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. HEJA N 3AJAYN OCBOEHUSA IUCHUATIJIMHDBI

[{essitMn OCBOCHHMSI IMCUMITIIMHBL « AKTYaJbHbIE 1POOIEMbI MPUKIAIHON MATEMATHKH )  SABJIACTCH
HOHSTHE YHCIId. KOTOPOE MO3BOJSET OINMCHIBATH KOJIMYECTBEHHYIO CTOPOHY OTHOLICHHS H3YHACMOl 0
OOLCKTA K HEKOTOPOMY “Tajlony. B nporecce pazBUTHs M COBCPLICHCTBOBAHHA — MOJICICH.
ONHCHIBAIONIHMH  OKPY/KAIOMH  HAC MHP. M YCJIOBHM MATEMATHUYECKUX KOHCTPYKILMH  1TTOABISIOTCS
HOBLIC OOLCKTHE. OOJIAJIAIONIME COBEPLICH IO HOBLIMH CBOMCTBAMM 110 CPABHEHHIO € JICHCTBHTCIILIBIN
qucsiamu. M3ydalorest narypasibHble 4mcla M MCTOPUS MX BO3HHKHOBCHHMsA. Jlasee 1epexojinm
H3VUCHHMIO 1CJIbIX YMCEJ. @ MMEHHO MPEJACTABISEM MX B BHUJIE 11ap HATYPAIbHbLIX YHCCIT M TTPHBOJIMM
Jciictsus ¢ numu. Tloske paceMaTpuBaloTest ACHCTBUTENbHBIE YMCIA. DTO €AMHCTBEHHbBIC YHC/I.
KOTOPBIC HEJIb3st IPEJICTABUTEL B BUJIE nap. Tam npuBOIMTCS 0coOble paccyaKIeHHMs .

Iepsoe 0oGoOLICHHE TOHSTHS JCHCTBUTEILHOIO YHCIa — BBEJICHHE KOMIICKCHDBIX YHCCI
KOTOPBIC Mbl pacCMarpuBaeM B BHJIE 11ap JCHCTBUTEIBLHBIX YMCET M HPHUBOJAHM JICHCTBHS C TAKHMII
HAPAMH.

Bropoe 0600HIcHHE ICHCTBUTEILHOTO YHCHA - BEKTOPbLI B TPEXMEPHOM 11POCTPAHCTBEC. KOTOPOL
OOpA3VIOT IMneinoe  npoctpanetBo.  Haubosiee  ecTeCTBEHHBIM  CIIOCODOM.  KOTOPLIH  1103BOJISC]
ONHCLIBATL  HHOBOPOTHI B TPEXMEPHOM  [POCTPAHCTRE.  ABJISACTCS  UCIHOJIL30BAHHC  OHCPATOPOL
HpeoOpa3OBAHMs M COOTBETCTBYIOLMX UM MaTPHIL.

['MICPKOMILIEKCHbBIE YMCa WM KBATEPHMOHBI PACCMaTPpUBAIOTCS KAK [1apbl KOMINICKCHDIN
qrcest. KBatepuuonbl HCNOb3yIoTest B alredpanyeckoi, reoMeTpUUECKOH (hopMax. a TaK &e B BHJIC
ACHCTBHTCIBIBIX M KOMIUICKCHBIX MaTpuil. Mcnonbzosanue KBATCPHUOHOB HO3BOJSCT J1aTh 00/1CC
NPOCTYIO (popmy 1oBopoTa. KpatepHHOH ONpeAesseT 0Ch BPALICHUs H YOI ITIOBOPOTA.

