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AKT COI'JIACOBAHUS
Ha METOJIMYECKHE PEKOMEH IAllMU MO0 OPTaHU3al[MU BHEAYAUTOPHOM
caMocCTosITeIbHOM paboThl oyueOHou qucuummHe«MATEMATHUKA
st ctyaeHToB crneruanbHocTn38.02.01 Dxonomuka u Oyxranrepckuii yuet (PI'OC
2018),pa3paboTannbie mpemnoaaBateeMOxHO- Y panbcKOro ToCyAapCTBEHHOTO
TexHuueckoro koyemxka0.M. MakapeHko

[IpencraBiieHHble Ha COrJIaCOBAaHME METOJMYECKHE PEKOMEHAAIMU  TI0
OpraHu3allid BHEAYJIUTOPHOM pabOThI CINTAHUPOBAHBI B COOTBETCTBUUC MTPOTPAMMOM
y4eOHOW  JIUCHMIUIMHBI — «MaremaTtuka» s crermanbHOCcTHCIT038.02.01
DKOHOMHMKA M OyXTraJlITepCKUil yueT (110 OTpacysam).

Mertoauueckue pPEKOMEHJAIMM UMEIOT YEeTKYI0 CTPYKTYpy: coaepKaT
TEMAaTHUYECKHUI IUIaH, B KOTOPOM MPEICTABICHBI BUABI 3aJaHUI MO KaXXJIOW TEME U
BpeMsi, TPEAYCMOTPEHHOE Ha WX BBINOJHEHUE, I[EJIEBYI0 YCTAHOBKY M MOJAPOOHBIC
yYKa3aHHUs 110 BBIMIOJIHEHUIO 3aJaHu M.

3ajgaHus1, MPEJCTaBICHHBIE B METOJIWYECKHMX PEKOMEHJIAIMSIX pPa3HOOOpa3HbI,
HalpaBJICHbl HAa CHCTEMATHU3alldI0, 3aKpEIUICHHE W YIIyOJIeHHEe TEOPEeTHUUECKUX
3HAHUW W MPAKTHYECKUX YMEHUM OOydYaronIuxcsi, MPUOOPETCHHBIX Ha ayJaUTOPHBIX
3aHSATUAX, a Takke Ha (OPMUPOBAHUE CAMOCTOSITEIBHOCTH  MBIIUICHHUS,
CIIOCOOHOCTEM K CaMOpa3BUTHIO, COBEPIICHCTBOBAHUIO M CaMOOpPTaHMU3allNH,
Pa3BUTHE UCCIIEAOBATEIBCKUX YMEHUM.

JlaHHOE W3IaHME PEKOMEHJO0BAHO K MPUMEHEHHUIO B Y4E€OHOM Ipoliecce s
cneruaibHocT CIIO 38.02.01 DxoHomuka u Oyxrantepckuii yuet (PI'OC 2018).

Hupexrop OO0 <<BOCT0RYpaJ13J1el§*§




HOACHUTEJBHASA 3AIINCKA

Meronuueckue — pEeKOMEHJALUU o OpraHu3alNH BHEAYAUTOPHOU
CaMOCTOSITENIbHOM paboThI 10 yuyeOHOM JucHUIIMHE «MaTteMaTuka» npeaHa3HaueHbl
s obyvaromuxcs 1o crenraibHocTH 38.02.01 DxoHOMHKA M OyXrajaTepCcKuii
yuer (110 0TpacjisM ).

CamocrosiTenbHas BHeayquTOpHas paboTa MO MaTeMaTHKE OpPraHU3yeTcs C
LEIIBIO:

- CHUCTEMaTH3allMM W 3aKpEIUICHUS IOJyYEHHBIX TEOPETHUYECKUX 3HAaHUU
CTYJICHTOB;

- yryOJIeHHs U pacllupeHUs TEOPETUUECKUX 3HAHUH;

- pPa3BUTHUS TI03HABATEJbHBIX CIIOCOOHOCTEH M AKTUBHOCTH CTYJIEHTOB,
CaMOCTOATEIIbHOCTH, OTBETCTBEHHOCTH;

- (opMupoBaHMS  CaMOCTOSATEIBHOCTH  MBILUICHHS, CIIOCOOHOCTEH K
CaMOPa3BUTHUIO, CAMOCOBEPILIEHCTBOBAHUIO U CAMOPEATTU3ALIIH.

BueaynutopHast camocToATeNbHasg paldoTa BBINOJHAETCA CTYJEHTOM IIO
3aJJaHUIO IIPEToAaBaTessi, HO 0€3 ero HermoCPeACTBEHHOTO y4acTusl.

OOmuit 00bEM BpeMEHH, OTBEIEHHOTO HAa BHEAYAUTOPHYIO CaMOCTOSITENIbHYIO
paboty 1o yueOHOM gucnumuinHe «MaremaTuka», IpeAHa3Hau€Hbl IS
oOyuvaronuxcst mo cnenuaidbHocTd 38.02.01 DKOHOMHKA U OyXTaJITepCKH ydeT
(®rocC 2018) cocrasisieT 16 yacos.

B pesynbraTe BBINOJHEHMS 3aJaHUM BHEAYAUTOPHOW CaMOCTOSITEIBHOMN
PabOTHIOOYHAIOLIUNCS TOTKEH:

3HaMb.!

- 3HaU€HUE MaTEeMaTHKU B MPO(EeCCHOHATBHON NeATEIbHOCTH U MPU OCBOEHUU

IIICC3;

- OCHOBHBIC MaTeMaTHYECKHE METOIbI PEIISHUs] TPUKIAIHBIX 3a/1a4 B 00JacTh
poheCCHOHAIBHON JISATEIIbHOCTH;

- OCHOBHBIE TOHSTHUS W METOAbl MATEMAaTHYECKOTO aHajlIu3a, JUCKPETHOMU
MaTeMaTUKH, JMHEHHOW aireOphl, TEOPUU KOMIUICEKCHBIX 4YHCEI, TEOPHUH
BEPOSATHOCTEN U MATEMATUYECKON CTATUCTUKMU;

- OCHOBBI UHTETPAILHOTO U JU(PepeHIInaTbHOTO UCUUCTICHUS.

ymems:

- pelaTth NPUKIaAHBIC 3a7a4i B 00J1acTH MPo(EeCCHOHATBHOM AeSTEILHOCTH;
B merogmyecknx = pEeKOMEHIAIMAXIIO  BBINOJHEHUIO  BHEAYJIUTOPHOMN

CaMOCTOSITENIbHOMPAOOThl O KaXJO0M TeMe COJCPKUTCS HHCTPYKLUHUS C UYETKUM
anropuTMOM Xoja pabotel. Kaxmas camocrosiTenbHas paboTa BKIIOYAET KPATKHIMA
TEOPETUUECKHUI MaTepHrall, MpUMepHI 3a7a4 U HabOp 3a1aHui.



ITopsaa0K BBHINOJIHEHH S 32IaHUH
BHEAyIUTOPHOM CAMOCTOSITEJIbHOI PadoThI
3agaHusl BHEAYJUTOPHON CaMOCTOSITEILHON pabOThl HEOOXOIWMO BBHITIOIHATH B
CIICMAJIBHBIX TETPAIAX C YKa3aHUEM HOMEpa, TeMHI, 11ejieii paboThI.
Xoo pabomwi.

1. Tlo3HaKOMHUTHCSI C TEOPETUUECKUM MATEPUATIOM

2. CnenaTh KpaTKWi KOHCTICKT TEOPETUUYECKOTO MaTepuaja B pabodmx TeTpaisx
(OCHOBHBIE TIOHSITHS, OTIPEACIICHUS, (POPMYJITBI, PUMEPHI)

3. B Terpaasx BBHINOIHUTH CAMOCTOSTEIBHYIO paldoOTYy.

4. 3agaud cHarTcs CTYJACHTOM Ha MPOBEPKY YacTAMU — IO Mepe H3Yy4YeHUs
Kypca.

Kpurtepuu onennBanusi
BHEAayAMTOPHOM CAaMOCTOSITEIbHOM PadoThI

Ouenka «5» CTaBUTCA, €CIM BEpHO U paruoHambHO pemero 90%-100%
MpeIIaraéMbIX 3aJJaHui, JOMYCTUM | HEI04YeT, HEMCKAXKAIOIINNA CYTH PEIICHUS.

Ouenka «4» craButcs npu  Oe3ommboyHoMm pemieHun 80% mpensiaraeMbix
3aJlaHuM.

Ounenka «3» craButcs, eciu BbloaHeHO 70% mnpennaraeMbIX 3a1aHUi, JOMYCTUM
1 Henouer.

Ouenka «2» - pemieHo meHe 70% mpeayiaraeMspIxX 3a1aHUM.

IlepedyeHnb caMOCTOATEIBHBIX PadoOT

Ne Ha3Banue TeMbl 10 Conepxanue BHeayauTopHoii | Kou-
TeMbI nporpamMmme CaMOCTOSITEIbHOI PadoThI BO
4acoB
Tema | KommuekcHbie yucna | Belmonnenne pacueTHoi paboOTBl MO  Teme 1
1.1 UIEUCTBUS HaJl HUMH «300paxenue KOMILJIEKCHBIX qucell Ha
KOOPJAMHATHOM INIOCKOCTH»
Tema | Marpuis! nonpeaenutenu | BeimonHenue pacdyeTHodl paOOTBl MO TEMe: 1
2.1 «Acnonp3oBaHne  MaTpull [PU  PELICHUH
SKOHOMUYECKHX 33]1a49»
Tema | Pemenue [Toaroroska pedepara o TEME: 2
2.2 CUCTEMJIMHEMHBIX «Mcronp30BaHMEe MATpPUI] U CHUCTEM JIMHEHHBIX
ypaBHEHUH ypaBHeHUN B JKOHOMHUKe. Monens JleoHTheBa
MHOT'0OTPACJIEBOX SKOHOMUKH
BeimonHnenue pacdetHoi paboTBl O  TeMe
«Pemienre 3agad ¢ MCHOJIB30BAHUEM MOJEIN
JleonTheBaY
Tema | DiemMeHThI Teopuu | BelmonHeHne pacdyeTHo pabOThI 1O  TeMe: 2
3.1 npenenoB.HenpeposiBHOCTE | «MccrnenoBanre pyHKINN HA HETPEPHIBHOCTHY
byHKIMH




Tema | duddepennmanbroe [Toaroroska MpEe3eHTaluN o TeMe: 2
3.2 UCYHCIICHUE (PYHKIINH «Mcnonp30BaHuE TPOU3BOIHON B SKOHOMHUKEY

OJIHOM MEePEMEHHOM BrimonHenue pacdyeTHol pabOTHI 1O  TeMe:
«IIpuMeHeHrE TPOU3BOJHOM IIPU  pPELUEHUU
SKOHOMUYECKHUX 33]1a4»

Tema | MHTerpanbHOE ITogroroska [pe3eHTaluu o TeMeE: 2
3.3 UCYHCIIEHUE PYHKIIUU «HMcnonp30BaHuE UHTErpajia B SKOHOMHUKE)

OJIHOM MEPEMEHHOM BeimonHenue pacueTHol pabOTBI MO  TEMe:
«IIpuMeHeHne OINpeNeNIeHHOro HMHTerpaia Mpu
pELIEHNN YKOHOMUYECKUX 3a/1a1»

Tema | OOBIKHOBEHHEIE IToaroroBka COOOIIIEHNS «Hcnonp3oBanue 2
3.4 | muddepeHunanbHbIe Qg QepeHInaTbHbIX YPABHEHUH B 9KOHOMHUKE)
ypaBHEHUs
Tema | BeposTHOCTB citydaiiHOoro | BeimomHeHWe pacueTHOH paboThl 1O TeMe: 1
4.1 COOBITUSA «Bpruucnenue BEpPOSTHOCTEMN CJI0KHBIX
COOBITUI»
Tema | CiyyailHble BEJIUUMHBI Boimonnenue pacueTHo pabOTBI MO  TeMe: 2
4.2 «Bbruncnenue YHCJIOBBIX XapaKTePUCTHUK
CIIy4allHbIX BEJIMYUH»
Tema | MognenupoBanue u Boinonnenue pacueTHoll pabOTBl MO  TEME: 1
5.1 peuieHue 3aaau «CocTaBieHue MaTeMaTHYECKUX MOJeNed 3aaad
JIMHEWHOT' O JIMHEHHOT O IPOrPAMMHUPOBAHUS
MIPOrpaMMHUPOBAHUS
BCEI'O 16




Tema 1.1 KoMmiekcHbIe YHCJIa U JeHCTBUSA HAJA HUMH
Hean: hopmupoBaTh yMeHHE rpadUuecKOro M300pakKeHUsT KOMITJIEKCHBIX YHCEN,
BBITIOJTHEHUS apu(PMETHUECKUX OTepaliiii ¢ KOMIICKCHBIMHU YU CIIaMHU.
CaMocTosiTeJIbHAsi pa0d0oTa: BHINOJHECHUE PACUCTHOU PaOOTHI.
dopMa KOHTPOJISI: IPOBEPKA paCUETHOU pabOTHI.

[Topsimok BeIMOIHEHUST PAOOTHI
1. PaccmoTpute TeopeTHMUECKHH MaTepuan Mo TeMe M MPUMEPhl PELICHUs 3aaay
(mprBeIEHBI HUXE).
2. Pemure pacuetHyto paboty. OdopMuTe perieHne nucbMEeHHO B TETPaIu.
3. OTBeThTE NUCHMEHHO Ha KOHTPOJIbHBIE BOIIPOCHI.
Teopemuueckue ceedenusi:

OcCHOBHBIC IOHATHS

H306paofceuue KOMNJIEKCHbBIX HUcCe

Komnnekcuvie uucna 3anuceiBaiorcs B Buae: a+bi. 3mecsaub — oelicmseumenvivie
wucna, a i — muumasn eounuya, m.e. i°= —1.Uucno a HaselBaeTcsabcyuccol, a b —
opounamotl xKoMmIiekcHoro yuciaa a+ bi. Kommekcnoe uucimo O+ bi HaspiBaetcs
yucmo muumsimyuciom.3amnuck bi o3aagaer To xe camoe, uro u 0+Dbi.
Mo0yemMKOMIUIEKCHOTO 4YHcia HasbiBaeTcs JaiauHa BekTopaOP, m3o0pakaroriero
KOMILUICKCHOE YHCIIO Ha KOOPAMHATHOW (komniexchotl) maockocTH. ConpsokEHHbIC
KOMILICKCHBIC YHCJIa UMEIOT OJMHAKOBBIA MOTYJIb

PaccMOTpuM Ha TIOCKOCTH JIEKAPTOBY MPSIMOYTOJBbHYIO0 cucTeMy kKoopauHat XxOy.
KaxmomMy KOMIIEKCHOMY 4YHcay Z = @ + DIMOXHO CONOCTaBUTh TOYKY C
KoopauHatamu (a;b) , 1 HA00OPOT, KaXaoM Touke ¢ KoopauHaTamu (c;d) MOKHO
COIOCTAaBUTh KOMILICKCHOE uncio W = C + di. Takum oOpazom, MeXIy TOYKaMHU
IUIOCKOCTH W MHOXECTBOM KOMILUICKCHBIX YHCENl YCTAaHABIMBACTCS B3aWMHO
OJTHO3HAYHOE COOTBETCTBHE. [103TOMY KOMIUIEKCHBIC YHCIIa MOYXKHO H300pa)xarh Kak
TOYKM IUIOCKOCTH. IImOCKOCTh, HAa KOTOPOH H300pa)KarOT KOMILIEKCHBIE YHCIIa,
OOBIYHO HA3BIBAIOT KOMILIEKCHOMN TIOCKOCTBIO.

[Tpumep.N300pa3um Ha KOMIUIEKCHOM TUIOCKOCTH uncna Z; =2 + 1;2, = 3i; 23 =-3 +
21524 =-1-1.

Pemenue:
B
kL I
I; - -
3 : 2
: 1Fp=—===- + f
|
3 2 - !
n 1 2 z
[ a
-
Z4




ApudmeTnueckne AeUCTBUSA HAJl KOMIUIEKCHBIMH YHCIAMU T€ e, YTO U Hajl
JNEUCTBUTEIBHBIMU: UX MOHO CKJIa[(bIBaTh, BBIYNTATh, YMHOXATh U IEJIUTh IPYT Ha
npyra. CloXeHue U BBIYUTaHUE MPOUCXOASAT MO MPaBUITY

(atbi)x=(c+di)= (atc)+(b+d)i,
ayMHO)KCHHE— IOIIPABHITY
(a+bi)-(c+di)= (ac-bd)+(ad+bc)i(3necs xax pas ucnonssyercs, uroi’=—1).

Yucno z=a—bina3bBaeTcsIxkomniekcHo-conpsoicenibiMKZ=a+bi. PaBeHCTBOZ' Z
=a?+b’no3BonsgeT MOHATH, KaK JEINTh OJHO KOMILUIEKCHOE 4YHCIO Ha JPYToe
(HeHyIeBOE) KOMIUIEKCHOE YHCIIO:

atbi _ (atbi)-(e—di) _ (actbd)+(be—ad)i _ actbd 4 be—ad;

et+di  (etdi)-(e—di) c24d? o242 c24-d? ?'_
344i 11 EE
Hanpumep,1+2i & 5

3aganusa 1A pac4yeTHONHPadoThI

1 BapuaHT 2 BapuaHT Konnuects
0 OayioB
Ne 1. M306pa3uTe Ha MIIOCKOCTH 3aJJaHHbIE KOMIUIEKCHBIE YHCA:
z1=4i z1=-5i 1
Zp=3+i =4 +i 1
Z3=- 4 +3i Z3=-7+2i 1
Z4=-2-5i Z 4= -3 - 6i 1
Ne 2. TIponsBenuTe ClI0)KEHNE U BBIYUTAHUE KOMIIJIEKCHBIX YHCE:
a) (3 +5i)+(7-2i). (3-2i)+(5+1i). 2
0) (6 + 2i) + (5 + 3i). (4 + 2i) + (- 3 + 2i). 2
B) (—2+ 3i) - (7-2i). (-5+2i)-(5+2i). 2
r) (5—4i) - (6 + 2i). (=3 =5i) - (7 - 2i). 2
Ne 3. [Ipon3Be 1M TEyMHOKEHUEKOMITJIEKCHBIX YK CEII !
a) (2+3i)(5-"Ti). @-n@a+i. 2
0) (6 + 4i)(5 + 2i). (3 +2i)(1 +i). 2
B) 11) (3-2i)(7 —1). (6 + 4i)3I. 2
r) (-2 + 3i)(3 + 5i). (2 — 3i)(— 5i). 2
Ne 4. BeinonHuTE J1eeHne KOMIUIEKCHBIX YHCEll:

8+2i 5+i 2
2) 5-3i a)lz_:r? 2

—1
G)E 6):

Ne 5. BeinonHureneicTus:
a) (3+2i)(3-2i). a) (7 —61)(7 + 6i) 2
0) B+i1)(5-1). 0) (4 +1)(4-1). 2
B) (1-3i)(1 + 3i). B) (1 —5i)(1 + 5i). 2
Ne 6. Pemmre ypaBHeHusI:

a)x’— 4x+ 13 = 0. | ) 2,5%%+x+ 1 =0. 3
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6)x2+ 3x+4=0 | 6) 4x°— 20x+ 26 = 0. 3

Ne7. Ha pucyHke moka3aHo rpaduveckoe H300pakKeHHe KOMIUICEKCHBIX YHCElL.
[lepepucyiite pucyHok B TeTpagb. O003HaUbTe KOMIUIEKCHBIE YHCIA KaK Z1, Z2, Z3.
3anuimmuTe COOTBETCTBYIONINE AaHATUTUICCKIE (POPMBIL.

aff

KDI/ITGDI/II/I OILCHKH

Ha0panHoe koinyecTBo 6auioB OIICHKA
21 — 28 GammoB 3
29 - 34 Gamnos 4
35 - 38 6anna 5

Tema 2.1 MaTpuiubl HonpeaeJUTe N

Heab: HAyuyuThCS TPUMEHATH CBOMCTBA MAaTPUHUIL ISl PEUICHUS SKOHOMHUYECKHX
3a1ad.

CamocrosiTesibHasi padoTa: BBIIIOJIHEHHE paCYETHON pabOThI

dopma KOHTPOJIsI: IPOBEPKA paCYETHOU pabOTHI.

[Topsimok BBITTOTHEHUS paOOThHI
1. PaccMoTpute TEOpEeTHYECKH MaTepuaji Mo TeMe W MPUMEPhl PEIICHUS 3aaad
(TIpUBEIEHBI HUXKE).
2. Pemute camoctosaTensHyo padoty. Opopmure pemieHrne mucbMeHHO B TETPaIH.

Teopemuueckue ceedeHus:

MaTpu4HOE WCYUCIICHHE WIPacT BaXHYI POJIb B JKOHOMHKE: MHOTHE
MaTeMaTHYECKHE MOJICITN YKOHOMHUYECKMX OOBCKTOB 3alMCHIBAIOTCS B KOMITAKTHOM
MaTpuyHOU (hopme.

