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MecTo AUCHMILVIMHBI B CTPYKTYpe 00pa30BaTeIbHOM MPOrpaMMbl

Juctummaa «MaTreMaTn4eckoe MOJICIIUPOBAHUE B €CTECTBEHHBIX HAayKaxX» OTHOCHUTCS K
JTUCIUTUTMHAM 4acTd, (OpMHUpYeMOW y4acTHUKaMH 00Opa30BaTeNIbHBIX OTHOIICHWH, bioka 1.
JuctumimHel (MOAY/IHM) BapHAaTUBHOTO MOAYJIS «MareMaTudecKue METONbI B €CTECTBEHHO-
HAYYHBIX MCCIICJIOBAHUSIX» Y4EOHOro IUIaHAa OCHOBHOW MpPOQeCCHOHAIBHONH 00pa30BaTEIbHON
MPOrPaMMBbI BBICIIIETO 00pa30BaHUs — IPOTPAMMBbI MATUCTPATYPHI TIO HAMIPABJICHHUIO TIOJITOTOBKU
44,04.01 TIlemarormueckoe oOpa3oBaHWE, HaIpaBIeHHOCTh (Tpoduib) 00pazoBaTeIbHON
nporpaMMbl «KOMIBIOTEPHOE MOJICTMPOBAHUE U AW3aH HMHPOPMAIIMOHHOW 00pa3oBaTEIbHON
Cpenbl», 3a049HON (HOPMBI 00YUIECHUS.

JuciumnimHa omMpaeTcss Ha pe3ylbTaThl O0ydeHUs, cOPMHUPOBAHHBIE B paMKax Kypca
OakaymaBpuaTa W JUCUUIUIMH W TIPAaKTUK: Teopus apryMeHTaluu B WCCIEIOBATEIbCKOU
JIeATEIbHOCTH,- YueOHas mpakTuka (Hay4YHO-UCCIeJ0BaTeNIbCKast padboTa).

Pe3ynbrarhl M3ydeHUs MUCHUIUTMHBI SBISFOTCS OCHOBOW JJISi M3y4YEHUS JUCHUTUTHH JUIS
PO ECCUOHATILHOMN IEATSILHOCTH U TTPOXOXKICHHS TOCYapPCTBEHHON UTOTOBOM aTTeCTalluu

1. IlepeyeHb TMJIAHMPYEMBbIX Ppe3yJbTAaTOB 00yueHHsi (00pa3oBaTebHBIX
Pe3yJbTATOB) MO JUCIHUILINHE

Leab0 OCBOCHHS JUCIHUIUIMHBI ~ SBJSICTCS  MOATOTOBKA y4YUTENsl K Oymaymiei
npoECCUOHATILHON JEATEIbHOCTH: (POPMUPOBAHUE CIOCOOHOCTH K TPENOJaBaHUIO y4eOHOTO
mpeaMeTa JijIs pa3HbIX HAIIPaBJICHUN MOTOTOBKY HA Pa3HBIX YPOBHSIX 00pa30BaHHUS.

3agadeii OCBOCHHUSA IUCIHUIUIMHBI SIBIsSeTCS (OpMHpOBAHHE MPEACTABICHUNH O POIU
MaTEMAaTHKHU B TIPAKTHYCCKOUN JNEATCIHHOCTH M MPHUKIAIHBIX 00JIACTAX, OTPabOTKa IMOHSATHITHOTO
amnrmapara MaTeMaTHUKW, TEXHHKH TMPOBEICHHS MAaTEMAaTUYECKUX pacdeToB, (OpMHUpPOBaHUE H
3aKpeIUICHUE YMEHUsS IMPOBOJUTH CTPOTHE a0CTPAaKTHO-JIOTMYECKHE OKA3aTeIbCTBA, PEIIaTh
NPaKTUYCCKHUE 3a]]aui CPEICTBAMHI MAaTEMATHKH.

B pesynbTare OCBOEHHSI MPOTrpaMMBbl OOYYAIOIIMICS JOJDKEH OBIAAETH CIEAYIOUIMMHU
pe3yabTataMu  O0y4deHHs (B TaOJMIIE TMPEICTABICHO COOTHECEHHUE O0pa3oBaTEIbHBIX
Pe3yabTaTOB OOYUEHHS 110 JUCIUILIHHE ¢ HHIANKATOPAMH JOCTHKEHUS KOMIICTCHITHH ):

Komnerenmus u OO6pazoBarenbHble pe3yabTaThl JUCHUIIINHBI
WHIUKATOPBI €€ (9Tans! GOPMHUPOBAHUS AUCIUIIIUHBI)

JOCTHKEHUS B 3HaeT VYmeer BJIaJ€eeT
IUCHAIIIINHE

YK-1. Cnocoben
OCYIIIECTBIIATh
KPUTHYECKUM aHAJINA3
POOJIEMHBIX
CUTyalluii Ha OCHOBE
CHUCTEMHOI'O IOAXO0JA,

BbIpa0aThIBaTh

CTpaTEruIo IEUCTBUM.

NYK 1.2. Haxomwur, OP-1. OP-3
KPUTHYECKH IIpuemsl u wmetonsl | I'pamoTHO, JIOrMYHO,
aHAJIU3HUPYET U | BBIpAaOOTKM CTpAaTEruu | apryMeHTHUPOBAHHO
BbIOMpaeT nercTBUil 1o bopmynupoBaTh
nHpopmaruro, paspenieHunto COOCTBEHHBIC
HE00XO0IUMYIO Ui | IpoOJIeMHOM CYXICHHS U OLICHKH,
BBIPAa0OTKHM CTpAaTEeTUH | CUTYaIUH. BbIpa0aTHIBATh
JEUCTBUN o CTPATETHUIO NEUCTBUI
paspenieHuto OP-2

npoOJIeMHOM 0 CYyILLIECTBOBaHHUH

CUTyalluH. Pa3IMIHBIX




NYK

PaccmarpuBaer
pa3jnyHble BapUAHTHI
pelieHus mpoodIeMHOM
CUTyalldd Ha OCHOBE
CHCTEMHOI0 MOJX0Aa,

1.3.

OLICHUBACT ux
IIPEUMYILIECTBA 51
PHUCKH.

NYK 1.4. I'pamortHo,
JIOTUYHO,
apryMEeHTUPOBAHHO
dbopmynupyer
COOCTBEHHBIE
CYXKICHHUS M OLEHKHU.
[Ipennaraer
CTpaTeruio AeUCTBUH.

BapUAHTOB PELICHUS
poOIeMHOM

CHTyalli Ha OCHOBE
CHCTEMHOTO II0JX0/a,

MeToAax OLICHKH
MPEUMYIIECTB i
PUCKOB KakK
pe3yIbTaTOB

IIPHUHATOTO PCIICHUA.

