Tema 2

Pemenne cucreM JTMHEHBIX alre0pandecKux ypaBHeHUil

Cucrema nmuHeWHBIX anreOpandeckux ypaBHeHui (CJIAY) u3 n ypaBHEHHI ¢ N HEU3BECTHBIMH UMEET BU;

al’lxl+al’2X2 + ..... alnxn _bl
32’1X2 +az’2X2 +.....32’an =b2
an’lxl +an’2X2 +""'an,nxn = n
B MatpuuHoii popme crcTeMa 3anuchiBaeTcs ciaeayommm oopasom: A*X =B, rue
A A, Ay, b, X1
A1 A, 0 A b X
A — 9 ) LN B — 2 x — 2
Ay1 Anp v An, bn Xn
MaTpHLa KO3(QpQHUIUEHTOB Je- | Ko3()(UIMEHTHI IPABOH 4acTH BEKTOp HEH3BECTHBIX
BOI1 YaCTH CHUCTEMEHI,

Ecmn BexTop B#0, TO 3TO cucreMa JNMHEWHBIX HEOAHOPOAHBIX ypaBHEHHI. OHa MMeEET €JUHCTBEHHOE pe-

LIEHHE TOTJa, KOT/1a ONPEEIUTENb MATPHUIIBI A OTIIMYEH OT HYJIS.

Uucnennsie MeTo bl pemienus CJIAY noapa3aenstorcs Ha TOYHBIE U MPUOIMKEHHBIE (MTEPAIlHOHHBIE).

Tounvle memoodwl - 3T0O METO/IbI, KOTOPBIC JAIOT PEIICHUE 331a4H 32 KOHEYHOE YUCIIO apU(PMETUIECKHX OIepa-
uil. Yueno 3Tux omepanuil 3aBUCUT TOJbKO OT anroputMa peuierust CJIAY u ot nopsinka cuctemsl. Pe-
LICHHE MOIYy4YacTCsl TOYHOE, €CIM UCXOAHBIE JaHHbIE 3a/1a4M 3aJaHbl TOYHO U BBIYMCIICHUS BBIIOJIHAIOTCS
TouHO. BenencTBue Hen30eKHBIX OMMOOK OKpyTieHus: B DBM pe3ynbTaThl Jake TOUHBIX METOIOB SIBIISI-
IOTCSL B OINPE/EICHHOM CMbIcie npubiamkeHHbIMU. Hambonee pacnpocTpaHEHHBIM M3 TOUHBIX METOJIOB
pemenus sBisgeTcs Meto I'aycca.

Hmepayuonnvie memoodsl OCHOBAaHbI Ha OCTPOCHUU UTEPALMOHHOMN MOCJIEI0BATEIBHOCTH 3HAUYEHUM, CXO/15-
IIeHCs K HCKOMOMY PELIEHHIO CUCTEMBbI. BBIUUCIIAS onpeaeeHHOe YHUCIIOo UTepalii 1 oOpeIBas mpolecc,
MOYKHO TIOJTyYUTh MPUOIMKEHHOE PEIICHNEe CHUCTEMBI ¢ JII000H Hamepesa 3aaHHoi TOYHOCThI0. K uTepa-
LIMOHHBIM METOAAaM OTHOCATCS METOJl UTepaLuii, METOA 3€IAEs U IpyTHe.

B MS Excel u cucreme MathCAD CJIAY MOXXHO pemuiTh MaTPHUYHBIM CITIOCOOOM (MCIIOJIb30BAaHUEM 00paT-

HOM MaTpuibl). MeTos OTHOCUTCS K TOYHBIM MeToiaM. K TOUHBIM MeTO/1aM OTHOCHUTCA Takke MeTof [aycca.

Cuctema MathCAD nnst pemenust CJIAY Takxke CONEPKUT UTEPAIIMOHHBIE METOJbI — pEIEHHE CHUCTEM

YPaBHEHUH C UCTIOIb30BAHUEM OJ10KO8 YPABHEHUIL.

1 MaTtpuyHble cnocobbl peweHus CITAY

Kak 0b110 OKa3aHo BbIIlIE, B MATPUYHOM (OpME cUCTEMA 3alKChIBaeTCs clieAyomuM oopazom: A*X =B

Ecnu maTtpuna A cucteMbl HEBBIPOXKICHHAs (OMpEAETUTENb MAaTPHUIbl OTIMYEH OT HYJsI), TO CHCTEeMa
YPaBHEHUN UMEET €JUHCTBEHHOE PEILLICHHUE.

