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ComeprKaHHe

BreneHue

Llenp 1 3agau H3yYeHH S JHCIHIUITHEI

OO0opyaoBaHHE H MaTEPHAIIEI

HarnmeHoBaHHE IIpaKTHYECKHX padoT

ComepKaHHe IIPaKTHYECKHX padoT

IIpakTHueckasa padora Nel MaTpHIBI H OIIPedETHTENH.

IIpakTHueckas pabora Ne2 MeTOABI pellleHHs CHCTEM JINHEHHBIX YPaBHEHHH.
[IpakTHueckasa padora Ne3 DYHKIMH H IIpeaeisl. MeTonsl IpHOIIMKEHHOTO BEI-
YHCIIeHHT 3HaUeHMI (PYHKIHIL.

[IpakTHueckas padora Ned IIpons3BomHasa u guddpepeHIman (pyHKIHH OTHOMH IIe-
PEMEHHOI.

[IpakTHueckas pabora Ne5 MeToabl HccllefOBaHHS H IIOCTPOEHHS I'Pa]pHKOB
(b yHKIIHI.

IIpakTiueckas padora Ne6 BepOSTHOCTHEIE MOLEIH ITPOIIECCOB VITPABJICHHS.
IIpakTiueckass padora Ne7 KoppelsmOHHO-PErPeCCHOHHBIN METO/I, HCCIIEI0Ba-
HHS CITYYaHHBIX BETHYHH.

IIpakTHueckasa padora Ne8 OCHOBBI BEIOOPOYHOI'O METOMA M 3JIEMEHTHI CTaTH-
CTHYECKOH TEOPHH OIEHHBAHHSL.

IIpakTiyeckas padora Ne9 CraTHCTHUYECKAs rHrioresa. MeToapl CTaTHCTHYECKOH
ITPOBEPKH THITOTES.

YueOHO-MeTOANYECKOE H HH(POPMAIITHOHHOE 00ecIIeUeHHE JTH CLIMTLIHHEI
IlepeyeHh OCHOBHOH M JOIIOIHHTEILHOH JTHTEPATYPhI, HEOOXOMHMOH IS OCBO-
EHI JTHCIHIUIHEI

[lepeyeHp Y4YeOHO-METOAHYECKOTO OOECIIEUEHHS CaMOCTOSTEIIPHOH PadOoTHI
OOYYAIOIIHXCS IO JUCIHILIIHE

[IepedeHp pecypcoB HH(] OpMAI[HOHHO-TEIEKOMMYHHKAIIMOHHON ceTH MHTEepHET,

HeOOXOMHMBIX 151 OCBOSHH S IH CI[HILIIHHBI
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BrepgeHre

[IpakTHYeCKHE 3aHSATHS CO3JAalOT OITHMAJIbHBIE JHAAKTHUYECKHE VYCIOBHS IS AESTEIBHOCTHOIO
OCBOEHHS CTYJIEHTAMH COAEPKaHMSI H METOMOIOTHH H3ydyaeMOH AUCIHHIIINHBI «MaTtematnkay. IIpakTiye-
CKHE 3aHITHS 3aHHMAIOT ITPEHMYIIECTBEHHOEe MeCTO ITPH H3Y4eHHH OOMIenpodecCHOHaIbHBIX H Ipodec-
CHOHAJIBHBIX JHCIHILIHH. [IpaKTHYECKHE 3aHATHS IIPOBOASTCH C IIEIBIO BEIPaOOTKH IMPpaKTHYECKHX YMEHHI
H ITPHOOPETEHH I HABBIKOB B PELIEHHH 3a/ia4, OTPa0OTKH VIIPaKHEHHI, BRITIOIHEHHH YePTekKEH, IIPOH3BO/-
CTBE PacCy&ETOB M T.II.

[{empro IMpaKTHYECKHX 3aHATHH SBIIIETCS (POPMHpPOBaHHE ITPAKTHYECKHX YMEHHH — Ipo]eccHO-
HaJIbHBIX (BBIIIOJIHATH OIPelelIEHHbIE AeHCTBHS, OIlepallHH, HeOOXOMHMBIE B ITOCIIeAYIOIEM B ITpodeccHO-
HAJIbHOH JeSTeIbHOCTH) WIH YUeOHBIX, HEOOXOIHMEIX B IOCIEAYIOIIeH yueCHOH AesTeIbHOCTH 10 O0IIIe-
mpod ecCHOHATBHBIM H ITPo(eCCHOHATbHBIM JTHCITHITTHHAM.

EnomnorpaHuecKIil CIIHCOK COAEPKHT CBEIASHHSI O CIIPaBOYHOH IHTepaType H JOIOIHHTEILHBIX

H3JaHITAX, HeOOXOQHMBIX IS }’TJIY@HEHHGI‘G H3YVUCHHA OTACIIbHBIX BOIIPOCOB.
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1. I[ens u 3a0auu uzyueHus OUCUUNIUHDL

[{erms OCBOEHMS JUCIHIUIMHEL SBJISIETCSA O3HAKOMIIEHHE CTYAEHTOB ¢ BaKHEHIIIMMH METOJLAMH H MO-
TEeIISIMH KIIacCHYEeCKOH MaTeMaTHKH, MeTOJaMH JIHHEHHOH anreOphl, MeTogaMH AH((epeHIHATIbHOIO HC-
JHCIIeHH (PYHKI[HH OJHOH IepeMeHHOH, BEPOITHOCTHBIMH H CTaTHCTHUYECKHMH MOJEIISAMH H HX ITPHIIO-
KEHHSIM.

3aJlauHi OCBOSHHS JHCIHIUIHHEL SBILSTFOT CSL:

— CO3JJaHHE YV CTYAEHTOB OCHOB TEOPETHYECKOH ITOATOTOBKH B 00JIaCTH MaTeMaTHYECKHX MeTOIOB
H MOJEIIEH

— OBIIAJIEHHE MaTeMaTHYeCKHM armiapaToM, HeOOXOIHMMBIM IS PEIIEHHS TEOPETHYECKHX H ITPaK-
THUYECKHX 3ajlay,

— Pa3BHUTHE HMHTEIeKTa H (POpMHpOBaHHE Yy CTYAEHTOB JOTHYESCKOIO H alITOPHTMHYECKOr O MBIIII-
JIEHHS,

— BBIpa0OTKa HABBIKOB CAMOCTOSATEIILHOIO H3YUeHHSI Y4eOHOH M HaYUYHOH JIHTepaTypsl 110 MaTeMa-
THYECKHM MeTOJaM H MOJEIISIM, H HX ITPHIIOKEHH SIM,

— TIOBBIIIEHHE OOIIeH KYIILTYPHI CTYIEHTOB.

2. Obopyoosanue u mamepuaibl

ATmmapaTHble CpeicTBa: IIePeHOCHOH HOYTOYK, IIPOeKTOP, JOCKa Mar HHTHO-MapKepHasl.
YuyeOHas ayIHTOPHS IS IPOBeJeHHS Y4eOHBIX 3aHSATHIL, OCHaIlleHa O0OpYJIOBaHHEM H TeXHHYe-

CEKIMIT CPEACTBAMII Gﬁ}“IEHI[H.

3. Haumenosanue npakmuueckux paoom

M3 HUX IIpaKTHYE-
No TeMBI HarnmeHoBaHIe TeM JHUCIHIUIMHEL, HX KpaTKoe co- | O0beM
JTH CITHTUTHHEI JepKaHHe JaCOB CKai ITOATOTOBKA,
P YJACOB
I cemecTp
IIpakTH4eckan padora Ne 1. MaTpHIBI H OITpe-
e T,
| Onepaliyi Hag MaTpuiiaMi. OmnpeaelInTelId. Bel- 3
YHCJIEHHE ONPEeAeHTENEH 2-I0,3-T0 H N-T'O ITOPSII-
KOB.
IIpakTHyeckas padora Ne 2. MeTonbI perieHu s
5 CHCTEM JINHENHBIX YPABHEHHH. 3
PertieHve cucTeM MTHHEWHRIX VDARHEHWH MeTOI0M
NOKYMEHT Dﬂﬂﬂ NCAH
| SNEKTPOHHOW NOANUCHLIO
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6 H IIpeje-
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(OCHOBHEBIE METOJBI BEIYH CIIEHHA ITPeIeIoB (PyHK-
1. [IpruMeHeHHe SKBHBAIIEHTHRIX OeCKOHEYHO
MaIlbIX K BEIYHCIIEHHIO IIPEJIEIOB (PYHKITHI.

IIpakTH4yeckas padora Ned. [[pon3BogHAasS H

4 mH(pdepeHIIHaT QYHKIIHH OTHOH IepeMeHHOH.
JInddepeHIpoBaHHe () YHKI[HI Pa3IIHYHBIX BH-
TIOB.

IIpakTHyeckas padora NeS. MeTobI HcclIeIOBa-
HHS H TTIOCTPOEHH S TPa(pHKOB (DYHKIIHH.
OkcrpeMyM pyHKIHH. TodykH repernta. ACHMII-
TOTHL. IIpHMeHeHHe anddepeHITHAITEHOIO HCYH C-
JIEHHS K HCCIIEOBAaHHIO (D YHKIIHH H ITOCTPOEHHIO
HX TpapHKOB.

IIpakTH4yeckas padora Ne6. BepoaTHOCTHEIE MO-
IIETIH TIPOLIECCOB VIIPaBIIEHH .

6 DNeMEHTEI KOMOHHATOPHKH. BEIUMCIIEHHE BEPOSIT-
HOCTH CIIYYAHHOIr'0 COOBITHS. BEpPOATHOCTE B CXE-
ME ITOBTOPHBIX M CIThITAHHI.

IIpakTyeckas padora Ne7. KoppensiHoHHO-
PErPECCHOHHBIN METOJT HCCIIEAOBAHIS CITYYaHHBIX
BEJINYHH.

YHcnoBble XapaKTEPHCTHKH JHCKPETHRIX H HEIIpe-
7 PBIBHBIX CITYYANHBIX BEJIMYIH. MaTEMATHYECKOE
OKHIaHIE, TUCIIEPCHS, CPeHEE KBAPaTHUYECKOE
OTKJIOHEHHE. FICTIONB30BaHHE YHCIIOBEIX XapaKTe-
PHCTHK B KOPPEISIIHOHHO-PETPECCHOHHOM METO-

O,

IIpakTH4yeckasn padora Ne8. OCHOBEI BEIOOPOY-
HOT'O METOJIA H BIIEMEHTHI CTaTHCTHYECKOH TEOPHH
OL[EHHBaHH.

Br160poYHas COBOKYITHOCTD, BRIOOPOYHAS (P YHK-
1M pactpedeneHus. ' ncrorpamma, ITOIIHIOH Ya-
CTOT. BRIUHCIIEHHE TOYEUHBIX OILIEHOK ITapaMeTPOB
pacrpeielicHIs. BeIUICIIEHHE HHTEPRAIILHEIX OIlE-
HOK ITapaMETPOB PacIIpe JeIeHHL.

IIpakTH4yeckas padora Ne9. CtaTHCTHYECKAS TH-
1oTe3a. MeToAbl CTaTHCTHYECKOH ITPOBEPKH THITO-
Tes.

CTaTHCTHYECKHE HCCIIeJOBaHH A 3aBHCHMOCTEH.
MeTodBl CTaTHCTHYECKOH ITPOBEPKH rHItores. 1 -
II0TE3a O PABEHCTBE I'€HEPAILHBIX CPEIHIX.

Hroro 3a 1 cemecrp:

27

HToro:

27
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4. Cooepatcarue 1ab opamopHsix padom

Ilpakmuueckas paboma Nel. Mampuuwsl u onpeoeimeriu.
Ilens: [TprnoGpecTH HABBIK BBITIOIHEHH S OIEPALMI Ha MATPHI[AMH H BEMHCIIEHH S OITPEIEIIHTETIEHH.

OcHo6bl meopuu.

[IpsmoyronpHasa TaOIHIa, cofepKaIlasi 1 — CTPOK H 1 CTOJIOLIOB Ha3bIBAETCS Mamptiijeii H 0003HaYa-
eTcs

4 . A
lI‘::'Illl ﬂl:’. lI‘::'Illﬂ' lI‘::'IIII ﬂl:’. lI‘::'Illﬂ'
dy dyp - Ay, y dy =t Uy,
A= HIH A =
ﬂml Hm:’. T ﬂmn I'-«x"‘:'rml Hm] T ﬂmn_)"

HITH KOPOTKO MaTpHITy 0003HavatoTAd = || a;
CnootceHue mampuiy
IIycTh gaHBI ABe MATPHIEL4 HB OQMHAKOBOH pasMEPHOCTH. X cyMMOH HaspBaceTCa MaTpHiiaC =4 +
B Ton Xe pasMepHOCTH, 3JIEMEHTHI KOTOPOH PaBHBI CYMMaM COOTBETCTBYIOIIHX JIEMEHTOB MaTpHIl A H B,

Ji=12,. .. omyj=172,..., n.

T.e. ecti A = ||aijl|, B = ||bij||, ToA + B = C = ||cij|.
1 =2 5 2 1 -3
[ Iprvep: A= A1 3 , B= | _92 4 TOrAa

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

OTME:THMj HTO CKJIAAbIBATE MOXHO TOIBKO MATPHIIBEI C OJHHAKOBBIM YHCJIOM CTPOK H C OJHHAKOBbBIM
YHCIIOM CTOJIOI[OB.

PazHocTeroB - A MatpuIl B 1 A (OJHHAKOBBIX CTPOSHHH) Ha3bIBAeTCS TaKas MaTpHIa X, 4YTO

A+X =B
A 2 1 4 B 3 5 7
H — X — T
alIPHMCED., B 2 3 1 2 B 1 4 orJ1a
3 5 7 2 1 4 1 4 3
X:B—A: p—

2 -1 4) (-2 3 1) |4 —4 3]
Vmnoorceniie mampuiy

El) YMHOXKEeHHE MATPHIIBI HAa THCIIO. YTto0H YMHOMZHTDE MATPHIIY Ha YICIJIO O, HAaJ0 YMHOXHTb Ha 3TO
YHCIIO KaKIbIH 3IIeMeHT MATPHIIBL.

a|lay || =|| e |

2 -1 2 -1 6 —3
, a=3 aA=3 =
3 5 9 15

IIprmvep. A =

0) YMHOXKeHHEe IBYX MaTPHIL.

YMHOXKeHHEe MaTPHIBLB Ha MAaTpPHILY 4 BO3MOXHO TOIIBKO B TOM CIIy4Yae, KOIJja YHCIO CTOIOILIOB B
MaTpHIIe B paBHO YHCITY CTPOK B MaTpHIle 4.

r-:‘Tr-ﬂ-‘hﬂ'ﬂUT ‘I'IL||'-":!|"1"‘1""||Tl"l'l"LTl""._"II —_— E . .-’1 ﬂQﬂTrﬁTrﬁ"I"rJUU‘LTH' & ‘_ 1 : J— '
'-'-;ﬂﬁ@-MEHTI_'I{jﬂHHCEI:I""" TOSEETHETT B -0 CTPOKE H ] —OM CTIDJI@I_[E (TE Cg) PABCH CYMMC
1 SNEKTPOHHON noarnvchLIo Aa COOTBCTCTBYIOIIIE 3JICMCHTEI j— I'O CTDH@HH MAaT-
‘|Gep'rm¢m{ar: 12000002A633E3D113AD425FBS50002000002A6
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272 m o nj

n
¢; =ayb;+a,b,; +...+a,b, = Zambh.
k=1

ClexyeT OTMETHTB, UYTO YMHOXKEHHE MaTpHI[ He 00IagacT CBOHCTBOM KOMMYTATHBHOCTH, T.€. AB #

BA.
| ) . 2 1
I1 1.A = 1 — .
PHMER 1 3 35
1 2Y-2 1 [-(=2)+2-3  1-1+2-5 4 11
Umeem A B = = =
-1 303 5 (-1:(-2+3:3 1-(-D+3-5) (-11 14
. -2 11 2} (-21-11 2:(-2)+1:3) (-3 -1
3 5)-1 3) (31+5--1) 3-2+5-3 ) -2 21

Brisog: AB £ BA

Buiuuicnenue onpedenumeneii

Ecmi B MaTpHIlE YHCIIO CTPOK PABHIETCSA YHCITY CTOJOIIOB, T.€. m = n, TO MaTpHIla HA3bIBAETCS K8AO-
pPanHoit.

.. A

a, da, a,,

A a, d,, =** 5
Il’\'{Iﬂl ﬂuﬂ "t ﬂ”” /I

OrnpeAennTeNb, COCTABIEHHBIH H3 3JIeMEHTOB KBapaTHOH MaTpPHIIEL (0€3 IepecTaHOBOK) Ha3bIBAETCS
OIIPEAEIIHTEIIEM MATPHIIEL A.

&(A) _ 21 22 2n

nl n2 nh

Yucno ain a2 - a1 a2 Ha3bIBAaeTCd OITPpEACIIHTCIIEM BTOPOI'O IIOPAAKA H o003Ha4YaeTcsI CHMBOIIOM

&l ol
1 12
A=

= lyy —dpdy -

ty Uy

OHPE,I[EJHITEHEM TPETBEFG HGPH,I[I{H HA3SBIBACTCH YIICIIO.
ay Ay

¥

A=la, a, Gy|=a,0,05 10,0505+ 050,505 — A30503 — Q) A3 0y — Ay oAy,

s dypy d

CXeMaTHYeCKH BBIYHCIIEHHE OIPeJeINTEIsl TPEThero IOpsSAKa BHIIJIIAHT CIEAYIOIHM 00pa3om
(ITpaBHIIO TPEYT OILHHKOB HIIH ITpaBIIIO Cappyca):

2 13 | 13
ﬂ’;[ 5, ﬂfg_; = o

Z Z 23
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A = ﬂIIAII +ﬂI2AI2 +ﬂI3AI3; A= ﬂIIAII +ﬂ2|A2| +‘13|A3|

A=a, Ay +anyAy +ayzAy: A=ay,A, +anAy, +ayAg,

A=ay Ay +ayAy +apAy; A=apAp+ayAy +agA;,

HEIHPHMEP: PA3JIOKEHHE OIIPEACIOITCILA 110 3JICMCHTAM HEpEGﬁ CTPOKH.

o a
22 2. —|—.ﬂ,|2 .(_ 1)|+2 21

s

d a
23 4 ﬂ|3 . (_1)|+3 21 _

sy

A = a, _(_1)|+|

sy sy

= A, (Ay,ay —AnAy)— A, ()0 — Ay 05,)+a;3(Ay 0y —aya, ) =

= A Ayylyy T A Ay sy T A0y Ay — A3y — 005Uy — 304,05,

PaznokeHHEeM ITO 3IeMeHTaM CTPOKH HJIH CTONIOIa MOXXHO BBIUMCIIHTH ONpEeAeIHTeNb TH00ro Io-
psiika. B KadecTBe IpHMepa pacCMOTPHM OIPEAEIHTEIbh YETBEPTOr O IOPSAKA H PA3IIOAKHM €ro II0 3JIeMeH-
TaM IIEPBOI CTPOKH.

IIpuamep 2.
1 -1 2 3
1 -1 4 1 -1 4
! 1_141(1)‘“313(1)(1)‘”21 3
— o [ — 4+ (— . [ — +
2 3 1 3
1 0 5 3 0 5
3 0 5
1 1 4 1 1 -1
+2-(-D"™12 3 3+3-(-D"2 3 1|=1(5+0-3-4-0+15+
31 5 31 0

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

—13-6+2-(-17)=3-9=13-6-34-27 = —54

JlaHHBII OIpeJeInTelh MOKHO BBIYMCIINTE HHEIM CITOCOOOM, IIPHMEHHB 3JIeEMEHTApHEIE ITPeo0pas3o-
BaHHS K CTPOKaM OITpeJeHTeld. A HMEHHO, YMHOKIM 3JIEMEHTHI IIEPBOH CTPOKH Ha (-1) H CIIOXKHM C 3I1e-
MEHTaMH BTOPOI CTPOKH, 3aTeM YMHOKHM 3JIEMEHTHI IIepPBOH CTPOKH Ha (-2) H CIIOKHM C COOTBETCTBYIO-
IITHMH 3IIeMeHTaMH TPeTheH CTPOKH H, HaKOHEL[, YMHOKHM 3JIEMEHTHI IIePBOH CTPOKH Ha (-3) H CIIOKHM C
COOTBETCTBYIOIIHMH C 3JIEMEHTaMH YEeTBEPTOH CTPOKH. Torja ITOIYyYHM OIpe[elIHnTellb 4-To IOpsyKa, B
IIEPBOM CTOJOIE KOTOPOI'O CTOST HYIIH, KPOME IIEPBOH CTPOKH, T.€. IIOIy4YaeM OIIpeelHTelb BHA:

1 -1 2 3
2 -3
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

K OHMPOJIbHbBIE 6 0NPOCHL U 3 aoaHua:

1. Kakmie MaTpHIIBI MOKHO CKIIQAbIBATh H ITO0 KAKOMY ITIPaBHITY?

L )
7 Lartrmmar amATraTharamr ARTTATTaAaT  ATTAMATITIT

AJOKYMEHT NOANMCAH
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4. Kaknmu cBoiicTBaMH 00Iagar0T OIepalisa YMHOKEHHUS MAaTPHI[BI HA YHCI0? ECTh I OTIIHMYIMS OT
CBOFMCTB YMHOKEHHS Y Ccen?

5. UTo Ha3wkIBaeTCA ONpedeHUTEIEM KBaAPaTHOH MaTPHIBI?

0. /laitre ompeneneHne MHHOPa H alredpanyecKoro JOIMOIMHEHH I JIEMEHTA OIPEIeIITENS.

7. Kak BEIUHCIIHTG OITpeJelIHTeNb, pa3iaras ero o IIpoOH3BOIEHOH CTPoKe HWIH cTonoiy? Chopmy-
IIHPYIITE COOTBETCTBYIOINYIO TEOPEMY H HAITHIIHTE (DOPMYIIBI Pa3IOKEHHS OIPeIeIIHTENsS IO 1—0il CTPOKE
(k—my cTonoy).

8. Hamru nmpoussegeHHe MaTpui] A H B.

0 1 1 2 0
1. A= , B= ,
[5 l] (3 4 SJ

1 2 0) 1 2 0
2.A=[0 3 1|.B=|0 3 1|
0 1 2, 0 1 2,
(-3 2 —1) (4 5 1)
3.A=| 5 6 1 |[.B=|-3 2 1|
-2 1 -7 8 -3 2

-1 3
2. Hafith A~ ecrmt A= :
2 -4

3. BBEIWHCIHTE OIPEEIIHTED

1 3 7 2 4 5 1 1 1 1 1 1
I. A28 26 56, 2-A=13 1 -1 3.1x y <z 4.1 14+a 1
3 -4 6 2 0 0 x oyt 7 1 1 1+b
I -1 2 3 =2
4 0 2 0 -1 3 —2 | I -1 2 |
5 &:1 3 -1 2 6.&:_4 2 2 712 1 3 -2 1
01 0 5 -5 1 5 3 ) 1 -2 3
2 4 3 1 0 4 2 -1
-2 1 3 4 5
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Ipakmuueckaa paboma Ne2. Memoost perieHua cucmem JTUHECUHBIX YPAGHEHII.

Ilens: PacCMOTPETH pa3IMYHBIE METOIBI PEIIEHHS H 3aKPEINTh HAaBBIKH perneHms CJIAY.

OcHo6bl meopuu.

CHcTeManUIHHEeHHBIX }’I)EIBHEHI]IUI CNIICPEMEHHBIMIT HMCECT BHI .

a,x, + apx,+ -+ +a,x,= b,
ay X, + ApX, + - +ay,x, = b
9 o
kﬂrrrl”}:l + Hml”}:l + - +a "}:n — b

M

rae d; (1=1,2,...m; =12, ..n), bk (k =1.2, ....m ) - 3aaHHBIE JeHCTBHUTEIbHBIE YHCIIA.

Uncma d; 1=1,2,...m;)= 1,2, ... ,n) Ha3RIBAtOTCA KO P HIMEHTAMI CHCTEMEI, @ YHCIIa bk (k = 1.2,

...,m) - CBOOOIHBIMH YJIeHaMH CHCTeMBbI JIMHEHHBIX anreOpandeckux ypaBHeHHH (CJIAY).

MaTpHIBI
4 . ™ ;" . N
ﬂll ﬂl] ﬂlrr ﬂll HI] Hln bl
ay dy o dyy, — ay,, dy a4, b,
A= H A= , KOTOPBIE COCTABIIEHBI M3 KO3 (HIH-
\d ml ﬂm? T ﬂﬂ]‘flj II"\"‘:IJ'.T?I Hm:’. T ﬂr.‘rm bj'n-"'II

eHTOB ITPH IIepeMeHHBIX H CBOOOJHBIX YJIEHOB CHCTEMEI, Ha3bIBalOT COOTBETCTBEHHO MATPHI[EH CHCTEMEBI H
PaCIIHPEeHHOH MaTPHIEH CHCTEMBI.

PaccMOTpHM CHCTEMY TPEX JIMHEHHBIX YPABHEHHH C TPEMS HEH3BECTHBIMH Aj, A5, Ag:

a, X, +d,X, +d X, = b,,

A

Ay X, + Uyy Xy + Ayy Xy = b

23773 27

Ay X, Ay X, A X = bﬁ,

rae d; - Ko3((UIMEHTH ITPH HEM3BECTHBIX, b, - cBOGOMHBIE WITEHDL (ImpaBble YacCTH) CHCTEMEI

ypaBHeHHI. Onpe/leInTelb TPEThEro MOpSAKa A , COCTaBIIEHHBIT H3 KOA((HIMEHTOB IIPH HEH3BECTHBIX,
HA3BIBAETCS onpedeniinieiem CLcmemsl.
PenniM cHcTeEMY JIMHEHHBIX YPaBHEHHH METOIOM OOpaTHOH MaTPHIIHI:

2, +x, = 3x, =5,

e

X, —2x, +2x, =17,

X +x +3x, =4

e

BeenéM cneavrorie 0603HaYEHHA:

2 1 -3) x ) -5)
A=|1 -2 2|, X=|x,|, B=|17
1 1 3) X, 4,
BEIYHCIIHM OIIpCACIINTCIIb CHCTCMbBIL.
JOKYMEHT NMoAarcAH
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Tak kak OIIPEACIIHTCIIbD MATPHIIBEI CHCTCMBI OTJIHYUCH OT HYIIHM, TO MElTpI]I[E]A HMCCT GﬁpﬂTH}*’IO:, a

-1
PEHICHIIC CHCTEMbBI HMCCT BHII. X — A B .

Tl HaxXOXJIeHHS OOpaTHOH MaTPHII A~ BBMHCIHM alreOpaHyecKHe JOIIOIHEHHS BIIEMEHTOB
MaTPHIIBLA

-2 2 I -3 1 -3
A":|1 S Aﬁ':_|1 3|:_6" A“_|—2 2|:_4’
A|3:_|l 2:_1,, A33:|2 —3:9" Au:—|2 _3|=—7-,

1 3 1 3 |

I -2 2 1 2 1
A”:|1 1|:3’ A33:_|1 . A33:|1 —2|:_5‘
Martpuiia A B , 0OpaTHas KA, 3alHINETCS CIIEAYIOIHM 00pa3oM

(-8 —6 —4)

A~ :—i_ -1 9 -7

26\3 -1 -5,
MarpHyHOe pellleHHE CHCTEMBI HMEET BHI:

(x, ) (-8 -6 —4)\(-5) (—78) ( 3"

X =|x, :—% -1 9 T 17 :—% 130 |=| -5 |,

\A3 ) (3 -1 5)U4) —2) (2,

OTCIOJIa CIIEIYET, YTO A| = 3, x,=-5, x;=2.

I[Tpn yemormH, uto A # 0 TO eHMHCTBEHHOE PEINleHHE CHCTEMBI BRIpaKaeTcs gpopmynamu Kpamepa:

Penmmrs 1o popmyiram Kpamepa cieayronyro CHCTEMY JTHHEHHBIX YPaBHEHHH
, X, —2x,+x,=-4

e

3x, +2x, +5x, =2.
4x, = Tx, = Sx; = -5

1 -2 1
BHayane HaiizeM onpegennutens cucteMsl A =13 2 5| =-10-40-21-8 30+ +35=-74. A
4 7 -5

#0. CremoBaTelbHO, pacCMaTpHBaeMasl CHCTEMAa HMeeT eIHHCTBEHHOE PellleHHe. BRIYHCIIHMM OIPEHETHTE-
A LA, LA,.

AOKYMEHT NoanmncAH
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4 -2 1 1 -4 1
A =12 2 5/=40+50-14+10-20-140=-74, A, =13 2 5/=-10-80-15-8-60

5 7 -5 4 -5 -5
| -2 -4
+25=-148A,=3 2 2| =-10-16 + 84 +32 -30 + +14=74. TaxuM 06pa3oM, PelllcHHE JaHHOI
=7 =5
CHCTEMEI HMeeT BHJ: x, = % - :_;: -1, x, = ‘i’ - __1_;8 —2, x = % - _7_; - 1.

PaccmorpuM perenne CJIAY metromom 'aycca. Merton ['aycca 3aKkiIFOYaeTCsB IIOCIIEA0BATEIIFHOM

HCKIIFOYCHHNH HCEH3BCCTHDBIX. l[J'L‘rI }",[[DﬁCTEﬂ BBIIIHIIIEM PACHIHPCHHYIO MATPHIIVH IIPHBCIACM ee K Jauaro-
HAJIbBHOMY BHAY C IIOMOIIBIO 3JIEMCHTAPHBIX HpEGﬁpﬂBGEElHI]IUI.

(2 1 -3|-5" 1 1 3|4 1 1 3| 4)
I =2 2017 |55 1 -2 2|17 o > 5o > 0 -3 1|13 |5
(11 3|4 2 1 -3-5, - Cl0 -1 -9]-13,
11 3| 4 ) (1 1 3] 4 )
|0 -1 —9-13 |—5—|0 -1 —9-13]
0 -3 -1/ 13 | 0 0 26|52

BrrromHiM oOpaTHBIH X0, 3aITHIIEM CHCTEMY,HCXOI H3 KO3((HIHEHTOB IOcIeJHEH MaTPHIIBL, H
TIOCIIeJOBATEeIbHO HailleM HeH3BeCTHRIE.

