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1. Ieab 1 oprann3anus BbINOJHEHUS] pacieTHO-rpaduveckoii padoThl
B cooTtBeTcTBHM ¢ ydeOHBIM IUIAHOM MO HampaBiIeHUIO MOArotoBku 27.03.04

«YI'IpaBJ'IeHI/Ie B TEXHHUYCCKHUX CHUCTEMAX) o6yan01uHecsl B IIPOLOCCCC HN3YUCHUA

JTUCHUIUTAHBI «MaTeMaTrKa BBITIOJHSIOT pacueTHO-Tpadguyeckyto padbotyNel.

Ieas pacyerHO-rpauyeckoil padOThI - BBIIBUTH 3HAHUSA CTYJIECHTOB
METOJO0JIOTHYECKUX OCHOB MAaTEMATHUKH, YMEHNE NIPUMEHATD OTH 3HAHUS B AHAJIN3E
COLIMATIbHO-DKOHOMUYECKUX  SBJICHUM, NPOU3BOAUTH  PACUEThl, IPUBUTH
OoOy4aromMMCsi ~ HaBBIKM  CaMOCTOSITEJIbHOM  paboOThl €  NPUMEHEHHEM
MaTeMaTHYECKUX METOJOB.

B xoze BbInoNIHEHUS pacyeTHO-rpaguueckoil paboThl 00yUaroImuiics OHKEeH
OpOSIBUTH YMEHHE CaMOCTOATENbHO paboTaTh C y4yeOHOM M Hay4dyHOU
MaTEMaTUYECKON JINTEpaTypod, NPHUMEHITh MaTEMaTUYECKYyH0 METOAOJOTHI0 B
aHaIM3€ KOHKPETHBIX [JAHHBIX, YMETb BBIUHCIATH NPEACIBI, HAaXOAUTh
IIPOU3BOIHBIC, HAXOJAUTh UHTEIPAJIBI.

PacueTHo-rpaduyeckas pabota 10KHA OBITH BBHIITOJIHEHA W TIPEICTABIIEHA B CPOK,
YCTaHOBJICHHBIN TpauKkoM y4eOHOTo mpoIriecca.

BoinosiHenne pacdeTHO-rpaguueckoil padOThl BKIIOYAET  CIEIYIOLIUE
JTaIbIL:

O3HAKOMJIEHME C NPOrpaMMOM JUCHUIUIMHBI «MaTeMaTtnka», MEeTOAUYECKUMH
PEKOMEHJAIMSIMH T10 BBIMIOJHEHUIO PacYeTHO-Ipauueckoil paboThI;

npopaboTKa COOTBETCTBYIOLIMX Pa3[E€IOB METOAOJOTUH MAaTEMaTUKH 10
PEKOMEHIOBAaHHOM y4eOHOU JTUTepaType, KOHCIIEKTaM JIEKIUHT;

BBITIOJIHEHUE PACYETOB C IPUMEHEHUEM OCBOCHHBIX METO/IOB;

3aBepuieHHas paboTa mTpeAcTaBiseTcs JUid  NpPOBEpKH Ha Kadeapy
IPEI0/1aBaTeNI0 B YCTAaHOBJIEHHbIE yueOHBIM rpadpukoM cpoku. Cpok MpOBEPKH HE
O6onee 5-7 nueit. IlpemonaBaTens mnpoBepseT KadyecTBO pabOThI, OTMEUYaeT
MOJIOKUTENbHBIE CTOPOHBI, HENOCTATKU pabOTHI U olleHHBaeT ee. OOyuaroluecs,
HE MOJTrOTOBUBILKE PACUETHO-TpadUIECKyI0 padoTy, K 9K3aMEHY HE JO0MYyCKalOTCs.

2. BbIOOp BapHaHTa M CTPYKTYpPA pacyeTHO-IpapuuecKo padoThl
3amaHus IS pacyeTHO-rpaUUECKUX padOT COCTABIISIIOTCS MPENoIaBaTeleM,
KOTOPBIN BEJET NaHHYIO TUCUUIUIMHY, U YTBEPKIAI0TCS Kadeapou.

Howmep BapuaHTa  pacyeTHo-rpaduueckoii  pabOThI BBIOMpAETCS
oOyuarolumces 1o nocinegHedl uudpe B mmdpe HoMepa 3a4€THOM KHWKKH. Tak,
HampuMmep, eciau mnocinenHsas uudpa mudppa 1, To 0OydaromUNCA BBIIOIHSIET
pacueTHO-Tpaduueckyro padoTy mo Bapuanty Ne 1.

[Ipu  BbIMONHEHWM  pacueTHO-Tpaduueckoir  paboOThl  HEOOXOIAUMO
MIPUAEPKUBATHCS CIAEAYIOIIEH CTPYKTYPBI:

* TUTYJIBHBIN JIUCT;

* BBEJICHUE;

e pacyeTHasl 4acThb;

* 3aKJIIOYEHUE;



e CIIMCOK HCIOJIb30BAHHOM JIUTEPATYPHI.

TuTyAbHBII JHCT SBISETCS TEPBOM CTpaHUIEH pacdeTHO-TpauIecKoit
pabotel. O6paserr ero oopmiienns npuBeneH B [Ipunoxennn 1.

Bo BBenenum conepxarcs oOume cBeeHHsl 0 BbINOJHEHHON padore (0,5-1
c.).

B pacderHoil yacTh 0Oy4arouMiicss JOJKEH MOKa3aThb YMEHHE MPUMEHSTh
MaTeMaTUYECKUE METO/Ibl PACUETOB, PACCUUTHIBATH HEOOXOIUMbIE JaHHBIE, JIENaTh
Ha UX OCHOBE apryMEHTHUPOBAHHbIE BbIBOJIBI.

VYcnoBus 3aiay B pacyeTHOW YacTU JOJHKHBI OBITh MPUBENEHBI MOJTHOCTHIO.
Pemienne 3agau ciieyeT CONpOBOKIATh PA3BEPHYTHIMU pacue€TaMM, CChIJIKAMU Ha
MaTeMaTudyeckue (GopMyJibl, aHAIU30M W BBIBOJIAMH. 3aJlayM, B KOTOPBIX JaHBI
TOJIBKO OTBETHI 0€3 IPOMEKYTOUHBIX BHIYMCIICHUN, CYUTAIOTCS HEPEIICHHBIMU.

