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BBEJEHHUE

1. Ilesb n 3a0a4m 0OCBOCHUSA IMCHUIIMHBI (MOYJIs1)

[enpro ocBOeHUST TUCIMIUIUHBI «['eomeTpus» sABIseTCS HOPMHUPOBAHUE COOTBETCTBYOIIMX
obmienpodecCHOHaNbHBIX KOMIIETCHIIMI OyIayIiero OakajiaBpa IO HAIPABJICHUIO TMOIATOTOBKHU
10.03.01 «MudopmarmonHas 6€30MacHOCTBY UCIIOIB30BaHUSI CPEACTB M METOJOB aHATMTUYECKON
reOMETpUU JUIST perieHus MPUKIIATHBIX 3aJa4 B obactu busuKy.
OCHOBHBIMH 33J1a4aMU OCBOCHHS JUCITUILUTHHBI «I'€OMeTpus» SBISIOTCS:

— MoJy4YeHne 0a30BbIX 3HAHUU 110 AHATUTHYECKOU T€OMETPHU;

— MPUOOPETCHHE HABBHIKOB HCCIICIOBAHMS W PpEIICHUS O0a30BbIX 3aJlad aHAJTUTHYECKOU
reOMETPUH;

— OBJIaJICHUE COBPEMEHHBIM I'€OMETPUUYECKUM aIapaToM JIJIsl 1albHEUIEro UCIOJIb30BaAHUS
MIPHU PEIICHUN TEOPETUYSCKUX U MPUKIIATHBIX 3a/1a4;

— pa3BUTHE CIOCOOHOCTEH MPUMEHATH IOJYYCHHBIC 3HAHUS M YMEHUS B CMEXKHBIX
JUCIUIUIMHAX U Oy ayieit mpodecCHOHaTbHON ACSITeTbHOCTH.

[Ipy ocBOEGHMH NWCHUIUIMHBI BbIpaOaThIBaeTCs oOOIlIeMaTeMaTH4ecKas KyJlbTypa: yMEHHE
JIOTUYECKH MBICJIUTh, MPOBOJUTH J0KA3aTebCTBA OCHOBHBIX YTBEPXKICHUM, YCTaHABIMBATH
JIOTUYECKHE CBSI3M MEXIy TMOHSTUAMH, TNPUMEHSITh I[OJIyYCHHbIE 3HAHUS [JIS peIlIeHUs
TEOMETPUUYECKUX 3a/lad M 3a7ad, CBSI3aHHBIX C MPWIOKEHUSMHU T'E€OMETPUUYECKUX METOJIOB
Juctunnuna «I'eoMmeTpus» BXOIUT B 0a30BYIO YacTh AMCLMUILIMH mepBoro 6moka. Ee ocBoeHue

OCYIIECTBIISICTCS BO 2 CEMECTpE.

2. [lepeyenb IUIaHUpPYEeMBIX PpPe3yJabTATOB OOy4YeHHUS] MO JUCHUILUIMHE (MOAYJIIO),
COOTHECEHHBIX ¢ IVIAHUPYEMbIMHU Pe3y/IbTaTAMH OCBOCHHMS 00pa30BaTeJbHOM MPOrpaMMbl

Kon, hopmymnuposka
KOMIICTCHIITUN

Kona, hopmynupoBka nHankaropa

[InaHupyemble pe3ybTaThl 00yUEHHUS
0 TUCIUTUINHE (MOJYJTIO),
XapaKTepU3yOIIHE ITAllbI
(hopMHUpPOBaHUS KOMIICTCHITUH,
HHUKaTOPOB

OIIK-3 Cnocoben
HCITIONIE30BAaTh
HEOOXOAMMBIE
MaTeMaTHYECKHE
METO/IBI ISt
pelieHus 3aaa4
poeCCHOHATBHOMI
JEATENIbHOCTH

NJ-1 OIIK-3 OcymecTBisieT 0TOOp U
CHCTEMAaTH3aI[UI0 OCHOBHBIX CBOHCTB BayKHEHIIINX
anredpandecKnux CTPyKTyp; OCHOB JINHEHHOM
anreOpbl; OCHOB aHAJTUTHYECKON TeOMETPHH.

OcymiecTsisieT 0TO0p U
CHCTEMAaTH3aLNI0 OCHOBHBIX
MIOHSTUI aHAIMTHICCKOMN
TE€OMETPHH;, IEMOHCTPUPYET
BIIaJieHNE (HOPMYITHPOBKAMH
YTBEPKICHHI, METOIAMH HX
JI0Ka3aTeNIbCTB.

NA-2 OIIK-3 OnepupyeT 371eMEHTaMU YUCIIOBBIX
0JIEH, JIMHEHHBIX POCTPAHCTB, TUHEHHBIMU
orepaTopamMu, MaTpUIIaMH, BEKTOpaMH,
JMHEHHBIMU U HEIMHEHHBIMA T€OMETPHICCKUMU
00BEKTaMU; pEIIaeT CUCTEMBI IMHEHHBIX
YpaBHEHMUIA; IPUMEHSIET aNredpandecKue MeToIbl
JUTS pEIIeHNS TeOMETPUUECKUX 3aJ1a4; TPUMEHSET
anreOpandecKue ¥ reOMETPUIECKIE METOIbI JIJIst
pelIeHNs MPUKITAIHBIX 337124, a TaK JKe
MIPOU3BOUT OIEHKY Ka4eCTBA MOJTyIeHHBIX
PEIICHMIT; JEMOHCTPHUPYET CIIOCOOHOCTH K
a0CTpaKIKH, B TOM YHCJIC YMEHUE JIOTHYCCKHU
pa3BUBaTh OT/ENIEHBIC (POPMATBLHBIC TCOPUH U
YCTaHaBJIMBATDH CBSA3b MEX]y HUMU.

Onepupyet dIIeMeHTaMH JTHHESHHBIX
MIPOCTPAHCTB, BEKTOPAMH,
JIMHCHHBIMM ¥ HSJTUHEHHBIMU
TCOMETPHUYECKUMH O0BEKTAMU;
MPUMEHSET areOpanIecKue METO b
TSl pEUICHUSI TEOMETPHUUECKHUX
3a/1a4; MPUMEHSIET anredpanyeckre
Y TEOMETPUUIECKUE METOIBI JJIS
pelIeHns MPUKIIAIHBIX 33724, a
TaK)Ke TMPOU3BOIUT OIIEHKY KaduecTBa
[IOJIyYE€HHBIX pelleHUil;
JIEMOHCTPHUPYET CIIOCOOHOCTH K
a0CTpaKIHH.

N-3 OIIK-3 ucronb3yeT MaTeMaTudecKue
METO/IbI M IPOTPAMMHBIC TEXHOJIOTUH PaOOTHI ¢
anreOpandecKUMU CTPYKTYPaMH TS PELICHHUS
3aJa4 MpoeCcCHOHAIBHON NeSITENbHOCTH.

Hcnonp3yer reomeTpudeckue
METOAbI AJIs1 OITMCAHUA
MaTeMaTHYECKUX MOJEeIeH
mpodecCHOHAIBHBIX 3a7a4.




IMPAKTUYECKOE 3AHSITHUE Nel
JIuHeiiHasl 3aBUCHUMOCTb BEKTOPOB

Henab: u3yynTh IMHEHHBIE ONEepaIi HaJl BEKTOPaMHU.

3HATh: 3HATH OCHOBHLIE ITOHATHUS TCOPHU BCKTOPOB U JIMHEHHBIE orncpanrnu Haxa
BEKTOPaMH.

YMeTh: TNPUMEHATH anmapaT BEKTOPHOW anreOpbl s peIIeHUs Pa3InYHbIX
MPAKTUYECKHX 3a7ay.

B.]'[a)leTb: MCTOJaMH BBIITOJIHCHHA CJIOXCHUC, BBIUYUTAHUC BCKTOPOB, YMHOKCHHC Ha
CKaJIsip, HAXO0XKICHUS MOYJISI BEKTOpA.

3HaHusT M yYMeHHs, NMpuoOpeTaemMble CTYAeHTOM B Ppe3yJbTaTe OCBOEHHS TeMbI
(cemunapa), popmMupyembie KOMIIETEHIIMU UM UX YACTH:

OIIK-3 crocoOHOCTh HCIIOJIB30BATh HEOOXOAUMBIE MATEMATHYECKHE METOABLI IS
peleHus 3aaa4 npodeccuoHalbHOM 1eATeIbHOCTH.

AKTYalbHOCTb: IIPY U3YYEHUHU PA3JIMYHBIX PA3ICIIOB TEXHUYECKUX HAYK BCTPEUYAIOTCS
BEJIMUMHBI, TAKUE, HAIPUMED, KaK CUJIa, CKOPOCTh, YCKOPEHUE, KOTOPBIE OMPEICIISIFOTCS HE TOJIBKO
CBOMM YHCJIOBBIM 3HAUYCHUCM, HO U HAIIPABJICHUEM - BCKTOPHBIC BEJIMYNHBI.

Teopernyeckasi 4acThb

Bexmopom Ha3pIBaeTCS HAIIPABICHHBIN OTPE30K AB ¢ Ha4ajaoM B TOUKE A M KOHI[OM B TOYKE
B (puc. 1). Bektop o603Ha4yaercsi AByMsl NPOMUCHBIMU OyKBaMU C YEpTOM WJIM CTPENKOW Haj
HUMH, [IPUYEM IepBas OykBa — Hadyajlo BEKTOpa, a BTOpas — €ro
a B KOHell, WJIM CTPOYHBIMU OyKBaMH JATUHCKOrO aji(haBuUTa C YepTon

WJIY CTPEJIKOM.
y JlBa BeKkTOpa Ha3bIBAIOTCS pasHbimu (PUC. 2), €CIIM OHU UMEIOT
Puc.1 OJUHAKOBYIO JUIMHY W HaIlpaBJICHUE.

PaBencTBo BEKTOPOB 0003HAYAETCs
AB=a. _
OTHOXUTh BEKTOP @ OT TOYKU A 3HAYUT a IIOCTPOUTH TaKou
exTop AB , ut0 AB =7 . Puc.2
Bekrtopsl, Jexamue Ha OJHOW TPSMOU WIA HAa TapaIeIbHBIX

MPAMBIX, HA3BIBAKOTCA KOJNIUHEAPHBbIMU, JICKAIINUEC B OJIHOM IIJIOCKOCTH MM Ha apaJlliCJIbHBIX
IJIOCKOCTAX — KOMNIAHAPHBbIMU.
Ecnu Havano u KoHen BCKTOpa COBIIAAAaOT, TO OH HA3BIBACTCA HYJ/I€6bIM U 0003HayaeTcs

0 = AA. HampaBneHue HyJEBOIO BEKTOpa IPOU3BOJIBHOE, IOATOMY CYHMTAIOT, 4YTO OH
KOJIJTMHEAPEH JII00OMY BEKTOPY M KOMIUIAHAPEH JIFOOBIM JIByM BEKTOpPaM.

Jnunot umm mooynem ‘AB‘ BeKTOpa AB Ha3bIBaeTcs

YHUCIIO, paBHOE [UIMHE OTpe3Ka, H300pakarolero
BEKTOp. /{nuna Hyneeo2o 6ekmopa pasna HyJio.

Han BexkTOopamMu MOXHO TIPOU3BOAUTH CIIETYIOIINE
JIEUCTBUS:

1. Ilpoussedenuem BEeKTOpa a Ha YUCIO a HA3BIBACTCS

KOJUIMHEApHbI eMy BekTop b =aa, miMHa KOTOpOTro
pl=lel-la
a>(), ¥ IPOTUBOIIONIOKHBIM eMy, eciu a<( (puc. 3).

Bekrop —a = (— 1 ) a HAa3bIBACTCS NPOMUBONOJIONHCHBIM BEKTOPY a .

, 4 HallpaBJICHUEC COBIIAAAaCT C BEKTOPOM a, eciu

2. Cymmotl BEKTOPOB @ ¥ b Ha3pIBaeTcst BEKTOp € =a +b , Ha4ao KOTOPOTO COBIMAJAET C

HAYaJIoM BEKTOpa d , @ KOHEIl — C KOHIIOM BEKTOpa b TpH YCJIOBUH, UYTO BEKTOP b OTIIOXKEH OT
KOHI[a BEKTOpa a .



IIpumepsl peienust 3aga4

3amaua 1. J{anb1 Bektopsl @ u b . [TocTpouTh UX cCymmy.
Pemenue. [ToctpoeHrie MOKHO BBIIOJIHUTD IBYMs CLIOCOOAMM:

MPABUJIO TPEYTOJbHUKA MPaBHJIO MapaJuieJorpaMmma
B C
B C
% a+bh
a+b
A
A »D

Ecnu AB=a, BC=b, 10 AC=a+b mo0 S - _ - _
OIPEETCHUIO CYyMMBI. Ecnfl AB=a, AD =b, 10 BC=AD =b (10
CBOWCTBY MPOTHBOJICIKAIINX CTOPOH
napasenorpamma), nostromy AC =a+b 1o
OTIPENICIICHUIO CYMMBI.
Ilpasuno muozoyzonvnuka. Eciu Haoo cnodcumv HECKOAbKO 6EeKMOPOS8, MO KANCOblil
noC1edyowull 6eKmMop OmMKIAObIBAIOM 0M KOHYA Npeovloyuie2o, mo2oa 6eKmop, HaYuHarUWUNCs

6 Hadane nepeoco eekmopa u 3aKaHllu661l0u/;MﬁCﬂ 6 KOHUYye nOCﬂ€dH€20, 6ydem UCKOMOTUL CyMMOl:i

(puc. 4).

a _
a—->b
~ 1581051
b

Puc. 5

3agaua 2. B tpeyronsnuke ABC M — cepenuna ctopoHbl AB. Bbipa3suTs BeKTOp M yepes

BEKTOPbI CA uCB.

Pemenue. [loctpoum tpeyrompHuk ABC A D
no mapamienorpamma ADBC takum o0pazom,
4yTOOBl O0Tpe3ok CM nexall Ha ero JuaroHaiu M
(puc. 6). Ilo cBoiicTBy mapamienorpaMma
CM=MD, 1o mnpaBwly napaienorpamma
CD=CA+CB, CM =~(C4+CB). C B

- 1 A

Orper: CM = E(CA +CB).




3apaua 3. B terpasnape DABC: CM=MB, AD = m, DC = n, DM = p (puc. 7). Pa3noxurs

BeKTOp  AB 0 BEKTOpaM m,n,p. DBBIACHATH  KOMIUIAaHapHBl JIL  BEKTOPBI
AC + AM , DA- DB, BC .
Pemenue. [1o npaBuiay MHOrOyrojgpHuKa
AB = AD +DC+CB = AD + DC +2CM =
=E+D_C+2(W—D_C)=n_z+ﬁ+2ﬁ—2ﬁ=n_1+2ﬁ—ﬁ.
BekTop AC + AM  NeXur B IUIOCKOCTH (ABC), Tak kak Bce
Touku A, C, M 1nexar B Heu; DA—DB=—AD — DB =
= —(E + DB)= —AB = BA NeXHT B IIIOCKOCTH (ABC), BC nexut B
miockocT (ABC). Tlo onpeneneHunto 3T BEKTOPbl KOMIUIAHAPHBI.
Orser: AB = m+2p—n, BEKTOPHI AC + AM , DA— DB, BC

KOMIIJIaHApHBI.

B Puc.

3ananus 151 padoThI B ayIMTOPUH M CAMOCTOSITEIbHOM PadoThI

1. Jaunsr Toukn A (1, 2, 3) u B (3, 5, 9). Haiitu koopaunarsl Bektopa AB, ero mnmmny,
HalpaBJIIOIUe KOCUHYCBI U OPT.

— 2
Otser: 1) AB=(2,3,6); 2) 7; 3)cosa:;,cosB:%,cosy:g; 4)
— 236
a,=(=,—,—).
0 (7 ; 7)

2. BekTop @ cocTaiser ¢ KoopAHHATHbIMA ocsivu Ox u Oy yruel o = 60" u B= 120°.

HaiiTi kooparHAaTHI BEKTOpa & MPH YCIOBUH, UTO ‘a‘ =2.

Oteer: a = (1,—-1,+/2) wm a = (1,—1,—/2).

3. Jlanbl Tpu mociieI0BaTENBHBIC BEPIIMHBI Tapayuienorpamma: A(1l, -2, 3), B(3, 2, 1), C(6, 4,
4). Haiitu ero 4eTBepTyI0 BepuInHy D.

Otser: D(4,0,6).
4. TloctponTs mapamnenorpamy Ha sektopax OA = (1,1,0) 1 OB = (0,—3,1) . Onpexemuts

nnaronanu napamenaorpamma OC u AB .

OrtBerT: ‘&‘ = \/g, E‘ =32
5. Tlpu Kakux 3HAYEHUSX O U [B BEKTOPHI a=-2i+ 33 + BE n b=ai- 63 + 2k
KOJUIMHEApHBI?

Otser: o0 =4, =-1.

6. Haiitu JMHENHHYI0 KOMOMHAILMIO BEKTOPOB 3a_1 + Sa_2 — a_3 , ectn a) = (4,1,-3),
ar =(1,2,-3), a3 = (16,9,).
Ortser: (1, 4, -25).

7. BBIACHATB BONPOC O JIMHEHHOH 3aBUCHMOCTH BEKTOPOB:
a) a1 =(2,-13), a2 =(0,-1,4), a3 =(0,0,-5);
6) a1 =(1,0,1), a2 =(-2,1,-1), a3 = (0,L,1).

OTBeT: a) TMHEWHO HE3aBUCUMBI; 0) THHEHHO 3aBUCHMBI.



8. I[aHLI TPH BEKTOpa a= (2,-2), b= 2,-D) u c= (2,4). Haiitn KOOpIMHATBEI BEKTOPA
p 2a—b+cu PasIOAHT €r0 10 BEKTOpaM anb.

Otsert: p 4D, p= —3a+5b.

9. 3amamer BekTopsl A =21+ 3] s b=-3] ]— 2k, c=i+ J K . Haiitu: a) koopauHaTh!

opra a ; 0) KOOPAMHATEI BEKTOpa A — Eb + C; B) pasnoxeHue BekTopa a + b — 2¢ no

Gasucy I {_ i _} r) Tp; (a b)

OTBeTZa)( 3 ) 0) (311 jB) 23;4)6.
J13°13°

3AJIAHUE JUISI CAMOCTOSITEJIBHOU PABOTEI
1. Haiitu niuny Bektopa @ = 2i +3j — 6k 1 ero HaNpaBIAIONIUE KOCHHYCHI.

b|=23,|a —b| =30. Haiitn [a +b|

3. Ha II0cKOCTH JaHbl TPH BeKTopa @ = 2i,b = 3i +3,¢ = 2i + 6 /. Pa3I0XuTh BEKTOp ¢ 110

2. Jlanbl MOy BEKTOPOB |a| =11,

BEKTOpaM a H b.
4. Janwel yethlpe BekTopa a =(2,1,0), 52(1,—1,2), c=(2,2,-1), c7=(3,7,—7). Paznoxure

BEKTOp d 10 BeKTOpam a , b, c .

Cnucok JuTeparyphbi:
1. Uneun B.A., Kuwm I'.J1. JIuneiinas anredpa un ananutudeckas reomerpus. — M.: TK Ben6w,
Uz n-Bo [Ipocnekt, 2015.— 400 c.
2. Yeronun, A.Il. JIunelinas anredpa 1 aHaTUTHYECKas TeOMETpHs DIEKTPOHHBIN pecypc :
yuebHoe nocobue / A.Il. Yeronun. - PoctoB-Ha-Jlony : FOHBIN QenepaibHblil yHUBEPCUTET,
2015. - 149 c. - Knura Haxogutcs B 6a3oBoit Bepcuu IbC IPRbooks. - ISBN 978-5-9275-1728-
2



ITPAKTUYECKOE 3AHATHE Ne2

MeToa KOOpAUHAT
IIe.m:: HU3YYUTb CUCTCMbI KOOpAMWHAT.
3HaTh: 3HATH CIOCOOBI 3a/1aHUS CUCTEMbI KOOPAMHAT.
YMeTh: IpUMEHSTH anmnapaT BEKTOPHOU anreOpsl AJIsl pEHISHUs Pa3INUHBIX PAKTHUYECKUX
3ajad.
Baaners: anreOpanuyecKUMHU METOIaMU PEIICHHS TEOMETPUIECKIX 3a]1ad.
3HaHUA U YMeHMsl, IpUoOpeTaeMble CTYIEHTOM B pPe3yJibTaTe 0CBOEHUS TeMbl (CEeMUHAPA),
(¢opMupyemMble KOMIIETEHUMU HJIU UX YACTH:
OIIK-3 criocoGHOCTh UCIOIB30BATh HEOOXOUMbIE MATEMATUYECKUE METOIBI IS PEILICHUs
3a/1a4 MpoPeCCHOHATBHOMN JIEITETLHOCTH.

AKTYaJIbHOCTB: IIPU U3YUYCHUU PA3TUYHBIX Pa3/ieioB (PU3UKU, MEXAaHUKU M TEXHHUYECKHUX
HayK BCTPEYAIOTCS BEJIWYMHBI, TaKUe, HANPUMEpP, KaK CHJIA, CKOPOCTb, YCKOPEHHE, KOTOpPbHIC
OTpEENAIOTCS HE TOJHKO CBOMM YHMCIOBBIM 3HAYCHHEM, HO U HANpPaBICHUEM - BEKTOPHBIE
BCIIMYHNHBI.

Teopernyeckas 4acThb
1. AddunHas cucTeMa KOOPAUHAT HA MJIOCKOCTH U B POCTPAHCTBE
Appunnoii cucmemoti Koopounam A penepom
Ha IJIOCKOCTH B IIPOCTPAHCTBE

Ha3bIBAETCs TPOUKA (O, é,e, ), Ha3bIBACTCS YETBEPKA (0,51,52,63),

COCTOsA1Iasd U3 TOYKHU O — Hayana KOOpAHUHAT U 0asuca

e,e, .
O06o3HauaeTcs
R=(0,¢,¢,)

[Tycts M — npousBonbHast Touka. Bektrop OM - paouyc-eexmop 3TOW TOUYKH, KOTOPBIH
pasnaraercsi eTMHCTBEHHBIM 00pa3oM 110 BeKTOpaM Oasuca:

OM =x,-e,+x, e, OM =x,-e,+x,-e,+x;-¢

OM(xl,xz) W(xl,xz,x3).

Koodduuumentsr paznoxenus (koopauHatel Bektopa OM ) BHONHE ONPEAETSIOT
MIOJIOKEHUE TOYKU M U ABJISIOTCA €€ KoopAuHaTtamMu. Koopounamamu mouku Ha3bIBAIOTCA
KOOP/IMHATHI €€ PayCc-BEeKTOpa U 0003HaYar0TCA

M(xl,xz)mm M(x,y) ‘ M(xl,xz,x3) WIH M(x,y,z).
ITycts B penepe R 3afaHbl 1B€ TOUKH, UMEIOLINE KOOPJHMHATEI
Ml(xlﬁyl)’ Mz(%a)’z) ‘ M1(x1ay1a21)aMz(xzayzazz)

B adounnoit cucreme koopauHAT Oa3MCHBIE BEKTOPHl MOTYT OBITh IPOU3BOJIBHOM

OTIMYHON OT HyIs JIMHEI U 06pa3oseBath yron o : 0° <a <180°. B 3Toit cucTeMe CIOXHO
pemarh METpUYeCKHe 3amadd (ONpe/IeleHue pACCTOSHUN, BEIMYUHY YIJIa, BBIYHCIICHHE
mIomajeii 1 00beMoB).

2. IIpsimoyroJibHasi 1eKapTOBasi CHCTEMAa KOOPAUHAT.

IpsmoyeonvHotl Oekapmogotl cucmemor KoopouHam

Ha IMIOCKOCTHU B IMPOCTPAHCTBEC
HAa3bIBACTCA YIOPAAOUYCHHAS Mapa ABYX B3aMMHO | HAa3bIBACTCHA yanopsasaouCHHasd TpOfIKB.
NEPHNCHAUKYJIIPHBIX KOOPAHUHATHBIX ocei Ox W | B3aNMHO NEPHICHANKYJIAPHBIX

8



Oy.

\ KoopauHaTtHbIX oced Ox, Oy, Oz.

[IpyyeM HayalOM KOOPAWHAT KaXXIOW M3 OCel CIyKUT uX obmas Touka O — Hayaio
IPSIMOYTOJIbHOM JAE€KapTOBOM cUCTEMbl KOOpAMHAT. MaciuTaOHble OTPe3KH KOOPIUHATHBIX Ocei
BbIOMpatoTcst paBHBIMU. Ock OX Ha3bIBaeTCs ocbio abcyucc, ocb Oy — ocbio opouHam,

‘ ochk Oz HA3BIBAIOT OCHIO ANNAUKAN.

EnvHUYHBIE BEKTOPBI, JIeXKAalllMe Ha OCAX KOOPAMHAT M BBIXOASINE U3 Hauyaja KOOpJAUHAT
Ha3bIBAIOTCA opmamu U 0003HavaroTes: § it ocu Ox, j mis ocu Oy.

‘ k g ocu Oz.

yr[Opf[I[O‘lI/ITB OCH KOOpAHWHAT MOKHO IBYMS CHOCO6aMI/I, C KOTOPBIMHU CBsI3aHA OPUCHTALIUA

IIJIOCKOCTH.
Koopaunataeie ocu Ox u Oy pa3OuBaioT
IUIOCKOCTh HA YETBIPE YETBEPTH — KeaOpaHmd.

[Tnockocth c MOCTPOCHHOM CHUCTEMOI1
KOOp/MHAT, Ha3bIBACTCS KOOPOUHAMHOU
NJIOCKOCMbIO.

Ecnmu ngnst Toro, 4troObl TOJIOKHUTEIBHOE
HampaBieHue ocu Oy  coBmagalo  C
MOJIOKUTEIBHBIM ~ HampaBiienuem ocu  Ox,

MOCJICIHOK HYXHO IIOBECPHYTb BOKPYI Hadalla

KOOpAUWHAT Ha YIroJl IIpOTUB ABUKCHUA

YacoBOM CTPCJIKH, TO TaKad CUCTEMa KOOpAHUHAT
Ha3bIBACTCA anIGOZZ, a IINIOCKOCTDb
NOJIOHCUMENIbHO opueHmupoeaHHoﬁ;

€CJIn
T
IIOBOPOT Ha yT'OJI 5 AOJDKCH OCYHICCTBIATHCA 110

JIBUKCHUIO YacOBOHM CTpENKH, TO
KOOpAWHAT Ha3bIBACTCS n1e6ou
ompuyamesbHO OPUEHMUPOBAHHOII.

Ha puc. 12 nHa mpaBoil u JeBOl cucreMax
KOOPJMHAT YKa3aHbl HOMEpa YE€TBEPTEH.

CHUCTCMa
U1

«Pacmonoxxum Ha6J'II-OI[aTeJUI» B TOYKC,

SIBIISTFOIICHCSL KOHIIOM BekTopa k . Eciu mpu
€ro B3IJISZE Ha IJIOCKOCTh (OX) OKaXerTcs,
YTO OHA OPUEHTUPOBAHBI TOJIOKUTEIIBHO, TO
U BCS CHCTeMa KOOpAMHAT Ha3bIBAETCS
NONONHCUMENILHO — OPUEHMUPOBAHHOU — WU
npasoi; €ciau IUIOCKOCTh OXxy OKaXeTcs
OTPHUIIATEIILHO OPUEHTUPOBAHHOW, TO M BCS
cucTema KOOpJUHAT Ha3bIBACTCS
ompuyamenbHo  OPUEHMUPOBAHHOU WU
nesotl (puc.13).

[pasas cucmema Koop()uHam Jlesas cucmema Koopdunam

Jexapmosvimu koopounamamu TOYKH M B THpPSIMOYTOJbHOM JEKapTOBOM cucreme

KOOpJAUHAT

Ha IJIOCKOCTH
Ha3bIBAETCS YNOPSAIOYECHHas Mapa 4ucen (X,)),
KOTOpBIE SIBJISIFOTCSA ko3¢ duLreHTaMu

pasnosxenus Bekropa OM 1o 6asucy i, j:

OM =x-i+y-j.

B [IPOCTPAHCTBE
Ha3bIBACTCs YNOPSAAOYEHHAs] TPOWKa YHUCEl
(x,y,z), KOTOpBIE ABIAIOTCS KO3 PUIMeHTaMu

pa3iioKeHUs1 BEKTOpa OM 1o Gasucy i, j,
k:
OM =x-i+y-j+z-k.

Paccrosinue MCIKAY TOYKaAaMH

Ml(xlayl)a Mz(xpyz)

‘ Mi(x1,y1,z1) u Mo(x2,y2,22)

BBIYHUCIISIETCS IO (popMyIte

MM, = \/(xl _xz)z +(y1 _y2)2 .

MM, = \/(xz —x2)2 +(J’1 _y2)2 +(ZJ _22)2

Tak kak IpAMOYrojibHasgs ACKapTOBas CHUCTEMA KOOPAWHAT ABJIACTCA YACTHBIM CIIydacM
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apUHHOM CUCTEMBI KOOPIMHAT, TO OHA HACJIEeyeT BCe CBOMCTBA U YTBEP K ICHUS, CIIpaBEIINBbIE

it apUHHON CUCTEMBI KOOPIUHAT.
3. IloasipHasi cucTeMa KOOPAMHAT HA MJIOCKOCTH.

Honsapnaa cucmema KoopouHam Ha TUIOCKOCTH

p M 3ajjaeTcsi BbIOOpOM Touku O, Ha3bIBAEMOW nosrtocom, W

/ 14 HampaBJeHHbIM JiydoM Ox  (nonspuoil  ocvblo) C

=(/) Puc. BBIOpaHHBIM Ha HEM eTUHUYHBIM oTpe3koM OF (puc.l14).

0 E * Kaxnoi Touke M B NOJAPHON CUCTEME KOOPAUHAT

COOTBETCTBYET YINOPAJOYCHHAs TMapa YHCeIN (p,(p),

Ha3bIBaEMasl noIApHLIMU KOOpOunamamu Touku M. Uucno p Ha3bIBaeTCs NOMAPHLIM PAOUYCOM
Touku M: p=OM . Uucno ¢ Ha3bIBACTCS NOJSAPHLIM Y2lOM — OTO PajHaHHAs BEJIWYMHA yTia

xOM , 1.e. 3T0 yrom moBopota nydya Ox 1o coBmeuienus ¢ jdydom OM . Eciu moBopoT
OCYIIIECTBIICTCS ITPOTHUB YaCOBOU cTpeliku, To ¢ > 0 ; ecnu mo 4acoBoit crpenke, To ¢ < 0. Jlns
ToukH O BEIMYMHA MOJIIPHOIO yrila HE ONpEeICHa.

Kaxnoii Touke MI0CKOCTH COOTBETCTBYET OECKOHEYHOE UMCIIO Nap JEHCTBUTENbHBIX YHCET
— €€ KOOpJAMHAT, HO KaXXJOW Iape COOTBETCTBYET €IMHCTBEHHAs TOYKA IJIOCKOCTU. bynem
cuutath, uto @ €[0;27).

[lycth Ha MIOCKOCTH 3a/laHbl JABE CUCTEMBbl KOOPAMHAT: MPSMOYIOJbHAs IEKapToBas U
MOJISIPHAs, TPUYEM Hayalo KOOPJAMHAT MPSIMOYIOJbHOM JI€KapTOBOM CHCTEMBI COBHALAET C
MOJIFOCOM TOJISIPHOM CUCTEMBI KOOPAMHAT, a MOJIOKUTEIbHOE HarpaBieHne ocu Ox - ¢ MOJIApHOU
OCBIO.

[Iycth B mpsIMOYTOJIBHOM AEKAPTOBOM CHCTEME KOOPAMHAT TOYKa M MMEET KOOPAMHATHI
(x,y), @ B IOJISIPHOM €€ KOOPAMHATHI (p, q)), TOorAa

X=p-cos@; y=psing (1)
- (opmymBI IEpEexo0/1a OT MOJIIPHON CUCTEMBI KOOPAWHAT K MPSMOYTOIBHOM;

x . y
COS P ———=, SINP = ———— o)
Ix2+y2 [x2+y2 ( )

- (hopMyIIBI IEpExo/a OT NPSIMOYTOIBHOM CUCTEMBI KOOPAMHAT K IOJISIPHOM.
4. Cdepuueckasi cucTeMa KOOPANHAT B POCTPaHCTBeE.
[TonoxxeHne nMpou3BOJBHON TOYKU M B IIPOCTPAHCTBE

“A OTpeIeTIIeTCs TPEMST KOOPIUHATAMH:
p=|0OM|, 0<p<+w,

P .M @=/XOM', 0<@<2r,

| 0=/MOM, 0<6<2r,
0 ) 0 E ) Trme M' - mpoexuus Toukn M Ha Tuiockocth xQOy,

< 7 MM'"' 1 xOy, MM'"nxOy=M" (puc. 15).
¢ o CBs3b COTrJIaCOBaHHBIX chepuueckoit u
X ¥ N , MPSAMOYTOJIbHOM JIEKapTOBOM CUCTEM KOOpJWHAT
M BbIpaxkaetcs popmynamu
Puc. 15 x = pcosgsinf,

y = psin@pcoso,
z = pcosé.
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5. HunanHapuyeckasi CHCTEMAa KOOPAMHAT B IPOCTPAHCTBE.
]_II/IHI/IHI[pI/I‘-ICCKI/IG KOOpAUHATBI — 3TO 4YuUC]Ia pO,0,Z.

ZA Ecnmu M' - nmpoexnust Touku M Ha miockocts X0y, TO
p=|OM'|, 0<p <+,
’M p=/LXOM', 0<p<2rm,
EZ z=|MM'|, 0<z<+o (puc. 16).
0 ! : > CBHSI: [MJTMHIPUYECKIX KOOPJHHAT C MPSMOYTOIBHON
A » L JIeKapTOBOM BBIpaXkaeTcsi opMyIaMu:
o s X = pcose,
XK ) :\J/M’ y = psin g,
Puc. 16 2=

IIpumepsl pemienus 3agaq

. 3
3agaua 1. Haiitu npsMoyroibHble KOOPAMHATHI U MOCTPOUTH TOUYKY A(Z\/E,Zﬂj, eciu

IMOJIXOC COBITAAACT C HAYAJIOM KOOPAMUHAT, IIOJIAPHAA OChb HAIIpaBJICHA 110 OCH 8.6CLII/ICC.

Puc.17 Pewenne. Ilo dopmynam (1) x= N2 COS%?Z’ =-2;

y= 22 sin%ﬂ =2; A(-2,2). lloctpoenue cm. Ha puc. 17.

. OtBeT: A(-2,2).

3agaua 2. Halitu nmosjsipHble KOOpAUHATBI TOYKU M (1,—/3), €Cii TOJIIOC COBMAAaeT C

Ha4YaJIOM KOOpAWHAT, a HOJAPHAsA OCb - C IIOJIOKUTCIBbHBIM HAIIPABJIICHUEM OCH a6CIII/ICC (T.e.
CHUCTCMbI KOOpJANHAT COI‘J'IaCOBaHBI).

M; Puc. 18 Pemenne. Ilo ¢opmynam (2) p =1 +(— \/§)2 =2,

5
o, M; sing = —ﬁ , ¢=—m (tak kKak Touka M mnexute B IV
0 = ’ 3 5 5

X yerBeptH). Utak, M (2;7[) . OtBer: M (2§ﬂj .

3anaua 3. Onpenenuts pacCTOsIHUE MEXIY TouKamMu M, (pl,(pl) uM, (pz,%) (puc. 18).
Pemenue. B tpeyronsuuke OM;Mo>:
OM,=p,,OM, = p,, ZM,OM, = ¢, —@,.
ITo TeopemMe KOCHHYCOB
M,M; =0M; +OM;—-2-OM,-OM, -cos /M ,OM,,

MM, = p; + p? =2p,p, cos(p, - p,) 3)
Eciu @, > ¢,, 10 ZM ,OM , = ¢, — @, , HO TaK Kak KOCUHYC yriia — 4yeTHas GpyHKIus, To Gopmya

(3) octaercst cripaBeITMBOM U B 3TOM ClIyJae.

Otser: MM, =1/ p] +p; —2p,p, cos(p, —¢,).

Queypotl Ha3BIBAaETCS JTIOO0€ MHOXKECTBO TO4YeK mpocTpaHcTBa. [lycTh 3amana HeKoTopas
CHUCTeMa KOOpJWHAT. YCIIOBHEM, ompelensiomuM ¢urypy F B JaHHOW CHCTeMe KOOpAHMHAT,
Ha3bIBACTCS ypaBHEHNE, HEPABEHCTBO, UX CHCTEMA WJIM COBOKYITHOCTh, KOTOPBIM YIOBJIETBOPSIOT
KOOpAMHATHl 000 TOYKKM Qurypsl F U HE YAOBICTBOPSIOT KOOPIWHATHI TOYEK, HE
npuHaUIeKanmx urype F .
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3anaua 4. CocTaBUTh YpaBHEHHE OKPY>XKHOCTH paguyca 7, €CIh B MPSAMOYTOJIbHOMN
JEKapTOBOM crcTeMe KOOPAMHAT Ha TUIOCKOCTH ee IIeHTp C MMeeT KOOPAUHATHI (a,b).

Pemenue. [Tycts M(x,y) - TeKy1ias ToOUKka OKpY>KHOCTH (T.€. IPOM3BOJIbHAS €€ TOUKa), TOr1a
Mo OmpeAesieHut0 OokpyxHoctH CM=r. 3anuimieM 5TO PaBEHCTBO B  KOOpAMHATaX

\/ (x—a) +(y—b) =r. Bosems o6e wuyacTH ypaBHeHMs B  KBaIpar, MOTydYHM
(x—a) +(y-b) =1".
Orser: (x—a) +(y—b)2 =r’.

3agaua 5. CocTaBUTh YpaBHEHHE KpyTa paguyca ', €CIIU OH JIEKHUT B MII0CKOCTH X0y, a ero

1eHTp C B IpSIMOYTOJIBHOM J1€KapTOBOM CUCTEME KOOPJMHAT B IPOCTPAHCTBE UMEET KOOPAUHATHI
(a,b,0).
Pemenue. Ilycts M(x,y,z) - TeKymiast TO4Ka Kpyra, Torza no onpeaenenuto kpyra CM <r.

3anumieM  TMOCJEIHEE PABEHCTBO B KOOpAMHATaX \/(x_a)z +(y=b) +(z-0f <r wm

2 2 v
(x — a) + ( y— b) +z° <7’ . Tak Kak KpyT JIEKHT B ITIOCKOCTU XOY U Y BCEX TOUEK ITOM III0OCKOCTH

2 2
aNIUIMKaTa paBHa HyJII0, TO UMEEM CHCTEMY: (x=af +(y=b) +2* <r?, {(x—a)z +(y-b) <7,
z=0. z=0.

ﬁ—af+(y—by3r{

Ortger:
z=0.
3agaua 6. YcTaHoBUTH BHUJ (UTypbI, KOTOpas B MOJISPHOM
p=2
CUCTEME KOOpJUHAT 3a/1aHa CUCTEMOM: 7
0<p<—.
2

Pemenne. MHOXECTBO TOYEK, Y KOTOPBIX 0 =2, - 3TO TOYKH,

OTCTOSIIIIME OT MOJIOCa HA PACCTOSIHUE 2, T.e. 3TO OKPYKHOCTb C WB
LICHTPOM B IIOJIIOCE pajauyca 2. Puc. 19

T .
HepasenctBo OS(pSE 3aJjaeT MHOXECTBO Jyued (po -

T .
HpOI/IBBOJ'II)HO) C HA4YaJIOM B ITOJIIOCC U YI'JIOM HAKJIOHA OT 0 no 3 K IMOJIIPHOU OCH, T.C. 3TO YT'OJ

AOB . B mepece4eHUH ITHX MHOXKECTB TOJYYHMM HCKOMYI (DUTYypy — 4YacTh OKpY>KHOCTH,
nexanryto B [ uerBeptu (puc. 19).

OTBeT: MaHHas cUCTEeMa 3a/1a€T YaCTh OKPY>KHOCTH, JIKAITyo B | ueTBepTH.

