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BBenenue

Lenp u 3a1aun U3y4eHHs TUCLIUILIMHBI

O6opynoBaHue U MaTepUabl

HanmeHnoBaHue nNpakTHYECKUX paboOT

Copep:xaHue MpaKTUYECKUX padoT

[TpakTrueckas padota Nel MaTpuIlsl U ONIPEICTUTEIH.

[IpaxTuueckast pabora Ne2 Metoabl pelieHus] CHCTEM JIMHEWHBIX YPaBHEHUH.
[TpakTuueckast padbora Ne3 DyHKIUU U npeaesl. MeTo bl TPHOIMKEHHOTO BhI-
YHUCIIEHUS 3HaYCHUH (DYHKIIUH.

[TpakTuueckas pabora Ne4 Ilpoussognas u quddepenunan GyHKIUN OJHOM Te-
PEMEHHOI.

[TpakTudeckas padora Ne5 Meroapl UCCICIOBAHHS H IMOCTPOCHHS TPaPUKOB
GbyHKIHH.

[IpakTuueckas pabota Ne6 BeposiTHOCTHBIE MOZENH MPOIECCOB YIIPABICHHUS.
[IpakTuueckast padota Ne7 KoppensiumoHHO-pEerpecCHOHHBIN METO/1 UCCIIeI0Ba-
HUSI CITyYaliHBIX BEJTMYHH.

[TpakTuueckas pabota Ne§ OCHOBBI BEHIOOPOYHOTO METOJA U DIEMEHTHl CTATH-
CTUYECKON TEOPUU OLICHUBAHUA.

[IpakTuueckas padora Ne9 Crarucrtuyeckas runore3a. MeToasl CTaTUCTHUECKON
MIPOBEPKHU THIIOTES.

Y4ebHo-MeTo1nuecKoe U HHPOPMALMOHHOE 00ecrieueHre JUCIUIUIUHBI
IlepeueHb OCHOBHOH U JIOTIOJIHUTENILHON JINTEPATYypPbl, HEOOXOAUMOM AJIsT OCBO-
€HUS TUCITUTITIHBI

[lepeyeHr y4eOHO-METOIUYECKOTO OOECTICUCHHsSI CaMOCTOSTEIBLHON pPadOTHI
o0yJaromuxcs Mo JUCHUIUINHE

Ilepeuens pecypcoB HHGOPMALMOHHO-TEIEKOMMYHUKALIMOHHOM ceTn HTepHeT,

HCO6XOHI/IMBIX JUIA OCBOCHUS AU CIHUITIIMHBI

Crp.



BBeneunue

[IpakTuyeckue 3aHATHA CO3JAIOT ONTUMAJIbHBIC TUAAKTUYECKHE YCIOBHS UIS JCATENIb-
HOCTHOI'O OCBOEHHS CTYACHTaMH COAEP)KaHUS U METOIO0JIOIMU U3y4aeMON TUCLMILIMHBI «Mate-
MmaTuka». IIpakTudeckue 3aHATUS 3aHUMAIOT IPEUMYIIECTBEHHOE MECTO IIPHU M3y4eHUH oOIie-
npoeCCHOHATBHBIX U MPO(HECCHOHAIBHBIX AUCUUIUIMH. [IpakTHueckue 3aHsATHs MPOBOIATCA C
LENIBI0 BBIPAOOTKM MPAKTUYECKUX YMEHHH U MPUOOpPETeHUs] HABBIKOB B PELICHUU 3ajad, OTpa-
OOTKHU yIpa)XHEHUH, BBIIIOJIHEHUH YEPTEXEH, IPOU3BOACTBE PacuETOB U T.I1.

Ienbo NpakTUYECKUX 3aHATUH sBseTcs (OPMUPOBAHUE NPAKTUYECKUX YMEHUN — MpO-
(eccnoHaIbHBIX (BBIIOJIHATH ONpPEACIEHHbIE CHCTBUSA, ONlepaliii, HEOOXOAUMBbIE B MOCIIEAYHO-
eM B Mpo(hecCHOHAIBHON IEATETFHOCTH) WM YIeOHBIX, HEOOXOMMBIX B MOCIEAYIOIEH yueo-
HOU JEATEIBHOCTH 0 00IIenpoecCHOHATBHBIM U TPO(PECCUOHATBHBIM TUCITUITITHHAM.

bubnuorpaduyeckuii CUCOK CONEPKUT CBEJCHHS O CIPABOYHOU JIMTEpaType U JIOIMOJI-

HUTCIBbHBIX U3JaHUAX, HCO6XO,I[I/IMBIX JJIA YFHY6HCHHOFO HU3YUCHUA OTHCJIbHBIX BOIIPOCOB.



1. I]endb u 3a0auu uzyuenus OUCUUnIUHbL

Lens ocBOEHUS AUCIUIUIMHBI SBISETCS O3HAKOMJICHHE CTYACHTOB C BaXKHEHIIIMMU METO-
JlaM{ 1 MOJICTISIMH KJIACCUYECKOW MaTEeMaTHKH, METOJaMH JIMHEHHOUW anreOphl, MeTogamMu Jaud-
dbepeHInaIbHOTO UCUUCICHUST (QYHKIIUA OJTHOM MEepPEMEHHOM, BEpPOSTHOCTHBIMH W CTaTUCTHYC-
CKHMU MOJICTISIMU U UX TPUIIOKCHUSIM.

3aaur OCBOCHUS NMCIUILIMHEIL SIBISIOTCS:

— CO3JIaHHUE Y CTYJICHTOB OCHOB TEOPETHYECKOM MOATOTOBKH B 00JIACTH MAaTEMaTHUYECKUX
METOJIOB U MOJICJICH;

— OBJIAJICHUE MATEMATHYECKUM aIlapaToM, HEOOXOIUMBIM JIJISl PEIICHUS TEOPETUICCKUX
Y TIPaKTUYECKUX 33]1aY;

— pa3BUTHE UHTEIUIEKTa U (POPMUPOBAHUE Y CTYACHTOB JIOTHYECKOTO U alTOPUTMUYECKO-
IO MBIIIJICHUS;

— BBIPA0OTKA HABBIKOB CAMOCTOSITEIILHOTO M3yYeHHs YI4eOHON ¥ HAYyIHOH JINTEPaTyphI IO
MaTEeMaTUYECKUM METOJIaM U MOJCIIAM, U UX TIPHIIOKCHUSIM;

— MOBBIIICHUE O0IIEH KYJIbTYpPhI CTYJCHTOB.

2. Obopyooeanue u mamepuanol
ATmapaTtHble CpeicTBa: MEPEHOCHON HOYTOYK, MPOEKTOP, TOCKAa MAaTHUTHO-MapKepHasl.
YyeOHast ayautopus AJisi MPOBEACHUS YUeOHBIX 3aHSATHH, OCHaIleHa 000pyIOBaHUEM U

TEXHUYCCKUMU CPEACTBAMU O6y‘IeHI/I$I .

3. Haumenosanue npaxmuueckux paoom

Ne Tembt HaunmenoBanue TeM AMCUMILINHEL, UX KpaTkoe co- |  OO0beMm ya- O6beM ya-
TUCIUILINHEI JIEp)KaHNe co, OPO coB, 300

1 cemectp

IIpakTuyeckas padora Ne 1. MaTpuiis! n onpe-
JCIIUTCIN.
1 Onepanuu Hag Matpuniamu. Onpenenurend. Boi- 4
YHUCJIEHHUE onpeaenurenet 2-ro,3-ro u n-ro mno-
PSAIIKOB.

IIpakTnyeckas padora Ne 2. MeTo/bl pemieHus 4 2
CUCTEM JIMHENHBIX YPaBHEHUM.

Pemenue cucrem TMHENHBIX YPaBHEHU METOA0OM
oOpatHoit maTpuibl, Kpamepa u ["aycca.

IIpakTnyeckas padora Ne3. dynkiuu u npeze- 4
J6l. MeTo bl IPUOIMKEHHOTO BEIYUCICHHSI 3HA-
YeHUH QyHKUIUH.

OCHOBHBIE METO/1bl BEIUUCIIEHUS NPEETIOB QYHK-




nuid. [I[ppuMeHnenre SKBUBaJICHTHBIX 0€CKOHEUHO
MaJIbIX K BBIYUCIICHUIO MPEIeoB (DYHKIUH.

IpakTuyeckas padora Ne4. [IpousBonnas u
maddepernman GyHKIMA OTHONW NEPEMEHHO.
JudbdepennrpoBanre GyHKIUI pa3TMIHBIX BHU-
JIOB.

IMpakTuyeckas padora NeS5. Metoabl uccieno-
BaHUS U MOCTPOCHUS I'PpaUKOB PYHKITHI.
OkctpemyM pyHkiuu. Touku neperunda. Acumii-
tothl. [Ipumenenue nuddepenunanbHOro ncumc-
JICHUS K UCCIIEAOBAHUIO (PYHKIIUN U TOCTPOCHUIO
uX rpauKoB.

IpakTnyeckas padora Ne6. BeposTHOCTHBIE
MOJIEJIH ITPOLIECCOB YIIPABIICHUS.

DneMeHTbl KOMOMHATOPUKU. Brruncinenue Bepo-
ATHOCTH CITy4afHOTO cOOBITHA. BeposTHOCTD B
CXEM€ NOBTOPHBIX MCIIBITAHUM.

IIpakTnueckas padora Ne7. KoppensunoHHo-
PErpecCUOHHBIN METO/ UCCIIEA0BAHUS CITy4aliHBIX
BCJINYHH.

YucaoBble XapaKTEPUCTUKH JUCKPETHBIX U HE-
IMPCPBIBHBIX CHy‘I&ﬁHbIX BCJIMYHH: MaT€MaTH4C-
CKO€ OKUJIaHuE, TUCIIEPCUs, CpeIHee KBaApaTh-
4eCcKOoe OTKJIOHEHHE. VIcIo/Ib30BaHNe YHCIOBBIX
XapaKTePUCTHK B KOPPEJIALUOHHO-
PErpECCUOHHOM METOJIE.

IIpakTnuyeckas padora Ne§. OcHOBBI BEIOOpOU-
HOTO METO/Ia U AJIEMEHTHI CTATUCTUUECKON TEOpUH
OLICHUBAHMSI.

Br16opoyHast COBOKYIHOCTh, BEIOOpOUHas QyHK-
s pacnpeneneHus. ['ucrorpaMma, nojaurox ya-
CTOT. BrIuncieHrne ToueyHbIX OLIEHOK MapaMeTpOB
pacnpezeneHus. Beruncinenre nHTepBaIbHbIX
OLIEHOK [1apaMEeTPOB pacpeAeICHHUs.

IIpakTnyeckas padora Ne9. Cratucruueckas
runore3a. MeTobl CTaTUCTUYECKON MPOBEPKH
TUIIOTES.

CrarucTuyecKkue UCcCileJOBaHNs 3aBUCHUMOCTEN.
Meroasl CTaTUCTUYECKON ITPOBEPKU TUrores. ['u-
II0TE€3a O PABEHCTBE T€HEPATIbHBIX CPEIHUX.

Htoro 3a 1 cemecTp:

36

Hroro:

36




4. Cooeprcanue npakmuueckux paoom

Ilpakmuueckan paboma Nel. Mampuywt u onpedenumenu.

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

NEIIUTEIIEHN.

Ocnoevl meopuu:

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

a; 8, A, a; &y &y,
a a cee a a a cee a
A — 21 22 2n A — 21 22 2n
Ay Ay Ay A Ao A,
WA KOPOTKO Matpuily o6o3nauaotd = || ajj ||, 1= 1,2,...,m; j=1,2,..., n.
Cnoowcernue mampuy

[lycth nansl aBe Matpuubld B OJUMHAKOBOW pasMepHOCTH. VX cyMMoOi Ha3bIBaeTCsl Mat-
punaC = A + B TOH e pa3MEPHOCTH, DJIEMEHTBHI KOTOPON paBHBl CyMMaM COOTBETCTBYIOIIMX
a5ieMeHTOB Matpuil A u B, T.e. eciu A = ||aij||, B = ||bij||, To 4 + B = C = ||cij]|-

HpI/IMepZA: 41 3, B= 1 -2 4 y TOrJa

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

OTMCTI/IM, 4YTO CKJIIaAbIBaTb MOKHO TOJIBKO MaTpHIbl C OJUHAKOBBIM YHCJIIOM CTPOK M C
OAMHAKOBBIM YHCJIIOM CTOJ'I6I_IOB.

Pa3znocteioB - 4 matpunl B u A (0AMHAKOBBIX CTPOEHMI) Ha3bIBaE€TCS Takas MaTpuula X,

4TO
A+X=B.
A 2 1 4 (3 5 7
Hamnpumep, A = 2 3 1/ = 5 _1 4 . Torna
3 5 7 2 1 4 1 4 3
X=B-A= = - .
2 -1 4) (-2 3 1 4 -4 3
Ymnoowcenue mampuy

a) YMHOXKEHHE MaTpulbl Ha YUCIIO. YT0o05I YMHOXHUTb MaTpuny Ha 4uCJIO O, HAAO YMHO-
KUTH HA 5TO YHUCIIO Ka)KJII)II\/'I OJICMCHT MaTpHUIbI:

allaij|l = || cai |

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

0) YMHOXEHUE IByX MaTpHII.
YMHOXKEHHe MaTpulblB Ha MaTpully 4 BO3MOXKHO TOJIBKO B TOM CiIydae, KOTJa YHUCIIO
CTOJIOLIOB B MaTpuile B paBHO YKCITY CTPOK B MaTpHuIie A.



Onement MatpuiiC = B - A, pacnooKeHHbIH B i-0ii cTpoke u ] —oMm ctoubue (1.e. Cij) pa-
BEH CyMME IIPOU3BEACHUI JIEMEHTOB | — Olf CTPOKH MaTPHIIBl B Ha COOTBETCTBYIOIINE DIIEMCH-
TBI J— TO CTOJIOIA MATPHIIBI A.

n
Cy = auby; +a,b,; +...+a,by = ab,
k=1

Cnez[yeT OTMCTUTL, YTO YMHOKCHHUC MAaTpPHUI] HEC 06HanaeT CBOIMCTBOM KOMMYTAaTUBHOCTH,

T.€. AB # BA.

1 2 -2 1
HpnMepl.A= 1 3 u B= 3 5]
Nmeem
ap [ 2Y-2 N)_(1(9+23 11+25) (4 1
-1 3\ 3 5 (-1:(2)+3-3 1-(-)+3-5) |-11 14
B.A— -2 11 2 _ -2-1-1.1 2-(-2)+1-3 _ -3 -1
3 5)A-1 3 3-1+5-(-1) 3-2+5-3 -2 21

BriBox: AB # BA

Buviuucnenue onpeoenumeneti

Eciu B MaTpuIle 9uciio cTpoK paBHIETCS YUCIY CTOJIOIOB, T.€. M = N, TO MaTpHUIla Ha3bIBa-
eTCS K8AOPAMHOLI.

a d

11 TR

A= 21 2 2n

Onpenenuresnb, COCTABIECHHBIN U3 3JE€MEHTOB KBaJpaTHON MaTpullbl (03 MmepecTaHOBOK)
HA3bIBACTCSI ONPENIEIUTENIEM MaTPULIBL A.

a, a, - a,
21 22 2n
A(A) =
a'nl an2 o ann
Yucao ai1 az2 - a1 a1 Ha3bIBAeTCS OIIpEACIIUTEIIEM BTOPOTO IOpsAAKa U o0o3Haudaercsa
_ a; ap _
CHUMBOJIOM A = =a;;8,, —a;,a,,.
a21 a‘22
OHpe,Z[CJ'II/ITeJ'ICM TPETBHEro NopsaKa Ha3bIBaCTCs YHUCIIO:
a; a, ag;
A= Ay 8y Ay = Ayy85855 + 85,8385 +8,,8)383 — 831883 — 885,853 — 881,85,
Ay 8y Ay

CxemMaTH4eCKH BBIYUCIICHHE OMPEISIUTENS] TPETHETO MOPSIKA BBITISIUT CIESIYIOIIMM 00-
pazoM (TIpaBUIIO TPEYTOJIBHUKOB WK mpaBmiio Cappyca):



a; a, a; ) 13| ) 3
Ay 8y Ayl= 23|~ |A57 3
y ad; Aag ay A 33

Onpenenurens TPETHETO MOPSIKA TAKXKE PABEH CyMME MPOU3BEICHUN IJIEMEHTOB HEKO-
TOPOM CTPOKH (CTOJI01Ia) HA anreOpandecKue JOMOTHEHUS dTUX DJIEMEHTOB, T.€.

A= ay, A11 +a;, A12 +a; A13; A= ay A11 +ay A21 +ay A31
A= ay A21 +ay Azz +a,; A23 , A= a;, A12 +a, Azz +as, A32
A=ay A31 +ag A32 +ag A33 ; A=ay; A13 +ay; A23 +ag A33

Hampumep, pasioxeHue onpeneuTess 1Mo dJIeMeHTaM NepBOil CTPOKH:

a a a a a a
A=a, '(_l)1+1 22 23 +ay, .(_1)1+2 21 23 +ay, .(_1)1+3 21 22| _

32 33 a1 Qg
= a11 (azz a33 - a32 aza) - a12 (a21a33 - a31a23) + a13 (a21a32 - a31a22 ) =

= a11a22 a-33 + a12 a'31a23 + a13a21a32 - a113-32 az3 - a12 a21a33 - a13 a31a22

31 33

Pa3noxxeHneM 1o 3neMeHTaM CTPOKH MJIM CTOJIOIA MOKHO BBIYMCIUTDH ONPEIEIUTEND JIFO-
Ooro nopsiaka. B xauectBe mpuMepa pacCMOTPUM OMpPEEIUTENh YeTBEPTOro MOPsAIKa U pasiio-
KM €rO0 I10 3JIEMEHTaM TEPBOM CTPOKH.

Ipumep 2.
1 -1 2 3
1 -1 4 1 -1 4
; ; _11 :=1-(-1)1+13 1 3+(-D-(-D*?2 1 3+
1 0 5 3 0 5
3 1 0 5
11 4 11 -
+2-(-D*32 3 3+3-(-D*|2 3 1|=1(5+0-3-4-0+15)+
315 31 0

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

=13-6+2-(-17)-3-9=13-6-34-27=-54

JlaHHBIN OmpeaenuTeNb MOXHO BBIYMCIUTH MHBIM CIIOCOOOM, NMPUMEHUB AJIE€MEHTapHbIE
npeoOpa3oBaHus K CTPOKAM OIpEesIuTeNss. A UMEHHO, YMHOKUM 3JIEMEHTHI MIEpBON CTPOKU Ha
(-1) 1 coXKKMM C 3JIEMEHTaMH BTOPOI CTPOKH, 3aT€M YMHOXKHUM 3JIEMEHTHI MIEPBOM CTPOKH Ha (-
2) U CIIO)KHUM C COOTBETCTBYIOUIMMHM 3JIEMEHTAMH TPETbEH CTPOKH WM, HAKOHEL, YMHOXHM dJle-
MEHTBI NIEPBOM CTPOKH Ha (-3) U CIIOKUM C COOTBETCTBYIOUIMMHU C 3JIEMEHTAMH YE€TBEPTON CTPO-
ku. Torma momydum omnpenenutens 4-ro mopsiaka, B MEPBOM CTOJIOIE KOTOPOTO CTOSAT HYIH,
KpOME€ IEPBOU CTPOKH, T.€. IOJy4aeM OIPEIEIUTENb BUA:

1 -1 2 3 s 3 1
0 2 -3 1

4 -6 -4
0 4 -6 -4

KOHmpOJleble 60onpocol U 3a0aHUA.



1. Kakue MaTpuIlbl MOKHO CKJIaJbIBATh U 110 KAKOMY ITPABUITY?

2. Kakumu cBoiictBamMu obsagaer omepanust cioxxeHus MaTpui? EcTh au oTinuuumst ot
CBOICTB CII0’)KEHUS YHCcen?

3. Kak yMHOXXHTH MaTpuIly Ha YHCIIO?

4. Kakumu cBoiicTBaMM 00J1a/1al0T OINepalusi YMHOKEHHsI MaTpulpl Ha uucio? Ectb mu
OTJIMYMSI OT CBOMCTB YMHOXKEHMSI yuCe?

5. UTo Ha3bIBAaETCs ONpPEAEIUTENEM KBalpaTHOW MaTpULIbI?

6. [laiite onpeneneHre MUHOpPA U alreOpandyeckoro JOMOJHEHUs 3JIEMEHTa ONpeeIuTe-
J8l.

7. Kak BBIYMCIUTD ONPEAENINTENb, pa3iiaras ero no Npou3BOJILHON CTPOKE UM CTOJIOLY?
ChopmynupyiiTe COOTBETCTBYIOIIYIO TEOPEMY M HAaNMUIIUTE (OPMYIBI PA3I0KEHUS OTPEICITH-
Tens 1o i—o# crpoke (k—my crondiy).

8. Haiitn npousBenenue matpuil A u B.

01 120
1. A= ,B= .
(5 1) (3 4 5)

120 120
2.A=|0 3 1| B=[0 3 1|
01 2 01 2
3 2 -1 4 5
3.A=| 5 6 1,3_[3 2
21 -7 8 -3 2

-1 3
2. Haiitu A®, eciu A = .
2 —4

3. Brruucnuth OIIPEACIIUTCIIb

1 3 7 2 4 5 1 1 1 1 1 1
1. A=8 26 568, 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 <7/2 1 3 -2 1|
01 0 5 511 5 3 2 1 _2 3
2 4 3 1 0 4 2 -1 201 3 4 s




Ilpakmuueckan padoma No2. Memoowt pewienus cucmem JUHEUHBIX YPAGHEHUIL.

Ileny: PaccMOTpeTh pas3iIMYHBIE METOABI PELIECHUS W 3aKPEIUTh HABBIKA PELICHUs

CJIAY.

Ochoevt meopuu:

CucreMamiIMHENHHBIX YpaBHEHUI CNIIEPEMEHHBIMU UMEET BUJL:

agX, + apX, + - +a X, = b
Ay Xy + ApX, + 0 A, X, = b,
Ay X, + X, + o 4+a,X, = b,

rae aij i=12,..mj=12,..n), bk (k=1,2,...m) - 3aaHHbIC JCHCTBUTCIHLHBIC YHC-
na.

Yucia aij (i=12,..,m;j=1.2, ..,n) Ha3piBatOTCsA KOAPPHUIMEHTAMH CHCTEMBI, a YHCJIa

bk (k = 1,2, ....m) - cBOOOIHBIMH YJICHAMH CHCTEMbI JIMHCWHBIX aNreOpandecKux ypaBHCHUN

(CJIAY).
Martputisi
a; a, - q, a; a, - 4 bl
_ Ay, Ay 3y, — _|8xn ap - Ay bz
A = u A = » KOTOPBIC COCTABJICHBI U3
aml a‘m2 T a‘mn a'ml amZ a‘mn bm

KOA((UIIMEHTOB MPHU NMEPEMEHHBIX U CBOOOJHBIX YIEHOB CHUCTEMBbI, HA3bIBAIOT COOTBETCTBEHHO
MaTpHULIEH CUCTEMBI U PACIIMPEHHOW MAaTPUILIEH CUCTEMBI.

PaccMOTpUM cUCTeMy TPEX JIMHEHHBIX YpaBHEHHI! ¢ TpeMs HEU3BECTHBIMU X1 Xp1 X3
ay X +a,X, HaX =b,
8y, X + 8y X, +8yX; =Dy,
g X +agpX, +85,X; =y,
rae & - ko3h HUIMEHTI P HEU3BECTHBIX; bi - cBOOO/IHBIE WIEHBI (TpaBble YacTH) CHU-

creMbl ypaBHeHui. Omnpenenurens TpeTbero mopsaka A, cocraBieHHBIH U3 KOI(PPUIHEHTOB
IIPY HEU3BECTHBIX, HA3bIBACTCS Onpedenumenem CUCmemsl.
PemmM cuctemy IMHEHHBIX ypaBHEHUH METOIOM 0OpaTHOM MaTpHUIbL:

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

Beeném cienyronme 0603HaueHuUs:

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

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

Jns HaxOoXKIE€HHMs OOpaTHOM MaTpHibl A" BHMHCIMM alre0pandecKue JOIOIHEHHS
3JIEMEHTOB MaTPUIIbLA

-2 2 1 -3 1 -3
A=l 3‘:_8’ AZl:_‘l 3‘:_6’ 31:‘—2 2‘:_4’
1 2 2 -3 2 -3
Alzz_‘l 3‘:_11 Azzz‘l 3‘:9' Aszz_‘l 2‘:_7!

Al qos A PU L AP s
S | T2 7

-1
Marpuna A , 00paTHas KA, 3aIUIIETCs CIEeTYIOMUM 00pa3om

. -8 -6 -4
Al=——|-1 9 -7
26
3 -1 -5
Martpu4Hoe peleHre CUCTEMbI UIMEET BUJL:

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

Xq 3 -1 -5\ 4 52 2

oTcrona cenyer, uto X, =3y X =9, X3 =2,

IMpu ycnoum, uro A #0, TO €IMHCTBEHHOE PEIIEHHUE CUCTEMBI BBIPAKAETCH (hopmynamu
Kpamepa:

A
XlA'Z

Pemuts o ¢popmynam Kpamepa cienyronryto cuCTeMy JUHEHHBIX YpaBHEHUI:
X, —2X, + X3 =—4
3X; +2X, +5%X; = 2.
4X, —TX, —5X; =-b

1 -2 1
Bnauane Haiinem onpenenuTenb CUCTEMBI A=13 2 5|=-10-40-21-8-30++35=
4 -7 -

- 74. A #0. CnenoBareipHo, paccmaTpuBaemasi CUCTEMA UMEET €IMHCTBEHHOE penieHue. Beruuc-
JIUM ONpeACINTECIN Al, A, A,

11



4 -2 1 1 -4 1
A,=|2 2 5/=40+50-14+10-20-140=-74, A, =3 2 5/ =-10-80-

-5 -7 - 4 -5 -5
1 -2 -4
15-8-60+25=-148,A; =3 2 2| =-10-16+84+32-30+ +14=74. Takum obpazom,
4 -7 -5
pelreHue JTAaHHOU CHUCTEMBI uMeeT BUJI:

PaccmoTrpum pemienue CJIAY meronom I'aycca. Meton ['aycca 3akimrodaeTcsiB mociaeno-
BaTEIbHOM MCKIIFOUCHUH HEM3BECTHBIX. JJI y100CTBA BBHINMUIIIEM PACIIUPEHHYIO MATPHILYH TPHU-
BeJieM e€ K TUaroHaJIbHOMY BHJY C TOMOIIBIO 3JIEMEHTapHBIX MIPe0Opa30BaHUM.

2 1 -3-5 1 1 3|4
1 -2 217 |—|1 2 2117 |———
1 1 3|4 2 1 -3-5) >
11 3|4 1 1 3|4 1 1 3|4
WO 3 U o5 [0 1 -9-13|—>|0 -1 -9-13,
%10 -1 -9/-13 0 -3 -113 0 0 26|52

BrimomHuM 00paTHBINA X0, 3amuIieM CHCTEMY,HCXOAs U3 Kod(D(PHUIIMEHTOB MOCIeaHEH
MaTpHIIbI, U TIOCIICIOBATEIILHO HaliJIeM HEM3BECTHBIC.

