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MeTonnueckue yka3aHus pa3padoTaHbl
B cooTrBeTcTBUU ¢ TpeboBanusimu ®I'OC BO

110 HaITPaBJCHUIO ITOATOTOBKHU

13.03.02 «21eKTpOIHEPTETUKA U DIIEKTPOTEXHUKA))

ABrop Kympnwaa TartbsiHa — AJsieKCaHAPOBHA, KaHIWUAAT  (HU3HKO-
MaTEeMaTUYeCKUX HayK, JOmeHT kadeapbl MHMDOPMANMOHHBIX TEXHOJIOTHUH,
AIEKTPOIHEPTETUKHU U CUCTEM YVITPABJICHUS

(vkazamv OHO, yuenyro cmenens, yueHoe 36anue uiu 00INCHOCMb)

Meroauueckue pekoMeHJauuu OoJ00peHbl Ha 3acedaHuu  Kadeapbl
HNubOpMallMOHHBIX TEXHOJOTUH, D3JICKTPOIHEPTETHKU M CHCTEM YOPaBICHUS
(mpotokon Ne 10 ot 14.05.2022 1.).




1. Heab pacyeTHO-rpauuecKoii padoThl - BEISIBUTH 3HAHUS CTYJIEHTOB
METOA0JOTNYECKUX OCHOB TOD, yMEHHE IPUMEHATH 3TH 3HAHHUS B
aHanM3e SBJIEHUU, NPOU3BOJIUTH PACUETHI, IPUBUTH O0YUYaIOIIAMCS
HABBIKU CAMOCTOSITENIbHOM PabOThl C MPUMEHEHUEM MaTEeMaTUIECKUX
meronoB TOD.

B xoze BbImosiHeHUs pacueTHO-Tpadudeckoit paboThl 00yJarOIIHICS JOKEH
OPOSIBUTH YMEHHE CaMOCTOSITENbHO paboTaTh ¢ yuyeOHOM U Hay4yHOHU
MaTeMaTUYECKOW JINTEPAaTypOi, MPUMEHATh MATEMAaTHYECKYH) METOJIOJIOTHIO B
aHaJIu3€ KOHKPETHBIX [JAHHBIX, YMETh BBIUYHUCIATH MPEAEIbl, HAXOIUTh
IIPOU3BO/IHBIE, HAXOJUTh UHTETPAJIBI.

PacuetHo-rpaduueckast pabota 10J1Ha ObITH BBIIIOJHEHA U MPEJCTaBIE€HA B CPOK,
YCTaHOBJICHHBIN TpaprikoM yuyeOHOro npouecca.

BoinosiHeHue pacyeTHO-rpauuecKoil padoThl BKIIOYAET  CIIEIYIOLIUE
JTaIbI:

O3HAKOMJICHHE C TMPOrpaMMON NUCUHUILUIMHBI «Martematnueckue OCHOBbI TOD»,
METOJMYECKUMHU PEKOMEHJALMSIMU 1O BBIIOJHEHUIO PacyeTHO-TpaduyecKon
padoThI;

npopadoTKa COOTBETCTBYIOIIMX pa3JE€IOB METOJOJIOTMM MAaTeMAaTHKU IO
PEKOMEHIOBAaHHOM y4EOHOU JTUTEpaType, KOHCTIEKTaM JICKITUH;

BBIIIOJIHEHHUE PACUYETOB C IPUMEHEHUEM OCBOEHHBIX METOJIOB;

3aBepiieHHass pa0oTa TPENCTaBIsAETCA Ui TPOBEPKH Ha  Kadeapy
IPENOAABATENI0 B YCTAHOBIIEHHBIE Y4eOHBIM rpapukoM cpoku. Cpok IpOBEpPKU HE
O6onee 5-7 nueit. llpemomaBarens MpOBEpSET KadyecTBO palbOThl, OTMEYAET
MOJIOKUTENIbHBIE CTOPOHBI, HEIOCTATKU pabOThl M oneHUBaeT ee. OOyyaromuecs,
HE MOJArOTOBMBIIIME PACYETHO-TpaPUUECKyto padoTy, K 3a4eTy HE JOIMYCKAOTCS.

2. Bbi0op BapuaHTa U CTPYKTYpa pacueTHO-rpaduyeckoii padoThl
3amaHus AJi1 pacyeTHO-rpaUUeCKUX padOT COCTABISIOTCSA IpeNnojaBaTelieM,
KOTOPBIN BEJET NaHHYIO TUCUHUILIMHY, U YTBEPKIAIOTCS Kadenpoil.

Howmep BapuanTa pacueTHo-rpaduyeckoi paboTsl BbIOMpAETCs: 00y4aroIIMMCs
1o nocieAHei uudpe B mmdpe HoMmepa 3a4eTHOW KHMKKU. Tak, Hanmpumep, eciu
nocienHss mudpa mudpa 1, To 00ydaronuics BRIMOTHIET pacdeTHO-TPahUIECKYIO
paboty no BapuanTy Ne 1.

[Ipy  BeIMONHEHWHM  pacyeTHO-Tpaduueckoir  pabOTel  HEOOXOIUMO
IPUJIEPKUBATHCS CIEAYIOMIEH CTPYKTYPBI:

e TUTYJIbHBIN JIUCT;

o BBEJICHNE;

e PacyeTHas 4acTh;

o 3AKJTIOYECHUE;

o CITUCOK MCIIOJIb30BAHHOM JIUTEPATYPHI.

TuTyabHBIA JIMCT SIBASETCS TEPBOM CTpaHUIICH pacueTHO-TpadruuecKou
pabotel. Obpaser ero opopmienus npuseseH B [Ipunoxenun 1.



Bo BBeaeHum cojepkarcs o0IIMe CBEICHUS O BhINMOJHEHHOW padorte (0,5-1
c.).

