AHAJINTNYECKAYAd TEOMETPUN A
Jlextopst M. O. Kopmycos, A. B. OBunuaHnkoB, I1. B. ['ony6108

IlepBbIit 1 BTOPOIT BOIMPOCHI
K 3k3aMeHy. ba3zoBas 4acTh.

1.1. BekTopsbl.

. CdopmymupyiiTe onpeeneHne JTUHERHBIX OlepaIuii HaJl BEKTOPa-
Mmu. [lepeunciure cBoiicTBa JTUHEHHBIX Omepaluili HaJl BEKTOPAMHU.

. Chopmynupyiite ompejieieHne KOJUIMHEAPHBIX (KOMILIAHADHBIX )
BeKTOpOB. ChopMmympyiiTe n JT0KazKUTe HEOOXOAUMOE U JIOCTATOY-
HOE YCJIOBHE KOJUIMHEAPHOCTH (KOMILIAHAPHOCTH) BEKTOPOB.

. Cdopmynupyiire ompeenenns 6a3uca Ha IIOCKOCTU (B IIPOCTPAH-
CTBe), Pa3/I0KEHNs BEKTOpa M0 Ha3ucy, KOOPANHAT BEKTOpa B Oa3u-
ce. ChopmymupyiiTe n JIOKaXKUTE TEOPEMY O €JIMHCTBEHHOCTH pa3-
JIOYKEeHUs 110 Oa3mcy.

. Haiiaure pammyc-Bektop Toukn As, cummerpudnoii Touke Aj(ry)
otaOCHTeILHO TOUKE C'(7)).

. Iycre Ai(7r1) u Ay(re) — nBe nanuble Touku. Jlokazkure, 9T0 TOU-
Ka B(r) snexxur Ha orpeske [AjAs|] Torga m TosbKO TOrIa, KOraa
r=ar,+ 0ry, tae a,f € [0;1]ua+ 5 =1.

. Touku Ay(r1), As(rs), Az(rs), He Jexamnme HA OJHOI MPSMOii, sIB-
JISTFOTCSI TIOCJIeTOBATEIbHBIMI BEPIIMHAMH MapaJuiesorpamva. Haii-
JIATE PaJyC-BEKTOP T4 YETBEPTON BEpIIMHBI A4 9TOro napasiesno-
rpaMMa.

. Hamsr tpn touxku A;(r1), As(rse), As(rs), e sexamue Ha OHOI
upsimoii. Haifiiure pajmyc-BeKTOp TOUKE TepecedeHnsi MeIaH Tpe-
yroabuuka A AsAs.

. B TpeyFOJleHKe_{lBC’ npoejiena Meuana [AD]. Haitnure koopu-

—_— =
HaThl BeKTOopa AD B 6asuce, obpasoannom BekTopamu AB u AC.
. CdopmymupyiiTe ompemesieHne CKaJISPHOTO IIPOM3BEIEHUST BEKTO-
pos. CchopmysupyiiTe n J0KaKUTE €ro CBONCTBA.
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BoeiBesiure dopmysty Jiisi BBIYUCTICHUST CKAJSIPHOTO TPOU3BEICHUS
BEKTOPOB, 38JaHHBIX CBOUMHU KOOPAMHATAMU B OPTOHOPMUPOBAHHOM
basmce.

Cdopmynupyiite ompejieieHrne BEKTOPHOIO IIPOM3BEJICHUST BEKTO-
poB. 3anmiure HOPMYITY JJisi BBIYHCICHUST BEKTOPHOTO ITPOU3BE-
JIeHIsT BEKTOPOB, 33JIAHHBIX CBOMME KOOPJIMHATAMU B OPTOHOPMI-
poBaHHOM Oasuce.

CdopmynupyiiTe n JOKaXKUTe CBOWCTBA BEKTOPHOTO ITPOU3BEICHUS.
Barnmmure hopMysTy /I JIBOHHOIO BEKTOPHOTO TPOU3BEICHUS. 3a-
[UIIATE U JTOKasKUTEe TOXKJIECTBO SIKOOM.

Yupocrure Boipaxkenusi: (a)[a—b, a+b]; (6) [a—b+c, a—2b+3c|.
Chopmynupyiite ompejiesieHne CMEIaHHOTO ITPOM3BEIEHUST BEKTO-
poB. KakoB reomerpmyeckuii CMbBICI CMEIIAHHOTO IIPOU3BEICHUS
BeKTOpoB? CdopmynupyiiTe u JIOKaKUTe CBOWCTBA CMEIIAHHOTO
[IPOM3BE/ICHNSI.

Briseure hopmysty jiisi BBIYUC/IEHHST CMEITAHHOTO ITPOU3BEICHUST
BEKTOPOB, 38JaHHBIX CBOUMHU KOOPIMHATAMU B OPTOHOPMUPOBAHHOM
basuce.

Yo Takoe mpaBas (Jieast) Tpoitka BekTopos? Kax omnpejesmTs opu-
EHTAIIIO TPOIKKM BEKTOPOB, 38 aHHBIX CBOUMHU KOODIMHATAMU?!
JloKaxKuTe TOXKIeCTBO

([a,b],[c,d]):' (a.c) (a,

a,d)
(b.c) (b.d ‘

)

1.2. Matpuripl.

. CdopmymupyiiTe ornpesesnenne JTUHEHHBIX OIEpAIAil HAJT MATPHUIlA-

Mmu. [lepeuncanre cBoiicTBa JTUHEHHBIX OMepaIii Ha | MaTPUIIAMU.

. CdopmymupyiiTe ornpejeenne TUHEHHON KOMOMHAIIMNA CTOJIOIOB 1

JIMHeitHoit 000/109Ku cTo1010B. [IpuBeuTe TpUMeEpHI.

. Cchopmyupyiite ompejiesieHre JIMHEHHO 3aBUCUMBIX U JIMHEIHO

HE3aBUCUMBIX CTOJIONOB. [IpuBeuTe nmpumepsr.

Chopmynupyiite u JIOKaXKUTE TEOPEMY O CBONCTBAaX JIMHEHHO 3aBU-
CHUMBIX CTOJIOIIOB.

