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Annoranna

WN3zyuenne HOpMaIBHO KOPIAHOBOI (POPMBI — TPY/IHBIN PA3IEST B OCBOCHUN
smHelno# anredbpol. JlanHbre MeTOIUYECKIe YKA3AHUS TOCBAIIEHBI TeOMeTPIde-
CKOM Teopnn HOPMAJbHON YKOPIAHOBOM (DOPMBI U MPU3BAHBI OKA3ATh ITOMOIIH
CTY/EHTaM IIEPBOIo Kypca cuenuaibiHocry "MaremarukaB HOAIOTOBKE K IIPAK-
TUYECKUM 3aHATUSM W CAMOCTOSITEILHOU pabore.
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[enb qaHHBIX METOAMYECKUX YKA3AHUH — OKa3aHUe TIOMOIIH CTYIEHTAM TIep-
BOIO Kypca MareMarudeckoro (akyiabrera npu ulydenun kypca "Jluneiinas
anredbpa M reoOMeTpHs & UMEHHO, HAYUUTh BBIYUCISATH HOPMAJIBHYIO YKOPIAHO-
By bopMy NMHEHHOro mpeodpa3oBaHus W COOTBETCTBYIOIIYIO XKOPAAHOBY 0asy.
Hopwmanbras KopaaHoBa GpopMa, ABISETCs, B OMPEIeTIHHOM CMbICe, "Bepiin-
Hoit" nuHeHOM aaredpb! U BayKHOCTD €9, TPYIHO TiepeotieHuTh. QHa J1a4T IpuMep
MOTHON KIaccupUKAIMU JTUHEHHBIX peobpa3oBanuil M0 NX HOPMAJIBHOMN KOp-
nauoBoi popme. OCODEHHO TOIE3HO MPUMEHSITh 9Ty PabOTy HA MPAKTUYECKUX
3aHATUAX IO JUHEHHON anredpe ¥ TeOMETPUN U MIPU TOATOTOBKE JTOMAITHUX 3a-
naHuit. B JaHHBIX METOINYECKUX YKA3AHUIX 9eThIPE JACTH:

1. IlocTanoBKa 3a1a9 0 HOPMAJILHON KOPIAHOBOH (opMme.

2. Crocob HAXOXKIEHUST HOPMAJIBHON YKOPIAHOBOU (DOPMBI Tpeobpa30BaHs
¥ COOTBETCTBYIONIEH YKOPIAHOBOH HA3bI.

3. TlpuMepsl HaXOXKICHUST HOPMAJIBLHON >KOPAAHOBON (OpPMBI Mpeodpa3oBa-
HUSI ¥ COOTBETCTBYIOIIEH YKOPIAHOBOH OA3bI.

4. 3ananne Ha CAMOCTOSATENHHYIO PabOTY.

OrmMerum, 9TO U3JTAraeMbIi B TUX METOINYECKUX YKABAHUSIX CIIOCOD HAXOXK-
JeHUsT HOPMAJIBHOHN *KOPIAHOBOI (pOpMBI TPe0OPA30OBAHNST U COOTBETCTBY OIS
6a3bl OTHOCUTCS, K TaK HA3BIBAEMOMU, "TeOMeTPUIECKOH TEeOPUH HOPMAJIbHOMN

KOpaHoBoi opmbl. Takoe M3I0KEHWE MOYKHO HAMTU B KHUTAX:

1. A.W. Kocrpukun, Beenenue B anrebpy. Jononnenue.

2. A. Kocrpukun, FO.U. Manun, Jluneiinast anrebpa v reoMeTpHs, 4acTh
1, §8, §9.
Jpyroit nogxom — "anrebpandeckasi' Teopust HOpMAJIBHOIM KOPIAHOBO (Hop-

MBI COOCP2KUTCA B KHUT'aX:

1. A.M1. Manwues, OcHoBbLI uHEHHOI anreOpwl, riasa IV.

2. A.T. Kypour, Kypc Bbicieit anrebpsi, rrasa 13.

N3naraemsrit B 3Toit pabore crocod Tpebyer pasHOOOPA3HBIX 3HAHUI M yMe-
Huil 110 JuHeHHO anrebpe: JinHeilHas 3aBUCUMOCTb, PAHD MATPUILLbL, 6a3bl (B TOM
qucse JonojHeHue 10 0a3bl), hyHIAMEHTANIBHBIE CUCTEMbI DEIeHu OIHOPOI-
HBIX CUCTEM JIMHEHHBIX YPABHEHUN, SapO JIMHEHHOTO TPeodPA30BaHNs, XapaKTe-
pUCTHYECKHH MHOTOYJIeH, CODCTBEHHBIE BEKTOPHI U 3HAYeHUsA. Bce 3Tu BOIPOCHI
HeOOXOIMMO TIOBTOPUTH TIEPE]T OCBOEHUEM HOPMAJBHON YKOPIAHOBOM (hOPMBI.

1 IlocranoBKa 3aja4M O HOPMAJIbHOUN >KOPJAaHO-
BOi1 (bopme
IIycrs 3agano auHeiiHoe mpeobpa30oBaHUe ¢ KOHEIHOMEPHOIO BEKTOPHOTO IIPO-

crpadcrBa V Han nojsem P u nycrs 3agana marpuna A npeobpasoBaHus ¢ B
HEKOTOPO# Oaze. VHTepeCHBI U BaXKHBI CAEAYIONINE IBE 33 1a9N:
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1. Haiitu Takyio 6a3y mpocTparcTsa V, B KOTOPOit MATPUILA TTPEOOPABZOBAHIST
(p 6yaer HambosIee IIPOCTOrO BUIA.

