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1. OPTAHM3AIIMSI CAMOCTOSITEJIbHOM PABOTHI

1.1. OpraHu3alMOHHO-METOINYECKUE JaHHbIC TUCIIUTUTMHBI
OO6muii 00BEM YacoB TI0 BUJAM CaMOCTOSITEITLHONU PaboThI
Ne MMOArOTOBKA
HaunMmenoBanue temMbl WHAWBUIYaJIbHBIC CaMOCTOATCIBHOC IIOAT0OTOBKA
I1.11. KypCOBOTO IIOATOTOBKA
npoexTa ped)epaTa/acce JOMaAIITHUE N3y4YCHUC K 3aHATUAM
saganus (13 ponpocos (CHB TIx3
(paGoTer) hit na3s) p ( ) (Ix3)
1 2 3 4 5 6 7
DIeMeHTHI TUHERHOR
anreOphl U UX
IpUMEHEHUE I
1 p A 16 8
penieHust
SKOHOMHYECKUX
3a1a4
DyHKIMSA OJHON U
2 HECKOJIBKHX 46 8
TIEPEMEHHBIX
Paner u
3 i hepeHaIbHbIe 20
YpaBHEHUS
Bcero
82 16

2. METOAUYECKHUE PEKOMEHJALIUHA 110
CAMOCTOATEJBHOMY U3YYEHUIO BOITPOCOB

2.1. Marpuusbl. Buasl matpuu. [leiicTBUSA HAX MATPULIIAMHA
Martpuueil Ha3bIBaIOT TAONHILY, COCTOAIILYIO M3 N CTPOK WU M CTOJOIOB. DJIIEMEHTAMH MaTPHUIIBI
MOTYT GBITB quciia UJn MHbBIC MaTEMAaTUYCCKUC O6’beKTBI.

1 -5
A= |4 3 B (sina sinﬂj = (cn clzj

{1 cosa cos B Cy ¢y

[ocnenusis MaTpuIa UMEET ABE CTPOKHU M J[Ba CTOJIONA, ClIe0BATEIbHO, €€ pa3mep (2x2).
cij- aneMeHT MaTpulsl C, CTOSIIIUHI B i-0i CTPOKE U j-OM CTOJIOIIE.
Ecnu 4ncno cTpok MaTpuisl paBHO YMCITY CTOJIOLOB, TO Takas MaTpuia

Ha3bIBACTCS KBA/IPATHOM.

JIBe MaTpullbl OIMHAKOBOTO pa3Mepa Ha3bIBAIOTCS PaBHbIMHU (A=B), ecliu paBHBI UX DJIEMEHTHI,
CTOSAIIME HA COOTBETCTBYIOLINX MECTaX.

Marpuiia, BCce 371€MEHTbI KOTOPOW PaBHBI HYJIIO, HA3bIBAECTCS HYJIEBOM.

KBanpaTHas maTtpuia Ha3pIBaeTCsl eIMHMYHOM, €CIIM OHA UMEET BUJL:

1 000
1 0 0
0100
E=|0 1 0 1501051 =
0010
0 0 1
3x3 0 0 01

4x4
BepxHeTpeyroibHON Ha3bIBa€TCsl MAaTpUIla Yy KOTOPOM BCE AJIEMEHTHl HWKE TJIaBHOW JHAroHaJIN
paBHEL HYIIIO.
C maTpunaMu MOXHO TMPOU3BOAMTH OIEpAaIMK CIOXKEHHs (BBIUMTAHUS), YMHOXKEHUS Ha YHCIIO,
YMHOXKEHUSI MaTpUIbl HA MaTpPUIly, TPAHCIIOHUPOBAHUS, HAXOXKACHUS MaTpUIlbl, 0OpaTHOM nanHOW. Jlms



WUTIOCTpAIlK orepauuii OyaeM paccMaTpuBaTh MaTpuibl pasmepa (3x3), ecnu 3apaHee HE OrOBOpPEH
JIpyrou pasmep.
CymMoii (pa3HOCTBIO) IBYX MaTpull A U B Ha3bIBaeTCs MaTpulia, ONpeaesseMas paBEHCTBOM:

a, a a;s b, b, by a,tb, a,*bh, a,xbh,
ay Qs 2% * by, by b, =l|ay, tby, ay*h, ayth,
as as, as; by, by, b, - as, by, aptby, a;tby,

3x3
HpOI/I3Be}_]eHHeM YUCJIa m Ha MaTpuny A Ha3pIBaeTCs Marpuna, onpeacigacMas paBCHCTBOM!

a a a; ma,, ma,, ma,;
me\a, dy Ayy || MaAy  May,,  Mdy
as, as as; mas, mas,  Mdy,

IIpousBenenune a1Byx MaTpuil A u B 0603Ha4aeTCss CHMBOJIOM A B 1 onpeenseTcs paBeHCTBOM:
3 3 3
2anby  Dayb, D ayb;
=1 j=1 j=1
b J
3 3 3

AB=| ay  ay ay |®| by Dy by |= zaZjbjl ZaZjb_/Z zaZjbﬂ

b j=1 J=1 j=1

3 3 3
zawbﬂ Zasjbﬂ zasj‘bjs
=] = =

T.€. 3JIEMEHT MAaTpHIIbl - MPOU3BEICHUS CTOALIUI B i-OM CTpoke U k -M cToslle, paBeH CymMMe
MPOU3BEICHUH 3JIEMEHTOB i-OW CTPOKH MaTpHULBI A U k-T0 cTOI0LA MaTpHLIbI B.

Otcrofa BBITEKAaET OTPAHUYEHUE HA Pa3MEPHOCTh MATpull A W B: YHUCIO 3JEMEHTOB B CTPOKE
MaTpUIbl A JOJKHO PaBHATHCS YHCITY SJIEMEHTOB B CTOJIOLE MAaTPUIIBl B, YTOOBI Il KaXKI0TO 3JIEMEHTA i-
W CTPOKHU MaTpPHIIbl A HAIIEINICS MapHBIN 3JIEMEHT U3 k-r0 cTo01a B.

IIpumep. Haitnure npousBeneHre MaTpULL, €CIIU 3TO BO3MOXKHO:

1 23
1 23
A= ; B=[0 2 0
01 2
2 21

Tak kak 4uclio cTONOIOB MaTpHIIbl A COBMAAAET C YUCIOM CTPOK MATpHIlbl B, cie0BaTeNbHO, UX
MO>KHO MEPEMHOXKUTH. UTOOBI MOIYYUTh IEMEHT ¢ MPOU3BEACHHS, YMHOXKHM TEPBYIO CTPOKY MaTPHIIBI
A Ha mepBbIi cToNOer MaTpuIlsl B. [lanee, yMHOXast TIEpBYIO CTPOKY A Ha BTOpOW cToibern B, momydyum
C12, YMHOXasl IEPBYIO CTPOKY A Ha TPeTHii cToN0CI B, MOIY4nM C|3.

B pesynbraTte nonyunurcs marpuna C, coctosmas U3 AByX CTPOK U TPEX CTOJIOIIOB:

7 12 6

4 6 27

[To oTHOMIEHUIO K MPOM3BEACHUIO JABYX MAaTpHI] IEPEMECTHTEIbHBIN 3aKOH, BOOOIE TrOBOpPS, HE
BBINIOJIHAETCS: AB He paBHO BA.

2.2. Moaeanb JleoHTbeBa — MO/1€JIb MHOT0OOTPACJI€BO IKOHOMUKH

PaccMoTpiM MOzIenb MEXIyHapOJHON TOPTroBiIH (MOZENIb OOMEHa) B BUE MATEMaTHICCKOH MOIEIN.
ITycts umeeM n ctpad - S, S,, ...,S, , HAMOHAIBHBIN JOXOX KAXI0H U3 KOTOPBIX PABEH X, Xy, -.0r X, .
OGosnaunm uepes @, ; , i=1..n; j=1..n 010 HAIMOHANBLHOTO JIOXO/A, KOTOPBIA CTpaHa S, TpaTUT Ha
IIOKYIIKY TOBapOB y CTpaHsl S, .

ByZ[CM CcyuTaTrhb, 4TO BECH HaLII/IOHaJ'IBHI:If/’I AO0XOJ TpAaTUTCA Ha 3aKYIIKy TOBAapOB 6o BHYTpPU CTpaHbI, 0o Ha

UMIIOPT U3 IPYTHUX CTPaH, T.c. Zaij =1 (j=1..n).

i=1



ManI/ILIa A= Ha3bIBACTCA CI’I’IDVKWIVDHOLZ Mampuueﬁ mopzoejiu.

a, a, .. a

nl nn

O6o3naunm uepes p, (i =1..n) BbIpyuKy OT BHYTpEHHEil 1 BHEILIHEil TOProBiax s CTpansl S, , Toraa

D, =a;x,+a,x,+..+a,x, .

OueBuAHO, YTO BBIPYYKa OT TOPTOBIM KaKAOH CTpaHbl JOJDKHA OBITH HE MEHBIIE €€ HallMOHAJIBHOTO JA0XO01a, T.C.
p; = x;,. Ho p, > X, - HEeBO3MOXHBIH Cllydail, T.K. BCe CTpaHbl HE MOTYT OJHOBPEMEHHO IOJIy4aTh HPHUOBLIb,

HOTOMY YCIIOBUE P, = X, TPHUMET BUL D, = X, .

1

BBe/ieM BEKTOp HALMOHABHBIX A0XO0B CTPaHbl X = (X;5X,;...;X, ), HOJIYyYUM MATPHYHOE YPABHEHHE
X

A- X=X, rne

x=|"

X

n

T.e. 3amada cBenmach K OTBICKAHUIO COOCTBEHHOT'O BEKTOpa MAaTPHIBI A, OTBEUAIOIIETO0 COOCTBEHHOMY 3HAUYCHHIO

A=1.

rr
3 4 2
[Ipumep: CTpyKTypHas MaTpuLa TOProBIU TPeX cTpan S, S,, S; HMeeT BU] 1 1 1
03 2 2
1 1
- — 0
3 4
Haiitn HarmoHaIBHBIE JOXOBI IS COaTaHCHPOBAHHON TOPTOBIIH.
Pemenne: HalineM cOOCTBEHHBIN BEKTOP X, COOTBETCTBYIOIMN COOCTBEHHOMY 3HaueHHIO A =1.
211 % =15¢
3 4 2 0
(A-E)X =0 1 1 1 Y1 0 x, =2c - wmerox Taycca. T.e.
3 2 2 _
1 1 R 0 f=e
3 4

x= (1,5¢;2¢;¢)

Takum 06p8.30M, C6aHaHCI/IpOBaHHOCTI> TOProBJIM TPEX CTpaH AOCTHUIaCTCd IPHU BCKTOPC HAIIMOHAJIBLHBIX HOXOJ0B

—_

3
x = (1,5¢;2¢;c), T.e. pu COOTHOIIEHHH HAIMOHAIBHBIX JOXO0B CTPaH Py :2:1 wm 3:4:2.

Ilens GamaHCOBOTO aHaNH3a — OTBETUTH HA BOIPOC, BO3HHUKAIONIUH B MaKpOIKOHOMHKE W CBSI3aHHBIN C
3¢ (HhEeKTUBHOCTBIO BEICHUSI MHOTOOTPACIICBOTO X035HCTBA: KAKUM JIOJDKEH OBITh 00BEM MPOU3BOJICTBA KAXKIOW U3
oTpaciieii, 4ToObl YJOBICTBOPUTh BCE MOTPEOHOCTH B MPOAYKIMHU 3TOH orpaciu. [Ipu 3ToM Kaxknpas oTpacib
BBICTYIIA€T, C OAHON CTOPOHBI, KaK MPOW3BOAMTEIs HEKOTOPOH MPOAYKIIMH, a C APYrol — Kak MOTpeOUTENb
NPOAYKIMA U CBOEH, U MPOU3BEICHHON JpYyruMH OTpaciisiMu. Martematuueckasi Mojiesib JIEOHThEBA MO3BOJISAET
AHAJIU3UPOBATH CBSI3b MEXKIY OTPACIISIMHU.

3adaua. B Tabnure NpuUBEIEHBI JaHHBIC 00 MCIIOIH30BAHUN CTOMMOCTHOTO OajlaHca 3a OTUYETHBIN ITePHOI, YCII.
JICH. e]1.:

IToTpebienne Koneunsrit BasoBbrit
Ne n/mt Otpacis
Qi Q POAYKT POIYKT
1 Q 3 8 89 100
2 Q, 5 7 88 100
Tpebyercs:

1) cocTaBHTh MATPHILY IPSMBIX 3aTPAT U MIPOBEPUTH €€ MPOAYKTHBHOCTD;

2) BBIYUCIUTH OOBEMBI KOHEUHOTO MPOJYKTa TPU YBEIWYCHUM BaJOBOTO BBINYCKA KaXIOW OTpaciu
coorBeTcTBeHHO Ha 100% 1 50%;

3) BpMHCTUTE HEOOXOMUMBIM O0BEM BAJOBOTO BEHIMYCKa KaXIOW OTpPACid, €CIHM KOHEYHOE IOTpeOIIeHHe
otpacnu Q; yBenuuuts B k =1 pa3, a otpaciu Q, — ra 10%.



3 8 89 100
X = ¥= , T= .
Pewenue: 1. BBenem B pacCMOTpEHUE MATPUILY 3 7 uBeKkTOpBI 88 100
y 003 0,08
ay = o A= .
CocraBuM MaTpUILy MPSIMBIX 3aTpaT 4, yYUTHIBAS, YTO €€ FJIEMEHTEHI i 005 007
Jlerko BUAETH, 4TO CyMMa 2JIEMEHTOB CTOJIOIOB (CTPOK) 4 MeHbIe enuHUIBI. ClienoBaTeIbHO, B CHITY BTOPOTO
KpUTEPHS POyKTHUBHOCTH (MATpHIa TPOJYKTUBHA, €CITH MAKCUMYM CyMM 3JIEMEHTOB €€ CTOJNOIOB He
MPEBOCXOIUT EAMHHUIIBI) MaTpuIa 4 TPOAYKTHUBHA.
. 3= 47 4
2.  VYpaBHCHHE JTUHESHHOTO MEKOTPACIEBOTO OalaHca UMEST BUJI: * Y-
[Ipu yBennyennn BajaoBOTO BBITycKa oTpacieit Q; u Q, coorBercTBerHo Ha 100% 1 50% momyduM HOBBIH

} [ 200]
% = .
BEKTOP BallOBOTO BHITyCKa 150 _
BeKTop OTpeGIeHns: <17 COOTBETCTBYIOWIMIA BEKTOPY *1° HAieM U3 ypaBHEHUs GanaHca:
) (097 -008)200) [ 182
M= (E - A)JH = =
-0,05 093 Jl1350 1295 )

N3menenus 00beMOB KoOHeuHOTO mpoaykTa Q; Ha 182 — 89 =93 en. wim 104,5%, Q, —Ha 129,5-98 =415 en.
Ha 47,2%.
3. Koneunoe notpebiaeHue otpacau Q; octaeTcs 6€3 m3MeHeHus, a orpaciu Q, cTaHeT paBHBIM [lomydnm
HOBBIN BEKTOP NOTPEOICHUS
. (%
7+ [ocs)

. x .
HOBBII/I BeKTOp BaJIOBOI'O BI:IHyCKa 2 HanJaeMm u3 ypaBHCHI/IH 6ancha
. -1
A3 = (E ‘A) Yo

097 -008
F-4= s Crnpedenism et |E' - A| ={08098].
-005 093
(E B A)_l _ 0,8931[093 CI,OS] 3 [1,03 0,09]
OOpatHas MaTpuia 005 097 006 108

. [1,03 0,09] [ 89 ] [100,38] 3 0,09]
JC2 = - = . .
Orkyna 006 108)|968) |10988)6 108
Banossrit mpoxykT oTpacieit Heodoxoaumo yBenunauTs Q; Ha 0,38%, Q, — Ha 9,88%.
IIpoayxkTuBHBbIE Moaeau JleoHThEeBA.

