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PabGouas mporpamma

1 HEJAU U 3AJAYHN OCBOEHUA JUCHUITJIMHBI

enb quCHMIUIMHBI: O3HAKOMIICHHE CTYJCHTOB C OCHOBAMHM JIMHEHHOUN anreOpsl
Y aHAJIUTUYECKOW T€OMETPHH, BHIOOPOM METOJOB M CPEJCTB pelieHus 3aaad; dop-
MUPOBAHUE JIOTUYECKOT'O MBIIIJICHUS.

3agaun JUCIUILINHEL:
— W3y4YEHHE OCHOBHBIX METOJIOB PEIICHUS 3a]au 10 OCHOBHBIM pa3zjeiaM JUCIIUII-
JINHEIL
— (¢dopMupoBaHUE YCTONYMBBIX HABBIKOB PEIICHUS IPUKIIATHBIX 3a1a4.

2 MECTO JMCHMIIVIMHBI B CTPYKTYPE OOII BI1IO

JIMCIMIuIMHa OTHOCUTCS K (efiepaibHOMY KOMIIOHEHTY LMKJIa OOUIUX MaTema-
TUYECKUX U ecTecTBeHHOHay4yHbIX qucuurind (EH @.01) rocymapcrBenHoro obpa-
30BaTEJIbHOTO CTaHJIapTa BBICIIETO MPO(ecCHoHANIbHOTO 00pa30BaHUs IO CleIUalb-
Hoctu 230201.65 «MHpopMalMOHHBIE CHCTEMBbl M TEXHOJOTMH» (KBaluUKanus
(cTemneHb) «MHKEHEP»).

JIJist yCHemHOoro OCBOSHUS JTAHHOW JUCIUIUIMHBI HEOOXOAUMBI 3HAHUS, YMEHUS
Y HaBBIKH, MPUOOPETEHHBIE B PE3YJIbTaTe OCBOCHMSI JUCIUILIMH OOIIETo UKIA Cpe-
Hero oOpa3oBaHMs: anredpa v Havaga aHalln3a; FreOMEeTPHs.

3HaHUs, YMEHHUS U HaBBIKH, MPUOOPETEHHbIE B pE3yJbTaTe OCBOCHHS JaHHOMU
JUCIUIUIMHBI HEOOXOIUMBI JJI1 YCHEIIHOI0 OCBOCHHS (elepalibHbIX U PETHOHANIb-
HBIX JUCIUIUIMH MaTteMaThueckoro u ecrecrBeHHoHay4yHoro (EH), a taxxke o6mie-
npodeccuonansroro (OI1/1) uknoB rocygapcTBEHHOro 00pa3oBaTeIbHOTO CTaHIAP-
Ta BBICIIEr0 MpodeccuoHanbHOTO 00pa3oBanus mo cnenuanbHoctd 230201.65 «H-
(bopMaIOHHbBIE CUCTEMBI U TEXHOJIOTUMY (KBanu(puKanus (CTeNeHb) «MHXKEHEPY).

3 TPEBOBAHUA K YPOBHIO OCBOEHUMA COAEPKAHUA AUCLMUII-
JIMHbI

B pe3ynbTaTe 0CBOCHMS TUCHMIUIMHBI O0y4aroNIuiics JOKEH 1€MOHCTPUPOBATh
CJIEYIOLUE PE3YyIbTaThl OOPA30BAHNUSA:

1) 3naTh: 1UHENHYIO anredpy; aHATUTUYECKYIO TE€OMETPUIO.

2) YMeTh: NpUMEHITh MaTEMAaTUYECKUE METOJbl NIl PEIICHHS MPAKTHYECKUX
3a/1ad.

3) Brnangets: MeTonaMu peuieHusi CUCTEM alnredpandyeckux ypaBHEHUM; MeToaa-
MH aHAIUTHYECKON T€OMETPHH.

4 CTPYKTYPA U COAEP KAHUE JNCIHUITJIMHBI

OO6m1ast Tpy1I0€MKOCTh JUCIUILIUHEI cocTaBiisieT 140 yacos.



B paMKax HaHHOﬁ AUCTHUIUINHBI paCCMAaTPUBAIOTCA CIICAYIOINEC TUAAKTHYCCKHUC

€ IUHHUIBI:

Anrebpa: OCHOBHBIE ajreOpandyeckue CTPYKTYpbl, BEKTOPHbIE TPOCTPAHCTBA U

JTUHEWHbIe 0TOOpaXkeHusl, OyJIeBbI aNreOphI.

FCOMCTpI/Iﬁl AHAJIMTHYCCKAaA TCOMCTpUSI, MHOIOMCpPHAs CBKIIMIAOBA I'COMCTPUAI,

muddepeHnranbHas reOMETPUsl KPUBBIX U MIOBEPXHOCTEM, 371€MEHTHI TOTIOJIOTUHA.
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5 COAEPKAHUE PA3JIEJIOB U TEM JUCHUITJIMHBI

5.1 Jlexuun

5.1.1 Paznen 1. Ananutrdeckasi reOMeTpUst

MCTOI[ KOOpAWHAT Ha IINIOCKOCTH; YPABHCHHUC Hp?[MOfI JJUHUHN Ha IINIOCKOCTH,

KPHUBBIC BTOPOI'O ITOPAAKA.




5.1.2 Paznen 2. BekTopHbIE IPOCTPAHCTBA

[lonsiTue BekTOpa; JTMHEHHBIE ONEpallMd HaJ BEKTOpPaMH; pa3jioKeHHUE BEKTOpPA
no 0asucy; JMHEWHAsl 3aBUCUMOCTb BEKTOPOB; HEJIMHEWHbIE ONepaluy Haj BEK-
TOpPaMHU.

5.1.3 Paznen 3. MHOromMepHasi €BKJIMJ0BAa T€OMETPUS

[I1ockoCTh; npsiMast IMHUA B POCTPAHCTBE; TTOBEPXHOCTH BTOPOTO MOPSIKA.
5.1.4 Paznen 4. JIuneitHbie 0TOOpakeHUs, OyJIeBbI aIreOPhI

[IpeoGpazoBanus 1uockoctu: OToOpaxkeHuss U MpeoOpa3oBaHUs; OPTOrOHAb-
HbIe peoOpa3zoBanus; ahGuHHBIE TPeoOpa30BaHUs

5.1.5 Pazpen 5. OcHOBHBIE anredpandyeckue CTPyKTypbl

JleTepMHUHAHTBI; CUCTEMbI JIMHEWHBIX YPAaBHEHM; paHT MATPUIIbI; IEUCTBUS C
MaTpUIaMHU.

5.1.6 Paznen 6. Iuddepennnanbuas reoMeTpusi KpUBBIX U OBEPXHOCTEN
VYpaBHeHUsT KpUBOM B MPOCTPAHCTBE; Mepeled W MPOU3BOJHAS BEKTOPHOM
(GYHKUMU CKaJSPHOrO apryMeHTa; ypaBHEHUE KacaTelbHOW K KPHUBOM; ypaBHe-
HUE HOPMAJBbHOM IIOCKOCTH; TpaBuia IU(GdepeHIupOBaHUS BEKTOPOB (BEK-
TOPHBIX (YHKLHMN); MepBas U BTOpas MPOU3BOJHBIE BEKTOpa IO JJIMHE IYTH;
KpUBH3HA KPUBOU; IJaBHas HOPMalb, CONPHUKACAIOIMIAACS IUIOCKOCTh; OMHOP-
MaJib; KpyueHHUe; KacaTellbHasl INIOCKOCTh U HOpMaJib K MOBEPXHOCTH

5.1.7 Paznen 7. DneMeHTHI TONOJIOTHHI

5.2 IlpakTuueckue 3aHsATUS

5.2.1 Tlpaktuueckas pabora 1. Meroa KOOpAuWHAT Ha MJIOCKOCTH. YpaBHEHUE
JUHUU

5.2.2 [lpaktuyeckas paborta 2. YpaBHeHHE NPSIMON JTUHUH HA TNIOCKOCTH

5.2.3 [Ipaktuueckas pabora 3. Bekrop. JIunelinble onepanuu HajJ BEKTOpaMu
5.2.4 llpaktuueckas pabota 4. CkaliipHOE MPOU3BEIEHNE BEKTOPOB

5.2.5 [Ipaktuyeckas pabora 5. BekropHOoe npou3BeieHuE BEKTOPOB

5.2.6 [Ipaktuueckas pabora 6. CMelIaHHOE MPOU3BEIEHUE BEKTOPOB

5.2.7 llpaktuueckas padorta 7. [Inockocts. OCHOBHBIC 3a7a4M Ha TJIOCKOCTh
5.2.8 [Ipaktuueckas padora 8. OCHOBHbBIE 3a/1aUl HA MIPSIMYIO B TIPOCTPAHCTBE
5.2.9 [lpaktuueckas padora 9. IloBepXHOCTH BTOPOTO MOPSIKA

5.2.10 IlpakTtuueckas padora 10. MaTpuiibl, onepauuu HaJ MaTPULIAMU

5.2.11 IlpakTuueckas padora 11. Onpenenurenn BTOPOTo U TPETHETO MOPSIKA
5.2.12 Ilpaktudeckas padora 12. Onpeaenurenu n-ro nopsaka

5.2.13 Ilpaktuyeckas pabora 13. OOpaTHas Marpuua, pelieHHe MaTPUYHBIX
ypaBHEHUH

5.2.14 TlpakTtuueckas padota 14. Panr MaTpulibl, TPAaHCIIOHUPOBAHUE MATPULL
5.2.15 Ilpaktuyeckas pabota 15. MarpuyHas 3anuchb U MaTpUYHOE pELICHUE
CHUCTEMBI JIMHEWHBIX YPaBHECHUN

5.2.16 IlpakTtuueckas padota 16. @opmynsl Kpamepa

5.2.17 IlpakTtuueckas padora 17. Meton [Naycca

5.2.18 IlpakTuueckas padora 18. Pemenue cuctemM JIMHEHHBIX YpaBHEHUN



6 CAMOCTOSTEJIBHASA PABOTA

Ne . Tpynoewm-
dopma (BUA) CaMOCTOSITEIHLHOM pa- Py
n/ Paznen qucuuninHb KOCTb B
00THI
1 yacax
1 AHanutuueckas reomer- | BeimosHeHne KOHTPOJIbHOU pado- 10
pus Thbl, 0()OpPMIIEHHE TUIIOBOTO pacuera
BrinosiHeHne KOHTPOJIbHOM pabo-
2 | BekTopHBIE IPOCTPAHCTBA 10
Thbl, 0(hOpMIIEHHE TUIIOBOTO pacuera
3 MHuoromepHas eBkJnoBa | BoimosiHeHne KOHTPOJIbHON pabo- 5
TCOMETPUS Thbl, 0(hOpMIIEHHE TUIIOBOTO pacuera
4 Jlunetinpie oToOpaxkenusi, | [loaroToBKa K JEKIIMOHHOMY 3aHS- 5
OyJeBbl anreopbl THIO
5 OcHoBHbIE anredbpanye- BrinonHeHne KOHTPOJIbHOU pado- 18
CKHE CTPYKTYPhI Thbl, 0()OpMIIEHHE TUIIOBOTO pacuera
nupdepeHnnanpHas reo-
Jlnbgepen [ToaroToBKa K JIEKITMOHHOMY 3aHS-
6 | MeTpus KPUBBIX U TIO- 5
o THIO
BEPXHOCTEN
. [ToaroToBKa K JIEKIIMOHHOMY 3aHS-
7 | DIeMEHTHI TOMOJIOT U . H y 5
THIO
[IpomexyTouHas arre-
P Y IToaroToBKa K 3K3aMeHY 10
cTanus

7 MATPULIA KOMITETEHLA

JIis TUCHMIUIMH TOCYAapCTBEHHOT'O 00pa30BaTEIbHOIO CTaHAapTa BBICIIETO
npodeccuoHanbHoro obpaszoanus crennanbHoct 230201.65 «MudopmanmonHsie
CUCTEMBl M TEXHOJOTHN» (KBanuduKaius (CTENeHb) «UHXEHEP») KOMIETEHIIUN OT-
CYTCTBYIOT.

8 OBPA3OBATEJIBHBIE TEXHOJIOI'MHN

OO6pa3oBaTenbHbIN MPOLIECC MO TUCHUIUIMHE CTPOUTCS Ha OCHOBE KOMOWHALUU
CJIEIYIOIINX 00pa30BaTeIbHBIX TEXHOIOTUH.

HuTerpanbHyto Mojenb 00pa3oBaTesbHOIO IMpoliecca Mo AUCIUILIMHE (PopMu-
PYIOT TE€XHOJOTUU METOAOJOTHMYECKOT0 YPOBHS: MOJYJIbHO-PEUTUHIOBOE OOyYEeHHE,
TEXHOJIOTHS MO3TAHOTO (POPMUPOBAHUS YMCTBEHHBIX JI€UCTBUM, TEXHOIOTUS Pa3BU-
BAaIOILIETO O0YUYEHUs, FJIEMEHTHI TEXHOJIOTUH PA3BUTHS KPUTHUYECKOTO MBIIIJICHUS.

Peanusanusa gaHHON MOJENU NPEANONaracT UCIOJIb30BaHHUE CIEAYIONIUX TEXHO-
JIOTUH CTPATETMYECKOT0 YPOBHS (33Jal0NIMX OpraHU3allMOHHbIE (OPMBI B3aUMO/IEH-
CTBUSI CyOBEKTOB 00pa30BaTENIbHOIO MpPOILIecca), OCYIIECTBISIEMBIX C UCIIOJIb30BaHU-
€M ONPEAEIEHHBIX TAKTUYECKUX MPOLEAYP:

— JIEKIIMOHHbIE (BBOJHAS JIEKIUS, MHPOPMAIIMOHHAs JIEKIUS, 0030pHAsl JEKLUS, JICK-
LUSA-KOHCYJIbTAIMSL, TPOOJIEMHAs JIEKIINS );



— nabopartopHbie (yriyOJeHre 3HAHUM, MOJYYEHHBIX Ha TCOPETHUECKUX 3aHATHUSX,
pelieHue 3aja4);

— TpeHUHTOBbIE ((OPMHUPOBAHKE OIPEACIICHHBIX YMEHUIM U HABBIKOB, (HOPMUPOBAHHE
ANITOPUTMUYECKOTO MBIIIUICHHUS );

— aKTUBU3aLlUM MO3HABATEIBHOM AESITEIbHOCTH (TPUEMBbI TEXHOJIIOTUU PA3BUTHSI KPU-
TUYECKOTO MBILUICHUSI Yepe3 YTeHUE U MUCbMO, padoTa ¢ JIUTEepaTypoil, MOATOTOBKA
Mpe3eHTalui 0 TeMaM JIOMalIHUX padoT);

— caMOyTpaBlieHus (camocTosiTeNbHasi paboTa CTYJAEHTOB, CAMOCTOATEIbHOE H3yye-
HUE MaTepHaa).

PekoMenyeTcst MCofib30BaHUE MHPOPMALIMOHHBIX TEXHOJIOTUNA MIPU OpraHusa-
MM KOMMYHHUKAIIMU CO CTYyACHTaMU JJis MpecTaBieHus] nH(GOpMaIiK, Bbl1avu pe-
KOMEHJAllMi U KOHCYJbTUPOBAHUS MO ONEPaTUBHBIM BOMpOcaM (JEKTPOHHAs MOY-
Ta), UCIOJIb30BAHNUE MYJIbTUMEINUA-CPEICTB MPHU MPOBEACHUU JIEKIIMOHHBIX U TpPaK-
TUYECKUX 3aHATHIA.

VY aenbHbIN Bec 3aHATHI, MPOBOAMMBIX B MHTEPAKTUBHOW (popme coriacHo Tpe-
OOBaHMSIM TOCYJApPCTBEHHOTO 00pa30BaTENbHOIO CTaHAApTa BBICIIETO Mpodeccuo-
HajabHOro 00pa3zoBanus 1o crenuaibHocTH 230201.65 «MHbopmManmoHHble CHCTEMBI
U TEXHOJOTUW» (KBaM(UKALUS «MHKEHEP») JOJIKEH COCTABIISTH HE MeHee 15 yacoB
ayIUTOPHBIX 3aHATHIA:

No Komnuue-
dopma (BuA) 00pazoBaTEIbHBIX
n/ Pasnen nuciumninHel N CTBO 4a-
TEXHOJIOT U
n COB
1 AHanutuueckas reomer- | MynbTuMeua JeKIuu 6
pus
2 | BekTopHbI€ TPOCTPAHCTBA Mynbrumenna nexiuu 4

MHOFOMepHaSI CBKJIINJ0OBa My.IIBTI/IMeIII/Ia JICKIOIMH

3 4
rEOMETPUS

4 Jluneitnbie oToOpaxeHus, | MynbruMenua JeKIuu 4
OyJeBbl aNreOpsl

5 OcHoBHbIE anreOpanye- MynbTUMENA JTEKIUN 10
CKHE CTPYKTYPBI
Huddepenuunanbias reo- | MynbTuMenna JeKIuu

6 | MeTpus KPUBBIX U TIO- 4
BEPXHOCTEN

7 | DIeMEHTHI TOMOJIOT U MyusTHMENHA TIEKITHH 4
Bcero no paznenam 36

9 OHEHOYHBIE CPEACTBA JJIAA TEKYIIEI'O KOHTPOJISA YCIIEBAE-
MOCTH, IPOMEXYTOUYHOM ATTECTAIIMA IO UTOT'AM OCBOE-



HUSI JUCHOUIIJIMHBI 1 YYEBHO-METOJIUYECKOE OBECIHEYEHHUE
CAMOCTOSTEJBHON PABOTBHI
CTYJIEHTOB

9.1 OueHouHbIE cpecTBa I TEKYIIET0 KOHTPOJISl YCIIEBAEMOCTH

9.1.1 UuauBuayanbHbIE 3a1aHUS 1J1S1 BBITIOJTHEHUSI KOHTPOJIbHBIX padoT

9.1.2 nauBuyanbHbIE 3a1aHUS 1Sl BBIIIOJIHEHUS TUIIOBBIX PACUETOB

[Ipumep 3a1aHus K THIIOBOMY pacuery:

3aganue: JlaHbl KOOpIMHATHI BEPIIUH TpeyroyibHuka ABC. Halitu:

JlnuHy cTOpoHBI 4B.

VYpaBHeHust ctopoH AB u BC, a Takke UxX yrioBble KO3 PUITMESHTHI.

VYroin B B paguaHax ¢ TOYHOCTb J10 2-X 3HAKOB.

VYpaBHenue BbicOTbl CD U €€ IInHY.

VYpaBHeHune Mmenuanbsl AE 1 KOOpAUHATHI TOYKH K MepeceueHus 3TON Meauna-
HBbI ¢ BbicoTOU CD.

6. YpaBHEHHE NpsAMOMN, MPOXOIAIIEH yepe3 TOUKy K, mapauiesIbHO CTOpOHE AB.
KoopaunaTtel Touku M, pacrnonaoKeHHON CUMMETPUYHO TOYKE A, OTHOCUTEIBHO
npsimoit CB.

NhAELD =

9.2 OueHoYHbIE CPEACTBA ISl TPOMEKYTOUYHOMN aTTECTALUN
Bonpocs! k 5k3ameny

9.2.1 JlexapTOBbI NPSIMOYTOJIbHBIE KOOPANHATHI

9.2.2 IonAapHbIE KOOPAUHATHI

9.2.3 OcHOBHBIE 33]1a4H, PEIIAEMbIE METOJIOM KOOPAUHAT

9.2.4 JIluauy ¥ UX ypaBHEHUS Ha INIOCKOCTH

9.2.5 YpaBHeHue npsiMoil ¢ yriioBbIM K03¢ pUiieHToM

9.2.6 O6m1ee ypaBHEHUE TIPSIMOM U €T0 UCCIIeI0BaHUE

9.2.7 Yron mexay nNpsSMbIMU. Y CIIOBUS NMAapajuIeIbHOCTH U MEPIEHANKYISIPHO-
CTH JIBYX IPSIMBIX

9.2.8 VYpaBHeHue mnpsmoil, NpOXOJALIEH Yepe3 NaHHYK TOYKY B JAaHHOM Ha-
MpaBJICHUH

9.2.9 YpaBHeHHEe psAMOM, TPOXOAIIEH Yepe3 IBE JaHHBIE TOUKHU
9.2.10 YpaBHeHUE NpsAMON B OTPE3KAX

9.2.11 KpuBble BTOpOro nopsiika. ¥ paBHEHUE OKPYKHOCTH
9.2.12 KanoHnuueckoe ypaBHEHHUE dJLIUIICA

9.2.13 KanoHnuyeckoe ypaBHeHHE runepOoIbl

9.2.14 KanoHnnuueckoe ypaBHEHHE TTapadoJibl

9.2.15 IlonsaTue BeKTOpa

9.2.16 JIuHeiiHble Onepalvy HAJl BEKTOPaMHU

9.2.17 IloHATHE TMHENHON 3aBUCUMOCTH BEKTOPOB

9.2.18 JIuHeiiHas 3aBUCUMOCTh BEKTOPOB B POCTPAHCTBE

9.2.19 JluHeiiHas 3aBUCHMOCTbh BEKTOPOB Ha INIOCKOCTH

9.2.20 Ba3uc Ha NJII0OCKOCTH U B ITPOCTPAHCTBE

9.2.21 Ilpoekius BEKTOpa HA OCh U €€ CBOMCTBA



9.2.22 JlexkapToBa IpsIMOYTOJIbHAsA CUCTEMA KOOPAUHAT B TPOCTPAHCTBE

9.2.23 Hununapudeckue u chepuyeckue KOOpAUHATHI

9.2.24 CkansipHO€ POU3BEAECHUE JBYX BEKTOPOB U €T0 OCHOBHBIE CBOMCTBA
9.2.25 CkansipHoe npou3BeieHe BEKTOPOB B KOOPAUHATHOU (popme

9.2.26 Hanpasnsromne KOCUHYChI BEKTOpa

9.2.277 BexTopHOE NPOU3BEICHUE JIByX BEKTOPOB U €r0 OCHOBHBIE CBOMCTBA
9.2.28 CMmenIaHHO€e NTPOU3BEICHUE TPEX BEKTOPOB U €T0 OCHOBHBIE CBOMCTBA
9.2.29 BelpaxkeHHe BEKTOPHOTO MPOU3BEICHHUS Yepe3 KOOPAUHATHI MEPEMHO-
’KAeMBbIX BEKTOPOB

9.2.30 BelpaxkeHHE CMENIIAHHOTO MPOU3BEACHUS 4Yepe3 KOOPIHUHATHI IEPEMHO-
’KAeMBbIX BEKTOPOB

9.2.31 IonsiTre 06 ypaBHEHUH MOBEPXHOCTH

9.2.32 YpaBHEHHE TUIOCKOCTH, IPOXOASIIEN Yepe3 TaHHYI0 TOUKY U MEPIICHIN-
KYJISIPHOM K TAHHOMY BEKTOPY

9.2.33 Obmee ypaBHEeHHE TUIOCKOCTH. MccaenoBanue ero ocoObIX Cllydaen
9.2.34 YpaBHEHUE IJIOCKOCTU B OTPE3KAX

9.2.35 HopmainbHO€ ypaBHEHHE TIIIOCKOCTH

9.2.36 IIpuBenenue o01IET0 ypaBHEHUS INIOCKOCTH K HOPMAJIbHOMY BUAY

9.2.37 Yron Mexay ABYMs IJIOCKOCTSIMH. Y CIOBHE MAPAILICIBHOCTH U TEPIICH-
JTUKYJISSPHOCTH JIBYX TUIOCKOCTEN

9.2.38 [lonsiTie 06 ypaBHEHUH JIMHUU

9.2.39 KaHoHnuecKoe ypaBHEHHUE IPSIMOI

9.2.40 ITapameTpuueckre ypaBHEHUS MPAMON

9.2.41 BektopHOE ypaBHEHUE MPSIMOU

9.2.42 Yron Mexay NpsMbIMHU, YCIOBUE MapajlIeIbHOCTU U MEePIEeHIUKYISPHO-
CTH JIBYX IPSIMBIX

9.2.43 Pemienue HEKOTOPBIX 3a1a4 HA TNIOCKOCTh U MPSIMYIO JIMHUIO

9.2.44 YcnoBus napauieIbHOCTH U NMEPIIEHANKYIISIPHOCTH MPAMOM U TIIOCKOCTH
9.2.45 Dnnuncounn

9.2.46 T'unep6o0NABI

9.2.47 Tlapabonoubl

9.2.48 IluuHApHEI BTOPOTO NOPSIKa

9.2.49 Konyc BTOpOro nopsiaika

9.2.50 ITonartue matpuubl. HekoTopsie BUABI MaTPUIL

9.2.51 JleiicTBus Ha1 MaTpULlaMU

9.2.52 DnemeHTapHble TpeoOpa3oBaHusl MaTPUIl. PaHT MaTpHIlbI

9.2.53 Onpenenurenu. OcHOBHbIE NOHATUA. ONpPENEIUTENN BTOPOTO U TPETHETO
MOPSAJIKOB

9.2.54 CpolicTBa onpeaenuTenci

9.2.55 BprunciieHue onpeaenuTeNel MopsaKka BhIle TPETHETO

9.2.56 HeBpipoxneHnHubie MaTpulibl. OCHOBHBIE IOHATHS

9.2.57 O6parHas maTtpuua

9.2.58 Cucrembl TMHEWHBIX ypaBHEHUA. OCHOBHBIE MOHATHUSA

9.2.59 Pemenue cucrem MHEHBIX ypaBHeHM. Teopema Kponekepa-Kanemm
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9.2.60 ®opmynsl Kpamepa

9.2.61 Pemienue cucteM JIMHEHHBIX ypaBHeHUU. MeTogom ["aycca
9.2.62 CucteMbl TMHEWUHBIX OTHOPOJAHBIX YPaBHECHHI

9.2.63 JIuneitHble OTOOpaKEHUS

9.2.64 luddhepennmanbpHas T€OMETPUS KPUBBIX U TJIOCKOCTEN
9.2.65 DnemMeHThI TONOJOTUU

9.3 YueOHO-MeToau4eCcKOe 00ECIIEYeHHE CAaMOCTOSTENbHOU PaObOThI
9.3.1 KapTouku ¢ 3aaHUSIMU U METOAMYECKUMU YKA3aHUSIMU O BBIMOJIHEHUIO
MPaKTUYECKUX pabOT

10 YYEBHO-METO/JUWYECKOE U UH®OPMAIIMOHHOE OBECIIEYE-
HUE
JAUCIHUIIINHBI
a) OCHOBHAs JIUTEepaTypa:
10.1 T'onouna JI.U. JlunelHnas anreOpa U HEKOTOPHIE €€ MPUIIOKECHUS : yueo.
nocobue: pex. Mun. o6p. P®/ JI. U. I'onoBuHa. -5-¢ usn., crep.. -M.: AnbsHC,
2007. -392 c.:a-puc.
10.2 byrpos, 4.C. Beiciiast matematuka : B 3 T: Yueonuk: Pex. Mun. o6p. PO/
A. C. byrpos, C. M. Hukonbckuit T. 1 : DneMeHTHI JIMHEHHON aireOpsl U aHa-
nutudeckou reometpuu. -2005. -285 c.
10.3 Ky3totun B.®. T'eometpus : yue6./ B. @. Ky3totun, H. A. 3enkeBuu, B. B.
Epemees; non pea. H. A. 3enxeBuya. -CII6.: Jlanb, 2003. -416 c.:a-puc.

0) IOTOTHUTENIbHAS TUTEpaTypa:

10.4 Cynapes, FO.H. OcHOBBI IMHEWHON alreOpbl 1 MATEMATUYECKOTO aHAIM3a:
yueOHoe nocobue: pek. HMC / FO.H. Cynapes, T.B. Ilepmukosa, T.B. Pano-
cimaBoBa. — M.: Axkagemus, 2009. — 352 c.

10.5 Oxynes, JI.A. Bricmias anrebpa: yuebnuk / JI.SI. OxyneB. — CIIG.; M.;
Kpacuonap: Jlans, 2009. — 336 c.

10.6 3onorapesckas, .M. Ananuruueckast reometpusi: yueonoe nocoodue / JI. 1.
3onotapeBckas. — M.: JIubpokom, 2010. — 282 c.

10.7 Anekcanapos, I1.C. Kypc aHanuTuyeckoit reoMEeTpuu U JUHEHHOU anreo-
poi: yueOnuk / I1.C. Anexcanapos. — M.: Jlanb, 2009. — 512 c.

10.8 IlumnaueB, B.C. OcHOBBI BBICIICH MaTeMaTHUKH: y4yeOHOE IMMOcoOue: pek.
Mun. o0p. PO / B.C. [llunauyes. — M.: Beicur. k., 2009. — 480 c.

10.9 Tlak, B.B. Bricimas marematuka: yueonuk / B.B. Ilak, FO.JI. Hocenko. —
Honeuk: Crankep, 2009. — 558 c.

10.10 IIpocseTos, I'.W. JIuneiinas anredpa u aHaTUTHUYECKask FTEOMETPUS: 3a1a4U
u peuieHus: yue6.-npakt. nocodue / .M. IIpocseroB. — M.: Anwda-Ilpecc,
2009. - 208 c.

B) IEPUOUYECKUE U3/IaHUS:
10.11 Marematuka. PeepatuBubiii xypHai
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T') mporpaMmHoe obecrnieueHue u HTepHeT-pecypehl:

CB000/IHO pacpoCTpaHsIeMOe MPorpaMMHOe oOecrieyeHue

Ne

i Haumenoanue pecypca XapakTepucTuka

WuTepHer Oubnnoreka oOpa3zoBaTeib-
HBIX U3JIaHUM, B KOTOPOU COOpaHBbI
AIEKTPOHHbIE YYEOHUKH, CITPABOYHBIE U
ydeOHbIe TOcoOus. Y JOOHBIN MOUCK TI0
KJIFOUEBBIM CJIOBAaM, OTAEIbHBIM TEMaM
Y OTPACJISIM 3HAHUM.

1 | pee http://www.iglib.ru

NuTtepHeT-yHUBEpCUTET HH(DOPMALIU-
OHHBIX TEXHOJIOTUH, B KOTOPOM BOOpa-
HBI JJIEKTPOHHBIE U BUIEO-KYPCHI IO
OTPacCIIIM 3HAHUU

2 | http://www.intuit.ru

Caiitr AMI'Y, bubnnoreka — 351eKTpoH-

3 | httpy/amursu.ru Has ounomuorexka AmMI'Y

DneKkTpoHHast OMOIMOTEeYHAs CUCTEMA
«YHuBepcUTeTCKast OnbIMoTeKa — on-
line»: cienuanu3upyeTcst Ha y4eOHBIX
4 | http://www.biblioclub.ru Martepuanax ajig BY30B no nayuno-
TYMaHUTapHOW TeMaTHKeE, a TaK JKe CO-
JACPKUT MaTEPHAIIBI IO TOYHBIM U €CTe-
CTBCHHBIM HayKam

11 MATEPUAJIBHO-TEXHUYECKOE OBECIHHEYEHHUE JUCIUITJIMHBI
11.1 JlekuronHas ayauTopus, 000pyJoBaHHasi MyJIbTUMEIUMHBIMU CPEICTBAMU

12 PEUTUHTOBASI OLIEHKA 3HAHU CTYJEHTOB MO JIUCLUILIU-

HE
CemecTpOBBIM MOTYJIb AUCITUTIIIMHBI
= , ., o S| o <
Ne 28 E5525288,4%28a
H & |o <] q = O = A - )
n/ Pasnen aucinIuIinHbl = 5 & 5 I Egg S5 3 5EElE5 2
M r ) < N < =
" S PEEFEZIE9 SRIZEg
| AHaIUTHUYECKAA T€EOMET- KP Neo 1 2 5 5 15
pus Ha IJIOCKOCTH TP Neo 1 3-4 8
KP Ne 2 6 5
2 | BekTopuas aiaredpa 2 15
p p TP Ne2 | 7-8 8
3 | AHauTu4eckKast TEOMET- KP Ne 3 10 5 2 15
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pusl B IPOCTPAHCTBE TP Ne3 | 11-12 8

4 CucTembl JIMHENHBIX KP Ne 4 14 5 15
YPAaBHEHUN U MaTPULIbI TP Ne4 | 15-18 8
IIpomexyrouHas arre- JK3a- 19-21 40 0 40
cTauus MEH

Hroro 100

Coaepxxanue JIEKIMOHHOTO Kypca

Tema 1. AnanuTuyeckas Te€OMeTpHUs Ha IUIOCKOCTH: METOJA KOOpIMHAT Ha

IJIOCKOCTH; YpaBHEHUE MPSIMOM JIMHUU Ha TJIOCKOCTH; KpUBBIE 2-0r0 mopsiaka — 6 4.
§1. MeTox KOOPAMHAT HA IVIOCKOCTH

I. lexapToBBI NPAMOYIO/bHbIE KOOPAUHATHI

Bribepem Ha TIOCKOCTH ABE B3aUMHO NepHeHAUKYJspHbie npsambie Ox u Oy.
[Ipsimbie Ox 1 Oy HA3BIBAIOTCS KOOPOUHAMHBIMU OCSAMU, & TOUKA UX niepecedyenust O
— Hauanom Koopounam. Bo3bMeM HEKOTOPYIO €IMHHUIlY MaciiTaba, ¢ MOMOIIbIO KO-
TOpOH OyAyT MPOU3BOJIUTHCS Bce M3MepeHus Ha miockocTu Oxy. COBOKYMHOCTH KO-
opauHaTHbIX oceid Ox u Oy U BbIOpaHHOM eIMHMIIBI MacIITada Ha3bIBAIOT OeKapmo-
80U NPAMOY20NbHOU CUCTNEMOU KOOPOUHAm Ha TUIOCKOCTH.

BossMem m00yto Touky M minockoctr Oxy U MOCTaBUM € B COOTBETCTBHE JBa
qucla: abcyuccy X, paBHyIO paccTosHHuio Touku M ot ocu Oy, B3ITOMY CO 3HAKOM
TUTIOC, €CJIM TOYKA JISKUT IpaBee JaHHOM OCH, U CO 3HAKOM MHUHYC, €ClIM TOYKa Je-
KUT JIEBee JaHHOU OCH; opOuHamy y, paBHYIO paccTosiHuiO Touku M ot ocu Ox, B3s-
TOMY CO 3HAKOM ILTIOC, €CJIM TOYKa JICKHUT MpaBee JaHHOW OCH, U CO 3HAKOM MUHYC,
€CJIM TOYKA JISKUT JIeBee JaHHOU OCH.

Abcmucca x U opJuHaTa y Ha3bIBAIOTCA 0eKAPMOBbIMU NPAMOY20TbHbIMU KO-
opauHaTamu Touku M. O6o3nauvaercs M(x; y).

Jlto6ast TOUKe MIOCKOCTH COOTBETCTBYET OJHA Mapa JACHCTBUTENIbHBIX YUCEN X
U y (e€ KoOOpAMHAT) U 00paTHO, JII000H Mape AEHUCTBUTENbHBIX YnCeN (X; J) COOTBET-
CTBYET OJlHA TOYKA IJIOCKOCTH.

I1. ITosipHBIE KOOPAUHATHI

3adukcupyeM Ha MIIOCKOCTH TOUKY O M BBIXOASNIYIO U3 Hee nonynpsamyio Op,
a TakXke BpIOEpeM eAMHUILy MaciuTaba.

Touka O Ha3bIBaeTCs norocom, a noiaynpsamas Op — norsapHot ocwio.

Bozbmem mo0yto Touky M (oinunyto ot Touku O). [loctaBuM el B COOTBET-
CTBHUE JIBAa UWCJA: NOJIAPHbIUL paouyc r, paBHbIA pacCcTOsTHUIO TOYKH M oT Touku O,
M3MEPEHHOMY BBIOpaHHOW €IMHHULIEH MacuTaba; noiapHulil yeonl (¢, PaBHBIA YTy
MeXy noJisipHOM ockto Op u noaynpsmon OM.

[onsapHbIil yron ¢ u3mepsercs B pajuaHax, OTCUET MOJTO0KUTEIbHBIX (OTpHIIA-
TeJIbHBIX) 3HaUeHUN @ Benercss oT Op NMpoTUB ABMXKEHUS (IO JABUKEHHUIO) YacCOBOM
ctpenku. [Ipu 3TOM 00BIYHO MONAratoT, YTO — 7T <O < 7T .

