PoGounii 30mmT Ui MalOyTHBOIO 1HXKEHEpa NPONOHYEThCA A
cTyneHTiB TexHiuHuX BH3 sk pi3HOBUI HaBYAIBHOTO MOCIOHWKA, IO MOXKE
OyTH 3aCTOCOBAHMI BUKJIaJlayaMHU 1] Yac JEKIIHHUX 1 TPAaKTUUHUX 3aHSITh JJIs
iHTeHCU]IKaI(li HaBYAJIBbHOI MisIbHOCTI. JlocTaTHil oOCsT 3aBlaHb 10 MOIYJIS
EnemeHTU niHiNHOI Ta BEKTOPHOI anrebpu, TpU3HAYECHUM MJII CaMOCTIMHOT
poOOTH CTYNEHTIB, JOMOMOXE 3aCBOITH M HE TIJIbKM HaBYAJIBHUHN MpEIMET, a i
MaifOyTHIO Tpodeciro.

[lin yac po3rasay KOXHOI TEMU HAJAIOThCA TMOSCHEHHS TOro, K
MOB’s13aH1 OCHOBHI TOHSTTS 3 1HXXEHEPHOIO MPaKTUKOIO. [[7s CTyAeHTIB, sKi
HaMaraloThCsSd CaMOCTIMHO OBOJIOJITH HOBHM ISl ceOC€ MOHATTAM, L€ POOHUTH
HOTro MosIBYy y HaBYaJIbHOMY KypCl MPUPOAHIM Ta 00YMOBIIEHUM JIOTiKow0. [{um
MarepiaioM BHKJAJayl MalTh MOXIIMBICTb CKOPUCTYBAaTUCh IiJI 4ac
€BPUCTUYHOI OEC1IU, MOTUBYIOYM TaKUM YHHOM HEOOX1THICTh BUBUCHHS TEMHU.

CxkrnafgaHHsl OITOPHOTO KOHCITIEKTY J0 KOXKHOT TEMU MOXKE SIK TONEepeIKaTu
TaK 1 3aKpiIUIIOBaTH ii BUBYEHHSA. 3aBJASIKM HAsIBHOCTI B CTYJIEHTIB POOOYUX
30IIUTIB JIGKTOP MAa€ MOXKJIMBICTh 30CEpPEIUTUCS Ha HAWUOUIBII ICTOTHOMY
Marepiali, ONMyCTUTU TEXHIUHI JAeTall, 3aJIUIIUTH PSAJl TUTaHb JIJII CAMOCTIHHOIO
OMpAIFOBaHHS, & TAKOK BECTH J1aJIOT 31 CTYJICHTaMHU.

JleTanpHe ompalfoBaHHS HaBYAJIBHOTO MaTepialy MPOYMTAHOI JIEKIIl 1
HOro 3acCTOCYBaHHSI MPUITYCKA€ BUKOPUCTAHHS HABYAIbHUX MOCIOHUKIB, CEpel

akux «Bwurma Mmatemaruka 11 MaiiOyTHIX 1HX)EHEpiB» [3].

N
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OnopHUil KOHCHEKT =~ € HaWOUIbII 3PYYHHM 3acO00M B3aeMOAIl
CTyJIeHTa 3 BHKJIAJayeM, OCKUIbKH CTYJIEHT MiJ 4ac pPoOOTH 3 MYHKTOM
CknadaemMo onopHulli KOHcNeKkm y TpPaBOMYy CTOBIYUKY Ha MICLI IPOIYCKIB Y
BUTJISIII KpamoK 3aHOCHTh HE TUIBKM BIAMOBIMAI, aje W  CBOI MUTaHHSI Ta
BIJIMOBI/I1 HA HUX BHKJaJaya, MOro BCUISKI 3ayBa)K€HHs, JOJATKOBI MOSICHEHHS,
MPUKJIIAIA ¥ TOLIO.

[lepeBipka TOTOBHOCTI 10 MPAKTUYHOTO 3aHATTS BHUKOHYETHCS 3a
JIOOMOT0I0 TECTOBHX 3aBaHb L= , JI0O KOXXHOTO 3 SIKHMX HaJlal0ThCs BapiaHTH



BIAIOBIIEH.

[lin yac po3B’si3yBaHHA 3aBAaHb CTYyJEHTaM HaJa€Thbes iH(oOpMailiiiHa

niaTpuMka = . CaMOCTIIHO MpanoYd 13 TECTOBUM 3aBJAaHHSM ITYHKTY
lMepeesipsieMmo 2omoeHicmb 0G0 npPakKMU4YyHO20 3aHAMmMs, CTYJACHT Mae
MO>KJIUBICTh 3BEPHYTUCH JI0 ONMOPHOro KoHcnekTy. KpiM Toro BHKiazad mae
MO>KJIMBICTh 3aCTOCYBATH 11 3aBJAHHS Ha INOYATKy 3aHATTA IJs MPOBEICHHS

€KCIIpEC-ONMUTYBAaHHA M aKTyali3alil TEOPETUUHUX 3HAHb CTYIEHTIB.
=
Po3B’d3yBaHHs TUIOBUX 3a1ad TCMI/It/BI/IKOHyEJTBCH MOKPOKOBO 13

HaJJaHHSM METOJMYHMX pEKOMEHAalid Ta iH(OopMaliiiHUX MIATPUMOK 0
KOXKHOTO 3 KpokiB. lle 103BOJsiE OOMEXUTHCS MiJ Yac MPAKTUYHOTO 3aHSATTS
PO3IJISIIOM JINIIIE HAMOUIBIN BaXXTMBUX MPUKIAIB, 3AJIUIIMBIIN 1HII CTYJEHTaM
Ha CaMOCTIiHE OIaHyBaHHS.

HeoOxigH1 3amucu mig Yac po3B’si3yBaHHS 3aJad IyHKTY B4umocs
po3e’azyeamu munoei 3ada4yi BUKOHYIOTHCSA CTYJEHTOM Y 30IIMTI HACTLIBKH
JOKJIaJHO, HACKUIBKY 11€ HOMY HEOOX1THO.

JIns HaBYaHHA MaTeMaTUYHOMY MOJICTIOBAHHIO CTYJICHTaM HEMae
HEOOX1THOCT1 BECTHU JOKJIA/IHI 3aMUCH: JOCUTh BI3HAYUTH B pOOOUOMY 30IIUTI
HaWOLIbII BaXKJIMBE, JOAATKOBY 1H(MOpMaIli0 I MOCWIAHHS Ha JKepena Mij Jac

po300py mpodeciiiHO-OpiEHTOBAHUX 3aBJaHb 3 MYHKTY Byumocsi modentoeamu

npogpecitiHy OdissnbHicmb  iH)XeHepa , TOB'A3aHUX 3 MaHOYTHBHOIO
TH)XKEHEPHOIO CIEHIAIBHICTIO CITyXayiB.

Koxxen kpok MojenroBaHHS TiJ Yac PO3B’s3aHHA MpodeciiHo-
OpIEHTOBAHMUX 3aBJaHb MOSCHIOETHCA. [licas CTBOpEeHHS MaTeMaTUYHOI MOJENi
3a JOMOMOIrOK peKoMeHAalid Ta iH(QOpMaIIiHUX NIATPUMOK CTYACHTY
HEOOXIHO CaMOCTIHO 3aKIHYMTHU pPO3B’SI3yBaHHSA 3aBJIaHHS, 3aCTOCOBYIOYM
3HAHHS Ta BMIHHS HaOYTI MICJIs CKJIalaHHS OMOPHOTO KOHCIEKTY, MIArOTYBaHHS
710 MPAKTUYHOTO 3aHATTS, PO3B’SI3yBAHHS TUIIOBUX 3a]1au.

CamocriiiHe po3B’a3yBaHHS 3aBAaHb CTYJACHT Ma€ MOXKJIUBICTh PO3MIOYaTH
13 OyZIb-KOTO PIBHSA MOCTYHOBO YAOCKOHATIOIYHM YMIHHS M1l YaC MPAKTUYHOTO

3aHATTA 400 noMaiiHboi pobotu. udepeniiiioBanuii mindip 3aBAaHb MYHKTY
B

Buyumocs camocmiiliHo po3e’sasyeamu 3aedaHHS<-/IOIOMOXE BHKIAIady



PO3MOALIUTH HOTO 3a PIBHEM CKJIAJTHOCTI MK CTYJIEHTaM Pi3HOI MiAroTOBKU. J10
R
g
3aBJlaHb HAJIAIOTHCS €BPUCTUYHI MiAKA3KH :

VY 3akioyHId YacTHHI BCTYMHOI JIEKIii a00 MPakTHUYHOTO 3aHATTA
BHKJIaJladyeBl HEOOXITHO JaTH JACsAKl PEKOMEHJaIlli Mpo Te, sSKe MporpaMHe
3a0€e3IeueHHs] MOBUHHI MAaTH CTYJIEHTH Ha CBOIX KOMIT'IOTEpax.

[Tin yac poboTu 3 mMyHKTOM Byumocsi 3acmocoeyeamu CAS (I1113) nid

yac po3e’si3yeaHHsi (OOYUCIIEHHSI) ... /ﬁj / CTYJICHTY HEOOXIJHO CKOIIIOBATH
BMICT KOMMAaKT-IUCKY (Ha op3aii NOCIOHMKY) Ha MKOPCTKUU AHCK CBOIO
KOMIT'FOT€pY Ta BCTAHOBUTH BCl NeJaroriyHi nporpamui 3acobu (I1113) ta
cucTeMu KoM toTepHoi anreopu (CAS) 3 MeToro oTpHUMaHHS BMiHB pOOOTH 13
pPI3HUMU MpOTrpaMamu, MOPIBHSHHA IX MOXIJIMBOCTEH Ta OOpaHHS HEOOXITHUX
JUTsl BAKOPUCTAHHS B MailOyTHIM npodeciiiHiil TisIbHOCTI.

Hanpukinui Mmoaynst y nyHKTi Fomyemocb 3o MoOOynbHOI KOHMPOJSIbHOI

Er=
po6omu ® TIPONOHYIOTBCS OPIEHTOBHI 3aBJaHHSA 13 PI3HUM pIiBHEM

CKJIAJTHOCTI, 1110 BHHOCATHCS HA KOHTPOJbHY poOOTy. Jl0 KOXHOTO 3aBAaHHS
MPONOHYEThCs 1H(OpMalliiiHa TIATPUMKA.

VY KiHIl poOOYOro 30LIMTY HAJAlOThCS BIANOBIAL, JO SKHX CTYJIEHT MAa€
MOXJIMBICTh 3BEPHYTUCh 3 METOI TMEPEBIPKM  MPABUIBHOCTI BHUKOHAHHS
KOKHOT'O 3aBJIaHHSI MOTYJIS.

JIOLIIBHO pPEKOMEHIYBaTHU CTYyJIEHTaM 30€perTd CBIM 1HAWBIAYaJTbHUN
KOHCIIEKT, 110 BUUIIOB 3 POOOYMX 30IIUTIB 3 yCIMa HOTaTKaMH, MUTAHHSIMU,
BIMOBIASIMU U JIOMMOBHEHHSIMU, SIKI POOMIMCS MPOTSATOM YChOTO MOAYJsA. Y
MaiilOyTHbOMY pOOOYU 30IIUT MOKE€ OYTH BHUKOPUCTAHUW HE TUIBKU IS
MIJTOTOBKU J0 KOHTPOJIBHUX 3aXO0/I1B, BKJIIOYAIOUYHU ICIIUT, ajieé ¥ MpU CTBOPEHHI
MePCOHANIPHOT 0a3u 3HaHb 1 BMiHb — OCOOMCTOTO MOMIYHHMKA — JJISI TTOJAAJIBIIOT

HaBYAJIbHOI 1 HaBITh MPOeCiitHOT AISTBHOCTI.



Tema 1. BUSHAYHUKHA

(’0) (Ol) 5k noB’siI3aHNN BU3HAYHUK 3
I v iHXKeHepPHOIO NMPaKTUKOK

Homozpamoro Ha3UBa€eThCS KPECIECHHS, IO € OCOOJMBUM 300paKeHHIM
¢dbyHKIIlOHANBHOT ~ 3alekHOCcTi.  HoMmorpamu  mIMpPOKO  3aCTOCOBYIOTHCS
B I1H)XXEHEPHUX PO3paXyHKax Jid OJHOTHUINHUX oOuuciaeHb. OCHOBOW Jid
noOy/IoBU HOMOTpPAaMH CIyXaTh (PYHKIIOHAJbHI IIKAJIH, [0 BHUPAXKAIOTH
3QJIEKHICTh MK (QyHKIIE0 ¥ aprymeHTOM. J[0 IXHBOro yuciaa BiAHOCSTHCA
HOMOTpaMH 3 BHUPIBHSHMMHM TOYKaMU. BOHM TpocTi ¥ JE€rKO YUTAIOTHCA

(puc. 1.1).

Puc. 1.1. Homorpama 3 BUpIBHIHUMU TOYKAMU

Homorpamu 3  BUpIBHSHUMU TOYKaMU  300paXylOTh  PIBHSAHHS
x oy o1

tany:|x, vy, 1=0, ne (x;»), (x,;,), (x;;¥;) — KOOpAUHATH TPHOX TOYOK,
X, yyo 1

10 JIe)KaTh HA OJHIN mpsAMiil. VY JiBIM YacTHHI PIBHIHHSI MU 0a4rMO BHUpa3, 110
MOJIAaHO Y BUIJISI/1 6UBHAYHUKA 3-20 NOPAOKY.



&
~&

CknagaemMo onopHUM KOHCMNEKT

Bu3Ha4Huku 2-20, 3-20 nopsioKie
Busznaunux (Oemepminanm) 0py2020
nopso0Ky OOYUCTIOETBCS 3a  (HOPMYIIOI0
a4y
a21 a22 = LN ]
[lin  yac  OOYUCIEHHS  BUSHAYHUK)
a4y, 4y
Mmpemvbo2o NOpsLOKy Ay, A,y 0,y = ddydsy . dpdydyy ...
ay; 43, ds; . a50,5,0 5, a ;0,,0 ...
nepen NOOYTKaMH BIAIIOBIIHUX €JIEMEHTIB
pei 100y A A A dy3asy ... Ay Ay

CTaBJIATHCA 3HAKU

CuMBOonM @;; Ha3UBAKOTL eleMeHmMamu

6U3HAYHUKA, IPUIOMY

MepIIni 1HIEKC [ BKa3ye

Ha , & IPYTUd HIEKC j —
Ha , Ha TIEPETUH] SIKHX
CTOITh JAHUU €JICMCHT.

eoe

eoe

SIKIMO BCl €NEMEHTH d;; € YHUCIaMH, TO

pe3yiIbTaTOM 00YHNCIICHHS BU3HAYHUKA €

eoe

lonosny Oiaconans BU3HAYHUKA JIPYTrOro

a, dp

MOpAAKY CKJIagaroThb

a, aj

CIICMCHTHU

eoe

l'onosny oOiaconany BU3HAYHUKA TPETHOTO

all al 2 al 3

HopAAKy Ay Gy Gy CKJIaJal0Th
a3 1 a3 2 Cl3 3

eJIESMEHTHU

Ilobiyny Oiaconans BU3HAYHUKA JIPYTOro

a,; ap

MOpAAKY CKIadaroTh CJICMCHTU

21 Yyy

eoe




Ilobiyny Oiaconans BU3HAUYHHMKA TPETHOIO

all al 2 al 3

NopAAKy Ay Gy Gy CKJIaJa0Th
a3 1 a3 2 a3 3

eJIESMEHTHU

BuszHauHUK TpEeTHOro MOPANKY  MOXKHAa
OOYMCIIUTH 32 NPABUIOM MPUKYMHUKA, 1O
MOJIaHe y BUTJISIAL CXeMU

OTxe, 32 CXEMOIO OOUYHCIIEHHS
BU3HAYHUKA

a, 4, 4
ay Gy Ay =...
i —_ a3 43y dsg
IIpn 0OYMCIIEHH]1 BU3HAYHUKY
Ay G Gy
BUTTISANY [0 a,, a,; BUKOPHUCTOBYIOTH
0 0 oay _
hopmyity
Bnacmueocmi eu3Ha4YyHuKie 2-20, 3-20 rnopsiokis
1. Skiio psaku BU3HAYHMKA 3aMIHUTH cTOBMHIsIMU | OTXe,
3 THMH )X CAMHMH HOMEpAaMH, TO BU3HAYHUK HE | |g. a, a,
3MIHUTBCS _
a1 dyy Ay =
a; 43, Ay
2. Slkumo nmepecTaBUTH MICUSAMHU J1Ba CycCinHl psaku | OTxe,
(1Ba  CTOBMNI) BH3HAYHMKA, TO HOro B3HAK| g a4, a,
3MIHUTBHCS HA TPOTUIICKHUM _
ay Ay A3 =~
a; 4z, dj;
3. Sxmo Bci emeMeHTH pagka (croBnud) | (o 0 0
BU3HAYHHUKA JIOPIBHIOIOTh HYJIIO, TO BHU3HAYHUK B
- ay Ay Gy =
JOPIBHIOE
a; 43 4z
4. BusHayHHK 3 [BOMa OJHAKOBUMH DAIKAMH | |g . a, a,,
(CTOBMISIMM) TIOP1BHIOE _
ay 4y Ay =
a; 43 4j;




5. ChnulpHUM MHOXHHUK YCIX eleMeHTiB psaka | OTxe,
(cToBmsA)  MOXHA ~ BMUHECTM 3@  3HAY€HHA | |a, ka,, a,
BU3HAYHUKA ay, kay, a,|=k x

ay, kas, as;

6. BusHauHWK, SKMH MICTUTH JBa MPOIOPIIHHI
PAIKH (CTOBIMIN), JIOPIBHIOE

all alZ al3
Aa, Aa, Aa, —
a3l a32 a33

7. Skimo eneMeHTH NEsKOro psjaka (CTOBIIA) €
CYMOIO JIBOX JIOJIaHKIB, TO BU3HAYHUK JIOP1BHIOE

! 14 14 14 14 14
a,ta, a,t+a, a;td;

= +
ay 4y, s
as as) as;
8. Skmo 10 eneMeHTIB OyIp-SKOro psjaka
(cToBmIsl)  BU3HAYHMKA  JOJATH  BIAMOBIAHI
€JIEMEHTH IHILIOTO ps/iKa (CTOBMI), TOMHOXKEHI Ha
OJIHE U T€ caM€ YHUCIIO
ay 4y 4 aytka, a,+ka,, a;+ka,,
— TO 3HAYCHHS BU3HAYHUKA
ayy Gy Ay = ay 4y, ay; |»

a4z dsg as as, Qs

Po3sknadaHHs1 eu3HaYHUKa 3a eJleMeHmamu
008inbHO20 psiOKa Yu cmoenus

JIns1 BU3BHAYHUKA TPETHOTO NOPSIAKY

all a12 a13

A= .
An Gy Gy Otxe, MiHOpoM enementa 423
a;, ds, sy € BU3HAYHUK

Mminopom M, eremenma @;; BU3HAYHHKA M, =

Ha3MBaIOTh BU3HAYHUK, YTBOPEHHH 13 JaHOTO
BU3HAYHHUKA BUKPECIICHHAM I-T'O psiiKa Ta j-TO
CTOBIILA

Hopsinok minopy M, Ha ... MEHIIUH BiX
MOPSIIKY JaHOTO BU3HAYHUKA




JIJiss BU3HAYHUKA TPETHOTO TIOPSIKY
ay 4y 4y
A=la, a,, ay,| aneebpaiuHum 0ONOBHEHHAM

Q3 dzy ds;
A, enemenma a,; Ha3MBAKOTBH HOrO MiHOP M,

MTOMHOYKCHUI Ha (—I)Hj: A.:(—l)HjM,.j

tj

OTtxe, anreOpaiuHum
JIOTIOBHEHHSM €JIEMEHTA a,, €

A= ... X

Teopema Jlannaca. BU3Ha4YHUK NOPIBHIOE CyMl
NOOYTKIB ~ €JIEMEHTIB  JIOBUIBHOTO  psijiKa
(cToBrmIis) Ha iX anreOpaiuHi JOMOBHEHHS

OTtxe, 1J1s1 BU3HAYHUKA
TPETHOTO MOPSAJKY PO3KIAL 3a
€JIEMEHTaMHM NEPIIOro psijiKa
MAa€ BUTISA

A=a X ..+ a,X .. + a;%x ..

Teopema. Cyma N00yTKIB €JIEMEHTIB
JOBUIBHOTO psiika (CTOBIIA) Ha anredOpaiufi
JIOTIOBHEHHS 1THIIOTO PsJKa (CTOBIILS) TOPIBHIOE
HYJIIO

OTxe, 1)1 BU3HAYHUKA
TPETHOTO MOPSIAKY
BUKOHYIOTBCSI TAKA PIBHICTD:

a, X ..ta,x .. +a,x ..=0

Bu3Ha4Huku n-20 nopsioky

Buznaunukom n-20 nopsoky

a, a, In OT)KC,
a, a e a
a, 4, a,, 11 12 n
Ay Gy e Gy,|
a a, .. a,
Ha3UBaIOTh anreOpaiuny cyMy Beix | @ Gua e Ay,

MOXJIMBUX JOOYTKIB, Kl MICTSThH IO OJJHOMY
€JIEMEHTY 3 KOXHOIO0 psjiKa 1 KOXHOTO
CTOBMIIS. 3HAK KOXHOT'O JIOJJaHKa JOPIBHIOE

(-1)', me t — umcno iHBepciii y Apyrux
IHIEKCaX

>

3a Teopemoro Jlammaca Bu3HayHHUK 7-10 | OTXKE, pO3KIad BHU3HAYHUKA 34
MOPAJIKY JOPIBHIOE CyMl TOOYTKIB €J1€MEHTIB | €IEMEHTaMH  MEPIIOro  psiaka
JNOBUIBHOTO  psiaka  (CTOBHOI) Ha  iX | TAaKWM:

anreOpaiyHi JOTMOBHEHHS

a4y e 4y,

Ay Gy e Gy,|

anl anZ ann

= Ay X e A A% e, X

10




BuzHauHuk n-ro MOpAJIKY,
J1aroHaJuIIo

T'OJIOBHOIO

y SIKOTO TiJ
BCl  €JIEMEHTH

JOPIBHIOIOTH HYJIO, € JOOYTKOM €JEMEHTIB

TOJIOBHOI JTlaroHaI1

OTxe,
a4y
0 a,,
0 0

==

[

MepeBipsiEMO roTOBHICTb A0

NMPaKTU4YHOIoO 3aHATTA

4 -3 1
1.1. Enement 4,3 BU3HAUYHUKA 2 3 -2 JIOPIBHIOE
1 2 -1
A b
) 2

a
1.2. BusHayHuk

d JIOPIBHIOE

==" Jrapaiire, KUl 3MIiCT MaIOTbh IHAEKCH €JIEMEHTIB BU3HAUHUKA.

A

b

B

ad + bc

bc —ad

ad —bc

ab—cd

1.3. Buznaute 10JaHOK, SIKOro Opakye y BUpa3l Ajii OOYMCIICHHS BU3HAYHUKA

I 2 -1

== CkopucraiTech NpaBUJIOM 00UUCIICHHs BU3HauHKKa I MOpAIKYy.

2 03 —2/=1-3-142:(=3)- (=) +2:(=2)-4—1(=2) - (-3)=2-2-1 +...

4 -3 1
A b B I
—-12 12 6 -6

~ == Cxopucraiitech paBuoM oOuucieHHs BusHaunuka I nopsaky.

11




14. He BukoHyrwouu OOYHMCIEHb, 3HAWITh 3HAYCHHS  BHU3HAYHUKA
4 -3 1 2 -1
2 3 2|, sKmo Bigomo, mio |2 3 -2|=-5.
1 2 -1 -3 1
A b B r
-5 5 0 1HIIIA BIAIIOBIIL

~ == CkopwucTaiiTech BIACTHBICTIO 2 BM3HAYHMKIB (TYT i Jaii Hymepalis BIacTHBOCTEH
3T1IHO OMOPHOTO KOHCIIEKTY).

I 2 -1
1.5. Bimomo, mo |2 3 —2|=-5. He BukoHywouun oOYHCIEHb, 3HAUAITH
4 -3 1
4 -3 1
3HAYCHHS BU3HA4YHWKA 2 3 2.
4 -3 1
A b B r
-5 5 0 1HIIIa BIATOBIAb
Ckopucraiitech BIaCTHBICTIO 4 BUSHAYHUKIB.
I 2 -1
1.6. Bimomo, mo |2 3 —2|=-5. He BukoHywouun 0OYHCIEHb, 3HAUAITH
4 -3 1
I 2 -1
3HAYCHHS BU3HA4YHMUKA|2 4 2.
4 -3 1
A b B r
-5 5 0 1HIIIA BIJIIOBIIL

3BepHITH yBary Ha Te, 10 €JIEMEHTH JPYTOTro Ta TPEThOTO CTOBIIIIB MPOTOPLIHI Ta
CKOPHUCTaNTECh BIIACTUBICTIO 6 BU3HAYHUKIB.

12




4 -3 1
1.7. 3uaiinite 3HaueHHS Bu3HayHUKa|l0) 3 —2|.
0O 0 -1
A b B r
- 12 12 0 1HIIIA BIJIIOBIIb
—=  CxopucTaiiTech BIACTUBICTIO 9 BU3HAYHHKIB.
I 2 -1
1.8. Minop M,, nnd Bu3HayHuMKa 2 3 —2| IOpIBHIOE:
4 -3
A b B r
2 =2 2 =2 2 -1 2 -1
4 1 4 1 -3 1 -3 1

3ragaiite 10 Ha3UBAETHCS MIHOpOM M i

1 2 -1
1.9. AnreGpaiuHe TOMOBHEHHS A, nns BusHavHnka 2 3 -2 JIOPIBHIOE:
4 -3 1
A b B r
2 =2 2 =2 2 -1 2 -1
4 1 4 1 -3 1 -3 1
3ragaiite 10 HA3UBAETHCS AITEOPATIHUM TOTIOBHEHHSIM A,-j .
1 2 -1
1.10. OGepiTh HePaBUILHUN PO3KIaJ] BU3HAUHUKA|2 3 —2|.
4 -3 1
A b
3a eJIeMEeHTaMH |-To cToBIIA 3a eJIeMeHTaMHu 1-ro psaka
3 - 2 -1 2 -1 3 - 2 =2 2 3
1- +2-(-1) +4- 1- +2-(=1)- +(=1)-
-3 1 -3 1 3 -2 -3 1 4 1 4 -3
B r
3a €JIEMEHTaMHM 2-TO psiaKa 3a eJIeMEHTaMH 2-TO CTOBIIIA
22—13(1)1—1(2)12 2(1)2— 31—1(3)(1)1—1
. + o (— . + — . o (— . + . + — o (— .
-3 1 4 1 4 -3 4 1 4 1 2 =2

13
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- KOPUCTANTECh TEOPEMOIO TMPO PO3KIIAJTaHHS BU3HAYHHMKA 32 CJICMCHTAMH psjKa

(croBmiLst)
. “5
g Bunmocs po3B’a3yBaT TMNOBI 3agadi

sina  cosa

sinf8 cosf3|

1.11. O6uMCITE BUSHAYHUK 2-TO MOPSIAKY
Xio poze'azanus.

Kpox 1. 3actocyiite ns 00YUCIEHHS] BUBHAYHUKA JIPYTOro NOpsaKy

Kpox 2. 3acrocyiiTe 1 CHpOILEHHS pe3yJabTary OOYMCIEHHS
TPUTOHOMETPUYHY TOTOXKHICTD
sin(a¢ — ) =sinacos f —sin fcosc :

Binmosip: sin (o — 8).
3 2 4
1.12. O0uucniTh BU3HAYHUK 32 MPABUJIIOM TpUKyTHUKA |3 —1 1
I 1 3

Xio poze'azanus.

Kpox 1. 3actocyiite 151 00YMCIEHHS CXeMY MpaBUiIa TPUKYTHUKIB:




Kpox 2. Bukonaiite HeoOXxiaH1 apudMeTHUH1 omnepallii HaJl OTPUMaHUMU
JOJTaHKaMHU:

Bignosins: — 44.

1.13. O6uMcCIITE BUSHAYHUK, BUKOPUCTOBYOUYH MOTO BIACTUBOCTI

3 2 4
3 -1 1
I 1 3

Xio poszs'azanns.
[ cnocibo obyucnenns eusHayHUKaA.

Kpox 1. CxopucraiiTech BIIACTUBICTIO: SAKIIO 0 €JIEMEHTIB OYy/b-IKOTO
psnka (CTOBIIS) BU3HAYHMKA JOJATH BIAMOBIIHI €JIEMEHTH IHIIOrO psaKa
(cToBMIIA), MOMHOXKEHI HAa OJHE M T€ caM€ YMCI0, TO 3HAYCHHSI BU3HAYHUKA HE
3MIHUTBCA.

Bing enemenTiB /-20 psnka BIIHATH €IEMEHTH 2-20 PANKA; A0 CIECMEHTIB
2-20 psAliKa 10AaTH €JIEMEHTH 3-20 TIOMHOXKEH1 Ha (-3):

Kpox 2. Po3knaniTe oTpuMaHUN BHU3HAYHUK 3a Teopemoro Jlammaca 3a
€JIEMEHTaMH [-20 CTOBIILIS.

- == Teopema Jlamaca: BH3HAYHHK JOPIBHIOE CyMi HOOYTKIB €JIEMEHTIB JOBLIHHOTO
psiaka (CTOBIIIS) Ha Tx anreOpaiuHi JOITOBHEHHS.
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11 cnocio obuucienns eusHauHuKa.

Kpox 1. Po3kianitTh BU3HAYHUK 3a TeopeMoro Jlamiaca 3a enemMeHTaMu
1-20 psnka.

== Jlng BU3HAYHHMKA TPETHOTO TMOPSIKY PO3KIA/ 3@ €JIEMEHTAMHU TIEPIIOTO PAIKA MAE
BUIVIA: A=a, X ..+ a,%X .. + a;X

Kpox 2. O0uucniTh BU3HAYHUKHU 2-20 TOPSAKY, IO OTpPUMAaHI Mij 4ac
PO3KJIaJIaHHs] BU3HAUHHUKA 3-20 MOPSAJIKY HAa CyMy MHOKHHKIB, 32 (hOPMYJIOIO

G =a,,d,,—ad,,a,,.
117722 12 *"21°
a, a4,

BigmoBias: —44.

1.14. O0uuCHiITh BU3HAUYHUK 4-20 TIOPAJIKY:

1 0 -1 2
1 2 2 0
-1 3 0 2
2 1 -1 3
Xio poszs'azanns.
Kpox 1.

VY BHU3HAQUHHMKY € KUIbKa HYJbOBUX €JIEMEHTIB, MPOTE 3PYy4YHO, KOJIH
HYJIbOB1 €JIEMEHTH MICTATBCA B OJHOMY pSAIKY UM CTOBHOILI. 3poOumo,
HallpUKJIaJ, HYJbOBHUMHM BCl €JIEMEHTH NEepIIOro psjakKa, KpiM M[epuioro
enemeHTa. [l uporo goaamMo A0 TPETHOTO CTOBISA MEPIIWM, MICIS YOro

TMMOMHOXXHUMO €JIEMEHTH IMEPIIOTO CTOBIIIS Ha (—2) 1 104aMO I1X 0 BIAIIOBIIHUX
€JIEMEHTIB YeTBEPTOTO CTOBIIIA. JlicTaHeMo:
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1 0 0 O

. 1 2 -1 2

Kpox 2. Tenep po3kiiaieMO OTPUMAaHHM BHU3HAYHUK L3 1 4
2 1 1 -1

3a eJIeMEHTaMU IEpUIOro psiaKa

|

A.—=. /1 =]
X p &

) A -

L

{
| CE el

tlr]j,l]

2 -1 2
Kpox 3. 3a ponmoMororo mepeTBOPEHb y BU3HA4YHHKY |3 -1 4
1 1 -1

OTPUMAEMO HYJ1 Y APYroMy CTOBIII. {751 IbOTO A0 MEPUIOro 1 APYroro psakiB
o 4ep3l J0AaMo TpeTii psanok. Toi:

~

5}

3 0 3
Kpoxk 4. Po3knagemo yTBopeHunii Bu3HauHuk (4 0 3 | 3a eleMeHTamMu
1 1 -1

npyroro crosmis A= ay, A, =1-(~1)" M,, =...

Bigmosigs: —21.
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—_ DN

Xio poszs'azanns.

Kpox 1.

Puc. 1.2. 300paxkeHHs HOMOTpamMu

Kpox 2.

Buumocs mogentoBaTtu npodecinHy QiANbHICTb
iHXXeHepa

1.15. BukonaiiTe 300pake€HHsI HOMOTPaMHU 3 BUPIBHSIHUMU TOYKaMU Ta 3HAUITh
3HAYECHHS OPJIMHATH OJIHI€ET 3 i1 TOUOK:

3 1
vy 1=0.
7 1

BHUPIBHIHUMH
PIBHSHHS

Homorpamy 3
TOYKaMH  300paxye
2 31

tany|5 y 1j=0, mua Axoro Tpu
1 7 1

TOYKH 3
KOOpAHHATaMu
(2, 3), (5 »), (A, 7) nexatb
onHii mpsamii. s moOyaoBu
300pakeHHs npsIMOi HaM
JOCTaTHRO KOOPAMHAT JBOX TOYOK
(puc. 1.2). VY B dYacTuHI
PIBHSIHHS MM 0a4uUMO BHpa3,

BIIIIOBIIHUMH

Ha

110 MOJIaHO Y BUTJISL/I1 BUBHAYHUKA 3-TO MOPAJIKY.

Ilepepopmynoume ymosy na mamemamuuyny. OOUHUCIITH BU3HAYHUK

2 31
5 y 1
1 7 1
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== Bu3HAYHHK TPETHOTO TOPAAKY |4y @y Gy3| MOKHA OOUUCIHTH 32 NPAGUIOM
a31 a32 Cl33

MPUKYMHUKA.
Kpox 3.

