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Conepxanue

BBenenue

Lenb 1 33124y U3yYSHUS! TUCITUTUINHBI

OOGopyaoBanue U MaTepUalIbl

HaumeHnoBanue npakTHYeCKUX padboT

CopepxaHue MpakTU4eckux paboT

[TpakTrueckas padora Nel MaTpHIlbl ¥ OIpEICTUTEIIHN.

[Tpaktudeckas pabora Ne2 MeTozpl pelieHusi CHCTEM JTMHEWHBIX YPaBHEHUH.
[Ipaktuueckas padbora Ne3 dyHkimu U npenenasl. MeToabl MPUOIMKEHHOTO BbI-
YUCIEeHUS 3HaYeHUH (QyHKIUH.

[TpakTuueckas pabora Ned IlpousBoanas u auddepenunan GyHKIUU OJHOM Te-
PEMEHHOM.

[TpakTideckast pabora NeS Meroapl HCCIEIOBAHHS W TMOCTPOCHUS TpaGuKOB
byHKIHIA.

[TpakTuueckast pabota Ne6 BeposTHOCTHBIE MOJIENIN TPOLIECCOB YIIPABICHUS.
[TpakTrueckas padorta Ne7 KoppensimoHHO-perpecCMOHHBIN METO/1 UCCIIeJ0Ba-
HUS CITyYalHbBIX BEJIMYUH.

[TpakTrdeckast pabota Ne8 OCHOBBI BHIOOPOYHOT'O METO/IA U IIEMEHTHI CTATUCTH-
YECKOW TEOPUU OLIEHUBAHUS.

[Ipaktuueckas padorta Ne9 Cratuctruueckas rurnore3a. MeTopl CTaTUCTHUECKOM
MPOBEPKHU THIIOTES.

Y4ebHO-MeToinYeckoe U HH(POPMAIIMOHHOE 00ecrieueHNe TUCIIUILIMHBI
[TepeueHb OCHOBHOM M TOTIOJIHUTENBHON JIUTEPATYPBl, HEOOXOJUMOM /17151 OCBOE-
HUS TUCIUTITUHBI

[TepeueHp yueOHO-METOAMUECKOTO 00ECIIEYeHNs CaMOCTOSATENbHON paboTHI 00Y-
YaroUUXCsl MO JUCHHUIIIINHE

[Tepeuens pecypcoB HHPOPMALIMOHHO-TEJIEKOMMYHUKAIIMOHHOM ceTn HTepHeT,

HeO6XOHI/IMBIX JIA OCBOCHUA JUCITUITIIMHBI

Crp.



BBenenue

[IpakTrueckue 3aHATUS CO3JAIOT ONTHUMAIbHBIC AUAAKTUYECKUE YCIIOBUS ISl JI€ATEIb-
HOCTHOT'O OCBOCHHUS CTYACHTAMHU COACPKAHMS U METOJI0JIOTMH M3y4yaeMoi NUCHUIUIHHBI « MaTe-
MaTHYECKHE METOJIbI U MOJIEJIU B YIIPABICHUMW», UCIIOJIB30BAHUE CHEIUAIBHOIO J1aO0OPaTOPHOIO
000pyI0BaHUS U TEXHUYECKUX CpeACTB. [IpakTuueckue 3aHsATHS 3aHUMAIOT IPEUMYILECTBEHHOE
MECTO MPHU U3yYEeHUHU OOIIETTPOPECCHOHATBHBIX U MPOPECCHOHANBHBIX TUCHUILIMH. [IpakTrye-
CKHE 3aHATHUS IPOBOJIATCS C IIEJIbI0 BEIPAOOTKH MPAKTUUYECKUX YMEHUN U TPUOOPETEHUS HABBIKOB
B pELICHUH 3a]a4, OTPaOOTKU YIpaKHEHUH, BHIIOJTHEHUH YepPTEKEl, MPOU3BOACTBE PACUETOB U
T.II.

[{enpro MpaKTUYECKUX 3aHITHHA SBISETCS (OPMHUPOBAHUE MPAKTUUCCKUX YMEHHHA — TIPO-
(dbeccroHaNBHBIX (BBIMOJIHATH ONMPEEIEHHBIC JEHCTBUS, OTIEPALIMH, HEOOXOIUMBIE B MOCIIEIYIO-
neM B podeccnoHanbHOM ASSITENFHOCTH) WM Y4eOHBIX, HEOOXOIMMBIX B TIOCEAYIOUIeH yueo-
HOM JIEATENBHOCTH 10 001enpodeccnoHalbHBIM U MPO(EeCCHOHATBHBIM TUCIUTUTMHAM.

bubmmorpaduyeckuii CIMCOK COAEPIKUT CBEACHHUS O CIIPABOYHOM JTUTEPATypE U JOMOTHU-

TCJIBbHBIX U3JaHUAX, HCO6XOIII/IMI)IX JIIsL er’Iy6J’IGHHOFO HN3YYCHUA OTACIBbHBIX BOIIPOCOB.



1. I]endb u 3a0auu uzyuenus OUCYUNJIUHbL

[lenp 0cBOEHUS AUCHUIUIMHBI SBISAETCS O3HAKOMJICHUE CTYACHTOB C BaXKHEHILIMMHU METO-
JlaMH ¥ MOJIEJISIMM KJIaCCUYECKON MaTEeMAaTHKH, HAIIPABJICHHBIMU Ha HUCIIOJIb30BAHUE U IIPUMEHE-
HUE UX B YIIPABJICHUH: METOAAMU JIMHEHHOH anredpsl, MeToaMu JU(HepeHIIMaIbHOI0 HCUKCie-
HUS (QYHKIMH OJJHOHM MEPEeMEHHOH, BEPOSITHOCTHBIMUA M CTATUCTHYECKUMH MOJICIISIMU U UX TIPHU-
JIO’KEHUSIMU B TOCYAAPCTBEHHOM M MYHULIUIIAJIbHOM YIIPABIICHUH.

3aza4v OCBOCHMS IUCLUIUIMHBI SIBJISFOTCS:

— CO3JIaHHE€ Y CTYJCHTOB OCHOB TEOPETUYECKOI IOJArOTOBKU B 00JIACTH MaTeMaTHYECKHX
METO/I0B U MOJIEJIEH B YIIPABIICHUH;

— OBJIAICHUE MAaTEMaTHYECKUM armapaToM, HEOOXOIUMBIM [T U3yUSHHST TUCIUILIIH TOC-
YAApCTBEHHOT'O U MYHULIMIIAJIBHOTO YIIPABJICHUS U PEIIEHUS TEOPETUYECKUX U MPAKTUYECKUX 3a-
nad;

— pa3BUTHE UHTEIIEKTA U (JOPMHUPOBAHUE Y CTYACHTOB JIOTUYECKOTO U aJITOPUTMHUECKOTO
MBIIIJICHNUS;

— BBIPa0OTKA HABBIKOB CAMOCTOSITENILHOTO N3yUeHHs y4eOHOM 1 HayyHOU JIUTepaTyphl IO
MaTEMaTUYECKUM METOJaM U MOZEIISIM, U UX IIPUIIOKEHUSAM;

— MOBBINICHUE OOIIEH KYJIbTYpPhI CTYICHTOB.

2. Obopyoosanue u mamepuani
ATmapartHbIe Cpe/ICTBA: MEPEHOCHOW HOYTOYK, MMPOSKTOP, TOCKa MAarHUTHO-MapKepHasl.
VYyeOHast ayauTopust JJis MPOBEACHUS YUEOHBIX 3aHSATUH, OCHallleHa 000pyAOBaHUEM U

TCXHUYICCKUMHU CPEACTBAMU 06y‘leHI/I$I.

3. Haumenoeanue npakmuueckux paoom

Ne Temsr N3 Hux npaktuue-
HanmeHnoBanue TeM TUCIUIUINHBI, UX KPATKOE O0BeM
JUCIH- CKasl OJIrOTOBKA,
coJiepKaHue 4acoB
TJTHHBI 4acoB
3 cemecTp
IIpakTyeckas padora Ne 1. MaTtpuus! u onpe-
JIEITUTEIH.
1 Onepaunn Hag Matpunamu. Onpenenurenu. Bei- 4
YUCJIEHUE OINpeAeNnuTeNel 2-10,3-ro U n-ro no-
PSAKOB.
IIpakTuyeckasi pa6ora Ne 2. MeTobl peneHus
5 CUCTEM JIMHENHBIX YPABHEHUMN. 4
Pemenne cucreM TMHENHBIX YPABHEHUN METO-
JoM obpatHoi Matpuibl, Kpamepa u ["aycca.




IIpakTyeckas padora Ne3. dyHkuuu u npe-
nenbl. MeTo bl TPUOIMKEHHOTO BBIYMCIIEHUS
3HaYeHU! PYHKIUH.

OcHOBHBIE METO/IBI BEIYUCIICHHS IPEICIIOB
¢ynkuuii. [IppumMeneHne SKBUBaJICHTHBIX OECKO-
HEYHO MaJIbIX K BBIYMCICHHIO NTPENIENIOB (PYHK-
1005078

IpakTnueckas padora Ne4. [IpousBoHas u
muddepeHman GyHKIUN OJHON epeMeHHOH.
HuddepennmpoBanne GpyHKIUN pa3IMIHBIX BU-
JIOB.

IpakTnyeckas padora NeS5. Metoabl uccieno-
BaHUS U IOCTPOCHUS TPadUKOB (PYHKITHIA.
OkcrpemyM pyHkinu. Touku nmeperuda. Acumi-
totbl. [Ipumenenne nuddepenunansHoro Mc-
YHCIIEHUS K UCCIIEIOBAaHUIO (PYHKIIMIA U TOCTPOE-
HUIO UX rpaduKoB.

IIpakTuyeckas padora Ne6. BeposiTHOCTHBIE
MOJIEJIN MTPOLIECCOB YIIPABJICHUS.

OneMeHThl KOMOMHATOPUKU. Beruncnenue Bepo-
ATHOCTH Ciy4ailHoro coObiTus. BeposiTHOCTh B
CXEM€ IOBTOPHBIX MCIIBITAHUM.

IIpakTyeckas padora Ne7. KoppensuuonHo-
PErpecCUOHHBINA METO/ UCCIIEA0BAHUS CIydai-
HBbIX BCJINYHNH.

YucnoBble XapaKTEpUCTUKH JUCKPETHBIX U HE-
IMPEPBIBHBIX Cﬂyqaf/'IHBIX BCJIMYHH: MaTEMaTH4C-
CKO€ 0XHJIaHNE, TUCIIEPCHs, CPEIHEE KBAAPATH-
4yecKoe OTKJIOHeHHe. Mcrnonp30Banne YnucioBbIX
XapaKTEPUCTHUK B KOPPEIALIMOHHO-PETPECCUOH-
HOM METOJE.

IIpakTnyeckas padora Ne§. OcHOBBI BEIOOpOU-
HOT'O METO/1a U AJIEMEHTHI CTATUCTHUUECKOH TeOo-
PHH OLIEHUBAHUS.

Bri0opouHasi COBOKyITHOCTb, BHIOOpOUHAs (hyHK-
1us pacrpeneneHus. ['ucrorpamma, mojaurox ya-
CTOT. BbIuncieHre ToueyHbIX OLEHOK MapaMeT-
POB pacnpeeseHus. Borunciaenne nHTepBallb-
HBIX OLIEHOK IIapaMeTPOB paclpeaeeHusl.

IIpakTnyeckas padora Ne9. Cratucruueckas
runore3a. Meropl CTaTUCTUYECKON TPOBEPKU
TUIIOTE3.

CratucTuyeckue uccie10BaHus 3aBUCUMOCTEH.
MeTo/1bl CTaTUCTUYECKON IPOBEPKU TUIIOTES.
['unoTe3a 0 paBeHCTBE reHePaIbHbIX CPEAHHMX.

Hroro 3a 3 cemecTp:

36

Hroro:

36




4. Cooeporcanue nabopamopusix paoom

Ilpakmuueckan paboma Nel. Mampuyvt u onpedenumenu.

Heﬂb: HpI/I06peCTI/I HaBBIK BBITTIOJIHCHUA onepaunﬁ Haa MaTpuaMy U BBIYHCIICHHS OIIpPE-

NEIIUTEIIEHN.

Ocnoevl meopuu:

[IpssmoyronbHas TabauIa, coaeprkaiias M — CTPOK U N CTOJOIOB HA3bIBACTCSA Mampuyel v
o0o3Hagaercsd

a; 8, - A, a; 8, - A,
a a e a a a ces a
A — 21 22 2n WIIH A — 21 22 2n
a‘ml am2 amn aml amZ amn
WK KOPOTKO Matpuily obo3nauarotd = || aij ||, 1= 1,2,...,m; j=1,2,...,n.

Croorcenue mampuy

[Tyctb nansl 1Be MaTpulblA UB OJMHAKOBOM pa3MepHOCTH. X cyMMOli Ha3pIBaeTCs MaTpu-
naC = 4 + B Toil e pa3MEpHOCTH, 3JIEMEHTbI KOTOPOH paBHbI CyMMaM COOTBETCTBYIOIIMX 3JIe-
MeHTOB Matpuil A u B, T.e. ecit A = ||aij|, B = ||bijl|, To A + B = C = ||cij||.

A 1 -2 5 2 1 -3

[Ipumep: A= ) = y TOT 1A
4 1 3 1 -2 4
1+2 -2+1 5-3 3 -1 2
4+1 1-2 3+4) (5 -1 7)

OTMeTuM, 4TO CKIaAbIBATh MOYKHO TOJIBKO MaTPHUIIbl C OAMHAKOBBIM YHCIIOM CTPOK U C OAU-
HAKOBBIM YHCIJIOM CTOJIOIOB.
Pa3znocTrioB - A maTpull B u A (OJUHAKOBBIX CTPOCHUI) Ha3bIBACTCA TaKas MaTpuiia X, 4To

A+B=C:(

A+X=B.
A 2 1 4 B 3 5 7
Hampumep, A = 2 3 1) = 5 _1 4] Torna
3 5 7 2 1 4 1 4 3
X=B-A= =

2 -1 4 -2 31 4 -4 3
YMHOOfCQHue Mampuu
a) YMHO)KCHI/IC ManI/II_IBI Ha YUuCJIo. I’IT06I>I YMHO)KI/ITB ManI/II_Iy Ha 94uCJIO O, HaJ0 yMHO)KI/ITB
Ha 3TO YUCIIO Ka)K]IBIfI DIJIIEMCHT ManI/IHBI:
allaijll = || cai||

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

0) YMHOXEHHE ABYyX MaTpHIL.

VMHOXEHHE MaTpHUIbIB Ha MATPHILy 4 BO3MOYHO TOJBKO B TOM CJIydae, KOT/Ia YicCiIo CTOJ0-
1[0B B MaTpUIle B paBHO YHCITy CTPOK B MATpHUIe A.

Onement MatpuiibiC = B + A, pacroJIOKEHHBIN B I-01 CTpoke U | —oM cTouoiie (T.e. Cij) paBeH
CyMMe TPOU3BEICHUIT 2TIEMEHTOB | — Ol CTPOKH MATPHIbl B Ha COOTBETCTBYOLIME dJIEMEHTHI j—
ro CTON0Ia MaTPHIIBI A.



n

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

CrnemyeT OTMETUTh, YTO YMHOXKEHUE MATPUI] HE 00JIaaeT CBOMCTBOM KOMMYTaTHBHOCTH,
T.€. AB # BA.

a1 2 o (21

II 1.A= H = .

PUMED -1 3 3 5
HNmeem

ap [l 22 1)_(1(2+23 11425 (4 1
-1 303 5/ (-1.(2)+3-3 1-(-1)+3-5) (-11 14
aoa ("2 11 2)_(-21-11 2:(-2+1:3)_(-3 -1

|3 5)-1 3) (31+5:(-) 3-2+53 ) (-2 21

BrBoa: AB # BA

Buviuucnenue onpedenumenet
Ecnu B MaTpuiie 4iciio CTPOK PaBHSETCS YUCITY CTOJIOLOB, T.€. M = N, TO MaTpHIla Ha3bIBa-
€TCsl K8AOPAMHOLU.

a, 4a, 1n

a a d
A=| ™ 22 2n

a a a

nl n2 T nn
Omnpenenuresnb, COCTaBIECHHBIA U3 3JIEMEHTOB KBaJpaTHON MaTpulibl (6€3 MepecTaHOBOK)

HAa3bIBACTCA OIPCACIUTCIIEM MATPHUILIBI A.

a11 alZ aln
a a a
21 22 2n
A(A) =
a'nl an2 o a‘nn
Yucno a11 a2 - az1 a12 Ha3bIBaeTCs OIIPCACIIUTECIICM BTOPOTO MOpsiiKa U 0003HAYAETCA CUM-
a a
BOJIOM A =| 12| _ a,,8,, —a,,8,, -
aZl a22
OHpe,Z[eJ'II/ITeJ'IeM TPETHETO MOPsIAKA HA3bIBACTCS YHUCIIO:
a; 9, a;
A= a, ay a23 = alla22a33 + a21a32a13 + a12a23a31 - a31a22a13 - alla32a23 - a21a12a33
Ay Q3 Aag

CxemaTHuecKky BBIYMCIEHUE ONPEIEIUTENS TPETHErO MOPsiiKa BBITJISAUT CIASAYIOUUM 00-
pas3oM (TpaBHIIO TPEYTOJIBHUKOB UM MpaBuiio Cappyca):

a; a;, a; D 13 |G1d 3
Ay Ay Ayl = 23| ~ |t 3
ay Q5 Aag ay 2 33

Omnpenenurens TPETHETO MOPSAIKA TAKKE PABEH CyMMe MTPOU3BEACHUI YIEMEHTOB HEKOTO-
poii cTpoku (cTosi01a) Ha anreOpanyecKue TOMOJHEHUSI 3THX AIEMEHTOB, T.€.



A= allAll +a;, A12 +a; A13; A=ay A11 +ay A21 + 331A31
A= Ay A21 +a, Azz +ay; A23 ; A= a;, A12 +ay Azz +as, Asz
A= ag A31 +as, A32 +as; A33 ; A= A, A13 +a,; A23 +as; A33

Hampumep, pa3ioxeHue onpeneuTess 1Mo dJIeMeHTaM epBOil CTPOKU:

a a
+ 3.13 . (_1) 1+3(721 22

a22 a'23 a21 a'23

A=ay,- (_1) o +a,, '(_1)1+2

32 33 31 33 31 32

=ady, (azz a33 - a32 a23) —a, (a213-33 - a31a23) + a13 (a21a32 - a31a22) =
= a11a22 a33 + a12 a318-23 + a13a21a32 - a11a32a23 - a12 a21a33 - a13 a31a22

Pa3znoxxeHneM 1o »eMeHTaM CTPOKH WM CTOJIOIAa MOKHO BBIYHCIIUTH ONPEACTUTEIND JIHO-
Ooro mopsnka. B kauecTBe mpumepa pacCMOTPHM OINPEIEIUTENb YeTBEPTOro MOpSIKa M Pasiio-
MM €T0 TI0 3JIEeMEHTaM IIePBOIl CTPOKH.

IIpumep 2.
1 -1 2 3
1 -1 4 1 -1 4
; ; -1 4=1-(—1)1+13 1 3+(D-(-D*2 1 3+
1 0 5 3 0 5
3 1 0 5
11 4 11 -
+2-(-D*32 3 3+3-(-D**2 3 1|=15+0-3-4-0+15)+
315 31 0

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

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

JlaHHBIN OMpeNenuTeNb MOXHO BBIYMCIUTH MHBIM CIIOCOOOM, NMPUMEHUB JIEMEHTapHbIE
npeoOpa3oBaHus K CTPOKAM OIpeaesuTeNss. A UIMEHHO, YMHOKUM 3JIEMEHTHI MIEpBON CTPOKU Ha
(-1) 1 cnoXuM € NIEMEHTaMU BTOPO CTPOKH, 3aT€M YMHOXHM DJIEMEHTHI IIEPBOM CTPOKHU Ha (-2)
U CJIOKHMM C COOTBETCTBYIOIIMMM JIEMEHTAMHU TPEThEN CTPOKU U, HAKOHELI, YMHOXKHUM 3JIEMEHTHI
nepBoi CTPOKU Ha (-3) ¥ CIOXKUM C COOTBETCTBYIOIIMMHU C 3JIEMEHTaMH 4eTBepTOil cTpoku. Torma
HOJYYUM OIpPEeNeNuTeNb 4-Tr0 MopsaKa, B IEPBOM CTOJIO1IE KOTOPOTO CTOAT HYJIU, KpOME MepBOH
CTPOKH, T.€. IOJIy4aeM ONpEeIeUTeNb BUIA!

1 -1 2 3 4 .

0 2 -3 1

0 5 _3 g~ duhu=l5 -3 -3=24-30+36+12-36-60=-54.
4 —6 -4

0 4 -6 -4

Konmponvnusie 6onpocet u 3a0anus.

1. Kakue MaTpuIlbl MOYKHO CKJIJbIBATh U TI0 KAKOMY MpPaBUIy?

2. Kakumu cBoiicTBaMu 00JiafaeT omeparus ciaoxeHus marpun? EcTb i oTiawuus ot
CBOICTB CIIOKEHUS Yucen?

3. Kak yMHOXXUTbh MaTpUIly Ha YUCIIO?



4, KakumMu CBOMCTBaMH OO0JIaIal0OT OIepanus YMHOXEHUs MaTpUIlbl Ha unciio? EcTe am
OTJINYHUS OT CBOMCTB YMHOXKEHUS YUCEN?

5. UTo Ha3bIBAaETCs ONpPEAEIUTENIEM KBalpaTHON MaTpULIbI?

6. JlaiiTe onpesenieHre MUHOPA U alreOpandecKoro JIOMOJTHEHHS dJIEMEHTa ONIPEICTUTEN.

7. Kak BBIYHMCIIUTH ONPECIUTENb, pa3jiarasi €ro mo Mpou3BOJIHHOM CTPOKE WIIM CTOJIOIY ?
CdopmynupyiTe COOTBETCTBYIOIIYIO TEOPEMY U HAMHUINUTE (HOPMYIBI Pa3IIOKEHUST OMPEIeITH-
Tenst 1o 1—o# crpoke (k—my cronodiry).

8. Haiitu npoussenenne matpuir A u B.

01 1 20
1. A= , B= .
[5 1} (3 4 5}

1 20 120
2.A=/0 3 1|,B=|0 3 1|
01 2 01 2
-3 2 4 5 1
3.A=|5 6 1| B= [3 2 1|
-2 1 -7 -3 2
2. Haiftn A%, ecimn A = 34 :
3. BpIuuciauTh onpeaesnuTenb
1 3 7 5 4 5 1 1 1 1 1 1
1. A-l8 26 56, 2. A=]3 1 -1 3.|x Yy z|. 41 1+a 1
3 -4 6 2 0 0 x>y 1? 1 1 1+b
1 -1 2 3 -2
4 0 2 0 -1 5 3 -2 1 1 -1 2 1
5. L3 -12 ¢, 4272 <42 1 3 -2 1|
01 0 5 511 5 3 2 1 -2 3
2 4 3 1 0 4 2 -1 _o 1 3 4 5




Ilpaxmuueckas padoma No2. Memoowt peuienus cucmem JUHEUHBIX YPAGHEHUIL.

Ilens: PaccMOTpeTh pa3inyHble METOABI PELICHUS U 3aKpeNUTh HaBbIkU perieHust CJIAY.

Ocnoevt meopuu:

CucreMaMmiIMHENHHBIX YpaBHEHUI CNIIEPEMEHHBIMU UMEET BUJL:

agX, + apX, + - +a,X,= b
Ay Xy + ApX, + 0 8, X, = b,
A X, + aX, + - +a,X, = b,

rae aij i=12,.,m;j=1.2,..n), bk (k=1,2,...,m) - 3aaHHbIC ICHCTBUTEIIbHBIC YHCIIA.

Uucna aij (i=1,2,...,m;j= 1,2, ...,n) Ha3pIBarOTCA KO (HUIIMEHTAMHU CUCTEMBI, a YHCIIA bk

(k = 1,2, ...,m) - cBOOOJHBIMH UICHAMH CHCTEMbl JHHEHHBIX alreOpanvyecKUX ypaBHEHUM
(CIIAY).
Martputsi
;.  a, Qg a; ad, - bl
a a -+ a — a a - a, b
A=| 2 77 Mg A= R TR " 72| KOTOpHIE COCTAaBICHBI M3
a a a a a a_ b

m2 mn

KOX((UITMEHTOB NP IMEPEMEHHBIX U CBOOOIHBIX YWICHOB CUCTEMBI, HA3bIBAIOT COOTBETCTBEHHO
MaTpHULIel CUCTEMBI U PACIIMPEHHON MaTPHUIIEH CUCTEMBI.

PaccMOTpHM cUCTEMY TPEX JIMHENHBIX yPABHEHHI ¢ TpeMs Hen3BeCTHbIMU Xy Xo, X3!
ay, %, +8,X, + ;X =h,
8y X + 85X, + 8% =D,
ay X 85X, +agX; =b;,

rae & - Ko3(OUIHMEHTHI P HEU3BECTHBIX; bi - cBOOO/IHbBIE WIEHBI (TpaBble YacTH) CU-

creMbl ypaBHeHHi. OnpeeuTeNb TPeThero nopsaka A , COCTaBIEHHBIH 13 KO3 GHUIIMEHTOB PH
HEHU3BECTHBIX, Ha3bIBACTCS onpedenumenem CUchembl.
PemmM cucremy JMHEHHBIX ypaBHEHUH METOIOM O0OpaTHOM MaTpUIbL:

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

Beném crnenyromue 0603HaYCHHUS:

2 1 -3 X | -5
A=[1 =2 2|, X=|x,| B=|17
11 3 X 4

Breranciomm OIIPCACIIUTEIb CUCTCMBI.
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2 1 -3
A=|1 -2 2|=-12+2-3-6-4-3=-26.
1 1 3
Tak kak omnpenenuTeas MATPHUIIBI CUCTEMBI OTJIMYEH OT HYJIS, TO MaTpuiiad umeer oopar-

-1
HYIO, a pCHICHUC CUCTEMBI UMCCT BU: x = A B .

Jlis HaXOKAeHHUsT 0OPAaTHOM MaTpULbl A" BBIUMCIUM anreOpandeckue AOMOIHEHUS dile-
MEHTOB MaTPHIIbIA:

-2 2 1 -3 1 -3

A, = 1 3‘ -8, A= _‘1 3 ‘ =6, A= ‘_2 2 ‘ =4,
1 2 2 -3 2 -3

S e A R, e
1 -2 2 1 2 1

A, = ‘1 1‘ 3, Azaz_‘l 1‘:_1’ A33_‘1 _2‘ —S.

