Tema Ne7 «MaTpuyHbI€ BBIYUCICHUSD)

Jlexusi 1 «OcHOBBI pabOTHI ¢ MaTPUIIAMUY)

1. IIpocTreiiniue onepanun ¢ MaTpuuamu. TpaHCcopTUPOBaHUeE.

[Tpocreiimue onepanuu MaTpu4HOM anredpsl peanu3oBanbl B Mathcad B Buze
onepatopoB. Hanucanue onepatopoB Mo CMbICTY MAaKCUMAJIBHO MPUOJIUKEHO K UX
MaTeMaTHYECKOMY IEeUCTBUIO. KaKIbIil onepaTop BBIPAKAETCS COOTBETCTBYIOLIUM
cumBoJioM PaccmoTpum MaTpuuHble U BeKTOpHbIe omepanuu Mathcad 14.
BekTopbl SABISAIOTCS YaCTHBIM ciiydaeMm matpul pazmepHocTd N x |, moatomy ams
HUX CIIPaBEUIMBBI BCE T€ ONEpalUH, YTO U JUIsl MATPHUL, €CJIU OIPaHUYEHUsT 0CO00
HE OrOBOpPEHBbI (HampuMep HEKOTOpbIE ONepaluyd MPUMEHHUMBI TOJIBKO K
kBagpaTHbiM MatpunaMm N x N). Kakue-to neicTBUs AONMYCTUMBI TOJBKO IS
BEKTOPOB (HampuMep CKaJspHOE IPOM3BEJIEHHUE), a KaKuhe-TO, HECMOTps Ha
OJINHAKOBOE HAIIMCAaHUE, IT0-Pa3HOMY JEHCTBYIOT HAa BEKTOPBI U MAaTPHULIBL.

HGHOCpGIICTBGHHOG IMPOBCACHUC BCKTOPHBIX onepaunﬁ HaJl CTpOKaMH, T. C.
MaTpuamMunu Ix N, HCBO3MOXHO, AJIsI TOI'O YTOOBI IIPCBPATUTL CTPOKY B BCKTOP, €C
HYXHO IIPCABAPUTCIIbHO TPAHCIIOHUPOBATD.
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Puc. 1.1. MNMaHenb nHctpymeHtos Matrix

1.2 TpancnoprupoBanue

TpaHcnopTupoBaHWEM  HA3bIBAIOT  OMNEPALMIO, TEPEBOJSAIIYI0O  MaTpPHUILY
pasmepunoct M x N B matpuity pasmeproctd N x M, aenas cTonOipl HCXOAHOU
MaTpHULlbl CTPOKaMH, a CTpOKH — ctoiOuamu. [Ipumep npuseneH B auctunre 1.
BBoa cumBona TpaHcmoHupoBaHus (transpose) ocymiecTBISETCS C MOMOIIbIO
na"enu uHCTpyMeHToB Matrix (Matpuna) ninn Hakatrem krasuii CTRL + 1. He
3a0pIBaiiTe, YTO IS BCTaBKM CHMBOJIA TPAHCIIOHMPOBAHUS MaTpulia JOJDKHA
HAXOAUTHCS MEXKAY JIMHUSIMHU BBOJIA.

Jlncrunr 1. TpancnoHUpOBaHUE BEKTOPOB U MATPHIL:
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1.3 CnoxeHue

B Mathcad mMoxHO Kak CKJIaJbpIBaTh MATpPHUIlbl, TaK U BBIYUTATh HX JPYT M3
npyra. Jns 3TUX onepaTtopoB MPUMEHSIOTCS CUMBOJIBI + UM -, COOTBETCTBEHHO.
Matpuiibl AOHKHBI HMMETh OJMHAKOBYIO Pa3MEpPHOCTh, WHAue OyAeT BbIIAHO
coobmienne 00 ommOke. Kaxapiil sneMeHT CyMMBl JIBYX MAaTpull paBeH CyMMe
COOTBETCTBYIOIIUX AJIEMEHTOB MAaTPHII-CIaraeMbpIX (JIMCTHHT 2).