Bce pacdeTsl OTHOCHUTENBHBIX ITOKA3ATENEN HYKHO ITPOU3BOAUTD C MPUHATOU
B MaTEMAaTHKE TOYHOCTBIO BEIYUCICHUM: KO3 uimeHTs! - 10 0,001, a IpoIeHTHI -
mo 0,1.

Cnenyer oOpaTuTh 0c000€ BHUMAaHUE Ha BBIBOJIbI, KOTOPbIE JAOJKHBI OBITH
000CHOBaHHBIMM, TOJATBEPKAATHCS MPEABAPUTEIIbHBIM aHAIU30M LU(POBOro
Marepuana.

B 3akuoueHum pacuetHo-rpaduyeckor padbotel (1 c.) B kpaTkoit dopme
PE3IOMUPYIOTCS pE3YIbTaThl PAOOTHI.

[Tocne 3aknr04YeHuss MPUBOJUTCS CIIMCOK JINTEPATYPhI, BKIOYAIOIINI TOJIBKO
T€ HCTOYHHMKH, KOTOpbIe OBUIM HCIOJb30BAHbI TPHU BBIMOJHEHUU PACUYETHO-
rpaduydeckoii paboThl M HA KOTOPBIE UMEIOTCS CCHUTKH B TEKCTE paOOTHI.

[Ipu onrcanuu TUTEPATYPHBIX UCTOYHUKOB HEOOXOUMO YKa3aTh:

« paMwIMK ¥ UHUIIUAITBI ABTOPOB;

 Ha3BaHWE KHUTH, COOPHUKA, CTAThU;

« MECTO U3JIaHUS;

* U3ATENIbCTBO;

e TOJ1 U3/1aHHUS;

 KOJIMYECTBO CTPAHMI] WJIM KOHKPETHBIE CTpAaHULBbI (MOCIEAHUE B clydae
CCBUIKH Ha CTaThIO UJIM CTAaTUCTUUYECKUN COOPHUK).

CranpapTtHblii  ¢opMar oONMCaHUS MCTOYHUKOB TIPUBEJIEH B  CIIUCKE
JUTEPATYPBHL.

3. TpeOoBanusi K 0POPMICHUIO PaCHYETHO-TPaPUIecKoil padoThI

[Ipu  odopmienun  pacuetHo-rpaduyeckoit  pabOTBI  HEOOXOIUMO
PYKOBOJICTBOBATHCSA CIIEIYIOIIMMH TPEOOBAaHUSIMU:

1. O6bem paboter - 10-15 cTpanmi TekcTa HAa CTaHIAPTHBIX JIUCTaX
dbopmata A4, HaOpaHHBIX Ha KOMIIBIOTEPE C HCIOJIH30BAHHEM TEKCTOBOTO
penakTopa WiM Bpy4YHYIO (IIMCBMEHHO), TaOJIMYHOrO Mpoleccopa WIM JPyTrux
MIPOrpaMMHBIX CpeacTB (pa3mep mpudra - 14 myHKTOB, HHTEpBAI - 1,5).

2. CrtpaHuilbl JOJDKHBI OBITH MPOHYMEpPOBAHBI M UMETh MOJIS ClieBa U
cIpaBa He MeHee 25 MM /I 3aMeYaHUil MPenoaaBaTelis-KOHCYIbTaHTa.

3. B TekcTe He T0KHO ObITh COKPAILEHUH CJI0B, KPOME OOIIETPUHSTHIX.



4. Bce nmpoMeKyTOouHbIE JaHHBIE IPOBOJUMBIX PAacyETOB U PE3YJIbTATHI
CJIElyEeT NPEJCTABIATh B SBHOM BHUJE.

5. Bce Tabauibl JOKHBI IMETh CKBO3HYIO HyMepanuto. [IpuBeneHHbIe B
pabote wimocTpanuu (rpaduky, AUarpaMmbl) JOJDKHBI UMETh IMOJPUCYHOUYHBIE
MOJTHKCH.

6. Onucanue IUTEpaTypHBIX UCTOYHUKOB BBIMOJIHSAETCS B COOTBETCTBHUU
CO CTaHJAPTHBIMU TPEOOBAHUSIMU, IPUBEJACHHBIMU B MPEABIAYILEM pa3/ieie.

4. Teopernueckuii MaTepuaJ U MPpUMePbI pelIeHUs 32124

MaTpuubl ¥ onepanuu HaJi HUMH

Cnooicernue (GblllumaHue) mampuy OIJHHAKOBOI'O pa3Mcpa IIPOHU3BOJHUTCA

ITO2JICMCHTHO.

C=A+B, ¢;=a;+b i=1,m, j=1I,n.

ij?
Ymnoorcenue mampuysvl HA YUCII0 — Kﬁ)KI[I)IfI QJICMCHT MAaTpulibl YMHOXKACTCA

Ha 9TO YHCJIO.
A=AB, a.=Ab..
i~ j
Ymnoowcenue mampuyvl na mampuyy OIpPENETIEHO, €CIH YUCIO CTOJIOIOB
IIEpBOM MATPHUIBI PABHO YHUCIY CTPOK BTOpoW Marpuusl. [IpomsBeneHnem

A
MaTpHIbI mxn Ha B"XP Ha3bIBACTCA MaTpHld CT"XP , OJJICMCHTEI

KOTOPOM BBIYUCIISIOTCS 1O (hopMyIie

c.=),a,b,, T T
i k; o i=1,m, j=1,n.

3aMeHa KaKIOW CTPOKHM MAaTpHIBl €€ CTOJIOLOM C COXpPaHEHHEM IOpsJIKa

HAa3bIBACTCA MPAHCNOHUPOBAHUEM. Tp&HCHOHHpOBaHHaﬂ I1I0 OTHOIICHHIO K

t
matpuiie A Matpuiia obo3Hadaercs A

Ipumep. Haiitu matpury C=2A+B' | rpe



h=g ] 3@)@1 0ili;,

Pewenue. C=2A+B'=2:0( | 40 b |
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Ilpumep. Haiitn npousBeieHuE MaTpULL

AL

0

by
Pewenue.

A-B=:l—2 3811 08)¢;;
G

Onpeneaurenu

Kaxxnon KBapaTHOM MaTpuUIle MOKHO IIOCTaBUT B COOTBETCTBUE YHUCIIO,

Ha3bIBACMOC onpedeﬂumeﬂeM.

