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1. IlosicHuTeIbHAA 3aNMHUCKA
Meronuueckue yKazaHus MpHU3BaHbl OKa3blBaTh MOMOIIb CTYJIEHTaM B HW3yYE€HHUH
OCHOBHBIX ITOHATHI, UAEH, TEOPUM U TIOJIOKEHUI TUCUUILIAHBI, U3y4aeMbIX B X0JI€¢ KOHKPETHOIO
3aHATHS, CIOCOOCTBOBATH Pa3BUTHIO UX YMEHUM, HABBIKOB M MPOGECCHOHATBHBIX KOMITCTCHITHH.

B nanHOM yueOGHOM 1MOCOOHH COTIIACHO crienr(prKe AMCUUIUINHBI U IPOITUCHIBAIOTCS:

CoBpemenHble TpeOOBaHUSI K yueOHOMY IMPOLIECCY OPUEHTHUPYIOT MpenojaBaTess Ha
IIPOBEPKY 3HAHUI, YMEHMI, HABBIKOB Y€pEe3 ACATEIbHOCTD YYaIIUXCS.

[IpakTudeckas paboTa MOKET OBITh ONpEACiICHa KaK JesATeIbHOCTh, HalpaBJICeHHAs Ha
MPUMEHEHUE, YIIyOJIeHNe U Pa3BUTHE TEOPETUISCKUX 3HAHUN B KOMILUIEKCE C (popMHUpOBaHUEM
HEOOXOJUMBIX JIJIl 3TOT0 YMEHHW W HABBIKOB /CaMOCTOSITEILHOE HCIOJIb30BaHHE y4eOHUKA,
HATJISTHBIX TOCOOUH, OMOJIOTHYECKUX MPUOOPOB U MATEPUAJIOB U T.J./

BoinosiHeHHe NMpaKTHYECKHX PadOT HANMPABJIEHO HA:

- 00001eHue, CUCTEMAaTU3ALMIO, yriy0seHue, 3aKpericHue MOJIy4CHHBIX
TEOPETHUYECKUX 3HAHUMU 110 KOHKPETHBIM TEMAM M3y4aeMbIX JUCLUILINH;

- (opmupoBaHUE yMEHUI NPUMEHATh NOJYYECHHBIE 3HAHUS HA MPAKTHKE, Pealn3aLuio
€IMHCTBA NHTEJUIEKTYAJIbHOW U ITPAKTUYECKOU JEATENbHOCTH;

- DPa3BUTUE  MHTEJUIEKTYaJbHBIX YMEHUH: AQHAJIUTUYECKUX, IPOEKTUPOBOYHBIX;
KOHCTPYKTUBHBIX U JIp.;

- BBIpaOOTKY NpU pPELUIEHUH IOCTaBJIEHHBIX 3a/a4 TaKHUX, KaK CAMOCTOSTEIbHOCTb,
OTBETCTBEHHOCTb, TOUHOCTh, TBOPYECKAsI MHUIMATUBA.

JIMCUUIUINHBL, 110 KOTOPBIM IUIAHUPYIOTCS IPAKTUYECKUX pPAaOOThl U KOJIMYECTBO YaCOB,
OTBOJIMMOE Ha MX BBIIIOJHEHUE, ONPEACISIOTCS pabounM y4eOHBIM IIAaHOM.

B pe3yabTare usydeHns 00513aTeJIbHON YaCcTH Y4eOHOT0 IHUKJIA 00YYAKOLIUIICS T0JIKEH
yMeTb:

- pemarh NPUKIIAJAHbIE 33]]auu B 00J1aCTH PO eCCHOHATIBHOMN 1A TEIbHOCTH;

- TPUMEHATh IMPOCThle MaTeMaTHYEeCKHEe MOJEIM CHUCTEM U IpoleccoB B  cdepe
npodeccuoHaIbHOMN e TeTbHOCTH;

B pe3yabTaTre M3yueHHMsi 00513aTeJIbHOH YACTH Y4eOHOI0 HHKJ/IAa 00y4yarolMiicsl 10JI7KeH
3HATh:

- 3HaU€HUE MaTeMaTUKHU B MpodeccroHalIbHOM esTenbHocTH U npu ocBoeHuu [ITICC3;

- OCHOBHBIE IIOHSTHSI M METOABl MAaTEMATHUECKOTO aHalln3a, TEOPUU BEPOSTHOCTEN W
MaTeMaTHUYeCKON CTaTUCTUKH;

- OCHOBHBIE MaTeMaTHYECKHME METOJbl pelleHHs MNpUKIATHBIX 33agad B 001acTu
poeCCHOHAIBHON JEATENHHOCTH

IIpakTuyeckas padora Ne 1

Tema 1.2: Berunicnenne npeaenoB QyHKINH
Hean: HayuuTs BEIYUCTATH Ipeesbl GyHKIUN

Teopernyeckas 4acTb

IIpenen pynkuuun

Onpenenenune. Yucno b HazpiBaercs npeaenom ¢pyukiuu f(X) mpu x, cTpemsmeMcs K a , €Cliu
JUTst MoOoro yuciia € > 0 Haigercs Takoe 9yuciio 6 > 0, 94To IpH BCexX X # a,
YIOBJIETBOPSIOIINX HEPABEHCTBY |X — a| < &, OyzaeT BeIMOIHATHCS HepaBeHCTBO |f(X) — b| < &.
Omnpenenenue npeaena GyHKIME MOKHO chOpMyIHpoBaTh | Tak: Yucio b Ha3biBaeTCs
npenenoM f(X) npu X, cTpemsIieMes K a, €CIu Ipu JIFo0oM € > 0 CyIecTByeT Takas
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OKPECTHOCTh TOYKH a, 4TO JJIs TF0OOro X # a u3 3toi okpecTHocTH |f(x) — b| < €. [Ipenen
o0o3HavaeTcs Tak:

limf(x) = b.

X—a
[Tpumep 1. IIpenen nmocTostHHOM PYHKITUU B JTF000M TOYKE paBEH ATOM K€ MOCTOSTHHOM.
Pemenne. ITycts f(x) = Kk mis Becex x. OueBuano, uto aj1st ar00six € > 0, 8 > 0 u m1s Beex X €
(a —§8,a + 8) cupasemnussl cootnomenust |f(x) — k| = [k—k| =0 < e.
3HAUUT, 110 ONPEAEICHUIO IIPEea

lim f(x) = limk = k.

X—a X—a
[Mpumep 2. ana pyukuuusaf(x) = x. JlokasaTs, 4To
lim f(x) = a.
X—a
Pemenwue. [Tycts € > 0 - mro60e uncno. [lonoxus 6 = €, nusg Bcex X € (a— §,a + 6)
nonyunm|f(x) —a| = |x —a| < §, T.e.|f(x) — a| < &, 3naunr
limf(x) =limx =a
X—a X—a
Teopema. Eciu ¢pynkius f(X) umeer npeaesn npu X, CTpeMSIIEMcs K a, TO 3TOT Mpeed
CIMHCTBEHEH.

Teopemsbl 0 npenenax GyHKUUU
Teopema 1. Eciu ipu X — a cymiectByroT npeensl Gpyaknui f(x) u g(x), To cymiecTByeT Takxe
¥ [IPEJICITbl X CYMMBI, paBHbIH cymMme mpeaennoB ¢yukimi f(x) u g(x):
lim(f(x) + g(x)) = limf(x) + limg(x) .
x—a x—a x-a

Teopema 2. Eciiu ipu X — a cymiectByroT npezesbl Gynkiwmii f(x) u g(x), TO cymecTByer Takxe
¥l [IPeJIeIT X [IPOU3BE/ICHNUS, PaBHbII NPOU3BeIeHHUIO mpeaenoB ¢pyHkuuii f(x) u g(x):

lim(f(x) - g(x)) = limf(x) - lim g(x).

x—a x—a x—a
Crnenctsue. I[TocTOSHHBINM MHOXHUTEIh MOXKHO BBIHECTH 32 3HAK MpeJiena.
JlercTBUTENBHO,

lim(kf(x) = limk - lim f(x) = k - lim f(x) .
x—a Xx—a  x—a x—a

Teopema 3. Eciu ipu X — a cyrectByroT npezensl ¢pyukimii f(x) u g(x) u npenen
¢ynkunu g(xX) OTIIMYEH OT HYJIS, TO CYHIECTBYET TaKke U Ipeaen ux otHomenus f(x)/g(x),
PaBHBII OTHOLLICHHIO MPEIEIIOB:

lim(f(x)/g(x)) = limf(x)/lim g(x) .

X—a X—a X—a

ITonsaTne GeckOHEYHO MajIol M OECKOHEYHO OOJIBIION BETHUUHBI

Ecnu npenen GyHKIMM paBeH HYIIO, TO OHAa HAa3bIBACTCS OECKOHEYHO MaJIOW BEIMYHHOM.
Ecnu npenen pyHkum paBeH 6€CKOHEUHOCTH, T.€. BEIMYMHE 00paTHON K OECKOHEUHO MaJIOi
BEJIMYMHE, TO OHA Ha3bIBaCTCI OECKOHEYHO OOJIbIION BenunHON. ClIe0BaTeILHO,

BBITIOJIHAROTCS paBCHCTBA!

1
lim=—=o00, lim—=0
X—a X—a 00

Brruncaute Mpeaciibl

IIpumep 1.

lim(x+3)=lim x + lim 3= 7+3=10.
=7 x—7 =7
IIpumep 2.



lim(3x +2) hm@ﬂ+hm2 lim3-limx+2

3x+2 _ x—=1 x—1 _ =1 x—=1

lim =& : : =
=123 =7 luM?x—?) MH@iHlmﬂ 7y lim2-limx—7
x—l1 =1 x—l1 x—+1 x—l
3-1+2
= =5/(-5)=-
2.1-7 =3
Ipumep 3.
. x°-4
lim
=2 X—2
2 — —
-4 (x mu+2):x+l
x—2 x—2
2 p—
limx—— (v 2)(.x+2)_ lim(x +2)= lim x+ lim 2=
—2 X —2 x—}2 x—2 x—>2 x> 2 x—>2

—2+2=4



Pemenue ynpaxxHeHui

Llim[(x* = 1)(x = 3)(x = 5)]

L lim[(2x - 4)(x = D(x +2)]

2 lim x+3)(x-2)

x—>—-1 X+2

X—3 2X—6
4. lim
x—0 3X2+2x
2x3—2x2
5. lim———
X—0 5X°—4x
. 3x3+x
6. lim
x>0 X
. Xx—3
7. lim
x—3 X2-9
4x%2-9
8. li
K2 2X+3
2
2_
9 X“—8x+15
" x55  Xx2+25
3x%-8x+4
10 m-—————--
x—2 5%2-14%x+8
11 limxz_7x+10
' X—5 X2—9x+20
. X—6
12. lim
x—6 VX+3-3
. Vx+1-1
13. lim
x-0 X
. 3—Vx
14, lim
Xx—9 4—V2x—-2

15.  lim(x%? — 5x + 6)
X—00

16.  lim(x3 + 3x?)
X—00

17. lim=X
X—00 X—2
18.  lim =2




2x3-3x%+1

19. lim————
X—00 5x3—4x2+2x
. 2X%-5x+4
20. lim

X—00 X2—2x+3

21. limvVx2 — x — x

X—00
22. limvx? + 5x — x
X—>00
4x2-7x-2
23. im———
x—2 5X2—-11x+2
. X?+42x-15
24, lLimX2ETE
Xx—3 X“-9x
2X
25. lim————
x—0 V4+X—V4—X
. 2—Vx
26. lim—
x—4 3—V2x+1
2—X
27. lim——
x—5 3—V2x—1

IIpakTnueckas padora Ne 2

Tema 1.3: IIpousBoanas u auddepennnan BeIcux QyHKIUI.
Hesb: HayuuTs BBIYUCIATH IPOU3BOIHBIE U MU (GEepeHIINaNbl BBICIIUX QYHKIUI.
TeopeTuyeckas 4acTb

Teopernyeckas 4acTb
[TpousBoaHON GYHKIIMH Ha3bIBACTCS MTPEes OTHOMICHHUS MPUpANICHNs QYHKIMN K
MIPUPALLECHHUIO apTyMEHTA, KOT1a IPUPALLIEHUE apIYMEHTa CTPEMUTBCA K HYJIIO.
OcHoBHbIe TipaBuiia Tu(epeHITUPOBAHUS:
1. C¢'=0,roe C — const
. (f+a)'=f"+g
9 =f9+f9
(L)' _fg-rg'
g/ g2
. (f-C) =f"-C,rue C— const
ITpousBoaHAS CIOKHOW (BYHKI[HH PaBHA TPOM3BOIHOM 3TOM (HYHKIIHH MO IPOMEKYTOUHOMY
apryMEHTY, YMHOKEHHOM Ha IMPOM3BOJHYIO OTOI0 apryMeHTa 110 HE3aBUCHMOM TIEPEMEHHOIA.
[Tpou3BOAHBIE BBICIIUX TOPSIKOB.
IMpousBoanas y' = f'(x) Ha3pIBacTCs MPOU3BOAHON 1-TO MOPSIIKA, WK TIEPBOM MMPOU3BOTHOM.
[Tpou3BOAHON BTOPOTO MOPSIIKA HAa3bIBAETCS MIPOU3BOIHAS OT €€ MEePBOM MPOU3BOIHON H
obo3HavaeTcs y''. AHAJOTMYHO OMPEAENIAIOTCS TPOU3BOAHBIE 3-T0, 4-T0,. .., MOPSIKA.

Pemenue ynpaxkHeHui
2
X

o b~ W

1. y=2V1—3x4
_, [0

2. y=2 e

3. y=5x+x§/§

4. y = cosln(1 — x?)



1sin?3x

5. y= siny3 + cgs6
_ 3 _1COS 4x

6. y= Ctg\/g 8sin8x

7. y = arcsin3V4 — 5x

8 x%—4

= arccos
y Vxt+16

9. 3/=\Earctg3ic/%1

2x+4

10. y = Insin

x+1
s X
11. y = Intg (Z + 5)
12. y = In3(1 + cos4x)
_ 1, x=V2 V2
13. y—x+ﬁlnx+ﬁ+2
14. y =InarcsinvV1 — e?*

15. y = e **cos3(2x + 3)

16. y = e¥3 - arctg?2x
17. y = (x%2-16)+/(4+x2)

120x51
18. y = (sinﬁ)ex
19. y=(19)*"°x1°
20. y = (ctgx)™9:

IIpakTnyeckas padora Ne 3

Tema 1.6: Heonpenenennslii naTerpai. Berancienne HeonpeaeIeHHbIX HHTETPAIOB.
Henb: HaydnuTs BEIYUCIIATE HEONPEAEICHHBIM HHTETPAJIBI

Teopernyeckas 4acTb

HeonpenejeHHblil HHTErpaJl
F(x) - mepBooopa3suas mis f(X) na muokectse X eciu F'(X) = f(X) s Bcex XEX. Ecmu F(X)
- nepBooOpasnas s f(X) Ha MmHOXKecTBe X, TO F(X) + C - MHOXECTBO BCEX MEpBOOOPa3HBIX
aust f(X) Ha MHOXecTBe X. DTO MHOKECTBE IIEPBOOOPA3HBIX HA3BIBAIOT HEOIPEICICHHBIM

MHTETPAIIOM B 0003HAYAIOT J f (x)dx=F(x)+C.