Cdopmynupyiite ornpesenenne ciefa Marpuilbl. Jlokaxknre paBeH-
crBo tr(A+ B) =trA+tr B.

. Cdopmymupyiite omnpeenenne npousseieHus marpuil. [Ipusegure

IpUMEPHI.

. I/ISBGCTHO7 qTO IIPOU3BEJACcHUE ABYX MaTpPHIL PaBHO Hy.HGBOfI MaTpHu-

ne. Crieryer Jin OTCIO/a, YTO OJIMH U3 COMHOXKUTEIEH IPeICTaB/IsSeT
coboit mynesyio marpuiy’? OTeer obocHyiiTe.

Ha kakyio MaTpuIly Hy>KHO YMHOXKUTH MaTpuIly A, 4TOOBI B Pe3yJIb-
Tare 1oJyduTh (a) mepsbiit crosben A; (6) mepsyio crpoky A?
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. ChopmymupyiiTe n TOKarKUTe TEOPEMY O CBOWCTBAX IPOU3BEICHUs

MATPHII.
[Iycts A, B —MaTpuiibl, Jjid KOTOPBIX OIPEIEIEHO TPOU3BEICHNE
C = AB. Jlokaxwure, 4ro i-ii cToyben Marpunnl C' IpeacTaBiiser
€000l TMHEHYI0 KOMOMHAIINIO CTOJIOIOB MaTpuilbl A ¢ Koadduim-
CHTaMU, PABHBIME 3JIEMEHTAM ¢-I'0 CTOJIOIA MaTPHUILL .

[Tycts A, B —MaTpuiisl, s KOTOPBIX OMPEJIEJIEHO POU3BEIeHUEe
C' = AB. Jlokaxwure, 910 i-it crosder; MaTpuibl C' IpeacTaBser
coboii mpousBeenne MaTpullbl A Ha i-if crosbern MaTpunbl B.
[Tycts A, B —MaTpuilpl, st KOTOPBIX OMPEIeeHO TPOU3BeIeHUe
C = AB. Jlokaxure, 9T0 i-g cTpoka Marpuiibl C' mpejcTaB/isieT
co0oil JIMHENHYI0 KOMOMHAIIMIO CTPOK MaTpullbl B ¢ Kodddurmen-
TaMU, PABHBIMU 3JIEMEHTAM i-if CTPOKH MaTpuIbl A.

[Tycts A, B —Marpuiisl, jjisi KOTOPBIX OIPEJIEJICHO IPOU3BEICHUE
C' = AB. Jlokaxute, 9T0 i-s1 CTpoKa MaTpuibl C' IpeacTaBiser
coboit pousBeieHne i-it crpokn Marpunbl A Ha Marpuiy B.
Cdopmynupyiite onpeje/ieHue Olnepaluin TPAHCIIOHUPOBAHUS MaT-
put. Cchopmynupyiite u JOKaKUTe TEOPEMY O CBOMCTBAX OlE€paIlUn
TPaHCIIOHUPOBAHUSI.

Chopmynupyiite onpenenerne obparaoit marpunbl. Beerja ju cy-
mecTByeT ooparHas marpuna’ Jlokaxkure, 9To ecyim oOpaTHas MaT-
pHIla CYIIECTBYET, TO OHA €JIMHCTBEHHA.

anurmre u J0KaxKuTe (hOPMYJIy BEITUCICHUS 00PATHO MATPUITBI
Jyist (2% 2)-MaTpHILbL.

Cdopmynupyiite u JOKayKUTE TEOPEMY O CBOWCTBaX 0OpaTHON MaT-
PHIIBL.

Jokazkure dbopmyny (PLAP)f = P=1A*P rne A, P— ksajpar-
HbIE MATPHUIIDI.

1.3. Onpenesnresin BTOPOro M TPEThEro MOPSIIKOB.

Cdopmynupyiite ompejiesieHre OIPEJICUTENIsI BTOPOTO IOPSIKA.
Chopmynupyiite U JIOKaKUTE OCHOBHBIE CBOMCTBA OIPEJIC/TUTE IS
BTOPOT'O TIOPSJIKA.

. Jokaxkure dpopmyssr Kpamepa jijist cucteMbl IBYX ypaBHEHH ¢ JIBY-

M4 HEU3BECTHBIMU.

. CopmymupyiiTe n JOKa)KUTe KPUTEPHUl PABEHCTBA HYJIIO OIIPE/Ie-

JIMTEJId BTOPOI'O IIOPAaKa.

. CdopmymupyiiTe ompesereHne OMpee/uTelIss TPEThEro MOPSIIKA.

Chopmynupyiite U JIOKaKUTE€ OCHOBHBIE CBOMCTBA OIPEJIC/TUTE IS
TPETHEro NOPAIKA.
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. anummre hOPMYJIbI PA3JIOKEHH ONPEICIUTE/IsI TPETHEro MOPsIKa

110 JTI00OMY CTOJIOIY. SaIlUIINTE MOJTHOE PA3JIOKEHUE OIPEIEIUTE IS
TPETHETO TOPSAJIKA.

. Yro Takoe MMHOD 3JIEMCHTAQ OHpe,HeJII/ITGJIH? Yro Takoe anre6pa1/1qe—

CKOE€ JIOTIOJTHEHHE dJIeMeHTa, onpejiesinTess! B uém pasindme Mex 1y
STUMU TOHATUSIMUI?

Chopmynupyiite u joKaxKuTe TeopeMy 0 (asbITHBOM PA3JI0KEHUN
OIIpeJIeTUTE ST TPETHErO MOPSIIKA.

. CdopmymupyiiTe n JJOKaXKUTE KPUTEPHT PABEHCTBA, HYJIIO OIIPE/Ie-

JIMTEJIAd TPETHETro IIOPpAdaKa.

. CdopmymupyiiTe n JoKaxkuTe TEOPEMy 00 Olpee/InTe/e IPOu3Be-

JIeHUS MATPUIL JJIs OlpeieJuTe/Iell TPEeThero MopsijIKa.
Cdopmynupyiite u JOKazKUTE TEOPEMY O CYIIECTBOBAHIH OOPATHOI
MaTpHIb s (3 X 3)-MaTpuiL.