TEOPEMA Ecnu 1y1st MaTpuIibl A ¢ HSOTPHIIATSILHBIME dJIEMEHTAMH M HEKOTOPOTO BEKTOpa Yoe

HEOTPULIATEILHBIMU KOMIIOHEHTAMH YpaBHEHHE & Az + g, (16.6) pyeer pemenne * ¢
HEOTPULIATENLHBIMU KOMITOHEHTAMH, TO MATPHIIA A HPOLYKTHBHA.

Wnbpivu CJI0BaMH, 1OCTATOYHO YCTAHOBUTHL HAJIMYNC MMOJOKHUTCIIbHOTIO PCHICHUSA CUCTECMbI (166) XOTs OBl JJIsL

OJIHOT'O IOJIOXKUTEIIBHOIO BEKTOpa Y aro6sI matpuna A Obuta npoayktuBHOH. [lepenumenm cuctemy (16.6) c

HCIIOJIb30BAHUEM €IMHUYHOUN MaTpullsl E B Bue (E—A)z=14. (16.7)

Ecmm cymectByer obpatnas matpura (E - A)-1 , To cymecTByeT 1 eqMHCTBEHHOE perieHue ypaBHeHus (16.7):
i=(E-A)'y. (16.8)

Marpuna (E — A)-1 HazpiBaeTcs MaTpHUIlCH MOTHBIX 3aTpart.

CymecTByeT HECKOJIBKO KPUTEPHUEB MTPOAYKTHBHOCTH MaTpullsl A. [IpuBenem nBa u3 HUX.

[lepBbIii kpuTepHii NPOAYKTUBHOCTH. MaTpuiia A NpoAyKTUBHA TOT/a M TOJBKO Torna, korga Matpuna (E - A)-1

CYIIECTBYET U €€ JIEMEHTHI HEOTPULATEIIbHBI.

Bropoii kputepuii npoayKTUBHOCTH. MaTpuiia A ¢ HEOTPUIIATSILHBIME JIEMEHTaAMH IIPOAYKTHBHA, €CITH CyMMa

3 aj; < 1,
3JIEMEHTOB I10 JJI000MY ee cToJOIYy (CTPOKE) HE MPEBOCXOAUT CAUHULBL: i1
TIpUIEeM XOTS OBI IJIsT OJTHOTO CTOJIOIA (CTPOKH) 3Ta CyMMa CTPOTO MEHBIIIE STUHUITBI.
PaccmoTpum npumenenue Moenu JIeOHTheBa Ha HECIIOKHBIX IIpUMeEpax.
[Tpumep 1. B tabn. 16.4 npuBeneHs! AJaHHBIE 110 OajaHCy 32 HEKOTOPBIN MEPUOJ BPEMEHU MEXY ISATHIO OTPACISIMU
MPOMBIIITICHHOCTH. HaliT BEKTOpHI KOHEYHOTO MOTPEOICHUS U BAJIOBOTO BBIITYCKA, & TAKKE MATPUILY
KO3 PULINEHTOB MPSMBIX 3aTpaT U ONPENEIUTD, ABISIETCS JIM OHA IPOLYKTUBHON B COOTBETCTBUY C IIPUBEACHHBIMU
BBIILIE KPUTEPHSIMHU.



Tabnuua 16.4

M Morpetnerne Konewnsri | Banosod
Lonfu Orpacns OPOAYKT | BBEIDYCK,
i 1[2]sJ4]s MEH. e
| I | CrankocTpoenme | 15 12 24 23 16 10 100

2 | DuepreTuka 10 3 35 15 7 30 100

3 | Mammroctpoense | 10 5 10 10 10 5 a0

1 | Aspromobunenas |10 5 10 5 5 15 50

NPOMBILIIEHEOCTE |
5 | Hoburaa u 7 15 15 10 3 | a0 100
nepepaloTrd |
YTACBOAOPOAOE | |

Pemenne. B qanHo# TabimIie MpUBEACHBI COCTABIISIIONIHE OagaHca B COOTBETCTBUU C cOOTHomeHusMH (16.2): xij —
nepBbIe MATH CTONOLOB, Yi — IIecToi cronben, xi — mocneanuit cronbern (i,) = 1, 2, 3, 4, 5). Cornacuo popmynam
(16.3) u (16.4), mmeem

100 10
100 30
I = a0 |, #= 5,
50 15
100 a0

0,15 0,12 0,48 046 0,16

0,10 0,03 0,70 0,30 0,07

A=1] 010 0,05 0,20 0,20 0,10

0,10 0,05 0,20 0,10 0,05

0,07 0,15 0,30 0,20 0,03
Bce aneMeHThl MaTpHUIBl A MOJIOKHUTENBHBI, OJHAKO HETPYTHO BHJIETh, YTO UX CYyMMa B TPETHEM U YETBEPTOM
cronoiax Oobline equHuIbl. Clie0BaTEIBHO, YCIOBUS BTOPOTO KPUTEPHSI MPOYKTHBHOCTH HE COOJIFOICHBI U
MaTtpuia A He SBISETCS MPOAYKTUBHON. DKOHOMHUYECKAs MPUYMHA 3TON HEMPOYKTUBHOCTH 3aKIFOYACTCS B TOM,
YTO BHYTpPEHHEE MOTpeOiieHre oTpacieii 3 U 4 CIUIIKOM BEJIIMKO B COOTHOIIICHHUHU C UX BAJIOBHIMH BBIITYCKaMHU.
[Ipumep 2. Tabn. 16.5 comepkut manHble OanaHca TPEX OTpaciell MPOMBIIIICHHOCTH 32 HEKOTOPBIA TTEPHO/T
BpemeHu. TpeOyercst HaliTh 00beM BaJOBOT'O BBITyCKa KaXKIOTO BUJA MPOYKIIMH, €CJIM KOHEUHOE MOTPEOICHHE IO
OTPACIISIM YBEIHYUTH COOTBETCTBEHHO 710 60, 70 11 30 yCIIOBHBIX ACHEKHBIX STUHUIIL.

Tabanma 16.5

Ne Orpacas Morpetimenne | Konewnsoi | Basonoin |
n/m 1 | 2 | 3 APOAYET BRITYCK
1 | HNobeua u nepepaborka | 5 35 20 40 100
YrIEBONOpOooE
2 | Duepreruxa 10 10 20 60 100
3 MammuocTpoenne 20 10 10 10 50

Pemienue. Brimuinem BEKTOpBI BAIOBOTO BBIITYCKa M KOHEYHOTO MOTPEOICHUS U MaTpULly KO3 QUIIUEHTOB MPAMBIX
3arpat. CornacHo ¢popmynam (16.3) u (16.4), umeem

100 40
= ( 100), §= (ﬁo),
50 10
0,05 0,35 0,40
A= (o,m 0,10 0,40 )
0,20 0,10 0,20

Martpunia A yioBiaeTBopsieT 000MM KPUTEPUSAM IMPOJAYKTUBHOCTHU. B ciryuae 3a1aHHOTO yBEIMYCHUS KOHEYHOTO
MOTpeOIEHNS HOBBII BEKTOP KOHEYHOTO MPOAYKTa OYIAEeT NMETh BHL

60
o= (’m ) . (16.9)
30

TpebyeTcss HAWTH HOBBIN BEKTOP BAJOBOTO BBIMMyCKa # *, yIOBICTBOPSIONIMN COOTHOIICHUAM OalaHca B
MPEIONI0KEHUH, YTO MaTpHIla A He u3MeHseTcsa. B TakoM cirydae koMmoHeHTHI X1, X2, X3 Hen3BeCTHOTO
BeKTOpa & * HaXOISTCSA M3 CHCTEMBI ypaBHEHUH, KoTopas coriacHo (16.4) MMeeT B JaHHOM CITydae BUJI

z 0,052y + 0,35z2 + 04xrs + 60,

3 = 0,1z + 01z + 04dry + 70,

I3 02ry + 01z + 0,2z3 + 30

B MaTpuuHOi (popMe Ta CHCTEMA BHIMVIAIUT CIEAYIOMUM 00pazom:  ~* — AZy + g, (16.10)

i (E— Az =1, (16.11)



095 =035 -040
(E—-A)=| =010 0590 =040
rae matpuna (E — A) umeer Bua -0,20 -0,10 0,80
Pemenne cuctemsr muHeHHBIX ypaBHeHUH (16.11) ipu 3amanHOM BekTope mpaBoit yactu (16.9) (Hanpumep, METOIOM
152,6
I, = | 1d5,8
l'aycca) maet HOBEIIT BEKTOD & % kak pereHne CuCTeMbl ypaBHeHuH O0ananca (16.10): 925
Takum o6pa3oM, aJs TOTo 4TOORI 00ECTIEUNTh 3a]aHHOE YBEIHYEHIEe KOMITIOHEHT BEKTOpa KOHEYHOTO IPOAYKTa,
HE00XO0IMMO YBEIUYUTh COOTBETCTBYIOIIHNE BATIOBBIC BBEITYCKH: JOOBIYY U MEpepadOTKy YIIIeBOAOPOIOB Ha 52,2%,
YpOBeHb 3HepreTuku — Ha 35,8% 1 BBITYCK IPOAYKIINN MAaITHHOCTPOCHHSI — Ha 85% IO CpaBHEHHIO C NCXOAHBIMHU
BEITMYMHAMHU, YKa3aHHBIMU B Ta0.

Teopewma.(kputepuii NpPOIYKTUBHOCTH). Mampuya A 20 npooykmusna mozda U MOALKO mMo2dd,

- -1 .
Ko20a mampuya 8= (E-A) cyujecmsyem u A81Aemcs HeOmpuyamenbHoll.
. —fs 8
DKOHOMUYECKHH CMBIC 3JIEMEHTOB MATpPHILI 5 (o) saxmiouaercs B creyromeM: saeMent Sk pasen
P P
KOJIMYECTBY MPOIYKIHH, KOTOPOE JOIDKSH BBITYCTHTh OOBEKT !, JUIl TOro 4roGbl O6BEKT ~ A MOT BBITYCTHTH

OJIHy CJHMHUILy KOHEYHOW NPOAYKIMU (a4 HE TOJHOTO BBIMYCKa). B CB3M C 3TUM 3JIEMEHTHI Sik wocar
Ha3BaHNEK0I(PPUIMEHTOB MOJHBIX 3aTPAT, a MaTpHIa S — MATPULBI KO3 (PUIHEHTOB MOJIHBIX 3aTpaT.

[IpuBeneM eme oAMH JOCTATOYHBIN MPU3HAK MTPOITYKTUBHOCTH MOAEIH JIeoHTheBa, Hanbosee YAOOHBIA IS
MTPOBEPKHU MPOJYKTUBHOCTH MATPHIIBI MEKOTPACIICBOTO OalaHCa B HATYpPaJIbHO-CTOMMOCTHOH (popMe.

I:I ..
i .
Teopema Ecuu mampuya A= ( Y ) neompuyamenvna, cymma s1emenmos Kaxcooi CMpoKu He
bonbule eOuHUYbL U XOMSL ObL 011 OOHOU CIMPOKU CIPO20 MeHblde eOuHUYbl, mo mooeib Jleonmovesa, onpedensiemas
mampuyei A, npoOyKmueHa.

Z"Ixj <1
Taxkum 06pa3oM, MaTpuia A MpoaAyKTHBHA, ecnn 2 0 mms mobwx 4,7 =1, 2, ..., n, /= (i=12,...,nmu

Ll
I- )_;a_,;w; <1
cywecTByer Homep U Takoii, 4o J-!
Sij
OueBuaHO, YTO KO3 DHUITMECHTHI MOJTHBIX 3aTPAT BCET/Ia MECHBIIIE, @ MOTYT OBITh M CYIIECTBEHHO OOJIbIIC
COOTBETCTBYIOIMX KOA(D(HUIMEHTOB ¥ MpAMBIX 3aTPaT, HOCKOJIBKY, BO-TIEPBBIX, KOAD(HUIMEHTH! ¥ yKa3bIBAIOT He
) P.

TOJBKO HETMOCPEACTBCHHBIC TIOCTABKM MPOAYKIUH O0BEKTA o 00BEKTy ¥, HO ¥ TIOCTaBKH MPOAYKIMU
o0beKTa ~ ! ApyrMM OOBEKTaM, s TOro YTOObl TOCAEIHHE B CBOIO OYEpedb MOTTIM  MOCTaBHTH
o ..

g o
00beKTy ¥ TpebyemMoe KOJIMYECTBO MX MPOIYKIMH, U BO-BTOPBIX, PH BBIYHUCICHUH KO(DOHIHUEHTOB ¥ Oepercs

hal o
OTHOIIICHHE CYMMBI TIOCTABOK IPOAYKIHH OOBEKTa ‘! BCeM O0O0BEKTaM K BCIHYHHE KOHEYHOW MMPOLYKIIHH
Fan p=
o0BeKTa 7, a 9Ta BeJIMYNHA MEHBIIIE MTOJIHOTO BBIYCKA MPOAYKIHH 00bekTa
2.3. llpenen pynknun. Paznuvnbie TUNBI Peae/OB: 0OJHOCTOPOHHUE MPe/iebl, Ipeaesibl B

0eCKOHEeYHOCTH, 0eCKOHEeYHbIe Mpe/aeJibl.
IIpenen G YHKLUUHA B TOUKE.

Y 4 f(x)
A+e | ___
A |
A-g | i
0 I-A T daFA X




[Tycte ¢pyHkmus f(x) onpeneneHa B HEKOTOPO OKPECTHOCTH TOYKH X = a (T.e. B caMOil TOUKe X = a
(GyHKIHS MOXKET OBITH U HE OTIPEJICTICHA)
Onpenenenne. Yucio A HaspiBaercs mpeaejaoM ¢yakiuu f(x) mpum x—a, ecnum ansg moboro €0
CyLIECTBYET Takoe uucio A>0, 4To a8 BceX X TaKuX, 4To 0 < |x -al<A BEPHO HEPABEHCTBO |f(x) - Al<e.

To e onpenenenne MoOXeT ObITh 3alIUCAHO B IPYTOM BHUJE:
Ecmma-A<x<a+A, X #a, To BEpHO HepaBeHCTBO A - ¢ < f(x) <A + &.
3anmce npeaena QyHKIUM B TOYKE: lim f(x) = A

pares

Omnpeneaenne. Eciu f(x) — A; npu X — a TOJBKO NpH X < @, TO lim f(x)=4, - Ha3bIBAETCA
x—a—0

npeneaom ¢ysaknuu f(x) B Touke X = a cjeBa, a ecnu f(x) — A, mpu X — a TOJIBKO IPH X > a, TO
lim f(x) = 4, Ha3pIBaeTCs Mpeaesom Qpynkuuu f{x) B Touke X = a cnpasa.
x—a+0

y
f(x)

A,

Ay

[IpuBeneHHOE BBINIE OMpeAeTeHNEe OTHOCUTCSA K ciydaro, korga gyHkmus f(x) He ompenenceHa B
caMoOM TOYKE X = a, HO OIpeJIeJieHa B HEKOTOPOU CKOJIb YTOJHO MajlOil OKPECTHOCTH 3TOM TOUYKH.
[Ipenensr A} u A, Ha3BIBAIOTCS TaK)Ke OAHOCTOPOHHMMM mpeneaamMu QyHkiun f(X) B Touke X = a.
Takoke ToBOpAT, YTO A — KOHeYHBbIH npeaea pyHkiuu f(x).
[penen GyHKIMY MPU CTPEMIICHUN apTYMEHTa K OECKOHEUHOCTH.
Omnpenenenne. Yncno A HazwpiBaeTcs npeaeaomM GyHKIuM f(X) mpu X—»00, eciiu 1Jis 11000ro uncia

>0 cymectByeT Takoe unucio M>0, 4ro s Beex X, | x|>M Bbinonusercs HEPaBEHCTBO |A - f (x)| <¢

I[Tpu sTOoM mpenmnosaraercs, uto GpyHKIws f(x) onpeseneHa B OKPECTHOCTH OECKOHEYHOCTH.
3anuceiBarot: lim f(x) = 4.
X—>00

I'paduuecku MOXKHO MPEICTABUTD:

X v
A A
0 r/ 0

X X
¥ v

AHAaJOTUYHO MOXKHO ONPEIENUTh mipenensl lim f(x) = A ans moboro x>M u
X—>+0



lim f(x) =4 g moboro x<M.

