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BBE/JIEHUE

1. Hens ¥ 32124l H3Y4YeHHS THCIIHILTHHbI

Llens mucnummuser: (QopmupoBanne Habopa o0o0mEenpo(eCcCHOHATBHBIX KOMMOETEHIAN
Oakanaspa mo HanpasiaeHmo moarotToBku 09.03.02 «udopmarmoHHBIE CHCTEMBI M TEXHOJIOT ).

3amauu OCBOEHUS TUCHMILIMHEL: (DOPMUPOBAHUE MIPEACTABIEHUMN O POIU U MECTE MATEMATHKH
B COBPEMEHHOM MHPE, OTANAX Pa3BUTHA, YHUBEPCANBHOCTH €€ MNOHATHN W NPEICTABICHUM,
(popMHPOBAHNE YMEHUN KOHCTPYUPOBAHUA U AHAIN3d MATEMATHIECKUX MOIENEH OOBEKTOB, CUCTEM U
OpPOLIECCOB MPH PEMIEHUM 3a4ad, CBA3AHHEIX CO c(pepou Oyaymien npo(ecCuOHATEHON AEATEIbHOCTH;
OBJIAEHUE HABBIKAMHM TOYHOTO M CKATOTO BBIPAKEHUA MATEMATHYECKOM MBICIM B YCTHOM H
MUCBEMEHHOM M3JI0KEHUH, C UCIIOJIE30BAHUEM COOTBETCTBYIONIEH CUMBOIMKH.

2. OdopynoBanue H MaTepHAJIbI
[Tpaktuueckne padoTel mo mucnuIumHe «Anredpa» mpoBOOATCA B y4eOHOU ayauTOpUH C

MyJIbTUMEINA 000PyIOBAHUEM: MIPOEKTOP, KOMIBIOTED, SKPAH HACTEHHBIH.

3. HanMeHOBaHHe NMPAKTHYECKHX padoT

Ne HanmeHoOBaHHE TeM JHCIHIIIHHLL, HX KPATKOE COlep:RaHue Odbem W3 HuX npakTHYecKas
Temul qacoB IMNoJAroToBKa, 4acoB
THCLH
ILTHH

bl

1 cemecTp
OcHOBHEIE anreOpandecKkue CTPYKTypel. Oneparuu u [,25 1,5
1 anreOper. Mopduzmer. AareOpsl ¢ 0AHON ONEPAIHEH:
MOJYTPYIITEL, MOHOWIBI, TPYIITEL. AJTEOpBI C IBYMS
OTTeParMsIMHA: KOJIBIIA, O
2 [Tore  kommaekcHBIX — uncen.  JledicTBua — Han 0,75 0,75
KOMILIEKCHBEIMHA THCTAMH
3 dopMEI IpeacTaBICHUs KOMITIEKCHBIX YHCET 0,75 0,75
JleiicTBIA HAT MAaTPUIIAMHA 0,75 0,75
> | BeluMCIEHHE  OMpPENENuTENell  PasIokKEHHEM 110 0,75 0,75
IEMEHTaM CTPOKH (CT01011a)
OOpaTHas maTpuna 0,75 0,75
7 Panr MaTpuIis 0,75 0,75
8 HccnemoBanme cucreM IJWHEHHBIX YPABHEHWH Ha 0,75 0,75
COBMECTHOCTE
9 Pemenne  HEBBEIPOKIEHHBIX  CHCTEM  JIMHEHHBIX 0,75 0,75
ypaBHeHHH MeTonoMm Kpamepa

10| Peme ggﬁgﬁ%ﬁmﬁwmx CUCTEM  JIMHEHHEIX 0,75 0,75
Ceprudya Ty PABMCHEHT WEEEPI1tHH BIM VS TON0 M
STHECN Penieiite G I Sinex  ypaBHeHMiT  MeToOM 0,75 0,75

["aycca
AT G ST RN " T EHIBIX OTHOPOAHBIX  VPABHEHHH. 0,75 0,75
dOyHaaMeHTaIbHaAsS CUCTEMA PEIICHUHN




13 | Jlunetinere omeparud Haa BeKTOpamu. Pazmoxkenue 0,75 0,75
BEKTOpA MO OpTaM KOOPAMHATHEIX OCeH. J|encrBus
HAJ BEKTOPAMH, 34 JAHHBEIMHU TTPOESKITHSIMHI

14 | CxanapHOoe, BEKTOPHOE M CMEMIAHHOE IPOM3BEICHUS 0,75 0,75
BEKTOPOB

I5 | BexkropHbie npOoCTPAHCTBA U UX NPOCTEHIINE CBONCTBA 0,75 0,75

16 | JluneWHO 3aBUCHMBIE W JIMHEHHO HE3aBUCHMBIC 0,75 0,75
CHCTEMBI BEKTOPOB BEKTOPHOTO MTPOCTPAHCTBA

I7 | PaamepHocTs B 0a31C BEKTOPHOTO IIPOCTPAHCTBRA 0,75 0,75

I8 | CoOcTBEHHBIE BEKTOPH W COOCTBEHHEBIE 3HAYCHU 0,75 0,75
JTMHEUHEBIX OMEPATOPOB

Hroro 3a 1 cemectp 13.5 13.5

4. Coaep:xaHue NpakTHYECKHX padoT

Ipakmuueckoe s3anamue 1. Ocnoenvie anzedpauueckue cmpykmypol. Onepayuu u anzeopol.
Mopghusmur. Anzeopwvr ¢ oonou onepayueii: noIYZpynnvl, MOHOUObL, 2pynnvl. Ancedopol ¢ 08yMA
onepawuaMu: Koaolia, nojs.

I]enw: BeIpaOoOTaTh MpEACTABICHNE 00 OCHOBHBIX AJIM€OpanueCKuX CTPYKTypPax U UX CBOMCTBAX
Cooeporcanue:

OuHapHas onepanms;

MOIYTPYyIIa, rpymnna, adenesa rpynmna, KOJIbI0, ITOJE.

Teopemuueckan uacmo:

B mareMaruke U pa3nuuHBIX €€ NMPUJIOKEHUAX BAKHYIO POJIb UTPAIOT TAKME MATEMATHIECKUE
OOBEKTEI, KOTOPBIE HA3BIBAIOTCA AITECOPAMYECKUMM CTPYKTypamMu. B HMpOKOM CMEBICIE TIOX
anreOpandeckon CTPYKTYpPOU MMOHMMAIOT BCAKOE MHOMKECTBO, HA KOTOPOM 3a0aHBl HEKOTOPBIE
omeparmu (T.€. 3aKOHBI, CTABANINE B COOTBETCTBUE OTHOMY WJIHM ITAPE BJIEMEHTOB MO ONPENEIEHHOMY
IpaBWIy APYTOH BJIEMEHT ), 00namarone onpeaen€HHbeIMI CBOMCTBAMMU.

bOJBIIMHCTBO CBOMCTB M PE3YIALTATOB 00 HSTUX MHOKECTBAX ITOJYYAOT, ONMPAACH HA
KOHKPETHYIO TPUPOAY SJIEMEHTOB 3TUX MHOKECTB M HA KOHKPETHBIM CMBICI ONEpanuid Hag HuMu. B
TO K€ BPEMA MHOTHE PE3yIbTATEI MOKHO MHOJYYHTH HE3ABHCHUMO OT IPUPOIBI 3THUX MHOMKECTB U
KOHKPETHOTO CMBICIIA ONEPAINH, & UCXOAA TOIBKO U3 CBOMCTB ATUX OIEPAIHI.

Cpemn Takux CBOMCTB OIEpanuid pPacCMATPUBAIOTCA: ACCOUMATUBHOCTH, KOMMYTATHUBHOCTS,
TUCTPUOYTUBHOCTE, HATMYUE CHEIUATBHEIX AJIEMEHTOB, 001amaroninx OmpeneaéHHBIMI CBONCTBAMHA
(Hy1€BOM, EIMHUYHBIN (HEUTPAIBHEIN ), 0OPATHEIM AJIEMEHT K JAHHOMY U T.I.).

B 3aBMCHMMOCTH OT KOMMYECTBA ONEPAIIMH U CBOMCTB, KOTOPBIMU OHHM O0IANAr0T, pa3avdaroT
CIENYIOIINE aNreOpandeCcKue CTPYKTYPHI.

[Honyepynnou Ha3epIBaeTCsa MHOKECTBO (5, HA KOTOPOM 3a7aHa OMHAapHas omepanus * (4acto eé
HA3BIBAIOT YMHOKEHUEM U 0003HAUAIOT * ), A KOTOPOM BBEINOIHAETCS CBOMCTBO ACCOIIMATUBHOCTH,
T.. A moOwIX a,b,c € G (axb) *c = ax(bxc) . Ecin B monyrpynmne MMeercsa HEUTPaJbHBIN
3JIEMEHT € (HyIEeBOU, EIMHUYHBIN ), T.€. TAKOU, 4TO @kxe=exa=a i1 mo00ro a€G, T0 nonyrpymnmna G
HA3BIBACTCA VHUMApHOoU (MONYTPYIIION C HYJIEM; MONYTPymInon ¢ exununen). Eciom B nosyrpymmne
BEIITOJIHACTCS KOMMYTATUBHBEIM 3aKOH, T.€. €cru and moOex a,b€EG axb = bka, TO momyrpynna
HA3BIBACTCSA KOMMYMamueHol (M abenesotl).

YHUTApHAS NONYyrpyIna HA3BIBAETCA SPYHNOU, €CIU s mo0oro a€ (G CymecTByeT 00paTHBIN
snemMeHT b € G, T.e. Takoil, ut0 @%b = bka = e. Ecm DOONOAHWUTEILHO BBINOJIHAETCS CBOMCTBO

KDMWHT%H%@#WBWEH3HEHETCH KomMMymamugHou (U abhenegou), 1 B STOM CIydae
QOBIEHO TPUMEHACEESEoAFHTMBHAL@HMBOINKA, T.€. onmepauusa 0003HA4aercs -+, HEUTPATLHEIN
FHeNeHT 0. OBPaTHENIT 9AEVMERFOK°e HA3BIBAIOT MPOTUBOMNOJIOKHEIM U 0003HAYAETCA: -d.

Ecrm B abGeneBout rpymme (K , +) Hapsagy ¢ omepanved CnoxkeHusa + 3amaHa emi€ onHa
gEepanre:c TPOWIBeICHIE 2% (1M * ), KOTOpas CBs3aHa C + OUCTPUOYTUBHBIMHM 3aKOHAMU:
(at+bykc=(axc)+(bxc) , ax (btc)=(axb)+(axc)  mna mobeix a,b,c & Kn Oxa=a*0=0




g moboro a &< K, to K HasnIiBaercs koabyom. Ecam B koaene (K , +, %) DOMOJMHUTEIRHO I
MPOM3BEACHUS * BBITIOJIHACTCA ACCOIMATUBHEIM 3aKOH, T.€. €CIH

(ak b) kc=ax(bkc) nnamodexX a,b,c & K,

TO KOJBIIO HA3BIBAETCA ACCOYUAMUBHBIM. A €CITM KPOME TOr0 CYIIECTBYET €IUHUYHEBIN 3JI€MEHT |, T.€.
Takou, uTo 1*a = a*xl=a nnsa moOoro a€ K, TO KONBIO HA3BIBAETCA VHUMAPHLIM (M KOJIBIIOM C 1).
Ecmi B KOJBIIE BBITOJHACTCA KOMMYTATHBHBIM 3aKOH S %, TO KOJBIIO HA3BIBAETCA
KOMMYMAmMuGHbIM.

ACCOLIMATUBHOE YHUTAPHOE KOJBIO, B KOTOPOM KAMKIbIM HEHYJIEBOM JIEMEHT «d WMEET
o0OpaTHbBII a’', T.e. Takoi, uTo a*a' = a'*xa = | Ha3zEIBaeTCA Menom. KoMMyTaTHBHOE TEJI0 HA3BIBAETCSA
nonem.

Bonpocwet u 3adauu:
| .SBnsercsa mi cneqyromniee MHOKECTBO TPYIIITON, KOTBIIOM, HOJIEM OTHOCHUTENLHO CIIOKEHHMA YUCENT U
YMHOKEHHS TUCET:
- MHOKECTBO JEHCTBUTEIBHBIX UHCE;
- MHOKECTBO PAlMOHAIEHBIX YHCE;
-MHOKECTBO TEJIBIX YUCET;
-MHOKECTBO HEOTPULATENBHEIX PAIMOHATLHBIX YHCETT;
-MHOKECTBO HATYPATBHBIX YUCE,;
-MHOKECTBO HEOTPUUATENBHEIX TEHUCTBUTEILHBIX YHCET;
-MHOKECTBO YETHBIX LIEIBIX YHCET;
-MHOKECTBO HEOTPULATENBHBIX HEIBIX YUCET;
-MHOKECTBO MPOCTHIX YHCET,;
-MHOKECTBO KOMILIEKCHBIX UMCen?
2.Yro Takoe OnHapHas omepanus’
3.Jlaire onpeneneHue rpynmonaa.
4 Kakas OnHapHas onepanus HA3bIBAETCI KOMMYTATUBHOW; ACCOIMATUBHOM ?
5.UT0 Takoe HEUTPAITLHBIN JIEMEHT; CHMMETPUUHBIN AIIEMEHT !
6.Kak Ha3pIBAETCA CHMMETPUYHEIN; HEUTPATBEHBIN 3JIEMEHT 718 CioxeHnua’? Jlma ymuoxenusn?
7.JlaiiTe onpeneneHns MoJyrpynnsl, TPYIIEI U moarpynmnsl. [IpuBenure npumeps.
8.Komena. Tena. IToma. Jlaiite onpenenenune. [IpuBenure nmpumepsr.

Ipakmuueckoe 3anamue 2. Ilone komnaexcuoix uucen. /leiicmeusa Hao KOMNIEeKCHbIMU YUCTAMU.
Ilens: cpopmMupoOBaATE NPEICTABICHHUE ITOJIE KOMIUIEKCHBIX UHCEI, BEIPA0OTATE YMEHHUE BBIIOJHSATE
ﬂEﬁCTBHH HAad KOMIIJICKCHBEIMH JHCJIdMH

Cooeporcanue:

KOMIUIEKCHOE UMCIIO, MHAMAA €OUHUIA, PABHBIE KOMIUIEKCHBIE UHCIIA, COMPSKEHHBIE KOMIUIEKCHBIE
qUCIA;

N30 0paKeHNE KOMIUIEKCHOTO YHUCIa Ha IIOCKOCTH XOY,

CJI0KE€HUE, BEIUNTAHUE, YMHOKEHUE, TEIEHNE KOMIUIEK CHBIX UM CEIL.

Teopemuueckan uacmbo:

YoopsamoueHnas mapa IBYX JEUCTBUTEIBHBIX UHMCEN (X, V) HA3BIBACTCS KOMMWIEKCHbIM YUCTOM
z =(x. ¥) . MHOkECTBO KOMITJIEKCHEIX uncen obosnauaerca € .

Yucna suna (x, 0) — 5TO0 eHCTBUTEILHBEIEC YHUCIA, YMCIA BUIA (0.7) . rme ¥ 70 ecrs uncro
yvaumere uncaa, gucao (0.1) vmmvasg enummma n o6o3mauaercsa ! =(0.1) . torga (0, ) =»(0.1) =iy
, aucno (0.0) ects melicTBUTENRHOE UMCIO HYIIE.

Yucmo x =Rcz HaspBaercsa delicmeumenbHoll (BEMIECTBEHHOM ) YACTBI0 KOMILIEKCHOTO YHCIIA
z Z{.I- Jf"}., aguciao ¥V =1lMz yuymon 4acThio KOMIDIEKCHOTO UM CIIA.

HBa KOMEBISKERBRS HUESTR :(I] ] y]) u 7y :{sz ,}s‘z), HA3BIBAIOTCA PA6HbIMU, €CIIN PABHBI UX

neiicrpure bl SHNBRAUICIR re

Bnageneu: llleGayxosa TaTbaHa AnekcaHapoBHa Z] —Zz X =Xy, V) =)o

CooTHO1mIEHNE OOTBIIE-MEHBIIE I KOMIUIEKCHBIX UHCENI HE BBOJUTCA.
feicrenrelCOMIIERCHOC 9.0m26780 2 —(X,)) =X +i¥ wm3o0paxkaercs B mwiockoctd XOY Ttoukoit M c

KOOpAWHATAMHU (X,)), MI00 BEKTOPOM, HAYAJIO KOTOPOTO HaXoguTcsA B Touke (J(0,0), a KOHEI] B TOUKE
M(x,y).



Jeticmeus Hao KomMnaeK cCHbIMU YU CTAMU
[Tycts mansr Z| :[I] _,y]) 2, :(.1:3_._}‘3], TOTIa
7 £z =(x) £x,5,¥ £V ),

7) 2y =X = YV, XV X)),

Zy | XXt YV XVt X Vo
- 2 > 72 > |» %2 70,
22| Xyt Xy + V5

Z =X *+1¥ — anreOpanueckas (pOpMa 3aMHCH KOMITJICKCHOTO YHCIA, TOTAA
I Xz, :{Il +iyl) J_r{:cz +1}'3) :(l‘l i1'2]+f(}-‘l i_}ﬁz),

'=__’| 'f:} :(I] +f_:l-’]) [:.12 +i:}’3} :I]J-E +I..I]|].;2 +

" -i-rl -
Hix, v Ty, :{»"?1332 - .]':1.1"2) +il, 1 +332J-"1)-

Kommuekchele uncna Z =(x, V) =x +iy g z =(x,- ¥) =X - IV | y KOTOPBIX JE€HCTBUTEILHEIE
JACTH PaBHBI, 4 MHHMBIC OTIHYAIOTCA 3HAKOM, HA3BIBAIOTCH 63AUMHO CONPANCCHHbIMU WIH

KOMRNJIEKCHO CONPANCEHHbIMU.
Herpyauo Bumers, 4to |z| == =/x* + y=, 4rZZ == arg = (gpome gucen z =x <(; mwis uux
arg z =argz =),
Jlenenne KOMIIIEKCHBIX YHCEN B aareOpanueckoit popme

) _E By X Xt )y b X,
- 2, 2 T

¥ L
L~ e s . .
22 f2 042 Xy 1 Xy )

JleiictBurensHas 4acth X —Rez w mHMMas wacte Y —lMz  xommiekcHoro umcna z
BBIPAKAIOTCA YEPe3 CONPAKEHHBIE KOMILJIEKCHEIE UM CIIA CAEAYIOIMM 00pa3oM:

Z+z Z-z z-Z
Rez=" 7", Imz =i =
2 2 21
[Ipumep. [Tokazars, aro z; +z, =z +z,.
Pemienue: JlokaxeM 3TO paBEHCTBO, UCITOIB3YA OOPEACIICHUE
y
)+ =(x +xo) - i ) =0 - )+ (xg - ) =4+ 2.

[Tpumep. Haiitu npoussenenue u uactHoe gucenr z, =2- 3i u 2, =-4 +1i,

Pemenue:

22, =(2- 3= 444) =-R+2i+12i- 3i" =-8+14i +3 =-35+14i,
zp 2-3  (2-3-4-7) - 8-20412i+3i° - 8+10i-3 _
zy - 4+i -4+-a-4) 0 (Lg2l 2 4+ B
_-l+loi _ 11 100 _ 11

5 5 5 5 0 7

=y =d+i 4+)2+3) -8-12/+2/+3° -8-10/-3

2z, 2-30 (2-302+3) 22_(3)? 449

- 11-100 11 10

T3 T3 13

T - B i (1- 22)(2- 3i)
PUMED. BIYUCJIUTE 3HAUCHHUC BBIPAK CHHA (3 _ 4\{,)(4 _ :T*E) .

Pemenue. Mcrmons3ysa nmpaBuna pacKpeITHA CKOOOK Y BBIITOJIHEHUA AEUCTBUM HAX
KOMITIEKCHBIMH YUCIAMHA, TOJTYIHMM

(1-20)2-3i) _ 2-3i-4i+6i° _ 2-7i+6i~ _ -4-7i _ 4+7i _
(3- 4i)4-50) 12-15/-16i+20i- 12-31i+20;- -8-3l/  8+3l
__ (4 + 708 5 IYETIONMOM + 56i - 217i° _249- 68 _ 249  68i
Ceprkucr3 BO®0043899AB8B952205E 7HAS0208DG0NA3E 1025 1025 1025
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6) L= 3+ 1) ;



B) (-1 +i3)"
2. Onpenenuts MOAYIb KOMIUIEKCHOTO YHCHA:
* | * * -4- 2 7=
a) z =2-3i;0) z=-7+2i;8)z=3-4i;r)z=13-i;n0) z= e) 2 ——.
-3-1 1 +7i
Ipaxkmuueckoe 3anamue 3. @opmovl npedCcmaeieHUuA KOMNRACKCHBIX YUCel.
Ifenw: BrIpabOTAaTE YMEHUE NMPENCTABILATE KOMIUIEKCHOE 4UCIO B (popme, TpeOyeMOou il pemeHus
3a1a49m
Cooeporcanue:
MOy /b, APTYMEHT KOMILJIEKCHOTO 9HCJIA;
TPUTOHOMETPUYECKAS U MOKa3aTeNbHad (DOPMBI 3aITUCH KOMILUIEKCHOTO UM CIA;
BBEIITOJIHEHUE NEUCTBUM HAJ KOMIUIEKCHBIMA YHCIAMH B TPUTOHOMETPUYECKOM M ITOKA3aTEILHOMN
(dpopmax.
Teopemuueckan uacmo:
B nomapHoil cucTEME KOOPAWMHAT IOJIOKEHHE TOYKH Ha IUIOCKOCTH OMNpEnensIercsa ee
paccrosauem A or momwoca O: |OM|=p (47 NOAAPHBIH pamMyC — BEKTOP TOUKH) M YIJIOM (0,

oOpa3zoBanHBEIM OTpe3koM OM nomapHoU 0Cbi0 Ox (@ MOJAPHBIA YTOJI TOYKU). YTOJ @ CUMTAETCSH
MOJIOKUTEILHBIM IIPU OTCYETE OT MOJIAPHON OCH MPOTHUB YACOBOM CTPEIIKH.

Ecmm Hauano mexkaproBOM NPAMOYTOJIBHOM CUCTEMBI KOOPAWHAT COBMECTUT € MOIIOCOM, 4 OCh
OX HampaBuTh MO MOJAPHON OCH, TO MPAMOYTOJLHBEIE KOOPAMHATEI X W y Touku M (x.)) u ee
MOJIIPHBEIC KOOPAUHATEL £/ W @ CBA3aHEBI (hOPMYIAMH X =pC0s8g, ¥ =0sing;

5 . )
p=yxt 4yt Igg ==
X

Torma kKOMIJIEKCHOE UMCIO0 MOKHO 3aIMHMCATh B BU/JIE
z =X +iy =p(cos@+isng).
JT1a (popMyna gaeT TPUTOHOMETPUUECKYIO (POPMY KOMIUIEKCHOTO uncia. ITpu sTom,
2| =p = p| =y x> + 17 HA3BIBACTCA MOOYIEM KOMNICKCHO2O HUCIA, & YTOI ¥ =ATEZ — gpeymenmon
KOMMWIEKCHO20 Yucad. Yron ¢ —Argz ONpeneiaeTCs HEOJHO3HAYHO, & ¢ TOYHOCTEBIO 10 CJIaraéMoro,

KpaTHOTO 2JT :
Argz =argz + 27k, kA =0,+1. 2.

rae arg( =) ecrs rJIaBHOE 3HaueHue Are(z), OMpENEnIeMOe YCIOBUEM ~ T < Argz =T PUYIEM:

HMmeroT mecTo crnenyronme COOTHOMEHNA

o . 1 L S X
to( Are (2)) :}’ ., sin( Arg(2)) = — — cos(Arg(z)) = — =

i - e e | s —
X “'l,." X+ v -'lII.II' L V

JIBa KOMIUTEKCHBIX YMCIIA Z| W Z, PABHBI TOTAA U TOJBKO TOTA, KOTAAa UX MOIYJIM PaBHEL, a
MX APryMEHTHI TH00 PaBHEI, TMOO0 OTIMYAIOTCS HA BEMUIUHY, KPATHYIO 277 :
L Arg(z) =Arg(z,)+2m (n =0,+1,42,...)

Vynoowenue xomnnexcrvix yucen MpusOHOMEmMpu YyecKou d?ﬂj[l-HE
Z, cZy =5 (cos¢, Hising ) g2, (CO8¢, HisIng, ) =

21| =|z2

=

=2 P2 (COS@ COS @y +17 51N ¢7y SINGH +I(COS ¢ SN +5IN g7y COSEy ) =

=102 (coslgy + ¢ ) +isin(g + ¢~ )).

To ecTs,
2122 | = 21| 22|, Arg(z,2,) =Argz, -Argz,.
OTO MPAaBUIO PACIPOCTPAHAETCA HA J00O0E uuceno comuoxurenen. Ecom ) =2, =... =z, TO

oy M o R avciio

CepTudukar: 2C0000043E9ABBBI52205E7TBAS000600008436= 0 (COSH @ + isinng).
PEEaTy, [2oPpep TR A QI 4 2k (K = 0,7+, 32
CBOMCTBA MOY/S KOMIUIEKCHBIX UM CET

Nencteutened: ¢ 19.08.2022 no 19.08.2023

S— =

= — |~ 2
] . : ) — - = — = |l =
— —— — . . — . P
" | | |" - s _|,._,| 5 3. |—1—,:t |~—||~




4 |:* =|z|” - |3]| 6. Rez| =|z| Imz| =|z|
5. ="z, #0,
<2 ‘2’2
7. 2> +3|‘533 +|E| , 8‘3“ - fl‘{|f.?'31 .

Jlenerue KoMNIEKCHbIX YUCeT 8 MPUSOHOMEMPUYEeCcKou gopme
_ P (cosg +ising,) g (cosg +ising Ncosg, - ising,)

z, o (cosg, +ising,) p, (cosg, +ising, ) cosqg, - ising,)

©. (CoS@, cosq, +SIn @ SIN ¢, ) +I(Sin ¢, COSE, - SIN @, COSE. )

Jel COs™ ¢, +5In~ ¢,
O L
=—+(cos(¢. - @, ) +isin(g. - ¢ )).
£
To ects
Z _|31 (ver “1 — Ao~ Aere
- . _.:’_I-}:{:- ~ —.:1?‘,_‘]—;.1 .::I.I?ll_rf.f}
Z2 <2 -2
H3eneuenusn u3z KOMnIeKCHO20 Yucid KOPHA n-ou cmeneHu
" i ] eos A8 F 2ak .. argz+ 27k |
;J(Lmr,c, +iIsIng) =! ;| CcOs ; + 751N , ,

roe £ =0.1.2,....n- 1.