JIroOyro Gurypy MO>KHO BBIPA3HUTh alreOpanuecku, XOTs Ha MPAKTUKE 3TO HEe BCET/a JIETKO
caenatb. OJHAKO Jake HE BCSIKOE ypaBHEHHE oOIpefenseT HekoTtopyrk ¢urypy. Hampumep,
ypaBHenue x°+)°=0 3anaeT Ha miockoctu Touky O(0,0), a B IpocTpaHcTBe — och Oz ; ypaBHEHHE
x’+y”=-1 He 3a71aeT HUKAKOTO MHOKECTBA TOUEK.

3apauya 7. B npsMOyroibHOM eKapTOBOM CUCTEME KOOPIUHAT MHOXKECTBO TOUEK 3aJaHO
ypaBHeHUEeM x-3y=(. HaiiTu ypaBHEHHE 3TOr0 MHOKECTBA B COIVIACOBAHHOW MOJISIPHOUN cUCTEME
KOOpJMHAT.

Pemenwue. I[lo ¢popmynam mepexona OT MOJSAPHONW CHCTEMbI KOOPJAMHAT K COTJIACOBAHHOMN
NPSIMOYTOJIBHOM JIEKApTOBONH X = pCOS@®, ¥ = psin ¢ . [loacTaBiss BeIpaKEHUS IS X U y B

UCXOJHOE YpaBHEHUE, MMONIYIHM O cos @ —3psing =0, p(cos @ —3sin (/)) =0, oTkyna
1 1
p=0 WM cosp—3singp=0,T.e. tg(p=§,(p=arctg§+7zn,neZ.
p=0,

Ortser: i
Q= arctg§+ﬂn,n e’z
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3ananus 1J1s1 padoThl B ayAUTOPUM U CAMOCTOATEIbHOI PadoThI

10. ITocTpouTh TOYKH, 33aHHBIC OJSIPHBIMH KOOPIMHATAMHU: A(4 ”J 3(3 _”J :
b > 2 6
11. Haiitn IMOJIAPHBIC KOOPAHWHATBI TOYCK, €CJIM CUCTEMBI KOOpAWHAT COIJIaCOBAHBI:
A(243.2) Br4,4).

12. Haiitu MMPAMOYT'OJIBHBIEC KOOPAWHATBI TOYCK, €CJIM CUCTEMBI KOOPAWHAT COI'JIaCOBAHBI:

A4 10% ,BO:iﬁ}CI;Z,D@:iﬂ.
2 2 3 6

13. HaiiTu nonsipHble KOOPAUHATHI TOYKH, CAMMETPUYHOMN Touke M (p, (p):

a) OTHOCHUTEJIBHO MOJIF0ca;  0) OTHOCUTEIBHO MOJISIPHON OCH.
14. OnpenenuTb MHOXECTBO TOYEK, KOOPAMHATHI KOTOPHIX B IOJSAPHOM cUCTEME

T
KOOPJMHAT yAOBJIETBOPSIOT YPABHEHUIO: a) p=3; 0) p= pE

15. N300pa3uTh Ha YepTeKE MHOKECTBA TOYCK, 3aJaHHBIX CJCIYOIIUMH CHCTEMaMH
HEPaBEHCTB B MPSIMOYTOJIBHON CHCTEME KOOPANHAT:
2 2
x>0, <2, (x=2Y +(y-3) > 25,
a 0) B
y<I; |y|23; |x|<2.
16. N300pa3uth Ha YepTekKE MHOXKECTBA TOUYEK, 3aJlaHHBIX B IMOJSPHONW CHUCTEME
KOOPJIMHAT CJICIYIOIUMH COOTHOIICHUSMH (€CITU () € [0,27r]):

r r 5 p>2,
a) p<2; 0) p>—; B) I<p<3;, 1N—<@p<=rm,
) P ) @ > ) I<p )4 9<3 1) L3
6 3

17. B mpsMOyroiabHOW J€KapTOBOM CUCTEME KOOPAMHAT MHOXECTBO TOYEK 3aJaHO
ypaBHeHHeM x°+)°=]6. HaiiTu ypaBHeHHE 3TOr0 MHOKECTBA B COINIACOBAHHON MHOJIAPHOI
CUCTEME KOOpJUHAT.

18. CocraBuUTh ypaBHEHHE MHOXKECTBA TOUYEK, PaBHOYJAIEHHBIX OT Touek A(2,0) u B(1,1).

3AJAHUE JII1 CAMOCTOSTEJIBHOM PABOTBHI

11
1. TloctpouTh TOUYKH, 33IaHHBIEC MOJAPHBIMH KOOPAUHATAMU: C(L_ Tl

2. Haiitn MOJISIPHBIC KOOPAUHATBI TOYUCK, CCJIIM CUCTEMbI KOOpAWHAT COIJIACOBAHBI: C( -
7,0), D(—~2,—6 ).

3. I/I306pa3I/ITB Ha YCPTECKEC MHOKCCTBA TOUYCK, 3aJaHHBIX CIICAYIOIIUMH CHCTCMaMU
HEPABEHCTB B MPSIMOYTOJBbHON CHCTEME KOOPJAUHAT:

2 {0<x£1, 6) {x2+y2<16,

y>0; x>2;

Cnmcok Jurepartypsl:

1. Uneun B.A., Kuwm I'.[1. JIuneiinas anredpa u ananutudeckas reomerpust. — M.: TK Ben6w,
N3 n-Bo [Ipocnekt, 2015.—400 c.
2.Yeronun, A.Il. JIuneiinas anrebpa u aHATUTHYECKAsi TEOMETPHUsS DIIEKTPOHHBIN pecypc :
yuebHoe nocobue / A.Il. YeronuH. - PoctoB-Ha-Jlony : FOxHbIH (enepanbHblil yHUBEPCUTET,
2015. - 149 c. - Kaura naxonurcs B 6a3oBoit Bepcun IDbC [PRbooks. - ISBN 978-5-9275-1728-
2
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IMPAKTUYECKOE 3AHATHE Ne3
BekTOopHBIE MPOCTPAHCTBA

Hennb: pemenre 3a1a4 Ha BBIOJHEHHE aKCHOM BEKTOPHOTO (JIMHEHHOTO) IPOCTPAHCTBA.

3HaTh: HAXOXK/ICHHE MOJTYJII BEKTOPA U HAIIPABJISAIOIINX KOCUHYCOB.

YMeThb: NpUMEHSATH anmapat BEKTOPHOU anreOphl IJIs pelIeHUs pa3IMIHbIX TPAKTUYECKHUX 3a71a9
Ha CKAJIIPHOE MPOU3BEACHUE BEKTOPOB, MPUIIOKEHHS CKAJISIPHOTO MPOU3BEICHHUS.

Baanernb: anreOpanyecKMMH METOJIaMU PEIICHHS T€OMETPHUYECKUX 3a71a4.

3HaHNA U YMeHUsl, IpHodpeTaemMble CTYIEHTOM B pe3y/ibTaTe OCBOEHHUS] TeMbl (CeMHHAapa),
(opMupyeMble KOMNETEHIMU I UX YACTH:

OIIK-3 criocoOHOCTH HCIIOJIB30BATh HEOOXOJUMBIC MATEMATHIECKUE METOIBI JUIS PEIICHUS 3a/1a4
po¢eCCHOHAIBHON JCATEIHBHOCTH.

AKTYaJlbHOCTB: TIPU M3YYCHUHU PA3IUYHBIX Pa3/IeoB (PU3UKU, MEXaHUKU M TEXHUYECKUX
HayK BCTPEUAIOTCS BEJIMYMHBI, TaKWE HAMpUMEp, KaK CHJIa, CKOPOCTh, YCKOpPEHHE, KOTOpbIE
OHpeIleJUIIOTCFI HE TOJBKO CBOMM 4YHCIIOBBIM 3HAYC€HHCM, HO U HaHpaBJIeHI/IeM - BCKTOpHI)IG
BEJMYUHLI.

Teopernyeckasi 4acThb
[ycte L = {x, Vs } - INHEWHOE MPOCTPAHCTBO.

O.CkanspHbpIM TPOM3BEICHHEM BEKTOPOB B JHMHEHHOM mpocTpaHCTBe L ¢ snemeHTamu
IPOU3BOJIBHON MPUPO/BI Ha3bIBACTCS MPABUIIO, IT0 KOTOPOMY JIIOOBIM JIBYM 3JIEMEHTaM (x ; y)
3TOTO MPOCTPAHCTBA CTABUTCSI B COOTBETCTBHUE JCHCTBUTEIBHOE YHCIIO, HA3BIBAEMOE CKAISPHBIM
IPOU3BE/ICHUEM DJIEMEHTOB X Uy M 0003Ha4YaeMoe CHMBOJIOM (x N y), IPH YCIOBHH, YTO 3TO
NPaBUJIO yJOBJIETBOPSIET aKCHOMaM:

1)(x; x)Z 0, mnpuyem (x; x)= 0,ecnru x=0

2) (x s y) = ( Vs x) CKaJISIPHOE IPOU3BEICHUE CUMMETPUYHO;

3) (xl + X5 y)= (xl N y)+ (x2 N y) JUCTPUOYTUBHBIN 3aKOH;

4) (ﬂ, x;y)=ﬂ, (x;y) s A€ R

O. JluneiliHOe TPOCTPAHCTBO B KOTOPOM BBEACHO CKASIPHOE IPOHM3BEACHHE Ha3bIBaeTCA
€BKJIUJIOBBIM ITPOCTPAHCTBOM.
OTMeTHM, YTO MEPEUHCIICHHBIE AKCHOMBI ITO3BOJIIOT BEKTOPHBIC MHOXECTBA IEPEMHOXKATh

CKaJISIPHO TI0 IIpaBWJIaM YMHOXEHHS OOBIYHBIX MHOTOWJICHOB.
IIpumepsr:
n
1) n- mepHOe apupmeTnIecKkoe mpocTpanctBo R | s1eMeHTaMi KOTOPOTO CITyKatr
CHCTEMBI M3 H  JIEHCTBUTENBHBIX YUCET X = X1,X5.X3," ", X, ) ¢ OOBIUHBIMH OIEpALUSIMU

CJIOKCHUA 1 YMHOXKCHUA Ha YUCIIO U CKAJIAPHBIM IMPOU3BCACHUCM, OIMMPEACIICHHBIM I10 ITPpaBUITY

n
(x;y)= XN+ X0, t Xy, < Zka’k
k=1

Vx=(x,x0, 5%, y=0102 5 ¥u)
n
B R BC€C aKCHUOMEI BBIHOHHHIOTC’I, CJICAOBATCIBbHO OHO ABJISIETCS €BKIINIOBBIM
IIPOCTPAHCTBOM.

T. CxansipHoe npou3BeeHHe IByX BEKTOPOB 2 U b, 3aJaHHBIX CBOMMH MPSMOYTOJIEHBIMU
JIEKapTOBBIMHU KOOPIMHATAMHU, PABHO CYMME MPOU3BEICHUI UX COOTBETCTBYIOITUX KOOPAMHAT:

>
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rae a =(a;,ay,a;3) ub=(b;,by,b;).
Cneocmeus.
1. JIns toro 4roObl BeKTOpHl a =(a,,a,,a;) u b=(b,,b,,b;) ObuM OpTOroHANEHHIMU

(MepreHNKyYIAPHBIMHI ), HEOOXOAUMO U JIOCTATOYHO, YTOOBI BHITIOJIHSIOCH PABEHCTBO
a;b, +a,b, +a;b; =0|

2. Jlnuna BexTopa a = (a,,a,,a3) BBIpakaeTcss GOpMyYJION: ‘ ‘ al +as+aj|
3. Yroxn ¢ mexay Bekropamu a = (a,,a,,a;) u b=(b,,b,,b;) Beipaxkaercs popmyoii:
ST T 2. 2 12 k2l

rme 0<¢p<m.
IIpumepsl peieHust 3aaa4

3amaua Ne 1. I[loctpouts BEKTOp AB , e W3BECTHBI xoopmunatsl A(1;2;1), B(2,~1;3). Haiitu

JUTHHY BeKTOpa [AB| u ero opr.

Pemrenue. ‘E‘ = \/xz + y2 npe ,TIe X,V,Zz - IPOCKIUU BeKTop AB

‘\-"V

/ 2

X

X=Xy —x), x=2-1=1
y=y, -y, y=—1-2--3  AB=(1,-372),

z=2zy—2z1; z=3-1=2

AB|= 12 + (=37 +22 =14

Yro Ttakoe opt BekTopa? Kakyro cBsi3b OH HMeeT ¢ BeKTopoM AB .

HaxosxaeHne opra BeKTopa Ha3bIBaeTCs Csl HOPMHPOBAHHEM BEKTOPA.

AB 11 3+ 2k 1 - 3 - 2
Bexrop AB = 1,-3,2), Toraa ABo = i j+ k
(1--3:2) PN TR THN TR
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2

k.
J14

J— 1 - —
OtBet: ABo = i— 3 Jj+

Vi V14

3amaua Ne2.
Haiitu nnuny Bextopa @ = 207 +30 j — 60k u ero HarpapJIsIOIIe KOCUHYCHI.
Pewienne.

| a | = \/ax2 + ay2 + aZ2 = \/202 +30% + (— 60)2 =70 - mmna Bekropa. Halinem Hampasisromue

KOCHHYCBI:
cosa:ci—x:@:g; cosﬁ:afyzﬁzé; cosyzaTZ:_—w:—E.
a| 70 7 la] 70 7 la| 70 7

IIpoBepyM  NPAaBUIBHOCTh  HAXOXKACHUS  HANPaBJIAIOIMX KOCHHYCOB U3  PaBEHCTBA!

cosza+cos2ﬂ+cos27/=l.

2 2 2
cos® o +cos® B+ cos® y = 2 + 3 + _6 :i+2+§:1‘
7 7 7 49 49 49
3 6

2
Ortser: |a|=70, cosa=—,;cosf==—;cosy =——
| | 7 p 7 4 7

3agaua Ne3.
JlaHbl A(l;3), B(— 2;1), BD =3i— 2}. Haiitu: 1). Touky D ; 2). ‘ZE —E)‘ .

Pemenue.

1. B_D = (xD ~—Xp, VD —J’B),
BD =(xp —(=2)yp-1)
—_— XD+2:3 :>xD:3—2:1
Tak kak u3BecTHO paznoxenue BD mo 6asucy, TO
Crnenosatenso, D(1,—1).
2. Haiinem KoopArHATbI
AB =(-2-11-3)=(-3,-2) 24B =(-6,-4)

24B — BD = (- 6-3;-4—(-2))=(-9,-2)

248 - BD|=/(-9) +(-2F =V81+4 =/85.
Otser: 1). D(1,-1); 2). ‘2@—%‘ =85

3apauya Ne4. [IpoBepUTh KOJUIMHEAPHOCTh BEKTOPOB a= (2;—1,‘3) u b= (— 6;3;—9). YCTaHOBUTS,
KaKoW W3 HUX JJIMHHEE IPYroro U BO CKOJBKO pa3, KaK OHU HAMpaBIEHbl — B OJHY WJIH B
MPOTUBOIOJIOKHBIE CTOPOHBI.

Pemenmne.
[Ipu3HaKoM KOJJIMHEAPHOCTH JIBYX BEKTOPOB SIBJISIETCS MIPOMOPIUOHAIBHOCTD UX KOOP/IMHAT:
Mo _Ya_Z_,y

a :(xl,yl,Zl),EZ(xz’yz:Zz):

XN 4

- - -6 3 -9
= 2,._1’.3 b= _6’.3’._9 o 7 3=},

a ( )H ( ):> ST

3HaunuT KOOpAHWHATBl BEKTOpa @ OTJIMYArOTCI OT KOOPAMHAT BEKTOpa b ma A=-3 ,
CJIEA0BATCIIbHO, b AJIMHHEC BCKTOpa a , Ipyu 3TOM a T\L b , T.C. b=-3a.

Otset: b =-3a.
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3agaua NeS. Ha mmockoctn Oxy moCTpouth Bektopsl OA=a=2i, OB=b =3i+3] u
OC =¢ =2i +6 . Pasnoxutb BeKTOp ¢ 110 BEKTOpaM @ u b .
Pemenue.
Pa3noxuM BEKTOp C 110 aunb:C=aa+ ﬂ[; .
Haiinem unucnma ¢ u [ .
c=aa+ b =a(i)+ BB +3))=Qa+38) +34 .

Ay Ho mo ycioBuio ¢ =2i + 6 , TOraa peimmM CUCTEMY
6r----4C _ _
. da+3f=2 |aq=23L_2-6__,
: 386 = 2 2 .
i p= p=2
3p-- __i__lB 3HauuT ¢ = —2a +2b .
e OA = 2i (nexur Ha ocu Ox ).
A OB =3i+3] = B(3,3)
A IR y OC=2i+6j =C(2;6)
0ji A4 3 X OtBer: ¢ =—2a +2b .

3ananus Ajs1 padoThI B ayIMTOPUH M CAMOCTOSITEIbHOM PadoThI

1. Jlano: ‘5‘:3, E‘=4 up=(a" b)=120°. Haittu Moxyns BexTOpa ¢ = 3a + 2b .

a. OrtserT: \/ﬁ .

2. OnpesenuTh, TPU KAKOM 3HadeHMM m BekTophl a=mi—3j+2k w b=i+2j—mk
B3aUMHO TEPIEHIUKYIISPHBL.
a. Ortser: -6.

3AJAHUE JIJISI CAMOCTOSTEJIbHOM PABOTHI

1 [Mano:|a| =2,

5| =1, =(@"b) = x/3. Haiitt Mozynb BekTOpa ¢ = 2@ — 3b.

2. Haiitu JUIMHBI CTOPOH U YTJBI TpeyronbHuKa ¢ BepmmHamu A(-1,-2,4), B(-4,-2,0), C(3.-
2,1).

Cnucok IuTepartypsli:
1. Uneun B.A., Kum I'. /1. JIuneiinas anredpa u aHanutuueckas reometpusi. — M.: TK Ben6u,
Uz n-Bo IIpocnekt, 2015.— 400 c.
210Yeronun, A.II.<BR>&nbsp;&nbsp;&nbsp; JIuneiiHas anredpa u aHaTUTHYECKasi TEOMETPUS
DIeKTPOHHBIN pecypc : yueobnoe nmocodue / A.Il. Yeronun. - PoctoB-Ha-/ony : FOxHbIi
denepanbublit yHuBepcuteT, 2015. - 149 c. - Knura naxogutcs B 6a30B0ii Bepcuu IbC
IPRbooks. - ISBN 978-5-9275-1728-2
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ITPAKTUYECKOE 3AHATHUE Ne4

HesnHeliHbIe onepanun HAJl BEKTOPaMu
Ienan: pemienue 3a1a4 Ha BBIIIOJIHEHNE aKCHOM BEKTOPHOTO (JIMHEWHOT'0) IPOCTPAHCTBA.
3HaTh: HAXOXKJEHUE MOJYJISl BEKTOPa U HAMPAaBISIOLUIUX KOCUHYCOB.
YMeTh: IpUMEHSTH anmnapaT BEKTOPHOM anreOpsl /s peIieHUs pa3IMyHbIX MPAKTUYECKIX
3aJa4 Ha CKaJSIpHOE MMPOU3BEACHHUE BEKTOPOB, IPUIIOKEHUS CKAISIPHOTO MPOU3BEICHHUS.
Buaaners: anreOpandeckuMyU METOJIAMH PEIICHHS TeOMETPUYECKUX 3a/1a4.
3HaHUA U YMeHMsl, IpUoOpeTaeMble CTYIEHTOM B pPe3yJibTaTe 0CBOEHUS TeMbl (CEeMUHAPA),
(popMupyemMble KOMIETEHIIUM MU UX YaCTH:
OIIK-3 crnocoOHOCTh UCTIONIB30BaTh HEOOXOJUMbIE MATEMAaTHYECKHE METOIbI [T PELICHUS 3a/1a4
npodeCcCHOHATBLHOMN 1eATETbHOCTH.

AKTYaJIbHOCTB: IIPU U3YUYCHUU PA3TUYHBIX Pa3/ieioB (PU3UKU, MEXAaHUKU M TEXHHUYECKHUX
HayK BCTPEYAlOTCSl BEJIMYUHBI, TaKU€ HalpUMeEp, KaK CHJIA, CKOPOCTb, YCKOPEHHUE, KOTOpHIE
OTpEENAIOTCS HE TOJHKO CBOMM YHMCIOBBIM 3HAYCHHEM, HO U HANpPaBICHUEM - BEKTOPHBIE
BCJIMYHHBI.

Teopernyeckas 4acThb

T. CxasisipHOe npou3Be/IeHHe [BYX BEKTOPOB a U b, 33/JaHHBIX CBOUMH TIPSIMOYTOJIBHBIMU
JIEKApTOBBIMU KOOPJAMHATAMHU, PABHO CYMME ITPOU3BEICHHUIM UX COOTBETCTBYIOLIUX KOOPAUHAT:

rae ?;:(31:32,33) H t_)z(bl,bz,b3).

Cneocmeus.

1. Jlns toro uroObl BexkTOophl a =(a,,a,,a;) u b=(b,,b,,b;) Obum oproronansHbIMH

(mepreHANKYIIAPHBIMH ), HEOOXOIMMO U JIOCTATOYHO, YTOOBI BBIIOIHSIOCH PABEHCTBO
a;b, +a,b, +a;b; =0|

2. Jliimna BekTopa a = (a,,a,,a;) BeIpakaeTcst HOpMyYJIOit: ‘ ‘ al +aj+aj|.

3. Yrox ¢ Mexay BeKTopamu a= (a,a,,a3) u b= (b,,b,,by) BeIpakaercs popmyIoii:

a-b a;b, +a,b, +a;b,
‘ ‘ ‘b‘ \/al +aj +a; - \/b2+b2+b3

cCosQ =

rne 0<op<m.
IIpumeps! pelienus 3aga4

3agauya 1. Haiitu ckamsipHOe mpou3BeeHHE BEKTOPOB d = {1, -2, 2} u
b=2i-2j—k.

Pemenne: ab =ab, +ab, +ab =1-2+(-2)-(-2)+2-(-1)=4.

3anaua 2. BEMUCINTE KaKylo paboTy MPOoM3BOIUT ciia F = {2, -1, - 4} KOI'/Ia TOUKa

€C MPUIIOKCHUA, AIBUT'aASACH HpHMOHHHCﬁHO, NepeMCIIACTCA U3 MMOJIOKCHUA M(l, - 2, 3) B

nonoxxenue N (5, -6, 1).

B Pelenue: n3BECTHO A_=F S .,rae S - BexTop mytH MN
S={4,-4,-2}, A=F-§=2-4+(-1)-4)+ (- 4)-2)=20 (en pas.)
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3anaua 3. /laH TpeyroJibHUK C BEpUIMHAMU

A(— 3,5, 6), B(l, -5, 7), C(S, -3, — 1). Haiitu BHyTpeHHuii yron npu sepmune A .
Pemenue: Yron npu sepmne A 00pa3oBaH BEKTOpaMu AC u AB , HAEM UX

koopmunater AC = {11, —8, =7}, AB=1{4, —10, 1}

C cos<A:cos(A_B,AE):ﬂ:
8] ac
4-11+(-10)-8)+1(-7) 117
L J#(C10f 1 1P+ (-8 +(-7) V1174234
A "B
2 2

Z4=45".

3axaua 4. Haiitu npoekiuio Bektopa @ = 5i + ]_ Ha 0Ch, UMEIOIIYIO HalpaBJICHNUE
Bexropa b =5i —12] .

Pemenue: u3 onpeneneHus CKaasipHOTO IPOU3BEACHHS
ab =|al- ‘b_‘ cos(c?f b_): ‘E‘nplﬁ :
_ab _ 5-5-12 13 13 _
| (2 V169 13
3agauya 5. OnpenenuTh NepHEHAUKYJISPHBI WK HET BEKTOPBL:
nDa=1{2,3 -1ub={121}
D)a=3i+4j+Tkub=2i -5j+2k

np.a

Pemenue: _
1) mnaiinem ab = 2(— l)+ 3-2+ (— 1)(1) =3%#0 usexropel @ u b ne
TEPIEHANUKYIAPHEI

2) ab=3-2+4-5)+7-2=6-20+14=0=>a L b
3anaua 6. Jaus Bexropst @ =mi + 3] + 4k u b =4i +mj — Tk . Tipu xaxom

3HAUEHUU 3TU BEKTOPbHI EPIEHANKYIISIPHBI?
Perenue: HaiiieM CKaJIIpHOE IIPOU3BEICHUE ITUX BEKTOPOB

ab =4m+3m—-28=0,1x. a L b ,orciona 7Tm—28=0, m=4
6) Pemenue 3a1a4 caMOCTOSATENBHO.
3anaua 7. [Tokasare, 4TO YETHIPEXYTOJIBHUK C BEPIIMHAMHU A(— 5,3, 4),

B(— 1, —7, 5), C(6, -5, —3), D(2, 5, —4) €CTh KBaJpar.

Pemenue:
B ¢ AB=1{4,-10,1; BC=1{7, 2, -8},
DC={4,-10,1}; AD=1{7, 2, -8}
A D

CpaBHUBast KOOPAMHATHI, BUIUM, YTO AB=DC , BC=A4D.
Ta sax [AB| =47 +(=10) +1* =117
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BC|=7*+2" +(-8)" =117, orciona | 4B| = [BC| =|DC| =[4D)|.
Tak kak E~R’=4~7+(—10)2+1(—8)=0,T0 AB | BC = ABCD - KBazIpar.

33)13]-[1/[5[ AJIs1 paﬁoTbI B ayIUTOPUH U CaMOCTOATEIbHOM p360TBI

1. Haiitu (5+2E)(35—l_)),ecnn ‘5‘210, 5‘22, (p:(e_lAl_)):z_

I
3 .

Ortser: 242.
2. OnpenenuTs, Ipy KAKOM 3Ha4eHnr m BekTopel @ =mi—3j+ 2k n b=1+2j—mk

B3aMMHO TICPIICHIUKYJISIPHBI.
OtBerT: -6.

3. IIpoeKiuu MepeMeLeHnss S JBIKYILEICs TOYKH Ha OCH KOOPAMHAT PaBHbI S = 2M

, Sy =IM u S, =-2M. Ilpoekunn neiictByromeil cuiel F Ha ocu koopamnar paBHbI

F, =50H, F, =40H u F, =30H. Brruuciurs padory A cubr Fu YTOJl MEKJLY CHIION Fu

nepeMelieHueM S .
42
Otger: 1) 80 [Ix; 2) arccos——.
15
4. HaliTu OCTpBI yroja Mexay OMArOHAIAMHU IapajieJorpamMma, IIOCTPOEHHOTO Ha

sextopax a =(2,1,0) u b=(0,—-1,1).

5
OtBeT: arccos?.

3AJAHUE JIIS1 CAMOCTOSTEJIBHOM PABOTBHI

1. JlaHBI BEKTOPBHI £=—2i+j—81;, B:—4i—23—3l; I/I 6=3i—43+121;. Haiitu

MPOEKIIMIO BEKTOpa a — 2b na ocw BeKTOpa C.
OtBerT: -2.

2. JlaHo: H=3,

OrTBer: \/ﬁ .

3. Onpenenuts, IpH KakoM 3HadeHnn m BekTopel @ =Mi—3j+ 2k ub=1+2j—mk

B‘ =4u@= (5/\1_)) =120° . Haittu Mozynb BekTopa c=3a+2b.

B3aMIMHO TICPIICHIUKYJISIPHBI.
OtBerT: -6.

Cnmcok Jurepartypsl:
1. Uneun B.A., Kuwm I'.J1. JIuneiinas anrebpa u ananutudeckas reomerpust. — M.: TK Ben6w,
Nz n-Bo IIpocnekt, 2015.—400 c.
2.Yeronun, A.Il. JIuneiinas anrebpa u aHATUTHYECKAsi TEOMETPHUs DIIEKTPOHHBIN pecypc :
yuebHoe nocobue / A.Il. YeronuH. - PoctoB-Ha-/lony : FOxHbI (enepanbHblil yHUBEPCUTET,
2015. - 149 c. - Kaura naxonurcs B 6a3oBoit Bepcun IDbC [PRbooks. - ISBN 978-5-9275-1728-
2
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ITPAKTUYECKOE 3AHATHE NeS
IIpsiMast TMHUSA HA IVIOCKOCTH.

Hesb: M3y4nTh HEMMHEHHBIC ONIEPAIIMN HA/I BEKTOPAMH.

3HaTh: BEKTOPHOE MTPOU3BEICHNE BEKTOPOB.

YMeThb: IPUMEHSTH anmapar BEKTOPHON alnreOpsl JUIsl pelIeHUs Pa3IuIHbIX TPAKTHYECKUX
3aJ1a4.

Baanernb: anreOpanyecKMMH METOJIaMU PEIICHHS T€OMETPHUYECKUX 3a71a4.

3HaHNsA U YMeHUs1, NpUodpeTaeMble CTYA€HTOM B pe3yJibTaTe 0CBOEHHS TeMbl (CEMHHAPA),
(opMupyeMble KOMNETEHIMU I UX YACTH:

OIIK-3 criocoOHOCTH HCIIOJIB30BATh HEOOXOJUMBIC MATEMATHIECKUE METOIBI JUIS PEIICHUS 3a/1a4
po¢eCCHOHAIBHON JCATEIHBHOCTH.

AKTYaJlbHOCTB: TIPU M3YYCHUHU PA3IUYHBIX Pa3/IeoB (PU3UKU, MEXaHUKU M TEXHUYECKUX
HayK BCTPEYAIOTCS BEJIWYHMHBI, TaKWe, HAIPUMEpP, KaK CHJIA, CKOPOCThb, YCKOPEHHE, KOTOpPHIC
OHpeIleJUIIOTCFI HE TOJBKO CBOMM 4YHCIIOBBIM 3HAYC€HHCM, HO U HaHpaBJIeHI/IeM - BCKTOpHI)IG
BEJMYUHLI.

Teopernyeckasi 4acThb

IIpaBble u JieBble TPOIKH BEKTOPOB
0.8.1. YnopsnoyeHHas Tpoilka HEKOMILJIAHAPHBIX BEKTOPOB (a, b, c) Ha3bIBACTCS NMPaBoi
(;1eBoif), eciu nocie NpUBeIeHUs UX K O0IIeMy Hayaly U3 KOHIIAa TPETbEro BEKTOpa KpaTyal i
MOBOPOT OT MEPBOr0 KO BTOPOMY BEKTOPY BHJIEH COBEPILAIOIIUMCS MPOTHB YACOBON CTPENKH (110
YacOBOM CTpeJKe) .

npasast Tpoiika JieBas Tpoiika

Onpenenenue M CBOHCTBA BEKTOPHOI'0 NPOU3Be/IeHUSI BEKTOPOB

0. BekTOpHBIM NpOM3BEAEHHMEM BEKTOpa a Ha BEKTOp b Has3bIBaeTCS BEKTOp C,
YAOBJIETBOPSIOUINI CIEAYIOIUM YCIOBHSIM:

1) ‘c‘ = ‘a‘ . ‘b‘ sin @, TJIe @ — YroJj MeX/y BEKTOpaMu a 1 b ;

2) cla,clb;

3) BekTOpHI a,b,c 00pa3yrOT MpaByO TPOUKY BEKTOPOB.

O6o3HaueHus: axb; [a;b].
I'eomeTpruyecKkue CBOMCTBA BEKTOPHOI'0 NPOM3BEICHUA

1. HBa HCHYJICBBIX BCKTOpa 4 H b KOJUIMHEApPHBI TOrJJa M TOJIBKO TOrga, Korja ux

BeKTOpHOC HpOI/ISBCI[GHI/Ie paBHO 0 .
alb < axb=0 (a#0, b=0).
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Cneocmeue. axa =0 nus moOoOro BeKTopa a .

2. MO,I[y.]'IB BEKTOPHOI'O IPOU3BECACHNA NBYX HCKOJJIMHCAPHBIX BEKTOPOB 4 H b yucnenso
paBE€H ILJ10IIaau S napajujiciaorpaMmma, MOCTPOCHHOI'0O Ha IPHUBEACHHBIX K O6H_[CMy Havally

BEKTOpax a M b Kak Ha CTOpOHaX : [S = ‘a X b‘ .

ol

Cneocmeue. Ilnomans Sy, TpeyrojbHUKA, TOCTPOCHHOTO Ha NMPUBEICHHBIX K OOLIEMY

Havyally HeKOJUTMHEAPHBIX BEKTOPAaX @ U b, paBHA MOJOBUHE MOYJISI BEKTOPHOTO TIPOU3BEACHUSI
ATUX BEKTOPOB:

S1p = o]}

Auredpanyeckme CBOMCTBA BEKTOPHOI0 NPOM3Be/ICHUS

1. axb=-bxa
2. (ha)xb=»Aiaxb)=ax(Ab)
3. 5x(5+5):5x6+£x6
JlanHbIe CBOMCTBA UMEIOT (yHAaMEHTaIbHOE 3HaYeHUe. OHM MO3BOJISIOT MPU BEKTOPHOM
MEPEMHOKCHUH BEKTOPHBIX MHOTOYJICHOB BBINOJHATH JCHCTBUS IOYWICHHO M ITPOM3BOIUTH
COUYCTAaHWE YHCIIOBBIX MHOXHUTENECH (HO TPU 3TOM HEOOXOJMMO JIMOO COXPAHSTH IMOPSIOK
BEKTOPHBIX MHOXHUTENEH, MO0 TMpu W3MEHEHHHM JOTOTO TMOpsAIKa MEHSTh 3HaK Ha
MPOTUBOMOJIOKHBIH).
PaccmMoTpuM  mpsAMOYTONBbHYIO — JIeKapTOBY  cucreMy  koopaumHat Oxyz ¢
OPTOHOPMHPOBAHHBIM 0azucoM B = i,j',E. st BeKTOpoB 3TOrO 0Oasmca CrpaBeIUBBI
COOTHOIIIEHUS:

in:l_(, le_(:i’ Exi:j’ ixi:jxj:lle_(:(_).

T. BexTopHOE MPOM3BE/CHHE JABYX BEKTOPOB @ U b, 3a1aHHBIX CBOUMH MPSMOYTOJIBHBIMU
JIEKapTOBBIMHM KOOPAMHATaMH, BbIpaskaeTcst GOpMyJIIOii:

i j k
axl_):al a, asll,
b, b, b,
Flle£:(a1aazaa3)Hl—):(blabzab3)-
ik

Cneocmeue. Ecniu a||b, To axb=0,T.e. axb=a, a,

w
o
—
)
w

o
o
)
o o
[N

22



IIpumepsl peienust 3aga4

3apaua 1. [Inomanes napanienorpamMmma ABCD paBHa 5 KB.€I.
%

- - g
Bepuo mu yreepxneaue AB x AD =52 Ortser: ver; |ABx AD| =5

3anaua 2. ABCD - xBanpar,

G

—

EA

BB,|=2; AE|=|EA.

A?)‘ ~1;

- - - -

Kaxoit u3 Bekropos BB:; CCi1; AE; BD sBnsercs BeKTOPHBIM IPOH3BEICHHEM

- -
BCxBA ?
5
Otser: AT .
. Yro mpoUCXOAUT C BEKTOPHBIM TMIPOU3BEICHHUEM TIPH TIEPECTAHOBKE €ro
COMHOXUTENCH?

2. B Hamux ciyyasix BEKTOPHOE ITPOU3BEACHNUE PABHO HYJO?
3. Uemy paBeH BEKTOpHBIN KBajapar?

3agayva 3. JlokasaTk, 4TO (2(7 + b) X ((_i + Zb) =3axb.
Jl0Ka3aTeNnbCTBO
Heo0xoauMo pacKphITh B JIEBOH YaCTH BEKTOPHOE MPOU3BE/ICHHE BEKTOPOB U
BOCIIOJIb30BaThCS CBOMCTBAMU BEKTOPHOTO ITPOU3BEICHHS.
Banaua 4. Cuna F = 3i — j + 2k npunoxena k touke M (1 s 2;— 1). Haiitu MOMeHT

CHJIBI OTHOCHTEJIEHO TOUKH A(Z s 1;— 3).

Pemenne
N3 mexaHnuecKkoro cMbiciia BEKTOPHOTO ITPOU3BECHUE
i j k
— - —
mF=AMxF=\x, y, z,|
x2 y2 zl

Haiinew AM; AM ={~I1;1;2}, a F={3;-1;2}, rorna
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1 J k
mF=|-1 1 2/=-5i+j-3k.
3 -1 1

A Kak HaliTH BEJIMYMHY MOMEHTA CUJIbI?

3agaua 5. JlaHbl TOUKH A(I; 2; 0), B(3; 0; — 3), C(5; 2; 6) .
Berunciiute SAABC un hB.

Pemrenne
1 P ‘
SAZZSD=;AB><AC, ABxAC=|2 —2 —3|={-12;-24;8}.
4 0 6

AS= ;J(— 12) +(- 24)" +8° = 14xe.e0.

b 28, _ 28 28 14V13
" lucl Yr+or+er 2413 13

3ananus A5t padoThI B Ay IMTOPUH M CAMOCTOSITEIbHOM PadoThI

1. I[aHLI JBa BEKTOpa 4 M b , JJIST KOTOPBIX ‘a‘ =2 5

E‘ =6u@= (2_1Ab)= % Hanru:

a) [axb|: 6) |(2a+3b) x (a - 4b)|.

OtgBert: a) 6; 0) 66.
2. Haiitu nnowanas u Beicoty BD TpeyronsHuka ¢ Bepmmnamu A(1, -2, 8), B(0, 0, 4) u C(6,
2,0).

Ortser: S=7\/g, BD:@-
3

3AJAHUE JIJISI CAMOCTOSTEJIbHOM PABOTHI

lal =1, |@+2b)x(-a+3b)|

1. Hano: b‘=2,g0=(5/\b)=27r/3. Haiiru: ‘aXb

2. HaiiTi momaps napanienorpaMma, HOCTPOEHHOTO Ha BekTopax a =(8,4,1)u b =(2,-2,1).
Cnucok uTepartypsi:

1. Uneun B.A., Kum I'. /1. JIuneiinas anredpa u aHanutnueckas reometpusi. — M.: TK Ben6u,

Uz n-Bo [Ipocnekt, 2015.— 400 c.

2. Yeronun, A.Il. JIunelinas anredpa v aHaTUTHYECKas TeOMETpHs DNEKTPOHHBIN pecypc :

yuebHoe nocodue / A.Il. Yeronun. - PoctoB-Ha-Jlony: FOxHbIN denepanbHbIil YHUBEPCUTET,

2015. - 149 c. - Knura naxogutcs B 6a3oBoit Bepcuu IBC IPRbooks. - ISBN 978-5-9275-1728-
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ITPAKTUYECKOE 3AHATHE Ne6

Kpusbie BTOPOro nopsiaika
Henb: N3y4uTh HENMHEMHBIC ONIEPALIMY HAJl BEKTOPAMH.
3HaTh: CMEUIaHHOE MPOU3BEACHUE BEKTOPOB.
YMeTh: IpUMEHSTH anmnapaT BEKTOPHOM anreOpsl /s peIieHUs pa3IMyHbIX MPAKTUYECKIX
3azay.
Buaaners: anreOpandeckuMyU METOJIAMH PEIICHHS TeOMETPUYECKUX 3a/1a4.
3HaHUA U YMeHMsl, IpUoOpeTaeMble CTYIEHTOM B pPe3yJibTaTe 0CBOEHUS TeMbl (CEeMUHAPA),
(popMupyemMble KOMIETEHIIUM MU UX YaCTH:
OIIK-3 crnocoOHOCTh UCTIONIB30BaTh HEOOXOJUMbIE MATEMAaTHYECKHE METOIbI [T PELICHUS 3a/1a4
npodeCcCHOHATBLHOMN 1eATETbHOCTH.

AKTYaJIbHOCTB: IIPU U3YUYCHUU PA3TUYHBIX Pa3/ieioB (PU3UKU, MEXAaHUKU M TEXHHUYECKHUX
HayK BCTPEYAIOTCSI BEIWYMHBI, TaKUE, HAIPUMEp, KAaK CHJIa, CKOPOCTb, YCKOPEHHE, KOTOPbIE
ONPENENATCS HE TOJIbKO CBOMM YHMCIIOBBIM 3HAYEHHWEM, HO M HANpPABICHUEM - BEKTOPHBIE
BEJIMYMHBI.

Teopernyeckas 4acThb

0. CMmemiaHHBIM NPpPOM3BeleHHEM TpPEX BEKTOPOB a,b,c Ha3bIBAE€TCS 4YMCIO, PaBHOE

CKQJIIPHOMY ITPOM3BEIICHUIO BEKTOPHOTO TIPOU3BEACHUS a X b Ha BEKTOp C .

O6o3nauenue: abc, [ab]c.