Onpedenumenb MaTPUIIBI 6MOPO20 NOPAOKA BRIYUCIIIECTCS O (hopmyJie

|A|:A2:detA:&|all 61t
6



Onpedenumens MaTpULbl mMpemve20 NOpsi0KA BBIYUCIAETCS 1O HpABUTLY

mpeyeonvHukos unu Capproca

\A\:AgzdetA:g‘an ay Gyl 0y 023“[,5,(.’
b
Onpedenumens MaTPULBl 6MOpPO20 NOPAOKA BBIYHMCIAETCA OOJIEE CII0XKHO.

Mo>xHOo npuMeHuTh TeopemMy Jlaraca.

Teopema Jlannaca. Onpenenurenb KBaJApaTHONW MaTPHUIBI PAaBEH CYMMeE
MPOU3BEACHUN 2JIEMEHTOB KaKOW-IMOO0 CTpPOKHU (CTO0Ia) HA MX aJreOpandeckue

JOITIOJIHCHU .
Gy

|Al=det A=) a.A
j=1

Onpeodenumens  mpey2onvHot  (IMaroHaJbHOM)  MaTpUIl  paBeH

IMPOU3BCACHHNIO JUArOHAJIbHBIX 3JICMCHTOB.

AL

-0 ul

Ilpumep. BpIYUCINATH ONPENEIUTENL MaTPULIbI 0 . a) mo

MpaBUIy TPEYTOJbHUKOB; 0) C TOMOILBIO AIreOpanyecKux AOMOTHEHUI.

Pewenue. a)

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

0) Haiinem anreGpanyeckue AOMOJTHEHUS 3-i CTPOKH.



Agy=(=1prel=1 —1dey

A32:(_1)3+2Z’| 3 —()16|(J()

Ag=(-1)"cl 3 ~1eleg

Torma o teopeme Jlartaca
|A|=det A= a,, Ay +a5) Ay +a5, Apy=2-(—4)+(-2)-(-12)+4-0=16.
Panr maTpuubl

OoOpaTHast MmaTpuua

KBagpaTHasi MaTpulia Ha3bIBA€TCA HEBbIPOHCOEHHOU, ECIIA €€ ONPEIEIUTENb

OTJIMYCH OT HYJIA.

o o -1
Obpammnoii mampuyei A 1y MaTpullel A Ha3bIBACTCS MATPHIA, I
o -1 _ -1__
KOTOpOi cmpaBeBo paBeHcTBO A "A=AA =E | rne E - egunnynas

MaTpHIla.

ObpatHas wmarpura A ONpEAETEHa TOJIBKO JUIA  KBaJIpaTHBIX

HEBBIPOKJACHHBIX MATPUI] U MOKET ObITh BhIUKCIIEHA 110 (hopMyIie

1,

A‘lzm(Aij)t.

Teopema o panee mampuysi. PaHr MaTpulbl paBeH MaKCUMAJIbHOMY YHCITY

€€ JTUHENHO-HE3aBUCHUMBbIX CTPOK HJIHN CTOJ'I6I_[OB.

Ilpumep. Haittu matpuily, OOpaTHYIO K MaTpHUIIC



Pewenue.

1 cnoco6. Haxomum orpenenuTenb MaTpUIIbI 3HAUUT

MaTpuIla UMeeT 0OpaTHYIO.

21-1 100
AJE=(i5 247, )0 10
7 3 4 J0 01

b

6

)

[TpubaBumM Kk 31neMeHTaM 2-W CTPOKH, YMHOXEHHOH Ha 2, 3JIeMEHThl 1-i
CTPOKHM, YMHOXKEHHOM Ha -5, a K 3JeMeHTaM 3-il CTPOKH, YMHOKEHHBIM Ha 2,

3JIEMEHTHI |- CTpOKH, YMHOKEHHBIE Ha -7. [Tomyuum

21-1 100

(0‘0—1 13]‘]0 )—5

0-115 )=7
b 8

K snementam 3-i1 CTpOKHM MpPUOABUM 3JE€MEHTHI 2-i1 CTPOKH, YMHOKEHHbIE

Ha -1.
21-1 100
(6\0—1 By, )52 0)
002 )-2-2 2
{ b

K 1-ii cTpoke, yMHOXEHHOH Ha 2, npubaBuM 3-10, a K 2-i, YMHOKEHHOW Ha

2, 3-10 CTPOKY, YMHOKEHHYIO Ha -13.

420 0-22
002 )-2-2 2

0 6

CoXuM 31€MEHTHI 1-i1 1 2-1 CTPOK.



400 16 28 —24
002 )-2-22

0 6

[logenuB 1-10 ctpoky Ha 4, 2-10 — Ha -2, 3-10 — Ha 2, cupaBa OT YEPTHI
MOJIyYUM MaTpUIly 0OpaTHYIO JUIsl HCXOJIHOM.
47 -6
A—lz(é)—S -15 13)&
]-1-11

6

[TpoBepsieM NpaBUIIBHOCTH BBIYMCIEHUN IO (popMyIie
-1 -1
ANA=A-A"'=E

2 cnoco6. Haxomum anreOpanyeckue JIONOJTHEHUS BCEX DJIEMEHTOB

MaTpUIIbL.

An:(_l)mz"z i()‘éi’ A12:(‘1)1+2‘;‘5 iz"é‘.’ A13:("1)1+3‘3’5 ié‘i’"’

A21:(‘1)2+1‘3‘1_26‘% Azzz(_l)ZQ‘;‘Z_Lu‘% A23:(—1)2+3(,‘21&"“’<;

A31:(‘1)3+1""1_26‘L"’ ’4_9,2:(_1)%2‘3‘2_Llé‘(’é A33:(‘1)3+36‘21(-)L’%

[ToncTaBuM HalJIeHHbIEC 3HAUEHUS JOTIOJHEHUI U ONpeieuTeNs B PopMyy

1

A==
Al

(Aij)t'

[Tonyunm

476
A—lz(&)—8—15 13y,
J-1-11
6



CucteMbl IMHENHbBIX anrebpanyeckmx ypaBHeHUN

Cucmema m aunelnvix 61]1286]?611/[1[66‘}(‘1/06 ypaeﬂeimﬁ C N Heu3eeCmHbiMu

HMEET BU

TPXP: }]( Hlll|lIIHI!llHIIHINIH1IlllHI|H|HIIHIM‘b

{hitl

rae G -K03()UTTMEHTHI PY HEN3BECTHBIX, bm - CBOOOIHBIE YWICHBI.