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

. -8 -6 -4
Alt=——|-1 9 -7\
26
3 -1 -5
MaTpu4HOE PEIEHUE CUCTEMBI HIMEET BI/III
%) (8 6 45
X=|%|=-2|-1 9 —7|17|=-
26
X, 3 -1 -5
oTcrona cenyer, uto X =3, X =2.

I[Tpu ycnoBum, uto A#0, TO eIUHCTBEHHOE PELICHHE CHCTEMBI BBIPAKACTCS (POpMYIaMU
Kpamepa:

g
B>

AP AT A

Pemmts 1o (I)OpMyJ'IaM KpaMepa CICAYIOLIYIO CUCTEMY JIMHEHHBIX ypaBHeHPIfIZ
X, —2X, + X, = -4
3X, +2X, +5X; = 2.
4X, —TX, =5X; =5

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

- 74. A #0. CnenosarensHo, paccMaTpuBaeMas CUCTEMA UMEET €IUHCTBEHHOE pelieHre. Brruuc-
JIMM ONpenenuTent 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 ob6paszom,
4 -7 -5
pelieHue JIaHHOM CHUCTEMBI uMeeT BHJI:

PaccmoTrpum pemienue CJIAY meronom I'aycca. Meron ['aycca 3akimtodaeTcsiB mociaeno-
BaTEJIbHOM MCKITIOYCHUH HEH3BECTHBIX. J[71s1 y/100CTBA BHIMHIIIEM PACITUPEHHYIO MATPHUILYH TIPH-
BeJieM e€ K TUaroHaIbHOMY BHJTY C IMIOMOIIBIO AJIEMEHTAPHBIX IPEOOPa30BaAHMIA.

2 1 -3-5 1 1 3|4
1 -2 2017 |51 -2 2|17 |—=—
1 1 3|4 2 1 -3-5) >
11 3| 4 1 1 3| 4 1 1 3| 4
WO 8 AR =5 |0 1 9-13|——0 1 -9-13|.
e 0 -1 -9-13 0 -3 -1 13 0 0 26|52

BrimostHuM 00paTHBINA X0, 3amuIIeM CHCTeMY,HUCXOAs U3 KOI(PPUIIMSHTOB MOCIeTHEH
MaTpUIIbI, U TTOCIEA0BATEIbHO HallIeM HEU3BECTHBIE.

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

KOHmpOJleble 6onpocol U 3a0aHUA.

Ucnons3ys dhopmynsl Kpamepa u MeTo1 00paTHON MaTpUIIBl HAUTH PEIICHUS CIICTYOITUX
CJIAY:

3X; +2X, + X3 =5 X, —2X, +3X; =6 2X, =X, = X3 =4
1. 42X, +3X, + X3 =1 ;2. 12X, +3X, —4X, = 20; 3. 13X, +4X, —2X; =11,
2X, + X, +3X; =11 3X; —2X, —=5X; =6 3X, —2X, +4x; =11

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

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

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

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

12



Ilpakmuueckas pavoma Ne3. @yukuyuu u npeoenvt. Memoovlt npudIUHCEHHO20 BbIYUC-

JleHuA 3HAYEeHUl YHKYUIL.

Ilens: ChopMupoBaTh HaBBIKM BBIYUCICHHUS MpeAesoB (GYHKUUN, a TakKe BBHIYUCICHUS

MPUOJIMKEHHBIX 3HAYCHUH (PYHKITUH.

Ocnoevl meopuu:

ITycth QyHKIUA y = f(x) 3a7aHa B HEKOTOPOW OKPECTHOCTU TOYKH &, 3a HUC-
KJIFOUCHHEM, MOXKET ObITh, CAMOM TOYKHA.

Yuciio A Has3bIBaeTCs npedeiom QyHkyuu f(x) B TOUKe X=a, eClu AJIs JFo-
00Tro0 MONOKUTEILHOTO Yucia & >0 HaAETCA TaKOE MOJIOKUTEILHOE YUCTIO S(&) > 0
, 9TO JUIsS BCeX X , YAOBJIETBOPSIOMIUX HepaBeHCTBY 0 < |X - a| <0, BBIIOJHSETCS HE-
PABEHCTBO |f (x)—b| <z . B 9TOM Clly4ae 3anuchIBarOT lem f(x)=A.

JlaauM reoMeTpHYSCKYIO HILTIOCTPAIUIO TTOHATHS TIpejieia GyHKIIUN B TOUKE
(puc. 1.)

h+s

f(x)

h—s /
Pucynoxk 1.

JI71s1 BCeX TOYEKX, OTCTOAIMX OT TOYKM & HE Aajibllie, 4eM Ha O , TOYku M
rpaduka QyHKIUU f(x) JIEKAT BHYTPHU MOJOCH IIUPUHON 2¢, OTpaHUYCHHOU Mpsi-
MBIMHU y=b—-¢, y=b+e.

s

PaccMOTpUM HEKOTOPBIE CE0LICMEa npedenos (yHKyuil.
ITycTs !('_r]; f(x)=A !('_rg 9(X) =B C- nocrosmnas BenmumHa ,TorIa

1. limc=¢:

X—a

lim@C-fx)=C-limf(x)=C-A,

X—a X—a

limC-f(x))=C-|im f(x)=C-A,

X—a X—a

2

3

4. lim(FG)+g(x) =limf(x)+limg(x) =A+B,
S I;n (F(x)-9(x)) = |ixr;2"(x)-|inx1:(x)=A-B,

X—a X—a X—a

13



f(X) Iimf(X) A
IXiLna 0 = IXi?nag(X) =g CCH lim g(x) = 0.

Lea 3ameuamenvhvix npedena
IlepBbIii 3aMeUaTENbHBIN IPEAET UMEET BU:

. sinx
lim——=1.
x—=0 X

Bropoli 3ameuarenbHbli Ipees UMEET BUL:

X
. 1
lim|1l+—] =e¢e,
X—00 X

1
i X —
XITQO(lJr x) =e.

PaccMoTpuM npuMepbl Ha BBIUKCIEHUE TIPEIETIOB QYyHKIUM.

i 12x2 +5x

Ipumep 1.Buruuciautes npened '
pumep PEAT o _4x2 47

Pemenue

[Ipu moaCTaHOBKE MPEIEIBPHOTO 3HAYCHUS apryMEHTA MOJy4aeM HEOIpee-

o0
JCHHOCTb BHJa —.
0

B IMpuMcEpax HO,Z[O6HOF0 THUIIA YUCJIUTCJIb 1 3HAMCHATCIIb ACJIAT ITIOYJICHHO Ha
Xn, raen -CTEIEHb MHOT'OYJICHA B 3HaMeHaree.P a3acJIMM 4YUCIUTCIb U 3HaMCHA-

2
TeJlb HAa Ha X . B pe3ynprare nosmydunm:

5
kP aBx TS 1240
||m—2=||m = = —
o —AXE 4T o, 7 —-4+0
X

Tak kak, mpu X —> 0 QyHKIHH Sy 12 CTPEMSTCS K HYJIIO.
X X

- - im X2 —4x% —3x+18
pumep 2.Borancmuts npenen M =57 .

IIpu mojacraHOBKE IPEAEIBHOIO 3HAYEHUsI ApTYMEHTA IT0Jy4acM Heolpeie-
JIEHHOCTh lema% , YTOOBI €€ PaCKPBITh Pa3IOKUM YHUCIUTENIb U 3HAMEHATEeh Ha

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

2
CokpaTuM 4UCIUTENb U 3HAMEHATEIh HA MHOXUTEIb (X—3) , B pe3yibTare

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

MOJTYYUM:
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. x*—4x*-3x+18 .. x+2 5
lim 5 > =lim——=—
x>3 x° —5x“+3x+9 =3x4+1 4

Ipumep 3.Berauciuts mpegen lim Y2 13 -2Jx+1.
Xx—3 m

[Ipn moacTaHOBKE MPEAEIBbHOTO 3HAYECHUS apryMEHTa MOJIydyaeM He-
ONPEAEIEHHOCTh Buna% , YTOOBI €€ PACKPHITh YMHOXKUM YUCIIUTENb U 3HAMEHATEIIb

Ha BBIPAXKCHUC, COIIPAKCHHOC YUCIINTCIIIO, 4 BBIPAKCHUC, CTOAIICC B 3HAMCHATCIIC

Pa3I0kKHUM Ha MHOKHTEIIH.
lim VX+13-2x+1 lim (\/X+13—2\/X+1X\/X+13 +2«/x+1)_

o3 3fx?_g =3 3f(x=3)x+3)Wx+13+2x+1)

i —3x+9 i -3(x-3) _
X3 %/x—3%/x+3(\/x+13+2x/x+1) x3 (X_3)§(X+3)§(\/x+13+2\/x+1)

1
= lim ~3(x-3)

1 =0-
7 (x+ 3 (Vx 13 + 24/x +1)

. sin3x
lim :
IIpumep 4.Boruuciauts npenen 50 A

. 0
HNmeem HCOIIPCACICHHOCTb B4 6 , PaACKpPOCM €€ C IIOMOIIBIO IICPBOI'O 3aMC-

YaTCJIIbHOIO Ipeacia.

. sin3x .. 3sin3x 3. sin3x 3

lim = lim =—lim ==,

x—0 4X x—0 4.3X 4 x>0 3X 4

- 5B lim 2xsin X
pumep S. Beraucmuts npenen ' —1_ CoSX

Bocnonb3yemcsi TpUroHOMETPUYECKUMH (POPMYTaMHU:

. X . . X X
2sin 2 E =1-—CosX; SIn X = 2sin ECOSE, B PE3YJIBTATE MOy YUM

lim = =lim =lim—% =
x—=0 11— CcOS X x—0

2xsin x _[O
0

} 2x-25ingcos§ 2x-cos§

2sin? X sin X
2 2

: X
2I|mcosE 2.1

_ x—0 ~ — —4
sin— -1
~lim-—_2
2 x—0 5
2
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3x —1 2x-1
lim :
Ipumep 6.Berunciuts npeaen ( 3X + 4]

X—0

HOI[CT&HOBK& MMpCcaACJIbHOro 3Ha4YCHUA IIPUBOIUT K HGOHpCI[CJ'IéHHOCTI/I BHUaa

I{J’ISI e€ PACKPBITHA BOCIIOJIB3YCMCS BTOPBIM 3aMCUYATCIIBHBIM IIPCACIIOM.

2% 2x
2x-1 l—i 4 lim 1—i
. 3x-1 . 3x . 3x-1 X 3X
lim =lim —==| -lim = 1=
x—oo| 3X + 4 X—% n i x>0\ 3X + 4 ’ 4 X
3x xﬁTo]o 1+ 7)(
-3x\ 3
. 1
lim|1+—— 2
X—>00 —3x e 3 _10
_ —a 3 _
- R R
3x )3 3 e
4
lim |1+ —
X—>0 i
4
Konmponwvnsie 6onpocwt u 3a0anusn.
1. Onpenenenue npenena QyHKINM.
2. OcHOBHBIE CBOMCTBA MIPEIEIOB (DYHKITHA.
3. MeTop1 BEIYMCIICHHS IPEAETIOB (PYHKITHIA.
4. IepBbIii 3aMevaTeNbHbIHN Mpeier.
5. Bropoii 3ameuarenbHbIN Ipeien.
6. BeraucnuTh npenennbl QyHKITHiA:
X’ +5 . x*-49
1.1im 2. lim
x4 3X — 4 x>T X —
2x* +x-1 _x-6+2
3. lim——7—. 4. lim ———
x_>% 2X +5X_3 X—>-2 X +8
_ 5x®+4x-8 2x? —2x+4
x-0 X +6X° +1 >4 \J5-X —+X-3
X +1+4x . sin5x
7.lim———. 8.1im— :
X—>o0 4/X3 +X — XZ x=0 51N 2X
. 1—-cosx . tgx —sinx
9.lim=——2% 10.Jim 222
x—0 X x—0 X
2 2 2 x> 5
10.1im X te) 12_Iim(1+ 2x)§
X—500 2X2 _1 x—0
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Ilpakmuueckan pavoma No4. Ilpouszeoonas u ougpghepenyuan ghynkyuu oonoit nepe-

MEHHOU.

Ilens: ChopmMupoBaTh HABBIKM BHIYMCICHUS IPOU3BOIHBIX CIIOKHOM (PYHKIIHU.

OcHoevt meopuu:

Onpeodenenue npouzso0HoU
Ilpouszsoonou  @yuxkyuu 'y = f (X) Ha3pIBaeTCS Tpenen OTHOIICHUS MPHUPAIICHUS
(GYHKIIMM K COOTBETCTBYIOIIEMY IMPUPAIICHHIO apTyMEHTa, KOTa IPUpaIleHHEe apryMeHTa CTpe-
MUTBCS K HYJIIO:

Ax)—
£ = Tim &%~ fim Lox+80-/ ()
Ax—0 ]
Ecnu 3TOT mpeaen KoHEUHBIH, TO TPOU3BOIHAs cylIecTBYeT U pyHkius f(X) Ha3bIBaeTCs

muddepermpyemMoii B Touke X. [IponsBogHas o6o3Havaercsy'(X) wim % [Iponecc Haxoxe-
X
HUS IPOU3BOHOM Ha3bIBaeTcs U depeHnpoBaHreM (yHKIIHH.
IIpasuna oughghepenyuposanus gpynkyuil
[TyctbCeR— mocrositHast, u = u (x), V = V(X) — QyHKIMH, IMEIOIIUE IPOU3BOIHBIE.

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

IIpasuno ougghepenyuposanus cnoxcuoii yHkyuu
Ecmu ¢yukius y = f(u) nuddepenuupyema nou, a pyHkimsy = ¢ (X)audpdepeHupy-
eMario x, To Mpou3BoIHas ciaokHON pynkuuny = f(¢ (X)) onpenensercst popmymnoit y' =f ' (u) - U’

(x) .

Tabauya npou300HbIX CIONCHBIX DYHKYUL
1. W) =n-u""u',

!

!/ !
2, (a“)za“-lna-u’. 2a. (e ) =e¥.u',
i B u, U
3. (logyu) = Tina 3a. (Inu) =1r-
4. (sinu) =cosu. 5. (Cos u) =—sinu-u’.
!
6. (tqu) =Y . 7. (ctgu) = ——U"_
(tgu) cos?u (ctou) sin2u

U

arccos u) =—-U
1-uz 0. ) N/

!’

11. (arcctg u)’ =— LlLJu =

18



IIpouzsoonvie 6mopozo nopsaoka
IIpoussoonoii émopozo nopsoka (émopoii npouseoduoti) ot bynkmn Yy = f (X)

HaA3bIBACTCsA HpOI/ISBOI[HaH OT €€ HpOI/I3B0I[HOI‘/JI, T. €.
f(x)=(f'(x))".
d?y

"
BTopyro npousBoaHyIO Takke 0003Hauaror Y (X) WIH d—2 [IpousBoaHas ot
X

MIPOU3BOTHOM BTOPOT0O MOPSIKA HA3BIBACTCS NPOU3800HOU mpemve2o nopsaoka u T. 1. llponssoa-
n

d'y
&y

n
HYIO N-r0 MOpsiJka 0003HAYAI0T y( )(X) WIH
[TokaxeM Ha IPUMEPAX, KaK CIELYET MOJIb30BATHCS IPUBEACHHBIME BbILIE HOPMY-
JIaMH.

Ipumepl. Haiitu npousBognyto: Y = cos’ (X2) .

!/ !/ !

y' =2c0s(x?)- (cos(x?)) =2cos(x?)-(~sin(x?)) - (x?) =-2x-sin(2x?)
Ipumep 2. Haiitu npoussoanyio: Y = arcsin \/; ,

!

1
o W2k 1
(i e 2t

IIpumep 3. Haiitu npoussBoanyo: Y = In(arctg VX — 1).

Pemenue.
[

,_(arctg\/x—l)’_ 1 WX 11
- arctg/x -1 _arctgx/x—l 1+( X_l)'_arctg\/x—l 2\/x3—x2.

X X
IIpumep 4. Haiitu npousBogHyto GpyHKImMu V = Intg———
2 sinx

y = 1 1 1 sinx—xcosx 1 SINX—XCOSX  SiNX—SiNX+XCOSX

X ,X 2 sin? T XX sin? B in’ -

tgX cos? 2 2 sin® X 2sin X cos X sin® X sin® x
2 2 2 2

_ XCOSX

sin® x -

4

IMpumep 5. Haiiti mpousBoanyto GpyHKIuu Y = Arcig g

I-x
y = 1 BX(A-x") - (=8x")2x* _ (1-x")*(8x°-8x" +16x") _ 8x*+8x" _
L 4x® (1-x%)° 1+ x%)*(1-x%) 1+ x®)?
(1-x7)?

_8xC(L+x’)  8x°
1+x%)?  1+x%
I(OHmpOﬂbele 6onpocol U 3a0anus.
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1. MaiiTe onpezenenre mMpou3BOIHON (YHKIIMH B TOUKE.

2. Chopmynupyiite OCHOBHBIE ITpaBuia Tu(PepeHTUPOBAHNUS.

3. 3anumunTe TabIUIy TPOU3BOIHBIX.
4. Kax onpezensercs Npou3BOAHAS BTOPOTO, N-T0 MOpsaKa?

5. Haiitu mpon3BoiHy10 (hyHKIIHH.

1. y=4/B+av2x] .
y: .
1

2. X
V1+ %2
3. =arct .
y g1+ NG
2
4, y:ln X" -2

\/(6 — 2x2)3 |
5. y = Inintgx

.1
arcsin=

6. y=e *

20



Ilpakmuueckas pavoma Ne5. Memoowt uccieoosanusn u nocmpoenus 2pauxkos Qynx-

uuil.

Ilens: ®opmupoBaHuEe HABBIKOB MPUMEHEHUS AU(dEepeHInaIbHOr0 UCYUCICHUS K I10-

CTpOCHHIO TpaduKOB (HYHKIIHIA.

Ocnoevt meopuu:

Paccmorpum dyHkmmio y = f (x), HenpepsiBHYt0 B Touke Xg. Touka X) HasbBaeTcs

moukou makcumyma (munumyma) @yukyuuy = f(X), €ciu CyLIECTBYET Takas OKPECTHOCTbH
touku X(, 4ro mist Becex X # X( U3 9TOH OKPECTHOCTH BBIMIOJIHSETCS HEPABEHCTBO f(x)< f (XO)

( f(x)> f (Xo) ). 3HavueHne (PyHKIMHM B TOYKE MAaKCHMyMa Ha3bIBAETCSI MAaKCUMYMOM ()yHKITHH:

ymax - f (Xmax ) .3HayeHue (1)YHKLII/II/I B TOYKC MUHUMYMaA HA3bIBACTCA MUHUMYMOM (1)YHKLII/II/IZ

Ymin = f (Xmin ) .
Touku MakcUMyMa ¥ MUHUMYMa (DYHKIIMH HAa3bIBAKOTCS MOYKAMU IKCMPEMYMA (DYHKYUU.
3naueHus GyHKIUM B TOYKAX SKCTPEMYMa Ha3bIBAIOTCS OKCMPeMyMami (yHKYuu.

Eciu Gpynkuus y = f (x) umeer B Touke X 3KCTpEMyM, TO f ’(XO) =0 wm f ’(XO)

HE CYIIECTBYET — HeoOXooumoe ycuosue skcmpemyma. OTCrOAa ClIeIyeT, 4YTO TOUKHU SKCTPEMyMa
(GYHKIMU CleyeT UCKATh TOJBKO CPEU TeX TOYEK, B KOTOPHIX NMPOU3BOAHAS (YHKIHUU paBHA
HYJIIO WIX HE CYLIECTBYET, TAKHE TOYKU HA3BIBAIOTCS KPUMUYECKUMY I CMAYUOHAPHBLIMU TOY-
KaMUu (YHKIWH.

Ecnu gpyHkuust y = f (X) HempepbIBHA B HEKOTOPOIt OKPECTHOCTH KPUTHYECKOU ToUKH X
1 quddepeHmpyemMa B 3T0i OKPECTHOCTH (32 UCKIFOUEHHEM MOXKET ObITh, camoil Touku Xg) u
eciu ipu 1iepexozie X uepes Touky Xg (CIeBa Hanpago):
f !
1) (X) MEHSET 3HaK C «+» Ha «—», TO To4uka X eCcTh TOUKa MAKCUMyMa (DYHKIIHH,
!
2) f (X) MEHSET 3HaK C «—» Ha «+», To Touka X(ecTh TOUuKa MUHUMyMa (QYHKIHH,
f !
3) (X) HE MEHsIeT 3HaK, T0 B Touke X( (QyHKIMS He HMeeT SKCTpeMyMa.
Ecnu B kputnueckoii touke Xy ¢pyukums y = f (x) aBaxas! guddepeHnupyema, To onpe-

JeNHTh XapakTep SKcTpeMyMma (eciau B Touke X (yHKIHH UMEET SKCTPEMYM) MOXKHO 10 3HAKY
BTOPOW MTPOU3BOTHOM:

1) ecm f ”(XO) <0 , T0 Xy — TOYKa MakcuMyma (QyHKIIUH,

2) ecm f ”(XO) >0, 1o Xy — Touka MUHEMYMa (QyHKIHH.

I'paduk Ppynkuuu y = f(x) Ha3pIBaeTcs BBHITYKIBIM BBEPX Ha HHTEpBae (a; b) eciu B mpe-
Jienax 3Toro MHTepBajia rpadpuk GyHKIMU y = f(X) JeXKUT HUXKe 110001 CBOEH KacaTeIbHOM.

I'paduk dpysnkun y = f(x) Ha3bpIBaeTCs BHITYKJIBIM BHU3 Ha MHTepBaje (a; b) ecnu B npe-
Jieniax 3TOro MHTepBajia rpaduk GyHKIMU y = f(X) JeXKUT BbIIIe 000 CBOEH KacaTelbHOM.

Touka rpaduka pynkuuu y = f(x) Mo (Xo; f(Xo)) Ha3bIBaeTcs TOUKOi nepecuba rpaduka,
€CIIU TIPH Mepexo/ie X uepe3 Xo rpa)uk MEHseT HalpaBIeHUE BHITYKIOCTH.
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B Touke neperu6a Xo Bropas npoussonnas GpyHkuuu f papna Hymo f "(Xo) =0 (neo6-

XOJIMMOE yCJIOBHE Teperuoa).
Ecnu BrOpas mpousBoaHas f"(x) ABaXIbl TuddepeHnupyeMoil GyHKINU MPpH Iepexoie

gepe3 TOYKy Xy MEHseT CBOM 3HaK, TO To4ka Xy ecTh TOuKa neperuba eé rpaduka (JOCTaTouHOE
yCIIOBHUE TIepernoa).

Aneopumm uccredosanusn GyHKYuU Ha bINYKIOCHb
U MmouKu nepeauba

1. Haxonum BTOpPYI0 MpOoU3BOAHYIO GyHKIMU f"(X).

2. Haxoaum TOYKH, B KOTOPBIX BTOPasi IPOU3BO/IHASI paBHA HYJIIO UJIU HE CYLIECTBYET.

3. Uccnenyem 3HaK BTOpOM MPOU3BOHOM ClieBa U CIIpaBa OT HAWIEHHBIX TOYEK U JIeJIaeM
BBIBOJI 00 MHTEpBajaX BBITYKJIOCTH U HAJIMYMU Touek neperuda. Ecnu BTopas npousBoaHas Oyier
MEHATH CBOM 3HAK C IIJII0CA HA MUHYC MJIM C MMHYCA Ha IUIIOC B UCCIIEyEMOU TOYKE, TO 3Ta TOYKA
u Oyzer Toukoi neperuda rpaduka Qynkuuu. Ecnu BTOpas mpou3BojHas 3HaKa HE MEHSET, TO
(GyHKIUS HE UMEET TOUYEK Ieperuoa.

Acumnmomul epaghuxa ynkyuu
[psimast Lua3siBaeTcst acumntoTol kKpuBoit Y = f(X), ecnu paccrostaue ot Touku M(X; )
KPHBO# 710 3TO# mpsiMoii LCcTpeMHUTCS K HyJIIO MPH HEOTPAHUUCHHOM YAAJICHUU TOW TOYKH I10
KPUBOW OT Havasia KOOpAUHAT. [IpsiMast X = @sBISICTCS 8ePMUKAIbHOU ACUMITTOTON KPUBOH Y =
f(X), eciu BBIMIOJIHACTCS XOTs ObI OJTHO M3 YCIOBUIA:

lim f (X): +00 (uﬂu —oo)
x—a-0

lim f(x)=+oo (uru — o)
x—a+0
[psimast y = kx + b makinonnas acummrora kpusoit Y=f(X) mpu X — +0 (mpu X — —0),
€CJIM BBITIOJTHSIOTCS YCIIOBHS:

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

x—+0 X X—>+00
im %)k im [f(x)—k-x]=b]
x——0 X X—>—00
YacTHbl Cilyyall HAKJIOHHOW AaCHUMIITOTBHI IIPH k=0wu bz _ 20PU3OHMANILHAS
acumnToTay = b.
3x% —x+2
X—2
Haiinemo6nacTs onpeaeneHus GyHKIUN D(Y) = (— 0, 2)U (2 , OO)-

Ipumep 1. Haiitu acumMnroTs! rpapuka GyHKIuu y =

XO = ZeCTB TOYKa pa3pbiBa rpaduka (yHKIHH, Yepe3 Hee MOXKET MPOXOIUTh BEPTH-
KaJIbHas1 aCUMIITOTA.
) . . 3x%-x+2 [12
Hatinem lim f (X) = lim = = —00 ,clIe0BaTeNIbHO,  NpsAMasd
X—=>Xx0—0 x—2-0 X—2 -0

XO = 2 ABIIACTCA BepTI/IKaHBHOﬁ aCHUMIITOTOM.

Haiinem HakmonHyto acumnToty:y = kX + b
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pasaciinM YUCIINTCIIb

H 3HAMCHATCJIb HA X2

2
e 1im S0 M:m:
X—>+00 X X—>+00 (X—Z)X o0

(x—>—00) (x—>—00)

3—£+ 22
= lim —X* X =3
X—>+00 1_3
(x>=) X
2 2 2
b=lim [ f(x)-k-x]= lim | X X*2_ g0 |_ jjm X ZXF27X+0X_
X—>+00 X—>+00 X — X—>+00 X—2
(X—>7c>o) (X—)—oo) (x—>7c>o)
5x +2 5+§
lim = lim —X=5
X—t0 X—2 X—>+00 1_3
(x—>—0) (x—>—0) X

Harmmm, urok = 3 u b = 5, ciienoBarenbHO, ypaBHECHHE HAKIIOHHON aCHMIITOTHI HKMEET BH/T

y=3x+5.