JIncrunr 2. CnokeHUe U BEIYUTAHUE MaTpHuIlL:

1 2 3 1 0 0
A= B :=
4 56 -1 -3 -4
2 2 3
A+B=
32 2
02 3
A-B-=
5 8 10

Kpome cnoxenuss matpun, Mathcad noanepkuBaeT oOIepanuio CIOXKEHUs
MaTpuilbl cO CcKalgpoM (JuctuHr 3). Kaxablii sIeMEeHT pe3ybTUpYIoleh
MaTpHUIbl PaBEeH CYMME COOTBETCTBYIOILIETO 3JIEMEHTA MCXOAHOW MAaTpULbl U
CKQJISIPHOM BEJIMYUHBI.

JInctunr 3. CnoxxeHnne MaTpHLIbI CO CKAJIAPOM:
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701 2
A-x=
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Pe3ynbraT cMeHbl 3HaKa MaTpUIlbl SKBUBAJEHTEH CMEHE 3HaKa BCEX €€
aneMeHTOB. JJis TOro yToObl U3MEHUTH 3HAK MATPHIIbl, JOCTATOYHO BBECTHU MEPE]
HEH 3HaK MUHYCa, KaK Tiepel OOBIYHBIM YHCIIOM (JIUCTUHT 4).



Jluctunr 4. CmeHa 3HaKa MaTPUIIbI:

1 2 3 -1 -2 -3
A:: —A:
4 56 -4 -5 -6

1.4 YMHOXeHHe

[Ipy yMHOXXEHHMH CIeAyeT IMOMHUTh, 4TO MaTpuiy pasMmepHoctdé M x N
JIONTyCTUMO YMHOYXaTh TOJBKO Ha Marpuily pasmepHocTH N x P (P MoxeT OBITh
mo0bIM). B pesynbrare nosydaercs matpuiia pazmepaocta M X P.

UtoObl BBECTM CHUMBOJ YMHOXEHHUS, HYKHO HaXaThb KJIABUIIY CO
3BE3/I0YKOM * WJIM BOCIOJIb30BAThCS MaHENbI0 MHCTpyMEHTOB Matrix (Marpura),
HakaB Ha Hel kHonky Dot Product (Ymuoxenwue) (puc. 1.1). YMHOXEHHE MaTpHIL
0003HaYaeTCss MO yMOJIYaHUIO TOYKOM, Kak MokKa3aHo B JMCTUHTE 5. CHUMBOI
YMHOXEHHUSI MaTpull MOXXHO BBIOMpaTh TOYHO TaK K€, KaKk U B CKaJSPHBIX
BBIPAXKEHUSIX.

JluctuHr 5. YMHOXEHUE MaTpPHII;

IC::BT
1 -1
C=|0 -3
0 -4

1 -19
AC=
4 —43

Emie oaun npumep, OTHOCSIIUICS K YMHOXKEHHIO BEKTOpPa Ha MaTPHILY-CTPOKY
U, Ha000POT, CTPOKH Ha BEKTOp, MPHUBECH B TUCTUHTE 6. Bo BTOpOIi CTpoke 3TOTO
JUCTUHTA TI0KAa3aHO, KakK BBIIIAUT (opMmysia Tpu BbIOOpPE OTOOpaKEHUS
oneparopa ymHoxkerust No Space (Bmecte).

JIncTuHr 6. YMHOXKEHUE BEKTOpA U CTPOKH:

1
(3 4)- =11
2

-

1 3 4
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ToT ke cambIil OIIEpaTOp YMHOKEHUS JEHCTBYET HA JIBa BEKTOPA MO-APYTrOMY .