OcHoBHbiMM MeTOmamu  pemeHnss CJIIAY  sBisrores meron [aycca,
MaTpU4HbIN MeTo U npaBuiio Kpamepa. Mertoa 'aycca nmpuMeHuM i pelieHus
mo6oit CJIAY, B To Bpems kak metos Kpamepa u MaTpuyHbIii METOA MOTYT OBITh
WCIIOJB30BaHbl TOJIBKO JUI PELICHHMS CUCTEM C KBAaJAPAaTHOW HEBBIPOKICHHOU

MAaTpPULIEH.

Jnst pewenuss memoodom Iaycca COCTABISIIOT PAaCIIMPEHHYI0 MATPHUILY
CUCTEMBI, KOTOPYIO 3aT€M C MOMOILBIO AJIEMEHTAPHBIX MpeoOpa3oBaHUM MPUBOIAT
K CTyneH4aToMy BuAy. I10 mogydeHHOUM MaTpuile BBIUCHIBAIOT HOBYIO CUCTEMY U

peuiaroT €€ MCTOAOM HCKIIIOUCHUSA IICPCMCHHBIX.

Pemienue CcuCTEMBl MampuunbiM MemoooM WA MemoooM O0OpaAmHOLl

mMampuywl onpeaensercs mo hopmyie

X=A""B
1lo gpopmynam Kpamepa :
A.
]
=0
rjae A - onpenenuTeNh CHUCTEMBI, 4. ONpEeNeNUTeNr, TOJyYEHHbIE U3

OTIPEJICIUTEIISI CUCTEMBI 3aMEHOM j-TO CTOJOIa Ha cTOI0eI] CBOOOTHBIX YJICHOB.



Ipumep. Pemmuts CJIAY: a) MaTpudaabsIM MeTOA0M; 0) MeTosIoM Kpamepa; B)

metoaoMm ["aycca

(A

R

Pewenue. a) MaTpuiia CUCTeMbl UMEET BHU/1

LG

b - CTOJIOCI] HEM3BECTHBIX, | - cTonGer CBOGOIHBIX YWICHOB.

Onpenenutens cucreMbl 4=—7#0  O6parnas matpuna

P 5
o

[To hopmyne
R Pt ) o 1
0 ! ol i
X=A1'B= 7 b b
CnenoBaTenbHO, x,=1, %=1, %=1 )

6) Beruuciinm BcriomoraTesibHbIE ONPEAECTUTEIIN
c o o

I



A
x:—1:—7:1, X.= =

A2_7 A
A -7 2 A =7

=1, x3:—3:_—7:1
A =7

B) Beinuiem paciimpeHHy0 MaTpUIly CUCTEMBI

(111
(2-11( ol
(<321

[TpuBenem ee k cryneH4aroMy Buy. st aToro mpubaBuM K 3jieMeHTaM 2-i
CTPOKH 3JIEMEHTHI |-l CTPOKHM, YMHOKEHHBIE HA -2, @ K dJIEMEHTaM 3-il CTPOKH —

AJIIEMEHTHI |-i CTPOKHM, YMHOXKEHHBIE Ha 3.

111 3
(0-3-1( |41
054 |9

[IpubaBum K 3-if CTpoKe, YMHOXKEHHOUM Ha 3, 2-10 CTPOKY, YMHOXKCHHYIO Ha

111 3
(0-3-1( |4/
007 |7

Paciupennas  ~ marpuna  npuBeneHa K CTYNIEHYaTOMY — BHIY.

CooTBeTcTBYyIOIIAS €1 CCTEMA UMEET BUJT

W3 mocienHero ypaBHEHMs HalIeM , U3 BTOpPOTO YpaBHEHUSA

_4—X3_4_1_
=3 =—=1
, ¥ U3 TIEPBOTO

x1:3—x2—x3:3—1—1:1

BexTopnasn aareopa



Onepanumn HaX BEKTOpPaMu
CxaJyisipHoe npou3Be/iecHHe BEKTOPOB

B EeKmopom Ha3bIBAarOT HaHpaBHGHHBIﬁ OTPEC30K, KOTOpBIﬁ MOXHO

nepeMeniaTh napajieIbHO caMoMy ceoe.
Bexroper 4, b HasbiBaKOTCS AUHElIHO-HE3ABUCUMBLMUL, €CI A a+A;,b=0

S A=A o
1 2 B IMPOTUBHOM CJIy4aC, OHU JIMHCUHO-3aBHUCUMBI.

Hnunoti (mooynem) eekmopa Ha3bIBAETCS JJIMHA OTPE3Ka, M300PaKaIOIIETO
-.( ) -> _\/ 2+ 2
sekrop. Jymua 4\X.Y)  ompenensercs mo popmyne d=VX TY

BCKTOpBI HAa3bIBAIOTCA KoOJLMUHeapHbiMuU, CSCIIA JICKAT Ha OI[HOﬁ HpHMOﬁ niIn

Ha MapaJuICIIbHBIX IIPAMBIX.

BeKTOpBI Ha3bIBAIOTCA KOMNIAHAPHbIMU, CCIIH JICKAT B OI[HOﬁ IIITIOCKOCTH

HJIN B MMapaJUICIIbHBIX IINIOCKOCTAX.