-1
B sBHOM BuEe BeKTOp pemieHus cucteMsl X = A™-B, T.€. BEKTOp pelIeHHs CUCTEMBI PABEH IIPOU3BEIECHUIO
v -1 v v
o0paTHOU MaTpHIBl A™ UTst MATPUIEl KO3 PHUIIMEHTOB JIeBOI YacTh M BEKTOpa NpaBoii yactu B.

HaxoxxneHue pemeHus HCIOIb30BaHUEM OOpaTHOW MaTpHUIlbl MOYKHO BBIOJIHHUTH Kak B Excel, Tak u B
MathCAD.

B MathCAD pjis pemieHust CUCTEMBI B MAaTpUIHOM (hopme umeroTcs Takke GpyHkiuu Isolve (peanusyer me-
Ton1 oOpaTHOU MaTpullel) U rref (peanusyer meron ["aycca).

PeweHne cncrtembl ypaBHeHun B Excel metogom obpaTHOn maTpuubl

Jlns HaxoxaeHus pemenus B Excel ucnons3yrorcs pynkuuu kareropun MaremaTuieckue:



1) MONPEA(mampuya) - BBIYUCIIEHUE ONPEAETUTENS KBAAPATHOW MaTPHILIbI, TJ€ B KAUECTBE MaAmpuybl
YKa3bIBACTCSl JAMANa3oH pasmenieHuss matpuibl, Hanpumep, MOIIPE/[(A2:C4). [lnana3oH He JOJKEH COAep-
KaTb TEKCT WIM MyCThle 3HAYEHMA sUeeK, MHAUe BhIaeTcs cooduienue o6 ommoke #3HAY!

2) MOBP(nampuya) — BeMHUCICHHE 00paTHOM MaTpHIBI A, Tie B Ka4ecTBE Mampuybl yKa3blBaeTCs
JMana3oH pa3MelIeHUsI UCX0HOU MaTpulbl A, Hatipumep, MOBP(A2:C4),

3) MYMHOX(mampuyal, mampuya?) — yMHOKEHHE JIBYX MaTpPHI] HJIM MaTPHUIIbIl U BEKTOpa, B Kade-
CTBE apryMEHTOB YKa3bIBAIOTCS HMANa3oHbl pa3MelieHus Marpuil. KoindecTBO CTONOIOB MEpBOH MaTpUIIbI
JOJPKHO OBITh PaBHO KOJIMYECTBY CTPOK BTOPOH.

JlBe mocnenHue GyHKIMU BO3BPAIIAIOT B KAUECTBE 3HAYCHHS HE OT/AEIBHOE YUCIIO (CKANIAP), KaK
MOIIPE/], a maccuB 3HaueHuid. [l momydeHus: pe3yiabTaTa B Ka4eCTBE MacCUBa HEOOXOIUMO:

1. TlpenBapurenbHO BBLACIUTH MHTEPBAJ, IAe OyJeT HAXOIUTHCS pe3yibTaT — oOpaTHas MaTpULla WU
MIPOU3BECHUE MATPHILL,

2. Bgectu ¢opmyity, IpeACTaBIAIONTYIO oOpalieHie K (QyHKIMU C 3alaHHBIMU ITapaMeTpaMHu,

3. Haxats coBMecTHO Tpu KnaBumy (Ctrl+Shift+Enter BMecTo kHomKw [OK,

4. Bo Bcex BbIAENEHHBIX sfueiikax Oyner 3amucaHo {=¢opmyaa}. OTnenabHy0 siluelKy (sSUelKu) B 1O-
JTy4EHHOM TaKUM 00pa3oM MacCHBE HEJNb3sl U3MEHATh U yAAJISATh.