-

(3 +x, +3x, = 4 X =2,
‘%'—.Iz_gxiz_l?)ﬁ IE:13_9I3:_5’
26x, = 52, X = 4—x, —3x, =3.

o

.

K OHMPOJIbHBIE 6 0NPOCHL I 3a0anua;

Hcnoms3yss popmyiel Kpamepa 1 MeToT 0OpaTHOH MaTPHIIBI HAaHTH peleHHd cieayromux CJIAY:

3x, +2x, + X, =5 [ x,—2x,+3x,=6 2x,—x,—x; =4
C32x,+3x, +x; =1 22, 42x, +3x, —4x, =203, {3x, +4x, - 2x; =11,
2x, +x, +3x; =11 3x,—-2x, -5x, =6 3x, - 2x, +4x, =11
Penimre crnexyroe cHCTeEMBI METOAOM ['aycca.

(2x, +4x, +4x, +6x, =18

dx, +2x, +5x, +7x, =24

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

| 2x, +8x, +7x;+3x, =6

I —
b,
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Ipaxkmuueckaa pavboma Ne3. Pyukuuu u npeoenst. Memoost nPUdIUIHCEHHOZ20 6 bINUC/IEHUA

3HAYEeHUI PYHKUUIL.

Ilens: ChopmHpoBaTh HABBIKH BBIMHCIEHHS ITPeJelIoB (PYHKI[HI, a TaKKe BBEIYHCIICHHS ITPHOIIH-

’KEHHBIX 3HAUEHHIH () YHKIIHI.

OcHoebl meopuu:

IIycTe pyHKIIUSA y= f(x) 3aJJaHa B HEKOTOPOIl OKPECTHOCTH TOUKU d, 3a UCKJTFOUEHU-
eM, MOET OBITh, caMOIl TOUKHA.

Yucmao A HazbIBaeTCsd mpeoeiom @QYHKYUU f(x) B TOUKe X=d, €CJIN JJIS JTF00ro II0-
JIOKUTEIBLHOTrO Yncia € >0 HalAeTcsd Takoe IOJIOKUTEIIBLHOE UNCIIO (&) =0, YTO JJII BCeX

X , VIOBJIETBOPSIIOMUX HepaBeHCTBY (< ‘I— ﬂ‘ <0, BBIIIOIHAETCS HEPABEHCTBO |f(x)— b <= . B
3TOM CJIy4ae 3allHCBEIBAalOT lim f(x) = A.

X—l

JlammM reoMeTpUYECKY O IWIUTFOCTPALIIIO ITIOHATH IIpejieia PyHKIIUN B TOUKE

(puc. 1.)
vh
h+¢ x
Nl e e T T
I | e
— >
0 X
Pucynoxk 1.

IL.]IH BCEX TOUEKX, OTCTOAINUX OT TOUKH a HE JallbIlle, UEM Ha o , TOUKH M r'pa(bmca
(]I’)}"HKL[HH f(x) JICKAT BHYTPH  IIOJIOCEI I_HHpHHDﬁ ZE:, Dl"pElHHT—IEHHDﬁ IPAMBIMI
v=b—&, v=b+e&.

PHCCMDTPHM HCKOTOPLIC ce01lCmea Hpé‘@@ﬂﬂﬁ ti?yHHHHﬂ.

IIycTh im f(x)=A,IIm g(x)=B , C- mmocTogHHadg BeJITUIIHA ,TOT/Ja

X—»dl =1
]. limC=C>
X=a
2. Hm(C f@)=C-limf @ =C A
X = X =h1
3. Hm(C fe)=C-[imf()=C- A
4. lim (f(x)+g(x))=1lmf(x)+1lim g(x)=A+B,
OOKYMEHT NoanwncAH
SANEKTPOHHOWM NOANMUCHIO -A-B,
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|

lim =, i 0.
M%) fme(x) B €CIIN lim g(X) #

X—a

6. =

X—d

Jlea 3ameuamensvHulx npeoena
I IepBEIll 3aMeUaTENbHBIN HIPEISI IMEET BU/I!

. sInx
Iim =1.
=0 x

Bropoli 3amMeuaTebHBIN [IpeAesI UMEET BU:

| X
lim [l — —j = e,
X—>»aD X

yi
- X _
xlinﬂ(l + I) = e.

PaccMOTpuM IpUMEpPHI Ha BEIUNCIICHNIE IIPeAe/IOR (py HKITHIA.

. 12x% + 5x
I1pumep 1.BerancnuTs opeen = Ax2 47

Pemenue

HpH IIOACTAHOBKC IIPCACIIBHOI'O 3HAUCHIA dAPI'YMCHTA IIOJIYHACM HCOIIPCACIICHHOCTD
o0

BUIIA — .
27

B IIPHMEPax HD,[[D6HDFD THIIa HHCIIUTCEIIb 1 3HAMCHATCIIE JCIIAT IIOWICHHO HA Kn,

2
rgen -CTENEHbL MHOTOWIEHA B 3HaMEHaTele. Pa3iennM dnucIuTelb 1 3HaMEHaTelIbL Ha Ha X .
B peayibTaTe HoJIyUnM:

12+E
]jmlzfjsx:ﬁm J_} :124+(;}:_’
.1—}:!::_41 47 X—> _4+ : — 4+
22
Tax xak, mpu X —> 0 QyHKIIN 2w L CTPEMSTCS K HYIIIO.
X X~

. X —4x"-3x+18
ITpumep 2.Boruncints npegen m

=3 x0=5x" +3x+9

HpI’I ITIOACTAHOBKC IIPCACJ/IEHOI'O 3HAYUCHIIA aPI'yYMCHTA IIOJIYHACM HCOIIPCACIICHHOCTD

BIT14 [—} , YTOOEI €€ PAaCKPEITE Pa3JIONKIM HUICIINTCIIE 1 3HAMCHATCJIb Ha MHOZKIITCIII.
0

x°—4x® —3x+18= (I—3X.IZ2 —x—ﬁ): (x—3X.x:—3)(x+ 2): (.1:—3)2(.1:+ 2)
X’ —5x"+3x+9= (I—3XI2 — 2x—3): (x—31x—3)(x+1): (.17—3)2(.1:+1)
X —4x? -3x+18  (x-3)(x+2)

x°—5x" +3x+9 (.x:—S)E(erl).

OOKYMEHT NoarnncAH ( 3)2 _
SNEKTPOHHOW NMOANMMCHIO . MHOXXHTECIIE (X — , B PC3VYJIBTATC IIOJIYVHIIM.
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TIpumep 3.BLIUUCINUTE Ipeae lim 13— 2Vx+l

x—=3 3 .IE . 9

HpI’I IIOJCTAHOBKC IIPCAC/IbBHOI'O 3HAHUCHI apI'YMCHTA IIOJIYHACM HCOIIPCIC-

JICHHOCTD EIi[,JE[nE’L(—)I \ yTOOEI €€ PACKPBITE YMHOZKIIM HHCIIMTCIIE M 3HAMCHATCIIE Hd BBIPAXKC-

0
HIEC, COIIPANKCHHOC HHUCIINTCIIFO,4 BBIPAXKCHIC, CTOAIICC B 3HAMCHATCJIC PA3JIOKHNM Ha MHO-

KUTEIIIN.
A3 ar (Va3 -2V a3+ 20a 1)
=3 xr-9 = fx=3) o+ 3)Wax 13+ 24x +1)
_ 1 —3x+9 . _3(;{_3) )
y—3 3 _ 23 s 1 1 B
’i\/.I 3\/I+3(«/I+13+2‘\JI+1) X (I—3)3(x+3)3(m+2\/E)
— lim —3(x -3 0.

(o4 3 (War 13+ 2435 1)

sin 3x

lim
1Ipumep 4.BEIUnCIUTE IIpeaest 50 Ax

. 0
HNmeem HCOIIPpCACIICHHOCTE BI/4d E , PACKPOCM €C C IIOMOIIBIO IICPBOI'O 3aMCHATCJIb-

HOI'O IIpCcAciia.

o osin3x .. 3smm3x 3. sin3x 3
Iim = Iim — —|lim = —,
=0 4x x—0 4-3x 4 x—0 3x 4

. 2xsmx
IIpumep 5. Beiaucauts mpegen lim :
=0 ] —cosx

Bocnonb3zyeMcsl TpUrOHOMETPUYECK MU POP MY JIAMU:
> X X X

2sm” —=1—cosx; sinx =2sin—COS—, B pesyJbTaTe NOIYUIM
2 2
. X X X
5 sin x 0 2x-2s81n —COS — 2X-COS —
lim = —| 2 1= lim 2 2 _ jim 2 _
—0 ] — cos x () x—=0 . 2 X r—=0 . X
2sin” — S1n —
2
, X
2limcos —
x—=10) 2 - 1
j— J— _ 4
. X 1

1 S1n — —-1

~ .lim—2 2

2 x—=0) X

2
NOKYMEHT NoanncAH _ 2x-1
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- 4]
HD,[[CTELHDEHEL HPCACIIbHOI'O 3HAYCHIA IIPHUBOJANT K HCOIIPCACJIICHHOCTH BI1/ld 1 .
)_I.]IH ee PAaCKPLBITIIA BOCIIOJIE3YCMCAH BTOPBIM 3aMCHATCJIbHBIM IIPCACJIO M.

e 1 N\ 2x ‘ | 1 o
-1 =3 3x—1Y)" lljinm l_3_
lim — lim| —3% | .Jim = =/ 1=
o\ 3x + 4 ol 4 r—o 3x 4+ 4 . 4\
I+ — lim|1+—
\ 3x J T30 Iy
2
i -3x\ 3
lim||1+— 2
X—30 — 3x e 3 _10 1
p— p— p— E' 3 p— ———
4 \a : 2
p \ % 3 3 3
Im| |1+ L
X—> 3x
. 4 )
\ J
KonmponoHsle 6onpocst 1 3a0 aHuA:
1. OnpenernieHue nmpegena (QyHKIHH.
2. OCHOBHBIE CBOHCTBRA ITPeAelIOB (DYHKITHH.
3. MeTonpI BEIYH CIIEHHS IIPeJelIOB (DYHKIHIA.
4. IlepBBIH 3aMeYaTEIbHBIH IIPEIECT.
5. Bropon 3aMeyaTelsHBIH IIPEJIE.
0. BEIYHCIHTE Tpeienbl (PYHKITHH:
2 2
. X +5 . x —49
1.lim * 2. lim
x—»d 3x — 4 x—s7 X — T
: 2I2‘|‘I_l 31||'I_6_|_2
lim —; , 4. Im —
H% 2x" +5x-3 =2  x +8
. 5x’ +4x-8 242 — Dyt 4
5. lim 6. lim —— =

o 8x? +6x° +1° 45 x —x-3
V2 +1++/x sin 5x

7.1im 8.1im *
X —X0 4’2{3_'_:{ _XE x —3() Sin2x
. 1—cosx .. tgx—sIinXx
0. lxli{r} > * 10. ]15} . .
X X X
w2 ) 5
) X+ - X
10.I1m * ]Q*E(l—l— 2x)x

ool 2x% -1

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

16



Ipakmuueckaa paboma Ned. [Ipouzeéoonan u ougpgheperunan hyHkuu 00HOI nepemeHHoIL

Ilens: ChopMHpOBaTh HABBIKH BEIYHCIEHH S IIPOH3BOHBIX CIIOKHOH (PYHKITHH.

OcHo6bl meopuu.

Onpedeneniie NPoL3E00HOLl

lIpouseoonoii  @yuxyuu y=1(X) Ha3pIBaeTCd IIpelell OTHOIUEHHS ITPHPAIleHHSI (PYHKIIHH K
COOTBETCTBYIOIIEMY IIPHpPAILleHHIO apryMeHTa, KOrjla IIpHpalllcHHEe apr'YMEHTa CTPEMHTECS K HYIIIO:

' : Ay : F(x+Ax)—f(x)
= Imm — = Iim
f (I) Ax—0 Ax Ax—0 Ax

EcmH 3TOT Ipejiel KOHEYHBIH, TO IIPOH3BOAHAS cylecTBYeT H PyHKIHS f (X) HazpiBaeTcsa TH]e-

- dv -
DEHIMpPYEMOil B TOuKe X. [Ipon3BojHas o603HauaeTesy' (X) win <2 . [Iporecc HaXOKISHHS ITPOH3BOIHOIT
dx

Ha3bIBaeTCA JH(depeHIHpoBaHHEM (PYHKIHH.
IIpaeuna ougpepenyupoeaniis pyu i
[IycteCe R— mocTosHHAA, 12 = 1 (x), v = v(x) — (YHKIHH, HMEIOIIHE ITPOH3BOJIHEIE.
1. C'=0. 2.(Cu)' =C - u'.

3. (uxv) =u"= v 4. (u-v) ' =u"-v+u-v'.
f

f !
5.(E) ~u'v—uy

T

IIpaeuno ouggepenyupoeaniia cnoxicnoii pyuxyiil
Ecrm dyuaxammg y = Au) middepeHipipyemMa mouw, a GyHKIMI = ¢ (x)aHddepeHIHPYyeMaIio x, TO
ITPOH3BOIHAS CIOKHOH PYHKIMHY = f{p (x)) onpenensercs GopMynoH y' =f " (u) - u' (x) .
Tabnuya npoirz600HbIX CIONCHBIX (QVHKILLLI
1. (") =n-u""u'.
f

F r
. U . o ( ) r
lﬂ* (’\/E) _zﬂ/ﬁ* 16 (H l):% :—%*
r r
2. (a”):a”-lna-u', 2{1.(6’”):6“*”'.
r ! d f
o u _u
3. (log ,u) = i 3a.(Inu) =7
4. (sin u) =cosuu'. 5. (cosu) =—sinu-u'.
f
f
6. (toy) —_ U 7. (cteu) = — —U__
(g ) QDSZM, g Sillzf,{
arcsin u) = L (rceos u) =~
Q larcsin i) = , 9 (arccos u) =— ,
1—u? 1—u?
r r 4 r
10. (arctg u) = et 11. (arcctg u) = s
NOKYMEHT NOANUCAH
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IIpouzeodruvie emopoeo nopsaoka

IIpouzeoonoii emopozo nopadka (emopoil npouzeooroil) 0T PYHKIMH Y — f (Ji) Ha3bIBaeT-
CsI IIPOH3BOIHAS OT €€ IPOM3BOIHOI, T. €.

ffx)=(f'(x)".

-
" d B
BTopyro ImMpous3BOAHYIO TaKke 0003HayaroT Y (I) HITH '3 . IIponsBogHas OT IIPOH3BOI-

e

X
HOH BTOPOr'O IIOPSAKA HA3BIBAECTCS MpOU3600HOIl mpembe2o nopadxka U T. 1. IIpOH3BOJHYIO n-TO IOPSAKa
n
n d
0003HAYarOT y( }(x) HITH f :
dx

[TokaskeM Ha IIPHMepax, KaK CIEAYeT ITOIb30BaThCS IIPHBEIEHHEIMH BEIIIE (GOPMYTIaMH.
. 2,2
IIpumep1. Haiitn mpon3BogHyro: ¥ =C0S (X”).

y'=2cosx? ) (cos(x ))r —2cosx?)- (-~ sin(x ))r (x? )r —2x -sin(2x? ).

IIpumep 2. HaliTH IIpoH3BOAHYIO: Y = arc Siﬂ\f; .

|
P Y B Y S
\/1_(\/;)3 JI-x  24/x —x>

IIpumep 3. HaHTH IPOH3BOJHYIO: Y = ln(arctg\f X — l).
PertieHue.

, (arctgw*x—l),_ 1 ( x—l)’ 1

1
y:

arctgv/x — 1 _arc[gx;’x—l 1+(m)' _arc[gxfx—l 2\/;{3_};3*

X X
IIpumep 4. Haliti IIpon3BOIHYIO (PYHKIIHH VY = Intg———
2 smnx
= 1 1 I smx—xcosx _ 1 _ SINX—XCOSX _ SINX—SINX+XCOSX _
' e cos? 2 2 sin” x 5 gin > cos sin” x sin” x
2 2
_ XCOSX
sin® x
2x”
IIpumep 5. HaiiTH ipoH3BOIHYIO (YHKIHH YV = arclg R
- X
= . 8x’(1—x")—(—8x")2x’ _ (1-x*)(8x"—8x'" +16x") B 8x” +8x" _
T (. 4x° (1-x%)° (1+x")*(1—-x%)* (1+x*)°
(I-x%)°
B 8x'(1+ x*) B 8x”
a NOKYMEHT MOANMWUCAH

SNEKTPOHHOW NOAMUCLIO
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2. ChopMymHpYyiiTe OCHOBHBIE ITpaBHIa U] epeHIIMPOBAHHAL.
3. 3armuimTe TadIHITY IPOH3BOJIHBIX.

4. Kak onpefieseTcs IIpOH3BOAHAS BTOPOr o, N-T'O ITOPsIKa?

5. HaiiTH ImpoH3BOTHYIO (D YHKITHH.

L. y:‘i{/(3+4@)].

\/1+ X °
1
3. = arct .
4 g1+x2
2_
4. y=In X2

\/(6 —2x° )3 |
5. y = Inlntgx

.1
arcsin—

0. y=e *
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Ipakmuueckas paboma Ne5. Memoost ucciedoeanHus u NOCHPOEeHUA 2PpAPUKOE PYHKUUIL.

Ilens: OopMHpPOBaHHE HABBEIKOB ITPHMEHEHHS JIH((]epeHIHAIEHOI0 HCYHCIEHHS K ITOCTPOEHHIO

IrpapHKOB () YHKI[HIA.

OcHoebl meopuu:

Paccmorpum QyHKIMIO y = £ (x), HEIIPEPBIBHYIO B TOUKe X(). Touka X Ha3bIBAaeTCS moukoll MaxK-
cumyma (MuHumyma) Qyuryuu y = f(x), €CIH CYIIECTBYET TaKasl OKPECTHOCTh TOYKH X(), UTO IJII BCEX

X # XoH3 5TOH OKPECTHOCTH BEHIIOIHSAETCS HEPaBEeHCTBO fx)<f (I{)) (f(x)> f(x))). Buauenmue

(pYyHKIMN B TOYKE MaKCHMyMa Ha3bIBacTCI MaKCHMyMOM (DYHKIMH: Yiax — f (Imax).BHali[EHIIE  YHK-

I[N B TOUYKE MHHHUMYMa HA3bIBACTCSA MUHUMYMOM (PYHKIHH: Y i — f(x min ) *

Touky MakCHMyMa H MHHHMyMa (DYHKIIHH Ha3BbIBAKOTCS 1MOYKAMIL SKCIIpPeMyMa @yHkyui. 3Hade-
HHS (PYHKIIHH B TOYKaX SKCTPEMYMA HA3BIBAIOTCS SKCHIpeMyMamil (QyHKLfLiLL.

Ecnn dyHKIMa y = f(x) HMeeT B TOUKe X SKCTPEMYM, TO fr(.lfg) =0 wwm fr()fg) HE CYIIEe-
CTBYET — Heobxooumoe ycnoaue skcmpemyma. OTCIOAa CIeAYeT, YTO TOYKH SKCTPeMyMa (PYHKIIHH CIIeAyeT

HCKaTh TOIBKO CPEIH TeX TOYEK, B KOTOPHIX IMPOM3BOAHAS (DYHKI[HH PaBHA HYJIO WIH HE CYIIECTBYET, Ta-
KHe TOUYKH Ha3BIBAIOTCS Kpumityeckumil WIIH CriaijiioH apHuimil TOUKAMH () YHKITHH.

Ecnu GyHKIMA y = f(x) HEIPepPBIBHA B HEKOTOPOH OKPECTHOCTH KPHTHUECKOHN TOUKH X() M IH(-
(pepeHIHpyeMa B 3TOH OKPECTHOCTH (3a HCKIIOYEHHEM MOXKET OBITh, CAMOIl TOUKH X()) H €CIH IIpH Iepe-

xofie X uepe3 TOUKy X (ClleBa HaIlpaBo):
| f ,
1) f (X) MeHSeT 3HAK ¢ «+» Ha «», TO TOUKa X(ecTh TOUKa MaKCHMyMa () YHKI[IH,
F -
2) f (X) MeHSIeT 3HaK ¢ «—» Ha «+», TO TOUKA X(ecTh TOUKa MIUHHMYMa (DYHKITHH,
f
3) f (X) He MeHfeT 3HAK, TO B TOUKe Xy YHKIMS HE HIMEET SKCTPEMYMA.

Ecrn B xputHieckoil Touke X QYyHKIHA y = f(x) XBaXasl AuddepeHImpyema, TO ONpeJelHTh

XapakTep 3KcTpeMyMa (eCIH B Touke X)) (PYHKIIMH HMeeT 3KCTPEMYM) MOKHO IT0 3HAKy BTOPOH ITPOH3BOI-
HOH:
r
1) ECIH f (Ig) <0 , To Xy — TOUYKa MaKCHMyMa () YHKIIHH,

2) eCIIH fﬂ(Iﬂ) > 0:, TO X() — TOYKa MHHUMYMa () YHKI[HH.

['paduk pyHKIHH Y = {(X) Ha3pIBaeTCS BEOTYKIBIM BBEPX Ha HHTepBaie (a; b) ecnu B mpesenax 31o-
ro HHTepBana rpaduk QyHKIMH vy = {(X) IeKHT HIDKe JTF0O0H CBOEH KacaTelIbHOH.

I'padpuk pyHKImH ¥ = f(X) Has3bIBaeTCS BRITYKIBIM BHH3 Ha HHTepBaje (a; b) ecimu B Ipeienax 3TOro
HHTepBana rpaduk pyHKIH y = {(X) IeKHT BEIIIe JIF000H CBOeH KacaTeIbHOM.

Touka rpadguka yuxirm y = £(X) Mo (Xo; f(Xx0)) Ha3pIBaeTCsI TOUKOH nepezuba rpadpHKa, eCIH IIPH
nepexojie X uepes Xo rpadHK MeHseT HallpaBJIeHHE BBIITYKIIOCTH.

B Touke meperuta X Bropas nmpomsBogHas GyHKM f paHa Hymo  f  (X,) = 0 (reo6xomimoe

) OOKYMEHT NoAarnncAH
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Ecmi BTOpas mpoM3BOAHAS f"(x) JABaXABI JHMPepeHIMpPyeMOH (PYHKIIHH IPH IepexXoje uepes

TOYKY X, MeHSeT CBOH 3HaK, TO TOYKa X, eCTh TOUKa Ieperuda e€ rpaduka (JocTaTOYHOE YCIOBHE ITEPETH-
6a).

Anzopumm tccnedoearus yHKYLLL HA GbINYKIOCHIb
11 MOoUKiL nepeuba

1. Haxoarm BTOPYIO ITPOM3BOIHYIO (PYHKIIHH f"(x).

2. HaxoauM TOYKH, B KOTOPHEIX BTOPAS IPOH3BOIHAS PaBHA HYJIIO HIIH HE CYII[eCTBYET.

3. UccnegyeM 3HAK BTOPOH IIPOH3BOAHOM CJIERBA H CITpaBa OT HAHIAeHHBIX TOUYEK H JelIaeM BBIBOJ 00
HHTEPBAJIaX BBITYKIOCTH H HAIMYHHM TO4YeK Iepernba. Ecimi BTopas Impon3BoAHAS OVIET MEHATh CBOH 3HAK
C IJIFOCAa Ha MHHYC HJIH ¢ MHHYCA Ha IIIOC B HCCIEAYEMOH TOUYKe, TO 3Ta TOYKa H OyeT TOUKOH Ieperuda
rpaduka GyHKIMH. Eciti BTOpas IMpoH3BOHAas 3HaKa He MeHSIeT, TO (PYHKIM S He HMeeT To4ek Ieperunda.

Acumnmomut epaguxa gyuxyii
[Tpsmvas LHa3BIBAaETCS aCHMIITOTOH KPHBOIL v = f(x), €CIIH pacCTOSHHE OT TOUKH M(x; y) KPHBOMH J0
BTOH IIPSMOH LCTpeMHTCS K HYIIFO ITPH HEOTPAHHYEHHOM YA alleHHH 3TOH TOYKH IT0 KpHBOH OT Hayajla Ko-
opauHar. IIpsamas x = asaBIsSeTCS gepmuxanbHoii aACHMIITOTOH KPHBOH y = f(x ), €CIIH BEITIOJIHAETCS XOTS OBl
OJ[HO M3 YCIIOBHH

lim f(x)

x—ya—()

lim f(x)

x—a+(
[Ipsmast y = kx + b HaKJIOHHAS aCHMITTOTa KPHBOH y=f(x) IIpH X — +00 (mpH X —> —00), eCJIH BHI-
TTOJTHSFOTCS YCIIOBHAL:

im 79k tim [ £(x)—k-x]=b

x>+ A X+

+o0 (umu — o)

+o0 (U — o)

im 25k tim [f(x)-k-x]=b|

x—-—on X x—y—

YacTHBIN ciTyyald HAKJIOHHOH aCHMIITOTEI ITPH k=0u bxow - 2OPU30HMANbLH AR ACHMIITOTA y =

3x% —x+2
x—2
HaiigemoOmnacts omnpeencHus () yHKIHH D(}-’ ) = (— o0 ; Q)U (2 , T OCJ).

ITpumep 1. HaiiTH acHMITTOTHI ITpa(uKa QYHKIHH y =

Xo = 2ecTh TOYKa paspelBa rpadHka (YHKIHH, 4Yepe3 Hee MOJKeT ITPOXOJHTh BepTHKaIbHas
ACHMIITOTA.
o . 3xT—x+2 [12
Haiizem lim f(x)= lim =| —
x—>xp—0 x—2-0 x—2 | 0_
JISIETCS BEPTHKAIILHOH aCHMIITOT OH.
HarigeM HaKIIOHHYIO aCHMIITOTY.y = kx + b

— —00 clIeOBATeNIbHO, IpSAMAs X, = 2 SB-
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,
. flx) . 3x*—x+2 [o]| |pasgemmm uncrmrens
k= lim = lim =|—|= > | =
o X oo (X —2)x o0 | |1 3HaMeHaTelb Ha X
[ x——c0 | | x——co |
1 2
3——+—;
— lim XX 3
X—+0 1 . %
[x——mw |
| X
2 2 2
. . 3x"—x+2 . 3x —x+2-3x"+6x
b=lim | f(x)—k-x|= lim ~3x |= lim =
X —+o X —30o X — 2 X — o X — 2
| x——00 | | x——00 | [x——co|
2
S+—
. S5x+2 . X
lim = lim =J.
X—>+w x—2 X—>+4o0 l—g
(_I—}—'IJ) (_I—}—E:ﬂ) X
Harnomn, yrok = 3 U b = 5, cliefOBaTelIbHO, YPaBHEHHE HAKIIOHHOH aCHMIITOTEI HMEET BH Vv = 3 X +
5.
KoumponsHsie 6onpocet u 3a0 aHua:
1. Haittu oGnacTh ornpefeneHH S (DYHKITHH.
2. MccriemoBarh (PYHKIIHIO Ha YETHOCTh H HEYETHOCTE, IIEPHOHYHOCTD .
3. Mccnemopars () YHKIIHIO Ha HEITPEPHIBHOCTh H BEPTHKAJIbHBIE ACHMIITOTHI.
4. UccnemoBaTrh noBeleHHEe (PYHKIMH Ha OSCKOHEYHOCTH, HAHTH I'OPH3OHTAllbHBIE H HAKIOHHBIE
ACHMIITOTHI.
5. HaliTH 3KCTpeMyMBI H HHTePBaJIbl MOHOTOHHOCTH () VHKI[HH.
6. HaiiTu HHTepBaIbl BRIMYKIOCTH (DYHKIMH H TOYKH Ieperuoa.
7. HaiiTh TOYKH ITepecedeHHs () YHKIHH ¢ OCSIMH KOOPIHHAT.
8. ITocTponth rpadHK (yHKITHH.
9. OnpeienneHHe SKCTpeMyMa (DYHKITHH.
Hantu akcTpemymbl GYHKUUMN:
I 3 1 » I 3 1 »
l.y=—x"——x"—2x. 2. y=—x" +—x" —06x.
3 2 3 2
HaiiTu HHTepBaIbl BEITYKIOCTH, BOTHYTOCTH H TOYKH ITepernda rpaduka (yyHKITHH:
4
| X 3 2
I y="——2x". 2.y=x —5x"+3x—95
12
Haitti acHMITTOTEI T'pap)HKOB CIeXYIONTHX (pYHKIHH:
[NOKYMEHT NOAMNUCAH 2 -
SNEKTPOHHOW MOAMUCHIO 2.y = ox” +2x—-1
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Ipakmuueckaa paboma Ne6. BepoamHocmHble MO0l NPOUEccoé ynpaeieHUA.

HEJH}.’ 3EHDEI'IHTI:: HaBbIKW NPUMEHEHUNA BEPOATHOCTbIX MD,ﬂ,EﬂEﬁ B npoueccax yrnpasneHuA.

OcHoebl meopuu:

Knaccuuecxoe onpedenenite geposmuocnil.
Bepoamuocmo cobvimuia A onpenensgercs GOpMYIIOH
11
-

P(A)="
Il

TIE m — YHCIO 3IIEMEHTAPHBIX COOBITHI, OJIarOIPHATCTBYIOIIMX ITOSBIIEHHIO COOBITHS A, n — YHCIIO
BCEX BJIEMEHTAPHBIX COOBITHIL, BXOMSIIHX B ().

9’1‘ O GHPEI[EHEHIIE Ha3BIBACTCH ridcciide c KiiM GHPE@&'IE?HHEM GEPOATNIIH OCHILL.