1.4. YpaBHeHUd IIPAMBIX U IIJIOCKOCTEIA.

. 3anuImTe BEKTOPHOE IapaMeTPUYECKOe ypaBHEHUEe MIPAMOil Ha

IUIOCKOCTH; IapaMETPUYECKOe YPaBHEHHUE IPAMOIl Ha IJIOCKOCTH B
KOOP/IMHATHOM BH/I€; KAHOHUYECKOE YPaBHEHHUE IPAMOI Ha IJIOCKO-
CTHU B BHJIE IIPONOPIUN; KAHOHUYECKOE YPaBHEHHE MPAMOI Ha ILIOC-
KOCTH C ITOMOIIIBIO ottpejiesnTesisd. OUUInTe reOMeTPUIeCKIit CMBICTT
BCEX BXOJAIINX B 3TU ypaBHEHUA ITOCTOAHHBIX BEJIAIUH.

. Banumure BEKTOPHOE€ HOPpMaJIbHOE ypaBHEHHE HpHMOfI Ha ITJIOCKO-

CTH, MPOXOJAIICH Yepe3 3a/JJaHHyI0 TOYKY. SaIUIIMTE HOPMaJbHOEe
ypaBHEHUE TPAMOA Ha IJIOCKOCTH, HNPOXOALAINECH dYepe3 3aaHHYIO
TOYKY, B IPSIMOYTOJBHBIX KOODJIMHATAX. SAIUIIATE HOPMUPOBaH-
HOEe ypaBHeHue npsamoil Ha 1aockocTu. ONuImre reoMeTpuIecKuit
CMBICJI BCEX BXOJIANINX B 3TU yPaBHEHUS MOCTOAHHBIX BEJIUYIWH.

. BBIBG,HI/ITG CbOpMy.Hy JJIg BI9YUCJ/ICHU A PACCTOAHUA OT TOYKH IO IIPs-

MOI.

. BbIBe,D;I/ITe CbOpMyJIy JJId HaXO2K/IeHUA TOYKH, HBJIHIOH.LQﬁCH IIPpOEeK-

Hueil JTaHHOW TOUYKM Ha JAHHYIO NPIMYIO (Ha ILJIOCKOCTH).
BoiBesnre hopMyity Jis HAXOXKJIEHUsST TOUKU, CAMMETPHIHON JIAH-
HOM TOYKE OTHOCUTEIHHO JIAHHYIO IPAMOIi (Ha IIOCKOCTH).

. 3anummTe BEKTOPHOE TapaMeTPpUIecKoe YpaBHEHUE ILIOCKOCTH; T1a-

paMeTpuYecKoe ypaBHEHUE IIJIOCKOCTU B KOOPJAMHATHOM BHJIE; KAHO-
HUYIECKOE YPaBHEHHE TIOCKOCTH (€ TIOMOIIBIO ompejienutess). Omu-
mmTe FeOl\leTpI/I‘IeCKHﬁ CMBICJI BCEX BXOJANINX B ypaBHEHHE IIOCTO-
SIHHBIX BEJIMYHH.

. Banumure BEKTOPHOE HOPMaJIbHOC YpaBHEHHNE IIJIOCKOCTU; HOPpMa.JIb-

HOE ypaBHEHUE IIJIOCKOCTU B IIPAMOYTOJIbHBIX KOOpAUHATAaX; HOPMU-
POBAHHOE YpaBHEHUE IIJIOCKOCTH; YPaBHEHHUE IVIOCKOCTH B OTPE3Kax.
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Omnurmure FeOMeTpI/I‘{eCKHﬁ CMBbICJI BCEX BXOAANINX B YpaBHEHHUE I10-
CTOAHHBIX BCJIMYNH.

. BBIBG,D;I/ITG CbOpMy.Hy JJIA BBIYHUCJICHUA PaCCTOAHMA OT TOYKH 0

IIJIOCKOCTH.

. BbIBe,D;I/ITe CbOpMy.Hy JJId HaXO2K/IeHUA TOYKHU, HBJIHIOH.LQﬁCH IIPpOEK-

nuei JaHHOW TOYKU Ha JAHHYIO IIOCKOCTD.

Beieegure dopmyity i HAXOXKJIEHUST TOYKH, CUMMETPUYIHON TaH-
HOIl TOYKe OTHOCUTEJILHO JIAHHYIO IJIOCKOCTH.

SanummTe BEKTOPHOE IIapaMeTpPUIecKoe ypaBHEHHe IIPSMOiil B IIPO-
CTPAHCTBE; ITapaMETPUYECKOE YPABHEHUE TIPAMONA B IIPOCTPAHCTBE B
KOODJMHATHOM BUJIE; KAHOHUYIECKOE YPAaBHEHNUE NIPAMON B IPOCTPAH-
crBe. OnuImmMTe reOMeTPUIECKIi CMBICT BCEX BXOJAIINX B ypaBHE-
HUE IMOCTOAHHBIX BEJIMYMH.

1.5. CocTaBjieHue ypaBHEHHI MPAMBIX U IJIOCKOCTEIA.

. CocraBbTe BEKTOpPHOE IApaMeTPUYECKOe yPaBHEHHUE MPSMOM, Ipo-

xopsmieit  wepes  Touky My(ry) HEPIEHIUKYIAPHO IJIOCKOCTH
(r,n)=D.

. CocraBbTe KAHOHHYECKOE YpaBHEHUE IPSIMOI, MPOXOsIneil depes

touxy Mo (o, Yo, 20) HEpHEHIUKYISPHO T1ockoctn Ax+By+Cz = D
B IIPAMOYTOJILHOHN JIEKAPTOBON CHCTEME KOOPJIUHAT.

CocTaBbTe BEKTOPHOE HOPMAJIbHOE YPABHEHHUE TLIIOCKOCTH, ITPOXO0 I~
meit gepe3 Touky M (71) MepieHuKyJISpHO IPAMO = 7 + ta.