OCHOBHBIE TEOPEMBI O IIPEEIAX.
Teopema 1. IimC = C, rne C = const.

xX—a
Crenyroniye TEOpeMbl CHpPaBEMIMBBI MPU NPEANONOKeHnH, 4yTo (GyHkmuu f(X) u g(x) umerT
KOHEYHBIE TPEJICITbI PU X—>a.

Teopema 2. li_r)n(f(x) +g(x)) = li_r)n f(x)x li_r)n g(x)
Teopewma 3. lim[f(x) - g(x)] = lim f(x) - lim g(x)
CaejacTBue. li_r)nC f(x)=C- li_r)n f(x)

f()C) _ llmf(x)

X—a

Teopema 4. lim -
e g(y)  limg(x)

Teopema 5. Ecnu f(x)>0 661uszu mouxu x = a u lim f(x) = A, mo A>0.

mpu limg(x) #0

AHanornuHo omnpezensieTcs 3Hak npenena npu f(x) < 0, f(x) > 0, f(x) < 0.
Teopema 6. Ecriu g(x) <f(x) <u(x) 60auzu mouxu x = a u limg(x) =limu(x)= A4, mou lim= 4.

xX—a
Onpenenenne. Oyaknus f(x) Ha3pIBaeTCsI OrPAHUYEHHO# BOJIM3M TOYKU X = a, €CJIU CYIIECTBYET
Takoe yncio M>0, uro | f(x)| <M B6mm3u Touku x = a.
Teopema 7. Eciu ¢hyuxyus f(x) umeem xoneuHwlli npeden npu X—>d, mo OHA 02PAHUYEHA BOIU3U
MOUKU X = a.

2.4. HenpepobiBHOCTh pyHKIMH. Touku pa3pbiBa QyHKIMH, UX KJIaccupukanus.
Onpenenenne. Oynkuus f(x), ompeneneHHas B OKPECTHOCTH HEKOTOPOM TOYKH Xg, Ha3bIBACTCS
HeNnpepbIBHOW B TOYKe Xg, €ClIM mpeaes (YHKUMM M €€ 3HaueHHWEe B HITOM TOYKE paBHbI, T.C.

lim /() = /(%)

Tot ke pakT MoxHO 3anmucarh uHaue: lim f(x) = f(lim x)
X—)Xo X—)XO

Onpenenenne. Ecin ¢ynkuus f(x) ompeneneHa B HEKOTOPOH OKPECTHOCTH TOYKH Xo, HO HE
ABJISICTCA HENPEPBIBHOW B CaMOM TOYKE Xo, TO OHA Ha3blBaeTCs pa3pbIBHOM (yHKIMEH, a Touka Xg —

TOYKOH pa3pbIBa.
[Tpumep HENpepbIBHON GHYHKIIUH:

f(xo)te /

f(=0)

f(xo)-£

Fed

[V L - X

[Tpumep pa3pbiBHON (DYHKITUH:

fd

flmoyre —
flxo))
flxo)e

|

i

|

i

|
I

|

|
I S

|

|
I B

i

|

|

i

i
/-:

i

|

i

|

i

I



Omnpenenenne. Oynknus f(X) Ha3pBaeTCs HENPEPHIBHOW B TOYKE Xg, €CHH JUIS JIFOOOTO
noJIoKUTeIbHOro uncia €>0 cymectByeT Takoe uucio A>0, yTo 1S JIOOBIX X, YIOBJIETBOPSIOLIMX
YCIIOBUIO

|x - x0| <A
BEPHO HEPABEHCTBO | f(x) = f(x, )| <g.

Omnpenenenne. Dynkuus f(x) Ha3zpiBaeTCs HeNMPEPBLIBHOW B TOYKE X = X(, €CIIU IMpPUPAIICHHE
(GYHKINHU B TOUKE X( ABISIETCS OECKOHEYHO MaJIO BETHYHUHOM.
f(x) = f(x0) + ou(x) TIe ou(X) — OECKOHEYHO Majiasi IPH X—>Xo.
CBoiicTBa HEMPEPBIBHBIX (DYHKIIUH.
1) Cymma, pa3HOCTh M TPOU3BEICHHE HEMPEPHIBHBIX B TOYKE Xg (YHKIHMHA — ecTh (YHKIIHSA,
HEMpPEepBIBHASI B TOUKE Xy).

PAC))

) — €CTh HelpepbIBHAS (PYHKLUS MPH YCIOBHUHU, YTO
g(x

2) YactHoe ABYX HEMPEPHIBHBIX (DYHKITHIA

g(X) He paBHA HYJIIO B TOUKE X.
3) Cymneprio3unysi HempepbIBHBIX (PYHKIUI — €CTh HeNpephIBHAS (DYHKIIKS.
OTO CBOWCTBO MOKET OBITh 3aIIMCAHO CIIEIYIOIUM 00pa3oM:
Ecmu u = f(x), v = g(x) — HenpepbIBHbIE (YHKIHUU B TOYKE X = Xo, TO QyHKuusA v = g(f(x)) — Toxe
HenpepbIBHAsIQYHKIUSA B 3TOH TOUKE.

PaccmoTpum HekoTopyro ¢yHKIHIO f(X), HEIPEPHIBHYIO B OKPECTHOCTH TOYKH X, 32 UCKITIOUEHUEM
MOJKET OBbITh CaMoil 3Toi Touku. M3 onpenenenus ToUku pa3pbiBa GYHKLUU CIELYET, 4TO X = X ABJSAETCA
TOYKOM pa3pbIBa, eciii (YHKIUS HE ONpPEIeTeHa B 3TOM TOUKE, UM HE SBJISIETCS B HEH HETIPEPBIBHOIA.

Crnenyer OTMETUTB TAK)KE€, YTO HENPEPBIBHOCTh (DYHKIIMU MOXKET ObITh OJAHOCTOpOHHEH. [losicHuM
3TO CIEIYIOIIUM 00pa3zoM.

Ecniu omnocTopoHHMIT mnpenen (CM. BBIIIE) xl_i)glo f(x)=f(x,), TO yHKUNS Ha3BIBACTCA

HEeNpephIBHON CIIpaBa.

Ecin OJHOCTOPOHHHMI TIpefien (CM. BBIIIE) lim0 f(x)=f(x,), TO (QyHKIUSI Ha3BIBACTCS
X—>x—

HEIPEPBIBHOMU CIIEBA.

X0i

Onpenenenne. Touka X, Ha3bIBAETCA TOYKON paspbiBa Qpynkuuu f(x), ecau f(x) He onpeseneHa B
TOYKE X WJIU HE SABISIECTCSA HENIPEPBIBHOU B OTOM TOUKE.

Omnpenenenne. Touka X( Ha3bIBAETCSA TOYKOW pa3pbiBa 1- ro poaa, eciu B 3TOM TOYKE (QYHKIIHS
f(x) uMeeT KOHEUHbIEe, HO HE PaBHBIC APYT APYTY JICBBIN U MPABBIA MPEICTHL.

lim f(x)# lim f(x)

x—x5+0
HJ’IH BBIITOJIHCHU AL YCJTOBI/Iﬁ OTOr'0 OMMpPEACICHUA HE Tpe6yeTc;I, 9TOOBI (bYHKHI/IH ObLIa OonpeacicHa B
TOYKEC X = X, JOCTATOYHO TOI'0, YTO OHA OIPCACIJICHA CJICBA U CIIpaBa OT HCC.




W3 onpeneneHnst MO>KHO CJIeNIaTh BBIBOA, YTO B TOUKE pa3pbiBa 1 — ro pona GyHKIHS MOKET UMETh
TOJIbKO KOHEYHBIH CKauyoK. B HEKOTOPBIX YaCTHBIX CiIydasX TOYKY paspbeiBa 1 — ro pona emie MHOTIa
Ha3bIBAIOT YCTPAHMMOI TOUKOH pa3pbiBa, HO MOAPOOHEE 00 ITOM IMOTOBOPHM HUXKE.

Omnpenenenne. Touka X Ha3bIBACTCS TOYKOW pa3pbiBa 2 — ro pojaa, eclii B 3TOW TOUYKE (YHKIIHS
f(x) He umeeT x0T ObI OTHOTO U3 OJTHOCTOPOHHUX MPEAEIIOB UK XOTS Obl OIMH M3 HUX OECKOHEYEH.

[Mpumep. Oyukuus Jupuxie (Jupuxme Ilerep I'ycrar(1805-1859) — Hemenkuii MaTeMaTuK, 4eH-
koppecnorneHT [lerepOyprekoit AH 1837r)

1,
fx) =

0, X —UppayuoHalbHoOe YUcCio

X — payuUOHAJIbHOE YUCIIO

HE SIBJISICTCSI HEMIPEPHIBHOM B JII000M TOUKE Xo.

1
[pumep. @yuknus f(x) = — umeer B Touke Xy = 0 TOUKy pa3psiBa 2 — TO poja, T.K.
X

lim f(x)=+; lim f(x)=—.

x—0+0

Onpenenenue. Oynknus f(x) Ha3pIBaeTCs HeNMPePbLIBHOII HA UHTepBaJe (0Tpe3Ke), eciin
OHa HETpephIBHA B JIIO0OM TOYKE HHTEpBaja (OTpe3Ka).

I[Ipu sTomM He TpedyeTcs HENPEephIBHOCTh (YHKIIMM HAa KOHIAX OTpe3ka WIM HWHTEepBaja,

Heo0Xxo0IuMa TOJIBKO OJJHOCTOPOHHSISI HETIPEPHIBHOCTh HAa KOHI[AX OTpe3Ka UM MHTepBaa.
CaoticTBa hYHKIINH, HETIPEPLIBHBIX HA OTPE3KE.

CroiictBo _1: (IlepBas Teopema Beiiepmtpacca (Beitepmrpacc Kapn (1815-1897)- nemernkwmii
MaTematuk)). OyHKIUs, HEMpEephIBHAS HA OTPE3Ke, OrpaHUYCHA HA 3TOM OTpe3Ke, T.e. Ha oTpe3ke [a, b]
BhITIONTHsIETCS yenoBue —M < f(x) < M.

CroiicTBo 2: DyHKIIUS, HENpepbiBHAs Ha oOTpe3ke [a, b], mpuHMMaeT Ha HEM HaWOOJbIIEE H
HaUMEHbBIIICe 3HAYCHUSI.

T.e. CyIIECTBYIOT TaKHe 3HAYEHUS X U Xp, uTO f(X1) =m, f(x2) =M, npuyem m < f(x) <M

OTtmeTHM 3TH HamOONBIINE W HAUMEHBIINE 3HAYeHUS (DYHKIUS MOXET NPUHUMATh HAa OTPE3Ke W
HECKOJIbKO pa3 (Hampumep — f(Xx) = sinx).

Pa3HoCcTh Mexay HaumOONBIIMM W HAWMEHBIIUM 3HAYeHHUEM (YHKIUU HA OTPE3KEe Ha3bIBacTCA
KoJe6aHneM (pyHKIHU HA OTpE3Ke.

CBoiicTBo 3: (Bropas teopema bonbiiano — Komm). @yHk1us, HempepsIBHAsT HA OTpe3ke [a, b],
MPUHUMAET Ha 3TOM OTPE3KE BCE 3HAYCHHS MEKIY JBYMsI IPOU3BOJIbHBIMH BETMYMHAMH.

CpoiictBo 4: Ecnn ¢yHkuusa f(X) HempepblBHA B TOYKE X = Xg, TO CYIIECTBYET HEKOTOpas
OKPECTHOCTh TOUKH X(, B KOTOPOI (QYHKIIMS COXpaHSIET 3HAK.

CaoiictBo _5: (IlepBas Tteopema bompmano (1781-1848) — Komm). Ecmu dyakmus f(x)-
HempepbIBHAsi Ha OTpe3ke [a, b] U MMeeT Ha KOHIAX OTpe3Ka 3HAYEHMs MPOTHUBOIOJIOKHBIX 3HAKOB, TO
CYIIECTBYET Takasi TOUKa BHYTPH 3TOro oTpe3ka, rae f(x) = 0.

CBoiictBo _7: Ecnm ¢ynkuusa f(x) ompeneneHa, MOHOTOHHa M HEIpepblBHA Ha HEKOTOPOM
MPOMEXKYTKE, TO U oOpaTHas el GyHKIus X = g(y) TOKe OJJHO3HAYHA, MOHOTOHHA M HEMPEPhIBHA.

2.5. ®opmyJia CI0KHBIX MPOLEHTOB.

Kanuranuzanus NnponeHTOB — NPUYMCICHHUE IPOLEHTOB K CyMME BKJIaJAa, MO3BOJIAET B JaJbHEWUIIEM
OCYHICCTBJIATDH HaA4YHCJIICHUC IMPOLICHTOB Ha IMPOLCHTHI. Hauucnenue IIPOLICHTOB HA IMPOLICHTEI,
UCIOJIb3YeMO€ B HEKOTOPBIX BUAAX OAHKOBCKUX BKJIAJIOB, WM MPH HAIWYUH JOJTa MPOLEHTHI, KOTOphIE
BKJIFOYAKOTCS B CYMMY OCHOBHOT'O JOJIT'da, U HA HUX TAKKC HAYUCIAOTCSA NPOLCHTHI. To KE, UTO U CJIOJKHBIN
npoueHt. IIpomeHTsl 1o  BKIaAy € KanuTalu3alMed  MOTYT  HAUUCIATBCA  €KEJIHEBHO,
CKCMCCAYHO, CXKCKBAPTAJIBbHO U CXKXCI'OAHO. Ecan ux He BbITIJIAYUBAKOT, TO HpI/I6aBJI5IIOT K CyMMC BKJIaJia. 4!
B CJIEJIYIOIIEM [IEPHO/JIE MPOLIEHTHI Oy1yT HAYUCIIECHBI YKe Ha OOJIBIIYIO CYMMY.

OOmiass cymma, KOTOPYIO TOJYYHT BKJIATUYMK, IPH pacdyére IO CIOKHOMY MpPOIEHTY Oyzaer

T
paBHa £ (1 + ﬂ') , TJle X — HavyaJlbHasi CyMMa BJIOKEHHBIX cpeacTB, 0 < a < 1 — rogoBas nporeHTHas



CTaBKa, N — CpPOK BKJIaga B rogax. HpI/I BKJIaJ€ 110 CTAaBKEC s% roao0BbIX, IMOCJIC MICPBOr0 roaa XpaHCHUA

KamuTaja cocTaBui Obl X moc $% OT He€, TO eCTh BO3pOC ObI B (1 + S/ 100) paza. Ha BTopoit rox s%
pPacCYUTHIBAIUCH OBl YK€ HE OT OJIHOM KOTEWKH, a OT Ben4nHBI, 6osbiieii e€ B (1 + s/100) pasa. U, B cBoro
ouepenp, JaHHas BeIMYMHA yBenuuymiach Obl Toxke 3a roa B (1 + s/100) pa3za. 3Hauut, Mo CpaBHEHHIO C

2
MEepBUYHON CyMMOM BKJaJ 3a JBa TroJa BO3poC Obl B(]' ‘|‘S/ 100) pa3. 3a Tpu roma—

o (145/100)° 5o,

N
K romy N nepBuuHbIi BKJIaa BEIPOC ObI 10 BEIMYMHBI B (1 + S/ 100) pa3 OoJblie epBOHAYAIBHOM.
B npuMeHeHnH K eXxeMeCsIUHON KaruTanu3anuy GopMysa CJI0XKHOTO MPOLIEHTa UMEET BU/I:

z - (14 (14 s/100)Y12 — 1)™ =z - (1 + 5/100)™/'2,

rac X — Ha4daJibHas CyMMa BKJIa[ld, S — I'OA0Bad CTaBKa B IIPOLCHTAX, M — CPOK BKJIaJld B MCCALIAX.

2.6. ®opMy.1a HeNpePBIBHBIX MPOLICHTOB.

