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1. IMosicHUTe/JbHAA 3aANMUCKA
MGTOI[I/I‘-ICCKI/IG yKa3aHI/IH HpI/I3BaHBI OKa3bIBAaTh ITOMOIIb CTYI[CHTaM B I/ISYT-IGHI/II/I
OCHOBHBIX MOHITHM, UACH, TCOPUI M IMOJOKCHUH JUCIIMILIAHBI, U3y9aeMbIX B X0JI¢ KOHKPETHOT'O
3aHATHS, CIIOCOOCTBOBATH PA3BUTUIO UX YMEHH, HABBIKOB M MPO(ECCHOHATBEHBIX KOMIIETECHITUH.

CoBpemenHble TpeOOBaHUS K yueOHOMY IIpoOliecCYy OpPUEHTUPYIOT IpernojaBareis Ha
IIPOBEPKY 3HAHUI, YMEHMI, HABBIKOB Y€pe3 AEATEIbHOCTD yYaIIUXCS.

[TpakTnueckass paboTa MOKeT OBITh ONpeeNeHa Kak JesTeNbHOCTb, HalpaBieHHas Ha
PUMEHEHUE, YIIyOJIeHe U pa3BUTHE TEOPETUUYECKUX 3HAHUU B KOMILIEKCE ¢ (DOPMHUPOBAHHEM
HEOOXOJIUMBIX U 3TOT0 YMEHUW M HaBBIKOB /CaMOCTOSITENIbHOE HCIOJb30BaHUE YueOHHKA,
HaTJISTHBIX TOCOOUH, OMOJIOTHYECKUX MPUOOPOB U MATEPUAJIOB U T.JI./

BoinosiHeHHe NMpakTHYeCKUX PadOT HANIPABJIEHO HA:

- 00001eHue, CUCTEMAaTU3ALUIO, yrity0OseHue, 3aKpeIicHue MOJIY4EHHBIX
TEOPETHUYECKUX 3HAHUM 110 KOHKPETHBIM TEMAM M3y4aeMbIX JUCLUILINH;

- (opmupoBaHUE yMEHUI NPUMEHATh NOJYYECHHBIE 3HAHUS Ha MPAKTHKE, Pean3aLuio
€IMHCTBA MHTEJUICKTYAJIbHON U IIPAKTUYECKOMN JEATEIBHOCTH;

- DPa3sBUTUE  MHTEJUIEKTYaJbHBIX YMEHUH: aHAJIUTUYECKUX, IPOEKTUPOBOYHBIX;
KOHCTPYKTUBHBIX U JIp.;

- BBIpaOOTKY NpU pPELIEHUH IOCTaBJIEHHBIX 3a/a4 TaKHUX, KAaK CAMOCTOSTEIbHOCTb,
OTBETCTBEHHOCTb, TOUHOCTh, TBOPYECKAsI HHUIIMATUBA.

JIMCUUIUINHBL, 110 KOTOPBIM IUIAHUPYIOTCSI MPAKTUYECKUX pPa0OThl M KOJIMYECTBO YacoB,
OTBOJMMOE Ha UX BBINIOJHEHHE, ONPEAEINIAIOTCS pad0YNM Y4eOHBIM IJIAHOM.

B pe3yabTare usyyeHns 00s13aTeJIbHON YaCcTH Y4eOHOI0 IHUKJIA 00YYAKOLIUICS T0JIKEH
yMeTb:

- pemarth NPUKIIAJAHbIE 33]]aud B 00J1aCTH POPEeCCHOHATIBHOM 1€ TeIbHOCTH;

- TNpPUMEHATh MpPOCThle MaTeMaTHYEeCKHME MOJEIM CHUCTEM U IpoleccoB B  cdepe
npodecCHOHATBLHOMN 1eATeNbHOCTH;

B pe3yabTate M3yuyeHHMsi 00§13aTeJIbHOH YACTH Y4eOHOI0 HHKJ/IAa 00y4yaromMiicsl 10JI7KeH
3HATh:

- 3HaUE€HUE MaTeMaTUKHU B MpodeccroHalIbHOM esTenbHocTH U pu ocBoeHuu [1TICC3;

- OCHOBHBIE IIOHATHS M METOABl MAaTEMATHUYECKOTO aHalln3a, TEOPUU BEPOATHOCTEU H
MaTeMaTUYeCKON CTaTUCTUKY;

- OCHOBHBIE MaTeMaTHYECKHME METOJbl pelleHHs MNPUKIAJHBIX 33agad B o01acTu
MpoeCCHOHAIBHON e TENHHOCTH

IIpakTuyeckas padora Ne 1

Tema 1.2: Berunicnenne npeaenoB QyHKIHH
Hesab: HayuuTs BEIYUCIATH IIpeessl GyHKIUN

Teopernyeckas 4acTb



IIpenen pynkuuu
Onpenenenue. Yucno b HazpiBaercs npeaenom ¢pynkmuu f(X) mpu x, cTpemsimeMcs K a , €Cliu
Jutst moOoro yucia € > 0 Haiigercs Takoe yuciio 6 > 0, 4To MmpH Bcex X # a,
yIOBJIETBOPSIOIINX HEPABEHCTBY |X — a| < §, Oyzet BoImosHAThCs HepaBeHCTBO |f(X) — b| < e.
Omnpenenenue npenena GyHKIUA MOKHO chopMynupoBats | Tak: Uucno b HaspiBaeTcs
npezenoM f(X) mpu X, ctpeMsiIemMcs K a, ecJiv Ipu JitoooM € > 0 cyliecTByeT Takast
OKPECTHOCTh TOYKH a, YTO JJIs TF000ro X # a u3 atoi okpectHoctH |f(x) — b| < €. [Ipenen
o003HavaeTcs Tak:

lim f(x) = b.

X—a
[Tpumep 1. IIpeaen mocTossHHON (PYHKIIMU B JIFOO0H TOUKE PaBEH ATOH K€ MOCTOSHHOM.
Pemenwue. ITycts f(x) = K st Bcex X. OueBuaHO, 4TO 1181 H00BIX € > 0, 6 > 0 u 1715t Beex
X € (a — §,a + ) cpasemnubl cooTHomenus |f(x) — K| = [k—k| =0 < &.
3HAUUT, 110 ONPEAEICHUIO IIpeeIa

lim f(x) = limk = k.

X—a X—a
IMpumep 2. ana pyukunusaf(x) = x. JlokasaTs, 4To
lim f(x) = a.
X—a
Pemenue. [Tycts € > 0 - mo6oe uucino. [lonoxus & = €, s Bcex X € (a— §,a + 6)
nonyunm|f(x) —al = |x —a|] < §, T.e.|f(X) — a| < &, 3Haunur
limf(x) =limx = a
X—a X—a
Teopema. Eciu ¢ynkius f(X) uMeer npeaen npu X, CTpEMSIIEMCS K a, TO 3TOT MPee
€IMHCTBEHEH.

Teopemsl 0 npeaenax GpyHKUUH
Teopema 1. Eciiu ipu X — a cymiectByrot npezessl pynkiwmii f(x) u g(x), TO cynecTByer Takke
U [IPEJIeIIbl KX CYMMBI, paBHbIH cymme npeaesoB GyHkimii f(x) u g(x):
lim(f(x) + g(x)) = limf(x) + limg(x) .
X—a X—a X—a

Teopema 2. Eciu nipu X — a cymiectByOT npeensl Gyuknui f(x) u g(x), To cyliecTByeT Takxe
¥ [IPEJIeIT X MTPOU3BE/ICHHUS, PaBHBII POU3BEICHHUIO mpeaeioB Gyukuui f(X) u g(x):

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

X—a X—a X—a
Crnenctue. [1oCTOSIHHBIN MHOXKUTETh MOKHO BBIHECTH 32 3HAK TIpejiena.
JleliCcTBUTEINBHO,

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

Teopema 3. Eciu ipu X — a cyrectBytoT npezenst ¢pyukimii f(x) u g(x) u npexen
¢byHkuuu g(X) OTIMYEH OT HYJIs, TO CYLIECTBYET TaKXe U mpeaen ux otTHomenus f(x)/g(x),
PaBHBII OTHOIIEHUIO MPEJIENIOB:

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

X—a X—a X—a

[TonsiTre GeCKkOHEUHO MaIol ¥ OECKOHEYHO OOJIBIION BETHMYNHBI

Ecnu npenen GpyHKIMM paBeH HYIIO, TO OHAa Ha3bIBAETCsl OECKOHEYHO MAJION BEIMYMHOM.
Ecnu npenen ¢pyHkimm paBeH 6€CKOHEYHOCTH, T.€. BEJIMUMHE 00paTHON K OECKOHEYHO MaJloi
BEJIMYMHE, TO OHA Ha3bIBaeTCs OECKOHEUHO 00bLIoN BennunHO. Crie0BaTebHo,

BBITIOJIHAIOTCSA paBCHCTBA:

1
lim=—=o, lim—=0
X—a X—a 00

Brruncaute MpEeaciibl

Ipumep 1.



lim(x+3)= lim x+ lim 3=7+3=10.

=7 =7 =7
Ipumep 2.
limi{3x+2 hm3x+hm2 lim3-limx+2
lim 3x+ 2 r— ( ) ( ) x—l _ =1 x—= _
=123 =7 hm@x ﬂ hm@i}hm(?) lim2-limx—7
x—>1 x—>1 x—>1 x—>1 r—>1
3-1+2
= =5/(-5=-
2.-1-7 =3
IMpumep 3.
x2—4
lim
r—2 X — 2

x2—4:(»—ﬂ&+2):x+1

x—2 x—2
2_ —_—
fim ® = i GO 9V fim o+ Tim 2=
=2 Xx—2  x=2 x—2 x—>2 x—>2 x—>2

=2+2=4



Pemenue ynpaxxHeHui

Llimy,[(x* = D(x = 3)(x = 5)]

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

2. ljm &2

x--1 X+2

3.1
Xx—3 2X—6
4. lim—
x—0 3X“+2X
. 2x3-2x2
5. lim———
x—0 5X3—4x2
. 3x34+x
6. lim——
x-0 X
X—3
7. lim
x—3 X2-9
4x%-9
8. lim
K2 2X+3
2
9 IInX2—8X+15
" x—5 X2+25
3x%-8x+4
10. im———
x—2 5%X2—14x+8
x2-7x+10
11. im—————
X—5 X2—9x+20
X—6
12. lim ——
x—6 VX+3-3
13.  lim22=
' x—0 X
. 3—V/x
14, lim————
X—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 X—8

X—00 2X—2



19.

20.

21.

22.

23.

24.

25.

26.

27.

. 2x3-3x%+1
lim———
X—00 5x3—4x2+2x

. 2X?>-5x+4
lim————

X—00 x2-2x+3

limvVx2 — x — x

X—00

limvx?2 + 5x — x

X—00

4x2-7x—2
m-——-—-
x—2 5X2—-11x+2

. X?+2x-15
lim Y o
Xx—3 X“—-9X
lim 2x
x—0 V4+X—V4—X
lim —=Y
x—4 3—V2x+1
lim —==
x—5 3—V2x—1

IIpakTuyeckas padora Ne 2

Tema 1.3: IIpoussoanas u quddepeHnnan BpICHNX QyHKIUH.
Heab: HayuuTh BEIYUCISTH MPOU3BOAHBIC U TUG(EPCHIIMATBI BBICIINX (PYHKITHHA.

Teopernveckasi 4acThb

Teopernyeckas yacTb

[TpousBoaHOM (pyHKIMK Ha3bIBaeTCs MPEAE OTHOIIEHUS pUpalleHns QyHKINU K
IIPUPALICHHUIO apIYMEHTa, KOI/1a IPUpalIeHHe apryMEeHTa CTPEMUTHCS K HYIIIO.
OcHoBHbI€e TIpaBUiIa TUPPEPEeHINPOBAHNS:

1.

o N~ wN

C' =0,rae C — const
. (fr9)'=f"+4
) =fg+f-g

(L)' _ fg-rg'
g 9?

. (f-C) =f"-C,rue C— const

[Ipown3BoHas CI0KHOM (YHKIIMHM paBHA MPOU3BOAHON ATON (QYHKIMH 110 TPOMEKYTOUHOMY
apryMeHTy, YMHO’KEHHOM Ha IPOM3BOJHYIO 3TOTO apryMEHTa 10 HE3aBUCUMOW NTEPEMEHHOM.
[Ipon3BoiHBIE BBICIINX MOPSIIKOB.

IMpousBomnas y' = f'(x) Ha3pIBacTCS MPOU3BOAHON 1-TO MOPSIIKA, WK TIEPBOM POU3BOTHOM.
ITpou3BOHOM BTOPOTO NOPsAIKa HA3BIBAETCS IIPOU3BOHAS OT €€ NIEPBOM IIPOU3BOAHOU U
o0o3HayaeTcss y''. AHATOTHYHO OMPEACISIOTCS IPOU3BOIHBIC 3-T0, 4-T0, ..., MOPSIIKA.
Pemenue ynpaxHeHui

1.

x2

y= 2V1-3x*%

— 2 1_‘/;
y= 1+Vx
y = ; X + x%

y = cosln(1 — x?)



1sin?3x

5. y= sinV3 + cgsex

_ 3 _1cos 4x
6. y= Ctg\/ﬁ 8sin8x
7. y = arcsin3V4 — 5x
8 x%2-4

= arccos
y Vx*+16

9. 3/=\Earctg3ic/%1

2x+4
x+1

11. y = Intg G + g)
12. y = In3(1 + cos4x)

_ 1, x=V2 V2
13. y—x+ﬁlnx+ﬁ+2

14, y=1In arcsinV1 — e?*
15. y = e **cos3(2x + 3)
16. y = e% - arctg?2x
17 y = (x2-16)y (4+x2)

- 120x5

10. y = Insin

1
18. y = (sinﬁ)ex
19. y=(19)*""x19
20. y = (ctgx)™9%
IIpakTnyeckas padora Ne 3

Tema 1.6: Heonpenenennslii naTerpai. Berancienue HeonpeaeIeHHbIX HHTETPAJIOB.
Henp: HayunTs BBIUUCIATS HEONIPEIEIEHHBIN HHTErPaIbl

Teopernyeckasi 4acThb

HeonpenejeHHblil HHTErpaJl
F(x) - mepBooodpa3suas mis f(X) na muokectse X eciu F'(X) = f(X) s Bcex X€X. Ecmu F(X)
- nepBooOpasnas s f(X) Ha MHOXKecTBe X, TO F(X) + C - MHOXECTBO BCEX MEepBOOOPa3HBIX
aust f(X) Ha MHOXecTBe X. DTO MHOKECTBE IEPBOOOPA3HBIX HA3BIBAIOT HEOMPEICICHHBIM

HUHTErpajioM 1 0003HAYAIOT I f (x)dx=F(x)+C.

