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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 METOOJIOIMH U3y4aeMOW TUCHMILIMHBI «Mate-
MmaTuka». IIpakTudeckue 3aHATUS 3aHUMAIOT IPEUMYIIECTBEHHOE MECTO IIPHU M3y4eHUH oOIie-
npodeCCHOHATIBHBIX U NMPO(ECCHOHATBHBIX AUCHUILIUH. [IpakTHuecKue 3aHsATHS MPOBOAATCS C
LENIBI0 BBIPAOOTKM MPAKTUYECKUX YMEHHH U MPUOOpPETeHUs] HABBIKOB B PELICHUU 3ajad, OTpa-
OOTKHU yIpa)XHEHUH, BBHITIOJIHEHUH YepTeXel, IPOU3BOJCTBE PACYETOB U T.II.

Iesnbro NpakTUYECKUX 3aHATUH sBseTcs (OPMUPOBAHHUE MPAKTUUYECKUX YMEHUHN — Mpo-
(eccnoHaIbHBIX (BBIIOJIHATH ONpPEACIEHHbIE CHCTBUSA, ONlepaliii, HEOOXOAUMBbIE B MOCIIEAYHO-
eM B Mpo(hecCHOHAIBHON IEATETFHOCTH) WM YIeOHBIX, HEOOXOMMBIX B MOCIEAYIOMEH yueo-
HOU JEATEIBHOCTH 10 00IenpoecCHOHATBHBIM U TPOPECCHOHATBHBIM TUCIUILTHHAM.

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 OUCYUnIUHbL

Lenp ocBOEHUS AUCIUTUIMHBI SBISIETCS O3HAKOMJICHUE CTYJECHTOB C BaXXHEHIITUMU METO-
JlaM{ 1 MOJICTISIMH KJIACCUYECKOW MaTEeMaTHKH, METOJaMH JIMHEHHOUW anreOphl, MeTogamMu Jaud-
(dbepeHIMaIbHOTO UCUUCICHUST (PYHKIIUHA OJTHOM MEePEMEHHOM, BEPOSTHOCTHBIMA M CTAaTHUCTHYE-
CKHMU MOJICTISIMU U UX TPUIIOKCHUSIM.

3aaur OCBOCHUS NMCIUILIMHEIL SIBISIOTCS:

— CO3JIaHHUE Y CTYJEHTOB OCHOB TEOPETHYECKOW MOJATOTOBKU B 00JIACTH MaTEMaTHYECKUX
METOJIOB U MOJICJICH;

— OBJIAJICHUE MATEMATHYECKUM aIlapaToM, HEOOXOIUMBIM JIJISl PEIICHUS TEOPETUICCKUX
Y TIPaKTUYECKUX 33]1a4;

— pa3BUTHE UHTEIUIEKTa U (POPMUPOBAHUE Y CTYACHTOB JIOTUYECKOTO U alTOPUTMHUYECKO-
IO MBIIIJICHUS;

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

— MOBBIIICHUE O0IEH KYIbTYpPhI CTYICHTOB.

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

TEXHUYCCKUMU CPEACTBAMU O6y‘IeHI/I$I .

3. Haumenosanue npaxmuueckux paoom

W3 Hux npaktuye-
CKas IIOJArOTOBKa,
4acoB

Neo Temsbr HaumenoBanue TemM NTUCHUIUIMHBI, X KpaTkoe co- | O0bem
JUACLUIIITUHBI JIepKaHUE 4acoB

1 cemectp

IIpakTnueckas padora Ne 1. Matpuus! u omnpe-
JeJIATENH.
1 Onepanun Haa MarpunaMmu. Onpenenureny. Bei- 2
YUCIIEHHUE OTpeNleNuTeNed 2-10,3-ro U n-ro no-
PSAAKOB.

IMpakTuyeckas padora Ne 2. MeToasl pemeHus 2
CUCTEM JIMHENHBIX YPABHEHUM.

Pemrenne cucreM JTMHENHBIX YpaBHEHUN METOIOM
obparHoit matpuiiel, Kpamepa u I'aycca.

IIpakTuyeckas padora Ne3. OyHKIMU U nipeae- 2
3 761, MeTo bl IpUOIMKEHHOTO BEIYUCIICHHS 3HA-
YeHUN QYHKIIHUH.




OcCHOBHBIE METO/TbI BRIUUCIICHUS MTPEACIIOB (PYHK-
1. [IpuMeHeHne S5KBUBATICHTHBIX OECKOHEUHO
MaJIBIX K BBIYHCIICHHUIO MPEACIIOB (DYHKITHIA.

IIpakTnyeckas padora Ned. [IpousBonnas u
muddepennmran GyHKIMM OTHON IEPEeMEHHOM.
HuddepenunpoBanue GyHKIUH pa3TuyHbIX BU-
JIOB.

IIpakTnyeckas padora NeS. Merob! uccieno-
BaHHS ¥ TIOCTPOCHUS TpadUKOB (YHKIIHMA.
OkcrpemyMm pynkuuu. Touku neperunda. Acumi-
ToThl. [IpuMenenue nuddepenmanpHoro ucuuc-
JICHUS K UCCIICIOBAHMIO (PYHKIIUI U TOCTPOSHHIO
UX TpadUKoB.

IIpakTnueckas padora Ne6. BeposiTHOCTHBIE
MO/IeJIN TPOLIECCOB YIPaBJIECHUS.

DneMeHTbl KOMOMHATOpUKU. Bbruncinenue Bepo-
ATHOCTH CITy4aiHOTO coObITHA. BeposTHOCTS B
CXE€M€ NOBTOPHBIX MCIIBITAHUM.

IMpakTnyeckas padora Ne7. KoppensuuoHHo-
PErpECCUOHHBI METOJI UCCIIEIOBAHUSA CITyYalHbBIX
BEJIMYHH.

YwucioBeie XAPaAKTCPUCTHUKU AUCKPCTHBIX U HC-
MPEPHIBHBIX CIyYalHBIX BEIMYUH: MaTeMaTHye-
CKO€ 0XHJIaHUE, TUCIIEPCHs, CPEeIHEE KBAIpaTH-
4ecKoe OTKJIOHeHuE. Vcronbp30BaHe YUCIOBBIX
XapaKTEPUCTUK B KOPPEIALIMOHHO-
PETPECCUOHHOM METOJE.

IpakTuyeckasi padora Ne§. OcHOBBI BEIOOPOU-
HOT'O METO/A U 3JIEMEHThI CTATUCTHUUECKON TEOpUU
OLICHUBAHHSI.

Br10opouHasi COBOKYITHOCTb, BEIOOpOUHas (PyHK-
WS pacrpeiesieHns. | ucrorpaMma, ImoJIMroH va-
CTOT. BbIunciieHue ToueuHbIX OLEHOK apaMeTpoB
pacripenenieHus. Beraucienne HHTEpBaIbHBIX
OLIEHOK NTapaMeTPOB pacpeeIeHHUsl.

IIpakTnueckas padora Ne9. Cratucruueckas
runote3a. MeTosibl CTaTUCTUYECKOM MPOBEPKH
THITOTE3.

CraTtucTuyeckre ucciael0BaHus 3aBUCUMOCTEH.
Meroasl CTaTUCTUYECKON TPOBEPKH TUmnores. ['u-
110T€32 O PABEHCTBE I€HEPAIbHBIX CPEIHHUX.

Hroro 3a 1 cemectp:

18

Hroro:

18




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]|-

- A= ) B= )
[Ipumep: 4 1 3 1 -2 4 Toraa

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=B8B.
a2 14 (357
Hanpumep, A = 2 3 1/ = 5 _1 4 . Torma
3 5 7 2 1 4 1 4 3
X=B-A= - = .
2 -1 4 -2 31 4 -4 3
Ymnoorcenue mampuy

a) YMHOKeHHE MaTpullbl Ha Yucio. YToObl YMHOXKUTH MaTpUILy HAa YHUCIIO O, HAJ0 YMHO-
JKUTb HA TO YUCJIO KaKJbIM 3JIEMEHT MAaTPULIBIL:

all aij|l = || cai |

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

6) YMHOXXEHHUE IBYX MATpPHIL.

YMHOXkEHNE MaTpullblB Ha Marpully 4 BO3MOXHO TOJIBKO B TOM ClIy4ae, KOTJa YHCIIO
CTOJIOIIOB B MaTpuile B paBHO YHCIYy CTPOK B MaTpuLe 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

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

CrnemyeT OTMETHTH, YTO YMHOXEHHE MATPHI] HE 00J1aaeT CBONCTBOM KOMMYTATHBHOCTH,
T.€. AB # BA.

1 2 -2 1
HpnMepl.A= 1 3 u B= 3 5]
Nmeem
apofl 22 N_(1(9+23 11425 (4 1
-1 303 5/ (-1:(-2)+3-3 1-(-1)+3-5) (-11 14
aoa ("2 1)1 2)_(-21-11 2:(-2+1:3) (-3 -1
3 5/ -1 3 3-1+5-(-1) 3-2+5-3 -2 21

Bresoxa: AB #BA

Buviuucnenue onpedenumenet

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

a, a, - a,
A=| 2 22 2n
anl a'n2 T a'nn

Onpenenurenb, COCTaBIEHHBIM M3 3JEMEHTOB KBaJpaTHON MaTpulbl (03 mepecTaHOBOK)
Ha3bIBACTCSI ONIPENIEIUTENIEM MaTPULIBL A.

a, 4a, - a,
a a ... a
21 2 2n
A(A) =
a, 4a, - a,
Uucno a1 az - a1 aiz Ha3BIBACTCS OMPEIEIHUTEIEM BTOPOTO MOpsAKa U 0003HAYaeTcs
|8 Q|
CHMBOJIOM A = =a;;8,, —a;,a, -
a21 a‘22
OmpenenureneM TPEThETO MOPAIKA HA3bIBAETCS YHCIIO:
a; a, aj;
A=13, 8, 8y|=a,8y,85 +aya58; +8;,3,85 —8358,,8; —8;838); — 88,35
Ay A5 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 (CTOJIO0IIa) HA anreOpandecKre JOTOJHEHUS dTUX DJIEMEHTOB, T.C.

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:

a22 a23 a21 a23 a21 a22

A= ayy '(_l) o +a;, '(_1)1+2 +a;- (_1) s

a'32 33 a3l a32

=4dy; (azz Agz —ag a23) —a, (a21a33 - a31a23) +a; (3-213-32 —djdy ) =
= a11a22 as3 + a12 a31a23 + a13a21a32 - a11 a32 a23 - a12 a21a33 - a13 a3la22

31 33

Pa3znoxxeHnem 1o »eMeHTaM CTPOKH WM CTOJIOIa MOKHO BBIYUCIUTH ONPEACTHTEINb JIHO-
Ooro mopsika. B kauecTBe mpumepa pacCMOTPHUM OINPEAEIUTEIb YETBEPTOr0 MOPSIAKA M Pa3JIo-
MM €T0 TI0 3JIEeMEHTaM IIePBOIl CTPOKH.

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

+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 OIpEeNIuTeNd. A UIMEHHO, YMHOKHM 3JIEMEHTHI TIEPBOM CTPOKU Ha
(-1) 1 cOXKKMM C 3JIEMEHTaMHU BTOPOI CTPOKH, 3aTEM YMHOXKHUM DJIEMEHTHI MIEPBOM CTPOKH Ha (-
2) U CIIO)KHUM C COOTBETCTBYIOUIMMHM 3JIEMEHTAMH TPETbEH CTPOKH WM, HAKOHEL, YMHOXHM dJle-
MEHTBI NIEPBOM CTPOKH Ha (-3) U CIIOKUM C COOTBETCTBYIOLIMMH C 3JIEMEHTAMHU YETBEPTOU 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

0 5 _3 _g=uA=15 -3 -3=24-30+36+12-36-60=-54.
4 -6 -4

0 4 -6 -4

Konmponwsnusie eonpocwt u 3a0anusn:



1. Kakue MaTpuIlbl MOKHO CKJIaJbIBATh U 110 KAKOMY ITPABUITY?

2. Kakumu cBoiicTBaMu o0Osiafaer omepanus ciaoxeHus marpun? EcTb nu oTiauuus ot
CBOICTB CII0’)KEHUS YHCcen?

3. Kak yMHOXXHTH MaTpuIly Ha YHCIIO?

4. KakuMu cBoiicTBaMM 00J1a/1al0T ONepalusi YMHOKEHHsI MaTpuLbl Ha uncino? Ecte nu
OTJIMYMSI OT CBOMCTB YMHOXKEHMSI yuCe?

5. UTo Ha3bIBAaETCs ONpPEAEIUTENIEM KBaIpaTHON MaTpULbI?

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

7. Kak BBIYHCIUTH ONPEACTUTENb, pasjarasi ero Mo Mporu3BOJIBHOW CTPOKE WIIH CTOJIOIY?
ChopmynupyiiTe COOTBETCTBYIOIIYIO TEOPEMY M HAaNMUIIUTE (OPMYIBI PA3I0KEHUS OTPEICITH-
Tens 1o i—o# crpoke (k—my crondiy).

8. Haiitn npousBenenue matpuil A u B.

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
2 1 -7 8 -3 2

-1 3
2. Haititu A®,eciu A = .
2 _4

3. Brruucnuth OIIPEACIIUTCIIb

1 3 7 2 4 5 1 1 1 1 1 1
1. A=8 26 56. 2.A=3 1 -1 3. |x y z|. 41 1l+a 1
3 -4 6 2 0 0 x> y* 7 1 1 1+b
1 -1 2 3 -2
40 2 0 -1 5 3 -2 1 1 -1 2 1
5 A:l 3 -1 2 6-A=_4 2 7 2' 712 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




Ilpakmuueckan padoma No2. Memoowt pewienus cucmem JUHEUHBIX YPAGHEHUIL.