2. OO0beM JHUCHUIUIHHBI B 3a4YeTHBIX €IMHHIIAX ¢ YKa3aHHeM KOJHYeCTBA
aKajeMMYeCKHX 4YacOB, BbIJI€JE€HHBIX HA KOHTAKTHYI paldoTy oO0y4awuuxcs ¢
npenojaaBarejieM (M0 BHIAM Y4YeOHBIX 3aHATHI) M HA CaAMOCTOSITEILHYI0O PadoTy
00y4arIIHUXCs

YuebHbie 3aHATHS
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Uroro: 3 108 4 10 - 94

3. Conep:xkaHue THCHUILUIUHBI, CTPYKTYPHPOBAHHOE MO TeMaM (pa3aeiaM) ¢ yKa3aHueM

OTBCJICHHOI'0 HA HUX KOJIN4YE€CTBA aKAACMUYE€CKUX YaCOB U BU/10B y‘lGﬁHLIX 3aHSATHI

3.1. Ykazanue mem (pazoenoe) u omeedeHH020 HaA HUX KOIUUECHEA AKAOEMUYECKUX YACO8 U
6U006 yUEeOHBIX 3AHAMUIL

HanmenoBanue pasnena u Tem

KonnuectBo yacos no ¢popmam

opraHu3anuun O6y‘ICHI/IH

JleknnoHHbIE

3aHATUA
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3 cemecTp

OnTUMU3aIMOHHBIE MaTeMaTHYECKHE MOJEIH B 4
pa3JIMYHBIX HayKax ) 30
Huddepenumansaple  ypaBHEHHS  Kak — MOJENH 5 5
IPOLIECCOB B PA3IMYHBIX HAyKax ) 30
YucneHHple  METOABI B aHAIU3E  CIIOXKHBIX 5 4
MaTeMaTHYECKUX MOIeIen ) 34
Bcero no gucuun/uHe: 4 - 10 94

3.2. Kpamkoe onucanue cooepicanus mem (pazoenos) OUCUUnIUHb

Kpatkoe conep:xkanune kypca
1. OnTUMHM3aIMOHHbIE MATEMATHYECKHE MO/IEJIH B PAa3JIMYHBIX HAYKaX

OcHOBHBIE 337]a4d TEOPUHU MHPUHATHS pelieHuid. DYHKIUU PELICHUs] B METOHOJIOTHH U
opranu3a IloHATHE MareMaTHYeCKOM MOJEIM U  MATEeMAaTHYECKOr0  MOJIEIMPOBAHHUS.
KomnbproTepHble M MareMaTH4yeckue MoJeiau. MeToabl JMHEWHOro MpOrpaMMHUPOBAHUS B
COCTABJICHMH JHET U TMHUIIEBBIX paluoHOB. ONTHUMHU3ALMOHHBIE METOJBI HCIOJIb30BaHUS
OPUPOIHBIX pecypcoB. ONTHUMH3AIMOHHBIE MOJIEIH B COI[MAIILHO-DKOHOMUYECKOW cdepe.
3ajaun JIMHEWHOTO0 MPOrPAaMMHUPOBAHUS B MPUPOJAOOXPAHHBIX TEXHOJIOTUAX. CHUMILIEKC-METO/I.
JIBOMCTBEHHBIN CUMILIEKC-METO . Perenue 3a1a4y IMHEHHOTO MpOrpaMMHUPOBAHUs C MOMOIIBIO
KOMIIBIOTEPHBIX mporpamMm. MHTepaktuBHas ¢opma: «Vcrmonp3oBaHUE MaTeMaTHYCCKHX
ITAKETOB.

Tema 2. Iud¢pepennuaibHble YPAaBHEHHA KaK MOJEJU NMPOUECCOB B Pa3INYHbIX
HayKax

[Tonsite pemieHuss aBTOHOMHOTO auddepeHmanpHOro ypaBHeHus. CrairoHapHOe
COCTOSIHUE M €r0 YCTOWYMBOCTh. HempepbIBHBIE M JUCKPETHBIE MOJEIM POCTA IOIMYJISALHHU.
Mogenu 3KCIOHEHIIMAIBHOTO U JIOTUCTUYECKOro pocta. Mojens ¢ HaMMEHbIIEH KPUTHYECKON
YUCJIEHHOCTHI0. Mozienn BcachbiBaHUs BEIIECTB, U3MEHEHMS KOHUEHTpauuu ropmona. [Ipouecc
pammoakTuBHOrO pacmana. Cxema rubenu u pazMHOxkeHUs. Moaenu orbGopa. Ilpumenenue B
aHaJlM3e CHUCTeM MaccoBoro oOcnyxuBanus. MHTepaktuBHas ¢opma: «lcnonas3oBaHue
MaTEeMaTHYCCKUX ITaKETOB.

Tema 3. UnciieHHBbIE METOAbI B AHAJIN3E CJ0KHBIX MATEMATHYECKHX Mojieeii
[Tonsitue ¢azoBbIX TEepeMeHHBIX U (a3oBoro mnpocTtpancTBa. Da3oBbi MOpTpeTr. MeTon
n30KIuH. MccnenoBanue yCTOMYMBOCTH CTalMOHAPHBIX cocTrosHu. Mopaenu Jlotku u
BosbTeppa. MoaennpoBaHue HEPBHBIX MPOLIECCOB. PaBHOBECHBIM MOTEHUHAN. YpPaBHEHHUE
Hepucra. MonHble TOKM ¥ MeMOpaHHBIN MOTEeHIIMAN. BiusHue mapaMeTpoB MPOHHUIIAEMOCTH U
MOHHBIX KOHUEHTpAIlMii HAa HEPBHBIM HMMYyJbC. MOIETUPOBAHUE BIUSHUA MEIUIIMHCKUX
mpernapaToB M PUTMHYECKOTO pazapaxenus. HMHTepaktuBHas ¢opma: «lMcnons3oBanue
MaTeMaTUYECKUX MTAKETOBY, TPYNIIOBOE HHTEPAKTUBHOE 3a/IaHHE.

4. TlepeuyeHb Y4eOHO-METOAMYECKOI0 oOecreYeHUsl ISl CaMOCTOSITEIbLHOH PadoThl
00y4YaKOIIHUXCS 10 TUCHHILINHE

CamocrosTenbHas padoTa CTyJICHTOB SBISETCS 0co00i (opMOii opraHu3anuu y4eOHOro
mporiecca, TMpeJcTaBisiomas co0oi IUJIaHWPYeMYlO, ITI03HAaBaTeNbHO, OPTaHU3alIOHHO U
METOAMYECKH HAIPaBIIIEMYIO JEATEIBHOCTh CTYJEHTOB, OPUEHTHPOBAHHYI0 Ha JOCTH)KEHHUE
KOHKPETHOTO  pe3y/ibTaTa, OCYIIECTBISIEMYyl0 0e3 MpsMOM  TOMOIIM  IpernojaBaTes.
CamocrosTenbHas paboTa CTYJIEHTOB SIBJISIETCS COCTaBHOM 4acThio yuyeOHOW pabOThl M UMEeT
LENbI0 3aKpeIyieHue U yriIyOJieHue TMOJTYYeHHbIX 3HAHWW M HABBIKOB, MOMCK M MpHOOpeTeHue




HOBBIX 3HaHHﬁ, a TaKXKC BBIIIOJIHCHHUC yqe6HLIX 3a,Z[aHPII>'I, MMOATOTOBKY K NPCACTOAIINM 3aHATHAM
u o9K3ameHy. OHa mpexycMaTpuBaeT, KakK NpaBHiIo, pa3paboTKy pedepaToB, HalMCaHHE
JOKJIaA0B, BBIMIOJIHCHUC TBOPYCCKUX, WHAWBUAYAIBHBIX SaﬂaHI/If/’I B COOTBCTCTBUHU C y‘IC6HOI7I
HpOrpaMMOil (TEMaTHYECKUM TUIAHOM M3Y4EHUs AUCIHUIUIMHBI). TeMa /Ui Takoro BBICTYIUICHHS
MOKET OBITh TPEJIOKEHA IMpernojaBaTeieM Wi n30paHa caMHM CTYJSHTOM, HO MaTepuali
BBICTYIUICHHUSI HE JOJDKEH TyOJIMpoBaTh JICKIMOHHBIM Marepuan. PedepaTuBHbIi MaTepuad
CIIY’)KHT JOTOJTHUTENbHOW MH(OpManuen s paboThl HA MPAaKTHYECKUX 3aHATUSX. OCHOBHAs
1eJb JAHHOTO BU/1a paOOTHI COCTOUT B 00YYEHUH CTYACHTOB METOJ[aM CaMOCTOSATEIILHON pabOThI
C y“Ie6HBIM MaTcpuruajiIoM. I[JISI INOJIHOTBI YCBOCHHA TCEM, BBIHCCCHHBLIX B NPAKTUYCCKUC 3aHATUA,
TpeOyercsi paboTa ¢ mepBoucToyHMKaMHu. Kypc mpemycMmaTrpuBaeT caMOCTOSTEIbHYIO paboTy
CTYZIEHTOB CO CIIeIMaNbHONW JsuTeparypoil. Cienyer OTMETUTh, YTO CaMOCTOSTENbHAas paboTa
CTYZICHTOB PE3yJbTaTHUBHA JIMIIb TOT/a, KOTJIa OHA BBIIOIHACTCS CUCTEMATHYECKH, TTIAHOMEPHO
U LIeJICHAINIPABIICHHO.

