OEJNEPAJIBHOE I'OCY JAPCTBEHHOE BIOJDKETHOE OBPA30OBATEJIBHOE
YYPEXJIEHUE
WHKJIFO3MBHOI'O BBICIIET'O OBPA3OBAHUA
«MOCKOBCKHWI T'OCYJIAPCTBEHHBI 'YMAHUTAPHO SKOHOMHWYECKHM
YHUBEPCHUTET»

KA®EJIPA ITPUKJIAJTHO MATEMATUKU
/ . YTBEPXIAIO

HpopeKTo)p,ug)méGHo-Merozmqecxoﬁ pabore
ARG _ EC, Caxapuyk

ey F 20>£<T.

®OH/I OHEHOYHBIX CPEJACTB

MareMaTHuecKas CTaTUCTHKA

HauUMCHOBAHUEC JHCHHUIIIIMHBI

09.03.03 "IIpuknaggas nadbopmaruka'

HII/I(l)p W HAUMCHOBAHUEC HAITPABJICHUSA IIOATOTOBKH

Ipuxinannasg vHGopMaTHKA B OMOMHGOPMAIIMOHHBIX TEXHOJIOTHUIX

HaIpaBJIeHHOCTH (IPOQUIIb)

Kypc 2 cemectp 4

Mocxkga 2022



PazpaboTtumnk:

MITDYVY, nouent kabeapsl IPHKIATHOA MaTEMaTUKHA
MECTO paﬁm'bl, 3aHUMaeMas 10JDKHOCTh

L) 4/ HymybumeIB. K o 202/t
L nozlmy D.U.0. Jlara

@DoHI ONEGHOYHBIX CPEACTB  PAacCMOTpeH M oJoOpeH Ha  3acelaHud Kadeapsl
W‘%"‘N MANG MBI

(mpotoxon Ne /3( oT « g4 » 73 2086~r.)

Ha 3acefqaHuu Y4eOHo-MeToaudeckoro copeta MITOY

(mporoxomn Ne 4 OT « 24 » Vil 200l T.)

CornacoBaHo:

[pencraButens paboToHaTENs ~

WM 00benuHeHHs paboToaarenen AN\ / Nemumos JI.H./

K.T.H., 1o1ueHT AO « MHKpOIIPOLIECCOPHEBIE CHCTEMBI)
(mOKHOCTB, MECTO pabOTHI)

« & »_ 72 2034.T.

HavansHu /23}10 METOJUYECKOT0 YIIPABIICHHUS
_~ WN.I'. Imutpuena
«eXA » o 2022 r.

HavaibesK METOIHYECKOTO OT/IeNa
——=_ /  J1E.Taneenok

CIZY» 7% 2022 .

Hexan <pa1<ym>TeTa
<= _E.B.Iletpynuna

k,,s J
«QA» A 2022 .




Conep:xanue
1. IMACHOPT ®OHJA OIIEHOYHBIX CPEJICTB
2. NEPEYEHb OLIEHOYHBIX CPEJICTB
3. ONIMCAHME ITOKA3ATEJIEN U KPUTEPUEB OLIEHUBAHUSI KOMIIETEHIIUM 4.
METOAUYECKUE MATEPUAJIBL, ONPEJEJISIIOIIUE ITPOLEAYPbI

OLEHUBAHUA PE3YJIBTATOB OBYUYEHU S, XAPAKTEPU3YIOIIUX J3TAIIbBI
®OPMHUPOBAHUSA KOMIETEHIIUIA

5. MATEPHUAJIBI JIS1 TPOBEJAEHUSA TEKYHIIEI'O KOHTPOJISA U
IMPOMEXYTOUYHOM ATTECTAIIUH



1. IACHHOPT ®OHJA OIIEHOYHBIX CPEJICTB
0 IMcIMILUIMHE «MaTemaTuyeckas CTaTUCTUKAY

OrneHOUHBIE CpPEACTBA COCTABISIIOTCS B COOTBETCTBHMM € pabouedl IporpaMMoi
JUCIUIUIMHBL U MPEICTaBISAIOT CO00M COBOKYIMHOCTh KOHTPOJIbHO-U3MEPUTEIBHBIX MaTepUaioB
(TunoBble 3amauu (3aJaHusA), KOHTPOJbHBIE PabOThI, TECThl M Ap.), MpeIHa3HAUYCHHBIX IS
U3MEPEHUS YPOBHS TIOCTHKEHUS 00YUaIOIUMKCS YCTAaHOBICHHBIX PE3YJIbTaTOB O0yUYCHHUS.

OneHouyHblE CPEJICTBA HUCHOJB3YIOTCS HPU  IPOBEIEHUU TEKYLIEro  KOHTPOJIS
yCIIEBAEMOCTH U MPOMEKYTOUYHOM aTTeCTaI1H.

Tabmuma 1 - IlepeueHp KommeTeHIMH, (OPMHPYEMBIX B MPOIECCE OCBOCHUS
JUCLUTIINHBI

Kon

KOMIeTeHIHM HaumeHoBaHue pe3yjbTaTa 00y4eHUs

OIIK-1 CnocoOeH MpUMEHSATh €CTeCTBEHHOHAYYHbIC W OOICMHKCHEPHBIC 3HAHUS,
METO/Ibl MAaTEMAaTHYECKOTO aHaJIN3a U MOJEITUPOBAHUS, TEOPETUUYECKOTO U
IKCIIEPUMEHTAIBLHOTO UCCIICIOBAHUS B MPOPECCHOHATBHON JAEITeTbHOCTH

OIIK-1.1. 3HaeT OCHOBBI MaTeMaTUKH, (PU3UKH, BHIYHCIUTEIHHON TEXHUKU
U TIPOTpaMMHUPOBAHUSI.