Ota popmyia gaet pOBHO /1 PATNIHEIX I{DpHeﬁ mpu £ =0.1.2,....n- 1.

Touku, COOTBETCTBYIONINE 3HAYCHUAM %/ = , ABJIAFOTCS BEPIIMHAMH IMPABMILHOTO H-YTOJIHHHKA,
BITMCAHHOTO B OKPYKHOCTE pamnyca R =z ¢ [eHTpoM B HAYaIE KOOPIHHAT.

Jloka3zaHo, 4TO HA KOMIUIEKCHEIE CTEMEHM MOJOKUTEIBHBIX UMUCENl PACHPOCTPAHAIOTCA BCE
MpaBWiId JEUCTBUU CO CTEIICHAMH U

" =& = oY =g (cosy +isin V).
Ecmun x =0, To mmeer mecto ghopmyia Jurepa:
e” =cosy +isiny.

Hcnmone3ys (opmyny Jiuepa, monydum enie ogHy (popmy 3amucH KOMIUIEKCHOTO 4HMCIa —
MOKA3aTENBHYIO.

3 TAr=Zz

» AR
z —z(cosg +ising) =ze” :|:£?‘ = =lzle

Omnepanuu Haz HHCITAMH B MOKA3aTENEHOM (popme

- |'l; | I.I:' v "5| _ t;r +h l — = = :.’I{_ﬂl'g:| TAZ I, )
iy ':. —ﬁ]f” J.[’]":.I'.“' —ﬂ]ﬁ': g —ﬂ]ﬁ'j rod — I €2 & .
e i
o A . ; ik
=] =J{}l£' =JU1 _pn‘i}?]'{.‘“‘zj — l , fargz - arg 4 )
~r I--rl}:-!w .} - ?
£ e’ o
- ; :{,{.'Jﬁffﬂ'?:il ' :I..J.Irf,".-'s-,r: :|3 h E.r'?mr-_._r: ,
e+l arg z+20 2 0.1.2
-'"i',"i_ _.'.'nlr R il —_ -I-.II,_ i rae Jp— ...I.._.;.*'_- IR i S 1 .
iz =t e’ =2lp e =uflz| -e » T ees

[TokazarenpHad (PyHKIMA KOMIUIEKCHOTO MEPEMEHHOTO z f(z) =¢~ ABIAETCS MEPHUOINYIECKOU

C mepuoaoM 2stki, TAK KaK
Fz+ 2akiy =™ "™ =¢° o™ =¢"(cos2ak + isin2ak) =

r.e. J(z +2aki) = [(z2).

Ecmu z =0, 10 ¢°7 =1 u ¢~™ =].

[Ipumep: KommiekcHoe uucioo =z =- 2 + 2+/3/ NPeACcTaBuTh B TPUTOHOMETPUUECKOM (POPME.
AOKYMEHT MOANNCAH

Pemenngsk3eennreadeso =23 . ITo Gpopmyme r =|z| =x? + »7,

Ceptudomkatr: 2C0000043ESABBBO952205E7BAS00060000043E
WHEM llleGayxoea TaTeAHa AnexkcaHgpoBHa

- ! 2 .I'_ .
Oeicteutenex: ¢ 19.08.2022 no 19.08.2023 ¥ _".,"'-a 2)T +(2v3) = a4+ 12 =4,

[To popmynam



X X . V V

cosg = = sy = = ,
4 -\‘.'II.TE -+ ‘:L-‘E F -1,”-"332 + 1
ITOJIyIaeM
2 1 A3
COS( =- — =- —: 81Ny =,
4 z 2
| B [ 1.,
Tak kak COS¢? =- —, TO ¢ =Arccos| - 5 + 27K, T.e.
2 ,
@=t_—a+2lik, kel
._‘.l

rae Z — MHOKECTBO 1eneix uncen (0, =1, £2, ...).

2
[Tockoneky @ mnpunagnexur Il gerBeprn, TO0 ¢ =Argz :Eﬂr + 207, a TJIABHOE 3HAUYEHUE

2
aprymMeHTa ¢ = _ 77 .

—_

[TosTOMY 4HMCIIO z B TPHTOHOMETPUIECKOH (POPME UMEET BUI

27 . 2w
z =4(cos +sin-— ),
3 3
M0KHO UCIIOIB30BATE U APyTHE 3HAYCHHS Argz
.LJT . 21-:?_ |
z =4| cos + 27k | +isin + 2 ], v =0,H,2
3 3 J
[Tpumep: [TpencraButh uncna z, =- 1+i+/3, z, =1 - iv3 B TPUTOHOMETPUUECKON (POPME.
[y
III ; : .a.u'lg |II-— .
Pemienne: Tak kak -"'| :1;{- 1]3+(1.f3) =2, fgg =- =N =3, o v>0, x<0, to ecrp
2 '.- 2- . . 2 ||' -1~.."II§ —
G :E,-*Tﬁ TO Z; =2 CDSE,?T+£SIIIE,=T » Ay = .'1” [_ w3) =2, {gqgy =- T =43, 10 ¥<0, x>0,
T . ;r
TO €CTh ¢y =- 3 TO Z; =2| COS +7sIn

—

w =1
[lpumep: Haitn __, mpeABAPUTENBHO 3aAMMCAB KOMIUIEKCHBIE 9HCIIA B

=223
TPUTOHOMETPUUECKOU (pOpME, ECITH Z| =1+, z, =3 +in zy =1+ /31,
Pemenne: YuuTeBas uto, = 7 < ¢ =T HaUIeM MOIEJb H APryMECHT KaXI0r0 KOMIIJIEKCHOTO

qHUCA.

T A i
LI z, 11 =N 17 +1° =+/2, ¢ =arcigl = 4
( r]ﬂ .ﬁ ] . | T
IS 7. 5 =il 2 | Gy =l = —
L z, 0y =/ \W3) +17 =2 =36
S ra

'I p —\|2 o — ey peee [
LA 2,y =412 +3) =2 m @y =arcigy3 =

—

Torpa zamanneie yucna B TPUTOHOMETPUUECKON (POPME UMEIOT BU]T

= a .. T b . 7 S
Zy =~ 2(cos ), 25 =2(cos—+isin—), zy =2(cos 8 ).
: 4 6 O 3 3
CrnemoBareapHO,
T T o~y b S , TT R S 4
Zy 'Zy =2(cos—+isin—) -2(cos— +isin —) =4(cos(—+—) +isin(— +—)) =
[NOKYMEHT nuurfi‘chH 6 3 3 6 3 63

EIHEI{'I'F'DH;IDH I'ID,EII'I@,CEHJ

Ceptudmkar:  2C0080MIEOABSBI52200A 7BAR00060000043E
Bnageneuy; llleGayxoea Tat nalia Anekc EH,!%DE Ha

Toroa
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A S 4
- N2(cos  +isin )

f

2 g T A S
— 4 y (cos(—- ?)+fsm(1- 7}) =
Tz e I 2 ' I ' .
23 4(cos— +isin—) -
2 2 ’
'~
*M";, .-?I- . v ..-"T
— -(cos(- =) +isin(- —)).
4 4 :
[Tpumep. Haiitu 3/1 .
Y — O+2a .. 0+27%
Pemnenue. &'l =3cos0+isin0 =cos + isIn .
[Tpu £ =0.1.2 nonyuarorcs KopHH
cty =cos0+isin0 =1,
20 .. 2o 1 i
zy =cos—— +isin— =—(- 1 +i/3),
3 2
dx .. 47 1 .
(ty =cos—— +iIsin— =—(-1-1+3).
3 3 2

[Ipu kK =3 o5 =cos2x +isin2ir =1 uro coBmamaer ¢ «. Bce mocmenyromme kopau OymyT
MOBTOPATECSA, TAK YTO PA3JIMIHEIX KOPHEH OyIeT TOILKO TPH.
Bonpocw u 3adauu:

1. Haittn neNcTBUTENBEHYIO U MHUMYEO YaCTH 9UCIIA

TN Y,
e IO Iy
L+ {] - 1‘)
2. Hanrtu Moy e ¥ apryMEeHT KOMILIEKCHOTO YK CIIA

-1 S < _ e
a) 1 +r.'12"'.,6) - COS = + 7 sIn - ,B) (] +i)° -(I - ;_.\;3) i

3. Beimomaure apudmernueckue OENCTBUA HAM KOMIUIEKCHBIMM duciaamu. M3o00pasure HaiineHHbIe
JUCIA HA KOMIIIEKCHON TUIOCKOCTH.

11 J(l + M@.)ﬁ - 60+ 2;

s 2= 20 724 4
\ (- -6+9 TN G- s
q 2430 - (2- 3 a2 -
R R 300 ) R N 1)
. (- 20 +(1+20)° p 1||"33 (2+2i)°
TV 441+ TV (4300714
1.7. 4/- 128 + 12843 . - 1 +iy3
S 45,
1.9. ;{f'f— 8+f8-w':3 . 110 ._II'II_ 1 in3
V32
.11, 4/- 128 - 71283 . 1.12. 4/- 8- i8/3.
|I — I I . ."_.1
1.13. _;l'(‘ +"’"'3")‘ " 60+ 20 14, o= 15
\ (2- 77 -6+9 [
HWW 116 '1.';— 178 - 7128 F A
ANEKTPRHLG QATGHOD d6.34/- 128- 71283 .
Ceptudmkar: ]EC]}&)O ©00043E
Bnaneneu: meﬁayxgga T T&Fra p Jeﬂtaﬁ:\:l,pbﬁﬁ:
1.17. /- & .

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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44 (1+4)



(1 +31) - 60+2i (2- 20" +72+4i

LI9. 4| \ . 1.20. 3,
V (2-0-6+0i V(-2 +35
II EYIN .32 R
]J21_¢ﬂ1+uq3ﬂ - 60+2i 9o ﬁi2+ah} -(Zf;h)
V (7-7) - 6+9; M 48J1+ﬂﬂ
f( r_')h ] (220" 72 + 44
+3i) - 60+ 2 2-2i)" +72 + 4
123‘? tz-ﬂ3—6+9£ . 1.24.\I (I—Eﬂ yy i
I( 1+ E{J Ill(l II.E_)E? 60 + 2}
1.25. 4| VAL 126, otV - 60+ 20
\l : \Il (2-7)-6+9;
) - (2- 34)° 1o i) 3
L.27. ﬁl(z-l_?”} 2'”31) . 1.28. 2( I}
M 48 (1 +7)" \ (-

4.11300pa3ure HAaUICHHEBIE YU CIa HA KOMIUIEKCHOM II0CKOCTH:

_h+wh)—60+ﬂ
\ 2- i) - 6+9

_;[2- 20 +72 + 4i
0) 3|
\ (1-2i) +5

mﬁﬂ2+MF-(2-ﬁF
Vo oag (144"

e

Ipakmuueckoe 3anamue 4. /leiicmeus nao mampuyamu.

Ilenv: BBHIPAOOTATE YMEHHWE IIPUMEHATH ANTOPUTM BBIMIOJIHEHWA JAEHCTBUM HAA MAaTpULAMHM Ha
[IPaKTUKE

Cooeporcanue:
TOHATHE MATPUIIBI, BUIBI MATPHII;

AJITOPHTMEL CIIOKCHHA MATPHL, YMHOMKCHHA MATPHIBEI HA YHCII0, YMHOMKCHHWA MATPHILI.
Teopemuueckan uacma:

[Ipamoyronenas tabmuna w3 m ° n 9UACEN, COAEpk anias m — CTPOK U B CTOJOIIOB HA3BIBACTCA
Mmampuyeu 1 0003HAYACTCA

), ty, ~d, e ey, -~ od,

{.;r‘” sz e H_j”. HEJ H_?_? {;'.'3“
A = i A =

ﬂ!.‘.'] HF:‘.‘: T ﬂn'r.-- 3 ﬂa."] ﬂmf ﬂ.-."."

WJIA KOPOTKO MaTpuily obosnagarot 4 = || a; ||, i =1.2,....m;j=1.2,....n

CI0KEeHNE MATPUIL.
[Tycte manwr aBe marpuilel A U B 0quHAKOBOTO CTpoeHuA. X cymmoiu HaseiBaercs matpuna C =

A + B TOTO %K€ CTPOEHUS, HTEMEHTHI KOTOPOH PABHEI CYMMAaM COOTBETCTBYIONIMX AJIEMEHTOB MATPHIL 4
U B, T.e.ecmn 4 = ||c?y|| B = ||b;|, To 4 -I-B C = ||eyl|.

-2 3] (2 | - 3
- B |
4 3 2 4
KTPQHHOM MORTNCHIO 3 4 4 ‘
CepTudukar: 2C0000043E9ABBBY52205E7BAS00060000043E

BnanenkdTMETIINoeIEQ. - CKAAAEIBATE MOKHO TOJIBKO MﬂTpHL[LI C OOUHAKOBBEIM HYHCIOM CTPOK M C
OOVHAKOBBEIM YHUCIOM CTOJOIOB. Jl€HCTBHE CIIOKEHMA MATPHUIl MOIKET OBITh PACHPOCTPAHEHO HA
GIIYSLAM 100059, KOHEHOFE MUCIIA CITAaraeMBIX OOUHAKOBEIX CTPOEHUH.
Paznocteio B - A matputl B u 4 (0OQMHAKOBEIX CTPOEHUM) HA3EIBAETCS TAKAS MATPULIA X, 9TO
A+ X=8B.

[Tpumep: 4 = . TOTa

+1 5
A+ B Eﬁaﬁdﬁﬁrﬂuﬂnmm



- 4 — 2 1 4 _"3 5 7"‘ .
ampumep, 4 =| | “lo o1 a4l orma
'3 5 7 2 1 4 1 4 3
XA =8- 4 = - :‘ )
2 -1 4) |[-2 3 1) |4 -4 3

Marpuna O, Bce 31€MEHTEL KOTOPOW PABHEI HYJIIO HA3BIBAETCA HYIEBOU Marpunend. OueBugHo, 4
+0=4, A-4=0.

Paznocts O — 4 obo3nauaercs uepes —4. Marpuiia —4 HA3BIBAETCS nPOMUBONOT0HCHOU MATPUIIE
A.

YMHOKEHUE MATPHIL.
a) YMHOXKEHNE MaTpUIIBEI HA YUCII0. YTOOB! YMHOKUTE MATPUILY HA YMCJIO 0, HAT0 YMHOKUTE Ha
5TO YHCJIO KAKIBIM 3JIEMEHT MATPHIIBI:

alla;||=| a

2 -1

- —
3

5

a |
O
9

(2
|3 ,

0) YMHOXKEHNE IBYX MATpHII.

YMHOKEeHHE MaTpullsl B HA MAaTpUIy 4 BO3MOKHO TOIBKO B TOM CIy4ae, KOTJa YUCI0 CTOJI0I0B
B MATpHUIIE B paBHO 4MCIIy CTPOK B MATpHIIE A.

OnemeHnT marpullel C = B + A, pacnonoKeHHBIA B [-0U CTPOKE U j —om croudne (t.e. Cy;) paBeH
CYMME ONPOU3BEIECHUM SJIEMEHTOB [ — OU CTPOKH MATPUIEI B HA COOTBETCTBYIOIIME SIIEMEHTEI | — IO
CTONI0nIA MATPHUILIEL 4.

Cnemgyer OTMETUTh, YTO YMHOKEHHUE MATPUL] HE KOMMYTATHUBHO, T.€. AB # BA.

- 3"

—

15|

"y
II‘

x =3, cxd =3

[Tpumep. 4 =

—

o[ 12 a_[-2 1
Hanpumep - —[_ Y _[__ 35|
Nmeem
p B_’l 2-2 1] [ L(-2)+23  1-1+2-5 | [ 4 11
-1 303 5'_;1+pz]+3{a1ap1j+35__1-n 14]
P 2 11 2 _; -2d-11 2+«-2)+1-3 _"- 3 - 1]
J 3 50-1 3) (3-1+5(-1) 3-2+5-3 | ‘_.-2 21
AB # BA
Bonpocwt u 3adauu:
3amaua 1. Jlaner kBagpaTHBIE MATPUIIEI 2—0T0 OOPAOKA
A= 51 B=
Brruncmite caeayroniue BeIPaKeHHs:
a) ;
0).
3amaua 2. JlaHel MaTpuLsl
A=, B=, C=, D=, F=.

Brraucimre cnemyronipue MaTpUYHEIE BEIPAKEHUA (E€CIHU KaKag—HUOyIb ONnepanus He ONPENeIeHa,

O0OBACHUTE, TOUEMY):
a) ;
0)
B) ;
r);
) ;

e).

3amada 3. JlaHel KBaApaTHBIE MATPUIIEI 2—0T0 HOPAAKA

JOKYMEHT MNMOANCcAH A=

ANEKTPOHHOW NO I'IPIE_bIﬂ .
%&g%g.ﬁw&%&%y%m 0043E

afeneu; llleGayxoea TaTeAHa AnexkcaHgpoBHa
0) ;
&I)BFH:TEMTEHEH: c 19.08.2022 no 19.08.2023
3agada 4. Jlaner MaTpuiel

B

H

D=(-1,2,3),

X=.



Brruncimre cnenyrmme MATPUYHBIE BBIPAKEHUA (€CIM Kakas—HUOyOb Omepauus HE OIpEnesecHA,
O0OBACHUTE, TOUEMY):

a) 2;

0) ;

B) ;

r);

),

e).

3amada 5. JlaHel KBagpaTHBIE MATPUIIEL 2— OTO MOPAIKA

A= 51 B=

Beraucmmire , u.

3amaua 6. JlaHbl MATPUILIBL

A=, B=, C= , D= , F=

3agaua 7. Berauciaure CIenyroniie MATPUYHBIE BBIPAKEHUA (ECIM Kakags—HUOyOb OImepanus He
OmpeneieHa, 00bACHUTE, MOYEMY ):

15 I

;

E

= =2 =

Ipakmuueckoe 3anamue 5. Boruucnenue onpedenumeneit pazioyiceHueMm no jaeMeHmam CmpokKu
(cmonaoua).
I env: BeIpaboTaTh YMEHNE MPUMEHSITE ATOPUTM BEIYUCICHUA ONPEAEIUTENA N-T0 MOPAIKA
Cooeporcanue:
MUHOD, aJredpandeckoe JOTOTHEHNUE HIEMEHTA
JITOPUTM BEIYUCIIEHUS OMPENETUTENSA N-T0 HOPIIKa
Teopemuueckan uacmeo:

BEIUMCIEHNE ONPEIEaNTEIeH

Ecim B Marpuile 4ucio CTPOK PaBHAETCA YHUCTY CTONOIOB, T.€. m = n, TO MATPHUIIA HA3EIBAETCS
K8aOpamHou:

o

gq,,

e

L

(i

ey

ey

Onpenenurens, COCTABJICHHBIM W3 JJIEMEHTOB KBAOpPaTHOM MATpuiel (0e3 nepecTaHOBOK)
HA3BIBACTCSA OMPEIETUTENEM MATPUIIBL A.

A =

i

il i 2 nn

3aMeTHM, 94TO HE KBAOPATHAA MATPHUIIA HE UMEET OMPEIEITUTENA.
Yucno an ax - a1 ai» HA3BIBAETCS ONMPENESTUTENEM BTOPOTO MOpAAKa U 0003HAYAETCS CUMBOJIOM

-

§ p—

— Uy =yl
cl -

-—

(5,

AOKYMEHT MOANNCAH
OrnpenemECTRMHIPEFEENOH0 PAIIKA HA3BIBAETCA Y CIIO:

Ceptu
Bnans

:PPHETI g{)ﬂﬂﬂﬂﬂaﬁEE

nely! LI ééay’m sd T4

CI;.J I:I'_:u'_:u l:-ll-:'_:u'_-I

ABEBO52205E7BAS00060000043E
TeAHA AnekcaHapoBHa

=ty Uy dady;

Nencrt

firenen: B 19.08 222

Cxemarnuecku (pOpMyJia IJ1 A BEIUUCICHU ONMPENEITUTENA TPETHEr0 MOPAIKA BBITIIAIUT TAK:

o 19.08.2023
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(i, iy 5y

o

OmnpenemTens TPETHETO MOPAIKA TAKKE PABEH CYMME NMPOU3BEAEHUHN AJIEMEHTOB HEKOTOPOU
CTPOKH (CTONONA) HA anreOpanyecKkue JOMOTHEHUS STHX JIEMEHTOB, T.€.

A=a A, +a,A,. +aA5: AN =a A, +d, A, +ay Ay
fll".h :f?w, ";’El +H-_..J} ."'r/fd}ﬂ_«. + Hﬁ.'\!. .."-1-_..1: fllx :ﬂlj.'f’lﬂ:. +H-_.-_...'f’#_..d} + Ir_lI '\.-'g. .."'.13:

HaanMep, paaﬂﬂmem{e GHpE,I[EIﬂ{TEJIH 10 3JIEMEHTAM HEpBCIH CTPOKU:
Lales, das,

don s, laa Sy _
., (1) a,, (-1 =
a,, ., a. d., 2 a,,

il I

{'I’ F'.I f-’l'-l--\‘-

A=a, (-1 .
k1
=y (Qga iy = Uy llyy )= s (U oy = Uy oy ) Far (s Ay = Uy Uy ) =
— ) Aoalyy T Ay oy TGOy = U oy = Gl tyy = 3y U

Pﬂ?pHUHfEI-H{EM mo 2JIEMCECHTAM CTpﬂI{H HIIH CTﬂﬂﬁuﬂ MOXKHO BEIUHMCIIHMTE ﬂHpE,I[EJIHTE.T[L .T[fDﬁDl"D

nmopsAnka. B kauectBe mpumepa pacCMOTPUM OMPEIEIUTENb YETBEPTOTO MOPAIKA M PA3A0KUM €T0 MO
JIEMEHTAM IIEPBOH CTPOKU:

I =1 2 3
1 -1 4 1 -1 4
1 1 -1 4 L | e
=1-(-1)"'[3 1 3+-D«(-DH 2 1 3+
2 3 1 3
1 0 3 3 () 5
3 ] 0 5
1 1 4 1 1 -1
+2 -2 3 3+3-(-D2 3 1| =(540-3-4-0+15+
3 1 5 5 1 0

+1(5+0-9-12-04+10)+2{15+8+9- 36-3-1D)- 3(0- 2+3+9-0-1) =

—13-6+2(-17)-3-9=I13-06-34- 27 —=-54
PHCCMDTPE‘HHLIH OIPENEMUTENL MOKHO BBEIUMCIHTE JPYIUM CIIOCOOOM. A MMEHHO, YMHOXKUM

3IEMEHTEI MEPBOM CTPOKH HA (-1) M CHO)uM C 3AEMEHTAMU BTOPOM CTPOKHM, 3aTEM YMHOKUM
3JIEMEHTHI TEPBOUM CTPOKH HA (-2) U CIAOKHUM C COOTBETCTBYIONIMMH 3JIEMEHTAMM TPETHEU CTPOKH H,

HAKOHEI, YMHOKHAM SJIEMEHTEI IEPBOU CTPOKH HA (-3) U CIO0KUM C COOTBETCTBYIONIMMH C SJIEMEHTAMU

UETBEPTONU CTPOKHU. lorma moaydum ONMpEeReIrTens 4-ro mopsaaka, B IEPBOM CTONOIE KOTOPOTO CTOSAT
HYJIN, KPOME OEPBOU CTPOKH, T.€. UMEEM ONPENEIUTEND:
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IHpaxkmuueckoe 3auamue 6. Oopamnas mampuya.
Ienw: BeIpadOTATE YMEHUE TPUMEHATH ATOPUTM ITIOUCKA OOPATHON MATPHULIBI
Cooeporcanue:
oOparHas wmarpuiia, BBIPOKIACHHAS MAaTpULA, IPHUCOEIMHEHHAs MATPUIlA, TPAHCIIOHUPOBAHHAA

MaTPHLA;
AITOPUTM ITOUCKA 00PaTHON MATPHUIIEL.
Teopemuueckan uacmo:

[TycTes 3amaHO0 HEKOTOPOE YMCIO 4 U MyCTh CYNIECTBYET TAKOE 4uCiao0 m, uto am = 1. Yucno m B
3TOM CIIydae Ha3eIBAeTCs oOparueiM and a. Ecam, Tenmeps, pacCMOTPUM KBAAPATHYIO MATPUIYY N—TO
nopAaKa, To equauuHas marpuna E Oyner urpars pons equHunbl. ECTECTBEHHO MOCTABUTE BOMPOC O
CYIIECTBOBAHUM OOpATHOM MATPHIIBI, T.€. TAKOM MATPHUIIBL, KOTOPAsd B NPOU3BENECHUN C JAHHOM IAET
eaIuHN4YHYy0 Marpuny E.

ITycte A — kBagpaTtHas marpuila n-ro nopanaka. Keagparnas marpuna X (TOro ke mopsaka n)
Ha3eBaeTcsa oOparnou oA A, ecmu AX = XA = E.

KBamparnas wmarpuna n-ro nopsaka HAa3eBAETCA OCOOEHHON (BBIPOKAECHHOM), €CIM €€
ompenenuTens paBeH Hymwo. Ecim ke A (A) # 0, To A HasepiBaercsa HECOOCTBEHHON (HEBBIPOKIECHHOH)
MATPHULIEH.

Jlna HaxoxgeHus 00paTHOM MATPUIBL, PACCMOTPHUM MATPHUIY TPETLETO MOPAIKA
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rae Alj ects anreOpandeckoe TOMOIHEHHE dIeMenTa al) onpenenurenst A = A (A).
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Bonpocwt u 3adauu:
1.3amana kBagparHas maTpuia 3— ro mopsAaKa, HAUTH OOPATHYIO MATPUILY.
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IIpakmuueckoe 3anamue 7. Panz mampuupl.
Iens: BEIpadOTATE YMEHUE NPUMEHATE ANTOPUTMEI BEIYUCIEHHS PAHTA MATPHULIBL
Cooeporcanue:

MUHOP MaTPHUIBI, PAHT MATPUILIEI, SJIEMEHTAPHEIE TTPEe00pa30BaHNA MATPHUL], CTYIIEHUATAA MATPHIIA;
METOJ OKAUMIAIONIMX MUHOPOB, METOI SJIEMEHTAPHBIX MPE00PaA30BAHUI.
Teopemuueckan uacmo:

PaccMOTpUM HEKOTOPYIO, He obszamenvHo keéadpamuyito marpuily 4. Breibepem kaxue-
HAOYIL 8 HOMEPOB CTPOK £1+12.-..5 {g W .S HOMEPOB CTOJIOIOB /14 f2-v05 /.

Omnpeneneune. Munopom nopsoka S marputibl 4 (COOTBETCTBYIOMINM BEIOPAHHBEIM CTPOKAM

M CTOJOIIAM) HA3BIBACTCS OMPENETUTENb mopsAaka .5, oOpa3oBaHHBIN AIEMEHTAMM, CTOANIUMH HA
MEPECEIECHNH BEIOPAHHBIX CTPOK U CTOJIOIOB, T.€. YUCIIO
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MOACHO BEIOPATHHOMBPA CTPAToshg » £ » ++ o L W CTOTIOTIOB 15 /2 2ves Js .

