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AHanutunyeckas MOAEJIb I'IpOEKTI/IBHOI7I NIOCKOCTMW.

EcTb Tpu MOAEAM IIPOEKTUBHOMN IIAOCKOCTH
MononHenHas eBknuaosa nnockoctb (IT).

Cas3ka npsmbix u nnockoctein. ITycts O — Hekas Touka B R®. O6o3HauMM Uepes S MHOXKECTBO IPSIMEIX,
mpoxopsimux depe3 O. Towka B S — 370 npsiMast (npoxopsiiast depe3 O), a npAmas — MHOKECTBO BCEX
IPSIMBIX, TPOXOAAITuX depe3 O 1 AeXXaIux B HEKOTOPOM IIAOCKOCTH. OTa MOAEAL HA3BIBAETCS C68A3K0U
NPAMBLT U NAOCKOCcMEU. SICHO, UTO Yepe3 Ka>KAble ABE TOUKY IIPOXOAUT €AMHCTBEHHAS IIPsIMasi X AIOObBIE
ABE IPSIMEBIE IIEPECEKAIOTCSI. OTY MOAEADL MOXKHO MBICAUTE KaK IIOAYCdEPY, B KOTOPOH OTOKAECTBAEHEI
IIPOTUBOIIOAOKHBIE TOUYKY I'DAHUIBI.

AHanutuyeckass mopenb. BepHeMCsT K MOAEAU-CBsI3Ke. ByaeM mpeacTaBAsTL Touky P € S (To ecThb
IIPOXOASIIIYIO depe3 O IPsiMy:0) HEKOTOPOR TOUKOM (X1, X7, X3) 9TOM IPSIMO¥A, He COBIAAAIONIEHR C TOYKOM
0(0,0,0). (3 rayboxrux coobpa>keHuit hopMarmsMa IO (X1, X2, X3) IIOHUMAETCSI CTOADELL, a HE CTPOKa).
Yucaa X1, X2, X3 HA3BIBAIOTCA 00HOPOOHBIMU KoopOuramamu Touku P. [Ipu sToM TOURE (X1,X2,X3) 1
(x],%5,x}) m3 R® cooTBeTCTBYIOT OAHOM U TOH >Ke TOYKE U3 S TOTAA X TOABKO TOTAR, KOTAA CYIIECTBYET
A # 0: x{ = Ax;. BBepem Ha MHOX)eCTBE {(X1, X2, X3) © (X1, X2,%3) # (0,0, 0)} coorBeTCTByIOmEE OTHOIIEHNE
SKBUBAAEHTHOCTH [a 9TO 3TO Takoe?]. MHOKeCTBO KAACCOB SKBUBAAEHTHOCTH L 6yaAeT o6pasoBHIBATH
IIPOEKTUBHYIO IIAOCKOCTE. T04x0U SIBASIETCST KAACC 9KBUBAAEHTHOCTH [X1, X2, X3] € L. ITpAamoU siBAsIETCS
MHOYKECTBO BCEX KAACCOB [X7, X2, X3], AAST KOTOPBIX YMCAA X1, X2, X3 VAOBAETBOPSIIOT YPABHEHUIO A1X] +
ayX;+azx; = O mpu pUKCHPOBAHHEIX a1, Az, A3 € R3, 0oAHOBpeMeHHO He PaBHEIX HYAIO. DTO OIIpeAeAEHNe
KoppekTHO. CHOBA SICHO, YTO YEPE3 Ka’KAbIE ABE TOUKU IIPOXOAUT €AMHCTBEHHAS IIpsiMas U AIOOBIE ABE
IIpsIMBIE TIEPECEKAIOTCSI.

Vnp. 1. a) HaiiauTe TOUKy IlepecedeHUs IPSIMBIX a1X1 + b1xa + ¢i1x3 = 0 @ axXx; + byxy + cox3 = 0.