JInHEeNHBIMH OnepalysIMU C BEKTOPAMU SIBJISFOTCS:

1) CJIOKEHUucE: a+b:<X1’ yl)Z1)+(X2’yZ’ZZ):(X1+X2’y1+y2521+z2)

2) YMHOXEHHE Ha YUCIIO Ad=A(x,,y1,20)=(Ax), Ay, 2y

-

Vrael HakJIoHA ¢ K OCsM KOOpOHWHAT HA3BIBAIOTCA HAnpasiaroujumu

KoCunycamu.

cosa =

X y Z
2. .2 2’COSB: 2. .2 2,C05y: 2. .2, 2’
\/x +y+z VX“+y+z VX“+y“+z
IpUuYeM
2 2 2
cos”a+cos” f+cos" y=1

Ipoexyueii 6ekmopa @ Haoch | Ha3pBaeTcs umcio



np, a=|d|cos ¢ ,
rae ¢ - yrom HakioHa BekTopa @ kocu | .
Cransaphvim npouszeedeHuem 5,5 Ha3bIBACTCS YUCIIO
(@, b)=a-b=a}/b|-cosp
B xoopaunatHOU hopme

(d, b)=d-b=x,x,+y,y,+2,2, )

Yeon meacoy eexkmopamu 4 b onpenensercs no GpopmyJie

S

a-

cosg=

S

[=1

-

Ipumep. Haiitu ymay d=a+b+C  y pasnoxuts eromo b | ecin

i=(3,-1),b=(1,-2),¢=(-1,1)

Pewenue. Haiinem KOOPAVHATHI d=a+b+c

=(3,-1)+(1,-2)+(-1,1)=(3,-2)

JliHa BekTopa d= \/x2+y2:\/32+(— 2)=V13

-

Pasnoxuts o 0 b - smauwt, npescrauts B Buge d=O a+B-b . s

onpeneneaus & , B , 3aIIAIIEM B BUE
a'(3’_1)+ﬂ'(1’_2):(3’_2)

501041

Jof=3 i



Pemus cucreMy, Moaydum 5 5 | T10ecTh
Ilpumep. Hantm yroam Mexay BeKTOpamu atb g a-b | ecmm

d|=4, [b|=3, ¢=%

> V(2T >0 |72
cosp= D) __ |a\2 \b|2 -
R T N e
4% —3?

_ 7
B 37-/13
\/42+243c053+32\/ 243(:053+32 \/ r

BeKkTopHOE H CMELIAHHOE IPOM3BEICHHs BEKTOPOB
Bexmopnwim npouseedenuem U450 waspBaercs uncio
b,ﬂzaxb:MHMsm¢

B xoopaunatHol Gopme

-

Sy

IInowaowv napannenocpamma, TOCTPOCHHOIO Ha BeKTopax (¢ H paBHa
MO/IyJII0 KX BEKTOPHOT'O MTPOU3BEICHUS.
ITowads mpeyeonvhuka, TOCTPOSHHOTO Ha BekTopax ¢ u b paBHa

IIOJIOBHHC MOAYJIA KX BCKTOPHOI'O IIPOU3BCACHUA.

Cmewanuvim npoussedenuem 4, b,C  maspiBaercs umcio



Ob6vem napannenenuneda, nocrpoensoro na @b, ¢ aBeH MOIVIII0O HX
5 9

CMCIIAHHOT'O IIPOU3BCACHUA.

Qul

Ilpumep. Haiitu BEeKTOp , OPTOTOHAJIBHBIN i=(1,2,3),b=(-7,0,2) , IS

KoToporo ckansiproe npomssenenne ¢ =1, 1,1 pasmo 3.

Pewenue. VickoMslii BekTOop kommmueapeH 4XD | CnemoBarembHo, oH

paBeH Maxb) .

-

0, b=0xb={

SLERREIR
(

Torna d=(42,-231,142)

d.¢=411-231-1+1411=—52=3, A=—S=d=|-12 8 42
5 55’ 5

S. 3apanus pacyérHo-rpaduyeckoii padorsl Nel.

3ananmel. /{lansl maTpuubl A u B. Haitqure matpuny C.

A—c2 3 5¢)
1. &

A= 7 461030
2. 6

=4 13002 0-400,

3 b

¢l



2= 911007 -3¢
4 b
A=m2 150y,
5. ¢
g4 2-100-1 0280,
6 {
A=¢3-18]16 8010,
7. 6
A=y "2 5T
8. ¢
A=im3 2-110]=1 22000,
5, {
=i 2 -168]6 -3¢,
10, b

3ananme2. Haiimute npomssBeaenue wMatpun — AB WIA 3HaYeHUE

MaTpu4HOro MHorowieHa. CylecTByer Jiu nmpousBeaenue B-A 2

LRI

1. | 0



103,00 g
o 0 .

A=l 28eg,
3. 6

4= LL2 12

4, b
43y e A
5. l .

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

A=l 28eg,
6

7 f(x):3x2+2x—5,
4= 3 LI 12
z,

] f(x):x3—7x2+3,
4= 4 1B 04
{

9 f(x):12x2+ 5x+3,

A:é(—ﬁ ‘3z,)z,(;é
6



4= 0 10 LTIl
1. !

3apgaHune3.BbIUnCIINTh ONPEACTIUTED.

gl

L



10. |

3ananued4. Haiinure oOpatHyro Mmarpuiy ains matpuisl A, Chenaiite

IIPOBEPKY.

UV

1. 0 .
AT

2. b .
RN

3. b
I

4. b
e



10. I

3aganmesS. Pemuth cucTeMy TMHEHHBIX areOpandecKuX ypaBHEHHUHN TpeMs

criocobamu:
-merogoM ['aycca

-io opmynam Kpamepa

-CpCaACTBAMH MATPUYIHOT'O HCUHUCIICHUA



3aganme6. Haiitu nuHeiiHyr0 KOMOMHAILMIO BEKTOPOB.
1. 3a+4b-% ge d=(4,1,3),b=(1,2,-2),=(10,8,1).
0. 2a+3b+4% | pge d=(1,2,0),b=(2,1,1),8=(-1,1,-2).
3. (@,b)e+3(b,)b | pye =(4,1,3),b=(1,2,-2),¢=(10,8, 1)
4. 45419(b-30 rme 3=(2,-4,3),b=(10,-5,-2),¢=(187,8,1).

18{@430+720 | pye 3=(-6,2,0),b=(54,1,1),é=(-90, 1,-2).

)}

6. (,0)E+13(0,6)b  ye @=(45,-9,3),b=(1,2,-2),¢=(131,9,1).

13{a+65-20 | rpe 4=(-10,1,9),b=(1,7,-2),¢=(10,5, 1).

~

8. —5a+4b+4¢ rpe =(-7,2,0),b=(-5,1,1),¢=(-1,1,-2).
o, 2(@b)e+7(b,é)b | ne d=(4,-8,3),b=(9,2,-2),7=(10,8, 1)
10, 14{@+19{bi-¢l e i=(-4,-4,3),b=(113, -5,-2), ¢=(17, 3, 1).

