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MeTtoauueckue ykazanus pa3paboTaHbl B COOTBETCTBUH C:

- denepanbHblii TOCYJApPCTBEHHBINM 00pa30BaTENbHBIM CTaHAAPT BBHICIIETO
oOpazoBaHusi - OakajaBpuar no HampasieHuro noaroroBku 09.03.02 —
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MuHucTepcTBa HayKu U Bbiciiero oopaszoBanusi Poccuiickoit @enepanuu Ne 926 ot
19 centsi6ps 2017 r. 3apeructpupoBanHblii B Muntocte 12 oxtsa6ps 2017 roxaa, per.
Homep 48535 (manee — ®I'OC BO).

- y4eOHBIM TUTAaHOM (OYHOHM, 3a04HON (OpM OOYYEHHS) MO CIECIHATBHOCTH
09.03.02 — MadopmarimoHHbIe CUCTEMBI i TEXHOJIOTHH.

ABtop Muxaiinoa Hatanus AnekceeBHa, KaHAUAAT PU3NKO-MATEMATUUYECKUX
HayK, JIOUEHT Kadeapbl HWHPOPMAIIMOHHBIX TEXHOJOTUM, 3JIEKTPOIHEPIETUKU U
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1. Henab u opranu3anusi BbINOJHEHHS pacuyeTHO-Tpaduyeckoii padoThl
B cootBercTBUM C y4eOHBIM IUIaHOM 10 HampaBjeHuto moarotoBku 09.03.02

«MHbOpMAIIMOHHBIE CUCTEMBI M TEXHOJOTHUK» OO0yUYaIOIIHecs B MPOIIECCe U3yUECHUS
JTUCIUIUINHBI «MaTemMaTHKay BBIOJHAIOT pacueTHO-rpaduieckyro padotyNel.

Heas pacyeTHo-rpaduyeckoil padOTHI - BBIIBUTH 3HAHUS CTYACHTOB
METOJIOJIOTUYECKUX OCHOB MATEMATHKH, YMEHUE NPUMEHSITh OTH 3HAHUSA B aHAIU3E
COLMAIIBHO-DKOHOMUYECKUX  SIBJICHUH,  INPOU3BOJUTH  pacyeThl,  IPUBHUTH
00y4aroIMMCsl HaBbIKU CaMOCTOSATEIbHON PabOThl C IPUMEHEHUEM MAaTEMaTHYECKUX
METO/IOB.

B xone BbIMoNMHEHHS pacyeTHO-Tpaduyeckoil padoThl 00yYaromIMiica TOJIKEH
MIPOSIBUTH YMEHHE CAMOCTOSTEIBHO Pa00TaTh ¢ yUeOHON M HAYYHON MaTeMaTH4eCKOM
JUTEPATYPOM, IPUMEHATh MATEMATHYECKYI0 METOJIOJIOTHIO B aHAM3€ KOHKPETHBIX
JAHHBIX, YMETb BBIYUCIATH IPEIEIbl, HAXOIUTh MPOU3BOAHBIC, HAXOAUTh MHTErPAJIBI.
PacuetHo-rpadmyeckas padbora A0KHA OBITh BBIOJIHEHA U MPEACTABICHA B CPOK,
YCTaHOBJICHHBIN IpaprikoM y4yeOHOro nporecca.

BbinosiHeHHe pacyeTHO-Tpadpuueckoi padOThl BKIIOYAET CIEAYIONINE ITAIbI:
O3HAKOMJICHME C IPOrpaMMol JHUCHMIUIMHBL «MaremaTtuka», METOINYECKUMHU
PEKOMEHIallsIMU TI0 BBITIOJHEHHUIO pacyeTHO-Tpaduueckoi padoThl;
npopabOTKa  COOTBETCTBYIOLIMX  pa3felioB  METOAOJOTMM  MaTeMaTUKU IO
PEKOMEHI0BaHHOW yueOHO! JIUTEepaType, KOHCIIEKTaM JIEKIIHiL;

BBIIIOJIHEHHE PACUYETOB C IPUMEHEHNEM OCBOEHHBIX METOJIOB;

3aBepiieHHas paboTa MPENCTaBIsETCS [JJIi MpOoBepkH Ha  Kadeapy
MPENOIaBaTe0 B YCTAHOBIIEHHbIE y4eOHbIM rpadukoM cpoku. Cpok IpOBEPKH HE
o6onee 5-7 ngueir. IlpemonmaBaTens TPOBEPSET KauyecTBO palbOThI, OTMEYAET
MOJIOKUTENbHBIE CTOPOHBI, HEIOCTAaTKU pabOThI U olleHUBaeT ee. OOyyaroumecs, He
MOATOTOBUBIINE pacYETHO-TpapuUecKyto paboTy, K 3K3aMEHY HE JO0IYCKarOTCs.

2. BbiOOp BapuaHTa M CTPYKTYpa pacueTHO-rpaduueckoii padoThl
3amaHus AN pacueTHO-rpadUyecKux paboOT COCTaBISIOTCA MpenojaBaTelieM,
KOTOPBIN BEJET TaHHYIO IUCLUUIUIMHY, U YTBEPKAAIOTCS Kadeapoil.

Homep BapmanTa pacdeTHO-rpadudeckoil paboThl BHIOMpPAETCS O0YUYaIOIIUMCS
nmo mnocnenHeit mudpe B mudpe HOMEpa 3a4eTHOW KHWKKHU. Tak, Hampumep, ecliv
nocienusas mudpa mudpa 1, To 00yyaromuUnics BBIMOTHIET PacueTHO-TpahuIecKyro
paboty no Bapuanty Ne 1.

[Tpu BBITIOJIHEHUU pacyeTHO-rpapuUecKoit paboThI HE00XO0AUMO
MPUIICPKUBATHCS CIEIYIOIICH CTPYKTYPHI:

o TUTYJIBHBIH JIUCT;

« BBCJICHHC;

e pacueTHas 4acTh;

¢ 3AKJIIOYCHUE;

e CIIUCOK HCIIOJIb30BAHHOM JINTEPATYPHI.



TuTynbHBIA JIMCT ABISETCA TEPBOM CTpaHUIEH pacueTHO-TpaduyecKoit
pabotel. O0paserr ero opopmiienus npusenaeH B [Ipunoxenun 1.

Bo BBenennu cojepkarcs o01IKe CBeeHUs O BIMoJHeHHOU padoTe (0,5-1 ¢.).

B pacderHoii yacTm oOydaronuiicss JOJKEH TOKa3aThb YMEHHUE NPUMEHSThH
MaTEMaTUYECKUE METOJbl PACUYeTOB, PACCUUTHIBATH HEOOXOJUMBIE JAaHHbBIC, JENaTh
Ha UX OCHOBE apryMEHTHUPOBAHHbBIE BHIBOJIBI.

VYcaoBus 3ama4 B pacyeTHOM 4YacTU JOJKHBI OBITh MPUBENCHBI MOJHOCTHIO.
Pemenne 3agau ciemyeT CONMPOBOXKAATh Pa3BEPHYTHIMU pacueTaMu, CChUIKaMU Ha
MaTeMaTHueckue (OopMynbl, aHATM30M M BBIBOJAAMH. 3aJayd, B KOTOPBIX JaHbBI
TOJIBKO OTBETHI 0€3 MPOMEKYTOUHBIX BHIYHCICHUHN, CYHUTAIOTCS] HEPEIIICHHBIMH.