AHaJOrMYHO CJIOKEHUIO MaTpUll CO CKAISIPOM ONpENENsieTcs YMHOXEHHE U
JIEJIEHUE MaTpHIbl HA CKAJSAPHYIO BEIWYUHY (JUCTUHT 7). CUMBOJ yMHOKEHHE
BBOJUTCS TaK €, KAK U B CIy4yae YMHOXEHHUS JByX Marpull. Ha ckamsp MOXKHO
yMHOXaTh JIr00y10 Matpuiry M X N.

JluctuHr 7. YMHOXEHHUE MaTPUIIbI HA CKaJIsIP:
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1.5 Onpenenuresab KBagpaTHOil MaTpulbl. MoayJib BeKTOPA.

Omnpenenurens (Determinant) wmatpuiiel  0003HAa4YaeTCs  CTaHIAPTHBIM
MaTEeMaTUYECKUM CUMBOJIOM. UTOOBI BBECTH ONIEPATOP HAXOMKIACHUS ONPEACTUTENS
MaTpUIlbl MOXKHO HaxaTh KkHonky Determinant (Ompenenurens) Ha TMaHEH
uHcTpyMeHnToB Matrix (Matpwura) (puc. 1.2) win Habpath Ha KiiaBuaType | (HakaB
kinagumu SHIFT + \). B pesynprare mo00ro M3 3THX ACHCTBUN MOSBIACTCS
MECTO3aIlOJIHUTEIb, B KOTOPBINA CIEAYET MOMECTUTh MAaTpHUILy. UTOOBI BBIUUCIUTH
OTIPEICTTUTENb YK€ BBEIEHHOW MAaTpPHUIbl (MMEHHO STOT Clydail MOKa3aH Ha pHC.
1.2), HyHO:

. [lepemecTuTh Kypcop B [OKYMEHTE TakuM O0pa3oM, 4TOOBI MOMECTHTH
MaTpUIly MEXIy JUHUSIMH BBOJa (HAIIOMHHAEM, YTO JMHUU BBOJIAa — 3TO
BEPTUKAJIBHBIA M TOPU3OHTAJIBHBIA OTPE3KHM CHHEro IIBETa, OO0pa3yroliue
YTOJIOK, YKA3bIBAIOIIUI HA TEKYIIYIO0 00J1aCTh PEIAKTUPOBAHMUS).

. BBectu onepaTop Hax0KIEHUS ONPENETUTENST MaTPHULIBI.

. BBectu 3Hak paBeHCTBA, YTOOBI BBIYUCIUTD ONPEASTUTEND.
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Puc. 1.2. BBog cnmBona onpegenvrenst maTpuupl
Pe?,yJ'IBT aT BBIYUCIICHU S OHpeﬂCJII/ITCJ'ISI HpI/IBGI[eH B JIMCTHUHIC 8

Jlucrunr 8. [Touck onpenenutesnst KBaapaTHOW MaTPHUIIbI:

1 00



1.6 Moayuib BeKTOpa

Moayinb BekTopa (Vector magnitude) o6o3HadaeTcst TeM e CUMBOJIOM, YTO U
OTIPEETUTENb MATPHUIIBI.

[To ompexaenenuio, MOIyJib BEKTOpa paBEH KBAJAPATHOMY KOPHIO M3 CYMMBbI
KBaJ[PAaTOB €ro 3JIEMCHTOB (JTUCTUHT 9).

Jluctunr 9. [Nouck Moayss BeKTopa:

1.7 CxansipHoe npou3Be/ieHHEe BEKTOPOB

CkainsipHoe mipou3BejieHrne BekTopoB (Vector inner product) onpexaensercs kak
CKaJIsIp, PABHBIN CyMMe€ MOMAPHBIX MIPOU3BEACHNI COOTBETCTBYIONIUX IIEMEHTOB.