OIIK-1.2. YmMmeer pemaTh cTaHIapTHbIe NpodecCHOHAIbHBIC 3aa4u C
MPUMEHEHUEM €CTECTBEHHOHAYyYHbIX U  OOIIEWH)KEHEPHBIX 3HAHUHU,
METO/I0B MATEMAaTHYECKOT0 aHaJIN3a U MOJIETUPOBAHMSL.

OIIK-1.3. Bnageer HaBbIKAMH TEOPETHYECKOTO U SKCHEPUMEHTAIBHOTO
UCCIIeIOBaHMs 00BbEKTOB MPO(ecCHOHATBLHOM e TEIEHOCTH.

OIIK-6 CriocobeH aHanM3upoBaTh U pa3pabaThiBaTh OPraHU3aLMOHHOTEXHHUUECKUE
U DKOHOMHYECKHE TIPOLECCHl C IPUMEHEHHUEM METOAOB CUCTEMHOIO
aHaJ3a ¥ MaTeMaTHYECKOT0 MOJIETMPOBAHUS

OIIK-6.1. 3HaeT OCHOBBI TEOPUU CHUCTEM U CHUCTEMHOIO aHaJIN3a,
JUCKPETHOM MAaTeMaTHKH, TEOPUU BEPOSTHOCTEH U MaTeMaTHYeCKOM
CTaTUCTHKH, METOJI0B ONTUMHU3ALUHN U UCCIIEAOBAHUS ONepalnii, HeUeTKUX
BBIYHCIICHHM, MAaTEMaTUYE€CKOTO U UMUTAIIMOHHOTO MoAenupoBanus. OIIK-
6.2. YMeer NpuMEHATb METOJbl TEOPUHM CHUCTEM U CHUCTEMHOrO aHaln3a,
MaTeMaTHYeCKOro, CTaTUCTUYECKOr0 M HMMHUTALMOHHOTO MOJEIUpPOBaHUS
JUIs ~ aBTOMAaTH3allMM  3aJa4  [PUHATUS  pelieHud B oOsacTH
npodeCCUOHATBLHOMN e TeTbHOCTH.

OIIK-6.3. Biageer HaBbIKaMU TNIPOBEACHMSI HHKEHEPHBIX pPacyeTOB

OCHOBHBIX II0OKA3aTEIe pE3yJbTaTUBHOCTH CO3JAHUS U IPUMEHEHHUS
MH(POPMALIMOHHBIX CHCTEM U TEXHOJIOTHH.

Koneunsivu pe3yiabTaTaM OCBOCHHA JUCHUIINIMHBI SABJIAIOTCA C(i)OpMI/IpOBaHHBIe
KOTHUTUBHBIC JECKPUIITOPBLI <«BHATHB», «YMECTb», «BJIAACTb», PACIIMCAHHBIC I10 OTACJIbHBIM
KOMIICTCHIUAM. cDOpMI/II)OBEIHI/Ie ACCKPUIITOPOB MPOUCXOAUT B TCUCHHUEC BCETO CCMECTpa II0



JTariaM B paMKaxXx KOHTAKTHOW pa0OThl, BKIIOYAIOMICH pAa3JIMYHbIC BHABI 3aHATHH U
CaMOCTOSITENIbHOM pabOThl, C MPUMEHEHUEM PA3IUYHbIX (GOPM U METOJI0B 00yueHus (Tad.2).
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4. MeToan4eckue MaTepuabl, Onpeaesiionme npoueaypbl

OLICHUBAHUSA Pe3yJIbTATOB 00y4YeHUSA
3aganus B popme onpoca:

Omnpoc ucnonb3yeTcs i TeKYIEro KOHTPOJISl YCIEBAEMOCTH 00YJarOIIUXCS 10 JUCIHUILINHE B
KaueCcTBE IMPOBEPKU PE3YJIbTATOB OCBOEHUSA Marepuana. KaxaoMmy CTyIEeHTY BBIIACTCS CBOM
COOCTBEHHBIN, y3KO ChHOpPMYyTUpOBaHHBIM BOMpoc. OTBET MOJDKEH OBITh YETKUM U KPATKHUM,
COJIep>KallliM BCe OCHOBHBIEC XapaKTEPUCTUKH OMUCHIBAEMOr0 MOHATHs. B cBoeM oTBeTe CTyIEHT
JOJKeH TIOKa3aTh YMEHHUS TPOCIEKUBATh TMPUYMHHO-CICACTBEHHBIC CBSI3M M HAaBBIKU
paccyXJIeHU U J0Ka3aTeIbCTBa.

3aganus B popme npakTnyecknx pador. PasHoypoBHeBble 3a1aun

ITpakTryeckas paboTa mpeaCcTaBIseT cOO0H KOHTPOJbHOE MEPONpPUATHE IO Y4eOHOMY
MaTepHualy Kakaod TeMbl (pa3jiena) AMCUUILUIMHBI, COCTOSIIEEe B MHANBUYAIbHOM BBIIIOJHEHUN
oOyyarouMcsl IPaKTUYECKUX 3aJaHUN Ul OLICHKHU MOJIYYEHHbIX 3HAHWM, YMEHUN U BJIaJICHUN
KOMITETEHIIUSMHU, (OPMHUPYEMBIMH 110 TAHHON JUCIHILIHHE.

