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Beenenue

[lens u 3amaum 3 ydeHus U CIIUILTNHEL

O0opynoBaHME U MATEPUAITEI

HanmenoBanue npakTuaeckux padoT

Conepianie MpakTUIECKUX padoT

[TpakTnueckas padora Nel Marpunsr u onpenemirenu.

[TpakTnueckas padora Ne2 Merone!l pemeHns CUCTEM JIMHEUHBIX YPABHEHHH.
[TpakTnueckasa pabora Ne3 Oyukiyu u npenensl. MeToael mpuOIUKEHHOTO BEI-
U CIIEHUA 3HAYEHUH (PYHKIINH.

[Tpaknueckas padora Ned [Ipoussonnaga nu mupepennman (PyHKIMA OOHOM me-
PEMEHHO.

[TpakTnueckas padora NeS Meronel uccnenoBaHus U IMOCTPOCHUA TPAPUKOB
(PyHKIH.

[TpakTnueckasa padbora Ne6 BepoarHOCTHEIE MOIEIN IPOLIECCOB YIIPABICHUA.
[TpakTnueckaa padbora Ne7 KoppenAaunoHHO-pErpecCMOHHEIN METO UCCIIEN0BA-
HUS CIIYYAMHBIX BETMYUH.

[TpakTnueckas padbora Ne8 OCHOBEI BEIOOPOYHOr O METOIA U SJIEMEHTEHI CTATHUCTH-
JECKOM TEOPUU OLICHUBAHUA.

[TpakTnueckas padora Ne9 Cratuctuueckad runore3a. MeToasl craTUCTUUECKON
MPOBEPKU THUITOTES.

YuebHo-meroanueckoe 1 nH(POPMAIUOHHOE 00ECIEueHn e U CHUILINHEL
[Tepeuens 0CHOBHOM U JOTIOJIHUTEABEHOM TUTEPATYPHI, HEOOXOIUMO 1151 OCBOE-
HWUSA TUCIIUILUIUHBI

[lepeuens yueOHO-METOIMIECKOTO 0OECTTEUEHN CAMOCTOATENBHON PabOTEI 00Y-
JAOMINXCA M0 TUCIUILUTHHE

[Tepeuens pecypcoB nH() OpMAITMOHHO-TEIEKOMMYHUKAITMOHHOU cetn MnTepner,

He0OX 0 TUMBIX /IS OCBOEHHA THUCIATIIAHEI

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOAMUCHIO

12000002A633E3D113AD425FBS50002000002A6
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Beenenue

[TpakTueckue 3aHATHA CO3AIOT ONTUMAILHBIE TUAAKTUUECKUE YCIOBUA A AEATEIE-
HOCTHOT'O OCBOEHH: CTYNEHTAMH COACPIKAHUA U METONOJIOTMH U3ydaeMOn qucnurnimuel «Mare-
MATHYECKHUE METOABI U MOJEIN B YIPABICHUN», HCHOIB30BAHUE CHENUATBHOTO 1a00paTOpHOTO
00opymoBaHMA U TEXHUYECKUX cpeacTs. [IpakTuueckue 3anaTua 3aHUMAIOT OPEUMYTIIECTBEHHOE
MECTO OPH M3Y4EHUH 00mIenpo(pecCuoHATEHEIX U MPO(EeCCHOHANBHBIX aucHuruinH. [IpakTiue-
CKHE 3aHATH HPOBOAATCS C IENBIO BEIPAOOTKU MPAKTUYECKAX YMEHHI U MPUOOPETEHN S HABLIKOB
B PEIIEHUU 3a7ad, OTPaOOTKM ypa)KHEHW, BEINOJHEHUH YEPTEKEU, MPOU3BOACTBE PACUETOB U
T.II.

Llenpro mpakTUueCKnX 3aHATUH ABIAETCA (DOPMHUPOBAHME MPAKTUYECKUX YMEHUN — IIPO-
(pE€CCHOHANBHEIX (BBIMOMHATE ONMPENEIEHHBIE NEUCTBUSA, ONEPALINH, HEOOXOOUMEBIE B ITOCIEIVIO -
n1eM B Ipo(eCcCHOHATBHOM AEATEMRHOCTH ) UM YUEOHBIX, HEOOXOOMMBIX B MOCIEAYIOMIEH yUIeO-
HOU JIEATENBHOCTH MO 00mEenpo() eCCHOHATBEHBIM U NPO(PECCHOHATBHBIM U CIIUILTUHAM.

bubmuorpapuuecknii CIUCOK COAEPKUT CBEICHUS O CIIPABOYHOU JIMTEPATYPE U TOMOTHHU-

TCIIBHEBIX U3TdHHAX, HEDﬁKD,I[I/Ihf[E:D{ JJIA }TJI}’GJIE‘HHDFD H3YUYCHHA OTACIIEHBIX BOITPOCOB.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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1. I{enw u 3a0auu uzyueHus OUCHUNITUHDI

[lens ocBOEHMA TUCIIUIINHEL ABJETCSI 03HAKOMIEHHUE CTYAEHTOB C BAKHEUIINMH METO-
JaMi 1 MOJEIIMI KJIACCUUECKOM MaTEMATHKH, HATPABIEHHBIMU HA MCIIOJIB30BAHUE U IPUMEHE-
HHUE UX B YIIPABJIECHUH: METOAAMM JUHEUHON anreOpsl, MeToaaMu qu(epeHabHOr0 HCIUCIE-
HUA (PYHKIMH OTHOU NMEPEMEHHON, BEPOATHOCTHBIMU U CTATUCTUYECKUMH MOJEIAMA U UX MPHU-
O EHUAMH B TOCYIAPCTBEHHOM M MyHUILIUITATHHOM YIPABICHUH.

3amaun OCBOEHUS OUCHUILINHEL SBISIOTCA:

— CO3JaHUE Y CTYAEHTOB OCHOB TEOPETHUIECKON MOATOTOBKHU B 001aCTH MAaTEMATHIECKHX
METOJ0B U MOJIEJIEH B YIIPABICHHUH;

— OBJIQIEHUE MATEMATHIECKUM ArmnapaTromM, HEOOXOIUMBIM /I U3 y4dEHUS TUCIUTLUIHH TOC-
yAAPCTBEHHOTO U MyHUIIUITAIBHOTO YITPABIEHUS U PEMICHUA TEOPETUYECKUX U MPAKTHIECKUX 3a-
aad;

— pa3BUTHE UHTEIUIEKTA U (POPMUPOBAHME y CTYAEHTOB JOTUYECKOTO U AITOPUTMHUUECKOTO
MBIILIEHHUS;

— BBIPA00OTKA HABBIKOB CAMOCTOATEILHOTO U3YUEHNUA YIE€OHON U HAYIHOU JIMTEPATYPHI MO
MATEMAaTHUYECKUM METOAM U MOJEIAM, U UX TTPHIOKEHUAM;

— MOBEHIIIEHUE 00NIEN KYIbTYPEI CTYIEHTOB.

2. Obopyoosanue u Mamepuaivl
AmnmapaTHbie CpeacTBa: MepeHoCHON HOYTOYK, MPOEKTOP, JOCKA MATHUTHO-MAPKEpHAs.

YuebHas ayoquTopus IS MPOBEOEHUS YUEOHBIX 3aHATHH, OCHANIEHA 000pPYyIOBAHUEM H

TECXHHUYCCKHMH CPCOCTBAMHA 06}7'-IEHHH.

3. Haumenoeanue npakmuueckux paoom

Ne Temsr N3 nux nmpaktuue-
HanmenoBanue TeéM AMCHUILIMHEL, UX KPATKOE Oo0neMm

ITUCI[H- CKad IMOAroTOBKA,
COZIEpKaHUE qJacoB
IUTUHEI JACOB

3 cemecTp
IIpakTHnueckas padora Ne 1. Marpuns! u onpe-
TeTUTEIH.
| Onepanuun Hag marpunamu. Onpegenurenu. Bei- 3
qUCIIEHUE Onpeaenureneu 2-ro,3-ro 1 n-ro mo-

PAOKOB.
NOKYMEHT NoanucaH |
3NEKTPOHHOW NMoArUChIO ‘TOIBI PEICHNA
CepTucukar: 12000002A633E3D113AD425FB50002000002A6 ;

Bnageneu: Ulebayxoea TateaHa AnekcaHapoBHa HEeHHI METO-
au ['aycca.
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IIpakTHueckas padbora Ne3d. Oyuknu u mpe-
nensl. Meronsl mpuOIMKEHHOTO BBIUMCIEHUA
3HAYEHUN (PYHKIH.

OCHOBHEIE METOBI BEIUMCIICHU S IPENEIIOB
¢pynakimii. [Ipumenenme SKkBUBAIEHTHEIX OECKO-
HEYHO MAJTBIX K BEIYHUCIECHUIO MPEIEIOB (PyHK-
TTHAH.

IIpakTHueckas padora Ned. [IpousBognas u
nuppepentman (yHKIuA 0THOU NEPEMEHHOU.
Huppepennupopanne QyHKIMH Pa3IUUHEIX BU-
TOB.

IIpakTiHueckas padora NeS. Meroasr uccaeno-
BAHUSA U MOCTPOEHUA TPAPUKOB (PYHKIH.
Jkcrpemym QpyHkimu. Touku nepernda. Acumi-
TOTHL. [Ipumenenue nu¢epeHnmnamsHOro uc-
UUCIICHUS K UCCAEI0BAHNIO (DYHKIMH U ITOCTPOE-
HUIO UX TPA(PUKOB.

IIpakTHueckasi padbora Ne6. Bepostnoctarie
MOJIENH ITPOLIECCOB YITPABIEHHUA.

DJIEMEHTEI KOMOMHATOpHUKU. Beraucnenme Bepo-
ATHOCTH CJIYy4alHOTO COOBITHA. BEpOoATHOCTE B
CXEME NOBTOPHBIX UCTBITAHUM.

IIpakTHyeckan padora Ne7. KoppeniuuoHHO-
PETPECCUOHHBIN METO UCCIETOBAHMSA CIydali-
HBIX BEJIMYUH.

YucnoBeIe XapaKTEPUCTUKU JUCK PETHBIX U HE-
IPEPEIBHEIX CIYYaHHBIX BEJIMYNH: MaT€EMaTHUEC-
CKO€ OKUOAHUE, TUCIIEPCU, CPEIHEE KBAIPATH-
geCcKoe OTKJIOHEHME. M Ccroip30Banne yuCIoBBIX

XAPAKTEPUCTHK B KOPPETAIMOHHO -PErPECCHOH -
HOM METOJIE.

IIpakTHueckas padbora Ne8. OCHOBEI BEIOOPOU-
HOTO METOOd U 3JICMCHTEI CTATUCTHUYECKOH TEO-
pHH OLIEHUBAHUA.

Br100opouHas COBOKYITHOCTB, BEIOOpOUHAA (PYHK-
U pacrpeneneHud. ['mcrorpamMma, moJaMroxH 4a-
CTOT. BrIuncCieHne TO9eIHEIX OLEHOK mapaMeT-
pOB pacmpeneneHua. Beraucienue nHTepBaib-
HBIX OTIEHOK IMApaMeTPOB PACHPENEICHM.

IIpakTHueckas padora Ne9. Craructuueckas
runore3a. MeTopl CTaTUCTUUYECKON MPOBEPKHU
TUANOTE3.

CTaTUCTHYECKHE UCCIEI0OBAHNA 3aBUCHUMOCTEH.
MeTtoasl cTaTUCTUUECKOM TPOBEPKU THUITOTES.
['mmoresa o paBeHCTBE reHEPATBHBIX CPETHUX.

HUroro 3a 3 cemectp:

27

HUroro:

27

CepTtudumkar:
Bnageneu;

OJOKYMEHT NoanmvucAH
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4. Codeprcanue 1adbopamopHblx padom

Ilpaxkmuuecxkan paboma Nel. Mampuuywpt u onpedenumeni.

L]enn: IIproOpecTr HABBIK BBEINMOJIHEHUS ONEPALUH HAl MATPUIIAMU U BEIYHMCJIEHUS OIIpe-

IeIHUTEIEeH.

Ocrnoevt meopuii:

[Tpamoyronenas Tabmina, coaepxkanias m — CTPOK U 1 CTONOOB HA3BIBAETCA Mampuyeu u

0003Hagaercs
ﬂll HIE |—| ﬂlﬂ rﬂ[[ ﬂ|j |—| 'ﬂlﬂwhII
Qy Ay L1 a,, Qy Ay L a,
A=l | Ly ywm A=l [ T L) L
ﬂml ﬂm? |—| ﬂmﬂ L\'ﬂﬂul ﬂm? |—| ﬂmﬂ )

VT KOPOTKO MAaTpUIly 0003HAYAI0TA =

Croowcenue mampuy

[TycTs manwr nBe MarpuisiA 1B 0 IMHAKOBOU pa3zMepHOCTH. X CyMMOU HA3BIBAETCS MATPHU-
naC = 4 + B Tou xe paamepHGCTH., C—}JIEMEHTLI KOTOPOW PAaBHEI CYMMAaM COOTBETCTBYIOMIMX 3JI€-
MEHTOB MaTpuIl 4 H§ T.€. €CIH ||b{;|| 10 A + B =C =||cij.

—2 5\ -3
[Tpumep: A= , B= s TOTAA

3 1 -2
hﬁz 1—2+1) 5— 3\% ~1 zﬁ)
A+B=C=|441 1-2 3+4l=l5 1 ?)-

OTMETHM, UTO CKIAABIBATE MOYKHO TOJIBKO MATPHUIEI € OMHHAKOBBEIM YHCJIOM CTPOK U C O1TH-
HAKOBEIM HHCJIOM CTDJ’[ﬁHDB.

PasnocteioB - A marpuil B 1 4 (OAMHAKOBEIX CTPOEHUH ) HA3BIBAETCA TAKad MAaTpUIA X, 4TO

A+ X=8B.
' (2 1 4) 35 7\
Harprnvep, A = L , B=
2 3 1) 2 -1 4}

X:B—A:Q _51 7\—(_22 ; ﬂ ( 44 a
\ ) \ ) k )

Vumnoorcenue mampuy

a) Y MHOKE€HHME MaTPHULIBL HA M CII0. YTOOBI YMHOKHUTE MAaTPUILY HA YUCIIO (L, HAT0 YMHOKHUTD
HA 3TO YUCIJIO KAXKIBIM 3JIEMEHT MATPHIIBL:
o |l aj || = oway |

(2 —1) (2 —1\ (6 —)
[Tpumep. A—|3 5 a=30A=33 5 I=lg9 15I.
\ ) \ )\ )
0) YMHO)KEHME IBYX MATpHII.
YMHOKEHUE MATPUIILIB HA ManpruyA BO3MOYKHO TOJBKO B TOM CIyJae, KOTAA UMCI0 CTOI0-
T OKYMEHT MOAMMACAH e 4.
ANEKTPOHHOWM MOAAUCHIO BIU B [-O1 CTPOKE U j —O0M cToiidie (T.e. Cjj) paBeH

Ceptuchmkatr;  12000002A633E3D113AD425FBS0002000002A6 -
MATPH B Ha coOTBETCTB HEC DJIICMCHTEI |—
Bnapeneu: lebayxoea TaTeAHa AnekcaHapoBHa PHLBT yIom J

. Torna
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c—ab +ab +. +ab Za;Hy

Cnenyer OTMETUTh, YTO YMHOKEHHE ManHu He 00magaer CBOMCTBOM KOMMYTATUBHOCTH,
T.€. AB # BA.

(1 2) B_(—z 1}
HpHMEpl.A:k_l 3J 5| —k3 5).
R R v e A R R
\ )k 5 ) )
| :( 1(1 \:(—2*1—1*1 2-(-2)+1-3) = I/_3 —1Y
B-A=1 3 5 3.145-(-1) 3-2+45-3 2 21
\ N J \ ) \ )

Breisom: AB # BA

Buiuucnenue onpedenumernei

Ecmi B MaTpuile aMcno CTpoK paBHAETCS YHCIY CTOJIOIOB, T.€. m = 1, TO MATPHUIIA HA3LIBA-
€TCS K6AOpPamHou:

(ﬂll ﬂlf — lﬂln]

|a21 a,, — .
A=l ) | _ |_|‘
a, a, 1 a, )

Onpenennurens, COCTABICHHBIN W3 SJIEMEHTOB KBAAPATHOM MATpULEL (0€3 mepecTaHOBOK )
HA3BIBAETCA OMPEICTUTEIEM MATPUIIBHI A.

lﬂl 1 alj — lﬂln
a. a.. _ a
21 22 = n
A(A) =
I O I |
ﬂ]‘]’l n2 — ﬂ””
qHCHG dyl d22 - d21 d1? HA3BIBACTCA DHpEl[EIﬂ{TE‘JIEM ETﬂpﬂFﬂ Hﬂpﬂﬂl{ﬂ H ﬂﬁﬂ.?rHﬂlIaETCH CHM-
il
12
BOJIOM A = — ¢ ¢l —a
ﬂj | ﬂjj 11 22 12 21

OnpenennurenemM TPETLETO MOPAIKA HA3BIBAETCA YHCIIO:

11 A Ay

A=\ay a,, Au|= a),0y055+ Ay Q30,5 + A 0y05, — 3,050 13 — )3yl — Uy 505

Uy dsp Ay

CxeMaTUYECKH BEIUMCICHUE ONMPENETNTENS TPETHETO MOPAIKA BRITIIAAUT CIEIYIOMIAM 00-
pa3oM (DpaBUIO TPEYTOABHUKOB WK npasuno Cappyca):

ay Ay, HIEL WIH

AOKYMEHT NOAMMCAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnageneu; Llebayxosa TarbAHa AneKcaHfpoBHa DAdBCH CYMMC HpDHEBE,[[EH}ﬂ?I SIIEMCHTOB HCKOTO-
MHEHHA STHX 2JICMCHTOB, T.C.

a

s
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A=a; A, +a,A, +azA; A=a, A +ay A, +ay4,
A=ayAy) +ayuAy +ayA5; A=apAp +ayAy +ayAs,
A=a, Ay +an Ay, +agAyy A=apA+auAy)y +asAg,

Hanpuwmep, paznoxenne onmpeaenuTens Mo 3MEMEHTAM MEPBON CTPOKH:

a5
(=T TP Ay (=12 dps (=13 Ay
&:ﬂ” ( 1) +ap, ( 1) | +ag, ( 1) —
ds; 33 s, 4y ds sy

= 4y (Ayls3 — A3,05) = A, (Qy Q33 — Q30,3 ) + a3 (aya5) — A30,, ) =

= U 1UyyUyy T A5y Uyy T A3y Ay — A3y yy — A5y gy — 3050y,

PasmoxeHnueM mo sjaeMeHTam CTPOKH HWJIH CTDJ’[ﬁHﬂ MO HO BBEIYHCIIHTE ONPCACIHUTEID JIHO -

Ooro mopsaka. B xauecTBe mpumepa paccMOTPUM OTIPENEIUTENs YETBEPTOTO MOPSIAKA M PA3JIIO -
UM €T0 MO 3JIEMEHTAM MEPBOU CTPOKH.

IIpumep 2.
I -1 2
—1 1 -1 4
Lol 4—1(1)'“% 1 3[+(=D-=D™2 1 3+
2 3 1 3 ] )
1 0 5 3 0

3 1 0 5

1 1 4 I 1 -1
+2- (=2 3 3[+3-(=D"*2 3 1|=15+0-3-4-0+15)+

31 5 31 0

+1(5+0-9-12-0+4+10)+ 2(15+8+9-36-3-10)—-3(0-2+34+9-0-1) =

—13-642-(-17)=3-9=13-6-34 —27 =54

JlaHHBIN OmpenenuTens MOMKHO BBEIUUCIUTH UHBIM CITOCOOOM, MPUMEHHUB 3JIEMEHTAPHEIE
mpeo0dpa3oBaHuA K CTPOKAM ONMpenenuTens. A UMEHHO, YMHOKHUM 3JIE€MEHTEHI MEPBOI CTPOKU HA
(-1) m cmoxuM ¢ dMeMEeHTaMu BTOPOU CTPOKH, 3aTEM YMHOKUM JJIEMEHTHI HEPBON CTPOKH HA (-2)
U CJIOKUM C COOTBETCTBYIOIIMMHU 3JIEMEHTAMH TPETHEH CTPOKU M, HAKOHELl, YMHOKHM SIE€MEHTEL
MEPBOU CTPOKH HA (-3) 1 CIOKUM C COOTBETCTBYIOMINMU C 37IEMEHTAMU YETBEPTON CTPOKU. 1 oraa
MOMYYUM OMPENETUTEND 4-T0 MOPANKA, B IEPBOM CTONIOIE KOTOPOTO CTOAT HYIN, KPOME MEPBOM
CTPOKH, T.€. TOIY4aeM OINPENEITUTEEL BUAA:

1 -1 2 3 |
2 -3 1
0 2 -3 1
—a, A, =15 =3 -3=24-30+36+12-36-60=-54.
0 5 -3 -3
4 6 -4
0 4 -6 -4

Konmponsnwie sonpocwt u 3a0anus:

1. Kakne Marpuiisl MOKHO CKJIAOBIBATE U MO KAKOMY ITPABUITY

AOKYMEHT NoanmncAH _ 9
SNEKTPOHHOWN noannuceio ANHA CIIOKCHHMA N[ﬂTpI*fL[. Ecte mu oTnmuuamuga OT
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapened. llle6ayxoea TateRAHa AnekcaHgpoBHa
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4. Kaknmu CBOMCTBAMM 00JIANAIOT OmMEpanua YMHOMKEHHS MATpPUILl HA 9ucno? Ecte i
OTIMYUA OT CBOMCTB YMHOKEHUSI YUCEIN
5. UTO HA3BIBACTCA ONPEIETUTEIEM KBAAPATHON MATPUIIEI!
6. Jlaitre onpeneneHne MUHOPa U are0panyecKoro JOMOIHEHU S SJIEMEHTA OPEIETITUTENA.
7. Kak BBRIYMCIIMTE ONPENENUTEND, PAa3JIaras €ro 1mo MpoOu3BOILHON CTPOKE WA CTOJIOIY?
Chopmynupyire COOTBETCTBYIOMIYIO TEOPEMY U HAMUIIATE (POPMYJIBI PA3IOKEHUA OMPENEIIH-
TeJIA N0 1-0U cTpoke (k—my cronOiy).
(8. Hairtu mpomssenenue marpun A u B.
0 f] fl 20

1.A=|5 11,B=l3 4 5|.
. )\ )

(120\ (1 2 0)

2*A=|0 3 1,B=|03 1|.
|k0 1 2 LO 1 ZJ
’/—3 2 —_1\‘ 4 5 1\‘

3.A=.5 6 1, B=-3 2 1.
‘—2 1 —?' '8 -3 2'

3. BeIUMCINTE ONIPENETUTENE

1 3 7 2 4 5 b b :
I. A—R 26 56/ 2-a=I3 1 —1l 3)x y z|. 44l 14a 1
3 -4 6 2 0 0 x>y o7 1 1 1+b
1 -1 2 3 =2
40 2 0 15 3 =2 11 -1 2 1
5. A 0312 e (427 20 402 1 3 -2 1
01 0 5 5 1 1 5 N
2 4 3 1 0 4 2 -1 51 3 4 s
AOKYMEHT NoanmncAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Hpaxmuueckasn pavoma No2. Memoowl peuienusa cucmem 1UHEHHbIX YPAGHCHILIL.

I]ens: PaccMOTpETE pa3IUMUHBIE METOIEI PENICHUS U 3aKPEMUTh HABEIKK pemenns CITAY.

Ocrnoevt meopuii:

CuCTeManUIMHENHEBIX YPABHEHUI CNITIEPEMEHHBIMHM UMEET BUI:

-

agx, + apx, + L1 +a,x,= b

AyXy * aynx, + L1 +a,,x, = b,

] :
L L L L L

._Hml‘xl + ﬂml‘xl + |—| + ﬂmn‘xn — bm

rne d; 1=1,2,..m;j=12,...n), bﬁ: (k=1.2, ....m) - 3aga”dHBIC JEHUCTBUTEILHLIC YHCIIA.

Uucna d;; (i = 1,2,...,m; j = 1,2, ...,n) HaspBatoTCA KOH(PPULIEHTAMH CUCTEMBI, a YHCIA bk

(k = 1,2, ...m) - cBOOOIHBIMM YJIEHAMHM CHUCTEMBI JIUHEHHBIX AJIreOpPaudeCKuX YpPaBHEHHI

(CITAY).

MﬂTpI//l'L[LI
ay ap || a,) (ﬂll dp L1 a,, bl\]
a a | _ a a L | a b |
A = o] 2 a,, H A = | o1 2 m , , KOTOPBIE COCTABJIECHEI U3
oL L | ||||||||||
N a,n - Umn ) L'ﬂﬂ'! ! a,p L Ay b”IJ

KO3((PUIITUEHTOB MPH NEPEMEHHEBIX U CBOOOIHBIX YJIEHOB CHCTEMEI, HA3BIBAIOT COOTBETCTBEHHO
MATPUIIEN CUCTEMBI U PACHIUPEHHON MATPUIIEN CUCTEMEI.

PaccmoTpum cuctemy TpEX TMHEHHBIX YPABHEHUN C TPEMS HEM3BECTHBIMH X 1s X35 A3

anxi +anx: +amisxs = b,
a x +a x +a x =b .

1 21 1 » 2 3 3 >

ax+a x +a x =b,
L 31 1 32 2 33 3 3

;- KO3() PULIMEHTEI TPH HEM3BECTHEIX b; - CBOOOJHEBIE UIIEHBI (ITPABBIE YACTH) CH-

CTeMBI YpaBHEHUH. ONpenenuTess TPETHEro mopsaaka A , COCTaBISHHBIH W3 KO3(p(PUTIMEHTOB TTpH
HEW3BECTHBIX, HA3BIBAETCA OHPeOeIumenem CUcCmembl.
PemmMm cucTeMy IMHEMHBIX YPABHEHUH METOI0M OOPATHOM MATPULIEL:

rl?ﬂ +x2 —3x3 =—5.,,
x —=2x +2x =17,
Ix+.rj+3.r3:4.

L I 2 3

rue

Beeném crenyrone 0003HaYEHNA:

.-"2 | _3“‘5 r"x | ' r"_S“a
A=1 -2 2 . X= x | B=17

kl l 3 / k‘r 1) \ 4 /
T IOKYMEHT NOANVCAH
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2 1 -3
A=l -2 2|=-12+2-3-6-4-3=-26.
I 1 3

Tak xak onpenenuTens MATPUIEI CUCTEMBI OTJIMYEH OT HYJA, TO MAaTpulad nmeer oopar-

— Al
HYIO0, d pPCHICHHUC CHCTCMEI HMCCT BHU . X — A B .