Konmponvnwie éonpocwt u 3a0anus:

1. Haiitu o6nacTh ornpeneiaeHust QyHKIIHH.

2. UccnenoBath (hyHKIMIO Ha YETHOCTh U HEYETHOCTD, NEPUOAUYHOCTD.

3. UccnenoBarh (hyHKIMIO HAa HETIPEPHIBHOCTD U BEPTHUKAIBHBIE ACHMITTOTHI.

4. UccnenoBath noBeneHHE (PyHKUIHMHM Ha OECKOHEYHOCTH, HAWTH TOPU3OHTANIBHBIE U
HAKJIOHHBIE ACUMIITOTBHI.

5. Haiitu 3KkcTpeMyMbl U UHTEPBajbl MOHOTOHHOCTH (DYHKIIHMH.

6. HaiiTu MHTEpBasIbl BRITYKIOCTH ()YHKIIMU U TOUKU Iieperuoa.

7. Haiiti Touku nepecedyenns QyHKIUU C OCIMU KOOPAMHAT.

8. IlocTpouTh rpaduK GyHKINH.

9. Onpenenenune 3kcTpeMyma QyHKIUH.

HalTtu akcTpemymbl GyHKUNIA:

1 1 1 1
1. y=-x3-=x%-2x. 2. y==x3+=x% —6X.
3 2 3 2
Haiiti nHTEpBaIBI BRITYKIOCTH, BOTHYTOCTH M TOYKH Iepernda rpaduka GyHKITUH:
4
1, y=)1(_2_2x2. 2.y=x>-5x*+3x-5
Haiitu acumMnToThl rpadMKOB CIEAYONINX (PYHKITHI:
L 2 — x? 5x% +2x—1
X+3 1-x
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Ilpakmuueckasa paooma Neb6. Bepoamnocmuule Mooeau npoueccos ynpasieHus.

Ienb: 3aKpennTb HABbIKM NPUMEHEHUA BEPOATHOCTbIX MOAENEN B NpoLLeccax ynpasne-

HUA.

Ocnoevl meopuu.

Knaccuueckoe onpeoenenue eepossmnocmu.
Beposmuocms cobvimust A onipeaensercst popMynon

P(A)=%’

rJie M — YUCIIO AJIEMEHTAPHBIX COOBITHI, OJIarONPHUATCTBYIONIUX MOSBICHUIO COOBITHS A, N
— YHCJIO BCEX IEMEHTAPHBIX COOBITHH, BXOAAIIHX B (2.

D10 onpeeneHue Ha3bIBACTCS KIACCUYECKUM ONnpedeieHuemM 8epPOsMHOCIU.

W3 onpenenenust BEpOSITHOCTH BHITEKAIOT CIEAYIONINE €€ CBOMCTBA!

1. Beposmnocmov 0ocmogeproco cobbimusi pasHa eouHuye.

JIeiCTBUTENBHO, €CIIA COOBITHE TOCTOBEPHO, TO BCE 3JIEMEHTapHBIE COOBITHS OJIaronpusT-
CTBYIOT eMy. B aToM citydae m=n wu, ciie0BaTeNbHO,

m n
PQ)=—=—=1
n n
2. BeposimHocmb He803MONCHO20 cOObIMUS PABHA HYIIIO.
JleficTBUTENBHO, €CIIM COOBITUE HEBO3MOXKHO, TO HU OJTHO 3JIEMEHTapHOE COObITHE HE Ona-

TOIIPUATCTBYCT CMY. B sTom cjyvdace m=0 Hu, CJICJOBAaTCIbHO,

Py ="_9 o
n n
3. Beposimnocms ciyuaiinoeo coowbimusi ecmo HOJOACUMENbHOE YUCILO, 3AKTI0UEHHOe
MeHcOy HyneM U eOUuHUyell.

HeﬁCTBHTeHBHO, cnyqaﬁHOMy COOBITHIO 6Har0HpI/I$ITCTByeT JIMIIb 9YaCTh U3 o61uer0 qucia

o m
>IeMEHTapHbIX cobbITHi. B atoM cnyuae O <M < N, a 3Hauut, ) < — < 1 |, ClenOBa-

n
TEIBHO, 0< P(A) <1
HTak, BeposSTHOCTH JIF0O0TO COOBITHS YAOBIETBOPSET HEPABEHCTBAM

0<P(A)<1

Ecnu nipoctpancTBo €2 comepkuT 6ECKOHETHOE MHOKECTBO DIIEMEHTAPHBIX COOBITHH, TO
UCIIONIB3YETCSI TEOMETPUYECKOE OINpeAeNieHue BEPOSTHOCTH, KOTJA BEPOSTHOCTH IMOMAaJaHUs
TOYKH B JIFOOYIO 00JIaCTh MPOTIOPIIMOHAIBHA MEpe ITOW YacTH (IUTHHE, TIJIOMAIH, 00beMy) U HE
3aBUCHT OT €€ PACTIONOKESHHS U (DOPMBI.

mesg
P(A) = m— , [JIe mes — Mepa JUIMHBI, oA, oobemMa, g — yacTb obnactu G.

esG

IIpumep 1. bpocaercs urpanbHblii Kyouk. IlpocTpancTBO 351eMEHTapHBIX COOBITUH, OTBE-
YaroIIee TaHHOMY JKCIIEPUMEHTY, UMEET CIIeyrommii Bu;. 2 = {a)l, Wyy.ny a)ﬁ}.

HYCTL coObITHE ACOCTOMT B MOSBJICHUH Y€THOTO 4yKcia oukoB. CoObiTHE A €CTh IIOAMHO-

\
wectro. Q, A={w,, @, a}.

DneMeHTapHbIe COOBITHSI, BXOJSIINE B COCTAB CIIYYaiHOTO COOBITHS AHA3BIBAIOTCS COOBI-
TUSIMU, O1a2onpusimcemeyiouwumMuy NosIBJICHNUIO co0bIThs A. /IBa 1IN HECKOJIBKO COOBITUH B TaHHOM
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OTIBITE HA3BIBAIOTCS PABHOBO3ZMONCHBIMU, ECIHU TIO YCIOBUSIM CUMMETPHUH OIbITa HET OCHOBAHUMN
CUHMTATh Kakoe-Tu00 coObITHE O0JIee BO3MOKHBIM, YeM JIF000€ IpyTroe.

IIpumep 2. B norepee paswvirpeiBactcss 1000 6umeroB. Cpeau HUX 2 BeIATpHIIIA 10 S0
py0., 5 — 20 py6., 10-10 py6., 25-5 py6. Hekro xynmwmn oguH Owier. Haiitu BeposiTHOCTH
BBIUTPEHIIIA HE MeHee 20 pyOItei.

Pemienue.

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

[Tycts A- nckomoe coobrTre. Borurpsiin He menee 20 py6meii — 3To Beiurpsii B 20 pyomeii,
KOTOPBIH BeTpedaeTcst Mi=5 pa3 u BeIUTPHII B S0 pyOIieid, KOTopbli BeTpedaercst Mx=2 pa3za. To-

raa m=miz + m2.n=1000 - oO1mee koaMYECTBO BeeX OMIEToOB. P(A) = m_5+2 =0,007.

n 1000

Hpumep 3. M3 90 cayuaitHO OTOOpaHHBIX OJWHAKOBBIX JETajeil BBIIBICHO 3

OpaxoBaHHbBIX. OTHOCHTENIFHAS YaCTOTa OPaKOBAaHHBIX JIETajJel paBHA
WA= -1,

90 30

[lpy yBenuMYeHMHM 4YWCIIAa HCOBITAHUN  (ONMBITOB) HAOMIOAAETCS  yCTOWYHMBOCTH
OTHOCHUTEJIBHOW YaCTOTHI, T.€. CYIIECTBYET HEKOTOpas IMOCTOSHHAsI BEIMYMHA, OKOJO KOTOPOU
TpYNIUPYETCs OTHOCHTENbHAas YacToTa M K KOTOpPOH oOHa Bce Ooblle NpUOIMIKAeTCs C
YBEIIMYCHUEM YHCIIa MCIBITAaHUH. JTa MOCTOSHHAS BEIMYMHA HA3BIBACTCS BEPOAMHOCHIbIO
cyuaiinozo cobvimu M 0b6o3HadaeTcsiP(A). PaccMoTpeHHOE MOHSATHE BEPOSITHOCTH CIy4aifHOTO
COOBITHS SIBIISIETCS] CTATHCTUYECKUM OIPEICIIEHUEM BEPOSTHOCTH.

[Tyctb coObITHS A 1 B — HECOBMECTHBIE, IPUYEM BEPOATHOCTH 3TUX cOObITHH naHbl. Kak
HAlTH BEPOSATHOCTb TOTO, YTO HACTYMUT JHOO coObiTue A, 1160 coObITHE B, T.€. BEpPOSTHOCTH
CYMMBI 3TUX COOBITHH A+B? OTBET Ha 3TOT BOMPOC JAET CIEAYIOIIas TeopeMa.

Teopema ci10:KeHHsI BEPOATHOCTEH HECOBMECTHBIX COOBITMH.Beposmnocms cymmbi
08YX HECOBMECMHbIX COOLIMULL PABHA CYMMe 8ePOSIMHOCIEN IMUX COObIMULL

P(A+B)=P(A)+P(B).
Teopema yMHOKeHHsI BePOSITHOCTEIH He3aBUCHMBIX COOBITHIL. Beposmuocms npousee-
Oenus 08YX He3A8UCUMBIX COObIMULL PABHA NPOU3BEOEHUIO 8EPOSIMHOCEL IMUX COObIMUIL.

CaencrBue.BeposmHocms npouseedenuusi HeCKOIbKUX He3d8UCUMBLX COOLIMULL PABHA NPO-
U38€0€HUI0 8EPOSIMHOCMEN IMUX COOLIMUIL.

P(A-Ay-...- A) =P(A)-P(A)-...- P(A,)-
Teopema yMHO:KeHHMsI BEPOATHOCTEl 3aBUCUMBIX COOBITHI. Beposmnocmy npoussede-
HUSL 08YX 3A6UCUMBIX COObIMULL PABHA NPOUZBEOECHUIO BEPOAMHOCU 0OHO20 U3 HUX HA YCIO0GHYIO
BEPOAMHOCNb dpyeoeo, 6bIYUCTIEKHYIO 6 npe()nOJzoofceHuu, umo nepeoe cobvimue yotce Hacmynuio:

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

IIpumep 1. B ypue 30 mapoB: 10 kpacHbIX, 5 cunux u 15 G6enbix. Haiitu BeposiTHOCTB
MOSIBJICHUS LIBETHOTO 1Iapa.

[TosiBneHue BETHOTO 11apa O3HAYaeT NOsABICHHUE JTMO0 KPaCHOT0, TM00 CHHETO HIapa.

BeposiTHOCTB MOSIBIICHUST KPAaCHOTO 11apa (coObITHE A)

oy =101
30 3
BeposiTHOCTh MOsIBJICHUS CHHETO 1apa (coObiTue B)
5 1
P(B)=—=".
(B) 30 6

CoObiTst A 1 B HECOBMECTHBI (HOHBJ’ICHI/IC mapa OJHOTO IBCTAa UCKIIOYACT MOSABJICHUC
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n1apa Apyroro 1BeTa), I03TOMY UCKOMasi BEpOSITHOCTh paBHA

1 1 1
P(A+B)=P(A)+P(B)=—+—=—-
3 6 2
Tax KaK IPOTHBOIMOJIOKHBIC COOBITHS BMECTE 00Pa3yIOT JOCTOBEPHOE COOBITHE, TO
P(Q)=P(A)+P(A) =1,
II03TOMY
P(A)=1-P(A).
Ipumep 2. BeposiTHOCTH TOTO, YTO JA€Hb OYAET AOXKIUIMBBIM, paBHA p = 0,3 Haiitu

BEPOATHOCTH TOI'O, UTO JACHDb 6y,Z[CT SICHBIM.
CoObITHsA «ICHb I[O)KI[JIHBBIﬁ» n «ICHb SICHBIIY — MMPOTHUBOIIOJIOKHBIC, TIO3TOMY HCKOMaAs

BEPOATHOCTH pPaBHA
q=1-p=1-0,3=0,7.

IIpumep 3.MuiieHb cOCTOUT U3 TpeX 30H. BeposATHOCTH NonaaHus B MEPBYIO 30HY MpU
onHOM BbIcTpene pasHa 0,15; Bo Bropyto - 0,23; B TpeThto - 0,17. Haiitu BepoaTHOCTb Mpomaxa.

O6osHauuM  coObiTie  A-  mpoMax, A - [onagaHde B MulIeHb. Torjma
A=A +A,+A;, e A, A,, A - nonaganne COOTBETCTBEHHO B [IEPBYIO, BTOPYIO H TPe-
TBIO 30HBL. 10 TEOpEME CII0KEHNS BEPOSITHOCTEN:

P(A)=P(A)+P(A)+P(A)=015+0,23+0,17 = 0,55
OTKy/a P(X) =1-P(A)=0,45

[TycTh MPOM3BOAMTCS N HE3aBHCHUMBIX HCIBITAHUMN, B KaXKIOM M3 KOTOPBIX cOObITHE A
MOXeT aubo mpou3oiTh (ycrex), Tubo He Npou3oWTH (Heydada). bymem cumrtarh, 4TO
BEPOSITHOCTH COOBITHS 4 B K&KJIOM MCITBITAHUHM OJTHA M T )Ke, @ MMEHHO paBHa p. ClieIoBaTeIbHO,
BEPOSITHOCTh HEHACTYIUICHHS COOBITHS A B KaXJIOM UCIIBITAHUU TaK)Ke MMOCTOSIHHA U paBHA (=1—
p. Takast MOCIe0BATEILHOCTh UCTIBITAHUI Ha3bIBACTCS cxemoul Bepnynnu.

B kauecTBe TaKMX UCTIBITAHHMI MOKHO pACCMATPHUBATh, HAITPUMED, TIPOU3BOJICTBO U3ICIIHIA
Ha OIpEJEeNICHHOM OOOPYJOBaHUH IPU TOCTOSIHCTBE TEXHOJIOTMYECKUX M OPraHU3AIMOHHBIX
YCJIOBHii, B 3TOM CJIy4ae W3rOTOBJICHHE TOHOTO U3/CIHs — YCIeX, OpakoBaHHOTO — Hey/aya.
Ota cUTyanusi COOTBETCTBYeT cxeme bepHyium, ecium cYMTaTh, Y4TO MPOLECC W3TOTOBJICHHS
OJTHOTO M3JICTIHSI HE 3aBHCHUT OT TOTO, OBUIN TOJJHBIMU MM OPaKOBAHHBIMH MPEIBLIYIINE U3CIHS.

JIpyrum mpuMepoM sIBIISIETCS CTpeb0a 1o MUIIIEHH. 37ech MoNajaHue — ycIeX, mpomMax
— HeyJava.

[ToctaBuM cBOEI 3a/1a4€ii BEIYUCIUTD BEPOSTHOCTD TOTO, YTO MPH N HCIIBITAHUSIX COOBITHE
A ocyiecTBUTCS POBHO K pa3 u, ciie1oBaTeibHO, He ocyIiecTBUTCs N—K pas, T.e. Oyaer K ycrexon
u N—K Heymau.

Hckomyro BepoOsSTHOCTH 0003HAUNUM P, (k). Hampumep, cumBon p,(3) O3HauaeT

BEPOSITHOCTH TOTO, YTO B IATH UCTBITAHUAX COOBITHE MOSIBUTCS POBHO 3 pasa U, CIIE0BATENBHO,
HE HACTYNHT 2 pasa.

IlocnenoBarenbHOCTh 71 HE3ABUCUMBIX MCHBITAHUI MOXHO pacCMaTpUBaTh KakK CIOXKHOE
coObITHE, SBJISIONIEECS TPOU3BEACHUEM # HE3aBUCUMBIX COObITHI. Cie10BaTeIbHO, BEPOSITHOCTh
TOTO, YTO B /7 MCHBITAHUAX cOoOBbITHE 4 HacTymuT K pa3 m He HacTynuT N—K pa3, mo Teopeme
YMHOKEHUS BEPOSATHOCTEN HE3aBUCHUMBIX COOBITHI, paBHA

p k q n—k
Takux CIOXKHBIX COOBITHI MOXET ObITh CTOJIBKO, CKOJIBKO MOXKHO COCTaBUTh COYETaHUI
k
U3 11 3JICMEHTOB 110 K 3JIeMeHTOB, T.e. Cn .

Tak kak 3TU CI0XKHbBIE COOBITHSI HECOBMECTHBI, TO MO0 TEOPEME CIOKEHHS BEPOSITHOCTEH
HECOBMECTHBIX COOBITH, HCKOMasi BEPOSATHOCTh paBHA CyMME BEPOSITHOCTEH BCEX BO3MOMXHBIX
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CJIOKHBIX cOOBITHH. [10CKOIBKY 7K€ BEPOSITHOCTU BCEX ITHX CIOXKHBIX COOBITHI OJMHAKOBBI, TO
UCKOMast BepOSITHOCTD (osiBjIeHUE K pa3 coOBITHS A B 72 MCIIBITAaHUSX ) PABHA BEPOSITHOCTH OJTHOTO
CJIO’KHOT'O COOBITHS, YMHOXKEHHOM Ha MX YUCIIO

P,()=Cypta™
HIJIN

n!
P k - = k ~n—k
(k) k() p'q

[Tonmyuyennyto Gpopmyity Ha3bIBAIOT popmynoi bepuynnu.

IMpumep 1. BeposTHOCTH TOTO, YTO PACXOJ| AIEKTPOIHEPTUH HA MPOJOJDKCHUHM OJHUX
CYTOK He IPEBBICHT YCTAHOBIEHHOI HOPMBI, paBHa [J = 0,75 Haiitu BeposSITHOCTB TOTO, 4TO B
TeyeHUe 4 CYTOK M3 OKaiImMX 6 CYTOK pacxo/1 3JCKTPOIHEPTUH HE TIPEBBICUT HOPMBI.

Pemenue. BepOHTHOCTb HOPMAJIBHOI'O pacxoJa JJCKTPOIHCPIrUh Ha HIPOAOJIKCHUU
KaXXIbIX U3 6 CYTOK IIOCTOsSIHHA U paBHA p= 0,75 CJ'ICI[OB&TCJ'IBHO, BEPOATHOCTH II€pEpacxoga

3JIEKTPOSHEPTUH B KaXKJIbIE CYTKHU TAKKe MOCTOSIHHA M paBHa  =1— p =1—0,75=0,25.

Hckomas BeposTHOCTH 110 popmyiie bepryum paBHa

6-5 1215
P.(4)=C:p*’g*=C’p*q® =—=(0,75)" - (0,25)* = ===~ 0,297
(@) =Clp'a’ =CZp'q” =2 (079" 025)° = -

B pAaac 3aaa4d nmpeaAcTaBIACT HHTCPEC HaHBepOHTHCﬁmee YHUCJO YCIICXO0B, T.C. TAKOC YUCIIO

2

M ycnexoB, BEpOATHOCTH KOTOPOro camasi 60JbIIast Cpe BEPOATHOCTEN. Tak Kak npH yBeu-
4eHHH K BEpOSTHOCTH CHayajla BO3pacTaloT, a 3aTeM, C OIIPEAETIeHHOI0 MOMEHTA, HAYMHAIOT yOBbI-

A

BaTh, TO JJIA m UMCIOT MECTO COOTHOUICHUS

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

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

Hcnons3ys hopmyny u cootnomenne P+ ( = 1, nonyuaem coorsercrrenno Hepanen-
cTBa
(n—-m+1)p>mq
u
(m+Dg=(h—m)p.
OKOanTeHI)HO nmoJjrydyacm, 4To m JIC)KUT B UHTCPBAJIC eﬂHHHqHOﬁ JJINHBI.
np—-q<m<np+p.

OnHako, CTOUT 3aMETHUTh, YTO MCIIOJIb30BaHKue (hopMyJsibl bepHynau npu 60ybIIMX 3HaUe-
HUSIX 71 IOCTaTOYHO TPYAHO, TaK KaK popMyJia TpeOyeT BHIMOIHEHUs JEHCTBUI HaJl TpOMaHBIMU
qHCIIaMHU.

Hanpumep, ecrn N1 =50, k =30,, P= 0,1, To 1t oThickanus BepositHoctH Py (30)

B (0,)% - (0,9)%- rae 50!=30414093-10%;
0]

301-2
301= 26525286-10%; 201— 24329020-10.

JlokanbHasi Teopema Jlaniaca.Eciu eéeposmnocmo p nosisienus coovimus A 8 Kaxrcoom
UCNbLIMAHUU NOCMOSHHA U OMAUYHA OM HYIsL U eOuHuybl, mo eéeposmuocme P (K) mozo, umo

HaaO BBIYUCIIUTH BBIPAKCHUC PSO (30) —

cobvimue A nosaeumcs 6 n UCNbIMAHUAX PO6HO k pa3, npubaudceHHo pasHa (mem mounee, yem
Oonvuwe n) 3Havenuro QyHKyuu
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et = g(x)mu =K

1
npq 27 N Jnpq

2
X
Vmerores TabnuIIbl, B KOTOPBIX MOMEILEHbI 3HaueHus Gynkuun @(X) = 2 Tlpu

1
—¢€
N2r
3TOM CJIETyeT YUUTBIBAT, 4TO ¢(— X) = ¢(X) , TaK KaK QyHKIUS ¢(X) yeTHasL

CrnenoBaTebHO, BEPOSITHOCTH TOTO, YTO COOBITHE A TIOSIBUTCS B 71 HE3aBHCHMBIX
UCIIBITAaHUSX POBHO K pa3, mpuOIMmKeHHO paBHA

P.(K)~

v npg

-p(x)’

>~

—N

o

IIpumep 1. Haiitu BeposTHOCTH TOro, uTo coObITUE A HacTynut poBHO 80 pa3 B 400
UCIIBITAaHUSAX, €CJIH BEPOSATHOCTH IMOSIBIICHHS 3TOT0 COOBITHS B KaXJ0M HCIIBITAHUU paBHa (,2.
Pewmenue. I1o ycnosuro N = 400; k =80; p=0,2; g=0,8. Bocnonb3yemcs dbopmynoit

©

rme X =

4.7):
1 1
/400-0,2-0,8 =g 9)

Breramncianm OIpeacICMOC JaHHBIMU 3a/la4X 3HAYCHUC X.

‘o k-np 80-400-0,2

Jnpq 8
ITo Tabmuie HaxoaUM ¢(0) = 0,3989

Hckomas BCPOATHOCTDH paBHA

P00 (80) = ; -0,3989 =0,04986 -

I:)400 (80) ~

0.

ITycte Teneps TpeOyeTcs BBIYMCIMTH BEPOSITHOCTD Pn (kl' kz) TOTO, YTO COObITHE A
HOSIBUTCS B 71 MCTIBITAHUSIX HE MEHEe kl u He Oosee k2 pa3 (1 KpaTKOCTH OyJIeM FTOBOPUTH «OT

kl hif) k2 pa3»). Ota 3a/1aya pemaeTcs ¢ MOMOIIBIO CIETYIONIEH TEOPEMBI.
HNuTerpanbHas Teopema Jlannaca.Eciu geposmuocmy p Hacmynienus cobvimus A 6

KascOOM UCHBIMAHUY NOCMOSHHA U OMJIUYHA OM HYA U eduHuubl, mo 6eposimHocCntb Pﬂ (kl y k2 )

moeo, umo cobovimue A nossumcsi 6 N UCNBIMAHUSIX OM k160k2pa3, npU6ﬂU9fC8HHO pasrna

onpeoeneHHoOMYy UHMeSPAay
X, Z

1 _c
P (k. k,) = mje 2 dz:
2()exlzk1_npux :M_

Jopg ° Jnpg

[Ipn pemenun 3anmay, TpeOymOIMX MPUMEHEHHUsS HUHTETrpajibHOM Teopembl Jlamaca,
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MOJIB3YIOTCS CIICIIUATBHON TaONIUIEH I MHTErpana CD(X) — dz- B ta0mnuie naHsl

L
Vor g
3Ha4YeHUs1 (OYHKIHH (D(X) mis X>0, a mm X < 0 Bocmonb3yemcss HEYETHOCTBIO (DYHKIMU
(I)(X) , T.C. (D(—X) = —(D(X) . DYHKIHIO CD(X) 9acTo Ha3BIBAIOT QyHkyuell Jlannaca.

I/ITaK, BEPOATHOCTH TOT'O, UTO CcOObITHE A TOSBUTCA B # HE3aBUCHUMBIX UCIIBITAHUSIX OT kl
hi(o k2 pas, paBHa

P, (k;, k;) = D(X;) = D(X,),

rae y — kl_np u y :kz_np.

- Jrpg P Jnpg

IIpumep 2. BeposATHOCTH TOro, 4YTO OpraHM3alMsl HE MpOIa IPOBEPKY HAIOrOBOM

MHCTIEKINH, paBHa [J = 0,2 Haiitu BeposiTHOCTB TOTO, 4TO cpeau 400 cirydaitHO OTOOpaHHBIX
OopraHu3anuii He mpoueamux nposepky okaxercs ot 70 no 100 opranuzanuii.
Pemenne. Ilo ycmosuro N =400; k, = 70; k2 =100: P= 0,2; q=0,8
Bocnonsiyemcs ¢popmynoii (4.9):
P00 (70,100) = D(X,) — DP(X,) -

Brruucnum HUOKHUT M BEPXHUN NIPEIEIIbl HHTEIPUPOBAHUS:

. _Kk-np_ 70-400-02 _
' J/npq  ./400-0,2-08

_k,—np 100-400-0,2
- Jnpg  /400-02-08

-1,25;

X, 2,5

Taxum oOpa3oM, uMeeM

Poyo (70,100) » ©(2,5) — O(-1,25) = ®(2,5) + D(1,25).
[To Tabnuiie 3HaYeHUI QyHKIIMH (D(X) HAXOJIUM
d(2,5) =0,4938; D(1,25) =0,3944.
Hckomast BEpOATHOCTE paBHA

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

[Tyctb mpou3BoAUTCS N HE3aBUCHUMBIX UCIIBITAHUN, B KQX/I0M U3 KOTOPBIX BEPOSTHOCTD
HOsIBIICHUST COOBITUSL A paBHa p. [lns onpeseneHus BepoOsSTHOCTH K MOSBICHUIT COOBITHS B 9THX
UCIBITAaHUAX UCTIONB3YIOT popmyrny bepnymnmu. Ecnu ke n BeTMKO, TO MOIB3YIOTCS JIOKATbHOU
teopemoii Jlanmaca. OgHaKo oHa 1aeT GOMIBIIYIO0 MOTPEUIHOCTb, €CIIM BEPOATHOCTh COOBITHS Majia

(p<0,1).