. CocraBbTe ypaBHEHHE ILJIOCKOCTU, IPOXOJMAINEH dYepe3 TOUKY

L =Ty  Y—Y %0
M (x1,y1, 21) HEPIEHUKYIAPHO MPIMOIL = = .
ai az as
CocTraBbTe BEKTOPHOE HOPMAJILHOE YPaBHEHUE ILIIOCKOCTH, IIPOXO/IsI-
el yepes3 npsaMyto T = 1o + ta u Touky M;(71), He JieKaIIyo Ha

9TON MPAMOIA.

. CocraBbTe ypaBHEHME ILJIOCKOCTH, ITPOXOJILINEH Yepe3 MpsaMylo, 3a-

T — 2o Y—"Y Z—2p
JAHHYI0 KAHOHUYECKUM ypaBHEHUEM = = , U
ay a2 as

touky M;(x1,y1,21), He JIEKAILYIO Ha STOM IPSIMOIi.

. CocraBbTe BEKTOPHOE HOPMAJIbHOE YpaBHEHUE ILJIOCKOCTHU, MTPOXO-

IAIell yepe3 mpaAMyo T = T + ta TeprIeHInKyJIsdpHO TIOCKOCTH
(r,n)=D.

. CocraBbTe ypaBHEHME ILJIOCKOCTH, ITPOXOJISINEH Yepe3 IpsaMyIo, 3a-

T — o Y—Yo Z— 20
JAHHYIO KaHOHUYECKUM ypaBHEHHEM = = ,
a2 as

ay
HepIeH K YIApHO ockoctu Ax 4+ By + C'z = D B IpsMOyTOJIBHOI
JIEKapTOBOI crcTeMe KOOD/IMHAT.
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. CocraBbTe BEKTOPHOE HOPMAJIHLHOE YPaBHEHUE ILJIOCKOCTHU, TTPOXO,Isi-

el yepe3 npaMyio r = rg + ta mapauieJibHO TpsaMoit » = r1 + sb
IIPH YCJOBUH, YTO MpsIMbIe He mapasuiesabHbl (T.e. [a, b] # 0).

CocrasbTe ypaBHEHUE ILJIOCKOCTHU, IIPOXOAdIIeill yepe3 npamylo, 3a-
T — Zo Y —"Yo Z— 20
JAHHYI0O KAHOHUYECKUM ypaBHCHUEM = = ,
a1 a2 a3
T — 2 Yy—W Z—2
= = [IpU yCJIOBUU, YTO
by by b3

I[IpAMbI€ HE ITapaJlJIe/IbHBI.

HapaJiIeIbHO TPAMOIA

1.6. JIunum BTOpOro mopsjaka.

. CCbOpMYJIHprITQ OolIpeJesieHue JIJINIICa U BhIBCJUTC €I'0 KaHOHUYe-

CKOE YpaBHEHHE.
Banummre mapamMerputieckue ypaBHEHUs dJunIca. KakoB reomer-
pudeckuii cMbIcsT mapamerpa’

. BoiBeure dbopmysibl, BhIpakaiomiyue GpoKaIbHbIE PAJINYChI TPOU3-

BOJILHOM TOYKH 3JLIHIICa depe3 eé abcmuccy. Chopmynmupyiite u j10-
KayKnuTe POKaJIbHOE CBONCTBO SJLIATICA.

. BoiBeinTe ypaBHenme KacaTebHOM K JIIHIICY.
. ChopmyupyiiTe u JOKaKUTE ONTUIECKOE CBOHCTBO 3JLIHUIICA.
. Chopmyupyiite onpeesieHne rurtepOoJibl 1 BbIBEIUTE €€ KaHOHMU-

YeCKoe ypaBHEHHE.
Hokaxxkute, uro runepbosia B KAaHOHUYECKON CHCTEMe KOODJMHAT
MMeeT HAKJIOHHBIC aCUMIITOTHI.

. BoiBeure dbopmysibl, BhIpakaiomye (GpoKaIbHbIE PAJIAYCHI ITPOU3-

BOJIbHOI TOYKHM rurepbosibl depes eé abermecy. Chopmymupyiite u
JIOKaXKUTEe JTUPEKTOPHAILHOE CBOMCTBO IUIIEPOOJIBI.

. BbIBe,HI/ITe YpaBHEHUE KacaTeJIbHOI K FI/IHep6OJI€.

CdopmynupyiiTe u JOKazKUTE ONTHIECKOE CBOWCTBO THIIEPOOJIBL.
Cdopmynupyiite omnpeiesienne napabdoJibl U BHIBEIUTE €€ KAHOHIIe-
CKO€ ypaBHEHWE.

BriBeure ypaBHeHme KacaTeabHON K mapabolie.

CdhopmyaupyiiTe n JOKaXKUTe ONTUIECKOE CBOMCTBO HMapabOJIbL.
Banummre ypaBHEHUE dJLIUIICA, THIIEPOOJIbI, TapabOJIbl B TOJISPHOI
cucTeMe KOOpJUHAT U CPOPMYIUpPYHTEe YCIOBUSA, IPU KOTOPHIX ITO
ypaBHEHUE UMEET MECTO.



1.

10.

11.

12.

1.7. IloBepxHOCTU BTOPOro MOPSAKA.

CemMeiicTBO MOBEpxXHOCTEH 33/1aHO0 B IIPSIMOYTOJILHOI CHCTEME KOOp-
muHaT ypasnenueM A2 4+ y? + 22 = 1, cojep:KaIiuM napamMerp A.
OmpejiesiuTe TUI TOBEPXHOCTHU IIPU BCEBO3MOYKHBIX 3HAYECHUAX .

. CemeiicTBO TIOBEPXHOCTEH 3a/IaHO B MPAMOYTOJILHON CHCTEME KOOP-

muHaT ypasnenuem A2 + y? + 22 = ), cojepzKammM mapaMeTp .
OHpe,ILeJH/ITe THUII IIOBEPXHOCTHU IIPU BCEBO3MOXKHbDIX 3HAYCHUAX )\

. CemeiicTBo HOBerHOCTefI 3a/laHO B HpHMOYI‘OJIbHOfI CrucTeMe KOOop-

muHaT ypasHeHumeM x2 + y? — 22 = ), colep:KalluM IapaMeTp A.