OcHOBHBIE CBOMCTBA HEONPEAEIEHHOIO HHTErpaia
1. Heomnpenenenuslit uuterpan ot nuddepennuana GQyHKIUN paBeH 3ToW QYHKLIUH TUIIOC
IIPOU3BOJIbHAS MIOCTOSIHHAS

JdF(x)=F(x)+C

2. JuddepeHunan HeonpeIeJIeHHOr0 HHTErpaila paBeH MObIHTErPaJIbHOMY BBIPOXKEHUIO, a
IIPOM3BOIHAS HEOIIPEIETICHHOIO UHTErpalla paBHA MOABIHTErpAIbHON PYHKIIMU:

d [ F@dE) = )

3. Heomnpenenenuslii uHTErpan anredpanyeckoil CyMMbl (DYHKIMH paBeH ajre0Opandeckoi
CyMMe€ HeOoIpeeNIEHHBIX HHTETPAJIOB 3TUX (PYHKIIMA:

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

4. TlocTOSSHHBLIN MHOKHUTEIb MOABIHTETIPAJIBHOI'O BEIPAXKCHNA MOXXHO BBIHOCUTD 3a 3HAK
HHTCrpaia:
8



[ ar@dw =a [ r@aw

OcHogbie hopmynbl UHMeSPUPOSaHUs.
1.fdx=x+C

Tl+1
2. [xMdx == —
3.f7: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. £ = —ctgx+C

smzx
1 x—a

10 fxz a2 " 2a x+a +C
11f ln|x+\/x2+a2|+C
12. f\/_ = arcst+C
13. [ 2

1 X
=—arctg—+ C

x2_+_ 2

OrnpenenieHHbIM HHTErpaioM oT Gpyukiuu f (x) Ha orpe3ke [a; b] HasbIBaeTCS Mpee
WMHTETrPalbHON CYMMBI IIPU YCIOBUHU, YTO AJTMHA HAUOOJBIIETO U3 JIEMEHTAPHBIX

OTPE3KOB CTPEMUTLCA K HYIIIO.

JIst BBIYMCIICHUS ONPEIEIEHHOr0 nHTerpana oT Gpynkuuu f(x) B TOM cirydae, Koraa
MOKHO HAWTH COOTBETCTBYIOIINI HEONPEACICHHBIA HHTETPAJI, CIY>KUT hopMyIia

Herorona-JlelOauna:

b
[ rwac =reo = F) - F@

Pemenue ynpakHeHui:

1.dex 10. J"‘m
2. [Zd 5dx
3 5: 11 | —
' IX 6X 12.f3cos3xdx
4. | 7x°d

[ e ; 13. 4(5—6x) dx
5. '|‘(7x+1) dx
6. IlOsinSxdx
7. .[3(5x+1)2dx 14-Id—x
8. j (2x —1)%dx 15 I 3dx
9 J.d_x (8-7x)*
5



16. [ A% 22. fm

sin2| % —2x
(3 j 23. f25+x2

3 dx
17. [ 2° /(7 -3x)"dx 2. )55
25 f\/— dx
p \/\/—_\/4 —x?
X
18'fx2—9 26f 1?;2
19. a 1
xzd_xzs 21. f" cos2 _sinzx)
2. | 7=
2dx
2L | i

IMpakTnyeckas padora Ne4.

Tema 1.7: OcHOBHBIE METO/BI BEIYUCIICHUS UHTEIPAJIOB.

He.]'lb: HpI/IMeHeHI/Ie OCHOBHBIX MCTOJ0B IIPH BEIYUCIICHUHU UHTCIPAJIOB.
Teopernveckasi 4acCTh:

3ameHa nepeMeHHOM

Jl1s uHTEerpupoBaHrs MHOTUX (PYHKINUN MPUMEHSIOT METO/I 3aMEHBI IEPEMEHHOU, WITH
HOOCMAHO6KY, TIO3BOJISIONINN IPUBOIUTH HHTETPAIIBI K TaOIMIHOU (opme.

Ecnu ¢pyukius f(z) nenpepoiBra Ha [a, B], dynkuus z =g (X) umeer Ha [a,b] HempepbIBHYIO
MpOU3BOAHYIO M 0 < ¢(X) < f3, TO

[(g(x)) g (x) dx = [f(2) dz, 1)
HpHYEM I10CJIe HHTETPUPOBAHMUS B IPABOIl YaCTU CIEAYET CAeIaTh OJACTAaHOBKY Z=((X).
Jlna nokazaTenbeTBa JOCTaTOYHO 3alKMCaTh UCXOAHBINA MHTETPAIl B BUAE:
Jfg(¥) g (x) dx =] flg(x)) dg(x).
Hanpuwmep:

dln =

In%xz

Idi :—1+C:_L+C
£ o Inxz

J

1) "zln x_

[dn = —I

Jcos%{-:jx: (sm}.i]gdx: -::151.11;{ = dzgzarctgz + C=arctg(sin x) +C
2)" 1+dnx 1+ sn“x 1+ sn“x 1+= )

MeToa HHTErpUPOBAHMSA N0 YACTAM
[Tycts U = f(X) u v = g(X) - pyHKIIMHK, HMEFOLITIE HETTPEPHIBHBIE TPOM3BOAHKIE. Tora, 1mo
npasuity 1uddepeHmpoBaHus Tpou3BeIeHuUS,

d(uv)= udv + vdu wu udv = d(uv) -vdu.

Jlnst Beipakerus d(Uv) mepBooOpasHoii, OUEeBHIHO, OyIET UV, IOITOMY HMEET MECTO (hopMyJIa:
[udv = uv - | vdu. 2)

10
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Ota GopmyIia BeIpaKaeT MPABUIIO uHmMe2puposanus no yacmsm. OHO MPUBOIUT
HUHTErPUPOBaHKE BhIpakeHHs UdV=UV'dX K HHTErpupOBaHUIO BeIpaKeHHs VAU=VU'dX.

[Tyctb, Hanpumep, TpedyeTcs HaiTi X COSX dX. [Tosmoxkum U = X, dv = oS X dX, Tak yro du=dXx,
v=sinx. Torma

[ x cos x dx =] x d(sin x) =x sin x - | sin x dx = x sin x + cos x + C.

[TpaBuiio UHTETPUPOBAHMSI 110 YACTSAM UMEET 0oJiee OrpaHUYCHHYIO 00JIaCTh MPUMEHEHHUS], YEM
3aMeHa nepemeHHor. Ho ecTh 1enbie Kiaccel HHTErpajioB, HAIIPUMED,

[ x¥In™x dx, [x* sin bx dx, [ x* cos bx dx, [x* e ™ dx
U IpyTU€, KOTOPbIE BBIYUCIIAIOTCS HMEHHO C ITOMOIIbI0 HHTETPUPOBAHUS T10 YACTSM.
Pemenue ynpaxkHeHui.

IIpakTnueckas padora NeS
Tema 1.8: OnpenenenHplil HHTErpasl Kak Mpeaesl MHTErpupoBaHus CyMMbl. Beruucienue
OIIPEJIETICHHOT0 MHTETPaa.
Hean: HayunTbes pemaTh onpeeieHHbIe HHTETPajIbl

Teoperuveckas 4acTh.

[ToHsITHE OIPE/ICICHHOTO HHTErPaia BBOAUTCS cieayronmM oopazom. I[TycTs Ha oTpeske [, b]
omnpenencna Gynkims f(X). PazodObem otpesok [, b] Ha n wacreit Toukamu a = X < X3 <...<X; = b.
I/I3 Ka)K0r0 HHTEpBaja (Xi-1, Xj) BO3bMEM IPOU3BOJIbHYIO TOYKY Xj M COCTABHM CYMMY

v f(©)Ax;, tae, AXi = X - Xiz1. Cymma Buma )i f(§)Ax;,, | Ha3bIBACTCS UHMESPANLHOU
cyzwwou, a ee mpeziest mpu A = MaxX AXj— 0, eClli OH CYIIECTBYET ¥ KOHEUECH, Ha3bIBACTCS
onpeodenennvim unmeepanom dpyukuuu f(X) or a go b u odbo3navaercs:

b n
[ reax - anf(xl)dxl ©

®ynkuus f(X) B 9TOM ciiydae Ha3bIBACTCS UHMeESPUPYEMOU HA OMpe3sKe
[a, b], uncna a u b HOCSIT HAa3BaHUE HuUdICHE20 U 6epXHe20 npedena unmezpad.

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

b

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

]’f(x)dx =0
}f(xjdx = }f(x)dx
1 - h
b b
J’kf(x)dx =k jf(x)dx
, (k= const keR);
I(f(x} gixz))dz = If(X)dX+Ig(x}'dx
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[F(x)dz = }f(x)dx +[f(x)dx

b

[fl=)dz =

: f(8)(b-a) (S€a,b]).

[MocneHee CBOWCTBO HA3BIBACTCS MEOPeMOll 0 CPeOHeM 3HAYEHUU.

[Tycts f(X) HenpepoiBHA Ha [a, b]. Torma Ha 3TOM OTpe3Ke CYIIECTBYET HEOPEACICHHBIN
UHTErpaj

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

U IMEET MeCTO gpopmyna Hvtomona-Jletibnuya, CBA3bIBAIOIIAS ONIPEICIICHHBIA HHTErPpal C
HEOTpeICICHHBIM:

b
Jo FCGA(x) = F(x) = F(b) — F(a) (2)
b
[fiz)d=
['eomeTprueckas HHTEPIIPETALUS: OIPE/ICICHHBII HHTErpall * Ipe/ICTaBIsIeT COO0M
IUIOIIA/Ib KPUBOJIMHEHHOM Tparneluy, OrpaHuueHHOM cBepXy KpuBoil Y= f(X), mpsiMbiMu X = @ 1 X
= b u orpeskom ocu OX.
Pemienue ynpikHeHHi.
1. Berunciuts | dx/(x+2).

2. Haiitu | tg X dx.

3. Haitru | dx/sin x.

dx

. 2 2
4. Hatirmu & —d

5. Haiitu | arctg X dX.

6. Borarcants | In X dX.

7. Boranciuts | €*sin x dx.

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

Pewenue. Tax kax dx/x = d(In x), To J= ] cos(In x)d(In x). 3amersist In X gepes t, nmpuxoanm K
TabmiranoMy nuTerpany J = cos t dt = sint + C = sin(In x) + C.

ax

I—
8. Beruncmuts J =  Fu4— In® x .

1m=

[ 1 - cos2zdx

9. Beruncnuth uHTerpan J = 0 .

12



I dz

4
10. MoxHo 11 ipuMeHuTh Gopmyiry Herorona-JleiOHuia Kk uHTerpany ” ®-4)" 9

_[Ke'x iz

11. Beruucnuth uHTErpan o

13



IIpakTnyeckas padora Ne 6
Tema 2.1: MHOXXeCTBa U Ollepaliiy HaJ HUMHU.
I.Ie.]’l]:: Hay‘-II/ITB pemaTb 3aJa4du, I/ICHOJ'IB?;y}I OCHOBHBIC Onepam/m Haad MHOKXECTBaAMHAU

TeopeaneCRaﬂ 4acTb

[Tox MHOKECTBOM IMMOHUMAIOT COBOKYITHOCTh OOBEKTOB JIFOO0H MPUPOIbI, 00Ia1aI0IINX 00IIUM
CBOMCTBOM.

Ornepanuu HaJ MHOKECTBaMU: 00BbEIMHEHUE, TPECEUCHUE, JOTIOTHEHNE, PA3HOCTD,
CUMMeETPHUYECKast Pa3HOCTb.

[Tpumep: Ha ¢upme pabdotaror 40 uenoBek. 13 aHKETHBIX TaHHBIX U3BECTHO, YTO 20 YesIoBeK
BJIAJICIOT QHTJIMHCKUM S3BIKOM, 20 4eTTOBEK — KOMITBIOTEPOM, 14 — 1eI0NPON3BOICTBOM.
AHTIIHHACKHAM SI3BIKOM U KOMIIBIOTEPOM BIIAJICIOT 9 YEIIOBEK; . aHTTTUHCKUM SI3BIKOM H
JIETIOTIPOU3BOJICTBOM — 7 YEJIOBEK; KOMITBIOTEPOM U JIEIONPOU3BOJICTBOM — 5 YEIIOBEK;
AHTJIMMCKUM SI3BIKOM, JI€JIONPOU3BOICTBOM

N xommbroTepom — 2 yenoBeka. CKOJIBKO Y€JIOBEK HE BIIAJICIOT HA aHTJIMHUCKUM SI3IKOM, HH
KOMITBIOTEPOM, HU JIETONPOU3BOICTBOM?

Pemenue: 1) BBenem o603HaueHMS:

U- MHOKECTBO YeJIOBEK paboTaronmx Ha Gupme;

A- MHO>KECTBO Y€JIOBEK, BIAACIONINX aHIVIMHCKUM SI3BIKOM;

B- MHOeCTBO 4eNOBEK, BIAJICIOMINX KOMITBIOTEPOM;

C- MHOXECTBO Y€JIOBEK, BIACIONINX JCIOIPON3BOICTBOM.

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

Kpome Toro, H3BeCTHO, 4TO aHTJIMHCKMM SI3BIKOM BJIAJICIOT 9 YesioBek, ciempoBarebho, m(A N
B) = 9; aHIIMHCKUM SA3BIKOM H JIEJIONPOU3BOICTBOM — 7 4elloBeK, ciaenoBarebio, m(A N C) =
7; KOMIIBIOTEPOM U JIEJIOIPOM3BOICTBOM — 5 4eloBek, cienobarensno, m(B N C) = 5;
AHTJIMACKUM SI3BIKOM, JIEJIOMPOU3BOJICTBOM U KOMITBIOTEPOM — 2 YEJIOBEKa, CJIEI0BATEILHO,
m(ANBNC) =2.