Ecnu cpenats ponyuienue, uto npoussenenne NP mpu 1—> 00 coxpanser mocrosHHoE

3HA4YCHUC, 4 UMCHHO np = ﬂ' , TO BEPOATHOCTH TOI'O, UTO IIPHU OYCHDb OOJIBIIIOM YHCIIE I/ICI'IBITaHI/II\/'I,

B KaXJIOM M3 KOTOPBIX BEPOSTHOCTH COOBITHS OY€Hb Majia, COOBITHE HACTYIHT POBHO K pas,
HAXOJUTCS MO CIeAyomel popmye:

Ota (opMmyna BbIpaXkaeT 3aKOH pacnpeaeneHus /lyaccona BEpOSTHOCTEH MacCOBBIX (7
BEIMKO) U MAaJIOBEPOSTHBIX (p Mano) coObiTuil. MMmerorcs crnenuanbHble TaOMUIBl SIS
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pacnpenenenus [lyaccona.

Ipumep 3. 3aBox otmpasun Ha 6a3y 5000 kauecTBEHHBIX M3AEIUNA. BeposTHOCTH TOTO,
YTO B MyTH M3aenue nospeautcs, pagHo 0,0002. Halitu BEepOATHOCTB TOTO, YTO Ha 0a3y NpuoOyIyT
3 MOBPEKICHHBIX U3AEIUS.

Pemenue. [1o ycnoButo n= 5000, pP= 0, 00021 k=3 . Hatinem A :
A =np=5000-0,0002 =1,
Hckomas BeposTHOCTH 110 popmyiie (5.2) paBHa:

13
I:)5000 (3) -

“et :i ~ 0,06
3! 6e

Konmponwvnsie 6onpocwt u 3a0anus.

. Teopema cnoxeHus1 BEpOSATHOCTEH HECOBMECTHBIX COOBITHIA.
. Teopema yMHOKEHUSI BEPOSITHOCTEH HE3aBUCUMBIX COOBITHIA.
. Teopema yMHOK€HUSI BEPOATHOCTEH 3aBUCUMBIX COOBITHH.

. Cxema ucnbiTanuii bepuymiu.

. ®opmyna bepnysm.

. HaubGonee BeposiTHOE YHCIIO yCIIEXOB B cxeMe bepHyum.

. [Ipubmmxkennas popmyna [lyaccona.

. JJoxasibHas Teopema Myaspa-Jlarmaca.

© o0 N o o1 B~ w N e

. UuTerpanbnas reopema Myaspa-Jlamnaca.

3ananue 1. bpomens! 2 urpanpHbele KocTi. HaliTu BEpOSITHOCTH TOTO, UTO CyMMa BBITIAB-
IIMX OYKOB — YETHOE YHCIIO0, MPUYEM Ha I'paHH XOTs Obl OIHOM M3 KOCTel MOsSBUIIACh HIECTEPKA.

3ananue?. [Ipu nepeBo3ke smumKa, B KOTOpoM coaepxkanuch 21 crangaptHas u 10 Hectan-
JApTHBIX JIeTajel, yrepsiHa oJHa JAeTajb, IPUYEM HEM3BECTHO Kakas. 3Bineu€HHas Hayraj rnocie
ATOrO JIeTalb OKa3ajach CTaHIapTHON. HaliTh BepoATHOCTH TOr0, UTO ObUIA yTEpsiHA: ) CTaHAAPT-
Has JIeTalb; 0) HecTaHIapTHas J1eTallb.

3ananue3. 3agyMaHo ABy3HauHOe Ynuciao. HaliTu BEpOATHOCTB TOTO, UTO 33 yMaHHBIM OKa-
JKETCs: a) CIIy4allHO Ha3BaHHOE JBy3HAUHOE YMCIIO0; 0) cay4yailHO Ha3BaHHOE JIBY3HAYHOE YHUCIIO,
U (pbl KOTOPOTO Pa3IUUHBI.

3ananue 4. BeposTHOCTH MOSBIEHUS KQXI0TO U3 IBYX HE3aBUCUMBIX cOOBITHI A 1 B co-
oTBeTcTBEHHO paBHbI 0,6 n 0,5. HaliTu BepOsATHOCTD MOSBIEHUS TOJIBKO OJHOTO U3 HUX.

3ananue 5. B smuke cpenu 100 netaneit Haxoqutest 1 6pakoBanHas. U3 smuka Haynady
u3BiedeHsl 10 getaneii. HaliTu BEpOSTHOCTH TOTO, YTO CPEIU HUX OKaKeTCsl OpakoBaHHAs!.

3ananue 6. Monera Opocaercs nathk pa3. HaiiTu BepoSATHOCTH TOTO, YTO Ope BBHINAJAET 2
pasa.

3amanue 7. B cembe 5 mereit. HaliTu BepOsSTHOCTH TOTO, YTO CPEIU HUX 2 MaTbuMKa, €CIN

BEPOSTHOCTH POXKJICHUS Masiburka paBaa 0,51.
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BeposiTHOCTh OOHapy’keHUs omedaTku Ha cTpanuie kauru paBHa 0,01. Haittm BeposT-
HOCTB TOTO, 4TO B 500-cTpaHHYHOM KHUTE HE OyAeT 0O0OHApYKEHO OoredaTok (0OHapyKEHHE Orle-
YaTOK Ha PA3JIMYHBIX CTPAHUIIAX CUUTATH HE3AaBUCUMBIMH COOBITHSIMMU).

3aganue 8. BeposTHOCTh M3rOTOBIICHUS JIeTalld Bbiciiero copta pasHa 0.4. Haiitu Bepo-
STHOCTb TOTO, 4TO U3 260 feTaeil mojgoBruHa OyJIET BBICIIETO COpTa.

3ananue 9. BeposTHOCTh U3rOTOBIIEHUS U3/€I1s BbICIIEro kKayecTBa paBHa 0,8. Haiitu Be-
POSTHOCTB TOT'O, UTO cpeu B3sAThIX 60 u3nenuil 30 okaxxyTcs BBICIIETO KauecTBa.

3amanunel 0. BeposaTHocTs nosiBieHus: cOOBITHS A B Kak1oM u3 100 HE3aBUCHMBIX HUCIIBI-
TaHWUM MocTosiHHA 1 paBHa 0,8. HailTi BepoSITHOCTH TOTO, 4TO COOBITHE A TIOsSIBUTCS HE Oosee 74
pas.

3amanue 11. BeposSTHOCTH HEKOTOPOTO COOBITHS B €IMHUYHOM HCIIBITAHUU OCTABIISET
0,004. Haiiti BEpOATHOCTB TOTO, 4TO B 2500 UCIIBITAHKUAX JIAaHHOE COOBITHE TTPOU30UAET POBHO 4
paza.

3amanue 12. BeposTHOCTh HacTyIuieHUsI cOObITHS A B ogHOM ombiTe paBHa 0,6. Haittu
BEPOSATHOCTH TOT0, yTO coObITHE A HacTynut 1400 pa3 B 2400 ucnbITaHUSIX.

3amanue 13. BeposTHOCTh MOSBIIEHUSI COOBITHSA B KaXKIOM M3 HE3aBHCUMBIX HCIBITAHUN
paBHa 0,8. HaiiTu BEpOSITHOCTB TOTO, UTO COOBITHE HACTYNUT HE MEHEE YEThIpeX pa3 MpU 5 UCIIbI-

TaHUAX.

31



Ilpaxkmuueckan pavoma Ne7. Koppenauuonno-pezpeccuonnsiit Memoo uccied06anus

C‘lellaﬁl-lblx 6€/IUYUUH.

Heﬂb: 3aerHI/ITI) HaBBbIKH IIPUMEHCHUA MaTEMATUUCCKOI'O OKUAaHUA, TUCIICPCUN U CPEI-

HEro KBaApaTUUCCKOI'0O OTKIIOHCHHS.

Ocnoevl meopuu:

3aKoH pacnpeneseHus MOTHOCTHIO XapaKTepr3yeT ciaydalHyro BeanurHy. OTHaKo npHu pe-
HICHUH HpaKTI/I‘-IGCKI/IX 3ada4 HET HGO6XOHI/IMOCTI/I 3HATh BCC€ BO3MOXHBIC 3HAUYCHUA cnyqaﬁﬂoﬁ
BEJIMYMHBI U COOTBETCTBYIOIINE UM BEPOATHOCTH, a yIOOHEE MOJIH30BaThCSI HEKOTOPHIMH KOJTHYE-
CTBEHHBIMHU MOKA3aTEISIMU, KOTOPBIE JAOT JOCTATOYHYIO0 HH(DOPMAIIHIO O CIy4YailHOW BETUYHHE.
Takue mokazaTenu Ha3bIBAIOTCA YUCI08bIMU Xapakmepucmuxkamu Cﬂy’{aﬁHOﬁ 6EJTIUYUHDBL.

OCHOBHBIMU U3 ATUX XaPAKTEPUCTHUK SBIISIOTCS: MAMeMamuiecKkoe 0xcudanue, OUCnepcusl
U cpednee Kgaopamuueckoe omrioneHue. Mamemamuyeckoe odxcudanue XapaKkTepusyeT MoJo-
JKEHUE CITy4yalHOUM BEJIMUMHBI HA YUCIIOBOM OCH, OIIPEIEIIsisi HEKOTOPOE CPEeIHEE 3HAUCHHE, OKOJIO
KOTOPOT'O COCPEIOTOYCHBI BCE BO3MOXKHBIE 3HAUCHUSI CITy4alHOM BETWYHHBI. J[J1s1 perieHuss MHO-
rUX 3a7a4 JIOCTaTOYHO 3HATh MaTeMaTH4ecKoe oxkunanue. Hanmpumep, eciu ©3BECTHO, YTO MaTe-
MaTHYECKOEe OXHJIaHHE YKCia BEIOMBAEMBIX OUYKOB y MEPBOrO CTpeiKa OOoJbliIe, YeM y BTOPOTO,
TO MEPBBIN CTPEJIOK B CPEIHEM BHIOMBAET OOJIBIIIE OYKOB, YEM BTOPOM, H, CJIEIOBATEILHO, CTPE-
JISIET Jy4llle BTOPOro.

Mamemamuyeckum odxcudanuem OUCKPemHoU CIy4auHou eauyunsl X Ha3bIBACTCs CyMMa
MIPOM3BEICHU BCEX €€ BO3MOXKHBIX 3HAUCHHI Ha X BEPOSATHOCTU U 0003HauUaeTcs yepe3 M(X).

I[ycth cry4daiinas Benuuuna X npuaumaet sHadenus Xi, X,,..., X, ¢ COOTBEeTCTBYyIO-
IAMU BEPOATHOCTAMU pl' pz yeooy pn' Torma marematuueckoe oxunanue M(X) ciydaiiHOI
BEJIMYMHBI X ONPEEINAETCS PABEHCTBOM
M(X)=XP +X,P, +...+ X, P, -

Ecnu nuckpetnas cinyuaiiHas BenruuHa X MPUHUMAEeT OECKOHEUHOE MHOKECTBO BO3MOXK-
HBIX 3HAUCHUH, TO

M(X) =2 %P,

IIpumep 1. Haititu MatemaTHueckoe OXKUAAHUE CIIy4allHON BeNIMYMHBI X, 3HAs 3aKOH €€
pacpeneneHus

X 3 5 2

P, 01 0,6 0,3

Pemenue. Mickomoe MatemaTuyeckoe oxuiaHue 1o GopMyiie paBHO
M(X)=3-01+5-0,6+2-03=39.
Ilycte X — cnyuaiiHas BenmmunHa U M(X) — ee MareMaTH4YecKoe OXHUIaHHE.
OmxkaoHenuem cry4auHou 8e1uytHbl Ha3bIBaeTCs pa3HOCTh X-M (X ) .

Ha npaktuke yacto TpeOyeTcs OLEHUTh paccCesiHUE BO3MOKHBIX 3HAYEHMH ciaydailHOU
BEJIMYMHBI BOKPYT €€ CpelHero 3HadyeHus. Hampumep, B apTHIIIIepUM BakKHO 3HATh, HACKOJIBKO
KYYHO JISITYT CHapsIbl BOJU3H IIEJIH, KOTOPast JODKHA OBITh TIOpaXKEeHa.

Jucnepcueii (paccesnuem) OUCKpemHoll CIy4alHOU 8eIUYUHb] HA3BIBAIOT MATEMATHUECKOE
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OKMJaHUe KBaJpaTa OTKJIOHEHUS CIy4YailHOW BEJIMYMUHBI OT €€ MaTeMaTHUYEeCKOTO OXKUJaHUS:
2
D(X)=M[X =M (X)].
JInsi BBIYUCIICHHUS] JWUCHEPCHH YacTO OBIBACT YIAOOHO BOCIIOJIB30BAThCS CIEMYIOIIEH
dbopmyIoii:
_ 2 2
D(X) =M(X7)-[M(X)I"
IMpumep 2. Haiitu nucnepcuto ciiydyailHOM BEJIMUMHBI X, KOTOpas 3a7aHa CIEAYOLUM 3a-
KOHOM paclpeesIeHus:

X 2 3 5

p; 01 0,6 0,3

Pemrenue. Maremarnueckoe oxunanue M(X) paBHO:

M(X)=2-01+3-0,6+5-0,3=35.

o 2
3aKoH pacnpeaciieHud CliydanHon BEJIMUYUHBL X HUMCCT BU:

X2 4 9 25

p; 01 0,6 0,3

MareMaTH4ecKoe OKHIaHNE M (X 2) paBHO:

M(X?)=4.01+9-0,6+25-0,3=133.
Hckomas nucnepcus paBHa
D(X)=M(X?)-[M(X)]? =133-(35)2 =1,05.
JInst oLleHKH paccestHrus BO3MOKHBIX 3HAYEHUW CITy4YailHON BEJTMYUHBI BOKPYT €€ CPEIHETO
3HAYEHUs CIIYKUT TAKXKE CPEAHEE KBAIPATUUECKOE OTKIOHEHHUE.

Cpeonum Keadpamuueckum OMKIOHEHUeM CaydarHou eenuyunsl X Ha3bIBAETCS
KBaJPaTHBI KOPEHb U3 JUCTIEPCHUHU:

a(X)=+D(X).

Ipumep 3.Cirydaiinas BenuunHa X 3a/1aHa CIICTYIOIIAM 3aKOHOM PaCIPE/ICIICHUS
Xi 2 3 10
P 0,1 0,4 0,5

Haiitu cpegnee kBagpaTH4eCKOe OTKIOHEHUE o(X)-
Pemenne. Matematuueckoe oxunanue M(X) paBHo:

M(X)=2-01+3-04+10-05=64.
MateMmatudeckoe oxxumgague M (X 2) paBHO:
M(X?)=4-01+9-0,4+100-0,5="54.
Haitnem nucniepcuro:
D(X)=M(X?)=[M(X)]? =54 (6,4)* =13,04.
HckoMoe cpennee KBaIpaTUUeCKOE OTKIOHEHHUE PABHO:

o(X)=+/D(X) =/13,04 ~3,61.
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JlMckpeTHas ciayvaiiHas BEJIMYMHA MOXET OBbITh 3a/laHa MEPEeYHEM BCEX €€ BO3MOXKHBIX
3HaYeHUH U UX BeposTHOCTe. OHaKO Takol crocod 3a1aHusl HEMPUMEHHUM ISl HEMPEPhIBHBIX
CIIy4alHbIX BEJIUYMH.

Hampumep, paccMoTpuM Ciiy4aliHyX0 BeIMYMHY X, BO3MOJKHBIE 3HA4CHHUS KOTOPOM

CIIJIOIIB 3aIllOJIHAKOT UHTCPBAJI (a, b) . OLICBI/I,I[HO, YTO HEBO3MOXHO COCTaBUTHh IIEPCUCHb BCEX

BO3MOXHbIX 3HaueHui X. [loaTromy nenecoobpa3Ho naTh o0muMil criocod 3a1aHus JTHO0BIX TUIIOB
CIy4aifHBIX BEJIMYMH, JUIS YErO BBOIATCS (DYHKIIMHU paclipeieieHus] BEPOSATHOCTEH CirydaifHOH Be-
JIMYHHBI.

[Tycth x — neicTBUTENBLHOE YUCI0. BEeposSTHOCTh COOBITHS, COCTOSIIETO B TOM, 4TO X
IPUMET 3HAYEHHE, MEHBIIEE X, T.¢. BEPOATHOCT coObITHs X < X, 0603Haunm uepes F(x). Ecin

x m3mensiercs, To m3mensiercst u F (X), T.e.  F(x) — dyHKums ot x.
Dynryuetl pacnpeoenenus ClydauHou eerudunsl X HaspBacTces pyHkuus F(X), onpene-

JIArOIIaAa BepOSITHOCTL TOro, 4To CquaﬁHaH BCJIIMYMHA XB pe3yanaTe HCIIBITAHUA HpI/IMeT 3HAa4yc-
HHE, MEHBIIICE X, T.€.
F(x)=P(X <Xx)-
FGOMeTpI/I‘leCKI/I 9TO PaBCHCTBO MOKHO HCTOJIKOBATh TaK: F ()() €CTb BCPOATHOCTH TOI'O,

YTO CllydaliHas BEJIMYMHA MMPUMET 3HAUCHUE, KOTOPOE U300pakacTcs Ha YUCIOBOM OCH TOYKOM,
JeKalIei 1eBee TOYKH X.
IMpumep 4.Cirydaiinas BennunHa X 3a/1aHa ClIeayrommend QyHKIUEH pacpe/IeICHUS

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

Haiitm BepoATHOCTH TOrO, 4YTO B peE3yJbTare MWCHBITAaHUS X NPUMET 3HAYCHUE,
MpuHaJJICKaIlee NHTEPBAy (O, 2) "PO0<X<2)=F((2)-F(0).

Penrenue. Tak kak na untepsaine (0, 2), no 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-

HemnpepriBHyI0 cCly4ailHyl0 BEIMYMHY MOXXHO TakKe 3a7aTh, HCIOIB3Ys IPYTYIO
GYHKIUIO, KOTOpast Ha3bIBaeTCsl QYHKIUEH MITOTHOCTH.

Dyukyuel NIOMHOCMU HENPepPuIBHOU ClyYyauHou eeauyunvl X HaszbIBaeTCa (PyHKIUs

f (X) — mepBas IPOU3BOIHAS OT (PYHKIMH pacIpeesIeHUs F (X) :
4
f(x)=F'(x).

Otcrona cnenyer, uTo (GyHKUHUS paclpeieleHnsl IBIsSeTCs NepBooOpa3Hoi sl GyHKUIUU
IUIOTHOCTU. {1 onMcaHusl paclpenencHusl BEPOATHOCTEN AMCKPETHOM CIydyallHOW BEJIMYUHBI
(GYHKIUS TNIOTHOCTH HETIPUMEHHUMA.

3Hasg (QyHKIUIO IUIOTHOCTH, MOYKHO BBIUYHCIIUTH BEPOSTHOCTh TOTO, YTO HENpephIBHAs

CilyJaifHasi BeTMYMHA IPUMET 3HaUEHUe, PUHAAJIeKallee 3aJJaHHOMY HHTEpBaIy.
Teopema.Beposmnocms mozo, umo HenpepvlgHas caydaunas eeauduna X npumem

3HaueHue, NpUHAdIexcaujee UHMepPeany (a, b) , PA8HA OnpedesleHHOMY UHMe2pay Om OYHKYuu

NJIOMHOCMU, 838MOMY 8 npedenax om a 00 b:
b

P(a< X <b) =] f(x)dx.
a
IIpumep 5. 3anana QyHKIMS IIIOTHOCTH CIy4YailHONW BETMUUHBI X
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0 npu Xx<0
f(x)=42x npu 0<x<1l
0 npu x>1

Haiitu BepoATHOCTH TOrO, 4TO B peE3yJbTaTe HCHOBITAHUA X NPUMET 3HAYCHUE,
MIPUHAJICIKAILEE UHTEPBATY (0,5; 1).

Pemenwue. Mickomast BeposSTHOCTH 110 popMyJie paBHA

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

3Has (QYHKUMIO TIUJIOTHOCTH pachpeieseHus f(X), MOKHO HaWTH (YHKIUIO

pacnpezeneHus F (X) o gopmyie

X

F(x):jf(z)dz-

—o0
Mamemamuueckum odicudanuem HenpepuleHol CIy4aunol eaudunsl X, BO3MOXKHbBIE 3Ha-
YeHUs1 KOTOPOW MPHUHAIIEKAT OTPE3KY [a, b], Ha3bIBACTCS CIEAYIOIINN OIPEACICHHBIA UHTE-

rpai
M (X) = [ xf (x)dx.

Jlucnepcueii nenpepwigHotl cayuatiHol éenuduHbl X, BO3MOXHBIC 3HAUEHUSI KOTOPOU TpH-

HAUICKAT OTPE3KY [a, b] , Ha3bIBACTCs CJ'IGI[YI-OI.I.II/If/i OHpeI[eJ'IeHHHﬁ HHTCTpal
b
D(X) :j[x—lvl (X)]? f () dx.
a

Jlnst BBIYMCIEHU AUciepcuu 0oiee yA00HbI COOTBETCTBEHHO CleyIolIe (hopMyJIbl

D(X)zjlxzf(x)dx—[M(X)]z

D(X) = szf(x)dx—[M(X)]z.

Cpeonee  keadpamuueckoe  OMKIOHEHUE  HENPEPLIGHOU  CAYYAUHOU  BETUHUUHDL
OnpeensaeTcs, KaK 1 U1 JUCKPETHOM CIIy4allHOM BEJIMYMHBI, CJIETYIOIIUM PABEHCTBOM

o(X)=/D(X).

IMpumep 6. HaiiTn MaTremMaTH4eCKOE OXKUJIAHUE, TUCIIEPCUIO U CPEJIHEE KBAJIPATUUECKOE
OTKJIOHEHHE CITy4aifHOM BeTTMYMHBI X, 3aJaHHOU Clenyromiel GyHKIuen pacipenencHus:

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

Pemenue. HaiineM ¢yHKINIO IUIOTHOCTH:
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0 npu Xx<0
f(X)=F'(x)=<1 npu 0<x<1
0 npu x>1

Haiinem marematudeckoe oxuganue mo gpopmyne (8.1):

1
M (X) :jx-l-dx: x2/2
0

1
= ]_/2.
Haiinem mucniepcuto o dpopmyie (8.5):
1
1
D(X) = [ x*-1-dx—[1/2]* = x°/3 | -1/4=1/12.
0

Haiinem cpenHee kBapaTHUecKoOe OTKIOHEHHE 10 (popmyrie:

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

Koppensaunonsslii aHanM3 U pEerpeCCHOHHBIN aHAJIN3 SBIIOTCS CMEKHBIMH pa3ieraMu
MaTeMaTHYeCKOM CTaTUCTUKU U MpPEIHA3HAYEHBbl Ui H3YyYEHUs 10 BBIOOPOYHBIM JIAHHBIM
CTaTUCTUYECKOM 3aBUCUMOCTU CIy4yallHbIX BelIMUYUH. J[Be cilyyailiHble BEJIMYMHBI MOTYT OBITh
CBsi3aHbl MO0 (YHKIMOHAJIBHOM 3aBUCHUMOCTBIO, JINOO CTATUCTUYECKOM 3aBHCHUMOCTbIO, JHOO
OBITh HE3aBUCUMBIMH.

Crporas (yHKIMOHAIbHAs 3aBUCUMOCTb PEAIM3yeTCs peAKo, TaK Kak 00e BEJIMYMHBI UITH
0J1Ha U3 HUX TIOJBEPKEHBI elle JEHCTBUIO CllydallHbIX ()aKTOPOB, IPUYEM CPEIU HUX MOTYT OBITh
1 o01ue 11 06erX BeNHUKH, T.€. Takue (aKTOphl, KOTOphle BO3AeHCTBYIOT Kak Ha X , TaK U Ha
Y . B 5ToMm ciyuae BO3HMKAeT CTATMCTHYECKas 3aBUCHMOCTb. Cmamucmuueckoll Ha3biBaeTCs
3aBUCHMOCTbB, IIPU KOTOPOM M3MEHEHHE OJHOM U3 BEJIMYMH BJICUYET MU3MEHEHUE PacCIpeIesICHUs
apyroid. YacTHBIM Cily4aeM CTaTUCTHYECKOM 3aBHUCHMOCTH SIBJIETCA KOPPESALMOHHAS
3aBUCHMOCTb.

Ecnu cratuctrueckas 3aBUCMMOCTD IIPOSIBIISETCS B TOM, YTO IIPU MU3MEHEHUM OJHOW W3
paccMaTpuBaEMBbIX CIy4YaWHBIX BEIWYMH H3MEHSETCA CpEJHEe 3HAYeHUE IPYroul CiaydaiHON
BEJIMYMHBI, TO TaKasi CTATUCTUYECKAsl 3aBUCUMOCTD Ha3bIBACTCS KOPPENAYUOHHOU.

Jis aHanu3a KOPPENISALMOHHOM 3aBHCHMOCTH BOCHOJB3YEMCS MEMOOOM HAUMEHbUIUX

keaopamos. Ilpu HUCHONB30BAHUM ATOrO METOJa CyMMa KBaJpaToB OTKIJIOHEHU Yi =Y (

| = 1,2, vy N ), TIae Yi — BBIYUCJIEHHAs 0 ypaBHeHUIO (14.5) opauHaTa, COOTBETCTBYIOMIAS

Ha0II0/1TaeMOMY 3HAYECHHUIO Xi ,a yi — Haluo1aeMasi OpAMHATa, COOTBETCTBYIOIIAS Xi , TOJDKHA

ObITh MUHUMANIBHOH. Tak Kak Kax/J10€ OTKIIOHEHHE 3aBUCUT OT OTHICKMBAEMbIX MTapaMeTPOB, TO U
CyMMa KBaJIpaTOB OTKJIOHEHUH eCTh (PYHKIUS 3TUX NapaMeTPOB:

F(p.b)= 20 - )’

nim

Fp, b)=i(pxi+b—yi)2-

JUiss  OTBICKaHUST MHHHMYMa TpPUpaBHAEM HYJIIO COOTBETCTBYIOIIME YaCTHBIE
MIPOU3BOIHBIE:
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(OF <

T2 (px, +b- )% =0

) op 21: _
8_F:22(Pxi +b-y;)=0
ob T

PemmB 5Ty cucreMy IBYX JIMHEMHBIX ypPaBHEHHUH OTHOCHTENLHO L0 U b, naitnem

HCKOMBIC TapaMCTPhI:

AHAJIOTHYHO MOXHO HAiiTH BHIOOPOYHOE ypaBHEHHE MpsAMOM JuHUU perpeccur X Ha
Xy = Pyy y+C,

e p,, — BBIOOpOYHBIiT K03 duuuent perpeccun X Ha Y .