Ompeiesinre THUIT TIOBEPXHOCTH IIPU BCEBO3MOXKHBIX 3HAYEHUSIX A.
CemMeiicTBO MOBEpXHOCTE 3a/1aHO0 B IIPSIMOYTOJILHOI CHCTEME KOOp-
quHaT ypasuenueM z2 + \(y? + 2%) = 1, comepxamum napamerp .
OmpejiesiuTe TUI TOBEPXHOCTU IIPU BCEBO3MOYKHBIX 3HAYECHUAX .

. CemeiicTBO TIOBEPXHOCTEl 3a/IaHO B MPSIMOYTOJIBHON CHCTEME KOOP-

quHaT ypaHenueM 2 + \(y? + z2) = \, cojepzKamuM nmapaMerp .
OHpe,ILeJH/ITe THUII IIOBEPXHOCTHU IIPU BCEBO3MOXKHbDIX 3HAYCHUAX )\

. CemeiicTBo HOBerHOCTefI 3a/laHO B HpHMOYI‘OJIbHOfI CrucTremMe Koop-

JMHAT ypaBHeHueM A\r’ + y? = z, comep:kamuM napamerp A. Onpe-
JIEJTATE THUII TOBEPXHOCTHU IPU BCEBO3MOYKHBIX 3HAUECHUAX .
CemMeiicTBO MOBepxXHOCTE 3a/1aHO0 B IIPSIMOYTOJILHOI CHCTEME KOOp-
nuHAT ypasHenuem \(x?+y?) = z, conepzxamum napamerp A. Onpe-
JIEJTATE THUIl MOBEPXHOCTHU IIPU BCEBO3BMOYKHBIX 3HAYECHUAX .

. CemeiicTBO TIOBEPXHOCTEl 3a/IaHO B MIPSIMOYTOJIHHON CHCTEME KOOP-

muHaT ypasuenueM x2 + y? = ), cogepzxammuym napaMerp A. Ompe-
JIeJIUTe TUII HOBEPXHOCTH HPH BCEBO3MOXKHBIX 3HAYCHUAX .

. CemeiicTBo HOBerHOCTefI 3a/laHO B HpHMOYI‘OJIbHOfI CHuCTEeMe KOOp-

IuHaT ypasHeHueM z2 — y? = ), cogepxKamum napamerp A. Ompe-

JIEJTATE THUII TOBEPXHOCTHU IPU BCEBO3MOYKHBIX 3HAUECHUAX .
Ceuennsa nosepxuoctu 72 + 2y — 322 — 1 = 0 mockocTamu x = 0,
x =1, x = 2 cupoekTupoBanbl Ha 1I0CKOCTh Oyz. Kak nHasbiBaeTcst
1oBepxHocTh? M306pasnure MOBEPXHOCTH U YKA3AHHDBIE TPOEKITUH.
Ceuenna nosepxnoctu x2 + 2y? — 322 = 0 maockoctamu = = 0,
x =1, x = 2 cupoekTHpoBaHbl Ha 1IOCKOCTh Oyz. Kak HasbiBaeTcst
oBepxHOCTh? M300pasuTe MOBEPXHOCTH U yKa3aHHBIE TIPOCKITHH.
Ceuenus nosepxuocti 2x% — y? = 2z mwiockoctamu © = 0, v = 1,
T = 2 cupoeKTupoBaHbl Ha II0cKOCTh Oyz. Kak HazbiBaercd Io-
BepxXHOCTH? 1300pa3uTe MOBEPXHOCTh U yKa3aHHbBIE IIPOEKITUH.
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Ceuennsa nosepxnoctu 222 — y? = 2z mwiockocravu y = 0, y = 1,
Yy = 2 CHpOEKTUPOBaHBI Ha ILIockocTh Orz. Kak HasbiBaercs 11o-
BepxHOCTH! V300pasure MOBEPXHOCTH U YKA3aHHBIE MTPOEKITHH.
Cevennsa nosepxuocTn 222 — y? = 2z maockoctamu z = —1, z = 0,
z = 1 cupoekTupoBanbl Ha miockocTb Oxy. Kak HasbiBaercs 1mo-
BepxXHOCTH? 1300pa3uTe MOBEPXHOCTh U yKa3aHHbBIE IIPOEKITUH.
Kax nHasplBaeTCsl IOBEPXHOCTD, 3a/lalHasd ypapHenueM o2 — y? = 17
M306pasure HOBEPXHOCTD U HAMATE YPABHEHNUS €€ IPIMOJTMHEAHBIX
00pa3yIoNuX, TPOXOALAIINX Yepe3 TOUKY (Zg, Yo, 29) TOBEPXHOCTH.
Kax HasbIBaeTcs IOBEPXHOCTD, 3a]aHHas ypasHenueM 12 +1y%—z2 = 07
M306pasure HOBEPXHOCTD U HAKIUTE YPABHEHUS €€ IPAMOIMHEAHBIX
00pa3yIoNuX, TPOXOMASIINX Yepe3 TOUKY (Zg, Yo, 29) MOBEPXHOCTH.
Chopmynupyiite ompeeseHre MPsSMOIUHERHOM 0Opas3yromeil 1o-
BEPXHOCTU BTOPOTO Hopsika. llepeunciure u m3o6pasure mMoBepx-
HOCTU BTOPOI'O MOpsijiKa, siBistomuecs (a) l-ymueitdareiviu; (6) 2-
JIMHEYATHIME. 3alMIIATe KAHOHUIECKNE YPABHEHUS STUX [MOBEPX-
HOCTeI.

1.8. Cucrembl JIMHEHBIX ypaBHeHU. PaHTr MaTpuUIIbI.

. JlokaxkuTe, 9TO OJHOPOIHAS CUCTEMa JIMHEHHBIX YpaBHEHUN MMeeT

HETPUBUAJILHOE PEIleHne TOI/Ia U TOJIBKO TOIJIa, KOT/Ia CTOJOIbI €€
OCHOBHOII MaTpUIIbl JTMHEHHO 3aBUCHAMBI.