Omnpenenenne. B marpunie .4 pasmepos M XH muHop mopsagka S HA3bIBAETCA OA3UCHbIM,

QA QO TTHMCH 0 HYE 28 BCE MUHOPEI IOPAAKA § + | paBHEI HYJII0 WM MHHOPOB mopsaaka § + 1 y
marpuiel 4 BOOOIIE HET.



SIcHO, 4TO B MATPHUIIE MOKET OBITE HECKOJIBKO PA3HBIX 0A3MCHBIX MUHOPOB, HO BCE Oa3UCHEIE
MHHOPEI UMEIOT OJHH M TOT € MOpANOK. J[eHCTBHTENEHO, €C/IH BCE MHUHOPEI TOpAaKa § + | paBHEI

HYJII0, TO PABHEI HYJIIO W BCE MUHOPEBI MOpAAKa S + 2, a, CICIOBATEIBHO, W BCEX OOJBIINX MOPAIKOB.

Onpenenenune. Panecom mampuysl HA3BIBACTCSA MOPANOK 0a3sHCHOTO0 MHMHOpA, WM, WHAUE,
caMblll OONBIION TOPANOK, A KOTOPOrO CYNIECTBYIOT OTJIWYHBIE OT HyJA MUHOpEI. Ecmm Bce
3JIEMEHTHI MATPHUIILI PABHEI HYJIIO, TO PAHT TAKOW MATPHUILIEL, ITO ONMPEAETECHUIO, CUUTAIOT HYJIEM.

Paur MATPHIIBI A ﬁyﬂem 0003HAUYATHE CHMBOJIOM F(/f). 13 OIMpPENCICcHUA paHra CJICAyeT, 4yTo
s matputsl A pasmepos M XA crpasemmuso cootromenue O =7(A) =min(m, n) .

Paccmotpum ¢rmocoObl BEITUCAEHUSA PAHT A MATPHUIIBL:

a) Memoo okaumMaAOWUX MUHOPOB

[Tyctes B marpure naiinen munop M A -ro mopsmka, oTMYHENT OT HyJs. PaccMOTpUM JTHIIIE
re MuHopel (A +1)-ro mopsaaka, koropeie cogepxar B cede (oxaiimugror) munop MV : eciu Bce OHM
pPaBHEI HYJIO, TO PaHr MATpurel paBeH 4 . B mpoTuBHOM Ciiydae cpemy OKaiMILIIONIMX MITHOPOB
Haigercs nenynesoir munop (A + 1) -ro nopsaaka, u BCa mporeypa moBTOPSIETCS.
[Tpumep. Haliti panr Marpuiisl A MeTroaoM OKANMIISIOIMX MUHOPOB.
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MOPANKA, OKANMIAIONINI BEIOPAHHBI MUHOP > . BEIYUCIIMM €r0.
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3uauur, munop M 5 OasuCHEIN, a paHT MATPHUILI PABEH €ro mopanky, t.e. »{(A) =2.

flcHo, uTO TIEpPEdUpATE TAKWUM COCOOOM MHUHOPEI B MOMCKAX OA3MCHOTO — 331444, CBA3AHHAS C
OONBIIMMM BEIYUCICHUAMH, €CIHU Pa3MEpPBl MATPULBI HE OueHb Manbel. CymiecTByer, onHako, Oomee
IPOCTOU COCOO HAXOKIEHUS PAHTA MATPUIIEI — IPU ITOMOIIH YJIEMEHTAPHBIX MPE0OPA30BAHHUIA.

0) Memoo anemenmaprvix npeobpazosanul

Onpenenenue. IneMeHMAPHbIMU NPEoOPA30BAHUAMU MamMpuybl HA3BIBAIOT CIEIYIOIINE
mpeoOpazoBaHus:
1) ymMHO¥€EHUE CTPOKM HA YUCI0, OTIMYHOE OT HYJIA;
2) mpuOaBreHHE K OTHOW CTPOKE IPYTrOH CTPOKH;
3) nepecTaHoBKY CTPOK;
4) Takue xe nmpeoOdpazoBanusa CTOnOIOB.

[TpeoOpazoranmsa 1 1 2 BEIMOTHAIOTCS MTOSTEMEHTHO.

KomOunmpysa nmpeo0Opa3oBanus nepBOro U BTOPOro BUAA, MBI MOKEM K OO0H CTPOKE MPHOABUTE

TUHEVHYIO KOMOMHAIINIO OCTAIBHEIX CTPOK.
Teopema. Jremenmapuvie npeobpa3o8aHus He MEHAIOM PaH2a Mampuybl.

H,I[E‘.E[ NPAKTHUYCCKOro MCTOOd BEIYHUCIICHHUA PdHI'd MdTPHIIBI
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3aKJII09ACTCS B TOM, YTO C IOMOIMIBI0 JJIEMEHTAPHBIX MpeoOpa3oBanuii maHHyo wMarpury A
IPUBO AT K BUIY

AOKYMEHT MNOANMCAH
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B KOTOPOM «IHArOHAJILHEIE» OMeMeHTRl Dy;,D55,....0,,. OTIMYHEI OT HyIAI, a DIEMEHTEH,

PACITOJIOIKEHHBIE HIDKE «IHMATOHATBHBIX», PABHBI HYIIO. Y CIIOBUMCS HA3BIBATE MATPUIYY f3 Takoro
BHU/IA TPEYTOJBLHON (MHAYE, €€ HA3BIBAIOT AUATOHAILHOM, TPANEIUEBUIHON WM NeCTHUUHON). [Tocne
MPUBEACHNS MATPULEL 4 K TPEYroJaLHOMY BHIY MOKHO Cpasy 3amucars, uro #(A) =,

B camom mene, 7(A) =r(F) (.. 3nemenraprasie npeoOpaszopanusa He MeHsoT panra). Ho y
MATPHIEI /3 CYINIECTBYET OTJIMUHEIN OT HYJIT MHHOP ropsaaka 7 :
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a ;000N MUHOD TTOPAAKA # + | COmepKUT HyIEBYIO CTPOKY M IMTOTOMY PAaBEH HYJIIO.

Chopmyanpyem Terneps MPAKTHUECKOE RPAGUIO BbIUUCTECHUS PaHea MATPUIEL 4 C MOMOIIBFO
SIEMEHTAPHBIX TPeoOpa3oBaHuii: IS HAXOXKICHHS padra marpunsl 4 creayer ¢ MOMOIIBIO
3IEMEHTAPHBIX TPeo0pa3zoBaHuil MPUBECTH €€ K TpeyroasHoMy Buny /5. Torma panr marpuier 4
OyIeT paBeH 4MCIy HEHYJIEBBIX CTPOK B MMOJTYUYEHHON MATPUIIE /3 .

[Tpumep: Haitru panr MaTpuisr 4 METOIOM SIIEMEHTAPHEIX TPe0dpas30BaHmii:
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Pemenue: [Tomensem mectamm nepBy}o U BTOPYIO CTPOKY (T.K. IEPBBIM 3JIEMEHT BTOPOU CTPOKA —1 1
¢ Hel Oyner ynoOHO BBEIMOJHATE TpeoOpa3oBanud). B pesynasrare noayuum Marpuily, SKBUBAIEHTHYIO
IAHHOM.
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O06o3HaunM 7 -Tyio cTpoky marpuisl — C'; . Ham HeoOX0 1Mo IPUBECTH MCXOTHYI0 MATPHILY

K TpeyronsHOMYy BuAy. [lepByro cTpoky Oymem cumTare Beaymied, OHAa OyaeT ydacTBOBATE BO BCEX
mpeoOpa3zoBaHMAX, HO CaMa OCTAETCA 0€3 U3MEHEHMUI.

Ha mepBom srane BeIMOMHUM OpeoOpa30BaHus, MO3BOJIAIONIAE MOJYYUTH B MEPBOM CTOJIOIE HYIIH,
KpOME MOEPBOro sneMeHTta. Jlada 5Toro u3 BTOPOM CTPOKM BBIUTEM MEPBYIO, YMHOKEHHYIO HA 2

(C, - 2C}), x Tperseir crpoke mpubasum mepeyro(C: +C,), a u3 Tperbell BEIUTEM IIEPBYIO,

ymuokennyro Ha 3 (C; - 3C)). Tlonygaem marpuily, panr KOTOPOH COBIATAET C PAHTOM JAHHON

marpunsl. O003HAYUM ee TOU ke OyKBOH A:
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HDJIleEHa MaTpuila TPEYroJsHOTO BHUOA, M MOXKHO CIOEIATh BEIBOJ, 9TO f”{f’f) :2, T. €. 4HCIy
HEH}UIEBLIK CTpDI{ KDpDTI{D pemeHue 3aga4d MOKHO 3aIMHMCaTh CICAYIOIIHM Gﬁpa,mm
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BEIauCcnuTe paHr MaTpUIEl ABYMs CITOCO0AMM: ¢ TOMONIBIO SJIE€MEHTAPHEIX MPE00pa30BaHUN U
METOIOM OKANMIIEHUSA MIHOPOB.

1 -6 2 4 8 1 2 -7 13 0
A=[-3 18 -6 -12 -24|:4= 7 7 -6 3 12
0O 6 7 23 11 -16 -11 =-17 56 -36
(3 7 -5 8 11 3 15 -9 20 7
1=/2 -2 -5 0l:4=3 -1 -6 1 2
L9 41 -10 37 55 6 -18 -9 -17 -1
[ 5 -4 13 0] -1 4 - 10 -7
4=|-2 0 4 1 2,4=3 5 -14 2 2
0 =10 4 -27 -2 16 55 -103 64 =21
3 -9 8 16 2 7 12 0 9]
A=|1 2 -5 6 12{:4=|-2 4 6 11 8§
5 6 -19 20 40| 2 29 48 22 43
3 -5 2 4 2 15 -12 3 7
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Ipakxmuueckoe 3auamue 8. Hccnedosanue cucmem TUHEHHBIX YPAGHEHUI HA COGMECIMHOCHb.
Il enw: BripaboraTs ymenue uccaenosars CJIY Ha COBMECTHOCTE
Cooeporcanue:
coBmectHas u HecoBmectHasa CJIY, onpenenennas u neonpenenennas CJIY, ognoponnas CITY;
teopema Kponekepa-Kanemnu, teopema o uucine pemenuit CJIY.
Teopemuueckan uacms:
JlunerHEIM = (OTHOCUTENBRHO HEW3BECTHBIX X|.X2......X, ) HAa3plBAIOT ainredpanueckoe

YPABHEHHUE HEPBOM CTEMEHHW, T.€. YPABHEHUE BUAA )X T d,x, +..+d,x, =b, THE @yoe-eatl,y D —
gucna. Cucrema /71 MHENHBIX ypaBHEHUM ¢ /7 HEM3BECTHBEIMHU UMEET BU]

—— —_— —_—  ——
——

B o0mem croydae 4ucno ypaBHEHUM B CHCTEME HE 00A3aTEIbHO COBHANAET C UMCIOM HEW3BECTHEIX:
M1 moxer OvITh MeHBHIE, paBHO wiau Oomemie uwmcna F1. Yucna ¢, (BEMIECTBEHHBIE WIH

KOMIUIEKCHEIE) HA3BIBAIOTCA  Kodpuyuenmamu  cucmemel, £; — c60000nbIMU  wieHaMU;
X2 X24..20 X, — HEUZGECHIHBIMU.
CucremMmy MOKHO 3aIUCATh B MATPUIHOM (pOpME:

AX =5
typ dip - dyy, X by
= yy Ay . O, | X = b,
rme A — \ X = . | — .
Wy o Ly | R mhm :
Eciu b =b, =... =D, =0 10 cucrema Ha3zpIBa€TCA 00HOPOOHOI, B MPOTHBHOM CIy4ae OHA

Ha3BIBACTCA Heoﬂampgad}nﬂﬁum!ﬁgmy A wazeBarotT mampuyen cucmemvl. Pacwupennou mampuyet
GUCEMbI Mﬁﬁ%ﬁdﬁ Dﬁ%%ﬂg%ﬁmﬁim marpurly 4, K KOTOpOH moOapieH (cnpaﬂa)_cmnﬁeu
CBOBOMHBIN dIeHOBrdra Ahakyaoomarpuily OyaeM 0003Hauars B ganpHedmem cumsonom (A | D).

Onpenenenue. CucremMa IMHEHHBIX YPaBHEHWM, HE HWMEIONAA HU OJHOTO PEUIECHU,
HA3BIBACTCA 9 sbcoosyecmaon. Cucrtema, oOmamaromias xors OBl OOHMM PEHIEHWEM, HA3BIBAETCA
COBMECMHOU.



OTHOCHUTENBEHO KAXKIOW CUCTEMEI TUHEUHBIX YPABHEHUN MOTYT OBITE MOCTABIEHEI CIEIYIOMIHNE
BOTIPOCHI:
1) CosmecTHa 3agaHHas CUCTEMA WA HET?
2) B cmyuae, ecmm cucrtema COBMECTHA, KAK OMPENENUTh, CKOIBKO OHA UMEET PEHICHUM — OTHO WIH

HECKOJIBKO?

Bonpoc 0 COBMECTHOCTH CHUCTEMBI JIMHEWHBIX YPABHEHUH MOJHOCTBIO PEMIAETCS CIEOYIONMIEHN
TEOPEMOIL.
Teopema Kpouekepa-Kanemwnu. /[nis mozo umobsl cucmema JUHEUHBIX YPAGHEHUU Oblld COBMECHMHA,
HeoOXo0uUMO U OOCMAMOYHO, YMOObl paHe Mampuybl 3MOU CcUCMeMbl Obll pAGeH paHzy ee
pacuiuperHou mampuyslt, m.e. umoowt F(A| by =r(A).

Ecnn COBMECTHOCTE CHCTEMEI JIMHEWHBIX YPABHEHUW YCTAHOBJIEHA, TO BO3HUKAET BONIPOC O
TOM, CKOIBKO OHA uMMeEeT pemeHud. OTBET 0 4MCIe PEMIEHHU CUCTEMBI JTUHEWHBIX YPABHEHUM IAET
CIEQYIOMIAs TEOpeMa

Teopema (0 uucne pemenun). [lyems ona cucmemwvr 1 nuneunwvix ypaguenuu c 1
HeU36ECMHbIMU BbINOJHEHO YCI1068Ue COBMEeCmMHocmu, m.e. pane V' mampuybl cucmemMvl pageH panzy ee
pacutuperHou mampuysl. Tozda, eciu parnz mampuybl cucmembl pageH Yuciy Heusgecmuvix (I' —H1),
mo cucmema umeem eOuHcmeeHHoe peulenue. Eciu dce pawe mampuywvl cucmemvbl MeHbUie YUCTA
neuseecmubix (I'<M), mo cucmema umeem 6GeckoHeuHOE MHONCECMEO peleHUl, d UMEHHO:
Hexomopbim = ' HeusgecmHbiM MOKHCHO npudagéamb NPOU3E0JIbHbLIC SHAYEHUA, M020d OCMAGUIUECcs
I" HeuzgecmHbIX ONpPeoenamest yiHce eOuHCmMeeHHbIM 00pa3om.
[Ipumep: UcecnenoBaTe cucremMy TMHEWHBIX YPABHEHHUM HA COBMECTHOCTB:

— —— = - —_— = _ —_— ]
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Pemenue: 3anumem CUCTEMY YPABHEHUH B BUAE PACHIUPEHHON MATPUILIBL:

2 -1 | - 2)
| ) 31 -1 |.
1 -3-2 3
[Tomensem mecTamMu EPBYIO U BTOPYIO CTPOKH MATPHIIBL:
] 2 3 - 1)
2 -1 1| -2].
1 -3 -2 3

[TepByro cTpoky Marpuiel Oy1emM CUMTATE BEAYIIEH (IEPBEIM 37IEMEHT CTPOKH PaBeH 1), ona He
Oymer MeHATBECA NpU IpeoOpa3oBaHUAX. byneM CTpEeMHTBECA HPUBECTH MATPUIY K TPEYTOJIBEHOMY
Buay. [ma TOro 4roObl B mepBOM CTOJOIE MATPUIEI HOJYYUTH HYJIW, BEIIOJIHUM CIEIYIOIIHNE
npeoOpa3zoBaHuA: U3 BTOPOM CTPOKHU BEIUTEM IIEPBYI), YMHOKEHHYK Ha 2, 4 OT TPETBEH BBIUTEM
nepsyto. [lomyunm mMarpuiy, paBHOCUIBEHYIO JAHHOM:

(1 2 30 -1)
O -5 -5 0
0 -5 -5 4 |

Yro0Bl MONYyYNTE MATPULY TPEYTOJBHOIO BHIA, HEOOXOIMMO BBIYECTH M3 TPETHEH CTPOKHU
BTOPYI0. OKOHUATENHEHO HOTYyIAEM:

(] 2 3] -1
O -5 -5 0
0 0 O 4

\ /
Panr pacmmpenHod MaTpuIibl CUCTEMBI PABEH 3, PAHT OCHOBHOM MATPHUIIEI CHCTEMBI PABEH 2,

T.C. F"{:’I | fl’) #Fﬁmmmﬂ;mﬂﬂmﬂLHﬂ CHUCTEMA HECOBMECTHA.
EKTPOHHOW NOAMUCHLIO

Bonpoco 'fcﬁﬁb%nﬁgéﬁﬁaaﬂaﬁzzn5E?@5ﬂﬂﬂ5mﬂm435 .
bBlecae noBaEkCHCTOMARA FEEHEHHBIX YPABHEHUI HA COBMECTHOCTE:
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2x, + x, + 3x, = |1,
) - x, + X, - x, = -1,
- 2x, + Xx; + 5x, = 3,
X, - 3x, + 2x; + 9x, = 5;
X, + x, - 3x; =-1,
6) - 2x, + x5, - 2x, 1,
x, + x, + x; = 3
Cox, + 2x, - 3x, = 1.
2. OnpenenuTs KOMUUECTBO PEMIEHUH OOHOPOIHON CUCTEMEI TMHEWHBIX YPABHEHUM:
|- x + X, - X, 0,
D 2x, - x, - . 0
X, X 5 X3 Xy )
- 2x, + 3x, - 2x; + x, =0;
2x, + x, + 3x; - x, =0,
5 - 3x, + 2x, - 2x, =0,
) 13x, + Ox, - x, =0
...x| 'Y:E + - ..rr} +\;r4 B -
dx, + 2x, + T7x, - 2x, = 0.

IIpakmuueckoe 3anamue 9. Peuienue HegblpoIicOeHHBIX CUCMEM JTUHCHHBIX YPAGHEHUI Mem 00 oM
Kpamepa.
Ifens: BEIpAOOTATE YMEHHME IIPUMEHATH AITCOPUTM BBIIOJIHEHHA JACUCTBUM HAA MaTrTpuLaMHM Ha
MPAKTHKE
Cooeporcanue:
HeBeIpoxkaeHHas CJIY, reopema Kpamepa,
AITOPUTM MOUCKA pernieHnid HeBRIPOoxaeHHo CITY.
Teopemuueckan uacmo:
Cucrtema n NMHENHBLIX ﬁﬂFEEpEHHEGI{HK }’DEEHEHHF‘I C n HEU3BECTHBIMKN UMEET BUA
anXs + anXz + ...t ainXn = by
axiX1 + axnxz+ ... + @wnxnp = b

dn1X1 + dn2X2 + ...t adnnXn — bn

3mece a (1=1, ...,n, k=1, ..., n) — xospuimienTsr cUCTEMBIL, X1, X2, ..., Xn — HEU3BECTHHIE
u b, ..., b, — ceRODOOHEIE UJIEHEI.

CoBOKymHOCTE N uucen Xx;°, X2', ..., X, Ha3BIBAETCA PEIIEHHEM CHUCTEMEI, €CIIM IIPH
MOACTAHOBKE MX B KakJI0€ YypaBHEHHE BMECTO HEM3BECTHBIX BCE ypaBHEHUS o0O0OpamarTci B
TOKIECTBA.

CucremMa ypaBHEHUN HA3BIBAETCA COBMECTHOM, €CITU OHA UMEET XOTs Obl 0nHO pemenue. Ecan

CHUCTEMA PENICHUH HE UMEET, TO OHA HA3BIBAETCS HECOBMECTHOIL.
KBajpaTHas MaTpHLIa TOPsiJIKa n

d11 d12 ... @in
doq doo ... dop
AOKYMEHT MNOANMCAH A —
SNEKTPOHHOW NOAMNKWUCLIO
Ceprvdomkatr: 2C0000043ESABBBO952205E7BAS00060000043E
Bnageney, lLlebayxoea TaTbAHa AnekcaHapoBHa ant @n2 ... @mn

COCTABJIEHHAA U3 KOA(P(PUIIMEHTOB MPU HEM3BECTHBIX, HA3BIBAETCS OCHOBHOW MATPHUIIEH (MIH IPOCTO
MﬂTM‘Eﬁ) GHC‘EBQI:L 1908 2023
Matpuua mopsjka nx(n+1)
Apacm = |{ di1 a2 ... @in | b1 ]



az1 azz azn b

bn

COCTABJIEHHAA M3 KOAD(PUIMEHTOB MPH HEW3BECTHHIX M CTOJIONA CBOOOIHBIX YJIEHOB, HA3BIBAETCH

PaCIIMPEHHON MATPUILIEU CUCTEMEI.
PaccMOTpHM CHCTeMy nh JIMHEHHEIX alrefpandeckKiX YPaBHEHHH ¢ n HEU3BECTHEIMH

arﬂ an ann

ay1X1+ ai2X2+ ...+ apnXn = b
axXi1 t axXxzs+ ...+ amxn = b
amXi t apX + ... tax, = b,

Teopema (mpaswio Kpamepa). Ecnu onpepenurens MaTpuibl CUCTEMEL OTJIMUEH OT HYJIA, TO CHCTEMA
MMEET PEHIEHNE U MMPUTOM TOJIBKO OJHO. JTO PEHIEHUE OTpeaenseTca (PpopMyIaMu:

A, “
—, rae A — ompenenuTeNs MaTPUIBl CUCTEMBI U Ay — OOPENEnUTENs MATPHILEL, TOJIYyIaeMON

X, =

W3 MATPUIEI CUCTEMBI 3aMEHOH k—0ro cTomdua cToadiom cBOOOIHEIX YJIEHOB.
[Tpumep. Pemure cucremy ypaBHeHHH, HCTTOMB3yA (hopmysiel Kpamepa.

| x + 2y - 3z =5
2x-3p+z =3
h'—'L?r. + -2z =10
Pemenue: Haligem OCHOBHOM M TOMOJMHUTENBHEIE ONPEAETATENH.

1 2 -3
A=2 -3 1 |=6-6+8-36-1+8=-21
4 1 -2
5 2 -3
A =|3 -3 1|=30-9+20-90-5+12=-42
o 1 -2
1 5 -3
A =2 3 1 | =-6-60+20+36- 10+ 20 =0
a4 10 -2
I 2 5
A. =2 -3 3 =-30+10+24+60- 3- 40 =21
4 1 10
[To popmynam Kpamepa nmeem
_1’.:&'“' :-42 =2, 1.-‘:&": = D =(); ::ﬁ: = 21 =- 1.
A - 21 A =21 A - 21
Orser: x=2,y=0,z=-1.

Bonpocw u 3adauu:
Hcnone3ysa popmyner Kpamepa, HaAUTH pEMICHUA CIEAYIONIMX CHCTEM JIMHEWHBIX anreOpanuecKhux

Y PABHEHHUI:

3x, +2x, +x; =5 x, - 2x, +3x, =6 2x, - x,-x;, =4
a) 12x, +3x, +x, =1 :6) 12x, +3x, - 4x, =20; ) {3x, +4x, - 2x; =11
2x, +x, +3x, =11 3x, - 2x, - 5x; =6 3x, - 2x, +4x; =11
OOKYMEHT UDﬂHHCHH
IANEKTPOHHOW NOANWUCEKO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ipakmuueckoe 3anamue 10. Pewenue HegbIpOMCOEHHBIX CUCHIEM JIUHEHHBIX YPAGHEHUU
MampuyHbIM MenoooM.

Ilens: BEIpaboTaTh YMEHUE pemiaTh HeBBIpOkAeHHBIE CJTY MaTpUIHEIM METOTOM
Cooepowcanue:

AITOPUTM pemeHusa HEBRIPOKAEHHBIX CJIY MarpuaHeIM METOIOM.
Teopemuueckan uacmap:

[Tycte mana cucrema #7 MUHEVHEBIX YpaBHEHUM C ] HEM3BECTHBIMU:

A-X =5,

rae

ay iy e gy X by

a1 dpy - ) X2 by

A= X = , B =
Ay U2 - dyy A \ hn ;
bynem PEAN0JIararh, aTo OCHOBHAs MaTpULA A HEBEIPOKICHHAS.

Torma cymecrBsyer oOparnas marpuna 4~ ', I[TomuHoxuB marpuunoe ypasumenue A -X =B Ha
MATpULY _4

-1 cnepa, mosyunm (hOpMyITy, HA KOTOPOH OCHOBAH MATPUYHEIN METOJ PEIIEHUS CHCTEM
JTAHEVHBIX YPABHECHMUI:

x=4a"8B
3ameuanpe. OTMETHM, UTO MATPUYHBIA METOT PEIIEHUA CUCTEM JIMTHEUHBIX YPABHEHUH B OTINYHE
ot merona I'aycca mmeeT OrpaHHYEHHOE MPUMEHEHHUE: 3TUM METOIO0OM MOTYT OBITH PEIIeHBI TOJIBKO

TAKUE€ CHCTEMBI JIMHEMHBIX YPABHEHWM, Y KOTOPBIX, BO-MEPBBIX, YMCIO HEU3BECTHBIX PABHO UHUCITY
yPaBHEHUI, 4 BO-BTOPBIX, OCHOBHA MATPUIA HEBEIPOKICHHAS.

[Tpumep. Pemure cucremy MMHEHHBIX yPABHEHUH MATPUYHBIM METOIOM.