Otpumanuii Bupa3, SKUM 3al€XKUTh B Yy, TPUPIBHANUTE 10 HYIIS.
P03B’sKiTh JIHIMHE PIBHAHHS Ta OOYHCIITH 3HAYECHHS ).

Binmosige: Vv = —9.

/&ﬁ\m\(ﬁ/d Buumocs camMocCTinHO po3B’A3yBaTU 3aBAaHHA
NS
1.16.
1 pisenv ‘ 1l pisenv ‘ 11 pisenw
OO6UMCIHITh BUSHAYHUK 2-20 TIOPSAKY
a) 121 110 a) 2 4 a)  |log,5 -log,16
132 121 % g log,3  log,2
2 2
0) -2 -7 0) 21 3¢ 0) cosx sinx
5 3 4 —t ctgx  1gx
j‘-:‘:' 3acrocoByiiTe (popmMyy /Ul PO3KIAIaHHS BUSHAUHUKA 2-20 TIOPSIKY
1.17.
1 pisenv 11 pisenw 11 pisenw

OO6uuCHiTh BU3HAYHUK | 3HAWAITH JiiicHl KopeHi | JloBeniTh piBHICTD:
3-20 IOPSIKY: PIBHSIHHS:
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1 -1 -3
—2 -1 7
4 -5 -10

a b c¢

2 2 2

a b ¢ |=
3 3 3

a b c

=a-b-c-(b—-a)(c—a)(c—Db)

OOuncIUTH BUSHAYHUK 3-TO MOPSAKY MOXKHA PI3HUMH CIIOCOOAMHU.
1. Meronom 3BeJCHHS A0 TPUKYTHOTO BUIJIALY i3 MOCTIIOBHUM 3aCTOCYBaHHSIM
BJIACTUBOCTEY BU3HAYHUKA.

2. Po3knasaHHsAM BU3HAYHHKA 32 €JI€MEHTaMHU JESKOT0 psKa abo CTOBILIS.
3. 3a npaBUIIOM TPUKYTHHKIB.

1.18.
1 pisenw ‘ 11 pisenw 11 pisenw
OO6UMCHITh BU3HAYHUK:

1 -1 2 3 1 -2 3 1 1 2 -1 2

0 2 1 1 -1 1 -2 5 3 -4 -2 1

0 -3 0 -1 1 -4 1 2 -1 3 -5 2

0 5 0 -2 -1 -2 3 -1 5 -4 2 1

',\1‘, 3BepHITh yBary Ha %, Ha nepuomy ',\1( Ha nepmomy kpori

¥ T€, M0 NEepIIit = /  Kpoui «3pobiTh Hy- ¥ «3po0iTh HyNm» B
ﬁ CTOBIICI[b MICTUTh ér'* q» y mepuomy lﬂ- Oy/b-SIKOMY CTOBII-

TpH HYJIbOBHX CTOBITYMKY BH3HAY- i (pAaKy), BHKO-
eNIEMEHTH, W0  CIPOUIYE | HHKA, BUKOPHCTOBYIOUH | PUCTOBYIOUH BJIACTUBICTB 8.
pO3KJIaJl BU3HAYHHKA. BJIACTHBICTH 8.

1.19.

1 pisenw 11 pisenw 11 pisenw
Cxknanite anrebpaiuni 10- | O0uucniTh BH3HAYHHK, | OOUKCIITh BUSHAYHHK
MOBHEHHS JI0 €JIEMEHTIB | PO3KJIaBIIA HOTro 3a ele- 1 -3 -1 3
a,, a,, a,, BA3HAYHWKA | MEHTaMH IEePIIOro psaKa 1 4 -1 -

— — I 0 -1 2
b= 2 Ly 10 27 20
—4 3 -1 2 -1l 10 -3
11 -8 34 16 -3 0 2
10 -8 8 -1 2 1 -13
Y Cxopucraiitech %, 3pobirk HYIBOBUMH Y CxomGinyitte s
ﬁ /  O3HAuYCHHSIM  ai- 7 /  Bci enemeHTH mep- ﬁ /' oOumcieHHs  3Be-
X< rebpaiuHoro J0- ' IOT0  psZIKa, KpiM ,L" JIEHHS BHU3HAYHHUKA
MOBHEHHSI HEpILOTO eIEMEHTA 70 TPUKYTHOT'O BHT-

TSy Ta PO3KIIa]l BU3HAYHUKA
3a  EeJIEeMEHTaMHu  JIeIKOTrO
psiaka (CTOBIIIIS)
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1.20.

1 pisenw 11 pisenv 1] pisenv

3HaliTh 3HA4YeHHs | 3HAWAIT,  PIBHSHHA | 3a  3aJaHUMHM  TOYKaMU 3
OpJIMHATU OJHIEI 3 | HOMOTpaMU 3 BHUPIB- | BUIMOBIAHUMU  KOOpJMHATaAMU

TOYOK HOMOIPAaMH 3 | HIHUMU TOUYKAMU: CKJIaJ[ITh HOMOTrpamMy (3 BHUKO-
BUPIBHSIHUMH  TOY- 1 3 1 HaHHSIM 300pakeHHs), 3HAUAITH
KaMH: HEBIZIOMY K WHATY X.
a x y 1=0 €BIJIOMY KOOPJIMHATY X

Tpu TOUYKM 3 BIANOBIAHUMH
S 71 KOOpJIMHATaMU JIe)KaTh Ha OJHIMN

2 3 1
>y =0 it (x, 3), (5, -9), (I, 7)

IIpsAMIA (X, ) s — 7))y Uy
5 7 1 P

=)  llepedopmynioiite yMOBYy Ha MaTeMaTWU4Hy: OOYHUCIHITH 3aJaHUN y JIIBIA YacTHHI
44 PIBHSIHHSI BU3HAYHHUK, 3aCTOCOBYIOYH Oy Ib-SIKHIA 3 CTIOCOOIB /IS IIBOTO

Buumocs 3actocoByBatn CAS nig yac
064YnCneHHA BU3HAYHUKIB

i j k
1.21. O0uucnite Bu3HauHvK | 2 0 —1| 3a gonomororo CAS Derive.
-4 1 3

Xio obuucnenusi.
1. Binkpuiite BikHo CAS Derive.
2. 3a ponomororo ontii Autor-Matrix yBeniTh BA3HAYHUK:
— po3Mip BU3HAYHUKA Y BiKHI Matrix Setup,
— YKCJIOBI 3HAYEHHS €JIEMEHTIB PAJKIB 1 CTOBIIIB y BIKHI Author 3x3 matrix;
— HOMEp BHpa3y, Mij IKUM 3allMCaHO BU3HAYHUK.

3. 3a ponoMororw onuli Autor-Expression 00YHCIITh BUBHAYHUK HATHCHYBIIU
S = gl 2
= : 1 T o e S
KHOIIKY )5 £ I 0 2 0.3 () € 1 91 = = QI T T i o e
HIDKHIM YaCTHHI BIKHA TPOTPaMHU.
4. Ilin HaCTyMHUM HOMEpPOM MICJIsi HOMEpY BHpa3y Oyjae OoTpUMaHO BHpa3, L0

BIJIITOBIJA€ YMOBI 3aBJIaHHS.

, IKa 3HaXOAHUTHCA B

1.22. 3HaiinitTh 3HaueHHS KoedilieHTa k pIBHAHHS HOMOTpaMH 3a
nonomororo CAS Mathcad.
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Xio obuucnenusi.
1. Bigkpuiite BikHo CAS Mathcad.
2. 3a nonomoroto omtii /fobasums-Mampuyy BBEIITh BU3HAYHUK:
— pO3Mip BU3HAYHUKA Y BIKHI Bcmaska mampuyst;
— YKCJIOBI 3HAYEHHS €JIEMEHTIB PAJIKIB 1 CTOBMIIB Y MIA0JIOHI, 1O 3 ABUTHCS Y
BIKHI ITPOTPaAMH.
3. 3a pomomoror omiii Cumeoruka—Mampuyvi—Onpedenumens OOYUCTITH
BU3HAYHVIK.
4. Ilin mabnoHOM BH3HAYHUKa Oyjle OTpUMaHO BHpa3, IO BIAMOBIIAE YMOBI
3aBJaHHS.

Tema 2. MATPULI

(6) (Q) Ak noB’A3aHi maTpuui 3
v iH)XeHEe pHOIO NPaKTUKOO

JIBa 3aii300€TOHHUX 3aBOJM BHUIYCKalOTh Bupoou M, N, P BuIloi,
nepmioi ¥ Apyroi kateropii sikocTi. KiIbKICTh BUIMYIIEHUX KOXHUM 3aBOJOM
BUPOOIB 1O KOXHIA Kareropii SKOCTI XapaKTepU3yeEThCS HACTYITHOIO
tabmunero 2.1.

Tabnuus 2.1.

KinbKicTb BUNyweHNX KOXXKHUM 3aBO4OM BUPOOGIB
I'oToB1 BHpOOH

Kareropui AxocTi TEePIIHIT 3aBO] JIPY r'Hil 3aBOJ

M N 2 M N J
‘Buma 150 240 320 280 300 450
ITepma 100 130 175 120 150 170
Jpyra 25 15 20 30 20 18

SAxnii 3aragpbHUN BUITYCK BUPOOIB MO 3a3HAYECHUX KATEropisix sIKOCTI 7
KinbkicTs BUpoOiB, 0 BUMYIIEHI TEPIIMM 3aBOJOM, MOXKHA PO3TIIsIaTh
K €JIEMEHTH TaOIUIl A, a IPYrUM 3aBOJIOM — K €JIEeMEHTH TaOaulll B:
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150 240 320
A=|100 130 175 |,
25 15 20

280 300 450
=120 150 170 |
30 20 18

Tabnuili, K1 3alaHO B TaKOMY BWIJISiIl, HA3UBAIOTh Mampuyamu. Han

MaTpUILSIMU MOKHA BUKOHYBATHU Pi3HI Aii.
Ckiamaroud  BIAIIOBIOH1

CICMCHTHU

3aJlaHUX MaTpHUIlb, OJCPKHUMO

Matpulto C, sika BU3HAYA€ 3arajibHE YHUCIIO BUPOOIB MO 3a3HAYEHUX KATEropisx

150+280 240+300 320+450
akocTl: C=|100+120 130+150 175+170 | =
25+30 15+20 20+18

4

7

430 540 770
220 280 345 |.
55 35 38

e CknapaemMo OonopHUMN KOHCMEKT
Mampuui

Tabnuiro

a, a, a, Otxe, MaTpuLd, IO CKIAJAETHCS 3

P a,, 3x2 umcen a,(i=12,3; j=1,2) Mae
’ BUTJISA

aml amZ amn
0  CKJIAJa€eTbCs 3 mxn YHUCEN A =
a,(i=L2,...,n; j=1,2,..,m),  Ha3HBAIOTh
mampuyero
Yucna 4;; - eremenmu MaTpuui, 1e I BKazye ceey, A J—
JIoOyTOK KUIBKOCTI PSIAKIB Ha KUIBKICTH | OTXKe, ISl MaTpulll
CTOBITYMKIB %" Ha3WBAIOTh PO3MIDOM (an a, aBJ .

- A4 = po3Mip

MaTpuiil ay Ay Ay

KopoTko maTpuiro no3HadarTh TaK:
A:(aijl ac i=ln, j=1,m

Ta 3aMUCYIOTh Y BUTJIS1 TaOIUI

Martpuiito 4 po3Mipy m xn MO3HAYAIOTh
A

mxn

OTmxe, MaTpULIIO

a a,
A= a, a
as as,

II0O3Ha4Yar0Th ...
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Marpuiito, y K01 YUCIO PSAKIB TIOPIBHIOE
YUCITy CTOBMIIIB, HA3UBAIOTb K8AOPAMHOIO

OTxe, KBaipaTHAa MaTpUIlA 3 x3 Mae

BUTJISI 4 =

SIK1o BCl eleMEeHTH MaTpHIll JOPIBHIOKOTH
HYJIIO, TO MATPHUITIO HA3UBAIOTh H)1b0B0I0

OTtxe, HyJIbOBa MaTpULA 3 x3 Mae

BUTJISL A4 =

KBanpatny MaTpUIIIO Ha3UBaIOTh
MPUKYMHOIO, SIKII0O BCl €JIEMEHTH, LIO
po3ramioBaHi  mig  (HaJA) — TOJOBHOIO

JarOHAJII0, JIOPIBHIOIOTH HYJIO, a cepell
TUX, IO 3TUIIWINCS, € HEHYJbOB1

OTxe, TPUKyTHA MaTpULA 3 x3 Mae
ay
BUTJISAT A4 = a

a3

KBagpaTtny Marpuiito, BCl €I€MEHTH SIKOi,
KpIM JiarOHallbHUX, JIOPIBHIOIOTH HYIIIO,
Ha3HUBAIOTh 0id2OHANLHOIO

OTxe, niaroHajibHAa MaTPHILA 3 x 3
Ma€ BUTJIST

ay
A = a
as;
KBagpatny wMarpuito, Bci enemenTH | OTxe, OMMHAYHA MATPHIIST PO3MIpY
TOJIOBHOI JllaroHayil SIKOi  JIOP1BHIOIOTH 1
OJMHMI, a BCl IHII — HYIIO, HA3UBAIOTE | 3.3 vae purysix £ = 1
O0OUHUYHOIO 1
AT a, a, a
Martpwuirro Ha3UBaIOTh R &
. A=|a, a, a
mpancnonosanoro no matpumi A, sxmo | OTKE A0 2 %2 9
a; 4z a4y

.y T :
psanku mMatpumi A € cTOBMIAME MaTpUIi
A, a CTOBIIII — PSAKaMU MaTpuIll 4

TPaHCIIOHOBAHOIO €

A" =

Marpwuirro, sika MICTUTh OJWH CTOBIICIb,

Ha3UBaIOTh 8eKmMop-cmosnyem Ta
al
. a,
3aMHUCYIOTh Y BUIIIS1 A =
a

OTxe BEeKTOP-CTOBIIEIH PO3MIPY
3x1 3anucyroTh Y BUTJISI1
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Marpuito, ska MICTUTh OJUH PSIOK,
Ha3UBAIOTh 6eKMOP-PSOKOM Ta 3aMUCYIOTh

OTxe BEeKTOp-pAI0OK po3Mipy 1x3
3aMUCYIOTh Y BUTJISI

yeurnani A=( a, a, a,)
4=( )
Bynb-sikiii kBagpaTHIA MaTpuili
ay a4y a,
A= ay A4y a,
anl anZ ann det(A):

MOHA MTOCTABUTH Y BIAMOBIHICTh
Bu3HauHUK det(4) (a6o A(4))

Kpanparay matpumio 4 HaszuBaoTh
HeBUPO0OIICeHOo0, KO i1 BU3SHAYHUK

eoe

Sxmio det(A) =0, o matpumro 4
Ha3MBAIOTh

eoe

JliHitGHI onepauii Ha@ mampuuysmu
ma onepauisi MHOXXeHHs1 Mampuuyi Ha Mampuuyro

Cymoro MaTpullb 4 1 B oHaKOBUX PO3MIpiB
€ Mmatputis A + B Toro >k camoro po3mipy,
KOXKEH €JIEMEHT SIKOi € CyMOIO BIATIOBITHUX
ejaeMeHTiB MaTpullb 4 1 B, TOOTO AKIIO TO

b21
b22

S >

2n

b

amZ bm2 mn

A+B=

Jlobymxom A1iCHOTO yuciaa A Ha MaTPHUIIIO €
MaTpuls, KOXKEH €JIEMEHT K01 € I00yTKOM
I[bOT'0 YKCIIa HA BIAMOBIAHI €JIEMEHTH
MaTpHulii, TOOTO SIKILIO TO

ay  dp
A= ay, a,, ’

aml amZ

AA =

Pi3HuIt0 MaTpuip 4 — B OJIHAKOBUX
PO3MIpIB BU3HAYAIOTh SIK CyMy MaTpulli 4 1
MaTpulll B, IOMHOXEHOT Ha —1:
A-B=A+(~1)-B, TOOTO AKIIO

TO
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Martpuui 4 1 B (TyT 4- nepwa matpuus, B

- opyza MaTpHIIS) HA3UBAIOTh
V32000iCeHuMy, SIKIIO KUIbKICTh CTOBMIIIB
MaTpHuiii A JIOPIBHIOE KUIBKOCTI

psAIKIB MaTpuil B

Otrxe, 10 MaTpulll 4 PO3MIpPIB
2x3  y3romkKeHOW MOXke OyTH
MaTpHIld B PO3MIpoM 3x ...

Jlobymxom wmaTpHili A Ha MaTPUINO B,

PO3MIPH SIKUX 2x3 1 3x2 BIANOBIAHO, AJIA
(an ay anj b b

A= , B=|by by |,

b31 b32

Ha3uBawTh MaTpulilo C = AB po3mipy

coe, He C =

Skmo A 1B — matpuiii 0JHAKOBOTO
po3Mipy, TO A+ B=

eoe

SIkmo 4 - marpurid, «,  — DOBUIbHI
craii, To (a + f)A=

eoe

SIkmo A4 - matpuiid, «, B — JOBUIbHI
crai, To o(fA4)=

eoe

Skmo 4, B, C - matpuiii, 1e C — MaTpuIls
y3romkeHa3 A1 B, To
(4+B)C=

eoe

SIko A4 - maTpuit Ta A - TpaHCIIOHOBaHA
T

10 Hed, To (AT)

eee

Skmo 4, B, C - matpuiii, 1e C — MaTpuIls
TOrO X po3Mipy, mo 415,
TO A+ (B + C):

eoe

Skmo A 1 B — maTpuIll OIHAKOBOT'O PO3MIPY,
Q' — noBinbHA CTANA, TO

a(A + B): cee
Axmo 4 1 B — y3romxeni Matpuui, & —
NOBiTbHA CTaNa, 10 (0d)B=

ko A, B 1 C — y3roji>keHi MaTpuill ,
T0(4 B) C=

eoe

Skmo A 1 B — maTpuIll 0IHAKOBOT'O PO3MIPY,
10 (4+B)" =

eeoe
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ko A 1 B — y3rojpKkeHi MaTpuiii,
10 (4-B) =

eoe

ko A 1 E (0OIMHUYHA) — y3TOJIKEH]1
ManI/H—Iia TO Amxn .Enxn =

eeoe

O6epHeHa Mmampuuysi

-1 . o
Oo0epHena matpuist 4 iICHY€E TUTBKH

JJISI KOJKHOT

eoe

MaTpuli 4

SIK1110 BUKOHYIOTHCSI pIBHOCTI
A" A=4-A" =E, ne E — oIVMHUYHA
MaTpHulis, TOro X po3Mipy, o i 4, To

-1
MaTpUIlo 4 Ha3UBAKOTH ...

JI0 MaTpUIll A

TpancnoHoBaHa MaTpHIls, IO CKIAJAETHCT
3 anreOpaiyHUX JOMOBHEHb A, JIO

y
BiMOBinHUX eneMeHTiB % MaTpHIll 10
MaTpHIII
a4 a4y
A=|a, a,, a, |maeBUrIAL
a3 dzp Ay

O6epHeHy MaTpuIio 4 10 MaTpHILi
ay  Qp Ay

A= ) 4y Ay

a3 Q3 ds; A_lzl
3HaXOJATh 32 (HOPMYJIIOIO
Mampud4Hi pi@HsIHHS
MarpuyHe piBHSIHHS
all alZ a13 xl bl
a, 4, 4y X = bz , A€ -
a31 a32 a33 x3 b3
all alZ a13
A=|a, a, a, - HEBUPOJIKEHA
a31 a32 a33

matpuusd, a X =|x,|, B=|b, -
b

BEKTOPHU-CTOBIIII MOXe€ OyTH
3alMCaHo y BUTIIAI

eoe
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Po3B’s13aTu MaTpuuHe piBHSIHHS AX =8B, 1€
A 1 B — BigoMi MaTpuIli,03Haua€e

3HANTH HEB1IOMY MaTPHUIIIO ..., IO
3aJI0BOJILHSE 11€ MATPUUYHE
PIBHSHHS

Po3B’s130k MaTpU4YHOTO PIBHSIHHS AX =B ,
ne A 1 B — Bigomi MaTpulll, 3HaAXOJATh 3a
dhopmyIioro

PaH2 mam

BusznayHUK NOPSAAKY &, CKIAJEHUN 3

€JIEMEHTIB, 1110 CTOSITh HA MEePETUHI1

BHJIIJICHUX PSAJIKIB 1 CTOBIIIIIB,
Ha3UBaIOTh

k -TO pSAKY MaTpuill A

Haitbinpiuii mopsioK BIIMIHHOTO Bij
HYJISI MIHOPY MaTpUIll HA3UBAIOTh

MatpuIll 4 11m03HA4YaI0Th

PaHr HyJ150BO1 MaTpHIll TOPIBHIOE

MiHop, TOPSIIOK SIKOTO BU3HAYAE PAHT
MaTpHulli, HA3UBAIOTh

eoe

Panr marpuiii MOKHA 3HaXOAUTH TakK.
Skiio B Matpuiri
aln

%20 | 3HAWIEHO

a,, a

BIJIMIHHUU BiJ] HYJII MIHOD:

1) 2-ro mnopsaky, a MIHOPU HOPAIKY
BUINE2 -TO  JIOPIBHIOIOTH HYIIO, TO PaHT
MaTpHIII

2) k-ro mOpsIKYy, TO PaHT MaTpuIli

3) k-ro mopsaaky Ta Bci MiHopu (k+1)-To
MOPSAZIKY JTOPIBHIOIOTH HYIIO, TO paHT
MaTpHII

4) (k+1)-ro HOpsAKy, TO IEPEeXOAiThb 0
JIOCJI1JI>KEHHSI MIHOP1B

1) nopiBHIOE

oo

eoe

2) He MEHIINI

oo

eoe

3) nopiBHIOE

oo

eoe

eoe

4) nopsaky

Panr matpuiii He 3MIHUTHCS, SAKIIO HAaJ
HEI0 BUKOHATHU eleMeHmapHi
nepemeopenHs, a came:

1) nepecTaBUTU MiCISAMHU

L N ] ;
2) IOMHOXUTH KOXHUH EJIEMEHT
LN ] 9
3)qomaTu 10 €JIEMEHTIB psjaKa
(cToBIIIIs) e ;
4) BUKPECIUTH ...
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[

MepeBipsiEMO roTOBHICTb A0

NMPaKTU4YHOIoO 3aHATTA

1 2 -3 -1
2.1. EneMeHT @, CyMH MaTpHlb ( jq{ . 2) JIOPIBHIOE
A b B r
0 2 -2 1HIIIA BIJIIOBIIb

== CxopwucTaiiTecss 03HaYE€HHSIM CYyMH JBOX MATPUIIb.

1 2 -3 -1
2.2. EnemMeHT a,, pi3HULI MaTpUILlb ( . 3] —( . 2] JOPIBHIOE:
A b B I
1 5 -1 1HIIIA BIAIIOBIIH
= Ckopucraiitecst 03Ha4eHHSM PI3HUIII TBOX MATPHIIb.
1 1 1
2.3.Marpunsgs A=3-| 2 2 2 | 1OpIBHIOE:
-1 -1 -1
A b B I
3 3 3 3 1 1 3 3 3 1HIIA BIAMOB1Ib
2 2 2 6 2 2 6 6 6
-1 -1 -1 -3 -1 -1 -3 -3 -3

- == CkopucraiiTecs 03HaueHHsAM H00YTKY MaTpHIL Ha YUCIIO.

2.4. EnemeHT c,; 100yTKy 1BOX MaTpullb C=AB NOpIBHIOE:

A

b

B

noOyTKy  BIAIMO-
BIJHUX €JIEMEHTIB
Matpuib 4 1 B

cyMi J00YTKIB BilI-
TIOBIHMX ~ CJIEMCHTIB
2-T0 CTOBOI MaT-
pui A 1 340 psjika
Marputi B

cyMi J00YTKIB BilI-
TIOBITHAX ~ €JIEMEHTIB
2-r0 psiika MaTpHIIi
A 1 3-ro croBHIA
Marpuiii B

1HIIIA BIAIIOBIIb

~ == CkopucralTecs 03HAYEHHAM JOOYTKY JBOX MATPUIIb.
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1 2) (-3 -1
2.5. EnemeHT a, n0oOyTKy IBOX MaTpHIlb ( . 3]( . 2) TOPIBHIOE:

A b B I

-1-(=3)+3-1 1-(-D+2-(-2) —1-1 1HIIIA BiMOBIIb

- == CxopucraiTecs 03Ha4eHHAM HOOYTKY ABOX MATPHIIb.

2.6. Po3B’s130K MaTpuyHOTO piBHIHHSA AX=B 3HaX0aUThCs 32 POPMYIIOLO:

A b B r

B . ) )
X :Z X=B-4" X=A4"B IHIIIA BIIIIOBIIH

- == CxopucraiTech GOpMYIIOI0 IJIs PO3BA3KY MATPHIHOTO PIBHIHHI AX=B.

2 -1
2.7. 11 A=Y Pl c<[ Y Y ) b2l 0
ol e HHMaTI/II) = N = 5 = ) — —
P 2 1 3 13 0 )

00epiTh HEMPABUIIbHE TBEPIKECHHS:

A b B I

A1D nHey3romkeHi A 1 B y3roxeHi B1Cueyzromkeni C 1 A y3rojikeHi

Ckopucraiitech 03Ha4E€HHSAM y3rO/DKEHUX MaTpHULb.

2.8. JIoOyTKOM MaTpuIlh 4, - B,, € MaTPHIISI PO3MIPOM:

A b B I

2x4 3x3 3x4 2x%3

- == CxopucraiTech 03HAYECHHAM JOOYTKY IBOX MATPHIIb.

2.9. J1oOyTKOM BEKTOpa-psiika 3 JBOX €JIEMEHTIB Ha BEKTOP-CTOBIELH 3 JBOX
€JIEMEHTIB €

A b B I
BEKTOP-PSAIOK 3 BEKTOP-CTOBIIELID 3 MaTpHIS : : :
: . ) 1HIIA BIATIOB1Ib
JIBOX €JICMEHTIB JIBOX €JIEMEHTIB po3MipoM 2 x 2

~ == (Ckopucraiitech 03Ha4eHHAM J0OYTKY IBOX MATPHIb.
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2.10. JIoOyTKOM BEKTOpa-CTOBIIIS 3 JBOX €JIEMEHTIB Ha BEKTOP-PSIOK 3 JIBOX

€JIEMEHTIB €

A b B I
BEKTOP-PSAIOK 3 BEKTOP-CTOBIIELID 3 MaTpPHIS : : :

P-pANOK P b AThuH 1HIIA BIATIOB1Ib
JIBOX €JICMEHTIB JIBOX €JIEMEHTIB po3MipoM 2 x 2

CkopucraiiTech 03Ha4eHHSM J100yTKY IBOX MaTpPHUIIb.

2.11. OgquHUYHA MATPHULIS PO3MIPY 3 x 3 MA€ BUTIIS:

A b B I
I 1T 1 I 1T 1 1 0 0 0 0 1
I 1T 1 0 I 1 0 1 O 010
I 1T 1 0 0 1 0 0 1 1 00

Ckopucraiitech 0O3Ha4eHHSM OJIMHUYHOI MATPHIII.

2.12. Sxmo det(A4) =2, To det(A™") mopiBHIOE:

A

b

B

I

0,5

2

—2

1HIIIA BIAIIOBIIb

CkopucTaiiTech BIaCTUBOCTSIMH 00E€pPHEHOT MaTPHIIi.

1 2 -1
2.13. BuzHauits panr mMatpuui |0 -3 2
0 0 O
A b B I
1 2 3 1HIIIA BIAIIOBIIL

Ii€T MaTPUIILL.

Paneom mampuyi Ha3uBaOTh HAMOUTBIIMK TOPSIOK BIAMIHHOTO BiA HYNS MiHOpa

1 -1 1
2.14. Bu3Ha4iTh paHTr MaTpHUIl :
P P (0 3 —2]
A b B r
1 2 3 1HIIIA BIJIIOBIIL
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1 1 =2
2.15. BuzHauith panr matpuii |0 -2 5
0O 0 5

b B I
2 3 1HIIa BIAMOBIIb

<

Buumocs po3B’sisyBaTh TUNOBI 3agadi

-1 0 2 2 4 1
2.16. O0uucniTh 3HayeHHs Bupazy 4-| 3 -2 5(-3-/-1 0 5
1 2 3 -1 3 2

Xio po3e 'sa3anHs.

Kpox 1. BukoHalite MHO>KEHHSI MEpIIOi MAaTpHIll Ha 4, a ApyToi Ha 3.

~—=" CkopucTaiiTech 03HAYEHHAM NO0OYTKY MaTPUILi HA YKUCIO: 00OYMKOM OiliCH020 YUCId
A Ha mampuyro € MAaTPHILL, KOXKCH €IEMEHT 5KOI € T0GYTKOM IBOr0 YHCiIa Ha BiMOBiTHI
€JIEMEHTH MaTpHIIL.

Kpox 2. O0UUCHITh PI3HUII0O OTPUMAHUX MATPHUILb.
L U ) AR G2

128 20|—-3 0 15|=
N 4 =31 9T=h

. CkopucraiiTech TpaBUIOM OOYMCIIEHHS PI3HUII JBOX MAaTPHLb: pi3HUYA 080X
Mampuysb TOPIBHIOE MATPUIll €IEMEHTH SKO1 JOPIBHIOIOTh PI3HMII BIAMOBITHUX €JIIEMEHTIB
MaTpUIi-3MEHIITYBaHOTO Ta MAaTPUILIi-Bi1’EMHHUKA.
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-10 -12 5
BigmoBigs:| 15 -8 5
7 -1 18

2.17. OO6uuncniTh n00yTOK MaTpHIb AB, AKIIO
1 0 2 1 3

A=|-1 2 3 |,B=|2
1 4 3 -1 5

Xio po3e ’si3annsl.

Kpox 1. BusHaurte po3mip MaTpUllb Ta 3’ SICYHTE YU € BOHU Y3TOJKEHUMHU.

PosmipHicTs MaTpuii 4:

O
—=" Po3mipom MaTpHIll HA3UBAETHCS Mapa YUCEN mXn, e m - KUIBKICTh PAIKIB, a 1 -
KUTBKICTh CTOBIII[IB MaTPHIII.

Kpox 2. Busnaure po3mip matpuii 4B

~)

I\ /
00ymKom Mat [)I/H_Ii 1 Ha MaT[)I/II_IIOB € MaTpuUuIs C
y [mlxn n{k] mxk

Kpox 3. O6uncinith e1eMeHTH MaTpUlli-T00yTKY.

G T e ) T e e

S - GEGEGE GF OF OF 5 OF OF OF OF OF OF OF P S 5T

[
I

K
[l

D

Enemenr a; marpuui AB JOpIBHIOE CyMi JOOYTKIB BIANIOBIIHUX €JIEMEHTIB i -OT0
psiika MaTHpUI A Ta j -Oro CTOBIIIS MaTpHli B.

Kpox 4. 3anuiite oTpuMany MaTpuio AB.
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3 -7
Bigmosios: | 0 12
12 -12

1
2.18. 3uaiigits f(A), skmo 4= ( J , f(x)=x"+2x-5.

5 2

Xio po3e ’si3annsl.

Kpox 1. Cxnanite Bupa3 f(A), 3HaUeHHS SIKOTO HEOOXiTHO OOUMCIUTH.

=" Skmo f(x)=ax"+ax"" +..+a, x+a,, T0 15 Oynb-AK0T KBaAPATHOT MaTpHILi A
f(A)=a,A" +a,A"" +..+a, A+a,E, ne E — onMHUYHA MaTpHIs TOTO * PO3MIpy, 1O if

Matpuus 4.

Kpox 2. O6uncniTh 3Ha4€HHsI OTPUMAHOIO BUPA3y 3a AISIMU.

. JEREE ER e e

b4

22

3 s

49 £

—
S
)

_ _ 3 1}
BiamoBias: .

5 8
1 0 1
2.19. 3HaiiaiTe 00epHEHY MaTpuLto 10 MaTpuui | 2 —1 1 | Ta BUKOHaiiTe
3 2 4
NEPEBIPKY.
Xio po3e ’si3anns.
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Kpox 1. 3Haii1iTh BUSHAYHUK MaTpuULl A.

Kpox 2. Ockinbku det(A4)=1#0, To matpuiist A — HEBUPOKEHA, TOOTO
Mae oOepHeHy. 3HaliTh anreOpaiuni JONOBHEHHS A; 10 €IEMEHTIB MaTpuili 4.

S ..41.:5 == R 1 1 O O T O

CY Yy 1 i i
Ve L O O O O

= Aneebpaiunum Oonoenennam A;; eremenma a,; Ha3MBaKOTh Horo miHop M,
. i+j i+j
nomuoxenuii va (—1)"": A, =(—l) M,,.
Ha3UBaIOTh BU3HAYHMK, YTBOPEHHH 13 JaHOTO BU3HAYHUKA BUKPECIEHHSM i-T0 psKa Ta j-ro
CTOBIIIAL.

Minopom M, ; eremenma a;; BU3HaYHHUKA

Kpox 3. 3anumite MaTpuiio A .
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—=  Ckopucraiitech GopMyIIoI0 s 3HAXOKEHHSI 00CpHEHOT MaTPHIIL:

1 A11 AZI A31
o= det(A). A12 Azz A32
A13 A23 A33

0

o . . . 1
— CKOpI/ICTaI/ITCCB O3HAYCHHAM MaTpHUIll, O6CpHeH01 A0 MaTpuil A: MaTpulro A

HA3HBAIOTb 06epHeH0I0 10 MATPUL A, K10 BUKOHYThes pibHocti A- A = A" A=E | ne
E — ogvHUYHA MaTPUIISL TOTO XK pO3MIpY, 0 i A.
-6 2 1
Bignosigs: 4" =| -5 1 1
7 -2 -1
-2
. : 3 2
2.20. Po3B’s1K1Th MaTpU4HE PIBHSIHHA X - s =| 1 0
12 -10
Xio po3e ’si3annsl.
3 -2 o2
Kpok 1. Tlodnaunmo 4= (5 ], B=|1 0 |. Y takomy BUNAAKY
12 -10

[I0/IaHEe MaTPUYHE PIBHSAHHS 3anuIIeThes sIK XA=B. BupasiTe 3 1bOro piBHAHHSA
Matpunro X.