Jlng HaxoxneHus oOpaTHOM MATPUILLEL A~" BRIUMCINM anredpandecKue IOIMOTHEHUS dIIe-

MEHTOB MaTPUILBLA:

-2 2 1 -3 1 -3
Ay = =-8, Ay = =—0, Ay = = —4,
1 3 1 3 -2 2
1 2 2 -3 2 -3
Ap =-— ==l Ay, = =9, Ay == ==,
1 3 1 3 1 2
1 -2 2 1 2 1
A, = =3, A,=- =—1, A= = 5.
Sl 701 S
Marpwuria A~ , obparHas KA, 3anumercs cieayrouM oopa3om
! f S 4
A-l=_
QE| sl

k )

Marpuunoe pemeHne CuHCTEMBI UMEET BH,D;

~ad

A

\

X1 1 -8 —6 —4
X=|x|=- -1 9 ?
N 26| o -1 s
L5 \ N )
OTCIOA CJIENYET, 9T0 | =3, Xy = -3, Xy = 2.

3
5

2

},

[Tpu yemosuu, ato A# 0 | TO €TUHCTBEHHOE PEMIEHNE CUCTEMEBI BRIPAKAECTCH Gopmyiamu

Kpamepa:

X )
1
A

Pemmte mo popmynam Kpamepa cnenyroniyro CUCTEMY JIMHENHBIX YPABHEHUM:

-2x2 +x3 =—4
3x +2x +5x =2.
4.x|—7x2—5x3 -5

2 3

L 2

Buauase naiinem onpenenuTess CucreMer A =

1 -2 1
3 2 5
4 -7 -5

=-10-40-21-8 -30++35 =

- 74. A #0. CnenosarensHo, pacCcMaTpuBaeMas CHCTEMa UMEET €IUHCTBEHHOE pemeHne. Beruuc-

UM onipeneuTen A, A, A, .

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCLIO
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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 -5 4 -5 -3
1 -2 4
15-8-60+25=-148,A, =3 2 2| =-10-16+ 84 +32-30+ +14=74. Takum o0Opazom,
4 -7 -5
peLieHue TAaHHOH CHUCTEMEI HUMEET BUI:
oM I:ﬁz_—ma_z I:ﬁa_ﬁl__l
A 74 > A 74 T A 74

Paccmorpum pemenune CJIAY meromom Naycca. Meron [M"aycca 3aximrouaercsas mocneno-
BATENBHOM HUCKJIIOYEHUN HEN3BECTHBIX. [[J14 ynoOCTBa BEIMMIIEM PACIIMPEHHYIO MATPUIYH HPH-
BEAEM €€ K TMAarOHaJILHOMY BUAY C TOMOIIBIO 3JIEMEHTAPHBIX Mpeo0pa3oBaHU.

2 1  =3]-5 1 1 3|4

r1 2 2 171 :=|(1 2 2 171 >

| | sios | s

Ll 1 3 4J Lz 1 -3 —5} e

(1 1 34 (1 1 3, 4 (11 3, 4)

>0 3 -1 13 > s o -1 —9|-13 >0 -1 —9|—
-5 +5; | | S2635; §1 €351 —355 +353 | 13].
=g o1 -9 13 0 -3 -1/ 13 0 0 26|52

BreimomuM 00paTHBIN X0 4. 3aMUMIeM CHCTEMY,UCXO0IA U3 KOA(P(PUINEHTOB MOCIETHEN
MATPUIIEI, U TOCIEI0BATENRLHO HAWIEM HEU3BECTHEIE.

X1+ x2+3x3 =4, X3 =2,
—x —9x =-13, x =13-9x =_-5
J 2 3 J 2 3 ’
26x =52, x =4-x —-3x =3.
3 L > 3

Konmponsnwie eonpocwt u 3aoanus:

Hcnone3ya opmyner Kpamepa u meTon 00parHOM MAaTPULEI HAUTH PEMIEHUS CIE YIOIINX

CJIAY:. , ,
3x1 +2x2 +x3 = X1 —2x2 +3x3 =6 2x1 —x2—x3 =4
1. +3x +x =1 :2. 2x 43y —4x =20:3. +4x —-2x =11,
12x, 23 1.1 > 3 13, 2 3
2x +x +3x =11 3x —2x —5x =6 3x —2x +4x =11
[ 1 2 3 [ 1 2 3 L1 2 3

Pemmte cnemyronue cucremer Metogom ['aycea.

(2x1 +4x2 +4x3 +6x4 =18
dx +2x +5x +7x =24
1. A l 2 3 4

T 3x +2x +8x +5x =13

| 2 3 4

| 2x, +8x, +7x; +3x, =0

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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Ilpakmuueckaa pavooma Ne3. @ynkuuu u npeoenvt. Memoovt npuonUICeHHO20 6bIUUC-

JIeHUA 3HaAYeHUll pyHKyuil.

Llenn: CpopmupoBaTh HABEIKA BEIUMCIECHHA IIPEAEIOB (DYHKIMH, a4 TAKKE BBEIYUCICHHA

MPUOINKEHHBIX 3HAYEHUH (PYHKITHM.

Ocrnoevt meopuii:

[TycTte pyHKIIUSA y= f(x) 3a7aHA B HEKOTOPOI OKPECTHOCTH TOUKHU d, 3a HC-
KIIFOUEHHEM, MOYKET OBITh, CAMON TOUKHUA.
Uucno A Ha3wIBaeTcs npedeiom pyHKyuu f(x) B TOUKE X =d, €CIu IS JIIO-

OOr0 MOJOKUTEIILHOTO Uynciaa € > 0 HAWUIETCA TAKOE TOJIOKUTEIIHLHOE YHUCIIO &(e) > 0

, UTO JUIS BCEX X , YIOBIETBOpsIoNUX nepasenctBy 0 < x—a KO | Bpmonusercs me-

PaBEHCTBO |f(y-b ke . B 3TOM cily4ae 3amuchIBalOT im f(x) = A.

X—*d

JlauM reOMETPHUCCKYIO WITIOCTPAIINIO ITOHITHS Mpeeiia (YHKIIUNA B TOUKE
(puc. 1.)

b+e

2€

o
=
|
o
o
>

s ¥

a+b

Pucynoxk 1.

Jlas BceX TOUEKX, OTCTOSIIMX OT TOYKHM ¢ HE Jajblie, ueM Ha O , Touku M
rpaduka GYHKIUH f(y) JIE)KAT BHYTPH MOJOCHI MIMPUHON 2¢, OTPAHHUYCHHOU IIpS-

MBIMH y=b—2e, v=b+e&.
PaccMOTpuM HEKOTOpBIE cBoUCmBa npeoeios hyHKYUi.

[TycTs hinf (x) = A, hT{ g(x) =B (- mocrosHHas BeIMYMHA ,TOTJA
X=—ri X Fi

L= limc-c.

2. lim(C - fe) =C-lim f®) =C-A,

3. IIm©C - f))=C-Iim fx)=C-A>

4. lim () +g(x)) =1lim f(x) +1lim g(x) = A + B,

NOKYMEHT NOoAanncAH N
SNEKTPOHHOWM NOAMUCHIO :;(K) = A-B .
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, lim f(x)
6. lim f(x) _ :-.—m _ A , €CIIN lim g(x) # 0.
X—a g(}{) lhim g(}i) B x—>a

N—*d

/lsa 3amevamenvhvix npeoena

[lepBrIii 3aMedaTEIBHBINA NIPEC UMEET BU:

. sInx
lim =1,

x>0 X
BTopoit 3aMmeuaTenbHEBIN IPeaea UMECT BU/I:

lim i/1+ lTr — e,

x—»a0| x[}
xlinﬂ(l + J[‘)‘T —e.

PaccmoTpuM nmpuMepsl Ha BEIYUCIICHUE TIPE/ICIOB (O YHKI[HIA.

- 12x2 +5
IIpumep 1.Berunciute npenen lim 2 .

o0 — 4y +7]
Pemenue
[Ipu mojicTaHOBKE MpeeILHOTO 3HAYCHUS apTyMEHTAa IIOJIy4acM Heompe/ie-

JIECHHOCTE BU[a =
oo

B ITpPUMECPAX HD,[[DGHGFD THUIIA HACIIUTECJIb U 3HAMCHATCIIb JICIAT ITOYJICHHO Had
J{n, rjj€n -CTCII€Hb MHOT'OYJICHd B BHHMEHHTEHE.PHBHEHHM UUCIHUTEIIb U 3HAMCHA-

TeJIb Ha Ha Iz. B pesynbrare Oy HM:
12 +
lim 12X +5x —1im 1240 =3

X
ow —dxt +T7 o0y 7 440
—4 4

-

E

2
Tak kak, mpu X — 0 (tl)j,fHI{III*IIL5 H lz CTPEMITCH K HYJIIHO.
X X
X —dx? =3x+18

lim : .
IIpumep 2.Berauciouts npeaen 57 7 3r 19

[Ipu mojcTaHOBKE MpeeIbHOTO 3HAYEHHUS apryMEHTA IOJIy4aeM Heompese-

JICHHOCTB EHHHE, yTOOEI €¢ PACKPEBITE pPaA3JIOKHUM YHCIHTCIIE H 3HAMCHATCIIE Ha
0

MHOKHTEITH:
x3—4x? -3x+18 = (.1:—313«:2 —x—ﬁj = (x=3)(x=3)x+2)=(x-3)(x+2)

x? —5x? +3.1?+9:(.I—3X.1‘2 —2.1::—3: =(x=3)Nx=3)x+1)=(x-3)*(x+1)
X —4x? =3x+18 _ (x=3) (x+2)

2 - 7 -~ i~ i AN _a\ )
ONOKYMEHT NOOMNMCAH
SNEKTPOHHOM NOAMUCHIO
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3 —4x? —3x+18 x+2 5
lim — = lim _
3 x3 =5x% +3x+9 3 x+1 4

Mpumep 3.Bomucants mpegen lim YXF13 Z2vx+1

. [ 2
T3 3 v2 -9

[Ipy mo/IcTAaHOBKE IIPEIEIBHOrO 3HAYCHUS APryMEHTA MOJIYy4aeM He-

OIIpCACIICHHOCTE BH/1d E . gTOOELI €€ PACKPBITE YMHOKHM YUCIIUTCIIb U 3HAMCHATCJIb
0

Hd BEIPAKCHHC, COIIPAKCHHOC YHCIIUTCIIIO,d BBIPAKCHHUC, CTOAIICC B 3HAMCHATCIIC
pPa3JIOKHUM Hd MHOKHUTCIIN.

o (g2 ) (peria e m++)

V

,::3—9__ :111_2 3J(x - 3)(.:&:+3)(\/.:t:+13 +2/x+1)

i £3x+9 ‘ —3(,1: 3)
=lip 3 x—=3" XTI x+13+2 I+1)zli_m | =
\/ \/ \/ (x—B)E(x+3)3(\/I+l3"'ZJJ‘?"'])
: —3(x— 3)
=lim

(e 3 (Vxr13+ 25 41)

.
hhm

3

=()-

sin3x

IIpumep 4.Beraviciuts npesien  |im
x—0 4x

. 0
HMeem HeOnpe1e1EHHOCTE BUIA < pPACKpPOEM €€ ¢ IIOMOIIBIO TIEPBOrO 3aMe-

HATCJIIBHOTO ITpCaciIa.

. smn3x . 3sm3x 3. sm3x — 3_

lim = lim = —lim _

x—0 4dx -0 4.3x 4 x—»0 3x 4

n . 2xsIn x
puMmep 5. Beruncnouts npegen lim :

=0 ] —cos x
Bocnone3yeMcst TpPUTOHOMETPHYSCKUMH (pOPMYTIaMH:

X X . X X
2sin? _ =1—cosx; sin x=2sin ~ cos_, B pe3yisTaTe MOIYYHUM
2 2 2
- - X X X
. 0 . 2x-2sin _ coOS 2Xx -COS
lim 2xsinx = = lim o) 7 —lim _
=0 ]l—cosx | Q| 0 7gin2 0 gin &
2 2
X
2limcos 5.1
_ x—30 - %_ _ _17 — 4
| sin |
“.lim %2 2
D o0 X
AOKYMEHT NoanmncAH
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‘ (3.1:—1\1&--1
Ipumep 6.Beraucouts npegen  lim L

.r—m:'\ Ix+ 4 }
[TojicTaHOBKA IIPEAEILHOTO 3HAUCHHS IIPUBOAUT K HEOPEIEIEHHOCTH BUIA

1,

J111s1 €€ packpheITUS BOCIIOJIB3YEMCS BTOPBIM 3aMEYaTCIIEHBIM ITPEIICIIOM.

(. 4 N2x ( l 2x

- l_ l 1 -1 HI‘I‘I( —
. 2x=1 . - . .
e X+ 4 ) N o o\ X+ &) LS
UJF — lim| 1+ __ |
limT 1+ 1 jkﬂ o
X—»00 ﬁ.__ﬁ:_ e 3 — l
\ ) o
o . g g - 10
(r” \ ;\ 5 03 e >
lim |11+ 1
X0 33X
“ 4 /
J
Konmponsnvie eonpocwt u 3aoanus:
1. Onpenenenue npenena (pyHKIUM.
2. OCHOBHEBIE CBOUCTBA NIPEAENOB (PYHKIIUI.
3. MeTtoas! BEIUMCIEHNUS TPEAENOB () YHKIHI.
4. IlepBeri 3aMeUaTENLHBIN TPEAEIT.
5. Bropoii 3amedarensHBIN IPEaen.
6. Beraucnurs npenens (PyHKIHII:
- x?+5 x? —49
1.Ilm * 2 Iim
=4 Iy — 4 L |
2 —_—
3. lim Zx +x— . 4. lim¥136+2
.r:—}El 2x +5x-3 =2 x 48
. 5x’ +4x -8 . 2x*-2x+4
5. lm __| 3 : 6. lim :
.1'—1-:::-8): .|_6X .|_]_ .r—rdl,\/s_x_,\/x_3
[2 sin S5x
_ X“ +1 + /X :
7.1im J_ : 8.lim ) .
=0 433 1 x — x2 =010 2X
. l—cosx . tgx —sinXx
o.lim-——"2. 10.1im =222
X— - X —3()
(X2 +2) " X
JOKYMEHT noarnnucAH
SNEKTPOHHOW FIOANUCDHIO i (1+2x):

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6 #

Bnapeneu: LllebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

17



Ipakmuuecxkan paooma Ned. Ilpouseoonaa u ougppepenyuan ¢pynxyuu oonoi nepe-

MEHHOI.

Lenn: CHopMUpOBATE HABBEIKYA BEIYUCICHUS IPOU3BOAHEIX CIIOKHOM (DYHKIUH.

Ocnoebt meopuu:

OnpeoeneHue npou3BooHou
IIpouzgoonou ¢pynkyuu y = [ (X) HA3BIBACTCA NpPENE]T OTHOWIECHWS NPUPANICHHA
(pYHKIIMM K COOTBETCTBYIOMIEMY MPUPANICHUIO APTyMEHTA, KOTJa MIPUPANIEHUE apryMEHTa CTpe-
MUTBCA K HYJTIO:

f'(x)= lim Ay _ lim fG+A0-f (x)
Ax—0 DX Ax—0 Ax
Ecin 5TOT npenen KOHEYHBIHN, TO MPOU3BOAHAA CYIIECTBYET U PyHKIMA f(X) Ha3bIBaeTCA

nu(ppepenumpyemonn B Touke X. [IpomsBomnas oboznavaercay'(x) nmm 2’; [Iponiecc nHaxoxne-

HUSA TPOM3BOIHON HA3kBAETCA qu hepeHpoBaHreM () yHKI[HH.
IIpasuna ougpgpepenyuposarnus pynxyuu
[Tycte CeR— mocrosunas, u = u (x), v = v(x) — QyHKIMH, UMEIONIUE TPON3BOIHEIE.

1. C'=0. 2. (Cu) =C-u'.
3. (utv) =u"x+ v 4. (u-v) =u""v+u-v'.
'
(u) _ uv—w'
s =) =
V 7
%

Ipaeuno ouppepenyuposarus c1oHCHOU PYHKYUU
Ecmn ¢pyakuua y = flu) mupdpepenuupyema mou, a pyakiusau = ¢ (x)auddepenuupy-
€MAno X, TO MPOU3BOAHAA CIOKHOU (PyHKIMKNY = f(@ (x)) onpenensercsa popmymnont y' =f " (u) - u’

(x).

Tabnuya npouzBOO0HBIX CTOMCHBIX (DYHKYUU

172 142
f f
2. a”)zq”dng-u'. 2a. (e” =e' -u'.
3. (log, u) =—4—. 3. (Inu) =4
wlna U
4. (sinu) =cosu-u'. 5. (cos u) =—sinu-u’.
r
6. (tgu) =—U__. 7. (ctgu) = —U.
cos? u sinZu
/ f J f
8. (arcsiny) =—H 9. (arccos u) =——4_—
VI-u? V1-u?
. ' . H' . ' _ H'
10. (arctgu) =L . 11. (arcctgu) = T

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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IIpouzgodrnvie 6mopoco nopsaoka

IIpouzgoonoti emopozo nopsoka (6mopou npouzgooHou) ot (pyHkIpm Y = fx)
HA3BIBAETCS TPOM3BOIHAS OT €€ MPOU3BOIHOM, T. €.

fr=0f).

¥
' d=v
Bropyro nmpon3BogHyr Takxe 0003HagarT Y (X) nm 3 . IlponzBogHas ot
dx~
TPOM3BOIHOM BTOPOTO MOPANKA HA3BIBAETCA HPOUIBOOHOU mMpembezo nopsaoka u T. 1. [Tpomssoa-
d" v
(n) )
HYIO 1-TO MopsAnka o0o3Hauaror y- @ (X) win ,
dx"

[Tokaxem HA mpUMeEpax, KaK CIEIYET NOIB30BATECA IPUBEACHHBIMU BRIIMIE (POPMY-
JTAMH.

Ipumepl. Haiitn HpDIﬂBD,I[H}’PD: y =cos?(x?).

j{FZQCDS(KE)* (cus(xz) —2005(}{ ) ( sm(x ) (:{ ) :—2K*sin(2x2),

Ipumep 2. Haittu npﬂmﬂﬂﬂHym y = arcsin I

(JE) E;

- !
SN R NP

[Ipumep 3. Haittu npoussoanyo: y = In (arctgw’ X — 1).
Pemenue. '

(arctg f«—l—) 1 (\/H) 1 l

y' = ,
arctg\/&—l drutgvx— 1 (/_) arctcr X —1 2\/;4 X
+
Ingg - X
Ipumep 4. Haiitu npomseoa KITAHA Y= §—7 :
pumep p Hy10 QyH > sinx
y = L1 1 smx—xcosx _ | SINX — XCOSX _ SINX —SINX+XCOSX _
te” cos? 2 sin’ x rsin * cos ™ sin? x sin? x
2 2 2 2
X COS X
sin” x
2x*
IIpumep S. Hairru npou3BOAHYI0 PYHKIUH y = arclg
e 1 8 (1-a%) - (-87)2¢ _ (1- SRR 81 +16x1) 8 48!
F A t=x*? (=% (T
1+
a0
NOKYMEHT MNOAMUCAH

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

19



Konmponsnwie sonpocwt u 3a0anus:
1. JlaiiTe onpeneneHne npou3BOIHOM (DYHKIIMHU B TOUKE.
2. Chopmympyure 0CHOBHBEIE npaBuiaa audpepeHImpoBanyis.

3. 3amumure TabIUIly TPON3BOTHBIX.

4. Kak onpenensercs mpou3BOaHAs BTOPOTO, N-ro mopsaaka?

5. Haittu mpousBoanyro () yHKIHH.

1. y:‘{/(3+43\/ﬂ)3.

2. y = 2 X
\/1+ X’
1
3. = arct .
y g1+:n:2
x? -2
4, y =1In—

Jo=2)
5.  y=Inintgx
1

aArcsin

6. y=e *

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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Ipaxkmuueckaa pavooma Ne5. Memoowt ucciedosanua u nocmpoenus cpagurxoe @ynk-

UL,

Llenv: ©opMupOBaHNE HABBEIKOB INPUMEHEHUA OU((EepEeHNanbHOr0 UCYUCIEHU K I10-

CTPOEHUIO TPa(UKOB () YHKIIUH.

Ocrnoevt meopuii:

PaccmorpuM (pyHKIMIO y = f(x)., HEOPEpPbIBHYK B TOouke X(). Touka X()Ha3eIBaercs
MOYKOU MAKCUMYMA (MUHUMYMa) YHKYyuu y = f(x), €CIM CYIIECTBYET Takasd OKPECTHOCTEH

TOYKH X(), UTO 1J1A BCex A 7 X 13 5TOH OKPECTHOCTH BBIIIOIHAETCS HEPABEHCTBO f(x ) < f(x{})

(f (x) > f (Xg) ). 3HaueHne (PyHKIMU B TOUKE MAKCUMyMAa HA3BIBAETCA MAKCUMyMOM (DYHKIUH:

Ymax = f (Imﬂx ),BHHHEHHE GYHKLIMH B TOUYKE MHHHMMYyMa Ha3bIBaeTCs MHHHUMYMOM (DYHKIIHMH:

f(xn*jin ) .

Toukn MakcuMyma 1 MUHUMYMA () YHKIIMH HA3BIBAOTCS MOYKAMU SKCMPEeMyMa QYHKYUU.
3HaueHUA (DYHKIIMHU B TOUKAX SKCTPEMYMA HA3BIBAIOTCA 3KCMpeMyMaMmu (QVHKYUU.

Ymin

Eciu pyHKIHA y = f(x) HMEET B TOUKE X() SIKCTPEMYM, TO f F(I{] ) =0 wm f lr(J'L'{;.)
HE CYIIECTBYET — HEoOxooumoe ycrogue 3kcmpemyma. OTCroaa CIeayer, 4To0 TOYKHA SKCTPEMyMa
()yHKIMM CIE€YET MCKATh TOJBKO CPEOU TEX TOYEK, B KOTOPBIX IMPOM3BOAHAA (DYHKIIMW paBHA
HYJIXO WIN HE CYIIECTBYET, TAKUE TOUKHU HA3BIBAIOTCA KPUMUYECKUMU AN CIMAYUOHAPHBIMU TOT-
KaMu (pyHKIMU.

Ecim pyHKIMA y = f(x) HEIPEPBIBHA B HEKOTOPOU OKPECTHOCTH KPUTHIECKOM TOUKH ()
1 quddepeHipyemMa B 3Toil OKPECTHOCTH (3a UCKII0UeHHEM MOXKeT ObIThb, caMOi TOYKH X() ) U

ecnu nmpu nepexone X gepes Touky X() (CIeBa HAMMpPaBo ):

f
1) f (I) MEeHSEeT 3HaK C «+» Ha «—», TO Touka X() €CTb TOUKAa MakcUMyMa ()yHKILIMH,

f
2) f (I) MEHSET 3HAK C «—» Ha «+», To Touka X()ecTh TOUKAa MHHUMYyMa (YHKIIHH,

f
3) f (.1') He MeHsdeT 3HaK, TO B Touke Xy (YHKIMS He UMeeT HKCTpeMyMa.
Ecmu B kpurnueckoit Touke X QyHKIMA y = f(x) OBaKABI AU(PepeHnupyema, To ompe-

NEJIUTh XaPaKTep SKCTpeMyMa (eCir B TOUKE X() (PYHKIIMH UMEET SKCTPEMYM) MOYKHO MO 3HAKY

BTOPOU NMIPOM3BOTHOM:
f
1) eciu f (I{]) <0, 10 X — Touka MaKcuMyMa (pyHKIIHH,

2) eciu f F(I{] ) >0, 10 X0 — TouKa MHHUMYyMa () YHKIIHH.

I'paduk Qpyakimm y = f(x) Ha3BIBACTCA BRIMYKJIBIM BBEPX HA HHTEpBAIE (a; b) ecmu B mpe-
nenax 5Toro uaTepBana rpaguk yakmum y = f(X) 1ekuT HIKe 110001 CBOEH KacaTEeIbHOM.

I'padux Qpyaxim y = f(X) Ha3pIBAETCA BEINYKIIBIM BHU3 HA MHTEPBAne (a; b) ecim B mpe-
nenax 5Toro uaTepBana rpapuk pynkuun y = f(X) nexut Beime o00U CBOEH KacaTemsHOU.

[IOKYMEHT MNOANVCAH "7 ) f(x0)) HaseIBaeTCA TOUKON nepecuba rpaduka,
SJNIEKTPOHHOW NOANUCHIO ATIPABJICHUE BBIMTYKJIOCTH.
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
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f
B Touke mepernda X0 BTopas mpousBoaHas (PyHKIMHU f paBHA HYITIO [ (xy) =0 (ueo6-
X0IUMO€ YCIIOBHE mepernoa).
Ecnu Bropas mpowsBonHas f'(x) OBaxIBl qud@epeHmpupyemMon (PyHKIINHN IIPU OEPEXONE

gepe3 TOUKY X MEHSAET CBOM 3HAK, TO TOUKAX( €CTh TOUKA mmeperuda e€ rpaduka (mocrarounoe
yCJIOBHE mepernda).

Anzopumm uccnedo8aHus yHKYUU HA BbIINYKIOCHb
U mouku nepecuba
1. Haxogum BTOPYIO NPOU3BOIHYIO (PYHKIMH f'(x).
2. Haxoaum TOYKH, B KOTOPEIX BTOPAsA MPOU3BOIHASA PABHA HYJIIO WJIM HE CYIIECTBYET.
3. Hccnenyem 3nak BTOPO OpOM3BOAHON CIEBA U CIPaBa OT HAMACHHBIX TOUEK U JIETAEM
BEIBOJ 00 MHTEPBAIAX BRIMYKJIOCTH U HATMUYMU TOUEK nepernda. Ecau Bropas mponsBogHas Oyaer
MEHATH CBOM 3HAK C IJIF0CA HA MUHYC WA C MUHYCA Ha ILTIOC B UCCAEAYEMOM TOUKE, TO 3Ta TOUKA

u Oymer ToukoM nmepernda rpaduka pynkiuu. Ecimm BTOpas nmpou3BOaHAA 3HAKA HE MEHSIET, TO
() YHKIIUA HE UMEET TOYEK nepernda.