M3 ompeenneHN S BepOSTHOCTH BBITEKAIOT CIEAVIOIIHE e€ CBOHCTBA:

1. Bepoamuocms docnogeproz2o cobwvimiia paeHa eouliife.

JIeHCTBUTEJIBHO, €CIIH COOBITHE JOCTOBEPHO, TO BCE ANeMEHTAPHBIE COOBITHS OJIarOIIPHSATCTBVIOT
eMy. B 3TOM ciiyyae m=n H, CIeJOBaTeIIbHO,

py="1_"_1
Fl Fl
2. BEPGHHIHGEHII: Heso2MOMNCHOZ20 Cﬂﬁblﬂﬂiﬂpﬂﬂ}!ﬂ H_}’ﬂfﬂ.
ﬂEﬁCTEHTEJEHD: eCJIH COOBITHE HCBO3MOXHO, TO HH OJHO 3JICMCHTAPHOC CcOOBITHE HE 6HE1TGHPHHT -
CTBYECT CMY. B sToM CIIVHAC m=0 H, CIICAOBATCIIBHO,
pony="1_9_g

Fl Il

3. BEPGRHIHGCHII: Cﬂ_}”—fﬂﬁHﬂEﬂ Cﬂﬁblﬂﬂﬁ ecrns HOJOMNCUHINENIbHOE YICT0, Z3AKTIOYeHHOe MEQ:‘C@_}J HyﬂE?M

1L eOUHLLyell.
JIeHCTBHTENBHO, CIIYYaHHOMY COOBITHIO OJIarOIPHATCTBYET JIMIIE YacTh M3 OOIIErO YHCIIa SIIeMEH-

- m
TapHBIX coOBITHII. B 5sToM cmywae O <m <m, a B3HauHT, ()< — < ] M, ClIeIoBaTelbHO,

I
0<P(A)<]1
I/ITEII{:. BEPOATHOCTD JTF000T0 COORITHA YAOBIICTBOPACT HCPABCHCTBAM

0<P(A)<I

Ecmi mpoctpaHceTBO €2 comepkuT OeCKOHEYHOE MHOKECTBO 3JIeMeHTapHBIX COOBITHI, TO HCIIOMNb3Y-
eTCs TeOMETPHUYECKOE OIpejlelieHHe BEPOSTHOCTH, KOrjla BEPOSTHOCTh ITOIAaJaHHSI TOYKH B OOy 00-
TacTh ITPOIOPIHOHATIbFHA Mepe 3TOH YacTH (AIHHE, IIIOMIaaH, 00heMy) H He 3aBHCHT OT ee PacITOIOKeHH
H (POPMBI.

mesg

P (A) = —, I'Jle Mes — Mepa JJIHHEL, IUToIam i, o0beMa, g — 4acTh o0mactH G.
mes

IIpumep 1. bpocaercsa HrpalbHBIH KYOHK. [IpOCTpaHCTBO 3lIeMeHTapHBIX COOBITHH, OTBEYAIOIIEE
TaHHOMY SKCIIEPHMEHTY, HMEET CIISAYIOIIHH BH/I; . €)= {m, ,mj,...,mﬁ}.
IIycTh cOOBITHE ACOCTOMT B IOSBJIEHHH YETHOI'O YHCIA OYKOB. COOBITHE A €CTh IIOJMHOXKECTBO.

A ‘.. ]

"IOKYMEHT NOANUCAH

SNEKTPOHHOM NOAMUCHIO .
CepTuchukar:  12000002A633E3D113AD425FB50002000002A6 3 CIIyYaHHOIO COOBITHSA AHA3BIBAIOTCS COOBITHAMH,

1 METPHH OIIbITAd HET OCHOBAHHMH CUHTATh KaKoe-ITHOO
Nencreutened: ¢ 20.08.2021 no 20.08.2022



COOBRITHE OOJIEE BOSMOKHEBIM, YEM JIFOO0E JIPYTOE.

IIpuamep 2. B norepee paserpeiBaetcsa 1000 SwieroB. Cpean HHX 2 BeIMrpenna 1o 50 py6., 5 — 20
pyo., 10—-10 py6., 255 py06. Hekro Kymmn oguH OwieT. HalTH BepOSTHOCTH BBIMIPEHIIIA He MeHee 20
pyOIen.

PertieHrie.

[To yenoBmro: 1000 = 250+520+1010+2554+95 8np currppm-

IIycte A- HckoMoe coObITHE. BeIMTpeIIl He MeHee 20 pyOneH — 3T0 BBRIMTPRIII B 20 pyOiem,
KOTOPBIH BCTPEYAETCS M=) Pa3 H BEIMTPHIII B 50 pyOieH, KOTOPBIH BCTPeYaeTCcsa mp=2 pasa. Torga m=m

+ m2.n=1000 - o0Imee KOMHYECTBO BCEX OHIIETOB. P(A) = m_s+2 _ 0,007.

n 1000
IIpumep 3. M3 90 cayyaiiHO OTOOpaHHBIX OAHHAKOBBEIX JeTajIeH BBISIBIEHO 3 OpaKOBaHHEBIX.
OTHOCHTENBHASA YacTOTa OPaKOBAHHEIX JIeTaJIEH paBHA

3 1
90 30

[Ipn yBenHYEeHHH 4YHCIAa MCIIBITaHHI (OIBITOB) HaOIMIOJAeTCAd YCTOHYHBOCTh OTHOCHTEIBEHOHN
YacTOTBI, T.€. CVIIECTBYET HEKOTOpas IIOCTOSHHAs BEIMYMHA, OKOIIO KOTOPOH  TPYIHIHPYETCH
OTHOCHTEJIbHAS YacTOTa H K KOTOPOH OHa Bce OONBINE MPHOIIKAETCS C VBEIIHUYEHHEM YHCIIa HCITBITaHHI.
DOTa TIOCTOSIHHAS BelIHYHHA HAa3BIBAETCS GeposmHocmbio cayyaiiHozo cobsimiu B 00o3HavyaeTCcsIP(A).
PaccMOTpeHHOE ITOHSTHE BEPOSTHOCTH CIYYAHHOIO COOBITHS SBISETCS CTAaTHCTHUECKHM OIIPEEIIEHHEM
BEPOSITHOCTH.

W(A) =

[IycTth cOOBITHSA A H B — HECOBMECTHEIE, ITPHYEM BEPOSTHOCTH 3THX COOBITHH JaHBI. Kak HanTH
BEPOSTHOCTE TOT'O, YTO HACTYIHT MO0 COORITHE A4, OO0 COORITHE B, T.€. BEPOSATHOCTh CYMMBI 3THX COOBI-
THH A+B"? OTBEeT Ha 3TOT BOIPOC JAeT CIeAVIOINas TeOpeMa.

TeopeMa cJ107KeHHA BEPOATHOCT €l HECOBMECTHBIX COOBITHIL. Beposmuocmy cyMmbl 08YX Heco6-
MeECNMHBIX Cﬂﬁblﬂﬂfﬁ' PdceHd cyMMe EEPGHHIHGCHIEIE IMX C-‘S‘ﬁ bIINLLLL

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

TeopemMa yMHOKeHHSI BepOATHOCTEHl HE3aBHCHMBIX COOBLITHH. Bepoamwuocms npoitzeedeniis
06X He3aeLCUMbIX COOBIMLIL PAGHA NPOLI3Ge0e 0 epOSMHOCHIell SMLX CODbIMLIL:

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

CaeacrBue.Beposmuocms npouzeedeniis HecKOMbKUX He3A6UCUMbIX cObblmiLl paeHa Npolizeede-
HLLIO @epOosIMHocIell SMuUX cobbIMuUL

P(AI .AE "".An) — P(AI)'P(AE)""'P(AH)*
TeopemMa YMHOKeHHS BEPOATHOCTEH 3aBHCHMbIX COOBITHI. Beposmmuocms npouszeedenisn oeyx

3A6UCUMBIX cODBIMLILL PAGHA NPOLI3Ee0CHILIO GePOINIHOCHILL OOHO20 13 HUX HA YCIOGHYIO 6ePOSMHOCHb OpY-
2020, GbIULICTICHHYIO 6 NPeOnOoNOMCeH L, Ul o Nepeoe cobbinile Vice HACIYVALLILO:

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

IIpumep 1. B ypHe 30 mapoB: 10 kpacHBIX, 5 CHHHX H 15 OerbIxX. HalTH BEPOSATHOCTE ITOSBIIEHHS
I[BETHOIO IIapa.

[TosBIIEHHE IIBETHOT O ITapa O3HAaYaeT IMOSBIIEHHE THO0 KPacHOro, THOO CHHETO IIapa.

BeposSITHOCTD MOSIBIIEHHS KpacHOr o Imapa (coObITHe A)

pay-10_ 1
30 3
BeposSITHOCTH MOSIBIIEHHS CHHETO Inapa (CoOBITHe B)
NOKYMEHT MOANUCAH _ i _ l *
ANEKTPOHHOWM NMOANUCHIO — 30 — 6
CepTudmkar:  12000002A633E3D113AD425FB50002000002A6
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1 1 1
P(A+B)=P(A)+P(B)=—+—=—.
3 6 2
Tak KaK IIPOTHBOITONIOKHEIE COOBITHS BMeCTE 00Pa3yIOT JOCTOBEPHOE COOBITHE, TO

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

TIO3TOMY
P(A)=1-P(A).

IIpumep 2. BeposATHOCTb TOTO, YTO HeHb OyAeT MOXKIIHBBIM, paBHaA ) = 0,3 Hartu Beposr-

HOCTL TOI'O, HTO JCHDb 6}",I[ET ACHBIM.
CoOBITHS «JAcHb JOKIIIMBBINY H «IeHb SICHBIH» — IIPOTHBOIIOIOHBIC, ITO3TOMY HCKOMAA BEPOAT-

HOCTDb paBHaA
g=1-p=1-0,3=0,7.

IIpumep 3.MHIIIEHE COCTOMT M3 TPeX 30H. BepOSATHOCTH ITOIMAJaHHSA B IEPBVIO 30HY IIPH OXHOM
BEICTpene paBHa 0,15, Bo BTOpyrO - 0,23; B TpeThio - 0,17. HalTH BepOSTHOCTE ITpOMAaxa.

OGo3HayHM COOBITHE A - IpoMax, A - IOMajaHHe B MHIIeHL. Tora A= Al + Ag + Ag: rle

A,,A,,A, - nomagaHue COOTBETCTBEHHO B IIEPBYIO, BTOPYIO H TPETHIO 30HBL. [I0 TeopeMe CIOKEeHHs
BEPOSTHOCTEH:

P(A)=P(A)+P(A,)+ P(A,) =015+ 023+ 0,17 = 0,55

orkyma  P(A)=1—P(A) =045
H}’GTB ITPOH3BOJHTCA 1 HC3dBHCHMBIX HG]TBITEII—]IITI: B KdKJOM H3 KOTOPBIX CcOOBITHe A MOKeT IMHOO0

MPOH30HTH (ycIex), THOO He ITPOH3OHTH (Heydada). ByaeM cuHTaTh, YTO BEPOSTHOCTH COOBITHA A B
KaKJIOM HCITBITAHHH OJHA M Ta K&, a MMEHHO paBHa p. CIeIoBaTEIbHO, BEPOSTHOCTh HEHACTYIUIEHIS
COORITHA A B KaXXIOM HCIIBITAHHMN TakKKe IIOCTOSHHAa H paBHa ¢g=I1-p. Takasg I1OCIIEIOBaTEIBLHOCTE
HCITBITAHHI HA3BIBAECTCS cxeMmoil bepuynnil.

B KauecTBe TaKMX HCILITAHHH MOKHO pacCMaTpPHBATh, HAIIpHUMEpP, IIPOM3BOACTBO HM3IEIHIL Ha
OITpeieTIEHHOM OOOPYIOBAHHH IIPH TTOCTOSHCTBE TEXHOIOTHYECKHX H OPraHN3aI[lOHHEIX YCIIOBHH, B 3TOM
CIIy4yae M3COTOBIEHHE TOMHOIO M3IENIMSI — VCIeX, OpakOBaHHOIO — Heygada. O2Ta CHTyal[is
COOTBETCTBYET CXeMe bepHVYIIIm, eClM CUHTaTh, YTO IMPOIECC H3TOTOBIEHHS OJHOTO H3JIEIIS HE 3aBHCHT
OT TOTO, OBLIIM TOMHBIMH HIH OpaKOBAHHBIMHU ITPEABLIVIIIHE H3IETHS.

HpyruM IIpHMepOM SBIISIETCSA CTpelnbOa IT0 MHINEHH. 3AecCh IIoNMaJaHHe — VYCIIEX, IpoMax —
Heyaya.

IlocTaBUM CcBOEH 3aJayell BBIYHCIHIL BEPOSTHOCThL TOTO, UTO IIPH 71 HCIIBITAHUSX COOBITHE A
OCVIIIECTBHTCA POBHO k pa3 M, CIEIOBATEIILHO, HE OCVYINECTBHUICS n—k pas, T.e. OYIAET k YCIIEXOB H n—k
HeyJiay.

HMckoMyr0 BEPOSATHOCTHE OOO3HAUHM P (k) HampumMmep, cHuMBOI P,(3) O3HaYaeT BEPOATHOCTH

TOI'O, UTO B ITATH HCIIBITAHITAX COOBITHE ITOSABHTCSI POBHO 3 pa3a H, CIICA0OBATCIIbHO, HE HACT YITHT 2 pasa.
IlocnemoBaTeIbHOCTD #2 HE3aBHCHMBIX HCITBITAHII MOKHO pacCMaTpPHBATh KdK CJIOMKHOC GG@LITHE:
ABIIAROIICCECH ITPOH3IBEACHICM 1 HC3dBHCHMbBIX COOBITHI. CHE,I[GEHTEJ]LHG? BEPOATHOCTE TOI'O, YTO B *

HCITBITAHHUSIX COOBITHE A HACTYIIMT kK pa3 H HE HACTYIIHT n—Kk pa3s, 110 TEOPEME YMHOKEHHS BEPOSTHOCTEHN
HE3aBHCHMBIX COOBITHIL, paBHA

pﬁ: qn—ﬁ:
Taxix CIOKHBIX COOBITHH MOXKeT OBITH CTOJIIBKO, CKOIIBKO MOXHO COCTABHTL COUeTAHMII H3

ATTARMATTAR TN - nmanrauTnRe T A !ﬁk

OJOKYMEHT NoanvucAH

SNEKTPOHHOW NOANUCHIO THEI, TO IIO TEOPEME  CIIOKEHHS BEPOATHOCTEH
:lﬂepmrbmﬁar_ 12000002A633E3D113AD425FB50002000002A6 a CyMMe EEpGHTHGGTEﬁ BCEX BO3IMOKHELIX CIIOKHLIX
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BEPOSTHOCTh (MOsSIBIeHHE k pa3 COOBITHA A B » HCIIBITAaHHAX) PaBHA BEPOSTHOCTH OJHOIO CIIOKHOIO
COOBITHS, YMHOKEHHOH Ha HX YHCIIO

.F:E (k) _ Ci pfcqu—k
HITH

_ H’! k n—k
P, (k)= tn—in P

[TomydyeHHYIO (DOPMYITY Ha3BIBAKOT ghopmynoii bepuynnu.
IIpuamep 1. BepoATHOCTh TOrO, YTO Pacxoj 3IEKTPOSHEPIHH Ha ITPOJODKEHHH OJHHX CYTOK HE

IIPEBBICHT YCTAHOBIIEHHOH HOPMEI, paBHa J) = 0,75 HaliTH BEpOSTHOCTh TOr'O, YTO B TeUeHHEe 4 CYTOK

13 OIMIZKAHIIIX 0 CYTOK PacXoj 3JIeKTPO3HEPIHH He IIPEBBICHT HOPMBI.
Pemenne. BepossTHOCTh HOPMAIIbHOI'O pacxoa 3JIeKTPOSHEPIHH Ha ITPOAOJLKEHHH KaKJIbIX H3 O
CYTOK ITOCTOSIHHAa M paBHAa p =(),75. ClleqOBaTeNbHO, BEPOSTHOCTDH IIEPEPACXOfa SMEKTPOSHEPTHH B

KasKJbIe CYTKH TakXKe ITOCTOSHHA H PaBHA g = 1— p=1—0,75 = 0,25.
M ckomast BepossTHOCTE 10 (popmytie BepHYIIIIH paBHa

. 7 > 65 1 1215
P(4)=Cip'q° =Cip'q’ = 3(0,75)4 (025" =7 0~ 0,297

~
B psge 3amay mpencTaBisieT HHTepec HaHBEPOSTHEHINee YHCIIO YCIIEXOB, T.€. TaKkoe 4Hucio 171
YCIIEXOB, BEPOATHOCTh KOTOPOIro camas OOJIbIasi cpeH BEPOSTHOCTeH. TaK Kak ITpH YBEIIHYEHHH Kk BEpO-

Ei
ATHOCTH CHAYallda BO3PACTAIOT, a 3dTCM, C OIIPSACIICHHOI'O MOMCHTA, HaYHMHAROT YﬁBIEElTL:, TO OIIA n
HMCHOT MECTO COOTHOIIICHIA

P, (m) = F,(m—1)
H

P(m)=P (m+1).
Heroms3ys bopmymy 1 coorromerme P + ¢ = 1, momyuaem cootsercTBenHo HepasercTpa

(n—-m+1)p=mgq
H

(m+1Dgz=(n—m)p -
OKOHYATEIbHO ITOIYYaeM, UTO /1 JIEXKHT B HHTEPBalle eJHHHIHOH JJIHHEIL:

np—-q<m<np+p.
OIHAKO, CTOMT 3aMeTHTh, YTO HCITOIb30BaHHe (DOPMYIIBI BepH YN ITpH OONBIINX 3HAUEHHSIX 7 JO-

CTaTOYHO TPYAHO, TaK Kak (popMyma TpeOyeT BRITOTHEHH S JeHCTBHI HaJl IPOMa JHBIMH YHCIIAMH.

Hamprmvep, ecrmt n= 50, k =30,, P = 0,1 TO JJ1s1 OThICKaHU A BeposTHOCTH P, (3()) Haxo BHI-

!
“HCIHTD BEIDAKEHHE P (3()) = S 0,1)-(0,9)*> TAe 50!= 30414093-107";

30!- 20!
30!=26525286-107:201= 24329020-10'".

JlokanbHaa Teopema Jlammaca.Eciu eeposmmuocms p nosaeienus cobvimus A € Kaxcoom
UCNYIMAHLULL ROCIOSHHA U OMAUYHA OM HYNIA U eOuHLybl, mo eeposmuocmy P (k) moeo, umo cobvimue A

HOAGUNICA 6 Fl UCHAIBIMARUAX POGHO kaIB’J, F@?Hﬁﬂﬂ.ﬂfﬂEHHﬂ PAeHd {/H.EEM moiHee, 4em bovute .F“Ij SHAYEHUTO

| AOKYMEHT NoanmncAH
| SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 kb — np
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2

: g_?. [Ipu sTOM
N 2w

Mmerorcst TaOmMHIIeI, B KOTOPBIX ITOMENIEHB 3HAYeHHS (PYHKIHH ggﬁ( X)=

CIIEYET YUUTHIBATh, UTO (;ﬁ(—.l’) = (;ﬁ(.l’):, TaK KaK (PYHKI[HS é(%) YeTHasL.
CIe1oBaTENbHO, BEPOSITHOCTh TOTO, YTO COOBITHE A TOSBHUTCS B 7 HE3aBHCHMBIX HCITBITAHHSX
POBHO Kk pa3, IIpHOIHKEHHO pPaBHA

1
P, (k) % ———=-¢(x)
N IPY
k—np
\ 1Pq |

IIpumep 1. HantH BepoSTHOCTE TOTO, UTO COOBITHE A HAcTYIIHT POBHO 80 pa3 B 400 HCIIBITAaHHSX,
€CJIH BEPOSTHOCTH TTOSBIIEHH S 3TOI0 COOBITHS B KaXJIOM HCIIBITaHHH paBHa 0,2

Pemmerme. ITo yemoBmo 1 = 400; kK = 80; p=0,2: g=0.8. Bocrionbsyemes popmymoii (4.7):

| |
Pqﬂﬂ(go)’” \/400-0,2'0,8 ¢(I)—§¢(I)

BeIyHCcIIHM OITpEACIIACMOC JdHHBIMI 3a4H 3HAYCHHE X

k—np 80-400-0,2

Jnpg 8
1o TabGmmie HaxoguM ¢(0) — 0,3989

HMckomas BCPOATHOCTE PdBHA

TIe X =

— ().

X =

1
Pioo (80) = -0,3989 = 0,04986

[TycTh Temepb TpeOyeTcs BEIYHCIIHTE BEPOSTHOCTD P” (kl . kf,) TOI'O, YTO COOBITHE A IOSBHTCS B

71 HCTIBITAHMSX He MeHee K | M He Gomee kz pa3 (I KpaTKOCTH GyIeM FOBOPHTH «OT K | 10 kz pas3»). OTa

3ajJlaya PEMIAcTCA C IIOMOINBIO CIEAYIOIIEH TEOPEMEL.
Huarerpansbnan teopema Jlamnaca.Eciu eeposmuocms p Hacmynienus cobvimua A e xaxcoom

HCHIBINIARULL FOCTNIOAHHAd 1 ONVIHYHA omnl HYVIA U E?(?‘HHHI;I:IJ Hnio eepoArmHOCcHIb P”(kl,k'j) mozo, Y4mo

cobvimiie A noseumes 6 n ucnsimanusx om K ] ook ) DA3, NPUOTIUCEHHO PAGHA ONPeOeNeHHOMY UHNe2PATY

‘.l

r I dz*
k, —np k,—np

U X, =
W "~ Jnpq

[Ipn pemeHnn 3ama4d, TPeOYIOINMX ITPHMEHEHHS HHTerpam:.H::rﬁ TeopeMbl Jlariaca, ITOJIb3YIOTCS

Hr(kukz)”

20e X, =

CITEI[HAJIBHON TalJmaieH I HHTerpaia D(x) = 2 d’? B TaOmmie gaHBl 3HAUYEHHS () YHKIHH

e

DV mma v >0 o0 mea v O nnsram nvss e BATATHOCTO () VHKITHH (D(}C) , T.e. (D(—I) = —(D(JC)

OJOKYMEHT NoAarn1McAH
, SNEKTPOHHOWM NOANUCLIO i
" Ceptndpikar:  12000002A633E3D113AD425FBS0002000002A6 d.
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

SHTCH B y1 HE3ABHCHMBIX HCIIBITAHHAX OT kl IO k?
Nencreutened: ¢ 20.08.2021 no 20.08.2022

27



pa3, paBHA

P (k ,k,)~ D(x,)—D(x,),

re X, = ki —np y xz_kz_”p.

npq : V1Pq

IIpamep 2. BepoSATHOCTh TOTO, YTO OPraHH3AIHS HE IIPOINIa ITPOBEPKY HAJIOTOBOH HHCITEKI[HH,

paBHa ) = 0,2 Hantu BeposaTHOCTE TOro, yro cpean 400 ciaydariHO OTOOpPAaHHBIX OpraHH3alHH HE
IIPOIIEMIIIHX ITPOBEPKY OKaxeTcs oT 70 o 100 opranmsarii.

Pemmerme. Tlo yemosmo n=400; z, — 70; k,=100; p= 0,2; g = 0,8 Bocromssyemcs

dpopmyitoit (4.9):
P, (70,100) ~ ®(x,) — D(x,)"
BBIymcM HHKHHI H BePXHHI ITpeielIbl HHTeTPHPOBaHHS:

k,—np  70-400-0,2

" Jipg J400-02-08
k,—np 100-400-0,2

Jnpg 4000208
TaxknM oOpazoM, HMeeM

P, (70,100) = O(2,5) - D(—-1,25) = P(2,5) + D(1,25).
I[To TaGmimie 3HaYeHMIT (PYHKI[HH (1)(;1) HaXOIHM

D(2,5) = 0,4938: D(1,25) = 0,3944 .
Mcxomast BeposSITHOCTh paBHa

P,,,(70,100) = 0,4938 + 0,3944 = ,8382.

[IycTe TIPOM3BOAUTCS 1 HE3aBHCHMBIX MCIIBITAHHI, B KaXIOM H3 KOTOPBIX BEPOSTHOCTH
IOSBIIEHHS COOBITHS A paBHa p. 19 ONpedeleHHS BEPOSTHOCTH Kk IIOSBIIEHHH COOBITHS B 53THX

HCITBITAHHSIX HCITONB3YIOT (popMyTy bepHyiuin. Ecimi ke # BEIHKO, TO IONb3YIOTCS JIOKAIbHOH TEOPEMOMH

X =—1,25;

2,5.

Xy =

Jlarrmaca. OqHaKo OHa JaeT 6DHBH_[}"IO ITOI'PEHIHOCTE, CCIIH BEPOATHOCTD COOBITHS Mana (p < 031)
EciaH caemnats JOITYIIIEHHE, UTO IIPOMU3BEAEHIE 71?2 TIPH H —>» 0 COXPaHACT ITOCTOAHHOC 3HAYCHIIC,

da HMCHHO ”P: A:, TO BCPOATHOCTE TOI'O, HTO IIPH OYCHDb OOJIBIIIOM YHCIIE HG]’EE:-ITEII—]IIﬁ:, B KadAxO0M IH3

KOTOPBIX BEPOSATHOCTH COOBITHS OUYeHBb Malla, COOBITHE HACTYIIMT POBHO k pa3, HaXOIUTCA IO CIeQYIONIeit
popMyTIE:

Ora (opmyna BEIpakaeT 3aKOH pacipejielieHus [lyaccona BEPOATHOCTEH MACCOBBIX (72 BEJIHKO) H
MaJIOBEPOSTHBIX (p Mano) coOBITHIT. UMeroTCS clielHaIbHble TaOIHIEI I pacnipegencHus [TyaccoHa.

IIpuamep 3. 3asox ornpawi Ha 6a3y 5000 xaueCTBEHHBIX H3ACIHH. BEPOATHOCTE TOT'O, YTO B ITYTH

n3enne noppeaurcs, pasHo 0,0002. HalTH BEpOSATHOCTE TOTO, UTO HA 0asy NMpHOYAYT 3 IOBPEKIEHHBIX
H3ETIHAL.

Pemenne. [1o ycnoBmro 11 = 5000, P = 0,0002,k =3 Hamgem A :
A=np=5000-0,0002 =1

OOKYMEHT DDﬂﬂHCAH |
SNEKTPOHHOW NOAMMACHIO '
Ceptudmnkar: 12000002A633E3D113AD425FB50002000002A6 1
Bnapeneu; LeBayxoera TaTeAHa AnekcaHgpoBHa L €_] - ~ 0 06
.
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Koumponwrsie 6onpocel u 3a0 anua:

1. TeopeMa CIIOXKEHHSI BEPOATHOCTEH HECOBMECTHBIX COOBITHIL.
. TeopeMa YMHOXKEHH S BEPOSTHOCTEH HE3aBHCHMBIX COOBITHI.
. TeopeMa YMHOKEHHS BEPOSTHOCTEHN 3aBHCHMBIX COOBITHII.

. CXeMa HCIIBITaHHH bepHYIUIH.

. Qopmyna bepHyIIm.

. HanbGomnee BeposATHOE YHCIIO YCIIEXOB B cXeMe bepHyIm.

. [TpubGmxenHasa g opmyna IlyaccoHa.

. JlokanmpHasg Teopema Myagpa-Jlarmaca.

o 0 3 N b B W

. MHTerpamsHas Teopema MyaBpa-Jlariaca.

3agaHue 1. bporneHsl 2 HrpajasHble KOCTH. HalTH BEPOSATHOCTH TOrO, UYTO CYMMAa BEIITABIIHX OYKOB
— YETHOE YHCIIO, ITPHYEM HA I'PaHU XOTS OBl OJHOH U3 KOCTEH IIOSBIIIACH IIECTEPKA.

3amaHue?. 11pH repepos3Ke SIpKa, B KOTOPOM coAepKamuch 21 craHmapTHas H 10 HecTaHIapTHEIX
IeTallen, yIepsHa OfHa JAeTalb, IIPHYEM HEM3BECTHO Kakas. M3BIeUEéHHASA Hayral II0CIIE 3TOro JAeTallb OKa-
3ajach CTaHAAPTHOH. HalTH BepOSTHOCTH TOro, yro Obla YIEepsHa: a) cTaHJapTHas JeTallb, O) HecTaH-
IapTHas JeTalb.

3amaHue3. 3aayMaHO ABY3HAYHOE YHCIIO. HalTH BepOSTHOCTh TOrO, YTO 33 yMaHHBIM OKaKeTCS: a)
CIIYYAiHO Ha3zBaHHOE ABY3HAYHOE YHCIIO, 0) CIy4YaiHO Ha3zBaHHOE JBY3HAYHOE YHCIIO, IIH(PHI KOTOPOrO
Pa3IHYHEL.

3agaHne 4. BepOSTHOCTH ITOSBIEHHS KaXKIOr0 H3 JBYX HE3aBHCHMBIX COOBITHH A M B cooTBer-
CTBEHHO paBHEI 0,6 1 0,5. HanTH BEpOATHOCTS ITOSBIEHH S TOIBKO OJHOIO H3 HHX.

3aganue 5. B samuke cpeau 100 geranen Haxogurcs 1 OpaxkoBaHHas. M3 sImpka Haygadyy H3BIeYe-
HBI 10 geraner. HalTH BEpOSTHOCTE TOTO, YTO CPEAH HHX OKaKeTcs OpaKOBaHHAas.

3agaHue 0. MoHeTta OpocaeTcs Tk pa3. HalTH BEpOSTHOCTE TOr O, YTO OPENI BRITAJET 2 pasa.

3aganue 7. B cembe 5 meren. HanTH BEpOSTHOCTEL TOIO, YTO CPedH HHX 2 MaJbUHKa, €CIIH BEPOSI-
HOCTH POKIAEHHS MaJIbuHKa paBHa 0,51.

BeposarHocTs 0OHapyKeHHS OIeYaTKH Ha cTpaHHIle KHHIH paHa 0,01. HamTtH BeposSTHOCTE TOTIO,
yTo B 500-cTpaHHYHOH KHHIe He OyJeT oOHapy KeHO oIle4aToK (OOHapy’kKeHHe OIleYaTOK Ha pPa3IHYHBIX
CTPaHHI[aX CYHTATh HE3aBHCHMBIMH COOBITHSIMI).

3agaHue 8. BeposATHOCTH H3TOTOBJICHHS JAeTalll BRICIIETO copTa paHa 0.4. HaliTH BEpOATHOCTE TO-

ro, uyTo 3 260 meraser 1MonoBHHA OVAET BEICIIETO COPTA.