Kpox 2. 3HaiinitTh MaTpUILO A,
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= Ckopucraiitech GopMyII0I0 JJs 3HAXOHKEHHSI 00CpHEHOT MaTPHIIL:

A11 A21 A31
A= det(A). A12 Azz A32
A13 A23 A33

== Enemenr a; marpuui 4B JOpIBHIOE CyMi NOOYTKIB BIANOBIIHUX €JIEMEHTIB i -OT0

psiika MaTHpUI A Ta j -Oro CTOBIIISA MaTpHlli B.

1 0
Binnmosine: X =| 2 —1].
-1 3
1 3 5 -1
2.21. 3HaliaiTh paHT MaTpPHIIL 2 _11 _i j
7 7 9 1

Xio po3e ’si3annsl.

BukoHyr0UM e1eMeHTapH1 IepeTBOPEHHS MaTPHUIIl, 3BEIITh MAaTPHULO 10
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BUTJISITY, KOJIU BCl ii €JIeMEHTH, IO CTOSTh i TOJOBHOI JlarOHaJIIIO
JOpiBHIOIOTH 0.

Kpox 1. Ing uporo apyruut psaok JOJaUTe 10 TPETHOTO.
Kpox 2. Tlepumii psimok moMHOKeHHH Ha (—2) gomaiite 10 Ipyroro.
Kpox 3. Tperiii psinok, momHoxeHMi Ha (—1) momaiite mo yetBepToro.

Kpox 4. [Ipyruii pAIok 10JaiTe 10 YETBEPTOTO.

E ] 7 - e | : i
L RN (=2}
i 1 }
:’ki
= . . - =Ty
4 1
i L F) - B =
, p =
§ 5 =
| e = 1 =
Hy e o
k q H H -
i i iy
0 —1 1
e e Fa i
s Sis S ] e u L% =+

Kpox 5. Tlepmmii psaok noMHOXKTE Ha (7).
Kpox 6. Tpertiii psaok nogaiTe 10 NEPILIOTO.

Kpox 7. Ipyruii psaok moMHOXTe Ha (—3) Ta 1omaiTe 10 MepIioro.
Kpox 8. Bukpecnntb HyJIbOBHU PANOK.

Kpox 9. IlomiHsiTe MICUSAMHU NEPIINIA Ta IPYTHI PSIOK.

Kpox 10. IloMiHsiTe MICLISIMU TPETIiil Ta YETBEPTUI CTOBMELb.

1 h - o
1 b 1\ =)
i vl 1 &
LY, L e
| £,
- 1 i
s s Fet
i 18 it
3
; -
¥ fa) b t
\
s |
& . R
A i ] —2 11
'-‘-J an il L 3 ﬂ ¥ o fy
Y Y
( 0 - (
LI

Kpox 11. OGuuciniTh BHU3HAYHHUK TPETHOTO TOPSAIKY, CKIQJACHHUU 3
€JIEMEHTIB, 1110 CTOSATh HA MEPETUHI NEPIIUX TPhOX PSAKIB 1 CTOBILIB OCTaHHBOI
MaTpHIIi.
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- 3acrocyiiTe IJIsi OOYMCICHHS TPAaBWIO OOYMCIICHHS BU3HAYHUKIB, IO MAaOTh
TPUKYTHUU BU:
a, 4, 4
0 ay ay|=a,-ay,- a;.
0 0 a,

Kpoxk 12. BusHauuTh paHr MaTPHIIL.

o

0

—=  CkopucraiiTech 03HaUCHHSM PaHTy MATPULIL: paH2eoM Mampuyi Ha3UBAIOTh
HaOUIBIINI MOPAIOK BIIMIHHOTO Bil HYJIsI MiHOpA I1i€T MaTpHILi.

Bigmosins: r(A4)=3.

Bunmocsa mogentoBatu npodecinHy AisnbHICTb
iHXXeHepa

2.22. 3a 3amanoro tabmuuero 2.2 «Burparu-sunyck HKM3» BusHaute, Skumu
MaloTh OyTH TpPYAOBI pecypcd Ta piBHI BHUITyCKiB MPOAYKLII y KOXHOMY
BUpOOHHYOMY cekTopi (/-I[), SKIIO TPUIYCKAETHCS B HACTYMHOMY TEpMiHi
cnokutu 50 muc. m TPOAYKIi MeTameBoro mexy, /0 muc. MamuH Ta
BUHANHATH 60 poOITHUKIB.

Tabnuys 2.2.
Butpatu — Bunyck HKM3
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Xio poszs'azanns.

Kpok 1. llepedopmymrolite yMOBY Ha MareMatuuHy. lIpoananizyiite
YMOBY, 3’ICYHTE€ SIK CKIJIaJIa€ThCi M 3aCTOCOBYETbCS MOJenb JIeoHTheBa Ta

BBE/(ITh MO3HA4YaHHs X;- BAJIOBUI 00’€M NpPOAYKLII, V; - KIHIEBUN MPOIYKT.
Busznaute enemenTu Matpulli 4 sk KoeQillieHTH NMPAMUX MaTepiailbHUX BUTPAT,
Kl XapaKTepU3yIOTh KUIbKICTh MPOAYKTY I, IO BUKOPUCTOBYETHCS IiJ 4Yac
BUPOOHUIITBA OJIMHUIII MPOAYKIUi j. [ HbOTro CKOPUCTAEMOCH MPOIO3UIIIEID
PO TPOMOPLIAHY 3aJEKHICTh MDK BUTpaTaMH Ta 00’€éMaMu BHPOOHUIITBA

X; =a;x;, ne X;- 00’eM NMPOAYKLIi i-TOI rajysl, IO CIIOKUBAETHCA j-TOK y

npoiieci BUPOOHUIITBA.

X,
T=="" Jlna cknanaHHsa Matpuii A Heo6XixHOo o6unciuTH ii enementu i zx_]
J
Toni:
X;j 8 4 10 1 6 1 6 3
aij:_: a”:—:—; 021:_:_; a31:—:—; a12:_:_;
X; 30 15 30 3 30 5 40 20
2 At 414 141
240 2007 40 100 P 60 157 * 60 157 % 60 15
Cxkrnamaemo matpuiio A:
Bt 4=

Kpox 2.
[lepeBipTe NpOAYKTUBHICTH MaTpulli A.

- ExOHOMIUHUH 3MICT TPOAYKTHBHOCTI TOJSIra€ B HACTYIHOMY: MAaTpHLA
A > 0 mponyKTHUBHA, SIKIIO iICHY€ TaKWH IUIaH BHITYCKY HPOAYKIIiI, 110 KOKHHUI 00’€KT Mae

MO>KJIMBICTh BUPOOUTH NIESKY 11 KITBKICTb.

[MponykTuBHICTH MaTpumi 4> 0 € HEOOXITHOIO ¥ OCTATHHOIO YMOBOKO ICHYBAaHHS,
OJIMHUYHOCTI ¥ HEBIJ’€MHOCTI po3B’si3KiB cuctemu piBHsiHb (E — A)X =Y , sike npu Oynb-

AKOMy HeBim’emMHoMmy Y, MokHa 3anucatdy Buriasai X = (E — A)_IY , e A — matpuis
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50
KoeQillieHTIB NpsIMHUX MartepianbHUX BUTpar, Y =| 70| — MaTrpuis HOBOTO KIHIIEBOTO
60
OPOAYKTY, X —MaTpullsd 00’ €MiB BaOBOI IPOIYKIII.
Jlana Teopema mokasye, 1o MpHu po3paxyHKy IUIaHy 1Mo OanaHcoBii MOzei HEOOXiTHO
3a3/1aNerib 3HaTH, YU € TEXHOJIOTIYHA MaTpHIsl 4 IPOIYKTHBHOIO.

[IpogyKTHBHICTH MaTPHIi IEPEBIPAETHCSA B YOTHUPH €TAIIH.
1. 3HaveHHs yCiX eeMEHTH TOJIOBHOI JAiaroHaii MeHIe /.

a,<1l; a, <l a,;, <l1.
2. 1oOyTKH CUMETPUYHHUX BiNMOBITHUX EIEMEHTIB a; - a,; MeHIe OJIMHHAII.

3. CyMu eneMeHTiB, 110 3HAXOAATHCS B OJHOMY PSAIKY MEHIIE OJUHMILIL.
4. Hopwma marpuili, OI0 CHIBIaJa€ 3 MAKCUMaJIbHUM 3HAUYEHHSIM CyM €JIEMEHTIB, IO
3HAXOAATHCS B OJHOMY PSIIKY MEHIIIE OJIMHUIIIL.

[lepeBipsieMO NPOIYKTUBHICTh MATPUILL:

el as =i <bha; =<k
2)
G K=k R g K g e L Gy Xy = i X <L
L N BLS VELS  IBaSEBTIRBRE LT Gttty =<k
T I
4) Hopma  marpumi A ( H AH —  MOIyJb  3HAYECHHS
BI/ISHa‘—IHI/IKa)IHAH=maX{ e e f = o <L

ToOto, MaTpuist A TPOAYKTHUBHA 1 JUisl OYyJlb-KOT MaTpHIll KiHIIEBOTO

MPOAYKTY Y ICHye MaTpullsi BaJOBUX BHUIYCKIB X, sKa 3aJ0BOJIbHSIE

MaTpUYHOMY PpIBHAHHIO X =AX +Y. lle pIBHAHHA 3anuIIeMO Yy BUIVIAI
(E- A)X =Y.

Kpox 3. Jlns Ttoro, mo0 po3B’s3aTH OCTAaHHE PIBHSAHHS, 3HAWIITH
marpumio £ — A.

Pizauio marpunp E — 4 BU3HA4YalOTh SIK cyMy MaTtpuui E 1 marpumi 4,
HNOMHOXEHOi Ha —1: E— 4 :E+(—l)-A.
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Kpoxk 4. O6uncnoeMo BU3HAYHUK MaTpULl E — 4.

—=  BwusHauHuK Marpumi 3-2o0 MOPSIKY MOXKe OyTH OOYMCICHHH 3a BU3HAUYEHHSM:
3HaueHHs BUpas3y

a;, dp dp
Ay Qyy  Ay3|=0) Ay Q33T Ay, Ay3 Ay TA1305, 055 =013 0y, Ay — Ay Ays A3y — Ay Ay sy
as;  dz; dzg

HA3UBAIOTh GU3HAYHUKOM MPEMb0o20 NOPAOKY

Kpox 5. Ockinbku |E-A|#0, po3B'I30K PIiBHAHHA (E-—A)X =Y MOXXHa

-1
sHaiiTn 3a Qopmynorw X =(E—-A)"'-Y. Jlng moOymoBd MaTpuii (E—4)

o0umncoeMo anreOpaidHi JONOBHEHHS MaTpull (E — A).

0

= Aneebpaiunum Oonoenennsam A;; eremenma a,; Ha3MBaKOTh Horo miHop M,

nomuosxernit na (—1)"7: A4, =(-1)""M,,. Minopom M, erevenma a,; Bu3HadHHKA
HA3MBAIOTh BU3HAYHUK, YTBOPEHHUI i3 JAHOTO BU3HAYHMKA BUKPECICHHSAM i-I0 psilKa Ta j-I'O

CTOBIIIIS.

Kpox 6.

Cknagite wmatpuio C 3  anreOpaiyHuUX JIONOBHEHb A,

;» TPUYIOMY
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anreOpaiyHl JIOMOBHEHHSI PAJIKIB 3alHMCYEMO B CTOBIMUUKHU (TPAHCIIOHYBaHHS
MaTpHuiii).

Ay
C= A12 Azz A32 =
A13 Az3 A33

_— - - T . .
==~ Marpumo 4" Ha3zuBaIOTL Mparcnono6anol0 1O MATPHILL A , SKIIO PAIKU MATPHUII
A" e croBrmAMu MaTpuIli A, a CTOBII — PAAKAME MATPUI A .

Kpox 7.

3HaiIiTE MaTpUIo (E—A)™ .

(E=4) "=

=" OGepHeHy MaTPHIIIO 3HAXOATH 32 hopmyrnoto (E — A)™ = |E : Al “

Kpox 8.
OOuucnite 00’eMH BanoOBOi MNPOAYKLilI X, NOMHOXYKYU MAaTPUIIO

(E - A)”' Ha MaTPHIIFO HOBOT'O KiHIIEBOTO MPOAYKTY Y .

=" Hobymrxom warpuui (E—A)"' poswipy 3x3 ma marpumo Y posmipy 3x1 e

matpuns X =(E— A)™ Y posmipy 3x1, y sKkoi enemeHT X; € CyMOIO T00YTKIB €JIEMEHTIB
i-ro pamka wmarpuni  (E—A)"  Ha BignoBigHi emeMeHTM  j-TO  CTOBMIA

matpui Y .

BianoBigs: Ay 3aJ0BOJICHHST HOBUX TIOKA3HHUKIB MOMUTY HEOOXiMHO Oyne
BUpOOUTH Aech /01 muc. m. IpOAYKIlii METaIeBOro uexy, //6 muc. MaluH Ta
HalHATH 98 pOOITHUKIB.
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Buumocsa camocCTinHO po3B’A3yBaTH

2.23.
1 pisenw ‘ 11 pisenw ‘ 11 pisenw
3naiaiTe Matpuiito C:
C=A4"-BE
C=3B-4"
4 —| =
(61 -3 A= ) 02 fj A== 0 1L
B= 73 B=|3 _2 P
=\ s 1 4 = . B=-1 -2 3|
4 -3 31 0
yw A" - TpancnonoBa- g Y JlaHOMY BHTIATIKy
- /' Ha 10 MaTpuLi A. (f 1 00
8 fgf E=[0 1 0.
0 0 1
2.24.
1 pisenw ‘ 1l pisenv ‘ 11 pisenw
3HalaiTh 100yTKU AB Ta BA, SIKIO 11€ MOXIJIUBO:
2 1 3 21 3
A = s A = s
3 2 511 1
A= ,
-1 0 1 I 2 -1
B= .
2 1 3 B=|1 -1]. 5
0 1 B=(4 0 -2 3).
!
'u‘} 3’scyiiTe, UM  y3TO/KEHI  MATpPHUII-MHOKHHKM  Ta  BH3HAUTe  pPO3MIp

@ MaTpUL-T00YyTKY.
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2.25.

1 pisenw ‘ 11 pisenw ‘ 11 pisenw

3HaNIITh MAaTPUII0 00EPHEHY 10 MaTpUlll A Ta BUKOHANUTE MEPEBIPKY:

) 11 1 2 1
A= . A=[1 2 3]. A= 4 3 -2
3 2
1 3 6 -5 -4 -l
%, OGuucmoroun A'-A
@y ma A4 ' mig uac
;;;f HEPEBIPKH,  MHOX-
: 1
ST
3AIMIIMTU IICpEA MaTPULICIO.

2.26.
1 pisenv 11 pisenw ‘ 11 pisenw
P03B’s1kiTh MaTpUUHE PIBHSHHS:
AX =B, ne
2 -1 4
2 -1 -1 4 A=1 0 1],
I 3 2 11
(0 2)-){:(2 6) 3 4 2|-Xx=|11 -2 1 3
3 2 4 11 6 2 0
B=(2 1 1
I -2 0

‘;tr Po36wmiiTe 3a1auy Ha mig3azayi: 1) 3HaWITE MaTPUIIO OOEpHEHY 1O MATPHLLL, 110 €

| . . . .

/' mepuIMM MHOKHUKOM Yy PIBHSHHI; 2) IOMHOXTe OOMB1 YaCTUHU PIBHSHHS Ha
3HalIeHy MaTpPULIO 37iBa.

2.27.
1 pisenv ‘ 11 pisenw ‘ 11 pisenw
3HaWIITh paHT MATPHIIL:
I 1 3 I 3 -1 2 3 4 -1 5 2
1 2 -1 2 2 -1 3 5 I 5 -2 3 4
I 3 1 I 10 -6 1 2 -1 1 2 3
3 2 2 7 3 -7 4 1 -7
0 11 -5 4 -4
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%, Ilepmmin PAIOK %, [onaroun NepIINAN ',\Lr 3a 10TIOMOT010
)  Matpu, TOMHO- | g /' PpSANOK, TIOMHOXXCHUH /  eneMeHTapHHX
ji ke Ha  (-1), ﬁ Ha BIANOBIAHI YHCIAa, ﬁ MEPETBOPEHD
noziaiite 10 apyroro | 4 10 HmMHX  psAAKiB oTpuMaiite
Ta TPETHOTO MIEPETBOPITh MATPUIIIO TaK, LI00 | YOTHPH HYJI B MEPIIOMY
BCl €JIEMEHTH TEpIIOTrO CTOBIIIS | CTOBIIIIL
KpiM @, DOPIBHIOBAJIU HYIIIO.
2.28.
11 pisenv 1] pisenv
[TinmpuemMcTBO BUITYCKA€E [TinmpuemcTBO BHPOOJISIE
MpPOAYKIII0 ABOX TUMIB (A 1 B) Ta | mpoayKIlito TPHOX BU/JIIB 1

BUKOPHUCTOBYE CUPOBUHY JBOX THIIIB
(/ 1 II). Hopmu 3arpaT CHUpPOBUHHU
MoJAaHO B TAOJIHIIL:

BUKOPHUCTOBYE CUPOBUHY JBOX THIIIB.
Hopmu BUTpaT Ha OAMHULIIO TPOAYKIIIT
KOXKHOTO BHUJly MPOAYKIi 3aJaHO 3a

1 11 JOTIOMOT'OF0 MaTPHIII:
A 2 3 2 1
B B} 20 A=|1 3 |. BapticTh oauHHII CHPO-
3HaWTH 3arajibH1 3aTpaTH CUPOBUHHU HA 3 4
BUpOoOHUIITBO 100 OJUMHUIL TPOTYKIIIT
A Ta 60 oMHHAI IPOLYKIii B. BUHU KOXHOTO THUITY 3aJa€ MaTpULs
B=(10 15). 3uaiinite  3arambHi
BUTpAaTH TIANPUEMCTBA Ha BHUPOO-
Huuteo 100  oauHUUB  OPOTYKIIT
nepuioro Buny,200 oAMHULb TPOTYKIIIT
apyroro Buay Ta 150 oauHUUB
MPOJYKIIli TPETHOTO BUJTY.
%, Ilman BupoOHMIITBA mOHaliTe Yy % CriouaTKy  3HaWIITH  MaTpUIIO

Burisai marpuii  C :(100;60), a

HOPMH BHUTpaT CUPOBUHH Y BHIJISI

2 3
5 20

3aTpaTy CUPOBUHU BHU3HAUYarOThCs K CA.

MaTpHIli Az( j 3araibHi

ﬁ /' Baprocti S BHTPaT Ha OXMHHINO

)@f npoaykiii (S =4B), a moTiM 3araipHy
BapTicTh BUTpar mianpuemcrBa (CS,

ne C =(100;200;150) — ruian BUpOOHUIITBA)

Buumocs 3actocoByBat CAS AN BUKOHaHHS
onepaudin Hag MmaTpuuaMHU

2.29. BianoBiiHO 10 MpPOrpamu 3amycKy JIOMEHHHMX IIE€XIB YCTAHOBJIEHO, IO

OyJie COPYI>)KEHO Ta 3alyIIeHO:

a) Ha KOTelIbHO-MeXaHiyHoMy 3aBoji (X ) Oyne 3amymieno 10 oguHHUIL

o0’extiB TUty /1 15 ogunune tuny 17
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0) na CrapokpamaTopchbkomy 3aBoji (X,) Oyme 3amymeno 20 OAUHUIL
00’ exTiB TUIy /11

B) Ha HoBokpamaTopchkomy 3aBoji (X;) Oynme 3amymeHo 100 oxuHUIb
00’exTiB TUIy /V.

Busnaute BUTpaTu MaTrepiaiiB BUIIB p 1 ¢ Ha KOXKHOMY 3aBOJII, SIKILIO

HOpPMHU BUTpaTH MartepiaiiB (y BIANOBIIHMX OJUHUISIX BUMIPY) HaBEICHI B
tabnui 2.3. Onepariii HaJ MaTPULIMH BUKOHaMTeE 3a nornoMororo CAS Derive.

Tabnuus 2.3.
Hopmu Butpart maTtepianis

T 06’exTa Hopmu BUTpaTH MaTep1aniB
p q
1 2 15
I 10 20

I 10 100
v 5 50

llepecopmynioiime ymosy ma mamemamuymny. YBeAiTb MaTpuui: M —
MaTpuls 00’€KTIB MO 3aBojAaX, 4 — MaTpUlLd HOPM BUTPATH MaTepiajiB IO
00’ €eKTax:

2 15
10 15 0 O
10 20 :
M=0 0 20 0 |, 4=|2 Ta 3HAUAITE iX JO0OYTOK st
10 100
0 0 0 100
5 50

BU3HAYEHHS BUTpAT MaTepiajiB BUAIB p 1 ¢ Ha KOXKHOMY 3aBOJL.

Xio obuucnenus.
1. Binkpuiite BikHo CAS Derive.
2. 3a nonomoroto ontii Autor-Matrix yBeAITh MaTPUIIi:
— po3Mip MaTpulli y BikH1 Matrix Setup;
— YUCJIOB1 3HAYCHHS €JIEMEHTIB PSI/IKIB 1 CTOBIIIB Y BikHI Author 3x3 matrix;
— HOMEP BHpa3y, MiJl SIKUM 3aMUCaHO MATPHUIIIO (3’ ABIISIETHCS MICIST HATUCHEHHS
KiIaBimn Enter).
3. 3a monmomororo omnuii Autor-Expression BBECTH NOOYTOK IMEpIIOi Ta APYroi

Tz ¢ = T
=]B|x]5]=] 2] z
| =]

Matpulb (#1)*(#2) Ha maHen CUMBOJIB | s risle

4. O0uucniTh 100yTOK HATUCHYBUIN KHOIIKY
5. Ilin HacTymHUM HOMEpoM OyJe OTPUMAaHO MATPHULII0, EJIIEMEHTH SKOi
BKa3YyIOTh Ha BUTPATH MaTEPialiB BUAIB p 1 ¢ Ha KOXKHOMY 3aBOJI.

47



2.30. Y 3aBnaHHi 3 NyHKTY «Bummocsi mopentoBatu npodpeciiiHy AifAnbHICTb

iHkeHepa»  3aMiHITH  Kpoku  4-7 obuncnenns (E — A)" s
11 3 1
15 20 15
E—A== 119 1|33 nonomororo BinmoBizHuX MpaBmI 3aCTOCYBAHHAM
320 15
1 1 14
510 15
CAS Mathcad.

1. Binkputu BikHO CAS Mathcad.

2. 3a nonomoroto omiiii /fobasums - Mampuyy BBEAITH MAaTPULIIO:

— pO3Mip MaTpulll y BikH1 Becmagka mampuyut;

— YHUCJIOBI 3HAYEHHS €JIEMEHTIB PSAJKIB 1 CTOBMIIB Yy IMIA0J0HI MOJIS MPOTpaMu

3. 3a gonomororo omtii Cumeonuxa-Mampuywsl-Obpamums 3HaUIITH OOEPHEHY
MaTpULIO .

4. BuokpemMTe OTpUMaHy MaTpHUIIO Ta 3a JAONOMorow onuii Beiuucaums — C
niasarowjel 3anamot 3HauITh NpUOIN3HI 3HAUCHHS €JIEMEHTIB MaTPHIIL.

5. Orpumany wmatpumio(E—A4)"' 3actocyiiTe a8 NPOJOBKEHHA IHIIHX
00YHCIIEHb.

Tema 3. CACTEMM NIHIMHUX ANTTEBPAIYHUX PIBHAHb

("‘)') (‘3) 7K noB’sAA3aHi cucTeMu NiHINHMX anredpaivyHnx
I v PiBHAHBb 3 iHXK€HEepPHOI NMPaKTUKOKO

JIBa enementu 3 E/[C 1,6 B i 1,3 B Ta
BHYTpIIIHIMHA oniopaMu BianoBigHo /,0 Om 10,5
Om 3’enHaHl, SK IMOKAa3aHO Ha pUCYHKY 3.1.
Onip R = 0,6 Om. BuzHaute CTpyMH Y BCIX
BITKax mpoBoiiB. Omip CHOTYyYHUX MPOBOAIB HE
BpPaxOBYBaTH.

Kopucryrouncr 3axkonamu Kipxroda i 3

OTJIsZly Ha YMOBHO OOpaHi HAampsIMKA CTPYMIB  Pyc. 3.1, Cxema J10 3a71adi
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({/;— cTpyM y niepiiomMy eJIeMeHTi, CIpAMOBaHUil TiBOpyY; [, — CTpyM y Apyromy
€JEMEHTI, CHpsIMOBAaHMM JIBOpPYY; [; — CTpyM Ha JUISHIII 3 OMNOPOM R,
CIPSIMOBAaHUI MPABOPYY), OJIEPKYEMO CUCHIEMY MIHIUHUX PIGHAHD:

I +1,=1,
In—-ILn=E-E, =
In+L,R=E;

I +1,—1,=0,
1,-0,5-1,=0,3,
1,40,6-1, =1,6.

Cucmemu niniiinux anzeopaiunux pienany (C/JIAP) MmoxyTh OonuCyBaTH
MEXaHI4H1, XIMI9H1, EKOHOMIYHI Ta IHIII MPOIIECH.

) 4
==

CknagaemMo onopHUM KOHCMNEKT

Cucmemu niHitiHUX anz2ebpaidyHuUx pieHsAHb

Cuctemy m pIiBHSHb 3 1 HEBIIIOMUMH
BUTJISITY

a,x, +a,x, +...+a,,x, =b,

A, X, +a,,x, +...+a, x, =b,,

a,x +a,,x,+...+a, x =b_,

ml mn”'n m

Ha3WBaKOTh CHUCTEMOIO JTHIAHUX
anreOpaiunux piBHsHb (CJIAP)

Otxe, cucrtema 3-x piBHSHB 3 3-Mma
HEBIJIOMUMH Ma€ BUTJIS

PiBusang CJIAP  MicTaTe  HEBIAOMI,
KOe(IIEHTH MpU HEBIJOMUX Ta BUIbHI
YyjJeHWu. 3a3HauTe, sAKI CHMBOJH IM
BIJIIIOBIIAIOTH

j:], 2, ceey I’l); b],bg,

Tyrx;, x5 ...
Clij—

) xn_
(=1, 2, ... m,
vy by —

CUCTCMH

eoe 9

eeoe

eoe

pIBHSHb 3 7
3HAUTH  TakKl

Po3p’s3aTi
HEBIJIOMHMH,

CHUCTCM
O3Hadace

. 0
3HAYEHHS HEBIOMHX X, =X, X, =X,, ...,
x, =Xx., IPH MMACTAHOBIII AKHX

y cHUCTeMY yci il pIBHSHHS

CJIAP Ha3uBaroTh 00HOpIiOHOI0, SKIIO BCI
BUIbHI YJICHH JIOPIBHIOIOTH HYIIIO

Otxe, omHOpIIHA cucTeMa 3-x
PIBHSIHB 3 3-Ma HEBIJIOMUMU Mae
BUTJISIT

-
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CJIAP Ha3uBalOTh HEOOHOPIOHOM, SIKIIO
X04 OJIUH 3 BUIBHUX YJIEHIB HE JOPIBHIOE
HYJTIO

OTxe, HEOAHOPIAHA cCUCTEMA 3-X
PIBHSIHB 3 3-Ma HEBIJIOMUMU Mae
BUTJISIT

-

OnHopinHa cuctema
ax, +a,x, +...+a,,x, =0,
Ay X, +a,,%, +...+a, x, =0,

a,x, +a,,x,+..+a, x =0,

mn- n

3aBXKIU MA€ MpugiaibHuti po3B° 130K X=X, = =X, =...
Cuctemy piBHSIHb HAa3UBalOTh CYMICHOIO,
SIKIIIO BOHA Ma€ xo4a 0
Cuctemy piBHSIHb Ha3UBAIOThb HECYMICHOIO,
SKIIO BOHA HE Ma€
CyMiCcHY cuCTeMYy Ha3UBAIOTh 8U3HAUEHOIO,
SKIIO BOHA Ma€
CywmicHy CUCTEMY HA3WBAIOTh
HeBU3HAYEHOI0, SIKIIIO BOHA Ma€
['010BHOIO MATPHULIEO CUCTEMU
anX, +a,x, +a,,x, = b,
@)X, + Gy, X, +ay3X; =b,,HazuBatoTp | MATPULIO
Ay Xy + A3, X, + a33X5 = bs,
A=
Po3mmpenoro matpuiiero cucremu
anX, +a,x, +a,,x, = b,
4y X, + Ay, X, + ,3X, = b,, HA3UBAIOTh MaTpHLIO
a3 X, +a3,X; + a3, X5 = by, 3
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Memoou po3e’sizaHHsi CJTIAP

BuzHayHUK TOJIOBHOT MaTpHUIll CHCTEMU
ayX, +a,x, +ay3x;, = by,
Ay X) +dyy X, +ay3x, = by,
a3 X, + A3, X, + ayyxy = by,

MAa€ BUTIA

Ta Ha3UBAIOTh

eoe

SIKI10 TOJI0OBHUM BU3HAYHUK CUCTEMU
HE JIOPIBHIOE HYIIO, TO CUCTEMY
Ha3UBalOTh

eoe

SIK1110 y TOJIOBHOMY BU3HAYHUKY MaTpHIIi
A mepiuii CTOBIEb 3aMIHEHUHN Ha
CTOBIEIh BUIBHUX YIECHIB CUCTEMU

a, X, +a;,x, +a;x; = b,
Ay X, + Ay X, + ay3x; = b,
a3\ X + a3 X, + ayX; = b39

TO BIH Ma€ BUIJISIT

SIK1110 y TOJIOBHOMY BU3HAYHUKY MaTpHUIIL
A npyruii cToBIelb 3aMIHEHUHN Ha
CTOBIEIh BUIBHUX YIECHIB CUCTEMU

a, X, +a;,x, +a;x; = b,
Ay X, + Ay X, + ay3x; = b,
a3 X, + a3 X, + a3 X, = b3>

TO BIH Ma€ BUIJISIT

SIK1110 y TOJIOBHOMY BU3HAYHUKY MaTpHII
A Tpertiii cTOBNIEIb 3aMiHEHHI Ha
CTOBIEIh BUIBHUX YIEHIB CUCTEMU

a, X, +a;,x, +a;x; = b,
Ay X, + Ay X, + ay3x; = b,
a3 X, + aypX, + a3 X, = b39

TO BIH Ma€ BUIJISIT

Slkmo A =0, a mpuHAMHI OJIUH 13
BusHauHuKiBA, # 0, A, #0, A; #0

a, X, +a;,x, +a;x; = b,
a,x, +a,,x, +a,,x, =b,, To BOHa

a3 X + a3 X, + a3 Xy = b3>

eoe
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Sxmo A=0 i Bci BusHauHMKH ALA,, A,

JOPIBHIOIOTH HYJIIO, TO cucrema
ay X, +a,x, +a,,x;, =b,
Ay X, + Ay, X, + ay3x; =b,,
Ay Xy + A5, X, + 053X = b3>
Skmo A#0, TO CJIAP
ay X, +a,x, +a,;x;, =b,
a,x, +a,,x,+a,x,=b,, Mae eounuu
Ay Xy + A5, X,) +A53X5 = b3>
pPO3B’A30K, SAKMH MOXHA 3Haiitu 3a| M= > AT 3T
dopmynamu Kpamepa:
Y MaTpUYHOMY BUTJIISIII CUCTEMY
ay X, +a,x, +a,;x;, =b,
a,x, +a,,x, + a,,x, = b,, MO>XHa 3anUcaTu
A= X = B=
Ay Xy + A5, X,) + 453X = b3> ’ ’
y BUrsigl AX = B, ne Matpuili
Skmo B CJIAP KUIBKICTE  PIBHSHB
cmiBmajgac 3 KUIBKICTIO HEBIIOMHUX 1
BH3HAYHHK cucteMu A(A)#0, To enuHuii
PO3B’SI30K CUCTEMU AX =B 3a
MAMPUYHUM MemOoO0OoM MOKHA 3HANTH X =
Jlo eneMeHTapHUX TEPETBOPEHb psokig | 1) JIBOX PIBHSIHb;

CHCTEMH, IMJ Yac SKUX  CHCTeMa
3QJIMINAETHCS PIBHOCHIILHOIO TTOYaTKOBIH,
B1HOCSTHCS:

2) ... 000X YacTUH PIBHSIHHSA Ha
HEHYJIbOBUI MHOXHUK;

3) ... JIO PIBHSHHS €JICMCHTIB
IHIIIOTO PIBHSIHHS, TOMHOXEHUX Ha
OJIHE U T€ caMe YHCIIO

Y mpsmomy xoni wmemody layca 3a
JIOTIOMOTOI0  €TIEMEHTAPHUX TEPETBOPCHD
CUCTEMY

a, X, +a;,x, +a;x; = b,
a,Xx, +a,,x, +a,,x;, =b,, MOXHa 3BECTH
a3 X+ aypX, + Ay X; = b39

710 TpamnemienoaioHoro
(a00 TPUKYTHOTO) BUTJISLY

511)(1 +512x2 +513x3 251,
azzxz +523x3 = Bz, Ae
533)% 253,
Ay = ..