6) HaitauTe ypaBHEHUE IPSIMOM, IPOXOASIIER Yepe3 TouKY [ar, by, ¢q] u [ay, b, cal.

Vnp. 2. CTpoKu KBaApPaTHON MaTPHUIIEl AMHENHO HE3ABUCUMEI TOTAA U TOABKO TOTAQ, KOTAA CTOABIIEBI
AVMHENHO HE3aBUCUMEL.

Vnp. 3. Touku [a4, az, az], [by, ba, bs] u [c1, €2, €3] KOAAMHEAPHEI TOTAA ¥ TOABKO TOI'AQ, KOTAQ BEKTOPEL
(ay, az,a3) # T.o. A3.

UTax, y HacC eCTb TPU MOAEAY IIPOEKTUBHOM IIAOCKOCTH. [IoKarkeM, 9TO MEXAY HUMHU CYIIECTBYIOT
OMEKINY, COXPAHSIONINE KOANNHEAPHOCTE TOYEK, TO €CTb 3TU TPUA MOAEAU U3OMOPPHBL. AAST MOAEAEH
S u L aTo oueBuaHO. [TocTpoum bumekmuio u3 L B T1.

[Iycts [x1, %2, x3] € L. Ecam x3 # 0, To moaoxxuMm f([x1, X2, x3]) = (X1/X3,X2/X3) — TOUKaA Ha IIOOAHEH-
HOM €BKAMAOBOR IIAOCKOCTH. DTO OIIPeAEAEHVE KOPPEKTHO. TaK IoAydaeTcs Atobast «oObIYHAS» TOYKA.
Ecam x3 = 0, To f([x1,X2,X3]) 0 ommpeaeneHMIO eCTh GECKOHEYHO YAAAEHHASI TOYKA, COOTBETCTBYIOIAS
IIyYKY NapaAAEABHBIX IPSIMBIX C YTAOBBIM Ko3(duiumeHTOM X;/X; (Ipu X; = 0 mOAyYaeTcs IydoK
«BEPTUKAABHBEIX» [IPSIMBIX). OTO ONPEAEAEHUE CHOBA KOPPEKTHO. SicHO, uro f — bumexums. OcTanoch
IIPOBEPUTH, UYTO KOAAMHEAPHBIE TOYKY IIEPEXOASIT B KOAAMHEapHBIE. HecTporo roeopsi, f comocTaBAsieT
KaXk a0 mpsimoit, mpoxoasimeit gepe3 O(0,0,0), ee TOUKY IepecedeHns: C IAOCKOCTBIO z = 1.

Vnp. 4. PaccMoTpuM Ha €BKAMAOBOM IIAOCKOCTH KpuBhe 2Xx +3y =5, X2 +y> =1,y = x%, xy = 1,
y = m, y = x + 1/x. HanumuTe ypaBHEHUS 3TUX KPUBLHIX B OAHOPOAHBIX KOOPAMHATAX HA

HpOGKTHBHOfI IINOCKOCTHX U BBISICHUTE, CKOABKO 6ECKOHEYHO YAQACHHBIX TOYEK Ha HUX ACKUT.

Onpepenenne. BueKust IPOEKTUBHON IIAOCKOCTH, IIPY KOTOPOH COXPaHSIETC KOAANHEAPHOCTD TOYEK,
Ha3BIBAETCSI NPOEKMUBHIM NPEOOPA30EAHUEM.

VYnp. 5. a) KoMo3uiiust IpoeKTUBHBIX TPe0bPa3s0BaHU SIBASIETCS IIPOEKTUBHBIM IIPe0bpa30BaHUEM.
6) AOKa)kuTe, 9YTO HEKOAANHEAPHEIE TOUKY [IEPEXOASIT B HEKOAAMHEAPHEIE.
B) ObpaTHOe Ipeobpa3oBaHue K IPOEKTUBHOMY IPe0obpa3s0BaHUIO IPOEKTUBHO.



