
3aJJaHUI0 ¥ TIPU METOJUYECKOM PYKOBOJCTBE IperojaBaTelisi, HoO 0e3 ero HermocpenICTBEHHOTO
yuacTus (MpU YaCTUYHOM HETIOCPEICTBEHHOM YYaCTHH MPENOJaBaTelIs, OCTABISIOIEM BE1YILYIO
pOJIb 32 pabOTOM CTY/IEHTOB).

CamocrosTenpHas paboTta cTyneHToB B BY3e siBisercs Ba)KHbIM BUIOM YYCOHOW U HAay4-
HOM JIEATEIIbBHOCTH CTYJICHTA.

Benymas nens oprannzauuu u ocymiectsienuss CPC nomikHa coBmagaTh ¢ 1elbio 00yde-
HUS CTY/ICHTa — TIOJITOTOBKOM OakanaBpa ¢ BeiciiuM oOpa3oBanueM. [1pu opranmzanuu CPC Bax-
HBIM ¥ HEOOXOMMBIM YCIIOBUEM CTAaHOBSTCS (POPMUPOBAHUE YMEHHUSI CAMOCTOSITEIILHON PadOThI
JUTSI IPUOOPETEHNS 3HAHNH, HABBIKOB M BO3MOXKHOCTHU OpraHU3aI[uu y4eOHON 1 HAyYHOU JIeATENb-
HOCTHU.

Lenbio caMOCTOSATENLHOM PAOOTHI CTYACHTOB SBISIETCS OBIIAJCHUE (PYHIAMEHTAILHBIMU
3HAHUSAMU, TPOPECCUOHATBHBIMU YMEHUSIMHU U HaBBIKAMH JESATEIBHOCTH MO MPOMUITIO, ONTBITOM
TBOPYECKOM, MUCCIIEIOBATEILCKON JeATeTbHOCTH. CaMOCTOsTeNIbHAsT padoTa CTYJIEHTOB CIIOCO0-
CTBYET DPa3BUTHIO CAMOCTOATEIHHOCTH, OTBETCTBEHHOCTH M OPraHHU30BAHHOCTH, TBOPUYECKOTO
MOJIX0/Ia K PELICHUIO Mpo0JIeM y4eOHOro 1 MpoQeccruoHaIbHOTO YPOBHS.
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1. O0mas xapakTepHCTHKA CaMOCTOSITEIbHON PadoThl 00y4aromIerocsi Npu u3y4e-
HUM JUCHMILIUHBI «MaTeMaTHYecKre MeTOAbl M MOJe/IU B YNIPABJICHUM»

CamocrosiTenbHas paboTa - IuTaHupyeMast yaeOHast, yaeOHO-HCCIIeI0BaTEeNIbCKasl, HayqIHO-
UCCIIeIoBaTeIbCKas padoTa CTYACHTOB, BHIIOJIHIEMasi BO BHEAYAUTOPHOE (ayJUTOPHOE) BpEMsI IO
3aJ]aHUI0 ¥ TP METOJMYECKOM PYKOBOJICTBE IPEIojaBarelis, HO 0e3 ero HernocpeaCTBEHHOTO
y4yacTus (IIpH YaCTUYHOM HEMOCPEICTBEHHOM YYaCTHH MPENOaBaTesl, OCTABISIONIEM BEIYIIYIO
POJIb 32 pabOTOMN CTYICHTOB).

CamocrosarenbHas padoTta cTyeHToB B BY3e sBnsieTcs BaXXHBIM BHIOM Y4eOHOH U Hay4-
HOH JIeaTeIbHOCTH cTyaeHTa. CaMocTosITenbHas padoTa CTY/IEHTOB UTPAET 3HAYUTEIILHYIO POJIb B
pPEUTHHTOBOW TeXHOJNIOTUU 00yueHus. B cBs3u ¢ 3TuM, oOyuenne B BY3e BkirouaeT B cebds aBe,
NPAaKTHYECKH OJMHAKOBBIC 110 00BEMY M B3aMMOBJIHMSHHUIO YacTH — IIpoliecca oOydeHHs U Mpo-
necca camoooyuenusi. [lostomy CPC nomxna crath 3¢ (eKTUBHON U LI€JCHANPAaBICHHON paboTon
CTyZIEHTA.