[Tomrocy O COOTBETCTBYET MOJSIPHBIN paguyc » = (0, TOJAPHBIA yroJI I HETO
He onpeaeneH. M(r; ¢).
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CBs13b MEXKY MPSIMOYTOJIBHBIMHU U TOJISIPHBIMH KOOPIHHATAMH TOYKH:
X=rcosQ,

y=rsing,

r:w/xz +y2,tg(p=§.

II1. OcHoBHBIC 3a7a4H, pelIaeMble METOJ0OM KOOPAMHAT

3agada 0 pacCTOSSHUM MEXAY ABYMs TOUKAMMU.

3ajada o IeJIEHUHU OTpe3Ka B JaHHOM OTHOILICHHH.

IV. /IuHuu ¥ X ypaBHEHHS HA IJIOCKOCTH(OCHOBHBbIC TOHSTHS)

B ananutuueckoid reoMeTpuu JO0YIO JTUHUIO HAa IJIOCKOCTH PacCMaTpHUBAIOT
KaK I€OMETPUYECKOE MECTO TOYEK, KOOPAUHATHI KOTOPBIX X U  CBA3BIBAIOT ypaBHE-
HUE, Ha3bIBAEMOE YPaBHEHUE ATOM JUHUU. DTO 3HAUMT, 4TO: 1) KOOpIAHUHATHI JIIOOOH
TOYKH, MPUHAJIEKAIICH TUHUH, yIOBIETBOPSIOT 3TOMY YPaBHEHHUIO; 2) KOOPIAUHATHI
000U TOUKHM, HE TPUHAAJIEKAIIECH TMHUH, HE YOBIETBOPSAIOT YPaBHEHUIO.

Ypasnenuem nunuu Ha TIOCKOCTU B NPSMOYIOJBHONW CUCTEME KOOPAMHAT Ha-
3bIBaeTcs ypaBHeHue f(x;y) = 0 ¢ mepeMEeHHbBIMU X U ), KOTOpblEe Ha3bIBaeTcs 1ex)-
WUMU KOOPOUHAMAMU.

b

§2. [Ipamas auHuA
I. YpaBHeHue npsiMoii ¢ yriioBbIM K03 (PpHUIHEHTOM
BeiBon1 ypaBHEHUS IPSIMOH C YTITOBBIM KO3 () (DUIIHEHTOM.
VYpaBHenue y =kx+ b Ha3bIBaCTCS ypasHeHuem NpsAMOU C Yea08biM KO3 pu-

yueumom, b — Ha3bIBACTCS HA4ANbHOU OpOuHamou. ITo oTpe3ok OB, oTCeKaeMblii
npsiMmoit Ha ocu Oy, cunTas OT Hayajaa KOOpJAUHAT.
Uccnenoranue ypaBueHus: y = kx + b . Ilpumep.

II. O01ee ypaBHeHHe NPAMOii
VYpaBuenue Buga Ax + By + C =D ecTh o01iee ypaBHEHUE TPSIMOIA.

HccnenoBanue mol0KeHHs TIPSIMOM Ha MIJIOCKOCTH B 3aBUCUMOCTH OT K03 du-
1ueHToB 4, B, C (msath cinydaes). [Ipumep.

IIl. YpaBHeHue npsiMoil ¢ JAaHHBIM YIJIOBBIM KO3(G(PHULUHEHTOM M IPOXO-
AsIlIed Yyepe3 JAHHYI TOYKY

BbiBo ypaBHEHHUs MPSMON C AaHHBIM YIJIOBBIM KO3((UIIMEHTOM U MPOXOJsi-
LIEH Yyepe3 JaHHYIO TOUKY.

YpaBHeHUE ) — Y| = k(x - xl) - €CThb ypaBHEHUE IPSAMOMU, IIPOXOASAIIEH Yepes
JAHHYIO TOYKY B JIJaHHOM HallpaBJICHUMU.

Ecnu yrinoBoi ko3 uLMeHT x He 3aaH, TO 3TO YPAaBHEHHE ONpPEEIsIET COBO-
KYIIHOCTb MPSIMBIX, IPOXOJSAIIUX YEPE3 NaHHYIO TOUKY. Takas COBOKYIHOCTb Ha3bl-
BaeTCs IIy4KOM HpsAMBIX. [loaTomMy ypaBHeHHE y — ), =k(x—x1) HAa3bIBAIOT TAKXKE
YPAaBHEHUEM Iy4Ka MPSIMBIX, TPOXOIAIINX Yepe3 JaHHYI0 TouKy M. IIpumep.

IV. YpaBHeHnue npsimoii, npoxoasimei yepes ABe JaHHbIC TOUKHU
BriBOog ypaBHEHMUS.
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Y=y _ X=X o "
VYpaBHeHHE BUa = — €CTh ypaBHEHHE MPSAMOH MPOXOIAIICH

Vo= X=X
qyepes JIBE JIaHHBIC TOYKH.

ITpumep.

V. YpaBHeHue NpsAMOM B OTpe3Kax

Xy .

—+ > =1 — ypaBHeHUE NPSIMON B OTPE3KaX.
a

Yucna a u b UMEIOT BecbMa HpOCTOﬁ FCOMeTpI/I‘ICCKI/Iﬁ CMBICJI, 4 UMCHHO: 3TO
CCTh BCIIMYHHBI OTPC3KOB, KOTOPHLIC IIPAMAA OTCCKACT HA KOOPAWHATHBIX OCAX, CHHU-

X ”
Tast OT Hayaja koopauHat. opmyny — + % =1 ypaBHeHUs ONpAMON yTOOHO UCHOJIb-
a
30BaTh JJIs €€ IOCTPOEHHUS.
VI. Yroa me:xay AByMs NPAMbIMU HA IJIOCKOCTH
Onpenenenue yria MexIy AByMS IMPSMBIMH.

dopmyna tge :L JaeT BBIpAKEHUE TAHTE€HCA yIiia MEXIy ABYMs Ips-
1+ &k,

MBIMU 4epe3 yIiioBble KO3 GUUIHUEHTHI 3TUX NPSIMBIX. BbIBOA POpMYyIIbL.

VYcnoBue napamieIbHOCTH MPSMBIX.

YcnoBue neprneHIuKyIsIpHOCTH NPSIMBIX.

§3. KpuBbie BTOPOro nopsiaka

Kpusoti émopoco nopsioka Ha3bIBa€TCs JUHUS, OINpeEaesieMas ypaBHEHUEM
BTOPOU CTENEHNU OTHOCUTEIBHO TEKYIINX AEKAPTOBBIX KOOPINHAT.

I. OxpyxHOCTH

OxpysicHocmvio Ha3bIBAETCA T€OMETPUUECKOE MECTO TOYEK IUIOCKOCTH, PABHO-
YIAJICHHBIX OT OJTHOM U TOH 7K€ TOYKH, HA3bIBAEMOU LIEHTPOM OKPY’KHOCTH.

BriBo# ypaBHEHUS OKpPYKHOCTHU (x — a)2 + (y — b)2 = R?. YacTHbIii ciay4aun

YpaBHEHUS C LIEHTPOM B Havase koopauHat. [Ipumep.
I1.9aaunc
Innuncom Ha3bIBAETCS T€OMETPUUYECKOE MECTO TOUYEK IIOCKOCTH, CyMMa pac-
CTOSTHUM KOTOPBIX /IO JABYX JaHHBIX TOYEK, Ha3bIBa€MbIX (POKycamMu 3JUIUIICA, TTOCTO-
SIHHA.
2 yz
a_2 +or= 1. UccuaenoBanue

BBIBOII KaHOHHUYCCKOT'O YPAaBHCHHUA JSJIJIMIICA

S

(dbopmy 3IITUIICA TIO €70 YPAaBHEHHUIO.

II1. I'unep6osa

T'unepbonou Ha3bIBAETCS T€OMETPUUYECKOE MECTO TOYEK IUIOCKOCTH, Pa3HOCTh
PacCTOSIHUM KOTOPBIX JI0 JIBYX JaHHBIX TOUYEK, Ha3bIBa€MbIX (POKycamMu, €CTh BEJIU-
YUHA MTOCTOSTHHAS.

\9}

2
X Y
BbIBO/I KaHOHHYECKOrO ypaBHEHHs rumepbonsl — —<— =1. HccnenoBanue

a b

(dbopmbl TUIEPOOIIBI IO €€ YPABHEHHUIO.
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IV. IIapa6oaa

Ilapabonoti Ha3pIBaETCSl TEOMETPUUECKOE MECTO TOYEK IJIOCKOCTH, paBHOY/Ia-
JIEHHBIX OT JaHHOW TOYKH, Ha3bIBaeMoW (DOKYCOM M JaHHOW NPsIMOM, Ha3hIBAEMOM
JTUPEKTPUCOM. .

BpIBOJI KAHOHMYECKOTO YPaBHEHUS AJUINATICA y2 =2 px. UccnenoBanue Hopmbl

napabosibl 1o e€ ypaBHEHHUIO.

Tema 2. BekrtopHas anreOpa: MOHATHE BEKTOpA; JMHEHHBbIC OMEpALMU HAJl
BEKTOpaMU; pa3ioKeHHWe BEKTopa Mo 0a3ucy; JIMHEWHAs 3aBUCUMOCTb BEKTOPOB; He-
JMHEWHBbIE ONlEpalMy HaJl BEKTOpamu — 4 4.

§1. BekTopbl U JINHEHHbIE ONEPALIMHA HAl BEKTOPAMH

I. IlonsiTHe BeKTOpa

HanpaBieHHBIN OTPE30K HA3BIBAETCS 8EKMOPOM.

Hyneevim BEKTOPOM Ha3bIBAETCS BEKTOP, Y KOTOPOr0 HAa4yaJo U KOHEL COBMa-
JAoT.

Paccrosinue Mexay HadaJloM UM KOHILIOM BEKTOpa Ha3bIBAETCS €ro OIUHOU.

BekTopbl Ha3bIBAIOTCS KOLIUHEAPHLIMU, €CIU OHHU PACIIOJNIOKEHBl Ha OJIHOU
MIPSMOM WJIM HA MapajulesIbHbIX MPSIMBIX.

BekTopsl Ha3bIBAIOTCS KOMHUIAHAPHBIMU, ECIIH CYIIECTBYET IUIOCKOCTh, KOTO-
POV OHM TTAPAJIIETbHBI.

JIBa BeKTOpa HA3BIBAIOTCS pagHbIMU, €CIM OHU: 1) KOJIIMHEapHbIe; 2) OJHMHA-
KOBO HamlpaBJieHbl; 3) paBHbI 1O JJIMHE.

II. Onepanun HagQ BeKTOpaMu

IIpouzeeoenuem 6exkmopa da Ha cKaisp (BEUIECTBEHHOE YKCIIO) A Ha3bIBACTCS

BCKTOP b ) OHpCI[CJISICMBIﬁ CICAYIOIMMMH YCIIOBUAMMU:

1) |b|=[4]-|a

;
2) BEKTOp b KOJUIMHEAPEH BEKTOPY a ;
3) BeKTOpHl b U d HampaBJIeHbI OAUHAKOBO, €clii A > 0, U MPOTUBOIOJIOKHO, €CIIH

A<0.

CRoiicTBa onepaiuu Mpon3BeACHUS BEKTOpa Ha CKaJIsp.
Cymmoti 08yx eekmopoé d W b Ha3bIBaeTCS BEKTOP, UAYIIUI U3 Hayajga BEKTO-

— —

pa d B KOHEIl BEKTOpa b , MPH YCJIOBHUH, YTO HAYAJIO b TMPHUIIOKEHO K KOHITY BEKTOpa
da.

[IpaBunio TpeyronpHuka. [IpaBuino MHoroyrompHuka. [IpaBuio mapasieno-
rpamma. CBOMCTBa Omepaluu CJI0KEHUs BEKTOPOB.

BekTop, KomMHeapHbIi JaHHOMY BEKTOPY d , PaBHBIA €My MO JJIMHE U POTHU-
BOIIOJIO’KHO HamNpaBJieHHBIH (MHBIMH CJIOBaMHU, BEeKTOp (-1) a), Ha3bIBaeTCs npomu-

—

B0NOJIOJCHBIM BEKTOPOM I BEKTOpa d W oOo3Hadaetcs - da. Paznocmvio b — d

— —

BEKTOPOB b W d Ha3bIBAETCS CyMMa BEKTOPOB b u —da . Ecnu BeKTOpel b U a uMme-
I0T 00lee Hayaiao, TO pa3HOCTb MPEACTABIAET COOO0H OTPE30K, COCOUHSIOUINI HX
KOHIIBI M HaIlPaBJIECHHBIM OT «BBIYUTAEMOTO» K «yMeHblIaeMomy». T.o. omepamus
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BBIYMTAHUS BEKTOPOB oOOpaTHas omnepanuu ciaoxkeHus. EE€ cBoilcTBa BBITEKAIOT U3
CBOMCTB OIEPALUU CIOKEHHUS.

II1. ITonsiTHE JIMHEHHOH 32ABUCUMOCTH BEKTOPOB

Bekropsl d,,d,,...,d, Ha3bIBAIOTCS JUHEUHO 3A6UCUMBIMU, ECIU CYLIECTBYIOT

gucna Ay, Ay, ..., Ay, HE BCE PaBHBIC HYJIIO, IS KOTOPBIX UMEET MECTO PAaBEHCTRBO:
M@, + Ay iy +.. ¥ Ay d,=0. (1)
Bekropsl a,,d,,...,d, Ha3bIBAIOTCA JIUHEUHO HE3A6UCUMbIMU, €CIIA PABEHCT-
Bo(1) umeet mecto ToNbKO pu A; = A, = ... = 4, = 0.
N3 paBenctsa (1), mpeanonaras, Hanpumep, uto A; # 0, moaydaem:
Ay =ydy +...+ U, a,. (2)

[IpaBast yacTh BeIpakeHUs (2) HA3BIBACTCA JUHEUHOU KOMOUHAYUel BEKTOPOB
dy,...,d,. T.0., €CIIN HECKOJIIBKO BEKTOPOB JIMHEHHO 3aBUCHMBI, TO XOTS Obl OJUH W3

HUX BCETJla MOKHO MPEACTaBUThH B BHUJI€ JUHEHHON KOMOMHAIIMM OCTaJbHbBIX BEKTO-
poB. CripaBeisiuBO U 0OOpaTHOE YTBEP)KIEHUE: €CIM OJMH U3 BEKTOPOB IPEJCTABIECH
B BUJIE JINHEMHONW KOMOMHAIIMU OCTAJIbHBIX BEKTOPOB, TO BCE 3TU BEKTOPHI JIUHEITHO
3aBUCHMBL.

IV. J/luneitHasi 3aBUCUMOCTH BEKTOPOB HA IJIOCKOCTH

Teopema. JIto0ble TpU BEKTOpA Ha MJIOCKOCTH JINHEHHO 3aBUCUMBI.

Cneocmeue. Eciy 4uCIO JaHHBIX BEKTOPOB HA IUIOCKOCTH OOJIBIIE TPEX, TO
OHM TAaK)K€ JJUHEWHO 3aBUCHMBI.

Teopema. JIns TOro, 4TOOBI 1B BEKTOPA HA IJIOCKOCTH ObUIN JUHEWHO HE3aBU-
CUMBI, HEOOXOAMMO U JJOCTATOYHO, YTOOBI OHU OBLIIM HEKOJUTMHEAPHBIE.

V. /InHeiiHasi 3aBUCUMOCTH BEKTOPOB B MIPOCTPAHCTBE

Teopema. JIt00ble YyETHIPE BEKTOPA B IPOCTPAHCTBE JINHEHHO 3aBUCUMBI.

Cnedocmeue. Ecny 4uCI0 TaHHBIX BEKTOPOB B IPOCTPAHCTBE OOJIBILE YETHIPEX,
TO OHM TAKKE€ JTUHEWHO 3aBUCHMBI.

Teopema. 151 TOro, 4T0OBI TPU BEKTOpA B MPOCTPAHCTBE ObUIN JTUHEMHO HE3a-
BHUCHUMBI, HEOOXOIUMO M IOCTaTOYHO, YTOOBI OHU OBLIM HEKOMIUIAHAPHBIE.

VI. ba3uc Ha NIJIOCKOCTH U B IPOCTPAHCTBE

ba3zucom Ha NMIOCKOCTU HA3bIBAOTCS JIIOOBIE 1BA JIMHEHHO HE3aBUCHMBIE BEK-
TOPBL.

—

Ilycte @ — nr000¥ BEKTOP HA TNIOCKOCTH, U BEKTOPBI b U ¢ 00pa3yroT 6a3uc.
T.k. Ha TUIOCKOCTH JTIOOBIE TPU BEKTOpA JTUHEWHO 3aBUCHUMBI, TO BEKTOP d IJTUHEHHO
BBIpaXKaeTCs Yepe3 BEKTOPHI Oa3uca, T.€. BBIMIOIHACTCS COOTHOIICHHE:

d=Mb+ ¢ (3)
Ecnu BekTop @ mpencrabiieH B Buje (3), TO TOBOPAT, UTO OH pa3lodiceH No 06asucy,

—

oOpazoBaHHOMY BeKTOpaMu b u ¢ . Uucna Ay, A, Ha3bIBAIOT KOOPOUHAMAMU BEKMO-
pa d Ha TIOCKOCTH OTHOCHUTENIbHO 0a3uca b u ¢ .

Teopema. PaznoxxeHue BeKTopa d 1o 0a3ucy b u ¢ SABISIETCS €IUHCTBEHHBIM.
basucom 6 npocmpancmee Ha3bIBAIOTCS JI00bIE TPU JMHEHHO HE3aBUCHUMBIX
BEKTODA.
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[lycth @ — 000 BEKTOp B MPOCTPAHCTBE, U BEKTOPHI b, ¢ U d 00pasyior
6azuc. T.K. B MpOCTpaHCTBE JIIOObIE YETHIPE BEKTOPA JIMHEHHO 3aBUCHMBI, TO BEKTOP
d JTWHEHHO BBIPa)KaeTCs yepe3 BEeKTOPHI Oas3uca, T.€. BBITOIHICTCS COOTHOIICHHUE:

MIPUYEM 3TO PA3JIOKCHUE CTMHCTBCHHOE.
Uucna Ay, Ay, A3 HA3BIBAKOT KOOPOUHAMAMU 86eKMOpa d B TPOCTPAHCTBE OTHO-

cuTeNbHO Gasuca b ,C H d.

OcHoBHOE 3HaYeHHe 0a3uca COCTOUT B TOM, UTO JIMHEHHBIEC ONepaluy HaJl BEK-
TOpaMH MpHU 3a7aHUM 0a3uca CTAHOBATCA OOBIYHBIMHU JMHEHHBIMH ONEpalUsIMHU Hal
YUCIIaMU — KOOPAUHATAMU 3TUX BEKTOPOB.

VII. IIpoekuusi BeKTOpa Ha OCh U €€ CBOMCTBA

Venom mexrcdy eekmopamu @ W b Ha3bIBAETCS HAMMCEHBIIMI YrOJ, Ha KOTO-
PBI HaJl0 TOBEPHYTH OJMH U3 BEKTOPOB JI0 €r0 COBIIAJICHHS CO BTOPBIM IOCIE IPU-
BEJICHUS 3TUX BEKTOPOB K O0IIEeMy Hayaiy.

Ocbio Ha3pIBAa€TCs HaIpaBlieHHAs npsiMas. HampaBieHne npsiMON Ha pUCYHKE
O0ObIYHO 0003HAYaeTCsl CTPEJIKOW. 3aJlaHHOE HAIPaBJICHHE OCU CUMTAETCS MOJIOKHU-
TeJIbHBIM, IPOTUBOIOJI0KHOE — OTPULIIATEIbHBIM. PaccMOTpUM OChb /, MOTOKUTETBHOE

HanpaBJICHUE KOTOPOM COBINAJAET C HAIIPAaBIECHUEM €AMHUYHOIO BEKTOpa [, pacrmo-
JIO’KEHHOTO Ha ocH /. Takol BEKTOp Ha3bIBAETCA OpmoM OCH .
Yenom mesncoy eéekmopom a M OCbIO [ Ha3bIBACTCA (9 MEXKIY BEKTOPaMU d U /.

IIpoexyueti mouku A Ha ocv | Ha3bIBaeTCs TOUKa A, B KOTOPOU IMepecekaeTcs
0Cb / ¢ MIIOCKOCTHIO, NEPIEHAUKYISIPHON K /, IPOXOAIIEH yepe3 TOUKY A.

Komnonenmoti (cocrapinstolnieil) Bektopa d=AB Ha och [ Ha3bIBA€TCS BEKTOP

[

d'=A,B,, e Ay u B; COOTBETCTBEHHO MPOEKINH TOYEK 4 1 B Ha oCb /.

IIpoexyueti 6exkmopa d Ha oCh [ Ha3bIBAETCS JJIMHA €r0 KOMIIOHCHTHI d' Ha
OCh /, B35iTasi CO 3HAKOM ILTIOC, €CITM HAINpPaBJICHHE KOMIIOHEHT COBIAJACT C HAIpaB-
JICHHEM OCH /, ¥ CO 3HAKOM MHHYC, €CITM HaIlpaBJIeHUE KOMIIOHECHTHI TIPOTHBOIIOIOXK-
HO HANpaBJIEHUIO Ocu /.

Teopema. Ilpoekuus BeKTOpa d Ha OCh / paBHA MPOU3BEICHUIO €r0 MOYJISl Ha
KOCHHYC yTJIa MEXIY 3TUM BEKTOPOM U OCHIO /.

VIII. /lekapToBa NpsAMOYroJibHasi CHCTEMA KOOPAMHAT B MIPOCTPAHCTBE

Tpu B3aMHO NEPIEHIUKYISPHBIE OCH B MMPOCTPAHCTBE (KOOPIUHATHBIE OCH) C
oOmumM HayarioM O M OJWHAKOBOM MacIITaOHOW eAMHUIICH 00pa3yloT dexapmosy
NPAMOY20TbHYIO CUCEM) KOOPOUHAM 8 NPOCMPAHCmee.

Optol oceit Ox, Oy, Oz 0603HAaYaIOT COOTBETCTBEHHO I, j, k. T.K. BEKTOpPHI

i, j, k HekoMIUTaHapHBIC, TO OHU O00pa3yrOT 0a3uc, KOTOPHIA HA3BIBACTCS OeKapmo-

6bIM NPAMOY2O01bHbIM bazucom.
Paznuuarot npasyro N jesyro CUCTEMbI NCKAPTOBBIX IPAMOYI'OJIBHBIX KOOPAH-
HaT B 3aBUCUMOCTH OT 0Oa3uca. ba3uc Ha3wIBacTcs npaesvim N Jji€ébiM B 3aBUCUMOCTH
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OT TOT'O, BIIPABO WJIX BJICBO HAIIPABJICH BCKTOP I , KOrjga ] HaIIpaBJICH OT HAC, a BCK-

TOp k HampaBJ€H BBEpX.

VYnopsanoueHHass Tpoika HEKOMIUIAHAPHBIX BEKTOPOB HA3bIBAETCS Npasoopu-
eHmMUpo8aHHOU WIA MPOCTO NPagol, €CIN U3 KOHLA TPEThEro BEKTOpa KpaTyaWllni
MOBOPOT OT MEPBOr0 KO BTOPOMY BUJEH MPOTUB YacOBOW cTpenku. B mportuBorno-
JIO’)KHOM CITydae TpOilka Ha3bIBAETCS 1e800pUEHMUPOBAHHOL WIH Ne6oll (Hayanaa BeK-
TOPOB TPOUKH MPEJIOIATAI0TCS COBMEILIEHHBIMHU ).

JI1060i1 BEKTOp @ MOXKET ObITh €IMHCTBEHHBIM 00PAa30M pa3iokKeH Mo JeKap-

-

TOBOMY MPAMOYTOJIBHOMY Oasucy i, j,k, T. e. jus moOoro BeKTopa HaifaeTcss u
NPUTOM E€AWHCTBEHHAs TpOIKa YUCEN X, ), z, Ha3bIBaEMbIX JIEKapTOBBIMHU MPSIMO-
yroJIbHbIMU KoopauHatamu. O0o3Havaetcs d ( x, y, z).

IX. Huuaapudeckue U chepuyeckue KOOPIAUHATHI

Yucna r, @, z — TWIMHIPUYECKHE KOOPAUHATHI TOUKU M:

X =rcose,
y=rsing,
z=z.

Yucna r, ¢, 0 — cpepuueckre KOOpAUHATHI TOUKHU M:
x =rsinfcosp,

y=rsin@sing,

z=rcoso.

§2. HeimHeiiHble onepauuy HaJ BEKTOPaMH
I. CkansipHoe npousBeeHUe IBYX BEKTOPOB M €r0 OCHOBHbIE CBOICTBA
CranapHuim npouzgeoenuem 08yX 6eKmMopo6 Ha3bIBAETCA YUCIIO, PABHOE IPO-
M3BEICHUIO MOAYJIEN 3TUX BEKTOPOB Ha KOCUHYC yTrjia MEXIy HUMU:

(Zi;b):‘&" . ‘b‘cosé(c‘i;b).

CkalsipHOe MPOU3BEACHHUE IBYX BEKTOPOB PABHO MOJIYJIIO OJHOTO U3 HHUX, YM-
HO)KEHHOMY Ha MPOEKIIUIO APYroro Ha OCh ¢ HAIIPAaBJICHUEM IIEPBOTO:

(@:5)=la) - np b :

(Zi;b):‘b‘ “npia.

du3nUecKkuii CMBICT CKAIIPHOTO MPOU3BEACHUS: MYCTh MaTepUalbHas TOYKa
JIBUTAETCS 10 MPSIMOM, TIepeMelasch U3 MojJoxKeHuss M B mosoxeHue N moj aencT-
BHEM CHJIbI F', HallpaBJICHHE KOTOPO# o0pa3yeT yroy ¢ ¢ HampaBiICHHEM IepeMelre-

HUS TOUKH, Toraa A = FScos@.
CBoiicTBa CKaJIsIpHOTO MIPOU3BEICHUS

1. Va, b, (a5 )=(b;a)
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4. VAeR, Va,b,(A-d)-b=Alab)
KOCHHYC yria MeXLy JBYMs HeHyJICBBIMH BEKTOPAMH d U b paBeH:
l{b)

b
JIBa BEKTOpa d W b OPTOTrOHAJIBHBI TOT/IA U TOJIBKO TOT/1a, KOrAa (Zi;b): 0.

Q

cosQ =

il

Sy

Q

II. CxansipHoe npou3Be/ieHNEe BEKTOPOB B KOOPAUHATHOI opme
CkansipHOo€ NMPOU3BEAECHUE JBYX BEKTOPOB PAaBHO CyMME MAapHBIX MPOU3BEIE-
HUW UX OTHOMMEHHBIX KOOPJNHAT:
d-b=apb, + a,b, + azb;.
VYros Mexly BEKTOpaMH OTIPEIEISAETCS BEIPAKECHUEM
aybj+ayby+ashs
alje

— 2, 2 2 " 2,12, 12
rae ‘a‘z\/al +a5 +a; u ‘b‘qubl +b5 + b5 .
JI71 OpTOrOHANBHBIX BEKTOPOB BBITIOJIHAETCS YCIOBUE:
II1. HanpaBasilouue KOCUHYCbl BEKTOPa
ITycTe man BEkTOp Ez’(al;az;a3). O603HauMM yTJbI HAKJIOHA ATOTO BEKTOpa K

b

cosQ =

ocsim Ox, Oy, Oz COOTBETCTBEHHO @, f, ¥.

Tpu uncna cosq, cosf, cosy NIPUHATO HA3BIBATH HANPABIAIOUWUMU KOCUHYCAMU
BEKTOpa a .

T.x. ai, ay, az ABIAIOTCS IPOSKIMUSIMU BEKTOpa d HA KOOPAMHATHBIE OCH, TO

a :‘Zi cosa ; a, :‘Zi‘cosﬁ; a, :‘Zi‘cosy.
Otkyna,
cosa =a—j; cosﬁza%; cosy =a73.
@ @ a

CymMa KBaJpaTOB HaIpaBJISIOUIMX KOCHUHYCOB JIIOOOTO HEHYJIEBOTO BEKTOpa paBHA
€AVHULE, T.C.

cos’ o+ cos’ B+ cos®y= 1.

IV. BekTropHoe npousBeaeHue IByX BEKTOPOB U €r0 OCHOBHbIEC CBOMCTBA

—

Bexmopnbim npoussedenuem BEKTOpa d Ha BEKTOP b Ha3bIBaeTCS HOBBIM BEK-
TOp ¢, 0603HAYACMBIi CUMBOTOM & =d x b ([d@;b ]), ¥ OnpesenseMblii CITy Iy OMIME
TpeMsl YCIIOBUSIMHU:
1. Momynb BeKTOpa ¢ paBeH IUIOIIAIU TapajuieJorpaMMa, TOCTPOSHHOTO Ha BEKTO-
pax @ u b (TOCIE COBMEIICHUS UX HAYa), T.e.

‘E‘ = ‘[Ez’;l;] = ‘Zi‘ : ‘l;‘sinqo , TII€ @ - YroJl MEXAYy BEKTOpamMu d 1 b;

—

2. BCKTOP ¢ NCPHCHAUKYIISPCH IIIOCKOCTH 3TOTO IapaJIJICIIOTrpaMMa,
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3. BCKTOP ¢ HaIIpaBJICH B Ty CTOPOHY OT ATOM IIJIOCKOCTH, YTO €CJIU CMOTPETH U3 €T0

KOHIIa, KpaT4alilinii TOBOPOT OT BEKTOpa d K BEKTOpPY b coBepiuajcs Obl MPOTUB Ya-
COBOM CTPEJIKHU.
V. ®u3n4ecKui CMbICJ BEKTOPHOI'0 NIPOM3BEACHUS
CBouM MpooOpa3oM BEKTOPHOE MPOU3BEICHHUE JIBYX BEKTOPOB UMEET B MeXa-
HUKE ONEPALNIO OTHICKAHHMSI MOMEHTA CHJIBI OTHOCUTEIBHO TOUYKH.
VI.CBoiicTBa BEKTOPHOI0 NIPOU3BEACHUS
1. Va,b,axb=-bxa;
2. Va,axa=0;
3.Va,b,¢,(a+b)xe=(axc)+(bxc)
4.YAeR,Va,b,(A-d)xb=adx(Ab)=2(axb)
VII.CmemanHoe npou3Be/ieHNe TPeX BEKTOPOB U ero OCHOBHbIE CBOMCTBA
Cuewannvim npoussedeHuem TpeX BEKTOPOB d, b , ¢ Ha3bIBaeTCs MPOU3BEIEL-

HUE 0003HavYaeMblii CHMBOJIOM (Ei x b ) C , TJIe JIBa MEPBBIX BEKTOpA MEPEMHOKAIOTCS
BEKTOPHO, a UX BEKTOPHOE MPOU3BEICHNE YMHOXKAETCS CKAISIPHO Ha TPETUH BEKTOP.

CwMmeliaHHOE MPOU3BENIEHUE TPEX BEKTOPOB HA3BIBAIOT BEKTOPHO — CKAJISIPHBIM
npousBeneHueM. CMeIIaHHOE NMPOU3BEAECHNE — BEJIMUMHA CKAJISIpHAs, T.K. IOCIEIHEE
BBITIOJIHSIEMOE JICHCTBUE €CTh CKAJISIPHOE YMHOKEHHE.

CMmeliaHHOe MPOU3BEIEHUE TPEX BEKTOPOB PaBHO 00bEMY MapaluielienuIiea,
MOCTPOEHHOTO Ha 3TUX BEKTOPaX, B3SITOMY CO 3HAKOM IUIIOC, €CJIM 3TU BEKTOPHI 00-
pa3yloT MpaBylo TPOHUKY U CO 3HAKOM MUHYC, €CJIM OHU 00pa3yloT JIEBYIO TPOMKY.

VIII. CBojiicTBa CMEIIAHHOIO NIPOU3BEACHUSA
1. CMmenianHoe MpoOU3BEACHNUE HE MEHSIETCS MPU IUKINYECKON MEPECTAHOBKE €ro CO-
MHOXKUTEJICH, T.€.

(&'xl;)-5=(l;x5)-&'=(5x5)-l;;
2. Ilpu mepecTaHOBKE JBYX COCEIHMX MHOXKUTEJIEH CMEeIIaHHOEe MPOU3BEJCHUE Me-
HSIET CBOM 3HAK Ha MPOTHUBOMOJIOXKHBIH, T.€.

ibé=-badc;

3. CmemanHoe mpousBefeHue oOpamiaercst B HyJb, €CIM TPU NEPEMHOKAEMbIX BEK-
TOpa, KOMIUJIAHAPHBI, WJIH, €CJIU d b= 0, TO BEKTOpHI a, b , ¢ KOMIUTaHAPHBI.

IX. leTepMHHAHTBI BTOPOI0 M TPeThero mopsiakos. MuHop. Aaredpaunye-
CKOe JO0MOJTHEHHUE

Jlsist BbIpa)keHUs BEKTOPHOTO NMPOU3BEICHUS Yepe3 KOOPIAUHATHI COMHOXKHTE-
Jel ynoTpeOastoTcs I€TEPMUHAHTHI BTOPOTO U TPETHETO MOPSIAKOB.

Onpedenumenem 6mopozo nopsoka COOTBETCTBYIOLIUM MaTpHUIle BTOPOro IMO-
psiZIKa, HA3bIBAETCA YUCIIO, PABHOE d)1dy) — dz1d12. O003HAUaeTCs

‘A‘ = B apdzz — ddiy.

dy dp

OIeMEHTBI MaTpHUIbI A Ha3BIBAIOTCA dJIEMEHTAMH OIIPCACIUTCIIA ‘A , JJICMCHTHI 411,

dry — 06pa3y10T TIaBHYIO JUaroHalib, a 3JICMCHTHI dp1, d12 — HO60"IHYIO.
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Onpeodenumenem mpemvezo nopsi0OKa COOTBETCTBYIOIIUM KBaJApaTHON MaTpHUIe
TPEeThero nopsijika A, Ha3bIBa€TCA YUCI0, 0003HAYAEMOE CUMBOJIOM U PaBHOE:

app dip dps

‘A‘= Ay Ay Ay3|=aA11422a331A120230317021032013-A13022031-21A 12033~ A11032073.

dz; dzp dsg

Munopom Kakoro-iubo 3JIeMEHTa OINPEACIUTEIS HA3bIBACTCS OINPEICITUTEb,
MOJIYYCHHBIA M3 JTAHHOTO BBIYCPKUBAHHUEM TOW CTPOKH M TOTO CTOJOIA, KOTOPBIM
MIPUHAICHKUT 3TOT DJICMECHT.

Aneebpauyeckum oononneHuem SIEMEHTA a;; ONPEEITUTEIS ‘A‘ Ha3bIBAETCS

ero MUHOP, B3SThI co 3HaKoM (- 1)'” B 0603HaYeHNH Ai=(- 1)i+j]\/[,-]-.

Onpenenurenb paBeH CyMME NMPOU3BEICHHUM 3JIEMEHTOB KaKOW JIMOO CTPOKHU
(cTonb1a) Ha UX aNreOpandecKue TOMOTHEHUS.