B pacueTHoii yacTu 00yyaromuiics OJDKEH MOKa3aTh YMEHHE MPUMEHSThH
MateMatnyeckue Meroabsl TOD pacyeToB, pacCUMTHIBATH HEOOXOAMMBIEC JTaHHBIE,
JienaTh Ha UX OCHOBE apIryMEHTHPOBAHHBIE BBIBOJIBI.

YcnoBus 3aad B pacuyeTHOW YaCTH JOJIKHBI ObITh HMPUBEIECHBI TOTHOCTHIO.
Pemenue 3agau cneayer cCONpoBOXKAATh PA3BEPHYTHIMHU PacUeTaMH, CCbUIKAMHU Ha
MaTeMaTHUYeCKue (OpMyJibl, aHAJIM30M M BBIBOJAMHU. 3a/layd, B KOTOPBIX JaHbI
TOJIBKO OTBETHI 0€3 MPOMEKYTOUHBIX BBIYMCICHUHN, CYUTAIOTCS] HEPEIIEHHBIMH.

Bce pacueTsl OTHOCUTENBHBIX MOKA3aTENed HyKHO MPOU3BOAUTD C MPUHATON
B MaTEeMaTHKE TOYHOCTHIO BbIUKCIeHUH: Koadduunentsl — 10 0,001, a mporeHTs —
1o 0,1.

Crnenyer obpaTtuTh 0co00€ BHHUMAHHUE Ha BBIBOJbI, KOTOPBIEC JOKHBI OBITH
000OCHOBaHHBIMH, TOJITBEPKAATHCSA MPEABAPUTEIBHBIM AHAIM30M IU(POBOTO
Marepuana.

B 3akiroueHum pacuetHo-rpaduueckor padotel (1 c.) B kpaTkoi ¢dopme
PE3IOMUPYIOTCS PE3YJIbTaThl pa0OTHI.

[Tocne 3akar0YeHUs] MPUBOJUTCS CIUCOK JIMTEPATYPhl, BKIIOYAIOIINI TOJIBKO
T€ HWCTOYHHKHU, KOTOPbI€ OBUIM HCIIOJIB30BAHBI IPU BBINOJHEHUU PACUYETHO-
rpaguueckoil paboThl U HA KOTOPhIE HMEIOTCS CChUIKM B TEKCTE PaOOTHI.

[Tpu onucanuu aUTEpaTYpPHBIX HCTOYHUKOB HEOOXOIUMO yKa3aTh:

o haMUJIMK U UHULIHAJIBI aBTOPOB;

 HA3BaHUE KHUTH, COOPHUKA, CTAThU;

e MECTO M3aHUS;

e U3/1aTEJIBCTBO;

o TOJI U3JIAHUS;

¢ KOJIMYECTBO CTPAHUIl WM KOHKPETHbIE CTpaHUIlbl (IIOCJIEIHUE B CiIyyae
CCBUIKM Ha CTaThIO WM CTATUCTUUECKUN COOPHUK).

CranpapTHblid  ¢opMar oOmNMCaHUS MCTOYHUKOB TIPUBEAEH B  CIIUCKE
JUTEPATYPHI.

3. TpeOoBanusi k opopMiIeHHI0 pacuyeTHO-TpaduvecKoi padoThI

[Ipu  odopmienun  pacuetHo-Tpaduueckor  pabOTBI  HEOOXOIUMO
PYKOBOJCTBOBATHCA CIIEIYIOIIMMH TPEOOBAaHUSIMU:

1. O6bem pabotel — 10-15 crpanuIy TekcTta Ha CTAaHAAPTHBIX JIMCTAX
dbopmara A4, HaOpaHHBIX HA KOMIBIOTEPE C WCIOJIB30BAHUEM TEKCTOBOTO
penakTopa WIM BpPyYHYIO (TTMCBMEHHO), TAaOJMYHOTO TMPOIECCOopa WIH APYTHX
pOTrPaMMHBIX cpeAcTB (pasMep mpudra — 14 myHKTOB, HHTEpBaI — 1,5).

2. CrtpaHuilbl JOJDKHBI OBITH MPOHYMEPOBAHBI U UMETh IOJISI ClieBa U
CIIpaBa HE MEHee 25 MM JJI 3aMEUYaHUM MPENoJaBaTeNsI-KOHCYIbTAHTA.

3. B TekcTe He T0JKHO ObITh COKpAIIEHHH CIIOB, KpPOME OOIIETPUHATHIX.

4, Bce npoMexyTouHble JaHHBIE MPOBOJMMBIX PAaCUETOB U PE3YJIbTATHI

CICaAyCT NpCACTABJIATh B AIBHOM BH/C.



S. Bce Ta0auiisl JOJKHBI KMETh CKBO3HYIO HyMepauuto. [IpuBeneHnbie B
pabote mmmoctpanuu (rpaduku, AUAarpaMMbl) AODKHBI MUMETh MOJIPUCYHOUYHBIE
MTOAIHUCH.

6. OnucaHue JIUTepaTypHbIX UCTOYHUKOB BBIMOJIHAETCS B COOTBETCTBHUU
CO CTaHJAPTHBIMHU TPEOOBAHUSIMU, IPUBEICHHBIMU B MPEABIAYIIEM pa3Jee.

4. Teopernueckuii MaTepuaJ U NPpUMePbI pelleHusi 3a1a4

MaTpuubl ¥ onepauyuu HaJi HUMHA

Cnooicenue (8viuumarnue) mampuy OIMHAKOBOTO pa3Mepa MPOU3BOIUTCS

IIORJIEMEHTHO.
C=A+B,c; =3a; +b,

Ymnoorcenue mampuyvl HA YUCl0 — KEDKI[BIIZ 9JICMCHT MAaTpPHIIbl YMHOKACTCA

Ha 3TO 4YHUCJIO.