Lleaw uzyuenus Oucyuniumbi:

o 1103HAKOMHTB CTYJICHTOB C LC/ILIMH YUCIAMH. NPEACTABJICHHBIMH B BUIIC HAP HATYPAILIBLIN
HHCCII

e 1103HAKOMMTL CTYJEHTOB € PALMOHAILHLIMM YHCIAMH. [PCACTABICHIBIMU B BH/IC 1P
LLCJIBIX YMCedt.

e [103HAKOMMUTL CTYJAEHTOB C JICHCTBUTEALHBIMH YHCIAMH, KOTOPBIC HEJIb3sl NPCICTABUTE B
BHJIC TTap H JIaTh 000CHOBAHHE ITOMY.

o 1103HAKOMUTE CTYJEHTOB € KOMIJIEKCHLIMM HMCIaMH. MPCACTABICHHLIMH 1B BHLC Tap
JCHCTBHTCILHDIX YHCCIL

e [103HAKOMHTb CTYJACHTOB C THIICPKOMILIEKCHBIMU YHCIAMM. TIPCACTABICHHBIMIT 13 BHJLC TP
KOMILICKCHBIX HHCE]L.

. I lp()ﬂCHHTl) CBsA3b KBATEPHHOHOB C pas/icjiaMi MCXaHHKH, ])()6()TO’I‘CXIIH KW KW JIp.



o CdopMUpoBaTL V CTYJACHTOB HJICMEHTBI MAaTEMATHUUYECKON KYILTYPLL. KOTOPLIC CMOIY
4)()L‘CIIC‘H/HI) ACHOC TOHHUMAHHEC CMbLICJIIA W 3HAYCHH ]')il'SIlCJIUH MATCMATHKHW H MCXAHHKH B HIKOJC.
BY3¢ u Ha npakTHke (NMpeInpusiTUst CBsizaiibie ¢ pPOOOTOTEXHUKOH ).

Saoauu uzyuenus OUCYunIunbl.

e  HayuurTb CTyJeHTa NPOSBISATH CAMOCTOSTENILHOCTh W TBOPYECKHH IMOJIXO0/L B OBIA/ICHHI!
HOBOTO MATCMATHYCCKOTO CICHKYpCa.

e HayuuTh CTYJICHTOB ONCPUPOBATH. KAK € KJIACCHYECKHUM MOHATHEM KOMIIJIEKCHBLIX UHCC!I.
TAK M ¢ UX 0000IICHHEM KBAaTepHUOHAMH.

L4 H()'iHaKOMHTb CTyﬂCHTOB C OJ/IHUM M3 pazncnon ﬂ]’)HKIIZUIHOM MATEMATHKH — KBATCPHHOHAMIH
M PACCMOTPETL PA3IMUHBIC TPUIOKEHHS KBATEPHHOHOB B Mexanuke. podoToTextuke. HK upyris

MATCMATHYCCKHUX TTPHITOKCHHUSAX.



A MECTO JIMCITTHTIJIAHLE B CTPYKTYPE OHOIT BO

Jlneumna ornocked kopasicay «Jluciunauibl no Beidopyr. Clienkype «AKTVAIbIbC
CONCMB HIPHKEIHOR  MOTCMATHKH Y 1TPOIOJPKACT  pa3BUBATL Y CTYJACHTOB  HOHATH  HHCITL.
FPAC TRCHTHOC BOOOPay e, 15ro i v e 0CHOBLIBACTCH HA TAKHX MATCMATHUYCCKHN THOHATHSAN.
HPCICTARICHIC OCHORIBIX  KIACCOR WHCCI 1t BHIAC Hap. JCHCTBHA € Mapamu CHOKCHMC.
BTG, VATHOSKCHMC 1 eqiehie. FEvuciige KoMIICKCHBIX HHCCI Hat KOMITICKCHOT THIOCKOCT
DOt C A B areG] IHUCUKOR.  COMCTPINICCROTL TPHIOIOMCTPHICCKOH 1 pyiux opaas
MOTPCHHE PHICPKOMITICKCHBIX YHCC i ACHCTRHE ¢ HAMU B IreOPUHYECKOH H FCOMCTPHICCKON
CATANL BhOPMC ICHCTBHTC THHBIN M KONTIICKCHLIX MATPHIL W TJL.
CHCHRYPC « ARTYAILITIC TPOOACN LI HPHKILIHOH MaTeMaTHKH» HMEET CBs3H € PasjiduiibiMis
ST ICCKHME JCTITT T HaMit. 3Ha s, HOJIVUCHHBIE B 9TOM KYPCC MCHOJIL3YIOTCH B A irecope.
STHICCRONM GTHUTHAC, 4 HKIHOoHaZ fons anasiise. Jidihepenimalib X YPaBHCHHIX. MEXaHHKC.
Pk HpIzioacige. KOVIICKCHBIX "HICCH = TCCHO CBA3AHO € PELICHHC YPABICHIH  BHICOKHN
el A TTPHAOKCHHE KB ITCPHITOHOR TeCio CRA3AN0 ¢ THOBOPOTAMH B TPEXMCPHOM HIPOCTPATICTBE,
HOTTOTEAVIOTCS OHEPATON L HTPCODPat RN B COOTHRCTCTBYIONMC HM MATPHILDI
VAICHS OHCPHPOBATH  KOMIICKC! LM B THIICPKOMIICKCHBIMH HTHCIAME HCOONOMN B L