Acumnmomol 2paguxa yrkyuu
[Tpsamas LuaseiBaercsa acummToTon KpUBOU y = f(x), ecim paccToaHue oT Touku M(x; y)
KPUBOM O 3TOU OpAMOU LCTpEeMHUTCS K HYJIIO NPU HEOTPAHUYEHHOM YAAJIEHUHM 3TOU TOUKHU MO
KPUBOM OT Hadana koopauHar. llpamas x = aaBnaerca gepmukaibHOU aCUMIITOTON KPUBOH y =
f(x), ecnu BEIMOMHAECTCA XOTA OB OTHO M3 YCIOBUIL:
lim f (,r) = +00 (wzu - DD)
x—>a—0
Iim f (x) = +0 (uﬂu - Eﬂ)
x—ra+(
[Ipsamas y = kx + b HaKJIOHHAsA ACUMIITOTA KPUBOM y=f(x) mpH X —> +0 (mpu X — —0),
€CJTN BBIITOJHAIOTCA YCIOBHA:

lim f—(il:k u lim [f(x)-k-x]=b

ff—zr+m X X—>+0 \
Iim Jf(l‘l:k , lim [f(x)—k*x]zbl
X—>—00 X X—>—00 )
YacTHel ciydall HAKIIOHHOM aCUMITOTEI IPH k=0u b+ _ 20PU30OHMANbHAA

acuMnTora y = b.
3x2 —x+2

x—2
Haiinemobmacts ompegenernst GyHKIM D(}-’) = (— o0 | Q)U (2 . T Cﬂ).

ITpumep 1. Hauru acumnrors! rpaguka QpyHkimm y =

Xo= 2 ecTb Touka paspbiBa TpaduKka BYHKIHH, Yepes Hee MOKET TIPOXOIHUTH BEPTH-
KaJabHAas aCHMITOTA.

oL
. . 3x7 —x+2 = = —00 ,ci1e10BaTensrHO IpAaMast

Haitnem lim f (J:) = lim S : ’
x—x0—0 =20 X—2 -0

Xo=2 snsercs BEPTHUKAIEHON ACUMITTOTOM.
[IOKYMEHT MOAMUCAH "
QNEKTPOHHOU MNMoA4rimcCbio
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f(x) 3x2—x+2 |o]| pazmermm umcurens
k= lim = lim S = | =
o X w0 (x=2)x o] |m3HamMenarens Ha X7
( .r—}—-:ﬁ) I: .r—}—':ﬁ)
1 2
3—- +
=
. X X _
= lim > =3
X—+o0 1 -
(.l‘—}—':f_;-) X
(3x2—x+2 ) 3% — x +2 - 322 + 6x
b=lim | f(x)—k-x|= lim — 3x|= lim _
X—»tu0 X—rto0 X — 2 X—»+00 X — 2
( r—}—-::u) I::.r—}—-:f_a:l ( .1’—}—-1:-)
2
Sv 0 S5+
X +
lim = lim —3 =5
x>+ X — 2 X—>+a0 ] - o
(x——0) (x—>—x) X
Hanum, garok = 3 u b = 5, cnenoBarensHO, yPaBHEHUE HAKJIOHHOW ACUMIOTOTHL UMEET BU/T
y=3x+J.

Konmponsnvie eonpocet u 3aoanus:

1. Haittu oOnacts onpenenenmns () yHKIIHH.

2. UccnenoBars (pyHKIMIO HA YETHOCTH M HEYETHOCTD, MTEPHUOTUYHOCTb.

3. UccnenoBars (pyHKIIMIO HA HEMPEPEIBHOCTE U BEPTUKATIBHEIE ACUMITTOTEI.

4. UccnenoBats moBeneHne (PyHKIMHM HA OECKOHEUHOCTH, HAUTU TOPU30HTAIBHEIE U
HAKJIOHHBIE ACUMITTOTEL.

5. Haittu skcTpeMyMEl 1 HHTEPBAJIEI MOHOTOHHOCTHU () YHKIIVH.

6. Haittu nHTEpBaNEI BEINYKIOCTH (PYHKIIMM U TOYKH HEPErnoa.

7. Haittu Touku nepecedenus (PyHKIMH C OCSIMH KOOPAUHAT.

8. IToctpouTts rpadpux pynkimm.

9. Onpenenenne skcTpemyma (PpyHKIuu.

HanTn akcTpemymbl GYHKLUNA:

| | - | | -
l.y=_x"— x*-2x. 2.y=_x>+ _ x? —6x.
3 2 3 2
Haitt uatepBansl BEIMyKIOCTH, BOTHYTOCTH M TOYKH nepern0a rpaguka (pyHKIHH:
x4
IL.y=___02x~. 2.y=x"—-5x*+3x-5
12
Haittit acuMmToTsl TPa(pUKOB ClIe 1509 K[
PaUKOB CTETYFOMINX (PyHKII S22 e
[IOKYMEHT NOANUCAH X X
SNEKTPOHHOW Noarncebio 2. y=
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Ipaxmuueckasn padooma Neb. BepoamuocmHubie Mooent RPOUECCos8 YRPAGIeHUA.

Ilens: 3aKpenuTb HaBbIKU NMPUMEHEHMA BEPOATHOCTLIX MOZENEN B NpoLeccax ynpasne-

HWA.

Ocrnoevt meopuii:

Knaccuueckoe onpedenenue 6eposamHocmu.
Bepoamrocmb cobbimua A onpenensaercsa popmyion

P(A):m*

n

IA€ M — YUCIO0 SIIEMEHTAPHBIX COOBITH, OMArONPUATCTBYIOMINX MO ABIEHUIO COOBITHA A, 1
— YU CII0 BCEX ATIEMEHTAPHEBIX COOBITHI, BXOAANMX B ().

JTO ONPENENEHNE HA3BIBAETCA KI1ACCUHCCKUM ONPeOeTeHUECM BEPOAMHOCHIU.

13 onpenenenns BepOATHOCTH BBITEKAIOT CIEAYIOMINE €€ CBOMCTBA!

1. Beposmnocme docmogeprozo cobbimus pagHa eouHuye.

JlencTBUTENBHO, €CITU COOBITHE JOCTOBEPHO, TO BCE ANIEMEHTAPHEBIE COOBITHA OIAarOMpPUAT-

CTBYIOT €My. B 3TOM cnyuae m=n u, CII€0BATENIBHO,
m Fl

Fl Fi
2. BeposmHocmb He803MOIMHCHO20 COObIMUA PABHA HYJTIO.
JleiCTBUTETBEHO, €CITU COOBITHE HEBO3MOKHO, TO HU OJHO 3JIEMEHTAPHOE COOBITHE HE Ona-
TONPUATCTBYET eMy. B aTtom cnyaae m=0 u, cnmemnoBarensHo,

P(D) m 0
I I
3. Beposmuocmb cayuauno2o cooblmus ecib HONONCUMETbHOEC YUCTO, 3AKTI0YEHHOe
Mexncoy HYyIeM U eOuHUlYeu.
JleCTBUTENBHO, CITydalHOMY COOBITHIO OTArOMPUATCTBYET JIMILB YACTh U3 00mIero uncia

H1
3JIEMEHTAPHBIX COOBITMH. B 3TOM Cityuae 0 <m < n, a 3uauur, O<__ <l H, CJIeIoBa-

I
TEILHO, 0< P(A) <]

Hrak, BepOATHOCTE 11000T0 COOBITUA YIOBIECTBOPIET HEPABEHCTBAM
0< P(A)<I

Ecnu mpocrpancTBo {2 comepx uT OECKOHEUHOE MHOKECTBO AJIEMEHTAPHBIX COOBITHIL, TO
HCITOJIB3YETCS TEOMETPUYECKOE OMPENECICHUE BEPOSATHOCTH, KOTa BEPOATHOCTE ITOMATAHUS
TOUKH B TFOOYI0 001aCTh MPOMOPIIUOHATIEHA MEPE 3TOH 4aCTH (IJIMHE, MI0MIaan, 00seMy) U HE

3aBUCUT OT €€ PACIIOJIOKEHUA U (POPMEL.

mesg
P (A) —____ ,T[e mes — Mepa JUIMHBIL, IJIoMmaau, oosema, ¢ — yacts obinactu G.

mesG
IIpumep 1. bpocaercs urpaneneiit Kyouk. IIpocTpancTBo sneMeHTaAPHEIX COOBITHM, OTBE-

JarMIee TaHHOMY DKCIIEPUMEHTY, UMCCT CJIE,I[}’TDH_IHﬁ Bum:. (2= {0), »(05,...,0) }

T S = A - - - - -

TAOKYMEHT NOAMMUCAH ~ 777 77777777 IETHOT0 4HCIA OUKOB. CoOrITHE A €CTh O IMHO-

SNEKTPOHHOW NOAMUCLIO
Ceptudurar: 112000002A633E3D113AD425FB50002000002A6
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DJIEMEHTAPHBIE COOBITHSA, BXOIANIME B COCTAB CIIyIaUHOTO COOBITHS AHA3BIBAIOTCS COOBI-
TUAMU, 0.1a20NPUAMCMEYIOWUMU TTOSIBIECHUIO COOBITHA A. JIBA MM HECKONBEKO COOBITHI B TAHHOM
ONBITE HA3BEIBAKOTCA PABHOBO3IMONCHBIMU, ECITU IO YCIOBUAM CUMMETPHH OINBITA HET OCHOBAHUM
CUUTATh Kakoe-mud0o coObITHE DOMee BOZMOKHBIM, 4EM 000 IPYTOE.

IIpumep 2. B norepee paseirpeiBaercs 1000 0uneros. Cpean vux 2 Bemurpeima mo 50
pyo0., 5 — 20 py0., 10-10 py0., 25-5 py0. Hekro kymua onun Ouner. Haiitn BEpPOATHOCTH
BRIMTPEIILA HE MeHee 20 pyOen.

Pemenue.

[To ycnosuro: 1000 = 250+520+1010+255+9 58 npourprrus-

[Tycts A- nckomoe coOsrTne. Bemrpeim He menee 20 pyOnent — 510 Bemrpeim B 20 pyOiien,

KOTOPBIM BCTPEYAETCA M= pa3 v BEIMTPEINI B S0 pyOiel, KOTOpPBIN BCTpeuaercs my=2 pasza. lo-

m_S+2 607,

n 1000

IIpumep 3. M3 90 caywaino OTOOpAaHHBIX OOWHAKOBEIX JETAJIEH BELABJIECHO 3

OpakoBaHHEIX. OTHOCUTENEHASA YACTOTA OPAKOBAHHEIX AETANEH PABHA
way=2_1.
90 30

[Ipu yBenuuenun uMcra UCHBITAHWM  (OOBITOB) HAOMOOAETCA  YCTOMUMBOCTH
OTHOCHUTENBEHON YACTOTEHI, T.€. CYIIECTBYET HEKOTOpAas ITOCTOAHHAA BEIMYMHA, OKOJIO KOTOPOU
TPYNOUPYETCA OTHOCHUTEIRHAA YAaCTOTA M K KOTOPOM OHA BCe OOapmie NpUOMMKACTCA C
YBEIMYEHUEM 4YHCIIA MCOBITAHWH. JTAa MOCTOSHHASA BEIWUMHA HA3BIBACTCA BEPOAMHOCMbIO
ciyyauHozo coovimu 1 0003HauaeTcaP(A). PaccMOTpeHHOE TTOHATHE BEPOATHOCTU CIyYAMHOTO
COOBITHA ABIAECTCA CTATHCTUYECKUM OIIPEIETEHHEM BEPOATHOCTH.

raa m=m; + m2.n=1000 - o0mee KOIUIECTBO BCEX OMIIETOB. P(A) =

[TycTe coObITiS 4 1 B — HECOBMECTHEIE, IPUYEM BEPOATHOCTHU 3TUX COOBITHMH maHbl. Kak
HAWUTH BEPOSTHOCTH TOTO, UTO HACTYNUT a0 coOvITHE A, MO0 cOoOBITHE B, T.€. BEPOATHOCTH
CYMMEI 3THX COOBITHH A+B? OTBET Ha 3TOT BOMPOC JAET CAEAYIONIAA TEOPEMA.

Teopema ciio:keHHsI BepOAATHOCTEH HECOBMECTHLIX CO0ObITHI.Bepoamuocmb cymmul
0BYX HECOBMECHHbIX COObIMUU PAGHA CYMME GEPOAMHOCHEU IMUX COObLMUU:

P(A+B) = P(A)+ P(B)

Teopema yMHO:keHHSI BepOSITHOCTEeH He3aBHCHMBIX COOBITHH. Bepoamuocmb npoussée-
OeHUS 08YX HE3ABUCUMBIX COObIMUU PABHA HPOU3BEOCHUIO BEPOSMHOCMEN 3MUX COOLLMUL:

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

CheacrBue.Bepoamuocms npou3sseoeHus HeCKOIbKUX He3AGUCUMbBIX COObLMUL PABHA NPO-
U3BEOCHUIO BEPOAMHOCM U SMUX COOLIMUU.

P(A, -Ay,-...-A,)=P(A,) - P(A,)-...-P(A,)-
Teopema yMHOkeHHS BepOATHOCTEH 3aBHCHMBIX COOBITHI. BeposimHuocmeb npousgede-

HUA OGYX 3A6UCUMBIX CODbIMUL PAGHA NPOU3EEOCHUIO 6EPOAMHOCHIU O0OHO20 U3 HUX HA Y CI0GHYIO
8EPOSAMHOCHb OPY2020, 8bIUUCTEHHY IO 8 HPEONOIOHCCHUU, YO NEPBOe CODbLMUE YIHCe HACTYNULO!

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

IIpumep 1. B ypue 30 mapos: 10 kpacueix, 5 cuanx u 15 Oenex. Hailtu BeposaTHOCTB
MOSABJIEHWA [IBETHOTO MIAPA.

[TosBnenne nBETHOTO MmIApA 03HAYAET MMOSABICHUE IN00 KPACHOT O, MO0 CHHETO MIapa.

BepoATHOCTE MOABIEHUA KPACHOTO mapa (CoOsiTHE A4)

pay= 101
NOKYMEHT NMNOoAanncAH _ '
SNEKTPOHHOM NOAMUCHIO 30 3
Ceptuchukar:  12000002A633£30113A0425FBS0002000002A6 o0OBITHE B)
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pBy =" _1

30 6

CoOriTnsa 4 1 B HECOBMECTHEI (MIOSABJIEHUE MIAPA OTHOTO IIBETA UCKIIOYAET MMOABICHUE
apa Jpyroro I[BeTa), MoATOMY UCKOMAs BEPOATHOCTE PABHA

P(A+B)=P(A)+ PB)=  + ' =1

Tak xkak TpOTUBONONIOKHEIE COOBITHS BMECTE 00PA3YIOT TOCTOBEPHOE COOBITHE, TO

P(Q)=PA)+PA) =1,

MO3TOMY
P(A)=1-P(A).
IIpuMmep 2. BepoaTHOCTE TOTO, 4TO ACHEL OyAET MOKIIMBEIM, paBHa [) = 0,3 Haiitn

BEPOATHOCTH TOTO, UTO AE€Hb OYIET SICHBIM.
CoOBITHS «IEHB TOKITUBBIN» U «IEHB ACHBIN» — MPOTHUBOIOJIOKHEIE, MOYTOMY UCKOMAS

BEPOATHOCTE pPaBHA
qg=1-p=1-0,3=0,7.

IIpumep 3.Mumens COCTOUT U3 TPeEX 30H. BEPOATHOCTE MOMagaHus B NEPBYIO 30HY MPHU
omHom BeIcTpene paBHa (,15; Bo BTopyto - 0,23; B Tpersio - 0,17. Haiitu BeposTHOCTE TpoMaxa.

Oboznauum cobOerTme A- mpomax, A - TOmagaHde B MUIIEHB. lorma

A=A,+A,+A;, rne A;,A,, A, - nomagaHue COOTBETCTBEHHO B IIEPBYIO, BTOPYIO U TPE-
ThI0 30HEL. [0 TEOpEMeE CIOKEHUA BEPOATHOCTEN:

P(A)=P(A,)+P(A,)+ P(A;) =0,15+023+0,17 = 0,55
orkyra  P(A)=1-P(A) = 0,45

[TycTe mpOM3BOANTCA 1 HE3ABUCUMBIX WUCHEBITAHWM, B KAXKIOM M3 KOTOPEIX COObITHE A4
MOKET 1TUO00 OpoM30ouTH (ycmex), /mbdo He mpou3ouTH (Heymada). bygem cuurars, d9To
BEPOATHOCTH COOBITHA A B KaKIO0M UCIBITAHUU OJTHA U TA K€, 8 UMEHHO paBHa p. CenoBaTenbHoO,
BEPOATHOCTh HEHACTYILIEHHSA COOBITHA A B KA¥KIOM MCIBITAHUY TAKKE ITOCTOsIHHA U paBHA g=1—
p. Takas mocnenoBaTeIbHOCTE UCHBITAHUY HA3BIBAETCA cxemou bepHyiiu.
B kaueCTBe TaKNX UCOEITAHUI MOKHO PACCMATPHUBATE, HAITPUMED, TPON3BOACTBO U3IEINN
HA OIPEAEICHHOM 000PYyI0BAHUHN MPH NOCTOSHCTBE TEXHOJIOTHUYECKUX M OPTAHU3AIMOHHBIX
YCIOBHH, B 3TOM CJIy4ae M3TOTOBJIEHHUE TOOHOTO M3AEIN — YCIEX, OPAKOBAHHOTO — HEyIada.
JTa cUTyauusa COOTBETCTBYET cxeme bepnyruiu, ecmm cuuTars, 94TO MPOLECcC N3rOTOBJICHHUS
OHOTO W3 €A HE 3aBUCUT OT TOTO, OBLUIN I'OJHBEIMA WM OPaK OBAHHBIMH ITPEIBIIYIINE U3 1EIU L.
Jlpyrum mpuMepom SBIAETCA CTPEIp0a Mo MUIIEHH. 30€Ch MOMANaHue — YCIEX, MPOMAaxX
— HEeyIaJa.
[TocraBum cBOEH 3a0a49€1 BEIYMCIIUTE BEPOATHOCTE TOTO, YTO IIPH 1 UCTTBITAHUAX COOBITHE
A ocymiecTBUTCA POBHO k pa3 v, CIE€I0BATEILHO, HE OCYILIECTBUTCA n—K pas, T.€. Oyzaer k ycrnexos
1 n—k Heyznad.
HMckomyro BEpOATHOCTE 0003HauMM P (k). Hampumep, cumBom p (3) O3HAdaeT

BCPOATHOCTE TOTO, UTO B IIATH UCIIBITAHHUAX COOEITHE MOABUTCH POBHO 3 pa3za 1, CJICOOBATCIBHO,

HE HACTYITUT 2 pasa.
[TocnenoBaTenb HOCTE # HE3aBUCUMBIX MCIBITAHUN MOJKHO PACCMATPUBATEH KAK CIIOKHOE

cOoOBITHE, ABIAIONIEECT MPOU3BEICHUEM A HE3aBUCUMBIX COOBITHIL. CnenoBareIbHO, BEPOATHOCTE

,EIDWMEHTHDJJ,HMCAHF e AT T TUT K pda3 1 HC HACTYITHUT n—#k pa3, mo TCOpeME
SNEKTPOHHOW MOOMUCKID [«fﬂ?L, paBHA
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6 k —k
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13 1 SJIEMEHTOB 1o k siaemeHToB, T.e. (' ‘i .

Tak kak 5Tu CnOXKHBIE COOBITHMA HECOBMECTHEI, TO IO TEOPEME CIIOKEHUA BEPOATHOCTEU
HECOBMECTHBIX COOBITHI, UCKOMAsA BEPOSTHOCTE PABHA CYMME BEPOATHOCTEHN BCEX BO3MOKHBIX
CIOKHBIX COOBITHH. [10CKOMBKY K€ BEPOATHOCTH BCEX HTUX CIOKHBIX COOBITHMM OQUHAKOBEI, TO
HMCKOMAs BEPOATHOCTH (ITOABJIEHUE k pa3 COOBITHA 4 B 1 UCIIBITAHUAX ) PABHA BEPOSTHOCTH OTHOTO
CJIIOHOTO COOBITHS, YMHOKEHHON HA UX YHCIIO

P (k) — Cﬁ: pﬁ: qn—ﬁ:

HIIH

n!
P, (k) = rq
! k!(n—k)!
[Toyuennyro (popmyny Ha3eIBatOT hopmyiaou bepuyiiu.
ITpuMep 1. BeposaTHOCTE TOTO, 4TO PACXOI SJIEKTPOSHEPTHMH HA MPOJOLKEHHM OJHHUX

CYTOK He NPEBBICUT YCTAHOBIEHHOW HOPMBIL, paBHa [) = 0,75 . Halitu BeposSATHOCTEL TOT'O, 4TO B

TeueHUE 4 CyTOK u3 OmpKaummux 6 CyTOK pacxol SIEKTPOIHEPTUH HE MPEBBICUT HOPMEL.
Pemenne. BeposaTHOCTE HOPMANBHOTO pacxona SIEKTPOSHEPTHH HA MNPOIOJIKEHHH

Ka)IbIX U3 6 CyrOK IMOCTOAHHA M paBHa p = (),75. C1emoBarensHo, BEPOATHOCTE MEpPEpacxona

3JIEKTPOOHEPTUU B KAXkbI€ CYTKH TAKKE IOCTOAHHA U PaBHA g =1— p =1-0,75 = 0,25.
HMcxomas BeposaTHOCTE 1O hopmyiie EEpHé,’J‘%[H paBHAa

L

P@d)=C'plq? =C2p*q? = (0,75) -(0,25)* _ 1215 ~ 0,297.
6 6 6

[-2 4096

B psane 3amad npencraBisieT HHTEPEC HANBEPOATHENIIEE YACIIO YCIIEXOB, T.€. TAKOE YA CIIO0

o

M ycnexoB, BEPOATHOCTh KOTOPOTO camas OOobIas CPean BEPOATHOCTEN. ak Kak Mpu yBEIH-
4EHUU k BEPOSATHOCTH CHAUYAIa BO3PACTAIOT, 4 3aTEM, C ONPEIEIEHHOTO MOMEHTA, HAUMHAIOT YOBI-

Fat
BaTh, TO g 71l MMEIT MECTO COOTHOIICHHUS

R: (ﬁ’!) > R: (fﬁ _ l)

F,(m)=F,(m+1).

Hcnoms3sys popmyny u cootnHomenne P+ = L [10Jy4aeM COOTBETCTBEHHO HEpaBeH-

CTBa

(n—m+1)p>mg

(m+Dg=n—m)p.
OKOHYATEIEHO MOJydaeM, UTO /1 JICKUT B UHTEPBAIC EAUHUYHOM JIJTHHEL:
np—qg<m<np+p.
OnHako, CTOUT 3aMETUTB, UTO UCIOJIB30BaHNE (popmysiel bepHymnu pu Oonpmnx 3HAUE-
HUAX 1 JOCTATOYHO TPYIHO, TAK KaK (popmysia TpeOyET BRIMOIHEHWA AEUCTBUI HAZ TPOMATHBIMU

qHUCIIAMII.
Hanpumep, ecmn n =50, k =30, P = 0, 1.,. TO JIISL OTBICKAHUS BEPOSTHOCTH P 5n(30)
ITATA DTTITIAOTIITT DT TAAMAOTTIND e s 50' 30 20 roe 50'= 30414093. 1057 .
NOKYMEHT NOANUCAH —-(0,1)™ - (0,9 = :

SNEKTPOHHOW NOAMUCLIO )"
Ceptudurkar:, 12000002A633E3D113AD425FB50002000002A6

Bnapenel: tHeBayxopa TateaHa AnekcaHapoBHa D' L

20MHOCMb P NOAGTEHUA cODbIMuUs A 6 Kaxicoom
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UCHBIMAHUU ROCMOAHHA U ONUTUYHA oM HVA U E@liHIJHbI, mo 6epoOANHOCHb P” (k) moco, ¥mao

cobvimue A nossgumca 8 n UCNLIMAHUAX POGHO k pa3, npubiuxcenHo pagHa (mem mouHee, Yem
Oonbule n) 3HaUeHUo QyHKyuu,

i 1
y= e ” = O ()P x = k—np

Jnpg ~2m N Jnpa
i R
Mmerorcs Tabauiibl, B KOTOPBIX ITOMEIIeHb] 3HAUeHU (pyHKIIHN (I)( X) = e < .llpu

YTOM CJeyeT YUUTBIBATh, UTO (I)(—I) — (I)(I),, TaK Kak (pyHKImMs (I)(I ) yeTHas.
CnenoBarensHO, BEPOSATHOCTh TOTO, UTO COOBITHE A MOSBUTCA B N HE3ABUCHMBIX
HCIBITAHUAX POBHO Kk pa3, IpUOMTKEHHO PABHA

1

P, (k) ~ ——— - (x) °
, (k) T ¢ (x)

k —np

V 1Pq |
IIpumep 1. Haittu BeposTHoCTs TOTO, 9TO COOBITHE A HacTymuT poBHO 80 pa3 B 400

HCIBITAHU X, €CITH BEPOATHOCTD MOSIBIACHUS 3TOT0O COOBITUA B KAk AOM UCIBITAHUM paBHa (,2.
Pemenwue. [lo ycnouo n = 400; k =80; p =0,2: g=0.,8. Bocmomssyemcs Gpopmyimou

rae x =

(4.7):

1 |
P,,(80) = ¢ () = _-¢(x)
00 (80) J400-0,2-0,8 8

Beraucnum onpenenseMoe TaHHBIMA 33091 3HAYEHUE X!

k—-np 80-400-0,2

\JRpq 8
[To Tabmuie HAXOIHUM (1)(0) = 0,3989

Mckomas BEpOATHOCTE paBHA

p (80)=_-0,3989 = 0,04986.
400 8

[Tycrs Temeps TpeGyercs Beramcmntes Bepostocrs P (k,,Kk,) Toro, uto coberrue 4

0.