A=B,a, = b,

i

Ymnoorcenue mampuyer Ha mampuyy ONPEAEIEHO, €CIU YUCIO CTOJNOLOB
IIEPBOM MAaTpHUIlbl PABHO YMCIY CTPOK BTOpOM Martpuubl. [IpousBenenuem
AJIEMEHTBI KOTOPOU

mMaTpunel A Ha B, Ha3bBacTca marpuna C

mxn mxp 2

BBIYHUCIISIFOTCS TIO (hopMyIIe

Cy = ayby, i=1m, j=1,

k=

3amMeHa KaXJ0W CTPOKM MATPHUIBI €€ CTOJOIIOM C COXpPaHEHHUEM IOpPsIKa
Ha3bIBACTCS MPAaHCHOHUposanuem. TPaHCIOHUPOBAHHASA MO OTHOUIEHUIO K

MaTpuIle A MaTpuIia o0o3HadaeTcss A'.

IIpumep. Haittu matpuity C = 2A+B', Tae



2 3
1-3 0
A= 1 0|B= .
61 5

31

-2 3 1 6 -4 6 1 6 -3 12
Pewenue. C=2A+B'=2-| 1 0|+|-3 1|=| 2 O|+|-3 1|=|-1 1|

-3 1 0 5 -6 2 0 5 -6 7

Ilpumep. Haiitu ipousBeieHuE MaTPUIL

Pewenue.

~2 3 ~2.143-2 -2.(-3)+3-4) (4 6
AB- ( J

1-3
» 4|7 1-1+0-2 1-(-3)+0-4 |=| 1-3}
-3 1 -3-1+1-2 -3-(-3)+1-4 -1-5

Onpenenurenu

Kaxnoli kBagpaTHOW MaTpHUIIE MOXKHO MOCTAaBUT B COOTBETCTBHE YMCIIO,

Ha3bpIBACMOC€ Onpe()eﬂumeﬂeM.

Onpedenumenb MaTPUIILI 8MOPO2O NOPAOKA BEIYUCISIETCS 10 (hopmyJie

a'll alZ

A=A, =detA=

=318y — a3y
21 22

Onpedenumens MaTpullbl mpembe20 HOPSAOKA BBIUUCISAETCA IO HPABUTY

mpeyeonvHukos unu Capproca



a; 8 ag
|A| =A; = detA= Ay 8y Ay = ay;8,85 85,885 + 838,385
Ay 8y Qg

- a133-223-31 - a-118-233-32 - a12a21a33'

Onpedenumensy MaTPULIBl 8MOP0O20 NOPsIOKA BBIYUCISIETCS 00Jee CIIOKHO.

MoskHO TpUMEeHUTH TeopeMy Jlaraca.

Teopema Jlannaca. Onpenenutens KBagpaTHOW MATPULI PABEH CyMMeE
IPOU3BENICHUH AJIEMEHTOB KaKoW-TuO0 CTpOKM (cTosiOna) Ha MX anreOpanyeckue

JTOTIOJTHEHUS.
(A =detA=>a,A,.
=i

Onpedenumens  mpeyeonvhoti  (IUMaroHaJIBHOM) ~ MaTpUIlBl  PaBEH

IMPOU3BCACHHUIO JUAroHaJbHbIX 3JICMCHTOB.

3-1-1
Ilpumep. Bpuncnuth omnpeaenuTens Martpuubl A=|-3 1 5 |: a) 1o
2 -2 4

MPaBWIY TPEYTOJHHUKOB; 0) C MOMOIIBIO AIre0panyecKux JTOMOJTHEHUH.

Pewenue. A)

A=314+(=1)-(-3)-(-2) +(-1)-5-2~(~1)-1:2-3-5-(=2) = (-1) - (=3) -4 =
=12-6-10+2+30-12=16.

0) Haiinem anreOpandeckue JOMOTHEHUS 3-i CTPOKH.

Ay = (_1)3+1

. j=(—1)-5—(—1)-1=—4, Ay = (-1

3 -
- 5“=—(3-5—(—1)-(—3))=—12,

A33 = (_1 .

S 31 (1.(3)=0
4 j— 1-(-1)-(-3)=0.

Toraa no Teopeme Jlamaca

|A=detA=ay, A, +a,A, +a,A; =2-(-4) +(-2)- (-12) + 4.0 =16.



Panr MmaTpuubl

OoparHas maTpuua

KBaI[paTHaH MaTpHlla HA3bIBACTCA H€6blp09f€0€HHOﬁ, CCJIM €€ OIIPCACIINTCIIb

OTJIMYCH OT HYIJIA.

Obpamnoti mampuyeti A i1 MaTpUIlbl A Ha3bIBACTCS MaTpPHIA, IS

KOTOPOM CITPaBEAJIHUBO paBEHCTBO A'-A=A-A' =E, rae E - ¢AMHUYHAS MaTpUIa.

O 6p aTHasd MaTpula Al OIIpCACIICHA TOJIBKO JJIA KBaApPaTHBIX

HCBBIPOKACHHBIX MATPHUI[ U MOXKCT OBITH BEIYHCIICHA I10 (1)0pMy.TI€

1
At=—(A ).
Flal

Teopema o panze mampuysl. PaHT MaTpHIIbl pABEH MAKCUMAJIBHOMY YHCITY €€

JMHENHO-HE3aBUCUMBIX CTPOK WJIM CTOJIOIIOB.