Ilpumep 1. HEKOTOpPOE TPEANPHUATHAE BBIMYCKACT 4YETHIPE BHUIA W3ICIIHA,
WCIIONIB3YsI TIPU 3TOM HYEThIpE BHUJA CHIphi. HOpMBI pacxoda ChIphbsi HA KaXXIbId BHT
W3JIeTUsT MOYKHO 33/1aTh MaTPUIEH YETBEPTOTO MOPSIIKA:

8



Buo coipvs
1 2 3 4
ajp 4y diz Ay
Ay dp djyz Ay

a3z A4z dzz Az

A w DN B

a a a a
A=\"4 T4 " 4T Buo uzoenus

[IpeanpusitTie BbIMyCKaeT MPOIYKIMIO JABYX BHJIOB U UCIOJIb3YET ChIPhE TPEX
BU10B. HOpMBI pacxo/ia chIpbst 3a4a10TCs MaTpUIe

Buo coipvs
12 3

[4 3 1} 1
A= 762 2 Buo npooyxyuu

ai: (1<1<2,1<j<3
Kaxxnpii 31eMeHT 'J( 1<3)

ATOW MATPHIIBI YKa3bIBAET, CKOJBKO
CIMHUI] CBIPhSI J-TO BHJIA PACXOJYETCS Ha MPOU3BOJCTBO CAMHHUIIBI MPOIYKIIMU I-TO
BH/IA.
[Tnan BeImycka 3amaH Matpuiei-ctpokoii B=(50 100). CToMMOCTh €IUHHIIBI
Ka)XJI0TO BUJIA CHIPhs (JICH. €]1.) XapaKTepU3yeTcsl MaTpUleh-CTOI0II0M
5

S =

Crenyet onpenenuTs:
1) 3aTpathl CHIPhs, HEOOXOAUMBIE JJIS TJIAHOBOTO BBIITYCKA MPOAYKITHH;
2) O0IIYH0 CTOUMOCTD CHIPBSI.

Pewenue. Onpenenum 3aTpartsbl C ) ro coIpbs (1<) <3);
Ci=4 -50+7 -100 =900;
C,=3-50+6 -100 = 750;
Cs=1-50+ 2 -100 = 250.
4 3 1

Marpuna-crpoka 3atpar C = BA = (50 100) - (7 p 2) = (900 750 250)
O6mas croumocTh chipbst Q = 900 - 5+ 750 - 4+ 250 - 2 = 8000 (men. ex.)

MOXET OBITh HaliIcHa CPECTBAMUA MAaTPUIHOTO HCUUCIICHUS:
5
Q=C-5S=(900 750 250)- (4) = (8000)
2
Omeem: 1) (900 750 250); 2) 8000 geH. e.

9



Ilpumep 2. JlanHble O JHEBHOM MPOM3BOJUTENBHOCTH MSATH MPEANPUATHH,
BBIIYCKAIOIIMX YEThIpEe BHUJA NPOAYKIMH C IMOTPEOJICHHEM TPEX BHJIOB CHIPHS,
IPOAOKUTEIBHOCTh PAa0OThl KaXI0Tr0 MPEANPUSATHS B TOAY U LIEHA Ka)JI0ro BHIA
CBIpPBS IPUBEICHBI B TA0I. 1.

Tabnuya 1

Bun [Ipon3BOAUTENIBHOCTD IPEANPUATHN, | 3aTpaThl CBIPBA,
u3zenus | u3a./aeHp el. Beca u3l.

1 2 3 4 S) 1 2 3
1 4 2 0 5 4 2 5 5
2 0 15 7 4 6 3 4 6
3 8 10 3 6 0 3) 3 4
4 3 ) 4 3 7 4 8 6
Yucio pabounx AHEHR B rogy I{ena coIpps

81 131 |181 231 281 (32 33 34

TpeOyeTcs onpenenurb:

1) TOmOBYIO TPOM3BOAMTEIBLHOCTh KAXKIAOTO MPEANPHATHS TIO KaKIOMY BHIY
U3CTIN;

2) rOIOBYIO TTOTPEOHOCTH KXKIOTO MPEAMPHUATHUS TI0 KAXKIOMY BUIY CHIPHS;

3) TOMOBYIO CYMMYy KpPEIUTOBAHHS KAXKIOTO NPEINPHITHS IS 3aKYIKH ChIPbS,
HEOOXOUMOT0 I BBITYCKAa H3JCIIMNA YKa3aHHBIX BHJIOB M TIPH OINPEACICHHOM
KOJIMYECTBE pabOUnX JHEH.

Pewenue.

1._ OnpenennimM roJIoBYI0 MPOU3BOIUTEILHOCTh KKIOTO MPEANPUATHS 110 KAXKIOMY

BHUY W3JEIUN.

Ha ocHoBanuu Ta6n. 1 coctaBum Matpuny P, XxapakTepusyrollyo Mporu3BOIu-
TEJIBbHOCTh NPEAIPUATHI IO BCEM BUAAM NPOLYKIUU:
[Tpon3BOANTENBHOCTD IPEANIPUATHN

._.
[ S
,:‘::.I\_h:l
I=
_h

(4 54
= 0 13 ’ 10 Bug mnmemia
& 10 3 6 0
3 5 4 3 7
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J-ii cTonben maTpuilel P XapakTepus3yeT THEBHYIO MPOHW3BOJUTEIBHOCTD |-TO
OPEIIPHUATHS [T0 KaKI0My BUIy mpoaykiuu: j =1, 2, 3,4, 5.

["og0Bast MPOU3BOAUTEIBHOCTD J-TO MPEAIPUATHS [0 KaKIOMY BUIY MPOIYKIIUH
OINPEACIUTCS NPHU YMHOKEHHHU |-TO CTOJOIa MaTpHIbl P Ha KOJIMYECTBO pabOUmMX
THEN B TOAY ITOTO MPEANPUSITHS, MOTPAYCHHBIX HAa W3TOTOBJICHHE YETHIPEX BHJIOB
npoAyknuu. Torjaa rogoBas MPOU3BOIUTEIBLHOCTD |-TO MPEIIPHIATHS 10 KaXIOMY

_(pij)

o o , PPN n .
BUJTY U3JIENIUHA OyAeT XapakTepu3oBaThes MaTpuret P.,o= rae pij = Pij -1 :
I<i<4, 1<) <5,

4.81 2-131 0-181 5-231 4-281
0-81 15-131 7-181 4-231 6-281
8-81 10-131 3-181 6-231 0-281
3-81 5-131 4-181 3-231 7-281

200 —

324 262 0 1155 1124
0 1965 1267 924 1686
648 1310 543 1386 O

243 655 724 693 1967

B cooTrBercTBUM C ycnmoBueM 3ajaud maTpuiiaZ 3aTpar ChIpbs Ha EIUHUILY
W30ENUs UMEET BUL

Buo uzoenus
1 2 3 4
2 3 5 4

=15 4 3 8 >3HTPHTH CBIPBA

56 4 6

Ecnin yMHOXuTh MaTpully Z Ha warpuny P, To momyyuM pacxoi Ha
MPEANPUATHSX 110 BCEM BUJAM ChIPbS:

2P 35 4

8+40+12 4+45+50+20 21+15+16 10+12+30+12 8+18+28
=| 20+24+24 10+60+30+40 28+9+32 25+16+18+24 20+ 24+56
20+32+18 10+90+40+30 42+12+24 25+24+24+18 20+36+42
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60 119 52 64 54
68 140 69 83 100

,p_\70 170 78 91 98

B marpune ZPi-s cTpoka COOTBETCTBYeT HOMEpPY BHIA CBIPhs, j-ii cTomber-
HOMepY NpeanpusaTus coriiacHo taou. 1 (i=1, 2,3; j=1,2,3,4,5).

2.0HDCIIGJ'II/IM T'OJOBYIO HOTDC6HOCTI) KaXKA0T0 MpCAIpUATHUA B KaAXXIOM BHIAC

ChIPbA.
FOILOBaSI HOTpe6HOCTI> KaXIO0TO IPCAIIPpUATHA B KaXXKIOM BHIAC CbhIPbA

onpenenurcs Marpuieit Z-P.,y, KOTOpas mojiydaeTcsi Mo aHaJOTUM ¢ MaTpuiel Proy
MIpU YMHOXXEHUU MaTpullbl ZP Ha COOTBETCTBYIOIIEE KOJIMYECTBO pabO4yuX JTHEH B
roay JUisl IpEeANpUsITUH.

4860 15589 9412 14784 15174
5508 18340 12489 19173 28100

7.p = 5670 22270 14118 21021 27538
" P00 — .

3. OmnpenenuM TroAOBYK) CyMMYy KPEIWTOBAHMS KaXKIOTO MPENNPHUATHS IS
3aKYIIKH CBIPbS.

BekTop croumMocTy ChIphbs C =(Cy,C,,C3) = (32;33;34).
CToMMOCTh OOIIEr0 TOJOBOIO 3amaca ChIpbs JJIS KaXIOTO MPEAPUITHS
XapaKTEPU3yeTCs BEKTOPOM

C-(Z-P,,)=(530064; 1861248; 1193333; 1820511; 2349480).

Takum 00pa3oM, CyMMbl KpPEAUTOBAHUS NPEANPUATUNA ISl 3aKYNKH ChIPbS

OIIPEHEIISIFOTCS. COOTBETCTBYIOIIMMI KOMIIOHEHTaMHU BEKTOpaA c(z-p rox)-

324 262 0 1155 1124
0 1965 1267 924 1686 |
648 1310 543 1386 0 |

Omeem: 1) 243 655 724 693 1967

4860 15589 9412 14784 15174
5508 18340 12489 19173 28100 |.
2) 5670 22270 14118 21021 27538

3) (530064; 1861248; 1193333; 1820511; 2349480)
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Ilpumep 3.01paciib COCTOUT U3 TPEX MPEANPUATUIA, BHIMYCKAIOMINX MO0 OJTHOMY BUAY
OPOAYKIMU Kaxkjaoe obbemMoMm X Kaxkmoe wu3 MNpeanpusaTuii oTpaciud i
obecrieyeHust CBOETO IIPOM3BO/ICTBA MOTPEOISET YaCTh MPOIYKIIUH, BBIITYCKAEMOW UM
CaMUM H JPYTUMH TPEANPHUATHIMHU.@jj - 0N TPOAYKIUH  1-TO TPEINPHSTHS,
norpedsieMast j-M TPEANPHUITAEM JUTsi 00ECTICUeHHsI BBITYCKa CBOSH MPOAYKIUU Xj.
Ha¥itn komudecTBO Vi  TPOAYKIMHI-TO TPESANPHUATHS, IMPESTHAZHAUCHHOW IS

peanu3aluy BHE TaHHOU OTpaciu (00beM KOHEYHOTO MPOIYKTA).

03 04 0,03 200

0,04 04 0,02 100

A= 03 03 0,7 | = 400
Y1
Yo

Pewenue. Matpuily KOHEYHOTO IPOAYKTa 0003HAYNM Y= Y3

OTta MaTpuua SBJISETCS PEIICHHEM MaTPUYHOTO YPAaBHEHHUS
(E-A)- X=Y.

Haxonum marpuny E-A:

10 0 03 04 0,03 0,7 -04 -0,03
01 0|-/004 04 002|=| -004 0,6-0,02
o0 1) (03 03 07 -03 -03 0,3

E-A=
Ha ocHoBanuu npaBuia yMHOXEHUSI MaTPULL ITOJTy4aeM

0,7 -04 -0,03) (200 140 -40-12 88 Y1
-004 06 -0,02|-]100 |=|] -8+60-8 |=|44|=|VY,
-03 -0,3 0,3 ) 1400 —60-30+120 30 Y3
(E-A)-X=.
y; =88; y, =44; y;=30.

Omeem:

3amanus 11 pac4eTHOM padoThl
1. Ilpennpusarve BBITYCKAET €XKECYTOUHO 4YEThIPE BUJA H3JCIUN, OCHOBHBIE
IPOU3BOICTBEHHO-?KOHOMUYECKUE MTOKA3aTeId KOTOPBIX MPUBEICHBI B TA0I. 2.
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Tabnuya 2

Bun KomnuecTBo Pacxon Hopwma Llena n3nenus,
A31CTIHS 156691 (SN 1701 CBIPBA, W3TOTOBJICHUS JICH. €]I. U3].
KI/M31. q/u3m.
1 30 10 15 40
2 60 7 10 20
3 40 12 20 50
4 50 9 12 30

Onpenenutsd Cleayrolne eXeCyTOUHbIE TOKa3aTeNN: PacxXol ChIpbsl S, 3aTpaThbl
pabouero BpeMeHHU T ¥ cTOMMOCTh P BblITyckaeMol IPOAYKIMH IPEITPUITHSL.

2. [IpeanpusiTue BbIMYCKaeT YETHIPE BUA U3JECINUN C HUCTIONb30BAHUEM YETHIPEX
BUJIOB CBIPbSI. Hopwmbl pacxona celpbsi JaHbl Kak 31eMeHThl MaTpuibl A. Hailitu
3aTparbl Ha ChIPbE KAKIOTO BHJA INPU 33aJaHHOM IUIAHE BBIMYCKa KaKJIOTO BUIA
n3aenus coorseTcTBeHHO 50; 65; 30; 45.

4 27 2
3435
55 23

Azl93 77

3. 3aTpaThl Ha YETHIPE BUAA CHIPHS VIS BBIMMYCKA YETHIPEX BHUIAOB MPOMYKIIHH
XapaKTepU3yrTCs MaTpHIleil A, mpuBeIeHHOM B 3a1ade 13.
Havitu:
1) obmire 3aTpaThl Ha ChIPhE JIJIST KAKI0TO BUAA MPOAYKIIMHU U €T0 TIEPEBO3KY;
2) oOmue 3aTpaThl Ha CBIPhE M €r0 TPAHCHOPTHPOBKY IMPH YCIOBHH 3aJaHHOTO
BEKTOp-TUIaHa 3a7auu 13, eciu U3BECTHBI CEO0ECTOMMOCTH KaXKJI0I0 BUJIAa CHIPhS 8§, 5,
6, 4 u ero noctaBku 2, 3, 1, 2 A€H. /1. COOTBETCTBECHHO.

Tema 2.2 Pemrenue cucreM JJMHEHHBIX YPABHEHUH
Hean: OTpaboTaTh HABBIKU PEIICHHS CUCTEM JIMHEWHBIX YPABHEHUI MPU PEIICHUN

MPUKIATHBIX SdKOHOMUYECKHX 3a/1a4.
CamocrosiTesibHasi padoTa: pelieHWe pacueTHOM pabdoOThl W TMOATOTOBKA

pedepara.
dopMa KOHTPOJISI: IPOBEPKa pacueTHOM padOTHI U OlIeHKa pedepara.
[Topsinok BbIOTHEHUS paOOTHI

1. 3yunte TeopeTuyeckuii MaTepuai mo teme: «Vcmnoap30Banrne MaTpPUIl U CUCTEM
JIMHEMHBIX YypaBHEHHW B OHKOHOMUKE. Mogens JleoHThEBa MHOIOOTPaCIEBOU
HKOHOMUKW» U COTJIACHO MPUBEJIECHHBIM HIKE TPEOOBAHUSIM MOJIrOTOBbTE pedepar.

2. BeimonHUTE pacueTHyo padoTy, NpeABapUTEIbHO U3YUYHUB, PACCMOTPEHHbIE HUKE

3agaun. Odopmute pereHne MMCbMEHHO B TETPa/IH.

TpedoBanus k opopmiieHuro pedgepara

1. CooTBeTCTBUE COAEPKAHUS TEME;
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2. 'paMOTHOCTP ¥ MOJTHOTAY MUCTIOJIb30BaHMS UCTOUYHUKOB;

3. CBS3HOCTb, JJOTUYHOCTh U TPAMOTHOCThH COCTABJICHHUS;

4. Odpopmanenue B coorBeTcTBUM ¢ TpeboBanusimu ['OCT.

5. 3amuTa pedepara CTYJIEHTOM MPEAyCMaTPUBAET JOKIA[ 10 pedepary He Ooree 5-
7 MUHYT ¥ OTBETHI Ha Bonpockl.Ha 3amuTene gomyckaercs yTeHue Tekcra pedepara.
6. OOmas oueHka 3a pedepar BHICTABISETCSAC YYETOM OIICHOK3a paboTy, MOKJaj,
yYMEHHUE BECTU AUCKYCCHUIO U OTBETHI HAa BOIIPOCHI.

7. Cooepicanue u oghopmnenue pazoenos pegpepama(cm. npunoscenue.l)

Tumynwnoii aucm. SIBasieTcst IepBoi cTpanuliel pedepara U 3aNOTHAETCS 1O
CTPOTO ONPEICTICHHBIM ITPABHJIAM.

B BepxHeM mosie yKa3bpIBaeTCsl MOJHOE HAMMEHOBAHUE YIEOHOTO 3aBEICHUS.

B cpeanem nosie naercs 3arnaBue pedepara, KOTopoe npoBoautcs 6e3 ciona "
Tema " ¥ B KaBbIUKU HE 3aKJIIOYACTCA.

JHanee, Onvxe K JIEBOMY Kparo THUTYJIBHOTO JIMCTA, YKa3bIBalOTCA (aMUius,
WMHUIIMAJBl CTYJIEHTa, HaMKUcaBIIero pedepar, a Takxke ero Kypc u rpymnmna. Crpaa
YKa3bIBAIOTCS (haMIIIMS ¥ MHULIMAJIBI IIPENOIaBaTelIs - PyKOBOJUTENS PaOOTHI.

B Him>xHeM 1oJie yka3bpIBaeTcs ToJ] Hanmucanusipedepara.

[Tocie TUTYIBHOTO JIUCTA TOMENIAIOT 02llasieHue, B KOTOPOM MPUBOJISITCS BCE
3aroJIOBKM pabOThl M YKa3bIBAIOTCS CTPAHUIBI, C KOTOPBIX OHM HAUYUHAIOTCS.
3aroyioBKM OTJIaBJICHUS JOHKHBI TOYHO MOBTOPATH 3arojoBKU B TekcTe. Cokpalarhb
WX WJIN JaBaTh B IPYrou (JOPMYIHPOBKE H MTOCIEIOBATCILHOCTH HEIIB3SI.

Bce 3arosioBkM HayMHAIOTCA C MPONUCHON OYKBbI 0€3 TOYKM Ha KOHIE.
[TocienHee clOBO Ka)XAOro3arojioBKa COEIUHSAIOT OTTOYHUEM /[ o.ovveennn..... / ¢
COOTBETCTBYIOIIIMM €My HOMEPOM CTPAHUIILI B IIPABOM CTOJIOIE OTJIaBICHUSI.

3arosioBKM OJMHAKOBBIX CTyNEHEH pyOpuKamuu HEOOXOIUMO pacrojiarath
IpYyT MOJ APYroM. 3arojOBKH KaXKIOW MOCIEAYIOUIEH CTYIEHU CMEIIAl0T Ha TPH -
MATh 3HAKOB BIPABO MO OTHOIIICHUIO K 3ar0JIOBKaM MPEbIAYIICH CTYIICHU.

Beeoenue. 3necy 00bIYHO OOOCHOBBIBACTCS AKTYaJIbHOCTH BHIOPAHHOW TEMBI,
1elb U cojaepkaHue pedepara, ykaszbiBaeTcsi oObEKT / mMpeaMeT / pacCMOTpPEHHS,
MIPUBOUTCS XapPAKTEPUCTHKA UCTOYHUKOB JIsI HAIUCAHUS PaObOTHI U KPaTKUil 0030p
MMEIOIIIEHCS 10 JTaHHOW TeMe JIUTepaTyphbl. AKTYadbHOCTh MPEINOJIaraeT OLEHKY
CBOEBPEMEHHOCTH Y COLMATILHON 3HAYMMOCTH BBIOPAHHOUM TE€MBbI, 0030p JUTEPATYPHI
Mo TeMe OTpa)kaeT 3HAKOMCTBO aBTOpa pedepara ¢ MMEIOIIMMUCS HCTOYHUKAMH,
YyMEHHE WX CHCTEMaTU3UPOBaTh, KPUTHUYCCKH pPacCMaTpPUBaTh,  BBIACISTH
CYIIIECTBEHHOE, OTIPE/ICIIATH TJIABHOE.

Ocnosenaa uacme. ConaepxkaHue TJIaB OTOM YacTU JOJHKHO TOYHO
COOTBETCTBOBATh TEME Pa0OTHI M IMOJHOCTBIO €€ PAaCKpbIBaTh. DTH TJIABBI JOJIKHBI
MOKa3aTh YMEHHE WCCIICIOBATENSA C)KAToO, JIOTUYHO W apTyMEHTHPOBAHO H3Jararh
Marepuall, 000011aTh, aHAJIU3UPOBATH, JAEaTh JJOTHYECKUE BHIBOIBI.

3axknwuumensnan uacmos. llpenmnonaraer mMocCienOBaTEIbLHOE, JOTUYECKH
CTpOMHOE M3JI0’)KeHHE 0000IIEHHBIX BBIBOJIOB 10 paCCMAaTPUBAEMON TEME.