X =

MOSBUTCSA B 1 MCIIEITAHMAX HE MeHee K| i He Goee K2 pa3 (a1 KpaTKOCTHU OyZeM FOBOPUTE «OT

k | OO k 2 pas3»). 3Ta 3a0a4a PemaeTcs C MOMONILIO CIEAYIONIEN TEOPEMEL.
NuTerpansHas teopema Jlamnaca.Eciu gepoamuocmv p Hacmynienus coovlmus A 6

KAH#COOM UCHbIMAHUU ROCMOAHHA U OMIUYHA OM HYA U €OUHULbL, MO GEPOAMHOCHIb P n (k 1, K2 )

moeo, umo cobvimue A nossi6UMcs 6 N UCHBIMAHUAX OM k I rjﬂkj pas, npubIUACEHHO pPABHA
Gﬂp E(} ETEHHOM) U HJ’HEEP aty
N} S
P,(k.k)~ 1 fe-7dz

V2m

NOKYMEHT NOAMNMUCAH
SNEKTPOHHOWM MOANMUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: LLleBayxoea TateAHa AnekcaHapoBHa
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[Ipu pemenun 3amad, TpeOyrOmMIMX NPUMEHEHWA HWHTETPAITBHON Teopemsl Jlammaca,

| IE ) (7 - B Tabmue 1aHer
27

MOMB3YIOTCA CIEIMATBEHON TAOMUIIEN A1 MHTErPAIa D(x) =

3HAuUeHUS (QYHKIMH (D(I) g x 20, a 1 x < (0 Bocmonb3yeMcs HEUeTHOCTHIO (QYHKIHH

(I)(I).} T.€. (I)(—I) — —(I)(I) . OyHK1WIO (D(I) YacTo Ha3bIBAIOT @vHkyuel Jlannaca.
WTtax, BEPOSTHOCTD TOTO, 4TO COOBITHE A MOABHTCS B /1 HE3ABHCHMBIX HCITBITAHMAX OT K
no ko pas, paBua
P, (k;, k) = D(x,) — D(x,),

k,—np 1y = ky —np

Jnpg 7 npg

IIpumep 2. BepoATHOCTH TOTO0, 4TO OpPraHv3anusi HE MPONLIA TPOBEPKY HAIOTOBOU

rae

X =

MHCTIEKL[MH, paBHa [} = 0,2 Haiitu BepogrHocTh Toro, uro cpeaud 400 ciaydaiiHo oToOpaHHBIX
OpraHu3aIuHi HE OPOIIEANINX OPOBEPKY oKaxkercs oT 70 mo 100 opranmsanuil.

Pemenue. Ilo ycnoBuro n = 400; k, =705 kz = 100; p — 0,2; g=0,8
Bocmonezyemcs dopmymnoit (4.9):

Py (70,100) = D(x;) — D(x,) -
Beraucnum HUKHWAA U BEPXHUM TIPEAENEI UHTET PUPOBAHUA :

k,—np  70-400-0,2

X, = = =—1,25:
| Jnpg  +/400-02-0.8
_ky,—np 100-400-0,2 )5
Xy — yt

T \npg B J400-0,2-0,8 )
Takum oOpazom, umeem

P, (70,100) ~ ®(2,5) - B(~1,25) = B2.5) + B(1,.25)
[To Tabmuie 3HaueHUH GyHKINN (D(I) HaxO/IUM

D(2,5)=0,4938; dD(1,25) =0,3944-
Hckomas BepOATHOCTE paBHA

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

[TycTes mpOM3BOAUTCA n HE3ABUCHUMBIX UCHBITAHUI, B KAXKIOM M3 KOTOPBIX BEPOATHOCTH
mOsABJIEHUS COOBITHA A paBHA p. [lng onpenencHusa BEPOATHOCTH K MOABIEHUM COOBITHA B 3THX
HCIBITAHUAX UCHONB3VIOT (popmyny bepuymmu. Ecmu ke n BEIMKO, TO MOAB3YIOTCS JIOKAIBHOU
teopemoit Jlammaca. Ognako oHa gaet OOJIBIIYIO MOTPENTHOCTD, ECITU BEPOATHOCTE COOBITHS Mana

(p<O,1).

Eciu cienats gomyileHde, 4yro mpousBeaenre MNP npu 1 —>00 coxpaHseT IOCTOIHHOE

3HaueHue, a uMeHHo 7P = A , TO BEPOATHOCTH TOTO, YTO TIPHU OYEHb OOJIBIIOM YHCII€ UCTIBITaHUMN,
B KaXKJIOM M3 KOTOPBIX BEPOATHOCTH COOBITHA OYEHH Mana, COOBITME HACTYIIUT POBHO Kk pas,

HAXOOUTCA MO creayronien popmyne:

NOKYMEHT I:IDﬂI'IHCAH | }l.,k Y
QNEKTPOHHOW MNMoAarnncbio ) - —€
Ceptudbukar: 12000002A633E3D113AD425FB50002000002A6 k!
Bnapeneu: Llebayxoea TaThbaHa AneKcaHOpoBHa [eJIeHUA HyGCCGH a BEpGHTHGCTeﬁ MACCOBBIX ( n

Inverorca cmernmaasHbIe TAOIH s
Nencreutened: ¢ 20.08.2021 no 20.08.2022 H ObI 1

29



pacnpenenenus [Iyaccona.

Ipumep 3. 3aBon ormpaBui Ha 0asy 5000 kauecTBeHHBIX u3aemil. BepoaTHOCTE TOTO,
uTO B IMyTH n3aenue noppeaurcs, pasao 0,0002. Haiitu BepoaTHOCTE TOTO, 9TO HA 0a3y npulyayT
3 TOBPEKACHHBIX M3EITHA.

Pemenue. [1o ycnosuro 1 = 5000, P = 0,0002, k = 3 Haiigem A :
A = np =5000-0,0002=1

Hckomas BeposTHOCTE 10 popmyiie (5.2) paBHa:
& 1
Py (3) =—e' = —=0,06
son0 (3) = =5 -

Konmponsnwie sonpocwt u 3a0anus:

1. Teopema ciioxeHus BEPOATHOCTEH HECOBMECTHBIX COOBITHH.
. Teopema yMHOKEHU BEPOATHOCTEN HE3ABU CUMEIX COOBITH.
. Teopema yMHOK€EHH BEPOATHOCTEN 3aBUCUMBIX COOBITHIL.

. Cxema ucnerrannit bepuymm.

. ®opmyna bepuymm.

. Hambonee BeposaTHOE UnCIIO yCIEXOB B cxeMme bepryumm.

~N o b B W

. [Ipubmixennas ¢popmyna [lyaccona.

8. JlokamsHas Teopema Myagppa-Jlamnaca.

9. Unrterpansnas reopema Myaspa-Jlamnaca.

3amanue 1. bpomensl 2 urpanbpHeie KOCTH. HallTu BEpOATHOCTE TOTO, UTO CyMMAa BBINAB-
WX OYKOB — YETHOE YHCIIO, MIPUYEM HA TPAHU XOTSA OBl OTHOM U3 KOCTEH MOABUJIACH HMIECTEPKA.

3amanue?l. [Ipu mepeBo3ke sAnpika, B KOTOpoMm coaepxkanuced 21 crangapruas u 10 necran-
OApTHBIX AETAJIEH, yTepsHA OHA IeTallb, HPUUEM HEU3BECTHO Kakas. M3smeuénnas Hayram mociue
3TOTO AETANb OKA3aJIaCh CTaHAAPTHON. Haltu BEPOATHOCTE TOT0, 4TO OBLIA YyTEpAHA: a) CTAHIAPT-
Has OE€Talb; 0) HECTAHAAPTHASA NETAD.

3amanue3. 3aayMaHo ABY3HAYHOE 9uciio. HalTu BEpOATHOCTE TOTO, 4TO 3aJYMAHHBIM OKa-
JKETCSA: a) CIy4alHO HA3BAHHOE NBY3HAYHOE UM CIIO; 0) CIydaiiHO HA3BAHHOE JBY3HAYHOE UMCIIO,
HU(PEI KOTOPOTO PA3TUUHEL.

3amanue 4. BepoaTHOCTH NOABIECHUA KA’ I0T0 U3 ABYX HE3ABUCUMBIX COObITHMH A 1 B co-
orBeTCTBEHHO paBHEI (0,6 1 (,5. Halitu BEpOATHOCTE MOABAEHNUA TOJIBKO OOHOTO U3 HUX.

3amanue 5. B amuke cpemu 100 meraneir naxoourca | OpakoBannas. M3 ammka Haynagqy
u3BneueHsl 10 neranei. Haiitn BEpOATHOCTE TOTO, UTO CPEAM HUX OKAKETCSI OpakOBaHHAA.

3amanue 6. Monera Opocaercs nate pa3. Haiitu BEpOATHOCTE TOTO, UTO OPEN BRIMAAET 2

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapgeney:  LeBayxoea TatbsiHa AneKcanapoBHa SITHOCTB TOTO, YTO CPEAH HUX 2 MAIBYHKA, ECIIU
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BeposrHocts 0OHapyxkeHua onedarku Ha crpanune kauru pasaa (0,01. Hairru Beposr-
HOCTB TOTO, 9T0 B 500-cTpannynoi kHure He Oyaer oOHapykEeHO omedarok (0OHapyKeHue omne-
JATOK HA PA3MMYHBIX CTPAHUIAX CYUTATH HE3ABUCHUMBIMU COOBITHAMNA).

3amanue 8. BepoATHOCTE M3roTOBICHUA AeTaM BeIicmiero copra pasHa 0.4. Hairtu Bepo-
ATHOCTB TOTO, 4TO U3 260 neranen momoBuHA OyIET BBICIIETO COPTA.

3amanue 9. BepoaTHOCTE N3rOTOBIICHU A W3AEMU BeIcHIEro kagecTsa pasHa (,8. Hairru Be-
POSTHOCTB TOTO, 9TO cpeau B3AThIX 60 m3nenuii 30 OKaKyTCA BBHICIIETO Ka4eCTBa.

3amanuel 0. BepoatHocTs nossaeHus coObiTis A B kaxaom u3 100 HE3aBUCHMEIX MCIIBI-
TaHWM NOCTOAHHA U paBHA (.,8. Haiit BEpOATHOCTE TOTO, 4TO COOBRITHE A MOsABUTCA HE Oosee 74
pas.

3amanue 11. BeposaTHOCTE HEKOTOPOTO COOBITHA B €IMHUYHOM HCITBITAHWUH OCTABIISAET
0,004. Haittu BeposaTHOCTE TOT0, 4TO B 2500 UCOBITAHUAX TAHHOE COOBITHE MPOU3OUIET POBHO 4
pasa.

3ananue 12. BepoarHocTe HacTymiaeHua coOwiTusas A B ogHOM omneiTe paBHa 0.,6. Haiitu
BEPOATHOCTE TOTO, UTO coObITHE A HacTymuT 1400 pa3 B 2400 ucneiTanusax.

3amanue 13. BepoATHOCTE MOABIEHUA COOBITHA B KAXKIOM U3 HE3ABUCHUMBIX UCTBITAHUMI
pasHa (),8. Haittu BEpOATHOCTE TOTO, 4TO COOBITHE HACTYIIUT HE MEHEE YETBIPEX Pa3 MPH S UCHI-

TAHHAX.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Ilpakmuueckaa paooma Ne7. KoppenauuoHHo-pezpeccuoHHbLI Memoo UCCAe008aAHUA

CAYUAUHDBIX GeTUUUH.

H ejib. SHI{pEHHTB HABBIKH ITPUMCHCHHA MATCMATHUCCKOT O O KHUIOdHMA, TUCIICPCHH 1 CPCI-

HCTO KBAOAPATHYCCKOT O OTKJIOHCHHA.

Ocrnoevt meopuii:

3aKOH pacIpeacneHus MOMTHOCTRIO XaPAKTEPU3YET CIIYUauHyI0 Bennauny. OgHaKo mpu pe-
IIEHUN MPAKTUIECKUX 3a/1a4 HET HEOOXOIMMOCTH 3HATH BCE BO3MOIKHBIE 3HAUEHUS CIYYAUHOU
BEJIMYUHBL U COOTBETCTBYIOIIME UM BEPOATHOCTH, & YA0OHEE MOJIE30BATHCA HEKOTOPEIMA KOJIMYE-
CTBEHHBIMHM MOKA3aTEMIMH, KOTOPEIE JAIOT JOCTATOUHYIO MH(POpMAIIAIO O CIYUYaHOM BETMYNHE.
Takue mokasarenm Ha3BIBAIOTCA YUCTOBLIMU XAPAKMEPUCMUKAMU CTYYAUHOU BETUYUHDL.

OCHOBHBIMM U3 3THX XAPAKTEPUCTHK ABJAIOTCA: MameMamuiecKoe oicuoanue, OUcCnepcus
U cpedHee Keaopamuyeckoe omrioHeHue. Mamemamuueckoe odcudaHue XapakTepu3yer momuo-
KEHUE CITy4alHOM BEIMYMHBI HA UMCIOBOM OCH, OMPENEIAA HEKOTOPOE CPENHEE 3HAUCHUE, OKOJIIO
KOTOPOTO COCPEAOTOUEHEI BCE BO3MOKHBIE 3HAUCHUSA CIyIAaUHON BETUYUHBL. /{715 pemenns MHO -
IAX 3a1a4 JOCTATOYHO 3HATh MATEMATHYECKOE O¥uaanne. Hampumep, ecinyu M3BECTHO, UTO MATE-

MATHUYECKOE 0KUAAHUE YMCIa BEIOMBAEMBIX OUKOB Y MEPBOTrO CTpenka 0oJbiie, 4eM y BTOPOTO,
TO IIEPBEIM CTPEIIOK B CPEOHEM BBEIOMBAET OOIBINE OYKOB, 4EM BTOPOU, U, CIEI0BATEILHO, CTPE-

JA€T Jy4Ille BTOPOTO.
Mamemamuueckum oxcudanuem OUCKpemHoOU c1y4auHou geiuduHbl X Ha36IBAETCS CYMMA
MPOU3BEIEHNUN BCEX €€ BO3MOKHBIX 3HAUEHUU HA UX BEPOATHOCTH M 0003Hauaercsa uepes M(X).

[TycTes cnywaiinas BemiumHa X mpUHUMAET 3HAYECHUS X{sXy4euey X, € COOTBETCTBYIO-

UMM BEPOATHOCTAMU [P, P5,..., P, . Torna maremarnueckoe oxuaanue M(X) coydalHOM

BEJTUYHHBL X ONPENEIAECTCA PABEHCTBOM

M(X)=xp+x,p,+...+x,p, .
Ecau guckpernas ciaydaiiHas BEMMYUHA X TPUHUMAET OECKOHEUYHOE MHOKECTBO BO3MO K-
HEIX 3HAYEHUH, TO

M(X):i,xtip{.*
=1

IIpumep 1. Haittu maTemMarnueckoe OKUAAHUE CIYUYANHON BETUUMHEL X, 3HAS 3aKOH €€
pacnpeneneHnus

X. 3 5 2

[

D, 0,1 0,6 0,3

Pemenue. Mckomoe maremaTnyeckoe Oxuaanue mo Gopmysie paBHO

M(X)=3-0,1+5-0,6+2-0,3=3.9.

[lycte X — cnywannas BemmunHa u M(X) — ee maremMaTHd4eckoe OXKHUIAHUE.

Omxnonenuem caviaiinoii eenuuunyl Hassisaercs pastoets X — M (X )
AOKYMEHT NoArnncAH

SNEKTPOHHOM NOANUCKIO , paccesHue€ BO3MOKHBIX 3HAUEHWHN CIIy4alHOU
Ceptudhikar:; 1 12000002A633E30113AD425FBS0002000002A6 PUMEpP, B aPTHJUIEPHUH BAKHO 3HATH, HACKOJBKO
Bnapeneu,; lleBayxoea TateAHa AnekcaHapoBHa iIHw.‘HEI, 6LITE TIO paxeHa

TYYAUHOU BEIUYUHb] HA3BIBAIOT MATEMATHUECKOE
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0KUIAHUE KBAAPAaTa OTKJIOHEHUA CIYYAWHOU BEJIMIUHEI OT €€ MATEMATHYECKOTO OKHUIAHU:
D(X)=M[X -M(X)]*.
JIns BEIUMCIEHUST TUCIEPCHM 4acTO OBIBAET yHOOHO BOCIIOIB30BATHCA CIEAYIOMIEH
(popmymoi:
D(X)=M(X*)-[M(X)]*
IIpumep 2. Haiitu gucnepcuro Ciry4aiiHOM BEMUUMHEL X, KOTOPas 3a0aHa CIEIYIOMINM 3a-
KOHOM PACIpeaeneHus:

X. 2 3 5

[

D, 0,1 0,6 0,3

Pemenune. Maremarnueckoe oxkunnanune M(X) paBHo:

M(X)=2-0,1+3-06+5-03=3.5

LY Ly 2
3aKOH pacnpeneneHusa CIIy4alHOH BETMYNHEL X © umeer Bur;

X’ 4 9 25

{

D, 0,1 0,6 0,3

j
Maremarnueckoe oxunanue M (X <) pasno:

M(X?*)=4-0,1+9-0,6+25-0,3=13,3.
Hckomas nucnepens paBHa
D(X)=M(X®)-[M(X)]?=13,3-(3,5)* =1,05.

Jl1s1 O11eHK M paccesHn s BO3MOKHBIX 3HAYEHUH CIYyJalHOM BEIMUYMHEL BOKPYT €€ CPETHETO
3HAUEHUS CIYKUT TAKIKE CPEIHEE KBAIPATHUECKOE OTKIOHEHHUE.
Cpeonum KeadpamuuecKkum OMKIOHCHUEM CAVYAUHOU GeiuduHbl X HAa3BIBAETCA

KBAIPATHBIN KOPEHB U3 TUCIEPCHH:
6(X)=D(X).

Ipumep 3.Crygaitnas BenuumHa X 3a7aHa CIEIYIONIAM 3aKOHOM PACIIPENETICHUA:

X. 2 3 10

/

P, 0,1 0.4 0,5

Hairtu cpegnee kBaaparudecKoe OTKJIIOHEHUE o (X)-
Pemenune. Maremarnueckoe oxuganue M(X) paBHo:

M(X)=2-0,1+3-04+10-0,5=64

Maremarnueckoe oxunanne M (X ) paBHo:

M(X*)=4-0,1+9-0,4+100-0,5=154.

Haitnem nucriencuio:

AOKYMEHT NoarnncAH , ,
ANEKTPOHHOM MOMUCHIO (X)]* =54-(6,4)" =13,04.
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 )
Bnapeneu: Llebayxoea TateaHa AnekcaHapoeHa YHCHHUC PABHO.

X) =4/13,04 ~3,61.
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Jluckpernas cioydaiiHas BETWYMHA MOKET OBITH 3aJaHa MEPEUYHEM BCEX €€ BO3MOKHBIX
3HAYEHUN U UX BEPOATHOCTEU. OOHAKO TAKOU CIOCO0 3aqaHnsa HENPUMEHNM I HENPEPBIBHBIX

CIy4alHBIX BEIUUMH.
Hampumep, paccMoTpum CIIydallHyH0 BEIWYMHY X, BO3MOMKHBIE 3HAYEHHA KOTOPOH

CIIJIOIOE 3AITOJIHAKOT MHTCPBAI ((I,, b) ()T—IE‘EPI,II,'I—I'.'L’l.J 9TO HCBO3MOKHO COCTABHUTE IMEPCUHCHE BCEX

BO3MOJKHBIX 3HaueHU! X. [TosTomy nenecooOpazno mate 00mmii crroco0 3aganus aro0bIX TUIIOB
CIy4auHBIX BEIMUWH, /11 UETO BBOAATCA (PYHKIINN PACOPEIENECHNA BEPOATHOCTEN CIIy4alHOM Be-

JIMUUHEI.
[Tycte x — pmelcTBUTEIBHOE UMCiIO. BEpOATHOCTE COORITHA, COCTOAMIETO B TOM, 4TO X

MPUMET 3HAYEHHE, MEHBIICE X, T.€. BEPOATHOCTE coObrTHa X < X, 0003HaUMM uepes F(x). Ecom

X wm3MeHsercs, To mmensierca u ['(x), .e.  F(x) — QyHKIMA OT X.

Dynkyueu pacnpedereHus cly4auHou éeludunbl X Ha3bIBACTCA PyHKIUA F(x), OIpene-
JAIOIIAS BEPOSTHOCTE TOTO, YTO CAyYalHAs BEIMYMHA X B Pe3YyJILTATE UCIEITAHWUS IIPUMET 3HAUE-
HUE, MEHEBIIIEE X, T.€.

F(x)=P(X < x)-
['eomerpruecku 5T0 PaBEHCTBO MOKHO UCTOJIKOBATE TAK: F'(x) €CTh BEPOATHOCTH TOTO,
4TO CJIydalHas BEIMUYWMHA NMPUMET 3HAYEHHUE, KOTOPOE N300paxaercsa Ha YUCIOBON OCH TOYKOM,

JIeKaniel JIeBee TOUKH X.
Ipumep 4.Cnoyuainag semunHa X 3a1aHa CIEIYIOMIEH (PYHKINEN PacpeneICHUA:

WO npu x<—1
F(x)={x/4+1/4 npu -1<x<3
| npu x>3

Haiith BEpOATHOCTE TOr0, 4TO B pE3YJLTATE UCHBITAHUA X HOPUMET 3HAYEHUE,
npunaanexamee uarepsany (0, 2): P(O< X <2)= F(2)— F(0).

Pemenwue. Tak kak na uareppane (0, 2), 1o yciouio, F(x)=x f 4+ U 4,

To F2)y— F(O)=(2/4+1/4)— (0/4 +1/4) =1 2- UTaK, p0< X <2)=1/2-
HemnpepeBHYIO Cny4allHy0 BEIMUWHY MOKHO TAKKE 3a0aTh, HCIOIB3YA IPYTYIO

() YHKIIHIO, KOTOPAsA HA3BIBAETCA () YHKIIUEN UIOTHOCTH.
DyHkyueu NI0MHOCMU HENPEPbIGHOU CIYYAUHOU 6eluduHbl X Ha3bIBACTCA (PYyHKIIMA

f(x ) — mepBas MPOU3BOIHAA OT (PDYHKIIUH PACTIPEIEIEHNA F (x ) ;

f(x)=F'(x).

Orcroma cnenyer, 4To (PYHKUMA PACIPENCICHU ABAECTCA NEPBOOOPA3ZHOM Iyt (PyHKIIMHU
IIOTHOCTU. [l omucanus pacupenencHus BEPOATHOCTEH OUCKPETHOM CIYYAHOW BETMYUHEI
() yHKIIMS TUTOTHOCTH HEMPUMEHHUMA.

3Has (PYHKOUIO IUIOTHOCTH, MOMKHO BBIYMCIUTEL BEPOSATHOCTH TOTO, YTO HEMPEPBIBHAA

ClIydalHas BEIWYMHA IPUMET 3HAYCHUE, MPUHAJICKANIEE 3aTaHHOMY HHTEPBAIY.
Teopema.Bepoamuocmb mozo, 4mo HenpepviGHAA CIYHAUHAA GeluduHa X npumem

3HA4eHUe, NpuHaoiexicaujee UHMepBaty (H, b) PasHa OnpeoeileHHOMY UHmMezpaly om QVHKYUU

NJIOMHOCMU, 83AMOMY 8 npeoeiax om a 0o b:
b

Pla< X {b):If(x)dt-
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[0 npu x<0

f(x)=|21 npu (O<x<1

0 npu x>1
HaitTh BEpOATHOCTE TOr0, 4YTO B pE3YJLTATE WCHBITAHUA X OpPUMET 3HAYEHUE,
npunaanexamee uarepsary (0,5; 1).

Pemenue. Mckomas BeposaTHOCTE mO (pOpMyIIE paBHA
|

bs=1-0,25=0,75.

P(05<X <D= [2xdr=x’
0,5

3Hast (PYHKUMIO IUIOTHOCTH PACIpEnencHuA f(.?f ).} MOKHO HAUTH (PYyHKIIHIO

pacrpeneneHus I (I) no opmyiie

F(x)= If(z) dz-

Mamemamuueckum odxcudanuem HenpepvlHOoU CIyHAUHOU GeaUdUHbl X, BO3MOKHBIC 3HA-
UeHHS KOTOPOH IpHHAIEKAT OTPE3KY [ﬂ, b].,, HA3BIBAETCS CIIEAYIOMIMN OIpe/ie/IeHHbIH HHTe-

rpa

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

lucnepcueu HenpepvigHoOU cayyaHou éeauduHbl X, BO3MOKHEIE 3HAYEHUS KOTOPOU TpPH-

HaJJIeJ)KAT OTPE3KY [ﬂ, b].} Ha3bIBAETCA CIEAYIOMUN OIpe/ie/IeHHbIN MHTerpal
b

D(X) :I[I—M(X)Ff(x)dx.

il

Jlng Beraucnenus nucnepceuun 0omee ynoOHBI COOTBETCTBEHHO CAEAYIONIME (DOPMYIIEI
b

D(X) = [ x> f(x) dx ~[M (X))

=

D(X)= | x* f(x)dx~[M (X)P

—o0
Cpednee  keadpamuyeckoe  OMKIOHEHUE  HEHPEPblBHOU  CAVYAUHOU  GEIUYUHBI
ONpEenenAeTCA, Kak U I JUCKPETHOUN CIyYalHOH BEIMUWHEI, CIEAYIOIIUM PABEHCTBOM

G(X)=+D(X) .

IIpumep 6. Haittn maremarnueckoe OKHUAAHUE, TUCIEPCHIO U CPETHEE KBAOPATUIECKOE
OTKJIOHEHHUE CIIy9alHOW BEIMYUHEI X, 3aJaHHOU ciaenyronied () yHKIHEH pacnpeneneHus:

0  npu x<0
Fx)={x npu O<x<I

NOKYMEHT NMNOoAanncAH
SNEKTPOHHOM NOAMUCHIO HPH X > l
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-

[0 npu x<0
f)=Fx)=J1 npu 0<x<I
0 npu x>1

Haitnem marematuueckoe oxuganue no popmyne (8.1):

0
Haitnem nucnepcuro mo popmyne (8.5):
1
D(X)=Ix2-l-dx—[1/2]2 =x/3 ; ~1/4 =1/12.

0
Haitnem cpennee kBaaparndeckoe OTKJIOHEHUE Mo (hopmyie:

c(X)=+D(X) =,/1/12 = 0,29.

KoppensaimoHHEIN aHAIM3 U PErpPECCUOHHBIN AHANN3 ABJIAIOTCA CMEKHBIMH Pa3IeIaMu
MATEMATUIECKON CTATUCTUKU WM NOPEOHA3HAYEHBl MJiA W3YYEHUS IO BBIOOPOUYHBIM JAHHEIM
CTAaTUCTUYECKON 3aBUCHUMOCTH CIYYAWHBIX BEMWYWH. J|BE CiIydalHBIE BEIMUYWHEI MOTYT OBITH
CBA3aHBI JIMOO ()YHKIIMOHAIEHOWU 3aBUCUMOCTBIO, JIMOO CTATUCTHUYECKOW 3aBUCHUMOCTBIO, JTMOO
OBITH HE3ABUCHMBIMH.

Crporasa (yHKIIMOHATBHAS 3aBUCHMOCTE PEATH3YETCA PEIKO, TAK KAK 00€ BETMYNHEBI WIN
OHA U3 HUX MOABEPIKEHEI €M1€ ACHCTBUIO CIYUYAHHEBIX (DAKTOPOB, IPHUUEM CPEON HUX MOTYT OBITH
1 o0mme nia 00enx BEMWUMH, T.€. TAKHUE (PAKTOPBI, KOTOPHIE BO3AEHCTBYIOT KAK HA X .Tak u Ha

Y . B 5T0M Ciaydae BO3HMKAET CTATUCTHUECKAS 3aBUCMMOCTh. Cmamucmuueckoll Ha3BIBAETCA
3aBUCUMOCTE, OPH KOTOPOW M3MEHEHHME OJHOM M3 BEIMUMH BICUET W3MEHEHUE PACIPEAEICHUA
apyroi. YacTHeIM cCilydaeM CTATUCTMYECKOM 3aBUCUMOCTH ABJIETCA KOPPEIAIIMOHHAA
3aBUCUMOCTb.