BbinmonHenne mpakTHYecKMX pabOT  SABIAETCS  CPEICTBOM  TEKYLIEro  KOHTPOJIs
yCIIEBAEMOCTH O0YYaroIMXCs MO AUCLUUIUIMHE M MOKET BKIIOUaTh B ce0sl CIENyIOIIUE THIIBI
3aJaHui: 3aJaHus TUIIOBOTO BHJA M  3alaHUs TBOPYECKOIO XapakTepa, IO pe3ysibTaTaM
BBITOJIHEHHS TIPAKTUYECKUX 3aJaHuil oOydaromue o(GOpMIISIIOT OTYETHI, COAEpIKaIlUe aHAIIU3
[IOJIyYEHHBIX PE3YJIBTATOB U BBIBOJBI.

5. MarepuaJsl AJ151 NIPOBECHUS TEKYIIEero KOHTPOJISI M MPOMEKYTOYHOM

aTTecTaluu

3ananus B popme onpoca

Tema 1. 3agaum JMHEHHOr0 NPOrpaMMHUPOBAHUS

1) Llenb u 3a1aum Kypcea.

2) [TocraHoBKa 1 KIacCH(pUKAIUS 33729 THHEHHOTO MPOTPaMMHUPOBAHUS.

3) HauansHOe onopHoe pelieHue.

4) CroiictBa pemenus 3JII1 m obrmacTu JOMYCTUMBIX —perieHud. S) Anroputm

cuMILIeKkc-Meroa ais pemenus 3J1I1.

Tema 2. Teopusi 1BOIiICTBEHHOCTH.
1) DKOHOMHUYECKass MHTEPIpeTalus JABOMCTBEHHOM 3aJjaud Ha IpuMepe 3aaa4u 00
MCII0JIb30BaHUU PECYPCOB IPU IIPOU3BOJCTBE MPOILYKIUH.

2) AJTOPUTM COCTaBJICHUS 33/1a4H, ABOMCTBEHHOM MO0 OTHOILIEHHIO K UCXOAHOM.
3) OCHOBHOE HEpaBEHCTBO TEOPUH JIBOICTBEHHOCTH. 4) Ileppas  u  BTOpas

TCOPCMbI JIBOMICTBEHHOCTH.



Tema

Tema

Tema

3. TpancnopTHas 3axaya.

1) [TocranoBka TpancmnoptHoi 3amayn (T3).

2) Ycnosue cymectBoBanus pemenus 13. 3) OnopHoe
peleHue.

4) Crpykrypa MaTpuLbl orpannyeHuit T3.

5) Teopema o panre.
6) Kpurepuu ontumanbHOCTH 0a3UCHOTO pacipeaeeHus MOCTaBoK. 7) [uxnsL.
4. BoinykJjioe nporpaMMupoBaHue.

1) Oco0eHHOCTH 3a/1aU BBITTYKJIOTO mporpamMmmupoBanus (BIT).

2) Beinykisie pyHKIINHA.

3) besycnoBHast ontumuzanus.

4) VcnoBHas ONTUMHA3AIA.

5) Oynkuus Jlarpanxa v CeJI0BbIE TOYKH.

6) [IpubnmxeHHOe pelleHne 3a/1a4 BbIMTYKJIOro MPOrpaMMUPOBAHUA. 7) Teopema

Kyna-Taxkkepa.

5. UnciaeHnHble MeTOAbI ONITUMHU3AIMH.

1) MeTopl oKcKa JOKaJIbHOTO 3KCTpeMyMa (DYHKIHI HECKOIbKUX MEPEMEHHBIX.

2) [TpUHIUIBI TOCTPOEHUS YUCIEHHBIX METOI0B OMCKA 0€3yCIOBHOTO SKCTPEMYMaA.

3) [TpubnnKeHHbIE peLIeHus.

4) CKopocTh CXOAMMOCTH.

5) Meroa KBagpaTU4HON MHTEPIOJISALINH.

6) Meton HrerotoHa.

7) YucneHHble METO/IbI TOMCKA YCIOBHOTO 3KCTpeMyMa. 8) Merton OGapbepHBIX
GbyHKIHIA.

Konrtponupyemsie komnerenuuu: OIIK-1, OIIK-6.

Oyenka KomMnemeHyull OCyuwecmeisiemcs 8 COomeemcmeuu ¢ maoauyet 4.

Bonpocsl 1151 NPOMEKYTOYHOTO KOHTPOJIA.

1. ChopmynupyiiTe KIacCCUYECKYIO 3a/1ady ONTUMU3AINH C N IEPEMEHHBIMHU.

2. Kaxoit Bug mmeer mpousBojacTBeHHass (yHKuus B: (a) jauHEHHOi; (0)
HEIMHEHHOMN 3aJjaue ONTUMH3AIUN?

3. UTto Ha3bIBAIOT JIOKAJTBHBIM JKCTPEMYMOM (YHKIMHA N TEPEMEHHBIX,
3a/IaHHON B HEKOTOPO obstactu?

4. Uro Ha3bIBaOT TJI00AIBHBIM JKCTPEMyMOM (GYHKIIMU N TEPEMEHHBIX B

HeKoTopoit obactu D?
5. Kak noctpouTh JIMHUIO YPOBHS NPOU3BOACTBEHHON QPyHKIIMU?
6. Yo Ha3bIBaeTCS MOBEPXHOCTHIO YPOBHS JTaHHOU (yHKINU?



7. Kak omnpenesnstorcs: cralimoHapHbIe TOYKU QyHKIuH F(x1, X2, ..., Xn)?
s gero mcnomb3yercst 3HaK BToporo muddepenimana d2F(x1, xz2, .. ,
Xn)?
0. Cdopmynupyiite JIOCTATOYHBIE YCJIOBUSA AKCTpEMyMa
byHKIIUN JIBYX MepeMeHHbIX F (X1, X2).