Ay = ., Uy = ...
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Slkmo » — paHr OCHOBHOI MaTpuill A
CHIBIIAJa€ 3 KUIBKICTIO HEB1JOMUX, TO
oJiep)kaHa CUCTEMa

auxl + 512)(2 + a13x3 = 51,
Zzzxz + Ezsx3 = Bz, , OTKE, 1
533)% = 53,
I104aTKOBaA CUCTEMA
ayX, +a,x, +a3x;, = by,
Ay X, +dyy X, +ay3%, = by,
a3, X, + A3, X, + a3y Xy = by,

Ma€ €IMHUN PO3B’ 30K, SIKHI
BU3HAYNMO TaK:

y 3BOPTHBOMY X011 Memooy I ayca
CIIOYATKYy 3 OCTAHHbOT'O PIBHSHHS

X; = ..., HICIIA IIBOTO 3
HOIEPEAHLOrO PIBHAHHA X, =

MIHIMAKOYHCH II0 CUCTEMI BIJ
OCTaHHBOTO PIBHSHHS 710 TIEPIIOTO
X, = ...

EnementapHi  mepeTBOpeHHsT  PIBHAHB
CUCTEMHU

a, X, +a;,x, +a;x; = b,
Ay X, + Ay X, + ay3x; = b,
a3 X + a3 X, +ayX; = b3>

PIBHOCHUJIbHI IEPETBOPEHHIO PSIIKIB

(SN

PO3MIKUPEHOT MATPHUI]

B=

Kpumepiu cymicHocmi CJIAP

VY 3ajaH1ii cucTeMy BUTIISALY
a,x,+a,x,+...+a, x =b,

ay X, +a,,x,+...+a,x =b,,

.......................................

a x +a x,+...+a x =b

mn- - n m

TOJIOBHOI 1 PO3IIUPEHOT MATPHUIlb

MMO3HAYAIOTLCS BIJMNOBIIHO ...,

eoe

Jns Toro, mo6 CJIAP 6yna cyMicHO1O,
HEOOX1IHO 1 TOCTAaTHELO, 1100

r(4)... (B) , ne r(A) — panr
rojioBHoi Matputii 4, r(B) —
paHT PO3IIMPEHOI MaTpuill B

SIKII0 paHr TOJOBHOI MATpHUIll JOPIBHIOE
paHry poO3MIKUPEHOT MAaTpUIll 1 JOPIBHIOE
KIJIBKOCTI HEBIJIOMHX, TO CHCTEMA Ma€

eoe
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SIKII0 paHr TOJOBHOI MATpHUIll JOPIBHIOE
paHTy pO3IIMPEHOI MATPHUIll, aje MEHIIUN
B1JI KUIBKOCT1 HEBIJIOMHX,

TO CUCTEMA Ma€

eoe

Sxmo r(B)>r(A) mst cucrem, To

BOHAQ | «--

OO0HopIidHi cucmemu niHiUHUX an2ebpaidYHuUX pieHSAHb

OnHopiaHa cucTeMa BUTIISIAY
a,x,+a,x,+...+a, x =0,

ay X, +a,,x,+...+a, x, =0,

.......................................

x =0,

mn - n

a, x +a,,x,+...+a

3aBXU CyMICHA Ta Ma€ PO3B’SI30K

'xl = _x2 = = 'xn =
Jlns  Toro, mo0 cucTemMa OJHOPITHUX
PIBHSIHb MaJla HEHYJIbOB1 PO3B’SI3KH,
HEOOXI1JTHO 1 JOCTaTHKO, 11100 paHr ii TOJI0BHOI MaTpulli OyB
.ee 3a KUTbKICTh

HEBIJOMUX, TOOTO r(A) )

- MNMepeBipsieMo rotToBHICTb A0

9
IE;) NPaKTUYHOro 3aHATTA

2x+y—-3z=7,
3.1. Po3B’I3KOM CHCTEMH PIBHSHB 1 X — 2y +z=—1, €:
4x -5y —-z=6;
A b B I
(7;-1;6) (1;0;2) (1;0;-2) HEMae MPaBUIbHOT
BIJIIIOBII1

- == Ckopucraiitech o3HaueHHsM po3Bsa3ky CJIAP 3 TppboMa HEBiIOMHMMHM: Tpilika Yuceln
(x)5¥y:2,) Ha3zuBaeTbecst possaskom CJ/IAP 3 TppoMa HEBIOMUMH, SKIIO NPH MiACTAHOBII
[IUX YHCEIN 3aMICTh HeBiToMuUX Bci piBHSIHHA CJIAP nepeTBoproioThCsl y TOTOKHOCTI.

3.2. fIka 3 HaBeaenux CJIAP € onHOpigHOIO:
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A b B r
x—y+2z=0, z+4x-y=0, X—=y+z=2, 2x-3y+z=1,
3x+6z—-T7=0, Sx+z=0, 2x—-5t=z, x—4y+3z=4,
2x+5y—-z=0. 7y—x=>5z. x=2y+7z=5. Tx+y+z=9.

Ckopucraiirecs o3HadeHHsM onHopinHoi CJIAP: CJIAP Ha3zuBawTh 00HOpiOHOMW,
SIKIIIO BCI BUTHHI YJICHH JOPIBHIOIOTH HYIIO.

x+2z-y=0,
3.3. 'onoBHa MaTpullst CUCTEMH < 3x + 6z —7 =0, Ma€e BUTIIS;
2x+5y—-z=0
A b B I
1 1 2 1 -1 2 1 2 -1 1 2 -1
3 0 6 3 0 6 3 6 -7 3 6 0
2 5 1 2 5 -1 2 5 -1 2 5 -1

CxopucTailTeCch O03HAUYEHHSIM TOJIOBHOI MATpPHIl CUCTEMU: 20JIOBHOIO
a,x+a,y+a,z=>b,
mampuyero  cucmemu a,X+a,y+a,z=>b,, Ha3UBaIOTb MATPUIIO0 1i KoedilieHTIB
ay X+ a,y+a;z=>b,
a, a4y dy
A=|ay ay ay |-

a3 Q3 Ay

x+2z-y=0,
3.4. Po3mupena MaTpuils CUCTeMU < 3x + 6z —7 =0, Mae BUTJIAA;
2x+5y-z=0
A b B
I -1 210 I 2 -1]0 I 2 -1{0 I 1 210
3 0 6|7 3 6 7|0 3 0 610 3 0 6|7
2 5 -1|0 25 -1|0 2 5 -1]|0 25110

a,x+a,y+a,z=>b,
=~ PosmmpeHoo MaTpULEo CUCTEMH | d, X + d,,) + 4,3z = b,, HA3UBAETHCS MATPULIS

A, X+ a,y+a;z=>b,
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% G b,
A=|ay, a, ay|b, |
a4y Ay | b
2x-3y+z=1,
3.5. CucreMy JiHIAHUX PIBHAHB <X —4)y+ 3z =4, MOXHa 3aluCcaTH y BUIIIAII
Tx+z-9=0.
HACTYITHOT'O MAaTPUYHOTO PIBHSHHSL:
A b
2 -3 1 X 1 x) (2 -3 1 1
1 4 3 y|=|4 vyl 4 3=
7 1 -9)\z 0 z)\7 0 1 9
B I
2 3 1) (x 1 2 -3 1) (x 1
1 4 3|-|y|=| 4 4 3||y|=|4
7 0 1)z -9 7 0 1)\z 9

T==" CIIAP

a,x+a,y+a,z=>b,

a,X+a,y+a,z=>b,, MOXHaA 3amucatu y BUIIIAIl piBHAHHA AX=B, ne

a, X+ a,y+a;z=>b,

a, a4, a4 X b,
A=|a, a, ay|, X=|y|, B=|b,|.
a3 Q3 Ay z b,

3.6. [l mesikoi CJIAP A=3, A =12, A,

1o Cucrema.

—6, A, =0. MoxHa cTBEepIKyBaTH,

A b B I
cucrema CHCTEMA M€ €/~ CHCTEMa Ma€ TPH | CHCTEMa Mae Oe3y
HECYMICHA HUI PO3B’SI30K PO3B’SI3KH pPO3B’S3KIB

nopiBaioe Hymo; CJIAP wmae 06e3nmidu  po3B’si3kiB a00 He Mae pO3B’A3KiB,

A=A, =A =A, =0; CJIAP mae eqmuuii po3B’s30K, Ko A #0.

CJIAP necymicHa, sikmo A =0, a npuHaiiMHI OJJUH 3 BU3HAYHUKIB A , A ;A HE

SAKIIO

3.7. Mna pesxoi CJIAP A=0, A =12, A ,= —6, A_ =0. MoxHa CTBEpIKYyBaTH, 1110:

A b B I
cucrema CHCTEMA M€ €/~ CHCTEMa Ma€ TPH | CHCTEMa Mae Oe3y
HECYMICHA HUI PO3B’SI30K PO3B’SI3KH pPO3B’S3KIB
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== JluBHC MifIKa3Ky 110 TOMEPEIHBOT BIpaBH 3.6.

3.8. g pesaxoi CJIAP A=0, A =0, A , = 0, A, =0. Mo>Ha cTBEepAXKyBaTH, 11O:

A b B r
crucTema CHCTEMAa Ma€ €IMHUN | CHCTeMa Ma€e O3/ cuctema abo
HECyMiCHA PO3B’SI30K PO3B’S3KIB HecyMicHa, abo Mae
0e31114 po3B’sA3KIB

==" JIMBHUCH MiIKa3Ky 10 BIPaBH 3.6.

3.9. fki 3 HaBemeHUX [ii HE € €JIEMEHTapHUMHU IEPETBOPEHHSIMU PSAJIKIB
po3mupenoi matpuii CJIAP:

A b B r
MHOXEHHS pSJIKa | TOWIEHHE J0da- TepeCcTaBISHHS MOYWICHHE MHO-
Ha HEHYJIbOBUI BaHHS IBOX MICIIIMH JIBOX »KEHHSI IBOX
MHOKHHUK PAIKIB PAIIKIB PSNIKIB

CkopucraiiTech TeEpesikoM eJIEeMEHTApHUX IEPETBOPEHb PAIKIB  PO3MIHUPEHOT
matputi cuctemu CJIAP.

3.10. Hexait 4 — ocnoBHa matpuus CJIAP, a A — i pO3LIMpPEHA MATPHIIS.
Binomo, o r(A)=2 i r(A)=3.Y upoMy BUNAJIKY:

A b B r
CJIAP CJIAP mac equ- | CJIAP mae Oe3mig | 1HIIIA BIAIIOBIOL
HECYMICHA HUN PO3B’SI30K pPO3B’S3KIB

~=="" Cxopucraiitech meopemoio Kponexepa-Kanenni: CJIAP cymicHa Toxi i muure Toi,
KOJIH PaHr po3nmpeH01 MaTpHIIi JOPIBHIOE paury OCHOBHOT ManHLu SIKIo paHT OCHOBHOT
MaTpHII JOPIBHIOE PAHTY PO3MIMPEHOI MATPHIII 1 JOPIBHIOE KUTBKOCTI HeBigoMux, To CJIAP
Ma€ €MHUN PO3BSI30K; SKIIO PaHT OCHOBHOT MaTpPHIIl IOPIBHIOE PAHTY PO3MIUPEHOI MATPHILI,

aJyie MEHIIINI BiJl KUTbKOCTI HEBIIOMUX, TO CHCTEMa Ma€ 0e37id PO3BSI3KIB.

3.11. Hexait A — ocunoBHa matpuinsi CJIAP 3 Tproma HeBigomumu. K10
r(A)=r(A4)=2, to:

A b B r
CJIAP CJIAP mace equ- | CJIAP mae Oe3mig | 1HIIIA BIAIIOBIOH
HECYMICHA HUN PO3B’SI30K pPO3B’S3KIB

= Ckopucraiitecb meopemoro Kponexepa-Kanenni (quBuch nonepeanio Bipasy 3.10).
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Bunmocs po3B’aA3yBaT TMNOBI 3agadi

3.12. Po3BAXKITh CUCTEMY PIBHSIHb MAaTPUYHUM CIIOCOOOM:
4x+2y—-3z=-4,

X+y—2z=-4,
8x+3y—6z=-7.

Xio po3e ’sai3annsl.

Kpox 1. Bunumiite MaTpUII0O CUCTEMU A, MATPUIIIO-CTOBIICIb HEBITOMUX
X Ta MaTpULIO-CTOBIIELb 13 BUIbHUX YJIEHIB B.

Kpox 2. 3anumiite noJlaHy CUCTEMY y BUIJIAI MATPUYHOTO PIBHSHHS T
BHPA3iTh 3 IIbOTO PIBHSAHHSA MaTPUIIO X.

O

== Jlns po3B’si3aHHS MATPUYHOTO PIBHIHHA AX=B HeoOXiqHO Horo oOu/IB1 YaCTHHU
-1 . —
noMHOKHUTH Ha A~ 371iBa Ta ckopucTatHch THM, o A~ A=E .

Kpox 3. 3HaiiniTh MaTPUITIO A,
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—
—

N =

0

—= Ckopucraitech GOpPMYJIOI0 IS 3HAXOKSHHS MaTPHILIi 00epHEHOT 10 A:

1 A11 AZ] A31
. =det(A). A12 Azz Asz >
A13 A23 A33

e Ajj - anreOpaiyHi JOMOBHEHHS 10 €IEMEHTIB MaTpuIli 4.

Kpox 4. 3uaiizits X 3a Gpopmynoro X = A™'B.

o _1 H W _4 R R O Z.E.Z.E AT e e O e :E.:E . :E.:E
_ ......... _-4 & FE BB TR G ER o ER O D I N D B R D i P e
)

Enemenrt a; marpuui 4B nopiBHioe Cymi 10OYTKIB BIIIOBIIHUX €IEMEHTIB i-0T0

psiaka MaTHUpUIi A Ta j-Oro CTOBIIS MaTpHlli B.

)

Jlyis parioHabHOTrO OOYHMCIICHHSI BUKOPUCTOBYHTE BJIACTHBICTh MHOXKEHHS MaTPHII
Ha uncino: (AA)B = A(AB).

Bignosiae: (1;-1;2).

4x+2y—-3z=-4,
3.13. Po3B’sikiTh cucTeMy {x+ y—2z=—-4, 3a popmymnamu Kpamepa.
8x+3y—6z=-7.

Xio po3e’si3anmsi.
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Kpox 1. O6uncniTh BUBHAYHUK CUCTEMU A Ta JOMOMDKHI BU3HAYHUKHU

At |
A g o
Dbt
=
/ o 2
4\ s
AL 1 -
A s 1 L] =
i Qi
/
/
4]
T J
Ao =tL b=t =2 =
NV
\ 1 -
— I ——
Vit
1
=3 H | — ==
\oi
o 3acTocyiTe TS o0uucCIeHHs BHU3HAYHUKIB CXEMY npasuia
MPUKYMHUKIB:

0

A A A
—= BukopuctoByiite ¢popmynu Kpamepa: x = A" , V =Xy’ z= AZ
Bignmosiae: (1;-1;2).
xX+y+z=1,

3.14. Po3B’sixiTh cuctemy 3a popmyinamu Kpamepa: < x — y+ 2z =-5,
2x+3z=-2.
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Xio po3e6 ’si3anns.

Kpox 1. O6uncniTh BU3SHAYHUK CUCTEMU A Ta 3p00ITH BUCHOBOK LI0J10
PO3BSI3KIB CUCTEMHU.

== Sxmo BuzHaunuk A =0, To CJIAP abo He Mae po3Bs3KkiB, a00 Mae 6e311i4 pO3BSI3KIB.

Kpox 2. O6uncnith 10MOMI>KHI BU3HAYHUKH CUCTEMU.

Kpox 3. BpaxoByroun, mo A=0,a A =60, 3p00iTh BUICHOBOK IIPO
PO3B’SI3KH CUCTEMU.

0

—=  CJIAP necymicHa, ko A =0, a npuHaifMHI OJUH 3 BU3HAYHUKIB A , A s A, HE

JIOPIBHIOE HYITIO.
BianoBine: cuctema HEe Mae po3B’S3KiB.

X+2y—z=1,
3.15. Po3B’sixiTh cuctemy 3a popmynamu Kpamepa: 1 x—y+z=0,
2x+y=1.
Xio po3e ’si3annsl.

Kpox 1. OGunciTh BU3HAUYHKUK CHCTEMU A Ta JONOMDKHI BU3HAYHUKH
ALA TA.
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~ == EnemeHtamu BH3HAYHHKA cucTeMd A€ KoeQillieHTH Tpu HeBimoMuX. BHU3HAUHUKH
A,, A, A, OTpUMYIOTh 3 BM3HAYHMKa A NUIAXOM 3aMIHM BIANOBIAHO HOrO MEPLIOTO,

JIPYroro Ta TPEThOrO CTOBMIIB HA CTOBMEIL BUIBHUX WYJEHIB (JAUBHUCH PO3B’SI3aHHA
MOTIEPETHBOT 3a/1a4i).

Kpox 2. Ockinbku A=A =A =A =0,10 1r(4)<3, r(Z) <3

1 2 -1

ne A=|1 -1 1 |—ronoBHa maTpuilsd cucTeMu. OOUHCIITh paHT MaTPUILh A 1
2 1 0

A. JI71st IbOTO OOYUCIITH MIHOP IPYTOTO MOPSAIKY 1 21 Matpuili 4.

Eortd

o

Otxe, 1(A4) = r(A)=

== PaHroM Marpuili HA3UBAETHCS HANBMIIMI MOPSIOK BIIMIHHOTO Bijl HYJIsl MIHODA.

Kpox 3. Ockinbku 1r(A)=r(A)=2<3 (3 — 4uciio HEBIIOMHUX), TO
cucteMa Mae 0Oe3nid po3B’si3kiB. MoxHa MOOQUUTH, 10 TPETE PIBHSHHSA €
CYMOIO TEpIIMX JBOX, TOMY II€¢ PIBHSHHS MOHA BIJKUHYTH 1 OTPUMAEMO
CUCTEMY ABOX JIIHIHHUX PIBHAHB 3 TPhOMA HEBIJOMUMU

Kpox 4. 3anummmo B JiBiM 4acTUHI PIBHSAHB JIMIIEC JOJAHKH, IO MICTATH
x+2y=1+z, ,
X Ta y: Po3B’sokeMO  OoTpuMaHy cucTeMy 3a (QopMyiaMu
X—y=-z

Kpamepa, BBaxkarouu 3MiHHY Z MapaMeTPOM.
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A A
== 3acrtocyiite popmymu Kpamepa: x = Ax , y=—2, z=—2

, Ie A - ToJ0BHHIA, a

ALALLA, - JIOTIOMDKH1 BUBHAUHUKH CUCTEMH.

Kpox 6. SIxmio z =t (t € R), T0o oTpuMaemo 0e311id po3B’sI3KiB. 3aMHIIITh
11 O3B’ SI3KHU:

BiI[HOBiI[BZ(l—;t; 2t3+1;t), neteR.

3.16. Po3B’soxiTh crcTeMy piBHSIHb MeTOoIOM ['aycca
4x+2y—-3z=-4,

X+y—2z=-4,
8x+3y—6z=-T7.

Xio pozeésazannsl.
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a,x+a,y+a,z=>b,

Pozwupenoro mampuyero CUCTEMU < dy X+ a,, Y +a,z =b,, Ha3UBa€TbCA MaTPULS

a, X+ a,y+a;z=>b,

Kpox 2. Tlpsmuii Xin. 3BeAiTh OTPUMaHy MATPHUIIO 10 TPUKYTHOTO

BUIJIALY.

49 =3
11 =214 Ix(-dl+ 01 2 =4 {x(=8)+ []
8 3 —6|-7 ~6| -7 A

e E B 1
TR K YT Lol me

Foobii=2 g
EIEIER B I B I BB )~ O I N =00 B

Aoosm

Kpox 3. 3HaiiliTh paHTU OCHOBHOI Ta PO3IIMPEHOT MATPUIll CUCTEMHU.
FLA)= A

Panzom mampuyi Ha3uBaIOTh HAKOUTHIINI MOPSAIOK BIIMIHHOTO Bil HYJIS MiHOpa
Ii€T MaTPUIILL.

Kpox 4. Tlopisustiite 7(A), r(A) Ta KUIBKICTh HEBITOMHX 7. 3pO0ITh
BHCHOBOK I10/I0 KUTBKOCTI PO3B’SI3KIB CUCTEMHU.

r(A) A n.

Ckopucraiiteb meopemoro Kponexepa-Kanenni: SKIIO paHT OCHOBHOI MAaTpPHIIi
JOPIBHIOE PAHTy PO3MIMPEHOT MATPHIll 1 JOPIBHIOE KilbKocTi HeBimomux, To CJIAP wmae
€IMHUHN PO3B’S30K.

Kpox 5. 3BopoTHUY Xia. 3aMUIIITh PIBHAHHS, SSKMM BiIMTOBIAAIOTh PSIKU
OTpUMAaHOI MaTpUIll (MOYMHAIOYHU 3 OCTAHHBLOTO).
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Bignosiae: (1;-1;2).

X+2y—z=1,
3.17. Po3B’sikiTh cuctemMy x —y +z =0, meronom ['ayca.
2x+y=1.

Xio po36 ’si3annsl.

Kpox 1. 3anuuite po3mnpeHy ManI/IHIO CHUCTEMHU.

Kpox 2. Ipsamuii Xia1. 3BeAITh OTPUMAHy MATPULIIO 10 TPUKYTHOTO
BUTJIALY.

Panecom mampuyi Ha3uBaOTh HANOUTHIINIA TOPSIOK BIAMIHHOTO Bil HYJIS MiHOpa
1i€T MATPUILL.
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Kpok 4. lopiBusiite 7(A), r(A) Ta KUIBKICTh HEBIIOMUX 1 . 3po0iTh
BHCHOBOK 111010 KUIBKOCTI PO3B’SI3KIB CUCTEMHU.
r(A) AR b

= Ckopucraiites meopemoio Kponexepa-Kanenni: Ko panr OCHOBHOI MaTpHIIi

JIOPIBHIOE PAHTy PO3IIUPEHOT MATPHIIi 1 MEHIIIE 3a KUTbKICTh HeBimomMux, To CJIAP mae 6e3miu
PO3B’A3KIB.

Kpox 5. 3BopoTHUH Xij1. 3anUIliTh pIBHAHHS, SKUM BIIMOBIIAIOTH PAIKA
OTPUMAaHO1 MaTpHIll (IOYMHAIOYU 3 OCTAHHBOTO

Kpox 7. Slkmio z =t, T0 oTpruMaeMo 0€3714 po3B’A3KIB. 3aMUIIITh 111
PO3B’SI3KHU:

Bignosigk: (1—;, 2t; ! ; t) ,JdeteR.

xX+2y—z=1,
3.18. Po3B’sikiTh cuctemy <x—y+z=0, wmerogom ['ayca.
3x+3y—z=5.

Xio po3e ’si3annsl.

Kpox 1. 3anuiite po3MKUpEeHy MaTPULIEO CUCTEMU.
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Kpox 2. lpsmuit xig. 3BeAiTh OTpUMaHy MaTPUILIO 1O TPUKYTHOTO

BUTJISITY.
2= T =1
I =1 110 ;, i

3 =h5

Kpox 3. 3HaiiniTh paHrd OCHOBHOI Ta PO3LIMPEHOT MATPUIll CUCTEMH.
r(A)= r(A4)=

- =" Panzom mampuyi Ha3uBaOTh HANOLILIIMI MOPSAIOK BIAMIHHOTO Bil HYJIs MiHOpa
Ii€T MATPUILL.

Kpok 4. Topisusiite 7(A), r(A). 3po0iTh BACHOBOK MO0 KUTBKOCTI
PO3B’SI3KIB CHCTEMHU.

A4 A

s,

—=  Ckopucraiites meopemoro Kponexepa-Kanenni: CJIAP cymicHa Toxi 1 nuiie TOi,
KOJIM SIKIIIO PAHT OCHOBHOI MAaTPHIIl JOPIBHIOE PAHTY POLUIMPEHOT MATPHIIL.

BianoBige: cucrema HeCyMicHA.

Bunmocs mogentoBatu npocecinHy AianbHICTb
iHXXeHepa

3.19. 3agana enekTpu4Ha
cxema (puc.3.2). Bimomo, 110
& =10 B, &, =12 B,
n=r=10m, R, =100 Om,
R, =2000m.  Pospaxyiire,
SAKO1 CUJIM CTPYM MNPOXOJIUTH
yepe3 KOXEH 3 €JIEMEHTIB
I[bOTO JIAHIIIOTA.

Puc. 3.2. Enextpruna cxema J10 3aBIaHHS
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Xio poszs'azanns.

Kpox 1. TlocnigoBHe 3acTtocyBanHs npasui Kipxroda mo Bcix By3idiB U
KOHTYpIB y CKJIQJIHIM E€JEeKTPOTEXHIYHIM MEepexki MO03BOJISIE CKJIACTH IOBHY
CUCTEMY JIIHIMHUX PIBHSIHB I BU3HAYEHHSI CUJI CTPYMY Ha KOXKHIN 13 AUISHOK.

Cxkopucraemocs npaBuiiamu Kipxroda.

== IlpaBuio 1. B koxHiii TO4YIi po3raidyKeHHs NPOBIIHUKIB ajredpaidHa cyma CTpyMiB
I, nopiBHIOE HYJIIO.

== Tpasuno 2. Jlna OyIp-AKOr0 3aMKHEHOrO KOHTYPY IPOBIIHHKIB Cyma
SJIEKTPOPYIIIHHUX CHUJI &, JOPIBHIOE CyMi JOOYTKIB CHJI CTpyMiB/, Ha KOXHIM IUISHIN
KOHTYpY Ha OIip IUISHKH R,, BpaxoBYIOUH BHYTPIIIHINA OMIp JKepes CTpyMy 7;.

JIOBUIbHMM YMHOM MO3HAUYUMO Ha cxeMi (puc.3.3) cTpulKamMH HampsMU CTPYMIB Ha
KOXKHIN TUISHLI W OJMH HanpsiM 00X0[y, IOTIM BUOKPEMHUMO 3aMKHEH1 KOHTYpH U 006iliaemMo

ix 3a oOpaHuUM HampsMOM. SIKIO CTpiIKa, sIKa BKa3ye HampsiM CTPyMy HaIpsiMiieHa TpPOTH
00x0/1y, TO BiAMOBiIHUI T00YTOK CTpyMy Ha omip OepeTbes 31 3HAKOM «-». SIKIIo mpu 006Xoi

NEePexXoAaTh Bil BiJ €MHOIO IOJIIOCA JDKEpena CTPyMy JI0 AOAATHOTO, TO &, 3alUCYETHCS 3

JIOJATHUM 3HAKOM, SIKIIIO HABIIAKU, TO — 3 BiJl’EMHHUM.

Kpok 2. CkiianeMo cucTeMy JIIHIMHMX pPIBHSAHb /JJI BU3HAYEHHS CHUJ
CTPYMY Ha KOXHiH 13 TUISHOK BIJIMOBIAHO cxeMi (puc.3.3).

Puc.3.3. Enextpuuna cxema 13 mo3Ha4aHHSAM HaMpsiMiB CTPYMIB
1 HanpsIMy 00Xoxmy

[Ipoananizyemo cxemy. Maemo tpu ctpymu: I,, I,, I, — OTKe cUCTEMa
TaKoX OyJie MaTy TPU PIBHIHHS:

) inaByznaB: -1, + 1, +1, =0;

2) nnst kKoHTYpY l:e, —&, = I,(r, + R) + I, 1y;

3) nna kourypy Il: €, = I,-R, — I, -r,.

OTpumaiiTe MaTeMaTHYHy MOJENIb HaHOI 3aJadl — CUCTEMY JIHIMHHUX
anreOpaiyHUX PiBHSHB.
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~Lted s ey =0

2 =000

Kpok 3. Po3B’spkemMO cuCTeMy JIIHIMHMX PIBHSHb Ta 3HAWJEMO CHILY
CTpyMY.

=="" Jlns cucTeMu TPHOX JIiHIHHUX aNre6paiuHuX PiBHAHB 3 TPHOMA HEBIIOMUMH
anl,+apl, +asl;=b,
ayl, +ayl, +ayl; =b,,
ayl, +aynl, + ayly =by;
YBEJITh HACTYIHI MO3HAYEHHSI:
ap 4 4y b, a, aj a, b a; a, a, b
A=lay ay ayl, Al =|b, a, ay|,Al,=|ay b, ay|, Al,=|a, a, b,
a3 dyp 4y by ay, ay ay by ay ay ay, b
BusznauHuk A, SKU CKIanaeTbes 3 KOCQIIEHTIB MPU HEBIIOMUX CHUCTEMH HAa3MBAETHCS
TOJIOBHUM BU3HAYHHKOM IIi€i cuctemu. SAkio A # 0, To cuctema Mae € JUHHUI pO3B'SI30K, SIKUH

BU3Ha4aeThes popmynamu Kpamepa
Al Al Al
I[[=—, [, =—2, [, =—3.

A A A
OOuuncniTh BUSHAUHUKU A, AL, Al,, AL,

- == Jlnst 0GUHMCIIeHHS BU3HAYHKKIB CKOPUCTAWTECh TeopeMoto Jlaniaca.
BusnauHuk A JOpiBHIOE CyMi JOOYTKiB €JI€MEHTIB JpYroro psjaka Ha ix anreOpaiuHi
JOTIOBHEHHSI:

e EEEE AR =
A=[101 200 0 |= S
0 -1 200 o

Busnaunuk A [, 1OpiBHIOE cyM1 JOOYTKIB €JI€MEHTIB MEPIIOrO PsIKa Ha
ix anreOpaiuHi JOMOBHEHHS:

U RERRI RRREN) H
AL=2 200 0]= R
12 =1 200

BusHauHuk A /, JOpIBHIOE CyMi JOOYTKIB €JI€MEHTIB MEPUIOro psAKa Ha
ix anreOpaiuHi JOMOBHEHHS:
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1 gur ) Eana
AL=101 2 0|=
0 12 200

BusHauHuK A I, TOpIBHIOE CyM1 JOOYTKIB €JIEMEHTIB MEPIIOro psIKa Ha
ix anreOpaiuHi JONOBHEHHS:

S aEatianen)
AL =01 200 0=
0 -1 12

OOGuucunirs 3navenns [, 1,, I, .

Q
S~

AN
el

e

u
—

v\
S~

o

Skiio cuna cTpyMy OTpUMaHa BiJl’€MHOIO, TO 1€ O3HAYaE, 110 HAMPSM CTyMy Ha
JaHld JUIsHIIT 00paHO HE MPAaBUIIBHO, XOua II€ HE BIUIMBA€ HA MPABWIHHICTDH
pe3yabTary, ajke 3HAUCHHS CUJIU CTyMY OepeThcs 32 MOJTYJIEM.

Bignosins: [, =0,0331 4; 1,= 0,0267 4; I, = 0,0599 4.

e
4 X Bunmocs camocTiHO po3B’si3yBaTH
«&@\@Q 3aBAaHHSA
/"’_“.. &
3.20.
1 pisenw ‘ 11 pisenw ‘ 11 pisenw
Po03B’s1kiITh cUCTEMY MAaTPUYHUM CITIOCOOOM:
3x-2y =5, 3x,+2x, +x;,=5 x+y+z=36,
4x+y=3. 2x, +3x, +x, =1 2x+17=3z,
2x, +x,+3x, =11, 6x—7-5z=0.
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Ilepenecite  pomaH-
KH, 10 MICTITh
HEBiIOMi B  JIBY
YaCTUHY pIBHSHb, a
BUIBHI ~ WJIEHH Yy
NpaBy YacTUHY.

3.21.

1 pisenv ‘ 1l pisenv ‘

Po3B’sikiTh cuctemy 3a hopmynamu Kpamepa:

X, +2x, +4x, =31 X, +3x,—-2x,=6
2x, +3x, —4x, =20

3x,—5x, =6+ 2x,

5x,+x,+2x, =20

3x,—x,+x,=9

11l pisenv
x+2y—-4z=1,
2x-5z+y=-1,
x—y—z+2=0.

[epenecith  TOJAHKH,
/IO MICTATh HEBIIOMI
' B JIBy uacTMHY piB-
HSHb, a BUIbHI 4JICHU
y IpaBy YacTHHY.

3 [lepeneciTh OAAaHKH,
0 MICTATH HEBIAOMI
B JIBY YacTUHy piB-
HSHb, a BUIbHI YJICHH
y IpaBy YacTHHY.

3.22.
1 pisenv ‘ 11 pisens ‘ 11l pisenv
Po3B’sixkiTh cuctemy metonoMm ["ayca:
X +x,—x,=1, 5x, +2x, —4x, =-16, x+y+z=3,
8x, +3x, —6x, =2, x, +3x, =6, <2x+2z+3y:7,
4x, +x, —3x; =3. 2x, —3x, +x; =09. 3x+y+z=5,
Sx—-y-3=z
), Tepermuits apyre % IlepeHecite nonaH-
Py | pIBHSHHS CUCTEMH o) KM, 10 MICTATh
43 y BUIJIAL: 4% HEBIJIOMI B JIBY 4ac-

x, +0-x, +3x, =—6

a!

TUHY PIBHSIHB, a BUTb-
Hi WIEHHU y IIPaBy YaCTHUHY.

3.23.

1 pisenv ‘ 11 pisens ‘

1] pisenv

P03B’KITh CUCTEMY P1BHSHbB:

X +x,+2x,=-1, x, +5x, —6x, =-15,

2x, = x, +2x, =4, 3x, +x, +4x, =13,

4x, + x, + 6x, =0. 2x, —4x, +10x, =28.

2x,—x,+3x,—5x, =1,
X=X, =55 =2,

3x, —2x, —2x, —5x, =3,
7x, —5x, —9x, —10x, =8.
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3 3acTocyiite 3 3acToCylTe METOJ % 3acTocyiiTe METOJ]
- /. Meron layca | /  Tayca. Bupasits (/' Tayca. Jlpyre piBHSHHS
g a6o meron | Ji HeBimOMi X, X, ﬁ HePEeNtILITh Y BUTTISAIL:
1 1 |
Kpamepa. depes X, . X, —Xx,=5x,+0-x, =2
3.24.
1 pisenv ‘ 1l pisenv ‘ 11 pisenw

P03B’s1ki1Th CHCTEMY OJTHOPIAHUX PIBHSHbD:

X, +x,—x,=0,
8x, +3x, —6x, =0,

4x, +x, —3x, =0.