Ipumep 1. Haiitu BeiGopounoe ypaBHeHHe mpamoil muHuK perpeccun Y Ha X 10
nauubiM N = 5 nabnronennii:

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

CocTtaBUM CIEIYIONIYI0 PaCUETHYIO TaOIHILy 2.
Haiinem nckombie mapameTpbl u3 cootHornenwui (14.9) u (14.10):

p,. = (5-26,975-15-8,15)/(5-57,5-15? )= 0,202;
b=(57,5-815—-15-26,975)/(5-57,5—-15% ) =1,024.

Harnumem nckomoe ypaBHEHUE IPSIMOM JIMHUK PETPECCUU Y na X:

y =0,202 x +1,024,

Taoauma?2.
2
Xi Yi X Xi Yi
1,00 1,25 1,00 1,250
1.50 1.40 2.25 2.100
3,00 1,50 9,00 4,500
4,50 175 20.25 7.875
5,00 2,25 2500 11,250
n n n
n 2
> X =15 2.V 2% D %Y,
- i=1 i=1 i=1
= =8,15 =57.50 =26,975
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Ipu GonbiioM umcie HaOMOACHNUIT 0HO U Toxe 3HaueHne X moxer Berperutes I
pas, O7IHO M TOXKE 3HaueHue Y — [ pa3, o/Ha W Ta e Mapa 4uncen (X, y) MOKET

HaOmonaTecs N xy P33 [ToaToMy naHHBICE HAONIONECHUN CIEIyeT TPYIIUPOBAThH, JJIS ITOTO

nojcunteiBaroTcs yacTotsl N, I v n Xy - Bce crpynnupoBaHHbIe JaHHBIE 3aIIUCBHIBAIOTCS B BUJIE

TaOIUIBI (mampumep, Tabnwima 3), KOTopasi Ha3bIBACTCS KOPPEAAYUOHHOU.
Tabnauima3.
X Nn
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={

B niepBoii cTpoke KOPpEISIIIMOHHOM TaOIHUIbl yKa3aHbl HaOM0qaeMble 3HaueHus (10; 20;
30; 40) npusHaka X , @ B TIepBOM cToJIO1Ie — Habmrogaembie 3HaueHus (0,4; 0,6; 0,8) npruzHaka
Y . Ha MEPECEUCHUH CTPOK U CTOJIOIOB HAXOMSTCS YaCTOTHI nxy HaOJI0TAaEMBIX TTap 3HAYCHUI
MIPU3HAKOB.

B nocnennem cromnbiie 3amMcalbl CyMMBI YacTOT CTPOK, & B TIOCJIETHEH CTPOKE — CYyMMBI

4acToT CTOJNOOB. B KieTke, pacnooeHHOH B HKHEM PABOM yTITy TaOJIHIIbI, TOMEIIeHA
CyMMa BCEX 4acToT, T.e. obiee unciio Beex Habmoaenunit N. OueBuano, 4To

dYn,=>n=n

Teneps omnpenennm napamMeTpsl BBIOOPOYHOTO YpaBHEHUS MPSAMOM JTMHUM PETrpeccruu Y

ma X B cllyyae, KOIJla TMOJy4YeHO OONbIIOe YHUCIO JAHHBIX (TMPaKTHUECKH IS
YJIOBJIETBOPUTEIHHON OLIEHKH MCKOMBIX MapaMeTpoB JOKHO ObITh XOTs Obl 50 HalmroxeHuil),
Cpeu HUX €CTh MOBTOPSIOIINECS, 1 OHU CTPYNIIUPOBAHBI B BUI€ KOPPEISAIIMOHHON TaOIUIIbI.

N3 cucremsl (14.8) MOKHO MOTYyYUTH CIAETYIONIYIO CUCTEMY:

( n n n
,nyzxi2 + bzxi = inyi
) i=1 i=1 i=1
n n
pyXZXi +nb = Zyi
Jlj1s IpoCTOTHI MPUHSIB 0003HAYECHHUSI Z X= Z X, Z y= Z Yi: Z X Z X
Z Xy = Z X yI U BOCIIOJB30BaBIINCh COOTHOIIEHUSAMH X = Z / 4 )

ZX ny anyxy (B TpPEANONOKEHHH, 4YTO TIapa HUCeN (X y)

Ha6monaﬂacra nxy pa3), mojydaem
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n?,oyX +nXb=> n,xy
Xp,, th=Yy

Bropoe ypasrenue cucremst (14.13) npeo6pasyem k Buxy b = y — X /Oyx ¥ IONCTaBUB

MPaByl0 YacTh JTOrO PABEHCTBA B YpaBHEHUE yx = pyXX + b, nmomyunm cremyromee

COOTHOIIICHHUEC

BuUIa

YHUH.

yx o y - pyx(X_ )_()
HaHIeM U3 CHCTEMbI BBIOOPOYHBINA KOIPPHUIIUEHT PErPECCHH Pyx’
2N XY-NXY D, Xy —nXy
S AR A - _
n(x2 —(x)2) no,
YMHOKUM 00€ 4acTH 3TOr0 PaBEHCTBA Ha JPOOb 5)( / Ey ;
G, DN Xy —nxy |

o, no,o,

Pyx

Pyx

OG6o3Ha4uM npaByro 4acTh papeHcTBa (14.15) uepes [

_ > n, Xy —nxy

r
B ~ o~
no,o y
Torma nomydaem
_ y
Y yX Vg - —=—
(o

AHaNIOrM4YHO MOKHO HAUTH BEIOOPOYHOE YpaBHEHHE NPSIMOM JIMHUHM PETPECCUH X nmaY
_ _ (o2 _
— X
Xy_X_rB~ (y_y)
Gy

Koumponwsnusie eonpocwt u 3a0anusn:

1. YucnoBble XapaKTEpUCTHUKN AUCKPETHBIX U HETIPEPHIBHBIX CIIyYalHbIX BETUYHH.
2. MaTeMaTI/Iqecxoe OXHNIaHUC )II/ICerTHBIX nu HerepBIBHI)IX CJ'Iy‘—IaI\/’IHI)IX BCJIIMYUH.
3. Jlucriepcusi TUCKPETHBIX M HETIPEPHIBHBIX CITyYalHBIX BEIMYUH.

4. Cpez[Hee KBaApATUYCCKOC OTKIIOHCHUC TUCKPCTHBIX U HETIPCPBIBHBIX CJ'Iy‘-IaI\/'IHBIX BCJIN-

5. Meroa HaMMEHBIITUX KBAJPATOB.

6. KoppensmronHas tabiauma.
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7. BeiOopouHO€ ypaBHEHUE MPSMOM JTMHUHM PETPECCHH.

3amanue 1. YCTpoicTBO COCTOUT U3 TPEX HE3aBUCHUMO PabOTAIOMIMX 3JIEMEHTOB. Beposr-
HOCTb OTKa3a Ka)KJI0oro 3JieMeHTa B 0JlHOM onbiTe paBHa (,1. CoCTaBUTh 3aKOH pacrpeaeaeHust
YlCclIa OTKA3aBIINUX 3JIEMCHTOB B OJJHOM OIIBITE.

3amanue 2. B maptuu 10 % HecTtangapTHeIX neraneit. Hayran oro6pans! 4 neranu. Hamu-
caTb OMHOMHUAJILHBIN 3aKOH pacipeAeseHNs JUCKPETHON ClydaifHOW BEIMYHHBI — YUCIla HECTaH-
JAPTHBIX JETAJCH CpeIu YEThIPEX OTOOPAHHBIX U MMOCTPOUTh MHOTOYTOJIBHHUK ITOJTYYEHHOTO pac-
Mpe/IeNICHUS.

3anganue 3. JluckperHas ciydaiiHag BeIM4MHa X TPUHUMAET TPU BO3MOXKHBIX 3HAUEHUS:

x, =4 C BEPOSTHOCTBIO p =0,5 X, = 6, C BEPOSITHOCTBIO p, =0,3 U X3 ¢ BepositHOoCThIO [3. Haiitu
X; u Py, 31as, uto M (X) =8
3amanve 4. Jlan mepedeHb 3HAYEHMH JUCKPETHOM CIIly4allHOM BeIUYUHBI X :
X, ==1,X =0,X; =1, a taxxe usBecTHs MaTeMaTHUECKHE OKULAHUS CAMOM STOH BEINIHHbI
.. 2 o
u eé kBagpara: M (X)=0,1,M(X)=0,9. . Haittu BepostHocTH Pis Py, Ps-.

3ananue 5. Cayyaitnas BenuunHa X 3a1aHa QyHKIUEH pacnpeneeHus:
0 x<1

F(x)= lx—1 -1<x<5
4 4

1 Xx>5

HaiiTu: a) nnoTHOCTH pacnpeieneHns ciay4yaiiHOW BETMYMHBI; 0) BEPOSITHOCTb TOTO, YTO B
pe3yJbTaTe UCIbITaHUS BeJIMYMHA IPUMET 3HaU€HUE, 3aKJII0OYEHHOE B HHTEpBae (2,3).

3amanue 6. Haiitu BBIOOpOYHOE ypaBHEHUE NMPSIMOU JIMHKUU perpeccud Y Ha X MO JaH-
HBIM, IPUBEIEHHBIM B CIIEYIOIIEH Ta0uuIe:

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 paooma Ne8. Ocroewl 66100pOUHO20 MEMOOA U ITIEMEHMbL CAMU-

cmuyecKkoi meopuu oueénueanus.

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

JCICHHA.

Ocnoevl meopuu:

IIpeomemom mamemamuyeckou CMaAMUCMuKUu A6IAemMcs co30aHue Memooos coopa u
00pabomku cmamucmuyeckux OAHHbIX 01 NOAYUEHUS HAYYHBIX U NPAKMUYECKUX 6bl80008.

Matemaruueckasi CTaTUCTUKA OMUPAETCS Ha TEOPUIO BEPOSTHOCTEH, U €€ 11eJIb — OLCHUTD
XapaKTePUCTHKH TeHEPaTbHONW COBOKYITHOCTH 110 BBIOOPOYHBIM JaHHBIM.

Ecnu Tpebyercs H3yuyuTh COBOKYMHOCTH OIHOPOJIHBIX OOBEKTOB OTHOCHTEIHHO
HEKOTOPOT0 TMPHU3HAKA, XapaKTEPU3YIOUIEro O3TU OOBEKThl, TO €CTECTBEHHBIM SIBIISETCS
MPOBEJICHUE CIUIOUTHOTO 00CIeI0BaHus, T.€. 00CIeI0BaHUE KAXIOTO U3 0ObEKTOB COBOKYITHOCTH
OTHOCHUTEJIBHO 3TOro mnpu3Haka. Ha mpakTuke, oJHaKo, MPOBEIEHUE CIUIOIIHOIO 00CIe10BaHus
M0 TeM WIM WHBIM NPUYMHAM YacTO ObIBAa€T HEBO3MOXKHBIM. B Takux ciydasx cCiy4ailHO
OTOMpAIOT U3 BCEM COBOKYIHOCTH OIPAaHUYEHHOE YNCIIO OOBEKTOB U MOABEPratoT UX U3YUYEHUIO.

Buvibopounoii  cosokynHocmebl0 WM TPOCTO GbIOOPKOU HA3BIBAGTCS COBOKYIMHOCTH
Clly4ailHO OTOOpaHHBIX OOBEKTOB. [eHepanbHOU COBOKYNHOCMbIO HA3bIBAETCSI COBOKYIIHOCTH
00BEKTOB, U3 KOTOPBIX MPOU3BOAUTCS BblOOpka. Hampumep, ecnu Bce cryaentsl Hanoropoit
aKaJeMUM — 3TO TEHEpalibHas COBOKYIHOCTb, TO CTYJEHTbl KAaKOW-TMOO TPYIIIbI SBISAIOTCA
BBIOOPKOM.

Obvemom COBOKYITHOCTH (BBIOOPOYHON WIIM TEHEPAIBHON) HA3bIBACTCS YUCIO OOBEKTOB
9TOi coBoKynHocTu. Hampumep, ecnmu u3z 1000 nmeraneii otoOpano mis obcnenoanust 100
neranei, To 00beM rerepansaoii copokynmHocty N = 1000, a 06vem BeiGopkr N = 100.

ITpu coctaBieHnn BEBIOOPKHU MOKHO IMOCTYHATh JIBYMsI CIIOCOOAMHU: TTOCIIE TOTO, KaK 0OBEKT
0TOOpaH U HaJl HUM IIPOU3BEJIEHO HAOII0AEHNE, OH MOXKET OBITh BO3BpAIlIEH 1100 HE BO3BPALLIEH
B TEHEpaJbHYI0 COBOKYIHOCTb. B 3aBHCHMOCTM OT 3TOro BBIOOPKM MOAPA3JEIAIOTCS Ha
MOBTOPHBIE U OECITIOBTOPHBIE.

Iloemopnoti Ha3bIBAIOT BBIOOPKY, NMPH KOTOPOH OTOOpaHHBINH 00BEKT (mepea oTOOpoM
CJIETYIOIIIETO0) BO3BPALIAETCS B FeHEPaIbHYI0 COBOKYITHOCTb. becnosmopHotl Ha3bIBatOT BEIOOPKY,
IpU KOTOPOil 0TOOpaHHBIN 0OBEKT B FreHepaJIbHYI0 COBOKYITHOCTh HE BO3BPAIIIAETCsl.

Jl1st TOro, 4TOOBI MO JAHHBIM BBHIOOPKH MOKHO OBLJIO JIOCTATOYHO YBEPEHHO CYIUTH 00
MHTEPECYIOIIEM MTPU3HAKE FeHEPAIbHOW COBOKYIHOCTH, HEOOX0AUMO, YTOOBI OOBEKTHI BEIOOPKU
MPAaBWIBHO €ro MpeACTaBJIAau. JpyruMu cioBamMu, BEIOOpKa JOJKHA NPABUIIBHO MPEACTABIATh
IPONOPLIMH T'€HEepPabHOM COBOKYNMHOCTH, T.€. BBIOOpKA JIOJDKHA OBITh penpe3eHmamueHol
(npeocmasumensnoti).

B cuny 3akoHa OoibIIMX YHCENT MOXKHO yTBEpXkKJIaTh, 4YTO BbIOOpKa Oyzer
pEeNpe3eHTaTUBHOM, €ClaM KaXIblii OOBEKT BBHIOOPKM OTOOpaH cilydyallHO W3 TeHepaIbHOU
COBOKYIHOCTH B IPEATNOJIOKEHUH, YTO BCE OOBEKTHl MMEIOT OJJMHAKOBYIO BEPOSTHOCTH MONACTh
B BBIOODKY.

CraTtuctudeckoe pacrnpeesieHue rpapuueckd MOKHO M300pa3uTh Pa3lMYHBIMU CIIOCO-
06amHu, B YaCTHOCTH, B BUJIE TIOJTUTOHA U TUCTOIPAMMBI.

Ilonueonom uacmom Ha3bIBA€TCsS JIOMaHas, OTPE3KU KOTOPOM COEAMHSAIOT TOYKHU

(Xl; nl), (X2; n2) R (Xk; n, ) JI7st MOCTPOEHHs MONUTOHA YAaCTOT Ha OCH a0CIHce
OTKJIaJBIBAIOT BapUAHTHI X, a HA OCH OpAMHAT — COOTBETCTBYIOIME UM JacToThl [1;. Touku

( X, N ) COC/IMHSIOT OTPE3KAMH MPSMBIX M MOJYYAIOT MOJUTOH YacTOT.
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THonuzonom omuocumenvublx yacmom HaA3BIBACTCS JIOMaHasl, OTPE3KH KOTOPOH COeIu-
HSIOT TOYKH (Xl; Wl)’ (X2; Wz)’ oy (Xk; Wk) [ToTMTOH OTHOCHUTEIIBHBIX YacTOT

CTPOMTCSI AHAJIOTUYHBIM IOJIMTOHY YacToT 00pa3om. Ha puc. m300pakeH MOJIMIOH OTHOCHTEb-
HBIX YaCTOT CJIEAYIOMIETO paclpeIeIeHus:
Tadonungal

X 2 4 6 8

I
W. 0,1 0,5 0,25 0,15
W

05 +
04 +

0,1 + Xi

Puc. 1. I1oJuron oTHOCUTEIBbHBIX YaCcTOT.
B ciiydae HernpepbIBHOTO IpHU3HAaKa 11e1eco00pa3HO CTPOUTh THCTOTpaMMYy, ISl 4ero UH-
TepBaj, B KOTOPOM 3aKJIIOYEHBI BCE HAOIIOJaeMble 3HAUEHHUS NpHU3HAKA, pa30MBaeTCs Ha He-
CKOJIBKO YaCTHYHBIX MHTEPBAJIOB JIMHON N ¥ 1711 KaX10ro 4acTUYHOrO MHTEpBaIa HAXOIHTCS

ni — CyMMa 49aCTOT BAPUAHT, IIOIIABIINX B i-i HHTCPBAJ.

Fucmoepammoﬁ yacmom HA3bIBACTCA CTyIICHYATAA (bnrypa, cocroAaAlasa nu3 NpAMOyroJib-
HUKOB, OCHOBAHHUAMHU KOTOPLBIX CIIYXKXAT YHaCTUYHBIC HHTCPBAJIbI JJIMHOIO h , 4 BBICOTEI paBHBI OT-

Homenuio [, / h. JI71sl IOCTPOEHUS THCTOTPaMMBbI YacTOT Ha OCH aOCIMCC CIIEAYET OTI0KUTh
YaCTUYHBIE HHTEPBAIIBI, & HaJl HUMH IIPOBECTH OTPE3KH, apajielbHbIe OCH aOCLUCC Ha pacCTOsI-
HUU ni / h.

[Tnommank i-ro YaCTHYHOrO MPIMOYTOJLHUKA PaBHA h n. / h = N, — cymme gacror Ba-

pHaHT i-r0 HHTEPBAJa; CIEI0BATEIBHO, NI0UWAOb UCIMOSPAMMbL YACTONM PABHA CYMME 6CeX Ud-
cmom, m.e. 00vemy 8b100pKU.

Taonuma?2
CyMMma yacToT N
HacTuuHbIi BAPHMAHT YaCTUYHOTO JIOTHOCTB
UHTEpBaN JTuHOI0 h=5 nrepsana 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/102 H3o6pa>1<eHa TUCTOTpaMMa 4aCTOT paclpCACIICHUA, 3aJaHHbIX B Ta6.HI/II_IC.
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Puc.2. I'ucrorpamma 4acToT pacrpeaeaeHus.
Tucmozepammori omHocumenbHuIX Yacmom Ha3bIBaeTCs CTyneH4aras (Gurypa, CocTosas
3 IPAMOYTOJILHUKOB, OCHOBAHMAMH KOTOPBIX CIIy>KaT YaCTHUHbIE MHTEpBabl JuIMHOW N | a BbI-

COTBbI paBHBI OTHOIICHUIO Wi /h . FI/ICTOFpaMMa OTHOCHUTCIIBHBIX YaCTOT CTPOUTCA aHAJIOTMYHBIM
THECTOTPaMME YacTOT 00pa3oM.
[Inommaap i-ro 4aCTHYHOro MPSIMOYTOJIbHUKA PaBHA hWi / h :Wi — CyMMeE OTHOCH-

TEJBHBIX YaCTOT BApHAHT I-I'0 MHTEPBAJIA; CIIEA0BATEIBHO, NI0UA0b 2UCIOSPAMMbL OMHOCUMENb-
HbIX YACMOMm PAGHA CyMMe 8CeX OMHOCUMENbHBIX YACMOom, m.e. eOuHuye.

Ecnu TpeOyercst M3yuuTh KOTMUYECTBEHHBINA PU3HAK TeHEPATbHON COBOKYITHOCTH, TO
BO3HHUKAET 33Ja4a OLICHKHU IIapaMeTPOB, KOTOPBIMU OIIPEAEIIAETCS paclpelelIeHUe ITOro Mpu-
3Haka. Harmpumep, eciim Harepea U3BECTHO, YTO U3Y4aeMblil IPU3HAK PACIPEIEIICH B T€HEPallb-
HOW COBOKYIHOCTH HOPMAaJIbHO, TO HEOOXOJMMO OLEHUTH (MPUOIMKEHHO HAWTH) MaTeMaTH4e-
CKO€ 0)XKUJAHHE U CPEIHEE KBAJAPAaTUYECKOE OTKIOHEHHUE, TaK KaK 3TH JBa IIapaMeTpa MOJIHO-
CTBIO ONPEACIAIOT HOPMAJIbHOE PACIPENEICHUE.

OOBIYHO UMEIOTCS JIMIIb JaHHBIE BBIOOPKH, HAIPUMED, 3HAYCHUST KOJIMYECTBEHHOTO TIPH-

snaka X, X, , .., X, , HOJy4eHHbIE B pe3yIbTaTe N na6bmonenuii, mpuuem >tu HaGMIONEHUS
IpeJoiaraloTcsl He3aBUCUMbIMH. Uepe3 3TH JaHHbIE U BBIPA)KaeTCsl OILIEHMBAEMbIN MapameTp.

PaccmatpuBast X1' X2 . Xn KaK HE3aBHCHUMBbIE CITydyailHbIe BEIMYMHBI Xl, XZ, - Xn,

MO>HO CKa3aTh, YTO HAXOXKJICHUE CTATUCTHYECKON OIEHKH HEM3BECTHOTO MTapaMeTpa TeopeTHye-
CKOTO pacrpe/ieleHHsl pABHOCUILHO HAXOXICHUIO (PYHKIIMH OT HA0JII01aeMbIX CITy4allHbIX BEJH-
YUH, KOTOpas W JaeT NPUOIKEHHOE 3HAYEeHHE OllEHMBaeMoro mnapamerpa. Hampumep, mns
OIICHKHM MAaTeMaTH4YeCKOT0 OXXHJAaHUS HOPMAIbHOTO paclpeieNeHus] CIyXKUT (yHKIUS

X =(X .+ X P X N ) / N, KoTopas SBJIIETCSA CPSITHUM apUPMETHUSCKIM HAOJFO/1a-
€MbIX 3HAYCHUH MpU3HAKA.

Takum 06pazoM, cmamucmuueckoti oyenkoll Heussecmno2o napamempa @ Tteopernde-
cKoro pacmpeneneHus HaseiBaeres Qynxkums @ =6 (N) =6 (Xl, Xoo, X n) oT

HaOJII01aeMBbIX CITy4YalHBIX BEIMYMH, KOTOPAsk B OMPEEICHHOM CTaTUCTUYECKOM CMBICIIE OJIM3Ka
K UICTHHHOMY 3HAU€HHIO ATOTO TIapameTpa.

BaxxHelmmu cBOHCTBaAMH CTaTUCTUUYECKON OLIEHKH, OTIPEIENIAIONUMHU ee OJIM30CTh K HC-
TUHHOMY 3HAUEHHWIO OIICHWBAEMOTO IMapaMeTpa, SBISIOTCS CBOWCTBA HECMEIICHHOCTH, COCTOS-
TEJIBHOCTU U 3((HEKTUBHOCTH.

HYCTI) TreHepajibHasd COBOKYITHOCTD M3yYaC€TCd OTHOCHUTCIBHO KOJIMYCCTBECHHOT'O ITPU3HAaKa
X

Tenepanvhoii cpeoneii X - Ha3pIBaeTCs CpefiHee apuMETHUECKOE 3HAUEHHH IIPH3HAKA Te-
HEpaJIbHOW COBOKYITHOCTH.

Ecmu Bee 3navenust Xy, X, , ..., X\ Mpu3HaKa reHepanibHON COBOKYIMHOCTH 00beMa N
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pa3IUYHBL, TO TeHEpallbHAast CPEIHss paBHa
X, =(X, + X, +...+ Xy )/N.
Eciu ke 3Havenns npusHaka X;, X, , .., X, HMEIOT COOTBETCTBEHHO YaCTOThI Nl’

Nz, o Nk , IpYeM Nl + N ot Tt N K = N , o B sTOM clly4ae TeHepasibHas CpeIHss
paBHa
X, =(XN;+XN, +...+xN,)/N.
Ecnm paccmarpuBath o0cieayeMplil Mpu3HaK X reHepaIbHOW COBOKYITHOCTH KaK CTydai-

HYIO BEJIMUMHY, TO MOKHO CJEJIaTh BBIBOJ, UTO MaTEMAaTUUYECKOE OKUJIaHUE TPU3HAKA PaBHO T'e-
HEpaJbHOU CPEJHEN TOro MpU3HaKa:
X.=M(X).

HYCTB TCICPb IJISI U3YyUCHUA reHepanLHoﬁ COBOKYIMTHOCTH OTHOCHUTEJIbHO KOJIMYECTBCH-
HOT'O IIpHU3HAKa X u3BJieueHa BBI60pKa o0beMa n .

Bwibopounoii cpeoneii X  HazbIBaeTCs CpeiHee apH(PMETHIECKOE HAOII0IaeMbIX 3HaYe-
HUH NpU3HAaKa BBIOOPOUHOM COBOKYITHOCTH.
Ecmu Bee 3mavenns X;, X, , .., X, npusHaka Bei6opku oobema [ pasnudnel, To BeIGO-

pouHast cpeHss paBHa
Xz = (X + X, +...+X,)/Nn.
Ecmu e 3nauenus npusHaka X;, X, , ..., X, uMeloT cooTBercTBeHHO yactotsl [, M,

oy Ny, mpuem Ny + Ny, +...+ N =N, 10 B 3TOM CrMydae BeIGOpOUHAS CpeHsAsA paBHA

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

k
Xy =| Y. %n |/n.
i=1

I'enepanvhoii oucnepcueti D ;- Has3bIBAETCs CpejiHee apupMETHUECKOE KBAPATOB OTKIIO-

nimn

HEHUH 3HaUeHHH MpU3HaKa TeHepaIbHON COBOKYIMHOCTH OT UX CpeiHero 3HaueHus X - .

Ecnn Bee 3Hauenns X;, X, , ..., X\ Opu3HaKa reHepanbHON coBoKynHocTH o6bema N

PAa3JINYHbI, TO rCHCpaJibHasd JUCIICPCHUA paBHA

N
D, = Z‘,(Xi_)_(r)2 i
i=1

Eciu sxe 3Hauyenus npusHaka Xy, X, , ..., X, UMEIOT COOTBETCTBEHHO YaCTOTHI Nl,
N21 o Nk , IpA9YeM N1 + N ot N K = N , 1o B oTOM cllydae TeHepaibHasl JUcTiep-
CcHsl paBHA

k

-\
Dr: E,(Xi_xr) Ni N.
i=1
Tenepanvuvim cpeoHum K6aopamuieckum omrioOHeHIeM Ha3bIBAeTCs KBAIPaTHBIA KOPEHb

u3 FCHCpaﬂBHOﬁ AUCTICPCHUHN:
o, =+D,.