['A0BaABHO MBI XOTHM BEISICHUTH, KaK BBICASIAUT IIPOEKTUBHOE IIPe0OpPa30BaHUE B OAHOPOAHEIX KO-
OpAMHATAX.

[Tycte A — 3 x3 maTpuna ¢ AH3 crpokamu. Onpeaeanm oTobpaskeHne X, U3 MHOXKECTBA CTOADBIOB (He
crpok!!!) AAuHEL 3 B Hero >Ke caeayromuM obpasoM: cToaber (X1, X2, X3) ' mepexoaut B crober (x|, x5, x5) T,
TAe X{ = ai1X1 + Qi 2%z + ;i 3%x3. OUeBUAHO, ITO 3TO OTOOPAKEHUE AUHETHO.

VYnp. 6. OTobparkenue X, OGUEKTUBHO <—> CTPOKU(CTOABIIEI) MATPUIILI A AMHENHO HE3aBUCUMBL.

Onpepenenue. ITycts A — 3 x 3 marpuna ¢ AH3 crporkamu. Onpepenrvm orobpakenue 14 : L — L
CAEAYIOImMM 06pa3oM: TOUKa [X1,X;,X3| IIEPEXOAUT B TOUKY [X{, X3, X5], TAe X! = ai1X1 + @i X2 + a;3X3.

Vr1eepxgenune 1. Ty — npoexmusroe npeobpasosarue naockocmu L.
A-Bo. Hapo mpoBepuTh KOPPEKTHOCTD, OMEKTUBHOCTD U UTO A IIEPEBOAUT IIPSIMBIE B IIPSIMBIE.

Vnp. 7. HanumuTe ypaBHEHNE ITapaAAEeABHOI'O IIEPEHOCA B OAHOPOAHBIX KOOPAWHATAX.

Vnp. 8. Kax BRITASIAUT B KOOpAMHATAX IPOEKTUBHOE IIpeobpa3oBaHue BUAA |4 Ha €BKAMAOBOM dacTu
ITPOEKTUBHOM IIAOCKOCTH?

VYnp. 9. V orobparkernuss T4 ecTb obpamHoe oTobpa>keHre, PaBHOE | s HEKOTOPOU MaTpuikl B ¢
A ) B
NAH3 crporamu. Kommosurust T4, o To, paBHa T, s1 HekoTopoil MaTpulkl C ¢ AH3 crpokamu. To ecTn
2 1 C
MHOXeCTBO G = {TA} IBAsIETCS 2pynnoti OTHOCUTEABHO KOMIIO3UIIUH.

Vieepxaenue 2. Ty, = Tp mozda u moavko moada, xko20a A’ = AA Oas Hexomopozo A # 0.
A-Bo. CMoTpuM 3HaueHUs Ha Toukax Py = [1,0,0],P, =10,1,0],P; =10,0,1],Q =[1,1,1].

V1eepxaenune 3. [Tycmv mowxu Bi, By, B3, By € L maxosv, wmo Hukakue mpu u3 HUT He KOA-
aureaprs. Touku Cq, Cy, C3,Cy € L maxoswv, wmo Hukaxue mpu u3 HUT He KOAAUHEaAPHb,. 1020a
Hatdemcsa eduHcmeeHnoe npeobpasosarue Tpo € G, maxoe wmo TA(B;) = C;.

A-Bo. AocTtaTouHo nepeBecTu Touku Py, P2, P3, Q B ueThIpe 3apaHHEbIE, YTO CUUTAETCS B KOOPAUHATAX.
EAMHCTBEHHOCTH AOKA3BIBAETCSI KaK B YTBEPIKAEHUU 2.

Tenepb 6yAeM AOKa3LIBATHL CaMOE CAOXKHOE — 4TO G COBIIAAAeT C MHOXXECTBOM BCEX IIPOEKTUBHBIX
IIpeobpa3oBaHuil (BEITEKAET U3 YTBEPKAEHUI 3,4,5).