Ileny: PaccMOTpeTh pas3iMuYHBIE METOABI PELICHUS W 3aKPENUTh 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.

Yucna aij (1= 1,2,..m;j= 1.2, ..n) Ha3piBalOTCA KOOPPUIUECHTAMH CUCTEMBI, a YHCIA

bk (k = 1,2, ....m) - cBOOOIHBIMH YJICHAMH CHCTEMbI JIMHEHHBIX aIreOpanvecKux 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 Tt 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 CUCTCMBI.
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2 1 -3
A=|1 -2 2|=-12+2-3-6-4-3=-26.
1 1 3
Tak kak onpenenuTeNlb MAaTPUIIBI CUCTEMBI OTJIMYEH OT HYJISI, TO MaTpuiiad uMeeT oopar-
-1
HYIO, @ PELIEHUE CUCTEMBI UMEET BU/L: X=A"B.

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

-2 2 1 -3 1 -3
A= 1 3‘ -3, AZl:_‘l 3‘:_6’ 31 ‘2 2‘ —4,
1 2 2 -3 2 -3
T A e

1 -2 2 2 1
A13:1 1 =3, A23:_1 =-1 Ay = =-3.

-1
Marpuna A , 00paTHas KA, 3aMUILETCs CIEAYIOIUM 00pa3oM

. -8 6 -4
Alt=—=—|-1 9 -7|
26
3 -1 -5
MarpudHOe pelieHre CUCTEMbBI UMEET BI/IIL
X 1 -8 6 —4)\-5
X=|%|=—7=|-1 9 7|17 |=-

26
Xq 3 -1 -5

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

I[Tpu ycnoBun, uto A# 0, To eAMHCTBEHHOE PEIICHUE CHCTEMBbI BBIPAKACTCS (POPMYIAMU
Kpamepa:

A1 2
:—’ X = .
“=A 2 A A

Pemmts no popmynam Kpamepa cienyroniyro cucteMy JMHEWHBIX YpaBHEHU:
X, —2X, + X3 =4
3X; +2X, +5%X, =2.
4, —TX, =5X; = -5

1 -2 1
Brauare Haiinem onpenenurens cuctembl A =3 2 5| =-10-40-21-8-30+ +35 =
4 -7 -

- 74. A #0. CnenosarensHo, paccMaTpuBaeMasi CUCTEMA UMEET €IMHCTBEHHOE pelienne. Brrunc-
JIMM ONPENETHUTENN A, A, A, .
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4 2 1 1 -4 1
A,=|2 2 5/=40+50-14+10-20-140=-74, A, =3 2 5| =-10-80-

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

Paccmotpum pemenne CJIAY meronom I'aycca. Meron 'aycca 3akitouaeTcsiB ocCIen0-
BaTEJIbHOM UCKJIFOUEHUH HEU3BECTHBIX. [l y100CTBa BBIIMILEM PACIIMPEHHYIO MAaTPULLYH MIPU-
BeJIEM €€ K TUaroHaJIbHOMY BHJly C IOMOIIBIO 3JIEMEHTAPHBIX IPE0OPa30BAHUM.

2 1 -3-5 1 1 3|4
1 -2 217 |51 2 217 |——
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 00paTHBIN X0A. 3aluIIeM CHCTeMY,HUCXOAs U3 K0d(DPHUIMEHTOB MOCIEIHEH
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:

Ucnone3ys ¢opmynsl Kpamepa u meton oOpaTHOM MaTpHUIbl HAWTH PELIEHUS CIEAYIO-
mux CJIAY:

3X; +2X, + X, =5 X, —2X, +3X; =6 2X, =X, —X; =4
1. 92X +3X, +X; =1 ;2. 12X, +3X, —4X; =20; 3. 13X, +4x, —2x, =11,
2X, +X, +3%; =11 3X; —2X, —5X; =6 3X; —2X, +4x, =11

Pemmts CJICAYHOIINEC CUCTCMbBI MCTOAIOM Faycca.
2%, +4X, +4x, +6x, =18

4X, +2X, +5X; + 71X, =24

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

2X, +8X, +7X, +3X, =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) 3aJaHa B HEKOTOPOM OKPECTHOCTH TOUYKHU &, 33 UC-
KJIIOUYEHUEM, MOXKET OBITh, CAMOM TOUYKHUA.

Yucno A Ha3bIBaeTcs npeodeniom yHkyuu f (x) B TOUKe X =2a, eciu JIsl Jto-
O00ro TMOJIOKUTETBLHOIO uucia & >0 HaWAETCS TaKoe TMOJOXKUTEIBHOE YHCIIO
5(£) >0, YTO Ui BCeX X, YAOBIIETBOPSAIOIIMX HEPABEHCTBY 0<|x—a| <0, BBIIOJ-
HAETCS HEPABEHCTBO |f (x)—b| < = . B 9TOM Cily4ae 3aluchIBalOT leﬂ;n f(x)=A.

JlanuM TeoMeTpUYEeCKy0 WUTIOCTPALUIO MOHATUS Hpefena GyHKIUU B TOY-
K€

(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

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

X—a X—a

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

2
3
4. lim (f(x) +90x)) = limf (x) + limg(x) = A+ B,
5

lim(f(x)-9(x)) =limT(x)-limg(x) =A-B,

13



£ im0 A
le_r)gg(x) = ima() =g e L.g;g(x);to.

Jlsa 3ameuamenvHvix npedena

[IepBblil 3aMedaTENbHBIN PEAET UMECT BUI:
. 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.

PaccMoTpuM nipuMepbl Ha BBIUKCIEHUE TPEIETOB PYyHKIUM.

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

Pemenue
[Ipu moaCTaHOBKE MPEIEIBPHOTO 3HAYEHUS apTYMEHTA MOJIy4YaeM HEOIpee-

o0
JIEHHOCTDb BHJa —.
o0

B IMpuMepax HOI[O6HOFO THIIA YUCIIUTCIIb U 3HAMCHATCIIb ACIAT ITOYJIICHHO
Ha Xn, raen -CrerueHb MHOIOYJICHA B 3HaM€HaTCJ'IC.P33)ICJ'H/IM YUCIUTCJIb U 3HA-

2
MEHaTellb Ha Ha X . B pe3ynbTrare noyryyum:

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 MPEIETLHOIO 3HAYEHHUS apryMeHTa MoJiydaeM Heompee-

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

MHOXHNTCIN.
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 4YUCIUTENb U 3HAMEHATEIb HA MHOXUTEIIb (X—3) , B pe3yibTare

(x=3)x=3)x+2)=(x—3)*(x+2)

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

ITOJTYYUM:

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 MMOACTAHOBKC IMPCACIIBHOI'O 3HAYCHUA apryMCHTA IIOJIydacM 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.

o182t (k3 - 2 kY18 + 24+
=3 3fye_g o8 3f(x=3)x+3)Wx+13+2vx+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)

lim sin 3x
IIpumep 4.Bbrancnuts npenen o A

. 0
Nmeem HeompeenéHHOCTh BUAA o > PaCcKpOeM ee ¢ MOMOIIBIO NepBOoro 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 —
. 2XsIn X 0 ] ]
i 2280 [ 0]y 22y P
x—071 —COoS X 0 X—> 2sin2 X X—> sin X
2 2

. X
2I|mcos5 2.1

_ x—0 _ :4
sin—- =-1
. lim— 2
2 x->0 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
1
lim||{1+—
X—>00 +3X
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—>43x_4 x—7 X—7
2x% +x-1 o3
3 lim X XL o tim P82
H%ZX +5x-3 x>-2  X°+8
. B5x®+4x-8 2 _
5 lim———— . 6. lim 2x° —2x+4

x> 8x2 + 6x° +1 o4 5 _x —/x-3
. “m\/x2+l+\/; o Iimsin5x
'X—>oo 41,3 2. .an i .
X3+ X — X sin 2x

. 1-cosx . tgx—sinXx
9.I|m—2. 10.I|mg—3.
x—0 X x—0 X
2
2x2+2Y : s
10. lim| =22=—= | . 12.I|m(1+2)C)x
X—500 2X2 _1 Xx—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) Ha3pIBaeTCsA MNpeaen OTHOIICHUS NPHUPAIICHUS
(GYHKIIMM K COOTBETCTBYIOIIEMY IMPHUPANICHUIO apryMEHTa, KOTJa MpUpAIIEHUE apryMEeHTa
CTPEMHTHCS K HYIIO:

. A ) —
f'(x)= lim Ey = lim —f(x+iz S
Ax—0 Ax—0 .
Ecnu aToT npenen KOHEUYHbIH, TO IPOU3BOIHAS CyIEeCTBYET U pyHKuMs f (X) Ha3bpiBaeT-
cs muddepernupyeMoit B Touke X. [IpomsBomHas o0o3HauyaeTcsy'(X) WM % [Ipomecc
X

HaXO0X/ICHHS IIPOU3BOIHON Ha3bIBaeTcs auddepeHimpoBanreM GpyHKIUH.
Ilpasuna ougppepenyuposanus gynxkyuii
[MyctbCeR— nocrosinHast, u = u (x), V = V(X) — QYHKIHMH, UMEIOIIUE IPOU3BO/IHBIC.

1. C'=0. 2. (Cu)'=C-u".
3. uxv) =u"+ V. 4. (u-v)'=u"-v+u-v’.
!
c (u) _uv—uy'
v 2

Ipasuno ougghepenyuposanus cnodxcnoui pynkyuu
Ecim byHKIHIS y = f(u) muddepenuumpyema mou, a QyHKIHAU = @
(X)muddepenmpyemaro x, To MPoU3BOAHAs caokHOIM GyHkuuny = f(¢ (X)) onpenensercs: dpop-
mymnoit y' =f' (u) - u' (X) .
Tabauya npou3B00HbIX CIOANCHBIX DYHKYUL
1L W) =nu"u"
!

1a. (VU ) :zi‘/’U. 16, ) =(3) =-u

2. (a”),:a”-lna-u’. 2a. (e“)’:e”-u’.

3. (log, u) = u-lljr;a' 3a.(|nU), :%r'.

4. (sinu) =cosu. 5. (Cos u) =—sinu-u’.

6. (tgu) :col;; " 7. (ctgu)lz _sig;u .

8. (arcsinu) :\/1“_#_ 0. (arccos u) =—\/1U_ﬁ_
10. (arctgu) = 1&;2 . 11. (arcctgu) =— 1JE1;2 .

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

. [IpousBonnas ot
X2

MIPOU3BOHONM BTOPOTO MOPSAIKA HA3bIBACTCS MPOU3BOOHOU mpemve2o nopsaoxka u T. 1. [lpous-
n

d'y
i

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? ))’ —2¢0s(x?): (~sin(x? ))’ (x? ), —-2x-sin(2x?).
Ipumep 2. Haiitu npoussoanyro: Y = arcsi n& :

!

1
yo W2k 1
- A 2t

Ipumep 3. Haiitu npousBognyo: Y = In(arctg\/ X— 1).

Pemenue.

v (arctgvx 1) 1 (1) 1 1

arctgvx —1 _arctg\/x—l 1+(m)' :arctg\/x—l . 2x* —x*

X X
IIpumep 4. Haiitu npousBogHyto pyHkuun V =Intg———
2 sinx
y' = 1 1 1 sinx—xcosx 1 SiNX—XCOSX _ SINX—SiNX+XCOSX
T X X 2 in2 T X X in2 N in? B
tgX cos? X 2 sin® X 2sin X cos X sin® x sin” x
2 2 2 2
_ XCOS X
sin’x

4

x
IMpumep 5. Haiitu nponsBoaHyIo GyHKIMKA YV = arctg g -

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

_8xC(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 ompeensiercsi IpOU3BOIHASI BTOPOTO, N-T'O MOPsIIKa?

5. Haiiti mpou3BoaHYIO (yHKITHH.

1. y=‘{/(3+4’°{/5)3 :
y: .

2. X
N1+ x2
1
3 = arct .
y g1+x2
2
4 y:|nx—_23,
(6—2x?)

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 MAaKCUMyMa Ha3bIBACTCS MAKCH-

MyMoM GYHKUUH: Y max = f (Xmax ) .3HaueHre QYHKIUU B TOYKE MHHHUMYMa 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
(GyHKLIUU cleyeT UCKaTh TOJIBKO CpPeIu TeX TOYEK, B KOTOPHIX NMPOU3BOAHAs (YHKLUHU paBHA
HYJIIO UM HE CYIIECTBYET, TAKUE TOYKU HA3BIBAKOTCS KPUMUYECKUMU WA CIMAYUOHAPHBIMU 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 MMEET IKCTPEMYyMA.

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:

"
1) ecm | (XO) < 0, to X( — TouKa MakcuMyMma QyHKIIHH,

2) ecmn | ”(XO) > O, to X) — TOUKa MUHUMYMa (QYHKIIUH.

I'padux pynxmun y = f(X) Ha3zpiBaeTcs BBHIIYKJIBIM BBEpX Ha MHTepBaie (a; b) ecnu B
npejenax 3Toro nHTeppaia rpaduk Gyaknun y = f(X) JeKUT HIKE TH000M CBOEH KacaTeIbHOM.