K coBpeMeHHOMY cCIieIaIiCTy OOIIECTBO MPEIbSIBISAET JOCTATOUYHO MUPOKUH MepeueHb
TpeOOBaHUH, CpeI KOTOPHIX HEMAJIOBAKHOE 3HAYEHUE NMEET HAJMYHE Y BBITYCKHUKOB OIpe/ie-
JICHHBIX CITIOCOOHOCTEH U YMEHHS CAMOCTOSITENILHO T0OBIBATh 3HAHHSI U3 PA3IMYHBIX HICTOYHUKOB,
CHCTEeMAaTH3MPOBATh MOTYUYECHHYIO HHPOPMAIIHIO, 1aBaTh OLIEHKY KOHKPETHOH (PMHAHCOBOW CUTY-
arn. POpMHUPOBAHUE TAKOTO YMEHHSI MPOUCXOAUT B TEUEHHE BCEro Meprojia OOydeHus yepes
y4acTHe CTYJCHTOB B MPAKTUYECKUX 3aHATUSAX, BHIIIOJHEHUE KOHTPOJBHBIX 33/1aHHH U TECTOB,
HalMCaHUe KypCOBBIX M BBIITYCKHBIX KBATH(PUKAIMOHHBIX padoT. [Ipu 3TOM camocTosTenbHas pa-
00Ta CTYyJICHTOB UTPAET PEIIAIOIIYIO POJIb B XOJI€ BCETO y4eOHOTro mporiecca.

Benymas nens opranuzanuu u ocymiectsienus CPC momkHa coBnagaTh ¢ 1enbio ooyde-
HUSI CTYZICHTa — ITOITOTOBKOM CIIe[aINCTa U OakajgaBpa ¢ BeicIIMM oOpa3oBanueM. [Ipu opranu-
3anuu CPC BaKHBIM U HEOOXOIMMBIM YCIOBHUEM CTaHOBATCA (POPMUPOBAHUE YMEHHS CaMOCTOS-
TEJIbHOM pa®oThI 17151 MPUOOpETeHNs 3HaHUI, HABBIKOB U BO3MOYKHOCTH OpraHM3aluu yuyeOHoM u
Hay4YHOU JEATEIbHOCTH.

@DopMbI CaMOCTOATENBHOM paboThI CTYZEHTOB pa3Ho00pa3Hbl. B cooTBeTcTBHYU ¢ paboueit
IPOTPAMMOM JTHUCIUTUIMHBI MTPETyCMOTPEHBI CIIEAYIONINE BHIBI CAMOCTOSITEIbHON PadOTHI CTY-
JIeHTa!

- CAaMOCTOATEBHOE N3YYEHHUE JTUTEPATYPHI;

- CaMOCTOATENbHOE pellIeHHUE 3a/1a4;

- BBITIOJTHEHUE KYPCOBOTO MTPOEKTA.

Ileny camocmoamenvrnozo uzyuenus numepanmypsvt — CaMOCTOSITENILHOE OBJIAJICHUE 3HA-
HUSIMH, OITBITOM HCCIIEIOBATENILCKOM e TETHHOCTH.

3aoauamu caMOCTOSTENHEHOTO U3YYSHUS JIUTEPATYPHI ABISAIOTCS:

. yriayOleHne U pacuIMpeHne TEOPETUYECKUX 3HAHUH;

. dbopMupOBaHHE YMEHHH HCMOJIb30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOUYHYIO
JOKYMEHTALUIO U CIIEUAIIBHYIO JTUTEPATYPY;

. pa3BUTHE MO3HABATENIBHBIX CIIOCOOHOCTEN M aKTUBHOCTHU CTY/IEHTOB.

Ilenv camocmoamenvnozo pewienusa 3a0ay - oBiageHne NMPophecCHOHATHPHBIMA YMEHHU-
SIMU Y HaBBIKAMH JIEATEIHHOCTH O POMUITIO OYAyIIeH NesITeIbHOCTH.

3aoauamu CaMOCTOSITEIIBHOTO PEIICHUS 3a7ay SIBJISIOTCSA:

° CHUCTEMaTHU3alUsl U 3aKPEIUICHUE MOIYYEHHBIX TEOPETUUYECKUX 3HAHUM U MPaKTH-
YECKUX YMEHHH CTYJEHTOB;

° (dhopMHUpPOBaHHE CAMOCTOSITETFHOCTH MBIIIICHHS, CTIOCOOHOCTEH K CaMOPa3BUTHIO,
CaMOCOBEPIIICHCTBOBAHHUIO U CaMOpeaIn3aIiu;

° pa3BUTHE UCCIIEI0BATEIHCKUX YMEHUMH.

Ilenvro camocmoamenvnozo eplnonHenus pacuemuo-2paguieckon padomst N0 AUCIU-
TJTMHE SIBJIICTCS OBJIaJIcHUE (PyHIaMEHTAIbHBIMU 3HAHUSMHU, TPOGECCHOHATHHBIMU YMEHHUSIMU U
HaBbIKaAMHU ACATCIBbHOCTU I10 HpO(l)I/IHIO, OIIBITOM TBOp‘IeCKOI\/'I, HCCHGHOBaTeHLCKOﬁ HCATCIIBHOCTMU.