Bce pacueTsl OTHOCUTEIBHBIX MMOKa3aTesel HyKHO MPOU3BOJUTH C MIPUHSITOHN B
MaTe€MaTUKEe TOYHOCThIO BhIUKCIEeHUM: KoapduumenTsl - 10 0,001, a mpoueHTs! - 10
0,1.

Cnenyer oOpatuth oco00€ BHHUMaHHME HA BBIBOJBI, KOTOPBIE JIOJKHBI OBITH
00OCHOBaHHBIMM, IOATBEPKAATHCA IPEIBAPUTEIBHBIM  aHAIU30M  IU(PPOBOTO
MaTepuana.

B 3akiiouenum pacuetHo-rpaduyeckoit paborel (1 c.) B kpaTkoit ¢opme
PE3IOMUPYIOTCS pE3ybTaThl paOOTHI.

[Tocne 3akntoueHuss MPUBOAUTCS CIIUCOK JUTEPATYPhl, BKIOYAIOIINUNA TOJIBKO T€
UCTOYHUKH, KOTOpblE€ OBUIM HCIIOJIB30BAHBI TPU  BBINOJHEHMH PacyeTHO-
rpaduueckoil padoThl M HA KOTOPBIE UMEIOTCS CCBUIKU B TEKCTE PaOOTHI.

[Tpu onucannu TUTEpATYpPHBIX HCTOYHUKOB HEOOXOIMMO YKa3aTh:

o (haMUJIMH ¥ MHUITHAIIBI aBTOPOB;

 HA3BaHNUE KHUTH, COOPHUKA, CTaThH,

¢ MECTO M3JIaHUS;

o U3JIATEIIbCTBO;

o TOJ] U3/1aHUS;

¢ KOJIMYECTBO CTPAHULl WJIM KOHKPETHbIE CTpaHMIbl (MIOCIETHUE B Cyyae
CCBUIKH Ha CTAThIO WJIM CTaTUCTHUCCKUN COOPHUK).

CrangapTHblid (hopMar onucaHuss UCTOYHUKOB MPUBEJEH B CIIMCKE JTUTEPATYPHI.

3. TpeboBanusi k opopMiIeHHI0 pacuyeTHO-TpaduUecKoii padoThI

[Tpu opopMeHUN pacueTHO-TpauuecKoit paboThI HE00XO0AMUMO
PYKOBOJICTBOBATHCS CIIETYIOUTUMU TPEOOBAHUSIMU:

1. O6bem pabotbl - 10-15 cTpanui] TeKCTa Ha CTaHAAPTHBIX JIUCTaX
dbopmata A4, HaOpaHHBIX Ha KOMIBIOTEPE C UCIOJIB30BAHUEM TEKCTOBOTO PEAAKTOPA
WM BPYYHYIO (IMCbMEHHO), TaOJUYHOrO Mpolieccopa WU JAPYTUX MPOrpPaMMHBIX
cpencts (pasmep mpudra - 14 myHKTOB, HHTEpBAI - 1,5).

2. CrpaHuubl JOKHBI OBITH MPOHYMEPOBAaHBl W UMETh MOJS ClieBa U
CIpaBa HE MeHee 25 MM I 3aMeYaHuil IPenojaBaTesi-KOHCYJIbTaHTa.

3. B Tekcte HE TOMKHO OBITH COKpAILIEHUH CIIOB, KpOME OOIIETIPUHSTHIX.

4. Bce mpomexyTouHble JaHHBIE MPOBOJMMBIX PAcu€TOB U PE3yJbTaThl

cieayeT npcaACTaBJisiTb B ABHOM BUIC.



S. Bce Tabnuupbl 10JKHBI HIMETh CKBO3HYIO Hymepauuio. [IpuBeneHHbie B
pabore wumoctpauuu (rpaduku, AUarpaMMbl) JOJDKHBI HMMETh MOJPUCYHOUYHBIE

ITOAIINCH.
6. Onucanue JIUTCPATYPHBIX UCTOYHUKOB BBIIIOJIIHACTCA B COOTBCTCTBHUHU CO

CTaHIapPTHBIMHA Tpe6OBaHI/I$IMI/I, MPUBCACHHBIMHU B IIPCALIAYIICM Pa3aclic.

4. Teopernueckuii MaTepuaJ U NPpUMePbI pelleHusi 3a1a4

MaTpuubl ¥ onepauyuu HaJi HUMHA

Cnoowcenue (eviuumanue) mampuy OAWHAKOBOIO pa3Mepa MPOU3BOAUTCS

ITO3JICMCHTHO.

i=1lm,j=1n.

C=A+B,¢c;=g;+b

ij?

Ymuoowcenue mampuyvl HA HYUCIO — KEDKI[BIﬁ QJICMCHT MAaTpullbl YMHOXKACTCA

Ha 3TO 4YHCJIO.

A= 1B, a; = Ab,

i

Ymnoowcenue mampuyvl na mampuyy ONpPENENEHO, €CIU YHCIO CTOJOIOB
IIEPBOM MaTpHULbl PAaBHO YHUCIY CTPOK BTOpOW Marpuubl. lIpousBenenuem

marpunsl A Ha B, HasbBaercs Mmarpuna C, ., DJJIEMEHTBl KOTOpPOM

p

BBIYUCTISIIOTCS 110 (hopMmyJie

k=1

3aMeHa KaXI0il CTpPOKM MATpHIbl €€ CTOJIOLOM C COXpPaHEHHEM MOpsKa
Ha3bIBAETCS MpaHcnoHuposanuem. TpaHCIIOHMPOBAaHHAs O OTHOLIEHUIO K

MaTpuIle A MaTtpuila o0o3HadaeTcs A'.

Ipumep. Haittu matpuity C =2A+B', rae



-2 3

1-3 0
A= 1 0,B= .
61 5

-3 1

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

-31 0 5 (-6 2 0 5 (-6 7
Ilpumep. HailTu nmpousBei€HUE MATPUILL
-2 3
1-3
A= 1 0|,B= .
)

-3 1

Pewenue.

=2 3) oy (-2143:2 ~2:(-9+3:4) (4 6
A-B= -(2 4}: 1.140-2 1.(=3)+0-4 |=| 1-3|
31 ~3.141.2 -3-(-3)+1-4 | |(-1-5

Onpeneaurenu

Kaxxmoil kBagpaTHOM MATPUIIE MOXXHO TOCTABUT B COOTBETCTBHUE YHCIIO,

Ha3bIBacMOC€ onpedeﬂumeﬂem.

Onpedenumenb MaTPUIIBI 8MOPO20 NOPAOKA BBIYUCIISIETCS IO (hopmyJie

—A _th_all a, _
|AI— , =0e - = 4,8y, —a;,a,;.

aZl a22

Onpedenumensy MaTpullbl mpemvbe20 NOPSOKA BBIYUCISETCS 1O Npaguiy

mpeyeonvHukos unu Capproca



a, q, da;
|A| = As =det A= dy; Ay Ay = 81385853 T8,,8)585, + 8,385,385,
Ay Qg Ay

—8138,,83; —8,;3,385, —81,8,,a35.