3apanue7. Haiitu ckansapHoe npou3BeeHUE BEKTOPOB U YTOJI MEXKI1Y HUMH.

1 d=(0,4,-3),b=(-1,2,2).



5 =(2,1,-2),b=(0,-2,-3).
3 d4=(4,1,3),b=(1,2,-2)
4 0=(1,2,0),b=(2,1,1)

s d4=(4,1,3),b=(1,2,-2)
6. =(1,4,-7),b=(-1,2,2).

7 @=(10,1,-5),b=(3,-2,-3).
g d=(-14,11,3),b=(3,2,-2)
9. =(13,2,0),b=(24,1,1)
0. @=(51,1,-3),b=(1,2,-2)

3axanueS.

1. JJanbl TOUKH A(2,-1,4),B(4,0,2)  Haiiru MOJyJIb Y1 HaIlpaBJIEHUE BEKTOpa

2. Haiitn ‘20+3b‘ , €CII1 52(1.5,0,—4),52(0,0,4) )

3. Ipu xakom 3Hauemmn n  Bextoper 0=(3,-2,1) y  b=(n,4,0.5)
OPTOTOHAJIbHBI?

- -

4 Hairru (6d),  ecom c=5a+b, d=4a-b, |CI|:2, ‘b‘:?’) a yroil MexIy

BekTopamm 0 wu b 120°

5. Bbuaucaurts , €ciu C:50_2b)|a‘:3,|b‘:4’ a yrojl Mexay

-> g 0
Bektopamu @ u b 60"



6. Berauciuts (H_B)z , €CIIH |5\:2¢2,\b\:4, a YroJ MeXay BEKTOpaMH
i oy b 13

7. Haittru BHemmmit yron B B Tpeyrompmmke  ABC | ecim

A(2,-1,4),B(4,0,2),C(2,-3,1).

8. Haittu yronm Mexay BEKTOpaMu G+b u i-b , €CIu ‘a|:1"b‘:6’ a
VIO MEXKIy BeKTopaMu  u b 60
9. Haiitu 6:25,d:b—6,\6\,|d|,d2,(E,d)

, Yroll Mexy Bektopamu € d

b

eci 52(2,—1,—2),52(8,—4,0) _

10. TlocTpouTs mapamienorpamu Ha Bektopax O0A=(1,1,0),08=(0,-3,1)

OHpCI[CJ'H/ITB JuaroHalii U uX NJINHBI.

3aganue9.

-

1. Beraucnurn lc,d] , €CIIN

¢=3-3b, d=-2d+b, a=(-1,0,3), b=(1,1, 2).

- -

| comn C=4d-2b,d=-043b, d}= bl=2,

(,d

2. Haiitu a yroia Mexny

-> g 0
Bexktopamu 0 m b 300 |

3. Brraucnute IJIOILAIb TPEYTOJIbHUKA ABC eClIn

A(2,-23),B(-3,-6,0),C(4,-3, -1).

4.Jlexar mu touxn  Al2,-1,-3), B(=4,1,-2),€(0,-6,3),D(~12,-2,5) p oxmoii

IJIOCKOCTH?

5. Jexar mu toukm  Al1,-2,3),B(0,1,0),C(1,2,-1),D(4,-1,7) B onmoii

IJIOCKOCTH?



1=(2,-2,6)  b=(-6,6,3)

6. HaliTu cMemanHoe pou3BeICHUE BEKTOPOB

¢=(3,-2,5)

7. Haiitu o0bem terpasapa ABCD | ppicory BP | mmomamu rpaneit

TeTpasIpa, eciu A(1,-3,-5),B(-1,2,-4),€(0,0,-2),D(-6,-1,-2)

8. Haiitu o0bem Terpasapa ABCD | pricory BP , MemuaHbl IpaHei,
MIoIma/M Tpaneii Tetpasapa, ecmn A(2,-1,2),B(5,5,5),C(3,2,0),D(4,1,4)

9. BpuncnauTh muomaap napaieaorpaMma, MOCTPOEHHOTO Ha BEKTOpax
a=5p+2q, B=ﬁ—3@ , JUTMHBI TUaroOHaJIeH apajuieiorpaMMa, yroil MexXTy (-
p , M TIPOEKIIHIO i pa b

10. Bpruucnute 0o0beM Napajlielenurnena, MOCTPOSHHOTO Ha BEKTOpax

- o -

¢=63+10 {b, d=33-6b, f=3d-6b, [d/=1, |b|=2,

a yroix Mexay Bekropamu ¢ wu

b 135
3agannel(.

1. Hamucath ypaBHEHHS BBICOTBI, NPOBEACHHON W3 BEpIIMHBI A |, |

MeIMaHbl, MNPOBEJCHHOH u3 BepmmHbl B | Tpeyronsmmka ABC | ecnm

A(-1,-5),B(3,-1),C(1,-2).

2. Hanucars ypaBHeHue cTopoHbl kBaapata ABCD | ecnu  3amambl

KOOP/JMHATEI JIBYX €r0 CMEXKHBIX BEPILIUH A(1,-1),B(-3,3].

3. Hamucatp ypaBHEHUE NIPSIMOii, KOTOpasi IPOXOUT YEPE3 TOUKY A[8,6)

o0pa3yeT C KOOpAMHATHBIMK OCSIMH TPEYTOJIBHHK TUTOIAAbI0 12.



4. BpluMCIUTh PacCTOSAHUE OT TOYKH A(5’4) JI0 MPSIMOM, MPOXOASAIIEH

yepes touxn  B(1,-2),C[0,3).

5. Hanucatph ypaBHEHHS MPAMBIX, MPOXOAAIIMX Yepe3 TOUKY Al1, 4] , OIHA

U3 KOTOPBIX MapaijieibHa, a Apyras MepreHauKyIsapHa IpsIMon 2x+5y—2=0.

6. Hanncath ypaBHEHUE NpsiMOil, KOTOpasi IPOXOJIUT Yepe3 TOUKY Al-1,5)

¥ TouKy mepecedenust mpsampix  0Xt3y—1=0 y  4x+5y+7=0.

7. HammcaTh ypaBHEHME IUJIOCKOCTH, IIPOXOIAIIECH Yepe3 TOUKY Al1,1,2)

MepreHTuKyIApHo BekTopy AB | ecom BI-1,2,3).