OcHOBHBIE CBOWCTBA HEONPEAEIEHHOIO HHTErpajia
1. Heomnpenenennslii nuuTerpan ot nuddepeniuana GyHKIUN paBeH 3TON QYHKIUH ILTIOC
IIPOU3BOJIbHAS MIOCTOSIHHAS

JdF(x)zF(x)+C

2. Juddepennnan HeompeIeIeHHOTO HHTETpaia PaBeH MOBIHTETPATLHOMY BBIPOKEHUIO, a
IIPOM3BO/IHAS HEOTIPEIEICHHOT0 HHTETpajla paBHA MOABIHTETPAIbHON (PYHKIIUU:

d [ F@de) = Fed)

3. Heomnpenenennsiii uHTErpan anrebpanyeckoir CyMMBbl (DyHKIIMIA paBeH anre0pandeckoit
CyMMe€ HeolpeeNIEHHbIX HHTETPAJIOB 3TUX (PYHKIIMA:

f [0 + o]d () = f FG)dG) + f P ()

4. TloCTOSTHHBII MHOKUTEIb MOABIHTEPATbHOTO BBIPAXKEHNS MOYKHO BBIHOCHUTD 32 3HAK
UHTErpaia:



[ ar@aw =a [ r@dw

OcHogbie hopmynbl uHMePUPOSanUs.
1.fdx=x+C
X

n n+1
2.f;c dx = —
3.f7x:lnx+C
4.faxdx=£+C

lna

5. [e*dx=e*+C
6. [ sinxdx = —cosx + C
7[ cosx dx = sinx + C

+C

8[ W gx+C
") cos?x gx
9.2 = —ctgx+C

sin2x
dx 1 x—a
10. =—In|—|+C
J-xz—az 2a x+a

11.f%=ln|x+\/x2ia2|+C

dx . X
= —+
12. = arcsin=—+C
X 1 X
18. [ = =-arctg-=+C

OrnpenenieHHbIM HHTErpaioM oT Gpyukuuu f (x) Ha orpe3ke [a; b] HasbIBaeTCS Mpeae
WHTETPAJIbHON CYMMBI IIPH YCIIOBHH, YTO JUIMHA HAUOOJIBIIETO U3 AJIEMEHTAPHBIX
OTPE3KOB CTPEMUTHCS K HYIIIO.

JIst BBIYMCIICHHUS ONPEIeIEHHOr0 nHTerpana oT GpyHkuuu f(x) B TOM cirydae, Koraa
MOKHO HalTH COOTBETCTBYIOIINN HEOMPEAeIeHHBIH HHTETPall, CIIY>)KUT (hopMmyia
Hrerorona-Jleiibnumna:

b
[ rwac =reo = F) - F@

Pemienue ynpaxkHeHui:

1.dex ll.j 5dx
5 Iidx \/5X—7
5 12. j3cos 3xdx
3. J'x5dx 3
13. j4(5—6x) dx
4, I?xedx
5. [ (7x+1) dx "
6. IlOsinSxdx 14'I ¢
7. [3Gx+1)2d 3dx
J.(x+2) X 15.j(8_7x)4
8.](2x—1) dx 16 Adx
9. j% sinz(g—Zx)

10. [ *Vx'dx 17. [ 227 -3x)%dx



23. [ 2

2
18. fx%;a 24. fg’zz%z
19.fxz_25 25 f\/' dx

20. [ 7o e

21. f% 26. f 1+x2 )
2. [ 22 27 fﬂ oz ~ 5

IMpakTnyeckas padora Ne4.

Tema 1.7: OcHOBHBIE METO/bI BEIYUCIICHUS UHTEIPAJIOB.

IIe.m:: HpI/IMeHeHI/Ie OCHOBHBIX MCTOJOB IIPH BIYUCIICHUHU UHTCIPAJIOB.
TeopeTuyeckas 4acTh:

3ameHa nepeMeHHOM

J171st uHTerpupoOBaHrs MHOTUX (PYHKIUN TPUMEHSIOT METO/I 3aMEHBI IEPEMEHHON, WITH
NOOCMAHO6KY, TIO3BOJISIONINNA IPUBOIUTH HHTETPAIIBI K TaOIHMUHOU (opMme.

Ecnu ¢pynkuus f(z) nenpepoiBHa Ha [a, B], dynkuus z =g (X) umeer Ha [a,b] HenpepbIBHYO
Mpou3BOAHYIO M 0 < ¢(X) < f3, TO

[(9(0) g (x) dx =f(2) dz, 1)
HPUYEM [10CJIC UHTEIPUPOBAHMS B TIPABOM YacTH CIIEYET C/IeNaTh MOJICTaHOBKY Z=((X).
s nokasarenbCTBa JOCTATOYHO 3alIMCaTh UCXOAHBIM UHTETPal B BUJE:
Jfg(¥) g (x) dx =] flg(x)) dg(x).
Harpumep:

dlnx

In%xz

o z In=

J

1) " =ln X_

[(n = —I

Jcosz.:-:jx: (Sm}_{}j}{: ds1.nz: = dzjzarctgz + C=arctg(sinz) + C
2) 1+ an“x 1+ an“x 1+ an‘x 1+= ]

MeToa MHTETPUPOBAHMS 110 YACTAM

[Tycte U = f(X) u v = g(X) - pyHKIIMHK, HMEOLTIE HETTPEPBIBHBIE TPOM3BOAHKIE. Tora, 1mo
npasumity 1uddepeHmpoBaHus Tpou3BeIeHuUs,
d(uv)= udv + vdu wu udv = d(uv) -vdu.

Jns Beipaxkenus d(UV) mepBooOpa3HOiA, 0O4eBUIHO, OyIeT UV, ITO3TOMY UMEET MeCTO GopMyIa:
[udv = uv - | vdu. (2)

Ota (hopmyIa BeIpaXkaeT MPaBUIIO UHmMezpuposarus no yacmsam. OHO TIPUBOAUT

UHTErpUpOBaHKe BeIpaxkeHus: UdV=Uv'dX Kk HHTerpupOBaHUIO BeIpaxkeHus vdu=vu'dx.

[Tycts, Hanpumep, TpedyeTcs HalTH X COSX dX. [Tomoxkum U = X, dv = c0s X dX, Tak yro du=dXx,

v=sinx. Torxa

[ x cos x dx =] x d(sin x) =x sin x - | sin x dx = x sin X + cos x + C.
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[TpaBuiio HHTETPUPOBAHHUSI 110 YACTSAM UMEET 0oJiee OrpaHUYCHHYIO 00JIaCTh MPUMEHEHUS, YEM
3aMeHa nepemeHHor. Ho ecThb 1enbie Kinaccel UHTErpajioB, HAaIpuMep,

[ x€In™x dx, [x* sin bx dx, [ x* cos bx dx, [x¥ e dx
U IpyTU€, KOTOPbIE BBIYUCIIAIOTCS HMEHHO C TOMOUIbI0 HHTETPUPOBAHUS 110 YACTSAM.
Pemienue ynpaxkHeHui.

IIpakTnueckas padora NeS
Tema 1.8: OnpenenenHplil HHTErpasl Kak Mpeaesl UHTErpUpOBaHUs CyMMbl. Beruuciienue
OIIPENIEIEHHOT0 UHTErpaa.
Hess: HayuuThes pemaTh onpezieneHHbIe HHTErpajibl

TeopeTuyeckas 4acTh.

[ToHsITHE OIPEICICHHOTO HHTErPaia BBOAUTCS cieayronmM oopazom. I[TycTs Ha oTpeske [, b]
omnpenencna Gynkims f(X). PazodObem otpesok [a, b] Ha n wacreit Toukamu a = Xo < X1 <...<Xn = b.
U3 kaxaoro nuarepsaia (Xi-1, Xi) BO3bMEM MIPOU3BOJIBHYIO TOUKY Xi i COCTABUM CYMMY

i f(©)Ax;, tae, AXi = Xi - Xi-1. Cymma Buza )i f (§)Ax;,, i Ha3bIBACTCS UHMESPANLHOU
cymmoll, a ee pefes npa A = max AXi— 0, eciii OH CYIIECTBYET U KOHEYEH, Ha3hbIBACTCS
onpeodenennvim unmeepanom dyukuuu f(X) or a go b u odbo3navaercs:

b n
[ reax - anf(xl)dxl ©

®ynkuus f(X) B 9TOM ciiydae Ha3bIBACTCS UHMESPUPYEMOU HA OMpe3sKe
[a, b], uncna a u b HOCSIT HAa3BaHUeE HuUdICHE20 U 6epXHe20 npedena unmepad.

I[J'IH OIIPEACIICHHOI'O NHTCIrpajia CIpaBCIJIMBBI CJICAYIOIINC CBOICTBA:

b b b
[f(x)dx = [f(z)dz = [F(t)dt

1

}f(x)dx =0
}f(x)dx = }f(x)dx
[} - b

}k_t“(x)dx =k }f(x)dx
2 2 , (k = const, keR);
b b

h
[(f(x) * gizDde = [H(x)dx+[agzdx

L3
1

}f(xjdx = }f(x)dx +_?f(x)dx

b

[fl=)dz =

: f(£)(b-a) (E€a,b]).

[TocneaHee cBOMCTBO HA3BIBAETCS MEOPEMOU O CPeOHeM 3HAUEeHUU.
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[Tycts f(X) HempeprIBHA Ha [, b]. Torna Ha 3TOM OTpe3Ke cymiecTBYeT HeOopeaeICHHBIN
UHTETpa

If(x) dx=F(x)+C

U uMeeT MecTo gopmyra Heromona-Jleiibnuya, CBSI3pIBAIOIIAS ONPEICICHHBIA HHTETPA C
HEOIpeAEICHHBIM:

b
Jo fCOA(x) = F(x) = F(b) — F(a) (2)
b
[fiz)d=
I'eomeTpuyeckas HHTEpIIpETaLUs: OIIPEACICHHBIN UHTETpal * IIpEJICTaBIISIET COOOM
IUIOIIA/Ib KPUBOJIMHEHHOM Tparnenny, OrpaHuueHHON cBepXy KpuBoi Y= f(X), mpsMbiMu X = a u X
= b u orpe3kom ocu OX.
Pemienue ynpikHeHui.
1. Berunciuts | dx/(x+2).

2. Haiitu | tg x dx.

3. Haiitu | dx/sin x.

ax

. 2
4. Hairm & — @

2

5. Haiitu | arctg X dx.

6. Brumcouts | In X dX.

7. Boramcmuts | €*sin x dx.

Mpumep 3.37. Beraucauts J = [ cos(In X)dx/x.

Pewenue. Tax kak dx/x = d(In x), To J= ] cos(In x)d(In x). 3amersst In X gepes t, npuxoanm K
taGmuuHOoMy HHTerpany J = | cos t dt =sin t + C = sin(In x) + C.

ax

I—
8. Beruncmuts J =  Fu4 - In® x .

10

_[ 1 - cos Zudy

9. Beruucnauth uaTerpan J = 0

3 dw

4
10. MosxHo Jiu mpuMeHuTh Gopmyny HerotoHa-JleitOHuma k uaTerpany " @-4" 9

w
- X
[=e™ dx
11. Beruucnuth uHTErpanI o

12



IIpakTnyeckas padora Ne 6
Tema 2.1: MHOXXeCTBa U Ollepaliiy HaJl HUMHU.
Heab: HayuuTs pemaTs 3a1a49u, HCIOIB3ys OCHOBHBIE ONEPAIMH HAJl MHOKXECTBAMH

TeopeaneCRaﬂ 4acTb

[Tox MHOKECTBOM IMOHUMAIOT COBOKYITHOCTH OOBEKTOB JIFO00H MPUPOIBI, 00Ia1al0IINX OOIIUM
CBOMCTBOM.

Omnepanuu HaJ MHOXXECTBAMHU: 00bEIUHEHIE, TPECEUCHHE, JOTIOIHCHUE, Pa3HOCTh,
CUMMeETPHUYECKast Pa3HOCTb.

[Tpumep: Ha ¢upme pabdotaror 40 uenoBek. 13 aHKETHBIX TaHHBIX U3BECTHO, YTO 20 YeIoBeK
BJIAJICIOT QHTJIMHCKUM A3BIKOM, 2() 4eJTOBEK — KOMITBIOTEPOM, 14 — 1e101TPON3BOJICTBOM.
AHTIIHHACKHAM SI3BIKOM U KOMIIBIOTEPOM BIIAJICIOT 9 YENIOBEK; . aHTIIMICKUM SI3bIKOM H
JIETIOTIPOU3BOJICTBOM — 7 YEJIOBEK; KOMITBIOTEPOM U JEIONPOU3BOJICTBOM — 5 YEIIOBEK;
AHTIIUHACKUM SI3BIKOM, JIEJIONTPOU3BOJICTBOM

N xommproTepom — 2 yenoBeka. CKOJIBKO YeJI0BEK HE BIAACIOT HU aHTJIMHUCKUM SI3BIKOM, HH
KOMITBIOTEPOM, HH JISTIOMTPOU3BOJICTBOM?

Pemenue: 1) BBenem o603HaueHMS:

U- MHOKECTBO 4eJIOBEK paboTaronmx Ha Gupme;

A- MHO>XECTBO Y€JIOBEK, BJIAJICIOLINX aHTJIMHACKUM S3bIKOM;

B- MHOeCTBO YeJI0BEK, BIIAJICIONINX KOMITBIOTEPOM;

C- MHOXXECTBO Y€JIOBEK, BIACIONIUX JCIOIPOU3BOJICTBOM.

Torma m(U)=40: m(A)=20; m(B)=20; m(C)=14.

Kpome Toro, H3BeCTHO, 4TO aHIIIMHCKMM SI3BIKOM BJIAJCIOT 9 UelloBek, ciempoBarenbho, m(A N
B) = 9; aHMIMICKUM SA3BIKOM H JIEJIONPOU3BOICTBOM — 7 4elloBeK, ciaenoBarebio, m(A N C) =
7; KOMITBIOTEPOM | JIEJIOMPOU3BOACTBOM — 5 uesioBek, ciepoBarensHo, m(B N C) = 5;
AHTTTUHCKUM SI3BIKOM, JIEIOMPOU3BOJCTBOM U KOMIBIOTEPOM — 2 YeJIOBEKa, CIeI0BATENbHO,
m(ANBNC) =2.

Heob6xonnumo onpenenuTs

Pa3o6nem mHO)kecTBO M=A U B U ( Ha 7 momapHO HEMEPECEKAIOIINUXCS MHOXKECTB Ay, Ay, ..., Ay
Y HalJIeM MOIIHOCTH KaXKJIOTO U3 3TUX MHOXKECTB:

a) Ay = AN B N C— MHOXECTBO YEJIOBEK, BIAJACIONINX AHTITUHCKUM S3bIKOM,
JITIONIPOM3BOACTBOM M KomibiotepoM, m(A4;)=m(ANBNC) = 2

0) A, = A N BN C— MHOXECTBO YeJI0BeK, HE BIAACIONNX aHTIIMMCKUM SI3BIKOM M BJIAJICIOIIMX
KOMITHIOTEPOM H JETOMPOU3BOACTBOM. 3aMeTuM, uto B N C = A; U A,, cienosatensro m(B N
C) =m(4;) + m(4,), orkynam(A,)=m(BNC) —m(4,) =5—-2=3;

B) A;=A N B N C — MHOXECTBO YeNOBEK, BIACIOIINX AHTTIMICKUM S36IKOM H
JIETIONPOU3BOJICTBOM U HE BIAICIOMINX KOMIbIOTEpOM. 3ameTuM, uto A N C=4; U 43,
crenoBarensHo, m(A N C) = m(4,) + m(A4;), otkyna

m(A3;)=m(A N C) —m(A,)=7-2=5

r) A,= AN BN C - MHOXKECTBO YeNOBEK, BIACIONINX AHTTIMICKUM S36IKOM, KOMIILIOTEPOM H HE
BJIJICIONIMX JIeonporn3BoAcTBOM. A N B = A; U A,, ciegoBatesnbHo, m(A N B) = m(4,) +
m(A,), oTKyna

m(A,)=m(A N B) —m(4,)=9-2=7;

1) As = AN B N C - MHOXECTBO YeOBEK, He BJIAJEIONINX aHTTHHCKIM A3BIKOM, KOMITBIOTEPOM
W BJIQJICIONINX JIEJIOMPOU3BOICTBOM.

C=A,UA,UA;U Ag, crenoarensio, m(C)=m(A4,) + m(4,)+ m(43) + m(4s),

otkyna, m(As)=, m(C)- m(4;) — m(4,)- m(4;)=14-2-3-5=4;

e) Ag = AN B N C - MHOXKECTBO YeNOBEK, HE BIAJCIOMNX aHTITHHCKIM A3BIKOM U
JIeTIONPOU3BOJICTBOM U BJIaJCIONIMX KoMmmbioTepom B=4; U A, U A, U Ag,

13



m(B)=m(A4,) + m(A4,)+ m(4,) + m(4e), otkyna m(4g)=m(B)- m(4;) — m(4,)+—m(A4,) —
m(Ag) =20—-2—-3-7=8;
%) A; = AN B N C - MHOXECTBO YeJIOBEK, BJIACIOIIMX AHIIMHCKUM A3bIKOM H HE BJIaJEIOIIHX
JIEJIONIPOM3BOCTBOM M KOMITbIoTepoM. A=A; U A3 U A, U A, cnenoBarensro, M(A)=m(A4,) +
m(A3)+m(A,) + m(A4,), orkyna m(A4,)= m(A)- m(4;) — m(A3)+—m(4,) =20—-2—-5—
7 =6;
OxoHYaTensHO,
M=AUBUC=4; UA, UA;UA, UAg U Ag U A,, cienoarensio, m(M)=m(A4,) +
m(Ay)+ m(43) + m(A,) + m(As)+ m(4g)+ m(4;)=2+3++5+7+4+8+6 =35

1) Tax xak U=M+A N B N C, o m(U) = m(M) + m(A n B n C), otkyna

mAnNBNC)=m@U)—m(M)=40-35=5
Cre/10BaTeNbHO, 5 4eI0OBEK He BIAACIOT HU AHIIMICKUM S36IKOM, HH JIEJIONPOU3BOICTBOM, HU
KOMIIBIOTEPOM.