X. BoipajkeHue BEeKTOPHOIr0 NMPOU3BeAeHNsI Yepe3 KOOPANHATHI MepeMHO-
’KaeMbIX BEKTOPOB

— —

i ]k

—

—

C_i X b - al aZ a3 .
bl bZ b3

XI. BpIpakeHue CMELIAHHOIO IMPOM3BEICHHUS Yepe3 KOOPAMHATHI Iepe-
MHOKA€MbIX BEKTOPOB

a a, as
abc=\b, b, byl
;. €y Gy

Tema 3. AHanuTHUYECKas: TEOMETPHS B IPOCTPAHCTBE: TUNIOCKOCTh; IIpsiMast JIu-
HUS B IPOCTPAHCTBE; TOBEPXHOCTU BTOPOTO Mopsiaka — 4 .
§1. ILitockocTh
I. ITonsiTHe 00 ypaBHEHNH NMOBEPXHOCTH
MHOXecTBO BceX TOYEK MpocTpaHcTBa Oxyz, KOOPAWHATHI KOTOPBIX X, ), Z
YAOBJIETBOPSIOT YPABHEHUIO
Fx,y,2z)=0 (1)
onpezenseT B npoctpaHctBe Oxyz Hexomopyro nosepxrocms. YpaBHeHue (1) Ha3bl-
BAETCSl YPAGHEHUEM MOl NOGEPXHOCMU, d X, V, Z — ee MEKYWUMU KOOPOUHAMAMU.
T.o., m06ast MOBEPXHOCTh, paccMaTpuBaeMasi Kak T€OMETPUUYECKOe MECTO TO-
YeK, U300pakaeTcsi ypaBHEHUEM MeXAy KoopauHatamu ee Todek. O6patno. Jlroboe
YpaBHEHHE MEXIY MEPEMEHHBIMHU X, J, z, ©300pakaeT MOBEPXHOCTh Kak TeoMeTpuye-
CKO€ MECTO TOYEK, KOOPAUHATHI KOTOPBIX EMY YAOBJIETBOPSIOT.
W3 U3J105)KEHHOTO BBITEKAET ITIOCTAHOBKA JIBYX OCHOBHBIX 33/1a4, PELIACMBIX B
AHAJINTUYECKOW T€OMETPUU B IPOCTPAHCTBE:
1. mana moBepXHOCTH Kak I.M.T. COCTaBUTh YPaBHEHHUE 3TOU MMOBEPXHOCTH.
2. aHO ypaBHEHHE MEX]y KoopJauHaTaMu X, y, z. MccaenoBath popMy moBepx-
HOCTH, OIPEIEIISIEMON 3TUM YPABHEHUEM.
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II. YpaBHeHUE IJIOCKOCTH, MPOXOASLIEHd Yepe3 JaHHYI0 TOYKY M NepIlieH-
TUKYJISIPHOM K JAHHOMY BEKTOPY

Bektop 7 nepneHAUKYJISpHBIA K TUIOCKOCTH HA3bIBAETCS €€ HOPMAIbHbIM
BEKMOPOM.

Alx=x))+ B(y = y;)+ Clz —2)=0 )

VYpaBHenue (2) u ecTb ypaBHEHHE UCKOMOM MIIOCKOCTH, rae A, B, C - xoopau-
HAaTbhl BEKTOPa NEPNEHAUKYJIAPHOTO MIIOCKOCTH; X1, V|, Z] — KOOPAWHATHI JAHHOW TOY-
KM, JIEJKAILEW B INIOCKOCTH; X, ), Z — TEKYIIIUE KOOPIUHATBHI.

II1. O0mee ypaBHeHue nmiockoctu. McciaegoBanue ero ocodbIx ciayyaen

VYpaBHEHHE IEPBOM CTENIEHU

Ax+By+(Cz+ D=0 3)
Ha3bIBACTCA 00WUM YPaBHEeHUeM NIOCKOCMU.

Ob61iee ypaBHeHue (3) HA3BIBACTCS MOJIHbIM, €CIH BCE €ro KodhPuuueHTsl A4,
B, C otnuunbl oT HysA. Eciu XoTs Ob1 OAMH U3 yKa3aHHBIX KOA(G(UIIMEHTOB paBeH
HYJII0, TO ypaBHEHHE (3) HAa3bIBACTCS HENOIHbIM.

IV. YpaBHeHHe NIOCKOCTH B OTpe3Kax

YpaBHeHuUE BHUa

{ + X + E =1

a b c
Ha3bIBalOT YPAaBHEHHUEM IIJIOCKOCTH B OTPE3KAX.

V. HopmaiibHO€ YpaBHEHHE IJIOCKOCTH

YpaBHeHUE BUIa

xcosa + ycos B+ zcosy —p=0
Ha3bIBAETCS HOPMAJIbHBIM YPaBHEHHEM IIJIOCKOCTH.

VI. PaccrosiHue OT TOYKH 10 IVIOCKOCTH

dopmyna paccTosiHusL OT TOUYKU Mo(Xo; Vo; Zo) MO IUIOCKOCTH ONIpenensercs
BBIPA)KEHUEM

d= xocosa+yocosﬂ+zocos;/—p‘.

VII. Yroa mexay AByMs IVIOCKOCTAMHU. Y CJIOBHSA NaPAJICJIbHOCTH U Nep-
NEeHAUKYJISIPHOCTH ABYX INIOCKOCTEMH

VYroa Mexay AByMsl TNIOCKOCTSMHU MOXHO HalTH 1o popMyrie

COSQ = _’?1 -112 .
IRy

§2. Ilpsimasi B IpoCTpPaHCTBE

I. ITonsiTue 00 ypaBHEeHNH JTHMHUHA

JIto0yto nTUHUIO B MPOCTPAHCTBE OylleM paccMaTpuBaTh Kak r€OMETPUUYECKOE
MECTO TOYEK MEePEeCeUCHUs] HeKOTOphIX moBepxHocten. [lycts Fi(x, y, z) = 0 u F(x, y,
z) = 0 — ypaBHEHUsI HEKOTOPBIX MOBEPXHOCTEH, TOI/1a CUCTEMA ypaBHeHUH Fi(x, y, z)
=0 u F(x, y, z) = 0 onpenensieT HEKOTOPYIO JTUHUIO, T. €. JUHUS B MPOCTPAHCTBE OII-
penensiercsa B 1€KapTOBBIX MPSIMOYTOJIBHBIX KOOPAUHATAX CUCTEMOU IBYX YpaBHEHHUI
C IEPEMEHHBIMH X, ), Z.

II. O0uee ypaBHeHHre NPAMOii B IPOCTPAHCTBE

Cucrtema nByX ypaBHEHUH MEPBOM CTETIEHU
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B KOTOPO#H KOA(PPHUIUEHTHI MIPU X, Y, Z HE MPOTMOPIIHOHAIBHBI, OMPEICIIAIOT HEKOTO-
PYIO IIPAMYIO JIMHUIO, KaK JIMHUIO TICPCCCUCHUSA ITUX IJIOCKOCTEN W Ha3bIBAIOTCS 06—
WUMU YPABHEHUSIMU NPIMOLL 8 NPOCMPAHCMEE.

II1. KanoHM4YecKHe ypaBHEHUA NPAMOI B IPOCTPAHCTBE
YpaBHeHUE BHUa

X~ X :y_yO :Z_Zo
m n P
BBIpa)KaeT OO0Iee CBOKWCTBO BCEX TOYCK, JICKAIIUX HA MPSIMOM, POXOJAIIEH depes
TOUKY A(Xo; Vo; Zo), MapaJieIbHO BEKTOpY V =(m,n, p) (HANpaBIAIOIIEMY BEKTOPY

NPsIMOi) U HA3bIBAECTCA KAHOHUYECKUM YPAGHEHUEM OAHHOU NPAMOLL.
IV. IlapameTpuyeckue ypaBHeHUs] NPAMOM
YpaBHeHUs BUAA

X=X, + mt,
Y=Yy, tnt,
z=z,+ pt,

Ha3bIBAIOTCS NAPAMEMPULECKUMU YPASHEHUAMU NPAMOU.

V. BekTopHOoe ypaBHeHUE NIPAMOH

YpaBHeHuUE BUIa

F=r, +vt,
IIe 7, - Pagiuyc BEKTOp TOYKH, 4Yepe3 KOTOPYIO NPOXOAUT IpsMas; ! - YACIOBOU
MHOXXHMTENIb U MOXET NMPUHUMATH JI00bIE 3HAUYEHUS B 3aBUCUMOCTH OT IOJIOXKEHUS
TEKYIIEW TOYKU Ha MPAMOW; V - HANPABISIIOIIANA BEKTOP MPSAMOM; HA3bIBAETCS GeK-
MOPHBIM YPAGHEHUEM NPAMOI.

VI.¥Yroa Mexay npsiMmbIMH, yCJI0BHE Napa/JIeJJbHOCTH U NEePHEeHAUKYJIAP-
HOCTH JIBYX HPSAMBIX

3a yroj M1y ABYMS NPSIMBIMU NPUHUMAIOT OJWH U3 ABYX CMEXKHBIX YTJIOB,
KOTOpble 00pa3yloT MpsMble, MPOBEJACHHbIC MAapauIebHO JaHHBIM 4Yepe3 KaKylo-
HUOYJb TOUKY MpocTpaHcTBa. OAMH U3 3TUX CMEKHBIX YIJIOB PaBEH YTy MEXAy Ha-
MPABJSIOIINMU BEKTOPAMU ATUX HPSIMBIX.

§3. IloBepxXHOCTH BTOPOI0 NMOPSIAKA
I. Danunconna
Danuncoudom HaA3BIBAETCS IMOBEPXHOCTb, ONpenesieMas B MPSMOYTOJbHOU

cucreme koopauHat Oxyz ypaBHEHHUEM
2 2 2
Xyt oz
—toat—5=L
a b c

HA3bIBAEMbIM KAHOHUYECKUM YpasHeHuem dnuncouda. Beanuunsl a, b, ¢ Ha3bIBaIOT-
csl noayocamu snauncouda. ViccnenoBanye ypaBHEHUS! M TOCTPOEHUE HILTUTICOUIA.
II. OgnomosiocTHOM runep6o0ua. JABynosocTHON runepo010u1
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Oounononocmuulm 2unep6010u00M HA3BIBAETCA MMOBEPXHOCTD, ONpeesemMas B

HpHMOYFOJIBHOﬁ CUCTCMC KOOpANWHAT Oxyz YpPaBHCHUCM

2 2 2
x° oyt oz

PR S
HA3bIBAEMBIM KAHOHUYECKUM YPAGHEHUeM OOHONOIOCMHO20 2unepbonouda. Benndn-
HBI @, b, ¢ HAa3BIBAIOTCS NOIYOCAMU OOHONOIOCMHO20 2unepoorouda. ViccnenoBanue
ypaBHEHUS U MOCTPOSHUE OAHOIMOIOCTHOTO THITIEPOOIOnIa.

Heynorocmuviv eunepoosioudom Ha3bIBACTCs MOBEPXHOCTH, OMpeesieMas B

HpHMOYFOJIBHOﬁ CUCTCMC KOOpANHAT Oxyz YpPaBHCHUCM

2 2 2
x°yT oz

I A |
2 2 2
a b C
HA3BIBAEMBIM KAHOHUYECKUM YPABHEeHUeM 08YNOI0CMHO20 eunepbonouda. BemnauHbl
a, b, ¢ Ha3pIBAKOTCS noayocsamu. ViccaenoBanue ypaBHEHHS U IIOCTPOCHUE TIOBEPXHO-
CTH.

b

1. DnaunTuyeckuii napadonaoua. 'mnepooanyeckuii napadoaous.
Dnpunmuyeckum napaboioudom Ha3bIBACTCS TOBEPXHOCTH, OINpeaelsieMas B
NPSIMOYTOJIBHOM crcTeMe KoopAauHaT Oxyz ypaBHEHHUEM
2 2
X Y
zZ = —2 + —2 5
a” b
HA3bIBAEMBIM KAHOHUYeCKUM ypasHeHuem. ViccnenoBannue ypaBHEHUS U TIOCTPOSHUE.
T'unepbonuueckum napabonrouoom Ha3bIBACTCS MOBEPXHOCTH, ONpeesseMas B

MPSAMOYTOJIHOM cUcTeME KOOpIUHAT OX)yz ypaBHEHUEM
2 2
X Y
= T
a” b
Ha3bIBAEMBIM KaHOHUYecKuM ypaenenuem. ViccnenoBaHnue ypaBHEHHUS U TOCTPOCHUE.
IV. Dununruyecknit uuauuap. [Mapadoaunyecknit uuauuap. I'mnepo6osiu-
YeCKUU UMJIHHIAP
Lununopwsr BTOPOTO MOPSIIKA ONPENETAIOTCS B IPSIMOYTOJIBHOM cucTeMe KOop-

nuHat Oxyz ypaBHEHUSAMMU:

2 yz
a) — 5= 1 - snnunmuyeckuil yurunop;
a b
2 2
b) - b—z =1 - eunepboruueckuit yurunop;

¢) y? =2 px - napabonuueckuti yunurop.

V. Konyc BTOpOro nopsiika
Komnycom emopozo nopsioka, Wi, KOHycom, Ha3bIBA€TCsl MOBEPXHOCTb, OIpPE-
nensiemMasi B IpsIMOYTOJIbHOM cucteme KoopauHaT Oxyz ypaBHEHUEM
2 2 2
x° yT oz

2T 2T T2
a b C

Tema 4. [IpeoOGpazoBanust MIOCKOCTH. — 4 Y.
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[IpeoOpazoBaHus MIOCKOCTU: OTOOpaKEHUsI U MPE0Opa30BaHUsl; OPTOrOHAJIb-
HbIe peoOpa3zoBanust; ahGuHHBIE TPEOOPA30BAHUS.

Tema 5. CucreMbl TMHERHBIX YPABHEHUN U MaTPHULBL: IETEPMUHAHTHI; CUCTE-
MBI JIMHEHHBIX YPAaBHEHUI; paHT MaTPUIbl; AEHCTBUS C MaTpULAMHU — 6 U.

Martpuus! u aevicteus Hag HUMH. [loHstue matpunsl. HekoTopeie BUABI Mat-
pull. PaBeHCTBO MaTpul, CIOXKEHHWE MATpPUL. Y MHOKEHHE MATpULbI HA YUCIO. Y M-
HoxeHHe matpull. Ilepectanosku. IlonaTue onpenenurens nopsaka n. Onpenenure-
71 BTOpPOTo nopsanka. OnpenenuTesn TpeTsero nopsaaka. CBONCTBA ONPEIEIUTENCH.
[lonsiTue anredpanyeckoro AOMOJIHEHUS U MUHOpA U CBsI3b Mexay Humu. OOpaTHas
Matpuia. Paur Matpuiel. DineMeHTapHble peobpa3oBaHus Haa maTpuuamu. Cucre-
MBI JIMHEHHBIX YPaBHEHUN W UX HccienoBaHue. Gopma 3amucu CUCTEM JIMHEWHBIX
ypaBaenuil. Knaccudukamus cuctem. Teopema Kponekepa-Kanennu (o coBmecTHo-
CTH TPOU3BOJBHOM CHUCTEMBbI JIMHEWHBIX ypaBHeHUi). Merox [Maycca. @opmyib
Kpamepa. Pemiennie cucreM JMHEHHBIX YpaBHEHUN C MOMOIIBIO OOPaTHOM MaTpHUILbI.
CucTembl JINHEMHBIX OAHOPOAHBIX YPAaBHEHUM.

Cucmema nuHeUHbIX aneeopaudeckux ypasHeHuil, coaepxamas m ypaBHEHUH
U 1 HEU3BECTHBIX, UMEET CICAYIONIUN BU/:

WM B MaTpUYHOM 3anucu Ax = b,

rae

dyy dyp - Ay
dpy dpp ---dyy

A= - OCHOBHAsI MaTPHIlA CHCTEMBI,
Al Ay - Ay
X1

- Xy

xX= - CTOI0CI] HEN3BCCTHBIX,
xn
b,

- b,

b= - CTOI0€1] CBOOOIHBIX YJIEHOB.
b

Marpuny
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ay  dp ay, | b
~ | @ an . ay, | b
A=

A, Qpy - Ay, | D,

HAa3bIBAIOT PACUUPEHHOU MAMPUyeti CUCeMbl.

Cuctema JTMHEWHBIX aire0pandecKuX ypaBHEHUM HA3BIBACTCS NPAMOY20lbHOU,
€CIIu m # N, U KBaJIPaTHOM, €CIIU m = 1.

Cuctema JIMHEHHBIX anreOpanyecKuX YpaBHEHHUM HA3BIBACTCS OOHOPOOHOU,

ecmu b =0, T.€., ecid  cTOIOEI] CBOOOIHBIX YJIEHOB COCTOUT U3 OJIHUX HYJICH.
Cuctema JIMHEWHBIX alreOpandecKuX YpaBHEHUN HA3bIBACTCS HEOOHOPOOHOU,

ecu b #0.

Cuctema JTUHEWHBIX aNreOpanuecKuX YpaBHEHHM HA3bIBACTCS COBMECHMHOU,
€CJIM OHAa UMEET XOTs OBl OJHO pelieHrne, W HEeCOBMECTHOM, €Clih OHA HE UMEET HU
OJIHOTO PEIICHMUS.

CoBMmecTHas cucTeMa JIMHEWMHBIX alreOpanuecKux YpaBHCHUN Ha3bIBACTCS On-
pedenerHol, eCIi OHA UMEET TOJIbKO OJIHO pellieHHuEe, U HEONpPEeACICHHOM, eClii OHa
nMeeT 0osiee OJTHOTO PEIICHHUS.

COBMECTHOCTh CUCTEMBI MOXKET OBITh OIpeJieSieHa C TOMOIIbI0 TeopeMbl KpoHekepa-
Kanemm.

Teopema. {151 Toro , 4T0OBI cCTEMa OblJIa COBMECTHA, HEOOXOIUMO U JIOCTa-
TOYHO, YTOOBI PaHT MATPHUIILI CUCTEMBI PABHSIICS PAHTY PACIIUPEHHON MATPHIIBI.

Ecnu paHr maTpuibl CUCTEMBI PaBEH pPaHry PACHIMPEHHOW MAaTpHULbL, T.€.

rgA =rgA, TO paHT MaTpULbl CACTEMBI HA3bIBAIOT PAH2OM CUCINEMDL.

3ameuanne. Eciii paHr cCUCTeMBbl paBEH YUCIYy HEU3BECTHBIX, TO CUCTEMa OIl-
penenéHHasl.

Teopema (Kpamepa). Eciiu mMarpuiia kBajpaTHONH CHUCTEMBbl HEBBIPOXKJICHHAS,
TO CHCTEeMa OIpeeIICHHAS.
B aToM cnydae pelieHre CUCTEMBI MOXKET OBITh HaeHo o Gpopmynam Kpamepa.

Teopema. Ecnu panr oJTHOPOJIHOM CHCTEMBI MEHBIIIC YKCia HEU3BECTHBIX, TO
Takasi cucTeMa UMeeT (yHJAaMEHTaAIbHYI0 COBOKYIHOCTH PEIICHHM, COCTOSIIYIO U3
n—r PEeuieHuM, Ii€ 1 —YKUCIIO HEU3BECTHBIX, 7 — PAHT CHUCTEMBI.

COBOKYIHOCTh PEIICHUI OJTHOPOJHOM CUCTEMBI HA3bIBACTCA (DYHOAMEHMANb-
HOIi, €CIIA BBITIOJIHAIOTCS /IBa YCIIOBUSL:
1) aTa COBOKYIMHOCTH JINHEHHO HE3aBUCUMAS;
2) moboe pelreHre OJHOPOIHON CHCTEMBI MOXKET OBITh JUHEWHO BBIPAXKEHO uepes
3Ty COBOKYITHOCTb.

JJieMeHTapHbIe NPe00Pa30BAHUA CUCTEMbI JTMHEHHBIX YPABHEHHA:
- IEpPECTaHOBKA JIFOOBIX ABYX YPaBHCHUM;
- YMHOKE€HHE 00euX yacTel 0JIHOr0 ypaBHEHUS Ha JIF000€ YUCIIO OTIMYHOE OT HYJIS;
- npubaBiieHHe K 00€UM YacTsIM OJIHOTO YpaBHEHHUS COOTBETCTBYIOIIUX YaCTEH Npy-
roro, yMHOK€HHBIX Ha JIt000€ YHCIIO.
DneMeHTapHbIe MPe0Opa30BaHMs IEPEBOAAT JAHHYIO CUCTEMY B SKBUBAJICHTHYIO.
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Merton I'aycca perieHuss CUCTEMBI JIMHEWHBIX YPABHEHUNW COCTOUT B TOM, YTO
C IIOMOIIBIO AJIEMEHTApHBIX NpeoOpa30BaHUil IOCIET0BATENIBHO UCKIIIOYAKOTCS HEN3-
BECTHbBIE, U IaHHAsI CUCTEMA IIPEBpAILAETCA B CTylleH4aTyto. [IpuBoauTs Kk cTyneHya-
TOMY BHJly YI0OHEe HE caMy CUCTEMY, a €€ PacCIIMPEHHYI0 MATpPHUILY, BBITOJHSS BCeE
peoOpa3oBaHus Hajl €€ CTPOKaMU.

®opmyasl Kpamepa. Penienue HEOTHOPOAHON CHCTEMBI # YPABHEHHUU C 71
HEU3BECTHBIMM, MMEIOLICH HEBBIPOKICHHYIO OCHOBHYIO MATPHUIly CUCTEMBI, HAXO-
auTcs o popmynam

Aj
x, =—,j=12...n,
J A J

rae A =detA - onpenenurenb CUHCTEMBI; A ;- ONPEACIUTEIb MATPHIIBI, MOJTyYae-

MO U3 OCHOBHOM MaTpHIIbl CUCTEMbI 3aMEHOU €€ j -ro cToi01a cToa01oM cBoOOA-
HBIX YJIEHOB.

ITpumepsl

1. PemuTh cucremy ypaBHEHUI

Pewenne. bynem pemate metonoM ['aycca. Beinuiem paclimpeHHY0 MaTpuUIly CHUC-

TeMbl U TIpeolOpazyemM e€, BhIUMTas MEPBYIO0 CTPOKY, YMHOXEHHYIO Ha 2, 3 U 1 cooT-
BETCTBEHHO U3 2-0M, 3-eii 1 4-0i CTPOK:

2 -1 1] 3 1 2 -1 +1 3 1
- 4 -2 -1 1 5 N 0O 0 (1 -5 3
6 -3 -1 -1 9 0 0 |2 -10 6
2 -1 2 -12 10 0 0 3 -15 9
Jlanee BTOPYIO CTPOKY, YMHOXKEHHYIO Ha 2 U 3, BBIUTEM COOTBETCTBEHHO W3 TPETEH U

YETBEPTOU CTPOK:

2 -1 -1 3 1 2 -1 -1} 3 1
0 0 1 - 3 0O 0 1|-5 3
0 0 2 -1D0 6 0 0 0] 0 O

O 0 3 -15 9 O 0 0"0 O
[Tocnennsiss MaTpuila S5KBUBaJICHTHA CIAEAYIONIEH CTYIIEHYaTON CUCTEME:
2x1 _xZ _X3 +3X4 =S 1,
X3 - SX4 =S 3 .
[Tonyuennast ynpoméHHas CHCTeMa MpPEJCTaBiIsieT co0OH cHCTeMy M3 JBYX
ypaBHCHI/Iﬁ JJIA quBIpéX HCHU3BCCTHBIX. CHCI[OB&TCHBHO, JBa U3 HCU3BCCTHBIX MOKHO

BBIOpATh 3a TJIaBHbBIC, a JIBa - 32 CBOOO/IHBIE, Yepe3 KOTOPhIe OyaYyT BBIPAKECHBI TJIaB-
Hble. B KadecTBe IIaBHBIX HEU3BECTHBIX MOXKHO BBIOpATh JI00YIO Mapy, €ciid omnpe-
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JENUTENh, COCTABICHHBIN U3 KO3(PUIUEHTOB, CTOSIIMX Mepes] HUMHU, OTIUYEH OT
HyJs (O0a3ucHbIM MUHOP). B naHHOM 3a7ade B KayecTBE IIaBHBIX HEM3BECTHBIX MOXK-
HO BBIOpaTh X| ,X3.

ﬂeﬁCTBI/ITeJIBHO, OHpeIIeJII/ITeJIB, COCTaBHeHHBIﬁ N3 UX KOB(l)(i)I/ILII/IeHTOB, OTJIN-
YEeH OT HYJIA:
2 -1
13~
0
Tenepr U3 BTOpOro ypaBHEHMs BBIPa3UM X; 4€pe3 X,. 3aTe€M IOJACTABUM €r0 B IEp-

A =2=0.

BOE YpaBHEHHE U HAUJEM X| YEPE3 X,,X,. B urore nmosryynm
1 2

[lepemennble  x,,x, HOPUHUMAIOT  TPOU3BOJNbHbIE  3HadyeHus.  [lonoxus
X, = Ay, X4 = A4, OOIIIEE PELLIEHUE CUCTEMBI MOXKHO 3aIIUCaTh B BUJIE

1
x=| |z Ay
*3 54, +3
X4 14

2. Penmts ¢ ITIOMOIIBHO (1)0pMyJ] KpaMepa CUCTCMY ypaBHeHI/Iﬁ

xl +2x2 +X3 :4,

3x; =5x, +3x3 =1,
Penienue. Y66III/IMC$I, MpCKAC BCCTrOo, B TOM, YTO OIPCACINUTECIIb CUCTCMbI OTJIMYCH OT
HYJIA:

1 2 1
A=3 =5 3|=1-(5-21)-2-(-3-6)+1-(21+10) =33.
2 7 -1

BrruncnuMm teneps octaibHble, BXoAsme B popmynsl Kpamepa, onpeaenurenu:
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4 2 1

Ay =1 =5 3|=4-(5-21)-2-(-1-24)+1-(7+40) =33,
8 7 -1
I 4 1

A,=[3 1 3|=1-(-1-24)—4-(-3-6)+1-(24-2) =33,
2 8 -1
I 2 4

Ay =13 =5 1|=1-(-40-7)—2-(24—2)+4-(21+10) =33.
2 7 8

HOIICTaBI/IB IMOJTYUYCHHBIC 3HAYCHHA OHpCI[CHHTCJICﬁ B q)OpMy.HBI KpaMepa, HMEEM
Ay 33 A, 33 Ay 33
A 33 A 33 A 33

[IpaBUJIBHOCTH MPEACTABICHHOTO PEMIEHUS MOKHO IIPOBEPUTH MOJCTAHOBKOM 3Haye-
HUH X;,X,,X; B UCXOJHYIO CUCTEMY YPaBHCHUI.

3. UccnenoBaTh Ha COBMECTHOCTD M, €CJIM COBMECTHA, HAUTH OOLIEE U OJTHO YaCTHOE
pELLIEHUE CUCTEMBI YPAaBHEHUN

X —2xy +x3 =3,

X +3x, —x3 =1,

3x; +4x, —x53 =5.
Pemenue. IIpexne Bcero, ucnonb3ys reopemy Kponekepa-Kanemnu, onpenenum, sis-

JICTCA JIM JaHHasA CHCTCMa ypaBHCHI/Iﬁ COBMECTHOM. I[JIS[ 9TOI'0 BBIIIMIICM paclIn-
PCHHYIO MaTpuy CUCTCMbI

1 -2 1|3
A=|1 3 =111
3 4 -15

Beraucium BHavane paHT OCHOBHOM MaTpHuIbIL. BI/II[HO, 9TO MHUHOP BTOPOI'O IMOpsAaKa,
CTOHH_II/Iﬁ B JICBOM BCPXHCM YTy, OTJIMYCH OT HYJIA:

I -2
1

[locmoTpuM Temnepb, YeMy paBeH MUHOP TPETbEro Mopsaka (onpeaenuTesb) OCHOB-
HOU MaTpPHLbIL:

=3+2=5#0.

1 -2 1
A=l 3 —1=1-(3+4)+2-(-143)+1-(4=9)=0
3 4 -1

Takum 00pa3oM, paHT OCHOBHOW MaTpUIlbl paBeH IBYM - rg(A)=2.

Jlist ompejeneHus paHra pacUIMPeHHOW MaTpHUIbl HEOOXOIUMO BBIYHCIIUTD
enlé OJIMH, OCTABILMIICSA, MUHOP TPETHETO MOPSIAKA
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1 -2 3
A=l 3 1|=1-(15-4)+2-(5-3)+3-(4-9)=0
3 4 5

CrnenoBaTelibHO, paHT pacIIMPEHHON MAaTpUllbl TaKKe paBeH JIBYM -
rg(Z) = 2. 3HauuT, B COOTBETCTBUU C TeopeMoil Kponekepa-Kanennu paccmarpu-
BaeMasl cUCTeMa ypaBHEHUU coBMecTHa. [IpyHuUMas 3a He3aBUCHMBbIE TEpBHIE JIBA
ypaBHEHHsI, cojiepKalire 0a3uCHbIH MUHOP, UCXOJIHYIO CUCTEMY MOKHO NEpenucarh
B BUJIE

X —2xy +x3 =3,

X +3x, —x3 =1.

3/1ech IIIaBHBIMU SIBJISIIOTCS OTHOCSIIMECS K 0a3MCHOMY MUHOPY HEU3BECTHbBIE
X;,X,. Belpaxas nx depes x;, MOJIy4uM

Xy =——"), Xy =——.
5 5
910 06Luee PEIICHUEC, KOTOPOC MOKHO 3aIIMCaTh TAKKE B BUIC BCKTOp-CTOJI6I_Ia
5
2x, —2
Y == =
5
X3

YactHOE PCUICHUC TIOJTYYACTCA H3 06H.[CFO, cClIn IJid X3 BBI6paTB KOHKPCTHOC YH-
cloBoe 3HaueHue. [lycTh, HanmpuMep, x; =1, Torna B KayecTBE YaCTHOTO PEIICHUS
HMEEM

4. Haiitn (yHIaMEHTAIBHYIO COBOKYITHOCTD U 00IIEe pEIIeHNEe CHCTEMBI YPaBHEHUA
Penrenue. Brimmmem MaTpuny CUCTCMbBI U YIIPOCTUM eé C IMMOMOIIBIO IJICMCHTAPHBIX
Hpeo6pa30BaHI/II71, BbIUUTAA MCPBYHO CTPOKY, YMHOKCHHYIO HA 1,2 u 1 COOTBETCTBEH-

HO U3 BTOPOH, TPETbEU U YETBEPTOU CTPOK:
1 3 3 2 4 1 3 3 2 4

7 o 1 2 1 3
5 0O -1 -2 -3 -3
10 0 2 4 4 6

1 4 5
A=
2 5 4
1 5 7

N — W
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Tenepb BTOpyIO CTPOKY NPUOABUM K TPEThEH U €€ K€, yMHOXKEHHYIO Ha 2, BBIYTEM U3
YeTBEPTOU CTPOKHU, MOJIYUUM

1 3 3 2 4 1 33 2 4

1 3 3 2 4
o 1 2 1 3 01 2 1 3

~ ~ ~0 1 2 1 3
0O -1 -2 -3 -3 0 00 =20

0 00 1 O

0 2 4 4 6 000 3 0
Panr stou MaTpHuIbl paBCH TpeM CHCI[OB&TGJ'IBHO, TPHU HCU3BCCTHBIC ABJIAIOTCS I'JIaB-
HBIMH, a4 OBC - CBO6OJIHBIMI/I. BBI6CpCM B Ka4YC€CTBC TJIABHBIX X{,X5,X4. OT0 MOKHO

caenathb, T.K. MUHOP 3-To MopsJiKa, COCTaBICHHBIA U3 KO3(P(ULIUEHTOB NPU 3TUX HE-
M3BECTHBIX, OTJIMYEH OT HyJs. COOTBETCTBYIOIIAs MPEeoOpa30BaHHON MaTpulle CHC-
TEMa UMEET BU]L

x| +3xy +3x3 +2x, +4x5 =0,
Xy +2x3+ x4 +3x5 =0,
x, =0.
OrTcrona, BeIpaXkas IJaBHbIE HEM3BECTHBIE UEPE3 CBOOOAHBIE, IOJYyUYUM 00Iee pelie-
HUE
X, =3x3 +5x5,
Xy =—2x3 —3x5,
x4 =0.
Yro6sl 3anucath GyHIaMEHTaIbHYIO0 COBOKYMHOCThH pemieHuit (OCP), Heobxoanmo

X3 .

U3 BEKTOP-CTOJNOIA COCTABUTH JIFOOBIM CIIOCOOOM JIBa JIMHEMHO HE3aBUCUMBIX
X5

BekTopa. OOBIYHO 3TO JejaeTCs MyTeM 3aJaHus HCKOMOTO BEKTOP-CTOJOIA B BHUJIC

CTOJI6I_IOB CI[PIHI/I‘{HOﬁ ManI/II_IBI pa3Mep0M, paBHBIM BBICOTC CTOJI6Ha n3 CBO6OI[HBIX

HCU3BCCTHBIX. B JAHHOM cnyqae — 9TO ManI/II_Ia BTOpOFO HOpSII[Ka

1 0
0 1

IlpunaBast x;,X5 3HaUYEHHs U3 IEPBOrO M BTOPOIrO CTOJIOLOB 3TOM MATPHILBI, MOJY-
quMm OCP:

3 5
~2 -3
C,=| 1| C,=|0
0 0
0 1

[TockonbKy 0011Iee peleHrne CUCTEMbl €CTh CYyMMa JIMHEHHO HE3aBUCUMBIX pEIIEHUN
n3 ®CP, yMHOXKEHHBIX Ha MPOU3BOJIbHBIE KOAP(UIIMEHTHI, TO €r0 MOXKHO 3aIKCaTh
enl€ B CIEAYIOIIEM BUJIE:
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X 3 5 34, +54,

X, -2 -3 —2A4 =34,
X=x3 [=4C+4,C, =4 1 [+, 0 |= A

Xy 0 0 0

X5 Ay

Tema 6. JluHeiiHble NMPOCTPAHCTBA: TMOHITHE W MPUMEPHl JUHEUHBIX MPO-
CTPaHCTB; JIMHEWHbIE MOANPOCTPAHCTBA; JIMHEHHbIE TpeoOpa30BaHus; 3aa4ya 0 co0-
CTBEHHBIX BEKTOpax — 4 d.

[TonsiTue n — MmepHOTO apUDMETHUECKOrO MPOCTPAHCTBA. ba3uc n KOOpAUHATHI
B 71 — MEPHBIX apuPmMeTndecKux npocTpancTBax. [loHsITHE TUHEHHOTO MPOCTPAHCTRA.
[TonsiTue moampocTpancTBa. Matpuiia auHeiHoro oneparopa. CoOCTBEHHbBIE BEKTO-
pbl U COOCTBEHHBIC YMCJIa JUHEWHOro ormeparopa. Jluneinsle ¢opmbl. [loHsTue
KBagpaTudHoi Gpopmbl. [IpuBeneHne kBaaApaTUIHON (OPMBI K TJIABHBIM OCSIM.

Keaopamuunoii ¢popmoii n TEPEMEHHBIX X|,X,,...,X, ,JIPUHUMAIOLIINX YUCIIO-

BBIC 3HAUYCHM A, HA3BIBACTCs YN CJIOBAsA q)YHKI_II/ISI BUIAa

n n

2 2
Zi.zlaifxixf =a)X] T A1pX Xy + ot a,X X, T Ay XX FAypX) + ..
i=1j=

2
+ Ay, Xo X, ot A X, X F A X, X+ Ay, X,

T/ a;; - Yncna, Ha3piBaeMble KOO QUIMCHTAMH KBaJAPATHIHON (pOPMBI.

Mampuyeu keadpamuunoti ¢popmbl n NEPEMEHHBIX X|,X,,...,X,, Ha3bIBACTCA

no
CUMMETpHUUECKasi MaTPULA MOPAIKA 7, DJIEMEHTHI INIABHOM THAroHajau KOTOPOW COB-
najaoT ¢ KodhduireHTaMu Ipu KBajapaTax MepeMEHHbIX, a KaX]blil HeIHuaroHalb-

HBIN 2JIEMEHT, PACIOJIOKEHHBIA B [ —OW CTPOKE j—OM CTOJIOLe, PAaBEH MOJIOBUHE

K09 GUIMEHTA IIPU X, X ; B KBaAPATHIHON popme.

Panzom keadpamuunoti ¢popmsr Ha3bIBaeTCS paHr e€ MaTpuipl. KBagparuunas
dopMa MOKeT GBITH 3aricaHa B MaTpudHOM Bume f(X)=X'AX, rae A—wmarpuia
KBaJpaTU4YHOU (POPMBI U X = (X, X5,...X,, ).

KBaaparuunas ¢popma Ha3zbIBaeTCs KAHOHMYECKOW (MMeeT KaHOHMYECKHUI BU),
ecin ko3 uumenTsr a; =0 npu i # j, TO eCTh, €CIN MaTpHLA KBaAPATHIHON (op-

MBI THarOHAJIbHAS U, CIIEN0BATEIILHO,
- 2 2 2 & 2
S(X)=a;x; +ayx; +..+a,,x, =>a;x .,
i=1
rae He Bce KO3 (OUIMEHTH! @; paBHBI HYIIIO.

Teopema (Jlarpanxa). 1yis BCsiKOM KBaJpaTUYHOU (DOPMBI CYILIECTBYET TaKOU
0a3uc, B KOTOPOM KBajipaTUuHasi (opMa UMEEeT KAHOHUYECKUI BUJ.
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Hopmanvnvim 6udom keadpamuunoi (opmbl HA3bIBAETCS TAKOW KAHOHUYE-
CKUN BHJ, B KOTOPOM KO3 (ULMEHTHI NP KBaJapaTaX HEU3BECTHBIX (HE CUUTas HY-
JIEBBIX) PABHBI + 1.