. Jlokaxkure, aTo ecim Xy, Xo — JiBa pelieHust OJJHOPOIHON CUCTEMBI

JnuHenHbIX ypaHeHuit AX = 0, To y10obas X JnHeiHass KOMOWHAITHST
TaKZKe dABJIAETCS PEIIeHUEeM 3TON CUCTEMBI.

. Chopmymupyiite omnpenenerne (yHIAMEHTAILHON COBOKYIIHOCTH

pemenuii (PCP) ommnopoHoit cucTeMbl THHEHHBIX ypasHenuii. Haii-
mure OCP cucremsr ' + 22 + 2% = 0 u 3anummure obmmee perrenne
cucreMbl ¢ omorpio OCP.

. Jlokaxkure ciemyromiee yTBepxKjeHnue: ecau Xp, Xy — perreHus

HEOHOPOIHOI crucTeMbl JinHeiHBIX ypaBHeHnit AX = B, to X1 — X,
— pelieHne COOTBETCTBYOIIEH oiHopoIHO# cucteMbl AX = O.
Haiimure obiiee perienue HeoHOPOHOI cuctembl b + 22 + 2% = 1.
OTBer mpecTaBbTE B BHUJE CYMMbBI YACTHOI'O PEIIeHHs HEOIHOPO/I-
HOIT CHCTEMBI U ODIIEro PelreHnsi COOTBETCTBYIOMIEH OHOPOIHOM CH-
CTEMBL.

. Ommumure anropurm [aycca—2Kopaana.
. Omwmmmure aJaropuT™M BBIMUACACHUA OOPATHON MATPHUIILI IPU TOMOIITH

asropurma ['aycca—2Kopmana. ObocHyiiTe 5TOT aJaropuTM.

. CdopmymupyiiTe ompeeneHne MOIIPOCTPAHCTBa P IIpocTpaHCTBA

R"™, omnpejnenenne 6a3uca moanpocTpancTBa P, pa3MepHOCTH IIOJI-
npocTpancTa P.
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9. Jlokaxkute, 9T0 pa3MEpPHOCTDb JUHEHHOM 000JIOUKN CTPOK MATPHUIIHI
HE MEHSIETCsI TIPU 3JIEMEHTAPHBIX ITPE0OPA30BAHUSX CTPOK.
10. /JokakuTe, ITO pa3MepPHOCTH JTUHEIHON ODOJOYKHM CTOJIOIOB MaT-
PHIIBI HE MEHSIETCSI TIPU 3JIEMEHTAPHBIX IIPE0OPA30BAHMAX CTPOK.
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Tpetuit u 4eTBEPTHIII BOIIPOCHI K IK3aMEHY.
IIponBunyTasi yacTthb.

2.1. BekToOpHI.

. BoiBeure dopmyinty i1 BbIUMCTIEHUST BEKTOPHOT'O MPOW3BE/ICHUS

BEKTOPOB B OPTOHOPMHUPOBAHHOMY Oasuce.

. BoiBesiute popMysty ABOIHOTO BEKTOPHOTO MPOW3BEICHUA.
. JlokaxkuTe, 9TO TPU OTPE3Ka, COETUHSIONINE CePeIMHbI CKPEITBa-

IOIUXCA pEdEp TeTpa’ipa, IepeceKalTcsd B OJHOM TOUKe U JIeIITCS
9TON TOYKON HOIIOJIaM.

. Pazmoxure BEKTOp a Ha JABE COCTaBJIAIONIME, OJHa U3 KOTOPLIX Jie-

KHUT B IJIOCKOCTH, IEPIEHIUKYIAPHON BEKTOPY M, & Jpyrad Iep-
HNEeHIUKYJISAPHA 3TON IIJIOCKOCTH.

. Pemure BekTopHoe ypasuenue [x,a] = b (31ecp a # 0, b—3a-

JIAHHBIC BEKTOPBHI) M YKAXKUTE HEOOXOUMOE U JIOCTATOTHOE YCIOBUE
CYIIECTBOBAHUS PEIICHUA.

. JIoKa;KuTe TOMXKJIeCTBO ([a, b, b, ], [c, a]) = (a,b,c)’.
. JlokaxkuTe TOXKIECTBO

a b c
(a” ba c)[az,y] = (a’7w) (baw) (C,$>
(ay) (by) (cy)

. ,HOK&)KI/ITG TO2KIE€CTBO

(x,a) (x,b) (x,c)
(z,9,2)(a,b,c) =| (y,a) (y,b) (y,c)
(z,a) (2,b) (z,¢)

. B tpeyronbauke ABC touka D nenut cropony [AB| B oTHOIIEHHHI

A (re. |[AD| : |[DA| = \). Beipasure nmmuy orpeska [C'D] uepes
JuHBl cTopon Tpeyroibiuka (a = |BC|, b = |AC|, ¢ = |AB|) un
YHUCJIO .

B upsimoyrosibaom Tpeyrosbiuke ABC' OIyIieH NepreHIuKyIsap
|[CH| na runorenysy [AB]. Beipasure BekTop CH Yepe3 BEKTOPHI
a=CBub=CA

B tpeyronbuuke ABC nposejena Boicota [AH|. Boipasure BekTop
—_— — —

AH depes BexkTopsl b = AB u ¢ = AC.

2.2. Marpwunpbl.

. IIycts maTpuier A u B TakoBbl, 9T0 0ba mupousBeienus AB wu

BA cymecrBytor, T.e. A € R™" u B € R™™. Jlokaxure, 9TO
tr(AB) = tr(BA).
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. Haiimure Bce MaTpUIIbI BTOPOTO MOPSAIKA, KBAIPATHI KOTOPBIX PaB-

HbI (&) HyseBoit MaTpure; (6) eUHATHON MaTpHILE.