10.  UYro Ha3pIBaeTCs yCIOBHBIM IKCTpeMyMoM GyHKIMH F (X1, X2, ..., Xn)?

11. Uto Ha3pBaeTCcsl  ONTUMAIbHBIM  pEIICHHEM JIMHEMHOM  3aJa4yu
ONTHUMU3AUN?

12.  Kak moctpoutb 001acTh JOMYCTHMBIX pEUICHUH B JUHEHHON 3amaye
ONTUMHU3ALUU?

13. Kak omnpenensercs ¢ynkuus Jlarpamka; B Kakux 3ajJadax oOHa
HCIIONB3yeTCs?

14. UTo Ha3bIBAIOT BBIMYKJIBIM MHOKECTBOM B N-MEPHOM MPOCTPAHCTBE?

15. Uro Ha3bIBAIOT BBHIMYKJIOH JIMHEHHOM KOMOWHAIMEW TOYEK N-MEpHOTO
IpocTpaHcTBa?

16.  Kak onpenenstoTcs BBITYKIIbIC H BOTHYTbIE (DYHKIIUH N TEPEMEHHBIX ?

17. Kaxkoit kputepuii UCIONb3yeTCs VISl OMPESICHUS BBITYKIOCTH (YHKIIUH
N IEepEeMEHHBIX ?

18. Kaxkoit reomerpuyeckuii CMBICT WMEET YCJIOBHE BBIMTYKJIOCTH (PYHKIIUU
OJIHOM U JABYX MEPEMEHHBIX?

19. Cdopmynupyiite 3a1a4y BBITYKJIOTO IPOrPaMMHUPOBAHUSI.

20. IIpn kakux yCIOBHSX 3aJada BBIIYKJIOIO IPOTPAMMHPOBAHUS HMEET

€MHCTBEHHOE pelieHue?

3agauu JMHEHHOr0 M BBIYKJIOI0 NPOrpaMMHUPOBAHUS.
Bapuant Nel

1. CocTaBUTh  9KOHOMHKO-MaTE€MaTHYECKYIO MoOJieb 3a/1a4H.
ToproBasi opranuzanusi IUIAaHUPYET peAU3alMIoO [0 JBYM TOBApHBIM IpYMIaM, MO KOTOPHIM
BoizesieHbl GoHAbl 800THIC.py0. U 500THIC.py0. YPOBEHb TPAaHCHOPTHBIX H3JIEPKEK MO ITHM
ToBapaM cocTaBiseT 1% u 2% COOTBETCTBEHHO, YPOBEHb H3JIEPIKEK, CBSI3aHHBIX C XpaHEHHEM
ToBapoB, — 2% u 1%, ypoBenbp npudsuu — 3% u 2%. IlpenensHO AOMyCTUMBIE PACXOJBI,
CBSI3aHHBIC C TIEPEBO3KOM M XpaHEHUEM TOBAPOB, paBHBI 25 ThIC.pyO. U 29 ThIC.pyO. C yderom
3aKyNKH TOBApOB CBEPX BBIIEICHHBIX (OHIIOB OMNPEICIUTh ONTUMAIBHYIO CTPYKTYPY
TOBapOOOOPOTa, OOECIICYMBAIOIIYIO OpPraHU3aIlui MaKCUMAIIbHYIO PUOBLIb.

2. CdopmynupoBarh ycaoBHE, NMPU KOTOPOM TOUYKa X N-MEPHOTO IMPOCTPAHCTBA
SIBJISICTCS BBITYKJION JTUHEHHOM KoMOuHaruen Touek XD, X2, ... X (),
3. Omnpenenuth 007acTh JIONMYCTUMBIX pEIICHUI IBOMCTBEHHOM 3a1a4M, €CIu

neneBast QyHKIUS HCXOTHON 33a4H HE OTpaHHuYCHA.
4. [TocTpouth Bce 6a3uCHBIC TOMYCTUMBIC PEIICHUSI CUCTEMBI OTpaHUYCHUI {3x1
+ x2—x3=2,

x1— 4x2+ x4=05.

Bapuant Ne2



1. CocTaBUTh HSKOHOMHKO-MAaT€MaTUYECKYI0 MOJIENIb 3aJaydH. [Ipennpusitue
BBIIIYCKAaeT TPU BMJA u3Jenuil. MecsuHas nporpamma Bblycka coctasiser: 2000 uzgenuit
nepsoro Buaa, 1800 uznenuii Broporo Buaa u 1500 m3nenuit Tperbero Buaa. [nst Belmycka
M3CJINI KCTOJB3YIOTCS MaTepUalibl, MECSIYHBIN Pacxo] KOTOPBIX HE MOKET mpeBbicuTh 61000
Kr. B pacdere Ha 0JIHO u3[IeTMe EPBOTO BUJIa pACXOAYETCs & KI MaTepuana, Broporo suja — 10
KT, TpeTbero Buja — 11 kr. OnToBas neHa ogHoro Bujaa usnaenus nepsoro suzaa 70 y. €., BTOporo
u TpeTrbero cooTBeTcTBEHHO 100 1 90 y. e. Onpenenuts onTUMaNbHbBIN IUIaH BBIITYCKA U3ACIUM,
o0ecneynBamuil MPeIpUsTHI0 MAKCUMYM BBIPYUKH.

2. Haiitu onenky uwncia 0a3uCHBIX JOMYCTHMBIX pELIEHUN 3a1ayd JIMHEHHOTO
IPOrpaMMUPOBAHUS C N IEPEMEHHBIMU, COJEPKAILEH M OrpaHUYECHUI.

3. OnpenenuTh paHr CUCTEMbl OTPAHMYEHUN TPAHCIIOPTHOM 3a/1auu, coaepikaieit 5
MOCTaBIIMKOB U 10 moTpeduTenei.

4. [Moctpouts Bce Oa3uCHBIE OMYCTHMBIE PEHICHUS CHCTEMBl OTrpaHMYCHHN
{—2x1+4 3x2+ x3=6,

x1+ 5x2 — x4=10.