= g —— = ma— — —a— TR e

= —_— [ ] =
—a - 1 u =_

- — - p—_ - — | T ==

3amaHa cucrema Tpex TMHEHBIX yPaBHEHUH C TpEMH Hem3BeCTHEIMH A X =85, roe

(5 -1 -1 X (0
A=1 2 3|,X=|x,| B=|14]
4 3 2 X 16

OcHOBHAsA MaTpulla CUCTEMEI YPABHEHUH HEBBIPOKACHHAA, ITOCKOJIBKY €€ ONPENEIUTENE OTINUEH
OT HYyJIA:

F
1
1
—
1
—

det A =

1 2 3| == 30,
<} 3 2
OOpaTtHyIO MATPHITY 4~ ' COCTABUM OJTHUM M3 METO0B, OMMMCAHHEIX B MYHKTE 3.
] ] [
6 30 30
] I 7 8
Al =l-— -2 =
3 15 15
] |9 [ ]
AOKYMEHT MNOANMCAH ; 6 3 D 30 ;
KTPOHHOW Cb w s
C.Epm HHET O § E@ﬂ H'—b L Eﬁ%ﬁ%&g&%&g&ﬂﬂlﬂiﬂ CHCTEM JTHHCHHEBEIX }VpﬂEHE‘H'HH HGJ'[}"-IHM
Bnaneneu: LI.IEEJ:-.-*?.DBE TateAHa AnekcaHgpoBHa
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LI .
5 -1 -1 6 30 30) |
x={1 2 3|{-L -1 8|y
3 15 [5
43 209 il
6 30 30

Bonpocw u 3adauu:
1. Pemure cucreMy JIMHEMHBIX YPABHEHUN MATPUIHBIM METOIOM:

3x, +2x, +x; =5 x, - 2x, +3x, =6 2x, - x,-x;, =4
a) 12x, +3x, +x, =1 :6) 12x, +3x, - 4x, =20; ) {3x, +4x, - 2x, =11;
2x, +x, +3x, =11 3x, - 2x, - 5x; =6 3x, - 2x, +4x; =11
r) =™ = s T 3202 B 1)

—
|

— — —_— e —_— || - Tm_
== —f— - == - - —_— = - - =
— s

iy

- — - S e _— — A=

Ipaxkmuueckoe 3anamue 11. Pewienue cucmem nuneitnvlx ypaeruenuit memooom I'aycca.
I]ens: BeipaboTaTs ymenue pemars CJIY merogom [Naycca

Cooeporcanue:

METOJ MOCIEA0BATEILHOTO UCKIIOUEHN S HEN3BECTHEIX.

Teopemuueckan uacmbo:

[TpakTruecku ais pemenus CUCTEM JIMHEMHBIX YPABHEHUN Yamle BCETO MPUMEHSIETCA METO
["aycca, cocTosaninil B HOCAEN0BATENHFHOM UCKIIOYEHUN HEU3BECTHRIX.
[IycTh 3amana cucreMa JMHEHHBIX anreOpandecKux ypaBHEHHM:

—— — — — — — — J— —_ —_— - — — —

— - — - - - -_— — L L E— —— —

bynem npon3BOauTE HAO CUCTEMOU CIEIYIOMIME IEMEHTAPHEIE ITPe00pa3oBaHNs:

1. Brraepkupanue ypasaenus suga U x, +0 x, +---+0-x =0,

2. [IpubaBienne Kk ODHOMY YPaBHEHMIO JPYTrOr0 ypaBHEHWS, YMHOKEHHOTO Ha
IPOU3BOJIBHOE YHUCIIO.

3. [Tepemena mectamu IByX ypaBHEHUH.

[Iycte Temeps «,, #0.(Ecm «,, =0,10 MBI mOMEHSEM MECTaMH IEPBOE€ YPABHEHHE C TEM

ypaBHEHHUEM, TAe KOXpPuiment npu X, OTauueH OT Hymaa). HMcxkmounmm Ttemepes X, W3 BCEX
YpPaBHEHMM CHCTEMEBI, HAYUHAA CO BTOPOro. [l 5TOr0 KO BTOPOMY YPABHEHHIO MPHUOABUM MHEPBOE

HEI
yPaBHEHUE, YMHOKEHHOE Ha ( ~ ) ), 3aT€M IIPUOABUM K TPETBEEMY YPABHEHUIO MEPBOE, YMHOKEHHOE
¢
11
{IE ] {I'ml
Ha (- ~ ) ¥ T.[I. K HOCIIEAHEMY YPABHEHUIO MPUOABUM MEPBOE, YMHOKEHHOE HA ( ~ - ). IIpu sTom
11 11

[TOJIYYHM CHUCTCMY

— S —-—— — -

|
!
|
|

Jlanee, mpuUMEHHUB T€ K€ PACCYKICHUS K TMOJIYUEHHONW CHUCTEME, MCKIIOYUM W3 VPABHEHHH,
HAuMHAA C TPETLETO X, M T.I.

[Tpomomxas 3TOT mpo1ecc, MBI TPUIEM K OTHOMY W3 ABYX CIYJAEB:

1. ,ﬂ]{ﬁ@emnWmHEEﬂEHEHHGFG Miara IMOJYyYUTHCA CHUCTEMA, COAEp)Kamias YpaBHEHHUE

0 % +( 13HE_|5T‘53¥}—£?I:71_I'IDLLI'IHEE: } o

BUIA, L X YU X de b =6 Ho6 )., 0T aa Hama CHCTeMa HEe UMEET PEICHMI, T.€. HECOBMECTHA.
Bnaneneu?  Websypibimertiesia e tonepxur ypasuenue suga O x +0-x, +--+0x, =6 »u ¢ #0. Torma

PaHO WJIH MTO3THO MBI IPUJIEM K CUCTEME

NeicteuteneH: ¢ 19.08.2022 no 19.08.2023 - - - - - — - I



Bo03MOKHEI 1BA Ciydast:
a) F—=n. Torga mocnenHee ypaBHEHUE ITOCIEOHEM CHUCTEMBI HUMEET BUA: €Y, =,
- — {I."?
OTKyma X, = . I3 mpeanmocnennero ypaBHEHMs HAXOOUM X,_, W T.J. U3 HEPBOTO YPABHEHUS
-

At

CHUCTEMBI HAXOOUM X .
b) ¥ <. Torma cucrema umeer OECUUCICHHOE MHOKECTBO PEIICHHI.
3ameganue. C MPakTUUECKON TOUKH 3PEHUS MPOLECC PEMIEHUS CUCTEMBI MOKHO OOIErduTh,
€CIM BMECTO IIpeoOpazoBaHWMK HAN CaMOM CHCTEMOW IPOU3BOOWUTE IIPe0Opa3oBaHWA  HAL
COOTBETCTBYIOMIEH PACIIUPEHHON MATPUILIEH CUCTEMEI.
[Ipumep. Pemmtes cucremy meromom l'aycca.

—— - —_ - —_— — —— —= -

- e |

i — —— — —— — j—— —
-

— —— - - —_—

Pemenue. PaccMoTpuM pacmmmpeHHy0 MaTPHUILY
2 1 - ] ] 1 |

e
I
b
[~
|
"
[~

5=

b LA
1

—t

[a—

1

fad

Lo

, HAKOHEII,

1| Lh

3
YMHOKHMB NEPBYIO CTPOKY HA -  » 3aTEM YMHOXHB TEPBYIO CTPOKY Ha -

YMHOKHB IIEPBYIO CTPOKY HA — 1, CIIOKHM HNEPBYIO CTPOKY MOCIEAOBATEILHO CO BTOPOH, C TPETHEH U
¢ gyeTBepTou cTpokou. [Tomyunm

2 1 -1 1 1
0 - 77 9 1 2 1 -1 1 1
"9 . 0O -7 7 -9 |
S D e R A KT B R
2 2 2 2 o -2 2 -4 3
0 -2 2 -4 3
B mocnennend marpuile MBI YMHOKHIA BTOPYIO M TPEThIO CTPOKy HA 2. lamee 1 u 2 cTpokn
3
ocraBisieM 0e3 m3meHeHnsa. CrepBa YyMHOKHUM BTOPYIO CTPOKY HA ~ = U CHOXHM C TPETBEN CTPOKOH,
2
3aTeM YMHOXHIM BTOPYIO CTPOKY HA = — M CIIOXKHM C geTBEPTOUN CTPOKOH. [Tomyunm
2 1 -1 ] l TR 0 )
L S o -7 7 -9 1
20 52
B~ 00 0 — -— ~ 0 0 0 20 -52 -
o 1019
o 0o o -2 D o0 0y
.x 77 |
2 1 -1 | | 2 1 -1 1 1)
o -7 7 -9 1 o -7 7 -9 1 |
0 0 0 20 -52 |0 0O o 20 - 52;
0o o0 o -10 19/ |lo o o o -7

| y
[Tocneqaro0 MATpUIly MBI MOJYYHIN, YMHOKHUB TPETHIO CTPOKY HA 5 H CHOXHB C 9CTBEPTOM

crpokoi. [locnennsas uerBepras CTPOKa 03HAUAET, UTO MBI MMEEM YPABHEHHUE:
o HT. NQANVCAH_ _
0%, +Qidierpcibm A esrs 7

Cepani e RO AT e AL HE oV R A A OV BEIe cucTeMa HECOBMECTHA.

Bnaneneu: lleGayxoea TaTeAHa AnekcaHgpoBHa -
[Ipumep. Pemmite MmeTomom I'aycca cucTemMy ypaBHEHHH.
NelcTEUTENEH: C 19765’.20—2_? x[s 19-DBEDEE e - - = - = — - — -

Pemenue. PacCMOTpUM pacimpeHHyI0 MaTPHIY CHUCTEMEI




L=

r.__,h]-l—u—r
h Ll NI
|
4d
b
-
|

I3
Ld

4 -7 4

YMHOKHUM CHepBa MEPBYIO CTPOKY HA (- 1) ¥ CIOKHUM CO BTOPOM CTPOKOH, 3aT€EM YMHOKAM
MEPBYIO CTPOKY HA ( - 3 ) U CI0KHUM C TPETHEH CTPOKOM M, HAKOHEI], YMHOKHUM IEPBYIO CTPOKY H
EPBYIO CTPOKY Ha (- 3 ) u cio C TPETHEH CTPOKO AKOHEI], YMHO €PBYIO CTPOKY Ha
- 2 ) ¥ CIIOKUM € 4eTBEPTOU CTpOoKOH. [Tomyunm

1 2 -3 5 | | 2 -3 5 |

O 1 -10 17 -2 0O 1 -10 17 -2
B~lg 21 10 -17 2 |7loo o o o

0 -1 10 -17 2 J (o0 0 o0 o0

Bropyroo Marpuily Mel MOTY4YUM CJIOKHUB CHEPBA BTOPYIO CTPOUYKY C TPETHEH, 3aTEM CIIOKUB
BTOPYIO CTPOUKY C ueTBepTou. HyneBrie cTpouku BEIOpaceBaeM. OCTaerca CUCTeMa yPaBHEHUMN

T - 2w - Ba, - 5w = 1
{_ A, — DBy sy, + 77 .- 2 (*)
bynem cuurare X5 M X, CBOOOTHBEIMH HEM3BECTHBEIMU, 0003HAUAS UX: X, =€, X, =f7
M3 BTOpOTO YpaBHEHUA CUCTEMEI (%) HAUOEM X,

X, =10e-17/3- 2

[ToncraBuB X, B mepBOE ypaBHEHHUE, ITOTTYIHM:
x, +2(10-174- 2)- 3 +54 =1 wm

X, +20c- 345 - 4- 3z +55 =1 wm

x, == 17ex +29/6+5 .

Takum oOpazom, ganHas cucteMa MMeeT OECUNCIIEHHOE MHOKECTBO PEIIECHUI
|'.":I —— 1 P +— 29 5 = 5

1 v =10 — 1706 - = ﬂi"E(H}

Bonpocwt u 3adauu:
| .Pemmte cucTreMsl JIMHENMHBIX YpaBHEHUH MeToaoM ['aycca:

3x, +2x, +x, =5 X, - 2x, +3x, =6 2x, - x,-x;, =4
a) 12x, +3x, +x, =l ;0) 12x, +3x, - 4x, =20;B) {3x, +4x, - 2x, =11
2x, +x, +3x, =11 3x, - 2x, - 5x, =6 3x, - 2x, +4x, =11

2x, +4x, +4x, +6x, =18
dx, +2x, +5x, +7x, =24

3x, +2x, +8x, +5x, =13

r) -

2x, +8x, +7x, +3x, =6

2.5BaAroTCA M CHUCTEMBI YPaBHEHHMH, COOTBETCTBYIOIIME MATPHUIIAM, ITOIYYArONIUMCA B PE3YJIBTATE

3IEMEHTAPHBIX MOPEOOPaA30BAHNI CTPOK PACIIMPEHHOM MATPUILI, SKBUBAJIEHTHBIMH! O0ocHYyMTE
OTBET.

Ipakmuueckoe 3auamue 12. Cucmemovt  JAUHEHUHBIX  OOHOPOOHBIX  YPAGHEHUIL.
DynoamenmaibHas CUCHeMa peuieHuil.

Ienw: BEIpaOOTATH YMEHNE HAXOOUTE (PYHOAAMEHTAIBHYIO cUCcTEMY pemenuit CJTY
Cooeporcanue:

CHUCTEMA JIMHEWHBIX OTHOPOIHBIA YPABHEHUH, () YHIAMEHTAIEHAS CUCTEMA PENICHUH.
Teopemuueckas uacmao:

CucremMa m JMHEMHBIX YPABHEHUHM C N MEPEMEHHBIMM HA3BIBAECTCA CHUCTEMOM JIMHEWHEIX

OMHOPOIHBIX VPABHEHHH, €CIH BCE UX CBOOOIHEBIE WIEHEI PABHEI HYIIIO. 1 aKas cucTeMa uMeeT BUX:
y HY
[OKYMEHT MOAMWCAH
_ 9NEKTPOHHOW MOAMNUCHIO o B - _

Ceprudinkar. -2C0000043EIABSBIS2ZU5E 7BAS00060000043E =] a - a - T - - - - T -

— — — —

%Iga,u,enéu:‘_ IWeGsyXbea TateAHa AnekcaHapoBHa - - - - T

CHCTE‘MH HIﬂIEﬁI—]I:IK D,I[HDPD,I[HLIK }’pﬂBHE‘HIfﬂ?I BCCrad COBMECCTHdA., TdK KdK OHd BCCTIOd HMCCT,
Nencteutened: ¢, 19.08.2022 no 19.08.2023

10 KpauHEeN Mepe, HyaeBoe (rm tpuBnansHoe) pemenue (0; 0; ... 0).



Ecou B CJIY m = n , a ee onpenennurens OTIWYEH OT HYJA, TO TAKasd CHCTEMA UMEET TOJBKO
HYJIEBOE pemeHune, kak 3Tto crmeayer u3 ¢opmyn Kpamepa. HenyneBeie pemenus, CiemnoBarenbHO,
BO3MOYKHBI JIMIIb JJII TAKAX CHCTEM JIMHEWHBIX OJHOPOOHBIX YPAaBHEHUM, B KOTOPBIX YHCIIO
YpPaBHEHWII MEHBIIE YHUCJIA MEPEMEHHBIX, WIM IPH UX PABEHCTBE, KOTOA OMPENEIHUTENL CHCTEMBI
PaBEH HYJIIO.

Wnaue: cucmema nuHeuHbIX OOHOPOOHBIX VPAGHEHUU UMEEN HEH)IEe6ble PEUICHUA Mo20a U MOIbKO
moeoa, Koeda panz ee Mampuybl KO3MPPuyueHmo8 npu NEPEeMEHHbIX MEHbULE HUCTA NEPEMEHHbIX, M.e. npu
rang(A) < n.

O003HaUMM pemeHue CUCTEMEBI uepe3 X; = ki, Xo = ko,.....Xs = ki B BUIE CTpOKH e = (ki ka,
cKa ).

PemeHnus CUCTEMBI IMHEHHBIX OTHOPOIHBIX YPABHEHUH 001a1AI0T CIEAYIONMMH CBOMCTBAMU:

l. Ecm CTPOKA e = (ki ka,....k,) — perIeHue CHCTEMEI (), TO

u cTpoka Aey = (Aky, Aka,..., Ak, )— Taxke pemenne SToi CHCTEMBI.

2. Ecmm crpoxku e, = (ki ks,....k, ) m e, = (/1 [5,....], ) —pemenus cucremsr (*), TO npu

TIOOBIX €] U C» HX JUHEHHAd KOMOWHAI[AA
C; e +Ca2 € :(C1 1{1 +C> f1 L1 1{3 + C> fg R 5 1{.1 +C> fn)
TAKKE PEIIEHNE TAHHOU CUCTEMBL.

YO0enuTscs B COPAaBEIIMBOCTH YKA3AHHBIX CBOMCTB PEIIEHUU CUCTEMBI JTUHEWHBIX OJHOPOIHBIX
YPABHEHUI MOKHO HEMOCPEACTBEHHON MOACTAHOBKOU UX B YPABHEHUSA CUCTEMBEL.

13 cpopmMymipoBaHHEIX CBOUCTB CIEAYET, YTO BCAKAS JIMHEHHAA KOMOMHAUMWA PEIICHUM
CUCTEMBI JTMHEHMHBIX OJHOPOJHEIX YPABHEHUM TAKKE SABIIACTCA PEHICHUEM STOU CUCTEMEI. [losTOMmMy
OPENCTABIAET MHTEPEC HAUTH TAKWE JTUHEWHO HE3aBUCHUMBIE pPEHIEHUA CucreMsl (*), ugepes
KOTOPBIE THHEUHO BBIPAKAINCE OBl BCE OCTAbHBIE €€ PELLICHUS.

Pemienud e, €, ..., € HA3BIBAIOTCA JIMHEHHO HE3aBHCHMEBIMH, €C/IH HUX JHHEHHAS KOMOHHAIIHA
Mert Aqes +...+ Aec paBHA HYITIO, TOJIBKO IPH YCIAOBHM UTO A= Az =....= A = 0.
Ompenenenne. (CucremMa TMHEHHO HE3ABUCHUMEIX PEIIEHUM €, €, ..., €  HA3BIBacTCA

(pyHOAMEHTATBEHOM, €CITU KAKI0€ PELIEHUE CUCTEMEI () ABISETCA JIMHEMHOW KOMOMHAIMEN PEMIEHUH €,
2y vouw Bk &

Teopema. Ecma panr r marpuiml  KOS(Q(PUIIMEHTOB MNMPH OEPEMEHHBIX CHUCTEMBI JTMHEWHBIX
OMHOPOIOHBIX ypaBHEHWMH (*) MeEHBIIE uMClIa MEPEMEHHEIX N, TO BCAKAaA (PyHIaMEHTATBHAA CHUCTEMA
PEIIEHUI CUCTEMEI (*) COCTOUT M3 N — I  PEIIEHUH.

OO0mmM pemeHueM CUCTEMBI (*) TMHENHBIX OTHOPOMHBIX YPABHEHWN HA3BIBAETCSA MHOKECTBO

BCEX €€ PENIEHUM, 3aMUCAHHBIX B BUOE: Ci€) +C€& + ... FCke€y, TIOE €, €, ..., & — modad
(pyHOaMEeHTaIbHAS CUCTEMA PEIIEHUM, Cy, Ca, ... , Cx — MPOU3BOIBHEIE UUCTIA U K=n —T .

O0miee pemeHne HEOTHOPOOHOM CHUCTEMBI M JMHEMHBIX YPABHEHHMH C N NEPEMEHHBIMH  PABHO
CyMMe OOMIEro pemeHus COOTBETCTBYIONIEH €M CUCTEMBI OJHOPOIHEBIX JTMHEWHBIX YPABHEHWM U MOPO-

W3BOJIBHOTO YACTHOTO PEIIEHUS 3TOH CUCTEMEL.
[Ipumep. PenmTe 0 THOPOIHYIO CHCTEMY TUHEWHBIX aNTreOpanuyeCcKux ypaBHEHUH

—_— __TFm. T

—— e TRl [ ] D=

— =-u - —— =- - —_— —_— = - = — =2 B _
_=_—\-\_-. —_ ) - —_— __"_-\q_—___ = wll B= _

IJ
|
N
A

Pemenue: Onpenenurens CHUCTEMBI A = 2 -3 =110 mosromy cuCTeEMAa HMEET

€ TMHCTBEHHOE HyJIEBOE pemeHue: X =y =z = (.

[Ipumep. Haiitn oOniee pemenue CUCTEMEI IMHENHBIX AITe€OpandYeCKNX YPABHEHUM U 3AMMHUCATEH
() YHOAMEHTAIBHYIO CUCTEMY PEIIEHUIM:

| —— —_ C— —= —_ - | |

— = g — e R =——m == e ma i
e ] =

—Tm_" g —_— T — —_— — e —g E———— -

304 -1

Pemuenue: no meowrews cuctemel A =1 -3 5| =0 [posToMy CHCTEMA HMEET
ANEKTPOHHOW NOANWUCHIO 4 4

Ceprudmkar:  2C0000043E9ABBBYI52205E 7BA500060000043E
(PeCKOHCTHOS:MHO TKEGEBOPEINSHHI. 1 aK Kak onpeaemmTens 13 KOA(P(PUINEHTOB ITPU HEU3BECTHBIX X|

=-9-4=-130_ 10 3T0T MUHOpP MOKHO TPHUHITH 3a OA3UCHBII.

3 4
H X» HE PABCH JIHD
,D,EI:'ICTI'EHTE!I'IEEE 19.08.25&% no 19.[14-2023' 3

[Tockomeky rang A = 2, n = 3, BO3bMEM IEPBEIE JBA YPABHEHUSA CHCTEMEI U HAUIEM €€ oO0miee
pEIIEHHUE.



— ).

J'-":- 7y - <N = —

"'-'—;
I__'C] - 3_\_2 —+— 5_".. = ':."_

B xauecrse 0a3HMCHEIX HEH3BECTHEIX BO3EMEM X1 U X, M IICPEMCCTHM YJICHEI C X3 B ITPABBIC YdCTH

yPaBHEHUM:
{ :J.i_-'l_-l ¥ 4-"..': _-"'..'_-_:L -

ATy S —— Sxa.

Pemas sty cucremy no popmynam Kpamepa u 3anaB cBOOOZHOM MEPEMEHHOM X3 3HAUEHHUE X3 =
C; (C; — MPOU3BOIBHOE YUCIO), ITOTYIAEM

C 4

3
’ﬂl — — 31':'1 +201"_"l :]71'11! ﬂ.z :‘1 —= ].SEI - {'Il —_—- lﬁ{?].

- :}E'Il - 3

= 51':1

OT1croma HAXO IUM, UTO

-17¢; 17 - 16y 16
S 15l A2 5. 15°¢
-13 13 -3¢, 13

X — ] X2 =L'.'1.

17 16
HUrak x; =l—,,f:‘1:. Xy :1_‘5{:1’ X3 =¢; - o0miee pemeHue.
iy -
17 16
[Tonaras ¢, = 1, momyunm 4acTHOE pEMIEHUE X| :]—,,_- X3 :]_“"'
3 i

17/13 ¢ 17/13

Nm B marpuanom suge X =|16/13-¢) | =¢ |16/13|. Takum oGpazom, (pyHmamMeHTaILHAS

[e—
L

tad

& I R
17/13]
CUCTEMA PEMIEHUH COCTOUT U3 EAUHCTBEHHOr O BEKTOpa ¢ —| 16713
1

1’/ 16

Otser: o0miee pemenue X| = | €l X2 =0 Xy =0,

Lad

17 16
3073 [ | - pynmamenTampHas cucrema perieHHi.
A 12 |

rae ¢; - MPOU3BOJIBHOC YUCIIO. €] —

Bonpocwt u 3adauu:
Haittu o0Omee pemenue CHCTEMBI JMHEWHBIX aIreOpandyeckux YpPaBHEHHMHM W 34IHCAThH
() YHOAMEHTAIBHYIO CUCTEMY PEIIEHUIM:

T e

e
a) - _m - i S —_ e o= 4:-_6)
) = = - _— e — 1 == = = s
—_ [ S T
= g —-—— —_ - — - L R T —— =l [ __ -B)
i - —_ = — B = = -
- [ S T
m T g e ) - — S TR TR — E———— 1 - T

a = - | & - = - —_— 'I = - —_ L -

|I L I I-I- |I L I I-I-

IIpakTHyeckoe 3aHaATHe 13. Jluneinvie onepayuu nao eexmopamu. Pasnoswcenue eéekmopa no
opmam KoopouHamuwix oceu. /Jeiicmeus Hao gekmopamu, 3a0GHHBIMU NP OCKUUAMU.
I[en»: BeIpAOOTATE YMEHME BBINOJHATH JMHEHMHBIE ONEpAllMd HAL BEKTOPAMH, OEHCTBUA HAa
BEKTOPAMU, 38 TAHHBIMH MTPOEKIIUAMHA
Cooeporcanue:
BEKTOP, HYJIEBOU BEKTOP, KOJUIMHEAPHBIE BEKTOPEI, PABHEIE BEKTOPEI;
CJIOKEHHME BEKTOPOB 10 NPABWIIY TPEYTOJIBHUKA, CI0KEHUE BEKTOPOB MO IIPABWITY ITAPAJIIIEIOrpaMMa,
BEIYMTAHUE BEKTOPOB, YMHOKEHHE BEKTOPA HA YUCIIO.
Teopemuueckan uacmo:
HampagyieHHBIN OTpe30Kk Oya€M HA3EIBATE BEKTOPOM M 0003HAYATE A8,  CId wiu a, &, ...
BeKkTop HA3LIBAETCA HYJIEBBIM, €CIIM €0 HAYAI0 M KOHEIl COBIANAT M 0003HAYaT o .
HyneBoii BEKTOP HE UMEET ONMPEAEIEHHOTO HAMPABICHUA U UMEET JIMHY PABHYIO HYIIIO.
Bemagnﬂmm%ﬁ%ﬁ@pﬂmeapHHm, €CTU OHM JIeKAT HA OAHOM mpsamoil, mib0 Ha
ITaPATHIeT EHEIROOFPINBESa22) BB ABERIOPA4HA3EIBAIOTCS PABHBEIMHM, €CJIM BBEIITOJIHEHEI CIEAYIONIME TPH
yCHGE a: 1Y e B P6E pasbr, 2) BeKTOpHI mAapamIensHEl (KOJUTHHEAPHEI), 3) BEKTOPHI
HAIIPABJICHEL B OOHY U Ty K€ CTOPOHY.
Hencreurener: cCHRcetie "BERTOpOB




CymMMOM a + B JBYX BEKTOPOB & ¥ B HA3BIBAETCA BEKTOP, MAVIIMM W3 HAYAA BEKTOPA a B

KOHEI[ BEKTOpa b IpH YyCIOBHM, 4TO BEKTOP b TMPWIOKEH K KOHIY BEKTOpa a (IIPaBHIIO
TPEYrOJIBLHUKA) U 3AIMUCBIBAIOT ¢ =4 + b.

b

a
C

CnoxeHue BEKTOPOB 001aaeT CIEAYIOMIMMA O CHOBHBIMHM CBOMCTBAMM

1. KommyratuBHOCTE: a+ b = b + a

2. AccomuaruBHOCTB: M JMOOBIX BEKTOPOB a, b U ¢ BBEIINOJIHACTCS PAaBEHCTBO
a+(b+c)=(a+b)+cC

3. [TpubaBnenue Hy1€BOro BEKTOPA K MOOOMY BEKTOPY za HE MEHSET MOCIETHETO: a + 0 =a.