X +2x,=7
IIpumep 1. HaiiTu peieHue cucteMsl IMHEHHBIX alredpanyeckux ypaBHeHuiq Sx, —x, —x; =0
—X, +3x, —x; =2

[Topsiiok BBIOJIHEHUS:

1. 3apate ncxogHble AaHHbIE: MaTpULly A u BekTop B, Hanpumep, B suelikax A2:C4 u E2:E4,

2. BplYmMCANTH OMpenenuTenh, YTOObl YOSAUTHCS B TOM, YTO CHCTEMa MMEET pelieHue: B sueiiky CS
BBecTH hopmyny =MOIIPE]/[(A2:C4),

3. Bpraucnute 00paTHYIO MaTpHILy Al

a. Bbigenuth sueiiku A8:C10, B koTopsle OyaeT momelieHa oopaTHas MaTpHIIa,
b. BBectu popmyiny =MOBP(A2:C4),
c. maxars kiauum Ctrl+Shift+Enter]
4. BBINOJIHUTH YMHOKEHHUE A" Ha B:
A B C D E F G
1 MaTpuua Nesod 4actk A BeKkTop Npasoi yactH B
2 1 1] 2 7
3 3 -1 -1 ]
a -1 3 -1 2
5 Onpefenyrentc 32
i
7 OBpatHaA maTpMua BekTop peweHWA
2 0,125 0,1875 0,0625 1
3 0,1875| 0,03125| 0,34375 2
10 0,4375| -0,09375| -0,03125 3
11
3ameuanus.

3ameuanue 1. OOpaTHYIO MaTPULLy MOKHO HE BBIYMCIIATD, @ Cpa3y MPU YMHOKEHUH YKa3aTh
=MYMHOX(MOBP(A2:C4);E2:E10).
3ameuanue 2. J1ns BBoga GopMy1 B ;UK peKOMEHyeTCsl UCIIOIb30BaTh MacTep GyHKIMIA, 711 Yero:
1. IlepeiiTu Ha Bkiagky ®@opMmy.ibl,
2. Ha nanenu buéamnorexka pynkumii B ccke MaTeMaTu4eckue BoIOpaTh HyxHY10 pyHKuo (MOBP,
MYMHOX, MOIIPEN). ! JTo Bei6opa ¢pyukuuit MOBP, MYMHO?K BblaenuTh AUana3oH sS4eek, e
OyZeT pa3MenaTbesi oOpaTHast MaTpULA UM TPOU3BEICHUE MATPHIL.



3. B mmamoroBom okHe MacTtepa pyHKIM 3a1aTh apryMeHTsl GyHKIWU. /1 BBO/1a apryMeHTa BBIJICIUTh
JIMATa3oH sueek, coaeprkanux Matpuily. Huxe npusenen npumep BBoga Gpyakmnun MYMHOXK niis
YMHOKEHUSI O0paTHOM MaTPUIIBI HAa BEKTOP MPABOW YacTH (JMAIa30H SYEEK IS pa3MeIleHuUs IPOU3Be-
nenus matpuil E8:E10 Op11 Beienen g0 Beioopa B crincke ¢pyaknuu MY MHOXK)

A B C D E F G H |
1 Marpuua nesoi yactu A BeKTOp Npaeoi yactk B
T ;
2 1 0 2 { 7
3 5 1 1 ! u:
- . / /
4 -1 3 -1 b2
5 |Onpegenntens 32
i
7 OBpatHaa maTpuua BerTop peweduna
a8 0,125 0,1875 0,0623 LEZ:E4)
9 0,1875| 0,03125| 0,34375
10 0,4373( -0,09373| -0,03125
—————————— 1|
1
¥ Apryme HTbl YHHUMH @E|
L R
4
> Maccwel | A45:C10 [E%5] = {0,125,0,1875;0,0625:0,1875;0,0...
11
14 Maccue2 |Ez:F4 | = {7:0:2)
11 = {23k
].E BIII3EF|:IEIIJJ.EIET M3TPHHHOE NPOHZEEAEHHE AEYX MACCHEOE, PESYNETAT MMEET TO ¥E HYHCNO CTROK, 4TO H I'IEFIBb-Iﬁ
MACCHE, KM TO ¥e YHcno IZTIIIJ'IELI.EIB_. YT H BTDI:IDﬁ MACCHE .
19
Maccue2 I'IEDBI:-IH M3 NepemMHOd¥AeMElx MACCHEDE, YHMCnO ETEIJ'IELI.EIB E HEM 40N¥HOD
2 PAEHATECA YHCAY CTROK B0 ETOPOM MaCCHEE,
2]
23
71 SHadeHue: 1
29 Cnpaexa no 3Toi divHELkA [ (04 ] [ DITHMEHA ]
?I:

qR
4. Haxarp coBMecTHO TpH Kiasuum (Ctrl+Shift+Enter] BMecTo kHOMKY [OK

3ameuanue 3: Ecnu nuanazony A2:C4 npucsouts ums A, a quanazony E2:F11 — ums B, To dopmymy
MoxHO 3anucate =MYMHOX(MOBP(A);B).