2. Byzner nu takoil Buj, eqUHCTBEHEH?

Tak Kak MaTpHUIBI TPeOOPABOBAHKS ¢ B PABIUIHBIX H6a3axX MOIOOHBI, TO TH
JIBE 33a9U PABHOCUJIHLHBI CJIETY IOIIIM:

1. Haiitu Takyo MaTpwuily, momo0HYIO TAHHOM, YTOORI TOJIYyUYEeHHAS MATPUILA
6bL1a HamboIee MPOCTOro BUIA.

2. Bymer nu Takas MaTpuia €IuHCTBEHHA

O06e sty 3amaun u Jjid TpeoOpa30BaAHNI U JJIs MATPWIL, PEIIATC TeOpueil
HOPMaJIbHOI KopaaHoBoit dhopmbl. Bojiee Touno, ussectno (Hanpumep, A.U.
Kocrpukun, FO.W1. Maunun, Jluueiinag anre6pa u reomerpus, dactb 1, §9), uro
B ciyuae anrebpanyecku 3aMKHyTOro mosis P (Hanpumep, 110Jie KOMILUIEKCHBIX
quces C):

a) 11 nupeobpa3oBaHus @ CyLIECTBYET 2KopjaHosa 6a3a, 1o ecrb 6a3a, B KO-
TOpOit MaTpuna J Mpeodpa3OBAHUST ¢ SBJISIETCS TPSMON CyMMOM KO-
JAHOBBIX KJETOK, WHAYE T'OBOPs, HAXOAUTCS B HOPMAJBHON KOPAAHOBOM
dbopwme;

6) marpuna J onpezeneHa OJHO3HAYHO ¢ TOYHOCTHIO 1O MEPECTAHOBKH BXO-
JAIIAX B HEY >KOPJAHOBBIX KJIETOK.

Cpasy ke 3aMeThuM, 9TO MOXKHO 0BOWTHCH U 6e3 anrebpandeckoil 3aMKHY-
TOCTH TIOJIsA, €CJIN JOMYCTUTh, 9TO Peodpa3oBaHue @ UMeeT B Tojie P CTOIbKO
2Ke COOCTBEHHBIX 3HAYEHUH ¢ yIYTOM UX KPATHOCTH, KAKOBA PA3ZMEPHOCTH I1PO-
crpancrsa V.

2 Cmnocob HaxoXK/1eHnd HOPMAaJIbHOM >KOP1aHOBOI
($bOpPMBI 1 COOTBETCTBYIOIIEI YKOPAAHOBOM 0a3bI

2.1 dopmyaupoBka 3aga4m

IIycTs nuneitHOE TpeoOpa30BaHHE @ N-MEPHOTO BEKTOPHOTO TPOCTPAHCTBA V.
Han nonem P 3amano marpuneii A B Hekoropoil 6ase. omycrum, 4TO Ipeod-
pasoBanue ¢ (PABHOCUIIBHO MaTpuia A) umeer B moje P ¢ y44ToM KpaTHOCTH
n cobcTBeHHBIX 3HadUeHwnit. Tpebyercss HANTH HOPMAJIBHYIO KOPIAHOBY (hopmy
peoOpa30BaHNS (¥ U COOTBETCTBYIOIIYIO YKOPIAHOBY Oa3y.

Pemenne aToit 3amaun pa3buBaeTcd Ha IBa dTAla, MPUYIM BTODPOM 3Tam —
OCHOBHOII m JJis1 yI00CTBa €ro mojenM Ha 60siee MeaKue.
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2.2 pa3zjgoxkeHme Ha KOPHEBbIE MOAIIPOCTPAHCTBA.

B cuny mamero momyiienusi 0 9uciie COOCTBEHHBIX 3HAUEHUN MOMKHO XapaKTe-
pucrndeckuit muorowiet Cy,(\) mpeofpa3oBaHus ¢ NPEACTABUTDL B CJIELYIONEM
BU/JIE:

Cp(N) = det(A = AB) = (—1)" (A — p1)1 - (A = p, ),

TJe P1,-..,Ps — BCE IOMAPHO Pa3JUIHBbIE COOCTBEHHBIE 3Ha4YeHna u K1 + ... +
K, =n.

Kaxkmoe cobcTBenHOe 3HAUEHNE p; ONPEIEISIET KOPHEBOE MOATTPOCTPAHCTBO
R;, a nmemrHoO:

R; = ker(p — pie)™i = {? € V(e — pie) i (T) = W} ;

npuaum dimR; = K;.
IMpocrpanrcrro V pacnamgaercss B MpsSMy0 CYMMY KOPHEBBIX TOATPOCTPAHCTE,

TO eCThb
V=Rt R,

Tak Kak Kaxk/10e KOPHEBOE MOAIIPOCTPAHCTBO WHBAPUAHTHO, TO 331294 Ha-
XOXKJIEHUS HOPMAJIbHOM KOPAaHOBOH (DOPMBI CBEJIACH K OTHICKAHUIO YKOPIAHO-
BOI 6a3bl B KAXK/I0OM KOPHEBOM LIO/IIPOCTPAHCTBE.

2.3 HaxoxXaeHne >K0paaHOBOii 6a3bl B KOPHEBOM IIOANPO-
CTpaHCTBe.

OTOT 3TAIl — OCHOBHOIT B M3JIATa€MOM CITOCO0E HAXOKICHUSA HOPMAJIHHOM KO-
nmanoBoit dopmbl. KpaTrko ero cyTh MOKHO H3J0KATH Tak. CTpomTcsi cTporo
BO3PACTAIOIIAA TEMOYKa MMOAIPOCTPAHCTB. B 9TUX MOANPOCTPAHCTBAX, JABHUTA-
sICh ’CBEPXY BHM3”, CTPOSITCA HOBBIE DA3BI KOTOPhIE B KOHEYHOM UTOTE U IAIYT
HaM KOpjaaHoBy 0asy. s ymobcrBa nogennm 3ToT 3Tan Ha Hojiee MeJIKue.

2.3.1 ITocTpoeHue IENOYKHN NOANPOCTPAHCTB M NX HAYAJIBHBIX Das.

Uraxk, mycTh 3adUKCHPOBAHO HEKOTOPOE KOPHEBOE MOAPOCTPaHcTBO R; = ker(p—
pi€)Xi. BekTopsr n3 R; Gynem Ha3bIBaTh KOPHEBBIME. 11071 BBICOTOH KOPHEBOTO
BEKTOPa, & MOHMMAETCs HAMMEHbIIee IejI0e HeOTPHUIATEILHOE UHCIO 1M, I
kotoporo (¢ — pie)™(@) = 0.B wactroctH, (¢ — pie)?(7) = e(7) = 0 e
T=0u HOTOMY 0 — exucrsenHbLi KOpHeBoii BeKTop BbicoThbl 0. O6o3HaMMM
gepe3 H; — MHO2KeCTBO BCeX KOPHEBBIX BEKTOPOB BbICOThI He bojiee yem [. ZlcHo,
uyro H; = ker(¢ — pie)!, mosromy H; — mommpocrpanctso. Ilycts ¢t — Hanbomb-
niasi BO3MOXKHasl BbICOTa KOPHEBLIX BEKTOPOB u3 R;. Toryma uMeeM CIeayionyo
CTPOrO BO3PACTAIOIIYIO LENOYKY MOANPOCTPAHCTB.