4. CyMMa BEKTOPa @ M IIPOTUBOIOJIOKHOTO BEKTOPA « ' PABHA HYJIEBOMY BEKTOPY, T. €. @ +

1
ad

M3 BTOpOrO CBOMCTBA CIIEAYET, YTO €CJIN JAHBI BEKTOPEL a,.a,. ... a4, . PACIOI0KEHHBIE TaK,

UTO KOHEN HOPEIBIAYIIETO BEKTOPA fABIACTCSA HAYAIOM IMOCIEAYIONIETO, TO CyMMma &, +a, +..+4d ,
Oyaer mpencraBasTs COOOU BEKTOP, HAYIINH M3 HAUAIA BEKTOPA @ | B KOHEI] BEKTOPA A p.

0ty +ayt...ta,

2. Beluutanue BEKTOPOB

Pa3HOCTEIO IBYX BEKTOPOB @ M b HA3LIBAETCS TAKOM TPETUH BEKTOP €, 4T0 a =b + ¢ U
obo3Hagaer a-b= ¢ . YTo0 U3 0AHOrO BEKTOPA BEIUECTh APYTOM, HYKHO UX OTHECTH K 00miemy

HAYaJIy U MPOBECTU BEKTOP M3 KOHEYHOM TOYKH BEKTOPA — BEIYUTAEMOTO B KOHEYHYIO TOUKY BEKTOpPa
— YMEHBILIAEMOTO.

3ameganue. Hapany ¢ mpaBujioM TPEYrOMbHUKA YACTO MONB3YIOTCA (PaBHOCHWIBHBIM E€MY)
NPaBWIOM NAPAJUIEIOTPAMMA: €CIM BEKTOPEI a U b
NPUBEAEHEI K O00mieMy Hagany ¥ HA HHUX ITOCTPOEH
mapajiesiorpaMM, TO CyMMa =@ + b €CTh  BEKTOP,
COBIIAJAIONIMM C JOUATOHAJBI0 OSTOr0 MNAPALIEIOrPaMMA,

uaynied u3 oO0mIero Hawaiga BEKTOPOB a U b, a Bropad

Ceptudomkar: EEGGGGGA&?&BBBBEEEDEETBASGGGEGGGGﬂdB HaroHajib, HH}’H-IHH 13 KOHIIA BEI{TDPH l_’l B KOHEII BEI{TDPH
Bnageneuy; llleGayxoea TaTeAHa AnexkcaHgpoBHa — _ —

A €CTh Pa3HOCTE a - b.

NeicTenTenex: ¢ 19.0%02%1&&%%%’&&}1“& BEKTOPA HA THCIIO




[TponsBenenuem ¢ a (WM a (1) BEKTOpa @ Ha BenleCTpeHHoe ynucio (L HA3BIBAETCA BEKTOP
b, KONIMHEAPHBEIN BEKTOPY @« , (IpUYEM BEKTOP b HMEET IIMHY, PABHYIO | (1 | z| | ) u
UMEIONIMNA HAMPABJIEHHUE, COBMANAIONIEE C HAMPABIECHWEM BeKTOpa «aB cayuae Uy 0 m
MPOTUBOIIOJIOKHOE HampasneHue B coyuae L ¢ (.
['eomerpudecknii CMBICT OTIEPALIMM YMHOKEHUA BEKTOPA HA YUCIO MOKHO BEIPA3UTH TAK: MPH
YMHOKEHHMH BEKTOpa a Ha uuciao (L BeKTOp a pacrarusaercs (Cxumaercsa) B (L pas.
[Tpu stom, ecmu (1> 1, To a pacrarusaercsa, ecmm 0< (4 <1, TO BEKTOp @ CHKUMAETCA U
BEKTOP 0L & COXPAHAET TO K€ HANIPABIEHUE, UTO U BEKTOP a .
Ecm xe L < 0, TO BEKTOP a pacTATruBaeTCa NpU | L |} 1 u cixumaerca npu | & | (lm
IPU 5TOM HPOMCXOJUT U3MEHEHHNE HAIIPABICHHS HA MIPOTHUBOMIOIOKHOE.
Onepanusa yMHOKEHUA BEKTOPA HA YMCIO 00nagaer CaeayroniuMHi CBOMCTBAMMU:
. d(at+tb)=0a + b (pacnpenenurenbHOE CBONCTBO YHUCIOBOTO COMHOKHTENSA
OTHOCUTENBHO CYMMBI BEKTOPOB).
2. (L +B) a=uaa + Pa (pacmpenemuTensHOE CBOWCTBO BEKTOPHOTO COMHOKHUTENA
OTHOCHUTEJIBHO CYMMBI YHUCEN).
3. afa)=(uf) a (couerarenrHOE CBOHCTBO YHCIOBBEIX COMHOKHUTECIICH).

Tak kak mo ompeneneHuo BEKTOP €CTh HAMPABIECHHBIM OTPE30K, & MPOEKIIMH HAMPABIEHHOTO
OTPE3Ka HA OCH KOOPIMHAT HAXOMAT KAK PA3HOCTH OJHOMMEHHBIX KOOPAWHAT KOHIA M HAJama
HAMPABJIECHHOTO OTPE3Ka, TO TOYHO TAKKE HAXOOAT MPOEKIMU BEKTOPA HA KOOPAWHATHEIE OCU. JTH
MPOEKIUN U HA3BIBAIOTCS KOOPAMHATAMU BEKTOPA.

Hampumep, mycts manel Touku A(3, -2, 5) u B(-1, 2, 3). Torma koopauHaramu Bekropa A3
Oynyt: -1-3=-4; 2-(-2)=4, 3-5=-2 u o0o3nauaror AB=4{-4, 4, -2}.

B nanpHenmeM, KOOPAUHATEHL (MPOEKIIUKA HA OCK) MBI Oyaem 0003HAUaTh a ={X, YV, Z}.

OTrMmeTruM, 94TO JEUCTBUA HAZ BEKTOPAMHU MOKHO MPOU3BECTH B KOOPAUHATAX.

[lycTe maHel BEKTOPEI B KOOPAMHATAX: A ={X1, V1, ZI} © b = {X2, V2, Z2}.

Torma: a + b ={x;+%X, yi+tys zZ1+z:}, a -b ={X-X, V1-V2, Z1-2Z2}, L a = {Ux, U
yi, Lz},
Bonpocw u 3aoauu:

3amaua 1. ITo manaemm BekTopam \S\UPB(® u \s\up8(® nocmpoume eekmopbi \sS\UpPB(®, \s\
up8(®, \s\up8(®-t-

\E‘

3amaua 2. ITo manueiM Bexktopam \S\UPS(® u \s\up8(® mocTpoiiTe BeKTOpEI , U .

/ \E‘

3amaua 3. KakoMy yCIOBWIO JOJIKHBI yAOBIETBOPATE BEKTOPHI \S\UPS(® U \s\up8(®, utoOs1 BEKTOPHI
\s\up8(® u \s\up8(® OruTH KOUTHHEAPHEI. KaKo# re0OMeTPHIECKHH CMBICT UMEET 3TO YCI0BHE?
3amaua 4. Omnpenemure KOOPIUHATEI HauaIa BekTopa \S\UP8(®, ecu ero KOHeI| COBITAIAET C TOUKOH .
3amaua 5. Ilycts B Hekoropom Oaszuce \S\Up8(® u \s\up8(®. Haiinure xoopmuHATEl BEKTOpa \S\
up8(® B aToM Oazmuce.
Bonpocer:

1. Yt0 Ha3BIBAETCA TEOMETPUUECKHUM BEKTOPOM?

2. Kakue BEKTOpPHI CYUTAIOTCS PABHBIMH

3. Kak onpenensercs miuHa BeKTopa?

1. Uro rasdQ SR THORMGM o
CeprfibudC aRCOTIPEAERERCHL GO WIEHINOBERTOPAMI?
P Kakne BERTOPBI HASRBATOTCS OPTOTOHATEHEIMM?

7. Kakue BEKTOpBI HA3BIBAIOTCA KOJUTUHEAPHBIMHU
Hene e akne BekTOpp HatniBaroTc s kommranapaeivu? Kak onpenensercs cymma BekTopoB AB u

BC?



9. Kak onpenemaerca cymma BektopoB AB u ACY

10. Kak onpenensercs mpou3BEIECHUE BEKTOPA U AENCTBUTENLHOTO grcna’?

11. Kak onpenensercs paznocts BekTopoB AB u AC?

12. Kaknmu cBolicTBaM 001a0a10T TUHENHBIE ONEPAIIN C BEKTOpaAMu?

13. YTo Takoe KOOpIUHATEI BEKTOPA B (pUKCHpoBaHHOM Dasuce?

14. Kak C10¥UTE BEKTOPEL, €CJIN 3a1aHEI UX KOOPAMHATE B HEKOTOpOM Oaszuce?

15. Kak yMHO¥WUTEL BEKTOP HA 9UCI0, €CIIHM 3aTAHBI €70 KOOPAUHATEI B HEKOTOpOM Oasuce?

IIpakTHueckoe 3ansaTne 14. CrajigpHoe, BeKTOPHOE H CMeIIAHHOE MPON3Be/IeHHSI BeKTOPOB.
Ifens: BeIpaOOTATE YMEHHE NPUMEHATH HA NOPAKTUKE CKaISIPHOE, BEKTOPHOE M CMEMIAHHOE
MPOM3BEACHUSA BEKTOPOB B COOTBETCTBUM C TEOMETPUYECKUMHU, (DU3MIECKUMHA TTPUIIO KEHU IMA
Cooeporcanue:
CKAIPHOE, BEKTOPHOE U CMENIAHHOE MTPOU3BEICHUA BEKTOPOB, CBONCTBA MPOU3BEACHUI BEKTOPOB
BBEIPAKEHHN € MPOU3BEIEHUIN BEKTOPOB 4E€PE3 KOOPAUHATEI
MPUIOKEHUA MPOU3BEIECHUIN BEKTOPOB
Teopemuueckan uacmbo:
CKangpHOE MPOU3BEIEHNE BEKTOPOB
[Iycte manbel nBa BekTopa a U b . CKanmapHEIMA OPOU3BEACHUIMH JBYX BEKTOPOB 2 U b
HA3BIBAETCA YHCIIO, PABHOE MPOU3BEIEHUIO UIMH ATUX BEKTOPOB, YMHOKEHHOMY HAa KOCHUHYC yria
MEKTY HUMMU:
(ab) =

5 |

.|}_-,,

cosd, TrOC 9 - Vroid MCOKOY BCKTOpaMH

MoxkHO mate ApPyroe ONMpPEAECNEHUE CKAIAPHOTO IMPOU3BENECHUA ABYX BEKTOpPOB. U3 Teopun
MPOEKIMI U3BECTHO, UTO

n-;-,a,ﬁ :‘; CcosSF  n fi‘jJ”E :‘B‘cusﬂ.

T.0. ckanApHoe mpou3BeAEHHE ABYX BEKTOPOB E€CTh UMCIIO, PABHOE IMPOM3BENCHUIO IJIHUHEI

OTHOTO M3 STUX BEKTOPOB HA MPOEKINIO APYTrOTr0 BEKTOPA HA MEPBEIM BEKTOP.
(ab) = b

npca e (ab) =|ﬂ srpr—

CkamspHO€E TPOM3BENEHUE BEKTOPOB 001a1aeT CIEAYIONIMMUA OCHOBHBIMU CBOMICTBAMM
1. CkamipHoe mMpou3BEnCHUE IBYX BEKTOPOB a M b o0pam@aercs B HyIb B TOM Clydae, KOraa Io
KpanuHen MePE OJUH U3 BEKTOPOB ABJHETCA HYJIEBEIM WIHM €CJIM BEKTOPBI HEPIEHINKYIAPHEL.
2. CramapHOE NPOM3BENCHUE ABYX BEKTOPOB @ v b PABHO NMPOM3BEACHWIO [UIMH JTHX BEKTOPOB,
€CIM TAHHBIE BEKTOPEI MAPAJICIBHEL, T{ €. 34) = 0.
a b/ =|a|b a

a cos () —

e
Otrcroma cremyer, uTO CKAISIPHOE TPOM3BEICHHE BEKTOPA HA CaMOTrO CeOS paBHO KBaJIpaTy

¥

IUTMHEBI 3TOTO BEKTOPA, T. €. (a -al =

3. CkamapHO€ IMPOU3BEICHHUE OBYX BEKTOPOB 00Ja1a€T MEPEMECTUTENEHEIM CBOUCTBOM YMHOKCHHUA:
(ab) =(b

a

ba).
4. CkamapHoe mnpousBeacHHE 001amaer pacopemeIuTeIbHEIM CBOMCTBOM OTHOCHUTEIBHO CYMMEI
BEKTOPOB!: la +b) ¢ =lac)+be).

o L = |
[Iycte manel aBa BEKTOpa B KOOpPOMHATAX: & — X, V(. Z,| U b = X,, V,, z, . Ckamapaoe

OPOU3BEACHUE ITUX BEKTOPOB PABHO CYMME ITPOU3BEACHUH UX OJHOMMEHHBIX KOOPIUHAT.

Bekrto PHOEC MPOM3BEIACHHE BEKTOPOB

BEeKTOPHBEIM IIPOM3BENECHUEM IBYX BEKTOPOB ¢z ¢ /> HA3BIBAETCA TAKOM TPETHUH BEKTOP o ,
KOTOPBIM 00JIATAET CAEIYIOIIMMHI CBOMCTBAMM:
1) ¢ Lawuec L bHTOCCTh BEKTOP ¢ NMEPIEHIUKYIHIPEH K IUIOCKOCTH, TAE JICKAT BEKTOpA ¢ i1 /7]
2) JlimHa BEKTOpa ¢ YHMCIEHHO paBHA IUIOMIAAM ITapajuieiorpamMma, IMOCTPOEHHOTO Ha BEKTOpPax
cr it E., T.C. |‘L-'| :E;’(L 'E—dﬂiﬂ G TTIE ¢F — WO MEW Y BEKTOPAMMH oW a_'_:r;

— ' AOKYMEHT NOANWCAH N —

3) BEKTOP ¢ HAGHPABHON MBIIAKYED CTOPOHY, YTOOBI KpaTdyalIuil TOBOPOT OT HMEPBOr0 BEKTOPA <z K
BROPONMY BERTOPYE A5 BOKPYIEsEeRTOPA ¢S npencTaBmanca NpouCXOasanIuM MPOTHUB 9aCOBOU CTPEIIKH,

Bnajeneu: UleGayxOea TaTeAHa AnekcaHgpoBHa

CCJIHN CMOTPCTL U3 KOHLIA BCKTOpPA < .

BEI{TDEHDE NPOU3BEICHUE 0003HATAIOT CHUMBOJIOM ¢ :{ﬂzh UL ¢ =a X,
gicTauTened: ¢ 19.08.2022 no 19.08.2023 '
iﬁ OCHOBHEIE CBONCTBA BEKTOPHOTO MTPON3BEICHUA:




1. Bekropnoe mpousBeaeHue OByX BEKTOPOB aub PABHO HYJIEBOMY BEKTOPY B TOM U TOJEKO B

TOM CITy4ae, KOTAA 3TH BEKTOPHI TAPATIEIBHEL.
M3 ororo  cBoiicTtBa  CmemAyer, 4TO  BEKTOPHOE

MPOU3BENEHUE M00OTr0 BEKTOPA HA CAMOT0 e, T.e. {ﬂmJ =0.

2. Bemnpme OPOU3BEIECHUE OBYX BEKTOPOB AHTUKOMMYTATHBHO, 4 UMEHHO:

ab P;-fr

3. BEI{TDPHDE OPOU3BEICHUE 00IANAET CBOMCTBAMM COYETATENBHOCTU OTHOCHUTEIBRHO YHCIOBOTO
MHO JKHTEIA. r’ﬂuh| {rra f:-l zuul ! rth

4. BektopHO€ MPOU3BENEHUE BEKTOPOB 0OIANAET PACHPENETUTENLHBIM CBOMCTBOM OTHOCHTEIBHO

BEKTOPOB.
BekTopHOE MPOU3BENEHNE BEKTOPOB B KOOPAUHATAX

o — A 1
[Iycte BEKTOpHI « 2¢ H3amaHbl B KOOPOWUHATAX o =X, V,, 2|, P = X5,),,2, . lorma
i LN
[Tpumep. I1ycTs naHer BEKTOPEI « =2 -1L4 ub _l 1.0
-.r.-'s :‘LE - I .-*i R e e L LT P B AL ST
110
re |ab =c = - 4.12,5

[Tycts manwr Tpu BekTOpa ¢z, />, ¢ . ECIM U3 Tpex BEKTOPOB M10OBIE IBA BEKTOPA YMHOKHTE
BEKTOPHO, a 3aT€M IOJIYUYEHHBIN BEKTOP & = | ¢z &> | YMHOKUTH HA TPETHUH BEKTOP ¢ CKAJLPHO, TO B
PE3yabTATE MBI ITOJYYUM YHCI0, KOTOPOE U HA3BIBAETCA CMEMIAHHBIM IIPOU3BEICHUEM TPEX BEKTOPOB
1 0003HA49Ar0T: 00 ¢z A ¢, 00 ([ cz H ] ).

CMemanHoe MpOU3BEACHNE HEKOMIUTAHAPHBIX BEKTOPOB ¢z, /2 U ¢ HO MOIYIIO PABHO 00BEMY
mapauIeIeNmMnena, TOCTPOEHHOTO0 Ha STUX BEKTOPax.

CMenanHoe MPOU3BEIEHUE BEKTOPOB ¢4, £ < paBHO HYJIO TOTAA M TOJBKO TOTAA, KOTAA TH
BEKTOPBI KOMILTAHAPHEIL.

CMEmanHoe NPON3BEIEHNE BEKTOPOB B KOOPAMHATAX.

ITycts mansr Tpu BEKTOpa B KOOPAMHATAX

a ={x,0. 2, 4.0 ={x,.),.2,}.c ={x,,1;.2;,}. Toraa CMEaHHOE TTPOU3BENEHUE STHX BEKTOPOB

MO?KHO BEIUMCIIMTE MO (popmye:

o ¥, Z
([able) =[x, v, =.|.
X, V. Z,

Muorue 3amaun reoMeTpud, (PU3NKN, MEXAHUKH PEMIAIOTCA METOIAMA BEKTOPHOU anreOpEl.

[Ipumep. BeramcimTe, kakyro paborty mpouwsBogur cuna f' = {3, -5, -2} korma ee TOuKa
OPUIOKEHUS, IBUTAACE MPAMOIMHENHO, TEPEMENIAETCA U3 monoxkeHua A (2, 5, -3) B nonoxkenue B
(3, -1, -2).

Pemenue. Haiinem koopauHare! Bekrtopa S = 48

S = {3-2;-1-5; -243} = {1; -6; 1}

Torma semuuHa HCKOMOI paboTa paBHA CKAIAPHOMY MPOM3BEACHHIO ( 2 - .S ), T.€.

W=(F S)=3-14+(-5)-(-6)-2-1=31.

[Tpumep. Haittu yroua, oOpasoBanueiii Bekropamu: ¢ =13,0,-4} u A~ ={-1,1,-2}.

3D +00+(-4)(-2) 5 1

3 H0+4 )+ H(-2)" 5V6 N6

[Ipumep. Jlaner koopmunatel BepmmH TpeyroapHuka A(1,2,0), B(3,0,-3) u (C(5,2,6). Haurru
MIOMIAb ATOTO TPEYTOILHUKA.
Pemenue. Haiimem KOOpOUMHATEL BEKTOPOB 4B U AC

4B = {3ndetiomnormdhmicud -2, -3}

CepTudusp Egﬂqﬁmbgwgﬁz%Eﬁﬁfaﬁp@pf@@maE

Pemenue. “V5% =

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa & & &
| ] 3
H s — —T = — . ¥ — _2 - 2 = 3 —
augeM BEKTOPHOC MPOM3BEACHHE BEKTOPOB 483 U A4 : [AB AC ] L
Nencteutenex: ¢ 19.08.2022 no 19.08.2023 4 0 G

- 12¢, - 12¢, + 8¢, - 12¢, =-12¢ - 24e, + &e,



Urak, | 4B - AC | = & = {-12, -24, 8}.
Hailimem MOOyJIb BEKTOPHOTO MPOM3BEICHUA
(A8 -ACT Fd |=4/(-12)" +(-24) +8 =144 +576 + 64 =784 =28.

1 - |
Hckomas mnomane TPEYTOMbHUKA: S, = , ‘| AB -AC ]‘ =j -28 =14 k8. en.

[Ipumep. Berauciurs 00BEM TETpasapa, BEPHIMHBL KOTOPOro Haxomarca B Toukax O(1,1.2),
A(2,3.-1), B(2,-2.4), C(-1,1,3).
Pemenne. Terpasap mocrpoeH Ha Bekropax A, OF u OC  Haiigem KOOPIWHATHEI JTHX

BEKTOPOB: (24 ={1.2,- 3}, OB ={l.- 3,2}, OC ={-2.0,1}. Torga UCKOMBII1 00OBEM:
_ ] 2 -3
: 1 = — 1 _ 1 . 1 _ 5
v =—[(oa -{)Hl OC) ==|1 -3 2|=2-3-8+18-2/=—.5=2
5 8 6 &) 6
- 2 0 1
V > 0
= — KkvyO. er.
6 y

[Tpumep. Berancmmts MOy AL BEKTOPA 2 = 16,3,-2}.

fo= 1 -
Pemenue. Ecm man BekTop oz = {x, V, 2}, TO |z | = /X + 2 +z° . CiegoBaTenbHO, UMEEM
|z | =6 +3 +(-2) =49 =7,

[Tpumep. BerancimuTe HampaBaAromMe KOCUHYCHI BeKTOpa ¢z = {12,-15,-16}.

Pemenne. | ez | = +/12° +(- 15)° +(- 16)* =625 =25,
_ X 12 i v o - 15 3 z -16
COS x = = scosff =7 = T == cosy= =—
lal| 25 lal 25 5 la| 25

[pumep. BekToper ¢z u 7 06pasyror yrox ¢ = 60°, mpuueM | ¢z | =5 u | & | = 8. Onpenemurs | cz
+ H|u|la- b
Pemenue. PaccemoTpuM ckamspaoe npoussenenue (¢ + H)u (e + H) T.€.

— — .9 —_— — — — — — — 9 — — — 1
(a + Y =(aa)t2a b))t (HEL)=|al +2|a| |fH] cos60’ + |H[F=25t2-5-8- 2+64=

129,
CIEMOBATENBHO |z + £ | = /129
Anayornuno, pacemorpuMm ( ¢z - 5 )’

- PR - 12 - T - |7 ]' - v ]
(- b)=|a|-2(a b))t |H|7=252-5-8- 5 +64 = 49. |t - ]| =49 =7.

Bonpocwt u 3a0auu:
3amaua 1. Onpenenurs, OpU KAKUX 3HAUEHUAX OL U [5 BEKTOPHI ¢z ={-2, 3, P} u H={aq, -6, 2}
KOJUTUHEAPHEI.
3amaua 2. Jlaner Tpu BekTopa 2 = {3,-2,1}, « = {-1,1,-2}, ,- = {2,1,-3}. Haiitu paznoxenue
BeKTOpa ¢ = {11,-6,5} mo Gasucy 7, o, ;.
T

3amaua 3. BekTopsl « u A 00pasyroT yroa ¢ :{: . 3Hast, 9TO |z | = /3, | £ | = 1, BEIIUCIUTE
)

YTOJT ¢ MEKIY BEKTOPAMU 22 = ez + b U & = a - b.

3amaga 4. Beraucaurs npoeknuto BeKTopa < = {5,2,5} Ha ock Bekropa 4 = {2,-1,2}.

3amaga 5. Jlane!r Bepumnel Terpasapa: A(2,3,1), B(4.1,-2), C(6,3,7), D(-5.,-4.8). Hautn myimny ero
BEICOTHI, OITYNIEHHON M3 BEPIIUHEL .

3amaua 6. Haiitu opT BekTopa « = 3¢, +4e, - 12e,,

3amaga 7. Hautn BemMmuuHy IIOMIAAM NAPAUIENOTPAMMA, CTOPOHAMH KOTOPOTO SBIIAIOTCA
BEKTOPEl « = {1,-3,1} u = {2,-1,3}.

3amaua 8. Bel4UCIWTE BHYTPEHHUE YIUBI TpeyronpHuka ¢ BepmmHamu A(1:;2:1), B(3;-1;7) u
C(7;4;-2). Y OenHabaE-THOPMOAHI PEYTOIHIK paBHoOenpeHHbIi. ClenaTs Yepre.
CEPTH$§ﬁ%gaggﬂ$%%%§%%ﬂggﬁﬂﬂmHHF;EL A(2;-5;3) u BEKTOPEIL, COBOANAIONINE C IBYMs €r0
CFOPOHAMUYeod fFoa Tarybalnd fcbpdz e’ = {3;-2;5}. HallTu ocranbHBIE BEPHIMHEI M KOOPANHATEI BEKTOPA
Neitcra3ITROSEE 2022 o 19.08 2023

. UYro wnHazpBaerca CKaIAPHBIM NOPOM3BENECHUEM JBYX BEKTOPOB? @OU3NUECKUIN CMBICI

CKAJIPHOTO MPOU3BEIEHUA BEKTOPOB.



OCHOBHEIE CBOMCTBA CKAIAPHOTO MPOU3BEICHUS BEKTOPOB.
Kak onpenensercs CKaJIapHOE MPOU3BEACHUE ABYX BEKTOPOB B KOOPAMHATAX?
Kak HaliTl yroy Mexay OABYMs JAHHBIMHU BEKTOPAMU ¢z U /> 7
YT0 HA3BIBAETCS BEKTOPHBIM IMPOU3BEIEHUEM JBYX BEKTOPOB?
'eomerpruecknit 1 GU3NIECKUI CMBICT BEKTOPHOTO IMTPOU3BENEHUA IBYX BEKTOPOB.
Kak MOKHO HAWTH IUIONIAAb TPEYTOJLHUKA, B TPEXMEPHOM IPOCTPAHCTBE, €CIM M3BECTHEI
BEPIIMHEI JAHHOTO TPEYTOJIbHUKA?
8.  Kak HalTu BEKTOPHOE NPOU3BENECHUE IBYX BEKTOPOB B KOOPAUHATAX ?
9.  Kak HaliTk OpT BEKTOpA z = {X,V, 2} 7
10.  OcHOBHEIE CBOMCTBA BEKTOPHOTO IMPOU3BEICHNSA BEKTOPOB
11. CmemanHoe npou3BEOEHNUE TPEX BEKTOPOB. [ €OMETPUUECKNI CMEIC.
12.  OcHOBHBEIE CBOMCTBA CMEMIAHHOTO MPOW3BENEHUS BEKTOPOB.
13. CmemanHoe Opou3BENEHUE TPEX BEKTOPOB B KOOPAMHATAX.