Onpedenumens MATPULIBL 8MOP0O20 NOPSIOKA BBIUUCISIETCS O0J€e CIOXKHO.

MoxHo npumMeHnTh TeopeMy Jlarmaca.

Teopema Jlannaca. OnpepenuTens KBaJApaTHOW MAaTPHULBI PaBEH CyMMeE

MIPOU3BEJICHUN DIIEMEHTOB KaKOW-IMO0 CTpOoKH (cTosOla) HA UX anreOpandyeckue

JOITIOJIHCHUA.

|Al=det A= a;A,;.
-1

Onpedenumensy mpey2oabHot (IUAarOHAIBLHON) MaTPHILIBI PaBEH MPOU3BEICHUIO

AuaroHaJIbHbIX 3JICMCHTOB.

3-1-1
Ilpumep. BoluuCINTD onpeAeauTeNb MaTpullbl A=|-3 1 5 |: a) Mo npaBuiIy
2-2 4

TPEYTOJBLHHUKOB; 0) C TOMOIIBIO aITreOpandecKux JOMOJTHCHHM.

Pewenue.

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) Haitnem anrebpanyeckue JOMOJIHEHHS 3-M CTPOKH.

Ay = (-1 .

. 5#(—1)-5—(—1)-1:—4, Ay = (1)

3 - ~=3.1-(-1)-(-3)=0
5 4|7 -1-(-1)-(-3)=0.

A33 = (_1) 3

Torpa o reopeme Jlarutaca

|Al=det A=a, A, +a,A;, +a3A; =2-(—4) +(-2)- (-12) +4-0=16.

3 -
- 5“=—(3-5—(—1)-(—3»=—12



Panr maTpuusl

OoparHas maTpuua

KBaI[paTHaﬂ MaTpuia Ha3bIBACTCA H€6blp09f€0€HHOMv, CCJIn €C OIpCACIUTCIIb

OTJIMYCH OT HYIJIA.

Obpammnoti mampuyert A i1 MaTpPHUIBI A Ha3bIBAeTCA MaTpHUIla, IS

KOTOPOM CIIPaBEAJIUBO PaBEHCTBO A -A=A-A™' =E, r1e E- ¢AMHUYHAS MaTpHUIIA.

OOpatHass  MmaTpuma A ompejelieHa  TOJNbKO  JUIS  KBaJapaTHBIX

HEBBIPOKICHHBIX MATPHUI[ K MOYKET OBITh BHIYHMCIIEHA TI0 (OpMyJIe
1
-1 _ t
AT = W(Aij) :

Teopema o pance mampuysl. PaHr MaTpHIlbl paBEH MAaKCUMAJIbHOMY YHCIY €€

JMHEUHO-HE3aBUCUMBIX CTPOK WJIA CTOJIOIIOB.

Ilpumep. HaitTu matpuily, oOOpaTHYIO K MaTpHIIE

2 1-1
A=|5 2 4].
7 34
Pewenue.
2 1-
I cnocob. Haxomum ompenenntens MaTtpumbl |A =[5 2 4/=-1#0. 3Hauur
7 34
MaTtpuiia UMeeT oOpaTHYIO.
2 1-11 0 O
(AE)=|5 2 40 1 0
7 3 40 0 1



[TpuGaBuM K 3ymeMeHTaM 2-W CTPOKH, YMHOKEHHOM Ha 2, 31MeMeHThl |-i
CTPOKHM, YMHOXEHHOM Ha -5, a K 3jemMeHTaM 3-U CTPOKH, YMHOKCHHBIM Ha 2,
3JIEMEHTHI |- CTpOKU, YMHOKEHHBIE Ha -7. [Tomyyum

-1
-1 13 -

0 0
2 0
15 -7 0 2

o o N
P = =
~N o1 B

K anementam 3-i cTpoku npubOaBUM 3JIEMEHTHI 2-i1 CTPOKH, YMHOKEHHBIE Ha -

K 1-ii cTpoke, yMHOKE€HHOH Ha 2, npubaBuM 3-10, a K 2-i, YMHOKEHHOU 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

CI10XuUM 3I€MEHTHI 1-i 1 2-1 CTPOK.

4 0 0 16 28-24
0-2 0] 16 30-26
0 0 2/-2-2 2
[Toxgenus 1-10 cTpoky Ha 4, 2-10 — Ha -2, 3-10 — Ha 2, CIIpaBa OT YEPTHI MOITYIUM
MaTpHILy OOPaTHYIO JISI UICXOTHOM.
4 7 -6

A'=|-8-1513
-1 -1 1

[IpoBepsieM NMpaBUIIBHOCTH BHIYUCIICHUM 110 (hopMyIIe

A" A=A-A"=E.
10



2 cnoco6. Haxoqum anreOpanydeckue JOMOIHEHUS BCEX 3JIEMEHTOB MaTPHULIBI.

2 4 54 5 2

= (=1 1+1 =_4’ = (=1 142 :8, = (-1 1+3 :1’
Au()34‘ Alz()74‘ A13()73‘
1- 2~ 21

=(=1 2+1 :_71 A = (=1 2+2 :15, = (=1 2+3 :1,
Au():“j 22<)741‘ Agg()m‘
1- 2~ 21

— _1 3+1 :6, — _1 3+2 :_13’ — _1 3+3 :_1
Asl()zj Asz()541‘ &3()52‘

[ToncTaBuM HalJIeHHbIE 3HAYEHUS JOTIOJHEHHUM U onpeieuTens B popmyny
1
-1 _ t
AT = W(Aij) :

[Tonyunm

4 7 -6
At =|-8-15 13].
-1 -1 1

Cucrembl IMHENHDbIX anrebpanyeckmux ypaBHeHU

Cucmema M QuHelHbIX aneedpauyecKux ypasueruil ¢ N HeuzeecmHvlMU AMEET
BU
a; X +a,X, +..+a, X, =b,
Ay X, + 850X, +..+8,,X, =D,,

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

m

rae  a; -Kod(UIMEHTHI IPY HEM3BECTHBIX, D, - CBOOOJHEIE YJIEHBI.

OcHoBuabiMu MeToaamu pemienus CIIAY sapastorcs meton ['aycca, MaTpUUHBIM
meron u mpaBuiio Kpamepa. Meton ["aycca nmpumenum st pemenus aobon CJIAY,
B TO BpeMs kak meron Kpamepa m MatpudHblii METOJ MOTYT OBITh MCIOJB30BaHbBI

TOJIBKO IJIs1 p€IICHUA CUCTEM C KBa,HpaTHOﬁ HCBLIpO}K,HeHHOI\/’I ManHHGﬁ.