KBagpatuunas ¢gopma f(X) Ha3pIBaeTCs MOJIOKUTEIBHO (OTPHULATENIBHO) OM-

penenéunoi, ecnu f(xX) >0 ( f(x)< O) npu Bcex X # (0 U MOJOXKUTETHHO (OTpHUIIA-
TEJILHO) TIoJIyonpeesieHHoM, eciu f(X) > 0 ( f(xX)< O) IIpHU BCEX X.

Teopema (kpurepuii CumibBectpa). Jlims Toro 4roObl KBajgpaTwuHas (opma
f(X) Oblna MOJIOKUTEIBHO OMNpeaeaEHHON, HEOOX0AUMO U JOCTATOYHO YTOOBI BCE

YIJI0BbIE MUHOPBI MAaTPUIBI KBAIPATUUHON (POPMBI ObUIM TMOJOKHUTENbHBI, TO €CTbh,
YTOOBI
A, >0,A, >0,...,A, >0.
3nech Aj,A,,...,A, - yII0Bble MUHOPBI MaTPHLbI KBaAPaTUYHON (OPMBI.
Caeacrue. [y Toro ytoObl KBajgipaTuyHas popma f(X) Obulia OTpULIATENHHO

onpeenéHHON, HE0OXOAUMO U JOCTaTOYHO, YTOOBI 3HAKU YTJIOBBIX MUHOPOB MaTpHU-
bl KBAJIPAaTUYHON (OPMBI YePETOBAIHUCH CIEYIOIIUM 00pa3oM:

A <0,A, >0,A; <0,....,(-D"A, >0.

IIpumepsl
1. TlpuBectu KBagpaTHUYHYIO (GOpPMY K KAaHOHHUYECKOMY BUIY MeTonoM Jlarpanxka u
3anMcarb COOTBETCTBYIONLIEE IPeoOpa3zoBaHue

Sy 22 2
L(X,X)=x; —x5 +3x5 +4x,x, +2x,x5.
Pemenue. Cnenys anroputmy Merona Jlarpanska, BblI€IMM BHaYale B KBaJPaTUYHON
(dopMe Bce YIIeHBI, COAEPIKAIIME X, U JOIOJIHUM UX JI0 OJHOTO KBaJpaTa:
2 2 2 2 2 2
CnenaeM B 9TOM BBIP@KE€HUH 3aMEHY )| = X| + 2X, W IOACTaBUM €ro B KBaJpaTH4-
Hyto ¢popmy. [omyunm:
_ 2 2 2
L=y; —5x5 +3x35 +2x,x5.
Hanee BplIeNMM B L YiI€HBI, COJEpXKALIUE X,, U IPOAEIAEM C HUMHM aHAJOTUYHYIO
IpoLEaYpY:

2 x2  x?
S 5X2 20X = =5 (X2 = xoxa 23 ) =
2 2X3 (x3 5 2B TS

2
= =5 (x,-0.2x3)% + %3

Ecimu nonoxuts y, = x, —0.2x;, To kBagpatuyHas Gopma yxe He OyIeT comepxkKaThb
CMEIIaHHbIX Npou3BeneHuil. [IpuMeM Taxke x; = y;, TOIa KaHOHUYECKUN BH]
KBaJpaTUIHOU (POPMBI €CTh
_ 2 2 2
L=y —=5y; +3.2y3.
CooTBeTCTBYIOIIEE MPEOOpPa30BaHUE OT MHEPEMEHHBIX X|,X,,X; K IEPEMEHHBIM

Y15YV2,YV3 HMCCT BU.
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2. Haiiti oproroHaibHOE MpeoOpa3oBaHUe, MPUBOJISINEE KBAIAPATHUHYIO (HOpMY K

KaHOHUYCCKOMY BUY, U 3aIIUCATH COOTB@TCTBYIOH_II/Iﬁ KaHOHMYECKUU BHU ITOU (1)Op-
MBI

) 2 2
L(X,X)=x{ +2x5 +2x35 +2x,x3.
Pemienne. B ucxomnom 6asuce é,,€,,€; MaTpula orneparopa, COOTBETCTBYIOIIAs
JaHHOM KBaJpaTU4HOU opme, ecTh

I 00
A=|0 2 1
0 1 2

Dta MaTpuiia OyIeT OmpenessaTh KBaApaTHUHy0 (OpMy KaHOHHMYECKOTO BHAA B Op-
TOHOPMHPOBAaHHOM Oasuce €,,€,,€3, COCTAaBICHHOM H3 COOCTBEHHBIX BEKTOPOB

Matpuubl 4. Haitnem ux.
XapakTepuCTUUECKOE YpaBHEHHUE sl MaTpUllbl A UMEeT BUJT
1-2 0 0
|[A-2-E[=| 0 2-2 1 |=0.
0 1 2-2
Ortkyna ciaenyer
(1-2)[2-2)*-1]=0 u A, =123 =3.

Kaxk n3BeCcTHO COOCTBEHHEIC BCKTOPBI MATPHUIIBI HAXOOATCA U3 ypaBHeHI/Iﬁ

(A-A-E)f =0.
Host cydast 4, , =1 umeem:
0 0 0) (e
(A-E)f=|0 1 1||a,]|=0.
0 1 1)\ s

PaHr matpuubl 3TOl cHUCTEMBl ypaBHEHUH (OTHOCUTEIBHO «;,d,,(;) PaBeH .

CnenoBarenbHo, @CP cucTteMbl COCTOUT U3 ABYX JUHEWHO HE3aBHCUMBIX PELICHHIA.
Kak BUIAHO U3 JAHHOU CUCTEMBI, BEJIMYUHA (; IPUHUMAET IIPOU3BOJIbHBIC 3HAUYCHUS,

a BEJIMYMHBI (,0t, CBSI3aHbl COOTHOLIEHHEM «, +a, =0. B kauecTBe cOOCTBEHHBIX
MO>KHO BBIOpATh, HAIPUMEP, BEKTOPbI

fl = (19090)9 f2 = (0919_ 1)
OTH BEKTOpBI OPTOTOHANBHBL: (f, f>) =0 (eciu Obl OHM OKa3aJIuCh HE OPTOrOHAJIb-
HBIMH, TO UX HY>KHO OBLJIO OBl OPTOrOHATU3UPOBATH C TOMOUIBIO CTAHJAPTHOU MPO-
nenypsl). Bekrop f; k Tomy ke u HopmupoBaH. Otkyna cienyer - ¢/ = f;. Hopmu-
pyeM Tenepb BEKTOP f:

- fZ 1 1

Sl
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st cityyast Ay =3 ypaBHEHHE, ONPEIENSIoNEee COOCTBEHHBII BEKTOP €CTh
-2 0 0 B
0 -1 1/{]pB,][=0.
0 1 -1)\ps
PaHr maTpuiiel 3TOM cucTeMbl ypaBHEHUN paBeH 2. CaeqoBaTeabHO, OHA UMEET OJHO
JIMHEMHO HE3aBUCHUMOE PEIICHUE, HAIIPUMED, f3 = (0,1,1). OTHOpMHpYEM ITOT BEKTOP:

. f 11

IR
Teneps MOXHO COCTaBUTh UCKOMYIO MATPUITY OPTOTOHAIBLHOTO MPE0Opa30BaHMUS:
1 0 0
0 - L
V2 42

Ncxonnas kBaapatudHas popma OyaeT UMeTh CIAeAYIONUA KAaHOHUYECKUN BU]T

2 2 2
L(y,y)=yi +y5 +3y3.
HpI/I 9TOM HepeMeHHme xl ,xz,x3 CBJA3AHEBI C HepeMeHHBIMI/I J’1»J’2»J’3 COOTHOIICHU-

eM
X 1 (1) (1) Y1
X, | =10 — —|- s
2 \/5 \/5 J’z
X3 0 1 1 V3
V22
Wi

1 1 1 1
X =V, Xy =ﬁyz +ﬁy3,x3 Z—Eyz +$J’3

3. IlocTpouth B MpSIMOYTOJILHOW CHUCTEME KOOpPJIMHAT (PUTYpPY, OMpEnesieMyto clie-
JYIOIIUM YpaBHEHHUEM, TIPEABAPUTEIHLHO MPUBE/S €T0 K KAHOHUYECKOMY BUJY

5x% +6xy+5y —16x-16y-16=0.
Pemenue. Beienum B 3TOM BbIpaK€HUM KBaApaTtuuHyio ¢opmy L(x,y). D10 TpH

IEPBBIX ClaracMbIX ypaBHeHUs L(x,y) = 5x2 + 6xy+5 y2 .
. 53 .
Martpuia kBaapaTudyHOM (GOpMBbI paBHA A = - [IpoBeném mpouenypy npube-

JIEHUS KBaJIpaTUYHON (HOPMBI K KAHOHUYECKOMY BHUIY C TTOMOIIBIO OPTOTOHAIBHOTO
npeobpazoBanus. XapakKTEPUCTUUECKOE YPABHEHUE MATPHUIII UMEET BU]
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5-4 3 |
30 5-4
Ero xopuu 1akoBel: 4, =8,1, =2.

Haiiném Teneph cOOCTBEHHBIC BEKTOPHI, COOTBETCTBYIOIIME ITUM KOPHSIM U OPTO-
HopmupyeM ux. Jlis Bektopa fl =(a;,a,), COOTBETCTBYIOLIErO A, =8, UMeeEM
= = -3 3\«
(A-AME)fi =(4-8E)f, =0, 1 =0,=a,=a,
3 -3\,

B urore coGCTBEHHBIN BEKTOpP, COOTBETCTBYIOIUN A, =8, MOKHO BBHIOpATh B BUJIE

]7 1
=)
AHanorudsas mpoiieaypa sl COOCTBEHHOTO BEKTOpa ]72 =(p,, ,) naér:

- - 3 3
(A—le)fz=(A—2E)fz=0a(3 J@}a: By =-P,

Otkyna:

- -1
f 2 = 1]
[Tociie HOpPMUPOBKHU MOJYYEHHBIX BEKTOPOB UMEEM:

. £ (1/\6} E,ZL:(—U&J
TR TA AN

OTH BEKTOPHI MPEACTABIAIOT COOONH OPTOHOPMHUPOBAHHBIN 0a3UC HOBOW CHCTEMBI KO-
opauHaT. Matpuna opToroHaJIbHOTO OIepaTopa, NPUBOASIIETO KBAIPATUUHYIO (Hop-

My L(x,y) = 5x% + 6xy + 5y2 K KAHOHUYECKOMY BUIY 8x'% + 2y'2 , ECTh

(U2 -2
V2 12

CBs3b cTapbiX (x,y) W HOBBIX (x',)') KOOpAMHAT OMPEICNISICTCS COOTHOIICHHEM

(xj_ /2 —1/42 (xj 1
o vz uz TR f” f f

VYuuteiBas MMPpUBCACHHBIC BBIPAKCHHA, HpI/IBeI[CM 3aIaHHYIO KBaAAPATUYIHYIO q)OpMy K
KaHOHHUYCCKOMY BHOY

1 1
5x2 +6xy+5y% —16x—16y—16=8x"> +2y'? — R
o ’ IR )

1 1
—16(—=x"+— 16=8(x"—~/2)% +2y' =32 =0,

N RN R

' 2 12
(x \/5) +y _1

4 16
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DT0 ecTh KAaHOHUYECKOEC YpaBHEHHE DJUIMIICA B CUCTEME KOOpIMHAT X', )’ ,KOoTOopas
MOJIy4aeTcsl U3 UCXOJHOM €€ MOBOPOTOM Ha yroi ¢ = 7 /41 MepeHOCOM Hayaia Ko-

OpAUHAT B TOYKY X, = V2, Yo =0.

Tema 7. EBKIMIOBBI U YHUTApHBIE MPOCTPAHCTBA: EBKIMI0BBI NPOCTPAHCTBA;
JTUHENHbIe peobpa3oBaHusi B EBKIMIOBOM MPOCTPAaHCTBE; MOHATHE 00 YHUTAPHBIX
MIPOCTPaHCTBaxX — 4 4.

Onpenenenue eBknuaoBa mpoctpaHcTBa. Martpuua I'pama. [InuHBI U yIiiblL
OproronansHOCTS. IIponecc oproronanusanuu. OproroHansHoe nonoiaHeHue. Opro-
rOHaJIbHAs MPOEKIHUs BEKTOpa HAa TOJAMPOCTPaHCTBO. M30MOppU3M €BKIMIOBBIX MPO-
ctpaHncTB. [loHssTHE 00 yHHTapHOM npocTpaHcTBe. JIMHEiHbIe omepaTopbl B €BKIIH-
JIOBOM IIPOCTpaHCTBE. JINHENHBIE ONIEPATOPHI B YHUTAPHOM IPOCTPAHCTBE.

MHO0eCTBO BEKTOPOB V' Ha3bIBACTCS BeujeCmBEeHHbIM JUHEUHbIM NPOCMPAH-
CcmeoM, €CIIM B 3TOM MHOKECTBE BBEACHBI ONEPALUU CIOXKEHUS JBYX BEKTOPOB (T.€.
Ka)XJIO Mape X,y € V' MocTaBleH B COOTBETCTBUE ONPEACIICHHBIA dJIEMEHT Z = X + )
U3 MHOXECTBa V') U YMHOKEHHSI BEKTOpa Ha BEIIECTBEHHOE YHUCIO (T.€. KaXKIOMY
BEKTOPY X € V' M NpOU3BOJIBHOMY YUCIY ¢¢ € R TIOCTaBJIEH B COOTBETCTBUE OIpEE-
JICHHBIA 3JIEMEHT Z =X W3 MHOXECTBa V'), U 3TU JABE OmNepaluu yAOBIECTBOPSIOT
CJIEIYIOLIUM aKCHOMaM:

) X+y=y+Xx a1 Vx,yelV;
2) X+ yY)+Z2=Xx+(y+Z) nna VX, y,Z €V;

—

3) BO MHOXeCTBE J CyliecTByeT HyIeBOil BekTop ( Takoi, 4ro X +0=X% ms
Vxel;

4) nist VX € V' Bo MHOXecTBE V' CyIIeCTBYET MPOTUBOIOJIOXKHBIM BEKTOp — X Ta-
KoM, uT0 — X+ X =0

5) ms VX € V Bemonnsercs 1-X =X

6) nns Vx,y eV u Va, S € R BbIOIHAIOTCS paBeHCTBA

a(f)=(ep )i ;
(o + B = ok + By ;
a(X+7)=ak +ap.
Apugmemuueckum npocmpancmeom R" Ha3bIBA€TCS MHOXKECTBO BEKTOPOB
{56 = (xl,xz,...,xn )‘ x;eRii=12,..,n }, B KOTOPOM ONEpALMM CI0KEHHUSI BEKTOPOB U
YMHOKEHUSI BEKTOpa Ha YUCJIO OMPEACIICHBI CICIYIONUM 00pa30M: €CIIH
aeR,x= (x]’x2""’xn)75} = (J/bJ’z»---aJ’n )9
TO
X+y= (x1 + V1, Xy F Voseenn X, +yn),06c’ = (oocl,oocz,...,axn).
Yr1Bepxaenue. MHOKXECTBO BCEX PEIICHUI OJHOPOJHONW CHCTEMBI 00pazyeT

JIMHEMHOE ITPOCTPAHCTBO.
Jluneiinou xomOuHayueu 6eKmopos Vi,...,V, Ha3bBaeTCi CyMMa BHJA

211 “_;1 ++2’k “_}k,
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rae Ay,...,A; - IPON3BOJIbHBIE YHCIIA.
YTBepxkaeHne. MHOXECTBO BCEX JIMHEHHBIX KOMOMHAIMI BEKTOPOB Vi,...,V;

o0OpasyeT JTUHEHUHOE MPOCTPAHCTBO.
Cucrema BEKTOPOB V,...,V, Ha3bIBACTCA JUHEUHO HE3A6UCUMOU, ECITH PABEHCT-

BO A -V +...+ A, -V, =0 BbImonHseTCSK TOMBKO TP A, =...= A, =0.
Yr1Bepxaenue. CucteMa BEKTOPOB JIMHEHHO HE3aBHUCHUMA TOTJA U TOJIBKO TO-
r/a, KOrjia HU OJMH U3 dTUX BEKTOPOB HE SIBJIACTCS JTMHEHHONW KOMOMHAIIMEH OCTab-
HBIX BEKTOPOB JaHHOUN CUCTEMBI.
Cucrema BEKTOpPOB V,...,V, Ha3bIBACTCS JUHEUHO 3A6UCUMOU, €CIIH CYIIECT-

BYIOT 4YHCJIa 2“] 9"'72“k , HC PaBHBIC HYJIIO OOAHOBPECMCHHO, ITPHU KOTOPHIX BLIIIOJIHACTCA

paBeHCTBO A, -V, +...+ A, -V, =0.

Yr1Bepxaenue. Cucrema BEKTOPOB V,,...,v, JUHEHHO 3aBUCHUMA TOTJA U TOJIBKO
TOTJa, KOTAa XOTs Obl OJJUH M3 dTHX BEKTOPOB SBIISCTCS TMHEHHON KOMOMHAIIMEH OC-
TaJBHBIX BEKTOPOB JJAHHOW CHUCTEMBI.

IIpumepsl
1. SIBnsArOTCS M TMHEHHO 3aBUCUMBIMH (HE3aBUCHUMBIMHU ) BEKTOPHI

a =(2,-3,1), a,=@3,-L5), a;=(1,-4,3).

Pemenue. [lo onpenenenuto nuHelHas 3aBUCUMOCTb MJIM HE3aBUCUMOCTH BEKTOPOB
YCTAHABIMBAETCS UCXO/SI U3 YCIOBUS PaBEHCTBA HYIIO JTMHEHHON KOMOMHALIMU 3THX
BEKTOPOB

o a,+0,d, +05a; =0
WIH B pPa3BEPHYTOM BHIE

oa+aya, +ozap; =0,

oAy +0AyAyy + 03053 =0,

o a3 +ayas, +0za33 =0,

Ecnu 5Tn paBeHCTBa BBIMIOTHSIOTCS MPHU YCIOBUH, YTO XOTS ObI OAMH U3 K0P PUIH-
€HTOB «;,0,,03 OTIAMYEH OT HYJIA, TO BEKTOPBI JINHEHHO 3aBUCHMBI. 3alHCaHHBIC
pPaBEHCTBA MPEJCTABISAIOT COO0M OJTHOPOJHYIO CUCTEMY JMHEHHBIX YpaBHEHUN OTHO-
CUTENIBHO KOO(PPHULUHUEHTOB |, ,,0;. ITa CUCTEMA UMEET HETPUBUAIIBHOE PEIICHUE
(T.e. peuieHue, B KOTOPOM HE BCE @ OJJHOBPEMEHHO PaBHBI HYJIIO) TOJIBKO MPH yCIIO-
BUU PaBEHCTBA HYJIO ONPEIEIIUTENs CUCTEMBI. B paccmarpuBaeMoM citydae orpeje-

JITEJIb CUCTEMbI PaBEH
2 3 1

A=|-3 -1 —4=2-(-3+20)-3-(=9+4)+1-(=15+1)=35=0.
1 5 3

Takum 06pa30M CUCTCMA UMCCT JINIIb TPUBUAJIIBHOC PCHICHUC N UCXOOHAA COBOKYII-
HOCTB BCKTOPOB JIMHEMHO He3aBHCHUMA.

2. Ilpu xakux A BEKTOp b= (7,—2,A) nuHENHO BbIpa)KaeTCs Yepe3 BEKTOPHI
a, =(2,3,5), a,=@3,7,8), a;=(,-6,1).
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Pemennie. Ilo ycnoBuio 3agauu Haa0 HAWTH Takue A, MPU KOTOPBIX BBITIOTHACTCS
PaBEHCTBO

WK B PA3BEPHYTOM BUJIE

Qa1 +0,a, +asza;; = by,

Q105 +Asay) +03ay; = by,

Qya3+0,as, +asa33 = b;.
3anKcaHHble COOTHOLIEHUS IPEACTABISIOT COOOM CHCTEMY HEOMHOPOAHBIX JIHMHEMN-
HBIX YpaBHEHHII OTHOCHTENBHO Q,X,,d; - KOI()OHUIMEHTOB JHHEHHONH KOMOWHA-

unu. B coorBercTtBHM ¢ Teopemoit Kponekepa-Kamnennu ata cucrema coBMECTHa, €c-
JIM paHT OCHOBHOM MaTpHIbl CUCTEMbI PABEH PAHTY PACIIMPEHHON MaTpullbl. Boinu-
[IEM PACIIMPEHHYIO MaTPUILY AJIs 3aJaHHBIX YCIOBUM:

23 1 (7
A=13 7 -6 -2
58 1 '2a

Chayana onpeaenuM paHr OCHOBHOM MaTpullbl. BUAHO, YTO OTIWYHBIE OT HYJS MU-
HOPBI BTOPOTO MOPSAJIKA B MAaTPULIE UMEIOTCS, HAIIPUMEP, MUHOP, CTOSIIIUMN B JIEBOM
BEpXHEM yriy. Beruncium Ternepb MUHOP TPETHETO Mopsiaka (OMpeaesIuTeNlb) OCHOB-
HOW MaTpPHUIbI

2 3 1
A=[3 7 —6/=2-(7+48)-3-(3+30)+1-(24-35)=0.
5 8 1

CnenoBaTeslbHO, paHI OCHOBHOM MaTpHIbl paBeH AByM. Takum o0Opa3oM, paccmar-
puBaeMas cucreMa OyJeT COBMECTHA, €CJIM PaHT PacIIMPEHHON MaTpUIlbl Takxke Oy-
JeT paBeH ABYM. i 3Toro HeoOXoauMo, YTOObI BTOPOM MUHOP TPETHEro MOpsIKa
pacIIMpEeHHON MaTpHUllbl OBbLI paBeH HYIIO, T.€.

2 3 7
3 7 =2/=0,
5 8 24

OTKYyZa clIeayeT

2:(TA+16)-3-3A+10)+1-(24-35)=0,

144 +32-94-30-77=0, 5SA =75, A =15.

baszucom nunetinoco npocmpancmea V Ha3bplBaeTCs JIMHEWHO HE3aBUCUMAs
cucreMa BEKTOPOB Vi,...,V, U3 V Takas, 4TO 000N BEKTOp M3 MIpPOCTpaHCTBA

MOJKHO IIPEJCTaBUTh B BUJIE JINHEIHON KOMOUHALIUU BEKTOPOB V...,V .
Paszmepnocmuio nunetinoco npocmpancmea V- Ha3pIBa€TCsS KOJIUYECTBO BEKTO-
poB B 6a3uce »Toro npoctpanctea. O6o3Havaercs dim V.
Yr1Bep:kaenue. ba3sucoM JMHEHHOIO NPOCTPAHCTBA PELICHUN OIHOPOIHOU

CHUCTCMBEI ABJIIACTCA €€ q)YHI[aMeHTaJ]BHaH CUCTCMA peHICHI/Iﬁ.



40

Yreepxaenue. dimR"=n.

IIpumepsl.
1. OGpasyor 11 6asuc B mpoctpancTse R® BekTops!
a, =(1,0,0), da, =(0,10), a;=(1,10)?
Pemenne. Ilo ompeneneHnio 0a3uc COCTABIAIOT JIMHEWHO HE3aBHCHMBIE BEKTOPBI.
JluneiiHast 3aBUCUMOCTD (MJTU HE3aBUCHMOCTb) OIpEesIeTCs] UCXOAs U3 aHaju3a pa-
BEHCTBA HYJIIO JIMHEHHOW KOMOWHAIINH STHX BEKTOPOB:

od, + fa, +yay =0.
[TocnenHee BEKTOPHOE YpaBHEHHE MTOCIIE 3aMMCH €T0 10 KOMIIOHEHTaM TPEeICTaBIISICT
co0oif cucteMy TpEX OJHOPOJHBIX YpaBHEHUH OTHOCUTENBHO «, [,y . CorimacHo
CXEMe HCCIIeIOBAaHUSl JIMHEHHOW 3aBUCHMOCTH BEKTOPOB BBIYUCIMM OIMpPEIETUTENb
MaTPHUIIbI, COCTABICHHOW U3 KOOPIWHAT BEKTOPOB

I 0 1
A=0 1 0=0
0 0O

Onpenenutens CUCTEMbl PABEH HYJIIO, CJIEAOBATEIbHO, OHA MUMEET HETPUBHAILHOE
pPELIEHUE U 3TO O3HAYAET, YTO MCXOAHAS TpyIa BEKTOPOB JIMHEWHO 3aBUCHMA U HE
3
obpazyer 6a3zuc B R".
2. Hailitu pa3MepHOCTh M OJIUH M3 0A3MCOB JIMHEHHOTO MPOCTPAHCTBA PEIICHUN OJ1-
HOPOJHOW CUCTEMBI:

3x1 —x2 +X3 +X4 —x5 :O,

xl +3x2 _2X3 +X4 —x5 :O,
Pemenue. IlpencraBieHHas cucTemMa COCTOUT U3 TPEX YPABHEHUU U COAEPKHUT 5 HE-
M3BECTHBIX. BhINUIIEM MaTpHUIly CUCTEMBI U YIPOCTHUM €€ C MOMOIIBIO 3JIEMEHTap-
HBIX TIpeoOpa3oBaHui, cCHa4YaJla TIOMEHSAB MECTaMu CTPOKH 1 W 2, a 3aTeM BbIUUTas
HOBYIO MEPBYIO CTPOKY, YMHOKEHHYIO Ha 3 1 4, COOTBETCTBEHHO U3 BTOPOH U TPETh-
el CTpPOK :

o
I
—
—
—

-1 I 3 -2 1 -1
A=|1 3 -2 1 -1|~|3 -1 1 1 -1
4 2 -1 2 =2 4 2 -1 2 =2
I 3 =2 1
~0 =10 7 =2 2 |~
o -10 7 =2 2

Buno uro panr marpuisl A pasen 2. ClieJoBaTeNbHO, BE HEU3BECTHBIE ABISIOTCS
IJIaBHBIMU, a TpH - CBOOOJHBIMHU. 3HauuT OCP cuctembl conep Ut 5-2=3 JITUHEHHO
HE3aBUCUMBIX pelieHus. Bpibepem B kadecTBe IVIABHBIX X|,X,.. DTO MOXHO CJe-

I 3 -2 1 -1
o -10 7 =2 2

JaTb, T.K. MUHOD 2-10 mopsaka, COCTaBJICHHBIN U3 KOB(i)(i)HHI/ICHTOB IIpHu 3TUX HCU3-
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BECTHBIX, OTJIMUEH OT HyJs. Cuctema, COOTBETCTBYIOIIAs MPeoOpa3oBaHHON MaTpH-
ne, NMCCT BHU

xl +3x2 _2X3 +X4 _XS :O,
OTcrona, BeIpakast TJIaBHbIC HEM3BECTHBIC Yepe3 CBOOOIHBIC, IOJYyUUM 00IIee peliie-
HHUC

xl - _O IX3 - 04X4 + O4XS N

Wnu nnaue:
—0.1x; —0.4x,4 + 0.4x4
0.7x3 —0.2x4 +0.2x5
X = X3
X4
Xs

CDYHJIaMCHTaJIBHaH COBOKYITHOCTBH peH.IeHHﬁ, COCTaBJICHHAsA B COOTBCTCTBHUH C HU3JIO-
JKCHHBIM aJITOPUTMOM, SABJIACTCA 0a3ucoM JMHEHHOIO MMPOCTPAaHCTBA peHIeHI/Iﬁ Huc-
XOJIHOﬁ CUCTCMBI 1 B TAHHOM CJIY4aC NMCCT BU/

~0.1 ~0.4 0.4
0.7 ~0.2 0.2
X,=| 1 |, X,=| 0 || X;=|0
0 1 0
0 0 1

Pa3zmMepHOCTh NCKOMOTO ITPOCTPAHCTBA paBHA 3.
Koopounamamu eéexmopa X B 0Gaszuce V,,...,V, Ha3bIBAIOTCSA YUCIA X|,...,X,,

IIPU KOTOPBIX BBIIONHAECTCA PABEHCTBO X -V +...+ X, -V, = X.

—

Mampuyeii nepexooa ot 6asuca d,...,d, K 6asucy b,...,b, Ha3plBaeTCs Mart-

pulia Buaa
11 €2 -+ Cpy
€y Cpp Cop
T= ,
Coi Cpa oo Cup

rae A KaxaAoro j=1,...,n B j-OM CTONOLE CTOAT KOOPIAUHATBI (C);,C5j5mesCpy)

BEKTOpA bj B Oasuce d,,...,d, .
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Yreepxaenune. Koopaunarel (o;,a,,...,t,) BEKTOpa X B Oasuce d,...,d, H

koopauHatsl ([, B,,..., #,) 2TOro ke BeKTopa B Oaszuce b,...,b, CBA3aHBI PABEHCT-

BOM
a B
a, B,
SN=T | )
an ﬂfl

rne 1, ,, - MaTpula nepexoza ot 6asuca d,...,d, k oasucy b,,...,b,, .

YrBepxkaenne. Marpuna nepexoma 71, ,, or Oasuca d,...,d, K Oasucy

—

U Marpuuna oOpatHoro mnepexoga 71, ,, or Oasuca b,..,b, k 0asucy

—

by,....b

= _ -1
daj,...,d, CBA3aHbI paBeHCTBOM 1, ;=T .

n

IIpumepsl
1. Haiitn xoopauHaThl BeKTOpa X B 0asuce é,,é,, €CIH U3BECTHO
- _ — — —/ _ = — —/ _ = —
X=2e —5,, e =¢e +3¢,, € =¢e —é,.
Penienne. B cooTBeTCTBUM C OmpejesieHHeM MaTpHla mepexoja ot 0asuca é;,é, K
0asucy é,,é; ecThb
I 1

e—>é 3 ]

OO6o3HauNM KOOpAMHATHI BEKTOpa X B Oasuce é,,é, 4epes &,,&,, a B Oaszuce é/,é,
yepe3 1);,7,. VIckoMmble KOOPIUHATHI 1);,7], CBA3aHBI C U3BECTHBIMU KOOpIMHATAMU

&1,&, CIEqyIOIUM COOTHOLIEHUEM:

m _T 1 _ 7l 1

I_>' _)l' .
Up) e &s e &s

BI/IIIHO, 49TO AJId HOJYYCHHUS KOOPAUHAT 1},7], HCO6XOI[I/IMO BBIYUCJIIUTL MATpUlly,

obpatnyto 7,_, . Mcnonb3ys craHaapTHYIO IpoLenypy, UMeeM
4 (11
43 -1
BbruucimuM tenepb KOOPAUHATEL 1,7, :
3
my) 1 (1 1 2) 1 (2-5) 1 (-3} | 4
n,) 4\3 —-1)(-5) 4\6+5) 4\11) |11
4

3. Haiitu maTpuny nepexoja ot 0asuca d,,a, kK 6asucy b;,b, 10 TaHHBIM PA3JI0XKE-
HUSIM 3TUX BEKTOPOB B Oa3ucCe é,,6,:

a1=€1+4€2,a2=3€1+5€2, b1=7€1+€2,b2=€2.
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Pemienne. YrtoObl moctpouts Marpuny 7, ,,1epexona or Oasuca d,,a, K 0Oasucy
b,,b,, HEOOXOAMMO HAWTU PA3JI0KEHUE BEKTOPOB b,,b, MO Oasucy d,,a,. Caemnaem

3TO, NPENCTaBUB b;,b, B BUJE PA3TOKEHUS O d,,d, C HEM3BECTHEIMH KOODIMHATA-
MU, KOTOpbIE TPEOYETCs ONPENETUTh:
by=a,-a,+0y-d,, by=p-a+p,-a,,
WIN ¢ y4ETOM BHJIA 3TUX BEKTOPOB B Oasuce €, e,
7 1 3 0 1 3
1=061'4+062'5, 1:ﬁ1‘4+ﬁ2'5
Otkyna nis KOOpIuHAT o, ,Q,, [, S, AMeeM

32 27 3 1
(04 :——’a :—’ :—’ = ——,
1 5 %27 B 7 B -
Teneps, 3Has pasnoxenue b,,b, 10 a,;,a,, BeIIUIIEM MaTpuny 7, ,,:
1 (32 -3

T —
a>b ™5 o7

Iloonpocmpancmeom L AMHEHHOTO MPOCTPAHCTBA V' HA3BIBACTCS MHOMXECTBO BEK-
TOPOB U3 V' Takoe, YTO JJis JIFOOBIX JIBYX BEKTOPOB X U y W3 L U JIOOBIX IBYX Be-

HIECTBEHHBIX YKCENl @ U [ JNMHEeWHas KOMOUHALUS oX + fy TakxKe IPUHAIICKUT L .

YrBepxaenue. [lognpocTpaHCTBO caMO SBJISIETCS] TUHEUHBIM MPOCTPAHCTBOM.
Jluneiinou 0060104KOU CUCTEMBI BEKTOPOB Vi,...,V, Ha3bIBAETCS MHOXKECTBO

BCEX JINHEHHBIX KOMOUHAIUI BEKTOPOB V) ,...,V; . O603Havaercs L(V,,...,V;).

YrBep:kaenue. JluneliHas 000J0YKa CHUCTEMBI BEKTOPOB SIBISETCA MOATPO-
CTPaHCTBOM.
Ilepeceuenuem 08yx noonpocmpancme L; n L, Ha3pIBa€TCI MHOKECTBO BCEX

BEKTOPOB, IPUHAAJIEKAIIUX OAHOBPEMEHHO U L, u L,. O6o3Hauaercsa L; N L,.

Cymmorti 08yx noonpocmpancme L, 1 L, Ha3pIBa€TCSI MHOXKECTBO BCEX BEKTO-
pOB Z, IPEICTAaBUMBIX B BUJE Z =X+ y,rae X € L;, y € L,. Obo3nauaerca L, + L, .

YrBepxaenue. CyMMa U IepecedyeHue MOAUPOCTPAHCTB L; U L, SABIAIOTCA
JMHEWHBIMH IPOCTPAHCTBAMH, U UX PA3MEPHOCTH CBSA3aHBI PABEHCTBOM

dim(L, +L,)+dim(L; " L,)=dim L,+dim L,.

CyMMa JByX HOANPOCTPAHCTB HA3BIBAETCH NPAMOU CYMMOU, €CIH IEpeceye-
HUE 3TUX MTOANPOCTPAHCTB COCTOMUT TOJBKO U3 HYJIEBOI'0 BEKTOPA.

IIpumepsl
1. Haiitn pasmepHOCTh U KakoH-HMOYyIb 0a3uc CyMMBbl U IEPECEUECHUs MOATNPO-
CTPaHCTB, IIOPOXKAEHHBIX BEKTOPAMHU

X, =(L2L10), x,=(LLLl), y, =(2,-1,01), »,=(1,-13,7).

Pemenue. Berunciaum BHavasie pa3MepHOCTb MoANpocTpaHcTB. C 3Toil Lenpio ycra-
HOBUM, SIBJISIFOTCSL JIM JIMHEMHO HE3aBUCUMBIMHU BEKTOPBI, TTOPOKIAIONINE TaHHBIC
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HOJIPOCTpaHcTBa. [l moanpocTpaHcTBa L, HOPOXKAEHHOTO BEKTOpAMH X;,X,, pa-
BEHCTBO HYJIIO JINHEHHOW KOMOMHAIMM Q. - X; + A, - X, = 0, DKBUBAJEHTHOE CUCTEME
ypaBHeHMi o, —a,=0, 2a,+a, =0, oy +a, =0, a, =0, mocrturaercsa Iumb IpH
ycaosuu a; =0, a, =0. CnenoBarenbHo, BEKTOPBl X;,X, JIMHEHWHO HE3aBUCUMBI U
pa3MepHOCTh noanpocTpaHcTBa L; paBHa 2: dim L, =2. /Ing noanpocrpancTsa L,,
HOPOKAEHHOIO BEKTOPaMU  V;,)V,, IPOBOAS aHAJOTMYHBIM aHanu3, MOJIyYUM
dimL, =2.