A

IIpakTHyeckoe 3andATHE 15. BekTOpHBIE MPOCTPAHCTBA H HX IpOCTeHlIHe CBOHCTBA.
Henw: cpopMUPOBATE NPEACTABIECHUE O BEKTOPHBIX MPOCTPAHCTBAX U MX CBOMCTBAX
Cooeporcanue:
BEKTOPHOE IMPOCTPAHCTBO HAJ MOJIEM BEIIECTBEHHBIX YUCEIT; IIPOCTENUIINE CBOUCTBA BEKTOPHBIX
IPOCTPAHCTB.
Teopemuueckan uacmo:

Onpenenenue. [lycte V - mpou3BOEHOE HEMyCTOE MHOJKECTBO, 3JIEMEHTHI KOTOPOTO MBI
Oynem Ha3eIBaTh BEKTOpamu, K — mone, sneMeHTs KOTOPOTO MBI OyaeM Ha3wlBaTh Ckaapamu. [Iyctes
HA MHOKECTBE V OIpenencHa BHYTpPEHHAA OwHapHas anreOpanmdeckas Onepanusa, KOTOPYHO MEI
Oymem 0003HAUaTh 3HAKOM + W HA3BIBATH CIOKEHUEM BEKTOpOB. IIyCcTh Takke Ha MHOMNKECTBE V
ONpEneicHa BHEMHAA OnHapHas anreOpandeckas omnepampsa, KOTOPYH0 Mbel OyaeMm Has3bBaTh
YMHOKEHHEM BEKTOPA HA CKATAP U 0003HAYATH 3HAKOM YMHOXKEHU. J[pyrumu cmoBaMu OMpEIEIeHEI
oBa OTOOpakKeHUA:

V>V —= V., Vx.veaV, (x,v)— X+vEV ;
KxV-oV, VieK, WxeV,lhx)o hxeV.

MmuoxkectBo V BMeCTE € OSTUMH ABYMsS AanreOpanuyecKuMu OOEPALUAMH  HA3BIBAETCA
BEKTOPHBIM IPOCTPAHCTBOM HaJ mmosieM K, eCiv BEIMOIHAIOTCA CAEAYIOMINE AKCHOMBI:
1. CnoxeHue accoMaTruBHoO, T.€.

VWx.wv. = = NV, ( ™~ —+—;}f) 4+ = — = —+—( % 4+ ::) .
2. CymiecTByeT HyIE€BOU BEKTOP, T.€.
H=EV: VeV, x+0 =0+x —x
3. [l mo00ro BeKTOpa CynieCTBYET MPOTUBOIIOIOKHEIA EMY':
VxeE WV, hyeVix+y =y +x =0
BekTop y, MpOTUBOMOJIOKHEIN BEKTOPY X, OOBITHO 0003HAYAETCA —X, TAK UTO
vx eV, 3- x)e Vi x+(-x) =(-x)+x =0
4. CnoyxeHne KOMMYTaTUBHO, T.€. VXY €V, X+y=y+x
5. YMHO¥K€EHHE BEKTOPA HA CKAJIAP NOAUUHAETCS 3aKOHY aCCOIMATUBHOCTH, T.€.
Va,peK, x eV, {nﬁ}x =r1{|3x]' \
rIe mpousBenenne < ecTh MPOM3BEIECHHUE CKASPOB, omnpeneneHHoe B moiue K.
Vx eV, 1-x=x_rnel -3ro equauna mnoiusa K.
7. YMHOXKEHHE BEKTOPA HA CKAIAP AUCTPUOYTUBHO OTHOCUTEIBHO CIIOKEHUA BEKTOPOB:
Vi €K, Vx.y eV, 3 x +y} =X+ Ay,

o]

8. YMHOKEHNE BEKTOPA HA CKAJIAP TUCTPUOYTUBHO OTHOCUTEIBHO CIIOKEHUA CKAAPOB:

P €K W €V BT AR
Ongea@ﬂﬁfﬂ@ﬂ“ﬂﬂ@%ﬂ?%e OpOCTPAHCTBO V' HAO MOOIEM BENIECTBEHHBIX dYucen R
THMdMKaT: 2

CO000043ESABBESS2205E7EASD0060000043E

Ce
e deTCH BEIUCGIBEHEBIM, BEKTOPHBIM IIPOCTPAHCTBOM.
Teopewma. (ITpocreiimme cBOICTBA BEKTOPHEIX IPOCTPAHCTB. )

Heicraurenesic 1o BSETOPHOM, IPOCTPAHCTBE CYIIECTBYCT ¢IUHCTBCHHBLI HYJICBOU BEKTOP. )
2. B BEKTOPHOM MNPOCTPAHCTBE JIIOOOM BEKTOP UMEET €QUHCTBEHHBINM MPOTHUBOMNOIOKHBIN

eMy.



3. VAeEK, VxeV, 2x =0 = A =0 ym x =0 .
4 Vx =WV, (- Dx —-x |

[Iprmeprr BEKTOPHEIX ITPOCTPAHCTB.

1) MHOKECTBO YMCIOBBIX BEMIECTBEHHBIX (PYHKIMI OJHON INEPEMEHHOM, HEMPEPBIBHBIX HA
unrepsaiae (0; 1) oTHOCUTENEHO OOBIUHEIX OMEPAAM CI0KEHUA (DYHKIIMN U YMHOKEHUA (YHKIMU HA
qUCITIO.

2) MHO)€eCTBO MHOTOUYIEHOB OT OZHOM OYKBEI C KO3 uimmenTamMu u3 moast K OTHOCUTEIBHO
CJIO’KEHMS MHOTOYIEHOB M YMHOKEHWUA MHOTOWIECHOB HA CKAJLAP.

3) MHOXKECTBO KOMIUIEKCHBIX YHCENI OTHOCHTENBRHO CIOKEHMA KOMILIEKCHBIX YHCEI H
YMHOKEHHSA Ha JEUCTBUTEIIEHOE YHCIIO.

4) MHO)€eCTBO MATpUI] OJHOTO W TOTO K€ pa3sMepa C snemMeHTamMu u3 1oyt K OTHOCUTENBHO
CJIOKEHMS MATPUI] M YMHOKEHUS MATPUI] HA CKAJLAP.

Crenyronuit IpUMep ABIAECTCA BAXKHBIM YACTHBIM CIIY4aeMm mmpumepa 4.

5) [Iycte n €N - mpousBonEHOE HaTypampHOE yncio. O003HAUMM uepe3 K" MHOKECTBO BCEX

CTOJIOLIOB BBICOTHI N, T.€. MHOKECTBO MATpHIl HAL mmoneM K pazmepa n <1 .
MHuoxkecTBO K" ABIAETCA BEKTOPHBIM ITPOCTPAHCTBOM HAn moieM K W HaswIBaercs

apU(PMETHUIECKUM BEKTOPHBIM NPOCTPAHCTBOM CTOJIOIOB BBICOTHEI N HAM monem K.

B wactaHocTH, ecitm BMECTO MPOM3BOABHOTO 1MOJ K B3ATH mosie necTBUTENbHEIX gncen R,
TO BEKTOPHOE IMPOCTPAHCTBO R" HA3BIBAETCA BEMIECTBEHHBIM aPU(PMETHUECKUM BEKTOPHBIM
IPOCTPAHCTBOM CTOJIOIIOB BEICOTHI 1.

AHAJIOTUYHO, BEKTOPHBIM NPOCTPAHCTBOM ABJIAETCA W MHOKECTBO MATpHI] Hax moieM K
pasmepa 1xn wm, uHAde, CTPOK MmMHE n. OHO 0003HA9aeTcsa Takxke depes K" U Takke
HA3BIBAETCA APU(PMETHIECKUM BEKTOPHEIM ITPOCTPAHCTBOM CTPOK JJIMHBI N HAA moJieM K.

CHCTEMBI BEKTOPOB BEKTOPHOTO HPOCTPAHCTRA.
Onpenenenne. CUCTEMON BEKTOPOB BEKTOPHOTO MPOCTPAHCTBA HA3BIBAIOT TI000E€ KOHEUHOE

HEITy CTOE€ MHOKECTBO BEKTOPOB 3TOTO IPOCTPAHCTBA.
O0o3HaueHue: 1€1-€2+...€nt.

Onpenenenue. Bripaxkenue
(Lq€q T UgCo+.. .+ ,C

roe O4,0p,...,0, EK - ckanaper mons K, €4.€2,....€, €V — BEKTOpEl BEKTOPHOTO
MPOCTPAHCTBA V, HA3LIBACTCSA JIMHEHHOW KOMOMHAITMEH CUCTEMEI BEKTOPOB {C]: €2+ ... Cp ) . CKAIAPEL

OLq,02,...,0 HA3BIBAIOTCA KOA(P(PUIEeHTaMI STON IMHEMHON KOMOWHAINH.
Onpenenenne. Ecmm Bce k03 (PUIMEHTH TMHEHHOM KOMOMHAIIMU PABHEI HYJIIO, TO TaKYIO
TUHEVHYIO KOMOMHAIIMIO HA3EIBAIOT TPUBUAIBEHOM, B MPOTUBHOM CIIYUA€ — HETPUBUAIBEHOM.
[Mpumep. [Tycts 1€1.C2, €3} cuCTeMAa U3 TPEX BEKTOPOB BEKTOPHOro mpocrpancrea V. Toraa
0-e;+0-eq +0 ej

— TPUBHAILHAA TUHEHHAA KOMOWHAIMA JAHHOW CUCTEMEBI BEKTOPOB;
-g1 +0 ep +0 ey
— HETPUBHUANBHAA JUHEWHAasd KOMOMHAIMA OAHHOM CHCTEMBI BEKTOPOB, T.K. IEPBEIM
kK02 QunmeHT 310l KomOunHaruu ] =- 170,

Onpenenenne. Ecnmm kakon-mib0 BEKTOP X  BEKTOPHOTO MPOCTpaHCTBA V. MOMKET OBITh

Hp&ﬂCTﬂBHEH B BHIC.
X = fi-lﬂ-l + ﬂ232+.__+ﬂnﬂn

TO TOBOPST, UYTO BEKTOP X JIMHEIHO BEIPAKAETCSA YePe3 BEKTOPBI CUCTEMBI 1€1.€2,....€n 1. B

3TOM CJIy4ae rOBOPAT TAKKeE, UTO CUCTEMA {Ei €2, ..., € I TMHEWHO MPEACTABIAET BEKTOP X.

I A J'%gm N

-"} —_—
Mpumepsed BTen rdmn 't,u: >]e2 = 5
Ceprvdmkatr: 2C0000043E9ABBB9522 EETBASGGﬂE{JEIGEIEIdiSE t
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

BEMIECTBEHHOTO BEKTOPHOTO MPOCTPAHCTBA CTOJOIOB BEICOTHL 2. Torma cromben x =

— CHCTEMA W3 JBYX CTOJOIOB apu()METHUECKOTO

.i,_!

—

- ]3. JIMHCHHO

BEIpasdercs® épése rfAGAp cuCTEMBI WM JAaHHAS CHUCTEMA CTONOIOB JMHEWHO NPEICTABIAET
cromOer X. JIeHCTBUTENRHO,



X :Eﬁi] - 362 :2‘

Bonpocwt u 3adauu:

1. Obo3naunm OykBOM A MHOKECTBO OECKOHEYHBIX ITOCIENOBATEILHOCTEN BEMIECTBEHHBIX
A={a,),keEN (lim a,)ER]

4MCEe, UMEIOIINE IIPENEL: oo

OmnpenemmM HAa MHOKECTBE A ITOKOMIIOHEHTHOE CIIOKEHUE MOCIENOBATEIBEHOCTEN U
MOKOMIIOHEHTHOE YMHOMKEHUE TOCIEIOBATENRHOCTH Ha wucno. Jlokaxwre, 49ro A sABIAETCA
BEKTOPHBIM IIPOCTPAHCTBOM.

2. O0o3naunM OyKBOM A MHOKECTBO OECKOHEUHBIX MOCJIENOBATENBHOCTEN BEMIECTBEHHBIX
A={{a ), keN]| lim a, =a}

UUCEII, UMEIOIINE OOUHAKOBRIN mpenen a € R : ks o0 . Onpenemum CnoxkeHue

HAa A ¥ YMHOXKEHHE HA UMCIIO KaK B 3amaue 1.

a) Jlokaxwure, uro ecnm a 0, TO MHOKECTBO A HE ABIAETCS BEKTOPHBIM IPOCTPAHCTBOM.
Kakas akcnuoma BEKTOPHOTO ITPOCTPAHCTBA HE BBIITPOHAETCA?

0) lokaxure, uto ecnu a =0, TO MHOKECTBO A SABIIAETCA BEKTOPHBIM ITPOCTPAHCTBOM.

IIpakTHYeckoe 3aHsATHE 16. JINHEeHHO 3aBHCHMbIe H JIHHEHHO He3aBHCHMbIE CHCTEeMbI BEKTOPOB
BEKTOPHOI'0 NPOCTPAHCTBA.

Iens: chopMupoBaTE MPEACTABACHUSA O JUHEWUHON HE3aBUCUMOCTU CHUCTEM BEKTOPOB BEKTOPHOTO
MPOCTPAHCTBA U ACTIEKTAX MPUMEHEHUSA JIMHEWHON 3aBUCUMOCTH (HE3aBUCHUMOCTH )

Cooeporcanue:

TPUBUATBEHOE (HETPUBUAILHOE) MPEICTABICHUE HYJIEBOTO BEKTOPA;

TUHEWHO 3aBUCUMAS (HE3aBUCUMAS ) CUCTEMBI BEKTOPOB;

HEOOX0IUMOE B 1OCTATOYHOE YCIOBUE TMHENHON 3aBUCUMOCTH CUCTEMEI BEKTOPOB.

Teopemuueckan uacmo:

Tak xak mpou3zBeneHUE HYJIEBOTO CKAIApa HA MH000M BEKTOP €CTh HYJIEBOU BEKTOP U CyMMa
HYJEBBIX BEKTOPOB pABHA HYJIEBOMY BEKTOPY, TO M1 TOOOM CHCTEMEBI BEKTOPOB BBIMOIHAETCA
PaBEHCTBO

e +0es+...+0-e, =0,
Orcrona Ccieayer, 4To HyJIEBOM BEKTOP JIMHEWHO BBIPAKAETCA UEPE3 BEKTOPHI MOOO0U CUCTEMBEI
BEKTOPOB WIH, TOBOPS MHAUE, JIF00asA CHCTEMA BEKTOPOB JTMHEWHO MPEICTABIAET HYJIEBOU BEKTOP.
JF IEE an
[Tpumep. Ilycts |E1 —‘ L2 =

s {-J h .
| ﬂ_ MOXKHO

}. B srom ciyuae HyneBOoM CTOmOeEr]

2

JTUHEWHO BEIPA3UTE 4€PE3 CTOJIOIEI CHCTEMEI HE OJHUM CHOCODOM:

i

. 1] (0
0-e;+0 ey =0- +0 | = ‘

- -2 2 10
NI

" -1 [0
) +ea :‘ + ‘ = ‘

'._ 2.- N, E L {':I.-'
U Ve R

| '-1} o« ‘-m“ {UI

Cr 'ﬁ| + L ey =01 - + (i - = -+ = .

B - 2 2 - 2a) | 2af 10

YToOBl pazmigaTte 5TH CIOCOOBI JIMHEMHOTO NPEACTABICHUSA HYJIEBOTO BEKTOPA BBEIEM
CIIEOYIOMIEE ONMPEaeICHHE.
Onpenenenne. Ecim BEITOTHAETCA PABEHCTBO

[IOKYMEHT Q@ WeArr e +...+ e, =0
SNEKTPOHHOM MNOANUCHTO |
CeprucpwcE:  ZITPEDO4 FPAMBIBLBE7akem@(ImaeHTEr 4] =) =... =0 =0 T0 TOBOpAT, HYTO CHCTEMA

E-&a ensuy; Lljegayxpsa TateAHa AnekcaHgpoBHa v i
T f:l'- Aaea o HpE‘,I[CTHBI[H H}"J'[EEGH BE‘I{TGP TprTEHHJTE:HCI. ECJTH HKC B pﬂBE‘HCTEE‘ XO0THA 6]5:1 OIOIUH H13

KOd3(p(puumenTop 1, 7.....0Ly  HE PpaBEH HYJIO, TOraa TOBOPAT, 4YTO CHCTEMA BEKTOPOB
NencterTened: ¢ 19.08.2022 no 19.08.2023

1€1-€2, .-, € 1 MPEACTABIAET HYJIEBOM BEKTOP HETPHUBHABHO.



M3 mocnennero mpumepa Mbl BUOWUM, 49TO CYIIECTBYIOT CHCTEMEBEI BEKTOPOB, KOTOPBIE MOTYT
OpPENCTABIATh HYJEBOM BEKTOP HETpUBHANBHO. M3 ciaenyromiero npumepa MBI YBUAUM, YTO
CYILIECTBYIOT CUCTEMEI BEKTOPOB, KOTOPEIE HE MOTYT ITPEICTABIIATE HYJIEBOW BEKTOP HETPHUBHAIBHO.

e {Uﬁ,‘[

[Tpumep. [lycrs { I CUCTEMA OBYX CTOJOIIOB M3 BEKTOPHOTO MPOCTPAHCTBA R<Z .

t'\-

PaccmoTpum paBeHCTBO:

0] ‘ )
1) lo)”

[

+ [—}

0
roe <. > <= R npewsBecTHeie mOKa KO3(ppuinentsl. Mcmone3ys mpaBmwia yMHOXKEHHA CTONO0IA
Ha CKaIAp (4MCII0) U CJIOKEHUA CTONMOIOB, ITOJIYIAEM PABEHCTRO:

o) ‘ () ‘
| —
B o)
M3 onpenenenus paBeHCTBA MATpHIL ClIeayer, uto & =0 u B =0,

Taxum oOpazom, maHHas cUCTEMAa HE MOJKET MPEACTABIATE HYJIEBOH CTON0EI] HETPUBHUAILHO.

M3 npuBeneHHBIX NPUMEPOB CIEOYET, 4TO CYIIECTBYET ABA BHAA CUCTEM BEKTOpPOB. OmHu
CUCTEMBI ONPEACTABIAIOT HYJIEBOU BEKTOP HETPUBUAILHO, 4 APYTrUe HET. OTMETUM eme pas, uro arbasn
CHUCTEMA BEKTOPOB MPEICTABIAET HYJIEBOM BEKTOP TPUBHAIBLHO.

Onpenenenne. Cucrema BEKTOPOB BEKTOPHOTO MPOCTPAHCTBA, KOTOPASA NPEICTABIAET HYJIEBON
BekTop TOJIBKO TpuBHansHO HA3EIBAETCS MTMHEUHO HE3ABUCUMOM.

Onpenenenne. CucreMa BEKTOPOB BEKTOPHOTO MPOCTPAHCTBA, KOTOPAs MOMKET HPEICTABUTH
HYJIEBOM BEKTOP HETPUBUAIBHO HA3EIBAECTCA TUHEUHO 3aBUCUMOM.

[Tocnennee onpenenennie MOKHO ATk B OOIEE pa3BEPHYTOM BUIE.

Omnpenenenne. CucreMa BEKTOPOB €]- €2 ..., € | BEKTOPHOTO MPOCTPAHCTBA V HA3BLIBACTCH
JTAHEWHO 3aBUCHUMOM, €CJIV HAUJIETCS TAKOW HEHYIEBOU HAOOP CKamApoB mois K
(O, o, oy ) #(0,0,...,0)
qTO
(111 tqeq +..tae, =0

Ho sToro HegocrarouHo, 4TOOBI BRIACHUTE JIMHEHHO 3aBUCHMAA WX K€ JTMHEHHO He3aBUuCHuMas
oaHHas cucreMa BeKTOopoB. M3 ompenenenus crnenyer, 4TO MMHENHO HE3ABUCHUMAA CUCTEMA BEKTOPOB
HE MOKET MPENCTABIATh HYJIEBOU BEKTOP HETPUBHAIBHO, 4 TOMBKO TPUBHAILHO. [TosToMy mis Toro,
4TOOBIl yOEOWUTHCS B JNUHEWHOM HE3aBUCHUMOCTH JAHHOM CHUCTEMBI BEKTOPOB, HYKHO PAaCCMOTPETH
IPEICTABICHHUE HYJIA MPOU3BOJIBHON TMHENHOU KOMOMHAIIMEHN 3TOM CUCTEMBI BEKTOPOB:

(0 =ajep +aoer +o.tayey .

Ecm 5T0 paBeHCTBO HEBO3MOKHO MPHU yCIOBUM, YTOOBI XOTA OBl OOUH KOA(P(PUUIMEHT 3TOMN
IUHEMHOU KOMOuHAanmu OBLI HEHYJIEBOM, TOrAa 3TAa CHUCTEMA fABIACTCSI MO ONPENEICHUIO JIMHEHHO
HE3aBUCUMOHM.

Crnenyroniue TEOpeMsl JAI0T HECKOIBKO KPUTEPUEB TUHEMHON 3aBUCUMOCTH U COOTBETCTBEHHO
TUHEWHOM HE3aBUCUMOCTU CHCTEM BEKTOPOB.

Teopema. (HeobOxomumoe u OOCTATOYHOE YCIOBHE JMHEWHOM 3aBUCHUMOCTHU CHCTEMEI
BEKTOPOB. )

CucreMa BEKTOPOB BEKTOPHOTO MPOCTPAHCTBA ABMAETCA TMHENHO 3aBUCHUMOW TOTAA U TOIBKO
TOTJ4, KOTJIa OOUH U3 BEKTOPOB CHUCTEMEI JIMTHEWHO BRIPAKAETCA UEPE3 APYTUE BEKTOPA STOU CUCTEMEI.

Crnencraue.

l. Cucrema BEKTOPOB BEKTOPHOTO MPOCTPAHCTBA ABJLAETCHA JUHEMHO HE3ABUCHUMOM TOTAA M
TOJILKO TOTJ4, KOTJI4 HU OJTUH W3 BEKTOPOB CUCTEMEI TUHEMHO HE BBIPAKAETCS 4Epe3 OPYTHUE BEKTOPA
TON CHCTEMHEI.

2. CUCTeM/NBEKTIOROBACOIEPKAILIAS HYJIEBOM BEKTOP WJIM [BA PABHBIX BEKTOPA, ABISAETCH

JIMHENHO 3aBH HHON NOIFMCEIO
r:epmqmaf 2C0000043E9ABBBI52205E JBAS00060000043E

Bnaneney.L COPEMA LG IMHEUHOW 3aBUCHUMOCTH CUCTEMEBI 3 OJTHOTO BEKTOPA).
Cucrema, cocTrosamnias u3 OOHOTO BEKTOpA ABJIAETCA TMHENHO 3aBUCUMOM TOTIa U TOJBKO TOT 4,

KQIAd T BEETOP HY J6BOH,
Caencrue. Cucrema, COCTOAMIAA U3 OJHOTO BEKTOPA ABJAECTCS MMHEWHO HE3ABUCUMOU TOTIA U

TOJIbKO TOTAA, KOTAa 5TOT BEKTOP HEHYIIEBOU.




Bonpocwt u 3adauu:

1. Hoxaxwure, uto cucrema il =|l|,l2 =] 1[. I3 =|2 ABIIAETCH JTUMHEHHO HE3aBHCHMOH.
1 2]
ABnserca nu 5Ta CUCTEMA MOPOKIAOTIEN?
; 4 -
2. Jlokaxwure, 4TO0 CcHUCTEMA g1 =|3|.g2 =14, g3 =|9 | gABIAETCA JIUHEHHO 3aBUCHMOM.
8 10| 2|
SIBnserca mu 5Ta CUCTEMA MOPOKIAIOTIEN?
3. O06oszmaumm Rolx[— mmoxkecrBo mmorowreHoB or OYKBEI X € JCHCTBUTCILHBEIMH

2

KO3((pUIIeHTaMu, CTENEHb KOTOPBIX HE OPEBRIIIAET 2! Ro[x] ={ax“ +bx +c¢la.b,ce R} .

]

a) JlokaxuTe, 4TO CHCTEMBI (1. x,x~} ®| {l.x- 1,(x- 137} ABIAIOTCA IUHEIHO
HE3aBUCUMBIMU. SIBIAETCA I 3TA CUCTEMA MOPOKAAFONIEH
0) Jlokakure, 9TO CHCTEMBI {1, x +1,2x.x~} M {x+1.x°.x~ - x +1} SABISIOTCA JIMHECIHO
3aBUCHUMBIMH. SBIAIOTCA JIM 3TH CHCTEMEI ITOPOKTAFOIIMMH ?
, o N "
4 Jlokaxure, uro cucrema f) =|1|.f2 =[1].f3 =
] 2 3

A

[

IBJISETCS JIHMHEHHO HEe3aBHCHMOMH.

SBnsercd mu 5Ta CUCTEMA MOPOKIAOTIEN?

= A0
5. Jlokaxwure, 9TO0 CcHCTEMa & =|J|. g 141,
8 10

91y gBagercs JIHHEHMHO 3aBUCHMOM.

]
1
s
e
I

b

SIBnsAercs m 5Ta CUCTEMA NOPOKIAOMIEH?
6. O0o3zmaunmMm Ro[X]— MHOKECTBO MHOTOWIEHOB OT OYKBEI X C JOEHCTBUTEIBHBIMU

KO3((pUIIeHTaMI, CTENEHb KOTOPBIX HE NPEBBIIIAET 2: R o[ x] ={ax > +bx+cla,b,ceR .

a) JlokaxuTe, 4TO CHCTEMHI {l.x,x~% W {l.x- 1, (x- 1)} gBIAIOTCA IUHEHHO
HE3aBUCUMBIMU. SIBIAETCA I 3TA CUCTEMA MOPOKAAFONIEH

-

0) JIoKamuTe, 4TO CHCTEMBI {1, x +1,2x,x%} M {x+l x~,x% - x +1} SBIAIOTCI JIMHEHHO
3aBUCUMBIMHU. fIBIAIOTCA JIM ATU CUCTEMBI MO PO KIAFOITAMHU?