Heob6xoaumo onpeaenurhb

Pazo6rem mHO)kecTBO M=A U B U ( Ha 7 momnapHO HEMEPECEKAIOIINXCS MHOXKECTB Ay, Ay, ..., Ay
Y HalJIeM MOIIIHOCTH KaXKJIOTO U3 TUX MHOKECTB:

a) Ay = AN B N C— MHOXECTBO YEJIOBEK, BIAJACIONINX AHTIITUIHCKUM S3BIKOM,
JICTIONPOM3BOACTBOM M KoMiibioTepoM, m(A;)=m(AN BN C) = 2

0) A, = A N BN C— MHOXECTBO JeJI0BeK, HE BIAACIONINX aHTIIMHUCKUM SI3BIKOM M BIIAJICIOITHX
KOMITBIOTEPOM H JETIOMPOU3BOACTBOM. 3aMeTuM, uto B N C = A; U A,, cienosatensro m(B N
C) =m(4;) + m(4,), orkyna m(A,)=m(BNC) —m(4,) =5—-2=3;

B) A3=A N B N C — MHOXECTBO YeNOBEK, BIAICIOIIUX AHTTIMICKUM S3HIKOM
JIEJIOTIPOM3BOJICTBOM U HE BIAJICIOMINX 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,= A N BN C - MHOXECTBO YeNOBEK, BIAICIONNX aHTIIHICKAM A3BIKOM, KOMITBIOTEPOM H HE
BJTJICIONIMX JeONporn3BoAcTBOM. A N B = A; U Ay, cinieoBaTtesnbHo, 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 YeNOBEK, He BIAJCIONINX aHTITHHACKIM A3BIKOM, KOMITBIOTEPOM
U 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(A,)- m(A4;)=14-2-3-5=4;

e) Ag = AN B N C - MHOXKECTBO YeNOBEK, He BIACIONIUX aHTIHHCKIM S3BIKOM U
JIEJIONPOU3BOJICTBOM U BIaJCIOIINX KoMmmbioTepoM B=4; U A, U A, U Ag,
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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;
%K) A; = AN B N C - MHOXECTBO YeJIOBEK, BIAJCIOIMX aHTIMICKUM A3BIKOM M He BJIaJEIOIIMX
JIEJIONIPOM3BOCTBOM M KOoMITbIoTepoM. A=A; U A3 U A, U A, cnenoBarensro, M(A)=m(A4,) +
m(A3)+m(A,) + m(A4,), orkyna m(A;)= m(A)- m(4;) — m(A3)+—m(4,) =20—-2—-5—
7 =6;
OxoHYaTenLHO,
M=AUBUC=4; UA, UA;UA,UAg U Ay 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/10BaTeNnbHO, 5 4eIOBEK He BIIACIOT HU AHITIMICKUM S36IKOM, HH JIETIONPOU3BOICTBOM, HU
KOMITBIOTEPOM.

Pemenne ynpaskHenuii

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

a) (A/BIBNC)/C UA

6) AUANBUANC)NANB/C;

B)A/BNC/ANBNCUAUBNC;

r"AUBNBUC/B;

N (AUANBUANC)NANBNC;

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

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

2. C nomotpto quarpamm Jitniepa-BeHHa ynpocTuTe BhIpaKeHUS:

a) AU (4/B) U (A/B);

6) AU (AU B)U B;

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

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

3. 13 276 0TOOpaHHBIX CTYyJIEHTOB 3KOHOMHUYECKOTI0 By3a 83 M3y4aloT MaTeMaTHKy,95-1paso,
102-¢unancer. Kpome Toro, m3BeCTHO, 4TO 27 U3 HUX U3YyYaIOT MaTEMATHKY | TpaBo, 24-
MaTeMaTHKy U ¢uHaHchl, 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 U3Yy4aloT HU MaTeMaTUKY, HU NpaBo?

4. IIpoBepouHbIil 5K3aMEH 10 MaTeMaTUKe COAep Kall TPU 3a/lauu: Mpeell, MPOU3BOAHAS U
unterpai. 13 800 cryneHToB 3agady ¢ npenenaoM pemniau 250 4enoBeK; ¢ IpeesioM Win
unrerpanom — 600 genosek. 1o nBe 3amaun pemmnu 400 yenoBek, U3 HUX JIBE 3a/1a4d Ha TIpee
U MpOU3BOHYIO permnian 150 yenoBek, Ha npeaen u uHTerpan — 50 yenosek. Hu oauH cTyaeHT
HE peuIn Bee 3a7aun. 20 CTYZEHTOB He pelInid HU OJHOU 3a/1a4uu. TOJbKO 3a7jauy Ha HHTErpal
pemnnn 120 yenoBek. CKOJIBKO CTYAEHTOB PELIMIIN TOJIBKO OJHY 3a1a4y? CKOJIBKO Y4€I0BEK
PEIINIIN 331a4y Ha IPOU3BOAHYIO?

5. Kadenpa maTemaTtuku o0CITy>KUBAEeT TpH (haKyIbTeTa: DKOHOMUYECKHHA, (PMHAHCOBBIH,
ToBapoBeAHbIH. HexoTopsle npenonasarenu kageapbl MOTYT paboTaTh cpa3y Ha HECKOJIbKUX
dakynbTerax. Ha punancoBom akynbrere paborator 22 npenoaaBaresns, Ha SKOHOMUYECKOM -
23 mpenojaBaTens, HA SKOHOMUYECKOM U TOBapoBeaHOM — 36 nipenogaBareneil. Toabpko Ha
¢uHaHcOBOM dakyibTere padoTaroT 10 npenogaBareseil, TOIbKO Ha SKOHOMHUYECKOM U
TOBapOBEIHOM -5 mpernoaBateseil. J[Ba mpenogaBatens padoTaroT Ha Tpex (akynprerax. Yucmno
npernojiaBaTesnei, paboTaroMX TOJIBKO Ha SKOHOMUYECKOM U (PMHAHCOBOM (paKyIbTeTaxX, PaBHO
YHCIy TIpenojiaBaTeneil, padoTamux Ha GUHaHCOBOM U TOBapoBeIHOM (akyibrerax. CKOJIbKO
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npenoaaBareneil padoraet Ha kapeape? Ckonb npenogaBaTeneil padoTaeT TOIbKO Ha OJHOM
dakynpTeTe?

IIpakTuyeckoe 3ansaTue Ne’/

Tema 2.2: OcHOBHbIE OHATHUS TeOpUH MaTpull. OnpenenecHrue MaTPHUIIbL.
Henan: Hayuuts pemars onpeaensTs 3HaYCHUS] MaTpULL.

TeopeanecRaﬂ YacThb.
Tema: Onepaunu Hag MaTpuliamMu. Berurciienue onpeaenureneil. HaxoxaeHnue
00paTHOM MaTpHUIIbI
Heab: OcBoUTh cIOCOOBI BHITIOJIHEHUS OTIEpaIluil HaJl MaTPULIAMH, JIEMEHTapHbIE
npeoOpa3oBaHus MaTPHUII, HAXO0XKIEHUSI OOPaTHON MaTPHUIIBI
Teopernueckast 4aCThb
Onepanuu Haj MaTpuIaMu
Cnoxcenue mampuy. CymMMOU ABYX MaTpUIL A:(aij) u B :(bij) OJHOM W TOH
K€ pa3MEpPHOCTH Mxn Ha3bIBaeTcs marpuiia C =(cij) TOM e pa3MEpHOCTH Takas,
4To C; =a; +b;.
Ntak, MOKHO CKIIQ[IbIBATh TOJBKO MATPHUILIBI OJTHOM U TOW K€ Pa3MEpPHOCTH.

[Ipu ciioxkeHun MaTpHUIl CKJIAIbIBAIOTCS] COOTBETCTBYIOIINE AJIEMEHTHI.
IMpumep 1.

3 2 -3 -2
Haitgure cymmy matpung A=|-1 0lu B=| 1 0
11 -1 -1
3-3 2-2 0 0
C=A+B=|-1+1 0+40|=|0 O0|— HyJb-MaTpulla pa3MEPHOCTU 3x 2.

1-1 1-1 0 0
W3 onpeneneHnsi CyMMBI CIIEYET, YTO CIIOKEHUE MaTPHUI] TOAYNHEHO:
a) KOMMYTaTUBHOMY 3aKOHY A+B=B+A;
0) accormaTUBHOMY 3aKOHY
A+B+C=(A+B)+C=A+(B+C);
B) A, +0 _=A_  — 3aKOH IOIIOLICHUS HYJI.
Ymnuoocenue mampuuyvt na uucno. llpousBeneHHeM MaTpPHUILBI A= (aij ) Ha

yuciio A (unmu A Ha MaTpuily A) Ha3bIBaeTcs maTpulia B :(bij), rae b; =4a;, T.€.

IPY YMHOKCHUHM MATPHUIIBI HA YUCJIO HAJ0 BCE DJIIEMEHTHI MATPHIIBl YMHOKUTH Ha
3TO YHCIIO.
IMpumep 2

30 6 0
2- = :

14 2 8
Ceoticmea onepayuu yMHONCCHUS MAMPUYbL HA YUCILO:
a) (Au)A=A(uA) (acCOMaTHBHOCTS);

0) (A + u)A=IA+ pA (IUCTPUOYTUBHOCTH OTHOCUTEIBHO CIIOKEHUS YUCe);
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B) A(A+B)=1A+1B  (mucTpuOyTHBHOCTh OTHOCHUTEIIHO  CIIOKEHHSI

MaTpHuIl);
r)1-A=A.
Ipumep 3
Haif 2A+3B P R =S
aiimure 2A+3B, T1ie _(O . _J, —(2 1 J.

1 2 3 ~230
2A+3B=2- +3. =
0 1 -1 2 11
(24 6 +—69 0) (2-6 4+9 6+0)
lo 2 -2 6 3 3) \0+6 2+3 —-2+3)
(-4 13 6
e 5 1)
Ymnoowcenue mampuy. 11lponsseneHueM matpuipl A= (aij) pa3sMEpHOCTH Nxm

Ha MaTpuny B = (bij) pa3sMEpPHOCTH M x pHa3bpIBaeTcs MaTpuua C = (cij )pa3MepHOCTH
m

Nx p Takas, 4To C; =2, -b;; +a,, b, +..+a; b, =Zaikbkj ,i=12,...,n, j=12,..,p.
k=1

YMHOXkaTh MaTpuibl A U B MOXHO JMIIb B TOM CiIydae, KOTJa YHUCIO
CTOJIOLIOB TIEPBOIO COMHOXKHUTENIST A (UHUCIO DJIEMEHTOB B KaXJAOW CTpPOKE
MaTpuilbl A) COBHAAaeT C YHUCIOM CTPOK BTOPOTO COMHOXHUTENs B (ducio
AJIEMEHTOB B KaXJOM cToyidlie B). B dYacTHOCTHM naiid KBajapaTHBIX MAaTpPHIL
OJIMHAKOBOT'O TIOPSAKA OMpeaesieHpl 00a mpous3BencHus AB u BA, W MaTpuIibl
IIPOU3BEICHUS SIBIIAIOTCS MaTPULIAMU TOTO K€ MOPsIIKa

3 4 5
1 2 3
IMpumep 4 Ilyctob A=(l 0 j, B=|6 0 -2|. Haiigure npousBeacHuss AB u
7 1 8
BA (eciu 3TO BO3MOKHO).
34 5
1 2 3§,
AB = 16:0 -2|=
1 0 -1
7:1 8

BhIZIeIsItoTCs 1 - 51 cTpoka MaTpuipr A

Y TIEPBBIN CTONOCI] MaTpuibl B,

COOTBETCTBYIOIME DJICMCHTBI TICPEMHOXKAIO TCA,
a NPOMBBC/ICH Wl CKIIaJAbIBAIOT C5L
1.3+2-6+3-7  1.4+2.0+3-1  1.5+2-(-2)+3-8
:[1-3+O-6+(—1)-7 1.4+0-0+(-1)-1 1-5+0-(—2)+(—1)-8j:

(36 7 25
-4 3 -3)

[IpousBenenne BA He cymiecTByeT, TaKk KaK YHUCIO CTOJIOIIOB MaTpwIlbl B He
COBIIAJIAET C YUCIIOM CTPOK MaTpuIibl A (3% 2).
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Ilpumep 5 Ilycte A=(3 2 -1),B=| 1 |. Haiinute mpoumssenenuss AB u BA

(ecyu 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:(-1 6 4 -2

W3 npuBeACHHBIX BBIIIE IPUMEPOB SICHO, UTO B 0011IEM citydae 4B # BA. .

Kommymupyrowumu Ha3pIBatlOT MaTpUlLbl A U B, €ciid 111 HUX BBIIIOJHEHO

ycioBue AB=BA.

Ceoticmea onepayuu yMHONMCEHUS MAMPUY.:

a) acCOIMAaTUBHOCTh: €CJIM ONPEJEICHO OJHO U3 MPOU3BEACHUN (AB)C 150051
A(BC), TO ompefeseH0 TakKe W BTOPOE MPOU3BEACHHUE, U UMEET MECTO
BBILIIE TIPUBEIEHHOE PaBeHCTBO (AB)C = A(BC)=A-B-C;

0) nmucTpuOyTUBHOCTH: eciau C— Takasg MaTpula, YTO OMNPEIEICHO
npousBenenne AC, TO ompenaeneHsl mpousBeaeHusiBC u (A+B)C u
BEpHO paBeHCTBO(A+B)C=AC+BC (A W B — Marpuilbl OJMHAKOBBIX
pa3MepoB);

B) JAMCTPUOYTHUBHOCTb: €clii A-— Takasd MaTpulia, 4YTO OIPEIEIICHO
npousBereHue AB, TO omnpexneneHsl npousBencHus AC u A(B+C)I/I
BepHO paBeHCTBO A(B+C)=AB+AC (B u C — Marpuilbl OJHHAKOBBIX
pa3MepoB);

r)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 aln all aZl aml
a a L.ooa a a a
| 921 22 2n T | %2 22 m2
Amxn - ' Anxm -
a a a a a a

ml m2 v mn 1n 2n mn

TpancnonupoBanHas MaTpuiia o6o3HayaeTcss A’ AT .

Ecnu AT = A, T.€. aij =a ., TO MaTpUlla Ha3bIBACTCS cuMMemputteCKoﬁ.

ji”

1 2 3
IIpumep 6TpancioHUpyiTE MATPUILY A:(4 c GJ'
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Borunciienue onpeaenTesie.

Onpenenenue 1

OrnpenenuTeneM MaTpHUIIbl Ha3bIBAETCA HEKOTOpas MaTeMaTuueckas PyHKIIUs
AJIEMEHTOB KBaJIpaTHON MAaTPUIIbI, pe3yJIbTaTOM KOTOPOU SIBJISIETCS YUCTIO.
Oo0o3HaueHmue:

1 0 5
|4|=det d=|4 4 -1
12 1 10

— OIpeAeNuTeNb 3- To nopsijika (T.K. MaTpuua pazMepa 3 Ha 3) MaTpuubl A.
BorunciieHue onpeeauTesieil NepBoro NopsaKa.