3agaHus Ui CaMOCTOATENFHOM  pabOThI  IpEeAyCMaTpHBAalOT — HCIIOJIB30BAHUE
HEOOXOJMMBIX TEPMHUHOB W TMOHATHH 1O mpobiematuke Kypca. OHHM HaleIWBAalOT Ha
NPaKTHYECKYI0 paboTy MO MPUMEHEHHIO M3y4aeMOro MaTepuala, MOUCK OnOnmorpaduyeckoro
Marcpuraia v 3JICKTPOHHBIX KCTOYHUKOB I/IH(i)OpMaIII/II/I, HUITIOCTPATUBHBIX MAaTCpHUaAIOB. 3a11aH1/191
[0 CaMOCTOSITENbHOW paboTe IaroTcs MO TeMaM, KOTOpble TPEOYIOT JIOMOJHHUTEIHHOM
popaboTKH.

OO0umii 00beM CcaMOCTOATENBHOW pPAa0OThl CTYAEHTOB IO AWCLUUIUIMHE BKIIIOYAET
AyJUTOPHYIO U BHEAYJAUTOPHYIO CAMOCTOATEIBHYIO padOTy CTYACHTOB B TEUEHUE CEMECTpA.

AynuTopHas caMOCTOATeNbHas padoTa OCYIIECTBISIETCS B (hOpME BBIIOTHEHUS TECTOBBIX
3a/laHui, Keic-3a7ady, NUCBbMEHHBIX IMPOBEPOYHBIX pabdOT MO JAUCHUIUIMHE. AyJIuTOpHas
caMocTosATeNbHas paboTa obecrieyeHa 0a30l TECTOBBIX MaTEpUAIOB, Keic-3a/1ad 10 pasjenam
JOUCIUIIIINHEL.

BHeaynuTopHas camocTosTenpHas paboTa oCyIecTBiseTcs B hopmax:

- IOAATOTOBKU K YCTHBIM JOKJIaJaM (II0ArOTOBKA pedepaToB);
- peleHue 3a1a4 (JOMAIIHUX 3a/laHHi) 10 U3y4aeMbIM TeMaM;
- BBIIIOJTHCHHUEC I'PYIIIOBBIX MHTCPAKTUBHBIX Sa)IaHHﬁ.

OC-1. CamocTosiTesqibHasA padoTa

CocTaBbTe MaTeMaTHYECKYIO MOEIb 3a1aui. OCYyIeCTBUTH IPOBEPKY MOJYYEHHBIX PE3YJIbTATOB C
HIOMOIIBIO KOMITBFOTEPHBIX Mporpamm (Hamnpumep Excel), mpeacraButs nonydeHHyro tabnuiy,
C/IeNaTh BBIBOIBI.

Bapuanr 1.
3aB0/I MOXKET MPOU3BOAUTH MPOAYKIIHIO TIO OJJHOMY M3 JIBYX THIOB TeXHOJorui. [Tpu

NPUMEHEHHUHU TIepBOro TUMA TEXHONOTUH Ha Kax 1yt 1000 BRIMYIIEHHBIX €AUHUL] TPOAYKLIUT
OCYIIECTBIAETCS BRIOPOC 3 M° 3arpsA3HSIONIMX BENIECTB B aTMOC(EpY, a TAKKe UCTIONMb3yeTcs
2 TOHHBI HEPTH, IPU IPUMEHEHUHU BTOPOI TEXHOJIOTUH HCIIONb3yeTcsl 1 ToHHA He(hTH Ha
THICSYY €IMHUII TIPOLYKIINH, OAHAKO BEIOPOCH B aTMOC(epy YBEITHIHBAIOTCA 10 5 M°. 3aBoj
HE JIOJDKEH HcTosb3oBaTh 0osiee 600 ToHH HedTH B Henemo. CocTaBbTe ONTHUMAIBHBIN MJI1aH
MCIIOJIb30BAaHUsI UMEIOUINXCSA TEXHOJIOTHH ¢ 1eJIbI0 MUHUMM3AIK BIOPOCOB B aTMOcdepy,
€CII B HEJIeNI0 He00X0IMMO Pou3BoIuTh He MeHee 400 ThIC. eAMHUI] TPOTYKIINH.

e. B curyanuu, onucanHo# B 3a7aue (1), BBEACHO OTpaHUYEHUE Ha BEIOPOCHI B aTMOCchepy —
He 6onee 1500 M° B Henemo. TTpeToxkKTE HOBBI IJIAH HCIIOTH30BAHMS TEXHOIOTHIA, YTOOBI
pacxo/ibl HeTH OBLITM MUHUMATBLHBIMH.

OC-2. CamocrosiTesibHasi paboTa



Yepes 6 yacoB 1mocie Havaja ONbITa YUCICHHOCTh OaKTepuil B MOMYIISALUMU Bo3pocia B 2 pa3a. Bo
CKOJIbKO pa3 YBEIMYUTCS KOJIMUECTBO OAKTEpHi yepes CyTKu?

OC-3. CamocrosiTesibHas padora Ne 1
IIpumepHbIii BApHAHT:
1. Toctpoiite ¢ momouipto mporpammsl Excel rpaduku 4nciIeHHOCTH KEPTB M XHIIHUKOB B
MOJIEH «XUIHUK — )KEPTBa»:

dx

— =X —
gt By
dy

=2 _ -2
it Xy — Ay

a)ynpu a = 20, § = 0,3, y =0,2, A = 10 , HayaJIbHOM KOJUYECTBE KepTB Xo = 40 W HAYAIBPHOM
KOJIMYECTBE XHUIMHUKOB yo = 50, mar wmarerpupoBanus h = 0,001, pe3yabTar cpaBHHTE C
rpaduxom mpu h = 0,002.

OC-4. BrIcTyIUIeHHE € JOKJIAJ0M 110 MUKPOTPYIIIAM.
[IpuMepHBIii IEpeYeHb TEM TOKJIAI0B:

MopaenupoBaHue HEOTPAHUYEHHOTO POCTa

Mopenu aBTOKaTanu3a

OrpanuueHHbIN pocT. YpaBHeHHE DepXroybeTa

Mogenn Mono u Muxasnuca-MeHTeH.

ABTOBOIIHBI U JUCCUIIATUBHBIE CTPYKTYpPHI. bazoBas monens "Oproccensitop”

Peakuus benoycosa->KaboTuHckoro.

bazoBas moznens B3aumozeiicteus. Koukypenuus. Ot6op.

Tumbl Tpoduyecknx (YHKIMH W WX BIMSHAE HA YCTOWYMBOCTH CHCTEMBI «XHUIIHUK-
JKepTBa»

9. Buomerpus

10. MaremaTudeckue MOACIN BOOJOCMOB KaK 39KOCHUCTEM
11.

N oA wN D

OC-5. CamocrosiTeqbpHast pabora
BapuanT 1. B mara3zun ¢ AByMsl KaccamMH 3aXOJUT B CpeJHEM 3 MOKyNareias B MUHYTY,
cpeaHee BpeMs 00CIyXKUBaHUS 2 MUHYTbI. ONpeeuTh BEPOITHOCTD IPOCTOS], CPETHIOO JITUHY
ouepeu, CpeiHee BpeMs, IPOBOIMMOE MOKYIIATENIEM B OYEPEIH.