IIpakTHyeckoe 3ausaTHE 17. Pazmepnocms u 6a3uc 6eKmopHozo npoCmMpancmea.
Iens: chopMupOBaTH NPENCTABICHUE O pPa3MEPHOCTH M 0a3uce BEKTOPHOTO MPOCTPAHCTBA,
BO3MOKHOCTAX MPAKTUIECKOTO MPUMEHEHHUS U3YUEHHOTO
Cooeporcanue:
N-MEPHOE JIMHEHHOE MPOCTPAHCTBO; PA3MEPHOCTH MPOCTPAHCTBA;
pa3nokeHne BeKTopa mo 0asucy;
MEPEX0] K HOBOMY Oa3ucy.
Teopemuueckan uacmo:
Bekrop «,, Ha3pBaeTcs JMHEMHOW KOMOWHAIMEN BEKTOPOB ¢, 5....., | BEKTOPHOTO
npocTpaHcTBa R, ecim OH paBeH CAeayronien CyMMe:

a, =/l */laay to A A, THe A ses A, T MPOM3BOJIEHBIE JEHCTBUTEIEHEIE UHCIIA.
BekTtoper ¢, ..... ¢, BEKTOPHOTO MPOCTPAHCTBA R HA3BIBAIOTCA JIUHEIHUHO 3A6UCUMBIMU, E€CITH
CYIIECTBYIOT Takue uuciaa A,.4,,....A, ., HE PaBHbIE OJHOBPEMEHHO HYJIO, 4YTO WX JIMHEHHAsA

KOMOMHANNA pﬁ%ﬁﬁmﬁ%ﬁﬁmmpy:

Lefmdlndn: (0 2choooch g 8aRITA05E7BA500060000043E

Bnageneuy; lleGayxoea TateaHa AnekcaHopoBHa 4 -
B mpOTUBHOM CIOydae (T.€. KOrma HyJIb-BEKTOP MOJYYAeTCsS TONBKO mpu A, =0, Vi =1.n)

BEKTOPBI ¢, : 5 ----» &, HAZLIBAIOTCH JIUHECHHO HEe3AGUCUMBIMIU.
Nenctevrenad: ¢ 19.08.2022 no 19.08.2023

Jluneinoe mpocTpancTBO R HA3BIBAETCA N-MEPHBIM, €CIM B HEM CYIIECTBYET N JIMHEWHO
HE3aBUCHUMBIX BEKTOPOB, a JnoOple (n+l) BEKTOPOB yikKE€ ABIAIOTCA JUHEHHO 3aBUCHMBIMU.



Pazmepruocms npocmpancmea — 5TO MaKCHMAJIBHOE YHCIO COACPKAMMXCA B HEM JIMHEMHO
HE3aBUCHUMBIX BeKTOpOoB. O003Hauaercs pazmepHocts dim ®.

COBOKYITHOCTE N TMHEWHO HE3ABUCHMBIX BEKTOPOB N-MEPHOTO MpoCcTpaHcTBa R Ha3wIBaercsa dasucom.

Teopema. Kaxnwii BeKTOp x € X MOKHO MPEACTABUTH U MPUTOM E€OUHCTBEHHBEIM 00pa3zoM B BUIE
TUHEVMHOW KOMOMWHAIIMK BEKTOPOB Oaszuca.
Takag muaenHas KOMOMHAI[UA

X =X T XN.E, T X E

HA3BIBAETCS pasziaodceHueM eekmopa X 00 0Oazucy €,.€,.....€,,a HYUCHA X ,X5,...0X, ~
KOOPIWHATAMH BEKTOPA X OTHOCUTEIEHO ATOTO Dasuca.

Teopema. Ecim €,-.€5,..-:€, -~ cHCTE€MA JIMHEMHO HE3aBUCHUMEIX BEKTOPOB HNpOCTpaHcTBa R 1 mmoboun
BEKTOP 4 B HEM JIMHEHHO BRIPAKAETCS UEPE3 €, €5 .... €, . TO MPOCTPAHCTBO R ABISIETCA N-MEpPHEBIM, a
BEKTOPEL €.€5.....€, =~ €ro Dazucom.

[lepexoa Kk HOBOMY Oasucy
[Tycts B mpocrpancTee R nmerores 2 baszuca:

Crapelii €,-€¢5.---.€, W HOBBLIH € 1,€ 2,...,¢ ,.Kakoei W3 BEKTOPOB HOBOr0 0asmca MOIKHO
BEIPA3UTE B BUIE JIMHEMHON KOMOMHAIIMN BEKTOPOB CTApOro Oasuca:
'* —
FE? I. _I:I"HEI +.”+{E]r'.|€.r?-‘:

e': =a,e +..+a,e,,.

Fe

........................ (%)

‘OTa cucTeMa 03HAYaeT, YTO MEePEXOa OT craporo 0asmca K HOBOMY 3aacTCs MATPUICH IMepexona

A =(a,; Wi, j =1, n). 3ra maTpuna HeocoOeHHas (T.€. HEBBIPOKAEHHASA ), T.K. B IPOTHUBHOM CIIydJae ee
CTPOKHM ( a 3HAYUT, U 0A3MCHBIE BEKTOPEHI) OKA3AIMCE OBl JIMHEWHO 3aBUCUMBIMHU. OOpaTHEIM NEPEXOL
OT HOBOTO Dasuca K CTapoMy OCYHIECTBIIAETCSA C IIOMONIBI0 00OPAaTHOM MaTpuIel 4 =

Haitnem 3aBUCMMOCTE MEKAY KOOPAWHATAMH BEKTOPA B pa3HBIX Oa3zucax.

[TycTe X MMEET KOOPAUHATHI:

x=xthet ot xTet =xe totx e

x

[TogcTaBUM 3HA4EHHA € 1,€ 2,...,C ». U3 CACTEMHI (%) B JAEBYIO UYACTh TMOCIETHETO PABEHCTBA,
MOTYIHM:

g
* * *
X, =a X1 +a,x»+..+a X,

X, =a,,x"1 +a,x"2 +..+a,.x".,

f

WM B MATPUIHOU (popMmeE:

X =4 X",
X_x :(A_] \:' rk-.-
X =(x,.ce, X)) ¥ =(V, . ¥,)
CramapHEIM IIPOU3BEICHUEM [IBYX BEKTOPOB - LIRS B - < 4 Ha3BIBACTCA
TUCIIO:

JOKYMEHT NOANWCAH 2
(_I:. 1) E]Eﬁﬂﬂmyi”ﬂ@nﬂmcbmxm}:” :Z XV,

Ceprwdukatr: 2C0000043E9ABBBS52205E7BAS00060000043E 1
CHOE Ba LRARFHIBTE HPOHEHE s

1. (x.¥) =(¥,X) - KOMMyTaTUBHOCTB;

P 2P AT P PRI - aucrpubyTHBHOCTE;
3. (ax; v) =a(x, 1), Y& - 0 fHOPOTHOCTE;



4. (x,x),0, ecrm x #0.(x,x) =0, ecmt x =0.

Jlunelinoe (BEKTOPHOE) MPOCTPAHCTBO, B KOTOPOM 3a1aHO CKAISAPHOE MPOU3BEIECHUE BEKTOPOB,
yIOBIETBOPATIONIEE YKA3AHHBIM UETHIPEM CBOMCTBAM ( PACCMATPUBAEMBIM KAaK AKCHOMBEI), HA3BIBAETCS
EBKJIMIOBBIM IPOCTPAHCTBOM.

Jlnunon ( Hopmoi ) Bektopa X B EBKJMHDBDM HpDCTpﬂHCT’BE HA3BIBAETCA KOPEHb KBAAPATHEIN U3 €r0

CKaLIPHOTO KBazpara: x| =+(x. %) =x* +x,  + _ +x°

CBOHCTBA JUIMHBI BEKTOPA:

1. J:| =0 = x =0;

2. ..-:_.atl :|.-?. -|.x.',

3. |[(x, )| =[x| |+ - (mepaBencrBo Komm-ByHakoBckoro);

4. x + | =[x| +|»] -( mepaBenCTBO TPEYrONEHUKA).

Yron ¢ mexmy nByms Bekropamu X u V omnpenensercs paBeHCTBOM:
(x, )

|1| ] 1__,| . TIE U{f;t?{,;-[

COS ¢ =

JlBa BEKTOpa HA3BIBAIOTCA OPTOTOHAIBHBIMH, €CIH UX CKAIAPHOE IIPOU3BEIECHUE PABHO HYIIIO.

OueBUIHO, Y4TO HYJIEBOM BEKTOP OPTOTOHAJIEH JHOOOMY ApPyromy BEKTOpPY. ECim nBa HEHyIEBBIX
BEKTOPA OPTOTOHAIBHEI, TO ¢ =7/ 2.

Bektope! €,.€¢5..... €, N-MEPHOr0 €BKINWI0BA OPOCTPAHCTBA 00pPa3yr0T OPTOHOPMHUPOBAHHEBIN

Oasmc, ecnu (€,.¢e;) =00 = /. «
PaccmoTpum aBa MUHEWHBIX OPOCTPAHCTBA: R pasmepnocta 1 u R ™ pazmepHoctu F71.
Ecmu 3aman 3akoH (IpaBUIO), IO KOTOPOMY KaKAOMY BEKTOPY x & R” CTABUTCA B COOTBETCTBUE
€IUHCTBEHHBIU BEKTOP V € ™, TO rOBOPAT, 4TO 3a0aH omeparop ( mpeodOpazoBaHue, 0TOOpAKEHUE)
A (x ), meucTByromi 13 K" B R, n 3amUCEIBAIOT Y=A( X).
OmnepaTrop HA3BIBAETCA JTUHEWMHBIM, €CIIH s JTI0OOBIX BEKTOPOB «,h € R™, VA BRIMOTHAIOTCA
COOTHOILIECHUA:
1. A4(a +b) =A(a) + A(b) - CBOICTBO ATUTUBHOCTH:
2. A(Aa) =AA(a) - CBOMCTBO OTHOPOIHOCTH OMEPATOPA.
Bekrop v =.4(x) Ha3eIBaeTCa 00pa30M BEKTOPA X, 4 CAM BEKTOP X- IpooOpa3om Bekropa V-
Ecnu mpoctpanctBa R” m R coBmamaroT, TO onmeparop A oroOpakaer mpocTpaHcTBOo R B
ce0a. PaccMOoTpuM MMEHHO 3TOT CIydau.
Bribepem B R7 Oazuc €,.€-..... €, ., 3aMANIEM PA3I0KEHUE MPOU3BOIBHOIO BEKTOpa X MO
3TOMY Oazucy:

X =xe +x. e+ +x e.

HpHMEI—H{M K 5TOMY BBIPAKEHUIO JTMHEUHBIA 0Neparop -4 . B CHIY €r0 JIMHEHHOCTH MOy YaeM:
4(r) =X, A(e ) + X, A{E’ )+ .+ X 4{€

[Mockonbky -A(e,).i =l,7 -Takke BEKTOp W3 R’,TO €ro MOXKHO PA3TOKHTE MO Oa3MCy

E"] .'-":?_.'? ‘:"':-":"_"'r

Fi

Ale, ) =a, e +a,e, +...+a e (i =l n)
Torma
Alx) =x (ae, +...+a, ¢, )+ x(d,e+. +a e )+ . +x (a, o +...+a e )

[leperpynmupyem COMHOKHUTENM B IPABOM YacTH, BBIHOCA 3a CKOOKHM Oa3uCHBIE BEKTOPEI
€5 €5 -5 € 5 IOy IAM:

A(x) =(a, x, +a,x, +...+a, x e +(a,x +a,,x, +..+a, x ), +.(a, x +a,x. +..+a, x e (*

) OOKYMEHT UDﬂHHCHH
IANEKTPOHHOW NOANWUCEKO .
CepruduT POYTOH EPAPOHEL)BEREOPE000e3# (x), UMEIONIUI B TOM ke 0asuce €,.€- ...., €, KOOPAUHATHI
Bnapeneu: lleGayxoea TaTeAHa AnexkcaHgpoBHa
Vi Voo V., MOKHO 3aITCaTEh TAaK.

sfe 3¢
,ELH;%HTE%H .:'19 08 7033 no 19 08. 20}23 ( )

Paznoxenue BekTopa mo 0a3ucy €OUHCTBEHHO, CIIENOBATENBHO, MpaBble dactu (*) u (**) paBnsl,
MOATOMY :



WM B MATPUIHOUN opme: Y = 4X
Marpumia A =(a;).(i, 7 =1. 1), Kaxxaell CTOJOEN KOTOPOM COCTOMT M3 KOOpAuHAT o0pasa

A(e,) COOTBETCTBYIOMIETO 0a3MCHOTO BEKTOpAa €, B TOM K€ Oazuce ¢,.€-.....€, . HA3BIBAETCA
MaTpHULEN oneparopa 4 B 0asuce €,,€5.---» €, , a PaHT I MATPUIEI A paHTOM OIeparopa .1 .
Taxum o0Opazom, KaKIOMy TUHEHHOMY ONEPATOPY COOTBETCTBYET MATPHUIIA B TAHHOM Oaszwuce.

HaobOopor, BCAKOM wMarpuile n-ro0 MOpAAKAa COOTBETCTBYET JMHEWHBIM  OMEPATOP N-MEPHOTO
IPOCTPAHCTRBA.

Bekrop x u ero 00pas » =.4(x) CBA3AHEI MATPHYHEIM YPABHEHHEM:

Y =AX,
rae A- MaTpura JUHEHHOro omeparopa X =(X,, X,.....,Xx, ), ¥ =(y, ¥v,,.... ¥, ).
3 2 4
[pumep: Jluneitnsrii omeparop 4 B R° B Oasuce €,.¢,.€, 3aman marpurein -1 =|-1 5 ©
1 8 6
Haiitu 06pas » =.4(x) Bekropa x =4e¢, - 3¢, +e,.
v 3 2 4) 4 10
Pemenwe: [Tpumemnsem Gpopmyny mepexoma: | v, | =|-1 5 6]/ - 3| =-13
REy L8 o) 1) [-18

O0Opas sexropa x umeer sua: ¥ =10¢, - 13e, - 18e,.

Ipakmuueckoe 3anamue 18. Codocmeennbvle 6eKmopwsl U COOCHMGEHHbIE 3HAYEHUA JIUHEHHbIX
onepamopoe.
Ilens: cdopmupoBaTe nOpencTaBiIeHHE O COOCTBEHHBIX BEKTOPAX W COOCTBEHHBIX 3HAYEHUAX
JTUHEWHBIX OMEepaTOPOB M UX MPHUIOKEHHAX
Cooeporcanue:
COOCTBEHHEIN BEKTOP, COOCTBEHHOE 3HAUECHHM E IMHEUHOTO OMEPATOPA;
OTIPENEeNTeHUE XAPAKTEPUCTHIECKOTO YPABHEHUS MATPUIIE;
AITOPUTM BBIYUCIEHUS COOCTBEHHEIX 3HAYEHUH M COOCTBEHHBIX BEKTOPOB KBAIPATHOU MATPHUIIEI A.
Teopemuueckan uacmo:

PaccMmoTpym TUHENHBINA ONEPATOP A, OEUCTBYIONMIAM W3 HEKOTOPOro mpocrpaHcrea L B To ke
IpOCTPaHCTBO L.

JIr0 0011 HEHYJIEBOM BEKTOP X, YAOBIETBOPAIONINI YPABHEHUIO:

Ax =)x |

HA3HIBAETCA COOCTBEHHBIM BEKTOPOM JMHEHHOTrO omeparopa A, IpH STOM umcio A Ha3EIBAeTCs
COOCTBEHHBIM 3HAYEHUEM JIMHEWUHOT O Omeparopa A, COOTBETCTBYIOIIMM COOCTBEHHOMY BEKTOPY X.

Ecnu 3aman 0a3zuc nuHEHHOro npocTtpancTea L u B hTom 0aszuce MUHEWHEIN ONEPaTop A nmeer
MATPUILy A, TO TPUBEIEHHOE BEHIIIE YPABHEHUE MOKHO MPEACTABUTE B MATPUTHOM BUIE:

AX=/x
(A-2E)x=60.

[Tpu 5TOM BEKTOP X HA3BIBAETCA COOCTBEHHBIM BEKTOPOM MATPUIBI A, @ 4HCIO A HA3BIBACTCA
COOCTBEHHBIM 3HAYEHUEM MATPUIEI A, COOTBETCTBYHOIIUM COOCTBEHHOMY BEKTOPY X.
Teopema. MHuoxkecTBO COOCTBEHHBIX 3HAUEHUM JIMHEHHOTO OMEparopa A COBmAmaer co MHOKECTBOM
KOPHEH XapaKTePUCTHYECKOTO YPABHEHMS STOTO OMEPATOpa BHE 3aBHCHMOCTH OT TOTO, B KAKOM

Oaszmce 3amana maTpura oneparopa A. Ypapuenue

NIOKYMEHT NOANWCAH . e
ANEKTPOHHOW MOAMACHIO det(A-AE)=0

HASBBACTCS xﬂpaﬁre@nﬁmﬁéckﬂﬁ ypdBficHueM MaTpuilsl A.

Bnapenel Ha

B pazeepHyTOM BUAE XaPAKTEPUCTHUECKOE YPABHEHHE 3AMAMIETCS CIEAYIOTIIM 00pa3om:

Nencteutened: ¢ 19.08.2022 no 19.08.2023



a, —A a, a,,
i & i

det _ ' 1=0.
Il‘ll:ll! ﬂrﬂ o H!": BE }"

JItst BEIUMCIIEHWST COOCTBEHHBIX 3HAYEHWH M COOCTBEHHBIX BEKTOPOB KBAAPATHONW MATPHIIEI A
MOPSAIKA N HEOOXO0 TMMO:

1. CocTaBuUTh XApAKTEPUCTUUECKOE YPABHEHUE W HAWUTH BCE €r0 PA3TUUYHBIE OEHCTBUTEIBHEIE
;'_'F! /

-

s A
KOpHH I "k KOTOpBIE U Oy AyT COOCTBEHHBIMUA 3HAYECHU MU MATPHIIEL.

2. JIns Kakmoro coOCTBEHHOTO 3HawgeHms it/

JTMHEWHBIX aTe0pandyecKnx YpaBHEHWUH:

HAUTH O0O0MIEE PEMEHNuEe CHCTEMBI

(A-1Ex=0,
oHO u Oymer 3amaBars COOCTBEHHEIE BEKTOPEI, KOTOPEIM COOTBETCTBYET COOCTBEHHOE 3HAYCHHE A, .
[Tpumep. Haiit coOCTBEHHBIE 3HAYEHUS U COOTBETCTBYIONINE UM COOCTBEHHBIE BEKTOPBI MATPHIIBI:

0 1 2
A={4 0 1
3 -1 1)
Takr KEak
0—4-1 1-2a-0 2-x:0 - 1 2
det A AFE|=detld 2-0 0 21 1 i 0/=det 4 A 1 |=
3—i0 —1-x-0 1-Xx-1 3 -1 1-X

=( A1 WI11-312:4-(1) 2 A)-3 140 A (A)T( D=
=0 AT +3-8+6A—4+4A—h=—A"+A"+90 -9,
TO ZAPaKTePHUCTHIeCEOe Y DaEBHeHM: MIMeeT EMI
7+ +0n-9_0

OpniH 113 KOpHEeH 3TOoro YpaBHeHMA HaXOoOHTCA MeTonoM nogbopa. llpoeepim, ABnAeTcH
JIA 9YMCJI0 2. =1 KOPHEM BTOr0 YpaBHEeHIA:

-1*+1*+9:1-9-0 —
BepHO. BEIHeceM B TeBOII 4aCTK YPaABHEHMA MHOKIMTENE (4. —1) 33 CKODKY:
AU A =D+ -1 - (9-A) A1) B+ A3 =)A= = (A + (A -1)(7—-3).
XaparTepdeTHIeCcKOe YpaBHeHNe, TARUM 0DpaloM, TPUHUMAaeT RU/JT

“A+3)A-DA-3)=0, greymahy==3, A, =1 2 =3.

Co OTEETCTEYVHOIIAA OJHODODOHAHA CHMCTEMA JMHEeITHEIX VpPaBHE HILH

A1 2 Yz [0
4 —» 1 |x|=[0

. 3 _]. l_'}"‘___: I‘\. L{:S J h l:] .ll_l
R CONCTREHHOTO RHAYSHNA A, = 3 WNeeT BRI
31 2z [0
4 3 1|x |—|0
OOKYMEHT NOONMCA
SNEKTPOHHOM nognuceo —1 4 lx. | 10
Gepidukar: 2C0000043E9ABBBO52205E7BAS00060000043E
Bnageneuy; llleGayxoea TaTeAHa AnexkcaHapoBHE .
lene JaY -_nI.‘l +ﬂ':2_2r5 :D} ‘1'[ .-"_u
elcTeMTenad: ¢ 19.08.2022 no 19.08.2023
e Bx, —x, +4x, =0. x, ! |«




Takum UﬁpHHUM, MHOMECTBO BUEX CODCTBEHHBIX BERTOPOE, COUTEETULIEYHMLMIN cober-
BCIIIOMY 31Ia4CIMIO A, =—3, B ROOPAMIIATIION hopMC MMCCT B

e ¢, — IMpPOHsEBECJIBHOE ,IEEﬁCTBITTE"J[LHDE HHICJAO, He PabBEHOe HY.H.

CreTeMa TWHEHRIX }-"‘{'IIE'HHEHHT:I JITA OImpenenasiA cOOCTREHHEOTO RERTOPa, CONDTRETCT-
BYHILLE1D cobut BEeHHOMY SHAHEHMH] ;"-,2 -1 , FIMeel Bl

—1 1 2y x) (0O

4 -1 1|, |=|0]
33 -1 [],-x'ra_ NO,-

‘2 (=B

x, |—|—3p , [Bek.

x) LB

MeoskecrBo Beex toDCTBEHHBIX BEKTOPOB, COOTBETCTBYHINX CODUTBEHHOMY 3HAUEHMIO
A, =1, B ROOPAUHATHOW (hOPMEe UMEET BIJT:

b

4
—C,

-3¢, |, ¢, =0.

c,

AHATOTHYHRIM ﬂﬁpﬁﬁﬂ]‘ﬂ OmpenendeTCd MADHReCTRO RCex cONDCTREHHRIX RERTOPOR, COOT-
BETCTBYIOIL[MX CODCTEEHHOMY 3HaYEeHWIO A, =J !

“Tc,
Ile,

be, |
., LI

c, =().

¥

Bonpocwe u 3a0auu:
1. HafTH COOCTEEHHEIE THAYCHHA H COOCTESHHEIE BEKTOPEL MPHEECTH K JHATOHAIBEHOMY BHIV MaTPHILY
THHeHHOr 0 oIlepaTopa:

(4 -2 -1} (3 -2 2 41 -1} (3 -1 -1
/-1 3 —1/.2/0 3 0/.3[2 3 -2/.4/0 2 -1
1 -2 2 0 2 1 -1 2 0 -1 2)
(2 -1 0) (2 1.0y (3 0 0} (5 -1 -1
s./-1 2 0. 6|1 20 7./1 2 -1|. 8|0 4 -1
1 -1 1) -1 02 1 -1 2) lo-1 4

2.0npenemire, ABAAECTCA JIU MEKIYHAPOAHAS TOPrOBIIA ABYX CTpaH A u b cOamancupoBanHou, ecmm
BEKTOP HALMOHAJIBHEIX TOXO0B X U CTPYKTYpHAd MaTpuiia A 3THX CTpaH

12000000000 A_[03 0.9
17000000000 0,7 0,1

Bonpocer:
1. Yro Takoe coOCTBEHHOE 3HAYEHNE MATPHUIIBI !
2. Yo Takoe COOCTBEHHBIN BEKTOP MATPUIIBL?
3. UYro Takoe XxapakTepUCTUUECKUI MHOTOYIEH MATPULIBI?
4. CKOIBKO pa3aMYHEIX COOCTBEHHEBIX 3HAYCHUI MOKET UMETH MaTpuia’

5. CKOIBKO pa3aMuHEIX COOCTBEHHBIX BEKTOPOB MOTYT COOTBETCTBOBATE OJJHOMY COOCTBEHHOMY

HT NoanmcaH
3HAYCHHIO MHT:H%?%%HGH MOANUCHIO

CeprhvnKarRCHATA BCRCOOCTBEHHEBIC BHAYEHU S MATPHULIEI !

Bnapgeneuy;: llleGayxoea TaTeAHa AnexkcaHgpoBHa

5. IlepeveHs JUTEpATYPbI, HEOOXOANUMOI /IS OCBOeHHS TUCIIHILTHHbI
Nencteutenex: ¢ 19.08.2022 no 19.08.2023

OcHoBHad JIUTepaTypa:



Hogaxk, E. B. Bricmas marematnka. Anre0dpa: yueOnoe nocodue / E. B. Horak, 1. B. Pa3anora, U. B.
Hosak; mon pemakumenn T. B. PazanoBa. — ExarepunOypr: Ypansckuii (hegepasbHbIN YHUBEPCUTET,
9BbC ACB, 2015. — 116 c. - Pesxum gocryma: http://www.iprbookshop.ru/69589 . html

JlonmoIHHTe ILHAS JINTepaTypa:

Bricmas maremaruka. Tom 1. Jlunennaa anreOpa. Bekropnas anreOpa. AHanmuTndeckas T€OMETPHUA:
yueOnuk/ A. Il. 'ocmomapukog, E. A. Kapnogra, O. E. Kapnyxuna, C. E. Mancyposa; non penaknuei
A. II. T'ocmomapukos. — Cankr-IlerepOypr: HanmonansHBINT MHHEPATBEHO-CBIPEEBON YHUBEPCUTET
«Topusnin, 2015. — 105 ¢. — Pexum mocryna: http://www.iprbookshop.ru/71687.html

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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1. O0mmue mookeHHA

CamocrosrensHas padoTa - mnaHupyemas ydeOHas, ydeOHO-MCCIEOOBATENLCKAA, HAYYHO-
UCCIEI0BATENECKAA padoTa CTYOEHTOB, BBIMOIHAEMAs BO BHEAYAWUTOPHOE (AyAUTOPHOE) BPEMS IIO
3a0aHUIO U IPH METOAUYECKOM PYKOBOJICTBE IPENOAABATEN A, HO 0€3 €r0 HEMOCPEACTBEHHOTO YYaCTHA
(Ipy 9acTHYHOM HEMOCPENCTBEHHOM YUYACTUM MPENOAaBaTeliA, OCTABJIAIONIEM BEAYIIYIO pPOIb 34
paboTOM CTYAEHTOB).

CamocroarempHas padora crynentoB (CPC) B BY3e saBnAerca BaKHBIM BHAOM y4EOHOM H
HAYIHOU OEATEILHOCTU CTyaeHTa. CamocToATensHas padoTa CTyJEHTOB UTPAET 3HAUUTEILHYIO POJIE B
PEUTHHTOBOM TEXHOJIOTHN 00yUEHMA.