Matpuunsiii cioco® yno0eH, ecau HyxHO pemiuTh CJIAY ¢ HeckoJbKMMM BapHaHTaMU IPaBbIX YacTEH.
Takas 3agaua B MpaKTUKE MH)KEHEPHBIX PACUETOB BO3HUKAET JOBOJIBHO YacTO, HAIIPUMED, IIPU PacyETe KOHCT-
PYKLUI C HECKOIBKUMU BapUaHTaMU MPUJIOKEHUS BHEIIIHUX HATPY30K.

[Tpu pemenun CJIAY n-ro nopsaka ¢ HECKOJbKUMHU BapHaHTaMHM MPaBbIX YacTe MaTpuua A sBisieTcs 00-
e 17 BCeX CHCTeM, a B mpenctaBisier co00i MaTpHIly pa3MEepHOCTH (N X m), T/I€ M — KOJIMYECTBO BapHaH-
TOB IIPABBIX YaCTEH.

IIpumep 2. HaiiTu perienre cucTeMsl JIMHEHHBIX alredpandeckux ypaBHEHUH C IByMsl BapMaHTaMU Ipa-
X +2x,=7 (3
BBIX HacTeil. § 5x; —x, —x; =0 | 3 |, T.e. pakTHUECKU HY>KHO PEIIUTD JBE CUCTEMBI C OJIMHAKOBOM JIeBOH Ya-
—x, +3x, —x; =2(1

CTBIO:



X +2x, =7 X, +2x,=3
5x,—x,—x;,=0 m 5%, —x, —x;=3
- X, +3x, —x;=2 - X, +3x, —x; =1
[Topsi 0K BBINOJIHEHUS:
1. 3anaTth ucxonaHbIe AaHHBIE: MaTpully A u martpunly B, nanpumep, B sueiikax A2:C4 u E2:F4 (mat-
puna B coctout U3 1ByX BEKTOpPOB MPABBIX YacTEH pellaeMbIX ypaBHEHHI),
2. BplYHCAUTH OMpenenuTenhb, YTOObl YOSAUTHCS B TOM, YTO CHCTEMa MMEET pelieHue: B sueiiky CS
BBecTH hopmyny =MOITPE/I(A2:C4) (BBoa hopMyJibl ,
3. Bpraucnuts 00paTHYIO MaTpHILy Al
BbIIeTUTH stueliku A8:C10, B koTophie OyneT moMenieHa oOpaTHas MaTpuIia,
BBecTu popmyiny =MOBP(A2:C4),
Haxath Kmasum (Ctrl+Shift+Enter
BrInonHuTs yMHOXEHUE A na B:
BbIenuTH stuetiku E8:F10, B Hux Oyaer momenieH BeKTOp pelieHuH,

BBecTH popmyiry =MYMHOK(A8:C10; E2:F10),
Haxath Kmasum (Ctrl+Shift+Enter

C o koo

5. Haxath coBMecTHO TpH Kimasum (Ctrl+Shift+Enter) BMecTo kHOMKH [OK

Pe3yn bTaT BbINOJIHEHUA!

A B £ D E F G
1 MaTprua Nneeoi YacTH A MaTpmMua Npasoil Yyact B
2 1 0 2 7 3
2 5 -1 -1 0 3
4 -1 3 -1 2 1
5 |Onpegennrens . 32
6
7 OBpaTHaa maTpuua BerTopbl pelweHmna
8 0,125 0,1875 0,0625 1 1
9 0,1875| 0,03125| 0,34375 2 1
10 0,4375| -0,09375| -0,03125 3 1
11

[Tocne pewmenus cucrembl auana3oH stueek ES:E10 comepkut perieHne nepBoi CUCTEMbl YpaBHEHUH,
nuanasoH siueek F8:F10 — pemenue BTOpoi CUCTEMBI YpaBHEHU.

2 PacuyeT pepmbl

CDepM0171 HAa3bIBACTCA TCOMETPUICCKN HCU3MCHIEMAA IAPHUPHO-CTCPKHEBASA KOHCTPYKIUA.

Touku, B KOTOPBIX CXOAATCS OCHU CTEpXKHEW, Ha3bIBAIOTCS y3/1aMu (epMbl, a T€ y3I/ibl, KOTOpPBIMHU (hepma
OMMPAETCSI HA OCHOBAHUE, Ha3bIBAIOTCSI ONOPHBIMHU y3J1aMH.