Ecnu cratuctuueckas 3aBUCUMOCTE HPOABILAECTCA B TOM, UTO IIPA U3MEHEHMH OJHOU M3
pacCMAaTPUBAEMEBIX CAYYAMHEIX BEIMUMH W3MEHAECTCS CPEOHEE 3HAUEHHWE IPYTrOoM CIYyUYauHOU

BEJIUYMHBI, TO TAKasA CTATUCTUYECKASA 3ABUCUMOCTD HA3BIBAETCH KOPPEIAYUOHHOU.
Jlna anamiza KOPpPESINMOHHOM 3aBHUCHUMOCTH BOCIIOJIB3YEMCS MEMO0OM HAUMEHbUIUX

kgadpamos. Ilpm MCHMOMBE30BaHMU ATOTO METOOA CyMMA KBAaApAaTOB OTKIOHEHWUH Y i— ¥V (

I — 1,2,- .5 1), rne Y;- — BBIUMCJIEHHAA 110 ypaBHeHuio (14.5) opauHaTa, COOTBETCTBYIONIAA

HHGJIED,I[H,EMDM}’ 3Ha4CHMIO X;,a Y, — HaOIroDaeMasn OpauHara, COOTBETCTBYIOMIAA X; , JOJDKHA

OBITH MUHUMAIBHOU. aK KaK Kaka0€ OTKIOHEHHWE 3aBUCHUT OT OTBICKUBAEMBIX MAPAMETPOB, TO U
CyMMa KBaJIPaTOB OTKJIOHEHUH €CTh (PYHKIMA 3TUX ITAPAMETPOB:
n

F(p.b)= ) (Y, = y)’

F(p,b)=Y (px, tb=x)".
=1

Jlna  OThICKAHMA MHMHMMyMa HOPUPABHAEM HYJIKO  COOTBETCTBYIONIME  YACTHEIE
IPOU3BOIHEIE:
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oF ”( b—v.)x. =0
op :2; pxX + Yi) X =

ob —

Peums 5Ty cucreMmy OBYX NHHEHHBIX YPABHCHWH OTHOCHTEIBLHO P H b , naiinem

|‘5’F zi(pmb ¥,)=0

MCKOMBIE ITapaMETPBI:

_l/nzxy XI 20y }/ anf—(” xjﬂ;

(k;‘=1 /) N
- fzx- zx zxﬂ iS5 V)
i=1 ) \ =1 , k!.:] ;) )

AHAIOTUYHO MOKHO HAWTH BLIﬁGpGHHGE ypaBHEHHUE TPAMO JIuHuUHK perpeccun X Ha

Y:
X, =pP,,y+c,

r€ Pyy — BEIOOPOYHBIH KOIPPUIMEHT perpeccuu X maY.

Mpumep 1. Haiitu Be1Gopounoe ypaBHeHHE npaMoi munuu perpeccuu Y Ha X 1o
IAHHBIM 11 = D HaOm0 neHul:

Tadbmumal.
X; 1,00 1.50 3.00 4.50 5.00
Az 1,25 1.40 1.50 1,75 2.25

R IO RACTIETHYI ALY, % (14.9) w1 (14.10):
- =(5-26,975-158,15) ((5-57,5-15% )= 0,202
b=(57.5-8,15-15-26,975) A5-57.5-152 ) =1,024.

Hamumiem HCKOMO€ ypaBHEHHE PAMOii THHUH perpeccuyt ¥ ma X

y=0,202 x+1,024

Tadbmnwuira 2.
X Vi X Xi Vi
1.00 1.25 1,00 1,250
1.50 1.40 2,25 2,100
3,00 1,50 9,00 4,500
4,50 1.75 20,25 7,875
5.00 2.25 25,00 11,250
. n 7 n
NOKYMEHT NOAMNMCAH ) | 2 Z X V.
ANEKTPOHHOW NOANUCHIO Z Ai Pt
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[Tpu OompmioM gmcne HAOMOAEHWH OHO W TOXKE 3HA4eHWEe X MOJKET BCTPETHUTCH n,

pas, OMHO W TOXE 3HAYEHHE Y — [l Pa3, OJHA M TA K€ Mapa YHCE (x,, y) MOKET

HaOmMroMaTH CA n,, pas. [TosToMy mannbie HAOMIOOEHUM CAEAYET TPYIIIHUPOBATH, OIS STOTO

TOACYUTEIBAIOTCA 4aCTOTEL /1, , F1 v n Xy Bce crpynnmupoBaHHBIE JAHHEIE 3AITUCEIBAIOTCSA B BU/IE

TA0OTUIIBI (Hampumep, Tadbmuia 3), KOTopas HA3BIBAETCSA KOPPEIAYUOHHOU.
Tadmnuira?l.
Y A n,
10 20 30 40 )
0.4 5 - 7 14 26
0,6 — 2 6 4 12
0,8 3 19 — — 22
n, 8 21 13 18 = ﬁ

B nepBoit cTpoke KOppenanoHHON Tabmunsl ykazanel HaOmogaemsie 3HaueHus (10; 20;
30; 40) mpuznaka X , 4 B mepBoM crosbne — nadbmonaemsie 3Hauenud (0.4; 0,6; 0,8) npusnaka

Y Ha MEPECEYEHUN CTPOK U CTOJIOIOB HAXOATCA YACTOTHI Hj}_, HA0TI0AEMBIX TTAP 3HAYCHUU

[IPU3HAKOB.

B mociennem crondiie 3amicadsl CyMMBI 4aCTOT CTPOK, a B OCAEIHEN CTPOKE — CYMMEI
4acToT CTONONOB. B KIeTke, pacmonokeHHON B HUKHEM HPABOM YTIIY TAOMUIIEI, TOMENIEHA
CyMM4 BCEX 4ACTOT, T.€. 00miee uncio Bcex Habmonenu M. OueBUaHO, 9TO

Z”r—zn =N

Tereps OMpeneIMM MapaMeTPhl BEIOOPOUHOr0 yPAaBHEHHS MPSAMOi JMHUN perpeccun Y

ma X B caydae, KOrga IIONydeHO OOIbmIoe UHCIO OAHHBIX (OPAKTUYECKH IS

yOOBJIECTBOPUTENEHON OLEHKN MCKOMEIX ITAPAMETPOB HOMKHO OBITE x0T OB S0 HaOmoneHun),
CpeOu HUX €CTh MOBTOPSIONIMEC, U OHM CTPYIIMIUPOBAHEI B BUIE KOPPETAIMOHHON TAOIUIIEI.
13 cucremer (14.8) MOKHO MOTYyIUTE CAEAYIONIYIO CUCTEMY:

n

=1
E 2 X
_Iy X. y H BOCITOIEB30BABIIIHCE COOTHOILICHHAMIM _}C j— ,
i

i=1
/.
—r ZI

X / YIF—T}I xy (B @penmosoxkeHuH, 4YTO Iapa 4YHCEl (JC y)
LIDH"J"'MEHT roarnncAH
INEKTPOHHOW NOAMKUCHIO
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— )
x“P . +nxb= Z My Xy

Ep}'f_;'{ _+_ b — ;

Bropoe ypasuerue cucremst (14.13) npeoGpasyem k Buny b = y — xp_  u moncrasus

MPaByI YaCTb O3TOr0 PaBE€HCTBA B YPaBHEHUE f{: P, X+ b , nonyunm cnemyromee

COOTHOIIICHHE

BUIA

HHH.

CepTtudumkar:
Bnageneu;

y o y — pyx(x_x)‘
HANIeM U3 CUCTEMBI BBIOOPOUHEI Kos(duiment perpeccuu Py *

x‘ux) ”'x_}" X:} H.li}—
N — {
P> n\ff—(xaﬂ) "G

YMHO¥UM 00€ 4aCTH 3TOr0 paBeHCTBA HA Ap00b G /G

S xy XY — nx y
pr'!r‘J:' . ’H—J'.‘ _ HG G
Cy Xy
O003HaUMM OpaByio 4aCTh PABEHCTBA i 15) uepes Fp:
Ry Xy —nxy
Fp = ~—=
no o
Torma momyuaem
Gﬁ"

._‘:

p}'_r =TI =
€4

OKOHUYATENLHO MOJYUYHUM BEIOOPOYHOE YPABHEHHUE MPAMOM muHuM perpeccuu ¥ Ha X

e

O
_ _ y _
Ye—Yy=13 = (x—x).
O «x
AHaNOTMYHO MOKHO HAWUTH BEIOOPOYHOE YPABHEHHE MPAMOU TUHUM PETPECCUU X ua Y
L o] _
_ X
X, TX =Ty (y—y)
}.1

Konmponsnuie gonpocwt u 3adanus:

1. HucnoBele XapakTEPUCTUKN TUCKPETHBIX M HEMPEPBIBHBIX CIYUYANHBIX BEJIMYHH.
2. Marematn4eckoe OKUOAHUE TUCKPETHBIX U HEMPEPLIBHBIX CIYUYANHBIX BETUIHH.
3. Jlucnepcus TUCKPETHBIX U HEMPEPBIBHBIX CIIyUAHBIX BETMYUH.

4. Cpennee KBaapaTHIeCKOE OTKIOHEHUE TUCKPETHRIX U HENPEPBIBHBIX CIIyIaWHBIX BEJIH-

AOKYMEHT MNOANMCAH
SNEKTPOHHOW Noannchbio
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7. BeiOOpouHOE ypaBHEHHME TPSIMOMN JIMNHUH PETPECCHH.

3amanue 1. YCTpOUCTBO COCTOUT U3 TPEX HE3aBUCUMO paboTaroniux 371eMeHTOB. Beposr-

HOCTh OTKa3a KakOoro sneMeHTta B ogHoM onbiTe paBHa (,1. CocTaBuTh 3aKOH pacnpenencHus
qHCJIa OTKA3aBIINX YJIEMEHTOB B OHOM OIIBITE.

3apanue 2. B maptuu 10 % vecrangapraeix neraneu. Hayrag orobpanst 4 neranu. Hami-
caTb OMHOMMAIBHEIN 3aKOH PACTPEAEICHUA TUCKPETHON CAYIAlHON BEIMIUHEI — YUCJIA HECTAH-

OAPTHBIX OETANed CPpeau 4ETBIPEX 0TOOPAHHEIX M ITOCTPOUTHE MHOTOYTOJIbHUK MOJYYEHHOTO pac-
IpEeIEIeHUs.

3amanue 3. Jluckpernas ciydanHas BenMuuHa X DPUHUMAET TPA BO3MOIKHBIX 3HAYCHU !
x =4 CBEPOATHOCTBIO p =0,5x =6, C BEPOATHOCTRIO p =0,3 © X3 CBepoATHOCTRIO [3. Haitrn
1 [ 2 2

X3 u Py, 3Had, UTo M(X) = 8
3amanwe 4. Jlanm mepedeHr 3HAYCHWH OUCKPETHOW CIy4ailHOW BeawumHbl X :
X, = —1 s X = 0:x3 =1, a Takike M3BECTHEI MATEMATHUECKUE OKUIAHMS CAMOM TOM BEIUUMHEL

1 €€ KBajpara: M(X)= 0,1, M(Xz) =0,9. . Haitru BEPOSTHOCTH P15 Doy Pse.

3amanue 5. CnygaitHas BemvuuHa X 3a0aHa (DYHKIUEH pacipeneIeHus:

-

0 x <1
1 1
F(?‘i)=j—1’—— -l<x<5
4 4
| xX>5

L

Haittu: a) mIoTHOCTE pacupeneneHnus CIydanHON BEIMIUHEL, 0) BEPOATHOCTE TOTO, 94TO B
pPE3YILTATE UCTLITAHUS BETUUMHA MTPUMET 3HAYEHUE, 3AKITIOUEHHOE B UHTEpPBATIE (2.3).

3amanue 6. Haiiti BEIOOpOUHOE ypaBHEHUE NMPAMOU IMHUU perpeccun ¥ uHa X 0o maH-
HBIM, IPUBENEHHBIM B CIEAYIONIEH TAOIUIIE:

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
36 - - - 1 S 0

n, 4 14 46 16 20 n =100
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IHpaxkmuueckaa padboma Ne8. Ocnoevl 6b100poUHO20 MemoOa U I 1eMeHmbl CIamu-

CHIUYCCKOU meopuu OleHUGAHUA.

Lenv: 3akpenurs MOHATUA BEIOOPOYHON COBOKYITHOCTH, BEIOOPOUHOHU (PyHKIIMA pacipe-

IeJIeHNs.

Ocrnoevt meopuii:

[Ipeomemom mamemamuueckou cmamucmuku sGIAemMcsa co30aHue Memooog cbopa u
obpabomku cmamucmu4ecKux OaHHbIX 0J1 NOJYHYEHUA HAYYHbIX U NPAKMUYECKUX 6blB000E.

Maremarnueckas CTaTUCTUKA ONMMMPAETCA HA TEOPHUIO BEPOATHOCTEN, U €€ 1I€Ib — OLICHUTH
XapaKTEPUCTUKN F€HEPATLHOM COBOKYITHOCTH IO BEIOOPOYHBIM JAHHBIM.

Ecou TtpebOyerca wW3yduTh COBOKYIIHOCTH OJHOPOOHBIX OOBEKTOB OTHOCHTEILHO
HEKOTOPOTO TMPHU3HAKA, XAPAKTEPU3YIOMIETO OSTH OOBEKTHI, TO €CTECTBEHHBIM SBIIAETCA
MPOBENEHUE CIJIONIHOTO 00CIET0BaHM S, T.€. 00CIEN0BAHNE KAKIOTO U3 00BEKTOB COBOKYITHOCTH
OTHOCHUTENEHO 3TOr0 IMpu3Haka. Ha mpakTuke, 0IHAKO, MPOBEIECHUE CILUIOMIHOTO 00CIeI0BaHNA
M0 TEM WJIA WHBIM MPUUYAHAM 4YacTO OBIBAET HEBO3MOXKHBIM. B Takux caydasx CaydaiHo
OTOHUPAIOT U3 BCEH COBOKYIMHOCTH OrPAHMYEHHOE YMCIIO0 OOBEKTOB U MOABEPTAIOT UX U3YIEHUIO.

BulbopouHou cOBOKYRHOCHbIO WM TIPOCTO 6blOOPKOU HA3ZBIBAETCA COBOKYITHOCTH
CIydaHO OTOOpaHHEIX OOBEKTOB. [ eHepaibHOU COBOKVHHOCHbIO HA3BIBAETCA COBOKYITHOCTH
O0OBEKTOB, M3 KOTOPBIX MPOW3BOAWTCA BEIOOpKA. Hampumep, ecnu BCce cryaentsl Hamororou
AKAOEMHUN — STO TEHEPATbHAS COBOKYITHOCTB, TO CTYAEHTHI KAKOW-TUOO TPYIIIBL SABIISIOTCA
BEIOOPKOM.

Obwvemom COBOKYIMHOCTH (BBIOOPOYHOH WJIM TEHEPATLHON) HA3BIBAETCS YHCJIO OOBEKTOB
sTou coBokynHocTH. Hampumep, ecnu u3 1000 geranen orodpano g odocnenoanusa 100
neranei, To 00beM revepansnoit copokymuaoctu N = 1000, a 06vem Be6opxku 11 = 100).

[Tpu cocraBnennu BEI0OO KU MOKHO MOCTYNATE ABYMS CIIOCO0AMU: ITOCIIE TOTO, KAK OOBEKT
0TOOpaH U HaJQ HUM IIPOU3BENECHO HAOMIO1EHNE, OH MOKET OBITE BO3BpAIIEH MO0 HE BO3BPAIIEH
B TEHEpPANbHYI0 COBOKYNHOCTh. B 3aBHCHMMOCTH OT 5TOr0 BBIOOPKM MOAPA3IEIAIOTCA Ha
MOBTOPHEIE U OECIIOBTOPHEIE.

l[losmoprou HA3BIBAIOT BEIOOPKY, IIPH KOTOPOM OTOOpaHHBIM OO0BEKT (mmepem oTOopom
CJIIEQYIONIETO) BO3BPAILIAECTCA B TEHEPAILHYIO COBOKYITHOCTE. becnogmopHou Ha3bIBal0T BEIOOPKY,
IpPU KOTOPOM OTOOPAHHEIN OOBEKT B TEHEPATEHYIO COBOKYITHOCTE HE BO3BPAMIAETCA.

Jlns Toro, 9To0OR MO OAHHBIM BBEIOOPKHM MOKHO OBIJIO JOCTATOYHO YBEPEHHO CYIUTH 00
MHTEPECYIONIEM MPU3HAKE TEHEPATBEHON COBOKYMHOCTH, HEOOX0IUMO, 4TOOB 0OBEKTEI BEIOOPKH
MPABUIBHO €r0 MPEeACTaBIAIN. JIpyrumMu CinoBaMH, BEIOOPKA AOJKHA NPABUIBHO MPEICTABIIATH
OPOMOPUNN TEHEPATEHOU COBOKYMHOCTHU, T.€. BBEIOOpPKA OOMKHA OBITE penpe3eHmamugHoU
(npedcmasumenvHou).

B cuny 3akona OOJpmMX YMCEN MOKHO yTBEpKAATh, UYTO BBIOOpKAa Oyaer
PENPE3ECHTATUBHON, €CIM KakObIM OOBEKT BBIOOPKM OTOOpaH Ciay4alHO W3 TEHEPAIbHOU
COBOKYITHOCTH B ITPEAIIOJIOKEHAH, YTO BCE OOBEKTEI UMEIOT OJJMHAKOBYIO BEPOATHOCTE MOITACTE
B BEIOOPKY.

CraTtucTuueckoe pacnpenencHue rpa@uuecku MOKHO HW300pa3vuTh pPa3aIMdHBIMHA CIIOCO -
O0amu, B 4aCTHOCTH, B BUJIE€ ITOJIUTOHA U THCTOTPAMMEIL.

llonuconom uwacmom HA3BIBAETCSA JIOMAHAA, OTPE3KHM KOTOPOH COEAWHAIOT TOYKH

NOKYMEHT MOOMNWUCAH
SNEKTPOHHOW NOANUCHIO
CepTucbuikar:, . 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TatbAHa AnekcaHapoBHa

IMOCTPOCHHA ITOJIMTI'OHA YdCTOT Hd OCH abcrucce

' — COOTBETCTBYIONIME UM 4acTOTHI F1;. Toukn

qAKT IMOJIHUTOH 94dCTOT.
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[oneonom omHOCUMETbHBIX YACMOM HA3LIBACTCSI JIOMdHdA, OTPEC3KH I{DTDpDﬁ COCOH-

HAOT TOYKH (_xl; Wl), (-xz; WE), ey (.)Ck; W,&:)* [TosMron OTHOCUTENBHBIX YaCTOT

CTPOUTCA AHAIOTUYHBEIM ITOJIMTOHY 9acToT 00paszom. Ha puc. n300paxeH moJIMron OTHOCUTENh-

HBIX YAaCTOT CIEAYIONIETO PACTIPENEICHHUA !
Tadbauma l

X 2 4 6 8
%% 0,1 0.5 0,25 0,15

0.6 -
0.5 -

0.3 -
0.2 -
0.1 + Xj

0 ; : : : :
0 2 4 6 8 10

Puc. 1. [Tomuron oTHOCHUTENBHBIX YACTOT.

B cnydae HEmpepeIBHOTO MPHU3HAKA HEIECO00pa3sHO CTPOUTE TMCTOTPAMMY, I/ 9YETO WH-
TEPBAJ, B KOTOPOM 3aK/IIOUECHBEI BCE HAOMIOTAEMBIEC 3HAYEHMWsA IIPU3HAKa, pazOuBaercsa Ha He-

CKOJIbKO YACTUYHBIX UHTEPBAJIOB JJIMHOU h ¥ I KaKIoro 4aCcTHYHOTO VHTEPBald HaXOOUTCA

11, — CyMMa 4aCTOT BAPUAHT, IOMABIINX B [-H UHTEPBAIL.

l'ucmoepammon yacmom HA3BIBAETCA CTyneHYarTas (purypa, CoCTOAmIas U3 MPIMOYTOJIb-
HUKOB, OCHOBAHUAMHI KOTOPEIX CIIYHKAT YaCTHUHEIE MHTEPBAJILI IJMHOK /1, @ BEICOTEI PABHEI OT-

HOIIEHHIO /1. / h. Jlma moCTpoeHus TMCTOTPAMMEI YACTOT HA OCH a0CHUCC CIEOYET OTJIOKHUTh

JACTUYHBEIC HHTECPBAJIEI, & HAJ HUMH IIPOBECTH OTPE3KH, HaPAIJICIBHEIC OCH abcIiiucce Ha paccros-
HHH I’Ii / h X

[Inomane i-ro 4aCTHYHOr0 MPAMOYTOJIEHUKA PABHA h n. / h= In; — CymMMe 9acTOT Ba-

PHUAHT {-TO UHTEPBAJA; CIEAOBATENBHO, NIOWAOb 2UCMOZPAMMbL YACMOM PABHA CYMMeE BCeX Yda-
cmom, m.e. 00bemMy 8blOODKU.
Tadbnwuma 2

. CymmMma gactot T OTHOCTE
Hacrianerit BAPUAHT Y4CTUIHOTO
UHTEPBAI IIUHOIO h= 35 qacTOTEI /1, / h
UHTEpBana 1,

5— 10 4 0,8
10— 15 6 1,2
15—20 16 3,2
20—25 36 1,2
25— 30 24 4.8
30 —35 10 2,0
35—40 4 0,8

Ha :Eﬁrk;hié_ﬁfiﬁﬁﬁﬁﬁﬁhﬂmﬂﬁﬂ:'__m TACTOT pACHPENEICHN s, 3aJaHHBIX B TA0mIMIIE.

SNEKTPOHHOW NOAMUCHIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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n/ h

o= N Wwhedo o~
|

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

Puc.2. I'mcrorpaMmma 4acToT pacnpeneieHus.
lucmoepammon omuHocumenbHbIX Yacmom HAa3bIBAETCA CTyNEHYaTas purypa, cocroamnian
13 PAMOYTOJIEHUKOB, OCHOBAHUAMHE KOTOPEIX CIIYKAT YACTHIHEIE HHTEPBAILL IJIMHOKO /1, & BEI-

COTEI PABHBI OTHOIICHHWIO W,-' ﬁ . THCTDFPHMMH OTHOCHTCJIBHBIX 9dCTOT CTPOHUTCA dHAJTOTHYHBIM

TUCTOTPaMME JACTOT 00pa3om.
[[momiank i-ro 4aCTUIHOTO MPAMOYTOJHFHUKA PAaBHA hWJ / h = W — CYMME OTHOCH-

TEIBHBIX YACTOT BAPUAHT [-T'0 UHTEPBAIA; CIEOOBATEIBHO, NI0WA0b SUCMOZPAMMbL OMHOCUMETb-
HbIX YACMOM PAGHA CYMMeE 6CeX OMHOCUMETbHBIX YACMOom, m.e. eOuHuYe.

Ecnu tpelyerca n3yunTh KOMUUECTBEHHBIN MTPU3HAK F€HEPATTEHOU COBOKYITHOCTH, TO
BO3HMKAET 3a7a4a OLECHKHU ITaPaMETPOB, KOTOPBEIMU OIPEAEIAETCA PACIPENEICHHUE STOTO IIPHU-
3naka. Hanpumep, ecim Harepe m3BECTHO, YTO M3y9aeMbIA MTPU3HAK PACHPENETICH B T€HEePaITh-
HOUM COBOKYIMHOCTH HOPMAIBEHO, TO HEOOXOIMMO OIIEHUTH (IPUOIMKEHHO HAUTH) MATEMATHYIE -
CKO€ 0KMIAHUE U CPENHEE KBAAPATHUECKOE OTKIOHEHHUE, TAK KAK 3TH IBA IMApaMeTpa MOJHO -

CTBIO ONPENENAIT HOPMAILHOE PACIIPEIETIECHHE.
OOBIYHO UMEIOTCS JINIb JAHHBIE BEIOOPKH, HAITPUMED, 3HAYECHUA KOJIUIECTBEHHOTO ITPH -

3Haka X[, X2,.., X, , IOJY4YEHHEIE B PE3YyJILTATE 11 wabmroneHuii, mpudeM 3TH HAOMI0 NeHU
IPEANOIAral0TCA HE3aBUCHUMEIMU. Uepe3 5TH JAHHBIE U BBIPAKACTCS OLICHHUBAEMBIA MMAPAMETD.

PaccmarpuBas X;, X5, ..., X, Kak HE3ABHUCHMBIC CIYYaHHELIC BEINUHHEI Xl , X2 s e s Xﬂ ,

MOHO CKA34Th, UTO HAXOXKICHHUC CTATHCTHY eCKOH OLCHKH HEU3BCCTHOTO MapaMeTpa TCOPCTUIC-

CKOT0 pacHpeneseHns PaBHOCHUIBHO HAXO0KACHUIO (DYHKIUM OT HAOIIOTAEMBIX CIIyIaUHBIX BEJIU-
4MH, KOTOpas W OAeT NPUOMMKEHHOE 3HAUYEHHE OLEHHBAEMOrO mapamerpa. Hampumep, mid
OLICHKH MaT€MAaTHYECKOT0 OKHMIOAHUA HOPMAJIBHOTO PACHPENENCHUSA CIIYAUT (PYHKIWA

X=X +X, t.-.+ X, ) / N, KOTOpas ABIAETCA CPEIHUM apu() METHUECKUM Halmro1a-

€MBIX 3HAYEHUN ITPU3HAKA.
Takum 00pazoM, cmamucmuyeckol oyeHKoU Heusgecmuozo napamempa®d Tteoperuue-

ckoro pacmpenenenus HazpiBaerca Qymkmms O =0 (n) =0 (X, X,,..., X, ) or
HaOTFO TAEMBIX CTYUYalHBIX BETHIWH, KOTOPAs B OMPENETCHHOM CTATUCTHYECKOM CMBICIE OMM3Ka

K MICTUHHOMY 3HAYEHUIO 3TOr0 ImapamMerpa.

Baxuenmmmy CBOMCTBAMH CTATUCTUYECKOU OLIEHKH, OIMPENEILAIONINMA €€ OMM30CTh K HC-
TUHHOMY 3HAUEHUIO OI[EHUBAEMOTO TMapaMeTpa, ABSIOTCSA CBOMCTBA HECMEMIEHHOCTH, COCTOS-
TEJIBEHOCTH U 3(P(PEKTHUBHOCTH.