Pemienue ynpaxneHui

1. Maust muokectBa: U = {a,b,c,d,e, f,p,q},A ={a,c,e,p},B =1{b,d,f,p},C = {ad,f, q}
BeinosiauTe cneayoonme onepauyu:

a) (A/BIBNC)/C UA

6) AUANBUANC)NANB/C;

B)A/BNC/ANBNCUAUBNC;

r"AUBNBUC/B;

N (AUANBUANC)NANBNC;

e)(AUBNC)/(BUCUANBNC)U(AUBU();

K)(AU (B/JAYUANC)NANC/C

2. C nomorsto quarpamm Ditniepa-BeHHa ynpocTuTe BhIpayKeHUS:

a) AU (A4/B) U (A/B);

6) AU (AU B)U B;

B) (ANB)U(ANB)U(ANB)

N)AUB)N(AUB)N(ANB)N(AUB)

3. 13 276 0TOOpaHHBIX CTYyJI€HTOB 3KOHOMHUYECKOT0 By3a 83 M3y4aloT MaTeMaTHKy,95-1paBo,
102-¢unancer. Kpome Toro, m3BeCTHO, 4TO 27 U3 HUX U3YyYaIOT MaTEMATHKY H MpaBo, 24-
MaTeMaTHKy U ¢puHaHchl, 20-paBo U puHaHCH 11-n3ydaror Bce Tpu npeamera. CKOJIbBKO
yyalxcs He U3y4aroT HU OJJHOTO U3 3TUX npeaMeToB? CKOIbKO U3 HUX U3y4aloT (PMHAHCHI, HO
HE M3y4aroT HU MaTeMaTuKy, HU IIpaBo?

4. IIpoBepoUHBI HK3aMEH IO MAaTEMATUKE COAEPIKaN TPU 3a/1a4u: MpeeIl, IPOU3BOAHAST U
unterpai. 13 800 cryneHToB 3agady ¢ npenenaoM pemunian 250 4enoBeK; ¢ IpeaesioM Win
unrerpanom — 600 genosek. [To aBe 3amaun pemmnu 400 yenoBek, U3 HUX JBE 3aJa4d Ha MTPEIET
U IIpon3BoAHYIO0 pemmn 150 yenosek, Ha npenen u uarerpan — 50 yenosek. Hu onuns ctyneHt
HE peuIn Bee 3a7aun. 20 CTYZEHTOB He pelIiid HU OJJHOU 3a/1a4uu. TONbKO 3a7jauy Ha HHTErpal
pemnnn 120 yenoBek. CKOIBKO CTYAEHTOB PEUIMIIA TOJIBKO OJHY 3a1a4y? CKOJIBKO 4EI0BEK
PEIINIIN 331a4y Ha IPOU3BOAHYIO?

5. Kadenpa matematuku oOCITy>KUBAEeT TpH (hakyIbTeTa: DKOHOMUYECKHA, (PMHAHCOBBIH,
ToBapoBeAHbIH. HexoTopsle npenoaaBarenu kadeapbl MOT'YT paboTaTh Cpa3y Ha HECKOJIbKHX
dakynbTerax. Ha punancoBom akynbrere padorator 22 npenoaaBaresns, Ha SKOHOMUYECKOM -
23 mpenojaBaTens, HA SKOHOMUYECKOM M TOBapoBeAHOM — 36 nipenogaBareneil. Toabpko Ha
¢uHancoBOM daxyinbTere padoTaroT 10 mpenogaBaresneii, TOIbKO Ha SKOHOMUYECKOM U
TOBapOBEAHOM -5 mpernoaBaresieii. J[Ba npernogaBatens padoTaioT Ha TpeX (akynbrerax. Uncmo
npernoJiaBaTesnei, paboTaloMX TOJIBKO Ha SKOHOMHYECKOM U (PMHAHCOBOM (haKyIbTEeTaX, PaBHO
YlCcIly IpenojaBaresnei, padoTaromux Ha GUHAHCOBOM M TOBapOBETHOM (aKyiabTeTax. CKOIbKO
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npenoaaBareneil paboraet Ha kadpeape? Ckonb npenogaBaTeneil padoTaeT TOIbLKO Ha OJHOM
dakynpTeTe?

IIpakTuyeckoe 3ansaTue Ne’/

Tema 2.2: OcHOBHBIE OHATHUS TeOPUH MaTpull. OnpenencHrue MaTPHUIIbL.
Henan: Hayuuts pemars onpenensats 3HaYCHUS] MaTpULL.

TeopeaneCRaﬂ YacThb:
Tema: Onepaunu Hag MaTpuliamMu. Berurciienue onpeaenureneil. HaxoxaeHnue
00paTHOM MaTpHUIIbI
Heab: OcBoUTh cIOCOOBI BBITIOJIHEHUS OTIEpaIlUi HaJl MaTPULIAMU, 3JIEMEHTApHbIE
npeoOpa3oBaHus MaTPUIl, HAXOXKICHHUSI OOpAaTHONW MAaTPHUIIbI
Teopernueckas 4acThb
Onepannu Haa MaTpUIlAMU
Cnoxcenue mampuy. CymMMOU ABYX MaTpUIL A:(aij) 151 Bz(bij) OJHOM W TOH

K€ Pa3sMEpHOCTA MxN Ha3biBaercsa marpuna C :(cij) TOUW K€ pa3MEPHOCTH TaKas,
4To C; =4y +bij.

Nrtak, MOXXKHO CKJIaIBIBATh TOJILKO MATPHIbl OHOW U TOU K€ PA3MEPHOCTH.
[Ipu cnoxeHur MaTpuUI] CKIaIbIBAalOTCS COOTBETCTBYIOIINE JIEMEHTHI.

IMpumep 1.

3 2 -3 -2
Haiinure cymmy matpury A=|-1 0|u B=| 1 0
11 -1 -1
3-3 2-2 0 0
C=A+B=|-1+1 0+0|=|0 0| — HyJb-MaTpPHULA Pa3MEPHOCTH 3x2.

1-1 1-1 0 0
N3 onpeneneHnsi CyMMBbI CIIEIYET, YTO CIOKEHUE MATPHUILL IOJYUHEHO:
a) KOMMYTaTUBHOMY 3aKOHY A+B=B+A;
0) accormaTUBHOMY 3aKOHY
A+B+C=(A+B)+C=A+(B+C);
B) A, +0. . =A,, — 3aKOH IIOIJIOIEHHS HYJI.

Ymnoorcenue mampuuyvr na uucno. llpoussBeneHuem maTpuubl A= (aij) Ha
yucno A (i A Ha MaTpuiy A) Ha3bIBaeTCA MaTpuUlla B:(bij), rae bij :/Taij, T.C.
MpU YMHOXKEHUU MATPUIbl HA YKCIIO HAJO0 BCE JIEMEHThI MATPHUIIBl YMHOXXHUThH Ha
3TO YUCIIO.

IMpumep 2
30 6 0
2- = :
14 2 8
Ceoticmea onepayuu YMHOICEHUSL MAMPUYbLL HA YUCTO:

a) (Au)A=A(uA) (acconmaTHBHOCTD);
0) (1 + u)A= A+ A (TUCTPUOYTUBHOCTh OTHOCUTEIIBHO CIIOKEHHSI YMCEN);
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B) A(A+B)=1A+AB  (OTUCTpUOYTUBHOCTH OTHOCHUTEIBHO  CIIOKCHUS

MaTpHuIl);
r)1-A=A.
Ipumep 3
1 2 3 -2 30
Haignre 2A+3B, rme A= , B= .
01 -1 2 11

1 2 3 -2 30
2A+3B=2- +3- =
01 -1 2 11
(24 6) (-6 9 0)_(2-6 449 6+0)_
02 -2) (6 3 3) (0+6 2+3 -2+3)
(-4 13 6
6 5 1)
Ymnuoorcenue mampuy. 11ponsseneHneM MaTpuilpl Az(aij) Pa3MEpPHOCTH Nxm

Ha MaTpuny B :(bij) pa3sMEpPHOCTH M Xx p Ha3bIBaeTCs MaTpuia C :(cij )pa3MepHOCTH
m

Nx P TaKas, 4To C; =8 -b +a, b, +.+a; b =>abs, i=12..n, j=12..p.
k=1

YMHOXkaTh MaTpuibl A U B MOXHO JUIIb B TOM CiIydae, KOTJa YHCIO
CTOJIOLIOB TIEPBOIO COMHOXKHUTENIS A (UHUCIO DJIEMEHTOB B KaXJAOW CTpPOKE
MaTpuIlbl A) COBMAJaeT C YHUCIOM CTPOK BTOPOTO COMHOXHUTENs B (uucio
AJIEMEHTOB B KaXXJoM cToyiOne B). B dWacTHocTHM 1t KBaJpaTHBIX MaTpUIL
OJIMHAKOBOTO TIOpsJIKa OmNpenesieHbl o0a mpousBeaeHuss AB u BA, u MaTpHIlbl
IIPOU3BEACHUS ABJIAIOTCI MAaTPULIAMHU TOT'O K€ MOPsAIKA

3 4 5
1 2 3
IIpumep 4 Ilyctsb Az(l 0 J, B=|6 0 -2|. Haingure npoussenenus AB u
7 1 8
BA (eciiu 3TO BO3MOKHO).
314 5
1 2 3Y|.!
AB = 16 0 —2|=
10 -1)}|_:
7:1 8

BBIICTAFOTCS 1 - 51 cTpoka MaTpuIls: 4

Y TIepBBIH cCTONO T MaTp U1kl B,

COOTBCTCTBYHOIIHUCIJICMCHTBI ICPCMHOKAKICA,
a IpOU3BCACHUS CKIIaAbIBAOTCA
' 1.3+2.6+3-7  1.4+2.0+31 1.5+2:(-2)+3-8
:(13+06+Q4y7 1.4+0-0+ (1)1 15+o(—2p{—neJ:

(36 7 25
-4 3 -3/

[IpousBenenne BA He CymiecTByeT, TaK KaK YHUCIO CTOJIOIOB MaTpwIlbl B He
COBIIQJIAET C YUCIIOM CTPOK MaTpuilbl A (3#2).
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-1
Ipumep 5 Ilycte A=(3 2 -1),B=| 1 |. Haiinure mpomssenenus AB u BA

(€cu 3TO BO3MOXKHO).
AB=3-(-1)+2-1+(-1)-2=-3+2-2=-3.

-1 -1.3 -1.2 -1.(-1) (-3 -2 1
BA=| 1 -3 2-1)=| 1.3 1.2 1.(-1 |=| 3 2 -1|
2 2.3 2.2 2-(-)) 6 4 -2

W3 ipuBeICHHBIX BBIIIE TIPUMEPOB SICHO, YTO B 00IIEM Ciydyae 4B # BA..
Kommymupyowumu Ha3sIBAIOT MaTPUIBl A U B, €CIIM ISt HUX BBITIOJHEHO
ycinoBue AB=BA.

Ceoticmea onepayuu yMHONCEHUSL MAMPUY.:

a) aCCOIMATUBHOCTH: €CJHM ONPEIEIEHO OJHO M3 NpousBeacHuii (AB)C wiu
A(BC), TO ONpeeNieHO TaKKe W BTOPOE TPOM3BEICHUE, U MMEET MECTO
BBIIIIC IPHBEAEHHOE paBeHCTBO (AB)C = A(BC)=A-B-C;

0) nuctpuOyTUBHOCTH: eciu C— Takasg MaTpuia, YTO OMNPEIEICHO
npoussenenre AC, To ompejeneHbl npousBeneHussBC u (A+B)C wu

BEpHO paBeHCTBO(A+B)C=AC+BC (A u B — Marpuilbl OJMHAKOBBIX
pa3MepoB);

B) JMCTPHOYTHBHOCTH: €CIM A— Takas MaTpHIla, YTO OIpPeIe]IeHO
npousBenenne AB, To ompeneneHbl npousseneHus AC u AB+C)u
BepHO paBeHCTBO A(B+C)=AB+AC (B u C — Marpuilbl OJMHAKOBBIX
pa3MepoB);

F) Amxn ) En - Em ) Amxn - Amxn'

TpaHcrioHMpOBaHHASI MaTpPULA

TpaHcOHMpOBaHMEM MaTpHUIIBl HA3bIBACTCS Takoe e€ mpeoOpa3oBaHHe, NpU
KOTOPOM CTPOKH 3TON MaTpPHIIbl CTAHOBSTCS €€ CTOJIOLAMU C TEMU )K€ HOMEpaMHu.

all a12 a‘1n a11 aZl a‘ml
a a ..oa a a a
| %2 22 2n T | %2 22 m2
Amxn - ! An><m -
a a a a a a

ml m2 mn 1n 2n "t mn

TpancrnionnpoBaHHast MaTpuiia 0603Hadaercst A' v A’ .

Ecoun A" = A, T.c. a;; =a;,TO MaTpHILa Ha3bIBACTCS CUMMEMPUIECKOU.

1 2 3
IIpumep 6TpancioHUpyiTE MATPUILY A:(4 e GJ'

AT =

w NN
o 01 B~
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Borunciienue onpeaenTesie.

Onpenenenue 1
OrnpenenuTeneM MaTPHUIIbl HA3bIBACTCSI HEKOTOpast MaTeMaTuueckast (PyHKIUs
AJIEMEHTOB KBaJIpaTHON MAaTPUIIbI, pe3yJIbTaTOM KOTOPOU SIBJISIETCS YUCTIO.
Oo0o3HaueHmue:

1 0 3

l4|=det 4= |4 4 -1
12 1 10

— OIpeAeNuTeNb 3- To nopsijika (T.K. MaTpuua pazMepa 3 Ha 3) MaTpuubl A.
BoruncieHnue onpegeuTese NepBoro NOpsaKa.

Marpuua pasmepa 11 510 npocro uncno. OnpeaenureneM Takoi MaTPUIIbI
SBIIIETCSL CaMO ITO YHCJIO.

Ipumep:

3=3

Boruuciienue onpeaesurTesieii BTOPOro mopsiika
OnpenenuTens BTOPOro nopsiaka (MaTpuilbl pa3Mepa 2 Ha 2) BBIUUCIIECTCS 110
MpaBUITY

dy dp|

= dptyy — gty
ta  ag
Ipumep 7:

3 -3
4 1

‘:3-1—4(—3) =3+12=15

Boruucienue onpeaeuTesieil TpeTbero MOpsiiKa
Onpenenurens TPEThEro MopsiaKa (MaTpuiibl pazMepa 3 Ha 3) BBIYUCISIETCS 110
paBUITy

ty A
@y Gy Qa|= G)@y ey Tty Ty @y — 03y dy) — dypdyds — d)@nis;

g gy g

3anOMHUTH IMOPAI0K COMHOXKMTEICH MOKHO, HUCIIOJIB3YA IIPABHUIIO TPCYTOJIbHUKOB
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Ipumep 8.
BprancnauTe onpenennTens:

2 3 -1

11 21 -5
4 A 9
Penienue:

BOCHOHBBYCMCH IIpaBUJIOM TPCYI'OJIbHHUKA

L = ittty = 202 1a8 =373

* =i, = 3-{—5]-4 = -0

™ 8| = iy, = ]]-{—1)-6 =—hh

o o= oaad = {—1}-21-4 = —i4

. 0 W =g, = Sel 1B = 25T
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8| = i, = 2'{_5]'5 =—60

2 3 -1
11 21 —5=3?8—60—66—{—84+29?—60]=1[]8
4 A 9
Otset 108

HaxosxkaeHue o0paTHOM MAaTPHULbI

PaccMOTPUM KBapaTHYIO MaTpuily 4. O6paTHYI0 MaTpuily 4 MOXKHO HAHTH IO

cienyroieit hopmyie:

L ,
& , T7Ie 4 _ ompexenuTens Marpuusl 4, % — TpancnonnpoBanHas

MaTpHIla aAreOpandecKuX JOTMOTHEHIH COOTBETCTBYIOMINX JJICMEHTOB

marpunps 4,

[TonsiTne 0OpaTHOM MATPHUIIEI CYIIIECTBYET TOJIBKO JJIS KBAAPATHBIX MATPHII,

MaTpPHI] «JIBa HA JBA», TPH HA TPU» U T.1.

o6paTHast MATPHIIA 0603HAYACTCS HAACTPOYHBIM HHACKCOM

IIpumep 9:

Haiit 0O6paTHyr0 MaTpHILy JUTsl MaTPUIIbI 34

Pemaem.
1) CHayana HaXOJIUM OTpEeETUTETh MaTPHUIIHI.