Bubnuozpagpuueckuit cnucox ucnonb306aHHON UMEPAMYPLICOCTABISNET
OJIHy W3 YacTeld padoThl, OTPAXKAIOMIEH CAMOCTOSTEIBHYIO TBOPUYECKYIO pPadOTy
aBTOPA, MO3BOJISIET CYIUTh O CTETICHN (PyHIaMEHTAILHOCTH JJAHHOTO pedepara.
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B pabGotax  WCHONB3YIOTCS  CIAEAYIOIMHME  CHOCOOBI  TIOCTPOCHUS
ouborpauuecKux CIKMCKOB: MO aidaBuTy paMUIIUi, aBTOPOB WM 3arjlaBUii; IO
TEMaTUKe; 10 BUJAM H3JaHUN; TIO0 XapaKTepy COJEp)KaHHUs; CHUCKH CMEIIaHHOTO
noctpoeHus. Jlureparypa B CHHCKE yKa3bIBacTCs B al(aBUTHOM MOpsake / Ooiee
pacmipoCTpaHEHHBI BapuaHT - (paMIIMKA aBTOPOB B al(aBUTHOM TOPSIKE /, TIOCTe
yKa3zaHus (aMWINM W WHUIHAIOB aBTOpa YKa3bIBACTCS HA3BaHHE JIMUTEPATYPHOTO
MCTOYHHKA, MECTO U3JaHMs / TIMIIETCSl COKpallleHHO, HanpuMep, Mocksa - M., CaHKT
- [TetepOypr - CIIO uT.A. /, Ha3BaHKWe U3AATEILCTBA / HAIPUMEpP, MHUp /, TOJ U3TaHUS
/ Hampumep, 1996 /, MOXKHO yKa3aTh CTpaHUIILI / Hampumep, ¢. 54-67 /. CtpaHuUIIbI
MOXKHO YKa3bIBaThb MPSMO B TEKCTE, IOCJIE YKa3aHUS HOMEpPA, MOJ KOTOPHIM
JUTEPATYPHBIA UCTOYHUK HAXOAUTCS B CIMCKE JUTEPATYPHI / Hampumep, 7 / HOMEp
JIUT. UCTOYHUKA/ , C. 67- 89 /. Homep nuTepaTypHOro HCTOUHHMKA YKa3bIBA€TCS MOCIIEC
Ka)KZ0TO0 HOBOT'O OTPHIBKA TEKCTA U3 APYTOTO JIMTEPATYPHOTO UCTOYHHKA.

B mpunoswcenuunomemaror  BCIOMOTATENbHBIE WU JOINOJHHUTEIIbHbBIE
MaTepHuaybl, KOTOPhIE 3arpoOMOXKIAIOT TEKCT OCHOBHOM 4YacTh pabOThl / TaOIUIBI,
KapThl, Tpaduku, HEOMyOJMKOBaHHBIC JOKYMEHTHI, nepenucka u T.1. /. Kaxmoe
MPWIOKEHUE JIOJDKHO HAYMHATHCS C HOBOTO JIMCTA / CTPaHUIBl / ¢ yKa3aHHUEM B
nmpaBoM BepxHeM yriy cioBa " [lpuioskeHue" M MMETh TEMaTUYECKUN 3arojOBOK.
[Ipu Hamuuuu B pabore OoJiee OJHOTO MPUIOKEHUS OHU HYMEpPYIOTCS apaOCKUMU
nudpamu / 6e3 3naka " No "/, nanmpumep, " [Ipunoxenue 1". Hymepanus crpanwuil,
Ha KOTOPBIX JAIOTCA MPUIIOKEHUS, JODKHA OBITh CKBO3SHOW M MPOAOJIKATH OOIIYIO
HYMEpAIUIO CTPaHHUI] OCHOBHOTO TeKcTa. CBsI3b OCHOBHOTO TEKCTa C MPHIOKCHUSIMU
OCYILIECTBIISIETCS YepPe3 CChUIKH, KOTOPhIE YHOTPEOJAIOTCA cOo caoBoM " cmoTpu " /
OHO OOBIYHO COKpalaeTCcsl U 3aKJIIYaeTcss BMeCTe ¢ U(POM B KPYrible CKOOKHU -
(cm. mpui. 1) /.

Ilpumepul pewwenun 3a0au na ucnonviosanue mooenu Jleonmoesa

Ilpumep 1. B Tabn. 1 nmpuBeneHbl JaHHBIE MO OalaHCy 3a HEKOTOPBIA TEPHUO]
BPEMEHU MEXIy TMATBIO OTPacisIMH  TPOMBIIUIEHHOCTH. Haiitu  matpuily
KO2(PUITMEHTOB MPAMBIX 3aTpaT U ONMPEACTUTh, ABJIAETCS JIM OHA MPOXYKTHUBHOM.

Tabnuya 1
Ne Ortpacnb [Torpebnenue Koneunsiit Banosoit
n/n MPOAYKT OPOAYKT
1 | CrankocTpoeHue 16 12 24 | 22 | 15 15 100
2 | DHepreTuka 11 4 36 | 14| 7 20 100
3 | MammHOCTpOEHUE 9 6 10 | 11 | 12 10 50
4 | ABToMOOMIbHAs
[TpOMBINIIIEHHOCTD 10 4 9 5 6 15 50
5 | HoOrua u nepepaboTka
YTJIEBOAOPOIOB 200 | 100 | 100 | 50 | 50 40 100
Pewenue. CormacHo YCJIOBHIO 3aqadd Xj — OOIIMHA OO0BEM MPOAYKIUH I-i

oTpaciu (ee BaJIOBOH BBIMYCK);Pij— 00beM MPOMYKIMU -1 0Tpaciu, MOTpeOIsIeMBbIH |-
il OTpaciibl0 IpU TPOU3BOJACTBE 00BEMa MPOAYKIHH Xj; Yi- 00beM MPOAYKIMH I-if
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OTpaciid, TpeAHA3HAYCHHBIA A peaju3allid B HENPOU3BOJCTBEHHOW cdepe
(MPOIYKT KOHEYHOro MOTpeOsICHUs). banaHCOBBI TPUHIMII CBSI3U Pa3JIMYHBIX
OTpacyeH MPOMBINIICHHOCTH TJIACHT, YTO BAJIOBOW BBIMYCK I-i OTpaciii paBeH CyMMe
00bEeMOB TIOTPEOJICHUST B TMPOU3BOJCTBEHHONW W HEMPOU3BOICTBEHHOW cdepax. B
HanOosee mpocTor (opme (Tumore3a JTUHEHHOCTH) OaTaHCOBBIE COOTHOIICHHUS

HUMCIOT BU]L
Xi = Xiz + Xi2 t ...t Xxin Vi, i=1 2 .. n(l)

VYpaBuenus (1) Ha3bIBalOT COOTHOLIIEHUSIMU OanaHca. MI3BeCTHBIN S KOHOMHUCT
B. JICOHThEB YCTAHOBWII, YTO BEIMYHMHBI &jj = Xij/Xi B TCUCHHUE UTUTEIHHOTO BPEMEHH
M3MEHSAIOTCS HE3HAUUTENIbHO M (DaKTUYECKH MOTYT CUUTAThCs MOCTOSTHHBbIMU. Ha
OCHOBaHUM HTOr0 (HaKTa €CTECTBEHHO MPEANOJI0XKUTh, YTO JJISI IPOU3BOJICTBA
NPOIYKIUU |- oTpaciu o0beMa Xj Hy>KHO HCIIOJIb30BAaTh MPOIYKIUIO I-i OTpaciu
o0BbeMa @;jX{lIpH YCJIOBUH, YTO djj — HOCTOSTHHBIE YKciia. Takoe JOoMyIleHne Ha3bIBAIOT
TUIIOTE30M JUHEHHOCTH, TEXHOJIOTHUIO ITPOU3BOJICTBA - TUHEHHOW, YHCIIa
aij— ko3P pueHTaMu npsmbIx 3aTpar. CorinacHo THIIOTE3E JINHEHHOCTH
Xij = aijXj, I,j =12 3, .. n.(2)
Torga Ha OCHOBaHMHM OAAHCOBBIX COOTHOLIEHUH (9) MOIyYrM CUCTEMY YpaBHEHUI
X =ap Xy + 81Xy + .ot 83 Xy + Y1,
Xo =adg Xy +aAxp Xy +...+ 35, X, + Y5,

Xp =amXy +apoXy ..t app X,y + Yy (3)

B marpuunoit popme cuctema (3) mpumeT BUA
X=AX+Y, (3)

rae
Xy Y1 d;p  Ap A
X y a, a a
X — 2 ,Y _ ’ A— 21 22 2n
Xn yn a'nl an2 a-nn _ (4)

CootHomienue (4) Ha3bIBAIOT YpaBHEHUEM JIMHEHMHOTO MEKOTPACIeBOTO OaiaHca.
MarpuuHoe ypaBHeHHE (3) B COBOKYITHOCTHU C YCIOBUAMHU (4) Ha3bIBAIOT MOJICIIbIO
JleoHThEBA.

Martpuny4, Bce  DJIEMEHTBI  KOTOPOM  HEOTPUUATENbHBI,  HA3bIBAOT
NPOOYKMUGHOU, eclii JJii 000N MaTpullbl YC HEOTPULIATENIbHBIMU 3JIEMEHTaMU
pemienreM cuctemsl (12) sBasercs matpuna X ¢ HEOTPULATEIbHBIMU 3JIEMEHTAMMU.
YcraHoBiaeHo, 4TO Martpuuad ABISETCS NPOAYKTUBHOM, €CIHM €€ 3JEMEHTHI
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HEOTPULIATENIbHBI U JUJIl HEKOTOPOW MaTpHlbl Y ¢ HEOTPUUATEIbHBIMU 3JIEMEHTAMU
peuieHueM ypaBHeHus (3) sBisieTcsa MaTpuia XC HEOTPULIATEIbHBIMU 3JIEMEHTaMH.
VYpaBHeHue (3) 3anuiieM B BUIE
EX=AX+Y=(E-A) X=Y. (5
Ecmu matpunaE — A umeer obparnyro marpuny (E — A)?, To ypaBrenue (5)
MMeeT eanHcTBeHHoe pemenne: X = (E - A)1LY,
Marpuny (E — A)™! HaspIBaroT MaTpHIEN TOIHBIX 3aTPAT.
VYkaxkeM JaBa KpUTEpHUs NPOAYKTUBHOCTHM MATpULbld C HEOTPULATEIbHBIMU
AJIEMEHTaMU:
1) matpunad nmpoayKTHBHA TOTJA U TOJBKO TOTJa, KOIZa CYIIECTBYET oOpaTHas
matpuna (E — A)™* ¢ HeoTpuLaTeNbHBIMY 2IEMEHTAMH;
2) matpunad NpoayKTHBHA, €CIIM CyMMa BJIEMEHTOB JIF000H €€ CTpOKH (cToslua)
HE NIPEBOCXOAUT €IUHULIBI:
N n
>a, <1, > a; <1
i=1 =L
MPUYEM XOTs OBl JJI1 OAHOU CTPOKH (CTOJ01IAa) 3Ta CyMMa MEHbILIE €TUHULIBI.
[Tpumensist opmyasl (1), HailieM JIEMEHTHI ajj MATPHULIbI
Xij

aij :7, i, j:]., 2,n

. (6)
Ha ocHoBanuu dopmy (6) momydaem:
ay =110 _goga, =Xt o552 Y g o
X, 200 X, 200 X, 200
ay :ﬂzﬂzo’oa a :&2320,12; ay, :Xﬁzizo,m,
X; 200 X, 100 X, 100

0,08 012 0,24 044 0,30
0,055 0,04 036 0,28 0,14
0,045 0,06 010 0,22 0,24

0,05 0,04 0,09 010 0,12

Bce amemMeHTBI MaTpuibiA MOJOKUTEIbHBI, HO CyMMa 3JIEMEHTOB YETBEPTOTO
cronba Oonbiie emxuanns (0,44 + 0,28 + 0,22 + 0,10 = 1,04). Ha ocHoBaHuH
BTOPOTO KpUTEPUs MPOAYKTHBHOCTH 3aKI0YaeM, YTO MaTpuiiad He SBISCTCS
npoayKTUBHOUW. C 5KOHOMHUYECKOH TOYKH 3pEHHS HEMPOIYKTHBHOCTh MAaTPHIIbLA
O3HAa4YaeT, 4YTO BHYTPEHHEE TMOTPEeOJIEHHEe YETBEPTOH OTpacid BEIUKO B
COOTHOIIIEHUH C BAJIOBBIM BBITYCKOM.
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Omeem: MaTpuLa OPSAMbIX 3aTpaT
0,08 0,12 0,24 0,44 0,30
0,055 0,04 036 0,28 0,14
0,045 0,06 0,10 0,22 0,24

0,05 0,04 0,09 0,10 0,12 .
HE SABJISIETCS MPOAYKTUBHOM.

Ilpumep 2. Tabin. 2 coaepKUT JTaHHbIE OalaHca TPeX OTpaciield MPOMBIILIECHHOCTH
3a HEKOTOPBIN nepuoa. Halitu 06beM BasioBOTO BBIITYCKa MPOAYKIIMH, €CITH KOHEYHOE
noTpeOJIeHHE MO OTPACIIsAM YBEJIUYUTh COOTBETCTBEHHO 10 BenmuuH 50; 80; 40.

Tabnuya 2
No Otpacib [Totpebnenue Koneunsrit BanoBoit
n/n 1 2 3 MPOJYKT IPOIYKT
1 | HoObrvya u nepepa-
0O0TKa yTriIeBOI0-
pozioB 6 30 19 30 100
2 | DHepreTuka 11 12 20 50 100
3 | MammHOCTpOCHHE 18 9 11 20 50

Pewenue. 3anumem MaTpuity4, MIPUMEHUB IS €€ HaxoxIeHus Gpopmyis (6):

0,06 030 0,38
A=1011 012 0,40
018 0,09 0,22

Jlyist MaTpuilsl A BBITIOJIHAIOTCS 00a KpUTEPHUST MPOAYKTUBHOCTH, TTO3TOMY OHAa
MPOAYKTUBHA.

o *
Haiinem HOByI0 MaTpuiy X , yIOBIETBOPSIOILYEO COOTHOLIEHUSAM OajlaHca IIpu

*
X=x2

YCIIOBUM, YTO MaTpuiiad HEW3MEHHa. ODJIEMEHTBI X1, X2, X3 MAaTpPHUIIbI
SIBJISIFOTCSI PEIIICHUEM CHCTEMBI
x; =0,06x; +0,3x, +0,38x5 + 50,
x5 =011x; +0,12x, + 0,40x5 + 80,
x3 =018x; +0,09x, +0,22x5 + 40. )
B maTpuunoit popme cuctema (7) umeeT BU
X" =AX"+Y" (8)
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[TpeoOpazyem maTpuaHOe ypaBHeHHe (8):
EX*-AX" =YY"= (E-AX =Y~ )
Pemenue ypaBaenus (9) B MaTpudHO (hOpMe UMEET BT

* -1 *
X*=(E-A)TY" )

P YCIIOBHUH, UTO MaTpuiia E — A umeer 00paTHyI0, TO €CTh €€ ONpeIeTUTEb
|E-A|=0.
1 0 0) (0,06 030 038) (09 -03 -0,38
E-A=|0 1 0|-|011 012 040|=/-011 088 -04 |
00 1) \018 009 022) |-018 -0,09 0,78

094 -03 -038
[E-A=|-011 08 -04 :0,94-‘
~018 -009 0,78
‘— 011 088

088 -0,4 N -011 -04
-0,09 0,78 " |-018 0,78

‘—0,38-

-018 -0,09

=0,94 - 06504 —0,3-0,1578 — 0,38 - 0,2574 =0,611376 —0,04734 — 0,097812 = 0,466224.
Haiinem o6parnyro marpuny (E — 4), 3anucas matpunyE — A B BuIE
E— A4 = (by), 1<i< 3, 1<j< 3.

‘ = 0,94(0,6864 — 0,036) + 0,3(~0,0858 — 0,072) — 0,38(0,099 + 0,1584) =

Torna
088 -04 -03 -0,38
Bll == = 0,650, B21 == = 0,268,
~0,09 0,78 ~009 078
~03 -0,38
B31 = = 0,454,
088 -04
-011 -04 094 -0,38
B].Z = == 0,159, BZZ == = 0,665,
-018 0,78 -018 0,78
094 -0,38
Bsz = — == 0,418,
-011 -04
-011 088 094 -03
B13 == == 0,257, 323 - — == 0,139,
-018 -0,09 -018 0,09
094 -03
-011 0,88
. 0,650 0,268 0,454
(E-A)*t=—"—:0159 0,665 0,418 |,
0,466

0,257 0139 0,794
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CornacHo epBoMy KpuTepuro, matpuna (E — 4)™? apnsercs mpoayKTUBHOIA.
Ucnons3sys (19), Haiiiem MaTpHIly BaJIOBOrO BBITyCKa X "
| 0,650 0,268 0,454 (50
X =——-0159 0,665 0418 || 80 |=
0,466
0,257 0,139 0,794 ) {40

| 0,650 -50 + 0,268 - 80 + 0,464 - 40
= 0466 0,159 -50 + 0,665 -80 + 0,418 -40 | =
’ 0,257 -50 + 0,139 -80 + 0,794 - 40
72,5 155,6
L 117,47 |= X~ =| 252.1
0,466
55,73 119,6

Ha ocHOBaHuU MOJMYYEHHBIX PE3yIbTATOB MPUXOAUM K BBIBOAY: JI OOECICUCHUS
3aJIaHHOTO  YBEJIMYEHHSI DBJIEMEHTOB MATPHUIIBI KOHEYHOTO TMPOJIYKTa HYXKHO
YBEJIUYUTh COOTBETCTBYIOIIUE BAJIOBBIC BBIITYCKHU:

100bIy U TIEpepabOTKy yIiIeBOJOPOAOB — Ha 55,6 % ;

ypOBEHB dHEpreTukn —Ha 152, 1 % ;

BBIITYCK MAIIMHOCTPOEHHUs — Ha 69,6 % 110 CpaBHEHUIO C UCXOAHBIMU TAHHBIMU

100
X =100
50
155,6
2521 |
Omeem: 119.6

3amaHus 11 pacyeTHON padoThl
B tabn. 3 npuBeneHbl 1aHHbIE 00 WMCIOJHEHUM OajaHca 3a OTUYETHBIA MEPUOJ
(ycn. neH. en.).

Tabauya 3
[ToTpebnenue Koneunsiit | BanoBoii
Otpacnp DHepreTHka MammHo- POAYKT BBIITYCK
CTpOEHUuEe
ITpons- OHepreTuka 7 21 72 100
BOJICTBO MammHocTpoeHue
12 15 123 150

Beraucnuth HE0OXOAMMBIN 00BbEM BaJIOBOTO BBIMYCKAa KaXKIOW OTpACiH, €CIIH

KOHCYHOC

noTpedeHue

AHEPreTUYECKOU

OTpaciu

MAaIlIMHOCTPOCHUA COXPAHUTCA HA IIPEKHEM YPOBHC.

21

YBCIINYUTCA

BJIBOE,

a



Tema 3.1 DiiemenThI Teopuu npeaeao.HenpepbIBHOCTh QyHKIIUM
Heab: OtpaboTaTh HaBBIKM BBIYUCIECHUS MPENEIOB (YHKIMM U HUCCIEIOBAaHUS

(GYHKIMHM HA HEPEPHIBHOCTh

CamocTosiTeJIbHAsi padoTa: pelicHUe PaCYCTHON PabOThI

@®opmMa KOHTPOJISI: IPOBEPKA PacYETHON pabOThI

Teopemuueckue céedenusi:

IMpenena pyHkuum.

[Tpu pereHnn 3amad Ha BBIYHMCIACHHE MPEAEIOB HEOOXOAMMO 3HATh, YTO €CIH
CYIIECTBYIOT TIpeneibl (QYHKIMH TIPO X—)Xo)!Lme (X)=A, lim ¢ (X)=B, T0 MOXHO

: :

HCIIOJIB30BATh OCHOBHBIC ITPpAaBHJIa BBIYUCIICHUA IIPCACIIOB.

L!m U@)i¢a»=£mf@)i@1¢@yaAiB
2. m (F(9 ¢ ()= fm f()-Im p(x)=A-B

ey m ) AL
3 M 00 Tim o) 5 im @ ()70, ¢ (x)#0

4. lim cf(X)=c-lim f(x) =c- A, rmec=const

5. i (£ GO)°= (im 1(9)"

lim (f (x))*® = [lim f(x)] le ? ()

o

d TaKXKC CIICAYIOIIUC ITPCACIIbI:

1. lim =0

X—>00 X

2. lim x=o0

X—>00

3. lim = =0 u [lim 1I/x =+
x=>0 ¥ x—0+0
1_
Im = =—o0
x0-0 ¥
4. limx=0
x—0
o o . Ssinx _
5. IlepBblii 3aMedaTeNnbHbIN MPEIECIT: I|m0 — =1
X—> X

o o . 1 .
6. Bropoti 3ameuarenbhsbiii npeaei: lim (1 +=)*=¢ wim lim (1+x)¥=¢e
X—>00 X X—>

e~ 2,7182... nnu ex2,7

X — 00 = x— 0€CKOHEYHO OO0JIbIIIasl BEJIMUYUHA

x— 0 =x— OecKOHEUHO Masias BeJIMYMHA

f (X) >oo=f (X) — 6eckoHEeuHO OOJIbIIIAsT BEIUYMHA
f (X) > 0 =f (X) — GeckoHeyHO Majas BeIMYMHA
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7. Ecmu cymectyert limf (X), To cymmecTBytOT U OAHOCTOPOHHHE TIPEIEITBI:
neBoii f(Xo—0) = lim 0f (X) 1 mpaBerit f(Xo+0) = lim 0f (X), mpraem
X—>Xo— X—>Xo+

lim f (X) = f(xo—0) = f(Xo+0)
8. Ecam ¢pyukuus y = f (X) HenpepsiBHA B Touke Xo, 0 lim f(X) = f(Xo) mmm f(Xo—0)
= f(Xo+0) =f(Xp), B IpOTHBHOM Cllyuae TOYKa Xo— TOYKA pa3pbiBa QyHKIUH.

Penienne THIOBBIX MPUMEPOB
Havitu ykazaHnHbie ipe/ieibl.

