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O06peno yuebHo-Merogunaeckum COBETOM MATEMATHIECKOTO (haKyIbTeTa,
YenssOMHCKOTO roCyIapCTBEHHOTO YHUBEPCUTETA.

Kiaccudukamnusi moBepxHOCTEH BTOPOro HOPs/IKA — TPYAHBIA pa3ien aHa-
JINTUYIECKON TeOMETPHH. IJTa TEeMa, COTJIACHO YyUeOHOMY MJaHy, M3y9IaeTcss BO
BTOPOM CEMECTpe, & HA MPAKTUYIECKHUE 3AHATHUS [0 N€OMETPUHU B STOM CEMECTPE
OTBOJIUTCSI BCEO JIUIIb OJIUH 9aC B HEAE0. DTU MPUYUHBI ¥ OIPEIETUIH BIOOD
reMbl. MeTogudeckue yKa3aHUs ITOCBAIIEHB OPTOMOHATHLHON KIACCH(DUKAIINN
nopepxuocTeit. OHU TPU3BaHBI OKA3ATh MOMOIIb CTYIEHTAM MEPBOrO Kypca CIe-
nurabHOCTeH “‘MareMaTuka’, “mpukaaaHas Maremarnka’ u “Gusmka’ mpu moaro-
TOBKE K MPAKTUYECKUM 3QHSITHUSM W B CAMOCTOSATENIBHOU pabore. B ykazanusx
U3JI0KEHBI CIIOCOOBI PENTeHNsT HEKOTOPBIX TUMOBBIX 3339 M0 AHAJIUTHIECKON
PEOMETPHUH BMECTE ¢ HEOOXOAUMbBIME JIJIsi 9TOTO TEOPETUIECKUMU CBEJICHUSIMHE.

Cocraurens: B.B. Kopabiesa

Penenzent: B.M. Brikos



JlaHHBIE METOIMYECKIE YKA3aHUs IPEIHA3HAYEHBI CTYIEHTAM IEPBOro Kypca
MaTeMaTHIecKoro u ¢Gpu3udeckoro (paxymbreTos npu n3ydennu tembl ‘TloBepx-
HOCTH BTOPOro nopsaka’ y4eOHbXx Kypcos “Ieomerpus”’, “AHajurndeckass reo-
MeTpust” u “AHajuTHYECKAs TeOMETPHUs ¥ JinHeiiHas aaredpa’. YKa3aHus Mpu-
3BAHBI HAYYUTh BBEIYUC/ISATH KAHOHUIECKUE YPABHEHUs TOBEPXHOCTEH, 38 JaHHBIX
O0IIUM yPABHEHUSAMU, HAXOAUTH MPSIMOYTOIbHbBIE CHCTEMbI KOODIUHAT, B KOTO-
PBIX MOBEPXHOCTU OYAyT MMETh KAHOHWYECKWEe ypaBHeHwus. Jlyisi JOCTUXKeHUs
9TUX TeNell pACCMATPUBAETCS OPTOrOHAJbHAS KIACCU(DUKAIMSA TTOBEPXHOCTEMH
BTOPOTO TOPSI/IKA, TAIOTCS 33JaHUs HA CAMOCTOSITeNNbHYI0 paboTy. [IpnBenernbe
JI0KA3aTe/IbCTBA, TEOPEM HOCAT KOHCTPYKTUBHBIN XxapakTep. OCHOBHOE BHUMAHME
VIeNSeTCs MPUeMaM PeIleHus 33034, 3HAHNE KOTOPBIX SBJISTETCS HEOOXOIUMBIM
yCIIOBHEM TIOHUMAHHUS BCErO Kypca reoMerpuu. B KadecrBe npuMepoB pa3obpa-
HBI THIOBBIE 33a9d CHAOXKEHBI MOJAPOOHLIME PEIeHnsIME. B KOHIe yKa3aHuit
TpuBeJeH CIucoK 33/a4. COOTBETCTBYIOIIYIO TEOPUIO MOYKHO HAWTH B JIIOOOM
yueOHUKE M0 aHAJMTHYIECKOM reomerpuu. Hanbosee pacnpoCcTpaHeHHbBIE U3 HUX
MIPUBEIEHBI B CITUCKE JINTEpaTyphl. Perrenne 3a1a4 TpedyeT HEKOTOPBIX 3HAHUM,
YMeHUH ¥ HABBIKOB U3 Kypca aarebpbl. [IpUBOAUTCS CHUCOK HUCIIONB3YEMbIX 0=
HATHUN U JeTaeTcsl CChUIKA Ha COOTBETCTBYIOILY IO JINTEPATYPY, HAPUMED, CChLI-
ka [4], II[.11.4 o3uavaer, uro B Kuure [4] HyxkHo Haiitu raasy III, B maparpade
11 HyXHBIH TYHKT 4.

1 IIpeobpa3oBaHme cucTeMbl KOOPIAMHAT

B anajauTudeckoii reoMeTpuu OCHOBHOE 3HAYEHUE MMEET 3334 NpPeodpaso-
sanua Koopdurnam. OHA 3aKITIOIAETCS B CIEIYIOMEM: JTAHBI IBE CHCTEMbI KOOD-
auHAT, TPeOyeTcs, 3Has KOOPAMHATHI HEKOTOPOW TOYKM WMJIM BEKTOPA B OJHOI
CHCTEME KOODAMHAT, HAWTH KOOPAMHATHI TOH K€ TOYKM WM BEKTOpPA B JIPy-
roit cucreme KoopauHar. I[log npamoyzosvroli cucmemots Koopduram TOHUMAEM
CHCTEMYy KOOPAMHAT B MPOCTPAHCTBE C OPTOHOPMHUPOBAHHBIM GasucoMm. Jlasee
pPaccMaTpUBaEM TOJIBKO TAKWE CHCTEMbI KOOPIWHAT.

ITycrs nansr “crapas’ cucrema koopauaar O€) ;€3 u “nosas” O’ ]?1 ]?2 f_é Bex-
TOPBI €7, €3, €3 U fi, f;, f_é 9TUX cucTeM 00pPa3yoT OPTOHOPMUPOBAHHBIE DA3UCHL
npocrpancrsa. Hosbiil 6a3uc fi, fa, f3 UMEET cleLyiolue KOOpHHATbL OTHOCU-
TEJILHO CTaporo basuca €i, €s, €3:

R
R R R
fi = c11€1 + c21€5 + c31€3,
o
o o o
f2 = c12€1 + 2265 + c32€3,

f3 = c13€1 + 2363 + c33€3.
CocraBum mampuyy nepexoda C' or 6azuca €1, €, €3 K f1, f2, f3:

€11 Ci12 (€13
C=|ca c22 c23
C31 €32 C33

Cronbmamvu marpunbl C' ABISIOTCS KOOPAUHATHI HOBBIX OA3WCHBIX BEKTOPOB ﬁ,
fg, f;; B cTapoM Oasmce €1, s, €. CormacHo onpenenennio ([4], [.1.3), kBagpar-
Has MaTpuna S HasbpIBaeTcs opmozonaavkol, ecmn SST = S'S = E, o ecTs, ec-
JIA TPAHCIIOHUPOBAHHAsT MATPHIla obparHa ucxoauoit. OTMeTnM, 9T0 paBeHCTBO



StS=F 03HAYAET, B TOYHOCTH, OPTOHOPMUPOBAHHOCTD CTOJIOLOB MATPUIbL S.
Tax xax |fi| = |fo| = |fs| =1 u (fi, f2) = (f1, f3) = (f2, f3) = 0, T0 MmaTpuna
C aBnsiercs OpTOrOHAJTLHOM.

PaccmoTpuM Kak CBA3AHBI MexKy cob6oit koopauuare! (x,y,z) u (z',y',2")
TIPOM3BOJILHOM ToUKKM M B cTapoil m HOBO# cucTeMax KoopauHat. Meem

OM = 00" + O'M, O = (2,y, 2
) ;
OIM: (mlayl7zl) _wf1+yf2+zf37

= ze; + yéé + 253,
—) — — —
00" = 10&, + yo&a + 2063,

TOrA,
T8 + Yy + 28 =o' fi +y' fo + 2 fs + 081 + Y02 + 2083 =
= 2'(c1181 + 2162 + €3163) + Y (C1261 + €225 + €3263) +
+ 2'(c13€1 + 2365 + €33€3) =
= (01156’ + C12yl + 013ZI)€1 + (021.7;, + CQQyI + 0232”)52 +

’ / N = - - -
+ (312" + 30y + c332")€3 + €1 + Yos + 20€3-
B cuny eIuHCTBEHHOCTH PA3/IOZKEHHs BEKTOPA 110 GA3UCY HMeeM

X

! ! !
11T + C12y + €132 + To,

! ! !
21T + C22Y + C232 + Yo,
! ! !
Z = €31T + €32y + 332 + 20,
WA B MATPUIHOM BHJE

!

r C11 Ci12 (13 T To
— !

Y| = Ca1 Co2 23 yl+1%
!

z C31 C32 (33 z 20

Tak Kak KOOpPAUHATHI IIPOU3BOJILHOIO BEKTOPA @ PABHLI PA3HOCTSAM COOT-
BeTCTByIOHLI/IX KOOPAMHAT €ro KOHIA U HadaJia, TO CTapre Koopm/IHaTm z,Y,2
BEKTOPA d B BHIPAKEHWH Yepe3 HOBBIE KOOPAWHATHI ',y z ITOTO K€ BEKTOPA
@ TIpH mepexoJie OT KOOPIUHATHON cucreMbl O€) éxe3 Kk O’ f1 f2 f3 UMEIOT BUI:

!

r C11 €12 Ci13 T
!