IIpumep 1. ['enepanbHas COBOKYIHOCTD 3ajjaHa ClIEAyIOLIel Tabauiel pacpeaeeHns:
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X 2 4 5 6

N. 8 9 10 3

HaiiTu renepanpHyo IUCIEPCUIO U TEHEPATIbHOE CPEIHEE KBAPATUUECKOE OTKIOHEHUE.
Pemenue. Haiiem renepalibHy10 CpeIHIONO:

_ 2-8+4-9+5.10+6-3 120
g 8+9+10+3 30

Haitnem renepanbHyto 1UCHIEPCUIO:
D (2-4)*-8+(4—4)*-9+(5—-4)°-10+(6-4)°-3 54 _
" 30 30

HaﬁneM TCHEPAJIbHOC CPEAHEEC KBAAPATHICCKOE OTKJIOHCHUE.
o, =D, =18 ~134.

Buibopounoii oucnepcueii D p HasbIBaeTCs CpelHee apu()METHIECKOE KBAJIPaTOB OTKJIO-

4

18-

HEHUM Ha6J'IIO,Z[a€MBIX 3HAYCHUI IIpU3HAKa BLI60pO‘lHOI>i COBOKYITHOCTH OT UX CPCAHCTO 3HAYCHU

X

Ecinu Bce 3HaueHUs Xl, X2 , ..., X, mpusHaka BeIOOpKH 00bema [ pasaudHbl, TO BBI-

n

(g0

Eciu xe 3nauenns npusHaka X;, X, , ..., X, nMeror coorerctBenHo yactotsl [y, IN,,

OopouHas aucrepcus paBHa

oy Ny, mpugem Ny + N, +...+ N, =N, 0B >TOM Crydae BEIGOpOUHAs AUCTIEPCHS PaBHA

(g1 o)

Bbl60p0’~lelM cpedHuM Keadpamuqecmuw OMKNIOHeHUeM Ha3bIBaCTCs KBaI[paTHI)IfI KOpPCHb

nus3 reHepaanOﬁ AUCIICPCUH:
o, =+D;.

IIpumep 2. BoibopouHas COBOKYITHOCTb 3a/laHa cielyroleil Tabnuiei pacrnpeaeieHus:

X, 1 2 3 4
20 15 10 5

HaiiTi BRIOOpOUHYIO AMCIIEPCHIO M BBIOOPOUHOE CpeIHee KBaIpaTUUECKOe OTKIIOHEHHUE.
Pemenue. Halimem BEIOOPOYHYIO CPETHIOIO:

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

Haiinem BEIOOPOYHYIO TUCTIEPCHIO:
(1-2)%-20+(2-2)?-15+(3-2)?-10+(4-2)*-5 50
P = 50 " 50

2.

=1.
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Haiinem BeIOOpOYHOE CpeHEE KBAIPaTHIECKOE OTKJIOHCHHUE:
o,=+D, =v1=1.
Teneps mycTh TpeOyeTcs O JaHHBIM BBIOOPKH OIICHUTh HEU3BECTHYIO T€HEPAIbHYIO IUC-

HEPCHIO D - Beibopounas aucnepcus D p ABIIAETCS CMENIEHHOH OLEHKOM D > TAK KaK
M(DB): n-1 Dr'
n
Eciu ske B KauecTBe OLIEHKU FeHEPAILHON JUCIIEPCHH IIPUHSATE UCHPAGLEHHYIO OUCTEPCUIO

2
S°, koTopasi moyuaercs myTeM yMHOXKeHus D 5 Ha 1po6s N / (n — 1) , TO OHa Oyz;eT Hecme-

IIEHHOW OLIEHKOM reHepanbHOM aucrniepcud. [lonyyaem

z< %, ),

2= p,=" —i(x—x)zn (n-1)
“n-1 % n-1 n Slet el
Hu
n n n n-1
Ml(s?)=M| —D, |=——M(D,)=—— - —=D.=D..
)-m( " 0,]- ", " "lo, o,

Nwmeercst 1Ba crioco6a OLEHKU MapaMeTPOB: TOYCUHBIA M MHTEPBAJIbHBIA. ToYeuHbIC Me-
TOJBI YKa3bIBAIOT JIUIIb TOYKY, OKOJIO KOTOPOH HAaXOIUTCS HEU3BECTHBIM OIICHMBACMBIN IMapa-
MeTp. C MOMOIIBI0 MHTEPBAIBHBIX CIOCOOOB MOXKHO HAWTH MHTEPBAN, B KOTOPOM C HEKOTOPOM
BEPOSITHOCTHIO HAXOJUTCS HEM3BECTHOE 3HAYCHUE TTapaMeTpa.

Toueurnoti Ha3pIBACTCS OLICHKA, KOTOpAs onpeessercs oqHuM uuciioM. [Ipu Beibopke ma-
J0r0 00bEeMa TOYEYHAsl OLIEHKAa MOXET 3HAYUTEIBHO OTIMYATHCS OT OIIEHWBAEMOIO Iapamerpa,
T.€. IPUBOJIUTH K IpyObIM ommOkam. 1o 3Toil mpuunHe npu HeGOIBIIIOM 00beMe BBIOOPKH Clie-
JIyeT T0JIb30BaThCSI HHTEPBATBLHBIMH OIICHKAMHU.

HnumepeanvHotl Ha3bIBaETCS OIIEHKA, KOTOPast OMpEAeseTcsl ABYMS YUCIaMU — KOHIIAMHU
uHTEepBaJia. IHTepBaIbHBIE OIEHKH MTO3BOJISIFOT YCTAHOBUTH TOYHOCTH M HAJC)KHOCTH OI[EHOK.

[lyctb HaiiileHHas MO JaHHBIM BBIOOPKM CTaTHCTUYECKas XapaKTepUCTHUKa 0 CILYKUT

Hee ompesenser napamerp &, yem Menbiie O . TouHOCMb OYeHKU XapaKTEPU3yeTCs MOJIOKH-
TETBHBIM YHCIOM O .

oleHKol HemssecTHOro napamerpa & . Eciu O > 0 u < O, 10 olleHKa € tem Tou-

OpaHako HeNb3s KAaTeTOPUIECKH YTBEPKAATh, UTO OIIEHKA 0 YAOBJIETBOPSIET HEPABEHCTBY
‘ 0—-0 ‘ < O . CraTucTuyecKnue MeTO/Ibl TIO3BOJISIOT JIHIIb TOBOPUTH O BEPOSITHOCTH, C KOTO-
PO¥i ATO HEPABEHCTBO OCYIIECTBIISIETCS.

Haoeaxcnocmoio (dosepumensroll 6eposimnocmpio) oueHkn @ 1o € wmassacres BEPOSIT-

HOCTb }/ , C KOTOPOM OCYLIECTBIIAETCS HEPABEHCTBO 0-60|<0,re.

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

B xauectBe ) Oepercs 4nucno, OIM3KOE K TMHUILIE.

W3 HepaBeHcTBa

0 - 9 ‘ < 5 JICTKO MOKHO MOJIYYUTDb JIBOMHOE HCPAaBCHCTBO

0-5<0<0+6.

Torna coOOTHONIEHWE MPUHUMAET CIAETYIOIINN BU
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P(@ —o0<0<0 +5):y.
DTO COOTHOUIEHUE O3HAYaeT cileayrmee: BEpPOATHOCTbL TOro, 4YTO HMHTEPBAT

((9_ -0, 0+6 ) 3akirouaer B ceGe (IOKPBIBAET) HEM3BECTHBIN mapamerp €, paBHa ) .

Unrepan (0 — &, @ + O) HasbiBacTCst 006epumentHbiM UHMEPEALOM, KOTOPBIH 110-
KPBIBACT HEU3BECTHEIIT mapameTp € ¢ 3aJaHHOM HAJEKHOCTBIO )/ .

Ilyctp KOMMYECTBEHHBIM IpU3HAK X TIEHEPAIBHOM COBOKYIIHOCTH paclpelerncH
HOpMaJIbHO, TIPHYEM CpeHee KBaJpaTHieckoe OTKIoOHeHne O 3TOro pacupenesieHnss H3B e C T
H 0. TpeOyeTcs OlEHUTh HEU3BECTHOE MaTeMATHUECKOe OKHIaHne A Mo BHIGOPOUHOI cpemneit
X . IloctaBum cBoeif 3a1adeit HAlTH JOBEPUTEIBHBIE HHTEPBAJIBI, HOKPhIBAIOLIHE MapaMeTp d ¢
HAJIEXHOCTBIO )/ .

Byznem paccMatpuBaTh BHIOOPOUYHYIO CPEAHIOI X Kak CIyYaiHyI0 BEIUYHHY X (X

M3MEHAETCS OT BBIOOPKM K BHIOOPKE) M BHIOOpOUHBIE 3HAaueHHA mpusHaka Xy, X, , .., X, —

KaK OJMHAKOBO pacCIpCaACICHHBIC cnyqaﬁHHe BCIIMYHHBI Xl’ X 21 X n (BTI/I qucila TaKxXKeE

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

HonyqaeM, 4TO IapaMCTpbl paCIIpCaACIICHUSA X ClIeaAyrommue:
M(X)=a, o(X)=c/Jn.

HOTpe6yeM, 4TOOBI BBIIOIHIIOCH COOTHOIIIEHUE
P(|IX —al<5)=7.
rac ?/ — 3aJlaHHadA HaAC)KHOCTb.

Wcnons3ys popmyiy ¢ 3amenoit X Ha X u O na o‘()?) = J/ A/ N, HETPYIHO

T
P(|X —a|<8)=20(5Vn/o) = 20(t).
met=05+/n/o.
Haiizs w3 mocnenmero pasenctsa & = tor/~/N , moxo nammcars
P(|X —a <to/Vn)=20(t).

O6o3Hauas AJIs O6I_HHOCTI/I BBI60p0‘lHYIO CPCAHIOKO BHOBB 4YEPE3 X, noJjrydyacm

COOTHOIIICHUA
O(t) =y/2

P()_(—ta/\/ﬁ<a<>_(+ta/\/ﬁ)=y.

3HAa4YMT, C HAJEKHOCTBIO ) MOXHO YTBEPKAaTh, YTO JOBEPUTEIbHBIA HMHTEPBAI
(X—to / AN, )_(+t6/ ~/N) noKpeBaeT HewsBecTHbIi mapamerp A, mpu 3TOM

TOYHOCTh OLECHKH PaBHA O = to‘/ /N, auncno 1 onpenensiercst u3 paencrea 1o TaGmue

¢byukun Jlamnaca.

IIpumep 3. CayuaitHas BennumHa XUMEET HOPMAJIBHOE PACHpENEICHHE C M3BECTHBIM
CPEHUM KBaJPATHIECKMM OTKJIOHeHMEM & = 3. Halitm nOBEpHTENBbHBIN HMHTEpBAN IS
OLIEHKM HEH3BECTHOTO MAaTEMATHIECKOTO 0)KHIaHus Al 110 BHIGOPOUHOI cpefHelt X , eclu 00beM
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BbIOOpKH N = 36 1 3a1aHa HA/IEKHOCTH OLCHKH ) = 0,95

Pemrenne. Haiinem {. 3 cootHOmenus (13.8) momyuaem (D(t) = 0,475 U 110 TabmuIe

¢bynakun Jlamraca Haxoaum t = 1,96 .

HaligeM TOYHOCTD OLIEHKU:

JIOBEpUTENBHBI MHTEPBAl TaKOB:

S =to/~/n =(1,96-3)//36 =0,98.
()_(—0,98, )_(+O,98) Hanpumep, eciu

X == 4,1 , TO I[OBepI/ITeJ'IBHHﬁ HHTEPBAI UMCCT CIICAYIOIMIUEC TOBCPUTEIIbHBIC I'PAHUIBI:

OopKu:

CKOI'O pacipeesIeHus P(X = Xi) = (]__ p) X-Pp

HBIX 0 ITIOABJICHUA CO6I)ITI/I$I, P - BEPOATHOCTH MMOABJICHUSA CcOOBITHS B OZHOM HCIIBITaHUH.

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

KOHmpOJleble 6onpocol U 3a0aHuUA.

© 0o N oukrwbdrE

Br10opouHas COBOKYITHOCTb.

Bri6opounas ¢pyHKIuUS pacnpeieaeHus..

['ncTorpamma, NOJUTOH YacToT.

Crioco0bI cocTaBIeHUsT BBIOOPKHU.

Beluuciienne ToueuHbIX OLEHOK TapaMeTPOB pacIpeleIeHusl.
Brrunciienne HHTEPBAIBHBIX OLIEHOK ITAPAMETPOB PACTIPEACTICHHUS.

BriGopouHas cpeass Xg

Bri6opounas aucnepcust D

2
HcnpasnenHas qucnepcus S

3a)1aHHe 1. Beibopka 3anaHa B BHJIC paclpeielICHUS 9acTOT:

X: 2 5

pi 1 3

Haiitn pactipeneneHne OTHOCUTENBHBIX YacTOT.

3ananue 2. HailTu pyHKIMIO pacpeesieHns [0 JaHHOMY paclpeieIeHII0 BEIOOPKH:

X. 1 2 5

P, 10 4 6

3ananue 3. IlocTpouTh MOJUTOH OTHOCUTEIBHBIX YaCTOT O IaHHOMY Pacpe/IeIIEHUIO BbI-

X; 2 4 5 8
[} 11 19 8 12
3ananue 4. Haiitu ¢pyHKIHIO pacnpeaesneHus o JaHHOMY pacipeeNICHHIO BHIOOPKH:
X; 1 2 5
D, 10 4 6

3al[aHI/IC 5. HaiiTu MeTo10M MOMEHTOB TOYCUYHYIO OLCHKY IIapaMCTpa p TreoOMETpHUYC-

’ p ,Tae X - YUCII0 UCIIBITAHUA, MIPOBEIEH-
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3aganue 6. HailTu METOIOM MOMEHTOB TOYEYHYIO OLIEHKY mapamerpa [) reomerpuye-

— — Xi—P
CKOI'0 pacrpeeneHus P(X - Xi) - (1_ p) P , €CJI B YETBIPEX OMBITaX COOBITHE TO-

ABUJIOCH COOTBETCTBCHHO ITIOCJIC ABYX, IICTI:I]I)éX, IIECTH ¥ BOCHMM HCIIBITaHHIA.

3ananue 7. I3 reHepanbHON COBOKYITHOCTH U3BIIEYCHA BEIOOPKA 00BEMaA n=>50 :

Xi 2 5 7 10

n, 16 12 8 14

Haiitn HecMemEHny10 OLIEHKY T€HEPaIbHOM CpeaHEN.

3ananue 8. HailTu BBIOOPOUYHYIO CPEAHIOIO MO JAHHOMY pacIpe/ielIeHHIO BBIOOPKHU:

X; 1240 1250 1270 1280
n; 6 2 1 1
3ananue 9. Haiftu BHIOOPOYHYIO TUCHIEPCHUIO 110 TaHHOMY PacIpeeICHIIO BEIOOPKH:
X; 2 3 7 8
n; 4 2 3 1
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Ilpakmuueckasa paooma Ne9. Cmamucmuueckasn zunomesa. Memoovt cmamucmude-

CKOll npoeepkKu cunomes.

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

OcHoevt meopuu:

[Tyctb TpeOyeTcs onpeaennuTh 3aKOH pacipe/IesieHrs TeHepallbHOM COBOKYITHOCTH U Ha30-
BeM ero A. Ecnu 3akoH pacnpeiesieHus HEU3BECTEH, HO UMEIOTCSI OCHOBAHUS TPEATNOI0KUTD, YTO
OH MMEET OIpeieNICHHBIN BU/I, BBIIBUTAIOT TUIIOTE3Y: Ir'eHEpaIbHasi COBOKYITHOCTb pacipe/ieieHa
1o 3akoHy 4. Takum 00pazom, B 3TOU TMIOTE3€ peyb UAET O BUJIE MIPEANOIAraeMoro pacrpezeiie-
HUSL.

Bo3moxeH citydaii, Korja 3aKoH pacrpeieseHus U3BECTEH, a €ro apaMeTpbl HEU3BECTHBI.
Eciu ecTh OCHOBaHUs MPENOJIOKHUTh, YTO HEM3BECTHBIN mapaMeTp & paBeH onpeeseHHOMY

3HA4YCHHIO ®0 , TO BBIIBUT'AKOT 'HIIOTE3Y: @ - @0 . Takum O6p8.30M, B OTOM TUIIOTE3E p€4b HACT

0 IIPEAINONIAracMoy BEJIMYHNHE NTapaMeTpa OAHOI0 U3BECTHOTO PACIIPEIEICHHUS.

Cmamucmuyeckotl Ha3bIBAETCS TUIIOTE3a O BHJI€ HEU3BECTHOI'O PACIIPEIEIICHUS WX TUIIO-
T€3a O IapaMmeTpax M3BECTHBIX pacnpezeiieHni. Hanpumep, CTaTUCTUYECKUMU SBIISIIOTCS THIIO-
TE3BL:

1) reHepanbHas COBOKYIHOCTH pacrpeziesieHa no 3akony [lyaccoHa;

2) JUCIEPCUU JIBYX HOPMAJbHBIX COBOKYITHOCTEH PaBHBI MKy COOOM.

B nepBoii runorese caenaHo MPEANOIOKEHUE O BUJIE HEM3BECTHOTO PaCIpEleNICHUs, BO
BTOPOH — O IIapaMeTpax ABYX M3BECTHBIX PACIPEICICHUN.

Hyneeoti (ocnoeno1i) Ha3bIBaeTCs BBIABUHYTAs TUIOTE3a H 0-

Koukypupyroweti (anbmeprnamugnoii) Ha3bIBaeTCs TUIIOTE3A H 1> KOTOpast MPOTHBOPEYUT

HYJIEBOM.
Hanpumep, ecnu HyseBas TMIIOT€3a COCTOMT B IMPENIOJIOKEHUH, YTO MAaT€MaTHYEeCKOe
oXuIaHne d HOPMAaJbHOIO pachpeelieHus paBHo 10, TO KOHKYPUPYIOLIAsi TUIIOTE3a MOXKET CO-

crosTh B npenonoxkermy, uto & = 10;  te. Hy:a =10; H:a #10.
IIpocmorii Ha3BIBaeTCS TUIOTE3a, COJIEprKallask TOIBKO OJIHO Mpeanooxenue. Hampumep,
runoresa H ( - MaTEMaTHYECKOE OKU/IAHIE HOPMAIILHOTO pactpeenenus papHo 3 (O M3BECTHO)

— HpocCTasd.
Crnoowcroli Ha3pIBaeTCS ramnoTe3a, KOoTopas COCTOUT M3 KOHCYHOI'0 HIIN OECKOHEUHOT' 0O

qucya NpOCThIX TUIIOTES. HaHpI/IMep, CJIOJKHasd TuIioTe3a H :i > 5 COCTOMT U3 OCCUUCICHHOTO
MHOXECTBA MPOCTHIX 'MIIOTE3 BUIa H i :/1 = bi , TE bi — mroboe qucCio, Ooubliee 5.

BriiBuHYTas rUTIOTE3a MOKET OBITH IPABUIIBHOM WIIM HEMTPABUIIHHOM, TIOATOMY BO3HHUKAET
HEOO0XOIUMOCTh cmamucmuyeckoti (IPOU3BOJUMON CTAaTUCTHUYECKUMH METO/aMHU) TPOBEPKU
ITOM TUMOTE3bl. B UTOTE CTaTUCTHYECKOW IPOBEPKH THITOTE3BI MOTYT OBITH JIOTYIIICHBI OITHOKH.

Ouwubka nepgozo poda COCTOUT B TOM, UTO Oy/IeT OTBEprHyTa MpaBUIbHAS THIIOTE3A.

Owubka 6mopozo pooa COCTOUT B TOM, UTO OyJIeT IPUHSATA HENMPABUIIbHAS THIIOTE3a.

Jlist IpOBEpKH HYJIEBOM TMIOTE3bl UCHOJB3YETCs CHEeNMaIbHO NMOJ00paHHas ciaydaiiHas
BEJIMYMHA, TOYHOE WU MPUOIMKEHHOE paclpe/iesieHne KOTOPOi U3BECTHO. JTa ciyyaiiHas Benu-
unHa 0603Hauaercs uepes K u HaseiBaeTcs cmamucmuveckum kpumepuem (MM TPOCTO Kpume-
puem).

[TpuBenem npumep craTUCTHYECKOTO KpuTepus. Ecim mpoBepsieTcst THIoTe3a 0 paBeHCTBE
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JucrepcHil IBYyX HOPMAaNbHBIX TeHepalbHBIX COBOKYIHOCTEH, TO B kKauecTBe kputepus K mpu-
HUMAETCS] OTHOLIEHUE HCIIPABICHHBIX BEIOOPOUYHBIX JUCIIEPCHIL:

o2 / 2
F=s;/s,.
Habnwooaemvim 3nauenuem KHa6/Z HAa3bIBACTCA 3HAYCHUC KPUTCPUA, BBIYMCIICHHOC 110 BbI-

6opkaM. Hanpumep, ecitu 1o AByM BbIOOpKaM HaiiieHbl UCIIPaBICHHbBIE BBIOOPOUHBIE TUCTIEPCUU

2 2
s, =20 u s, =5, o nabmoxaemoe 3uauenne kpurepus F pasmo

FHa6/z = S12/522 - 20/5 = 4

[Tocrne BEIOOpa OMpeIeICHHOT0 KPUTEPHS MHOYKECTBO BCEX €0 BO3MOXHBIX 3HAYCHUH pa3-
OuBaeTcs Ha J[Ba HEMEPECEKAIOIINXCS MOAMHOXKECTBA: OJHO U3 HUX COJEPKUT 3HAYCHUS KpUTe-
pusi, IPU KOTOPBIX HYJIEBasi TUTIOTE3a OTBEPraeTCs, a Apyras — MPH KOTOPBIX OHA MPUHUMACTCS.

Kpumuueckoii obnacmoio Ha3pIBa€TCA COBOKYITHOCTh 3HAYEHUI KpUTEPUS, IPU KOTOPBIX
HyJIeBasi THIIOTE3a OTBEPIracTCs.

Obnacmvio npunamus eunome3swvl (00JI1aCTHIO JOMYCTUMBIX 3HAUEHUI) HA3bIBACTCS COBO-
KYITHOCTh 3HAYCHUI KPUTEPHS, TPU KOTOPHIX HYJIEBask THUIOTE3a TPHHUMACTCSI.

Iockonbky kputepnii K — omHOoMepHas ciyuaifHas BelnmdnHa, BCe ee BO3MOJKHBIE 3Ha-
YeHUsI IPUHAAIEKAT HEKOTOpoMy MHTepBaiy. [loaTromy kpuTnueckast 0651acTh U 001aCTh MIPHUHSI-
THUS THIIOTE3bI TAKXKE SIBISIFOTCS MHTEPBAIIAMHU U, CIICJOBATEIBHO, CYIIECTBYIOT TOUYKH, KOTOPHIC
UX pa3elnsioT.

Kpumuyeckumu mouxamu (rpaHUIIaMU) ka HA3bIBAIOTCSl TOUKH, OTAEISIONINE KPUTHYE-

CKYIO obiacTh OoT o0J1acTu IIPUHATHA T'HIIOTC3bI.
Hpaeocmopomteﬁ HAa3bIBACTCA KPpUTHYCCKaAd 06J13.CTI), ornpeacirsicMass HEPaBCHCTBOM

K> ka , TIe ka — IOJIOKUTEIBHOE YUCIIO.

L > K
0
ka
Puc.1.

ﬂ€600m0p0HH€ﬁ HAa3bIBACTCA KPUTHUUCCKAA O6J'IaCTL, omnpeacirsicMas  HCPABCHCTBOM

K< ka, re ka — OTPHIIATEIHFHOE YHCIIO.

0

Y
=

Puc.2.
OoHnocmopoHHeli Ha3bIBACTCS TMPABOCTOPOHHSSI WJIM JIEBOCTOPOHHSS KPUTHYECKash 00-
JIacTh.
/Jlsycmoponneri Ha3bIBa€TCS KpUTHUYECKash 00J1acTh, OMpesensieMas HEpaBeHCTBAMU

K< kl’ K> k2 , T1e k2 > kl' B uwacTHOCTH, €ciii KpUTUYECKUE TOUYKHA CUMMETPHUUYHBI OT-
HOCHUTEIILHO HYJIS, ABYCTOPOHHSS KpUTHYECKast 00JIacTh ONpe/esnsieTcss HepaBeHCTBaMu (B Ipe-
nonoxenun, uto K < —K « p) K< -k p ! K> ka, WIA PaBHOCUJILHBIM HEPaBEHCTBOM

‘K‘ > kkp '

(@ J

k

Kkp
Puc.3.
J11s HaX 0K JIEHUSI KPUTUYIECKOM 001aCTH TOCTATOYHO HAUTH KPUTUUYECKYIO TOUKY (TOYKH).
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Jlis HaXOXKIEHUS e TaKOM TOYKHM 3a/1aeTCsl JOCTaTOUYHO MaJlas BEPOSITHOCTb — YPOBEHb 3HAUU-
mocmu O . 3ateM KpUTHYECKAsh TOYKA ka UIIETCA UCXOJIs U3 TpeOoBaHUsI, YTOOBI MPU YCIOBUU

CIpaBeIMBOCTH HyJIEBOH THIIOTE3bl BEPOSATHOCTH TOro, uto Kputepuit K npumer snayenus us
KPUTUYECKOH 00J1acTH, OblIa paBHA IPUHITOMY YPOBHIO 3HAUMMOCTH.

Hanpuwmep, u1st IpaBOCTOPOHHEH KPUTHYECKON OOJIACTH JIOJKHO BBIMOIHATHCS COOTHO-
LICHHUE

P(K>k,)=«,
JUISL IEBOCTOPOHHEN —
P(K <k,,)=a,
a U1 IBYCTOPOHHEH —
P(K<k)+P(K>k,)=«.
JUist KaKI0T0 KPUTEPHUS UMEIOTCS COOTBETCTBYIOIIME TAOIHIIBI, IO KOTOPBIM U HAXOJUTCS

KPUTUYECKAs TOUKA.
Ecnu pacnpenenenne KpuTepusi CAMMETPUYHO OTHOCUTEIIBHO HYJISI U UMEIOTCSI OCHOBAHUS

BbIOpaTh CUMMETPUYHBIE OTHOCUTEIBHO HYJIA TOYKH — ka " ka (ka >0), 0

P( K< —kkp) = P(K > ka) . Y4uTbIBast 3TO COOTHOLLIEHHE, U3 Ul IBYyCTOPOHHEN KpH-

THYECKOU 00J1acTH IMOJIyYHUM COOTHOIICHHEC
P(K >k,,)=a/2.