SATAHIE ﬁG@M'E'H‘fﬁ@nﬁMégﬁ"'“'""‘ TN BRICHIETO KavecTBa paeHa 0.8. HanTH Beposr-
1 3NEKTPOHHOWM NOAMUCHLIO
ICepruukat - 12000002A633E3D113AD425FB50002000002A6 >4 BBICHICT'O Ka4CCTBa.
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

29



3amaHuel 0. BepoarHOCTh ITOABIEHUS COORITHS A B KaXKI0M H3 100 He3aBHCHMBIX HCIIBITAHHI II0-
CTOSHHA M paBHa 0,8. HalnTH BEpOATHOCTE TOr0, UYTO COOBITHE A IMOSBHTCS He Ooree 74 pas.
3aganue 11. BeposarHOCTE HEKOTOPOrO COOBITHA B € AHHHYHOM HCITBITAHHH OocTaBirieT 0,004, Hantu

BEPOSTHOCTE TOr0, 4TO B 2500 HCIBITAaHH X JaHHOE COOBITHE IPOH30HAET POBHO 4 pasa.

3aganne 12. BeposATHOCTE HACTYIUIEHHS COOBITHS A B OZHOM OIBITe paBHa 0.6. Halitu Beposr-

HOCTB TOro, 4YTo cOOBITHE A HAacTYIHT 1400 pa3 B 2400 HCIIBITAHHSIX.

3agaHue 13. BeposATHOCTE ITOSBIEHHS COOBITHS B KaXKIOM H3 He3aBHCHMBIX HCITHITaHHH paBHa 0,8.

Haitn BEPOATHOCTE TOI'O, HTO CcOOBITHE HACTYIIHT HE MEHEC HCThIPEX Pd3 IIPH 5 HCIIBITaHHIX.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Ipakmuueckasa paboma Ne7. KoppenauuoHHO-pezpecCUOHHbBLIL Memo0 UCCIe006AHUA CIyUall-

HbBIX 6EJIHUHH.

HEJH}.’ BEII{I)E]'IIITB HABBIKI ITIPHMCEHCHHA MATCMATHUCCKOI'O OXHIAHMA, AHCIICPCHH H CPSIHCIO

KBAAPATHYCCKOI'O OTKIIOHCHHA.

OcHoebl meopuu:

3aKOH pacIpeflelIeHHs ITOTHOCTBIO XapaKTepH3YeT CIVUAHHYIO BETHYHHY. OJHAKO IIPH PEIEHHH
IIPaKTHYECKHUX 3aJiay HET HEOOXOAHMOCTH 3HATh BCE BO3MOXKHBIE 3HAUEHHS CIIYYAHHOH BEIMYHHEI U COOT-
BETCTBYIOII[HE HM BEPOSTHOCTH, a YIOOHEE IOJIb30BATHCSI HEKOTOPBIMH KOJIHMYECTBEHHBIMH TTOKA3aTEIISIMI,
KOTOPBIE JAXOT JOCTATOYHYIO HH(POPMAIHIO O CIIyYaHHOH BeIHYHHE. T aKHe IoKa3aTelId Ha3bIBAIOTCS yiic-
NOBBLIMLL XAPaAKMepUucmuKamil ciy4ailHoll GeYLH bl.

OCHOBHBIMH H3 3THX XapaKTEPHUCTHK SBIISIOTCS. Manmemamuieckoe OHCLOAaHIe, OUCnepcls U cpeo-
Hee keadpamiiveckoe onmkioHeHie. Mamemamuyeckoe odicuoaniue XapaKTEPH3YET IOJIOKEHHE CIIydai-
HOHM BEIIMYMHEI HA YHCIIOBOH OCH, OIPEHESISI HEKOTOPOE CPeHee 3HAUEHHE, OKOJIO KOTOPOrO0 COCPELOTO-
YEeHEl BCE BO3MOJKHBIE 3HAYEHHSI CIIYYAHHOH BEIMYMHBI. J[JI pereHns MHOTHX 3aJad JOCTAaTOYHO 3HaTh
MaTeMATHUYECKOe OXHIaHue. Harmpumep, ecin H3BECTHO, YTO MAaTEMATHYECKOE OXKHIAHHE YICIIa BEIOHBAc-
MBIX OUYKOB Y IEPBOTrO CTPEIIKa OOJBIIE, YEM YV BTOPOro, TO IEPBBII CTPEIIOK B CPEIHEM BEIOHBAET OOIIBIIIE
OYKOB, YEM BTOPOH, H, CIIEAOBATEIILHO, CTPEISET IYUIlle BTOPOTO.

Mamemamuueckum odxncuoanuem ouckpemuoil cayiaiinoii eentdiiHsl X HasbIBaeTCSI CyMMa IIPOH3BE-
JIEHHH BCeX €€ BO3MOXKHBIX 3HaUYEHHH Ha MX BEPOSTHOCTH M 0003HavyaeTcs yepes M(X).

[TycTe crryyaiiHasd BemHYHHA X ITPHHUMAET 3HaYeHHT X;,X5,..., X, C COOTBETCTBYIOIHMH BEPO-

ATHOCTSIMH [, P54..., P, . TOra MaTeMaTHYECKOE OXHAaHHe M(X) ClTydyaHHOH BETHYHHEL X OIpejie-
TIIETCS PaBEHCTBOM
M(X)=xp, +X,p, +...+X, D, .

Ecin mcKpeTHas ciiy4yanHas BeJIMYHHA X ITPHHHMAET OeCKOHEYHOE MHOKECTBO BO3MOMKHBIX 3HA-
YEeHHIH, TO

M(X)=2 xp,
i=l
IIpuamep 1. Hantun MmateMaTHYeCKOe OXHIAHHE CIIYYAaHHOH BEJIMYHMHEL X, 3HAS 3aKOH €€ pacIIpejie-
TIEHHA
X; 3 5 2
pf 0‘11 036 0.‘.3

Pemenne. M ckomoe MaTeMaTHYeCKOe OKHAAHHE IO (JOPMYIIE PaBHO
M(X)=3-01+5-06+2-03=39.
[Tyctp X — cmydaitHag BennmumHa H M(X) — ee MaTeMaTHUYecKoe OXHAaHHe. OmiIoHeHUeM

CAYYQIHOL eeNuyiiH b1 HA3BIBAETCA Pa3HOCTh X-M (X )
Ha mmareprres wraama soafoama g arrarmerr mascagpie BO3SMOKHBIX 3HAYEHHUH CIIYYAHHOH BEJIHYHHEBI

NIOKYMEHT NMO/MNUCAH
] SNEKTPOHHOWM MOANUCHIO PHH Ba’KHO 3HATh, HACKOIILKO KYYHO JISTYT CHAPSIILI
|Cepudimkar: || 12000002A633E3D113AD425FB50002000002A6
Bnanenelyr, ey 19rf A BAA AIRerERpreta VyaiiHoll  GenuyiHsl  HAZBIBAIOT MaTeMaTHYeCKOe
| evictentenen: ¢ 20.08.2021 no'20.08.2022 bl OT €€ MaTCMAaTHYECKOI'O OXKHaHH A,
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DX)=M[X-M(X)].
J[71s1 BEIYHMCIIEHH S THCIIEPCHH YacTO ObIBaeT YA0OHO BOCIIONL30BAThCS CIeAYOMIEH () OpMYIIOH:

D(X)=M(X")-[M(X)]".

IIpuamep 2. Hantu gHCIIEPCHIO CIIYYAHHOH BEIHYHHEL X, KOTOpas 3ajaHa CIEAVIOIHM 3aKOHOM

PacIIpcacIICHH A

X.

!

2

3

D;

0.1

0.6

Pemenne. Marematnueckoe oxuganue M(X) paBHO:

2
Maremarmueckoe oxuganre M (X ©) paBHo:

M(X*)=4-0,1+9-0,6 +25-0,3=13,3.

M(X)=2-01+3-0,6+5-03=35.

o 2
3aKOH pPaciipcAcJICHHA CIIVHAIHOH BCIIHYHHBI X HMECT BHA,.

2
X.

!

4

25

28

0,1

0,3

HMckomas AJHCIICPCHA PaBHA

DX)=M(X*)-[M(X)]* =13,3—(3,5)° = 1,05.

JIIIs OLIEHKHM PacCesHHS BO3MOKHBIX 3HAUEHHH CIYYAHHOH BEIIHYHHBI BOKPYI €€ CPEIHETO
3HAYEHHS CITYKHT TaKKE CpeIHEE KBaPaTHYECKOE OTKIIOHEHIIE.
Cpeonum xeadpamiudeckim OmKIOHeHUeM cavyaliHoll eeuytiHel X Ha3bIBASTCS KBaAPaTHBIH KOPEHb

H3 THCIICPCHIL:

o(X)=/D(X).

Ipumep 3.CyuannHasg BeTHuHHa X 3aJaHa CIeIVIOIINM 3aKOHOM PacItpedelIeHHA:

X.

!

2

3

10

Pi

0,1

0.4

0,5

Haiitn CpcAHEC KBaAPAaTHUYCCKOC OTKIIOHCHHC G'(X ) .

Pemenme. MateMaTHueckoe oxuganue M(X) paBHO:

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

MaremMaTH4eckoe okHAaHHE M (X °) PaBHO:

M(X*)=4-01+9-04+100-05=54.

HarigeM qucIiepcHro:

D(X)=M(X)=[M(X)] =54—(6,4)" =13,04.

OJOKYMEHT FoAnncAH
SNEKTPOHHOW NOANMUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: ebayxora TaterHa AneKkcaHapoBHa

'l,[leﬁmamenem ¢ 20.08.2021 no 20.08.2022

€ PaBHO:

() =~/13,04 ~ 361.

> 3daJldHa IICPEHYHEM BCEX €€ BO3MOKHBIX 3HAYEHHH H
PHMEHHM JJIX HEITPEPBIBHBIX GH}"‘IEII”]]-ILI}{ BCIIHMYHH.
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Harprimep, pacCMOTPHM CITYYaHHYIO BEITHYHHY X, BO3MOJKHBIE 3HAYEHHS KOTOPOH CILIONIb 3aIT0]I-
HSIFOT HHTEpBall ({1, b) O4eBHIHO, YTO HEBO3MOJKHO COCTABHTh IepeyYeHb BCEX BO3MOIKHBIX 3HAUYECHIIT

X. lloatoMy 1ermecooOpasHo JAarhk OOIMMH CIIOCO0 3aJaHMs TIOOBIX THIIOB CIIVYANHBIX BEIIHYHH, IS YErO
BBOJSTCS (PYHKIIHH pacIipeeleHHSI BepOSTHOCTEH CITy4YailHOH BeTHYHHEI.

[IyCcTh x — HAelCTBHTEILHOE YHCIO. BEPOSATHOCTE COOBITHS, COCTOSIIIETO B TOM, UTO X IIPHMET 3Ha-
YeHHe, MEHBIIIEE X, T.€. BEPOATHOCTh COOBITHS X < X, 0003HAYHM Yepe3 F'(x). Eciu x H3MeHSeTCs, TO H3-

MeHsgeTcan F(Xx),Te. F(x) — QyHK or x.

Dyuxiieil pacnpedenenus cayyaiinoll eeaudunst X Ha3bIBaeTCd QYHKIHA F(x), ONpPENeNromas

BEPOATHOCTE TOI'O, HTO CH}”IHIUH-IEIH BelIMYHHa X B PE3VIILTATC HCIIBITAHHA ITPHMCT 3HAYCHHE, MCHBIIICC X,
T.C.

F(x)=P(X <x)-
I'eOMeTPHYECKH 3TO PaBEHCTBO MOKHO HCTOIIKOBATh TaK: F'(x) €CTh BEPOATHOCTH TOrO, YTO CIIY-

yaHHasl BEIIMYHHA IIPHMCT 3HAYUCHIIC, KOTOPOC HBG@I)E],}K&ETCH Ha YHCIIOBOH OCH Tﬂlﬂ{ﬂﬁj TeXallleH JIeBee
TOYKI X.

IIpumep 4.CraydaiiHasg BennunHa X 3ajJaHa clelyromnel (yHKIHeH pacipeelIeHI:

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

o

HEIIUITH EEPGHI‘HGGTB TOI'O, HTO B pEB}*’HBT&TE HCIIEITAHIA X ]'[pHMET SHaYCHIHEC, HpIH—IE]ﬂJIEt}I{E]J_T_[EE
maTepBaty (0, 2): P(0< X <2)= F(2)— F(0).

Pemermie. Tak kak Ha muTepsane ((), 2), mo yenopmo, F(X) = }:f 4+ 1/ 4.

To F(2)— F(O)=(2/4+1/4)— (0/4+ 1/4) = 1/2- UTaK, p(0< X <2)=1/2-

HenpepelBHYIO CIIY4aHHYIO BEIHMYHHY MOKHO TakKe 3aJaTh, HCIIONB3YS APYIVIO (DYHKIHIO,
KOTOpas HazbIBaeTCA (pYHKIHEH INIOTHOCTH.

Dyuryueii NIOMHOCHIL HenpepuleHoll CAVUaliHoll eenuyunsl X Ha3bIBAETCS () YHKIIHS f(}.f) —

NepBasi IPOH3BOAHASA OT (DYHKI[HH pacIIpeJelIcHHS F (X ) :

f(x)=F'(x).

OTcrofla cluemyer, 4Yro (QYHKIHS paclpelelleHHs SBIIETCS IIepBOOOpazHOH IS  (PYHKI[HH
TUIOTHOCTH. IS OITHCaHHS paclpejie]IeHHsI BEPOATHOCTEH JHCKPETHOH CIIyYaiHOH BEIIMYHHBI (PYHKIHS
TUIOTHOCTH HEITPHMEHHMA.

3Hast (PYHKI[HIO IUIOTHOCTH, MOKHO BBIYHCIIHTH BEPOSTHOCTh TOr'O, YTO HEITPEePBhIBHAS CITy4ailHas
BEIMYMHA ITPUMET 3HAUYeHHE, TPHHAUIEKAIIEE 3aJaHHOMY HHTEPBAIY.
Teopema.Beposmuocms moeo, umo HenpepwviéHasa caydailHas eenuyuHa X npumem 3Havewile,

NpuUHaonexdcaujee UHNepeany ((1, b), paeHa onpeoeneHHoOMY UHMezPpany om @QVHKYUL RAOMHOCHILL

e3amomy e npeoenax om a 0o b:
b

Pla<X c::b):jf(x)dx.

a
IIpumep S. 3agaHa QYHKIHS IDIOTHOCTH CITYYaHHOH BETHYHHEI X

[0 npu  x<0

ONOKYMEHT I:ID,HI'IHCAH npu D <X = l :
INEKTPOHHOW NOAMMCHIO
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 Hpﬂ X > l
Bnapeneu; lLebayxoea TateAHa AnekcaHapoBHa

HCITBITaHHT X IIPHMCET 3HaUcHHC, ITPHHAIJICKAIICC
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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matepsany (0,5; 1).
Pemmenne. MckoMas BepoSTHOCTB I10 (JOpPMYyIIe PaBHA

1
POS<X <l)= [2xdv=x" | ;=1-025=075.
0,5

3Hass (PYHKIHIO IUIOTHOCTH paclpeielleHHs f(}.f) , MOXXKHO HaHTH (DYHKIHIO pacIIpelereHIs

F(.‘{) 1o (hopMyJIe
F(x)= | f(2)dz

Mamemamuyeckum oxcuoauiiem HenpepuvléHOLl CAYUaliHoill entyiiHsl X, BOSMOXHBIE 3HAUEHUS KO-

TOPOIT ITPHHAJIEKAT OTPE3KY [{1, b] , Ha3BIBAETCH CIEIYIONIHIL OIpeJelIeHHBIH HHTeTpall

M(X)=[xf(x)dx

Jlucnepcueil Henpepwvl@Holl cayuaiinotl eentytiisl X, BO3MOKHEIE 3HAYEHHS KOTOPOH ITPHHAJJIEKAT
OTPE3KY [{1, b] , Ha3BIBAEeTCH CIIEAYIOIIMI OITPEeIeIEHHBIH HHTETrpall

b
D(X) = [[x=M(X)T f(x)dx.
J71s1 BEIYHMCIIEHH A THCIIEPCHH Ooriee YIO0OHBI COOTBETCTBEHHO CIEAYIONIHE (POPMYIIBI
b
D(X) = [x* f(x)dx—[M (X)F

H
o)

D(X)= [x* f(x)dx~[M(X)F.

— o

Cpeonee xeadpamudeckoe ONKIOHeHUe HenpepuleHOoll CAVYAliHOll 6eudlHbl OIIPEEIIIETCS, KaK 1
IUTSL MUCKPETHOM CITYYAHHOH BEJIMYHHEI, CIIEIYIOIIHM PaBEHCTBOM

c(X)=+D(X).

IIpumep 6. HailtTh MareMaTHyecKOe OXHIAHHe, OJHCIIEPCHIO M CpelHee KBaApPaTHYECKOE
OTKJIOHEHHE CITY4YalHOH BeTHYHHEI X, 3aJaHHOH cIeXyIOoINeH (PYyHKIHEH paclpeelleH

-

0 rmpu x<0

F(x)=<x mnpu 0O<x<l

1 npu x>1

Y

Pemenne. Haiimem (pyHKIHIO TDIOTHOCTH:

'.r'

0 npu x<0
f(xX)=F'(x)=<1 npu O<x<l

OOKYMEHT MOAMNUCAH 0 npu x>1
SNEKTPOHHOWM NOANUCHLIO |
Ceptuchmkar: - 12000002A633E3D113AD425FB50002000002A6 I (8- 1):
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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1
) 1
M(X)=[x1-dx=x*/2 |“:1/2*
0
Haitmem gucriepcuio o gpopmyie (8.5):
1
D(X)= [x*1-dx—[1/2) = x*/3 |:] ~1/4=1/12.
0

HarizeM cpejHee KBaIpaTHUYECKOE OTKIIOHEHHE 10 (POPMYIIE:

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

KoppelsilMOHHEIN aHaIM3 M PErPECCHOHHBIN aHAIH3 SBISIEOTCSA CMEKHBIMH — pa3jiejIaMH
MaTeMaTHUYe CKOH CTaTHCTHKH H ITpeJHasHaYeHbI JJII H3YUEHHS 110 BEIOOPOYHEIM JaHHBIM CTATHCTHYECKOH
3aBHCHMOCTH CIIYYaHHBIX BeIHMYHH. J[Be CIy4ailHBIE BEIHYHMHBI MOI'YT OBIThH CBS3aHBI JIHOO
(PYHKI[HOHAIbLHOH 3aBHCHMOCTBIO, THOO CTaTHCTHYECKOH 3aBHCHMOCTBIO, JIHOO OBITh He3aBH CHMBIMH.

Crporas (pyHKITHOHAIBEHAS 3aBHCHMOCTE pealtH3yeTcs PeJKo, TaK KaK 00e BEJIMYHHEI HIH OJHA H3
HHX ITOABEPIKEHEI eIlle JeHCTBHIO CIIyYaHHBIX (PAaKTOPOB, IMPHYEM CpedH HHX MOIYT OBITH H OOIIHE JJIT
00eHX BEIHYHH, T.€. TaKHe (PaKTOpEI, KOTOPhIE BO3AEHCTBYIOT Kak Ha X , TaKk M Ha Y . B sTOM ciry4ae
BO3HHKAET CTATHCTHYECKAsI 3aBHCHMOCTb. Cmamucmuyeckoil Ha3bIBAETCSI 3aBHCHMOCTBL, IIPH KOTOPOH
H3MEHEHHE OIHOH W3 BEIHMYHH BJIEUET M3MEHEHHEe paclpefeleHHsa Apyroi. YacTHRIM CIy4acM
CTAaTHCTHYECKOI 3aBHCHMOCTH SBIIIETCS KOPPEISIIHOHHAS 3aBHCHMOCTb.

Ecian craTHCTHYeCcKas 3aBHCHMOCTh IIPOSBISETCA B TOM, 4YTO IIPH H3MEHEHHH OJHOH H3
paccMaTpHBaeMbIX CIIYYAaHHBIX BEIHYHH H3MEHSETCS CpeJHee 3HaUeHHe APYIOH CIIYYaHHON BETHYHHEL, TO
Takasl CTaTHCTHYECKAas 3aBHCHMOCTh HA3bIBACTCS KOppelsaLjliOHHOII.

JI1s1 aHalIH3a KOPPEBSILIOHHON 3aBHCHMOCTH BOCITIONIB3YEMCS Meno0oM HALMEHbULLX K8AOpamioe.

[IpH HCITONIB30BaHHH 3TOr0 METO/Ia CyMMa KBaJApaTOB OTKIOHEHHH K —y. (1= 1,2, vooy 1), THE YJ. —
BBIYICIIEHHAS 110 YpaBHEHMIO (14.5) opanHaTa, COOTBETCTBYIOIAA HaOMFOAaeMOMY 3HAYeHNIO X.,a V. —

HaOmtofaeMast OpAMHATA, COOTBETCTBYIOINAss X, MOKHA OBITh MHHHMAambHOH. Tak Kak Kaxkmoe

OTKJIOHCHIIC 3aBHCHT OT OTBICKIIBACMBIX IIAPAaMCTPOB, TO H CYMMd KBaJpPaTOB OTKJIOHEHHH eCTh (I)YHICL[I[H
ITHX IIAPaMETPOB.

F(p.b)= (¥, y,)’

HIITH

F(p,b)=) (px;+b—y,)".
=]

,HJIH OTBICKaHITA MHHHMYMaA ITPHPABHACM HYIIFO COOTBETCTBVIOIIEC YdCTHBIC ITPOH3BOAHDBIC!

~ aF n
P 2> (px;+b—y,)x;, =0
% P i=1 *
6F M
— =2 (px;+b—y.)=0
ab I I
3 i=1
Pelme 5Ty CHCTEMY JBYX JIHHEHHBIX YPaBHEHHH OTHOCHTEJIBHO p u b , HanJgeM HCKOMBIE
] NOKYMEHT NOONUCAH
SNEKTPOHHOW NOANMMCHLIO )
Ceptudumkar: 12000002A633E3D113AD425FB50002000002A6 | 7 5 n
Bnapenew; lLiebayxoea TateAHa AnekcaHapoBHa Z .I';. — Z I;. :
I:=I =1
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b[;xfz';y; _Zl:xf ';xiyi]

AHATIOTHYHO MO>KHO HAiITH BEIGOPOYHOE YpaBHEHHE IIPSAMOiT THHIY perpeccn X Ha Y :
x}? — pl}_‘y—FCﬁ

e 0, — BBIOOPOUHBIH KO3 duIIEeHT perpeccn X Ha Y .

IIpumep 1. Haiitn BEIGOpPOYHOE ypaBHeHHe ITPSAMOI IHHHH perpeccun Y Ha X 110 JaHHBIM
11 — S HaOIIOJIeHHI:

TaObmnuimal.
X 1.00 1.50 3.00 4,50 5.00
v 1,25 1,40 1,50 1,75 2.25

CocTaBHM CIeIVIOIYIO paCUETHYIO TaOIHIry 2.
HaiigeM HcKOMBIE TTapaMeTphl H3 cooTHomeHHH (14.9) u (14.10):

p,. =(5-26975-15-8,15)/(5-57,5-15%)=0,202.
b=(575-815-15-26,975)/(5-57.5—15%) = 1,024.

Harmirem HeKoMoe ypaBHeHHe IIpsSMoit i perpeccs Y Ha X

y =0,202 x +1,024.

Tabmuira?2.
2
X Vi X; A Vi
1.00 1.25 1.00 1.250
1.50 1.40 2.25 2100
3,00 1,50 9.00 4,500
4.50 1.75 20.25 7875
5.00 725 25.00 11.250
H H n

I 2
D x;=15 2., 2% PIEAY

-~ i=1 i=1 i1

=l -8.15 ~57.50 =26.975

[Ipu GospIIOM YHCIIE HAOIIOAEHHH OJHO H TOXKE 3HAaUeHHe X MOKET BCTPETHTC F1 + Daz, OTHO U

TO/KE 3HAUCHHE Yy — Fl vpﬂB:, OdHd H Ta XKC Ildpd YHCCII (I, y) MOXKET HaOIIOIaThC Hn-‘ pas.

[losT OMY HdHHBIC HaOIIro e HIIH CIIEAVET TPYIIHPOBATH, IS 3TOr0 ITOACUYHTHIBAIOTCS YacTOTHL Fl X H '

n_ . Bce CI'PVIOIHPOBAHHBIC JdaHHBIC 34IIHCBIBAIOTCH B BHJIC TaOJIHIIBI

(HarpuMep, TaOIHIa

L
3):, KOTOpasd Ha3bIBACTCA KGppEﬂRI;HGHHGﬁ.
Tabmnuira 3.
NOKYMEHT MNOANUCAH n
SNEKTPOHHOWM NOANMUCHIO 30 40 y
Ceptudhmkat:  12000002A633E3D113AD425FBS0002000002A6

Bnapeneu: lLleBayxoBa TateAHa AnekcaHfipoBHa 7 14 26
6 4 12
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0,8 3 19 — — 22
n 8 21 13 18 14) =ffj

B nepBoii cTpoKe KOPPEIIHOHHOM TaOIMHIIbI YKazaHbl HaOmrogaeMble 3HaueHHS (10; 20; 30; 40)
IpH3HaKa X.asB nepBoM cTOJIOIe — HaOmojaemele 3HayeHHI (0,4, 0,6; 0,8) mpH3HaKa Y  Ha

IEpeCCHCHHH CTPOK H CTOJIOIIOB HAaXOMATCS 4YacTOTEL H Xy HaOmroaeMbIX I1ap 3HAYeHHH ITPH3HAKOB.

B mnmocnegHeM cTonlIie 3aIticaHbl CYMMBI HdCTOT CTPOK, 4 B TIOCIIeIHEH CTPOKE — CYMMEI HdCTOT
cTo0110B. B KIICTKCEC, pﬂCHDHD}I{EHHGﬁ B HH/KHCM IIPABOM VYIIIY TﬂﬁHI]l[LI:. ITOMCIIICHA CYMMd BCCX HdCTOT,

T.e. o0Illee YHCIIO BeeX HabmrogeHHH 11 . O4eBHIHO, YTO E HI = E Hv =n.

Temeps OIpeIeniM ITapaMeTphl BEIGOPOYHOTO YpaBHEeHHS IpsMoit mrHmH perpeccun ¥ Ha X B
CIIy4yae, KOrja ITOIydyeHO OOJIbIIIOE YHCIIO JaHHBIX (ITpaKTHYeCKH I VAOBJIETBOPHTEIBHOH OIEHKH
HCKOMEBIX ITapaMeTPOB JOIKHO OBITH XOTA OBl 50 HaOIMFO[eHHI ), CPedH HHX €CTh ITOBTOPSIOIIHECS, H OHH
CTPYIMIHPOBAHLI B BHJIE KOPPEISIIHOHHOH TaOIHIIBI.

M3 cucteMer (14.8) MOXXHO MOTYIHTSH CIIEAYIOIYIO CHCTEMY:

p}ﬂ:ixr:l +bixi = i'riyi
i=1 i=1 i=1

-

JImsg  TIpOCTOTHl IIPHHSB  0003HAYEHHS Zx Z;:: . Zy Zy: Z xz xf,

I
Z Xy = ZI V. M BOCIIONB30BABIIHCH COOTHOIICHH M X = Z / y= Z / .}

Z Xy = an}' xy (B IIPEITIOTIOKEHHH, YTO Mapa YHCE (I . y) HaOII0JaIach n., pa3), Iomy4aeM

- —2 B
nx p, +nxb= Z n,,Xy

k'x’-p}::: T b = y
Btopoe ypaBHeHHE cHcTeMEI (14.13) mpeobpasyeM K BHAY b = ? — X P, U TOJCTaBUB IIPaBYIO

H4CTb 3TOI'O PABEHCTBA B YPABHCHHC y,r — p}__j X + b , JIOJIYHIM CIICAVYIOIIEE COOTHOIICHHC

V=V =pP,(x—X).

HaJeM H3 CHCTEMBI BBIOOPOYHEIH KO3 (PHIMEHT perpeccHH Py

B ertdx},xy—m—cfy Zn Xy—nxy |

p}-'x T Py n
( - (x)' ) HO'I
VMHOKHM 00€ YacTH 3TOr0 PaBeHCTBa Ha APodh & / o
ONOKYMEHT I'ID,U,I'IHCAH L
3NEKTPOHHOW NOANUCHIO n_xy—nxy
Ceptudcmkar: 12000002A633E3D113AD425FB50002000002A6 2
Bnapenew;  Lle6ayxoea TaTbsAHa AnekcaHapoBHa no o
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OGo3HayIM ITPaByIO 4acTh paBeHCTBa (14.15) uepes 1y :

) n, xy—nxy
_B o o~
noc .oc y
Torma momyyaem
o,
p}u’ = FB o~
GJ{
OKOHYATEIILHO TOIYYHM BEIOOPOYHOE YpaBHEHHE ITPSIMOIL IIHHHH perpeccH Y Ha X BHJIA
.
y;{ o y — FB ~ (I_I)
o,
AHaIIOTHYHO MOJKHO HAaHTH BEIOOPOYHOE YPaBHEHHE IIPSMOH JIHHHH PErPECCHH X mY
o o _
— A
o

Koumponsusie 6onpocel u 3a0 aHuA:

1. UncrnoBele XapaKTEPUCTHKH JUCKPETHRIX H HEIIPEPHIBHEIX CIIYUYAHHBIX BEJIHYIH.

2. MaremMaTHyecKoe OKHIAHHE THCKPETHRIX H HEIPEPHIBHBIX CIIYUAHHBIX BETTHYHH.

3. Jlucriepcus THCKPETHRIX H HEITPEPBIBHBIX CITYUAHHBIX BEJIHUHH.

4. CpenHee KBaJIpaTHYECKOE OTKIIOHEHHE JTHCKPETHRIX H HEITPEPBIBHBIX CIIYUAHHBIX BETTHYHH.
5. MeToa HanmMeHBIIIX KBaAPaTOB.