11



Jna pemenuss memooom Iaycca COCTaBISIIOT PACHIMPEHHYIO MAaTPUILY
CHUCTEMBbI, KOTOPYIO 3aTEM C MOMOIIBIO 3JIEMEHTAPHBIX MpeoOpa3zoBaHUil MPUBOIAT K
cTyneH4aroMy Buay. [lo mojgyueHHOW MaTpulle BBITUCBIBAIOT HOBYKO CUCTEMY U

pemaroT €€ METOA0M HCKIIIOYCHUA IICPCMCHHBIX.

Pemiennie cucteMbl mampuuHbiM  MemoOoOM WA  MemooOM 0OpamHoul

Mampuysl onpenesiercs no popmyine

Ilo popmynam Kpamepa :

Irae  A- OIPEACIUTEIb CUCTEMBI, A j~ OIPCACIUTCIIH, IIOJYYCHHBIC U3 ONIPCACIUTCIIA

CHCTEMBI 3aMEHOM j-FO CTOJ'I6I_[a Ha CTOJI6€LI CBO60,Z[HI>IX YJICHOB.

Ilpumep. Pemmute CJIAY: a) matpuunbiM MeToz10M; 0) MeTonoM Kpamepa; B)

MeToaoM ['aycca

X, + X, + X3 =3,
2X; — X, + X3 =2,
—3X, +2X, + X; =0.

Pewenue. a) Matpuiia cucteMbl UIMEET BU]T

11
-11
2 1

>
Il
w

X, 3
X=| X, |- cTon0Oer Hen3BECTHHIX, B=| 2 |- cTonOEI] CBOOOHBIX YICHOB.
Xq 0

Onpenenurens cuctemMbl A =—7 = 0. O0paTHas MaTpuila

12



1 3-1-2
At=Z| 5-4-1
7
-15 3
ITo hopmyie
3-1-2 3 1
X:AlB:% 5-4-1 |-12|=|1
-15 3 0 1
CnenoBatenbHO, X, =1, X, =1, x; =1.
0) Beruucium BcrioMoraTeabHbIE ONPeIeIUTeNN
311 1 31
A =2-1 1|=-7,A,=| 2 2 U=-7,A,=| 2-1 2/=-T7.
0 2 -3 0 -3 2
A, -1 A, T A, T

B) Beinumiem paciimpeHHy0 MaTpUILy CUCTEMBI

1113
2-1 1\2]|.
-32 10

[IpuBenem ee k crynenuaromy Bufy. [ns aToro npubaBuM K 3iemMeHTaM 2-i
CTPOKHU 3JIEMEHTHI 1-il CTPOKH, YMHOKEHHBbIE Ha -2, a K 3JIEMEHTaM 3-U CTpPOKU —

AJIEMEHTHI |-i1 CTPOKM, YMHOKEHHBIE Ha 3.

113
3-1-4
54 |9

[IpubaBum K 3-i1 CTpOKe, YMHOKEHHOM Ha 3, 2-10 CTPOKY, YMHOXXEHHYIO Ha 5.
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PacmupenHnas marpuna npuBeieHa K cryneH4atoMy Buay. CooTBETCTBYyrOIIas
eyl cucTemMa uMeeT BUJL
X, + X, + X3 =3,

—3X, — X; =4,
Xy =1.

. 7
N3 MMOCIICAHCTO YPABHCHUA HAUJIACM X, 2721, N3 BTOPOTIO0 YpPAaBHCHUA

4-x, 4-1
X, = 3 3 :Tzl,nm MEPBOTO X, =3—X, —X; =3-1-1=1,

Bexropnas aareopa
Onepauuu HaX BEeKTOPaMu
CxkajisipHoe npou3Be/eHHe BEKTOPOB

Bexmopom Ha3bIBalOT HAMPABJICHHBIN OTPE30K, KOTOPBIM MOKHO TEepeMeniaTh

napajuieIbHO caMoMy cebe.
Bexkrops! &, b Ha3BIBAIOTCH JUHEHHO-HE3A6UCUMBIMIUL, ECTTA Ad + A,b =0
< A, =/,. B IpOTUBHOM Cllydae, OHU JIMHEUHO-3aBUCUMBI.

Jnunou (moodynem) eéekmopa Ha3bIBAaeTCsl UIMHA OTpPE3Ka, M300pa)karoIiero

BekTop. [yimHa d(X,y) onpenesseTcs mo Gopmyiie a =4/x> +y? .

BekTopbl Ha3bIBAKOTCS KOIUHEAPHbIMU, €CIIN JIEKAT HA OJHOW IIPAMON WJIM HA

mapaJuICJIbHBIX IIPAMBIX.

BCKTOpI)I Ha3bIBAIOTCA KOMNniaHapHbiMu, €CIN JICKAT B O,Z[HOﬁ IIJIOCKOCTH HJIN

B IapaJUICJIbHBIX ITIIOCKOCTAX.
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JInHEeNHBIMH ONEpalrsIMU C BEKTOPAMU SIBJISTFOTCSL:

1) cnoxenne: a+b = (X, ¥,,2,) + (X, Yo Z,) = (X + X5, ¥, + V5, 2, + 2,)
2) yMHOXEHHE Ha 9UCIo Ad = A(X,, Y;,Z,) = (A%, Ay;, 1Z,) .

VYTbl HaKJIOHA d K OCSIM KOOPpAWHAT HA3bIBAOTCA HaAnpasiAouumu

KOCUHYCAMIU.
X z
COSa:—,COS,B:#,COSy:—,
X2 +y?+7° VX2 +y?+7° VX2 +yi+7°
IpHYEM

cos’ a+cos® f+cos’y =1.
IIpoekyueti exkmopa @ Ha OCh | Ha3bIBAETCA YHUCIIO
18,4 =3 cosg,
I7I€ - YroJl HaKJIOHa BeKTopa d K ocH |.
Cranapnoim npouséedenuem a,b Ha3bIBAETCS YUCIIO
(d,b)=a-b =[d-|p|- cose .

B xoopauHatHOM Gopme

(a, 5) =a-b=xX,+Vy,Y,+2,2,.

Veon meacoy eekmopamu &b onpenensercs mo Gpopmyiie

Q|
(SN

Cos @ =

S

a

IIpumep. Haiiti uiny d =&+Db +C ¥ pasinoxkuTs ero 1o 4, b, ecu

a=(3-1,b=010-2),¢c=(-11).

15



Pewenue. Haitnem xoopauHatel d =d+b+€ =(3-1)+(L-2)+ (-1 1) = (3-2).

JlnuHa BekTopa d = \/xz +y® = \/32 +(-2)? =13.

Pa3noxkuth 1o 4d,b- 3HAYMT, NPEACTaBUTh B BUAe d=c-d+p-b. Jna

ONpEaCICHUsA ¢, [, 3alIUIIEM B BUJIC

a-B-D+4-1-2)=03-2)

1581051
3a+ =3,
—a-28=-2.
4 3 - 4_ 3-
Pemus cucremy, noayuum a:gﬂ:g,TO €CTh d:ga+§b
Ilpumep. Hautm yrom Mexay BEKTOpaMHU a+b m a-b, ecmm
) T
a=4,b=3p=—.
a=4o|=3.9=7
~ _ =12 |2
a+b)@-b) ")

Pewenue. coswz(# AT — — -
a+b|-|a-b| \/|a| +2(8,6) +]p -\/|a| -2(8,6) +

47— 3 7

37413

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

BeKTopnoe U CMCIIAHHOC IIPOU3BCACHUA BEKTOPOB

Bexmopuvim npouseedenuem @,b Ha3bIBAETCH YUCIIO
[ﬁ, 6]: axb =|§|-‘5‘~sin Q.