IIpumep. Haiftu matpuily, OOpaTHyIO K MaTpHULIe

2 1-1
A=|5 2 4].
7 34
Pewenue.
2 1-
I cnocob. Haxomum omnpenenutens MaTpumsl |A=5 2 4|=-1#0. 3HauuT
7 34
MaTpHIla IMEET OOPaTHYIO.
2 1-11 0 O

(AE)=|5 2 4/0 1 0
7 3 40 01



[IpubGaBum K amemMeHTaM 2-M CTPOKH, YMHOXXEHHOW Ha 2, 3JEMEHTHI |-
CTPOKHM, YMHOKEHHOM Ha -5, a K 3JeMeHTaM 3-i CTPOKH, YMHOKEHHbIM Ha 2,

AJIEMEHTHI |- CTPOKH, YMHOKEHHBIE Ha -7. [Tomyuum

-1.
2 1-1 100
0-1 13-5 2 O
0 0 2|-2-2 2

K 1-i1 cTpoke, yMHOKEHHOM Ha 2, mpubaBuM 3-10, a K 2-i1, yMHOKEHHOM Ha 2,

3-10 CTPOKY, YMHOKEHHYIO Ha -13.

4 2 0 0-2 2
0-2 0| 16 30-26
0 0 2/-2-2 2

Ci10xuM 37eMEHTHI 1-i 1 2-11 CTPOK.

4 0 0 16 28-24
0-2 0| 16 30-26
0 0 2/-2-2 2

[Tonenus 1-10 cTpoky Ha 4, 2-10 —Ha -2, 3-10 — Ha 2, cripaBa OT YePThI OJTYYUM
MaTpHILy OOpaTHYIO JUIsl HCXOAHOM.
4 7 -6

A'=|-8-15 13
-1 -1 1

[IpoBepsieM paBUIBHOCTH BEIYUCICHHH 1O (opMyIie

Al A=A-A'=E.



2 cnoco6. Haxoaum anredpandeckue JOMOTHEHUS BCEX JIEMEHTOB MATPHUIIBL.

1+124__ (L 1+254_ o 132 2_
A11:(_1) 3 4‘— 4, A12_( l) 7 4‘—8, A13_( 1) 7 3‘—1,
2+11_ _ o n\2+2|C T _(_ 2+321_
A21=(—1) 3 :‘— 7, Azz—( 1) 7 41‘—15' Azs—( l) 7 3‘—1,
_ 1 3+ll_ _ 6 _ 1 3+2 - _ 13 _ 1 3+3 2 1 _ 1
Asl_(_) zi-‘_ ’ASZ_(_) 541‘__ 1A33_(_) 52‘—_.

[ToncraBum HalIeHHBIEC 3HAUEHUS JOTIOJIHEHUH U ONpeIeNuTeNs B PopMyITy

1
At=—(A ).
Fhal
[Tomyunm
4 7 -6
At =-8-1513]|.
-1 -1 1

Cucrembl IMHENHbIX anrebpanyeckmux ypaBHeHU

Cucmema M JUHEUHBIX aﬂee6pauqec1<ux ypaenenuﬁ ¢ N HeuszeecmHviMu

MMEET BU]T

a; X, +a,X, +..+a,,X, =b,

1n*n

Ay X, +8,X, +..+ 8,5, X, =h,,

Ay X + Xy +ot A, X

n = ¥m?
rae  a; -Kod() ULUUEHTHI IPU HEU3BECTHBIX, b, - CBOOOIHBIC YJICHBI.

OcHoBHbiMM  MeTomamu pemenuss CJIAY  gensarores merox [aycca,
MaTpu4HbIA MeTo U npaBuiio Kpamepa. Meron I'aycca npumenuM 1u1s pemeHus

moboii CJIAY, B To Bpems kak MeTosl Kpamepa u MaTpU4HBIM METOJ] MOTYT OBITh



HCIIOJBb30BaHbl TOJIBKO OJIs1 PEHICHUA CUCTEM C KBaﬂpaTHOﬁ HGBBIpO)K,Z[CHHOﬁ

MaTpULIEN.

Hnst pemenuss memooom [laycca COCTAaBISIIOT PACHIMPEHHYIO MAaTPUILY
CUCTEMBI, KOTOPYIO 3aTEM C MOMOIUIBIO 3JIEMEHTAPHBIX MPeoOpa3oBaHUI MPUBOASLT
K CTyneH4aroMy Buiy. [1o momy4eHHOI MaTpuile BBIMUCHIBAIOT HOBYIO CUCTEMY U

pemaroT €€ METOJ0M HCKIIIOYCHUA IICPCMCHHBIX.

Pemenne cucreMbl mampuuneiM MemoooM WM MemoOOM O0OpaAmHOU

mMampuysl Onpenensercs no Gopmyie

X=A"B.
I1o popmynam Kpamepa -
A,
X; = XJ

rae A- onpeaciauTesib CUCTEMBbI, A j - OOPCACIUTCIIN, ITOJTYYCHHBIC U3 OIIPCACIMTCIIA

CHCTEMBI 3aMEHOM |-TO CTOI0LA Ha cTOIOEI] CBOOOIHBIX YICHOB.

Ipumep. Peuts CJIAY: a) matpuuabsiM MeTOZ10M; 6) MeTomoM Kpamepa; B)

MeTonoM ["aycca
X + X, + X3 =3,

2X, — Xy + X5 =2,
—3X, +2X, + X; =0.

Pewenue. A) Matpuiia cucTeMbl UMEET BUJT
111
A= 2-11
-3 21

X 3
X=| X, |- cTOJIOEI] HEU3BECTHRIX, B=| 2 |- cTOI0€EI] CBOOOIHBIX YWIEHOB.
Xq 0



Omnpenenurens cucteMbl A =-7 = 0. OOpaTHast MaTpuiia
3-1-2
L1
At=—l 5-4-1
-15 3
ITo popmyme
1 3-1-2
X=A"B=C| 5-4-1
-15 3
CrnepnoBatenbHO, X, =1 X, =1, X, =1.

B) Bprauciaum BcnomMoraTenbHbIC OIIPCACIINTCIIN

311 131
A=2-1 1==7,A,=| 2 2 U=-7,A,=| 2-1 2/=-7.