{O}ZH(]Cch...CHt:RZ‘
Ecnu ke MBI 0003HAUUM 9I€Pe3 M; Pa3MepHOCTh IOAIpocTpancTsa Hj, To

O=mog<mi <...<my =K.
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itst KazKa0r0 U3 MOAMPOCTPAHCTB HIlleM 0a3y, KOTOPYIO 3apuKCHpyeM u OyaeM
HA3BIBATH HAYAJIbHON 6a30# mognpocTpancTea H;.

[TpakTudecku, MBI MOCTYIaeM CIeAYIOIMUM oOpaszoMm. JIas OThICKAHWS Ha-
JanapHOM 6a3pr B H) 3aMeTuM, 9TO KOOPAMHATHI BEKTOPOB n3 H| YIOBIETBOPSIOT
CIIe/IyIONIel OIHOPOIHON cucTeMe JTMHeHnbIX ypasuenuii (A — p; B) 2™
=0t ITosToMmy KoOpamHATHI BEKTOPOB 0a3bl H; MOKHO IOJy4UTH, OTHICKAB
byHIaMenTaTbHyI0 cucreMy pemtennii cucremsr (A — p; E) 7't = 0't. T3 sroro
cpasy mosygaem, aro my = dimH; = n—r((A — p;E)!). Urax, Berauciss panru
ro = r((A— piE)®) = n, r1 = r(A— p;E) u T.1. onpesensieM pa3MepHOCTH
mo =0,m; =n—r1, My =n—17y U T.A. HogIpocTpancTs Hy, Hy, . ... Kak Tomb-
ko my =n—1r = K;, amy_1 # K;, 70 monyanm ¢ — HauOOJIBIIYIO BO3MOKHYIO
BBICOTY BEKTOpPOB m3 R;. 3amernM, ogHako, 910 1441 = r((A — p; E)H) = ry.

2.3.2 IlocrpoeHue pas3iaokKeHUd Ha MUKJINIeCKNe IMOAIIPOCTPAHCTBA.

JlanpHeimmii Xoa HAXOXKIEHUS HOPMAJBbHON KOPIAHOBOH (DOPMBI COCTOUT B
PAa3I0KEHUY KOPHEBOTO TOAIIPOCTPAHCTBA, HA TIPSAMYI0 CYMMY CIIEIUAJBHBIX WH-
BAPHUAHTHBIX MOIITPOCTPAHCTB, HAZBIBAEMBIX [TUKJIHIECKUME. DT [ETh JOCTUTA-
eTcs MyTYM MOCTENEHHOrO UCIpaBienns 6a3 mommpocrpancts Hy, | = 1,...,t,
HaumHas ¢ 6a3bl Hy = R;. 91a upoueaypa cOCTOUT U3 t OJHOTHUIIHBIX LIAIOB.
JIJist HATISTHOCTH OIUIIIEM TEPBhIE TPU IIIAra.

ITTar 1.

Wcnpasasem 6a3y nomgmpocrpanctsa H;. [lomoxum

pr=mg—my_1=(n—1)) —(n—1_1) =T1_1 =Ty

Torma maganpHyio 6a3y moampocTpancTBa Hy_q momosanM 1o 6a3er Hy BeKTO-
pamu ﬁ, ey ff—p: u3 HadaabHON Oasbr Hy. MoxkeMm Temnepp HaYATH COCTAB/ISATH
KOPIAaHOBY 6a3y. ¥ 100HO 3aMUCHIBATH MOy YeHHBIN HAYAJIBHBIN (DPATMEHT KOP-
JaHoBOi 6a3bl B TabaMily, KOTOpbii ofoznadumM depe3 (717), Ha KaKIOM IHare
OyzmeM ITOMOJIHITH T_a>6np1uy. Ceituac xe nmeeM:

fao Fonr .
(7) = (o — pz-_e)(fu) s (o= pilg)(ftpt)
(o —pie)' ' (Ja) oo (9= pie)(fops)

SaMeTuM, YTO BEKTOPHI B MEPBOH CTPOKE MMEIOT BBICOTY ¢, BO BTOPOH# —
t — 1 u T.1., a B mocaeamneii, ecrecrBeHno, —1. MoxKHO mOKa3aTh, 9TO BCE 3THU
BEKTODBI JIMHEIHO HE3aBUCUMBI, U MIOITOMY, JAEHCTBUTENHHO, TIOCTPOEHA YaCTh
6a3br KOpHEBOro moanpocrpancrsa ; = Hy. Moxer okazarbces, aTo tpy = K;
TOTIA y7Ke MOCTpoeHa Tpebyemas 6aza Hy = R;.

IITar 2.

Wcnpasasiem 6a3y H;_1. Ilpexxme Bcero 3amerum, uro B H; yxe mmeror-
csl TMHEHHO HE3aBHCUMBIE BEKTODPBI ((p — pis)(ﬂ), N pis)(ﬂ). Ecmm
dimH;_1 = my_1 = my_o+ps, TO HOJ0KHUM Pr—1 = 0 1 HEPEXOANM K CIIEAYIOILIEe-
My mmary. Utak, mycTb my—1 > Mi_o~+Ps U MOJOKHAM Py = mt_l—(mt_2+pt) =
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My — My — (Mp — My—1) = 2My—1 — My —My—o =2(n —14—1) — (N —1¢) —
(n—ri_g) =7 —2ry_1 + 1ri_o.

—
Torna Hava bHyio 6a3y noanpoctpanctsa Hy_o 1 BekTopbl (9—pie)(fi1), - - ., (o—
—
pi€)(ftp,) sononnum 10 Gasst Hy_1 BekTOpaMu fi—1 1,..., fi—1 p, A3HAYAIBHOI

6aspl moapocrpancTsa Hy 1. Tenepb MoxkHO gononauTs Tabmuny (1), Haunaas
CO BTOPOU CTPOKA

(T) — : ftil 1 ftfl.pt,l
(¢ — pie) = (Fn) (=2 (Fip) (= pie)2(Fio1 1)

CHOBa, BEKTOPHI B IIEPBOi CTPOKE UMEIOT BLICOTY ¢, BO BTOPOil t —1 u T.a. dTu
BEKTOPBI INHEITHO HE3aBUCUMBbI U TIOTOMY MTOCTPOEHME eIy OJHA YacTh 6a3bl R;.
Mozker okazaTbes, uTo pit+pi—1(t—1) = K; 1 B 3TOM Caydae mocTpoeHue 6a3bl
OyJeT 3aKOHUIEHO.