I'padux ¢pynkumu y = f(x) Ha3pIBaeTcs BBITYKJIBIM BHU3 Ha HHTepBasie (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 Tepernoda).
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Ecnm BTOpas nmpousBonHas 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 MTPOU3BOJHON CIIEBA U CIIPABA OT HAWJIEHHBIX TOYEK U JI€IaeM
BBIBOJI 00 MHTEpBaJiaX BBIMYKJIOCTH M HAIMYMH TOYEK repernda. Ecmu BTopast mpousBoaHas Oy-
JET MEHATh CBOM 3HAK C IUIIOCAa HA MUHYC WJIM C MUHYCA Ha IUTIOC B UCCIIElyeMON TOYKe, TO 3Ta
TOoukKa U OyAeT Toukoil nepern6a rpaduka Gynkiuu. Ecim Bropas mpon3BoaHas 3HaKa HE MEHS-
eT, TO QYHKIMSA HE UMEET TOUYEK Ieperuoa.

Acumnmomul epapuxa gynkyuu
[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 acumirora kpusoit Y=f(X) mpu X — 400 (mpu X —>—0),
€CIIH BBIMOJTHSFOTCS YCIIOBHS:

lim m:k u lim [f(x)-k-x]=Db

Xx—>+o X X—>+00
lim @:k u lim [f(X)—k-X]zb .
x—-o X X—>—00
YacTHbll Cciyyall HAKJIOHHOW aCUMIITOTBI IIPU k=0wu bz 20PU30HMAIbHASA
acumnToTay = b.
3x2 —X+2
x—2
Haiinemo6nacts onpenenenust GpyHKIEI D(Y) = (— 0, Z)U (2 , T OO)-

ITpumep 1. Haiitn acumMntoTel rpaduka QyHKIMU Y =

XO = 2eCTL TOYKa paspbiBa Tpaduka (QyHKIMU, Yepe3 Hee MOXKET NPOXOJUTH Bep-
THKaJIbHasl aCUMIITOTA.
) . 3% -x+2 [12
Haiinem lim f (X) = |lim = = —00 ,celoBaTelbHO,  IpsAMas
X—=>Xp—0 x—2-0 X—2 -0

Xy = 2 sBnsiercs BEPTUKAIBHON aCUMIITOTOM.

Haiinem HakimonHyro acumMaToTy: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 noBeneHHe (PyHKUIHMUM Ha OECKOHEYHOCTH, HANTH TOPU3OHTANIBHBIE U
HAKJIOHHBIE ACUMIITOTHI.

5. Haiitu 3KkcTpeMyMbl M HHTEpBaIbl MOHOTOHHOCTU (DYHKIIUH.

6. HaiiTu mHTEpBasIbl BRITYKJIOCTH (DYHKIIMU U TOUKHU Tiepernoa.

7. Haiiti Touku nepecedyeHns QyHKIUU C OCIMU KOOPAUHAT.

8. IlocTpouth rpaduk GyHKINH.

9. Onpenenenue sKcTpemMmyma QyHKITHH.

Hantn akctpemymbl GyHKLMIRA:

1 1 1 1
1. y==x3-=x%-2x. 2.y ==x3+=x%-6x.
3 2 3 2
Haiitu unTepBasbl BBIMYKIOCTH, BOTHYTOCTH M TOYKHU epernda rpaduka GyHKIUU:
4
1, y:)l(—z—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 MOZENEeN B NpoLLeccax ynpasne-

HWUA.

Ocnoevl meopuu:

Knaccuueckoe onpeodenenue seposmrnocmu.
Beposmnocmu cobbimus A onpenensercs GopMmynoi

P(A):%’

rJe M — YUCIIO0 AJIEMEHTAPHBIX COOBITHI, OJIarONPHUATCTBYIONIUX MOSBICHHUIO COOBITUS A, N
— YHCJIO BCEX EMEHTAPHBIX COOBITUH, BXOAAIIMX B ().

OTO onpeeneHue Ha3bIBACTCS KIACCUYECKUM ONpedeienuem 8epOsiImHOCTIU.

W3 onpenenenus BEpOSITHOCTU BBITEKAIOT CIIEAYIOIINE €€ CBOMCTRA!

1. Beposmnocmos 0ocmogeproco cobvbimus pagua eouHuye.

JIeHCTBUTENBHO, €CIM COOBITUE JOCTOBEPHO, TO BCE 3JIE€MEHTapHbIe COOBITHS Oiaronpu-
ATCTBYIOT eMy. B 3TOM citygyae M=n wu, ciie10BaTeNIbHO,

p)="-"_q
n n
2. BepoﬂmHOCmb HEBO3MOINCHOCO CO6blmuﬂ pa@Ha Hy./”o.
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 eOuHUuyel.

JlefcTBUTENBHO, CTy4allHOMY COOBITHIO OJaronpusTCTBYET JIUIIb YacTh U3 OOIIETO YHC-

. m
J1a BJIEMEHTApHBIX coObITHi. B 3ToM ciaysae O < M < N, a 3naunt, ) < — < ] U, ClIEN0Ba-

n
TEIbHO, 0< P(A) <1
HTaK, BEpOSTHOCTB JTI0O0TO COOBITHS YJOBIETBOPSIET HEPABEHCTBAM

0<P(A)<1

Ecmu mpocTtpancTBO €2 comepKUT OECKOHEUHOE MHOKECTBO JIEMEHTAPHBIX COOBITHH, TO
UCTIONIB3YETCSI TEOMETPUYECKOE OINpeAeNieHue BEPOSTHOCTU, KOTJA BEPOSTHOCTH IMOMAaaHUs
TOYKH B JIFOOYIO0 00JIaCTh MPOMOPIIMOHAIBHA MEPE 3TOM YacTH (IUTHHE, TIJIOMAIH, 00beMy) U HE
3aBUCHT OT €€ PACTIONOKECHHS U (DOPMBI.

mesg
P(A) = m , IJI€ meS — MCpa AJIMHBI, IIJI0Iaau, O6’bCMa, £ —4acCTb obmactu G.

esG

IIpumep 1. Bpocaetcst urpanphbiii KyOuk. IIpocTpaHCTBO 37€MEHTapHBIX COOBITHUM, OT-
BEYAIOIee JAHHOMY SKCIIEPUMEHTY, UMEET CIeAyIoIui Buj:. {2 = {wp @, ..., a)ﬁ}.

[Tycth coObiTHE ACOCTOUT B TMOSBICHHH YETHOTO uucia o4koB. CoObiTHe A €CTh MOJI-

\
wroxkecto. Q, A= {w,, 0, &, }.

DneMeHTapHbIe COOBITHS, BXOAIINE B COCTAB CIYyYalHOTO COOBITHS AHA3BIBAIOTCS CO-

23



OBITHSIMU, O1G20oNpUAMCMEYIowUMY TIOSIBICHUIO coObITus A. J[Ba MM HECKOJIBKO COOBITHI B
JTAHHOM OIIBITE HA3bIBAIOTCS PABHOBO3MONCHHIMU, €CIIU TI0 YCIOBUSIM CUMMETPUHU OMBITAa HET OC-
HOBAHHM CYUTATh KaKOE-TM00 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.

ITo ycnosuto: 1000 = 250+520+1010+255+958upourpsin.

ITyctes A- uckomoe coObiTue. Boiurpeimn He 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.

Hpumep 3. M3 90 cmoyyailHO OTOOpaHHBIX OJMHAKOBBIX JETajei BBIBICHO 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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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)=—+—=—-
(A+B)=P(A+P(B) =2+ =7
Tak Kak MPOTHUBOMOJIOKHEIE COOBITHS BMECTE 06pa3110T JIOCTOBEPHOE COOBITHE, TO
P(Q)=P(A)+P(A) =1,
IIO3TOMY

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+ 0,17 = 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 0003Ha4uM P (k). Hampumep, cumBon p, (3) O3Hayaer

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, BECPOATHOCTH KOTOPOI'0 CaMast OoJbIIas cpeau BCPOHTHOCTeﬁ. 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+DHg=(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
2

(. 1 k —np
e 2= g(x)pu KR
npq 27 npqg Jnpq

y

2
X
HmeroTcst Tabnuibl, B KOTOPHIX MOMEHICHBI 3HAYCHUS (DYHKIHH ¢(x) = Te 2
\NLTT

HpI/I 9TOM CJICAYCT YUUTBIBATDH, YTO ¢(_X) = ¢(X) , TaK KaK (1)YHKI_II/I5[ ¢(X) YCTHasd.

CrnenoBarenbHO, BEPOSITHOCTb TOIrO, 4TO COOBITUE A TMOSBUTCA B /1 HE3aBUCHMBIX
UCIIBITAaHUSX POBHO K pa3, npuOImKeHHO paBHA

P.(K)~

vnpq

-p(x)’

=

—N

Jnpg -
IIpumep 1. Haiitu BepoATHOCTH TOTO, uTO coObITHE A HacTynuT poBHO 80 pa3 B 400
UCIIBITAaHUSX, €CJIM BEPOSITHOCTH MOSBJICHHS 3TOTO COOBITHS B KaXJIOM HCIIbITAaHUU paBHa (,2.
Pemenmue. ITo yenosuio N =400; Kk =80; p =0,2; q=0,8. Bocnonesyemcst popmynoii
4.7):

©

rue X =

1 1

. X)=—-: X):
\/400-0,2-0,8 %) 8 %)
BBI‘II/ICJ'II/IM onpenensleMoe JAHHBIMHU 3a1a4U 3HAYCHUEC X.

,_k=np _80-400-02 _

Jnpg 8
ITo Tabauie HaXOUM ¢(O) = 0,3989

Hckomas BCPOATHOCTDH paBHA

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

I3400 (80) ~

0.

ITycts Tenepps TpeOyercss BBIYMCIUTH BEPOSITHOCTD Pn (kl, kz) TOTO, YTO COOBITHE A
MOSIBUTCS B 71 UCTIBITAHUSIX HE MEHEE kl u He Oouee k2 pa3 (aas KpaTKoCcTU OyJIeM TOBOPUTH «OT

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

HNurterpanbuas teopema Jlanaaca.Eciu eeposmnocme p Hacmynienus coovimus A 6
KAXCOOM UCNbIMAHUU NOCMOSAHHA U OMAUYHA OM HYIA U eOUHUYbl, MO BEPOAMHOCHb

Pﬂ (kl’ k2) moceo, 4mo cobvimue A nosisumcst 6 n UCNbIMAHUSX OM kl 00 k2p03, l’lpu6ﬂu9fC€HHO

PasHa onpeoeneHHOMY UHMeSPAay

1 % -2
P, (klvkz) R
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k,—np . x _kz—np_

Jopg Tt Jnpg

[Ipu pemenun 3amau, TpeOYIOIIMX NPUMEHEHHs MHTETrpaibHOW Teopembl Jlamaca,

x 72

J e 2 dz- B rabmuue nausr
0

20e X, =

Vorn

3HaYeHUs (YHKIUH (D(X) mis X220, a mia X <O Bocmonb3yeMcs HEYETHOCTBIO (PyHKIMH
(D(X) , T.€. (D(—X) = —(D(X) . OYHKIHIO (D(X) 4acTo HA3BIBAIOT Pyukyuet Jlannaca.

I/ITaK, BEPOATHOCTH TOT'O, UTO coObITHE A MOSIBHUTCA B 7 HE3aBUCHMBIX UCHBITAHUIX OT kl

IMOJIB3YIOTCA CIIeIMaJIbHON Ta6J'IHI.[eI>i U UHTCeTpajia (I)(X) —

hi () k2 pas, paBHa
Pn (k11 kz) ~ (D(Xz) - CD(Xl),

rae y :kl_np uy :kz_np.

YoJnpg P npg

IIpumep 2. BeposTHOCTH TOro, 4TO OpraHM3alMsl HE Mpollja MPOBEPKY HaJIOroBOU

WHCIIEKIIUH, PaBHA p = 0,2 Haiitu BepositHOCTB TOTO, 4TO cpean 400 cirydaitHO 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
Bocnonbiyemcs Gpopmynoii (4.9):
Paoo (70,100) ~ @ (X,) — P(X,) -
Brruncnum HUKHUN M BEPXHUN NTPEEIbl MHTETPUPOBAHUS:

‘= k,—np  70-400-0,2
Jnpq  +/400-0,2-0,8
k,-np 100-400-0,2
Jnpg  /400-0,2-0,8

-1,25;

X

Taxum oOpa3oM, uMeeM

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

Hckomast BEposITHOCTh paBHA
P,o0(70,100) ~ 0,4938 +0,3944 = 0,8882.

[TycTh mpon3BoAUTCS N HE3aBUCHUMBIX UCIBITAHUN, B KQXKJIOM U3 KOTOPHIX BEPOSTHOCTH
NOSIBJIICHUS COOBITHS A paBHa p. JIns onpeneneHus BepOATHOCTH K MOSIBICHUI COOBITHS B 9THX
UCIBITaHUSAX UCTIONB3YIOT popmyny bepnymmu. Eciu e n BeIMKO, TO MOIB3YIOTCS JIOKAIbHON
teopemoil Jlarutaca. OnHako OHa JaeT OOJIBIIYIO MOTPEUIHOCTh, €CIH BEPOSITHOCTh COOBITHA

Ecnu cpenats pomymienue, uro npoussenenrne NP mpu N—>00 coxpanseTr mocTosHHOE

3HA4YCHHUEC, a UMCHHO np = ﬁv , TO BEPOATHOCTH TOT'O, YTO ITPU OUCHBb OOIBIIIOM YMCIIe HCHBITaHI/Iﬁ,

B KaXXIOM M3 KOTOPBIX BEPOATHOCTDH COOBITHA OYEHB Maijia, 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:

o, 1
P5000(3)=§e ' :gz0,06

P.(k) =

Konmponwvusie 6onpocwt u 3a0anus.