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

Konmponwvuwvie éonpocwt u 3a0anus:

Ucnonezys dopmynsl Kpamepa u meton oOpaTHOM MaTpHUIbl HAWTH PEIICHUS CIEAYIO-
mux CJIAY:

3X; +2X, + X, =5 X, —2X, +3X, =6 2X, =X, = X3 =4
1. 42X, +3X, + X3 =1 ; 2. 92X, +3X, —4X,; =20; 3. 13X, +4X, —2X, =11,
2X, + X, +3%; =11 3X, —2X, —5X, =6 3X; —2X, +4x, =11

Pemmmts cnenqyromme cuctemsl Mmerogom ['aycca.
2X, +4X, +4X, +6x, =18

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

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

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

12



Ilpakmuueckas pavoma Ne3. @ynkuyuu u npeoenvt. Memoovl npudIuUIHCEHHO20 6bIUUC-

JleHuA 3HAYeHUull YyHKYUil.

Ilens: ChopMupoBaTh HaBBIKM BBIYUCIICHUS MpeAesioB (QYHKIUM, a TaKKe BBIYUCICHUS

MPUOJIMKEHHBIX 3HAYCHUH (PYHKITUH.

Ocnoevl meopuu:

[Tyctb QyHKIUA y = f(x) 3a7aHa B HEKOTOPOU OKPECTHOCTU TOYKH &, 3a HC-
KITIOYCHUEM, MOXKET OBITh, CAMOM TOUYKHA.
Yucno A Ha3bIBaeTcs npedeniom yHkyuu f (x) B TOUKe X =a, eciu JIsl JIto-

O0ro MOJOXKHUTENBHOTO uuciaa &>0 HaWAETcd TaKoe MOJIOKUTEIBHOE YHUCIIO
5(£) >0, 9TO I BceX X, YIOBJIETBOPSIOMMX HepaBeHCTBY O <|x—a| <0, BBIIOJ-
HAETCS HEPABEHCTBO |f (x)—b| < = . B 9TOM Cily4ae 3aluchIBalOT leﬂ;n f(x)=A.

JlaniuM TeoMeTpUYECKyI0 WUTIOCTPALMIO OHATHA Ipefena GyHKIUU B TOU-
Ke

(puc. 1.)

h+s

f(x)

s

Pucynoxk 1.

JI7s BceX TOUEKX, OTCTOSAIIMX OT TOYKHM a HE Aajibllle, YeM Ha O , TOUku M
rpaduka QyHKIUU f(x) JIEKAT BHYTPHU TMOJOCH IIUPUHON 2¢, OTpaHUYCHHOU Mpsi-
MBIMHA y=b—-¢, y=b+e.

PaccMmoTpum HEKOTOpEBIE coticmea npeodenos yHKYu.

[IycTs lim f (x)=A,1limg(x) =B C-nocrosmnas Benmumna ,orna
X—a X—a

1. limc=¢

X—a

lim(C-f(x)=C-lim f(x=C-A,

X—a X—a

lim - fx))=C-lim f(x=C-A,

X—a X—a

2

3

4, lim(f (x) +g(x)) = limf (X) +limg(xX) =A+B,
5 iizrz(f(x)-g(x))ZLirE;(X)-Iir;:(X)=A-B,

X—a

13



£ im0 A
le_r)gg(x) = ima() =g e Lﬂg(x)io.

Jlsa 3ameuamenvHvix npedena

[IepBbIit 3aMedaTENbHBIN MPEAET UMEET BUJL:
. sinX
lim —=1.
x—=0 X

Bropol 3ameuarenbHbIi Ipeies UMEET BUL:

X
. 1
Im |1+— | =e,
X—>00 X

1
i X _
XIE:O(LL x) =e.

PaccMmoTpum npuMepbl Ha BBIYUCIEHUE TPEIEIoB PYHKIUH.

i 12x% +5x
Ipumep 1.Beranciuts npeznen X[)noo _Ax2 47

Pemenne
[Ipu moaCTaHOBKE MPEIEIBPHOTO 3HAYEHUS apTYMEHTA MOJIy4YaeM HEOIpee-

o0
JIEHHOCTb BHJa —.
o0

B npuMepax HOI[O6HOFO THUIIA YUCJIMTCIIb U 3HAMCHATCIIb ACIIAT IIOYJICHHO
Ha Xn, raen -CrerueHb MHOIOYJICHA B 3HaMeHaTCJ'IC.P33)ICJ'H/IM YUCIUTCJIb U 3HA-

2
MEHaTellb Ha Ha X . B pe3ynbTrare nojryyum:

5
1 +5x . L 1240
1Lm—2=le 7 _a+0
—4x° +7 —44 -4+
X

Tak xak, mpu X —>00 GyHKIUU 2 u lz CTPEMSATCA K HYIIIO.
X X

o x®—4x*-3x+18
I ep 2.B C emen lim -
pI/IM p BIYUCJIIUTH Hp JICJI o3 X3 —5X2 N 3X N 9

[Ipu moacTaHOBKE MPENEIbHOTO 3HAYEHUS apryMEHTa MoJlydyaeM Heorpee-

JICHHOCTb lema% , YTOOEI e PACKPLBITh PA3JIOKHUM YMCIUTCIIb U 3HAMCHATCJIIb Ha

MHOXHUTECIIN:
X® —4x? ~3x+18 = (x—3)(x? — x—6)
x* —5x% +3x+9 = (x—3)(x> - 2x—3)
x* —4x* -3x+18  (x-3)°(x+2)
x°—5x*+3x+9  (x—3)(x+1)

2
CokpaTuM 4YUCIUTENh U 3HAMEHATEh HA MHOXHUTENb (X—3) , B pe3yJibTare

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

IMOJIy4YHrM:
14



o x3—4x*>-3x+18 .. x+2 5
lim 3 5 =lim——=—.
>3 X* —5X“+3x+9 3 x+1 4

Hpumep 3.Boruncnuts npegen lim 22 +13-2vx+1.

HpI/I IMOACTAaHOBKC IMPCACIIBHOI'O 3HAYCHUA apryMCHTaA IIOJIy4acM HC-

OIpCACICHHOCTD BI/II[a% ) 4TOOBI ¢ PACKPBITH YMHOKUM YHCIWUTCIIb U 3HAMCHA-

TCJIb HAa BBIPAXKCHUC, COIPSKCHHOC YHUCIUTCIIIO,a BBIPAKCHHUC, CTOAIICC B 3HAMC-
HaTCJIC PA3JIOKUM Ha MHOXKHUTCIIN.

Iimx/x+13—2x/x+l 3 ”m(\/x+13—2\/X+1X«/x+13+2\/x+1)_
BT %/(X—B)(x+3)(\/x +13+24x +1)

=lim- ; _3x+9 =lim ~3(x-3)
x—>3 \/x—3\/x+3(\/x+13+2«/x+1) x>3 (x—3) (x+3)§(\/x+13+2x/x+1)

Wl

1
_jim— —3x=3F _o.

O (x+3)s (VX +13 + 24/x+1)

. Sin3x
lim ——.
IIpumep 4.Boruuciauts npenen 50 Ax

.. 0
HNmeem HCOINPECACICHHOCTb BHUAA 6 , paCKpo€M €€ C IMOMOIbBIO IICPBOTO 3a-

MCUYATCIBbHOIO IIpcaciia.

. sSin3x .. 3sin3x 3, sin3x 3
lim = lim =2 1lim ==
x—0 4x x—0 4.3X 4 x>0 3Xx 4
- 5B lim 2Xsin X
nme « DBIYUCJIIUTD IIPCACII - .
P P peaet S ho 1-cosx
Bocrnionb3yemcst TpUroHoMeTpudeckKuMu GopMyiamu:
. o X ) . X X
2sin® —=1-cosX; sinX = 25|n§cos§, B PE3yJIbTATE MOJYYUM
. X X X
. 2X-2sIn —C0S — 2X-C0S —
. 2XsIin X 0 ) )
iy 2280 [ 0]y P 222 gy P
x—071 —COoSs X 0 X—> 2sin2 X X—> sin >
2 2

: X
ZIXILTJCOSE 21 .

sini i-1
2

X
2

15



X—>0

3x 1)
lim -
IMpumep 6.Boranciuts npenen [3)( + 4j

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

I{J’ISI eé PACKPBITHUA BOCIIOJIB3YCMCA BTOPBIM 3aMCYATCIIBHBIM IIPCACIIOM.

2x 2X
- 1 L dimf1- 1t
. (3x-1 ) 3x . (3x-1 X 3x
lim =lim -lim = 1=
x—o\ 3X + 4 ol 4 x—o\ 3X + 4 _ 4\
+? lim 1+ —
X X—00 3X
-3x\ 3
lim 1+i _2
X—0 _3X e 3 _E
_ _ 3 _
B g 8 ° T
3x 3 3
" e e
lim||{1+—
X—0 i
4

Konmponwvuwvie sonpocwt u 3a0anus:
Onpenenenue npeaena GyHKIUM.
OcHOBHbIE CBOICTBA MPeJIEIOB (PYHKLUH.
MeTo b1 BBIYHMCIEHUS TPEENioB QyHKIUH.

1.
2.
3.
4. IlepBslii 3amMeyaTeNIbHbIN Npeer.
5. Bropoit 3ameuaTenbHbIi peaen.
6.

Boeruucnuts npenenst yHKIUi:

. X?+5 . X2 —49
1.lim ) 2. lim——
x—>4 3X — 4 =7 X —7
2x% +x -1 . Ux-6+2
3 MM 4. lim ———
H%Zx +5x-3 x->-2 X +8
. 5x*+4x-8 22X —2x+4
5 lim———. 6. lim .
x>0 8x% 4+ 6x° +1 x4 J5—X —/x-3
5 )
C AIXT 144X . SIn5x
7I|m—\/_. 8.1im .

X0 4/X3 X —x2 x-0 §Jn 2X

. 1-cosx . tgx —sinx
9.||m—2. 10.||mg—.
X—0 X x—0 X
2
2x2+2Y : S
10.lim| =2=2—= | . 12_|Im(l+2x)x
X—500 2X2_1 x—0
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Ilpakmuueckan pavoma No4. Ilpouszeoonas u ougpghepenyuan ghynkyuu oonoit nepe-

MEHHOU.

Ilens: ChopmMupoBaTh HABBIKM BHIYMCICHUS IPOU3BOIHBIX CIOKHOM (PYHKIINU.

Ochoevt meopuu:

Onpeodenenue npou3so0HoU
Ilpoussoonou  ¢yukyuu 'y = f (x) HazbIBaeTCsA MpeaeN OTHOUICHUS IPHUPAIICHUS
(GYHKIIMM K COOTBETCTBYIOIIEMY IMPHUPANICHUIO apryMEHTa, KOTJa MpUpAIIEHUE apryMEeHTa
CTPEMHTHCS K HYIIO:
S0 = lim E— lim JCHAVZS()
Ax—0 .
Ecnu 3TOT mpeien KOHEYHBIH, TO MPOU3BOAHAs cymiecTByeT U GyHKus f (X) Ha3bIBaeT-

csa muddepenuupyemoit B Touke X. [Ipom3Boanas oOo3HauaeTcsy'(X) uiIu % [Ipomecc
X
HAXOXKJCHUS TIPOM3BOIHON Ha3bIBaeTCs MU GepeHIIUPOBAHUEM (YHKIIUH.

IIpasuna oughghepenyuposanus gynxyuti
[TyctbCeR— moctosiuHast, u = u (x), V = V(X) — QYHKIIMH, UIMEIOIHE IPOU3BOIHBIE.

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

IIpasuno ougpepenyuposanus croxcHou ynkyuu
Ecin byHKLIMSA y = f(u) nmuddepenuupyema mou, a PyHKUMSIU = @
(X)muddepenppyemaro x, To npousBoaHas cioxHoi ¢pyukiuny = f(¢ (X)) onpenensiercst Gpop-
mymoit y' =f' (u) - u' (X) .
Tabauya npou3Bo00HbIX CIOHCHBIX PYHKYULL

_ U _ ' :
1. () =4 16 (0 =) =1
! U
2 (a“) =a"-Ina-u’ 24 (e“)ze” u’
’ ' '
3. (logau) = ihg 3a.(Inu) =Y
4. (sinu) =cosu. 5. (Cos U) =—sinu-u’.
6. (tgu) =— U 7.ctu,:—_u' .
tou cos?u (1) sinZu
! ] 4 '
iny) = U ___u
8. (arcsinu) = _ 9. (arccos u) =— _
( ) == ( ) ==
u’ __
10. (arctg u) TR 11. (arcctgu) = TR

17



IIpoussoonuvle 6mopoeo nopsoxa

Ipoussodnoii émopozo nopsoka (6mopoii npouseoonot) ot pyHkuun Y = f(X)
HAa3bIBAeTCs IPOU3BOIHAS OT €€ MPOU3BOJHO, T. €.

P00 =(f'(x)".

Bropyto npousBogHyto Takke 0003HA4ar0T y”(X) WIH

d’y

. [IpousBosHas ot
X2

MIPOM3BOHON BTOPOTO MOPSAIKA HA3bIBACTCA NPOU3BOOHOU mpemve2o nopsaoka u T. 1. Ilpous-
n

d'y
Ll

n
BOJHYIO N-T0 IOpsiKa 0003HAYAIOT y( )(X) W
[Tokaxkem Ha mpHUMeEpax, KaK CIEAYET MOJIb30BaThCs NMPHUBEICHHBIMU BhIIIE (Hop-
MyJIaMH.

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

y' =2cos(x?)- (cos(x? )), = 2c0s(x?)- (—sin(x? )), (x? ), = -2x-sin(2x?),
Hpumep 2. Haittu npoussoanyio: Y = arcsi n+/x ,

4

1
W) et
y_ = =
-(Wxf V1% 2dx-xt

Ipumep 3. Haiitu npoussoanyo: Y = In(arctgv X — 1).

Pemenne.
Y = (arctg\/x —1) B 1 (\/x —1) _ 1 1
arctgvx -1  arctgvx —1 1+( fx —1 _1)' arctgvx —1  2+/x% — x2
1| 4. Haii y=Ing>-—=
pumep 4. Haiitu npoun3BoHy0 ¢ yHKIIHH 2 sinx
y' = 1 1 1 sinx-—xcosx 1 SiN X—XCOosSX _ sin X —sin X + X COS X
= . o—_— ) = — 5 = > =
tgi cos X 2 sin® x 2sin X cos X sin® x sin® x
2 2 2 2
_ XCOSX
sinx

4
X
IIpumep 5. Haiitu npousBogHyto GyHKuuu Yy = arcilg g -

I-x
Y= 1 BX°(L-x") —(-8x")2x" _ (1-x)*(8x°-8x" +16x") _8x’+8x" _
L 4x® (1-x%)? 1L+ x%)*(1-x%)? (1+x®)?
(1-x%)?

_8x(L+x°)  8x°
1+x5)?  1+x®

18



KOHmPOJleble 60npocol U 3a0aHUA.

1. JTaiiTe onpeneneHue MPOU3BOAHON (PYHKIINH B TOUKE.

2. ChopmynupyiiTe OCHOBHBIE ITpaBuia Ju(GepeHINPOBAHNS.

3. 3anumuTe TabIUIy MPOU3BOIHBIX.
4. Kak ompeensieTcsi IpOU3BOIHASI BTOPOTO, N-T'0 TOPsIIKa?

5. Haiiti mpou3BoaHYIO (yHKITHH.

1. y:4\/(3+4§/5)3.
y .

2. X
V1+ %2
1
3. = arct .
y g1+ x?
4 X% =2

y=In———.
\/(6—2x2)3
5. y=InIntgx

.1
arcsin—

6. y=e *

19



Ilpakmuueckas padoma Ne5. Memoowt uccnedosanusn u hocmpoenus 2paphuxkos

dyukuuil.

Ilens: ®opmupoBaHue HABBIKOB MPUMEHEHUS AU(dEpeHIInaTbHOr0 UCUUCICHHS K T10-

CTpPOCHHIO TpaduKOB (HYHKIIHIA.

Ocnoevt meopuu:

Paccmotpum dyskimio y = f (x), HenpepsiBHY!O B Touke Xg. Touka X HasbBaeTcs

moukou maxcumyma (munumyma) @yuxkyuu'y = f(X), €cau CyIecTByeT Takas OKpPECTHOCTb
toukn Xy, uro s Bcex XF Xpu3 0ITOM OKPECTHOCTH BBINOJHSETCS HEPABEHCTBO
f (X) <f (XO) ( f(x)> f (XO) ). 3HaueHue (QYHKIMHA B TOYKE MAKCUMyMa Ha3bIBACTCS MaKCH-

MyMoM GYHKUUH: Y max = f (Xmax ) .3HaueHue QYHKIMH B TOYKE MUHMMYMa Ha3bIBa€TCS MU-

mamymom yaxunn: Ymin = F (Ximin ) -
Toukr MakcHMyMa ¥ MHHHUMyMa (QDYHKLHMH HAa3bIBAIOTCS MOUKAMU DKCMPEMYMA (QYHK-
yuy. 3Ha4eHUS (YHKIUU B TOUKAX SKCTPEMyMa Ha3bIBAOTCS IKCIMPEMYMAMU PYHKYUU.

Eciu dynkuus y = f (X) umeer B Touke X 9KCTpeMyM, TO f '(XO) =0 ym f ,(XO)

HE CYILECTBYET — HeoOXxooumoe ycnosue sxkcmpemyma. OTCIOAa CIeyeT, YTO TOUYKH IKCTPEMyMa
(GyHKLUU cleyeT MCKaTh TOJIBKO CPEeJU TeX TOYEK, B KOTOPBHIX NMPOM3BOJHAS (PYHKIMU paBHA
HYJIIO WM HE CYIIECTBYET, TAKUE TOYKU HA3BIBAKOTCS KPUMUYECKUMU WA CMAYUOHAPHBIMU TOY-
KaMu (QyHKIIUH.

Ecmu ¢ynkuus y = f(Xx) HempepblBHa B HEKOTOPOH OKPECTHOCTU KPUTHUUECKON TOUKU

Xy n muddeperimpyema B 9T0i OKPECTHOCTH (32 HCKIIFOUCHHEM MOXKET OBITh, CaMOW TOUKU X())
u eciu ripu iepexoze X uepes Touky X (CiieBa Hanpaso):
!
1) f (X) MEHSET 3HaK C «+t» Ha «—», TO Touka X()eCTh TOUKa MaKCuMyMa QYHKIIUH,
!
2) f (X) MEHSIET 3HaK C «—» Ha «+», TO ToUKa X(ecTh TOYKa MUHUMyMa QYHKIHH,
f !

3) X) ne menser 3HaK, T0 B Touke X QyHKIMS HE IMEET IKCTPEMyMA.

Ecnu B kpurmueckoii Touke Xg GyHkums y = f(x) aBakasl auddepeHumpyema, TO
ONpPENEIUTh XapakTep SKcTpeMyMa (eciii B Touke X (QYHKIMH UMEET 3KCTPEMYM) MOXKHO MO
3HaKY BTOPOH MPOU3BOHOM:

4
1) ecm f (XO) < O, to X( — TOuKa MakcuMyma )YHKIIUH,

2) ecmn | ”(XO) > 0, T0 X — TOYKa MUHUMYMA )YHKIIUH.

I'padux pynxmun y = f(X) Ha3zpiBaeTcs BBHIIYKJIBIM BBEpX Ha MHTepBaie (a; b) ecnu B
npejenax 3Toro nHTeppaia rpaduk GyHkuun y = f(X) JEKUT HUKE JTF000M CBOEH KacaTelIbHOM.

I'padux ¢pynkumu y = f(X) Ha3pIBaeTCs BBITYKJIBIM BHU3 Ha HHTEepBae (a; b) ecnu B npe-
Jienax 3Toro uHTepBana rpaduk GyHKIuU y = f(X) JeXKUT BhIIIE 000 CBOCH KacaTeIbHOM.

Touka rpaduka pynkuun y = f(x) Mo (Xo; f(Xo)) Ha3bIBaeTcs TOUKOI nepecuba rpaduka,
€CIIU TIPH TepexoJie X uepe3 Xo rpauk MEHseT HalpaBIeHUE BHITYKIOCTH.

B Touke neperu6a Xo Bropas mpoussoanas ¢pyskiuu f papHa Hymo f ”(Xo) =0 (ne-
00X0aMMO€ YCIIOBHE Teperuoa).
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Ecnm BTOpas nmpousBomHas f”(x) aBaxasl auddepeHnupyeMon GyHKIMHA TIPH TIEPEXoie

4yepe3 Touky X, MEHsIeT CBOM 3HaK, TO Touka X, ecTh TOYKa meperuba eé rpaduka (octaTouHOe
YCJIOBHE Teperunoa).

Aneopumm uccnedoganus hyHKYuU Ha 8bINYKIOCHb
u moyKku nepeauba

1. Haxonum BTOpYIO MpOU3BOAHYIO GyHKIUU f"(X).

2. Haxoaum TOYKH, B KOTOPBIX BTOpasi MPOU3BO/IHASI paBHA HYJIIO WM HE CYIIECTBYET.

3. Uccnenyem 3HaK BTOpOM IPOU3BOAHON CIIEBA U CIIpaBa OT HAMJAEHHBIX TOUEK U JIeJIaeM
BBIBOJI 00 MHTEpBaJiaX BBIMYKJIOCTH M HATMYUM Touek rneperuda. Eciu BTopas mpousBogHas 0y-
JET MEHATh CBOM 3HAK C IUIIOCAa HA MUHYC WJIM C MUHYCA Ha IUTIOC B UCCIIElyeMON TOYKe, TO 3Ta
TOoukKa U OyAeT Toukoil mepern6da rpaduka Gynkmun. Ecinu Bropas mpon3BoiHas 3HaKa HE MEHsI-
eT, TO QYHKIMSA HE UMEET TOUYEK Ieperuoa.

Acumnmomul epaghuxa @ynkyuu
[psimast Lua3eiBaeTcst acumntoTol KpuBoit Y = f(X), ecu paccrostaue ot Touku M(X; )
KPUBOU 110 3TOM NpsiMOi LeTpeMHTCsI K HYIIIO MPH HEOTPAHUUCHHOM YJIaJICHUH TOi TOYKHU MO
KPHBO# OT Hadana koopauHar. [IpsmMast X = asBISICTCS 6epmMuUKAIbHOU ACUMIITOTOW KPUBOH Y =
f(X), ecyin BBIMIOJIHACTCS XOTsI ObI OJTHO M3 YCIOBHIA:
lim f(x)=+oo (wru — o)
x—a-0
lim f(x)=+oo (wru —oo)
x—a+0
[psimast y = kx + b makinonnas acummrora kpuoi Y=f(X) mpu X — 400 (mpu X —>—0),
€CIIH BBIMOJTHSFOTCS YCIIOBHS:

im Tk w tim [F(x)=k-x]=b

X—>+00 X X—>+00
im Ty, lim [f(x)-k-x]=b|
x——0 X X——00

YacTHbll Ccilyyall HAKJIOHHOW aCHUMIITOTBHI IIPH k=0wu bz _ 20PU30HMANIbHASA
acumnToTay = b.
3x% —x+2
Xx—-2
Haiinemo6nacTs onpeneneHus QyHKIUI D(Y) = (— 00, Z)U (2 , OO)-

ITpumep 1. Haiitn acumMntoTel rpaduka QyHKIMU Y =

XO = 2eCTL TOYKa paspbiBa Tpaduka (QyHKIIUH, Yepe3 Hee MOXKET MPOXOJIUTH Bep-
THUKaJIbHAsl aCUMIITOTA.
) . 3% —x+2 [12
Haiinem lim f (X) = |lim = = —00 ,celoBaTebHO,  IpsAMas
X—=>X0—0 x—2-0 X—2 -0

X, =2 sBsIeTCSs BepPTHKAIBHOM ACHMIITOTOIA.
Haiinem HakmoHHyI0 acumnroty:y = kx + b
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‘= lim f(x) _im 3x2 —X+2 :[f}: PASICIIN HHCIMTEIE| _
x>0 X X34 (x-—2)x o | |M3HaMeHaTENb Ha X
(x—>—0) (x—>—o0)
3—£+%—
= lim — XX =3
X—>+00 l—g
(X—)—oo) X
2 2 2
b= lim [ f(x)—k-x]= lim | X "X*2_g¢|_ jjm X ZXF2IX+0X_
X—>+00 X—>+00 X— X—>+00 X—2
(x—>—o0) (x—>—o0) (x—>—o0)
S5X+2 5+§
lim = lim —2X=5,
X—>+0o X — X—>+00 1_%
(x—>—0) (x—>—0) X

Hamutu, utok = 3 u b = 5, cnemoBarenbHO, ypaBHEHHE HAKIOHHOW aCHMIITOTHI HUMEET
Buny = 3 X+ 5.

Koumponvuwie éonpocwt u 3a0anus:

1. Haiitu o6nacTh ornpeneneHust QyHKIUU.

2. UccnenoBarh (hyHKIMIO HA YETHOCTh U HEUETHOCTD, NEPUOTUYHOCTb.

3. UccnenoBarh (hyHKIMIO HA HETIPEPHIBHOCTD U BEPTHUKAIBHBIE ACHMITTOTHI.

4. UccnenoBath mnoBeneHue (DyHKIUM Ha OECKOHEYHOCTH, HAWTH TOPU30HTAJIBHBIE U
HAKJIOHHBIE ACUMIITOTHI.

5. Haiitu 3KkcTpeMyMbl M HHTEpBaIbl MOHOTOHHOCTU (DYHKIIUH.

6. HaiiTu mHTEpBasIbl BRITYKJIOCTH (DYHKIIMU U TOUKH Neperuoa.

7. Haiiti Touku nepecedyeHns QyHKIUU C OCIMU KOOPAUHAT.

8. IlocTpouth rpaduk GyHKINH.

9. Onpenenenue sKcTpemMyma QyHKITHH.

Hantn akctpemymbl GyHKLMIRA:

1 1 1 1
1. y==x3-=x%-2x. 2.y ==x3+=x%-6x.
3 2 3 2
Haiitu uHTEpBalbl BBITYKIOCTH, BOTHYTOCTH M TOUKU Nepernda rpaduka GyHKIUU:
4
1.y:)1(—2—2x2. 2.y=x>-5x*+3x-5
Haiitn acumMntoTs! rpaduKoB cleayromux GyHKIH:
2 —x? 5x? +2x—1
ly= . 2y =—"-—-—-.
X+3 1-X
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Ilpakmuueckasa paooma Neb6. Bepoamnocmuule Mooeau npoueccos ynpasieHus.

Ilenb: 3aKpenuTb HABbIKM NPUMEHEHUA BEPOATHOCTbIX MOAENEN B NpOLLeccax ynpasne-

HWUA.

Ocnoevl meopuu:

Knaccuueckoe onpeodenenue seposmrnocmu.
Beposmnocmu cobbimus A onpenensercs GopMmynoi

P(A)=%’

rJIe M — YUCIIO AJICMEHTAPHBIX COOBITUI, OJIarONPHUATCTBYIONIUX MOSIBICHUIO COOBITUS A, N
— YHCJIO BCEX IEMEHTAPHBIX COOBITHI, BXOAAIINX B ().

D10 onpeeneHue Ha3bIBACTCS KIACCUYECKUM ONnpedeieHuemM 8epOsIMHOCIU.

W3 onpenenenust BEpOSITHOCTH BHITEKAIOT CIEAYIONINE €€ CBOMCTBA!

1. Beposmnocmob 0ocmoeeproco cobbimus pagua eouHuye.

JIeiCTBUTENBHO, €CITH COOBITHE JJOCTOBEPHO, TO BCE JIEMEHTApHBIE COOBITHS Oaronpu-
ATCTBYIOT eMy. B 3TOoM cityuae M=n wu, cieq0BaTeNbHO,

p)="-"_q
n n
2. BepoﬂmHOCmb HEBO3MOINCHOCO C06b1muﬂ paeHa Hyﬂfo.
JIeHCTBUTENBHO, €CIM COOBITHE HEBO3MOXKHO, TO HHM OJHO 2JIEMEHTApPHOE COOBITHE HE
6J1ar0HpI/I}ITCTByeT eMy. B stom CJIy‘Iae m:O H, CJI€A0BATCIILHO,

P(@) =" — 0 _o,.
n n
3. Beposmnocmu cyuaiino2o cobblmusi ecmb NOL0HCUMENLHOE YUCTO, 3AKTI0UEHHOE
MedncOy Hynem U eOuHUyel.