Bbruucnaum tenepp pasMEpHOCTh IEpecedeHus] oAIpoCcTpaHcTB L, u L,. Ilo

OIIPEJEIICHUIO BEKTOPBI, COCTABIIOIINE NIEPECCUCHNE, IPUHAMIIEKAT OJHOBPEMEHHO
obouM noupocTpaHcTBaM. I[Ipon3BoOIbHBINA BEKTOP X MOANPOCTPAHCTBA L, SBISET-

csl IMHEHHON KoMOMHanumed 0a3MCHBIX BEKTOPOB X;,X,: X = [,X; + ,X,. AHaio-
TMYHO JUIS TOANPOCTpaHCTBa L, uMeeM y =y,y, +¥,),, TOrJa ycIOBUE MPUHAT-
JIEKHOCTU IIEPECCUCHHUIO €CTh BiX| + X =V, +72V WIN
BiX, + ByX =71y —72¥, =0.

DTO ycnoBHUE NMPEACTaBIIeT COO0H CUCTEMY YpaBHEHMH OTHOCUTEIBHO KO3(-
¢urmentoB B, B,,71,7,. CocTaBUM MaTpHUIly CUCTEMBI U YIIPOCTUM €€ ¢ MOMOUIBIO
3JIEMEHTApHbIX IPEOOPa30BAHUIL:

1 -1 -2 -1} (1 -1 =2 -1\ (1 -1 -2 -1
2 1 1 1|10 3 5 3[]0o 1 -1 -7
1 1 0 =310 2 2 -2/]|0 2 2 =2
o1 -1 -7)10 1 -1 -7/ 0 3 5 3
1 -1 -2 -1
-1 -2 -1
0 1 -1 -7
~ 1 -1 -7
0 0 4 12
13
0 0 8 24

Kak BugHO panr cucremsl paBeH 3. 3HauuT @CP cocTouT U3 0IHOr0 JMHEWHO He3a-
BUCUMOTO BekTopa. HaliiéM ero, pemmnB CUCTEMY ypaBHEHHH, COOTBETCTBYIOLINX
MOCJIEAHEN MaTpULIE, MTOITYyYUM

Br=Br=2r1=72,=0, By=y1=Try=0, y,+3y, =0,
OTKYma  fy =—-V,, By =475, 71 =375
ITonaras cBOOOJHOE HEU3BECTHOE ¥, = —1, I OCTAIbHBIX UMEEM

By =1,5, =4, y, =3. Urak, nepeceyeHue noaANpoOCTPaHCTB L, L, UMEET OAUH
0a3MCHBII BEKTOP

Z=X —4%, =3y — ),
Pasmeprocts nepeceuenust dim(L; N L,)=1. CnenosarenbHo, B COOTBETCTBUHU C Pa-
BEHCTBOM
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pa3MepHOCTb CyMMBbI noanpoctpancTts dim(L,+L,)=3. B kadectBe 6a3uca cymMMmbl
MOANPOCTPAHCTB MOKHO B3STh, HAIIPUMED, BEKTOPBI X, X, , JOIOJIHEHHBIE BEKTOPOM
¥, . B nuHeiHON HE3aBUCUMOCTH BEKTOPOB X|,X,, )| YOSAUTbCA HETPYAHO.

EBKJINI0BO NPOCTPAHCTBO, OPTOHOPMHMPOBAHHBIC CHCTEMBbI
Bewecmeennoe nuneunoe npocmpancmeo V Ha3bIBae€TCs E€BKIUIOBBIM IIPO-
CTPaHCTBOM, €CIIU KaXXJOU Mmape X,y € V' mOCTaBIEHO B COOTBETCTBUE BEIIECTBEHHOE

YHCII0, KOTOPOE HAa3bIBACTCS CKAJSIPHBIM ITPOM3BEICHUEM BEKTOPOB X U ), 0003Ha-
qJaeTcs (55, )7) U Ui T00bIX X, V,Z €V ,a, B € R ynoBiaeTBopsieT ciaeayromum Tpedo-
BaHUSIM:

D(%,5)= (5 %);

2) (0 + B, 2) = a(3,2)+ B(3,2);

3) (¥,%)> 0, npudYem paBeHCTBO BO3MOJKHO JIHIIb B TOM Clydae, Korja X = 0.

YrBep:kaenue. Apupmerndeckoe mpoctpaHcTtBo R", B KOTOPOM cCKalspHOE
IIPOU3BEACHUE BEKTOPOB 33JaHO PABEHCTBOM

(%.7)= 501 + 20,05+t X, 0,5
ABISIETCS €BKIIMIOBBIM TIpocTpaHcTBoM. OHO 06o3Hauaetcs E".

BekTopsl X U y Ha3bIBAIOTCA OPMO2OHANbHLIMU, ECIIA UX CKAIAPHOE MPOU3-
BEJICHUE PaBHO HYIIIO.

Hopmorti (11HOM) BEKTOpa V Ha3bIBAETCS YUCIIO Hﬁ” = J(%,7).

VIIIOM MeXIy HeHyNeBbIMH BEKTOpaMH X M ¥ HasbiBaercs yron ¢ € [0,7] ta-
KOH, 4TO

cCosQ = _Ex,y) :

-
Cucrema HEHYIEBBIX BEKTOPOB Vi,...,V, HAa3bIBACTCA OPMO2OHANbHOU Cucme-

MOti, €CIIA CKAJIIPHOE NMPOU3BEACHHE JIIOOBIX IBYX Pa3IN4YHbIX BEKTOPOB 3TOM CHCTE-
MbI PaBHO HYIIIO.
Yr1Bepxnenue. OproroHajnpHas CUCTEMa JIMHEIHO HE3aBUCUMA.
OproronaibHas CUCTEMa BEKTOPOB Vi,...,V; Ha3bIBAECTCS OPTOHOPMHUPOBAHHOM

CUCTEMOM, eclii HopMa JII000ro BEKTOpA U3 ATON CUCTEMBI paBHA €IMHHUIIE.
IIpouecc oproronanusanum 6asuca. [Iyctb gaHbl 7 JTUHEHHO HE3aBUCHUMBIX

BEKTOPOB fl,fz,...fn. Jl1st MoCTpOeHMsl IO 3TUM BEKTOpPAaM # TONApHO OPTOrOHAJIb-
HBIX BEKTOPOB €|,€,,...€, HEOOXOIUMO MPOBECTU CIEIYIOUIYI0 IPOLELYPY OPTOro-
Hanmu3auuu. Ilonoxum BHauazne é; :fl. 3areM BEKTOp €, OylneM HCKaTb B BUJE
e, =f,+a-é.

ITo ycrnoButo OpTOroHanbHOCTH (€;,€,) = 0. CiaenoBaTenbHoO,

(f2.e)+a-(e.e) =0,
OTKyJa



46

(@) Uanh)
@e) ()

[IpeanonoxuM, 4To yke MOCTPOEHO k —1 OPTOrOHAIBHBIX BEKTOPOB €),€,,...€;_ .

bynem uckarte €, B Buze

ék :fk +)~1 ‘él +)~2 ‘éz ++)’k—1 ‘ék_l.
[To ycnoBuiO BEKTOp €, HOIKEH OBbITb OPTOTOHANEH €),€,,...€;_;, 4TO HaéT k —1
ypaBHEHUH i ompenencHus k —1 HeusBecTHBIX A,,4,,..4, ;. Beinumem 3tu
ypaBHEHUS C Y4ETOM OPTOTOHAIBHOCTU BEKTOPOB €,,€,,...6;_

(fy-€)+A;-(6;,,)=0,i=12,..(k-1),
OTKYyZa MOJY4UM

é; .
g =-Yel) oo k)
(eiaei)

IIpumepsl
1. B eBKIMIOBOM IPOCTpaHCTBE E° IOCTPOMTH OPTOHOPMHPOBAHHBIA Ga3uC 10
nanHomy  f; =(1,0,0), f, =(0,1,-1), f3=(L1).
Pemienue. IlpoBeném BHauame OpPTOroHaIM3aLMIO, T.€. IIOCTPOUM OPTOrOHAIBHBIN
0asuc d,,d,,d,. [IpoBepuM mpexe BCero, HET U CPelu BEKTOPOB f|, f,, f3 opTo-
roHainpHbIX. Beraucnum (f,, f5),(f1, /3):

(fl,fz)—l 0+0-1+0-(-1)=0, (fl,f3)—1 1+0-1+0-1=1.
OTkyna cieayer, YTO BEKTOPHI f1 u f2 opToroHanabHbl. OHH Cpa3y BXOAST B COCTaB

OpPTOrOHAJIBHOIO 0a3uca d, = fl, a, = fz.
Hanee onpenenuM d,, NOJIb3ysICh MpoLeAypoil oproronanuszanuu. Umem d; B Buje

W3 ycinoBuil OpTOrOHANbHOCTH ds,d|,d, UMEEM
(f3.4)) (38 (7 N7 N1 (F 4
Yooi) g = M) (7 Gy = (G =1 G
(dy,4,) (d,,a,) :
—(f3af2) 0, (Gy,a,) = (fl:fl)—l (dy,d,) = (fzafz) 2.

Takum oOpazom  a; = f3 f3 f1 (0,1,1).
Teneps opTOHOpMHpYEM 6a31x1c d,d,,d, , T.c. NepeBeiéM €ro B OpTOHOPMHUPOBAHHBII

A’l:_

0asuc e,,é,,€;, NoIyIuM

—

é’1 = C:Z:I :ﬁ:f‘l :(17090)9 é’2 :C_Z,_za C_izH:\/E,
a1 |
1 a 1 1
O T T —3_la 29 é; = ’ ’
O e =055
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2. JIOTIOJHUT 10 OPTOTOHAIBHOTO 6a3uca MmpocTpancTBa £ CHCTEMY BEKTOPOB
1, =(1,1,0,0), £, =(1,0,L,D).

Pemenne. Buauane oproronanusupyem fi,f,. Ilonoxum e, = f,é, = f, +a-e;.
Hcxons u3 ycinoBusi OpTOroHaJbHOCTH HMEEM

(fr6) _ (f)_ 1 o 5 1z 1 1
a:— _’2 _’1 = — _‘2 _‘1 :——’ ez :f2 ——fi :(—’——)1’1)‘
(e;,€)) (1, f1) 2 2 22
[Toctpoum é;. Ilycts €3 = (x;,X,,x5,X,). [Io ycnoBusM opToroHansHOCTH

OTKYyJa NMCCM

1
x1+x2=0, EXI_EXZ+X3+X4:O.

OO6iee perieHue MOJy4YeHHON CUCTEMBI €CTh

X; =—X3 —Xy4,

Xy = X3+ Xy4.
®CP cTpoutcst cTaHIApTHBIM CIIOCOOOM M COCTOUT U3 JIBYX JIUHEWHO HE3aBHCUMBIX
pemennii: é; = (—1,1,1,0), é; = (-LL0,1).
BekTop €; OpTOroHaneH BEKTOpaM ¢€;,€, W, CIEI0BATEIbHO, BXOAUT B OPTOrOHAJIb-
HBIH 6a3uc. BexTop €, Takxke OpTOroHaNEH é,,€é,, HO He OPTOrOHAJICH é;. JleiicTBu-
TEIbHO

(65,4)=1+1=2#0.
[IpoBepuMm Temeps, ABIACTCS U CHCTEMa BEKTOPOB é,,€,,E5,€, JUHEHHO HEe3aBUCH-

Mo#. JImst ycraHoBieHus (pakTa 3aBUCUMOCTH (HE3aBUCHUMOCTH) 3THUX BEKTOPOB BHI-
YUCIIUM ONPEAEIUTENb, COCTABICHHBIA U3 UX KOOPIUHAT:

1
I - -1 -1 -1 -
5 I 1 1 1
1 _1 1 1:1.1 AR
0 12 Lo 20 2 1 0
0 2 0 1
0 1 0 1
I 1 -1 -1
-1 1 1
10 -2 2 2
. 12 1 0=-5%0
210 2 I 0
2 0 1
0 2 0 1

HepaBeHCTBO HYJIO 3TOr0 ONpeaeauTes sl 03HavaeT, YTO OJHOPOHAS CHUCTEMA ypaB-
HEeHUM 1711 KOd(PPUIIMEHTOB JHUHEHMHON KOMOWHAIMKM paccMaTpUBAEMbIX BEKTOPOB
MIMEeT JIMIIb TPUBHAIBHOE penieHue. Clie1oBaTebHO, BEKTOPHI €,,€E,,€5,E, JTUHEHHO

4 .
HE3aBHCUMBI U COCTABJISIOT Oa3uC B MMPOCTPAHCTBC E™. Ocraércsa TCIICPb OPTOIrOHA-
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nu3upoBaTh BekTop €. Clemys CTaHIapTHOW Mpoleaype, WIIeM &, B BHIE

(€'4.65) 2 . ., 2 11 2
Ay=— 0= =8 6 = (D),
(€3,€3) 3 3 3’37 3
Takum 006pa3oM, OKOHYATEIHLHO B Ka4eCTBE OPTOrOHANIbHOTO Oasuca B E 4 umeeM
1 1 11 2
é = 1919090 ’ é = _,__,1,1 ,é = _1, 10 e =\—.,— ——’1 .
= ), € (2 5 ), €3 =( ), €4 =( 3373 )

Martpuua I'pama
Mampuyeu I'pama 11t CUCTEMBI BEKTOPOB V,...,V, Ha3bIBACTCI CUMMETPUY-
Has MaTpuIa BUJa
Y1 o T
=

Yl o Van
rae y; =V, v;).
Yr1Bepxkaenue. CkalsipHOE MPOU3BEIEHHE BEKTOPOB X =(X},...,X,) H
Y =(¥{...,, ), 3aJaHHBIX B 0a3uce Vv,,...,V, , BBIYUCIAETCS 110 Popmyiie

&5 = (52,) T ()
rae I' - matpuna I'pama 171 cucTEMBI BEKTOPOB Vi ,...,V, .

[ToqMHOKECTBO €BKIMI0Ba IpocTpancTBa E" Buaa

(%= MG, + Aoliy + .t Ay | 4 €[0,1],i =12,k |,
riue d,...,d; - TMHEHHO HEe3aBUCUMBIE BEKTOPBI, HAa3bIBACTCS k-MepHbIM napaiienenu-
neoom, IOCTPOCHHBIM Ha BEKTOPAX d,...,dy, .

YrBepxaenune. O6beM k-MepHOro mapanienenuiesa, NOCTPOCHHOIO Ha BEK-
TOpax d,...,d;, PABEH KBaJPpaTHOMY KOPHIO M3 OIpelaenuTens MaTpuusl ['pama mis
CUCTEMBI BEKTOPOB d,...,d, .

YHuTapHOE NPOCTPAHCTBO

JluHeliHOEe POCTPAaHCTBO V' HA3BIBACTCS YHUMAPHLIM NPOCMPAHCMBOM, €CIIU
KaXJ0i mape X,y € V' IOCTaBI€HO B COOTBETCTBHE KOMIUIEKCHOE YHCIO, KOTOPOE
HA3BIBAETCS CKATAPHBIM TIPOM3BE/ICHIEM X Ha ¥, o6o3Hauaercs (X, 7), M A7 TO0BIX

—

X,V,Z € V' ¥ KOMIUIEKCHBIX C, 5 YIOBJIETBOPSET CIEAYIOMINUM TPEOOBAHUSIM:

D (%.5)=(5.%);

2) (a + . 2) = al¥.2)+ B(7.2):

(56,56) > (), IpHYeM PaBEHCTBO BO3MOYKHO JIHIIIb TOM ClIydae, korna X = 0.
YrBep:kaenue. KoMriekcHoe TMHEIHOE MPOCTPAHCTBO
U“={5c' = (xl,xz,...,xn)‘ x, €C,k=12,..,n },

B KOTOPOM CKaJIIpHOE MPOU3BE/IEHNE BEKTOPOB 3a/1aHO PABEHCTBOM

(%,7) = X7 + X375+ 4 X, 7,
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ABJIETCS] YHUTAPHBIM MPOCTPAHCTBOM.
IIpumepsl
1. Bekrtopsl €,€,,6; 00pa3yl0T OPTOHOPMHUPOBAHHBII 0a3uC B YHUTApHOM IIpPO-
ctpaHcTBe. HaifTu ckansgpHoe mpou3Be1eHIE (Zi,l; ), eciu
a=(ay,a,,a3)=3i-¢,+2-€e,+i-e;,
b=(b,by,by)=i-€ —é,+2i-é
Pemenue. B paccmarpuBaeMoMm ciiydyae B COOTBETCTBUHU CO CBOMCTBAMU CKAJISIPHOTO

HpOI/ISBeJIeHI/IH B YHI/ITapHOM IMPOCTPAHCTBC MOKHO 3aIlIiuCaTb
:3—2+2:3
2.B YHUTAPHOM MMPOCTPAHCTBC (610 CKAJIAPHBIM IMPOU3BCIACHUCM BHUAa

(X,y)=x, -y, +X, - ¥, + X3 - Y3 IOCTPOUTb OPTOHOPMHUPOBAHHBIN OA3UC 110 TaHHOMY
a=(~1),b=(=,).
Pemenue. CHavana npoBeaéM npoleaypy oproroHanusanuu. B nanHom ciydyae oHa
aHaJIOTUYHA OMMCAHHOM JJI €BKJIM0Ba MpocTpaHcTBa. [lomoxum
=y = -y 7 =
e =d, e;=b+a-e.
Hcnonw3ys ycnoBUst OpTOTOHATBHOCTH, MOJTYYUM

_(b8)  (hoa)  i-(=)+il  1+i

(@.,8)) (a,a) i-(-)+1-1 2

5k 1+i 1+i —1+i
éy=b-——ad=(—,—)
2 2 2
Tenepb opToHOPMUPYEM BeKTOpBI é/,é5"
é-_él'_el_. € s _
175 0 =
el =2~ f [

a+na—0+c4+004—0_Jl+l_1
1 4 N2 2

(1+z 1+i)
€, =€, = 5

OpTOFOHaJIbHoe pa3jio;keHne BEKTOPOB

["'oBOpAT, UTO BEKTOP V opmozcoHaneH k hoonpocmpancmey L, eciiu BEKTOp V
OpPTOrOHAJIEH JI00OMY BEKTOPY U3 3TOTO MOAIPOCTPAHCTBA.

OpmozonanvubimM OOnoaHeHueMm K noonpocmparcmey L W3 eBKINAOBa IMpo-
CTpaHCTBa E Ha3bIBa€TC MHOXKECTBO BCEX BEKTOPOB U3 FE, OPTOrOHAIBHBIX IOJ-
npoctpaHcTBy L. OGo3HayaeTcs L

IlycTh BEKTOp X MHpEACTaBIEH B BUJE X =y +Z, 10 yelL,a Ze€L l, Torja
BEKTOpP ¥ HA3bIBAE€TCS OPTOTOHAIBHOW MPOEKIMEN BEKTOpPa X Ha MOANPOCTPAHCTBO
L, BEKTOp Z Ha3bIBAETCS OPTOTOHAIBHOW COCTABIIAIOLIEN BEKTOPAa X OTHOCHUTEJIBHO
MOANPOCTPaHCTBAa L, YUCIO HEH Ha3bIBACTCS PACCTOSTHUEM OT BEKTOpa X 10 IMOAIPO-
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CTpaHCTBa L, a yroa MexJy BEKTOpaMU X M ) Ha3bIBAETCS YIJIOM MEXKIY BEKTOPOM

X ¥ HOANPOCTPAHCTBOM L .

YrBepaxaenune. OpTOroHAIIBHOE JOMOJHEHUE K MOANPOCTPAHCTBY W3 €BKIIH-
JI0Ba MPOCTPAHCTBA CaMO SIBJISIETCS MOANPOCTPAHCTBOM E€BKJIM0BA MPOCTPAHCTBA
E.

YrBepaxaenune. Cymma noanpoctpaicts L +L L sensercs IIPSIMOU CYMMOM.

YrBepaxaenune. Ecniu L — HEKOTOPOE MOANPOCTPAHCTBO EBKIMAOBA TPOCTPAH-
ctBa £, TO cipaBenmBO paBeHCTBO L +L ~=F.

IIpumepsl
1. HaiiTu opTOroHajgpHy0 IPOEKLIHIO BEKTOpa X =(8,—1,3,6) Ha NOANPOCTPAHCTBO L,
MOPOXKIAEHHOE BEKTOpaMu

f1 =(4,2,00), /5, =(2,1,-1,2), f5 =(1,-2,-4,3).
Pemenue. Bnauane ompenenum 6a3uc gaHHoro noamnpocTpanctsa. [Iposepum, sB-
JSIOTCA JIU TMHEHHO He3aBUCUMBIMU BEKTOPHI [}, f5, f3. YCilOBHe NUMHEHHOM He3aBH-
CHMOCTH (3aBHCHMOCTH) JIAHHBIX BEKTOPOB ;- f; + 0y - fo + 3 - f3 = 0 TpeACTaBIIS-
eT co0oi CUCTEMY ypaBHEHMH OTHOCHUTENBHO KOI(P(PULIUEHTOB o,c,,q;. Hailném

pELIeHHE 3TON CUCTEMBI C MTOMOIIBIO 3JIEMEHTAPHBIX TPeoOpa30BaHul €€ MaTPUIIbI:
4 2 1 2 1 =2 2 1 =2

2 1 =2 4 2 1 0O 0 5
0 -1 -4 0 -1 -4 0 -1 -4
0 2 3 0 2 3 0 2 3
2 1 =2 2 1 =2

2 1 -2
0 -1 —4| |0 -1 -4
~ ~ ~l0 -1 -4
0 2 3 -5
0 0 -5

0 0 5 0 0 5
Kak BHJIHO, paHr CHCTEMBI PaBEH 3, OIPEAEIIUTEIb CUCTEMBI OTIHYEH OT HyJsA. Crie-
JOBaTEIbHO, OJHOPOAHAS CUCTEMA TPEX YPAaBHEHUU I TPEX HEU3BECTHBIX MMEET
JUIIL TPUBHAIIbHOE pemenne: ; =0, a, =0,0; =0.
Takum 06pa3zoM, BEKTOPHI f, f5, f3 JMHEHHO HE3aBUCHMBI U COCTAaBIAIOT Oa-
3UC 3alaHHOrO MOANpOCTpaHcTBa. [Io ompezneieHn0 BEKTOp J, IMPEICTaBIAIOIINAN

OPTOTOHAJIBHYIO MPOEKLIMI0 X Ha MOANPOCTPAHCTBO L, MPUHAMIEKUT L WU OpPTOro-
HaJ€H X. OTU YCIIOBHUS TMPUBOIAT B UTOT€ K CUCTEME YPABHEHMU I KOOPAMHAT

Y1>V2,-..,V; BEKTOpa y B Oas3uce fl,fz,...,fk MOJANPOCTPaHCTBA L :
NVt Yara vt iy = f;)=b;, j=12,...k
e y; = (fi,fk) - 3JeMeHThI MaTpulbl [ pama.
B cootBetcTBUM ¢ hopmyroit Kpamepa perieHue 3Toil CUCTEMbI UMEET BH/T

0.

J
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rjie O - ONpeeInTeNb MaTpullbl ['pama cucTeMbl 0a3MCHBIX BEKTOPOB, & O ; - Onpejie-
JUTENh, IOJIYYEHHBIN 13 onpenenutens ['pama 3ameHol j -ro ctonbiia Ha cToyioel u3
CBOOOJIHBIX YWJICHOB ()?,fj) BBINMCAHHOW CUCTEMbI YPAaBHECHUIA.
B paccmatpuBaemoii 3agade 35ieMeHThI MaTpuilbl [ pama paBHBI

711 = 20,712 =721 =10, 713 =731 =0, 79, =10,

Y23 = V32 =10, 733 = 30.
OneMeHTHI cToI01a ¢cBOOOAHBIX wieHoB: b, =30, b, =30, b; =40.

VYuuTsIBas 310, Ul ONpeAeauTeneu 6,0,,0,,0; UMEEM

20 10 0 210 30 10 0
§=[10 10 10[=10°-]1 1 1/=10°,5,=[30 10 10/=10,
0 10 30 01 3 40 10 30
20 30 0 20 10 30
5,=10 30 10/=10°,5, =10 10 30/=10.
0 40 30 0 10 40

Tema 8. [Ipumenenne nudepeHnnanbHOTO UCUUCIICHU K TEOMETPUU B IPO-
CTpaHCTBE — 4 u.

[Ipumenenue auddepeHnaIbHOro UICUUCICHUS K TEOMETPUH B IPOCTPAHCTBE:
YpaBHEHMsI KPUBOW B MPOCTPAHCTBE; MEpEAesl U NPOU3BOJIHAS BEKTOPHOU (YHKIIHUU
CKaJIIpHOTO apryMeHTa; YpaBHEHUE KacaTeIbHOU K KPUBOW; ypaBHEHUE HOPMAaJIbHON
MJIOCKOCTH; MpaBuiia TudPpepeHnpoBaHusl BEKTOPOB (BEKTOPHBIX (PYHKIUH); iepBas
W BTOpasi IPOM3BOJHBIE BEKTOpA IO JJIMHE AYT'H; KpUBU3HA KPUBOM; TJIaBHAsI HOP-
MaJlb; COIIpPHKacaroulascs IUIOCKOCTb; OMHOpMallb; KpYy4YEeHME; KacaTesbHas II0C-
KOCTh U HOPMaJb K MOBEPXHOCTH
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IIpakTuyecKkue 3aHATHS

IIpakTnuyeckas padora 1
MeTo KOOpIMHAT Ha MJIOCKOCTU. Y paBHEHUE JTUHUU

[TocTpouTs TOYKM MO WX MOJSApHBIM KoopauHaTam A(5;0), B(2;m/4),
C(3;n/3), D(1;m).

Haiitu nonspusie koopauHatsl Touek A(1;1), B(0;2), C(=3;-3).

JlokazaTh, uyTo TpeyroiabHuk ¢ BepmuHamu A(0;0), B(3;1), C(1;7) npsmo-
YTOJIBHBIN.

[TocTpouTts Touku A(—2;1) u B(3;6) u Haiitu Touky M(x; y), nensamyro AB B
oTHOweHUn AM : MB =3 : 2.

B tpeyronsuuke ¢ Bepmmnamu O(0;0), A(8;0) u B(0;6) onpenenuts JIHMHY
Menuanbl OC u 6uccexktpucsl OD.

Janbl Tpu BepumHbl napamienorpamma A(4;2), B(5;7), C(-3;4). Haittu
YEeTBEPTYIO BEpIIMHY D, MPOTHUBOMOJIO0XKHYIO BepLInHE B.

CocTaBuTh ypaBHEHHE T€OMETPUUECKOIO0 MECTA TOUEK, YJAaJICHHBIX OT TOY-
ku M(2;0) B Tpu pa3za ganblie, yeM oT Touku N(—2;0).

OnpenenuTs TPAeKTOPUIO TOYKU M, KOTOpas ABMXKETCS TakK, YTO €€ pac-
ctosare oT Touku A(3;0) octaercs BABOE MEHbBIIE PACCTOSHHS OT TOUYKHU
B(-6;0).

CocTaBuTh ypaBHEHHE I'€OMETPUUYECKOT0 MECTa TOYEK, PA3HOCTh PACCTOs-
HUM KOTOphIX 10 Touek A(—5;0) B(3;0) paBHa necaTu.
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OrnpenenuTh mapameTpsl kK U b s KaXI0H U3 MpsAMBIX: 2x — 3y = 6, 2x +
3y=0,x/4+y/3=1.

[TocTpouts npsiMyto, oTcekarolny Ha ocu OY otpe3ok b = — 3 u cocrtas-
asrolnyto ¢ ocbto OX yroi: a) 60°; b) 120°. HanucaTs ypaBHEHHE NPSIMOM.
OnpenenuTs napameTpsl k U b psaMoil, npoxojsuieit yepes Touky 4(2;3) u
cocTapismolel ¢ ocbto OX yron 45°. HanmcaTe ypaBHEHHE 3TON MPSMOM.

Jlomawnsasa paboma

[Toctpouts npsimbie 3x +4y=12;3x -4y =0,2x-5=0,2y +5=0.
Kakue npsiMoyronbHble KOOpAMHATHI UMEIOT TOUKH, 3aJJaHHbIE CBOUMH T10-
nsipHbIMU KoopauHatamu A(5;0), B(6;m/4), C(2;m/2).

Janbl Bepuunbl Tpeyroinbuuka A(3;-7), B(5;2), C(-1;0). Haiitu cepenunsl
€ro CTOPOH.

CocTaBuTh ypaBHEHHE T€OMETpPHUYECKOro mecra Touek. OJMHAKOBO yna-
JIEHHBIX OT Hayajia KOOPAMHAT U OT TOUkU A(—5;3).

IIpakTuyeckas padora 2
VYpaBHeHUE IPSIMOI TMHUU HA TIIOCKOCTH

. HailTu BHyTpeHHUE yTIibl TPEYTOJIbHHUKA, CTOPOHBI KOTOPOTO 33/1aHbl ypaB-

HeHusiMu: x +2y=0,x+4y-6=0,x -4y - 6=0.

[Toctpouts TOuky A(—2;5) u npsimyito 2x — y = 0. Hanucate ypaBHeHUE
My4YKa MPSIMBIX, TPOXOJIAIIUX YEPe3 TOUKY A U BBIOpaTh U3 My4yKa IPSIMYIO
MapajuleNIbHYI0 JaHHOM NPsAMOM; MNPSAMYI0, NEPHNEHAUKYJISAPHYIO TaHHOU
MPSMOM.

Hanucate ypaBHeHHe NpAMBIX, MPOXOASIINX Yepe3 Touky A(—1;1) mox yr-
oM 45° x npsimon y = 4 — 2x.

Han tpeyronpHuk ¢ BepumHamu A(—2;0), B(2;4), C(4;0). Hanucatp ypas-
HEHHsI CTOPOH TPEYroibHUKa, Meauansl AE, BbicoTbl AD. Haittu anuny
MEJIUAHbI U BBICOTHI.

. Jlanbl deTbIpe mocieaoBaTeIbHbIE BepIIUHbI Tpaneuuun A(—2;-2), B(-3;1),

C(7;7), D(3;1). CoctaBuTh ypaBHEHUE CpeAHEH JIMHUU Tpamneluu U JIuaro-
HaJjen.

Bepmunsl Tpeyronsnuka A(2;1), B(0;7), C(—4;—1). Haiitu ypaBHeHus ero
MeJMaH U TOYKY UX MepeceyeHusl.

VYpaBHenus npsambIx 2x — 3y = 6, 3x — 2y + 4 = 0 npuBecTH K BUY B OTpE3-
Kax.

Hanucate ypaBHeHue npsiMol, npoxoasiueit yepe3 Touky A(—4;3) u orce-
Kalolle OT KOOPAMHATHOI'O yria TPEyroJbHUK IUIOLIAJbI0, paBHOU 3 KB.
en.
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Jlomawnsa paboma

9. Hamucartp ypaBHeHHE MpsAMOIi, Tpoxoasiuen yepe3 Touky A(—2;—3) u orce-
KAaoUIEN Ha OCAX KOOPANHAT PABHBIE OTPE3KH.

10.Onpenenuth yroia Mexay npsMeiMu: a) y =2x —3uy=x/2+1;b) Sx —y +
7=0u2x-3y+1=0.

11.Hanucath ypaBHEHHE MydKa MPSAMBIX, MPOXOASIIMX udepe3 Touky A(2;3).
Bri6path u3 3TOr0 myuyka mpsiMbie, cocTaBisitonire ¢ ocbio OX yribl 45°,
60°, 135°, 0° 1 TOCTPOUTH UX.

IIpakTuuyeckas padora 3
Bekrop. JIuHenHble onepauy HaJ BEKTOPaMU

1. ITo ctoponam OA u OB upsimoyronbHuka OACB OTI0XEHbl €IUHUYHBIC

e ———

BEKTOPH | U j (pmc.). Belpasuts yepes i u j Bektopsl OA, AC,CB,BO,
R‘,EL ecinu niuHa OA =3 u OB = 4.

E } [y
+ +M

h

a7 f A

2. Ilyctb Ha pucynke M — cepeauna BC u N — cepenuna AC. OnpeaenuTs BeK-
topel OM ,ON,MN npu OA =3 u OB =4.

3. laHbl Tpu KOMIUIaHAPHBIX €IMHUYHBIX BEKTOpA M, n U p, npudeM (m,n)=30°
u (n, p)=60°. [locTpouTh BEeKTOp # = m + 2n — 3p U BBIYUCIUTH €r0 MO-

yJb.
4. IlpoBepuTh AHAIUTUYECKH U TEOMETPUYECKH BEKTOPHBIE TOXIECTBA:

. b—-a a+b . a+b a->
a+ = ;d — =

b

a

2 2 2 2

5. Ha Tpex HEeKOMIUTaHapHBIX BEKTOpax OA = a,ﬁ = b,O—C" = C IOCTPOEH IIa-
pajutesienuie]. YKa3arb T€ €ro BEKTOP — AUArOHAIM, KOTOPbIE COOTBETCT-
BEHHO PaBHBI Ei+l;—5, Ei—l;+5, Ei—l;—E, b—ad-¢.
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6. JlaHbl BEKTOPHI OA = a,0B =b. Bekrop OC =c - menuana TPEYTOJIbHUKA
OAB. Pa3noxuTh aHATUTUYECKU U T€OMETPUYECKHU: 1) BEKTOP € MO BEKTO-
pam a u b; 2) BeKTOp a 110 BeKTopam b u c.

7. B nmpsimoyronsauke OABC (pucynok) M u N — cepeaunsl ctopod BC =3 u

AC = 4. Pa3oxuTh TEOMETPUUECKN U aHanuTu4yecku Bekrop OC =c¢ 1o
BekTopaM OM =a,ON =b.

8. Han npaBuibHbIN mectuyrolbHUK OABCDE co croponoit OA4 = 3. O603Ha-
YUB €IUHUYHBIE BeKTOPHl HanpaBieHut OA, AB,BC uepe3 m, n u p, ycrta-
HOBUTH 3aBUCUMOCTh MEXAY HUMH (HApUMeEp, pacCCMOTPEHUEM Tpamnenuu

_— e — s

OABC). BeipaszuTts 3atem uepe3 m, n Bektopsl OB, BC,EO,0OD,DA.

9. [loctpoutk TOuKy M(5;-3;4) 1 onpeAenuTs JJIMHY U HAIIPaBJICHHUE €€ paju-
yC — BEKTOpa.

10.ITocTpouTh BEKTOp F = OM =2i+ 3j + 6k w onpeaenuTh €ro JJMHY U Ha-
npasieHne (IPoBEpHTH 10 hopmyite cos”atcos fcos™y = 1).

11.Bextop coctaBnset ¢ ocsimu Ox u Oz yruel 40° u 80°. Halitu ero yron ¢
ocbto Oy.

12. {ansl Touku A(1;2;3), B(3;—4;6). IlocTpoutb BEKTOP AB =1u, €ro MpoekK-
IIMM Ha OCH KOOPJMHAT U OINpPEACNUTh JJIMHY U HalpaBieHue Bekropa. [lo-
CTPOUTH YTJIbl BEKTOpPA C OCSIMU KOOPJMHAT.

13.IlocTpouTh mapannenorpaMM Ha BEKTOPAX OA=7 + 7, OB=k — 3/ u on-
PEACNIUTh €ro JUaroHalu.

14.B Touke A(2;1;—1) mpuioxena cuna R = 7. 3Has 1Be KOOPAUHATHI 3TOM CH-
Jabl X = 2 U y = =3, oNpeAenuTh HalpaBlIeHHE U KOHEIl BEKTopa, u3o0pa-
KAIOLIETro CUIy.

Jlomawnsa paboma

15.Ha mnmockoctu Oxy nansl Touku A(4;2), B(2;3), C(0;5) u mocTpoeHbI BEKTO-

—

pol OA=a,0B=5b,0C =c¢. Pa3noxure reoMeTpuYeCcK U aHATIUTUUYECKHU

BEKTOp d TI0 BEKTOpaM b,c.
16.Ha miockoctu nansl Touku A(0;-2), B(4;2), C(4;-2). B Hauane xoopauHaT

MPUIOKEHBI CUJIBI 5’4, ﬁ,&' [Toctpouth ux paBHOAEUCTBYIOIYIO OM ,

_

HaWTU ee MPOEKIMU HA OCU KOOpAMHAT U BeIU4UHYy. Beipazuts cuisl OM ,
04,0B,0C uepe3 eIMHIYHEIE BEKTOPHI | M | KOOPAMHATHEIX OCEH.