ITTar 3.

Wcnpasasiem 6a3y H;_o. CHauana 3amerum, 910 B H;_o yKe uMerOTCd Jiu-

fe11),-s (@—pif)z(ft—p:)7 (p=pie)(fi—11)s---, (o=

o ’
pi€)(fi—1 p,_,). Bcom dimHy_g = my_o = my_3+pi+pr—1, TO IOTOKUM Pt = 0
U TMepPexoanM K ciaemayiomeMy mary. tak, mycTb my_o > Mi_3 + Pt + Di—1 U
HOJIOXKUM Pp_g = My_2 — My—3 — Pt — Pr—1 = Mp_2 — My_3 — My + M1 —
2my 1 +my + M2 = 2myp 9 — My 1 — My_3 = 141 — 2142 + 3. Torma

HelHO He3aBUCHMbIe BeKTOPLI ((0—p;€)?(

N
HauaIbHyIo 6a3y mommpocrpanctsa Hy 3 u BexTops (@ — pie)?(fi1), .-, (p —
9 7 _— P

012 (Fp)s (& — i) (Fot 1)s- - (9 — 1) (Fot pe_.) HOMOMHIM 10 Gaswt Hy_s
BekTOpamu fi_o 1,..., ft—2 p, , W3 HAYAIBHOM 0a3bl mommpocTpamcrsa Hi .
Temepb MOXKHO nomoaaATh Tabmumy (1), HAYWHASA ¢ TPETBEH CTPOKH

— —

ftl o ftpf,

Ji—11 - Jt—1pes

(T) = fi—21 fi—2 Pi_2
(o — pie)' 2 (fi—21)

CuoBa BekTOpbI B Tabute (1') pacmosoKeHbl IO CTPOYKAM B TOPSAKE yObI-
BaHUs BBICOTHL OT t 10 1. DTU BeKTOpHI JuHeiiHo HezaBucuMbl. CrienoBaTeibHO
TOCTPOEHA, €119, OHA YaCTh 0a3bl KOPHEBOrO moAnpocTpancTsa R;. Ecau ke oka-
3a710Ch, 9T0 pit +pi—1(t — 1) +pi_o(t — 2) = k4, To nocTpoerne 6a3bl 3aKOHYEHO.

ITocste Toro, Kak mpoaesaHo t IIaros, IOCTPOEHa “ncnpaBieHHas’ ba3a R;,
sanucannas B Buge Tabmuipl (1), B KOTOPO# KaxK bl CTOJOEN UMEeT BU/L

—

f —
(o —pic)( f)
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(¢ —pie) 1 (F)

rae | — BBICOTA BEKTOPA 7 BexTopsi, 3anucanabie B KaxKa0M CTOJIOIE Tab-
munpr (1), obpasyror 6a3y MHBAPHAHTHOTO OTHOCHTENIBHO (0 TIOAIPOCTPAHCTBA,
KOTOPOE U Ha3bIBaeTCd MUKInYecKuM. Marpuiia orpanndenns npeodpa3oBaHus
(0 HA TO IMUKJIUIECKOE HOIIPOCTPAHCTBO UMEET BUJI:

oo — kjerka ZKopaana, pasmepa [ X [
0O 0 o0 ... 1
0 0 0 ... pi
— —
ecan B KagecTse 6a3p1 B3aTh (@ — pie) " (), ..., f

2.3.3 BroinucbiBanue >KOpJaHOBOI 6a3bI

B rabmune (T), comep:Kameil BEKTOPbI, NOCTPOEHHON 0a3bl, 3aHYMEPyeM BEK-
TOPBI TOJAPSJ, CHU3Y BBEPX MO CTOJOIAM U CJIEBa HAIPABO 10 CTPOYKAM, TO
€CTh, CHAYAJIA HyMEpyeM CHH3Y BBEPX BEKTOPBI MEPBOTO CTOJDIA, 3aTEM BTO-
poro u T.1. B aToM ciydae B Takoi 6a3ze MaTpuiia JUHEHHOTO MPeodPa30BaHMsT
3aNUIMEeTCd KaK MpaMada CyMMa KJICTOK }KOpﬂaHa, COOTBETCTBYIOINX KaXKIOMY
TIOCTPOEHHOMY IMHUKJAWYECKOMY TOATPOCTPAHCTBY. VTak, MOCTpOeHA KOPIAHOBA
6aza.

Yupaxxuenue. Kakxoea 6ydem mampuya AuHetinozo npeobpa3osanus © ecau
sexmopuy uz mabauwys (T) nymeposams ne chudy 66€pr, a ceepry 6Hu3?

2.3.4 Boluncienne HOPMAJIBHOM >KOpAaHoBOi GhopMBbI

WHorma n0CTATOYHO OMPeNeinTh KaKyl HOPMAJIBHYIO YKOPIAHOBY (DOpMY HUMe-
eT MaTPUIA JUHEHHOrO Mpeobpa30BaHusi, He HAXOAd >KOPIAHOBY 0azy. UTobbr
OTBETHUTDH HA ITOT BOMPOC MOCTYHAIOT TaK.

1. Onupenensiem HanOOJIBIIYIO BO3MOXKHYIO BBICOTY KOPHEBBIX BEKTOPOB. I1o-
CJIE10BATEbHO BHIYUC/ISAEM PAHIU;

ro= (A~ piE)) = r(B) =
r=7((A-pE)")
ro =1((A - p;E)?) u ..

Boruuncienne mpekpainaemM Kak TOJIBKO N — Ty = k; — KPATHOCTH COOCTBEHHOTO
suadenus p;. [lomyaennoe aucio t u Oyaer Tpedbyemoeit HanboJbIei BO3MOXKHOIT
BBICOTOM KOPHEBBIX BEKTOPOB. 3aMETHM, 9TO UHUCJO ¢ TAKKE MOXKHO OXapaKTe-
PU30BATh U APYTUM OOCTOSATETHLCTBOM, 8 MMEHHO, t — HaMMeHbIIIee HATYPAJTbHOE
YUCTI0, TS KOTOPOTO Tpq1 = T¢.