JleicTBUTENBHO, CTy4allHOMY COOBITHIO OJaronpusTCTBYET JIUIIb YacTh U3 OOIIETo YHC-

. m
J1a BIEMEHTApHBIX coObITuii. B sToM ciysae O < M < N, a 3naunt, Q) < — < ] W, clen0Ba-

n
TEIbHO, 0< P(A) <1
WTaK, BEPOSTHOCTB JII0OOTO COOBITHS YAOBIETBOPSIET HEPABEHCTBAM
0<P(A)<1

Ecnu mpocTtpancTBO 2 conepUT OECKOHEYHOE MHOKECTBO 3JIEMEHTAPHBIX COOBITHH, TO
UCIIOJIB3YETCSI T€OMETPUUECKOE OIpeeNieHue BEPOSTHOCTH, KOTJa BEPOSTHOCTH IOMAaJaHuUs
TOYKHU B JII0OYI0 00JaCTh MPONOPLUOHATIBHA MEpe ITON YacTH (JUIMHE, TUIOIAAH, 00beMy) U He
3aBHCUT OT €€ PACIIOJIOKEHUS U (OPMBI.

PR =0
mesG

IIpumep 1. Bpocaercst urpanbHblil KyOuK. IIpocTpaHCTBO 37€MEHTapHBIX COOBITHIM, OT-

r7ie mes — Mepa JJTMHBI, TUIoIIaau, 00beMa, g — yacTh obnactu G.

BCHAKOIICC NAHHOMY 3KCIICPUMCHTY, UMCCT CJ'IC,Z[YIOU.II/Iﬁ BU:. Q= {0)1, @y y.uny 6()6 } .

HYCTB coObITHE ACOCTOMT B MOSIBIICHHMH YE€THOro 4mcia oukoB. CoObiTHE A €CcThb noa-

\
wHoKecTBo. O, A= {@,, @, w5 |

DneMeHTapHbIe COOBITHS, BXOJAIINE B COCTAB CIYy4alHOTO COOBITHS AHA3BIBAIOTCS CO-
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OBITHSIMU, O1G20oNpUAMCMEYIowUMY TIOSIBICHUIO coObITus A. J[Ba MM HECKOJIIBKO COOBITHI B
JTAHHOM OIIBITE HA3bIBAIOTCS PABHOBO3MONCHHIMU, €CIIU TI0 YCIOBUSIM CUMMETPUHU OMBITAa HET OC-
HOBAHHM CYUTATh KaKOE-TMO0 COOBITHE O0JIee BOZMOKHBIM, YeM JIF000E Ipyroe.

IIpumep 2. B norepee pazwvirpeiBactcss 1000 6unmeroB. Cpeau HUX 2 BeIATpHIIA 110 50
py6., 5 — 20 py6., 10-10 py6., 25-5 py6. Hekro xymmn omun Owier. Haiitu BeposiTHOCTH
BBIUTPEHIIIA HE MeHee 20 pyOIeid.

Pemienue.

[To ycnoButo: 1000 = 250+520+1010+255+958 upourpsiu-

ITyctes A- uckomoe coObiTue. Beurpeim e menee 20 pyOneir — 310 BeMrpbim B 20
pyOselt, KOTOphIi BCTpeyaeTcss Mi=5 pa3 u BeIUTPHIII B 50 pyOsel, KOTOpbIA BCTpeyaeTcs My=2

pasza. Tormza m=mj + m2.n=1000 - ob1uee koIUUECTBO Beex OUIETOB. P(A) = m_ % =0,007.

Ipumep 3. N3 90 ciydailHO OTOOpaHHBIX OJMHAKOBBIX JETaj€l BBIABICHO 3

OpakoBaHHBIX. OTHOCUTENIbHAS YAaCTOTa OpPAaKOBAaHHBIX JeTalel paBHA
way=—=-21.

90 30

[Ipy yBenmMYeHWW dYMCIIa UCTBITAHUKA  (ONBITOB) HAOIMIOAAETCS  YCTOWYMBOCTD
OTHOCHUTEJIBHOW YaCTOTHI, T.€. CYIIECTBYET HEKOTOpas MOCTOSHHAs BEIMYHHA, OKOJIO KOTOPOH
IPYNIUPYETCS OTHOCUTENIbHAS YacToTa M K KOTOPOW OHa Bce OOJjblle NpHOIMKAeTCs ¢
YBEIIMYCHUEM YHCIIa MCIBITAaHUH. Ta MOCTOSHHAS BEIMYMHA HA3BIBACTCS BEPOAMHOCHIbIO
cayyaiinoeo coovimu u o6o3HadaeTcsiP(A). PaccMoTpeHHOE TOHSTHE BEPOSITHOCTH CIIYy4aliHOTO
COOBITHS SIBIISIETCS] CTATHCTUYECKUM OIPEICIIEHUEM BEPOSTHOCTH.

Ilyctb coObiTust A 1 B — HECOBMECTHBIE, IPUUYEM BEPOSTHOCTU ITUX COOBITUH JIaHBI.
Kak HaliTH BEpOSATHOCTb TOr0, YTO HACTYMMUT JHOO coObITHE A, 1M0O0 coObITHE B, T.€. BEPOST-
HOCTbh CyMMBI 3THUX COOBITHI 4 +B? OTBET Ha ATOT BOIIPOC JIAET CIEAYIOIIas TeOpeMa.

Teopema ciI0KeHHSI BepPOSITHOCTEH HECOBMECTHBIX COOBITMH.BeposimHocms cymmbl
08YX HECOBMECMHBIX COOLIMULL PABHA CYMME EPOAMHOCMEN IMUX COOLIMULL:

P(A+B)=P(A)+P(B).
Teopema yMHO:KeHHSI BepOSITHOCTell He3aBUCUMBIX COOBITHH. Beposmnocms npous-
6e0eHUsl 08X He3ABUCUMbBIX COObIMULL PABHA NPOU3BEOCHUIO 8EPOMHOCHIEN IMUX COOLIMUIL

CaencrBue.BeposmHocms npou3ge0eHuss HeCKOAbKUX He3ABUCUMBIX COObIMUll pasHa
NPOU3BEOEHUIO 8EPOAMHOCIEN IMUX COOLIMULL:

P(A-Ay-...- A) =P(A)-P(A)-...- P(A,)

Teopema yMHOKeHHsI BEPOSITHOCTEH 3aBHCHMBIX COOBITHH. Beposmuocms npousee-
0eHus 08YX 3A6UCUMBIX CODLIMULL PABHA NPOU3BEOCHUIO 8EPOSIMHOCIU 00HO20 U3 HUX HA YCN06-
HYIO 8EPOSIMHOCHb OpPY2020, GLINUCIEHHYIO 6 NPeOnONI0JNCeHUU, 4mo nepeoe cobvlimue yoice
HACMynuno:

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

IIpumep 1. B ypue 30 mapos: 10 kpacHbIX, 5 cuHux u 15 Genbix. Haiitu BeposiTHOCTD
MOSIBJICHUS LIBETHOTO I1apa.

[TosiBneHue IBETHOTO IIapa 03HaYaeT NOABICHHE JIMOO0 KPAaCHOTO, TM00 CHHETo HIapa.

BeposiTHOCTh MOSIBIICHUST KPACHOTO T11apa (coObITHE A)

10 1
P(A)=—==.
(#) 30 3

BeposiTHOCTh MOsiBIICHUS CHHETO mapa (coObiTue B)
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5 1
P(B)=—==-
30 6
CoObiTust A 1 B HecoBMECTHBI (IIOSBJIEHUE LIapa OAHOIO LIBETA MCKJIIOYAET IOSIBICHUE
11apa Jpyroro 1Bera), I03TOMY UCKOMasi BEPOSITHOCTh PaBHA
1 1 1
P(A+B)=P(A)+P(B)==+—=—.
3 6 2
Tak kak IPOTUBOIOIOKHBIE COOBITUS BMECTE 00pa3yIoT 10CTOBEPHOE COOBITHE, TO
P(Q) = P(A)+ P(A) =1,
[I03TOMY

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

Ipumep 2. BeposTHOCTH TOTO, YTO JAE€Hb OYAET AOXKIUIMBBIM, paBHA p = 0,3 Haiitu

BCPOATHOCTH TOT'O, UTO JACHDb 6YI[€T SICHBIM.
CoObITHA «ICHb HO)KHHHBBIﬁ)) n «aCHb SICHBIM» — MMPOTUBOIIOJIOKHBIC, IIO3TOMY HCKO-

Mas BCPOATHOCTDb paBHA
q=1-p=1-0,3=0,7.

IIpumep 3.MuiieHb COCTOUT U3 TpeX 30H. BeposATHOCTH Monaaanus B MEPBYIO 30HY NPU
oaHOM BbIcTpele paBHa 0,15; Bo BTopyto - 0,23; B Tpetsto - 0,17. HaiiTu BepossTHOCTh IpoMaxa.

O6osHauum  coObitue A - mpomax, A - T[omagaH¥e B MHIIEHb. Torzma
A=A +A,+A;, rie A;,A,, A, - nonagasne COOTBETCTBEHHO B IIEPBYIO, BTOPYIO H
TPETHIO 30HBL. 110 Teopeme citoKeHUsT BEpOSTHOCTEM:

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

[TycTs mpou3BOOUTCS N HE3aBUCHMBIX MCIBITAHUN, B KaXKIOM M3 KOTOPHIX COOBITHE A
MoXxeT Ju0o mpou3oiTu (ycmex), JuO0 He Npou3oWTH (Heyaauya). bynem cuurtarth, 4TO
BEPOSITHOCTh COOBITHS A B KaXJOM HCIBITAHWM OJHA W Ta K€, a HMEHHO paBHAa p.
CrnenoBatenbHO, BEPOATHOCTh HEHACTYIUIEHUS COOBITMS A B KaXKJIOM HCHBITAHUM TaKXe
nocrossHHa W paBHa (=1-p. Takas mnociegOBaTeIbHOCTh HCHBITAHUN HA3bIBACTCS Cxemou
bepuynnu.

B kauecTBe TakuMxX WCIBITAHUH MOXXHO paccMaTpUBaTh, HANpUMeEp, HPOHU3BOJICTBO
U3JeNuil  Ha  OIpeleslieHHOM OOOpYyJOBaHWU TMpPHU  TOCTOSHCTBE TEXHOJOTMYECKHX U
OpPraHU3aIlMOHHBIX YCJIOBHH, B A3TOM CJly4Yae H3TOTOBJICHHWE TOJHOTO W3ICTUS — YCIex,
OpakoBaHHOTO — Heyjauya. JTa CUTyallus COOTBETCTBYET cxeMe bepHysuiu, eciau cuurath, 4yTO
IpOIeCC M3TOTOBJICHUS OJHOTO W3JENUs HE 3aBHCHT OT TOTO, OBUIM TOMHBIMH WU
OpaKOBaHHBIMM MIPEBIAYIINE U3CTHS.

JIpyruM mpuMepoM SIBISIETCS CTpenb0a 1o MUIIIEHH. 3ech MoNagaHne — ycIex, mpomMax
— HeyzAaya.

[ToctaBuM cBoeil 3amayeil BBIYHUCIHTH BEPOSTHOCTh TOTO, YTO MpPH N HCIBITAHUSIX
coObITHE A OoCcylIecTBUTCS POBHO K pa3 u, ciIeoBaTeIbHO, HE OCyIecTBUTCS N—K pas, T.e. OyzaeT
k ycriexoB u N—K Heyaay.

Hckomyio BeposTHOCTb 0003Ha4nmM P (k). Hampumep, cumBon p (3) oO3Hauaer

BEPOATHOCTH TOTO, YTO B ISITU UCIIBITAHUSX COOBITHE MOSBUTCS POBHO 3 pasa U, CIeI0BaTENbHO,
HE HACTYNMHT 2 pa3a.

[TocnenoBarenpHOCTh 7 HE3aBUCUMBIX MCIIBITAHUI MOKHO pacCMaTpHUBaTh KAK CIOXKHOE
coObITHE, SBIAIOLICECS MPOM3BEACHUEM 7 HE3aBUCHUMBIX cOoObITHH. CrenoBarenbHo,
BEPOSITHOCTH TOTO, YTO B 71 UCIIBITAHUSIX COOBITHE A HAacTynuT K pa3 u He HacTynut N—K pas, mo
TEOpeMe YMHOKEHHS BEPOATHOCTEH HE3aBUCUMBIX COOBITUH, paBHA
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p k q n—k
Takux CII0XKHBIX COOBITHI MOXET OBITh CTOJBKO, CKOJIBKO MOKHO COCTABUTH COUYCTAHUM
k
u3 7 211eMeHTOoB 110 K »nemenTos, T.e. C 0
Tak Kak 3TU CJI0KHBIE COOBITUS HECOBMECTHBI, TO IO TEOPEME CIIOKEHHUS BEPOSITHOCTEH
HECOBMECTHBIX COOBITHI, HCKOMAasi BEPOSTHOCTh PaBHA CyMME BEPOSTHOCTEH BCEX BO3MOMKHBIX
CIIOKHBIX COOBITHI. [TOCKONBKY K€ BEPOSTHOCTH BCEX ITHUX CIIOKHBIX COOBITHH OJMHAKOBBI, TO

UCKOMasi BEpOSATHOCTH (ImosiBiicHHE K pa3 coObiTHs 4 B n HCHOBITAHUAX) PaBHA BEPOSITHOCTH
OJIHOTO CIIO’KHOT'O COOBITHSI, YMHOKEHHOM HA UX YHCIIO

K Ak ~N-k
P.(k)=C,pq
WU
n! K Nk
(k) =~ pQq"
" k!(n—k)!

[Tonydennyro dhopMyny Ha3bIBatOT Gopmynot bepuynnu.

IIpumep 1. BeposATHOCTH TOr0, YTO Pacxo] IEKTPOIHEPIMM HA NPOJOLKEHUM OJHUX
CYTOK HE MPEBBICUT YCTAaHOBJICHHOW HOPMBI, paBHA p = 0,75 Haiit BeposATHOCTB TOTO, 4TO B

Te4eHUe 4 CyTOK U3 OJMKalIINX 6 CYyTOK PacXo 3JIEKTPOIHEPTUU HE MPEBBICUT HOPMBI.
Pemenue. BeposTHOCTP HOPMAJIbHOIO pacxoja 3JIEKTPOIHEPTUHM Ha MPOJOJIKEHHUU
K&X/IbIX U3 6 CYTOK IOCTOSIHHA H paBHA p = 0,75. Clief10BaTesbHO, BEPOATHOCTH MIepepacxoja

3JIEKTPOIHEPIUH B KK/IBIE CYTKHU TAKXKE MIOCTOSIHHA M paBHa  =1— p =1—0,75 = 0,25.
Hckomas BeposiTHOCTH 110 popmyne bepHynnu paBHa

6-5 1215
P.(4)=C!p*q® =C2?p*q® =——(0,75)" - (0,25)° = ==—= ~ 0,297
5(4)=C;p 6P C 1.2( )" -(0,25) 2000

B pAAC 3aaa4 MpEACTaBIACT HHTEPEC HaHBepOHTHeﬁmee YHUCJIO YCIIEXOB, T.C. TAKOC YUC-

Jo m YCIIEXO0B, BECPOATHOCTHL KOTOPOI'0 CaMast OoJbIIas cpeau BepOﬂTHOCTeﬁ. Tak kak npu
YBCIMYCHUN K BEPOATHOCTU CHadaJla BO3pacCTaroT, a 3aT€M, C ONPCACICHHOTO MOMCHTA, HAYU-

/\

HaroT y6I>IBaTI:>, TO OJId m HUMCIOT MECTO COOTHOIICHUA

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

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

Vcnons3ys Gpopmyiny u coornomenne [J+ (= 1, II0JIy4a€M COOTBETCTBEHHO HEPABEH-
CTBa

(n—m+1)p>mg

(Mm+Hg=(h—mM)p.

OKoOHYATEILHO noJjyrygyacm, 4To rﬁ JIC)KUT B UHTCPBAJIC CI[HHI/I‘{HOP'I JJINHBI:
np—g<m<np+p.

OpHako, CTOMT 3aMETHTh, YTO HCMOJIb30BaHUE (opMyibl bepHymin npu O0JIbIINX 3HA-

YEHUSAX 71 IOCTAaTOYHO TPYIHO, TaK Kak (popMmyna TpeOyeT BBINOJIHEHUS IEHCTBUNA HaJ IpoMaj-
HBIMU YHCJIAMHU.

Hanpumep, ecin N =50, k =30, P= 0,1, 10 nns orsickanus sepostHoCTH P., (30)

HaJI0 BEIYUCIIUTEL BEIPAXKECHUE Pso (30) — 50! . (0’1)30 . (0’9) 20, rae 50'=30414093-10°;
301- 20!
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30!= 26525286 -10%; 201— 24329020 - 10™.

JlokanbHas Teopema Jlannaca.Eciu gepoamnocms p nosasieHus coovimus A 8 kaxrcoom
UCNbIMAHUU NOCMOSAHHA U OMAUYHA OM HYAsL U eOuHuybl, mo eepoamuocme P (K) moeo, umo

cobvimue A noseumcs 6 n UCNbIMAHUSAX POBHO kpa3, npu6ﬂu9fC€HHO paesHa (meM nmo4nee, 4em

Oonvue n) 3HaueHuro QyHKyuu
1 1 X1 k—np
Y= 7 = (X) P x =

npq 2z Jnpg Jnpq

XZ

Nmerorcst Tabauipl, B KOTOPBIX MOMEMICHBI 3HAYeHUS (DyHKINU ¢(x) = 797?.
N2
[Tpu 3TOM ClenyeT yuuTbIBaTh, YTO ¢(—X) = ¢(X) , TaK KaK (QyHKIIHS ¢ (X) YeTHasl.

CrnenoBaTeibHO, BEPOSITHOCTH TOTO, YTO COOBITHE A TIOSIBUTCS B 7 HE3aBHCHMBIX
UCIIBITAHHUSAX POBHO K pa3, MpHOIMKEHHO paBHA

P.(K)~

v1pq

-¢(x)’

=~

—nN

Jnpg -

IIpumep 1. Haiftu BeposTHOCTH TOrO, uTO cOOBITHUE A HacTynut poBHO 80 pa3 B 400
UCIIBITAaHUSAX, €CJIH BEPOSTHOCThH MOSBJICHHS 3TOT'0 COOBITHS B KaXJ0M HCIIBITAHUU paBHa (,2.

Pemenue. Io ycnosuro N =400; k =80; p =0,2; q=0,8. Bocosnezyemes dbopmymnoii
4.7):

©

rae X =

1 1

. X)=—. X):
\/400-0,2-0,8 $x) =g #X)
Brerancianm ONpeaACIEICMOC NaHHBIMHU 3aa4l 3HAUYCHUC X

,_k-np_80-400-0,2 _

Jnpg 8
ITo Tabnuie HaxoMUM ¢(0) = 0,3989

Hckomast BEpOATHOCTE paBHA

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

Pioo (80) ~

0.

[Iycth Temepb TpeOyeTcs BBIYMCIUTH BEPOSTHOCTH P (k ,k ) TOr0, 4T0 coOBITHE A
n 1172 >
IMOSABUTCA B 71 UCIIBITAHUAX HE MCHEE kl " He Ooltee k2 pa3 (1st KpaTKOCTH 6YIICM TOBOPHUTH «OT

kl bi (0] k2 pa3»). DTa 3a/1a4a periaeTcs C MOMOIIBIO CIEAYIOIIEH TEOPEMBI.

HNuTerpanbuas Teopema Jlannaca.Eciu eeposmuocmy p Hacmynienus cobvimus A 6
KAHCOOM UCNLIMAHUU NOCMOAHHA U OMJAUYHA OM HYIAA U eOUHUYbl, MO BEPOIMHOCHIb

Pn (kl’ k2) moceo, umo cobvimue A nossumcs 6 n UCHLIMAHUAX Om k100k2pa3, I’lpu6JlquC€HHO

DABHA ONpedeNeHHOMY UHMe2Pany

1 % -2

P, (kl’kz) ~
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k,—np K, —np

0e X, =— u X, = —*——,
boJnpg t Jnpg

[Ipn pewmenun 3amay, TpeOYyOIIMX MPUMEHEHHUS HHTErpalibHOM Teopembl Jlaraca,

Z2

X
MOJIB3YIOTCS CTICIIMAIBHON TaOIUIEH JIsl MHTErpaja CD(X) — 1 J' e sz. B tabaune mansl
T
0

Vo
3Ha4YeHUs (QYHKIUH (D(X) s X>0, a mm X <O Bocrnonb3yeMcst HEYETHOCTHIO (DYHKIMH
cD(X) , T.C. (D(—X) = —(D(X) . OyHK1IHIO cD(X) 4acTO Ha3bIBAIOT (hyHKyuell Jlaniaca.
Htak, BEpOATHOCTB TOTO, YTO COOBITHE A MOSBUTCS B /1 HE3aBUCHMBIX UCTIBITAHUAX OT kl
bi (4] k2 pa3, paBHa
P, (k, ky) = @(X;) - P(x,),

rae y _kl_np Uy :kz_np.

YoJnpg Tt npg

IIpumep 2. BeposiTHOCTH TOTO, YTO OpPraHU3alMs HE MPOIJia MPOBEPKY HAJIOrOBON

MHCIeKuuy, pasra [J = 0,2 Haiiti BeposTHOCTH Toro, uTo cpeau 400 cirydaiiHO OTOOpaHHBIX
OpraHu3aiuii He mpoueamux Npoepky okaxercs ot 70 1o 100 opranuzanuii.
Pemenune. Ilo ycmosuro N =400; k, = 70; k2 =100: P= 0,2; qg=0,8
Bocnonszyemcst opmyiioit (4.9):
Paoo (70,100) =~ d(X,) — D(X,)-
BerurcianM HIKHHN B BEPXHUHN MPEIebl HHTETPUPOBAHMS:

. :kf4m::70—4m}02 _
Jnpg  /400-0,2-0,8

_k,—np 100-400-0,2 _

~ Jnpg  /400-0,2-08

-1,25;

X, 2,5.

Taxum oOpa3oM, uMeeM

P,y (70,100) ~ ®(2,5) - ®(~1,25) = D(2,5) + D(1,25).
[To Tabnuiie 3HaueHN QyHKINUN cD(X) HaXOIUM
d(2,5) =0,4938; D(1,25)=0,3944.

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

[lycTh mpou3BOAUTCA N HE3aBUCHUMBIX UCHBITAHUM, B KQKIOM U3 KOTOPBIX BEPOSTHOCTh
HOsIBJICHUS cOOBITHS A paBHa p. JlJs onpeaeneHnss BepOATHOCTU K MOSBICHUE COOBITHS B ATHX
UCTIBITAaHUSAX HCTIONB3YIOT hopmyny beprymmu. Eciu ke n BeTuKO, TO MOIB3YIOTCS JTOKATHHON
teopemoii Jlammaca. OmHako oHa JaeT OONBIIYI0 MOTPENTHOCTh, €CIH BEPOSITHOCTH COOBITHS

wana (p<0,0).

Ecnu cuenars pomnyiienue, uto npoussenaenne NP npu 1—>00 coxpanser mocTosHHOE

3HA4YCHHUEC, a UMCHHO np = ﬂ, , TO BEPOATHOCTH TOT'O, YTO IIPU OUCHBb OOIBIIIOM YMCIIE I/ICHBIT&HI/If/i,

B KaXXIOM M3 KOTOPBIX BEPOATHOCTDH COOBITHA OYEHB MaJjia, coOBITHE HAaCTyIIUT POBHO k pas,
HAXOJUTCS MO CIeAyIoel Gpopmyre:
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Ota Qopmyna BbIpakaeT 3aKOH pacmnpenenenus [Iyaccona BEpOSTHOCTEH MacCOBBIX (7
BEJIMKO) W MAaJIOBEPOSTHBIX (p Mano) coObiTuil. MMerorcs crnenuanbHbie TaOMUIBl s
pacnpenenenus [lyaccona.

Ipumep 3. 3aBox ornpaui Ha 6a3y 5000 kauecTBEHHBIX H3ENHi. BeposaTHOCTH TOTO,
4r0 B MyTH u3zaenue mnoBpenutcs, pasHo 0,0002. Haiitu BeposTHOCTH TOro, 4ro Ha 0asy
npuOynyT 3 MOBPEKIAECHHBIX U3ICIHSL.

Pemenue. [1o ycinoButo n= 5000, p - 01 0002, k= 3 . Haiinem A :
A=np=5000-0,0002 =1
Hckomas BeposaTHOCTB 110 dhopmysie (5.2) paBHa:

1 1
P5000(3):§e ' :az0,06

P.(k) =

Konmponwsuwvie éonpocwt u 3a0anus:

. Teopema cnoxeHusi BEpOATHOCTEH HECOBMECTHBIX COOBITHIA.
. Teopema yMHOK€HUS BEPOATHOCTEH HE3aBUCUMBIX COOBITHIA.
. Teopema yMHOKEHUSI BEPOSITHOCTEH 3aBUCUMBIX COOBITHIA.

. Cxema ucnbitanuii bepnyiu.

. ®opmyna bepuymm.

. HanGonee BeposiTHOE UnClIO ycriexoB B cxeme bepHysuin.

. [Ipubmmxennas ¢popmyina Ilyaccona.

. JJoxanibHast Teopema MyaBpa-Jlamnaca.

© 00 N O O B~ W N B

. MuTerpansnas reopema Myaspa-Jlamnaca.

3ananue 1. bpomens! 2 urpanpHele KocTH. HaliTu BEpOSTHOCTH TOTO, UTO CyMMa BBIIIAB-
[IMX OYKOB — YETHOE YHUCII0, IPUUEM Ha TPAHU XOTS Obl OJJHOM M3 KOCTEH MOSBUIIACH ILIECTEPKA.

3ananue2. Ilpu nepeBo3ke smvka, B KOTOpoM coaepkanuch 21 crangaptHas u 10 He-
CTaHJapTHBIX JE€TalIed, yTepsiHa OJHa JEeTallb, IPUYEM HEU3BECTHO Kakas. V3BieuéHHas Hayraj
[OCJIe 3TOro JieTalb OKa3zalach cTaHAapTHOW. HalTu BeposSTHOCTH TOro, 4TO Obla yTepsiHa: a)
CTaHJapTHAs JeTallb; 0) HECTaH apTHAS JIEeTalb.

3amanue3. 3aayMaHO ABy3HayHOe 4Mciio. HallTu BEpOSATHOCTH TOrO, YTO 33 yMaHHBIM
OKaXeTCs: a) CIy4ailHO Ha3BaHHOE JIBy3HauHOE 4ucio; 0) ciiyyailHO Ha3BaHHOE IBY3HAYHOE
YHCII0, TU(PBI KOTOPOTO Pa3IUYHBbI.

3ananue 4. BeposTHOCTH MOSIBIEHUS KaXJO0r0 M3 JBYX HE3aBUCHUMBIX cOObITHII A u B
cooTBeTCTBEHHO paBHbI 0,6 1 0,5. HaliTh BepOSATHOCTH MOSIBJIEHUS TOJIBKO OJTHOTO U3 HUX.

3amanue 5. B smuke cpenu 100 geraneii Haxoautcst 1 OpakoBanHas. V3 siuka Haygagy

u3BneueHs! 10 neraneil. HailTu BeposSTHOCTH TOTO, UTO CPEIU HUX OKAXKETCsl OpaKkoBaHHAs.
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3amanue 6. Moneta Opocaercs msaTh pa3. HaliTu BepoSITHOCTH TOTO, YTO Opesl BHITIAJET 2
pasa.