BekTophb! 10JKHBI KIMETh OJJMHAKOBYIO Pa3MEPHOCTh, CKAJIIPHOE MPOU3BEICHUEC
UMEET Ty ke pa3MepHOCTh. CKaIIpHOE TPOM3BEICHUE JIBYX BEKTOPOB U M V paBHO
uv=|u]|v|cosQ, rae Q — yron Mexmy BeKTopaMu. Eciix BEKTOpbI OPTOTOHAIBHBI, HX
CKaJIIPHOE MPOM3BEACHNE paBHO HyJt0. O003HAYACTCS CKAIAPHOE MPOM3BEICHUEC
TEM € CHMBOJIOM yMHOXeHus (nmuctuHr 10). Jlnsg o0o3HAYeHUs CKaIspHOTO
NPOM3BEICHUS T0JIb30BATEIb TAK)KE MOXET BBHIOMPATh MPEICTABICHHUE OIepaTopa
YMHOKCHUS.

Hukorga He npumeHsiTe Juist 0003HaY€HUs CKAISPHOIO MPOU3BEICHHSI CUMBOJI
X, KOTOpBIM ABIAETCS  OOIIEYNOTPEOUTEIBHBIM  CHMBOJOM  BEKTOPHOIO
MIPOU3BEACHUS.

JIuctunr 10. CkansgpHoe Mpou3BeICHUE BEKTOPOB:

1 4
2 5 |=32
3 6

C OCTOpPOXXHOCTBHIO TIEpEMHOXkaTe HECKOJIbKO (Oosiee ABYyX) BekTopoB. llo-
pPa3HOMY pacCTaBIIEHHbBIE CKOOKHM MOJIHOCTBHIO U3MEHSIOT Pe3yIbTaT YMHOXKCHUS.

[Tpumepsbl TakOTOo YMHOKEHHUSI CM. B iucTtuHre 11.



Jlnctunr 11. CkanspHoe mpou3BeleHHE BEKTOPOB, YMHOXKEHHOE Ha TPETHM
BEKTOP:

1\ (4\ (7 224
2 15| 8]=]25
3)l6)\09 288
1\ (4\](7 224 1\[(4\ (7 122
2 |5} 8]|=]256 2 [ 5]8]||=] 244
3)l6)[\9 288 3/(l6)\9 366

1.8 BexkrTopHoe npousBeaenne. CymMmmMma 3J1eMEHTOB BEKTOPA U CJieJd MaTPHIbL.

BekropHoe mpowusseneHue (Cross product) nByx BekTopoB U m v ¢ yriom Q
MEXIy HHUMH pPaBHO BEKTOpy C MojayJieM [u|[v|sinQ, HampaBieHHbIM
NEPHEHANKYJIIPHO IIJIOCKOCTH BEKTOpoB U u V. (OO003HAa4aloT BEKTOPHOE
MIPOU3BEJICHUE CHUMBOJIOM X, KOTOPBIM MOKHO BBECTHM Hakathuem KHOIKH Cross
Product (Bektoproe mpousBencHue) B madenu Matrix (MaTpuiia) — win
coueranueM kiasuil CTRL + 8. [Ipumep npuBeneH B auctuHre 12,

Jluctunr 12. BektopHO€E Npon3BeICHUE:

1 4 -3
2 x| 5|=| 6
3 6 -3

1.9 Cymma 3j1eMeHTOB BEKTOPA U ¢Jiel MATPUIIbI

WNHuorna ObIBaeT HY’KHO BBIUMCIUTH CYMMY BCEX 3JIEMEHTOB BekTopa. [ aToro
CYILLIECTBYET BCIIOMOTaTeNbHbIA omeparop (uctuHr 13, mepBasg cTpoka),
3aJlaBaeMbli KHOIKou Vector Sum (Cymma BEKTOpA) Ha
nanenm Matrix (Marpuna) wim couetanuem kiaBuin CTRL + 4. Drot oneparop
yalie OKa3bIBAETCS IOJIE3HBIM HE B BEKTOPHOM anreOpe, a mpu OpraHu3aluuu
LMKJIOB C UHAECKCUPOBAaHHBIMU IIEPEMEHHBIMH.