6. KoppensipionHas Tabmnuia.

7. Be1O0opOoUHOE YpaBHEHHE IIPSMOH JIMHHH PETrPECCHI.

3agaHue 1. YCTPOHCTBO COCTOHT H3 TPEX HE3aBHCHMO padoTaroIlHX 3JIEMEHTOB. BepOoSTHOCTH OT-
Ka3a KakJoro 3JIeMEHTa B OJJHOM OIbITe paBHA 0,1. CocTaBUTh 3aKOH PACIIPEACIIEHHS YHCIIa OTKAa3aBIIINX
BJIEMEHTOB B OJTHOM OIIHITE.

3amanue 2. B maptii 10 % HectaHmapTHEIX Jetaneld. Hayrag orobpansl 4 aeranu. Hamucares OH-
HOMMAJILHBIHN 3aKOH PacIIpeJeIeHHs JUCKPETHONH CIIYUYAHHON BEIMYHHBI — YHCIIA HECTAHAAPTHEIX JeTalleH
CPEeIH YETBIPEX OTOOPAHHEIX H IIOCTPOHTh MHOT'OYT OJTbHHK ITOIIYYEHHOI'O PACITPEISTIEHH S

3amanue 3. J[HMCKpeTHAs cioydaiHasd BeIHuHHAa X IIPHHHMAeT TPH BO3MOXHBIX 3HAUEHHUS. x, =4 C

BEPOSATHOCTBIO p =0,5 x, = 6, C BEPOATHOCTBIO p, =0,3 M X3 C BEPOATHOCTBIO [;. Hamtm X3 m P,, 3Had,

YTO M (X) — 8 .
3aganne 4. JlaH IlepeyeHb  3HAUEHHH  JHCKPETHOH  CIYYAaHHOH  BEIHYHHBI X :

x;, =—1,x, =0,x; =1, a Taxke U3BECTHBI MATEMATHYECKIE OKIIAHIS CAMOIT STOI BEIIYIHEI H e KBajl-

para: M (X) = 0,1, M(X?) =0,9. . Haitri BeposTHOCTH Py, Py Ps-.

3amanue 5. CioydyaiiHasg BelIMyHHa X 3aJaHa (PYHKI[HeH pacIipeleleHHT:

[0 x<1
NOKYMEHT NoanncAH | 1
SNEKTPOHHOWM NOANUCHLIO e —]l<cx<s -
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 4 ’
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa S5
X
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HaliTH: a) MIOTHOCTS pacipeelleHHsI CIyYaiHOH BEIHYHHBI, 0) BEPOSTHOCTh TOr'O, UTO B PE3YIIh-

TaTe HCIILITAaHUS BelIHMYHHA IIPHMET 3HaYeHHe, 3aKIII0YEHHOE B HHTepBaie (2,3).

3aganne 6. Hanitu BEIOOPOYHOE YpaBHEHHE ITPSIMOH JIMHHH perpeccHH Y Ha X 110 JaHHBIM, ITPH-

BEJIEHHBIM B CIIEAVIOIIEH TAaOIHIIE:

Y X n,
20 25 30 35 40

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

n, 4 14 46 16 20 n =100
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Ipakmuueckaa pavoma Ne8. OcHO6bl 6b100POUHOZ0 MemMOOd U ITIEMEHNBL CHMAMUCIMIUIYUECKOU

meopul OUEHHG6AHUA.

Ilens: 3akpenuTh MOHATHSI BEIOOPOYHOH COBOKYITHOCTH, BRIOOPOYHOH () YHKI[HH pacIipelelIeHH.

OcHo6bl meopuu.

IIpeomemom mamemamudeckoil CHAMUCMUKI AGIAeNIcA cO30aH1le Memoooe cbopa il obpabomkii
cmamucmudeckux OAHHuIX 0151 NONVYEeHUSA HAVYHBIX 1L NP AKMUYECKIUX 6b160008.

MareMaTHyecKasd CTAaTHCTHKA OIMMPAETCS Ha TEOPHIO BEPOSTHOCTEH, M €€ I[ellb — OIIEHHTH
XapaKTEPHUCTHKH I'€HEPATIbHOH COBOKYITHOCTH ITO BEIOOPOYHBIM JJAHHBIM.

Ecaiun tpebyeTca H3YUUTE COBOKVYITHOCTH OJHOPOIHBIX OOBEKTOB OTHOCHTEIIBHO HEKOTOPOTO
IIPU3HAKa, XapaKTEPHU3VIOIErO0 5TH OOBEKTBI, TO ECTECTBEHHBIM SBIISETCS IIPOBEAEHHE CIUIOIIHOIO
oOciemoBaHus, T.€. 00CIegOBaHHE KaKI0ro H3 OOBEKTOB COBOKYITHOCTH OTHOCHTEIBLHO 3TOrO IPH3HAKAa.
Ha npakTike, 0JJHaKO, IIPOBEJIEHUE CIUIOIIHOIO OOCIEMOBAHH S ITO TEM HIIM HHBIM ITPHYHHAM 4acTO OBIBAET
HEBO3MOXKHEIM. B TakMX cClIy4yasx CIIy4aliHO OTOHPArOT M3 BCEH COBOKYITHOCTH OIPaHHYEHHOE YHCIIO
OO0BEKTOB U IOABEPrarOT MX H3YUEHHIO.

Buibopounoii coeoxynHocmvio WIH IIPOCTO 6b160pKoii HA3BIBAECTCS COBOKYIIHOCTH CIIYYaiHO
OTOOPAaHHBIX OOBEKTOB. [ eHepanbHOll COBOKYVNHOCHIb 10 HA3BIBAETCSI COBOKYIIHOCThE OOBEKTOB, H3 KOTOPBIX
IIPOM3BOANTCS BBIOOpKaA. Hamprmep, ecinu Bce CTYIEHTHI HalloroBom akajeMHH — 3TO T'eHepalbHas
COBOKYVYITHOCTD, TO CTYAEHTEI KaKOH-TIHOO I'PYIIIEL SBIISIOTCS BEIOOPKOTH.

Obvemom COBOKYITHOCTH (BBRIOOPOYHOI WIH TeHepalbHOIl) Ha3bIBAeTCS UHCIO OOBEKTOB STOH
copOoKynHOCTH. Hamprmmep, ecmmt u3 1000 geranen oroOpaHo aiug oOcinegoraHua 100 merasei, To 00beM
reHepanbHoit coBokyrmHocTH /N = 1000, a o6vem Bo1Gopku 72 = 100.

IIpn coctarmeHHH BBEIOOPKH MOXKHO IIOCTVIIATh ABYMS CIIOCOOAMH. IIOCIIE TOr'0, KaK OOBEKT
OoTOOpaH M HaJ HHM IIPOM3BEICHO HAOIIOMEHHE, OH MOXKET OBITh BO3BpaIllcH JIHOO He BO3BpPAIIlEH B
reHepalbHYI0 COBOKVIIHOCTh. B 3aBHCHMOCTH OT 3TOrO BHEIOOPKH ITOAPA3ACISIOTCS Ha ITIOBTOPHBIE H
OECIIOBTOPHEIE.

Iloemopnoii Ha3pIBAIOT BBIOOPKY, IIPH KOTOPOH oOTOOpaHHBIHL 0O0BeKT (Tlepes oT0opoM
CIIEAVIOIIET0) BO3BPAINAeTCSI B I'€HEPAIIEHYIO) COBOKYIIHOCTh. becnoemopHoii Ha3bIBalOT BBIOOPKY, ITPH
KOTOPOH OTOOpaHHBIH OOBEKT B I€HEPAIILHYIO COBOKVITHOCTE HE BO3BPAII[ACTCAL.

st Ttoro, 4YTOORl IO MAaHHBIM BEBEIOOPKH MOJKHO OBIIIO JOCTAaTOYHO VYBEPEHHO CYIHTH 00
HHTEPECVIOIEM IIPH3HAKE TIeHEPAILbHOH COBOKYITHOCTH, HeOOXOAUMO, 4YTOOBI OOBEKTHI BEIOOPKH
IIPAaBIIIBHO €0 IIPeACTaBIUM. J[pyrMMH ClIOBaMH, BBEIOOpKAa MJOKHA IIPABHIIBHO IIPEIACTABILATEH
IIPOIMOPIIMH  T'E€HEPAIbHOH  COBOKVIIHOCTH, T.€. BBIOOpKAa JOIKHA OBITH  penpe3eHmamiueHoill
(npedcmaeumenvHoil).

B ciny 3aKkoHa OOIBINMHX YHCENT MOKHO YIBEPKIATh, YTO BEIOOpPKaA OVAET perpe3eHTaTHBHOH, eCIIH
KaKIbIH OOBEKT BRIOOPKH OTOOpaH CIIYYAHHO M3 I'eHePaJIbHOH COBOKYITHOCTH B ITPEAIIONOKEHHH, YTO BCE
OOBEKTHI HMEIOT OJHHAKOBYIO BEPOATHOCTH ITOITACTh B BEIOOPKY.

CTaTHCTHYECKOE paclipefie]ieHHe IpaHYecKH MOXXHO H300pasHTh Pa3IMYHBIMH CIIOCOOaMH, B
YACTHOCTH, B BHJIE IIOJIMI'OHA M THCTOIPaMMEL.

Ionuzonom wacmom HasbIBaeTCS JTOMAHASL, OTPEe3KH KOTOPOil COSOHHSIOT TOUKH (X s N, ),
(X,; n,),...(x re Ty ). JIng ocTpOe M MOMHIOHA YacTOT Ha OCH aGCIHCC OTKIIAbIBAFOT BAPHAHTEI

X., a Ha OCH OpJMHAT — COOTBETCTBYIOIINE UM YaCTOTHL /1;. TOuKH (.?CE-; HE-) COEHHSIOT OTPe3KaMH

| AOKYMERT MOAMMCAH
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Puc. 1. I[lonHroH oTHOCHTelIbHBIX YacTOT.
B ciydae HellpephIBHOIO IMPH3HAKa I[EI1ec000pa3HO CTPOHTH THCTOIpaMMYy, IS Yero HHTEPBAll, B
KOTOPOM 3aKJIIOUeHBI BCe HaOMIoAacMble 3HAYEHHS IIPH3HaKa, pa30HBaeTCSI Ha HECKOIBKO YaCTHUYHBIX HH-

Tadbmnuira l

10

TCPBAJIOB IIIIHHOH h u T KaKAO0r0 YaCTHYHOI'O MHTepBalla HaXOoaHuTCca Fl i CYMMd Y4dCTOT BapPHA4HT,

TMTOITABIIINX B (-l HHTEPBaJL.

l'ucmoezpammoii yacmom Ha3bIBAaeTCSA CTYIIeHYaTas (PHIypa, COCTOSINAs H3 IMPSIMOYTOIBHHKOB, OC-

HOBAHIAMIT KOTOPBIX CIIViKAT HaCTHYHBIC HHTCPBAJIbl JIIMHOIO h ., d BBICOTBI PdBHBI OTHOIICHHIO HI- / h .

l[HH IMOCTPOCHITA IHCTOI'PaMMBI HdCTOT Ha OCH abcIfCce CIEAYCT OTJIONIITE HdaCTHYHBIC HHICPBAJIbI, d Hall

HITIMH ITPOBCCTH OTPC3KH, ITdPallICIIbHBIC OCH aOcIlce Ha PaCCT OAHITH HI- /h .

[I1momaas i-ro 4aCTHYHOTO IIPSMOYTOIIBHHKA paBHa h n. / h = 1. — CyMME YacTOT BapHaHT i-TO
HHTEepBala, CIEOBATEIILHO, MIOUAOb 2UCINO2PAMMBL YACINOM PAGHA CYMMe 6cex 4dacmoni, ni.e. obvemy
8b100pKiL.

TaOmnuma?2
C a 4acToT
HacTiyHeIH EﬂpHElHT}::I:THIIHGI‘G HmorHoCT,
HHTEPBAII JIIHHOK h= 5 YacTOTHI /1. / h
HHTEPBaa .
5—10 4 0.8
10— 15 6 1.2
15— 20 16 3.2
20— 25 36 7.2
25— 30 24 4.8
30— 35 10 2.0
35— 40 4 0.8

Ha pIIG.2 IIBGﬁpﬂ,}I{EHEl THCTOI'PdAMMaA HaCTOT PacCIIpCACIICHHA, 3aldHHBIX B TaOMHIIE.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCKIO

Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

41



n/ h
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Puc.2. ['HcrorpaMma 4acTOT pacIpeIciIcHI .
Tucmoepammoii omuocumenvHsix yacniom Ha3bpIBAeTCId CTyIIeHUYaTas (GHIypa, COCTOSINAs M3 Ips-
MOYT OJIbHHKOB, OCHOBAHHSIMH KOTOPBIX CIYKaT YaCTHYHBIE HHTEPBAIIBI JIIHHOIO /7 , a BRICOTHI PaBHBI OT-

HOILIEHHIO m / h. ['HcTOrpaMMa OTHOCHTEIBHBIX YaCTOT CTPOHTCS aHAJIOTHYHBIM THCTOrpaMME YacCTOT
oOpaszomM.
[[7momans i-ro YaCTHYHOTO ITPSIMOYT OJIbHHKA PaBHA h ‘/VE / h = W — CYMME OTHOCHTEJIBHBIX Ya-

CTOT BAPHAHT [-TO HHTCPBAlIa, CJIICHJOBATCIIBHO, FL’IG“;H@I: SHCIOZPAMMBL OMHOCUINE/IbHBIX Yacnmom paeHd
CYMMe ecex OMHOCUHINEIbH bIX YAChIOm, mni.e. E@IIHIH;E*

Ecim TpEﬁ}*’ETCH H3VUHTDb KOJIHYeCTBEHHBIH ITPH3HAK I‘EHEpﬂHLHGﬁ COBOKYITHOCTII, TO BO3HHKACT
3aJda"d OLICHKH ITapaMCTPOB, KOTOPBEIMH OITPEACIBICTCA PACIIPCACIICHIIC 3TOI'O ITPH3HAKA. HEIHPHMEP:, cCII
HaIl€pEd H3BCCTHO, UTO HB}”IE],EBIBIﬁ IIPH3HAK PaCIIPpCACIICH B FEHEpﬂﬂLHﬂﬁ COBOKYITHOCTH HOPMAJIbBHO, TO
HeOOXOIHMO OIIEHHTH (l’[pHﬁJIHH{EHHG HﬂIuITH) MATEMATHUYCCKOC OKHJI4dHHE H CPEAHCC KBaJAPAaTHYCCKOC OT-
KIIOHCHIHC, TaK KadK 3TH JBa ITapPaMCTpPa IIOJIHOCTBIO OIIPCACIIAIOT HOPMAJIbHOC PaCIIPCACIICHIC.

OOBIMHO HMEIOTCS JIHIIb JaHHEIE EBI@GPIGI:, HaIlpHMEP, 3HAaYeHHA KOIIHYECTBEHHOI'O IPpH3HaKa X K

x2 s e s X ITOJIYVHCHHEBIC B PC3YJIBTATC n HﬂﬁHIO,I[E:HIIﬁ:, IIPpHYCM 5TH HaOJIrOJeHH ITPEAITONIAI' A OT CA

n°-

HE3aBHCHMBIMII. quEB ITH JaHHBIC H BBIPAKACTCA OLleHHBacMBbIH IIapPaMcCTP. PHGCMHTPIIEEIH X E X PRI

)C” KdaK HE3dBHCHMBIC GH}”{EIIUH-ILIE BCIIHYHHBI X E Xf,, s ees s X” ,» MOXHO CKd3dTh, YTO HAXOXIACHHS CTAa-

THCTHUYECKOH OI[eHKH HEH3BECTHOI'O IIapaMETPa TCOPECTHYCCKOI'O PACIIPEACIICHIA PABHOCHIIBHO HAXOXK/IC-
HIIO d)}fI-II{L[IIH OT HaOmogaeMBIX GH}"‘IElﬁHE-IK BCIIHYHH, KOTOPaAd H J4CT ]’[pHﬁJ]II}I{EHHDE SHAYCHHE OLICHI-
BAa€MOI'O ITapaMCTPa. H&HPI]IMIEP: AIA OHEHKH MATCMATHYUYCCKOI'O OMHMA4dHIIA HOPMAJIBHOI'O PACIIPEACIICHHA

CITY’KHT (DYHKITHS X = (X, + X, +...+ X ) / 71, KOTOpas SBISIETCS CPeJHHM apH(PMeTHYEeCKHM

HaOIIOMaeMBIX 3HAYEHI IIPH3HAKA.
Taxnm o0pa3zoM, cmamucmuyeckoil oyeHKoil Heuszeecnuo2o napamempa (& TeOPeTHYECKOTO pac-

TIpelelIeHHs. Ha3bIBaeTCs (PYHKIIHS § — é (n) = 5 (X] i X2= Cees Xﬂ) OT HaOJIFOJaeMBIX CITydai-

HBIX BeJIMYHH, KOTOPas B OIpeJelIeHHOM CTaTHCTHYECKOM CMBICIE OIMH3Ka K HCTHHHOMY 3HAYEHHIO 3TOr0
ImapaMeTpa.

BakHeHIIIHMH CBOHCTBAMH CTATHCTHYECKOH OLIEHKH, OIpPeJesIIIOIHMMH ee OJIH30CTh K HCTHHHOMY
3HAYEHHIO OIEHHBAEMOIO ITapaMeTpa, SBILIFOTCS CBOMCTBA HECMEIEHHOCTH, COCTOSTEILHOCTH H (] QeK-
THBHOCTH.

[TycTh reHepabHast COBOKYITHOCTh H3Y4YaeTCsI OTHOCHTEIIbHO KOIIHYECTBEHHOr O ITpH3HAaKa X.

['enepamsnoii cpedneii X . Ha3bIBAETCS CPelHEE apHPMETHYECKOE 3HAYEHHI ITPU3HAKA TeHEpPaIh-

1 AOKYMEHT NoanmncAH
3NEKTPOHHOWM NOANUCHLIO -
Ceptudchukar:  12000002A633E3D113AD425FBS0002000002A6 {d I'CHCPAJIbHOH COBOKVIIHOCTH oObeMa N pPa3Jini-
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X, =(x,+x, +...+x,)/N.
Ecmi ke 3HAaYeHHT NMpH3HAKA X, X, , ..., X, HMEIOT COOTBETCTBEHHO YaCTOTHI N T N,. ...

N, ,npuwuem N, + N, +...+ N, = N, 1o B 5T0M CrIyuae reHepanbHas CpeAHSA PaBHa
X, =(xN, +x,N, +...+x N_)/N.

Ecin paccMmaTpuBaTh 00CHeyeMBIH IIPH3HAK X T'eHePaIbHOH COBOKYITHOCTH KaK CIIYYAHHYIO BEI-

HHHY, TO MOKHO CACIIATE BBIBOJ[, YTO MATCMATHHYCCKOC OXHIAHHC IIPH3HAKA PABHO FEHEpﬂﬂLHGﬁ GpE,[[HE:ﬁ
ITOI'O ITPH3HAKA.

X.=M(X).

[IycTs Temeph 14 M3YVUYEHHS T'eHEPAIBHONH COBOKYITHOCTH OTHOCHTEIBHO KOJIHMYECTBEHHOIO ITPH-
3HaKa X H3BjIeueHa BEIOOpKa oObeMa /1 .

Buribopounoii cpedneii X , HasbIBaeTCS cpeliHee apH(MeTHYecKoe HaOIoJaeMbIX 3HAUCHHH ITPH-
3HaKa EBIﬁGpGTﬂ‘[Gﬁ COBOKYIIHOCTH.

Ecmi Bee 3HaueHHs X, X, , .., X, IIPH3HAKa BRIGOPKH O0BeMa /1 PasIIHYHBL, TO BEIGOPOYHAS
CPeIHSI PaBHA

Ecmn ke sHaYeHHs MpHsHaka X, X, , ..., X, HMEIOT COOTBETCTBEHHO YacTOTHEL 1, M,, ..., M1, ,
mpiwieM 1, + 1, +...+ N, =M, TO B 3TOM CITy4ae BEIOOPOYHAS CPEHST paBHa

X, =(xn +x,n, +...+x,n)/n

k
Xp = inni n.
1=l

['enepanvHoii oucnepciieii Dr Ha3bIBacTCA cpeJHee apH(MeTHYeCKOe KBaJpaToB OTKIIOHEHHH 3Ha-

HIITH

YeHHH IIPH3H4Ka TEHEPHHLHGﬁ COBOKVYITHOCTH OT HX CPeJHETO 3HAaYeHHA X r-

Ecmu Bce sHaueHns X;, X, , ..., X, IpH3HaKa T€HEPAIBHON COBOKYIHOCTH 00heMa /V  pasimy-

HbI, TO I'CHEPAJIbHAA JHCIICPCHA PdBHA
D. = E (x, —x )2 N .
I’ i I’

Ecnu ke 3HaYeHHA NMpH3HaKa X,, X, , ..., X, HMEIOT COOTBETCTBEHHO YaCTOTHI N > N,. ..

N, , npiuem N | T N , Tt N P = N , 10 B 5TOM CcITyuae reHepanbHas IUCTIEPCHS PaBHA

k
D). = Z(If_EF)ENs N .
i=1

I'enepanvHbimM cpeOHUM KEaopaniiye CKiM OMKIOHeH1iem Ha3bIBaeTCS KBaIPaTHEIN KOPEHb M3 I'eHe-
PATBHOM JTHCIIEPCHH:

AOKYMEHT NOANMCAH
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N. 8 9 10 3

I

Haittu reHepalbHVIO JUCIIEPCHIO H TEHEPAIBHOE CpeJHEE KBAAPATHUYECKOE OTKIIOHEHHE.
Perenne. HarnieM reHepalbHyIO CPEIHIOLO:

_ 2-834+4-94+5-10+6-3 120
xjﬁ — —_— e —
8+9+10+3 30

HalijieM reHepaibHyIO JHCIIEPCHIO:

_(2-4)"-8+(4-4)"-9+(5-4)"-10+(6—-4)"-3 54 _
30 30

HaitgeM reHepaabHOe cpeiHee KBaJApaTHYeCKOe OTKIIOHEHHE:

o,=+D, =18 =134.

Bwibopounoii oucnepcueii D ;, HAasbIBAECTCS CpeqHee apH(METHYECKOE KBaJpaTOB OTKIOHEHII

4

1,8-

Dj"

HaOIroMaeMbIX 3HAYeHHIH ITPH3H4Ka ELIﬁGpD‘]HDﬁ COBOKYITHOCTH OT MX CpeJHEr0 3HaUeHHd X B

Ecmu Bee sHaveHns X,, X, , .., X, TpH3HaKa BEIOOPKH 00beMa 71 pasimiYHbL, TO BEIOOPOYHAS

JICTIEPCHS PaBHA
n
— V2
Dy = Z(IE_IB) n-
i=1

Ecnu ke 3sHaueHHS mpu3Haka X, X, , ..., X, HMEIOT COOTBETCTBEHHO YacTOTH 11, N,, ..., N,

IIpHieM /1, + , +...+n ¢ — I ,TOB S5TOM CITy4ae BEIOOPOYHAS JHUCIIEPCHS paBHA

D, = Z(’xi _‘fﬂ)z -
i=1

Boibopounwvim cpednum xeadpamuueckium omxnoHeHtiem Ha3bIBaeTCI KBaJAPaTHRII KOPeHbh M3 I'eHe-

PAIbHOH JHCIIEPCHH:
Op=+/Dj .

IIpumep 2. BeiGopouHas COBOKYITHOCTE 3aJaHa CIeAVIOIEH TaOIHIEH PaCIIPEIeIIeHIS:

,, 1 2 3 4
n, 20 15 10 5

'}

Haiiri BRIOOPOUHYIO JUCIIEPCHIO H BEIOOPOYHOE CpeaHee KBaAPAaTHUECKOe OTKIIOHEHHE.
Perrennie. HaieM BEIOOPOUHVYIO CPEIHIOKO:

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

HarigeM BEIOOPOUHYIO JUCIIEPCHIO:

_(1-2)"-20+(2-2)"-15+(3-2)"-10+(4—-2)"-5 50 _

2.

D |
B _ .
NOKYMEHT NoanncAH ) 0 50
SNEKTPOHHOW NOANUCHIO » OTKIIOHEHHE *
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
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D - BBIOOpOYHAS I CIIEPCHI D p SIBIBIETCSI CMEIEHHOH OLIEHKON D ., Tax xak
n—1
M (D B ) — N D,

- 2
Ecmi ke B KauecTBe OLIEHKH I'eHepallbHOH JHCIIEPCHH IIPHHSITE 1CHpaeneHHyo ouchnepcuio § , KO-

Topas MOITyYaeTcsl IyTeM YMHOKeHHs 1) » Ha IpoGb H/ (n—1), o ona 6ymer HecMemeHHOf OLEHKOI

reHepalIbHOI JucIepcHH. [Tomyyaem
k
v
(JC{. - ‘xB) n,
|

,  n n ‘

k
s :II—IDB:I’I—I = . = Z(x{.—iﬁ)“ﬂ{. (n—1)

=1

H

M(s*)=M| ——D, |- ——M(D
n-—1 n—1 n-1 n
HMmeerca aBa crmocofa OLIEHKH ITapaMeTPOB. TOYEYHBIN M MHTEPBAJIbHBIN. ToYeyHble METOABI VKa-
3BIBAIOT JIMIIL TOYKY, OKOIIO KOTOPOH HAXOJHUTCS HEM3BECTHBIN OL[EHHBAEMBIH ITapaMeTp. C ITOMOIIBIO HH-
TePBAILHEIX CITOCOO0B MOXKHO HAHTH HHTEPBAll, B KOTOPOM C HEKOTOPOH BEPOSATHOCTHIO HAXOMUTC S HEH3-
BECTHOE 3HAYEHIIE ITapaMeTpa.
T'oueynoii HA3BIBAETCS OLIEHKA, KOTOPas OIMPEAEISIeTCSI OMHHM Y CIIOM. [IpH BEIOOpKE MaIoro o0sb-
eMa TOYEYHAs OIlleHKAa MOJKET 3HAUHTEIIPHO OTJIHYAThCSA OT OLIEHHBAEMOrO ITapaMerpa, T.e. IPHBOAHTEL K
IpyORIM OIrHOKaM. 110 3ToH IpHuyMHE IIPH HeOONBINOM OO0BEMe BBRIOOPKH CIEAVET IIOIB30BATHLCS HHTEP-
BaJIbHBIMH OI[CHKAMII.
Humepeanvroit Ha3BIBAETCA OLIEHKA, KOTOpas OIpeAelIsIeTCs IBYMS Y CIIaMH — KOHI[aMH HHTEPBa-
na. MHTepBaIbHBIE OL[EHKH ITO3BOJISIOT YCTAHOBHTE TOUYHOCTh M HAJ€KHOCTh OLIEHOK.

n n—1
B): ’ D, =D,.

[TycTh HalileHHas 110 JaHHBEIM BRIOOPKH CTaTHCTHYECKAS XapaKTepPHCTHKA 0 CITY?KHT OLIEHKOMH He-
H3BeCTHOro napaMerpa & . Ecim & > 0 u ‘ 6 —6 ‘ < O, TO OlleHKa 0 rtem Toumee OITpeienseT Iapa-
MeTp &, 4eM MeHbIle O . Tounocms orjer ki XapaKTePH3YeT Cs ITOOKHTETBHBIM YHCIIOM O .

OIHAaKO HEeIb3SI KAaTCIOPHYCCKIT VYIBCPAKI4ATh, HYTO OICHKA 9 YIOBIICTBOPICT HCPABCHCIBY

| 8 — 9 | < 5 . CTaTHCTHYECKHE METO/IBI IIO3BOISIOT JIHIID I'OBOPHTDL O BEPOATHOCTH, C KGTﬂpGﬁ JTO HE-

PAaBEHCTBO OCYII[ECTBIISETCSL.
Haoesicrocmos 1o (Ooeeprimenstoii eeposnuocnivio) OLIEHKH (& 110 0 masmmaercs BEPOATHOCTD } ,
C KOTOPOH OCVILECTBILIETCSI HEPABEHCTBO ‘ 0—6 ‘ <0,Te.
P(l60-8|<5)=7.
B xadecTBe ) OepeTcs 4HCIO, OIMM3KOE K eTHHHIIE.

0—-0

< O TerKo MOKHO ITOIyYHTb ABOITHOE HEPABEHCTBO

0-5<0<0+35.

Torma cooTHOIIIEHHE ITPHHHMACT GHEI[}"IOH.[Hﬁ BH/,
£

[OKYMEHT MOAMUCAH | O <0 + 5): y.
3NEKTPOHHOWM MOANMUCHIO

Ceptudmkat: - 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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HurepBan (6 — o, 6 + O) HasBIBAETCS OoeepumiesivHblM UHNIEPEaioM, KOTOPBIH ITOKPHIBAET

HEH3BECTHBIH IIapaMETpP e c 3aJaHHOH HaJdeKHOCTBIO V.

[IyCcTh KOMMYeCTBEHHBIH ITPH3HAK X TeHepaIbHOH COBOKYITHOCTH paclipeelleH HOPMAJIbHO, IIPHYEM
cpegHee KBaJpaTHuyecKoe OTKJIOHeHHe O 5TOro pacrpejieleHHI H 3 B € ¢ T H 0. TpeOyeTcs OILleHHTH
HEH3BECTHOE MaTeMaTHueckoe oXKupaHHe (I 1o BEIOOpOYHOH cpefnHerl X . IlocTaBmM cBOeH 3amadei
HaHTH JOBEPHUTENbHEIE HHTEPBAIIBL, IIOKPHIBAOIIHE TTapaMeTp ¢ ¢ HaJgXKHOCTBIO ¥ .

BymeM paccMaTpHBATh BEIGOPOUHYIO CPEJHIOD X KaK CIYYailHyIO BEMMUMHY X (X H3MEHSETCS

OT BBIOOPKM K BEIOOpPKE) M BRIOOpOYHBIE 3HAYeHMs MpH3Haka X,, X,, .. , X, — KaK OJMHAKOBO

pPacIIpcacJIICHHBIC GH}”{EIIUH-ILIE BEIIMYHHBI X K X 5y een s X n (BTH HICIIA TARKKS H3MCHARKOTCAH OT EBIﬁDpI{H K

BRIOOPKe). MaTeMaTHYecKOe OKHJAaHHe KaKIOH H3 STHX BeJIMYHH paBHO ( H cpejJHee KBaJpaTHUECKOE
OTKJIOHeHHe — O ..