2. OmpenerniseM 9UCIO KJIETOK YKOPAaHa KaxkI0ro pasmepa. Ilycts omarsb p;
— YMCJIO KJIETOK 2Kopaana pasmepa | x [. Torma
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P =Ti—1 — Tt =Tep1 — 20 + 141 (Teg1 = T)

Di—1 =Ty — 2141 + Tp_o.

Boobie cupaseniuBa dopmysia p; = 741 — 21 + r—1. B wactHOCTH, D1 =
ro — 2r1 + 19 = 192 — 2r1 + n. Ilone3no pemuTh cremayroInee ynpaskHeHue.

Yupaxkueane. Hcnoavsysa yxazanmve dopmyasoe natidume:

4) “HUCAO 6CET KACMOK NHCOPIAHG 6 IHCOPOAH06OT HOPMaILROl dopme ¢ dar-
HOLM COBCTNEEHHBIM 3HAYEHUEM.

6) “ucao 6cex KACmMoK HCoPIana 6 Hcopoano6ol HoOPMasbholl dopme ¢ dar-
HOLM COBCNEEHHBLM SHAYEHUEM PA3MEPA HE Menee wem k.

OrBer. a) n—ry;
6) Tk—1 — Tk-

3ameuganume. Omeem Ha eonpoc 0,) U3 YNpaHCcHeruA daem maxoice omeem Ha
60ONPOC 0 Hucae NUHETIHO HE3ABUCUMDBLL COBCTNEEHHBLL 6EKMOPOE C darnvim cob-
CMBEHHDIM 3HAYEHUEM.

3 IIpumepsbl HAX0XKA€eHUSA HOPMAJbHOI YKOP/IaHO-
BOii (DOPMBI 1 COOTBETCTBYIOIEI >KOPIaHOBOIA
6a3bl

B sroit wacTu OyayT pacCMOTpEHBI ABa, MPUMEpPA HA JKOPIAHOBY HOPMAJILHYIO
dopmy. dTu mpuMepsl OYIyT KACATHCS IBYX B3ANMHO ITPOTHBOTIOIOKHBIX CTy9a-
en: 1) npeofpa3oBaHue UMeeT eMHCTBEHHOE COBCTBEHHOE 3HaueHue U 2) mpeod-
pa3oBaHMe MMEET HECKOJIBKO PA3JIUYHBIX COOCTBEHHBIX 3HAYeHUi. Ecin B mep-
BOM CiIydae He TpeOyeTcs pas/orKEeHWe Ha KOPHEBBIE MOAIPOCTPAHCTBA, TO BO
BTOPOM KOPHEBbIE [IOIIPOCTPAHCTBA (B PeaIbHbIX 33,/1a4aX) UMEIOT HEOOJIbILY O
pasmepHOCTh. Tak 9T0o 00a Ciyuasi UMET CBOM ILTKOCHI U CBOM MUHYCHI.

IIpumep. Ilycms aunetinoe npeobpasosanue © GPUGMEMULECK020 NPOCTPUH-

4 . — —
cmea (npocmpancmea cmpok) C* zadano 6 cmandapmuoti 6ase e; = (1,0,0,0), es
(0,1,0,0),e3 = (0,0,1,0) u e5 = (0,0,0,1) mampuuyet

1 1 1 0
-1 3 0 1
A= -1 0 -1 1
0 -1 -1 1

1) Hatirmu o1copdanosy nopmaavhyio Gopmy npeobpa3osanus ¢ u coomeem-
cmeyowyto scopdanosy 06a3y.

2) Butschumb, MOMHCHO AU HATMU HCOPOAHOBY HOPMAALHYIO POPMY, €CAU
CHUMAMb, YMO MamMpuya A A6AAEMCA MAMPUYET NPEOOPA3OEAHUA
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a) npocmpancmea R*;
6) npocmpancmea Q.

Pertenne. IIpexxae Bcero 3amMermm, 4TO HA BTOPOH BOIPOC MOXKHO Cpa-
3y OTBETHUTH KaK TOJIbKO MBbI Haﬁ,ﬂ;eM BCE CO6CTB6HHbIe 3HAYCHUA MaTPHUIbL A
A VMEHHO, eCIM UMeeT TOJBKO JAEHCTBUTEILHDBIE (COOTBETCTBEHHO, TOJBKO Da-
L[I/IOHa,JIbeIe) CO6CTB€HHBI€ 3Ha4YeHUsd, TO UMeeM yTBep,ELI/ITeJIbHBHU/I OTBET Ha a)
(coorBercrBenno, Ha 6)). Unave, orser orpunareibhbiii. IloliMure ouemMy 310
CIpaBeIIuBo!

Pemenne npumepa nmposegeM 1o TOH CxeMe, KOTOPas W3/JI0KEHA B 9acTh 2.

1. Haiinem npezk/ie BCEro xapakTepucTuYeCKuil MHOrO4IeH IPeodpa3oBaHus
( U cOOCTBEHHBIE 3HAYECHUS

1-A 1 1 0
Con =det(a-agy=| 1 A 0=
0 -1 -1 1—A
(k mepBoii cTpoUKe NPUBABUM IIOCIIETHIO )
1—A 0 0 1—X
-1 3=x 0 1|
—1 0 —1-=A 1 |
0 -1 -1 1—A
(BbIHECEM M3 TIepBOit cTpouku 1 — A)
1 0 0 1
-1 3-A 0 1
== T a1 |7
0 -1 -1 1—-A
(npuBaBuM NEPBYIO CTPOYKY KO BTOPOI U Tperbeit)
1 0 0 1
0 3—2AX 0 2
=0=Ng o 1oa 2 |7
0 -1 -1 1=
(pPa3noKuM 1o MEPBOMY CTOJIOLLY )
3—A 0 2
—(1-N-] 0 1-x 2 |=
—1 -1 1=

=1=-XN1T=MDB=XN(-1=-N+2(-1=-N)+2B=-A)=1-N)((1-1(3-
AMN(=1=XN)+2(-1=2A4+3=X)) =0 =-NN((1=X)B=N(-1=-XN)+4(1—-x) =
(1-=X2\2 =22 -3 +4)=(1-N)*

Urak, p = 1 — eguHCcTBEeHHOE COOCTBEHHOE 3HAYEHHE IMpeobpPa30BAHMS, &
[IOTOMY OTBET Ha BOIPOC 2 U B CJIy4ae a) U B ciaydae 6) yrBepAUTENbHBIN.