. Teopema cnoxeHusi BEpOATHOCTEH HECOBMECTHBIX COOBITHIA.
. Teopema yMHOKEHUS BEPOSATHOCTEH HE3aBHCUMBIX COOBITHIA.
. Teopema yMHOKEHUSI BEPOSITHOCTEH 3aBUCUMBIX COOBITHIA.

. Cxema ucnbiTanuii bepuyinu.

. ®opmyna bepuymm.

. Haubonee BeposiTHOE unciio ycrexoB B cxeme bepHysim.

. [Ipubmmxennas ¢popmyina Ilyaccona.

. JlokanpHas Teopema Myaspa-Jlamiaca.

© o0 N o OB~ W DN P

. MuTerpansnas reopema Myaspa-Jlamnaca.

3ananue 1. bpomens! 2 urpanpHbele KocTu. HaliTu BEpOSITHOCTH TOTO, UTO CyMMa BBITIAB-
[IMX OYKOB — YETHOE YHUCII0, IPUUEM Ha TPAHU XOTS Obl OJJHOM M3 KOCTEH MOSBUIIACH ILIECTEPKA.

3ananue2. Ilpu nepeBo3ke sAnyka, B KOTOpOM coaepkanuch 21 crangaptHas u 10 He-
CTaHJapTHBIX JE€TalIed, yTepsiHa OJHa JEeTallb, IPUYEM HEU3BECTHO Kakas. V3BieuéHHas Hayraj
nocJie 3TOro JeTajb OKa3zajach cTaHAapTHOMN. HaliTu BepoATHOCTH TOro, 4TO ObUIA yTepsHa: a)
CTaHJapTHAs JeTallb; 0) HECTaH apTHAS JIEeTalb.

3ananue3. 3aaymMaHO JBy3Ha4yHOE 4uciao. HallTH BEpOATHOCTH TOTO, YTO 3aAyMaHHBIM
OKaXeTCs: a) CIy4ailHO Ha3BaHHOE JIBy3HauHOE 4ucio; 0) ciiyyailHO Ha3BaHHOE IBY3HAYHOE
YHCII0, HU(PBI KOTOPOTO Pa3TUUHBI.

3ananue 4. BeposTHOCTH MOSIBIEHUS KaXJO0r0 M3 JBYX HE3aBUCHUMBIX cOObITHII A u B
cooTBeTcTBEHHO paBHbl 0,6 1 0,5. HailTh BEpOSTHOCTD MOSABIEHUS TOJIBKO OJHOTO U3 HUX.

3ananue 5. B sumke cpenu 100 neraneit Haxonutes 1 OGpakoBanHas. M3 simuka Haynauy

n3BiedeHsl 10 getaneii. HaliTu BEposSTHOCTB TOTO, YTO CPEU HUX OKaKeTCsl OpakoBaHHAs.
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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.
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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.

JlMcKpeTHas ciaydaiiHash BeJIMYMHA MOXeET OBITh 3aJlaHa MepeuHeM BCEX €€ BO3MOKHBIX
3HaYeHUI U UX BeposTHOCTEeH. OAHAKO TaKoi crocob 3aJaHusi HEMPUMEHHUM I HEMPEPbIBHBIX
CIIyYalHBIX BEIUYHH.

Hampumep, paccmMoTpum ciydallHyr0 BEIMYMHY X, BO3MOJKHBIE 3HAUEHHUS KOTOPOMl

CIIJIOIIB 3aIllOJIHAKOT MHTCPBAJ (a, b) . O‘ICBI/II[HO, YTO HEBO3MOKHO COCTAaBUTH IIEPCUYCHDb BCCX

BO3MOXKHBIX 3HaueHui X. [ToaTtoMy nienecooOpa3Ho naTh oOmuil crocob 3agaHus JIFOOBIX THITOB
CIIyYaifHBIX BEJIHMYWH, JUISI 9YeTO0 BBOIATCS (DYHKIHMH paclpelelcHHs] BEPOSTHOCTEH CITy4aitHON
BEJIWYMHBI.

[Iycth x — nelicTBUTENbHOE YKCI0. BEpoSATHOCTH COOBITHS, COCTOSIETO B TOM, 4TO X
MPUMET 3HAYE€HHE, MEHBIIIEE X, T.€. BEPOSITHOCTb COOBITHS X < X, 0003HaUYMM uepe3 F(X) . Ecn

x m3mensiercs, 10 m3mensiercs 1 F(X), 1.e.  F(x) — byHKmms ot x.
Dynryuetl pacnpedenenus ciyuatnol éenuyunsl X HasbiBaeTcs GyHKuus F(X), onpeze-

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 MOXHO HCTOJIKOBATh TakK: F (X) €CTh BGpOﬂTHOCTL TO-

ro, 4TO CilydYaifHas BeJIMYMHA MPUMET 3HAYCHHE, KOTOpPOe 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 QYHKIUEH MIIOTHOCTH.
DyHKyueli niIomMHOCMU HeNnpepvi6HOU CAyYatiHol eenuduHbl X Ha3bIBaeTCs (YHKIMS

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

Orcrona cienyet, 4To GYHKIHS pactpeaesieHus SBISIETCS TepBO0Opa3sHON Tl PYHKITMH
MJIOTHOCTU. JIJis omucaHus pacrpeiesieHus] BEPOATHOCTEN JUCKPETHOM CilydailHOM BEIMYMHBI
q)YHKHHSI IIJIOTHOCTU HEIIPUMCHHMA.

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

CllydaifHas BETUYMHA IPUMET 3HaUEHUE, MPUHAAJIeKaIlee 3aJaHHOMY HHTEpBally.
Teopema.Bepoamnocmb moco, umo HenpepvléHas caydaunas eenuduna X npumem

3HaueHue, npuHaonexcaujee UHMEPSALY (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

HaifTh BepOATHOCTH TOTO, YTO B pe3yldbTaTe HCHBITAaHAS X NpUMET 3HAYCHHE,
npunanexamee unrepsaty (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 TIUIOTHOCTH pacmlpeesieHus f(X), MOKHO HaWTH (QyHKIUIO

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 CIECIYIOLIUN ONPEIEICHHBIN UHTE-

rpan
M(X) =[x f(x)dx-

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

HAJJIE)KAT OTPE3KY [a, b] , HA3bIBAETCS CIEAYIONIMN ONPEAECICHHBIN HHTErpal
b
D(X) = [[x=M (X)]* f (x) dx.
a

Jlnst BBIYMCIEHUA AUciepcuu 0oliee y100HbBI COOTBETCTBEHHO CleAyIoLHe (hOpMyJibl

D(X) =Tx2f(x)dx—[M(X)]2

D(X) = szf(x)dx—[M(X)]Z.

Cpeonee  keadpamuyeckoe  OMKIOHEHUE  HENPEPBLIGHOU  CAYYAUHOU  BEIUYUHBI
onpeAeNseTcs, Kak v Ui TUCKPETHOW CITy4ailHON BEJTMYMHBI, CIEAYIOIIUM PaBEHCTBOM

o(X) = /D(X) .

IMpumep 6. HaiiTn MaTremMaTH4YeCKOE OXKUJIAHHUE, TUCIIEPCUIO U CPEJIHEE KBAIPATUUECKOE
OTKJIOHEHHE CITy4yaifHOM BeTMYMHBI X, 3aJaHHOU clenyromiel (yHKIMeH pacipeneicHus:

0 npu x<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'(x)=<1 npu 0<x<1
0 npu x>1

HaiizeM MaTeMaTnaeckoe okuganue mo popmyse (8.1):
M (X) :jx-l-dx =x%/2 |j)=1/2-
Haiizem aucriepcuio o Gpopmyse (§ 5):
D(X) = j x2-1-dx —[1/2]% = x*/3 | L -Y4a=112.
2

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

KoppersaunoHHsIll aHaIM3 M pErpeCCHOHHBIN AHAIN3 SIBISAIOTCS CMEKHBIMHU pPa3eilaMU
MaTeMaTHYeCKOM CTaTUCTUKU M MpPEeIHA3HAYEHBbl U1 H3YyYeHHs 110 BBIOOPOYHBIM JIAHHBIM
CTaTHUCTUYECKOM 3aBUCHMOCTU CIy4yalHBIX BEJIMUYMH. J[BE cilydaliHble BEJIMYMHBI MOTYT OBIThH
CBsi3aHbl MO0 (YHKIHMOHAIBHON 3aBHCHUMOCTBIO, JIMOO CTaTUCTUYECKOH 3aBHCHMOCTBIO, JIHOO
OBITh HE3aBUCUMBIMH.

Crporas (pyHKIMOHaNIbHAs 3aBUCUMOCTb PEAIU3yeTCsl peIKo, TaK Kak 00e BEIMUMHBI UIIH
OJlHAa W3 HUX IOABEP)KEHBI €IIe JCHCTBUIO CIy4alHBIX (DAKTOPOB, MPHUUEM CpPEAM HUX MOTYT
OBITH M O0OIIME I 00eNX BENHYHH, T.€. Takue (GaKTOPBI, KOTOPHIE BO3EHCTBYIOT Kak Ha X ,
Tak 1 Ha Y . B 9TOM cllyuae BO3HMKAeT CTATHCTHYECKas 3aBUCHMOCTb. Cmamucmuueckoil
HA3bIBACTCSI 3aBUCUMOCTb, IPU KOTOPOM M3MEHEHUE OJIHOM M3 BEIMYMH BJIEUET U3MEHEHHUE
pacnpeneneHuss Apyrod. YacTHbIM cIy4aeM CTaTHCTUYECKOM 3aBUCUMOCTH  SIBJIAETCS
KOPPEJALMOHHAs 3aBUCHUMOCTb.

Ecnu cratuctuueckas 3aBUCMMOCTD IIPOSIBIISETCS B TOM, YTO IIPU MU3MEHEHUM OJHOW W3
paccMaTpuBaEMBbIX CIyYalHBIX BEIWYMH H3MEHSETCS CpeJHEee 3HA4YeHHE APYrod CIIlydaiiHOU
BEJIMYMHBI, TO TaKasi CTATUCTUYECKAs] 3aBUCUMOCTD Ha3bIBACTCS KOPPENAYUOHHOU.

Jlig aHanu3a KOPPENALMOHHOW 3aBHUCHUMOCTH BOCIIONB3YEMCS MEemoOOM HAUMEHbULUX

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

| = 1,2, ey M), e Yi — BBIYMCIIEHHAas 10 ypaBHeHUIo (14.5) opauHaTa, COOTBETCTBYIOIIAS

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

JOJIXKHa ObITh MUHHMANIbHOM. Tak kak KaXJ0€ OTKIOHCHHEC 3aBUCHT OT OTBICKMBAaCMbIX
napamMeTpoB, TO U CyMMa KBaJIpaToB OTKJIOHEHHH €CTh (byHKI_[I/IH OTUX MapaMCTPOB:

Hmm=im—mf

nim

Fp.b)= Y (0% +b-y,)"

JUiss  OTBICKaHUS MHHHMYyMa TIpUpaBHAEM HYIIO COOTBETCTBYIOIIME YaCTHBIE
MIPOU3BOIHBIE:
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HCKOMBLIC IMapaMCTpPhI:

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

Y:

oF

oF

n

n

=2 X +b—-y.)=0
b iZﬂ:(p. yi)

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

X, = Py Y +C.

e p, — BBIGOPOUHKI Kodddurment perpeccun X Ha Y .

—=2) (pX+b-y;)x =0
op 21: _

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 cooTHomnenui (14.9) u (14.10):

p,. =(5-26975-15-815)/(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.

Taonuma?2.
2
X; Yi Xi 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
> ;=15 D DX D%
- i=1 i=1 i=1

=8,15

=57,50

=26,975
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Ipu GOIBIIOM UHCIe HAOIIOZCHHIT 0HO 1 TOXkKe 3HadeHne X Moxker Berperntest I
pas, OlHO M TOXe 3HaueHMe Y — [ pas, oiHa 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

Teneph ONMpeeTiM MapaMeTpsl BEIOOPOYHOr0 ypaBHEHHs TPsAMOit nHmE perpeccun Y

ma X B cllydae, KOrJa TOJy4eHO OOINbIIOEe YHCIO JaHHBIX (TpaKTHUYeCKd IS
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 MPUHSIB 0003HAYECHHUSI Z X= Z X, Z y= Z Y Z X Z X

ZXy ZX yI M BOCTIOJB30BABINTUCH COOTHOINEHHUSMH X —Z / % ,
X
Z / ny any Xy (B TpEmmoNokKeHWH, YTO Tapa HHCeN (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
Y =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

G, D.NgXy—nxy

o, no,o,

Py«

Py

O603HauKM npaByo YacTh paeHcTBa (14.15) uepes I :

. anyxy—m_(yl

B ~ ~
No «O y
Torma nomydaem
_ y
Py =Tp =
O-X
OKOHYaTEIHHO TOJIYYHM BHIOOPOYHOE YPAaBHEHHE MPSMOUN JIMHUU PETPECCUH Y ma X
BHA
O
\7 7 — y
Y=Y =T —=(X-X)
O

AHaNOrM4YHO MOKHO HaWTH BBIOOPOYHOE ypaBHEHHE NMPSAMON JIMHUU PErpeccuu X Ha

Y

2 (y-y).