Yyl = | Ca1 C22 C23 y - (1)
!

z C31 €32 (€33 z

x99 L3

Ecnu y “crapoit” u “HOBOI” crCcTeM KOODIWHAT HAYAJIA COBIAJAIOT, TO €CTh
To = Yo = 2o = 0, TO mpeoOpa3oBaHNe KOOPAWHAT B 9TOM CJIydae OyaeM Ha3bi-
BaTh 00HOPOOHBIM ¥ (HOPMYJIBI MTPEOOPA30BAHNSA KOODIUHAT OYyIyT MMETH BHUJL

1).

2 IlpuBenenme K KAHOHUYIECKOMY BUTY

YpPaBHE€HNsA IMOBEPXHOCTU BTOPOTO IIOPAJIKA
2.1 Teopewmsbl 0 IpuUBeJeHNN YpPaBHEHUS MOBEPXHOCTU
BTOPOIrO MOpdAJKa K KAHOHUYECKOMY BHUIY

Teopema 1. Beakas keadpamuunas Gopma 00HOPOOHBLM 0OPMO20HANLHLM TDE-
06pa3osaruem moxcem 6umov npueedena ¥ eudy, He codepHCauemy YAeHO8 C



NPOU3EEIEHUAMUYU HOBBLT NEPEMEHHHLT. (DMOM Ul HA3bLEAEMCH KAHOHUIECKUM ).
Kosgppuyuenmamu npeobpazosarnoti opmov. 6yoym KopHU Taparxmepucmue-
CK020 MH020uAEHA (€20 onpedeaerue cm. 8 J0KA3AMEALCTNEE).

JHoxazameavcmeo. OO1ee T0KA3ATETBCTBO ITOW TEOPEMbI IA€TCsS B Kypce a-
reopul. [IprBesem reomerprtieckoe JOKa3aTEIHCTBO ITOH TEOPEMBI JJIs CIIydast
KBaIPATUIHON (HOPMBI OT TPEX MEPEMEHHBIX:

o(z,y,2) = an? + any® + az3z’ + 20122y + 201322 + 2a23y2. (2)

Bsenem B npocTpaHCTBE OPTOHOPMHUPOBAHHLIA 6a3uc €7, €», €3. Ilepemennbie
x,Y,Z PACCMOTPUM KaK KOODJMHATHL BeKTOpa (Z,Yy,z) B arOoM Gasuce. Beegem
HOBBI OPTOHOPMUPOBAHHBIN 06a3uc fi, fo, f3, TOrIa KOOPAUHATHI IIPOU3BOJILHO-
ro BexTopa d B basuce €1, €, €3 BbIpazKaIOTCA Uepes KoopauHatel z',y', 2’ Toro
JKe BeKTOpa @ B 6azuce fi1, f2, f3 ¢ momompio cooraomenuii (1).

Banumem kBaapaTuyaayio GopMmy ¢(x,y,z) B MATPUIHOM BUJIE

@11 Q12 a3 x
d(x,y,2) = (v,y,2) | a1 a2 ass Yyl =
a31 @az2 as3 z
T
= (x7y7z)A Y = ’U,tA’U,,
z
riue
a11 a2 a3 x
t
A=laxn ax as3]|, uv=|y|, u =(z,y,2).
@31 @32 ass3 z

Torua kBagparuunas dopma ¢ (z',y', 2'), nonydenuas ocse MOACTAHOBKY BMe-
Cro ,Y, 2z ux 3uadenuii uz dpopmyra (1) umeer Buz

1"

2,y 2) = (a,y,2")CTAC |y | = /' CtACH. (3)

ZI

O603HaunM MATPUILY no,r%yquHOf/i kBagparugaoii popmor ¢' (¢, y', 2') yepes A’,
To ectb ¢ (x',y',2") = u" AW/, rue

! ! !

ay; Gz Qg3

r __ ! ! !
A= lay ajy a

)

! ! !
az; (zp QAz3

torma u3 (3) caemyer, uto A' = CtAC.
IToKazKeM, ITO MOKHO BHIGPATH OPTOHOPMUPOBAHHDIH Gas3uC fi, fo, fs Tax,
910 KO3bOUIUEHTHI a3 1 abs Marpuupst A’ obparsarcs B Hy/b. [lonoxum afs =
0
A, Torna Tperuii crosnben, marpunsl A’ umeer sug: | 0 | . Byzem uckarh op-

A
TOroHANBHYT0 MaTpuily nepexomna C, maa xoropoit CTAC = A'. YuHONKEM 06e



JacTH 3TOro paseHcTsa ciesa Ha C. C yuerom pasercrsa CC? = E momyumm
AC = CA’. Paccmorpum tperuii cTobern 3Toro MaTpuIHOrO PABEHCTBA:

ai1c13 + a12C23 + a13¢33 = Aci3
a21C13 + G22C23 + a23C33 = ACas

a31C13 + 32023 + A33C33 = AC33,

njaimn

(@11 — N)ers + aracas + arzczz =0
as1¢13 + (az2 — A)cag + as3css =0 (4)

asici3 + asaca3 + (azs — A)esz = 0.

Bekrop f3 = (c13,¢23,C33) NOJzKeH ObITh €JUHUYHBIM, a JIMHEHHAs U OJHOPOI-
Has OTHOCHUTEJIBHO €13, C23,C33 CUcTeMa, (4) UMeeT HeHyJIeBOE PEIICHUE TOr/a U
TOJILKO TOT/Ia, KOTJIA €€ ONpeIeTuTe/lh paBeH HyJo. VMeem

ajp — A a12 a13
a21 29 — A a23 =0. (5)
asi ass ass — A

9TO ypaBHEHNE HA3BIBAETCS LAPAKMEPUCTNUYECKUM YPABHEHUEM KBATPATHIHOMN
dopMBI ¢, & MHOTOUJIEH OT MEPEMEHHON A, CTOAIIMI CJIeBa, HA3BIBACTCS LaAPak-
MEPUCTNUNECKUM MH020UAeHOM. Y paBHeHuE (5) ABJIAETCA YPABHEHUEM TPEThel
crermenu oTHOCHTENBHO A. 13 anre6pst u3secrro (cm. [3], VI.3.1), uro raxmoe
yPaBHEHHE TPETheH CTEeHN C AefCTBUTETbHBIMEA KOI(MDPUIIMEHTAMI UMEeT /eii-
CTBUTEILHBIN KOpeHb. Q003HAYNM €r0 4Yepe3 As.

IMonaras B ypasaenusx (4) A = A3, nojyuum cucremy

(@11 — A3)ci3 + ar2c23 + agzczs =0
as1¢13 + (azz — Ag)caz + agzess =0

aziCi3 + asaCa3 + (ass — Ag)csz =0,

C HYJIEBBIM OIpEEIUTEeM. JTa CHCTEMA UMeeT HEHYJIeBOe DEIIeHue C13, Ca3,
¢33, ODO3HAYUM €ro 4epes’ f; ITocTpouM BEKTOPBI fi = (c11,021,¢31), ﬁ =
(c12, €2, C32), OPTOrOHAJIbHBIE BEKTOPY f; 1 APYT APYTY U MOJIy9HM, 9TO (popMma
(3) umeer Buz

N N A L L S R B L I
P'(x',y' 2") = apr +any +apz +2a,7'y.

Hanee, mpouseemem moBopoT cucrembl Koopauuat Oxz'y'z' Bokpyr ocn Oz'.
TakoMy NOBOPOTY COTBETCTBYET OPTOTOHATLHOE TPeodpa3OBAHIe

"

T cosa —sina 0 T
y'| = sina  cosa 0 y' . (6)
2 0 0 1 2"

2 2
Yrom o MOXkHO BLIOpaTh TakuM, uro dopMma aj; &’ + 2ai,z'y" + aly,y'” mpe-

2 2
obpasyerca B dopmy af;z"” + alyy”” (u3BeCcTHO W3 TEOPUM KPHUBBIX BTOPOTO



nopsizka, cMm. manpumep, [1], V.1.1). IIpu nocienoBaTenbHOM BbLIIOJHEHHU OP-
TOrOHAJIbHBIX IpeobpasoBanuil, 3anasaemMbix Gopmysnamu (1) u (6), a umenso
Ipy Ipeodpa3oBaHuy, 3a4aBAEMOM PABEHCTBOM

T c11 Ci2 Ci3 cosa —sina 0 T
— H n
y| =|co1 c2n c23 sin v cosa 0 vy, (7)
z C31 C32 C33 0 0 1 "
kBagparnynas dpopma (2) npeobpasyercs B hopmy
Moot N 2 noon2 "o_n2 ]
¢" (2", y",2") = al12"" + any"” +agz2". (8)

IMokaxkewm, 4ro af; = A1, aby, = A3, BMecTe ¢ af; = a%s = A3 ABIAIOTCA KOP-
HAMU XapaKTePUCTHYECKOr0 MHOIOYJIEHA MAaTPHIBL KBaapaTudHoi (opMmbr A.
O6o3uauum marpulyy npeodpasosauus (7) depe3 C, a MATPUILy KBAAPaTUIHO
dbopwmer (8) wepes A, rorma

aly — A 0 0
det(A” — \E) = 0 als — A 0 =
0 0 als — A
(al1l1 - A)(G’I2I2 -2 (al3l3 -A) =0.

C npyroit cTOpOHBI

det(A" — AE) = det(CAC, — ACLC,) = det C (A — AE)C, =
=det C! det(A — AE) det C} = (det C1)* det(A — \E) =
=1-det(A — AE) = det(4A — AE),
nockonbky Cp oproronanbha, mostomy CiCy = E u cnenyer, uro det CI1Cy =
det® Cy = 1. Tlosromy af, al,, al, ABAAIOTCS KOPHAMU XapaKTEPHCTHIECKOrO
ypasuenus det(A—AE), KOTOpoe TeM CaMbIM UMEET TPU JIeHCTBUTEIHHBIX KOPHS

aly, al,, a4 (BO3MOXKHO KPATHBIX), U MOJIYy4aeM, 9TO BCe KODHU yDAaBHEHHs
det(A — AE) = 0 peiicrBurenbHble.