3adauamu NaHHOTO BUA CAMOCTOSITEIILHON pabOTHI CTYICHTA SBIISIFOTCS
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L4 CUCTCMAaTU3alud U 3aKPCIUICHUC TTOJTYYCHHBIX TCOPCTUYCCKUX 3HAHUU U IpaKTu-
YECKUX YMeHI/Iﬁ CTYACHTOB,

. yriryOJeHue ¥ paciiupeHue TeOPETHUECKUX 3HAHUIM;

. ¢dopmMHpoBaHHE yMEHHUI HCIIOIB30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOYHYIO
JOKYMEHTALUIO U CIIELUAIIBHYIO JIUTEPATYPY;

. pa3BUTHE MMO3HABATEIBHBIX CIIOCOOHOCTEN U aKTUBHOCTU CTYACHTOB: TBOPUYECKOU
VHUIMATUBBI, CAMOCTOATEIbHOCTH, OTBETCTBEHHOCTH U OPraHU30BaHHOCTH;

. (dopMHpOBaHUE CAMOCTOSTETLHOCTH MBIIUICHHUS, CIOCOOHOCTEH K CAMOPA3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CaMOPEAIN3aLUH;

. pa3BUTHE UCCIIEI0OBATEIbCKUX YMEHUM;

. UCIOJIb30BaHUE MaTepuaja, COOpaHHOTO U MOJyYEHHOTO B XOZE CaMOCTOSITEIb-

HBIX 3aHATUH HA CEMHHApaX, Ha IPAKTHUYECKUX U JIAOOPATOPHBIX 3aHATHUSX, IPU HAMMUCAHUU KYp-
COBOM paboTHI.

(Dopmupyem blé Komnemenyuu.

Nunekc DopmyIUpPOBKA:

I1K-6 CnocoOHOCTh UJICHTU(DHUITMIPOBATH U AHAJTU3UPOBATh PUCKH B PUHAHCOBOM cepe

2. TexHO/10THYeCKAsl KAPTA CAMOCTOSATE/IbHOI pad0ThI CTY/ICHTA

Koms! peanu- Bun nesTensHOCTH CTYICHTOB CpencTBa u O0beM JacoB, B TOM 9HucCIIe (acTp.)
3yEMBIX KOM- TEXHOJIOTUH CPC KonraktHas Bcero
MEeTeHIINH, HH- OLICHKH pabota c
JTUKaTopa(oB) perojaBaTerIeM
(01]0)
WJ-1 IIK-6 CaMOCTOSTENBHOE U3YUCHHE cobecenoBanue
WJI-2 TIK-6 JTUTEPATyPHI 54,75 6 60,75
WJI-3 TIK-6
Hroro 3a 3 cemecTp 72,9 8,1 81
Hroro 72,9 8,1 81
0300
WJ-1 IIK-6 CaMOCTOSTENBHOE U3YUECHHE cobecenoBanue
na-2 1K-6 JUTEPaTypHI 102,75
VIJI-3 TIK-6 92,55 10,2
Hroro 3a 5 cemectp 123,3 13,7 137
Htoro 123,3 13,7 137
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3. MeTonnyeckue yKazaHusi 0 M3yYeHUIO TEOPEeTHYECKOr0 MaTepuaJsia

CamocrosrenbHas padoTa CTy/eHTa HAUMHACTCA ¢ BHUMATEIBHOTO O3HAKOMJICHHS C CO-
JiepKaHueM y4eOHOro Kypca.

N3ydeHne kaxJ10i TEMbI CI€1yeT HAUMHATh C BHUMATEIbHOI'O 03HAKOMJIEHHsI C HA0OpOM
BONPOCOB. OHU OPUEHTHUPYIOT CTYAEHTA, MOKA3BIBAIOT, YTO OH JOJDKEH 3HATh 10 JaHHOH TeMe.
Bonpocs! TemMbl Kak ObI HAKJIQABIBAIOTCSI HA COOTBETCTBYIOILYIO ITIaBy U30paHHOTO YUeOHHKA WK
yueOHoro nocobus. B urore 10MKHO OBITH SCHBIM, KaKHUE€ BOIIPOCHI TEMbI Y4eOHOIO Kypca U ¢
KaKO# IITyOMHON pacKpbIThl B KOHKPETHOM y4eOHOM MaTepHalie, a Kakie BooOIIe ommyIeHsl. Tpe-
OyeTcs TBOPUYECKOE OTHOLIEHUE U K CAMOMY COJIEPKaHHUIO TUCLIMITIIMHBIL.