Oy

X, —X=TI,

K'oumpozzbubte 60npocCoul U 3a0anus.

1. Yucnossie XapPaAKTCPUCTHUKU JUCKPCTHBIX U HCIIPCPBIBHLIX Cﬂy‘laﬁHLIX BCIINYHH.

2. MaTtemaTnueckoe OXKNIJaHUC JUCKPETHBIX U HCIIPCPBIBHBIX cnyqaﬁHHx BCJIIMYHH.

3. Jlucnepcusi TUCKPETHBIX W HETPEPHIBHBIX CITyYaHHBIX BEJTHUNH.

4. CpenHee KBaapaTUYECKOE OTKJIOHEHHE TUCKPETHBIX U HEMPEPBHIBHBIX CIIy4allHbIX Be-
JIUYHH.

5. MeTox HaUMEHBIITUX KBaJIpaToB.

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 BEPOATHOCTBIO 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 BeiGopkr 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) [ToIMIrOH OTHOCHUTEIIBHBIX YacCTOT

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 HAOIIOJaeMble 3HAUEHUS NpHU3HAKa, pa30OMBaeTCs Ha He-

CKOJIbKO 4aCTHYHBIX MHTEPBANIOB JUIMHOM N 1 m1st kax/10r0 4acTMYHOrO HHTEpBANA HAXOMUTCS
N, — cymma 4acToT BapuaHT, IONABIIKX B i-if HHTEpBAL.
T'ucmoepammoui uacmom Ha3bIBaeTCs CTylNeHYaras (uUrypa, CoCTosImas U3 MpsiMoyroib-

HUKOB, OCHOBAHMSAMH KOTOPBIX CIy’KaT 4acTUYHbIE UHTEPBANbl IIMHOW 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.

[Tnomaap i-ro YaCTHYHOTO MPSIMOYTOJILHUKA PaBHA h n, / h= N, — cymme gactor Ba-

PHAHT I-TO MHTEpBaa; CIEJOBATEIBHO, NI0WAOb SUCTNOSPAMMbL YACTOM PABHA CYMMe 6CeX Ud-
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'HCTOIpaMMC 4aCTOT 06pa30M.
Hnomam, I-r0 4aCTUYHOTO IIPpAMOYTOJIbHUKA paBHaA hWI /h :Wi — CYMMC OTHOCH-

TENbHBIX YaCTOT BapUaHT I-r0 MHTEPBAaa; CICIOBATEIbHO, NIOWAOb 2UCMOSPAMMbL OMHOCU-
MENbHBIX YACTOM PABHA CYMME 6CeX OMHOCUMENbHBIX YACOm, m.e. eOuHuye.

Ecnu TpeOyercst U3y4nTh KOJIMYECTBEHHBINH PU3HAK TeHEepalbHON COBOKYITHOCTH, TO
BO3HHUKAET 33Ja4a OLEHKH I1apaMeTPOB, KOTOPBIMU OIPEEIIAETCS paclpeieleHue 3TOro Mpy-
3Haka. Harmpumep, eciin Harepe U3BECTHO, YTO U3y4YaeMblil IPU3HAK paclpeieieH B TeHepallb-
HOW COBOKYITHOCTH HOPMAaJILHO, TO HEOOXOIMMO OIEHHUTH (MPUOIMKEHHO HAWTH) MaTeMaTH4e-
CKO€ O’KMJAHUE U CpeHee KBapaTUUYEeCKOe OTKIIOHEHUE, TaK KaK 3TH J[Ba apaMeTpa MOoJIHO-
CTBIO OIIPEEISAIOT HOPMAJIBHOE PACIpEeIICHHE.

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

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>HO CKa3aTh, UTO HAaXOXIEHUE CTATUCTUUYECKON OIIEHKH HEM3BECTHOIO MapaMeTpa TEOpPETH-
YECKOT'O PACTPEICICHUS] PAaBHOCUIBHO HAXOXICHUI0 (YHKIUU OT HAOIIOA€MBIX CITyJailHBIX
BEJIMYMH, KOTOpas U JaeT MpHOIIKeHHOEe 3HaUeHUE OIleHMBaeMoro napamerpa. Hampumep, ans

OIIEHKM MAaTEMAaTHYECKOTO OKHAAHHMS HOPMAIbLHOTO PACIpPENETIEHUs CIYKAT —(QYHKIHS
X=(X+X,+...+ X)) / N, KOTopas ABISETCS CPEAHMM apuPMETUYECKHM HAOIIO-

JAeMbIX 3HAYCHUU TTPU3HAKA.
TakuM 00pasoM, cmamucmuueckoli oyenKol neuzsecmno2o napamempa @ Tteopetnde-

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

HAOJII0/Ta€MBIX CITy4allHbIX BEJIMYMH, KOTOpasi B OMPEIEICHHOM CTaTUCTUYECKOM CMBICIIE OJIn3Ka
K UICTUHHOMY 3HA4€HUIO 3TOr0 IapaMerpa.

Baxkneiimmmu cBONWCTBaMHU CTaTHCTUYECKOM OLIEHKH, OMPEIENAIOMUMU €€ OIU30CTh K
HUCTUHHOMY 3HAQ4YECHUIO OLICHMBAEMOI'O IIapaMETPa, SABISIOTCS CBOWCTBA HECMEIIEHHOCTH, COCTO-
ATEIBHOCTU U 3(PPEKTUBHOCTH.

IlycTh reHepanbpHas COBOKYITHOCTh M3y4aeTCs OTHOCUTENIBHO KOJIMYECTBEHHOIO IPU3HA-
Ka X.

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

Ecmu Bce 3avenus X;, X, , ..., Xy IpH3HaKa reHepanbHO 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 mis U3ydeHUs T'€HEPaIbHOM COBOKYIIHOCTH OTHOCUTEIBHO KOJIMYECTBEH-
HOTO TIpHM3HAKa 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 pasnudser, 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
Dr: 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-

nepcus paBHa
k

— \2
DF_ 2,(Xi_xr) Ni R
i=1
T'enepanvuvim cpeonum Keaopamuyeckum OMKIOHeHUueM Ha3bIBaeTCs KBaJPATHBIA KO-

PEHb U3 FeHePaIbHOU TUCTIEPCHHU:
o, =+D,.

Ipumep 1. ['eHepanbHast COBOKYITHOCTh 3aJlaHa CIICAYIONIEH TaOIHIICH pactipeeICHHs:
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X.

5

N.

10

Haiitu renepalibHyr0 TUCIIEPCUIO U T€HEPAIBHOE CPEHEE KBAAPATHUECKOE OTKIOHEHHUE.
Pemenue. Haiiiem reHepalibHYIO CPEAHIONO:

Haiinem T'CHEpAJIbHOE CPEeAHEEC KBaAPATHICCKOC OTKIOHCHUE.

8+9+10+3

Haitnem renepanbHyro THCIIEPCUIO:

" _2-8+4-9+5-10+6-3 120
- =20 "

_(2-4)"-8+(4-4)"-9+(5-4)"-10+(6-4)"-3 _54 _

4

30

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

Buvibopounoii oucnepcueti D p Ha3bIBAacTCA CpeiHee apuPMETUYECKOE KBAPATOB OTKIIO-

HEHUM Ha6JIIO,Z[aCMLIX 3HAYEHH I IIpHU3HAKa BLI60pO‘IHOI>i COBOKYITHOCTH OT HUX CpEAHEIro 3Ha4e-

HUS XB'

Ecmu Bee 3nauenns X;, X, , ...

OopouHas aucrepcus paBHa

Ecmu xe 3Hayenus npusHaka X;, X, , ...

D,

, X,, Tpu3HaKa BeIOOpKM oObema [1 pasnudHEl, TO BHI-

|

n

Z(Xi - XB )2

i=1

)

, Xk AMEIOT COOTBETCTBEHHO YaCTOTHI nl, n2

y ooy Ny, mpuaem Ny + N, +...+ N, =N, 10 B 3TOM Cilydae BEIGOPOYHAs JTUCIIEPCUs PaB-

o,

Buvibopounvim cpeonum keadpamuueckum OmKIOHeHUeM Ha3bIBAETCSl KBaJpPaTHBIM KO-

Ha

n

Z(Xi - )_(B )2

i=1

)

PCHBb U3 reHepanLHoﬁ AUCTICPCUHN:

GB:\/D78'

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

1 2 3 4
20 15 10 5

HaiiTi BRIOOpOUHYIO IHUCTIEPCHIO M BBIOOPOUHOE CPEHEE KBAIPATHUECKOE OTKIOHEHHE.
Pemenue. Halimem BEIOOPOYHYIO CPETHIONO:

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

Haiimem BEIOOPOUHYIO TUCTIEPCHIO:

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

Haiinem BbIOOpOUYHOE cpeiHEE KBAPATUUECKOE OTKIOHEHUE:!

7, =D, —1-1

Teneps mycTh TpeOyeTcsi MO AaHHBIM BBIOOPKM OIICHUTh HEU3BECTHYIO T'€HEpPAIbHYIO

D, 1

JHUCIIEPCUIO D - Beibopounas nucnepcus D p SIBJISICTCSI CMEIICHHOM OL[EHKOH D I » 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-

CMELIEHHOM OLIEHKOM reHepaibHOM quctiepcuu. [lomydaem

S-%0n]
- "_p,- "\ (3%, fon-

M(32)= M LDB :LM(DB):L-n—lDF =D,.
n-1 n-1 n-1 n

Nwmeetcs nBa cioco0a OLEHKH IapaMeTPOB: TOYEUHbIN U UHTEPBAIbHBINA. TOUECUHbIE ME-
TOJIbl YKa3bIBAIOT JIMIIbL TOYKY, OKOJIO KOTOPOI HaXOAWTCS HEM3BECTHBIM OlLlEHMBAEeMBbIi mapa-
MeTp. C NOMOIIbI0 MHTEPBAJIBHBIX CIIOCOOOB MOKHO HAWTH MHTEPBAJ, B KOTOPOM C HEKOTOPOM
BEPOATHOCTBIO HAXOAUTCS HEU3BECTHOE 3HAUECHUE ITapaMeTpa.

Toueunou Ha3bIBA€TCSA OLIEHKA, KOTOpas ompezensercs oAHUM uucioM. IIpu BeiOopke
MaJIoro o0beMa TOUeYHask OLEHKA MOKET 3HaUUTEIbHO OTINYATHCS OT OLEHMBAEMOTro MapameT-
pa, T.e. MPUBOJUTH K TpyObIM ommbOkaM. [1o 3Toi npuyuHe mpu HEOOTBIIIOM 00BEME BBHIOOPKH
CJIEIyeT MO0JIb30BATHCSA NHTEPBAIBHBIMH OLICHKAMHU.

HnumepeanvHotl Ha3bIBa€TCS OLIEHKA, KOTOpPask ONpeAessieTcss AByMs YUCIaMU — KOHLIaMU
MHTEpBajia. FIHTepBalbHbBIE OLIEHKH MT03BOJISIFOT YCTAHOBUTH TOYHOCTD U Ha/IEKHOCTD OLICHOK.

[lyctp HaliieHHas MO JaHHBIM BBIOOPKM CTaTHCTUYECKas XapaKTepUCTHUKa 0 CILYKUT

TOYHee onpesesser napamerp &, yem Menbine O . Tounocmb oyenku XapakTepU3yeTcs MoJo-
JKUTETHHBIM YHCIIOM O .

oneHkoi HemssectHoro mapamerpa & . Ecom O >0 n <O, 10 omenxa B Tem

O,I[HaKO HCJIb35 KATCTOPUUCCKU YTBCPIKAATh, YTO OIICHKaA 0 YAOBJICTBOPSACT HCPABCH-

CTBY ‘ 0—-6 ‘ < O . CTaTUCTHYECKHE METO/bI [O3BOSIOT JIMIIb TOBOPUTH O BEPOSTHOCTH, C
KOTOPOM 3TO HEPABEHCTBO OCYIIECTBISAETCS.
Haoexcnocmoio (dosepumenvHoti 6eposmuocmpio) onenkun @ 1o 6 wHasbBactes BEpo-

ATHOCTb 7/ ,C KOTOpOﬁ OCYHICCTBIIAICTCA HCPABCHCTBO 0 - 9 < 5 , T.C.

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

B kauectBe )/ Gepercs uucio, OIU3KOE K €IMHUIIE.
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N3 HepaBeHcTBa

0—-0 ‘ < O 1erko MOXHO IIOIy4HTh ABOHHOE HEPABEHCTBO

0-5<0<0+6.

Torna cooTHONIEHWE MPUHUMAET CIAEAYIOLINUA BUT
P(H —-o0<0<6 +5):7/.
OTO COOTHOIIECHHE O3HAYaeT ciaeayromee: BEPOATHOCTb TOIO, 4YTO HHTCPBAI

(5 -0, 5 +0 ) 3aKouaeT B cebe (MOKPHIBAacT) HEU3BECTHBIM apameTp & , paBHa V.

Wnrepsan (6 — O, O + O) HassiBaetcs dosepumensubiym UHMEPEALIOM, KOTOPHIIi IT0-
KPBIBACT HEM3BECTHBIN Mapamerp € ¢ 3aaHHO HaIEKHOCTBIO ¥ .