S VPG TCopHs (DY TR KOMITICKCHOTO TIEPEMEHHOro». K naonopoT u3ytuctue nocieiet o

BOCHICT  O00rdlaTh - ero TCOPHIO 1 HPAKTHRY. HCITOJIBL3Yst  HOHATHA  KBATCPHHOHOB K HN

IOV,

IRNOMHIETEHLUM  OBY'UATOUETL OCSI, @OPMHWPYEMbBIE B PE3VILTATE
OCROEHSE JIWCHMTIIEULTL (MOJTN IS

3 ey I TaTe eI bl 0By U crutiics SOKCH JICMOHCTPHPOBATH CACAYIONIHC PE3Y TL AT
wonranis [HK-11

i CRTK JLOJZKCH OC It CIC Y IONUHMH 1TPO(ecCHOHaIbHBIMH KOMITCTeH AN (TTIK):
FOTORIOCTH HCHOA30 00T CHCTEMI THRHPOBATTHE TEOPETHUECKHE W IPAKTHUCCKHC SHAHH 11
ICHCTTUA 1 PCTHCHI HCC 1CoBATENn KX 3/t B oOnacth odpasopanus (1TK-11):

B peav i rare CHCHKYD (U «ARTYANLILIC TTPOOICMBE HPHKIQITOH MATEMATHRH? CTY/ICHT JIOJIZRCH
LOCIICIVEOTTIC MCTOJUbL DARTBL. CHOHCTBA. HTPHMCHACMBIC TIPH PCHICHHK 3a/I1at. CBABAIILIN
SYHOTN,

Liorona, diceOpauyect 14e Ccmei



o JICHCTBHS € HEJIBLIME YUCTIAMM. 3AITHCAHHBIMK B BUJIC TN1ap.
JICHCTBHS ¢ pALMOHWILHBIMMY YHCIIAMM. 3alTHCAHHBIMHU B BHJIC T1ap.
S0 JleHeTBUs € JICUCTBHTEIILHBIMH YHCIIAMH.

4. JIcHCTBHS ¢ KOMILUICKCHBIMM YHCIIAMH, 3alIMCAHHBIMH B BUJIE T1ap.

‘N

Ymenue nzobpakaTh KOMIUIEKCHBIE YUCIIA B IBYMEPHOM H TPEXMEPHOM TIPOCTPAHCTBAX.
6. YmeHue paboTaTh ¢ pa3IMYHbIMH MATPHIIAMH 3-T0 U 4-I'0 MOPSIJIKOB.
7. VYMeHHUE BLIYMCISTL MOJIYJIb KBATEPHHOHA M B CBSI3M C HTHM 110KA3aTh. Y4TO KBATCPHHOILI
00NIAJIAlOT MYJBTHITMKATUBHON HOPMOH M 00PA3YIOT aCCOLHATHBHYIO ajll ¢cOPY € JICICHHCM.
Huciosoie cucmemol
. TlepBoHauaibHble  CBEACHMS O YHCIAaxX  (HATYpaIbHbIC.  LEJbIC.  PALHOHAILHDIC.
Jeiicrurennibie). Kpyru Ditnepa.
CHCTEMATHYECKHE YHCTIa U JICHCTBUSA ¢ HUMM.
3. Pacwmpenue noHsTHs yucra - ajnredpandeckast 1 reoMeTpuyueckas (JOpMbl KOMIICKCHBIX i1
FHIICPKOMITJIEKCHBIX  HHCElL.