[Tpy MHOTOKpaTHOM HAa4YHCICHUU NPOCMBIX NPOYEHMO8 HAUUCICHUE JIeJaeTcs 110 OTHOIIEHUIO K UCXOTHOU
CyMME HIIPEJICTABIISAET COO0H KaK/bIi pa3 OJHY U Ty e BeInunHy. MlHaue roBops,

S=P+P-n-1= |[1—|—m')P,
rie P — ucxogHas cymma
S — HapaieHHas cymma (MUCXO/JHasi CyMMa BMECTE C HAUUCIEHHBIMU ITPOLIEHTAMH )
| — MPOIIEHTHAs CTaBKa, BbIpaXXCHHAsI B IOJIAX
1 — YHUCIIO NIEPUOI0B HAUHUCIICHUS
B sTOM ciiyyae roBopsiT 0 npocmoit npoyenmnoil cmagke.
ITpy MHOrOKpaTHOM HAa4YMCIIEHUU CIOJCHBIX NPOYEeHMO8 HAUNCIEHUE KKl pa3 ejaeTcs 110 OTHOLLEHU
10 K CyMMeC YK€ HaYUCIICHHBIMH paHee npoiieHTaMu. MHaue rosops,

S=1+)"P
(pu Tex ke 0003HAYCHUSX ).
B 3TOM Cciyyae roBopsT O C10MHCHOU RPOYEHMHOU CInagKe.
Yacro paccmaTpuBaercs cienyrolas cutyauus. ['ojoBasi polieHTHas: CTaBKa COCTaBIISET j, @ IPOLEHThIHA
YHUCIISIFOTCS 71 pa3 B TOAY 110 CIIOKHOW MPOLIEHTHON CTaBKe paBHOM j / m (Hampumep, MOKBapTaIbHO, TOTAa
m = 4unu eKEMECTIHO, TOTIA 71 = 12). Torna ¢opmysa st HapaleHHONW CyMMBbI OYET BBITJISIICTh:

s=(1+1)"p

m

B sTOoM ciydae roBOpsAT O HOMUHANLHOU npoueHmHOou cmaeke. CpaBHEHHE CIOKHBIX IPOLEHTHBIX
CTaBOK C pa3HbIMM HHTEpBAJIaMU HAUUCJICHHUS TPOU3BOAST MPU TMOMOIIM IOKa3aTeias rojoBas
IIPOLIEHTHAs IOXOAHOCTb.
Hakomner, nHorza paccMaTpuBarOT CUTYAIMIO TaK HA3bIBAEMbBIX HENPEPbIEHO HAYUCIAEMBIX HPOYEHM 08, T
0 €CTBI'0JIOBOE YHUCIIO MEPHOA0B HAYUCICHHS M YCTPEMIISIOT K OeckoHeuHOCTH. [IporieHTHY0 cTaBKy 0003
HayaroT O, ahopmyiia sl HapaleHHONH CyMMBL: S = &P.
B sTOM ciyyae HOMUHANIBHYIO TPOLEHTHYIO CTaBKY O HA3bIBAIOT CUIdA pOCcma.
Hapanienne u nuckontuposanue. Hapamiennas cymma B Cllydae HENPEPBIBHOIO HAYUCIIEHUS MPOIIEHTOB
no craBke j: S = Pe’"
Jiss Toro 94TOOBI OTIAMYATh CTABKY HEMPEPBHIBHBIX IMPOIEHTOB OT CTABOK AMCKPETHBIX MPOICHTOB, €€
HA3BIBAIOT CU0M pocma 1 0003HAYaI0T CUMBOJIOM 0. C yd4eToM BBEJECHHOI0 0003HaYeHUs paBeHCTBO (4.1)
npuapMaer Bux S =Pe® Cuna pocTa INpeAcTaBisieT cOO0H HOMUHAJIBHYIO CTAaBKY IPOLIEHTOB IIPU
m—oo.
3agaua Cwia pocra OaHKOBCKOTO BKIaaa 0=0,03. Haiitu cymmy Ha cyere uepe3 2 roja, €cliu
nepBOHavYalibHasi cyMMa BKJaga cocrasisier 9000 pyo.
Pewenune. S=9000e""7=9000"" = 9556,38 py6.
JIHCKOHTHPOBAHHE HA OCHOBE HEMPEPBIBHBIX MPOLEHTHBIX CTABOK OCYIIECTBISETCS 0 (hopmyie P=Se™"
CBsi3b IUCKPETHBIX U HEeNMPEPbIBHBIX NPOLEHTHBIX CTABOK. J{UCKPETHBIC U HEMPEPHIBHBIE TPOLICHTHBIC
CTaBKU HAXOASTCA B (YHKIIMOHAIBHON 3aBUCUMOCTH, Oaroaapsi KOTOpOil MOKHO OCYLIECTBIISITh EPEXOT
OT pacueTa HeMPEPHIBHBIX MPOIIEHTOB K JUCKPETHBIM B HA000pOoT. DOpMYITy SKBHBAJICHTHOTO Tepexoja OT
OJIHUX CTaBOK K JIPYTUM MOXHO HOJyYUTh, IPUPABHHUBASL COOTBETCTBYIOIINE MHOKUTEIN HapamieHus (1
+i)" =e°" (VI3 3anMCAaHHOrO paBeHCTBa cieayet, uto 0 =In (1 +i), otkyna i=e®—1
3apaua. ['ogoBas cTaBKa CII0OKHBIX IPOLIEHTOB paBHa 15%. Uemy paBHa 3KBHUBaJIEHTHAsI cuJia pocTa?




P e m e v u e. Boconb3yemcst hopmynoit: 6 =In (I +i) =1In (1 + 0,15) = 0,13976, T.e. SKBUBaJICHTHAs
cuna pocrta paBHa 13,976%.

2.7. llponsBoacTBeHHast PYHKUMA ¥ (PYHKUIMS MOJTE3HOCTH.

OyHKIME HAXOJAT IMUPOKOE NMPUMEHEHHE B DKOHOMHYECKOW Teopuu W mpakTtuke. CIEKTp WCIOIb3yeMBbIX B
9KOHOMHKE (YHKIMH BEChbMa IIMPOK: OT MPOCTCUIINX JIMHEHHBIX 70 (DYHKIMH, MOIYYaeMBIX 1O OMPEACICHHOMY
QITOPUTMY C TIOMOIIBIO TaK Ha3bIBAEMBIX PEKYPPEHTHBIX COOTHOIICHHH, CBS3BIBAIONINX COCTOSIHUS HM3y4aeMbIX
00BEKTOB B Pa3HbIC MEPUOJIBI BPEMEHH.

Hamnbonee yacto nConb3yr0TCs B 3KOHOMHUKE clieyonue (yHKINH:
1. @yukyua noneswocmu (QyHxkyus npednoumernuti) — B IIAPOKOM CMBICIC 3aBHCHMOCTH IIOJIC3HOCTH, T.C.
pe3ynbTaTa, dhderra HEKOTOPOTO ACUCTBHSI OT YPOBHS (MHTCHCHBHOCTH) DTOTO JICHCTBUS.
2. Ilpouszsodcmeennasn ynkyus — 3aBUCUMOCTb pe3yjIbTaTa MPOU3BOJICTBEHHON AEATENLHOCTH OT 00YCIOBUBIINX
ero (hakTopos.
3. @ynkyusa evinycka (9aCTHBIM BHI TPOW3BOICTBEHHOW (YHKIHMH) — 3aBUCHMOCTh O0BEMA IIPOW3BOJCTBA OT
HAJINYHUS WU TOTPEOIICHUS PECYPCOB.
4. Dyuryus uzdepoicex (YaCTHBINA BUJI POU3BOJICTBEHHON (DYHKIIMK) — 3aBHCUMOCTD U3JICPKEK IMPOU3BOJICTBA OT
o0BeMa MPOTYKIIUH.
5. @yuxyuu cnpoca, nompebrenus u npeonrodcenus — 3aBUCUMOCTh 00bEMa cripoca, TOTPEOICHUS WU
MPEIOKEHUST HA OTACIbHBIC TOBAPBI UM YCIYTH OT Pa3MUYHBIX (PAKTOPOB (HAIp-p, IEHBI, JOXO0/A H T.IL.).

2.8. IIpenenbHble BeJIMYMHBI B IKOHOMHUKE. JJIACTHYHOCTH (PyHKINH, ee CBOICTBA M TreOMeTPHYeCKUi
CMBICJL.

@OYHKIMM HaXOAT IHPOKOE IPUMEHEHNE B DKOHOMUYECKON TeOpuH U npakTuke. CIIEKTp UCIOIb3YEMBIX
B DKOHOMMKE (DYHKIMII BeCbMa IIUPOK: OT MPOCTEHINNX JUHEHHBIX 10 (PYHKIMH, IOIy4aeMbIX 110
OIIPEJIETICHHOMY aJITOPUTMY € ITOMOILBIO TaK HA3bIBAEMBIX PEKYPPEHTHBIX COOTHOLIECHUH, CBSA3bIBAIOIINX
COCTOSIHUS M3y4aeMbIX 0OBEKTOB B pa3HbIE EPUO]Ibl BDEMEHHU.
1. 3adaua o npoussodumenvrocmu _mpyoa.

[Tycts pyHkuus u = u(f) BbIpa)kaeT KOJUYECTBO MPOU3BEACHHON MIPOAYKIIUN # 33 BpeMs .

Heo6xoarMo HaliTU IPOM3BOIUTENBHOCTh TPYAA B MOMEHT BPEMEHHU fy. 3a epUOJ BPEMEHU OT £, 10

t, + At KOJINYECTBO MIPOU3BEJCHHOMN MPOAYKIIMN HU3MEHUTCS OT 3HaUeHus u, = u(t,) 1o

Au

At
O‘ICBI/II[HO, YTO I’lpOM360@um€Jle0€mb mpyda 68 MOMEHM 6pemMeHU lO MOXKHO OIIPEACTIUTD KaK INPEACIbHOC

Uy +Au = u(t, + At) - Torzxa CpE€aHAA IMPOU3BOAUTEIIBHOCTD Tpyda 3a 3TOT IIEPHUOA BPEMECHU Zcp =

3HAa4YeHUE CPEIHEN IMPOU3BOAUTENBHOCTHU 32 MEPUOJ BpEMEHU OT ¢, 10 ¢, +Af, mpu At — 0, T.c.

. . Au
z=limz, = lim— =u'(t))
M0 P A0 Af
2. Ilycre pynkuus y = y(x) 3amaeT 3aBUCUMOCTH H3ACPKEK MPOU3BOACTBA ) OT KOJIMUYECTBA

BbIIycKaeMol npoaykuuu x. [Iycts Ax - mpupocT npoAyKuuu, Toraa Ay - IpupalleHue U3aep:KeK

A
MPOU3BOJACTBA U Ey - CpeIHEE IpUPALIEHUE U3LEPKEK IMPOU3BOACTBA HA €AUHHULLY TPOAYKLUH.

. A
IMpoussoanas )’ = lim Ey BBIPAXKACT HPeldenbHble U30EPHCKU NPOU3BOOCMBA U XAPAKMEPU3yem
Ax—0

NPUOIUNCEHHO OONOJHUMENbHbLE 3aMPAmbl HA NPOU3E0OCME0 eOUHULYbL OONOJHUMELbHOU NPOOVKUUU.
AHAJIOTUYHO OMPEENSAIOTCS npedeibHas 8blPYUKA, NPedenbhblil 00X00, NPedeb bl NPOOVKNIL,
npeodeibHasl NONEe3HOCHb, NPEOebHAS NPOU3BO0UMEIbHOCHbL U T.]I.

[IpenenbHbIC BETUYUHBI XapaKTEPU3YIOT NPOYECC, USMEHEHUE IKOHOMUUEeCKo20 0bvekma. Takum
00pa3oM, npouU3800HAA BLICHIYRACT KAK CKOPOCHb UBMEHEHUSl HEeKOMOPO20 IKOHOMUYECKO20 00beKmd
(npoyecca) no epemenu i OMmHOCUMENIbHO20 0PY2020 hakmopa.

PaccMoTpuM COOTHOIIEHUSI MEKIY CPETHUM M NPeAeIbHBIM 10X0/I0M B YCJIOBHSX MOHOIOJIBHOTO H
KOHKYPEHTHOTO PHIHKOB.

3ameuanue: B 5KOHOMUYECKOW TUTEpaType MPeIeIbHBIC BEIMYMHBI HA3BIBAIOT TAKKE MAPHCUHATLHLIMU.
[Tpu ux 3anucu kK 0OBIYHOMY 0003HAYCHHIO BEJIMYUH fo0aBisercs OykBa M. Ilpu 3anmcu cpegHux
BeMYMH no0asisercs OykBa 4. Hampumep: MR — npenenbHblid 1oxon, AR — cpenHuil 10xo.




[lycth 7 — cymMMapHbIii 10X0/ (BBIpYUKa) OT peaanu3aiuu NpoayKIIuH,
p — IIeHa €IMHULIBI TTPOTYKIINH,
¢ — KOJIMYECTBO MPOAYKIIUHU Torna r=pq
B yc/JI0BHSIX MOHONIOJIMH OJTHA WJIM HECKOJIBKO (PUPM MOJTHOCTHIO KOHTPOJIUPYIOT MPEITIOKCHHE
HEKOTOPO MPOAYKIIMH, a 3HAUUT U LIeHbl Ha He€. [Ipu 3TOM ¢ yBelIMYE€HHEM LIEHBI CIIPOC Ha MPOIYKLIHIO
nagaet. [IycTh 9T0 mpoucxoaut 1o npsimoir  p=aqg+b, tne a<0, b>0), T.e. nMuHElHas yObIBaroas

¢bynakmus. Torma r=(aq+b)q=aq2+bq. U cpenumii 10xX01 Ha €AMHULY IPOAYKLUH 7, = L. ag+b.

!
[penenbHpiit loxon coctaBut 7, =2aq+b (puc. 1)

Mononoashbiti s . .
4 PBHOK ry Caododubil KOHKYpeHmHbI
¢ e, PHHOK
2
L‘Q

2
"e-1 r (cyMMapHBlit
2
T

noxom)
F (CyMMapHBIi
NOXO1)

peLHHH

Tep (cpeammit moxoa)
aokon)

rq' (MpenenrbHBIt 10X01)
5

]
ol (npenens- p b q
HBbIH
JI0XO/T) 2 3 0 q

puc. 1 puc. 2
CrenoBarTenbHO, 8 VCIOBUAX MOHONOALHO20 PLIHKA C POCHIOM KOAUYECINEA Peaiu308AHHOU NPOOVKYUU
NpeoebHblll 00X00 CHUMNCAEMCS, YMO NPUBOOUM K YMEHbUEHUIO CPEeOHe20 00X00d.

B ycrioBusix coBeplieHHO# KOHKYPEHIMH Kaxas Gupma He CIOCOOHA KOHTPOJIUPOBATH YPOBEHH IICH.
[Tycts mpeobnanatomias peiHOYHas ieHa p=>b. [Ipu 3TOM cCyMMapHBIii JOXOJl COCTaBUT r=hg U

!
r, = " _p W TpPEIeNbHBIA 10X01 7, = b (puc. 2).
q
Takum 00pa3oMm, 8 yCi08usix c80000H020 KOHKVPEHMHO20 PLIHKA CPEeOHUL U NPedeibHbllil 00X00bl
coenaoaiom.

COOTBETCTBEHHO CPEAHUMN JT0XOJ

HJ’IH HCCIICA0BAHNA SKOHOMHWYECCKUX IMPOLECCOB U PCHICHUA IPUKIIAJHBIX 3a]a4 UCIIOJIB3YCTCS ITOHATHUEC
Jlacmudrocmu d)VHKuUU.

OIIP: Onacmuunocmvio gynxkyuu E (y) Ha3bIBaeTcs Mpeaes OTHOCUTEIBHOIO IPUpALeHus QyHKuuu y
K OTHOCHUTEJIbHOMY IIPHPAILEHUI0 NepeMeHHOH x mpu Ax — 0:

. [Ay Ax x .. A X
E (y)=lim 22 :—llmEy:—-y'
Ax—0 y X y Ax—0 y
DnacTUYHOCTh (PYHKIMHU MOKA3bIBaeT MPUOIUKEHHO, HA CKOJIBKO MPOLIEHTOB U3MEHUTCS (PYHKIIUS
y = f(x) npu U3MEHEHUHU HE3aBUCUMOM nlepeMeHHOM x Ha 1%.