H}’CTE reHepajibHaA COBOKVITHOCTE U3YYACTCA OTHOCHUTCIIEHO KOJIMYCCTBCHHOTO ITPHU3HAKA

X.
ONOKYMEHT noanncaH o
SNEKTPOHHOW NOANMUCHIO JECOHEC ﬂpH(l)METHlIECI{DE 3HAYCHHUH ITPHU3HAKA I'C-
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu; ebayxoea TaTeAHa AnekcaHapoBHa
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Pa3IIYHEL, TO TEHEPATBHASL CPEIHAA PABHA
Xr=(x,+x,+...+xy) /N.

Ecau xe 3gaueHus npu3Haka Xy, X, , .., X, HMCIOT COOTBETCTBEHHO 4aCTOTEI N B
NE* e s Nﬁ: , IpUIeM Nl + Nz +...+ Nﬁ: = N .10 B5TOM CJIyJae TeHEPATIbHAS CPETHSIA
paBHa

x-=(x,N, + x,N, +...+ x,N, ) /N .

Ecnu paccemarpuBare 00CneqyeMeid IpU3HaKk X TeHEPAITbHOM COBOKYITHOCTH KaK CIydai-
HYIO BETUIHUHY, TO MOKHO CIIEIATh BEIBOM, YTO MATEMATHUECKOE OKUIAHHE NPU3HAKA PABHO re-
HEPANBHOU CPENHEN 3TOTO MPU3HAKA:

x,=M(X).
[TycTe Teneps and M3y4eHHMsA TE€HEPATBEHOM COBOKYMHOCTH OTHOCHTEIRHO KOJIMYECTBEH-

HOTO Mpu3HaKa X u3BjeueHa BerOOpka oonsema /1.

Buibopounou cpeoneu X p Ha3pIBAETCA CpenHEe apu(PMETHIECKOE HAOMIOJAEMBIX 3HAUE-
HUU IIPU3HAKA BEIOOPOYHOM COBOKYITHOCTH.

Eciu Bce 3HAueHNA Xy, X2, .., X, mpu3Haka BEIOOPKH 00veMa F1 pasim4HEL, TO BEIOO-
pOUHAs CpEAHAS PABHA

Xp= (X, + X, +...+x ) /n.
Ecnu ke 3HaueHus npusHaka X [» X9, ..., X} HMEIOT COOTBETCTBEHHO HaCTOT®I F|, H,,

. Ny, ,mpuaem Ny + Ny +...+ N, =N, TO B STOM CiIydae BEIOOPOUHAA CPEIHASL paBHA

.+ x,1n,)/n

X, =(x.n, + x.n, +..
B (ll 2 "2 \

HJIN

X = XN

3 L;::)

Tenepanvroii ducnepcueil Dr HA3BIBACTCA CpeaHee apu(PMETHUECKOE KBAAPATOB OTKJIO-

HEHUH 3HAYCHWUH ITPU3HAKA T€HEPATLHON COBOKYITHOCTH OT MX CPEIHETO 3HAUCHUA X .

Eciu Bce 3mauenua X;, X2, .., XN IPU3HAKA F€HEPAILHON COBOKYIIHOCTH 00BEMA N
Pa3I4YHEL, TO T€HEpaIbHAA JUCIIEPCHA PHBFHN , \
D, =LZ(I,~ ~%) | /N
i=1
Ecnu ke 3HaueHHA npusHaka X, X, , ..., X, HMCIOT COOTBETCTBCHHO 4aCTOTHI N [

N,...N, opuauem N, + N, +...+ N, = N . 1o B 5r0M CiIyuae reHepambHAS THUCIIED-
2 k » 1P 1 2 k Iy P p

CHUA paBHA [k ] h
D, = Z(x:'_xf) N; | /N
\_i=1 J
I'enepanvHbim cpedHuM K8aopamu4eckum OmMKIOHEeHUeM Ha3bIBAETCA KBAAPATHEIN KOPEHB
[OKYMEHT MOANUCAH
SNEKTPOHHOM NOAMUCHIO
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6 —_ DF _
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

3amana CIeayronied TadIMIEen pacopeaeIeHHs:
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X 2 4 5 6

[

N. 8 9 10 3

{

Halti renepanbsHyo JTUCIEPCHIO M TEHEPAILHOE CPETHEE KBAPATHYECKOE OTKJIOHEHHE.
Pemenue. Halinem reHepanbsHyO CPETHION:

_ 2-8+44-94+5-10+6-3 120
A= 8+9+10+3 30
Haﬁﬂemre??ﬂﬂ%wglf%?‘fhﬂjz 9+(5—-4)2-10+(6—-4)>-3 54
D, _ 30

Haitnem renepansHoe cpequee KB&,HPHTTIBI&I{DE OTKJIOHEHUE:
Gr =.D, = 1,8 =1,34.

Buibopounou oducnepcueu DB HA3BIBAETCA CpenHee apu(pMETUUECKOE KBAAPATOB OTKIIO-

4

HEHWUH HAOJII0 TA€MEIX 3HAYE€HUH IPU3HAKA BEIOOPOYHOM COBOKYITHOCTH OT UX CPEIHEr0 3HAYCHU

Xp.
Ecmn Bee 3mauenus X;, X, , .., X, TNpu3Haka BEIOOpKK oO0beMa }l pa3miuHbL, TO BEI-
6OpOUHAA TUCTIEPCHS PABHA ("
D = (x —x )2\ |
B ‘ Z i B ‘/h
Ui )
Ecau xe 3gaueHus npusHaka Xy, X, ,.., X; HMCIOT COOTBETCTBCHHO YaCTOTEI /1, 1,5,
oo s Ny, mpuaem 1y + 1y +...+ N = Ny, 10 B OTOM CIydde BEIOOPOUHAS JUCTIEPCHS PABHA
2
Dy = Z(x!.—,xg) n-
\ =1 /

BuloopouHbiM cpeoHuM K8adpamuiecKkumM OmKIOHeHUeM HA3BIBAETCA KBAAPATHEIN KOPEHb

13 TEHEPATBHOUN TUCIIEPCUN:
GB=.D,.

IIpumep 2. BetOopognas COBOKYIMHOCTH 3aaHa CIEAYIOMIEN Ta0IMIIeN pacipeacaeHUs:

X 1 0 3 4

[

1. 20 15 10 S

[

Haitti BEIOOpOUHYIO0 AUCTIEPCHIO U BEIOOPOUHOE CPEQHEE KBAPATHUECKOE OTKIOHEHHE.
Pemenue. Haiinem BEIOOpOUHYIO CPEOHIOLO:

s _ 1-20+2-15+3-10+4-5 100
B 20+15+10+5 50

2.

P~
OOKYMEHT NOArNMCAH r 2 2
SNEKTPOHHOW NOAMUCKIO )+ (3 o 2) ' 10 + (4 o 2) ' 5 50
Ceptudpukat: 12000002A633E3D113AD425FB50002000002A6 — 1
Bnapeneu: Lebayxosa TatbAHa AnekcaHapoBHa 50 50 '
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Haitnem BEIOOpOUHOE CpeaHEE KBAMPATHIECKOE OTKJIOHEHHUE:
65 =D, =1=1.
Teneps nycts TpeOyeTcs mo JaHHBEIM BEIOOPKH OIIEHUTH HEU3BECTHYIO TEHEPATBHYIO U C-

ITEPCHIO D r Beibopounas nucnepcens D p ABJIACTCA CMENIEHHOH OIIEHKOH D r » TaK KaK
n—1
M (D)= — D,

Ecnu ke B KaueCTB € OL€HKY T€HEPANBHON TUCIIEPCUN NPUHATE UCHPAGIECHHYIO OUCHED CUIO

5
§° , Koropas 1oJjiydaercda myreM YMHOKEHHUS DB Ha IpOoOk H/(H — 1) , TO OHa Oyaer HecMe-

MIEHHOW OIIEHKOU FeHEPATTLHON m{cnepcﬁ ]EIGJI},HI&EM
X —X \

g-"" D - k{:. J fix_ qﬂ n—1)
n-1 8 n-1 n \ =1 ")
" (n A7) n n-1
M (s )- M\EDB):HM(DB): —Dr=Dr

o N — n .
HMmeercsa nBa cnmoco0a OEHKH MapaMeTPOB: TOUYEUHBIM U MHTEPBAILHBIN. [ OUEUHBIE Me-
TOIBl YKA3bIBAIOT JIMIIL TOYKY, OKOJIO KOTOPOM HAXOAWUTCS HEW3BECTHBIM OLIEHWBAEMBIH Iapa-

meTp. C mOMONIEI0 MHTEPBAIBHEIX CIIOCOOOB MOKHO HAUTH MHTEPBAJ, B KOTOPOM C HEKOTOPOU

BEPOATHOCTHIO HAXOIUTCSA HEM3BECTHOE 3HAUECHUE TApAMETPA.
Toueunou HA3BIBAETCA OLIEHKA, KOTOpAs onpenensercs oauum auciaom. [lpu Berdopke ma-

10r0 00BEMA TOUEUHAA OLEHKA MOKET 3HAYUTEIBHO OTJIMYATHCS OT OIEHHUBAEMOTO mapamerpa,
T.€. OPUBOAUTE K rpyObsIM ommbOkaMm. [To sTon npuuune npu HeOOMBbIIOM 00BEME BEIOOPKH Cre-

IYET MOJIb30BATHCA UHTEPBAIEHBEIMU OLIEHKAMMU.
HumepeanbHou HA3BIBAETCA OIEHKA, KOTOPAA OMPENEIAETCA ABYMSA UM CIAMA — KOHITAMH
uHTEpBAIA. MHTEpBAIBEHEIE OIIEHKU MTO3BOJIIOT YCTAHOBUTE TOUHOCTE U HANEKHOCTE OLIEHOK.

[lycTte HalimeHHas mo DAHHBIM BBIOOPKH CTATUCTHUYECKAA XAPAKTEPUCTHKA Q CITYKUT

nee onpenenaer napamerp O . uem mensme O . Tounocmb oyenku XapaKTEPU3YETCA TOIOKHU-
TETHEHBIM THCIOM O .

OLIEHKOM HEU3BECTHOTO MapaMeTpa O .Ecmo >0wu < 8 , TO OIIEHKA (—} TEM TOU-

OnHako HENb3sA KaTErOPUYECKH YTBEPIKIATE, YTO OI[E€HKA 0 YIOBJIETBOPAECT HEPABEHCTBY

PO 5TO HEPABEHCTBO OCYMIECTBIACTCS.

< 8 . Cratucruueckue MCTOOBI MMO3BOJIAKOT JIMIIE TOBOPUTE O BEPOATHOCTH, C KOTO-

Hadexcnocmpio (006epumensHoll 6eposmHocmyio) ouenku 0 1o 0 nasemaercs BEPOAT-

HOCTE Y , C KOTOPOH OCYILIECTBIIAETCA HEPABEHCTBO 0 -0 |<0,re.

P 6—(5‘«::6 =y

B kauectse "}/ Oepercs uncio, OMM3K0e K €AUHUIIE.

13 HepaBeHcTBa ‘ﬂ —0 ‘ < O 7erko MOKHO MOJTYYUTE JBOMHOE HEPABEHCTBO

NOKYMEHT I'ID,EI,I'IHCAH
SNEKTPOHHOM NOAMUCHIO '
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 < 9 < 9 +6
Bnapeneu: lleGayxoBa TatbaHa AnekcaHapoBHa .}H_IPH?I BUT
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P(6 -5 <6 <6 +5)=7y.
OTO COOTHOMICHHE O3HAYACT CICAVIOMIEEe: BEPOATHOCTH TOTO, YTO HWHTEPBAT

(9_— O, 0 +8 ) 3axmrouaer B ceOe (MOKpEIBAET) HEM3BECTHEIN mapametp O , pasua Y .

Untepsan (0 —O, O + O ) HaswmBaercs 0ogepumenvHblM UHMEPEATOM, KOTOPEIH TT0-

KpEIBAET HEM3BECTHEIN mapamerp O ¢ 3amanHoii HameKHOCTBIO Y .

[Iycte komuuecTBeHHBIM mnpu3HAak X TEHEPANTBHOM COBOKYNHOCTH PAaCHpPENENeH

HOpPMAJIEHO, PUIEM CpeqHee KBaapaTtnueckoe oTkiaonenne O 3Toro pacnpeneneHns M3 B € C T
H 0. Ipedyercsa OLeHNTs HEU3BECTHOE MATEMATHYECKOE O)ugaHue (I 1mo BEIOOPOYHOU CpEeIHEH

x . [TocraBuMm cBOEH 3amaueii HANTH NOBEPUTENLHEIE UHTEPBAJIEL, TOKPEIBaonme mapamerp (I ¢
HAJIeKHOCTBIO Y .

bynem paccmarpuBare BEIOOPOUHYIO CPENHIO X KakK CIYYalHYI BEIUUUHY X (X
U3MEHAETCA OT BEIOOPKHM K BEIOOpPKE) M BBIOOpOUHBIE 3HAUECHMA mpusHaka X[, X2, .., X, —

KaK OJUHAKOBO PACIPEOEICHHBIE CIYUAUHEIE BEIIMYNHEI X I > X Ve X ; (9TH 4YMCIa TaKKe

W3MEHAIOTCA OT BRIOOPKM K BBEIOOpKE). Maremarnueckoe 0KMIaHUE KaXKIOU U3 3THUX BEIWUMH
paBuo (I wu cpemuee kBagparudeckoe oTkaonenue — O ..

[Tosrygaem, 9To mapamerpsl pacpeneneHus X CIIEAYIOTITHE:

M(X)=a, o(X)=c/Jn.

[Torpebyem, 4TOOBI BEIMOMHAIOCE COOTHOIIEHUE

PQE—&%S)=Y&

rae Y — 3anaHHas HaJEKHOCTE.

Wcrmoms3ays Qopmyy ¢ 3amenoii X Ha X u O Ha G (Y) =C / A/ 11 , HETPYIOHO

[TOJIYYHUTE COOTHOIIICHHEC

P(|X —a|<8 )= 205 Vn /o) = 200,
rme t =8 /n /o .

Haiing u3 nocnennero paBeHcTea O =10 / #H ., MO’KHO HAIMMCATH

P(|X - d <15 /\n )= 20()

O0o3nauas A OOMIHOCTM BEIOOPOYHYIO CPENHIOK BHOBL 4YEpE3 X,  ITOJIY4AEM

COOTHOIL EHHs
D(r) =y /2

P(:r—m/\/gf::a{x—km/ﬁ):y.

3HAYNUT, C HAOEKHOCTEBIO Y MOXKHO YIBEPKIOATb, YTO OOBEPUTEIBEHBIN WHTEPBAI

(x —toc / Nrn, X+1C / /1) TIOKpBIBAaeT HEW3BECTHEII mapamerp (I, mpu >TOM

TOYHOCTE OIIEHKH paBHA O =10 / A, agucao [ ompenenserca W3 paBeHCTBA MmO TaOIuIle

(bvuximm Jlammaca.

AOKYMEHT MNOANUCAH S€T HOPMAJIBHOC pacnpeaciCHuc C M3BECTHBIM
SNEKTPOHHOW NOAnUChbIO | o o
Ceptudburar:  12000002A633E3D113AD425FB50002000002A6 5 Haitni AOBCPUTCIIBHBIM HHTCPBAJI IJIA OLCHKH
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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HEW3BECTHOTO MATEMATUYECKOTO O¥uaaHua (d mo BEIOOPOYHOM CpemHEN X— €CiIM 00BEM BEHI-

Oopku n = 36 u 3amaHa HaTeKHOCTEL OIEHKH 'Y — 0,95

Pemenne. Hatinem . U3 coornomenus (13.8) moayuaem (I)(f) = 0,475 1 110 Tabmauie

¢yaxium Jlannaca naxoaum [ = 1 ,96

X = 4,1 , TO JOBepUTEILHBIN HHTEPBAJ UMEeT CIeAVIOIUe TOBEepUTeIbHbIE I'PAHUILILL;
y

x-098=4,1-098=3,12; x+0,98=4,1+0,98=35,08.

OOpku:

Haiimem TOUHOCTH OIIEHKH:

8 =tc /</n =(1,96-3)//36 =0,98.
(x —0,98; x+0,98). Hampumep, ecim

JlOBEpUTENEHEIT MHTEPBAT TAKOB:

Konmponsnuie sonpocwt u 3aoanus:

00 1 O\ B L) R e

9.

Haittu pacnpenenenne OTHOCUTENBHBIX 9ACTOT.

3amanue 2. Haitu pyHkuuro pacnpeneneHus no JaHHOMY PACIIPENEIIEHHUIO BEIOOPKH:

Be100Opounas COBOKYMHOCTB.
Be10opounas (pyHKIMA pacpeneneHus.
['mcrorpamma, MOMIOH YacTOT.

CrocoOBI COCTABIEHUS BEIOO PKH.
Brergucienne TOUEUHBIX OLIEHOK MapaMeTpoB pacopeneieHus.

BeI4HMCI€HNE HHTEPBAIBLHEIX OIIEHOK ITAPAMETPOB PACIPEIECICHHA.

Berbopounas cpemHsas X .

Bei0opounasa gucnepcus D,

SZ
Hcnpasnennaa qucnepcus O .
3amanue 1. Berbopka 3agana B BUIE pacnpeneneHus 9acToT:

X.

i

2

R

Pi

1

3

X.

i

1

2

5

P;

10

4

6

3amanue 3. [TocTpoUTh MOJIUTOH OTHOCUTENBHBIX YACTOT MO JAHHOMY PACOPEIENEHUIO BEI-

X, 2 4 5 8
2 11 19 8 12
3amanue 4. Haitu pynkuuro pacnpeneneHus no JaHHOMY PACIIPENEIIEHHUIO BEIOOPKH:
X, 1 2 S
P 10 4 6

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOAMUCHIO

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnageneu;
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3amanue 5. HaltTh MeTomoM MOMEHTOB TOUEYHYIO OILIEHKY IMapamerpa p TeoMeTpHhye-

— _ X=p . . }
CKOTO pacIpeneIeHns P(X = X;) - (1 - 13) "D .rge XI - 9HMCITO HCTIBITAHMIMA, TPOBEAEH-

HEBEIX OO0 IMOABJICHHA CDﬁLITHH._, P - BEPOATHOCTE MOABJIICHHA CO OBITHA B OOIHOM HCIIBITAHHH.

3amanue 6. Haiitm MeTomoM MOMEHTOB TOYEUHYIO OLIEHKY MapaMerpa p TeOMETpHue-

— — =P
CKOTO pacrpencneHus P(X - X;) - (1 B p) "P . ecom B UETBIPEX OIBITAX COOBITHE TTO-

ABUJIOCH COOTBETCTBEHHO IOCIIE OBYX, YETHIPEX, MECTH U BOCEMU HCITBITAHUH.

3amanue 7. V3 renepansHOil COBOKYITHOCTH W3BIeYeHa BEIOOpKa 00néma 11 = 50 .

X, 2

i

5

7

10

n. 16

i

12

8

14

Haittn HeCMEmEHHYIO OIEHKY T€HEPATEHON CPETHEM.

3amanue 8. Haiiti BEIOOpOUHYIO CPEIHIOO TT0 TAHHOMY PACTIPENEIECHUIO BEIOO PKH:

X; 1240 1250 1270 1280
n 6 2 1 1
3amanue 9. Haiiti BEIOOpOYHYIO QUCHIEPCHIO IO JAHHOMY PACIIPENEIEHUIO BEIOOPKH:
X; 2 3 7 8
n; 4 2 3 1
AOKYMEHT NoArnmucAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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Ilpakmuueckasn paboma Ne9. Cmamucmuueckasa cunomesa. Memoovt cmamucmute-

CKOU RPOGEPKU cUNOm e3.

L]enn: 3akpermmTe METOIBI CTATUCTUYECKOM IIPOBEPKU THUIIOTES.

Ocrnoevt meopuii:

[TycTs Tpebyercsa onpenemnTs 3aK0H pacpeneIeHns TEHEPATTLHON COBOKYITHOCTH U HA30-
BeM ero 4. Ecimm 3akoH pacnpenenieHus HEU3BeCTeH, HO MMEIOTCA OCHOBAHUS MIPEAMNOIOKUTE, 4TO
OH MMEET OMPEAEICHHBIN BUJ, BEIABUTAIOT TUIIOTE3Y: TEHEPAIbHAS COBOKYMHOCTE PACIpPENCIeHa
o 3akoHy A. Takum 00pa3om, B 5TOM THIOTE3€ PEYb UIET O BUAE MPENIOIATAEMOT0 pacIpeaene-
HUSL.

Bo3Moxken cimydail, KOra 3ak0H pacupeneIeHus U3BECTEH, a €T0 MAPAMETPBI HEU3BECTHHEI.

Ecmu eCcTh OCHOBAHMSA MPEATIONIOKHTE, YTO HEM3BECTHEIM mapamerp &) paseH ompeneneHHOMY
3HAYEHHIO @{} , TO BEIJIBUTAIOT THIIOTE3Y: ® = @{}. Taxnum 00pazom, B 53TOM TUITOTE3E PEUBL UIET

0 MPEOIOIaraéMON BEJIMYMHE MapaMeTpa 0 JHOTO U3BECTHOTO PACIPEIENECHHA.

Cmamucmuyeckou HAa3BIBAETCA TUITOTE3a O BUAE HEU3BECTHOTO PACIIPEIEICHNS WM TUIIO-
T€3a O mapamerpax M3BECTHEBIX pacnpeneneHuii. Hanpumep, cTaTUCTUYECKUMU ABJIAIOTCS THITIO-
TE3BI:

l. renepampHas COBOKYMHOCTH pacmpenenena mo 3akony [Iyaccona;

2. IUCHEPCUH OBYX HOPMAJIBHBEIX COBOKYITHOCTEW PABHBEI MEKIY COOOH.

B nepBoii runorese caenaHo MPeanoIOKEHHE 0 BUAE HEM3BECTHOTO PACHPENEIEHUA, BO
BTOPOH — O IMapaMerpax ABYX U3BECTHEIX PACIPEACICHUMN.

Hyneeoti (ocHogHoll) HA3BIBAETCH BEIABUHYTAS runore3a 0

Koukypupyroweu (artbmepHamugHol) Ha3pIBAETCA TUIIOTE3A Hi. KOTOPAs POTUBO PETUT

HYJIEBOM.
Hampumep, ecnu HynaeBas runmore3a COCTOUT B MPEAIOJIOKEHUH, YTO MATEMATHYECKOE

OXUAaHuEe ( HOPMAIBLHOTO pacnpenencHusa paBHo 10, TO KOHKYpUPYIONIAS TUITIOTE3a MOKET CO-
CTOATH B IIPEAIIOIOKEHUN, UTO (] F# 10; T.e. Hg:a =10: Hl: a #10.

[Ipocmou HA3BIBAET C TUTIOTE34, COAEPKANIAA TOIBKO OTHO npeanonoxkenue. Hanpumep,
runoresa H () : MaTeMariueckoe oxHmaHie HOpMaiabHOro pacrtpeaenenus pastHo 3 (O u3BecTHO)

— TpocTas.
CnoocHou HA3BIBAETCA TUIIOTE3d, KOTOpas COCTOWT M3 KOHEYHOrO Wi OECKOHEYHOTrO

quCIIa MPOCTHIX THoTes. Hampumep, crnoxuas rumoresa J : A > 5 cocrour m3 6ecumcienHoro

MHOECTBA IIPOCTBIX TUITOTE3 BUAA H i :}u = b.-‘ , e b.-‘ — mro0oe unucao, dDoasimee S.

BeriBUHYTAS THIOTE3a MOKET OBITE MMPABWIEHOM N HEMPABUIBLHOH, MTO3TOMY BO3HUKAET
HEOOXOOUMOCTE cmamucmuyeckou (IIPOU3BOAUMON CTATUCTUUYECKMMHM METOIaMH) MPOBEPKU
5TOW TUHOTE3BI. B UTOTE CTATHCTUYECKOU MPOBEPKH TUITOTE3BI MOTYT OBITh TOMYNIIEHB! OIIMOKM.

Ouwiubka nepeozo pooa COCTOUT B TOM, 4TO OyZ€T OTBEPrHyTa NIPABIWIBHASA THIIOTE3A.

Quiubka 6mopoco pooa COCTOUT B TOM, UTO OyJIET IPUHATA HEMPABUIbHAA THUITOTE3A.

Jlns OpoBEpKH HYIEBOM THITOTE3BI UCHOJB3YETCA CIENHMANBEHO NONOOpaHHas CiaydalHas
BEITNUMHA, TOYHOE WIH OPUOIMKEHHOE PACIIPENEIIEHUE KOTOPON U3BECTHO. JTA CIyYalHAA BEIH -

AOKYMEHT MOANWCAH mucmuyeckum Kpumepuem (MU IPOCTO Kpume-
SNEKTPOHHOM NOANUCHIO
Ceptucpukar.  12000002A633E3D113AD425FB50002000002A6
Bnapeneu:  lUe6syxopa TaTeana AnekcanapoBHa repus. Eciiu mpoBepseTcs runoTesa 0 paBeHCTBE
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IUCIEPCUI IBYX HOPMATBHBIX T€HEPATLHEIX COBOKYITHOCTEN, TO B KauecTtse kpurepus K mpu-
HUMAETCS OTHOLIEHUE UCTIPABJIEHHBIX BEIOOPOUYHBIX JTHCITEPCHIM:

_ ,2/12
F—:‘sl s -

Hab6nwooaemvim 3nauernuem K HA3BIBACTCA 3HAYCHHUC KPUTCPHA, BEIYUCIICHHOC ITO BBI-

Ha o
O0opkam. Hampumep, eciit mo AByM BEIOOpKAM HAMAEHBI MCIPABIEHHEIE BEIOOPOYHBIE TUCTIEPCUA

s2=20mu s5 = 5. 1o Habmoxaemoe 3uagerie kpurepus [ paHo

|
F —512/55220/5:4.

Ha O

[Tocne BEIOOpA OTIPENEIEHHOT 0 KPUTEPHSA MHOKECTBO BCEX €TI0 BO3MOKHBIX 3HAYCHUN pa3-
OuBaeTCs Ha BA HEMEPECEKAIOMINXCA MOAMHOKECTBA: OJHO U3 HUX COAEPIKUT 3HAUCHUS KPUTE-
pHUs, IPU KOTOPBIX HYJIEBAA TMIIOTE3A OTBEPraeTcCs, a Apyras — OPU KOTOPBIX OHA MPUHUMAETCA.

Kpumuueckou o61acmpio HA3bIBAETCSA COBOKYITHOCTh 3HAYEHUM KPUTEPHSA, MPU KOTOPBIX
HYJIE€BasA TUIIOTE3a OTBEPTAETCA.