2 2 2 .
Takum obpaszom A1z~ + Aa2y"'” + A32"° ecTb KaHOHMYIECKMI BU, KBAIpATHY-
Hoit popmbr ¢. Teopema moKazaHa. [l

Teopema 2. Ob6wee ypasneHue

a1z’ + a22y2 + a3322 + 2a12xy + 2a1372 + 2a923y2 +
+2a12 4 2a2y +2a3z+a =0 (9)
NOBEPTHOCTUY 6MOP020 NOPAIKG, 340GHHOE 6 MPAMOY20ALHOU CUuCMeEMe KOOpP-

duram, MOAHCHO NPeodPA306aMb K 00HOMY U3 CALIYIOUWULT NANMU NPOCNETWUT
ypasHerul:

DMXZ+XY2 403224+ D=0, ede \y #0,A2 #0, A3 #0;
2) M X%+ MY? 42057 =0, 2de A\; £ 0,y #0,a5 # 0;

3) MXZ2 4+ Y24+ D=0, 2de A\; £0, Xy #0;

4) M X2 +2a)Y =0, 2de \y #0,a} #0;

5) X%+ D =0, 2de \; #0.



Jloka3areabCTBO TEOPEMBI IEMOHCTPUPYET CIIOCO0, C MMOMOIIHI0 KOTOPOTO 00-
ee ypaBHEHHE MOBEPXHOCTH MOYKHO MPUBECTU K OJHOMY W3 IISITU THUIOB yPaB-
HEHWI, YKA3aHHBIX B (DOPMYJIUPOBKE, TOITOMY IPHUBEIEM €ro.

Hoxazameavcmeso. Ilycrs ypasuenue (9) 3a1aH0 B IPAMOYTOJIBHOl CHCTEME KO-
opaunar Ozyz. B Teopeme 1 ObLI0 MOKA3aHO, YTO MOXKHO MEPEATH K HOBOI Mpsi-
MOyTOmLHOH cucreme koopamnar Oz'y'z', B KOTOpoil ypaBHeHWE MOBEPXHOCTH
(9) npumer Bun;

Mz’ + Azy'2 + 32" + 2a)x" + 2a5y" + 2a52" +a =0, (10)

rie Ar, A2, A3 — KOpHHE xXapakrepucrudeckoro ypasuenus (5). Koopaunarsr 6a-
3WCHBIX BEKTOPOB f1, f2, f3 HOBO# cucrembr koopauaat Ox'y'z' maxomsarcs u3
CHCTEM

a1 @12 a3 x
(A - )\zE)U = 0, rae 1= ]., 2, 3,A = |a21 aG22 a3 |, u=19Y]. (].].)
azip az2 ass 4

L. IIpeanosoxkum, yro B ypapuenuu (10) A;AaA3 # 0, roraa, Bbluesss 10JI-
HbIE KBAJIPAThl, 3TO YPABHEHNE MOXKHO [PEJACTABUTH B BUJIE

2 2 2
p, @ L, @ ), 3 _
)\1 r + — +>\2 y+>\— +>\3 Z+/\— +D—0,
2 3

A1
2 2 2
all a2/ a3/
rne D = a— — — — — ——. BoimonauM nepeHoc

A1 A2 A3

! ! !

a a a

I'I:Z’”——l, y/_ //__2’ 4 = n__ 3

A1 A A3

cucrembr koopauHar Oz'y'z'. Hagamno O" mosoii cucremsr koopaunar O z''y" 2"
uMeeT OTHOCUTEIbHO cucreMbl Oz'y' 2z KoopauHATHI

! ! !
0" <_ﬂ,_@,_@> _
AL AT A3

VYpasuenue (10) Oyzer umers B
Mz + oy + A2 + D = 0.

II. TIpeamonoKuM, 9T0 ABA XapaKTEPUCTHIECKUX KOPHS OTIWYHBI OT HYJIS,
a TpeTwii paBeH Hyma0. [lepenMeHOBaB, €CIM Hy»KHO, OCH KOOPIWHAT, MOYKHO
caurarh, 910 A1 7# 0, A2 #Z 0, A3 = 0.

ITa. TIycrs af # 0, Torma ypasrenue (10) nmeer Buj

Ma'? + Aoy’ + 207" + 2aby’ + 2ak2’ +a =0

1 ero MOKHO IIpeaCTaBUTL B BUJE

2 2
A1 (m’+a—ll> + Ao (y’+a—l2> + 2a; (z'+£,> =0,
)\1 )\2 2(13



ai a2
rme D = a — — — ——. BemoaHuM nepenoc
A1 A2
! !
a D
.TI:.T”—A—l, yI:yII_A_Z’ 212211_2 :
1 2 Qag
cucrembr Koopaunar Oxz'y’z". Ornocurensuo Ox'y'z' Touka O — nagano HOBOI

cucrembr koopauaat O''z''y" 2" umeer koopamHATHI

o 4w D
)\1, Az’ 2(1’3 '

VYpasuenue (10) Oyzer umers B
)\137”2 + )\2y”2 + 2a'32” =0,

rae A\ # 0, A2 # 0, af #0.
ITb. B ypasuenuu (10) Ay # 0, A2 # 0, A3 = 0, a5 = 0. Torga oHO wMeeT Buj

N’ + doy'” + 2a\2 + 2aby' +a =0,

njan
al 2 a! 2
Mz +2) +X(y+2) +D=0,
A1 A2
i’ an?
roe D = -1 22 Tocre repeHoca
A1 A2
! !
! " 1 ! n a’2 ! "
r=x ——= Yy =y ——= .,z =z
n Y o

cucrembl kKoopauuar Ox'y’'z" ypasuenue (10) Oyzer umers BuU
Mz + Ay"? +D =0,

rae A1 # 0, Ay # 0. Hagasmo O nopoit cucremsr koopaunar O"z'y" 2" numeer
ornocurebHo cucrembl Oz'y'z' KoopauHATEL

! /
N L
0" (-5 -52.0).

III. IIycTs aBa XapakKTepUCTHIECKUX KOPHS PABHBI HYJIIO, TOTJIA TPETHUH OT-
JUYeH oT Hyss (uHade B cucreme KoopauHar Oz'y'z’ moBepxHOCTH MMena Obl
HOPSIZIOK HUKE BTOPOro). IlepenMeHoBas, eCiu Hy»KHO, OCH KOOPIUHAT, MOXKHO
cautarh, 9to A1 7 0, A2 = A3 = 0.

Bceerma moxkHO 106MTCsI, 9TOOBI B HOBOM CHCTEME KOOPIUHAT KOI(PPUITHEHT
[PU [IPU [EPBON CTENEHW TPeTheil mepeMeHHONH ObLT PaBeH HYJI0. 9TO MOKHO
caenarb nmopoporoM B miaockocru Oy'z'. TIpousseneM MOBOPOT CHCTEMBI KOOP-
munar Oz'y'z" Bokpyr ocn Ox':

2! = :L”, y// — aIQy’ + al3zl L= al3y’ — a’22’ (12)

Y Y
Vay” + as” Vay'? + ag’?



rorya ypasaenue (10) npusenercs K Buiy

Mz 4 2a)x" + 21/ asx'? + a;y” +a=0.

12
O6OSH3.“IHM \/ a2’2 + a5 1€pe3 Cll2,, TOr'Ja IIocCjaegHee YpaBHEHUE BBIIVIAOUT TaK:

n, n

Mz’ + 2a, 2" + 2ally" +a = 0. (13)

IMla. ycrs cuagana ay # 0, TOrga Npu NOMOIIY MEPEHOCA OCeH KOODIU-

nar ypapnenue (13) moxkuo mpusectu K Buay A\ X2 + 2ajY = 0. [leiicrsu-
a \? a"?
renbro, A"’ + 2a) 3" + 2a)y" +a = M\ <:v” + )\—1> + 2ay" +a — ;— =
1 1
" a’ll ? " n, @ (7’112/)‘1 2 "
A2+ " + 2a5 [y + T = MX? + 2a]Y, ecnu NOJIOXKUTH
1 a
al a— a’2/)\1
X =a" , Y = — LI 7 =",
N )\ i 2ay

2
IIIb. Ecnw af = 0, Torna ypasrerue (13) umeer sug \iz”"” + 2aiz” +a = 0,
1 TIOCIe IepeHoca oceit KOOPIHHAT BIOJb OCH abCIICC OHO 3aIUIIETCH TaK:

MXZ+D=0.
Teopema mokazana. ([l

Teopema 3. Obwee ypasnenue

a11x2 + a22y2 + a3322 + 2a122y + 201322 + 2a923y2z +
+ 2a1x + 2a2y + 2a3z +a =0

NOBEPTHOCMU 6MOPO20 NOPAJKG, 3G0GHHOE 6 NPAMOY2OALHOT, CUCEME KOOPIu-
HamM, onpedessem 00HY U3 CACIYNUUT CEMHAIUAMU TOSePTHOCMET:

2 2
x z
1) sanuncoud — + 32_2 += =1
2 y? 22
2) mrumolli sasuncoud — + 2 + 5 =-1
2 2 2
z
3) odnonosocmmbiii 2unep60/zoud — + :ly)—2 - =1
C
2 52
4) deynoaocmuwili 2unepbosoud — Z;—Q -5 =-1
c
2 2 2
x Y z°
5) wonyc S+t - =0;
) ’ b 2c 2 2
x z
6) mrumvil Konyc =) + Z—2 + 2= 0;
z? g2
7) sasunmuyeckut napaboroud ; + ; =2z,p>0, ¢g>0;
" a2y
8) eunepboauneckuti napaboroud i =2z,p>0, ¢g>0;
z? g2
9) annrunmuueckuds Yusunop — + o =1;
22 2
10) mrumwiii sasunmuveckuti uummdp — + 32_2 =—1;
a

10



2 2

. z Y
11) zunepboauneckutdi yusundp pril vl 1;
a
2 2
z Yy
12) dse mHumble NEPECEKAIOULUECH TAOCKOCTRU — + i 0;
2 2
z Yy
13) dee nepecexarowuecs naockocmU pril T 0;
a
14) napaboauseckuds yusundp x? = 2py, p > 0;
15) dse napasneavrvie naockocmu 2?2 =a?, a #0;
16) dee mMHuMDBLE NAPANALABHBLE TLAOCKOCTNU 2?2 = —a?, a # 0;

17) dse cosnadarousue NAOCKOCTIU 22 =0.