Takum oO6pazom, abc= (5 X B) -cl.

CMmemanHoe mnpou3BeneHue abc  paBHO
o0bemMy V mapasuienenuiiesia, mOCTPOCHHOTO Ha

IMPHUBCACHHLIX K O6H.I€My Ha4ally BCKTOpax a, b, C,

B35ITOMY CO 3HAKOM «+», €CIIH Tpoiika (a,b,c) -

mpaBasi, ¥ CO 3HAKOM «—», €CJIM TPOUKa (a,b,c) -
JeBas .

Cneocmeus.

1. O6vem V mnapamnenenunena, MOCTPOSHHOTO Ha MPUBEJIEHHBIX K OOIIEMy Haudaly

BEKTOpax a,b,c, onpenensercs mno gopmyne |V = ‘abc‘ .

2. O0beM Viyp TpeyroIbHOM MUpaMUIbl, TOCTPOCHHOI Ha MPUBEIEHHBIX K 00IIEMy Hayary

BEKTOpax a,b,c, onpenensiercs mo Gopmyie |V = g‘a b c‘ .

3. CrpaBeyIMBO paBEHCTBO a- (l_) X <_:) = (2_1 X l;) c.

4. Tpu BekTopa a,b,c KOMIUIaHApHBI TOTJAa U TOJBKO TOTAa, KOTJAa HUX CMEIIAHHOE

npousseneHue pasHo 0: a,b,c xomrutanapasl < abc =0.
5. CmemanHoe MpOU3BENECHNUE TPEX BEKTOPOB, 1BA N3 KOTOPBIX COBMANAIOT, paBHO 0.

AJiredpanyecKkue CBOMCTBA CMEIIAHHOIO NPOM3BeIeHUA

1. Ilpu nuknIM4YecKou nepecTaHOBKE BEKTOPOB CMEIIAHHOE ITPOU3BEICHNE HE MEHSETCH T.€.

abc=bca=cab.
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2. Ilpu mepecTaHOBKE IBYX COMHOKUTEJIEH 3HAK CMENIAHHOTO MPOW3BEICHUS MEHSETCS Ha
IIPOTUBOIIOJIOKHBIN:

abc=-bac=-acb=-cba.

BripaikeHue CMEIIaHHOTO NPOM3BEICHUSI B KOOPAMHATAX
T. CmenranHOe MPOU3BEICHUE TPEX BEKTOPOB a, b, ¢, 3aJJaHHBIX CBOMMH MPSIMOYTOJIbHBIMU
JIEKapTOBBEIMHU KOOPAUHATAMH, ONIpeesieTcss (hOpMyIIo:

ap a, aj

€ € Cj

rie a=(a;,8,,33), b=(b;,by,by) mc=(c;,¢y,05).

Cneocmeue. JIns Toro 4roObl BeKTOpHl a =(a,,a,,a;), b=(b;,b,,b;), c=(c,c,,c3)

ObLIH KOMILJIAHAPHBbI HeO6XOI[I/IMO n A0CTAaTO4YHO, YTOOBl  BBINOJHSIOCH PaBCHCTBO

a; a, ajg
b, b, b;|=0|
€ G Gy

IIpumepsl pemienus 3agaq

1. JlaiiTe onpeneneHne CMEIIAaHHOTO TPOU3BEIEHUS. UTO ABISETCS pe3yabTaTOM: BEKTOD,
cKaysip?
2. Pacckazath 10 Ij1aKkaTy 0 F€OMETPUUYECKOM CMBICIIE CMEILIAHHOTO ITPOU3BEACHHUS.

3agava 1. JIexar 11 Toukn
A(—4;0;1), B(9;—2;1), C(I1;3;—-1), D(3;0;5)

B OTHOM INIOCKOCTH?
Pemenue

v

AB ={13; - 2; 0},
Yenosue kommnanapuoctn AB AC AD = 0. Haiinem 4¢ — { 5: 3. 2},

. —
’ ’

AD={8;0; 4).

ITogcunTaem cMmelIaHHOE IPOU3BCACHUC
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x, y, oz I3 -2 0
ABACAD=|x, y, z,|=|5 3 —2#0=AB, AC, AD <
x, y, z, |8 0 4
ojiHO# mockocTH, a ciaeposatensho, A, B, C, D npunaniexur oqHoii MI0CKOCTH.
Peseps. Haiiti 00beM TpeyroapHON TUPaMHIbl C BEPIIMHAMH B TOUKaX
D(3;-1;2), A(3;2;0), B(-1;2;3), C(2;1;-3)

Otger: V = 8%603.

33)13]-[1/[5[ AJIs1 pQGOTLI B ayIUTOPUH U CaMOCTOATEIbHOM p360TBI

1. Haiitu 06beM mapaienenuresa, mocTpoeHHoro Ha ekropax a =31+4j, b=-3j+k

, ¢ =2]+ 5k . BolsacHuTb, mpaBoii uim J1eBoii ABIAETCA TPolika BekTopos {a, b, C }.

Otger: V =51, Tpoiika BEKTOPOB JIE€Bas.
2. Iloctpouts nupamuny c BepmmHamu O(0, 0, 0), A(S, 2, 0), B(2, 5, 0) u C(1, 2, 4).
Beruncnurs:
a) 00beM IUPAMU/IBL;
0) mromans rpaau ABC;
B) BBICOTY ITMpaMM/ibl, OyLIEHHY!O Ha rpaHb ABC.

Orser: a) 14; 06) 6\/5; B) 7;/5.
3. BHIYUCIUTH IPOU3BEICHUE (5 — E)(B — (_:)(E — 5) :

Ortser: 0.
4. OObeM TeTpasapa paBeH 5, TP €ro BEpIIMHBI HaxoadTcs B Toukax A(2, 1, -1),
B(@3, 0, 1), C(2, -1, 3). HaiiTu xoopAMHATHI YeTBEPTOM BepIIMHBI D, eciiu U3BECTHO, YTO
oHa JiexuT Ha ocu Oy.
Otger: D(0, 8, 0) mu D(0, -7, 0).

3AJAHUE JIIS1 CAMOCTOSTEJIBHOM PABOTHI

1. TIIpu KaKoM 3HAUEHNH A BEKTOPHI d =1 + j + Ak,b =(0,1,0) u & =(3,0.]) KOMILJTAHAPHBI?

2.Haiitn o0bemM mapasuienenurnena, TOCTPOEHHOTO Ha BekTopax a =(1,-2,1), b =3,2,1), ¢
:(1509')

Cnmcok Jurepartypsl:

1. Uneun B.A., Kuwm I'.J1. JIuneiinas anredpa u ananutudeckas reomerpus. — M.: TK Ben6w,
Nz n-Bo IIpocnekt, 2015.—400 c.
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ITPAKTUYECKOE 3AHATHUE Ne7
IToBepxHOCTH BTOPOIO NMOPSAKA

Henb: paccMOTpeTs pas3IMUHBIE BHJbI YPAaBHEHMM IPSIMOM Ha IUIOCKOCTH, B3aMMHOE
PacIoJIOKEHUE ABYX IIPAMBIX Ha IJIOCKOCTH

3HaTh: pa3IuyHbIC YpaBHEHUS NPSIMOIL.

YMeTb: IpPUMEHATH allapaT aHAIMTUYECKON T€OMETPUM AJIS PELLICHUS Pa3JIMYHbIX IPAKTUYECKUX
3a/1a4, HaXOUTh PACCTOSIHUE OT TOYKH A0 MPSMOM.

Baagers: MeTogaMM aHaJIUTUYECKON T'€OMETPUU PELIEHUS 3a/1a4.
3HaHUsA U YMeHMSs, IPUoOpeTaemMble CTYIEeHTOM B pe3yJibTaTe OCBOECHHsI TeMbl (ceMHHAapa),
(¢opMupyemMble KOMIIETEHUMU HJIU X YACTH:
OIIK-3 cnocoOHOCTh UCTIONIB30BaTh HEOOXOJUMbIE MATEMAaTHYECKHE METO/IbI [T PELICHUS 3a/1a4
po(hecCUOHATILHON e TENbHOCTH.

AKTYaJbHOCTB: TIPU U3YUYCHUU PA3TUYHBIX Pa3/eNoB (PU3UKU, MEXAaHUKU M TEXHHYECKHUX
HayK BCTPEYarOTCs IPUMEHEHHUs IPSMON JIMHUU Ha TUIOCKOCTH.

Teopernyeckas 4acThb

Bektop @ # () Ha3BIBACTCS HANPAGNAIOWUM BEKTOPOM HpPsMOi [, ecnu @ mapaiienes [ .
Bektop n # 0 HasbIBaeTCS HOPMAbHLIM K TIPSIMO# [ wunu éexkmopom nopmanu, ecna n L1, T.e.
nla.

JIrobast mpsiMast B appUHHOM cuCTeMe KOOPAWHAT MOKET OBITh 33J]aHa ypaBHEHHEM TIEPBOM
CTETNEHU (JTMHEHHBIM YPaBHEHUEM):

Ax+By+C=0, (1)
rze (X,)) - KOOpJUHATHI ToYeK NpsAmMoi, 4, B, C — KoapPULUUEeHTs!, TpruueM 4 U B He paBHBI HYJIO
OJIHOBPEMEHHO.

JIro6oe ypaBHeHuUeE NepBoi cTeneHy B ad(pUHHON cucTeMe KOOPAUHAT OIpeessieT IPSIMYIO.

VYpasuenue (1) Ha3pIBaeTCS 0OWuUM ypasHenuem TpsaMoit. J{ms mpsMoii, 3aaHHON OOIIHM
ypaBHeHHeM (1) B NpsAMOYToJIbHOW JeKapTOBOM cHUCTEME KOOpAMHAT, BEKTOp d = (— B,A)
ABJIIETCS HAPABJISIOUINM, & 71 = (A,B) - BEKTOPOM HOpMaJIH.

[psimast [, 3amanHas ypaBHeHHeM (1), pa30MBaeT MJIOCKOCTh Ha JIBE€ MOJIYIIOCKOCTH.
KoopauHaTel TOYEK, JeXauMX MO OJHY CTOPOHY OT MpPSMOH [ YIOBIETBOPSIOT HEPABEHCTBY
Ax+By+C >0, a KOOpOMHATHl TOYEK, JIEKANMX IO JAPYIYIO CTOPOHY OT mpsiMoi [, -
HepaBeHCTBY Ax + By +C < 0.

1. Kanonmveckoe ypaBHeHue npsimoii. [Ipsimas [ 3amana Toukoit Mo(Xo,y0) ¥ HapaBISIOMIAM
BEKTOPOM a (a, s ) Eciu a# 0, # 0, T0 KaHOHMYECKOE YpaBHEHHE MPSIMON UMEET BUJT

X=X _ V=Y
a B

2. Tlapamerpuyeckoe ypaBHeHue mnpsimoil. Eciou mpsimas [ 3amana toukoit My(xo,yo) u
HaIpaBJISIOIIUM BEKTOPOM (a, S ), TO €€ MapaMeTPUUYECKOE YPABHEHUE UMEET BUJ]

xX=Xx,+tat, ,
371eCh ¢ - TapamMeTp.
y=y,+p t,teR’

3. YpaBHeHue npsiMoii, mpoxoasuieii 4yepes ase Touku. [Tycte M, (xl,y]) el, M, (xz,yz)e [.
Ecmm x, —x, #0,y,—y, # 0, TO ypaBHeHHE IPsIMON | MMeeT BH]
X4 _ VT
X=X Vo=
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4. YpaBHeHHe MpsiMoii B oTpe3kax. [Tycts npsmas / nepecekaer ock Ox B Touke A(a,(), a och
Oy B Touke B(0,b), tne a # 0,b # 0. T'oBopsT, 4To npsiMast [ oTcekaeT oT oceil Ox, Oy OTpe3KH

|a|, |b| COOTBETCTBEHHO (3HAK YMCET ¢ U b TOKa3bIBACT C KAaKOW CTOPOHBI OT Hadayia KOOPJIUHAT

. X
Ha ocu Ox u Oy oTceKaeTcs OTPe30K). YpaBHEHUE IPSIMON B ATOM CIIy4ae UMEET BUJ — +% =1.
a
3ameuanue. Bece ckazaHHOE BBIIIE CIIPABEUIMBO IS MJIOCKOCTH, KaK ¢ aQ(UHHOM, Tak U C
MPSAMOYTOJIbHOM JIEKapTOBOM CUCTEMOM KOOPAMHAT.
5. YpaBHeHHMe NpsAMOH ¢ YrJIOBbIM KoO3(p¢punuentom. Ilycts Ha muiockoctu Oxy 3amaHa
NPSIMOYTOJIbHASL JICKAPTOBAasi CUCTEM KOOPIMHAT, IpsiMasi | MPOXOAMT 4yepe3 Touky Mo(xo,yo) u

obpasyeT yroi ¢ ¢ MHOJOXUTEIbHbIM HampaBieHueM ocu Ox. Yucino k =1g@ Ha3biBaeTcs

yenoevim Koappuyuenmom npsmoti. Toraa ypaBHEHUE TIPAMON [ UMEET BH]L
v-vo=k(x-xo) wmm  y=kx+b, tae b=yo-kxo.

IIpumepsl pemienus 3agaq

3agaua 1. 3agaiiTe Ty NOJYIIOCKOCTb, B KOTOPYIO nonaaaer Touka M(1,2) OTHOCUTEIbHO
npsMoit [ : Sx-3y+7=0.

Pemenne. [TogcTaBuM KOOpIMHATHI TOYKH M B JIEBYIO YaCTh YPaBHEHHS MIPSIMOM [, HOITy4IUM
HEpaBeHCTBO J-[—3-2+7 =5-6+7 =6 > () . OTOMYy k€ HEpaBEHCTBY OYyIyT yIOBIETBOPSTH BCE
TOYKH PACCMATPUBAEMOMN MOJTYMIIOCKOCTH.

OtBert: 5x-3y+7>0.

3agaua 2. CocTaBUTh ypaBHEHHE MPSIMOM, OTCEKAIOIIee Ha OCU OPAMHAT OTPE30K h=-3 u

. V2
00pa3yronuii ¢ IOJ0KUTEIbHBIM HAIPABIECHUEM OCH a0CIIICC YTOMl ¢ = R [TocTpouts npsimyto.

. . Va
Pemrenue. YrioBoii ko3 GuiueHt npsiMon k = tge = tg; = /. Tak kak mpsimMasi OTCEKaeT OT

OCH OpJMHAT OTpe30K b=-3, To oHa mpoxoaut uepe3 Touky B(0,b), T.e. B(0,-3). YpaBHeHue
npsiMol umeeT BUA y-(-3)=1(x-0), T.e. y=x-3 unu x-y-3=0 - obuiee ypaBHeHHe npsimMoit. Jlis
MOCTPOCHHS JIOCTaTOYHO JBYX Touek. OJHa TOYKa M3BecTHa — 3TO Touka B. Ilycte opmuHara
JIpyroil TOUKM paBHAa HYJIIO, MOJACTaBiAs y=( B o0lllee ypaBHEHUE NPSIMOMN, MOJYyUYUM X=3, T.€.
npsiMasi IpOXoIUT yepe3 Touky A(3,0) .

OtBer: x-y-3=0 - o0111€€ ypaBHEHUE MIPSIMOIA.

3agaua 3. [lan tpeyronsuuk ABC: A(0,1), B(6,5) C(12,-1).

1) CoctaBuTh ypaBHeHHE MeaUaHbl AM.

6+12
Pemenne. M — cepenmna BC, no3ToMy KOOpPAMHATBI TOYKH M X, = 5 =9;
5+(=1) y y .
Yy 27 = 2. 3anumieM ypaBHEHHE TpsiMoi AM Kak ypaBHEHUE HPSIMOU, MPOXOAIIEH

qyepes JBE TOUKU
x=9 y-2 x=9 y-2
0-9 1-2° -9 -1
x-9=9y-18,  x-9y+9=0 - obuee ypaBHeHue AM.
OtBert: x-9y+9=0.
2) CoctaBuTh ypaBHeHue BbICOTHI CH.

2

Pemenne. CH 1 AB , mo3TOoMy HAampaBISIONIHA BEKTOP E(6,4) npsimoil AB siBnsieTcst

HopMalbHBIM Ui nipsimoit CH. ITycts npsamas CH 3a1aHa o01uM ypaBHeHHEM ax+by—+c=0), Torna
r_z(a,b) 1 CH , noatomy a=6, b=4, 1.e. 6x+4y+c=0. Tak xak C € CH , To koopauHatel Touku C

YAOBJICTBOPAKOT YPaBHCHHUIO HpHMOﬁ, MOACTAaBJIAIA KOOPAWHATBEI TOYKH Cs YPaBHCHUC HpHMOﬁ
CH, maiiniem ko>dpurment ¢: 6-12+4-(=1)+c =0, c=-68, T.e. 6x+4y-68=0 wmu 3x+2y-34=0 -
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ypaBHeHue npsimond CH.
Otser: 3x+2y-34=0.

33)13]-[1/[5[ AJIs1 pQGOTLI B aylUTOPUH U CaMOCTOATEIbHOM p360TBI

SAJJAHUA

1. CocraBuTh ypaBHEHHE NPSIMOH, IpoxoAsiel yepe3 Touky A(2, 3):
a) napayensHo ocu Ox;
0) mapasmiensHo ocu Oy;
B) cocTaBIsonieii ¢ ocero Ox yromn 45°,
[TocTpouth naHHBIE IPSIMBIE.
OtBer:a)y=3; 0)x=2; B)y=x+ 1.

2. CocraBUTh ypaBHEHHE MPSIMOM, MPOXOAAIIeH depe3 Touky A(4, 3) U OTCEeKaroIei oT
KOOPJMHATHOTO yTIJIa TPEYTOJIbHUK TIJIOMIA B0, PAaBHOM 3 KB.€]I.

y y

X X
Omer; — 4+ —~—=1 wm —+—=1.

—4 32 2 -3

3. CoCTaBUTh ypaBHEHHE MPAMO, NPOXOISINEH 4YEpe3 TOUKY IIEPECEUYEHHUs MPSAMbIX
S5x-y+10=0, 8 +4y+9=0 u napamnensroit npsamoii X + 3y = 0. ITocrpouts

JAHHYIO IPAMYIO.
Otser: X +3y—2=0.

4. Jlan TpeyronbHUK ¢ BepmuHamu A (-2, 0), B(2, 4) u C(4, 0). Hanucats ypaBHeHHs CTOPOH
TpeyrojbHUKa, BBICOTHl AD 1 HaliTH BenMUuHy yria A.

Otser: 1) AC: y=0, AB: x+2=y, BC: 2x+y-8=0; 2) AD: x—2y+2=0; 3) ZA =45,

5. Cpemu  IpsIMBIX 3x-2y+7=0, 6x—-4y-9=0, 6x+4y-5=0,

2x 4+ 3y — 6 =0 ykaszars napaenbHble M MEPHEHIUKYIISPHEIE.

6. OmnpenenuTh yroj MEXIy MPSMbIMU:

a) y=2x-3 I/IYZ%X-FI; 0) 5x—y+7=0u2x-3y+1=0.

Ortgert: a) (= arctg%; 6) 45°.

3AJAHUE JIIS1 CAMOCTOSTEJIBHOM PABOTHI

1. Hano obmee ypaBHeHue mpsmoil: 12x- Sy- 65=0. Hamucatb:1)ypaBHeHHE C yIiOBBIM
K03 duUIIMEeHTOM; 2)ypaBHEHHE B «OTPE3KAX).

2. CocraBuTh ypaBHEHHe TpsAMOIA, Ipoxosieil uepes Touky A(2,3) nox yriaom 60° x ocu
Ox. [TocTpouTh TaHHYIO MPSAMYIO.

3. CocraBuTh ypaBHEHHE NPSAMOIL, poxoAsiel yepe3 Touky A(2,5) u oTcekaroiieil Ha ocu
OpIMHAT OTPE30K b=7.

4. CocTaBUTb ypaBHEHHUE INPSAMOU, MPOXOASIIEH 4YEpe3 TOUKY IE€PECEUEHUs NPSAMBIX 2X-
3y+5=0 n 3x+y-7=0 nepneHuKyJIApHO K NPAMON y=2X.
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5. CocTtaBUTh  ypaBHEHHUE NPSMOW, NOPOXOIAIIEH  4Yepe3  IEHTP  OKPYKHOCTH
x2+y?+4x+12y+15=0 napasiensHo npsamoit x-+y=0.

Cnucok Jqurepatypsbi:
1. Uneun B.A., Kum I'.J]. JIuneitnas anreOpa u ananutudeckas reomerpus. — M.: TK
Ben6u, U3n-so Ipocnekt, 2015.— 400 c.
2. Yeronun, A.Il. JIunelinas anrebpa u aHaIUTHYECKasi TEOMETPUsE DIIEKTPOHHBIN pecypc
: yueOHoe mocooue / A.Il. YeronuH. - PocroB-Ha-Jlony : KOxHbIM (enepanbHbIii yHUBEPCUTET,
2015. - 149 c. - Knura naxogutcs B 6a3oBoit Bepcuu IbC [PRbooks. - ISBN 978-5-9275-1728-2
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ITPAKTUYECKOE 3AHSATHUE Ne8

Huannapuyeckue U KOHHYECKHE TOBEPXHOCTH

IIe.m:: HU3YYUTH IMMOHATHEC IIJIOCKOCTU €€ OCHOBHLIC YPABHCHU.
3HaTh: pa3InyHbIe YPAaBHEHUS TUIOCKOCTH.
YMmeThb: IMPUMCHATS allrapar aHATMTHYECKOM reoMCTpHU I pCHICHUS PA3JIMYHBIX ITPAKTHYCCKUX
3ajad.
Baaners: MeTogaMM aHaJIUTUYECKON T'€OMETPUU PELIEHMS 3a/1a4.
3HaHUsA U YMeHMSs, IPUoOpeTaemMble CTYIEeHTOM B pe3y/ibTaTe OCBOEHHsI TeMbl (ceMHHAapa),
(¢opMupyemMble KOMIIETEHUMU HJIU UX YACTH:
OIIK-3 crnocoOHOCTh UCTIONIB30BaTh HEOOXOJUMbIE MATEMAaTHYECKHE METOIbI [T PELICHUS 3a/1a4
npodeCcCHOHATBLHOMN 1eATETbHOCTH.

AKTYaJIbHOCTB: IIPU U3YUYCHUU PA3TUYHBIX Pa3/ieioB (PU3UKU, MEXAaHUKU M TEXHHUYECKHUX
HAYK BCTPCUAIOTCA NPUMCHCHUA OCHOBHBLIC YPABHCHUA ITJIOCKOCTH.

Teopernyeckas 4acThb
YpaBHeHHe IUI0CKOCTH, MPOXOAsiIel Yepe3 JAHHYI0 TOUYKY NePHeHAHKYJISIPHO 32IaHHOMY
BEKTOPY

0. Jlio6oii HeHyleBOW BEKTOp 1N, MEPHEHAUKYISPHBIA IUIOCKOCTH, HAa3bIBaeTCs
HOPMAJILHBIM BEKTOPOM (HOPMAJIbIO, BEKTOPOM HOPMAJIM) 3TOM TJIIOCKOCTH.

[Tycte B mpoctpanctBe Oxyz 3amansb (puc.l):
— TPOU3BOJIbHAS TUIOCKOCTH T
— Touka M (X,,Y¢,Zg) €ET;

— HopMaJbHBIHN BekTop n = (A,B,C) miockoctu .

A 0 Ilyctb  M(X,y,Zz) — npoU3BOJbHAS TOYKa
z IUIOCKOCTH Tt. PaccMOTpUM BEKTOD
MM =(X—X(, Y= ¥0,2—2) -
Tak kak MM en n nlm,ro
MMln = MM:n=0 =
L s Alx=x,)+Bly—y,)+Clz-2,)=0| (1)

© y

VpaBuenne (1) — ypaBHeHHe TJIOCKOCTH,

NpoxoasIen qepes AAHHYIO TOYKY
Puc.1.

M, (Xy,Y(,Z;) NEePHEeHAUKYJISIPHO 3aIaHHOMY

BekTopy n =(A,B,C).
Oo0uiee ypaBHeHue mi1ockocTu. HemosiHbie ypaBHEeHHUs IIIOCKOCTH

Packpoem cko0Oku B ypaBrennu (1): Ax + By + Cz + (-Ax, — By, —Cz,) =0,

D
‘AX+By+Cz+D:O‘, ?2)
VYpaBHenue (2) — ypaBHEHHE TIEPBON CTENEHN OTHOCUTEIBHO TEKYIINX KOOPJAUHAT X, Y U Z,

npuueM Kodpduruents! A, B u C He paBHBI HYJIIO OTHOBPEMEHHO, T.€. A%+ B>+ C2 £ 0.
T.
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1. JIrob6ast mIockoCTh MOXKET OBITh 3aJlaHa B MPOM3BOJBHON JEKAPTOBOU MPSMOYTOJIHHOU
cUCTeME KOOPJMHAT YPaBHEHUEM IIEPBOM CTereHH Bua (2).
2. JIo0Ooe ypaBHeHHe BUJA (2) onpeaensieT B IPOCTPAHCTBE MIIOCKOCTb.

Bbi600. 1110CcKOCTE M TOIBEKO OHA ABJIICTCS IMOBCPXHOCTBHIO 1-ro IopsAJKa.

VYpaBHeHue (2) — od1ee ypaBHeHH e TJIOCKOCTH.

0. O6miee ypaBHEHHE TUIOCKOCTH (2) Ha3bIBaeTCS MOJHBIM, €CIIM BCE €ro KOdhGHUIIMEHTHI
A, B, C u D omyinunst ot Hysis. Eciii XoTst Ob1 0JTUH U3 YKa3aHHBIX KO3(D(DHIIMEHTOB paBeH HYIIIO,
TO ypaBHEHHE (2) Ha3bIBACTCSI HEMOJTHBIM.

HccienoBanue o01ero ypaBHeHus JIOCKOCTH (BUAbI HEMOJHBIX YPABHEHHU I MJIOCKOCTH)

3uaucnus YpaBHeHnue Hoxomenne ITosoxenue
ko3¢ duunenTon papienu HOPMAJILHOTO JI0AKCHH
MJIOCKOCTH T - MJIOCKOCTH TC
B ypaBHeHuu (3) BeKTOpa n
[Linockocth
D=0 Ax+By+Cz =0 IIPOXOJUT Uepe3
Ha4yai0 KOOpAMHAT
A=0,D#0 By +Cz+D=0 n 1 Ox || ox
B=0,D#0 Ax+Cz+D=0 n 1 Oy || oy
C=0,D#0 Ax+By+D=0 nl Oz |0z
A=0,D=0 By+Cz =0 n L Ox Oxen
B=0,D=0 Ax+Cz =0 n 1Oy Oyen
C=0,D=0 Ax+By=0 nl Oz Ozen
A=B=0,D#0 Cz+D=0 n 1 Ox unLOy x| Oxy
B=C=0,D+#0 Ax+D=0 n1OyunlOz r||Oyz
A=C=0,D#0 By +D=0 nlOx nnlOz n || Oxz
A=B=D=0 Cz=0= z=0 = Oxy
A=C=D=0 By=0= y=0 = 0xz
B=C=D=0 Ax=0= x=0 = 0yz

YpaBHeHHUeE ILIOCKOCTH B OTpe3Kax
PaccmoTpum nontHoe ypaBHeHwue miockoct (2): Ax + By +Cz+ D =0.

Tak kak Bce kodpdunuentsl A, B, C u D omimuHbl OT HyNA, TO ypaBHeHHE (2) MOXKHO
npeoOpazoBaTh CIEAYIOIMUM 00pa3oMm:

y

z

+ + =
-D/A -D/B -D/C
_ Y

Ax By Cz X
Ax+By+Cz=-D = + + =
-D -D -D
§+Z+E=1
a b c

VYpaBHeHue (3) — ypaBHeHHe IUIOCKOCTH B OTPe3Kax.

b

1,

C

©))
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<V

3ameuanue. B ypaBuenuu (3) umcna a, b, ¢ uMerOT
IPOCTOI T€OMETPUYECKHI CMBICIT: OHU PaBHBI BEJIMYMHAM
OTPE3KOB, KOTOPBIE IIOCKOCTh OTceKaeT Ha ocsix Ox, Oy
u Oz CcOOTBETCTBEHHO (OTPE3KH OTCUUTHIBAIOTCS OT
X Puc.2. Havasa KkoopAauHar) (puc.2).

YPaBHeHI/Ie IJIOCKOCTH, HpOXOHﬂHIeﬁ qyepe3 Tpu JaHHbIC TOYKH

Tpu TOYKM IPOCTPAHCTBA, HE JIEKAIIME HA OJHOM IPSIMOU, ONPENEIAIOT €AUHCTBEHHYIO
IJIOCKOCTB.

ITycts B mpocrtpanctBe Oxyz 3amaHbl Tpu Touku M,(X;,y;,Z;), M,(X,,y,,2Z,) H
M;(X5,Y5,25), HE IeKAIIUE HA OJHOU MPSMOIA.

BriBeneM ypaBHEHUE IIIOCKOCTH T, IPOXOALLEH Yepe3 TpU JaHHble TOUKU M1, M2 u Ms.
Ilycts M(X,y,z) — Ipou3BOJbHAs TOYKa IJIOCKOCTH T. PaccMOTpUM BEKTODBI:

MlM=(X_X1ay_Y1=Z_Z1)aM1M2 :(Xz —X1,¥Y2 7 Y12, _Zl),
M M; =(X3 —X15¥Y3 ~Yi1,23 _Zl)'

Tak kak Toukn M1, Mz 1 M3 nexar B OJHOM TIOCKOCTH T, TO BEKTOPbI

MM, M\M,, MM, kommianapHsl. Clle10BaTE€IbHO, MX CMEIIAHHOE IIPOU3BEIECHUE PABHO
HYJIIO:

MM-MM, MM, =0
WJIM B KOOPJIMHATHOM hopme

X =X Y = Y1 2 —z4
X, —=X; Yy—VY1 Z,—27|=0] 4
X3 =X1 Y3—=Y1 Z3—7

VYpaBHeHue (4) — ypaBHeHHe IUIOCKOCTH, TPOXOAsieil yepe3 TPU JaHHbIE TOUKH.

Yroa mexkay AByMsl IVIOCKOCTSIMU.
YcioBre NapaieJbHOCTH U NEPHEeHANKYJISIPHOCTH INIOCKOCTEH

0. YrioM MexIy IUIOCKOCTSIMH Ha3bIBaeTcs JIFOOON M3 JBYX CMEXKHBIX JBYIPaHHBIX
YIJIOB, 00Pa30BAHHBIX ATUMH TIOCKOCTSMH.

[IycTe B mpoctpancTBe OXyz 3a7aHBbl JIBE MNIOCKOCTH:
7, :Ax+B;y+C,z+D,; =0 c BekTopoM HOpMaNu n,; = (Al,Bl,Cl);

T, :A,x+B,y+C,z+D, =0 c BekTopoM HOpManu n_2 = (AZ,BZ,Cz).

AN R —
Torma ¢=|m, ,m, |=|n,,n, |. [lo3ToMy noryunm
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—N— n,-n A/A,+BB,+CC
cos@=cos(n, ,n,)=———=2- = 12 L 12 .
\annz JAZ+B? +C} A2 +B2 +C2
JInst HaXOXKIEHHUST OCTPOro yIVIa MEXKIY IUIOCKOCTSAMHU CJEAyeT B35ITh MOIYJb MPaBOU
4aCTH MOJy9eHHON (POPMYIIBL.
YciaoBue nepneHanKyJISIPHOCTH MJIOCKOCTEH 71 U 2.
YcioBue napanieIbHOCTH IJIOCKOCTEH 1 U TT2.
Ecmu m, || m,, TO n, || n, = KOOpJAMHATHI BEKTOPOB N; M N, MNPOINOPIHOHAIBHBI =>

A _B _G

AZ B2 CZ .

B HYaCTHOCTHU, €CJIM IINIOCKOCTHU T U T2 COBIIaJar0T, TO A_ = =—-=

ITIpumepsl pemieHust 3aaa4

Ilpumep 1. CoctaBuTh ypaBHEHHUE IIJIOCKOCTH, MpoXofsiiend uepe3 Touky Mo(2,0,—1) c
BEKTOPOM HOpMAaJu n= (1,2,-3).
Pemenue
M,:Xy=2,Y,=0,2y=-1 u n:A=1,B=2,C=-3
Vpasnenue npumer Bua I(x —2)+2(y—0)-3(z—(-1)) =0 = x+2y-3z-5=0.
Ilpumep 2. TlocTpouTh IIOCKOCTD, 33IAHHYIO YpaBHEeHUEM 2X — 3y + 4z —12 =0

Pemienue
N 2x-3y+4z=12
2 3y 4z,
12 12 12
X y z
3 ——=+—=1
6 4 3
/ E+L+£:1
> 6 -4 3
—4 0 y a=6, b=-4, c=3
6
Puc.3 Ha puc.3 uzo6paxkena uckomas
x o TIIOCKOCTb.

3ananus AJs1 padoThl B AyIUTOPUH M CAMOCTOSITEILHOMH PadoThI

SAJAHUA

1. ITocTpouTh IIOCKOCTH, 3a/IaHHBIE YPABHEHUSIMH:
a)2y—-5=0; 0)x+z—1=0; B) 3x +4y +6z—12=0.
2. Janet toukn M,;(3,-1,2) u M, (4,-2,—1). CocraBurh ypaBHEHHE IIIOCKOCTH,

npoxosieit yepes Touky M, meprenmuxyssipHo Bektopy MM, .

OtBer: x—y—-3z+2=0.
3. CocraBuTh ypaBHEHHE IUIOCKOCTH, HapayuienbHoi ocn OX M MpOXOJSIiel depe3 TOUKH

M, (0,1,3) u M, (2,4,5) . TIocTpouTh 3Ty IIOCKOCTb.
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1.

Otser: 2y —3z+ 7=0.

Haiitu ypaBHeHue miockocty, npoxozsien yepe3 Touky N(2, -1, 4) npu ycinoBuu, 4to
oHa oTcekaeT Ha ocu Oz oTpe30K BaBOe O0mbIHui, yeM Ha ocsix Ox u Oy.

OtBet: 2x +2y +z—-6=0.

CocraBuTh ypaBHEHHE ILUIOCKOCTH, mpoxomsimieil depes touky M, (0,-3,2),
napaJuIesIbHO II0CKOCTH, poxosiueii uepes tpu toukn M, (0,-2,—1), M, (1,-3,4) u
M, (L1,-1).

OtBer: 15x — S5y —4z—-7=0.

3AJAHUE JII1 CAMOCTOSATEJIBHOM PABOTHI

CocTaBuTh YpaBHEHHE TJIOCKOCTH, MMPOXOAAIICH uepe3 Touky Mo(4,-4,2) 1 mapaienbHOn
miockoctu Oxz.

2.CocTaBUTh ypaBHEHHE IUIOCKOCTH, MPOXOoJsiiel depe3 Touky Mo(5,4,3) u oTcekaromen

PaBHBIC OTPE3KH Ha OCAX KOOPpJAUHAT.

3.

CocTaBuTh ypaBHEHHE IUIOCKOCTH, Mpoxonduieil yepe3 Touky Mo(2,-3,1), napaienbHo
Bekropam @ = (-3,2,1) u b = (1,2,3).

Haiitu ypaBHeHue miockocTu, mnpoxoxsmei uepe3 Touku Mi(0,2,0), M»2(2,0,0) u
o6pasyromeii yron 60° ¢ mnockocTbio x=0.

CocraBUTh ypaBHEHHME IUIOCKOCTH, Ipoxonsiiei depe3 Touku Mi(7,6,7), Ma(5,10,5) u
M3(-1,8,9).

Cnucok uTepartypsi:

1. Nnbun B.A., Kum I'. /1. JIuneiinas anre6pa n ananutuyeckas reomerpusi. — M.: TK

Ben6u, U3n-so Ipocnekt, 2015.— 400 c.

2.Yeronun, A.Il. JIuneitnas anredpa u aHATUTHYECKAsi TEOMETPHUS DJIEKTPOHHBIN pecypc :

yuebHoe nocobue / A.Il. YeronuH. - PoctoB-Ha-Jlony : FOxHbIH (enepanbHblil yHUBEPCUTET,
2015. - 149 c. - Kaura naxonurcs B 6a3oBoit Bepcun IbC [PRbooks. - ISBN 978-5-9275-1728-

2
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IMPAKTUYECKOE 3AHSTHUE N9
KBaaparuunbie popmbl

Heab: u3y4nTh pa3ryuHble BUIbl ypaBHEHUN IPSIMOI B IPOCTPAHCTBE, B3aUMHOE PACIIOJIOKEHNE
JIBYX MPSAMBIX B IPOCTPAHCTBE, B3aUMHOE PACIIOIOKEHUE MIPSIMOM U MIIOCKOCTH.

3HaTh: pa3NuYHbIC YpaBHEHUS MPSAMOI JIMHUU B IPOCTPAHCTBE.

YMeTh: NpUMEHSTH alnapaT aHaTUTHYECKON F€OMETPUHN JJI PELICHUS PA3IMYHbIX TPAKTUYECKUX
3ajad.

Baanerb: MeTojaMu aHATTUTUYECKON T€OMETPUU PEIlICHUs 3a/1a4.

3HaHUsA U YMeHMSs, IPUoOpeTaemMble CTYIEHTOM B pe3y/ibTaTe OCBOEHHsI TeMbl (ceMHHAapa),
(¢opMupyemMble KOMIIETEHUMU HJIU UX YACTH:

OIIK-2 cmocoOHOCTh HMCHOJIb30BaTh B NPO(ECCHOHATLHON EATeILHOCTH Oa30BbIe 3HAHUS
(GyHIaMEHTAIBHBIX Ppa3/Ie]ioB MAaTEMaTUKH, CO37aBaTh MAaTEMATHUYECKHE MOJCIN THUITOBBIX
npoecCHOHANBHBIX 33/1a4 U UHTEPIPETUPOBATH MOIYYCHHBIE PE3yJbTAaThl C YYETOM TpPaHUI]
IIPUMEHUMOCTH MOJEIICH.

AKTYaJIbHOCTh: TIPU U3YUYECHUU PA3IUYHBIX Pa3aesioB GU3UKH, MEXaHUKH U TEXHUYECKUX HAYK
BCTPEYAIOTCS IPUMEHEHUS MPSAMOUN JTMHUHU B TPOCTPAHCTBE.

Teopernveckasi 4acThb
Kanonnuyeckue u napaMerpuyecKue ypaBHeHHs NPSIMOi B POCTPAHCTBE

ITycte B npocTpancTBe OXyz 3anansl (puc.1):
— IIpOM3BOJIbHAA NpsMas /;
— Touka M(X(,y(,2o) €l;

—  BEKTOp a= (m,p,q)||] — HanmpaBaAsIIOIMI BEKTOP NPAMOIii /.

7A

ITycte M(X,y,z) — Ipou3BOJIbHAS TOUKA MPSIMOH 1.
Pacemorpum BekTop MM = (X —X(, Y — Y¢.Z— Z;) -

Tak kak MM €1 n aHl,TO al| M M. Bekropsl

a 1 MyM KoylMHEapHBI, a 3HAYAT UX KOOPIMHATEI

IMPONMOpPHHUOHAIIBHBI:

0 y X=Xo_Y=Yo_Z2-7%

Puc.1. m p q

4y

VpaBuenust (1) — KaHOHUYecKHe YpaBHEHWUs
NPAMOI B IPOCTPAHCTBE.

3ameuanue. B xaHOHNYeCKUX ypaBHEeHUsX (1) onuH WM Ba U3 3HaMeHaTeled m, p U q
MOTYT OKa3aThCsl paBHbIMH HyI0. OOpalieHre B HyJlb OJTHOTO U3 3HaMeHaTenel B (1) o3HauaeT
oOpalieHre B HyJlb U COOTBETCTBYIOLIETO YHCIUTEIS.

Paccmotpum ypaBuenus (1) u 0603HaunuM
X=X _Y7¥o_27%0 _4 (2)
m P q

rue t — mapameTp.
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Tak kak oawH W3 3HaMeHartened (2) OTIMYEH OT HyJs, a COOTBETCTBYIOIIUNA YUCIIHTEIb
MOKCT IPUHUMATDb JIIOGI:IG 3Ha4YCHUs, TO 06HaCTBIO HU3MCHCHUA IMapaMCTpa t ABJIIETCS MHOXXECTBO

R.