4. Mcnonb3oBaHue [paBuJI JICHCTBHS ¢ KOMITJICKCHBIMH YUCIIAMU W KBATCPHHOHAMMH.

[oae kovniexcnbix vucen

[ YMCHHE HAXOAUTH COMPSIZKEHHBIC YMCIIA K KOMITIICKCHBIM.

2. VMCHHE HCITOJIB30BATH CBOUCTBA KOMIIJIEKCHOI'O CONPAZKEHHS.

3. YMCHHE HAXOAUTH COMPSKEHHbIH KBATEPHHUOH. 3HAK KBATEPHHOHA. CI'O apryMCHT.

4. VMCHHE NepeHecTH Ha caydail KBATCPHHOHOB MPOU3BOIHON aHAMTHYECKOH (DyHKIHH.

Ancciumuueccue hynrkyuu
. YMeHME  BBIUMCHATL  aHalMTHYeCKMe (PYHKUHMH OT  KBATEPHHOHA  (DKCHOHCHTY
HATY PAILHLIE T0rapu(M. CHHYC U KOCHITYC. THIEpOOIMYECKHI CHHYC H KOCHHYC).

2. YMEHHE U3BJIEKATD KOpPCHb KBZUI])EITHbIﬁ H3 KBATCPHHUOHA.

Cucmenia Koopounam

. Vaehue HCHoib30BaTh JUls  BLIMHCIMTENBLHBIX HedeiH B OAHOH M TOH ke dopae
KOMITOHEHTOB KBATCPHHOHOB B Pa3HbIX CUCTCMax KOOPJIHHAT.

2. Bomoanenue npeodOpa3oBaHiii KOMIOHEHTOB KBATEPHUOHOB [IPH MEPCXO/IC OT NOJIBUAHON
CHCTCMBI KOOPJIMHAT K HEMOABHKHOH ¥ HAaoOOpOT.

3. BblnoJdHeHHe 9JIEMEHTAPHBIX TOBOPOTOB W HX CYMMHPOBAHHC,

()/)ll(‘lll)?(llf/l.(}[ IH()’C/)()()?(I menda ¢ mpexmepom npocmpdancmee

. Bprumcienune yrios Diinepa.



| COMCTPHYICCKHE  1TOCTPOECHHS B TPEXMEPHOM  [IPOCTPANCTBE  (HCHOJBHAHAA  CHCTCN
sra e oM La OB HAS ¢ TEIIOM ).
FICHONL30BalME CAMOAETHOR CHCTEMbI KOOPAMHAT (OCH KPEHA. TAHTAMKA 1 CKOJILAKCHS).

CohepiieeRast ceoMempiis

| Vaenme petath 3a/1a4u cheprucckoi recoMETPUH U TPUTOHOMETPHH.

Y Henonsaopanme reorpaguuecioil CHCTEMbL. COCTOALIENR W3 YITIOBLIX KOOPJUHITAT (JLo 1 oma.
oral.
VAICHHC H300PAK T CHCTEMY KOOPJIMHAT. HAYAII0 KOTOPOI HAXOMMTCH 15 e Tpe chenb.

L Onpesesicnne  paccTosius MOy Todkam  Ha o cdepe.  VITIoB  MCALY  OO0niniMi
CERTOCTIME A cdepe.