Zoxazameavcmeo. B cuny npenbiaymieil TeOpeMbl HY?KHO PACCMOTPETDH CIIETTy-
IOINe CITyvIan.

I cayuaii. A\ A3 # 0, Toraa
Mz? + Xay? + X324+ D = 0.

Ta. Ecim D # 0, To

+ =1, (14)

1) ITyctb A1, A2, A3 omHOrO 3HaKa, a D uMeer 3HaK UM IPOTUBOIOIOKHBIA.

2 D » D 2
[Momoxum —— = a?, —— = b°, —— = ¢ u TOr/a, ePenucaB ypaBHEHHE
A2 Az
(14), nomyunM ypaBHEHHE JLIHIICOUTA:
2 2 2

z? oy oz

S+ =1

a> b 2

2) IIyctb A1, A2, A3 u D omnoro 3maka, Torga ypasaenue (14) mMoxKHO
MIEPENUCATh TAK:

2 g2 2
S+5+5=-1
a> b 2 ’
» D » D 2
rae SVl a”, SV b, S ¢”. llonyannu ypaBHeHre MHIMOTO JLIHAIICO-
1 2 3

nIa

Ecnu 3aaku A1, Ay, A3 pa3Hbie, TO MOCTE IEPENMEHOBAHNS OCEH KOOPANHAT,
MOYKHO CYUTATDH, YTO 3HAKKA A; U A COBIIQIAIOT, & 3HAK A3 WM TPOTHBO-
TTOJIOYKEH.

3) Ilycrtb A1, A2 ommOro 3HaKa, a A3, D MM IIPOTHUBOIOJOKHOIO, TOIJA
ypasuenue (14) MOXKHO Mepenucarb Tak:

D 2
e —— =a°, —— =
TN W

JIOCTHOTO TUIIEPOOTOnIA.

D
b2, N ¢ ¥ TpPUXOJUM K ypPaBHEHWIO OJJHOTO-

11



4) Ilycrb Ay, A2, D omHOro 3maka, a A3 MM IPOTUBOIIOJIOXKHOIO, TOTA
ypasuenue (14) MOXKHO Hepenucarb Tak:

2 g2 22 _
a2 T p2 2 ’
D , D 9 D N
rme — = a°, — = b°, —— = ¢° ¥ OpuUXOaUM K yPABHEHUIO ABYIIOIOCT-
A1 A2 A3
HOTO TUIEpOOIIOnIA.
Ib. Ilycts D = 0, Torma ypaBHEHHE MOBEPXHOCTH B PACCMATPUBAEMOM

CJIy4dae uMeeT BUI:
)\15[72 + A2y2 + )\32’2 =0. (15)

5) Ecau A1, A2 ogHOrO 3HaKa, a A3 UM NPOTUBOIIOJIOKHOIO, TOIVIA yPaBHE-
uue (15) MOXKHO Mepenucarb Tak:

y _
2tep—a2=0
T, 1,1
rme — = a°, — = b°, —— = ¢° ¥ IPUXOAUM K YPABHEHHUIO KOHYCA.
| Ad | A2 |As|
6) Eciiu A1, A2, A3 omHoro 3uaka, rorma ypasuenue (15) MOXKHO nepenucarhb
TaK:
2 2 2
T Y z*
2 1 s 1 2
rone — = a°, ——— = b , T~ 7 — CT U IIPpUXOAUM K YPaBHEHHUIO MHHUMOI'O
| A | A2 |As]
KOHYCA.

IT corygait. Ay # 0, A3 = 0, af # 0, Torga ypaBHeHHE IOBEPXHOCTH MMEET
BH/I;

A2? + Aoy? + 2a52 = 0.

Beibopowm wHanpasierus ocu Oz MOXKHO JOOUTHCS TOTO, 9TO KOIDDUIUEHT
[IPU 2 B TOM ypaBHEHUU OyI€T UMETh 3HAK, IPOTUBOMOJIOKHBIN 3HAKY Af.
3areM mepenuineM ypaBHEHWE B BUJE:

2 2
T
FR A (16)
_4 %3
A1 A2
al al
7) ycts A\ A2 > 0. Ionoxkum —)\—3 =p, —)\—3 =g, Tormap >0,¢>0,u
1 2
ypasuenue (16) npuBOIUTCS K yPABHEHUIO H/IJIUOTHYECKOTO napaboronia;
2 2
T
—+ v _ 2z.
p q

a’ al
8) Ilycrb A1 A2 < 0, Torma —/\—3 =p>0, /\—3 = g > 0 u monyunum ypasHe-
1 2
HEEe TUIEPOOTMIECKOro mapabdoronia

.T2

2
——y—:22.
p q

12



III coaywgait. A\ Ay # 0, A3 =0, af = 0. B sToM cyvae ypaBHEHHE TOBEPXHOCTH
WMeeT BUJI;:

)\11’2 + )\2y2 + D = 0

IlTa. Eciu D # 0, rorma ypaBHEHUE TIEPEIHIIEM TaK:

22 y?
Dt p = 1. (17)
A1 A2
9) IIycrb Ay A2 > 0, a D umeer 3HaK NPOTUBOIOJIOKHBIN OBIIEMY 3HAKY
D
\i , Torma, nomarag —— = a?, —— = b?, u3 (17) nonyuaem
A1 A2
2 2
x vy
) + i 1,

a 3TO ypaBHEHUE LTUNTHIECKOTO IIUIHHIPA.

10) Iycrb A1, A2, D oxmoro 3uaka. B sTom ciaydae ypasuenue (17) MOXKHO
nepernncarb Tak:

le2 y2 )
oto=h
A1 A2
2 D 2
wiy, nojarad — = a-, ~ = b°, npuxoguM K YPaABHEHHUIO MHHUMOLO 3J-

1 2
JIAIITUYIECKOTO TUJIUHIPA.

11) Iycrb A1 A2 < 0. ITepenmenoBanueM KOOPAMHATHBIX OCEil BCETIa MOXK-
HO JOOMTHCSA, UTOOBI 3HAK [ COBmaIas cO 3HAKOM Ao. Torma, mojarast

D » D 2
Ebvie a®, SV b°, IpUXOaUM K yPABHEHHIO TUIEPOOTUIECKOrO IIHTHH-
1 2
apa:
2 _v_,
a2 b2 '

IIIb. Eciiw D = 0, To umeem ypaBHEHUE TIOBEPXHOCTH B BHUJIE:
)\15[72 + )\2]/2 =0.
12) Eciim Ay A2 > 0, TO IpUXoAuM K ypPaBHEHWIO JIBYX MHUMBIX II€PECEeKa-
IOIUXCA IIJIOCKOCTEIA.
13) Ecoim A\; A2 < 0, TO uMeeM ypaBHEHHUE JBYX II€PECEKAIOIIUXCsl IIOCKO-
CTeit.
IV ciywuaii.

Ma? +2ahy =0, Ay #0, ay #0. (18)

14) Bbi6opom 110/102KUuTENIbHOrO Hanpasiaenus ocu Oy MOXKHO 100UTCs TO-
ro, uro koadduuuenr npu y B ypasHenuu (18) OGyner umerb 3HAK, MPO-
TUBOMOJIOYKHBIN 3HAKY A1. B TakOM ciIydae ypaBHEHUE MOXKHO MEPENCATh
TaK:



"

uiy, nosjaras —>\—2 = p > 0, npuxoauM K ypPaBHEHHUIO MapabOInIecKOro

1
UIMHApa 22 = 2py.

V caywuaii. [lepenumenm ypasrenue mosepxaocta A\1z2 +D = 0, A\; # 0 B 3ToM
ciydae B BUIE

-D
P=— 19
= (19)

15) Eci A; - D < 0, To mosioxkum —— = a?

1

U [OJIyYUM ypaBHEHHE IBYX

HapaJLIeIbHBIX MIocKocTell 22 = a2.

16) Eciu A1 - D > 0, o nonoxum — = a?

1
MHUMBIX ITapaJlJIeJIbHBIX MJIOCKOCTEHN T

U IIOJIyYUM ypPaBHEHHE JIBYX
2 — 2.

17) Iycrs D = 0. Torna ypasuenue (19) umeer sun #2 = 0. 1o ypasHe-
HEE JIBYX COBIAJAIONIAX ILJIOCKOCTEH.

Teopema mokazana. [l

2.2 AaroputMm npuBeleHUsI K KAHOHUYECKOMY BUILY
YPaBHEHUHA MOBEPXHOCTHU BTOPOTO IIOPAIKA

M3/102KMM HEKOTOpBIE [eTajid aJrOpUTMa IPUBEIEHUs yPaBHEHUs BTOPOrO
TOpsIIKa K KAHOHW4IECKOit (popme. Mcxomuas cucreMa KOOPAUHAT TIPEITOIAraeT-
cst pAMOYTObHOIL. [Ipu Bcex mpeobpa3oBaHUsIX KOOPAMHAT TAKIKE COBEPIIAETCS
[epexos, K IPsAMOYTOJIbHBIM CHCTEMaM KOOPIUHAT.