3amanue 7. B cembe 5 nereit. HaliTu BeposITHOCTH TOTO, YTO CPEIU HUX 2 MaJbyUKa, €CIu
BEPOATHOCTH POKJICHUS MajbunKa paBHa 0,51.

BeposiTHOCTh 0OHapyXeHHUs omedaTKu Ha cTpanuie kHuru paBHa 0,01. Haittm BeposT-
HOCTB TOTO, 4TO B 500-cTpaHnuHOIi KHUTE HE OyAeT OOHAPYKEHO ornedaTok (oOHapyKeHHE Orie-
YaTOK Ha PA3JINYHBIX CTPAHUIIAX CUUTATH HE3ABUCUMBIMH COOBITHSIMMU).

3aganue 8. BeposTHOCTh M3roTOBIEHHUS JIeTalld Bbiciiero copta pasHa 0.4. Haiitu Bepo-
ATHOCTb TOTO, 4TO U3 260 neraneil mosoBruHa OyAET BBICIIETO COpTa.

3ananue 9. BepoATHOCTh M3rOTOBJIEHUS M37ENus BbIclIero kadecrsa paBHa 0,8. Haiitu
BEPOATHOCTb TOT'0, UTO cpeu B3sAThIX 60 uznenuit 30 okakyTcs BBICIIETO KauecTBa.

3anannel(0. BeposTHOCTh mosiBiieHUs cOObITUSA A B KakaoM 13 100 He3aBUCHMBIX HCITBI-
TaHWUM MocTosiHHA U paBHa 0,8. HailTu BeposITHOCTB TOTO, 4TO COOBITHE A TIOsSIBUTCS HE Oosiee 74
pas.

3amanue 11. BeposSTHOCTH HEKOTOPOTO COOBITHS B €JMHHUYHOM HCIBITAHUU OCTAaBIISCT
0,004. Haiiti BepOATHOCTB TOTO, 4TO B 2500 UCIIBITAHKUAX JIAaHHOE COOBITHE TTPOU30UIET POBHO 4
paza.

3amanue 12. BeposTHOCTh HacTyIuieHUsT cOObITHA A B ogHOM ombiTe paBHa 0,6. Haittu
BEPOSATHOCTH TOTO, uTO coObITHE A HacTynuT 1400 pa3 B 2400 ucnbITaHUSIX.

3ananue 13. BeposTHOCTh MOSIBIEHUS COOBITHS B KaXKIOM U3 HE3aBUCHUMBIX HCIIBITAHHIMA
paBHa 0,8. HailTu BepOSITHOCTh TOTO, YTO COOBITHE HACTYIUT HE MEHEE YeThIpeX pa3 Mpu S5 uc-

IbITAHUAX.

30



Ilpakmuueckas padoma Ne7. Koppenauuonno-pecpeccuonnsiit Memoo uccied06anus

C‘lellaﬁﬂblx 6€/IUYUUH.

Heﬂb.' 3aKp€HI/ITB HaBbIKM NPHUMCHCHUA MATEMATHYCCKOTO OXWIAAHUA, JUCIICPCHUU U

CPEAHETO KBAAPATUUCCKOT'O OTKIIOHCHHA.

Ocnoevl meopuu:

3aKOH pacIpeneseHus MMOJIHOCTbI0 XapaKTepU3yeT ciaydaiiHyro BenuuuHy. OnHako npu
pELICHUH IPAKTUYECKUX 3a/1a4 HET He0OOXOMMOCTH 3HaTh BCE BO3MOXHbBIE 3HAUEHUSI CITy4ailHON
BEJIMYMHBI U COOTBETCTBYIOIINE UM BEPOSTHOCTH, a y00HEE MOJIb30BATHCS HEKOTOPHIMHU KOJIH-
YECTBEHHBIMH IOKA3aTeIsIMU, KOTOPBIE JAlOT JOCTaTOYHYI0 MH(OpMaIuio o ciydyailHOH Benu-
yyHe. Takne 1mokasaTeny Ha3pIBalOTCA YUCI08bIMU XAPAKMEPUCTIUKAMU CTIYYAUHOU 8ETUYUHDL.

OCHOBHBIMHU M3 3TUX XaPAKTEPUCTUK SBISIOTCS: Mamemamuieckoe odcuoanue, oucnep-
cus u cpedHee Kaopamuyeckoe OmkIOHeHue. Mamemamuueckoe odxxcudanue XapakTepH-
3yeT MOJIOKEHHUE CIy4ailHOW BEJIMYMHBI HAa YMCIOBOW OCH, ONPEAECIsAs HEKOTOPOE CpelHee 3Ha-
YEHHE, OKOJIO KOTOPOr0 COCPEIOTOUYECHBI BCE BO3ZMOKHBIE 3HAYEHUSI CIIy4alHOW BEJIUYUHBIL. JJ1st
pEllIeHnss MHOTUX 3a/ad JOCTaTOYHO 3HaTb MaTreMaTudeckoe oxkuaanue. Hanpumep, ecnu us-
BECTHO, YTO MAaTEeMaTHYECKOE OKHUIAHHUE YKCIIa BHIOMBAEMBIX OYKOB Y TIEPBOTO CTpEJIKa OoJbIIe,
4YeM y BTOPOT0, TO MEPBBIN CTPENIOK B CPEJHEM BHIOMBAET OO0JIbIIE OUYKOB, YeM BTOPOH, U, CIEI0-
BaTEJIbHO, CTPEJIAET JIy4llle BTOPOTO.

Mamemamuueckum oxcuoanuem OUCKpemHol cay4ainoll eenudunsl X Ha3bIBa€TCsl cyMMa
IIPOM3BEICHUI BCEX €€ BO3MOKHBIX 3HAUYEHUI Ha UX BEPOSITHOCTH U 0003Havaercs yepe3 M(X).

I[lycTs ciyuaitnas Bemmunna X npuHnMaet 3Had4eHns Xq, X5,..., X, C COOTBETCTBYIO-

IAMU BEPOATHOCTAMU pl, p2 yeoes pn. Torma marematuueckoe oxunanue M(X) ciydaiiHoi
BEJIMYUHBI X OMPENEIAETCS pAaBEHCTBOM
M(X) =X P +X,P, +...+ X, P,

Ecnu nuckpernas cimywaiiHas BenuuuHa X MPUHMMAeT OECKOHEYHOE MHOXKECTBO BO3-
MOKHBIX 3HAYEHUH, TO

M(X) =3 %P,

IIpumep 1. Haiitu MaTemaTHueckoe OXKUAAHUE CIIy4allHON BeJIMYUHBI X, 3HAs 3aKOH €€
pacpeneneHus

i 3 5 2
P 0,1 0,6 0,3

Pemenue. Mickomoe MatemaTuyeckoe oxxuaHue 1o (hopMysie paBHO
M(X)=3-01+5-0,6+2-03=39.
Ilycte X — cnyuaiiHas BenmmuuHa U M(X) — ee MareMaTH4yecKoe OXHUIaHHE.

Omxnonenuem CﬂyllaﬁHOZZ eeluvurbl Ha3bIBACTCA PA3HOCTDb X - M (X ) .

Ha mpaktuke yacto TpeOyercs OIEHUTh pacCesHUE BO3MOKHBIX 3HAYCHUH CITydaitHOM
BEJIMYMHBI BOKPYT €€ CpeAHero 3HaueHus. Hampumep, B apTHIJICpUN BaXKHO 3HATH, HACKOJIBKO
KYYHO JIATYT CHapsiibl BOJIM3H LI, KOTOpas AOKHA OBITh OpaXkeHa.

Jucnepcueti  (paccesanuem) — Ouckpemmuou — CIYYAUHOU  GeIUYUHbl  HA3BIBAIOT
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MAaTEMAaTHYICCKOC OXKXKHMIOAHUC KBaapara OTKJIOHCHU A CHy‘IﬁfIHOfI BCIIMYHHBI oT c€C
MaATEMATHYCCKOI'O OXXKHUAaHU:

2
D(X)=M[X - M (X).
Jlis BBIYMCIIGHUS JUCIEPCHUU YacTo ObIBaeT yMOOHO BOCIOJB30BATHCS CIEIYIOICH
dbopmyIoii:
_ 2 2
D(X) =M(X7)-[M(X)I"
IMpumep 2. Halitu qucnepcuio ciiydallHOW BEJMYMHBI X, KOTOpas 3ajaHa CIEAYIOIIUM
3aKOHOM pPACIIPENEICHMUS:

X 2 3 5

P 0,1 0,6 0,3

Pemenue. Maremarnueckoe oxxunanue M(X) paBHO:

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

o 2
3aKoH pacnpeaciiCHusd CJIy4anHOnu BECJIMUUHBI X HUMCCT BU:

X2 4 9 25

P 01 0,6 0,3

MaremaTudecKkoe OXKUIaHue M (X 2) PaBHO:

M(X?)=4-01+9-0,6+25-0,3=133.
Hckomas nucnepcus paBHa
D(X)=M(X*)-[M(X)]* =13,3-(3,5)> =1,05.
JInst OLEHKHM paccesHHWs BO3MOJKHBIX 3HAUEHUN CIy4allHOW BEJIMYHMHBI BOKPYI €€
CPEIHET0 3HAYEHUS CIIY)KUT TAKKE CPEAHEE KBaIPpaTUYECKOE OTKIIOHEHHUE.

Cpeonum Keadpamuueckum OMKIOHEHUeM CaydarHou eeauuyunsl X Ha3bIBAETCS
KBaJIPAaTHBIN KOPEHb U3 AUCIIEPCHH:

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

Mpumep 3.Cryyaifnas BennyrHa X 3a/1aHa CIETYIOIAM 3aKOHOM pacIipeielIeHUs:
X 2 3 10
P, 0,1 0,4 0,5

Haiitu cpenHee kBaapaTnieckoe OTKIOHEHHE o (X ).
Pemenne. Matemaruueckoe oxunanue M(X) paBHO:

M(X)=2-01+3-04+10-05=64.
Marematuueckoe oxumanne M (X 2) paBHO:
M(X?)=4-01+9-04+100-05="54.
Haitnem nucniepcuro:
D(X) =M (X?)=[M(X)J =54 (6,4)% =13,04.

Hckomoe CpeaAHCC KBAAPATHICCKOC OTKIIOHCHHUC PABHO!
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o(X)=,/D(X) = 13,04 ~3,61.

JlMcKkpeTHas ciaydaiiHas BETMYMHA MOXET OBITh 3a/laHa NePEeYHEM BCEX €€ BO3MOXKHBIX
3HaYeHUI U UX BeposTHOCTEeH. OgHAaKO Takoi crocod 3aaHusl HEMPUMEHUM JJIsl HEMIPEPhIBHBIX
CIIyYalHBIX BEIUYHH.

Hampumep, paccmMoTpum ciydallHyr0 BEIMYMHY X, BO3MOJKHBIE 3HAUEHHUS KOTOPOMl

CIIJIOIIB 3aIllOJIHAKOT MHTCPBAJ (a, b) . O‘ICBI/II[HO, 4YTO HEBO3MOXKHO COCTAaBUTH IIEPCUCHb BCCX

BO3MOXKHBIX 3HaueHui X. [ToaToMy nenecooOpa3Ho naTh oOmuil criocod 3agaHust JIFOOBIX THITOB
CIIyYaifHBIX BEJIHMYWH, JUISI 9YeTO0 BBOIATCS (DYHKIHMH paclpelelcHHs] BEPOSTHOCTEH CITy4aitHON
BEJIWYMHBI.

[Iycth x — nelicTBUTENbHOE YKCI0. BEpoSATHOCTH COOBITHS, COCTOSILETO B TOM, 4TO X
MPUMET 3HAUYCHUE, MEHBIIIEE X, T.C. BEPOSTHOCTh COOBITHS X < X, 0003HaYUM uepe3 F(X) . Ecin

x m3mensiercs, o m3mensiercs 1 F(X), 1.e.  F(x) — ¢yHKmms ot x.
Dynryuetl pacnpedenenus ciyuatnol éenuyunsl X HasbiBaeTcst GyHKuus F(X), omnpene-

JIrOIIaAa BepOﬂTHOCTB TOro, 4Tro cnyqaﬁHasl BCIIMYMHA X B peByJII)TaTe HUCIIBITAHUA HpI/IMeT 3Ha-
4YCHHUEC, MCHBIICC X, T.C.
F(X)=P(X <Xx)-
FGOMeTpI/ILIeCKI/I 9TO paBeHCTBO MOXXHO HCTOJIKOBATh TakK: F (X) €CTh BGpOﬂTHOCTL TO-

ro, 4TO CilydYaifHas BeJIMYMHA MPUMET 3HAYCHUE, KOTOpOe M300pa)KaeTcsl Ha YUCIOBOM OCH TOY-
KOM, JeKaIeH JIeBee TOUKH X.
IIpumep 4.Cryuaiinas BennunHa X 3a/1aHa cieayomei GyHKIUeH pacupeaeieHus:

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

Haiitm BepoATHOCTE TOrO, YTO B pE3yJbTAaTe€ HCNOBITAHUA X NPUMET 3HAYECHUE,
npunaznexamee uarepsany (0, 2): P(0< X < 2) = F(2) — F(0).

Pemenne. Tak kak Ha muTepsane (0, 2), o ycnosuio, 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:

HenpepeiBHyt0 ciiy4aiiHy!0 BEIMYMHY MOXKHO TaKXKe 3aJaTh, HCIOJB3YS JPYTyIO

(GYHKIHIO, KOTOpast Ha3bIBaeTCsl PyHKIMEH MIOTHOCTH.
DyHKyueli niIomMHOCMU HeNnpepvi6HOU CAyYatiHol eenuduHbl X Ha3bIBaeTCs (YHKIMS

f (X) — IepBasi NPOM3BOAHAS OT PYHKIIMH pacrlpeesieHus F (X) :
!
f(x)=F'(x).

Orcrona cienyet, 9To GYHKIHS pactpenesieHus sSBIIETCS MepBOOOpa3HON i GYHKIIUH
MJIOTHOCTU. JIJis omucaHus pacrpeiesieHus] BEPOATHOCTEN JUCKPETHOM CilydailHOM BEIMYMHBI
q)YHKHHSI IIJIOTHOCTU HEIIPUMCHHMA.

3Hast (QYHKIUIO MIOTHOCTH, MOXXHO BBIYHCIUTH BEPOSTHOCTH TOTO, UYTO HEMpEphIBHAS

Clly4aifHas BeTMUYMHA IPUMET 3HaUEHUE, IPUHAJIeKallee 3aJaHHOMY HHTEpBay.
Teopema.Bepoamnocmb moco, umo HenpepvléHas caydaunas eenuduna X npumem

3HaueHue, npuHaonexcaujee UHMepPSALy (a, b) pasHa onpeoenNeHHOMY UHmezpary om

@yHKYUU nIOMHOCIU, 83AMOMY 8 npedenax om a 0o b:
b
P(a< X <b)=j f (x) dx-
a

IIpumep 5. 3anana GyHKIMS IUIOTHOCTH CITy4aiHON BETMYUHBI X:
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0 npu x<0
f(x)=42x nmpu 0<x<1:
0 npu x>1

Haiitu BepoATHOCTH TOrO, 4TO B pE3yJbTare HCHObITAHUA X NPUMET 3HAYCHUE,
IIPUHAUICKALICE HHTEPBAILY (0,5; 1).

Pemenue. Mickomast BeposTHOCTH 110 popMyJsie paBHA

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

3Has (QYHKUMIO IUIOTHOCTU pacCHpeieieHuUs f(X), MOYKHO HaWTH (QYHKIIUIO

pacnpezaeneHus F(X) o gopmyne

X

F(x):jf(z)dz-

—00
Mamemamuyeckum 0x#cuOaHUEM HENPEePLIBHOU CIYYAUHOU 8euyunbl X, BO3SMOKHbBIE 3Ha-
YEHUs1 KOTOPOU NPUHAJIEKAT OTPE3KY [a, b], Ha3bIBACTCS CIECNYIOLIUN ONPEIEICHHbBIN UHTE-

rpai
M(X):Ixf(x)dx-

Jlucnepcueii nenpepvigHotl cayuatinol éenuduHbl X, BO3MOXKHBIC 3HAUEHUSI KOTOPOU MpH-

HAJJIE)KAT OTPE3KY [a, b] , HA3BIBAETCS CIEIYIOIINI ONPEIeICHHBIN HHTErpall
b
D(X) = [[x=M(X)I* f (x)dx.
a

Jlnist BBIYMCIIEHUA AUCIepcuu Ooiee YA0OHbBI COOTBETCTBEHHO CleayIolIe (hopMyJIbl

D(X) =Tx2f(x)dx—[M(X)]2

D(X) = szf(x)dx—[M(X)]Z.

Cpeonee  keadpamuyeckoe  OMKIOHEHUE  HENPEPLIBHOU  CAVYAUHOU  8eNUYUHbI
omnpenensercs, Kak 1 JJid JUCKPETHOM CIIy4ailHOM BEJIMUMHBI, CIEYIOIIUM PABEHCTBOM

o(X) = /D(X) .

IMpumep 6. HaiiTn MaTremMaTH4YeCKOE OXKUJIAHHUE, TUCIIEPCUIO U CPEJIHEE KBAIPATUUECKOE
OTKJIOHCHHE CITYIaifHOW BETMYUHBI X, 3aIaHHOH cieayromen GyHKIIMeH pacpeaeneHus:

0 npu Xx<0
F(X)=4x mpu 0<x<1l
1 npu X>1

Pemenue. HaiineM ¢pyHKINIO TUIOTHOCTH:
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0 npu x<0
f(X)=F'(xX)=<1 npu 0<x<1
0 npu X>1

HaiizeM MaTeMaTHaecKoe oxutanue 1o gopmye (8.1):
M (X) ='1[x-1-dx = x%/2 |2=1/2-
Haiizem aucriepcuio mo popmyse (g 5):
D(X) = j x2-1-dx —[1/2]% = x*/3 | L -lY4=112.
>

Haiinem cpennee kBajpaTHuecKoe OTKIOHEHHE 110 (hopMmyie:
o(X) =+/D(X) =112 ~0,29.

KoppensuuoHHblii aHaNM3 U PEerpecCUOHHBIM aHAIU3 SIBIAIOTCS CMEXHBIMH pa3jieiaMu
MaTeMaTHYECKOW CTAaTHCTUKW W TPEIHA3HAYEHBI Ui W3YYEHHs] 10 BBIOOPOYHBIM JIAHHBIM
CTaTUCTHUYECKONW 3aBHCHMOCTH CIIydyaillHbIX BeJIMUYUH. /[Be cilyuyailHble BEJMYMHBI MOTYT OBITh
CBsi3aHBI MO0 (YHKIMOHAIBHON 3aBHCHUMOCTBIO, JIMOO CTATHCTUYECKOH 3aBHCHMOCTBIO, JTHOO
ObITh HE3aBUCUMBIMHU.

Crporas (hyHKIMOHABHAS 3aBUCUMOCTD PEATH3yeTCsl PEAKO, TaK Kak 00€ BEIMYMHBI HITH
OJlHa M3 HUX IOJIBEPXKEHBI €Ile JCHCTBUIO ClydailHbIX (DaKTOPOB, MPUYEM CpPEeId HUX MOTYT
ObITH ¥ 06MIME 171 00EUX BETHYMH, T.€. Takue (haKTOphl, KOTOphIE BO3JAeHCTBYIOT Kak Ha X |
Tak 1 Ha Y . B 9TOM cllyuae BO3HMKAeT CTATHCTHYECKas 3aBUCHMOCTb. Cmamucmuueckoil
Ha3bIBACTCS 3aBUCHMOCTb, IPU KOTOPOH HM3MEHEHHE OJHOW W3 BEJIMYMH BIIEYET H3MEHEHHE
pactipeniesieHust  pyrod. YacTHeIM = cilyyaeM CTATHCTUYECKOHM 3aBUCHUMOCTH  SIBISIETCS
KOPPEISIIHOHHAS 3aBHCUMOCTb.

Ecnu cratuctuyeckast 3aBUCUMOCTb IPOSIBISETCS B TOM, YTO IPU U3MEHEHUU OJHOM H3
paccMaTpuBaEMBbIX CIyYalHBIX BEIWYMH H3MEHSETCS CpeJHEee 3HA4YeHHE APYrod CIIlydaiiHOU
BEJIMYMHBI, TO TaKasi CTATUCTUYECKAst 3aBUCUMOCTb Ha3bIBACTCS KOPPENAYUOHHOLL.

Jis aHanu3a KOPPEISILMOHHON 3aBHCHMOCTU BOCHOJIB3YEMCS MEMOOOM HAUMEHbUIUX

keaopamos. 1lpu UCHONB30BaHMU ATOTO METOJAa CymMMa KBaJapaTOB OTKJIOHEHUI Yi =Y (

| = 1,2, ceey ), e Yi — BBIUKCJICHHAs 10 ypaBHeHHUIO (14.5) opanHaTa, COOTBETCTBYIOIIAS

HaOII01TaeMOMY 3HAYCHHIO Xi , a yi — HabmomaeMasi OpAMHATa, COOTBETCTBYIOIIAS Xi,

JOJDKHA OBITh MHMHHMManbHOM. Tak Kak Kaxaoe OTKJIOHEHHE 3aBHCHUT OT OTBICKMBAEMBbIX
apaMeTpoB, TO U CyMMa KBaJIpaTOB OTKJIOHEHUHN €CTh (PYHKIHS ITHUX MapaMeTPOB:

F(p. b)=i(vi y)?

F(p.b) =Y (pX +b—-y,)".

i=
21.]'[5{ OTBICKaHWs  MHHUMYMa IIPHUPABHACM  HYIIIO COOTBETCTBYIOITMEC  YaCTHBIC
IMPONU3BOJHBIC:

35



HCKOMBLIC IMapaMCTpPhI:

Y:

oF _
op
oF

ob

n

ZZ(pXi +b-y;)x =0
i=1 _

n

i=1

7:22(Pxi +b-y;)=0

PemmB 5Ty cucremy JABYX JIMHEHHBIX YPAaBHEHHH OTHOCHUTEIBHO L0 H b, naiinem

AHaJIOTMYHO MOKHO HaHTH BBI60pO‘lHO€ YpaBHCHHC HpﬂMOﬁ JIMHUH PpErpecCuun X Ha

X, = Py Y +C.

e p, — BBIGOPOUHKI Kodddurment perpeccun X Ha Y .

IIpumep 1. Haiitu BpIOOpOUHOE ypaBHEHHE MPSMOM JHMHUH PEerpeccuu Y ma X no
nanueiM N = 5 Habmonenuii:

Taomnumal.
Xi 1,00 1,50 3,00 450 5,00
yi 1,25 1,40 1,50 1,75 2,25

CocTaBuM CIeIyIOUIYIO pacyeTHYIO Tabmuiy 2.
Haiinem nckombie mapametpbl u3 cootHomienwui (14.9) u (14.10):

p,. =(5-26,975-15.815)/(5-57,5-15? )= 0,202;
b=(57,5-815-15-26,975)/(5-57,5—15? ) =1,024.

Harnmmem nckomoe ypaBHEHUE IpsIMOM JIMHUK PETPECCUU Y va X:

y =0,202 X +1,024.

TaoOonuma?2.

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

n n n

n 2

Z Xi 15 Z yi Z Xi Z Xi yi
i i=1 i=1 i=1

=8,15 =57,50 =26,975

36



Ipu GOIBIIOM UHCIe HAOIIOZCHHIT 0HO 1 TOXkKe 3HadeHne X Moxker Berperntest I
pas, OlHO M TOXe 3HaueHMe Y — [ pas, oaHa M Ta XKe mapa umucen (X, y) MOJXKET

HaOmonaTecs N xy Pas. [ToaromMy naHHBIE HAOMIOEHUH CIEIyeT TPYHIUPOBATh, OIS ITOTO

TOJICUNTHIBAIOTCA dacToThl M1, ny, nw. Bce crpynnupoBaHHbIE JaHHBIE 3aMCBIBAIOTCSA B

BH/JIC TAOJIUIIBI (manpumep, Tabnuia 3), KoTopas Ha3bIBACTCS KOPPENAYUOHHOLL.
Tadonumga3.
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 niepBoii cTpoke KOppEesIIMOHHOM TaOnuIel yKa3aHbl Habmogaemble 3Hauenus (10; 20;
30; 40) npusHaka X , @ B TIepBOM cToJIO1e — Habmrogaembie 3HaueHus (0,4; 0,6; 0,8) npuzHaka

Y .Ha MePeCceUYeHUH CTPOK U CTOJOLOB HAXOAATCS YaCTOTHI nxy Ha0II0JaeMBIX TIAp 3HAYCHUU

MIPU3HAKOB.
B mociietHem ctosidrie 3anmucalbl CyMMBI 9aCcTOT CTPOK, a B TIOCIICHEH CTPOKE — CYMMBI
4acTOT cTOJIOIOB. B KileTke, pacmnonokKeHHON B HIDKHEM MTPABOM Y1y TaOIUIIbI, TOMEIeHa
CyMMa BCEX 4acToT, T.e. o0Iee ynucio Beex Haomoaenuit M. OueBuano, 4T0

dYn,=>n,=n

Teneps omnpenenum napameTpsl BBIOOPOYHOTO YpaBHEHUS MPSAMON JIMHUM PErpeccun Y

ma X B ciydae, KOrja IIOJy4eHO OOJIbIIOE YHCIO JAaHHBIX (MPAKTUYECKH  JUIst
YIOBJIETBOPUTEIHHOM OLIEHKH MCKOMBIX MapaMeTpoOB OJDKHO OBITH XOTs Obl 50 HaOMIOACHUI),
CpeIu HUX €CTh MOBTOPSIOIINECS, M OHU CTPYIIIIUPOBAHBI B BUI€ KOPPEISAIIMOHHON TaOIHIIbI.

N3 cuctemsr (14.8) MOXKHO TOJTYUUTDH CIEAYIONIYIO CUCTEMY:

PyxZn:Xiz +bZn:Xi = Zn:XiYi
i=1 i=1 i=1
<
pyXin +nb = Zyi
Jlj1s IpoCTOTHI MPUHSB 0003HAYCHHUSI Z X= Z X, Z y= Z Yi: Z X Z X

ny ZX yI M BOCIIOJB30BABIUCH COOTHOIIECHUSMHU X —Z / % ,
X
Z / ny Zn Xy (B TIPENTIONOXKEHWH, dTO Mapa dHCeN (X y)

HalJro1amach nxy pa3), moiyiydyaeM
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2 vh —
nx’p,, +nxb= anyxy.
Xp, +th=Yy
Bropoe ypasnenue cucremst (14.13) mnpeobpasyem x Buxy D =Yy — )_(,0yX u

MOJICTAaBUB TPaBYI0 YacTh 3TOTO pPaBEHCTBA B ypaBHEHHUE yx = pyXX +b, nonyunm

cieayronec COOTHOMCHUEC
Yo =Y =Py (X=X).
HaHIeM U3 CHCTEMbI BBIOOPOYHBINA KOIPPHUIIUEHT PErPECCHH Pyx

2 NgXy—NXy > n Xy—nxy
=0T Y o - _

n(x2 —(x)z) no,
YMHOKUM 00€ 4acTH 3TOr0 PaBEHCTBA Ha JPOOb 5)( / o v
&, D N, Xy —nxy |

o, no,o,

Py«

Pyx

OG6o3Ha4NM MpaByIo 4acTh paBeHcTBa (14.15) uepes [

. > n, Xy —nxy

B — = .
nNo,o y
Torma nomydaem
_ y
Py =g ==
O-X
OKOHYATETBHO MOTYYMM BEIOOPOYHOE YpaBHEHHe NpsaMoii nmuaun perpeccun Y Ha X
BUJIA
O
V¥ _ U — y
Y« — Y =1 = (X_X)
(o)

AHaAJOTHYHO MOXXHO HaWTH BBI60pO‘IHO€ YpaBHCHHC HpHMOﬁ JIMHUU perpeccuu X Ha

Y

-~

_ _ (o2 _
Xy_X:rB ~X(y_y)'
Gy

Konumponwsnusie eonpocwt u 3a0anusn:

1. YucnoBble XapaKTepUCTUKU JUCKPETHBIX U HETPEPHIBHBIX CIIYYaiHBIX BEJTHYHH.

2. MaTeMaTI/Iqecxoe OXHNIJaHUC )II/ICerTHBIX nu HerepI)IBHI)IX CJ'Iy‘—IaI\/'IHI)IX BCJIIMYUH.

3. Jlucnepcusi TUCKPETHBIX W HETPEPHIBHBIX CITyJaHHBIX BEJTHUNH.

4. CpenHee KBaapaTUYECKOE OTKIOHEHHE TUCKPETHBIX U HETIPEPHIBHBIX CIIy4alHBIX Be-
JIAYHH.

5. MeTo HAaMMEHBIINX KBAIPATOB.

6. Koppemsiiimonnas Tabnuna.
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7. BeiObopouyHOE ypaBHEHHE MIPSAMOM JIMHUH PETPECCHH.