CamocroarensHas padora sABAAETCA BawHEHmen (OpMOM yCcBOeHMsA 3HaHuM. B xonme
CAMOCTOATEIPHOU PAa0OTHI CTYNEHTHI VACHSAIOT 3HAHUA [0 KOHKPETHOHW TeMe y4eOHOTO Marepuaa,
3AKPEIUIAIOT M YTOYHAIOT YK€ W3BECTHBIE M OCBAMBAIOT HOBBIE Kareropu. CTaIKHUBAsACh C
HEAOCTATOUYHO MOHATHBIMU AJIE€MEHTAMHU TEMBI, CTYIEHTHl CTPEMATCA HAXOOUTH OTBETHl WIH
(pMKCUPOBATH BOIIPOCH! 1A IMOCTAHOBKHM W YACHEHMSA UX HA KOHCYJIBTALIUU C MPEIOJABATEIEM WM BO
BPEMS NPAKTUIECKOTO 3aHATHA.

3amaun caMOCTOATENBHOM padOTEI COCTOAT B CIENYIOMIEM:

1. Pa3zBurs moruueckoe U alropuTMHIECKOE MBINILIEHHE.

2. Beipaborars nepBUYHEIE HABEIKM MATEMATUUYECKOTO UCCAENOBAHUA TPUKIATHEIX BOIPOCOB.

3. BripaboTare HABBIKM [OOBEOECHUSA PELICHUS 3a0aud [O0 HPUEMIEMOrO MPAKTUYECKOTO
pesyapTara — 4ucia, rpauka, TOYHOTO KA4ECTBEHHOTO BBIBOAA C IPHUMEHEHHEM aJE€KBATHBIX
BBIUMCIIUTENBHEIX CPENCTB, TAOMHI, CITPABOYHHUKOB.

4. Bripabotate yMEHHE CAMOCTOATENHHO pa3zOUpaTeCa B MATEMATHUECKOM ammapare,
MPUMEHAEMOM B JIUTEPATYPE, CBA3AHHON CO CHEI[UATBHOCTEIO CTYACHTA.

5. Hayuurs onepupoBare aOCTpakTHEIMM OOBEKTAMH W A4IC€KBATHO  YIOTPEOIATH
MATEMATUIECKUE TIOHATUA W CHUMBOJBI [UIA BBIPAKEHUA KOJTWYECTBEHHBIX W KAa4E€CTBEHHBIX
OTHOII EHUH.

CamocroarensHas pabdora crygeHta mo ydeOHOM OUCHUIUIUHE «Anredpa» BKIIOYAET
MOATOTOBKY K MPAKTUYECKUM 3aHATHAM M BBINOJHEHHE MPAKTHUUYECKUX 3a0aHHUH, CAMOCTOATEIEHOE
M3Y4EHUE TEeM Yy4eOHOrO Marepuasa @0 PEKOMEHAYEMOH JUTEPATYypEe U C HUCHOIB30BAHHEM

MH(POPMAIIMOHHEIX PECYPCOB.

CaMDCTﬂu m%ﬂmwa oo AucHUIUIMHE «AnreOpa» HampaBneHa HaA (POPMHPOBAHUE

BNEKTPOHHOW MNQAMNWUCHIO
GLEAYHOIIEE o OMIEC AR HII M- 75 4 500060000043E

B T

Kon, d¢opmynuporka | Koa, popmynupoBka | [Imanupyemsie pe3ynstaTel 00ydueHHA IO
HloncTomrenen & 16.08.2022 o 19.08.3009 o1 OP4 AMCITHTUTHEE (Mozy mO),
XApPaKTEPU3YIOILINE 3TANEL
(hopMHUPOBAHUSA KOMIIETeHIH I,




WHIHKATOPOB
OIIK-1: Cnocoben UA-1onk.1 3vakoMm ¢ ocHoBamu | [Ipumenser  eCTeCTBEHHOHAy4YHEIE U
IPUMEHSATE MATEMATHKH, (pu3uKH, | OONICHHIKEHEPHBIE  3HAHWA,  METOEI
€CTECTBEHHOHAYYHEIE | BEIYMCIUTENBHON TEXHUKM M | MATEMATHUYECKOTO  MOIEIUPOBAHUA B
U 0OIIENH KEHEPHBIE IPOTPAMMHPOBAHUS. npo()ECCHOHATBEHON OEATEIBHOCTH.
3HAHWU A, METOIBI N/1-20nx-1 Pemaer
MAaTE€MaTH4IECKOT0 CTAHIAPTHEIE
aHanusa u npo(p eCCUOHATBHEIE 3aJauu C
MOJETNPOBAHNA, OPUMEHEHUEM
TEOPETHYECKOTO U €CTECTBEHHOHAYYHBIX 151
YKCIEPUMEHTAIBHOTO | OOMIEMHKEHEPHBIX  3HAHWM,
MCCJIEOBAHUA B METOI0B MATEMATHYECKOTO
npo(eCCHOHATTEHOM aHaII3a ¥ MOJEINPOBAHUA.
NEATENbHOCTH

2. [ejnb H 321a4H CAMOCTOATE/ILHOH padOThI

Benymas nens opranmsanuun u ocymiecrsiaeHus CPC coBmamaer ¢ nensro 00yueHus CTyIeHTa —
¢popmupoBanue Habopa o0O0mEeHAay4dHBIX,  OPO(ECCHOHANBHBIX W CIENHATBHBIX KOMIIETEHIIUH
Oyaymiero OakamaBpa mo COOTBETCTBYIONIEMY HAINIPABICHHUIO MOATOTOBKHU

[Tpn opranmzammu CPC BaKHEIM M HEOOXOIUMBIM YCIOBUEM CTAHOBATCA (DOPMHUPOBAHHE
YMEHHUSA CAMOCTOATENBHOW pabOTEl [ TpUOOpeTeHus 3HAHWM, HABBIKOB W BO3MOKHOCTH
OpraHm3anuu y4eOHOM W HAy4YHOH OeaTenpHOCTH. llenpro camocTosaTenmsHOM padOTEl CTYIEHTOB
ABIAETCS OBIANEHHE (DYHIAMEHTAIbHBIMU 3HAHUAMH, MPO(ECCHOHATEHBIMA YMEHUAMH U HABBIKAMHU
OEATETBHOCTH N0  TpPO(II0, OOBITOM  TBOPYECKOM, MCCIEOOBATENLCKOM  AEATEIBHOCTH.
CamocrosrensHas padoTa CTyIEHTOB CIOCOOCTBYET PAa3BUTHIO CAMOCTOATENEHOCTH, OTBETCTBEHHOCTH
U OPraHU30BAHHOCTH, TBOPUECKOr0 MOAXO0MA K PEHICHUIO MPO0IEM yueOHOTrO U Mpo(eCcCHOHAIBEHOTO
YPOBHH.

3anmauavu CPC aBiasgroTcA:
- CHCTEMATH3AIMA W 3AKPENJIECHUE ITOJyYEHHBIX TEOPETHMUECKUX 3HAHWNM M MPAKTHIECKHUX
YMEHHUH CTYOEHTOB;

- yrayOneHne u paclMpeHnue TEOPETUUECKUX 3HAHUM;

- (opMupOBaHME YMEHWH HCHONB30BATE HOPMATHBHYIO, IPABOBYIO, CHPABOUHYIO

DOKYMEHTALUIO U CHENUATLHYIO JIUTEPATYPY;

- pa3BUTHE TMO3HABATEIBHBEIX CHOCOOHOCTEM W AKTUBHOCTH CTYIEHTOB: TBOPUYECKOMU

WHUIMATHUBEI, CAMOCTOATEIBHOCTH, OTBETCTBEHHOCTH U OPraHU30BAHHOCTH;

- (popMHUpPOBAHME CAMOCTOATEILHOCTH  MBIIJICHUA, CHOCOOHOCTEM K CAMOPA3BUTHUIO,
OKYMEHT MOANMCAH _

CaMO COBEPIICHAEBPBARGIAJAAMOP €T3 AL ;

Ceprvcukar:  2C0000043E9ABBBI52205E7BAS00060000043E 1

Bnageney:  PABBITEITCHCEAGUABATEAL CKUX YMCHHH ,

T HCITOIB30BAHHELC MHTEPHHJIH, ﬂﬂﬁpﬂl—l’ﬂﬂl"ﬂ H 1‘[':".‘.1'[‘},r qCHHOro B XO0IO€ CAMOCTOATCIBEHEIX
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3aHATUA HA CEMHMHAPAX, HA MPAKTHYECKUX U JAOOPATOPHBEIX 3aHATHAX, ITPH HAMMCAHWHA KYPCOBBIX U



BBRIIIVCKHOHM KBATH(MPUKAIIMOHHON paooT, mid PPEeKTHBHOH IMOATOTOBKH K HWTOTOBEIM 3adeTaM H
Iy

IK3AMEHAM.
3. TexHo/lormyeckasi KapTa caMoCTOATE/ILHOM padoThI CTYIeHTA
O0neM 4acoB, B TOM 4HCIIE
Ko et Bung neareasHOCTH (acTp.)
CTyAEHTOB Cpencrpa u KonrakTtH
peam3y eMbIX
KOMITETeH I TEXHOIOTHA a1 padora
OLICHKH CPC C Bcero
MpEInoIana
TeJIEeM
1 cemecTp
OIIK-1 [ToaroToBka K mekmmaMm | Komraekr 2.43 0,27 2.7
(U-1.2.3) 3agaHui |
BOMPOCOB MO
TeMaM
U CITATLTM HEI
OIIK-1 [ToaroToBka K Komrekt
(U1-1.2,3) OpPaKTUIECKUM padoTam | 3amaHuil u
BOMPOCOB IO 4.86 0.54 5.4
TeMaM
U CITATLTMHEI
OIIK-1 CamocrogrenprHoe Komrmrekr
(U1-1.2,3) VI3YUYECHUE JIMTEPATYPEI IO | 3aTaHUU U
TemaMm 1-7 BOTIPOCOB IO 17,01 1.89 18,9
TeMaM
U CITATLTUHEI
Hroro 3a 1 cemecrp 24,3 2,7 27
OIIK-1 IHoaroroBka K Bonpocs! k
(MUJ1-1,2,3) IK3AMEHY IK3AMEHY 24,3 2,7 27
Hroro 48.6 5.4 54

4.1Topsi1oK BLIMOJTHEHHS CAMOCTOATEILHOH padoThI CTY/IeHTOM

4.1. Memoouueckue pekomendayuu no pabome ¢ y4eHOHOU TUmMepamypou

[Tpu pabore ¢ knuron nHeodOxoaumo mMogoOpPaTeE IUTEPATYPY, HAYUUTHECA NMIPABUIBHO €€ YUTATH,
Bectn 3amucu. Jlna monbopa nureparypel B OMOIMOTEKE MCIONB3YIOTCA AN(ABUTHEIL U
CUCTEMATHYECKHN KaTAJIOTH.

BaxHO MOMHUTBE, 4TO PAlIMOHAILHEIE HABBIKM PA0OTEI C KHMTOM - 3TO Bcerga Ooskruas

SKOHOMHMA BPECMCHH H CHIIL.

Hpaﬂpugﬁwmgﬁw&ﬁ%@Hﬂmﬂ PEKOMEHVETCS MPETOaaBATENEM, YUTAFOIINM JIEKITHOHHEIHA

Ceprvdvkgs: 0000043E9AB8B952205E TBAS00060000043E i
ﬁiﬂ hEﬁEﬁg&%Mﬂﬂﬂ'ﬁg@Jm MOKET OBITHL TaKKe VKd3dHd B MCTOIHMYCCKHX pﬂ?.pﬂﬁﬂTI{ﬂK ITO

NaHHOMY KypCy.

Nencteutened: ¢ 19.08.2022 no 19.08.2023



M3yuaa marepuan mo yueOHUKY, CIEIyeT MEPEXOIUTE K CAECAYIONMIEMY BOIIPOCY TOMBKO ITOCIE
MPABWIBHOTO YACHEHWs IPEABIAYIIErO, OMUCHIBAA HA Oymare BCE BBIKIAIKH W BBEIYMCIEHUA (B TOM
JHUCIIE T€, KOTOPBIE B YUEOHUKE OMYIIEHEl WM HA JIEKIIUH JaHBI I CAMOCTOATEIBHOTO BEIBOA).

[Tpn m3yuenun moOOH OUCHUIIIMHEL OOJBIIYIO M BAXKHYIO POJIb WUTPAET CAMOCTOATENBHANA
WHAUBUIYATEHAA padoTa.

Ocoboe BHUMAHME CaeAyeT OOpaTuTh HA ONMPENEICHUE OCHOBHBIX MOHATHU Kypca. CTyaeHT
DOJDKEH IMOAPOOHO pa3OupaTe MPUMEPEI, KOTOPBIE IMOACHAIOT TAKUE ONPENEICHUA, U YMETh CTPOUTE
AHAJIOTUYHBIE MMPUMEPEI CAMOCTOATENRHO. HykHO mOOMBATECA TOYHOTO HPENCTABICHUS O TOM, 4TO
n3yuaenrs. llome3no cocraBmsaTe omopHBIE KOHCHEKTHL. [lpn m3yuennn marepuana mo y4eOHUKY
MOAE3HO B TETPaau (HA CHENMAJIbHO OTBEACHHBIX IMOJIAX) AOHOJHATE KOHCIEKT JEKIMH. lam ke
CJIEQYET OTMEUATE BOMPOCH], BEIAEIEHHEIEC CTYAEHTOM [IJI1 KOHCYJIBTAIUH C IIPEMOABATEIEM.

BEIBOBI, TOJIyYEHHBIE B PE3YILTATE U3YUCHUS, PEKOMEHIYETCA B KOHCIIEKTE BBIAEIATE, UTOOEI
OHM MPU MEPEUNTHIBAHUM 3AMUCEN Ty UIIe 3a0 MUHAINCE.

OMmEIT ITOKA3BIBAET, YTO MHOTHUM CTYJIEHTAM ITOMOTAET COCTABIECHHUE JMCTA ONMOPHBIX CUTHAJIOB,
COOEPIKAIIETO BAXKHEUIINE M HauOonee 4gacto ymorpedmnaemsie ()OpPMynbl U MOHATHA. [akOM JMCT
MOMOTAET 3aMOMHUTE (POPMYIIBI, OCHOBHBIE TOJIOKEHUS JEKIMH, a TAaKKE MOKET CIIYIKHUTh
MOCTOSHHBIM CIIPABOYHUKOM UL CTYIEHTA.

YUreHne HaAy4yHOTO TEKCTA ABJAETCA YACTBI0 MO3HABATENRHOM OeATENBHOCTU. Ee memp —
W3BJIEYEHUE M3 TEKCTAa HeoOxomumou wH@opmammu. OT TOTO HA CKOJBKO OCO3HAHHA YUTAONIAM
COOCTBEHHAs BHYTPEHHSASA YCTAHOBKA MPH 00panmieHnu K MeYaTHOMY CIOBY (HAWTH HYKHBIE CBEICHMA,
yCBOUTH MH(OPMAINIO MOTHOCTHIO WIHM YACTUYHO, KPUTHUIECKH MPOAHATM3UPOBATE MATEPHAT U T.II.)
BO MHOTOM 3aBUCHUT 3(P(PEKTUBHOCTE OCYIIECTBIAEMOr O AEHCTBUAL.

BEIIEAIOT Uembipe 0CHOBGHbIE YCHIAHOGKH 6 UMEHUN HAYYHO20 MeKCma.

MH(OPMAIIMOHHO-TOUCKOBEIN (3a1a9a — HAUTH, BEIIEIUTE UCKOMYO HH(DOPMAITHIO )

yCBaWBAIOMIAA (YCWIMA YUUTATENSA HANPABJIECHHI HA TO, UTOOBI KAK MOKHO ITOJTHEE OCO3HATH M
3aITOMHUTE KAK CAMU CBEIECHUA M3JIAaTa€MEIE ABTOPOM, TAK 1 BCIO JIOTHKY €T0 PACCykKIEHUH)

AHATUTHKO-KPUTHUECKAA  (UMTATENs  CTPEMUTCA  KPUTHYECKH  OCMBICIMTE  MaTepHa,
MPOAHAIN3UPOBAB €0, ONPENEINB CBOE OTHOUIEHHE K HEMY)

TBOPYECKAA (CO3MAET Y YUTATENA FTOTOBHOCTE B TOM WJIM MHOM BHJAE — KaK OTIPABHOM ITyHKT
Ol CBOMX PACCYKIEHUN, KaK 0o0pa3 mid OENCTBUS MO AHAIOTMM WU T.IM. — UCHOJB30BATh CYIKIECHUS
aBTOpa, XOJ €ro MBICIEH, pe3yabTar HAOmoAeHUsA, pa3padOTaHHYH METOAUKY, AOHOJIHUTE WX,
MOABEPrHYTH HOBOU MTPOBEPKE).

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMWMCLIO

Ceprépidialll @ OOUHETIHE REISOMEHOTYULDIR HOO20MOBKE K NPAKMUYECKUM 3AHAMUAM

Bnaneneu: lleGayxoea TaTeAda AnexkcaHgpoBHa

Ilng TOro 49rOoOBI NMPAKTHMYECKHE 3aHATHA NPUHOCWIN MAKCHMAIBHYIO ITOJIB3Y, HEOOXOIMMO

[EOMEHT By HTOWHIIPAR HEHHALC M PCIINCHUC 34049 MPOBOOATCA 110 BRIYHTAHHOMY Hd JICKIIUAX MATCPHAITY H

CBA3AHBI, KAK ITPABWIO, C JETAIBHEIM Pa300pOM OTAENBHBIX BOMPOCOB JIEKIIMOHHOTO Kypca. Cienyer



MONYEPKHYTh, YTO TOJBKO IOCJIE YCBOCHMA JIEKIIMOHHOTO MATEpPUAIA C OIPENEICHHON TOYKH 3PEHUSA
(a IMEHHO C TOH, C KOTOPOH OH M3JIArdercsA Ha JIEKIMAX) OH OyJeT 3aKpenaThCA HA NMPAKTHYECKHUX
3aHATUAX KaK B pe3yJbTare OOCYXKIEHMA M aHaau3a JIEKIIMOHHOTO MaTrepuana, TaKk U C IMOMOIIBIO
pemenusa npoOJIEMHBIX cUTyauui, 3agad. [Ipyu 5TUX yCrmoBMAX CTYOEHT HE TOJBKO XOPOIIO YCBOMT
MATEPHAI, HO U HAYUUTCS IMMPUMEHATh €T0 HA MPAKTUKE, & TAKKE MOJTYUUT JOMOIHUTEILHBIA CTUMYII
(11 5TO OYEHB BAXKHO ) LA AKTUBHOU ITPOPAOOTKH JIEKIUH.

Cienyer mOMHWTB, 4YTO PEHICHUE KakAO0W Yy4eOHOM 3amauu OOJKHO JOBOIUTHCA 10
OKOHYATENBHOTO JIOTHUECKOTO OTBETA, KOTOPOro TPeOyeT yCrnoBHE, M IO BO3MOKHOCTH C BBIBOJOM.
[ToryueHHBIN OTBET CleAyeT OPOBEPUTH CIOCOOAMM, BBITEKAIOMIMMHU M3 CYIIECTBA JAHHOW 3aa4H.
[Tomezno Takxke (eca BO3MOKHO) PEmaTh HECKOJbKUMH CIIOCOOAMH W CPABHWUTH IONYYEHHBIE
pe3yasTarel. Pemenne 3amad JaHHOTO THITA HYXHO IMPOOJIKATE A0 MPUOOPETEeHNA TBEPABIX HABBIKOB

B UX PCILICHHH.

4.3. Memoouueckue pekomeHoayuu N0 camonposepKe 3HaHuu

[Tocne n3yueHus onpeneneHHoNn TEMBI 110 3aMUCAM B KOHCIIEKTE U YUYEOHHUKY, a TAKIKE PELICHUS
DOCTATOUYHOTO KOJHMYECTBA COOTBETCTBYIOMIMX 3a4a4 HA MPAKTHUYECKUX 3aHATUAX U CAMOCTOSTEIBHO
CTYOEHTY PEKOMEHAYETCHA, IMPOBECTH CAMONPOBEPKY YCBOEHHEBIX 3HAHWM, OTBETUB HA KOHTPOJIBHEIE
BOIIPOCHL MO M3yYEHHOH TEME.

B ciyuae He0OX0AMMOCTH HYIKHO €II€ pa3 BHUMATEIREHO Pa300pareca B Marepuanie.

Muorga HEQOCTATOUHOCTH YCBOEHUS TOTO MM WHOTO BOMPOCA BBIACHAETCS TOJIBKO IIPH
M3YUEHNH NAJbHEHIIEer0 marepuana. B AToMm cioydae HAamo BEPHYTHCA HA3ad M MOBTOPUTH ILIOXO
YCBOEHHBIM mMarepuan. BaxHeIN KpUTEPHU YCBOEHHUS TEOPETHUECKOTO MATEPHATIA - YMEHUE PEIIAThH
3a0aud WA TMPOWTH TECTUPOBAHUE MO OPOMAEHHOMY Marepuany. OmgHako CIEOyeT MOMHUTE, UYTO
MPABWIBHOE PEHICHUE 3a0a4d  MOKET IOJYUYUTHCA B PE3YILTATE HNPUMEHEHUSA MEXAHWUYECKHU

3ay4eHHBIX (popmyn 0€3 MOHMMAHNA CYIHOCTH TEOPETHUECKUX MOJIOKEHHH.

5.KoHTpOJIb cCaMOCTOATEILHOM padoThI CTYIeHTORB

B pamkax peUTHHTOBOM CUCTEMBI YCIIEBAEMOCTE CTYAEHTOB MO KAXKAOW JUCIUILINHE
OIIEHUBAETCA B XOJ€ TEKYNMIET0 KOHTPOJS U MPOMEKYTOUHOM ATTECTAIMH.
Texyumiuii KOHTPOJIb

PeliTHHIOBAAl OLIeHKA 3HAHHH CTY/IeHTA

No Bung nesarensHOCTH CTYIEHTOB Cpokn KomuuecTtBo
/1 NOKYMEHT NOANUCAH BBITIOJTHEHH OawtoB
3NEKTPOHHOW MOAMMUCHIO q
lsapene), LIDAKTHEE €K0E 3GHITHE O 5 memens 15
R. [TpakTuueckoe 3anarue 10 10 Hemena 20
HhoricranprbhPABEAHSCKOQ gamgsrne 15 15 menens 20
Hroro 3a 1 cemecTp 55

HUtoro 55




MakcumaneHO BO3MOKHBEIM Oal 3a BECh TEKYIIMHU KOHTPOJEL YCTAHABIUBACTCSA pPAaBHBIM S5.
Tekymiee KOHTPOMLHOE MEPOONPUATHE CUNTAETCS COAHHBIM, €CJIA CTYAEHT MOJYydHJI 3a HETO HE MEHEe
60% OT yCTAaHOBIEHHOTO A OTOr0 KOHTPOJSA MakCHUManbpHOro Oamra. PelrunroBein Oamn,
BBEICTABIIIEMBIM CTYJIEHTY 34 TEKYIIEe KOHTPOIBHOE MEpPONPUATHE, CHAHHOE CTYIEHTOM B
yCTAHOBIEHHBIE TPAPUKOM KOHTPOJILHBIX MEPONPUATHI CPOKH, OMPENEIIAETCS CAEOYIONINM 00pa3zoM:

Ypoeenwv evinonnenuns xonmponvnoco | Peiimunzoewlit 6ann (6 % om MaKcuMaibH0o20
3a0anus banna 3a KOHMpPOIbHOE 3a0anue)
Omuuunsliu 100
XGP{?M Ui 80
Yooenemsopumenvhuii 60
Heyodoeniemsopumens ol 0

HPGMEE}T{}H Hafl aTrecrTaln

[IpomexyTounas arrecranus B (opMe IK3aMeHa NOPEAyCMATPUBAET IIPOBEACHUE
00s3aTEMRHON AK3aAMEHAIMOHHON mpoueaypsl u ouenusaercs 40 dammamu u3z 100. B coygae
€CIIM PEUTUHTOBBIM Oann CTygeHTa 10 AUCIHUIUIMHE IO uToraMm cemecrpa pasen 60, To
OpPOrpaMMON ABTOMATHYECKH A00aBIAETCA 32 mMpEeMHANBHBIX OA/Ia M BBICTABIAETCS OILICHKA
«oTanaHO». [lONMOKUTENBHEIN OTBET CTYOEHTA HA OK3AMEHE OIEHMBAETCA PEUTHHTOBBIMHU
Oamnamu B guamazone ot 20 mo 40 (20 ¥ Sok3 #k 40), onenka MeHbIIe 20 0aLIOB CUMTAECTCA
HEYAOBJIETBOPUTETBHOM.

[IIxkanma cCOOTBETCTBUS PEUTUHTOBOTO Oasa SK3aMeHa S-0a/UTbHOU CHCTEME

PeliTHHIOBLIN 0aJ1J1 110 JHCHHILIHHE Ounenka nmo 5-0a1JIbHON cHCTEeMe
35-40 OTmaHOo
28 — 34 XDPDHID
20 - 27 VY noBieTBo PHUTEIBHO

Wrorosas oneHka mo AUCIUINUIAHE, M3YYA€MOH B OJHOM CEMECTPE, ONMPENEIAECTCA IT0
cymMme 0amnoB, HAOpAHHEBIX 3a padOTy B TEUEHHE CEMECTPA, U 0AJIIOB, HOMYYEHHBIX OPU CAAUE

HK3aMEHA:
Llkana nepecuema peumunzo6o20 baiia no oucyunIuHe
6 OYEHKY No 3-OalibHOU cucmeme
Peitmurnczoeuiit 6an no oucuuniune Ouenka no S5-oannvuoul cucmeme
88-100 Omuuyno
72-87 Xopouto
53-71 Vooeremsopumenvro
[IOKYMEHT noarmeali HeyoosnemsopumenbHo

SNEKTPOHHOW NOAMNWMCLIO
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Hogaxk, E. B. Bricmas marematnka. Anre0dpa: yueOnoe nocodue / E. B. Horak, 1. B. Pa3anora, U. B.
Hosak; mon pemakumenn T. B. PazanoBa. — ExarepunOypr: Ypansckuii (hegepasbHbIN YHUBEPCUTET,
9BbC ACB, 2015. — 116 c. - Pesxum gocryma: http://www.iprbookshop.ru/69589 . html

6.2. IlepeyeHs TONMOJTHUTEILHON JIHTEPATYPbLI:

Bricmas maremaruka. Tom 1. Jlunennaa anreOpa. Bekropnas anreOpa. AHanmuTndeckas T€OMETPHUA:
yueOnuk/ A. Il. 'ocmomapukog, E. A. Kapnogra, O. E. Kapnyxuna, C. E. Mancyposa; non penaknuei
A. II. T'ocmomapukos. — Cankr-IlerepOypr: HanmonansHBINT MHHEPATBEHO-CBIPEEBON YHUBEPCUTET
«Topusnin, 2015. — 105 ¢. — Pexum mocryna: http://www.iprbookshop.ru/71687.html
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