Ilyctp KONMYEeCTBEHHBIM NpU3HAK X TEHEPAIBHOM COBOKYIIHOCTH pAacCIpelercH
HOpMaJIbHO, TIPHYEM CpeHee KBaJpaTHieckoe OTKIOHeHne O 3TOro pacupenesieHnss H3B e C T
H 0. TpeOyeTcs OlEHUTh HEU3BECTHOE MATEMATHUECKOE OKHIaHHe Gl Mo BLIGOPOUHOI cpemneii
X . TlocraBuM cBO€l 3aa4eil HAMTH JIOBEPUTEIbHBIE HHTEPBAJIbI, IOKPHIBAOIINE [TAPAMET]P d
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

U3MCHAKOTCA OT BbI60pKI/I K BBI60pKe). MaremaTHdecKkoe OXXHUAaHue Ka)KHOﬁ U3 3THUX BCINYHNH
paBHO a. H CpCAHCC KBAAPATHYCCKOC OTKIIOHCHHUEC — O .

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

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

rac 7/ — 3aJaHHasa HaJC)KHOCTD.

Ucnons3ys popMyny ¢ 3ameHoit X Ha X u O na o'()?) = (7/ \/ﬁ , HETPYAHO

MOJIYYHUTb COOTHOIICHUEC
P(|X —a <5)=20(5Vn /o) = 20(t).
ret=35n/o.

Haiing u3 moceiHero papeHcTsa O = to'/ \/ﬁ , MOJKHO HAITHCAaTh
P(|X —a|<ta/Vn)=20().

O6o3Havast g OOIIHOCTH BHIOOPOYHYIO CPEAHIOD BHOBb depe3 X, TOJIydaem

COOTHOIIICHUA
O(t)=y/2

P(x—to/</n <a<x+to/Vn)=7.

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

()_( —lo / \/ﬁ , X +t(7/ \/ﬁ ) MOKPBIBAET HEU3BECTHBIA IAPAMETP a, IpU 3TOM
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TOYHOCTH OLEHKU paBHA O = ta/ /N, auncio t OTIPEIETISICTCSI U3 PABEHCTBA IO TaOJIHIIC

¢ynkuuu Jlamnaca.

pumep 3. CiyyaiiHas BenuunHa XUMEET HOPMAJIBbHOE pacHpeicsieHue C M3BECTHBIM
CPEIHUM KBAJPATHYECKUM OTKIOHEHHEM & = 3. HallTu 10BepUTENbHBIA HHTEPBAI LIS 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. WcnipaBneHnHas 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. Hailtu pyHK1IMIO pacnpeiesieHns o JaHHOMY pacipeeIeHUI0 BEIOOPKH:

0

3anganue 3. [IocTpoWTh MOJUTIOH OTHOCHTEIBHBIX YacTOT IO JAHHOMY PacIpelesICHUIO

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-

— — X-p
CKOT'O pacHpeleseHus P(X - Xi) - (1_ p) L p, rae X; - 4MCIIO MCIBITAHUH, TPOBe-

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

3ananue 6. HailTu MeTOo0M MOMEHTOB TOUYEUHYIO OLIEHKY IMapamerpa [0 reomMeTrpuye-

— — X—p
CKOI'0 pacmnpenciicHus P(X - Xi) - (1_ p) | ’ p , €CJI B YETBIPEX OMBITaX COOBITHE TIO-

SABHUJIOCH COOTBCTCTBCHHO ITOCJIC IBYX, quBIpéX, IIIECTH ¥ BOCbMH MCHBITAaHUH.

3ananue 7. M3 reHepalibHOM COBOKYITHOCTH M3BJieUueHa BHIOOpKa 00bEMa n= 50 :

0

6 |2 4
Haiitn HecMemEHHYI0 OLIEHKY T'€HEPAIbHON CPEAHEN.

3ananue 8. HailTu BBIOOPOUYHYIO CPEAHIO0 110 JAHHOMY paclpeieeHUI0 BBIOOPKHU:

240 | 250 |270 | 280

3ananue 9. HailTu BBIOOPOUYHYIO TUCIIEPCHUIO 110 IaHHOMY PACIIpeIeICHUIO BEIOOPKH:
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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 HUMEET OIPEACIICHHBIA BHJI, BBIJBUTAIOT TUIIOTE3Y: I'€HEpaJIbHAsI COBOKYIHOCTH
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 IPENOI0KHTh, YTO HEM3BECTHHIN mapamMerp & paBeH omnpejeseH-

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

peub UIET O IPEANoaraeMoi BeJIMYMHE IMapaMeTpa 0JTHOTO U3BECTHOTO PaCpe/IeIICHNUS.

Cmamucmuyeckoli Ha3bIBAETCS TUTIOTE3a O BUJEC HEU3BECTHOIO PACIPEACICHUS WU TU-
1oTe3a O MmapaMeTpax M3BECTHBIX pacrnpeneneHuil. Hanmpumep, cTaTUCTUYECKUMU SIBJISIFOTCS TH-
MOTE3BI:

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

2) JUCTIEPCHUH IBYX HOPMAJIbHBIX COBOKYITHOCTEH PaBHBI M1y COOOM.

B nepBoii runorese cienaHo NPEaNooKEHNE O BUJE HEU3BECTHOIO PACIIPENEICHUs, BO
BTOPOIl — O MapaMeTpax ABYX U3BECTHBIX PaCHpeIeICHUN.

Hynesoti (ocnoenoti) Ha3bIBaeTCs BBIABUHYTAs TUIIOTE3a H 0-

Konxypupyroweii (anbmepnamusnoii) Ha3bIBa€TCs TMIOTE3a H 1> KOTOpast MPOTUBOPEYUT
HYJIEBOM.

Hanpumep, ecnu HysneBas THIIOTE3a COCTOMT B IPEIINOJIOKEHNUU, YTO MAaTEMaTHYECKOE
oXHIaHie A HOPMAIBHOIO pacrpeieneHus paBHO 10, TO KOHKYpHPYIOIIAs THIOTE3a MOMKET

cocTosTh B npeanonoxenny, uto & = 10; t.e. H o.a=10; H 1-a=10.
Ilpocmoiu Ha3bIBAETCS TUIIOTE3a, COAEPIKAILAsl TOJBKO OJHO peAnonoxkenue. Hampumep,
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
ATOMU THIOTE3bI. B UTOTe CTaTUCTUYECKOM MPOBEPKH THUIOTE3bI MOTYT OBIThH AOMYIIEHBI OIIUOKH.

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

Owiubkra 6mopoeo pooa COCTOUT B TOM, UTO OyJeT MPUHATA HETPABUIIbHAS TUTIOTE3A.

JIJis IpOBEPKY HYJICBOW THIIOTE3BI UCITOJIB3YETCS CIEIUAIBHO TOI00paHHasl CIydaifHast
BEJIMYMHA, TOYHOE WM MPHUOIMKEHHOE pachpe/ieieHne KOTOPO M3BECTHO. JTa cllyyaiiHas Be-
nuurHa obo3Hauaercss uepes K u HasbiBaeTcs cmamucmuveckum Kpumepuem (MM TIPOCTO
Kpumepuem).

[TpuBeneM mpuMep CTaTUCTHYECKOTO Kputepus. Eciu mpoBepsieTcsi rumore3a O paBeH-
CTBE JIMCIIEPCHUIi BYX HOPMAJbHBIX I'€HEpalbHBIX COBOKYITHOCTEH, TO B KauecTBe Kputepus K
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HpI/IHI/IMaeTCH OTHOILICHHUC I/ICHpaBJIeHHBIX BBI60pO‘-IHBIX I[HCHGpCHfIZ
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 OTBEPTaeTcs, a Apyras — MpU KOTOPBIX OHA IMPUHH-
MaeTcsl.

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

Obnacmoto npunsmus 2unomesol (00JaCTHIO JOMYCTUMBIX 3HAYEHHH) HA3bIBAETCS COBO-
KYIHOCTb 3HAYEHUI KPUTEPHS, IPU KOTOPBIX HyJE€Bas TUIIOTE3a IPHUHUMAETCS.

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

Kpumuueckumu moukamu (rpaHuiamn) ka HA3bIBAIOTCSl TOUKH, OTACIIAIONINE KPUTHYEC-

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

K > ka , TAC ka — IOJIOXKUTCIIBHOC YHCJIO.

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, €CJIU KPUTHYCCKUC TOYKH CUMMETPUYHBI OT-

HOCHUTEJIFHO HYIIS, IBYCTOPOHHSISI KpUTHUYECKast 00JIACTh OMPE/IENIeTCs HepaBEHCTBAMHU (B TMpei-
nonoxkenuy, uto K < —ka) K< —ka, K> ka, WM PaBHOCWJIbHBIM 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), 1o

P(K < —kkp) = P(K > ka). Y4uuThIBas 3T0 COOTHOLICHHE, U3 ISl ABYCTOPOHHEH KpH-
TUYECKOU 00JIACTH MOJYYUM COOTHOIICHUE
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 CTETIEHSIMU CBOOOIBI k1 u kz-

(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/2p, k,/2
N 2k1/k2/

0=
I(k;/2)I(k,/2)
Pacnipenienenue F ompenensercs nsyms mapamerpamMu — umMciaMH CTemeHel cBOGOIBI
K, 1 k,.
IlycThb renepanbHble coBokymHocTd X u Y pachpeseieHbl HOPMaIbHO, TPHYEM HX

AUCIICPCHUU U3BCCTHBI. IIo HE3aBHCHUMBIM BI)I60pKaM C O6’bCMaMI/I, COOTBCTCTBCHHO paBHBIMU nl

u M, u3BaeyenHpIM U3 3THX COBOKYITHOCTEH, HaiieHbl Beibopounsie cpentne X u Y . Tpely-

€TCsl 110 BBIOOPOUHBIM CPEAHUM IPU 3alaHHOM YPOBHE 3HAUMMOCTH (¥ NPOBEPUTH HYJIEBYIO M-
N0TE3Y, COCTOSIIYIO0 B TOM, YTO I'€HEpalIbHbIE CPEIHUE (MaTeMaTUYECKHE OXHUAAaHUS) paccMar-
pPHBAEMBIX COBOKYITHOCTEI paBHBI MEKAY COOOM:

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

qu/ITHBaH, qTo BBI60pO‘IHBIe CPCAHUC ABJIAIOTCA HCCMCHICHHBIMH OLICHKAMU I'CHCPAJIb-

HBIX CPCOHUX, T.C.
M(X)=M(X). M(y)=M(Y),
HYJICBYIO TUIIOTE3Y MOXXHO 3aIlUCATh TaK:
H,:M(X)=M(Y).
B xauecTtBe KpUTCpUA NIPOBCPKU HYHGBOﬁ THUIIOTE3bI O PABCHCTBC I'CHCPAJIBHBIX CPCIHUX
MMPUHHUMACTCA HOPMHUPOBAHHAA HOPMAJIbHAA ClIydanHasd BEJIMYWHA

7 = X—Yy
JD(X)/n+D(Y)/m’

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

[IepBoiit ciyqait. HyneBas runoresa H 0" M (X) =M (Y) Koukypupyromas ru-
noresa Hl: M (X) =M (Y)
B sToM ciyuae cTpoutcst IBYCTOPOHHSISI KpUTHYECKass 00J1acTh, UCXOAS M3 TPeOOBaHMS,

4TOGBI BEPOATHOCTh TONANaHus KpuTepuss Z B 3Ty 00JacTh B MPENONOKEHHH CHPABELTHBO-
CTH HYJIEBOM THUIIOTE3bI ObITa paBHA MIPUHITOMY YPOBHIO 3HaunMocTH (X .

HOCKOJ’IBKy pacnpeaciiCHUC Z CUMMCTPUYHO OTHOCUTCIIBHO HYIIA, TO KPUTHUYCCKHUC
TOYKH CUMMCTPHUYHBI OTHOCUTCIILHO HYJIA, T.C. CCJIA 0003HAYUTH qcpes3 ZKp IMpaByrO KpUTHUYC-

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

Kp
Haubonbiias MOIIHOCTE KpUTepHUsl (BEPOATHOCTD MOMNAJaHUs KPUTEPUS B KPUTUUYECKYIO
00J1acTh TpU CHPABEATUBOCTH KOHKYPUPYIOLIEH THIOTE3bl) JOCTUTAETCS TOTAA, KOTJla BEpOsT-

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

P(Z<-z,)=a/2, P(Z>2,)=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 HYJICBOW THITOTE3bI OblJIa paBHA IPUHATOMY YPOBHIO 3HAUUMOCTH:

P(Z>z,)=«a.
Jist Toro, uroObl HalTH rpanuny Z - NPaBOCTOPOHHEH KPUTHYECKOW 0011acTH, T0CTa-

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 olepanuio Ooblne BpeMeHH. /s 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 (TIpeamonarasi BpeMsl BBIITOJTHEHUSI TEXHOJIOTUYECKOHN OIepaIiiy CIIydailHOW 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, €CIM U3BECTHO, YTO CPEHEE KBaJAPaTUUECKOE OTKIIOHE-

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 CPEHAS POU3BOAUTEIBHOCTh 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,
CIy4allHO JIM TOJIyYEHHOE pasjinuue CpEeAHUX MOoKa3zaTejled MPOU3BOJUTENBHOCTH TpPyAa 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)KeTCsl COOTBETCTBYIOIIMM CTaHIAapTy, 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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Conepixanue
Beenenue
OOm1ast XapaKTepUCTUKA CaMOCTOSTEIBHON PabOThI 00YYAIOMIETOCS IPU H3Yyde-
HUU JUCHIUTUIHBI «MaTeMaTHKa»
[Tnan-rpaduk BBIMOIHEHUS CAMOCTOSITEIILHON paOOTHI
KoHTponbHBIE TOUKH U BHIIBI OTYETHOCTH IO HUM
Metoanyeckre peKOMEHIAIUH 110 U3YYCHUIO TEOPETHIECKOTO
MaTepuasa
MeToaudeckue yKa3aHus 10 TIOJrOTOBKE K IK3aMEHY

y‘le6HO-MeTOI[I/IquKOC nu I/IH(I)OpMaL[I/IOHHOC obOecrieueHue AUCHUITIIMHBI
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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 METOJUYECKOM PYKOBOJCTBE MpErnojiaBareis, HO 0e3 ero Hemocpe-
CTBEHHOT'O y4yacTHs (IPH YaCTUYHOM HETOCPEICTBEHHOM YYaCTHH IMPETOaBaTelisl, OCTaBIISIO-
IIeM BEAYILYIO POJIb 32 paboTOM CTYyIEHTOB).

