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JIByMepHasa reoMmerpusd

CucreMbl KOOPJAMHAT HA IIIOCKOCTH. BEKTOPHI Ha MIIOCKOCTH, UX KOOP-
nunarbl. Oneparun ¢ BekTopamu. QOpUEeHTHPOBAHHAS ILJIOMAIH TaPaJLIe-
JIOrpaMMa.

CmMeHa mpsMOYTOIBHON CHCTEMBI KOOPIWHAT, MATPHUIA Tepexoaa. Kom-
MO3WIINS MTEPEXOIOB U yMHOXKeHre Marpull. [Ipeodbpa3oBanus MmI0CKOCTH:
OPTOTOHATLHBIE W W30METPUIECKNe, JUHEeHHbIe 1 ahduHHBIE.

Teomerpuyeckoe ompejesieHne KOMILIEKCHBIX dnces. Anrebpandeckas
U TPUIOHOMETpUYEcKass (POPMbI KOMILIEKCHBIX 4uces. Ajirebpaumdeckue
oneparuu. Compsizkenne. [Ipencrasienne NBUKEHW MIOCKOCTH C TIOMO-
IIbI0 KOMILJIEKCHBIX gnces. Kommekcras sxcnonenTa, popmysia Jitaepa.
Bo3sesenne KOMILJIEKCHOTO YHCIA B cTeneHb, (popmyna Myaspa.



Qurypst u ypapaenus. Oupesesienre u MOJSPHBIE YPABHEHUS DJIIUII-
ca, mapabosibl, TunepOosibl. POKyChl U AUPEKTPUCHI, IKCIeHTpucuTeT. Ka-
HOHUYeCcKue ypapHenusi. UccienoBanue GOpMbL: CUMMETPHUH, BEPIIUHBI,
nosiyocu, acuMmuTorbl. CBoiicTBa: (hOKaTbHBIE, JUIOJIBHOE, ONTUYECKUE.
YpaBHeHuEe KacaTeabHOI.

Cucrembl JUHEHHBIX ypaBHEHUN!

Cucrembl JUHEHHBIX ypaBHEHUI M uX pemneHus. Marpudanbiil s3bIK.
CoBMecTHBIE ¥ HECOBMECTHBIE, OMPEIETIEHHBIE W HEOMPEIEIEHHBIE CUCTE-
MbI. DKBHBAJIEHTHBIE CHUCTEMBI. DJIEMEHTApPHbBIE TPEOOPA3OBAHNSA CTPOK.
Crynengarsiii Bug. MeTos mOC/IeI0BaTEIbHOIO UCK/IIOYEHWUS HEU3BECT-
obix. Parr marpunst. Kpurepuit coBMecTHOCTH CHCTEMBI.

Ompenesurenu MaabIX HOPSAIKOB. DJEMEHTAPHbIE MPE0Opa30BaHUS
onpeieTuTeNeit.

TpéxmepHasi reomeTpus

Bekropst B npocrpancrse. Kosmaeapuocrs u KOMILIAHAPHOCTD. J1u-
HeifHas (He)3aBUCUMOCTH CUCTEMbI BEKTOPOB. Pernepsi.

CxaJsisipHOE TIPOM3Be/IeHNe BEKTOPOB, ero OminneiiHocTh. Hopma Bek-
Topa. Yribl. OpToronajibHas MPOEKIs BEKTOPA HA OCh.

CwmeranHoe TpoU3BeieHre BeKTOPOB. OpPHEHTUPOBAHHBIN OOBEM mHa-
pastesnienunena. Oproronanu3anus penepa, noBopor pernepa. OpueHra-
IUsT perepa.

Bekroproe mponssesenne BeKTopoB. OpueHTHPOBAHHAS TIIOMIAIh Ma-
paJutesiorpamma. JIBoitHOe BEKTOPHOE IIPOM3Be/IeHIe, TOXKIeCTBO SK0Ou.

SajaHue OpsAMbIX U TIOCKOCTEH JTuHEHHbIME ypaBHeHusMUu. HopManb
K IPSMON HA IJIOCKOCTH M K ILUIOCKOCTH B mpocrpancrse. Hopmasbhbie
ypaBHeHus upsaMoil u miockocru. Hanpasisomuii BeKTop, mapamMerpude-
cKoe 3ajianne npsmoit. Ilapamerprteckoe 3aaHue MIOCKOCTH. Y DABHEHNE
MpPSIMOH 1O JBYM €€ TOYKaM. Y paBHEHUE TJIOCKOCTH MO TPEM €€ TOIKaM.
YpaBHEHHUd MO0 TOYKAM 4Y€pe3 ONpeaenuTesnn u panru. [lepexoa o omHOro
criocoba 3a1aHus MPAMOI WU TIJIOCKOCTH K JAPYTOMY.

Paccrosaue or Toukm 10 npamoii u 10 mwiockoctu. Paccrosinue mex iy
CKPEIVBAOIINMUACS TPAMbIMU. [IPOEKIIY U TIePIeH TUKYISTPhI.

Bzanmuoe pacnosioykenne npsMbIX 1 TI0cKocTeit. Ompe/iesienne pacio-
JIOZKeHHUsI TT0 HOPMaJIAM M HAIPABJISIONIMM BEKTOPDaM. YCJOBHS B DaHIaX.



Kouaba u moJis

Hemumocts B 1esbix unciaax. Obuwme geaurenu, HanboIbImil oOmuii
JIeJTUTEe b U HAUMEHbIee o0Iee KpaTHOe JABYX YuCes. AJITOPUTM JI€TIeHI s
¢ ocraTkoM. Asiroput™ dBKinga. IlpocTeie uncia. Pasnoxkenune uncia B
MIPOW3BEIEHNE TTPOCTHIX.

MHuorowjiesbl 0T 0aHOTO mepeMeHHOro. CyMMa U MpPOM3BEIEHNE MHO-
rounenoB. denurenu muoroanena, HOA u HOK mo ananoruu ¢ menbiMu
qucaMu. AJITOPUTM JIesileHus ¢ OCTATKOM. AJITOPUTM DBKIIHIA.