Bripaxkas X, y ¥ Z U3 COOTHOIICHHH (2), MOTy4YnM

X — X, = tm, X =X, +tm,
y=Yo=1tp, nm Y=Yot+1tp, 3)
z—2z, =1q z=127y,+tq

VYpaBueHus (3) — mapaMeTpuyecKue ypaBHeHHsI IPAMO B MPOCTPaHCTBeE.
YpaBHeHusi NPSIMOM, MPOXOAsILIel Yepe3 ABe JaHHbIe TOYKH

ITycts B npoctpancTBe OXyz 3a1aHbl:
— TpOoU3BOJIbHAA NpsAMas I;
— Touka M,(x,,y;,z,) €l;

— Touka M,(X,,y,,Z,)el, M, #M,.

Bextop MM, = (x2 —X1,Yy —Y1,Zy — zl)e | MOXHO paccMaTpuBaTh Kak HANPaBIISAIOLIMN
BekTop npsmoii . Kpome Toro, npsimas | mpoxoaut uepes touky M, (X,,¥;,2;) .
Bocnonb3yeMmcsi kKaHOHMUECKUMHU ypaBHEHUAMHU (1), B KOTOpBIX:

a=MM,: m=x,-x,, p=Yy,—-V;, =2, -2,
My=M,: X=X, Yo=Y Zg =7
B pesynbTare nmomy4uum

X=X _ YN _27%4

X=Xy Yoo V1 727

“

VYpaBHeHus (4) — ypaBHeHHMs NPAMOIi, IPOXOsiIIei Yepe3 ABe JaHHbIe TOYKH.
OO0urue ypaBHeHUs PSIMON.
ITepexon oT 00mMX ypaBHEeHHH NPAMON K ¢ KAHOHUYECKHM YPABHEHUAM

ITycte B mpocTpancTBe OXYZ 3aaHbI JBE IIJIOCKOCTH:
7, :A;x+By+C,z+ D, =0 ¢ BEKTOpoM HOpMaJIU N = (Al,Bl,Cl);
7, :A,x+B,y+C,z+D, =0 ¢ BekTOpoM HOpMaIU n_2 = (A2,B2, Cz),

MNpUYEM IINIOCKOCTH T W T2 HEC COBIIAAAIOT M HE IapaljICIIbHbI (I[J'If[ 9TOI0 H€O6XOJII/IMO u

4 Al Bl Cl
J0CTAaTOYHO, YTOOBI Hapymajachb XOTs OBl OlHa U3 Mpornopuruun A_ = B_ = C_ )
2 2 2

Toraa npsMyro | MOKHO paccMaTpUBaTh KaK JHHUIO TIEPECEYEHUS TNIOCKOCTEH U1 U T2
Ax+By+Ciz+D, =0,

(©))

VYpaBHeHus (5 Ha3pIBAIOTCS OOLIMMU YPABHEHUSIMHU NMPSIMOM B IPOCTPAHCTBE.
Yroa mexkay AByMs NPSIMbIMH B IIPOCTPAHCTBE.
Yci0BHe NapaieJbHOCTH U NePHeHAUKYISIPHOCTH NPAMBIX B IPOCTPAHCTBE

0. Yriaom ¢ Mexay npsambiMu 1 U 12 B mpocTpaHcTBe HaszpIBaeTcsl 000N U3 ABYX

CMEXHBIX YIJIOB MEX/Y MapalIeIbHBIMA UM TPSMBIMH, IPOXOISAIINME Yepe3 KaKyr-TH00 TOUKY
IPOCTPAHCTBA.
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[Tycth B mpocTpancTBe OXyz 3a7aHbl ABE MPSMBbIE:
1 XTX_YTN 274
1- = =

C HaIpaBJISAIOUIMM BEKTOpoM a1 = (m;,p;,q;),

m, Pi q;
X —X — zZ—2 -
1,: 2 _Y7¥2 2 ¢ HANpaBISIOMIUM BEKTOPOM a2 = (M,,P,,q,) -
m, P2 qz
N AN
Torma o=|1,,1, [=|a,,a, | [losTomy cipaBeqyiuBa hopmyna:
- —
P ) mm, +p,p, +q,9,
cos@=cos(a, ,a,)=——== —— | (6)
‘alHa2 \/ml +pr T4 -\/m2+p2 +q;

JUis HaxOoXJIEHUsl OCTPOro yria Mexnay npsaMeiMu 11 u lp ynciourens nmpaBoil wyactu
dopmysl (6) creayeT B3sATh 10 MOAYIIO.

YcaoBue napauiebHocTu npsimMbix 11 1 12 B mpocTpancTse.

T o m_p_49

1 _Pi_ %
Ecmu 1,||1,, 10 a, ||a, T.e. BEeKTOpBl a; U a, KOJUIMHEAPHbl => |— =— = —
m, P, 9

YciaoBue nepneHauKyJIsApHOcTH NpsMbIX 1 u |2 B npocTpancTBe.

Ecm 1, L1l,,T0a, La, = a,-a,=0 = |mm,+p,;p,+q,q,=0|

YcaoBue NPUHAAJIC/KHOCTH IBYX NIPAMBIX K OJHOM MJIOCKOCTH

YcranoBum yYcioBu€ NMPUHATAJICKHOCTHA OJHOH IJIOCKOCTH ABYX NPAMBIX, 3aJaHHBIX
KaHOHUYCCKHUMU YpPABHCHUAMUA

RN ET Ay

my P q m, 3 dz

X=Xy _Y=Y2_277%

Z[J'ISI MNPUHAMJIC)KHOCTH JABYX YKa3aHHBIX IIPSAMBIX OJHOM IJIOCKOCTH HeO6XOI[I/IMO 151

J0CTaTO4HO, 4YTOOBI Tpu BekTopa MM, = (X, =X, Y2 = V1.2, —2,), a1=(m,p,,q;) u

a2 =(m,,p,,q,) ObulM KoMIuTaHapHbl. Clle0BaTENbHO, CMEIIAHHOE MPOU3BEIEHHE ITUX TpeX
BEKTOPOB JOJIKHO OBITH PaBHO HYJIIO.

3anuchiBas CMEIIAHHOE MPOW3BEICHHE YKa3aHHBIX BEKTOPOB B KOOpPJAMHATHON (opme,
MOJIyYUM He00X01MMOe U I0CTATOYHOE YCJI0BHEe MPUHAIJIEKHOCTH ABYX NpsaMbIX 11 u 12 oxHoii
IJIOCKOCTH:

Xo=X1 Yo=Y1 2572
m, by q |=0} ™)
m, P> qz

Ecnu npsimeie 11 u I ynosneTBopsitoT ycioButo (7), TO OHM JMOO NepeceKaroTcs, Ju0o
HapaJuIeIbHBL.

YroJ Mexay npsiMoi M IJIOCKOCTHIO.
Yci0BHe NapaieJbHOCTH U NePHEeHAUKYJISAPHOCTH NPAMON U IVIOCKOCTH

PaccMoTpuM B3aMMHOE pacIiooOKEHUE MPSMOM U INIOCKOCTH B IIPOCTPAHCTBE.
[IycTe B mpoctpancTBe OXyZ 3aJaHBbI:

11 X7%0 _Y~¥ _Z77%
m p q
wiockocth T:AX +By +Cz+D =0 ¢ HopmansHbIM BekTOpoM n = (A, B,C).

C HaMpapJISIOLIMM BEKTOpOM a = (m,p,q);

npsiMast

39



0. Yriom Me:x1y nNpsiMoii 1 ¥ m10cKocThIO T Ha3bIBaeTcs JI000H U3 ABYX CMEXKHBIX YTJIOB,
00pa30oBaHHBIX MPSMOHL | 1 ee mpoeKIuei Ha MI0CKOCTh 1.

[Tox yrimom @ Mexay npsiMoii 1 u miaockocThio T OyeM MOHUMATh OCTPBINA yroi Mexay 1 u
ee MpOoeKIMel Ha MIIOCKOCTh TT.

ITycts 6 = (ﬁ s aj . Torma cosO =

S0l =
o ||l o |

cosG=cos(g—(p)=sin(p.
T T T
Ecmm 6>—,10 0=0-— = [0==+0|:
20TV, [ 2 (Pj

cosf = cos(g+(p) =—singQ.

B sro60oM ciydae sin ¢ = |cos 6] . CiienoBatensHo, crpaBe/unBa GopMysa:

, ‘ﬁ‘a‘ | Am + Bp + Cq |
sin @ = = i
1 nja \/A2+B2+C2\/m2+p2+q2

YcioBue — mapajiieIbHOCTH — NPAMOH M
MJIOCKOCTH.

Ecau l||n, o nla = n-a=0 =
Am+Bp+Cq=0
YciaoBue nNepHeHAMKYJISPHOCTH MNPSAMOM U
Puc.3. IJIOCKOCTH.

Ecmm 1L, To n|la = Bekrtopel a U n

KOJUIMHEApHBI —>

Yci0BHe NPUHAAIEKHOCTH IPSIMOM IJIOCKOCTH
[Tycts B mpocTpancTBe OXyz 3anaHbl npsMas 1:

X =X, +tm,

y:y0+tp7

z=27,+1q
A TUIOCKOCTH TT: Ax+By+Cz+D=0.

VYcnoBue npuHAIICKHOCTH MPSIMOH | TIIIOCKOCTH T
Am+Bp+Cq=0,
Ax, +By,+Cz, +D=0.

IIpumeps! pemenus 3aga4

Ilpumep 1. CocTaBuTh ypaBHEHUE IPSIMOI IMHUH, BOIb KOTOPOI 1BHXKeTcs Touka M(X,Y,z)
oT Touk Mo(2,3,—1), B HalpaBJIEHUU BEKTOpa a = (— 2,3,0).
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Pemenune
Ucnons3ys ypaBHeHus (1), HoqTydrM UCKOMBIE YpaBHEHUS MIPSIMOM B BUJIE
x-2 y-3 z+l
-2 3 0
Ilpumep 2. TlpuBecTr K KAHOHUYECKOMY BHUJY OOIIME YPaBHEHUS MPSIMON
. Xx+y+z-3=0,
“|x=3y-z+5=0.

= Hanpapsironui Bektop a L Oz.

Pemenue
1) U3 o0mux ypaBHEHMH NpsAMOW HalJEM HOpPMalbHbIE BEKTOPHI COOTBETCTBYIOLIUX
IUIOCKOCTEM:

n, =Ll n,=(1-3-1).
OnpenenyuM HaIpaBJIAIONIUMNA BEKTOP JAaHHON MPSMOM:

i jk
a=[1 1 1|=2i+2j-4k = a=(2,2-4).
1 -3-1

2) Haitnem kakyroo-nmu00 TOUKY, JICKAIIYIO Ha TAaHHOU MPSMOIA.

. x+y—-3=0,
[Tycte z = 0, Torma obmue ypaBHEHHsI MPSIMON MPUMYT BHI Orcroma
x—-3y+5=0.

HaXOJIMM COOTBETCTBYIOIIME 3HaYeHus X = 1, y = 2. Takum o0Opazom, Touka M, (1,2,0) 1.

. x—-1 y-2 =z
3anuiieM KaHOHUYECKUE YPaBHEHUS IPSIMOM: —— = “—— = —.
2 2 -4
Ilpumep 3. HaiiTu TOUKy nepecedeHust mpsiMoil U MIIOCKOCTH
x—2 y-3 z-4
1 1 2
Pemenue

, a: 2x+y+z—-6=0.

X =2+t,
3anuiieM ypaBHEHHUS NpsAMOil | B mapameTpuyeckom Buzie: |y =3+,
z=4+2t.

HOILCTaBI/IM 3HAYCHHUA X, Y, Z U3 MNApaMCTPUUCCKUX ypaBHeHI/Iﬁ pr[MOf/i B YPaBHCHUC
IJIOCKOCTH 0L M HAJIEM 3HAYEHUE MapaMeTpa t:
22+t)+3+t+4+2t-6=0, 5t=-5 = t=-I.

IloncraBuB HalileHHOE 3HaYEHHE MapaMeTpa t B MapaMEeTPUUYECKUE YPABHEHUS IIPSIMOH,
ornpeaeuM KOOPAUHATHI €IMHCTBEHHOM TOUKH IepeceyeHus MpSIMOH U MIIOCKOCTH:

x=2-1=1
y=3-1=2 = (na=M(22)
z2=4-2=2

3aganus 1751 padoThbl B Ay IUTOPHH M CAMOCTOSATEJIbLHOM PadoThI

1. CocTaBUTh NapaMETPUYECKHE YPABHEHHS INPSIMBIX, IIPOBEIAECHHBIX YEPE3 TOUKY
M, (2,-1,-3), B kax10M 13 CIIETYIOIIHX CIIyYaes:
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x=—1+2t
a) mpsMast napaieabta npsaMoii 1y =2 — 4t
z=t

0) mpsimast mapayenbaa ocu Oy;
B) IIpsiMast MepIEHIUKYIIIpHA INIOCKOCTH 3X +y —z — 8 = 0.

X =2+2t X=2 x=2+3t
Orser: a) 1y =—1—4t; 0)qy=—1+t; B){y=—1+t.
z=-3+t z=-3 z=-3—-1t

2. CocTaBuTh KAHOHUYECKHE yPaBHCHHUS IPSIMOii, mpoxosimeit uepes Touky M (2,1,-3) u
napajuieabHON BEKTOPY:
a)a=(2,41); 6) a =(1,0,-2).
x—2:y—1:z+3' 6)x—2zy—1:z+3
4 1 1 0o -2
Xx—=2y+3z-4=0

3X+2y-52—-4=0

Ortgert: a)

3. HpI/IBeCTI/I K KaHOHNUYCCKOMY BUAY YpPaBHCHUA HpHMOﬁ {

OrtBer: X_2=y—+1=

z
7 4

4. Jloka3aTb MapajjiebHOCTh MPSMBIX

Xx+2 y-1 z x+y—-z=0
_——27“{
X—-y+z-4=0 X+y+z-4=0

! {2x+3y—z—6:o'

X-y—-5z-8=0
5. Haiitu yron Mexay npsMbIMu
2x+y—-2z+5=0

11
Ortser: (p =arccos—.
26

x+1 y+1 z-3
2

6. Haiitu yroa Mexmy mpsiMoit ¥ TUIOCKOCThIO X + Y +2Z2—4=0.

.5
Otser: (= arcsmg .

z
— U IUIOCKOCTH
-2 6

x—1 y+1
1

7. HaiiTu TOYKy TIepecedeHuss NpsMOU

2x+3y+z-1=0.
Otser: M)(2,-3,6).

3AJAHUE JUISL CAMOCTOSTEJIBHOM PABOTHI

1. CoctaBuTh ypaBHEeHHUs NPAMOM, npoxoadiieil uepe3 Touky Mo(1,-5,3) u obpa3yronieit
C OCSMHU KOOpJMHAT yTibl o=1/4, B=mn/3 u y=27/3.

2. CocraBUTb ypaBHEHMsI MpsAMOM, mpoxonsamier uepe3 Touky  Mo(3,-2,4)
NEePHEHANKYISIPHO TI0cKocTH SX+3y-7z+1=0.

3. Janel BepumHbl TpeyroimpHuka A(-3,2,8), B(-7,0,3), C(3.4,5). CocraBurb
napaMeTprUYecKre YpaBHEHUSI METUAHbI, TPOBEJACHHON U3 BEPIIMHEI A.
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-2. 1 — 4
4. Haiitu yroa mMexay npsMbIMU X y+30 _z > " x+l_y 7 _it .
-1 5 4 6 2 -1

5. Haiitm ypaBHeHue mpsAMO#, mpoxojsamied depe3 Touky Mo(-2,3,4) u
. x=2 y+1 z x y+2 z-1
NEPIEHIUKYISIPHOM MPSAMBIM TS H-—="—"—-"=

-1 2 2 1 3
x+10  y-7 z+2

6. Ilpu xakoMm 3HaYE€HUU M MpsSMast rapajieiabHa IIOCKOCTH SX-

m 2 -6
3y+4z-1=0?

Cnucok uTepaTypsl:

1. Uneun B.A., Kum I'.Jl. Jluneitnas anreOpa u ananutudeckas reomerpus. — M.: TK
Ben6u, 13a-so [Ipocnexr, 2015.— 400 c.

2. Yeromun, A.Il. Jlunedinas anreOpa M aHaIUTUYECKas T€OMETPHsS JIEKTPOHHBIN
pecypc: ydebnoe mocobue / A.Il. Yeromun. - PocroB-Ha-lony: IOxHbIM (enepaabHbIil
yHuBepcureT, 2015. - 149 c. - Kaura naxoaurcs B 6a30Boii Bepcun ObC IPRbooks. - ISBN 978-
5-9275-1728-2
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IMPAKTHUYECKOE 3AHATHE Nel0
IHoaroroBka K 3K3aMeHy

Heab: n3yunth anredOpanuecKue JMHAA BTOPOTO MOPSIKA.

3HATh: KAHOHUYECKOE YPABHCHHUE OKPYKHOCTH, KAHOHHYECKOE YPABHEHHE AJLITUTICA.

YMeTh: IPUMEHSTD alapaT aHATUTHYECKOW TEOMETPHH IS PEIICHUS PAa3TUYHBIX MPAKTHICCKUX
3a7a4.

Baagers: MeTogaMH aHAJTUTHYCCKON T€OMETPUH PEIICHHMS 3a/1a4.

3HaHUs U YMeHHs, IpHo0peTaeMble CTYA€HTOM B pe3yJbTaTe OCBOEHUsI TeMbI (CeMUHAapa),
(opMupyemMble KOMIETEHIIHH I UX YaCTH:

OIIK-3 criocoOHOCTH HCIIOJIB30BATh HEOOXOJUMBIC MATEMATHIECKUE METOIBI JUIS PEIICHUS 3a/1a4
po(heCCHOHATILHOM JICATSIILHOCTH.

AKTYaJIbHOCTB: TIPH U3YYEHUH PA3IUYHBIX PA3JENIOB (PU3UKH, MEXaHUKU U TEXHHUECKUX HAYK
BCTPEYAIOTCS IPUMEHEHHUS alreOpandecKuX JUHUH BTOPOTO MOPSIKA.

Teopernveckasi 4acThb

Kpueoﬁ emopozo nopﬂdxa Ha INIOCKOCTHU HA3bIBACTCA JIMHHUS, OIMMCbIBACMasi YPABHCHUCM
BTOpOI\/JI CTCIICHU C IBYMs HCHU3BCCTHBIMU

2 2
a, X" +2a,xy+a,y +2a,x+2a,y+a, =0,

rae Ko3pPUIUESHTH a;;, a2, a2> HE PAaBHBI HYJIIO OJHOBPEMEHHO. DTO YPAaBHCHHE HA3BIBACTCS
00WuUM ypasHeHuem TAHAA BTOPOTO TIOPSIIIKA.

HYCTI) Ha INIOCKOCTHU 3a/laHa IMPAMOYTOJIbHAaA ACKApTOBad CUCTEM KOOpPAUHAT.

1. OxpysicHocmbro Ha3bIBAETCSI MHOXKECTBO TOUEK IJIOCKOCTH, yIaJCHHBIX OT JAHHOM TOUKH
O(a,b) (yenmpa OKPYXHOCTH) Ha PACCTOSHHE F, Ha3bIBAEMOE paouycom OKpyxHocTu. Ee

2 2
KaHOHUYECKOE YPAaBHEHUE UMEET BUJI: (x - a) + (y —b) =r,
OO1ee ypaBHEHUE 33/1a€T OKPYKHOCTD, €CITH BBIIOHSFOTCS CIICAYIONIUE YCIIOBHUS:
_ . _ . 2 2
1)a, =a,,#0; 2)a,=0; 3) a,+ay—a, -a, >0.
2. Dnnuncom Ha3BIBAETCS MHOXKECTBO TOYEK TUIOCKOCTH, CyMMa PacCTOSTHHN KOTOPBIX JI0
JIBYX JaHHBIX TOYEK, HA3bIBAEMBIX (hOKycamu, €CTh BENIWYMHA TOCTOSHHAs, OOJbIIas, 4eM

paccrosiuue Mexay (pokycamu.
O6o3HauuM paccrosinue Mexay pokycamu F; u F> uepes 2c,

A 9
Y CyMMYy DPAacCTOSHHIM OT HUX JI0 TOYKH 3JUIHIICA 4epe3 2a, a>c u
My BBEJIEM B PACCMOTpeHHe uucio b: b’=a’-c°.
/ ‘\l\ Ecmu ¢hoxychl ayumiica HaxXoaaTest Ha OCH a0CIMCC Ha PaBHBIX
I -
t t > paccTOsSHUSAX OT Hauaida KOOpAMHAT B Toukax Fi(c,0), F»(-c,0)
& y (puc.25), To KAHOHUYECKOE YpaBHEHHUE IJUIATICA UMEET BHI:
2 2
X
Puc.25 Y g
2 2
a b

31echk a — 6oMbIIas MoMyoch, b — Manas TIOTyoch HIUIUIICA.
Ecim OKyCHI 3JUTHIICA HAXOJATCS HA OCH OpJMHAT HA PABHBIX PACCTOSHMAX OT Hayasa
KOOPJIMHAT, TO YpaBHEHHUE JIUINIICA TO XK€, ero GOKychl UMEIOT KoopauHaTsl F;(0,c), F2(0,-c), b—
OoIBIIIAs TIOTYOCh, @ — Manas MONyoCk dIINICA, a’=h>-c°.

c
3KcueHmpucumem0M Ha3bIBACTCsA YHCIIO e:g, TAC ¢ — MOJIOBUHA PACCTOSAHUA MECKOY

dokycamu, d - GoJbIIas MOTYOCH ILTUIICA.

IIpumeps! pemieHus 3aga4
3anaua 1. HaiiTi KOOpIMHATHI IEHTPa ¥ paguyc okpyxkHocTH 2x° +2y° —8x+5y—4=0.

44



Pemenue. Boinenum B 001ieM ypaBHEHHH OKPY)KHOCTH TIOJTHBIE KBAIPaThI:
5 25\ 25 5\ 121
200 —4x+4)-8+2 Y+ Zy+ = |- —4=0, 2x—22+2( +—J ="
( ) (y LA 6) : (x=2f 2 v+ | =5
U pa3zenuM o0e 4acTh ypaBHEHUS Ha 2:
2
5 121
x=2F+|y+=| ===,
(v-2) (y 4) 16
5 11
Torma Q 2,—; - LEHTP OKPYKHOCTH, & 7' = 7 ee paauyc.

5 11
OrTBer: 2—— | r=—.
Q( 4) 4

3agaua 2. CocTaBUTh KAHOHUYECKOE YpaBHEHUE JUTHIICA, (POKYCHI KOTOPOTO JIEKAT Ha OCU
OpIMHAT, 3Hasl, yTo ero Oombiias ock /0, a paccrosiHue Mexay Gokycamu 8. [TocTpouTs smwrc,
HAMTH KOOpPIUHATHI (POKYCOB M SKCLIEHTPUCHTET.

Pemenue. [To ycnoButo 2b=10, 2c=8, nostomy b=3, c=4, a’=b’-
2 2
c?=9 . Torna KaHOHHYECKOE ypaBHEHHUE JILIHIICA %+;—5 =1, ero

4
doxycol F;(0,4), F2(0,-4), 5KCUEGHTPUCUTET € = 5

2 2

Xy 4
OtBer: —+=—=1, Fi1(0,4), F2(0,-4), e = —.
0 25 1(0,4), F2(0,-4) 3

33113‘—[3 3. COCTaBI/ITL KaHOHUYCCKOC YPABHCHUC JJIJIMIICA, €CJIM OH IMPOXOAUT UCPE3 TOUKU
Mi(1,3), Ma(4,1).

2 2

Pemenne. Kanonnueckoe ypaBHEHHUE AIUIAIICA UMEET BUT —2+)b}—2 = /. Tak xak Touku M,
a
M> npuHajIeKaT IUTUIICY, TO UX KOOPIUHATHI YAOBIETBOPSIOT €ro ypaBHeHHt0. imeem cucremy:
3 I 9 1 15
—+—=1’ _2—1—_2, — =,
a’ b2 a b b* 143
2 2
L 16(1—%}%:1, 1.8
a’ b’ b b a- 143
8 15
Oteer: —x’ +——y° =1.
143 143

3aganus 1751 padoThbl B Ay IUTOPHH M CAMOCTOSATEJIbLHOM PadoThI

SAJAHUE

1. OnpenenuTs KOOPAMHATHI IIEHTPA ¥ PANYC OKPYKHOCTH: X~ + )’ —4x—14y+54=0.

2. CocTaBUTb ypaBHEHHUE KacaTEIbHBIX K OKPYKHOCTH (x -3 )2 + (y + 2)2 =25, IpOBEJCHHBIX B
TOUYKaX €€ MPEeceueHus ¢ 0Cho adCIuCC.

3. CocTaBuTh ypaBHEHHE 0OIIel XOpIbl OKpYXKHOCTel X~ +)° =16 1 (x -5 )2 +y°=9.

CocTtaBuTh ypaBHEHHUE DJUIUIICA, (POKYCHI KOTOPOTO Jie)KaT Ha OCH a0CIMCC, 3Has, YTO a) €Tro
nojyocu paBHbl 5 1 3; 6) ero manas ock paBHa 10, a paccTosiHue Mexay Gpokycamu 4; B) €ro
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6ospmas ock 20, sxcrieHTpucuteT 3/5. IlocTpouTs IHIIC.
5. Haiitu amuHb! oxyocei, KOOpAMHATHI (POKYCOB, SKCIIEHTPUCUTETHI CISAYIOIINX JUTUIICOB!

a) x’+25y° =25;6) 9x° + y° = 1; [ToCTPOHTH ILIAICHL

3AJAHUE JII1 CAMOCTOSTEJIBHOM PABOTHI

1. HaiiTi ypaBHEHHE OKPYKHOCTH, CAMMETPUUHON OKPYKHOCTH X~ + )° = 4 OTHOCHTEIBHO
npsmoit x—y—-3=0.

2. Haiitu panuHYy momyoceld, KOOpAMHATHI  (POKYCOB, OKCHEHTPHCUTET  AIUIMIICA!
4x’ +9y° —8x—36y+4 = 0. ITocTpouTs ILIHAIIC.

Cnucok Jqurepatypsbi:
1. Uneun B.A., Kum I'.[1. Jluneitnas anre6pa u ananmutudeckas reomerpus. — M.: TK Benbwu,
N3n-Bo Ipocnekt, 2015.— 400 c.
2UeromuH, A.I1.<BR>&nbsp;&nbsp;&nbsp; JInneiinas anredpa v aHaTUTHYECKAS TCOMETPHSI
OeKTpOoHHBIH pecypc : yueoHoe nocobue / A.Il. Yeronun. - Poctos-Ha-/lony : FOxHbII
denepanbubiii yHUBEpcuTeT, 2015. - 149 c. - Knura Haxoautcs B 6a3oBoit Bepcun Ib6C IPRbooks.

- ISBN 978-5-9275-1728-2
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MUHUCTEPCTBO HAYKU U BBICIIIET'O OBPA30OBAHHUS
POCCUIICKOI ®EJIEPALINUI
q)enepanLHoe ToCyJapCTBEHHOC aBTOHOMHOC

00pa30BaTEIbHOC yIPEHKACHUE BBICLIECTO 00pa3oBaHus
«CEBEPO-KABKA3CKNU ®EJNEPAJIBHbI YHUBEPCUTET»

METONYECKHUE PEKOMEHIALIUUA IS OPI'TAHU3ALINA
CAMOCTOSTEJIbHOM PABOTHI

no gucuuiuinie < 'EOMETPU S
st cryaenToB cnenuanbHocty 10.05.01 KomnbrorepHas 6€300acHOCTb
cnenuanu3anusa «MHpopManmoHHO-aHaTUTUYECKAs U TEXHUYECKask HKCIIEPTU3A
KOMITBIOTEPHBIX CUCTEM)

CrasponoJib,
2026
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HHOACHUTEJBbHAA 3AIIUCKA

1. Heab u 3a1a4n 0CBOECHUS IMCHUILJIMHBI (MOLYJIs1)
[enb ocBoeHUs TUCHUTUIHHBL: «['eoMeTpush» sIBIsieTCss POPMUPOBAHNE COOTBETCTBYIOIINX
KOMITeTeHIIMH cTyaeHTa cneruanbHoct 10.05.01 KommnbroTepHas 6€30macHOCTb.
3amaur OCBOCHUS JTHMCIUILINHEL
— mosydeHue 0a30BBIX 3HAHUH 110 AaHATUTHYECKON T€OMETPHH;
— TnpuoOpeTeHre HaBBIKOB MCCIICOBAHUS U PEIICHHs 0a30BBIX 3a/1a4
AQHAJIMTUYECKOM r€OMETPUH;
— OBJAJICHUE COBPEMEHHBIM F€OMETPUUYECKHUM anmnapaToM JJisl adbHEUIIero
WCIIOJIb30BAHUS TP PEIICHUU TEOPETUUYECKUX U MPUKIIAIHBIX 3a]1ay;
— pa3BUTHE CHOCOOHOCTEH MPUMEHSTH MOJYYCHHBIC 3HAHHUS M YMEHHS B CMEKHBIX
TUCIUIUIMHAX U Oy aymieit mpodecCHOHaTbHON ACSITeTbHOCTH.

2. MecTo IMCHMILUIMHBI (MOYJI51) B CTPYKTYpe 00pa3oBaTe1bHOI MPOrpaMMbl
Jucrtuminza «I'eomeTpus» BXOIUT B OJI0K 00s13aTeIbHOM yacTu qucuuiuinH. Ee ocBoeHue
IIPOUCXOJUT BO 2 CEMECTPE.

3. IlepeyeHb mNIAHMPYEMBIX Pe3yJbTATOB O0y4YeHHs IO AUCHUIIMHE (MOAYJI0),
COOTHECEHHBIX C IUIAHMPYEMBbIMH pe3yJbTATAMH OCBOCHHS O00pPa30BaTeJbHOM

NPOrpaMmabl
Kon, dopmymmpoBka Kon, hbopmynrpoBka nHIMKATOpa IInanupyemsble pe3yabTaThl
KOMIIETCHIIUU 00yueHHS 10 AUCLUIIIMHE

(MOIyII0), XapaKTepU3YIOIIKE dTAIbI
(hopMHUPOBaHUS KOMIIETCHIINH,
WHJIUKATOPOB

OIIK-3 Crocoben
HCIIOJIE30BAaTh
HEOOXOIMMBIE
MaTeMaTHYECKHE METOIBI
JUTSL PEILICHUS 3a/1a4
npodecCHOHATEHON
IEATENIBHOCTH

NJI-1 OIIK-3 OcymiecTBaseT oTO0p
Y CUCTEMAaTHU3aI[UI0 OCHOBHBIX
CBOMCTB BayKHEUIINX
anredpanveckux CTPYKTyp; OCHOB
JUHEWHO anreGpbl; OCHOB
aHAINTUYECKON TEOMETPHH.

OcymiecTBisieT 0TO0p U
CUCTEMAaTH3aLIiI0 OCHOBHBIX
MOHATUH AHATUTUYECKON
TreOMETPHH; AEMOHCTPUPYET
BJIaJIeHHE OPMYITUPOBKAMH
YTBEPXKACHUHN, METOIaMHU HX
JIOKa3aTeJIbCTB.

NA-2 OIIK-3 Onepupyer
3JIEMEHTAMH YHCJIOBBIX MOJIEH,
JIMHENHBIX IIPOCTPAHCTB,
JUHEHHBIMH OTIEpaTOpaMH,
MaTpUIIaMH, BEKTOPAMH, JIMHEHHBIMU
Y HEJIMHEWHBIMUA T€OMETPUICCKUMU
00BEKTaMU; pelraeT CUCTEMBI
JUHEWHBIX ypaBHEHHI, IPUMEHSET
anreOpanvdeckue MeTO b JJIs
pelIeHns TeOMETPUUECKUX 3a/1a4;
MIPUMEHSET alreOpandecKue u
reoMeTpHUYeCcKre METOIBI IS
pelIeHus IpYKIaaHbIX 3aj1ad, a TaK
K€ TIPOU3BOJIUT OLIEHKY KauecTBa
MOJIYYEHHBIX PELICHUMN;
JIEMOHCTPHUPYET CIIOCOOHOCTH K
a0CTpaKIuy, B TOM YHUCIIE YMEHHUE
JIOTUYECKU PA3BUBATh OTICIIbHbBIC
(hopMasbHbIC TEOPUH U
YCTaHaBIUBATh CBSI3b MEXIY HUMH.

Onepupyer 371eMeHTaMu
JIMHEHHBIX IIPOCTPAHCTB,
BEKTOpaMU, TUHENHBIMU U
HEJIMHEHHBIMU T€OMETPUICCKUMU
00BEKTaMU; PUMEHSIET
anreOpanveckue METOIbI JIJIs
pelIeHns TEOMETPUIECKHX 3a/1a4;
MIPUMEHSIET allre0OpanyecKue u
T€OMETPUUYECKUE METOIBI JIS
pelIeHns IPUKIAIHbIX 3a7a4, a
TaK)Ke TPOU3BOIUT OIEHKY
Ka4yecTBa MMOTyYEeHHBIX PEIICHUH;
JIEMOHCTPHUPYET CITOCOOHOCTH K
abcTpakuuy.

NA-3 OIIK-3 ucnone3yer
MaTEMaTHYECKUE METOIbI B

I/ICHOJ'H:3y€T TCOMCTPUICCKUC
MCTOJABI 1JI1 OITMCAaHMsA
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MPOrpaMMHBIC TEXHOJIOTUH PabOTHI C | MaTEMaTHYECKUX MOJICICH
anredpanvdeckuMy CTPYKTYpaMu Uit | MpodeccHoHambHBIX 3a/1ad.
perenus 3aaa4 npopecCuoHaNbHON
JISITEIILHOCTH.

MeToaudeckiue peKOMEHIAIMU IMOATOTOBIEHBI ¢ ydeTtom TpebdoBanuiit ®I'OC BO wu
UMEIOLIeHCs MpOorpaMMbl IO JaHHOW AUCLUILIMHE.

IIpennaraeMble METOAUYECKHE PEKOMEHIALUU COACPKAT MaTEpUaibl Il OPraHU3ALNN
CKP u npoBesneHuss TEKyLIEro KOHTPOJISI 3HaHUN U yMEHMH cTyJaeHTOB. [IpuBeneHsl mpumepsl
pEILIEHNUS TUIIOBBIX 3a/1a4, IEMOHCTPUPYIOLINE OCHOBHBIE IIPUEMBI U METO/IbI PEILICHUS.

PaccmoTpeHHBII  MaTepuall  OXBAaTbIBAET  BECh  IIPOrPaMMHBIM  MaTepual IO
COOTBETCTBYIOIEH AMCLHUIIIMHE U1 YKA3aHHOT'O HAIIPABJICHUS M COACPIKUT IOINOJHUTEIBHBIN
MaTepHal, CiocoOCTBYIOIINI IETOCTHOMY OHUMAaHHIO MaTepuaa.

[lenbro KOHTPOJIBHBIX 3aJaHUH SBJISIETCS BBIIBICHUE YPOBHS YCBOCHHS BENYIUX IIOHATUN
U (aKTOB T€OMETPUH, a TAKXKE BBISBICHUE YPOBHSA C(HOPMUPOBAHHOCTH COOTBETCTBYIOIIMX
KOMIIETCHIINH.

[lonoOpanHble 3a7auu AJIE CaMOCTOSITENIBHOIO PEIIEHUs IMPU3BAHbI CHOCOOCTBOBAThH
3aKpEIJICHUIO TEOPETUYECKUX 3HAHUM 110 JUCLMIUIMHE, OBJIAJCHUIO aHAIMTUYECKUM allapaToM
B T€OMETPUM M IPUMEHEHHUIO €ro K JI0Ka3aTeIbCTBY TEOPEM, MCCIECIOBAHUIO Pa3JIMYHBIX
TEOMETPUUYECKUX BOIIPOCOB.

49



OBIIUME METOINMYECKHE PEKOMEHJIAIIUU 11O OPTAHU3ALIUN
CAMOCTOSTEJBbHOM PABOTHI CTYJIEHTOB

Camocmoamenvnan paboma Kak earxcueiuias gpopma yuebnozo npovyecca.

CamocrodrenbHas paboTa - IuIaHUpyeMas yueOHast, yueOHO-HCCIeJ0BaATEeNIbCKasl, HAyUYHO-
UCCIIeIOBaTEIbCKas pad0Ta CTYACHTOB, BBINOIHIEMAsi BO BHEAYAUTOPHOE (ay TUTOPHOE) BpEMsI T10
3aJJaHUI0 M TP METOJAMYECKOM PYKOBOJCTBE IperojaBaTelisi, HoO 0e3 ero HernocpeiCTBEHHOIo
y4dacTus (IIpU YaCTUYHOM HETIOCPEICTBEHHOM YYaCTHH NIPENOIaBaTeNsl, OCTABISAIOEM BETYIILYIO
pOJIb 32 pabOTOM CTYICHTOB).

CamocrosiTenpHast pabora cTyneHToB B BY3e sBnsieTcss BaXHBIM BHIOM Y4eOHOU U
HAy4YHOH JesATeNbHOCTH cTyieHTa. CamocTosdTenbHas padoTa CTyI€HTOB UIPaeT 3HAYMTEIbHYIO
poidb B PEUTHHTOBOM  TeXHOJNIOTMHM  oOyueHHs.  ['ocynapCTBEHHBIM  CTaHIAPTOM
npeaycMarpuBaercs, Kak mnpaBuio, 50% dvacoB u3 oOwedl TpyHOeMKOCTH AMCUUIUIMHBI Ha
camocTosTeNbHYI0 padoTy ctyneHToB (nanee CPC). B cBs3u ¢ atuM, o0ydyenue B BY3e Bkitouaet
B ce0s1 1B€, IPAKTUYECKH OJJMHAKOBBIE 110 00BbEMY U B3aUMOBIIUSHUIO YaCTH — Ipoliecca 00ydeHus
u npouecca camoodyuenus. [loatomy CPC nomkHa crath 3¢ (peKTHBHOI U 1eneHanpaBiIeHHON
paboToii cTyeHTa.

Konuenmueit MmogepHu3annn poccUiiCKOro 00pa3oBaHus ONpEesIeHbl OCHOBHBIE 33/1a4U
npodeccCHOHAIBHOIO  00pa3oBaHMs - "HOATrOTOBKAa  KBaIM(PUUUPOBAHHOIO  pabOTHHKA
COOTBETCTBYIOIIETO YPOBHS M MNpOoQWiIs, KOHKYPEHTOCIIOCOOHOTO Ha pBIHKE TpyAa,
KOMIIETEHTHOI'O, ~ OTBETCTBEHHOro, CBOOOJHO  BIAJCIOLIEr0 CBoed  mpodeccued u
OPUEHTUPOBAHHOTO B CMEKHBIX 00JIACTSX IEATEIHHOCTH, CIIOCOOHOTO K 3P (EKTUBHOMN paboTe 1Mo
CHEeLMaTbHOCTH HA  yYpPOBHE  MHPOBBIX  CTAaHAApPTOB, TOTOBOTO K  IOCTOSIHHOMY
poeCCHOHATLHOMY POCTY, COIIMATIBLHON B MPOhECCHOHATHFHON MOOMIBHOCTH .

Pemenue 3Tux 3agady HEBO3MOXKHO O€3 IOBBIIIEHHUS POJIM CaMOCTOATEIbHON paboThI
CTYACHTOB HaJl y4eOHBIM MaTepHAIIOM, YCHJICHHUS] OTBETCTBEHHOCTH MPETIOAaBATENICH 3a pa3BUTHE
HaBBIKOB CAMOCTOSITEIIbHOM paboThl, 32 CTUMYJIMPOBAaHUE PO(PECCHOHATBHOIO POCTa CTYIEHTOB,
BOCIIUTaHHE TBOPYECKON aKTUBHOCTU M WHUIIMATUBBI.