. Ilycrs AF = O. Jlokaxute, uto (I—A)™! =T+ A+ A%+ .. + AL
. Marpuma A Takosa, uro A%2 + A + 1 = O. Jlokazkute, 4T0 A 06pa-

TuMa, 1 Haitaure AL

. NsBecrno, uro marpuier A u B obparuMbl 1 KomMyTupyor. Jloka-

xute, uto A~' nu B~! Tak:ke KOMMYyTHPYIOT.

. IIycts X, Y — crobusl ojunakosoii BeicoTel 1 A = XY, Jloka-

JKUTe, 4TO CyLIecTBYeT Takoe Juco p, 9to A% = pA.

. Marpurer A u B cimverpuansl. [Jokaxkure, aro matpuna AB cuM-

METPUIHA TOTJA U TOJIBKO TOra, Korja A u B KOMMYTHDYIOT.

. Ilycts A € R™™ (1.e. A— BermecTBeHHas KBaIPATHAS MATPUIA).

Jokaxkute, uto u3 pasencrsa tr(ATA) = 0 Betekaer, uto A = O.

. Jokaxkure, uro pasencrso AB — BA = I HeBO3MOKHO.

2.3. OmpegesinTean BTOPOrO U TPETHEro IMOpsaKa.

. JlokaxkuTe, 9TO IJIOMAIL HApAJIeI0orpaMMa, CTOPOHAMI KOTOPOTO

SIBJIAIOTCS BEKTOPBI @ 1 b ¢ koopauuaramu (ay, az) u (b, b)) (orHOCH-
TeJILHO HEKOTOPOI0 OPTOHOPMHUPOBAHHOIO HAa31Ca) COOTBETCTBEHHO,
paBHa

ay Qg

S== by by

. JlokaxkuTe, 4TO IJIOMIAb TPEYTOJbHUKA C BEPIIMHAMU B TOYKAX

A(xlayl)a B(%,QQ), C(x3,y3) paBHa

1 T1 W 1
S = :i:§ T2 Yo 1].
r3 ys 1

. HyCTb BC€ 9JIEMCHTDBI MaTpPHUIIbI A BTOPOI'O IIOPpAAKa ABJIAIOTCA ,HI/ICb—

depennupyeMbiMu (QYHKIUAMEI OJTHON IIEPEMEHHOI T, TAK YTO OIpe-
nenurensb det A 3Toil MaTpHIlBI TaK:Ke ABjsteTcs GyHKIwmeid or x. Jlo-
Kazkure, 9ro det A — muddepeniupyemast GyHKINs, TPAIEM UMEET
MecTo (hopMyIIa

a(x) b(x)
c(z) d(x)

. Jl1g Bcex 3HaYEHWIT TapaMeTpa p PEIuTe CUCTEMY YpaBHEHUI

(p+3)xr + 15y P,
pr + (p+4)y = p—2.
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. Jlng Bcex 3HaYeHMWIT TapaMeTpa p PEluTe CUCTEMY YpaBHEHUI

(p+2)xr + 2py =4,
52 + (p+3)y =5.

. IIyctp A —kBajpaTnasa matpuiia nopsijika 3, B = adj A —eé npu-

coemHEHHAs MaTpunia. Beipasure det B gepes det A.

2.4. IlpsimMmble 1 MJIOCKOCTH.

. Hokazkure, 4to eciu Tpu npamble Ayz+ By = Dy, Asx+ Boy = Do,

Asx + B3y = D3 niepecekaiorcst B OJ{HOI TOUKe, TO

Al Bl D1
Ag BQ DQ - 0
A3 B3 D3

CocTaBbTe 10JIsIpHOE ypaBHEHUE IIPAMO, IPOXOJIAIIECi Yepe3 TOUKI

My(r1,01) 1 Ma(ra, 2).

. Haitiure sneobxoumoe 1 j1ocTaTOIHOE YCJIOBHUE, IIPU KOTOPOM IIpsi-

MbI€ B IPOCTPAHCTBE T = 71 +1@1 U T = Ty+5as: (&) CKPENUBAIOTCS;
(6) mepecekaloTCs B €IMHCTBEHHOI TOUKe; (B) MapaJiiebHbl, HO He
COBIAIAIOT; (I') COBMAIAIOT.

. Ilpamag 3ajana Kak mepecevdeHue JIByX Iiockocreii (r,ny) = Dy u

(r,n2) = Dy. Banummre ypaBHeHue 3Toif npsiMoii B Buje [r,al = b
(T.e. BoIpasure a, b uepes ny, na, D1, Dy).

CocTaBbTe ypaBHEHHE TIPAMOIL, TIEPECEKAIOIIEeil JIBe CKPENUBAIOIIN-
ecd IpaAMbIe T = Ty +1a; U r = T9+1as U TPOXOAAINEH Yepe3 TOUKY
My(ry), He JexKaIryio HI Ha OIHON U3 STUX HPAMBIX.

. CocraBbTe ypaBHEHUE MPSIMON, TIepeceKatoneil 1Be CKPEeIIBAIOIIH-

ecd IpaMble * = 7 +1ta; U r = T2+ @y MO TPAMBIMHA YTJIAMUA (T.e.
ypaBHEHHE ODIIEro MepIeHIUKY/Igpa K ITUM TIPSIMbIM ).

. HaI‘/JI,H‘I/ITe HGO6XO,H,I/IMO€ n JOCTaTOYIHOE YCJIOBHE, ITPU KOTOPOM ILJIOC-

koctu (r,m1) = Dy u (r,n2) = Dy (a) mepecekarorcst Mo IPAMOI
yuany; (6) mapaJiiesbHbl, HO He COBIAIAIOT; (B) COBIAIAIOT.

Hanbl npsivast 7 = 7 + ta u mwiockocts (1, n) = D. Haiigure Heob-
XOJIIMOE ¥ JIOCTATOYHOE YCJIOBHE TOrO, 4To: (&) HpsMasi U ILI0C-
KOCTb ITI€PECEKAIOTCs (MMEIOT €MHCTBEHHYIO OOIIYI0 TOYKY), U B
9TOM CJIydae Haiiiure paJiiyc-BeKTOp TOUKH Iepecedenust; (6) mps-
Mast M IVIOCKOCTD MapasuIebHbl (He IMeIOT OOINX TOUeK ); (B) mpsi-
Mast JIEZKHUT B IIJIOCKOCTH.