I'eoMeTpHUecKUii CMBICJ:

X , X o
E (y)= ; Y= ;tga , TJIe (ga - TaHIEHC yrila HaKJIOHA KacaTeIbHOHU B TOUke M (x;y)

¥
¥ M
iy
Blae £
e C
A0 ® X d XA W
puc. 3 puc. 4
AMBN : MN =x-tga, MC =y, AMBN oo AAMC = MN _ MB  3paunt E (y) _MB
MC MA MA

T.e. snacmuunocme pyukyuu (no abcorromuoii geruyure) pasHa OMHOULEHUI) PACCMOAHUL NO
KacamenbHol om 0aHHOU MoYKU epaduka QyHkyuu 0o moyek eé nepecevenus ¢ ocsimu Ox u QOy.

Ecmu Touku A w B HaxopmsTcs 10 OJHY CTOPOHY OT TOYKHA M, TO DIIACTUYHOCTH TOJIOKHUTENbHA (PHC.
3), ecim 1o pa3Hble, TO OTpUlaTenbHa (puc. 4).

Ceoticmea _saacmuynocmu_(OYHKYUU.:




1) DnactTuuHOCTh (PYHKIIMU paBHA MPOU3BEACHUIO HE3aBHUCHMOW MEPEMEHHON X Ha TEeMI U3MEHEHUS

!

NZ NIV :(lny)':y;, T.C. E(y)=x-T,.

2) DnacTUYHOCTh MPOM3BEACHUS (YAaCTHOTO) IBYX (DYHKIIMIA paBHa cyMMe (pa3HOCTH) AJIACTHYHOCTEH

3TUX QYHKUIUH. EUV)=EU)+E.(V) u E. (%) =E (U)-E (V).

3) DnacTUYHOCTH B3aMMHOOOPATHBIX (YHKLMH — B3aUMHO OOpaTHbIE BeNUYMHBL.  E (V) = £
X
y

WTak, 31acTUYHOCTb CIpOCa ) OTHOCUTENBHO LIEHb! (MM JOX0Ja) X MOKa3bIBaeT NPUOIMKEHHO, Ha
CKOJIBKO ITPOLIEHTOB U3MEHUTCS CIIPOC IPU U3MEHEHUH LieHbl (oxoxa) x Ha 1%. Ilpuuem:

®  eCJIM 3JaCTUYHOCTH CIIpoca |Ex ( y)| > 1, TO CIPOC CUUTAIOT 2IACHUYHBIM;

®  €CJIM 3JaCTUYHOCTD CIIpoca |Ex ( y)| <1, TO CIPOC CUNTAIOT HEINACHUYHLIM OTHOCUTEIBHO LIEHbI

(moxoma);
®  ©CJIM 3JaCTHYHOCTB CIIpoca |EX( y)| =1, TO TOBOPAT O CIIPOCE ¢ COUHUYHOU INACMULHOCIIBIO.

BbIsicHMM Kak BIUSIET 3JJaCTUYHOCTD CIIPOCAa OTHOCUTEIBLHO LIEHBI Ha CyMMAapHBIN JOXOJI #=pq TpH
peanuzanuu npoaykiuu. [lycte p=p(q)- npousBonbHas ¢pyHKIUs ( He 00s3aTenbHO NUHEHHAsT). Haiinem
npeeabHbIA JOXO/I.

r,=(pq),=p,-q+p-1= p(l+Zp[,j— p(I+E,(p))

Io cpoiictBy 3: E (p) =

rq' =p 1+#
£, ()

®  €CIIU CIIPOC DJIACTHYEH, TO TIPEJIEbHbII T0X0N 7, - OJIOKUTENIEH TpU Mo6oii 1ieHe. ITo 03HaYaeT,

u E (q) <0, nomyunM npu npou3BOIbHON KPUBOH cripoca

E, (9)

UTO 0JisL NPOOVKUUU AACMUYHO20 CNPOCA C 803PACHAHUEM YEHbl CYMMAPHBLUL 00X00 Om
peanuzayuy nPoOVKYUY VEeaUYUBAECAL.

® CCJIK CIIPOC HEIJIACTUYCH, TO HpeI[CJ'IBHBIfI J0X01 l"q’ - OTPULATCJICH IIPU JIF000I mneHe. OTo

O3HAYaeT, YTO 0/i NPOOVKYUU HEINACIUYHO20 CHPOCA C 803DACIANHUEM YEHbl CYMMAPHbLU 00X00
om peanuzayuu NPoOYKYUU YMEHbUldemcs.
Hpumep 1: 3aBUCHMOCTD MEXIY U3EP)KKAMH TPOU3BOACTBA ¥ M 00BEMOM BBIITYCKAEMOW MPOAYKLIUU X

BEIpakaeTca Gynkuuein y = 50x —0,05x° (nen. en.). OnpenenuTsb CpeHue U IpeaeTbHbIE H3AEPKKH IPH
00béme npoayknuu 10 ex.
Pemenne: OyHKUMSA CPEIHUX U3ACPKEK: Y, = Y —50-0.05x Y, (10) =45 (nen. en.).
X
DyHKIMSA TpeeNbHBIX n3nepxkek: »'(x) = 50 —0,15x> y'(10) =35 (mewn. ex.).
Utak, ecnu cpeqHue U3AepKKU Ha MPOU3BOJICTBO €IMHUIBI TPOIYKIINN =45 JIeH. el., TO IpeaebHbIe

U3JICPKKH (IOMOIHUTENBHBIE 3aTPAThl HA IPOU3BOICTBO €. MIPOIYKIIHH ), TPH 00bEME BBITYCKaeMOit
npoaykuuu 10 ex., =35 neH. en.

[Mpumep 2: 3aBHCUMOCTh MEKIY CEOECTOMMOCTBIO SIIMHUIIBI IIPOIYKIIUU Y (THIC. Py0.) H BBIITYCKOM
OPOAYKIHMH X (MIpI. py0.) Belpaxkaercs ¢pynkuueit y = —0,5x +80. Haiftu smacTu4HOCTH

ce0ecTOMMOCTH MPH BbIMYCKe MPOAyKIH, =60 MIH. pyo0.

Pemenue:
X - 0,5x X
E ==y = E = - = =
=3 )= 05480 =160
MPOYKIHH, paBHOM 60 MIIH. pyO0., yBenndeHue ero Ha 1% MpuBeAeT K CHUKEHUIO Ce0eCTOMMOCTH Ha
0,6%.

E _(y)=-0,6, T.e. npu BbIIyCKE



[pumep 3: OO6BEM NpoayKIMK U, IPOU3BEIEHHBIN OpHranoil pabounx, MOXKeT OBITh OIIMCAH YPaBHEHUEM

5
u= —gt3 + ?tz +100¢ +50 (en.), 1<¢<8,rue ¢—pabouee Bpems B yacax. Beraucinurh

MIPOU3BOIUTEIBLHOCTD TPY/Ia, CKOPOCTh U TEMI €€ M3MEHEHHS Yepe3 yac IMocie Hadana padoThl U 3a Jac J10
€€ OKOHYaHHU.

5
Pemenne: IlpoussogurenbHocTh Tpyna: z(t) =u'(t) = _Etz +15¢+100 (en./ 4.)
CKOpPOCTB IIPOM3BONTENBHOCTH: Zz'(f) = =51 +15 (ex./ @)

Z'(ty  2t-6

Temn u3MeHeHUS NPOU3BOAUTCIIBHOCTH: T () = Inz(t ' = T (@)= =
L0 =(Inz(1)) 0= = F e

(em./q.)
Ecmm ¢, =1,10 z(1)=112,5(en./4.), z'(1) =10 (exn./ T, T (1)=0,09 (en./u.)
Ecm t,=8-1=7,10 2(7)=282,5(en./4.), z'(7) =-20(en./ 1?), T (7)=-0,24 (en./u.)
Wtak, Kk KOHIly pabOThl TPOU3BOAUTEIILHOCTh TPY/a CHUXKACTCS. 3MeHeHHe 3HaKOB TOBOPUT O TOM, YTO

YBCIIUYCHUEC ITPOU3BOJUTEIILHOCTHU TPYyJa B IIEPBBIC YaChI pa6oqero JIHSI CMEHSETCS €€ CHU)KECHUEM B
NOCICIHUC YacChl.

p+8
[pumep 4: ONBITHBIM MyTEM YCTAHOBJICHBI (PYHKIIUU CIIPOCa ¢ =

U npepnoxenusa s = p+0,5,

rac q n S — KOJINYCCTBO TOBapa, COOTBECTCTBCHHO HOKyHaeMOFO nu Hpe;[naraeMoro Ha Hpo;[ancy B
eAMHUIlY BPEMEHH, p — lIeHa ToBapa. HailTu: a) paBHOBECHYIO LIEHY; 0) 3J1aCTUYHOCTh CIIpoca U
IIPEJIOKEHUS AJIs ATOM LIEHBI; B) U3MEHEHME JJ0X0/1a IIPY YBEJIIMYEHHUH LIeHbI Ha 5% OT paBHOBECHOI.
Penrtenue:

a) PaBHoBecHas 1ieHa ONpeeNseTcs u3 ycluoBus g=s: P+8 _ p+05 = p=2 (meH. en.) - paBHOBECHAs

p+2
IICHAa.
X
0) E(y)=—-)
y
Ep ((]) — _67p - 3JIACTUYHOCTBH CHpOC& nu Ep (S) = 2p - 3JIACTUYHOCTH l'IpCI[J'IO)KCHI/IH.

(p+2)(p+8)
Jlst paBHOBeCHOH LieHbl p=2: E, ,(q)=-03 ®u E, _,(s)=08.

2p+1

E, (@<l m E,_,(s)<1 = CHpoc U IPEATI0KEHNE TP PABHOBECHOU 1ICHE HEDJIACTUYHBI. T.e. npu

yBeIMUeHUU LieHbl p Ha 1% cnpoc ymenbiintes Ha 0,3%, a npeanoxxenue ysenunuurcs Ha 0,8%.

B) IIpu yBennuenuu uensl Ha 5% OT paBHOBECHOM cripoc ymeHbIuTess Ha 5-0,3 =1,5% , 3HauuT 10X0]
Bo3pacteT Ha 3,5%.

ITpumep 5: Kak cBsA3aHbI IpeJiesIbHBIE U CPEIHUE MTOJHBIE 3aTPAThl IPEANPHITHS, €CIU 3JACTUYHOCTh
IIOJIHBIX 3aTpaT paBHa 17

Pemenue:

[Iycts y = f(x) - moyHbIe 3aTpaThl IPEANPUITHS, TI€ X — 00BEM BBIITYCKAEMOW MPOTYKIIHH.

Cpennue 3aTpaThl Ha IPOU3BOJCTBO /1. IPOIYKUUH Y, = —

E(y)=1n 1= X y = y'= R MpeACIIbHBIC U3ICPKKU MPEATTPHUITHS.
y X

Urak, y,, =)', T.e. IpeebHble H3/IEPKKU = CPETHUM U3IEPIKKAM.

3aMeTHM: MOJIyYeHHOE YTBEPKIECHUE BEPHO TOJIBKO JUISl TUHEHHBIX PYHKINN U3JIEPIKEK.

2.9. [IayTHHBbIE MO/I€JIA PHIHKA.
IlayTuHOOOpa3Hasi MoieJIb PBIHKA — JTO TUHAMHYECKAss MOJIETb PhIHKA, MOKA3BIBAIOIIAS CIIOCOOHOCTh
pBIHKa K CaMOCTOSITEIbHOMY YCTaHOBJICHHIO PaBHOBECHS B pe3yjbTaTe B3aMMOICHCTBHS cIpoca u
MPETIOKEHUS.



B nmamHoit mopenu NPpEAJIOKCHUC pearupyect Ha HU3MCHCHUC CIIpOCa HE Cpasdy, a C 3all03JaHUCM, YTO
IpUBOJIUT K BO3HUKHOBCHUIO IOCHOBBIX KOJIEOaHUH. B SKOHOMHYESCKOU TCOPHUU
pasiinviaroT samyxarowue, ycuiuearouueci U paéHoMepHsvle KoJIeOaHMS L CHEI.

P

IIayTunooOpa3Has Moes b PbIHKA C
3aTyXaKIUMH KOJe0aHUAMH LeH

Ha nmepBom rpaduke npeacTaBieHa mayTHHOOOpa3Hast MOJIENb PHIHKA C 3aTyXaIOUIUMH KOJIeOaHUsIMU IICH.
O1H KoJieOaHUsT TPOUCXOMIT KOTJa KpHuBas MpEMIOKEeHHs Oojiee KpyTras, 4eM KpuBas crpoca. B
pe3ylbTaTe dTUX 3aTyXalIuX KojaeOaHWi Ha phIHKE BOCCTAaHABIMBAaeTCS paBHOBecue. [lepBoHauanpHO Ha
PBIHKE CIIOKHIIACh CUTYAITUsl KOTJia MPOAABIILI IPEJIararoT CBoi ToBap 1o 1eHe Py u B o0beme Qo, T.€. Ha
YpOBHE HIKE PAaBHOBECHOTO COCTOSIHUS phIHKA. [Ipy TaHHOI I1eHe Ha phIHKE BO3HHMKAET AC(UIMT TOBapa,
M3-32 KOTOPOTO II€Ha HAYMHACT IMOBBIIMIATHCS 0 YpOBHS P M y mpoumsBoguTeseii BOSHUKHET >KEJIaHUE
YBEJIUYUTH MPOU3BOACTBO ToBapa /10 ypoBHsA Q). EcTecTBEeHHO, YTO paHO WM MO3AHO MPHU MOBBIIICHHON
[IEHE CIPOC HEMUHYEMO COKPATHUTCS U OKKETCS MEHbIIE MpeaiiokeHus. Ha pelHKE BOSHUKHET M30BITOK
TOBapa, YTO MOATOJKHET MPOJIaBlla CHU3UTD LIEHY A0 YPOBHs P,y CHU3UTH MpeioKEeHne ToOBapa 10 YPOBHS
Q. B pe3ynbrare manpHEHIUX moJ00HBIX KOJECOAHUI PHIHOK PaHO WM MO3HO HAWJET TOT PaBHOBECHBIN
YpOBEHb, KOTOPBIN OYAET OTBEYATh TPEOOBAHUSAM MPOAABIIA U TOKYIIATEISI.

Ha BTOpom rpaduke mpencraBieHa NPOTHUBOIOIOXKHAS TEPBOM MNMayTHHOOOpa3Has MOJIEIb PBIHKA C
YCUIIMBAIOIIUMUCS KOJIeOaHUSIMU 11€H, KOTOPhIE CBOMCTBEHHEI B Clydae KOrjia KpuBas cripoca umeeT Oosee
KpYTOi HAaKJIOH, YeM KpHUBas MNpeIokeHus. B 3Tom ciydae meHa Oyaer Bce Jaibllie OTAAISITHCS OT
PaBHOBECHOTO YpOBHs. TeopeTHuecKkd MpH TaKUX KOJNECOAHHSX W BCe OOJBIIET0 OTHANCHUS OT
PaBHOBECHOT'O YPOBHS PBIHOK MOKET Pa3pyIIUThCS.
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IlayTuHo0Opa3Has Moes b PbIHKA C
YCHJIMBAKIIMMUCA KOJIEOAHUAMU IEeH
Ha Ttperbem rpaduke mpencraBiieHa mayTHHOOOpa3Hash MOJEIbh PBIHKA C PABHOMEPHBIMU KOJIEOAHUSIMU

OCH. EI_HC OaHa BO3MOXKHasA CUTyalldsd Ha PBIHKE, KOTOpad MOXKET BO3HUKHYTH B ClIyda€ KOrjga KpuBas
Cripoca 1 nNpCJIOKCHHUA UMCCT OJMHAKOBBINA HAKJIOH.
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IlayTunooOpa3Has Moes b PbIHKA C
PaBHOMEPHBIMH K0JIeOaAHUSIMHU LIeH
B sToMm ciydae neHa kose6yieTcsi B ONPeIeIeHHOM IMana3oHe He MPUOIMKasCh K PABHOBECHOMY YPOBHIO,
a PIHOK HaXxOJUTCS JINOO B COCTOSTHUU J1ehUuLinTa, 1100 B COCTOSTHUU U30bITKA TOBApa.
[ToxBoas UTOT, MO’KHO CKa3aTh, YTO MAYTHHOOOpA3HAS MOJIETh PhIHKA TTOKA3bIBACT, YTO:
e KoJIeOaHMs LIEH BO3HUKAIOT B PE3yJbTaTe 3aM03/1aJI0M peakuy MpoAaBlia Ha U3MEHEHHUE CIpoca;
e HE BO BCEX CIy4asiX paBHOBECHE HA PbIHKE JOCTUIAETCS CAMOCTOSITENIBHO.