OC-6 KontposabHasi padota Ne 2
[IpuMepHbIil BApHAHT KOHTPOJIBHOM paboThI
1. 1. Jlana Tabnuia u3MepseMbIX BEIMYMH X W y. Hammcare ypaBHeHHE perpeccuu
(3aBHCHMOCTH) Y OT X

X 0 1 2 3 4

Y 2,1 3,9 6.2 8.1 9.6

2. V3 Tpex BHUIIOB ChIpbi HEOOXOAMMO COCTaBUTh CMECh HaMMEHbILIEH CTOMMOCTH, B COCTaB
KOTOPOM BXOJUT HE MeHee 26 e1. XuMHuueckoro Bemectsa A, He MeHee 30 enuHuMIl BelecTsa B,
He MeHee 24 en. BemectBa C. Konn4ecTBO €QuHUII XMMHUYECKOTO BeHlecTBa B 1 KI ChIpbs, a
TakKe 11eHa | KT ChIpbs YKa3aHbl B TAOIHIIE

Konnuects enunuil BemecTBa B 1 KT ChIpbs BU/A |
BemecTtBo 1 2 3
A 1 1 -
B 2 - 3
C 1 2 4
[lena 1 xr coipbst (pyo) 5 6 7




Hna camocmoamenvHoll nO020MOEKU K 3AHAMUAM NO OUCHUNIUHE PEKOMEHOYEem A
UCNONb306AMb YUEOHO-MEeMOOUYeCKUe Mamepuanbl:

1 I'myxoBa H.B. MaremaTnueckue MoJelu JIJIsl MarucTpoB-OHUO0JIOroB: yuyeOHoe mocooue.
— VuesHoBck: Yal'TIY, 2016. — 90 c. (3nekTpoHHOE yueOHOE TTocoOwme).

3. Teopust BepOsSTHOCTEH C JIIEMEHTaMU MaTEMaTH4eCKON CTATUCTHKHU U aHAJIHM3a CUCTEM
MaccoBoro obOcimyxuBanus. Yacte 2. MaTeMaTHuecKas CTAaTUCTHKA. OJIEMEHTB TEOpUHU
CIIy4aifHBIX MPOLIECCOB U TEOPUH MACCOBOI0 OOCIyXHBaHHs. Y4yeOHOe MocoOue isl CTYIEHTOB
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Viesgaosck: Yal'TIV, 2010. — 76 c.
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MePCOHAJIOM: Yy4eOHOe TocoOMe M HampaBJIeHWs MOoAroToBkH OakamaBpoB 080400.62. —
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5. I'myxoBa H.B. Teopus mpunsatusi pemenuid: yueOHoe nocobue. / I'myxosa H.B. —

Vapsaock: ®I'BOY BO «VYal'llY um. N.H. YaesuoBay, 2017. — 48 c.

5. IlpumepHble OlleHOYHbIe MATepHAJbl /IS NPOBeJeHHs TeKYIIero KOHTPOJIs
yCIeBAeMOCTH M MPOMEKYTOUYHOM aTTeCTAINH 00y4al0IMXCH M0 IMCUHUILTHHE

Opranuszanus ¥ NpoBe/ieHHe ATTECTALMHU CTyAeHTa

@®I'OC BO B cooTBEeTCTBUHM C HpUHIMNAMU bBojoHCKOro mporecca OpUEeHTHPOBAHbI
PEUMYIIECTBEHHO HE Ha COOOIIeHHEe 00ydJaromeMycs KOMILIEKCa TEOPETUUYECKUX 3HAHHUH, HO
Ha BbIpa0OTKY y OakajiaBpa KOMIIETEHLIUH — JMHAMUYECKOro Habopa 3HaHUM, yMEHUH, HaBBIKOB
U JIMYHOCTHBIX Ka4deCTB, KOTOPHIE TO3BOJIAT BBHITYCKHHKY CTaTh KOHKYPEHTOCHOCOOHBIM Ha
PBIHKE TpyJia U YCIEIIHO NPO(eCCHOHAIBHO PEaTn30BbIBATHCS.

B mporiecce onenkun 0akanaBpoB HEOOXOAMMO UCIOJIB3YIOTCSI KaK TPAIUIIMOHHBIC, TaK U
MHHOBAIlMOHHBIE THUMbI, BUABI MU (QOpMbI KOHTpOJs. IIpM 3TOM MOCTENEHHO TpaAULIMOHHBIE
CpeICTBa COBEPIICHCTBYIOTCS B pyclieé KOMIIETEHTHOCTHOTO IIO/XO0Ja, a WHHOBAI[MIOHHBIE
CpeZCTBa aIalITUPOBAHBI JUISl TOBCEMECTHOTO MPUMEHEHUS B POCCUICKON BY30BCKOI MpaKTHKE.

Llenbr nmpoBeneHusi arrecTallMd — IPOBEpPKa OCBOEHUS 0Opa30BaTEIbHOW MPOTPAMMBbI
JUCLUTUTMHBI-IPAKTUKYMa Yepe3 CPOPMHUPOBAHHOCTh 00pa30BaTEIbHBIX PE3YIbTATOB.

IIpomMe:kyTouHasi aTTeCTAUMs OCYIIECTBISIETCS B KOHIE CEMeCTpa MW 3aBepIiaeT
U3yyeHHe AMCLUUIUIMHBI, TOMOTaeT OLIEHUTh KPYNHbIE COBOKYIHOCTH 3HAaHUM W YMEHMH,
(dbopmMEpOBaHUE OMIPEIEICHHBIX KOMIIETECHITHIH.

OLeHOYHBIMU CpPEACTBAMH TEKYIIErO OLEHUBAHMUSA SBJSAIOTCS: JIOKJIaA, TECThl IO
TEOPETUYECKHM BOMPOCAaM JUCIHUIUTMHBI, 3alliTa NpakTHYecKux pabor u T.m. KOHTpOIb
YCBOEHHsI MaTepuaia BEIETCS PEryjIsipHO B TEUYEHHE BCEro CeMecTpa Ha INpPaKTHUYECKUX
(ceMHHapCcKuX, 1a00PaTOPHBIX) 3aHATHUSX.

Ne CPEJACTBA OLIEHUBAHUAA, ObpazoBaTenbHbIe
n/n UCIIOJIb3YEMBIE IS TEKYIIETO OLICHUBAHUS Ppe3yJIbTaThl JUCIUILUIMHBL
nokasaressi QOpMUPOBaHUS KOMIIETEHIIUN
OuneHo4HbIE CpeacTBa IS TEKYIIeH OP-1. 3Haet npuemMbl U METOJIBI
aTTecTanuu BBIPaOOTKH CTpATETUH JACHCTBUI IO
OC-1, OC-2, OC-3. OC-5 CamocrosarenbHas pa3pelIeHnto mpodIeMHOM
pabora CUTYallUH.
OC-4 BeicTymiieHue ¢ JOKJIaJ0M IO OP-2 3naer o0 cymiecTBOBaHNN
pe3ysibTaTaM rpyninoBOro MHTEPaKTUBHOTO pa3IMYHbIX BApHAHTOB PELICHUS




3agagus 1 MpoOJIEMHON CUTyallMk Ha OCHOBE
OC-6. kouTpOIBHAS paboTa CHUCTEMHOTO MOJAX0/4a, METOAaX
OLICHKH IMPEUMYIIECTB U PUCKOB KakK

OueHOYHBIE CPEICTBA AJIS MPOMEKYTOUHOM | PE3YILTaTOB IPUHSATOTO PEIICHHU.
aTTecTAllMHU OP-3 yMmeert rpaMOTHO, JJOTUYHO,
3a4eT (IK3aMeH) apryMEeHTUPOBAHHO (OPMYIUPOBATH
OC-7 3ager B popMe yCTHOTO cobeceoBaHms | COOCTBEHHBIE CYX/IEHUS U OLICHKH,
BBIPA0aTHIBATh CTPATETHIO
JIEUCTBUIA.