2. Pazyiokenne Ha KOPHEBBIE HOIIPOCTPAHCTBA HE HYKHO JEJIATh, HOTOMY
9TO B 3TOM MPUMEPE eIUHCTBEHHOE KOPHEBOE MOANPOCTPAHCTBO.

3. CrpouM LENOYKY HOAUPOCTPAHCTB U ux 6asbl. Umeem, Hy = {6)}, Hy =
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ker(p — ¢€), Hy = ker(¢ — ¢)? u 7.4. IlpeobpasoBanme ¢ — & HMeeT MaTPHILy

0 1 1 0

-1 2 0 1

A-E=1_, 0 -2 1

0 -1 -1 0

ITpeobpazosanme (¢ — £)? WMeeT MaTpUILy

o 1 1 0\° /-2 2 -2 2
2 -1 2 0 1 -2 2 -2 2
(A E) -1 0 =2 1 2 -2 2 -2
0O -1 -1 0 2 -2 2 =2

IIpeobpasosanue (o — )3 umeer mMarpuiy

3

0 1 1 0 0000
s |-t 2 0o 1| |ooo0o0
A=EF=1_1 0 21| “loooo
0 -1 -1 0 0000

Orciona sicHO, 9TO HAMOOJIbIIAsT BO3MOXKHAs BBICOTa BEeKTOpOoB ¢ = 3. Bynewm
uckarhb 6aser B Hy, Ho, Hs.
a) Haiinem 6asy B H;
N
=0t

-
Pemaem cuctemy (A — E) 7't B MATPUYHOM BH/IE:

0 1 1 0
71201<—>701712(1)(1)<—>0110
-1 0 -2 1 0 -2 -2 0 -1 -2 0 1
0 -1 -1 0
Orciona {IB T
T4 = T1 — 229
561‘.%2 ‘ T3 ‘ Tq
Haiinem dbynaamenrtaspHyo cucremy pernennii 1 0 0 1
0 1| -1]-2

Urak, B Hi umeem caemayiomyio 6a3y
g1 = (1,0,0,1) u g5 = (0,1, -1, —2). Orxyna m; = dimH; = 2.
6) Haiinem Gasy B Ho.

Pewaen cucremy (A — B)Tt = 0°:

-2 2 =2 2
-2 2 -2 2
2 -2 2 =2
2 -2 2 =2

(2 -2 2 “2)e (1 -1 1 -1)
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Orcrona ©4 = x1 — 22 + r3. Hailaem pyHmaMeHTaIBHYIO CUCTEMY PEIIeHMMN:
T ‘ xI9 ‘ I3 ‘ Ty
1 0 0 1
0 1 0| -1
0 0 1 1

—

Urak, B Hy umeenm caeyiomyio 6a3y g; = le) = (1,0,0,1), ng) =(0,1,0,—-1),h
(0,0,1,1). Orkyma dimHy = mg =3

B) Haiinem 6a3y B Hs

Tax kax H3 = C* (= R* ana 2 a), = Q* aua 2 6)), acho, uro € =
(1,0,0,0), e = (0,1,0,0),e3 = (0,0,1,0),e5 = (0,0,0,1) 6a3a B Hs.

4. PaznoxkeHue Ha IMUKJIUYECKHE TIOIIPOCTPAHCTBA,

ITTar 1. N

Ucnpasasiem 6a3y Hs. Umeem p3 = m3 — mo = 4 — 3 = 1. Basy hq, ho, hs
HaI0 JOMOJHUTE 10 6a3nl Hs. CoctaBuM mM3 KOOpIHHAT BEKTOPOB fT{, fg, fz ue

MaTPHUILY:
100 1 100 0
01 0 —1 010 —1
001 1| 7loo1 1
100 0 000 1

o — o
Tak Kak paHr 3Toi MaTpulbl pased 4, To €] — Tpedyemblii BekTop. CocraBum
HagaabHyo Jacth Tabmmmp (T):

ITTar 2.

Nmeem py = mo — (M1 + p3) = 3— (24 1) = 0, u noTOMy TIEPEXOIAM K
CIIEIYIOIIEMY ITIATY.

IITar 3.

Nmeem p; = 2mq —me —mo =4 — 3 — 0 = 1. Hyxuo0 nonomuuts 6a3y Hy u
(p—e)?(e1) mo 6azwr Hy. Tak kak dimHy = mg = 0, (p—¢)?(e1) = (—2,2,-2,2)
g = (1,0,0, 1) MMHEHHO HE3ABUCHMBIL, TO MOJIYIAEM OKOHYIATEIHHYIO TAOGIHAILY
(T):

(1,0,0,0)
(0,1,1,0)
(-2,2,-2,2)
(1,0,0,1)

5. Beimuinem xopaaHoBy 0a3y W COOTBETCTBYIOMIYIO € HOPMAJIbHYIO KOP-
JaHOBY (hOpPMY.

3 =
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— — — —

Tenepb fl = (727 23 -2, 2)7 f2 = (07 ]-7 ]-7 O)’ f3 = (17 07 Oa 0)7 f4 = (]-a 0; 0, 1)
— JKOpHaHoBa 6a3a M eil COOTBETCTBYET CJEIyIOmasd HOPMAJIbHAsS KOPIAHOBa
dopma;:

1
0
0

Urak, 3a1a4a periena mogHOCTHIO.

IMpumep. ITycmb auneiinoe npeobpasosanue © APUPBMEMUYECKO20 NPOCNPAH-

emea C° 3adano 6 cmandapmmoti 6ase €1, €3, €3, €4, €5 MaAMPUYEl
0 1 0 0 0
0 0 1 0 0
A=|(0 0 0 1 0
0O 0 0 01
1 -1 -2 2 1
Hatimu nopmanvhyio srcopdanosy dopmy npeobpazosanus © U COOMEEM-
cmeyowyto scopdanosy 6a3y.