I'TaBHBIM MOMEHTOM SIBJISIETCS “YHHITOXKEHHE , C MOMOIIBIO MOIXOIAIIEH 3a-
MeHbl 06a3uca, 4IEHOB YPaBHEHUs, COAEPXKAllUX [POU3BEIEHHUs [ePEMEHHBIX.
OcraHOBHUMCST HA 9TOM MOMEHTE. Y paBHEHHE MOBEPXHOCTH

a1z’ + a22y2 + a33z2 + 2a122y + 2a1372 + 2a923yz +
2a1x + 2a2y + 2a3z +a =0
3amuIeM B MATPUIHON (popme
u'Au+2u+a =0, (20)
rze

r a1 @12 a3
u=[y|, A=|axn ax2 as], =/ (a1,a2,0a3).
z azr as2 ass

@opmyJibl Tpeobpa3oBaHUsi KOOPAUHAT IPU 3aJaHHOM Marpulie nepexona C' Tak-
2Ke 3alullleM B MaTPUYHOM BH/IE:

u=Cu', rneu = [y |. (21)

Zl
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[Tocne noncranosku (21) B (20) nomydum ypaBHEHHE
u A 420+ a = 0, cne ' =1C, A' = CtAC,

KOHCTAaHTa @ 1pu npeobpaszoBanuu KoopauHar Buga (21) we mensercs. Hiem
OPTOHOPMHUPOBaHHLINA 6a3uc, B Kotopom marpuna A’ nmaronanbma. s sto-
ro: 1) BbluucisieM KOpHU Xapakrepucrudeckoro ypasaenus det(A — AE) = 0;
2) ecau BCe KOPHU PA3JIMYHBI, TO /I KaXKJOrO KOPHS A COCTABJISIEM CHCTEMY
ypasuenuit (A — AE)u = 0, maxogum ee byHIAMEHTAIbHYIO CUCTEMY DElIeHUI,
3aTeM HOPMUPYEM TOJIyYEHHBIE PEIICHHUST; 3) €C/IU IBa KOPHS COBIAIAIOT, & TPe-
TUH OTJIMYEH OT HUX, TO BBIYUCISIEM [0 OJHOMY COOCTBEHHOMY BEKTOPY [IJisk
Pa3JIMYHBIX 3HAYeHUH A, a JJig 3Toro pemiaem cucrembl Buga (A — AE)u = 0,
HOPMHUPYEM DeIeHus, OJIy9aeM B3 BEKTOpa HOBOTO Ha3uca, TOraa TpeTuii ba-
BUCHBI BEKTOP BBIYUC/ISIEM KAK UX BEKTOPHOE mpou3sejeHue (cM. 3a1ady 2); 4)
n3 DA3UCHBIX BEKTOPOB COCTABJIsIEM MATpHIly mepexona C', [Jist 3TOro 3ammchiBa-
€M IOy YeHHBIE BeKTOPHI B CTOM0NIBI. B HOBOM Gasuce maTpuna A’ nuaronanbHa,
Ha ee IMJIABHOM JUATOHAJN PACHOJIOXKEHBI KODHU XAPAKTEPUCTHIECKOTO YPABHE-
HUsl, B3sTbIE C UX KPATHOCTSMHU B TOM YK€ MOPSIJIKE, 9TO W COOTBETCTBYIOIINAE
cronbunl B Marpuie C'. KoadduupeHTs! mpu JUHEAHBIX 4IeHaX TpeoOpa30BaH-
HOTO ypaBHeHns Bhraucasem no dpopmyae I = IC.

B HOBOM 6a3uce ypaBHEHHE MCXOIHOM MOBEPXHOCTU HE COIEPXKUT MPOU3BE-
JIEHUl IePEeMEHHBIX U UMEeEeT BUJ

Mz’ + oy + Na2'” + 2al7’ + 2aby’ + 2a42" +a = 0. (22)

Ecau B ypaBuenun (22) umerorcs KBaApaThbl NEPEMEHHBIX U OJHOUMEHHbIE
JIMHEHHBIE YJIEHBI, TO JOMOJHAEM 3TH IMapbl YIEHOB “II0 MOJHBIX KBAIPATOB”’
¥ MEPEeHOCUM HAYAJI0 KOOPIMHAT TaK, YTOOBI B MpeoOpPA30BAHHOM YPABHEHUU
COOTBETCTBYIOIINX JIMHEHHBIX YJIEHOB HE ObLIO. VIMEHHO TaK MOCTYNAJIN IPU 10~
Ka3aTebCTBE TeopeMbl 2.

Eciu B ypaBHenun (22) umeercs KBaapar OJHOIN NEPEMEHHON U JIMHEHHbIe
YJTEHBI, COEPKAIINE IPYTHUE MEPEMEHHBIE, U Y7KEe HET HUKAKUX JPYTUX UJIEHOB C
MEPEMEHHBIMU BEJIMYMHAMU, TO JEJAeM 3aMEHY KOODJWHAT B IMJIOCKOCTH, COOT-
BETCTBYIOIIEH JIMHEHHBIM UJI€HAM, TaK, YTOOBI BA JTUHEHHBIX YJIEHA, 3aMEHUTH
Ha ogun. @opmyiibl 3amenbl (12) yKa3aHbl B 0KA3ATEIbCTBE TEOPEMBI 2.

Ecnu ypaBHenue ymnpolmeHo Tak, 9TO B HEM HMEIOTCS KBaJIPAThI IE€PEeMeH-
HBbIX ¥ OJIVH JIMHEHHBII 4JIeH, IPpUYeM BCE Pa3HbIX HAMMEHOBAHUN, KpOMeE TOrO,
MMeeTCsi CBOOOMHBIN H9JIEH, TO MEPEHOCUM HAYAJI0 KOOPIUHAT BIOJb OCH, COOT-
BETCTBYIOIIEH JIMHEHHOMY <IeHy TakK, 9TOObI B NMpPEeOOpPA30BAHHOM YPABHEHUU
He OBLTO CBOOOIHOTrO WieHa. Tak MOCTYIIAIn MPU JI0KA3aTEILCTBE TEOPEMbI 2 B
nagaJse mynkTa Illa.

IToceoBaTebHO BBIMOIHSS ONMUCAHHBIE BBIIIE JE€HCTBUS, BCErIa IPUIEM K
YPABHEHUIO BTOPOU CTENEHH B “TOYTH KAHOHUYIECKOH popme”. “Tlourn kaHOHIIE-
ckuMu’ Ha3bIBAEM yPABHEHUS, OTINIAONINECT OT KAHOHUYECKUX (yKA3AHHBIX B
dbopmyuposke Teopembl 3), camoe GObIee, YUCTOBLIM MHOXKUTEIEM, HYMepa-
npeil KOOPAMHAT, IEPEHOCOM YJIEHOB M3 OJIHOM YaCTH PABEHCTBA B APYTYIO, 3HA-
KoM KO3 duIneHTa Mpu JuHEeHHOM dieHe. Eciu ypaBHeHNe MOBEPXHOCTH MTPH-
BeIEHO K “TIOYTH KAHOHMYECKOit popme”’, He COBIMAIAIONIEH ¢ KAHOHMIECKOI, TO
CJIe/IyeT BBITIOJHUTH MEPEYNC/IEHHBIE BBIIIE TPOCTEHITNE MTPeoOPA30BAHNSA YPaB-
HEHUsI ¥ CUCTEMBI KOODIMHAT, KOTOPBIE MPUBEIYT ypPaBHEHNE K OKOHYATEIbHOMN
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KaHoHI4IecKoil ¢popme. Kak u3 “nodrn KAHOHUIECKOro’ MOTYIUTh KAHOHTIECKOEe
ypaBHEHHUE NOKA3BIBALTCS U B JIOKA3ATEIHCTBE TEOPEMBI 3.

OrbICKaHUE CUCTEMBI KOOPJMHAT, B KOTOPOI ypaBHEHHE IIOBEPXHOCTU UMe-
€T KAQHOHWYECKUU BUJ, MPOUCXOIUT OJHOBPEMEHHO C YIIPOIIEHWEM ypPaBHEHUS
TOBEPXHOCTU W TAKKe PACMATAETCS HA HECKOJIBKO 3TamoB. [Ipm 3TOM mose3H0
[HOMHUTB: &) IPU NOCJIEJA0BATEJbHBIX 3AMEHAX KOOPIUHAT COOTBETCTBYIOIIUE Ma-
rputisl nepexona Cy, Cs, ... mepemaokaorcs B ToM ke nopsiake C' = C1-Cy - - -
6) npuMeHsisl AJrOPUTM, U3JIOKEHHBIN BbIIIe, HA KAXKJOM Talle Mbl [0JIy4aeM
KOOPIMHATHI HOBOTO HAYAJIA HE B MUCXOTHOMN, & B TPOMEXKYTOYHOM CUCTEME KOOD-
gunar. CucreMa KOOPIUHAT CIUTALTCS OMPEIEIEHHOM, €CIM BHIYUCIEHBI KOOP V-
HATHI e HAYaJ1a U 0A3MCHBIX BEKTOPOB, OTHOCUTEIHHO EPBOHAYAIHHO 38 JaHHOMN
CHCTEMbI KOOPJMHAT.

OrmMeruM, 970 KAHOHUYECKOE YPABHEHWE U CHCTEMa KOOD/IUHAT, B KOTOPOI
yPaBHEHUE MOBEPXHOCTH UMEeT KAHOHUYIECKUH BUI, MOT'YT OBITh OMPEIE/I€HbI HE
OJTHO3HAHO.

2.3 IIpumeHeHume ajropuTMa MPUBEAEHUA K
KaHOHNYECKOMY BHAY yPaBHEHUdA IIOBEPXHOCTU
BTOPOr'O HNOPAJKAa K PelIeHnIo 3a1a4

Bagaua 1. Iloseprrocmo 3adana 6 NPAMOY20AbHOT cucmeme Koopdunam o06-
WUM YPAGHEHUEM

2% + 9y + 22° —day + 4yz + 2z + 4y + 62 — 1 = 0.

Hatimu xanonuveckoe ypasrenue 3moti noSEPTHOCMU U cUuCmemy Koopouram,
6 Komopoti ypasneHnue noseprrnocmu bydem umems Kanonuweckut sud, onpede-
AUMD MUN NOBEPTHOCNU.