K coBpemeHHOMY clieranucTy oOIIECTBO MPEIbIBISIET JOCTATOUHO IIUPOKUH IepeueHb
TpeOOBaHUM, CpeAM KOTOPHIX HEMAJIOBAXHOE 3HAUEHUWE HMEET HajJuuue Yy BBITYCKHUKOB
OTIpEIeNIEHHBIX CIIOCOOHOCTEH M YMEHHS CaMOCTOSTENbHO NOOBIBaTh 3HAHMUSA U3 PA3TUYHBIX
MCTOYHUKOB, CHUCTEMATHU3UpPOBaTh MOJYYEHHYIO HH(OpPMAIMIO, /JaBaTh OLEHKY KOHKPETHOMN
¢unancoBol cutyaruu. opMupoBaHHe TAKOr0 YMEHUS MPOUCXOAMUT B TEUECHHE BCETO Mepuoja
o0ydeHHs Yepe3 y4yacTHE CTYJEHTOB B NPAKTHMUECKUX 3aHSITHUSIX, BBITOJHEHUE KOHTPOJIbHBIX
3aJJaHUi U TECTOB, HAIlMCaHHE KYPCOBBIX M BBITYCKHBIX KBaJTU(UKAIIMOHHBIX padoT. [Ipu sTom
caMocCTOsITeNIbHasl paboTa CTYJIEHTOB UIPAET PELIAIOIIYIO POJIb B X0JI€ BCET0 Y4eOHOTo Mmpoiiecca.

@DopMbI caMOCTOATENBHOM paboThI CTYIEHTOB pa3HOOOpa3Hbl. OHM BKIIIOYAIOT B CeO:

— u3ydyeHHe y4uyeOHOH, HaydyHOH M METOAMYECKOW JINTepaTyphl, MaTepUaloB
NEePUOANYECKUX  W3JJaHUM C  TPUBJICUEHUEM  JJIEKTPOHHBIX  CPEICTB  O(QUIMAIbHOMH,
CTaTUCTHUYECKON, TEPUOJUUECKON U HAyYHOU HH(POpPMALINY;

— MOJTrOTOBKY JOKJIaJ0B M pedepaToB, HANUCaHHE KYpPCOBBIX M  BBIMYCKHBIX
KBaJIM(DUKAIIMOHHBIX padoT;

— ydactue B paboTe CTyJIEHYECKMX KOH(EepeHIMil, KOMIUIEKCHbIX Hay4HbIX
UCCJIETOBaHUSIX.

CamocrosarenbHas paboTa MpHOOIIaeT CTYJEHTOB K HAayYHOMY TBOPUYECTBY, IOUCKY H
PEIIEHUIO aKTyalIbHbIX COBPEMEHHBIX TPOOIIEM.

Ilenu u ocnosnwie 3a0auu CPC

Benymas unens opranmzanuu u ocymectBieHus CPC pomkHa coBmajgaTh C LETBIO
0o0yuyeHHsI CTyJIeHTa — MOJATrOTOBKOM clieruanicTa 1 0akajaBpa ¢ BBICIIUM oOpa3oBaHueM. [lpu
opranuzaiun CPC BakHBIM U HEOOXOAMMBIM YCIOBHEM CTAHOBATCA (OPMUPOBAHUE YMEHHS
CaMOCTOSITENIbHOU palboThI JUIsl MPHUOOPETeHNs 3HaHUM, HAaBBIKOB U BO3MOXHOCTH OpraHM3alliu
y4eOHON 1 HAyYHOU JCSATEIHHOCTH.
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Iesnpto caMOCTOATENBHONW PAOOTHI CTYAEHTOB SIBISETCS OBJIAJCHUE (PYHIAAMEHTAIbHBIMU
3HAHUSMH, TPOPECCUOHATBHBIMA YMEHUSIMH U HAaBBIKAMU JIEATEIIEHOCTH 0 MPOQUITIO, OIIBITOM
TBOPYECKOH, HCCIIE0BATENIbCKOM  fesTenbHOCTH. CamocrosTenbHas pabdoTa CTYIEHTOB
CIIOCOOCTBYET pa3BUTHIO CaMOCTOSATEIbHOCTH, OTBETCTBEHHOCTM M OPraHM30BaHHOCTH,
TBOPYECKOTI'0 MOAX0/1a K peIIeHUI0 Mpo0ieM yueOHOro u npo(ecCuOHaNbHOTO YPOBHSL.

3anagamu CPC sBinstoTes:

—CHCTEMAaTHU3aLMs U 3aKPEIJICHUE TIOJYyUYEHHBIX TEOPETUUECKUX 3HAHUM U MPaKTUYECKUX
YMEHUU CTYJICHTOB;

— yrayOJsieHue U paclIMpeHne TEOPETUUECKUX 3HAHUM;

—(opMHpOBaHHWE YMEHHUH HCIOJIB30BaTh HOPMATHBHYIO, IPABOBYIO, CIIPABOYHYIO
JOKYMEHTALUIO U CHELHUATIbHYIO JIUTEPATYPY;

—pa3BUTHE I103HABATEIbHBIX CIOCOOHOCTEH M aKTHUBHOCTH CTYJEHTOB: TBOPYECKOMH
WHUIMATUBBI, CAMOCTOATEIbHOCTH, OTBETCTBEHHOCTH U OPraHU30BAHHOCTH;

—(opMHpOBaHUE CaMOCTOSITEILHOCTH MBIIUICHUS, CIIOCOOHOCTEH K CaMOpa3BHUTHIO,
CaMOCOBEPILEHCTBOBAHUIO U CaMOpeaIn3allu;

—Ppa3BUTHUE UCCIIEOBATEIbCKUX YMEHUH;

— HCIOJIb30BaHUE MaTepuana, COOPaHHOTO U TOJIYYEHHOIO B XOJI€ CaMOCTOSTEIbHBIX
3aHATHI Ha CEMHHAapax, Ha MPaKTHYECKUX U Ja00paTOPHBIX 3aHATUAX, IPU HAITUCAHUU KYPCOBBIX
U BBIITYCKHOM KBaJTM(UKAIIMOHHOHN paboT, s 3((eKTHBHON OATOTOBKY K HTOTOBBIM 3a4eTaM U
9K3aMEHaM.

3. Buowt camocmoamenvHoli pabomaol

B o6pa3oBaTenbsHOM mpoliecce BbICLIEro 00pa30BaTeIbHOTO YUPEKICHHUS BbIIEISIETCS 1B
BHUJa CaMOCTOSITENIbHOM paboThl — ayJuTOpHasl, MOJ PYKOBOACTBOM IIpernojaBaTelis, u
BHeayauTOpHas. TecHas B3aMMOCBs3b 3TUX BUJOB padoT IpeaycMaTpuBaeT JuddepeHuanuo u
3¢ (EeKTUBHOCT PE3YIbTATOB €€ BBIOJHEHUS M 3aBUCUT OT OPraHU3alUM, COAEPIKAHUS, JIOTUKU
y4eOHOro rnpoiecca (MEKIPEIMETHBIX CBA3€H, MEPCIEKTUBHBIX 3HAHUH U 1p.):

AynuTopHas caMocTosITeldbHas paboTa MO JUCHMIUIMHE BBIIOJHSETCS Ha Y4eOHBIX
3aHATHSIX TI0J1 HEMOCPEICTBEHHBIM PYKOBOJCTBOM IIPENOJABATENS U IO €r0 3aJaHUIO.

BHeaynuTopHass camocTosATeNnbHas padoTa BBIMOJHAETCS CTYAEHTOM [0 3a/laHUI0
npenojaaBaress, Ho 6e3 ero HermocpPeACTBEHHOTO y4acTHsl.

OCHOBHBIMHU BH/IaMU CAMOCTOSITENILHON PaOOThI CTYZEHTOB 0€3 yuacTus IpernoiaBaTeneit
ABIISIOTCS:

— (QopmupoBaHME U  YCBOEGHHE COJAEpXkKaHMS  KOHCIEKTa JIeKuud Ha  0Oaze
PEKOMEH/JIOBaHHOM  JIEKTOpOM  y4eOHOM  JuTepaTyphl, BKJIOYas  MH(QOpPMAalMOHHBIE
o0Opa3oBaTesbHbIE PeCYPCHI (IIEKTPOHHBIE YUEOHUKH, 3JIEKTPOHHBIE OMOINOTEKH U JIp.);

— HamucaHue pedepaTos;

— MOJrOTOBKA K CEMHHApaM U JIaOOpaTOpHBIM paboTaM, X 0(pOpMIICHHE;

— COCTaBJICHUE AHHOTHUPOBAHHOI'O CIIMCKA CTaT€d M3 COOTBETCTBYIOIIUX YXYPHAJIOB IO
OTpacJisiM 3HaHUH (IIe1arorn4ecKuX, ICUX0JIOTHYECKUX, METOIMYECKUX U JIp.);

— TMOATOTOBKA pelEeH3Ui Ha CTaThI0, TOCOOMUE;

— BBIIIOJIHEHUE MUKPOUCCIIEJOBAHMUI;

— TMOATOTOBKA NMPAKTUYECKUX pa3zpaboToK;

— BBIIIOJIHEHUE JOMAIIHMX 3aJaHUM B BHUJIE PEIICHUS OTAEIbHBIX 3a]ad, MPOBEICHUS
TUIIOBBIX PACYeTOB, PACUETHO-KOMIBIOTEPHBIX M HMHIUBUIYAIbHBIX pabOT MO OTIEIbHBIM
paszzenaM coJiepKaHus JUCIMILINH U T.1.;

— KOMIBIOTEPHBI TEKYIIMH CaMOKOHTPOJb M KOHTPOJb YCIeBaeMOCTH Ha 0asze
AIIEKTPOHHBIX 00YYAIONIUX U aTTECTYIOIINUX TECTOB.

(B 3aBucumMoctu ot ocodbeHHocTel (pakyabpTeTa nepeunucieHHble BUIbI paboT MOTYT OBITh
pacipeHbl, 3aMEHEeHbI Ha crienuduyeckue).

OCHOBHBIMHU BHUJJAMH CaMOCTOSITEIILHON pabOThI CTY/IEHTOB C Y4acTHEM Iperno/iaBaresei
SBIISIOTCS:
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— TEKyIllIHe KOHCYJbTAllUu;

— KOJUIOKBUYM Kak ¢opmMa KOHTPOJISI OCBOEHHUS TEOPETUYECKOrO COJepKaHus
JUCUHUILIMH: (B Yachl KOHCYJIbTAIIUM, MPEyCMOTPEHHBIX YYCOHBIM IIJIAHOM);

— MpueM u pa30op JOMAITHUX 3aJaHHH (B 9aChl MPAKTUYECKUX 3aHITHIA);

— TMPHUEM H 3aIUTa JA00OPATOPHBIX padboT (BO BpeMsl MPOBEACHHUS J1/P);

— BBINIOJIHEHUE KYPCOBBIX padoT (MIPOEKTOB) B paMKaX IUCHUIUIMH (PYKOBOJCTBO,
KOHCYJIBTUPOBAHUE U 3alllMTa KypCOBBIX paboT (B 4aChl, IPEIyCMOTPEHHbIC YUYECOHBIM TJIAHOM);

— BBINIOJIHEHUE y4eOHO-UCCIIE0BATEIBCKOM paboThl (PyKOBOJCTBO, KOHCYJIHTUPOBAHHE
u 3amuta YUPC);

— MPOXOXKJCHUE U 0QOPMIICHHE PE3yJIbTATOB MPAKTUK (PYKOBOJICTBO M OILIEHKA YPOBHS
c(hOPMUPOBAHHOCTH MPOPECCHOHATBHBIX YMEHHUH U HABBIKOB),

— BBINOJHEHUE BBIITYCKHOM KBTU(DUKAITMOHHOU paboThI (pyKOBOACTBO,
KOHCYJIBTUPOBaHHUE U 3aIlIMTa BBIITYCKHBIX KBAIM(UKAIIMOHHBIX padoT) U 1.

Opzanuzayus CPC

MeTtoauka opraHu3alii CaMOCTOSITENIbHON paboThl CTYJAEHTOB 3aBHCUT OT CTPYKTYPBHI,
XapakTepa U OCOOCHHOCTSH H3y4aeMOH IUCIUILUIMHBI, 00beMa YacoB Ha €¢ HM3ydYeHHUe, BHJA
3aJaHUM ISl CAMOCTOSITENIbHOM pabOThl CTYJEHTOB, MHIWBHUIYalbHBIX KauyeCTB CTYICHTOB U
YCJIOBHH y4eOHOU IeATEIbHOCTH.

[Ipouecc opraHuzanuu CamMOCTOSTENbHON paboOThl CTYIEHTOB BKIIOYaeT B cels
CJIETyIOIINE ITAlbL:

— TOJrOTOBUTENLHBIN (OMpeneNieHne IIeJIe, COCTaBJICHHE IPOTPaMMBbI, MOJATOTOBKA
METOJIMYECKOro 0becriedeHusl, MOAr0TOBKa 000PYI0BaHHUS );

— OCHOBHOH (peanu3aliisi mporpamMmbl, UCIOJIb30BaHUE MPUEMOB MOUCKa UH(OPMALINH,
YCBOCHHUSA, TIepepabOTKH, NPHUMEHEHHUs, Tepefadyd 3HaHWUH, QUKCUPOBAHUE PE3yJIbTaTOB,
camMoopraHu3alus mporecca padoThl);

— 3aKJIIOYMTENbHBINA (OIICHKAa 3HAYUMOCTU U aHAJU3 PEe3yJIbTaTOB, UX CHCTEMAaTU3allUs,
oreHKa 3 (HEKTUBHOCTH MTPOTPAMMBI ¥ IPUEMOB pa0OThI, BEIBOJIBI O HAPABICHHUSIX ONITUMHU3AIIUU
TpyIa).

Opranuzanuioo CcaMOCTOSITENIbHON pabOThl CTYAEHTOB oO0ecrneuuBaroT: (aKyiIbTeT,
kadenpa, ydeOHBIH W METOAMYECKUN OTIENbI, MpemnojaBatenb, Oubmmoreka, TCO, UBT,
W3/1aTeNIbCTBO U Jp.

JlesiTeIbHOCTH CTYA€HTOB M0 (JOPMHUPOBAHUIO M PA3BUTHIO HABBIKOB Y4eOHOIi
CaMOCTOSITeIbHOI padoThI.

B nporecce caMocTosITeNbHOM pabOTHI CTYIEHT IPHUOOPETAET HABBIKM CaMOOpPTaHU3AIIHH,
CaMOKOHTPOJIS, CAMOYTIpaBJICHUsI, cCaMOPE(IEKCUU U CTAHOBUTCS aKTHBHBIM CaMOCTOSITEIbHBIM
CyOBEKTOM YyUEOHOU NesATEeTHHOCTH.

Buvinonnss camocmosmenshyto pabomy noo Konmpoiem npenooagames
CMYOeHm OONHCEH.!

— OCBOUTh MUHHMYM COJIEpP>KaHUsl, BBIHOCUMBIN Ha CAMOCTOSITEIILHYIO paboTy CTYJIEHTOB
U TIPEIOKEHHBIN MPEernoaaBaTelieM B COOTBETCTBUU C ['ocyaapCTBEHHBIMH 00Opa30BaTEIbHBIMU
cTa”zapTamu Beicuiero npogeccuonansHoro oopasosanus (I'OC BIIO/T'OC CIIO) no nanHoO#
TUCITUTLIINHE.

— IJIJAHUPOBATh CAMOCTOSATENbHYIO padOTy B COOTBETCTBUU C IPahKOM CaMOCTOATEIBbHOM
paboThI, MPEIOKEHHBIM TPETIOAaBaATEIIEM.

— CaMOCTOATENBHYI0 PAa0OTy CTYAEHT JOJDKEH OCYHIECTBISATh B OpraHU3aI[MOHHBIX
dbopmax, TpeayCMOTPEHHBIX YUeOHBIM TUIAHOM U pabodeil mporpaMMoi MpenoaBaTess.

— BBHINIOJIHATH CaMOCTOATENBbHYI0 paboTy W OTYUTHIBATHCS IO €€ pe3yiabTaraM B
COOTBETCTBUU C TpaMKOM MpeACTaBICHHs pe3ylbTaToB, BUJAMU M CPOKaMH OTYETHOCTU IO
CaMOCTOSITENIbHOM paboTe CTYIEHTOB.

CMYOeHm MoHcem:
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CBEpX MPEMIOKEHHOTO TpernoaaBaTesieM (mpu 00OCHOBAaHWU M COTJIACOBAaHUHU C HUM) U
MHUHHMYyMa 00s3aTenbHOro conepkanus, onpenensemoro ®I'OC BO no gaHHOM qUCHUIUIMHE:

— CaMOCTOATENIBHO ONPEACIATh YPOBEHb (TIyOHHY) TPOPaOOTKU COJCpKAHUS MaTepHaa;

— MpeJiarath JOMOJIHUTEIbHBIE TEMBI U BOIIPOCHI JIJISi CAMOCTOSTEIbHOM MPOpaboTKY;

— B paMkax oOmiero rpaduka BBIIOJHEHHS CaMOCTOSTENbHONW paboThl mpeiaraTh
00OCHOBAHHBIM WHIMBHIYaJIbHBI TpauK BBIIOJHEHHUS W OTYETHOCTH IO pe3yjbTaTam
CaMOCTOSITENIbHOI paboTHI;

— Mpeajiarath CBOM BapUaHThl OpPraHU3aMOHHBIX (HOPM CaMOCTOSITENILHON paboThI;

— HCIOJb30BaTh JJII CAMOCTOATEIbHOW paboThl METOAUYECKHe MocoOus, y4ueOHbIe
nocoOusi, pa3pabOTKU CBEPX MPEIOKEHHOTO MPETo1aBaTesIeM MepeyHs;

— UCIIOJIB30BATh HE TOJILKO KOHTPOJIb, HO U CAMOKOHTPOJIb PE3yJIbTATOB CAMOCTOATEIBHOM
paboThl B COOTBETCTBUU C METOJIaMU CaMOKOHTPOJIS, MPEIOKEHHBIMU IPEroaaBaTeseM WiIn
BbIOpaHHBIMU CaMOCTOSITENILHO.

CamocTtosTenbHass padoTa CTYIEHTOB JOJDKHA OKa3blBaTh BAaXKHOE BIMSHHE Ha
dopmupoBaHHE  JMYHOCTH  OyAylIEero CHENMaINCTa, OHA IUIAHUPYETCS  CTYIEHTOM
camocTosTeNbHO. KaXaplil CTyIeHT CaMOCTOATENIBHO ONPEACIIseT PEKUM CBOCH pabOThl U Mepy
TpyAa, 3aTpayMBaeMOro Ha OBIIQJICHHWE Y4YeOHBIM COJEpXKAHHMEM MO Kaxaoi nucruminae. OH
BBITIOJHSET BHEAYAUTOPHYIO pabOTy MO JTUYHOMY WHIUBUAYATbHOMY IJIaHY, B 3aBUCHMOCTH OT
€r0 MOATOTOBKH, BPDEMEHHU U IPYTUX YCIIOBHH.

Obuwgue pekomenoayuu no OP2AHU3AUUU CAMOCHOAMENbHOU PAdOmbl

OcHoBHOU (HOPMOH CaMOCTOSITEITLHOW PabOTHI CTY/ICHTA SBISETCS M3yUYeHUE KOHCIICKTA
JIEKIIUH, UX JTOTIOJTHEHHUE, PEKOMEHI0BaHHOM JTUTepaTyphl, aKTUBHOE yUaCTHE HA MPAKTUYECKUX U
CEeMHMHApCKHUX 3aHATUsAX. HOo i ycnemHoi y4eOHOW NeATeNbHOCTH, €€ WHTECHCHU(UKAIIH,
HEOOXOIMMO YUUTHIBATh CIEAYIONIUE CYObEKTHUBHBIC (DaKTOPBDI:

1. 3HaHuE MKOJBHOTO MPOrPAMMHOTO MaTepHaia, HAINYHE MPOYHON CUCTEMbI 3USHHIA,
HEOOXOJUMOM JJIsi yCBOGHHS OCHOBHBIX BY30BCKHUX KypCOB. DJTO OCOOCHHO Ba)XHO ISt
MaTeMaTHYECKUX IUCHHUILIMH. Heo0XoauMo oTin4ath mpoOensl B 3HAHUAX, 3aTPYTHSIOIINE
YCBOEGHHE HOBOTO MarepHalia, OT MajbIX CIOCOOHOCTEH. 3aTpaTHB CHIIBI Ha MPEOJIOJIEHUE ITHX
po0OeIIoB, CTYIEHT 00eCTIeUUT cebe HOPMAJIbHYIO YCIIEBAEMOCTb U ITOBEPUT B CBOU CIIOCOOHOCTH.

2. Hanuuue yMeHMi, HaBBIKOB YMCTBEHHOT'O TpyJa:

a) yMEHHE KOHCIIEKTUPOBAThH Ha JICKIIUH U TIPU paboTe ¢ KHUTO;

0) BnajzeHUE JIOTMYECKMMHU OINEpalMsMU: CpaBHEHHUE, aHalIMU3, CHUHTe3, 0000IeHHe,
oTIpeNieNieHue TOHITHH, IPaBHJIa CUCTEMAaTHU3aIluH U KIIacCH(UKAITIH.

3. Cneuudurka nmo3HaBaTENbHBIX MCUXMYECKUX MPOLIECCOB: BHUMAaHME, MaMATh, peub,
HaOJII01aTeIbHOCTh, WHTEIUIEKT W MblluieHne. Craboe pa3BUTHE KaKIOTO M3 HUX CTAHOBHTCS
Cepbe3HBIM MPEMATCTBHEM B yuele.

4. Xopoiasi paboTOCIOCOOHOCTh, KOTOpasi 00€CTIeunBaeTCsl HOPMAIbHBIM (DU3UIECKUM
cocTosiHueM. Benb cepbe3Hoe yueHue — 3To O0IbIION MHOTOCTOPOHHHN U Pa3HOOOPAa3HbIM TPyA.
PesynbraT 00y4yeHHst OIIEHUBAETCS HE KOJIMYECTBOM COO0IIaeMoli HPOpMAIIHNH, a KAYeCTBOM €€
YCBOEHHsI, YMEHHEM €€ HCIOJIb30BaTh M DPA3BUTHEM Yy ce0s CIOCOOHOCTH K JalibHeimemy
CaMOCTOSITEILHOMY 00pa30BaHUIO.

5. CootBercTBHMEe  M30paHHON  JEATENBHOCTH, MNPO(EcCMH  HHIUBUIYaTbHBIM
cnocobHoctsiM. HeoGxoaumo Bbpabotrath y ce0s yMEHHE CaMOpEryJupoBaTh CBOE
HMOIMOHAIBHOE COCTOSIHME M YCTPaHATh OOCTOSTENBCTBA, HAPYIIAIOLIUE JIEIOBOW HACTPOH,
MeIIaroIe HaMeueHHOH padoTe.

6. OBiazieHre ONTUMAILHBIM CTUJIEM PabOThI, 00ECIIEYMBAIOIIUM YCIIEX B ACATEIbHOCTH.
YepenoBanue TpyJa U nay3 B padoTe, MepHobl OTAbIXa, HHAUBHUIYaIbHO 000CHOBaHHAsE HOpMa
OPOJOJDKUTEIBHOCTH ~ CHA,  NPEANOYTeHHWEe  BEUEPHUX  WIM  YTPEHHUX  3aHATHI,
CTPECCOYCTOMYMBOCTh HAa K3aMEHAaX U OCOOEHHOCTH TOJITOTOBKHU K HUM,

7. YpoBeHb TpeOoBaHMIA K ceOe, ONpeeIIeMbIil CIIOKUBILIEHCS CAMOOIICHKOM.
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AnexBaTHas OILICHKA 3HAHWH, JIOCTOMHCTB, HEJOCTATKOB - Ba)KHAs COCTABJISIONIAS
CaMOOpraHU3allMK 4elloBeKa, 0e3 Hee HEBO3MOXKHA yCIIeIIHas paboTa IO YNPABJICHUIO CBOUM
HIOBE/ICHHEM, JICSITEIbHOCTBIO.

OpnHa U3 OCHOBHBIX 0COOEHHOCTEH 00yUeHUs B BBICIICH IIKOJIE 3aKIF0YAETCS B TOM, YTO
NOCTOSTHHBIM BHEUIHUH KOHTPOJb 3aMEHSIETCSI CAMOKOHTPOJIEM, aKTHBHAs pOJb B OOyYECHUH
IPUHAUICKUT YK€ HE CTOJIBKO MPENOAaBaTeNI0, CKOJIBKO CTYAEHTY.

3Has OCHOBHBIC METOJbl HAYYHOW OpPraHU3alMd YMCTBEHHOTO TpPYyJa, MOXKHO IpH
HaMMCHBIINX 3aTpaTax BPpEMCHU, CPCACTB U TPYJOBBIX YCI/IJ'II/If/'I AOCTHUYb HAWTYYIIHX PEC3YJIbTATOB.

Bpewmsi, KOTOpbIM pacriosiaraet CTyISHT JUIS BBIIOJTHEHHS Y4eOHOTO TUIaHa, CKIIaIbIBACTCs
U3 IByX COCTABJISIONINX: OJJHA U3 HUX — ATO ayAUTOpHAast paboTa B By3€ IO PACHUCAHUIO 3aHATHIA,
Ipyras - BHeay JUTOpHAs CaMOCTOsITeIbHAs paboTa. 3aaHus ¥ MaTePUaIIbI JUISI CAMOCTOSATEIILHOM
pa6OTBI BbIIAIOTCSA BO BpPEMA y‘Ie6HBIX 3aHATHH TIO0 pacCluCaHuro, Ha 3THUX KC 3aHATUAX
IpEenoAaBaTeb OCYLIECTBISCT KOHTPOJb 32 CaMOCTOSTEIbHOH pPabOTOi, a TakkKe OKa3bIBaeT
nomMoub CTyaACHTaM I10 HpaBHHBHOﬁ opraHuzanun pa6OTBI.

YToOBI BBITOJIIHUTE BECh 00BEM CAMOCTOATEIILHON PadOThI, HEOOXOMMO 3aHUMATHCS 110 3 —
5 4acoB exeIHeBHO. HaunHaTh caMOCTOSATEIbHBIE BHEAY AUTOPHBIE 3aHATHUSA CIEAYET C IIEPBBIX XKE
JHEeH ceMmecTpa, MPONyIIEHHbIE THH OyAyT NOTEpSHBI OE3BO3BPATHO, KOMIICHCHPOBATH HX
MO3JHCC YCUJICHHBIMU 3aHATHUAMU 0e3 CHM)KEHHUS KaudecTBa pa6OTI)I n €€ MPOU3BOAUTCIIBHOCTHU
HeBO3MOXHO. [lepBbie THM cemecTpa OYeHb BaXKHBI UISI TOTO, YTOOBI BKIIIOYHUTHCS B PadoTy,
YCTAaHOBUTb  OIPEACIICHHBIA  IOPSAOK, DPABHOMEPHBIM  pUTM HAa  BECh  CEMECTP.
PutMm B paboTe — 3T0 €KeTHEBHBIE CAMOCTOSATEIILHBIC 3aHATHS, KEJIATEIbHO B OJTHHU U TE XK€ Yachl,
Ipy 1eNIeco00pa3HOM UYepeOBaHUM 3aHATUH C TepephiBaMU s OTAbIXxa. BHawane juist Toro,
4TOOBl OPraHM30BaTh PUTMUYHYIO paboTy, TpeOyeTcs CO3HaTeNbHOEe HampsokeHue Boiu. Kak
TOJIBKO YCJIOBCK BTAHYJICA B pa60Ty, MMPUHYXKIACHUC CHUXXACTCSA, BOSHHUKACT IMPUBBIYKA, pa60Ta
CTaHOBHUTCS OTPEOHOCTBIO.

Ecaun nmopsimok B paboTe U ee puTM yCTaHOBJICHBI MPABWIHHO, TO CTYACHT M30 JHS B JICHb
MOXeT paboTaTh, HE CHMXKAs CBOCH MPOM3BOIAMTEILHOCTH M HE meperpyxas ceos. [IpaBunbHas
CMEHAa OJHOI'O BHa pa6OTI>I APYIrUM IO3BOJIACT OTAbIXAaTh, HC IIPCKpaliai pa6OTI)I.

Takum 0Opa3om, repBasi 3a/1a4a OpraHu3aliy BHEAY TUTOPHOW CaMOCTOSATENILHOM paboThl —
ATO COCTAaBIIEHHE PACHHUCAHUs, KOTOpOE JOJDKHO OTpakaTh BpEMsl 3aHATHH, HX XapakTep
(TeopeTHUeCKHl Kypc, MpaKTHYeCKue 3aHATHA, Tpaduueckue paboThl, YTEHHUE), TEpEPbIBBI Ha
o0e1, y’)KUH, OT/ABIX, COH, IPOe3] U T.1. Pacnincanue He mpeaonpeienseT coaep kaHust paboThl, ee
coJiepKaHne HeM30eKHO OyIeT U3MEHSThHCS B TeUeHue cemecTpa. [Topsaaok ke clieayeT 3aKkpenuTh
Ha BECh CCMECTP M IMPUITOXKUTH BCC YCHIINUA, YTOOBI nmoaaAcpKuBaTb €ro HECM3MCHHBIM (KpOMe
UCIIPaBJICHUS OLIMOOK B IUIAHUPOBAHUHU, KOTOPbIE MOTYT BO3HUKHYTh M3-32 HEJOOLEHKU 00beMa
paboTHI MITH TIEPEOIICHKH CBOUX CHI).

IIpu oxgHOOOpa3HO# paboTe uenoBeK yToMmusgeTcss Oojblle, 4eM Mpu padoTe pa3HOro
xapakTepa. OgHaKO HE BCera 1eIeco00pa3Ho 3aHUMAThCS MHOTUMHU YY€OHBIMU TUCIUTITMHAMUA
B OJIUH U TOT K€ JIeHb, TaK KaK MPH KKJIOM II€PEX0ie HY’>KHO BHOBb COCPEI0TOYUTh BHUMAHHE,
YTO MOYKET NMPUBECTH K notepe BpemeHu. Haubonee menecoobpa3Ho exeIHEBHO paboTaTh He
Oosiee ueM HaJl IByMs-TpeMs JUCLUIUIMHAMH.

Hauunas paboTy, He Hy)KHO CTPEMHTBCS JIeNIaTh BHAYAJEe CaMyI0 TSDKEIYIO €€ 9acTh, HaJl0
BBIOpaTh UTO-HUOYAb CpefHee MO TPYIHOCTH, 3aTeM MepedTH K Ooiee TpyaHoW paborte. U
HAIOCJIEJOK OCTaBHUTh JIETKYI0 YacTh, TPEOYIOUIYI0 HE CTONBKO OOJBIIMX HHTEIUIEKTYaTbHBIX
YCUJIHH, CKOJIBKO OTIpeIeIEHHBIX MOTOPHBIX JICHCTBUH (depueHue, HOCTpOeHHE IPadUKOB U T.I1.).

CaMocTosTenbHbIE 3aHATUS MOTPEOYIOT WHTEHCHUBHOTO YMCTBEHHOTO TpYJa, KOTOPBII
HE00X0IMMO He TOJIBKO MPaBUIBHO OPraHU30BaTh, HO M CTUMYJIHUPOBaTh. [Ipu 3TOM 0ueHb BaxKHO
YMETh NMOJJIEPKUBATh YCTOWYMBOE BHUMaHUE K U3ydyaeMoMy Mmarepuaiy. BoipaboTka BHUMaHuUs
TpeOyeT 3HAYMTEIbHBIX BOJEBBIX YCHJIMNA. VIMEHHO MO3TOMY, €CIU CTYJEHT 3aMeyaeT, 4yTo OH
YaCTO OTBJICKACTCA BO BpEMA CaMOCTOATCIBbHBIX SaHHTHﬁ, €My Haao 3aCTaBUTHh ce0st
cocpenorounthes. [lomobHy0 mpornenypy HeoOXOAMMO MPOAEbIBaTh MOCTOSHHO, TaK KakK 3TO
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ABIISIETCS. TPEHUPOBKOW BHUMAaHHS. Y CTOWYMBOE BHHMAaHUE MOSBISETCS TOTJA, KOTJIa YeJOBEK
OTHOCHUTCS K JIETTy C HUHTEPECOM.

Crnenyer mpaBWIBHO OPraHU30BaTh CBOM 3aHATHS MO BpeMeHu: SO0 MHHYT - pabota, 5-10
MUHYT - HIEpephIB; mnocie 3 4yacoB paboThl mepepbiB - 20-25 munyt. MHaue Hapacraroliee
YTOMJICHHE TIOBJIEYET HEYCTOMYUBOCTh BHUMaHUS. O4eHb CYIIECTBEHHBIM (PAKTOPOM, BIHUSIOIIUM
Ha TIOBBIIIEHHME YMCTBEHHOH pPabOTOCIIOCOOHOCTH, SIBISIOTCS CHCTEMAaTUYECKHE 3aHATHS
buznyeckoil KynpTypoil. OpraHuzanus akTUBHOTO OTAbIXa MpEAyCMaTpHUBAET YepeJOBaHHE
YMCTBEHHOW W (U3MYECKOH  JeATeNbHOCTH, YTO  IOJHOCTBIO  BOCCTAHABJIMBAET
paboTOCIOCOOHOCTD YeNlOBEKa.

Camocmoamenvnas paboma cmyoeHma - He00Xo00umoe 36eH0 CMAHOB/1eHUSA
uccneooeamens u CneyuaIucma

ITporpecc Hayku U TEXHUKHU, THPOPMALMOHHBIX TEXHOJIOTUH IPUBOAUT K 3HAUYUTEILHOMY
YBEJIMYECHUIO HAYYHOH MH(OPMAIIUH, YTO IPEABABISACT 0ojiee BRICOKHE TPEOOBAaHUS HE TOJIBKO K
MOpaJIbHbIM, HPABCTBEHHBIM CBOMCTBAM YelOBEKAa, HO M B OCOOEHHOCTH, IOCTOSHHO
BO3pacTaromue TpeboBaHus B 001acTH 00pa30BaHMs — OOHOBIIEHHE, MOJEPHU3AIMS OOMIMX U
npodeccuoHaIbHBIX 3HAHUH, YMEHUH clieraiicTa.

Besikoe o0pas3oBaHMe OJDKHO BBICTYNATh Kak JMHAMUYECKHI IpoLEcC, NPUCYLIUI
YeJIOBEKY U MPOJOJIKAIOIIMNCS BCIO €ro Ku3Hb. OBlIaZieHne HayYHO! MBICIIBIO U S3bIKOM HAyKH
SBISICTC HEOOXOAMMOM COCTABISIONIEW B CaMOOPraHM3alMK OYIyIIero  CIEeIHaicTa
uccnenonarens. Ilog 3TMM MoOHUMaeTCs HE CTOJIBKO HAKOIJIEHHE 3HAHUHM, CKOJBKO OBJIAJICHUE
HAayYHO OOOCHOBAHHBIMU CIOCOOaMHM HMX TpuoOpeTeHHs. B 3ToMm, BooOIIEe roBOps, COCTOUT
OCHOBHas 3aJjaua By3a.

Crieriudrixa By30BCKOT'0 Y4€OHOTO MPOIIECCa, B OPTaHU3AIIH KOTOPOTO CaMOCTOSTEIIbHON
paboTe cTyJeHTa OTBOJATCS BCe OOJIbLIE MECTa, COCTOUT B TOM, UYTO OH fABJSETCA Kak OyIaTO Obl
NOCJIEAHUM U CaMbIM aJIEKBaTHBIM 3B€HOM JUIsl peayin3aluu 3Toi 3anaun. 6o Bo Bpemst yueOsl B
By3€ HPOMCXOIUT BBIPAOOTKA CTWIS, HAaBBIKOB Y4eOHOW (IIO3HABATENIBbHOM) IESATEIbHOCTH,
palMoOHATBFHBIA XapakTep KOTOPBIX OyJEeT CIoCOOCTBOBATH IMOCTOSSHHOMY OOHOBIJICHUIO 3HAHHMA
BBICOKOKBAJIN()UIIUPOBAHHOT'O BBIITYCKHUKA BY3a.

OpnHako 10 3TOM MYTH CYLIECTBYIOT ONpeeNeHHbIe TPYIHOCTHU, B YACTHOCTH, MEPEXO]]
CTYJECHTa OT CHHTETHYECKOIo Ipolecca oOydeHHs B CpellHeH IIKoJie, K aHAJUTUYECKOMY B
BBICIICH. DTO CBA3aHO KaK C HOBBIM COJIepKaHUEM O00y4deHHs (paciIpeHne oo1ero 0opa3oBaHus
U yriry0siaeHrne npogeccuoHaaIbHON MOATOTOBKU), TaK U C HOBBIMU, HEM3BECTHBIMU JI0 CHUX IOP
dopmamu: oOyueHus (JIEKIIUK, CEMUHAPBI, JJAOOpaTOpHbIE 3aHATUA U T.J.). CTYJEHT MOoIy4yaeT He
TOJIbKO 3HAaHUS, IPEAYCMOTPEHHbIE IPOrPaMMON U y4eOHBIMU TOCOOUSIMH, HO OH TAKXKe JTOJIKEH
MO3HAKOMHUTBCSI CO CIIOCOOaMH NPUOOpETEeHUs] 3HAaHUU TakK, YTOObl CyMETh OLIEHMTb, YTO MBI
3HAaEM, OTKYZa Mbl 3TO 3HAEM U KaK 3TOr0 3HaHUs Mbl focTuriu. Ko BceMy aTOMy NpUXOAST Yepes
COOCTBEHHYIO CAMOCTOSTEIbHYIO padoTy.

OTO W TOTOMY, YTO CaMOCTOSTEIbHO NPUOOpETEHHbIE 3HAHUS SBISIOTCA Oojee
ONEpaTUBHBIMU, OHU CTAHOBSTCS JUYHOM COOCTBEHHOCTBIO, a TAaKK€ MOTHBOM IIOBEJCHUS,
pa3BUBAIOT MHTEJJIEKTyaJIbHbIE YEpPThl, BHUMaHHE, HAOII0aTeIbHOCTh, KPUTUYHOCTh, YMEHHE
onieHuBaTh. Posb mpernogaBaresns B OCHOBHOM 3aKJII0YAaeTCs B PyKOBOJICTBE HAKOIIJICHUS 3HaHUI
(0 OTHOIIEHMIO K MEPBOKYPCHHKAaM), @ B MOCJIEIYIONIIME TO/Abl y4eObl, Ha CTapIIUX Kypcax, B
COBMECTHOM YCTAHOBJICHHH MPOOJIeM U 3a00T€ O CaMOCTOSTENbHBIX TOUCKAX CTYJIEHTA, a TaKXkKe
KOHTPOJIMPOBAaHMS 3a HX JESITEIbHOCTbIO. OTMETHM, YTO HENb3sl OTPAaHUYMBATBHCS TOJBKO
NpUOOpETEeHUEM 3HAHUM, MNPEAYCMOTPEHHBIX MPOrpaMMON H3y4yaeMoW JUCLMIUIUHBI, HaA0
MOCTOSIHHO YIIyOJIATh TOJYyYEHHBIE 3HAHUs, COCpeloTayMBas WX Ha KaKOW-HUOyIb y3KOU
OTIpeNIeTIEHHOM 00J1aCTH, COOTBETCTBYIOIIEH MHTEpecaM CTyJeHTa. Y TUIyOJIeHHOE U3YUeHHE BCEX
IPEIMETOB, MPEAYCMOTPEHHBIX MPOTrPaMMOM, Ha MPaKTHKE SBJISAETCS BO3MOXHBIM, M XOpOIlas
opraHuszanusi paOoThl MO3BOJISIET 3KOHOMHUTH BpEMsl, UYTO CO3/aeT YCIOBUS JUIs TIIyOOKOTO,
CHCTEMaTHYECKOI0, 3aWHTEPECOBAHHOI'O H3YYEHHUS CAMOCTOSTENIbHO BBHIOPAHHON CTYAEHTOM
TEMBI.
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Koneuno, Bce coBeTbl, IpUMEPHI, PEKOMEHIALIMU B 3TOM 001acTH, JaBaeMble MpernojaBa-
TEJIEM, WIHM OIpPEeICHHBIMU MyONUKAUUsAMHU, WM IPYTMMH HWCTOYHMKAMHU, HE TapaHTHPYIOT
HUKaKoro ycrexa 0e3 IMpOsBIEHUS COOCTBEHHOW aKTUBHOCTH B ATOM Jelie, T.€. OHU HE JaroT
TOTOBBIX PELENTOB, a JOJDKHBI CIOCOOCTBOBAaTh aHAIM3y COOCTBEHHOH pabOTHI, ee Ielei,
OpraHu3alil B COOTBETCTBHUH C WHIUBUAYaJbHBIMU OCOOCHHOCTSIMU. YUUTHIBAas JUYHbBIC
BO3MOXXHOCTH, CYIIECTBYIOUIME YCIOBHS JKM3HH M padOThl, HAaBBIKM, Ha OCHOBE OTHX
pEeKOMEHIaluii, BO3MOXHO, BbIPA0OTaTh WHAMBHUAYAJIbHO OOOCHOBAHHYIO COBOKYITHOCTH
METO/IOB, CIIOCOOOB, HAWTH CBOW CTWJIb WM YCOBEPIIEHCTBOBATh €ro, YTOOBI H3YyYUB
oTpezieNIeHHBI MaTepuai, UMETh BPeMsl OLICHUTDb €r0 3HAYMMOCTh, IPUTOJHOCTH U BO3MOKHOCTH
€ro NMPUMEHEHMsI, YTOObI, B KOHEUHOM CYETe, 00CCIICUUTh YCICIIHOCTh CBOCH yuebe ¢ Oymymieit
npoecCuoHaNbHOM NeSTeIbHOCTH

Memoouueckue pekomenoayuu 0a cmyo0eHmos no omoeabHvIM opmam
CamocmoamenbHol padoomaol

Cucrema BY30BCKOTO OOYYEHHS MOJpa3yMeBaeT 3HAYUTENHHO OOJIBIIYI0 CaMOCTOSITEIILHOCTh
CTYJICHTOB B TUTAHMPOBAHWHM W OPTAHU3AIMHA CBOCH ICATEILHOCTH. BuepamrHeMy IIKOJIbHUKY
caenaTh 9TO ObIBaeT BEChbMa HEMPOCTO: €CIM B IIKOJIE €KEIHEBHBIM KOHTPOJb CO CTOPOHBI
YYUTENS 3aCTaBISUT MOCTOSTHHO M CUCTEMATHYSCKU TOTOBUTHCS K 3aHATHSIM, TO B By3€ BOIIPOC 00
YpOBHE 3HAHMIl BIUIOTHYIO BCTA€T MEpe]] CTYyJACHTOM TOJBKO B MEPHOJ CECCUU. Takas CUTyalus
oOopaumBaeTcsl JUII HEKOTOPBIX COOJa3HOM BECh CEMECTP IOCBATUTH CBOOOTHOMY
BPEMSTPEIIPOBOKACHUIO («KOTIa OYJIET HY’KHO — BbIydy!»), a KOT/la MPUXOAUT MOpa FIK3aMEHOB,
MaTepuaa, IoJIe)KAIIET0 YCBOSHUIO, OKa3bIBACTCSl TAK MHOTO, UTO HUKAKasl aMATh HE CIIOCOOHA
C HUM CIIPaBUTHCS B OCTABIIMIICS MPOMEKYTOK BPEMEHH.