. Ilpamag 3ajaHa Kak mepecederue JiByX Iiockocreii (r,my) = Dy u

(r,m2) = Dy. 3anummre BEKTOPHOE MapaMeTPHYECKOe ypaBHEHUe
9TON NPAMON, T.€. YpaBHEHUE BUIA T = T( + ta.
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Haityiure pajimyc-BeKTOp TOUYKH mepecedenust npsiMoii [r,al = b ¢
IOCKOCTBIO (T, M) = D.

Haiimure npoexruio Touku My(rg) Ha mwiockocTs (7, n) = D napaJ-
JIEJIBHO IpsiMoit 7 = 71 + ta upu yeiaosun (a,n) # 0.

Haiigure npoeknuto Touku My(rg) Ha npsmyo r = 71 + ta napaJ-
aespHo WwiockocTH (r,m) = D upnu yciosun (a,n) # 0.

Haitsure oproronanbhyio npoeknmto Toukn My(rg) Ha Hpsamyio
[r,a] =b.

Haiinure oproronanbuyio mpoekrmio Touku My(rg) Ha IIOCKOCTD
r =11 + ua + vb.

Haiiure paccrognue Mexkay ABYMS IAPAJIICJIbHBIME ILJIOCKOCTSIMA
r=7r+ua+vbur=ry+ua-+uvb.

Haiinure paccrosinue Mexky JBYMS MapasuleJbHBIME ILJIOCKOCTSIMU
(r,n)=D;u (r,n) = D,.

Haiisiure paccrosiane ot touku My(ro) 10 upsivoii [, a] = b.
CocraBbre ypaBHeHnue IJIOCKOCTH, COIEPKAIIEi mapaJlIebHbIe TIPs-
Mble T =71 +ta ur =7y +1ta.

Haiinure paccrosgnue MexK Ly napaJjule/IbHBIME IPAMBIMEA T = 71 +ta
ur=ry+ta.

Haityiure paccrostiuie MexK /Iy Tapa/ie/IbHBIME IPIMbIME [, @] = by
u [r,a] = b,.

CocraBbre ypaBHEHHE IIJIOCKOCTH, TIPOXOJISIIEH Yepes3 JIMHUIO TIepe-
cedenus 1ockocreii (1, ny) = Dy u (7, ny) = Dy IepHeHIUKYISIPHO
mwiockoctu (1, n3) = Ds.

CocraBbre ypaBHEHHE [IJIOCKOCTH, IPOXOJisIeit yepes Touky Mo(rg)
u npsmyio [r,al = b.

Haitinre paccrosinue MexK /1y CKPEIUBAIOIIUMUCS IPAMBIME [T, @] = by

n [7’,0/2] = b2.

2.5. JIuHMM BTOpOro mopsaka.

. Jlokaxkure, 9TO NMPOU3BEJICHIE PACCTOSTHII OT (POKYCOB SJLIUIICA O

JII00OI KacaTeIbHOI K HEMY eCTh BeJINYUNHA IIOCTOIHHASI, U HAIuTe
e€.

[okaxkute, YTO KacaTeJbHbIE K IJUIUICY OTCEKAIOT Ha JIBYX Kaca-
TEJIbHBIX K HEeMY, IPOBEJICHHBIX B KOHIAX OOJIBIIOW OCH, OTPE3KH,
[IPOU3BEJCHNE KOTOPBHIX PABHO KBAAPATY MAJION IOJYOCH 3JIJIAICA.

. [loryunre mapamerpudeckne ypaBHEHUs TUITEPOOJIHI.
. CocraBbTre ypaBHeHue runepOo/ibl B CUCTEMe KOOPIHMHAT, OCAME KO-

TOpOfI ABJIAIOTCA aCUMIITOTDI FHH€p6OJIbI.

. Jlokaxkure, uTo 3jumnAIc U runepbosia, uMmenmue obmme (HOKyChI,

IEPECEKAIOTCsI MO/ MPSIMBIM YTJIOM (T.€. UX KacaTeJbHbIe B TOUKE
IlepeceveHnsl ePIeH IUKY/IAPHBI).
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JlokaxkuTe, 9TO OTPE30K JII000H KacaTeIbHO K JJLIUICY, 3aK/II0UEH-
HBITT ME2KTy KacaTeTbHBIMU, TPOBEICHHBIMI B KOHITAX OOJIBINO OCH,
BHJIEH U3 JIIOOOTO (hOKYCa MOJ, MPIMBIM YTJIOM.

HokaxkuTe, 94TO JId JAHHON rUnepOoJIbl IPOU3BEJICHIE PACCTOSHUM
oT J1I000i TOYKN runepooJIbl JI0 €€ aCUMITOT €CTh BEJIMYUHA TTOCTO-
AHHAdA, U HAWIUTE 3Ty BEJIMYUHY.

JlokazknuTe, 9TO0 OTPE30K KacaTeIbHOIN K ruiepdoJie, 3aKII0UeHHbIIT
MeXK/JIy €€ aCUMIITOTaMU, JeJUTCs TOYKON KacaHusl IIOII0JIaM.
HokaxkuTe, 94T0 jiBe MapaboJibl ¢ 00IUM (POKYCOM U IIPOTUBOIIOIOK-
HO HAIIPABJICHHBIMU OCSIMHI MIEPECEKAIOTCA MO TIPAMBIM YIJIOM (T.€.
KacaTeIbHbIe B TOUKE [IEPECEUCHUsT B3ANMHO TIE€PICHINKYIISIPHBI ).
Hokazknute, 9T0 cyMMa OOpPATHBIX BEJIUYNH OTPE3KOB, Ha KOTOPbLIE
doxyc napaboJIbl IETUT ITPOXOJILAIILYIO YePe3 HEro XOPLy, IIOCTOSHHA.
JlokaxkuTe, 9TO OTHOIIEHUE MPOU3BEIECHUS JIJTUH ITUX OTPE3KOB K
JJIMHE XOPJbl TAK2Ke OCTOAHHO.