Ecnu mapHUpBbl, COSUHSIONINE CTEPXKHU (DepMBbI, IPEATONATaloTCs NACaIbHBIMU, T.€. 0€3 TPEeHHs, a BHEII-
HUE CHUJIbl — MPUIIOKEHHBIMU K y371aM (hepMbl, TO BCE CTEPKHM HCHBITHIBAIOT JIMIIb PACTSKEHUE WIIM CXKATHUE,
TaK KaK K KaXJJOMY CTEP>KHIO IIPUJIOKEHBI CHUJIbI TOJIBKO Ha €TI0 KOHLAX.

ITon pacueroMm (epMbl oipasyMeBaeTCs ONpeAeICHNEe YCHIINN B CTEPKHAX (DepMBbI.

PaccmoTpuM onpeseneHre yCHIMHA B CTEPXKHIX CTaTUYECKU-OMPEaeIMMON (epMbl IO CIIOCO0Y BbIpE3aHUs
Y3JI0B.

CraTnuecku-onpeaeauMoil Ha3biBaeTcs pepma, JUIst KOTOPOH BBITIOJIHSIETCS PABEHCTBO

2M-N-3=0,

rae M — umcno y310B ¢pepMmbl; N — 4ynciio crepkHeil pepmbl (UCKITI04ast ONIOPHBIE).



Crioco0 BbIpe3aHus y3JI0B COCTOMT B TOM, YTO MBICJIEHHO BBIPE3arOTCs Y3Jbl ()€pPMbl, IPUKIAIABIBAIOTCS K
HUM COOTBETCTBYIOIME BHEIIHUE CHUJIBI M PEAKLUHU CTEPKHEH M COCTABIAIOTCA YPAaBHEHUS PABHOBECHUS JTHUX
CUJ1, IPUJIOKEHHBIX K KAKIOMY Y3IIy.

ypaBHeHI/IC PaBHOBCCHUSA UMCCT BUL

2.5=0, (1)

rae Y, S — BEeKTOpHAsi CyMMa BHEIIHUX CUJT M PEaKUUi CTepKHEH, CXOIIIINXCS B y3IIe.

BwmecTo BexkTOpoB cui yiooHee onepupoBaTh X npoekuusmu Ha ocu OX u OY - Sx, Sy:

> Sx=0, > Sx=0. (2)

Tak kak B Hayane pacuera GepMbl HEU3BECTHO, KAaKUE CTEPKHU (PePMBI PACTSIHYTHl U KaKUE CXKAThI, TO yC-
JIOBHO MPEIOIATaloT, YTO BCE CTEPKHU PACTSIHYTHI (PeaKui CTEP>KHEW HAIIPABIIEHBI OT Y3JIOB).

[TocnenoBarenbHO COCTaBIIsIS ypaBHEHUsS ISl BCEX Y3JIOB, MOJYYMM CHCTEMY JMHEMHBIX alreOpandecKux
YPAaBHEHUH, HEU3BECTHBIMU B KOTOPOM SIBJISAIOTCS YCUIIUSA B CTEPIKHAX.

Ecnu B pe3ynbraTe pemieHus: CUCTEMBI MOTYYalOT 3HaU€HUE KaKOT0-THO0 YCUIIUA CO 3HAKOM MHUHYC, TO CO-
OTBCTCTBYIOIINU CTCPIKCHDL CIKAT.

[Ipu cocTaBieHnU ypaBHEHUIl PAaBHOBECHS OIOPHBIX Y3JIOB ClIeyeT OOpaTUTh BHHMaHUE Ha OIOpHbBIE
ctepxHU. [1lapHUpPHO-HENOABUKHYIO OMOPY CIEIYET paccCMaTpUBaTh KaK CUCTEMY U3 IBYX B3aWMHO MepIICHIH-
KYJISIDHBIX CTEp>KHEH, a B IIIAPHUPHO-TIOJBUYKHON OMOPE CTEPKEHb CIEAYET pacroiaratb B HalpaBJICHUH Peak-
LIMH 3TOU OTOPHI.

Paccmotpum Ha mpumepe popMHUpOBaHKE CHCTEMBI YPaBHEHUM I pacueTa (hepMbl, H300paKeHHON HA PH-
cyHke 1:

F2=15rH

@ @

@ r3 =15 14

g L L

Puc. 1
JIst KaXa0ro y3J1a COCTaBUM ypaBHEHHUs paBHOBecHs B opme (2).