Pabora ¢ kHuroi

[Tpu pabGoTe ¢ KHUTON HEOOXOIMMO MOAOOpATH TUTEPATYPy, HAYUUTHCS MPABUIBHO €€
YUTaTh, BECTH 3amucH. [l moadopa muTepaTypsl B OMOIMOTEKE UCTIONB3YIOTCS all()aBUTHBIN 1
CUCTEeMAaTUYECKUN KaTanoru. BakHO MOMHUTH, YTO paliOHaIbHbIC HABBIKM Pa0OThI ¢ KHUTOM -
9TO Bcera 00JbIas SKOHOMHUS BPEMEHH | CHJL.

[TpaBuibHBIT TOMO0OP YUYEOHHKOB PEKOMEHIYETCS MpenojaBaTeieM, YUTAIOUIIM
JICKIMOHHBINH Kypc. HeoOxomumasi nurepaTypa MOXET OBITh TaKKe yKa3aHa B METOIHUYCCKHX
pa3paboTkax Mo naHHOMy Kypcy. M3ydas martepuan mo y4eOHUKY, CIEQyeT MepPeXOAUTh K
CIIEYIOIIEMY BOTPOCY TOJIBKO IIOCJIE€ MPABUIBHOTO YSICHEHHS TMPEIbIIYIIEro, OMHCHIBAsS Ha
OyMare Bce BBIKJIAQJIKH U BBIYUCIICHUS (B TOM YHUCIE T€, KOTOPhIE B YUCOHHKE OMYIIEHBI WM Ha
JICKITUH JAaHBI JIJISI CAMOCTOSTEIIBHOTO BBIBOJIA). [Ipn M3ydeHnn Tr000H AUCIUILTUHBI OOJBIIYIO U
BaXHYIO POJIb UTPAET CAMOCTOSTEIbHAsI MHIUBUyalbHas paboTa.

Ocoboe BHHMaHUE cCieayeT OOpaTUTh Ha OIpe/elieHHe OCHOBHBIX MOHSATHN Kypca.
CTyAeHT JOoKeH MOoApoOHO pa3duparh MPUMEPHI, KOTOPHIE MOSCHSAIOT TaKUE OMpPENeIeHUS, U
YMETh CTPOUTHh AaHAJIOTUYHBIC MPHUMEPHI CaMOCTOSTEeNbHO. HyXHO 0OMBATBCS TOYHOTO
MIPEJICTABJICHUS O TOM, YTO U3yuaellb. [lo1e3H0 coCTaBIsATh OMOpPHBIE KOHCHEKTHI. [1pu uzydenun
MaTepuaia Mo y4eOHHKY ITOJIe3HO B TETpaju (Ha CICIHATLHO OTBEICHHBIX TOJISAX) JOTIOTHSTH
KOHCIEKT JeKuuid. Tam ke cleayeT OTMedaTh BOIMPOCHI, BBIICNEHHBIE CTYICHTOM JUIS
KOHCYJIBTAITMH C TIPENOIaBaTEIIEM.

BrIBO/IBI, TOTyYEHHBIE B PE3yIbTaTe U3YUYCHHSI, PEKOMEHIYETCS B KOHCIIEKTE BBIICTISATH,
YTOOBI OHH TIPH TICPESUNTHIBAHUY 3aIMCEH JIyIle 3alIOMUHATNCH. OTBIT ITOKAa3bIBAET, YTO MHOTUM
CTyJIEHTaM IOMOTaeT COCTaBJICHHE JIUCTa OMOPHBIX CHUTHAJIOB, COJAEPIKAIIETO BaKHEHUIINE U
HanOosiee YacTto ymoTpebaseMble (GopMysbl W TOHATHSA. TakoW JHCT MOMOTaeT 3alOMHHUTH
(hOopMyIIbl, OCHOBHBIE MOJIOKECHHUS JICKITUH, & TAKKE MOXKET CIIY)KUTh MTOCTOSTHHBIM CITPABOYHUKOM
JUTS CTYZICHTA.

OcHogHble 6U0blL CUCMEMAMUUPOCAHHOIL 3ANUCU RPOUUMAHHO20:

1. AHHOTHpOBaHHE — MPENEIBHO KPATKOE CBS3HOE ONMHMCAHWE IMPOCMOTPEHHON WIIH
MPOYUTAHHOMN KHUTH (CTaTbH), €€ COIeP KaHUs, UCTOYHUKOB, XapaKTepa U Ha3HAUYCHUS;
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2. [InanupoBaHue — KpaTkas JIOTMYECKas OpraHu3alus TEKCTa, PacKpbIBarOLIas
COJIep’KaHuE U CTPYKTYpPY U3ydaeMOro MaTepuana,

3. Te3upoBaHue — JTAKOHUYHOE BOCHPOU3BEIACHUE OCHOBHBIX YTBEPKICHUN aBTOpa
0e3 npuBIIeYeHUS (PAKTHUECKOTO MaTepHaa,

4. [{uTupoBaHuEe — TOCIIOBHOE BBIIMUCBIBAHUE M3 TEKCTA BBIICPKEK, W3BJICUCHHIA,
Hau0oJ1ee CyIECTBEHHO OTPAXKAIOUINX Ty UM UHYIO MBICIb aBTOPa;

5. KoHcniekTupoBaHue — KpaTkoe W IOCIENOBATEIbHOE HU3JIOKEHUE COACPKAHUSA
IIPOYUTAHHOTO.

KoHcnekT — cioxkHbIN crocod U310KEHHs COJEPKaHUSI KHUTH WM CTaThU B JIOTUYECKOM
1oCJIe0BaTeNbHOCTH. KOHCIIEKT akKyMynupyeT B cebe Mpeablaye BUAbl 3aliCH, TT03BOJISAET
BCECTOPOHHE OXBAaTUTh COJECPKAHUE KHUTH, CTaTbU. [103TOMYy yMEHHE COCTABIISATH IUIAH, TE3UCHI,
JIeJIaTh BBIMUCKYU U IPYTHe 3alMCH ONPEEIIAET U TEXHOJIOTUIO COCTABIEHUS KOHCIIEKTA.

Memoouueckue pexomenoayuu no coCmagi1eHuI0 KOHCneKma:

1. BHuMarenbHO NPOYMUTANTE TEKCT. Y TOUHHUTE B CIPABOYHOU JIUTEPATYPE HETOHSITHBIE
cinosa. [Ipu 3anucu He 3a0ybTe BHIHECTH CIIPAaBOYHBIEC JJAHHBIC Ha M10JISI KOHCIIEKTA;

2. Bplzenure riiaBHOE, COCTaBbTE ILIAH;

3. Kpatko chopmynupyiiTe OCHOBHBIE IOJIOKEHHSI TEKCTa, OTMETHTE apryMEHTAIUIO
aBTOpA;

4. 3aKOHCIEKTUPYWUTE MaTepual, YETKO Cleqysl yHKTaM IulaHa. [Ipu KoHCIeKTHpOBaHUU
CTapaiTeCh BBIPA3UTh MBICIb CBOMMH CIIOBaMU. 3aIIUCHU CJIELYET BECTH YETKO, SICHO.

5. I'paMOTHO 3anuceIBaiTe UUTAThl. LIUTUPYs, yYUTHIBaliTE JAKOHUYHOCTh, 3HAYUMOCTh
MBICIIH.

B Tekcre koHCIEKTa kKenaTeabHO IPUBOJUTH HE TOJIBKO TE€3UCHBIE MOJIOKEHHUS, HO U UX
JokaszaresnbcTBa. [Ipn odopmMileHMM KOHCHIEKTa HEOOXOIMMO CTPEMHUTHCS K €MKOCTH KaXKIOro
npeiokeHusl. MpICiu aBTOpa KHWUIM CJIEAyeT u3JlaraTb KpaTKo, 3a00Tichb O CTHIE U
BBIPa3UTEIbHOCTH HAMCAaHHOTO. YMCII0 JTONOIHUTENbHBIX JIEMEHTOB KOHCIIEKTA JI0JIKHO OBITh
JOTUYECKHM  OOOCHOBAaHHBIM,  3alUCH  JOJDKHBI  PACHpENENsTbCs B OIpENEIeHHOU
IIOCJIE0BATENBHOCTH, OTBEYAIOIIEH JIOTUUECKON CTPYKType NpousBencHUs. 1 yTOuHEHus U
JIOTIOTHEHUSI HEOOXOIUMO OCTABJIATH MOJIS.

OnnajeHne HaBbIKAMHM KOHCHEKTHPOBAHUS TPeOYeT OT CTYJEHTa LIeIeyCTPEeMICHHOCTH,
TTOBCETHEBHON CaMOCTOSATEIILHON PabOTHI.

IIpakTH4eckne 3aHATHA.

J151s TOro 4TOOBI MPAKTUYECKUE 3aHATUS IPUHOCUII MAaKCUMAJIbHYIO M0J1b3Y, HE00X0IUMO
IIOMHHUTb, YTO YNPAKHEHUE U PEUICHHE 3aJad IPOBOAATCS IO BBIYMTAHHOMY Ha JIEKLHUAX
MaTepuaity U CBA3aHbl, KaK MPaBUio, C A€TaIbHBIM pa300pOM OTIEIbHBIX BOIIPOCOB JEKIIMOHHOTO
kypca. CnemnyeT NOOYEPKHYTb, YTO TOJBKO IIOCJIE YCBOEHHS JEKLIMOHHOIO MaTepuana ¢
OTpe/ieIeHHOM TOUKH 3peHHs (2 MMEHHO C TOW, ¢ KOTOPOM OH M3Jlaraercs Ha JEKUUsAX) OH OyaeT
3aKPEIUIATHCS Ha MPAKTUUECKUX 3aHATUAX KaK B pe3yJibTaTe 00CYKICHUS U aHAJIN3a JIEKIIHOHHOT'O
MaTepuaia, TaKk ¥ C MOMOIIbIO pelIeHus NpoOJIeMHBIX cuTyaluil, 3agad. [lpu »3Tux yciaoBusx
CTYJEHT HE TOJIBKO XOpOILIO YCBOMT MAaTe€pUall, HO U HAyYHUTCS MPUMEHATH €0 Ha IPAKTHKE, a
TaK)K€ IMOJIYYUT JTOMOJHUTENbHBIM CTUMYJ (M 3TO OYEHb BAXKHO) JUISl aKTUBHOM MPOpabOTKU
JEKLUH.

[Tpu caMOCTOATENHLHOM pEIIEHUH 33/a4 HYKHO OOOCHOBBIBaTh Ka)/bIH ATall perieHwus,
UCXOJs U3 TEOPETUUECKUX IMOJIOKEHUM Kypca. Ecau cTyIeHT BUINUT HECKOJIBKO ITyTEH pEeLICHUs
npo0sieMbl (3aaun), TO HYKHO CPaBHHUTb UX U BBIOpaTh camblii pannoHaibHbIA. [lone3no no
Hayaja BBIUMCIEHUI COCTaBUTb KpaTKUMl IUaH pemeHus mnpoOineMsl (3agauum). Perienue
poOJIEMHBIX 3aJ]a4 WM IPUMEPOB CIEAYeT M3Jlarath MoApoOHO, BBIUMCIEHMS pacrojiaraTh B
CTPOTOM TIOPSIAKE, OTHENSsI BCIIOMOTAaTENbHbIE BBIUMCICHHMS OT OCHOBHBIX. PemieHus npu
HEO0OXOJUMOCTH HY>KHO COMPOBOKIATh KOMMEHTAPUSIMU, CXEMaMH, YePTEKaMH U PUCYHKaMH.

Crnenyer MOMHUTB, YTO pELICHHE KaXJI0W y4yeOHOM 3ahay JIOJDKHO JOBOJUTHCS [0
OKOHYATEJIbHOTO JIOTHYECKOTO OTBETa, KOTOPOro TpedyeT YCIOBHE, U IO BO3MOXHOCTU C
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BbIBOZIOM. [lomydeHHBI OTBET cielyeT MPOBEPUTh CHOCOOaMM, BBITEKAIOIMMH M3 CYLIECTBA
naHHOM 3amaun. [Tone3Ho Takxke (€cu BO3MOXKHO) peIIaTh HECKOJIBKHUMHU CIIOCO0aMU U CPaBHUTH
HOJIyYEeHHbIE pe3yJbTaThl. Pelenue 3a1a4 TaHHOTO THIIA HY>KHO NMPOJOJDKATh 10 MPUOOpPETEHUs
TBEP/BIX HABBIKOB B X PEIICHUM.

Camonposepka.

[Tocne u3yyeHus ompereseHHONH TEMBI MO 3aHMCAM B KOHCIIEKTE M y4eOHHKY, a TaKxke
pELIeHUsT TOCTATOYHOI'O KOJIMYECTBA COOTBETCTBYIOLIMX 3a/lad Ha IMPAKTUYECKUX 3aHATUIX U
CaMOCTOATENIBHO CTYJIEHTY PEKOMEHIyETCsl, UCIIOJIb3Y sl JIUCT OIIOPHBIX CUTHAJIOB, BOCIIPOU3BECTU
[0 MaMATH OHpeleseHus, BbIBOJAbl (opMyls, (GOPMYIMPOBKHM OCHOBHBIX IOJIOXKEHUH U
JI0Ka3aTeJIbCTB.

B ciydae He0OXOMMOCTH HYKHO €I11€ pa3 BHUMATEIbHO pa3o0paTbcs B MaTepHale.

MHorna He1OCTaTOYHOCTh YCBOEHUS TOIO MJIM MHOI'O BOIIPOCA BBICHSAETCSA TOJBKO IIPU
M3Yy4YECHHUHU JajbHEHIEro Marepuaina. B 3ToM ciydae Hago BEpHYTBCS Ha3all U IOBTOPUTH ILIOXO
YCBOEHHBIM MaTepuasl. BaXHbIi KpUTEpPUM YCBOCHMs TEOPETUYECKOIO0 MaTepualla - YMEHHE
pelars 3aJa4d WIM IPONTH TECTUPOBAHME IO NPOHAECHHOMY Marepuany. OgHaKo clenyer
IIOMHUTB, YTO INPABWIBHOE DPELICHHUE 3a/a4d MOKET IOJIYYUThCS B PE3yJIbTaTe INPUMEHEHUS
MEXaHUUYECKH 3ay4YeHHBIX (opMy1 0€3 MOHUMAHUS CYIIIHOCTH TEOPETUUYECKUX MTOJIOKEHHH.

KoncyabTanuu

Ecnu B nporecce caMoCTOATENBbHOM paboThl Ha/l H3YYEHUEM TEOPETHUECKOro MaTepuana
WJIM NIPU PELICHNUH 3a/1a4 Y CTYyACHTAa BO3HUKAIOT BOIIPOCHI, Pa3pEIINTh KOTOPBIE CAMOCTOSITEIIBHO
HE yJlaeTcs, He00X0AUMO OOPATUTHCS K NMPETOAABATEINO 171 HOJIYUYEHUS Y HEro pa3bsICHEHUH WiIn
yKaszaHui. B cBOMX BOIpOCax CTYAEHT JAODKEH YETKO BBIPA3UTh, B YE€M OH MWCIBITHIBACT
3aTPyAHEHUs, XapaKTep ITOro 3aTpyJHEHHUs. 3a KOHCYJIbTallUel clieyeT o0paarbes U B ciaydae,
€CJIM BO3HUKHYT COMHEHUS B IPABWJIBHOCTU OTBETOB Ha BOIPOCHI CAMOIIPOBEPKHU.
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SAJAHUA JJIA CAMOCTOSATEJBHOTI'O PEHIEHUSA

§1. BexkTopsl H aeiicTBUS HAJ HUMH

3amaua 1. Jlausl BeKTOpH @ 1 b . [IOCTPOHTB UX CyMMY.

Pemenue. [loctpoeHre MOKHO BBIITOJIHUTD JBYMsI CIIOCOOAMMU:

NPaBUJIO TPEYTroJIbHHUKA
B

A

]|
+

|

B

A

Eciu E=c_z, Ezb_, 10 AC=a+b mno
ONPEACIICHUIO CYMMBI.

>D

NMpaBUJI0 MapajiejorpaMmma

C

CBOﬁCTBy IIPOTHUBOJICIKAIIUX

Ecmu E:c_l, E:b_,To BC=A4D =b (mo

CTOpOH

napatenorpamma), mosromy AC =a+b 1o

OIpCACIICHUIO CYMMBI.

3agaua 2. B tpeyronbauke ABC M — cepennHa cTopoHbl AB. Beipa3utk BeKTOp cM yepes

BCKTOPbI @ u @ .

Pemenwue. Jloctpoum tpeyronbHuk ABC 1o mapamienorpamma
ADBC Taxum o6pa3oM, uToObI 0Tpe3ok CM jexal Ha ero JuaroHaIn
(puc. 6). Ilo coiictBy mapamienorpamma CM=MD, 1o npaBuiy

napannenorpamma CD=CA+CB, CM zg(a@).

Otser: CM = %(C_A + C_B)

A

3agaua 3. B terpasape DABC: CM=MB, AD =, DC =71, DM = p (puc. 7). Paznoxuth

BEKTOP AB 110 BEKTOpaM m, 1, p . BBIACHUTH KOMIUTAHAPHBI JIU
BEKTOPBI AC + W DA— D_B BC.

Pemenne. [1o npaBmity MHOTOYTOJIBHUKA

AB = AD + DC +CB = AD + DC + 2CM =
= 4D +DC+2(DM —~DC)= +7i+2p— 27 =+ 2p—17 .

Bexkrop AC + AM neXuT B IIOCKOCTH (ABC), Tak kak Bce
Touku A, C, M nexar B HEH; DA—DB=—-AD — DB =
= —(E + DB)= —AB =BA 71eKAT B IUIOCKOCTH (ABC), BC

aexuT B miockoctu (ABC). Ilo ompeneneHUto 3TH BEKTOPHI
KOMIUTAaHAPHBI.

D

Puc. 7

59



OtBeT: E=%+Zﬁ—ﬁ, BEKTOPBI Eer,m—lﬁ,R?
KOMILJIaHAPHBI.
3ampaua 4. B Tterpasape  DABC: AB = AC =a,

ZDAB = ZDAC = ¢ . Jloka3arb, 4TO 4D 1 BC.

Hoxka3atensctBo. IlycTh AC =%, AB = y, AD =z (puc. 8),
Toraa |)?| =AC =a, |)7| =AB=a. Bripazum BEKTOP
BC=BA+AC=-AB+AC =X—7.

IIycThb 7 - yroi My BeKTOpaMu AD u BC , Torna

AD - BC
[4D]-[c|

cosy =
AD-BC=z-(x-¥)=z-X~2-y=[2]-[x|-cos p—[2|-||cos p =
=|E|(a~cos¢)—a-cosq))=0,

CJIEI0OBATEIIBHO, cosy =0 U AD 1 BC.

3anaua 5. I[lokasatse, 4TO KoIUHEAPHbIE BEKMOPbL TUHEUHO 3A6UCUMDI.

Pemenue. Ilo ompeneneHuto yMHOXEHHMsS BEKTOpa HA YHUCIO I JIIOOBIX JBYX
KOJUIMHEApHBIX BEKTOPOB d,,d, HAWIETCS TAKOE YHUCIO @, 4TO a, =aa,, T.e. 4, —ad, =0 u
k03¢ ¢unmeHT npu a, paseH I # 0, 10 ONpeNeNeHnIo d, U @, JUHEHHO 3aBUCHMBI.

3apaua 6. Jloka3arb, 4TO mpu KOMNIAHAPHBIX GEKMOPA TUHEUHO 3A6UCUMDbL.

JlokasatenbctBo. IIycTh BeKTOpPEl @, b, KOMIUIAHAPHBI, TOTJA, €CIIM OTIOXKHTH HX OT
oHOM Touku O, TO Bce TpU BEKTOpa OyAyT JiexKaTb B OJHOMI
wiockoctd. [loctpoum Ha Bektopax napamienorpamm OA,BC,

cnenyrommM obpazom: OB — muaronanb, OB =D, a CTOPOHBI
napajuieJorpaMMa napajjiesibHbl BektopaM a@ u ¢ (puc.9). Toraa
0  ONpEACNCHHI0O  YMHOXEHMs  BEKTOpa  Ha  YHCIO

OA, =aa, 0C, =, o MPaBHITY napasuiesiorpaMmma
OB=0A4, +0OC, nm b=aa+yc, te. b—aa-yc=0,
CJIEJOBATEIBbHO, BEKTOPHI d, b , C JIMHEUHO 3aBUCHMEBI. C Puc.9

3anaua 7. Jloka3ate, 4T0 015 mo2o, umobbl 6eKmMopbl ObLIU
KOJLIUHEAPHbIMU ~ HeoOX00UMO U OOCMAmMOYHO,  4moObl  UX  KOOPOUHAmvl  ObllU
NPONOPYUOHATLHBIMU.

JoxazarenbctBo. Ilycts BekTopsl a(a,,a,,...,a,) u b(b,,b,,...,b, ) KonnuHEapHbIE, TOTAA
b =aa =(aa,,aa,,...,aa,) , IOCIEHEE, IPU YCIOBUU, YTO BCE KOOPAUHATHI BEKTOPA b OTIMYHBI

OT HYJIsA, pPaBHOCHUJIbHBI paBCHCTBAM

a, a a
b,=aa,b,=aa,,..b =aa,,1e L="2= =" .
b, b, b a

n
n
3anayva 8. [loka3aTs, 4TO Ha MIIOCKOCTH BEKTOPHI €, (],2) ue, (3,4 ) obpasyror 0asuc. Haiitn
KOOPJIMHATHI BEKTOPA )?(7 A 0) B 3TOM 0Oa3uce.
Pemenne. ITycTh BEKTOpBI €, U €, JTUHEHHO 3aBUCHMBI, TOT/1a CYLIECTBYET €INHCTBEHHOE
4ucio ¢ € R Takoe, 4TO €, =C-¢,, T.C. (3,4) = (10,20). 3anuieM 5TO PaBEHCTBO B KOOPJMHATAX
3=c, |c=3, _ _ .
d=2¢ =2 9YTO HEBO3MOXKHO, CJIEJOBATEIbHO, BEKTOPHl €, M €, JIMHEHWHO HE3aBUCHMBL

IToxakeM, 4YTO MPOU3BOJIBHBIN BEKTOpP d (al,az) MOXXHO Pa3JIOKUTh 110 BEKTOpaMm e, U é,, T.C.
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Haiinyres a,ff € R Takue, 4TOo a =ae,+ ffe,. 3amuiieM 3TO pPaBEHCTBO B KOOpAMHATax

ea+3f=a,,
Haitnem a u [, 1ns 3TOTO peliuM CUCTEMY YpaBHEHH MeToAoM ['aycca.
2a+4p =a,.
1 3
= 5 4 =1-4-2-3=-2#0, cneqoBareibHO, CUCTEMA UMEET €AMHCTBEHHOE PEILICHUE,

T.€. Pa3JIOKEHHE IIPOU3BOJIBHOIO BEKTOPA @ IIO BEKTOpaM €, M €, €IMHCTBEHHO. DTO 3HAYuT,
4TO BEKTOPHl @ , €,, €, JIMHEHHO 3aBUCHMBI, KaKk M JIOOble TPU BEKTOpa, MOITOMY €,, €,
00pa3yroT 6azuc.
Haiinem koopAMHATBI BEKTOPa X OTHOCUTEIBHO 3TOro Oasuca. st 3TOro moAcTaBUM B
CHUCTEMY BMECTO a1, @2 KOOPAMHATHI BEKTOpA X :
a+3p=7, at3p=7, |(p=2, p =2,
2a+4p =10, a+2p=>5, l|a=5-2p, a=1,

Otser: X =(1,2) B Gasuce ¢,, ¢,.

T.e. X =2, +28,.

[Tycts O — HEeKoTOpast TOUYKa JIMHEHHOTO0 BEKTOPHOT'O TPOCTPAHCTBA, OT KOTOPOH OTIOKEHBI
Oa3ucHble BeKTOpbl. Torga O Ha3bIBAETCS HAYAIOM KOOPOUHAm, a MpsIMble, IPOXOASIINE Yepes3

Touky O mapamienbHO BeKTOpaM 0as3uca, Ha3bIBAIOTCS ocamu koopounam. Bekrop OM , Hauasno
KOTOPOTO HAaXOAMTCS B Ha4yajie KOOPAMHAT, a KOHEI B TOUKE M, HAa3BIBACTCA paouyc-6eKmopom
TOYKU M, KOOPJMHATHI PAINYC-BEKTOPA TOYKU HA3BIBAIOTCS KOOPOUHAMAMU ITOW TOUKH.

Ecnu BexTop 3aman AByMst TOUKaMu A(as,az, ...,ay) - Hadano Bexkropa u B(b1,b,, ...,b,) - koHen

Bextopa, 10 4B = (b, —a,,b, —a,,....b, —a,).

3agaua 9. [ToctpouTh TOuKy M ¥ BEKTOp a B 3aJaHHOM Oasuce, eciu: a) M(2,-1), a [— 3, %}

Pemenne. B nmanHoM 0a3zuce MOCTPOMM BEKTOpPHI
O_M, =2e,, O—% =—e, (puc. 10), Torma mo mpaBHIY
napajenorpaMmma

OM,+OM, = 2¢,+(—¢,)=(2,-1).
Bektop OM =OM,+OM, sBnserca paanyc-BEKTOPOM

TOYKH M, IO3TOMY €ro KOHEYHAsl TOYKa SIBISETCS MCKOMOWU
TOUKOU M.

— —
IToctpoum BexTop O4, = -3¢, n OA4, = EEZ , 10 TIPaBUITY
napasuienorpaMmma

a:o—wo—@:_ﬁﬁgaﬁ[_sé):a,

T.e. OA coBmanaer ¢ ICKOMBIM BekTopoM a (puc.10).

6) M(1-2,3),a(2,0-1).
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Pemienne. Iloctpoum BextOopel OM,=e, u

OM , = —2e, (puc. 11). Ilo npaBuiy napasuienorpamma

OM, =0M,+OM, . I3 Touku M, moCTpOUM BEKTOP

M M = 3e, , o npaBuily napauienorpaMma
OM =M M +OM,=0M,+0OM,+0OM; =

=e + (— 2)52 +3e; (1,-2,3), no3TOMy KOHEuYHas TOYKa

BekTOopa OM sBisIeTCSl ICKOMOM TOUKOU M.

ITocTpoum  BEKTOPEI O_A]=251 u 0_/13:—53

(puc.11). 1o npaBumity napajienorpamma
OA=04,+04, =2e,+(~1)e, = 2¢,+0-2,+(- e, =
=(20~1)=a,1.e. BexTOp OA - MCKOMBIii BEKTOD 7 .

3agaua 10. Touka C(2,3) ciyxut cepeauHoi otpeska 4AB. OnpeaenuTb KOOpAUHATHI TOUKU
A, eciu B(7,5).
Pemenue. Ilycts A(x,y), torna AC = (2-x3-y), CB = (7-2,5- 2) = (5,2) U TaK Kak

— 2-x=35, =-3,
AC =CB, 10 * *
3—-y=2, y=1
Otser. A(-3,1).
Ynpaxkuenus

1. B rtpeyroneHuke ABC M — Touka mnepecedueHuss wmeauaH. Jlokaszarb, 4YTO
MA+MB+MC =0 .

2. B tpeyronmpuuke ABC M — Touka mnepeceueHus wmeauad. llokaszarb, uro

OM = é(@ +OB + O_C), rae O — mpou3BOJIbHAS TOYKA MPOCTPAHCTBA.

B tpeyronsnuke ABC: CA=a,CB=b. BrIpasuth yepes @ U b BEKTOPHI:

3
4. C_BI , rie Bi- cepenuna AC;
5. CC,,rne C; —cepenuHa AB;
6 C_K,rz[eKeAB,AK.'I{B:3.']0.
7. B npaBunsHOM wmectuyronsHuke ABCDEF: BC=m,BD=1. BeIpaszuts Bce ero
CTOPOHBI U BCE NMarOHaIu 4Yepe3 m U 7 .
8. Touka C nenut otpe3ok AB B otHomieHuu AC: CB=m:n. [loka3ats, 4ro:

9. 1) ACc=""CB:;
n

n — m

OA +
m+n m+n

11. Jlokasatb yciogue npuHaoielcHocmu mpex moyek 0OHOU NpsAMOU: ISl TOTO YTOOBI

Toukud A, B, C mpuHamIekKaaTd OJHOW TPAMON HEOOXOAMMO U JOCTAaTOYHO, YTOOBI
OC =kOA + (1 - k)O_B , e O — mpou3BOJIbHAS TOYKA, BC=kBA.

12. Jlokasatb yciogue npuHaoielcHoCmuy yemoipex mouex 0OHOU NIOCKOCmU: IS TOTO
yTOOBI TOYKa M TpUHAAIek,ana MI0CKOCTH, onpenesieMoi Toukamu 4, B, C, He IexanmMu Ha
OJIHOH TIpsIMON, HEOOXOIUMO U JOCTATOYHO, YTOOBI OM = k@+10_3+(1 —k—1 )&7, rae O —

10. 2) oC = OB , rie O — Mpon3BOJIbHAS TOYKA.

MPOU3BOJIHLHAS TOYKA.
13. Touku M; u M> — cepenunbl oTpe3koB A;B; u A>B> cooTBeTcTBeHHO. J[0Ka3aTk, 4TO
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I ya
MM, = (A4, + B.B,).

14. Jlokazate Heob6x00umbvlli U OOCMAMOYHBIL NPUSHAK NAPALLEN0SPAMMA: ISl TOTO
YTOOBI YETHIPEXYroidbHUK ABCD Obl1 mapayuieorpaMMOM HEOOXOJMMO U JIOCTaTOYHO, YTOOBI
JUTSL IPOX3BOJIBHOM TOYKH O BBINOJIHSIOCH paBeHCTBO OA+OC = 0B+ OD .
— m+n
15. B tpeyronpuuke ABC: AB =m, AC =n . IllocTpouTh BEKTOp >

16. Kakomy yclOBHIO JOJIKHBI YIOBJIETBOPSATH BEKTOPBl @ U b , 4TOOBI BEKTOp a +b
JIEJIUJI TIOTI0JIaM YTOJI MEX]ly BEKTopaMu a@ u b ?

- ] - _ -
17. B tpaneuuu ABCD: BC|| DA, BC = EAD. Paznoxuts Bektop DA 1o Bektopam DC

u DB.
18. B mapamnenorpamme ABCD O — Touka IepeceuyeHuss MeuaH, A0 =a,BO=b .

BeIpasuth uepes @ u b caenyroue Bektopsl AB, BC, CD .

19. Otpesok AB pasnenen Ha n paBHbIX 4actedl Toukamu C;, C», ..., C,;. 3Has, 4TO
A0 =a,BO=b ,rue O — TIPOM3BOJIBHAS TOYKA, BBIPA3HUTh Uepe3 @ M b CIETyIONIHe BEKTOPHI
4B,0C,,0C,,...,0C, , .

20. B tpeyronbauke ABC M — Touka nepecedyeHuss MmeauaH, O — IpOU3BOJIbHAS TOYKA

BHYTpPH TpeyrojibHUKa. Beipa3uts oM yepe3 OA, OC, OB .
21. B xy6e ABCDAB;C:D; DA=a,DC=¢, DD, =d , touxa E nemut orpesok DC; B

oTHouieHuu /:3. Beipa3uth uepes a, 5,67 cienyromue BekTopsl 4,8, BE, B F .
22. Touku M u M; — TOouku mepecedeHus: menuan TpeyrodbHUukoB ABC u A;B;C;

1
cooTBeTCTBeHHO. /loka3arb, uto MM, = — (AA ,+BB, +CC, )
3

23. B napamnenenunene ABCDA;B;CiD; BM=MC, DIN=NC1, p=AB,§ = AD, 7 = AA, .

Pa3noxute BEKTOPHI MN u PA mo BEKTOpaM p, q,r , ecnu P — cepenuna DC.

24. Yepes BepmmHy A TpeyronbHuka ABC TpoBeleH NMeprneHauKyasip AD K MIOCKOCTH
TpeyronbHuka. ZABD = a, ZABC = [f. BbIpa3uTh KOCHHYC yIJla MEX]y BEKTOpaMU BC u BD
yepe3 yrisl @ U .

25. M3BecTHO, 4TO €MHUYHBIC BEKTOPHI @, b, c 00pa3yroT momapHo yrisl mo 60° . Haiitu
yTOIIL:

1) Mexny @ ub+c;

2) Mexnay @ ub-—c.

26. B npasuibHOM mectuyroiasHuke ABCDEF co cTOpOHOM a HailTu:

27. 1) AB-ED, AD-CB, AB - AC, 4B, AD - BE ;

28. 2) OA-OB, 0A4-0OC, OA-0OD, rne O — 11eHTp LIECTUYTOJIbHUKA.

29. Jlokasark, 4TO |67|=\/C_l_2.

30. KakoMy YCIIOBHIO JOJKHBI YOBICTBOPATh BEKTOPhl @ U b , 4TOOBI MMEIO MECTO
COOTHOULIEHUE ‘5+b_‘ = ‘5—5‘ ?

31. B mpamoyronsauke ABCD M n N — cepenunbl ctopoH CB u AB COOTBETCTBEHHO,
CB=3, AB=4. Pa3znoxuts BekTop DB no Bekropam OM =a, ON =c.

32. JlaHEI TpU BeKTOpa @,b,C, YIOBIETBOPSIONNE YCIOBHIO @ +b +¢ =0 , mpudem,
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al=3,

E| =4 . Boruncnuts ab +bc +ca .

b \ =1,
33. ITlokazaTh, 4TO yroi ¢ MEXIy AMArOHANSMHU IMPSMOYTOJbHHKA, IMOCTPOCHHOIO Ha
a’ b’

a’+b’’

34. Jloka3aTb, UTO BEKTOp p = b(ﬁE )—E (c_zb) MEePIECHANKYJIISPEH BEKTOPY & .

BEeKTOpax @ u b (5 1b ), onpenensercs GopmyIon cosep =

35. BekTopbl @ W b B3aUMHO NMEPNEHAUKYJIAPHBI U UMEIOT paBHbIC JUIMHBI. JlOKa3aTh,
yto p=3a+5b u g =10a —6b B3aUMHO NEPICHIUKYJISAPHBI.

36. H3BecTHO, YTO |c7|=3,

= —) 2 - - -\
b‘:4,4go=(a,bj:§7r.HaﬁTH: ab, az,bZ,(a+b) )
37. SIBnstoTCs M B MPOCTPAHCTBE MHOTOYICHOB CTCIICHHM HE BBIIIC JBYX JHHEHHO

3aBUCHMBIMH BEKTOPBI p, = [+ 2t +3t°, p, =2+ 3t +4t°, p, =3+ 5t +7t°?

38. Jlanbl KOJUTMHEApHBIE U COHAIPABJICHHBIE BEKTOPHI d (n,l ) b (4n) Omnpenenure n.
39. UsBectHO, uT0 A(3,4,1), B(1,0,-1), C(-2,-6,-4), D(2,3,4). JIexxat 11 Ha OTHOW MIPSMOI

TOYKHU:

40. 1)4, B, C; 2)A, B, D?

41. BekTopsl a (1,2,3) u AB ,rne A(],],] ) B € XOY , xonnuueapHsl. Halitu koopauHaThI
TOYKH B.

42. Tlpsmas 3amaHa aBymsi Toukamu A(-12,-13), B(-2,-5). Haiitu Ha Hel Touky M c
abciuccoil, paBHou 3.
43. B Ttpeyronbauke ABC mposenenbl Meawana BK, cpennsas munus MN||AC,

O=BKNMN. KC = e, KM = e,. Ompenenuts B 3TOM 0asuce KOOPAMHATHI CIIEAYIOLIMX
BEKTOPOB:

44. a) CM, KN, NC,

45. 6) OB, CB , AM .

46. B mapamnenorpamme ABCD A(-4,4), B(2,8), M(2,2) — Touka mepeceueHus
nuaronanei. Havitu C, D.

47. Onpenenutb KOOpAUHATHI KOHIOB A U B oTpe3ka, koTopblit Toukamu P(2,2) u Q(1,5)
paszenieH Ha 3 paBHbBIE YaCTH.

48. Touka M Oenum nanpasnennwiii ompesox M ,M, e omuowenuu A(A#1), ecmn

M M =AMM ,. [okazatrb, uto ecmu Mi(x1,y1z1), M>2(x2,y2z2), TO KOOpAMHATBI TOYKU M

BBIYMCIISIOTCA 110 GOpMyJIaM X = M y= Y+ A, 2= iz, .
1+ 1+ 1+2
49. Tlonyuuts (opMysbl [UIsi BBIYMCICHUS KOOPAWHAT CEPEeIUHBI OTpe3ka AB, ecnu
A(x1,ynz1), B(x2,y2,22).
50. W3BectHsl Touku A(-2,5), B(4,17). Ha otpe3ke AB naxonutcsi Touka C, pacCTOsSHUE

JI0 KOTOPOH OT TOYKU A B JBa pa3a 00Jjbllle pacCTOSIHUS OT TOUKH B. HaliT KoopAMHATHI TOYKU
C.

51. O6pa3yer nu JUHEHHOE MPOCTPAHCTBO MHOXKECTBO JJIEMEHTOB BHUAA (X1,X2,0,0),
(v1,y2,0,0), (z1,22,0,0)?

52. SBnsgercs M JNHMHEMHBIM  MOPOCTPAHCTBOM  MHOXKECTBO  CHUCTEM  YETBIPEX
NENUCTBUTENbHBIX Yucen (x1,x2,1,1), (v1,y2,1,1), (z1,22,1,1), 7€ X1, X2, V1, V2, Z1, Z2 - BCEBO3MOXKHBIE
JeNCTBUTENbHbIE YHCTIa, €CITU JeHCTBUS HaJl TAKUMH BEKTOPAMHU OIPEIEISIOTCS MOKOMIIOHEHTHO?