0 2 -3 0 -3 2

A, -7 A, T A, -7

B) BeimumeM pacuimpeHHy0 MaTpHILy CUCTEMBI

1113
2-1 1)2|.
-32 10

[IpuBenem ee k cryneHuaToMmy Buay. i 3TOro npubaBuM K 3JIeMEHTaM 2-i
CTPOKH 3JIEMEHTHI |-l CTPOKH, YMHOKEHHBIE Ha -2, a K DJIEMEHTaM 3-i CTPOKH —

AIIEMEHTHI |-i CTPOKH, YMHOKEHHBIE Ha 3.

111]3
~3-1]-4
054|9

[TpubaBum K 3-i CTpOKE, YMHOKEHHOU Ha 3, 2-10 CTPOKY, YMHOKEHHYIO Ha 5.



Pacmmpennas MaTpuua IIpUBEIEHA K CTYIIEHYaTOMY BULY.
CooTBeTCTBYIOIIAs €l CUCTEMA UMEET BUJ
X+ X, + X3 =3,

—3X, — X, =4,
Xy =1.

. 7
3 MOCJICAHCTO YPABHCHUSA HAUIACM X, :7:1, N3 BTOPOIro YypaBHCHUA

4-—x 4-1
X, = 3 3 =5 =1, ¥ U3 IEepBOro X, =3—X, — X, =3-1-1=1.

BekTopHas anredpa
Onepauuu HaJX BEKTOPaMH
CxajisipHOe IpOU3BeeHHE BEKTOPOB

Bexmopom  Ha3bIBaIOT  HANpaBJICHHBIA  OTPE30K, KOTOPBIA  MOYKHO

niepeMeIaTh mapauieabHo camomy cede.

BekTops! 3, b Ha3BIBAIOTCS JIUHEHO-He3A6UCUMBIMIU, ECITN Aa+ /125 =0
< A, =4,. B IpOoTUBHOM cily4yae, OHU JINHENHO-3aBUCUMBI.

Jlmunoti (mooynem) eekmopa Ha3bIBACTCS JJIMHA OTPE3Ka, M300pakaroliero

BekTop. [ymHa &(x,y) omnpezensercs mo Gopmyse d =/x° +y?.

BCKTOpBI Ha3bIBAXOTCA KOJIUHeaApHbiMU, CCIIN JICKAT Ha 0,HHOI>'I HpHMOﬁ nJIn

Ha MapaJuICJIbHBIX IIPAMBIX.

BCKTOpBI Ha3bIBAIOTCA KOMNIAHAPHbIMU, €CIIN JICI)KAT B O,Z[HOI>’I IIJIOCKOCTH HUJIN

B IapaJlUICJIbHBIX ITJIOCKOCTAX.

JIvHEeNHBIMH ONEpalrsIMU C BEKTOPAMU ABJISFOTCS:



1) cnoxeHne: a+b = (X, Y, 2)+(Xy, Y1 Z,) = (Xg + X0 Yy + Vo0 2y + Z,)
2) YMHOXXEHHE Ha YUCIIO A3 = A(X,, Y, Z,) = (AX, AY;, AZ,).

Vrabl HaKJIOHA d K OCSAM KOOPpAWHAT HA3bIBAOTCA HAnpasIAouumMu

KOCUHYCAMU.
X z
cosg=—on— cosﬂzé, oSy = —o—
X2 +y*+7° X2 +yi+2z? X2 +yi+27°
npuYeM

cos® o +cos’ f+cos’ y =1.
IIpoexyueti 6ekmopa & Ha OCh | Ha3BIBAETCS YUCIIO
i6,d =a|cos g,
i€ ¢ - YroJl HaKJIOHA BEKTOpa d K ocH |.
Cranspuvim npouszeeoenuem a,b Ha3bIBAETCS YUCIIO
(a,b)=a-b :|§|-‘5‘-COS¢).

B xoopaunaTHO# popme

(@,b)=a-b=xx,+y,y, +22,.

Veon medncoy eexkmopamu &b onpenensercs mo Gopmyie

jabl]
(SN

CoS@ =

jsbl]
o

Ipumep. Haitt nvny d = d+b +C ¥ pasnoxkurs ero 1o &, b , ecu

a=(3-1),b=(1-2),c=(-11).

Pewenue. Haiinem xoopaunathl d =3 +b +¢ = (3-1) +(1L-2)+ (-1 1) = (3-2).



JlnnHa BekTopa d = /X% + y? = /32 +(-2)% =/13.

Pasnoxute 1mo &, b- 3HaumT, NpeAcTaBUTH B Buae d=ca-d+A3-b. Jlua

ONPEACICHUS «, [, 3alUIIEM B BUJIC

a-G-1)+f-1L-2)=(3-2)

WJIn
3o+ =3,
—a-2p=-2.
4 3 - 4_ 3-
Pemus cucremy, nosiyuum a:gﬂ:g,TO €CTh d :€a+gb
Ilpumep. Halitu yroan Mexay BEKTOpaMHU a+b wu d-b, ecmm
~ T
d=4,b=3p=—.
=4 6=3.0-
~ _ =2 |7)?
(@+b)(@-b) " ~Jp]

Pewenue. cosp =

a+b|fa-b| \/|a|2 +2(a,b)+fp| .\/|a|2 ~2(a,b)+]p|’

47— 32 7

\/42+2-4-3-cos§+32 -\/42 —2-4-3-c05%+32 V37413

BeKTopnoe H CMCIIAHHOC IIPOU3BCICHUA BCKTOPOB

Bexmopuwvim npouseedenuem @,b Ha3bIBAETCS YUCIIO
[é, 5]: axb :|é|-‘5‘-singo.
B xoopaunaTtHOM hopme
i ]k

[é,ﬁ]zéxﬁle Y, Z |

Xy Y2 2,



IInowaov napannenoepamma, MOCTPOEHHOTO Ha BEKTOpax d W b paBHa

MOJYJIIO UX BEKTOPHOTO ITPOU3BCIACHMA.