Marpuua pasmepa 1%1 510 npocro uucno. 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

4y dpg|

= dy iy — gty
) @
Ipumep 7:

3 =3
4 1

‘:3-1—4(—3] =3+12=15

BoruuciieHue onpeaeauTesieil TpeTbero MmopsiaKa
Onpenenurens TPEThEro MopsiaKa (MaTpuiibl pazMepa 3 Ha 3) BBIYUCISIETCS 110
paBUITy

dy dy Ay
@y Gy Qo3| = G @y ey )@y Ty @y — @)y — dydy @ — d et

3y dag

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

. 0 W i, = 2218 =50

8 =i, = 3-{—5]-4 = —£0

| ] 3 = aEﬂﬂlaEﬂ = 11-{—1}“5 = —66

o 8 =gaaa, = {—1}-21-4 = —id

.. =yl ;= 31 18 = 257
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W = aydydy = 2'{_5]'6 =—60

2 3 -1
11 21 —5=3?8—6[]—66—[—84+29?—60}=108
4 & 9
Otset 108

HaxosxkaeHue o0paTHOM MAaTPHULbI

PaccMOTpUM KBapaTHYIO Matpuily 4. O6paTHYI0 MaTpuily 4 MOXKHO HaWTH IO

cienyroieit hopmyie:

4= 1 A
4 , T7Ie 4 _ OIpeNeauTelh MaTPULLL 4, A TPaHCIIOHUPOBAHHAS

MaTpHIla AreOpandecKuX JOTMOTHEHIH COOTBETCTBYIOMINX JJIEMEHTOB

marpunps 4,

[TorsiTHe 0OpaTHOM MATPHUIIBI CYIIIECTBYET TOJIBKO JJIS KBAAPATHBIX MaTPHII,

MaTpPHI] «JIBa HA J[BA», TPH HA TPU» U T.1.

oGpaTHast MATPHIIA 0603HAYACTCS HAACTPOYHBIM HHACKCOM

IIpumep 9:

A=
Haiit 0O6paTHyr0 MaTpHILy JUTsl MaTPUIIbI 34

Pemnraem.
1) CHavana Hax0JIUM OIPEACITUTEIIb MATPHIIBI.

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

1
£
B tom ciiyuae, ecniu onpenenurens Matpuiibl paBeH HYJIFO — obpatHoii
MaTpHIIbl HE CYIIECTBYET.

2) Haiizem matpuily MUHOpOB M

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

E

* ok
M=
JaHHOM CJiy4dac .
OCTaJIOCh HAUTH YCTBIPC YHCJIa U ITIOCTABUTh UX BMCCTO 3BC3A0UYCK.
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A=
BosBpaiiaemcs K Halllen MaTpuie 34

CHaualsia pacCMOTPUM JIEBBI BEPXHUM SJIEMEHT:
1 2
5 4)

Kak nalitu ero MuHop?

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

Il "7‘2 ’

b

\3 4

OcTaBIreecst 4ucio U SBISETCS MHWHOPOM JaHHOTI'O 3JICMCHTA, KOTOPOC
3allMChIBACM B HAIlly MaTpully MUHOPOB:

(.3 i
o
_\/:1"* *‘\

PaccMarpuBaeM CleAyIOIIUIA DIEMEHT MATPHIBL A ;
1 @
i
MBICIEHHO BBIYEPKHUBAEM CTPOKY M CTOJIOEI, B KOTOPOM CTOUT JaHHBIN AJIEMEHT:
1+
To, 4TO OCTaNOCh, M €CTh MUHOP JAHHOT'O 3JIEMEHTA, KOTOPBIN 3alChIBAEM B
HaIllly MaTpULLY:
1)

D

AHaJoru4HO paccMaTpuBacM 3JICMCHTBI BTOpOfI CTPOKH U HAXOAUM UX MHUHOPBI:

N\

I

-—
>d

4+ 3
2

J — MaTpHI[a MUHOPOB COOTBETCTBYIOIIUX DIIEMEHTOB MATPHIIBI 4.
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3) HaxoQuM MaTpHILy alreGpandecKix JOMOIHEHMHH “* |

3Jt0 npocto. B MaTpuile MUHOPOB HYKHO OMEHSTh 3HAKUY JBYX YUCEN:
¥ (%)

-2 1) MaTpHLa aredpanyecKux AOMOTHEHUI COOTBETCTBYIOLIUX

5JIEMEHTOB MATPHIBI .

I
4) Haxo/iuM TpaHCIOHHPOBAHHYIO MATPHUILy aIreOpanuecKux TOMONHEHHH & .

g=(4 -2

-3 1 J — TPpaHCIIOHUPOBAHHAA MAaTpULla aJ'IFe6paI/I‘{€CKI/IX I[OHOJ'IHGHI/Iﬁ

COOTBETCTBYIOLIMX DJIEMEHTOB MaTPHUIILI 4 .
5) OtBer.

P 4 -2
o2l-3 1

Kaxk npoBeputs pemienue?

-1 -1
Heo6x01uMo BBIMIOJIHUTE MATPHUHOE YMHOXKeHHe A4~ muoo A4
IIpoBepka:

P (_1] 4 -2y 1 (144263 1(D+21
Tz oal o2l l-3 1) 203444 =3 32 +401

3o - )2

[Tonyyaem eIMHUYHYIO MaTpUIly (C €AUHULIAMH TI0 TJIABHOW JUAaroHaIu U HYJISIMU
B OCTAJIbHBIX MECTaXx).

Takum 006pazom, 0OpaTHast MaTpulla HalIeHA TIPABMIIHHO.

IMpumep10HaiiTu oOpaTHYIO MaTpHILy JJIsI MATPHUILIBI

2 5 7
E=|6 3 4
5 -2 -3
AJITOPUTM TOYHO TAKOM K€, KaK W JUIS CITydasl «IBa Ha JBAY.
plo L gr
OOpatHyt0 MaTpuIly HaiijieM 1o popMyIie: | ,rae £ ‘o

TPaHCTIOHUPOBAaHHAs MaTpuUlla aIreOpandyeckux AOMOJHEHUN COOTBETCTBYIOLIUX
5JIEMEHTOB MaTpHIBl &
1) HaxonuMm onpeaenuTesb MaTPUILBI.

2 5 7
34 & 4 6 3
IB=6 3 4|=2 -5 +7. =
2 -3 "5 -3 " -2
5 -2 -3

=2 (94T -5 (—18-200+7 (-12-151=—-2+190-189 = 1
2) Haxoaum mMatpuily MUHOPOB 44
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Matpuiia MUHOPOB UMEET Pa3MEPHOCTh «TPU HA TPU» , U HAM HY>KHO HaWTH
JIEBSITH YUCE.
PaccMoTpum ciaeayronuil 31€MEeHT MaTPHULIbL:

£2) & 7))
B=|6 3 4
S =2 =3}

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

OcraBminecs YCTBIPC YHMCJia 3allMCbIBAEM B OIIPCACIINTCIIb «JIBa HA ABA»
5 Mot -\
B= E 3 4

I
-2 =3

3 4

B =3

OTO0T OIIPCACIINTCIIb «JABAa HAa ABa» U ABJIKCTCA MUHOPOM HAaHHOI'O 3JICMCHTA. Ero
HY>KHO BBIYUCJIUTD:

D57

; ; |
B=6 3 4 |=3:(B) = (-2)- 4==9+8==]

&b =] BF =

Bcé€, MuHOp HalIeH, 3alIMChIBAEM €r0 B HALLLY MATPUIY MUHOPOB:

(s X
B:% 3 4 L, _4}=3-(—3)—(—2)-4:—9+8:—l
P =2 =3 :
-1 * =*
M =| * * %
* * &

209 |7
B=|6 ? 1 t ‘J:Z-J—G-':S—J::—.’H
(—=25=3
_lu * *
M=| * * 4
k34 *
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OKoHYaTENbHBINA PE3YIIBTAT:

~1 -33 —27
M=|-1 -41 -29
~1 -34 -24

— MaTpua MUHOPOB COOTBCTCTBYIOIIHUX 3JICMCHTOB MAaTPHIIbI 5,
TO, 49TO BCC MUHOPBI ITOJTYUYHIINCh OTPULATCIBHBIMU — YUCTas CquaﬁHOCTL.

3) HaxoguMm Matpuily anreOpandeckux AOMOTHECHUM &
B maTpuiie MUHOPOB HEOOXOUMO CMEHUTh 3HAKU CTPOTO Y CJIECAYIOIINX

QJICMCHTOB:
* | :‘:. *\

B nanHowMm ciyuae:

-1 38 -—27
B.=| 1 —-41 29
1 34 -4

— MaTpulia alredpanvdeckKux JOMOJHEHUN COOTBETCTBYIOIIUX
DJICMCHTOB ManI/IHBI B .
I
4) Haxoaum TpaHCIIOHUPOBAHHYIO MATPUILY aJIreOpandecKux JOMOTHEHUN B
-1 1 -1
Bzl 38 —41 24

-27 25 -24
— TPAHCIIOHUPOBAHHAS MaTPUILIA aIredpandecKux

I[OHOJIHCHI/II\/'I COOTBCTCTBYIOIIHUX 3JICMCHTOB MAaTPHIIbI B

5) OtBerT:
-1 1 -1 1 -1 1
proloprollas _a1 o |=|-38 41 —34
g Tl s —2a) L7 -2
[IpoBepka:

2 5 7 1 -1 1

BBl'=|6 3 4 ||-38 41 -34|=

5 -2 =3 27 =29 24
21+5 (-38)+7-27 2. (1454147 -(-29) 2.145-(-34)+7. 24
= 6. 1+3 (-39 +4-27 6-(—D+3-41+4.(-29) 6.1+3.(-34)+4.24 | =
5.1-2.(=38)-3.27 5. (-1)—2.41-3.(=29) 5.1-2.(-39)—3.24
1 00
=0 1 0f=F&
o 01
Takum 00pa3om, oOpaTHasi MaTpHIla HalIeHa MPaBUIHHO.

3amaHue MU BHINOJTHEHUS MPAKTHYECKO padoThI
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3aganue 1. Beruncnuts 3A+2B
3ananue 2. Beraucioute 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 ohn(s T 2) | la(1 s 0)pe(i 1 g)
-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), B=(—1 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

IIpakTHyeckoe 3ansaTHE 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

Teopernueckas 4acThb

{:;tlx+ by =5
PaccMOTpHM CHCTEMY ypaBHEHHM G x+hy =3
A= a; &
Ber4ucinmumM onpenennTens % b , €T0 HA3BIBAIOT 2/1AGHBIM ONPEOenUmesiem
cucmembl.

Ecimu £ =0 10 cucrema nMeeT 6eCKOHEUHO MHOTO PELICHHI MJIM HECOBMECTHA (He
uMeeT peliennii). B atom ciyyae nmpaBuiio Kpamepa He MOMOKET, HYKHO
UCIIOaB30BaTh MeTox 'aycca.
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Ecau A=0 , TO CHCTCMA NMCCT CIMHCTBCHHOC PCIICHHUC, U AJIS1 HAXOKACHUSA
KOpHCﬁ MBI JOJIDKHBI BBIYHMCJIUTD €IIC ABA OIIPCACIINTCIIA:

A, = 5 & &y _ El S
5y By " a2 Fa
KopHu ypaBHEHHUST HaX0AUM 110 (OpMyJIaM:
ﬂ"x ﬂ)‘
= — l}? = —_—
il Fil

Paccmotpum npaBunoKpamepa 1iist cuCTeMBbl TPEX YPaBHEHUHN C TPEMS
HEHU3BECTHBIMMU:

ax thx ‘o =5

@, +hx, +oyx =5

X Xy ek = 5
HaxoauM ri1aBHbIN ONPENEIUTENb CUCTEMBI:

a & g
D=, & c
;oo

Ecin £= 0 1o cucTema nMeeT GeCKOHEYHO MHOTO PElIeHHI UM HECOBMECTHA (He
uMeeT pelieHuii). B atom citydae npaBuno Kpamepa He TOMOKET, HY>KHO
MCMOJIb30BaTh MeTo ['aycca.

Ecnu L= , TO CUCTEMA UMCCT CIMHCTBCHHOC PCHICHUC U JJISI HAXOXKICHHNA
KOpHCﬁ MBI OOJIDKHBI BBITHUCIINTE CIIC TPHU OIIPCACINTCIIA:

5 & o S B a b g
Di=ls & o L=k &5 o L=l & 5
s by oo I T a; b5
] )
OTBet paccuuTbiBaeTcs 1Mo Ghopmynam:
Ih Ly
x1=—1, = LZ=—
n n n
IIpumep 1

Pemuts cuctemy no dhopmynam Kpamepa.
3x - 2x,+dx =21
Smtdx, - 2x, =9
2x—x—x =10
Pemenue: Pemnm cucremy o ¢popmynam Kpamepa.
i -2 4
4 -2
D=3 4 —2=3L
1 -1
2 -1 -1
=3 {-4-2)+2 - (-3+4)+4.-[-3-8)=-18+2-44=—60= 0

+
2 =1

3 -2 3 4

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

4 =2 8 =2 8 4
D=1% 4 -2==21 +2- +4. =
1 -1 0 -1 0 -1
m -1 -1

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

xlzﬂ:ﬂzﬂ
D —60
3 21 4
9 -2 3 -2 39
D=3 9 -2/=3. -21. +4. =
0 -1 2 -1 2 10
2 10 -1
=3 {-9+20)- 21 (- 3+4)+4. (30 -18)= 33— 21+48= 60
oDal 0
D -6
3 -2 21
4 9 —-2 21 2 21
D3:3 4 91=3 -3 + 2. =
-1 10 -1 10 4 9
2 -1 10
=3.(40+9)-3. (- 20+21)+ 2. (- 18 -84} =147 -3 - 284 =—£0
x3=%=_—6[:|=1
D 40
Otger: 1=2>%="Lx=1

Ipumep 2
Pemnts cucteMy ¢ MaTpUYHBIM METOJ0OM

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

Pemenne: 3anuiieM cucTeMy B MaTpuuHOH opme:

3 -2 4 x 21
A=[3 4 -2 X=|x|2=|9
AX=b e 2 -1 -1 x, 10

Hy>xHo HaliTH 00paTHYIO MaTPUILY A™ Y BBITIOHATS MaTPUYHOE YMHOXKEHUE A
OO6paTHyr0 MaTpuily Haiijiem 1o popmysie:
=Ll .
4 ,tae 4 — TPaHCTIOHMPOBAHHAS MATPUIIA ANTeOPANIECKIX
JIOTIOJIHEHUM COOTBETCTBYIOIIUX SJIEMEHTOB MATPHIBI 4 .
Haitnem onpenenurens:
2 -2 4
4 -2
l4=3 4 -2 =3-L1
2 -1 -1
=3 {-4-2)+2 (-3+4)+4-(-3-8)=-18+2-44 =-60
28




Ecnu |A] = 0, To 00paTHO# MaTPHIIBI HE CYIIECTBYET, U PEIIUTH CUCTEMY
MaTpPUYHBIM METOJOM HEBO3MOKHO. B 3TOM citydae cucreMa pemaercst METOJI0M
UCKJIIOYEHMsI HEU3BECTHBIX (MeTooM ["aycca).

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

My My M

M= le Mn Mzz
My My M
4 -2

M= =—4-2=-5
—1 -1
ERE

M,= =—344=
2 =1

M 54 3 11

P2 -1 -
=2 4

M, = =2+4=6
-1 -1

M 54 3 11

2k - -
3 =2

M33=2 _ =-34+4=1
-2 4

M= =4-16=-12
4 -2
34

M,= =—-6-12=-18
R
2 —

M= ‘:12+6:18
34

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

-12 -1s
— MaTpulla MMHOPOB COOTBCTCTBYIOIINX 3JICMCHTOB

MaTpuisl A,

-6 -1 -1
Ad=-6 =11 -1
— MaTpuIia ajare0panvyecKux JA0MOIHEHHUIA.