Obnacmoero npuramus 2unome3vl (00IaCTBIO JOITYCTHUMBIX 3HAYCHMM ) HA3BIBAETCA COBO-
KYIMTHOCTE 3HAYEHUH KPUTEPHUS, TPU KOTOPBIX HYJIEBAA TUITOTE3a MPUHUMAETCA.

[Tockoneky kpurepuit K — omqHOMEpHAS CTydaiiHas BEINYNHA, BCE €€ BO3MOIKHEIE 3HA-
UEHUA OPUHAIIEKAT HEKOTOPpOMY MHTEpBany. [losTomy kputnueckas o01acTs 1 001aCTh MPUHS -
THSA TUIOTE3BI TAKIKE ABIAIOTCA UHTEPBATAMM W, CIENOBATENBHO, CYMIECTBYIOT TOUKH, KOTOPEIE

UX Pa3IeisioT.
Kpumuueckumu mouxamu (TpaHAIIAMHA) kﬁp HAa3bIBAFOTCA TOYKH, OTACIIAOIINE KPUTHYC-

CKy10 001acTh OT 00JIACTH IPUHATUA TUIOTE3HL.
[Ipasocmoponreu HA3BIBAETCA KPUTHUECKAA O0IaCTh, ONMPENENsAeMas HEPABEHCTBOM

K > kxp . TIe kxp — [TOJIOKUTEILHOE UHCIIO.

& S——— |/
0 k

K
Puc.1.
Jleeocmoponneu HA3BIBAETCA KpPUTHYECKasAs OOIacTe, OmpenesaeMas HEPABEHCTBOM

K < kﬁpﬁ riue kﬁp — OTPHIATETLHOE YHCIIO.

0

Puc.2.
OonocmoponHeu HA3BIBAETCS TIPABOCTOPOHHAS WM JEBOCTOPOHHSA KPUTHYECKAs 00-

J1aCTh.
JleycmoponHeu HA3BIBACTCA KpUTHYECKas o00macTe, oOInpenensdeMas HEPAaBEHCTBAMHA

K<k > K > kz , TIe kz >k | . B gacTHOCTH, €CmM KPUTUUECKHUE TOUKA CUMMETPUYHEL OT-
HOCHUTEIBHO HYJIA, IBYCTOPOHHAS KPUTHYECKAs 00JIACTE OMpPENeaeTcss HEpaBEHCTBAMU (B MpEN-

monokenuu, uto K < —ka) K< —kﬁp, K > kEp, WITH PABHOCUIIBHEIM HEPABEHCTBOM

‘K | = kﬁp ‘
NOKYMEHT NMNOoAanncAH i k
SNEKTPOHHOM NOAMUCHIO KJ?
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa Puc.3.

TOCTATOYHO HANTH KPUTHUECKYIO TOUKY (TOYKH).
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Jlna HaxOoKIEeHUsA K€ TAKOU TOUKH 3a0aeTCA TOCTATOYHO MAIas BEPOATHOCTE — YPOBCHbL 3HAUU-
Mocmu . 3aT€M KPUTHYECKAsA TOUKA kﬁ.p UIIETCA UCXO0A U3 TPpeOOBaHMA, UTOOBI MIPU YCIOBUHU

CIIPABEUIMBOCTH HYJIEBOM IMITOTE3E BEPOATHOCTE TOTO, 4TO Kpurepuii K mpuMer sHadeHus w3
KPUTHUYECKOUN 00s1acTH, OBLJIA pABHA NPUHATOMY YPOBHEO 3HAYUMOCTH.

Hampumep, nis npaBOCTOPOHHEN KPUTHUUECKON O0JIACTH TOKHO BBIMTOTHATHCA COOTHO-
LIEHUE

P(K > k) =0
IS JIEBOCTOPOHHEH —

P(K <k,)=o.
a sl ABYCTOPOHHEN —

P(K <k)+PK >k)=oL.

Jlns Kaxaoro KpuTepus UMEITCA COOTBETCTBYIOMIM E TAOMUIIEI, O KOTOPEIM U HAX0 AUTCS

KPUTHYECKAA TOUKA.
Ecnu pacnpenenenne Kpurepusa CMMMETPUYHO OTHOCUTENBRHO HYJIAL U UMEIOTCA OCHOBAHUA

BEIOpATh CHUMMETPUYHBIE OTHOCUTEIBHO HYJIA TOYKH —kﬁp 15| kﬁp (kﬁp > (), To

P(K < —kﬁp) = P(K > kﬁp) . YUUTEIBasA 5TO COOTHOLICHUE, W3 IS JBYCTOPOHHEH KpH-

THYECKOW 00IACTH IMOTyIUM COOTHOIIEHHUE
P(K > k) =0/2.
Mownocmuio Kpumepua HA3BIBAETCA BEPOATHOCTE MOMATAHUSA KPUTEPHA B KPUTHIECKYIO
001aCTs MpU yCIOBUU, YTO COPABEIIMBA KOHKYPHUPYIOMAA rumoresa. Jlpyrumu cioBamu, Mol -
HOCTh KPUTEPUS €CTh BEPOATHOCTL TOTO, UTO HYJIEBAA THMOTE3a OyIET OTBEPTrHYTA, €CIU BEPHA

KOHKYPUPYIOIIAA TUIOTE3A.
[TycTe n1s mpoBEPKU TMHOTE3EI MPUHAT ONPENEICHHBIN YPOBEHE 3HAUMMOCTH, U BEIOOPKA

nMeeT (pukcupoBaHHbIA 00BeM. Ecnn B — BEPOATHOCTH OIIMOKW BTOPOTO POAA, T.€. COOBITHA
«IIPUHATA HYJIEBAA TUIOTE3a, IPUYEM CHPABEIINBA KOHKYPUPYIOMIAA», TO MOIIHOCTE KPUTEPUS

paBHa I - B .

[IycTh MOITHOCTE |- B BO3pacTaer; clIeqoBarejbHO, YMEHLIIAETCA BEPOATHOCTD B co-

BEPILIUTE OMMOKY BTOPOro poaa. I'akum 00pa3zomM, uem MOINIHOCTE OOJIBIIE, TEM MEHBIIE BEPOST-
HOCTh OIIMOKW BTOPOTO POJA.

Hrak, ecmn ypoBEeHBE 3HAYMMOCTH YK€ BEIOPAH, TO KPUTHIECKYIO 00IACTh CIEAYET CTPOUTH
TaK, 9TO0OBI MOIIHOCTE KpUTEPHA OBLITA MAKCUMAJIBHOW. JTO MO3BOJUT MUHHUMHU3UPOBATE OIIHOKY
BTOPOTO poOfa.

Janee nam norpedyercs pacnpenenenue Oumepa — CHeagekopa.

)
Ecmu U n V — nesaBucumele cryualfHele BETMIMHEL, PACIPENETEHHEIE 0 3aKOHY Y

CO CTeNneHAMH CBODOIBI k | U ]CE , TO BeJIMUMHA

Uk,
/

V/k,

UMEET paCIpeneaeHe, KOTOPOe HA3sIBACTCApacnpedeneHuem I @uwepa — Chedexopa co
Apacnp P P

F:

crerensavr crobomer K. ow ko
NOKYMEHT NoanncAaH
SNEKTPOHHOW NoaNnMCBIO A UMECCT BH]T,

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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0 npu x<0
f(x) =, x k=22 ,
C —— npu x>0
h 0 (kz n klx)ilﬁr"ﬂz)/— P
o (k +k )

FL k]/zk szz
C = 2 )

0
C(k/2)T (k> /2)
Pacnipenenenne [ onpenensercs apyms mapaMeTpaMu — YHCIAMH CTEIEHEH CBOOOIEI
k owk,.

[Tycts renepansubie COBOKYMHOCTH X W Y pacmpenesensl HOPMaIbHO, IPHYEM UX IHC-

MEPCUM M3BECTHEI. [10 He3aBMCUMBIM BEIOOpKaM ¢ 00BeMaMH, COOTBETCTBEHHO paBHBIMU F1] u F11

, U3BJICUCHHEIM M3 5THX COBOKYITHOCTEH, HAIEHEI BEIOOpounkie cpequue X u Y . TpeOyercs mo

BEIOOPOYHBIM CPEIHUM HOPH 3aJAHHOM YPOBHE 3HAYMMOCTH HPOBEPUTH HYIEBYIO THIIOTE3Y,
COCTOAIIYIO B TOM, UTO F€HEPAIBHEIE CPEIHUE (MATEMATUUECKUE OKUIAHUA) PACCMATPHBAEMBIX

COBOKYMHOCTEH PABHEI MEK Iy COOOM:

YuuTeIBasA, 4TO BEIOOPOYHBIE CPETHUE ABIAIOTCA HECMEMIEHHBIMU OII€HKAMH TE€HEPATIb-

HBIX CPEIHUX, T.€.
M(¥)=M(X). M(3)=M().
HYJIEBYIO TUIIOTE3Y MOKHO 3aIMACaTh TaK:
Ho-M(x)=M(y).
B kauecTBe KpUTEpUA MPOBEPKU HYIEBOW THIMOTE3BI O PABEHCTBE T€HEPATBLHBIX CPEIHUX
MPUHUMAETCA HOPMUPOBAHHAS HOPMAIbHAS CIIydailHAA BEIMYNHA

Z = Y
JD(X)/n+DY)/m

Kputnueckas 001acTs CTPOUTCA B 3aBUCUMOCTH OT BUAd KOHKYPHUPYIONIEN THIOTE3HI.

[Tepsoiit cnyuait. HyneBas runoresa H ( M ( X ) =M (Y ) . Konkypupyroias rumo-
resa H: M(X)#=M(Y).

B sTOM cimydae cTpouTCsS ABYCTOPOHHSAA KPUTHUIECKAA 00IaCTh, HCXOOS M3 TpeOOBAHMA,

9TOOEI BEPOATHOCTE MOMAIaHus KpuTepusa Z B 5Ty 00JIACTE B IIPEAIIONI0KEHAN CIIPABELIHBOCTH
HYJIEBOU THUITOTE3E! OBLJIA pABHA MPUHATOMY YPOBHIO 3HAYMMOCTH .
[Tockoneky pacnipenenenne /, CHMMETPUYHO OTHOCHTEIBHO HYJS, TO KPUTHUECKHUE

TOYKH CHMMETPHYHBI OTHOCHTEIBHO HYJIA, T.€. €CIM 0003HAYMTE 4epe3 Z, , MPaBYI0 KPUTHYE-

CKYIO TOUKY, TO — 7 OyIer IeBOU KPUTUUECKON TOUKOIL.

Haubompmas MONIHOCTE KpUTEpUS (BEPOSATHOCTE MOMANAHUSA KPUTEPHUS B KPUTHYECKYIO
001acTh MpHU CIPABEIIMBOCTH KOHKYPHUPYIOIIEW TUMOTE3EI) JOCTUTAETCA TOTAA, KOrAa BEPOAT-

AOKYMEHT MOANMMUCAH HTEPBAIOB KpUTHUECKOM 00mactu pasua Ol / 2:
SNEKTPOHHOW NOANMMUCBIO .
Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6 2, P(Z>z, )= / 2.
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa P
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Il Toro, 4TOOBI HAMTH NPABYIO TPAHULLY Ziy OBYCTOPOHHEW KPUTUYECKOU 001acTu, 10-

CTaTOYHO HAUTU 3HA4YeHHWE aprymeHra (pyHkimu Jlammaca, KOoTOpomMy COOTBETCTBYET 3HAYECHME
() YHKIIUM, paBHOE (1 — QL )/2 ;
d(z,,)=(1-a)/2.

O003HaUYMM 3HAYEHHUE KPUTEPHUS, BEIUUCIEHHOE N0 JAHHBIM HAOII0 IEHU, Yepe3 Zna.ﬁﬂ .

Ecmu |/

nabin < Z.Fq_? — HET OCHOBAHHH OTBCPTHVTL HYJICB VIO THITOTC3Y.

Ecmu | £, 46, | > Z,p — HYJEBAI THIIOTE3d OTBEPTAETCA.

Bropou cnyuail. Hyneras runoresa H{]:M (X) — M(Y) . Konkypupyromas rurmo-
Te3a HIM(X) >M(Y).

B sTOM Cciiydae CTpOUTCSA OpPaBOCTOPOHHSA KPUTHUECKAA 001aCTh, UCXOOd U3 TpeOOBaHM,

gTOOEI BEPOATHOCTE IMOMagaHus Kpurepus Z B 5Ty 001aCTh B MPEATOI0KEHUN CITPABEITHBOCTH
HYJIEBOW TMIOTE3EI OBLJIa paBHA TPUHATOMY YPOBHIO 3HAYMMOCTH:

P(Z > Zp) =OL.
I TOTO, 4TOOBI HAUTH TPAHUIL MIPaBOCTOPOHHEH KPUTHYECKOW 00JIACTH, TOCTAa-

TOUHO HAWTH 3HAY€HUE aprymenTa (pyukinu Jlamraca, KoTopoMy COOTBETCTBYET 3HAUECHUE (PYHK-

I[AH, PABHOE (1 — 20 )/2
d(z,,) = (1-20)/2.

O003HaYMM 3HAUEHHUE KPUTEPUS, BEITUCICHHOE MO0 TAHHBIM HAOII0 EHNI, Uepes me;,q :

Ecmu ZHH PHIRS <yp — HET OCHOBAHHH OTBEPrHYTH HYJICBYIO FHITOTE3Y.

Ecmu £ > Z,, — HY/ICBAs THIIOTE33 OTBEPraCTCA.

Konmponsnvie eonpocet u 3aoanus:

. CratucTrueckas runoTesa.

2. MomHOCTE KpUTEpHSL.

3. Kputnueckas 00macTs.

3amnanue 1. Texumueckas nopma mpegycmarpuBaer B cpeaHem 40 Cek. Ha BBEIMOJTHEHUE
OMPENEICHHON TEXHOJIOTHYECKOM OIEpanuy HA KOHBEHEPE MO IIPOU3BOIACTBY "acoB. Ot pador-
HUII, padOTarONINX HA ATOU ONEpPAlUH, MOCTYITHAN KAI00BI, YTO OHU B AEHUCTBUTEIHHOCTH 3a-
TPAYMBAIOT HA 3Ty omepanuro Oombpmie BpeMeH!. [lnd mpoBepKku TaHHOU KATO0OB MPOU3BEICHEI
XPOHOMETPUYECKHUE U3MEPEHUSA BPEMEHH BEIMOTHEHUS STOU TEXHOIOTHYECKOU oneparuu y 36 pa-
OOTHMII, 3aHATEIX HA ATOW OMEPAIMH, Y TOTYUEHO CPETHEE BPEMS BEIITOJIHEHUS oneparun 42 cek.
Moxuo mu (mpenmosiaras BpeMs BBEIMOJHEHU TEXHOJIOTHUECKOH ONEpPaly CIy4aiHON BEIN4YH-

HOMU, ITOJUMHAIONIENCS HOPMAIEHOMY 3dKOHY) IO UMEIONIMMCA XPOHOMETPUUECKUM JaHHBEIM HA

AOKYMEHT NOANWCAH
QNIEKTPOHHOW TO4NMMUCBIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: [lebayxoea TateAHa AnekcaHOopoBHa

O TOM, 9YTO CPETHEE BPEMA BBIMOJIHEHUS 3TOU

), 4TO CPETHEE KBATPATHUUECKOE OTKJIOHEHHE Te-
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3amanue 2. DKOHOMHUYECKUU aHAIN3 MPOU3BOOUTENLHOCTA TPYAA MPENNPUATHH OTPACIH
MO3BOJIMII BBIABUHYTH TUITOTE3Y O HAMMUWU ABYX THUIOB MPEANPUATHH C PA3TUUYHOU CPEIHEH
BETMUMHOM MOKA3aTENI MPON3BOAUTENRHOCTH Tpyaa. Beitbopounoe obcaenoBanme 42-x opeamnpu-
ATUH TIEPBOM TPYMIEI A0 CIAEIYIONINUE PE3YIBTATHI: CPEIHAA MPOU3BOIUTEIEHOCTE TPYIA CO-
crapuna 119 nmeranmenn. Ilo manneim BeIOOpOYHOTO 00CHEemoBaHus 35-uM MPEANPUATHH BTOPOU
TPyIOBl CPENHASA NPOU3BOOUTENEHOCTE Tpyaa coctasuna 107 neranent. ['enepansueie gucnepcun
m3BecTHHL: D(X) = 126,91 ; D(Y) = 136,]1. Cuuras, 910 BEIOOPKH U3BIEYEHEI U3 HOPMAILHO Pac-
MPENEIEHHBIX TEHEPATLHEIX COBOKYMHOCTEN X M Y, HA ypoBHE 3HaunMocTtH (,05 nposepeTe, City-
JaiHO JIU MOJIYUYEHHOE PA3IMuue CPEOHUX IMTOKA3aTENeH MPOU3BOOUTEIRHOCTH TPYa B TPYIITAX
VLIH 7K€ UMEIOTCS IBA TUIIA IPEAIIPUATHI C PA3IMUYHON CPETHEH BETMIUHOMN ITPOU3BOIUTEILHOCTH
TpyZaa.

[TapTus uznemuii npuHUMAETCA B TOM CIy4ae, €CIIM BEPOATHOCTE TOTO, UTO MU3EIHE OKa-
KETCSA COOTBETCTBYIOMINM CTAHIAPTY, cocTaBisieT He MeHee 0,97, Cpeau cayuaiino 0TOOpAaHHBIX
200 n3pemi mpoBEPAEMOM MAPTHH 0Ka3aI0Ch 193 cooTBeTcTBYronmx crangapry. MoxHO m Ha

vpoBHE 3Ha4HMOoCTH [ = 0,02 npHHATE napTHio?

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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5. Yueono-memoouueckoe u ungpopmayuonrnoe odecnedene OUCHUUNIUHDI

5.1 Ilepeuenv 0CHOBHOI U OONOJHUM ETbHOU UM EPAMYPbl, HEODXO0UMOIL 011 0CE0e-
HUA OUCHUNTTUHbI

5.1.2 Ilepeuens ocnosroll UM eepamypol:

1. Hlumaues, B. C. Beicmas maremaruka: yaeOnuk nia daxkanaspos / B.C. llIunmaues ; mon
pen. A.H. Tuxonosa. —4-e m3a., ucnp. M mon. — M. : FOpair, 2014. — 607 c. — (bakanasp. ba3zoBerit
kKypc). — Ha yueOnuke rpug: Pex.YMO. — ISBN 978-5-9916-3325-3

5.1.3 Ilepeuenv 0onoaHumenvHOU 1UmMepamypol:

1. boromonos, H. B. Maremaruka: yaebnuk misa 6dakanaspos / H.B. boromonog, I1.1. Ca-
momnenko; Mock. I'oc. Yu-T Tex. U ynp. Mm. K.I'. PazymoBckoro. — 5-e u3a., ne-pepad. M mom. —
M. : FOpaiir, 2014. — 396 c. : un. — (bakanasp. bazossrii kypc). — Ha yuebuuxke rpud: lom.MO. —
ISBN 978-5-9916-3467-0

5.2 Ilepeuens yueoHo-MemoOUUeCKO20 obecnederus CamoCmoamenbHoll padomayt 00y-
YAIOWUXCA RO OUCHUNIUHE

1. Meroamueckue pekOMEHIAIMA 151 TOATOTOBKYM K MPAKTUIECKUM 3aHATHIM MO TUCIIH-
mmHe «MaremMaTuueckine MeToa6I U MOJIETN B VIIPABICHUI.

2. Meronnueckue peKOMEHIAINA IO OPraHu3aui CaMOCTOATENRHONU PA0OTEI CTYAEHTOB

MO TUCIHITIIMHE «MaremaTnueckue MCTOOBI U MOICIH B VIIPABJICHUH .

5.3 Ilepeuens pecypcoe ungopmavii OHHO-meaeKOMMYHUKayuonnou cemu Humeprem,
Heo0X00UMbBIX 018 0CB0CHUA OUCHUNIUHDI

1. http://www.biblioclub.ru -ObC "YHusepcurerckas dubmioreka onnaiu"

2. http://www.iprbookshop.ru/ - Snekrporno- oudmoreunas cucrema IPRbooks

3. http://e.lanbooks.com - Snekrponno-OnO/moreunas cucrema Jlans

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOAMUCHIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
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MUHHCTEPCTBO HA VKU U BBICHIETI'O OBPA3OBAHNS POCCUNCKOUN ®EIEPALINU
OE/IEPAJIBHOE I'OCYJAPCIBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YUPEXJIEHUE BBICIIEI'O OBPA3OBAHUM A
«CEBEPO-KABKA3CKHNI ®EJEPAJIBHBIN VHUBEPCUTET»

[Taruropckuii mHcTUTYT (puman) CKOY

MeToanyeckue yKazaHus

71 00y9aronIuXcsa M0 OPraHu3anui U OPOBEICHUIO CAMOCTOATEIbHOM PadOTHI
no auctummne «MATEMATUYECKUE METO/IbI U MOJIEJIU B YIIPABJIEHUW»
7 CTyAEeHTOB HanpaBaeHusa noaroToBku 380304 - ['ocymapCcTBEHHOE M MyHUIMIAIBHOE YITPABICHUE,
HAMpaBIECHHOCTE (podiis) - PernonansHOe ympaBaeHue

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Conepxanue

Beenenue

1 OOmnias xapakTepuUCTHKA CAMOCTOSATEIBRHOW pPadOTB 00ydaromierocs mpu

H3YVUCHHUH THCITHUITIINHBI «Maremarnueckue MCTOOBI H MOICIIH B VIIPABJICHHUH

2 [[man-rpaduk BEIMTOHEHUS CAMOCTOATENBHON PadOTEHI
3 KOHTPONMBHBIE TOUKH ¥ BUOEI OTYETHOCTH IO HUM
4 Meroanueckiie peKOMEHIAINH O U3YIEHUIO TEOPETUIECKOTO
mMarepuana
5 CIucoK peKOMEHIYEMOM TUTEPATYPHI.
OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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Beenenue

CamocrosTensHaa padoTa — mIanupyemMas yaeOHas, yaeOHO-UCCIeT0BATENhCKAA, HAYUHO-
HCCIIEN0BATEIBCKAA pa00Ta CTYJEHTOB, BEIITOJIHAEMAA BO BHEAYAUTOPHOE (AyAUTOPHOE) BPEMS T10
3aJaHUI0 U IIPU METOOUUYECKOM PYKOBOICTBE IMPEMONABATENA, HO 0€3 €ro HEmOCPENCTBEHHOIO
y4acTHA (IPH 94aCTHYHOM HEMOCPENCTBEHHOM YUACTHH ITPEMOAABATENS, OCTABIIAIOMIEM BEIYIIYIO
ponb 3a padOTOM CTYIEHTOB).

CamocrosarenpHas paborta cTyaeHTOB B BY3e ABmAETCA BaKHBIM BHUOOM y4e€OHOM H
HAYUYHOM OEATENBHOCTH CTYACHTA.

Begymas nems opranmszauuun u ocymecrBiaenus CPC ngomkHa CcoOBmamare € LEIBIO
00ydeHus CTyAeHTa — MOATOTOBKOM Oakamaspa ¢ BeICIIUM 0OpazoBanuem. [1pu opranmzammm CPC
BAXKHBIM W HEOOXOAWMBIM YCIOBUEM CTAHOBATCA (POPMHPOBAHUE YMEHUS CAMOCTOATEIHHOU
palOTHI 111 TPUOOPETEHNA 3HAHUIT, HABEIKOB M BO3MOKHOCTH OPraHM3alui yaeOHOM U HAYTHOM
OEATEIbHOCTH.

Llenpro camocToATENEHON PAOOTEI CTYIEHTOB ABAETCA OBIAACHHE (DYHIAMEHTAILHBIMHU
3HAHUAMH, TPO(PECCHOHATEHEIMA YMEHHAMH U HABBIKAMHU JIEATEIBHOCTH IO ITPO(HII0, ONBITOM
TBOPYECKOM, HCCIENOBATENBECKON aearensHOCTA. (CamocrosrensHas padoTa CTyZEeHTOB
CHOCOOCTBYET pAa3BUTHIO CAMOCTOATENBHOCTH, OTBETCTBEHHOCTM W OPraHW30BAHHOCTH,

TBOPUYECKOTO MOAXOA K PEIIEHHUIO MPOo0IeM yaeOHOT0 U mpo (PeCcCHOHATEHOTO YPOBHA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

O01masi XapakTepHCTHKA CAMOCTOATEILHOH pad0oThI 00YyUalomerocs Npu H3y4eHNH

AHCHHILTHHALI « MlaTeMaTHYeCKHE MeTO/Ibl H MO/IeJIA B yYhnpap/JicHHH»

CamocrosarensHasa pabora - manupyemas yueOHnas, yaeOHO-HMCCIe0BAT €IbCKaA, HAYTIHO-
HCCIIEIOBATENLCKAS pa00TA CTYIEHTOB, BEIITOJIHAECMAA BO BHEAYIUTOPHOE (AyTUTOPHOE) BPEMS TTO
3aJaHUI0 U IIPU METOOWYECKOM PYKOBOICTBE IPEMONABATENA, HO 0€3 €ro HEmOCPENCTBEHHOIO
y4acTusA (IPH 94aCTUYIHOM HEMOCPENCTBEHHOM YUACTHH ITPEMOAABATENSA, OCTABIIAIOMIEM BEIYIIYIO
ponb 3a padOTOM CTYIEHTOB).

CamocrosrenpHas padbora CcrygeHToB B BY3e aBAeTCsa BaKHBIM BHUOOM y4€OHOU H
HAYYHOU NOEATEIBHOCTU CTyAeHTa. CaMocToATenbHAas padoTa CTYAEHTOB UTPAET 3HAYUTEIBHYIO
pPOIb B PENTUHTOBOU TEXHOJIOTHN 00yueHus. B cBa3u ¢ stum, 00yuenne B BY3e Bximouaer B ceds
IBE, MPAKTUIECKA OJAMHAKOBBEIE MO O00BEMY M B3aMMOBIMAHHMIO UACTH — Mmpolecca 00yueHus u
nponecca camooOyuenusa. [lostomy CPC gomkna crars >(p(peKTUBHON U IIEIEHANPABIECHHOM
paboToM CTyaEHTA.