2.9. IlepBooOpa3Hasi M HeonpeaeJdeHHbI HHTerpaJ. Tadjuna HeonpeaeIeHHBIX HHTETPAJIOB.
CgoiicTBa HeolpeeJIeHHOT0 HHTEerpaJa. 3aMmeHa nepeMeHHoil B HeonpeaeJIeHHOM MHTerpaJe,
HHTErPpHPOBAHHE N0 YACTSIM.

OnHoM U3 OCHOBHBIX 33724 Au¢dHepeHIINaTBbHOTO UCYUCIICHUS SBISETCS OThICKAHUE ITPOU3BOIHOM

3amaHHOM pyHkuuu. OOpaTHOMN 3a7aueil SBISETCS HAXOXKIEHHUE 110 JaHHOM QpyHKuuu f(x) Takoi

¢bynkuu F(x), mpou3BoIHast KOTOpoii Obuia Obl paBHa pyHKIMH f(x), T.e. F'(x)= f(x).
BoccranoBnenue GyHKIMH 1O U3BECTHON MPOU3BOJHOM 3TOH (DYHKIIMU COCTABIISIET OAHY U3 OCHOBHBIX

3a/1a4 UHTErPajJIbHOIO UCYUCIICHHUS.

OIIP: ®ynkuust F(x) Ha3bIBaeTCs nepgoobpasznou ansd GyHKuuu f(x) Ha HEKOTOPOM MPOMEKYTKE X,

€CJIM JIs1 BCEX 3HAUYEHHH X M3 OTOTO IMPOMEKYTKA BBIMTOJTHACTCA paBCHCTBO

F) =/
Ipumepsl: 1) F(x) =sinx - nepBooOpa3Has s GpyHkuuu f(x) = cosx Ha MHOXecTBe R, T. k.
(sinx)' = cosx, Vx € R

2) F(x)=x" - mepBoobpasnas 11 Gynknun f(x) = 3x° Ha MEHOXecTBe R, T. k. (x°) = 3x°
3am: F(x)=x"+C,tne C=const Toxe sBIsETCA NepBOOOpa3HOi 11a pynkmuu f(x) = 3x°, T. K.
(x*+C) =3x7
TEOPEMA: Ecnu F(x) - nepBooOpa3Has st GyHKIUU f(Xx) Ha HEKOTOPOM NMPOMEXYTKe X, TO J00as
apyras nepBooOpaszHast it GyHKIMHA [ (X) Ha 3TOM MPOMEXKYTKE X, MOXKET OBITh MPE/ICTaBICHA B BUJIE
F(x)+ C, rne C- HekoTOpast MOCTOSIHHAS.

JlokasarensctBo: ITycts O(x) - Apyras nepsooOpasHas 11 GyHKUUK f(X) Ha HEKOTOPOM MPOMEKYTKE
X,

T.e. D'(x)= f(x)
Pacem. (@(x)-F(x)) =@'(x)-F'(x)= f(x)— f(x)=0 =
Ox)-F(x)=C = Dx)=F(x)+C u.rT. 1
OIIP: Ecnu pynkuust F(x) - nepBooOpazHas anst GyHkuuu f(x), To MHOXKecTBO pyHKuud F(x)+ C, vae
C=const, Ha3bIBaETCS _Heonpedenénnvim unmezpaiom Ot (GyHKIUU f(x) ¥ 0003HAYAETCS
CHUMBOJIOM




j Fx)dx=F(x)+C

f(x)- moppHTErpanbHas pyHkuus, f(X)dx-moabIHTErpaTbHOE BEIPAXKEHUE, X- IEPEMEHHAs HHTETPUPOBAHUSI.

[Mpumep: [TpoBeputs, uTO j 4x’dx =x*+C

Hpoauddepernupyem: (x* +C) = 4x’, HOTyunM NOABIHTErPANBHYIO QYHKIIHIO =>
MHTETPUPOBAHNUE BHIMIOJIHEHO BEPHO.
CaoiicTBa HeolpeaeJTeHHOT0 HHTerpaJja.

D ([f)dx) = @) u d([ (@) = f(x)dx
JlokasarenberBo: 1) (If(x)dx)' =(F(x)+C) =F'(x)+0= f(x)
2) d([ f(x)d) = ([ f )y dx = f (x)dx
2) j dF(x) = F(x)+C
JlokasaTenbeTBO: J-dF (x) = j F'(x)dx = j f(x)dx =F(x)+C
3) j k- f(x)dx=k- j F(x)dx
4) J(f ()£ g())dv = [ £ (x)dx & [ g(x)dx

3ameHa nepeMeHHOI B HeoNnpeaeJIeHHOM HHTerpaJjie, HHTerpUpOBaHue M0 YacTsM.

YacTo BBeIeHME HOBOW NTEPEMEHHOM NO3BOJISIET CBECTH HAXO0KIEHNUE HHTErpajla K HaX 0K ICHUIO
Ta0JIMYHOTO, T. €. IEPEUTH K HEMOCPEACTBEHHOMY UHTETPUPOBAHHUIO.

PaccMoTpum .[f (x)dx O6osHaunM X =@(f)torma dx =d(p(t)) = dx=¢'(t)dt

IoACTaBUM B PICXOI[HBIﬁ HUHTCI'pal:

[£Codx=[ f(p(t)- @)t
3am: Ha npakTrke 00bI9HO 0003HAYAIOT HEKOTOPYIO QYHKIMIO OT X yepe3t /' (x) =t

[Ipumepsbi:
X dx x—1=t=>d(x-1)=dt
1 j =

(x—17> dx = dt

3 3 2 2
=J(t+12) dt:jt 3 2+3t+1dt=t—+3t+3ln|t|—1+C=
t t 2 t

2
Ol 3431 -4
2 x—1
X +7=t

4 5 _
Ide _| A =dr_Lpd 11n|t|+C:%1“‘x5+7‘+C

47 (P +T)de=df 5t 5
5x*dx = dt
sinx =t
3) J-sinzxcosxdx = d‘(sm’x) = di = jtzdt = ﬁ+ C= lsin3 x+C
(sinx)'dx = dt 3 3
cosxdx = dt
PaccmoTpuM  HempepbiBHBIE  (YHKIHU u(x) u v(x). Ilyctp CylECTBYIOT HMX IIPOU3BOJHbBIE

u'(x) u V(x).

Pacem. (u-v) =u'v+u

Pacem. d(u-v) = (uv)'dx = u'(x)v(x)dx + u(x)vV'(x)dx = vdu + udv
Paccwm. J. d(uv) = J. (vdu + udv)

uy = J.vdu + Iudv MMOJIy4YHuM d)ODMVJZV UHmMezpuposarHusl no 4acmim

J udv= uv—Jvdu




Brimumem kiaccel HHTErpaaoB, p€1a€MbIX 3TUM METOJOM!

.[ P(x)Inaxdx
' aceRr
j P(x)e" dx 4eR J' P(x)arcsin axdx Inax
I knace: J’ P(x)sin axdx u=pP(x) xmacc: .[ P(x)arccosaxdx; u =<arcsinax,arccosax
IP(x) cos axdx e"dx .[ P(x)arctgaxdx arctgax,arcctgax
dv = sinaxdx IP(x)arcctgaxdx dv = P(x)dx
cosaxdx
[Ipumepsbl:
u=x"
dv = e dx e
2 -2 dv - ed 2 1 2 2 2 dv = e_Zde 1 2 -2
l)jxe dx = u_— (x) =—Exe +Ie xdx = du = dx :—Exe +
u = 2xdx . 1 .
oy 1 . v=|e Tdx=——e
V= I e dx=——e 2
2

1 2x 1 —2x 1 —2x,.2 1
+(——xe " +—|eTdx)=——e T (x +x+-)+C
(- St = e D)

u =In(2x-Y5)
dv =dx
2) [In(2x - §)dx = | =AU _ yn2x5) - | 25 ln(2x—5)— x—Inf2x -5+ C
2 2x-5 2
du = dx
2x-5
v:J-dxzx

T xnmace: Ilox 3makoM uHTErpasia 06e PyHKIMK HE anredpandecKue

Ie“" sin bxdx I\/ a® —x*dx

N — be3 pasuuiibl, uTo 0003Ha4YaTh yepe3 u u dv. Meroja NpuMeHsIeTcs JBa
e™ cosbxdx .[\/x —a“dx
pasa, TIaBHOE COXPaHHUTh 0003HAUYCHHE.
[Ipumepsbl:
1)
N U =e" —noocmanosxa
u=e §
) maxasi dice, KaxK U 8 nepawlil pasz
dv =sin Sxdx 1 1
J-e)c sin Sxdx = x =——¢" cosS)c+—J-e)c cosSxdx = dv = cos Sxdx
du=e"dx 5 5 .
) 1 du =e"dx
v=.[s1n5xdx:——0055x 1 .
5 v:jcos5xdx:§sm5x

1 1 ) 1 :
= -3 e’ cosS5x + 2—5ex sin5x — 35 I e" sin Sxdx Wurerpan nmosropuics. O603HaunM ero depes I, morydanm:
I ==——e"cos5x+ Lex sinSx —i[
5 5 25

1.
I = ie)‘(—cos5x+—sm5x)+ C
26 5

2.10. ®opmysa Herorona-Jleiionnna. I'eomerpryeckue NpuioKeHusi oNpeieJIeHHOT0 HHTerpaJa.
Breruncnenue omnpenenéHHOro HHTErpaja ¢ MOMOIIb0 limo 3aTpyAHUTENBHO, TO3TOMY CYIIECTBYET
Jpyroi MeTO/l, OCHOBAHHBIN Ha TEOPEME.



TEOPEMA (Heromona-Jleubnuya): Ilycts pynkuust f(x) HempepbiBHA HAa OTPE3Ke [a;b] u F(x)-

HEKoTopas e€ mepBooOpa3Hasi Ha ’TOM OTpe3Ke, TO cripaBeAsinBa (opMmyna: j[ F(x)dx = F( x)‘b = F(b) - F(a)

dopmyna Herotona- JleiitbHuna

I[OKaSaTeHBCTBOZ J.f(x)dx = @(x)—no onpedenenuio
" j f(x)dx = F(x)+ C —no ycnosurw meopemol

T. x. pa3HOCTB ABYX MepBOOOpa3HbIX ecTh const , To D(x)-F(x)=C
Ox)=Fx)+C _ j f(x)dx = F(x)+C

Iyers x=a: j F(x)dx = F(a)+C = 0= F(a)+C = C = —F(a) = j F(x)dx = F(x)— F(a)

[Tycts x=b: [ £Gydx = Fb) - F(a)
IIpumep: szdx = 8%

ITycts B [1/ICK 3anana kpuBoNMHENHHAs TpaneLus, OrpaHUYEHHAasi OTPE3KOM [a;b] Ha ocu OX, npsAMbIMH
X=a 1 X=B U CBepXy rpa@ukomM QyHKIHH y = f(Xx) HENpepbIBHOI HAa 3TOM OTpE3Ke , €€ MIOIIaIb

b
BBIYHCIIAETCS IO hopMylie g — j £ (x)dx

OnpenenéHHbI HHTETPAT OT HEOTPHUIIATEIbHOM HeNpepbIBHON GyHKIMU f(x) Ha
OTpE3Ke [a;b] YHUCJICHHO PaBEH ILIOIIAIN KPUBOJIUHEHHOMN Tpalleliui C OCHOBAaHUEM [a;b] , OTPaHUYECHHOU
cBepxy rpadpuxom pynkuuu y = f(x).
[Ipumepsr: Haiitu miomans Gurypsl, orpaHuYeHHON
1) y=x>,x=1u ocero OX

w=x2

1 3
et E S=51+52:jxarx+ji2dx=1l
0 X 6
3) y=+/x,y=2,x=0
A

2 =2

4
0 ® S:J‘(Z—\/;)dx=2§
0



2.11. ®yHKIUM HECKOJIbKHX NepeMeHHbIX. [loBepxHOCcTH ((TMHNHK) YPOBHA QYyHKIMH. JJIeMEeHTapHbIe
(GyHKUIMH HECKOJILKHUX NMepeMeHHbIX. YacTHbIe NMPON3BOAHbIC. JKCTPEMYM (PYHKIMHU HECKOJIbKUX
nepeMeHHbIX.

OIIP: @yukyueni f 08yx nepemennvix z = f(x,y) Ha3bIBACTCSA 3aBUCHMOCTbH (3aKOH), I10 KOTOPOU

Ka)KJ0i mape 3HaueHuil (x,y) u3 HEKOTOpo# obmactu D(x,y) COOTBETCTBYET €AMHCTBEHHOE 3HAUCHHE

zekE.
Torma x m y— He3aBUCUMBIE IEPEMEHHBIE (APTYMEHTBHI),
D — obnacte onpeneneHus (MK CYIIECTBOBaHUS ) (DYHKITUH,
E — o0Onactp 3HaueHUH QyHKIUH.
Paccmorpum IIJICK. Ecnu kaknoi Touke Ha IJIOCKOCTH C KOOpJAWHATaMHU (X, y) MOCTaBUTH B

COOTBETCTBHE aMIUIMKATy z = f(X,)), TO MOJIYyYUM HEKOTOPYIO IOBEPXHOCTh B IPOCTpaHCTBE. T.0. mox

epaghukom QyHKyuu 08yx nepemennvix OyneM MOHUMATh MTOBEPXHOCTh, 00Pa30BaHHYIO MHOKECTBOM
Touek M (x,y,z).

o

G

O6nacte onpenenenuss GyHKIuM D reoMeTpu4ecKy NpeAcTaBisieT COO0H HEKOTOPYIO YacThb INIOCKOCTH
Oxy, OTpaHUYECHHYIO JTUHUSIMH, KOTOPbIE MOTYT IPUHAIJIEKATh UM HE PUHAIekKATh ITON obnactu. B

NepBOM ciaydae o0nacte D Has3bIBaeTCs 3aMKHYmOoU W 0003Ha4yaeTrcss D, BO BTOPOM — OMKPbINOU.
Hpumep: Haiitu o61acTs onpesienenus D u o6macTs 3Hadenuit £ gynkuun  z = In(y — x° + 2x).
X 2
D,: y=x"+2x>0
[ocTpoum rpanuiy obnactu D: y = x° —2x . JlaHHOe ypaBHEHHUE 3a7aeT napaboiny, T.K. napabonia He

NPUHAIIICKUT 00s1acTi D, TO OHA U300pa)kaeTcst MyHKTUPOM. Jlerko yoenauThesi B TOM, 4TO JH00ast TOUKa
BHYTPH 1apadoIIbl yIOBIETBOPSET JAHHOMY HEPABEHCTBY, B TO BpeMsl, Kak JI00ast TOUKa, PACIIOIOKEHHAS

3a mapaboIoil - He yJOBIETBOPsET. 3aTpuxyeM oonacts D.
¥

T.x. BeIpaxkeHHE 110]] 3HAKOM Jiorapu(mMa MOKET IPUHUMATh CKOJIb YTOJHO MaJble U CKOJIb YTOJJHO
OoJpIIME MOJOKUTEIbHBIE 3HAYEHUS, TO 00JacTh 3Ha4eHUH QyHKUUU E : z € (—00;+0)

O06001MM CKa3aHHOE BHIIIIE.
OIIP: ®dyHkuMel n- nepeMeHHbIX U = u(X,,X,,...,X, ) Ha3bIBA€TCS 3aBUCUMOCTb (3aKOH), 110 KOTOPOH

KaXJOU COBOKYIMHOCTH  (X,,X,,...,X,) U3 HEKOTOPOH 00JIaCTU 71 — MEPHOTO IIPOCTPAHCTBA, CTABUTCS B

COOTBETCTBHE €IUHCTBEHHOE 3HAUCHUE U.
JIuHUHU YpOBHSI.
[Tycte nana pynkuust z = f(x,y). byaem npuaaBath nepeMeHHON z HEKOTOpbIE 3HAUEHUS

€;,Cy,...,C, W3 0OnacTu 3HaueHui pyHkuuu. [lonyunm ¢yHkuuM onxHoM nepemenHol f(x,y) =c,,
f(x,y)=c¢,,..., f(x,y)=c,, rpaduKaMu KOTOPBIX OYIYT SABJIATHCS HEKOTOPBIC TUHUM HA MJIOCKOCTH,

Ha3bIBaeMble JuHusmMu yposusa. ['paduuecku 3To 03HAYAET, UTO MOBEPXHOCTh z = f(X,)),

nepeceKaeTcs INOCKOCTAMU  Z = C;, Z = C,,..., Z = C, NapalUIeJIbHBIMU APYT IPYry H miockoctu Oxy.