Permenne.
1. Haiimem xapakTepHCTHYECKUI MHOTOUJIEH MPeoOpa3soBaHus U COOCTBEH-
Hble 3HAYCHUS

A 1 0 0 0
0o —-Xx 1 0 0

Co(\)=det(A—AE)=|0 0 - 1 0 |=
0 0 0 -x 1

1 -1 -2 2 1-=A
(upubaBuM Bee CTONOLBL K IIEPBOMY )
1-x 1 0 0 0
1-X =X 1 0 0
=/1-Xx 0 =X 1 0 | =
1-x 0 0 =)\ 1
1-Xx -1 -2 2 1=

(Bbiecem 1 — A u3 uepsoro crouabua)

1 1 0 0 0

1 =X 1 0 0
=1-X-1 0 -—-x 1 0 |=

1 0 0 =X 1

1 -1 -2 2 1-A
(BbIUTEM TMIEPBYIO CTPOYKY M3 OCTAJIBHBIX)

1 1 0 0 0

0 -1-x 1 0 0
—(1-N-0 -1 —x 1 0 |=

0o -1 0o —-x 1

0 -2 -2 2 1=

(pPa3noKuM 1o MEPBOMY CTOJIOILY )
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-1-X 1 0 0

-1 =X 1 0
AN N T S U
-2 -2 2 1-2A

(npubaBuM K nepBoMy cTosbIly TPeTHii)

-1-X 1 0 0

0 —-x 1 0
SO0 0 o | T
0 -2 2 1-2)

(BbIHECEM M3 TIEPBOrO crosbHA —1 — X)
1 1 0 0
0 —-x 1 0
7(1—)\)(—1—)\)'1 Y 1=
0 -2 2 1-=-2X
(BbIYTEM M3 TpETel CTPOYKHU MEPBYIO)

1 1 0 0

0 -x 1 0
SA=NE=N | T
0 -2 2 1-2X
(pasiioKuM 1o mepBOMY CTOJIOILY )

“A 10
=(1=N(=1=N-|-1 =x 1 |=
—2 2 1-)

= (1=N)(=1=XN)((1T=2)A2=2+(1=X)+2X) = (1=A) (1= ((1=N)A*=1+)) =
(1= X)2(—1 = N(A2 = 1) = (1= A)3(~1 - A)?
Urak, p1 = 1 — cobcTBeHHOE 3HAYMEHHE KPATHOCTH 3 U p2 = —1 — COOCTBEH-
HOe 3Ha4YeHHe KPAaTHOCTHU 2.
2. Pazyroxkenne Ha, KOPHEBBIE MOIIMTPOCTPAHCTBA.
[ycts Ry = ker(p — €)% u Ry = ker(p + €)%, Torga C° = R+ Ry
1) CoberBennoe 3navenue p; = 1
Paboraem cuagana ¢ cobCTBEHHBIM 3HAUMEHUEM p1 = 1 U KOPHEBBIM IIOIIPO-
crpancTBoM Ry = ker(p — €)3 pasmepnoctu 3.
1.3) Crpoum Henouky moAIpOCTPAHCTB U X HadabHble 6a3bl. Umeem Hy =
{W},Hl = ker(p —¢),Hy = ker(p — €)%, H3 = ker(p — ¢)3.
IIpeobpasoBanue p — € uMeeT MATPUILY
-1 1 0 0 0
0o -1 1 0 0
A-E=]10 0 -1 1 o0
o 0 0 -11
1 -1 -2 2 0
IIpeobpazosanue (p — )% umeer Marpuiy
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[ V)

-1 1 0 0 0 1 -2 1 0 0
0 -1 1 0 0 0 1 -2 1 0
A-E2=[0 0o -1 1 of=]0 o 1 -2 1
0 0 0 -1 1 1 -1 -2 3 -1
1 -1 -2 2 0 -1 2 1 -4 2

IIpeobpazosanue (p — )3 umeer Marpuiy

-1 1 0 0 0 -1 3 -3 1
0o -1 1 0
A-EP=[0 0o -1 1
0 0 0 -1
1 -1 -2 2
a) Haiinem Gasy B H;

oR oo
I
—
|
—
|
w
ot
|
N

Pemaem cucremy (A — E) 7't = ot

000 -1 0 0 0 1
0o -1 1 0 O
0 -1 o0 0 1
0 0 -1 1 O0f «
0 0 -1 0 O
0 0 0 -1 1 0 0 0 -1 1
1 -1 -2 2 0
1 =I5
Orcrona T2
r3 = ITp
Ty = T
deno, uro ¢ = (1,1,1,1,1) — 6a3za B H;
6) Haiinem 6a3y B Ho
N
Pemraem cucremy (A — E)? 7t = 01
1 -2 1 0 0 1 -2 1 0 0
0 1 -2 1 0 0 1 -2 1 0 (1)(1):3?
001—2].(—)001—21(—)001_2
1 -1 -2 3 -1 o 1 -3 3 -1 00 -1 2
-1 2 1 -4 2 0 0 2 -4 2
1 0 0 -4 3
01 0 -3 2
001 -2 1

Xr, = 4$4 - 31’5
To = 3x4 — 225
I3 = 21‘4 — X5
Haiinem dyHmaMeHTATbHYIO CHCTEMY PEIeHnH

X1 ‘ To ‘ I3 ‘ Tq ‘ Is
4 3 2 1 0
3| -2 -1 0 1

Urax, 8 Hy nMeeM caenyionyio 6a3y i?{ =(4,3,2,1,0)u i?; =(-3,-2,-1,0,1).

_ o O
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Orkyna dimHs = mo = 2.
B) Haiinem 6a3y B Hs
Pemmaen cucremy (A — BTt = 0%