[ToIy4aeM, YTO TApaMETPHI PACTIPENETEHHST X  CIeIYIOIIHE:

M(X)=a, o(X)=oc/n.

IIorpedyeM, YTOOBI BEOIOIHSIIOCE COOTHOIIEHHE
P(|X —d|<5)=7.
Ie ¥ — 3aJlaHHasd HaJeKHOCTD.

HUcroms3ys hopMyTy ¢ 3aMeHOii X Ha X u0 ma cr()?) — r.'_T/ ~/ 1 , HETPYIHO ITOITYYHTh
COOTHOINIEHHE

P(|X —a|<6)=20(5n /o) =20(1).
i — 5\/5/5'.

Harias 13 nmocneaHero PaBCHCTBA 5 — 1o / ~/ F1 . MOXHO HAITHCATB

P(‘X —a|< to/\n )=2d(1).
O603HaYas [T OOIIHOCTH BEIOOPOUYHYIO CPEHIOK BHOBB Yepe3 X , IIONIyYaeM COOTHOINEHHU S

D(1)=y/2
P(x—to/\n <a<x+to/In)=y.

SHaur IT, € HAJISHHOCTBIO v MOXHO  VIBCPXKI4Tb, HTO OB EPHTEHLHB]I‘T HHTCPBAJI

H

(x — rr.:r/ N, X+ rcr/ A/ 71 ) TIOKpBIBAeT HEM3BECTHBII MapaMeTp (I , IPH 3TOM TOYHOCTBH OI[EHKH

paBHA O — rg/ ~/ 71 , A 9HCIIO [ OIpejielsIeTCcsa H3 paBeHCTBA IT0 TaOmnile QyHKIMH Jlaromaca.

IIpamep 3. CryvaitHad BelmnmunHa XHMeeT HOpPMaJbHOE paclpefie]ieHHe ¢ H3BECTHBIM CPeIHHM
KBaJpaTHYeCKHM OTKIIOHEHHEM & — 3. HailTH JOoBepHTeIbHBIH HHTEPBAll JISI OLIEHKH HEH3BECTHOI'O
MaTeMATHYECKOro OKHAaHHSI (I 110 BRIOOPOYHOIT cpefHeil X , ecim 00beM BRIOOPKH 71 — 36 H 3a1aHa

HaJle’)KHOCTD OLEHKH )/ = 0,95

Pemenne. Haimem . M3 coorHomenu (13.8) mmomydaeM (D(f ) — 0,475 H 110 TaOJmIle (PyHKIHH

_ + — 1 0L

| NOKYMEHT MOONMCAH
SNEKTPOHHOM NnoariCbio

Ceptucmkar: 12000002A633E3D113AD425FB50002000002A6
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JlOBEpHTENBHBIIH HHTEPBAJI TAKOB: (J_C —0,,98; X +O,98) Hamprmep, ecnu X = 4,1 , TO

,I[GEEPHTEJ]LHLIﬁ HHTCPBAJI HMCCT CIICAVIOLIHC JOBCPHTCIIbPHBIC I'PAHHIIBL.

x—=098=41-098=312; x+098=4,14+0,98=5,08.

K OHMPOJIbHBIE 6 0NPOCHL I 3a0anua;

BrIOOpOYHAS COBOKYITHOCTb.

Brr6opouHast (PyHKIHS pacIpeeleHH.

['HcTOrpaMma, IOJIHIOH YacTOT.

CrtocoOBI COCTaBJIEHHS BEIOOPKI.

BEIUICIIEHHE TOUYEYHBIX OLIEHOK ITapaMeTPOB PacIIpeIeIe .
BEIUNCIIEHHE HHTEPBAJIbHBIX OIIEHOK ITAPaMETPOB PaCIIPEdeIICHHS.

BrIGOpOYHASI CPeIHSII X 53 .

©° N onkw=

Brr6opounas micrepens Dy .

2
9. HcripaBieHHas JHCIIEPCHS A\
3aganue 1. Beibopka 3aaHa B BHJIE paclpeldelleHHS YacTOT:

Haiitu pacIipeacIICHHE OTHOCHTCJIbHBIX HdCTOT.

3amanne 2. HaliTH pyHKI[HIO pacIipeJelIeHH I IT0 JaHHOMY pacIipeIelIeHHIO BRIOOPKH:

0
3aJaHHe 3. HGCTPGHTL ITIOJIFII'OH OTHOCHTCIIBHBIX HdACTOT 11O JaHHOMY PACIIPCACIICHHIO EBIﬁGpI{HZ

1 |9 2
3amanue 4. HaliTH (yHKI[HIO pacIipeJielleHH s 110 JaHHOMY pacIipeIeleHHIO BEIOOPKH:

3amanne 5. HallTH MeTOIOM MOMEHTOB TOYEYHVIO OLIEHKY ITapaMeTpa p I'eOMeTPHYECKOrO pac-

— — — —I!I_p & e an
ITpEACIICHHA P(X - X‘;‘) - (1 p) p , TS I!- - HHCJIO HCIBITAHHH, ITPOBCACHHBIX O ITOABJICHITA
CGﬁBITI[H:, P - BEPOATHOCTDL ITOABIICHHA COOBITHS B OAHOM HCIIBITAaHII.

3agaHHe 6. HalTH MeTOZOM MOMEHTOB TOUEYHVIO OLIEHKY IlapaMeTpa P TI'eOMETPHUYECKOI' O pac-

_ _ X;=p
HPpeAeHEHHT P(X — X) — (1_ D\’ | 'D oo B IIETLIpé}{ OIIbITaX COOBITHE IIOSIBHIIOCH COOTBET-

ONOKYMEHT NMNoAanncAH
| ANEKTPOHHOW MOANMUCHIO TAHHIH.
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu; lLlebayxoea TateAHa AnekcaHapoBHa
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0

6 |2 4
HaltH HeCMEIEHHYIO OLIEHKY I'eHEPAJIbHOH CPEJHEH.

3agaHue 8. HanTH BEIOOPOYHYIO CPETHIOO IO JaHHOMY PaclIpeleIEHHIO BEIOOPKH:

240 | 250 | 270 | 280

3aganue 9. HaniTH BEIOOPOUYHYIO JUCIIEPCHIO II0 JaHHOMY PacIIpedelIeHHIO BEIOOPKH:

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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Ilpakmuueckaa paboma Ne9. Cmmamucmuueckaa czunomesa. Memoost cmamucmuieckoi npo-

6EPKU ZHRNOMEs.

HEJH}.’ BEIKPEHHTB METOIBI CTaTHCTHYECKOH ITPOBEPKH T'HITIOTE3.

OcHo6bl meopuu.

[TycTh TpeOyeTcs oNnmpeJelIHTh 3aK0H paclipeJelIeHH S reHepalbHOH COBOKYITHOCTH H Ha30BEM ero A.
Eciu 3akoH pacrpejielieHHs HEH3BECTEH, HO HMEIOTCS OCHOBAHHS ITPEIIOIOKHTh, YTO OH HMEET OITpejle-
JIEHHBIH BHJI, BEIJIBHTAI0T THIIOTE3Y: IT'eHepallbHas COBOKYIIHOCTh pacIipejielieHa IT0 3aKoHY 4. Taxum oOpa-
30M, B 3TOH THITOTe3€ Peydb HJAET O BHE IPEAIIOIaracMoro pacipeaeIeHH.

Bo3mMmokeH ciay4ai, KOrJla 3aKOH pacIipele]IeHHS H3BEeCTEH, a ero IapaMeTphl HeH3BEeCTHHI. Ecin

€CTh OCHOBAHHA ITPCAITOINONHTE, YTO HEH3BECTHBIH IIapaMcTP @) PaBCH OIIPCACIICHHOMY 3HAYCHHIO ® "

TO BBIABHTAIOT ruroresy. ) = ®ﬂ- TaxnMm oOpa3oM, B 3TOH THITOTE3€ Pedb HJET O IIpeAIionaraeMoH Be-

TIMYHHE TTapaMeTpa OJTHOr O H3BECTHOI'O PacIIpeielIEHH L.

Cmamucmuveckoil Ha3bIBAaeTCI THIIOTE3a O BHJE HEH3BECTHOI'O pacIpeJelleHHs WM THIIOTe3a O
IapaMeTpax H3BECTHBIX paclpeeeHHi. HamprMep, cTaTHCTHYECKHMH SBIISTEOTCS THITOTE3HI

1) reHepanbHas COBOKYIIHOCTE pacIipe/ielicHa IT0 3aKOoHY IlyaccoHa,

2) JIHCIIEPCHH JABYX HOPMAJIIBHBIX COBOKYITHOCTEH PaBHBI MEXKIY COOOI.

B 1iepBol rumorese cAenaHo IIPEMIONOKEHHE O BHIE HEM3BECTHOIO PaCIIpPedelIeHH S, BO BTOPOl —
O IMapaMeTpax JABYX H3BECTHBIX PACITPEEIIeHHI.

Hyneeoii (ochoernoil) Ha3sIBaeTCs BBIABHHYTAS THIIoTesa H 0-

Kouxypupyioueii (ansmepranienoii) HasbiBaeTcs THIoTesa 1 | » KOTOpas MPOTHBOPEYHT HYIEBOH.

Hampivep, ecan HyJieBas THIIOTE3a COCTOHT B IPEIIONOKEHHH, YTO MaTeMaTHYECKOE OXKHIaHHe
(! HOPMAJILHOT'O paclipefielieHHs paBHO 10, TO KOHKYpHpPYIOMIas THIIOTE3a MOJKET COCTOSTh B ITPEAIIONO-

keHuH, 4To a = 10, Te. Hﬂ:ﬂ —10; leﬂ = 10.
IIpocmoii Ha3BIBASTCS THITOTE3A, COLEPIKAIIasi TOLKO OXHO IPeAIIoNokeHHe. Harprmep, rumoresa
H o : MaTeMATIYECKOe OKHJ[aHIe HOPMAITBHOTO pacTpeeneH s paBHO 3 (O H3BECTHO) — IPOCTasL.

Crnootcroll Ha3bIBaeTCA I'HIIOTE34, KOTOpad COCTOHT H3 KOHCHHOI'O HIIH OECKOHEYHOI'0 YHCIIa IIpO-
CTBIX T'HIIOTECS. HEIHPI]I‘»IEP: CIIOHAA THIIOTC34d H A > S COCTOHT M3 OecuUHCIEHHOIO MHOXXeCTBa IIPO-

CTBIX THITOTE3 BHOA H P /’L = bf ,THe b;‘ — Mr000e YHCiIo, OombIIee .

BeIBHHYTaS THITOTE3a MOKET OBITH IPaBHIIBHOH HIH HEITPaBHIIBHOMH, ITOATOMY BO3HHKAET HEOOXO-
THMOCTE cmamticmiideckoti (IIPON3BOJHMON CTaTHCTHYECKHMH METOHAMH) ITPOBEPKH 5TOH THITOTE3HL. B
HTOTr'e CTaTHCTHYECKOH ITPOBEPKH THITOTE3bI MOI'YT OBITH JOITYII[EHBI OITHOKH.

Ouubxa nepeozo pooa COCTOUT B TOM, UTO OYJIET OTBEPrHYTa IIpaBHIIbHAS THITOTE3A.

Quuubxa emopozo pooa COCTONT B TOM, UTO OyeT MPHHATA HEITPaBIIbHAS THITOTE3A.

JIJIsT ITpOBEPKH HYIIEBOH T'HITOTE3BI HCITOIb3YEeTCS CIIElHAIbHO IToZ00paHHas CITyJailHas BeJIHIHHA,
TOYHOE WIH IPHOJIMKEHHOE pacIipejlelieHHe KOTOPOH H3BECTHO. OTa CIy4yaiHas BelIMYHHa 0003HayaeTCs
yepe3 K W HasBIBAeTCHI cmamucmudeckum kpuntepuem (HIIH IIPOCTO Kpumepiiem).

[IpuBeeM IpHMep CTaTHCTHYECKOIO KPHTEPHS. ECIIH IIpOBEpSETCS THIIOTE3A O PABEHCTBE JHCIIED-

| ONOKYMEHT NMoanncAH

SNEKTPOHHOWM NOANUCHLIO L ,STE/W2 *
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 =1 =2
Bnapeneuy: Ulebayxoea TateAHa AnekcaHgpoBHa
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Hampmmep, ecimi 1o ABYM BRIOOpPKaM HaHAeHBI HCIIPABIEHHbBIE BEIOOPOYHBIE IHCIICPCHH 5[2 — 20 u

322 — 5, To HaOmojaeMoe 3HauUeHHe KPHTepHsa [+ paBHO

F. . =s’/s?=20/5=4.

Habn
Ilocie EBI@IDPH OITPEACIICHHOI'O KPHTEPHA MHOXECTBO BCEX €I'0 BO3MOKHBIX 3HaYeHHH pﬂBﬁHEaETCH

Ha JBa HEellEpeCEeKaIOIIIXCS ITOAMHOKECTRBA. OJHO M3 HHX COJIEPKHT 3HAYEHHS KPHTEPHSL, ITPH KOTOPHIX
HYyIIeBas THIIOTe3a OTBEPraeTcs, a Apyras — IPH KOTOPBIX OHAa ITIPHHHMAETC.
Kpumuueckoii obnacmuvio Ha3bIBAETCS COBOKYITHOCTh 3HAUYEHHH KPHTEPHS, ITPH KOTOPBIX HYyJIeBasd

THITIOTE3a OTBEPracTCsL
Obnacmvio npunamuis unome3wvl (00JIACTBIO JOITYCTHMBIX 3HAYEeHHI ) HA3BIBAETCS COBOKYIIHOCTH
3HAYEeHHI KPHTEPHS, IIPH KOTOPHIX HyJIeBas THIIOTE3a IIPHHIMAETCS.
[Tockombky KpuTepuii K — OZHOMepHas clIydyaiiHas BelIMUYMHA, BCE €€ BO3MOJKHBIE 3HAYEHHS
MMpHHAJJIe’kaT HEeKOTOpoMYy HHTepBamy. IlosToMy KpHTHYecKas 00lIacTh H 00JAcTh IPHHSATHS THIIOTE3EI
TaKke SBILIIOTCS HHTEPBalIaMH H, CIIeJ0BaTEIbHO, CYIIECTBYIOT TOUYKH, KOTOPBIE HX Pa3IeiIsroT.

Kpumuuecxumu mouxamu (TpaHHIIaAMH ) kﬁp HA3BIBAIOTCS TOYKH, OTIESIISIOINHE KPHTHUYECKYIO 00-

TaCTh OT OOIACTH ITPHHSTHS THITOTERHI.
lIpaeocmoponneii Ha3pIBAaeTCA KPUTHUYECKAS 00JIaCTh, OIpeJeieMasl HEpaBEHCTBOM X = k?{p , TIIe

kﬁp —  TTONIOKHUTEILHOE YHCIIO.

® P——
0
kw
PHc. 1.

JI EEGCHIGPGHHEI? HA3bIBACTCAH KPHTHYCCKAA GﬁHﬂCTL: OIIpcAciIACMasd HCPABCHCTBOM K < kﬂp? I'Ac

ka — OTPHLATCIIBHOC HYHCIIO.

—

®
Puc.2.
(OonocmoporH eii HA3bIBAET CS IIPABOCTOPOHHSIS HIIH JIEBOCTOPOHHSS KPHTHYECKAsI 00/IacCTh.

Jleyemoponneii Ha3bIBaeTcS KPHTHUecKas OOTacTh, ONpelensdeMas HepaBeHcTBamu K < kl .

K > kE:, e k2 >k | - B 4acTHOCTH, ecI KpHTHYECKHEe TOYKH CHMMETPHYHBI OTHOCHTEIBHO HYILY,
IIBYCTOPOHHSIS KPHTHYECKAS 0OTIACTh ONpeNeIIeTcs HePaBEHCTBAMH (B IIPEAIIONOKEHHH, UTo K < —kﬁp
) K < —kﬁp , K > kﬁpj HITH PaBHOCHIIbHBIM HEPAaBEHCTBOM ‘ K ‘ > k@ .

I ———

® S ———
0 k.,

Puc.3.
JI1s1 HaxOXKIeHHSI KPHTHYECKOH OOIacTH JOCTAaTOYHO HAHTH KPHTHYECKYIO TOYKY (TOukH). J[ima

HaXOJKIEHHS K& TaKOH TOYKH 3aJacTCs JOCTAaTOUHO Maas BCPOATHOCTE — VP OBEHDL snayumocmu O . 3a-
Tans rnuTIranTaa Torva b TTITATAd ToVATA T ThaAnBAHHSI. UTOOBI ITDH VCIIOBHH CITDABEIIIHBOCTH HVIIE-
JOKYMEHT MOA4rnncAH ’ PH Y 1p At Y

SNEKTPOHHOW NOANUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

j|E!na,qeneu: Lebayxopa TateaHa AnexcaHpoeHa
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P(K>k,)=a,
JIIIA HEEDGTDPDI—H—IEﬁ —
P(K <k, )=c.
d I ABYCTOPOHHEH —
P(K<k)+P(K>k)=a.

,HJIH KaXa0TI'0 KPHICPHA HMCIOTCA COOTBCTCTBYIOIIIHC T&ﬁHIH_[LI:, 11O KOTOPBIM H HaXOIITCA KPHTH-
HECKad TOYKA.

Ecnu pacIIpcacJIICHHE KPHTICPHA CHMMCTPHYHO OTHOCHTCIIBHO HYIIA H HMCHKOTCA OCHOBAHHA BbI-

OpaThb  CHMMETPHYHBIE OTHOCHTEIIBHO HYISI  TOYKH —kﬂp " kﬁp (k;;p >(0), TO

P(K < _kﬁp) — P(K > kﬁp ). YUHTBIBas 3TO COOTHOIIEHHE, H3 VIS JBYCTOPOHHEH KPHTHYECKOH

obnmacTH ITOIIYYHM COOTHOIIICHHEC
P(K >k,)=a/2.

Mowmnocmuio kpumepiis Ha3bIBaeTCS BEPOSATHOCTD ITOITaJaHHS KPHTEPHSI B KPHTHYECKYIO 00IacTh
IIPH YCIIOBHH, YTO CIIpABEJINBA KOHKYPHPYIOMIASA THII0Te3a. JPYTHMH CIIOBAaMH, MOIITHOCTE KPHTEPHS €CTh
BEPOSTHOCTE TOI'0, YTO HYJIEBAS THIIOTe3a OyAeT OTBEPrHYyTa, €CIIH BepHa KOHKYPHPYIOIIasd THIIOTE3a.

[TycTh 17151 IpOBEepKH THITOTE3El MPHHSAT OIpeJlelIEHHBIH YPOBEHh 3HAUYHMOCTH, H BEIOOpPKA HMEET

(pHKCHpPOBaHHBIN 00beM. EcCIm ﬁ — BEPOSTHOCTH OMIMOKH BTOPOIO POJA, T.€. COOBITHS «IIPHHSTA HYIIE-
Bas THITOTE3a, IIPHYEM CITPaBEJINBAa KOHKYPHPYIOLIAS), TO MOIITHOCTh KPHTEPHS PaBHA |- ﬁ :

H}"GTB MOIITHOCTDB 1 — /3 BO3PACTACT, CIICAOBATCIIBHO, YMCHBIIIACTCA BCPOATHOCTD ﬁ COBCPIIIHTDL

OIIMOKY BTOPOro poaa. Taxum o6pa3zoM, YeM MOIIHOCTE OOIBIIE, TEM MeHBIIE BEPOSTHOCTH OIIMMOKH BTO-
poro poja.

HMrtak, ecliH ypOBEHh 3HAUHMMOCTH VK& BBRIOpaH, TO KPHTHUECKYHO OOJIaCcTh CIEAYET CTPOHTH TaK,
YTOOKI MOIITHOCTh KPUTepHS OBbIlTa MAKCHMaJIbHOH. DTO IMO3BOIHT MHHHMHI3HPOBATH OIMHMOKY BTOPOrO PO-

4.

Jlariee HaMm 1noTpeOyeTrcs pacnpenencHue Muiepa — CHeJeKopa.

- 2
Ecmn U u V — HezaBHCHMEIE CIIYHaHHBIE BEIIMYHHBI, PACIIPEACIICHHBIE IIO 3dKOHY ¥ cO

CTEIEHSIMH CBOOOIBI k] H ki , 1O BEJIMYITHA

/
U,
F=—"L
V/k,
HMEET PpaclpelielleHHe, KOTOPOEe HasbIBacTcApacnpedeneriem I Pumepa — Credexopa cO

CTEIEHSMH CBOOOIEI k] H kl .

(D}"HKT_[HH ITIOTHOCTH 3TOI'O PacCIIpSAcJICHITA HMECT BIH/

0 npu x<0
fy=] . xR ﬁ

C npu x>0
0 ki+k,)/2
7 (ky + K x)
rac
1.
NOKYMEHT NoanncAH + kE k]fzk kzﬁ
SNEKTPOHHOWM NOANUCHLIO | 2
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 2
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa ) -
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PHGHPE,I[EHEHIIE F OITPCACIIACTCA ABYNIA ITAPAMCTPaMI — "I CIIAMIL CTCIICHCH CBOOOIEI k] H kz .

[TycTb reHepalbHBIE COBOKYIIHOCTH X H Y pacipelelleHbl HOPMAlbHO, IIPHYEM HX IHCIIEPCHH
H3BECTHBL. [10 HE3aBHCHMEIM BRIGOPKAaM C 00bEMaMH, COOTBETCTBEHHO paBHBIMH 11, u /11, H3BIE€YEHHBIM

H3 3THX COBOKYIIHOCTEH, HaHJI€HEI BEIOOPOYHEBIE cpefrue X H V. TpeOyerca mo BEIOOPOYHEIM CPEAHHM

IIPH 3aJlaHHOM YPOBHE 3HAYHMMOCTH (X IIPOBEPHTH HYIIEBYIO THIIOTE3Y, COCTOSIIYIO B TOM, YTO I'€HEPAJIb-
HbIe cpeJHHe (MaTeMaTHYeCKHe OKHAAaHI ) pacCMaTPHBaeMBIX COBOKYITHOCTEH PaBHEI MeX Iy COOOH:

H, -M(X)=M().

Y‘HITBIEEIH:, HTO EBI@DPG‘IHBIE CPpCAHIEC ABJIAIOTCA HECMCHICHHBIMH OIICHKAMH I'CHCPAJIIBHBIX CPCI-

HHX, T.€.
M(x)=M(X), M(y)=M(Y),
HVYIICBYIO THIIOTE3Y MOYKHO 34dIIHCATh TdK.
H, -M(x)=M(y).
B kauecTBe KPHTCPHA ITPOBCPKI H}"]IEEGfI THIIOTC3bI O PABCHCTBC I'CHCPAJIIPHBIX CPCAHIX ITPHHIMA-
€TCA HOPMHPOBaHHaA HOPMaJIbHas CH}"‘IHIUIHEIH BECIIHYHHA

7 = XY
JD(X)/n+D(Y)/m

KPHTHIIEGI{EIH o0IacTh CTPOHTCA B 3aBHCHMOCTH OT BI 4 I{GHI{}IPHP}’TOH_[Eﬁ I'HITOTESEI.

[lepBetit cmydaii. Hymesas rimoresa H ﬂ:M (X ) =M (Y ) Koukypupyoras rumnotesa H -
M(X)#=M().

B sTom CIIYHAa€ CTPOHTCA ABYCTOPOHHMA KPHTHYCCKAA GﬁHaCTL: HCXOIA H3 TpEﬁGEﬁHH_}L yTOOBI Beé-

POSTHOCTD TIONANaHHA KPHTePHS /Z B BTy 00IIacTh B MPEATIOI0KEHHH CIIPaBETHBOCTH HYIIEBOH THITOTE-
3bI OBINIa paBHA ITPHHITOMY YPOBHIO 3HAUHMMOCTH (X .

HDGI{DJ]LK}" PacCIIpEaCIICHIIC / CHMMCTPHYHO OTHOCHTCIIbHO HYIIA, TO KPHTHYCCKHE TOYKIT CHM-
MCTPHYHEI OTHOCHTCIIBHO HVYIIA, T.C. €CIIH 0003HAUHTh HEPE3 er:p ITPABYHO KPHTHYECKYIO TOUKY, TO — Z'Hp

OyIEeT JIEBOH KPHTHYECKOH TOYKOH.
HanGomnpImas MOIMHOCTE KpHTEPHS (BEPOATHOCTh IOIMaJaHHS KPHTEPHS B KPHTHYECKYIO 00IIacTh
IIPH CITPABEINBOCTH KOHKYPHPYVIOIIEH T'HIIOTE3BI) JOCTHIAETCS TOTJAa, KOIJla BEPOSTHOCTh ITONaJaHHS

KPHUTEPHS B KaKJIbIH M3 IBYX HHTEPBAJIOB KPHTHUECKOH 00IacTH paBHA (X / 2:
P(Z < —zﬁp) = a/2, P(Z > Zﬁp) =a/2.
Jlst Toro, yroOBl HAHTH IIPABYIO I'PAHHILY Zep IBYCTOPOHHEN KPHTHYECKOH OOIACTH, JOCTAaTOYHO
HAaHTH 3HAaYeHHE apryMeHTa (pyHKIHH Jlaroiaca, KOTOPOMY COOTBETCTBYET 3HaueHHe (PYHKIIHH, paBHOE
1-a)/2:
D(z,)=(1-a)/2.
OO003HAaYNM 3HAYEHHE KPHTEPH S, BRIYHCIIEHHOE I10 JaHHLIM HaOIIXOICHHI, Yepes y4

Haba”®
Ecmu |/

Ecnu |/

ab < Zf:p — HET OCHOBAHHH OTBEPI'HYTE HYIICBYIO I'HIIOTC3Y.

bl = Z,, — HY/EBAas THIIOTe3a OTBEPraeTes.

AOKYMEHT MOAMMUCAH 7 - M{(X ) =M (Y ) . Konxypupyrormas rumnoresa H I
ANEKTPOHHOWM NOANUCHIO |
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BEPOATHOCTD ITOIIAddHITA KPHTCPHA / BT Y 00JIacTE B IMPpEAITOJIONKEHHH CIIPABCIIHBOCTH H}"HEEDfI I'HITO-
Te3kl OBIlTa pPaBHaA ITPHHATOMY YPOBHIO 3HAYHMOCTII.

P(Z > pr) — .
Jl1st Toro, 4roObl HAaHTH T'PaHHIY Zp IPAaBOCTOPOHHEN KPHTHYECKOH O0JIACTH, JOCTAaTOYHO HANTH

3HAUeHHe aprymMeHra (QyHKIMH Jlaioraca, KOTOpPOMY COOTBETCTBYET 3HauyeHHe (YHKIIHH, PaBHOE
(1-2a)/2:
D(z,,)=(1-2a)/2.

O003HAaYHM 3HAYEHHE KPHTCPHA, BBITHCIICHHOC 11O JdaHHBIM HﬂﬁHIG,I[EHIIﬁ:, HEPE3 Z vabn

Ecmn £ . < Z.p —HET OCHOBAHHH OTBEPTHYTH HYJIEBYIO THIIOTE3Y.

Ecmn £ . > Z,p, — HYIEBas THIIOTE32 OTBEPracTCs.

Koumponsusie 6onpocel u 3a0 aHuA:

1. CratHCcTHYECKASI THITOTE3A.

2. MoIHOCTh KPUTEPHAL.

3. Kpurnueckas o0nacTs.

3aganue 1. TexHnuyeckas HOpMa IIpegycMaTpHBacT B cpeHEM 40 ceK. Ha BBITTOIIHEHHE OITPEEIICH-
HOH TEXHOJIOIMYECKOH OIlepallHH Ha KOHBEHEpPe IO IIPOH3BOACTBY YacoB. OT pabOTHHI[, pabOTaroIMX Ha
B5TOH OIl€palHH, ITOCTYIDUIN KaIO0OBL, YTO OHH B JAEHCTBHUTEIBPHOCTH 3aTPAauMBarOT Ha 3TV OIIEPAL[IIO
OomnbIle BpeMeHH. 1T ITPOBEPKH JTaHHOH Kallo0bl ITPOM3BEJIEHBl XPOHOMETPHUECKHE H3MEPEHHS BpEME-
HH BBIITOITHEHHS 3TOH TEXHOIOIHYECKOH OIepaliy y 30 paOOTHHII, 3aHATEIX Ha 3TOH OIlepar(Hii, H ITOIyYe-
HO CpeJlHee BpeMs BBIIIOIHeHHS onepaliii 42 cek. MokHO 1 (IIperioaras BpeMs BEIIIOIHEHHS TeXHO-
JIOTHYECKOH OIlepallii CIy4YaiHOH BeIHYHHOH, MOJUYHHSIONIEHCS HOPMAJIbHOMY 3aKOHY) ITO HMEFOIIHMCS
XPOHOMETPHYECKHM JIaHHBIM Ha YPOBHE 3HAYNMOCTH 0,01 OTKIIOHHTE THIIOTE3Y O TOM, UTO CPEJTHEE BPEMS
BBOTOTHEHHS 3TOH OIlepal[HH COOTBETCTBYET HOPME, ECIIH H3BECTHO, UTO CPEJHEE KBAJAPaTHYECKOE OTKIIO-
HEeHHe I'eHepallbHOH COBOKYITHOCTH COCTaBISET 3,5 CeK.?