Omnmncanue OLCHOYHBIX CPCACTB H HCO6XO,Z[I/IMOFO O60py,HOBaHI/I$I (I[eMOHCTpaI_[I/IOHHOl"O
MaTepI/IaJIa), a TaK XC IMpoucaypbl U KPUTCPpHUHU OLCHUBAHUA HWHIAUKATOPOB JOCTHUKCHUA
KOMHCTCHHI/Iﬁ Ha pa3/IMYHbIX 9TallaX UuX (I)OpMI/IpOBaHI/IH B ITpOoIeCCC OCBOCHUA O6pa3OBaTeHLHOﬁ
nporpamMmbl  IIpPCACTABJICHBI B CDOHIIC OLCHOYHLIX CPEACTB JId TCKYIICTO KOHTPOJIA
yCII€BaEMOCTHU U HpOMe)KYTO‘IHOﬁ aTTeCTalu 110 AMCLHUIIIINHE.

Mamepuansi, ucnovzyemole 011 MEeKyuie20 KOHMPOAsA yCnesaemocnu
odyuarowuxca no oucyuniune

Marepuans! Juist Opraiu3aliy TEKYIIEH aTTECTAlluy IIPEICTABIICHBI B I1.5 IPOTPaMMBI.

™
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10.
11.

12.
13.
14.
15.
16.
17..

18.

Mamepuanst, ucnov3yemoie 0 RPOMEHCYMOUYHO20 KOHMPOJIA YCREeAeMOCmU
odyuarlowuxca no oucyuniune

IIpuMepHBIii NepevYeHb BONPOCOB K 3a4€eTy
[Toctpoenne maTemaTuueckux mojenei. Onpenesnenue 1esneBol QyHKIUH.
[IpuknagHeie 3aaa4y CBOJUMBIE K 33/1a4aM JIMHEHHOTO MpOrpaMMHUPOBAHHUS.
[leneBast ¢yHkuus u cucrema orpanuueHuil. Ilpumepsl coctaBnenus. IlpuBenenue
CHCTEMBI OTPAaHUYEHUN K BUlYy PABEHCTB U HEPABEHCTB.
JIBOWMICTBEHHBIE 3aJlayd M HMX NPUMEHEHME K 3ajJadyaM Ha COCTAaBJICHUE IMHILIEBBIX
PAllMOHOB U ONITUMAJIbHBIX CMECEH.
3ajava ONTUMHU3AINH UCTIOJIB30BAHMS PECYPCOB.
.CuMIIieKkc-MeTo/] peleHus 3a4a4d JMHEHHOTO TIPOrpaMMHUPOBAHMS
Pemenue 3aga4 IMHEHHOTO MPOrPAMMHUPOBAHUS C TOMOIIBIO CTAHJAPTHBIX MMAKETOB
nporpamm
. 3a7a4a 0 palMOHAJIBLHOM MCIOJIb30BAaHUU IKOJIOTMUYECKUX PECYPCOB.
3aaya 0 CMECH.
3ajauu 0 IMeTax.
Mogenu, omuceiBaeMbie OAHUM aU(PGEpEeHIIUATBHBIMU YpaBHEHUAMH. YHMCIEHHOCTH
OaKTepHil.
Mogaenu pocta MOMyisiuMil. DKCIOHEHIIMAIbHBIA M JIOTUCTHYECKUM pocT. Monenb ¢
HaWMEHBIIEH KPUTUYECKON YHCIIEHHOCTBIO.
MopaenupoBaHue U3MEHEHNSI KOHIIEHTPAIINI BEILIECTB.
Mopenu, onuceiBaeMble cucteMamMu AU QepeHInanbHbIX YpaBHEHUN.
Mogenu B3auMoIecTBUS oMYA, BoIbTEPOBCKHE MOAEIH: MOJEIN KOHKYPEHIIUHA U
XUUTHUK-KEPTBA.
Mogens HEpBHOTO UMITyJIbCa. Y paBHeHHEe HepHeTa. AKTUBALMS U MHAKTUBALIMS HOHHBIX
TOKOB.
3agaya oOmpenereHrus ONTUMAIBHOTO YHCIAa TEepCoHajga B CHCTEME MacCOBOIO
oOciyxuBaHus ¢ oTKazamu. [Ipumep u perieHue.
CuctemMbl MaccoBOTO OOCTyKMBaHUSI C OTkKazamu. CpeaHee YMCIO0 3aHSATHIX KaHAJIOB,
BEPOSATHOCTH OTKAa3a U IIPOCTOSI B JAHHOW CHUCTEME.




19. Cucrembl MaccoBoro OOCTYXHBaHUSI C OTKazaMu. AOCONIOTHAsE W OTHOCHTEIbHAs
MIPOITYCKHAs CIOCOOHOCTH.

20. Cuctembl MaccoBOro OOCTYXMBaHUSI C OrpaHUYCHHOW odepenbto. Pacuer cpemueit
JUTMHBI OYEPE/IH.

21. CuctemMbl MaccoBOTO OOCHY)KMBaHUS C HEOTPAaHUYCHHOH ouepenpio. OnpenencHue
CpeIHe! JTUHBI OYepeIn

22. 3aMKHYTBIE CUCTEMBI MaCCOBOT'O OOCITY>KUBAHHSL.

B KOHIC U3Yy4YCHUA JUCHUIIIIMHBI ITIOABOJATCA UTOI'N pa60TBI CTYACHTOB Ha JICKIHMOHHBIX U
IMPAKTUYCCKUX 3aHATUAX IIYTEM CYMMUPOBAHUA 33pa6OTaHHBIX 0aJI0B B TCUCHHE ceMEeCTpa.

Kpurepun oueHuBanusi 3HAHUI 00y4AIOIIUXCA M0 JUCHUILIIHHE

Dopmuposanue 6a1bHO-PEUMUH20801 OYeHKU pabombl 00yUaAWUXCS

ITocemenue Pabora Ha
Ilocemenue
N MPAKTUYECKHUX | MPAKTHYCCKUX | 3aueT
JIEKIUI .
3aHATHH 3aHATUAX
Pa36amoBka 1o 2x1=2 5x 1=5
229 Oamios 64 6amta
3 BUJaM padboT OayI0B 0aJI0B
cemectp | CymmapHbIi 7 6aoB 236 Gannos 300 6amnoB
2 6amoB max
Makc. 0an1 max Max max

Kpumepuu oyenusanus pabomul 06yuarwe20cs no umozam cemecmpa

Ouenka Bbaaasl (3 3E)
«3a4TEHO» 151-300
«HE 3a4TEHO» 150 u menee

6. MeTtoanyecKkue yKa3aHus Uil 00y4alOLIUXCsl 0 OCBOCHMIO THCIMIIIMHBI

VYcnenrnoe u3ydeHue Kypca TpeOyeT OT oOyJaromuxcsi TMOCEIIeHUs JIEKINM, aKTUBHOMN
paboThl Ha NPAKTUYECKUX 3aHATUSAX, BBINOJHEHHS BCEX Y4YEOHBIX 3a/laHMi MpernojaBaTels,
03HAKOMJICHHsSI C OCHOBHOM U JIONIOJIHUTEIILHOMN JIUTEPATYPOH.