Bapuant Ne3
1. CocTaBUTh PKOHOMHMKO-MaTeMaTHUECKYI0 MOJeNb 3aj1aun. Panuon cocrasisercs
n3 1ByX BUJoB npoaykToB (I11 u Il2), B kakaplii U3 KOTOPBIX BXOJAT MUTATENbHbIE BEIIECTBA
A, B, C. MuHuManpHOE CyTOYHOE TTOTpeOIeHNEe muTaTenbHOro Bemectsa A pasno 100 ex.,
BemectBa B — 80 en., BemectBa C  — 160 exn. Llena 1 eqununel npoaykra I cocraBnser
02y.
e., | en. mponykra II2 — 0.3 y. e. KonudecTBo muTaTeapHOro BemeCcTBa Kaxk10ro Buaa B 1 ex.

IPOAYKTa IPUBEIEHO B TaONIHUIIE.

[IurarenpHbIE BELIECTBA Conepskanue MIATATEILHOTO eAMHULE
BEIECTBA B MIPOJIYKTa, €.
M I,
A 0.1 0.5
B 0.25 0.1
C 0.2 0.4

Onpenenuth ONTUMANBHBIM pAallMOH THTaHUS, CTOMMOCTH KOTOpPOro OyneT
HaVMEHBbIIIEH.

2. CdopmyaupoBaTh KpUTEPUH ONTUMAIBLHOCTH PEIICHHS B 3a/ladye MaKCUMHU3AIUH
1eneBoi GyHKIUH.

3. Ompenenuth YCIOBHE, MPHU KOTOPOM ONTHUMAJILHOE pEIIeHUE IBONCTBEHHOMN
3a/1a4u SIBJIIETCS BHIPOK/ICHHBIM.

4. TlocTpouTh Bce OA3UCHBIE TOMYyCTUMBIC PEIICHUS CUCTEMbI OTPaHUYCHUN { x1
—x2+ x3=4,

2x1+ x2—x4=1.

Bapuant Ne4



1. CocTaBUTh HPKOHOMHKO-MAaTEMAaTHYECKYIO0 MOJIENb 3aJayHu. Pammon s
NUTAHUS KUBOTHBIX Ha (pepMe COCTOUT U3 ABYX BUIOB KopMmoB I u II. Ogun kumorpamMm kopma I
ctout 70 y. €. W COAEPKUT 2 e/. KUPOB, 5 e1l. OEIKOB, 2 e/1. YIIeBOIOB, 4 eA. HuTtparoB. OnuH
kmwiorpamMm kopma I crout 30 y. e. 1 comepxuT 4 ef. )KUpOB, 3 €. OCIKOB, 6 €/1. YIIeBOJIOB,
3 en. nutparoB. CocTaBuTh HauOoyiee JEHIEBBI pallMOH THUTaHUS, OO0ECTeYNBAIOIINMA
CoJlep>KaHue XKUPOB HEe MeHee 6 en., OenkoB He MeHee 10 ex., yrmeBojoB HEe MeHee 7 el.,
HUTpATOB He Oosee 12 en.

2. Ompenenuth  yclioBHE, TpU  KOTOPOM  oOmas  3ajada  JIMHEWHOTO
MIPOTrpaMMUPOBAHUS UMEET 00JIee OJTHOTO ONTUMAIBHOTO PEIICHUS.

3. Haiitu u3smenenue oneHku cBOOOAHOM KIeTKH (I, j)B TPAaHCIIOPTHOH 3a7aue, eclu
K CTPOKE MaTpPHUIIBI 3aTPaT A00ABISAETCS MOJOKUTENbHbIN moTeHuan (+1).

4. [Toctponth Bce Oa3uCHBIC JOMYCTHMBIE PEIICHHUS CHUCTEMBbI OTpPaHHYCHUN
{—4x1+ x2+ 2x3=12,

6x1+ 5x3 — x4 = 30.

HTepanuoHHbie METOABI.

3aganue Ne 1.

BEIMHCIHTE H HanedaTaTh TaO0aHIy TPEX (PYHKIHH y, I. W.

ApPIyMeHT X MEHASTCA OT Xy J0 Xy C IHaroM /1. @YHKUHA y 3aJaHa CXOIAITHMCSA PATIOM.
CYMMY KOTOPOTO HaJ0 CIHTATh 10 TeX IOp. ITOKA ero OUepeIHOH WiIeH He CTaHeT 110 MOy
MeHBIIIE 3aJaHHOI0 MAIOIo MOI0KHTIEIBHOIO €.

PaccMoTpeTh 3a1aqy IPH HECKOIBKHX Pa3IHYIHBIX €.

Tal0nHLy NPeaCTaBHTb B CIISAYIOIIEM BHIE:

BrIpOBHATH JaHHBIE B Ta0IHIE ¢ HOMOIIBI0 QYHKUHH cout.width(). cout.precicion().

BapuanTsl.



1 227(“ 24:(4 267:6
yk= 21 g 4! - 6!
. 1_3 .x5 r? P . .
y=X—4+———+.... Z=C0S2x;
3 5 7
) =— '_Z
z = arctgx: W=y
) o— e R.
“'_}_‘/'" x0=0. .\.k=7. h=0.0572'.
Xy =-0.5. x;, =0.5. h=0.1. =
2 5.
- 2353 255 27y
y=l-x+———+ y=2x+ - -
2! 3! 3! 5! 7!
z=¢7% z=sh2x;
w=y—2z: W=Y—2;

xo =1 'xk =1 h =0.2. xO =_0-5. .Tk =, 0.5. h =0.1.