S2

0° SQ*COS6OO+S3:0
@ - Si+ Syc0830°=0
s3

S1

V3en 1




I\

Vi3en2

-S>c0860°+S4c0860°+Ss=0
-S,c0830°-S4c0s830° - P, =0

6

l P2
S5
sS4
sS4 S
6>\/

S3 @ s7

-S3-S4c0860°+Ssc0s60°+S7 =
0
S4c0830°+Sec0s30° - P53 =0

P3
V3en 3
S5
@ -S5-S6c0860°+Sgc0s60° = 0
-S6c0530°-Sgco0s30° =0
S6 S8
V3en 4
S8
S7 \ @ -S7-Sgc0s60°+S13=0
310 Sgc0s30°-Sg =0
S9
V3en 5

[ToyuyeHHble ypaBHEHHUS 3alHILEM B BUE CUCTEMbl YPAaBHEHUA:

Sscos60°+s3 =0
-S1+S2c0s30°=0
-S2¢c0s60°+S4c0s60°+S5 =0
-S2¢0s830°-S6¢c0s30° = P2
-S3-S4c0s60°+S4¢c0s60°+S7 =0
S4c0s30°+S4co0s30° = P3
-S5-S6¢0s60°+S8c0s60° = 0
-S6¢0s30°-S8c0s30° =0




-S7-S8c0s60°+S10 =0
S8c0s30°-S9 =0

HewssectHbiME 31ech siBisitorTcst yewnus Si. [locTaBMB B cHCTeMy 3HA4eHHs HANPaBISIONMX KOCHHY-
coB(cos60° = 0.5, cos30° = 0.866) u narpy3ok(P2 = 15 kH, P3 = 15 xH), 3anumiem marpuily jeBoil 4acTu U BEK-

TOpA MPABOM YACTH:

Martpuia J1eBoi 4acTu Bexkrop
(k03 PUIMEHTHI TPU HEU3BECTHBIX ) paBoi
4acTH
1 2 3 4 5 6 7 8 9 10 (cBOOO-
HbIE YJICHBI)
0,5 1
-1 0,866

-0,5 0,5 1

-0,866 -0,866 15
-1 -0,5 0,5 1
0,866 0,866 15
-1 -0,5 0,5
-0,866 -0,866
-1 -0,5 1
0,866 | -1

Pemmmm B Excel chopMupoBaHHyI0 cHCTEMY ypaBHEHHI MAaTPHUHBIM METOIOM:

1.
2.
3.

BBoauM 3HaueHMsI 371EMEHTOB MaTPULIbI JIEBOM YyacTH A U BEKTOpa IpaBoi yactu B

Haxonum o06paTHyI0 MaTpUIly AJIsl MaTPHULIBI A
Haxonum BexTop peeHus



A B C D E F G H I ] K L M M
1 MaTpuua negoi yacty A BexTop Npaeoid yactu
2 0 o5 ] 1 0 0 0 0 0 0 0 | o
3 -1 0,866 0 0 0 0 0 0 0 0 0
4 0 -0,5 0 0,5 1 0 0 0 0 0 0
5 0 -0,866 0 -0,866 0 0 0 0 0 0 15
& 0 0 -1 -0,5 0 0.5 1 0 0 0 0
7 0 0 0 0,866 0 0,866 0 0 0 0 15
8 0 0 0 0 -1 -0,5 0 0,5 0 0 0
9 0 0 0 0 0 -0,866 0 -0,866 0 0 0
10 0 0 0 0 0 -1 -0,5 0 1 0
11 0 0 0 0 0 0 0 0,866 -1 0 0
12
13 OGpaTHaA MaTpuua A~
14 0 -1| -0,433| -0,75 of -0,5|-0433| -0,25 0 0
15 0 of -0,5| -0,866 of -0,577] -0,5| -0,289 0 0
16 1 o 0,25 0,433 00,2887 0,25|0,1443 0 0
17 0 0 0,5| -0,289 0| 0,5774 0,5| 0,2887 0 0
18 0 0 0,5| -0,289 of -0,577] -0,5| -0,289 0 0
19 0 of -0,5|0,2887 0{0,5774] -0,5| -0,289 0 0
20 1 0 0,75|0,1443 10,2887 0,73 0,433 0 0
21 0 0 0,5 -0,289 0| -0,577 0,5 -0,866 0 0
22 0 o[ ©0,433] -0,25 ol -0,5] 0433 -0,75 0 -1
23 1 0 1 0 1 0 1 0 1 0
24
25 | BexTOp pelweHHa
26 | -18,75
27| -21,65
28 | 10,826
29 4,3303
30 -12,99
31| 12,991
32 | 5,4954
33 | -12,99
34| -11,25
35 0
36