-6 -6 =12
A=l-1 -11 18

-11 -1 18

— TPaHCIIOHUPOBAHHASI MaTPHIlA aareOpandecKux
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 6 120 (21
X=|x ="'1_1’5’=ﬁ 1 11 —-18|.| % |=
x 11 1 -18) {10

6.214+6.9+12.10 300 5
=211 9-1810 | = | —60 | =| -1
60 60
11.21+1.9-18.10 60
Otger: 1= % ="lLx=1

Haubonee yHuBepcanbHbIM CIIOCOOOM PEIICHUS CUCTEMBI SIBJISIETCS METO/T
UCKIIFOYEHUSI HEU3BECTHBIX — MeTo/ ['aycca. CyTh METO/IA 3aKIIFOYAETCS B
NPUBEJICHUH PACIIUPEHHONW MATPUIIbI CHCTEMBI K CTYIIEHYAaTOMY BUJLY, €CIIH
CHUCTEMA UMEET €IMHCTBEHHOE PEIIEHUE, TO MaTPUIIA IPUBEIETCS K
TPEYrOJIbHOMY BULY

IIpakTnyeckoe 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

3anuimeM paclIMpeHHYI0 MATPUILY CUCTEMBI U C TIOMOILBIO 3JIEMEHTAPHBIX
npeoOpa3oBaHuil IPUBEIEM €€ K CTYIIEHYaTOMY BULY:

4 2 -1
5 03 212
202 =30

1)K mepBoii cTpoke nprbaBisieM BTOPYIO CTPOKY, YMHOKEHHYO Ha —1.
4 2 -1/ " -1 -1 11
503 —212|—= 5 3 2|2
302 =30 32 =30

30


http://mathprofi.ru/metod_gaussa_dlya_chainikov.html
http://mathprofi.ru/metod_gaussa_dlya_chainikov.html

-1 11

-11

(1 (2
- 22 003 =22
- 30 3 2 =30
T =11y (1 1 =11

15
1 0fF|—=0 1 0
o33 oo 1

-1
0
0

-1

11-1
03]

1

-2 3=3|—=0

-1

O3

0

1 =11
1 03
-2 33

(4
%

2) Ko BTOpOIii cTpoke MprbaBUin MEPBYIO CTPOKY, YMHOKEHHYI0 Ha 5. K
TPETbel CTPOKE NPUOABUIM NEPBYIO CTPOKY, YMHOXKEHHYIO Ha 3.

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

CTPOKH TaK)XK€ CMEHMUIIM 3HAK U IIEPECTABUIIN €€ Ha BTOPOE MECTO, TAKUM
00pa3oM, Ha BTOPOH «CTYNEHBKE Y HAC NMOSIBUJIACH HYKHASI €IMHHULIA.

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

5) TpeTbio CTPOKY pa3aenii Ha 3.

[Tony4gaem:

=1

Xy =3

OT1BerT:

n=-lLn=3xn=1

Pemmnts cucTeMy ypaBHEHHI TpEeMsI 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
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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 pa3auyHble BUJIbI IPUMEHEHUS JIMHEHHBIX YPaBHEHUH.

TeopeTuyeckas 4acThb
PaccMoTpuM BHavane citydail, KOrJa 4ucio ypaBHEHUN PaBHO YHUCITYy IEPEMEHHBIX, T.€. M = Nn.
Torna marpuna cucTeMsl - KBaJipaTHas, a €€ ONpeAeIUTe b Ha3bIBAIOT ONPEIEIUTENEM
CUCTEMBI.
MeToa 00paTHOM MaTPHULIbI
PaccmoTpum B 06miem Buze cuctemy ypaBHeHHH AX = B ¢ HEBBIpOXKIEHHOH KBaIPaTHOM
matpueii A. B 5ToM ciydae cymectByer obparHas Marpuia A JJOMHOXHM cieBa 06e yacTu
na A, [Tonyunm ATAX =A'B. Orcrona EX=A"Bu

X=A"B.
[TocnenHee paBeHCTBO MPEACTABISET OO0 MATPUUHYIO (POPMYITY [T HAXOXKICHHS PEIICHHS
TaKUX CUCTEM ypaBHeHHUH. Mcnonb3oBaHue 3T0H (popMyIibl MOTYUYHIIO HA3BaHUE METOJIA
00paTHOM MaTpuIbl

HaHpHMep, peuurM 3TUM METOAOM CIICAYIOIIYIO CUCTEMY:

Xp= Xp+ X3= 3

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

Oﬁmuaq:m

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

. Toraa B MaTpuuHO# (hopMe JaHHas cucreMa uMeet Bun: AX = B.
Haitnem onpepemutens |4/=5 . Tak xax |4 =0,

TO MaTpHlIa A — HEBHIPOXIEHHas, M CYLIECTBYET obparHad MaTpHLa

1 1 3 -2
AT=|-1 1 A=-3 1 1
1 1 2 1 -2 3
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, 1
Alt==1-3 1 1
SU1 -2 3
1 3 =2)(3 201 (4
| 1 |
X=4'B=—|-3 1 1 1| =<[10) =12},
-3 1 -2 3/\8 5 1

T.€. peuieHHe cucteMsl (4; 2, 1).

B KOHIE PCIICHUA CUCTEMBI MOXXHO CACJIAaTh ITPOBEPKY, IIOACTABUB HaﬁI[CHHBIC 3HA4YCHUA B
YpaBHCHUA CUCTEMBIL. HpI/I 3TOM OHH HOJI?KHBI O6paTI/ITBCSI B BCPHEBIC paBCHCTBA.

Jl71s paccMOTPEHHOTO IpUMepa MPOBeIeM IIPOBEPKY:

4-2+1=3
2%44+2+4+1=11
44+2+2*%1=8

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

ITycth n=2:
{"11-"1 +apx; = b
anx, + apx; = b,
Ecnu 06e yactu nmepBoro ypaBHEHHsI yMHOKUTh Ha app, @ 00€ 4acTH BTOpOro — Ha (-a12), U 3aTeM
CIIOXKHUTH HOJ'Iy"IeHHLIe ypaBHeHI/IH, TO MbI UCKJIKOUHUM U3 CUCTCMBbI HepeMeHHYIOXz. AHaJ'IOFI/I‘IHO

MO>KHO UCKJTFOUUTH IEPEMEHHYI0X 1(YMHOKHUB 00€ 4acTH MEPBOTO ypaBHEHUS Ha (-az1), a 00e
YacTH BTOPOTO — Haaj1). B pe3ysnpTare monyduM CUCTEMY:

{(anazz - 021412)31 = hay, - bay,
(@182 — Gan)x; = ayyby — ayib,

Boipakenue B ckoOKax eCTh ONpeneanTeNb CUCTEMbI

a1 “12
9 9y

A = aydy, — ayay =

O003HaUYNM
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Ay = bay - bay = b 4 » Ay =aydy —ay by = i zj

b, ay a2
TOF,I[a CHUCTEMA IIPUMET BU:

A-x =4

A- Xy = Az

W3 nosty4eHHOM CUCTEMBI CIEYET, YTO €CJIN ONpeAennTenb cucrteMsl 0, To cucrema Oyaer
COBMECTHOM U#A omnperneneHHol. Ee eaMHCTBeHHOE pelieHrne MOKHO BBIYUCIUTD IO (hopMynam:

A= 0, aAEcnu 1A0 n/unu#,0, To ypaBHEHHS cUCTEMBI TPUMYT BuA 0*x#1 A=ou/unn0*x;A=;. B
9TOM Clly4ae CUCTeMa OyIeT HECOBMECTHOIA.

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

0-x,=0
0- Xy =
Teopema Kpamepa(z1okazaTenbCTBO OnycTuM). Ecniu onpenenuTens He paBeH HYIIIO,

TOAMATPUIIBI CHCTEMBI N YPaBHEHUH CHCTEMa UMEET €IMHCTBEHHOE PEIICHUE, ONPEICISIEMOE
o popmymnam:

A —
Xj=Z,]=1,Il

Arjie j- ompeenuTenb MaTPHUIbI, TOJTy9aeMO U3 MaTPUIBI A 3aMEHOH j-To cToI0Ia CTOI0IOM
CBOOOIHBIX YJIEHOB.

Beienpusenensslie GopMysibl Ha3bBaloT (popmyaamu Kpamepa.

B xadecTBe npumepa pemmM 3TUM METO/I0M CUCTEMY, KOTOPYIO /10 3TOTO pelaii METOI0M
00paTHON MaTpHULIbIL:

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

A # 0, 1o no Teopeme Kpamepa cucteMa MMEeT ¢AHHCTBCHHOE pellie-
HHE. '
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BeluMcaAMM onpedeMTeN MATPHLl A;,A,,A;, TONYYEHHHIX M3

MaTpHibl A, 3aMEHOM COOTBETCTBEHHO MEPBOTO, BTOPOrO M TPETHETO
CcTONOLIOB cTOJO1IOM CBOOONHLIX WieHOB:

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

Ternepb no popmyam Kpamepa
A0, 8 10 8 5
Wy TS oA mEy s A=)

T.€. pellieHue cucTeMHI (4; 2; 1).
HeI[OCTaTKI/I paCCMOTpeHHBIX METOOOB:

1) cymecTBeHHAS TPYIOEMKOCTh (BBIUMCIICHUE OTPEACTUTENCH U HAXOXKICHUE 00paTHOM
MaTpHIIbI);

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

PeanbHBIX 5KOHOMHUYECKHE CUTYALUH YaIlle MOJEIUPYIOTCS CUCTEMaMu, B KOTOPBIX YHCIIO
YpaBHEHUU U TIEPEMEHHBIX JOBOJILHO 3HAUUTEIBHOE, IPUYEM YPaBHEHH OOJIbIIE, YeM
nepemeHHbIX [1oaTOMy Ha mpakTiKe 0oJiee pacpoCTpaHeH CIETyIONUI METO/I.

Metona I'aycca (MeTox moc/ie10BaTEIbHOTO HCKJIKOYEHHSI TTepeMeHHbIX)

OTOT METO/1 UCIIOJIb3YETCs ISl pPELIEHHsI CUCTEMBI M JIMHEWHBIX YPaBHEHUH C N IEpEMEHHBIMU B
oOuiem Buze. Ero cyTh 3akitoyaercs B IPUMEHEHUH K pacIIMPEHHOM MaTpUIIE CUCTEMBI
PaBHOCHJIBHBIX NTPe0Opa30oBaHUi, C TOMOILBIO KOTOPBIX CHCTEMa ypaBHEHH Mpeodpa3yeTcs K
BUJY, KOTJIa €€ PEIICHNs CTAaHOBUTCS JIETKO HAWUTH (€CJIU OHU €CTh).

OT0 Takol BUJ, B KOTOPOM JieBasi BEPXHsISl YaCTh MATPHUI[bl CUCTEMBI OY/ET MPEACTaBIATh COOOH
CTYNEHUYATYIO0 MaTpHILy. DTOro 10O0MBAIOTCS C MOMOIIBIO TEX )K€ MPUEMOB, C TOMOIIBIO KOTOPBIX
MOJIyYaJId CTYIEHUYaTyI0 MAaTPHILy C LIEJIbI0 ONpeeseHns padra. [Ipu 3ToM IpuMEeHSIOT K
pacuIMpeHHON MaTpHlie JIeMEHTapHble TPeoOpa30BaHusl, KOTOPbIE MO3BOJIAT MOJTYUYUTh
paBHOCHIIbHYIO cucTeMy ypaBHeHHil. [locie aToro paciumpenHas MaTpyiia MpUMET BUL:

all alZ alr alr+l aln bl
0 a, .. a, a,, .. a, b,
0 0 alT arr+1 b arn br
0 0 0 o0 0 b,
0 0 0 0 0 b,

ITonmy4yenue Takoi MaTpHIIbI Ha3bIBAIOT MPAMBIM X0A0MMeTo1a ["aycca.
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HaxoxneHue u3 COOTBETCTBYIOIIEH CUCTEMbI YPABHEHUI 3HAYECHUIN [TIEPEMEHHBIX HAa3bIBAKOT
oOpaTHBIM X010M MeToza ["aycca. Paccmotpum ero.

Otmerum, uTo mocieanue (M — r) ypaBHEHHI IPUMYT BUJI:
{ 0*x,+0*x,+...+0*x_ =b, i=r+1m

Ecin x0Tst 661 01HO U3 upcen Pi» 1 =T +L M ye papno HyIT0, TO COOTBETCTBYIOIIEE PABEHCTBO
OyZeT JIOKHBIM, a BCSI CHCTEMa HECOBMECTHOIA.

T[TosToMy st JI060# coBMecTHO# cucteMbr Pi =0» 1 =T+1L.mM B a0y crydae nocneguue (m —
I') YpaBHEHHI NIPH JIFOOBIX 3HAUCHHSIX TIEPEMEHHBIX OymyT ToxaecTBamu 0 = 0, 1 UX MOXHO HE
MPUHUMATH BO BHUMaHHE MIPH PEIICHUH CUCTEMBI (IIPOCTO OTOPOCUTH COOTBETCTBYIOIIIHE
CTPOKH).

ITocne sToro cucrema IMpUMCT BU:

a, *x,+a,*x,+...+a, *x_+a, ,, *x , +...+a, *x_ =Db

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

r+l1

£ £ *
Ay "Xyt Fa, TX t+a, T Xy

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

rr+l r

PaCCMOTpI/IM BHa4daJic cnyqaﬁ, korga r=n. Toraga cucrema IpUMCT BU:

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

* sk —
a,, *x,+..+a, *x, =b,

N3 nocneaHero ypaBHEHUs CUCTEMBI MOKHO OJTHO3HAYHO HAWTH X.
[Ipenmocneanee ypaBHeHHE OyIeT UMETh BU/I:
ar—].r—l * xr—l + ar—lr * X, = br—l

r

3Has X, U3 HEr0 MOXHO OJHO3HAYHO BBIPA3UThX(-1. 3ATEM U3 MPEABIAYLIEr0 YPABHEHUS,
3HAAX UX-1, MO)KHO BBIPA3UTHXy-2H T.JI. JOX].