. X?—5x+11
Ilpumep Ilm ————=
e o T x—1
x? —5x+11 B
Oynkuus f(x) =ﬁonpez{eneHa, a 3HAYUT W HENPEpPbIBHA B TOYKE X =2,
X®+X—

2
o o . X°—-bx+11
IIO3TOMY HAaHHBIX IIPCACI paBCH 3HAYCHHIO (1)}/HKIJ;I/II/I B PTOU TOYKe lim ﬁ:
X—2 X5+ X—

2°-5.2+411_5
2.224+2-1 9
. 2x?2-3x-9 2.3°-3.3-9 0
IIpumep?2 lim = ==
pUMEp< I x> —X—6 3°-3-6 {0}

HpI/I MMOACTAHOBKEC B BBLIPAXKCHUC I10A 3HAKOM IIPCACa BMECTO €ro IPEACIbHOTO

0
SHAYCHHUA I10JIydaCM HCOIIPCACIICHHOCTh B A |:6:| .

2x?-3-9

Qynkuus  f(x) =—;
X —X—-6

HE oOIpelesieHa B TOYKE X =3, T.6. X =3 —TOYKa

pa3pbiBa, HO T.K MEPEMEHHAs X CTPEMUTCA K TOouke 3, X—3, a HE paBHa 3, TO MOJ
3HAKOM  TMpejieia MOXKHO  MPOU3BOAWTH  TOXKICCTBEHHBIE  IMPeoOpa3OBaHUS
BBIPQKEHMsI, HE IPUHUMAs BO BHUMAHHE €T0 MOBEJICHUS B MPEJCIHHOM TOUKE.
PaznoxuMm KBajpaTHbIE TPEXUJICHBI, BXOAIINE YHCIUTEIh W 3HAMEHATEIh, Ha
nuHelHble MHOXUTenM 1o Qopmyne: ax? +bx + ¢ = a(x—x;) (x—Xz) — KOpHH
KBaJPaTHOTO YPaBHCHUS
ax?+bx + ¢ =0

2x2-3x -9 =0

D = b?—4ac =9 — 4 -2 -(-9) = 81

iy = ‘bi‘/523i9;xl 3y - 8
| 2a 4 2

2x% — 3x-9 = 2(x— 3)(x +§)

AHaI0rM4yHO:
x>—x — 6 = (x-3)(x—2)
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[Ipeobpa3yem maHHBIN Tpeer:

2
i 20 =39 L 2(x=3)(x+3/2) . 2x+3/2) 2x+3 2:3+9 9

— lim - =2

o3 X2 —x—6 3 (x=3)(x—-2) ¥ x+2 =3 x+2 3+2 5
2x% —3— B .
OyHKIUA f(x)——6 B TOYKE X = 3 HE CYIIECTBYET, a IpEeAea OT 3TOH
X*—x—

GbyHKUIMU TPpU X—> 3 CYLIECTBYET U paBEH %

4x* +x-5 [
Ilpume 3I|m— —
S 4 x>0 5x% —2x+1 [oo}

0 o
BHCCB CTAaJIKUBACMCs C HCOIIPCACIICHHOCTBIO BHUOA |:—:|, M30aBUTCS OT KOTOpOHU
o0

MO>KHO BBIHECEHHEM 3a CKOOKH B UHCIIUTEJIE U 3HAMEHATENE IpOOH CTapIIeil CTeNeHH
MEepeMEHHON (WJIM JIeJICHUEM YHUCIHUTENId M 3HaMEHATeNlsd Ha CTapIIyl CTeNeHb

MIePEMEHHOM):
2 B 2 B2 B2
im 2 FX=5 L X (441X 5/x)_.m 4+1/x-5/x> 4

= = =
o0 B5x? —2x+1 o= x3(5-2/x-1/x?*) ==5-2/x-1/x* 5

T.K. Iiml:O; IimEZOIimE:O'IimLZO

X—>00 X X—>0 X2 X—>00 X X—>0 X2

KaK IpeJesbl OT OECKOHEYHO MAllbIX BEIMYMH
Vx+2-a-x _1+2-4-1_3-43 _H
x> -1 1-1 0 0

JInist packpbITHS HeONpeneneHHocTr [0/0], yMHOMKNM YHMCIMTEND ¥ 3HAMEHATEND Ha
BBIPA)KEHHUE, CONPSKEHHOE YNCIUTEIO: /X +2 —/4—X
im Vx+2-Va-x _ (Ix+2-4-x)(x+2+J4-x)

x? -1 (X2 =D)(x+2 +/4-X)

3aMEHUM «B YHCIMTENE IO (pOpMyJIe Pa3HOCTh KBaxpaToB» (a—b)(a + b) = a? -b?
Wx+2 -a4=—x)-(Wx+2+J4-x)= (X + 2) — (4 —X) = 2x-2 = 2(x— 1)
B 3Hamenarene x> —1 =(x—1)( x+1)

Ilpumep 4 lim

x—1

2(x-1) 2 ~ 2 _
H (X=D(x+1) - (VX+2+~4-X) IHl (x+1)-(\/x+2+\/4—x)_(1+1)-(\/1+2+\/4—1)
2 2 1 43

T 2(3++B) 2432 243 6

X-Sin 2x 0
IIpumep 51lim ==
PUMEp 23 tg? 4x [O}

s pacKpbITUSI HEONMPEICICHHOCTH BHUAA B JIAHHOM IPUMEPE BOCIOIb3yEeMCS
MEPBBIM 3aMEUATEIbHBIM MPEICIIOM U OJTHUM U3 €ro CIEACTBUM:

. sinu . tgu
im — =1 lim Ll
u—0 u u—0 u
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X-SiN2X . Xx-sin2x | ( 4 sin2x  4x
x—0

B 4tg4x  4x  tg4x

im > im =3aMCHUM npenen
x>0 tg 4x -0 tg4x - tg4x

IMPOU3BCACHUS ITPOU3BCACHUCM IIPCACIIOB U BLIHCCCM MOCTOSIHHBIA MHOXKMTE/Ib =

. (1 A4x . (1 sin2x) ., 4X 1 4x 1 sin2x .. 4x 1. 1 1
im| = ——— |- lim| = Jim — = =1lim ——-=1lim -lim ==-.1.2.1.1==
x-0( 4 tgdx ) 0\ 2 2X x>0 tg4xX 4HO tgdx 2x0 2x  x>0tg4x 4 2 8

0 TIEPBOMY 3aMeyvaTeabHOMY mpezeiry (U =2X i U = 4X)

L sin2x _ .. o 4X _ 1 1
lim =1: Ilim = — =—=1
x>0 2X x>0 tg4x I|m0 tgdx/4x 1

U3 IICPBOIro 3aMCUYATCIILHOTO IIPCACIIa BBITCKAIOT U APYI'UC CIICACTBUA

. X . Sin ax ..o Sina o tgax
im — =1 lim =a,; lIm——=—;Ilim =
x—0 SN X x—0 X x-0 Sin IB ﬂ x—0

IIpumep 6lim [ZX STM
X—00 2X 3

Hmeem HeompeneacHHOCTh Buaa [17];

Iim(2x—5]:1; lim (8x +7) =0
x—oo| 2X —3 X—>0

JInst pacKpbITUsT HEONMPEAECNICHHOCTH BuAa [1”] dydiie BCEro BOCIHOIb30BaThCA
N x) " lim f(x)-@(x)
crenyromeii popmyoit: Im f(x)” =[1 ]:e“*"
—Xo

2X-5 2X—-5-2x+3 -2

Nmeewm f (x) —1= -1= =
2X -3 2x—3 2X—3
Torma lim (f(x)-1)-@(x) = lim —2Bx+7) _ -8
X0 xow  2X—3
 [2x=-51"" 4 1
CnenoBaTtenbHo, lim =e®="
x>n| 2X —3 e

3amaHus I pac4eTHONPadoThI
[lepen BeIMOTHEHUEM pPaOOTHI, MPOYWTAUTE €IIe pa3 KOHCIEKT, YYECOHUK U

OTBETHTE HA CIEAYIOIIHE BOIPOCHI:
1. Haiite onpezeneHue npezeia nocae 0BaTeIbHOCTH U Ipesiesa PyHKINHY;
2. IlepeuncnuTe OCHOBHBIE CBOMCTBA MPEIEIIOB;
3. Haiite onpeaenieHre O€CKOHEYHO OO0JIBIION U OECKOHEUHO Mallol (YHKLIUU;
4. 3anuiute GopMyJIbl IEPBOTO U BTOPOTO 3aMEYATEIbHBIX MPEAEIIOB,;
5. [IpuBeauTe onpeneneHne HEMPEPHIBHONW (PYHKIINH;
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6. Knaccuduumpyiite Touku pa3pbiBa.

Jlns 3amanuii 1-3 — BBIUMCIUTH MpEENbl, 3ajaHrue 4 — uccieaoBaTh GyHKIIUIO Ha
HETPEPBIBHOCTH U MTOCTPOUTH CXEMaTUYHBIN Tpaduk.

2 —_—
1. !mo% a)X, =2; b)x,=-1 c)Xx, =
. COSX—C0S* X
2. Ilm-—M— 4,
1 x=0  4X-Sin X
2X
3. Iim1(3—2x)X*l
2, x<0,
f(x)=<2-x%, 0<x<1,
x? -1, x>1
. X?=3x+2
1. Iim —; a)x,=-1 b)x, =1 c)Xx,=o0
xax04_x_3)(2 ) 0 ) 0 ) 0 SinX, X <0,
2. IimM 4. FT(x)=40, 0<x<2,
x>0 2X-C0S 3X _ >
2 | - 3—-X%X, Xx>2
3. lim (1+5/x) 2
<
. 2x*=x-10 _ _ X+1, x<0,
1 Iim ————; )X, =2; b)x,=-2; ¢)X, =© 1
X% X +3X + 2 4 f(x)=1=, 0<x<],
2x ) X
3 2 fim 22C0SOX 3. lim (3x—5)*~* 1 x>1
x—01—cos 2X X—2
2_
1. )!m ﬁ; a)X, =1 b)x, =2, c)x, =0
2 lim_XSinx 4
4 "~ x0cosx—cos® X
3. |iml(7—6x)ﬂ
X%, x<-1,
f(x)=92x-1, —1<x<2,
3, X>2
_ X*+5x+4 o . _
1. !mom, a)XO——Z, b)Xo— 1, C)XO—OO 0’ X<O’
2 fim 2SN 3 4 F(x)=itgx, 0<x<Z,
5 x>0 1 — COS6X 2
5, _ >Z
3, |im0(1+3x)x2 “
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4x? —5x +1

1. XI|_r)rl0 3X—X2—2; a)X, =-1 b)x, =1L C)X, =
2. fim X COSSX 4.
x>0 sin 3X
X 2x-3
3. lim (—j
- X+1
1-x2, x<0,
f(x)=9x+1, 0<x<2,
1 x=2
. X2 +5Xx+6
1. lim . a)X, =2; b)x, =-2; €)X, = cosXx, x<0,
=% 3X° —Xx—-14
2. lim x-ctg5x 4. T() =1L 0<x<],
x0 ” x-1 x>1
3. |im3(2x—5)ﬁ
. X2 —6x-7
1L Im ———; a)x,=-2; b)x,=-1 ¢)x, =0
X% 3X° + X —2
5 lim sin 2x;tg4x A
x—0 X
X+2
3. lim (X—”J
X—o0 X
2—X, x<0,
f(x)=4x2-2, 0<x<2
2, X=2
Lm0 - 2 byx =1 o)x, =
S X+ ax+4 0 P e
2. fim SN8& 4.
x—0 thX
2x+1
3. lim (X—_lj
== X+1
l, x <0,
X
f(x)=9-2, 0<x<1],
2Xx—4, x>1
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10 3P +x-4

1. lim D a)X, =-1L b)x, =1 c)X, =
x—)x04X_X2_3 ) 0 ) 0 ) 0 —X2, X <1,
5 lim 3>_<-t292x 4. T(X)=1-1 1<x<2,
x-0 gjn “ 3X 3-X, X>2

X—1
3. lim (X—_Sj
oo X 41

Tema 3.2IudppepenunaibHoe ucuncjienne GyHKIUM OAHON NepeMeHHOI
Hean: 3akpenuTh HABBIKM  BBIUYMCIEHUS MPOU3BOAHBIX U YMETh IPHUMEHSTH

MIPOM3BOIHYIO JUTSl PEIICHHS MPUKJIAHBIX YKOHOMUYECKUX 32134,
CamocTrosiTeJibHAs padoTa: MOATOTOBKA NPE3CHTAINN U BHIMIOJTHCHUE PACUCTHON
paboTHI.
dopmMa KOHTPOJISI: POBEPKA PacUeTHOW pabOTHI M OIIEHKA MPE3CHTAITHH.

[TopsiioK BBINOTHEHUS Pa0OTHI
1. U3yuute Teopetnueckuii Marepuai no teme: «Vcmoib3oBaHHE MPOU3BOJAHON B
SKOHOMMKE» U, COIJIaCHO TMIPUBEICHHBIM HWXKE TpeOOBaHUSIM, TOJATOTOBHTE
MPE3CHTAIUIO.
2. BeimoHuTE pacueTHyo padboTy, IpeIBapruTEILHO U3YIHUB, PACCMOTPEHHBIC HIKE
3agaun. OPopMuTe pelieHrue MTUCbMEHHO B TETPAIH.
TpedoBaHusA K CO3IAHUIONIPE3CHTALNH
Co3oanue mamepuanos-npezeHmMayuil— TO BU CAMOCTOSTCIHHON pabOTHI
CTYJIEHTOB IO CO3/IaHUI0 HATJISIIHBIX WH()OPMAIMOHHBIX MMOCOOU, BHIMOJTHEHHBIX C
MOMOIIIBIO MYJIbTHMEIUIHON KOMITBIOTEPHOM mporpammbel PowerPoint (cMm. mpwuit. 2).
Marepuanbl-ipe3eHTallii  TOTOBATCS CTYAEHTOM B BHUAE CIAWJIOB C
UCIoyib30BaHueM Tmporpammbel Microsoft PowerPoint. B kauectBe marepuasnos-
MPE3EHTAIUNA MOTYT OBITh MPEJCTABICHBI PE3YJIbTATHI JIIOOOT0 BUAa BHEAYAUTOPHOM
CaMOCTOSITENIbHOM paboThl, 110 (hOpMaTy COOTBETCTBYIOIIUE PEKUMY MPE3EHTALIUM.
Cmpykmypa npe3zenmayuu:
TUTYJAbHBIN cJaaiig (aucuuruinHa, Tema, @O cryneHTta, CrHenuaibHOCTD,
HOMED T'PYIIIIHI)
coJieprkaHue, TJIe IPEJACTaBICHbI OCHOBHbBIC 3Talbl (MOMEHTHI) MPE3EHTAIINH.
XKenarenbHo, 4YTOOBI U3 COJEpPXkKAHUS TI0 TUMEPCCHUIKE MOXHO TEpPEeUTH Ha
HEOOXOJIMMYIO CTPAHUILY U BEpPHYTHCS BHOBb Ha COJIEpKaHUE.
OCHOBHafl 4acTb - OT 15 cnaiinoB (TEKCTOBBIM Marepuan Mo Teme +
rpadguuecKkoe COMmpPOBOKICHUE)
3aKJ04eHne - 1 crnaii (BEIBOJBI 10 TEME)
CIIMCOK JIUTEPATYPbI- COJICPKUT HE MEHEE 2 — 5 UICTOUHHKOB
[IpUBETCTBYIOTCS:MY3bIKQILHOE COMPOBOXKIEHUE, MYJbTUILIUKAIUS, BHJEO,
aHUMAIuSI.
Ilpu co3zoanuu npezenmayuu peKomeHOyemcs:
COOJII01aTh €AUHBINA CTUIIb O(POPMIICHHUS;
— 175 (hoHa BeIOMpaANTE XOJIOHbIE TOHA (CMHUM, 3€JICHBIN);
—  Ha OJIHOM ClIaifJie UCTI0Ib30BaTh HE OoJiee 3 1BETOB;
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—  aHMMaluOHHBIE >PQPEKTh HE JOKHBI OTBJIEKATh BHHUMAHHUE OT COJIEPKAHUS
uH(pOopMaIuK Ha cllaie;
— TOpU  TpEeACTaBICHUU  MHGOPMAIMUHUCIIONB3YHTE  KOPOTKHE  CJIOBa U
MIPEIJIOKECHHUS;
—  HAJIKCH pacroiaraite moja KapTHHKaMU;
—  mwpuQTHL: 1 3aroJI0OBKOB He MeHee 24,1711 uHbopMaiuu He MeHee 18;
— Ui BBIJEICHUS MHGOPMAIIMKU UCTIOIB3YHTE PaMKHU, 3aJIUBKY;
—  He meperpyskaire ciaiia 00yibiuM 00beMOM HH(pOpMaInK;
—  KiIoueBble (akThl OTOOpaXKalTe MO OJJHOMY Ha KaXkJIOM claiizie;
— g obecrniedeHus pa3HOOOpa3us UCIOJIb3YUTE Pa3TUYHbIe BUJIbI CIIANHIOB.
Teopemuueckue ceedenus:
OcCHOBHBIC IOHATHSA
[IpumeHeHrne MPOW3BOAHON B DKOHOMHKEIO3BOJISIET MOMy4YaTh TaK Ha3bIBaeMbIe
npedenvhvle  XAPAKMEPUCMUKUIKOHOMUYECKUX  OOBEKTOB  MJIM  IPOILIECCOB.
[IpenenpHbIe BEeNMUYMHBI (TIpEACIIbHBIE BBIPYUYKa, MOJIE3HOCTh, IPOU3BOAUTEIHLHOCTD,
MpPEAENIbHBIA JOXOA HJpP.) XapaKTEpU3YIOT He COCMOsAHUEe, A CKOPOCMb U3MEHEHUs.
HKOHOMUYECKOT0 O0OBEKTa WJIM Mpoliecca MO BPEMEHU WM OTHOCUTEIBHO JIPYIroro
uccieayemMoro akropa.
1. H30epicku npouzeodocmea.Ecniu v3nep XK MpOM3BOACTBA ypaccMaTpUBATh Kak
(yYHKIMIO BEITTyCKaeMOil IPOAYKIHUH X, T.e. y = C(x), To y = C'(x)6y1yT BeIpaXarh
npeodenbHble U30epIicKy TPOU3BOACTBA M MPUOIMIKEHHO XapaKTepU30BaTh MPHUPOCT
MEPEeMEHHBIX 3aTpaT Ha MPOU3BOJCTBO JOMOJHUTEIBHONW €IWHUIBI TPOMAYKIIHH.

CpenHne U3AEpKKU SBISIOTCSA U3EPKKAMU HA €AUHUILY BBIITYCKA IPOAYKIUU: Y =
4€3)

al
2. IMlpomsBoaurtenbHocTh TpyAa. Ilycts ¢ynkmus u(t)Beipakaer o0beM

MPOM3BEACHHON Tmpoaykiuu y3a BpemMs t. Torma mpousBojgHas oObema
MIPOM3BEACHHOM MPOAYKIUHU 10 BpeMeHH U'(ty)eCTh npouzsooumenbHocms mpyoda B
MOMCECHT BPEMCHHU (.

3. ®yukuus norpedaenns u coepe:kenus. Eciau x — narmonanbubiit noxon, C(x)—

byHKIUs TOTpeOsieHuss (4acTh JI0XOAa, KoTopas TpaTtutcs), a S(x)dyHkuus
coepexenus, To x = C(x) + S(x). AubddepeHuupys morydum, 4to
ac ds
& taxT!
rae Z—i — TpefieNibHast CKIIOHHOCTh K TIOTPEOJICHHIO;

as
rac a — IPCACIIbHAA CKIIOHHOCTD K C6epe)KeHI/IIO.

4. DIacTMYHOCTh. JTa MeEpa pPEarupoBaHUSOIHON MMEPEMEHHOW BEIUYMHBI Ha
M3MEHEHHUE APYroi. DIMacTUYHOCTh MOKA3bIBAET, HA CKOJBKO MPOIEHTOB M3MEHUTCS
OJIHA [IEPEMEHHAs B PE3YJIbTATE U3MEHEHHU IPYroil mepeMeHHol Ha 1 %.
DNacTUYHOCTh (PYHKIIUU ONPEIENSIETCS C MOMOIIBIO COOTHOIICHHUS:
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Ex(y) = § y’xHHH Ex(y) =x" Ty
rie T,(x) =(lny)' = % ©y' —OmHOCUmenvHas  CKOpOCmb  UsMeHeHus(memn)

GbyHKIIH.

DnacTUYHOCTh (DYHKIMU MPUMEHSETCS MPU aHAIM3E CIPOCa U MPEIOKEHHUS OT
neHol (yewosas oaacmuynocmyv). OHa TIOKAa3bIBa€T PEAKIHMIO CIPOCa WA
NPEeNJIOKeHUsT Ha WM3MEHEHHE I1IEHbl W OIpeeNsieT, Ha CKOJIbKO IPOLIEHTOB
IpUOIMKEHHO U3MEHUTCS CITPOC WJTU MPEJII0KEHUE MTPU U3MEHEHHUH 1IeHbI Ha 1%.

Ecnu snactuunocts crpoca |E,(y)| > 1, To cipoc cuMtaeTes 21acmuynbim, eCii
|E,(¥)| =1 , netimpanoneim (¢ eIMHUYHOM smactuuHOCThIO), |E,(y)| <1 —
HedIaCMUYHbIM OTHOCUTEIHHO [EHBI.