53. SIBnsercs a1 TMHEHHBIM IPOCTPAHCTBOM MHOKECTBO MHOTOWJIEHOB BTOPOM CTENEHN?

54. Moxer 1M JUHEWHOE MPOCTPAHCTBO COCTOSATH: 1) U3 OJHOTO BEKTOpa; 2) U3 ABYX
pa3IMYHbIX BEKTOPOB?

55. O6pa3yeT 11 TUHEHHOE MPOCTPAHCTBO COBOKYITHOCTh TPOEGK IEJIBIX Uncen (X,),z)?

56. OOpa3yroT M JMHEHHOE MPOCTPAHCTBO BCE T'€OMETPHUECKUE BEKTOPHI, MMEIOIIHE
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o011ee HayaJl0 B Hayajie KOOPAUHAT U PACIIONOKEHHBIE B IEPBOM OKTaHTE?

57. Jlokazarb, 4YTO B TPEXMEPHOM IIPOCTPAHCTBE TPU HEKOMIUIAHAPHBIX BEKTOPA JIMHEHHO
HE3aBHCHMBI.

58. Jlokazarh, 4TO B TPEXMEPHOM IIPOCTPAHCTBE JIIOObIE YETHIPE BEKTOpAa JIMHEMHO
3aBHCHMBI.

59. Tokasatk, uto anementsi &, = (1,10), €, = (10,I) Ha II0CKOCTH MOTYT GbITh BHIGPAHBI
B KayecTBe Oa3zuca. HaiiTu koopanHaThl BEKTOpa )?(2,3 ) B 3TOM 0Oasuce.

60. Iloka3aTb, 4YTO MHOXKECTBO BCEX MAaTpHUL[ BTOPOIO IMOPSJIKA SBJISIETCS JIMHEHHBIM

0 _ (1 0) _ 0 2)_ (0 0)_ 0 0

npocrtpancTBoM. Ilokasare, 4Tro MaTpuisl e, —[0 0], e, —(0 0} e; —(3 0], e, —(0 4j
00pasyroT ero 6a3uc.

§2 MeTtoa KoopaAuHAT

. 3
3agaua 1. Haiitu npsMoyroibHble KOOPAMHATHI U MOCTPOUTH TOUYKY A(Z\E’Z”)’ eciu

MOJIIOC COBIIAJAaeT C HAYaJloM KOOPJIWHAT, TMOJISPHAs OCh y
HaIpasJIeHa 110 ocu alcIucc. A4 Puc.17
3 ! -
Pemenne. Ilo ¢opmymnam (1) x= N cos;ﬂ =-2; E Jl
.3 ' >
y= 22 Sln;ﬂ' =2; A(-2,2). I[loctpoenue cm. Ha puc. 17. Ol i X

Otset: A(-2,2).
3angava 2. Haiitu nonsipubie KoopauHatel Touku M (1,—,/3), eciau MOJIOC COBIAIACT C

Ha4daJIOM KOOpAMHAT, a IOoJisIpHad OChb - C IIOJOXHUTCIIbHBIM HAIIPABJICHUCM OCH a6CLII/ICC (T.e.
CHUCTCMbI KOOpJAUHAT COFJIaCOBaHBI).

M, Pemenue. Ilo ¢opmynam (2) p=+1"+ (— \/§)2 =2,

Puc.18 ; 5
sing = _3 , @ =— (Tak kak Touka M nexute B [V uetBeptn).
®, M; 2
o) i Hraxk, M(Zz 72') .
3
X

OrTBerT: M(Z% 72') .

3apaua 3. Onpenenuts pacCTOsTHUE MEXy TouKamMu M, (,01 , (ol) uM, (p2 , g02) (puc. 18).
Pemenue. B tpeyronsuuke OM;Mo>:
OM,=p,,OM, =p,, ZM,OM, =¢,—-@,.
ITo Teopeme KOCHHYCOB
M M; =0M;]+0OM;-2-OM,-OM, -cos /M ,OM,,

MM, =\p} +pi=2p,p,cos(p, o)) ®)
Ecmu ¢, > ¢,, T0 ZM ,OM , = ¢, — ¢, , HO TaK KaK KOCUHYC yIJia — 4YeTHasi GyHKLHUsA, TO popmyIia

(3) octaercst cripaBeITMBOM U B 3TOM ClIyJae.

Otser: MM, =/ p} +p; —2p,p, cos(p, — ;).

@MZ_ypOTZ Ha3bIBACTCA HIO6OC MHOKCECTBO TOUYCK MNPOCTPaHCTBA. HYCTB 3alaHa HCKOTOpasa
CHCTEMa KOOPJHMHAT. YCIIOBHEM, ONpPEAEIAIOMUM (GUrypy F B JaHHOW CHCTEME KOOPIMHAT,
Ha3bIBACTCA YPABHCHUC, HCPABCHCTBO, UX CUCTEMA UJIM COBOKYITHOCTDH, KOTOPBIM YAOBJICTBOPAIOT
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KOOpAWHATBl JTI000H TOYKM GUrypel F ¥ HE YIOBICTBOPSIOT KOOPIMHATHI TOYEK, HE
npUHaAIexKamux gurype F .

3agaua 4. CocTaBUTh YypaBHEHHE OKPYKHOCTH pajuyca 7, €CId B MPSMOYTrOJIbHOU
JIEKapTOBOM CUCTEME KOOPMHAT Ha INIOCKOCTH €€ eHTp C uMeeT KOOpAUHATHI (a,b).

Pemenue. [Tycts M(x,y) - TeKylIas TOYKa OKPYKHOCTH (T.€. TIPOU3BOJIbHAS €€ TOUKA), TOTa
0 OmpeleneHur0 okpyxHoctd CM=r. 3anumieM 5TO PpaBEHCTBO B KOOpPAHMHATAX

2 2
\/(x—a) +(y—b) =r. Boseems o0b6e wacTH ypaBHEHHS B  KBA4ApaT,  IOTYdIHM

(x—a) +(y-b) =1".

Omser: (x—a) +(y—b) =17.

3anaua 5. CocTaBUTh ypaBHEHUE KpyTa pajuyca 7, €CJIM OH JIEKUT B IIIOCKOCTH x(Oy, a ero
ueHTp C B IpAMOYTOJIbHOM JEKapTOBOM CUCTEME KOOPAUHAT B IIPOCTPAHCTBE UMEET KOOPAUHATHI
(a,b,0).

Pemenue. Ilycte M(x,y,z) - TeKymiast TO4Ka Kpyra, Torza no onpeaenenuto kpyra CM <r.

2 2 2
3anMuieM IOCIEJHEE PAaBEHCTBO B KOOpAMHATaX \/ (x—af +(y=b) +(z=0) <r wm
2 2 o
(x—a) +(y—b) +z° <r’. Tak KaKk KpyT JEKHUT B IIIOCKOCTH xOy U y BCEX TOUEK TOH MIOCKOCTH

(x—a)2+(y—b)2+22 <r?

anIuiMKaTa ~ paBHa  HYJIO, TO  HWMEEM  CHUCTEMY: WINA
z=0.
2 2
(x—a) +(y—b) <r?,
z=10.
2 2 2
x—a) +(y=>b) <r°,
OtBeT: ( ) (y )
z=0.
3agaua 6. YcraHOBUTE BUJ (DUTYPBI, KOTOPas B TIOJSIPHOW CUCTEME
p=2
KOOpJIMHAT 3aJI1aHa CUCTEMOM: T
0<p<—.
2

Pemenne. MHOXeECTBO TOYEK, y KOTOPBIX o =2, - 3TO TOYKH,

OTCTOSIIIME OT MOJI0Ca Ha PAacCTOSTHUE 2, T.€. 3TO OKPY>KHOCTh C IEHTPOM
B TOJTFOCE pajinyca 2.

Puc. 19

/4 .
HepagenctBo 0 < ¢ < 3 3aJ]aeT MHOKECTBO JIyuel ( o - IPOU3BOJIBHO) C HAYAJIOM B IOJIOCE

T o
Y YTJIOM HakJIoHa oT 0 110 ) K TIOJIIPHOH OCH, T.€. 3T0 yros AOB . B nepeceueHnn 3THX MHOKECTB

MOJTyYHUM UCKOMYIO (PUTYpYy — 4acTh OKPYKHOCTH, Jiexkalnyto B [ uetBeptu (puc. 19).

OTBeT: MaHHas cUCTEMa 3a/1a€T YaCTh OKPY>KHOCTH, JISKAITy0 B | ueTBepTH.

JIroOyro Gurypy MO>KHO BBIPa3HUTh anreOpanuecku, XOTs Ha MPAKTUKE 3TO HEe BCET/a JIETKO
caenatb. OJHAKO Jake HE BCSIKOE ypaBHEHHUE OIpefenseT HekoTtopyr ¢urypy. Hampumep,
ypaBHeHue x°+)°=( 3amaeT Ha miockocTu Touky O(0,0), a B IpocTpaHcTBe — och O ; ypaBHEHHE
x’+y”=-1 He 3a7aeT HUKAKOTO MHOKECTBA TOUEK.

3agaua 7. B npsMOyroiasHON JE€KapTOBOM CUCTEME KOOPAMHAT MHOKECTBO TOYEK 3aJaHO
ypaBHeHuEeM x-3y=(). HaiiTu ypaBHEHUE 3TOr0 MHOKECTBA B COTJIACOBAHHOW MOJISIPHOM cUCTEME
KOOpJMHAT.

Pemenwue. I[lo ¢popmynam mepexona OT MOJSPHONW CHCTEMBbI KOOPJAMHAT K COTJIACOBAHHOMN
MPSMOYTOJIBHOM JI€KapTOBOM X = pcos@, y = psin ¢ . [loacraBmisiss BeIpaXkeHust s X Uy B

HCXOIHOE YPABHEHUE, OIYUYUM pcos@—3psing =0, p(cos @—3sin go) =0, oTkyaa
p=0 AN cosp—3sinp=0,T.e.
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—

1 1
igp=—, p=arctg—+m,ne .
3 3
p=0,

Otser: 1
Q= arctg§+7zn,n e”Z.

Ynpaxuenus

[TocTpouTh TOYKH, 3aJaHHBIE MMOJISAPHBIMA KOOPAUHATAMU: A(4,§j, B( 3- %j C( ]’_% ”j_

Haittu nosisipHble KOOPAUHATHI TOYEK, €CIU CUCTEMbBI KOOPAMHAT COTJIACOBAHBI: A(Z\/§ ,2),

B(-4,4), C(-7,0), D(—2,~6 ).

Haiitu npsiMoyrospHble KOOpAMHATBI TOYEK, €CIM CUCTEMBl KOOPAMHAT COIJIACOBAHBI:

A107), Blo-3xlcli-F\pl2-3x)
2 2 3 6

Haiitu nonsipHbie KOOpAUHATHI TOYKH, CAMMETPUYHOU TOuke M (p, (p):

a) OTHOCHUTEJIHHO TOJIOCA; 0) OTHOCHUTEIJILHO TOJISIPHOM OCH.
Onpenenuth MHOKECTBO TOYEK, KOOPAWMHATHI KOTOPHIX B MOJSPHON CHCTEME KOOpAMHAT
T
Y/OBJIETBOPSIIOT YPABHEHUIO: a) p=3; 0) = 5

I/I306pa31/ITB Ha YCPTCIKE MHOKCCTBA TOYCK, 3aJdHHBIX CICAYIOIUMU CUCTCMAaMH HCPABCHCTB

B IIPSIMOYTOJIBHOM CHCTEME KOOPAMHAT:

{x>0, s {0<x£], x| <2, x’+y’ <16,
B r

(x=2) +(y-3) > 25,
o)
y<I;

y>0; |y|23; x>2; |x|<2.

N300pa3uTh Ha YepTeke MHOKECTBA TOYEK, 3aJaHHBIX B MOJSPHOW CHCTEME KOOPAWHAT
CIIEYIOIIMMH COOTHOIIICHUSIMU (eCTTU @ € [0,272’])3
> 2,
. 72. . . 71- 5 . p
a) p<2; 0) p>—; B) I<p<3; 1)—<@<—7; n) < r P
2 4 3 —<@p<—.
6 3
B npsmMoyronbHO# ekapToBOM cucTeMe KOOpPAWHAT MHOKECTBO TOYEK 33J]aHO YPABHEHUEM
x’+)?=16. HaiiTu ypaBHeHHe STOr0 MHOXKECTBA B COIJIACOBAHHOW MOJAPHON cHCTeMe
KOOp/IMHAT.
CocTaBuTh ypaBHEHHE MHOXKECTBA TOUEK, PABHOYAAJIEHHBIX OT Touek A(2,0) u B(1,1).

§3. HetuHelinble onepannu HaJl BEKTOPaMHU.

3agaua 1. VI3BeCTHO, 4TO BEKTOPHI § + 2 U 55 —4f B3aUMHO mepreH UKy IspHbl. Kakoit yron

00pasyIoT eIMHNYHBIE BEKTOPHI 5 | [ ?
Pemenue. Tak kak TaHHBIE BEKTOPHI MEPIEHANKYJISIPHBI, TO UX CKAISIPHOE NPOU3BEIECHUE

PaBHO HYIIIO: (E +2t )(55 -4t ) =(. Vcnons3ys cBOICTBa CKaJISPHOTO MPOU3BEACHUS BEKTOPOB,

NMECM.

(5 +2£ )55 —47)= 55" + 105f — 45 - 8¢* = 557 + 651 - 8¢,

= - — — - — —2 - —12
T.e. 657 =8 —55°. Tak Kak BeKTOpbl § U [ exuHUuHbIe, TO 5° =|5|" =1,7° =|f| =1, mosromy

65i=8-1-5-1, 57 =

1 y
3. HCHOJ’ILSYSI reOMCTPUYCCKHUEC CBOMCTBA CKAJIAPHOI'O IIPOU3BCACHUA,
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s-t 1/2 1 _ - T
— = —— =—, T.€. yTOJl MEeX/ly BEKTOpaMu § W { paBeH — uiu 60°.
|t| -1 2 3

N
AMEEM cos(E ,t) =

Ortsert: 60°.

3agaua 2. [loka3ate, yTo TpeyroibHuK A BC NpsAMOYIrOJIbHBIN, €CJIU B OPTOHOPMHPOBAHHOM
0a3nce ero BepIIMHBI UMEIOT KoopauHatel A(-3;-3), B(-1,3), C(11;-1).

Pewenue.

I crioco6

AB=(-1—(=3);3+3)=(2/6),

AB|=2"+6" =40,
AC =(11+3-1+3)=(14;2), [4C| =14’ + 2> =200,
BC=(11-(-1);=1-3)=(12,-4), [BC|=\12"+(-4) =160

Tak xak AC’ = AB’ + BC®, To jus tpeyronsuuka ABC cnpasenmua Teopema Indaropa,
CJIeI0BATENbHO, TPEYTOJbHUK ABC NPSAMOYTOJIbHBIA C MPSIMBIM YTJIOM B.
II cnoco6

AB =(2;6), AC =(14;2), BC=(12,—4).
AB-AC =2-14+6-2=28+12=40, AC-BC=14-12+2-(-4)=168-8 =160,
E~R?=2-12+6~(—4)=24—24=0, re. AB LBC, o3TOMYy  TpeyronbHuk ABC

IIPSAMOYTOJIBHBIN.

3apaua 3. Otpe3ok AD neprneHIuKyJIspeH MI0CKOCTH TpeyroyibHuka ABC. Halitu yron y
MEXIYy BEKTOpaMU BC wu BD,eciu ZABD = a, ZABC = L (puc.22).
BA-BD BC - BA BC-BD N
— , COS B =———, cosy= . Tak kax 4B~ =‘AB‘
[B4|-|BD |BC| B4 BC|-[BD

Pemenne. Umeem cosa =

4 Puc.22

Bi.BD BC-Bi BC-BD BA
|B4|-|BD BC-@\_BC-BD @r

cosa-cos ff = =cosy.

OTtBeT: cosy =cosa-cos f.
3ameuanue. Teopema o TpexX MEPICHIUKYIISAPAX SBISCTCS CICICTBUEM 3a71a49u 4.
JleiictButensHo, ecmu AB L BC, 1o Zf =90 u cosy=cosa-cos90’ =0, T.e. ecim

IIPOEKIIMs HAKJIOHHOM NEpPHNEHAMKYJIpHA HEKOTOPOHM MNpSAMOM B IJIOCKOCTH NPOEKLIUHU, TO U
HaKJIOHHas MEepIeHIUKYIsipHa 3Tol npsaMoil. BepHo u obpaTHoe.

NeiictBuTensHo, ecnu DB L BC 10 £y =90°, cosa-cos f =0 ,H0 La< 90", Tak xak DB
HakJIOHeHa K Tuiockoctd ABC, mostomy cosa# (. Ocraercs HpUHATH, 4To cos S =0, T.e.
ZB=90°.

3agaua 4. OnpenenuTs KOOPIANHATHI U AJIUHY BBICOTHI BH Tpeyronbauka ABC (puc. 23),
ectu AB(4,2,-1), AC(2,-2,0).

Pemene. BH = BA+ AH , Bektopel AH u AC KOJUIMHEApHBI, MO3TOMY CYIIECTBYET
ypuciio a#(0 Takoe, 4YTO AH =a- AC = (2a,—26,0). Tax xak BH 1 AC , TO BH-AC =0.
3anuinem nocjieHee paBeHCTBO B KOOPAMHATAX:
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BH =(~4,-2,1)+(2a-2a0)=(-4+2a-2-2al),

Puc.23

C

H
BH - AC =(4+2a-2-2a1)-(2-20)= -8 +4a+4+4a,
otkyna 8a—4=0,T.e. a—é
— 1 1
BH = [ 4+2.=-2-2.~ 1) (-3-3.1);
2 2
‘ﬁ[‘=\/(—3)2+(—3)2+12 =J19.

Otser: BH = (-3-3.1),

3agaua 5. BEUmCIUTE IUIOMAb MapaLIelorpaMMa, OCTPOSHHOTO Ha BEKTOpax @ + 3b u
A
3a+b,ecmn |a|= ‘b‘ =1, (5,[)) ==

Pemenue. [lo cBOMCTBY BEKTOPHOrO NpPOM3BEACHUA S = ‘[(E +3b ) (35 +b m . Yopoctum
BBIPAKEHIE [(@+3b)(3a+b) =[a3a+b]+3b.3a+b]=3[a,al +[a,b]+9b,a]+3[b,b]
=-8[a,b], (Tak Kak @ mapajIelicH a , b napamnenend , 1o [@,al=[b,b]=0).

Taxu o6pazom, S = ‘— 8- [5,5]‘ =8- |E| . ‘5‘ . sin(ajg] =8-1-1- Sil’l% =4 (xB.ex.).

OtBeT: S=4 KB.eI.

3agaua 6. Berancuts miomans tpeyromsuuka ABC, ecmu AB(1,2,3,), BC(2,0,2).

1l — —
Pemenue. [1o cBONCTBY BEKTOPHOTO MPOU3BENEHUS S 4,5 = E‘[AB,BC]‘ .

T_.k

[4B,BC] = l]és I i = 4i+4]—4k
= =i - + =4i+4j-4k,
e 02 7T

‘[E,B_C]\:\/# + 47+ (-4 =443, S=§4\/§=2\/§ (kB.e1L.).

Ortser: S :2\/§ KB.€]I.
3agauda 7. Berunciantb (47 — b_XI; — EXC — c_z).

Pemenne. Tak kak (5 5) (l; c +(E a) 0, T1O BeKTOppl a —b,b—-c,c—a
KOMIUTaHApHBI, TO3TOMY (a bXb CXC a)

OtBeT: (a —bXb —cXc —a =0.

3agaya 8. B TpeyrompHOoit mnpusme ABCA,B,C, BeKTOpPbI E(O,],—I),E(Z,—]A)

ONPECIAIOT OCHOBAaHUE, A4, = (— 3,2,2). Haiitn BBICOTY NIPU3MBL.

1 v ——=
Pemienue. VZESOCH -h,S,, =3 , , TaKk Kak 00beM IPU3MBI B J[Ba pa3a MEHbIIIE
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] -
o0beMa mapaienenumea, MToOCTPOCHHOTO Ha TeX )K€ BEKTOpax, To V = E‘AB-AC -AA,|. Torna

— — - 0 1-1
2-\AB~AC~AA1 — — 2 4| | 2-1
h=—1——7r—, AB-AC-A44,=|2-1 4|=- 3 ATl STI61=A17,
[ i
o I =11 ol 1 2:|-17
[4B, AC]= , , =(3-2-2), h= -7 _3* 07
—1 4[| 4 2f|2-1 JF (oY w2y V17
(em.).
OrTBeT: h=2\/ﬁ ell.
Ynpaxxknenust

1. JlaHbl eJIMHHYHBIC BEKTOpPHI a,b,C, yIOBJICTBOPSIONIME YCIOBHIO a +b +c¢ =0.
Boruucnuts a-b +b -c+c-a.
2. Jlano, uro |a|=a,

b ‘ = b # (. OnpeaenuTh, IPU KAKOM 3HAYEHUH A BEKTOPHI @ + Ab

v @ —Ab GyIyT NepHeHIuKyIApHEL.

3. OmpeeuTh, IPH KAKOM 3HAYCHHH A BEKTOpl @ = Al —3j+2k n b =i +2j -k
B3aUMHO IEPIICHIUKYIISIPHBIL.

4. KakoMy YCIIOBHIO JOJDKHBI YIOBJIETBOPATH BEKTOPEl d U b , 4TOOHI BEKTOp a + b
JIENTHIT TIOTOJIAM YTOJI MEXKLy BeKTopamu d u b ?

5. KaxkoMy yCIIOBUIO JOJDKHBI YIOBIETBOPATH BEKTOPHl ¢ M b , 4TOOBI BHITOJIHSINCH

CIIEJTYIOIIHE COOTHONICHHS: 1) ‘E+b_‘:‘ﬁ—5; 2) ‘E+l§‘ >‘67—b_; 3) ‘E+b_‘<‘5—b_‘?

6. Janbl Tpu BekTOpa a,b,C, yIOBJIETBOPSIOUINE YCIOBUIO a +b +c¢ =0. 3Has, 4To

|c7|=3, b‘:l, c =4, BouMCcINTh a -b +b-c+c-a.
7. JlokasaTh, YTO Yrod MeXAy AMATOHANSMH TIPSMOYTONBHHKA, TOCTPOSHHOTO Ha
=2 1.2
aub a —b
BekTOpax d u b , BeHCIIETCS 1O hopmyre [cosg| = ——— -
a’+

8. Bektopsl d M b B3aUMHO HEPHEHMKYJISPHB 1 HMEIOT PaBHBIE JUIMHEL J[0Ka3aTh,
4TO BEKTOpbl p =3a +5b u g =10a —6b nepneHIUKyISApHBI.

9. MHsBectHO, uTO yros Mexnay BekropaMH d u b pasen 30°,

al=3, |p|=1.
BEIUKCIINTL BEMUMHY yINIa ¢ MEXKIy BEKTOpaMH & +b m @ —b . J]aTh I'€OMETPUUYECKYIO
VHTEPIIPETALMIO 3a/1a4H.

10. Bektopsl @ u b mepneHmuKynapHEL HaiiTi 71, ecliu B IpAMOYTOIBHOI JeKapTOBOM
CHUCTEME KOOPJIMHAT BEKTOPHI PaBHBIL: ) @ (2,—1,3), b (1,3,n); 0) a (n,—2,]), b (n,—n,]).

11. B Tterpasape DABC: AB=AC=a, 4DAB = /DAC =¢. HailitTu yrom Mexay
BEKTOPAMH AD u BC.

12. B nupamune SABC yrael npu BepmiMHE S MpsIMbIE, @ OCHOBAaHUEM CITY)KUT
paBHOCTOpOHHUN TpeyroabHuk ABC. Touku D u E sBrnsioTcs cepenunamu pedep AD u SB

COOTBETCTBEHHO. HaiiTh yros Mexay BEKTOpaMH SD u EC.
13. OmnpenenuTh BEKTOp, KOJUIMHEAPHBIN OMccekTpuce yriaa 4 TpeyroisHuka ABC, ecnu
AB =(2,2,1), AC =(3,4,0).

14. HaiiTu eIMHUYHBIA BEKTOp, INEPHEHIUKYJIAPHBIA BEKTOpaM & =i+ ]+ 2k wm
b=2i+j+k.
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15. Haiitu ckansipHOE€ NPOU3BEACHUE BEKTOPOB 2AB—AC wu AB+ AC , ecnn A(l,-3,0),
B(2,2,2), C(-4,0,1).
16. Haiintn BekTOp @ , KOJUIMHEAPHBIA BEKTOPY b(Z,I,—]) U YJOBJICTBOPSIOIIMNIA

ycioBHIO @b = 3.

17. Onpenenure CTOPOHBI M yTiibl Tpeyronbauka ABC, ecnu A(-1,-2,4), B(-4,-2,0), C(3,-
2,1).

18. Halimute mmHY OMCCEKTPHUCHI, MPOBEAECHHON W3 BepluHbl A TpeyroiabHuka ABC,
ecmu A(3,-5), B(-3,3), C(-1,-2).

19. Hansl BepmuHbl Tpeyronbauka: A(7,2), B(1,9), C(-8,-1). Haiitu pacCTOSIHUSI OT TOUKH
nepecedeHus Meuan M 10 BEPIIUH TPEyTOJIbHHKA.

20. Toukwu L(0,0), M(3,0), N(0,4) sBnsitoTcs cepeiHaMu CTOPOH TpeyrojibHUKa. Hailti
IUIOINAAb TPEYTOJIbHUKA.

21. IIpeobpazoBarh BEKTOPHOE MPOU3BEACHUE [(5 +2b-¢C ) (47 -2b ] [(C_l -3b ) (267 +3b ]

22. Borumcnuts mwiomans Tpeyronsunka ABC, ecmu A(4,2,3,), B(5,7,0), C(2,8,-1).

23. Haiitu BEKTOPHOE u CKAIIPHOE IIPOU3BECHUS BEKTOpPOB
a=6i+3j—2k,b=3-2j+6k.

24. HaiiTi eMHHYHBIA BEKTOP, IEPHEHINKYIpHbIi Bektopam @(1,1,2),b(2,1,1).

25. Tlokasats, uto Bektopsl a(7,—3,2),b(3,~7.8),¢(1,~1,1) xommmanapHsL.

26. Haiitu CMEILIaHHOE IIPOU3BEJICHUE BEKTOPOB
a=i—j+kb=i+j+k,c=2i+3j+4k.

27. Haiitu paccrosinue ot Touku C(3,2,-2) 1o npsmoii, mpoxosuieit uepes Touku A(1,2,-
3)uB(5,2,0).

28. Jlama mmpamuma SABC : A(1-1,2), B(5,-6,2),C(1,3~1), S(-1-2,-3). a) Haiitu
BeIcOoTy BK ocHoBanusi ABC. 6) Haiiti 00beM nmupaMuibl u ee BeicoTy SH .

29. Beluncnutb (E+I;XI;+EXE+ E), eciu abc = 3.

30. Boramciauth J(I;+ EX&+E +E), ecin abc =0.

31. Bpruucnurs 00BeM TPEYTOJIbHOU MIAPaMUBI c BEpILINHAMU
A4(0,0,1,), B(2,5,3),C(6,2,3), D(3,7,2). HaiiTi BHICOTHI THPaMHUJIBI, ONYIIEHHYO Ha rpasb BCD .

§ 4. IIpsimasi HA JIOCKOCTH

3agaua 1. 3agaiiTe Ty NOJMYIIOCKOCTh, B KOTOPYIO Monaaaer Touka M(1,2) OTHOCUTEIbHO
npsmont [: Sx-3y+7=0.

Pemenwue. [TogcTaBuM KOOPIMHATH TOYKH M B JIEBYIO YacTh YPaBHEHHS IPSIMOH [, OTy4IUM
HEpaBeHCTBO S-/—3-2+7=5-6+7 =6 > (0. DTomy ke HepaBeHCTBY OyAyT yIOBIETBOPATH BCE
TOYKH PACCMAaTPUBAEMOM MOTYTIIOCKOCTH.

OtBet: 5x-3y+7>0.
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3apava 2. CocTaBuTh ypaBHEHHUE TPSIMOM, OTCEKAIOIEe HAa OCU OPJIAUHAT OTPE30K b=-3 u

. V2
00pa3yronuii ¢ IOJ0KUTEIBHBIM HAIIPABIEHUEM OCH a0CIIICC YTOl @ = 7 [TocTpouts npsimyto.

Pemenue. YrioBoit kodpduimeHt npsmor k =tgp = tg% =1.

Tak kak mpsMas OTCEKaeT OT OCH OpPJIMHAT OTPEe30K b=-3, TO OHa y
npoxoauT 4epe3 Touky B(0,b), T.e. B(0,-3). YpaBHeHUE NPSIMOI UMEET
Bun y-(-3)=1(x-0), 1.€. y=x-3 unm x-y-3=0 - o011ee ypaBHCHHE MIPSIMOH.
Jlns mocTpoeHust 10CTaToOuHO ABYX Touek. OJlHa TOUKa U3BECTHA — ATO -1 4 X
Touka B. ITycte opauHaTa Ipyroil TOUKHM paBHa HyJIIO, HOACTaBIIss y=0 B
B o0lllee ypaBHEHHUE MPSAMOM, MOMYyYUM X=3, T.e. MpsAMas MPOXOJIUT Puc.24
yepes Touky A(3,0) (puc.24).

OtBeT: x-y-3=0 - o0111ee ypaBHEHHE MTPSMOIA.

3agaua 3. /lan tpeyronsuuk ABC: A(0,1), B(6,5) C(12,-1).

1) CoctaBuTh ypaBHEHHE MeaHaHbl AM.

6+12
Pemenune. M — cepenuna BC, 1no3ToMy KOOpAMHATBI TO4YkH M X, = p =9;

5+(=1)
Yu =
qepe3 ABE€ TOYKU

= 2. 3anumeM ypaBHeHHE TpsiMOH AM Kak ypaBHEHHE NPSIMOH, MPOXOJAIICH

x-9 y-2 x-9 y-2
0-9 1-2° -9 -1
x-9=9y-18,  x-9y+9=0 - obuiee ypaBHeHue AM.
Ortsert: x-9y+9=0.
2) CocraBuTh ypaBHeHHUE BbICOTHI CH.

3

Pemienne. CH L AB, mo3ToMy HampapBisIOIIANA BEKTOP E(é A4 ) npsmMoil AB siBnsiercs
HOopManbHbIM 1St ipsamoii CH. Ilycte npsimast CH 3a1ana o01uM ypaBHeHUEM ax+by+c=0, Torna
ﬁ(a,b) 1 CH , moatomy a=6, b=4, t.e. 6x+4y+c=0. Tak xak C € CH , To xoopanuHatsl Touku C
YAOBJIETBOPSIOT YPABHEHUIO MPAMOM, MOJCTABIIAS KOOPAUHATHI Touku C B ypaBHEHHUE MpPsIMON
CH, naiinem ko3 dunuent c: 6-12+4- (— ])+ c=0,c=-68, 1.e. 6x+4y-68=0 nmm 3x+2y-34=0 -
ypaBHeHue npsimoit CH.

Otsert: 3x+2y-34=0.

3agaua 4. CocraBUTh YypaBHEHHE KaT€TOB pPaBHOOEAPEHHOTO MPSIMOYTOJIBHOTO
TPEyTOJIbHUKA, 3Hasl ypaBHEHHUE TUIIOTEHY3bl 3x-y+5=0 u Bepumny npsmoro yrina C(4,-1).

Pemenue. YTibl npu OCHOBaHUH PaBHOOEAPEHHOTO TPEYTOJIbHUKA 4 °, TO3TOMY JIJIsl yTia a
3b+a

=1
3a-b
. Tak kak Touka C € AC, To ee KOOPAUHATHI YAOBIETBOPSIOT YPABHEHHIO MIPSIMOH, T.€. 4a-b+c=0.
3b+a=3a-b, [2b=a,
4da-b+c=0, {

mex iy npsmeiMu AB u AC, tie AC 3anana ypaBHenuneM ax +by +c =0, umeem tga =

Nmeem cucremy: { T.€. 2bx+by-7b=0 nmu 2x+y-7=0 - ypaBHEHHUE

c=-7b,
npsimoit AC.

Tak kaxk BC L AC, To0 ﬁ(Z,I)J_ AC, n mnapamneneH BC. 3anuiieM KaHOHUYECKOE
x—4 y+1

ypaBHeHue npsimoit BC: Jx=4=2y+2;x-2y—-6=0.
OtBer: 2x+y-7=0, x-2y-6=0.

3agaua S. Jlanbl ctoponsl AB: x+3y-7=0, BC: 4x-y-2=0, AC: 6x+8y-10=0 TpeyroipHuka
ABC. Haiitu BBICOTY, OMYLLIEHHYIO U3 BEPIIMHBI B.
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Pemenue. B = AB N BC, mosTomMy €€ KOOpAMHATHI YAOBICTBOPSIOT CUCTEME YPAaBHEHUM:
+3 _7:0; :7_3 > :2’
ey * Y Y Te. B(1,2),
dx—y-2=0, 28—12y—y—-2=0, x=1,
6-1+8-2-10
p(B,AC):| |=£=0,6.
Joi+sr 10
Otser: p(B,AC)=06.

Ynpaxxknenust

1. MaHo oOmee ypaBHeHHE mpsiMoil 3x-4y-5=(. HamucaTb: a) ypaBHEHHE C YTJIOBBIM
koopduuuentom; 0) ypaBHeHue B orpe3kax. [loctpouts mpsimyro: a) B apuHHOI cucreme
KOOpJUHAT; 0) B IPAMOYTOJIbHOM cucTeMe KOOpIuHaT.

2. llpsamas npoxomut yepe3 Touku M;(3,-1), M>(2,-3). Hanucarb ee KaHOHHYECKOE,
apaMeTPUUECKOe ypaBHEHMsI, YPAaBHEHHUS B OTPE3KaxX U C YIJIOBBIM KO3 (UIMEHTOM, oOIee
yYpaBHEHUE.

3. Omnpenenuts kakue u3 Touek A(2,-1), B(3,0), C(0,-5), D(-7,1), E(3,1), F(-12,-8) nexar
OTHOCHTEJIBHO IIPSAMOM / : X+ y —4 = () B TOM K€ MOITYILNIOCKOCTH, YTO Y HAYAJIO0 KOOPAUHAT.

4. Haiitu yroa, koTopslii 0oOpa3yeT ¢ IOJIOKUTEIbHBIM HalpaBICHUEM OCH abcuucc
npsamast 2x+2y—-5=0.

5. Haiitu yrois, KOTOpbIii 00pa3yeT ¢ MOJOXKUTEIbHBIM HAalpaBJIEHUEM OCH OpJIUHAT
npsamast 2x—y+3=0.

6. MoxHO 11 ypaBHeHHe npsiMoi 20x+y=() 3anucaTh B OTpe3Kax?

7. llpsiMas oTcekaeT Ha OCSAX KOOpJIMHAT paBHbIE OTpULATENIbHbIE OTpe3ku. COCTaBUTh
€e ypaBHEHME, €CIIM IUIOIAAb TPEYrojJbHUKa, 00pPa30BaHHOIO NMPSIMOM C OCAMU KOOPAMHAT, paBHA
8 KB. e11.

8. Omnpenenuts yroia MEKIy HPSIMBIMHU:

a) y=-3x+7u y=2x+1;

0) 6y-4x+1=0u 20x-30y+4=0;

B) 3x-5y+7=0u 10x+6y=0.

9. OmnpenenuTs pacCTOSHUE MEKIY NApAJUIEIbHBIMU IPSIMbIMU 3x+)-7=0n 6x+2y-5=0.

10. Haiftu npsiMyro, OpOXOASIIYI0 Yepe3 TOUKYy IepecedeHHus NpsAMbIX 3x-4y=7=0 u
5x+2y+3 =0 ua)napanienbHyl0 OCH OpAMHAT; 0) NepNeHAUKYIIPHYIO MpsMoit x+y=0.

11. Hansl Bepmunsl Tpeyronbauka A(1,-2), B(0,3), C(1,1). HanucaTes ypaBHEHUS PSIMBIX,
IIPOXOJAIIMX YEPE3 BEPIINHBI NApAJIJIEIbHO POTUBOJIEKALIUM CTOPOHAM.

12. B tpeyronbauke ABC H — Touka nepecedenust BbicoT. COCTaBUTh YpaBHEHUS! CTOPOH
TpeyroiabHuKa, ecnu A(-1,5), B(3,2), H(5,-3).

13. B Tpeyronbuuke ABC: A(-4,-5), B(4,1), C(-1/2,7). Hanucate ypaBHEHHE: a)
OuccexTpucsl yria A; 0) meauansl AM; B) BeicoTsl CH.

14. Jlanbl cMexHble BepiiuHbl A(1,-2), B(3,2) napannenorpamma ABCD u touka P(1,1)
nepecedeHys ero quarosaneid. Hamucars ypaBHeHHs CTOPOH.

15. Hanwucartpb ypaBHEHHE OKPY>KHOCTH C LIEHTpoM B Touke ((6,-3), kacaromencs npsiMon
3x—4y—-15=0.

16. B tpeyrompauke ABC: AH 1| BC,BK 1 AC, AB: 2x-3y+6=0, AH: 2x+y-2=0,
BK :x+3y—12=0. Hanucarb ypaBHeHus cropod AC u BC.

17. Haiitn yrona Mexay npsiMbIMU \/Ex—3y+6:0 u \/gx—y—5 =0.

18. Jlanbl xoopAauHATHl BepiuH Tpanenuu A(5,-1), B(6,3), C(9,3), D(10,-1). Hanucatp
YpaBHEHUs BCEX CTOPOH Tpareuuy. BeraucanTs JuIMHY cTOpOoHbI AB. HaliTn ypaBHEeHuE cpenHen
JMHUM Tpaneuuu MN.
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§5. [linockocTh

3apava 1. [{anbl napajuienabHbIe IIOCKOCTH a: X —y+z+1=0 1 f:2x—-2y+2z—-5=0.
Omnwucarp anredpanvecku 00JIaCcTh MKy HUMHU.

Pemenne. O6nacty MEXIy IUIOCKOCTAMU €CTh IEepeceueHue

WM, JIBYX TOJYHOPOCTPAHCTB, OOpPA30BAHHBIX JTUMH IUIOCKOCTSIMH.

a OTHOCUTENIPHO IUIOCKOCTH @ BBIOEPEM TO IOJYIPOCTPAHCTBO,
KOTOPOE COJEPXKHT IUIOCKOCTh [, a 3HAYUT M JIIOOYI0 €€ TOUKY.
M,
B Be BosbmeM HekoTOpYIO TOUKY M , (0,0,2.5 ) € f (puc. 31) (koopauHaTHI
Puc. 31 ATOH TOYKH YIOBJICTBOPSIOT YPaBHEHHWIO IUIOCKOCTH f) W s
uc.

BBIYHMCIICHHUS] 3HAaKa HEPABEHCTBA IMOJCTABUM €€ KOOpPJIHUHATHI B
ypaBHEHUE MJIOCKOCTH a: 0-0+25+1>0, [103TOMY
X—y+z+1>0 - epBoc HEPABEHCTBO CUCTEMBI.

Bo3pMeM HEKOTOpYI TOUKY Ma(0,0,—I)ea (puc. 31) m ompemeauM 3HAK BTOPOTO

HepaBeHcTBa 2-0—-2-0+2- (— ])— 5<0, noaromy 2x—-2y+2z—5<(0 - BTOpOE HEPABEHCTBO

CUCTEMBL.
Takum o0pa3zom, 00iacTe MeXAy IUIOCKOCTSMU a U [ XapaKTepU3yeTcsl CHCTEMOI

X—y+z+1>0,
2x-2y+2z-5<0.

X—y+z+1>0,
Ortger:
2x=2y+2z-5<0.
3agaua 2. CocTaBUTh ypaBHEHUE INIOCKOCTH, IPOXoisLIeil uepes Touku A(2,-1,4), B(3,2,-1)
MEPHEHINKYIIAPHO IVIOCKOCTH a. x+y+2z—-3=0.

HEpPABEHCTB

Pemenne. Tak xak To4ku 4, B npuHaUIeKaT INIOCKOCTH, TO BEKTOP E(1,3,—5 ) napaieseH
eil. Bexkrop n (] ,1,2) 1 a, nosTomMy 7 mapajuleneH HCKOMOM INIOCKOCTH. 3alUIIEM KaHOHMYECKOE
ypaBHEHHE TIOCKOCTH, IPOXOISIIEH Yepe3 TOUKy A MapasIenbHO BEKTOpaM AB 1 7

x—=2 y+1 z—4
13 5 |=0 (x-2
1 1 2

oO111ee ypaBHEHHE TUIOCKOCTH.
Otser: /Ix—7y—2z—-21=0.