2
4| = =14-3.2=4-6=-2
4

1
£
B tom ciiyuae, ecniu onpenenurens Matpuiibl paBeH HYJIFO — ob6patHoii
MAaTpPHUIbI HE CYIIECTBYET.

2) Haiizem matpuily MUHOPOB M

Matpuiia MUHOPOB UMEET TaKHUE K€ Pa3MEPHI, KaK M MaTpuia <, To ecTh B

*

EE
M=
JaHHOM CJiy4dac .
OCTaJIOCh HAUTH YCTBIPC YHCJIa U ITOCTAaBUTh UX BMCCTO 3BC3J10YCK.
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BosBpaiaemcs K Halllen MaTpuie 34

CHauaJia pacCMOTPUM JIEBBI BEPXHUM SJIEMEHT:
{ i Y
5 o)

Kak nalitu ero MuHop?

MBICIIEHHO BBIYEPKUBAEM CTPOKY U CTOJIOEI], B KOTOPOM HaXOIUTCS TaHHBIN
AIIEMEHT:

b )

OcraBiieecst YUCJIO U SABISETCS MUHOPOM JJAHHOTO 3JIEMEHTa, KOTOPOe
3alIMChIBAEM B HaIlly MaTPUILy MUHOPOB:

-2
{., 3[4 ‘

.\/:[":

£\

y

PaccMarpuBaeM CleAyIOIIUM DIEMEHT MATPHIBL A ;
1 2
ey

MEICIIEHHO BBIYCPKHUBACM CTPOKY U CTOJ'I6€H, B KOTOPOM CTOHUT JTAHHBIN JJIEMEHT:
|\ 3 3
To, 4TO OCTaNOCh, M €CTh MUHOP JAHHOT'O 3JIEMEHTA, KOTOPBIN 3alHChIBAEM B
Hallly MaTpuLy:

1 2 3

T

3 4

\

il

(4
.\[:I*

AHanorn4yHo paccMaTrpuBacM 3JICMECHTBI BT OpOI>'I CTPOKHU M HAXOAUM HUX MHUHODBI.
(1 [2}

(o)
SO

4
>

PSS
>

M =| y
% 1

(4 3
M=

e 1J — MaTpuia MUHOPOB COOTBCTCTBYIOIIHUX 3JICMCHTOB MaTPHIIbI A .
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3) HaxoQuM MaTpHILy alreGpandecKix JOMOIHEHMH “* |

D710 1mpocTo. B Martpuiie MUHOPOB HY)KHO IIOMEHATh 3HAKHY JIBYX YMCEN:
7 HN

-2 1) MaTpHLa aredpandecKux JOMOIHEHUI COOTBETCTBYIOIIUX

5JIEMEHTOB MATPHIBI -,

I
4) Haxo/iuM TpaHCIOHHPOBAHHYIO MATPHUILy aIre6pandecKux TOMOMHEHHH & .

Af,z[al -2

-3 1 J — TPpaHCIIOHUPOBAHHAA MAaTpHUlla aﬂre6palxlqec1<nx I[OHOJIHGHI/Iﬁ

COOTBETCTBYIOLIMX DJIEMEHTOB MAaTPULILI 4 .
5) Ortger.

ﬂ‘l—_l 4 -2
o2l-3 1

Kaxk npoBeputh pemienue?

-1 -1
Heo6Xx01uMo BBIMIOJIHUTE MATPHUHOE YMHOXKeHHe A4~ muoo A4
IIpoBepka:

P (_1] 4 -2y 1 (144263 1ER+201
3 oal o2l o3 1) 203444 -3 32 +401

=3 (v - )2

[Tonyuaem eIMHUYHYIO MaTpUIly (C €AUHUILIAMU TI0 TJIABHOW JUaroHaIu U HYJISIMU
B OCTAJIbHBIX MECTaXx).

Takum 006pazom, 0OpaTHast MaTpulla HalIeHA TIPABMIIHHO.

IMpumep10 Haiitu oOpaTHyIO MaTpUIly AJI1 MATPHUIIBI

2 L
B=|6 3 4
5 -2 -3
AJTOPUTM TOYHO TAKOM K€, KaK M JJIs CIydas «JiBa Ha JIBay.
Blo L gt
OOpatHyt0 MaTpUILy HaiiieM 1o popMyIie: | ,rae © L

TPAHCTIOHUPOBAHHAs MaTpUIla AIreOpanvyecKux AOMOJHEHUN COOTBETCTBYIOLIUX
5JIEMEHTOB MaTpUIBl &
1) HaxonuMm onpeaenuTesb MaTPUILBI.

2 5 7
3 4 6 4 6 3
5= 3 4|=2 -5 +7 =
2 -3 T -3 -2
5 -2 -3

=2 (=9+8 -5 (-16-20)+7 (-12-15)==-2+150-18% = -1
2) Haxoaum Matpuity MUHOPOB 47
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Matpuiia MUHOPOB UMEET Pa3MEPHOCTh «TPU HA TPU» , U HAM HY>KHO HaWTH
JIEBSITH YUCE.
PaccMoTpum cieayroniuil 31€MEeHT MaTPULIbL:

{23 5 7°)
B=16 3 4
B g 9

MpICcieHHO BHIYEPKHUBAEM CTPOKY M CTOJIOCI, B KOTOPOM HaXOAUTCS JaHHBIN
DJIEMEHT:

B={6 3 4
| P
OCTaBI_HI/IeCSI quLIpe qucJia 3aliucCriBacM B onpez[eJmTenL «ABa Ha aABa»
g 3 4
B= 3 4
-2 -3

OTOoT OIIPCACIINTCIIb «JABAa HAa ABa» U ABJIACTCA MHUHOPOM HJAaHHOI'O 9JICMCHTA. Ero
HY>KHO BBIYUCJIUTD!:

(R)—5- 7
3 3 4 _
B=16 |3 4 . J=34(3)-(-2)-4=-9+8=-1]
5 bz =g) B ™
Bcé, MuHOp HalIeH, 3alMChIBAEM €r0 B HAILLLY MATPUIY MUHOPOB:
(—s5—7F
]f 3 4 _
B=16 |3 4 =3-(-3)-(-2)-4=-9+8=-1
] 3 3
5 (-2 -3 :
—1 * ¥\
AVf=| * * %
* W *

HaXOXIACHUC CIIC OAHOIO MHUHOpPA

215 [
B={6 3 |4 l(‘ -]:2-4—6-':8—42:—34
=3 ©*
b_l.i * *
M=|* *
k34 *
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OKoHYaTENbHBINA PE3YIIBTAT:

~1 -38 -27
M=|-1 -41 -29
~1 -34 —24

— MaTpuga MUHOPOB COOTBCTCTBYIOIIUX 3JICMCHTOB MaTPHIIbI B,
TO, 49TO BCC MUHOPBI ITOJTYUYHIINCh OTPULATCIBHBIMU — YUCTas CquaﬁHOCTL.

3) HaxoguMm Matpuily anreOpandeckux AOMOTHECHUM =2y
B maTpuiie MUHOPOB HEOOXOUMO CMEHUTh 3HAKU CTPOTO Y CJIECAYIOIINX

JJIEMCHTOB:
* i E
.‘[ = " i 3
¥ *) %

B nanHowMm ciyuae:

-1 38 -27
B.o=| 1 —-41 29
-1 34 -24

— MaTpulia alredpandecKux JOMOJHEHUI COOTBETCTBYIOIINX
DJICMCHTOB ManI/IHBI A .
I
4) Haxoaum TpaHCIIOHUPOBAHHYIO MATPUILY aJIreOpandecKux JOMOTHEHUN B
-1 1 -1
Bi=| 28 —41 24

-27 2% =24
— TPAHCTIOHUPOBAHHAs! MaTPHIlA AITeOpandeCcKux

JIOTIOJHEHHI COOTBETCTBYIOIINX 3JIEMEHTOB MATPHUIbl & .

5) OtBerT:
-1 1 -1 1 -1 1
B'I—ﬁgféil- 33 —41 34 |=|-38 41 -3
=27 2% 24 27 —2% 24
[IpoBepka:

25 7 1 -1 1

BEl=|6 3 4| |-38 41 -34|=

5 -2 =3}l 27 -20 24
2145 (=389 4+7-27 2.(-T+5 4147 (=291 2. 14+5 (=341 +7. 24
=6 143 (=39 +4.27 6. (-1+3 4144 (=297 6. 1+3 (-3D+4.24|=
5.1-2.(-38)-3.27 S.(-1J-2.41-3.{-29) 5.1-2.(-341-3.24
1 00
=0 1 0|=E
00 1
Takum 006pa3om, oOpaTHasi MaTpHIla Hal/IeHa MPaBUIIBHO.

3aganue U1 BHINOJTHEHHUA IPAKTHYECKOH padoThl
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3aganue 1. Beruncnuts 3A+2B
3amanue 2. Beruncnuts AB
3ananue 3. Haiitu oOpaTHyt0 MaTpuily i Matpuiibl A u B

1.
2 -1 0 -2 0 3 3 -1 -1 0 2 1
A= <—1 2 0), B=< 4 1 2) A= (0 2 —1), B=<—3 1 0)
1 -1 1 -2 1 0 0 -1 2 1 2 3
2.
5 -1 -1 1 4 1 2 0 -1 -2 1 -3
A= <O 4 —1), B=<0 3 1) A= ( 1 1 —1), BZ( 0 3 0
0 -1 4 2 1 0 -1 0 2 1 2 -1
3.
2 1 0 0 -2 -1 4 1 0 0 2 3
A= < 1 2 0), B=<3 1 2 ) A= ( 1 4 O), B=<1 1 3)
-1 1 3 2 1 0 -1 1 5 2 4 2
4.
7 2 =2 1 2 -1 9 0 0 -2 1 0
A= <4 5 —2), B=<O 1 3 > A= (2 7 —4), BZ(—I 2 3)
0 0 3 2 0 =5 2 =2 5 2 1 1
S.
3 0 0 0 3 1 5 0 0 0 1 2
A= <1 2 —1), Bz(l -2 4) A= (1 4 —1), BZ(Z 1 3)
1 -1 2 2 1 1 1 -1 4 0 3 1

IIpakTH4eckoe 3anaTHE Ne§
Tema 2.3: Meton ["'aycca u meTon Kpamepa mipu peIieHun CUCTEM.
eab: OcBOUTH cIOCOOBI PEIICHHS CUCTEM JIMHEHHBIX YPAaBHEHUM 1O MPABUITY

Kpamepa u meronom I'aycca

TeopeTnueckas 4yacThb

{cxlx+ by =35
PaccMOTpHM CHCTEMY ypaBHEHHM G x+by =25
A= a; b
Ber4ucinnmM onpeenuTens % b , €T0 HA3BIBAIOT 2/IAGHBIM ONPEOeNUmesiem
cucmembl.

Eciu £ =0 1o cucTeMa uMeeT 6eCKOHEUHO MHOTO PElIeHHi UK HECOBMECTHA (He
uMeeT peliennii). B atom ciyyae nmpaBuiio Kpamepa He MOMOKET, HYKHO
MCNOJIb30BaTh MeTOA ['aycca.
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Ecau A=0 , TO CHCTCMA NMCCT CIMHCTBCHHOC PCIICHHUC, U AJIS1 HAXOKACHUSA
KOpHCﬁ MbI JOJIDKHBI BBITHUCIINTE CIIC ABA OIIPCIACIIUTCIIA:

A, = 5 & &y _ El 5
5y by " 3 Fa
KopHu ypaBHEHHUST HaX0AUM 110 (OpMyJIaM:
ﬂ"x ﬂ)‘
=" =
iy Fiy

1

Paccmotpum npaBunoKpamepa 1iist cuCTeMBbl TPEX YPaBHEHUHN C TPEMS
HEHU3BECTHBIMMU:

X i o =5

a7 i, fogx =5

X Hixy e =5
HaxoauM riiaBHbIN ONPENEIUTENb CUCTEMBI:

Eciu £= 0 1o cucTema nMeeT 6eCKOHEYHO MHOTO PELIEHUI MIIM HECOBMECTHA (He
uMeeT pelieHuii). B atom citydae npaBuno Kpamepa He TOMOKET, HY>KHO
MCMOJIb30BaTh MeTo ['aycca.
Eciu £# 0 1o cucTeMa MMeeT eIMHCTBEHHOE PELlIeHUE U /I HAXOXKICHHUs
KOPHEN MBI JOJKHBI BBIYUCIIUTD €€ TPU ONPEACTUTEIIA:

5 & oo I RS | @ &g
D=l b o y=p 5 o Di=la & g

52 by ooy R T a; by o5

1 1

OTBet paccuuTbiBaeTcs 1Mo Ghopmynam:

_L4 _L4 _ 4
tp BT RTp
IIpumep 1
Pemuts cuctemy no dhopmynam Kpamepa.

3n —Zx,+dx =21

Smtdx, - 2x, =9

2 =X, —x =10
Pemenue: Pemmim cucremy o ¢popmynam Kpamepa.

3 -2 4
4 =2 5 =2
D=p 4 -2 =3-L1 ‘+2-‘

-1 2 -1
2 -1 -1
=3 {-4-2)+2 (-3+4)+4.(-3-8)=-18+2-44 =602 0

2 4
2 -1

v

, 3HAUUT, CUCTEMa UMEET
€IMHCTBEHHOE PELICHHUE.
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21 -2 4

4 -2 5 -2 5 4
D=1% 4 -2==21 +2- +4. =
1 -1 0 -1 0 -1
0 -1 -1

=21 {—4-2)+2 (- 9+20)+4 . (- 9-40)=-126+ 22— 196 = —300

D, =300
}{1=—=—=
D -60
3 021 4
9 -2 3 -2 3 9
D=3 9 -2/=3. -21. +4. =
0 -1 2 -1 2 10
2 10 -1
=2 (~-9+20)- 21 (- 3+4)+4. (30 -18)= 33— 21+48= 60
Dol 0 _
D -60
3 -2 21
4 9 -2 21 2 21
D=3 4 9|=3 -3 +2. _
-1 10 -1 10 4 9
2 -1 10
=3 {40+9)-3. (- 20+21)+ 2. (- 18-84) =147 - 3- 284 =—60
x3=%=_—6|:|=1
D —60
Otger; 1= >R ="Lx=1

IIpumep 2
Pemnts cucteMy ¢ MaTpUYHBIM METOJ0OM

3n —Zx,+dx =21
Smtdx, - 2x, =9
2 =X, —x =10

Pemenne: 3anuiieM cucTeMy B MaTpuuHOH opme:

3 -2 4 x 21
A=3 4 -2 X=|x|b=|0
AX=b e 2 -1 -1 x 10

Hy»xHO HaiiTH 06PaTHYIO MAaTPHILY 4~ M BHIIOIHATH MATPUYHOE YMHOKEHHE A7
OO6paTHyr0 MaTpuily Haiem no Gopmyre:
L .
4 ,TIe & — TPAHCIIOHUPOBAHHAS MaTpuUIla aJlreOpandecKux
JIOTIOJHEHHI COOTBETCTBYIOIINX 3JIEMEHTOB MATPHUIIBI 4.,
Haitnem onpenenurens:
= -2 4
4 -2
= 4 -2=3
1 -1
2 -1 -1
=3 (-4-2)+2 (-3+4)+4 {-3-8)=-18+2-44 =—60
27
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Ecnu |A] = 0, To 00paTHO# MaTPHIIBI HE CYIIECTBYET, U PEIIUTH CUCTEMY
MaTpPUYHBIM METOJ0OM HEBO3MOKHO. B 3TOM citydae cucreMa pemaercss METOJIOM
UCKJIIOYEHMsI HEU3BECTHBIX (MeTooM ["aycca).