17.C moMmompro yeprexa 3agadyud 6 MPOBEPUTH MEPEMECTUTEIBHOE CBOWCTBO
BEKTOPHOH CyMMbI d +b —¢=d —C+b=b+d—¢=b—-¢+a.
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18.Paguyc — BekTop TOuku M cocraBnsieT ¢ ocbto Ox yron 45° u ¢ ocero Oy
yron 60°. lnuna ero » = 6. OnpenenuTbs KOOPAUHATH TOYKU M, €Ciu ee KO-

OpJIMHATa X OTPUIIATEIbHA, U BBIPa3UTh BEKTOp OM uepe3 opThl i, j, k.

IIpakTnueckas padora 4
CkansipHO€e IpOU3BEICHIE BEKTOPOB

1. Onpenenuth yrisl TpeyroibHuka ABC ¢ Bepmmnamu A(2;—1;3), B(1;1;1),
C(0;0;5).

2. Janwt Touku A(a;0;0), B(0;0;2a), C(a;0;a). IlocTpouTh BEKTOPHI oC , AB u
HaWTU YroJl MKy HUMU.

3. Ha mockoctu aan tpeyronbHuk ¢ BepmmHamu 0(0;0), A(2a;0) u B(a;—a).
Haiitu yron, oOpa3zoBannbiii cropoHoit OB u meauaHoii OM storo Ttpe-
yrOJIbHUKA.

4. Haiitu yron mexay 6uccexkrpucamu yriao Oxy u Oyz/

W3 BepiuHbl KBajpaTa MPOBEAEHBI MIPSIMbIC, IEIAIINE TPOTUBOIOI0KHBIC

CTOpPOHBI TornoJiaM. HaiiTu yrosi Mexmay STUMHU TPSIMBIMU.

6. HaiiTu yronm Mexay auaroHalIsiMU MapajijielorpaMma, MOCTPOSHHOIO Ha

e

BeKTOpax d=2i +j ub=i —2j +k.

7. JlaHBI BEKTOPHI d =i + ] + 2k u b =i — j + 4k . Oupenenuts npya, np.b.

~ -\ _ ~

8. Beruucnuts: 1) (m + n) , €CIIM M W 7 - SIUHUYHBIC BEKTOPHI C YIJIIOM Me-
K1y Humu 30°; 2) (Ei —b)z, eClN a = 2\/5, b=4mn L(Zi;b):135°.

9. PackpbITh CKOOKU B BBIpaXeHUSIX: 1) (Ei + b)z; 2) (Ei + b)2+(c_i — b)z U BBI-
SICHUTh T€OMETPUUYSCKHIA CMBICI TIOJTYYSHHBIX (POPMYIL.

10./laHpl KOMIUTaHApHBIE BEKTOpHl d, b U ¢, mpuueMm a = 3, b =2, ¢ = 5,
L(Zi;b): 60° u L(b;E): 60°. Iloctpouth BEKTOp U =d +b —C W BBIYHUC-

2

JIUTH €ro MOAYJb 10 hopmylie u = (a +b— c) :

11.Onpenenuts AJIMHBI AMArOHAJIEH MapajlIeIorpaMMa, OCTPOEHHOIO Ha BEK-
TOpax a=2m—-n u b=m—2n,rtae m U n - €AUMHAYHBIC BEKTOPHI, YroJ
MEXKIy KOTopbIMU 60°.

12.]1an BekTOp d =2m —n, TA€ m W H - €AUHUYHBIE BEKTOPBI, YrOJI MEXKAY
kotopeiMu 120°. Halitu cosé(&;ﬁa) u cosL(Ez’;ﬁ).

Jlomawnsa paboma

13.0Onpenenutb yroa Mexay OHCCEeKTpUCaMU JIBYX IJIOCKHX YIJIOB NMPaBHUJIb-
HOT'O TeTpa’pa, MPOBEJACHHBIMU U3 OJHOU BEPILIUHBI.

14.HaiiTu BelMUMHY PaBHOACUCTBYIOIIEH YEThIPEX KOMIUIAHAPHBIX CUJI, TIPH-
JIO’)KEHHBIX K Touke O, eciiv BelMuuHa Kaxaou cuisl paBHa 10kI, a yron
MEXAY ABYMS MOCIIeIOBATEIbLHBIMU CUJIaMU paBeH 45°.
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— —

15.PackpbITh CKOOKH B BBIPAXKEHUU (2; — ])- Jj— (j —2k ) k + (f —2k )Z

16.0mpeIenuTh yron MexXTy BEKTOPaMH d =—i + j U b=i- 27 + 2k .

IIpakTnueckas padora S
BekTopHoe npousBeieHre BEKTOPOB

1. OnpesiennTh U MOCTPOMTH BEKTOp ¢ =dxb, ecmm 1) a=3i, b=2k; 2)
a=i+7J, l;:f—j; 3) a=2i +37, E:3j+21€. Haiitun B xaxxmoMm ciydae
[LIOLIa b TAPAIIEIOrpaMMa, TOCTPOCHHOTO Ha BEKTOPaxX d 1 b .

2. BeruncauTs miomaas TpeyroibHuka ¢ sepmmHamu 4 (7; 3; 4), B (1; 0; 6) u
C 4;5;-2).

3. TIocTpouTh HapamienorpaMM Ha BEKTOpax d =2 + k,b=i+2k uBbumc-

—

JIUTh €ro IIONIAJb U BBICOTY.
4. PackpbITb CKOOKH U YIPOCTUTD BBIPAKECHHUS:

1) fx(]+E)—]x(f+§)+§x(f+]+§);

) (@+b+c)xe+(a+b+e)xb+(b-c)xa;

3) (2 +5)x(c—a)+ (b +2)x(a+5);

4) 27 (Fxk)+37 (7 x &)+ 4k - (7 x ).

5. Jloka3aTthb, 4TO (Zi ~b )x (Zi +b ): 2axb , 1 BBISICHUTb F'€OMETPUUYECKOE 3HA-
YeHHE 3TOT0 TOXKECTBA.

6. BexTopsl d m b cocTaBisiior yroi 45°. HaiiTi miomais TpeyroabHIKa, [Mo-
CTPOEHHOI'0 Ha BEKTOpax d — 2b u 3G +2b , ecin ‘Zi‘ = ‘l;‘ =35.

7. Halitu muioniaap napajjienorpaMma, AMaroHaasiMu KOTOPOro CIIy»aT BEKTO-
pel 2m—1n v 4m—>5n,Tae m WU I - eAMHUYHBIE BEKTOPHI, 00pa3yoIIue yro
45°.

8. ITocTpouTh BEKTOPH d =—2] + 3k, b=3i — 2/ m é=adx b . BBI4HCIHT
MOJYJb BEKTOpa € U IUIOIIAJ(b TPEYroJbHUKA, TOCTPOEHHOTO0 Ha BEKTOPAX d U

—

b.

9. Iloctpouts TpeyroapHuk ¢ BepmmHamu A (1; -2; 8), B (0; 0; 4) u C (6; 2; -
0). Beruncnuth ero mioiajip u Beicoty BD.

10. BpluuciauTh AuaroHajiyd W IUIOMIA[b NapajuieiorpaMma, MOCTPOCHHOTO Ha

BeKTOpaxX d=—, +k nub=i +j+k.

Jlomawnsa paboma

11. Jloka3aTh, 4TO (251' + l;)x (Zi + 2[;):3c_i><l;.
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12. Haiitu 1uiomiaaps mapajuiesiorpaMMa, I[OCTPOEHHOTO Ha  BEKTOpax
d=m+2n u b=2m+n, A€ M U i - CAUHUYHBIC BEKTOPHI, 00pa3yroIue
yrona 30°.

IIpakTnuyeckas padora 6
CMeniaHHOE IPOU3BEIEHUE BEKTOPOB

1. TIocTpouTh TapaJUleNeNMIe], Ha BeKTOpax d=3i +4/, b= -3/ + k
c=2j+ 5k U BBIYHCITHTB €10 0OBEM. [IpaBoii niu neBoit OyneT cBA3Ka BEKTO-
pos (d,b,¢) ?

2. lloctpouts nupamuay c¢ epmuHamu O (0;0;0), 4 (7;3;4), B (1;0;6) u C
(4;5;-2) 1 BpIUUCITUTH €€ 00BeM, momaab rpaHd ABC U BBICOTY MUPAMUIBI,
OMYIIEHHYIO Ha 3Ty IpaHb.

3. Tlokazatsk, uro Touku A (2;-1;-2), B (1;2;1), C (2;3;0) u D (5;0;-6) nexar B
OJIHOM TJIOCKOCTH.

4. Tloka3zaTp, uto BekTOopbl a = -i + 3j + 2k, b = 2i —3j — 4k, c = -3i + 12j + 6k
KOMILIAHAPHBI, U Pa3JIOKUTh BEKTOP € 1O BEKTOpam a U b.

5. IMokazars urto: (a+b)[(a+c)xb] = —abc; 2) (a+2b-c)[(a-c) x (a-b-c)] = 3abc.
6. Haiitu oObeM TeTpannpa, mocTpoeHHoro Ha Bekrtopax OA; OB; OC, eciun

ATU BEKTOPHI HAIPABIICHBI MO0 OUCCEKTpHCAM KOOPAWHATHBIX YIJIOB M JJIMHA
KaXJI0ro paBHa 2.

7. Tloctpouts mupamuny c Bepmunamu 4 (2;0;0), B (0;3;0), C (0;0;6) u D
(2;3;8), BeIUUCIUTH €€ 00BeM, Iulomaab rpaHd ABC W BBICOTY MUPAMUJIBI,
OMYIIEHHYIO Ha 3Ty IpaHb.

8. IMoctpouts Bexktoppl @ =i +j + 4k, b =i-2 j, ¢ = 3i - 3j + 4k, nokas3ars,
YTO KOMIUTAaHAPHBI, U HAUTH JIMHEHHYIO 3aBUCUMOCTh MEKy HUMHU.

9. Ilokasath, uTo O0BEM MapajuiesienuIe/a, MOCTPOSHHOTO Ha JUaroHasIX
rpaHeil 3aJlaHHOr0 MapajuieNieluIe/ia, paBeH yABOCHHOMY OObEeMY JaHHOTO

napaijiesienurnena.
N N
10. laHbl eqUHUYHBIE BEKTOPBI m, n, p. Yron (m,n)=[p,(mxn)]=a . Jloka-

3aTh, 4To Toraa (mx n)p =1/2sin 2o .

Jlomawnsa paboma

11. Ilpu moObIX BekTOpax a, b, ¢ BeKTOpsl a — b, b — ¢, ¢ — a KOMIUIaHAPHBI.
JlokazaTh 3TO aHAIUTHYECKH U TEOMETPUYECKU (PacCMOTpPEHUEM Iapasuielie-
nuInesa, IOCTPOCHHOT0 Ha BEKTopax a, b, c¢).

12. Beruucnute o0bem mnapamienenunena OABCO.A4,B,C;, B KOTOpOM J1aHbI
Tpu BepiuHbl HIKHEro ocHoBanus O (0;0;0), 4 (2;-3;0), C (3;2;0) u BepmmHa
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BepxHero ocHoBanus B; (3;0;4), nexaias Ha 60okoBoM pedbpe BB, MPOTHBO-
oJIOX)KHOM pedpy OO;.

IIpakTnuyeckas padora 7
ITnockocTs. OCHOBHBIE 33a/1a4M HA MJIOCKOCTh

1. Tloctpouts mnockoctu: 1) Sx—2y+3z-10=0; 2) 3x+2y—-z=0; 3)
3x+2z=6;4)2z-7=0.
2. Iloctpouth miockocTh 2x+3y+6z—-12=0 u HaiiTh yriael HOpMalu K

TJIOCKOCTH C OCSIMH KOOPJIMHAT.
3. Hanbl Touku M, (0;-1;3) u M, (1;3;5). Hanucats ypaBHEHHE IIJIOCKOCTH,

IIPOXOJAIIEH Yepe3 TOUKy M U NepIeHIUKYIAPHOU BeKTOpY 71 = MM, .
4. Hanucath ypaBHEHHE IIJIOCKOCTH, Mpoxojsiiedt yepe3 Touky M (a;a;0) u

MEPIIEHAUKYIIAPHOUN K BEKTOpY OM . I1oCTpOUTH INIOCKOCTb.
5. Hanucatp ypaBHEHHE N€OMETPHUYECKOIO MECTAa TOYEK, OJUHAKOBO YJAJICH-

HBIX OT TOYCK A(a;—%;aj u B(O;%;Oj.

6. Hanucatp ypaBHEHHE IJIOCKOCTH, TapajiiieibHONM ocu Ox U MPOXosiel ye-
pe3 touku M; (0;1;3) u M, (2;4;5), 1 mOoCTpOUTH €€.

7. HanucaTh ypaBHEHHUE IIJIOCKOCTH, POXOsIiel yepe3 ock Ox U TOUYKY M|
(0;-2;3). ITocTpoUTh MIOCKOCT.

8. Hanucath ypaBHEHHE IJIOCKOCTH, Mpoxojsiiei yepe3 ocb Oz U Touky M,
(2;-4;3). ITocTpouTh MIOCKOCTb.

9. Hanucatp ypaBHeHHE IJIOCKOCTH, MapaieabHo ocu Oy U oTceKaroueil Ha
ocsix Ox u Oz otpe3ku a U c. [locTpouThb MI0CKOCTb.

10. Hamucatb ypaBHEHHE IUIOCKOCTH, poOXoasiei yepe3 Touky M (2;-1;3)
M OTCEKAIOUIeH Ha OCSIX KOOPJIMHAT PaBHBIE OTPE3KH.

11. Haiiti yron Mmexay miockocTssMu x —2y +2z-8=0u x+z—-6=0.

12. HaliTu mi10CKOCTh, MPOXOJAIIYI0 Yepe3 TOUKy (2;2;-2) U mapauiesbHYIo
IJIOCKOCTH X —2y —3z=0.

13. Hanucate ypaBHEHHE IUIOCKOCTH, Hpoxojdiiei depe3 Touky (-1;-1;2) u
MEPNEHINKYIAPHON K TNIOCKOCTSIM X —2y+z—4=0un x+2y—-2z+4=0.

Jlomawnsa paboma

14. HanmcaTte ypaBHEHHE TJIOCKOCTH, Mpoxosiieit yepe3 Touku M, (-1;-2;0) u
M, (1;1;2) u nepneHauKyIIpHOM K TWIOCKOCTU X + 2y + 2z —4=0.

15. Haiitu paccrosaue Touku (4;3;0) OT MI0CKOCTH, MPOXOASIIEH Yepe3 TOUKH
M, (1;3;0), M (4;-1;2), M5 (3;0;1).
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IIpakTnuyeckas padora 8
OcHOBHBIE 33/1a41 Ha MPSIMYIO B TPOCTPAHCTBE

x+2y+3z-13=0

1. YpaBHeHus npsmon { Hamucath: 1) B KaHOHWYeCcKO#l (opme;

3x+y+4z-14=0
2) B mapamerpuyeckoi ¢opme. HaiiTu cienpl mpsiMoil Ha KOOpPAWHATHBIX
IJIOCKOCTSAX ¥ TOCTPOUTH NPSIMYIO U €€ MPOEKIUU.

2. Hamucath ypaBHeHHMs TpsIMOM, mpoxonsiuei yepe3 Touky A(4;3;0) u na-
pajienbHOM BEKTOpPY v(-LLl). Haltu cnex mpsiMoi Ha miockoctd yOz U MO-
CTPOUTH NMPAMYIO.

3. Hanucate ypaBHeHHs mpsiMoil, mpoxoxasuiedl udepe3 Touku A(-1;2;3) wu
B(2;6;-2) u mocTpouTs ee.

4. Hamucath ypaBHEHUS TpaeKTOpUU TOUKU M(x; y; z) KOTOpas, BBIMAS U3
Touku A(4;-3;1), IBUKETCSI CO CKOPOCTBIO ¥(2;3;1) .

5. HanwucaTte mapameTpuueckue ypaBHEHHUs MpsMoi: 1) mpoxondiied uyepes
TOuKy (-2;1;-1) 1 mapaniaenbHON BEKTOPY v(1;-2;3) ; 2) IPOXOAAIel Yepe3 TOUKH
A@3;-1;4) m B(1;1;2).

6. Hammcate ypaBHeHuUs mpsiMO, Ipoxoasiieit yepe3 Touky (a, b, c¢): 1) ma-
paiensHo ocu Oz; 2) neprneHIuKyaspHo K ocu Oz.

7. Hautu yroa npsamMom x=2z-1; y=-2z+1 C IPAMOU, IPOXOIALICH Yepe3 Ha-
qaJio KoopAuHAaT u uepe3 Touky (1; -1; -1).

x—y+z-4=0 - {x+y+z—4=0

8. Haiitu yros Mexay npsiMbIMU: .
2x+3y—-z-6=0

2x+y-2z+5=0

9. Tlokaszarh, 4TO MpsMas §=§=% HEPIECHINKYIIPHA K TPAMOM x=z+1;

y=1-z.

10. HanucaTte ypaBHeHUs MpsMOM, mpoxodilei uepe3 Touky (-4; 3; 0) u na-

o o [x-2y+z-4=0
pauICIbHOM IIPAMON Y .
2x+y-z=0

11. Haiiti yros npssMou y=3x-1, 2z=-3x+2C IJIOCKOCTBIO 2x+y+z-4=0.

Jlomawnsa paboma

x+l y+1 z-3

12. Iloka3atb, 4TO npsiMas napajijiejbHa IJIOCKOCTH 2x+y-z=0,

x+1 y+1 z+3
==

a IIpAaMad JIC)KUT B ATOM INIOCKOCTH.

13. HaiitTu TOuYKy mepecedyeHusi MpsMOu §=T= C IUIOCKOCTBIO

x+2y+3z-29=0.

IIpakTnueckas padora 9
[ToBepXHOCTH BTOPOTO MOPsIKA
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Mertoa napaJuiebHbIX Ce4eHUN
Ecnu 3a1ano ypaBHEHHE TOW WJIM MHOW MOBEPXHOCTH, TO BO3HUKAET 3aj]1aya
uccienoBanus ee (GopMbl U PACHONOKEHHS OTHOCUTENIBHO KOOPJIMHATHBIX
oceil. Jlns pemieHust 3Toi 3aauyu 0OBIYHO MPUMEHSIOT METO]I MapajuieNbHbIX
CEYEHUI: TOBEPXHOCTb IEPECEKAETCS HECKOIBKMUMH IUIOCKOCTSIMH, Hapai-
JEIBHBIMU IIJIOCKOCTSAM KoopauHat. dopMa U pa3mep MOJYYEHHBIX CEUEHHUH
MO3BOJISIIOT BBISICHUTH F€OMETPUUYECKYIO0 (POPMY camoil MOBEPXHOCTH.

VY CcTaHOBUTH TUN 33JJaHHBIX TOBEPXHOCTEN U OCTPOUTD HX:
2 2 2
X z
A A
4 16 81
2. x? +y2 — 472 =-1;

3. 3x? +y2 =2a(z - 2);

2
2 z

4. 2y=x"——;

4 4

b

5. y%=15z;

6 z=5—x2—y2;

7. x° —9y2 =422;

8 x2=5y—1;

9. 2x% —4x+y*-6y-2z2=0;
10. 2x2 =792 +11z2 =0;

Jlomawnsa paboma
11. x+2=y%2 -3y +3z% +6z;

12. x? =yz.

IIpakTnueckas padora 10
Martpuiibl, oniepaliiy HaJ MaTpUIlaMU

Haiitu nuHeHbIe KOMOWHAIIUA MATPHII;

1.

I -2 5 3 0o 2 7 =5
44-7B, A=|2 0 -3 1|,B=-8 1 3 0
5 -1 0 4 4 2 -2 5

b



I -2 0 5 1 =2

-5

2. 54-3B+2C, A=|3 5 1|,B=|-3 2 7|, C=|2
6

-1 2 4 4 0 -1

Haiitu npousBenenust matpuil AB u BA (eciiu 3TO BOZBMOXHO):

5
3. 4=(1 —230),B=_j;
1
-2 3 1 | -2 -3
A=|'5 4 0|, B=[0 -3 1
2 -1 -5 4 -4 5

Haiitu npoussenenus matputl (48)C u A(BC):

5 0 3
30
4 1 -1 ~2
A= ,B=|-2 1|,C=
2 -3 2 3
4
1 5 3

Haiiti 3HaueHrne MaTpudyHOro MHOTOWIeHa f(A4):

1 0
F(A)=2x* =3x+1, A:(O J;

f(A)=2x>—x>+3, A:(_l 2}.
~3 1

[IpoBepuTh, KOMMYTUPYIOT JIU MaTpUILbl 4 U B:

123 -1 2 -3
A=|4 5 6|,B=|-4 5 -6|.
7 8 9 -7 8 -9

Haiiti npoussenenns matpur A4” u A'A:

3
0
4

D hn —
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HpI/IBCCTI/I MaTpuly K CTYIICHY4ATOMY BUAY:

1 2 -10 1 0 2 -13

3 -1 2 2| 3 -2 0 —-47

2 5 -1 0/ 2 2 10 -1 8|
1 -1 0 2 1 -2 -4 5 2

Jlomawnsa paboma

Haiiti paHr MaTpuIiibl METOZIOM JIEMEHTAPHBIX MPEeOOPa30BaAHMIA:

3 -1 3 2 5

1 2 4 -3
5 -3 2 3 4
35 6 —-41; .
1 -3 -5 0 -7
3 8 2 —-19

7 -5 1 4 1

Haiitu paHT MaTpullbl METOAOM OKaﬁMHHIOHIHX MHUHOPOB U YKa3aTb OOAWH U3 Oasuc-
HBIX MUHOPOB!

3 -1 2 3 -1 2
4 -3 3|; 4 -3 3.
I 3 0 I 3 2

IIpakTuuyeckas padora 11
OnpenenuTeny BTOPOro U TPEThEro MOpsiaKa

1.1. BeluucauTh onpeaenuTellb pa3ioKeHUEM 110 AJIEMEHTaM
a) MepBOM CTPOKH;
0) TpeTbeil cTpoKu

-2 1 3
I 2 1.
0 0 -3

1.2.Haiitu anrebpandeckoe TONOJHEHUE a) 35ieMeHTa 6; 6) anemenTa 0 JaHHOM MaT-
PHIIBI
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3 4 -7 1
2 1 5 2
3 -1 4 6|
-7 0 5 1
[Tpr KaKOM 3HAYCHHUH O PAaBHBI HYJIIO CIIEAYOIIHE ONPEICTUTEIH:
1 2 « 3—a 0 O
3-«a
1.3.‘ 14.-1 0 4|. 15| 2 a 0.
2 -«
1 2 -3 10 -5 1
Hcrnonb3yst CBOMCTBA ONPEACIIUTENEH, BEIYUCINUTD CIICAYIONINE OMPEICTUTCIIN
2 -1 0 3
1 2 -3 2 4 -3
-1 3 5 4 121 283
1.6.14 -5 8|. 1.7. . L.8. . 1.9 -2 0.
4 -2 0 6 221 183
5 3 5 24a 4-2a -3
1 2 3 4
-1 3 3a
1.10. |2 1 —-1+¢.
-3 4 1+4a
Jlomawnsa paboma

Bbruncinuth onpenenuTeny, NpuBe/is MaTpuIly K TpeyrojabHOMY BUIY (MIpUBEICHHE
MaTpHIIbl K TPEYTOJIbHOMY BUY — TaKO€ ITpeoOpa3oBaHue, IPU KOTOPOM BCE DIIEMEH-
ThI, JIEXKAIIKE 10 OJIHY CTOPOHY OT I'JIaBHOM JAMaroHaiu, paBHbI HYIIO)

-2 2 3 3 -4 3 7 2 2 3 -1 4
0O 3 -1 2 2 2 0 -8 I 2 3 5
1.11. . 112, . 1.13. .
3 -1 4 6 I 1 0 1 -1 2 0 1
I 2 0 1 5 3 0 4 5 8 1 1
3 -3 -5 8
-3 2 4 -6
1.14. .
2 =5 -7 5
4 3 5 -6

IIpakTnueckas padora 12
Onpenenureny n — o NOpsAKa



Brerauciautb OIIPCACIUTCIIN IPUBCACHUCM K TPCYTI'OJIbHOMY BHAY

1.1

1.3.

2.1.

2.3.

3.1.

an  dpp p2 Apa Ay 3.2 2
dy1 A Aypy Gypq 0 2.3 2
az; Az as ,_» 0 0 122 2 3
a, 0 0 0 0 2 2 2
| n 1 2 3 n-2 n-—1
-1 0 n 2 3 4 n—-1 n
-1 -2 n 143 4 5 n n
-1 -2 -3 n n n n n n
BoruncnuTh onpeaeanuTes i METOA0M BBIICIICHHS JTMHEHHBIX MHOKHUTEIICH
1 2 3 n a, a; a, a,
I x+1 3 n a, X a, a,
I 2 x+1 n 22.lay a; x a,
1 2 3 x+1 a, a; a, X
1 1 1 1
1 1 2 3
I 2—-x 1 1 5
11 3-x 1 P
2 3 1 5
o 2 3 1 9-x7
1 1 1 n+l—x
BoluncnuTh onpeaenuTes i METOA0M PEKYPPEHTHBIX COOTHOIIICHUM
21 0 0 32 0 0
I 2 1 0 1 3 2 0
01 2 0. 320 1 3 0.
0
0 0 O 2 0 0 O 3

Jlomawnsa paboma
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56 0 0 O 0 0

7 0 0 4 52 0 0 0 0

5 .. 01 3 2 0 0 0

330 2 7 ... 0. 340 0 1 3 2 0 0
0 0 O 7 0 0 0 O 3

0 0 0 O 3

IIpakTnueckas padora 13
OOpatHas MaTpula, peleHre MaTPUYHbIX YpaBHEHUN

1.1. Kakas u3 matpuny B,C,D siBisetcs oOpaTHOl K MaTpuile A4, eciu

o o e W)l )

21
1.2. Tpu kakux A cymectByer A", ecim
2 4 -1 -1 2 A
a) A= 0 0 3 |; 6) A= A 3 0f;
A=-2 2 1 A-1 5 4
A -1 0
B) A=|1 A 0].
3 4 2
Haiitu maTpuily, oOpaTHYIO K JaHHOM, €Clii OHa CYIIECTBYET
1. (a bj. 1.2. (2 _3j. 1.3. (3 4}.
c d 1 -4 5 7
2 0 O 1 2 2 3 -4 5
140 1/2 0|15 |2 1 =2].1.6. [2 -3 1.
0 0 1/3 2 =2 1 3 -5 -1
-10 12 -10 2 5 7
1.7. | =17 6 7 |. 18. |6 3 4
§ 0 -8 5 -2 -3



1 =30 0
-3 1 9
0 1 00
19. |[-5 -3 8|. 1.10.
0 0 21
—4 -1 5
0 11
1 0 0 0 0 0 -1 3
-1 1 0 0 1 -5 2
1.11. . L1, .
1 -1 1 0 0 0 4
-1 1 -1 1 0 0 8

Pemnts MaTpU4HbIE YpaBHEHUS

2.1.@ jj-xz(i Zj.z.z.x-@ :jjz(:; éj
2.3. @ :;j)((i ZJ:F; 1(6)}
2.4, (_01 ﬂx(; gjz(_lz __ljj.

I 2 -1 I -2 5

25 X0 4 -2|=(1 14 -7
1 0 2 1 20 -12
1 2 -3 1 -3 0
25. |3 2 —-4|-X=|10 2 7]
2 -1 0 10 7 8
Jlomawnsa paboma
1 -1 0 1 2 -1 6
26. |2 4 —-1|-X+|-1 4|=|-1 2
0o 1 2 0 5 5 12

IIpakTuuyeckas padora 14
Panr matpuipl, TpaHCIOHUPOBAHUE MATPULL
1.1. Haiitu paHr u yka3aTb KakoW-HUOY1b 0a3UCHBIA MUHOP MaTpPHUIIbI

67



0 2 -1 3 1 3000
a)l)0 0 0 1[;6)|4 2 -6;B8)[2 4 0 0 0f;
0 -1 2 1 =3 0 00 2 3
0 00O
-1 3 3
) |2 6 0 ) 0 010
r — ; .
Yo 0 01
-3 9 -3
1 0 0O
1.2. C nomourpio 31€MEHTapHbIX MPeoOpa30BaHUl HANTH paHT MaTPUILIBI
01 2 -1
2 -1 3 -2 4
0 2 4 =2
a) |4 -2 5 1 71, 0) ;
1 3 -2 4
2 -1 1 8 2
1 6 4 1
-1 0 4 1 2 -1 -2
2 1 3 -1 0O 1 2 3
B |1 1 5 305 D12 -1 0]
-4 -2 -6 2 1 3 1 1
o 1 7 7 25 0 1
24 14 17 15 24 19 36 72 -38
) 23 13 16 14 ) 49 40 73 147 -80
; e .
8 47 27 33 29 73 59 98 219 -118
3 0 0 5 47 36 71 141 =72
1.3. Haiitu Bce 3HaueHus A, IPU KOTOPBIX PAHT MAaTPUIIBI
1 3 -4 A 2 3
a) |[A O 1 |paBen2;6) |0 A—-2 4| paBeH?2;
4 3 -3 o 0 7
1 -1 2
B) |0 2 1 |paBeH3.
3 4 -1
Jlomawnsa paboma

1.4. B 3aBucHUMOCTH OT A HCCIEI0BAaTh PaHT MAaTPHULIbI

68
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31 1 4
1 A -1 2
A 4 10 1
a) |2 -1 4 5|; 6) :
17 17 3
1 10 -6 1
2 2 4 3
1 2 3 4 2 -1 4 0
0o 1 A 2 4 -2 0 A
B) ;1)
1 -3 0 -6 8§ -4 8 A
2 4 6 8 6 -3 12 0

IIpakTnueckas padora 15
MaTtpuuHas 3anuch 1 MaTPUUHOE PELICHUE CUCTEMBI IMHEHHBIX YpaBHEHUN

Pemnts MaTpu4uHbIE YpaBHEHHUS

o e

3 6) (2 4 B
1.5.X - - . 16.(7 ~1. (3 O|_(14 16)
4 8 9 18 5 =2 7 8 9 10

3 -1 2 3.9 7
1704 -3 3[.x=|1 11 7|
1 3 0 7 5 7
1 2 -3 I -3 0
1.8./3 2 —-4|-xX=10 2 7|
2 -1 0 10 7 8
5 3 1 -8 3 0
191 -3 =-2|=|-5 9 0|
-5 2 1 -2 15 0

2 -3 1 9 7 6
1.10.{4 -5 2|-X-1 1 2|=|18 12 9
5 =7 3 I 1 1 23 15 11



1.11.

Mepa

1.1

1.3.

1.5.

1.7.

1.9.

Jlomawnsa paboma
1 1 1
0 1 1 1
0 0 1 1]-X=
0 0 O 1
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IIpakTuueckas padora 16

®opmynsl Kpamepa

CucreMbl TMHEWHBIX aNTreOpanyecKuX ypaBHEHHUM permuTh 1o npasuiny Kpa-

2x; +2x, —x3 +x4 =4,
4x, +3x, —x3+2x4 =6,
8x; +5x, = 3x3+4x, =12,
3x;+3x, —2x3 +2x, =6.
2x; +5x, +4x; +x, =20,
Xp +3xy +2x3 +x4 =11,
2x; +10x, +9x5 + 7x, =40,
3x; +8x, +9x3 +2x, =37.
Tx; +9x, +4x5 +2x,4 =2,
2x;—2x5 +x3 +x4 =06,
5x; +6xy +3x3 +2x, =3,
2x; +3x, +x3 +x4 =0.
2x; —Xx, —6x3 +3x, =1,
Tx; —4x, +2x3 —15x, =-32,
xX; —2x, —4x3 +9x, =5,

X, —X, +2x; —6x, =-8.

Jlomawnsasa paboma

3x1 _SXZ +X3 = —4,

4x1 —7x2 +X3 :5

1.2.

1.4.

1. 6.

1. 8.

2x; +3x, +11x53 +5x4 =2,

X; +xy +5x3+2x, =1,
2x; +xy +3x3 +2x4 =-3,

X, +x, +3x;3 +4x, =-3.
3x; +4xy +x3+2x, =-3,
3x; +5x, +3x3 +5x, =6,
6x; +8x, +x3+5x, =38,
3x; +5x, +3x;3 +7x, =-8.
6x, +5x, —2x3 +4x, +4=0,
O9x, —x, +4x;3 —x, —13=0,
3x) +4xy +2x3 —2x,4 —1=0,
3x; +9x, +2x, —11=0.

2x; +xy +4x3+8x, =1,

X; +3x, —6x;3 +2x, =3,

3x1 _2X2 +2X3 _2X4 = 8,

2x; —5x, +3x3 +x4 =35,

1.10.)3%1 = 7%y +3x3 —x4 =1,

5x; —=9x, +6x5 +4x, =7,
4x; —6x, +3x53 +x4 =8.

IIpakTuueckas padora 17



1.1

1.3.

L.5.

1.7.

1.9.

CUCTEMBI TUHEHHBIX alreOpanvyecKkux ypaBHEHUN

Meton I'aycca

CucreMbl TMHEHHBIX aNreOpandecKux ypaBHEHUI pelInTh MeTo oM ["aycca

X1 — Xy _4X3 +9X4 = 22,
2x1 _3)(:2 +X3 +5.X4 = _3,
—4X4 :_3,

3x1 _2)(:2 _SX3 +X4 :3

x| +2x,
2x; —2x, + x4 +3=0,
2x; +3xy +x3 —=3x4, +6 =0,
3x) +4xy —x3+2x, =0,
X +3xy +x3— x4, —2=0.
2x; —3x, +3x3 +2x, =3,
6x, +9x, —2x3 — x4 =4,
10x; +3x, —3x; —2x,4 =3,

Jlomawnsa paboma

2x1 _X2 +x3 _X4 :3,
4x1 —2x2 —2x3 +3X4 :2,
2x; —Xx, +5x3 —6x, =1,

2x; —x, —3x3 +4x, =5.

1.2.

1.4.

1.6.

1.8.

1.10.

Xy —2xy —2x3-3x, =3,
4x, —3x, + x5 +5x, =7,
3x;—x, +2x5 =—1,
2x; +3xy +2x3 —8x4 =-T7.
X, + x, —6x; —4x, =6,
3x) —x, —6x; —4x, =2,
2x; +3x, +9x5 +2x4 = 6,
3x; +2xy +3x3 +8x, =-T.
2x; +7x5) +3x5 +x4 =95,
X, +3x, +5x3 —2x4 =3,
X, +5x, =9x3 +8x4 =1,
5x; +18x, +4x; +5x, =12.
4x; —3x5 +2x3 —x4 =8,
3x) =2x,+ x3-3x4, =7,
—5x, =6,

le _3)(:2 +X3 _SX4 :1

2x;— X,

X +2x5 +5x3 +9x,4 =79,

3x; +13x, +18x; +30x, =263,
2x; +4x, +11x5 +16x, =146,
X, +9x, +9x53 +9x, =92.

IIpakTnuyeckas padora 18
Pemenue cuctem TMHEMHBIX YpaBHEHUN
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HccaenoBaTh COBMECTHOCTb U HAWTHU O6I_HCC PEIICHUC U OJHO YaCTHOC PCIICHUC



1.1.

1.3.

L.5.

1.7.

1.9.

2x; +7xy +3x3 +x4 =6,
3x; +5x, +2x53 +2x, =4,
Ox; +4x, +x3+7x, =2.
3x; +4x, + x5 +2x4 =3,
6x; +8xy +2x53 +5x, =7,
9x, +12x, +3x; +10x, =13.
3x; —2x, +5x3 +4x,4 =2,
6x, —4x, +4x3 +3x, =3,
9x, —6x, +3x3+2x, =4.
2x;+5x, —8x3 =8,

4x, +3x, —9x3 =9,

2x; +3xy =5x3 =7,

x| +8xy —7x; =12.

2x; —x, +x3+2x4 +3x5=2,
6x; —3x, +2x3 +4x, +5x5 =3,
6x; —3x, +4x; +8x,4 +13x5 =9,
4x, —2x5 + x5 +x4 +2x5=1.
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2x; =3xy +5x3 +7x4 =1,
1.294x, —6x,5 +2x; +3x, =2,
2x; —3xy —11x; —15x, =1.
3x; = 5x, +2x5 +4x, =2,
1.4.47x; —4x, +x3+3x, =5,
5x; +7x, —4x5 —6x,4 =3.
2x; —xy +3x3—-Tx, =3,
1.6.46x;, —3x, +x3—4x, =7,
4x, —2x, +14x5 —31x, =18.
X, +x, +3x;-2x, +3x5=1,
2x; +2x, +4x3 —x4 +3x5 =2,

1.8.