Mownocmoo Kpumepus Ha3bIBACTCSI BEPOSITHOCTD NONIAJAHUSI KPUTEPHS B KPUTUYECKYIO
00J1acTh MPH YCIOBUH, YTO CIIpaBeUIMBAa KOHKYpHUpYIOLas rumnotesa. JpyrumMu ciioBaMu, MOII-
HOCTb KPUTEpHUS €CTh BEPOATHOCTb TOT0, YTO HyJI€Basl FUIOTE3a OyJET OTBEPrHyTa, €CJIU BEpHA
KOHKYPHPYIOILasl TUIOTE3A.

[lyctb 11t MpOBEPKU FMIOTE3bI PUHSAT ONPEAEICHHBIN YPOBEHb 3HAUNMOCTH, U BBIOOpKA

HUMCECT q)HKCHpOBaHHBIﬁ oobem. Eciu ﬂ — BCPOATHOCTDH OIIIMOKHU BTOpOT'O poaa, T.C. COOBITHS

«IPUHATA HyJIEBas TUIIOTE3a, IPUYEM CIPABENINBA KOHKYPUPYIOLIAs», TO MOIIHOCTb KPUTEPUS
paBHa 1- ﬂ .

HyCTb MOIITHOCTH 1 - IB BO3pacTacT, CJICA0BATCIbHO, YMCHBIIACTCA BEPOATHOCTD ﬂ Co-

BEPIIUTH OMUOKY BTOPOro poja. Takum 0O6pa3om, ueM MOITHOCTH OOJIbIIIE, TEM MEHbBIIIE BEPOST-
HOCTb OIIHUOKU BTOPOTO POja.

Nrak, ecimu ypoBEeHb 3HAYUMOCTH YK€ BBIOpaH, TO KPUTUUYECKYIO 00JIaCTh CIEAYyET CTPOUTH
TaK, YTOOBI MOITHOCTh KPUTEPHs ObLIa MaKCUMaTbHON. DTO MO3BOJIUT MUHUMU3UPOBATH OIITHOKY
BTOPOTO poja.

Hanee nam notpedyercs pacnpenenenue Oumepa — CHenexopa.

o 2
Ecn U 1V — HesaBucuMsIe ciyydaifHble BETMUMHBI, PACHIPE/ICICHHbIE 10 3aKOHY )
CO CTENEeHsIMU CBOOOIbI kl u kz, TO BEJTMYMHA
- Uk
Vik,
MIMEET pacrpesieieHne, KOTOpoe HasbiBaeTcapacnpedenenuem F Quwepa — Cnedexopa co

CTEIEHSIMHA CBOOOIEI kl u kz.

(DYHKI_II/ISI IUIOTHOCTH 3TOT'O pacpCACICHUA NUMECT BUI
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0 npu X<0

f(x)= y (4-2)/2 |
0 oz e x>0
(k +kyx) "

rIe

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

0=
Ik, /2)T'(k,/2)
Pacnipenienenue F onpenensercs nsyms napamerpamu — umciamu cTeneHel cBoGO bl
K, nk,.
Iycth renepanbhbie copokynHoctd X 1 Y pachpeneseHbl HOpMaIbHO, IPHYEM HX JIHC-

NEpCrUr N3BCCTHHI. I1o HE3aBUCUMBIM BI)I60pKaM C 06"I>CMaMI/I, COOTBETCTBCHHO PABHBIMHA nl n m

, UI3BJICYCHHBIM U3 3THUX COBOKYHHOCTeﬁ, HaMJIeHbI BLI6OpOLIHbIe CpCIaHUC X n y . Tpe6yeTc;I 10

BbIOOPOYHBIM CPEHUM IPU 33JJaHHOM YPOBHE 3HaUYMMOCTU (X TPOBEPUTH HYJIEBYIO THIIOTE3Y,
COCTOSALIYIO B TOM, YTO T'€HEpajbHbIC CpEeAHNE (MAaTEMaTHUECKUE OXKHUIaHUS) PACCMAaTPUBAEMBIX
COBOKYIHOCTEN PaBHbI MEX]ly COOOM:

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

yLII/ITbIBaH, qTOo BI)I60pO'-IHI)Ie CpCAHUC SABJIAIOTCA HECMCIICHHBIMHU OLICHKAMH I'€HCpaJlb-

HBIX CpCAHUX, T.C. . _
M(X)=M(X), M(y)=M(Y),
HYJICBYIO FEHOTC:%Y MO)EHO 3aIIucaThb Tak:
HO: M (X) =M (y)

B xauecTtBe KpUTCPpUA IPOBCPKU HyneBoﬁ TUIOTE3bI O PaBCHCTBE I'CHCPAJIBHBIX CPCAHUX
MMPUHHUMACTCA HOPMHUPOBAHHAA HOPMaAJIbHAA cnyqaﬁHa;I BCIMYHHA

o e
7 - y |
JD(X)/n+D(Y)/m
KpI/ITI/I‘{eCKaSI O6J‘IaCTL CTpOI/ITC}I B 3aBHUCHUMOCTH OT BUJ1A KOHKypI/IpyIOH_Ieﬁ THUITIOTC3hbI.

IlepBbiit cityyaii. Hynesas runoresa H 0 M (X ) =M (Y ) . Konkypupyromias rumno-

Te3a Hl:M (X) =M (Y)

B 3TOM citydyae CTPOUTCS JABYCTOPOHHSISI KPUTHYECKasi 00J1acTh, HCXOs U3 TPeOOBaHMS,
4TOGbI BEPOSTHOCT MONa[aHus KpuTepust Z B 5Ty 06JACTh B MPEINOJIONKEHHH CIPABETMBOCTH
HYJICBO! TMIIOTE3bI ObLIA PaBHA IPHHATOMY YPOBHIO 3Ha4MMoct (Y .

Mockonbky pacnpesenenne Z CUMMETPHYHO OTHOCHTENBHO HyJs, TO KPUTHUECKUE
TOUKH CHMMETPHYHEI OTHOCHTE/IBHO HYJIs, T.€. €C/i 0003HAUUTh ¥epes Z,  NpaByio KpHTHYe-

CKYIO TOUKY, TO — Z  OyJeT JeBOi KPUTUYECKON TOUKOH.

Kp
HauGonbIiras MOIIHOCTE KpUTepHsl (BEPOSATHOCTH MOMAAAHUSI KPUTEPHS B KPUTHUECKYIO
00J1aCTh MPU CIPABEITIUBOCTH KOHKYPUPYIOIIEH THIOTE3bI) TOCTUTAETCS TOTa, KOT/Ia BEPOST-

HOCTb IIOTTaIaHUS KPUTCPUS B KaXXObIN U3 ABYX UHTCPBAJIOB KpHTquCKOf/'I obiactu paBHa 94 / 2 .

P(Z<-z,)=a/2, P(Z>2,)=0c/2.
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Jlnist TOro, 4To0Bl HAUTH MPaBYIO IPAHUILY pr JIBYCTOPOHHEH KpUTHUECKOM 0baacTu, 10-

CTaTOYHO HAWTH 3Ha4yeHUe apryMmeHTa QyHkuuu Jlammaca, KOTOpOMY COOTBETCTBYET 3HAa4UEHUE
¢dyHKIMH, paBHOE (1 - ) / 2:

O0603Ha4MM 3HAUYEHUE KPUTEPHS], BEIUMCIIEHHOE TI0 TaHHBIM HAOIIOICHUH, uepes Z wabn
Ecimn ‘Zﬂa 6ﬂ‘ <z, —Her OCHOBAHUH OTBEPTHYTh HYJIEBYIO TUIIOTE3Y.

Ecmun ‘ZHa 5]1‘ > Z,,, — HyJIeBas THIOTE3a OTBEPracTCs.

Bropoii ciyuaii. HyneBas runoresa H 0 M (X ) =M (Y ) . Konkypupyromias rumo-
Te3a Hl:M (X) >M (Y)
B sToM citydae cTpouTCs MpaBOCTOPOHHSAS KpUTHYECKast 00J1aCTh, UCXOS U3 TPEOOBAHUS,

4TOGBI BEPOATHOCTH TIONAaHUs KpuTepust Z B 3Ty 001acTh B IPEATIONOKEHUN CIIPABETUBOCTH
HYJIEBOI TUIIOTE3bI OblIa paBHA NPUHATOMY YPOBHIO 3HAUMMOCTH:

P(Z>z,)=«a.
Mt Toro, uroObl HalTH rpanuny Z » NPaBOCTOPOHHEH KPUTHYECKOW 00JacTH, ocTa-

TOYHO HAWTH 3HaUCHUE apryMeHTa (pyHKIuu Jlamaca, KOTOpOMY COOTBETCTBYET 3HAYCHUE (PYHK-
LM, paBHOE (1 — 20!)/2 :
D(z,,) = (1-2a)/2.

OGO3HAYNM 3HAYCHHE KPUTEPHS, BBIYMCICHHOE 10 JAHHBIM HaboAeHHii, yepes Z wabn
Ecnu ZHaﬁﬂ < Z,,, — HeT OCHOBaHHii OTBEPTHYTH HYJIEBYIO TUTOTE3Y.

Ecmu Z > Z,, — HyJeBas 'UIoTe3a OTBEPraeTes.

Habn

Konmponwvuwvie sonpocwt u 3a0anus:

1. CraTtuctuueckas rumnoresa.

2. MOIHOCTh KpUTEPHSIL.

3. Kputnueckast 0651acTb.

3ananue 1. TexHuueckas HOpMa NpeLycMaTpuBacT B cpeaHeM 40 cek. Ha BBINOJIHEHHE
OTIpe/IeIEHHON TEXHOJIOIMUYECKOM olepaluy Ha KOHBelepe Mo mpou3BoACTBY 4acoB. OT paboT-
HUL, pa0OTAIOIIMX HA 3TOM omepanuu, NOCTYIWIN >KajJoObl, YTO OHU B JEHCTBUTEIBHOCTH 3a-
TPayMBAIOT Ha ATy onepanuio Ooblie BpeMeHH. [ mpoBepku TaHHOM KajloObl MPOU3BEICHBI
XPOHOMETPUUECKHE U3MEPEHNSI BPEMEHH BBIIIOJIHEHNUS 3TOM TEXHOJIIOTHYECKOM onepauu y 36 pa-
OOTHUII, 3aHATHIX Ha STOW OIepalyy, 1 MOJy4YeHO CpeIHEE BpeMsl BBIITOJIHEHUS oniepaiuu 42 cex.
MoskHO i (TIpesronaras BpeMs BBIMOJTHEHUS TEXHOJIOTHYECKON OTepaIiiy CIIyqaifHOW BETUYH-
HOM, OTUMHSIONIEHCS HOPMAIBHOMY 3aKOHY) IO UMEIOLIMMCS XPOHOMETPUYECKUM JTaHHBIM Ha
ypoBHe 3HaunuMocTd 0,01 OTKIOHUTH TUIIOTE3Y O TOM, YTO CPEAHEE BPEMS BBIIIOJIHEHUS ITOU
ONEpPALMH COOTBETCTBYET HOPME, €CJIM U3BECTHO, YTO CPEIHEE KBAAPATHUECKOE OTKIOHEHHE Te-

HEPaJIbHOM COBOKYMHOCTH COCTaBIseT 3,5 cek.?
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3agaHue 2. DKOHOMHYECKUN aHAJIN3 MPOU3BOJUTEIBHOCTH TPyAa NPEANPUITUN OTpaciu
[IO3BOJIWJI BBIIBUHYThH TMIIOTE3Y O HAJIMYMM ABYX THUIIOB HPEANPUATUN C Pa3IU4YHON CpenHen
BEJIMYMHOH MOKa3aTessi IPOU3BOIUTENLHOCTH Tpy1a. BeibopouHoe obcnenoBanue 42-X mpeanpu-
ATUM MEPBOM TPYNIBI JAJIO CIEAYIOLIME PE3YJIbTATHI: CPEIHSS MPOU3BOIUTEIBHOCTh TPYAA CO-
craBuwia 119 peraneii. [lo maHHBIM BBEIOOPOYHOTO OOCIEAOBaHMSA 35-M MPEANPUITHH BTOPOU
IpyIIbI CPEeIHSASA NIPOU3BOAUTEIBLHOCTD TpyAa cocTaBwia 107 geraneil. ['eHepanbHble qucnepcun
u3BecTHBl: D(X) = 126,91 ; D(Y) = 136,1. Cuuras, 4To BEIOOPKH M3BJICUCHBI H3 HOPMAIBHO pac-
MIpeIeIICHHBIX T€HEPATIbHBIX COBOKYITHOCTEW X 1 Y, Ha ypoBHe 3HaunmocTu 0,05 npoBepbTe, Ciy-
YalHO JIM MOJIyYEHHOE Pa3jIudMe CPEeAHMX MOoKa3zaTeaed MPOU3BOAUTEIBLHOCTH TPyJa B Ipymnnax
WJIM YK€ UMEIOTCS J1BA TUIIA IPEAIPUATHH € PAa3JIMYHON CPEAHEN BEIMYMHON IPOU3BOAUTEIIBHOCTH
TpyZJa.

[TapTus u3genuii npUHUMAETCSI B TOM CIIy4dae, €ClId BEPOATHOCTh TOIO, YTO U3JIEIUE OKa-
JKETCsI COOTBETCTBYIOIIUM CTaHAApTY, cocTapisieT He MeHee 0,97. Cpenu ciay4yailHO 0TOOpaHHBIX
200 uzgenuii npoBepsieMol napTun okazainoch 193 cooTBeTCcTBYIONMX CTaHAAPTY. MOXKHO JIM Ha

ypoBHe 3HaunmocTy [ = 0,02 npuHATh mapTHio?
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5. Yueono-memoouueckoe u ungpopmayuonnoe odecnevenue OUCYUNIUHbL

5.1 Ilepeuenv ocHo6HOI U OONOTHUMELHOU TUMEPAMYPbl, HEOOX00UMOU 01: 0C80e-
HUA OUCUUNIUHDL

5.1.2 Ilepeuenv ocnosnoit tumepamypeol:

1. lumayes, B. C. Beiciias maremaTrka: yaeOHuk 1iis 6akanaspos / B.C. Hlunaues ; mox
pen. A.H. Tuxonosa. — 4-e uzz., ucnp. U non. — M. : FOpaiit, 2014. — 607 c. — (bakanasp. ba3oBsiii
Kkypc). — Ha yue6nuke rpud: Pex. YMO. — ISBN 978-5-9916-3325-3

5.1.3 Ilepeuensv oononrnumenvHoii 1umepanmypol:

1. boromoinos, H. B. MaremaTuka: yueOnuk i 6akanaspos / H.B. boromonos, I[1.1. Ca-
moitnenko; Mock. ['oc. YH-T Tex. U ynp. Um. K.I'. PazymoBckoro. — 5-e uzn., ne-pepad. U gom. —
M. : FOpaiit, 2014. — 396 c. : un. — (bakanasp. ba3oBblit kypc). — Ha yueOnuke rpud: Jon.MO. —
ISBN 978-5-9916-3467-0

5.2 Ilepeuensv yuebno-memoouueckozo ooecneuenus camocmoamenbHou pabomot ooy-
YAIWUXCA N0 OUCYUNTIUHE

1. Meroanueckue peKOMEH Al I MOATOTOBKU K MPAKTUYECKUM 3aHATUSAM 110 AUCLIH-
winHe «MareMaTu4eckiue METO/Ibl M MOJIENIN B YIIPABICHUM.

2. Metoanueckre peKOMEHIAlNY M0 OpraHu3aliil caMOCTOSTENbHOM paboThl CTYICHTOB

10 JUCHUILTHHE «MaTeMaTH4eCKUe METOAbI M1 MOJIEIU B YHpaBJICHUU).

5.3 Ilepeuens pecypcoe ungpopmayuonno-menekommynukayuonnou cemu Humepnem,
He00X00uUMbIX 0711 0C60EHU OUCUUNTIUHDL
1. http://www.biblioclub.ru -OBC "YHuBepcuterckas OubianoTeka oHnaiH"

2. http://www.iprbookshop.ru/ - Dnexkrponto- 6ubnuoreunas cucrema IPRbooks
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MUHUCTEPCTBO HAYKH 1 BBICILIEI'O OBPA3OBAHMS POCCUMCKOM ®EIEPALIN
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OEPA30OBATEJIbHOE YUPEX/IE-
HUE BBICIIEI'O OBPA3OBAHMA
«CEBEPO-KABKA3CKUI ®EJIEPAJILHBI YHUBEPCUTET»

[Tsturopckuit unctutyT (punuan) CKOY

MeToanyeckue ykazaHus

10 OpraHU3aIlU 1 IPOBEICHUIO CAMOCTOSTEIbHON pabOoThI

no guctumummae KMATEMATUYECKUE METOZIbI U MOJIEJIV B YITPABJIEHUWN»
JJIs CTY/ICHTOB HAIPABIICHUS MTOJATOTOBKH /CIEHATBHOCTH

38.03.04 I'ocymapcTBeHHOE M MyHHIIMIIAIBHOE yIIpaBiieHHe, PernonansHoe yrpaBieHue
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Coneprxanue

Beenenue

OO0mrast XapakKTepUCTUKA CaMOCTOSITEIbHON pabOThl 00YYarOIIErocst Ipu u3yde-
HUM JUCLUIUIMHBI «MaTreMaTnyeckue MeTO/Ibl U MOJICNIN B YIIPABICHUN»
[Tnan-rpaduk BBIIOIHEHUS CAMOCTOSTEIbHON pabOThI

KoHTpoObHBIE TOUKH U BHJIBI OTYETHOCTH IO HUM

MeTtoanueckie peKOMEHIAUH 110 H3YYCHUIO TEOPETHIECKOTO

marepuasia

yLIe6HO'MeTO)II/ILICCKOG u I/IH(I)OpMaI_II/IOHHOG obecneyeHne JUCHUITIIMHBI
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BBenenne

CamocrosrenbHas paboTa — maHupyemast yueOHas, yueOHO-HCCIIeI0BaTENbCKAasA, HAyYHO-
HCCIIeIOBaTeNbCKas paboTa CTyIEHTOB, BHINOIHIEMAas BO BHEAY TUTOPHOE (ayAUTOPHOE) BPEMSI 1O
3aJJaHUI0 U TIPU METOAMYECKOM PYKOBOJCTBE IpernoAaBaressi, HO 0e3 ero HemocpeICTBEHHOTO
y4dacTus (IpU YaCTUYHOM HETIOCPEICTBEHHOM yUaCTUH MIPENOIaBaTeNsl, OCTABISIOLIEM BEYILYIO
pOJIb 32 pabOTOMN CTYACHTOB).

CamocrosTenbHas padora cTyieHToB B BY3e sBnseTcst BayKHbIM BUIAOM YUEOHOM U Hayd-
HOM JIeSTEILHOCTH CTY/ICHTA.

Benymias nens opranmuszanuu u ocyniectsienns CPC nomkHa coBnagaTh ¢ 1enbio ooyde-
HUSA CTY/ICHTa — IIOATOTOBKOM OakanaBpa ¢ BeicinM oopazoBanueM. [1pu opranuzaiuu CPC Bax-
HBIM ¥ HEOOXOAMMBIM YCIIOBUEM CTaHOBSTCS (POPMUPOBAHKE YMEHHUS CAMOCTOSTEIbHON paboThI
JUTSI IPUOOpETEHNS 3HAHNWN, HABBIKOB M BO3MOXXHOCTH OpraHU3alluy y4eOHOW 1 HAyYHOU JIeATeNb-
HOCTH.

Lenbto caMOCTOSATENBHOM PabOTHI CTYJICHTOB SIBIISICTCS OBJIQZICHNE (PYHIAaMEHTAIBHBIMU
3HAHUSAMHU, TPOPECCUOHATBHBIMU YMEHUSMHU U HaBBIKAMH JESTEILHOCTH MO MPOMUIIIO, OIBITOM
TBOPUYECKOH, HCCIEI0BATENbCKOM NesTeNbHOCTH. CamMocTosITenbHas paboTa CTyA€HTOB CIOCO0-
CTBYET DPa3BUTHUIO CAMOCTOSTEIbHOCTHU, OTBETCTBEHHOCTH M OPraHM30BAaHHOCTH, TBOPUYECKOIO

MOJIX0/1a K PELIECHUIO pobJieM Y4eOHOTo 1 MPOPeCCHOHAIBHOTIO YPOBHS.
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O0masi XapaKTepUCTHKA CAMOCTOSATEIbHOI Pad0ThI 00y4aKIIerocs nNpu u3y4eHuu

JUCHHUILIMHBI «VlaTeMaTHYecCKHe MeTOAbl M MO/IeJIH B YupaBJICHUN»

CamocrosTenbHas paboTa - IulaHupyeMasi yueOHasi, yueOHO-uccieJoBaTeNbCKast, Hay4HO-
HCCIIeIOBaTeNbCKas paboTa CTyIEHTOB, BHIIOIHIEMAas BO BHEAY JUTOPHOE (2y IUTOPHOE) BPEMSI 10
3aJJaHUI0 ¥ TIPU METOJMYECKOM PYKOBOJCTBE IperojaBaTelisi, Ho 0e3 ero HermocpeICTBEHHOTO
y4dacTus (Ipy YaCTUYHOM HETIOCPEICTBEHHOM yYaCTUH IIPEN01aBaTelNsl, OCTABISAIOIIEM BEAYIILYIO
POJIb 32 pabOTOMN CTYJACHTOB).

CamocrosTenpHas padboTra cTyieHToB B BY3e sBiseTcst BaXHBIM BUIOM YU4E€OHOW M HAYyY-
HOU J1eATeNbHOCTH cTyZeHTa. CaMocTosITeNbHAs paboTa CTYACHTOB UTPAET 3HAYUTEIILHYIO POJIb B
pPEUTHHTOBOI TexHOIOrUU 00ydeHus. B cBs3u ¢ atuMm, oOyuenune B BY3e BkirouaeT B cedst aBe,
MPAKTUYECKH OJMHAKOBBIE IO 00bEMY M B3aMMOBIHSHUIO YaCTH — Ipoliecca o0ydeHHUs U IMpo-
necca camoooyuenus. [losromy CPC nomkHa ctath 3 QexTUBHOI U Ie/IeHaIpaBIeHHOI paboToi
CTyJEHTA.

K coBpeMeHHOMY cIieIaIuCcTy OOIIECTBO MPEIBSIBISAET JOCTATOUYHO IIUPOKUH TIepeueHb
TpeOoBaHUil, Cpeil KOTOPHIX HEMAJIOBaKHOE 3HAUEHHUE UMEET HaIMUue y BBIITYCKHUKOB OMpe/e-
JICHHBIX CIIOCOOHOCTEN U YMEHUSI CAMOCTOATEIHHO JOOBIBATh 3HAHUS U3 PA3IMUHBIX HCTOYHUKOB,
CHCTEMaTH3MPOBATh MOJIYYCHHYIO HH(POPMALIUIO, 1aBaTh OLIEHKY KOHKPETHOW (PMHAHCOBOW CHUTY-
aruu. GopmupoBaHUe TaKOro yMEHHUsS! IPOUCXOAMUT B TEUEHHE BCEro Ieproja o0yueHHUs depes
y4acTHe CTYJEHTOB B MPAKTUYECKHX 3aHATHX, BBIOJHEHHE KOHTPOJBHBIX 3a/laHUIl U TECTOB,
HalMCcaHUe KypCOBBIX U BBIITYCKHBIX KBATU(UKAMOHHBIX padoT. [Ipu 3TOM camocTosiTenbHas pa-
00Ta CTYJIEHTOB UT'PaeT peLIaloIlyI0 POJb B X0/1€ BCEro yueOHOro mpolecca.

Benymas nens opranuszanuu u ocyuiectsienus CPC nomkHa coBmagarh ¢ LEIblo 00yye-
HUS CTyJIeHTa — IOJATrOTOBKOM crenuaiucta 1 6akainaBpa ¢ BelcnM oOpa3oBanueM. [1pu opranu-
3anuu CPC BakHBIM U HEOOXOJUMBIM YCJIOBUEM CTaHOBSTCA (POPMUPOBAHUE YMEHHS CaMOCTOSI-
TeIbHOU paboThl /Ui MPUOOPETEHUS 3HAHHUM, HABBIKOB U BO3MOXKHOCTH OpraHu3aluy yueOHO! U
HAay4YHOU JEATEIbHOCTH.

@DopMbI CaMOCTOATENBHOM PabOThI CTYICHTOB pa3Ho00pa3Hbl. B cooTBeTcTBHM ¢ paboueit
IPOTpaMMOM JTHUCIUIUIUHBI IPETYCMOTPEHBI CIEAYIONIME BUIbI CAMOCTOATENbHON paboThl CTY-
JeHTa:

- CaMOCTOSTEIbHOE U3yUEHHUE JINTEPATYPBhI;

- CaMOCTOSATENbHOE PELIEHHUE 3a/1aY;

- BBIIIOJIHEHUE KyPCOBOTO MTPOEKTA.

Ilenv camocmoamenvno2o uzyuenusn aumepamypsl — CAMOCTOSATEIHHOE OBJIAJICHUE 3HA-

HUSIMH, OIIBITOM I/ICCJ'I@)IOB&TCJ'IBCKOIZ JCATCIIbHOCTH.
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3aoauamu caMoCTOSTETLHOTO U3yUCHHSI JTUTEPATYPHI SBIISTFOTCS:

J yIayOJIeHre U PacIIUpeHre TEOPSTHUSCKUX 3HAHHIA;

o dbopMUpOBaHHE YMEHHI HCIOIH30BaTh HOPMATHBHYIO, MPABOBYIO, CIPABOYHYIO
JOKYMEHTAIUIO ¥ CIICIHATIBHYIO JIUTEPATYPY;

J pa3BUTHE TTO3HABATEILHBIX CIOCOOHOCTEH U aKTUBHOCTH CTYACHTOB.

Ilens camocmoamenvhozo pewienusn 3a0ay - OBiajieHHe NMPO(HECCHOHATLHBIMUA YMEHU-
SIMH Y HaBBIKAMU JIEATEIHHOCTH 0 TPODUITIO OYIyIIeH e TeTbHOCTH.

3adauamu caMOCTOATEIILHOTO PEIICHUS 3314 SIBISIOTCS:

o CHCTEMaTH3alMs U 3aKPEIUICHUE MOJTyYCHHBIX TEOPETUUCCKUX 3HAHUN M TPaKTH-
YECKHX YMEHHH CTYJICHTOB,;

o (dbopMHpOBaHUE CAMOCTOSTEILHOCTH MBIIUICHUS, CIOCOOHOCTEH K CaMOpPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO M CAaMOPEaTH3aIIHH;

o pa3BUTHE UCCIIEAOBATEIBLCKUX YMECHUH.

Ienvto camocmoamenbHo20 6bINOTHEHUA PACUEMHO-2PAPUYUECKOU padombl TIO TUCIIU-
IUTMHE SBJISIETCS OBJIaJIeHUE PyHIaMEHTAbHBIMU 3HAHUSIMH, TPOPECCUOHATIBHBIMI YMEHHUSIMU U
HABBIKAMU JICSITSILHOCTH 110 MPOQIITIO, OMTBITOM TBOPUYECKOH, MCCIIEA0BATEIHCKOM ACSITEITLHOCTH.