Ternepp Hy’KHO BBIYMCIUTE 9 MUHOPOB M 3alIUCATh UX B MAaTPULy MUHOPOB

My My M

M= le Mzz M:ez
My My M
4 -2

M= =—d-2=-£
—1 -1
ERE

M= =—344=
2 =1

A 54 3 11

PO =
—2 4

Mg]_: =24+4=6
-1 -

M 54 3 11

2k - -
3 =2

M'23=2 _ =-34+4=1
—2 4

M= =4-16=-12
4 -2
ER-

M= =—-6£-12=-18
R
3 —

M= =124+6=18
5 4

[Topsinok pacueTa MUHOPOB COBEPILIEHHO HE BaXKEH.
-6 1 =11
M= 6 =11 1

-12 -18
— MaTpulla MUHOPOB COOTBECTCTBYIOIINUX 3JICMCHTOB

MaTpuisl 4.
-6 -1 -1
Ad=-6 -11 -1

-12 18 18 o
— MaTpHUIla aNreOpanyecKux JAOMOTHEHHM.

—5 -6 -12
A=l -1 -11 18
~11 -1 18

— TPAHCIIOHUPOBAHHASI MATPHIIA AITeOPanIECKUX
JTOTIOJTHEHUH.
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Teneps 3anmuceiBaeM 00paTHYIO MaTPHILY:

-6 -6 -12 & 6 12

LI S N PR P RNT =6ll 11 -18

At= =
4] - 60 0
-11 -1 18 11 -18

IIpoBenemM MaTpUYHOE YMHOKEHHE.

x 1 6 6 127 (21
X=|x :ﬂ'lb:ﬁ 1 11 -18[| % |=
%, 11 1 -18) l10

6.214+6.9+12.10 300 5
= 121411921810 | = | 60| = | -1
60 60
11.21+1.9-18.10 60
Orger;: =2 % ="1Lx% =1

Haubonee ynuBepcanbHbIM CIIOCOOOM PEIICHUS CUCTEMBI SIBJISIETCS METO/T
UCKIIFOYEHUSI HEU3BECTHBIX — MeTo/ ['aycca. CyTh METO/IA 3aKIIFOYAETCS B
IIPUBEAECHUU PACIIUPEHHOW MATPULIBI CUCTEMBI K CTYIIEHUYaTOMY BUJY, €CIIU
CHCTEMA UMEET EIMHCTBEHHOE PELICHUE, TO MaTpHULla IPUBEAETCA K
TPEYTroJIbHOMY BUILY

IpakTuyeckoe 3ansiTue Ne9

Tema 2.4: Pemienue cucteM JHHEHHBIX yYpaBHEHUH.
Hean: OcBouTh crIOCOOBI pELIEHUs CUCTEM JTMHEHHBIX YPaBHEHU

Pemuth cucteMy JIMHENHBIX YPaBHEHUN
dm+ix,—n=1
Sk t+3x, - dx =2
At 2xn,—3x=10

3anuieM pacuIMpEeHHYO0 MaTPUILy CUCTEMBI U C IOMOIIBIO 3JIEMEHTAPHBIX
npeoOpa3oBaHUi IPUBENIEM €€ K CTYIIEHYaTOMY BUITY:

4 2 -1]
5 3 22
202 =3P

1)K mepBoii cTpoke nprbaBisieM BTOPYIO CTPOKY, YMHOKEHHYO Ha —1.
4 2 -1/ O -1 -1 1}-1
503 =212= > 3 -2|2
302 =3[0 32 =30
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-1 11

—1f1y (-1
(1 (2
22| 5 3 -2|2
—3p) 3 2 =30
1 -1t 1 -1t
(5
1 0P|=lo 1 of
0 33 lo o 11

-1
0
0

-1

11-1
03]

1

-2 3-3[=0

-1

O3

0

1 =11
1 013
-2 33

[+
%

2) Ko BTOpOIf cTpOoKe MprbaBUiu MEPBYIO CTPOKY, YMHOKEHHYIO Ha 5. K
TPETbeN CTPOKE NPUOABUIIN MEPBYIO CTPOKY, YMHOKEHHYIO Ha 3.

3) [lepByt0 CTPOKY YMHOKWJIM Ha —1, B IPUHIIUIIE, 3TO IJIs1 KPACOTHL. Y TpEThe

CTPOKH TaK)X€ CMEHMUIIM 3HAK U IIEPECTABUIIN €€ Ha BTOPOE MECTO, TAKUM
0o0pa3oM, Ha BTOPOH «CTyNEHbKE Y HAC NOSIBUJIACH HYKHAsl €IMHULIA.

4) K tpetbeii cTpoke nprubaBMIIk BTOPYIO CTPOKY, YMHOKEHHYIO Ha 2.

5) TpeTbio CTPOKY pa3aenii Ha 3.

[Tony4gaem:

=1

=3

ntrn-n=1=x+3i-1=1=x=-1

OT1BerT:

n=-lLn=3xn=1

Pemmnts cucTeMy ypaBHEHHI TpeMsI METOAAMU

1 6
x+2y+3z=1 x+2y+z=4
{5x+8y—z=7 {3x—5y+3z=1
2x—3y+2z=9 2x+7y—2z=28
2 3x+2y+z=5 7 x+y+2z=-1
{2x+3y+Z:1 {2x—y+22=—4
2x+y+3z=11 dx+y+4z=-2
3 2x—y—z=4 8 2x+y—z=1
{3x+4y—22=11 {x+y+z=6
3x —2y+4z=11 3x—y+z=4
4 xX+5y+z=-7 9 xX—2y+3z=6
[2x—y—z=0 {2x+3y—4z=16
X—2y—z=2 3x —2y —5z=12

30




5 x+5y+z=7 10 2x —y—2z=1
2x—y—z=4 3x+2y+z=1
3x—2y+4z=11 2x+3y+3z=0

IIpakTnyeckoe 3ansaTue Nel0

Tema 2.5: Pa3znudHble BUIBI IPUMEHEHUS JIMHEHHBIX YPABHCHHM.
Hean: V3yunuTth pa3anyHble BUJIbI IPUMEHEHUS JIMHEHHBIX YPaBHCHUH.

TeopeTuyeckas 4acThb
PaccmoTpuM BHavane cityyail, KOrja 4nucio ypaBHEHUN PaBHO YHMCITy IEPEMEHHBIX, T.€. M = Nn.
Toraa MaTpua cUCTEMBI - KBaJpaTHas, a €€ ONPEACIUTEND Ha3bIBAIOT ONPEACIUTEIIEM
CUCTEMBI.
MeToa 00paTHOM MaTPHULIbI
PaccmoTpumM B 06mem Buze cuctemy ypaBHeHHd AX = B ¢ HEBBIPOXKICHHOM KBaIpaTHOM
matpuieil A. B 3ToMm ciydae cymecTByeT ooparHas Matpuna AL, JlomHoxkuM cieBa 06e yacTu
na AL TTonyunm ATAX = A'B. Orciona EX=A"'Bn

X=A"B.
[TocnenHee paBeHCTBO MPEACTABISET OO0 MATPUUHYIO (POPMYITY [T HAXOXKICHHSI PEIICHHS
TaKUX CUCTEM ypaBHEeHHUH. Mcnoab3oBaHue 3T0i (HopMyJibl HOIYUHMIIO HA3BaHUE METOJ1a
00paTHOM MaTpuIlbl

Hanpumep, pemmm 3TUM METOAOM CIIEAYIOIIYIO CUCTEMY:

Xp= Xp+ X3= 3

g+ X+ x3= 11
X+ X+ 2= 8

Oﬁmnam

si' X1 3
X=|x; B=|11]
X3 8

. Toraa B MaTpu4HOM Q)Opme AaHHasA CHCTCMA uMeeT Bua: AX = B.
Haitnem onpepemutens |4/=5 . Tak xak |4 =0,
TO MaTpHlla A — HEBHIPOXIEHHaf, M CYLIECTBYET obparHad MaTpHLa
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(!
Al==|-3 1 1
S -2 3
(13 -2)(3) [f20) (4
X=A"'B==|-3 1 L||11]|==[10]=]2],
Sy 22 3)ls) Cls) U

T.€. peuieHHe cucteMsl (4; 2, 1).

B xonue peuieHus CUCTEMbI MOXKHO CACJIAaTh ITPOBEPKY, IOACTABUB HaﬁﬂeHHLIC 3HAa4YCHUS B
YpaBHCHUA CUCTEMBbI. HpI/I 3TOM OHH AOJI?KHBI 06paTI/ITBC$I B BECPHBIC paBCHCTBA.

Jl71s paccMOTPEHHOT0 TpUMepa MPOBEIEM ITPOBEPKY:
4-2+1=3

2*%44+2+1=11
442+2%1=8

Metoa penieHusi CMCTeM JIMHEHBIX YPABHEHUH ¢ KBaJAPaTHOH MaTpuuei nmo ¢gopmyiam
Kpamepa

[Tycth n=2:
{"11-"1 +apx, = b
anx +apx, = b,
Ecnu 00e yacTu nepBoro ypaBHEeHUs yMHOXKHTD Ha a22, @ 00€ 4acTH BTOPOTro — Ha (-a12), U 3aTeM
CIIOXKHUTH HOJ'Iy"IeHHLIe ypaBHeHI/IH, TO MbI UCKJITKOYUM N3 CUCTCMBI HepeMeHHYIOXZ. AHaJ'IOFI/I‘IHO

MO>KHO UCKJTFOUUTH IEPEMEHHYI0X 1(YMHOKUB 00€ 4acTH MEPBOT0 ypaBHEHUS Ha (-a21), a 00e
4acTH BTOPOTO — Haai1). B pe3ynpTare monyduM cUCTeMy:

{(anazz - 021412)31 = hay, - bay,
(311822 — Gpan )X, = ayby - ayiby

Bripaxkenue B ckoOKax €CTh ONPEEIUTENb CUCTEMbI

a1 '912
A 9

A = 4y, — Gyap =

O003HaUYNM
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Ay =bay - bay, = b ,» Ay = ayhy —ay by = 11 jj

b, ay a2
Torﬂa CHUCTEMA IIPUMET BU:

A . xl = ,Al

A- Xy = Az

W3 nony4eHHOM CUCTEMBI CIIEYET, YTO €CIIH ONpeAeauTens cuctemsl 0, To cuctema Oyaer
COBMECTHOM u#A omnperneneHHol. Ee eanHCcTBeHHOE pelieHrne MOKHO BBIYUCIUTD IO (hopMynam:

X =—
A= 0, aAEcnu 1A0 n/unu#20, To ypaBHeHUs cucTeMbl TPUMYT BuA 0*x#1A=on/unn0*x1A=;. B

OTOM ClIy4dac CUCTEMa 6YI[CT HECOBMECTHOM.

A=AB cnyuae, koraa 1A=,= 0, cuctema OyJIeT COBMECTHOM U HeomnpeaeneHHo! (Oy1eT uMeTh
OCCKOHEYHOE MHOXKECTBO PEIICHUI ), TaK KaK IPUMET BU;

0-x, =0
0- Xy =
Teopema Kpamepa(ziokazaTenbCcTBO onycTuM). Ecniu onpenenuTens He paBEeH HYIIO,

TOAMATPUIIBI CUCTEMBI N ypaBHEHUH cHCTEMa UMEET €AMHCTBEHHOE peIlIeHUe, ONpeiesieMoe
1o ¢opmysam:

ArJie j- OnpeeTuTeNh MATPHIIBI, TOJYyYaeMOU U3 MaTPHUIIBI A 3aMEHOM j-TO CTOJIOIA CTOJIOIOM
CBOOOIHBIX YJIEHOB.

Brinenpusenennsie opMyisl Ha3siBaloT (popmysamu Kpamepa.

B kauecTBe mpuMepa penM TUM METOI0M CUCTEMY, KOTOPYIO J0 3TOT0 peIliaid METO10M
0o0paTHON MaTpHULIbIL:

Haiinem onpeaenuTennb cucTeMsl A = |4 =5 . Tak xak

A # 0, 1o o Teopeme Kpamepa cucreMa MMEET eAMHCTBEHHOE pellie-
HHeE. '
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BeluMcAMM onpedeuTeN MATPHLl A, A,,A;, TIONYYEHHHIX M3

MaTpHIIBl A, 3aMCHOU COOTBETCTBEHHO MEPBOTO, BTOPOTO H TPETHETO
CcTONOLIOB CTOJOLIOM CBOOONHLIX WieHOB:

3 -1 1 1 3 1] 1 -1 3
Al= 11 1 1 =20; 5.2= 2 ll 1 :10; A3= 2 1 11 ='5_
8 1 2| 1 8 2| 1 1 8

Terepb no popmyiam Kpamepa
A0, 8 10 8 5
Wy TS oA mEYEgEE A=)

T.e. pellieHue cUcTEMH (4; 2; 1).
HCIIOCTaTKI/I paCCMOTpeHHI)IX MCTOIOB:

1) cymecTBeHHast TPYI0EMKOCTb (BBIUMCICHUE ONPECIIUTENEH U HaX0XKAeHNEe 00paTHON
MaTpHIIbI);

2) orpaHrueHHas 001acTh MPUMEHEHHUS (A1 CUCTEM C KBaJpaTHON MaTpuleil).

PeanibHBIX 5KOHOMHUYECKHE CUTYALUH YaIlle MOJEIUPYIOTCS CHCTEMaMu, B KOTOPBIX YHCIIO
YpaBHEHUU U TIEPEMEHHBIX JOBOJIBHO 3HAUUTEIbHOE, IPUYEM YPaBHEHH OOJIbIIe, YeM
nepeMeHHbIX [lo3TOoMy Ha npakTuke Oosee pacpocTpaHeH CAeAYIOUINI METO.

Meton I'aycca (MeToA 1MOC/I€10BATENbHOI0 HCKIIOYEHHS MepeMeHHbIX)

OTOT METO/1 UCIIOJIb3YETCS JIJIsl pELIEHHs] CHCTEMbI M JIMHEWHBIX YpaBHEHUH C N IEpEMEHHBIMU B
oOuiem Buze. Ero cyTh 3akitoyaercs B IPUMEHEHUH K paCIIMPEHHON MaTpULIEe CUCTEMBbI
PaBHOCHJIBHBIX NPe0Opa30oBaHUi, C TOMOILBIO KOTOPBIX CHCTEMa ypaBHEHHH Mpeodpa3yeTcs K
BUJY, KOTJIa €€ PEIICHNs CTAaHOBUTCS JIETKO HAWUTH (€CJIM OHU €CTh).

OT0 TakoW BUJ, B KOTOPOM JieBasi BEPXHsIsl YaCTh MAaTPHUIbl CUCTEMBI OYAET NMPEACTABIATH COOOM
CTYNEHUYATYIO0 MaTpHILy. DTOro J00MBAIOTCS C MOMOILBIO TEX K€ MPUEMOB, C TOMOIIBIO KOTOPBIX
MOJIyYaJld CTYIEHYaTyI0 MAaTPUILy C LIEJIbI0 ONpeesieHns padra. [Ipu 3ToM NpUMEeHSOT K
pacuIMpeHHON MaTpHUlle JIEMEHTapHbIe TPpeoOpa30BaHusl, KOTOPbIE MO3BOJIAT MOJTYYUTh
PaBHOCUJIBHYIO cucTeMy ypaBHeHUH. [Tocne 3Toro paciumpennas MaTpuiia IpuMeT BU:

a,, 4y, a, Ay a1, b]
0 il:,_, d'll a21+1 d.!u b.‘
0 0 a, a,, .. a, b,
0 0 0 0 0 b,
0 0 0 0 0 b,

[Tonydyenue Takoil MaTpHUIbl HA3BIBAIOT MPAMBIM X0A0MMeTO1a ["aycca.
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HaxoxneHnue u3 COOTBETCTBYIOIIEH CUCTEMbl YPABHECHUHN 3HAYCHUN NIEPEMEHHBIX HA3bIBAOT
oOpaTHBIM X00M MeToza ["aycca. PaccMotpum ero.

OtmeTum, yTo nocneAnue (m — r) ypaBHEHUN IPUMYT BU/L:

{ 0*x,+0*x, +...+0*x, =b,, i=r+1Lm

Ecin x0Tst 661 01HO U3 upcen Pir 1 =T+ 1M ye papno HyIT0, TO COOTBETCTBYIOIIEE PABEHCTBO
Oy/IeT JIOKHBIM, a BCSI CUCTEMa HECOBMECTHOM.