3agaua 3. CocTaBUTh ypaBHEHUE IUIOCKOCTH, IPOXOJSIIEH dYepe3 TOUKY A(5,4,3) U

3 =5
1 2

I =5
1 2

1 3
+(z—4 =0 Hx=7y=22-21=0 -

- 1
(v !

OTCEKaIOIIEel paBHbIE OTPE3KU HA OCSIX KOOPAMHAT.
Pemenne. Tak Kak MJIOCKOCTh OTCEKAaeT paBHbIE OTPE3KHM OT OCEH KOOpAUHAT, TO €€

X z
YPaBHEHHE MMEET BH]L T+ Y42 21 Tax xax ona IPOXOJUT Yepe3 TOUKY A, TO KOOpAUHATHI
a a a

5 4
TOYKU A YIOBIETBOPSIFOT YPaBHEHHIO TUIOCKOCTH, T.6. —+—+—=1, a=12. Torma x+y+z=12 -
a a a

ob1iee ypaBHEHHE MJIOCKOCTH.
Otger: x+y+z-12=0.
3agaua 4. Haiitu ypaBHeHue m10cKoCTH, mpoxosimeit uepes Touku P(0,2,0) u 0(2,0,0) u

oOpasyromieid yroi 60° ¢ miockocteio x =0.
Pemenue. [lycte Ax + By + Cz + D = () ypaBHEHHE UCKOMOM TJIOCKOCTU. Tak Kak TOYKU P

U (O T[OpuHaAIexaT e, TO HUX KOOPAMHATHI YAOBJIETBOPSAIOT 3TOMY YPaBHEHHIO:
2B+D=0,24+ D = 0. Tak KaK IJIOCKOCTh 00pa3yeT yroia B 60° ¢ miockocthio x =0, T0
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! =cos60’ = 4 . Umeem cuctemy ypaBHEHUNI
2 VA +B +C?
B:—iD, ;
A =—5D. 1 ] D’ :ED2+C2,
—D:\/—D2+—D2+C2,
24=+A+B°+C’, 4

1
[Tycte C =1, Torna D = —J2,4=B= ﬁ (Tak kak D < () W3 MOCJIEAHETO ypaBHEHUS CUCTEMBI ).

. 1 1
Takum 00pa3oMm, ypaBHEHHE HCKOMOW IJIOCKOCTH WMEET BHI: ﬁx_'_ﬁ y+z—\/§ =0 wm

x+y+\/§z—2:0.

Ortser: x+y+\/§z—2 =0.
Yupaxuenust

1. CocraBuTh ypaBHEHHUS IUIOCKOCTH, €CIIH OHA

1) 3amana Toukoit A(1,2,3) u mapajuieTbHBIMU €l BEKTOpaMu @ (0,],—1 )l; (1 2,—4 );

2) mnpoxoauT uepe3 ock Ox mapauieIbHO BEKTOPY 5(1,2,3 );

3) mnpoxoaut yepes ocb Oy u Touky A(1,1,1);

4) mnpoxoaut uepes Touky A(1,1,1) napamiensHo miockoctu Oxy;

5) NpOXOIUT Yepe3 Havyaao KOOPAUHAT MEePIEHAUKYIISIPHO BEKTOPY ¢ (0,—3,4 );

6) mnpoxomauT uepe3 TOUKy B(1,1,-2) nepneHAUKYIAPHO IUIOCKOCTIM a.2x+3z =10,
p:x—y+z—-1=0;

7) mpoxomut yepe3 touku C(1,-1,3), D(1,2,4) nepneHIuKyISIpHO TUIOCKOCTH
y:2x=3y+z+1=0.

2. CocTtaBUTh ypaBHEHHME IUIOCKOCTH, MpOXOAsme uepe3 Touky Mo(xo ,yo ,zo)
NEPIEHIUKYIISIPHO BEKTOPY 7 (A, B,C )

3. Haiitu ypaBHEHHE MJIOCKOCTH, IPOXOASIIECH depe3 Touky Mo(Xo,yo,z9) apamienbHO
IUIOCKOCTH Ax +By+Cz+D =0.

4. Jama mmpamuma SABC : A(1-1,2),B(5,-6,2),C(1,3~1),S(~1,-2,~3). Hamucarp
ypaBHEeHHeE MI0cKOCcTU ABC; IIOCKOCTH, MPoXoasiLel yepe3 BepiinHy C napauienbHO INIOCKOCTH
ABS' ; BBIMHCIHUTD yTOJl MEKAY 3TUMH IJIOCKOCTSIMHU.

5. CoCTaBHTb ypaBHEHHE KacaTeIbHON IUIOCKOCTH K cdepe x° +° +2z° =45 B Touke
M(2,-36).

6. 3anucaTh HEpPAaBEHCTBO, XapaKTEPHU3YHOIIEe TO IMOIYNPOCTPAHCTBO C TpaHuueu /1:
x—y+z—4 =0, BxoTOopoM HaxoauTcs Touka A(1,1,1).

7.  YcTaHOBUTH PAacMONOKEHHUE TNIOCKOCTU [1: 2x — 2y —z + 9 = () OTHOCUTENIBHO C(ephl:
(x—])z +(y—1)2 +(z—1)2 =4.

8. BBIUMCINTB pacCTOSAHME MEXAY HapAJUIEIbHBIMU IVIOCKOCTIAMH a . X —3y+2z+1=10
up:2x—6y+4z+3=0.

9. Haiitu ypaBHEeHME ILUIOCKOCTH, Kacaromeics chepbl x° + (y +1 )2 + (z + 2)2 =9 u
MapajuIeIbHOMN INIOCKOCTU a: 6x+3y+2z=0.
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10. Kakoit yrom o6pasyer ¢ mI0CKOCTbIO X + y+ 2z —4 = () BEKTOp a (],2,1)?

§6. IIpsimasi B npocTpaHcTBe

3anava 1. Hanucats ypaBHEHHUE NPAMOU, MPOXoIslel yepes Touky K(1,-3,4) mapamienbHo

. 2x—y+z-3=0,
npsiMoint / :
x+3y—z—-1=0.
Pemenne. Tak  kak  mpsMble  NApajuleiabHbl, TO  HAlpaBISIOIIMA  BEKTOP
-11|121|2-1
p =( s sl 3 D =(-2,3,7) nupsMoir [ SABISAETCS HAMPABJISAIONIMM BEKTOPOM HCKOMOM

x—1 y+3 z—4
-2 3 7

IIPSIMOM, KAHOHUYECKOE YPAaBHEHHE KOTOPOU UMEET BUA:

x—1 y+3 z-4
-2 3 7
3agaya 2. Hamucate ypaBHeHue mpsiMoW, mpoxonsauie uepes Ttouky M(1,1,1,)
NEPHEHIUKYIIAPHO INIOCKOCTU a . 2x+3y+z—1=0.

OrtBerT:

Pemenne. Tak kak nmpsiMasi ¥ IJIOCKOCTb IEPIIEHUKYJIISIPHBL, TO BEKTOP HOPMAJIHA 71(2,3,] ) K
IUIOCKOCTH a SIBJSIETCS HANpaBIIAIOLUM JUISI MCKOMOW NpsAMOM, KaHOHHYECKOE YpaBHEHHE

. x—1 y-1I
KOTOPOH MMeeT BUJ: —— =——=2z—1.
2 3
-1 -1
Otger: =yT=z—].
3agaya 3. Hanwucare ypaBHeHHE NpsMOM, Mpoxojsauiel uepe3 Touky B(1,5,-1)
x=2-3t,
x+1 y z+2

HEePICHAUKYJIIPHO IPSMBIM [, : — " 3 = ul,:qy=—-I1+t,

z=-2t.

Pemenne. MckoMyto npsiMyro m pacCMOTPUM Kak NPsIMYIO, IPOXOASILYI0 4epe3 TOUKy B
NEPIEeHIUKYIISIPHO MJIOCKOCTU @ TaKOM, 4TO MpsMas /; napajuienbHa a, npsiMas /> napajuienbpHa a,

Bea. Bekropst a(—13,-1) u b(—3,/,~2) ABIsIOTCA HANPABIAIOMMMU I IPAMBIX [ U [
COOTBETCTBEHHO, TI09TOMY OHH NapaJlieNbHbI IIJIOCKOCTH a. KaHOHHYecKoe ypaBHEHHE IIIOCKOCTH

x—1 y=5 z+1
3 -1 -1 =1
a nmeeT Bun |— 1 3 -1 =0,(x—] —(y—5 +(z+1

1 =2 -3 =2
-3 1 =2

—5x+y+8z+18=0.

-0,
-3 1

.y 3‘

Bekrop Hopmanu n (— 5,18 ) K IJIOCKOCTH @ SABJISICTCS HAIIPABJISIOIINUM JUJI1 MCKOMOW IIPSAMOM
x=1 y-5 z+1
-5 )i 8

m, IOTOMY €€ KAHOHUYCCKOC YPAaBHCHUC UMCCT BU

x—1 y-5 z+1
-5 1 8

OrtBer:

+12 -
3anavya 4. Haiitu yron mexay npsamon Z:§ P 3 =z 1

U IUIOCKOCTBIO a: 6x+15)-

10z=0.
Pemenue. HampapinsomuyM BEKTOpOM IpsIMOH / SIBISIETCSI BEKTOP a (2,3,6 ), IOATOMY
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_ 6-2+15-3-10-6| 3 .
Sinep = =—3 (p=arcs1nm.

J62+157 +(=10Y 2> + 37 +67 133

OtBeT: @ =arcsin—.
133

3agaya 5. Hailtu TOUKy, CUMMETPUYHYIO Hadajly KOOPAWHAT OTHOCHUTEJIBHO IJIOCKOCTH
a:x—=2y+4z-21=0.

Pemrenue. [Tycte O' - MckoMas TOYKa, TOTIA MO OMPEACICHUIO IIEHTPAIBHON CHMMETPHU
00" La, 00'ma=A, OA=AO" (puc. 32). Hamumem ypaBHenue mpsmoit OO’ B
1apaMeTpU4EeCKOM BUJIE

x=0+1t, x=t,
y=0-2t, wm y =-2t, 19)
z=0+4t, z =4t {
Haiinem xoopauHaThl TOYKH A, IJIs 3TOTO PEIIMM CHUCTEMY U3
ypaBHEHHMH, 3a1aomux npsamyro OO’ U IIOCKOCTH a: a A
X =t, t=1,
y=-2 =1 A(1,-2.4). Puc.32 l o
z =4t, y=-2,
x=2y+4z-21=0, z=4.

IIyctb O’(x, y,z). Ilo onpeaeneHnto CUMMETPUU O_A:A_O’, rae O_A=(1,—2,4),

AO' = (x —-Ly+2,z—4 ) . 3anuiieM nocieaHee paBeHCTBO B KOOPAMHATAX

x—1=1, x=2,
y+2=-2, y=-4, 0'(2-438).
z—4 =4, z=2_.

Otser: 0'(2,-4,8).

3agaya 6. 3 Havana KOOpIMHAT ONYCTUTh MEPHNEHAMKYJISP Ha  IPAMYIO
l.x—Z _y-1 z-3

2 3 1

Pemmenue. MickoMblii mepneHuKyYJIsp 7 JEKUT B IJIOCKOCTH a, mpoxoasuien uepes O(0,0,0)
HEepIEHIUKYJISIPHO IPSAMOH / ¢ HaNpaBIISIOLUIMM BEKTOPOM (2,3,1 ) Torna a L a, nostomy obuiee
ypaBHEHHE IUIOCKOCTH a uMeeT BHA 2x+3y+z+D=(0, tak kak O €a, TO ee KOOPIUHATHI
YJIOBJIETBOPSIOT MOy4eHHOMY ypaBHeHH0: 2-0+3-0+0+D =0, 1.e. D=0, a: 2x+3y+z=0.

Haiinem TOuky mpeceueHus TpsAMOH [ M TUIOCKOCTH d, JUIS 3TOTO PEIIMM CHCTEMY
ypaBHEHUU

) — _ x=2z-4,
X2 _y-l_z73) 4 816
2 3 1 y:32—8, A=lﬁa, A ;,—;,7 .
2x+3y+z=0, 2x+3y+z=0.
N . x—0 y-0 z—0
3amnuiieM ypaBHEHUE NIPSIMOU M , ipoxosiiei yepe3 Touku O u A4 : = =
4 8 16

WK 4x=-2y=z.
OtBer: 4x=-2y=z.
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Yunpaxuenust

1. CocTtaBUTh ypaBHEHHUE PSIMOH, TPOXOIAIIECH
1) depe3 Touku M1(2,—3, éj M, [3,5, gj ;
2) uyepe3 Touky M(2,1,-3) napamienbHO BEKTOPY ]3(1,—3,1);

2x—y+z-3=0,

3) wuepes Touky M(1,-3,4) napamienbHo npsamoii [ :
x+3y—z—-1=0.

2x+3y=0,
2. YcTaHOBUTH B3aMMHOE  PACIOJI0KEHHUE IPSAMBIX [, : 4=0
z—4=0.
/. x+z-8=0,
2 2y+3z-7=0.
x y—-1 z+2
3. Iloxa3atb, uTo npsimas /, :7 = e = 7 napasuiesibHa IOCKOCTH a: x-2y+5z-6=0,
x—1 y z-1 .
ampsmast /, :T = 3 = 7 JICKUT B ITOU IJIOCKOCTH.

4. HaiiTh TOYKYy, CHMMETPHUYHYIO HAuyaly KOOPIMHAT OTHOCUTEIBHO MpsSMOU [:
x—=10 y-3 =z

2 3 4
5. UYepe3 NUMHHUIO NIEPECEUEHUS IIIIOCKOCTeN a: x+y-z+5=0 u f :x-y+z+1=0 nposectu

IUIOCKOCTb, NIEPIIEHAUKYIISIPHYIO TIIOCKOCTH ¥ - 2x—z+6 =0 .
6. Yepes mMHMIO IepecedeHust INIOCKOCTeN a: 4x-y+3z-1=0u [ : x+5y-z+2=0 npoBectn

MJIOCKOCTH 1) IPOXOSIIYIO Yepe3 Hauallo KOOPJAUHAT; 2) napamienbHyto ocu Oy.
7. Hanwucate mapameTpuyecKkoe ypaBHEHHE MPSMOM, OOpa30BaHHON IepeceyeHUuEM
MJIOCKOCTH a: X —3y —z+ 1 =0 ¢ II0CKOCThIO OX).

8. Ha ocu Ox HailTu TOYKy, paBHOYyJIAJE€HHYIO OT TOYKH A(1,0,1) U TIIOCKOCTH a: X-
y+5=0.
x=1+2t,
9. Jlokasate, 4TO mpsiMble [, 4y =—t,
z=1+t

{x+3y+z+2 =0,
ul,: napaienbHbl, 1

x—y—-3z-2=0.

HalmucaTtb YPaBHCHUC IIJIOCKOCTH, HpOXO)IS[HIGI\/JI YCpe3 HUX.

x=2y-5=0,

10. BpIYMCIUTB YIiIbl, KOTOPBIE 00pa3yeT ¢ OCAMU KOOPIUHAT IMpsMas d .
x=2z+8=0.

11. Yepe3 Touky mnepecedeHus: NMPSAMBIX Xl _y-2_zH4 u x—2 _y=d _z-d
-1 5 2 2 -2 3

MPOBECTHU TUIOCKOCTh, MAapaLIENbHYIO TIOCKOCTH X(Oy.
12. Tpeyronsuuk ABC o00pa3oBaH mepecedeHHueM IUIOCKOCTH x+2y+4z-8=(0 ¢ ocsamu
koopauHar. [loctponuts TpeyronpHuK. HaliTu ypaBHEHUS CpETHUX JIMHUIA.

§7. Kpusble BTOpPOro nopsiaka

3agaua 1. HaiiTi KOOpIMHATEI IIEHTPA U PAIMYC OKPYXHOCTH 2Xx° +2y° —8x+5y—4=0.
Pemenue. Boiiennm B 00111eM ypaBHEHUN OKPY>KHOCTH TTOJIHBIE KBAJPaThI:
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5 25\ 25 s 121
2x? —4x+4)-8+2 Y +=y+ = |-=—4=0, 20x=2Y+2 y+= | ===
( ) (y 27 16) 3 (x=2) (y 4) 8

U pa3zenuM o0e 4acTu ypaBHEHUs Ha 2:

5\ 121
—2f iy
(x-2) +(y+4j i

5 11
Torma QO 2,—; - IEHTP OKPYXKHOCTH, & ¥ = 7 - ee paauyc.

5 11
OTBeT: 2—— | r=—.
Q( 4) 4

3agauya 2. CocTaBUTh KAHOHHUYECKOE YPAaBHEHHUE ILIHUICA, (POKYCHI KOTOPOTO JIKAT Ha OCH
OpIMHAT, 3Hasl, yTo ero Oombiias ock /0, a paccrosiHue Mexay Gokycamu 8. [TocTpouTs smwrc,
HAUTH KOOPIAUHATHI (DOKYCOB U DKCIEHTPHUCUTET.

Pemenue. Ilo ycnoButo 2b=10, 2c=8, nostomy b=35, c=4,

a’=b’-c’=9 (puc.26). Toraa KaHOHHYECKOE YpABHEHHE HJUIMIICA
2 2

4

% + ;—5 =1, ero ¢okycsl F;(0,4), F>(0,-4), 5KCUEHTPUCHUTET € = 5

2 2

Y

X 4
OtBer: —+=—=1, F;1(0,4), F2(0,-4), e = —.
9 " 25 104, Fx0-4), e =7

3agauya 3. CocTaBUTh KAaHOHUYECKOE YpaBHEHHUE D3JUIMIICA,
€CJIM OH MPOXOAUT uepe3 Touku Mi(1,3), M>(4,1).
Pemienne. Kanonmyeckoe ypaBHEHHE DJUIMIICA MMEET B

2 2
x_2 + g—z = /. Tax kak Touku M;, M, npuHaanexar JUIMICY, TO UX
a
KOOPAMHATHI yAOBJIETBOPSIOT €T0 ypaBHEHUI0. ImeeM cucremy:
o3 I 9 1 15
_+—:I’ _2—]__2’ =,
@ b a b b’ 143
2 2
£ 16 1-2 )+ L=y, 1.8
2o p? b b a’ 143
8 15
OtBer: — X" +——y° =1.
143 143

3anaua 4. Jlan s>mmanc 9x° +25y° = 1. Hamucats ypaBHeHHe cODOKYCHOI PaBHOGOUHOM
TUNEpOOIIBI.
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> 1
Pemenne. Hcxoms u3 ypaBHeHUs DJJuANCcAa a, = —

9 b = 23 > — 4, 2
2
runepoossl ¢, = 75° TaK KaKk OHa pPaBHOOOYHas,

Puc.27 J
y

>

2

2 2 2 2 2

TOo a, =b,,modTOMY C, =a; +b; =2a’; 2a] = —
. =D, . T4 75

1
) af = 75" Tak kak a, >b,, To pokycsl nekar Ha !
1

ocHu a6CHI/ICC, IIO3TOMY KaHOHHUYCCKOC YPAaBHCHHUEC \

runepOonk uMeet Bux 75x° —75y° = 1.
Otser: 75x° —=75y° =1. —_
3agaya 5. IlpuBecT K KaHOHHUYECKOMY

BUJly ypaBHEHHE KpuBOil 4x’-9y°-16x-18y-29=0.

OnpenenuTb TUII KPUBOW, BBIUUCIUTh OCHOBHbBIE

napameTpsl. [locTpouTs KpHUBYIO.

Pemenue. B naHHOM ypaBHEHHM BbIIEIUM

MIOJTHBIE KBA/IPATHI, COJIEpIKAIUE IEPEMEHHBIE,

A —4x+4)-16-9(y" +2y+1)+9-29=0,  4(x—2Y —9(y+1) =36,
U pa3JiesiuM 00e 4acTH ypaBHEHUs Ha 36:

) P ) S (7)o
9 4 ’ 3 2
clIeZIoBaTeNIbHO, ATO TurepOona. Ee neiicTBuTenbHAs Moayoch a=3, MHHUMAas TOJIyoch b=2,
c’=a’+b’=25, c=5. Paccrosuue Mexnmy Qokycamu 2c¢=10, uentp cummerpuu C(2,-1),
KoopauHatel GokycoB F(-3,-1), F2(7,-1).
JU1st TIOCTPOEHUSI CMECTUM TTapaJUICIbHBIM MIEPEHOCOM OCH KOOPJMHAT TaK, YTOOBI Ha4YaJo

2

. X, Y
KOOpJMHAT OKa3aJloch B TOYKE (2,-/) U B HOBOW CHUCTEME MOCTPOMM TUIepOoIy ?— pE =]
(puc.27).
2 2
X
OrTBer: 3—’;—?’; =1.

3agaya 6. CocTaBUTh KAHOHUYECKOE YpaBHEHHUE Mapaloibl, eciiu ee (POKyC HaXOJUTCS B
TOYKE TIepeceueHust mpsiMon 4x-3y-4=0 c ocbio Ox.
Pemenne. HaiineM koopaumHaTsl ¢okyca, JUIs 3TOrO pEHIMM CHCTEMY YpaBHEHHM
4x-3y—-4=0, p
_0 3neck y=0 - ypaBHenue ocu Ox. F(1,0) - dokyc, F er,E:I, M03TOMY
y=0.
KaHOHHMYECKOE YpaBHEHME Napabobl 1 =4x.
Otsert: y°=4x.
3agaua 7. CocTaBuUTh ypaBHEHHE Mapadosbl, eciu JaHbl ee Gokyc F(2,-1) u nupexrpuca
d:x—y—-1=0.

Pemenue. Ilyctes M(x,y) — Texymas touka napabonsl. Ilo onpenenenuto FM = p(M ,d )

_p-y-1
NIAEY

1
paBeHCTBA B  KBajJpar: X —dx+4+y +2y+1= 7 (x2 —y’ +2y—1-2xp+ Zx) W

2
3amnmmeM 3To PaB€HCTBO B KOOPpAHWHATAX \/(X—2) +(y+])2 . Bo3Begem 00¢ yacTu

X' +3y° +2xy—10x+2y+11=0.
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Otser: x° +3y° +2xy—10x+2y+11=0.
§ 8. ®okaJIbHO-TUPEKTOPUAIBbHOE CBOMCTBO JIJIMIICA, THNEPO0JIbI, TapPadoJIbl.

2 o o
3agaua 1. Jlana napabona y~ = 6x. CocTaBUTh €€ ypaBHEHHE B COTJIACOBAHHOMN MOJISPHOMN
CUCTEME KOOpJUHAT.
2
Pemenne. Tak kak B oOmem Buge y =2px, 10 2p=6,p=3. Kpome Toro,

3
OKCIEHTPUCUTET Mapadoibl e = [, ModTOMy p = —— .
1—cosg
. 3
OtBeT: ypaBHeHHE apaboIibl B MOJISPHON CUCTEME KOOPAUHAT p = —— .
I—cosp
3agaua 2. OnpeaenuTs BUJ JIUHUM, 3aJaHHOM B MOJISIPHON CUCTEME KOOPAMHAT YpaBHEHUEM
5

p = 1 *

I-—cos@

2

1
Pemenue. Bug nunuuy — OJIJIMIIC, TaK KaK € = 5 <.

Ynpaxkuenus

1. OnpenennuTh KOOPIMHATHI LEHTPA U PAIHyC OKPYXKHOCTH: X~ + y° —4x—14y+54=0.

2 2
2. CocTaBUTb ypaBHEHHE KacaTeIbHBIX K OKPYKHOCTU (x -3 ) + (y + 2) =25, IpOBEACHHBIX B
TOYKaX ee MPECeUeHMsI ¢ OChIo abcLuce.
o v 2
3. CocTaBUTb ypaBHEHHE 00MIeil XOp/Ibl OKpykKHOCTEH x° +)° =16 u (x -5 ) +y°=9.

4. Haiitn ypaBHEHHE OKPYXKHOCTH, CHMMETPUYHON OKPYKHOCTH X’ +)° =4 OTHOCHTEIBLHO
npssMon x—y—3=20.

5. CocTaBuUTh ypaBHEHHE 3JUIUIICA, (POKYCHI KOTOPOTO JIeXKAT HAa OCHU aOCLUCC, 3Hasl, UTO a) €ro
nmoJtyocu paBHbI 5 u 3; 0) ero manas och paBHa 10, a paccrosinue mexnay (okycamu 4; B) €ro
6onbmas ock 20, sxcuentpucutet 3/5. [loctponTs amumc.

6. Haiitu 1yinHBI oyocel, KOOPAUHATHI POKYCOB, SKCIIEHTPUCUTETHI CIEAYIOLIUX JUTUIICOB:

a) X’ +25y° =25,6) 9x’+y’ =1;8) 4x° +9y° —8x—36y +4 = 0. TIoCTPOUTb SITHIICHL

7. CocTaBUTh KaHOHMYECKOE YpaBHEHHUE T'MIIepOOJIbl, TOCTPOUThH €€, HATH SKCLEHTPUCHTET,
ecnu: a) a=3 W runepbosia MPOXOIUT Yepe3 TOUKY A(6,2\/§ ); 0) aeiicTBuTENBHAS OCh 8, a
paccrosiHue Mexay gokycamu 10.

8. Jama tumepboma x° —)° =8&. Haiftn codOKyCHEIH >IUIHIIC, TPOXONANIMH Yepe3 TOUKY
M(4,6).

2
o X
9. HaifTu HOJIOCH U SKCIIEHTPHCUTET THIIEPOOIBI, HOCTPOUTH ee: a) — —y° = 1

16
6) x’ =4y’ =16; B) 25x°—16y°=1; 1) 2x" =3y’ +4x+12y—16=0.
2 2
10. CocTtaBuTh ypaBHEHHE THIEPOOIIbI, CONMPSHKEHHON TaHHOM ?_;_6 = 1. Iloctpouts ee

rpa¢uk. HalTi 3KCLIEHTPUCHTET.
11. Haiitu (oxansHEIA napameTp u Gokyc napadomnst. [loctpourts ee: a) y° =6x;6) x” =10y ;

B) y' =—4x;r) x’ =-2y.
12. CocraButh ypaBHEHHUE NapadOIIbl, BEpIINHA KOTOPOW HaxoauTcs B Touke (0,0), 3Has, 4To a)
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OHA CHMMETPHYHA OTHOCUTEJIFHO OCcH Ox M IPOXOJUT Yepe3 Touky B(1,-3); 6) oHa cuMMeTpUYHA
OTHOCHUTENBHO ocu Oy u nmpoxoauT uepes3 Touky C(1,1).

13. 3anucate ypaBHEHHMS JMHUNA BTOPOIrO IMOpPSAJKAa B COTJIACOBAHHOM TMOJISIPHOM CHCTEME
2 2 2 2
X y X y 2 2 2
KOOpJAMHAT: a) —+—=]; 0) ———=1; B) x +y =12]; T =06x.
p ) 59 ) 6 9 ) X" +y )y
14. Haiiti GokanbHbIi paguyc Toukn M mapabomsl y° = 20x , ecmu M (7, y).

§9. [loBepxHOCTH BTOPOI0 NMOPSAAKA.

3apauya 1. Hammcarp ypaBHeHHEe c(hepHUECKON MOBEPXHOCTH, MPOXOAIICH Yepe3 TOUKY

M (1,5,1) u OKPYKHOCTh

z d C x>+ 9> =2x-10y+23 =0, pacHOJIOKECHHYIO Ha
mockocT xOy.

s et e e O Pemenue. Ilycts C(xc,yc,zc) - LEHTp

cepuueckoit mopepxuoctu, rorna CM =CM' =r,

D 7 Vi ‘f S rne M' - mnpousBONBHAS TO4YKA, JICKAIlas Ha

! 3aJJaHHON OKpPY)XHOCTH, a 7 - paauyc CQepsl

/ Haiinem kakyro-HUOYIb TOYKY, MpPUHAIUICKAIIYIO

Puc.33 okpyx)HOCTH: eci x =1, To y°—10y+22=0 wu

y=5% V3 , Hampumep, M ’(1,5 ++3 ,O). OueBuaHO, LEHTP cdepbl JIeKUT Ha MPIMOM,
NEePHEHANKYIISIPHON TUIOCKOCTH OKPYXKHOCTH U TIPOXOAIIEH Yepe3 UEeHTp mocieaneit (puc. 33).
BbizieiM B ypaBHEHHH OKPYKHOCTH ToJHble kBaapatsl: (x —1)* +(y—5)° =3 =0, Torna S (1,5,0)
- LIEHTP OKpY’KHOCTU. Tak Kak %(0,0,l) SIBJISICTCS] HAIIPABJISIFOIMM BEKTOPOM HpsIMO [, TO ee
x—1=0,

50 nostomy Touka C mmeer koopauHatel (1,5,z,). 3ammimem
z-5=0,

YpaBHCHHUEC UMECT BU {

paserctBo CM = CM' B xoopauHaTax
a1y G5y + (-2 =\(1-17 +(5-5-V3) +z.(0-=.) .
\/(l—zc)2 =3+z2,
2

1-2z, -z} =3+2z",

z =-1.

Takum o6pazom, C(l,S,—l), r= \/(1 - 1)2 + (5 - 5)2 + (l - (— 1))2 =2 , IO3TOMY
(x - 1)2 + (y - 5)2 + (z + 1)2 =2 - ypaBHEeHHE C(hHephl.

Oteer: (x—1)° +(y—5) +(z+1)° =2.

3agaua 2. CocTaBUTh ypaBHEHHE MUIMHAPUYECKON MOBEPXHOCTH, 00pa3yIolre KOTOpoi
x*+y*+z°=9

NapaJuIeabHbl IPAMOM / : X = y = z , @ HANPABIIAIOIIEH CITy>KUT OKPYKHOCTb { .
x+y+z=1.

Pemenwue. [Jununopuueckotl Ha3bIBAETCSI TTOBEPXHOCTh, KOTOPasi BMECTE C KaXJI0i cBoei
TOYKOW COAEPKUT BCIO NPSAMYIO, MPOXOIAIIYIO 4Ye€pe3 ATy TOYKY, MapaJIeIbHO HEKOTOPOM
3aJIaHHOM TIPSIMOM.

ITycts M, (xo Voo zo) HEKOTOpAsi TOUKA, JIEKAIAasi HA OKPYKHOCTH, TOT 1A

2 2 2
Xo + Yotz =1, @)
Xy +Y,+z, =1

[lo ompenenenuto Kaxnaas Touka M (x, y,z), Jexanas Ha OpsAMOM, MPOXOASALIEH 4depes
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Touky M, (xo s Vos ZO) napajulebHO TPSAMON [, MPUHAUICKNT IMITUHIPUIECKONW MMOBEPXHOCTH.
3anuiieM ypaBHEHHUE 3TOM MPSIMOil B mapaMeTpuieckoii popme

X=Xx,+t,

Y=Yy ti,

z=z,+t,teR

Beipaszum x,,y,,2, U IOJCTaBUM B cucTeMy (2):

2 2 2
(x=t) +(y—1) +(z—1) =9,
x+y+z-3t=1.
Beipaxkast 3 BTOpOro ypaBHEHHUS CHCTEMBI ! M IOJCTABISIsL B IEPBOE, MOJIYyYHM YpaBHECHHUE
IWIMHAPUYECKOM TOBEPXHOCTH

tz%(x+y+z—1),
x*+y+z2° +3¢7 —2t(x+y+z):9,
x*+yt 4z +§(x+y+z—l)2 —%(x+y+z—1)(x+y+z):9,

Yy 4z —xy—yz—xz=4.

Otser: ypaBHEHUE HUATUHIPUYECKOU MOBEPXHOCTHU uMeeT BH/]I
X +y 4z —xy—yz—xz=4.

3agaua 3. CocTaBUTh YpaBHEHHE KOHUYECKOM MOBEPXHOCTHU ¢ BepuinHoii B Touke A(0,0,1),

x°+4 y2 =9,
€CJIM KpuBas J. LEJTUKOM MTPUHAJICKUT TOBEPXHOCTH.
z=5

Pemenue. Konuueckotl Ha3pIBae€TCsl TOBEPXHOCTh, KOTOPAsi BMECTE C Ka)XI0H CBOEH TOUKOMN
COJICPXKUT MPSIMYI0, MPOXOISAIIYI0 YepPEe3 3Ty TOUKY U HEKOTOPYIO 3a/IaHHYIO TOUKY, HA3bIBAEMYIO
sepuiunotli koHyca. IIpsiMble, ETUKOM MPUHAAIEKAIINE KOHUIECKON MOBEPXHOCTH, HA3bIBAIOTCS
ee 0opazyrouuMu.

[lycte M(x’, v’ 5) — Tekymas TOYka KpUBOW y (3Ta KpUBas HA3BIBACTCS HANPAGIAIOUiel
konyca). Torna npsamas AM npUHAJIEKUT KOHYCY, IPH 3TOM

1
x'==x,
x=0+t(x'-0), t
AM : y=0+t(y'-0), y'=£y,
t
z=1+t(5-1), ]
t=—(z—-1).
4( )
Tak xkak M €y, TO €e KOOPAUHATHI YAOBJIETBOPSIOT YPABHEHUIO KPUBOM, IO3TOMY
2 2 2 2
(ix) +4(1yj =9, x‘+4y° =9t p2 =X TV +94y .
t t

Bo3Beist 06 4acTu M0CIeIHEro YpaBHEeH s CHCTEMBI B KBAJIPaT M MOJICTABIIAS BRIpAKEHHE 1A £,
2 2
. X +4 1
TIOJIyYMM yPaBHEHUE KOHUYECKOM MTOBEPXHOCTH: Ty = Z( z—1), 4x°+16Y°-92+18z-

9=0.

Otset: 4x°+16)°-92°+18z-9=0.

Jlnst mccnenoBaHWsT TOBEPXHOCTH BTOPOTO TOPSIKA PACCMOTPUM  MemooO cCeueHull.
CyI_I_[HOCTB METOJa 3aKIYacTCd B CICAYIOMICM: JAHHYHO IOBCPXHOCTH 6y;[eM MMpECCKATh
KOOPpAUWHATHBIMHU IIJIOCKOCTAMH W IJIIOCKOCTAMHU, HapaJlJICIbHBIMHU KOOPAWHATHBIM ITJIOCKOCTSM.
[To Buay NuHU, oTy4arOmuUXCcs B CEYSHUH, Oy1eM CYAUTh O (hopMe ITOBEPXHOCTH.
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IUIOCKOCTH y = & =—1, MO3TOMY AOCTaTOYHO MOCTPOUTH YaCTh MMOBEPXHOCTH IpH /> —1, a

MOTOM OTOOPA3UTh €€ CHMMETPUYHO (puc. 34).

2
[lpu h=-1 umeem %7%2—1)2 =1,

Hx-1) . 36(z—1)° _

npu h =0 1,

45 45

2 2
npu h=1 (x—l) + (Z_l) =1.
18 2
Ynpaxxknenust
1. CocTaBuTh ypaBHEHUE LIUIMHAPUYECKON TOBEPXHOCTH, €CIIU:
x’ - y_2 =]
1) ee ock coBnagaer ¢ ockto Oz, a HANPABIISIOWIEH CIYXKUT JIMHUA ) 4 ’;
z=0

2) ee ocb coBnajaer ¢ ocko Oy, a HANPABJIAIOLIEH CITY)KUT JIMHUS
2x?+z20—8x—2z+1=0,
v
y=0.
2. Hanucatb ypaBHEHHE KOHUYECKOM MOBEPXHOCTHU C BEPLIMHON B Hayajie KOOPAUHAT U
HAMPaBIISIIOICH
2 2
x_+y_=1, X +(y—6) +z=25,
Drivg s ) y: 3
z = 5 y -
3. MccienoBath METOIOM CEUEHUH CIIEAYIOINE TIOBEPXHOCTH:
1) 2x°+3y°+2°-8x+6y+4z-3=0,
2 2
z
2) x° - RN ;
4 9
3) x’=4z.
5. Hanmcath KaHOHMYECKOE ypaBHEHUE OJTHOMOJIOCTHOTO TUnep00IIon 1a, €ClIu TOBEPXHOCTH!
1) npoXouT yepe3 TOUKY (\/3 ;3,'2) U nepecekaeT miockoctb XOY no runepbose

5 4
2) mepecekaet miockocTs OXZ Mo OKPYyKHOCTH x’ +y2 =9, a mockocTh Oxy Mo runepoosne
2 2
Xz _y
9 10

6. Hamucate ypaBHEHHE NBYNOJIOCTHOTO THIEpOOTIONIa B KAHOHMUYECKON CHUCTeMe KOOPAMHAT,
ecim touku M;(3;1;2), M, (6;2; NI ) n M, (2,'\/72;3) JexaT Ha JIaHHOW TOBEPXHOCTHU

(paccMOTpeTh 3 BOBMOXKHBIX CITyyast).

7. Hanwucare ypaBHeHHe cdepbl, MOpoxonsuie dvepes Touky M(1;5;1) U OKpYyKHOCTh

x?+y%"2x-10y+23=0, pacnooxeHHyI0 Ha TIOCKOCTH Oxy.
8. OmpenenuTh BU MOBEPXHOCTH U U300PaA3UTh €€:
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10.

11.

12.

13.

x?-2y°+32°=0;

X’ +2y°+32%-24=0;
x’-3y°-22=0,
x’=6z;
2x>3y°+62°-12=0,
3x2+4y°-24z=0.
x - y + = 1;

4 9

-9’ +y+y?+362°=0;

x> =4z;
. =36x>=9y° +4z-36=0;
.9x% —4y° -36=0;
C3xP =6y’ +42° =0,
x> =9y*-36=0;
C—xt =4y’ +122° =0
Ly =z =0;
. 4x* =9y* —362z°-36=0;
17. x> +y* +27 —6x+10=0;
18. 36x°+36y°+362°+24y-36x-722=95;
19. 4x7+2y°+122%-dxy+8yz+12zx+ 14x-10y+7=0,
20. 5x° +9y% +9z° —12xy — 62x +12x 362z =0;
21. x> =2y +2° +6yz —4zx —8x+10y =0;

W N kW=

e e e e e
AN D AW NN = O

22. x> +4y”> +52° +4xy —12x+6y-9=0

Hanucats ypaBHenue chepni:

a) TPOXOoAsIel Yepe3 TOUKyY A(l,4,—7) Y KacCarolleucs MIOCKOCTH 6x+ 6y —7z+42=0;

b) mpoxomsiieit uepes TOUKy B(6,—8,3) u xacatomieiics ocu Oz ;

C) ONHMCAHHOW OKOJIO TeTpaj/pa, OJHA W3 BEPLIIMH KOTOPOrO COBMAJaeT € HayalloM
KOOpJMHAT, a Ipyrue Haxoaarcs B Toukax A(2,0,0), B(O,S,O), C (0,0,3).

KakoMy  COOTHOLIEHMIO  JOJDKHBI  yJIOBJIETBOPATh  KO3(D(UIMEHTBI  IIOCKOCTH

Ax + By + Cz + D = 0 juis TOrO, 4TOOBI OHA Kacajach c(epbl x*+ y2 +z° =R*?

CocTaBuTh ypaBHEHHE KOHYyCa, BEpIIMHA KOTOPOTO HAaXOJUTCS B Hauyaje KOOpPAMHAT, a

x'+y° +(Z—5)2 =9,

HaIpaBJISIONIAs 3a/1aHa CUCTEMON YpaBHEHUH {
z=4.

3x*+6y° —z=0

Hanpagnsromas KoHyca 3ajJaHa ypaBHEHMSIMHU { ’ CocraBUTh ypaBHEHHE

x+y+z=1.

KOHYCa, €CJIH €r0 BEpIINHA HAXOIUTCS B TOUKE (— 3,0,0).

JlaHbl Tpu napajienbHble NpsMBIE: X =y =2z, x+1=y=z-1, x—-1=y+1=z-2. Haiitn
MIPOXOSIINN Yepe3 HUX KPYTrOBOM LIWIIMHIIP.

x—2 z . .
[Mpsimas = % = g Bpamaercs okono ocu (Oz. HailTu ypaBHEHHE OIHCAHHOW e€lo
MTOBEPXHOCTH.
2
. . .2 2_Z _
Haiitu yron mexay oOpasyrolieil 1 ocbio (BpalieHus) Konyca: x° +y~ — ? =0.
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14. IIpu kakoM 3HaYEHUU TTapaMeTpa d MOBEPXHOCTh, 3aIaHHAsI YPAaBHECHUEM
x> +3y* +2ayz +2zx —2x -8y —2z -3 =0, sBisteTcss KOHYcOM?
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