3aoauamu naHHOTO BUA CAMOCTOSTEIILHOW PaOOTHI CTYICHTA SIBISIOTCS:

o CHCTEMaTH3allMs U 3aKPEIUICHUE MOJyYCHHBIX TEOPETUYCCKUX 3HAHUN M NPaKTH-
YECKUX YMEHUH CTYICHTOB;

o yrayOJeHne U pacuIupeHre TeOPeTUUECKUX 3HAHU;

. dbopMupOBaHHE YMEHHI HCIOIH30BaTh HOPMATHBHYIO, MPABOBYIO, CIPABOYHYIO
JIOKYMEHTAITHIO U CTICIIHATBHYIO JINTEPATYPY;

. pa3BUTHE MMO3HABATEIBHBIX CIIOCOOHOCTEN U aKTUBHOCTU CTYJEHTOB: TBOPUYECKOU
WHUITUATHBBI, CAMOCTOSTEILHOCTH, OTBETCTBEHHOCTH U OPTaHU30BAHHOCTH,

. dbopMUpOBaHHE CAMOCTOSTEILHOCTH MBIIIJIEHHS, CTIOCOOHOCTEH K CAaMOPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CAaMOpEaTu3alliu;

o pa3BUTHE UCCIIEOBATEIBCKUX YMEHUM;

o MCIOJIb30BaHNE MaTepuasa, COOpaHHOTO U MOMYyYEHHOTO B XOJE CaAMOCTOSITEIb-
HBIX 3aHATUH Ha CEMHHApaX, Ha MPAKTHYECKUX U JIA0OPATOPHBIX 3aHATHUSX, IPU HAITMCAHUU KYP-

COBOM pabOTHI.
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B pesynbrare ocBo€HUS TUCHUIUIMHBI (GOPMUPYIOTCS CIEAYIOUINI MepedeHb IIaHupye-

MBIX PE3YJIbTATOB 06yquH51 10 AUCHMIIIIMHE, COOTHECEHHBIX C IJIaHUPYEMBIMU PE3YyJIbTaTaMU

0CBOEHUS 00pa30BaTENbHOM IPOrpaMMBl:

Kox, popmynuposka
KOMIIETEHIINH

Kon, popmynupoBka unaukaropa

[Tnanupyemblie pe3ynbTaThbl

o0y4eHus 0 TUCIUILINHE

(MomyII0), XapaKTepU3yIo-

ue 3Tanbl GOPMUPOBAHUS

KOMIICTCHITUM, HHIUKATO-
poB

YK-1 Cnocoben ocy-
IIECTBIISITh TOUCK, KPUTHU-
YEeCKH aHaJI3 U CUHTE3
uHpOpMAIINHU, TPUMEHSTh
CUCTEMHBIA TOJIXOMA JUIS
peIIeHHs] TTOCTABJICHHBIX
3a1a4

N/I-1yk1 BBIIETSECT TPOOIEMHYIO
CUTYyallMIO, OCYIIECTBISECT €€ aHa-
JIU3 ¥ JUArHOCTUKY Ha OCHOBE CH-
CTEMHOT'0 IT0JIX0/1a;

N/I-2yk-1 ocylIecTBISET MOUCK, OT-
00p U cucreMaTH3anuo uHpopMa-
UM IS ONpeNeseHUs ajabTepHa-
TUBHBIX BAapUaHTOB CTpaTeruye-
CKHUX pelIeHU B MPOOJIEMHON CH-
Tyaluy,

N]1-3yk-1 onpeAeiseT U OlleHUBaeT
PUCKH BO3MOKHBIX BApUAHTOB pe-
IICHUI TPOOIEMHOM CUTYaIUH, BbI-
OupaeT ONTUMAaIbHBIA BapHAHT €€
pelieHus.

3HaeT OCHOBBI MaTeMaTHYe-
CKOr0 aHajin3a, JHWHECHHOU
anreOpsl, TCOPUU BEPOSTHO-
CTEH M MaTeMaTU4YeCKOM cTa-
TUCTUKUA KaK YHHUBEpcalb-
HOTO SI3bIKa HAYKHU.

YMeer pacno3HaTh Marema-
THYECKUE OOBEKTEL.

Bnageer naBbikamu cbopa,
00paboTKn MHGOPMAITUH H
ydacTusi B uH(popmaTuzauu
JESITEIbBHOCTH COOTBETCTBY-
IOLIUX OPTraHOB BIACTH U Op-
raHu3anuii, HMHCTPYMEHTa-
pUeM I pELIeHus Npo-
CTEHIINX MaTeMaTH4YEeCKUX
3a/1adu U MaTeMaTH4eCKOH
TEPMHUHOJIOTHEN, U pa3iIny-
HBIMU CITOCOOAMHU TPEJICTaB-
JICHHUSI MAaTEMaTU4EeCKON HH-
¢dbopmarun (aHamuTHye-
CKHUM, TpapuyecKumM, CIo-
BECHBIM U Jp.)

OIIK-2 Cnocoben obec-
IIeYNBAThH MIPUOPUTET
mpaB ¥ CBOOOT YEIIOBEKA;
co0iroAaTh HOPMBI 3aKO-
HojJaTenbcTBA  Poccuii-
ckon Penepauuu U Ciy-
’)KeOHOIl APTHKM B CBOEH
npodeccuoHaIbHON  Jesi-
TEIIbHOCTH

N-lonk-2 AHaIM3UpyeT couu-
TbHO-YKOHOMHYECKHUE TPOLIECCHI

3HAET OCHOBHBIE METOIBI
MOAaCIn pemeHI/m THUITOBBIX
3aJ1ad4.

YMeeT NpPUMEHSTh METOIbI
MaTeMaTHYeCKOT0 aHaIn3a 1
MOJIETUPOBaHUs, TEOPETH-
YECKOTO U IKCIIEPUMEHTAIb-
HOTO HCCIEAOBAHUS IS pe-
IICHMS 3a/1a4, peniaTh CTaH-
JTapTHBIC 3a7a49u podeccu-
OHAJILHOU NESTEILHOCTH Ha
OCHOBE MH(POPMAIIMOHHON H
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o6ubnuorpaduyeckoit Kyib-
TYPBL.

Bnageer HaBblkamMH mpuMe-
HEHHUSI COBPEMEHHOI'O MaTe-
MaTHYEeCKOr0 WHCTPyMEHTa-
pus I8 pelieHHs  3a1ad
yIpaBJIeHUs, METOIUKOM IO~
CTPOCHHMS, aHAJIA3A U ITPUME-
HEHMSI MAaTEMaTHYECKHX MO-
Jieaeid Ui OLIEHKH COCTOS-
HUS W TPOTHO3a Pa3BHTHUSA
SBJICHHA W TIPOIECCOB B
yIpPaBJICHUH, CIIOCOOHOCTHIO
nepeaBaTh pe3yjabTaT IMpo-
BCACHHBIX I/ICCJ'IGI{OBaHI/Iﬁ B
BHUJIC KOHerTHBIX peKOMeH-
JlallMil B TEpPMUHAX PEIMET-
HOM 00JaCTH 3HAHUSL.
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Ilian-rpa¢guk BHINOJHEHHUS CAMOCTOSITEILHOH PadoThI

(01010
O6beM yacoB, B TOM YHCIIe
Konpl peanuzye-
CpenctBa u KonTaktHas
MBIX KOMIIETCH- Bun nesrensHOCTH
. TEXHOJIOTHH pabora ¢
UK, MHIUKa- CTYJICHTOB CPC Bcero
OIICHKH npernoaaBa-
TOpa(oB)
TeIeM
3 cemectp
CamocrosiTensHOe Cobeceo-
W3Yy4YEHUE JIUTePATyPhI BaHH? 50 9,4 59,4
YVK-1 o TeMaM Nel-9
OIIK-2 IToxaroroska K Jiek- Cobeceno-
1 0,8 1,8
NJ-1lomk-2 LHHSIM BaHUE
[ToaroroBka K mpaxk- Cobeceno- 28 0.8 28.8
TUYCCKUM 3aHSATUSIM BaHUE
Hroro 3a 3 cemecTp: 79 11 90
HTtoro: 79 11 90
0300
O6beM yacoB, B TOM YHCIIe
Konpl peanusye-
CpenctBa u KonTaktHas
MBIX KOMIICTCH- Bun nesrensHOCTH
. TEXHOJIOTHH pabora ¢
LIUH, MHIUKa- CTYJICHTOB CPC Bcero
OIICHKH nperoaaBa-
Topa(oB)
TeIeM
3 cemecTp
CamocTosTenpHOoe CoGecero-
U3y4YeHHE JTUTEePATyPhI BaHH? 100 28,8 128,8
VK-1 o TeMaM Nel-9
OIIK-2 [ToaroroBka K nek- Cobeceno- 0.2 0.2 0.4
NJI-1lomk-2 UM BaHUE
[ToaroroBka K mpak- Cobeceno- 4 0.8 4.8
TUYCCKUM 3aHSATUSIM BaHHE
Hroro 3a 3 cemectp: 104,2 29,8 134
Hroro: 104,2 29,8 134
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KOHTpOJIbeIe TOYKH U BUJABI OTYECTHOCTH 110 HUM

Ne Bun nesarenbHOCTH CTYIEHTOB Cpoxku KomnuectBo
n/m BBIITOJIHEHUS OajuIoB
3 cemecTp
1. ITpakTrueckoe 3anstue Ne 2 6 Henens 25
2. [IpakTnueckoe 3ansarue Ne 5 10 nepens 15
3. [TpakTrueckoe 3anstue Ne 7 16 Henens 15
Hroro 3a 3 cemectp 55
Hroro 55

MaxkcuManbHO BO3MOXKHBIH 0al 3a BECh TeKYH_[I/Iﬁ KOHTPOJIb MakcuMaJIbHO BO3MOKHBII

0aJjii 3a BeCh TGKYH_II/Iﬁ KOHTPOJIb YCTAHABJIMBACTCS PABHBIM 55. TCKYH_IGG KOHTPOJIbHOC MCPOIIPH-

ATHE CYUTACTCS CIAHHBIM, €CJIA CTYJICHT MOJIyYHII 32 Hero He MmeHee 60% OT yCTaHOBJIEHHOTO /IS

ATOTO KOHTPOJISI MaKCUMalbHOTO Oaiia. PeHTHHTOBBIN Oaii, BICTABISIEMBIH CTYICHTY 3a TEKY-

e KOHTPOJIbHOC MEPOIIPUATUC, CAAHHOC CTYACHTOM B YCTAHOBJICHHBIC rpa(i)I/IKOM KOHTPOJIbHBIX

MEPONPUITHIA CPOKH, OMPEEIIIETCS CIETYIOINUM 00pazoMm:

YPOBGHB BBIITOJIHCHHA KOHTPOJIBHOI'O

PefiTunroBeIii 6amt (B % OT MaKCUMaIbHOTO
OaJuta 3a KOHTPOJIHOE 33/IaHHeE)

3aJJaHus

OTIHYHBIH 100
Xopommuii 80

Y 1OBIIETBOPUTENBHBIN 60
HeynonerBopurenbHbIil 0
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MeToanyeckue peKOMeH/IAHH 10 U3YYEeHHIO TEOPETHYECKOr0 MaTepuasia

CamocrosTenbHas padoTa CTy/IeHTa HAYMHACTCS ¢ BHUMATEIBHOTO O3HAKOMJICHHS C CO-
JiepKaHueM y4eOHOro Kypca.

W3ydenune kaxa0i TeMbl ClIeyeT HauuHaTh C BHUMATEILHOIO 03HAKOMJICHHS ¢ HAabOpoM
BOIPOoCcOB. OHU OPUEHTHUPYIOT CTYACHTA, IOKAa3bIBAIOT, YTO OH JIOJDKEH 3HATh 110 JAHHOH TeMe.
Bonpocs! Tembl Kak ObI HAKJIAABIBAIOTCS HA COOTBETCTBYIOIIYIO IIaBy H30paHHOTO YYeOHMKA WITH
yueOHoro nocobus. B urore 10omKHO OBITH SCHBIM, KaKHu€ BOIIPOCHI TEMbI Y4eOHOIO Kypca M ¢
KaKoH ITyOMHON pacKpbIThl B KOHKPETHOM y4eOHOM MaTepualle, a Kakie BooO1e onyIeHsl. Tpe-
OyeTcsl TBOPUECKOE OTHOLIEHHE U K CAMOMY COJEPKAHUIO JUCLIUILIINHBIL.

Bompocsl, cocraBisroniye ee coaepxkanue, 001a1al0T pa3HOi CTeNeHbl0 BakHocTH. EcTh
BOIIPOCHI, BHIMOIHAOLME (PYHKIUIO JJOTHYECKOH CBSI3KU COJEpkKAaHUS TEMbI U BCETO Kypca, UMe-
IOTCSI BOIIPOCHI OIMCATEILHOTO MIIM Pa3bsCHUTEIBHOTO XapaKTepa, a TaKXKe HCTOPUIECKOro 3KC-
Kypca B 00J1aCTh U3y4aeMOl IUCHUIUIMHBL. Bee 3Tu BOIIpOChl He COCTAaBIISIIOT CyTH OHSI-TUHHOTO,
KOHIIETITYaJIbHOTO COEPKaHUS TEMBI, HO HEOOXOIUMBI JIJIS IEJIOCTHOTO BOCIIPHUATHUS H3y4aeMbIX
po0JeM.

W3ydaemast iuCHUIIMHA UMEET CBOM KaTeropuaibHO-NIOHATUIHHBIN antnapaT. HayuHble mo-
HATUS — 3TO Ta 0a3a, Ha KOTOPOW CTpOMTCS Kaxaas Hayka. [IoHATUS — y370Bble, ONOPHBIE
MYHKTBl KaK Hay4YHOTO, TaK U y4eOHOIro MO3HaHUs, JOTMYECKHE CTYNEHU ABM)KEHUS B yuede OT
IPOCTOTO K CJIOXKHOMY, OT SIBJIEHUS K CYIIIHOCTH. be3 sicHOro moHMMaHus NOHATHH yueba KpaiiHe
3aTpyAHsIETCs, a CoJiepKaHue MPUOOPETEHHBIX 3HAHUH CTAHOBUTCS TYCKJIBIM, PACIUIBIBUATHIM.

CTyneHT JOKEeH MOHUMAaTh, YTO CaMOCTOSITENIbHOE OBJIaJICHUE 3HAHUSIMU SIBJISIETCS TJIaB-
HBIM, OTIpeIETAIONMM. BhIciias mkona co3aeT st 3Toro HeoOX0UMBIE YCIIOBHS, TOMOTaeT 0y-
JyLIEMY BBICOKOKBaTM(ULIMPOBAHHOMY CIELIUAINCTY OBJIa/IeTh TEXHOJIOTUEH CaMOCTOSATEIBHOTO
IIPOU3BO/ICTBA 3HAHUM.

B camocrosTenbHOl paboTe cTy/ieHTaM MPUXOJUTCS UCIOJIb30BATh JINTEPATYPY paziny-
HBIX BUJIOB: [IEPBOUCTOYHUKH, MOHOTpapuu, HayyHble COOPHUKH, XPECTOMATUH, YIE€OHUKH, yueO-
HbIE [T0COOUS, KypHaJIbI 1 Jp. M3yueHne Kypca npeanoiaraeT 3HakOMCTBO CTYIE€HTOB C O0JIBIITNM
00BbeMOM HayyHOU M y4eOHOHM JIUTepaTypbl, YTO, B CBOIO OYEpe]lb, MOPOXKIAET HEOOXOIUMOCTh
BbIPA0OTKH Y HUX PallMOHAIIbHO-KPUTUYECKOTO MOJAX0Aa K U3y4YaeMbIM HCTOUYHUKAM.

UToOBl HE KYTOHYTH» B OTPOMHOM 00BbEME PEKOMEHAOBAHHBIX MY JJIs U3YUYEeHHs UCTOYU-
HUKOB, CTYJIEHT, IPEXKIE BCETO, AODKEH HAYUUThCS MPAaBUIBHO UX uuTaTh. IIpaBuinbHOE uTeHNE
PEKOMEHI0BAaHHBIX HCTOYHUKOB IIPEIITOJIAraeT CIeJ0BaHNE HECKOIBKUM HECIIOKHBIM, HO BECbMa

IMMOJIC3HBIM ITPpaBUJIaAM.
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[IpenBapuTenbHbIil MPOCMOTP KHUTU BKJIIOYAE€T O3HAKOMIIEHHWE C TUTYJBHBIM JIHCTOM
KHHUTH, aHHOTAIINEH, TPEIMCIOBUEM, OryiaBiieHueM. [Ipyu 03HaKOMIICHHH C OTJIaBJIEHHEM HE00XO-
JTUMO BBIICTTUTH Pa3JIelibl, TJIaBhI, aparpadsl, MPECTABIISIONINE IJIs BAC MHTEpEC, OETIo UX mpo-
CMOTpETh, HAUTU MeCTa, OTHOCALIMECS K Teme (ab3alpl, CTpaHULIbI, naparpadsbl), U MO3HAKO-
MUTBCSI C HUIMU B OOIIIUX YepTax.

HaquHe HU3JJaHUs COIIPOBOXKAAOTCA pa3JIMUHBIMU BCIIOMOT'aTCJIbHBIMA MaTCpUalaMH —
HAaYYHBIM alIapaToM, IO3TOMY BaAXKHO 3HATh, N3 KAKUX OCHOBHBLIX 3JICMCHTOB OH COCTOUT, KaKOBLI
ero (pyHKIuu.

3HAKOMCTBO C KHUTOH JIy4Ille BCErO HAUMHATh C U3YUYECHUS aHHOTALIUU — KPaTKO#l Xapak-
TEPUCTUKN KHUTH, PACKPBHIBAIOIICH €€ CONepiKaHue, HIACHHYIO, TEMAaTUYCCKYI) M >KaHPOBYIO
HAIPaBICHHOCTh, CBEJCHHUS 00 aBTOpE, Ha3HAYCHUE M JPYTHEe OCOOCHHOCTH. AHHOTAIHS MTOMO-
raeT COCTaBUTh MPEABAPUTEIHLHOE MHEHHE O KHUTE.

['my6ke MOHATH cofepKaHUe KHUTH MTO3BOJISIFOT BCTYUTENbHAS CTaThs, B KOTOPOIL Jaetcs
OLIEHKA COZEp)KaHUSI KHHUTH, 3aTParuBacMoi B HeW MpOOIEeMaTHKH, CONEPKHUTCI MHPOpMAIUI O
KU3HEHHOH U TBOpYeCKOi Onorpaduu aBTopa, BEICKa3bIBAIOTCS MMOJIEMHUYECKUE 3aMEYaHNUs, pa3b-
SCHSAIOTCSI OTJENIbHBIC MOJIO0XKEHUS KHUTH, Tal0TCS KOMMEHTapuH U T.J1. BOT mouemy 3HaKOMCTBO
C BCTYNUTENIbHOMN CTaThell MpencTaBiIsieTcsl OUeHb BaXKHBIM: OHO TIOMOTAeT CTYACHTY COPUEHTHU-
pOBaThCs B TEKCTE PabOTHI, OOPaTUTh BHUMAaHUE HA e¢ HanboJiee IIEHHBIC U BaKHBIC Pa3JIeIibl.

Toit e e COIeMCTBYET 3HAKOMCTBO C OTJIABJICHHEM, TPEAUCIOBUEM, MOCIECIOBUEM.
BecbMa mosie3HBIMU DJIEMEHTaMHU HAY4YHOTO ammapara sSBISIOTCS CHOCKH, KOMMEHTapuu, Tal-
JUIBL, TpaduKh, CIUCKA TUuTepaTypbl. OHU HE TOJIBKO WJUTIOCTPUPYIOT OTIEIbHBIC MOIOKEHUS
KHHUTHU HUJIK CTaTbHU, HO U CaMHU IIO ce0e SIBIISIOTCS JOIMOJIHUTECIIBHBIM UCTOYHHUKOM I/IH(l)OpMaIII/II/I
JJIsI YU TATCIIA.

Ecnu yuratens 3anmHTEepecoBaja Kakas-TO BbICKAa3aHHAs aBTOPOM MBICIb, HE Hallle/IIas
MOJIPOOHOTO OCBEIICHHSI B JAHHOM MCTOYHUKE, OH MOXKET 0OpaTUTHCS K TEKCTY UCTOUHHUKA, YTIO-
MHHAEeMOT'0 B CHOCKE, JIM0O K MCTOYHHKY, KOTOPBIN OH MOXKET HAUTH B CIHCKE JIUTEPATYypPHI, pe-
KOMGHI[OBaHHOI\/'I ABTOPOM IJId CaMOCTOATCIIBHOI'O U3YUYCHMUA.

CymiecTByeT HECKOJIBKO ()OPM BEICHHUS 3aITUCEH:

— TuIaH (IPOCTOM M pa3BEpHYTHIN) — Hambosee Kparkas (popma 3amucu MPOYUTAHHOTO,
MIPEJICTaBIISFOIIAs COOOH TepevYeHb BOITPOCOB, pacCMaTPUBAaEMbIX B KHHUTE HITH CTaThe. PasBepHy-
THIN TUTaH TPEJICTaBIsAET cOO0H OoJsiee MOAPOOHYIO 3aMUCh TPOYUTAHHOTO, C JETATU3aIuel OT-
JIENBbHBIX TTOJ0KEHUI U BBIBOJIOB, C BBIMICKOW IIUTAT, CTATUCTUYECKUX JAHHBIX U T.1I. Pa3BepHy-
THIA TUTaH — HEOIICHUMBI MTOMOIIHUK MPH BBICTYIUICHUH C JOKJIAOM Ha KOHKPETHYIO TEMY Ha

ceMuHape, KOHPEpeHLNH;
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— Te3UChl — KPaTKO c(hOpMyJINPOBAHHBIE IIOJ0KEHNS, OCHOBHBIE II0OJI0KEHUSI KHUTH, CTa-
TbH. Kak mpaBuiio, T€3UCHl COCTABIISAIOTCA MIOCIE NPEABAPUTEIBHOIO 3HAKOMCTBA C TEKCTOM HC-
TOYHUKA, IPU €0 HOBTOPHOM IIpoYTeHUU. OHU ITOMOTaloT 3alIOMHUTh U CUCTEMATU3UPOBATh HH-
dbopmanuio.

CocraBiieHnE KOHCIIEKTOB

bonpuiyro posib B yCBOGHUM U IIOBTOPEHUHU IPOMIEHHOIO MaTepuaja UrpacT XOPOIIMM
KOHCIIEKT, COJICpKAIUil OCHOBHBIE HJIEH IPOYUTAHHOTO B yUECOHUKE U YCIBIIIAHHOTO B JIEKIIHH.
KoHcnekt — 3710, 110 cyliecTBy, HAOPOCOK, pa3BEPHYTHIH IJIaH CBA3HOI'O paccKas3a 110 OCHOBHBIM
BOIIPOCAM TEMBI.

B kakoii-To Mepe KOHCIEKT paccuuTaH (B 3aBUCUMOCTH OT MHIUBHIYaJbHBIX 0COOECHHO-
CTEH CTyJleHTa) HE TOJBKO HAa UHTEJUIEKTYaJIbHYIO U SMOLIMOHAIBbHYIO, HO U Ha 3pUTEIbHYIO Ia-
MSITh, IPUYEM TEKCT KOHCIIEKTa HEPEJIKO aCCOLIMMPYETC €llle U C TEKCTOM YUeOHUKa UIIH 3aIIHUChI0
nexkuuu. [ToaToMy serue 3armoMuHaeTcs cojaep’KaHUE KOHCIEKTOB, HAMCAaHHBIX pa30opyuuBO, C
MO TYEPKUBAHUEM WM BBIJICTICHHEM Pa3PSAIKON KIFOUEBBIX CIIOB U (pas.

CamoCTOATeNbHO M3YyYEHHBIE TEMBI MPEIOCTABISIOTCS IPEnojgaBaTeio B (opMe KOH-
CIIEKTa, IO KOTOPOMY IIPOUCXOIUT cobecenoBanue. TeopeTnueckue TeMbl Kypca (OTAeIbHbIE BO-

HpOCBI), BBIHOCHUMBIC Ha CAMOCTOATCIIbHOC U3YUYCHUC, ITPCACTABJICHBI HUKC.
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Yueono-memoouueckoe u unghopmayuonnoe obecneuenue oucyuniunvl

Ilepeuens ocHO6HOI U 0ONOIHUMENbHOU TUMEPAMYPbl, HEOOXOOUMOIU 01 OCEOCHUA
OUCUUNTUHDL

Ilepeuens ocrnosnoil tumepamypoi:

1. lumayes, B. C. Beiciias maremaTrka: yaeOHuk 1iis 6akanaspos / B.C. Hlunaues ; mox
pen. A.H. Tuxonosa. — 4-e u3zz., ucnp. U non. — M. : FOpaiit, 2014. — 607 c. — (bakanasp. ba3oBsiii
Kkypc). — Ha yue6nuke rpud: Pex. YMO. — ISBN 978-5-9916-3325-3

Ilepeuenv 0ononnumenvHol TUmMmepamypol:

1. boromosnos, H. B. Marematuka: yueOHuK u1st 6akanaspos / H.B. boromomnos, I[1.1. Ca-
moitnenko; Mock. ['oc. YH-T Tex. U ynp. Um. K.I'. PazymoBckoro. — 5-e uzn., ne-pepad. U gom. —
M. : FOpaiit, 2014. — 396 c. : un. — (bakanasp. ba3oBblit kypc). — Ha yueOnuke rpud: Jon.MO. —
ISBN 978-5-9916-3467-0

Ilepeuensd yueono-memoouueckozo obecnedyeHus camoCcmoameibHoil padoomst 00yuaro-
wuxcsa no oucyuniune

1. Meroandeckue peKOMEHIAIUH ISl TOJTOTOBKH K MPAKTHUYECKUM 3aHITHSIM I10 JUCITU-
nHe «MaremMaTruieckue METOIbI M MOJICIH B YIIPABIICHUM).

2. Meronnueckue peKOMEHJAIIUHU IO OPTaHU3alUN CaMOCTOSTEIbHON paboThl CTY/I€HTOB

10 AUCHUILTHHE «MaTeMaTH4eCKUue METOAbI M MOJICIU B YHOpaBJICHUU.

Iepeuens pecypcos ungpopmayuonno-menekommynukayuonnou cemu Humepnem, ne-
00X00UMBIX 0151 0C60CHUA OUCUUNIUHDL
1. http://www.biblioclub.ru -OBC "YHuBepcuterckas Oubnmorexka oHiaiH"

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