IInowaos mpeyzonvHuka, TOCTPOCHHOTO HA BEKTOpax a U b paBHA MOJIOBUHE

MOAYJII UX BCKTOPHOI'O ITPOU3BCACHU .

Cmewiannvim npouszsedeHuem a, b, € Ha3BIBAETCS YHCIIO

Xl yl Zl
abC=\x, Yy, z,|.
X3 y3 ZS
Obvem napannenenuneda, TMOCTPOEHHOTO Ha &,b,C, paBeH MO0 HX

CMCHIAHHOI'O IIPONU3BCIACHUA.

IIpumep. Haiitm BekTOop d, OPTOrOHambHBIA & =(1,2,3),b =(-7,0,2), mis

KOTOpPOT'0 CKISIPHOE TTpou3BeieHue ¢ € = (1,1,1) paBHO 3.

Pewenue. VIckoMblil BEKTOp KOJUIMHEAapeH axb. CienoBaTenbHO, OH paBeH

A(@xDb).
i j ok
6, 6]=axb=| 1 2 3 =(4-2314).
-7 0 2
Torga d = (44,-234,141).
J-E=4ﬂ~1—23/1-1+14/1-1=—5/1=3,/1=—§:>CT=(—E,@,—EJ
5 5'5' 5

5. 3apanus pacuéTHo-rpaduyecKoi padoThbI.

3apanuel. /Tansl Mmatpunsl A u B. Haligute matpuny C.

2 35 1-2 1
1. A= ,B= ,C=2A+3B.
1 2-4 4 3 2



9-11 6 3
4. A=|7 -3 | B=|0 2|,C=A+2B.
0 -2 1-8
5 1
~2 1-5 t
5. A= ,B=|3 0|, C=2B-A".
4 3-2
4-2
—4 2-1 0 -2 1
6. A=|-1 0-2|B=|5 1 3|C=(2A)' +B.
310 2 01
3-1
~210 t
7. A=|6 8| B= ,C=A+2B".
-7 1-2
03
21 6 3
8. A=| 5-7 [|B=|0 2| C=2A"-B.
4 3 1-8
-3 2-11 2 -2 1
9. A=|-1 2-2 |B=|1 1 18 |,C=(12A)' -B.
3117 2 01
2-16 6 3
10. A=|6 -3 | B=|10 2| C=A+15B
0 -2 1-8

3apanue2. Haiinure npousBeieHre MaTpull A- B WM 3HAYEHHUE MAaTPUUHOTO

MHorowieHa. CyllecTByeT Jii pou3BesieHrue B- A?



N M -

- < W0
Il

1. A=1 -1 2),B

)

11

6. f(X)=2x>-5x+3,

|

3-2
7. f(x)=3x"+2x-5,

G 12}8:(1 4

X3 —7x%+3,

8. (%)

12x2 +5x+3,

9. f(x)



-6 3 5 37-11
~10 1/ \12 4 )

|

3apaHue3.BbIUNCINUTh ONPEICITUTEb.

%.

1 01

1

1

1J_

1.12-1

2.2 1 2.

3.12-1

5.0 3 0.

1-4

1111
1 212

3131

0110

311 4
0 410 1
17 7 3°
2 24 3



1 0 41

3211

310 1|
0 410

1 511

01 3 2°

0 010

1210
9

3041

3 811

10.

0 3 0 1|

0 450

A. Cpenaiite

3ananmed4. Haiimure oOpaTHyI0 MaTpuily JUisi MaTPHIIbI

IIPOBEPKY.

D O 0
N — <
o o
— N g — N 4 N
[ ~ o «
N 4 o N O — o «

_ N o N ™
N N | — < ™ N A |
N—e N—— N—0 N—e N—

Il Il Il Il Il

< < <C < <

— ~ %) < 7o)



5 3-6
6. A=| 2-1 0 |
-1-2 3
1 3-1 2
7.A={2-1 3 5 |
110-6 1
1111
121 2
8. A=
3131
0110
8 3-8
9. A=| 20-1 0 |
-1-2 3
13 3-1 2
10.A=|2-12 8 5
110-6 19

3ananmeS. Pemuth cucteMy TUHEHHBIX alreOpandyeckux ypaBHEHUN TpeMs

CII0CO0aMU:
-meroaoM ['aycca

-no popmynam Kpamepa

-CpeaACTBAaMH MAaTPHUIHOT'O HCUNUCIICHUA

X+y+2z=-1 X+3y+4z=3,
1. <2x—-y+2z=-4, 2.92x—-y—-z=1,
4Xx+y+4z=-2. X+2y+3z=5.
2X—-4y+17=3, X+3y—z=4,
3. {x-5y+3z=-1, 4.{-x+2y+3z=12,
X—y+z=1. 2X+y—-z=1.




SX—-y+z=-17, 4x—-y—-27=-3,
5.{x-3y+2z=-11, 6.{x+3y+3z =4,
2X+y+z=0. —-X+2y—-2=5.
3X—y+2z=-16, X—y—2=-3,
7.42x -3y +2z=-11, 8.4X+2y+3z=-4,
2X+y+2=0. —-X+2y-z=1.
X+y+z=-] X+y+4z =1
0. :6x—y+2z=-4, 10.{2x+y-z =1,
2X+y+4z=-1. X+2y+3z=5.

3aganmne6. Haiitn nuHeliHy10 KOMOMHALKUIO BEKTOPOB.

|

. 33+4b-C,rae da=(413),b=(12-2),¢ =(10,81).

2. 2a+30+4¢,Tae 4 =(1,2,0),b = (2,11), € = (-1,1-2).

3. (8,b)c+3(b,6)b, rme d =(4,13),b =(1,2,-2), ¢ =(10,8,1)

4. 43+19b —¢, e a=(2,—4,3),b =(10,-5,— 2), € = (187,8,1).
5.183+3b+7C, Tae 4 =(-6,2,0), b = (54,1,1), € = (-90,1,—2).