3amanue 1. YCTpoHCTBO COCTOUT U3 TPEX HE3aBUCUMO PAaOOTAIOIIMX JIEMEHTOB. BeposT-
HOCTb OTKa3a Ka)KJ0ro 3jJeMeHTa B oAHOM omnbiTe paBHa 0,1. CocTaBUTh 3aKOH pacnpesesieHus
YHClia 0TKa3aBUINX JIEMEHTOB B OJJHOM OTIBITE.

3amanue 2. B maptum 10 % necranmaptHbeix neraneii. Hayran oroGpanel 4 peranu.
Hamucate OMHOMUAIBHBIM 3aKOH paclpeeeHUs] AUCKPETHOW CIydaiHOW BETWYMHBI — YHCIIA
HECTAH/IAPTHBIX JICTAICH CPEIH YETBIPEX OTOOPAHHBIX M IMOCTPOUTH MHOTOYTOJIBHHK MOJy4YeH-
HOT'O pacrpe/iesieHusl.

3amanue 3. JluckpeTHas ciy4yaiiHas BeIMYMHA X TMPUHUMACT TPU BO3ZMOXKHBIX 3HAUCHUS:

X, =4 C BEPOATHOCTBIO p, =0,5 x, =6, C BEPOIATHOCTBIO p, =0,3 U X; ¢ BepositHocThiO [);. Haiiti

X; u Pj, 3Has, yTO M (X) =8.

3amanve 4. Jlan nepedyeHb 3HAYEHMH JUCKPETHOM cClydaliHOM BenwuuHbl X :

X = -1, X = 0, X5 =1, a raxke M3BECTHBI MATEMATHYECKHE OKHAAHHUS CAMOIL 3TOH BETMUMHBI

1 eé kBagpara: M (X) =0,1, M(XZ) =0,9.. Haiiru BepositHOCTH P Py Ps-.
3ananue 5. CnyyaitHast BennunHa X 3ajaHa QyHKIUEH pacipeeeHus:
0 x<1

F(x)= 1x—1 -1<x<5 ;
4 4

1 Xx>bh

Haiitu: a) IIOTHOCTH pacnpenesieHus CIIy4aifHOH BENWYHHBL; 0) BEPOATHOCTH TOTO, YTO B
pe3ysbTare UCIbITAaHUS BEJIMYMHA IPUMET 3HAUECHUE, 3aKIII0UEHHOE B MHTEpBae (2,3).

3amganue 6. HaliTi BBIOOpOYHOE ypaBHEHHE MpsMOU JTHHUM perpeccun Y Ha X 10 JaH-
HBIM, IPUBEIEHHBIM B CIIe1yIOIeH TabuIe:

Y X n,
20 25 30 35 40

16 4 6 - - - 10
26 - 8 10 - - 18
36 - - 32 3 9 44
46 - - 4 12 6 22
56 - - - 1 5 0

n, 4 14 46 16 20 n =100
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Ilpakmuueckan padoma Ne8. Ocnoewl 6b100pOUHO20 MEMOOA U ITIEMEHMBL CAMU-

CmuuecKou meopuu oueHuearnus.

Ilens: 3akpenuTh MOHATUS BBIOOPOUYHOM COBOKYITHOCTH, BBIOOPOUHOM (DYHKIIUU pacrpe-

JACICHHA.

Ocnoevl meopuu:

IIpeomemom mamemamuyeckol CmMamucmuKku AGNAemcsa co30anHue mMemooos coopa u
00paboOmMKU cmamucmuyeckux OaHHuIX OJisl NOAYHUEeHUs. HAYYHBIX U NPAKMUYECKUX 8blB000E.

MaremaTrueckasi CTaTUCTHKA ONMPAETCs Ha TEOPHIO BEPOATHOCTEH, W ee Lelb —
OIICHUTDH XapAaKTEPUCTUKHN I'€HEPATLHOM COBOKYITHOCTH 110 BEIOOPOYHBIM JIaHHBIM.

Ecmu  TpebyeTcst M3ydyuTh COBOKYIHOCTH OJHOPOJHBIX OOBEKTOB OTHOCHTEIHHO
HEKOTOPOTO TMPHU3HAKA, XapaKTEPU3YIOIIEr0 OSTU OOBEKThI, TO €CTECTBEHHBIM SBIISETCS
NPOBEICHUE CIUIONIHOTO OOCHeNOBaHMs, T.€. O0OCIEeIOBaHHWE KaXIOro H3 OOBEKTOB
COBOKYITHOCTH OTHOCHTENIBHO 3TOTO Mpu3Haka. Ha mpakTuke, 0JHaKo, MPOBEIECHUE CILIOIIHOTO
o0ciieZIoBaHUS 10 TEM HJIM WHBIM MPUYMHAM YacTO ObIBa€T HEBO3MOXHBIM. B Takmx ciydasx
CIIy4aifHO OTOMPAIOT W3 BCeW COBOKYITHOCTU OTPAaHHMUYEHHOE YUCIIO OOBEKTOB U MOJBEPIalOT UX
U3YYEHHUIO.

Buvibopounoii  cosokynHocmebl0 WA TPOCTO GbIOOPKOU HA3BIBACTCS COBOKYIHOCTH
CIIy4aifHO OTOOpaHHBIX OOBEKTOB. [ eHepanbHOU COB0OKYNHOCHbIO HA3BIBAETCS COBOKYITHOCTH
00BEKTOB, U3 KOTOPBIX MPOU3BOAMTCS BbIOOpka. Hampumep, ecnu Bce cryaeHTsl Hamorosoit
aKaJeMUu — 3TO TEeHEpaJbHAas COBOKYITHOCTh, TO CTYACHTBHI KaKOW-THOO TPYIIBI SBISIOTCS
BBIOOPKOH.

Ob6vemom COBOKYITHOCTH (BBIOOPOYHOM WITM T€HEPATbHOM) HA3bIBAETCS YMCIO OOBEKTOB
3Tol coBOKymHOCTH. Hampumep, eciu u3 1000 netaneit otobOpano ans obcnemoBanus 100
neranei, To 00beM rerepansaoii copokynHoct N = 1000, a 06vem BeiGopxkr N = 100.

[Ipu cocrtaBieHuH BBIOOPKHM MOKHO TOCTYMAaTh IBYMsI CIOCOOAMH: TOCIE TOTO, Kak
00BeKT 0TOOpaH M HaJ HUM MPOU3BEIECHO HAOJIOJEHNE, OH MOXET OBITh BO3BpallleH MO0 HE
BO3BpALIECH B T'€HEPAIbHYI0 COBOKYITHOCTb. B 3aBUCMMOCTH OT 3TOr0 BBIOOPKH MOPA3AEINIAIOTCS
Ha IMOBTOPHBIE U OECITOBTOPHBIE.

Iloemopnoti Ha3bIBAIOT BBIOOPKY, MPH KOTOPOH OTOOpaHHBIN 00BEKT (mepea oTOOpoM
CJIEIYIOIIEr0) BO3BpAIllaeTCsi B TEHEPAIbHYI0 COBOKYHNHOCTb. becnoémopnoii Ha3bIBAIOT
BBIOOPKY, IPU KOTOPOI OTOOpaHHBIN 0OBEKT B T€HEPAIbHYIO COBOKYITHOCTh HE BO3BPALIAETCS.

Jlist Toro, 4ToOBI MO JAHHBIM BBHIOOPKHM MOKHO OBLJIO JIOCTATOYHO YBEPEHHO CYIUTH 00
MHTEPECYIOIIEM IPU3HAKE FeHEePabHOW COBOKYITHOCTH, HEO0X0AUMO, YTOOBI OOBEKTHI BEIOOPKHU
NPaBWIBHO €r0 MPEICTaBIsUIA. [IpyrumMu clioBaMH, BRIOOPKA JIOJKHA MPABHIILHO MPEICTABIISAT
IPONOPLMU T'€HEepPabHOM COBOKYIHOCTH, T.€. BBIOOpKAa NOJDKHA OBITH penpe3eHmamueHol
(npeocmasumenvnoti).

B cuny 3akoHa OonbIIMX YHCET MOXHO YTBEpXKIaTh, UYTO BBIOOpKa Oymer
pEeNpe3eHTaTUBHOM, €ClaM KaXIblii O0OBEeKT BBHIOOPKM OTOOpaH ciydyallHO W3 TeHepalbHOU
COBOKYITHOCTHU B MPEATOJIOKEHUH, YTO BCE OOBEKTHl MMEIOT OJMHAKOBYIO BEPOSATHOCTH IMONACTh
B BBIOODKY.

CraTtuctudeckoe pacrnpeesieHue rpapuueckd MOKHO M300pa3uTh Pa3lMUHBIMU CIIOCO-
0aMu, B 4aCTHOCTH, B BH/IE TIOJIUTOHA W THCTOTPAMMBI.

Ilonueonom uacmom Ha3bIBa€TCSl JIOMaHasi, OTPE3KH KOTOPOM COEAMHSIOT TOYKH

(Xl; nl), (XZ; n2) Ve (Xk; nk). JInisi IOCTPOCHUS TIOJIMTOHA YacTOT Ha OCH alCIHce

OTKJIaABIBAIOT BAPHUAHTBL Xi , 4 Ha OCH OpAWHAT — COOTBCTCTBYIOIIHUE MM HYaCTOTHI ni . Toukn
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( X, N ) COEIMHSAIOT OTPE3KAMH MPAMBIX M MOJIYYaOT [TOJUIOH YacTOT.
Tonuconom omuocumenvublx 4acmom HA3BIBACTCSA JIOMaHasl, OTPE3KH KOTOPOH COEIH-
HSIOT TOYKH (Xl; Wl)’ (XZ; WZ)’ oy (Xk; Wk) [ToJIMTOH OTHOCHUTENIBHBIX YACTOT

CTPOMTCSI aHAJIOTUYHBIM TOJIMTOHY 4acToT o0pazom. Ha puc. m300pa’keH MOIUIOH OTHOCHTENb-
HBIX YacTOT CJIEIYIOLIEro paclpeieneHus:

Tabnunal
X; 2 4 6 8
W, 01 05 0,25 0,15
Wi
0,6 +
05 +
04 +
0,3 +
0,2 +
01 + X
0 f f f f {
0 2 4 6 8 10

Puc. 1. ITonmuron oTHOCUTENBHBIX YACTOT.
B cnydae HempepbIBHOTO MpU3HAKA [EI€CO00Pa3HO CTPOUTH THUCTOTPAMMY, UIS YEro UH-
TepBaj, B KOTOPOM 3aKJIIOYEHBI BCE HAOIIOJacMble 3HAYEHUs MpU3HAKA, pa3OMBaeTCs Ha He-

CKOJILKO YaCTHYHBIX MHTEpPBAIOB JUIMHONH N 11 Kaska0ro 4acTHYHOro MHTEpBAja HAXOMUTCS
N, — cymma 4acToT BapuaHT, IONABIIKX B i-if HHTEpBAL.
T'ucmoepammoui uacmom Ha3bIBaeTCs CTyNeH4aras GUrypa, CoCTosImas U3 MpsiMoyroib-

HUKOB, OCHOBAHMSAMH KOTOPBIX CIY’KaT 4acTUYHbIE MHTEPBANbl JIMHOW KN, a BBICOTHI paBHBI
otnomenmo I, / h. JIj1g TOCTpOEHMSI TUCTOTPAMMBI 4aCTOT Ha OCU abCLUCC CIEAYET OTIOXKUTD

YaCTUYHBIC UHTCPBAJIbI, 4 HAA HUMHU IIPOBECTH OTPEC3KU, MAPAJJICIIBHBIC OCHU a6cuncc Ha pacCTo-

SHUAN ni/h.

[Tnotaap i-ro YaCTUYHOTO MPSIMOYTOJIBHUKA PaBHA h n, / h= N, — cymme gactor Ba-

PHaHT I-TO MHTEpBaJIa; CICJOBATEIBHO, NI0WAOb 2UCMOZPAMMbL YACTOM PABHA CYMMe 8CeX Yd-
cmom, m.e. 00veMy 8b100pKU.

Tabonuma?2
CyMmMma yacTot H
HacTuanbri BAPHMAHT YaCTUYHOTO JIOTHOCTE
UHTEepBaI JiuHO0 h=5 nirepsana N, YaCTOTHI ni / h
i
5—10 4 0,8
10— 15 6 1,2
15— 20 16 3,2
20— 25 36 7,2
25—30 24 4.8
30—35 10 2,0
35—40 4 0,8

Ha pI/I02 H306pa>1<eHa TUCTOTrpaMMa 4aCTOT paclpCACIICHUS, 3a/lTaHHBIX B TaGJlI/II_IC.
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n/ h

O R, N WHMOUUO N
I

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

Puc.2. 'ucrorpamma yacToT pacnpenencHusl.
l'ucmoepammouni omnocumenvbHbix Yacmom Ha3bIBAE€TCS CTyNEH4YaTast GUrypa, cCocTosas
U3 TPAMOYIOJNLHUKOB, OCHOBAHUAMHU KOTODPBIX CIy’aT YacTU4HbIE MHTepBanbl miuHo0 N, a

BBICOTBI paBHbI OTHOIICHHWIO Wi /h . FI/ICTOFpaMMa OTHOCHUTCIIBHBIX YaCTOT CTPOUTCA aHalo-
THYHBIM I'HCTOI'paMMC 4aCTOT 06p2130M.
Hnomam, I-r0 4acTUYHOIO MNpsAMOYIOJIbHUKA paBHA hWI /h :Wi — CYMMC OTHOCH-

TENBHBIX YaCTOT BAPHAHT I-r0 WHTEPBAJA; CIEAOBATEIBHO, NIOWAObL SUCHOCPAMMbL OMHOCU-
MENbHBIX YACTNOM PABHA CYMMe 8CeX OMHOCUMENbHBIX Yacmom, m.e. eOuHuye.

Ecnu tpeOyercs n3y4nTh KOJTUYECTBEHHBIN MPU3HAK FeHEPATbHONW COBOKYITHOCTH, TO
BO3HHUKAET 33]]a4a OLIEHKU MapaMeTpOB, KOTOPHIMU OINPEAEIIAETCS pacpeelIeHUe ITOro Mpu-
3Haka. Hampumep, ecnu Hamepea U3BECTHO, YTO U3y4aeMblid TPU3HAK paclpe/iesieH B reHepasib-
HOM COBOKYITHOCTH HOPMAJIBHO, TO HEOOXOIMMO OLIEHUTH (MIPUOIMIKEHHO HAWTH) MaTeMaTHy4e-
CKOE OXHIaHUE U CpeJHee KBaApaTHIeCKOe OTKIIOHEHHE, TaK KaK 3TH JBa MapaMeTpa MOJIHO-
CTBIO ONPEAEISAI0T HOPMAIbHOE PaCIIpe/ieICHHE.

OOBIYHO UMEIOTCS JIUIIIb JaHHBIE BHIOOPKHU, HAIIPUMEP, 3HAYCHUS KOJTUYECTBEHHOTO TIPU-

snaka X;, X, , .., X, , HOly4eHHbIE B pe3yJIbTaTe N na6monenuii, mpuuem >tu HaGMIONEHUS
IIPEII0JIaratoTCsl HE3aBUCUMBIMH. Uepe3 3TH JaHHBIE U BBIPAKAETCS OLICHMBAEMBbIN NapameTp.

PaccmatpuBast Xl' X5, ..., X, KaKk He3aBUCHMBbIE CIlydJaiHble BETMUHHbI Xl’ X 21 s X N
MO>XHO CKa3aTh, UTO HAaXOXIEHUE CTATUCTUUYECKON OIIEHKH HEM3BECTHOI'O MAapaMeTpa TEOPETH-
YECKOT'O PACTPEICICHUS] PAaBHOCUIBHO HAXOXICHUI0 (YHKIUU OT HAOIIOA€MBIX CITyJailHBIX
BEJIMUMH, KOTOpas M JaeT MpHOIMKeHHOe 3HaYeHHe OIIEHUBaeMoro mapametpa. Hampumep, mis

OIIEHKM MAaTEMAaTHYECKOTO OKHAAHHMS HOPMAIbLHOTO PACIpPENETIEHUs CIYKAT —(QYHKIHS
X=(X;+X,+...+ X,) / N, KoTopas ABISETCS CPEAHMM apu(PMETHYECKUM HABIIIO-

JAeMbIX 3HAYCHUU TTPU3HAKA.
TakuM 00pasoM, cmamucmuueckoli oyenKol Heuzsecmnozo napamempa @ Tteopernde-

CKOI'0 pacCrpeaciicCHud Ha3bIBACTCA (pYHKI_II/ISI 5 = é(n) = H_(Xl’ X2 yoooy Xn) oT

Ha0JI0/Ta€MBIX CITy4allHbIX BEJIMYMH, KOTOpasi B OMPEIEICHHOM CTaTUCTUYECKOM CMBbICIE OJIM3Ka
K UICTUHHOMY 3HA4€HUIO 3TOr0 IapaMerpa.

Baxkneiimmmu cBONWCTBaMHU CTaTHCTUYECKOM OLIEHKH, OMPEIENAIOMUMU €€ OIU30CTh K
VUCTUHHOMY 3HAQ4YECHUIO OLICHMBAEMOI'O IIapaMeTpa, SABISIOTCS CBOMCTBA HECMEIEHHOCTH, COCTO-
ATEIBHOCTU U 3(PPEKTUBHOCTH.

IIycTh reHepanbHas COBOKYITHOCTb MU3y4aeTCs OTHOCUTENIBHO KOJIUYECTBEHHOIO IPHU3Ha-
Ka X.

Tenepanvroii cpeoneii X = HasbIBaeTCs cpenHee apu(MeTHIECKoe 3HAYCHMH Mpu3HaKa
reHepaJIbHOU COBOKYITHOCTH.

Ecmu Bce 3avenus X;, X, , ..., Xy IpH3HaKa reHepanbHOi COBOKYITHOCTH 00beMa N
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pa3IUYHBL, TO TeHEpaIbHAsK CPEIHSSA paBHA
X, =(X, + X, +...+Xy)/N.
Ecmu xe 3Hauenns npusnaka Xy, X, , .., X, UMEIOT COOTBETCTBEHHO YaCTOTHI N 1

NZ’ o Nk, npuYeM Nl + N2 +...+ Nk = N, 10 B 310M clIy4ae TeHepabHas Cpeli-
Hssl paBHA
X, =(XN;+XN, +...+xN,)/N.
Ecnu paccmarpuBarh oOcieqyeMblii MpU3HAK X TeHEpaJbHOW COBOKYIHOCTH KakK CIy-

YalfHYyI0 BEJINYMHY, TO MOXKHO CZEJaTh BBIBOJI, YTO MAaTEMAaTH4YECKOE OXKHIaHHE MPU3HAKA PABHO
reHepaIbHON CpeIHEeH ITOro MpHu3HaKa:
X.=M(X).

IlycTp Tenepp 1 U3ydeHHUs T€HEPAIbHOM COBOKYNHOCTH OTHOCHUTEIBHO KOJIUYECTBEH-
HOTO TIpH3HAKa X M3BIedeHa BeIOOpKa oobema 1.

Bwibopounoii cpeoneii X p HasbIBaeTCs CpeiHee apH(PMETHIECKOE HAOMI0IaEMbIX 3HaYe-
HUI TpU3HaKa BEIOOPOYHON COBOKYITHOCTH.
Ecmu Bce 3nauenus X;, X, , .., X mpusHaka BeOopku odbema I pasnudsel, TO BEI-

0opouHas cpenHss paBHa
X, =(X + X, +...+X,)/n.
Ecmu e 3nauenus npusHaka X;, X,, ..., X, umeror coorsercTBenHo yactotsl I, M,,

oy Ny mpuyem Ny + N, +... 4+ N =N, 10 B 3TOM CIIyuae BEIGOpPOUHAS CpeHss paBHA

Xz = (XN, +X,N, +...+X.Nn,.)/N

k
X, =| D xn | /n.
i=1

I'enepanvhoii oucnepcueti D ;- HasbIBAaETCs CpeHEe apu(pMETHIECKOE KBAIPATOB OTKIIO-

HIJIN

HEHMIi 3HAYeHHIl IPU3HAKA FeHEePaTbHON COBOKYIMHOCTH OT HX CPEIHEro 3HaueHus X - .

Ecmu Bee 3nauenns X;, X, , .., Xy IpH3HaKa reHepagbHOH COBOKYIHOCTH 0ObeMa

N pa3HHqHBI, TO reHepaﬂBHaﬂ )II/ICHepCI/ISI paBHa
N
- \2
D, = Z(Xi_xr) N .
i=1

Ecmu xe 3HaueHns mpusnaka Xy, X, , .., X UMEIOT COOTBETCTBEHHO YaCTOTHI N 1

sz - Nk’ npu4eM N1 + N2 +...+ Nk =N , TO B 3TOM ClIy4ae IeHepalibHas JMC-

nepcusi paBHa
k

— \2
Dr_ E:(Xi_xr) I\li N -
i=1
T'enepanvuvim cpeonum Keaopamuyeckum OMKIOHeHUueM Ha3bIBaeTCs KBaJPATHBIA KO-

PCHB M3 TeHEPATLHOU JTUCTICPCHU:
o, =+D,.

Ipumep 1. ['eHepanbHast COBOKYITHOCTh 3aJlaHa CIICAYIONIEH TaOIHIICH pactipeeICHHs:
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X 2 4 5 6

N. 8 9 10 3

Haiitu renepajibHyr0 TUCIIEPCUIO U T€HEPAIIBHOE CPEAHEE KBAIPATUUECKOE OTKIIOHEHUE.
Pemenue. Haiiiem renepalibHyr0 CpeIHIOKO:

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

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

HaﬁﬂeM TCHECPAJIIbHOC CPCAHCC KBAAPATUICCKOC OTKJIOHCHHUE.
o, =D, =18 ~134.

Buibopounoii oucnepcueii D p Ha3bIBAacTCA CPeNHEEe apuPMETHYECKOE KBAPATOB OTKIIO-

4

18-

HEHUM Ha6JHO,Z[aCMBIX 3HAYEHH I IIpHU3HAKa BLI60pO‘IHOI>i COBOKYITHOCTH OT HUX CpEAHEIro 3Ha4e-

Hust X B
Eciu Bce 3HaueHUs Xl, X2 . Xn npusHaka BeIOOpkH o6beMa [ pasiauunbl, TO BBI-
OopouHas nucrepcus paBHa
n
0, =[5, | o
i=1
Ecim e 3nadenns npusHaka X;, X, , ..., X} uMeroT coorBercTBeHHO YacTothl [y, N,

y ooy Ny, mpuaem Ny + N, + ...+ N, =N, 10 B 3TOM Citydae BEIGOpOYHAs JUCIIEPCUs PaB-

(g

Buvibopounvim cpeonum keadpamuueckum OmMKIOHeHUeM HA3bIBAETCS KBAJAPATHBIM KO-

PEHb U3 FreHEepPaTbHON IUCTIEPCHHU:
o, =+D; .

IIpumep 2. BoibopouHast COBOKYITHOCTb 3a/1aHa CJeyoeil Tabauiei pacnpeaeieHus:

Ha

1 2 3 4
20 15 10 5

HaiiTi BRIOOpOUHYIO IHUCTIEPCHIO M BBIOOPOUYHOE Cpe/iHee KBaIpaTUueCKOe OTKIIOHEHNUE.
Pemenue. Halimem BEIOOPOYHYIO CPETHIONO:

o 1.20+2-15+3-10+4-5 100
5 20+15+10+5 50

Haiinem BEIOOPOYHYIO TUCTIEPCHIO:

2.
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(1-2)*-20+(2-2)*-15+(3-2)*-10+(4-2)*-5 50
50 50

HaﬁHCM BBI6OpOLIHOC CpeaHee KBaApaTHICCKOEC OTKJIOHCHHUE!

7, =D, = 1-1

Tenepy mycTh TpeOyeTcsi MO NaHHBIM BBHIOOPKH OLEHUTh HEU3BECTHYIO T€HEPaTbHYIO

D, 1.

JAUCIICPCHUTIO DF . BBI6OpOLIHa$I AUCIICPCHUAd DB SABJIACTCA CMeH_[CHHOI‘/'I OI.[GHKOI71 DF , TaK KaK

n—-1
M (DB ) = Dr '
n
Eciu ke B KauecTBe OLEHKU NE€HEPAIbLHON NUCIEPCUH NPUHSATH UCHPAGILEHHYIO OUChep-
2
cuio S, KOTOpasi MOJIy4aeTcs IyTeM YMHOKEHUS D 5 Ha 1po6s N / (n — 1), TO OHa OyJEeT He-

CMEIIEHHOMN OHCHKOﬁ FeHepaﬂBHOﬁ JAUCIICPCHUH. HonyqaeM

Z(Xi_XB)Zni K
SZZLDB: i = = Z(Xi_XB)Zni /(n_l)

M(s2)=m- " p,|=" mD,)=".""1p -p,
n-1 n-1 n-1 n

Hmeercs nBa crioco0a OLEHKH TapaMeTPOB: TOUSUHBIH U WHTEPBAJIbHBIA. TOYeYHbIE Me-
TOJIBI YKa3bIBAIOT JIMIIb TOYKY, OKOJIO KOTOPOH HaXOAWTCS HEM3BECTHBIM OICHMBAEMBIA Tapa-
MeTp. C MOMOIIBI0 HHTEPBAJIBHBIX CIIOCOOOB MOXKHO HaWTH MHTEPBAJ, B KOTOPOM C HEKOTOPOH
BEPOSTHOCTHIO HAXOIUTCS HEN3BECTHOE 3HAUCHHE ITapaMeTpa.

Toueunoti Ha3bIBAaETCA OLIEHKA, KOTOpas ompesensercs ogHUM uucioM. Ilpu BeiOopke
Majioro o0beMa ToYeyHask OI[EHKAa MOKET 3HAYMTEIbHO OTJINYAThCA OT OLICHMBAEMOTO IapaMeT-
pa, T.e. IPUBOAUTH K IpyObIM ommOkaM. Ilo 3Toil npuunHe npu HeOGoIbIIOM 00BeMe BHIOOPKU
CJIEZyeT MOJIb30BaThCsI HHTEPBAIBHBIMH OIICHKAMHU.