N3Bnedenne KOpHS W3 KOMILJIEKCHOTO YKCJIa, KOPHU U3 eTuHUIBL. Kop-
Hu MHOTO4YIeHa. Teopema Besy. Kparnocts kopHsi. CyliecTBOBaHIE KOPHST
KOMIIJIEKCHOrO MHOrO4IeHa (6e3 JokazarenbcTsa). HenpuBoauMbie MHOTO-
wieHbl. Pazioxkenne MHOTOYIEHA HA HENpUBOAUMbie MHOX)KUTeau Had C u
naj R.

Pamuonanpubre dpyHKIUU, onepannu HAJ HUMH. Pa3jioxkenune paruo-
HAJIHHOM (DYHKIIUK B CyMMY MPOCTEHIINX TPOOeii.

Tlonstus konbma u nojsi. [Ipocreiime nmpumepsbl. Koabio MHOTOYIE-
HOB OT OJHOTO TIEPEMEHHOTO HaJ, MPOM3BOJIBHBIM mmojeM. Koabno MHO-
TOYJIEHOB OT HECKOJIbKUX mepeMeHnHbix. Kombio marpu. [losre vacrabix.
IIpumepsr gncioBbix kKostern u moseit. Koabia Beraeros. I[Ipumepsr Koned-
HBIX TTOJIel. XapaKTepUCTHKa, MOJIs.

JIuHeliHbIe TpOCTpaHCTBa

JIuneitrbie TPOCTPAHCTBRA, BEIIECTBEHHBIX CTPOK W CTOJIOIOB. AKCHOMBI
JINHEWHOTO TPOCTPAHCTBA. JInHeliHbIe KOMOWHAINY, JTUHEHHAsT 000I09KA.
JIuneiinasa 3aBucuMoOCTb BeKTOPOB. bBasumc. KoopgauHarhl BeKTOpa OTHO-
cUTEeTHHO BhiOpanHOro basuca. CyimecrBoBanue 6asuca. PazmeprocTs Jsiu-
meiinoro npocrpancrsa. Paur cucremsr BekTopos. Panr marpuribst 1o crpo-
KaM u 1o croyionam. CoBIaIeHne paHToOB.

OHOPOIHBIE CHUCTEMBI JIMHEHHBIX ypaBHeHwuii. IIpocTpancTBo perre-
unii. Heomgropoanbie cucrembl JuHEHHBIX ypaBHeHuii. Muoroobpasue pe-
mennii. Kpurepuit coBmecTHOCTH.

Ilommpocrpancrsa nuneiinoro npocrpancrsa. llepecedenne u cymma
nogmnpocrparcTts. Popmysna pasmepuocreit I'paccmana. Ilpamas cymma
MOAMPOCTPAHCTB. JlonmosiHeHne K TOAMPOCTPaHCTBY. PaKTOP-TPOCTpaH-
CTBO.

IIpocrparcTBo Marpwuil. MarpudHble e€IUHUILI. 1 PaHCIOHHPOBAHUE.
Matpuris! crrerua bHOrO BUAA: CKAJIAPHBIE, THArOHAJIbHBIE, TPEYTOJIbHbBIE.
CuMMerpuydeckue u KOCOCUMMETPUYECKIE MATPUIIbI.



JInneiinbie oTobparkenus

JIumeitnpie oTOOparkeHnsi TPOCTPAHCTB CTOJIOIOB, OMEKIINSA ¢ MaTpH-
namu. O6pasbl u npoobpaser moanpocTpancTs. Ob6pa3 u Apo JTHHEHHOTO
oTobparkeHusi, TeopeMa 0 cyMMe uX pa3mepHocreii. Kommosnnus numeii-
HBbIX OTODpazKeHwuii. ACCOMATUBHOCTh YMHOXKeHUs Marpull. Padr mpous-
BEJIEHUST MATPWUII.

Bribop 0a3mca kak m3oMOpdu3M C KOOPAWHATHBIM MTPOCTPAHCTBOM.
Marpuna nunedinoro orobpaykenusi B Gazucax. Cmena 6Haswuca, mMarpu-
ma mepexoma. V3meHeHne MaTpPHIIGI OTOOPaXKEHWS MPHU CMeHe Oa3UCOB.
Crpykrypa JUHEHHOrO 0TOOparKeHus.

Onpenennresn

Pazauunble moaxoapl K moHATHIO onpenenuTens. [lepecranosku. n-
BepCHH W 49ETHOCTH mepecranoBku. KombuHaTropHas (opmyna IOTHOTO
packpbITHSA ompeaennTesas. MuHOp u anredpamdeckoe JomoaHeHne. Pac-
KDBITHE OMPEIEIUTENs 0 CTPoKe uin crosbiy. Onpenenurens (6109HOI)
TPEeyTrOJAbHONH MaTPHUIIBL.

IonunuueiHOCTH U KOCOCUMMETPUIHOCTH ONPEIETUTE A, X apaKTeph-
3alus ONPeIeIUTes s STUMU cBoiicTBaMu (6e3 JOKa3aTeIbCTBA). DJIeMEH-
TapHble npeobpasoBanus ompenenuTesei. Oupesesurens TPOu3BeIeHus
MaTPHUIL.

Kpurepuii HeBbIpok menHoCcTH MaTpuilbl. Obparnas marpuna. @opmy-
aer Kpamepa.

Panrr mMarpuipl Mo MUHOpPaM, IKBUBAJEHTHOCTH C MPEKHUMHU OIIPeIe-
Jgenusimu. MeTos okaliMigomux MUHOPOB (6€3 J10KA3aTebCTBa).

JInHeiiHbIe omepaTopbl

IIpocTpancTBO IMHEHHBIX OnepaTOpoB. Paur u nedekT guHeiiHOro ome-
paropa. [Ipumeps IuHEHHBIX OMEPATOPOB: MACHITAOMPOBAHUE, TPOEKTO-
pbl, auddepeHImpoBaHme.