6. (a,b)c +13(b,C)b , rae a =(45,-9,3),b = (1,2,—2), € = (131,9,1).
7.133+6b—¢, rme a=(-10,1,9),b =(1,7,-2), ¢ = (10,5,1).

8. —5a+4b+4¢, tae d=(-7,2,0),b = (-5,11), ¢ = (-1,1,-2).

9. 2(a,b)c +7(b,¢)b, roe a=(4,-8,3),b =(90,2,—2), € = (10,8,1).
10. 1453 +19 —¢, rue & =(-4,—4,3),b = (113,-5,—2), € = (17,3,1).
3aganme7. HailTu ckansipHOe NPOM3BEACHUE BEKTOPOB U YTOJ MEXKIY HUMHU.
1. da=(0,4,-3),b=(-122).

2.d4=(21-2),b=(0,—2-3).



3.4=(413),b=(2-2).
4.a=(120),b=(211).
5.d=(413),b=(2-2).

6. a=@14,-7),b=(-122).

\l

. a=(10,1,-5),b =(3,-2,-3).
8. a=(-14,11,3),b = (3,2,- 2).
9. a=(13,2,0),b = (24,1,1).

10. a=(51,1,-3),b=(1,2,-2).

3aganue8.

1. Tansl Toukn A(2,-1,4), B(4,0,2). HaliTu Monynp U HampaBJ€HUE BEKTOpA

AB

2. Haiitu \za+36 ,ecnu d = (1.5,0,—4), b = (0,0,4).

3. Ilpy kakoM 3Ha4YeHMHM N BEKTOpbl a=(3,-21) Hu b =(n,4,0.5)
OPTOTOHAJIbHBI?

4. Haiitn (¢,d), ecnim C=5a+b,d=4a-b,[d=2 ‘5‘ =3, a yrojx Mexmy
BEKTOpaMM 4 U b 120°.

5. Berunenurs |¢|, ecnu € =5a-2b,|d =3, ‘5‘ =4, a yroJl MeXK1y BEKTOpamu a
nb 60°.

6. Berancnuthb (a' —~ 5)2 , ecm |d] = 242, ‘5‘ = 4, a yron MexIy BeKTopaMu d U b
135°.

7. Hahtm BHemHMM yroad B B TpeyroabHuke ABC, ecnu

A(2,-14), B(4,0,2), C(2,—3,1).



8. HaiiTu yros mexnay BEKTOpamu a+b u a-b, ecin |é| =1 ‘5‘ =6, a yroi

MEXAY BEKTOpaMH d U b 60°.

9. Haiitu ¢ =2a,d =b-4,|c], ‘(ﬂ d2, (¢, d), yron Mexay BeKTopaMu ¢, d , ecliu

a=(2,-1,-2),b=(8-4,0).

10. IToctpouts mnapamienorpaMMm Ha BekTopax OA=(1,10),0B=(0,-31).

OHpCIICJII/ITB Juaro”Haiid 1 uX NJINHBI.

3aganue9.

1. Beruucaurth lE d J, ecnu

c=a-3b,d=-2a+b,a=(-10,3),b =(112).

2. Haiitu ‘[E,J], ecnu C=4a-2b,d=-a+3p,|d :‘6‘ =2, a yroi Mexmy
BEKTOpaMK d U b 30°.

3. Brrancnuts IJIOLIA(b TPEyroJIbHUKA ABC, eciu

A(2,-2,3), B(-3,—-6,0), C(4,—-3,—-1).

4 Jlexar mu Toukum A(2,-1-3), B(-4,1,-2), C(0,—6,3), D(-12,—2,5) B OJHOH

IJIOCKOCTH?

5. Jlexar mm Touku A(l,-2,3),B(0,1,0),C(12,-1),D(4,-1,7) B OJIHOHU

TJIOCKOCTH?
6. HalitTu cmelianHOe TPOU3BEICHUE BEKTOPOB a= (2,-2,6), b= (-6,6,3),
fi=(3,-25) .

7. Haiitu 06bem TeTpaspa ABCD, BBICOTY BP, TIJIOMIAIU TPaHEH TeTpasapa,

ecin A(L,—3,—5), B(-1,2,—4), C(0,0,— 2), D(-6,~1,— 2) .



8. Haiitu 00BbeM TeTpasipa ABCD, BBICOTY BP, MeAMaHbl TpaHeH, IIIOIaan

rpaHeu TeTpasapa, ecim A(2,-1,2), B(5,5,5), C(3,2,0),D(4,1,4) .

9. BpraucauTh WIOMAAb MApAJLIETOrPaMMa, MOCTPOCHHOTO Ha BEKTOpax

— —

= p—3q, JUIMHBI JUAroHaieH nmapauieaorpaMma, yroja MexXIy a u p, v

T

a= 55 + 26,
IIPOEKIIUIO amab.

10. Bpramcnuth 00beM Mapajuiefienumnea, MOCTPOCHHOTO Ha BEKTOpax

— —

€=6a+10b,d =34-6b, f =3a—6D,|a =1 |b|=2, a yrom mexmy BekTopamu & u b
Yy y |Y

3ananuel (.

1. Harmcats YPaBHCHUS BBICOTHI, HpOBCI[eHHOﬁ N3 BCPIINHLBI A, 1 ME€JINaHBbI,

MPOBEJICHHOM U3 BEPIINHBI B, TpeyrojbHuka ABC, eciu A(-1,-5), B(3,—1), C(1,—2).

2. Hanucats ypaBHEHHE CTOPOHBI KBagpaTta ABCD, eciu 3a/1aHbl KOOPAUHATHI

JIBYX €ro CMEXHBIX BepIInH A(l,—1), B(-3,3).