Kak npaBuino, Bo3HHKaeT HEOOXOIMMOCTh pacueTa (hepMbl JUIsl HECKOJIbKUX BapUaHTOB HArpy3ku. B aTom
ciydae GOpMHUPYETCsi HECKOJIbKO BAPUAHTOB MPABHIX YacTel ypaBHEHHUI, a JieBas 9aCTh OCTACTCS] HEU3MEHHOM.
Hanpumep, ecnmu 11t pepmbl, n300pakeHHON Ha puC. |, MPUIIOKUTH €111 OWH BapUaHT Harpy3ku (puc. 2), To K
CYIIECTBYIOIIEMY BEKTOPY MPaBOii YacTH 100aBUTCA eile oauH. TakuM 00pa3oM, MOTyYeHHas! CUCTeMa ypaBHE-
HHUM ABJISIETCS CUCTEMOUN ypaBHEHUH C JByMsI BapyaHTaMM MPaBOW 4acTH, MaTpHUIA JIEBOM U PaBOM YacTed KO-

TOPOM IIPEACTABIICHA HUXKE.



P1=20KkH@
-

Puc. 2

Marpuia 1eBoi 4acTu
(k03¢ HUIMEHTHI TPH HEU3BECTHBIX )

1 2 3 4 5 6 7 8 10
0,5 1
-1 0,866
-0,5 0,5 1
-0,866 -0,866
-1 -0,5 0,5 1
0,866 0,866
-1 -0,5 0,5
-0,866 -0,866
-1 -0,5 1
0,866 | -1

Marpuna
IIpaBoM
4acTu
(cBOOO-

HBIC YJICHBI)

15

15

Pemaem
CUCTEMY
ypaBHEHUH
MaTpUYHBIM
METOJIOM B
Excel



A B G D E F G H ] K L M N
1 MaTtpWua NeBoi yactk A BeHTOPbI NPaBbix YacTel
all o 0,5 1 0 0 0 0 0 i} 0 0
3 -1 |ose6| o 0 0 0 0 0 0 0 0
4| 0 -0,5 0 0,5 1 0 0 0 0 i} 0 -20
5 o |-086| o |-086| 0 0 0 0 0 0 15 0
6| 0 0 -1 | -05 0 0,5 1 0 0 i} 0 0
7| o i} 0o |oBes| o |oses| o 0 0 0 15 0
8| 0 0 0 0 -1 | -0,5 0 0,5 0 0 0 0
9| © 0 0 0 o |-o86s] o |-0.886| o 0 0 0
0| 0 0 0 0 0 0 -1 | -0,5 0 1 0 0
it| o 0 0 0 0 0 o |o8es| -1 0 0 0
12
13 |OBpaTHan maTpuua A
14 i} -1| -0,433| -0,75 o| -0,5|-0.433| -0,25 i} 0
15 0 o| -0,5| -0.866 o| -0,577| -0,5| -0,289 0 0
16 1 0| 0,25 0433 0| 0,2887| 0,25|0,1443 0 0
17 i} o| 0,5|-0,289 0|0,5774|  0,5|0,2887 i} 0
18 i} o| 0,5|-0,289 o| -0,577| -0,5| -0,289 i} 0
19 i} o| -0,5|0,2887 0|0,5774| -0,5-0,289 i} 0
20 1 o| 0,75 0,1443 10,2887 0,75| 0,433 0 0
21 0 o| 0,5|-0,289 0| -0,577| 0,5| -0,866 0 0
22 0 0| 0,433 -0,25 o| -0,5 0,433 -0,75 0 -1
23 1 0 1 0 1 0 1 0 1 0
24
25 |BexTOpbl peLUEHKA
26| -18,75| 8,66
27| -21,65 10
23 | 10,826 -5
29 |4,3303| -10
30| -12,93| -10
31| 12,991 10
32 | 6,4954| -15
33| -12,98| -10
34| -11,25| -8,66
35 o| -20
36
[Tonyunnum nBa BEKTOpa pelIeHMs, KOTOPbIE MPUBEIEHHI B Tab. 1 (s 1-ro BapmaHTa Harpy3Ku) U B TaOJI.
2 (mns 2-ro BapHaHTa HArpy3KH).
Ta6numa 1 Tabnuma 2
H:TB;EI:K Ycunue, H:TI\;;I:K Ycunue,
kH kH