Ilousitue anrebpsr Hag moseM. Ajrebpa MHOro4wieHoB. Ajrebpa mar-
pul. Ajrebpa juHeitHbix oneparopos. [oganredpo 6s104HbIx MaTpui. ITo-
nanaredpa, MOPOXKIEHHAS OJIHUM OrneparopoM. MUHUMATBHBIH MHOMOUICH
orepaTopa.

WNusapuanTtabie noanpocTpancTsa. Pasioxkenne omneparopa B mpsiMyio
cymmy. Jluaronanusupyembie oneparopsl. Ilpuvepsr Henmaronamusupye-
MBIX OIepaTopos: auddepeHnupoBanne, MOBOPOT.



ITomo6ue maTpurl. XapakTepuCTHIECKH MHOTOUJIEH MATPHUIIBI. XapaK-
TepUCTUIECKUH MHOTOUJIEH oneparopa. Teopema Famunbrona—Kamu. Cob-
CTBEHHBIE BEKTOPBI U COOCTBEHHbBIE 3HAa4YeHUs oneparopa. CobcTBeHHbIE U
KOpHEeBbIe ToAnpocrpancTBa. [eomerpudeckas u asredbpandeckasi KpaTHO-
cru cobersentoro 3uadenus (kopus). Cuekrp oueparopa. IIpsmora cym-
MBI COOCTBEHHBIX MTOAMPOCTPAHCTB. Kpurepuii mnaroHaJIn3npyeMoCTr JIi-
HefHoro oneparopa. PopMyIHpOBKa KOPHEBOIO PA3JIOKEHUSI.

KBa,Z[paTI/I‘IHbIe KpHuBbI€ U IIOBEPXHOCTHU

OpronopmupoBannbie 6a3ucsl. OproroHaibhbie npeodpaszoBanus. Op-
TOTOHANBHBIE 2 X 2 m 3 X 3 MaTpuibl. BelecTBeHHbIE CUMMETPUIHBIE
MaTPHUIIbI, CBONCTBA WX COOCTBEHHBIX 3HAYEHUN U COOCTBEHHBIX BEKTOPOB.
IIpormecc oproronanusanuu ['pama — IlImumgra.

Kaprunku noBepxHOCTe# BTOPOTO MOPSAIKA: SJLIUICOUIBI, mapabosio-
UJIbl, TAIEPOOIION IbI, KOHYChI, [IHJIMH/IPHI, PACIA/IAIOIINECs [IOBEPXHOCTH.
Cromubie TAOJUIBI TUTIOB KBAAPATHYHBIX KPUBBIX U TTOBEPXHOCTEI.

IIpuBenenmne oOIEro ypaBHEHUS KBAJPUKKA K KAHOHWYECKOMY BUILY
npeobdpa3oBaHueM MPAMOYTOIbHBIX KoOpauHat. Merpuueckas u addua-
Hasg Kjaccudukanum KBaapwk. Merpruyueckne WHBAPUAHTHI yPABHEHUSI
KBa/IPUKMU.

KBagparnunbie popmbi

Bununeitapie dpopmbl. CuMMeTpudHbIE W KOCOCHUMMETPUIHBIE OMJIN-
meiiabie popmbl. KBaaparuwanbie ¢opmbl. [longpuzanusa. Beibop 6a3mca
u 3amanne OmnmHeitHo# (dopmbl marpurei. 3menenne maTpuibl Gop-
MbI Tipu cMmeHe 6a3uca. Kourpysarnocts marpun,. Panr ¢dpopmbr. Meron
Jlarpam:ka npuBemeHusi (POPMbI K KAHOHUIECKOMY BHUTY.

Hopwmasbabrit Bux kBagparuaroit ¢popmbr Hax C u man R. 3akon naep-
AU JIJIs BEIIECTBEHHBIX KBAAPATUIHBIX (DopM. IHAEKCh nHEpIUHd, CUTHA~
rypa. IlomoxuTenbHO U OTPUIIATENHLHO OmpeaeséHabie popMbl. Hemommo-
KHATEJIHbHO ¥ HEOTPUIATESIHHO mosryonpeeénnabie ¢popmbl. [aBabe mu-
HOphl. Ompenenenne curHatypbl Metomom Akobwu. [TomokuTenbHO ompe-
neméunbie ¢popmbl. Kpurepunit CunbBectpa.

2KoppanoBa HopMaJsibHasg dopMa

XapakTepuCcTHIecKuii MHOTOYJIEH HAJIBIIOTEHTHOIO oreparopa. Pazio-
2KEHUE [MPOCTPAHCTBA B IPAMYIO CYMMY dpa u 06pa3a HEKOTOPOil crenenu



omneparopa. CBOICTBA KOPHEBBIX MOAIPOCTPAHCTB. JloKa3aresscTBO KOp-
HEBOI'O PA3JIOXKEHMUS.

Hunb-nienn u »KopaaHoBBI TaOuUIbL. JInHeiHAsT HE3aBUCHMOCTD KOP-
naHoBoil cucrembl. OTbICKAHKME 2KOPJAHOBA, 6a31Ca HUJIBIIOTEHTHOIO OIle-
paropa. zKopaanosa HopMmasibHas (popma marpuiibl. yHKIHE OT MATPHII.
MarpudHast 3KCTIOHEHTA.

IIpumeps! rpymmn

Tlongarue rpynmnet. I'pynma moBopoTos minockoctu. [lukmnaeckue rpy-
[IBI, TPYIIIBI IEPECTAHOBOK. TabMuIa yMHOXKeHUs B TpyIne. I'pymmsl, mo-
pOXKAEHHDBIE OTpakeHusaMHu. I'pynmbr casuros. Pemérku. Kpucrammorpa-
duveckue Tpymmb.