HumepesanvHou Ha3bIBa€TCs OLIEHKA, KOTOpast ONpeAessieTcs: ABYMs YUCIaMU — KOHLIAMHU
UHTEpBaJa. VIHTEpBaIbHBIE OIICHKH MO3BOJISIOT YCTAHOBUTH TOYHOCTh M HAJIC)KHOCTH OIICHOK.

HYCTB HalJICHHAas 110 JaHHBIM BBI60pKI/I CTATUCTHUYCCKAA XapaKTCPUCTHUKA 9 CIIYKUT

TouHee onpejensieT napamerp &, yem MeHbine O . TouHOCMb OYeHKU XapaKTEepU3yeTcs MoJo-
JKUTETLHBIM YHCIOM O .

olEeHKol HemsBecTHOro mapamerpa & . Ecom & >0 nu < O, 10 oueHKa 6 tem

O)IHaKO HCIIB34d KaTel"OpI/ILIeCKI/I yTBep)KJIaTI), YTO OIICHKa 0 YHOBHGTBOpﬂeT HepaBeH-
ctBy \ 0—6

KOTOPOI 3TO HEPABEHCTBO OCYIIECTBIISAECTCS.

< 5 . Cratuctuueckue METOABI IMO3BOJIAIOT JIMIIb 'OBOPHUTH O BEPOATHOCTH, C

Haoexcnocmoio (dosepumenvHoti 6eposmuocmpio) onenkun @ 1o 6 wHasbactes BEpo-

ATHOCTB )/, C KOTOPO# OCYLIECTBIISETCS HEPABEHCTBO 0-0|<0o,re.

P( 6-6 <5)=;/.

B kauecTtBe )/ Gepercs 4ucio, 6IM3KOE K CMHUIIE.
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N3 HepaBeHcTBa

0—0 ‘ < O nerko MOKHO MOJNYYHTh JBOHHOE HEPABEHCTBO

0-5<0<0+6.

Torna cooTHONIEHWE MPUHUMAET CIAEAYIOLINUA BUT
P(H —-o0<0<6 +5):7/.
OTO COOTHOIIEHHE O3HAYaeT cieayromee: BCPOATHOCTb TOTO, 4YTO HMHTCPBAI

(5 -0, 0+6 ) saxirouaer B ceGe (IIOKpHIBACT) HEM3BECTHEIN mapamerp @ , paBHa )/ .

Unrepsan (€ — &, O + &) HasbBaeTCs 006epumensHbLM UHMEPEAIOM, KOTOPBIH IT0-
KPBIBACT HEM3BECTHBIN napameTp € ¢ 3a1aHHOH HAEKHOCTBIO /.

IlycTeb KOIMYECTBEHHBIM MNpU3HAK X TIEHEPAIBbHOM COBOKYIIHOCTH PpacCIpeleNcH
HOPMAaJIbHO, TIPHYEM CPEHEee KBaIpaTHieckoe oTKiIoHeHHe O 3TOro pacrpenesieHus M3 B € C T
H 0. TpeOyeTcs OIEHHTh HEM3BECTHOE MAaTEMATHUECKOE OXKHIaHHe Gl 1o BEIGOPOUHOH cpemHeit
X . TocTaBuM CBOeii 3ajadeli HAlTH JTOBEpPUTENHHBIE HHTEPBAIBI, TTOKPHIBAIOIIHE TTapaMeTp A
C HaJISKHOCTBIO )/ .

Byznem paccMatpuBaTh BHIOOPOYHYIO CPEAHIO X Kak CIyYalHYHO BEIMYHHY X (X

M3MEHSAETCS OT BBIOOPKH K BRIOOPKE) U BBIOOpOUHBIE 3HAYeHHs mpu3Haka Xy, X, , .., X, —

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

WU3MEHSIOTCSI OT BBIOOPKH K BBIOOpKE). MareMaTH4eckoe OXKHJIaHWE KaKIOW M3 dTUX BEIMYUH
paBHO A W cpenHee KBaJpaTHYecKoe oTKIoHeHHE — O ..

HonyqaeM, 4TO IapaMCTpbl paCIIpCaACICHUA X cleayromue:
M(X)=a, o(X)=0c//n.

HOTpe6yeM, YTOOBI BBIOJIHSAIOCH COOTHOIIIEHHE
P(|X -4/ <5)=7.

rac 7/ — 3aJaHHas HaACXKHOCTD.

Vcronmssys Gopmyny c samenoii X ma X u O Ha o‘()?) = J/ /N, HETpyHO
MOJIYYUTb COOTHOIICHHUEC

P(|X 2/ < 6)=20(5Vn /o) = 20(t).
roe t = é\/ﬁ/O'-

Haiins u3 mocieiHero paBeHcTsa O = ta/ \/ﬁ , MO’KHO HAIIMCaTh
P(|X —a<ta/Vn)=20().

O6o3Hayast g OOIIHOCTH BHIOOPOYHYIO CPEAHIOD BHOBb depe3 X, TOJIydaem

COOTHOLICHUA
O(t)=y/2

P()?—ta/\m<a<¥+ta/\m):y.

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

()_( —lo / \/ﬁ , X +t(7/ \/ﬁ ) MOKPBIBAET HEU3BECTHBIA IMAPAMETP a, IpU 3TOM
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TOYHOCTH OLEHKU paBHA O = ta/ /N, auucio t OTIPENIETISICTCS U3 PABEHCTBA IO TaOJIHIIE

¢ynkuuu Jlamnaca.

pumep 3. CiyyaiiHas BenuunHa XUMEET HOPMAJIBbHOE pacHpeicsieHue C M3BECTHBIM
CPEIHUM KBAJPATHYECKUM OTKIOHEHHEM & = 3. HallTu 10BepUTEIbHBIN HHTEPBAI JUIS OLIEH-
KM HEH3BECTHOTO MATEMaTHUeCKOTO OXHIaHMS Q 1o BHIOOPOYHOI cpelHel X , eciu 06beM

BbIOOpKH N = 36 ¥ 3a1aHa HAEKHOCTH OLECHKN ) = 0,95

Pemenne. Haiinem {. M3 coornomenus (13.8) momyuaem (D(t) 20,475 U 10

tabnuie ¢pyaknuu Jlamiaca Haxoaum t = 1,96

HaligeM TOYHOCTD OLIEHKU:

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

JIOBEpUTENIbHBI MHTEPBAl TaKOB: ()_( —0,98, )_(+O,98) Hampumep, ecinu

X= 4,1 , TO IOBEPUTEIIbHBII HHTEPBAII UMEET CICAYIOIINE JOBEPUTEIbHBIC TPAHHULIBI:

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

Konmponwvusie 6onpocwt u 3a0anusn.

Bob160pouHas COBOKYITHOCTb.

BriGopounas cpennss Xg .

© N oukrowhE

Bri6opounas nucnepcust DB .

2
9. WcnpaBneHHas Aucriepcus S°.
3amanue 1. Berbopka 3agaHa B BUje pacpeeieHus: 4acToT:

BeibopouHast GyHKIHS pacnpeneneHusl.
I'ucrorpamma, OJIUIOH 4acToOT.
CniocoObI cocTaBlieHUsI BEIOOPKHU.
Brrunciienue ToueYHbBIX OLIEHOK MMapaMeTPOB pacTpeIeICHHUS.
Brruncnenre HHTEpBAIbHBIX OIIEHOK MapaMeTPOB pacpe/Ie/ICHuUS.

Haiitn pacnipeneneHne OTHOCUTENBHBIX YacTOT.

3ananue 2. Haiftu pyHK1MIO pacnpeesieHns o JaHHOMY pacipe1elIeHUI0 BBIOOPKHU:

0

3ananue 3. [locTpouTh MOJUTOH OTHOCHUTEIBHBIX YacCTOT IO JTAHHOMY pacIpeiesIeHHUI0

BBIOOPKHU:

1

9

2

3ananue 4. Haiitu ¢pyHKIHIO pacnpeeneHus o JaHHOMY pacipeeIeHUIO BEIOOPKH:
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3ananue 5. HaiiTu MeTOoJ0M MOMEHTOB TOUYEUHYIO OLIEHKY Iapamerpa [0 reomeTrpuye-

— — Xi—p
CKOTO pacHpeeIcHHs P(X - Xi) - (1_ p) L p, rae X; - 4MCIIO MCIBITAHUH, TPOBe-

JEHHBIX OO0 MOSBJICHUS CO6I)ITI/IH, P - BEPOATHOCTH MOABJICHUA COOBITHS B OJHOM HCIIBITAHHUH.

3ananue 6. HailTu METOJOM MOMEHTOB TOUEUHYIO OLIEHKY IapaMmerpa [0 reomerpuye-

— — %—p
CKOTO pacrpezesieHus P(X - Xi) - (1_ p) P , €CJIH B YETBIPEX OMBITaX COOBITHE MO-

SABUJIIOCH COOTBETCTBCHHO IIOCJIC ABYX, I‘IeTHpéX, IIECTH ¥ BOCbMH HCIBITaHUM.

3ananue 7. I3 reHepaibHON COBOKYITHOCTH M3BJICYCHA BEIOOPKA 00BbEMaA n=50 :

0

6 |2 4
Haiitu HecMeIEHHYIO OLIEHKY T€HEPAIbHOM CPEeIHEM.

3ananue 8. Haiftu BBIOOPOYHYIO CPEIHIONO IO JAHHOMY PaclpeIesIeHUI0 BHIOOPKHU:

240 | 250 |270 | 280

3ananue 9. HaiiTu BEIOOPOUYHYIO AUCHIEPCHUIO TI0 JAaHHOMY paclipe/leleHUI0 BEIOOPKU:
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Ilpakmuueckasa paooma Ne9. Cmamucmuueckasn zunomesa. Memoovt cmamucmude-

CKOll npoeepkKu cunomes.

Heﬂb: 3aerHI/ITI> MCTOABI CTaTHCTHYECKOU IIPOBEPKHU T'UIIOTES.

OcHoevt meopuu:

Ilyctp Tpebyercss OINpenenuTbh 3aKOH pACHpPENEICHHs] I'€HEpalIbHON COBOKYIHOCTH U
HazoBeM ero 4. Ecim 3akoH pacnpezeneHusi HEM3BECTEH, HO MMEIOTCS OCHOBAHUS MPEINOio-
)KUTh, YTO OH UMEET OIPEACIICHHBIA BHJ, BBIJBUTAIOT TUIIOTE3Y: I'€HEPAJIbHAsI COBOKYITHOCTH
pacnpezeneHa 1o 3akoHy A. Takum oO6pa3oM, B 3TOU TUIIOTE3€ peub UAET O BUIE MpeJoiarae-
MOTO pacIpeeIeHHUs.

Bosmoxen ciyuail, Korja 3aK0H pacripezielieHusl U3BECTEH, a ero mapaMeTpbl HEU3BeCT-
Hbl. ECll ecTh OCHOBaHMS NPENOJIOKHUTh, YTO HEM3BECTHBIN mapamerp (& paBeH onpejeseH-

HOMY 3HAYCHUIO @0 , TO BBIJIBUT'AIOT THUIIOTE3Y: @ = ®0. Takum o6pa30M, B OTOM THIIOTE3€

peub UIET O IPEANOoJaraéMoi BeJINYMHE IMapaMeTpa OJJHOTO U3BECTHOTO paclpeieeHusI.

Cmamucmuyeckoli Ha3bIBAETCS TUTIOTE3a O BUJIE HEU3BECTHOTO PACIPEACTICHUS WU TU-
1oTe3a O MmapaMeTpax M3BECTHBIX pacrnpeneneHuil. Hanmpumep, cTaTUCTUYECKUMU SIBJISIFOTCS TH-
MOTE3BI:

1) reHepasbHas COBOKYITHOCTD paciipe/ieieHa o 3akony [lyaccona;

2) JHCTIEPCUH IBYX HOPMAJIBHBIX COBOKYITHOCTEH paBHBI MEXY COOOIA.

B nepBoii runorese caenaHo MpeaoyoKeHUe 0 BUJIe HEU3BECTHOIO paclpenesieHus], BO
BTOPOIl — O MapaMeTpax ABYX U3BECTHBIX PaCHpeIeICHUN.

Hynesoti (ocnoenoti) Ha3bIBaeTCs BBIABUHYTAs TUIIOTE3a H 0-

Konxypupyroweii (anbmepnamusnoii) Ha3bIBa€TCs TUIOTE3a H 1> KOTOpast MPOTUBOPEYUT
HYJIEBOM.

Hanpumep, ecnu HysneBas THIIOTE3a COCTOMT B IPEIINOJIOKEHNUU, YTO MAaTEMaTHYECKOE
oXHIaHre A HOPMAIBHOIO pacrpeieneHus paBHO 10, TO KOHKypHPYIOIIas THIOTE3a MOXKET

cocTosTh B npeanonoxenny, uto & = 10; t.e. H o.a=10; H 1-a=10.
Ilpocmoiu Ha3bIBAETCS TUIIOTE3a, COACPIKAILAsl TOJIBKO OAHO Mpeanoioxkenue. Hanpumep,
runoresa H (. MareMaTHYECKOE OKUJIAHME HOPMANILHOTO pactpeenenus pasHo 3 (O n3Bect-

HO) — MPOCTasl.
CnooicHotl HA3BIBAETCSl TUIOTE3a, KOTOpask COCTOMT W3 KOHEYHOTO MU OECKOHEUHOTO

yucia NpocThIX runore3. Hampumep, cnoxHas runoresa H : A > 5 cocrour u3 6ecuncnensoro
MHO’KECTBA IPOCTBIX TUIIOTE3 BUIA H i A= bi , e bi — moboe uKcio, 6osblee 5.

BreiaBuHyTast rUnoTe3a MOXeT ObITh IPABUILHOW WIIM HEMIPABWIIbHOM, TOATOMY BO3HUKA-
€T HeOOXOAUMOCTh cmamucmuyeckol (TIPOU3BOAMMON CTATHCTUYECKUMH METOJAMH) TPOBEPKU
ATOM THIOTE3bI. B UTOTe CTaTUCTUYECKOM MMPOBEPKU THUIOTE3HI MOT'YT OBIThH TOMYIICHBI OITUOKH.

Owubra nepsoco pooa COCTOUT B TOM, 4TO OYJI€T OTBEPrHYTA MPaBHJIbHAS TUIIOTE3A.

Owiubkra 6mopoeo pooa COCTOUT B TOM, UTO OyJeT MPUHATA HETPaBUIbHAS TUIIOTE3a.

JIJiss IpOBEPKY HYJICBOW THIIOTE3BI UCIIOJIB3YETCS CIEIHAIBHO T0I00paHHast cirydaiHas
BEJIMYMHA, TOYHOE WM MPHUOIMKEHHOE pachpe/ieieHne KOTOPO M3BECTHO. JTa cllyyaiiHas Be-
nuunHa obo3Hauaercss uepes K u HasbiBaeTcs cmamucmuveckum Kpumepuem (MM TIPOCTO
Kpumepuem).

[TpuBeneM mpuMep CTaTUCTHYECKOTO Kputepus. Eciu mpoBepsieTcst THIIOTe3a O paBeH-
CTBE JIMCIIEPCHUIi BYX HOPMAJbHBIX I'€HEpalbHBIX COBOKYITHOCTEH, TO B KauecTBe Kputepus K
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HpI/IHI/IMaeTCH OTHOILICHHUC I/ICHpaBJIeHHBIX BI:I60pO‘{HI>IX ,Z[PICHCpCHfIZ
a2 / 2
F=s;/s;.

Habnwooaemvim 3nauenuem K HAa3bIBACTCA 3HAYCHHUC KPUTCPUS, BBIYHUCICHHOC II0

Haon
BbIOOpKaM. Hampumep, eciau mo AByM BBIOOpPKaM HaiiIeHBl UCIPABJICHHBIC BHIOOPOYHBIE IHC-

epcuu 312 =20mu 322 — 5, 1o mabmonaemoe 3naueHne xputepus F pasno
FHa6Jz = SZLZ/SZ2 - 20/5: 4

[Tocie BLIOOpA ONPENENEHHOIO KPUTEPHS MHOKECTBO BCEX €r0 BO3MOMKHBIX 3HAYEHHMIM
pa3OuBaeTCs Ha JIBAa HENEPECEKAONIUXCS MOAMHOKECTBA: OJHO W3 HHMX COAEPXKUT 3HAUCHUS
KPHUTEPHsI, IPH KOTOPBIX HYJIeBas TUIIOTE3a OTBEPraeTcs, a Ipyras — MpU KOTOPBIX OHA IMPUHH-
MaeTcsl.

Kpumuueckoii 061acmbio Ha3bIBAETCS COBOKYIIHOCTh 3HAYEHMH KPUTEPUS, IPU KOTOPBIX
HyJIeBasl TUIIOTE3a OTBEPIaeTCs.

Obnacmoto npunsmus 2unomesot (00JACTHIO OIYCTUMBIX 3HAYEHHI) HA3bIBAETCS COBO-
KYIHOCTb 3HAYEHUI KPUTEPHS, IPU KOTOPBIX HyJE€Bas TUIIOTE3a IPHUHUMAETCS.

Iockonsky kputepuii K — omHOMepHas ciydaiias BenMUMHA, BCE €€ BO3MOMKHbIE 3HA-
YEHUs PUHAIEKAT HEKOTOPOMY MHTEpBaily. 1109TOMy KpuTHYecKas 00acTh U 00JIacTh MPH-
HATUSA TUIIOTE3bI TAKKE ABJIAIOTCA MHTCPpBAJIaMU U, CICAOBATCIIBHO, CYIICCTBYIOT TOYKH, KOTO-
phI€ UX Pa3JeisIoT.

Kpumuueckumu mouxkamu (rpaHuLiamMmn) ka HA3bIBAIOTCSl TOUKH, OTACIIAIONINE KPUTHYEC-

CKYIO obnacTh oT 00J1acTH IMPUHATHUA T'HIIOTC3bI.
Hpaeocmopomteﬁ Ha3bIBACTCA KPpUTHYCCKaAd 06J13.CTI), ornpeacirsicMass HEPaBCHCTBOM

K > ka , TAC ka — IIOJIOKUTCIIbBHOC YUCJIO.

L >
ka
Puc.1.
JlesocmoponHeli Ha3bIBAaETCS KpHUTHYECKash 00JIacTh, oOIpesensemMas HEepPaBEeHCTBOM

K< ka, rae ka — OTpHULIATENBHOE YUCIIO.

0

Y
=

Puc.2.
OoHocmopoHntell Ha3bIBACTCSl MPABOCTOPOHHSS WJIM JICBOCTOPOHHSST KpUTHYECKas 00-
JIACTh.
Jleycmoponneii Ha3pIBaeTCs KpUTHYECKas 00JacTh, OMNpenaesseMas HepaBEHCTBAMU

K < kl’ K > k2 , TAC k2 > kl .B YaCTHOCTH, €CJIN KPUTHICCKUC TOYKH CUMMETPUYIHBI OT-

HOCHUTEJIFHO HYIIS, IBYCTOPOHHSISI KpUTHUYECKast 00JIACTh OMPE/IENIeTCs HepaBEHCTBAMHU (B TMpei-
nonoxkenuy, uto K < —ka) K< —ka, K> ka, WM paBHOCHIBHBIM HEPaBEHCTBOM

‘K‘ > ka '

X J

K

Kp
Puc.3.
Jlnist HaXOXKJICHUS KPUTHUECKOW 00JIacTH JOCTATOYHO HAMTH KPUTUYECKYIO TOUKY (TOY-
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ku). JJs HaXOXKACHHS ke TaKOM TOUKH 3a/JaeTcs JOCTAaTOYHO Majasi BEPOSITHOCTh — VPOBEHb
snauumocmu Q. 3ateM KpuTHYECKas TOYKa ka UIIETCA UCXOMS U3 TpeOOBaHUs, YTOOBI MPU

YCIIOBUM CIIPAaBEIMBOCTH HYJIEBOI THIIOTE3bl BEPOATHOCTh TOro, 4to kputepuit K mpumer
3HAYeHUS U3 KPUTUYECKOH 001acTy, Oblila paBHA MPUHIATOMY YPOBHIO 3HAYUMOCTH.

Hanpumep, 115 npaBOoCTOPOHHENH KPUTHUECKON 00JAaCTH JAOKHO BBINOIHATHCS COOTHO-
LIEHHE

P(K>k,)=«a,
I HGBOCTOPOHHeﬁ —
P(K<k,)=«a,
a JUIsl ABYCTOPOHHEN —
P(K<k)+P(K>k,)=«.
Z[J'ISI KaxXJI0ro Kpurepusa UMCIOTCA COOTBETCTBYIOIINC Ta6J'II/II_[bI, II0 KOTOPBIM M HAXOOHUT-

CiA KpUTHUYCCKaA TOYKaA.
Ecan pacnpeaciicCHue Kpurtepusa CUMMETPUYIHO OTHOCUTCIIBHO HYJISI 1 UMCHOTCA OCHOBA-

HUSl BBIOpaTb CUMMETPUYHBIE OTHOCUTEIBHO HYJS TOYKH — ka u ka (ka > 0), 10
P(K < —kkp) = P(K > ka). VYuuThiBas 3T0 COOTHOUIEHUE, U3 JUIsl JBYCTOPOHHEN KpH-
TUYECKOU 00JIaCTH MOIYYMM COOTHOIIEHNE

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

Mownocmbio kpumepus Ha3bIBaeTCsl BEPOSITHOCTD MONAJAaHUS KPUTEPHSI B KPUTHUECKYIO
00JacTh MpH YCIOBUH, YTO CIPaBEIMBa KOHKYpHUpYIOIas runoresa. Jpyrumu cioBamu, MOII-
HOCTb KpUTEpUS €CTh BEPOSATHOCTh TOTO, YTO HYyJEBas runore3a OyJIeT OTBEPrHyTa, €CIM BepHa
KOHKYpHUpYIOILasi TUIIOTE3a.

ITycTh U1 MpOBEPKU TUIOTE3bI MPUHAT ONpPEIEIEHHBIN YPOBEHb 3HAUUMOCTH, U BBIOOp-

Ka uMeeT (PUKCUpPOBaHHBINA 00beM. Eciu ﬂ — BEPOSATHOCTh OIIMOKH BTOPOTO POja, T.€. COOBI-
TUSl «IPUHATA HyJEBas TUIOTE3a, IPUUYEM CIIPABEUIMBA KOHKYPUPYIOLIash», TO MOIHOCTh KPH-
Tepus paBHA 1- IB .

[lycth MOIIHOCTB 1- ﬁ BO3PACTAET; CJIEJJOBATEIILHO, YMEHBINAETCSI BEPOATHOCTh ﬂ

COBEpIINTH OMIMOKY BTOPOro poaa. TakuM oOpa3oMm, 4eM MOIIHOCTh OOJbIle, TEM MEHbIIE Be-
POSITHOCTH OIIMOKHA BTOPOTO poJa.

Utak, ecnu ypoBeHb 3HAUMMOCTH yXK€ BBIOpaH, TO KPUTHUECKYIO 00IacTh CIEAYeT CTPO-
UTh Tak, YTOOBI MOIITHOCTb KPUTCPHUA ObUIa MAaKCHUMAIBHOHW. DTO IIO3BOJIUT MHWHUMU3HUPOBATH
omrOKy BTOPOTO poja.

Janee nam notpeOyercs pacnpeaenenue Gumepa — CHeaexopa.
. 2
Ecn U 1V — HesaBucuMEIe clydaifHbIe BEITHYHMHBI, PACIPE/ICICHHbIC 110 3aKOHY )
CO CTETICHSIMHU CBOOOTBI kl u kz, TO BEJTMYMHA
- Uk,
Vik,
MIMeeT paclipesieNieHie, KOTopoe HasbiBaeTcsipacnpedenenuem F @uwepa — Credexopa

CO CTCIICHAMU CBO60,Z[BI kl u k2 .

(DYHKHI/ISI IIOTHOCTH 3TOT'O paCpCACICHUA NUMECT BU

o1



0 npu Xx<0

f(x)= a2/ ,
0 Gz pu X> 0
(k, + kpx) )

rac

k, +K k/2y, Ky/2
IR 2k1/k2/

0=
[k, /2)T(k,/2)
Pacnpeneneane F onpenensercs neyms mapamerpamm — umcnamum cremneHeil cBO6O b
K, uk,.
IIycTs TeHepanbHble coBOKYMHOCTH X U Y pacmpesielieHbl HOPMalIbHO, TIPHYEM HX

JUCIICPCHUHN N3BCCTHEI. I1o He3aBUCUMEBIM BBI60pKaM C O6’beMaMI/I, COOTBCTCTBCHHO PAaBHbIMU nl

u [N, usBeueHHbIM U3 5THX COBOKYMHOCTEH, Haiiienbl BrIGopounsie cpenne X u Y . Tpeby-

€TCsl IO BBIOOPOUHBIM CPEAHHUM MPH 3aJIaHHOM YPOBHE 3HAUUMOCTH (¥ TPOBEPHUTH HYJIEBYIO TH-
MOTE3Y, COCTOSIIIYIO B TOM, YTO T€HEPAJIbHBIE CPEAHUE (MATEMAaTHUYECKUE OKHMIaHMsI) paccMart-
PUBAEMbIX COBOKYITHOCTEH paBHBI MKy cO00i:

HyM(X)=M(Y).
qu/ITI)IBaﬂ, qTo BLI60p0quIe CpeIIHI/Ie SABJIIAOTCA HECCMCIICHHBIMHU OLICHKaAMU reHepa.Hb-
HBIX CpEAHUX, T.C. _ _
M(X) =M(X), M(y)=M(Y),
Hy.]'IeBYIO FEHOTe3y MO)EHO 3aIlncaThb TakK:
HO: M(X) =M (y)

B xauecTtBe KpUTCPpUA IMMPOBECPKU HYHGBOfI TUIOTE3bI O PAaBEHCTBE I'CHCPAJIBHBIX CPCIAHUX
MMPUHHUMACTCA HOPMHUPOBAHHAA HOPMAJIbHAA cnyqaﬁHa;I BCIMYHMHA

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

Kputnueckas 061acTh CTpOUTCS B 3aBUCUMOCTH OT BHJIa KOHKYPUPYIOIIEH TUITOTE3HI.

[IepBbiit ciyqait. HyneBas runoresa H 0" M (X) =M (Y) Koukypupyromas ru-
noresa Hl: M (X) =M (Y)

B sTOM ciyyae cTpouTCs JBYCTOPOHHSS KpUTHYECKash 00JacTh, UCXOAs U3 TpeOoBaHus,
4TOGB! BEPOATHOCTH TIONANAHUs KpuTepuss Z B 3Ty 00J]aCTh B MPEANONOKEHHH CHPABEILITHBO-
CTH HYJICBOI THUIIOTE3bI OblTa paBHA TPUHITOMY YPOBHIO 3HaunmocT (X .

IMockoneKy pacnpenenenine Z CHMMETPHYHO OTHOCHTENHHO HYNS, TO KPUTHUECKHE
TOYKHA CUMMETPUYHBI OTHOCHTEIIBHO HYJIS, T.€. €ClId 0003HAYMUTh uepe3 Z,, TIPaBYIO KpUTHYeE-

CKYIO TOUKY, TO — Z _ OyJeT 1eBOi KpUTUYECKON TOUKOH.

Kp
Haubonbiias MOIIHOCTE KpUTepHUs (BEPOATHOCTH MONAJAAHUSI KPUTEPHS B KPUTHUECKYIO
00J1acTh TpU CHPABEATUBOCTH KOHKYPHUPYIOLIEH T'MIOTE3bl) JOCTUTaeTcs TOTAA, KOTJa BEpOsT-

HOCTb MONaIaHus KpUTEPHUS B KKIBIN U3 IByX HHTEPBAJIOB KPUTHUECKON 00acT paBHa (X / 2:

P(Z<-z,)=a/2, P(Z>12,)=a/2.
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Jlnist TOro, 4To0Bl HAUTH MPaBYIO TPAHUILY ZKp JIBYCTOPOHHEH KpUTHYECKOM 00acTu, J10-

CTaTOYHO HAWTH 3HAa4YeHUE apryMmeHTa ¢yHkuuu Jlammaca, KOTOpOMY COOTBETCTBYET 3HAUECHHUE
¢byHkunu, paBHOE (1 - ) / 2:
D(z,,) = (1—a)/2.