3anuce JIeKIUH — OJHa U3 (OpPM aKTHUBHOM CaMOCTOSATENBHOM paboThl 00ydaroluxcs,
TpeOyromiasi HaBBIKOB M YMEHMsSI KpaTKO, CXEMaTHYHO, IIOCJEJ0BaTeNIbHO U JIOTUYHO
(¢uKcHpoBaTh OCHOBHBIE MOJIOXEHUS, BbIBOJIbI, 00001IeHHs, GOpMYIUPOBKU. B KoHIlE sekuuu
npernojiaBaTesab oOcTaBisieT Bpems (5 MUHYT) A8 TOro, 4ToObl oOOyyaromuecss HUMelu
BO3MOXKHOCTb 33J1aTh YTOUHSIOILIME BOMPOCHI [0 U3yyaeMoMy mMatepuany. M3-3a HeqocTaTouHOro
KOJIMUECTBA ayJAMTOPHBIX YacOB HEKOTOpbIE TEMbl HE YIAE€TCsl OCBETUTh B IIOJHOM 0ObEMeE,
MO3TOMY TpernojaBarelb, IO CBOEMY YCMOTPEHHIO, HEKOTOpble BOIPOCHl BBIHOCHT Ha
CaMOCTOSATENIbHYIO PabOTy CTYJEHTOB, pEKOMEH/ys Ty WM MHYIO JuTeparypy. Kpome storo, mmis
JyYIIEr0 OCBOEHHS MaTepualia M CHUCTeMaTH3allMd 3HAHWK [0 JAUCUUIUIMHE, HEe00XOIUMO
MOCTOSIHHO pa30MpaTh Marepualbl JICKIMHA O KOHCIEKTaM M y4eOHbIM mocoOusM. B ciyuae
HE00X0TMMOCTH 00palaThCs K MPEnoiaBaTesto 3a KOHCYJIbTallueH.

IMoaroroBKa K NPaKTHYECKUM 3aHATHSM.

[Ipy mMoAroToBKEe K MPAKTUYECKUM 3aHATHSM CTYIEHT JOJDKEH HU3Y4UTh TEOPETUUECKUIl
Marepuall 1Mo TeMe 3aHATUS (UCIOJb30BaTh KOHCHEKT JICKIMH, U3YYUTh OCHOBHYIO JIUTEpATypy,
O3HAKOMHTbCSA C JIOMOJHUTEIBHOM JIUTEPaTypoH, pU HEOOXOJUMOCTH AOMOIHUTH KOHCIEKT, Jeas
B HEM COOTBETCTBYIOIIME 3allUCH W3 JIMTEpaTypHbIX HCTOYHHMKOB). B ciydae 3arpynHeHui,
BO3HHMKAIOIIMX IPH OCBOEHHHM TEOPETUYECKOT0 Marepuana, CTYIEHTY CleAyeT oOpalmaTbes 3a
KOHCyJbTallMell K mpernogaBaTento. Mas Ha KOHCYJIbTAIMIO, HEOOXOIMMO XOpPOILO MpOJyMaThb
BOIIPOCHI, KOTOpPBIE TPEOYIOT Pa3bICHEHHUS.




B Havase npakTHUueCcKOro 3aHITHS MPENoAaBaTelb 3HAKOMUT CTYACHTOB C TEMOM, OTallaeT
IUTaH MIPOBEACHUS 3aHATHA, BbIIACT 33JaHus. B TeueHne OTBEIEHHOrO BPEMEHU Ha BBINOJIHEHUE
pabOThI CTYIEHT MOXET OOPATHTHCS K TMPETOAABATEIO 32 KOHCYJIbTAIMEH WK pa3bsiCHEHUsIMU. B
KOHIIE 3aHSTHS POBOAUTCS MIPUEM BBIIOJHEHHBIX 3aJIJaHU, cOOECeI0BaHUE CO CTYACHTOM.

Pe3ynbTaThl BRIMOTHEHUS MPAKTHYECKUX 3aHUH OICHUBAIOTCS B OaJlIax, B COOTBETCTBUH C
OaJIbHO-PEUTHHTOBOM CUCTEMOM YHUBEPCUTETA.

Ili1aHbl MPAKTHYECKHUX 3AHATHH
3AHATHE M 1. 3anaum JuHeitHoro nporpammuposanus (3JII1)
3anaua Ne 1.1. CocTtaBbTe MaTeMAaTUUECKUE MOJAETH CIEAYIOIIUX CUTYaIHi.

a. Hekwuii Bojo€M 3acensieTcss Kak10M BeCHOM OKyHSIMU U KapacsiMmu. CpeliHsst Mmacca
okyHs coctasisier 0,8 kr, kapacs — 0,4 kr. iMeeTcst 1Ba BUa NUIIHU, €KETHEBHBIN 3amac
KOTOpPOM MojiepKuBaeTcs i neporo tuna Ha ypoHe 500 kr, a Broporo — 900 kr. Ogun
OKYHbB B CpeiHeM 3a jeHb notpedsier 100 r mumm nepsoro tuna u 300 T MUIu BTOPOro
THUIIA, 71 Kapacs COOTBETCTBYoIIME BeanurHbl cocTaBisitoT 200 u 100 r. Kak cienyer
3aCeIUTh BOJOEM, YTOOBI MAKCUMU3UPOBATh CYMMapHYI0 Ouomaccy pbio?

0. IIpu npou3BOACTBE yIOOPEHHI CMEIIMBAIOT B PA3IMYHBIX COOTHOIICHUSX TPU
XUMHYECKHMX BEIIECTBA, a YA0OpEHHsI MPoJaroTcs B ynakoBkax mo 10 kr. Tpu 3Tux BemiecTsa
cTosT cooTBeTcTBeHHO 20, 15 1 5 pybiieii 3a kusutorpamm. B i1r060# cMecu 10JKHO
NPUCYTCTBOBATH HE MEHee 2 KT TIEPBOr0 BEIIECTBA, a COJCPKAHUE TPETHETO BEIIECTBA HE
JOJDKHO IMPEBBIIATE KOJIMYCCTBA BTOPOTO. Kak CJICAYCT COCTaBUTh CMECh, YTOOBI CTOUMOCTh
YIIAaKOBKH yI0OOpEHUs1 ObLIa MUHUMAJIBHOM.

B. Cpennuii THEBHOM palMoOH XUIHUKA cocTaBisieT 10 ex. mumu A, 12 ex. numu B, 12 en.
iy C. OTu noTpeGHOCTH YIOBJIETBOPSIOTCS IByMs BUJaMU *KepTBbl. [lepBolil Bua qaért 5
en. nuuy Buaa A, 2 ex. numu B u 1 en. numu C. [{71s1 BTOporo Buj1a COOTBETCTBYIOLIUE
BEJIMUMHBI COCTABIAOT 1, 2, u 4 en. Ha mouMKy >xepTBBI IEpBOro BUJIa TPeOyeTcsl B CpEeTHEM
3 en. sHepruu, a BToporo — 2 en. s3Hepruu. [loenanue kakoro yucia ;kepTB 00eCneuuT
XHUIHUKY yIOBJIETBOPEHUE €ro MOTPeOHOCTEN ¢ HAMMEHBIIMMHU 3aTpaTaMH YHEpIun?

r. [Inma g1a cobak roOTOBUTCS U3 TOBSIAWHBI, KOHUHEI U IEYE€HU. 1 KT TOBSIAUHEI cTOUT 150
py6ueit u conepxur 0,2 kr 6enka u 0,5 xr yrneBonoB. Konuna crout 100 pyOuneit 3a kr u
conepxkurt 0,1 xr Genka u 0,6 kr yriesogos. Hakonen, neuens crout 200 py0iieit 3a Kr 1
conepxkut 0,4 xr ynreBooB u 0,3 kr 6enka. COCTaBUTh ONTUMAIIBHBIN PAIlUOH IS COOAKH,
MUHHUMAaJIbHBIE TOTPEOHOCTH KOTOPOU B YIJIEBOJIaX COCTABJISIIOT 6 KT yTriieBoJ0B U 3,1 Kr
OeJKa B MECHIII.

3AHATHE M 2. Pewuenue 3a0a4 cumniekc-memooom
METOJIOM. YKa3aThb 3HAu€HUsl MEPEeMEHHBIX X1, X2, ... (Xi = 0) ImpU KOTOPBIX AOCTUTAETCS
MUHUMAaJIbHOE 3HAYECHHUE.

a)F=X1—-X3

Cucrema orpaHuyYeHH:

X1—2X2+x3=1

x1+3x2+x4=2.