K coBpeMeHHOMY CENUAINCTY OOMIECTBO MPEABABILIET JOCTATOUYHO MINPOKUN NEPEIECHD
TpeOOBaHN, CpeIr KOTOPBIX HEMAJIOBAKHOE 3HAYCHHME MUMEET HAMYME YV BBIMMYCKHUKOB
OMPENEIEHHBIX CIOCOOHOCTEN U YMEHUSA CAMOCTOATENHHO JOOBIBATH 3HAHUS U3 PA3JIMIHBIX

UCTOUYHUKOB, CUCTEMATU3UPOBATh MOJYIEHHYI0 MH(OPMAIUIO, 1aBATh OLIEHKY KOHKPETHOMN
(¢uHancoBou curyauuu. GopMUpoOBaAHNE TAKOTO YMEHUA MPOUCXOOUT B TEUYEHUE BCETO MEPHOIA
00ydeHus gepe3 yJacTHe CTYAEHTOB B MPAKTUIECKUX 3aHATHAX, BEIMIOJTHEHHE KOHTPOJIBHBIX
3aJaHUA U T€CTOB, HAIMMCAHUE KYPCOBBIX U BBIMYCKHBIX KBAMU(UKAIMOHHEIX pador. Ilpu stom
caMOCTOATENRHAA PadoTa CTYJEHTOB UTPAET PEIIAIONIYIO POJIEL B X0I€ BCErO yueOHOTO Impo1ecca.
Benymas uens opranmzanuu u ocymiectiaeHus CPC nmomxxa coBmamare ¢ LENBIO
00y4eHMs CTYAEHTAa — NOArOTOBKOM CHENMAINCTa M 0akamaBpa ¢ BeICIIMM oOpaszoBanueM. llpu
opranmsauuu CPC BaxHBIM 1 HEOOXOIMMEIM YCIOBUEM CTAHOBATCA (DOPMHPOBAHUE YMEHUA
CAMOCTOATENBHONU PadOTEI M1 MPUOOPETEHUA 3HAHUM, HABEIKOB U BO3MOYKHOCTH OPraHU3aIun
yueOHOU ¥ HAYYHOU JIE€ATENHHOCTH.

DopMEBI CAMOCTOATEIBHOUN PadOTEI CTYOEHTOB pazHoo0pa3Hel. B coorBercTBUU ¢ pabouen
OpOTPAMMON  AUCIUIIINHEL OPEIYCMOTPEHEI CHIEIYIONIME BHIBL CAMOCTOATENBHOM PadOTEHI
CTYIEHTA:

- CAMOCTOATENBHOE U3YUCHHE JTUTEPATYPHL;

- CAMOCTOATCIIBHOC PCIICHHUEC 34044,

[OKYMEHT MOAMCAH
3NEKTPOHHOM MOANUCHIO

mepamypbl — CAMOCTOATCIIEHOC OBJIAACHHUC

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

»HOCTH.
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3aoauamu CaMOCTOATENBEHOT0 U3YUEHHS JTUTEPATYPHI ABJIAIOTC:
. YIIIyOIEeHNUE U PACIIMPEHUE TEOPETHUECKHUX 3HAHUM;

. (popMUpPOBAHNE YMEHUH UCIOIB30BATE HOPMATUBHYIO, IIPABOBYIO, CITPABOYHYIO
OOKYMEHTAIUIO U CIIEHUATBEHYIO JTUTEPATYPY;

. pa3BUTHE MO3HABATEIBHBIX CITIOCOOHOCTEN U AaKTUBHOCTH CTYIEHTOB.

Lenv camocmoamenvhoco pewienus 3a0aq4 - OBJIAACHUE IIPO(PECCHOHAIBHBIMU
YMEHUAMH U HABBIKAMU JIEATENLHOCTH IO PO (o Oyaymen IeaTenbHOCTH.

3adauamu CaMOCTOATEIILHOTO PEIIEHU 33144 SBJIAIOTCA:

b CHCTCMATHU3AlMA W 3aKPCINICHHC MMOJYUYCHHBIX TCOPCTHUYCCKHUX 3JHAHHUH W

MPAKTUYECKNX YMEHHUM CTYJEHTOB;

. (popMUPOBAHME CAMOCTOATEIHPHOCTH MBINIUIEHNA, CITOCOOHOCTEN K CAMOPa3BUTHIO,
CaMOCOBEPIICHCTBOBAHUIO U CAMOPEATH3ALINH;

° pa3BUTHE UCCIEI0BATEIHCKUX YMEHUH.

Llenvio camocmoamenvrozo 6bINOIHEHUA pacdemHo-2paguieckou padompl 110
OUCHUMNINHE ABIAETCA OBIAACHUE (PYHOAMEHTATBEHBIMU 3HAHUAMH, MPO(ECCHOHATLEHBIMU
YMEHUAMHM U HABBIKAMHU OEATEIFHOCTH MO MPO(UIIO, OMBITOM TBOPUYECKOH, UCCAENOBATEIBLCKOM
nesaTeILHOCTH.

3adauamu TAHHOTO BUA CAMOCTOATEIbHOM PA0OTEI CTYIEHTA ABISIOTCA:

. CUCTEMATH3alMA M 3aKPEIUVIEHHE TMOJYyUYEHHBIX TEOPETUUECKMX 3HAHUM U
MPAKTUYECKUX YMEHUI CTYIEHTOB;

. YrIayOIeHNEe U PACIIMPEHNUE TEOPETUIECKUX 3HAHWN;

. (popMUpPOBAHNE YMEHUH MCIOIB30BATE HOPMATUBHYIO, IPABOBYIO, CITPABOYHYIO
OOKYMEHTAIUIO U CIIEHUATLHYIO JTUTEPATYPY;

. pPa3BUTHE MO3HABATENEHBEIX CMOCOOHOCTEN U AKTUBHOCTH CTYAEHTOB: TBOPUYECKOM
MHUIMATUBEL, CAMOCTOATEILHOCTH, OTBETCTBEHHOCTH U OPTaHU30BAHHOCTH;

. (popMHUpPOBAHNE CAMOCTOATEIHbHOCTH MBINUIEHNA, CITOCOOHOCTEN K CAMOPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CAMOPEATH3 AN H;

. pa3BUTHE UCCIEAOBATEILCKUX YMEHHNI;

. HUCIOJB30BAHUE  MATEpUaTa, COOpaHHOr0O W TOJIYYEHHOTO B XOJIE
CAMOCTOAT€JIbHBIX 3aHATUM HA CEMHHAPAX, HA MPAKTUYECKUX M JA0OPATOPHBIX 3aHATUAX, HPH
HAMMCAHUN KYPCOBOU pPaOOTEHI.

AOKYMEHT NOANMCAH
SNEKTPOHHOW NOANMANCBIO
Cepuchukar: 12000002A633E3D113AD425FB50002000002A6
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B pe3ymerare OCBOEHMA IUCHUIUIMHBL  (POPMHUPYIOTCS  CHEOVIOMIUNA  [EPEUYEHBb
MIAHUPYEMBIX pe3yJbTATOB OOYy4EeHHMSA MO OUCIMILUIMHE, COOTHECEHHBIX C IMIAHHPYEMBIMHU

pe3yIpTaTaMHu OCBOEHUA 00PA30BATEILHOU MPOTPAMMEL:

[Inanupyemere pe3yasTarsl
00y4eHHnsa N0 TUCHUMIINHE

Kona, ¢popmympoBka Koxa, popmynupoBka (MOymIO),
KOMIIETEHIUN WHINKATOpa XAPaKTEPU3YIOIINE STAMEI
(popmMupoOBaHUA

KOMIIETEHI[UH, THIUKATOPOB
3HAeT 0CHOBEI
MATEMATHYECKOr0 aHAII34,
AMHENHOU anreOphl, TEOPUH
BEPOATHOCTEHN U
MaTEeMaTHUYECKOH CTATHCTUKH
KaK YHHUBEPCAIBEHOTO SA3BIKA
HAyK1, HEOOXOAUMOTO I
MOJETUPOBAHUS ABIECHUH 1
OPOIECCOB B YIIPABICHUH
VYwmeer pacmo3HaThb
MATEMATHUECKHE 00BLEKTEI
Bnaneer nHaBeikamu cOopa,

VYK-1 Cnocoben

M J1-1vx.| BBIOEIAET 00padoTku v OPMALIHH 1
OCYIIECTBIATE MOUCK, 'l bl P (popman
. IpPOOIEMHYIO CUTYAIIUIO, yuacTusa B MH(OpMATH3 AN
KPUTUYECKUM AHATN3 U CHHTE3
OCYILIECTBIAET €€ aHAIU3 U neITeIbHOCTH
uH(pOpMALINHU, TPUMEHATE
- OUArHOCTHUKY HA OCHOBE COOTBETCTBYIOILIMX OPTaHOB
CHCTEMHBIH IMOOXOI A »
CHUCTEMHOTO ITOIXO0A; BJIACTHU U OPraHU3aIHI,

pPELICHHU s MTOCTAaBICHHBIX 3a1a4
WHCTPYMEHTAPUEM 11

PELIEHUS PO CTENIINX
MAaTEMATUIECKHUX 3a1a4 U
MATEMATHUYECK O
TEPMUHOJIOTUEN, U
pa3IUYHBIMM CITOCOOaMM
MPEACTABIECHNS
MATEMATUUECKOU
WH(popMarm
(AHATUTHYECKUM,
rpauaeCcKuM, CIOBECHBIM U
ap.)
3HAET OCHOBHBIE METOIBI U
MOJEIN PEUIEHNS TUITOBEIX
3amad
YMeer npuMeHSTs METO,ThI

OIIK-2 Cnocoben
00€eCneynBATE MPUOPUTET ITPAB

1 CBOOO T 4eITOBEKA; N]1-3omnk-2 Criocoden
MATEMATHUUCCKOT0 aHaAIM3a |
COOmoIaTh HOPMBEI pa3padareIBaTE MEPEI
“ “ MOJIEIMPOBAHUS,
3aK0OHOJaTenasCcTBa POCCHICKOM PETYIHPYIOIIETO O DETIIECKOTO
» o T MYECKOTO |
Denepanmu 1 coyxeOHOU BO3JEHCTBUA VI COIUAILHO- P
. YKCIEPUMEHTAIIBHOTO
ITUKHU B CBOEH YKOHOMHYECKHUX ITPOLECCOB
NOKYMEHT NOANMUCAH HCCJICOOBAHHWA IJIA PCIICHHUA
SNEKTPOHHOW Nnoanunceio 340449 YIIPABJICHHUA, PCIIATH
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 CTAHIAPTHEBIE 37144
Bnapgeneu: lLlebayxoea TateAHa AnekcaHapoBHa

npo(heCCHOHATBLHON
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OeATEIHOCTH HA OCHOBE
WH() OPMAITMOHHOMN U
Oubnuorpaduaeckon

KYIBTYPEL C IPUMEHEHUEM
WH(POpMATTUOHHO-
KOMMYHHKAITMOHHBIX
TEXHOJIOTHUH U € YUETOM
OCHOBHBIX TpPe0OBaHMI
VH (O PMALTOHHON
0€e30macHOCTH.
Bnaneer HaBpIKaMH
OPUMEHEHUS COBPEMEHHOTO
MaTEMATHIECKOTO
WHCTPYMEHTAPUSA L
pelieHus 3aaa4 YIIpaBIeHuUs,

METOIUKOU IMOCTPOEHUH,

aHANIN3a U ITPUMEHEHHU
MATEMATHIECKHUX MO IeJIeH
IJIS OLIEHKH COCTOAHUS U
OPOTHO3a PA3BUTHA SBJICHUN
Y MPOIECCOB B YITPABIECHUH,
CITOCOOHOCTBIO MEPEABATE
pe3yJIbTAT MPOBEIEHHBIX
HCCIIETOBAHWUH B BUOE
KOHKPETHBIX PEKOMEHIAIHI B
TEPMUHAX OPEIMETHOMN
o0yacTu 3HaHuA

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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ILnan-rpauk BoINOJTHEHHSI CAMOCTOATE/ILHOH padoThl

O0BemM yacoB, B TOM YHUCIIE
Koner
CpencrBa u Konrakraas
pEATU3YEMBIX Bun nesaremmHocTH
" TEXHOJIOTHH pabora ¢
KOMIICT €HI[UH, CTyAEHTOB CPC Bcero
OLICHKH MPENnoaaBar
WHIUKATOPAa(0B) oo
3 cemectp
CamMoCTOATEIRHOE
n3ydeHue aureparypel | Koncmekr 54,675 6,075 60,75
VK-1 mo Temam Nel-9
M- 1yk- [ToaroroBka K
OTK.2 P Koncmekr 1,245 0,135 1.35
NJ1-30mxk-2 [TonroroBka
MPAKTHTECKIM PemenHas 4,86 0,54 5.4
3ajgada
3aHATHIM
HToro 3a 3 cemecTp: 60,75 6,75 67,5
Hroro: 60,75 6,75 67,5
AOKYMEHT NoanmncAH

SNEKTPOHHOW NOAMUCHIO

Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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KﬂHTpﬂJILHhIE TOYKH H BHbI OTYE€THOCTH 11O HHIM

No Bun neArensHOCTH CTYIEHTOB Cpoxnu KomiuecTBO
/11 BBIITOJTHEH U OaU1oB
3 cemecTp
1. HPHI{THLIECI{DE saasarue Ne 2 6 Henend 25
2. HPHI{THLIECI{DE sargarue Ne 5 10 Hegens 15
3. HPHI{THLIECI{DE saaarue Ne 7 16 Henensa 15
HUroro 3a 3 cemecTp 55
Hroro 55

MakcuMambHO BO3MOKHEIM 0aylT 3a BECh TEKYIIMH KOHTPOJIb MakCHMaITBHO BO3MOKHBIT
Oamr 3a BeCh TEKYNIMA KOHTPOJL YCTAHABIMBACTCS PaBHBIM S55. Tekymiee KOHTPOIBHOE
MEPONPUATHE CUUTAETCS CIAHHBIM, €CIM CTYAEHT Ioaydun 3a Hero He wmeHee 60% ot
YCTAHOBJICHHOTO IS OSTOT0 KOHTPOJS MakCUManmpbHOro Oamma. Pedtunroswrii  Oanmn,
BEICTABJLIEMBIM CTYACHTY 3a TEKYNIEE KOHTPOILHOE MEPONPUATHE, CIAHHOE CTYAEHTOM B

yCTAHOBJIEHHBIE TPA(PUKOM KOHTPOIBHBIX MEPOIPUATHH CPOKH, OMPENEIAECTCA CIECIYIOIMHMM

oOpazom:
YpOBEHB BEIMOJIHEHUA KOHTPOJIEHOTO PeitruaToBEnt 0amwt (B % 0T MAKCUMATBLHOTO
3amaHua Oamya 3a KOHTPOJIBHOE 3aaHIE)
OTanaHbEINA 100
XOopommit 80
VY IOBJIETBOPUTETH HEIH 60
HeynoBnerBopurensHEIN 0
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MeToaH4yeckHne PEKOMEHIAIHNH 110 H3YUHECHHIO TEOPETHYECKOI'0O MaTeEpHaJIa

CamocroaTrenpHas padoTa CTyAEHTA HAUMHAECTCS C BHUMATEIBHOTO O3HAKOMIIEHMSA C
conepkaHueM yueOHOro Kypca.

M3yuenue ka0 TEMBI CIE€IYET HAUMHATE C BHUMATEILHOTO 03HAKOMIEHHA C HA0OpOM
BOITPOCOB. OHM OPHEHTHPYIOT CTYAEHTA, MOKA3BIBAIOT, YTO OH NOJIKEH 3HATH IT0 JAHHOU TEME.
Bonpocel Tembl kKak OBl HAKJIAABIBAIOTCS HA COOTBETCTBYIOMIYIO TJIABY M30PAHHOT0 YYEOHUKA WIN
yueOHoro mocoOus. B urtore momkHO OBITE SICHBIM, KAKHE BOMPOCH TEMBI YUeOHOTO Kypca U C
KAKOM TJIyOMHOM pPAaCKpHITEI B KOHKPETHOM YUu€OHOM MATEpHase, 4 KAaKUe BOOOMIE OIYIIEHHI.
Tpebyercs TBOpUECKOE OTHONIEHUE U K CAMOMY CONEPKAHWUIO TACHUIIINHEL.

Bompocsl, cocrapistonine ee coaep:kanue, 001a1arT pa3HOd CTENMEHBI0 BAXKHOCTH. ECTh
BOMPOCE], BBEIMOJHAIONINE (DYHKIMIO JOTMYECKOM CBA3KU CONEpP:KaHUS TEMBI M BCEro Kypca,
MMEIOTCS BOOPOCH! OMMCATENRHOTO WIM PA3BACHUTENEHOTO XapAaKTEPa, & TAKKE MCTOPUIECKOTO
SKCKypca B 007aCTh M3ydaeMOM OUCIUIIIMHEL. BCe STH BOMPOCEI HE COCTABIAIOT CYTH ITOHS-
TAUMHOTO, KOHIENTYAJIBHOTO CONEPKAaHWUA TEMBI, HO HEOOXOAMMSEL UIA LEIOCTHOIO BOCIIPUATHA
M3y4aeMBIX OpoOmem.

M3yuaemas mucnmmimHa MMEET CBOM KATETOPUATLHO-MOHATUMHBIM ammapar. Haydueie
MOHATHUS — 3TO Ta 0a3a, Ha KOTOPOU CTPOUTCS Kaxknad Hayka. [loHaTus — y310BEI€, OMMOPHEIE
MyHKTHl KaK HAYYHOTO, TAK M y4e€OHOT O MO3HAHMA, JJOTHYECKUE CTYIIEHU IBWKEHUA B yuede OT
MPOCTOTO K CI0KHOMY, OT SBJICHUA K CYIIHOCTH. be3 ACHOr0 moHuMaHus MOHATUHN yueda KpailHe
3aTPYAHACTCS, a COEPKAHUE MTPUOOPETEHHBIX 3HAHUN CTAHOBUTCA TYCKJIBIM, PACTIILIBUATHIM.

CTyneHT OOKEH HOHMMATh, YTO CAMOCTOATENBHOE OBJIANEHHUE 3HAHWAMH SBJACTCA
TJIABHBEIM, ONPENenaoninM. Beiciias mkomaa co3aaeT a1 5TOro He00X0AUMBIE YCI0BH A, TOMOTAET
Oynaymiemy BBICOKOKBATU (PUITTPOBAHHOMY CHEIUATNCTY OBIAJIETE TEXHOJIOTHEN
CAaMOCTOATEIEHOT 0 MPOU3BOICTBA 3HAHUM.

B camocroaremsHOM paboTe CTyOeHTAM NOPUXOAUTCSA HUCIOJIB30BATHE JIATEPATYPY
pa3sMUHBIX BUAOB: IEPBOMCTOYHHUKHA, MOHOrpa(uH, HaydHele COOPHHUKH, XpPECTOMATHH,
yueOHuKkN, yueOHble mocoOus, xypHanel u ap. M3yuenue kypca mpeamnosaraer 3HAKOMCTBO
CTYIEHTOB C OOmMpmmMM OOBEMOM HAYYHOM M y4€OHOW IWTEPATypHl, 4TO, B CBOIO OUYEPEXD,
MOPOKIAET HEOOXOIUMOCTH BBEIPAOOTKM y HHUX pPalMOHAIBHO-KPUTHYECKOTO IIOOXO0Ma K
MU3yJa€MBIM UCTOUHHUKAM.

Yro0el HE «YTOHYTE» B OTPOMHOM OOBEME PEKOMEHIOBAHHBIX €My J[UIA H3YUYEHUA

AOKYMEHT TNOAFNCAH HAYYUTHECS MPABWILHO UX unuTarh. [IpaBunsnoe
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[TpenBapurensHBIiT OPOCMOTP KHUTH BKJIFOYAET O3HAKOMIIEHME C TUTYIBHBIM JHCTOM
KHUTH, AHHOTAIMEH, HOPEIUCIOBHEM, OriaBjieHHeM. lIpm O3HaAkOMIIEHMH C OTJIaBIEHHEM
HEOOXOOUMO BBIIENNTE PA3d€EIbl, TIABEl, Haparpadsl, IPEACTABIAIONINE IJIsI BAC MHTEPEC, OETIO0
UX OPOCMOTPETH, HAUTH MECTA, OTHOCAMMECA K TeMme (adzampl, cTpaHuusl, naparpadsl), u
MO3HAKOMHTELCA C HUMH B OOIMX yepTax.

HayuHsre n3nanusa COnmpoBOKIAIOTCA PA3IMUYHBEIMUA BCOMOTATEILHEIMH MaTEpHATIaAMH —
HAYYHBIM allaparom, MO3TOMY Ba¥KHO 3HATh, U3 KAKMX OCHOBHBIX 3JIEMEHTOB OH COCTOUT, KAKOBEI
ero () YHKITUH.

3HAKOMCTBO C KHUTOM Jy4ll€ BCETO HAUYMHATH C M3YYEHUA AHHOTAUIMM — KPATKOU
XapaKTEPUCTUKN KHUATH, PACK PEIBAIONIEH €€ COACPIKAHUE, UIECHHYIO, TEMATUIECKYIO H JKAHPOBYIO
HAITPABJIEHHOCTh, CBENEHWUA 00 aBTOpE, HA3HAYEHUE W JAPYrHe 0COOEHHOCTH. AHHOTAIMA
TOMOTAET COCTABUTE MPEIBAPUTENEHOE MHEHHUE O KHUTE.

['my0ike mOHATE COAEPKAHUE KHUTH MO3BOJISIFOT BCTYMUTEIBHASA CTATHS, B KOTOPOH JAETCS
OIIEHKA COAEPKAHMA KHUTH, 3aTPArMBAEMOM B HEM MPOOIEMATHKH, COOEPKUTCA MH(OpMAINA O
KU3HEHHOM M TBOPUYECKOM Owmorpaduu aBTOpa, BBEICKA3BIBAIOTCA MHOJEMHUUECKHE 3aMEUAHUA,
Pa3bACHAIOTCA OTAENBHBIE MOJOKEHWA KHUTHM, NAOTCA KOMMEHTApHMHM W T.4. BOT nouemy
3HAKOMCTBO C BCTYITUTEILHOU CTATHEH MTPEACTABIAETCA OUE€Hb BAKHBIM: OHO MOMOTAET CTYIEHTY
COPUEHTUPOBATLECA B TEKCTE padOTHI, 0OpPATUTE BHUMAHUE HA €€ HANMOOJEe NEHHBIE U BAKHBIE
pa3aesl.

Tou xe nenn ConencTByeTr 3HAKOMCTBO € OTJIABIECHUEM, IIPEIUCIOBUEM, ITOCIECIOBAEM.
Becema IMOJIE3HBIMM 3IEMEHTAMHM HAYYHOIO amnmapara fABJAIOTCA CHOCKH, KOMMEHTApPHH,
TaOJMIB], TPA(PUKA, CIIMCKA JIMTEPATYPEL. OHM HE TONBEKO WILTFOCTPUPYIOT OTAEIEHBIE MTOT0KEHUA
KHUTH WM CTaTBH, HO M CaMU MO Ce0€ ABIAIOTCA NOMOJIHUTEIBHBEIM UCTOUHMKOM MH()OpMALuH
IJI UMTATENA.

Ecnu uurarens 3auHTEpecOBana Kakas-TO BBICKA3aHHAA aBTOPOM MEIC/IB, HE HAIEAIIAs
MOAPOOHOTO OCBENIEHUA B JaHHOM HCTOYHHMKE, OH MOJKET OOpaTHTBCA K TEKCTY HUCTOYHUKA,
YIOMHUHAEMOT 0 B CHOCKE, TU00 K HCTOUYHUKY, KOTOPBIM OH MOKET HAUTHU B CITUCKE JINTEPATYPHI,
PEKOMEHIOBAHHOM ABTOPOM ISl CAMOCTOATEIBHOI O U3YIEHUA.

CymiecTByeT HECKOIBKO (pOpM BEIEHUS 3aMMCE:

— 1IaH (OpPOCTOM M Pa3BEPHYTEIN ) — Hambosee kpatkas popma 3anucu MPOYUTAHHOTO,
MpENCTAaB/LAONIas CO0OM NEpedYeHbh BOIPOCOB, pPACCMATPHUBAEMBIX B KHUTE€ WM CTAThE.

PaspepuyTeiii mmaH mnpeacraBisger coOou Oomee moapoOHyH0 3amich MPOUYUTAHHOTO, C

AOKYMEHT NOANWCAH DB, C BBIIMUCKOM IMUTAT, CTATUCTUYECKHX MAHHBIX
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— TE3UCHl — KPaTKo C(OPMYJIHPOBAHHBIE IMTOIO0KEHUSA, OCHOBHBIE ITOIOKEHHUSA KHUIH,
cratbu. Kak mpaBuiio, TE3UCHI COCTABIAIOTCS MOCIE MPEABAPHUTEIBEHOIO0 3HAKOMCTBA C TEKCTOM
MCTOYHUKA, IPH €T0 MOBTOPHOM IMPOYTEHNH. OHM MOMOTAIOT 3aOMHUTE M CUCTEMATU3UPOBATH
HH(popManro.

CocraBneHne KOHCIIEKTOB

bosmpuryto pone B YCBOEHMM M MOBTOPEHWHM MPOUISCHHOTO MATEpHANa UTPAET XOPOILIHI
KOHCIEKT, CONEP/KANIN OCHOBHBIE HIEH ITPOUYATAHHOTO B YUEOHHUKE U YCIIBIIIAHHOTO B JIEKIHH.
Koncnekt — 510, M0 CymIecTBY, HAOPOCOK, pa3BEPHYTEIN MJIAH CBA3ZHOTO PACCKA3a MO OCHOBHBIM
BOIIPOCAM TEMEL.

B kakoil-TO Mepe KOHCIEKT paccuuraH (B 3aBUCHMOCTH OT MHIUBHUIAYAILHBIX
0COOEHHOCTEN CTYAEHTA) HE TOJBKO HA HHTEUIEKTYATBHYI0 M SMONMOHAIBHYIO, HO U HA
3PUTEIBHYI0 MaMATh, NMPUYEM TEKCT KOHCIEKTA HEPEIKO AaCCOUMUPYETCS €IMEe U C TEKCTOM
yueOHMKAa WIN 3amiceio jgekiuu. [lostomy nerue 3amomMmHaeTcs COAepi;KaHNe KOHCHEKTOB,
HAIMMCAHHEIX Pa300pUHBO, C MOJUEPKUBAHUEM MM BBIACICHUEM PA3PAIKON KIFOUEBEIX CIOB U
(ppa3s.

CaMOCTOATENRPHO W3YUYEHHBIE TEMBI MPENOCTABIAIOTCA MPENOJaBareno B (opme
KOHCITEKTA, 0 KOTOPOMY NPOUCXOOUT cobecenoBanne. TeopeTunaeckue TEMBI Kypca (OTOEIbHBIE

BDHpDCLI), BBIHOCHMBIC Hd CAMOCTOATCIIEHOC U3YVUCHHE, IIPEACTABJIICHBI HHWKC.

OJOKYMEHT NoanmvucAH
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