Pewenue. Banumem marpuny A KBagpaTudHoil (DOPMBI 3TON MTOBEPXHOCTH
2 -2 0
A= -2 9 2
0 2 2
BoramciiuM xapaKTepucTHYecKuil MHOrO4IeH MaTpulbl A 1 HalizeM ero KOpHu.
det(A—XE)=| -2 9-X 2 |=
9-1 2 -2 2
2 2—,\‘_(_2)‘ 0 2—/\‘

=@2=-MO-N2-3)-49+2((-2)2-}) =
=(2-N)A\ —11A+10) = (A = 1)(2 = A)(\ — 10).

~ -]

Torma A1 = 1, As = 2, A3 = 10 #ABJAIOTCH KOPHAMHU XAPAKTEPUCTHIECKOTO
MHOTOYJIEHA.

Haiinem dyHmaMeHTAIbHYIO CHCTEMY PENIeHUil CHCTEMbl JIMHEWHBIX OJHO-
ponubix ypasaenuii suzga (11). Cuagana paccmorpum A; = 1. Boinommum 3ste-
MeHTapHble 1peobpasoBanus crpok Marpuipl (A — 1 - E) u npeobpasyem ee K
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crynendaromy Buiy. s 370ro yMHOKUM 11€pBYI0 cTpoKy Marpuipl (A —1-F)
Ha 2 u npubaBUM €e KO BTOPOIi, MOIy9eHHAs BTOPas CTPOKA MPOIOPINOHAIBHA
TpeTrbeil U ee MOXKHO HCKJIIOYUTD:

2-1 =2 0 1 -2 0
(A-1-E)=| -2 9-1 2 =(-2 8 2| <
0 2 2-1 0 2 1

1 -2 0
1 -2 0
= 0 4 2 < .
0 2 1
2

Bribupaem y 3a cBOOOIHOE, & & U z 32 MIIABHbIE HEU3BECTHBIE. BhIpa3uM riiaBHbIE
HEU3BECTHBIE Yepe3 CBOOOIHBIE: T = 2y, z = —2y. Pa3mMepHOCTH IPOCTPAHCTBA
pewnenuii pasua 1. @yHgaMeHTaIbHAS CUCTEMA PELIEHUI COCTOUT U3 OJHOIO BEK-

ropa ¢ . [Honoxum y = 1, rorna ¢ = (2,1,-2), |&1| = /22 + 12+ (-2)2 = 3,

> O - (21 2 .
fi=— u nonyuum fi=|-,=,—= ). Bekrop fi aBisiercs nepBbIM BEKTOPOM
|é1] 3'3" 3

HOBOTO Da3uca.

ITonobubIM 00pa30oM HAXOAUM BTOPOI Das3ucHbLi BeKTOpP fi. s aToro pe-
uraem cucremy (11) npu As = 2. Ilepsasg crpoka marpuubt (A —2- E) nponopuu-
OHAJIbHA TPEThENl U MEePBYIO CTPOKY MOXKHO HUCKII0YnUTH. OCTABIEHHYIO TPETHIO
CTPOKY COKPATHUM HA 2, TOCJIE 9TOr0 YMHOXKUM €€ HA —7 U MpubaBUM KO BTODOIA,

CTPOKY COKpATUM Ha —2:

2—2 -2 0 0 -2 0
A-2-B)= -2 9-2 2 |=|-=2 7 2| &
0 2 2—-2 0 2 0
— (72 T2 e (2 r2 =
0 2 0 0 1 0
— -2 0 2 — 1 0 -1
0 1 0 o1 o0)/°

Beibupaem z 3a cBOOOIHOE, & T W Yy 3a TJIABHbIE HEM3BECTHBIE. BhIpa3um riiaB-

HbIE HEM3BECTHBIE Yepe3 cBoOoaHbIe: & = z, y = (. Pa3mepHOCTh mpocTpaHCTBa

perenwit pasua 1. @yHmaMeHTaIbHAS CUCTEMA, PEIIEHII COCTOUT U3 OJHOTO BEK-
" - . 7O

topa &. Ionoxum z = 1 u Torma é& = (1,0,1), |é&| = V2, fgzm, [OJTY YHITH
C2

f; = (i,O, i) . BekTop fo sBisieTcd BTOpbIM BEKTOPOM HOBOrO 6aswuca.
V2 V2
Haxoaum tperuit 6a3ucHbIH BEKTOD f_; Pemaem cucremy (11) ¢ marpuneii
(A—10-E). YuuoxkuM BTOpyIo crpoky mMarputpl (A—10-F) va —4 u npubasum
K IepBOH, MOTy4YeHHad IepBasd CTPOKa U TPeThbdA OTUHAKOBBIE, IO3TOMY OCTABUM
TOJIBKO TPETHIO, COKPATUM ee Ha 2 u npubasum K apyroit crpoke. [lonyyennyio
CTPOKY TOXKE€ COKPATUM Ha —2:

-8 -2 0
(A-10-E)=|-2 -1 2| < (_2 -1 2) =
0 2 -8

<:>—2—12
0 1 -4
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Buibupaem z 3a cBoOOIHOE, & & W Y 3a INIAaBHbIE HEM3BECTHBIE. [JIABHBIE HEM3-

BECTHBIE Yepe3 CBOOOIHBIE BBIPAXKAIOTCA Tak: © = —z, y = 4z. Pa3mepHocTh

npocrpancTBa pemenuit pasaa 1. @yHgaMeHTaIbHAS CHCTEMA PEIeHUH COCTO-
R R S

WT W3 OHOTO BeKTOpa C3. IlomoskuM z = 1w torma & = (—1,4,1), |&3| = 3v/2,

3=-5—- UIIOJIYy4YuM f3 = | ———, ——=, ——= | . DEKTOp [f3 ABJIA€TCA OOCIECTHUM
G5 3v2 3v2 3v/2

BEKTOPOM HOBOTO Ha3mca. oL

ITonyuennbie BeKTOPHI f1, fa, f3 ABIASAIOTCS cobecmeenHbmu ekmopamu 1
MIPUHAIIEXKAT PA3TIUIHBIM COOCTBEHHBIM 3HAYEHUSIM, TTO9TOMY OHU TTOTTAPHO OP-
TOrOHAJIbHBI U 00PA3yI0T OPTOHOPMUPOBAHHBIM 0A3UC HAIIErO MPOCTPAHCTBA.
Baluier KOOPAUHATBL f1, fs, f3 B CTO6HbL Marpuipl C' 1 HOTYy<9HM MATPHILY
epexo/ia, OT MCXOIHOTO Da3mca K Oasucy ]?1, ]?2, f;, Torma (GpopMy bl mpeodbpa-
30BaHUs KOOPJWHAT UMEIOT BU/IL

2 1 1
T 3 5 T3 z' 10 0
y| = i 0 35 y|,nu cCctAC=(0 2 0 (23)
~ _2 1 i o 0 0 10

3 V2 3v2

BbramcnimM Kak BBITISIAT JAHHAS B yCJIOBUM IOBEPXHOCTH B HOBOIM cHCTEME
el
koopauHar O fy fo f3. s aToro Haiizem JuHERHbIE YeHbl:

2 1 1
3 V2 3v2
'=1c=1,23)| 5 0 35 |=
. 2v/2 3 -1

=——(1,2,3 2 0 4 |=
3\/5( ) V2
-2v/2 3 1
1

B [ 2 5v2
= ﬁ(_2\/5,12,10) = (—5,2\/§,T> .

s
Nrak, nonydaem ypaBHeHHe MOBEPXHOCTH B HOBOI cucreme koopauuar O fi fa fs.

4 10v/2
%+ 2y +102° — gw' +4V2y' + T\/_z' —1=0.

Jlanee BBIMOMHAEM MapaJIeTbHBIN TTEPEHOC, JIJIT ITOTO BBIIETUM IOJHbIE KBa-
JPaTHI:

2 4
($'2‘2'§w'+5>”(y””'ﬁy’“%

V2 1 4 10
10(27+2- Y2+ | -2 4" 1=
+ 0<z + 6Z+18 9 13
2
2\ 2 2 2
:(m'—§> +2(y'+\/§) +10<z'+%> —6=0.

ITonoxkum

2 2
x//:ml_g’ le:yI_‘_ﬁ’ Z”:ZI—F%.
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Torna ypaBHeHUE TIOBEPXHOCTH UMEET BHIL,

"2

"2 "2 T
6

n2
2" 4+ 2y"* + 102" = 6, wm +%+

[Monyunnu KaHOHUYECKOE ypaBHenue sjumncouaa. Haiinem dopmMyiibl mpeobpa-
3oBaHus KoopauHar. 113 pasencrs (24) soipasum z', y', 2"

x/:w//+§’ y/:y//_\/i Z/:Z//_%’

Ui B MAaTPUYIHOM BHUJIIE

<

Il
S
+
|

|§ &wlw

~

IMozacrasum mosyvennbie 3uavenus ',y , z' B bopmyny (23):

w w DJl
- ggl-g
Ny N~—
Il

g
+
|
1S e
I

S

W W WY W W WY Wy Wi Wt
|

§|H o§|'_‘ §|H o&% §|H o§|'_‘
|
~g-g
/"

w
9

N e 8]
+

Nlw O N

w
V)

Taxkum 06pa3oM ypaBHEHUE JAHHON NOBepXHOCTH B cucTeme Koopauuar O’ fi fo f3
VMeeT BU,

8
<
I\

D
|

1 3 - 21 2 - 1 1
OI = —— 0 —— = — = ——= — N 0 N
raoe ( 27 ) 2)7 fl <3737 3>7 f2 (\/57 7\/§>7

- 1 4 1 - o
f3 = ( >, mpuygeM KoopauHaThl Touku O m BeKTOpOB fi, fo,

- 3v2'3v2'3/2

f3 BBIUKCIIEHBI B UCXOMHOM cucTeme KoopauHat Ozyz. ([l

3agaua 2. Iloseprrocmo 3adana 6 NPAMOY20AbHOT cucmeme Koopdunam o06-
WUM YPAGHEHUCM

22 + 2% + 22% — 22y + 222 + 2yz — 62 — 6y — 122 + 15 = 0.