Knaccuaeckue rpymnmbt marput,. OOOOIMIEHHBIE OPTOrOHAJIBHBIE TPYTI-
mbl: Tpymna JIOpeHma, CUMIIEKTUIeCKUe TPYIIIbI.

Mopdwusmbl rpymni, n3oMmopdu3Mbl. JdeficTBre IPyIIbl HA MHOXKECTBE.
HeticrBust rpynmbt Ha cebe. OpOUTHI U cTabUIM3aTOPHI.

IIpumepsr anrebp

Crpoenue rpynnst SUs. Anrebpa kBarepunonos. CompsizkeHne, HOp-
Ma, oOpallieHne KBAaTE€PHUOHA. UMCTO MHUMbIE KBATEPHUOHBI, CBA3b WX
YMHOXKEHUS CO CKAISIPHBIM M BEKTOPHBIM mpousseienusvu. COUHOPHOE
makpoite SUs — SO3. KBarepHuoHbl u BpalleHns TPEXMEPHOrO IIPO-
CTPAHCTBA.

Knaccuueckne marpudnbie anareopsbt Jlu.

Monununeitnbie u Kococummerpudnbie (GopMbl (BHemHUE (HOPMBI).
[Ipumepst: onpeneauTes, MUHOPLL. Anredpsl ['paccmana.

Iuddepennnanbubie oneparopbl. Anredpnr Beits.

JIureparypa

1. A. II. Yavanos. Koucmekr jeknuii o aaredpe u TeOMeTpum.

2. H. U. Anexcandposa. CeMuHApPHI 110 BbICIIEH airedpe v aHAJTUTHYECKOM
reoMeTpum.

3. A. U. Kocmpurun. Bsenenue B ajredpy. Hacts 1. OcHOBBI anrebphi.
4. A. U. Kocmpurun. Beenenue B anredpy. Yacrs 2. Jluneitnas ajarebpa.
5. A. I. Kypow. Kypc Bbiciieit anredpbr.

6. /[. B. Bexaemuwes. Kypc anamuTudeckoil reoMeTpuUu W JIMHEITHOMN
asreOpol.



15.
16.

K. @addees. Jlexmmu mo aarebpe.
Bocc. Jleknmm o maremaruke. Jluneitnas aaredpa.
U. Koecmpurun, FO. U. Manun. Jluneitnas anrebpa u reoMeTpus.
. . Anexcandpos, H. FO. Heusemaes. Teomerpusi.

. B. Ilozopenos. Anajurunyeckas reoMerpus.

. C. Modenos. Amamuruyeckasi reOMETpHs.

. A, Uavun, 3. I. Hosnax. Anajurudeckasi FeOMETPUS.

. U. Kocmpuxun. COOpHUK 3a1ad 1O airedpe.

. B. Ipockyparos. COOPHUK 3a7a4 1O JUHEHHOM airebpe.
. K. ®addees, U. C. Comunckut. COOPHUK 335249 10 BBICIIEH aJi-

reope.

17.
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18.

C. B. Baxsanos, II. C. Modenos, A. C. IHHapromenxo. COOPHUK 3a1a4
AHAJIMTUYECKOIl IeOMEeTPHN.
JI. A. Bexaemuwesa u dp. COOpHUK 3a/1ad 10 AHATUTUYIECKONW reo-

METPHUHU U JIMHEHHOH arebpe.

Ilnan cemmHapoB

[Ipeobpa3oBanms cucTeM KOODIUHAT, MATPUILHI 2 gaca
Kowmmniekcabie amciaa 2 gaca
Quuturic, napabosia, runepboia 2 Jaca
Cucrembl JIMHEHHBIX yPABHEHU, METO/] HCKIIOUYEHUS

HEU3BECTHBIX, PAHT MATPUIIBI 3 gaca
Tpéxmeprnas BeKTOpHAs ajaredpa 3 gaca
[Ipsimble m mIOCKOCTH 2 gaca
MHoro4meHbl 1 UX KOPHH, PA3/IOXKeHNe ApOOHU Ha MpOoCTeifiime 4 qaca
Kosnbua u nomns 2 gaca
Obparnasg marpuia, marpuatnoe ypasueane AX = B 2 yaca
Jluneitnpie TPOCTPAHCTBA, DABUCHI 2 gaca
Cucrembl IMHEHHBIX ypaBHEHU, (DYHIAMEHTAIbHBIE DEITICHNS,
MHOTrooOpa3ue perneHunit 3 gaca
JleiicTBus C MOANPOCTPAHCTBAME, OA3UCHI CyMMBbI M [I€PECEYEHns 2 9aca
Cwmena 6a3uca, MATPUIA ITEPEXOJIA 2 gaca
MeToan! BHIYUCIEHUST OTIPeIeTuTeei 2 gaca
Jluneitnpre 0TOOpaYKEHUsT M MATPWUIIBI, JTUHEIHBIE OMEPATOPbI 2 gaca
Haxoskienne 6a3ncoB siapa u 00pa3a omepaTopa 2 Jaca
Co6GCeTBEHHBIE YHCIA U BEKTOPbI 3 gaca
Juaronanu3aius MaTPHUIbI OIIEPATOPA 3 gaca
OBKJINIOBHI MPOCTPAHCTBA, MPOIECC OPTOTOHAIMIAINT 2 gaca



KpuBbie u MOBEPXHOCTH BTOPOTO TOPSIKA,

MPUBEIEHNE K KAHOHUYIECKOMY BULY 4 gaca
Ksanparuansie dopmbr, meron Jlarpanxka 2 Jaca
BermectBernbie KBagpaTudHbie (POPMBI 2 Jaca
2Kopaanosa HopmasibHas (popMa MATPHUIIbI,

bYHKIINYM OT MATPHUIIBI, MATPUIHAS IKCITOHEHTA, 4 Jaca
Ipymmst 4 gaca
Ksarepamonsr, marpurst [aymn 2 Jaca
Kourponbsubre paborst 3 gaca

IIporpammy jexmuii u MJIaH CEMAHAPCKAX 3aHATHI
10 BBICIIEH airebpe W aHATUTHIECKON MeOMETPHH
cocraBus A. I1. Yabsauos

3agaHug Mo BBICIIEN aJjredpe
1 aAHAJUTUYIECKOI reoMeTpun

TIpumeganns:

o 3ajaun, mOMeYeHHbIE 3BE3I0YKOI, HE ABJIAIOTCS 00I3aTeIbHBIMHU I
TIOJTyI€HUs JTOMYCKa, OMHAKO OAJIIBI IPUHOCAT.

e B craHIapTHBIX BBIYUCIUTEIbHBIX 33/1a9aX MPENoJaBaTelh MOXKET
Pa3HOOOPA3UTDH THUCIA.