Ha tom e umuctunre 13 (cHu3y) TMOKa3aHO TPUMEHEHHE OIMepaluu
CYMMHPOBAHHSI JTMarOHAJIBHBIX 3JEMEHTOB KBAaJPAaTHOM MATpULBL. OTy CyMMY
Ha3bIBAIOT cienoM (trace) martpuubl. JlaHHas onepauus OpraHu3oBaHa B BHJE
BCTPOCHHOU (PYHKIUH tr:

o  tr(A)— crmen kBagpaTHOW MATPHUIIBI A.



Jlncrunr 13. CymmupoBaHue 3J1EMEHTOB BEKTOpa U IMarOHaId MaTPHUIbI:

1
S|
3
3 4
A= tr(A) = 5
7 2

1.10 O6paTnas maTpuua. Bo3BereHue MaTpULbI B CTeNEHb.

[Torck oOpaTHON MaTpUIBl BO3MOXKEH, €CIM MAaTpHUIla KBaJpaTHas U ee
omnpenenuTesib He paBeH Hyto (muctudr 14). TlpousBeneHne UCXOIHON MATpPHUIIbI
Ha OOpaTHYI0 IO ONpPEAENICHUIO SBJSETCS €AMHUYHOM Matpuueil. Jns BBoaa
ormeparopa MOHUCKa OOpaTHOM MaTpuilbl HaxkMmMuTe KHOMKY Inverse (O6paTtHas
MaTpuIla) Ha nmaHeim nHeTpyMeHToB Matrix (Marpwua).

Jlucrunr 14. Tlouck oOpaTHOM MAaTPUIIHI:

100V (1 0 o
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0 0 3 0 0 0.333

(10 0) 10 0
020{ =01 0
0 0 3)\0 0 0333 0 0 0.999
1 0 0 0 10 0
005 0 020[(=|01 0
0 0 0.333)10 0 3 0 0 0.999

1.11 Bo3BeneHue MaTpulbl B CTENEHb

K kBagpaTHbiM MaTpuiiaMm MOXHO (OpMaTbHO TMPUMEHSTH OIEPaIUIO
BO3BEJICHHS B CTEMEHb N. J[JIs1 9TOTO N JOMKHO OBITH LENTBIM YHCIOM. Pe3ynbrar
JAaHHOM omeparuu npuBeeH B Tadn. 1.1. Beectu omepaTop Bo3BeICHUS MaTPHITHI
M B CTENEHb N MOXHO TOYHO TaK K€, KaK W ISl CKAISIPHOW BEJIMYMHBI: HAXKaB
KHOMKY Raise to Power (Bo3Bectn B CTCTICHB) Ha
narenu Calculator (Kanbkyssitop) win HaxkaB kiaBuiry A. [locie mnosBieHus
MECTO3aMOJHUTEIS B HETO CJIEIyET BBECTU 3HAUEHUE CTEIICHH .



Tabauua 1.1. Pe3yapTaThl BO3BEACHUS MAaTPHIILI B CTEIICHD.
n M"
0 | enmHMYHAS MaTpHUIIA Pa3MEPHOCTH MaTPHUIlLI M

1 cama matpunia M

-1 M — marpuna, obparnas m
2.3,... MM, (MM)M,...
-2,-3,... Mt ML (MT MM, L.

HCKOTOpBIG IMPpUMCPHBI BO3BCACHUA MATPHUI] B CTCIICHDb IIPUBCACHBI B JINCTUHI'C

15.
JIucrunr 15. IIpumepsl BO3BEAEHNS KBaAPATHOM MATPHUILLI B LEIYIO CTENICHB:

10 oY (10 o
005 0 ~lo2 o
0 0 0.333 0 0 3.003
1002 (1 0o 0
020| =|0025 0
00 3 0 0 0111
100V (100

020| =040

00 3 009

TakuM 00pa3om, B JIEKIIMHU paCCMOTPEHBI OCHOBHBIE JEHCTBUS HAJl MATPUIIAMH.