Bompocsl, cocraBnstonye ee coaepxkanue, 00J1a1aloT pa3HoOi CTENeHbI0 BakHOCTH. ECTh
BOIIPOCHI, BHIMOIHAONIME (DYHKIUIO JIOTHYECKOHN CBSI3KU COJAEPAKAHUS TEMbI U BCEro Kypca, UMe-
I0TCSI BOIIPOCHI OIMCATENIBHOTO WM Pa3bsICHUTEIBHOIO XapaKTepa, a TAKKe HCTOPUYECKOrO IKC-
Kypca B 00J1aCTh U3y4aeMOl JUCHUIUIMHBL. Bce 3T BONpOChl He COCTaBIISIIOT CYTH NOHSA-THIHOTO,
KOHIICTITYaJTbHOTO CO/ICPKaHUS TEMBI, HO HEOOXOIUMBI JIJIS IETIOCTHOTO BOCHIPUSATHUS H3y4aeMbIX
po0JeM.

N3yyaemas nucUMIUIMHA UMEET CBOM KaTErOpUaIbHO-TIOHATUIHBIN annapat. Hay4dnsie nmo-
HATHSL — 3TO Ta 0a3a, Ha KOTOPOM CTpOUTCS Kaxaas Hayka. [IoHATHS — y3/I0BbIE, ONOPHBIE
NYHKTHI KaK HAyYHOTO, TaK M YU4€OHOTO MO3HAHMS, JIOTHYECKUE CTYIICHU JIBIKCHHS B y4eOe OT
IPOCTOTO K CJIOXKHOMY, OT SIBJIEHUS K CYIIHOCTU. be3 sicHoro nmoHuMmanus noHATHH yyeOa KpaiiHe
3aTpPyAHSACTCS, a COAepKaHNe MPUOOPETEHHBIX 3HAHUH CTAHOBUTCS TYCKIIBIM, PACIUIBIBUATHIM.

CryzneHT A0KEH TOHUMATh, YTO CaMOCTOSITENIBHOE OBJIAJICHUE 3HAHUSMM SBJIECTCS IJI1aB-
HBIM, OTIPeACIISIOMNM. BrIcias mKosa co3aaeT UIst STOro HeoOXOAMMEBIE YCIIOBHUS, IIOMOTaeT 0y-
JYIIEMY BBICOKOKBATH(PULIMPOBAHHOMY CIIELUAINCTY OBJIaI€Th TEXHOJIOTUEH CaMOCTOATEIBHOTO
IIPOU3BOJCTBA 3HAHUM.

B camocrosTensHON paboTe CTyAeHTaM MPUXOJUTCS MCIIOJIb30BaTh JIUTEPATypy pasiny-
HBIX BUJIOB: IEPBOMCTOUYHUKH, MOHOTpapuu, HaydHble COOPHUKHU, XPECTOMATUH, YIE€OHUKH, yueO-
HbIE [T0COOUS, KYpHAJIBI U J1p. MI3yueHue Kypca npeanoiaraeT 3HakoMCTBO CTYJIEHTOB € OOJIBIINM
00BeMOM Hay4dHOU M y4ueOHOW JUTEepaTyphl, 4TO, B CBOIO OYEPE/b, TOPOXKIAET HEOOXOAUMOCTh
BbIPAaOOTKH Y HUX pallMOHAIbHO-KPUTUYECKOI0 MOAX0/1a K U3y4aeMbIM UCTOYHHUKAM.

UToOBI HE «YTOHYThH» B OTPOMHOM 00BbEME PEKOMEHJOBAHHBIX MY JJIsl U3Y4YE€HUS UCTOU-
HUKOB, CTYJEHT, IPEXKAE BCETO, NODKEH HAYUUThCS MPABUIIBHO UX 4uTaTh. [IpaBuinbHOE uTeHNE
PEKOMEHI0BaHHBIX HCTOYHUKOB IIPEATIOIIATAET CIEA0BAHNE HECKOJIBKUM HECIIOKHBIM, HO BECbMa
MIOJIE3HBIM IPAaBUJIAM.

[IpenBapuTenbHbld MPOCMOTP KHHUIM BKJIFOYAET O3HAKOMIICHME C TUTYJIBHBIM JIUCTOM
KHUTH, aHHOTallMeH, IpeIuciioBUEM, oryiaBieHueM. [Ipu o3HakoMIIEHHH ¢ OTJIaBJIeHHEM He00Xo-
JUMO BBIIETIUTH pa3/ielibl, IJIaBbl, Haparpadsl, MpeACcTaBIsAONIME IS BaC HUHTEpEC, OErIo Ux mpo-
CMOTpEeTh, HaTH MeCTa, OTHOCSIIMecs K TeMe (ab3albl, CTpaHUIbl, rnaparpadsl), U MO3HAKO-
MUTBCSI C HUMU B OOIIIUX YepTax.