-1 3 -3 1 0 -1 3 =3 1 0
0o -1 3 -3 1

1 -1 -3 5 =2«
-2 3 3 -7 3

3 -5 -3 9 —4

-1 0 6 -8 3
0 -1 3 =3 1

r1 = 6x3 — 8xy4 + 375

o O oo
[\
&
[«

Orkyna
YA To = 3xr3 — 314 + T5

Haiinem dyHnmamMeHTaNbHYIO CUCTEMY DeIeHuit

T ‘ T2 ‘ I3 ‘ Ty ‘ T5
6 3 1 0] 0
-8 | -3 0 1 0
3 1 0 0 1

Wrak, B H mveem creayiomyio 6asy f1 = (6,3,1,0,0), fo = (=8, —3,0,1,0), f3 =
(3,1,0,1). Orkyna dimHs = m3 = 3 = k1, u HaubO/bIIAsA BbICOTA KOPHEBBIX
BEKTOPOB t = 3.
1.4) Paznoxenune HA IUKJINIECKHE TTOAIPOCTPAHCTBA
Nmeem p3 = mg —mg =3 — 2 = 1. Bazy i?{, l?; nogupocrpancTea He HAZIO
ponosHuTb 10 6a3br Hy. CocraBuM M3 BEKTOPOB le) , h_2> i E MAaTPHUILY
4 3 2 1 0
-3 -2 -1 0 1
3 1 0 0 1
— —
Tax Kak panr 3TOl MaTpuubL paBed 3, TO f3 TpebyeMblil BeKTop. Tak Kak f3
BEKTOP BBICOTHI 3 u dimR, = 3, TO OCTaJbHBIE IIAI'M HAM JE€IaTh HE HY2KHO, U

MbI IMEEM CJIEYIOINIYIO KOPAaHOBY 0a3y B Ry: (¢ —E)Q(E) =(1,1,1,1,1), (¢ —
)(f3) = (-2,-1,0,1,2), 5 = (3,1,0,0,1).

Marpuia orpanndenus ¢|g, TpeobpPa30OBAHUS ¢ HA TOAMPOCTPAHCTBO R numeer
B 3TO# 6ase BUI,

1 10
0 1 1
0 0 1
2) Cobcrennoe 3uadenue po = —1
OcTanoce paccMOTpeTh COOCTBEHHOE 3HAMEHNE Pg = —1 M KOPHEBOE MOAIPO-

crpancrso Ry = ker(p + €)? pasmepnocru 2.
2.3) CTpoum IEnovKy MOAIPOCTPAHCTE U UX HAYAILHBIE GA3DL.
Nmeem Go = {6}}, Gy =ker(p —¢) u Gy = ker(p —€)? = Ry.
IIpeobpazoBanue ¢ + € uMmeer MaTpuily
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I ‘ X2 ‘ I3 ‘ Xy ‘ I5
-4 3] -2 1 0
-3 21 -1 0 1

Nrak, 8 G nMeeM crenyontyo 6a3y v1 = (—4,3,-2,1,0)u v3 = (3,2, 1,0, 1).
Orkyna ne = dimGy = 2.

2.4) Pa3jioKuM Ha IUK/IUYECKUE TIOANPOCTPAHCTBA.

Nmeem g2 = ny —ny = 2 —1 = 1. Bazy G Hago monojgHATH 10 0a3bl
G3. Sleno, uro sexkropur U = (1,—1,1,—1,1) u v3 = (=3,2,—1,0,1) nuneiino
HE3aBUCHMbI U cocraBiisiior ba3y B Go. Tak Kak Vs BBICOTBI 2 1 dimRy = 2, TO
OCTAJIbHBIE IIIATH HAM JIeJaTh HE HYXKHO, U UMEEM CJIEIYIOIIYIO KOPIAHOBY Oa3y
B Ry: ((19 + 5)(@) = (_17 1,-1,1, _1)a U—2> = (_37 2,-1,0, 1)

Marpuiia orpanudenusi @|g, npeobpa3oBaHus ¢ Ha MOAIPOCTPAHCTBO R
uMeer B 3ToI Oase BUL,

-1 1

(0 )

OxoHYaTEIHHO, MBI HIMEEM CIIEIYIONLY 0 KopaanoBy 0aszy (1,1,1,1,1), (-2,-1,0,1,2),
(3,1,0,0,1), (-1,1,-1,1,-1), (-=3,2,—1,0,1). B 3roii xkopaaHosoii 6a3e Mar-
puiia npeodpa30BAHNS (0 UMEET CJAEAYIONIYI0 HOPMAJIBHYIO KOPIAHOBY (hopMmy.

1 1 0|0 O
0

0
0 0
1
0
4 3amaHusd Ha CaAaMOCTOATEJbHYIO paboTy

1
-1

O OO O
O OO =
O O = =

[Ipex e Bcero HAMOMHUM, 9TO HAXOXKJEHUE HOPMAJIBHON YKOPIAHOBOM (HhOPMBI
Tpebyer MHOruX 3HAHUN W yMEHHIl M YTOOBI yCIIEITHO PaboTaTh HEOOXOIUMO
TTOBTOPUTH CJIEIYIONIMI MaTEPUA.

1. A.W. Kocrpukun, FO.M. Mauun, Jlunetinas anrebpa u reoMeTpusi, 9acTh
1, 82 (m. 1-12), §3 (u. 1, 2, 11, 12), §4 (0. 4, 8), §8 (1. 4 - 13).

2. A.W1. Masnbues, OcuoBbl auneiinoit anrebpsr §3 (n. 31, 32), §4 (u. 4.1), §5
(11.5.2, 5.3), §6 (1. 6.3), §8, §10, §11.

[Monezno Takke pemmTh HECKOIBKO 3a1a4 w3 kKuuru 11.B. IIpockypsikosa, Céop-
HUK 3324 110 JinHeinoi asredbpe. Hanpumep nomepa 608-610, 619-620, 639-644,
679-681, 724-732, 1277-1279, 1310-1311, 1465-1464. Pazymeercst Heobss3aTeIbHO
PEIaTh BCe TPeJIOKEHHbBIE 331391, JOCTATOIHO PEITUTH M0 OTHOM U3 KayKI0TO
paszaena. CaMy TeOpHUIO XKOPIAHOBOH (HDOPMBI U POACTBEHHBIE BOMPOCHI MOXKHO
y3HATH B KHUTAX:

1. A. Kocrpukun, FO.. Manun, Jluneiitnas anrebpa u reoMerpusi, 9acTh
1, §8 (u. 8-10), §9

2. A.M. Manbues, OcHoBbl uneiiHoit anrebpsr, §12; §15 (n. 15.4), §16.
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Heobxomumo Tak»ke pemmnTsh caeayiomme 3aaa9u u3 3agadanka 1.B. TIpocky-
psaxoBa, COOpPHUK 33724 10 JTUHEHHON anrebpe wim x0T Obl 9acTh U3 HUX:

a) Kopuaesbie nomnpocrpancrsa, nomepa 1509-1512.

6) Haxoxuenue kopiaHoBoit dopmbl u 2k0piaHoBoit 6a3bl, Homepa 1530-
1535, 1090-1108.