TosTomy [t 060 coBMecTHO# cuctemsr i =0 1 =T +L M B oy cnydae mocteasune (m —

I') YpaBHEHHI NIPH JIFOOBIX 3HAUCHHSIX TIEPEMEHHBIX OyayT ToxaecTBamu 0 = 0, 1 ©X MOXKHO HE
MPUHUMATH BO BHUMAHHE IIPH PEIICHHH CUCTEMBI (IIPOCTO OTOPOCUTH COOTBETCTBYIOIIHE
CTPOKH).

ITocne sToro cucrema IpUMCT BU:

. * . * L - * - * . * —
a, *x, +a, *x, +..+a, *x, +a, , *x , +..+a,*x, =b,

a,, *x, +..+a, *x, +a, , *x, +..+a, *x,=b,

2 r+l n

* N * -
a, *x, +a X, +..+a_*x =b

rr+l

PaCCMOTpI/IM BHa4daJic cnyqaﬁ, korga r=n. Torga cucrema IIpUMCT BU:

a, *x, +a,*x,+..+a, *x, =b,

a,, *x, +..+a, *x, =b,

a_*x_=b,

I r
W3 nocnennero ypaBHEHUsI CHCTEMBI MOKHO OJTHO3HAYHO HAWUTH Xr.
[Ipenmocneanee ypaBHeHHE OyIeT UMETh BU/I:

£ g £
8 X +ﬂr—|| Ay _hr—l

r—=lr=1

3Has Xr, U3 HETO MO’KHO OJHO3HAYHO BBIPA3UThXr-1. 3aTE€M U3 IPEABLAYLIETO YPABHEHUS,
3HASAXHUXr-1, MO)KHO BBIPA3UThXr-2U T.J. J0X1.

Wtak, B 3TOM citydae cucteMa Oy/1IeT COBMECTHOM U ONPEIETICHHOM.
Hampumep, pemmm cucteMy ypaBHEHHI:

[+ 2%+ 3x3- 2x,= 6
2+ 4xy - 2x3- 3xy= 18

3, + - x5+ 2x4= 4
sz]- I, + 2x3 + X4 = -8

Y
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PacumpeHHas MaTpHIIa CHCTEMH MMEeT BHI
1 2 3 -26
2 4 -2 -318
3 2 -1 2| 4
2 -3 2 1[-8

Tak xak a;, ':tO,__'ro YMHOXasl h'ropylo, TPeThi0O M YeTBeEp-
TYIO CTPOKM MaTpHUK Ha 4yHcha (—2), (—3), (—2) n npubasnas nomy-
YeHHBIE CTPOKM COOTBETCTBEHHO KO BTOPOH, TpeTbeid, 4YeTBepTOi
CTPOKaM, MCKIIOYHM TMEPEMEHHYI0 X, M3 BCEX CTPOK, HauMHad co

BTOPOii. 3aMeTHB, YTO B HOBOH MaTpHLe d,, = 0, IOMEHAEM MecTaMu
BTOPYIO M TPETHIO CTPOKH:

1 2 3 -2/ 6] (1 2 3 -2/ 6
0 0 -8 1| 6/ |0 -4 -10 8
0 -4 -10 8-14[7]0 0o -8 1| 6
\0--7 -4 5[20) \0 -7 -4 5

v
b

. . Tax KaKk Teneps '@y, = -4 # 0, To yMHOXad BTOPYIO CTpO-
ﬁg&:’na (~7f4) u npubaBAfAs MONYTCHHYIO CTPOKY K YeTBEPTOH, MC-
KAIOUMM TIePEMEHHYIO X, M3 BCEX CTPOK, HAUHHAA C TPeTheH:

1 2 3 =2| 6
0 -4 -10 8|-14
0 0 -8 1| 6!
0 0 135 9|45,

| YyuTHBas, W10 @;; = -8 # 0, YMHOKAEM TPCTHIO CTPOKY
Ha 13,5/8=27/16, u mnpubGannds MONYYEHHYIO CTPOKY K YyeTBepToi,
MCKJIIOYMM M3 Hee NEPEMEHHYIO X;. Ca e :

(f 2 3 -2] 6
0 -4 -10 8|14
0 0 -8 1| 6

| 117(117
10 :0 0 -

. FSJ

IMony4uM cHCTEMY YPaBHCHHMH
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3 —8x3 x = 6
17 l":' 117
{ 16 8
cho:[bayn oGpamHﬁ X0l MeToza Taycca, HaiineM M3 deTBep-
6-x, 6+2

TOrO ypaBHeHMs Xq=-2 ; ns'rpe‘rhero Xy = 3 - % = -1, u3
BTOpOIO X, = -114 Bxq +10x; _ 14 -8(-2) +10(-1) R p——

'O ypaBHEHMA X, -6+gx --3:? 2x1 6+$(-2) 3(-1)-2-2=1T1e.
pewexme cuereMn (1; 2; —1; 2 | )

Tenepb paccMoTpuM citydaid, koraa r<n. [lepBblernepeMeHHbIX OyieM
Ha3bIBaTh0A3MCHBIMM(OCHOBHBIMH ), @ BCE OCTaJIbHbIE —He0A3MCHBIMM(HEOCHOBHBIMU,
cBoOoHbIMU). [TocneqHee ypaBHEHHE CCTEMBI OYI€T UMETh BU:

a, * X, +ar r+1 * Xen Tt d., *X“ - hr

W3 3TOr0 YypaBHEHUS MOKHO BBIPA3UTh OA3UCHYIO MIEPEMCHHYIO Xrdepe3 HeOa3UCHBIC:

b, —(a, . *x , +..+a_*x)

a

i
[Ipenmocneanee ypaBHeHHE OyIeT UMETh BU/I:

+..+a *xX =Db

* = %
arf‘nrfl xrfl +al*‘.r xr+arflt~1 xr+l r-in n r—1

[ToacTaBuB B HETO BMECTO X(IIOJIYY€HHOE BBHIPAXKEHHUE, MOXKHO OY/IET BBIPA3UTh 0a3UCHYIO
nepeMeHHYI0Xr-1uepe3 HebazucHble. U T.11. 10 mepeMeHHo#X1. UTOOBI MONYyYUTh pelieHue
CHUCTCEMbI, MOKHO ITPUPABHATH HeOa3KCcHbIE NEPEMCHHBIC K ITPONU3BOJIbHBIM 3HAUCHUAM U I10CJIC
ATOTO BBIYUCIUTH O0a3MCHBIE TEPEMEHHBIE TI0 TONy4YeHHBIM (hopmynam. Takum oOpa3om, B 3TOM
ciIy4yae cuctemMa OyJIeT COBMECTHOM M HEONpeaeIeHHOM (MMeTh 0€CKOHEYHOE MHOYKECTBO
peleHuit).

Hanpumep, pemnm cucreMy ypaBHEHHUI:
2y~ X+ xX3- X4= 5

X+ 2%~ 2x34+ 3x4= -6
3+ Xp- X3+ 2xy4

ITpeoOpasyeM pacUIMpeHHYIO MATPHIY CHCTEMEI
[;um yaobcTBa BHYMCIIeHMIt OepeM B KadecTBe MEPBOM CTPOKH Koaph-
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GHLUHMEHTH BTOPOIO ypannem, y xompom matmnmnem npn x,
paBeH 1): . o -. .
1 2-2 3]-6) (1 2-2 3|-6])(1 2-2 3|-¢ [1 s _o 3|_6)_

2 -1 1 -1 5[0 -5 5 -7|17f-0 -5 5 =TI~ ¢ 5 _5lp

3 1 -1 21-1) lo-5 s -71177 o o o o] 0
€M B JICBOH YacTH nepemm{ue X, X3 ,

KOTOpHe GepeM 33 OCHOBHEIE - OCTANBHLIC HCOCHOBHBIE
NepeMeHHBE X3, X, NEpPeHOCHM B NMpaBhie YacTH ypaBHeHHH. B pe-
3yNLTaTe NONYYMM CHCTEMY - -

X+ W= -6+ 2- 3x,
—sz;-‘- 17- '5134‘-' 7.174

OTKYyAa

7
Xy =—5—+x3—-§x4 H |

17 7 1 4.
= 6+ 2x;3 ~ 3x4 -2 —?-I-x;;—; _ =*$“'-“5'x4.

3amaba HEOCHOBHEIM ~ITCPOMEHHLIM ITPOH3BOJILHBIE 3JHAYCHUA
X3 =€, X3 =C;, HaliioM B6CKOHOYTHOS MHOXECTBO pellieHHH CHCTe-

4 1 17 7 |
MH | Xy =7=7C2) Xp==""+C 7€ X3=C1; X4=C2 ).

CoBOKYMHOCTh 0a3UCHBIX MIEPEMEHHBIX Oy/1eM Ha3bIBaTh 6azucomcucTeMbl. COBOKYITHOCTD
CTONO10B KOA(h(UIIMEHTOB MPU HUX TOXkKe OyneM Ha3bIBaTh 6a3ucoM(0a3HCHBIMU CTONOIAMHE),
WIM0a3MCHBIM MHHOPOMMATPHIIBI CHCTEMBI. TO pelIeHre CUCTEMBI, B KOTOPOM Bce HEOa3uCHBIE
IepeMEHHbIE PaBHbI HYJII0, Oy/1eM Ha3bIBaTh 0a3UCHBIM pelieHHeM.
B npenpinymem npumepe 6a3ucHbIM pemieHuem Oyner (4/5; -17/5; 0; 0) (mepemeHHble X3U X4(C1H
C2) IPUPABHEHBI K HYJIO, a 0a3MCHbIE IEPEMEHHbIE X1 X2PacCUUTaHbl Yepe3 HUX). YToOb!
NIPUBECTH MPUMEP HEOA3UCHOTO PEIISHHsI, HA/I0 IPUPABHATH X3H X4(C1H C2) K IPOU3BOIBHBIM
qucIaM, HEpaBHBIM OJHOBPEMEHHO HYJIIO, U PACCUUTATh Yepe3 HUX OCTalIbHbIE IIEPEMEHHBIE.
Hanmpumep, npu c1= 1 u co= 0 noayunm HebasucHoe pernenue — (4/5; -12/5; 1; 0).
[ToacTanoBKO# J€TKO yOIUThCs, UTO 00a pelIeHUs] — BEpHBIE.
O4eBHIHO, YTO B HEONPEEIIEHHON crucTeMe HE0Aa3UCHBIX PEIIEHUN MOXKET ObITh OECKOHEUHO
MHOT0. CKOJIBKO MOXKET ObITh Oa3uCHBIX perieHnii? Kaxaoi crpoke npeoOpa3oBaHHONW MaTpHIIbI
JIOJI’KHAa COOTBETCTBOBAThH OJiHA Oa3uCcHas epeMeHHas. Beero B 3aj1aue nnepeMeHHbIX, a
0a3uCHBIX CTPOK —I. [loaTOMY 4HCII0 BCEBO3MOKHBIX HAOOPOB 0A3UCHBIX MEPEMEHHBIX HE MOXKET
r
TIPEBBICUTH YKCIIO COYETaHHi H3nmor’. OHO MOXKET OBITh MEHBIIE, 4eM I , TIOTOMY 4TO He
BCET/Ia MOKHO ITPeo0pa3oBaTh CUCTEMY K TaKOMY BHUIY, YTOOBI UMEHHO 3TOT HaOOp
MIEPEMEHHBIX OBLIT 0a3HCHBIM.
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Yro 3710 32 BUA? DTO TaKoW BUA, KOTJa MaTpuia, o0pa3oBaHHasi U3 CTOIOLOB KO (UIIEHTOB

IIPU TUX [IEPEMEHHBIX, OyIeT CTYNEHYaTOM, U IPH 3TOM OYAET COCTOATh U3 ICTPOK. T.e. paHr

MaTpHIlbl K03()(PUIIMEHTOB MPH STHUX EPEMEHHBIX J0JDKEH OBbITh paBeHr. boibIieron ObITh HE

MOXKET, TaK KaK YUCIJIO CTOJOLOB paBHOr. Eciy OH OKa)keTcsl MEHbILEr, TO 3TO TOBOPHT O

JMHEWHOW 3aBUCUMOCTH CTOJIOIOB MPH MepeMeHHbIX. Takue cToa0IbI HE MOTYT COCTAaBUTh

6asuc.

PaccmoTpuM, kakue emie 6a3ucHbBIC PeICHUsI MOTYT OBITh HAaliIeHBI B PACCMOTPEHHOM BHIIIIE

npumepe. [t 3Toro paccMOTpUM BCEBO3MOXKHBIE COUETAHUS U3 YETHIPEX MEPEMEHHBIX 110 JIBE
_ 4 _2*3*a_

OasucHbIX. Takux coueranmii 6yner 212! 2%2 , TIPUYEM OJIHO M3 HUX (X1 X2) YIKE

ObLIO PaCCMOTPEHO.

Bo3zbmem nepemennsbie X1 x3. Haiiem panr matpuiisl K03 GUIUEeHTOB IPH HUX:

2 1 2 1 2 1
1 -2 |0 =-25|~(0 =25
—-2,5

3 -1 0

Tak KaKk OH paBeH JIByM, OHH MOTYT ObITh 0a3ucHbIMU. [IpupaBHsieM HeOa3UCHBIE TEPEMEHHBIC
XU X4K HYJHO: X2= X4= 0. Torma u3 popmyinsl x1= 4/5 — (1/5)*x4cnenyer, uro x1= 4/5, a u3
dopmynbl x2= -17/5 + x3- - (7/5)*x4= -17/5 + x3cnenyer, uto x3=x2+17/5 = 17/5. Takum
o0Opa3om, MbI moy4yum 0aszucHoe perienue (4/5; 0; 17/5; 0).

AHAJIOTHYHO MOYKHO MOJTyYUTh Oa3UCHBIC PEIICHUS I Oa3UCHBIX IepeMeHHbIX X14 X4— (9/7; 0;
0; -17/7); x2m xa— (0; -9; 0; 4); xau x4— (0; 0; 9; 4).

HepeMeHHHe X21 X3 B 9TOM IIPUMEPEC HECJIb3S B3ATh B KAUCCTBEC 6a3I/ICHLIX, TaK KaK paHr
COOTBGTCTBYIOHIGﬁ MaTpulbl paB€H €AUHHULC, T.C. MCHBIIC JIBYX!

-1 1 /0 0 |=[2 1

Bo3moxen u qpyroit moaxo K onpeieaeHHIo TOro, MOXHO MJIM HET COCTaBUTh Oa3uc U3
HEKOTOPBIX MepeMeHHBIX. [Ipu pemennn npumMepa B UTOre NpeoOpa3oBaHuUsl MATPULIbI CUCTEMBI
K CTYIIEHYaTOMY By OHa IPUHsIIA BU:

1 2 -2 3
0O -5 5 =7

BBI6I/Ipa}I napbsl ICPEMECHHBIX, MOXKHO OBLIO paccuuTaTb COOTBETCTBYIOINEC MUHOPBI 3TOM
MaTpUulbIL. Jlerko y66211/ITBC${, 4TO OJId BCEX Iap, KpOME X2U X3, OHU HE paBHBI HYIIIO, T.C.
CTO.H6I_[LI JIMHEMHO He3aBUCUMBI. 1 TOJIBKO JJIs CTO.H6I_[0B IIpU NMMEPCMCHHBIX X2U X3

2 -2

-5 5

=0
, 4YTO TOBOPUT 00 MX JIMHEWHOI 3aBUCUMOCTH.

PaccmoTpum emie ogun npumep. PemmM cucreMy ypaBHEHUI
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o+ - X= T
{2x; - 3+ Xy = 3
4+ Xy- X3= 16

. Tpeo6pa3syeM pacliMpeHHYIO MaTpHUy CHCTEMBI
(o2 -1 NN o2 -1 7
S0 =7 U3|-11f~[0 -7 3|-11}
0 -7 3f<12) Lo 0o of-1

Wtak, ypaBHEHUE, COOTBETCTBYIOIIEE TPETHEN CTPOKE MOCIEAHEN MaTPULIbI, IPOTUBOPEUUBO -
OHO NPHUBEIIOCH K HEBEpHOMY paBeHCTBY () = -1, cieioBaTenbHO, JaHHAs CCTeMa HECOBMECTHA.

[MpakTuyeckoe 3ansitue Nell.
Tema 3.1: KomrmiekcHble yucna. ['eomerpudeckas naTepriperanus. [loasTre MoIyIs.