2x; +2x, +8x3—3x, +9x5 =2.
x| +xy —3x3 —4x, =1,
1.10.<4x, +5x, —2x3 —x4 =3,

3x; +4x, + x5 +3x, =2.

Haiitu oOuiee peienue u GpyHAaMEHTAIbHYIO COBOKYITHOCTh PEIICHUN

x] +2X2 +4x3 _3X4 :0,

211, )3%1 +5x5 +6x; —4x, =0,

2.3.

2.5.

2.7.

4x; +5x, —2x3 +3x,4 =0,

3x; +8x,+ 24x5 +19x, =0.
6x; —2x5 +2x3+5x, +7x5 =0,
9x; —3x, +4x; +8x, +9x5 = 0,
6x; —2x, +6x3 +7x, +x5=0,
3x, —xy +4x;3+4x, —x5=0.
Sxy +6x, —2x53 +7x4 +4x5 =0,
2x1 +3xy —x3 +4x, +2x5 =0,
7x; +9x, —3x3 +5x, +6x5 =0,
5x; +9x, =3x3+x, +6x5 =0.
3x, +2xy +5x3+2x, +7x5 =0,
6x; +4x, +7x3 +4x, +5x5 =0,
3 +2x, —x3+2x,—11x5 =0,

6x; +4x, + x3+4x, —13x5 =0.

Jlomawnsasa paboma

3x; +2x, +x3+3x4 +5x5=0,
99 J0x; +4x5 +3x; +5x4 +7x5 =0,
9x; +6x, +5x3 +7x4 +9x5 =0,

3x; +2x, +4x, +8x5 =0.

2.4.

3x; —6x, +4x; +2x, =0,

2.6.

2x; =3x, +x53 +4x5 =0,

3x; +3x3 +3x,4 +4x5 =0.

2.8.




2x; — X, +5x; +7x, =0, 6x, —2x, +3x3 +4x, +9x5 =0,
2.9. dx, —2x, +7x;3 + 5x, =0, 2.10.|3x; —x, +2x3 +6x, +3x5=0,
le _x2 +x3 _SX4=0. 6x1—2x2 +5.X'3 +20.X'4 +3x5 20,

9x, =3x, +4x; +2x,4 +15x5 =0.

Kontposbnas padora Nel
BAPUAHT Nel
1. Ha Ouccektpuce nepBoro KOOpJUHATHOTO yria jexaTr Touku A(3;3) u B(X;y),
paccTOsTHUE MEKTY KOTOPBIMH PaBHO ~/2 . HaiiTi KoopAMHATHI TOuKH B.
2. Halitu ypaBHeHHE TIPSMOM, MPOXOAAIIEH Yepe3 TOUKY MepeceyeHUs MPSMbIX
2x—y—1=0wu 3x—y+4 =0 napannensHo npsamoit 4x+2y—-13=0.
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. Haittm yron mexny BbeicoTOM AD u MenuaHo AE B TpeyrojibHUKE C BEpLIU-
Hamu B Toukax 4(1;3), B(4;-1), C(-1;1).

. HaiitTn xaHOHMYeCKOe ypaBHEHME JJUIMIICA, €CJIH: a) PACCTOSHUE MEXIY KOH-
1aM# OOJIBIIION M MaJjioil OCHM paBHO 5, a CymMMa JIJIMH ToJiyoced paBHa 7; b)
paccTosiHUs OT ero (pokyca 40 KOHIIOB OOJIbIION OcH paBHBI 2 U 14.

. Uepes dokyc mapabosisl y2 = —X TpoBelaeHa mpsMas noxa yriom 135° x ocu

Ox. Halitu nimuny oOpa3oBaBIIeics XOpIbl.

BAPUAHT Ne2
. Jan tpeyronbauk ABC ¢ Bepmunamu A(1;5), B(4;1), C(13;10).Halitu Touky
nepecevyeHust OUCCEKTpUCH BHYTpeHHero yria A co ctoponoit BC.
. Ilpsmas y =kx+4 ynaneHa or Hadajga KOOpJIMHAT Ha paccTosHue d = V3.

Haiitu 3HaueHue k.

. Janbl mocnenoBaTenbHble BeplIMHBI mapaienorpamma ABCD: A(-2;5),
B(2;7), C(-4;-3). Haiitu xoopauHaThl YeTBEPTOM BepUIMHBI D W HamucaTh
ypaBHEHUE quaroHainu BD.

. Haiitu  ypaBHeHue  nIpsAMOW,  COAEpXkalleW  JuaMeTp  OKPYKHOCTH

x? +y2 —6x+4y+8=0, nepnenaukynspHoil npssmont x —3y +2=0.

. Haiitu ypaBHeHHE rumnepOoJibl, 3Hasi, UTO €€ IKCIEHTPUCHUTET & = 2, (OKYCHI
2
X 2
rUnepooJIbl COBNAAAIOT ¢ (OKYCOM AIUIHTICA E +y° =1.

BAPUAHT Ne3
. HailTu KkoopauHaTHI LIECHTPA U panyC OKPYKHOCTHU, IPOXOJSIIEH YEPE3 TOUKY
A(-10;4) u xacaromieiicsa ocu Ox B Touke B(-6;0).

. Hanucarp ypaBHeHue npsmoi, mpoxojsuied yepe3 Touky (-2;1) Ha paccros-
HUM | OT HavayIa KOOPAUHAT.

. Ilpu kaxkux 3HaueHusix 4 u C npsmas Ax +3y+ C =0: a) napamiensHa nps-

Mol 3x — y+8 =0; b) nmepneHauKyIsipHa NPSMON ) = 5x; B) MPOXOJUT Yepe3
touku (2;2) u (-1;4); r) nepecekarorcs ¢ mpsmont 4x —2y+7=0.

. HaiiTu momanp 4eThIpeXyrojibHUKA, JIBE BEPIIMHBI KOTOPOTO JiekKaT B (POKy-
cax »yammca 5x> +9y2 —180=0, a nBe Apyrue COBMAIAIOT C KOHIIAMHU €TO

MaJION OCH.
. Haiitu nnuny nuameTtpa aJuiurica (XOpAbl, TPOXOASIIeH yepes IEHTP AIUINATICA)

9x2 +27 y2 =225, MEPIEHIUKYIISIPHOTO K ACHUMIITOTE rUnepOoIIbI
x2 - y2 =4, npoxoAslIel yepe3 MEePBYI0 U TPETHIO YETBEPTH.

BAPUAHT Ne4
. IInomane Tpeyronsuuka ABC ¢ BepmmnHamu A(-2;1), B(2;2), C(4;y) paBHa 15.

Haiitu opaunaty Bepuunsl C.
. Uepe3 Touky nepeceyeHus npsmbeix 2x—y =0 u x+3y—1=0 nposenena

npsiMasi, NEPHIEHAUKYIsIpHas npsiMon y =3 — x . Halitu ee ypaBHeHue.
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3. Haubl nBe cMmexuHble BepuuHbl A(-2;4), B(2;2) nmapamnenorpamma ABCD u
touka M(1;-1) nmepeceuenus ero nuaronanei. Haittu ypaBHenus ctopon BC u
CD napainenorpamma.

4. OxpyxHOCTh npoxomuT uepe3 Touku M,(1;5) u M»(5;3), a ueHTp ee JIeKUT Ha

o X ) o
pSAMON ) + a1 1. Haiitn ypaBHEHHE OKPY>KHOCTH.

2 2

x° y . .
5. Han smmunc — +<— =1. Halitu ypaBHeHue runep0o0Jibl, BEpIIMHBI KOTOPOil

HaxoJsTcs B PoKycax, a GOKyChl — B BEPIIMHAX JAHHOTO 3JUIMIICA.

Kontposbnas padora Ne2
BAPUAHT Ne 1
1. B mapamnenorpamme ABCD: O — Touka nepecedyenus auaronanei. Haittu x, eciu

1) 4B =x-CD;

2) AC = x- AO;
3) OB = x- BD;
4) OC = x-CD.

2. Pa3noXuTh BEKTOP c= (9;4) o BekTOpam aub,ecma= (L,2) u b=2i- 3}.

3. Haiitu BeKTOp 3, 3Has, 4TO dl 5, dl 5,

rnea = (2;3;-1),b = (1;-2;3),d - (2i — j + k) = 6.

4. HaWtu  miomanpe — mapajieJorpaMma, — IOCTPOGHHOTO  Ha  BEKTO-

pax5:3;+§,b:p—2§,

i-1[ )%

5. Hana nupamuaa ¢ BepmmHamu A1(7;2;4), A>(7;-1;-2), A3(3;3;1), A4(-4;2;1). Haiitu:
a) yrojl Mexxny peopamu A4, u A1Aq;

0) 00beM MUpaMUIbI;

B) JUIMHY BBICOTHI, OMYIICHHOW Ha TpaHb 414,A43.

riae ‘;‘ =4,

BAPUAHT Ne 2

1. dan napamnenorpamm ABCD. Jloka3atb, 4TO 0OA+0C=0B+0D, rze O — npo-
M3BOJIbHAS TOYKA POCTPAHCTBA.
2. Pajgmyc-BekTop T. M coctaiser ¢ ockio Ox yron 45°, ¢ ocsio Oy — 60°. Ero mmna

H = 6. Halitn koopauHatel T. M, 3Hasi, 4YTO TPEThA €€ KOOPJANHATA OTPULATEIbHAS.

3. HailTu e AMHUYHBIN BEKTOpP, NEPIEHANKYIISIPHBIA BEKTOPaM

a=2i+j+k, b=(12).

4. Haiitu iomans Tpeyroibanka ABC, B kotopoMm A(2;1;0), B(-2;4;1), C(-3;-8;4).
5. Hana nupamuaa ¢ BepmmHamMu 41(1;3;6), A2(2;2;1), A3(-1;0;1), A4(-4;6;3). HaiiTu:
a) KOCUHYC yriia Mexay peopamu 414, n A1 Ay;
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0) 00beM MUpaMUIbI;
B) JUIMHY BBICOTHI, OMYIICHHOW Ha TpaHb 414,A45.

o BAPUAHT Ne 3
1. Janbl BEKTOpBI a W b, yroil MeXay KOTOPbIMU PAaBEH 120°. [TocTpouTsh BEeKTOP
c=2a-15bu ONPEAECTUTH €r0 JJIUHY, €CIU ‘5‘ = =4.
2. IlpoBeputs, uto uetbipe Touku A(3;-1;2), B(1;2;-1), C(-1;1;-3) u D(3;-5;3) sBns-
FOTCS BEPLIMHAMY TPaICIUH.

3. JIaHLIBeKTopLIa—Zz ]+3k b—l—3]+2k c-3l+2] 4 . Haifti BexTop x,

eciu xa = -5, xb = —11, xc =20,
4. B tpeyronbhuke ¢ BepmrHamu A(4;-14;8), B(2;-18;12), C(12;-8;12) HailTu qiauHY
BBICOTBI, OINYIIEHHOW U3 BepiinHbl C Ha CTOPOHY AB.
5. lana mupamuna ¢ BepmmrHamu A1(-2;0;-4), A»(-1;7;1), A3(4;-8;-4), A4(1;-4;6). Haii-
TH:
a) IuHy pedpa 4,A43;
0) KOocHHYC yriia Mexxy pedpamu A4, n A1As;
B) 00BEM MUPaMUJIBL.
BAPUAHT Ne 4

1. B pom6e ABCD nuaronanu AC=a,BD=b, Pa3JIOKUTh MO 3TUM ABYM BEKTOpaM

BekTOopbl AB,BC,CD, DA .
2. 3nas OJIHY U3 BEPLIMH TPEYronbHUKA A(l -6;3) 1 BEeKTOPBI, COBIAJIAIOIIUE C ABYMS

CTOPOHAMHU AB =3 Jj +5k, BC=4i+2j Jj— k , HAlTH OCTaNbHBIE BEPILHMHBI U BEKTOP

CA.
3. Haiitu BeKTOp m, 3Has, ut0 m L ¢, ma =4, mb =35, rue
a= (3,—2,4),b = (5,1,6),0 =(-3;0;2)
4. 3Has aBe ctopoHsl TpeyroibHuka ABC: AB = (-3;-2;6), BC =(-2;4;4), BbIuuc-
JIUTh JUTMHY BBICOTHI AD.
5. Hana nupamuaa ¢ BepmmHamMu 41(1;2;0), A2(3;0;-3), 43(5;2;6), A4(8;4;-9). Haiitu:
a) IuHy pedpa 4,A43;
0) yron Mexay pedbpamu A4, u A1Aq;
B) 00BEM MUPaMUJIBI.

Pacuemmno-cpagpuueckas paooma Ne 1
B 3aadax nansl KOOpAMHATHI BEpIIMH TpeyrojabHuka ABC. Haiitu:
1. JlnuHy cTOpOoHBI AB.
2. VYpaBueHus ctopoH AB u BC, a Takxe uxX yrioBbie KO3 PUITUEHTHI.
3. VYrou B B paguaHax ¢ TOUHOCTh JO 2-X 3HAKOB.
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4. VYpaHeHue BeicOThl CD U €€ JJINHY.
. YpaBHeHUe Menuanbl AE 1 KOOpAWHATHI TOUKHU K MEpECEeYeHus: 3TOU MEAUAHBI
¢ BeicoTou CD.
6. YpaBHEHHE NpsAMOM, MPOXOIAIIEH yepe3 TOUKy K, mapauiesIbHO CTOPOHE AB.
7. KoopnuHatsl TOUKH M, pacrionoKeHHONM CUMMETPUYHO TOUYKE A, OTHOCUTEIb-
Ho npsimoit CB.

9,

BapuanTsl 3aganuii

No Touxka 4 Touka B Touka C
1 (-8; -3) (4; -12) (8; 10)
2 (-5;7) (7; -2) (11;20)
3 (-12; -1) (0; -10) (4; 12)
4 (-10; 9) (2;0) (6;22)
5 (0; 2) (12; -7) (16; 15)
6 (-9; 6) (3;-3) (7, 19)
7 (1; 0) (13;-9) (17;13)
8 (-4; 10) (&; 1) (12; 23)
9 (2;5) (14; -4) (18; 18)
10 (-1; 4) (11;-5) (15;17)
11 (-2;7) (10; -2) (8;12)
12 (-6; 8) (65 -1) (4;13)
13 (3; 6) (15;-3) (13;11)
14 (-10; 5) (2; -4) (0; 10)
15 (-4; 12) (8; 3) (6;17)
16 (-3; 10) 9; 1) (7; 15)
17 4; 1) (16; -8) (14; 6)
18 (-7, 4) (5;-5) (39
19 (0; 3) (12; -6) (10; 8)
20 (-5;9) (7; 0) (5; 14)
21 (-4; 6) (8; -10) (11;11)
22 (-6; 8) (6; -8) (9; 13)
23 (-8; 10) (4; -6) (7; 15)
24 (-10; 4) (2;-12) (5;9)
25 (-2;7) (10; -9) (13;12)
26 (-5;9) (7;7) (10; 14)
27 (-3;11) (9; -5) (12; 16)
28 (-7;13) (5; -3) (8;18)
29 (-11; 12) (1; -4) (4;17)
30 (-9; 5) (3; -11) (6; 10)

Pacuemmno-epagpuuecxkan paboma Ne2
Tema: Bexmopnas ancebpa

Jlanbl KoopauHATHI BepiiuH nupamuasl ABCD. TpeOyercs:
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1. 3anucath Bektopsl AB, AC, AD B cucteme oprt i, j,k ¥ HAWTH MOJLYJIM STUX

BEKTOPOB;

2. HaWlTH yroj MEXIYy BEKTOpaMu AB , AC ;

3. HaWTH NPOEKLHIO BEKTOPA AD Ha BEKTOP AB ;

4. wHaittu omaas rpanu ABC;

5. Haiitu 00beM nupamuasl ABCD,;

6. coctaBuTh ypaBHeHue pedpa AC;

7. coctaBuTh ypaBHeHue rpanu ABC.

No Bapuanra A D

1. (1;2;1) (-1;5;1) (-1;2;,7) (1;5;9)
2. (2;3:2) (0;6:2) (0;3:8) (2;6;10)
3. (0;3:2) (-2;6:2) (-2;3:8) (0;6;10)
4. (2;152) (0;4;2) (0;1;8) (2;4;10)
S. (2;3:0) (0;6:0) (0;3:6) (2;6:8)
6. (2;2:1) (0;5:1) (0,257 (2;5:9)
7. (1;3:1) (-1,6:1) (-1;3:7) (1;6:9)
8. (1;2;2) (-1:5;2) (-1:2;8) (1,5;10)
9. (2;3:1) (0;6:1) (0;3;7) (2;69)
10. (2;2;,2) (0;5;2) (0;2;8) (2;5;10)
11. (1;3;2) (-1;6;2) (-1;3;8) (1;6;10)
12. (0;1;2) (-2:4;2) (-2;1;8) (0;4;10)
13. (0;3;0) (-2:6;0) (-2:3;6) (0;6;8)
14. (2;1;0) (0;4;0) (0;1;6) (2:4:8)
15. (0;2;1) (-2;5;1) (-2:2;,7) (0;5;9)
16. (1,1;1) (-1;4;1) (-1;1;7) (1;4;,9)
17. (1;2;0) (-1;5;0) (-1;2;6) (1,5;8)
18. (0;1;0) (-2:4;0) (-2:1;6) (0;4;8)
19. (0;1;1) (-2:4;1) (-2:1;,7) (0;4;9)
20. (0;2;0) (-2;5;0) (-2;2;6) (0;5;8)
21. (4:2;5) (0,7;2) (0,7;2) (1,5;0)
22. (4;4;10) (4;10;2) (2;8:4) (9;6;4)
23. (4;6;5) (6;9;4) (2;10;10) (7;5;9)
24. (3:5:4) (8;7;:4) (5:10:4) (4,7;8)
25. (10;6;6) (-2;8;2) (6;8;9) (7;10;3)
26. (1:8;2) (5:2;6) (5:7:4) (4,10;9)
27. (6;6;5) (4,9;5) (4;6;11) (6:9;3)
28. (7;2;2) (5:7;7) (5:3;1) (2;3;7)
29. (8;6;4) (10;5;5) (5;6;8) (8;10;7)
30. (7,7:3) (6;5:8) (3;5:8) (8;:4:1)

Pacuemmno-cpagpuueckan pavoma Ne 3

Tewma: Ilosepxnocmu emopozo nopsoxka

B BapHaHTax Nel-15 YCTAaHOBUTH THUII 3aIaHHBIX HOBCpXHOCTCﬁ " IIOCTPOUTH HX.



B BapuanTtax Ne 16 — 25 nansl ypaBHeHUs JTUHUH B Tuiockoctu YOz, TpeOyertcs: 1)

HalTU ypaBHEHHE NMOBEPXHOCTH, 00pa30BaHHOMN BpalleHUEM JAHHOW JTUHUHU BOKPYT
ocu Oz; 2) TIOCTPOUTH YEPTEXK MOTYUYEHHON TOBEPXHOCTH.

No Bapuanra Ypasnenue nosepxnocmu
L x2—xy—xz+yz=0
2 X2 +z2—dx—4z+4=0
3 x2+2y2+22—2xy—2yz:0
4 x2+y2—22—2y+2z:0
> x242y2 4222 —4y+4z+4=0
6. 4x% + 92 =22 —24x -4y +22+35=0
7 X242 =22 —2x—2y+2z+42=0
8 x2+y2—6x+6y—4z+18=0
? 9x% —z2 —18x— 18y —62=0
10. 4x* —y? +42° —8x+4y+82+4=0
11. x2—y2—4x+8y—2z=0
12. 4% +992 +3622 —8x—18y — 72z +13=0
13. x2 +y2 +22 =2az
14. x2+y2=2az
15. x2—y2=2az
16. z=4-y7
17. 2y+3z=6
18. y2 +4z%2 =4
19. z=y> -4
20. 9y —4z* +36=0
21. 4y* —z* =16
22. z=y*+2
23. zz—4y2—4=0
24, y—2z=4
25. 4y? —z2 -36=0

MeToanuyecKkue peKOMeHAAUuU
IIpumepsl pemienus 3aga4
1. Pemmmts cucteMy ypaBHEHUN
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2x; — Xy —x3 +3x4 =1,
4x; —2xy — X3 +x4 =35,
6x; —3x, —x3—x4 =9,
2x; — Xy +2x3 —12x, =10.
Pemenue. bynem pemars meronom ["aycca. Beinuiiem paciimpeHHy0 MaTpUIly CHC-

TeMbl U TIpeolOpazyemM e€, BhIUMTas MEPBYIO0 CTPOKY, YMHOXKEHHYIO Ha 2, 3 U 1 cooT-
BETCTBEHHO U3 2-0M, 3-eii 1 4-0 CTPOK:

2 -1 -11] 3 1 2 -1 +1 3 1
- 4 -2 -1 1 5 N 0O 0 (1 -5 3
6 -3 -1 -1 9 0 0 |2 -10 6
2 -1 2 -12 10 0 0 3 -15 9
Jlanee BTOPYIO CTPOKY, YMHOXKEHHYIO Ha 2 U 3, BBIUTEM COOTBETCTBEHHO W3 TPETEH U

YETBEPTOU CTPOK:

2 -1 -1 3 1 2 -1 -1} 3 1
0O 0 1 - 3 0O 0 1|-5 3
0 0 2 -1D0 6 0 0 0] 0 O

o 0 3 -159) {0 0 0"O0 O

[TocnenHsst MaTpulla SKBUBAJIEHTHA CIIEIYIOIIEH CTYIIEHYaTON CUCTEME:
2x; =Xy —x3 +3x4 =1,
X3 —5x4 =3.

[TonyuenHas ynpoméHHass cUCTeMa NpPEACTaBiIsieT coOOM cuCTeMYy M3 JIBYX
ypaBHEHUH 7151 4eThIPEX Hen3BeCTHBIX. ClleJ0BATENbHO, ABA U3 HEU3BECTHBIX MOXKHO
BbIOpaTh 3a IJIaBHBIE, a JBa - 3a CBOOO/HBIE, Yepe3 KOTOPbIE OyayT BbIPAXKEHbI IJ1aB-
Hble. B KauecTBe r1aBHBIX HEU3BECTHBIX MOXHO BbIOpaTh JIO0YIO Mapy, €CiIu OIpe-
JEJINTENb, COCTABICHHBIA M3 KOA(()UIMEHTOB, CTOSAMIMX IMEpe] HUMH, OTIMYEH OT
HyJs (6a3ucHbIi MUHOD). B naHHOM 3a7aue B KaUueCTBE IVIABHBIX HEU3BECTHBIX MOX-
HO BBIOpaTh X| ,X3.

ﬂeﬁCTBI/ITeJIBHO, OHpeIIeJII/ITeJIB, COCTaBHeHHBIﬁ N3 UX KOB(l)(l)I/ILII/ICHTOB, OTJIN-
YEeH OT HYJIA:
2 -1
13~
0

Tenepr U3 BTOpOro ypaBHEHMs BBIPa3UM X; 4€pE3 X,. 3aT€M IOJACTABUM €r0 B IEp-

A =2=0.

BOE YpaBHEHHE U HAUJEM X| YEPE3 X,,X,. B urore nmoiyynm
1 2

[lepemennble  x,,x, NOPUHUMAIOT  TPOU3BOJIbHbIE  3HadyeHus.  [lomoxus
X, = Ay, X4 = A4, OOIIIEE PELLICHUE CUCTEMBI MOXKHO 3aIIUCaTh B BUJIE
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1
x=| |z Ay
*3 54, +3
X4 14

2. Penmts ¢ ITIOMOIIBHO (1)0pMyJ] KpaMepa CUCTCMY ypaBHeHI/Iﬁ

xl +2x2 +X3 :4,

3x; =5x, +3x53 =1,
Penienue. Y6CIII/IMCSI, MMpeKAC BCCTrO, B TOM, YTO OIPCACINUTCIIb CUCTCMbBI OTJIMYCH OT
HYJIA:

1 2 1
A=]3 =5 3|=1-5-21)-2-(-3-6)+1-(21+10) =33.
2 7 -1
BreruncnuMm Teneps octalbHble, BXoAsme B popmyinsl Kpamepa, onpeaenurenu:
4 2 1
A =l =5 3|=4.(5-21)-2-(=1-24)+1-(7 +40) =33,
8 7 -1
1 4 1
Ay=[3 1 3|=1-(-1-24)—4-(-3-6)+1-(24—2) =33,
2 8 -1
1 2 4
Ay =3 =5 1|=1-(-40-7)-2-(24—-2)+4-(21+10) = 33.
2 7 8
HO)ICTaBI/IB IMOJTYUYCHHBIC 3HAYCHHA OHpCHCHHTCHCﬁ B q)OpMy.HBI KpaMepa, nMEECM
xlzﬁzﬁzl, xzzﬁzﬁzl, x3=£=£:1.
A 33 A 33 A 33

[IpaBUJIBHOCTH MPEACTABICHHOTO PEMIEHUS MOKHO IIPOBEPUTH MOJCTAHOBKOM 3Haye-
HUH X|,X,,X; B UCXOJHYIO CUCTEMY YPaBHCHUI.

3. UccrnenoBaTh Ha COBMECTHOCTD M, €CJIM COBMECTHA, HAUTHU OOLIEE U OJTHO YaCTHOE
pELlIEHUE CUCTEMBI YPaBHEHUN

X —2xy +x3 =3,

X +3x, —x3 =1,

3x; +4x, —x53 =5.
Pemenue. IIpexne Bcero, ucnonb3ys reopemy Kponekepa-Kanemu, onpenenum, sis-

JICTCA JIM JaHHadA CHCTCMa ypaBHCHI/Iﬁ COBMECTHOM. I[JIS[ 9TOI'0 BBIIIMIICM paclIn-
PCHHYIO MaTpuy CUCTCMbI
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1 -2 1|3
A=|1 3 =111
3 4 -15

Beraucium BHavane paHT OCHOBHOM MaTpHuIBbIL. BI/II[HO, 4TO MHUHOP BTOPOI'O IMOpsAJaKa,
CTOHH_II/Iﬁ B JICBOM BCPXHCM YTy, OTJIMYCH OT HYJIA:

I -2
1

[locmoTpuM Temnepb, YeMy paBeH MUHOP TPETbEro Mopsaka (onpeaenuTesab) OCHOB-
HOW MaTpPHLbIL:

=3+2=5#0.

1 -2 1
A=l 3 —1=1-(3+4)+2-(-143)+1-(4=9)=0
3 4 -1

Takum 00pa3oM, paHT OCHOBHOM MaTpUIlbl paBeH IBYM - rg(A)=2.

Jlist ompezeneHusi paHra pacUIMPEHHOM MaTPHIbl HEOOXOAUMO BBIYMCIUTH
enlé OJIMH, OCTABILMICSA, MUHOP TPETHETO MOPSIAKA

1 -2 3
A=l 3 1|=1-(15-4)+2-(5-3)+3-(4-9)=0
3 4 5

CrnenoBaTenbHO, paHT pacIIMPEHHON MAaTpUllbl TakKKe paBeH JIBYM -
rg(Z) = 2. 3HauuT, B COOTBETCTBUU C TeopeMoill Kponekepa-Kanemnu paccmarpu-
BaeMasl cucTeMa ypaBHEHUU coBMecTHA. [IpyHUMas 3a He3aBUCHMBbIE IEpPBHIE JIBA
yYpaBHEHHUsI, cojiepKalire 0a3uCHbIH MUHOP, UCXOJIHYIO CHCTEMY MOKHO NEpenucarh
B BUJIE

X —2xy +x3 =3,

X +3x, —x3 =1.

31ech IIIaBHBIMU SIBJISIIOTCSI OTHOCSIIMECS K 0a3MCHOMY MUHOPY HEU3BECTHbBIC
X;,X,. Belpaxas ux depes x;, OJIy4uM

xl - N xZ - .
5 5
910 06mee PCUICHUC, KOTOPOC MOKHO 3allMCATh TAKKC B BUJC BCKTOP-CTOJI6I_I21
5
2x, =2
X=|"72=
5
X3
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YactHOE PCHICHUC TIOJTYYACTCA H3 06H_ICFO, CCIIn OJisd X3 BBI6paTB KOHKPCTHOC YH-
cloBoe 3HaueHue. [lycTh, HanmpuMep, x; =1, Torna B KayecTBE YaCTHOTO PEIICHUS
HnMEEM

4. Hantu ®YHHaMeHTMBHym COBOKYITHOCTH U 06H_[ee PCHICHUC CUCTCMBI ypaBHeHI/Iﬁ
Pentenue. Brimmmem MaTpuny CUCTCMbBI U YIIPOCTUM eé C IMOMOIIBIO IJICMCHTAPHBIX
Hpeo6pa30BaHI/II71, BbIUUTAA MCPBYHO CTPOKY, YMHOKCHHYIO HA 1,2 u 1 COOTBETCTBEH-

HO U3 BTOPOH, TPETHbEU U YETBEPTOU CTPOK:
1 3 3 2 4 1 3 3 2 4

1 4 5 3 7 o 1 2 1 3
25 41 5 0O -1 -2 -3 -3
I 5 7 6 10 0 2 4 4 6

Tenepb BTOpyI0 CTPOKY MPUOABUM K TPEThEH U €€ K€, yMHOKEHHYIO Ha 2, BBIYTEM U3
YeTBEPTOU CTPOKH, IOJIYUUM

1 3 3 2 4) (133 2 4

1332 4
01 2 1 3] |012 1 3
A~ ~ ~l0 1 2 1 3
0 -1 -2 =3 =3 [0 0 0 -2 0

00010

0 2 4 4 6 000 3 0
Panr stou MaTpHuIbl paBCH TpeM CHCI[OB&TGJ'IBHO, TPHU HCU3BCCTHBIC ABJIATOTCS I'JIdB-
HBIMH, a4 OBC - CBO6OJIHBIMI/I. BBI6CpCM B Ka4YC€CTBC TJIABHBIX X{,X5,X4. OT0 MOKHO

caenatb, T.K. MUHOP 3-ro MopsJiKa, COCTaBICHHbIA U3 KO3 PUIMEHTOB MPU 3TUX HE-
M3BECTHBIX, OTJIMYEH OT HyJs. COOTBETCTBYIOIIAs MPEeoOpa30BaHHON MaTpulle CHC-
TEMa UMEET BU]L

xl +3x2 +3X3 +2X4 +4x5 = O,
X5 +2X3 +X4 +3x5 = O,
Otcrona, BeIpaxkasi rjaBHbIE HEM3BECTHBIE Yepe3 CBOOOJHbIE, MOJYyUYUM 00I11Iee
perieHue
xl = 3X3 + SXS N
x2 = _2X3 - 3x5 N
Yro6sl 3anucath QyHIaMEHTaIbHYIO0 COBOKYMHOCThH pemieHuit (OCP), Heobxoanmo

X3 .
U3 BEKTOP-CTOJNONA COCTABUTH JIFOOBIM CIIOCOOOM JIBa JIMHEMHO HE3aBUCUMBIX
X5
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BCKTOpPA. OOBIYHO 3TO ACIACTCA IYyTEM 3aJaHUA MCKOMOTO BCKTOp-CTOJI6I_Ia B BHUAC
CTOJI6I_IOB CI[HHI/I‘{HOﬁ MaTpuibl pasMCpOM, paBHBIM BBICOTC CTOH6Ha n3 CBO6OI[HBIX
HEHU3BECTHHIX. B HJAaHHOM CJIy4ac — 3TO MaTpHIllda BTOPOI'o IMopsAaKa

1 0

0 1
IlpunaBast x;,X5 3HaUEHHWs U3 IEPBOrO M BTOPOrO CTOJIOLOB 3TOM MATPHILBI, MOJY-
quM OCP:

3 5
~2 -3

C,=| 1| C=|0
0 0
0

[TockonbKy 00111ee peleHrne CUCTEMbl €CTh CYyMMa JTMHEHHO HE3aBUCUMBIX pEIIEHUN
n3 ®CP, yMHOXKEHHBIX Ha MPOU3BOJIbHBIE KOAP(UIIMEHTHI, TO €r0 MOXKHO 3aIKCaTh
enl€ B CIEAYIOIIEM BUJIE:

X 3 5 34, +54,

X, -2 -3 —2A4, =34,
X=x3 [=4C+4,C, =4 1 [+, 0 |= A

Xy 0 0 0

X5 0 1 Ay

5. [IpuBectu KBagpaTHuHyI0 POPMY K KaHOHHYECKOMY BUAY MeTojoM Jlarpanxka u
3aMMcaTh COOTBETCTBYIOLIEE MpeoOpa3oBaHUE

Sy 22 2
L(X,X)=x; —x5 +3x5 +4x,x, +2x,%5.
Pemenne. Cnenys anroputmy Merona Jlarpanka, BbII€IMM BHaYajle B KBaJpaTUIHON
(dopMe Bce UJIeHBI, COAEPIKAIIME X, U TOMOJIHUM UX JI0 OJHOTO KBaJpaTa:
2 2 2 2 2 2
CnenaeM B 9TOM BBIP@KEHUU 3aMEHY )| = X| + 2X, W IOACTaBUM €ro B KBaJpaTH4-
Hyto ¢popmy. [omyunm:
_ 2 2 2
L=y; —5x5 +3x35 +2x,x5.
Hanee BplIeNMM B L YiIEHBI, COJEpXKALIUE X,, U IPOJAEIAEM C HUMM aHAJOTHYHYIO
IIPOLCAYPY:

2 x2  x?
S 5X2 420X = =5 (X2 = xoxa 23 =
g 23 (2 5 23 25 25

2
= =5 (x,-0.2x3)% + %3



85

Ecnu monoxuth y, = x, —0.2x;, To KBagpatuuHas Gpopma yxe He OyaeT comepKaTh
CMCUIAHHBIX HpOHSBeI[eHHﬁ. HpI/IMeM TAaKXKCEC X3 :y3, TOT' 14 KaHOHUYECKUU BU]L
KBaJIPaTHYHOM (hOPMBI €CTh
.2 2 2

L=y —=5y; +3.2y3.
CooTBeTcTByIOICE TPEOOpa3OBaHUE OT MEPEMEHHBIX X;,X,,X; K EPEMEHHbBIM
Y1»Vy» V3 UMEET BUI:
6. Haiit opToroHanpHOe MpeoOpa3oBaHKe, MPUBOISIICE KBAPATHUHYIO GOpPMY K

KaHOHUYCCKOMY BUY, U 3aIIUCATH COOTB@TCTBYIOH_II/Iﬁ KaHOHMYECKUM BHU ITOU (1)Op-
MBI

) 2 2
L(X,X)=x{ +2x5 +2x35 +2x,x3.
Pemienne. B ucxomnom 6asuce é,,€,,€; MaTpula orneparopa, COOTBETCTBYIOIIAs
JaHHOM KBaJpaTU4HOU opme, ecTh

1 00
A=|0 2 1
0 1 2

Dta MaTpuiia OyIeT OmpenessaTh KBaApaTHUHy0 (OpMy KaHOHHMYECKOTO BHAA B Op-
TOHOPMHPOBAaHHOM Oasuce €,,€,,€3, COCTAaBICHHOM H3 COOCTBEHHBIX BEKTOPOB

Matpuubl 4. Haitnem ux.
XapakTepuCTHUECKOE YpaBHEHUE ISl MaTpUllbl A UMeeT BUJT
1-2 0 0
|[A-2-E[=| 0 2-2 1 |=0.
0 1 2-2
Otkyna ciaenyer
(1-2)[2-2)*-1]=0 u A4, =123 =3.

Kaxk n3BecTHO COOCTBEHHEIC BCKTOPBI MATPHUIIbI HAXOOATCA U3 ypaBHeHHfI

(A-A-E)f =0.
Host eydast 4, , =1 umeem:
0 0 0) (e
(A-E)f=|0 1 1||a,]|=0.
0 1 1)\ as

PaHr matpuubl 3Tol cHUCTEMBl ypaBHEHUH (OTHOCUTEIBHO «,d,,(;) PaBeH .