S Buriesciue yrion B ¢hepruuccKoM TPEYTOJIbHHKE.

Bhine 1 B PEsVILTATe HydeHnst CHCIKYPea « AKTYalTbHbIE TPOOACMbI TIPHKIIAIHON MATCMATHRI
PAHRACTCH UCTKAA CHCICMA B 11OCTPOCHHHU BCEX YHCEIL MPOUCXOJANT 3aKPCIIICHHC MATCPHIII.
AHHOTO COHBYHCHMEM KOMINIEKCHBIX 'THCCIL. JICHCTBHNA € HUMH M THIICPKOMIIJICKCHBIMH tHACIIAMI

CNOSL OT JIBYMCPHBIX K TPEXMEPHbIM 11300pazkeuam. [IpUBOAsTCs NepBOHAYLILIILIC CBe/ICHis o
VATHRC 1 FCOMETPHH KRATEPHHOHOB. BLIOOP YTHX CBEACHHH OPHCHTHPOBAIL Hd PCHHCHC Poiid
SN OnaacTi hOPMOCTPABOBAHMS (T PACUCTA CTEPKICBLIX H 000I0UCHIBIN KOHCTPNKIHI ¢cro
SHOI 1TPOCTPANCTBEHHOT  FEOMETPHCH  (HECYIUHE  KOHCTPYKIHH  OJUMITHHCKOTO  CTYIHONG #

L PEY),

4. CTPYKTYPA M COAEPKAHUE AWCUUTIVIMHBE (MOJLY IS

OIS TPYI0EMKOCT 1+ IMCHATUIH L COCTABIAET 4 3aUETHBIC CAHMILBL. |44 vaca.
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ARTURITLIC W HIFTEPAk (BHBIC (POPMBL JICKITMH. TPAKTHUCCKHC 3aHATHS. KOHTPOILIBIC PO .
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6. OUEHOYHBIE CPEJCTBA JJI TEKYLEIO KOHTPOJISI
YCIHEBAEMOCTH, NPOMEKXYTOUHOH ATTECTAUMH 110 MTOIAM
OCBOEHWS JAUNCHHUTIIIMHDBI H YYEBHO-METO/IMMECKOL.
OBECHEYEHUE CAMOCTOSITEJLbHOM PABOTBI CTYJIEHTOB

l\r()ll'l‘])()lll)llil}l ])&60’1’8 olleHUBaeTcs 1o naTudaanpbHoi cucteme. Ha MPAKTHYCCKHUX 3aHATHAX
KOHTPOJIb OCYHUICCTBIIACTCH PU OTBETC Y JIOCKHW W TIPH TMPOBEPKE JIOMAITHHUX 3aJlaHU . KpoMC TOIo

HPOCHVHIHBAIOTCS ])C(])Gpﬁ'rbl U HJICT MTPOCMOTP IlpC’iCHTuuMﬁ.

6.1. [lepeucnb npUMEPHBIX KOHTPOJILHBLIX BOHPOCOB H
3alaiuil Vst CAMOCTOSATEILHON padoThl
Pacemorpum npumep 11 Z = v —4.
Hesbsst u3piiedb KopeHb? JIGHCTBHTEILHO. HEMb3s. €CJIM peUb UACT O JACHCTBUTCILHBLIX YHCIIAN

B KOMIIICKCHBIX YHC/Ia U3BJIeUb KOPEeHb — MOKHO. TouHee. 1Ba KOpHs:

2y = 3 =t = =7
o8 = 4\’: = 2l
JIeHCTBHTEILHO JIM HAMJACHHBIE KOPHU ABJISAIOTCS PELICHUEM YPABHCHHS z7 = —47 Boimonuum
HPOBCPKY:
— 2 = (=2t =4 (-1 = —4

(207 =27 P =4 (-1) = —4
H1o 1 TpeboBaIOCH IIPOBEPHUTD.