HS HS

1 -18,75 1 8,60

2 -21,65 2 10

3 10,826 3 -5

4 4,330 4 -10

5 -12,99 5 -10

6 12,991 6 10

7 6,495 7 -15

8 -12,99 8 -10

9 -11,25 9 -8,66

10 0,000 10 -20




KoHTpoJ1b NPAaBUJIBLHOCTH MOJYYEHHBIX YCUJINH

1. Ecnu B He3arpykeHHOM y3i1€ (PepMbI CXOAATCS ABA CTEPKHS, TO YCUIIHUA B 3TUX CTEPKHIX PaBHBI HYJIIO.
$1=0

52=0

3 -

2. Ecmu B He3arpyeHHOM y3Jie (pepMbl CXOAATCS TPH CTEPXKHS, U3 KOTOPBIX J[BA PACIOJIOKEHBI Ha OJTHOMN
IIPSIMOM, TO YCUJIUE B TPETHEM CTEP’KHE PABHO HYJIIO. Y CHUIIUS B IEPBBIX IBYX CTEPXKHAX PAaBHBI MEXKIY
COOOH.

§3=0

54=55
3. Ecuu B y3ne ¢epMbl CXOIATCS 1Ba CTEPXKHA U K Y31y IPUIIOKEHA BHEIIHSS CHUJIA, TUHUS JSHCTBUS KOTO-
POl COBMAJAET C OCBIO OJTHOTO U3 CTEPIKHEH, TO YCHUIJIME B 3TOM CTEPXKHE PABHO 110 MOJYJIIO IPUI0XKEH-
HOW CHJIBI, @ YCHJIME B IPYTOM CTEPIKHE PaBHO HYJIIO.

lL?l
l:)
Y ",
! S6=0
S6=0 b B
o %
\\ Y
S7=-P s7=-F

4. Ecan OINOPHBIC CTCPIKHU 3aMCHUTDb PCAKLIUAMU 3TUX CTCp)KHGfI, TO CyMMa HpOGKHI/Iﬁ BCEX BHCIHIHUX CHUJII
U ONIOPHBIX peakuuii Ha ocu X U Y paBHA HYJIIO.

3ananus
3ananmne 1.
Pemmts B Excel cucreMy TMHEHHBIX ypaBHEHUI MaTPUIHBIM CITIOCOOOM
BapuaHT CucTema ypaBHeHUiA BapuaHT CucTema ypaBHeHUI
X +x,=3 4x, +2x, +2x;, =3
1 —2x, +x,+3x;=3 7 S5x,—x,=6
6x, —2x, =4 —x, +2x;=2
—2x, +x,+3x;, =3 —2x, —4x,+2x, =6
2 3x,—x,=2 8 —2x,+x;=2
2x,+2x;, =6 5x,+x,+3x; =4
5x, —4x, +2x, =0 —X, +2x,+3x;, =2
3 2x, +x, =7 9 X, +2x;, = 3
—2x,+x, +3x; =2 X, =3x,+7x,=7




—6x, —4x, +2x; =4

3x,+x;=2
4 5x,+x, +3x; =4 10 —2x, +x; =8
-2x,—2x,=4 —3x, +x,+3x, =4

S5x;+x, +2x; =8 - X, +2x, +3x;, =4

5 —-X, =X, =2 11 -x, —4x;, = 3
3x, +2x,=6 5%, —3x,—x;,=6
2x, +x; =7 4x, +2x, +—6x; =8

6 —6x, +3x, +3x; =3 12 5x, —4x, = -6
4x, —-2x, =4 3x,—3x,—x;=6

3ananmue 2

Pemuts B Excel CJIAY ¢ nByms BappaHTaMu NpaBbIX YacTeil
5x, =%, +x;+x, =—6 4
X +9x, -2x,-2x,=8 |17
2x, +2x, —=11x; + 2x, =135
x, +3x, —2x, +10x, =14 |5

3ananue 3
OnpeeuTh YCHIUS B CTEPIKHAX CTAaTHUCCKH-ONPEACIIMMON (hepMBbI TI0 CrIOco0y BBIpe3aHus y3J10B (110 Ba-

puaHTam).
P1= 15kH P2=20xkH P3=30kH.
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