Wrak, B 3TOM citydae cuctemMa OyJIeT COBMECTHOM U ONIPEICIICHHOM.
Hampumep, pemmm cucteMy ypaBHEHHI:

[+ 2%+ 3x3- 2x,= 6
2+ 4xy - 2x3- 3x4= 18

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

Y

36



PaclimpeHHas MaTPHLA CHCTEME MMeeT BHL
1 2 3 -26
2 4 -2 -318
3 2 -1 2|4
2 -3 2 1|-8

Tak xak a;, ':tO,__'ro YMHOXas hTopylo, TPeThi0O M YeTBeEp-
TYIO CTPOKM MaTpHMUKl Ha yHcha (—2), (—3), (—2) u npubasnas nony-
YeHHBIe CTPOKM COOTBETCTBEHHO KO BTOpOH, TpeTbeil, 4YeTBepTOi
CTPOKaM, MCKIIOYHM IMEPEMEHHYI0 X, M3 BCEX CTPOK, HauMHad co

BTOpO#. 3aMeTHB, YTO B HOBO MATDHIIE &,y = 0 MOMEHSEM MeCTaMM
BTOPYIO M TPETHIO CTPOKH:

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

" Tax xax Teneps @y, =-4%0, T0 yMHOXas BTODYIO CTpO-
Ky Ha (-7/4) ¥ NpHGaBAAA NONYTSHHYIO CTPOKY K YeTBEPTOM, MC-
KAIOUMM TIepeMeHHYIO X, H3 BCEX CTPOK, HAYMHAA C TpeTbeM:

1 2 =2| 6)
0 -4 -10 8|-14
0o 0 -8 1| 6!
0 0 135 9] 4,5,

" YuuTwpas, 410 @;; = -8 %0, yMHOXaeM TPCTHIO CTPOKY
Ha 13,5/8=27/16, n npuﬁanuﬂﬂ [OAY4ESHHYIO q'rpoxy K qe'mepmﬁ
HCKJIIOYMM H3 Hee NEPEeMEHHYI0 X3. |

(41 2 3 =2] 6
0 -4 -10 8|-14
0 0 -8 1{ 6

| 117(117
1o 0 0 —-——m—
\ - 16| 8 J

IMonyduM cHCTEMY YpaBHECHHH
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G,_+.,_2x2+ 3xy - 2xy = 6
“4x, - 10x3+ Bxy= -4

) Bx,+  x3= 6
ll'? 117
| 16 8
ncnmmyﬂ oﬁpamuﬁ XOll MeTOA Taycca, HaiimeM 1213 YeTBep-
6-x, 6+2

TOTO YpaBHEHHS Xq=-2 ; ns'rpe‘mem Xy == =3 =-1; us
BTOparo X, = -114 Bxy +10x; _ 14 -8(=2) +10(-1) - 2 W u3 nepso-

IO YpaBHEHHMS X, -6+gx --3:? ?.x, 6+‘5(-2) 3(-1)-2-2=1T1e.
pewenme cueremn (1; 2; —1; 2 _ )

Tenepb paccMoTpuM citydaid, koraa r<n. [IepBblernepeMeHHbIX OyieM
Ha3bIBaTh0A3MCHBIMM(OCHOBHBIMI), @ BCE OCTaIbHbIE —He0A3MCHBIMM(HEOCHOBHBIMH,
cBoOoHbIMU). [TocneqHee ypaBHEHHE CCTEMBI OYI€T UMETh BU:

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

r r+1 r+1

W3 3TOr0 ypaBHEHUS MOKHO BBIPa3UTh 0A3MCHYIO MEPEMEHHYIO X Uepe3 HeOa3uCHBIE:

b, —(a, ., *x,,+..+a, *x,)

r r+l1

X =

r

a

IT
[Ipennocneanee ypaBHeHne OyaeT UMETh BU/I:

+...+a *x =b

B B B
a X +a r—1r X r +a r—1 r+l X T+1 r—1n n T—1

r—1r-1 r-1
[ToacTaBuB B HETO BMECTO X, IIOJIYY€HHOE BBIPAXKEHHUE, MOXKHO OY/IET BBIPA3UTh 0a3UCHYIO
NepPEeMEeHHYI0X.1uepe3 HebazucHble. U T.11. 10 mepeMeHHo#X . UTOOBI MOMYyYUTh pelieHue
CHUCTEMBbI, MOJKHO ITPUPABHATH HeOa3uCHbIE MNEPEMCHHBIC K ITPONU3BOJIBHBIM 3HAUYCHUAM U ITOCJIC
ATOTO BBHIYUCIUTH O0a3HMCHBIE TEpEMEHHbIE 0 TONyuYeHHBIM (popmynam. Takum 0O6pa3zom, B 5TOM
cily4ae cuctemMa OyJeT COBMECTHOM U HeolnpeeIeHHOW (MMeTh 0ECKOHEUYHOE MHOKECTBO

peleHnit).
Hampumep, penM cucteMy ypaBHEHHUI:
2y - X+ X3- X4= 5

X+ 2% - 254+ 3x3= -6
I+ Xp- X3+ 2xy

ITpeobpasyeM pacHIMpeHHYIO MATPHLY CHCTEMEI
(,zum yaobcTBa BHYMCIEHHH OepeM B KavecTBe MEpBOil CTPOKH KO3(-
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GHULUHEHTH BTOPOTO ypannem, y mmpom msqxl)lmnem npn x,
paBeH 1): ‘ . '

- . AN

1 2 -2 3]-6) (1 2 -2 3|-6] (1 2-: :-lg [1 2 -2 3_6)_
2 -1 1 -1f 5[~0 -5 5 -7]17(~0 -5 - 05 5 -7l17
3 1 -1 2|-1)lo-5 s5-70177 0 0o of 0

OcraBisieM B ieBOH YacTH nepemm:m X, %y ,

KOTOpEie GepeM 3a OCHOBHEIE « OCTalbHLIC HCOCHOBHBIE
NepeMeHHHE X;,X, NEPeHOCHM B NpaBHe YacTH ypaBHeHHH. B pe-
JyNLTATe MONYYMM CHCTEMY . -

X+ Wy= -6+ 25— 3x,
i —sz;-‘- 17 - '5134-. TI‘

OTKyha
-H+x —lx H
REFTRITMN
17 7 ) 4 1
x|=—-6+2x3-3x4-2 —?-I-I:;—E ) =‘§‘—“§I4.

3amapa HEOCHOBHEIM = MEPEMEHHLIM ITPOHM3BOJILHBIE 3HAYCHHA
X3 =€, X3 = ¢, , HalileM SeCKOHCTHOE MHOXECTBO PellicHHH CHCTe-

4 1 17 7 '
MHE xi.-:-z--&-c;; X2 =—"{*+C1-"'C2; lx3 =Pl_; X4 =Cz .

CoBOKYNHOCTh 0a3UCHBIX IEPEMEHHBIX Oy/1eM Ha3bIBaTh 6azucomcucTeMbl. COBOKYITHOCTD
cTONO10B KOA(h(HUIIMEHTOB MPU HUX TOXkKe Oy/eM Ha3bIBaTh 6a3ucoM(0a3HCHBIMU CTONOIAMHE),
WIM0a3MCHBIM MHHOPOMMATPHIIBI CUCTEMBI. TO pelieHre CUCTEMBI, B KOTOPOM BCe HEOa3MCHBIE
IepeMEeHHbIE PaBHBI HYJII0, Oy/1eM Ha3bIBaTh 0a3UCHBIM pelieHHeM.
B npenpiaymem npumepe 6azucHeIM petieHueM Oyner (4/5; -17/5; 0; 0) (mepemeHHbIe X3U Xa(C1H
C2) IPUPABHEHBI K HYIIO, a 0a3MCHbIE IEPEMEHHBIE XM XoPacCUMTaHbl yepe3 HUX). UToObI
NIPUBECTH MPUMEP HEOA3UCHOTO PEIICHHs, HA/I0 IPUPABHATH X3H X4(C1H C2) K IPOU3BOIBHBIM
qucIaM, HEpaBHBIM OJHOBPEMEHHO HYJIIO, U PACCUUTATh Yepe3 HUX OCTaJIbHbIE TIEpEMEHHBIE.
Hanpumep, nipu ¢1= 1 u ¢;= 0 monyuum HebasucHoe pemenne — (4/5; -12/5; 1; 0).
[ToncranoBKo# J€TrKo yOeauThesl, UTO 00a pelieHus] — BEpHBIE.
OueBHUIHO, YTO B HEONPEEIEHHON crucTeMe HE0A3UCHBIX PEIIEHUN MOXKET ObITh OECKOHEUHO
MHOT0. CKOJIBKO MOXKET ObITh Oa3ucHbIX pertennii? Kaxmaoi crpoke mpeoOpa3oBaHHONW MaTpHIIbI
JIOJI’KHA COOTBETCTBOBAThH OJiHA Oa3McHas nepeMeHHas. Beero B 3ajaue niiepeMeHHBbIX, a
0a3uCHBIX CTPOK —I. [IoaTOMY UMCII0 BCEBO3MOKHBIX HAOOPOB 0A3UCHBIX EPEMEHHBIX HE MOXKET
r
TPEBBICHTH YHCIIO COYETAHMH m3nmor’. OHO MOXET GBITh MEHBIIE, 9eM 1, TIOTOMY YTO He
BCET/J]a MOJKHO ITPeo0pa3oBaTh CUCTEMY K TAKOMY BHJIY, YTOOBI HMEHHO 3TOT HaOOp
HEPEMEHHBIX ObUT Oa3MCHBIM.
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Yro 3710 32 BUA? DTO TaKoW BUA, KOTJa MaTpuIia, 00pa3oBaHHas U3 CTOIOLOB KO (PUIIEHTOB
NP 3THX TIEPEMEHHBIX, OyJIeT CTYNEHYaTO!, ¥ TIPH 3TOM OYAET COCTOSITh U3 ICTPOK. T.e. paHT
MaTpHIlbl K03()(HUIIMEHTOB MPH STUX EPEMEHHBIX JOJDKEH OBITh paBeHr. bosbIieron ObITh HE
MOXET, TaK KaK YiCJI0 CTOJIOLO0B paBHOT. ECiii OH OKa)eTcsi MEHbIIIET, TO 3TO TOBOPUT O
JMHEWHOW 3aBUCUMOCTH CTOJOIOB MPH MEepeMeHHbBIX. Takue cToaI0IbI HE MOTYT COCTAaBUTh
6asuc.
PaccmoTpuM, kakue emie 6a3ucHbIE PeICHUsI MOTYT OBITh HAWJACHBI B PACCMOTPEHHOM BBIIIIE
npumepe. [ 3Toro paccCMOTpUM BCEBO3MOXKHBIE COYETAaHUS M3 YETHIPEX MEPEMEHHBIX I10 JIBE
2 4! 2*3%4

(v 4 - =
6asucHbIx. Takux coueranuii OymeT 221 2*2 , IPHYEM OJIHO M3 HHX (X1H X2) YiKE
ObLIO PaCCMOTPEHO.
Bo3bmem nepemennsbie X1 X3. Haiinem panr matpuis! K03(h(GUIIMEHTOB PH HUX:

2 1 2 1 2 1
1 -2 0O -25|~/0 =25
3 -1 0 —-25

Tak Kak OH paBeH JABYM, OHH MOTYT ObITh Oa3ucHbIMHE. [IpupaBHSIeM HeOa3UCHBIC TIEPEMEHHBIC
XU X4K HYJHO: Xo= X4= 0. Torma uz popmyinsl x1= 4/5 — (1/5)*x4cnenyer, uro x1= 4/5, a u3
bopmynbl Xo= -17/5 + x3- - (7/5)*x4= -17/5 + x3cnenyer, 4ro X3=x+17/5 = 17/5. Takum
o0Opa3om, MbI mony4yum 0aszucHoe perienue (4/5; 0; 17/5; 0).

AHAJIOrMYHO MOKHO TIOJIyYMTh Oa3UCHBIE PELIEHUS I OA3UCHBIX MepeMeHHbIX X 11 X4— (9/7; O;
0; -17/7); xom x4— (0; -9; 0; 4); x3u x4— (0; 0; 9; 4).

HepeMeHHHe X2U X3 B OTOM IIPUMCEPEC HCJIb3s B34ATh B KAUCCTBC 6aSI/ICHI>IX, TaK KaK paHT
COOTBGTCTBy}OHIGf/i MaTpulbl paBEH €AUHUIC, T.C. MCHBIIC IBYX:

2 =2) (2 =2
-1 1 0 0 [~(2 1)
1 -1 0 0

Bo3moxen u qpyroit moaxo K onpeieaeH!o TOro, MOXHO MM HET COCTaBUTh Oa3ucC U3
HEKOTOPBIX MepeMeHHBbIX. [Ipu pemennn npumepa B UTOre Npeodpa3oBaHMsi MATPUIbl CUCTEMBI
K CTYIIEHYaTOMY BH]ly OHA IIPUHSJIA BU:

1 2 -2 3
o -5 5 =7

BBI6I/Ipa}I napbsl IEPEMECHHBIX, MOXKXHO OBLIIO paccunuTaTtb COOTBETCTBYOIINEC MUHOPBI 3TOH
MaTpulbl. Jlerko y6CJII/ITI>C$I, 4TO IOJid BCEX Iap, KpOME XU X3, OHU HE paBHBI HYIIIO, T.C.
CTOJ'I6I_[I>I JIMHENHO HE3aBUCUMBI. M TONIBKO 114 CTOJ'I6I_[OB IIpU MEPEMCHHBIX X2U X3

2 —2
-5 5

=0
, YTO TOBOPUT 00 MX JIMHEIHOW 3aBUCUMOCTH.

PaccmoTpum emie oauH npumep. PemmM cucreMy ypaBHEHHI
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i+ M- X= 1
'Zx,— 3x2+ Xy = 3
4+ Xy~ Xx3= 16

. _I'lpeoﬁpaaym PAcIMPEHHYIO MaTPHLLY CHCTEMBI
1 2 -1 7V (1 2 -i|l 7

1 2 | |
323 ) =7 U3{-11{~|0 -7  3|-11].
la 1 0 -7 3f-12) Lo o o0]-1

Wtak, ypaBHEHUE, COOTBETCTBYIOIIEE TPETHEN CTPOKE MOCIEAHEN MAaTPULIbI, IPOTUBOPEUUBO -
OHO NPUBEIIOCH K HEBEpHOMY paBeHCTBY () = -1, cie1oBaTenbHO, JaHHAs CCTeMa HECOBMECTHa.

[MpakTuyeckoe 3ansitue Nell.
Tema 3.1: KomrmiekcHble yucna. ['eomerpudeckas naTepriperanus. [loHsTre MOTyIIs.

Teopernveckasi 4acTh.

FCOMeTpl/IqECKaH HHTEepnpeTaluuda KOMIIJICKCHOTIO YUdjia
KommuiekcHble uncna n300pakaroTcs Ha TaK Ha3blBAEMOM KOMIUIEKCHOM IIOCKOCTH. OCb,
COOTBETCTBYIOLAs B IPSIMOYTOJIbHOMN IEKAPTOBOM CUCTEME KOOpAUHAT ocu adciuce,

Ha3bIBACTCS JICUCTBUTEIILHON OCBIO, & OCH OPAMHAT - MHUMOMU OChIO (puc. 1).

o

Muraas oce
z-"'!