X, +x,+2x,=0,
2x,—x, +2x, =0,

4x, + x, + 6x, =0.

X, —2x, +3x;, —4x, =0,
2x, —4x, +5x, +7x, =0,
6x, —12x, +17x, —9x, =0.

% 3acTocyiite ’ 3acTocyiiTe MeTon 3, 3acrocyiite METOJ]
./ wmerox I'ayca abo |/ Tayca abo wmeron Y Tayca.
=
[ 3 METOJ ﬁ Kpawmepa. 3
: Kpamepa. ' :
3.25.

1 pisenw 11 pisenv 11l pisenv
3HaiiaiTh 3HaueHHs | JloBeniTh, mo cuctema | JloBecTn, MmO SKIIO CHUCTEMa
a, Tpu  SAKUX | MA€ €IMHUA PO3B’A30K, | pIBHSIHD
cucrema Mae | Ta po3B’sIKITh ii 3a dop- Gt b=
€TUHMIA PO3B’sA30K: | Mynamu Kpamepa. ! V=6

x—ay+z=3, X+z-y=a, ax+by=c,
2x+ay—z=-1, xX+y—-z=b, ax+by=c¢;;
X+y+z=3. y+z—x=c. CYMICHA, TO g b ¢
a, b, ¢|=0
a3 b3 C3
n, [lepepopmymo y.  Ilepedopmymroiite y,  Ilepenmuiits cucreMy y
@ / Wre  3amady: - Y/ 3amady: JIOBECTH, Y BurIIL
4 it Inpu AKuX d _.'fﬁ' 1o BHU3HAYHHUK i@ a,x+ bly +0.-z= ¢,
al al |
CHUCTEMU HEC
BHSHATHULK . a,x+b,y+0-z=c,,
CHCTEMH HE JOPIBHIOE JOPIBHIOE  HYJIIO
HYITIO. npu Oyab-IKux a, b, c . ax+by+0-z=c;.

3.26.

11 pisenv

11l pisenv

Ifex Bumyckae

MPOYKIIIIO

TPHOX

JIBa enementn 3 E/[C 1,6 B 1,3 B Ta

HallMEHYBaHb 1 BHUKOPHUCTOBY€ Ha ii
BUTOTOBJICHHSI J[Ba TUIIA CUPOBUHU. Y
TaOJMUIIl HABEJACHO BHUTPATH KOKHOTO
TUIY CHPOBHUHU HAa BHUPOOHUIITBO

BHYTPIIIHIM OMOPOM BiAnoBigHO 7,0 i
0,5 Om 3’emHaHl, SK IOKa3aHO Ha
pucynky. Onip R = 0,6 Om. 3HalaiITH
ctpyMm B ycix rukax.  Omip
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OJIMHUI[I KOXXHOTO HallMEHYBaHHS Ta | 3’€IHYIOUHX MIPOBO/IIB HE

3amacH 1i€i CHpOBUHMU. BpPaxOBYBATH.
. 3aracu
e | T |
HP: CUPOBHUHU E 1M1 |
1-i I
2 3 1 21
BUJ] R
2-i 4‘ bi
1 0 2 15
BUJ]
Ay KUIBKICTP HOPOAYKLIIT MOKHA E.r I |
BUT'OTOBHTH 3 Lli€l CHPOBHHH? 2,12
l\t‘, OOepite  epeKTHBHY CHCTEMY %, OOGepite  epekTUBHUHA  3py4HHI
ﬁ Y  mo3HaueHb (x —  KUIBKICTh = Y 3anmc MOJaHHSA TaHUX.
,n‘ OIMHHMIP TPOXYKIiI MEPIIOro | 4 [IpencraBTe nani 3agavi Ha cXeMi,
HaliMCHYBaHHS, y — JAPYrOro, z — KOPHCTYIOUHCh 3aKOHAMU

TPEThOro) Ta CKIaAiTh cuctemy JiHiHHUX | Kipxroda il BpaxoByioun HampsiMu CTPYMIB,
PIBHSIHB, IO MOJICIIOE BUPOOHUYY CUTYaIlil0. | o0 00paHi yMOBHO: I} — cTyM y mepiiomy
€JIEMEHTI, HampsAMIICHO JIBOpYyY; I, — cTyMm y
JIPYroMy €JIeMEHTI, HalpsMIEHO IpPaBOpYyY;
I; — crym Ha pgingHOi 3 omopoMm R,
HaNpsMIICHO NPaBOPYY.

Buumocs 3actocoByBatn CAS nig yac
po3B’a3yBaHHA CJIAP

3.27. Jlxepena  cTpymMy 3
eNeKTpOpyIIiiHUMHU cuiamMu E; 1 E;
BKJIFOYEH1 Y JIAHIIOT, SIK MOKa3aHO Ha
pucyHky 3.4. 3HalIITh CUIYy CTPyMy —
Ha BCIX JUISHKAX JIAHIIOra, Ko E; = E>
2,IB, E;=19B, R =450m R,=10
Om, R; = 10 Om. BHyTpilIHIM ONOpOM R,
€JIEMEHTIB 3HEBAXKUTH.

Hepepopmynioume  ymosy Ha Puc. 3.4. Cxema J10 3aBJiaHHs
mamemamuyny CKIaAITh CHCTEMY

THIMHUX PIBHSHB 3a JOoMOMOroro 3akoHIiB Kipxroda (mo3Haunmo cuily CTpymy
Ha BIAMOBIIHUX AUISHKAX jJaHmioraza X, Y, Z):

X+Y-Z=0,
45-X +10-Y=2,1,
45-X-10-Z=1,9.
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Po3p’sxith oTpumany CJIAP 3a gonomororo CAS Derive.
Xio obuucnenusi.

1. Binkpuiite BikHo CAS Derive.
2. 3a ponoMoroto omiii Solve-System BBECTH CUCTEMY JIIHIMHUX anreOpaiuHux
PIBHSIHB:
— MOPSOK CUCTeMHU n =3 y BikH1 Solve Sistem Setup;
— pIBHSIHHSI CUCTEMHU Y BikH1 Solve 3 equation(s);
— TWIN 3MIHHOI, HATHUCHYBIIM MPaBOI0 KJIABIIICI0 MHUIIKK Ha BIKHI Solution
Variables;
— HOMep Bupa3zy, nig skuM 3anucaHo CJIAP (3’siBnserncst miciisi HATUCHEHHS
KiaBim Enter).
3. 3a pmomomororo onuii Symplify-Basic po3B’sokiTh 3anaHy cuctemy. Ilin
HAaCTYITHUM HOMepoM Oyjne oTpuMano po3B’si3ku CJIAP, o BU3HAYAIOTh CUITY
CTPyMY Ha BCIX JUISTHKaX JaHIora.

Po3B’sixiTh oTpumany CJIAP 3a nonomoroto CAS Mathcad.
1. Biakpuiite BikHo CAS Mathcad.
2. 3a nmomomororo cioBa Given, 10 BXHUBAETHCS SIK MAaTEMaTUYHUU TEPMiH,
YBEJIITh CUCTEMY JIIHIHHUX anreOpaiuHuX PiBHSAHB Y MOJI1 MPOrPAMMU:
— 3aIKMC CHMBOJIB BHUKOHYHTE 3a JONOMOIOK BKIQ[KH, M0 (I
OTPUMY€TBCS 3 BUKOPUCTAHHAM onuii Buo — Ilanenu uncmpymenmos |, 75"
— Bolyucinenue Ta BAHOCUTBHCS Ha TTAHEJb IHCTPYMEHTIB,;

— JUISl 3aMUCY JIECSITKOBUX APOOIB BXKUBaWTE TOUKY, Hanpukiang 2./;

— TMepexiJi Ha HACTYMHUW PSAIOK MJIsl 3amucy piBHAHBb BiIOYBa€ThCs
HAaTUCHEHHSM KiaBiii Enter.

3. 3a gonomoroto omnttii /Jobasumes — @ynkyuu — Bce — Find BBenits Find (x, y,

Z) Ta OTpUMANTE pe3yNbTaT MICHs BBEACHHS CUMBOIY «=) .

byne orpumano po3p’sasku CJIAP, mo BU3HAYalOTh CHIYy CTPyMy Ha BCIX
MUISHKAX JIQHIIOTa.

Tema 4. BEKTOPMU

(@)

(@)a— 5k noB’sA3aHi BEKTOPU 3 iHXKEHEePHOI NPaKTUKOKO

MexaHi3M — CYKYINHICTb PYXJHMBUX MaTepiajibHUX TUI, OAHE 3 SIKUX
3aKpiljieHe, a BCl I1HII POOJSTH IIUIKOM TMEBHI PyXH, IIOAO HEPYXOMOIO
MarepialibHOro Tina. JIaHKu — MaTepianbHI TUIA, 3 IKUX CKJIAJIA€ThCSI MEXaH13M.
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MoHnTaxHa 1Ioriia € HAaUMPOCTIIIUM MEXaHI3MOM ISl MIAHOMY BaHTaXiB
Ta BUTOTOBISAETbCA 3 MeTany. L[orly BCTaHOBJIOIOTH Ha OMOPHii momymmi. [i
CTIMKICTh JIOCSITAETHCS HATATOM CTaJ€BOIO TPOCY a00 YMOBOK 3aMKHEHOCTI
MEXaHI3MYy.

[lig yac mpoekTyBaHHA MEXaHI3My MOro JIaHKH, 3a3BHYaid, MMO3HAYAIOTh
BEKTOpaMH. IXHs cyMa BU3HA4Ya€ yMOBY 3aMKHEHOCTI MEXaHI3MYy.

Bexmopu nonomMararoTh 3amnuMcaTd yYMOBY 3aMKHEHOCTI JI0 CXEMH,
BKa3aHOT'0 Ha PUCYHKY 4.1, mAOMHOr0 MEXaHI13My B HEHABAaHTa)KEHOMY CTaHI.

=y

VA

Puc. 4.1. 306paxeHHs] CXeMH MOHTa)KHOI IIOTJIN

ITin gac MoaemroBaHHS 300paKeHHS MOHTaKHOT IIOTJM MU MO3HAYAEMO
11 JIAaHKU geKmopamu.

“::'if Cknagaemo onopHUM KOHCNEKT

Bekmo

Bektopna BenuuMHa Ha BIIMIHY BiJ
CKaJISIPHOI 3aJIa€THCS HE JIUIIE CBOIM
YHCEIbHNUM 3HAaUYE€HHAM, a U

['eomMeTpuuHO BEKTOp L€ HaANpAMIEHUU
8I0pI30K , AKUM TTO3HAYAETHCS

e

a,a60 AB ta 306pakyerbes 4 B
e TOYKa A - ... BEKTOpa, a B-
HOTO ...

BiacTtanp Mk TOYaTKOM BEKTOpa 1 HOTO

-

KIHIIEM TO3HAYAIOTh ‘Cl‘, 260 ‘AB‘ Ta

Ha3uBAaIlOTh eee
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—

Bekropr a 1 b

a

b

Ha3uBAaIOTh KOJliHeapHUMM, AKIIO

BOHH JIEXKATh HA OXHINA a00 HaA
IPSIMUX

eoe

Bektopu G i b

a

b

. BOHH ... MAaroTh OJTHAKOBI ...
Ha3WBaIOTh PIGHUMU, STKIIO BO - » MaloTb OZIHaKo
1 OTHAKOB1 ...
JIBa BEKTOpU
a
A——
b BOHHU ..« , MAIOTHb OJTHAKOBI

HAa3UBarOTb NPOMUAEHCHUMU, AKITO

1 TPOTUJIEHKHI ...

eoe

BCKTOp HAa3UBAaKOTh HY1b-6€KNMOPOM,

SKIIO Oro 1 301ratroThCs
BekTop Ha3uBarOTh 0OUHUYHUM, SIKILIO
1oro TOPIBHIOE OJTMHMITI
OmuHUYHUKA ~ BEKTOp, HAmpsIM  SIKOT'O
30iracThes 3 HAIPSMOM BEKTOpa d R _
... BekTtopa ¢ imo3HayarTh d,
HA3WBAIOTh

Kymom misc 0soma eexmopamu d i b,
3BEICHUMH  JI0  CIUIBHOTO  IOYaTKy,
Ha3MBAaIOThb HAWUMEHIIWN KyT, Ha SKUU

Tpeba moBepHYyTH BekTop ¢  HABKOJIO
CHOUIBHOIO TMOYaTKy, MMI00 WOro Hampsam

30iraBcs 3 HaNMPSIMOM BEKTOpa b

OTxe KyT MK BeKTOpaMu d i

b OynyeTbes

N N

SIKI10 TpW BEKTOPH JICKaTh B OJHIN
a00 mapajeabHUX IUIONIUHAX,

TO BOHH HAa3HMBAIOTHCA

eoe

JliHitGHI onepauii Ha0 eekmopamu

Cymoio BektopiB d i b 3a npasurom

MPUKYmMHUKa

HA3WBAIOTh BEKTOp ad + b

AKMHU 3’€IHy€ ... BeKTOpa d 3

... BCKTOpPA b 34 YMOBH ...
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Cymoio BektopiB d i b 3a npasurom

napanenozpama

b

SIKUU € ... Ilapaienorpama,
HA3MBAIOTh BEKTOp d + b , | 1110 TOOYA0BAaHO Ha 3a
YMOBH ...

Pisnuyero Bextopis d i b

Ha3WBAIOTh BEKTOP a-b,

KU Y CyM1 3 BEKTOPOM ... CKJIQJIa€
BEKTOD ...

—

Jlobymxom BekTopa d Ha ckamsip A# 0
HA3WBAIOTh BEKTOP Ad raknit,

1o ‘M‘z‘luﬁ‘ 1 HanpsiM

SIKOTO 301raeThCs 3 HAMPSIMOM
BEKTOpa d, AKIIO ... , a00 BiH Mac
HANpSAM OPOTHIEKHHUN 10 HAIIPSAMY
BEKTOpa d , AKIIO ... .

BrmactuBocTi NMHIMHMX ~ omepariid  Hax
BEKTOpaMHU: i+b=
(” +b ) +i= ...
i(c‘i +b ) = | e
i+(=ad)= |-
Git0= |
g (l + ,U)=
Mua)= |
lIpoekuyisi eekmopa Ha 8icb
Ilpoexyicio eexkmopa 4 Ha gice [ L
Ha3UBAIOTh YUCIIO, SIKE TOPIBHIOE ... , AKIIO BiCh [ 1 BEKTOp 4,B,
B 3 OJTHaKOBO HarpsaMIIeHi a0o
a l a ..., fKINO Bick / i BexTOp A,B,
A

0

b

|

1

|

L
A, B, ! B

MPOTHJICIKHO HANPAMIICHI

BractuBOCTI IpoeKIIiil.
1. TIpoekuis cyMu KUIBKOX BEKTOpPIB Ha Ty

caMy BICh JIOPIBHIOE CyMI iX
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MPOEKIIN Ha 110 BiCh, TOOTO
2. Tlpu MHOKEHHI BekTopa d Ha 4uCiIO A
HOro MPOEKI[ist TAKOK IOMHOKUTBCS Ha 1€
YHCII0, TOOTO

np, (@ +a,+..+a,)=

np)(Aa)= ...

JliHitGiHa 3anexHicmb i He3anexHicmb eekmopie, 6a3uc

Bekropn 4, a,, ..., @, Ha3UBAIOTb JIIHIUHO

3anexcHuMy, SIKILO ICHYIOTh Takl 4Mcia
¢, €y, ..., €, HE BC1 PIBHI HYJIIO, 1110 J1HIAHA
KOMOIHaIis1

ca tc,a,+...+c, a, = ...

Bekropu a,, a,, ..., @, Ha3UBAIOTh JIHIUHO
He3a1edCHUMU, SKILIO PIBHICTb
catc,a,+..+c,a =0

BUKOHYETBCS JIMIIC 3a YMOBH, KOJIN

BC1 UHCJIA C;, Cy, oors C

n

JOPIBHIOKOTH ...

bynp-sixkuii  ynopsakoBaHuil  HalOlp  n
TIACHUX YHCEN X, X,, ..., X, II03HAYAIOTh
) a6o M (x,,x,, ..., xn) i

n-  BHUMIPHOTO
pOCTOPY, 10

(x,, X5y oo0r X,
Ha3UBalOTh  TOYKOIO
KOOPAMHATHOTO

IIO3HA4Ya€ThCA

eoe

CyKynHICTbh J1HIMHO HE3aJIEKHUX BEKTOPIB
a,, ..., a Ha3UBaIOTh 0asucoM

n

KOOPAMHATHOTO MpOCTOpy R", SKIIO s
KOKHOTO BEKTOpa ICHYIOTh Taki [iiCHI
quciaa X, X, ..., X, , 0 BUKOHYETHCS

PIBHICTD b =...-a, + ..., +...+...-a

n

JIOBUIbHY ~ yHOpSIAKOBaHY — mapy  He
KOJIIHEAPHUX  BEKTOPIB  KOOPJIMHATHOTO
npocTopy R Ha3HMBaIOThH

eoe

—

Skio BexkTop € Mae KoopauHatu O 1 B
B JJaHOMY 0a3uci KOOPAMHATHOI IJIOIIMHU
R’ Bextopied i b,

oa

=)

Fb  § TO

JIOBUIBHY  yHOpSAJIKOBaHy  TpIAKYy  HeE
KOMILJITAHAPHUX BEKTOPIB KOOPAMHATHOTO
npocTopy R” Ha3WBAKOThH

eoe
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Sxmo Bektopun 4, b i C — Gasuc y
KOOpAHHATHOMY Tpoctopi R’ i Bekrop ¢
Ma€ KOOpJIMHATH «, 3, ¥ y AaHOMY Oa3uci,

TO BEKTOp d PO3KIIAIAETHCS 32
0a3ncoM, TOOTO

d=a-..+f..+y-..

MpsiMokymHa dekapmoea cucmema KoopoOuHam

Touky O 1 ynopsakoBaHy TpIMKy He
KOMIUJTaHApHUX 0a3MCHHUX BEKTOPIB ¢, ,, e,
Ha3MBaIOTh J€KapTOBOO CUCTEMOIO
KOOpAHWHAT y MPOCTOP1, 1€

TOqKa 0 - eoe
MPOXOISTH qepes

, a ocl, Kl
IMOYaTOK

KOOpAWHAT Yy Hampsami 0a3uCHUX

BEKTOPiB, HA3UBAIOTh

eoe

Opmuopmosanum  O6a3ucom  HA3UBAIOTH
YIIOPAIKOBaHY TPiliKy BEKTOpIB i, j, k

OJMHHUYHUX

Qi ‘z

7| |F -

Jra

MOIMAPHO MEPIEHANUKYISIPHUAX

(;7, k..i 5 J w3

IIpAMOKYTHOIO  AEKapTOBOIO  CUCTEMOIO
koopauHat (I1JICK) y npocTopi Ha3uBalOTh
JlekapToBy cHuCTeMy KOOpAMHAT, Oa3uc
AKO1 OPTOHOPMOBAHUM

OT1xe, 1OTIOBHEHE 300pakeHHS

MMO3HAYalTh OXJ/Z , e

Ox -BICb ... , Oy - BICb ... ,
Oz - BICh ...
KoopOuHamu mo4ku
JIoBLIBHIIA TOYII1 TphOXBUMIpHOTO | OTXKE, HAa PHUCYHKY pajilyC-BEKTOP

NpocTOpy M  MOHA IIOCTAaBUTU Y
signosinnicts y IIJICK BekTOp 7=0M , 1€
O — 1[oYaroK KOOpAWMHAT Ta  SKHUU
HA3UBAIOTh PAOiyC-6EKMOPOM TOUKU M

TOUKH M Ma€ BUTIISA

Koopaunatu X, y, z paniyc BekTopa OM
Ha3UBalOTh KOOpJAWHATAMH TOUYkM M 1
MUY Th
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Skmio  BiIOMiI  KOOPAMHATH  MOYATKY
A(x,, y,, z,) Ta kinusa B(x,, y,, z,) BeKkTOpa

AB | TO HOTO KOOPJIUHATH
3HAXOJATh 32 (HOPMYIIOIO

Josocuny eexmopa AB (abo BimcTaHb MIX
TOYKAMU A1 B)  3amucyloTh  Ta
00YHCITIOI0TH 32 (HOPMYJIOIO

‘E‘: NS O S S

Po3knadaHHsi eekmopa 3a OpmMOHOpMoO8aHUM 6a3ucom

—

Bektop 7 Mae koopaumHatd (x, y,z) B
OPTOHOPMOBAHOMY 0a3uci

OPTHOPMOBAaHUM  0a3ucoOM
i, j, k Mmae Burisg

M;

M

Jj M
() K

M, M,

R
|

Ta PO3KIAJAETHLCA 38 0A3HCOM r=Xx +y-...+z
Posknan qoBinsHOrO Bektopa ¢ 3a _ _ _
a=..01+.. - j+..k

JoexuHa eekmopa ma HanpsiMHi KOCUHYcU

Jlosxuny (MOmyib) BekTopa d(a,; a,; a.)
004YHCITIOIOTH 32 (HOPMYJIIOIO

\c‘z\:\/...z 4242

4

Kocunycn
cosf,
o, B, y, IKHl BEKTOP

YTBOPIOE 3 KOOPAH-
HAaTHUMU BICSIMHM, Ha- A4

cosa ,

cosy  KYTIB .

a,

(CETRY e
=

3UBAIOTBCS  HANPSIM-
HUMU KOCUHycamu #;
BEKTOpA

alaa,;

y az); BOHH BH3HAYAaIOTh HAIIPAM

BekTopa 4@ B cuctemi Oxyz Ta

00UHCITIOITHCS 3a (popMyIamMu
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Aii Had eekmopamu, 3adaHuUMu KoopOuHamamu

Skmo BekTopu @, b 3anami
KOOpAHHATaMu, TOOTO
Ez(ax, a,, az), b :(bx, by, bz), TO a+b =( +oy ety )

SIKImo BeKTOp @ 3aJlaHMi KOOPJIUHATAMH,
TOOTO

a=la,, a,, a. )0 @ =(Aeuy Aoy A-)

BexTopu 5:(ax,ay,az) i Ez(bx,by,bz)

€ PIBHUMH TOJ1 1 TUTBKH TOJ1, KOJIH
OJIHOYACHO

YmMoea koniHeapHocmi eekmopie, 3a0aHux KoopQuHamamu

KoopanHaTtu koniHeapHUX BEKTOPiB
a:(ax, a,, az) i b =(bx, b,, bz)

MPONOPIIHHI .

HinerHHs siopi3ka y 3a0aHOMY 8i0OHOWEeHHI

Koopaunatu Touku M (x,y,z), Ka AiTHTH

BUIBOK A 4,, e 4, (v vs2) . O
A, (x,, y,, z,) HABIIiN, 3HAXOIATH 3a D Y
dbopmynamu
Koopaunatu Touku M (x,y,z), Ka AiTHTH
Bigpisok A 4,, ne  A(x,y,z) i
4,(x,, v, 2,), v sinHomenni 4, To6T0
‘Al]\/l‘:‘]\/[A2 :l,BHaXOI[}ITB 3a :...+l-... :...+l-... Z:...+l-...
(bopMynamu 1+1 1+2 1+
s MNMepeBipsieMo roToBHICTb A0
IE NMPaKkTUYHOro 3aHATTA
4.1. Sk no3HavaeTbea cyma BektopiB 4B+ BC+ CD.
A b B r
DA AD BD HE MOYKHA J1aT!
OJTHO3HAYHY
BIITIOBI/Ib

=" 3a «paBUIOM TPUKYTHHKA» JI0JaBaHHs BeKTOpiB AB + BC = AC .
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4.2. SIx no3HavaeThCs PI3HUIIST BEKTOPIB AB-CB.

AC CA HE MOKHA 1aTH iHIIIa BiMMOBiND
OIHO3HAYHY
BIJIIOBIAb

s,

—= CkopucTaiiTech 03HaUEHHSM pPI3HUIlI BEKTOpiB: a—b=a +(—b). 3rajaiiTe TOHATTS

BEKTOpa MPOTUIIEKHOIO JIaHOMY: BEKTOp BA € IpOTWIEKHHM 10 BeKTOopa AB, Ta

no3HavaeTbesa. —AB.

4.3. Ha puc. 4.2. ABCDAB,CD, napaneneninen.
O06epiTh TPINKY KOMITAHAPHUX BEKTOPIB.
A b
AD, AB, AB, AD, AB, AB,
B I
AD, 4B, 44, HeMa€ MPaBHITLHOT
BiZITTOBI1
Puc. 4.2.

[Napaneneninen

==~ Cxopwucariitecs O3HaYEHHSIM KOMIUIAHADHUX BEKTOPIB: BEKTOPU HA3UBAIOTH
KOMAIAHAPHUMU SIKIIIO BOHU JIeXKAaTh B OHIN a00 mapajenbHuX IIOMKHAX.

4.4. 3a naHUMU HaBEJEHUMHU Ha puc. 4.2. BUPa3iTh BEKTOP O_A1
A b B I

Hare)-b | beofave) | boofawe) | MmO

-~ CKopucTaiiTech TMpaBWJIOM Iapajeiiorpama J0JaBaHHS BEKTOPIB Ta MPaBHIOM
BimHIMaHHS BEeKTOPIB (puc. 4.3 —4.4)

Puc. 4.3. [IpaBuno napanenorpama Puc. 4.4. IIpaBuiio BigHIMaHHS BEKTOPIB
J0ZIaBaHHS BEKTOPIB
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4.5. Braxits 3a puc. 4.2 BEKTOD, SIKUI HE € KOJIIHEAPHUM BEKTOPY C

A b B r
BC B, 2D, A B4,

i

- == CkopucraiiTech O03HAYCHHSM KOJIHEAPHUX BEKTOPIB: BEKTOPH  HA3HBAIOTh
KONiHeapHuMu, SIKIIIO BOHH JISKATh HA OJHINA paAMiid a00 Ha mapaie’abHUX MPSIMHX.

4.6. BxaxiTh BEKTOp, OJIHAKOBO CIIPSIMOBAHUM 3 BEKTOPOM —3cC.

A b B r
2c 3¢ c —C

CkopucraiiTech 03Ha4eHHSIM JOOYTKY BEKTOpa Ha CKaysip: JOOyTKOM BEKTOpa @ Ha

CKaJIsip A Ha3MBaIOTh BEKTOpP Aa, IO ‘/‘La‘:|}t|-‘a‘ 1 HampsiM 30IraeTbcs 3 HampsSMOM

BEKTOpa a, Ko A >0, abo BiH Mae HaNpsIM NPOTHISKHUI 10 HaNpsAMy a , Ko A <0.

4.7. 3Hali1iTh MOJTyJIb BEKTOpA —25a , AKIWIO ‘a‘ =3.

A b B I

15 75 -75 -15

= Ckopucraiitech O3HaueHHSM JO0OYyTKY BEKTOpa Ha CKalsip (AMB. TOMEpEIHE
3aBJIaHHSA).

4.8. fIx1 3 HaBeAEHUX 3HAYEHb MOXKYTh OyTH HapPSIMHUMHU KOCUHYCaMH AESIKOTO

BeKTOpa?
A b B r
1 -2 5 1 -3 2 -1 -2 1 HeMae
GO0 | 22 | NTNTNT | el
BiOBI T

el Ckopucraiitech TUM, [0 HANpPSMHI KOCHHYCH COS, COS 3, COSY 3aJ0BOJBHSIIOTH
piBHICTH cos” @ +cos” f+cos’y =1.
4.9. Kyt mix Bekropamu a i b popiBHroe 30°. 3HaAITh KyT MK BEKTOpaMu d
i13b.

A b B I

30° 90° 120° 1HII1a BIAMOBIiAb

== CxopwucTaiiTech 03HaY€HHIM 100YTKY BEKTOPa Ha CKalsp (1uB. 3aBaanus 4.6).
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4.10. Mozyiib BeKTOpa a = {3;-2;1} nopiBHioe:

A

b

I

J6

2

B
i

1HIIIA BIJIIOBIIb

- == Ckopwucraiitech (POPMYIO0 JJISi 3HAXOPKCHHS MOIYJIS BEKTOpa a:{ax;a y;az}:

1 2 2 2
‘a‘—./ax +a, +a; .

4.11. SIxmo a = {3;—2;1}, To iioro mpoextist Ha Bick Oy TOPIBHIOE:

A

B

2

N

B
2
J14

2

- == Ckopucraiitech 03HaueHHSIM KOOPIAMHAT BEKTOPA: MPOEKIii BekTopa Ha Bici Ox, Oy

Ta Oz HAa3UBAaIOTh KOOpAnHaTaMu BEKTOPA.

4.12. SIkwo a = {3;=2;1}, To iforo po3kiazn 3a AEKapTOBUM OPTOHOPMOBAHKM

0a3ucoM Mae BUTIIS:

A

b

B

I

3i+2j+k

3i—2k+ )

3i+k—-2j

1HIIIA BIJIIOBIIb

~ == Ckopucraiitech THM, 1[0 BEKTOPHY PIiBHICTh a=a_-i+a ,Jta -k y cuMBoIUHIA

¢dopmi 3anuCyIOTh TaK a = {ax; a,; az} .

4.13. Sxmo A(1;2;-3) 1 B(3;—3;0), To KOOpaAUHATH BEKTOpa AB:

A

b

B

I

{4;—1;—3}

{2;-5;3}

{-2;5,-3}

1HIIIA BIAIIOBIIb

- == Ckopucraiftech TUM, IO y pasi, KOJU BitoMi KoopauHatu modatky A(x;y,;z,) Ta

kinus  B(x,; y,;z,) Bektopa AB , TO HOro KOOpPIWHATH 3HAXOMATH 3a (HOPMYIOI0

E:{xz _xl;yz_yl;ZZ_Zl}'

4.14. O6uuCHITh a — b, AKIO a = {3;-2;1} i b= {5;-7;-3}.

A

b

B

{8;-9;-2}

{—2; 5; 4}

46

~ = JSIKmo BEKTOPH 3aJaHO CBOIMH KOOPIAMHATAMHU = {ax; dys aZ}’ b= {bx; by bz} To
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4.15. SIi 3 BexTOpIB g = {3;-2;1}, b= {-6;4;1}, c= {9;-6;3} i d= {6;—4;1}

€ KOJIIHEapHUMU?

A b B I

bid aib bic aic

- == CkopucraiiTech yMOBOIO KOJIIHEAPHOCTI: BEKTOPU KOJIHEAPHi, AKIIO iXHi BiAMOBiAHI
KOOPAMHATH MPONOPIIHHI.

.~

4.16. Touka M nexutb cTopoHi AB TpukyTHuka ABC 1 nonuisie ii y BIAHOMIEHH]

Bunmocs po3B’aA3yBaT TMNOBI 3agadvi

2:3, K10 paxyBaTH BiJ TOUYKU A. 3HAUIITH KOOPAUHATH, MOJYJb BekTropa CM
Ta KyTH, sKi BiH YTBOPIOE 3 KOOPJAMHATHUMHU ocsmu, skimo A(5;—10;—-1),

B(0;15;4), C(1;2;-1).
Xio po3e 'sa3amHs.

Kpox 1. 3HaliiTh KOOpAUMHATH TOYKH M, 10 HOIUIAE BiAPI3OK AB y
BigHoueHd1 AM:MB=2:3.

2 2 o
= S R FEHEEERE, SR
3 S Y K8 ok 0 0k K Ok TR

e M S
1+g 1+§ Pl

T ko A(x,;y,52,), B(x v, z,) i Touka M mominse Binpisox AB y BimHOuICHHI
AM:MB= . , To xoopmuHaTH Touku M (x; y; z) 3HAXOAATH 3a GOPMYIaMu:
_ X A% _Vat Ay Z:zAJrﬂ,zB
1+ 1+4 1+

b

Omxe, orpumanu M (6;4;1).
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Kpox 2. 3naiiiiTb KOOpAUHATH BEKTOPA CM .
CMae=1ryninds

Ckopucraiitech TUM, 110 y pa3i, KOJHU BiJOMi KOOPAWHATH MOYATKY
A(x;; y5z,) Ta ximua B(x,;y,;z,) Bektopa AB, To HOro KOOpAWHATH 3HAXOAATH 32

dopmynoo AB={x,—x;y,— ¥z, —2}.

TobTo, CM =1{5;2;2}.
Kpox 3. 3naiinite ‘C_M‘

== Cxopucraiitecb (HOpMyI0OI0 AJs 3HAXOPKEHHS MOJYIS BEKTOpa a:{ax;ay;az}:

pFJ¢+@+¢.
Kpox 4. O0uucniTe HanpssMH1 KOcUuHYycH BekTopa CM .

cosa = cosf} = cosy =

HanpsiMHi KOCUHYCH BeKTOpa a = {ax; a,; az} 00YMCITIOITHCA 32 (POPMYTaAMHU:

a a, a
cosa ==, cos 8 ==, CoOSy ==.
E o E

Kpox 5. O6uucaite Kytd @, 3 1 y, 110 YTBOPIOE CM 3 ocsamu Ok, Oy ta
Oz BIATIOBITHO.

Bixmnosins: CM = {5; 2; 2} ,

— 5 2
CM|=+/31, aa =arccos——, O =y = arccos—.
‘ V31 4 V31

4.17. Bekropu aib YTBOPIOIOTH KyT ¢ = 60°. 3HaiimiTh ‘E+B‘ Ta ‘5—5 , SIKIIIO

=5 i[7=s.
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Xio po3e 'sa3anHs.
Kpox 1. 300pa3iTb BEKTOPHM a 1 b TakuM YHHOM, OO0 BOHHMAJIH
CHUIBbHHUM MOYaTOK, Ta MOOYYyITE IXHIO CYyMYy Ta Pi3HULIO.

s,

—= CkopuCTaiiTech TPAaBWJIOM MapajeiorpaMa J0JaBaHHS BEKTOPIB Ta IPaBHIOM
BiTHIMaHHS BEeKTOPIB (puc. 4.5 —4.6)

Puc. 4.5. IlpaBuio napanenorpama Puc. 4.6. IIpaBuiio BigHIMaHHS BEKTOPIB
J0ZIaBaHHS BEKTOPIB

Kpox 2. 3HaiiniTh CTOpOHU, KyTH Ta JiaroHani napaienorpama ABCD.