[pumep: TTocTpouTs THHAK YPOBHS U H300paKeHHE TTOBEPXHOCTH 2 = X~ + °



z=0: x*+»>=0 -Touka (0,0)
z=1: x*+y> =1 - OKpYKHOCTb
z=4: x2+y2=4 A T.I.
Jluanm ypoBHS N300pakeHne mMOBEpPXHOCTH

Ecnu mepemMeHHOI X JaTh HEKOTOpOe mpupamieHue Ax, y OCTaBUTb MOCTOSHHOM, TO (PYHKITUS
z = f(x,y) HOIy4UT pUpALIEHUE A z , HA3bIBAEMOE YACHHbIM NPUPAUieHUEM QYHKYUY Z NO NEPeMEHHOU

X.

Az=f(x+Ax,y)- f(x,)).
AHaJOrM4HO, €CIIU MIEpEMEHHAs ) TOJy4yaeT NnpupameHue Ay, a X OCTaeTcsl MOCTOSHHOM, TO
YACMHbBIM npupauieHuem d)VHKuuu Z no I’Z€D€M€HHOIZ V.

Az =flny+ay) = f(x).

. Az Oz
OIIP: Ecnu cymiecTBYIOT Mpeaeibl lim——=—=2z = f'(x,y)
A0 Ax Ox
Az oz
lim——=—=z = f/ (x,)),
y y
Ay—0 Ay ay
TO OHHU HA3bIBAIOTCS YACMHbIMU NPOU3BOOHbIMU PyHKkyuu z = f(x,y) TO MEPEeMEHHBIM X H )
COOTBETCTBEHHO.
AHAIIOTUYHO ONPEACTISIOTCS YaCTHBIE MPOU3BOAHBIC (DYHKITHI TFOOOTO YUCIIa HE3aBHCUMBIX
MEePEMEHHBIX.

T.x. yacTHas MPOM3BOIHAS 1O JHO0O0H MEPEMEHHOMN SBJISICTCS TIPOU3BOIHOM IO 3TON TIEPEMEHHOM,
HallIeHHO! TP YCIIOBUH, YTO OCTaJIbHBIE IIEPEMEHHBIE — TOCTOSIHHBI, TO BCE MpaBHiia U (HOpMYJIbI
nuddepeHIMPOBaHMS OJHON MEPEMEHHOM MPUMEHUMBI JJI HaX0XACHUS YaCTHBIX MPOU3BOIHBIX (YHKITHI
T000T0 YuCIia IEPEMEHHBIX.

IKCTpeMyM (PYHKIMHU HECKOJBLKUX MepeMeHHbIX. [IycTs 3amana Hekotopas pynkmus z=f(X, y).

Onpeodenenue 1. Touka My (Xo; yo) Ha3bIBaeTCsl TOUKON Makcumyma pyHkun z=f(x, y), eciu
MOXHO yKa3aTh TaKyl0 OKPECTHOCTH C IIEHTPOM B TOUKe My (Xo; Yo), 9TO I JTF000H TOUKH (X, Y) U3 ITOM
OKPECTHOCTH OYyJET BBITOJHATHCS HepaBeHCTBO f(Xo, yo) > f(X, y).

Onpeodenenue 2. Touka My (Xo; Yo) Ha3bIBaeTCs TOUYKOW MUHUMYMa (DyHKIUN z=f{(X,y), €CITU MOXKHO
yKa3aTh TaKyl OKPECTHOCTb C LEHTPOM B Touke My (Xo; Yo), UTO Ui JIFOOOW TOUKH (X, y) U3 ITOH
OKPECTHOCTH OY/IeT BBITIOTHATHCS HEPABEHCTBO f(x, y) > f(Xo, yo).

Onpedenenue 3. Touku mMakcuMyma M MHHUMyMa QyHKUuMM z=f(X, y) Ha3bIBAIOTCS TOYKAMHU
JKCTpEMyMa, a 3HaueHue QyHKIUHU B 3TUX TOYKAX HA3bIBAIOTCS DKCTPEMAJbHBIMH.

PaccMoTpuM HEOOXOTUMBIH MPU3HAK CYIIECTBOBAHUS IKCTpeMyMa (PYHKIIUH IBYX MEPEMEHHBIX:

Teopema: Ecnu pynkius z=f(X, y) B JTaHHON TOUYKE (X(, Yo) HMEET IKCTPEMYM, TO €€ YaCTHHIE

MMPOU3BOJHLBIC B 9TOM TOYKE PpaBHBI HYJIIO, T.C.
oftey)  _, o, o/by)
0x  Jr=x, oy

y=yo

3ameTuM, 4TO 3KCTpeMyM (PyHKIMU z = f(X ,y) MOKeT HaOIIOAAThCS KaK B CTAIIMOHAPHBIX TOYKAX
TaK U B TOUKAaX, € HE CYIIECTBYIOT YaCTHBIC IPOU3BOHBIC. Takue TOYKU HA3BIBAIOTCS KPUMUYECKUMU.

PaccMmoTpum ocraToyHOe yciioBue (IPU3HAK) CYIIIECTBOBAHUS DKCTpEMyMa (YHKIIUHU IBYX
IIEPEMEHHBIX.

xX=xg
y=yo




Teopema: IlycTh B HEKOTOpO#l 00nacTH, cojepiaimiel KPpUTUYECKYI0 TOUKY (Xo, Yo) (GYHKIHUU
7z=1(X, y), z = f(X ,y) - HEenmpepbIBHa U UMEET HEMPEPHIBHBIC YaCTHBIC MTPOU3BOIHBIC IO TPETHETO MOPSIKA
BKJIIOUUTENBHO. Toraa B Touke (Xo, Yo)

1) dyaknwms f(x, y) *MEeT MaKCUMyM, €CITH

f;;(x()aJ’o)'fy’y'(XOaJ’o)_[f;;(xmyo)]z>0 u f;;(x05y0)<05
2) ¢ynknus f(x, y) *MEeT MUHUMYM, €CIIH
fx’x'(XO’yO).fyy xm)’o [ xm)’o)]2>'0 u f;;(xod’o)>'0;

3) dyakuus (X, y) B Touke (Xo, Yo) HE UMEET HU MAaKCUMyM HH MHHUMYM, €CIIH
b
fx,),c(xOsYO)'fyy xo:Yo [ xo:Yo ] <0;

" 2
4) ecmu f (xo » Vo ) fyy Xo ,yo [ xo » Vo )] =0, To Henmb3s cKa3aTh, €CTH UM HET B TOUKE

Mo(X0, Yo) 2KcTpeMyM. HyXHbI crierianbHble 00jiee TOHKHE METO/Ibl MCCIIeI0OBaHMUS.

2.12. IlponsBoacreennas pynkuusa Koooa-/lyraaca.
[Cobb—Douglas production function] — npouszsodcmeennas ¢gyukyus, TpuMEHEHHAs aMEPUKAHCKUMHU
uccnenoarensimu Y. Ko6oom u [1. Jlyenacom npu ananuze pa3Butus s3koHomuku CIIIA B 20—30-x 1T.
XX Beka. Imeet mpoctyto anredbpanyeckyro Gpopmy:

N=4-L%K"
riae N — nayuonanvrolti 00x00; A — xodbdumueHT pasmMepHOCTH; L 1 K — COOTBETCTBEHHO OOBEMBI
NPWIOKEHHOTO Tpyla W KamuTana; o W [ — KOHCTaHThl (koa¢huyuenmol snacmuyHocmu

npouzeodcmea 1o Tpyay L u kanutainy K).

OyHKIUS — OJHOPOJHAS CTENEHHU o+f; clemoBaTeNnbHO, yBenuueHue L u K B 0IMHAKOBOE YHCIIO
pa3s mysemmauBaer goxox B m®'P pas. Ecim cymma o+p paBHA eXuHHIE — (YHKIIHS THHEHHO OHOPO/IHAS;
ecnmd  OoJbIlle WM  MEHbIIE eIUHHIBI, HUMEEeT MecTo aghgpexm  macumabda (COOTBETCTBEHHO
MTOJIOXKUTEITBHBIN WIIA OTPUIIATEIIbHBIN ).

K.—/. ¢. ocHOBbIBaeTCs Ha MPEIMNOIOKEHUAX O MOHIKAIOIICHCS MpeNeNnbHOM 0T/aue pecypcoB
(cm. 3akon _ybwisaroweni _omoauu, Ilpedenvuviii  3¢hhexm 3ampam), TOCTOSHCTBE KOIDPHUITUEHTOB
9JIACTUYHOCTH TIPOU3BOACTBA IO 3aTpaTaM PEeCYpCOB. DIACMUYHOCHb 3aMelueHusi pecypcos B Io0on
touke kpuBor K.—/I. ¢. paBHa equnuIe.

Xots K—/I. ¢. Henb3st OTHECTH K JIMHEHHBIM, 3HAUYCHUS napamempos A, o, B MOKHO OIICHHTH C
MOMOUIBIO JINHEHHOTO pecpeccuoHH020 ananusd 1o memoody HaumeHvblux keadpamog. Jlns 3Toro ee
NPUBOAAT K JIMHEHHOMY BHIYy, NpoJjorapupmMupoBaB o0 4acTH ypaBHEHHsS (OObIUHO 3aech Oepyrtcs
HaTypaJibHBIE JIOTApU(PMBI):

InN=InA+ olnL + B nkK .

Monudukanuss ~ GyHKIMHM, YYWTHIBAIOIIasi TEXHUYECKHIl  Mporpecc, JOCTUTaeTCsd  BBEJACHHUEM
JIOTIOJIHUTEIIBHOTO COMHOXHUTEIIS €, TJIE 7T — TEMIT TEXHHYECKOTO Tporpecca (KOHCTaHTa).

2.13. O0bikHOBeHHBbIe TH(PepeHINATbHbIC YPABHEHHS 1 -T'0 MOPS/IKA, OCHOBHbIE IIOHATHS.
JAnddepennuanbHbie ypaBHeHH s IEPBOr0 MOPSAKA, HOpMaJbHas (popma. YpaBHeHus ¢
pa3aeasiloIUMUCcS nepeMeHHbIMH. OTHOpOAHbIe ypaBHeHHs. JInHeliHbIe ypaBHeHUsI. Y pAaBHEHHS
bepnyaan.
Panpiie MBI BCTpEYaJINCh ¢ TAKUMU 3aBUCHUMOCTSIMHU:
Jlano: v(x) =¢> + 5t —3 HaiiTu: 3akon aBkenus S(t)

St =v(t)=t>+5t-3=> ? =’ + 5t —3 - HAXOMUM S HHTErPUPOBAHHEM.
t

T e MbI NosTy4aeM ypaBHEHHE, COJIEpIKalllee IPOU3BOIHYIO, a IPOU3BOIHAS €CTh OTHOILIEHUE
muddepennmanos. Takoe ypaBHeHHE Ha3bIBaeTCs duddepenyuanvhvim. PelieHneM Takux ypaBHEHUN
SIBIISIETCSL UCKOMas (PyHKITHSI.
OIIP: Jlugppeperuuanbrvim ypasueruem Ha3BIBAETCS PABEHCTBO, BRIPAXKAIOIIEE 3aBUCUMOCTh MEXITY
apryMEeHTOM, HCKOMOH (YHKIIMEH U €€ MPON3BOAHBIMH.
F(xpy5y".50") =0 (1)

3anuiiemM 3TO ypaBHEHHE B BH/IE: Y = F(xy:5 ") Q)




OIIP: Ilopsaokom J1Y Ha3pIBaeTCA HaUBBICIINN MOPSAJOK BXOSAIIEH B HETO IIPOU3BOJHOM.

VYpasuenus (1) u (2) HazwiBatores Y n-eo nopsoxa.

Pacemorpum JIY T nopsinka: F(x;y;y)=0 wwm y'= f(x;y)

OIIP: Pewenuem /Y nazpiBaeTcs QPyHKIMs, oOpamiaronias ero B BEpHOE PAaBEHCTBO, T € B TOXKIECTBO.
PaccmoTpum muddepennmansaoe ypaBHeHne )’ = f(x)

? =f@=>dy=fWdx = [dy=[f@dx= y=[f(x)dx+C- obuee pewenue
X
mudepeHIaIbHOTO

ypaBHEHHUsI MPeJICTaBIIsAET cO00I MHOKECTBO (DYHKIIUH.
OIIP: Oowum pewrenuem /[Y n-ro nopsiaika HaszpiBaeTcs (PYHKITUS, 3aBUCSIIAs OT apr'yMEeHTa U h
IPOM3BOJIBHBIX MOCTOSIHHBIX. ¥ = @(x;C;C, :...:C)  (3)

OIIP: Yacmuvim pewienuem /[Y Ha3bIBaeTCs pelIeHUE, MOTYYSCHHOE U3 OOIIETO MPU ONPeIeIeHHBIX
3HAYEHUSAX MOCTOSIHHBIX
YpaBHeHus1 ¢ pa3ae s OMMMUCS epeMeHHbIMH.

‘M (XN, (y)dx + M,(x)N,(y)dy = 0‘ (4) —ypaBHEHUE C pa3aeISIOIIMMUCS TEPEMEHHBIMU.

Pa3znenum nepemeHHble, T € MPUBEIEM YpaBHEHUE K TAKOMY BUAY, YTOOBI B JIEBOM YacTH pPaBEHCTBA
ObuTH (DYHKITUH, 3aBUCSIIINE TOJBKO OT Y, @ B IMPaBOW- TOJBKO OT X.
M,(»)N,(y)dy = =M (x)N,(»)dx |: M,(x)N,(y) #0
N. M
ﬁdy = —ﬂdx — ypasHenue ¢ paz0eieHHbIMU NepemMeHHbIMU
N,(») M,(x)
[IpounTerpupyem o0e 4acTu paBeHCTBA
j NZ(y)dyz_j Ml(x) d.x
Ni(y) M,(x)
PemmB nnTerpanel, HalineM pemienue Y
OIIP: 1Y y' = f(x;y) Ha3zpBaercs 00HOpoOoHbim JIY I nopsdka , eciv dynkuus f(x;y)

YIOBJIETBOPSET

YCIIOBHIO: ‘ fxty) = f(x; y)‘ (5) , rme t-mpou3BONIBHBIN MapamMeTp.

Paccmorpum oxuopoanoe 1Y ' = f(x;y)

Y

z==
X

O6o03HauNM = y =Xxz, z-QyHKUHUA OT X

y=zZx+zx'=z2x+z
[ToacTaBUM B HCXOHOE ypaBHEHHE:

Z'x+z = f(x;zx)
, - MOKHO CBECTH K YPaBHEHHIO C Pa3ICISIONUMUCS IEPEMEHHBIMHU.
Zx = f(x;2x)—z

OIIP: Jlunetinoim 1Y I nopsadka Ha3bIBaeTCsl ypaBHEHUE BUAA ‘ y'+ p(x)y =q(x) | (6) ,rme

p(x)u q(x)- HEKOTOphIe (PYHKIIUU OT X.
OHUM U3 METOJIOB PEIICHUS TAKUX YPAaBHEHH SIBISCTCS Memod Bepuynnu.

Pemenwue /1Y umyt B Bune y = u(x)-v(x), dddu(x) u v(x) -Heu3BecTHbIe QYHKLIUU OT X.
y=uv

L . moacraBuM B (6)
y =uv+uy

u'v+uv'+ p(x)uv = g(x) BBIHECEM u 3a CKOOKY

u'v+u(v' + p(x)v) = g(x)
[Tonbepém Vv(X) Tak, 4TOOBI V' + p(x)v =0, MOIYYUM CHCTEMY

Vi+ p(x)v=0

! -3TO YpaBHEHUSI C Pa3ACIAIOMIMMUCS IEPEMEHHBIMU
u'v = q(x)

W3 nepBoro ypaBHeHuUs HailI€M V(X), IOJICTABUM €0 BO BTOpOE ypaBHEeHHE U HanéM u(x). T.o. Haitném

v =u(x)-v(x)-obmmee pemenue /Y.