OtB. Munumym 3, B Touke (0, 1, 3, 0).
0)F=X1—X2+X3+ X4+ X5—Xs

Cucrema OrpaHUYEHHMI:

X1+ X4+ 6x6 =9

3x1+x2—4x3+2x6 =2

X1+2Xx3+X5+2 X6 =6

OtB. Munnmywm (-5), B Touke (0, 5, 1.5, 0, 0, 1.5).

B) (1/3)F = 5x1 — 10x2



Cucrema orpaHuyeHH:
—2x1tx2<1
X1+ x2< 2
3x1+x2<8
—2x1+ 3x22> 9.
OtB. Munumym — 27,5 B Touke (1.5, 3.5).
r) (n/3) F=X1—X2—4x3+5
Cucrema orpaHuyeHH:
X1+ x2+2x3< 10
X1 —X2+x3<6
2x1+ x2—x3< 8.
OtB. Munumym — 15 B Touke (0, 0, 5) unu (0, 3, 2).
n) F=3+4x: + 5X2 —x3
X1—3x2+2x3<4
3x2—2x1+x3<5
2x1—3x2<3
OtB. Munumywm 1, (0, 0, 2, 0, 3, 9).
e)F=X1—2X2+x3+2
Cucrema orpaHuyeHHi:
x1—x2+x3=10
2X1 —x3+ X4 < 5.
OtB. MUHMMYM HE CYIIECTBYET.
2. Haiftu makcumym 1eneBodt (pyHkuuu F mpu 3amaHHOM cHCTeMe OrpaHWYeHH CHUMILIEKC-
METOJIOM. YKa3aThb 3HAU€HUsl MEPEMEHHBIX X1, X2, ... (Xi = 0) OpU KOTOPBIX AOCTUIAETCS
MaKCHUMaJIbHOE 3HAUCHHE.
a)F=Xx1+x2
Cucrema orpaHuyeHHi:
X1 —X2<1;
X2—x3<1
x1+x3< 2.
OtB. Makcumym 3 B Touke (2, 1, 0).
0) F = 2X1 — X3+ X4
Cucrema orpaHu4YeHHI:
X1 —X2 +2x3+3x4<10
X1 — X3 + 2x4 < 8. OTB. MakCUMaJIbHOTO 3HAYCHUS HET.

3AHATHE Ne 3. Mooenuposanue 4UCIeHHOCMU RORYIAUUU C HOMOUWbIO OO0HO20
oughghepenyuanvrnozo ypasnenusn
3amaua Ne 1. Yepes 6 yacoB mocie Hayana OmnbITa YUCICHHOCTh OAKTepUil B MOMYJISALUN
BO3pociia B 2 pa3za. Bo CKOJIBKO pa3 yBETHMUUTCS KOJIMUYECTBO OAKTEpUil uepe3 CyTKH?

3agaga Ne .2. B nauane skcnepumeHnta umenoch 200 Gakrepuii, a yepe3 12 1 ux crano 600. Bo ckoipko pa3
YBEIMYHUTCS KOJINYECTBO OaKTepuii cycTs 24 4 mociie Hadania SKcepruMeHTa?

3amayga Ne 3. Yepes 3 4 nocse Havasna OnbITa YUCIEHHOCTh BOJIOPOCIEH B OMYIISALUN
BO3pocia B 125 pa3 no cpaBHEHHIO ¢ HAYaJIbHON. B Kakoil MOMEHT BpEMEHHU UX YUCIEHHOCTh
MpEBbIIIAIa HavYaJbHYIO B 25 pa3?

3amaga Ne 4. B Hagane skcnepumenTa uMenoch 100 K1eTok oZHOKIETOYHOM BOZOpocCiy, a yepe3 2 4 ux crajuo 3600.
Bo ckoibKko pa3 yBeIMUUTCS KOJIMYECTBO KIETOK CITyCTS 3 4 IocIie Havaja SKcliepuMeHTa?

3anmaua Ne 5. Uepes 5 yacoB nocie Hayana OmnbITa YUCICHHOCTh OAKTepUil B MOMYJSALUN
BO3pociia B 2 pa3za. Bo cKoJIbKO pa3 yBeIHMUUTCs KoIMuecTBO OakTepuit uepes 20 u?

3agaya Ne 6. B Hauane skcrniepumenrta umenoch 100 Gakrepuit, a yepe3 6 4 mux crano 500. Bo ckonbko pas
YBEIMYHUTCS KOJINYECTBO OaKTepuii cycTs 24 4 rociie Hadaia SKcepuMeHTa?



3anaga Ne 7. Yepes 2 4 riociie Hayasa OIbITa YUCIEHHOCTh BOAOPOCIEH B MOMYISALUN
BO3pociia B 16 pa3 Mo CpaBHEHUIO C HAYaIbHOM. B CKOJIBKO pa3 BhIPACTET UX YHCICHHOCTh
yepes 3 u?

3AHATHE Ne 4. Moodeny xuwinuk yxcepmea.

HOCTpOﬁTe C MOMOIIBIO MPOTpaMMblL Excel Fpa(i)I/IKI/I YUCJICHHOCTU KCPTB U XUINHUKOB B MOJCIN «XUIIHUK —
JKEpTBay:

dx

— =X -
gt &Y
dy

=2 _ -2
ot Xy — Ay

a)mpu oo = 20, 3 = 0,3, y=0,2, A = 10 , HAYaTLHOM KOJHYECTBE XKEPTB Xo = 40 U HAYATLHOM KOJHUYCCTBE XUITHHUKOB
yo= 50, mar uarerpuposanus h = 0,001, pesynsTat cpaBaute ¢ rpaduxom mpu h = 0,002,

0) mpu o = 20, B = 0,3, y = 0,2, A = 30 , HAUaNEHOM KOJHUYECTBE XepPTB Xo = 300 W HAYATLHOM KOJHYCCTBE
XUIIHUKOB yo = 100, mar wuaterpupoBanus h = 0,001. KakoBa YHCIEHHOCTh >XEPTB HAa BTOPOM IHKE HX
yrcineHHocTH? KakoBa YHCIEHHOCTh XMIHUKOB B TOT K€ MOMEHT BpeMeHn? KakoBa YHCIEHHOCTH XWIIIHHUKOB Ha
BTOpOM uX nuke? Pe3ynbraT cpaBaute ¢ rpaduxom npu h = 0,003.

B) mpu oo = 40, B =2, y =2, A = 100 , HayanpHOM KoOJIUecTBe KepTB Xo = 100 1 HaYaIbHOM KOJIMYECTBE XUIHUKOB
yo = 50, mar wunaterpupoBanus h = 0,001. KakoBa YHCIEHHOCTh >KEPTB M XHIIHAKOB HAa BTOPBIX MUKAX HX
YUCIEHHOCTH?

r)opu o = 20, B =1, y =1, A = 100 , HauanbHOM KOJHYECTBE KepTB Xo = 100 ¥ Ha4YANLHOM KOJMYECTBE XUIHUKOB
yo= 50, mar unterpuposanus h = 0,001.

JI) CPaBHHUTE PE3YJIbTAThl BBIYMCICHUH TIPH JBYKPaTHOM YMEHBIICHUH BCEX MapaMeTPOB 3a/1a4H (B) 1O OTJEIbHOCTH
(HanpumMep, IpoBecTH pacdeTsl Mpu o = 20 ¥ CPaBHUTH UX C pe3ynabTaTaMu nmpu o = 40, ocTanbHBIC IapaMeTpbl
OCTaBHUTh 0€3 U3MEHEHHIA), C/ieNaiiTe BHIBOBI.