>

JeficTENTETEHAS OCE

Puc. 1
KommiekcHoMy unciy # = @ -+ biGyner olHO3HaUHO COOTBETCTBOBATH HA KOMILIEKCHOM
nnockocTd Touka (41 0); 2 = a+bi «— (a; IE’}'(pmc. 2). To ecTh Ha NEHCTBUTENBHOMN OCH

OTKJIaABIBACTCS JCMCTBUTEIbHAS YACTh KOMILJICKCHOI'O YKClIa, a8 HA MHUMOM - MHUMas.
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pmz M
b Iz=a+bf
= a’ + b’
Q=argz i
o a Re:z

Puc. 2

Hanpumep. Ha pucynke 3 Ha KOMILIEKCHO# IIJIOCKOCTU U300pakeHbl ukcna 21 = 2 + 3i

o =iy Ta = -2

25

(]

03

L ] [

Puc. 3

Moay/b KOMIIJIEKCHOI'O YU CJIa

KoMIieKkcHOe YHCITO TaKKe MOKHO H300paxkarth paauyc-sekropom (I (puc. 2). [inuna
paauyc-BeKTOpa, H300paKaIOMIEro KOMILIEKCHOE YUcio = = ¢ + bi, HaspiBaeTcs Momynem
9TOr0 KOMILJIEKCHOTO YHUCIIA.

Monaynb 11000T0 HEHYIEBOTO KOMIUIEKCHOTO YHCIIa €CTh MOJIOKUTETbHOE Yrciio. Moaynu
KOMIUIEKCHO COTPSHKEHHBIX YUCEN paBHbL. MOylb TPOU3BEICHUSA/YACTHOTO IBYX KOMILIEKCHBIX
YHCeJl paBeH MPOU3BEACHNUIO/UaCTHOMY MOy e Ka)/10T0 U3 YHCET.

Monyns BerHCIseTcs 1mo hopmyre:

2| = |a+ bi| = Va2 + b

To ecth MOAYJIb €CTh CyMMa KBaJpaToB JEHUCTBUTEIILHOM 1 MHMMOM YacTel 3aJaHHOTO YHCIa.
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[Ipumep
3amanue. Haiftu Moyb KOMIUICKCHOTO YHCHIA 2 = O — i

Pemenne. Tak kak Re z =3, [in 2 = —3, o nuckomoe 3nauenue

2| =[5 3il = V3 + (=32 = V25 + 9 =V}

2 =34

Ortser.
3ameuaHue

WHoraa ere MOAYITb KOMIUIEKCHOTO YKciia 0003HaYaeTCs Kak ruiu £,

AprymMeHT KOMIIJIEKCHOTI'O YHCJIa

VYron ¢Memﬂy IIOJIOKUTEIIBHBIM HAIPABICHUEM JIEUCTBUTEIIBHON OCH U pauyC-BEKTOpa OM ,

COOTBETCTBYIOIIUM KOMIUIEKCHOMY YUClly 2 = i + bi, na3piBaeTCs apryMeHTOM 3TOr0 4Kcia U
o6o3Hayaercs WL 2

ApryMenT “koMIuIeKcHOro uncna & = @ + bica3an ¢ ero gelicTBUTEIbHOM U MHMMOM YacTAMU
COOTHOILLIEHUSIMU:
o =1 b o} ——ﬂ gy ——b
D =1tg— . o8 = — . sIng = —
i Va4 b2 va?+ b2

Ha npakTuike /1yist BBIYUCIICHHS apTyMEHTa KOMITJICKCHOTO YUCJIa OOBIYHO TOJIh3YIOTCS
bopmynoii:

1] -
) arctg= . a =)
¢=argz=arg (a+bi) =4 "y "=
arctg= +7 . a <0

[Ipumep
3amanue. HaiiTu apryMeHT KOMILJIGKCHOTO YUCha 2 = —d — Ji
Pemenne. Tax kak @ = Re z = —3 < (), to B BeIe npuBeaenHoii Gopmyie 6yaem

paccMaTpuBaTh BTOPYIO CTPOKY, TO €CTh

. T

o =arg @ = arclg—

K

+ﬁ=ill'{'.1-§_§1+ﬁ=%+_l=

é o
h = arg 1 = —
OTBer. |
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ApryMeHT JeiCTBUTEILHOTO MOJ0XKUTEILHOrO uKca pased ()| nelicTBUTENLHOrO
T 180"
OTPHULIATEIIBHOTO -  WJIA . HuCcTO MHUMBIEC Y4HCIIA C MOJIOKUTEILHOM MHUMOU YacThIO
o

2

[

UMEIOT apTyMEHT PaBHBIA , C OTPUILIATEILHOW MHUMOM 4acThIO -

YV KOMIUIEKCHO CONPSKEHHBIX YUCEN apryMEHThI OTJIIMYAOTCs 3HaKoM (puc. 3).

Jmz
z=a+bi
q:l': EiI'gZ
_q:):ajgz_ RTEZ
7=a—bi
Puc. 3

KoMILj1eKCHO CONMpAXKEHHbIEC YNCJIa
Ornpenenenue

Eciu 2 = a + bi, To uncno Z = a — binaspiBaeTcss KOMIUIEKCHBIM CONPSIFKEHHBIM K YHCITY Z.

Z=a—b

To ecth Y KOMIIJICKCHO COITPS’KCHHBIX YUCCII JIECTBUTEIIbHBIE YACTH paBHbI, a MHUMBIC
OTJIMYAKTCA 3HAKOM.

[}

+1.

Hanpumep. KOMIUIEKCHO CONPSDKEHHBIM K YUCITY Z = 2 — i€CTh YUCI0 = =

Ha KoMIUIeKCHOM MIIOCKOCTH KOMILIEKCHO CONPSKEHHBIC YMCIIA MTOTYYar0TCsl 3€PKaIbHBIM
OTPaKEHUEM JPYT APYTra OTHOCUTENIBHO JEHCTBUTEIBLHON OCH.

CBOHCTBa KOMIIJIEKCHO CONPAXKEHHbIX YUCEJI

1) Eciiu =z = Z, TO MOXHO CJIeJIaTh BBIBOJI, YTO PACCMATPUBACMOE YUCIIO ZSBIISETCS

€A CTBUTEIIbHBIM.

E ]

Hanpumep. z =2 A = Z=2nz=:2

2) st mo60oro KOMILIEKCHOro uncia zcymma = + Z = 2Re - peifcTBuTensHoe uncno.

Hanpumep. ITycts 2 = 2 — 3, Torna 2 = 2 + Ji, a torma

i

z+E2=2-3+2+3)=2-3i+24+3i=24+2=4€R
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= |2|* € R,

b=

3) Jlyist IpOU3BOIBHOIO KOMILIEKCHOTO uncna 2 = @ + binpoussenenue < -

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

3

Hanpumep. I[lycts

MPOU3BEACHHUE
2 E=(2-3)(243) =27 — (%) =22 32 .7 =
2
=2 () =224+ =22+ = |z*=13€eR
4) Moy KOMIUIEKCHO COTPSKEHHBIX YHUCEIT PABHBI: |z| =z |, a apryMEeHTBI OTJIMYAr0TCS

3HaKoM (puc. 1).

Im =
z=a+bi
k
q}= :'-_'II'g.E'
Rez
|f
Z=qa-bi
Prc. 1

5) 21t 20 =21 £ 5

6) Z1-22 =212

7) =2

—_—
)
g
Il
3

8)

9) Ecmn = = a + bin 7 = a — bi- xoMnnekcHo conpsikeHHbIE YHCA, TO

3|

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

1= Re z =

]

KoMILjieKCHO ConpAXKEHHbIC YHUCJ/Ia
Ornpenenenue

Ecmu 2 = a + bi, 1o uncno Z = a — binaspiBaeTcss KOMILIEKCHBIM CONPSIZKEHHBIM K UMCITY .
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Y
T=a— b
TO €CTh y KOMIIJIICKCHO COHpSI)KeHHBIX YqUCEI ﬂeﬁCTBHTeHBHBIe qacTu paBHBI, a MHUMBIC

OTJIMYAaKOTCA 3HAKOM.

]

+1i.

Hanpumep. KoMIUIEKCHO CONPSHKEHHBIM K YHCITy = = 2 — {eCTh YUCI0 = =

Ha KOMIUIEKCHOH TNIOCKOCTH KOMIUIEKCHO CONPSKEHHBIE YACIIA ITOIYYat0TCs 3€PKaJIbHBIM
OTPaKEHUEM JPYT APYTra OTHOCUTENIBHO JEHCTBUTEIBLHON OCH.

CBOHCTBA KOMIJIEKCHO CONPsKEHHbIX YK CeJl

1) Ecm =z = Z, TO MOXXHO CJI€JIaTh BBIBOJI, UTO paccMaTpuBaCMOC YUCIIO ZABJIACTCA

NENCTBUTEIbHBIM.

J— o A

Hanpumep. z =2€ R = Z=2n:z=

el

2) lns mo6oro komiuiekcHoro uncina zecymma = + 2 = 2Re z- neificreurensnoe umciio.

=2 — 3i,Torma Z = 2+ 3i aTorna

3

Hanpumep. Ilycts
R

im

2-3i4+(243)=2-3i+2+3i=2+2=4

el
Il

z 4+

. - 2
3) /14 mpoM3BONIBHOTO KOMIUIEKCHOTO uncna 2 = @ -+ bimpoussenenne < 2 = || € R,

Hanpumep. [lycts = = 2 — 3i, KOMILIEKCHO CONPSKEHHOE K HeMy umcio Z = 2 + Ji, torga

IMPOU3BCIACHUC
2 E=(2-3)243)=22—- (3 =22 -32.i =
2
=2 P (1) =224+ =22 4+32 =21 =13€R
4) Moy KOMIUIEKCHO COMPSKEHHBIX YUCEN PABHBIL: 2| = |z |, a apryMeHTBI OTINYal0TC
3HaKoM (puc. 1).
Im =
z=a-+bi
lz
q} = :'-_'II'g Z
Rez
z
Z=a-bi
Puc. 1
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5) z1tzo =2 £ I

Il
|
Py
0|
(=]

6) Z1- 22

&3
Py
i3] | T
Py

=)

7) 2

—_—
]
S
Il
i

8)

9) Ecn = = a + bin 7 = a — bi- xoMnuekcHo conpsikeHHbIE YUCIIA, TO

ﬂ=R.ﬁ:=:+:.b=Ilu:=:_:
2 i

=

]

IIpakTnyeckas padora Nel2
Tema 3.2: ApudMernyeckue onepanuu HaJ KOMIIEKCHBIMH YHCIaMMU.
Heab: HAYYNTHCA MPOBOAUTH apuMeTHYEeCKHE ONePALIMH HA/I KOMILJIEKCHBIMH YHCJIAMH.
CymMa 1 npou3Be/iIeHUe KOMIIEKCHBIX YUCEI MOT'YT OBbITh BBIYMCIIEHBI HEIIOCPEICTBEHHBIM
CYMMHUPOBaHHEM U IEPEMHOKEHUEM KOMIUIEKCHBIX YMCell B alreOpandeckoil popme, kak

0OBIYHO pacKphIBasi CKOOKH U IPUBO/IS MOJOO0HBIE (KaK OMepaluy Hall alnredpandecKumMu
JIBYWICHAMH ), IPU STOM HAAO y4eCTh, yTO i~ = —1.

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

Pemenne. UToObI HaliTH CYMMY 3aIaHHBIX KOMIUICKCHBIX YHUCCII, CKIIaJIbIBAaCM COOTBETCTBECHHO
HUX NCHUCTBUTEIILHBIC 1 MHUMBIC YaCTH:

b =23 (3 4i)=(243)+ (3 +i) =52
HpOI/I3BeI[eHI/Ie paBHO

Z1-20=(2—=3)-(3+i) =642 — 9 —3i° =

i
[y
_I_
i
|l
Il
o
|
[
=,
&}
[y
i+
]
Il
p=]
|
=]
)

OTBer.
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Tpuronomerpuuyeckasi GopmMa KOMILJIEKCHOT0 YHCJIA

[TycTh 3a1aHO KOMILIEKCHOE YUCI0 = = @ + bi. Kak n3BecTHO, ero MO>KHO MU300pa3uTh Ha
KOMILJIEKCHOM IIJIOCKOCTH TOYKOM, aOCIIcca KOTOPOM paBHA IEHCTBUTEIIBHONW YaCTH ATOTO
4KCIa, TO ECTh @, 4 OPAMHATA - MHUMOM yactu b(puc. 1).

Puc. 1

Abcumcecy au opauHaty bromrutekcHoro umcna = = @ + BiMOXKHO BBIpa3HTh Yepes MOTyIIb

2] = Va* + by apryMeHT ¢cienyroImuM oopasoMm:
a=|zlcosg . b=|z|sing

B nannom ciyuae @u |3|yLLOBJleTBopsHOT COOTHOLLIEHUSIM:

Torna
a=|zlcosg . b=|z|sing
z=a+bi=|zlcosg+i-|z]sing = |z|(cos ¢+ ising)
Taxum 06pa3oMm, JUIs BCIKOTO KOMIUIEKCHOTO umcna = = @ + bicnpaBenineo paBeHCTBO
z = |z|(cos@ + isin )

KOTOPOC HA3bIBACTCA TpI/IFOHOMeTpI/I‘{eCKOﬁ (l)OpMOﬁ KOMIIJICKCHOI'O YHuCJ/Ia =,

[Ipumep
3ananue. KoMmiiekcHOe YMCIIO 2 = —iINMPEACTaBUTh B TPUTOHOMETPUUECKOM (opme.
Pemenne. J{y1s1 3a1aHHOTO YnCia AeiicTBUTENbHAA YacTh @ = (), a MEUMas gacts b = —1.

Torma MoIyJib 3TOr0 YKCIa

2] = V2 + (=12 =0 +1=1
a apryMeHT
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[

= arctg

OTCIOI[a mojrydya€m, 4To

] S +isi 3 S +isi Ky
=108 isin — | = o8 — + isin —
7 > 7

-

S S

zZ =008 — 4 i8in—
OTBeT. 2 2

IToxa3zaTenbHasi q)opMa 3allMCl KOMIIVICKCHOI'O YHCJIa

PaccMoTpuM Ipon3BOIBEHOE KOMIUIEKCHOE YHCIIO, 3AHCAHHOE B TPUTOHOMETPHYECKOU dopme:
z = |z[(cos @ +ising) 110 dhopmyne Diinepa

cos ¢+ ising = e'”

a Torjga

z = |z|(cos &+ ising) = |z|e"”
CrnenoBarenbHO, J1F000€ KOMILIEKCHOE YUCIIO MOYKHO MPEAICTAaBUThH B TaK Ha3bIBaeMOM
MmoKa3areJbHO| (popme:

o)

z = |zle

ITpumep
= — 4iB nokaszarenbHOl opme.