HayuHble u3aaHMs CONTPOBOXKIAIOTCS PAa3IMYHBIMU BCIIOMOTaTeIbHBIMU MaTepHalaMu —
HAay4HBIM aIllapaToM, TO3TOMY BaKHO 3HATh, U3 KAKUX OCHOBHBIX 3JIEMEHTOB OH COCTOUT, KAKOBBI
ero pyHKIuH.

3HAaKOMCTBO C KHMT'OH JIy4Ille BCETO HAUMHATh C U3Y4YECHHS aHHOTAlMM — KPAaTKOW Xapak-
TEPUCTUKU KHHUTH, PACKPBIBAIOIIEH €€ COoJep)KaHue, HJICHHYI0, TEMAaTHYECKYI0 U YKaHPOBYIO
HAIpPaBJIEHHOCTb, CBEACHUS 00 aBTOpe, Ha3HAUEHUE U Jpyrue 0COOEHHOCTH. AHHOTAILMSI TOMO-
raeT COCTaBUTh NPEABAPUTEIBHOE MHEHHUE O KHUTE.

I'my0xe MoHATH coiep KaHue KHUTH MTO3BOJISIFOT BCTYNUTEIbHAS CTaThsl, B KOTOPOI AaeTcs
OLIEHKAa COZIEp)KaHUSI KHUTH, 3aTParuBacMoil B Hel MpoOIeMaTHKH, CONEPKUTCI MHPOpMaIus o
’KU3HEHHOU U TBOpUECKOH Onorpauu aBTopa, BEICKa3bIBAIOTCS MMOJIEMUYECKHE 3aMEYaHus, pa3b-
SCHSAIOTCSI OTAEJIbHBIE MOJI0XKEHUS KHUTH, 1al0TCsl KOMMEHTapUH U T.J1. BOT mouemy 3HaKoMCTBO
C BCTYIIUTEJIBHOM CTaThEH MPENCTABISICTCS OUYEHb BaXKHBIM: OHO IIOMOTA€T CTYACHTY COPUEHTH-
pOBaThCsl B TEKCTE paboThI, 00paTUTh BHUMAHUE HA ee HauboJiee LIeHHbIE U BaYKHBIE Pa3/Ieibl.
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Toi ke 1enu CONEeUCTBYET 3HAKOMCTBO C OIVIABJICHUEM, IIPEAUCIOBUEM, MTOCIECIOBUEM.
Becbma 1mosIe3HBIMH 3JIEMEHTaMHM HAy4YHOTO arlfaparta sBJISIOTCS CHOCKH, KOMMEHTapHuu, Tao-
JUIBL, TpadUKh, CIUCKA TUTepaTyphl. OHU HE TOJBKO MJUIIOCTPUPYIOT OTIEIbHBIC MOJIOKECHUS
KHUTH WM CTaThH, HO M CaMH IO ceOe SBJISIFOTCS JOMOJHUTEIHHBIM UCTOYHUKOM HMH(pOpMaIuu
JUIS 9UTaTeIIs.

Ecnu uurarens 3amHTEepecoBalia Kakas-TO BbICKa3aHHAs aBTOPOM MBIC/Ib, HE HAllleAIIast
MOIPOOHOTO OCBEIICHHSI B JAHHOM MCTOYHUKE, OH MOXKET OOPATUTHCS K TEKCTY UCTOYHHUKA, YIIO-
MHHAEeMOT'0 B CHOCKE, JITOO K HCTOYHHKY, KOTOPBIII OH MOXKET HAalTH B CITHCKE JIUTEPATYPHI, pe-
KOMEH]IOBAaHHOM aBTOPOM ISl CAMOCTOSITEIbHOTO U3YUCHHUSI.

Cy1iecTByeT HECKOJIBKO (hOpM BEJICHHUSI 3aITUCEH:

— 1utaH (IPOCTOM M Pa3BEPHYTHIN) — Haubosee Kkparkas (opma 3amuch MPOYUTAHHOTO,
npeAcTaBIsionas co00i epeueHb BOIPOCOB, paCCMaTPUBAEMbIX B KHUT'E WM cTaThe. PazBepHy-
TBHIA IUIAH TpEJCTaBiIsseT co0oil Oosiee MOAPOOHYIO 3allMCh IPOYUTAHHOTO, C JETAU3AlUeH OT-
JI€IbHBIX MOJO0KEHUN U BBIBOJIOB, C BBIIMCKOW LIUTAT, CTATUCTUYECKUX JIaHHBIX U T.1. Pa3BepHy-
TBHIN IJIaH — HEOIEHUMBIN MOMOIIHUK MPU BBICTYIIJICHUU C JOKJIAJ0M Ha KOHKPETHYIO TEMY Ha
CeMHUHape, KOH(DEPEHITNH;

— TE3UCHl — KPATKO c(hOopMyTHpOBaHHBIC ITOJIOKCHHSI, OCHOBHBIC ITOJIOKCHUSI KHUTH, CTa-
TbH. Kak mpaBusio, T€3UChl COCTABISAIOTCS MOCIE NPEeABAPUTEILHOIO 3HAKOMCTBA C TEKCTOM HC-
TOYHHKA, TIPU €r0 MOBTOPHOM MpodTeHUH. OHHU MIOMOTAIOT 3aIIOMHHUTh U CUCTEMAaTU3UPOBATh HH-
dbopmanuio.