O0603Ha4MM 3HAUYEHUE KPUTEPHS], BEIUMCIIEHHOE TI0 TaHHBIM HAOIIOICHUH, uepes Z wabn
Ecimn ‘Z’m 6/1‘ < ZKP — HET OCHOBAaHUI OTBEPIHYTh HYJIEBYIO THIIOTE3Y.

Ecimn ‘ZHQ 6]1‘ > Z,, — HyIIeBas THIIOTE3a OTBEPracTes.

Bropoii ciyqait. Hynesas runoresa H 0 M (X) =M (Y ) . Konkypupyromas ruro-

Te3a HlM(X)>M(Y)

B sToM ciyuae cTpouTCs NPaBOCTOPOHHSS KpUTHYECKas 00JIacTh, UCXOIs U3 TpeboBa-
HUSA, 9YTOOB! BEPOATHOCTh MOMANaHus Kputepus Z B 3Ty 00J1acTh B MPEATIONOKEHHH CIIPaBE/l-
JMBOCTH HYJICBOU TMITOTE3bI OblJIa paBHA IPUHATOMY YPOBHIO 3HAUUMOCTH:

P(Z>z,)=«a.
Jlnst Toro, 4TOOBI HAWTH rpanuLy Z, ,, TIPABOCTOPOHHEH KPUTHYECKOI oblactu, I0cTa-

TOYHO HaWTH 3HAueHHWe apryMmeHTa (QyHkuuu Jlammaca, KOTOpOMY COOTBETCTBYET 3HA4YCHUE
byHKIIMH, paBHOE (1 —2a ) / 2:
D(z,,) = (1-2a)/2.

OGO3HAYNM 3HAYCHHE KPUTEPHS, BBIUMCICHHOE 10 JaHHBIM HAb/I0AeHHii, yepes Z wabn
Ecnu ZHa6/z < Z,,, — HeT OCHOBAaHMH OTBEPTHYTb HYIIEBYIO THIIOTE3Y.

Ecmu Z > Z,, — HyJeBas TUNOTe3a OTBEPraeTes.

nabn

Konmponwvnwvie éonpocwt u 3a0anus:

1. CraTtuctuueckas rumnoresa.

2. MOIIHOCTh KpUTEPHSI.

3. Kputnueckast 0651acTb.

3ananue 1. TexHuueckas HopMa mnpegycMaTpuBacT B cpenHeM 40 cek. Ha BBIIIOJIHEHHE
OTpe/ieIeHHON TeXHOJIOIMYECKOM olepalnuy Ha KOHBelepe Mo mpou3BoACTBY 4acoB. OT paboT-
HUII, pa0OTAIOIIKX HA 3TOM omepanuu, NOCTYMHIN >KajJo0bl, YTO OHU B JEHCTBUTENBLHOCTHU 3a-
TPayMBAIOT Ha ATy olepaluio Ooblne BpeMeHH. [ mpoBepKu JaHHOMH Kajao0bl MPOU3BEIEHBI
XPOHOMETPUUECKHE U3MEPEHUs BPEMEHHU BBIIIOJIHEHUS 3TOM TEXHOJIOIMUYECKOH omepanuu y 36
pabOTHMUII, 3aHATHIX HA STOW OIEpaly, U MOIYYeHO CpeiHee BpeMs BBIIIOJIHEHUS onepauun 42
cek. MoxxHO i (Tipeamosarasi BpeMsl BBIITOJTHEHHUSI TEXHOJIOTUYECKOHN OIepaIiy CIIydaiiHOW Be-
JUYUHOM, MOJAYMHSIONIEHCS HOPMATbHOMY 3aKOHY) IO MMEIOLIMMCS XPOHOMETPHUUYECKUM [JaH-
HBbIM Ha ypoBHE 3Ha4UMOCTH 0,01 OTKJIIOHUTH TMIIOTE3Y O TOM, UTO CPENHEE BPEMS BBIIIOJIHEHUS
3TOH ONepalry COOTBETCTBYET HOPME, €CIIM U3BECTHO, YTO CPEHEE KBaJAPaTUUECKOE OTKIOHE-

HUE I'€HEePATbHOM COBOKYITHOCTH COCTABISET 3,5 ceKk.?
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3agaHue 2. DKOHOMHYECKUN aHAJIN3 MPOU3BOJUTEIBHOCTH TPyAa MPEANPUITUN OTpaciu
MO3BOJIMJI BBIIBUHYTH TUIIOTE3Y O HAJIMYUU JIBYX THUIIOB MPEINPUATANA C Pa3IuyHOM CpeaHeu
BEJIMYMHOM MMOKa3aTels MPOU3BOJUTEILHOCTH TpyAa. BeiOopouHoe obcnemnoBanue 42-x mpea-
NPUATUI MEPBOM I'PYIIIBI JAJI0 CIAEAYIOIIME PE3yJbTaThl: CPEAHSS MPOU3BOJUTEIBHOCTh TPYyAa
coctaBmia 119 neraneit. Ilo maHHBIM BRIOOPOYHOTO 00CIIECIOBAaHUS 35-U MPEAIPHUATHN BTOPOM
IpYIIbl CPEeHAS IPOU3BOAUTEIBHOCTh TpyAa cocTaBuia 107 geraneil. I'enepanbHble qucnep-
cun u3BectHbl: D(X) = 126,91 ; D(Y) = 136,1. Cuutas, yTo BEIOOPKH U3BJICUYECHBI U3 HOPMAIBHO
pacrpeieIeHHbIX T'eHepalbHbIX cOBOKYNMHOCTEH X U Y, Ha ypoBHE 3Haunmoctu 0,05 npoBepsbTe,
CIy4yallHO JIM TOJIYyYEHHOE pasjinuyue CpeAHUX MOoKa3zaTejaed MPOU3BOJUTENBHOCTH TpyAa B
IpYIIIAax WIKA K€ UMEIOTCS [1BA TUIIA NIPEANPUATHNA C Pa3IUYHON CPEIHEW BEIIMYMHOM MPOU3BO-
JTUTEIBLHOCTH TPY/IA.

[TapTuss u3nenuii npuHUMaeTCs B TOM CIIy4ae, €CIU BEPOSATHOCTh TOrO, YTO M3JEIHE
OKa)KeTCs COOTBETCTBYIOIIMM CTaHIApTy, cocTaBisier He MeHee 0,97. Cpenu ciydailHO OTO-
Opannbix 200 w3aenuii mpoBepsAeMON MapTHU OKa3ajoch 193 COOTBETCTBYIOMIMX CTaHIAPTY.

MosxHo nu Ha ypoBHE 3HaunmocTty [ = 0,02 npuHsATh napTuto?
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Conepxanue
Bsenenue
OOm1ast XapaKTepUCTUKA CaMOCTOATEIBHOM padOThl 00yJaoLIerocs Mpu u3yde-
HUH JUCHMIUIMHBL «MaTemMaThKa
[Tnan-rpaduk BHIOIHEHUS! CAMOCTOSTEIBHON PadOTHI
KoHTpoJIbHBIE TOYKHU U BHJIBI OTYETHOCTHU 110 HUM
Meroauueckre peKOMEHIAIMHU 110 H3YYCHHIO TEOPETHYECKOTO
Marepuana
Meroanueckue ykazaHus 0 IOATOTOBKE K 3K3aMEHY

Y4eOHO-MeToAMYeCKOe U NH(DOPMAIIMOHHOE 00eCTICYCHHUE JUCIIUILTAHBI
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BBenenne

CaMocrosiTenbHast paboTa — rmIaHupyemasi yaeOHasi, yueOHO-UCCIIeIOBaTeIbCKasl, Hayd-
HO-HCCIIe/IoBaTeNIbCcKasi paboTa CTYIEHTOB, BBINOJHSEMas BO BHEAYAUTOPHOE (ayIUTOPHOE)
BpeMsl TI0 3a/IaHUIO0 U MPU METOAMYECKOM PYKOBOJCTBE MpEIoJiaBaTelisi, HO 0e3 ero Hemocpe-
CTBEHHOTO y4acTus (IIPH YaCTHYHOM HEMOCPEICTBEHHOM YYaCTHH IPENOJaBaTessi, OCTaBIISIO-
IIeM BEAYILYIO POJIb 32 paboTOM CTYyIEHTOB).

CamocrosiTenpHass pabora cTyneHTOB B BY3e sBisieTcs BaXKHBIM BHJIOM YYEOHOW H
HAyYHOU JeSATeIbHOCTH CTYICHTA.

Benymas uens opranuszauuu u ocyuectienns CPC nomkHa coBnaaarh ¢ Lenbio 00y-
YeHHS CTYACHTa — MOJTOTOBKOW OakanmaBpa ¢ BeICIIM obOpa3oBanueMm. [Ipu opranmzanmu CPC
BaXHBIM M HEOOXOJUMBIM YCJIOBHEM CTAaHOBATCA ()OPMUPOBAHHME YMEHUSI CAMOCTOATEIBHOU pa-
00THI 151 TpUOOPETeHHs 3HAHHM, HABBIKOB M BO3MOXKHOCTU OpraHU3aluy y4eOHON M HaydHOU
NEeSITETTHHOCTH.

Lenbto caMOCTOSATENFHOM PAOOTHI CTYACHTOB SBISIETCS OBIIAJCHUE (PYHIaMEHTAILHBIMU
3HAHUSAMU, TPOPECCUOHATBHBIMU YMEHUSIMHU U HaBBIKAMH JESATEIBHOCTH MO MPOMUITIO, ONTBITOM
TBOPUYECKOH, HCCIEN0BATENbCKOM NesTeNnbHOCTH. CamMocTosiTenbHas paboTa CTyIEHTOB CIOCO0-
CTBYET Pa3BUTHIO CaMOCTOSITEIIbHOCTH, OTBETCTBEHHOCTH M OPTaHU30BAHHOCTH, TBOPYECKOTO

MOJIX0/Ia K PELIECHUIO Mpo0JIeM y4eOHOro 1 NpoQeccroHaIbHOTO YPOBHSL.
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O01mas XxapaKTepUCTHKA CAMOCTOSTEJIbHON PA00THI 00y4al0IIerocsi Npu U3y4YeHHH
AUCHMILTUHBI «MaTeMaTuKay»

CamocrosiTenpHast paboTa - miaHupyemas ydeOHas, ydeOHO-HCCIeI0BaTeIbCKas, HAyd-
HO-HCCIIe/IoBaTeNIbCcKasi paboTa CTYIEHTOB, BBINOJHSEMas BO BHEAYAUTOPHOE (ayIUTOPHOE)
BpeMsl TI0 3a/IaHUIO0 U MPU METOAMYECKOM PYKOBOJCTBE MpEIoJiaBaTelisi, HO 0e3 ero Hemocpe-
CTBEHHOTO y4acTus (IIPH YaCTHYHOM HEMOCPEJICTBEHHOM YYaCTHH IPENoJaBaTessi, OCTaBIISIO-
IIeM BEAYILYIO POJIb 32 paboTOM CTYyIEHTOB).

CamocrosiTenpHass pabora cTyneHTOB B BY3e sBisieTcs BaXKHBIM BHJIOM YYEOHOW H
HAyYHOU JeSATENIbHOCTH cTyaeHTa. CaMocTosTeNbHass paboTa CTYACHTOB UTPAET 3HAYUTEIbHYIO
POJIb B pEHTHHIOBOM TeXHONIOrHU o0yueHus. B cBs3u ¢ atum, oOyuenune B BY3e BkirodaeT B ce-
0st 1B€, MPAKTUYECKU OJIMHAKOBBIE 110 00BEMY U B3aMMOBIIMSHUIO YaCTH — Mpoliecca 00ydeHus 1
nporuecca camoodyuenus. [Toatomy CPC nomxkHa ctath 3¢ (GEeKTUBHOM U IelIeHaNPaBICHHOM pa-
00TOi1 cTyneHTa.

K coBpeMeHHOMY CITeIaUCTy OOIIECTBO MPEIBSIBISAET JOCTATOUYHO IUPOKUH IepeueHb
TpeOOBaHUH, cpeli KOTOPHIX HEMAJIOBAKHOE 3HAYCHUE NMEET HAJIMUKE y BBITYCKHUKOB OIpe/e-
JICHHBIX CHOCOOHOCTEH M YMEHHUSI CaMOCTOSITENbHO NOOBIBaTh 3HAHUS U3 PA3IUYHBIX UCTOYHH-
KOB, CUCTEMaTU3UPOBATh MOJYyYEHHYI0 HH(GOPMAIIUIO, 1aBaTh OLIEHKY KOHKPETHOW (hPMHAHCOBOM
curyannu. @opMupoBaHHe TAaKOTO YMEHHUS NMPOMCXOTUT B TE€UYEHHE BCErO Ieproja OOydeHUs
Yyepe3 yJacTHe CTYJCHTOB B MPAKTHYECKUX 3aHATHUSX, BBIMOJIHEHNE KOHTPOJIBHBIX 33aHUN U Te-
CTOB, HalMCaHHE KYPCOBBIX M BBINYCKHBIX KBaTM(UKALMOHHBIX padoT. IIpu 3Tom camocTos-
TeJIbHas paboTa CTYJJEHTOB UI'PAET PEIIAOLIYIO POJIb B X0O/I€ BCET0 YUeOHOro mpolecca.

Benymas uens oprannszanuu u ocyuiectsienus CPC nomkHa coBmagaTh C 1E€NbI0 00y-
YEHUsI CTyJIeHTa — MOATrOTOBKOM cnenuanucra U O6akanaspa. [Ipu opranuzauuu CPC BaxkHbIM U
HEOOXO/MMBIM YCJIOBUEM CTAHOBSITCS (DOPMHUPOBAHUE YMEHMS CaMOCTOSTEIbHON pabOThl IJist
nproOpeTeHus 3HaHWH, HaBBIKOB M BO3MOXKHOCTH OpraHM3alMU y4eOHON U HAy4YHOM J1esTeNbHO-
CTH.

®opMbI caMOCTOSITENTFHON pabOTHI CTYACHTOB pa3HOOOpa3Hbl. B cooTBercTBUM ¢ pabo-
4yell MporpaMMol JAUCHUIUIMHBI MPEAYCMOTPEHBI CIEAYIOIINE BHJIBI CAMOCTOSATENLHOW pabOThI
CTY/CHTA!

- CAMOCTOATEIEHOE N3YYEHHUE JTUTEPATYPHI,

- CaMOCTOSTEIbHOE pelIeHe 3a/1a4;

- BBITMIOJIHEHUE KYPCOBOT'O IIPOEKTA.

Ilenv camocmoamenvnozo usyuenHus Jaumepamypsl — CaMOCTOSITEILHOE OBJIAJICHUE
3HAHUSAMH, OTIBITOM UCCIIEIOBATEILCKOM 1eATEeIbHOCTH.

3aoauamu camOCTOSITENEHOTO U3YyUYCHHUS INTEPATYPHI SIBISIOTCS:
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J yrayOJeHne U pacuIupeHre TEOPETUUECKUX 3HAHMIA,

J dbopMUpOBaHHE YMEHHI HCIOJIH30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOYHYIO
JOKYMEHTAIUIO U CHeHaIbHYIO JTUTepaTypy;

J pa3BUTHE MO3HABATEIBHBIX CIIOCOOHOCTEN M aKTUBHOCTHU CTYZIEHTOB.

Ilenv camocmoamenvnozo pewienus 3aday - opnajeHue NpodhecCUuOHaIbHbIMUA YMEHUS-
MU ¥ HaBBIKAMHU JESTEIBHOCTH 110 MPOIII0 Oyayiien AesiTeNbHOCTH.

3adauamu caMOCTOATEILHOTO PEIICHUS 3a/1a4 SIBISIOTCS:

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

. dbopMHUpPOBaHHE CAMOCTOSITEIIBHOCTA MBIIIJIEHUS, CIIOCOOHOCTEM K caMOpa3BU-
THIO, CAMOCOBEPILIEHCTBOBAHUIO U CaMOpeaIn3aluy;

J pa3BUTHE UCCIIEOBATEIbCKUX YMEHUH.

Ilenvto camocmoamenvrnozo 6vinonHeHUA pacuemuo-pagpuueckon padomel 10 JUC-
[UIUIMHE SBIIAETCS OBJaJieHue (PyHIaMEHTAIbHBIMU 3HAHUAMHU, NMPO(PECCHOHATBHBIMU YMEHUS-
MU ¥ HaBBIKAMH JIEATEIBHOCTH MO MPO(QUIIO, ONBITOM TBOPYECKOW, MCCIEAOBATEIbCKOM nes-
TEJIbHOCTH.

3aoauamu 1aHHOTO BUAA CAMOCTOSITEIIbHON padOThI CTY/IEHTA SBJISIOTCA:

J CHUCTEMaTH3aIUs U 3aKPEIUICHUE TTOJIYYeHHBIX TEOPETUUYECKUX 3HAHUM U MPAKTH-
YECKUX YMEHUH CTYJIEHTOB;

J yriyOJIeHrne U paclIMpeHne TEOPETUUECKUX 3HAHUI;

J dbopMHUpOBaHKE YMEHHI HCIOJIb30BAaTh HOPMATHUBHYIO, MPABOBYIO, CIIPABOYHYIO
JIOKYMEHTAIUIO U CHEeUaIbHYIO JTUTEPATypy;

J pa3BHUTHE TIO3HABATEIBHBIX CIIOCOOHOCTEN M aKTUBHOCTH CTYJEHTOB: TBOPUYECKOM
WHUIIUATUBBI, CAMOCTOATEIILHOCTH, OTBETCTBEHHOCTH M OPTaHU30BAHHOCTH;

. GbopMHUpPOBAHHE CAMOCTOSITEIBHOCTA MBIIIJIEHUS, CIIOCOOHOCTEH K CaMOpa3BU-
THIO0, CAMOCOBEPIIEHCTBOBAHUIO M CAMOpEAIN3alllY;

J pa3BUTHE UCCIIEOBATEIbCKUX YMEHUII;

J HCIOJIb30BaHNE MaTepuasa, COOpaHHOTO M MOJyYEHHOTO B XOZE CAMOCTOSITENb-
HBIX 3aHSATUN Ha CEMUHApaX, Ha MPAKTHYECKUX U JTa0OPaTOPHBIX 3aHATHAX, IPH HATMCAHUHU Kyp-

COBOM pabOTHI.
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MeToanyeckue peKOMEH/IAMUH 10 U3YYEeHHIO TEOPETHYECKOr0 MaTepuasia

CamocrosaTenbHas padoTa CTy/eHTa HAUMHACTCA ¢ BHUMATEIBHOTO O3HAKOMJICHHS C CO-
Jep>KaHueM yueOHOTro Kypca.

N3ydenne kaxx10il TeMbl cielyeT HauMHaTh ¢ BHUMATEILHOTO O3HAKOMIIEHHS ¢ HAOOpoM
BONpocoB. OHU OPUEHTUPYIOT CTYAEHTA, OKA3bIBAIOT, YTO OH JOJDKEH 3HATh I10 JIaHHOM TeMe.
Bonpocel Tembl Kak Obl HaKJIaJbIBAIOTCA Ha COOTBETCTBYIOIIYIO IJIaBY M30paHHOTO yueOHUKa
win yueOHoro nocobus. B urore nomxHO OBITH CHBIM, KaKW€ BOIIPOCHI TEMBI Y4eOHOTO Kypca U
C Kakoi riyOMHOM pacKphIThl B KOHKPETHOM y4eOHOM MaTepuaie, a Kakue BOOOIle OIYIICHBI.
Tpebyercs TBOpUECKOE OTHOIICHUE M K CAMOMY COJIEPKAHUIO JUCIUTUIAHBL.

Bomnpocsl, cocraBmstomue ee coaepKanue, 00IaJaroT pa3HoOi CTENeHbI0 BaKHOCTH. EcTh
BONPOCHI, BBIMOJHSIOMNE (YHKIUIO JOTHUYECKON CBS3KH COAEpKaHHUS TEMBI U BCEro Kypca,
HMMEIOTCSI BOIPOCHI OMUCATEIBHOTO WIH Pa3bsICHUTEIBHOIO XapaKTePa, a TAKKE UCTOPUUYECKOTO
9KCKypca B 00JacTb M3yyaeMOW AMCLUMILIMHBL. Bce 3TH BOIpPOCHl HE COCTAaBISIIOT CYTH IOHS-
TUHHOT0, KOHLIENITYaJIbHOTO COJEPKaHUSI TEMbl, HO HEOOXOAMMBI Ui LIEIOCTHOTO BOCIPUSATHUS
M3Yy4aeMbIX MPOOIIEeM.

N3yuaemas nuCUMIUIMHA MMEET CBOM KAaTeropHallbHO-NOHATUHHBIN anmnapar. Hayunbie
HOHSTHUSL — 3TO Ta 6a3a, Ha KOTOPOM CTpOUTCS Kaxkjaas Hayka. [loHSATHS — y3710BbIe, OMIOPHBIE
MYHKTBl KaK Hay4YHOTO, TaK U y4eOHOro MO3HaHUsI, JOTMUYECKHE CTYIEHU JABM)KEHUS B yuede OT
IPOCTOTO K CJIOXKHOMY, OT SIBJIEHUS K CYIIHOCTHU. be3 sicHoro nonuMmanus noHATHH yyeOa KpaiiHe
3aTpyAHSAETCS, a CoiepKaHne MPUOOPETEHHBIX 3HAHUH CTAHOBUTCS TYCKJIBIM, PaCIlJIbIBYATHIM.

CTyneHT JAOKEeH NMOHHMMAaTh, YTO CaMOCTOSITENIbHOE OBJIAJICHHE 3HAHMSIMM SBIISETCS
[JIaBHBIM, OIpeestonM. Beiciias mKkomia co3gaeT s 3TOro HeoOX0IMMBbIE YCIIOBUS, TOMOTa-
eT OyayueMy BbICOKOKBIU(UIIMPOBAHHOMY CHELMAIMCTY OBJIAZETh TEXHOJOTHEH caMoCTos-
TEJBHOIO TPOU3BOJCTBA 3HAHUI.

B camocrosTenbHO# paboTe cTyeHTaM NMPUXOIUTCS UCIOJIBb30BATh JINTEPATYPY pa3any-
HBIX BHJIOB: IMEPBOMCTOYHUKHU, MOHOTpauH, HAydHble COOPHHKH, XPECTOMAaTHH, y4EOHHKH,
yueOHbIe 1ocoOus, KypHalel U Jp. M3yueHune Kypca mpenanoyiaraeT 3HaKOMCTBO CTYAEHTOB C
601bIIMM 00BEMOM HAYYHOW M Y4eOHOHM JIMTepaTyphl, YTO, B CBOIO OUEpEe/lb, MOPOXKAAET HEOO-
XOJIMMOCTb BBIPAOOTKH Y HUX PAllMOHAIBHO-KPUTHUECKOTO MOIX0/a K M3y4aeMbIM HCTOYHUKAM.

UToOBI HE «YTOHYThH» B OTPOMHOM 00BbEME PEKOMEHJOBAHHBIX MY JJIsl U3Y4YEeHUS UCTOY-
HUKOB, CTYJEHT, IIPEXE BCETO, JOHKEH HAYUUThCS MPAaBUIBHO UX 4nTaTh. [IpaBunpHOE yTeHne
PEKOMEHI0BAaHHBIX MCTOYHHUKOB IMPEATOIAraeT CIEA0BaHNE HECKOJIBKUM HECIOXHBIM, HO BEChH-

Ma IMOJIC3HBIM IIpaBUJIaM.
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[IpenBapuTenbHbIil MPOCMOTP KHHUTM BKJIIOYA€T O3HAKOMIIEHHE C TUTYJIBHBIM JIHUCTOM
KHUTH, aHHOTAIMeH, MPENCIOBHEM, OriiaBieHueM. [Ipu o3HaKOMIICHHH C OTJIaBIIeHHEM HE00-
XOJMMO BBIACTHUTH pa3jieibl, INIaBbl, naparpadsl, MPeACTaBIAIONIUE Ui BaC MHTEPEC, OErio ux
IPOCMOTPETH, HAITH MecTa, OTHOCALIMECsS K TeMe (ab3allbl, CTpaHullbl, maparpadsbl), U MO3HAKO-
MUTBCSI C HUMU B OOIIIUX YepTax.

Hayunble u31aHus CONMPOBOXKIAIOTCS PA3IMYHBIMU BCIIOMOTaTEIbHBIMU MaTepUaIaMu —
HAYYHBIM aIlapaToM, HOITOMY Ba)KHO 3HATh, U3 KAKUX OCHOBHBIX 3JIEMEHTOB OH COCTOHUT, KaKo-
BBI €T0 () YHKIIUH.

3HAKOMCTBO C KHUTOH JIydllle BCETO HAUMHATH C U3YUEHHUS aHHOTAIlMM — KpPaTKOW Xa-
PaKTEepUCTHKH KHHUTH, PAaCKPBIBAIOLICH €€ COoAepiKaHue, NACHHYI0, TEMATUHIECKYIO M JKaHPOBYIO
HaINpaBJICHHOCTh, CBEACHUS 00 aBTOpE, HA3HAUYEHHUE U JIPYrHe 0COOCHHOCTH. AHHOTAIUS TIOMO-
raeT COCTaBUTh MPEABAPUTEIHHOE MHEHHE O KHUTE.

I'my0re mOHATH CoAep)KaHUE KHUTH TO3BOJISIOT BCTYIMUTENbHAS CTaThsl, B KOTOPO JaeT-
Cs OLIEHKA COJIepKaHUsI KHHUTH, 3aTparnBaeMoi B Hell MpoOIeMaTHKH, COACPKUTCS HHPOpMAIus
0 XM3HEHHON M TBOpPYECKOH Omorpaduu aBTOpa, BBHICKA3ZBIBAIOTCS IMOJIEMHYECKUE 3aMEYaHHS,
Pa3bACHSIOTCS OTIENIbHBIE MOJIOKEHUS KHUTH, JAI0TCS KOMMEHTapud U T.a. BOoT mouemy 3Ha-
KOMCTBO C BCTYNHUTENBbHOI CTaTheil MpenCTaBiIseTCs] OUYeHb BaXKHBIM: OHO MOMOTaeT CTYACHTY
COPHEHTUPOBATHCA B TEKCTE pabOThI, 0OpaTHTh BHUMAaHHE Ha ee HanboJiee IIEHHBIE U BaYKHBIE
pa3aensl.

Toit ke 1enu cofecTByeT 3HaKOMCTBO C OTJIaBIEHUEM, IPEAUCIOBUEM, MOCIECIOBHEM.
BecbMa mone3HbIMH AJIeMEHTaMU Hay4HOTO armapara SBISIOTCS CHOCKH, KOMMEHTapUH, Tablu-
I, TpaduKu, cHCKH JUTeparypbl. OHU HE TOJBKO HIUTIOCTPHPYIOT OTIENBHBIEC ITTOJOKEHUS
KHUTH WK CTAaThH, HO M CaMH 1O ce0e SIBIISIOTCS TOTIOJHUTENHBIM HCTOYHUKOM MH(OpPMAaIuu
JUTSL YUTATEs.