B xoopauHatHOM Gopme

16



Ilnowaov napannenoepamma, TOCTPOEHHOTO Ha BeKTopax d U b paBHa

MOIYJIIO UX BCKTOPHOI'O IIPOU3BCIACHMA.

IInowaov mpeyeonvnuxa, MOCTPOCHHOIO HA BEKTOpax d W b paBHA MOJIOBHUHE

MOAYJIA UX BEKTOPHOI'O ITPOU3BCACHMA.

Cmewannvim npouzeedenuem a,b, ¢ Ha3bIBAETCSA YHCIIO

Xl yl Zl
abC=x, Y, Z,|.
X3

Ys Z3

Obvem napannenenuneda, TOCTPOEHHOTO Ha 4,b,C, paBeH MOAYIIO HX

CMCIIaHHOI'O IIPOU3BCIACHUA.

IIpumep. Haiitu Bektop d, oproroHampHeIi  a=(1,2,3),b =(-7,0,2), s

KOTOPOTO CKaJISIpHOE Mpou3BeaeHue ¢ € = (1,1,1) paBHoO 3.

Pewenue. VIckoMbIii BeKTOp KolumHeapeH axb. CiemoBaTensHO, OH paBeH
A(@xb).
i j ok
[6,6]=axb=| 1 2 3 =(4-2314).
-7 0 2

Torga d = (44,-234,141).

d’~6=4/1.1—23/1-1+14/1-1=—51=3,/1=—§:>a= —E,@,—E .
5 5'5" 5

5. 3ananus pacuétHo-rpaduyeckoi padornsl Nel.

3anaunmel. /{lansl maTpuubl A u B. Haiinute matpuny C.
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6 3

4 1-3 6 1 3
2 0-4,B=/0 3 0,C=3A-B
0 35 1-4 1
9-11 6 3
4, A=|7 -3 |B=|0 2 ,C=A+2B.

0 -2 1-8

51

~2 1-5
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_
~210 t
7. A=|6 8| B= ,C=A+2B".
~7 1-2
3
—2 1 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.
31 17 2 01
2 -16 6 3
10. A=|6 -3 |B=[10 2| C=A+15B
0-2 1-8
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3aganme2. Haiinure npousBeqeHUE MATpUll A-B WM 3HAYEHHWE MATPUYHOTO

MHorowieHa. CyIecTBYeT Jin MpOu3BeeHne B- A?

1
1. A=(1 -1 2)B=|4
5

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

i)

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

19



12x® +5x+3,

9. f(x)

-6 3 5 37-11
-10 1) 12 4 )

|

3aaaHune3.BeIuncianuTh ONPEACIIUTEND.

2-1

0

1

il'

1.12-1 2.

2.2 1 2.

3.12-1

< N O

5.0 3 0.

1-4

1111

1212
313 1

0110

20



3114

0 410 1
17 7 3
2 24 3

10 41
3 211

310 1]

0 410

1511

0 010

1210
9

01 3 2

3041

3811

10.

0 3 0 1|

0 450

A. Cnenante

3ananmne4. Haiigute oO0paTHYIO MaTpUIly JIS MaTPHUILBI

MIPOBEPKY.
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|
|
i)
|
|

1111
1212
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

3aganmeS. Pemuth cuctemMy JHMHEHHBIX aNreOpanyecKuX YpaBHEHHUM Tpems

croco0aMu:
-metoaoM ['aycca

-nio hopmynam Kpamepa

-Cp€acCTBaMU MAaTPUYHOI'O UCHHUCIICHUA
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X+Yy+2z=-1 X+3y+4z=3,

1. {2x—-y+2z =4, 2.42x-y—-z=1,
AX+y+4z7=-2. X+2y+3z=5.
2X—4y+z=3, Xx+3y-z=4

3. {x-5y+3z=-1, 4.{-x+2y+3z=12,
X—-y+z=1. 2Xx+y—-z=1.
X—-y+z=-17, 4x—-y—-7=-3

5.4x-3y+2z=-11, 6.{x+3y+3z=-4,
2X+y+2=0. —-X+2y-z=5.
3X—y+z=-16, X-y—2=-3

7.42x—3y+2z=-11, 8.{X+2y+3z=-4,
2X+y+2=0. -X+2y-z=1.
X+y+z=-1 X+y+4z=1

9. <6x—y+2z=-4, 10.{2x+y-z=1,

2X+y+4z=-1. X+2y+3z=5.

3ananmne6. Haiitu nuHeliHyr0 KOMOMHAIIUIO BEKTOPOB.

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

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

3. (8,b)c+3(b,c)b, rme a=(4,1,3),b =(12,—2), € = (10,8,1).

4. 45+190 —¢, e d=(2,—4,3),b = (10,—5,— 2), ¢ = (187,8,).
5.18d+3b+7¢, rae a=(-6,2,0), b = (54,1,1), € = (-90,1,—2).

6. (a,b)c +13(b,c)b, rme a=(45,-9,3),b = (1,2, 2), € = (131,9,1).
7.133+6b—C, re d=(-10,19),b = (1,7,~ 2), € = (10,5,1).

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

9. 2(a,b)c +7(b,¢)b , Toe a=(4,-8,3),b =(90,2,—2), € = (10,8,1).
23



10. 14a+19%b €, rae & = (-4,-4,3), b = (113,—5,— 2), € = (17,3,1).
3aganue7. HaiiTu ckansipHOoe MpoU3BEACHUE BEKTOPOB U YTOJI MEKTY HUMH.
1. a=(0,4,-3),b =(-1,2,2).

2.a=(21-2),b=(0,—-2-3).

3.4=(413),b=(12-2).

4.3=(120),b=(211).

5. da=(413),b=(12-2).

6. a=(1L4,-7),b=(-122).

7. a=(10,1,-5),b = (3,- 2,-3).

8. a=(-14,11,3),b =(3,2,-2).

9. a=(13,2,0),b =(24,11).

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

3aganue8.

1. {ansl Toukn A(2,-1,4), B(4,0,2). HaiiTu Moy 1 HampaBJieHUE BEKTOpA AB

2. Haiitu \25 +3b|, ecyti & = (1.5,0,—4), b = (0,0,4).

3. IIpu KakOM 3HaYEHHH N BEKTOPHI d = (3,—2,1) u b =(n,4,0.5) OpTOroHaILHEI?

4. Haiitu (¢,d), ecnu 6:5&+5,d=4§—b,|§|=2,‘5‘=3, a yrom MexKIy

BeKTOpaMu 4 u b 120°,

5. Borauenurts |¢|, ecnu ¢ =5a-2b, [a] =3, ‘5‘ =4, a yroJ MeXIy BEKTOpaMu a U

b 60°.
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6. Beruncinurhb (5—5)2, eciIu |é| =22 . ‘6‘ =4, a yrojl MeXJ1y BEeKTOpaMu a u b

135°.