Bagauwme 1 (coarb K 21 cenrabpsi)

1. N3yunTth MHOXKeCTBO MaTpur F = {[_‘g 2] |a, be R}.
(a) TIpoBepuTH ACCONMMATHBHOCTD B KOMMYTATUBHOCTH YMHOKEHUST MAT-
PHIL 3TOrO THUIIA.
(b) Haiitu dopmyny obpalenusi Takoi MaTPUIBL.
(c) Pemuts B F ypasnenne X2 +1 = 0.

cosa sina 1™
—sina cosa

(d) Beramcanrs mMaTpumy |

2. Jokasars Toxaectso |z + w|” + |z — w|® = 2|z> + 2 jw|>, rue z, w € C,
U YKa3aTb €ro reOMeTPUIeCKuil CMbICIL.



10.

. Haiitu Tpuronomerpuveckyio ¢Gpopmy Caeayromux duces, rae a € R:

i —tga

18
1+ivV3
i+tga’ '

27,
) 1—i

(14 cosa+isina

. Ucnmonb3yda KOMILIEKCHYIO YKCIOHEHTY, BBIPDA3UTH sin” x depe3 mepBbie

CTEIIeHU CUHYCa apryMeHTOB, KPATHBIX .

. IIpumensiss KOMILJIEKCHBIE YHCJA, JOKA3aTh PABEHCTBO

2k — )
E cos u =0
n
1<kLn
JJI BCEX LeJibIX 1 > 1.

1

Kowmruiekcubie mepeMeHHbIe 2 U W CBA3AHBI COOTHOIIEHUEM 2 427~ = 2w.

Oupenenurb, KAKyo KpUBYIo Ipoberaer w, Koria z npoberaer
(a) okpyzxnocts {z | |z| = p};
(b) myu {z|argz = ¢}.
(a) dokazarh, 9To 3/IUIC U TUNepbosIa, UMeronre oomue (HhOKyChI, me-
pecexkarTcda oA MPAMbBIM YTJIOM.

(b) Hokazarb, uTo mapaboJibl, uMerIue obmuii GoKyc u COBIAIAIOIINE,
HO IIPOTHBOHAIIPpAaBJIEHHBIE OCH, IIEPECEKaIOTCA IO IIPAMBIM yF.HOM.

. Haiitu reomeTpmdaeckoe MeCTO TIEHTPOB OKPYKHOCTEMN, MMPOXOAATINX Ue-

pe3 JaHHYIO TOUKY U Kacaloumxcs JaHHoi (a) okpyxkuocTd; (b) npsaMoii.

. IIpuBeenmem K CTymEHYATOMY BUJIYy PENINThH CUCTEMBI yDABHEHUH

211 + 3x9 — g + 4y = 2, Txy —4xo + x3+4+ 314 =5,
4xq1 + 629 — 4da3 + 314 = 3, 5xq1 + Txe — dag — 64 = 3,
6(E1 + 9.%2 — 31‘3 + 21’4 = 4; 3‘%1 — 5.’£2 + 2£83 + 41’4 = 2.

B 3aBucumocTn oT mapaMerpa A pemmuTh CUCTEMY YpaBHEHU!it

Ar1+ zo+ 23 =3,
I1+>\I2+ I3:3,
xr1 + $2+)\(£3:3.



1.

8.

Bamanue 2 (caarh K 5 OKTSOps)

Bepiunbt (senpsimoyroabsaoro) rpeyroibiuka ABC u rouka H unepe-
CeYEHUsT ero BBICOT 33JIaHbI pajanyc-BekTopamu a, b, ¢ u h. /loka3arsp,
91O

atgA+btgB+ctgC

h:
tg A+tg B +tgC

Haiitu moma b mpoekIuy mapajieiorpaMMa Ha BEKTOPaX V M W Ha
IJIOCKOCTD € JUHUIHON HOPMaJibio n = icos a + jcos § + kcos .

. Ja Bcex BeKTOpOB a;, b; mpocrpancTsa R? goKasaTh TOXKIECTBO

a;-b; a;-by

(a1 x az) - (by x by) = as-b; as-bs |’

. Haiitu B BekTOpHOI1 (bopMe perrenre r CuCTeMbl U3 TPEX ypPaBHEHMIA

r-a=c, =123
T7le BEKTOPBI a; HE KOMIIJIAHAPHBI.
JaHbl mpsMbIe

T _ Yy _ z {m—ay—i—a—l:O,
" r—24+a?>—4a+3=0.

(a) OmnpenenuTh, IpU KaKUX 3HAYEHUAX T1APAMETPA @ ITU [IPIMbBIE COB-
MaJAI0T, TapaJIeIbHbl, IEPECEKAI0TCs, CKPEITUBAIOTCS.

(b) Ipu a = 2 naiitu ocHOBaHUs OOLIEIO HEPLIEHUKY/IAPA K TUM [Psi-
MBIM.

Haiitu ¢dopmynbl mpeobpa3oBanus MPsIMOYTOJIbHBIX KOODAWHAT B IIPO-
CTPAHCTBE, €CJIM HAYAJIA JBYX CUCTEM PA3JIMYHBI, & KOHI[HI €IUHUIHBIX
0a3UCHBIX BEKTOPOB COBIIA/IAIOT.