AB=DC = AD=BC =

2= - | ek

3a TeopeMoto KOCHHYCIB 3 [ ABD : P

BD = f EEEEEEEEEE]

3a TeopemMoro KocuHyciB 3 [14ABC: : EERRREENARRS
AC=

== CxopucTaiiTechb sl 3HAXO/KEHHS CTOPOHH TPUKYTHHKA TEOPEMOIO KOCHHYCIB:

a=b>+c>—2bc-cosa (e b,¢ — nBi iHI CTOPOHM, @ — KyT Mik HIMH).
Kpoxk 3. 3HalAITH ‘a + b‘ 1 ‘a —b‘.

‘E+ﬂ: Z—ﬂ:

s,

—= CxopuCTalTeCh 03HAUEHHSIM MOAYJISL BEKTOpa: MOIYJIb BEKTOpa — BiICTaHb MK HOTO
MOYATKOM Ta KiHIeM (TOOTO JOBXKMHA Bifpi3Ka, SKUM 300paskeHHI BEKTOD).
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Binmosine: |a+5| =129, |a—B[=7.
4.18. JlaHo 1Ba BEKTOpH 5{3; -2;6} i E{—2; 1;0}. 3maiinite mpoexuii Ha
KOOPJAMHATHI OC1 BEKTOpa c=2a+3b.

Xio po3e 'sa3amHs.
Kpoxk 1. 3HalifniTh KOOpaAWHATH BeKTOpa ¢ =2a + 3b.

Ckopucraiitech MpaBUIaMH MHOKCHHSI BEKTOpa Ha CKaJISAp Ta JOJAaBaHHS BEKTOPIB,
O 3aJaHi CBOIMH KOOpDAMHATAMHU: SKIIO d = {ax, a,; az} , b= {br; by; bz} , TO

a+b={a,+b;a +b;a +b |, la={Aa;la,;la_|.

Kpok 2. 3uaiinite npoekuii ¢, ¢, ¢, BEKTOpa ¢ Ha KOOPAWHATHI OCI.

c,= ¢, = c, =

NpPOEKIlii BeKTopa Ha oOci

' CkopucraiiTech O3Hau€HHSM KOOpPAMHAT BEKTOpA:
KOOpPJMHAT Ha3UBAIOTHCS KOOPAUHATAMU BEKTOPA.

Bignosine: ¢, =0, ¢, =-1, ¢, =12,

4.19. 3’scyitTe npu SIKUX 3HAYEHHAX p 1 ¢ BEKTOPH a= {p;l; —2} 1b= {2;q;—1}
KOJIIHEapHi.

Xio po3e 'sa3amnHs.

Kpok 1. 3anuiiTe yMOBY KOJIHEAPHOCTI BEKTOPIB.

Bekropu kosiHeapHi TOJI 1 IUIIE TOI, KOJIH iXHI KOOPAUHATH MPONOPIIHHI.

Kpox 2. 3naiiiith 3 OTpUMaHUX PIBHOCTEN p 1 ¢.
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BignoBine: p=4, q:%.

4.20. 3’sicyiiTe sIKU BUJT Ma€ YOTUPUKYTHUK ABCD, SIKIIO BIIOM1 KOOPJUHATH
rioro Bepmmn A(=3;2;1), B(1;1;2), C(7;20;-3), D(3;21;—4)

Xio po3e 'sa3anHs.

Kpox 1. 3nali1iTh KOOPAUHATH BEKTOPIB AB,DC:

- == Ckopwucraiitech TUM, IO y pa3i, KOJHU BinoMi KoopauHatH mouatky A(X;; y;z,) Ta
kinusg  B(x,; y,;z,) Bektopa AB , TO HOro KOOpPIMHATH 3HAXOMATH 3a (HOPMYIOI0

E:{xz _xl;yz_yl;ZZ_Zl}'

Kpox 2. Ockinbku AB = {4; —1; 1} i DC= {4; —1; 1} , TO BOHU € PIBHUMH.

3po06iTh BUCHOBOK II0JI0 B3a€EMHOT'0 PO3TAIllyBaHHS Ta JOBXKHUH BIIPI3KIB AB 1
DC.

== CxopucTaiiTech 03HAKOIO PIBHOCTI BEKTOPIB: BEKTOPH PiBHI TOI i JIMIIE TOMI, KOJIU
iXH1 BIAMOBIIHI KOOPAMHATH PIBHI.

Kpox 3. OckiibKu MPOTUIIEKHI CTOPOHU YOTHUPUKYTHUKA TMapajesibHI Ta
PiBHI, TO BiH € MapaieIoOrpPaMoM.

Kpox 4. 3nalinite noBxuHM giaroHanei napanenorpama AC 1 DB Ta
3’sicyite uu € napaienorpam ABCD NpsSMOKYTHUKOM.

AC =
Aot
DB =
DB =|DB|=
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== CrxopuCcTaiiTeCh 03HAKOK MPSIMOKYTHHKA: AKLIO JiaroHall mapajenorpama piBHi, TO
BiH € MPSIMOKYTHUKOM.

Tobto, ABCD — npsIMOKYTHUK.

Kpox 5. 3naiinite noBxuHy ctopoHu BC. 3scyiiTe, 4d € MPSIMOKYTHUK
ABCD xBanpatom.

BC =
BC:‘B_C’:

== CkopucTaiiTech 03HAKOK KBaJpara: sKIIO B MPIMOKYTHHKY JBi CyMDKHI CTOPOHH
PiBHI, TO BiH € KBaJIpaTOM.

BianoBigs: ABCD — npssMOKYTHHK.

4.21. JlaHO BeKTOpH p = {2;1;- } ={0;1;-2}, r= {2;1;3} . 3maiixite poskmas
gir

BEKTOpa ¢ = {10;2;9} 3a BexTOpamMu D,
Xio po3e 'sa3anHs.

Kpox 1. 3anumite po3KJiaJ BEKTOpa ¢ 3a BEKTOpaMU p,q 1 Iy
3arajJibHOMY BUTJISIII.
Eeipiaheliolilodbipdifed

- == Posknadom sexmopa b 3a Oasucom a,, a,, ..., a, Ha3UBAIOTb PIBHICTh

b=x,aq, +x2a2 +..+Xx,a,,0€ X, X,,..., X, — JIESKI YUCIIA.

n’"n?

Kpox 2. TlincraBre KOOpAMHATH BEKTOPIB C,p,q 1 r B OTpUMaHy
piBHICTh. CIPOCTITh MpPaBy YaCTUHY PIBHOCTI.

== Jlyist 3py4HOCTI 3aUCYHTE BEKTOPHU K BEKTOP-CTOBIILII.
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Kpox 3. Cknanite, BUXOASYM 3 OTPUMAHOI PIBHOCTI BEKTOPIB, CUCTEMY
anreOpaiuHuX piBHSHb.

10:2x1+0+2x2’ : : 101600 00000 00000
32 .

—= CkopucraiiTech 03HaKOIO PIBHOCTI BEKTOPIB: BEKTOPHU PIBHI TOAI 1 JIUIIE TOJI, KOJIU
iXH1 BIIIOBIIHI KOOPIUHATHU PIBHI.

Kpox 4. Po3BsIKITh CUCTEMY PIBHSHb.

0

—= Ckopucraiitech MeTo10M Kpamepa.
Takum ynnOM, X, =2, X,=-1, x;=3.

Binmosizs: ¢ = 2; —5 +3r.

Byumocsi modenroeamu npogheciliHy OistnibHicMb
iH)XeHepa

4.22. ]Jlo cxeMH MOHTaXXHOI IIOIJIH
(puc. 4.7) 3anucaTu YMOBY
3aMKHEHOCTI Yy HEHAaBaHTAXKEHOMY
CTaHl.

Xio po3g'azanns.

Kpox 1. IlpoananizyiiTe ymMOBY
3ajayl  Ta  nepepopMmyironTe i

) Puc. 4.7. 300paxeHHs cXxeMH
«MOBOIO BEKTOPIBY.

MOHTA>KHOI1 IIOTJIA
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==~ MoHTa)XHa MIOJIa € HAUTIPOCTIIMM MEXaHI3MOM Uil TiJHOMY BaHTaxXiB Ta
BUTOTOBJIETHCA 3 MeTaly. IIpOeKTyr0ur MeXaHi3M MO3HAYMMO HOro JIAHKH BEKTOPAMH. IXHs
cyMa BU3HA4yae yMOBY 3aMKHEHOCTI MeXaHi3My. il 300pakeHHs JIaHOK IIOTJIM BEKTOpaMu
CKOPUCTAWTECh O3HAYCHHSM BEKTOpa Ta IMPaBUJIOM TPHUKYTHHKA JUIA TMOOYIOBH CyMHU
BEKTOPIB.

300pa3zumMo MOJIebh MOHTAXKHOT IIOTJIM ¥ MO3HAYUMO ii JIJAHKH BEKTOPAMU
Ha PUCYHKY 4.8.
AB wa cxeMmi 300paskye moray — AB =7 ;

OA Tta AC yTBOpPWOIOTH HatarHytuii Ttpoc — OA=rn;CA=r,;
_ - @ — >
OB =a; BC=b; a0 KYT, 110 CTBOPEHO HATSATHYTUM TPOCOM 13 MOBEPXHEIO

semi; B — KYT, III0 CTBOPEHO LIOTJIOK0 13 BEPTUKAILIIO.

Puc. 4.8. BekTopHa cxema MOHTa>KHOI LIOTJIH

Kpok 2. 3anumiiTe yMOBY 3aMKHEHOCTI JJI MIOBHOI CXEMHU ILOTJIH, L0 €
00’eHaHHAM ABOX cXxeM 13 koHTypamu OBAO ta BCAB.

== OcKinbKu BEKTOpHA CXeMa MOHTXHOI HIOTIM € 00 €IHaHHSM JBOX CXEeM i3
koHTypamu OBAO 1a BCAB, TO yMOBa 3aMKHEHOCTI ISl IOBHOT CXEMU IIOTJIH 3aHIIETHCS
Yy BUIJIAJII CYMH YMOB 3aMKHEHOCTI JJIsl KOXKHOI 13 YaCTUH OKpeMo. Y BEKTOpHIA (opmi 1ieit
3anuc mMae BUrIsAA. IlincraBre BBeeHI O3HAYaHHS BEKTOPIB.

(ﬁ#ﬂ#%’ﬁ(ﬁw?#ﬁ): =

Kpoxk 3. CnpocTiTh YMOBY 3aMKHEHOCTI, BUKOPUCTOBYIOUYH ITpaBUja CyMHU
BEKTOPIB.
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~="" Ockinbku 3a mpaBwiom cymu sexropis 5C + €A =BA=-1 ., bin+r=0, , e
03HaYae, 10 YMOBA 3aMKHEHOCTi BUPA3UThCS BEKTOPHUM PIBHAHHAM:

Kpox 4. Cupoexryiire piastaast ¢~ 7 71 = 0 4a oci KOOpPJIMHAT.
[ CkopucraiiTech 03HauUCHHSIM MPOEKIIii BEKTOpa d wmaBics [ . [Tpoexuito BekTOpa a
Ha Bick [ 0GumcmonTs 33 HOPMYITOI0 np,a = | 5|cosgo, ne @ - KyT Mik HampsivoM oci i
HANPSIMOM BekTopa d .

ITpoexiist cymMH KUIBKOX BEKTOPIB HA Ty caMy BiCh JIOPIBHIOE CyMi iX MPOEKIIii Ha 110

BiCh, TOOTO:
np, (El +a, +...+c7n):np1571 +np,a,+...+np,a,.

VY HaloMy BUIIAJKY:

1) CT 36iraeThes 3 Biccro Ox MPOCKTYBAHHS, TOMY HPp, d = ...}

) mpar =o|rlesOF P e Lo
3) a HNEepHEHANKYJSIPHAN Bicl Oy NPOEKTyBaHHA, TOMY /Py, A
4) np0y7 =i ,npoy? =‘Z COS90 gy

OnepxuMo yMOBY 3aMKHEHOCT1 B CKaJisipHiil (opMi (3aMiCTh BEKTOpPIB

a;r ;¥ ypIBHAHHA a —r —r =0 miacraBTe iX NPOEKIIll Ha BiC1):

BianoBiges: ymMoBa 3aMKHEHOCTI MEXaH13My MOHTaXKHOT IIOTJIU

> > . - > —
la|+|r|sinf—|n|cosa=0, |r|cosf—|r |sina=0.
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Buumocsa camocCTinHO po3B’A3yBaTH

3aBOaHHA
4.23.

1 pisenw 1l pisenv 11 pisenw
Y napanenorpami | Touka M — cepeauna | Touka M He JIEXHUTh B
ABCD O — Touka | pebpa CC, KyOa | IUIOIIKH1 TPUKYTHUKA
NEpeTUHY  JlaroHaleu, | 4RCD AB,CD,. Bu- | ABC. Bupasite BeKTOp
AB=a, AD=b. Bu- pasit  BEKTOD M AK _ Hepe3  BEKTOpH
pa3iTh 4epe3 BEKTOPH d uepes BekTopu AB=a MA=a ,MB=b, MC=c,
i b Bextop CO. 7 i __ | saxkmo K - cepenuna

P AD=b, A4, =c. RIS P

Biapizka BC.
lﬁll, Cxopucraiirech ) Bexrop AM lﬁlj, 3MiCHUTD TIepexia y
g | e | g o i
' CO=—=AC ‘ Bektopu  AC 1| g KOOpAHHATE P
2 M AB 1 AC.
4.24.

1 pisenw 11 pisenw 11 pisenw
3Haiinite c¢=5a—3b 3Haﬁﬂinz=2(3;—5)— 3Hap”U1iTLE:3(55—5)+
Ta  HOro  MOAYIIb, - - - - -

- —(5b+2a)—4b Ta fioro +(—2b +3a)—5b Ta fioro
SIKIIIO a= {12,0,3} ,
b= {~4;0;-1}. MOAYJb, AKIIO MOZYIIE, SKIIO b=-5j+7k,

a={12,0;3,b={-40,~1}. | 4 _0i 374%.

), Cnpocritb BUpA3, %, Cnpocritb BHUpa3,
and  SAKMM ~ BHM3HAYAETHCS o /  SKUM  BH3HAYAE€THCS
fiR - Je -

- BEKTOp C. n BEKTOp ¢ Ta Iepe-
HOiTh Bio poO3KIany
BEKTOpA 3a OpTaMH N0 HOro
KOOPJAMHAT.
4.25.

1 pisenv 11 pisenw 11 pisenw
[lepeBipury, qu € | JlaHO BEKTOPH a:{2;0;3} [lepeBiputH, 10 YOTUPH
KOJIIHEADHUMHU  BEKTOpH - { 4:0 1} Bera. | TOIKA A(3;-1;2),
~ . Ta b={-4,0;-1{. Bera-
a={12;0;3} 1 b:{—4;(),—1}. .| B(;2;-1), C(-1;1;-3),
B . HOBUTH, "M € KOMI-| . (3:-5:3)

CTAHOBUTH, AKHH 3 HUX | eapHAMH BEKTOPH ;—9;3) € BeplIMHAMU
Mae Oulbllly JOBXKHUHY. | — - — Tpamerii.

m=2b—a Ta ]_9 =3a+b.
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3anuiiTh BEKTOp d

y Buniai: a=Ab,
Ta 3HAWJITH 3HAYECH-

), Posbuiite 3amauy
Ha Mij3aaadi:
1) 3HaliTn KOOPAU-

HATH BEKTOPIB m 1

% [Tepedopmymtoiite

ﬁ /  3amauy: mepeBipre,
},y o cepen ycix map

BEKTOPIB , 10 MOX-

HA A _
: ) . | Ha noOymysBaTn, BHKOpHC-
P> ‘2) BCTaHO]?HTPi IfoinHe ToBytoun Touku A, B, Ci D,
ApPHICTL BEKTOPIB m 1 p. € 1Ba KOJIiHCapHI/IX.
4.26.

1 pisenv 1l pisenv 11 pisenw
3HaWITh po3kian | [lano Bektopu 3HaWITh po3KIaz
Bektopa a ={12;0;-3} | a ={12;0;3}, b={3;1;-2}, BeKTOpa s=a+b+c 3a
3a BEKTOpaMH o= {1;2;_1} d= { 4;_1;2} ' TppOMa  HEKOMILIaHap-
b=131-2 o HUMHU BEKTOPaAMHM:

—{ > 1> } ) 3HalITh pO3KJIAA BeEKkTOpa| — — — — — — —
- ) - - == = m=a+b-2c, n=a-b i
c={;2;-1} i m=a+3b—c+4d 3a| - - -
_ - - = p=2b+3c.
d = {4;_1;2} BEeKTOpamu b, c, d .
lﬁll, [Tepedopmy- ), PosOuiite 3amady Ha ), Bupasite  BekTOpH
ﬁ /  IIoWTe 3a/1a4y: 73, miazajgadr 73, {  a,b,c depe3 BEKTO-
‘}'ﬁ 3HAWUTH X,),Z 43 1) 3Halimith po3knag | 44 - = . =
. 3 - 3 pu mn 1 p,
TakKl1, 110 BCKTOpa a 3a BCKTOpaMUu 5
- = - = - - = ) — | PO3B’AI3YIOUH CUCTEMY TPHOX
a=xb+yc+zd b, c,d;_ _21 BUPA3iTh BEKTOP 7 | hiwiiiupx piBHAHL 3 TphOMA
gyepes b,c,d . HEBITOMHUMH.
4.27.
1 pisenv 1l pisenv
Hexan BexTop a | mo 3ananmii
a==3i+2j—k. KOOpJMHATAMU
3HaiiTh HAPSIMHI | g(a,; a,; a.)ckiamae 3
KOCHUHYCH  I[bOTO
KOOPJIWHATHUMH OCSIMHU
BEKTOPa. Ox T1a Oy Kymu
a=60°, B=120°.
OO0uucniTh KOOpJIHUHA- _
T™ OO BEKTODA, Puc. 4.9. Po3knan cunu F
SIKIIIO ‘E‘ =2.
Cuna F =26H po3kiageHa 3a
TphOMa  B3AEMHO  MEPHEHIUKY-
JSPHUMHU HamNpsMKaMH, SK TIOKa-
3aHO Ha puc. 49 (F=F +F, + F}).
3HalaITh KYTH, SIKI YTBOPIOIOTH
CKJIaJIOBI 3 HAMpSMKOM [iii JaHOl
cuy, ko K =13H, F,=2H.
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)} 3HaWIITh ), SHailmite  cmo- ), Ilepedopmymroiite 3amaqy:

ﬁ { CIIOYaTKy Y 4YaTKy KOCHUHYCHU ﬁ /' Mojaynb BEKTOpa JOpiBHIOE 26,
.n‘ KOOpAUHATH Jﬁ? BCIX TPHOX KYTIB .n‘ foro arutikara Ta abcuuca
BEKTOpa  a (a,B,y), mwo yr- JOPIBHIOIOTH BinmoBiaHO 13 1 2.

32 JIAHMM PO3KIIAZIOM. | BOpIO€E BEKTOP @ 3 KOOP/IH- 3HaiAITh HAIPSIMHI KOCUHYCH BEKTOpA.

HaTHUMHU 0CsiMU, Bpa-
XOBYHOYH, IO COSY MOXKE

HaOyBaTH ABOX 3HAYCHb.

Y Buumocs 3actocosyBaTu N3 DG nig yac
g }/ pO3B’AA3yBaHHSA 3a4ayv 3 BEKTOPHOI anredpwm

P

4.29. /Ins 3anucy yMOBU PIBHOBAru CHII, 110 J1IOTh Y HABAHTAXEH1M MOHTaXHI1M
IIOTJI1, PO3p00ITH MOJIeNIb 00’ €KTa, JJIs AKO1 HEOOX1THO BPIBHOBKUTH CHUJIH, 32
J0TIOMOT 00 BEKTOPIB 13 3acTocyBaHHsAM /1113 DG.

Tepepopmynoiime ymosy na mamemamuuny. Cuna P, mo npencrasise
co0010 Bary BaHTaxy, 110 MiJHIMA€ETHCS IIOTJION0, 3a MPABUIIOM Mapajeiaorpama

PO3KJIAIa€ThCsl Ha JBI cum B ra P, ne B — cuna, mo cruckae IOTITy

(3ycmwrst B mordi); 5 — Harar tpocy (3ycwmist B Tpoci). 3amMmiiTe yMOBY
pPIBHOBAaru 3a3HAUYEHUX CUJI y BUIJIAA1 BEKTOPHOTO piBHAHHS. CHpoeKTyilTe
BEKTOpPHE PIBHSHHS Ha OCl KOOpJUHAT Ta OTPUMAiiTE yMOBY pIBHOBaru B
CKaJIApHIN popmi.

Xio mooentosanusi.

1. Binkputite Bikuo /1113 DG.
2. 3a nonomoroto ontii @Pieypu-Anarimuyno-Bexmop nodyayire:

— BekTop OA, 11 1bOro BIA3HAYMTH TOUYKY O — Hayauo BEKTOpa, TOUKY A —
KiHeIlb BEKTOPa;
— Bexktop OB, ajid UpOro BiA3HAYMTH TOUKYy O — Hayajo BEKTOpa, TOUKY B —
KiHEeIlb BEKTOPa;

—_—

— Bextop AB , 11s 1BOro BiI3HAUMTH TOYKY A — HAyalo BEKTOPA, TOUKY B —
KiHEeIlb BEKTOPa;

R

— BEKTOp BC | anst uporo Bimsmauutn TOYKY B — Havajno BeKTopa, Touky C —
KiHEeIlb BEKTOPa;

— sextop CA , mna nporo BigsHaunté Touky C — HAayaao BEKTOpa, TOUKY A —
KiHeIlb BEKTOpa.
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3. Bexktop OA BimoGpaxye cuimy, MO0 CTHCKAe WOy (3yCHUIS B INOIJI).

Bekrop CA Binobpakye Hatar Tpocy (3ycHIs B Tpoci).
4. 3a pgomomororo onuii Dieypu-Bumipamu-Bumipsmu kym 1no0Oynyite
ZAOB = o — xyT, M0 CTBOPEHO HATATHYTHM TPOCOM i3 MOBEpXHEIO 3eMi;
— KYT, IO CTBOPEHO LIOTJIOK0 13 BEPTUKAILIIO.

byne orpumano mopenb 00’€kTa, ajig SKOI HEOOXITHO BPIBHOBAXXUTH
CHJIM, 3a JOTIOMOTOIO BEKTOPIB.

Tema 5. CKANAPHUU JOBYTOK ABOX BEKTOPIB

(‘ ")') (._()_.) 7K noB’AA3aHNN CKansipHMM AOOYTOK BEKTOpIB 3
y v IH)KeHepPHOK NPaKTUKOI

JIist xapakTepucTuku cuiin F, 1o i€ Ha T1J0, 3aCTOCOBY€ETHCS BEJIMUMHA,
sIKa HA3WMBAETHCSI MEXaHIYHOIO poOoTor0. MexaHidyHa pobOoTa — 1e (izumdHa
BEJIMYMHA, 10 € KUIBKICHOI XapaKTEePUCTUKOIO i1 cvik F Ha mporec (1) Ta
3aJICKUTH BiJ YUCEIHHOI BETUYHHM, HAMIPSMKY CHJIM W BiJ IEPEMIMIEHHS TOYKH
11 IpUKIaJCHHA.

[IpunmyctumMo mix [Ai€0 TOCTIMHOT CWIM TUIO PYXa€ThCS MPSMOJIHIAHO 3
MOJIOKEHHA [ y TOJIOKEHHSI 2 Ta MPOXOAUTH BiJICTaHb S. 3HAWUITH pOOOTY CHIIH
M0 TEPEMIIIEHHIO MaTepiaJbHOI TOYKU B3JIOBXK BEKTOpY (puc. 5.1).

Puc. 5.1. Monenb-cxeMa XapakTepUCTUKH JIii CUJIA Ha T1JIO,
[0 PYXA€ETHCS MPSAMOIIHIMHO 3 MOJIOKEHHS [ y TIOJIOKEHHS 2

[loHsATTS ckanapnozo 000ymkKy eéekmopié BUHUKAE TiJl 4ac OOUMCIICHHS

Takoi poOOTHU CHJIM, IO JOPIBHIOE CKAISIPHOMY AOOYTKY BEKTOpa CHJIM Ha
BEKTOp MEPEMIIICHHS.
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V4

< CknagaemMo onopHUKU KOHCMEKT

CkansipHuli 0o6ymok deox eekmopie

Ckanapuum 006ymkom JBOX BEKTOPIB a 1

b Ha3uBarOTh urcio d *b | mo

, a b =‘ : H ‘-cos
JIOPIBHIOE
Sxkmo xoya 6 OAMH i3 BEKTOPIB a 4H b
HYJIbOBHM, TO 32 O3HAYEHHSM IX .
CKJISIPHUM T100yTOK JOPIBHIOE a b =..

CkangpHuii  100yTOK  JABOX  BeKTOpiB | OTXKe y BUNAAKY
JOpIBHIOE  JOOYTKY JIOBKMHH  OJHOTO
BEKTOpa Ha MPOEKIII0 HAa HBOTO JPYroro
BEKTOpA.

S

np, b

CkansipHuii 100yTOK BEKTQPa _CUJM Ha

. F .S =
BCKTOP MCPCMIIICHHA cee

Bnacmueocmi ckansipHo20 Aobymky

o aneeopaiyHux eracmusocme
CKAAPHO20 00OYMK) BITHOCSATHCS:
1) a-b=
o) (ia)b= |
3yalpe)= |

Ho  ceomempuynux  enracmugocmeti i
CKANAAPHO20 000YMKY BITHOCITHCA:

1) sikmo 4 #0 1ra 6#0 1

_xyr ? rocrpuit, T0 ab .0
2))sixmo 4#0 ta b#0 g o
kyT % Tymmii, To a-b..0

2)  ckamsgpHUM  JA00YyTOK  JABOX
HEHYTHOBUX BCKTOpi].S JOPIBHIOE | h
HYJIIO TOJ1 1 TUIBKH TOJ1, KOJIU
3) ckansipHUM KBaJpaT BEKTOpa L,
JOPIBHIOE a-a=a = ‘ a‘ , 3BIIKH

Q
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BupaxxeHHs1 ckansipHo20 Ao6ymKy Yyepe3 koopduHamu eekmopie ma
06YUCIIeHHsI Kyma Mi)X eekmopamMu

Slkmo BekTopu @ 1 b 3amaHi cBOIMH
KOOpJAMHATaMU

a:(ax, a,, az), b:(bx, b, bz>,T0 a-b=.. + +
Slkmo  Bektopu a 1 b 3a;aHi
KOOpAuHaTaMu d = (ax )
b= (bx, b,, bz), TO yMOBa
MEePIEHIUKYJIIPHOCTI IIMX BEKTOPIB el =0

SKmo BekTOp a 3aJaHuil KOOpJIWHATAMH

a:(ax, Cly, az), — \/ > > 5

TO MOTO JOBXWHA

Slkmo  BekTopHM  a 1 b  3agami

— COS P = ——
KOOpAWUHATaMU a:(ax, a,, az), ‘ H ‘
b=(b,, b,, b.), 1o xocumyc Kyt
MDK UMY BEKTOpaMH OOYMCITIOETHCS -
H P J-. 2+ 2+ 2\/ 2+ ...2+...2
Slkmo Bekropu a 1 b 3a;maHi
KoopauHaTaMu a =(ax, a,, az),
Py ) — et
b=(bx, b,, bz), TO mpoexiis | np - b = - - :
\/ + +

BEKTOpaa Ha b ogupcmroerses

=

- MNMepeBipsieMo rotToBHICTb A0

9
IE;) NPaKTUYHOro 3aHATTA

5.1. Bekrop 5={1;—2;O}, E={0;3;—1}. 3HaligiTe cKansApHH NOOYTOK LUX

BEKTOPIB.
A b B I
a-b=-6 a-b=0 a-b={0;-6;0} | a-b={LL-1}

==~ Ckopucraiitech (bopMyJIOIo JUTsL OOUHMCIIEHHS CKTSIPHOTO ;106yrI<y BEKTODIB, sIKi 33/1a-
HO CBOIMM KOOpJAMHATaMHU: SKIIO, d = {ax a; az} b= {b b,; b} 10 a-b= a.-b +a,b +a. b,

5.2. ko a-b=-3ia - KYT MIDK BEKTOpamMu ai E, TO:
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A

b

B

I

o — TOCTPUN

o — Tynuu

o — OpSIMUI

1HIIIA BIAIIOBIIL

- == CkopuCTaiiTeCh TEOMETPHYHUMH BIACTUBOCTSAMH CKAISAPHOTO JOOYTKY: SIKIIO

a-b <0, To KyT MDK IIUMH BEKTOPAaMH TYIHH, KO a-b >0 , TO — TOCTPHIA.

53.80kmo a-b=51ia — KYT MIDK BEKTOpamMu aib,ro:

A

b

B

I

o — TOCTPUN

o — Tynuu

o — OpSIMUI

1HIIIA BIJIIOBIIL

e CkopucTaiiTech TEOMETPHUYHUMHU BIIACTUBOCTSAMHU CKAISIPHOTO JOOYTKY (IUB.

MONepeaHe MUTAHHS).

5.4. flxkmo a-b=0, a 1 b — HEeHYTbOBI BEKTOPH Ta ¢ — KYT M BEKTOpamH

aib,To:
A b B I
o — roCTpui o — Tynuu o — OpSIMUI 1HII1a BIJMIOB1/Ib

- CkopucraiiTech 03HAaKOI TNEPHEHIUKYISIPHOCTI BEKTOPIB: HEHYIBOBI BEKTOPH
NEePIIEHANKYIISPHI TOJI 1 JIUIIE TO/1, KOJH TXHIH CKaIApHUA JOOYTOK OPIBHIOE HYIIIO.

5.5. Binomo, 110 ‘a‘ =2, B IbOMY BUMAJKY:

A

b

B

I

a-a=2

a-a=%12

a-a=4

a-a=74

CkansipHUIl  KBaJgpaT BEKTOpa JIOPIBHIOE KBaJIpary MOro MOy,

— — —2
a-a=a =‘a‘ .

5.6. O0epiTh HEBIPH

PIBHICTb 3 HABEJICHHUX:

TOOTO

A

b

B

a-(3b)=3(b-a)

a-b=-b-a

3(5+5):35+3B

2a-3a=—a

- == BHKOPHCTOBYHTE BIaCTHBOCTI CKaISIPHOTO JOOYTKY.

5.7. Bigomo, 110 a-b=-12 ,

BEKTOP b.

a‘:Z,

b‘ = 8. 3HalAITh MPOEKIIII0 BEKTOpa a Ha
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A b B I
- 3 — - 3 I
np;a=-—— np;a=-06 np-b=—— np-b=-6
2 ¢ 2
~=="" TIpoexiiis BeKTOpa a wa BEKTOP b oGuncmoeTses 3a bopmynoro np};a :%‘b
5.8. Bigomo, o M =12, np;E =—4, npga =—6. 3HalaITh a-b.
A b B I
a-b=-3 a-b=-48 a-b=-36 a-b=-2

- == CkopuCTaliTeCh TEOMETPUYHUM 3MICTOM CKIAPHOrO JOOYTKY: CKAISAPHUN J00YTOK
JIBOX BEKTOPIB JOPIBHIOE JOOYTKY MOYJISI OJIHOTO BEKTOpA Ha MPOEKIII0 IHIIOTO HA HBOTO.

5.9. SIko a E:—ll,;‘:Z, b‘:S,a —Keri)KBeKTOpaMI/IZ iE,TOZ
A b B I
11 . 11 11 11
CoSx¥ =— Smo =—— cosg =—— o=—
16 16 16

==~ CxopuCTaiiTech 03HAUYEHHAM CKAIAPHOrO JOOYTKY BEKTODIB: a-b=‘a‘-‘b‘ cosa, nie

@ - KyT MK BEKTOpaMu a i b .
i Bunmocs po3B’aA3yBaT TMNOBI 3agadvi
- .7 2r o . T2 (= T\(T T
5.10. Bexktopu a i b yTBOPIOIOTH KYT o :?. 3HalaiTh a 1 (3a—b)(a+2b),
SIKIIIO ‘5‘22, a ‘5‘23.
Xio po3e 'sa3amHs.

. . —2
Kpox 1. 3naiiiiTe CKanspHUW KBaapaT a .

==~ CkaJspHHH KBaJpar BEKTOPa JOPIBHIOE KBAAPaTy HOTO MOYJIs, TOOTO

[ — —2 —2
a-a=a =‘a‘ .
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Kpox 2. CipocTiTh Bupas (35 — 5)(5 + 25) .

CkopucraifTech BIaCTUBOCTSIMH CKaJSIPHOTO JOOYTKY BEKTOPIB!
1) a-b=b-a; 3) (Aa)b=A(a-b);
2) a(b+c)=a-b+a-c; 4) (2+p)-a=2a+pa.
To6T0, mepeTBOpeHHS 3 BHUpa3aMH, MO0 MICTATh CKAIAPHUA JOOYTOK BEKTOPIB, MOXKHA
BUKOHYBATH 3a MPaBUJIaMH aareopu.

Kpox 3. B oTpuMaHoMy Bupasi po3MUIIITh CKAJISIPHI KBaJpaTH 1 CKaJIsIpHI
N00YyTKH BEKTOPIB Ta OOUUCIITH 3HAYEHHSI OTPUMAHOTO BUPA3y.