3. HanmcaTte ypaBHEHHE TPSMOM, KOTOpasi MPOXOAUT Yepe3 TOUKy A(8,6) u

o0pasyeT ¢ KOOPJMHATHBIMU OCSIMU TPEYTOJIbHUK TUIOMIAAbI0 12,

4. BeIYMCIUTD PACCTOSIHUE OT TOYKH A(5,4) 0 ONpsIMOM, IPOXOASIIEN YeEPE3

TOYKH B(1,—2), C(0,3).

5. Hammucatp YpaBHEHHUS MPSAMBIX, HIPOXOAAIINX Yepe3 TOUYKy A(L,4), oaHa U3

KOTOPBIX NapaJuIeNibHA, a APYTras MEPICHAUKYISIPHA IPAMON —2X+5y—2=0.

6. Hanncath ypaBHeHHE NMPSAMO, KOTOpasi IPOXOAUT Yepe3 TOUKy A(-15) u

TOUYKY IepeceUCHUs NMPAMBIX 5X+3y—-1=0 u 4x+5y+7=0.

7. HanucaTh ypaBHEHHE IJIOCKOCTH, MPOXOJslIed yepe3 Touky A(LL2),

NEPIECHANUKYIISIPHO BEKTOPY AB, eciu B(-1,2,3).



8. HanucaTth ypaBHEHUE MIIOCKOCTH, MPOXOASAIICH yepe3 TOuKy A(-1,2,—3)

[apajijIeJIbHO INIOCKOCTH, 3aJaHHON YPABHEHUEM 4X+ Yy —22+2 =0.

9. Hanucarp ypaBHEHHE IUIOCKOCTH, IPOXOASIIEN dyepe3 TOUKy A(l,—1,3) u

OTCCKaI-OI_[ICﬁ Ha KOOPAWHATHBIX OCAX PAaBHBIC OTPC3KH.

10. Haittm yrom wexay IUIOCKOCTSIMH, 3aJaHHBIMM YPaBHEHUSAMH

x—\/§y+z—1:0 " x+\/§y—z+3:0.

6. lIkana oueHUBaAHUA

IIIxana oneHnBaHUA

Kputepuu onieHuBanus

«OTInYHO»

OoOydJaroImuiCsl SICHO W3JIOKHUJ YCIIOBUS 3a/ad, pEmeHUs
000CHOBaN

«Xopouio» Oo0yJaroIuics [CHO W3JIOXKWI YCIOBUS 3aJad4, HO B
000CHOBAHUU PELICHUH UMEIOTCS] COMHEHUS;
«Y 10BJIETBOPUTETHHO» oOyJaroluics M3J10XKWI PELIEHUE 3a/lady, HO B PEIICHUU eCTh

OIIIMOKHU;

«Hey,[[OBJ'IeTBOpI/ITeJ'IBHO»

oOyyaroliuiicss He YSICHWI YCIOBHS 3aJay, pELICHHUsS He
000cHOBaJ, 1M00 HE cjlal paboTy Ha IPOBEPKY.

7. IlepeyeHb OCHOBHOW M /JONOJIHMTEJILHOW Y4eOHOH JIMTEpPATypPbl,
He00X0JMMOH 1151 0CBOEHHSA AUCIHHUIIINHDI
OcHoBHas IUTEpaTYpa

1. Manunus, JI. . Teopus snekTpuyeckux neneu : yuedbHoe nocodue st

By30B / JI. 1. ManunuHn, B. 0. Heiiman. — Mocksa : U3narensctBo FOpaiir,
2021. — 345 c. — (Boicmiee oopazoBanue). — ISBN 978-5-534-04319-8. —
Tekcr : anexTponnsiit // O6pazoBaTenbHas miargopma FOpait [caiit]. —
URL: https://urait.ru/bcode/489941

2. Teopernueckre OCHOBBI JIEKTPOTEXHUKH : yueOHuk / U. 5. Jluzan,
K. H. Mapenuu, 1. B. Kopanesa [u ap.]. — Mocksa ; Bonoraa : Uadpa-
WNuxenepus, 2021. — 627 c. : . —
URL: https://biblioclub.ru/index.php?page=book&id=618546. — ISBN 978-

5-9729-0663-5. — TeKcCT : JIEeKTPOHHBIMH.

JlomloJIHUTEIBLHAS JIUTEPATYPA

1. Teopernueckue OCHOBBI AEKTPOTEXHUKU. COOpHUK 3a/1a4 : yueOHOe

nocobue aist By30B / JI. A. beccoHOB [u Jip.] ; OTBETCTBEHHBIN PeIaKTOP

JI. A. beccoHOB. — 5-€ u3 1., ucnp. u aom. — Mocksa : M3natensctBo FOpaiir,
2020. — 528 c. — (Bricmiee oopazoBanue). — ISBN 978-5-9916-3486-1. —
Tekcr : anexTponnsiit // Ob6pazoBatenbHas miatdopma FOpait [caitt]. —
URL.: https://urait.ru/bcode/467025 .
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2. Munenuna, C. A. DNEKTPOTEXHUKA : yUCOHHUK U MPAKTUKYM JJI By30B /
C. A. Munennna, H. K. Munenun ; mox penakiuet H. K. Munenuna. — 2-¢
u31., nepepad. u gom. — Mocksa : M3narensctBo IOpaiit, 2022. — 263 ¢. —
(Bricmee obpaszoBanue). — ISBN 978-5-534-05077-6. — TekcrT :
aneKTpoHHbIN // Obpa3zoBaTenbHas miardopma FOpait [caift]. —
URL: https://urait.ru/bcode/492090.
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N3Bectnst BbICIIMX yueOHBIX 3aBeAcHUM. I[loBomkckuii peruoH. Dusuko-
Matematudeckue Hayku / 1. pea.Kpesumk B.JI. — Ilensza, 2021. —

URL.: https://e.lanbook.com/journal/issue/314991. — TekcT : 31eKTPOHHBII
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