OnpeeanTh, CyMmecTRYIOT M TaKie MHOTOUIEHB 4 W ¥, 9TO MHOTOYIeH
(2% 4 22 — 42 — 322 + 82 — 5) u(x) + (2° + 22—z + 1) v(2)

paser: (a) 1; (b) 22 +1; (¢)2® —2+1; (d) a*+2® — 2% + 1.

Jokazarp, aro muorouren ™ + 237+ 4+ 23P+2 jenures Ha MHOrOWIeH

22 + z + 1 upu Beex m,n,p € Zxo.
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9%

10%

(@opmyasa Podpuza) Eapanansiit Bektop u € R? u uncio § € R zamaror
MOBOPOT TIPOCTPAHCTBA, HA YTOJ # BOKPYT OCH, MPOXOJIAINEi dYepe3 u.
JlokazaTh, 9TO MPOMU3BOIBHBIN BEKTOP V Ipeodpa3yercss B BEKTOP

veosf +u(u-v)(1l—cosf) £ u x vsinf.
3Hak BbIOMPAETCH COVIACHO HALPABJIEHUIO II0BOPOTA.

Harypasbabie ancia r u s B3auMHO TPOCTHIL. Jl0Ka3aTh, YTO BCAKMIT KOM-
ILJIEKCHBIM KOPEHb U3 eJUHUIbL CTEIIeHU TS OJJHO3HAYHO 1IPe/ICTaB/IAeTC A
B BHJe TTPOM3BE/IEHNS KOPHS CTEeTeHN I HA KOPeHb CTETeHN S.

Baganue 3 (caaTh K 26 OKTAODS)

. Pazjoxuts B cymmy mpocreiimux apobeit nag R u nag C:

x2+x+1_ 22 T

(a) Wa (b) m? (c) m

. Pemurs marpudnoe ypaBHernme

1 30 001 7T 57
4 -33|-X-1010|=|T7111
3 —-12 100 7 93
. Haiitu kakoii-uubyxnp 6Gasuc cucrembl BEeKTOpOB {aj,...,as} u Bce

OCTaJIbHbIE€ BEKTOPDLI CHCTEMbI BbIPDA3UTh 4Y€pPE3 HEro AJid

a;=(2,-1,1,00", ay;=(1,2,-3,1)", az=(2,5-2-6)",
a;=(5,-2,0,3)", a5;=(2-3,22)".

. Haiitn cucrtemy JUHEHHBIX ypaBHEHW, PEIeHNsT KOTOPOH — 3J€MEHTHI

JIMHEHHOTO MHOTOOOpAa3us

{(0,1,2,3)" + a(1,0,-1,2)" +5(3,2,1,0)" }.

. Ilpn Kakmx ycroBUAX JaHHAs JUHEHHAA KOMOMHAINSA JTIOOBIX PEeIIeHmit

JIAHHOW HEOJIHOPOIHOW CHCTEMbBI JIMHEHHBIX yPAaBHEHWI CHOBA, OymeT pe-
MIIeHNEeM 3TOW CHCTEMbI?

11



6. Haiitu 6a3uchl CyMMBI U IepecevdeHns IMHEHHBIX 0001049eK L1 u Lo:
£1={(1,0,0,1)T, (0,1,2,-1)7, (2,-1,-1,0)");
Lo={(1,0,1,0)", (0,1,-1,3)7, (4,—1,—1,1)7).

7. Joka3aTb, 94TO ecai MaTpunbl A m B 06e KOCOCHMMETPUYeCKHe, TO X
KoMMyTaTop [A, B] — KOCOCUMMETPHYECKAsi MATPULIA.

8. Ilycrs S, A u L — moaAmpOCTPAHCTBA BCEX CUMMETPUYECKUX, KOCOCHM-
METPUYECKUX U HUXKHETPEeyroJbHbIX Marpull B npocrpancrse M, (R).

Hokazarb, 4r0 A G L=AD S.

9* (a) Haiitu Bce oOpaTuMble 31€MEHTbBI, BCE JeJUTEIH Hy s U BCE HUIIBIIO-
TEHTHbIE SJIEMEHTBI B KOMbUAX Zy,, Z[i], Za[i] u Zs[i], tae i> +1 = 0.

(b) Onpenenurb, KAKUE U3 ITUX KOJIEI ABIAIOTCS MOJIAMHE.

10* Ilycrh a@ — KOMILIEKCHBIH KOpeHb MHOrOWIeHa p € Q[z], HenpuBommMO-
ro wax Q. Haiitn pasmeprocrs nan Q awmneitnoro mpocrpancrea Q[a],
cocrosiero u3 uncen suna f(«), rme f € Q[z].

Baganue 4 (caars K 9 HOAODS)
1. Haiitu marpuny nepexona or 6aszuca {aj,as,az} k 6asucy {bi, by, bs}:

a; = (1,2,0) ", a,=(0,1,-1)7, az=(—1,1,3)";

b

by =(2,3,1)7, by = (2,1,-3)7, bs = (—2,6,8)".
2. JIs Bcex BEKTOPOB @;, b; mpocrpancrsa R3 10Ka3aTh TOXKIECTBO

al-bl al'b2 al~b3
(a1,a,a3) - (by,bz,b3) = | az-b; az-by az-bs
a3~b1 a3-b2 a3'b3

3. Haiitu obparHbie K MaTpUIIAM

1111 2 -1 0 0 2000
0111 |-1 2-1 0| |0011
0011/’ 0-1 2-1|" 0010
0001 0 0-1 2 0330

12



4. BuraucanTh onpenenTesb

5.

9%

0 —z —z —z
z 0 —z —z
z z 0...—-z
z z z. 0
BroraucauTh onpememTenn
z 2z 00 0
z z z 0 0
0 z z z 0
00 z z 0
0000 z

. Jlokazarh JuHEHHYIO HE3ABUCUMOCTh HAJ R cucrem (yHKIHi

(a) {sinz,sin2z,...,sinnz};
(b) {ekr ek2x . ekn®} rne k; # k; npu i # j.