[Tpu pemenun metonom bepHyiu, mpoMexxyTouHoe 3HaueHue const 6epém =0

2.14. Yucaosblie psiabl. CxoaumMocTh U cymMma psiaa. Heo6xoaumblii NPU3HAK CXOAMMOCTH.
YucaoBbie pAAbI € MOJM0KHTEJIbHBIMH YIEHAMH: KPUTEPUH CX0AUMOCTH. JlocTaTOYHBIC IPHU3HAKHU
CXOIMMOCTH: NePBbIii 1 BTOPOii NPU3HAKHN cCPpaBHeHMs, npu3Hak JlansamOepa u Komm B npeaenbHoi
(¢opme, unTerpaabublii npusHak Komm.

ITycTh 3a1aHa OCIE10BATENBHOCTD AEUCTBUTENBHBIX YUCEN (ay): @1,32,a3,. . .,an,- . -
Omp; CumBon a;t+ay+azt...+a,+... HA3BIBACTCS YUCIO08bIM PAOOM , @ UACTA A1,32,33,. . .,an,. .. €TO WICHAMU,
a, (n€ N) Ha3bIBACTCS .0OUUM UTECHOM.

ObosHaunm: Yy =g +a,+a, +..+a,+..(1)

n=1

S, =aq,
=a,+a,+a,+.+
Onp: CyMMBI  §, =g, +a, Si=ata,+a % paspIBaroTCs yacmuunvimu cyumamy pana (1).

Sy=a, +a, +a,

OH[!: PHI[ Zan Ha3bIBACTCA C)CO@ﬂL_L{uMCﬂ, €CIIM MOCICA0BATCIbHOCTD €0 YHaCTUYHBIX CYMM CXOIUTCS K

n=1

KakoMy-HUOy1b uncay S (T e 3 koHeuHsld npeaen limS, = S), npu atom S- cymma psaoa.
n—»0

Bortom ciyuae S =a, +a,+a;+..+a,+.. um S=)q ‘S =limS,| -cymma psina
n=1

Omp: Ecnun we cymectByer limS, nmimm lim S, = oo, To psax (1) Ha3pIBaeTcs pacxodswumcs.

n—»0 n—»0

TEOPEMA (Heob6xo0dumoe ycrosue cxodumocmu psda): Ecau psn Zan CXOAMTCS, TO €ro OO YJieH

n=1

crpeMutca K 0 (Te lima, =0)

n—>0

3ameuanue: QOOparHas TeopeMa HE BEPHA.

CJAEACTBME: Ectu lim a, # 0,10 pan > a, pacxommres.
n=1

n—®

[Ipumep: HccnenoBaTh Ha CXOIUMOCTH P i 4n
o3n+2
4n 4 = 4n
lima, = lim =—#20=> pao Yy —— acxooumcs
noe o aow3p 42 3 P ;3714—2 P

YucoBbie PHAABLI € MOJOKUTEC/IbHBIMHU YJICHAMM KpnTepnﬁ CX0AMMOCTH.

1) Ecnu psan Zan cxonutes (pacXomauTcsi), TO Psij ann , TIe N € R Toxe CXOIUuTCs (pacxoaurcs).
n=1 n=1

Oo6patHoe BepHo mipu C # 0

0 0 0
2) Ecnu psinbt Zan 51 an CXOIATCH, TO Pl Z(an +b,), KOTOpBII Ha3bIBAETCA CYMMOM JJAHHBIX
n=1 n=1 n=1
PSIOB, TOKE CXOJUTCH.
I'apmonnueckuii paj.

<
OT0 psa BUAA Z—p ,20e pe R 1) ecniu p>1, TO psiz CXOAUTCH.
n=1 n
2) eciiu p< 1, TO psAx pacxoauTcsl.

00
B vactHocTH, psig Z— - pacxoJuTcsl.
n=1 n

OIIP: PSI,Z[, BCC YJICHBI KOTOPOTO IMOJIOXUTCIIbHBI, HA3BIBACTCSA 3HAKONOJIOHCUNETbHBIM.

ian, a, >0 (neN) (2)

n=l1
JocTraTouyHble TPU3HAKM CXOAUMOCTH: MePBbIH W BTOPOH MNPHU3HAKH CpPaBHEHHs, MPHU3HAK
Jamambepa u Kommm B npeneabHoil popme, HHTerpaabHbiii npu3Hak Komm.




1) TEOPEMA (/Ipusnak cpasnenus): IlycTb naHbl 1Ba 3HAKOIMOJIOKUTEIBHBIX psiga Zan, a,>0 (A) u

n=1

an,bn >0 (B), (n € N) .u BeInONHSETCA HEpaBeHCTBO a, < b ,Vne N,

n=1

Toraa u3 cxoguMmocTH psana (B)= cxomumocts psma (A),

a 3 pacxoguMocTH psina (A) = pacxogumocTs psina (B).

TEOPEMA (I/Ipedenvruiii npusnax cpasrenuss). I1ycTh maHbl ABa 3HAKOTIOIOXKHUTEIBHBIX psina (A) u (B).

._a
Ecmm JFlim—* =k, rne k >0, 1o 00a 3HaKOMONOXKUTENBHBIX psiia (A) u (B) B rutane cxoaumocTu

n—wo b
n

BeIyT ceOst ouHAKOBO ( T. €. 1100 00a cXomsITCs, TNO0 00a pacxXoasITCs).

)

IIpumep: MccnenoBath Ha CXOAUMOCTD PSif Z 1
n=1 N +

=1
CpaBHUM C TaApMOHHUYECKHM PSIIOM Z—z (B)-pstn cxomures, T k p=2>1
n=1
2
. a . _n-m
K =lim— = lim—
n—»o bn n—wop’ 41

=1, K > 0= psnsl (A) u (B) B Tu1aHe cX0IUMOCTH BeAyT ceOs OIMHAKOBO, =

pan (A) -cxomsarcs.

2) TEOPEMA (Ilpusnax [lanambepa): IlycTb 1aH 3HAKOIOIOXKUTEIbHBIN sl Zan, a, >0 (2). Ecnu

n=1

n+l

a
Ha4yMHAasl ¢ HEKOTOPOT'O 3HAUEHUSI N 4JIeHBI psifa (2) yAOBIETBOPAIOT HEpaBeHCTBY ——— <1, To psn (2)
a

n

CXOIMTCS, & €CIIM HAaUMHAsI C HEKOTOPOI'O 3HAYCHHUS N BBITOJHICTCS HEPABEHCTBO Gnst >1, 1o psag (2)
a?’l

pacxoauTcs

TEOPEMA (IIpedenvras hopma npusnaxa /laramoepa): I1ycTh 1aH 3HAKOMOIOKHUTEIBLHBIN PSIT

® . a,, ecnu D < 1— pao cxooumcs
Zan, a,>0 Ecm 3 lim—*= =D, 10

=1 n—0 an

eciu D > 1 (D = ©)— pad pacxooumcs

D =1-6onpoc o cxooumocmu psioa He pewién, NPUIHAK He NOOXO0OUM.

3) TEOPEMA (/Ipusnax Kowu): IlycTb 1aH 3HAKOMOJOKHUTEIbHBINA PSif Zan, a, >0 (2). Eciiu Haunnas

n=1

C HEKOTOPOTO 3HAYECHUSI N BBIMOJIHAETCS HEpaBeHCTBO 4/a, <1, To pan (2) cxomutes, a ecnu 4ja, > 1,
TO psix (2) pacxoautcs
TEOPEMA 2 (IIpedenvuas popma npusnaka Koww): Ecnu 3 lim4/a, = K, TO

n—>0

eciu K <1— pao cxooumces
eciu K > 1 (D = o) — psaod pacxodumcst

K =1-60onpoc o cxooumocmu pada ne pewén, npusHax He noOXooum.

2.15. Crenennbie psaabl. Teopema Adesss. O0J1aCTh, MHTEPBAJI M PAARYC CXOJAUMOCTH CTENIEHHOT0
psiaa.
OIIP: P +a,(x—x,)+a,(x—x,)" +..+a,(x—x,)" + R
:Pansuna ay +a,(x —x,) +a,(x—x))" +...+a,(x—x,)" +...,rze a,,a,,a,,...,a,,X, € R -3ananusie

Z[eﬁCTBHTeHLHLIe quciia, X-IepeMCHHas, Ha3bIBaCTCA CImMeneHHbiM D}ZaoM.

O6o3HAUCHHE Z a,(x—x,)" (4

n=1

un+l
u

n

TEOPEMA ( IIpusuax Jarambepa 0nsa psaodos ¢ npoussonbhbimu unenamu): Ecim 3 1im

n—>00)

=D ,TO




eciu D <1= pso cxooumces abcoaromuo
eciu D > 1= pao pacxooumcs
ecau D =1= gonpoc o cxooumocmu psoa e peuten

Haitem HUHTEPBAJI U paguyC CXOAUMOCTH CTCTICHHOTO psiaa, BOCIIOJIb30BABIINCH ITPU3HAKOM I[anaM6epa

n+l
. u . a X — X, . a X — X, | a o
D = lim|—=£ = lim| ”+r11( O)n = lim wan( 0) =L (x— X,)| Mycts D<I, To cTenenHoii psx abCoTOTHO
n—>0| un n—> 0| a (x j— xo) | n—>0] an an
CXOIUTCA.

Teopembr Abens. (Hunsc Xenpuk Abens (1802 — 1829) — HOpBeKCKHIT MaTeMaTHK)

o0
Teopema. Eciu cmenennoii pao a, + a,x +a,x’ +..+a,x" +..= Zanx” cxooumcesi npu X = Xj ,
n=0

MO OH CXOOUMCS U NPUMOM AOCOTIOMHO 0151 8CeX |x| > |xl| )

a"l a"l
x—x, < =>x< + X, g K2
a a a a X, — <X <X
n+l n n+l n+l Te 0 0
= a—(x—xo) <l = ‘x—xo‘ < = Ay @i
a
1
” " X=Xy >——"|=>x>x,—|— 0603H.c, <x<cC,
an+l n+l

3HauuT, HA UHTEPBAJIE (cl;cz) pAn abCoNOTHO CXOAUTCHSL.

¢ —c
R = # -paouyc cxoouMocmu psoa.

Tarxoke Hy»HO BBISICHUTH BOIIPOC O CXOJMMOCTH PsiJia Ha KOHIIAX MHTEPBaJa, T € IPU X= C] U X=Cp Takum
o0pa3oMm, MOJIYIUM _00.1acmb CXOOUMOCHU.

n
n

o0
[Ipumep: Haiit 061acTh ¥ painyc CXOAUMOCTH CTETICHHOTO psiia Z

- X
o n+2
3” " 371 .
un: 2x’ an: 27 xOZO ‘3x‘<l
n+ n+ Psin abcommroTHo cxonutes, ecind D<1,Te
. |u . |3x(n+2 <=
D = lim|~| = lim ( )‘ = ‘3x‘ J 3
n—o un ‘ n—»o n+ 3 ‘

11
bES (—5;5) -HHTEPBAJ CXOAUMOCTH Psaa.

R=1\3-paguyc cxoaumMocTH.
Hccnenyem cxoauMoCTh psiia Ha KOHIIAX MHTepBaja CXOANMOCTH:
D, 1o 3 1 .1
3 “n+2 3" n+2

<3| o
CpaBHUM C PLIOM ) — —TApDMOHUYCCKUH PsiL, PACXOLUTCS
n=1 n

TIpUMeHNM TIpeiebHbIi IPU3HAK CPABHEHNS K = lim 2~ = lim =1>0 = o0a psjaa B IuiaHe

n—o b" nswop 4 2

CXOIMMOCTH BeAYT ceOsl OJTMHAKOBO = Pl 2—2- pacxomuTcs. = X = —5 HE BXOIUT B 00J1aCTh
n=1
CXOAUMOCTH pdaa.
1 0 311 1 00 (_1)n
2)x:—7: — ()" = _—
3 HZ::‘ n+2 ( 3) nZ:; n+2

—n—2|_

. u .
D = lim|—4 = lim =
n—ol 1y n—sol p4+3 |
n

1 = mnpusHak [lanamOepa HE MOAXOIUT
PaccmoTpum npusnak JleliOauna:
1) cmpozco yovieaem . )
=D
1 = psao Z

2) lim|u,| = lim =0 on+2
n—o n—sop 4 2

un

cxodumc,‘z, npudem ycCio6HO,m K.




0 0 1
PaccMOTPHM psii, COCTABIICHHBIH 13 Mozyieit » |u,| = 2—2 -pacxoauTcs
n=l1 n=1 N +

11
X € [ —g;g) - 00J12CTh CXOAMMOCTH psAa

3. METOJINYECKHUE PEKOMEHIALIUN
MO MOJATOTOBKE K 3AHSITUSIM

3.1 IlpakTUYecKue 3aHATHS MO TeMe «DJIeMEeHThI JUHeHHOH aJredpbl U UX NPUMEHeHHue /s
peleHusi JIKOHOMHYECKHX 3a4aD».
ITpy noAroTOBKE K 3aHATHIM HEOOXOAUMO OOpaTUTh BHUMAHUE Ha CIEAYIOIINE MOMEHTBHI.
1. IIpaBriio BBIYUCIIEHUS ONPEAEIIUTENEH BTOPOTO MOPSAKA.
2. CriocoObl ¥ IIpaBUiIa BEIYUCIICHUS ONPEAETUTENS TPETHEro MOPSIIKA.
3. IlonsiTust MuHOpa U anredpandeckoro pononHenus. Teopema Jlamaca.
4. AITOpUTM pENICHHE CUCTEM JIMHEHHBIX aJlreOpandecKux ypaBHeHU MeToaoM [ aycca.
5. ANTOpuTM pelIeHre CUCTEM JIMHEHHBIX ajaredpanyeckux ypaBHeHH MeTonoM Kpamepa.

3.2 IIpakTHYecKkHe 3aHATHUS N0 TeMe « DYHKIHUS OTHOM M HECKOJbKHX MepeMeHHBIX».

IIpu noaAroToBKe K 3aHATHAM HEO0X0IUMO 00PATUTH BHUMAaHHE HA CJIeyIOIHEe MOMEHTBI.
1. CrocoObl 3amanus ¢yHkuuid. OOacTh ONpeneNeHus] U MHOXECTBO 3HadeHud QyHkiuu. I'paduk
GbyHKIUN.
2. XapaKkTepucTHKH (PyHKLHUI: YETHOCTh U HEYETHOCTD, IEPUOJUYHOCTb, MOHOTOHHOCTb, OTPAHUYEHHOCTb.
. Cnoxxnast 1 oOpaTHast QyHKIIUH.
. IIpouzBoanas pynkuu. duddepenimpyemocts u auddepeniman GyHKIuu.
. [Ipon3BOIHBIE OCHOBHBIX JIEMEHTAPHBIX (HYHKITHH.
. Ilpou3BosHas CIOKHOM 1 00paTHON (HYHKIMH.
. 'eomeTpuueckuii cMbICT Mpou3BoHON. ['eomerpuueckuii cMbich nuddepermmana ¢yHKIHH.
. Ilpu3Hak MOHOTOHHOCTU (PYHKIIMHU HA UHTEpBaie. Jl0cTaTOUHBIE YCIOBHS JIOKAITEHOTO SKCTpEMyMa.
. Bemmykuibie (BorHyThie) yHKIMHU. J[ocTaTOuHBIC YCIOBUS BBHIMYKIOCTH (QyHKIIMH. HeoOXomumbIii u
JOCTaTOYHBIN MPU3HAKU TOUYKHU Ieperuoa.
10. AcumntoThl rpaduka GyHKIUH.
11. Obmas cxema uccnenoBanus GYHKIMU U TOCTPOCHUS ee TpaduKa.

O 03N Dn KW

Pazpaboran(a): B.A. PoroBa