CocrapieHrue KOHCIIEKTOB

Bonpuryto posib B yCBOGHUM U MOBTOPEHUU MPOMJEHHOTO MaTepuaja UrpaeT XOpOLIUi
KOHCIIEKT, COJICpKAIINil OCHOBHBIC HIE€U TPOYUTAHHOTO B YUCOHUKE U YCIIBIIIIAHHOTO B JICKIUH.
Koncnekt — 3710, 1o cymiecTBy, HaOpOCOK, pa3BEPHYTHIH IJIaH CBSI3HOTO PACCKa3a M0 OCHOBHBIM
BOIIPOCAM TEMBI.

B kakoii-To Mepe KOHCIIEKT paccuuTaH (B 3aBUCUMOCTU OT MHJIMBUIYaTbHBIX OCOOEHHO-
CTeH CTyJeHTa) He TOJbKO Ha UHTEIUICKTYAIbHYIO U YMOIIMOHAIBHYIO, HO M Ha 3pUTENIBHYIO Ta-
MSITh, TPUUEM TEKCT KOHCIIEKTa HEPEJIKO aCCOIIMUPYETCS €I U C TEKCTOM yUeOHHKA UITH 3aITUCHIO
nexkuud. [loaToMy serye 3amoMuHaETCsl COACp)KaHUE KOHCIEKTOB, HAMMMCAHHBIX Pa300pUMBO, C
MOIYEPKUBAHUEM UITU BBIIEICHUEM Pa3pIKON KIIOYEBBIX CIIOB U (pa3.

CaMocTosITeTbHO M3YyYEHHBIE TEMbI MPEIOCTABISIOTCS MPEnoaaBaTesiio B GpopMe KOH-
CIIEKTa, IO KOTOPOMY IIPOUCXOJUT cobecenoBanue. TeopeTnueckre TeMbl Kypca (OTAeIbHbIE BO-
MPOCHI), BBIHOCUMBIE Ha CAMOCTOSITEIILHOE U3YUCHHE, MPEICTABICHBI HIKE.

4. Memoouueckue yKa3anus no ¢biNOJIHEHUI0 MECHO6bIX 3A0AHUI.
[Ipennaraemblie TecTOBBIE 3aJaHUS pa3padOTaHbl B COOTBETCTBUU ¢ Paboueil mporpamMmoit
JUCLUILIMHBL, YTO MTO3BOJIAET OLIEHUTh 3HAHUsI CTYJEHTOB 110 AUCIUIIINHE. J[aHHbIE TECTBI

MOTYT HCIOJIb30BATHCA:

- CTyZIEHTaMU TpY MOArOTOBKE K 9K3aMEHY C LIE€TIbI0 CAMOIIPOBEPKH 3HAHMIA;

— npernoaaBaTCIsIMA AJId ITPOMEKYTOUHOT'O KOHTPOJIA 3HAHWUH Ha 3aHATHIX I10 npeamMcETy,

— J17151 IPOBEPKHU OCTATOYHBIX 3HAHUH CTYAEHTOB, U3yUYUBUINX JUCLUILIUHY.

TecroBble 3ajaHNs pacCUUTaHbI HA CAMOCTOSTENIbHYIO paboTy 0€3 MCIOJIb30BaHMsI BCIO-
MOTaTENbHBIX MaTEPUAIIOB.

21.]'[5{ BBIITOJTHCHHA TECTOBOT'O 3adaHUsA, MPEKAC BCCro, CICAYET BHUMATCIIBHO IPOYUTATDH
nocTasiieHHBIH Bompoc. Ilocne o3HaKOMIIEHHS ¢ BOIIPOCOM CIIEAYET MPUCTYNaTh K MPOUYTEHUIO
npeajiara€MbiX BApUaHTOB OTBCTA. HeO6XO)II/IMO IpOYNTATh BCEC BAPUAHTHI U B KAYCCTBEC IIPAaABUJIb-
HOT'O OTBETa BBIOpaTh 0MH HHIAEKC (OykBeHHOE 0003HaueHue). Ecnu B TeCTOBOM 3aaHuU Ipa-
BUJIbHBIX OTBETOB HECKOJIBKO, TO ATO JIOJDKHO YKa3bIBaThCS B 3a/laHuU. baiibsl HauncastoTes 3a
3aJaHUC, BBIIIOJIHCHHOC B IIOJIHOM o0neMe: TakK, CCJIM B 3aJaHUU ITPEAYCMOTPCHO JIBA IPABUJIBHBIX
OTBETA, & OTMEUEH TOJIBKO OJIMH, BBIIIOJIHEHHE JAHHOTO 3aJJaHHsl OLIEHUBAETCsI HyJIeM OaJljioB.