7. Hauitu BHemHMM yroa B B TpeyrojbHuke ABC,  eciu

A(2,-1,4), B(4,0,2), C(2,—3,1).

8. Haittm yron mexmy BekTopamu a+b m a-b, ecim lal =1, ‘6‘=6, a yromu
MEXIY BEKTOpaMU a U b 60°.

9. Haiitn ¢=24,d=b-4,[c| ‘J‘ d2, (¢, d), yros Mexmy BeKTopamu ¢, d, eciu
d=(2,-1-2),b=(8-4,0).

10. TIloctpoutes mapamienorpaMm Ha Bektopax OA=(110),0B=(0,-31).

OHpCI[eJ'II/ITB JuaroHajlin U UX AJIMHBI.

3aganue9.

1. Beruuciaurth [E,OT J, eciu

¢=a-3b,d=-2da+b,a=(-10,3),b =(112).

2. Haiitu ‘[E,&], ecnu C=4a-2b,d=-d+30,[d :‘5‘ =2, a Yrol MexIy
BeKTOpaMu a U b 30°.

3. Beruuciaurs II01Iaab TpeyTrojibHUKa ABC, eciau

A(2,-2,3), B(-3,-6,0), C(4,—3,-1).

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

TIOCKOCTHU?
5. JIexart nu Touku A(1,—2,3), B(0,1,0), C(1,2,—1), D(4,—1,7) B OAHOM MJIOCKOCTH?
6. HaiiTu cMelianHO€ MPOU3BEAECHNUE BEKTOPOB a= (2,-2,6), b=(-6,6,3),

fi=(3,-25) .
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7. Halitu o0bem TeTpadapa ABCD, BBICOTY BP, TUJIOIIAIU TpaHEH TeTpa’apa,

eciu Al,-3,—5), B(~1 2,—4), C(0,0,—2), D(-6,~1,—2) .

8. Haiitu o0neMm TeTpadapa ABCD, BBICOTY BP, MEUAHbI TPAaHEW, IUIOMIAAN

rpaHen reTpasapa, ecnu A(2,-1,2), B(5,5,5), C(3,2,0), D(4,1,4) .

9. Bbruuciuth momaab IapajuiciorpaMma, IIOCTPOCHHOI'O Ha BCKTOpPax

a= Sp+ 2&, b= p—3§ , JUIMHBI THaroHaJiey NapajuiesiorpamMMa, yrojl MEeXIy au E , 1

MIPOEKIIUIO aHab.
10. Bpluucnuth 00beM napajuiesienunena, MOCTPOSHHOIO Ha BEKTOpax
€=6a+10b,d =3a-6b, f =3a—6b,[d| =1, \6\ =2, a yroJI MeXIy BeKTOpaMu d U b 135°.
3aganuel (.

1. Hanncatpe ypaBHEHUSI BBICOTHI, TPOBEICHHON W3 BEPIIMHBI A, U MEIHAHBI,

MPOBEICHHOM U3 BEPIIMHBI B, TpeyrojdbHuka ABC, eciin A(-1,-5), B(3,—1), C(1,—2).

2. HanucaTte ypaBHEHHE CTOPOHBI KBajpata ABCD, eciii 3aaHbl KOOPAUHATHI

JIBYX €ro CMEXHbBIX BeplInH A(l,—1), B(-3,3).

3. Hamucatrs ypaBHEHHE NPSIMOM, KOTOpasi MPOXOJMUT depe3 TOUKy A(8,6) u

00pa3yeT ¢ KOOPJUHATHBIMH OCSIMH TPEYTOJIBHUK TUIOMAIbI0 12.

4. BeruucauTh paccTossHue OT Touku A(5,4) 110 NpsIMOM, MPOXOAsIIeH yepes

TOuku B(1,—2), C(0,3).

5. Hanmucarp ypaBHEHMS NPSAMBIX, OIPOXOIAIIMX 4Yepe3 TOUKy A(L4), OaHA U3

KOTOPBIX MapaljieiibHa, a Apyras NEPIECHINKYISIPHA NpsIMOU —2X +5y —2 =0.

6. Hanucate ypaBHEHHE NPsIMOM, KOTOpAsi MPOXOJUT uepe3 TOUKy A(-15) u

TOYKY IIepeceUcHU NPAMBIX 5X+3y—-1=0 U 4Xx+5y+7=0.

7. Hammcath ypaBHEHME IUIOCKOCTH, MNPOXOASWIEd uepe3 TOouky A(lL?2),

HNEPIEHANKYIISIPHO BEKTOPY AB, eciu B(-1,2,3).
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8. Hamucatrb ypaBHEHHE IUIOCKOCTH, MPOXOJAIEed uvepe3 TOUKy A(-1,2,—3)

MapAJUIEIBHO MNIOCKOCTH, 38JaHHON YPABHEHUEM 4X + Yy —2z+2 =0.

9. Hamucarpb ypaBHEHUE IUIOCKOCTH, MpOXodied depe3 Touky A(l,-13) u

OTCGK&IOHIGI\/JI Ha KOOPAWHATHBIX OCAX PABHBIC OTPC3KU.

10. Haiitu yronm Mexay IUIOCKOCTSMH, 3aJlaHHBIMU  YpPaBHEHUSMHU

x—\/§y+z—1=0 u x+\/§y—z+3=0.

6. Kputepum oueHku pacueTHo-rpadguyeckoil paboTbl M TUNOBbIE OIIUOKH MPHU
ee BbINOJIHEHNH.

IIIxana oneHnBaHUsA Kpurepuu onenuBanus

«OTan4HO» 00yyaroImuncs sICHO M3JI0KUIT YCIIOBUS 3ajiay, pelieHus: 000CHOBaI

«Xopouio» 0o0y4aromuiics SICHO M3JI0KMJI YCJIOBHUS 337ady, HO B 00OCHOBaHUU
pELIEHUI UMEKTCSI COMHEHUS;

«Y 1OBJIETBOPUTEIBHO» oOydaromuiicss M3J0KWI pelIeHHe 3aJady, HO B PEUICHUH €CTh
OIINOKH;

«HeynosnerBoputensHo» oOyyaromuiicss He ysICHWJI YCIIOBHSI 3a/1a4, peleHust He 000CHOBA,
1100 He caian paboTy Ha MIPOBEPKY.

7. PexoMeHayeMasi quTepatypa

OcHOBHas auTEpaTypa
1. boromonoB, H.B. Marematuka: yueOnuk s By3oB/ H. B. boromosnos,

I1. 1. Camoiinenko. — 5-¢ wusna., nepepab. u jgom. — MockBa : M3gaTenbcTBO
FOpaiit, 2021. — 401 c. — (Beicmiee oo6pazoBanue). — ISBN 978-5-534-07001-9. —
Texcr : oanmexktponusii // OOpaszoBarenbHas tatgopma HOpait [caiiT]. —
URL: https://urait.ru/bcode/468633

2. Byrpos, f. C. Beicmas mMaTemaTrka. 3aJaqHuK : yueOHOe mocoOue i By30B /
A. C. byrpos, C. M. Hukonbsckuii. — Mocksa : N3pgarensctBo IOpaiit, 2021. —
192 ¢.— (Beicmiee oOpasoBanue). — ISBN 978-5-9916-7568-0. — Tekcr
anekTpoHHbt  //  OOpazoBarenbHass  1atdopma  FOpaitt  [caiiT]. —
URL: https://urait.ru/bcode/489755 .