Hatimu kanonuyweckoe ypasrenue 3moti noBeprHocmu u cucmemy Koopouram,
6 Komopoti ypasneHnue noseprrnocmu bydem umems Kanonuweckut sud, onpede-
AUMD MUN NOBEPTHOCNU.
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Pewenue. Banuiiem ypaBHeHHE JAHHON MOBEPXHOCTA B MATPUIHOM BHUJIE:

2 -1 1 T T
(z,y,2) -1 2 1 y|+2(-3,-3,-6) |y | +15=0.
1 1 2 z z

BoraucinM XapakTepuCTUIeCKU MHOTOYIEH MATPUILHI KBAIPATHIHOM (Hop-
MblL A. Il 3Toro npubaBuM BTOPOI CTONOEI K TPETHEMY U BLIHECEM U3 TPETHErO
crosibna 3 — A:

2-x -1 1

det(A—ME)=| -1 2-x 1 |=
1 12—
2-1 -1 0 2-X -1 0
=| -1 2-X 3-A=@B-XN| -1 2-x 1.
1 13- 1 11

Tperuii crosber BbIaTeM W3 IEPBOTO M BTOPOTO U PA3JI0KUM OIPEIETIUTEIb 110
TpeTbell CTPOKe:

2-X -1 0 2-2 -1 0
B-=XN] -1 2-X 1|=B-N|-2 1-X 1=

1 11 0 0 1
2-x -1
-2 1-2X
=(B3-NA\ =3\ =-Ax)\-3)>

=(3—A)‘ ‘:(3—/\)(2—3/\+)\2—2):

KopHusaMmu xapakTepucTrdecKoro MHOTOUIEHA SABJISIOTCA 9UCIA A1 = Ao = 3,
A3 =0.

Pemum cucremy simHeiHbIX OfHOPOAHBIX ypaBHenuit Buga (11) ¢ marpuueii
(A—-X3E).

BoimosiauM sieMenTapHbie mpeodpa3osanus crpok mMarpuisl (A — 0 F) u
mpeobpa3yeM ee K CTymeHdaroMy Buay. [ljis 3TOro Tperbi CTPOKY MpubaBUM
KO BTOPOIi, 3aT€M YMHOXKWM TPETbIO CTPOKY HA —2 U MPUOABUM K TEPBOM, MO-
JIYYeHHYIO BTOPYIO CTPOKY COKPaTHM Ha 3:

2 -1 1 0 -3 -3
A-0-B)=| -1 2 1| < [0 3 3| <
1 12 1 1 2
0 -3 -3
— |0 1 1
1 1 2

[Tepsyio cTpoky orOpocuM, MOCTABUM HOCTIEIHIOI0 CTPOKY Ha EPBOE MECTO, BTO-
PYIO CTPOKY BBIUTEM W3 MEPBOIL:

8_?_?@011@112@101
1 1 9 1 1 2 0 11 0 1 1)°

Bribupaem z 3a cBobomHOE, & T U Yy 3a IJIaBHbIE Hem3BecTHbIE. Torma © = —z,
y = —z. Homoxum z = —1 u & = (1,1,—1), sHopmupyem 3, nogyanm f3 =

1 1 1 >
(—, —,———= ). BekTop f3 dBIsieTCs MOCIEIHUM BEKTOPOM HOBOTO 0OA3HUCA.

3°v3 V3
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Pemaem cucremy smueiiabix ogHopoaubix ypasuenuit (11) ¢ marpuneit (A —
ME).

Boionaum snementaphbie npeobpasopanus crpok Marpuisl (A — 3E). Tpe-
ThIO CTPOKY TIPUOABUM K MEPBOIi U BTOPOIA, MOJyYUM HYJIEBBIE CTPOKH, KOTOPHIE
oTOpocuM:

-1 -1 1 00 0
(A-3E)=[-1 -1 1]« (00 0] (1 1 -1).
11 -1 11 -1

Buibupaem y u z 3a cBobomHBIe, a T 33 TJIaBHOe Hem3BecTHoe. Torma r = z — y.
Ecmz=1,y=0,10¢ =(1,0,1) u

N 1 1 1)

= 1= = _70)_ .
= < NG
1 0
1 1

f G ( 1 2 1 >
2= "> =\""F= 7= =)
= V6’ V6 V6
BamuiemMm KOOPIUHATHI ﬁ, f;, f; B CTO.H6I:EBI MaTpPHUIBI C v TOIy9IuM MATPHUILY

epexoIa OT UCXOTHOTO basuca K ba3ucy fi, fa, f3. @®opmysbr mpeobpa3oBaHust
KOOpPJAWHAT UMEIOT BUTT

[\)

(_1727 1)7

G = [C1,C3] = (‘ 1 —1

TOTIA

1 '
y|= 0 % & v, (25)
1 1 1
z viEoovi ovi/ \F

BbramcnimM Kak BBITISIAT JAHHAS B yCJIOBUM ITOBEPXHOCTH B HOBOI cHCTEME
el
koopauHar O fy fo f3. s 9700 BEIYUCIUM JIMHEHHDBIE YJICHbBI:

(-3,-3,-6) [y |=(-3,-3,-6)| 0 ZH & "=
V3 -1 V2 x!
:—1(1,1,2) 0 2 V2 y | =
Vo V3 1 —V2 z'

(—4, 5v2, 1,56, 0)

N R

Nrak, mosy4yaem ypaBHEHIe TTOBEPXHOCTH B B HOBO# cucreme koopauHar O fi fa f3

377 + 3y —9v22' — 3V6y' +15=0,
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COKPAaTHUB Ha 3,
27 +y'"? —3v22 — V6y' +5=0.

Bormomnum napa.n.neanbH‘/i mepeHocC, AJjid 3TOT'O BbIAEJIUM IIOJHBIE KBaJPATHI:

2
(m’2—2-¥x’+2>+(y'2—2-@y'+§>—g—g+5

2 2 4

ITonoxxum
3v2 V6
2 =g — , "m_ /__’ Z”:ZI,
9 Y TV T
AT
2! 2! %
yl — yll + \ég
Zl Z” 0

Tlonyunmu KaHOHHYECKOE ypPaBHEHHE TOBEPXHOCTH
"2 n2
' +y =1

Oro umnrudeckuit (Tounee, Kpyrosoil) umaunap. Haiinem dopmysbl npeot-
pasoBanus koopauuar. [logcrasum z',y’, 2" B dbopmymny (25), Torga moxydum

1 1 1 ’
z V2 V6 V3 z
_ 0 2 1 |
v1= VCEERVERN B A
1 1 1 !
Z V2 V6 V3 o
1 1 1 " 3v2
V2 \éE \45 2
= 0 % % y” —+ @ =
1 1 1 "
V2 V6 V3 ? 0
1 1 1 " 1 1 1 3v2
— <& N " 2 1 _
B U B Y A U -
. T 4 " T 2 T
V2 V6 B V2 Ve B 0
1 1 1 "
=l v A\
1 1 1 "
V2 V6 B



00pa3yoT OPTOHOPMUPOBAHHBIN 6Aa3WUC, JAHHAA B YCJIOBUU MMOBEPXHOCTH MMEET
ypaBHeHHEe

"2

T + y"2

=1.
O

3amaga 3. [loseprrnocmsb 3adana 68 NPpamoy20avHoll cucmeme Koopouram ypae-
HEHUEM

9y? + 1622 + 24yz + 5z + 10y + 52 + 11 = 0.

Haiimu xanonuveckoe ypasnenue smoti noeeprrocmu u cucmemy KoopouHam,
6 KOmopotli YpasHeHue NoseprHocmy bydem umems KarHoHuveckul sud, onpede-
AUMD MUN NOBEPTHOCTU.

Pewenue. 3amuinem ypaBHEHHE MOBEPXHOCTH B MATPUYIHOM BUJIE:

0 0 O x x
(z,y,2) [0 9 12 y| +(5,10,5) [y ] +11=0
0 12 16 z z

BoraucinM xapaKTepuCTUIeCKU MHOMOWIEH MATPHUIILI KBAIPATUIHON (hop-
MBI A.

A 0 0
0 9-x 12 :(—A)‘
0 12 16—

= —\?(\ - 25)

det(A — \E)

9-x 12 | _
12 16—A|

Yucna A\ = 25, Ay = A3 = 0 ABAAIOTCH KOPHAMH XaPAKTEPUCTUIECKOrO MHOIO-
9JTEHA.

Permaem cucrembl JTUHERHBIX OAHOPOAHBIX ypasueruil (11) mjsa HaifimeHHBIX
3HaveHuit Ay = 25 u Ay = 0.

ITpeobpasyem marpuny (A—25-F) k cryneauaromy Buay. st 3roro nepsyio
CTPOKY cokparum Ha —25, BTopyio Ha —4, a Tperbio Ha 3. I[lomydennnie BTopas
U TPEThs CTPOKU OJUHAKOBBIE, OTOPOCUM OJHY U3 HUX:

-25 0 0 10 0
(A-25-E)=| 0 -16 12| < [0 4 -3]| <=
0 12 -9 0 4 -3

1 0 0
0 4 -3)°
Bribupaem z 3a cBOOOAHOE, & T W Yy 3a TVIaBHBIe Hen3BecTHbIe, Torma x = 0,

3 5
y =% DyHIAMEHTAIBHAS CHCTEMAa, PEreHrii COCTOUT M3 OJHOTO BEKTOPa, Cj.
S S » 3 4
IMonoxkum z = 4, rorua & = (0, 3,4), nopmupyem & u nonyuum fi = | 0, =% )
BekTop f1 siBIIsieTCa mepBbIM BEKTOPOM HOBOTO Gasuca.