3anaHui, rae NpaBUiIbHBINA BapUAHT OTCYTCTBYET, B TECTE HE MPEAYCMOTPEHO.
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Ha BeimosiHeHne Tecta OTBOJUTCS OrpaHnYeHHOE BpeMs. OHO MOXKET BapbUPOBATHCS B 3a-
BHUCHUMOCTHU OT YPOBHS TECTHPYEMBIX, CII0XKHOCTU U 00bEMa TecTa.

TecroBBIC 3aaHUA

Kaxkas 3anaua sBisgiercs 3aa4eil IMHEWHOIO IPOrPaMMUPOBAHUS:

) yIpaBJICHHs 3aMacaMH;

b) cocraBiecHue qUETHL;

C) dopmupoBaHHe KaJCHIAPHOTO IJIaHA PEATH3ALUH IIPOCKTA.

BerunciurenpHas cxema MeTo/ia TMHAMUYECKOT0 IIPOrpaMMHUPOBAHUSI:

) 3aBUCHT OT CII0CO0OOB 3aaHusl HyHKIHN;

b) 3aBuCHUT OT CIOCOOOB 3aJaHMUs OTPAHUYCHHUIA;

C) cBsi3aHa C IPHHIMIIOM ONTUMAIBHOCTH bernmana.

DyHKIMS HECKOJIBKHX MEPEMEHHBIX Ha3bIBACTCS CEeMapadeIbHOM, €Cii OHA MOXKET ObITh
IpE/CTaBIICHA B BUJIC:

a) cyMMbI (QYHKIUI OJTHOM ITEPEMEHHOI;

b) npousBeneHust GyHKIMI HECKOIBKAX NEPEMEHHBIX;

C) CyMMBI BBITYKJIBIX (YHKIIHA.

[TnarexHOI MaTpuIell Ha3bIBACTCSI MATPHUIIA, JIEMEHTAMH KOTOPOH SIBJISIOTCS:

a) roJ0BbIe PUOBLIH OTPACIICBBIX MPEIIPHUITHI;

D) BBIMTPBILIH, COOTBETCTBYIOIIUE CTPATETHSIM UIPOKOB;

C) HAJOTOBBIC IIATESIKH MPETPHUITHI.

B03MOXHO J1M IPUBECTH MATPUYHYIO TPy K 3a/aue JUHEWHOTrO MPOrpaMMHPOBAHUS:

a) BO3MOXHO;

b) HEBO3MOKHO;

C) BO3MOIKHO, €CJIU IJIaTE)KHAS MATPHUIIA CITUHUYHAS.

KoormepaTuBHbIE UTPBI — 3TO UTPHIL

a) C HyJIEBOM CyMMOI;

b) co cMeraHHBIME CTpATETHSIMHU;

C) IOIMYyCKAIOIIKE IOTOBOPEHHOCTH UTPOKOB.

Kakue MaTeMaTHYeCKrue METO/IbI MOXKHO MPUMEHSITh [UIsl IPUHSTHS X035 CTBEHHBIX pellie-
HUU B YCIIOBHUSIX HEOIIPEAEIECHHOCTH:

) JMHEHHOTrO MPOrpaMMHUPOBAHHS;

b) mMaccoBoro o0CTy)KUBaHHUS;

C) IMHAMHUYECKOTO MPOTrPaMMHUPOBAHHSI.

B ceteBoil Moaenu He TOJIKHO OBITh:

a) KOHTYPOB U IETEJIb;

b) coOCTBEHHBIX BEKTOPOB;

C) CeIIOBBIX TOYEK.

Kputudeckium myTeM B CETEBOM rpadiKe Ha3bIBACTCS:

a) caMblii KOPOTKHIA TYTh;

b) camblit JTHHHBIA TYTh;

C) 3aMKHYTBIH IyTh.

Kakas 13 JaHHBIX YdKOHOMHUKO-MATEMaTHYECKUX MOJIENIeH SIBISCTCS OMHO(PAKTOPHOM:

a) MoJIeNb MaTepUuai30BaHHOTO TEXHUYECKOTO TPOrpecca;

b) Momens pacIMpEeHHOTO BOCIPOU3BO/ICTRA,

C) MOJellb €CTECTBEHHOTO POCTa.