ST ERRLEIeTERLYSAENA: bauskunseny R L S Nn s 2

- CkansipHUil KBaJIpaT BEKTOpa JIOPIBHIOE KBaJIpary MOro Momyns, TOOTO
PR — —_2
a-a=a =‘a‘ .
Ckansipauii 10OYTOK BEKTOPIB 0OUYUCITIOETHCS 32 (hOpMyIoro: a-b =‘a‘ ‘b‘ cosa, 1€ @ - KyT

MDK BeKTOpaMu a i b .
Bignosigb: a_2 =4; (3 a - b_)( g+2b_) =-—21.

5.11. Jlano Bepmuuu TpukytHuka ABC: A(2;2;-4), B(2;-1;-1), C(3;—-1;-2).

3HaNITh 30BHINIHIA KyT TPUKYTHUKA MPU BEPIIUHI B.

Xio po3e 'sa3anHs.
Kpox 1. Tlobynyiite A ABC  1a jioro 30Bmimmiit kyr § npu BepmmHi B.

102



30BHIIIHIM KyTOM TpUKyTHUKAa ABC mipu BepuiuHi 4 Ha3UBAIOTh KYT CYMDKHUH 3
BHYTPIIIHIM KyTOM 4 JaHOTO TPUKYTHHKA.

Kpox 2. Cniouatky HeoOXinHO 3HaiTh BHYyTpimHii £ABC. Ile KyT, sxunid

YTBOPIOIOTH BEKTOPH BA i BC. 3HaWIITh KOOPAUHATH X BEKTOPIB.
33 5

BC =
Kpox 3. 3naiinemo ckainsipHuii 100yTOK BA-BC, |BA| i ‘R“
BA- BC =
BA|=
el
—= Cxopucraitecb (GpopMyso0 Isi OOUMCIEHHS CKAISAPHOTO J0OYTKY BEKTOpPIB, SKi
3aJI1aHO CBOIMH KOOpAUHATAMMU: SIKIIIO, a= {ax; a ;az} b= {b ;b b } TO

a-b=a b +a, b +a. b, .

Ckopucraiitece  (GOpMyIol0 sl  3HAXO/DKEHHS MOJYNs BEKTopa a:{a ;a;a }

1 2 2 2
‘a‘—«/ax+ay+az .

Kpox 4. 3naiinite ZABC - KyT MIX BEeKTOpamMu BA i BC.
COSZABC =———=

3Bigcu LABC = arccos% =

Bnpa3m> KOCHHYC KyTa MDK BEKTOpaMHu 3 (popMme IUISL CKAJITHOTO JI00YTKY
BEKTOPIB: a - b= ‘ ‘ ‘b‘cosa e o - KyT MiXk BeKTopamua i b .

Kpok 5. 3naiinite kyT f, mo € cymikaum 3 ZABC.

Bigmosias: 120°.
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5.12. Ilpu sikomMy 3Ha4€HH1 M BEKTOPHU a=mi- 4} +2k i b=mi+ 2} —mk €
NEePHEHIUKYISPHUMU ?

Xio po3e 'sa3amHs.

Kpoxk 1. 3anumiite KOOpAUHATH BEKTOPIB @ 1 b.

b=

Nl
Il

== CkopucraiiTech THM, IO BEKTOPHY PiBHICTh a=a, -i+a - j+a -k y cuMBoJiuHili

¢dbopmi 3anUCyIOTh TaK a = {ax; a,; az} .

Kpox 2. 3anuiiite yMOBY MEPIEHIUKYJISIPHOCT1 HEHYJIBBUX BEKTOPIB.

- CkopucraifiTech 03HAaKOI NEPHEHIUKYISIPHOCTI BEKTOPIB: HEHYIBHOBI BEKTOPH
NEePIEHANKYIISPHI TOJI 1 JIUIIE TO/1, KOJH TXHIM CKaIApHUA JOOYTOK OPIBHIOE HYIIIO.

Kpok 3. Po3mumiiTe cKamsipHUM JOOYTOK BEKTOpIB a 1 b depe3 ixHi
KOOPJAMHATHU Ta PO3B’SHKITh OTPUMAHE PIBHSHHS BITHOCHO 771 .

==’ }Ixmo,Zz{ax;ay;az},l;:{bx;by;bz} TO Z'EZax'bﬁay'by*“z'bz :
Bignosiny: m=4, m=-2.

5.13. JlaHo BekTOpH 5={1;—3;4}, E={3;—4;2} i Ez{—1;1;4}. OOYHCTITH

a+c

Xio po3e 'sa3anHs.

Kpox 1. 3naliiiTh BEKTOP a+ec.
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SIK1110 BEKTOpH 3aJaHO CBOIMU KOOPAMHATAMH d = {ax; a,; az}, b= {bx; by; bz} TOMl

atb={a,+b;a +b;a +b}.

Kpox 2. 3naiinite ‘E + E‘ .

Cxopucraiitech (OpMYIIO0 Ul 3HAXOPKCHHS MOJYIS BEKTOpa az{ax;ay;az}:

P 2 2 2
‘a‘—,/ax+ay+az .

Kpox 3. 3Haiinith B(Z + E)

) - - - a-'b
[Ipoekiis BEKTOpa @ Ha BEKTOp b 0OUMCITIOETHCS 32 POPMYIION0 1P, a =—= .

g

Bigmosias:

2
17’

Bunmocs mogentoBatu npocecinHy AisnbHICTb
iHXXeHepa

5.14. 3HaiiniTh BEAMYMHY pOOOTH Pe3yJbTyHYOI CHI E (3; 2; —1)
1?2(2; ~1; -3), E(—4; I; 3), mpukmagenoi mo toukm A(2; 3; —1)
BiHOCHO Touku O (—4;1; 2) Ta Ha KUl KyT NPUKITAJCHE PE3yabTYIOUy CHUITY
70 BEKTOPY IIJIAXY.

Xio poze'azanus.

Kpox 1. 3HaiiiiTh KOOPJMHATH BEKTOPA PE3YIbTYIOUOI CHJI.
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Po6oTa pe3ynbTyrouoi UM JOPIBHIOE CyMi pOOIT CKIaJOBHUX CHJI.
[Ipu nonaBaHHI BEKTOPIB IXHI BiAMOBIAHI KOOPAWHATH J0JAI0Th.

3HaiAITh CyMy CKJIaJ0BHX CHUJI:

R —

Kpox 2. 3uaiiaite koopauHatu Bektopa OA4 .

SIKIIO BiZJOM1 KOOPIMHATH MOYATKY O(xo, Vs zo) Ta KIHIA A(xa, Vi za) BEKTOpa
OA , TO #OT0 KOOPAMHATH 3HAXOAATH 38 popMynor0 OA=(x, —X,, ¥, ~¥,, Z,—Z, ).

—

04 =

Kpox 3. OGUUCHITh CKAIApHUI 100YTOK A=F - 04 ma 3HANAITE pOOOTY
PE3yJIbTYHOUOI CHIIN.

—= Jlns BekTtopiB a 1 b, 3agaHUX CBOIMH KOOp,Z[I/IHaTaMI/Ia:(ax, a,, az),

b= (bx, b,, b, ) ix CKaJISIpHUN T00yTOK 00YHCITIOEThCA 3a dopmynoro
a-b= a b +a,b +a.b,

Po6oTa cuin 10piBHIOE CKAIAPHOMY JOOYTKY BEKTOpa CHJIM Ha BEKTOP MEPEeMIllIeHHS
A=F - OA.

A= = 00. pobomu

Kpox 4. 3HaiiniTh TpagycHy MIpy KyTa, Ha SKHH TpUKIaJeHE
PE3YyJIbTYIOUY CUIIY 4O BEKTOPY LIIAXY.

- =" KocuHYyC KyTa MK BEKTOpamMu d = (ax, a,, az) , b :(bx, b, bz) 00YHCITIOETHCS
3a GopmyIoro:
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cos = a-b a,b +a,b +a.b.
T ety
B s Ty
(LF; O4) = ——— = SERNEERRE e e Ly
cos ‘F‘ -‘OA‘ : e RRERTWARR S GHunkunnnn

L(I*T; @) X ATCCOS - vnv R

F2 ’ F3

npuKnaneHoi 1o Touku A BimHocHO Toukn O , A= 13 00. pobomu ; xyr, na

BianoBigs: BenuumHa poOOTHM pe3ynabTyrouoi cun  F o,

KU MPUKIAIEHO PE3YNbTYIOUY CHII IO BEKTOPY HUIAXY Z(F{ O—A)) ~ 45°2'

W

Buumocsa camocCTinHO po3B’A3yBaTH

\/_/
<) 3aBAaHHA
\\\
5.15.

1 pisenw 11 pisenw 11 pisenw
OO0YHCITITE 3HaueHHs | OOYHCIIIT 3HaueHH | OOYHCIIITD 3HAUYCHHS
BHUpA3Y: (521—35)(45+21) , | BUpasy: (521—35)(45+21), BHUPA3Y: (521—35)(45+21) ,
SKIIIO a={3;-4;2}, | sxmwo a=—i+4j+3k, SKmo E_z 3n_1_—£,
b={-51,-3} b=-2(2i+3j)+5(j—k) |b=5m+2n, m i n -

B3a€EMHO TEPHECHIUKYIISP-

Hi BEKTOpH, [m=2,|n|=3.
lﬁll, Criouarky CHpoCTiTh %, Copocrite  nanwmii lﬁll, Croyatky CHpocCTiTh
if o 4 A i ~

, JaHWUi BUPA3. - BHpa3 Ta 3HAUMITH | g TaHUH BHPA3.
g | F~ g
! 4 KOOp/IMHATH  BEK- | 4

TOPIB a 1 b.

5.16.

1 pisenw 11 pisenw 11 pisenw

3HalIITh X, | 3HalmiTE  BEKTOp X,

BEKTOP | 3HaifiTh  BEKTOP

= {6;k2;—5
MOJyJb,  SKIIO
NEPHEH UK YJISIPHAN
BekTopy b ={-1;4;2}.

} Ta WOTO0

BIH

SKIIO BIJOMO, IO HOro
opIvHaTa AOpiBHIOE 1 1
BiH TEPICHIUKYIIPHUI
BekTopaM a ={-4;5;2} i

b={6;-6;0}

SKIIO BIJIOMO, IO BIH
NEePHNEHIUKYIIPHUN  OocCi

Oz, |x|=5 i x-a=10, ze
a={-2;14}
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;.\l‘, Cxnafith 3a ¥ S_TBeJ:[in MO3HAYCHHS l\l‘, Hepe(bopMymoﬁT_e
ﬁ {  naHuMu 3amavi @ /' x={x0:z}, Ta cna- ﬁ {  yMmoBy «wexop x
),ﬁ PIBHSIHHSL. 4 NiTh cHCTeMy piB- | 4. NIEPIECHIUKYIISAPHUI
HSHb BHKOPHCTOBY- oci Oz» HaCTYNHHM
04M JIaHi 3a/1a4i. YMHOM: BEKTOp X IIEpIIEH-
JUKYJISIPHUM ~ HalpSAMHOMY

BekTopy oci Oz k ={0;0;1} .

5.17.

1 pisenw 1l pisenv 11 pisenw
3HalITh KYT MDK 3HaNAIT KYT MK | Y MPSMOKYTHOMY
JiaroHAJIIMU YOTUPUKYT- | Mmemianamu AM ta BK | mapanenemnineni
Huka ABCD, sxuio tpukyTHuKa ABC, axmo: | ABCDA B,C,D,

A(6,7:8), B(8;2;6), AQ2:2;-4), B(2-L-1),| 44, =10,4D=8,4B=6,
C(4:3,2), D(2;8:4). a3-L-2). K — cepeauna A4,
M —cepenuna DD, .
3HaNaITh KYT MK

npsmumu DK ta BM .

;.\l‘, [Tepedopmymtoiite % [Tepedopmymtoiite l\l‘, BBenite  nexapToBy

/' 3amady: 3HaWAITH =) 3amady:  3HaWIITH /' cucTeMy KOOpAMHAT,
i@ . | R : &8 . ”

, yT MK | 4 KyT MDK BEKTOpaMu | 4 1 mepedopmymroiite

Bexropamu  BD i BK i AM . 3ajady: 3HaWTH KyT
AC. Mix Bekropamu DK i BM .
5.18.

1 pisenw 1l pisenv 11 pisenw
3HAUIITH npoekiiro | Hexai A(2;2;-4), | Cyra F = {1,-2;3}  pos-
BCKTOpa b={—5,l,—3} B(2,_1,_1), C(3,—1,—2), KJIaJIcHa 3a TpbOMa Har-
Ha BEKTOP D@3;1;5). 3HANUITh | pIMKaMH, OJUH 3 SKHX 3a-
a=—i+4j+3k. npoekuito ~ AB  Ha | MaHO BektopoM a={22l}.

CD + DB 3HaliliTh CKIAmoBY CHJIN

F y HanpsiMKy BeKTOpa a .

;.\l‘, Po36wmiite  3amauy %, Pos36wmiite 3amauy lﬁl‘, [epedopmymtoiite

ﬁ /' Ha ma3agayi: e Y Ha mijg3agavi: ﬁ /' 3amauy: 3HANIITE

,n‘ 3HAWTH  KOOpIU- j\y 3HAWTH  KOOpIU- ,n‘ npoexuito cunmu F Ha
HaTW @, 3HAUTU HaTU AB 1 .

3a3Ha4YeHy MPOEKIIIIO.

CD + DB ; 3HaiiTH 3a3Ha-
YEHY MPOEKIIIIO.

BEKTOD a .
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5.19.

1 pisenv 11 pisenw 11 pisenw

3HalaITh poborty | 3HaiiiTh poOoTy cuiu | Pobota piBHOAIIOUOI CHII

cum  F={1;-2;3} 3| F=10H 3 mpamo-| F={1:0,-3} F, ={-1;2;3},
JIHIRHOTO MEePEMIIICHHS | —

MPSAMOJIIH1IHOTO ne- i _
: 3 nonoxeHHsa A(6;7;8) F,={1;4;1} 3 mepemimen-

peMIIIeHHS Tiia 3 TOYKH

A(6:7-8) . TouKy | ¥ TONONKeHHS B(8;2;6), | 1 TU1a B3OOBX oclt Oz

nopiBHroe 7/[xc. Ha sky

- AKIIO  HAIPSIMOK |-, :
B(8;2;0). B p M pincrans 3MICTHJIACA
CHIIH YTBOPIOE 3

. | TOUuKa.
HaIpsMKOM nepeMi-

T
IOCHHS KYT ? .

lﬁlr Hepe(I)OpMynioﬁTe l\t{ Hepe(I)opMymvoﬁTe %, Hepe(popMymoﬁTS:
ﬁ | 3ajmady: 3HaHiTh jﬁ? /' 3amady: 3HAHIITS | g /' sajauy: CKAJISIPHHI
)@f poboty cumu F k: CKJIIPHUU l[0_6y- ';,hf I00yTOK BEKTOpa
M0 TMEePEMIIICHHIO TOK BEKTOpiB F i " PiBHOFIiIOqOT Ta

Tina Ha BexTop AB . 1B . BEKTOpa KOJIIHEAPHOTO  BEK-

Topy k ={0;0;1} nopisHioe 7.

3Hai1iTh MOAYIb OCTAHHBOTO.

Bunmocs 3actocoByBaTtu INMN3 nig yac

=
-
&

—- )’ o64YMnCneHHA KYTiB MiXK BeKTopamMu

P
5. 20. Koopaunaru cumu, mo aie na touxky: F, =3 H , F =4 H F =5H.
KoopauHaTtu rnepeMilieHHs Touku S, =7Tm, S, =1m, S =3 m

OO6uncauTu podOTY CUIU F | mo gie na TOYKY H KyT ¢ MIX BEKTOPOM CUJIH

— -
F oy BEKTOPOM MEPEMIIICHHS S i3 3actocyBaHHAM [[113 Gran3D.
llepegpopmynoume ymosy Ha mamemamuyuny. 3HAUIITH KYT MIXK

BEKTOpaMu F = (3;4;5} it S ={7; 1;3} Ta ckanspHuit T00YTOK IIMX BEKTOPIB.
Xio obyucnenusi.

1. Binkputite Bikuo /1113 Gran3D.

2. 3a ponomoroto ontii 06 ‘ekm-Cmeopumu-Touka noOynyiTe y Mol NporpaMu
touku S (7; 1, 3), F(3; 4, 5).

3. 3a pomomoroto omuii O6uucnenua-Kym-3a mpvoma moukamu BBEIITH
nociigoBHo Ttouku S(7; I; 3), OO; 0, 0), F(3; 4, 5) axTuBi3yrouu Iix
KOOpPAMHATU KypcOpOM IO KOMaHJI «BUOEPITH ...TOUKY». Y TMpaBoOMy
HUKHBOMY KYTi 3BITY 3’ SIBUTHCS 3HAUCHHSI KyTa.
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4. 3a nonomoroto onilii Oouucnenus-3navenns upazy BBEIITh YUCIOBUN BUpPa3
Tx3+1x 4 + 3x 5 T1a orpumaiiTe pe3yibTaT OOYKMCIIEHD Y IILOMY K BiKHi.

Tema 6. BEKTOPHUN TA MILWAHWA AOBYTKU BEKTOPIB

® OB OB B B B ¥ B B ¥ B B B ® % B ® B 8 % B F F & B F & B 8 8 B F F #F B 8 B 8 F B 8 B F B B 8 B ¥ & B F F F B &

(0) (Ol) 7K noB’si3aHi BEKTOPHUW Ta MilLaHUWN JO0YTKN 3
= v iH)XeHepHOI NPaKTUKOKO

[Ipunyctumo 10 Tina (Touka A) NPUKIAIECHE CUITLY F =AB Ta 3a1aHO
Touky O — sK JAesIKy TOYKYy mpoctopy (puc. 6.1.). 3HalIiTh MOMEHT CHIIH

F BimHocHO Touku O. MoMmeHT cuinu M BITHOCHO TOYKH, B SKIM 3aKpiruieHE

TUIO0, XapaKTEepU3y€e 3AAaTHICTb CWIM OOepTaTh TUIO HABKOJO I[I€i TOYKH,
BIIHOCHO sKOi BiH Oeperbcs. Ilpu oOepToBOMYy pyci CUJIOBUM BIUIUB
XapaKTEPU3YETHCSI MOMEHTOM CHUJIU, & HE CHJIOIO.

MomMeHTOM cuinu BigAHOCHO Toukun () Ha3UBalOTh BeKTOp M, skuit
IpOXOJIUTh uyepe3 Touky O 1 33J0BOJIbHAE TaKl YMOBH: INEPHEHIUKYISIPHHIMA
IUIOLIMHI, 10 MPOXOAUTH uepe3 Touku O, A 1 B; uncenbHO AOPIBHIOE TOOYTKY

CUJIM Ha TUIeYe; YTBOPIOE MPaBY TPiiKy 3 BEKTOpaMu OA | AB.

Puc. 6.1. Mozenb-cxema MOMeHTY ciiid I BiTHOCHO Touku O

[loHsATTS 6eKmoOpHo20 000ymKy BEKTOPIB BUHHUKAE il 4ac OOYMCIICHHS
TaKOr0 MOMEHTY CHWJIH, IO JOPIBHIOE BEKTOPHOMY AOOYTKY BEKTOpa CHJIM Ha

—_— —

BEKTOp nepemimenns, omke, M = 04 x F .
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\Iﬂ’ CKknagaeMo OnopHUIA KOHCMEKT

BekmopHuli dobymok eekmopie

Y pesynbrati  8ekmopHo2o  00OYMKY

BEKTOpa @ Ha BEKTOp b, Ha BiAMIHY Bif

CKAJIIPHOTO  JOOYTKY, 3aBxau  Oyze

OTPUMAHO

Monyns BekTOpa €, OTPUMAHOIO Yy

pe3yAbTaTI 8eKMOPHO20 00OYMKY BEKTOpa

a Ha BeKTop b, OOYHMCIIOIOTH 32| _ . L
dhopmyIioro ‘c‘=‘ H ‘ e,

1€ KyT ¢ - KyT MDK BEKTOpamMH d 1 b

[To BiAHOIIEHHIO IO KOXXHOTO 3 BEKTOPIB d

1 b BeKTOp C, 110 € BEKTOPHUM JOOYTKOM,
pPO3TAIIOBAHUM 3aBXK U

eeoe

Bextopu a, b i ¢, mo orpumanmii y
pe3yibTaTi BEKTOPHOrO JOOYTKY BEKTOpa
a Ha BEKTOp b, YTBOPIOIOTH npagy mpiiky.
ToOTO  FKIIO OUBATHUCS 3  KIHII
pEe3yABTYIOUOrO0 BEKTOpa ¢, TO HaW-
KOPOTIIHI TMOBOPOT BiJ MEPIIOTO BEKTOPa

a no npyroro Bektopa b 3miiicHIOETBCS

3a TeOMETPUYHUM 3MICTOM MOJYJb
BEKTOPHOTO I00YTKY JOPIBHIOE

, MOOYJTOBaHOTO Ha

eoe

MMPUKIAACHUX J0 CITIJIEHOT'O

OYaTKy BeKTopax ad i b

Jo anreopalyHuXx BJIACTUBOCTEH
BEKTOPHOTO 100YTKY BIAHOCATHCS:
axb=
(1a)xb=
ax (/1 5) =

ax\b+c)=

..bxa

.axb

- (axP)

WXt X
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JIBa HEHYJBOB1 BEKTOpU @ 1 b KoyiHeapHi

TOAl 1 TUIBKA TOJMI, KOJH BEKTOPHUH

100yTOK KX BEKTOPIB

JIOPIBHIOE _ ..., TOOTO
al|lb<axb=...

Skmo  BigoMi  KOOpJAWHATH  BEPUIMH

TpukytHuka ABC, TO Horo  miowy | §, . =‘ X

JOIUTBHO IIYKAaTH 32 POPMYIIOI0

O6yucrneHHs1 eeKMOpPHO20 006ymkKy 080x eekmopie, 3adaHux

KoopduHamamu
Sximo BEKTOPH a= (ax, a,, az),
b= (bx, b,, bz) 3ajaHl CBOIMHU

KOOpAWHATaMHU, TOJll BEKTOPHUN IOO0YTOK
3HaXOJSTh 3a (HOPMYJIOIO

Q|
X
ol
I

MomeHm cusiu 8iOHOCHO MOYKU

Mowmentom cunu F' = AB npuxmaneHoi y
Toulll A BiOHOCHO TOYKH (O MO3HAYAIOTH

Bexktop M Ta
00UYHKCITIOIOTH 32 HOPMYIIOIO

M= .. X .., MO;yldb SIKOTO
YUCEIIbHO JIOPIBHIOE
= [ el T )

JliHiliHa weudkicmb o6epmaHHs

[IBuaKicTh v TOukH M TBEPAOTO TiJa, II0
o0epTaeTbcsi 3 KYTOBOK IIBHIKICTIO @

HaBKOJIO Hepyxomoi ocita ¥ =0OM | ne O —
Jesika HepyXxoMa TOYKa OCl BH3HAYA€THCS
3a

dbopmynoro Elnepa

V= .. X

MiwaHul dobymok eekmopie

Mimanum (BEKTOPHO-CKAJIIPHUM )

NOOYTKOM TphOX BekTopiB d, b i ¢

Ha3MBalOTH uncio abc, piBHE

BexkTopa @%b Ha BexToOp

C-abc= ..

Axkmo B MimlaHOMY JOOYTKY HOMIHSATH
MICIISIMU  SIKI-HEOyJlb JIBA MHOXHUKH, TO
MillIaHUM TO00YTOK

, HAIPUKJIAA:

abc=

chba
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[Ipu nuKIIIYHOMY MTepECTaBIISIHHI

MHO>XHHKIB MIIIAHUN JOOYTOK , TOOTO
abc ..bca ..cab
VY wmimanomy q00OyTKY 3HaKM BEKTOPHOTO 1
CKaJIIPHOTO T00YTKiB
MO>KHA , TOOTO
) ee T (Cx ) ()
3a TEOMETPUYHHUM  3MICTOM  MOJYJb

mitmanoro 106yTky @b ¢ umncensmo

, IOOYZJOBaHOTO Ha

eoe

JIOPIBHIOE :
MPUKIAICHUX IO CHiIBHOTO
nouatky Bektopax 4, b i ¢ 10610
V=..
O6’em  mipamingu, TOOyIOBaHOi  Ha
BexTopax @, b ; ¢, nopiBHIoE ... YaCTUHH , TOOTO
nipamiou =
BekTopu ¢, bic KOMILJIaHApHI1 TOI1 o
1 TUIBKH TOZ1, KOJIU abc=...

Ob6yucneHHs1 MiwaHO20 006YyMKy mpbOX eeKmopie, w0 3adaHi

KoopOuHamamu
ko BEKTOpHU a= (ax, a,, az),
B:(bx’ by’ bz) EZ(CX, Cys CZ) 3aJ1aHO
CBOIMH  KOOpAWMHATaMH, TO  MIIIAHUH

T0OYTOK IINX BEKTOPIB JIOPIBHIOE

abc =

Sxo
b=(b,, b,, b.)

BEKTOPHU az(ax, a,, az),
c:(cx, c,, cz) 3aJJaHO

CBOIMH KOOpJIMHATaMH, KOMILJIAHAPHI,
TO
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=3

- MNMepeBipsieMo roToBHICTb A0

9
I‘_Elrﬁ, NPaKTUYHOro 3aHATTA

6.1. Bigomo, 1o ‘Z‘:L

5‘:3, a KyT MDX BEKTOpaMH a i b nopieHioe % :

OO0epiTh MpaBHIIbHE TBEPHKCHHS

A b B

T
axb=33 axb=3 \5><Z\:3 \EXZ\:%E

~ == BekrtopHuM JOOYTKOM JBOX BEKTOPIB a 1 b Ha3MBalOTh BEKTOp c, SIKHUii
3aJI0BOJIbHAE TpbOM yMoBaM: 1) ¢ L a,c L b; 2) Bektopu a,b i ¢ yTBOPIOIOTh MPaBy TPIHKY

BEKTODIB; 3) ‘c‘ =‘aHb‘ sina, Ie @ - KyT MK BEKTOpaMH a 1 b .

6.2. Sdxmo ‘E X B‘ =+/3, To MOHA CTBEpIKYBATH, LIO:

A b B r
aibmuee - .7 - .7 - .7
aibmuee a i b yTBOpPIOIOThE | a i b yTBOPIOIOTH
TIEPIICHTUKY- : . .
KOJTIHCAPHUMHU TOCTPUHN KYT TYIHHA KT
JSIPHUMH

== CxopwucTaiiTech yMOBOK KOJIHEAPHOCTI BEKTOPIB: BEKTOPH @ 1 b KoJiHeapHi Toi i

JIMIIE TOOI, KOMH axb=0.

6.3. Sxmo a=-3b , TO:

A b B r
a-b=0 axb=0 a-b=0 axb=0
~==" CxopucTaiiTech Pi3HUMH yMOBaMH KOIiIHEAPHOCTE BEKTOPIB:
1) BekTOpH @ 1 b KOJiHEapHi TOJI 1 JIWIIE TOi, KOJIH a=2b;
2) BeKTOpHU @ 1 b KoJsliHEapHi TOAI 1 JIUIIE TOML, KOJIH axb = 0.
6.4. CrIpoCTiTh BUPa3 2pXqg—qX p+ px p.
A b B r
— — = - - =2 — - =2
3pxq pxq pxXq+p 3pxqg+p

~ == BUKOpHCTOBYMTE BIIACTUBOCTI BEKTOPHOrO JOOYTKY BekTOpiB: 1) axa=0;
2) axb=-bxa.
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6.5. VY mapanemorpami ABCD AB=a, a BC=b. Ilnoma uporo
napasesnorpama 00UHCIIOETHCA 3a (HOPMYJIIOH0:

A b B T
axb a-b| a-b laxb)

I'eomeTpuuHUiil 3MiCT BEKTOPHOTO JOOYTKY: MO/IyIb BEKTOPHOTO JI0OYTKY TOPIBHIOE
IUIOIII TTapaJienorpama, mo0yJ0BaHOTO Ha MPUKIACHUX IO CHUIBHOTO IMOYaTKy BEKTOpaX.

6.6. SIxuii 3 BUpa3iB HE MOXe OyTH MPaBOIO YACTUHOIO PIBHOCTI abc =...

A b B I

ax(b-c) a-(5xc) (5xc)-a (axb)-c

== MimanuM J00yTKOM BEKTOpIB @, b 1 ¢ Ha3sUBAETbCA YHUCIO, IO IOPIBHIOE

(a xb)-c. VY mimanomy J00yTKY 3HAKd BEKTOPHOTO Ta CKAISIPHOTO TO0OYTKIB MOKHA MIHITH

MICISIMM: (EXZ;)E:E(EXE)

6.7. Binomo, mo abc=—4. OO0epiTh MpaBUIIbHE TBEPIXKCHHS:

A b B I

a,bic a,bic - = .=
] a,bic . ) )
YTBOPIOIOTB IIPaBy | YTBOPIOIOTH JIIBY IHIITA BIAMIOBIAb

oo ) o\ : KOMILJIaHAPHI
TPifiKy BEKTOPIB | TPIKYy BEKTOPIB

==~ dxkmo abc>0, To BeKTOpH a,b i ¢ YTBOPIOIOTH TPaBy TPiiiKy BEKTOPIiB, AKIIO

abc <0, 10 — niBY TpiiiKy, siKkimo abc =0, To BeKTOpH 4, b 1 ¢ KOMIUIaHApHI.

6.8. Hexait ABCDA,B,C,D, napaneneninen. O6’eM LbOro napaieiemnineny
MOXke OyTH 00UMCIIeHUH 32 POPMYJIIOIO:

A b B r

‘E X E‘ ‘AB x AD x AAI‘ ‘AB AD AAI‘ iHIIa BiAMOBIAb

- == CkopucraiiTech TEOMETPHYHHUM 3MICTOM MIIIAHOTO JOOYTKY BEKTOPIB: MOJIYIIb
Milanoro A00yTKy abc nopiBHIOE 00eMy mMapanenerninena, no0ya0BaHOTO Ha MPUKIIAIEHUX

710 CIIBHOTO TIOYaTKy BEKTOpax a,b i c.

6.9. Hexait ABCA,B,C, - npuzMa. O0’eM 1€l npu3Mu MoxKe OyTH 0OUUCIIEHUH
3a GOpMYJIOIO:
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A

b

B

I

%MBACAA‘

aABACAA\

éMBACAA‘

1HIIIA BIAIIOBIIL

CkopucraiiTech T€OMETPUYHUM 3MICTOM MIMIAHOTO JOOYTKY BEKTOPIB: MOJAYIb

MiIIaHoro A00yTKy abc nopiBHIOE 00eMy mMapaneserninena, o0ya0BaHOTO Ha MPUKIIAJIECHUX

710 CIIBHOTO TIOYaTKy BEKTOpax a,b i c.

6.10. 4, ABC - mipamina. 3a Ax0r0 GOPMYJIOI0 MOXKHA OOUUCIUTH ii 00’ em?

A

b

B

I

[4BAC 44)

e

e

1HIIIA BIJIIOBIIb

=" O6em mipamimu ToOyTOBaHOi Ha BekTOpax a,b i ¢ JOpIBHIOE % 00’emy

napaseserinesaa, mo0yJ0BaHOr0 Ha IIMX CAMUX BEKTOpax.

6.11. 3amaHo BeKkTOpHU 5={—1;2;3} i E={0;4;5}. YoMy JOpIBHIOE iX

BEKTOPHUI TOOYTOK axb?

i Pk |
5:{0;8;—15} EXE: 0 4 -5 ;XZ=—1 7 3 .1ng
BIAIIOBIIb
-1 2 0 4 5

~ =" ko BekTOpU az{ax;ay;az} 1 bz{bx;by;bz} 3a/1aHO CBOIMU KOOpAMHATaMH, TO

iXHIi BEKTOpPHUI JOOYTOK 0OYUCITIOETHCS 32 POPMYIIOLO:

k
a z
b,

6.12. 3a1aHO BEKTOPH @ = {-1;2;3}, b= {0;4;5} i c= {1;1; 2} . Ixmiit mimmanmit

N00yTOK MOK€e OyTH OOUYMCIIEHU HACTYITHUM YUHOM :

A b B r
-1 2 3 0 4 5 -1 2 3
0 4 5 -1 2 3 1 1 2 1HIIIA BIJIIOBIIL
1 1 2 1 1 2 0 4 5
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N

—=  JSIkmo Bekropu a:{ax;ay;az}, b:{bx;by;bz} i c:{cx;cy;cz} 3aJ]aH0 CBOIMH

KOOpJIMHATaMH, TO TXHIM MIIaHUK JOOYTOK OOUYHCIIOETHCS 3a (POPMYIIOO:

a, a, a,
abc=\b, b, b|.
¢, ¢ c

fﬂs

i Buumocs po3B’sisyBaT TUNOBI 3agadi

a‘:2,

6.13. Binomo, mo ‘ B‘:6 i a-b=24. 3uaiinirs CUHYC KyTa ¢ MIDK

BEeKTOpamu a 1 b.
Xio po3e 'sa3anHs.

Kpox 1. 3naiiaits coso.

~— o . . 2 2
—= Ckopucraiitech OCHOBHOIO TPUTOHOMETPHUYHOIO TOTOXKHICTIO: SIn” @ +cos” @ =1.

: . . 3
Bianosigs: sing = -

6.14. 3HaiigiTh BEKTOPHUN TOOYTOK a xE, SIKIIIO a=m- 3n, b=-2m +Z, e
m={-1,0;3}, n={L;1;2}.

Xio po3e 'sa3anHs.
Kpox 1. 3HaiiniTh KOOPIMHATH BEKTOPIB @ 1 b.
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I

~ = SIkmo BEKTOpM 3aJaHO CBOIMH KOOPIMHATAMH @ = {ax; dys az}’ b= {b“‘; by bZ} ro

atb={a,+b;a,+b;a +b |, a Aa={Aa;la,; a,}.

Kpox 2. OTxe, a = {-4;-3;-3} i b={3;1;—4} . 3naiixits axb.