. Bekropsr a, by 3a1aHbl cBOMMHK KoopanHaTtamu B Gasuce {e1,es,es}:

a; = (2,3,5)7, ay=(0,1,2)", a3 = (1,0,0)";
by =(1,1,1)7, by =(1,1,-1)", bs =(2,1,2)".

Haiitu marpunpl JuHEHHOrO omneparopa, MEePeBOISIEro ay B COOTBET-
creytommue by, B 6asuce {e}, e, e3} u B 6asuce {e3,e3+e3,e; +es+ez}.

. Haittu 6a3ucer sapa u obpasa omeparopa, 3aJaHHOI0 MaTpPHIEeit

0 -2 -3 2
1 1 1 -1
0 0 2 0
1 -1 0 1

Jlokazarhb, 9TO JII00BIE IBE TIpsMbIe TpocTpancTBa R™, n > 3, comepxkar-
Cs B HEKOTOPOM TPEXMEPHOM JimHeitHOM MHOT00Opa3uu B R™. loka3ars,
910 JTI00bIE [IBEe IJIOCKOCTH mpocTpancrBa R™ comepkarcd B JMHEHHOM
MHOrooOpa3uu paszmepHocTu He Oosree 5.

13



10*

BamucaTh B BUJE ONpPENENUTENs ypaBHEHUE OKPY>KHOCTH, MPOXOIAIIEH
yepe3 Touku (x1,y1), (T2,y2), (x3,y3), HE JIeKalMe HA OJHON IPAMOIA.

Bazanue 5 (caars K 30 HOSOp:)

. Ecim Bo3moxkHO, epexo/st Kk HOBOoMy basucy Haa R u mag C, npusectn

K JHAaroHaJIbHOMY BUAY MaTPHUIIbL

4 -4 1 4 6 5
7 5 9]; 2 4 3
-5 0 -4 5 —9 —7

. Haiitu xamommueckue MpAMOYTOJIbHBIE KOOPDAWHATBHI, KaHOHUYIECCKOE

ypaBHerue, Tuil, (POKYChI, JUPEKTPUCHI U ACUMITOTHI KPUBBIX BTOPOTO
[OpA/IKA:

(a) 2% — 4oy + 4y% — Tz + 9y + 16 = 0;
(b) 22 — 4ay + 4y* — 52 + 10y + 16 = 0;
(c) 222 + 3zy — 2y? + 5y + 2 = 0;
(d) 222 + 32y — 2y% + 5y — 2 = 0.

. Haiitu kanoHu4yeckue ypaBHEHUs U PACIIOJIOKEHNE KBAJIPHUK:

) 2%+ 5y% + 2% + 22y + 622 + 2yz — 22 + 6y + 22 + 2 = 0;

222 + 5y% + 222 — 2y —dxz + 2z + 220 — 10y — 22 — 1 =0

43: +49y% + 22 — 28xy + 4oz — 1dyz + 8z — 28y + 42 + 3 = 0;
— 2% + 2% +day — 8xz — 4yz — ldo — 4y + 142 + 16 = 0;

x2—y2—|—z2—|—4xy—|—63:z—|—2x—|—4y+62—8=0.

(a

(b
(c
(d

)
)
) @
()

. Onpenenuts adbUHHEBIE TUIBI KBAIPUK:

(a) ba? + 2y + 422 — 2wy + 4oz + dyz — 20 — 8y — 122 + 10 = 0;
(b) 2:1: +y?+222 - 20y —2yz+x—4y—32+2=0;

(c) 2% — 2y + 22 + 4wy — 10z2 + 4yz + 22 + 4y — 10z — 1 = 0;
(d) 22+ 9% + 422 — 22y + 4wz — dyz — 62 + 6y — 122 + 9 = 0;
(e) z% + 3y + 622 — 2wy + 4oz — dyz — 62 + 6y — 122 + 9 = 0.

. Brimucarbs MHOXKECTBO IEHTPOB Kaxk IO KBaJpPUKU B 33/1a4ax 3 u 4.

14



6. IIpoBepHUTh HCTUHHOCTH CJAETYIONIETO YTBEPIKIEHUS: TIOBEPXHOCTH BTOPO-
IO MOpAJKa ABJIAETCA MOBEPXHOCTHIO BPAIlleHUdA TOTJA W TOJBKO TOT/IA,
KOT/Ia €€ XapaKTepUCTUIEeCKOe YPaBHEHNE NMeeT KPATHBIA KOPEHb.

7. Haiitu ycnoBue, Ipu KOTOPOM CPeIH ILJIOCKHX CEUEHUH KOHyCa

UMEIOTCA PaBHOCTOPOHHHE I‘I/IHep60.HbI.

8*. BurumcnuTh ompenenuTesnn

11 1 1
1 2 3 n
11 1 1
2 3 4 nt1
11 1 1
3 1 5 n+2
1 1 1 1
n n+l n4+2 2n—1
9*. BuramcuTh ompeennTesn

1 22 a3 i

2 3 n

1 25 x5 5

2 3 n

1 x5 x5 x5

2 3 n

1 2 =, T,

10* Ilycrb R|z],, — moaumpocTpancTBO MHOrOYJIEHOB CTEleHH HE 0osiee . B
R[x].

(a) Hokasarb, 4TO d% SABJIsieTCs JUHEHBIM orepaTopoM Ha Rx],. Jo-
Ka3aTh, 9TO OH HUJIBIOTEHTEH, W IMPEJCTABUTH €r0 MATPHIEH B
KaKOM-HuUOYIb Oas3mce.

(b) HaiiTu cOGCTBEHHBIE YUC/IA U BEKTOPbI OIEPATOPa, x% Ha R[z],.

11* Haiiti 06bEM TPEXMEDPHOTO SJLIUIICOUIA, 34JAHHOTO OOIINM Y PABHEHUEM.