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

Benymas nens opranmzanuu u ocyuiectienns CPC pomkHa coBnamaTh ¢ HENbO 00y-
YeHHS CTYACHTa — MOJTOTOBKOW OakanmaBpa ¢ BeICIIM obOpa3oBanueMm. [Ipu opranmzanmu CPC
BaXHBIM M HEOOXOJUMBIM yCJIOBHEM CTAaHOBATCA ()OPMUPOBAHHE YMEHHUSI CAMOCTOATEIbHOM pa-
00ThI 7151 TpUOOpETeHUs 3HAHHM, HABBIKOB M BO3MOXKHOCTU OpPTaHHU3aIMi Y4eOHOW M Hay4yHOM
JESTCIIbHOCTH.

[lenpro camMoCTOSTETEHOM PabOTHI CTYJCHTOB SIBIISICTCSI OBNIaJCHUE (DYHIaMEHTATbHBIMU
3HAHUSAMU, TPOPECCUOHATBHBIMU YMEHUSIMHU U HaBBIKAMH JESATEIBHOCTH MO MPOMUITIO, ONTBITOM
TBOPUYECKOH, HCCIEN0BATENbCKON NesTeNbHOCTH. CaMocTosTenbHas padoTa CTyIEHTOB CIOC00-
CTBYET Pa3BUTHIO CAMOCTOSTEIHLHOCTH, OTBETCTBEHHOCTH M OPTaHW30BAaHHOCTH, TBOPUYECKOTO

MOJIX0/Ia K PELIECHUIO Mpo0JIeM y4eOHOro 1 NpoQeccroHaIbHOTO YPOBHSL.
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O01mas XxapakTepuCTHKA CAMOCTOATEIbHOI PadoThl 00y4aK0IIerocs nNpu u3y4eHuu
AUCHMILTUHBI «MaTeMaTuKay»

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

CamocrosiTenpHass pabora cTyneHTOB B BY3e sBisieTcs BaXKHBIM BHJIOM YYEOHOW H
HAyYHOU JeSTENbHOCTH cTyaeHTa. CaMocTosiTeNnbHast 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
nporecca camoodyuenus. [Toatomy CPC nomxkHa ctath 3¢ (GEeKTUBHON 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 yMEHHUs CaMOCTOSITEIbHO NOOBIBAaTh 3HAHUS U3 PA3IUYHBIX UCTOYHH-
KOB, CUCTEMaTHU3UPOBATh MOJYyYCHHYI0 HH(GOPMAIUIO, 1aBaTh OLEHKY KOHKPETHOU (hPMHAHCOBOI
curyannu. @opMupoBaHHe TAaKOTO YMEHHUS NMPOMCXOTUT B TE€UYEHHE BCErO Ieproja OOydeHUs
Yyepe3 yJacTHe CTYJCHTOB B MPAKTHUECKUX 3aHATHUSX, BBITIOJTHEHUE KOHTPOJIBHBIX 3aJJaHUN U Te-
CTOB, HalMCaHHE KYPCOBBIX M BBIMYCKHBIX KBalnH(UKALMOHHBIX paboT. [Ipu sTom camocTos-
TeJIbHas paboTa CTYJJEHTOB UI'PAET PEIIAOLIYIO POJIb B X0O/I€ BCET0 YUeOHOro mpolecca.

Benymas uens opranuszauuu u ocyuiectsienuss CPC nomkHa coBnanate ¢ 1enbio o0y-
YEHUsI CTyJIeHTa — MOATrOTOBKOM crenuanucra u 6akanaspa. [Ipu opranuzauuu CPC BaxkHBIM U
HEOOXO/MMBIM YCJIOBUEM CTAHOBSITCS (DOPMHUPOBAHUE YMEHMS CaMOCTOSTEIbHON pabOThl IJist
nproOpeTeHus 3HaHUH, HABBIKOB M BO3MOXKHOCTH OpPraHU3allui y4eOHOW U HaydHOH /e TeNbHO-
CTH.

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

- CAMOCTOATEIEHOE N3YYEHHUE JTUTEPATYPHI,

- CaMOCTOSTEIbHOE pelIeHUE 33/1a4;

- BBITMIOJIHEHUE KYPCOBOT'O IIPOEKTA.

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

3aoauamu camOCTOSITENEHOTO U3YyUYCHHUS INTEPATYPHI SIBISIOTCS:

59



J yrIyOJieHHE U pacIIupEeHue TEOPETHUECKUX 3HAHUH;

J ¢dopMHpoBaHHE yMEHHI HCIIOIB30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOYHYIO
JOKYMEHTAIUIO U CHeHaIbHYIO JTUTepaTypy;

J pa3BUTHE MO3HABATEIBHBIX CIIOCOOHOCTEN M aKTUBHOCTHU CTYZIEHTOB.

Ilenv camocmoamenvnozo pewienus 3aday - opnajeHue NpodhecCUuOHaIbHbIMUA YMEHUS-
MU ¥ HaBBIKAMH JESATEIILHOCTH 110 PO OyayIiel AesiTeTbHOCTH.

3adauamu caMOCTOATEILHOTO PEIICHUS 3a/1a4 SIBISIOTCS:

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

J (opMHUpPOBaHHE CAMOCTOATEIBHOCTU MBIIIIEHUS, CIIOCOOHOCTEN K camMOpa3BH-
THI0, 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 JEATEIBHOCTH MO MPOGUII0, ONBITOM TBOPYECKOW, MCCIEIOBATEIbCKOMN es-
TEJIbHOCTH.

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

J CUCTEMAaTH3alMsl U 3aKPEIJICHUE MOJIyUEHHBIX TEOPETUUECKUX 3HAHUM U MpPaKTH-
YECKUX YMEHUH CTYJIEHTOB;

J yri1yOJIeHre U paclIMpeHne TEOPETUUECKUX 3HAHU;

J (dbopMUpOBaHHE YMEHHMM HCIOJIb30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOUYHYIO
JIOKYMEHTAIUIO U CHEeUaIbHYIO JTUTEPATypy;

J pa3BHUTHE TIO3HABATEIBHBIX CIIOCOOHOCTEN M aKTUBHOCTH CTYJEHTOB: TBOPUYECKOM
MHUIMATUBBI, CAMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH U OPraHU30BaHHOCTH;

. GbopMHUpPOBAHHE CAMOCTOSITEIBHOCTA MBIIIJIEHUS, CIIOCOOHOCTEH K CaMOpa3BU-
THIO, CAMOCOBEPILIEHCTBOBAHUIO M CaMOpEaIN3aliy;

J pa3BUTHE UCCIIEOBATEIbCKUX YMEHUII;

J HCIOJIb30BaHNE MaTepuasa, COOpaHHOTO M MOJyYEHHOTO B XOZE CAMOCTOSITENb-
HBIX 3aHSATUN Ha CEMUHApaX, Ha MPAKTUYECKUX U JTa0OPATOPHBIX 3aHATHUAX, TIPU 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 cieayeT HAaUMHATh C BHUMATEILHOTO O3HAKOMIICHHS ¢ HAaOOpoM
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 SICHBIM, KaKW€ BOIPOCHI 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, cocraBisiomue ee coaepKanue, 00IagaroT pa3Hoi CTENeHbI0 BAXKHOCTH. EcTh
BONPOCHI, BBIMOJHSIOMNE (YHKIUIO JOTHUYECKON CBS3KH COAEpKaHHUS TEMBI U BCEro Kypca,
HMMEIOTCSI BOIPOCHI OMUCATEIBHOTO WIH Pa3bsICHUTEIBHOIO XapaKTePa, a TAKKE UCTOPUUYECKOTO
9KCKypca B 00JacTb M3yyaeMOW AUCUMIUIMHBL. Bce 3TH BOIpOCHl HE COCTaBISIOT CYTH MOHS-
TUHHOr0, KOHILIENITYaJIbHOTO COJEPYKAaHUS TEMbl, HO HEOOXOAUMBI I LIEIOCTHOTO BOCIIPUSATHUS
M3Yy4aeMbIX MPOOIIEeM.

N3yuaemas nuCUMIUIMHA MMEET CBOM KAaTeropHallbHO-NOHATUHHBIN anmnapar. Hayunbie
HNOHSTHUSL — 3TO Ta 6a3a, HaA KOTOPOM CTpouTCs Kaxjaas Hayka. [IoHSTHS — y3710BbIe, OMIOPHbBIE
MYHKTBl KaK Hay4YHOT0, TaK U y4eOHOro MO3HaHUsI, JOTMYECKHE CTYIEHU JABM)KEHUS B yuede OT
IPOCTOTO K CJIOXKHOMY, OT SIBJIEHUS K CYIIHOCTHU. be3 sicHoro nonuMmanus noHATHH yyeOa KpaiiHe
3aTpyAHSAETCS, a CoiepKaHue MPUOOPETEHHBIX 3HAHUHM CTAHOBUTCS TYCKJIBIM, PACILIIBIBYATHIM.

CTyneHT JAOKEeH NMOHHMMAaTh, YTO CaMOCTOSITENIbHOE OBJIAJICHHE 3HAHMSIMM SBIISETCS
[JIaBHBIM, OIpeestonM. Beiciias mKkomia co3gaeT s 3TOro HeoOX0IMMBbIE YCIIOBUS, TOMOTa-
eT OyayleMy BbICOKOKBAIM(UIMPOBAHHOMY CHELMAIMCTy OBIIAJETh TEXHOJIOTHEH caMocTos-
TEJIBHOIO TPOU3BOJICTBA 3HAHUM.

B camocrosTenbHO# paboTe cTyeHTaM NMPUXOIUTCS UCIOJIBb30BATh JINTEPATYPY pa3any-
HBIX BHJIOB: IMEPBOMCTOYHUKHU, MOHOTpauH, HAydHble COOPHHKH, XPECTOMAaTHH, y4EOHHKH,
yueOHble 1ocoOus, KypHalbl U Ap. V3ydeHue Kypca mpearnosiaraeT 3HaKOMCTBO CTYIECHTOB C
60IbIIMM 00BEMOM HAYYHOW M Y4eOHOH JIMTepaTyphl, 4TO, B CBOIO OUepe/lb, MOPOKAAET HEOO-
XOJIMMOCTb BBIPAOOTKH Y HUX PAllMOHAIBHO-KPUTHUECKOTO MOIX0/a K M3y4aeMbIM HCTOYHUKAM.

UToOBl HE «YTOHYThH» B OTPOMHOM 00BbEME PEKOMEHJIOBAHHBIX MY JJI U3YyUEeHHs UCTOYU-
HUKOB, CTYJEHT, IIPEXE BCETO, JOJDKEH HAYUUThCA MPABUIBHO UX 4uTaTh. [IpaBuibHOE UTEHNE
PEKOMEHI0BAaHHBIX MCTOYHHUKOB IMPEATOIAraeT CIEA0BaHNE HECKOJIBKUM HECIOXHBIM, HO BEChH-

Ma IMOJIC3HBIM IIpaBUJIaM.
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[IpenBapuTenbHbIil MPOCMOTP KHHUTM BKJIIOYACT O3HAKOMJIEHHE C THUTYJIBHBIM JIHCTOM
KHUTH, aHHOTAIMeH, MPEIUCIOBUEM, OriaBieHueM. [Ipu o3HaKOMIICHHH C OTJIaBJI€HHUEM HE0O0-
XOJMMO BBIACTHUTH pa3jieibl, INIaBbl, naparpadsl, MPeACTaBIAIONIUE Ui BaC MHTEPEC, OErio ux
IPOCMOTPETH, HANTH MecTa, OTHOCALIMECsS K TeMe (ab3alpl, CTpaHUIIb, Taparpadbl), 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 KHUTOM JyYllle BCEr0 HAYMHATH C M3YYEHHUs aHHOTAIMM — KpPaTKOW Xa-
PaKTepUCTHKH KHHUTH, PAaCKPBIBAIOLICH €€ CO/epiKaHue, NACHHYI0, TEMATHIECKYIO U JKaHPOBYIO
HaINpaBJICHHOCTh, CBEACHUS 00 aBTOpE, HA3HAUYEHHUE U JIPYrHe 0COOCHHOCTH. AHHOTAIUS TIOMO-
raeT COCTaBUTh MPEABAPUTEIHHOE MHEHUE O KHUTE.