8. Hanucatp ypaBHEHHE MIOCKOCTH, TPOXOISALIEN Yepe3 TOUKY Al-1,2,-3]

napauIebHO IIOCKOCTH, 3aJaHHOM ypaBHennem 4X+y—2z+2=0.

9. Hanncatp ypaBHEHHE TUIOCKOCTH, MTPOXOALIEH Yepe3 TOUKY AlL-13) g

OTCCKaIOHIGﬁ Ha KOOPAWHATHBIX OCAX PaBHBIC OTPC3KH.

10. Haiitm yroan wmexAy IUIOCKOCTSIMH, 3aJaHHBIMH YpPaBHEHUSIMU

x—2y+2-1=0 , x+\2y-z+3=0.

6. Kpurepum ouneHku pacyeTHO-rpadpuyeckoid padoTbl U THUIIOBbIE OIIMOKU
NpH ee BbINOJHEHUM.

[IIkana olleHUBaHUs Kputepuu ornieHuBaHUS

«OTIHYHOY OOyJaromuiCs SICHO W3JIOKHWII YCIIOBHS 3a/ad, PEIICHHs
00ocHOBa

«Xoporoy» oOyvaromuicss SICHO H3JIOKWI YCJIOBHs 3a7ad, HO B
000CHOBAaHUHU PEIICHUIN UMEIOTCSI COMHEHHUS;

«Y IOBJICTBOPUTEITEHOY 0o0OyJaromuncss W3JI0XKHWI pEIIeHUe 3a1a4, HO B PEIICHUU
€CTh OIIUOKHU;

«HeynoBiieTBOpUTEITHHO oOyJaromumicss He YSICHWI YCIOBHS 3alla4, PEUICHUS He

» 000cHOBaJ, MO0 HE c/lal pabOTy Ha MTPOBEPKY.

7. PexoMeHayemasi iuTeparypa



OcHOBHas JIUTEpaTypa

. boromonos, H.B. Maremaruka : yuebnuxk s By3oB/ H. B. bBoromomnos,

I1. 1. Camoiinenko. — 5-e¢ u3na., nepepab. u gomn. — Mocka : M3narenbcTBo
Opaiit, 2021. — 401 c. — (Beiciiee obpazoBanue). — ISBN 978-5-534-07001-9.
— Tekct : anextpoHHbI // OOpa3zoBarenbHas minatgopma FOpaiit [caliT]. —

URL.: https://urait.ru/bcode/468633
byrpog, A. C. Beiciiasg mateMatuka. 3aJaqyHuK : yueOHOe nmocoOue /s By30B /

4. C. byrpos, C. M. Hukonbckuii. — Mocksa : U3znarensctBo FOpaiit, 2021. —
192 c. — (Bwicmiee o6paszoBanue). — ISBN 978-5-9916-7568-0. — Tekcr
anekTpoHHbt  //  OOpa3zoBatenbHass miuarpopma FOpait  [cait]. —
URL: https://urait.ru/bcode/489755 .

. Jlyary K. H. Bricmias maremaruka. PykoBoacTBO k pemenHuro 3amad. T. 1

[DnexkTponHbIA pecypc] : yueb. mocodue / JIlynry K.H., Makapos E.B., - 3-¢
ma. - MUuOUSBMATIIMT, 2013. - 2016 c. - Pexum pocryna
http://znanium.com/catalog.php?bookinfo=854317

[Iunaues B. C. Beiciias MmatremaTuka [OnekTpoHHbIN pecypc] : yueonuk / B.C.
[Munauyes. - M.: HUL[ UHOPA-M, 2015. - 479 c. - Pexum pocryna :

http://znanium.com/catalog.php?bookinfo=469720

. Jlyary K. H. Briciasg maremarnka. PykoBoactBo k pemeHuro 3amad. Y. 2

[DnexTponHbIil pecypc] : yueb. mocobue / Jlynry K.H., Makapos E.B., - 2-¢
W3.. - M..OU3MATIJIUT, 2015. - Pexxum JIOCTyTIa
http://znanium.com/catalog.php?bookinfo=854393

JlonoJHUTEIbHAS JUTEpaTypa

1.

Marematuka : ydebnoe nocodbue / FO. M. Jlanunos, JI. H. XXyp6enko, I'. A.
Huxonoga [u np.] ; mox pen. JI. H. XXyp6enko, I'. A. HukonoBoii. — Mockga :
NH®PA-M, 2019. — 496 c. — (Beicuiee ob6pazoBanue: bakanaBpuat). — ISBN

978-5-16-010118-7. — URL: https://znanium.com/catalog/product/989799. —
TeKCT : 3JIEKTPOHHBIN.

Koo, A. I'. Kypc neknuit mo maremartuke : yueoHoe mocodue / A. I'. Kiogo,
N. A. Jlamynosa ; KOxubiii dhenepanbablii yHUBEpcUTEeT. — PocToB-Ha-/oHYy :
FOxwub1it Gpenepanbublii yausepcutet, 2020. — 199 c. : un. — ISBN 978-5-9275-
3503. —URL.: https://biblioclub.ru/index.php?page=book&id=612217. — TekcT :
3JIEKTPOHHBIM.

Ilepronnka
M3Bectust Bbicux yueOHbIX 3aBeaeHui. [loBomkckuil peruoH. Dusmnko-
Marematudyeckue Hayku / 1. pend.Kpesuuk B.J[. — Ilensza, 2021. —

URL: https://e.lanbook.com/journal/issue/314991. — TeKCT : 2JIEKTPOHHBIA



https://urait.ru/bcode/468633
https://e.lanbook.com/journal/issue/314991
https://biblioclub.ru/index.php?page=book&id=612217
https://znanium.com/catalog/product/989799
http://znanium.com/catalog.php?bookinfo=469720
http://znanium.com/catalog.php?bookinfo=854317
https://urait.ru/bcode/489755

8. Ilepevyenn pecypcoB HHPOPMAIUOHHO-TEJIEKOMMYHUKAIIMOHHON CETH
«HTEpHET», HEOOXOANMMBIX AJ1s1 Hanucanusi PI'P

9. Ilpodeccuonanbhas 6a3a TaHHBIX U
WH(OPMAIIMOHHO-CIIPABOYHBIEC CUCTEMBI

HNudopmanus o nmpaBe COOCTBEHHOCTH
(pEKBU3HUTHI JOTOBOPA)