[Ipumepsr:

1. 3aBUCHUMOCTh MEXy HU3EPKKaMHU MPOU3BOJICTBA y U 00BEMOM BBITTyCKaeMOU
IpOAYKIMH X BhIpaxkaercsa (Qymkuuedl y = 50x — 0,05x3 (nen. en.). Ompenenurs
CpeIHUE U MpeeTbHbIC U3IEPKKH MPH 00beMe mpoaykiuu 10 en.

Pewenue. ®yHkuMs cpelHUX H3AEPKEK (HA €IUHUIY TPOY OYKLUHU) BbIpa)KaeTcs
OTHOIICHHEM Y¢p, = % = 50 — 0,05x2; mpu x = 10 cpeanue U3AEPKKHU (Ha €IUHUIY
MPOAYKLMH) paBHBI Y, (10) =50 —0,05-10* =45 (men. en.). DyHKums
TIpeNeNbHBIX M3JepKEK BRIpAKAeTCs Mpoms3BoaHoi y (x) = 50 — 0,15x2; npu x =
10mnpenenshbIe H3aepxkKH coctaBar y (10) = 50 — 0,15 - 10% = 35(zen. en.). Urax,
€CJI CpeHHE U3JEP>KKH Ha IMPOU3BOJCTBO EAMHMIIBI MPOIYKIUU COCTABIAIOT 45
JI€H. €1., TO MPeAeNIbHbIE U3/IEPKKH, T.€. TOTOJHUTENbHBIE 3aTPaThl HAa IPOU3BOJICTBO
JOTIOJTHUTETPHON €TMHUIIBI TIPOAYKIIMU TIPU TaHHOM YpOBHE MPOHU3BOJACTBA (00bEeMe
BbIITyckaeMol npoaykuuu 10 ex.), coctaBisitor 35 AeH. en.

2. 3aBUCUMOCTh MEXIY CEOCCTOMMOCTBIO €UHUIIBI TPOIYKIHUHU Y (THIC. py0.) U
BBIITYCKOM MPOAYKIMHU X (MJIpA. py0.) Beipakaercsa ¢dynkiueir y = —0,5x + 80y.
Haiitu snacTUyHOCTh c€0ECTOMMOCTH TMPH BBIMYCKE MPOIYKIIMH, paBHOM 60 MIIH.

pyo.
— . —_— X . !,
Pewenue. Tlo  dopmyneE,(y) =x-T, = S Y/2IacTHIHOCTD ce0eCTOMMOCTH
X —-0,5x _ X

Ex(y) = 052480 (=0,5) = -0,5x+80  x—160

IpU BBIITYCKE MPOIYKIUH, paBHOM 60 MIIH. py0., yBeauueHue ero Ha 1% npusener k

IMpu x = 60 E, ¢, (y) = —0,6, Te.

cHKeHu1o cedbecroumoct Ha 0,6 %.
3. O0BbeM MPOAYKIMH U, TPOU3BEICHHBIM Opuramond pabouyumx, MOXKET ObITh

ONMUCaH ypaBHEHUEM U = —§t3 + 175152 + 100t +50 (em.), 1<t<8 ,rmet —

pa6oqee BpEMs B Hacax. Bperaucnurts IMPOU3BOAUTCIBHOCTE TpyJdad, CKOPOCTh U TCMII
€C UBMCHCHHUA YCPC3 HacC IMMOCJIC HavdaJa pa6OTBI H 3a 9aC A0 €€ OKOHYaHHA.
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Pewenue. TIpou3BOAUTENBHOCTh TPY/A BBIpAKAETCA NpoM3BoaHOM z(t) = u'(t) =
5 0

—Etz + 15t + 100 (=), a CKOPOCTh M TEMI H3MEHEHHS MPOM3BOIUTEILHOCTH —
Yy

COOTBETCTBEHHO MPOM3BOAHON 2z (t)u norapudmuyeckoit npousBoanouT,(t) =

[lnz(t)]"

(®) —-15t+15 2t—6
T (t :Z = =
2(0) 2(t)  -2t2+15t+100  t2-6t—40

eo

),

B 3amanHsle MOMeHTHI BpeMeHH t; = 1 u t, = 8 — 1 = 7COOTBETCTBEHHO HMEEM:
eo ' eo eo eo jpan

z(1) = 112,5 (7),2 (1) = 10 (q—z),TZ(l) = 0,09 (7),z(7) = 82,5 (7),z (7)=-

eo eo
2o(q—2) [T, (7) = —0,24 (—)
HTak, Kk KOHILy paObOThl MPOU3BOJAUTEIBHOCTh TPYAa CYIIECTBEHHO CHW)KACTCS; MPU
9TOM u3MeHenue 3Hakaz (t)u T,(t) ¢ mIoca Ha MUHYC CBHJIETEIBCTBYET O TOM, YTO
YBCIMYCHUC IMPOU3BOIAUTCIIBHOCTHU TPyda B IICPBBIC YaChbl pa6otler0 JIHA CMCHSCTCA
€€ CHUKCHHUEM B IIOCJIICIHHUEC YaChlI.

3aanus I pac4yeTHONPadoThI
1. O6vem mponaykuuu U (yen.em.) 1exa B TeUeHUE pabouyero AHS MPECTaBISIET

Qynkuuro  u = —t3 —5t2+75t+425, rtme t —  Bpems (4). Haiitu
MIPOU3BOJUTENILHOCTD TPYJa uepe3 2 4 nocie Hayana paboThl.

2. 3aBUCUMOCTh MEXIy HU3JEpKKaMH TPOU3BOACTBA y (ZEH. en.) u 00beMOM
BBITyCKaeMOll mnpoxykumu x (en.) BeIpaxkaercsa ¢QyHkuueir y = 10x — 0,04x3.
Onpenenuts cperHUEe U NPEIeNIbHbIE U3ACPKKU IPpU 00beMe NPOAYKIMH, PAaBHOM 5
en.

3. ®yHKIMU cripoca (| U NPEJIOKEHUS S OT LIEHBI p BBIPAXKAIOTCS COOTBETCTBEHHO
ypaBHeHussMU ¢q =7 —pu s =p+ 1. Haiitu: a) paBHOBecHyl IeHYy; O)
AJIACTUYHOCTh CIIPOCa U MPEIOKEHUs IS 3TOM LEHbl; B) U3MEHEHue Jaoxona (B
MPOIICHTAX) MPU YBEIUYCHHUH 1IEHBI Ha 5% OT paBHOBECHOIA.

Tema 3.3UHTEerpasbHoe HcuncjieHue GyHKIHMU OTHO NepeMeHHOM

Hean: 3akpenuTh HABBIKM  BBIYHCIICHUS HEOIPEACICHHBIX W OMPEISICHHBIX
WHTETPaJIOB, HAYYUTHCSA MPUMEHATH UX TIPU PEIICHUHN MPUKIAIHBIX 3a7ad.

CamocTosiTe/ibHasi padoTa: OATOTOBKA MPE3CHTAIMUA U BBHITIOJTHEHUEPACUETHON
paboTHI.

dopma KOHTPOJIsI: TIPOBEPKA PaOOTHI

[Topsi1oK BBINOTHEHUS Pa0OTHI
1. Usyuute Teopetnueckuil marepuan no teme: «lcmonp3oBaHMe MHTErpajia B
SKOHOMHUKE» M, CcorjacHo  TmpuBeAeHHBIM B  Teme  3.2TpeOGoBaHUsM,
MOJITOTOBBTENPE3EHTAIIHIO.

31



2. BoimonHuTe pacyeTHyio paboTy, MpeIBaApUTEbHO U3YUUB, PACCMOTPEHHBIE HIDKE
3anauu. OdopmuTe penieHrue NMCbMEHHO B TETPAJIH.

Teopemuueckue ceedenus

IKonomuueckuit cmvici onpedenennozo unmezpana. Ilycte dynkumsa z = f(t)
ONKCHIBAET U3MEHEHHUE MPOU3BOUTEILHOCTH HEKOTOPOTO MTPOU3BOACTBA C TEUEHUEM
BpeMeHH. Torga oObeM MPOAYKUMU M, MPOU3BEIECHHON 3a MPOMEXYTOK BPEMEHHU
[0,T] MOXeT ObITH BEIYMCIIEH 1O hopMIIE:

u= Off(t)dt

T.€. ecnu f (t) — IPOM3BOAMTENBLHOCTD TPY/Ia B MOMEHT t, TO [ OT f(t)dt ectb 00beM
BBIITYCKaeMOM MpOAYyKIMH 3a npoMexxyTok [0, T |.

Eciu B ¢pynkunn Ko66a—/lyrnaca cuurarh, 4TO 3aTparhl TpyJa €CTh JUHEHHas
3aBHCUMOCTh OT BPEMEHH, a 3aTpaThl KalWTajlla HEM3MEHHBI, TO OHA MPHUMET BH]
g(t) = (x t + B)e?t. Torna 06beM BBITyCcKaeMOM IPOLYKIKY 3a T JIET COCTABUT:

Q= fOT(oc t + p)evtdt.

Ipumep:Haiitn oO6beM mpoayKiuu, MpousBeqeHHON 3a 4 Tona, eciau (QyHKIus
Ko66a-/{yrnaca umeer Bug g(t) = (t + 1)e3t

Pemenne: ITo gpopmyne Q = fOT(oc t+ pe’tdt: Q = f04(t + 1e3tdt.
Wcnonb3yeM MeTOJ HMHTErpupoBaHus 1m0 dvacTsaMm. Ilyctelu =t +1,dv =
e3tdt|Torma |du = dt,v = [ e3'dt = §e3t|

CrnenoBarensHo,  Q = (t + 1)§e3t |g — f04§e3tdt = %(5812 —1) - %e3t g _

%(14612 —2) = 2,53-10°(ycn. eo.)

[Tycts u3BecTHA PyHKIUS t=t(X), onmKCchIBarOIIas M3MEHEHUE 3aTpaT BPEMEHH t Ha
W3TOTOBJICHUE U3ZEIUS B 3aBUCUMOCTU OT CTEIIEHU OCBOCHUS IPOMU3BOACTBA, IAE X
— IOPSAAKOBBIA HOMEp U3AenusA B mapTuu. Toraa cpeanee Bpems tep, 3aTpayeHHOE Ha
W3TOTOBJICHUE OJHOIO H3AENus B IIEPUOJX OCBOEHUS OT X1 [0 X2 H3JENINH,
BBIYUCIIAETCS 10 TEOPEME O CPEAHEM:

X2

1
t., = —— J t(x)dx
v Xy — Xq
X1
Urto kacaetcs PyHKIIMU U3MEHEHUS 3aTpaT BPEMEHHU Ha U3TOTOBJICHHUE U3JICNUN t =
t(x), To 4acTo OHa UMEET BHUJ t = ax™? , TJI€ a — 3aTpaThl BPEMEHU Ha MEPBOE

56691 (SA11 % (A b — mokazarenn ITPONU3BOACTBCHHOI'O IIPOLIECCA.

32



IIpumep. Haittu cpennee Bpems, 3aTpay€HHOE HA OCBOCHHE OJHOTO M3JIEIIHS B
nepuoa ocBoeHus ot x; = 100mo x, = 121 wusnenuit, mnonaras B Qopmyie
n3MeHeHus 3arpar a = 600 (mun), b = 0,5.

Pemenue. Micrionb3yst hopmyty

X2
1
tcp =HJ t(X)dX
X1
[Tomyuyaem
121

(o=t j 600x~2dx = 20 2z |21 2290 575 o)
» = 121 100 XA =T AN oo T Ty T e .

100

3amaHus I pac4eTHONPadoThI
1. TlpousBoguTenbHOCTh TpyAa paboyero B TeUeHHE AHSA 3aaaercs (yHKIHEH
z(t) = —0,00625t% + 0,05t + 0,5(nen. exn./4), rme t — BpeMs B 4acax OT Hadaa
pabotsl, 0 < t < 8. Hailitu ¢pynkimio U = U(t), BeIpakarolyto 00beM MPOIyKIHH (B
CTOMMOCTHOM BBIPQKCHHH) U €T0 BEIMYNHY 32 pabounii ACHb.
2. CToMMOCTh TEpEeBO3KH OJHON TOHHBI Tpy3a HAa OAMH KUIOMETp (Tapud

. 10
nepeBo3kn) 3amaercs Gpyuknuein f(x) = m(ueH.eJ:[./KM). Onpenenute 3aTpaThl Ha

MePEBO3KY OJHOM TOHHBI I'py3a Ha paccTosiHue 20 kM

Tema 3.4 O0bikHOBeHHbIE UG PepeHInaTbHbIE YPABHEHUS
Hean:N3yunts oOnacTepuMeHeHusis 1ud pepeHurnanbHbIX YpaBHEHUH.
CamMocrosiTe/ibHasi pa6oTa: MOJArOTOBKA COOOIICHUS.
dopma KOHTPOJIsI: OLICHUBAHUE COOOIICHHUS.

[TopsiioK BBITOTHEHUS pa0OTHI
1. UWsyuute  Teopermueckuii  Marepuan 1o  Teme:  «Mcmonwp3zoBaHue
muddepeHnuanbHbIX YPAaBHEHU B DKOHOMHKE» W, COTJIACHO TPWBEICHHBIM HIKE
TpeOOBaHMAM, TIOJITOTOBBTECOOOIIICHNUE.

Cocmasnsams coooujenuem pekomeHoyemcs no ciedyrouemy an2opummy:

1. [TogoGpath muTepaTypy 1Mo JaHHOUW TeMe, TO3HAKOMHUTHCS C €€ COJEPIKaHUEM.

2. Tlonp3yscek 3akiagkaMyd OTMETUTh HanbOoJiee CYIIECTBEHHBIE MECTa WU CHAENaTh
BBIMUCKH.

3. CocTaBUTh IUIaH JOKJIAAA.

4 HanucaTh MJIaH JOKJaJa, B 3aKJIHOYEHHUE KOTOPOro 00s3aTEIbHO BBIPA3UTh CBOE
MHEHHME U OTHOIICHUE K U3J1araéMOM TEME U €€ CONEPKAHUIO.

5.1IpounTaTh TEKCT U OTPEAAKTUPOBATH €TO.

6.0gopMUTh B COOTBETCTBHM C TpeOOBaHUSMU K OQPOPMIICHUIO MHCHMEHHOU
paboTHI.

Ilpumepnas cmpykmypa ooknaoa:
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THUTyNBbHBIN JIACT;

OrunaBnenue (coaepkaHue) ¢ yKa3aHHEM CTPaHHUIL;
Bgrenenue;

OcHOBHas 4acTh;

3aKJIIOUYCHHUE;

Crucok nutepatypsl. THTEpHET-pECypCoOB.

Tema 4.1 BepoITHOCTB CJIy4al{HOT0 COOBITHA
Henab: mMOMYyYUTh HABBIKM 10 HAXOXKIEHUIO YCJIOBHBIX BEPOATHOCTEH;

BBIYMCIICHUIO BEPOATHOCTEH CJIOKHBIX COOBITHM C MOMOIIBIO TEOPEM YMHOKEHUS U
CJIOKEHUSI BEPOSITHOCTEH, TMOJYYUTh HABBIKA 110 BBIYHCICHUIO BEPOATHOCTEH
CJIOXHBIX COOBITUH C TOMOIIBIO0 (POPMYJITBI TOTHOM BEPOSITHOCTH

CamocTrosiTesibHasi padoTa: BBIIIOJIHEHUE PACUETHON pabOTHI;

dopma KOHTPOJISI: TIPOBEPKA PAOOTHI.

Teopemuueckue ceedenusi:

Ilyctb A u B — 3aBucumbie coObiTUs. Ycnoenou eepoamuocmuvio P(B|A) (unu
Pa(B)) Ha3pIBaroT BEpOSTHOCTH COOBITHS B, BBIUMCICHHYIO B MPEINOJIOKCHHUU, UTO
coObITHE A yX€e HaCTYIHJIO.

Teopema ymHONICEHUS 8EPOMHOCIEU

Teopema: BeposTHOCTH NpoW3BENEHUS] JABYX HE3aBUCHUMBIX COOBITHI paBHA
MIPOU3BEACHUIO BEPOSITHOCTEH ATUX COOBITUI

P(A'B) =P(A)P(B).

IIpumep .KakoBa BEpoOSITHOCTH TOTO, UTO MPHU ACCATUKPATHOM OPOCAHUM MOHETHI
rep0 Bemazger 10 pa3 ?

Pemenne: [lycte coObiTre Al — mosiBiieHHe repOa mnpu i-m Opocanuu. HMckomas
BEPOSTHOCTh €CTh BEPOSITHOCTh COBMEIeHUs Bcex coobiTuit Al (1=1,2,3,...,10), a Tak
KaK OHH, OUYEBHJHO, HE3aBUCHMBI B COBOKYIHOCTH, TO TpuMeHss dopmyny (10),
UMeeM

P{ApAy.Apg )= P{ A )P( Ay ). P App )

Ho P(Ai)=1/2 ans moboro i; mosToMy

4 i

10
Frd.A4....4 =| — =
( Ay Az ) {2] Iy

#s (O]

Teopema:  BeposTHOCTh NPOU3BENEHUS [BYX 3aBUCHUMBIX COOBITHI paBHA
IIPOU3BEJCHUIO BEPOSITHOCTEN OJHOTO M3 HMX Ha YCIOBHYIO BEPOSTHOCTBH JIPYroro,
BBIYMCIICHHYIO B IIPEJVIOKEHUH, UTO NIEPBOE YKE HACTYIUJIO.

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

Jiist Tpex 3aBUCUMBIX COOBITHIA:

P(AB) =P(A)P(B|A)P(C|A B).

IIpumep. U3 ypubl, comepxamieit 3 O0enblx U 7 YEpHBIX IIapOB, BEIHUMAIOT JBa
mrapa. KakoBa BeposSTHOCTb TOT0, YTO 00a I1apa OKaxkyTcst OeiabiMu ?
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Pemenune: Dta 3amava yxe Obula pemieHa B 1. 3 C MOMOIIBIO KJIACCHYECKOTO
oTpeeNieHus] BeposITHOCTH. Permmm ee, mpumenss ¢popmyiy (5). U3Bneuenue nByx
[IApOB PAaBHOCUJILHO TMOCJIEIOBAaTEIbHOMY MX wu3BIeYeHUI0. O003HauuM uepesA
MOSIBJICHHWE O€JIoTo Imapa TpU TMEepPBOM H3BJICUCHHHU, a Yepe3 B — MpH BTOPOM.
CoOpITHE, cocTosIee B TMOSBICHUU JIBYX OCJBIX IIApOB, SBIISETCS COBMEIICHHUEM
coowituiid u B. Ilo popmymne (5) umeem

P{AB)= P{A)Py B)

Ho P(A)=3/10; PA(B)=2/9, MOCKOJbKY MOCIE€ TOTO, KaK ObUI BBIHYT IEpPBbIN

Oeblii map, B ypHE OCTaNIOCh 9 1mapoB, U3 KOTOphIX 2 Oenbix. CiaeaoBaTenbHoO,

praz) 2. 2o L

&2 15
Teopema cnodceHus 6eposmHocmeri HeCOBMeCMUMBbIX COObIMUL

Teopema: BeposTHOCTH CyYMMBbI HECOBMECTHBIX COOBITMII paBHa CyMMe

BEPOSATHOCTEU 3TUX COOBITHIA:
P(A+B) = P(A)+P(B).

IIpumep.B ypHe 2 3eneHbiX, 7 KpacHbIX, 5 KOpHU4HEBBIX M 10 Oenbix mIapos.
KakoBa BeposITHOCT NOSIBJIEHHS IIBETHOTO 11apa?

Pemienue: HaxoauM COOTBETCTBEHHO BEpPOSATHOCTU TOSIBIIEHUS  3€JIEHOTO,
KpPacHOTO U KOpU4uHEBOro mapoB:P(3en.)=2/24; P(kp.)=7/24; P(kop.)=5/24. Tak xak
paccMaTpuBaeMble COOBITHSI, OYEBHUIHO, HECOBMECTHBI, TO, MPUMEHSISI AKCUOMY

CJIOKCHUA, HaﬁHCM BCPOATHOCTD IMOABJICHUA HBCTHOT'O IIapa:

N
(ye) = Flaen)+ Flap. )+ Flxop.) YRETRETRED

Teopema:
Ecimm A u B — coBMecTHBIE COOBITHS, TO
P(A+B) = P(A)+P(B)-P(A B).

Jlyist Tpex u 0osiee COBMECTHBIX COOBITHI 3Ta (hopMyJia 3HAYUTENHHO YCIOKHACTCS.

Hanpuwmep:

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

Ipumep: IlpousseneH 3aan U3 ABYX OpPyAUMM 0O MUIIEHU. BeposTHOCTH
nonaganuga w3 neporo opyaus paBHa 0,85, a u3z Broporo — 0,91. Haiitu
BEPOSITHOCTH MOPAKCHUS TICITH.

Pemenue: ITycth coObiTHE A — XOTS OB OJTHO TIOTIAIAHWE B MUIIICHB, COOBITHE A1
— MoTNalaHue B MUIIIEHB U3 TMIEPBOTO OPYIHsi, COObITHE Ay — MOIMAIaHUe B MUIIICHD U3
BTOPOTO OPYIUsl.

Torma A = A1 +Ao.

[Tockonbky coObITHS A1l A2 COBMECTHBI, TO

P(A) = P(A1)+P(A2)-P(A1Ay).