[Mpu HaxoKIeHUM APYTUX BEKTOPOB fo U f3 HOBOrO Ha3mca MOYKHO MMOCTYIIUTD
KaK B Opejaplaynieil 3ajade, TO eCTb HCIONb30BaTh BEKTOPHOE IIPOU3BEJIEHUE
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COOTBETCTBYIOMIAX BEKTOPOB, HO MbI IIPOJEMOHCTPUPYEM 31€Ch APYLOil IIyTh.
Haiinem byHmaMeHTAIBHY IO CHCTEMY PELIeHH CHCTEMbI TMHEHHBIX OMHOPOIHBIX
ypasuenuii ¢ marpuneii (A —0- E).

0 0 0 0 3 4
(A-0-BE)={0 9 12| < — (0 3 4).
0 3 4

0 12 16

Bribupaem y 3a riaaBHOE, & T U 2z 34 CBOOOJHBIE HEM3BECTHBIE. BhIpa3uM ryiaBHOe
4
HEU3BECTHOE Yepe3 CBOOOIHBIE: iy = —gz. Pa3mepHocTh mpocTpaHCcTBa, peIeHnin

pasHa 2. @yHIaMEHTATIBHAS CUCTEMA, PEIIIEHUIT COCTOUT U3 JIBYX BEKTOPOB (o, C3.
IMonoxkum caauana ¢ =0, z = 3, a3arem ¢ = 1, 2 = 0 u Torma é» = (0,—4,3),
é3 = (1,0,0). BekTopbl > U C3 JUHEHHO HE3ABUCUMbI U OPTOTOHAJIBHBI, TIOITO-
My JIJIsl HAXOKJIEHUsI HOBBIX OA3MCHBIX BEKTOPOB JOCTATOYHO HOPMUPOBATH ITH
BeKTOpbI. Ecau BeKTOpbI, 0Opa3yforiue pyHIAMEHTAJIbHYIO CHCTEMY PEIleHuit,
MOJTy YMJIACH HE OPTOTOHAJBHBI, TO HEOOXOJUMO K HUM TPUMEHUTDH MPOIECC Op-
ToroHamm3anuu (cM. Harmpumep, [4], V.17.3), au6o moxHo B3sTH ¢3 = (1,0,0), a
62 = [53,f1]. Tak xKax |€2| =5u |63| = 1, TO f2 = <0, —%, %) n f3 = (1,0,0)

3anuneM KOOpAWHATHI fi, f_;, f; B CTOIOUBL MaTpuupl C' M MOTyInM Ma-
TPUILy MEPEXO/Ia OT UCXOTHOTO bas3uca K basucy fi, f2, f3. Samumem dbopmyibt
Mpeodpa30BaHUs KOOPAUHAT

!

T T 0 0 1 T
yl=Cly|=]3% -5 0 ok
4
z 2! = % 0 2!
TOrA
25 0 0
ctAC=10 0 0
0 0 O

Hamra moBepxHOCTH B HOBO#I CCTEME KOODIWHAT UMEET BHUJ;:

! !

25 0 0\ [z 0 0 1) (=
(z'y'2) 0 0 0f [y ]|+(5105) | 2 -+ 0 ||y |+11=0,
0 0 0 2 4 3 '
5 5

wm 252" 4+ 102’ — 5y’ + 52’ + 11 = 0. Beimosny meperoc. J1jist 3TOr0 BBLIETHM
MOJIHBIA KBaJAPAaT:

1 1
252/ +102' =5y’ +52'+11=25 (a:’2+£a:’+ %> —1-5y'+52'+11=

1\? 1\?
:25(3:'4—3) —5y'+52"+10:25<a:'+g> —5(y' —2)+ 57

ITonoxkum



TOTrIA

2 =g — 1’ yl _ yu _{_2’ S = ZII,
)
NI B MaTPUYIHOM BHUJIIE
! " _%
yl — ml 4 ) ,
Py " 0

W TOrIa ypaBHEHWE MOBEpXHOCTH B cucreme koopamuar Oiz''y''z"” Bemrmsgwr
TaK:

252" — 5y" + 52" = 0.
Cokparum ero Ha 5 U MOy IUM

5.7:”2 . y// +2" =0, (26)

1
puyeM (—3,2,0 — KOOpAMHATHI HOBOro Hadasa (J1 B CHCTEME KOOPIUHAT

Of1 fof3. Umeem ciyuait ITI uz reopembr 2. Bocnonbayemcs dbopmynamu (12) u
BBITIOJIHUM MOBOPOT cucreMbl Koopaunar O1xz''y" 2" Bokpyr ocu O z'':

2" = " ylll — ﬂ LM = M
) \/5 5 \/5
Torna
g ="y = \/iym + ?2”’, S — \/7§y,,, " \/52’"

" 1 0 0 2"
n| _ 0 V2 V2 "
= 2 2
" 0 3 32 n
2 T2
[MoacraBuMm B ypaBHeHue moBepxuocTu (26) Bmecro x', y"', 2" Boipakenus sTux
2 2
nepemennbix depes ', y"', 2" u momyunm: 5z'"° + /2y = 0. Orcroga z'"'° =
—@y” ' TlomensiemM HATPABJIEHUE OCH OPAWHAT Ha, MPOTHBONONOKHOe: X = 1,
Y = —y", Z = 2" u nonyyaem KaHOHWYECKOE ypaBHEHHE MapabOJudecKOro
UUTHHIPA,
V2
X? =Y.
5

Borancanm koopanHaTHI 6a31ca HOBOW CHCTEMBI KOOPINHAT, B KOTOPOI JaHHAs
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2
B YCJTIOBWH 3314497 TIOBEPXHOCTH WMeeT BHI, X 2 = ?Y. Nmeem

T z' z" _%
y|=C |y [=C |y |+C| 2 |=
z 2 2" 0
1 \[() \/E) " _%
2 2
:C 0 5 5 y”l +C 2 =
0 ﬁ ﬁ Z”I 0
2 2
0 0 1 1 0 0 1 0 X
_ V2 V2
= % —% 0 0 —72 72 0 -1 0 Y | +
4 3
0 01 —%
4
+1 2 -5 0 2 | =
4 3
= £ 0 0
0 -¥ ¥\ /x 0
_ 3 22 2v/2 _ 43
=l 5 = = ||Y|T| =
4 3v2 3v2 Z 26
5 10 10 25

Taxkum 06pa3oM mogydaemM 0A3UCHBIE BEKTOPDI

_ (034
- 7575 Y

o

)

L[ V2 2v2 3V2
27 27 510 /)’
L (V2 _2v2 3v2
TV 27 5 710
43 2
¥ HAYAJIO HOBOU cucreMbl KoopauHar O <0, —2—2, %) |

3 3amaHus JJid CaAaMOCTOATEILHON PadOTHI

Haxok 1eHre KAaHOHHYIECKOTO BUJIA, TPOU3BOJIBHOM TIOBEPXHOCTH BTOPOTO MO~
psinka Tpebyer MHOTUX 3HAHWM U yMeHui. /i yCIemrHoro pemenns 3a1a9 Heoo-
XOIMMO MOBTOPUTD CJIEYTONINE PA3IEIbI U3 KypCa ajreOpbi:

1. MeTozn mocieoBaTeIbHOrO MCKIIIOUEHHsST HEM3BECTHBIX TIPH DEIeHuH CH-
creM JiMHEHHBIX ypaBHenuii (merox [aycca) [3] 1.1.3.

2. Pemenve cucteMbl TUHEHHBIX OJTHOPOJIHBIX ypaBHeHMM. Borancnenne pas-
MepHOCTH TpocTpaHcTBa pemenunii. Haxoxnenune dbyHmameHTaabHON cu-
CTeMbl PeIleHuil CUCTeMbl JIMHEHHBIX OMHOPOAHbIX ypaBHenuii [3] I1.4.1.

3. Boruucienue onpenenureseii. Coiicrsa onpenesnuresneii [3]

II1.3.2.
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4. TIpouecc oproronanusauuu I'pama-IImunra [4] V.17.3.

5. CobcrBenHble BEKTOPBI U cobcrBenHble 3HadeHus [4] 111.11.4.

3amaun

[ToBepxHOCTH 3a4aHa B IPAMOYTOMBHON CHCTEMe KOOPAUHAT ypasHeHreM. Haii-
TH KAHOHUIECKOE YPABHEHHE TOW MOBEPXHOCTH W CUCTEMY KOODAMHAT, B KOTO-
poii ypaBHEHUE MMOBEPXHOCTH OyAeT NMETh KAHOHWYECKUI BUI, ONMPEIETNATh THIL
MTOBEPXHOCTH.

1) 4y? — 322 —|—4:ry dzz 4+ 8yz = 0;

2) 22 +y P+ 22 —zy+rz+yz+3z+3y—32=0;

) 2% — 322 —4yz—4y+2z+5—0

Y2+ y? + 22— 20y — 4z + 4y + 3 =0;

) y? + 2wz + 21 +22+1=0;

) 22 +2y + 522 4+ dyz + 20y + 20z — 10 = 0;

7) —x? +5y + 522 + 8yz + 2z + 12y + 242 + 36 = 0;

) 222 + 5y% + 522 + 6yz + 42 + 16y + 162 + 10 = 0;

)43: +4y 4a:y—123:—12y 5z +1=0;
0) 2?2 +y>+ 22+ 22y — 120+ 4y + 62— 3 =0;
1) 422 + 9y? — 122y + 22 + 10y + 1 = 0;
2 8y2—z +6xy+60y+22+89—0

)
)
)
13)
14) —22 +y% + 2° 2yz+2w+3y 5z+1—0

15) 162> +9y — 22— 24y — 9z — 12y + 42+ 71 = 0;
16) 222 + 2y? + 22 — 10zy + 20z — 8y + 29 = 0;

17) —2% + Ty? — 24yz + 2z + 120y = 0;

18) o2 —4y? — 422+ 10yz + 27 + 2y + 22 + 3 = 0;
19) 322 +4a:y+8a:+8y 4z = 0;

20) —z2 — 9y? + 6y + 50z — 50y — 152 — 100 = 0.
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