Accormanusa HHXEHEPHOTO o0Opa3oBaHUS
Poccun
http://www.ac-raee.ru/

CoBepiieHCTBOBaHUE  00pa30BaHUS U
PIH)KCHGpHOfI JCATCIIBHOCTH BO BCEX HX
MPOSIBJIICHUSIX, OTHOCSIIIIUXCS K y4eOHOMY,
Hay4YHOMY u TCXHOJIOTHYCCKOMY
HaNpaBJICHUSIM,  BKJIIOYas  MPOIECCHI
npenogaBanus, KOHCYJIbTUPOBAHUA,
UCCIICIOBAHMS, Pa3paOd0TKU WHKECHEPHBIX
pelieHui,  BKJIOYas  HEPTEra3oBYIO
oTpacib, TpaHchepa TEXHOJIOTHH,
OKa3aHus [IHPOKOTO CIICKTpa
00pa30BaTEeNbHBIX YCIyT, OOecTeUeHHs
cBs3€el c 00IIECTBEHHOCTHIO,
MIPOM3BOJICTBOM, HAYKOH M MHTETpAIMU B
MEXTyHAPOTHOE Hay4YHO-
00pa3oBaTebHOE IPOCTPAHCTBO.
CBOOOJHBIN TOCTYI

Hay4Has dJieKTpoHHas 6ubnuoreka Elibrary
http://elibrary.ru/

Hayunast  snexTpoHHass  OuOnmoTeka
eLIBRARY.RU - 5310 kpynHeimmuit
POCCUNCKUN uH(POPMAIMOHHO-
aHAJIMTUYECKU mopTas B olnactu
HayKHM, TEXHOJOIMM, MEAULUHBI U
o0pa3oBaHus, copepKalmid pedepaTsl U
MOJIHBIE TEKCThI OoJiee 26 MIIH HAayYHBIX
crtaTe M mnyOauKauui, B TOM 4YHCIIE
AIIEKTpOHHBIE  Bepcuu  Oonee 5600
POCCHUICKUX HAyYHO-TEXHUYECKUX
JKypHAJIOB, M3 KOTOphix Oomee 4800
KYPHAJIOB B  OTKpPBITOM  JIOCTyIlE
cBOOOJIHBIN 1OCTYI

denepanbHbIN nopTan «Poccuiickoe
oOpa3oBaHue» [DIEKTPOHHBIN
pecypc] — http://www.edu.ru

@enepanpubil  nopran  «Poccuniickoe
00pa3oBaHue» — YHUKAIbHbBIM HHTEPHET-
pecypc B cepe 00pa3oBaHUs U HAYKHU.
EsxenneBHO nyOIuKyer camble
aKTyaJbHbIE HOBOCTH, aHOHCBI COOBITHH,
MHQOPMALIMOHHBIE  MaTepHaibl s
HIMPOKOTO Kpyra YUTATEIICH.
EsxenenenbHO Ha moprajie pa3MeIarTcs
OKCKJIFO3UBHBIC MaTEpPHAIIbI, HHTEPBBIO C
BEAYIIUMU CHeLUaTUCTaMH —
MearoraMu, TCHXOJIOTAaMH, YYEHBIMH,
penopTaxu U AaHATUTUYECKUE CTAThH.
Yurtatenn  MOMy4YarOT ~— JOCTYHN K
HOPMAaTUBHO-NIPaBOBOM  0asze  cepbl
o0pa3oBaHMs, OHHM MOTYT IOJIb30BaThCS
CaMbIMH  pa3IMYHBIMU  MOJE3HBIMHU
CepBHCAaMH — TaKWUMH, Kak OHJIAIH-
TECTUPOBAHUE, OMPOCHI MO AKTyaJlbHBIM
TEMaM H T.1.



http://www.edu.ru/
http://elibrary.ru/
http://www.ac-raee.ru/

HaszBanue
OpraHu3auuu

Coxpaménn
oe HA3BaHMe

Opranu3anuoHHO-
npasosas (popma

OTtpaciab
(o0aacTh
AesiTeJIbHOCTH)

OdunuanbHbI
W calT

POCCHUIMCKH
71 COI03
HayYHBIX U
I/IH)KeHepHI)IX
0OIIIECTBEHHBIX
00beIUHEHNI

PocCHHO

HETPaBUTEIBCTBCHH
oe, HE3aBUCUMOE
00IIIECTBEHHOE
o0beINMHEHNE

TBOpueckuii Coro3
00IEeCTBEHHBIX
HAYYHBIX,
Hay4YHO-
TEXHUYECKHUX,
I/IH}KeHepHI)IX,
HKOHOMUYECKUX
00BEeTMHEHH,
SIBJISIFOIMX CSI
IOpI/I)II/I‘-IeCKI/IMI/I
JIMLIAMH,
CO3JaHHBIN Ha
OCHOBE OOIIIHOCTH
TBOPYECKUX
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ITPUJIOKEHME 1

MUWHHUCTEPCTBO HAYKH ¥ BBICIIIEI'O OBPA30OBAHUS POCCUMCKOM ®EJEPALIANA
®EJEPAJIBHOE T'OCYJAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIBHOE YUPEK/IEHUE
BBICLIEI'O OBPA3OBAHUS
«MOCKOBCKHWM MMOJUTEXHUYECKUN YHUBEPCUTET»
YEBOKCAPCKUHM HHCTUTYT (PUJIUAT) MOCKOBCKOI'O MIOJJUTEXHUYECKOI'O
YHUBEPCUTETA

Kadenpa UndopManimOHHBIX TEXHOJOIUM, 3JIEKTPOIHEPIreTUKN U CUCTEM
NNpaBJICHUA

PACYHETHO-I'PAONUYECKASA PABOTA

no pucuumiinae <KMATEMATHUKA»

HaumenoBanue Tembl

BeimonHwi: CTyIeHT  Kypca
3a0YHOI0 OTJEJIEHUS 110 HAIPABICHUIO
27.03.04 «YpaBlieHUE B TEXHUYECKUX
CHUCTEMAX))

©.N1.0.

HayuHbIli pyKOBOAUTEIB:

JOJI’KHOCTb, 3BaHUC
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Onenka
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Yeboxkcapsr 2021
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