I'my0>e mOHSATH cofiepKaHNEe KHUTH TO3BOJISIIOT BCTYNHUTENbHAS CTAaThsl, B KOTOPOIl JaeT-
Cs OLIEHKA COJIepKaHUsI KHHUTH, 3aTparnBaeMoi B Hell MpoOIeMaTHKH, COACPKUTCS HHPOpMAIus
0 XM3HEHHON M TBOpPYECKOH Omorpaduu aBTOpa, BBHICKA3ZBIBAIOTCS IMOJIEMHYECKUE 3aMEYaHHS,
Pa3bACHSIOTCS OTIENbHBIE MOJIOKEHUS KHUTH, JAAI0TCS KOMMEHTapuu U T.4. BOT 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, TIOCIECTOBUEM.
BecbMa mone3HbIMH AJIeMEHTaMU Hay4HOTO armapara SBISIOTCS CHOCKH, KOMMEHTapUH, Tablu-
I, TpaduKu, cHCKH JUTeparypbl. OHU HE TOJBKO HIUTIOCTPHPYIOT OTIENBHBIEC ITTOJOKEHUS
KHUTH WK CTAaThH, HO ¥ CaMH IO ceOe SBIAIOTCS JOTIOJTHUTEIbHBIM UCTOYHUKOM HH(pOpMAINN
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, JTMOO K UCTOYHHKY, KOTOPBI OH MOKET HAWTH B CIIUCKE JIUTEPATYPHI,
PEKOMEH/I0BaHHOH aBTOPOM Il CAMOCTOSITEIbHOTO U3YyUEHHS.

Cy1ecTByeT HECKOJIBKO (OPM BEICHHUS 3aITUCEH:

— 11aH (TPOCTOM M pa3BEepPHYTHIN) — Hanbosiee KpaTkasi (hopma 3amucH MPOUYUTAHHOTO,
IpeJICTaBIsIoNIasl coOON MepeueHb BOIPOCOB, pacCMaTpUBAaEMbIX B KHUTE WM cTaThe. PazBep-
HYTBIH TJIaH MPEACTaBIseT coOoi Oosiee MOAPOOHYIO 3amMMCh MPOYUTAHHOTO, C JeTaau3anuei
OTJICTBHBIX TIOJIOKEHUI 1 BBIBOJOB, C BBIITUCKOMN ITUTAT, CTATUCTUYECKHUX JAHHBIX U T.1. Pa3zBep-
HYTBIH MJIaH — HEOLIEHUMBbIM MOMOITHUK NPU BBICTYIUIEHUHU C JOKJIAJJOM Ha KOHKPETHYIO TEMY
Ha ceMUHape, KOH(EPEHIINH;
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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 IIpoYTeHUHU. OHM NTOMOTatoT 3allOMHUTh U CUCTEMATU3UPOBAThH
nHpopMaIuto.

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 IJIaH CBA3HOIO paccKas3a [0 OCHOBHBIM
BOIIPOCAM TEMBI.

B kakoli-To Mepe KOHCIIEKT paccuuTaH (B 3aBUCUMOCTH OT MHJIMBUIYaJbHBIX OCOOEHHO-
CTEH CTyJeHTa) HE TOJbKO HAa UHTEJUIEKTYAJIbHYI0 U SMOLIMOHAIBbHYIO, HO U Ha 3pUTEIbHYIO Ma-
MSITh, IPUYEM TEKCT KOHCIIEKTA HEPEJKO aCCOLMUPYETCs ellle U ¢ TEeKCTOM Y4eOHHMKa WM 3alu-
cbto Jiekuuu. [ToaToMy jerde 3anmoMuHaeTcs coJepkKaHue KOHCIEKTOB, HalMCAaHHBIX pa30opuu-
BO, C MIOAYEPKUBAHNEM HJIH BBIICIICHUEM Pa3psIKON KIIIOUEBBIX CJIOB U (pas.

CaMOCTOATENbHO M3YyYEHHBIE TEMbI NPEAOCTABIISIIOTCS IPENOJaBaTeNl0 B opMe KOH-
CIEKTa, M0 KOTOPOMY IPOUCXOAUT cobecenoBaHue. Teopernueckue TeMbl Kypca (OTAEIbHBbIE

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

W3yuenmne aucuuiuinHbel «MareMaTHkay 3aBepuiaeTcsi sk3aMeHoM. [1oAroroBka kK 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 UMEIOLIMecs NpoOesibl B 3HAHUSX, yIIIyOsseT, CHCTEMATU3UPYET U
yIOpAI0YMBaeT CBOM 3HaHMs. Ha sKk3aMeHe CTyIeHT JeMOHCTPHPYET TO, YTO OH MPHOOpern B
nporecce 00y4eHHs M0 KOHKPETHON y4eOHOM NUCIIUTUIHHE.

Ha xoHcynbTanuu nepes 5K3aMEHOM CTYIEHTOB IO3HAKOMST C OCHOBHBIMHU TPeOOBaHUsI-
MU, OTBETAT Ha BO3HUKIIKE Y HUX BONpockl. [loaTOMy nocerienne KOHCYIbTalui 00513aTeIbHO.

[Tpu moAroToOBKE K IK3aMEeHY HEOOXOAMMO MCIOIb30BaTh KOHCIIEKTHI JEKIUN 110 JHCIIHU-
IUIMHE, Y9eOHUKH U ydeOHbIe TOCOOUS (M3 CITUCKAa OCHOBHOW W JIOTIOJHUTEIILHOM JTUTEPATYPHI)
WM KOHCIIEKT JINTePaTypbl, IPOYUTAHHOM 10 YKa3aHUIO IperojaBareis B TeUEHUE ceMecTpa.

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

Cucrtematuyeckasi OJArOTOBKA K 3aHATUSAM B TEUEHUE CEMECTpa MO3BOJUT MCIIOJIb30BaTh
BpeMs HK3aMEHallMOHHOM cecCUM Ui CUCTeMaTU3aluy 3HaHUH.

Bonpocsl k 3k3ameny

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

2. Yro Takoe MaTpuUIla U KaKOBBI ONEepalliy HaJl MAaTpUIIaMuU?

3. JI1st KakuX MaTpUIl OTpeIeTICHBI ONIEpaIiH CIOXKEHUS (YMHOKEHNUS)?

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

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

6. [Touemy He omnpeneneHa onepanus AeIeHUs MaTpHUL?

1. Uro Takoe omnpenenurtens marpuipl? Kak cBsizaHa oOpaTMMOCTh MaTpuUIlbl C €€
onpeneauTenem?

8. Onumure METOIbl OTHICKAHUS PaHra MaTpPUIIbI.

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

10.  IlepeuncnuTe OCHOBHBIE CBOWCTBA OMPEICITUTES.

11.  Yro Takoe apupmMeTHYECKOE 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 moxetr 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. Yro Takoe JTMHENHBIN ONEpaTop U €ro Marpuna’?

19.  Onwmmute MeToX OTHICKAHUS 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 Onepaliy HaJl BEKTOPaMU 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 reOMeTpHUYECKOe U MEXaHHUYECKOe MPUJIOKEHUSI BEKTOPHOTO MPOU3BE/Ie-
HUS BEKTOPOB?

30.  KakoBo reomeTrpuueckoe NpuioKeHUE 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 OMPEACIISACT IPIMYIO?

34.  OnwumuTte Bce BUIBI ypaBHEHUH MPSMOM U TMOSCHUTE, KaKOB T'€OMETPUUYECKUUN
CMBICT KO3(DPUITMCHTOB B ATHX ypaBHEHUSIX?

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

36.  Kak ompenenuTh B3aUMHOE PACIIOIOKEHUE PSIMBIX HA ITIOCKOCTHU: MapaJlIeIbHBI,

NEepIEHINKYIISIPHBI WK Tiepecekatorcsi? W eciu nmepecekaroTes, Kak HaAWTH YroJl MEXy TPSMbI-
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, MTPOXOISIIEH 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.  CKoOJbKO BEpIIUH UMEET ILIUIIC (Tunepoora, 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 BpaileHusi? SBISIOTCS M MOBEPXHOCTSMHU BpallCHUS

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

ouu?

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

48.  OOpatHast QyHKIIHSL.

49, Kakas ¢ynkuus Ha3piBaercs cnoxHoi? [IpuBenure npumepsl.

50.  Yro Takoe ymcnoBas nociuenoBatensHocTh? ChopMmynupyiite onpeneneHne orpa-
HUYEHHOM CBEPXY MOCIE0BATEIHPHOCTH (OTPAaHUYCHHOW CHU3Y, OTPAHUYEHHOM ).

51.  Cdopmynupyiite onpeneneHue npeiena YuciaoBoi mocae10BaTeIbHOCTH.

52.  Yto Takoe cXOoJAMIascs YHCIOBas MOCIEI0BaTEIbHOCTE (pacxosmiasics)? OCHOB-
HOE CBOMCTBO CXOJSLINXCS NOCIEA0BATENBHOCTEN.

53. Kakast mocienoBaTenbHOCTh Ha3bIBaeTCa OeckoHedHo Majaoi? CBsi3b OECKOHEUHO
MaJIOH MOCIIEN0BATENBHOCTH CO CXOASIEN OCIEN0BATEIBHOCTBIO.

54.  Kak cBs3aHbl NOHATUA Npenena QYHKIUU C MOHITUSIMH €€ MPEesioB clpaBa 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 SKBUBAIEHTHOCTH OECKOHEYHO MaJbIX (DYHKIIMHA.

58.  CdopmynupyiiTe ornpeaesieHHe HENPEephIBHOCTH (DYHKIIMK B TOYKE M HA MHOXeE-
CTBe.

59.  Kakue TOYKM Ha3bIBAIOTCS TOYKAMU pa3pbiBa QyHKIUU?

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

61. Uro Takoe mpomsBomHas ¢GyHKIMH? KakoB reoMeTpuyeckwii ¥ MEXaHMYECKHI
CMBICII IPOU3BOAHOM?

62.  Uro Takoe mpaBas (JieBast) Ipou3BOAHAS?

63.  SIBnseTcs M CyIIECTBOBaHHME MPOW3BOJHON HEOOXOMUMBIM ycioBueM audde-

pennupyemocty GyHkmuu? JlocTaTouHbIM ycioBueM?
64.  Cdopmymnupyiite HCOOXOAMMOE M JIOCTATOYHOE yclioBUEe nuddepeHmpyemMocTu

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 KacaTeldbHYI0 B JaHHOW TOYKE, HO OBITH 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 MexaHn4ecKkuii CMBICI MPOU3BOIHON 2-TO Mmopsiika?

72.  Kakue BUIBI HEONPEACICHHOCTEH paCKpBIBAIOTCS 10 npaBmity Jlomurans?

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. MOXKET JIM ee MPOU3BOJAHAs Ha 3TOM OTpEe3Ke
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 3KCTpeMyMa ObITh HeuddepeHupyeMoit?

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 He06X0IMMOE U TOCTATOYHOE YCIOBUE TOUEK Mepernoa.

83. Mosxet nu GyHKIHS B TOUKE reperuda ObITh HeaudhepeHupyemon?

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

85. Kaknmu ObiBaroT acumntoThi? Kak ux HaliTu?

86.  JIro0oii 11 rpaduK ©MeeT aCUMOTOTHI?

87. Moxer im rpaduK WMETh HECKOJBKO acUMNTOT? beckoHedyHoe 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 AITOPUTM Mepexoja OT aaredpandeckoi (opMbl KOMIUIEKCHOTO YHUCIIa
K TPUTOHOMETPUIECKOH U ToKa3aTeabHOH 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 06e3 yueTa KpaTHOCTH?

98.  Uro Takoe AEHCTBUTEIbHBII MHOTOWIEH M KaK Pa3jOXKHUTh €ro Ha JMHEHWHBIC U

KBaJJpaTHbIE MHOXKUTEJIN?

99.  Yro Takoe nepBooOpazHas?

100. Mosket a1 GyHKIHS UMETh Pa3IMYHbIC IEPBOOOpa3HbIE?

101. Moryt 11 pa3nuyHbie (GYHKIUH UIMETh OAHY U TY K€ IIepBOOOpa3HyI0?

102. Yro Takoe HeompeneaeHHBIN WHTErpain? 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/bI HHTETPUPOBAHHUS?

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

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

108. Kakue BuIBl MppAMOHATBHBIX (YHKIUH MOXKHO NMPOMHTETPHPOBATH, TPUMEHHB
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 TeOMETPUUYECKHI cMbIC?

112. JIroGas mu HETIpephIBHAS PYHKIUS HHTETpUpyeMa?

113. JIroGas nu uHTErprpyeMast GyHKLUs HeTpepbIBHA?

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

115. Cdopmynupyiite Teopemy o cpenHeM. KakoB ee reomeTpuueckuii 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 marematrke : yuebnoe nocodue / A. I'. Kioso, U. A.
JIsiynoBa. — PoctoB-Ha-J/lony, Taranpor : M3natensctBo FOxkHOTO (henepanbHOro yHUBEPCH-
teta, 2020. — 199 c. — ISBN 978-5-9275-3503-3. — Tekcr : anexkTponHsiii // [{udposoii oOpa-
3oBarenbHbIi pecypc 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 oOpazoBarensHbIi pecypc PR 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 : BopoHeXCkuid rocyIapCTBEHHbIM TEXHUYECKUM yHHBEpcUTET, 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. Anekcees, I'. B. Boiciias matemaruka. Teopust U nmpakTuka : yueOHOE MmocoOue aiis
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 3nanmii, 2020. — 327 ¢. — ISBN 978-5-00101-707-3. —
Texkcr : anmexkrponnbiit // Lludposoit oopazosarensHbii pecypc IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/98524.html

3. Marematuka. COOpHUK 3a/1a4 10 6a30BOMY KypCy : yueOHO-MeToIu4YecKkoe mocooue /
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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