3. Jlyury K. H. Beicmias marematuka. PykoBojacTBo k pemeHuto 3amad. T. 1
[DnmexkTponHbIi pecypce] : yueb. mocodbue / JIyary K.H., Makapos E.B., - 3-¢ u3n. -
M..OU3MATJIUT, 2013. - 2016 c. - Pexum  pgocrymna
http://znanium.com/catalog.php?bookinfo=854317
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4. MlunayeB B. C. Bricmas matematuka [InexkTpoHHblid pecypce] : yueonuk / B.C.
[[unauveB. - M.: HUL[ HUH®PA-M, 2015. - 479 c. - Pexum pocrtyna
http://znanium.com/catalog.php?bookinfo=469720

5. Jlyary K. H. Breicmias matematuka. PykoBojactBo k pemreHuro 3amad. Y. 2

[DnexkTponHbIi pecypc] : yueb. mocodue / JIyary K.H., Makapos E.B., - 2-¢ u3n. -
M.:OU3MATIJINUT, 2015. - Pexxum JIOCTyIIa
http://znanium.com/catalog.php?bookinfo=854393

JlonmogHUTENbHAS JIUTEpPATYpa
1. Maremartuka : yueOHOe mocobue / FO. M. [anunos, JI. H. XKXypbenko, I'. A.

Hukonosa [u ap.] ; nox pexa. JI. H. XKypbenko, I'. A. HukonoBoii. — Mocksa :
NH®PA-M, 2019. — 496 c. — (Briciee oopa3oBanue: bakanaspuart). — ISBN 978-
5-16-010118-7. — URL: https://znanium.com/catalog/product/989799. — Tekcr :
3JIEKTPOHHBIN.

2. Koo, A. I'. Kypc nexuumii mo marematuke : ydeOHoe nocooue / A. I'. Kiogo,

N. A. JlanynoBa ; IOxwublii (denepanbublii yHHBepcuTeT. — PocroB-Ha-ZloHy :
HOxnb1it dpenepanbubiii yauBepeuteT, 2020. — 199 c. : un. — ISBN 978-5-9275-

3503. —URL: https://biblioclub.ru/index.php?page=book&id=612217. — TekcT :
AIEKTPOHHBIN.

Ilepuonuka
W3Bectuss BbIcIMX y4yeOHBIX 3aBeneHuil. [loBoikckuii  permon. ®Dusuko-
Maremaruueckue Hayku / ra. penKpesumk B.J[. — Ilenza, 2021. —

URL.: https://e.lanbook.com/journal/issue/314991. — TekcT : 3JeKTPOHHBIH

8. Ilepeyenn pecypcoB HH(POPMALMOHHO-TEJTEKOMMYHUKAIIUOHHOM ceTH
«HTEpHET», HEOOXO0AUMBIX JJ11 HAanucanusi PI'P

9. TIpodeccuonanpHas 60a3a TaHHBIX U WNudpopmanus o npaBe cCOOCTBEHHOCTH
MH(POPMALMOHHO-CITPABOYHBIE CHCTEMBI (PEeKBU3UTHI JOrOBOpA)
CoBeplieHCTBOBaHNE o0Opa3oBaHUs u

HH)KCHepHOfI JACATCIIBHOCTH BO BCEX HX
IMPOABJICHUAX, OTHOCAIINXCA K yqe6H0My,

HayYHOMY n TCXHOJIOTHYCCKOMY
HaITpaBJICHUAM, BKJIro4as IMPOLECChI
npenoaaBaHus, KOHCYJIbTUPOBAHUA,

WCCIICIOBAHMS, Pa3padOTKH HHXKEHEPHBIX
pelieHui, BKiItouas He(hTera3oByro OTpacib,
TpaHcdepa TEXHOJIOTHH, OKa3aHMs
IIMPOKOTO CHEKTpa 00pa30BaTENbHBIX YCIIYT,
obecrneueHns CBsI3eH C OOIIECTBEHHOCTHIO,
MPOU3BOJICTBOM, HAYKOH M HMHTETpallid B
MEXIYHApOJAHOE HAyIHO-00pa30oBaTeIbHOEC
MIPOCTPAHCTBO.

CBOOOJTHBIN JOCTYIT

Accomnmanusi UH)KEHEpHOTo o0pa3oBanust Poccun
http://www.ac-raee.ru/
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http://znanium.com/catalog.php?bookinfo=469720
https://znanium.com/catalog/product/989799
https://biblioclub.ru/index.php?page=book&id=612217
https://e.lanbook.com/journal/issue/314991
http://www.ac-raee.ru/

9. Tlpodeccrnonanbhas 6a3a TaHHBIX U
UH(POPMALIMOHHO-CITPABOYHBIE CHCTEMBI

Nudopmarnus o mpaBe COOCTBEHHOCTH
(pexBU3UTHI JOTOBOPA)

Hay4Hasl 3JieKTpoHHas o6ubnuoreka Elibrary
http://elibrary.ru/

Hayunas AIIEKTPOHHAS 6ubnuoreka
eLIBRARY.RU - 5310 KpynmHeHmui
poccuiickuii MH(POPMAIMOHHO-

AQHAIMTUYCCKHUI MOpPTal B OOJIACTH HAYKH,
TEXHOJIOTUH, MEAMLUUHBI M 00pa3oBaHuA,
copepsKamuii peepaTsl U MOJHBIE TEKCTHI
Oomee 26 MIH Hay4HbIX CTaTe U
nyOoJauKanuii, B TOM YHCIIE 3JEKTPOHHBIC
Bepcun Oonee 5600 pocCHIICKUX HAy4HO-
TEXHUYECKHX JKypPHAJIOB, U3 KOTOPBIX OoJiee
4800 >xypHaj1OB B OTKpPBITOM JIOCTYIE
CBOOOIHBIN TOCTYI

denepanbHbI nopTain «Poccuiickoe
oOpa3zoBaHue» [ DNEeKTPOHHBIN pecypc] —
http://www.edu.ru

®denepanbHbI rnoprain «Poccniickoe
o0pa3oBaHNe» — YHUKAJIbHbI HHTEpPHET-
pecypc B cepe 00pa3oBaHUS U HAYKH.
ExxenHeBHO mMyOJIMKYyeT camble aKTyallbHbIE
HOBOCTH, AHOHCEI COOBITHIA,
UH(POPMAaLIMOHHBIE MaTepuabl JUISL
LIMPOKOro Kpyra yuraresieid. ExenenenbHo
Ha IMOpTalle Pa3MEILAIOTCA SKCKIIIO3UBHBIC
MaTepuanbl, MHTEPBBIO C  BEAYIIUMH
crenualIncTaMu — neflaroramMy,
[ICUXOJIOTaMH, YYEHBIMU, PpEHNOpPTaXU U
AQHAJINTUYECKUE CTATBU.