Ecnu yuratens 3anHTEpecoBajia Kakas-TO BbICKA3aHHAs aBTOPOM MBICIb, HE Hallle/IIas
MOJPOOHOTO OCBENICHUS B JAHHOM HCTOYHUKE, OH MOXKET OOpaTHUThCS K TEKCTY MCTOYHHKA,
YIIOMHHAEMOTO B CHOCKE, JJHOO K UCTOYHHKY, KOTOPBI OH MOYKET HAWTH B CIIUCKE JIUTEPATYPHI,
PEKOMEH/I0BaHHOH aBTOPOM Il CAMOCTOSTEIbHOTO U3YyUEHHS.

Cy1ecTByeT HECKOJIBKO (OPM BEICHHUS 3aITUCEH:

— 11aH (TPOCTOM M pa3BEepPHYTHIN) — Hanbosiee KpaTkasi (hopma 3amucH MPOUYUTAHHOTO,
IpeJICTaBIsIoNIasl coO0i MepeueHb BOMPOCOB, pacCMaTPpUBAaEMBIX B KHUIe WM cTaThe. Pa3zpep-
HYTBI TJIaH MpEJCTaBIseT coOoi Oosiee MOAPOOHYIO 3aMMCh MPOYUTAHHOTO, C JeTaau3alnuei
OTJICTBHBIX TIOJIOKEHUI 1 BBIBOJOB, C BBIITUCKOMN ITUTAT, CTATUCTUYECKHUX JAHHBIX U T.1. Pa3zBep-
HYTBIH IJaH — HEOLIEHUMBbI MOMOITHUK MPU BBICTYIUIEHUHU C JOKJIAJJOM Ha KOHKPETHYIO TEMY
Ha ceMuHape, KOHPEpPEHITUH;
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— TE3UChl — KPaTKO CHOPMYJINPOBAHHBIE MOJIOKEHUS, OCHOBHBIE ITOJIOKEHHUSI KHUTH,
cratbu. Kak mmpaBuio, T€3UChl COCTABISAIOTCS I0CIIE MPEABAPUTEIIBHOIO 3HAKOMCTBA C TEKCTOM
MCTOYHUKA, IIPU €r0 NOBTOPHOM IpouTeHHU. OHU OMOTalOT 3allOMHUTh U CUCTEMATHU3UPOBATh
nHpopMaIuio.

CocraBiieHnE KOHCIIEKTOB

bonpuiyro posib B yCBOGHUM U IOBTOPEHUHU IIPOMJECHHOTO MaTepUajla UIPaeT XOpPOILIUN
KOHCIIEKT, COJIEPKalliil OCHOBHBIE HJIEU IPOUYNUTAHHOIO B yUEOHHUKE U YCIIBIIIAHHOTO B JIEKLIUU.
KoHcnekt — 3710, 110 cyliecTBy, HaOpOCOK, pa3BEPHYTHIH IJ1aH CBA3HOTO paccKkas3a 10 OCHOBHBIM
BOIIPOCAM TEMBI.

B kakoli-To Mepe KOHCIIEKT paccuuTaH (B 3aBUCUMOCTH OT MHJIMBUIYaJbHBIX OCOOEHHO-
CTEH CTyJeHTa) HE TOJbKO HAa UHTEJUIEKTYAIbHYIO U SMOLIMOHAIBbHYIO, HO U Ha 3pUTEIbHYIO Ma-
MSTh, IPUYEM TEKCT KOHCIIEKTA HEPEJKO aCCOLMMPYETCs €Ille U ¢ TEKCTOM y4yeOHUKa UM 3aIu-
cbto Jiekuuu. [ToaToMy jerde 3anmoMuHaeTcs coJepkKaHue KOHCIEKTOB, HalMCAaHHBIX pa30opuu-
BO, C MIOAYEPKUBAHNEM HJIH BBIICIICHUEM Pa3psIKON KIIIOUEBBIX CJIOB U (pas.

CamoCTOATeNbHO M3YyYEHHBIE TEMBI MPEIOCTABISIOTCS IPEToAaBaTeno B (Gopme KOH-
CIIEKTa, M0 KOTOPOMY NPOUCXOAUT colecenoBaHue. TeopeTnueckue TeMbl Kypca (OTAeNbHbIE

BOHpOCLI), BBIHOCHUMBIC Ha CAMOCTOSATCIIBHOC U3YYCHUC, IIPCACTABICHBI HUXKC.
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MeTtoanyeckue yKa3aHusi 0 MOATOTOBKeE K IK3aMeHY

Wzyuenmne aucuuiuiHbel «MareMaTHkay 3aBepuiaeTcsi sk3ameHoM. lloAaroroBka K sk3a-
MEHY CIOCOOCTBYET 3aKpEIICHUIO, YIIyOIeHHIO U 00OOIICHUIO 3HAHWH, MOJIy9aeMbIX, B IMPO-
1ecce 00y4eHus, a TakkKe IPUMEHEHHIO X K PELICHUIO IPAaKTUYEeCKUX 3a7ad. ['0ToBACh K 9K3a-
MEHY, CTYJEHT JIMKBUIUPYET UMEIOLIMECcs MPoOelibl B 3HAHUAX, YIIIyOsIsieT, CUCTEMAaTU3UpYeT U
yIOpSI0YMBAeT CBOU 3HaHMs. Ha sKk3aMeHe CTyIeHT JeMOHCTPUPYET TO, YTO OH MPHOOpern B
nporecce 00y4eHHs M0 KOHKPETHON y4eOHOM NUCIIUTUIHHE.

Ha xoHcynbTanuu nepes 3K3aMEHOM CTYIEHTOB IT03HAKOMST C OCHOBHBIMU TpeOOBaHHUsA-
MU, OTBETAT HAa BO3HUKIIIKE Y HUX BONpockl. [loaToMy nocerienne KOHCyabTaluil 00s13aTeIbHO.

[Tpu moAroToOBKE K IK3aMEeHY HEOOXOAMMO MCIOIb30BaTh KOHCIIEKTHI JEKIUN 110 JHCIIHU-
IUIMHE, Y9eOHUKH U ydeOHbIe TOCOOUS (M3 CITUCKA OCHOBHOW W JIOTIOJHUTEIILHOM JTUTEPATYPHI)
WA KOHCIIEKT JINTePaTypbl, IPOYUTAHHOMN MO YKa3aHUIO IPENoaBaress B TEYEHUE CEMECTpa.

BHauane cnenyer nmpocMOTpeTh BeCh MaTepuall MO CIaBaeMOM TUCHMILIMHE, OTMETUTh
Juist ce0s TpyiHble Bonpochl. O0s13aTenbHO B HUX pa3oOpaThes. B 3akitoueHue eie pas 1eneco-
00pa3HO TTOBTOPUTH OCHOBHBIE TTOJIOKEHUSI.

CuctemaTnyeckasi MOJrOTOBKA K 3aHATUSAM B TEUEHUE CEMECTpa MO3BOJUT UCIIOJIb30BaTh
BpeMs HK3aMEHallMOHHOM cecCUM Ui CUCTeMaTU3aluy 3HaHUH.

Bonpocsl k 3k3ameny

1. Bompocsl (3amaua, 3aganue) it IPOBEPKU YPOBHS 00YyUEHHOCTH:

2. Yro Takoe MaTpuIa U KaKOBBI ONEepaliy HaJl MaTpULIaMu?

3. Jl71st KakuX MaTpHIl OMpEeIeTICHBI ONepaIuy CI0XKeHUs (YMHOKEHHUs)?

4. Ob6nanaet 11 ciaoxeHne (YMHOXKEHHE) MaTPUI] CBOMCTBOM KOMMYTAaTUBHOCTH?

5. Urto Takoe oOpatHast matpuna? Jlro0as 11 MaTpHIla UMEET MPOTHUBOIOJIOKHYIO?

6. [Touemy He onpeneneHa onepanus AejaeHus MaTpun?

1. Uro Takoe omnpenenurtens marpuibl? Kak cBsizaHa oOpaTMMOCTh MaTpUIbl C €€
onpeneauTenem?

8. Onumure METOIbl OTHICKAHUS PaHra MaTpPUIIbI.

9. Chopmynupyiite TeopeMy 0 pa3ioKeHUU ONpPEeTUTeNs 0 CTPOKe (CTONIOLY).

10.  IlepeuncnuTe OCHOBHBIE CBOWCTBA OMPEICITUTEIIS.

11.  Yro Takoe apupmMeTHIECKOE MPOCTPAHCTBO BEKTOPOB U €ro 6azuc?

12.  Kak u3MeHATCS KOOPJIUHATHI BEKTOpPA IMPH MEPEeXoJie OT CTaporo 0a3uca K HOBO-
My?

13.  Uro Takoe cuctema JTUHEHHBIX anreOpamdeckux ypaBHeHui (CJIAY) u ee pemre-
Hue?

14.  UYro 3HAYUT PEMIUTH CUCTEMY JIMHEWHBIX ypaBHEHUI?

15.  Ckonbko pemienuit Mmoxet umetrs CJIAY?

16. B gem cyts Meroma [Maycca? Uto Takoe simeMeHTapHBbIE MPeoOpa3oBaHHs CTPOK
MaTpHULIbI?

17.  JIroOsble 11 cucTeMbl MOKHO pEeINTh MeToaoM Kpamepa u MaTpu4HbIM METO0M?

18. Yto Takoe TMHEWHBIN ONEPATOp U €ro MaTpuua?

19.  Onwmmmre METOI OTHICKAHHS COOCTBEHHBIX BEKTOPOB W COOCTBEHHBIX 3HAUCHHM
oreparopa.

20.  Yro Takoe kBaapatuyHas (popma U e KaHOHUIESCKUN BT
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21.  Kak cocraBisieTcsi MaTpHIla KBaJpaTHIHOU (HOpMBbI?

22.  Yto Takoe BEKTOp, U KaKue JUHEIHHbIE OMepaly HaJl BEKTOPAaMU MOXHO MPOU3-
BecTU?

23.  Yto Takoe 0a3uc, U CKOJIbKO 0OA3UCOB CYIIECTBYET B MHOXECTBE BCEX BEKTOPOB
pocTpaHcTBa’?

24, CKOJIBKO pa3JIOKEHUH 10 TaHHOMY 0a3UCy UMEET TaHHBIN BEKTOp?

25.  3aBHCAT M KOOPIUHATHI OT BEIOOpa Oazuca?

26. OrnpeaensroTes 1 KOOPAUHATHI OJJHO3HAYHO BBIOOpOM Oa3uca?

27.  Yto Takoe CKaIIpHOE MPOU3BEICHNE BEKTOPOB U €r0 OCHOBHBIE CBOMCTBA?

28.  Kak ompenenutb yroia Mexay Bekropamu? KakoBbl ycliOBUS KOJUIMHEAPHOCTH U
OpPTOTrOHAJILHOCTH BEKTOPOB?

29.  KakoBbl reOMeTpHYECKOE U MEXaHHUUECKOe MPUIIOKEHUSI BEKTOPHOTO MPOU3BEIe-
HUS BEKTOPOB?

30.  KakoBo reomeTrpuueckoe Npui0oKeHHUE CMEIIaHHOTO MPOU3BEACHUS BEKTOPOB?

31.  Yemy paBHO CMEIIAHHOE MPOU3BEICHUE TPEX KOMIUTAHAPHBIX BEKTOPOB?

32. Jlro6as nu mpsiMasi MOKET OBITh 33aJlaHa JIMHEHHBIM ypaBHEHUEM ?

33.  JIrwoboe nu iMHEHHOE YpaBHEHUE ONPEACIISACT MPIMYIO?

34.  OnwumuTte Bce BUIBI ypaBHEHUU MPSMOM U TMOSCHUTE, KAKOB I'€OMETPUUYECKUIN
CMBICT KO3(DPUITMCHTOB B ATHX ypaBHEHUSIX?

35.  Kak HaiiTu paccTosiHUE OT TOUKH JI0 MPSMOM Ha TIOCKOCTH?

36.  Kak ompenenuTh B3aUMHOE PACIIOIOKEHUE PSIMBIX HA ITIOCKOCTH: TTapaJUICIbHBI,

NepICHINKYIISIPHBI WK nepecekatorcs? W eciu mepecekaroTcs, Kak HAuTH yroil MEXIy MpsSMbI-
mu?

37. Jlro6ast 1 TIIOCKOCTh MOXKET OBITh 33a/]aHa IMHEHHBIM YpaBHEHHUEM U HA000pOT?

38.  KakoB reomerpuueckuii cMbica K03()(UIMEHTOB B OOIIEM ypaBHEHHUHU ILUIOCKO-
cTu?

39.  Kak momy4ynTh ypaBHEHHE TUIOCKOCTH, TPOXO/IAIICH Yepe3 TPU TOUKH?

40.  KaxkoB KaHOHMYECKHUI BHJl ypaBHEHMH 3JIIHMIICA, TUIIEPOOIIBI, Tapaboibl U KaKoB
FEOMETPUUECKUN CMBICT KOO(PPUIIMEHTOB ATUX ypaBHEHUI?

41.  CkoabKo ocell CUMMETpUHU UMeeT 3JutuIic (runepOona, napadoia)?

42.  CKoOJBbKO BEpIIUH UMEET AILTUIIC (TunepOoda, mapadoa)?

43.  Kak onpeaenuTb SKCLHEHTPUCUTET, AMPEKTPUCH U POKYCHI dutnIica (Tunepoos)?

44,  Yro TaKkoe IMIMHAPHYECKUE TMOBEPXHOCTH M KaKue OBIBAIOT BHIbI IHJIMHIPOB
BTOPOTO Mopsiaka?

45. Yrto Takoe MOBEPXHOCTH BpalleHus? SBISAIOTCS M MOBEPXHOCTSMHU BpallCHUS

AIUTMIITUYECKUN WM TUIepOoInyeckuii napadomaonsa?
46.  [aiite onpenenenue ¢yHKIUU. YTO Ha3bIBaeTCs, OOJIACTHIO ONpENeIeHUs (PyHK-

ouu?

47. KaxoBbl ocHOBHBIE criocOOBI 3aganust GyHkuuu? [IpuBenure npuMepsl.

48.  OOpatHast QyHKIIHSL.

49, Kakas ¢pynkuus Ha3biBaeTcs cioxxHoi? [lpuBenure npumepsl.

50.  Yro Takoe umcnoBas mocieaoBaTenbHOCTh? ChopMynupyiTe onpeaeieHue orpa-
HUYEHHOM CBEPXY MOCIE0BATEIHPHOCTH (OTPAaHUYCHHOW CHU3Y, OTPAHUYEHHOM ).

51.  Cdopmynupyiite onpeeneHue mpeaesia YucIoBOM MOCIe0BaTeIbHOCTH.

52. Uto Takoe CXOIAIIAsCS YUCIOBas MOCIEA0BATEIBHOCTD (pacxosmasics)? OCcHOB-
HOE CBOMCTBO CXOASAIINXCA MMOCIEI0BATENbHOCTEN.

53. Kakast mocienoBaTenbHOCTh Ha3bIBaeTCa OeckoHedHo Majaoi? CBsi3b OECKOHEUHO
MaJIoi MOCIeA0BATEILHOCTU CO CXOASANIEH MOCIeA0BaTeIbHOCTHIO.

54.  Kak cBs3aHbl NOHATUA Tpenena GYHKIUU C MOHATUSIMH €€ MpeNeoB CIpaBa U
ciepa?

55.  CdopmynupyiiTe OCHOBHBIE TEOPEMBI O TIpeeax (pyHKIUH.
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56.  Cdopmynupyiite ompeseneHre i SKBUBAJICHTHBIX O€CKOHEYHO MallbiX (OecKo-
HEYHO MAJIBIX OJTHOTO TIOPSIIKA MAJIOCTH).

57.  IlpuBenute psis SKBUBAICHTHOCTH OECKOHEYHO MANbIX (DYHKIIUH.

58.  CdopmynupyiiTe onpeaesieHHe HENPEPhIBHOCTH (DYHKIIMK B TOYKE M HAa MHOXeE-
CTBe.

59.  Kakue TOYKM Ha3bIBAIOTCS TOYKAMU pa3pbiBa QyHKIUU?

60.  Cdopmynupyiite OCHOBHBIE TEOPEMBI JJIsl HETIPEPBIBHBIX Ha OTPE3Ke (DyHKIIHH.

61. Uro Takoe mpomsBoaHas ¢GyHKIuH? KakoB reoMeTpuyecKuii U MeXaHWYECKHI
CMBICII IPOU3BOAHOM?

62.  Uro Takoe mpaBas (JieBast) Ipou3BOAHAS?

63.  SIBnseTcs M CyIIECTBOBaHHME MPOW3BOJHON HEOOXOMUMBIM ycioBueM audde-

pennupyemocty GyHkmuu? JlocTaTouHbIM ycioBueM?
64. Cdopmymnupyiite HECOOXOAMMOE M JOCTATOYHOE ycloBUE MU HEPEHINPYSMOCTH

GyHKIIHH.

65.  SIBmsieTcs AW HENPEpHIBHOCTH (PYHKIUH HEOOXOTUMBIM YCIIOBHEM ee nuddepeH-
upyemoctu? JlocTraTouHbIM yciioBUEM?

66. B mr000ii 11 Touke HempephIBHAS (YHKIHUS UMEET KacaTeIbHYI0?

67. MoskeT nu QyHKIMS UMETh KacaTeJdbHYI0 B JaHHOW TOYKE, HO OBbITh B HEW He-
g depeHmpyemMoii?

68.  Cdopmynupyiite TeopeMbl 0 TUPHEPEHINPYEMOCTH CIIOKHON U 00paTHON (PyHK-
1005178

69.  Uro Takoe JorapudpMuueckas Iporu3BOHAS?

70.  Kakoii reomerpudecknii cmpbici auddepennnana GpyHkuun?

71. Kakoii MexaHn4ecKkuil CMBICIT MPOU3BOIHOM 2-TO MopsiiKa?

72.  Kakue BUABI HEONPEAEICHHOCTEH PaCKPBIBAIOTCS 110 mpasmry Jlonurans?

73.  Oynkuus quddepeHurpyema Ha IPOMEXYTKE 1 MOHOTOHHA. YTO MOXKHO CKa3aTh
0 €€ MPOU3BOTHOM?

74.  OyHKUUA Ha OTPE3Ke UMEET MOJIOKUTENbHYIO IPOU3BOIHYI0. UTO MOKHO CKa3aTh
0 €€ MOHOTOHHOCTH?

75.  OyHKUMS MOHOTOHHA Ha OTpe3ke. MOXeT JI ee MPOU3BOJHAS HA 3TOM OTpE3Ke
oOparaTbcsi B HYJIb?

76.  Cdopmynupyiite HeOOX0IUMOE U IOCTATOYHOE YCIIOBHE TOUEK IKCTpEMyMa.

77.  SBnsercs nu nr006ast TOYKA SKCTpEMyMa CTaIlMOHAPHON TOYKOM?

78.  Moxer 11 (QyHKIMS B TOUKE SKCTpeMyMa ObITh Heu(phepeHpyeMoii?

79.  Moxer mu QyHKIHS B TOYKE SKCTPEMyMa OBITh pa3pbIBHON?

80.  Kakas kpuBast Ha3bIBaeTCs BBITYKJIOHN BBepX (BHU3)?

81.  Cdopmynupyiite ycioBue BBITYKIOCTH KPHBOH BBEPX (BHU3).

82.  Cdopmynupyiite HEOOX0IUMOE U IOCTATOYHOE YCIOBUE TOUEK Iepernoa.

83. Mosxet nu GyHKIHS B TOUKe neperunda ObITh HeauddepeHupyemMon?

84.  Moxer 11 (GyHKIMS B TOUKE Nepernda ObITh pa3pbIBHOM?

85. Kaknmu ObiBaroT acumntoThi? Kak ux HaliTu?

86.  JIro0oii 11 rpaduK ©MeeT aCUMOTOTHI?

87. Moxer i rpaduK HMETh HECKOJIBKO acUMNTOT? bBeckoHeYHOe MHOXKECTBO
acUMITOT?

88.  Uto Takoe KOMIUIEKCHOE YUCIIO ¥ KaKOBBI (DOPMBI 3aITUCH 3TOTO Yncia?

89.  Kak moctaBuUTh B COOTBETCTBUE KOMIUIEKCHOMY YHMCIY TOUKY KOMIUIEKCHOM IJ10C-
Koctu?

90.  OnwummuTe aNrOpUTM Iepexosa OT aaredpandeckoil (opMbl KOMITJIEKCHOTO YHCia
K TPUTOHOMETPUYECKOHN U TTOKa3aTeIbHON GopMaM.

91.  Kak CnoXHuTb M BBIYECTh KOMIUIEKCHBIE YHCIIA U KAKOB T€OMETPUUYECKUNA CMBICI
ATHUX ONepanuii?

92.  Kak yMHOXHTH M pa3feiuTh KOMIUICKCHBIC YUCIIa B Pa3IMYHBIX (popmax 3anucu?
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93. Kak Bo3BeCTH KOMIUIEKCHOE YHCJIO B CTENEHE?

94, CKOJBKO pa3IuyHbIX KOPHEW N-i CTENEHH U3 KOMIUIEKCHOTO YHMCJia U KaKOB Xa-
paKTep UX pacHoJIOKEHUS HA KOMILIEKCHOM IJIOCKOCTU?

95.  Yt0 Takoe KOpEeHb MHOTOUJIEHA U €r0 KPaTHOCTH?

96. CdopmymnupyiiTe OCHOBHYIO TEOPEMY aJIreOpBI.

97. CKOJIBKO KOPHEH Y MHOTOWICHA N-i cTeneHu 6e3 yueTa KpaTHOCTH?

98.  Yro Takoe AEHCTBUTEIbHBIII MHOTOWIEH M KaK Pas3JIOXKHUTh €ro Ha JIMHEWHbIE U

KBaJJpaTHbIE MHOXKUTEJIN?

99.  Yro Takoe nepBooOpazHas?

100. Mosket a1 GyHKIHS UMETh Pa3IMYHbIC IEPBOOOpa3HbIE?

101. Moryt nu pa3nuyHbie GYHKIIUU UMETh OJHY H TY K€ IEpBO0Opa3HyI0?

102. Yro Takoe HeompeneaeHHBIN WHTerpasi? B dem oTinuue mepBooOpa3HOM OT He-
OIpEIeIEHHOr0 UHTEerpana?

103. B kakom cMmbICiie Ollepaluy HaxXxOKACHUS MPOU3BOJHON U NEpBOOOPA3HOM sIBIIs-
IOTCSI B3aMHO OOpaTHBIMH?

104. Ilepeuucnure cBONCTBA HEONPEIEIEHHOIO HHTErpaa.

105. KakoBBI OCHOBHBIE METO/IbI HHTETPUPOBAHUS?

106. Yto Takoe panuoHanbHas GYHKLHUSA U KAKOBbI METO/Ibl €€ HHTETPUPOBAHUS?

107. Kakue ¢pyHKIMU MHTETPUPYIOTCS C MOMOINBIO YHHBEPCAILHONW TPUTOHOMETpHYE-
CKOM MOJICTAHOBKU?

108. Kakue BHUIBI HppAlMOHATBHBIX (YHKIUHA MOXKHO NMPOUHTETPUPOBATH, IPUMECHHB
TPUTOHOMETPUUYECKHE 3aMEHbI IEPEMEHHBIX ?

109. U3 kakoii popmynsl nuddepeHunpoBanus ciaenyer GopMyiaa HHTETPUPOBAHUS 10
qyacTsam?

110. Yro Takoe uHTErpanbHas cymma? KakoB ee reoMeTpuIecKuii CMBICIT?

111. Yo Takoe ornpeeeHHbIH HHTErpall U KaKOB €ro reOMeTpUYeCKUi cMbICi?

112. JIroGas mu HeTpepbIBHAS (QYHKITUS HHTETpUpyeMa’?

113. JIroGas nu uHTErprpyeMast GyHKLUs HeTpepbIBHA?

114. KaxoBo 10CTaTOYHOE yCIOBUE UHTETPUPYEMOCTH (QYHKIIUU HA OTpe3Ke?

115. Cdopmynupyiite Teopemy o cpenHeM. KakoB ee reomeTpruueckuii cMbIci?

116. BmBemute hopmyny Herorona-Jleiioauma.

117. Yto Takoe HecoOcTBeHHbIM MHTerpan? KakoBbl 1Ba BHJa HECOOCTBEHHBIX MHTE-
rpasioB?

118. KakoBbl reoMeTpHUUecKUEe M MEXaHWYECKHE NMPHIIOKEHHsS ONpPEeeIeHHOro MHTe-
rpana?
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Pexomenayemasi TuTepaTypa U HHTEPHET - Pecypchl:

OcHoBHas1 JiuTEpaTypa:

1. Knogo, A. I'. Kypc neknuii mo marematuke : yueonoe nocodue / A. I'. Kioso, U. A.
JIsiynoBa. — PoctoB-Ha-J/lony, Taranpor : M3natensctBo FOxkHOTO (henepanbHOro yHUBEPCH-
teta, 2020. — 199 ¢. — ISBN 978-5-9275-3503-3. — Tekcr : anekTponHsiii // [{udpooii o6pa-
3oBarenbHbIi pecype IPR SMART : [caiit]. — URL: https://www.iprbookshop.ru/107998.html

2. BeiroquukoBa, . FO. @unancoBas Matemarnka : yuebnoe nocodue / U. FO. Breiroa-
yukoBa. — MockBsa : Ait [Tu Ap Meaua, 2020. — 149 c. — ISBN 978-5-4497-0609-6. — Tekct
: anekTpoHHbd // Iludposoit oOpazoBarenpHbIi pecypc IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/96562.html

3. beipaun, A. I1. Marematuka : npaktuky™m / A. I1. beipaun, A. A. Cunopenko, O. A.

CoxkonoBa. — Boponex : BopoHekckuid rocynapCcTBEHHbIA TeXHUYECKUM yHHBepcuter, DbC
ACB, 2021. — 167 c. — ISBN 978-5-7731-0923-5. — Tekcr : anekrponnsiii // [{udpoBoii 00-
pa3oBaTeIbHBII pecypc IPR SMART : [caiiT]. — URL:

https://www.iprbookshop.ru/111470.html

JonosHUTeIbLHAS JIUTEPATypa:

1. Anexcees, I'. B. Boicas marematuka. Teopust u npaktuka : yueOHOE 1mocooue s
CIIO / T'. B. Anekcees, 1. U. Xonsun. — CapatoB : [IpodoOpazoBanue, Aii [Iu Dp Menua,
2019. — 236 c. — ISBN 978-5-4486-0755-4, 978-5-4488-0253-9. — TekcT : 2JIeKTPOHHBIN //
[MudpoBoit  obpazoBatenbubiii  pecypc [PR SMART :  [caiit] —  URL:
https://www.iprbookshop.ru/81274.html

2. Marematuka. COOpHUK 3a7a4 M0 YryOJIeHHOMY KypCy : yueOHO-METOAUYECKOe TOCO-
oue / b. A. Bynak, H. JI. 3omorapéna, }O. A. IlonoB [u nap.] ; mox penakuueir M. B. ®dengorona.
— 5-e m31. — Mockaa : JIaboparopus 3nanuii, 2020. — 327 ¢. — ISBN 978-5-00101-707-3. —
Tekcr : anmexkrponnbiit // Lludposoit oopazosarensHbiii pecypec IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/98524.html

3. Marematuka. COOpHUK 3a/1a4 10 6a30BOMY KypCy : yueOHO-MeToIu4YecKoe mocodue /
H. . 3onorapéra, FO. A. Ilonos, H. JI. Cemenasera, M. B. ®enoros ; nox penakuueit M. B.
®enoroBa. — 2-¢ u3n. — Mocksa : Jlabopatopus 3Hanwmit, 2020. — 241 c¢. — ISBN 978-5-
00101-706-6. — Texkcr : anexTponHsbIi // L{udposoii oOpasoBatensHblii pecypc IPR SMART :
[caiiT]. — URL: https://www.iprbookshop.ru/98527.html

HNHTepHET-pecypcesl:

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

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