15



Banauue 6 (cmath Kk 14 nexabpsi)
1. JIomoaHUTH CIIUCOK BEKTOPOB
T T
<(17 2a _17 1) ) (2a _27 _L 1) >
JI0 OPTOTOHAJILHOTO 6A3WCa IBKIIMIO0BA IPOCTPaHcTBa R*.

2. Meromom Jlarpanxka HaiiTu KAHOHUYECKUN BUJ[ KBAIPATHYHBIX (DOPM

(a) 23 — 223 + 23 — 4179 + 87173 — 429735

(b) T1X2 + T1T3 + Tox3.
3. Haittu nopmasbubIil Bug HaJ R U curHaTypy KBaJIpPAaTHIHBIX (POPM

(a) 322 — 23 + 63179 — 27123 + 27973;

(b) T1X2 + T1Z3 + X1X4 + X2X3 + Toxg + T324.

4. Tlpn KaKuX 3HAYEHUIX A

(a) kBagpaTuunas dbopma 2x7 + 13 + 322 + 2\x 19 + 22173 TOTOKU-
TeJIHLHO OTpeieseHa’

(b) xBagparnunas bopma —7+\r3 — 22 +41 79 +8T223 OTPUTIATETHHO
ompeaeneHa’?

5. Haittu uncsio xnaccos sksusasienTHocTn HaL C m Ham R KBaIpaTUIHBIX
dOpM OT N MepeMeHHbIX.

6. Haiiru exp(A7) aus marpunst

-1 1 0 0
-4 -1 0 0
A= 0 0 -1 -4
0 0 1 -1

7* (a) Hokaszarb, 94TO HEHyJeBas HUJIBIIOTEHTHAs MaTpPUIA He IOH00HA
JUArOHAJIBHOU MaTpHUIlE.

(b) TokaszaTh, 9TO BeAKasg KOMILIEKCHas Marpuia A Takas, ato AF = F
pu HEKOTOPOM k € Zs(, monobHa IraroHaIbHOM MaTPUIe, U HAWTH
BUJI IIOCJIEIHEN.

8* Jlokasarb, 4To eciau Marpuubl A 1 B KOMMyTHUPYIOT, TO HaiiA€TCcsa Takas
yuurapuas marpuna U, aro marpunst UTAU u UTB U obe auaronasibubr.
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5*

6™

7

8™

9%

Bagauue 7 (cmath K 28 mexabpsi)

. Hokazarb, uro MuO)KecTBO O, (Z) BCeX 1eJ0IUCIEHHBIX OPTOrOHAIBHBIX

n X M Marpwul, 06pa3yer TPYIINy OTHOCATEJHHO yMmHOkKeHus. Haiitu mo-
PAI0K 9TOU I'PyIIIbL.

(a) Hokasarb, uyro MHOXKecTBO byHKIWMA 2 — f(2) = Zjig, rae z, a, b,

¢, d € Cu ad— be # 0, obpa3yer rpymiry OTHOCUTEIBLHO OEPAIUN
KOMIIO3UIUU (PyHKIHII.

(b) Kaxnoit marprue [ 4] € GLy(C) comocrasnm dbynkmmo f(z) u3
nyHskra (a). Byzer s 510 orobpakenue mopdusmom rpynn? Haiitu
ero Aapo.

. Haiitu nopsizioxk rpynnet Bpainenuii (a) npaBuibHOro rerpasapa; (b) Ky-

6a; () NpaBUJILHOIO JOJEKAIAPA.

. B asre6pe xsarepuamonos H pemmuts ypasmenme X2 4 1 = 0.

[MpusecTn K KOpAAHOBOM (HOPME MATPHUITHI
1 1 1 1 3 —4 -2 2
1 1-1-1] 2 -3 -2 2
1 -1 1 -1}|" -1 0 4 -5
1 -1 -1 1 -1 0 3 -4

BrimucaTh Bce 2-MepHble HHBAPUAHTHBIE TOANPOCTPAHCTBA, JIJI OTIEPaTO-
pa, 3aJJaHHOTO B HEKOTOPOM 0a3muce KaxKI0il W3 9TUX MATPHIL.

JlokazaTrh, 9TO 3JIeMEHTAPHBIMU MPEOOPA3OBAHUSIMUA CTPOK W CTOJIOIIOB

HaJL Z 100yI10 LEeJ0UNCICHHYI0 MATPHILy MOKHO IIPHBECTH K BUIY [4§ ],

rune A =diag {di,...,d,} u dg|dgs1 qnsaBeex k=1,2, ..., r— 1.
s mHOrOWIEH], [ OT TIEPEMEHHBIX T1, T2, L3, T4 MOJOKUM

Sym(f) = {0 € Su | f(@o1), To(2), To(3)s To(a)) = [(21, 22, 23, 24) }.

Hokazars, uro Sym(f) — moarpynna B S4. Haijitu Sym(zi2s + x324).

JlokazaTb, 4To ecau mMaTpuiia H spMuToBa, TO Iy Kaxaoro t € R mar-
puna exp(iHt) yuurapsa.

(Mampuywr Iaysu) PaccMoTpeTh KOMILIEKCHBIE MATPHUIIBI
10 fo01 [0 = 1 o0
O o] TT 1o P70 o] BT lo -1
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IIpoBeputsh, UTO

123).

(a) 040, —0p0q = 2ieqpc0e, vae {a,b,c} ={1,2,3} megpe =sign (L2 72);

0a0p + 0p0q = 204400 Tipu a, b # 0, vie dyp — cumBoa Kponekepa,;

MHOXKeCTBO {i07,109,103} obpasyer nag R 6azuc sitg;

d) muOxkectBo {i01, 109,103} obpasyer nan C 6aszuc slo;
) MHOXKeCTBO {0y, i01,i09,i03} obpasyer Ham R 6asuc us;

muoxkecTBo {0g, 101,109,103} obpasyer naxn C 6azuc gls.

Saganust O BRICIHIEH ajredpe U aHATUTHIECKOW TeOMETPUN
cocrapui A. I1. Yabsawuos
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