3aganue. 3anucaTh KOMIUIEKCHOE YHCIO 2

Pemenune. HaiinemM MOIydIb ¥ apryMEHT 33JJaHHOI0 KOMILIEKCHOI'O YHCJIIA:

2] = V32 + (=42 = VO + 16 = V25 =5

&y = arclg = —arcle -
s B 9 i 9

K

K

Torna

| 16T = inrctgs

£ = e

ﬂ—|ﬂ

|
Otser. z = De T
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Onepaupm C KOMIIJIEKCHBIMM YMCJIaMHM B IIOKa3aTe/JIbHOM (])opme
Taxkas (bopMa MMPEACTABJICHUS IO3BOJIACT AAaTh HATTIAAHYIO HHTCPIIPETAINIO OIICpanusamM

YMHOXCHHA KOMINUICKCHBIX YHUCEJ, UX ACJICHUA U BO3BCACHNA KOMIIJICKCHOI'O YMCJjia B CTCIICHD.

1.|.I-| 1
£ Ha KOMIUIEKCHOE YHUCIIO

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

PO [P DR 1.
22 = |22|€" ppirnamur CIIeyroImuM 00pa3om:

Ly L

2 = |z |z2le =

21 - 20 = |21]€'® - | zale

= |z1] - |zo|e?t®ite2)

To €CTh, YTOOBI HAUTHU MPOU3BCACHUC KOMIIJICKCHBIX YUCECJI, HY>KHO IMIEPEMHOXKUTL UX MOAYJIU U
CJIOKUTDH apr'yMCHTHI.

AHaNIOTrHYHO MOKHO JOBOJIBHO JICTKO HaAWTH YacTHOE OT JACJICHHA KOMIIJICKCHOI'O YHUCJlIa
.l. My .l. e

21 = |z1|e""" 4a xommrekcroe unco 2 = |Z2]€

<1 _ |Ll|f:-'."|| - |:_,1| iy —ida ﬂ R

za  |zalet®z |29 |22

-

Otcroa nony4yaem MpaBuilo, YTO JUIsl TOIO YTOObI HAMTH YaCTHOE JIBYX KOMILJIEKCHBIX YHCET,
HAJ0 MOJEIUTh UX MOAYJIU U OTHATH API'yMEHTBI.

BbInoJaHUTH YupasKHeHusl.

IIpakTnyeckoe 3ansiTue Nel3

Tema 4.1: OcHOBHbIE OIIpeeIEHUsS] TEOPUHU BEPOSITHOCTEH
Hesn: Hayuuts pemars 3ajaun Ha KIACCUYECKOE U CTATUCTHUYECKOE OIPECIICHUS
BEPOSITHOCTH CITy4aifHOI'O COOBITUS

Teopernyeckas 4acTb

Krnaccudeckoe onpenenenue BeposiTHOCTH BepoaTHOCThIO COOBITHSL A Ha3bIBaeTCs
OTHOIIIEHUE YUCJIa UCXOA0B M, OJIaronmpUsITCTBYIOIINX HACTYTUICHHIO JAaHHOTO COOBITHS A, K
YHCITy, BCEX UCXO0JI0B ( HECOBMECTHBIX, €JMHCTBEHHO BO3MOKHBIX, PABHOBO3MOXKHBIX ), T.€.

m

BeposiTHOCTB 110000 COOBITHSI HE MOXKET OBITh MEHbIIIE HYJIS 1 OOJIbIIE €IUHUIIBI.
HeBo3MoxHOMY COOBITHIO COOTBETCTBYET BEpOSTHOCTD paBHasi 0, a TOCTOBEPHOMY —
BEPOSITHOCTH PaBHA €IMHHUIIE.

IIpumepsr:
W3 ypHBI B KOTOpOH HaxosATcs 5 OenbIX U 3 4epHbIX IIapa, BBIHUMAIOT oAuH mmap. Haiitu
BEPOSITHOCTh TOT'O, YTO IIAP OKAKETCSA YEPHBIM.
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Pemenue: O603Ha4MM COOBITHE, COCTOSIIECE B MOSBICHUH YEPHOTO I1apa, yepe3 A. Obiee
YHCIIO CITydaeB paBHO 8. UKCIIO ciydyaeB OJIaronpUsTCTBYIOIIMX TTOSBICHUIO COOBITHS A,
paBHO3. [lonyunum

3

Pemenne ynpaskHenuii

1. T'epman u3 nmoBectu A.C. Ilymkuna «I[IukoBast 1ama» BBIHUMAET 3 KapThl U3 KOJIOJbI B 52
nucta. HaiiauTe BepoSATHOCTB TOTO, UTO 3TO OYIyT: TpOiKa, CeMepKa, TYy3.

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

3. Bmanmenen ogHol kapTouku otepen «CropTiioTo» (6u3 49) 3auepkuBaet 6 HOMEPOB.
KakoBa BeposSITHOCTB, YTO UM OYJET yrajaHo 5 HOMEPOB B OU€PEIHOM THPAXKeE.

4. B ypue 10 mapos, u3 KOTOpbIX 2 6enbix,3 4epHbIX U 5 cunux. Haymauy u3Bneuensl 3 mapa.
KakoBa BeposSITHOCTB TOTO, 4TO BCe 3 mIapa pa3Horo IBeTa.

5. B mapruu u3 10 neraneii umerorcs 4 OpaxoBaHHbIX. KakoBa BEpOsITHOCT TOTO, UTO CPEAU
HayJau4y OTOOpaHHBIX 5 AeTaneil okaxkyTcs 2 OpakoBaHHBIE.

6. KomnexTuB, BKIIOYAIONINI YEThIPEX KEHIMH U TPOUX MYKUHH, pa3bIrpbiBacT 4 Ouiera B
TeaTp. KakoBa BepOATHOCTH TOTO, UTO cpean 00anaresneil OUIeToB OKaKeTCs 2 KEHIIIUHbI
U 2 MY>KYUHBI.

7. B rpymnme u3 25 cTyaeHToOB, cpeau KOTopbix 10 neByliek, pa3birpblBalOTCS 5 OUIETOB.
HaiinuTe BeposiITHOCTB TOTO, UTO cpeAu obafareneil OUIeTOB OKaXyTCs ABE IEBYIIKH.

8. B ypne 6 6enbix, 4 4epHBIX U 5 KpacHbIX MapoB. M3 ypHBI HayraJ BBIHUMAIOT 5 MIApOB.
Haiinute BepoATHOCTB TOTO, YTO CpEAM HUX OKaXyTCs 2 OenbIX U | 4epHbIi map.

9. IOwnoma 32011 1Be nocneAHre HU(PHI TenePOHHOrO HOMEpa CBOEH 3HAKOMOW U TIOMHS
JIMILIb, YTO OHU PA3IUYHbl, HaOpasl ux Hayaauyy. KakoBa BEpOSITHOCTh TOTO, UYTO OHU
pa3ianuHbl, HaOpan ux Hayaady. KakoBa BeposiTHOCTh TOTo, YTO HOMEp Oynet HabpaH
IIPABUJIbHO?

IIpakTuyeckasi padora Ne 14

Tema 4.2: MareMaTnyeckoe OKUIAHUE
Henn:

Teopernveckasi 4acThb
3aKOH paBHOMEPHOTO paclpeAesIeHHs] BEPOATHOCTEN.
Pacnipenenenue BepoATHOCTEN HA3BIBAETCA PABHOMEPHBIM, €CJIM HA MHTEPBAJIE, KOTOPOMY

MMpUHAJICKAT BCC BO3MOKHBIC 3HAUCHUA CJ'IyLIaI‘/’IHOI\/‘I BCJINMYHUHEI, ):[I/I(I)(i)epeHI_[I/IaJ'IBHaSI (I)YHKI_II/IH
HUMECT IMOCTOSAHHOC 3HAYCHUC.

0,r < a,
flz)=4¢ C,a<zr<b, s _
D!birg —.{a fl:r:]dr_l, ¢ = EE;],:
ITycTtp T.K. TO
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‘.D

=
B

“l:l

= i__ﬂ,ﬂ{r{b,
O,r =b.

Ipumep. I[lokazaTensHoe pacnpeacieHue.

Pemenue. [lokazaTensHoe pacnpeaeacHue 3aaaercs coeil muddepeHuanbHol GyHKIneH

0,r <0,
f[I)={ de=N ;>0 TAC Ao,

+oo + oo 1] + oo teo
[ flz)dz =1. [ flx)dz = [ Ddz+ [ Ardr= (—e )77 =1.
— oo —oa — o0 8]

IIpoBepum, 4ToO

O,r < 0,
il = { 1—e .z =0

HpOIIOJDKI/ITe.HBHOCTI) CYHICCTBOBAHUSA PAAMOAKTUBHBIX YaCTHIL OIMMCBIBACTCA ITOKA3aTCIIbHBIM
pacupCaciICHUCM.

XapaKTepI/ICTI/IKaMI/I IIOJIOKCHHUA H.C.B., TaK XXC KaK U ,Z[PICKpCTHOfI, SABJIAOTCA MAaTEMATHYCCKOC
OXXHJaHUuEC, MOJla U MCJIaHa.

MaTteMaTH4YeCKHM 0KHIAHHEM H.C.B. Ha3bIBAIOT YHCIIO
+oa
M[X]= f rf(r)dz,
—0

f(z)

rac - INIOTHOCTb BEPOATHOCTHU, U IPCANIOIAracTCsa, YTO MHTErpajl CXOJUTCA a0COJIFOTHO.

Mopoii H.c.B. Ha3bIBa€TCS 3HAYEHHE C.B., IPU KOTOPOM TUIOTHOCTh BEPOSITHOCTH MaKCUMAaJIbHA.
MenuaHnoii 1.c.B. X Ha3pIBaeTCs Takoe e¢ 3HaueHue M ', uTo

P{X }=PB{X M}

OCHOBHBIMHU XApaKTCPUCTHKAMHU pACCCUBAHUA H.C.B. SABJIAIOTCA AUCIICPCUA, ACUMMCETPUA U
OKCIECC.

Nucnepcust H.c.B. D[ X | HaxoauTcs cieayronmm o0pa3om:
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+ oo + oo
DIX]= [ (- 2Pf(@)dz DIX]= [ #*f(apdz - M7[x]

M[(X — 1)%]
Ae = £3 — /
I R
ACI/IMMeTpI/Iﬂ - 9TO 4YHUCJIO rac o - CpCAHEC KBaApaTUIHOC

oTkJoHeHue c.B. X . Ecnu pacripenenenre CMMMETPUYHO OTHOCUTEIFHO MAaTEMaTHYECKOTO

E

&
oxxuganus, To A =0.

M[(X — I"Tl]
Ey=5-3=———1-"2-3.
=2 -
DKcueccoM C.B. X Ha3bpIBaeTCSA YUCIIO Yucno E

k
XapakTepu3yeT "KpyTocTh" KPUBOM IJIOTHOCTH BEPOATHOCTH 110 CPAaBHEHUIO ¢ KpuBoi ["aycca.

k k
st HopManbHOTO 3aKkoHa pacnpenenenus B = 0, ans octpoepunnnbix E- 0, mos monorux E
k

1) BBINOJIHUTH yHPaKHEHHS
2) JlaHo ciemyroliee pacrpeae/ieHue TMCKPETHOM CITydaiiHOW BETUYHHBI:

p 02 01 04 03
1. Haiitu ee JTUCTIEPCHIO u cpenHee KBaJIpaTUYHOE OTKJIOHEHHE.

2. B nmatu TOpProBhIX TOUYKAaX IpPOBEpsieTCsl roJloBoi OamaHc. BeposSTHOCTH MpaBUIBLHOTO
oopmuenus OanaHca B Kaxaol Touke paBHa 0,7. HaiiTu MaTemaTmueckoe OXHJIAaHHE U
JUCTIEPCHUIO MPABUIILHO OPOPMIICHHBIX 0alaHCOB.

3) Cayuaitnas BenmuumHa X 3ajiaHa IUIOTHOCTBIO BeposTHOCTU 2X B mHTepBaie (O, 1), «He
sToro uHTepBayia/(x) = 0. Halitu ee MaTemMarnueckoe 0XKUIaHUE U TUCTIEPCHUIO.

1. Cniyuaiinas BenuuuHa X sBJII€TCS HOPMaJIbHO pacrpeneieHHoi. Ee maremMatudeckoe
O’KHJaHHue paBHO 12, a cpeHee KBaJApaTUYHOE OTKJIOHEHHE paBHO 3, HaliTu BeposiTHOCTH TOTO,
4TO B pe3yJIbTaTe UCIBITAHUS Cly4yaiiHas BeIMYMHA IPUMET 3HaueHue B uHrepnaie (9, 11).

2. Cnyuaiinas BenuuuHa X sBJIIETCS HOPMAJIBHO pacnpenenacHHon. Ee MatemaTuueckoe

OKHJaHue paBHO 15, a BeposATHOCTD ee nomnaganus B uutepnai (16, 21) pasua 0,98. Haiitu
CpeHee KBapaTUYHOE OTKIOHEHUE CIIy4aiiHOW BEJIIMYUHBI
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Jlutepartypa:

OcHoBHasl JuTepaTypa:

1. AnmaroB A.B. Maremaruka [ DneKTpoHHBIH pecypc] : yuebroe nocodue mis CI1O / A.B.
AnmatoB. — DJIEKTpOH. TeKCTOBBIC NaHHble. — 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 3a/1a4 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

JlonoJIHUTeIbHAS JTUTepaTypa:

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

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

3. AxwmerranueBa B.P. Maremaruka. Jluneiinas anreOpa [DaeKTpoHHBIA pecypc]: ydueOHOe
nocobue/ B.P. Axmerranuesa, JI.P. l'ansyrauaosa, M.U. INansyTanHOB— DIEKTPOH. TEKCTOBEIE
nanHsle.— M.: Poccuiickuii rocynapcTBeHHbIN yHuBepcuTeT mpaBocyausi, 2017.— 60 c.—
Pexxum noctyna: http://www.iprbookshop.ru/65863.html.— 3BC «IPRbooks»

HNHuTepuer-pecypcesl:

e Tazera «Maremaruka» uzgarenbckoro goma «llepsoe
ceHTs0psi»http://www.mat/septemba.ru

e Maremaruka B OTKPBHITOM KoJUIeke hitp://www.mathematics.ru

e OOpa3oBaTesbHBIN MaTeMaTHUECKHiA caiiT Exponenta.mhtto://www/ exponent/ru

e OOGmepoccuiickuii MmaTreMaTrueckuii mopran Mati-Net/Ru http://www/mathnet/ru

e Ilopran Alhnath.ni —Bcst MmaTemaTika B OTHOM MeCTe.
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