3AHATHE Ne 5. Mooenb HepeHo20 umnynvca

3amaua Ne 1. Beraucnure paBHOBECHBIN MOTSHITUA 11 MOHOB KaJIHsl, €CJIM KOHIICHTPAIUs
MOHOB Kallusi BO BHYTPEHHEM pacTBope paBHa 120 MMOIIB/I, a ¢ HApY>KHON CTOPOHBI
MeMOpaHsbI cocTaBisieT a) 20 mmoutb/i, 6) 40 mmone/i, B) 120 mmons/n. Temneparypa 30 °C.

3anaga Ne 2. Beruncnure paBHOBECHBIN MOTEHIUAI AJI1 MOHOB HAaTPHUs, €CJIM KOHLEHTPaLUs
MOHOB HaTpUs BO BHYTPEHHEM pacTBOpe paBHa 18 MMOJIb, a ¢ HAPYKHOW CTOPOHBI MEMOpaHbI
coctasiisieT a) 114 mmons/n, 0) 57 mmors, B) 36 Mmons. Temneparypa 36 °C.

3amaua Ne 3. YcTaHOBICHO, YTO B HApPYXKHOM pacTBope, conepxameM 40 MMOIB/T Kanws, KaJHeBBI
paBHOBeCHBIH moteHnuan cocrasmi 40 MB. OmnpenennTe NpuMepHYO0 KOHIEHTPALUIO HOHOB KAJINSI BO BHYTPEHHEM
pacTBoOpe, eciid U3MEPEHUsT NPOBOAUIUCH pu TemnepaTtype 27° C.

3amaua Ne 4. Ha ckoImbKO H3MEHHTCS HATPUEBBIM PAaBHOBECHBIM MOTEHLWAI NPU 3aMEHE pacTBOpa,
OMBIBAIOIIIET0 KIETKY W cojepikaiiero 114 MMounb/l HaTpusi, Ha PacTBOP, COJAEpXKAIIMK 57 MMOJIB/JI HATPUS NIPU

temneparype 17 °C ? Paboma ¢ moodenvio (OC-4).

7.  IlepeyeHb OCHOBHOIi U JONOJHHUTEIbHOI y4eOHOIi uTepaTypbl, UHTepHET-pecypcoB,

HEOOXOAUMBIX /1JI51 OCBOEHMS TH CIUTITUHBI

OcHoBHas JInTepaTypa

1. Coxomnos I'.A. JIuHeliHbIE TIETOYUCTCHHBIC 3a/1a491 ONTUMHU3AIUY : yued. mocooue. — M.:
NH®DPA-M, 2017. — 132 c. (http://znanium.com/bookread2.php?book=514697)

2. Bamexkun, A. H. MatemaTudeckre METOABI U MOJICIIA B SKOHOMHUKE : ydeOHOe mocodue /
A. H. Bamekun, B. 0. Ksauko, E. B. IlaprkoBa ; noa. pea. E. B. IlappkoBoii. — M.:
prvii, 2019. - 158 c¢. - - Teker : oanekrponHsii. -  URL:
https://znanium.com/catalog/product/1194065.

3. PrikoB B.B. OcHOBBEI Teopuu MaccoBoro oocimyxkuBanus (OCHOBHOW Kypc: MapKOBCKHE
MOJIENIM, METO/Ibl MapKOBHU3aluK) : yuebHoe nocobue / B.B. Prikos, J[.B. Ko3sipeB. —



http://znanium.com/bookread2.php?book=514697

MockBa : HWHO®OPA-M, 2021. — 223 ¢ (Pexum pocryma. - URL:
https://znanium.com/catalog/product/129032)

4. lllankwun, A. C. MareMaTH4ecKie METOAbl U MOJICIH UCCIICIOBAHMSI OTIePAIi ;| YIeOHUK
/ AC. lllankun, B. A. lllankun. — M. : JlamkoB u K°, 2019. — 398 c¢. — Pexxum nocryna: .
—URL.: https://biblioclub.ru/index.php?page=book&id=573373

JonoJHuTebHAA JJUTEPATYpPA

1. Macrsesa W.H., T'opembikuna [.M., Cemenuxuna O.H. Meroasl onTUMaIbHBIX
pemwenuii. - M. KYPC, HUIl HWH®PA-M, 2016. - 384 c.
(http://znanium.com/bookread2.php?book=521453)

2. Manyrun B. A. KonuuecTBeHHBI aHAIM3 B SKOHOMUKE M MEHEIKMEHTE: Y4eOHHK /
Manyrun B.A., ®aneesa JI.H. - M.:HULl UHOPA-M, HUILl UH®PA-M, 2017. - 615 c.
(http://znanium.com/bookread2.php?book=558504)

3. Hlankun, A. C. 3agauu ¢ penieHUsMH 10 BBICIICH MAaTeMaTHKEe, TEOPUH BEPOSTHOCTEH,
MaTeMaTHYECKOM CTAaTUCTHKE, MaTeMaTHYECKOMY MpPOTPAMMHPOBAHUIO: y4eOHOE
nocooue / A. C. llankun, B. A. lllankua. — M : Jlamkos u K°, 2020. — 432 ¢. — Pexxum
noctyna: URL: https://biblioclub.ru/index.php?page=book&id=573151

4. Beiciias matematuka s 3koHoMuctoB : yueOHuk / H. I Kpemep, b. A. Ilytko,
UM. Tpumnn, M.H. ®puamasn ; pen. H. L. Kpemep.. — M.: FOuuth, 2015. —482 c. : —
Pexum noctyna: — URL: https://biblioclub.ru/index.php?page=book&id=114541

5. benmpko MW.B., Mopozosa W.M., Kpumranosuu E.A. Teopuss BepoATHOCTEH,
MaTeMaTHuYecKas CTaTUCTHKA, MaTeMaTH4YeCcKoe MpOorpaMMUpoBaHue: YueOHoe mocooue.
— M.: HUIl HNH®PA-M, Hos. 3uanume, 2016. — 299 c. Pexum pocryna:

(http://znanium.com/bookread2.php?book=542521)

Humepnem-pecypcot
- DnekrponHas oubmuoteka http://lib.mexmat.ru/books/75829 (cBobGoaHbIi qOCTY):
Poszen B.B. Marematnyeckue MOIEnM NPUHATUSA PELICHUN B 3KOHOMHKE. — M.: Beiciias
mkosna, 2002. — 288 c. http://lib.mexmat.ru/books/13825
Adanacees M.IO., barpunosckuii K.A., Marwomok B.M. Ilpuknaaaeie 3agaun
uccieoBaHus onepanuii: Yuebnoe nocobue. — M.: Uudpa-M, 2006. — 352 c. — (Yuebuuku
PYJIH). ISBN 5-16-002397-6 ([omnymeHno Y4eOHO-METOIUYECKUM OOBEAMHEHHEM I10
KJIACCUYECKOMY YHUBEPCUTETCKOMY OO0Opa30BaHUIO B KayecTBE Y4eOHOro mocoOus 1o
JUCLUIUIMHE HallMOHAIBbHO-PETHOHATIBHOTO KOMIIOHEHTA JUIsl CTYACHTOB BBICHIMX Y4E€OHBIX
3aBeJICHUH, 00yJaroIINXCst o HaIpaBJICHUIO 080100 «IKOHOMUKA)
http://lib.mexmat.ru/books/75829
— DnekTpoHHas oubimoTeka http://www.razym.ru (cBoOOIHBII JOCTYIT)
Taxa X.A. Bsenenue B wuccnenoBanue omnepauuid. — M.: Bumeamc, 2001. — 912 c.
http://www.razym.ru/naukaobraz/disciplini/matem/106249-taha-hemdi-a-vvedenie-v-
issledovanie-operaciy.html
Ivkun E.B., Uxaptumsuwim A.I'. MaremaTnyeckre METOIbI U MOJIENIA B YIIpaBJIeHUU. — M.:
Heno. — 2004. — 440 c. http://www.razym.ru/65168-matematicheskie-metody-i-modeli-v-
upravlenii.html
— On-line xampKyIsTOPHI
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