T.k. coobiTust A1 A He3aBucuMbl, T0 P(A1rA2)=P(A1) P(A2),
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rae P(A1)=0,85, a P(A2)=0,91 no ycrmoButo 3a1avu.
Hrak, P(A) =0,85+0,91-0,85' 0,91=0,9865.
Bepossimnocms npomueononoicno2o coovimusi
Heckonbko COOBITHI B JAHHOM OIBITE OOpPa3ylOT IOJHYIO TPYIIY, €CAH B

pe3yNbTaTe OMbITa 0053aTEIBHO JOJKHO MOSIBUTHCS XOTS OBl OTHO U3 3TUX COOBITHI,
OTcrona cienyer, 4ToO CyMMa COOBITUN TMOJTHON TPYIIBI €CTh JOCTOBEPHOE COOBITHE,
BEPOATHOCTH KOTOPOTO paBHA SAMHHIIC.

Eciu coObiTus, oOpa3zyromue MOJNHYI0 TPYIIy, MOMapHO HECOBMECTHBI, TO B
pe3yJbTaTe OIbITa MOSBUTCS OAHO M TOJIBKO OJHO M3 3THUX COOBITH.

Jlist cyMMBI TaKuX COOBITUH cripaBeinBa hopMyia

P(A1+Ax*....+Ap) = P(A)+P(A)+....+P(Ap) = 1.
Teopema: JIBa mpOTUBOMOIOKHBIX APYT APYTY COOBITHS 00pa3yrOT MOJTHYIO

rpymmy: P(A)+P(A) =1

IIpumep: B maptuum conepxurcs 20 neranen, cpeau KOTOPbIX 4 HECTaHAAPTHBIX.
JInst KOHTpoOJIsl B3sUIM Hayjady 3 jaetanu. HallTu BepoSITHOCTH TOTO, YTO XOTS OBl
OJIHA U3 B3ATHIX JETAJIIEN HECTAHIAPTHA.

Pemenne: Ilyctb coObiTe A — XOTS Obl OJHA U3 B3ATHIX JETaleld OKAXKETCS

HecTaHaapTHOH. PaccMoTpum coObiTre A , MPOTHBOIIOIOKHOE COOBITHIO A

~

A - CpCan B3ATBIX I[CTEU'ICﬁ HCT HCCTAHOAPTHBIX. Brerauciaum BCPOATHOCTD

- —m Ccl 16371 28

cobprrnst A:  P(A)=—= = =
n C, 34131201 57

Tenepb BBIYUCIUM BEPOATHOCTh HUCKOMOI'O COOBITHS:

— 28 29
P(A) = 1- P(A)=1-—=—=~0,509
57 57

IIpumep: Ileperopena ogHa U3 MATH DJIEKTPOJaMIl, BKIIOUYEHHBIX B CETh
nocnenoBareabHo. C 1ENbl0 YCTpPAaHEHHs] MOBPEXKIEHUS HayAady BbIOPaHHYIO
JAMITOYKY 3aMEHSIIOT FOJHOM, MOCJIE YEro cpa3y IpPOBEPSETCS UCIPABHOCTh JIUHUMU.
Ecnu mnoBpexaeHue He yCTpaHEHO, TO 3aMEHsAeTcs JApyras Jiamnouka. Haittu
BEPOATHOCTh TOTO, UTO MOBpEXJEHHE OyIeT YyCTpaHEHO TOJBKO IIOCTE 3aMEHbI
TPEThEN JIAMIIOYKHU.

Pemenne: Ilyctb coObiTHe A — MOBpeXAeHUE OylEeT MCIPABICHO IMOCIE 3aMEHbI
TPEThEN JIAMIIBI.

PaccmoTpum crieayroriue Tpu COObITHS:

A1 — nmnepBas 3aMEHEHHas JlaMIla 0Ka3aJlach IePEropeBIIEH;

Ar— BTOpasi 3aMEHEHHAs JJaMI1a 0Ka3aJ1ach epEropeBIIEH;

Az — TpeTbs 3aMEHEHHas JamIia 0Ka3ajach NEPEropeBIICH.

Torma: A= A -A, A
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HOCKOHBKy COOBITHS A - Ay u Ag3aBUCHMBI, TO

P(A) = P(AL - Ay - Ag) = P(A)) - P(Ag|A) - P(Ag[ Ay Ag)
BepOHTHOCTb COOBITHA a CCTb BCPOATHOCTL TOI'O, 4YTO IICPBas 3aMCHCHHAA JIaMIla

. — 4
OKAa3aJ1aCh UCIIPABHOM P(A)) = —.
5

VYciioBHass BEPOSITHOCTH P(/TZW) - BEPOSITHOCTH TOTO, YTO BTOpAsl 3aMEHEHHAas

JamIa OKa3ajach UCIPABHOM, €CIIM M3BECTHO, YTO IIEpBasi 3aMEHEHHAsI JIaMIIa TAKXKe
UCIIpaBHa.

i _3
TTooToMy P(Ay|a)==.
4

HaxoHer, yclOBHas BEPOATHOCTB p(aja -4, ©€CTh BEPOSTHOCTH TOrO, YTO

TPCThbsA 3aMCHCHHAJ JlaMIla OKa3alaCb HeperopeBLueﬁ, CCJIM U3BCCTHO, YTO IICPpBasd U
BTOpasa 3aMCHCHHBIC JIAMIIbI ObLIN HCIIPpaBHBIMMU.

OTkyna P(ag|a - A,) = %

_431
Temnepsb mojacynTaeM HCKOMYIO BeposTHOCTE: P(A)=-.=.=-0,2
543

IIpumep: BepoATHOCTH TOro, 4TO JAETajdb HYXKHOTO BUJA HAXOJIUTCS B NEPBOM,
BTOPOM, TPETHEM SIIIIMKE COOTBETCTBEHHO paBHbl 0,7; 0,8; 0,9. Halitu BepoaTHOCTH
TOTO0, 4YTO JIETAJIb COACPKUTCS HE MEHEE, YEM B JIBYX SIIUKAX.

Pemenne: Ilycts coObITHE A — eTaib HY)KHOT'O BHJIa HAXOAUTCS HE MEHEE, YeM B
JBYX SITUKaX. PaccMoTpuM ciienyromme Tpu COOBITHS:

A1 — neTanib Hy’)KHOTO BUJIa UMEETCS B 1-0M SIIKKE;
Ay — neranib Hy’)KHOTO BHJIa UMEETCS BO 2-OM SIIIUKE;
Asz- neralib Hy’)KHOTO BUJAa UMEETCS B 3-€M SIIIUKE.
CoObitre B1= A - A, -A; 3aKITFOYAETCS B TOM, YTO HYXKHOT'O BH/A JICTANIb HMEETCS BO

2-0M U 3-eM sIIuKax, HO ee HeT B 1-oM smuke. CoOBITHS UMEETCS BO 2-OM U 3-eM
HE3aBHCUMBI, IO3TOMY

P(By) = P(E) -P(A,)-P(Ag) =(1-0,7)-0,8-0,9 = 0,216.
CoObiTHE B, = A1~AZ~ A3 3AKJIFOYACTCA B TOM, YTO HYXHOI'O BHIA JICTAlb UMECTCS B

1-om 1 B 3-eM smMKax, HO €€ HET BO 2-OM SIIUKE.
CoObitie B3=A1Ay A, 3aKIIF0OYaETCS B TOM, YTO HY)KHOTO BHJIA JIETANIb UMECTCS B

1-oM m 2-0M SIHMKaX, HO €€ HET B 3-eM SIIHKE.

P(83)=P(A1) P(A2) P(Ag) =0,7-08-(1-0,9) = 0,056.

Haxowner, coositrie Bs=A; Ay Az 3akioyaeTcs B TOM, YTO HY>KHOT'O BUJIa JI€TaJb
nMeeTcsa U B 1-oM, ¥ BO 2-0M, U B 3-eM SIIIHKaX.

P(B,) = P(A))-P(A,)-P(A3)=0,7-0,8-0,9 = 0,504.
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CoObiTHE A TIPOM30MAET TOT1a, KOT/1a MMPOU30MIET OJHO U3 COOBITHIA:

unu B1, wnm By, unu Bi, i Ba. [Toatomy A=B;+B,+B3+Ba.

[Tockonbky coObiTus B1, B2, B3, B4 HecoBmecTHBI, TO

P(A)=P(B1)+P(B2)+P(B3)+P(B4).

Brraucnsiem:

P(A)=0,216+0,126+0,056+0,504=0,902.

Dopmyna noaHoU 8epoAMHOCmU

[TycTh coObITHE A TMPOUCXOAUT COBMECTHO C OJHUM W3 cOoObITHi (Tmmote3) Hi,
Hy,... H,, xoTopble o0pa3yloT MOJHYIO Tpymmy coObiTuil. Torma crpaBemjivBa
Gopmyna noanoti eeposmuocmu coovimus A :

P(A) = %P(HK ) - P(A‘HK ),
k=1

rne P(Hi) — BepositHOCTh THnoTe3bl Hy, P(A | Hy) — ycioBHast BEpOSTHOCTH A, T.c.
BEPOSITHOCTD MOSABJICHUS COOBITUS A MPHU YCIOBUH, UTO Mpou3oiia runore3a Hy .

IIpumep.Tpu aBTOMATa U3TOTOBJISIIOT OAMHAKOBBIE JIETAJIH.

N3BecTHO, uTO mEpBbIil aBToMaT Mnpou3BoAUT 30% Bcel NMPOIYyKLIMHU, BTOPOH —
25% wu tpetui — 45%. BepoATHOCTh H3rOTOBJIEHHS AETalld, COOTBETCTBYIOIIEH
CTaHIapTy, Ha nepBoM aBromare paBHa 0,99, ma Bropom — 0,988 u Ha TpeTbeMm —
0,988. BCe M3rOTOBIICHHBIE 3a CMEHY JIETAJIM CKJIAJbIBAIOTCS BMecTe. OnpenenuTb
BEPOSATHOCTh TOT'O, UTO B35iTas HayJauy JI€Tallb HE COOTBETCTBYET CTaHIAPTY.

Pemenue: Ilycth coObiTe A — B3siTas Haynady JeTalb HE COOTBETCTBYET
CTaHJapTYy.

I'unioressr:

Hi- B3dTas neranb M3roToBiieHa NEPBBIM aBTOMATOM;

H»- B3dTas neranb U3roToBiieHa BTOPHIM aBTOMATOM;

Hs- B3dTas neranb U3roToBiieHa TPETHUM aBTOMATOM.

Brruucium BEpOsITHOCTh THUIIOTES.

30% 25% 45%
P(H ) = =03 PH )= =025 P(H )=
1 100% 2 100% 3 100%

= 0,45.

BrruuciauMm yciioBHbIE BEPOSTHOCTH:
P(A | Hi) — BEpoOsATHOCTH TOTO, YTO B3sTas Haynady AeTajlb HE COOTBETCTBYET
CTaHIApTY, €CJIM OHA U3TOTOBJIEHA IIEPBBIM aBTOMATOM.

P(4

H)=1-0,99 = 0,01. P(4/H )=1-0,988 = 0,012.
1 2

P(4

H )=1-0,988 = 0,012.
3

BeposTHOCT COOBITHSI A TOACYUTHIBaEM 1O (hOpMYyJie TIOJTHON BEPOSITHOCTH :
P(A)=0,3 ‘0,01+0,25 -0,012+0,45 -0,012=0,009.
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IIpumep. B nepBoii ypue 7 Oenbix U 3 4epHBIX mIapa, BO BTOpOil — 8 Oenbix U 2
yepHbIX. [Ipu nepeBo3ke U3 nepBoil ypHbI BO BTOPYIO YPHY MEPEKATUIIUCH JIBa 1Iapa.
[Tocne Toro, Kak mIapel BO BTOPOMl ypHE MEPEMEMIAINCh, U3 HEE BBIKATUIICS IIap.
Haiiti BeposSTHOCTH TOTO, YTO BBIKATHUBIIMICS U3 BTOPOU YPHBI IIAp OCIIBIN.

Pemenue: ITycts coObiTHe Hi COCTOUT B TOM, YTO W3 MEPBOH YPHBI BO BTOPYIO
nepeKaTHIMCh 1Ba OembIX mapa, coobITue Hy COCTOUT B TOM, UYTO MEPEKATHIIUCH J1BA
YEPHBIX [Iapa, a coObITHE /{3 COCTOMT B TOM, YTO MEPEKATHIACHh LIapbl Pa3HOIO

nBeTa. MOXXHO BBIYHCIHTH BEPOATHOCTH P(H1)2C72/ C120 =7/15, P(H2)=C§/ C120

=1/15, P(H3)=7-3/ C120 =7/15 (upu pelIeHHH 3aJa4d  IO0JC3HO IMPOBEPHUTH
BBIIIOJTHCHHE HEOOXOAMMOTO YCIOBUS Y P(H;)=1).

Ecnu peannsoBanach runore3a Hi, To BO BTOPoi ypHE okazanoch 10 Genbix u 2
yepHbIX mapa. O003HaunM uepe3A coObITHE, 3aAKITI0YAIOLIEECS B TOM, YTO M3 BTOPOM

YpHBI BBIKaTHIICS Oenbrid mrap. Torma P(A/H1)=1O/C122 =5/33. Ecnu peanusoBanach

rurnote3a H,, To BO BTOPOil YpHE OKa3alioch 8 Oeibix U 4 4épHbIX 1mapa, u P(A/Hy)=

8/ C122=4/33. Jlerko mokazat, uro P(A/H3)=9/ C122=3/22. Teneps MOXHO

BOCITOJIB30BATHCS (DOPMYJIION MOTHOM BEPOSTHOCTH:

P(A4)=(5/33)-(7/15)+(4/33) (1/15)+(3/22) (7/15)= 47/330

IIpumep. B smuke nexar 20 TEHHUCHBIX Ms4€il, B TOM 4ucie 15 HOBbIX U 5
urpaneiX. J[js urpel BeIOUparoTCs 2 Msiua U MOCJE UTPbl BO3BpAIIAlOTCS OOpaTHO.
3ateM Ui BTOPOWM MIPbl TAKXKE HayAady H3BJIEKAlOTCsA eme ABa ms4da. Haitu
BEPOSATHOCTh TOT'O, UTO BTOpasi urpa OyJeT MPOBOAUTHCS HOBBIMU MSYaMHU.

Pemenue O003HaunM uepe3 4 coObITHE, 3aKITIOYAIOIIEeCs B TOM, YTO BTOpast UTpa
OyIeT mpoBOIUTHCS HOBbIMU Msiuamu. [lycth rumore3a Hi COCTOUT B TOM, UTO IS
MepPBOIl UTPHI OBUIM BHIOPAHBI JIBa HOBBIX Msi4a, TUIOTE3a H2 COCTOUT B TOM, UTO JIsI
MEePBOI UTPHI OB BHIOPAHBI HOBBIA M UTPAHBIN MA4YH, TUTIOTE3a /{3 COCTOUT B TOM,
YTO JIJIsl IEPBOM UTPHI ObLITM BBIOPAHBI JIBa UTPaHbIX Msada. Onpeaes M BEPOITHOCTU
TUTIOTE3:

P(H1)=c2 /c =21/38; P(H,)=15-5/C2 =15/38; P(H3)=C2/C2, =2/38.

Teneps BBIUKUCINM YCITOBHBIE BEPOSATHOCTH COOBITHS A.

P(A/H1)=C% /C2, =39/95; P(A/H)=C2 /c2 =91190; P(A/Hs)=C23 /C2 = 21/38.

Ocranock MOACTaBUTh PE3yJIbTaThl BEIYUCICHUHN B (HOPMYITY TTOJTHON BEPOSITHOCTH

P(A)=(21/38)-(39/95) + (15/38)-(91/190) + (2/38)- (21/38) ~ 0.445.

IIpumep.Ha aBTO3aBOA MOCTYNMWJIM ABUTATEIM OT TPEX MOTOPHBIX 3aBOAOB. OT
nepBoro 3aBoja mnoctymwio 10 gBurareneid, oT BTOporo — 6 U OT TpeTrhero — 4
nsuratens. BepositTHocTu 0€30TKa3HOW paboThl 3TUX JBUTATEe B TEUEHHUE
rapaHTUITHOTO Cpoka cooTBeTcTBeHHO paBHbl 0,9; 0,8; 0,7. KakoBa BEpOSTHOCTH
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TOTO, YTO YCTAHOBJICHHBIN Ha MAIIMHE JBUTATENh OyaeT paborath 6e3 ne(exToB B
TE€UYCHHE rapaHTUIHOTO CpoKa?

Pemenne CoObiTHe A— yCTaHOBJICHHBIM HAa MallMHE ABUTaTeNb OyAeT padoTaTh
06e3 meQeKTOB B TEUCHHWE TAPAHTHHHOTO CpOKa — MOXKET MPOM3OUTH, €CIIH

IIPOU30HIET OJHO W3 HECOBMECTHBIX COOBITHMA: Hl, H2, H3— YCTAaHOBJICHHBI Ha

MalllMHC OBUIAaTCJIb M3IrOTOBJICH Ha IICPBOM, BTOPOM HWJIHW TpPCTbECM 3aBOAC

COOTBETCTBEHHO. DTH COOBITHS 00pa3yIOT MOJHYIO TPYIITY, UX BEPOSATHOCTH:

10 6 4
P(Hl)zziozo,& P(Hz):?0=0,3, P(H3)=?0:O’2’

(KonTposs: P(H, )+ P(H,)+ P(H;)=1).

Io yenosmo B, (A)=0,9, By, (A)=08, Ry (A)=07.

ITo dbopmyte mosHOM BEpOSATHOCTH

P(A)= P(Hl)PH1 (A)+ P(HZ)PH2 (A)+ P(H3)PH3 (A)=
=0,5-0,9+0,3-0,8+0,2-0,7=0,83.

@opmyna baueca

[TycTh BeposiTHOCTH TUMIOTE3 110 onbita Obn P(H1), P(H2),... P(Hp). B pe3ynbrare
omnbITa MosiBHIIOCH coobiTE A . Toraa ycnoBHasa BeposaTHOcTh P(Hy | A) runote3bl Hy
C YYETOM MOSBJICHHS COOBITHS A BhIUUCISETCS 110 popmyne batieca:

P(H ) P(A‘HK) P(H ) P(A‘HK)
P(H |4) = — =

T P(H,) - P(A‘Hi) P(A)
i=1

IIpumep.Ha nByx cTaHkax npOHU3BOAAT OJWHAKOBBIE JETAM, KOTOPBIE TOCTYNAIOT
Ha KoHBeiiep. IIpom3BOAMTENHHOCTH TMEPBOTO CTaHKa B TpU paza OoJiblie
MIPOU3BOJIUTENIBHOCTH BTOporo. llepBeiii craHok maetr B cpennem 80% peraneit
OTJINYHOTO KauecTBa, a BTopoil —90%. Haypauy B3siTas ¢ KOHBelepa aeTab
OKa3ajach OTIMYHOTO KayecTBa. HalTh BEpOATHOCTH TOrO , UTO OHA U3TOTOBJICHA HA
BTOPOM CTaHKE.

Pemenune Ilycte coObiTe A - B3siTas HayAady ¢ KOHBeWepa JeTaidb OTIMYHOTO
Ka4yeCTBa.

I'unioressr:

Hi- nerans n3rotosneHa Ha NEpBOM CTAHKE;

H»- nerans n3roroBneHa Ha BTOPOM CTaHKE.

BeposiTHOCTB rumnoTe3 10 mosiBIECHUS COOBITUS A

P(H1)=3/4; P(Hy)=1/4.

VY CII0BHBIE BEPOATHOCTH
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80% 90%
P(A|H ) = = 0,8; P(AH ) = = 0,.
1 100% 2" 100%

BepositHocT TOro, 4To B34Tas  HayJayy C KOHBEHepa JeTalb OKaXeTcs
OTJIMYHOTO KAYEeCTBA, T.€. BEPOSITHOCTh COOBITHS A, BBIUUCISIETCS MO (opmyIie
MOJIHOM BEPOSITHOCTH:

3 1
P(4) == 0,8+ — 0,9 = 0,825,
4 4

Hckomas BCPOATHOCTD TOI'O, 4TO B3ATAA ACTAJIb OTIMYHOI'O KaYCCTBA U3IrOTOBJICHA

Ha BTOPOM CTaHKe, BBIUHCIISIETCS o dbopmyie batieca:
: 0,9
P(H,) P(4H,) , >
P(H2 A) = = ~ 0,273.
P(A) 0,825

IIpumep. B niepBoii ypHe 7 Oenbix U 3 4epHBIX I1apa, BO BTOPo — 8 Oenbix u 2
yepHbIX. [Ipy nepeBo3ke U3 nepBoOi ypHBI BO BTOPYIO YPHY MEPEKATHIMCH JBA IIapa
Y IIapbl BO BTOPOW YypHE NepeMelianuch, U3 He€ BbIKaTWiCS Oenblil map. Haiitu
BEPOSITHOCTh TOTO, YTO M3 MEPBOM YpHBI BO BTOPYIO MEPEKATUIUCH PA3HOLBETHHIC
IaphI.

Pemienne

[TycTth coObiTHE H1 COCTOUT B TOM, YTO M3 MEPBOM YPHBI BO BTOPYIO NEPEKATUIICH
NBa OeNbIX 11apa, coObITue H7 COCTOUT B TOM, UTO MEPEKATUIIMCH JBa YEPHBIX IIapa,
a coObiTue H3 COCTOMT B TOM, UTO MEPEKATUIIUCH IIapbl pa3HOro IBeTa. MOXKHO

BBIYHUCIIUTG  BEPOSITHOCTH P(H1)=C72/ C120=7/15, P(H2)2C§/ C120=1/15, P(Hs)=

7-3/ C120 =7/15 (mpm pemieHWW 3a7addl  TOJE3HO TPOBEPUTH  BHITIOJHCHUE
HeoGxomumMoro yernosus ¥ P(H;)=1).