Teopernveckasi 4acTh.

FCOMeTpl/IqECKaH HHTEepnpeTaluuda KOMIIJICKCHOTIO YUdjia
KommuiekcHble uncna n300pakaroTcs Ha TaK Ha3bIBaeMOM KOMIUIEKCHOM IIocKOoCcTH. OcCh,
COOTBETCTBYIOIIAs B IPSIMOYTOJILHON 1I€KAPTOBOM CUCTEME KOOpAUHAT ocH abcIuce,

Ha3bIBACTCS ICUCTBUTEIILHON OCBIO, @ OCH OPAMHAT - MHUMOM OChIO (puc. 1).

o

Mmaas oce
.t""'ff

>

JeficTEMTENRHAY OCE

Puc. 1
KommiekcHoMy unciy # = @ -+ biGyner olH03HaUHO COOTBETCTBOBATHL HA KOMILIEKCHOM
nnockoct Touka (@1 0); 2 = a+bi — (a; IE’}'(pmc. 2). To ecTb Ha AEMCTBUTEIHLHOU OCH

OTKJIaABIBACTCS JEMCTBUTEIbHAS YaCTh KOMILJIEKCHOI'O YKCJIa, 8 HA MHUMOM - MHUMas.
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4lm =

____________________ J.M-
b I.?=.:I+EJI'
=a’ + b
CP‘:EI'gZ i
0 a Re:z

Puc. 2

Hanpumep. Ha pucynke 3 Ha KOMILIEKCHOM IIJIOCKOCTH U300pakeHbl ukcna 21 = 2 + i,

Zp =ip 3 = —2,

~

0s

Puc.3

Moay/b KOMIIJIEKCHOI'O YU CJIa

KoMmruiekcHoe YrcIo Takke MOKHO n300paxats pamuyc-sekropom (M (puc. 2). TnuHa
paamyc-BeKTOpa, N300paXkalomero KOMILIEKCHOe yncio 2 = a -+ bi maspisaerca momymem
ATOr0 KOMIIJIEKCHOTO YHUCIIA.

Monaynb 11000T0 HEHYIEBOTO KOMIUIEKCHOTO YHCTIa €CTh MOJIOKHUTETbHOE Yrciio. Moaynu
KOMIUIEKCHO COTIPSDKEHHBIX YMCEN paBHBL. MOIyllb TPOU3BENCHUS/YaCTHOTO ABYX KOMILIEKCHBIX
YHCeJl paBeH NMPOU3BEACHNUIO/UaCTHOMY MOJTyJIEH KaxX/10r0 U3 YHCell.

Monyns BeIUHCIseTCS 1Mo hopmyre:

2| = |a + bi| = Va2 + b2

To ecTh MOZYJIb €CTh CyMMa KBaJPATOB ICMCTBUTENBHON U MHUMOM 4acTEN 3aJaHHOTO YUCIIA.
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[Ipumep
3apanue. Haiitu Moysib KOMIUIEKCHOTO yucha = = o — J3i

Pemenne. Tak kaxk Re z =5, [in 2 = —3, To nckomoe 3xaueHue

2| = |5 —3i| = /32 + (—3)2 = V25 + 9 = V4

2=V

OTtBer.
3aMecuaHue

Wuoraa eie MOAYITh KOMIUIEKCHOTO YKcia 0003HaYaeTCs Kak I"uid £,

AprymMeHT KOMIJIEKCHOT'O YMCJIa

Vron @Mex 1y MoNOKUTENIbHBIM HAPABIEHUEM JEHCTBUTEILHONM OCH M pafilyC-BEKTOpa OM ,
COOTBETCTBYIOIIMM KOMILIEKCHOMY uncly 2 = @ + bi, maspiBaeTcs aprymeHTOM 5TOro 4mcna u

o6o3Hayaercs WL 2,

ApryMenT ©koMIUIeKCHOTO uncna 2 = @ + bicsa3an ¢ ero gelicTBUTEIbHOM U MHMMOM YacTAMU
COOTHOILIEHUSIMU:

b=t . cos= —— ing d
=1, s = Y/ . 5l = Y
a VaZ b2 VaZ 1 b2
Ha npakTuke a5 BEIYMCIEHNS apryMEeHTa KOMIUIEKCHOTO YUCia OOBIYHO MOJIb3YHOTCS
bopmynoii:

i -
) arctg= . a = ()
¢ =arg z =arg (a +bi) = !1;: -
arctg- +7 . a <10

[Ipumep
3amanue. HaifTu apryMeHT KOMIUIEKCHOTO Yucha = = —d — Ji
Pemenne. Tax kak @ = Re 2z = —3 < (), To B BeIIIE IpUBEeHHOI BopMyIte Gymem

paccMaTpuBaTh BTOPYIO CTPOKY, TO €CTh

-3 0y om
3 +m=arclgl + 7= n +7 = 1

@ =arg z = arctg

o7
= arg r = —
OTBer. |
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ApryMeHT IeiCTBUTEILHOTO IOJ0XKUTEIBHOrO uKcia pased ()7 | nelicTBUTENLHOrO
T 180
OTPULIATENIBHOTO -  WJIA . HuCcTO MHUMBIEC Y4HCIIA C NOJIOKUTEILHOM MHUMOU YacThIO
R

2

[

UMEIOT apTyMEHT PaBHBIA , C OTPULIATEILHOW MHUMOM YacThIO -

YV KOMIIEKCHO CONPSKEHHBIX YUCEN apTyMEHThI OTJIMYAIOTCS 3HaKOM (puc. 3).

Jimz
z=a+bi
q3'= EII'gZ
_q):argz_ R;_‘E
Z=a—bi
Puc. 3

KoMILIeKCHO CONMpAXKEHHbIEC YNCJIa
Ornpenenenue

Eciu 2 = a + bi, to uncno Z = @ — binaspiBaeTcs KOMILIEKCHBIM CONPSIKEHHBIM K YHCITY 2.

Z=a—W

To ecth Y KOMIIJICKCHO COTIPSI?KCHHBIX YUCCIT JIeCTBUTEIIbHBIE YACTH PaBHbI, a MHUMBIC
OTJIMYAKTCA 3HAKOM.

[}

+ .

Hanpumep. KOMIUIEKCHO CONPSDKEHHBIM K YUCTY 2 = 2 — i€CTh YUCIO = =

Ha KOMIUIEKCHOM MIOCKOCTH KOMITJIEKCHO CONPSIKEHHBIE YHCIIA MTOTYYat0TCs 3€pKaIbHBIM
OTPaKEHUEM JPYT APYTra OTHOCUTENIBHO JEHCTBUTEIBLHON OCH.

CBoMCTBa KOMILJIEKCHO CONPAXKEHHbIX YUCEJI

1) Eciiu z = Z, TO MOXHO CJIEJIaTh BBIBOJI, YTO PACCMATPUBAEMOE YUCIIO ZSBIISIETCS

€N CTBUTEIIHLHBIM.

ary

|

Hanpumep. 2 =26 R = Z=2u:z=:

2) st mo6oro KOMILIeKcHoro uncia zcymma 2 + Z = 2Re - peifctuTensHoe unco.

=2 — 3, torma Z = 2+ 3, atorma

&}

Hanpumep. I[1ycts

24+ E=2-34+(2+3)=2-3i+24+3H=24+2=4€ R
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2

R

3) Jl;ist IpoU3BOIBHOIO KOMILIEKCHOTO Yicna 2 = @ + binpoussenenue = = = ||

= 2 — 3i, KOMILIEKCHO CONPsKEHHOe K HeMy umcio 2 = 2 + 3i, torga

3

Hanpumep. I[lycts

MPOU3BEACHHAE
zoE=(2-3)2+3)=22— (3 =22-32.i"=
=2 P (-1 =243 =22 T3 - IzI>=13e R
4) Moy KOMIUIEKCHO COTPSKEHHBIX YHUCEIT PABHBI: |z| = |z |, a apryMEHTBI OTJIMYar0TCS

3HaKoM (puc. 1).

L Im =
z=a+ bi
|z
Q=argz
Re:z
|f
Z=a-bi
Prc. 1

5) 1Ltz =21 L 22

6) Z1-22=21"%2
a_a

7) Z2  Ia

g) (7) ==z

9) Ecun = = a + bin Z = a — bi- xoMmnexcHO conpshkeHHbIE YHCIa, TO

3|

:+:.b=11u:=:_
2 i

a=BRe z =

[

KoMILjieKCHO ConpAXKEHHbIC YHUCJ/Ia
Ornpenenenue

Eciu 2 = a + bi, o uncno Z = a — binaspiBaeTcsl KOMILIEKCHBIM CONPSIKEHHBIM K YHCITY Z.
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Z=a—b

To ecthb Y KOMIIJICKCHO COITPS’KCHHBIX YUCCIT Z[efICTBHTCHBHbIe 4YaCTH paBHbI, a MHUMBIC

OTJIMYAarOTCA 3HAKOM.

[

Hanpumep. KoMIUIEKCHO CONPSKEHHBIM K YHCIY = = 2 — {eCTh yHCiI0 = = 2 11,

Ha KOMIUIEKCHOH TNIOCKOCTH KOMIUIEKCHO CONPSKEHHBIE YHACTIA ITOIYYA0TCs 3€pKalbHbIM
OTPa)KEHUEM JPYT APYTra OTHOCUTENIBHO JEHCTBUTEIBLHON OCH.

CBOHCTBA KOMIJIEKCHO CONPsKEHHbIX YK CeJl

1) Ecm z = Z, TO MOXXHO CJI€JIaTh BBIBOJI, UTO paccMaTpuBa€MOC YHUCIIO ZABJIACTCA

NE€NCTBUTEIbHBIM.

Hanpumep. : =2 € R = Z=2un 2=

b=

|

z =2Re z- JIEHCTBUTEIILHOE YHUCJIIO.

2) Jli1st 110600 KOMILIEKCHOTO YKCia zcymma 2 +

=2 — 3i,torna = = 2+ 3, atorna

3

Hanpumep. Ilycts
R

im

r+E=2-3i+(24+3)=2-3i +2+3i=2+2=4

. - 2
3) /14 mpoM3BOIBHOTO KOMIUIEKCHOTO uncna 2 = @ -+ binmpoussenenne < ° = = |z|" € R,

Hanpumep. [lycts = = 2 — 3i, KOMILIEKCHO CONPsKEHHOE K HeMy uncio Z = 2 + 3i, torga

[IPOU3BENECHUE
zoE=(2-3)2+3)=22— (3 =22-32.i"=
2
=22t (- =224+ =224+ =|z*=13€R
4 MO,Z[ JIN KOMIIJICKCHO COITPAXKCHHBIX UMCCJI PABHEI. |:| = |E|, ad ApryMECHTHI OTJIIMYAKTCA
Y. p p pry
3HaKoM (puc. 1).
Im =
z=a+bi
lz
q}= EIIgE
Re:z
z
Z=a-bi
Prc. 1
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F|
]

5) 21tz =5+

6) z1-Z2=21"22
Za

7) 2 Ia

8) (7) ==z

9) Ecnu = = a + bin Z = a — bi- xommiekcHO conpsKeHHbIE YHCIIa, TO

z+ z z2—=
b=Im =z =
2 i

a=BRe z =

[

IIpakTnyeckas padora Nel2
Tema 3.2: ApudMernyeckue onepanuu HaJ KOMIIEKCHBIMH YHCIaMMU.
Heab: HAYYUTHCA MPOBOAMTH apuMeTHYECKHE ONePAIIMH HA/I KOMILJIEKCHBIMH YHCJIAMH.
CymMa 1 mpou3Be/iIeHue KOMIIEKCHBIX YUCEI MOT'YT OBbITh BBIYMCIIEHBI HEMOCPEICTBEHHBIM
CYMMHUpPOBaHHEM H ITEPEMHOKEHUEM KOMIUIEKCHBIX YHCell B alredpandeckoil popme, kak

0OBIYHO pacKpbIBasi CKOOKH M MPHUBO/IS MO100HBIE (KaK ONepaluy Haj anredpanyecKumMu
-3
JIBy4JIEHAMHM), IPH 3TOM HaJI0 Y4ecTb, 4To i~ = —1.

ITpumep
3aganme. Haiftu cymmy M npousBeieHHe KOMIUIEKCHBIX ducen 21 = 2 — dig 22 = 3 +1,

Pemenne. UtoObI HaliTH CYMMY 3aJaHHBIX KOMIIJICKCHBIX YUCECJI, CKIIaAbIBAEM COOTBETCTBCHHO
HUX NCHUCTBUTEIHLHBIC 1 MHUMBIC YaCTH:

+2=2=-3i+B3+i)=2+3)+(=3i+i)=5—-2i
HpOI/ISBe,Z[CHI/IC paBHO
Z1-20=(2—3)- (3+i)=6+4 2 — 9 —3i° =
—6-Ti—3-(-1)=9-Ti

Oreer. “1 t22=0—21 ., 2122 =9-Ti
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Tpuronomerpuuyeckasi GopmMa KOMIJIEKCHOT0 YU CJIa

[TycTh 3a1aHO KOMILIEKCHOE YUC0 2 = @ + bi. Kak n3BecTHO, ero MO>xHO M300pa3uTh Ha
KOMILJIEKCHOM TJIOCKOCTH TOYKOM, a0CIicca KOTOPOU paBHA IEHCTBUTEIIBHON YacTH 3TOTO
4KCla, TO ECTh @, a OPAMHATA - MHUMO yactu b(puc. 1).

pmz M
b 7 =qa+ bi
|2 a
(p i o
O a Rez
Puc. 1

AbGcumcecy au opauHaTy bkoMIuTEKCHOTO umca 2 = @ + biMOXKHO BBIPa3HTh Yepes MOTyIb

|z[ = Va® + by apryMeHT ¢cienyroImuM oopasoMm:
a=|zleosg . b= |z|sing

B nanHoM ciydae ©u |3|yLLOBJleTB0p$H0T COOTHOILICHUSM:

Torna
a=|zlecosd . b= |z|sing
z=a+bi=|zlcosgp+1-|z|sing = |z|(cos &+ ising)

Takum 06pa3oM, A BCAKOTO KOMIUIEKCHOTO uncia & = @ + bicipasemmiBo paBeHCTBO

z = |z|(cos @ + i sin @)

KOTOPOE Ha3bIBAECTCSI TPUTOHOMETPHYECKO# (OpMOH KOMILJIEKCHOIO YHUCJIA Z.

[Tpumep
3ananue. KoMmiiekcHoe 4nCIiO 2 = —iMPEICTaBUTh B TPUTOHOMETPUUECKON Gopme.
Pemrenne. /11 3a1aHHOTO YKCIa ASHCTBUTENbHAS YacTh @ = (), a MHMMas JacTh b =—1.

Torma MoIyJib 3TOr0 YKCIa

|2l = V2 + (=12 =0 +1=1
a aprymeHT
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[

= arctg

OTCI—OI[a mojrydyac€m, 4To

L

3 T iy S T oy
z=1-1cos 5 +1:'illl? =008 — + 1810 —

3 iy
z =008 — -+ isin
OTBeT. 2 2

IMoka3aTenbHas ¢opMa 3aNMUCH KOMILIEKCHOTO YK CJIA

PaccMoTpuM Ipor3BOJIBHOE KOMITJIEKCHOE YUCITO, 3aAlIMCAHHOE B TPUTOHOMETPUYECKON (hopme:
z = |z[(cos & + ising) 10 dbopmyne Diinepa

co8 ¢ + ising = '
a Torza
z = |z|(cos ¢+ ising) = |z|e'?

CJ'IeI[OBaTeJ'ILHO, J1I000€ KOMIUIEKCHOE YHCIIO MOYKHO npeaACTaBUThb B TaK Ha3bIBAEMOM

MmoKa3areJbHOi (popme:

o 0]
z = |z]e"

ITpumep

3ajganue. 3anucarh KOMIUIEKCHOE YUCI0 = = « — 4iB mokasarensHOU GopMe.

Pemenune. HaiineM MOIydb M apryMEHT 33JJaHHOI0 KOMILIEKCHOI'O YHCJIIA:

|2 = 32+ (=42 = VO + 16 = V25 =5

= —arcle —
!—3 .;

o = arclg

Torna

. . 4
160 - inretgs

"
Oteer. z = He "3
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Onepaupm C KOMIIJIEKCHBIMM YMCJIaMHM B IIOKa3aTe/JIbHOM (])opme
Taxkas (bopMa MMPEACTABJICHUSA IIO3BOJIACT AAaTh HATJIAAHYIO HHTCPIIPETAI IO OIICpalusamM

YMHOXCHHA KOMINUICKCHBIX YHUCEJ, UX ACJICHUA U BO3BCACHHA KOMITIJICKCHOI'O YMCJjia B CTCIICHD.