3agaHie 2. DKOHOMHYECKHH aHAJIM3 IIPOH3BOJHUTEIIFHOCTH TPYAA IMPEAIPHSITHH OTPACIIH IT03BOIIHII
BBIABHHYTH THIIOTE3Y O HAIMYMHM IBYX THIIOB IPEIIIPHATHIL C Pa3iIMYHON CpeaHEH BEIMYHMHON IT0Ka3a-
TEIS MPOH3BOANTEIILHOCTH Tpyaa. BeibopouHoe obciaegoBaHne 42-X IpeMIPHATHIL TIEPBOH I'PYIIIBI JaJI0
CIIEJIVIOIIHE PE3YIIBTATHL. CPEIHSS MTPOH3BOIUTEILHOCTE Tpyla cocTaBwia 119 neramen. 11o maHHBEIM BEI-
OopodyHOro o0cHeOBaHHA 35-H IPEMIPHSTHI BTOPOH I'PYIIILI CPEIHSIS IIPOH3BOIUTEIILHOCTh TPYyaa CO-
crapia 107 neraneii. I'eHepanbHble gucriepcHH H3BecTHRL D(X) = 126,91 ; D(Y) = 136,1. Cuuras, 4ro
BBIOOPKH HM3BIIEYEHEI M3 HOPMAIIBHO PACIIPEIEIIEHHBIX TE€HEPAIBHBIX COBOKVITHOCTEH X H Y, HAa YPOBHE

sHauYHMOCTH 0,05 ITPOBEPBTE, CH}”IElﬁHG JIM ITOIIVHEHHOE Pa3/IHYHE CpPSAHIIX IIOKa3aTelIeH ITPOH3BOJHTCIIb-

[OKYMEHT NOAMNWUCAH
] SNEKTPOHHOM NOANUCHIO PEATIPHUSTHI C Pa3lIHYHON CPeJHEH BEIMYHHOH IIPO-
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[TapTHI H3Men ITIPHHIMAaeTCSA B TOM CIIYYae, eCIIH BEPOSATHOCTh TOIO, YTO M3JEIIHE OKaXKEeTCS CO-
OTBETCTBVIOIIMM CTaHAAPTY, COCTABJIIET HE MeHee 0,97, Cpemu cinydariHO oToOpaHHBIX 200 M3 IIPOo-

BEMSICMOM MAPTHH OKA3AI0CH 193 COOTRETCTBYIOIUMX ¢TAHIAPTY. MOKHO M HA YPOBHE 3HAYUMOCTH [ =

0,02 ImpHHSTE ITapTHIO?
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SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

54



3. Vuebno-memoouueckoe u un@hopmauuorHHoe odecneverue 0UCUUNIUHbL

3.1 Ilepeuers 0CHO6HOU U 0ONOJIHUMEILHOU JILLMEPAMYPbl, HE0DX00UMOIUL 0J14 0C60CHUA OUCUU-
NJIUHbL

3.1.2 Ilepeuens 0CHOGHOU JILMEPAMYPLL:

1. Mlummauen, B. C. Bricmag MaTeMaTHKa: y4eOHHK I GakanaBpoB / B.C. IIlmmadeB ; moj pen.
A.H. Tuxonopa. — 4-e m31., uenp. Y gom. — M. : IOparirt, 2014. — 607 c¢. — (bakamarp. bazoBeni kypc). — Ha
yueOHHKe IpH}: Pexk. YMO. — ISBN 978-5-9916-3325-3

3.1.3 Ilepeuens 0onoaHumebHOU qUMepamypsl.

1. BoromonoB, H. B. Matematnka: yueOHHK a1 OakanaBpoB / H.B. Boromomnos, I1.1. CamolineH-
Ko, Mock. I'oc. YH-T Tex. M ymip. iMm. K.I'. PasymoBckoro. — 5-e usm., ne-pepad. M gom. — M. : IOpanr,
2014. — 396 c. : un. — (bakanaBp. bazoBeni Kypc). — Ha yueOHuke rpud: Jom. MO. — ISBN 978-5-9916-
3467-0

3.2 Ilepeuens yuedHO-MemoOUUECKO20 ODecneueHUs CAMOCMOAMENbHOU PAdOmMbL 00 yUa WX CA
1no OucUUnIuHe

1. Merognueckne PeEKOMEHIAIMH JUIS ITOATOTOBKH K ITPAKTHYECKHM 3aHSTHSIM I10 JHCIHIIINHE
«MaremaTHKa».

2. MetoamyecKre peKOMEHIAI[HH 110 OPraHM3aI[HH CaMOCTOSTEIIFHOH PalOTHl CTYIAEHTOB IO JHC-

IMITTHHE «MaTteMaTHKay.

3.3 Ilepeuens pecypcoeé urH@popmauuuoHHo-mealeKOMMYHUKAUUOHHOU cemu Humeprem, HeoOx0-
OUMBIX 0719 0C60EHUA OUCUUNIUHBL
L. http://www.biblioclub.ru -ObC "YHuBepcurerckas OHOIHOTEKA OHIIAHH"

2. http://www.iprbookshop.ru/ - OnekTpoHHO- 6uOimoreyHas cucreMa [PRbooks
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MUWHUCTEPCTBO HAVKH U BLICIIEI' O OBPABOBAHUS POCCUUCKOH ®E IEPAITUU
DenepanbHOe TOCYJAPCTBEHHOE aBTOHOMHOE 06Pa30BaTebHOE YUPEKAEHHE BBICIIIETO 00Pa30BAHILS
«CEBEPO-KABKABCKWUW OF IEPAJILHBIM YHUBEPCUTET»

[Iaruropekiit HHCTHTYT ((prmmman) CKOY

MeroanmiuecKkne YKa3aHHA
VTSI OOYYAIOIIXCS ITO OPTraHH3aIHH H ITPOBEIEHIIO CaMOCTOSTeIIbHOH paboTEI
I10 JUCIHIUIMHE «MareMaTHKa»
Harpasnenue rmoaroroBku 19.03.04 TexHOMOrusa NpoaAyKIIHH H OpraHu3aIis o0IeCTBEHHOIO ITHTAHH S
HarparieHHOCTS (rpodnib ) TexXHOIOorisa H OpraHH3alis peCTOPaHHOTIO Jielia

[Isruropck,2022
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ComeprKaHHe

BBegeHie

OO0Ias XapaKTepHCTHKA CaMOCTOSTEIIFHOH paboThl 00YVUAIOIIETOCS IIPH H3YUE-
HUH JUCIHIUIHHBL « MaTemarinkay

[TnaH-rpadHK BEITIOTHEHHS CaMOCTOSTEIbLHOH PadoThI

KOHTpOIBHEIE TOUKH M BHBI OTUETHOCTH IT0 HHM

2 MeToanuecKe peKOMEHIAI[HH 10 H3YUEHHIO TEOPETHYECKOI O

MaTepHaia

MeToanuecKie VKa3saHHUA 110 ITIOATOTOBKE K 3K3aAMEHY

6 YyeGHO-MeTOIHYECKOe H HH(POPMAIHOHHOe o0ecIieueHHe JHCIIHIUIHHEI
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BBeneHnue

CaMocTosTellbHAsA padora — IUIaHHpyeMas VyueOHas, VYueOHO-HCCIIENOBATENbCKASL, Hay4YHO-
HcclIeoBaTeIbcKass paboTa CTYAEHTOB, BBIIIOJIHSIEMAasl BO BHeayJUTOPHOe (ayZHTOpPHOE) BpeMs IO 3aja-
HHIO H IIPH METOAHYECKOM PYKOBOJICTBE ITperoflaBaTellsL, HO 0e3 ero HelloCpeJCTBEHHOIO y4acTHSA (IIpH
YACTHYHOM HEIIOCPEICTBEHHOM YYAaCTHH ITPeloaBaTels, OCTABIISIOIIEM BEAVIIYIO POJIb 3a paboTOH CTY-
IIEHTOB).

CaMocTosTeNbHAA padoTa CTYAEHTOB B BY3e gBnsgeTCa BaXKHBIM BHIOM yueOHOH M HAYYHOH Ies-
TEIIbHOCTH CTYJIEHTA.

Benvyimas 1ieiip opraiuszaii 1 ocyiecTBiaeHHI CPC qoimkHa corMnagarh ¢ I[eIbl0 OOYUYEeHHS CTY-
II€HTa — IIOATOTOBKOH OakajaBpa ¢ BRICIIHM oOpaszoBaHHeM. [Ipu opranmsaipn CPC BaXHBIM H HeOOXO-
JTHMBIM YCIIOBHEM CTAHOBSTCS (DOPMHPOBAHHE YMEHHSI CaMOCTOSTEIILHOH paboThI IS MPpHOOPeTeHHS 3Ha-
HIMI, HABRIKOB H BO3MOJKHOCTH OpraHM3aI(iH yuyeOHON H HaYYHOH JESITEIIBHOCTH.

[[enpr0 caMOCTOSTEIILHON padoThl CTYIEHTOB SBIISIETCS OBIalcHHE (DYHIaMEHTAIIbHBIMHA 3HAHISIMH,
PO eCCHOHAJIBHBIMH YMEHHSIMH H HaBBIKAMH JeSTEIBHOCTH ITO MPO(]HIFO, OILITOM TBOPYECKOH, HCCIIe-
IOBATEIILCKON JIEATEIbHOCTH. CaMOCTOSTeNbHAS PadoTa CTYAEHTOB CIIOCOOCTBYET PasBHTHIO CaMOCTOS-
TeIIbHOCTH, OTBETCTBEHHOCTH H OPraHH30BaHHOCTH, TBOPYECKOTO IMOAX0Aa K PEIIEHHIO ITPo0iIeM YueOHOT O

H IMpo()eCCHOHAIBHOIO YPOBHA.
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O0nrasi XapakTepHCTHKA CAMOCTOATEJILHOH PadoThbI 00YYAIOIIErocs NpH H3yYeHHH JHCIH-

ILINHBI «VaTeMaTHKA»

CamocrtogrenpHasgs pabora - IUIaHHpyeMas YyuyeOHas, YyuyeOHO-HCCIeIOBATEINbCKASL, HAYYHO-
HcclleJoBaTeIbcKass paboTa CTYAEeHTOB, BBIIIOJIHSIEMAas. BO BHeayJUTOPHOe (ayZHTOpPHOE) BpeMs IO 3aja-
HHIO H IIPH METOAHYECKOM PYKOBOJICTBE ITperojaBaTellsL, HO 0e3 ero HellOCPeACTBEHHOIO Y4acTHSA (IIpH
YACTHYHOM HEITOCPEACTBEHHOM YYACTHH ITPEIIOAABATEISL, OCTABISIOIIEM BEAVIIVIO POIIb 3a pabOTOH CTY-
JIEHTOB).

CaMocTosTelbHAA padoTa CTYASHTOB B BY3e sgBnsgeTCa BaXKHBIM BHIOM YueOHOH M HAY4YHOH Ies-
TEILHOCTH CTyIeHTa. CaMOCTOSATEIbHAS padoTa CTYIAEHTOB HI'pacT 3HAUYHTEIBHYIO POIb B PEHTHHIOBOMH
TEXHOJIOTHH 00yueHHS. B cBsS3H ¢ 3THM, 00yueHHe B BY 3e BKIIOUYaeT B ce0s ABE, IIPAKTHUYECKH OJHHAKO-
BBIE IO OOBEMY H B3aHMOBIISIHHIO YacTH — ITpollecca oOydyeHHS H IIporecca camMooOyueHHA. IloaTomy
CPC pomxHa cTaTh 3(Q(QeKTHBHOH H IieIeHaIlIpaBIeHHOH paboTOH CTyIeHTa.

K coBpeMEHHOMY CIIEIHAIMCTY OOINECTBO MPeAbABISET JOCTATOYHO IMHPOKHI IEpeueHp TpedoBa-
HUH, CPEIH KOTOPBIX HEMAIOBAKHOE 3HAYEHHE HMEET HAIHYHE Y BBITYCKHHUKOB OIIpeJelIEHHBIX CIIOCOOHO-
CTEeN M YMEHHS CAMOCTOATEIIFHO JOOBIBATh 3HAHMS U3 PA3IMUYHEIX HCTOYHHKOB, CHCTEMATH3HPOBATE ITONY-
YeHHYI0 HH(POPMAI[HIO, JaBaTh OLIEHKY KOHKPETHOH (PHHAHCOBOH CHTyal[HH. DOpMHpOBaHIE TAKOTO YMe-
HHS TIPOMCXOINT B TEYEHIE BCETO IIEPHOIa OOYUEHN YePE3 YUACTHE CTYIAEHTOB B IIPAKTHYECKHX 3aHSTH-
SIX, BBIIIOJTHEHHE KOHTPOIBHBIX 3aJlaHHil H TECTOB, HAITMCAaHHE KYPCOBBIX H BBIOTYCKHBIX KBaJIH(PHKAITHOH-
HEIX padoTt. IIpH 3TOM caMocTrosrenpHasa padora CTYAEHTOB HIpaeT PEIMIArOINYI0 POJIb B XOIE BCETO yuel-
HOT'O ITpOIiecca.

Beavyimas 11eap opraHusaiiid H ocyIlecTBIeHHsS CPC JOKHA COBITAJATh C LIENIbIO0 OOYUEHHS CTVY-
JIEHTa — IOATOTOBKOH CIIelHamicTa M 0akKanaspa ¢ BRICIIMM oOpa3oBaHueM. [Ipu oprammzaipm CPC Bax-
HBEIM H HEOOXOZHMBIM YCIIOBHEM CTAHOBSTCS (POPMHPOBAHHE YMEHHS CaMOCTOSTEIIbHOH paOOTHl IS IIPH-
OoOpeTeHH s 3HAHHI, HABBIKOB H BO3MOKHOCTH OpraHH3aI[iH YUeOHOH H HAYYHOH JeSTeIIbHOCTH.

@OpMBI caMOCTOSATENBHOH PadoThl CTYAEHTOB pa3sHOOOpasHel. B COOTBETCTBHH ¢ paboyeH IIpo-
IPaMMOH JHUCIHIUIMHBI TIPEAYCMOTPEHEI CIIEeIVIOIHE BHBI CAMOCTOST €JIbHOH PabOTEI CTYIEHTA:

- CAMOCTOSITEIIbHOE H3YUEeHHE JIHTEPATYPHI;

- CAMOCTOSITEIIHHOE PEIIEHHE 3a/1a4,

- BEITIOJIHEHH E KYPCOBOTO IPOEKTA.

Ilens camocmoamensHozo U3ydeHUA aumepamypsl — CaMOCTOSTEIIbHOE OBJIAJIEHHE 3HAHMSMH,

OITBITOM HCCIIeJ0BaTEIbCKOH AeITeIIbHOCTH.

AOKYMEHT MOANWUCAH |
SNEKTPOHHOWM NOANUCHIO ATyPBL ABIBIHOTCA.
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o (popMHpOBaHHE YMEHHH HCITOJIL30BaTh HOPMATHBHYIO, IIPAaBOBYIO, CIIPABOYHYIO JOKYMEH-
TALHIO U CIEIHAIIbHYIO THTEPATYPY,

o Pa3BHTHE ITO3HABATEIbHBIX CIIOCOOHOCTEH H aKTHRHOCTH CTYAEHTOB.

Ilens camocmoamenvHozo peuteHua 3a0au - OBIAaJcHHE ITPO(PECCHOHATBHBIMH YMEHHSIMH H
HaBBIKAMH JeATEILHOCTH 110 ITPOHITIO Oy IyIIeH eaTeIbHOCTH.

3ad auamu caMOCTOSATEIIFHOIO PEIleHH S 3a0a SBIISIOTCS:

o CHCTeMaTH3al[Hd H 3aKpellJIEHHE ITONYYEHHBIX TEOPETHYECKHX 3HAHHMH H ITPaKTHYECKHX
YMEHHH CTYIEHTOB,

° (pOpMHpPOBaHHE CaMOCTOSTEIbHOCTH MBIIIIIEHHS, CIIOCOOHOCTEH K caMOPa3BHTHIO, CAMOCO-
BEPIIIEHCTBOBAHHIO H CAMOPEa3alHH

o Pa3BHTHE HCCIIeA0BATENIb CKHX YMEHHH.

Ilenvrwo camocmoamenbHozo 6bINOJIHEHUA PACUEMHO-2paAPuuecKoil padompl 110 JUCIIIIINHE SB-
IsIeTcs OBNajJieHHe (pyHIaMeHTaIbHBIMH 3HAHHISMH, ITPO(PeCCHOHAIFHBIMH YMEHHSIMH H HaBBIKAMH Jes-
TEIIbHOCTH I10 ITPO(HITIO, OITBITOM TBOPYECKOH, HCCIe0BaTEeIbCKOMH JIesITeTbHOCTH.

3adauamu JAHHOTO BHJA CAaMOCTOSATEIIBHOH PabOTEI CTYASHTA SBIISIOTCSL:

° CHCTEMATH3al[HMd H 3aKpellJIEHHE ITONIYYEHHBIX TEOPETHYECKHX 3HAHHMH H ITPAKTHYECKHX
YMEHHH CTYIEHTOB,

o VIIIyOIIEHHE H PACIIHPeHHE TeOPeTHYECKIX 3SHAHHI,

. (popMHpOBaHHE YMEHHH HCIIOIb30BaTh HOPMATHBHYIO, ITPABOBYIO, CIIPABOYHYKO JOKYMEH-

TaILHIO H CIIEIHATbHYIO JINTEPaTypYy,
. pa3BHTHE IT03HABATENbHBIX CIIOCOOHOCTEH H aKTHBHOCTH CTYAEHTOB. TBOPYECKOH HHHI[HA-

THBEI, CAMOCTOATCIIBHOCTH, OTBETCTBCHHOCTH H OPI'dHH30BAHHOCTH,

® (bﬂphﬂ[pﬂEElH[IE CAMOCTOATC/IIBHOCTH MBINTUICHITA, CITOCOOHOCTEH K CaMOPA3BHTHIO, CaAMOCO-

BEPHICHCTBOBAHHIO H CAMOpPCAJI3allHH
® Pa3BHTHE HCCIICTOBATCJIb CKIX }MEHI[FI;

® HCIIOIIB30BAHHE MATCPHAJIA, GDﬁpﬁHHGI‘G H ITOJIIYVHEHHOI'O B XOJS CAMOCTOATCIIbHBIX 3dHA-

THI Ha CeEMHHapax, Ha MIPaKTHYeCKHX H JTa00paTOPHBIX 3aHATHAX, IIPH HAITHCAHHH KYPCOBOH PaOOTHI.
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B pesynbpTare OCBOSHHSA AHCIHIUIMHBI (DOPMHPYIOTCS CIEAVIOIMI IepeuyeHb ITIaHHPYEMBIX pe-

3YIIbTATOB Gﬁ}"‘IEHIIH II0 JUCI[MIUIHHE, COOTHECEHHEIX C ILTAHHPYCMBIMHI PC3YJIbTaTaMH OCBOCHHA DﬁpﬂBD-

BaTEJIbHOH ITPOrPaMMBbI:

Kon, popMymHpoBKka KoMIIe-
TEHI[HH

Kog, (hopMyImHpoBKa HHJTHKA-
TOpa

[ImannpyeMble pe3ylIbTaThl
00y4eHHS 110 JHCIHIUTHHE
(MOIYIIIO), XapaKTe pH3YIOIITHE
ATarbl POPMIPOBAHHSI KOMIIE-
TEHIHH, HHIHKaTOPOB

YK-1 CriocoGeH OCYIIECTRIISTH
TIOMCK, KPHTHYeCKHH aHalIH3 H
CHHTE3 HH(POPMAIHH, IIPHMe-
HSTh CHCTEMHBIHN ITOIXO AJI

PELIEHH S IIOCTABIIEHHBIX 3a1a4

N J1-1vx.1 Bergemsaer mpo-
OIEMHVYIO CHTYALHIO, OCY-
IIIECTBISIET €€ aHaIN3 H JiHa-
THOCTHKY HAa OCHOBE CHCTEM-
HOT'O IIOIX0/a,

3HaeT OCHOBEI MaTeMaTHYe-
CKOIr'0 aHalIM3a, THHeHHOH ajl-
reOphl, TEOPHH BEPOSITHOCTEH
H MaTeMaTHYeCKOH CTaTHCTH-
KH KaK YHHBEPCAIIBHOIO S3BIKa

HAaVYKH, HEOOXOHMOTI0 IS

MO EITHPOBAHH S SIBIIEHHH H

IIPOIIECCOB.

YMEET pacIiosHaTh MaTeMaTH-
YyeCKHe OOBEKTHI.
Brnajgeer HaBpIKaMu cOopa,
00paboTKH HH()OPMAILHH, HH-
CTPYMEHTAPHEM JIJIS PEIEHH S
IIPOCTEHINIX MaTeMaTHYECKIIX
3aJa4 H MaTeMaTH4e CKOH

TEPMHHOJIOTHEH, H pa3IHy-
HBIMH CITOCOGaMH ITpeCTaB-
TIEHHS MaTeMaTHYeCKOH HH-
(popMaIiH (aHaITHTHYECKHM,
rpaHYeCKHM, CIIOBECHBIM H

Ip.).

OIlIK-2 CriocoGeH IMpHMEHSTH
OCHOBHBIE 3aKOHBI H METO/IBI
HCCIIEIOBAHHH €CTECTBEHHBIX
HaVyK JUIS PEeIleHHs 3a1a4 Ipo-
(pe CCHOHAIILHOH JIeITEIIbHOCTH

CepTtudmkar:
Bnapeneu:

.ﬂeﬁmamenem c 20.08.2021 no 20.08.2022

N J1-20mx-2 MCIIOnb3yeT HaBEI-
KH CaMOCTOST eJIbHOH PabOTEI
CO CIIEIHAIILHOH JIHTEPATYPOH
IUISI COBEPIIIEHCTBOBAHI S 3HA-
HHI B 00IIacTH ecTeCTBEeHHBIX
HAyK JUIS PEIEHHS 3aay
PO eCCHOHAILHOH JIeSTelIb-
HOCTH

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
12000002A633E3D113AD425FB50002000002A6

lLlebGayxoea TateAHa AnekcaHapoBHa

3HaeT OCHOBHEIE METOIBI H
MOJIEH PEMIEHH S THITOBBIX
3aa4.

YMeeT IIPHMEeHSTh MeTOJBI
MaTeMaTHYeCcKOro aHaJIn3a ’
MOJIEITHPOBAHH S, TeOpeTHYe-
CKOT'O M BKCIIEPHMEHTaJIbHOI' O
HCCIIeJOBAaHH I PellleHH A
3aau.

BrajeeT HaBbIKaMH IIPHMEHE-
HHSI COBPEMEeHHOI'O MaTeMaTH-
JeCKOI O HHCTPYMEHTapHS I
PEIleHH A 3aJay YITpaBIeHISL
MEeTOHKOH ITOCTPOeHHS, aHa-
IIH3a H IpHMeHEeHH I MaTeMa-
THYECKHX MOJieNell I OlleH-
KH COCTOSHHS H ITPOrHO3a
pPa3BHTHSA SBIIEHHIT H ITpOIiec-
COB B YIIPaBIIEHHH, CIIOCOOHO-

CTBIO IlepeJaBaTh Pe3yIbTaT

ITPOBEJCHHBIX HCClIe JOBAHHH
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B BHJIE KOHKPETHBIX PEKOMEH-
Al B TepMHHAX IIpeIMET-
HOH 00IIacTH 3HaHHY.

NOKYMEHT MOAMUCAH
3NEKTPOHHOM MOANUCHIO
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Heincreutened: ¢ 20.08.2021 no 20.08.2022
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IL1an-rpadpuk BbIMOJTHEHHSA CAMOCT OATEJIbHOH PAad0ThI

Kozapl pearmsy-

O06BeM YyacoB, B TOM YHCIIE

CpencTea KoHTakTHas
eMbIX KOMILE- By nesrenbHOCTH
y TEXHOJIIOTHH padota ¢
TEHIIMEI, HHIH- CTYVIACHTOB CPC Bcero
OILIEHKH TIpeIojapa-
KaTopa(oB)
TeJleM
1 cemecTp
CaMOCTOSITEIIbHOE Cobecero-
| H3YUEHHE JTHTEPATYPBI a 53.46 5,94 39,4
YK-1 | BaHHE
| 110 TeMaM Nel-18
ALy [ToaroToBKa K JIEKIH- CobeceJo-
OIIK-2 2.43 0,27 2.7
MIT-20m 2 SIM BaHHE
IloAroToBKaA K IIpaK- CobeceJo- 4.86 0.54 5.4
THYECKHM 3aHSTHSIM BaHHE
Hroro 3a 1 cemecrp: 60,75 6,75 67,5
HToro: 60,75 6,75 67,5

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOAMUCKIO

Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnageneu;

lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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I{ﬂHTprHhIE TOYTRKH H BHIbBI OTHCTHOCTH ITO HHM

No BHj neSTelIbHOCTH CTYAEHTOB CpokH KommuecTtBO
TI/T1 BEITIOITHEHHS OaJIIOB
1 cemecTp

1. [IpakTHueckoe 3aHgaTHE No 2 6 Helensd 25
IIpaxkTHyeckoe 3aHATHE Ne 5 10 Heqgenda 15
3. IIpaxTHyeckoe 3aHaTHE No 7 16 Hegenda 15
Hroro 3a 1 cemectp 55
Hroro 55

MakcHMAJIBHO BO3MOJKHBIH 04Ul 3a BECh TEKYIIHH KOHTPOIb MakcHMaIbHO BO3MOKHBIH Oaint 3a
BECH TEKYII[HH KOHTPOIb YCTAHABIIMBAETCS PaBHBIM J5. Tekyllee KOHTPOJIBHOE MEPOIIPHATHE CUMTAETCS
CHAHHBIM, €CIIH CTYAEHT IIOIMYYIII 3a HEro He MeHee 60% OT YCTaHOBIEHHOI O IS 3TOr0 KOHTPOISI MaKCH-
MaJIbHOTO Oarta. PENTHHIOBEIN Oalljl, BEICTABIIIEMBIN CTYAEHTY 3a TEKYIIEEe KOHTPOIBHOE MEPOIIPHAITHE,

CAAaHHOC CTYIACHTOM B YCTAHOBJICHHDBIC Ipﬂ(bI]I{OM KOHTPOJIBHBIX MEPG]—[I)H}II‘Hﬁ CPOKH, OIIPEACIIACTCH CIIC-

IIYIOIIM O0Pa3oM:
YPOBEHSB BBIITOJIHEHH I KOHTPOIIBHOI'O PemrtnHroBRIH Oari (B % oT MaKCHMAJIBHOIO Oajl-
3aIaHIS J1a 3a KOHTPOJIbHOE 3aJaHHe)

OTIHYHEIH 100
Xopormi 30

Y IOBJIETBOPHT EJILHBII 60

HeynoBRneTBOPHTEILHBIIN 0

[OKYMEHT MNOAMNWUCAH

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Metoanieckne PEKOMEHTJAIINH ITO H3VUCHHIO TCOPETHYIECCKOI'0O MaTEepHaJIa

CamocTogrenbHasa padora CTyJAeHTa HaUHMHAeTCS ¢ BHHMATEIIbHOIO O3HAKOMIIEHHS C COIEP KaHHEM
yyeOHOIo Kypca.

M3yyeHHe KaKIOH TeMBI ClIeAyeT HaUHHATh ¢ BHHMATEIbHOI'O O3HAKOMIIEHHS ¢ HaOOpOM BOIIPOCOB.
OHH OPHEHTHPVIOT CTYIEHTAa, IIOKA3BIBAIOT, YTO OH JOJKeH 3HAaTh IO JaHHOH TeMe. BOIIPOCH TeMBI Kak
OBl HAKJIaJIBIBAIOTCS HAa COOTBETCTBVIOIIYIO I'TIaBY H30paHHOro yueOHHKa IIH YueOHOro rmocodus. B urore
IOIKHO OBITH SICHBIM, KaKHe BOIIPOCHI TeMBI YUeOHOI0 Kypca M ¢ KaKOH I''TYOHHOH PAaCKPBITHI B KOHKPET-
HOM yueOHOM MarepHaie, a Kakie BOOOIIe ONMVIIeHHBL. TpebyeTcs TBOPUECKOE OTHOIIEHHE H K CAMOMY CO-
JIEePKaHHIO U CIIHITIIHEL.

BOITpOCEL, COCTARIIIOIIIE € COep:KaHHe, 00IaJal0T PasHOH CTEIEHBIO BaKHOCTH. ECTh BOITPOCHL,
BBITOITHSIONTHE (PYHKI[HIO TOTHYECKOH CBSI3KH COAEPKaHHS TeMBI H BCET0 Kypca, HMEIOTCS BOITPOCHI OITH-
CaTEIbHOI'O IIH Pa3bsSCHHTEILHOIO XapaKrepa, a TaKXke HCTOPHYECKOIO SKCKypca B 00JIacTh H3y4YaeMOH
THUCIIHIUIHHLI. BCce 3TH BOIIPOCHI HE COCTABIISIOT CYTH ITOHS-THIHOIO, KOHIIENTYAJIbHOI'O COMEPKAHHS Te-
MBI, HO HEOOXOIHMBI JIJIS LEJIOCTHOI'O BOCIIPHATHS H3YYaEMBIX ITPOOIIEM.

HM3yyaemass JHCIMIUIHHA HMEET CBOH KaTEerOPHAIbHO-ITOHATHHHBIN ararapar. HayuHbie TIOHATHS —
5TO Ta 0a3a, Ha KOTOPO# CTPOHTCS Kaxkaas HayKa. IIOHITHS — y3II0BBIe, OIIOPHEBIE ITYHKTHI KaK HayYIHOTO,
TaK 1 Y4eOHOr 0 IO3HAHM L, JIOTHYECKHE CTYIIEHH ABHKEHHS B yueOe OT IIPOCTOr 0 K CIIOKHOMY, OT SIBJICHHS
K CVIITHOCTH. be3 SICHOTrO ITOHMMAaHHS ITOHATHH yuyeba KpaHHe 3aTPYIHSETCS, a COAepKaHHe ITPHOOpeTeH-
HBIX 3HAHHH CTAHOBHTCS TYCKJIBIM, PACIIIILIBYATEIM.

CTyIeHT AOKeH ITOHHMATh, YTO CaMOCTOSTEIIBHOE OBIAJeHHE 3HAHHSIMH SBIISETCS TTIaBHBIM,
OIpeAeIISIOINNM. BEICINAS IIIKOIa CO3MaeT IS ATOro HeoOXOMHMEIE YCIOBHS, ITOMOraeT OyayIleMy BBICO-
KOKBaIIH (PHITHPOBAHHOMY CIIEI[HAIIMCTY OBIIAJIETh TEXHOJIOTHEH CaMOCTOSATEIbHOIO ITPOH3BOACTBA 3HAHHI.