Ecnu peanuzoBanach runore3a Hi, TO BO BTOpod ypHe okazanoch 10 Oenbix u 2
yepHbIX 1apa. O003HaYMM uepe3A COOBITHE, 3aKJIF0YAIOIIeecss B TOM, YTO U3 BTOPOH
ypHBI BhIKaTHiCs Oenbrid mrap. Torma P(A4/H1)=10/ C122 =5/33. Ecnu peanuzoBanach

rurnote3a H,, To BO BTOPOi YpHE OKa3asioch 8 Oeibix U 4 uépHbIX 1mapa, u P(A/Hy)=

8/ C122 =4/33. Jlerko moka3arb, uto P(4A/H3)=9/ C122 =3/22. Temepb MOXHO
BOCITOJIB30BATHCS (DOPMYJIION MOTHOM BEPOSTHOCTH:

P(A)=(5/33)-(7/15)+(4/33) (1/15)+(3/22) (7/15)=47/330

Brruncnenus noacrasum B popmyny baiieca

P(H3/A)=P(AlH3)P(Hs)l P(4)=(3/22)(7/15)/( 47/33)=7/47.

IIpumep CooOuieHne co CIyTHHKa Ha 3eMJII0 mepefaércs B BHJEe OMHApPHOIO
KO/a, TO €CTh KaK yHoOpsAO4YeHHOro Habopa Hyjell u eauHul. lIpeamonoxum, 4To
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nocinanue Ha 70% coctouT u3 Hyjaed. [lomexu npuBOAAT K TOMY, 4TO TOJIBKO 80%
HYJIEH M €IVHUII IIPABUJIBHO PACIlO3HAIOTCS NMPUEMHHUKOM. Eciy mpuHsT curdan “17,
TO KaKOBa BEPOSITHOCTh TOTO, YTO OTHpPaBJEeH curHai “0”?

Pemienne Ilycth coObITHE By COCTOMT B TOM, 4YTO OTIpaBiieH curHaia “0”, a
coObITHE B1 —B TOM, 4TO OTmpasieH curHail “1”. [lyctb coObiTHE A9 COCTOUT B TOM,
yto mpuHAT curHan “0”, ¢ coObitue A1 — B TOM, yTO HpHHAT curHan “1”. Hac
untepecyet P(Bo/A1). [1o ycnosuro

P(Bo)=0,7 P(Bl):0,3

P(Ao/ Bo)=0,8 P(All Bo)=0,2

P(AllBo)=0,8 P(Ao/ B 1)20,2

ITo bopmyne batieca monmydaem

P(Bo/A4,)=0,2-0,7/(0,2-0,7+0,8-03)=0,37.

Hpumepllo nenn HezaBucUMO cOpocunu ABe O0MObI. BeposTHOCTh momnagaHus
s Kaxaoi 6omObl paBHa 1/2. Tlpu nmonaganuu ogHONW OOMOBI TIeNTb TOPAXKAETCS C
BEpOSATHOCTH 1/2, a mpu momagaHuu IByX OOMO OHa MOPaXKaeTcs C BEPOSTHOCTHIO
2/3. HaliTi BEepOSITHOCTD TIOPaKCHUS LICIIH.

Pemenue.Ilycts coObitust Hi, Hy u H; coctoar B monmamanuu 0, 1 u 2 60M0
cooTBeTcTBEHHO. CoObITHE A cocToMT B mopaxkeHuu uenu. Ilo dopmyne nomHon
BEPOSITHOCTH

P(A)=P(A|H1)P(H1)+ P(A|H2)P(Hz)+ P(A|H3)P(Hs).

P(A|H1)=0, P(A|H2)=1/2, P(A|H3)=2/3, P(H3)= %, P(H3)=1/4.

[Toaromy, P(A)= (1/2)(1/2)+(2/3)(1/4)=5/12.

3amaHus I pacu4eTHONPadoThI
Teopema ymHOICEHUA 8EpOAMHOCMEU

1. BeposATHOCTH TOro, YTO CTPEIOK IPHU OAHOM BBICTPENE IONANAET B MUUICHB,
paBHa p = 0,9. Crpenok nmpousBein 3 BeicTpesia. HaliTh BEpOATHOCTH TOTO, YTO BCE 3
BBICTpeNa ganu nonaganue. Oms. 0,729,

2. bpomeHbl MOHeETa W WrpajbHas KOCTb. HalWTW BEPOATHOCTH COBMEIICHUS
coObIThi: "mosBHIICS "Tep0", "mosBHIOCH 6 0uKOB". Omes. 1/ 12,

3. B nByx sinmkax HaxoAsTcs Jaeranu: B nepBoM — 10 (M3 HUX 3 CTaHJapTHBIX),
BO BTOpOM — 15 (u3 HuX 6 craHmapTHbIX). M3 KaX10ro sinyka HayJ1adyy BBIHUMArOT
no oaHoW peranu. HalTh BepoATHOCTH TOro, 4YTO 00€ JeTalu OKaxyTcs
crangapTHeiMu. Oms. 0,12.

4. B crynuu TeneBUACHUS 3 TEJIEBU3UMOHHBIX Kamepbl. ISl KaKIOW KaMmepsl
BEPOSATHOCTH TOTO, YTO OHA BKJIIOYEHA B JIAaHHBIM MOMEHT, paBHa p = 0,6. Halitu
BEPOSTHOCTh TOT'O, YTO B JJAHHBI MOMEHT BKJIFOUE€HA XOTsI ObI 0J1HA Kamepa (COOBITHE
A). Oms. 0,936.

5. UeMy paBHa BEpOSITHOCTh TOTO, YTO MpH OPOCAHUU TPEX UTPAIbHBIX KOCTEH 6
OYKOB IOSIBUTCS XOTs ObI HA 0JTHOM U3 Koctel (coObiTue A)? Oms. 91 / 216.
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Teopema cnooscenus eeposmuocmeu

1. B nenexxHo-BemieBoit norepee Ha Kaxasie 10000 O6unieroB passirpeiBaetcs 150
BelIeBbIX U S50 JEHEXKHBIX BbIMIPHINICH. UeMy paBHA BEpOSTHOCTh BBIMIPHIIIA,
0e3pa3nu4yHO JCHEKHOIO WM BEIEeBOro, ISl BIaJeiblla OJHOTO JIOTEPEHHOTO
owrera? Ome.p = 0,02.

2. BeposTHOCTb TOTO, UTO CTPEJIOK IIPH OJTHOM BbICTpee BbIObeT 10 0uKkoB, paBHA
0,1; BepossTHOCTH BBEIONTH 9 oukoB paBHa (0,3; BEPOATHOCTH BHIOWTH § WM MEHBIIIE
oukoB paBHa 0,6. HaliTu BEpOATHOCTH TOTO, UYTO MPU OJHOM BBICTPEJIE CTPEIIOK
BBIOBET HE MeHee 9 oukoB. Oms.p = 0,4.

3. B maptuu u3 10 neraneii 8 cranmaptHeix. HailTu BEpOSITHOCTH TOTO, YTO CPEOU
Hay/1auy U3BJICYCHHBIX 2 JIeTajeil ecTh XOTs Obl 0JiHa cTaHfapTHast. Omea.p = 44 / 45.

4. B smuke 10 meraneid, cpenn KOTOPBIX 2 HECTAHAAPTHBIX. HallTh BEpOSATHOCTH
TOr0, YTO B HayjAady OTOOpaHHBIX O JeTalsX OKaxeTcs He O0osiee OTHOM
HecTaHaapTHOM aetanu. Oms. p =2/ 3.

Vkazanue. Ecntu A — HeT HM OJHOW HECTaHJapTHOW Aeranu, B — ecTh onHa
HECTAHJApPTHAs J€Tallb, TO

P(A+B)=P(A)+P (B) = C8 / C8 + CY, * C5/ Cbyy.

@opmyna noaHoU 6eposmHOCmU

1. Ha ¢upme paboTaroT COTpYJHUKH pa3HOTo Bo3pacta. MONOAbIX COTPYIHUKOB —
24, cpenHero Bo3pacta — 82 M MOXWIBIX — 16. BEeposATHOCTH TOro, 4TO MOJIOAOTO
COTPYIHHMKA OTIPABAT Ha TMOBbIIEHUWE KBaudukauuu, paBHa 0,52; coTpyaHHKa
cpennero Bo3pacta — 0,54; moxwunoro — 0,36. Halimure BEpOSITHOCTH TOTO, 4YTO
BBIOPAHHOTO HayAa4y COTPYIHHUKA OTIPABST MOBHIIATH KBATU(DUKAITHUIO.

2. B 6ubnuotexe nmeercs 21 kHura mo uctopuu, 34 KHUTU —I10 MaTeMaTuke, 25
KHUT — 10 IOPUCIPYJICHINU. BEepOosSATHOCTh TOr0, YTO KHHUTA 10 UCTOPUU 3aHECEHA B
AJIEKTPOHHBIN KaTaior, paBHa 0,33; mo maremaruke — 0,15; mo ropucnpyaeHuuu —
0,61. Haiigute BepoOSTHOCTH TOTO, YTO BbIOpaHHAs HayJayy KHHUra 3aHeceHa
B DJIEKTPOHHBIN KaTaJIOr.

3. Ilaccaxup 3a mojydeHue OmIeTa MOXXET OOpaTUThCS B OJHY M3 TpeX Kacc.
BepositHocTh 0Opamienus B mepByro kaccy coctaBisier 0,4, Bo Bropyto — 0,35, B
TpeThio — 0,25. BeposITHOCTh TOTO, UTO K MOMEHTY MPUXO0Ja MACCAKUPA UMEIOIIHECS
B Kacce OumeTsl OyayT mpojaHbl, paBHA s nepBoi kaccel 0,3, mis Bropoi — 0,4,
st Tpetbeit — 0,6. HaliTu BeposSITHOCTH TOTO, YTO MACCAXKUP KYITHUT OUIICT.

@opmyna baueca

1. B mara3uH mocTymnarT OJWHAKOBbIe 3iekTpudeckue yTioru: 80% ¢ oJHOro
3aBoga u 20% c npyroro. M3BecTHO, 4TO NEPBBIM 3aBoA BbimyckaeT 90% npoaykuumy,
CIIOCOOHOM MPOCITYXUTh TapaHTUWHBIA CPOK, a BTOpoi 3aBoa — 95%. KakoBa
BEPOSITHOCTh, YTO KYILJIEHHBIM B MarazuHe yTIOT MPOCITYKUT rapaHTUIHBIN CPOK?
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2. Ha cbopky nmoctynarot uzaenus Tpex 1exon: 50 uznenuii u3 nepsoro uexa, 40
u3 BToporo u 30 W3 Tperbero. BeposTHOCT TOro, YTO HW3AENHE IEPBOrO IEXa
OTJINYHOTO KadecTBa, paBHa (0,8, 1 BTOPOTO 1€Xa 3Ta BEPOSITHOCTH paBHa 0,9, mis
tpethero - 0,8. Haynmauy B3dTO€ COOpPIIMKOM H3JENHE OKa3ajoCh OTIWYHOTO
kauecTBa. KakoBa BEpOSITHOCTb, YTO 3TO U3/AEJIUE MOCTYIHIIO U3 BTOPOIo Lexa?

3. UsBectno, uro B maptun u3 600 mammouex 200 jamMmoyex H3TOTOBICHO
nepBbiM  3aBojaoM, 250 - BropeiM M 150 - Tperbum. M3BecTHO Takke, 4YTO
BEPOSATHOCTH H3TOTOBJICHHS CTAaHAAPTHOW JIAMIOYKM 1-M, 2-M U 3-M 3aBOJIOM
cooTBeTcTBeHHO paBHbl 0,97 ; 0,91 ; 0,93. KakoBa BepOSATHOCTb TOr'0, UTO HayJady
B35Tas U3 NMAPTUU JAMIIOYKA OKaXXETCSI CTaHIapTHOM ?

4. Tpoe OXOTHMKOB OJHOBPEMEHHO BBICTPEIIMIU MO MEABEASIM, KOTOPBIM ObLI
youT ofHO# myneit. Onpenenutb BEPOSTHOCTb TOTO, YTO MEJBE/Ib ObLT YOUT MEPBHIM
OXOTHUKOM, €CJIM BEPOSITHOCTH MONAaJaHusl JJIsl HUX PaBHbI COOTBETCTBEHHO: 0,2 ; 0,4
; 0,6.

5. bputa mpoBeneHa oHA W Ta K€ KOHTPOJIbHAsg paboTa B TpeX MapajuieabHBIX
rpynnax. B 1-oif rpynne, rae 30 ywammxcs, oka3zajaoch 8 pa0oT, BBIMOJHEHHBIX Ha
«otiauyHo»; Bo 200i, rae 28 ywammuxcsa — 6 padort, B 3-ei, rae 27 ydammxcs — 9
pabot. HaliTu BEpOATHOCTH TOTO, YTO TMEpBas B3siTas Hay/adyy MPU TOBTOPHOM
poBepke padoTra u3 paldoT, MPUHAISKAIUX TPYIIE, KOTOpas TaKke BbIOpaHa
Hay/1auy, OKa)KETCS BHIMOJTHEHHOW Ha «OTIUYHOY.

6. B mupamuae 5 BUHTOBOK, TPH M3 KOTOPBIX CHAOKEHBI ONTHYCCKUM IPHUIICTIOM.
BeposTHOCTH TOTO, UTO CTPENIOK MOPa3UT MHUIICHBL MPU BBICTPEJIC U3 BUHTOBKU C
onTUYecKuM mpuiiesioMm paBHa 0,95; nias BUHTOBKH 0€3 ONTHYECKOTO MpHIlEia JTa
BeposiTHOCTH paBHa 0,7. HaliTu BepoOSITHOCTH TOTO, UTO MUIIEHb OYAET MOpakeHa,
€CJIM CTPEJIOK MPOU3BENIET OAUH BBICTPEN U3 HayJady B3ATOW BUHTOBKHU.

/. B BbIUMCIMTENBHON JTAOOPATOPUH HMMEETCS] IIECTh KJIABUIMHBIX aBTOMAaTa H
YeThIpe MoyaBTOMara. BepoATHOCTh TOTrO, YTO 3a BPEMS BBIIIOJHEHHUS] HEKOTOPOIO
pacuera aBTOMAT HE BBIMAET M3 cTpos, paBHa 0,95. nmma mosyaBTOMara sTa
BepossTHOCTh paBHa 0,8. CTyaeHT NpPOM3BOJUT pacueT Ha HayJady BbIOpaHHOU
MamuHe. Haitu BEpOSITHOCTh TOrO, 4TO 4O OKOHYaHMS PacueTa MallvHA HE BBIAJET
U3 CTPOSL.

8. B mupamuae 10 BUHTOBOK, M3 KOTOPHIX 4 CHAOKEHBI OMTHUYECCKUM TIPHUIICIIOM.
BeposTHOCTH TOTO, YUTO CTPENIOK MOPa3UT MHUILIEHb MPU BBICTPENIE U3 BUHTOBKHU C
ONTHYECKUM TpuiiesnoM, paBHa 0,95. Jlns BunToBKM O€3 onTuueckoro npuiena 0,8.
Ctpenok mopas3usl MUILIEHb UX HayAaudy B3SITOW BUHTOBKU. UTO BEpOSITHEE: CTPENOK
CTpEJIsJT U3 BUHTOBKH C ONITUYECKUM TMPHULIEIOM U 6e3 Hero?
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Tema 4.2. CryqaiiHble BeJMYMHBI
Ieab:MOJy4uTh HABBIKU T10 BBIUUCICHUIO XapakTepucTuk JICB, 3agaHHOi CBOMM
pacripesieieHeM, BBIYUCICHHE (C TOMOIIBIO CBOMCTB) XapaKTEPHUCTUK IS
dbyHKIui 0T oHOM Mu Heckosibkux JICB

CamocrosiTesibHAasi padoTa: BBHITIOJHEHUE PACUETHOM pPabOTHI.
dopma KOHTPOJISI: IPOBEPKA paCYETHOU padOTHI.
Teopemuueckue ceedenus:

Cnyuaithoii @enu4unOll HA3BIBACTCS BEJIMYMHA, KOTOpas B pe3yJbTaTe OIbITA
IIPUMET OJHO U TOJBKO OJHO BO3MOXKHOE 3HAYEHME, IPU ITOM 3apaHEe HEU3BECTHO,
KaKO€ UMEHHO.

Jluckpemmnoii Ha3bIBAIOT CIy4YailHYIO0 BEJIMYKMHY, KOTOpas MPUHUMAET OTACIbHBIE,
M30JINPOBAHHBIC 3HAYECHUS.

Crny4aiiHyto BEeJIMUMHY B JaJIbHENIIIEM MbI OyZieM 0003HaYaTh 00JIbIION OYKBOM X,
a ee BO3MOKHbIE 3HAYEHUS MAJIEHbKOW OYKBOH X.

Hanpumep, X- 4uciio MONagaHuil MpU TPeX BBICTpesiax. BO3MOXKHBIE 3HAYEHUSA
3TOM chaydyaHOW BenuuuHbl: X1=0, Xo=1, x3=2, Xx4=3. PaccMmoTpum ciy4aitHyto
BEJIIMYMHY X C BO3MOXHBIMU 3HAYEHUSIMH X1, X2,...Xn . KakI0€ U3 3THX 3HAYEHUU
ClIy4yaliHasi BEIMYMHA MOXET MPUHATHh C HEKOTOPOW BEPOATHOCTHIO:

P(X=x1)=p1, P(X=Xx2)=p2, ... P(X=Xn)=pn.

B pesynbrare ombiTa ciydaliHas BelWYMHA X MOPUMET TOJBKO OJHO M3 3THX
3HAQYEHUH, T.€. MPOU30MUJET TOIBKO OJHO U3 MOJHOM TPYNIbI COOBITHM: X=X1,X=X2,
.. X=Xp,

ITockoyIbKy CcyMMa BEpPOATHOCTEM  MOJIHOW TPYIIIBI TMOMAPHO HECOBMECTHBIX

n
cobbITHii paBHa 1, T0 2P, =1
i=1

3akonom pacnpegesenuss JICB Ha3bpiBaeTCsi COOTHOUIEHHE MEXKIY €€
BO3MOYKHBIMH 3HAYCHUSIMU U MIX BEPOSITHOCTAMH (T. €. BEPOATHOCTSIMHU, C KOTOPBIMH
CiTyJaiiHasi BeTWYMHA MPUHUMACT 3TH BO3MOKHBIC 3HAUCHMS ).

3aKoH pacrpeaesieHuss MOXKeET ObITh 3a51aH hopmyroit (popmynbsl beprysm,
[Tyaccona u ap.), Tabnutiel unu rpadukom, a Takke PyHKIMEH pacrpeaeieHus.

Xj X1 X2 e Xn

Pi p1 P2 e Pn

HA3bIBACTCA 3aKOHOM MJIM PSAAOM pacnpeaejieHUus] AMCKPETHOH CJIy4YailHOH
BEJIUYHMHBI.

Yucnoewvie xapakmepucmuxu /[CB
Mamemamuueckoe odxcuoanue J[CB
Mamemamuueckoe oxncuoanuelICB naxonurcs no Gpopmye:
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n
M(X) = Zx.p,
i=1

Beposmnocmubiii  cMblcidTOTO  BBIDQKEHHUS TAaKOB: TMpU  OOJBLIIOM  YHUCITE
U3MEpPEHUN cpeiHee 3HaUeHUEe HAOII0AaeMbIX 3HAUCHUI BEIMUMHBI X MTPUOINKACTCS
K €€ MaTEMaTUYECKOMY OKHUJAHUIO.

Mexanuueckuii  cMbICIOTOTO ~ PABEHCTBA  3aKIIOYACTCSI B CIEAYIOLIEM:
MAaTeMaTUYECKOE 0XKHUJAHUE €CTh a0CIMCca IEHTPA TSHKECTH CUCTEMbl MATEPHATBHBIX
TOYEK, a0CHUCCHhI KOTOPHIX PAaBHBI BO3MOXXKHBIM 3HAYEHUSIM CIIyYaHOW BEJIIMYUHBI, a
MACCHI - UX BEPOSATHOCTSIM.

Jucnepcus J[CB

Jlucnepcusa ciiydaliHOW BeJMYUHbBI X €CTh

2
D(X) = M((X - M (X)) )
Jucnepcuro cirydaitHoi BenunHbI X MHOT/IA YA00HEe BEIYUCIIATH 10 (hopMyIie

A(X) = M(X)" — (X))

Beposmuocmuvii  cmwuicnJlucnepcust  CllydalHOM — BEIMYMHBI X €CTh
XapaKTEpPUCTUKA PACCEUBAaHMS PA30POCAHHOCTH 3HAYEHUN CIydyalHOW BEJIMYUHBI
OKOJIO €€ MaTeMaTU4YECKOro OKHAaHus. Jlucnepcusi ciaydyailHOM BEIMYMHBI MUMEET
Pa3sMEpPHOCTh KBaJpaTa CIIy4aliHOW BEJIMYHUHBI.