CnenoBarenbHo, @CP cucTteMbl COCTOUT U3 ABYX JUHEWHO HE3aBHUCUMBIX PELICHHIA.
Kak BUAHO U3 JAHHOM CUCTEMBI, BEJIMUYUHA (; IPUHUMAET IIPOU3BOJIbHBIC 3HAUYCHUS,

a BEJIMYMHBI (,0t, CBSI3aHbl COOTHOLIEHHEM «, +, =0. B kauecTBe coOCTBEHHBIX
MOJKHO BBIOpaTh, HAIIPUMED, BEKTOPbI

£, =(1,0,0), £, =(0,1,—1).
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DTH BEKTOPBI OPTOTrOHAJIBHBI: (]71, fz) =0 (eciu ObI OHU OKa3aJIUCh HE OPTOrOHAIIb-
HBIMH, TO UX HY>KHO OBLJIO OBl OPTOrOHAIU3UPOBATH C TOMOUIBIO CTAHJAPTHOU IMPO-
ueaypsl). Bekrop fl K TOMY k€ 1 HopMHpoBaH. OTKy/a clenyer - €, = fl Hopmu-
pyeM Terepb BEKTOp fz:
é; = /> :(0,1 : 1).
IR

st citydast Ay =3 ypaBHEHHE, ONIPEIENSIoNee COOCTBEHHBII BEKTOP €CTh

-2 0 0) (B

0 -1 1 |]p,|=0.

0 1 -1)\ps
PaHr maTpuIiel 3TOM cucTeMbl ypaBHEHUN paBeH 2. CaeqoBaTeNbHO, OHA UMEET OJHO

JMHEWHO HE3aBUCUMOE pellieHue, Hanpumep, f; =(0,1,1). OTHOpMUPYEM 3TOT BEKTOP:
—-r f3 1 1

R

Teneps MOXHO COCTaBUTh UCKOMYIO MATPUITY OPTOTOHAIBLHOTO MPE0Opa30BaHMUS:

10 0
r_.-lo L L

e—e \/5 \/5 )
0 1 1

2 2
Ncxonnas kBaapatudHas Gpopma OyaeT UMEeTh CIAeAYIONNA KAaHOHUYECKUI BU/T
.2 2 2
L(y,y)=yi +y5 +3y3.
HpI/I 9TOM HepeMeHHme xl ,xz,x3 CBA3AHEBI C HepeMeHHBIMI/I J’1»J’2»J’3 COOTHO-

IIEHUEM
X 1 (1) (1) Y1
X, =10 — —|» |
2 \/5 \/5 2
X3 0 1 1 V3
V22
5 Np051

1 1 1 1
X1 =V, X =$J’z +$J’3,x3 =—$J’z +fy3

7. IlocTpouTh B MPSIMOYTOJBHON CUCTEME KOOpPAWHAT (PUTYPY, OMPEACISIEMYIO Clie-
IYIOIIMM YPABHEHUEM, IIPEABAPUTEIILHO MMPUBEAS €TI0 K KAHOHUYECKOMY BUY

5x2 +6xy+5y° —16x-16y-16=0.
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Pemenue. Beienum B 3TOM BbIpaK€HUM KBaApaTtuuHyio ¢opmy L(x,y). D10 TpH

MEPBbIX ClaracMbIX ypaBHeHUs L(x,y) = 5x2 + 6xy+5 y2 .
. 53 .
Martpuia kBaapaTudyHOM (GOpMBbI paBHA A = - [IpoBeném mpouenypy npuse-

JCHUsl KBAaJpaTUYHOW (POPMBI K KAHOHUYECKOMY BHJY C MOMOLIBI) OPTOTOHAIBHOIO
npeoOpa3oBaHus. XapaKTepUCTUIECKOE YPABHEHUE MATPULIBI UMEET BH/
5-4 3

3 5-4
Ero xopuu 1akoBel: 4, =8,4, =2.

‘:O-

Haiiném Teneph cOOCTBEHHBIC BEKTOPHI, COOTBETCTBYIOIIME ITUM KOPHSIM U OPTO-
HopmupyeM wux. Jlis Bektopa fl =(a;,a,), COOTBETCTBYIOLIErO A, =8, UMeEM
= = -3 3\
(A-AME)fi =(4-8E)f, =0, =0,=a, =a,
3 -3\,

B urore coGCTBEHHBIN BEKTOpP, COOTBETCTBYIOIUN A, =8, MOKHO BBIOpATh B BUJIE

]7 1
=)
AHanorudsas mpoiieaypa Jjisi COOCTBEHHOT'O BEKTOpa ]72 =(p,,) naér:

A- BV =(A—26)7 =0/ 2P ]=0 =
(A=,E)f, =(A-2E)f, = ,(3 3j B, =0,= B =-5,

Otkyna:

- -1
S/ 2 = 1]

[Tociie HOpPMUPOBKHU MOJYYEHHBIX BEKTOPOB UMEEM:
N (1/\6} oy _ (—1/&}

1 — nm = ) 2 — T .

lA] \w~2) o n] Liv2

OTU BEKTOPHI MPEJCTABIAIOT CO00H OPTOHOPMUPOBAHHBINA 0a3UC HOBOM CUCTEMBI KO-

opauHaT. Matpuna opToroHaJIbHOTO ONepaTopa, NPUBOASIIETO KBAIPATUUHYIO (Hop-
My L(x,y) = 5x2 + 6xy + 5y2 K KAHOHUYECKOMY BUIY 8x'? + 2y'2 , €CTh

s (VN2 -2
2 a2

CBs3b ctapbix (x,y) W HOBBIX (x',)') KOOpAMHAT OMPEICIICTCS COOTHOIICHHEM
x) (1/2 —1/42)x 1, 1 1, 1
(yj:[l/ﬁ 142 j(y'j’x:fx RV R R

VYuuTeIBas NpUBEICHHBIC BRIPAKCHUS, MPUBEAEM 3aJJaHHYIO KBaIpaTUUHYIO0 (hOpMY K

KaHOHHYECKOMY BUJY
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1 1
5x% +6xy+5y% —16x—-16y-16=8x"> +2y"* —16(—x' —— ") —
y+5y y y Nl ﬁy)
1 1
—16(—=x"+— ") —16=8(x'—/2)? +2y'2 =32 =0,
22 ) ( )+
(xr_\/z)2+y12 ~

4 16
9TO €CTh KAaHOHHNYCCKOC ypaBHCHI/Ie DJIJINIICA B CUCTCMC KOOpI[I/IHaT X',y' ,KOTOpaH

IOJIy9YaeTCsl M3 MCXOTHON €€ MOBOPOTOM Ha Yroil ¢ = /4 ¥ MEPEHOCOM Hayalia Ko-
OpAMHAT B TOYKY X, = \/5, Yo =0.
8. HBHHIOTCH JIN HI/IHeﬁHO 3daBUCHUMBIMHU (HGSaBI/ICI/IMBIMI/I) BeKTOpBI

a =(2,-3,1), a,=@3,-L5), a;=(1,-4,3).
PCH_ICHI/IC. HO OHpeIIeJIeHI/IIO HHHeﬁHaﬂ 3dBUCUMOCTBh HJIN HC3aBHUCHUMOCTDH BeKTOpOB
YCTaHaBJII/IBaeTCH HUCxXoasa U3 YCHOBI/IH paBeHCTBa Hy.HIO HHHeﬁHOﬁ KOM6I/IHaHI/H/I ITUX
BeKTOpOB
HNJIN B paBBépHyTOM BHUAC

alal 1+062a12 + 0636113 - O,

a1a21+a2a22 + 0636123 - O,
ECHI/I 9THU paBeHCTBa BBITITOJIHARKOTCA HpI/I YCHOBI/H/I, YTO XOTA 6]51 OIHUH U3 KO:—)(b(bI/IHI/I-
CHTOB al ,062 ,053 OTJIMYCH OT Hy.HH, TO BeKTOpBI HHHeﬁHO 3dBHUCHUMBI. 3aHI/IcaHHBIe

pPaBEHCTBA MPEJCTABISAIOT COOOM OTHOPOJHYIO CUCTEMY JTMHEHHBIX YpaBHEHUN OTHO-
CUTENBHO KOO(P(PHULUUEHTOB |, ,,0;. ITa CUCTEMA UMEET HETPUBUAIIBHOE PEIICHUE

(T.e. peuieHue, B KOTOPOM HE BCE ¢¢ OJHOBPEMEHHO PABHBI HYJIIO) TOJIBKO MPHU YCIIO-
BUU PaBEHCTBA HYJIIO ONpEEIUTENs CUCTEMBI. B paccmaTpuBaemMoM ciyuae orpeje-
JUTENh CHCTEMBI paBEeH
2 3 1
A=-3 -1 —-4=2-(-3+20)-3-(-9+4)+1-(-15+1)=35=0.
1 5 3

Takum 06pa30M CUCTCMA UMCCT JINIIb TPUBUAJIIBHOC PCHICHUC N UCXOOHAA COBOKYII-
HOCTB BCKTOPOB JIMHEMHO He3aBHCHUMA.

9. Ilpu xakux ABekrop b =(7,—2,1) TuHEHHO BhIpakaeTCs Yepe3 BEKTOPbI

a, =(2,3,5), a,=@3,7,8), a;=(,-6,1).

Pemenue. Ilo ycrnoBuio 3ajauv HaJlO HAWTU Takue A, MPU KOTOPBIX BBIMOJIHSAETCS
PaBEHCTBO

WM B pa3BEPHYTOM BUJE
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Q1ay1+Q,a1, +aza;; = by,

Q105 +Asay) +03ay; = by,

Qya31+0,as, +asa33 = b;.
3anKcaHHble COOTHOLIEHUS IPEACTABISIOT COOOM CHCTEMY HEOIHOPOAHBIX JIHMHEMN-
HBIX YpaBHEHHIl OTHOCHTENBHO Q,X,,d; - KOI()OHUIMEHTOB JTHHEHHONW KOMOHWHA-

unu. B coorBercTtBHM ¢ Teopemoit Kponekepa-Kamnennu sta cucrema coBMeECTHa, €c-
JIM paHT OCHOBHOM MaTpHIbl CUCTEMbI PABEH PAHTY PACIIMPEHHOW MaTpHIlbl. Boinu-
[IEM PACIIMPEHHYIO MaTPUILY AJIA 3aJaHHBIX YCIOBUM:

23 1 (7
A=13 7 -6 -2
58 1 '2a

Chavana onpeaenuM paHT OCHOBHOM MaTpullbl. BUAHO, YTO OTIWYHBIE OT HYJS MU-
HOPBI BTOPOTO MOPSAJIKA B MAaTPULIE UMEIOTCS, HAIIPUMEP, MUHOP, CTOSIIIUMN B JIEBOM
BEpXHEM yriy. Beruncium Ternepb MUHOP TPEThETo Mopsiaka (ONpeaesuTeNlb) OCHOB-
HOW MaTpPHUIIbI

2 3 1
A=[3 7 —6/=2-(7+48)-3-(3+30)+1-(24-35)=0.
5 8 1

CnenoBaTeslbHO, paHI OCHOBHOM MaTpHIbl paBeH IByM. Takum oOpa3oM, paccmar-
puBaeMas cucreMa OyJeT COBMECTHA, €CJIM PaHT PacIIMPEHHON MaTpUIlbl Takxke Oy-
JeT paBeH ABYM. s 3Toro HeoOXoauMO, YTOOBI BTOPOM MUHOP TPETHEro MOpPsIKaA
pacIIMpEeHHON MaTpUllbl OBbLI paBeH HYIIO, T.€.

2 3 7
3 7 =2/=0,
5 8 24

OTKYyJa CJICAYyCT
2-(7TA+16)=3-(34+10)+1-(24-35) =0,

144 +32-94-30-77=0, 5SA =75, A =15.

TecToBBIC 32JaHUA 110 IPOBEPKE
O0CTATOYHOI'0 YPOBHS 3HAHMH

«Anrebpa u reomeTpusi» s crienranbHocTed 230201



20 3agaHun
BpeMs TecTupoBanus — 40 MUHYT

BAPUAHT 1
WHCTpYKIMS: BCe 3a1aHNS MMEIOT OJHY M TY ke GOpMY — ¢ BEIOOPOM OJHOTO OTBETA M3 YETHIPEX MPEI0KEHHBIX
-2 3 5 1)-77
2)77
1. Ompenemurens | 7 —1 4| pasen... 3) 70
2 -1 5 6 1)2
2)3
2.Pagrmatpunst |1 1 3 5 | pasen... 3)0
1 -5 1 -3 H1
1 2 3 16/9 8/9 -1/9
3. Jna matpunsl | 4 5 6| obpaTHas matpuua pas- | 1) 14/ 9 7/ 9 2/ 9
7 8 0 -1/9 2/9 1/9

Ha... -16/9 8/9 -1/9
2| 14/9 -7/9 2/9
-1/9  2/9 -1/9
16/9 8/9 1/9
3)[14/9 7/9 2/9
-1/9 2/9 1/9
16/9 8/9 1/9
4)14/9 7/9 2/9
1/9  2/9 1/9

i 3 2)(4 2 | 16 10
. TlpousBenienue MaTpuiy 5 1112 2 paBHO. .. ) g 6

11 10
2)
oo

12 4
3)
4 2

16 10
4)
10 6

5. JlaHbl BEKTOPBI ﬁ:;+]—£ u 523?—]+2/€. 1) 7;—]+3l€

Torna nuneiinas xomOunamus d +2b »tux Bexropos | 2) 7i —] +k

HMeEeT BUJ. .. 3 77 - ] Y
4) 4 +k

6. JlaHbl BEKTOpHl @ = 47 —] —2k , b= (2;1;2)‘ 3 ;3

CkasspHOe IPOU3BECHIE d - I; paBHoO... 3)5

41

7. Ilnomags mapasuieiorpaMma, OCTPOSHHOrO Ha Bek- | 1) 20

TOpax E:?—2]+5/€H1;=5j—7/€,paBHa... 2) V195
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3)104/2

4) 10
8. O6bem nupamuzbl ¢ BepumHamu A(0; 0; 1), B(2; 3; | 1) 60
5), C(6; 2; 3), D(3; 7; 2) paBeH... 2) 120
3) 20
4) 89
9. Ilpsmas npoxomut yepe3 touku O(0; 0) u B(2; 1). | 1) 0,5
Torna ee yrioBoii ko3 duIMeHT paBeH. .. 2)2
3)-0,5
4)-2
10. Eciin ypaBHeHHe runepOoIbl UMEET BU 13
2 2 2) 4
S SR 3)9
9 16 4) 16
TO JJTMHA €€ ISHCTBUTENHFHOM MOJIYOCH paBHa. ..
11. danwt Touku A(2; 3) u B(-6; 5). Torna xoopaunatst | 1) (2; 4)
CepeAVHbl OTpe3Ka AB paBHEI. .. 2)(-2;4)
3)(2;-4)
D (-2;-4)
12. Panuyc OKpy»XKHOCTH, 3aJaHHON ypaBHEHUEM 1)5
x*+y? = 2x + 4y —20 =0, paBeH... 2)25
3) 20
4) 10
13. YpaBHeHue npsaMoii, npoeneHHoN n3 Touku N(2; 0; x-2 y z+l1
-1) mepneHAMKyIApHO MIoCKocTH 2x + 3y —z+5=0, | 1) ==
HMEET BUI. .. 2 3 -1
x+2 y z+1
2) ===
-2 3 5
3 x=2 _Y_ z+1
2 3 1
4 x+2 _y_z 1
3 1 5

14. VYpaBHEeHHE IUIOCKOCTH, NMPOXOISIIEH uepe3 TOUKU
M\(1; 0; -1), My(2; 2; 3), M3(0; -3; 1) umeer Bux. ..

)lox+6y—z—17=0
2)16x—6y—z—15=0
3)lox—6y—z—17=0
4) 16x—6y+z—17=0

15. TloBepxHOCTB, onpeensieMasl ypaBHEHHEM

1) syumnconiom

2 2 2 2) OJHOIOJIOCTHBIM TUIIEPOOIONIOM
r + Y + Z 1 siBmsieres. .. 3) ABYMOIOCTHBIM TUNEPOOTONIOM
16 25 4) KOHYCOM
16. BemuuuHa oCTpOro yriia Mexay NpsSMbIMU )z/2
x y+l z-1 x—-4 y z+1 2)n/3
= = u =4 = pas- | 3) /6
1 8 7 7 -2 8 it
Ha...
17. PemieHnemM cucTeMsl D(-2;-3;-1
—3x+4y+z=17, (231
3)(-2;3;-1)
2x+y—z=0; SBIISIETCA. .. 4)(2;3;-1)

—2x+3y+5z=8§;

18. JlaHO MHOXXECTBO HATYypaJIbHbIX YHCEN. YKaXHTe,
Kakue W3 apupMETHICCKUX NEHCTBHUH (CIIOKECHUE, BbHI-
YUTaHUE, YMHOXKCHUE, JICICHUE) 6Ce20d BBHITOJHUMBI Ha
9TOM MHOXKECTBE. ..

1) menenue v BHIYUTAHUE

2) YMHOXXEHHE U BBIYMTAHUE
3) cnoxxeHHe ¥ YMHOKEHHE
4) cloXeHHe U JIeIeHUe

19. JluneiiHoe oOTOOpa)KeHWE 3aJaHO B CTaHIAPTHOM
Oasuce MaTpHIIEH

1) (15, 7)
2) (20;-12)
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A:(i zj

Toraa xooparHaTaMu obpa3a BEKTOpa

- 4
X= SABJISIOTCA. ..
-3

3) (19; 6)
4) (6; -19)

20. Jansr Touku A(-1;5;-10), B(5;-7;8), C(2;2;-7), D(5;-
4;2). Bextopbl AB u CD ssnsores. .

1) KOJUTMHEAPHBIMH
2) KOMIUTaHAPHBIMH
3) OpTOroHAaIBHBIMH
4) paBHBIMH

BAPUAHT 2
WHCTpyKIMs: BCE 3aaHUs MMEIOT OJIHY M Ty e (OpMy — ¢ BHIOOPOM OJJHOTO OTBETA U3 YETBIPEX MPETOKEHHBIX
1 2 3 o
2) 500
1. Onpenenurens (4 5 6| pasen... 3) - 500
7 8 9 4) 480
1 2 4 -3 1o
2) 1
2. Paurmatpuust |3 5 6 —4 | pasen... 3)2
38 2 -19 H3
1 2 3 16 8 -1
3. Jlng matpunsl | 2 6 4 | obparmas mar- | 1) [ 14 7 2
-4 —-14 -6 -1 2 1
puIa paBHa... 16 -8 -1
(14 -7 2
-1 2 1
16 8 -1
3114 7 =2
-1 2 -1
4) A~ ' e cymectByer
i 3 2)(4 2 3 16 10
. Tlpousseienue MaTpui 5 3)ls 2 paBHo. .. 14 10
11 10
2)
10 6
12 4
3)
4 2
16 10
4)
10 6
5. Jlanbl BeKTOpHI d ZlT+]—/€ ub 23?—]+2/€. 1) —5?—3]+5/€
Torna MuHeiinas koMGuHamms & —2b sTHX BexTopoB | 2) — 5 + 3] — 5k
MMeeT BHL. .. 3 517_3]_5];

45 +k
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6. JlaHBl BEKTOpHl @ = 4i —] —2k , b= (2;1;2).

VYron MCKAY BEKTOpaMu paBCH...

1
1) arccos——

V21

1
2) T —arccos——

V21

1
3) arccos——
\23
4) arccosL

V20

7. Ilnomank TpeyroibHUKA, TOCTPOSHHOTO Ha BEKTOpax

EZ?—2]+5/€ H1;=5j—7/€,paBHa...

1) 10

A/195

2 _
) 2
3)5+/2
4)5
8. O0BeM mapasureNnenurnesa, MOCTPOCHHOrO Ha BekTo- | 1) 12
pax @ =(L=21). b=@2D, €=(10:-1) pa-| I
BEH... 4) 24
9. Ipsmas nmpoxomut 4epe3 toukun O(0; 0) u B(1; 2). | 1) 0,5
Torna ee yrioBoii ko3 duIueHT paBeH. .. 2)2
3)-0,5
4)-2
10. Eciin ypaBHeHHe runepOoIbl UMEET BU 13
2 2 2) 4
Y 3)9
9 16 4) 16
TO JJIHA €€ MHUMOM MOJIYOCH PaBHa. ..
11. danwt roukn A(3; 3) u B(-6; 5). Torna xoopnunatst | 1) (2; 4)
CepeAVHbl OTpe3Ka 4B paBHEI. .. 2)(-1,5;4)
3)(2;-4)
D (-2;-4
12. Panuyc OKpy»XHOCTH, 3aJaHHON ypaBHEHUEM 1)5
x*+y?—2x+ 6y —15=0, paBeH... 2) 25
3)20
4) 10
13. YpaBHeHue NpsMOii, poBeieHHON 3 Touku N(2; 3; x=2 y-3 z+1
-1) mepneHgUKyIApHO MIocKocTH 2x -3y —z + 5=10, | 1) = =
UMeeT BU]L. .. 2 -3 -1
x+2 y=-3 z+1
2) = =
-2 3 5
3 x=2 _y 3 _~z +1
2 3 1
) x+2 y-3 z-1
3 | 5

14. VpaBHEHHE IUIOCKOCTH, NMPOXOISIIEH uepe3 TOUKU
Mi(2; 3; 0), My(2; 0; -5), M3(0; 3; -5) umeer Bux. ..

1) 15x + 10y —32-60=0
2) 15x — 10y —3z-60=0
3) 15x — 10y 3z-60=0
4)15x— 10y +3z-60=0

15. TloBepxHOCTB, onpeensieMasl ypaBHEHHEM
2 2 2
b
+<———=—1 apngercs...

16 25 9

1) syumnconiom

2) OMHOTIOIOCTHBIM THIIEPOOIOHIOM
3) ABYIOJIOCTHBIM TUIIEPOOIOUIOM
4) xoHyCcOM

x y—=-1 z+2
16. Ilpsimbie 5:—:

-3 |

u

1) napasnensHbIMA
2) mepeceKarIUMUCS
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x+4 y+3 z-1

3) opTOroHAaIBHBIMHU

4 6 = SBJIAKOTCA. .. 4) COBIAIAIOIIUMU
17. PemieHueM cUCTEMBI 1)-1;0; 1
2x—4y+3z=1; 2) cucreMa HeCOBMECTHA
b

x—=2y+4z=3; ssusercs...

3Ax—y+5z=2;

3)5;6; 10
4) cuctema HeompeaeeHHA

18. JlaHo MHO>KECTBO IEJIBIX YHCE. Y KaKHUTE, KaAKUE U3
apuMeTHUeCKX JIeHCTBUU (CIOKEHUE, BBIUUTAHUE,
YMHO)KEHHE, JNICJICHHE) 6Ce20d BBHINOIHUMBI HA 3ITOM
MHOYKECTBE. ...

1) neneHue, yMHOKEHHUE U BHIYUTAHHE
2) yMHOXXEHUE U BBIYUTAHUE

3) cnoxxeHne, YMHOXKEHHUE U BHIUUTAHHE
4) crnoxeHue U JeJIeHue

19. JluneiiHoe oTOOpa)KeHWE 3aJaHO B CTaHIAPTHOM
0asuce MaTpHIEH

3
A=
-1
- 4
X= SABJISIOTCS. ..
-3

2
. Torna KOOpAWHaTaMu 06pa3a BEKTOpa

5) (15, 7)
6) (20;-12)
7) (19; 6)
4) (6; -10)

20. Jlansl Touku A(-1;5;-10), B(5;5;8),

C(2;-4;-1), D(5;-4;-2). Bekropsr AB u CD ssasior-
col...

1) KOJUTMHEAPHBIMU
2) KOMIUTaHAPHBIMH
3) OpTOroHAIBHBIMH
4) paBHBIMH

BAPHUAHT 3
WHCTpyKIMs: BCE 3aJaHUs MMEIOT OJIHY M Ty e (OpMy — ¢ BHIOOPOM OJJHOTO OTBETA U3 YETHIPEX MPEIOKEHHBIX
2 1 3 1)—40
2) 40
1. Onpenenutens |5 3 2| pasen... 3)0
1 -2 3 1 D1
2)2
2. Paurmatpuust |3 2 —4 2| pasen... 3)3
5 -2 2 4 h4
1 1 1 1 1 1 1 1 1
3. Jnamarpuuel | —2 —1 —2 | obparnas matpuna | 1) | —2 -1 —-21(2)|2 -1 -2
2 3 3 2 3 3 2 3 3
-2 1 =2|H|-2 -1 2
2 3 3 2 3 3

im 3 1) (4 2
. IlpousBeenue MaTpuiy 5 1112 2 paBHo. ..

16 10 11 10
1) 2)
14 10 10 6

14 8 16 10
3) 4)
10 6 10 6

5. JlaHbI BEKTOPBI ﬁ=;+]—/€ u 523?—]+2/€.

Torna nuHeiiHas koMOuHauust d + 3b 3tEx BEKTOPOB
MMEET BUI. ..

1)107 =27 + 5k
2) 7i —=2j +5k
3)10i =27 -3k
4) 4 +k
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6. JlaHBl BEKTOpHl @ = 4i — ] 2k , b= (2;1;2)' 3 _60 ;
npél; paBHa... 3) 0,’7
0 2
7
7. Ilnomank TpeyroibHUKA, TOCTPOSHHOTO Ha BEKTOpax 1) 9

a= (8;4;1) ub = (2;—2;1),paBHa...

2) 182
3) 92

4) 18
8. O0BeM mapasuieNnenunesa, MOCTPOCHHOrO Ha BekTo- | 1) 26
pax d=(21;-3), b=i+2j+k, ¢ =(1;-3;1) %i
paBeH... 4) 20
9. Mpsmas mpoxomut uepe3 touku O(0; 0) u B(4; 1). | 1) 0,25
Torna ee yrioBoii ko3 duIMeHT paBeH. .. 2)4
3)-4
4)-0,25
10. Eciu ypaBHEeHHUE TUIepOOIIbI UMEET BUJT 4
2 .2 D~
r Y o 3
9 16 21
TO €€ DKCIIEHTPHCUTET PaBEH. .. 3) é
3
4)5
11. Jansr Touku A(2; 3) u B(6; 5). Torna xoopaunatsl | 1) (4; 4)
CepeAVHbl OTpe3Ka 4B paBHSI. .. 2)(-4;4)
3)(%-4)
D (-2;-4)
12. Panuyc OKpy»XHOCTH, 3aJaHHON ypaBHEHUEM )7
x*+y*— 2x + 4y — 44 =0, paseH. .. 2)5
3) 49
4) 44
13. YpaBHeHue npsMoii, TpoBeAeHHOH n3 Touku N(-2; 0; x+2 y z+l1
-1) mepneHAUKyIApHO MIOCKoCcTH 2x + 3y —z+5=0, | 1) ==
MMEET BUI. .. 2 3 -1
x+2 y z+1
2) ==
-2 3 5
3 x—=2 _y_~—z+ 1
2 3 1
4 x+2 _y_z 1
3 1 5

14. VYpaBHEHHE IUIOCKOCTH, NMPOXOISIIEH uepe3 TOUKH
My(0; 0; -1), M»(2; 5; 3), M3(0; -3; -1) umeer BuI...

)12x+10y—-6z-6=0
2)—12x—-10y-3z-60=0
3)12x-6z-6=0

4 12x-3z-6=0

15. TloBepxHOCTB, OnpeensieMasl ypaBHEHHEM

1) syumnconiom

2 2 2 2) OAHOIIOIOCTHBIM THITEPGOIOHIOM
x° y° oz
Z 42 2 =0 seusercs... 3) ABYIOIOCTHBIM THIIEPOOIOHAOM
16 25 9 4) KOHYCOM
x y-1 z+2 1) mapannenbHbIMU
16. IlpsimMple — = —— = u 2) mepeceKarouuMUCS
2 -3 1 3) opTOroHaNbEHEIMU
x+4 y+3 z-1 4) coBMaNAMOIIMMU
= = SIBIISIFOTCSL. ..
4 2 -2

17. PerrenneM cHUCTEMBI

1)-1;0; 1
2) cucreMa HecoBMecTHa!
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3)5;6; 10
4) cuctema HeompeaeeHHA

Sx=2y+z=2;
2x+ y =3z =—1; asusercs. ..

3x=3y+4z=5;

18. JIaHO MHOXXECTBO JIEHCTBUTENFHBIX YHMCEN. YKaXu- | 1) JiesieHue U BHIYUTAHHE
Te, Kakue M3 apu(METHUECKHX NEUCTBHUH (ClIOXKeHHUe, | 2) YMHOXXEHUE U BBIYUTAHUE
BBIUYMTaHHUE, YMHOXXECHUE, IEICHHUE) 6Ce20a BBHITIONHUMBI | 3) CIOKEHUE U YMHOKEHHE

Ha 5TOM MHOXKECTBE. .. 4) cnoxeHne, BBIYUTAHUE, YMHOXKEHUE U JICTICHHE
19. Jlunelinoe oroOpakeHwe 3amaHo B crammaptHoM | 1) (15;7)
0asuce MaTpHIEH 2) (20;-12)
3 -2 3) (19;06)
A= . 4) (18;-19)
-1 5

Torma xooparHaTaMu o6pa3a BEKTOpa

- 4
X= SABJISIOTCS. ..
-3

20. Jausr Touku A(-1;5;-10), B(5;-7;8), C(2;2;-7), D(5;- | 1) KomIMHEAPHBIMA
- A~ 2) KOMITJIaHAPHLEIMH
4;2). Bextopbl AB u CD ssnsores. . 3; OpTOFOHaJ'II:)HLIMI/I

4) paBHBIMH

BAPUAHT 4
WHCTpyKIMs: BCE 3aJaHUs MMEIOT OJIHY M Ty e (OpMy — ¢ BHIOOPOM OJJHOTO OTBETA U3 YETBIPEX MPEIOKEHHBIX
111 D1
2)2
1. Onpenemurens |1 2 3| pasen... 3)3
13 6 h4
1 -2 3 1 D1
2)2
2. Paurmatpunst |3 2 —4 3| pasen... 3)3
5 -2 2 4 D4
1 1 1 3 -1 -1
3. Jina marpuust |1 2 1| obparnas matpuma pas- | 1) |—1 1 0
1 1 2 -1 0
Ha... 3 1
-1 1 0
-1 0 1
3 -1 -1
31 1 0
1 0 1
3 -1 -1
Hli-1 -1 0
-1 0 -1
i 3 2)(4 2 3 16 10
. IIpoussenenue MaTpu . BHO. ..
POISBACHIENEPI > 1 )12 4) PP 14 10
11 10
2)
10 6
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12 4
3)

4 2

16 14
4)

10 8

5. Jlanbl BeKTOpBI d ZlT+]—/€ ub 23?—]+2/€. 1) 8?—4]+7/€

Torzia muneiinas KoMounaws G —3b STHX BEKTOPOB 2) 8 —j+ Tk

HUMECT BUL... 3) _8;+4j_7l‘€’
4 47 +k

6. Jlamer Bextopsl G =4 — ] 2k, b= (2'1'2). D1

N » b 2) 2

Np;a pasHa... 3)3
4)4

7. TInomap NapajiienorpaMma, oCTPOSHHOrO Ha BeK- | 1) 9

Topax d = (8;4;1) ub = (2;—2;1),paBHa...

2) 182
3) 92

4) 18
8. O0ObeM TpeyroiabHOW MPU3MBI, TOCTPOSHHON Ha BEK- 25
- - - 1) —
opax d=(523), b=(241), ¢=2-10) | " g
paBeH... 2) 25
3)23
4 23
6
9. Mpsmas mpoxomut uepe3 Touku O(0; 0) u B(2; 4). | 1)2
Torna ee yrioBoii ko3 duIueHT paBeH. .. 2)0,5
3)-2
4)-0,5

10. Eciu ypaBHeHUE TUnepOoIIbl UMEET BUJT

1) Fi(- 25; 0), F»(25; 0)

x2 2 2) Fi(- 35 0), F»(3; 0)
x Y _ 1, To ee PoKyChI HMEIOT KOOPIMHATHI. .. 3) Fi(- 55 0), F(5; 0)
9 16 4) Fi(- 4; 0), Fx(4; 0)
11. danel Touku A(2; 3) u B(-6; -5). Torma xoopaunater | 1) (4; 4)
CepeAVHbl OTpe3Ka AB paBHEI. .. 2)(-4;4)
3)(Z-4)
Y (-2;-1)
12. Paguyc OKpy»XHOCTH, 3aJaHHON ypaBHEHUEM )7
x*+)*—2x + 10y — 23 =0, paBes. .. 2)5
3) 49
4) 44
13. YpaBHeHue npsaMoii, npoeneHHoN n3 Touku N(2; 0; x-2 y z+l1 x+2 y z+l1
-1) mepneHaUKyIApHO MIockocTH 2x + 3y +z+5=10, | 1) =5 = 2) =5~
HUMeEeT BHI. .. 2 3 1 =2 3 S
3)x 2212 z+14)x+2:X:z 1
2 3 1 3 | 5
14. YpaBHeHHE IUIOCKOCTH, MPOXOIsieii uepe3 Touku | 1) x+y =0
M\(1; 1; -1), My(2; 2; -2), M;(-3; -3; 1) umeeT BuHLL. .. Dx—-y =0
N)x—z=0

4)12x-32-6=0

15. TloBepxHOCTB, onpeiensieMasl ypaBHEHHEM

1) syumnconiom

2 2 2 2) OTHOTOJIOCTHBIM THIIEPOOIOHIOM
X + Yy _z _ 1 sBngercs. .. 3) ABYIOJIOCTHBIM TUIIEPOOIOUIOM
16 25 9 4) KOHYCOM
y—=1 z+2 1) mapasuieTbHBIMU

X
16. Ilpsimbie 5 =— u

3 5

2) mepeceKarouuMUCS
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x+4 y+3 z-1

= ABJISIFOTCA. . .
4 -6

3) opTOroHAaIBHBIMHU
4) coBNAAONUMHU

17. PetrenneM cUCTEMBI
x=2y+z=1;
2x+ y =3z = 2; ssusercs. ..

4x-3y—z=4;

1)-1;0; 1

2) cucreMa HeCOBMECTHA

3)5;6; 10

4) cucrema HeomnpeaeiacHHA (MMEET MHOXKECTBO pellie-
HU)!

18. JlaHO MHOXECTBO pallMOHAJIBHBIX YHCEN. YKaXHUTE,
Kakue 13 apuMETHICCKUX NEHCTBHH (CIIOKECHUE, BbI-
YUTaHUE, YMHOXXCHUE, JICICHUE) 6Ce20d BBHITOJTHUMBI Ha
9TOM MHOXKECTBE. ..

1) menenue v BHIYUTAHUE

2) YMHOXXEHHE U BBIYMTAHUE

3) cnoxxeHHe ¥ YMHO)KEHHE

4) cioKeHne, BEIYMTAHUE, YMHOKCHHUE U JICICHHE

19. JluneiiHoe oTOOpa)KeHWE 3aJaHO B CTaHIAPTHOM
0asuce MaTpHIEH

3 2
-1 5
Torna xoopauHaTaMu obpa3a BEKTOpa
- 2
X = SIBJISFOTCAL. ..

) (157
2)  (20;-12)
3) (19;6)
4)  (0;-17)
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Conepxanue
PaBouast IPOTPAMMA ... ..entiitit ettt et e e e 3
CoiepKaHUE TEKIAOHHOTO KYPCA 1unnutteeennnneeeenntnteeeennnaneeeannneeeeannnnneens 12
TIPAKTUUCCKIE BAHATHSL .« nnneettteeeteeteeeeeeea e e e tee e e eeaeeeeeaeeeenns 52
KOHTPOTBHBIE PAOOTBI . ..vveitte ettt ettt e ete et e e e e e e e ae e aaeenee e ennaenns 73
PacueTHO-TPAPUUECKIE PAOOTBI ....uvtenettteteeetteeeteeeeeaeeeeineeenneeeannans 76
METOINUECKHE PEKOMEHIALIMM ... eevneeeennee e ente et et et eaaeeaeeateeaneenneenas 79
TecToBbIE 3a1aHUE TIO MPOBEPKE OCTATOUHBIX 3HAHUM . ...oovuuveiniieenniinanaennn. 89

Buxropus Bragumuposna EPEMIHA
ooyenm Kagheopwvr Ungopmayuonnvix u ynpasiaowux cucmem Aml’y,
Kanouoam Qpu3uko-mamemamuyeckux HayK, 00yeHm

Anre6pa v reoMeTpus ISl ClIENUATbHOCTH
230201 «MHpopMalMOHHBIE CUCTEMBI U TEXHOJIOTHUN»:
y4eOHO-METOIUYECKUN KOMILJIEKC TUCIUILIIUHBI.

M3narensctBo AMIY.