B caMmocTosgTensHON padoTe CTyAeHTaM IIPHXOAUTCS HCIIOIb30BaTh THTEPATYPY PA3IMUYHLIX BHIOB:
TIEPBOHCTOYHHKH, MOHOIPa(pHH, Hay4HbIe COOPHHKH, XpecTOMAaTHH, YIeOHHKH, yieOHbIe ITOCOOHS, XKYypHa-
eI U ap. U3ydyeHHe Kypca IpearnoaaraeT 3HakKOMCTBO CTYAEHTOB ¢ OONBINHM OOBEMOM HAYUYHOH H y4eld-
HOH JINTePaTyphl, YTO, B CBOKO OYEPelb, MOPOXKIaeT HEOOXOAHMMOCTh BBIPAOOTKH YV HHX PalfHOHAJIBHO-
KPHTHYECKOI'O MOAX0Aa K H3y4aeMbIM HCTOUYHHKAM.

YT0oOBl HE «YTOHYTB» B OIPOMHOM OO0OBEME PEKOMEHJIOBAHHBEIX €MY IS H3YUEHHS HCTOYHHKOB,
CTYJIEHT, IIPeXkAe BCEro, MJOKEH HAYUYHTHCS IMPABIILHO HX YHTaTh. [IpaBIIIEHOE UTEHHE PEKOMEHIOBAH-
HBIX HCTOYHHKOB ITpeIIoiIaraeT ClIeAoBaHIe HECKOIBKHM HECITIOAKHBIM, HO BEChMA ITOJIE3HBIM ITPABHIIAM.

[IpeaBapHTEIbHBIH IIPOCMOTP KHHIH BKIIFOYAET O3HAKOMIIEHHE C THTYIIBHBIM JTHCTOM KHHIH, aHHO-

OOKYMEHT NOANUCAH . ]
SNEKTPOHHOW NOAnNUChIo [EHHH C OITIaBIIeHIEM HeOOXOMHMO BEIISIIHTD pa3ac

Ceptucpukar.  12000002A633E30113AD425FB50002000002A6

. ITEPEC, Oermno ux ITPOCMOTPETD, HaHTH McCT4d, OTHO-
Bnapeneu: lebayxoea TateaHa AnexkcaHgpoeHa

| O3HAKOMHTBECH C HHMI B GﬁH[ID{ HEPTax.
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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HayuHble H3TaHHSI COIIPOBOKAAIOTCS PAa3IHYHBIMH BCIIOMOraTe IbHBIMH MaTepHaIaMH — HaYYHBIM
armrapaToM, ITI03TOMY BasKHO 3HATh, H3 KaKHX OCHOBHBIX 3II€MEHTOB OH COCTOHMT, KAKOBBI €I0 (DYHKITHH.

3HAKOMCTBO C KHHI'OH JIVUIIE BCETO HAYHHATh C H3YUEeHHS aHHOTAIMH — KPaTKOH XapaKTepHCTHKH
KHHTH, PAaCKPBIBAIOIIEH €€ COAep KaHHe, HICHHYIO, TEMATHUYECKVIO H JKaHPOBYIO HAIIPABIIEHHOCTh, CBEJIE-
HHS 00 aBTOpe, Ha3HAYeHHE H IPYrHe OCOOEHHOCTH. AHHOTAIMA ITOMOraeT COCTAaBHUTh ITPeaBapHTEIIBHOE
MHEeHHE 0 KHHTE.

['11y0XKe MOHATh coAepKaHHE KHHTH TTO3BOJISTIOT BCTYITHTEJIBHAS CTAaThs, B KOTOPOH JaeTcs OLlIEHKa
coZlepKaHHI KHHIH, 3aTparMBaeMOH B HeH ITPOOIEeMaTHKH, COJEPKHTCI HH(QOPMAIHsI O XKH3HEHHOH H
TBOpYECKOH OHOrpaHH aBTOpa, BBICKA3BIBAIOTCS ITOJIEMHYECKHE 3aMEYaHHs, Pa3bSICHIIOTCS OTJElIbHBIE
IIONIOKEHH KHHIH, JAFOTCS KOMMEHTApHH H T.J. BOT ImoueMy 3HAKOMCTBO C BCTVYIIHMTEILHOH CTaThel
IIPEJICTARIISIETCS OYEHD BAaKHBIM. OHO ITOMOTAeT CTYIEHTY COPHEHTHPOBATHCS B TeKCTe padOTHl, OOPaTHTH
BHIMAaHHE Ha ee HauOoIlee IIeHHEBIE H BaKHBIE Pa3Ieibl.

TOH XK€ ILIenH COAEHCTBYET 3HAKOMCTBO C OIJIABIIEHHEM, ITPEIHCIOBHEM, IIOCIECIIOBHEM. BecbMa
TTOJIE3HBIMH 3JIeMeHTaMH Hay4YHOI O afrapara SBIISIOTCS CHOCKH, KOMMEHTAapHH, TaOlIHIIbI, Ipa(pHKH, CITHC-
KH JHTepaTyphl. OHH He TOJIBKO HIIIFOCTPHPVIOT OT/IEIIbHBIE ITONMOKEHH I KHHITH WIH CTaThH, HO H CaMH I10
ceOe SBILSIOTCS JTOIIOIMHHTEIBHBIM HCTOYHHKOM HH(POPMAITHH JJ15 YHTATE .

EciH ynTaTtess 3aHHTepecoBaia Kakas-TO BEICKa3aHHAs aBTOPOM MBICIIb, He HallleAIIasl IMoApOoOHO-
I'O OCBEILIEHHSI B JaHHOM HCTOYHHKE, OH MOKET OOPaTHTHCHA K TEKCTY HCTOUYHHKA, YITOMHHAEMOIO B CHOC-
Ke, MO0 K HCTOUYHHKY, KOTOPBIH OH MOJKET HANTH B CIIHCKE JINTePATYPhl, PEKOMEHIOBAHHOH aBTOPOM IS
CAMOCTOSITEIIBHOIO H3YUEHH .

CymiecTBYeT HECKOIIBKO (POPM BeJIeHH S 3aITHCEH

— IUIaH (IIPOCTOI H pa3BepHYTHIH) — HaHOonee KpaTKasa (popMa 3aITHCH ITPOYHTAHHOIO, ITpeCcTaB-
TsroIasi coOOH IIEpeUYeHb BOITPOCOB, PAaCCMaTpHBAEMBIX B KHHIE WIHM CcTaThe. Pa3BEpHYTBIN IUIaH IIPE]-
CTaBIsIeT coOoH Oonee MOoAPOOHYIO 3aICh IIPOYHTAHHOI O, C AeTalM3al[ied OTAEIIbHBIX ITOIOKEHHI H BhI-
BOJOB, C BBIIHCKOH I[HTAT, CTATUCTHYECKHX JAHHBLIX M T.X. Pa3sBepHYTHII IUIAH — HEOLIEHHUMBII ITOMOIII-
HHK ITPH BEICTYILIEHHH C JOKIAJOM Ha KOHKPETHYIO TeMY Ha ceMHHape, KOH(pepeHIH,

— TE3HCHl — KPaTKO ¢ OpMYITHPOBAaHHEIE TTOJIOKEHH S, OCHOBHBIE ITOIOKEHH S KHHTH, cTaThH. Kak
IIPABIJIO, TE3HCHI COCTABRIISIOTCS ITOCIE ITPeIBAPHTEILHOIO 3HAKOMCTBA C TEKCTOM HCTOYHHKA, ITPH €T0 II0-
BTOPHOM ITPOYTeHHH. OHH ITOMOTraf0T 3alIOMHHTE H CHCTEMATH3HPOBAaTh HH()OPMAI[HIO.

CocTaBlleHHEe KOHCIIEKTOB

BOIBIIYIO POJIb B YCBOEHHH H ITOBTOPEHHH ITPOHAEHHOIO MaTepHalla HIpaeT XOPOIIII KOHCIIEKT,
COIep KaIllHH OCHOBHEIE HIEH IIPOYHTAHHOIO B YUeOHHKE H YCIIBIIIIAHHOIO B JIEKIHH. KOHCIIEKT — A3TO, 110

.; AOKYMEHT TOANUCAH scKa3a II0 OCHOBHBIM BOITPOCAM TeMBbI
SNEKTPOHHOM MOANUCHIO | 1p '

Ceptudukar:  12000002A633E3D113AD425FB50002000002A6

HCHMOCTH OT HHIHBHAVYAJIbHBIX 0oco0eHHOCTEeH CTY-
Bnapeneu: lebayxoea TatksaHa AnekcaHgpoBHa

JIPHYIO, HO H Ha 3PHTCIIbHYIO ITAMATD, ITPHYCEM TCKCT
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KOHCITEKTa HEPEIKO aCCOIMHPYETCH eIlle H ¢ TEKCTOM YueOHHKa HIIH 3aIichio NeKImH. [loaToMmy nerde 3a-
ITIOMHHAETCS COAepKaHHE KOHCIIEKTOB, HAIIHCAHHBIX Pa300pPUYHBO, C IOJUYEPKHBAHHEM IIIH BHIJCIICHHEM
Pa3pSAKOH KIFOUEBBIX CIIOB H (ppa3s.

CaMOCTOSTEIIbHO H3YYEeHHBIE TeMBI ITPEJ0CTARISIOTCS IIPEIoJlaBaTellto B (popMe KOHCITEKTa, IT0 KO-
TOPOMY ITPOHCXOAHT colecefloBaHHE. TeopeTHYeCcKHe TeMbI Kypca (OT/IeJIbHbIE BOITPOCH), BEBIHOCHMEBIE Ha

CAMOCTOATCIIbHOC H3VUCHIHEC, ITPEACTABIICHBI HITKE.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

67



MeTtomueckne YKA3aHHA ITO INOATOTOBKE K JK3aMCEHY

M3yueHne IUCIIUIMHBL «MaremarHka» 3aBepllaercs SK3aMeHOM. [IoaroroBka K SK3aMeHY CIIO-
COOCTBYET 3aKpEIUIEHHIO, YITIYOIEHHIO H OOOOINEHHIO 3HAHHH, ITOIYYaeMBIX, B IIpoliecce OOyYeHHS, a
TAKKe IPHMEHEHHIO HMX K PENIEHHIO ITPaKTHYeCKHX 3aa4. I OTOBRICH K 3K3aMeHY, CTYAEHT JTHKBHAHPYET
HMEIOIIHECS IPOOEIIBI B 3HAHIIX, YIIYOIIeT, CHCTEMAaTH3HPYET H VIIOPSAOUHBAacT CBOM 3HaHHA. Ha sK3a-
MEHE CTYAEHT AeMOHCTPHPYET TO, YTO OH IIPHOOPEIN B ITpoliecce OOYUEHHS 10 KOHKPETHOHN YUeOHOH JIHC-
IHIUTHHE.

Ha KoHCymnbTaluu Iepe] SK3aMeHOM CTYIEHTOB ITO3HAKOMSIT ¢ OCHOBHBIMH TPeOOBAaHHSMH, OTBE-
TST Ha BO3ZHHKIIE Y HHUX BOIIPOCHIL. II03TOMY ITOCeIeHe KOHCYIIBTAI[HI 00s3aTElbHO.

[IpH 1oAroTOBKe K 3K3aMEHY HEOOXOAHMMO HCIIONB30BaTh KOHCIEKTHI JIEKIHH 110 IHCIHITIHHE,
yUeOHHKH H yuyeOHbIe TTOCOOHS (M3 CITHCKa OCHOBHOI M JOIOITHHTEIILHON MHTepaTyphl) HIIH KOHCITEKT IIH-
TepaTypsl, IIPOYMTAHHOH 10 YKa3aHHIO ITPEIIOAaBaTellsd B TEYEHHE CEMECT]A.

BHauane cieayer IPOCMOTPETh BECh MATEpHAl IO CAaBaeMOH MUCIHMIUIHHE, OTMETHTDL IS ceOs
TPVYAHEBIE BOIMPOCHL. OO0SI3aTEIIbHO B HUX pa3o0parkes. B 3aKmoUeHHE ellfe pa3 1L[erneco00pa3Ho ITOBTOPHUTH
OCHOBHEIE ITOJIOKEHH .

CucTeMaTHYeCKas ITOATOTOBKA K 3aHATISAM B TeUeHHE CEMeCTpa ITO3BOIIHT HCITONB30BaTh BPEMS HK-

3aMeHaIl[HOHHOH CECCHH IJISI CHCTeMaTH3aL[HH 3HAHHH.

BﬂﬂpﬂChI K IK3aMEHY

I. Borpocs! (3ama4a, 3aJjaHHe) IS IIPOBEPKH YPOBHS 00YUYeHHOCTH:

2. YTo Takoe MaTpHIla H KAKOBEI OIEPaIH HaJl MAaTPHI[AMH?

3. J11s1 KaKIX MaTpHIL OIpeelIeHbl OIlePallHH CI0KeHHI (YMHOKEHHS)?

4, OOnagaeT M cnokeHHe (YMHOKeHHEe) MaTPHIL CBOHCTBOM KOMMYTaTHBHOCTH?

3. Yro Takoe obparHasa marpuiia? Jlrobas 1H MaTpHIa HMeET IIPOTHBOIIOIOKHYIO?

6. [loueMy He oIpeiesieHa oIepalfys JAejIeHHS MaTPHI[?

7. YTo Takoe omnmpeaennrellb MaTpuIlbl? Kak cBsg3aHa oOpaTHMOCThE MATPHIIEL C €€ OIPEdeIHTE-
IeM?

8. OIMIIHTE METOABI OTHICKAHIS PAHT'a MATPHIIEI.

AOKYMEHT MNoarnncAH

ANEKTPOHHOM NOANUCHIO O1 OIIPSACIIMTCILA ITO CTPOKE (GTGH@H}’).

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu; LleB3yxoea TateAHa AnekcaHapoBHa JIETIUTENS
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11.  Yro Takoe apHpMeTHYeCKOE ITPOCTPAHCTBO BEKTOPOB H ero 6a3uc?

12. Kak m3MeHATCSI KOOPAMHATEI BEKTOpa IIPH IepeXofe OT cTaporo dasmca K HOBOMY?

13. YTo Takoe cHcTeMa JIHHeHHBIX anreOpandecknxX ypaBHeHHI (CJIAY) H ee pelneHne?

14. YTO 3HAYMT PEIMTh CHCTEMY JIMHENHBIX YPaBHEHHI ?

15. CKOIIBKO PENIEHHI MOXKET HMeTh CJIAY?

16. B ueM cyTh MeToza ['aycca? Uto Takoe areMeHTapHbBIe IMpeodpa3oBaHH I CTPOK MAaTPHIIBI?

17. JIroOBIe JIH CHCTEMBI MOJKHO PEIHTE MeETOAOM Kpamepa H MaTpHYHEIM MeTOA0M?

18. YTOo Takoe JIMHEHHEIA OIlePaTOp M ero MaTpHIla?

19. OINMIIIUTE METOJT OTBICKAHH ST COOCTBEHHBIX BEKTOPOB H COOCTBEHHEIX 3HAYEHHH OIlepaTopa.

20. Yro Takoe KBaJgpaTHYHASA (popMa H ee KaHOHHYECKHI BHI?

21. Kak cocTaBisgeTcs MaTpHIla KBaJpaTHIHOH ()OPMBI?

22. UTOo Takoe BEKTOP, H KaKHE JIMHENHBIE OIlEPallii HaJl BEKTOPaMH MOKHO ITPOH3BECTH?

23. Yro Takoe GasHc, H CKOJILKO 0a3HCOB CVIIECTBYET B MHOKECTBE BCEX BEKTOPOB ITPOCTPAH-
CTBa?

24, CKOIBKO Pas3lIoKeHHH 110 JaHHOMY 0a3HCy HMEET JAHHBIT BEKTOP?

23. 3aBHCAT JIM KOOPJAHHATEL OT BeIOOpa Gasmca?

26. OImpeaensaroTcs I KOOPAHHATHI OJJHO3HAaYHO BEIOOpOoM Oaszuca?

27. UTOo Takoe CKalspHOE ITPOU3BEAEHIE BEKTOPOB H €0 OCHOBHBIE CBOHCTBA?

28. Kak orpefemuts yroi Mexay BeKropamMH? KakoBEl YCIIOBHS KOIIMHEApHOCTH H OPTOro-

HAJIBHOCTH BEKT GPGE?

29, KaxoBbI I'COMCTPHYCCKOC H MEXdHHYCCKOC IIPIUIOKCHIA BEKTOPHOI'O IIPOH3BEACHIA BCKTO-
POB?
30. Kaxoro I'COMCTPHYICCKOC ITPHIIOKCHHE CMCIITAHHOI'O ITPOH3BCICHH A EEI{TDPGB'?
31. qEM}*’ PaBHO CMCIIAHHOC ITPOH3BCACHHE TPCX KOMIUIaHAPHBIX EEKTDPGB'?
AJOKYMEHT NogrnnMcAH » 9
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34, OITIIHTE Bce BHABLI YPaBHEHHI ITPSAMOI H ITOSICHHTE, KAKOB reOMeTPHUYECKHIT CMBICIT KO3()-

(PHIMEHTOB B 3THX YPaBHEHHIX"?
35. Kak HaHTH paccTOSHHE OT TOYKH JO IIPSAMOH Ha ITIOCKOCTH?

36. Kaxk OITPCACIINTE B3dHMHOC PACIIOIIONKCHHC ITPAMBIX Had ILNIOCKOCTH. ITaPallJICIIBHEBI, ITCPIICH-

THKYIISIPHEL HIIH ITepeceKaroTcsa? M ecln nepecekaroTcsl, KaKk HAHTH YTOJI MEKIY ITPSIMBIMH?

37. JIroGas1 1 IDIOCKOCTE MOJKET OBITH 3aJjaHa JIMHEHHBIM YPaBHEHHEM H HA000pOT?

38. KakoB reoMeTpHYECKHH CMBICT KO3((PHIIHEHTOB B 00II[eM YpaBHEHHH IJIOCKOCTH?

39. Kak Imoy4nTs ypaBHEHHE INIOCKOCTH, ITPOXOASIIEH Yepe3 TPH TOUKH?

40. KaKOB KaHOHHMYECKHI BH YPAaBHEHHH 3IIJIHIICA, THIIEPOONIEI, Mapadoikl H KaKOB I'eOMETPH-

JeCKHI CMBICT KO3()(PHIMEHTOB 3THX YPaBHEHHH?

41. CKOIBKO OceH CHMMETPHH HMeeT 3JuTHIic (THnepOora, mapadona)?

42. CKOIBKO BEPHIMH HMeeT UHIIC (THIepOoa, mapadona)?

43, Kak onpeaemiTh 3KCIIEHTPHCHTET, JHPEKTPHCH H (POKYCHI AIUIHIICA (THIIEPOOIIRI)?

44, YTo Takoe IMIMHIAPHYECKIE IIOBEPXHOCTH H KakHe OBIBAFOT BHUIBI IMJIMHAPOB BTOPOIO I10-
psaaka?

45. YTOo Takoe MOBEPXHOCTH BpalleHHA? SABILIIOTCS JIH ITOBEPXHOCTSIMH BPAII[€HHS 3JIIIHIITHYE-

CKHH HJIH THIIepOOIMYeCKHH ITapadomong?
46. JlafiTe ompeneneHre QyHKIIHH. UTO Ha3pIBaeTCsL, 00IACThIO ONpeleneHHS (PYHKI[HH?
47. KaKoBBI OCHOBHBIE CITOCOOBI 3aJaHH I (PYHKIIHH? [IpHBeIHTE ITPHMEDHL.
48.  OOparHas (pYHKIHS.
49. Kakast () yHKI[HS Ha3bIBAeTCs CIIOKHONH? [IpHBeHTE IIPHMEDEI.

50. Yro Takoe YHCIIOBAS IOCIIEAOBATEIBHOCTE? CHOPMYIIHPYHTE OIpellelleHHe OrpaHHYeHHOH

CBEPXY ITOCIIENOBATEIbHOCTH (OrpaHHYEHHOH CHH3Y, OTPAaHHYEHHOH ).

51.  CdopmMmynHpyiTe oIpeeleHHe ITpeella YHCIOBOH IOCIEN0BaTeIbHOCTH.
32. Yro Takoe cXOIAIIascs YHCIIOBas ITOCIeA0BaTelIbHOCTh (pacxomsmrasicsa)? OCHOBHOE CBOH-
| AOKYMEHT MNoarnMcAH
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53. Kakas rmocinegoBaTelIbHOCTh Ha3bIBAeTCI OeCKOHEUHO Malon? CBI3b OeCKOHEeUHO MaJIOH II0-

CIIEIOBATEJIBHOCTH CO CXOSIIEH ITOCIEN0BATEIIbHOCTRIO.
4. Kak cBs3aHBI ITOHATHA ITpejiella (PYHKIHH ¢ ITOHATHSMH €€ IIPeJIelIoB CIIpaBa H clieBa?
35. ChopMyITHpPYHTE OCHOBHEIE TEOPEMEI O ITpeenax (PyHKIHI.

56. ChopmynupyiiTe ompeencHHe I SKBHBAIEHTHRIX OeCKOHEUYHO MAajbIX (O0eCKOHEYHO Ma-

JIBIX OJHOI'O ITOPAIKA MEL'IIDGTH).

57. [ IpuBeHTE P SKBHBAIEHTHOCTH OSCKOHEYHO MAaJIbIX (PYHKIIHH.

38. ChopMynHpYHTE OnpeAeiIeHNHe HEMPEPRIBHOCTH (DYHKIIHH B TOYKE H Ha MHOKECTBE.

59. Kakre TOYKH Ha3bIBAIOTCS TOYKAMH pa3phIBa (PYHKIIHH?

60. ChopMyITHpPYHTE OCHOBHEIE TEOPEMBI JJI9 HEIIPEPBRIBHEIX Ha OTPe3Ke () YHKIHI.

61. Yro Takoe npom3BogHad YHKIHMH? KakKoB reoMeTpHYECKHH H MeXaHHYeCKHIl CMEBICTI IIPO-
H3BOJHOMH?

62.  Uro Ttakoe mparas (1eBasg) MPOH3BOIHAL?

63.  JSIBIsAeTCA JIM CYIIECTBOBAHHE ITPOH3BOJHOH HEOOXOMHMBIM YCIOBHEM AH((PEpEHIIHPYEMO-

CTH (PYHKIHH? J[0CTaTOUYHBIM YCIIOBHEM?

64. CdopMynHpyiTe HEOOXOQHMOE H JOCTATOYHOE YCIJIOBHE TH((EePEHIIMPYEMOCTH () YHKIIHH.

65.  SlBnsieTcs M HENPEPBIBHOCTH (PYHKIMH HeOOXOMHMMEBIM YCIOBHEM ee JH(PepeHIHpPyeMO-

CcTH? J[ocTaTOYHBIM YCIIOBHEM?

66. B nro0oi 1TH TOYKe HellpephIBHAA (PYHKITHS HMeeT KacaTelIbHYI0?
67. MokeT 1mH (YHKIHS HMeTh KacaTeJbHYI0 B JaHHOH TO4YKe, HO OBITh B HeH He-
TH( ] epeHIIPYEMOH ?

68. ChopmMmynHpyiiTe TeopeMbl 0 JHP ) epeHIHPYEMOCTH CIOKHOH H 00OpaTHOH (PYHKITHI.

69. Yto Takoe InorapH@MIIecKas IMpon3BOgHAS?
70. Kakoi reoMeTpHYeCKHI cMBICT JH( pepeHIHana §yHKIIHH?
71. Kakoln MeXaHHYeCKHI CMBICI IPOH3BOMHON 2-T'0 IOPSAKa?
LOKYMEHT NOAMNUCAH
ANEKTPOHHOW MOANMUCHIO )BIBAXOTCA I10 IIpaBTy Jlomurans?
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73.

H3BOJHOH?

74.

HOTOHHOCTH?

73.
B HYIIb?

76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.

90.

OyHKIHI JHdPepeHIHpyeMa Ha ITIPOMeKyTKe H MOHOTOHHA. UTO MOKHO cKa3aTh O ee IIpo-

(D}"HIG_[H_H Hd OTPC3KC HMCCT ITOIOMNHTCIIbBHYIO ITPOH3BOJHYIO. YTO MOXKHO CcKa3aTb O €€ MO-

(D}"HICL[H_H MOHOTOHHA Hd OTPE3KE. Mo2xkeT 1H ee ITPOH3BOJHAA Ha 3TOM OTPE3KE GﬁpaH_[aTLCH

ChopMmynHpylTe HeOOXOJHMOE H JJOCTaTOYHOE YCIOBHE TOUEK SKCTPEMYMA.
SABnsgercs m modas TOYKA SKCTPEMYMA CTAI[HOHAPHOH TOYKOH?

MozkeT i QYHKIHS B TOUKE AKCTpeMyMa ObITh He TH(epeHITHPYeMOH ?

MozkeT i QYHKIHS B TOUKE SKCTPeEMYMaA OBITh Pa3pBIBHOMH?

Kakas kpHBas Ha3bpIBaeTCs BRIITYKIIOH BREPX (BHH3)?

CdopMyTHpyHTE YCIOBHE BEITYKIIOCTH KPHBOH BBEPX (BHH3).

CdopmynHpyliTe HEOOXOAHMOE H JOCTaTOYHOE YCIOBHE TOYEK ITeperuoa.

MoxeT mH QYHKIHA B TOUKe Ileperuda OpITh HeAH (] epeHIHpPyeMOi?

MoxeT mH (QYHKIHA B TOUKeE Ileperunda ObITh pa3phIBHOH?

Kakimi OpIBaroT acHMITTOTEI? KakK MX HAanTH?

JIroGoit i rpadHK HMeeT aCHMITTOTHI?

MoxxeT 1 rpadHK HMEeTh HECKOJIBLKO aCHMIITOT? BeCKOHeYHOe MHOKECTBO aCHMITTOT?
Yo Takoe KOMIUIEKCHOE YHCIIO H KaKOBHI (POPMEI 3aITHCH 3TOr0 YHCIa?

Kak 1ocTaBHTh B COOTBETCTBHE KOMITIEKCHOMY YIHCITY TOYKY KOMITIIEKCHOH ITIIOCKOCTH?

OITMIINTe aIrOpHTM Ilepexoja oT ainreOpamdecKoi (OPMBI KOMITIEKCHOIO YHClIa K TPHIO-

HOMETPHYECKOH H ITOKa3aTeJIbHOH (popMaM.

O1. Kak cIIOXHTP H BhIYeCTh KOMIUIEKCHBIE 4YHCIIa H KaKOB I‘EGMETPH‘IECK[Iﬁ CMEICII 3THX OIICc-
parui?
92. Kak YMHOZITD H DA3JICIITE KOMIUICKCHBIC HHCIIAd B PA3JIMYHBIX QJGPMEIX 3aImHCcH?
NOKYMEHT NoanncAH
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94.

CKOIIBKO Pa3JITIHBIX I{GpHEﬁ NN-H CTEelleHH H3 KOMIIJIEKCHOI'O 4riclIa H KaKOB XaPaKIcp HX

PaCITOIIOKCHITA Ha KOMIUIEKCHOH ITJIOCKOCTH?

95.

96.

97.

98.

MHOKHTEIH?

99.

100.

101.

102.

YTo Takoe KOPCHb MHOI'OYJICHA H €I'0 KpﬂTHDCTL?

ChopMyITHPYITE OCHOBHYIO TEOPEMY alre OpHl.

CKOJIbKO KOPHEH Y MHOI'OWIEHA N-H CTelleHH 0e3 yueTa KPaTHOCTH?

YTo Takoe AeHCTBHTEIbHBIH MHOTOWIEH H KaK Pa3JIOKIITE €I'0 Ha JTHHEHHBIE H KBAJAPaTHBIC

Yro Takoe reppoodpasHas?
MoxeT mH (PYHKIHI HMETh pa3/IHYHbIE IIepBO00Opa3HbIE?
MoryT 1 pa3nHyHBIE (DYHKIHH HMETh OJHY H TY K€ IIEpBO00OPa3HYIO?

YT0 Takoe HeollpeAelleHHBIH HHTerpal? B YyeM oTimuiie IepBOOOpasHON OT HEOIpeIelIcH-

HOI'O HHTerpasua?

103.

B KakoM cMEICIIE OIICPALlHIT HAXOXKIACHHA HPGIIBEG,I[HGﬁ H HEPEGGﬁpﬂSHGﬁ ABIIATOTCH B3aHM-

HO OOpaTHBIMH?

104.

105.

106.

107.

CTAHOBKH"

108.

HEPE‘IIICJ’HITE CBOHCTBA HEOIIPSACIICHHOI'O HHTCI'PaJIa.
KakoBBEI OCHOBHBIE METO/IBI I]HTEI‘pHpGEElI—]I[H?
YTo Takoe pPallHOHAJIbHAA (b}q{I{LUIH H KaKOBEI METO/EI €€ HHTEI‘pHpOEElHH_H?

Kakne (QyHKI[MH HHTETPHPYIOTCS C IIOMOINBIO YHHBEPCAILHOH TPHTOHOMETPHYECKOH ITOJI-

Kakmne BHJAB HppaI[HOHAILHBIX (DYHKIIHH MOKHO ITPOHHTEIPHPOBATh, IIPHMEHHB TPHIOHO-

MCTPHYCCKHC 3dMCHDBI HEPEMEHI{BIX'?

109.
110.
I11.
112.
113.
114.

M3 xakoi (popMymsl DD EePeHIHPOBAHHS clIeyeT (pOopMyIa HHTeTPHPOBAHH S IO YaCTSIM?
YTo Takoe HHTErpajibHasa cymma? KakoB ee reOMeTPHYECKHH CMBICII?

YTo Takoe orpeielIeHHBIH HHTErPall H KAKOB €I0 TeOMETPHYECKIH CMBICTT?

JIroOas 11 HenmpephIBHAS (PYHKIIHSI HHTETpHpYyeMa?

JIro6asg m1 uHTerpupyeMas pyHKIS HellpephIBHA?

KakoRo ocTaTouHOE VEIIORHE HHTETDHDYEMOCTH (DYHKI[HH Ha OTpe3Ke?

[IOKYMEHT MOAMNWUCAH
QNEKTPOHHOW NOANUCHIO {aKOB ee reoMeTPHUYECKII CMBICII?
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117. UYto TaKkoe HeCOOCTBEHHEIH HHTerpan? KakoBeI IBa BHAA HECOOCTBEHHEBIX HHTETPAIOB?

118. KakoBBI reOMeTpHYECKHE H MEXAaHHYECKHE IPIIIOKEHHS OIPEACIIEHHOr0 HHTEerpasma?
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