SIk1o BeKTOpH a = {ax; a,; az} 1b= {bx; b,; bz} 3a/1aHO CBOIMH KOODJIMHATaMH, TO

iXHI BEKTOPHUI JOOYTOK 0OYUCITIOETHCS 32 POPMYIIOLO:
i j ok
a, a,

b

Jlnst o0uMciIeHHsl BU3HAUHUKA CKOpPHCTalTeCch TeopeMolo Jlaniaca.

Kpox 3. Otxe axb=15i— 25} +5k . 3HaiimiTe KOOpJIMHATH BEKTOpA

axb.

- == CkopuCTaiiTeCh THM, II0 BEKTOPHY PIiBHICTh ¢ =a, -i+a ,Jta, -k y cuMBOIYHIA

¢bopmi 3anucyr0Th TaK a= {ax; a,; az} .
Binnosins: {15;-25;5}.

6.15. 3naiiaiTe oIy NapaienorpamMa, no0ya0BaHOTO Ha BEKTOpax ; =2a+b i

q =3b—4a, sximo \Z\:s,

5‘ =2, a KyT (¢ MIX BEeKTOpaMu aib JIOPIBHIOE %
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Xio po3e6 ’si3anns.

Kpox 1. CrpocTiTh Bupas Ex 5
e -{maiedels

>
|
|
|

~ =" (CkopucraiiTech BIACTHBOCTAMH BEKTOPHOTO H0OYTKY BekTopiB: 1) axa=0;
2) axb=-bxa; 3) ;x(}tz) =2daxbh.

Kpox 2. Orxe, Ex§= 10a x b . 3HalIITH pxq|.

)

b L o - -
—= CkopucTaiTech THM, 110 /”ta‘=|/”t|~ a‘.

0

== Jlns oOuucieHHs ‘Exg‘ BUKOPHUCTOBYTE (HOPMYITY: ‘5x5‘=‘5HE‘ sin@, ne ¢ - KyT

MDK BEKTOpaMu a 1 b .

Kpox 3. Otxe, nnomia napaienorpama, mo0yJ0oBaHOTO Ha BEKTOpax p 1

5 JIOPIBHIOE

9

X Ckopucraiitech reOMETpUYHUM 3MICTOM BEKTOPHOTO JOOYTKY BEKTOPIB: MOIYJIb
BEKTOPHOTO JOOYTKY JOPIBHIOE ILIOMII MapajenorpaMa, o0y 10BaHOTO Ha MPUKIIAJEHUX /10
CIUIBHOTO TIOYAaTKy BEKTOpaXx.

Bigmosias: 30.

6.16. 3HaiifiTh BEKTOP 5, SIKIIIO EJ_E, alciam=-2 Ta BIJJOMO, IO
b={1,0;-2}, c={2;;1}, m={L;1;1}.

Xio po3e ’si3anHsl.

Kpox 1. 3naiinite a' =bxc.
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0

—=  JSIxmo BekTopu a = {ax;ay;az} 1b ={bx;by;bz} 3aJJaHO CBOIMU KOOPAHMHATaMH, TO

iXHI BEKTOpHUI JOOYTOK 0OYUCITIOETHCS 32 POPMYIIOLO:

ik

=

-

3aJI0BOJIbHSAE TPbOM yMOBaMm: 1) clayclb; 2) BeKTOpH a,bic YTBOPIOIOTH MpaBy TPIHKY

BextopHuM 100yTKOM JBOX BEKTOpIB a 1 b Ha3UBAIOTh BEKTOp ¢, SIKHUH

BEKTOpIB; 3) ‘c‘ =‘aHb‘ sina , 1e a - KyT MK BeKTOpamMu a 1 b .

Kpox 3. Ockinbku a'la, 0 a = Aa’ . Bupasite KOOpAMHATH BEKTOPA d .

== Slkmio BEKTOp 3aJaHO  CBOIMH  KOOpAWHATAMU az{ax;ay;az}, TOII

ra={la;la;la}.

Kpoxk 4. 3a ymoBOIO a-m =—2. 3anuiliTh L0 PIBHICTh Yepe3 KOOPAUHATH

BeKTOpiB a = {24;-5A;A} i m={L;1;1} Ta 3Haiixits 1.

== Sxwmo, Z={ax;ay;az}, 5={bx;by;bz} TO ;E:ax-bx ta,-b,+a. b, .

Kpok 5. Ockineku A =1, 10 a = {2;-5;1}
Bianosine: a = {2,-5;1}.
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6.17. 3’sacyBartu Opi€HTAL{I0 TPIKK BEKTOPIB 5={2;—5;1}, Ez{—1;1;2} i

c={3;-4;0}.

Xio po3e 'sa3anHs.

Kpox 1. 3naiinite Mmimanui 1oOyTOK BEKTOPIB abc.

T SIKIIo BEKTOpHU a:{ax;ay;az}, b:{bx;by;bz} 1 c:{cx;cy;cz} 3aJ1aHO0 CBOIMH

KOOpJIMHATaMH, TO TXHIM MiIaHUK JOOYTOK OOUYHCIIOETHCS 3a (POPMYIIOO:

a, a, a,
abc=\b, b, b,
¢, ¢ c

Kpox 2. 3’scyiiTe  opieHTalil0  TpPIMKK  BEKTOpiB  a, b, cC.

=" dxmo abc>0, T0 BekTOpH a,b i ¢ YTBOPIOIOTH MpaBy TpiliKy BEKTOPIB, AKIIO

abc <0, T0 — AiBY TPIiKYy.

BianoBigs: a, b, ¢ yTBOPIOIOTH JIIBY TPIHKY.

6.18. Uu namexats Touku A(2;—1;-3), B(—4;1;-2), C(0;-6;3) i D(-12;-2;5)

OJTHIN TUIOIIHUHI.

Xio poszesazanHs.

Kpox 1. 3Hatinite koopauHatu BekTopiB AB, AC i AD.

== SIxmo Binomi koopauHatu nouarky A(X,;y,;z) Ta kinus B(x,; y,; z,) Bektopa AB,

TO HOTO KOOPIMHATH 3HAXOIATH 38 GOpMyNIoI0 AB ={x, —x; ¥, = ¥;2,— 7} .
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Kpok 2. 3HaiiniTe MilaHui 100yTOK AB AC AD.

== Km0 BeKTOpH d = {ax;ay;az} , b= {bx;by;bz} 1c= {Cx;cy;cz} 33/1aH0 CBOTMM

KOOpJIMHATaMH, TO TXHIM MIIaHUK JOOYTOK OOUYHCIIOETHCS 3a (POPMYIIOO:

a, a, a,
abe=\b, b, D,
¢, ¢ ¢

Kpoxk 3. Buznaunts, uu € Bektopu AB,AC 1 AD xkoMImaHapHUMH.

- == CKopwuCTaiiTeCh 03HAKOK KOMIUIAHAPHOCTI BEKTOpiB: BeKTOpu a, b 1 ¢
KOMIUTaHAPHI TOAI 1 JIWIIE TOJI, KOJH iXHIl MilIaHu#l 100yTOK JTOPIBHIOE HYIIIO.

Kpox 4. Ockinbku Bektopu AB,AC i AD He € KOMIIaHApHUMHU, TOMY
touku A, B, C i D He mexars B OAHIN IUIOMIHAHI.

BiamoBiae: He JIeKaTh B OIHI1M IUIOIIHAHI.

Buumocs mogentoBatu npodecinHy AiANbHICTb
iHXXeHepa

6.19. 3HalimiTh BENWYMHY MOMEHTY pE3yJIbTYIOUOi CHII E (3; 2; —1),
E (2; -1 —3), E (— 4; 1; 3), NPUKIJIAZEHOL 10 Touku A(4; 5; —1) BIAHOCHO
ToukHu O (=3;1; 1).

Xio poszs'azanns.

Kpox 1. 3nali1iTh KOOPAUHATH BEKTOPA PE3YIAbTYIOUOT CUII.
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BEKTOPIB iXH1 BiJMOBIHI KOOPAMHATH JI0JIAIOTh.

3HaAITh CyMy CKJIaJ0BHX CHUJI:

F-F+F+F —>F=

Kpox 2. 3naiinite koopaunatu Bektopa OA4 .

—= PoGota pe3ynbTyrouoi CHJIM JOPIBHIOE CyMi poOOT ckianoBux cuil. [lpu nonaBanHi

=" {Kuo BiZOMi KOOPAMHATH MOYATKY O(x,,, Vs Zo) Ta KIHLA A(xa’ Vao Za) BCKTOpa

OA , TO #OT0 KOOPAMHATH 3HAXOAATH 38 popMynor0 OA=(x, —X,, ¥, ~¥,, Z,—Z, ).

ity

04 =

Kpoxk 3. 3Hali1iTh BEKTOP MOMEHTY PE3YJIbTYIOUOi CUIIH.

nepemimenuss M = OA4A x F' | ne

i J k
OAd X F =|x_. Y. Zz. |
Y 7 F
i j k

OO0YHUCTITh BU3HAYHUK OA xF =1 4 -2/,

1 2 -1

- == CkopucTaiTech i 00UUCICHHS BU3HAYHHIKA PABHIOM TPUKYTHHKA.

Lok
M =7 4 2=
EEE Raney

Kpok 4. 3Haii1iTh BETUYMHY MOMEHTY PEe3yJIbTYI0UOi CHJI ‘M ‘
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- - - — - 2 2 2
== JloBxHHY (MOZyJIb) BEKTOpa d OOYHCIIOIOTH 32 (GOPMYIIOI0 | a |:« la;+a, +a; .

OT1xe, M’:\/x; +y§4 +z§4 Avilo M = (0; =5;=10) =

=y = e R 00. MOMEHMY

BigmoBigs: BenuMumHa MOMEHTY pesynbTytouoi cun F , E | FE |

e

npuKiIaneHoi 1o touku 4 BigHOCHO Touku O , |M ‘z 1 L1803 00. momenmy.

6.20. O6uucnutu miomy rpani ABC 1 00’ eM nipaMmiau, BEpIIMHAMU SKO1 €
Touku A(2; —1; 1), B(5; 5; 4), C(3; 2; -1), D(4; 1; 3).

Xio poszs'azanns.

Kpox 1. 3HaiiliTh KOOpIAMHATH BEKTOpiB AB, AC i1 AD, Ha SKuX
noOyaoBaHa mipamiza.

~ =" Slkwo Bigomi xoopmuuarn mouatky A(x,, y,, z ) Ta kinua B(x,, y,, z,) Bekropa

AB , TO OTO KOOPIMHATH 3HAXOIATH 38 GOpMYyIIOI0 AB=(X,—X,, ¥, =¥, 2, —Z,).

e
Il

Kpox 2. 3naiinite mnomy rpani ABC.

SIKIo BiJOMI KOOPAMHATH BEpIIMH TPUKyTHUKA ABC, TO HOro mjomly JOLLIBHO
HIYKaTH 32 GOPMYIIOI0

SAABczé‘ABxAC‘.

== Slkwmo BekTOpH a = (ax, a, az) , b= (bx, b s bz) 3a/laHi CBOIMH KOOPAWHATAMH, TO

BEKTOPHHI T0OYTOK 3HAXOAATH 32 OPMYIIOIO
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axb=la_

b

X

ik
a, a,|.
b, b,

== Jlns oOuuCIieHHsI BU3HAYHUKA CKOPUCTAUTECh TeopeMoto Jlanaca.

3HaiITh MOAYJb BEKTOPHOT'O JO0YTKY.

== JlosxkuHy (MOZIy/Ib) BEKTOpa @ OGUHCIIOIOTH 38 GopmyIolo |a |=,ja; +a) +a’ .

Kpox 3. 3maiifite 06’eM mipaMiau, mobyaoBaHOi Ha BeKTOpax AB, AC i
AD.

napaenerninena, To0to V,

06’ eM mipaminy, oGy I0BaHOT HA BEKTOPaX a, b i ¢, AOpiBHIOE 1/6 dacTHHH 06 eMy

=— abc‘.
6

ipamiou
Orxe, 00’em nipaminu V., AOpiBHIOE [/6 yacTMHU 00’ €My Mapaineleninesa, no0y10BaHOro

Ha BEKTOpPax E, AC i AD.

0

== Jlna oOuucleHHs BHU3HAYHUKA TPETHOTO TMOPSAKY CKOPUCTAMTECh MPABUIOM
TPUKYTHHKA.

Bignosigs: S,z = %\/5 KB. O, V5 = 3KyO. Ox.
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Py

Buumocsa camocCTinHO po3B’A3yBaTH

3aBOaHHA
6.21.
1 pisenw 11 pisenw 11 pisenw
HNano tpukytauk ABC,| dano tpukytauk ABC,|VY napajenorpami
ae A(-1;0;2), B(2;-L1) | ne A(-10;2), B(2;—-L1) | ABCD Bigomi KoOp-

i C(;1;-1). 3naiigite
TUTOIITY TPUKYTHUKA
ABC.

i C1;-1).
JNOBXXKHWHY WHOr0 BHUCOTH
AH .

3HaWIITh

JTUHATH TPHOX BEPIIHH:
A(-10;2), B(2;-1;1) 1
C(;1;—-1). 3Haiiaite 10B-
KUHY oro Bucotu BH .

lﬁlj, Hepe(t)opMyﬂIQﬁTe ‘. 3acrocyiiTe MeTozI lf\l BI/II[i.H.SII\/'ITe mif-
ﬁ /' 3amauy: 3HANIITH ﬂ«q;i:. IUIONI:  OOYHCIITH iﬁgf’ 3agavi: 1) 3HaWTH
15 l— — a4 IUIOIILY JBOMaA | 4% KOOpAUHATHU Bep-
E‘ABXAC‘ ' . crocobamu: 1) muan D 2)
4epe3 BEKTOPHMH JIOOYTOK | oGuucniTh  mUiomyy — mapa-
BEKTOpiB; 2) uepe3 CTOPOHY | jejorpama; 3) OOYHCIITH

Ta BUCOTY, IPOBCACHY JI0 LI€1 | BUCOTY U€pe3 IUIOMLY.

CTOPOHH.
6.22.

1 pisenw 11 pisenw 11 pisenw
3’scyBary, qn € | Un yTBOprOrOTH BekTOpH | [Ipm  AxkMX 3HAYEHHAX
KOMILTAHAPHUMHU  BEKTO- q= {1;1; 2}, E:{O; 2;_1} mapameTpy _ﬂ, BEKTOpHU
111/1 a:{1;1;2}, ; E={2;—I;O} Ga3tic. f:{3;l;—4},b:{2;—1;3} 1
b={0;2;-1} c={A+10;1;1} xom1a-
ic= {2;—1;0} : HapHi.

l\l‘, Hepe(popMymoﬁTe ‘I [Tepedopmymroiite lﬁlj, [Tepedopmymtoiite
;ﬁy’ 3aJa4y: 4 IlQplB- 3 ﬂ«q;i:. ' 3agauy: o m KOM- ﬁ /' 3amady: IpU SAKHUX
13 HIOE HYJTIO MillIaHWi | 4 IUIAHApHI ~ BEKTOPH | 45 3HAYEHHSX A
% noGyrok BekTopis a,bic abc=0.
a,bic.
6.23.
1 pisenw 11 pisenw 11 pisenw

b

3HaNIITh ‘(Zz —i)) x((_z +E)

SIKIIIO Hz?ﬁ, 5‘24, a KyT

Mi) HUMH JIOPiBHIOE 776.

b

3HaNIITh ‘(Zz —i)) x((_z +E)

SIKIIIO ‘5‘23, ‘5‘24, a

SHaiiiTs ((Z:-B)><(Z:+B))2,

SIKIIO H =3, E‘=4, a KyT

Mi) HUMH JOpiBHIOE 577 6.
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Y,  Bupinaiite min-
ﬁ /' 3agaul .
15 1) coipocTith Bupas
(a-b)(a+5):
2) 3HaWITh MOIYINb
OTPUMAaHOTO BEKTOpA.

) 3 Iepedopmymroiite

qﬁf’ 3a71a4y: ‘5‘ =3,
‘, ‘1_7‘=4, a KyT MDK
HUMH JOPIBHIOE % .

3HalIITh ‘(5 — Z_)) X (Z + 5)‘

;.\l‘, [epedopmymtoiite

ﬁ Y 3ammraHHdg 3a7ad4i:
),y 3HANIITE
- = — —\|2
‘(a—b)x(a +b)

6.24.

1 pisenw 11 pisenw 11 pisenw
3HalaITh OyIb-aKuii | 3HAUIITH OIVUHWYHUHN | 3HAUIITD OJTMHUYHHUU
BEKTOD, MEPIEHAU- | BEKTOD, NEPNEHIU- | gekTOp ¢, TAKHi, IO
KYJISIpHUI BEKTOpaM | KyJISIpHHI BEKTOPAM | rieprieH MK y/ISPHA#H
a={2;0;,-3}i a={2;0;,-3}i BekTopaM a ={2;0;-3} i
b={1;1;2}. b={1;1;2}. b={1;1;2}, Ta BexTOpH

a,b 1 ¢ yTBOPIOIOTH
MpaBy TPiHKY BEKTOPIB.
;.\l‘, 3a JI0TIOMOT OO0 ), Ilepedopmymoiite ) [Tepedopmymroiite
ﬁ /' Bimomux BaM = /' 3amady:  3HAUOITH = /  3amavy:  3HAWAITH
),y omepartiit Hax | 4 3 OJMHUYHUN BEKTOD, 4 3 OJMHUYHUN BEKTOD,

BEKTOPaMU YTBOPIThH KOJIIHEapHUH  BEK- OJIHAKOBO HampsiM-

BEKTOp, sk OyB  OHM | TOpHOMY JOOYTKY BEKTOpIB | IGHMH 3 BEKTOPHUM JO-

NIEPIIEHAUKYIISIPHUM KOKHOMY

3 BEKTOpiBa 1 b .

ailb.

6yTKOM BEKTOpIB a 1 b .

6.25.

1 pisenw

11 pisenv

11l pisenv

3HAWaITh MOMEHT CHIA

F= {2;-4;5} , npukmane-
noi go touku A(1;0;-2)
BIJIHOCHO MOYAaTKy KOOp-
JUHAT.

3HanaITh MOMEHT Ta
HanpsIMHI KOCUHYCHU CHJIU

F= {2;—4;5}, mpuxmaze-
Hoi 1o toukn K(—1;1;2)

BimHOCHO Touku M(3;4,-2).

3HaigITh MOMEHT Ta Ha-
MPSIMHI KOCUHYCH PiBHO-
mirouoi cui I_7={2;—4;5}i
N:{I;—I;Z}, TIPUKIIAICHUX
no toukn K(—1;1;2) Bin-
HocHo Touku M (3;4;-2).

) ITepedopmystoiite
ﬁ /' 3amauy: 3HANMITH
o BEKTOPHUI JT0OYTOK

BEKTOPIB OAXF .

) [epedopmytoiite
Y 3amadgy: 3HANUIITE
Cl BEKTOPHUI /100YyTOK
BeKTOpiB MK x F'
Ta Oro HanpsiMHI KOCHHYCH.

%,  Bupingiite migsa-
AR S pmaui: 1) 3HaiiTH
a3 pIBHOIIIOWY  CHJI

F i N ;2) 3Haiinith
MOMEHT Ta HATPSIMHL
KOCHHYCH PIBHOIIOYO].
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6.26.

1 pisenw

11 pisenv

11l pisenv

3HalaiTh 00’eM mipami-
I 3 BEpPIIMHAMHU B TOY-
kax A(-1;0;2), B(2;—-L1),
C(;L-1) 1 D(0;0;,-5).

3HaiiiTh 00’€M mapasne-
nerninena, no0ya0BaHOTO
Ha BEKTOpaxX
a= p— 3q +r,
b=2p 2p +q- 3r,
c= p + 2q + r
e p,q i r - B3aeMHO
MePHEHIUKYJISIPHI OPTH.

3HaNIITh BUCOTY Mapaje-
nerninena, mo0ya0BaHOTO
Ha BEKTOPAX

a= p— 3q+r
b:2p+q—3r,
E:;+2§+;,

SKIIO 3a OCHOBY B3ATO
napajienorpam, MooyJno-
BaHUW Ha BEKTOpax a i
b, aE& 1 ¥ - B3aEMHO
MEPICHINKYJISIPHI OPTH.

)} ITepedopmymroiite
3amavy:  3HAWIITH
o0’em  TeTpaenpa,
mo noOynoBaHMIA

Ha BEKTOPax DA,DB i DC.

), OOGepite nexapToBY

P / cucremy KOOpIu-
I
as HAT TaKUM YMHOM,
L]

mob = p j=q 1
k=r

%, OOepitb nEKapTOBY

=y CUCTEMY  KOOpAH-
I
43 HAT TaKUM YMHOM,
L]

mob = p j=q 1
k=r

L____’

6.27. Cuny F =

(5; 4;,-1)

Buumocs 3actocoyBatn CAS nig 4yac

oGuYMncneHHsA MOMEHTY CUIIn BiAHOCHO TOYKM Ta

o6’emy nipamigm

npukiaageHe a0 Touku A (-1;1;5). 3HaimiTh

BEJIMYMHY Ta HAIIPSIM MOMEHTY 1€l cuiu BigHOCHO Touku O (0;-1;2) .

Ilepepopmynmouime ymosy na mamemamuywny. 3HAUIITH aOCOITIOTHY

BEJIMYMHY BEKTOPHOTO TOOYTKY BEKTOPIB F =
nonomororo CAS Mathcad.

Xio obuucnenusi.

1. Bigkpuiite BikHo CAS Mathcad.
2. 3a gomomororo omiiii Buo — Ilanenu uncmpymenmos — Mampuyer 12 Buo —
Ianenu uncmpymenmos — Bbulyucienue BWHECITh Ha TIAHENh IHCTPYMEHTIB

] P e

BKJIQJIKU

MY mn EeF kT B =
Ta

{5; 4;-

1} Ta a:{—l; 2; 3} 3a

= — = fx xf xfy xfy

3. BBeniTh KoOpAUHATH BEKTOpiB F Ta OM
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— y MOJIi IporpaMu BBECTHU IM S BEKTOPIB, 3HAK MPUCBOIOBAHHS Ta KJIALHITH Ha
MaHes 0 CUMBOJTY MaTPHILL;

— BKaXITh y BIKHI BBOJY YHCIIO PSAJKIB 1 CTOBMI[IB Ta BBEIITh y MOMIYEHUX
MO3HUIIISIX KOOPJUHATH BEKTOPIB.

4. O0uucHiTh a0COMIOTHY BEJIMYMHY BEKTOPHOT'O T00YTKY ‘V H 04 x F‘:

— KJIAIHITh HA MaHell MO0 CHUMBOJY a0COJIIOTHA BEJIMYMHA, BBEJITh BEKTOPHUI
N00yTOK, BBEJIITh y MO3UIIISIX 111a0JI0OHY IMEHA MHOKHUKIB;
— HATUCHYBIIU KIaBIIly Space BHUOKpEMTE BHUpa3 paMKoOw U BBEIITh 3
KJIaB1aTypH 3HAK PIBHOCTI.

[Ticns 3Haka piBHOCTI OyJie OTPUMAHO YUCIOBE 3HAYCHHS, 1[0 BU3HAYAE
a0COJIFOTHE 3HAYEHHSI MOMEHTY CUJIU BIJIHOCHO TOYKH.

6.28. Jlano mipaminy 3 BepuirnHamu B Toukax O (0; 0; 0), A (5, 2,0), B (2; 5, 0) 1
C (1; 2; 4). 3naiiaite 00’ eM mipamiau 3a nonomorow CAS Mathcad.

Xio obuucnenus.

1. Binkpuiite BikHo CAS Mathcad. [ %, 5 I G 10 0w de8 b B0 [

2. 3a pgomomoror ommi Bug — —— ’
= = = = =3 X X by

[Tanenn MHCTPYMEHTOB — MaTpHIlbI Ta

ta Bun — Ilanenun MHCTPYMEHTOB —
BrauciieHne BHHECITH Ha IAHEIb
IHCTPYMEHTIB BKJIAJKH:

3. BBeiTh KOOPIHHATH BEKTOPiB AB, AC i AD :

— BBEJIiTh iM’sI BEKTOPIB @, b, C, 3HaK MPUCBOIOBAaHHS Ta KIAIHITH Ha MAHEII 10
CUMBOJTY MaTpHIIL;

— BKaXITh Y BiIKHI Bcmaseka mampuysl YUCIIO PSIAKIB 1 CTOBIIIIB Ta BBEIITH Y
MOMIYEHHUX MO3ULISIX 1abJIOHYy KOOPAUHATH BEKTOPIB.

4 1
4. O6uucouty 06’em mipamign =~ ABCD :g’ abc| .

— BBEJITh 3 KJaBiaTypu V, 3HaK NPUCBOIOBAHHS, KIAIHITH Ha MaHENIl IO
CUMBOJIy aOCOJIOTHA BEJIMYMHA Ta BBEIITh BIAHOIICHHS: Yy YHCEJIbHUKY 3
KJIaBiaTypu abo 3 maHeni Bcmaska ¢ymkyuu GyHKIO augment (a, b, c) , y
3HAMEHHHUKY — 6 ;

— BBEJIITh 3 KJ1aBiaTypu V Ta 3HaK PiBHOCTI.

[Ticns 3HaKa piBHOCTI Oy/i€ OTPUMAHO YUCJIOBE 3HAUYCHHS 00’ €My MipaMisiy.
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FoTyeMOCH [0 KOHTPOSNBLHOI PpO60TH

1. Po3B’s1k1Th cUCTEMY JIIHIMHUX PIBHAHb MATPUYHUM METOJIOM:

—x+y—2z=-3,
3x+2y—-z=-2,
xX+2y-2z=-3.

==~ Tlix 4ac 3aCTOCYBaHHSA MaTPUYHOTO METOJLY CKOPHCTAUTECH ICHYIOUMM aJrOPUTMOM
3HAXO/PKEHHs MaTpULli 00EpHEHOT I 3aJaHOi.

—

2. IlepeBipTe Ha KOJIIHEApHICTh BEKTOPH ¢, 1 ¢, , NOOYJOBaHI 3a BEKTOpaMHu d

tab:a=(1,-2,3), b=(3,0,-1), ¢ =2a+4b, ¢, =3h-a.

== CkopucTaiiTech ICHYIOUHMMH TNpaBWIaMHU Ui OOYMCIIEHHS JOOYTKY BEKTOpa Ha
YHUCIO Ta CyMH M pi3HMLI BekTopiB. KoiiHeapHICTh BEKTOpIB MepeBipTe 3a IOMOMOIOI0
ICHYI0401 O3HAKH.

3. 3HalIITh KOCUHYC KyTa MK BEKTOpaMH AB Ta AC, sxmo: A(l, -2, 3),
B(Oa _19 2)9 C(39 _49 5)

==~ CkopucTaiiTech ICHYIOUMMH NpaBWIAMH Ui OOYMCIIEHHS KOOPJHMHAT BEKTOPA,
CKaJISIPHOTO JOOYTKY BEKTOPIB, 3aJlaHUX CBOIMH KOOpIAMHATAMU W OOYHCIICHHS JOBXKUHU
BekTopa. Kocunyc kyra Mk BeKTOpaMH 00YHCIIT 32 JJOMOMOTOI0 iICHYI0Y01 (hOpMYIIH.

— —

4. TlepeBipTe KOMIUIAHAPHICTb BEKTOpiB a, b Ta C: 5=(2, 3,1),
b=(-10, -1), c=(2,2, 2)

_— KommuianapHicTh BEKTOpIB TeEpeBipTe 3a JOMOMOIoI0 iCHy4oi o3Haku. Jlist
00YMCIICHHS OTPUMAHOTO BUZHAYHHUKA CKOPUCTAMTECHh IPAaBUIIOM TPUKYTHHKA.

—_— _— =

5" 3HaWIITh PO3KJIaIaHHS BEKTOpa X 3a BEKTOpaMHu p, g, 7 : X= (—2, 4,7 ) ,
p=(0,1,2), ¢= (1,0,1), 7= (-1,2,4).

== IlepexoHaiiTech, 110 BEKTOPHU p , ¢ , ¥ YTBOpIOOTH Oazuc. CkiaaiTh KOMOIHALiO

X =ap +pfq+yr , 3a AK0I0 CKJIAIiTh CUCTEMY TPbOX PIBHSIHb 3 HEBIIOMMMHU «, f3, ¥ .
Jlns po3B’si3aHHS cHUCTeMH 3actocyiite meron Kpamepa. IlincraBre oTpuMaHi 3HAa4YEeHHS

a, B, v y KOMOiHaIIiI0 ;=a;+ﬁ ;+y7.
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* . - -
6 . OGuuCITITh IOy MapajeaorpaMy, modyI0BaHOTO 3a BEKTOpaMu d Ta b :

a= ; + 25, b= ; - 5, ;‘ =1, 5‘ =2, KYyT MK BEKTOpamMu ; 1 5I[OpiBHIO€ % .

~ == CxopwucTaiiTech T€OMETPUYHUM 3MICTOM BEKTOPHOIO H00YTKY Ta GOPMYIION 11st
OOYKCIICHHSI MOJLYJISl BEKTOPHOTO TOOYTKY.

7. Cuna f(2;—l; 2) mpukianeHa 10 Touku A(3,4,-2). BusHauuTH BEIMYHUHY Ta
HaIpsiM MOMEHTY I[1€1 CUJIM BIIHOCHO OYATKy KOOPJAUHAT.

—=  Cxopucraitech Qi3MUHUM 3MICTOM BEKTOPHOT0 TOOYTKY Ta GOpPMYIOi 00YHCICHHS
MO/1yJIsl BEKTOPHOTO T0OYTKY IBOX BEKTOPIB, 33aHUX KOOPAWHATAMH.

8. EgeMeHTH TaHOK, cXeMa SKHX 300pakeHa Ha
pucyHky 6.2, mae HactynHi 3HaueHHs: E; = 1,5 B,
E=1,6 B, R; =10 Om, R, =20 OM. Omip BoIbTMETpA
R, = 20 Om. 3Haiinite cTpyM B ycix rikax. Omip
3’€JHYIOUMX TIPOBOJIB Ta JIKEpEN Halpyru He
BpPaxOBYBaTH.

==~ TIlpencrtaBTe NaHi 3ajadi HA CXEMi, KOPHCTYIOUKC
3akoHamu Kipxroda ¥ BpaxoByIOUM HampsMH CTPYMIB, IIO Puc. 6.2. Cxema 110
o0paHi YMOBHO, OTPUMAaNTE CUCTEMY JIIHIHHUX piBHAHB. s 3amaui 8
pPO3B’A3yBaHHS CHUCTEMHU JIHIHHUX anreOpaidyHuxX pIBHAHB

CKOPUCTANUTECh ICHYIOUMM alropuTMoM MetoaoM ["ayca.

*% o - C o . .
9 . 3HaliaiTh NiHIAHY IIBUJKICTE 0OEPTaHHS TOYOK BOBYKA, 1110 J€KaTh HA KOJ1
BEJIUKOTO JlaMeTpa, piBHOTO 2(), IKIIO BEKTOP @ = {—3; 2; 4} MPUKIAJACHAN Y
IIEHTP1 BEJIUKOT0 KOJa.

~ == Cxopucraiitrecb ¢popmyrnorw Eiepa s 00YMCIEHHS NIBUAKOCTI Vv TOYKH M

TBEpIOTO TiNa, MO0 O00epTaeTbcs 3 KyTOBOIO IIBUAKICTIO @ HAaBKOJO HEPyXoMoi oci
(MexaHIYHMI 3MICT BEKTOPHOTO N00YyTKY). [[ns 3HaXomKeHHs BEKTOpa JiHIHHOI MIBUIKOCTI
oOepTaHHs 3acTOCOBYHTE (opMyly OOUYMCICHHS BEKTOPHOTO AOOYTKY JABOX BEKTODIB,
3aJaHUX KOOPIMHATAMH.

wk o
10 . O6uucnautu 00’ €M TeTpaeapa 3 BepIIMHAMHU B Toukax A, A, A3, A4 Ta Horo
BUCOTY, sIKa OIyIleHa 3 BepmnHU A4 Ha rpanb A1AxAs: A(l, 3, 6),

Az (29 29 1)9 A3 (_19 09 1)9 A4(_4: 6: _3)

==~ Jlns po3B’s3yBaHHA 3aBIAHHHS CKOPUCTAMTECh T€OMETPUYHUM 3MICTOM MIIIAHOTO
n00yTKy BekTOpiB. [ oOumcieHHs 3HaueHHS 00’€My 3acTOCOBYHTE (popMyny MilIaHOTO
NOOYTKY AJIsl TPhOX BEKTOPIB, IO 3aJaHi KOOpAUHATAMH.
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9

(M) (2v-4luvilSuiu), ne u,veR. 325 () a=-1; (II) (“*b-b“-““j.
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5 5 5 . ° * \/ﬁ 9 \/ﬁ 9 \/ﬁ >
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() x={ } { | (0207 b riar 5v5

5.18. (I) 0; (IT) (111) —. 5.19.(I) 6; (I) 5+/33 ; (I1T) 7.

[
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6.21. (I) —— J_ S () == J_ : (110 g

A#2. 6.23. () 12; (11) 24; (IMI) 144. 6.24. (I) ¢ ={3;~7;2} a6o Gyap sKuii KoniHeapHHii

6.22. (I) aexommnanapsi; (II) tak; (III) mpu A = —10,

oMy BEKTOp; 11)) 2—{ 3 .1 .2 } e_—{— 3 7 .2 }
5 1 \/6_2, \/6_2’\/6_2 5 2 \/6_2’\/6_2’ \/6_2 9

(~8,-9;-4}; (1) M={l;28;32};

(111) E:{ 2 1.2 } 625. ) M
5

3 7T =
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(1) T B T Y N { } () ; D)
25
111
( )\/138
BIAITOBIJII
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1. (-1; 2; 3). 2. nexomineapui. 3. -1. 4. HexkommiaHapHi. 5. ;:2;—5+;.
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10. V—? H=2/14.
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