23x3 Zixs 27x7
y=2x— + — Hiis
3! 5! 7! 2232 ot 9858
y=1+
Z=sin2x; 2! 4! 6!
w=y-—2z: z=ch2x



z=In(1-2x):
w=y-—z,
X =-0.25. x, =0.25. h=0.05.

8.
2222 2 2%t
y=2x— + - +..
2 3 4
z=In(1+2x)
w=y-z.

9.

P L
y=x"+—+—+—+
2 3

1
z=In =
1-x°

w=y—1z.
Xo=—-0.5. x, =0.5. h=0.1.

10.
2353 25,5 2747
y=2x—- + + +..
3 5 7
z=arctg2x:

X, =—-0.25, x, =0.25. h=0.05.



3aganue Ne 2.
Haiitn Touky Muaumyma x* pynkuuu f(x) Ha orpeske [a, b]c tounocteio & = 1075 u
MUHUMaJIbHOE 3HaueHue f(x*).
[IprMEeHUTH METOIBI:
1)  oOmero Moucka;
2)  JeIeHUs IIOMOJIaM;
3)  30J0TOTO CCUCHHUS;
[TopcunTarh YUCIIO UTEpAIHiL, YUCIIO BRIYUCIEHUN QyHKIMH f(X) U CPaBHUTH PE3yNIbTaThI.

3aganue Ne 3.

Haiitu Touky Mmunumyma x* pynkuuu f(x) Ha orpeske [a, b]c touHocteio & = 1075 u
MUHHMaJbHOe 3HadeHue f(x*)  (BbIOpaTh HayanpHOE NPUOMIKEHHE Ha OTpeske [a, b))
CIIETYIOLIMMHU METOIAMHU:

1) Herorona-Padcona;

2)  KBa3uHBIOTOHOBCKHM (C anMpOKCUMAIIMEH MPONU3BOTHOM ).

[Moscunrars 4MCI0 Wrepanuii U ynuciao Berauciaenuin pyukuun f(x), f(x), f'(x); cpaBHHUTH

pe3yNbTaThI.



[a—

f(;:) =x - 2x+e” ; '[‘I,-I ,5]

(]

. flx)=te x - 2 sin x, [0;7{,-’ 4]

Cf(x)=1+ X% + &7, [0;1]

(5]

4 F(x)=%"+4x%"—32%41; [1,5:2]

n

f(\)—it =X +£1 - x, [11,5]

=)

. Fx)= X - 3sinx, [05 1]

7. LEx)=5x" — 8x°H — 20x, [3;3,9]

& fi(x)= éx"'? ~Sx+xInx, [1,5;2]

9. f{x)=xsinx+2cov x, I— 5;—4]

10. fi(x)=x"+8x° - 6x° - 72x+ 90, [1,5;2]
1. fi{x)=x"+3x"+ (,-x 1, [_ 1’.0]

12. f(x)~= I(hln,t—— [0 1|

13. fi{x)= 42
“-ij)———E— X [35-¢§

. f(x)=¢" - § S+ 2x; |- 1,5:-1]

\18—— } |2,5:2]

[
n



16. £(x)=x"+2% +dx+ L [- 1;0]

17. f(x)=x° - 5x° + 1057 - 5x, [- 3;-2]

15. f(x)=x" +3x(inx- 1), [0,5:1]

19. f(x)=x" -2x-2cosx, [0.5:]]

2. f(x)=(x+ 1) - 25, [ 3;-2]

21. fi(x)=3(5-x)*" + 2x?, [1,5;2]

2. fix)=-x+3¢(1+x) tn (1+ x)- 1], |- 0,5;0,5]
2. flx)=2+x"+x —tn (1+ x7°) - 2xarctg x'F, [0,5:1]
2% flx)=x-Inx, [0,1;2]

5. f(x)=x" —sinx, [0;7 /2]

6. f(x)=x*+ X +x+ L [-12]

27. f(x)=11+ 7 +e7%, [0;1]

28. flx)=e"+ % 0,1;2]

2. f(x)=(x-4)" +inx, 3]

30. f(x)= re”, [0_,'1]

3aganue Ne 4.
Pemmte 3a1a4y MHOrOMEpHO 0€3yCIIOBHON ONTUMH3AIIHH.
Haiitin muanmym Gyskmum f(x) ¢ TouHocThio € = 10-5
1)  MeToaoM rpaJueHTHOrO CIycKa; 2) METOAOM
Mapxksapra.
CpaBHUTH METOBI, JJIi YEro HAWTH YHUCIIO WTEpPalldid, YHUCIO BBIYMCICHHA (YHKIMH U €¢
MIPOU3BOIHBIX.



Ne DYHKIHA
Bap.
Lo f()=x+2x2 +e7™ —x +2x,.
= f(xX)=4/x] +x2 +1+0.5x, —0.5x,.
3. f( s 4 2.2
X)=%"+2% + X% 254+
4 | f(x)=xf+3x2 +cos(x +x,).
=)
f(x)= ,/1+2r +x3 i X, — X,
o f(\)—vcl+5x‘,+eT1+r2
# F)=x+x; +/2+x] + 37 —2x, +3x,.
8. . X — %
f(x)=2x] +3xF —sin(——2) +x,.
9. | f(x)=In(1+3x] +5x +cos(x, — x,)).
10 f(.\‘):x12+e"‘+’“ +4x, +3x,.
11. ;. 2
F(x)=x,+2x, +44x] +x3 +1.
12 | £(x)=2x,—5x, + 1%
o f(x)=2\/3+x12+2x§+3x32—..l—\f3
| f)=x?+2x2 + x2x2 +2x,—x, + €975
5| fxo)= 4\/1+ X} + x5 +3%3 +x,—2x,.
16. | f(x)=2x] + x5 +x%5 +x] +x]x +x, +x,.
17.