1IIl.l'l 1
£ Ha KOMIUIEKCHOE YHUCIIO

Hampumep, yMHOKE€HHE KOMIUIEKCHOIO YHcaa =1 — |21

O I 1.
z2 = |z2|e" ppirnamur CJIeyIOIUM 00pa3oMm:

.'II-|| .l.l'lz

2 = |zy| - |z2le =

21 - 20 = |z1]€"™ - |z2le

= | 21| - |z2|e?t?rHe2)

To €CTh, YTOOBI HAUTHU MPOU3BCACHUC KOMINJICKCHBIX YHUCEJI, HYKHO IIEPEMHOXKUTH UX MOAYJIU U
CJIOKUTDH apryMCHTHI.

AHaNIOTrHYHO MOKHO JOBOJIBHO JICTKO HaWTH YacTHOE OT JACJICHHA KOMIIJICKCHOI'O YHUCJlia

_l.ll'l|

.l. ma
f, .

£

=1 = |7~1 Ha KOMIUIEKCHOE YUCJIO <2 — |7~2

1..l'u'll

. |:*l| Ay —dghy ﬂ A iz )

'_I- — R - — . -
gt |Hg |~g|

L_1_|L1

Zo |22

Orcrofa nony4yaem MpaBuilo, YTO JUIsl TOTO YTOOBI HAWNTH YaCTHOE JIBYX KOMITJIEKCHBIX YHCET,
HaJ0 MOJEIUTh UX MOAYJIU U OTHATH API'yMEHTBI.

BbInoaHuTh YupaskHeHusl.

IIpakTnyeckoe 3ansiTue Nel3

Tema 4.1: OcHOBHbIE OIIpeIeIEHUS] TEOPUU BEPOSITHOCTEH
Hess: Hayuuts pemars 3ajaun Ha KIACCUYECKOE U CTATUCTHUUYECKOE OIPEEIICHUS
BEPOSITHOCTH CITy4aifHOI'O COOBITUS

Teopernyeckas 4acTb

Krnaccudeckoe omnpeneneHue BeposTHOCTH BepoITHOCTIO COOBITHS A Ha3bIBaeTCs
OTHOIIIEHUE YUCJIa UCXOA0B M, OJIarompUsITCTBYIOIINX HACTYIUICHHIO JAaHHOTO COOBITHS A, K
YHCITy, BCEX UCXO0/I0B ( HECOBMECTHBIX, €JMHCTBEHHO BO3MOXKHBIX, PABHOBO3MOXKHBIX ), T.€.

m

BeposiTHOCTB 1100010 COOBITHSI HE MOXKET ObITh MEHbIIIE HYJIS M OOJIbIIIE €IUHUIIBI.
HeBo3MoxHOMY COOBITHIO COOTBETCTBYET BEPOSTHOCTD paBHasi 0, a TOCTOBEPHOMY —
BEPOSITHOCTh PaBHA €IMHHUIIE.
IIpumepsr:
W3 ypHBI B KOTOPOi HaxoaaTcst 5 O6embIX U 3 YepHBIX 11apa, BRIHUMAIOT OJuH miap. Haiitu
BEPOATHOCTH TOTO, YTO LIAp OKaKETCS YEPHBIM.

49


http://www.webmath.ru/poleznoe/formules_16_9.php
http://www.webmath.ru/poleznoe/formules_16_10.php
http://www.webmath.ru/poleznoe/formules_16_11.php

Pemenue: O603Ha4nM COOBITHE, COCTOSIIECE B MOSBICHUH YEPHOTO I1apa, yepe3 A. Obiee
YHCIIO CIydaeB paBHO 8. UKCIO ciydyaeB OJIaronpUsTCTBYIONIMX TTOSBICHUIO COOBITHS A,
paBHO3. [lonyunum

3

Pemenne ynpaskHenuii

1. T'epman u3 nmoBectu A.C. Ilymkuna «lIukoBast 7ama» BBIHUMAET 3 KapThl U3 KOJIOJbI B 52
nucta. HaliauTe BepOATHOCTB TOTO, UTO 3TO OYIYT: TpOHKa, ceMepKa, Ty3.

2. B smuke nexat 15 kpacHbIX, 9 CHHUX, U 6 3€JICHBIX IIAPOB, OJIMHAKOBBIX HA OIIYIIb.
Haynauy BeiHumatot 6 mapos. KakoBa BEpOSTHOCTb TOT0, YTO BBIHYTHI | 3€JI€HBIH, 2 CUHUX,
3 KpacHBbIX I1apa.

3. Bmanmenen ogHol kapTouku jotepen «CropTiioTo» (6u3 49) 3auepkuBaet 6 HOMEPOB.
KakoBa BepOsSITHOCTh, UTO UM OYJET yraJjaHo 5 HOMEPOB B OUE€PEIHOM THPAKE.

4. B ypue 10 mapos, u3 KOTOpbIX 2 OenbiX,3 4epHbIX U 5 cuHux. Hayaauy n3Bneuenst 3 mapa.
KakoBa BeposSITHOCTB TOTO, UTO BCe 3 mIapa pa3Horo IBETA.

5. B mapruu u3 10 neraneit umerorcsa 4 OpaxoBaHHbIX. KakoBa BEpOSITHOCT TOTO, UTO CPEAU
HayJau4y OTOOpaHHBIX 5 AeTaneil okaxkyTcs 2 OpakoBaHHBIE.

6. KomnexTuB, BKIIOYAIONINI YeThIpEX KEHIMH U TPOUX MY>KYHH, pa3bIrpbIBacT 4 Ouiera B
TeaTp. KakoBa BepOATHOCTH TOTO, UTO cpeu 00aaTesneil OUIeToB OKaxKeTCs 2 KEHIIMHbI
U 2 MY>KYUHBI.

7. B rpymnme u3 25 cTyaeHTOB, cpenu KOTopbix 10 neByliek, pa3bIrpblBalOTCS 5 OUIETOB.
Haiinute BepoATHOCTB TOTO, YTO Cpean o0IagaTesneil OMIeTOB OKaKyTCs IBE ACBYIIIKH.

8. B ypne 6 6enbix, 4 4epHBIX U 5 KpacHbIX MapoB. 13 ypHBI HayraJ BBIHUMAIOT 5 MIapOB.
Haiinute BepoITHOCTB TOTO, YTO CPEAM HUX OKaXKyTCs 2 OenbIX U | 4epHbIi map.

9. IOHoma 3a6bu1 ABe noceHue HUGPBI TEIEPOHHOIO HOMEpa CBOEH 3HAKOMOM U MOMHS
JIMIIb, YTO OHU PA3INYyHbl, HaOpas ux Hayjaauyy. KakoBa BEpOSITHOCT TOTO, UTO OHU
pas3nnyHbl, Habpas ux Hayaauy. KakoBa BeposSTHOCTB TOTO, YTO HOMep OyzaeT HaOpaH
MPAaBUIIbHO?

IIpakTuyeckasi padora Ne 14

Tema 4.2: MareMaTrnyeckoe OKATAHUE
Henn:

Teoperuyeckas 4acTb
3aKOH paBHOMEPHOTO paclpeesIeHHs] BEPOATHOCTEN.
Pacnipenenenre BepoATHOCTEH HA3BIBAETCS pABHOMEPHBIM, €CIIM Ha HHTEPBaJe, KOTOPOMY

IMpUHAJICKAT BCC BO3SMOXKHBIC 3HAUCHUA cnyqaﬁHoﬁ BCJINYHUHEI, I[I/I(I)(I)CPCHLH/IaHBHaH (I)yHKI_II/I}I
HUMECT ITOCTOSIHHOC 3HAYCHUC.

0,r < a,
— b e
flx) D,ba;:rr-i : [ flydz=1, ,_ 1
ol ety —oa b—a’
ITycTts T.K. TO
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“D
=
B A
‘F

Flz)= ﬁ__ﬂ,a-c::r-c::b,
0,r =b.

Ipumep. IlokazaTenpHoE pacnpeacieHue.

Pemenue. [loka3zaTensHoe pacnpeaenacHue 3aaaercs cBoeil muddepeHnuanbHon GyHKunei

0,r <0,
f[r)={ Ne=3 gz >0, TAC Ao,

+oo + oo o +oo N N too
_f f[r)drzl._f f[.r:]drz_f Odr + J" Ardr = (—e™ I)|D =1

IIpoBepum, 4TO

O,r < 0,
Plz) = { 1—e 2 >0

HpOIIOJDKI/ITeJIBHOCTI) CYHICCTBOBAHUSA PAAMOAKTUBHBIX YaCTHILL OITMCBIBACTCS ITOKA3aTCIIbHBIM
pacupCaciICHUCM.

XapaKTepI/ICTI/IKaMI/I ITOJIOKCHHA H.C.B., TaK K€ KaK 1 I[PICKpCTHOﬁ, ABJIAOTCA MAaTEMAaTHYCCKOC
OXXHJAaHUuEC, MOJla 1 MCJIaHa.

MarteMaTHYeCKHM O;KHIAHHEM H.C.B. Ha3bIBaIOT YHCIIO

+oa
Mix) = [ of@as,

flz)

rac - INIOTHOCTb BEPOATHOCTHU, U TPCANIOJIAracTCAa, YTO MHTErpal CXOJUTCA a0COJIIOTHO.

MOZIOﬁ H.C.B. Ha3bIBACTCA 3HAYCHHE C.B., [IPU KOTOPOM IINIOTHOCTHb BEPOATHOCTHU MAaKCHMaAJIbHA.

Menuanoii 1.c.B. X Ha3pIBaeTCsI Takoe e¢ 3HaueHue M|, uTo

P{X }=PB{X M}

OCHOBHBIMHU XapaKTCPUCTHKAMHU paCCCUBAHUA H.C.B. SABJIAIOTCA AUCIICPCHUA, ACUMMCETPUA U
OKCIECC.

Nucnepcust H.c.B. D[ X | HaxoauTcs ClieayronmM o0pa3om:

o1



+oo +oa
DX = [ (- 2Pz DIXI= [ £f(x)dz - M7x)

E

M[(X — 73]
Ao = £3 — )
s=gd=—"y
ACI/IMMeTpI/Iﬂ - 3TO 4YHUCJIO rac o - CpCAHEC KBaApaTUIHOC

oTKJIOHeHHe ¢.B. X . Ecin pacupeaciiCHUC CUMMETPUIHO OTHOCUTCIIBHO MATCMATHYCCKOI'O

&
oxuganus, To A =0.

M [{X — ﬂ'l]
Ey=5-3=——--1_3.
i= ot :
IKcmeccoM C.B. X HA3BIBAETCS YHUCIIO Yucno E

XapakTepu3yer "KpyTocTh" KPUBOU IMJIOTHOCTH BEPOSATHOCTH 10 CpaBHEHUIO ¢ KpuBoii ["aycca.

k k
Jlns HopMasbHOTO 3aKoHa pacnpeaeneHus E- = 0, s octpoBepmnHHbIX E' - 0, nis monorux E
k

1) BbINOJIHUTH yHPaKHEHHS
2) JlaHo ciemyroliiee pacripeaesieHue TMCKPETHOM CITydaiiHOW BETUUHHBIL:

p 02 01 04 03
1. Haiitn ee JUCIIEPCHUIO " cpenHee KBaJIpaTUYHOE OTKJIOHEHHE.

2. B matu TOProBhIX TOUYKAaX MpPOBEpsETCs] TOIOBOM OamaHc. BeposSTHOCTh MpaBUIBLHOTO
odopmiieHust Oaitlanca B KaxaoW Touke paBHa 0,7. HaliTu matemaTHdeckoe OXHIaHHE U
JTUCTIEPCHUIO MTPABUIIBHO 0(hOPMIIEHHBIX OATaHCOB.

3) Cuyvaiinas BenuurHa X 3a[aHa IUIOTHOCTBIO BeposiTHOCTH 2X B uHTepBaie (O, 1), «He
sToro uHrepsaia/(x) = 0. HaiitTu ee MaTemMaTuueckoe 0>XkuJaHUE U TUCTIEPCHIO.

1. Cnyuaiinas BenuuuHa X sIBJIIETCS HOPMaJIbHO pacipeneseHHol. Ee maremMaTtnyeckoe
0’KMJIaHME paBHO 12, a cpelHee KBaApaTUYHOE OTKJIOHEHHE paBHO 3, HaliTn BEpOsSTHOCTH TOTO,
4TO B pe3yJIbTaTe UCIBITaHUA CIy4aiiHas BEIUYMHA IPUMET 3HaueHue B uHTepBaie (9, 11).

2. Cnyuaiinas BenuuuHa X sBJIIETCS HOPMAJIBHO paclpeneneHHon. Ee MatemaTuueckoe

OKHJaHue paBHO 15, a BeposATHOCTD ee nomnajganus B uutepnai (16, 21) pasua 0,98. Haiitu
CpelHee KBaApaTUYHOE OTKIOHEHHUE CIIy4aiiHOW BEIIMYUHBI
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Jlutepartypa:

OcHoBHasl JuTepaTypa:

1. AnmaroB A.B. Maremaruka [ DneKTpoHHBIA pecypc] : yuebHoe nocodue mis CI1O / A.B.
AnmaToB. — DJIEKTpOH. TeKCTOBBIC MaHHble. — CapatoB: [IpodobpazoBanue, 2017. — 96 ¢. —
978-5-4488-0150-1. — Pexwum nocryma: http://www.iprbookshop.ru/65731.html

2. HanasH, A. A. Maremartuka : [yueOHuk] / A.A. lanass. - M. : DOPYM, 2015. - 544 c. -
(ITpoeccuonansuoe odpazoBanue). - Ha yueonuke rpud: Pex.MO. - ISBN 978-5-91134-460-3

3. MamasH, A. A. COopHUK 3a1a4 110 MareMatuke : [yueb. mocodue] / A.A. JanasH. - M. :
D®OPYM, 2016. - 352 c. : un. - (IIpodeccuonanproe odpasosanue). - Ha yueObuuke rpud:
Pex.MO. - ISBN 978-5-91134-803-8

JlonoIHUTeIbHAS JUTepaTypa:

1. Matematuka [DnekTpoHHBIH pecypc]: yueoHoe mocooue/ H.b. Kapbauunckas [u ap.].—
DNEKTPOH. TEKCTOBbIE NaHHble.— M.: Poccuiickuii rocy1apcTBEHHbI YHUBEPCUTET
npasocynus, 2015.— 342 ¢.— Pexum nocryna: http://www.iprbookshop.ru/49604.html.— 9bC
«IPRbooks»

2. banaun, K.B. Matematuka : yueOHoe nocodue / K.B. bannun, B.H. baunsikos,
A.B. Pykocyes. - M. : IOuutn-/lana, 2015. - 543 c. - bubnuorp. B k1. - ISBN 5-238-00980-1 ;
To xe [Dnekrponnsiit pecypc]. - URL: //biblioclub.ru/index.php?page=book&id=114423

3. AxmerranueBa B.P. Matemaruka. Jluneiinas anreOpa [DJeKTpoHHBIH pecypc]: ydueOHOe
nocobue/ B.P. Axmerranuesa, JI.P. Mangyrnunosa, M.W. [NansyTaiuHOB— DNEKTPOH. TEKCTOBBIE
nanHele— M.: Poccuiickuii rocynapcTBeHHbIH yHUBepcuteT mnpasocyaus, 2017.— 60 c.—
Pesxxum nmoctyna: http://www.iprbookshop.ru/65863.html.— DBC «IPRbooks»

HNHuTepuer-pecypcesl:

e ['azera «Maremaruka» uzaarensckoro goma «llepBoe
ceHTs0psi»yhttp://www.mat/septemba.ru

e Maremaruka B OTKpBITOM Kosuiemke http://www.mathematics.ru

e OO0pa3oBaTesbHbII MaTeMaTH4ecKuii cailt Exponenta.mhtto://www/ exponent/ru

e OOuiepoccuiickuiit Maremarndeckuit mopran Mati-Net/Ru http://www/mathnet/ru

e [lopran Alhnath.ni —Bcs maremaruka B OTHOM MecTe.
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