Yurarenu [IOJIy4aroT JOCTYyI K
HOPMATUBHO-IIPaBOBOU 0aze cepsl
0o0pa3oBaHMs, OHU MOTYT IIOJb30BATHCS
CcaMbIMU pa3InYHBIMU IIOJIE3HBIMU
CCpBUCaAMU - TaKHUMHU, KakK OHJIAWH-

TCCTUPOBAHUEC, OIPOCHI IO AKTYyaJIbHBIM
TEMaM U T.O.

HazBanue Cokpaménno | OpranmszanmonHo- | Orpacab (00aacts | OpuuHaIbHBI
OpraHu3aumn ¢ HA3BaHHUe npasoBas popma JAesITeJIbHOCTH) i cailT
POCCUUCKU | PocCHUO HenpaBUTeNbCTBEHHOE | TBOopUeckuit Coro3 | http://rusea.inf
" COIO3 , HE3aBHUCUMOE | OOIECTBEHHBIX o
Hay4HbIX u 00IIIeCTBEHHOE Hay4HbIX, HAy4YHO-
WH)KEHEPHBIX o0benuHeHne TEXHUYECKUX,
0O0IIIECTBEHHBIX WHXEHEPHBIX,
00beTMHEHUI YKOHOMUYECKHUX
00BbCAUHEHHIA,
SBJISIOIINXCS
OPUINYECKUMHU
JTULaMH,
CO3JTaHHBIN Ha
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http://elibrary.ru/
http://www.edu.ru/
http://rusea.info/
http://rusea.info/

OCHOBE OOIIHOCTH
TBOPYECKUX
po¢eCCHOHAIBHBI
X WHTEPECOB
YYCHBIX,
HWH)XECHEPOB u
CIIELHAIUCTOB IS
peanu3anuu 00IUX
[eJIEH U 3amad.

Poccuniickuit
COI03 UHXKEHEPOB

PCH

Ob6mepoccuiickas
0O0IIeCTBEHHAS
OpTaHHU3AIIHSI
«Poccuiicknii COH03
HMHXEHEPOB» (manee
nvenyemass  «Coro3»)

ABJISICTCSIT OCHOBAHHBIM
Ha YJICHCTBE
00I1IECTBEHHBIM
00beIUHEHUEM,
CO3MaHHBEIM B (¢opme
001IIeCTBEHHOM
OpraHu3alyuu

3amura 00X
HMHTEPECOB "
JIOCTH)KCHUSI YCTABHBIX
nenen

00BE TMHUBITUXCS
TpaXkIaH,
OCYIIECTBILTIOLITIX
CBOIO JCATENBHOCTh Ha
TEePPUTOPUHU Ooee
MOJIOBUHBI  CyOBEKTOB
Poccuiickoit
Denepanuu

http://poccnincknin-

COl03-

VIH)KGHGQOB.F_)Q[
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http://российский-союз-инженеров.рф/
http://российский-союз-инженеров.рф/
http://российский-союз-инженеров.рф/

INPUJIOKEHUE 1

MHUHHUCTEPCTBO HAYKHW U BBICHIEI'O OFPA30BAHUS POCCUMCKOM ®EJIEPALIIN
OEJEPAJIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30BATEJIBHOE YUYPEXKJIEHUE
BBICIIEI'O OBPA30OBAHUMS
«MOCKOBCKHWM MOJATEXHUYECKA YHUBEPCUTET»

YEBOKCAPCKHAW HHCTUTYT (PHUJIUAT) MOCKOBCKOI'O IOJUTEXHUYECKOTO YHUBEPCUTETA

Kadenpa UndpopMaIMOHHLIX TEXHOJIOTWH, DJIEKTPOIHEPTeTHKH U CHCTEM
VIIPABJICHUSA

PACYHETHO-TPAOHUYECKAS PABOTA

no pucuumiainne <KMATEMATHUKA»

HanmMeHnoBaHMe TeMBbI

BbInmonmHUI: cTyAeHT  Kypca

3a04YHOTO OTJICJICHUS 110 HAPaBJICHUIO
09.03.02 «MndopManuoHHbIE CHCTEMBI
H TEXHOJIOT M)

®.1.0.

HayuHsblil pyKOBOIUTEIB:

JOJIZKHOCTB, 3BAaHHUC

O.N.0.

Onenka

Hata «_ » 2021r.

YeGoxcapsr 2021
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JINCT AOHOJIHEHWI 1 UISMEHEHUI

paboueil mporpaMMbl AUCITUTIITAHBI

PabGouass mporpamMma IHUCHMIUIMHBI pPAacCMOTpPEeHa, OOCYXIeHa W OAoOpeHa s
ucnonnenus B 2023-2024 ydeOHOM rojy Ha 3aceaHnuu Kadeapbl, IpoTokoa Ne 6 oT
«04» mapra 2023 .

BHeceHsl MomoiHEHMS W HM3MEHEHHS B YacTH aKTyaJHW3alliM  JIMIICH3MOHHOTO
IIPOrPAMMHOT'O obecrieyeHue, HCII0JIB3YEMOE IpH1 OCYIIECCTBJICHUHU
00pa3oBaTEIBLHOIO IIPOIlecca IO JIAHHOM JMCIHMILUIMHBI, a TaK K€ COBPEMEHHBIX
npodeccHoHaIbHBIX 0a3 JAaHHBIX ¥ HMH(GOPMAIIMOHHBIX CIPAaBOYHBEIX CHCTEMAaX,
AKTYAJIM3allii_TEM JUISI CaMOCTOSTEIBbHOM paOOTHI, aKTYaJIM3alli¥ BOIPOCOB JUJIS
MOATOTOBKHM K IIPOMEKYTOYHOH aTTECTAIlMH, aKTyaJHW3allii IepeYHs OCHOBHOU W
JIOIIOJIHUTEJILHON YYSOHOU JIUTEPATYPBHL.

PaGodass mporpaMma IHUCHHIUIMHBI pPAacCMOTpPEHa, OOCYKIeHa W OAO0OpeHa s
ucrioninenust B 202__-202__ yueOHOM roay Ha 3acenaHuu Kadenpsl, TpoTokoa Ne
OT «  » 202 r.

BHecennl JOITIOJIHCHUA 1 N3MCHCHUA

PabGodass mporpamMma IHUCHMILIMHBI pPAacCMOTpEeHa, OOCYXKIeHa W OAoOpeHa s
ucrotHeHnst B 202 -202_ ydeOHOM roay Ha 3acemaHud Kadempsl, TpoTOKoa Ne
OT «_ » 202 r.

BHecenbl JOITOJIHCHUA 1 NU3MCHCHUA

PaGouass mporpamMma IHUCHMIUIMHBI PAacCMOTpEeHa, OOCYXJeHa W OoAoOpeHa s
ucnioaHenust B 202 -202_ y4yeOGHOM roay Ha 3acenaHuu kadenpsl, IpoTokoa Ne
OT« » 202 r.

Brecensl JOITIOJIHCHUA U U3MCHCHUA