Fex)=2" 5% 42% +eos(x — %+ 1)




181 f(x)=e"™ +In(4+ 22 +242).

= YR
2 Flx) =% 4% —=5x% Fe" N
20. > 2 2
Fx)=x!+x3 + 3720 +5+x5 +2x
21

22. 2 A2 A 2.2
flx)=2x7 +3x2 +3 + 5% —x,—x,.

Ry (Al
X} +X3+X3

fX)=x—x,+xX+x +e

24 o) 2 2 3
f)=x+x+x,4+3x; +x; +1 +e" ™.

25. 3 2 2 A 2 2
Fx)=y/x; +x; +3+x] +x; +sin(x, +x,).

2..2...3
X] +x3+X3

5. f(x)=x;+10x, —3x; +e

L f)=e +(x, + X5+ xs)l.

28 -
28. . R X =X X
f(x)=3x] +x; +2x] — 2cos———=.

29. | f(x)=2x +3x% —sin(x, + 2x,).

X +x3

) =3x + 32+ x4 3%,

3ananmne Ne 5.
Pemmte 3a1a4y MHOrOMEpHO 6€3yCIIOBHON ONTUMH3AIIHH.
Haiitn muanmym ¢pyakun f(x) ¢ Tounocteio € = 104
1)  meronom mTpadHBIX QYHKIUH UM METOIOM OapbepHBIX QYHKIUH. 2)
METOJIOM (paKTOPOB.

CpaBHI/ITI: MCTOAbI, IJId 4Y€ro HaWTHU YHUCIO HTepaHHﬁ, YKCJI0 BBIYUCICHUI (I)YHKI_[I/II/I nT.Aa.



Ne DYHKIHA
Bap.

L] f(x)=10x, — x,.
X, —4x, +x3 +3<0,

x; +4x; —4x,-4<0.

[ ¥]

f(x)=x] =3x,+x2,
% 2%, Z0;

=% %0

3. | f(x)=x] +9x5 —12x, -

—lsx <4, 1<x,<2.

)

(@)

o
[

| fx)=2%+%,,

(%4 +(x; —2)* <1

g
| fO) =21+ +2x2 +x, +x,.

5<x <8, 1<x,<10.

6. | f(x)=x] —8x,+x],

x, +(x, —4)" <9.

-~

F)=x+25+x +x,+X, +X,,

>~ .

8. | f(x)=x] +x] +x; —4x, —6x, —2x,,

2x, +x;, =2.

% | f(0)= (-2 +(x, =D

0. | flx)=x =%,




11.| f(x)=x] +x3 —20x, —30x,.
230 <13,

2%, +%; <M.

12.1 f(x)=x] +x3 —10x, —15x,,
3x.+13x, <51

1
15x; #+7x,<107.

3.1 f(x)=x] +x3 —5x,—4x,,

2% 4-3%, 576

14. ‘f(_\‘) =— xlz - _\'23 — 5.\'1 == 10.\'2 4
9x, +8x, <72,

xr42% <10

15.] f(x)=x] —2x,—2x,.

2%, 3%, <6,

2x, +x, <4.

2 - - -
16.| f(x)=x; +2x,—2x, +x,.
X, +3x, +2x; <6,
<2.

3% +X+-%

-
3

17. )= .\‘23 —x; —2%,,

2 )
2x; +2x; <6.

18.| f(0)=oF +22=6x—3x;,

19.

xf +(x, +4)2 <9.

3aaHus 115l CAMOCTOSITEJIbHOM PadoThI.

3ananme 1. IlpoBecTu nBe HTEpallud METOJOM HAUCKOPEWIIEro CIycKa B 3ajade
HEJIMHEHHOTO MpOorpaMMupoBaHus 0e3 orpanudeHuil. Haunnas u3 ucxomnoi Toukn X0 = (x1°,

x29) = (0,1) U Haxofs OJHOMEPHbIE MHHHMYMbI Ha KaXJOH HTepaly aHAJIUTUYECKH,
UCHOJb3ys HEOO0XOAMMOE YCIOBHME CylIecTBOBaHHE »JKcTpemyMma. llokasate Ha rpaduke
HalpaBJIEHUs CIIyCKa M IOCIeN0BaTeIbHbIC NMPUOIMKEHUS K TOYKE MUHUMYyMa. Bbramciuth

3HAUYEHHE LIEJICBOM (I)YHKI_II/II/I B MCXOJIHOM TOYKE U MOCJICAYIOIINX HpI/I6J'II/I)I(eHI/I$IX.



1) f(x1, x2) = 4x1%2+ x22 — 4x1— 2x2 (min) ;

2) f(x1, x2) = 2x1%2+ 2x2%2 — 2x1— 2x2 (min);
3) f(x1, x2) = x1%2+ x22— 6x1— 4x2+ 20 (min); 4)

f(x1,x2) =10 x1+ 10 x2 — 5x12 (max ) ;

5) f(x1,x2) =5x1+5x2—x12—x22(max) ;

6) f(x1,[2) =4x1+ 6x2—x12— 13 (max ) ;

7 f(x1,x2) =5x1+ 8x2— 2x12— 2x22 (max ) ;

8) f(x1,x2) =—6x1+ 2x12+ 2x2%2 (min ) ;

3ananme 2. Jlana 3amaya ¢ HEIMHEHHOU IeneBOM (YHKIHMEH W JIMHEMHOW CHUCTEMOM
OTpaHUYECHUN.

Hcnonp3ys rpadudeckuii METoA, HalUTH I100aJIbHbIE SKCTPEMYMBbI PYHKIIMU
L=(x1+a)?+ (x2+ b)?