Kpumepuu oyenueanua komnemenyuii
O1eHKa «OTJIMYHOY BBICTABIISETCS, €CJIN CTYAEHT IOJHOCTBIO CIPABUIICA C 3a/laHUEM, T10-
Ka3aJl yMEHUS U HaBBIKH, & TAKXKE €CJIM OH CBOOOIHO CIPABIISIETCS € 33a4aMHt, BOIIPOCAMHU U APY-
MMM BUJIaMU IPUMEHEHN s 3HAHNH; NCTI0JIb3YEeT B OTBETE JIONOIHUTENIBHBIN MaTepUall Bce Npely-
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CMOTpPEHHBIE TPOrPaMMOH 3a/JaHHsI BBITTOJTHEHbI, KAYECTBO UX BHIMOJIHEHUS OLIEHEHO YUCIIOM Oai-
JI0B, OJIM3KUM K MaKCUMaJIbHOMY; aHAJIU3UPYET MOJIyYEeHHbIE Pe3yIbTaThl; MPOSBISET CAMOCTOSI-
TEJIbHOCTD IPY BHINIOJIHEHUH 3a/IaHUM.

OueHka «XOopouIo» BBICTABISAETCSA, €CIU CTYIEHT MOJHOCTBIO CIIPABUJICA € 3aJaHUEM, T10-
Ka3aJl yMEHHUS U HaBBIKH, HO JOITYCTHJI HE3HAYUTEIbHbIE OIIMOKHU. TO €CTh CTYJEHT TBEP/O 3HAET
MaTrepual, FPaMOTHO U IO CYLIECTBY M3J1araer ero, He JOMyCcKas CyllleCTBEHHbIX HETOYHOCTEH.

OneHka «yA0BIETBOPUTEIBHO» BBICTABIISIETCS, €CJIM CTYIEHT MOJIHOCTBIO CIPaBHIICA C
TEOPETHYECKUM 33/IaHUEM, HO HE TIOKa3aJl yMEHUS U HABBIKHU.

OneHka «HeyI0BIETBOPUTEIBHOY BBICTABIISIETCS, €CJIM CTYACHT HE CIIPaBUJICS C 3aJaHU-
MU U HE MPOSBISET 3HAYUTEIHLHON aKTUBHOCTU B COOECEIOBAaHUU, JOIMYCKAET CYIECTBEHHbBIC
OLIMOKH, HEYBEPEHHO, C OOJIBIINMHU 3aTPYIHEHISIMH y4acTBYeT B cOOece]0BaHUH, HEOOXOIUMBIE
MPAKTUYECKHE KOMIETEHIIMU He CPOPMHUPOBAHBL, OOJIBIIMHCTBO MIPEAYCMOTPEHHBIX IPOTrPaMMON
o0yuyeHHs y4yeOHBIX 3a/JaHUI HE BBIMOJIHEHO, KAUECTBO MX BBITIOJIHEHUS OL[CHEHO YHCIIOM OaljIoB,
OJIM3KUM K MUHUMAJIBHOMY.

5. Yueono-memoouueckoe u ungpopmayuonnoe obecneuenue OucCyunIuHbl

Ilepeuenv 0cHOGHOI U 0ONOIHUMENILHOU TUMEPAMYPbL, HEOOXO0UMOU 01 0CEB0EHUS
OUCUUNTTUHDL

5.1 Ilepeuenv ocnoeHoll Tumepamypol:

1. lumayes, B. C. Bricias maremaTrka: yaeOnuk miist 6akanaspos / B.C. llunaues ; mox
pen. A.H. Tuxonosa. — 4-e u3n., ucnp. U non. — M. : FOpaiit, 2014. — 607 c. — (bakanasp. ba3oBsrii
Kypc). — Ha yaeOnuke rpud: Pexk. YMO. — ISBN 978-5-9916-3325-3

5.2 Ilepeuens 0ononnumenvHoll 1umepamypol:

1. boromosnos, H. B. Marematuka: yue6Huk Ju1st 6akanaspos / H.B. boromonos, I[1.1. Ca-
Mmoitierko; Mock. I'oc. Yu-T Tex. U ynp. Um. K.I'. PazymoBckoro. — 5-¢ u3j., ne-pepad. 1 nom. —
M. : FOpaiit, 2014. — 396 c. : un. — (bakanasp. ba3oBslii kypc). — Ha yueOnuke rpud: Jon.MO. —
ISBN 978-5-9916-3467-0

5.3 Ilepeuens pecypcos ungopmayuonno-meneKoMmyHuKkayuonnoii cemu Hnmepnem,
He00X00uUMbIX 0711 0C60EHUS OUCUUNTIUHBL

1. http://www.biblioclub.ru -O5BC "Yuusepcuterckas 6ubaroTeka oHmai"

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