Cpeonee keadpamuueckoe OMKIOHEHUE

Jlns Oonee HarjsiIHOM XapaKTEPUCTHUKH pacCerBaHUsl yAOOHEE IMOIb30BaThCs

BEJIMYMHOW, HMMEIOWIEH PAa3MEPHOCTh CaMOM CiaydalHOW BenuuuHbl.  [losTomy

BBOJUTCS MIOHSITHE CpeOHe20 Keaopamuueckoeo omkionenus. o(X) = \/% :
Ipumep: Cnyuaiinag BeanunHa X 3a1aHa QyHKUHEH pacnipeaeneHus

X 1 2 3 4

p(x)|0,2 |0,3 |ps 0,1

Haittu BeposiTHOCTH p3. HailTu yncioBble XapaKTEPUCTUKH C.B.

n

2.p =1
Pemenue:[IpoBepum TOXKAECTBO =

0,2+0,3+p3+0,1=1.
p3=O,4.
Hainem unciioBeie XapakTEpUCTUKU CIIy4alHOW BEIUYMHBI X:
M(X) = % X; P;

i=1
M(X)=1.0,2+2.0,3+3.0,4+4.0,1=0,2+0,6+1,2+0,4=2 4.

2 2
I[J'IH BBIYHCJICHUA AUCIICPCUU ITPUMCHUM q)OpMy.TIYZ A(X) =M(X ) - (M(X)) .

46



M(X2 )=12.0,2+22.0,3+32.0,4+42.0,1=0,2+1,2+3,6+1,6=6,6.

J(X) = M(X") - (M(x)° =66-(24)" =084,

o(X) = \/,ZZ(X) - \/0,84 ~ 0,916.

3ajganus 1 pacyeTHoO padoThl

1. Barapes coctout u3 Tpex opyaui. BeposTHOCTH mMomamaHus B ILieJb IPH
OJHOM BBICTpeNe U3 1-ro, 2-ro, 3-To opyaus paBHbI cooTBeTcTBeHHO 0,5; 0,6; 0,8.
Kaxnoe u3 opyauii cTpenseT Mo HEKOTOpod uenu oauH pas. Iloctpouts psin
pacnpeneneHnss CIy4alHOW BEIMYMHBI YHWCIIA TONAJaHUuM B IeJb. BhIYMCIUTH
YHUCJIOBBIE XapaKTEPUCTUKH.

2. B samuke ceMb u3menwii, OJHO W3 KOTOpPHIX OpakoBaHHoe. M3 smmka
M3BJICKAIOT OJIHO M3JIeNIME 3a JIPYyruM, IIoKa He oOHapyxkaT Opak. CocTaBUTBH psif
pacupeliesicHus] CIIy4alHOW BEJWYMHBI - YHCJIa BBIHYTBHIX u3Aenuii. Hautu ee
YHCJIOBBIE XaPAKTEPUCTUKH.

3. JluckpetHas cirydaiiHas BeaudrHa X3a/1aHa PSJIOM pacIpeeIeHus:

xi| 2] 1] 2]3
pi|0,080,400,32]0,2
Haittu: a) wmarematnueckoe OXuJaHue; ©O) JUCIEPCHIO; B) CpelaHee

KBaJpaTUYECKOE OTKIOHEHHUE CITy4yalHON BEIMYHUHBI X.
Tema 5.1. MoaenupoBaHue U pelieHue 32124 JUHEHHOT0 NPOrpaMMHPOBAHUS
Hesab:HAyYnThCA COCTABIISAITH MATEMATHYECKWE MOJEIW 3aJady JMHEHHOIO
IpOrpaMMHUPOBAHUS.
CamMocTosiTe/ibHAsi pa0d0oTa: BHIMOJHEHUE PACUETHOU PAOOTHI.
dopma KOHTPOJISI: IPOBEPKA pACYETHOU pabOTHI.

MaremaTnueckoe NMPOrpaMMHpoOBaHKe — 00J1acTh MaTEMATHUKH,
pazpabarbpiBaroiliass TEOPUIO M YUCICHHBIE METOJIbl PEIICHUS MHOTOMEPHBIX
AKCTPEMaJIbHBIX 3a7]a4 C OTPAHUYEHUSIMHU, T.€. 3a]1a4 Ha SKCTPEeMYM (YHKIIUH MHOTUX
MEPEMEHHBIX C OTPAHUYCHHUSIMU Ha 00JaCTh H3MEHECHHUSI TUX TIEPEMECHHBIX.

OYHKIN, 3KCTPEMAIBHOE 3HAYCHUE KOTOPOW HYKHO HAWTH NpPU JaHHBIX
AKOHOMMYECKHUX YCIIOBUSIX, HA3bIBAIOT YE1€80U.

DKOHOMHUYECKHE YCJIOBUA HIIM BO3MOKXHOCTHU 3aIlIMCBIBAOTCA B BHAC CUCTCMBI
OFp&HH‘-IGHPIfI. Bce aT0 cocraBiser mamemamudecKyro Mooelb.

MaremaTuueckass Mojaeb 3aJa4d — OTO MaTeMaTHYecKas 3aluch KaKoW-IrO0
3ajauyn B BUje (YHKIWM, ypaBHEHUH, HEpaBEHCTB, IUGp (KOHCTaHT) U T.aA. B
YaCTHOCTH, MOJIENb 3aJ1au MaTeMaTUYECKOr0 MPOrpaMMUPOBAHUS BKIIFOYAET B CEOS:
1. COBOKYNMHOCTh HEU3BECTHBIX MEPEMEHHBIX BEJIUYMH - BEKTOP

X=(X, Xy 00X, ). BriOupass Te wim napyrue 3HAYEHUS X, Xp, X, MOXKHO

W3MEHATh 3HAYEHUS IENeBOM (PYHKIMU. DTH TEPEMEHHBIC HA3BIBAIOT WIAHOM
3a0ayu;
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2. yenesyro ¢ynkyuto F = F(x), KOTOpasi MO3BOJISIET BbIOMpaTh HaWIyd-

Iee penieHue (HamTydInuil TiaH) U3 MHOKECTBa BO3MOXKHBIX. Hammyummii BapuaHt
JOCTaBIISIET 1eNICBON (DYHKIIUM HauOOJIbIIIee MM HaUMEHBIIIee 3HaueHne. B kauecTBe
1eNeBOl (DYHKIIMM MOKET BBICTYNATh NMPHOBLIb, 00bEM BBITyCKa WM PeaH3allny,
3aTparhl TMPOU3BOJACTBA, W3JCPKKU OOpAIICHUS, YPOBEHb OOCITY)XHBAHUS WIH
Ae(QHUIMTHOCTH, YUCIIO KOMIUIEKTOB, OTXO/IBI U T.1.;

3. YCIOBUS WIH CUCmeEM) 02paHuyeHull, HaJaraeMble Ha HEU3BECTHBIC TIEPEMEHHBIC
BEJIMYUHBI. DTH YCIIOBHS CIICYIOT U3 OTPAaHUUYECHHOCTH PECYPCOB, U3 HEOOXOIUMOCTH
YAOBIIETBOPEHUSI HACYIIHBIX IMOTPEOHOCTEH, W3 YCIOBUU TEXHOJIOTHYECKUX WIIH
MPOM3BOACTBEHHBIX TporeccoB. OrpaHWYCHHBIMU  SIBIISIOTCS  MaTepUAIbHEIE,
(MHAHCOBBIE W TPYIOBBIE PECYPCHI, BO3MOXKHOCTH TEXHOJIOTHMUYECKOTO IIpoIiecca.
MareMaTrnyeckre OrpaHMYEHHUs BBIPAXKAIOTCS B BUJIC YpaBHEHUN U HEpaBEHCTB. Mx
COBOKYMHOCTh 0OOpasyeT obnacms Oonycmumvlx peutenuii. OObeIUHEHUE BCEX
YCIIOBHM, HAJIaraéMbIX Ha HEW3BECTHHIC BEIWYWHBI X, 3aJadd, 0003HAYAIOT

J
OyKBOU 2 (xe Q).
[Tpu Takux 0003HAYCHUAX MOE/Ib 33/1aud MAaTEMaTHYECKOTO ITPOrpaMMHUPOBaHUS,
B 00IIIEM ciIy4yae, UMeeT BU/I;

HANTH TIAH X = (X, X; o0 X 1eens Xy ) (2)

JOCTaBIISAIONINI SKCTpEeMaJIbHOE 3HAaYeHHUe iesieBoi pyHkuuu F, 1.€.

F(X)=F(X;, Xy 100X} o0 X, ) = Max(min) (2)

TIPU TPAHUYEHHAX @ ( Xy, Xy 1o, X 1o X, ) {2==} 0j (i=1,2,..m). 3

N3 skoHOMUYeCKMX WM (U3UYECKUX COOOpaKeHWW Ha IUIaH 3aJayd WU
HEKOTOpPbIE €r0 KOMIIOHEHTHl (KOOPAMHATHI), KaK MPaBWJIO, HAJIAraloT YCIOBUS

neotpurarensroctn: Xj 20 X; € 2, (4)

[Inan (peuieHune) x, YIOOBJIETBOPSIOIIMI CHCTEME OTpPaHWYEHUW 3a/1ayu,
HasbpIBaeTCsA Odonycmumbim(x € ). JlOMyCTUMBIH IUTaH, JOCTABJISIONIUN (DYHKIMH
eI HKCTPEMAIIbHOE 3HAYEHUE, HA3bIBACTCA onmumanbHbiM. ONTUMAIBHBIA ILIaH
(perieHre) MPUHATO 0003HAYaTh X , DKCTPEMalbHOEC 3HAYCHHWE (DYHKIHMMA LEIH -
F(x" ). OnrtuManpHOE pelIeHHe, BOOOIIE TOBOPs, HE 00S3aTeNbHO EIUHCTBEHHO,
BO3MOKHBI CJTy4au, KOT/Ia OHO HE CYIIECTBYET, UMEETCS KOHEUHOE UM OECKOHEUHOE
YHUCJIO ONTUMAJIBHBIX PEIICHUH.

B 3aBucumoctu oT ocoOeHHOCTEH meneBor GyHkmuu F(x) u QyHKIui o,(x),

3a1AI0IMX OTPAaHWYEHNS, 3a1a4l MATEMATUYECKOTO MPOrpaMMHUPOBAHHUS IETIATCS HA
pAN THUNOB, CPEAM KOTOPBIX BAXHOE MECTO 3aHMMAKOT 3aJa4d JIMHEHHOTO
MIPOTPaMMHUPOBAHUSI.

JluneriHoe pOrpaMMHUPOBAHUE - 9TO pasnen MaTEMaTUYECKOr0
NPOTPaMMUPOBAHUSA, HU3YYAKOIIMKA METOAbl PEIIEHUS TaKUX ONTUMHU3AIUOHHBIX

3a]1a4, B KOTOPBIX IeseBast PyHKIHS F(X) u GyHKIMM ?(X) rumeitrer oTHOCHTENBHO
BXOJIAIIUX B 337144y IEPEMEHHBIX i .
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[IIupokoe npumeHenue Meronsl U monenu JIII momyumnu npu pemeHuu 3anay
DKOHOMHUHU PECYpPCOB, IIPOU3BOACTBEHHO- TPAHCIOPTHBIX W JPYrux 3ajaad.
PaccmoTrpum npumep.

[Ipumep 1. Llex BblllycKaeT JABa BHAA MNPOJAYKIMH, HCIOJIB3YyS JiBa BHJIA
nosydadbpukatoB. [Ipoaykuus KCHONB3YyEeTCS MPU KOMIUIEKTOBAHUW W3ACIHNA, TpU
ATOM Ha KXY €IMHMIY TPOAYKIMU TEpBOro BHaa TpeOyeTcss He Oosiee IBYX

a..
eAUHUI] TPOAYKIMU BTOporo Bujaa. Hopmel pacxona ! momydaOpukaroB kaxmaoro

BUJIa HA €IMHUILY BBITYCKAEMOW MPOIYKIUU, 00LIHEe 00BEMBI MOTy(haOpruKaToB b
C. .
MpUOBLIL | OT peamu3aiuy eANHUIIBI KaXI0W MPOAYKITNHU MTPEACTABICHBI B TAOJINIIC

1. OHpe,ZIeJII/ITB IIJIaH IIPOU3BOACTBA, I[OCT&BJ'IHIOHII/Iﬁ MaKCUMYM HpI/I6I>IJ'II/I.

CocTaBuM MaTeMaTHYECKYI0 Mozenb 3anaun. O603HauuM 00beM IPOM3BOJCTBA
npoxykuuu I gepes x,, a mpomykuuu II, - uepes x,. Torma mpuObLIL OT ee
peanusaiuu coctaBut F(x)=10x, +35x, (py0).

Tabnuya 1

[Tonydabp | Pacxon mnonydadpukaroB | O0BEMBI
UKATHI Ha AMHUITY POIYKIMKU | monydadp

Iy I, VUKaToOB
I 1 2 800
I 6 2 2400
[TpuGks, | 10 35
pybled.npo
0.

3agaHHbIC OTpaHUYCHUS Ha TMOMy(padpHrKaThl MOXKHO 3alKcaTh B BHJC CHCTEMBI
HEPABEHCTB:
X, +2X, <800
6x, +2x, <2400 (5)
2X, =X,
K 3anucanHnoit cucreme cienyer 100aBUTh HEPABEHCTBA:
X, >0, x, >0. (6)

TakuMm 00pa3oM, MOCTaBJICHHAs 3aja4a CBOJUTCA K HAXOXIACHUIO HAUOOJIBIIIETO
sHauenus GpyHKuuM F(X), TMHEWHO 3aBHCAINEH OT ABYX NMEPEMEHHBIX, X =(X,X, ),
KOTOPBIE YIOBJIETBOPSIOT OrPAHUYCHUSIM
(5) - (6).

3amanus 11 pac4eTHON padoThl

Bapuanm 3a0anusn evibupaemcsa no 08ym nocireonum yugpam wugppa (Homepa
sauemnou knudxcku) M u N. Hanpumep, cmyoenm, wughp Komopo2o 3aKkanyueaemcsi
yugpamu 3 u 5, 6 nocnedyrowux 3aoanusx emecmo 0ykevt M noocmasnsiem yugpy 3,
a emecmo oykevt N - yughpy 5. Ilpu smom, ecau cpedu 08yx nocieonux yugp wugppa
ecms Hylu, mo 6Mecmo coomeemcmeytouiell Oykevl ciedyem noocmaeninmo yucio 10,
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3apava 1/{ns npousBoacTBa npoaykuuu AByX Tumos | u |l npennpusitue ucnonb3yer
Tpu Buga ceiphsi A, Bu C. OOmiee xonmuecTBO Chipbs (B pacuere Ha TPYAOBYIO
HEJEJI0), PAcXO/ ChIpbS KaXKJIOTO BHJAA HA €IUHUILY BBITyCKaeMOW MPOAYKIUU U
npuObUTL OT pealih3alii eIMHULIBI TPOYKIIMY TPUBEACHBI B Ta0IMIIE 1.

Tabnuya 1
Biimss Pacxop ceIpbst Bke/eo. npoo.
CBIPBS [poxyxuus | Hpoﬂl}llKHHH I?}j:}l)l:: fsnlzo
A M 6 NOO
B 6 3 300
C 7 14 700
[Tpu6bLIB,
B py0/e0. 4 6
npoo.

OnpenenuTe IUIAaH TPOU3BOJCTBA, JOCTABISAIOIMIMN MPEANPUATHI0O MaKCHUMYyM
MPUOBLIN, IPUYEM MPU PELIEHUU 3TOM 3a7a4M BBIIOJHUTH CIEAYIOLIE TpeOOBaHUA.
CocTaBUTh 3IKOHOMHMKO-MATEMAaTHYECKYK) MOJEIb 3aJadyd M ONMCAaTbCMBICI
IIOJIyYEHHBIX HEPABEHCTB.

3apava 2/[y1s BeIITyCKa TpeX BUIOB M3JEIUN MCIOJIB3YETCS TPH BUAA ChIpbs. OOIIee
KOJIMYECTBO CHIPHS, PACXOJI CHIPhSl KaXJ0r0 BHUJIAa HA M3TOTOBIICHUE OJIHOTO HU3JICIIHS
Y TIpHOBLIL OT pealu3allii OJHOTO M3JACIHS KaXKJI0ro BHUAA MPUBEACHBI B TabumIe 2.
Haiitu, ckoibKO M3IeIui KaKI0ro BHJA CJIEAYeT M3TOTOBHUTH MPEANPUITHIO, YTOObBI

npuOBUIP  OT HUX pealu3anuu ObllJa MaKCHMaJIbHOM.COCTaBUTh JKOHOMMKO-
MAaTCMaTU4CCKYIO MOACIb 3aaa4u.
Tabnuya 2
Buast Pacxop cbIpbst Ha OIHO H3/ETHE. 3amacel
ChIpbA Wz nenue | WNznenune | Uznenue ChIpBA
I 1 BKe.
A 18 15 12 3600
B 6 4 N 2000
C M 3 3 1600
[Tpu6GsLT 20 10 16
b B py0.

3apaya 3./[ns wus3roroBiieHHss Tpex BunoB Jnetane A, Bu Cna npeanpusituu
UCIIOJIB3YIOTCSL JIBA B3aMMO3aMEHSIEMBIX CTaHKa pa3HOW MPOU3BOJAUTEIHLHOCTH.
CyrouHnble HOpMBI BblTycKa jaeraneit BusoB A, Bu CcoorBerctBenno pasusl 150, 100
1 50 mTyk. Kaxkaplii CTaHOK MOKET KCILTyaTUpOBaThes 24 yaca B CyTKH. 3aTpaThbl
BPEMEHH HA M3rOTOBJIEHUE OJHOW JeTald KaXXJO0ro BHIA JUISl KaXKIOTO U3
HCIOJIb3YEMbBIX CTAHKOB YKa3aHbI B Ta0IM1IE3.
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Tpebyercss cocTaBUTh IUIaH 3arpy3kKd CTAHKOB, MHUHHUMU3HPYIOIMIMA BpeMs HX
paboThl. COCTaBUTh SKOHOMHKO-MAaTEMaTHUECKYIO MOJIEIIb 3aJauH.

Tabnuya 3.
3arparhl BpeMEHHU Ha OJIHY JIeTalb BMUH
Cranku A B C
I 2 M 10
I 8 N 4

Cnmcok Jureparypsl

OcHO8Hble UCOYHUKU:
[Texneuxunit N.J1. Maremaruka 2014 OUL «Axagemus».
HononnumenvHvle UcCmo4HuKuy.:
I'puropres B.II., CaGypoBa T.H., COopHUK 3amau MO BBHICIICH MaTeMaTHKe,
OUNL «Axkanemus» 2014.
Hnmepnem - pecypcwi
- DnextpoHHo-OmOmmoreyHass cucrema ZNANIUM.COM Pexum pocryna:
http://www.znanium.com/
- DuekrpoHHO-0uGMHOTeuHas cuctema "FOPANT" Pexum nocryna http:/www.
biblio-online. ru
- Enunoe oxHO pgoctyma k oOpa3oBaTelnbHBIM pecypcam. Pexum goctymna:
http://window.edu.ru/
- HudopmarnmonHbsie, TPEHUPOBOUHBIE U KOHTPOJIbHBIC MaTepuaybl. Pexum
noctymna: http:// www. fcior. edu. ru.
- Enunas xomnekiuu 1udpoBbix 00pa3oBaTeNbHBIX pecypcoB. PexumaocTtymna:
http:// www. school-collection. edu. ru.
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Ilpunoswcenue 1
O0pasel] TUTYJILHOIO JIMCTA

MunucrepcTBo 00pa3oBanus U Hayku YensiOnHCKo 001acTi
INocynapcrBenHnoe 01omkeTHOE TpodeccunoHanbHOEe 00pa30BaTEIbHOE YUPEKACHHE
«HOxHO-YpajibCKUil TOCYIAPCTBEHHbIH TEXHUYECKUN KOJLJIEIAD)

PEDOEPAT

Beimommsm 1 (a)
®.N.0. cryaenta
Kypc, TpyIIa
CHENUAIIBHOCTH
IIposepun

®.1.0. npenoaasatens

Yenssounck, 2018
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O6pa3en oryiaBjaeHust

OTI'JTABJIEHUE
BBEIEHHE .....eoiiiiiiiiiiieee ettt ettt ettt ettt et ea e r e 2
1) - T ST PO U TU PSPPSR 3
) 1222 TP PP RUR 6
TTIIABA 3 .ottt e b e e h et e b e b et Rt Rt s nn e nree s 10
O E) W 110 ()2 12 (O TP P RSP PPPRPR 14
CITHCOK JTUTCPATYPBL. . eevveerveesreesseesseesssesseesseesseesseesseessesssessssssseasseessessssasseessanssessseassesssesseessesessesssesssesssesssens 16
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Oo6pa3zen opopmiieHus MPe3eHTALNU

1. Tlepssrii cmaiin:

Ilpunoscenue 2

Tema nH()OPMAITMOHHOTO COOOIICHHS (MITU HHOTO BHUJIA 3aaHHS):

IHoarorosun: ®.1.0. cTyaeHTa, Kypc, rpynna, CIeHalbHOCTh
PykoBomurens: @.1.0. mpenogasarens

2. Bropoii cnaiin

IInan:
1.
2.
3.
3. Tperuii cnaiin
Jluteparypa:

4. YetBepThlii cnaiin

JlakOHMYHO PacKpbhIBaeT COAEp)KaHNEe HHPOPMALIH, MOXKHO
BKJIIOYATh PUCYHKH, aBTOQHUTYPHI, TpaduKH, JHarpaMMBbI
U JIpyrue crnocoObl HAMMISTHOTO OTOOpaskeHHsI HHPOPMAITUH
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