IIpU OTPAHUYCHUAX

aiix1+ a12x2 < bi;
{ az1ix1+azx2 < by;
x1;x2=>0

3naueHus KO3PPUIIMEHTOB 11eNIeBON (GYHKIIMH U CUCTEMBbI OTPaHUYCHUI:
Ne papHanTa 1 2|3 4 /5 |6 |7 |8 |9 10

lapameTphi

a S5 |61 [2]3]a]a3]2]-2]1
b 4 |2 f-1 [-1]a]]-1]-6][-2]
aiq 5 |2 05 |2 033336 |6
iy 4 |5 [-a s (8 [s[s[s5s]7]7
by 200 {20 020120 024 | 15[ 24 | 15[42 42
ay; 3 3 (204 |54 [5]3]3
ay; 2 2 1|7 [3]7 3 [2]=2
b, 30 [10]30 [10]28]15]28]15[-6[-6




3aganme 3. [[ByM npeanpusTHsAM Ha ISATh JIET BhIIEIECHBI cpeacTBa B KojnuecTtBe a=2000
neH. en. U3BeCTHO, 9TO TOXOM OT X EAMHHMII Ha TIEPBOM MpeanpusTuu paseH f1(x)=5x, oT y JeH.
€IMHUII Ha BTOpOM nipeanpustin — f2(y)=6y aen. equnui. K KOHIly rojja OCTaTOK CPEACTB paBeH
cootBercTBeHHO (1(X)=0,8%, q2(y)=0,3y. Kak pacnipeaenurb cpeacTBa MEX1y NPEaPUATHIMH,
yToOBI O00mM Jo0x0a ObuT  HauOospmmM? PemuTe 3agady METOJOM JUHAMHUYECKOTO
pOrpaMMHUPOBAHUSL.

3aganue 4. Haiitu rpaduuecku peunieHue 3aadd BBITYKJIOTO IMPOTrPAMMUPOBAHMSL.
CoctaBuTh QyHKIMIO Jlarpanka 1 HallTH ee CeATOBYIO TOUKY.

Z(x1,x2) = 2 — x12 — 2x22 > max;

x2<4—x1%{
x1+x2=21; x1
=>0;x2=>1.

Kontponupyemsbie komnerenuuu: OITK-1, OTIK-6.
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Bomnpocsl k 3k3aMeny

1. Paznuynble popMBbl 3a1a4K TUHEHHOTO TPOrPaMMHUPOBAHHUS
2. I'papuueckuii merox pemenus 3J1I1
1. Brimykiisie MHOXkecTBa u cBoiictBa O/[P 3JII1
2. Onopnoe pemenue 3JII1 u ero HaxoxaeHue
3. CummuiekcHbiil metof pemenus 3JI11
4. Ilepexon OT OAHOTO OMOPHOIO PELIEHUS K APYrOMY U OLIEHKH pa3ioKEHUN

CTOJIOIIOB 10 Oa3wucy.

S. ITpu3Hak BO3MOKHOCTH YJIYYILEHUS PELICHUS U IPYTHE IPU3HAKH.

6 ITpu3Hak JOCTMKEHMSI ONTUMAJIBHOTO PELICHUs] U APYTUe IPU3HAKY.

7 MeTto uCKycCTBEHHOTO 6a3uca.

8. Teopust IBONCTBEHHOCTH: BUJIBI 3a]1a4.

9 IIepBas Teopema JBOMCTBEHHOCTH.

10.  Bropas Teopema 1BONCTBEHHOCTH.

11. TpancnopTHas 3amada: HEOOXOIMMOE M JOCTaTOYHOE  YCIOBHE
CYLIECTBOBAHMSI PEIICHHUS.

12.  TpancnopTHas 3a7aya: paHI CHCTEMbl OTpaHUYEHU.

13.  TpancnopTHas 3a7aya: OIIOPHOE PELICHUE U LIUKIL.

14. TpancnopTHas 3amada: METOABl MOCTPOEHUS HAYAJIBHOIO OINOPHOIO

peleHusl.



15. TpancnopTHas 3ajada: MepexoJ OT OJHOr0 OMNOPHOTO pEHIEeHUs K

Apyromy.

16.  TpancnopTHas 3agauya: METOJ IOTEHIAJIOB.

17. [lenouncneHHoe nmporpaMMHUpOBaHKUE: METOJ I'OMOpU U METOJ BETBEU U
I'paHuLl.

18. besycnoBHbli s3kcTpeMyM Ui GYHKIUNA OJJHOH U MHOTHX IIEPEMEHHBIX.

19. VY CI0BHBIN OKCTPEMYM, METOJ MHOXKUTENEH Jlarpanxa

20.  Beimykiioe nporpaMMHpOBaHHE: BBINyKIast PYHKIMS U €€ CBOWCTBA.

21.  Bemykioe nporpammupoBanue: reopema Kyna-Takkepa.

22.  Bapumanuu ¢pyHKuuu 1 QyHKIMOHATIA.

23.  IlocraHoBKa 3aJauy BapUAIL[MOHHOTO UCUUCIICHUS.

24. OcHOBHas JeMMa BapuallMOHHOIO UCUUCIIEHMs], JeMMa Jlarpanxka.

25.  Heobxomumoe ycioBHe dKCTpeMyMa (DYHKIIMOHAJIA, YPaBHCHHE Diiiiepa.
26.  besycnoBHas oNTUMHU3ALMUA: METO/ HOKOOPAMHATHOIO CITyCKa.

27.  be3ycnoBHas ONTUMHU3ALUSA: TPAJIUEHTHBIE METOBI.

28.  besycnosHas ontumusanus: wmerox Heiorona. KoHTponmupyemblie

komriereHun: OIIK-1, OITK-6.
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