V1eepxaenue 4. [Tycmos f — npoussoavHoe npoexmueHoe npeobpasosarue naockocmu L ¢ weno-
dsuotcHuimu moukamu Pr = [1,0,0], P, =1[0,1,0], P3 =[0,0,1], Q = (1,1,1). Tozda natidemca makol
asmomoppusm o noasa R, wmo f([x1,x2,x3]) = [x7, x93, x3].

Vr1eepxgaeHue 5. ITone R umeem moavko mostcoecmeerruvill a8momopphusm.
A-Bo. a >0 & a® > 0, orkyaa lima, = a <= lima} = a°. OcTarock Ka*kA0€ YUCAO IPUOAUBUTD
PalMOHAABHEIMY YUCAAMU ¥ BOCIOAB30BATHCS EAMHCTBEHHOCTBIO IIPEAEAA.

U3 yrBepxaeHut 1-5 BBITEKAIOT TeOpeMbl 1 U 2 IPEABIAYIIETO AUCTKA.

KakoB anrebpandeckuit CMBICA ABOMHEIX OoTHOImeHU#? Hac SBHO He yCTpamBaeT KAACCUIECKOE OIIpe-
AEAEHUe, BEAb OHO COBCEM HE IIEPEHOCUTCS Ha IPOM3BOABHEBIE IIOASI. A BCE OCTAABHOE — IIEPEHOCUTCSI (C
y4ETOM TOTO, ITO y IOAEH OBIBAIOT HETOXKAECTBEHHBIE aBTOMOP(U3MEI).

[TycTs pasawmunsie Touku A, B, C, D Aexxar Ha opHO#M mpsimoi, mpu 3ToM A = [a] u T.a. Toraa c u d
OAHO3HAYHO mpeAcTaBUMEL B BuAe AK a z b (mouemy u modemy opHOo3HauHo?). IlycTs ¢ = yia + v,b,
d = dja + 5,b. Hasosem umcro (A,B;C,D) = z—f : g—f 080UHBIM OMHOWEHUEM HEemblpexr mouex
Ha NpAmol. BuaUM, 9TO 9TO OIpeAeneHUe HYKAAETCS B IIPOBEPKU KOPPEKTHOCTH (TO €CTh YTO OHO
OILIPEAEAEHO He Ha TPOMKAX YUCEA, & Ha KAACCAX 9KBUBANEHTHOCTY TPOEK, U ITO HET AeAeHUs Ha 0).

Temepb A€TKO IOHSATDH, YTO ABOMHOE OTHOIIEHWE COXPAHSIETCS IPY IPOEKTUBHBIX IIPEOOPA30BAHUSIX.
[mouemy?]

AANsT pacmIupeHHOY €BKAMAOBOM IIAOCKOCTH 3TO OIPEAEAEHWE ABONHOIO OTHOIIEHWS COBIAAAET CO
cTaphIM. [mogemy?]

To ecTh MBI AOKa3aAM TEOPEMY 5 U3 IPEABIAYIIETO AUCTKA.

OmnpeperuM 080liHoe OMHOULEHUE HEMBIPET NPAMDBLT, IPOXOASIIINX Uepe3 OAHY TOUYKY, Tak. [le-
pecedeM mx AIOOO¥ IPsSIMOM, X ABONHOE OTHOIIEHWE IIOAYYEHHBIX YETBIPEX TOYEK HA30BEM ABONHLIM
OTHOIIIEHVE YETBIPEX NIPSAMBIX. SICHO, YTO HAAO AOKA3LIBATH KOPPEKTHOCTH, CIUTASI BCE B KOOPAUHATAX.

[na camocTosTeNbHOro peleHns
1. Aokaxxure, uto (A, B;C,D) = (C, D; A, B).

2. \OKa>XKUTEe TEOPEMY 3 U3 IPEABIAYIIETO AUCTKA.