Yacro HCIOJIL3YETCs  COKpallleHHas  3allucCh, oba KOpHA 3alMcCbhbiBalOT B OJIHY CTPOUKY:

T
— Cy

Taxwne KOPHH TAKIKE HA3bIBAOT CONPAKCHHBIMH KOMIIJICKCHBIMHW KOPHAMH.
CriejloBaTelibHO. [IpH HU3BJACYCHHUH KBaJIpATHOIo KOPHA H3 OTPHULIATEILHBLIX YHCCII. BO BCCX

cJyuasx noJjiyyaerces JiBa ConpsyKCHHbIX KOMIUICKCHBIX KOPHA.

Ipuniep 2: pelinTb KBaJpaTHOE yPABHEHHUE £~ — DF 34 =0
/

6—136 =—100

r
Buraucium JAUCKPUMHUHAHT! Pt =

-
Ll

I

Tak KaK JIMCKPUMHHAHT OTpUL@TE/ICH. U B JEHCTBUTCABHLIX UHMCHAX YPABHCHHC PCHICHHA TiC

= v S
navieet. Ho kopertib MOKHO W3Biiedb B KOMILIEKCHBIX yncaa. OTciofa, nonydaem: L = = LO1

Lo,

A=

- -

1o u3BecTHLIM (POPMYJIAM TTOTYYaeM JIBA KOPHA: Z. - =

7. = 34 = 5 —conpskentble KOMIIEKCHbIC KOPHH



3 -

Takum oOpasom. ypashenue Z- — 62+ 34 = 0 umeer asa conpssKeHnbIX KOMILICKCHBIN

N

.

1
T

L

kopusi: £ = 3 — JlZ, = D

I’lL;"I‘]')yllH() 3AMETHUTL. YTO B MMOJIC KOMINICKCHBLIX YHUCEJT «IIKOJIbHOC» KBAJAPATHOC YPABHCHHC

Beera UMeeT JiBa KOPHS. Boobuie. moboe ypaBHeHHe BH/ LU
GnZ F iy =27 F e+ @227+ -2+ G = 0 umeer poBHO 11 KOpHER. HACTL M3 KOTOPbIX

MOEVT ObITH M KOMIIICKCHDBIMH.

Kak n3pneun KOPEHb U3 ITPOU3BOJILHOTO KOMITJICKCHOTIO yucia’

v —
i

PaccMoTpuM  ypaBHeHue Buaa £ = WL, HIW. TO Ke camoe: Z = VAL 3nech 1 Mowe

HpHHuMaTh modoc HATYpaJIbHOC 3HAYCHHEC. KOTOPOC OOJIbIIE €JUHUILbI. B uwacrhnocTw. 1pH n=.«

HoJivuacTes  KBajpatHbid Kopenb Z = W Y10 KacaeTcs MMEHHO KBaJApaTHOro KOpHS. TO Ol

YCHCIHTHO U3BJICKACTCS U aﬂre6pauqecng METOLOM. KOT()pblﬁ paccMOTPEH BbILIC.

Vpashenue Buja £ = W W uMeer POBHO 11 KOpPHEH Z:.Z-,Z2, ..., Z;,_-. KOTOPbLIC MOZKHO
paiitn o gopmysier T = o B0 S0 ——— |+ 130 - . TIE W — a0 Moy,
KOMILICKCHOIO — uMeila W, &% —  ero  aprymMeHT. a napamerp Kk npuiuMact  3HauCHs:

N = '
HCPCI]HUICM YPABHCHHC B BUAC =& — l T % O

2 i ! 2185 = 7 . : . ‘
B sannom npumepe VW = 1+ 310,10 = L nostomy ypasHeHue OyIeT HMEThL JBA KOPHs

__' 8 A

OO01H1LY1I0 POPMYITY MOKHO cpasy 1peodpa3zoBaTh:

Too= o w cleos[E= ) s isin(——] .k ={0: 1]

Tenepnb HYKHO HAHTH MOZYJIb M apIyMEHT KOMIIEKCHOIo uncia 1 = 1+ 4w

hwi= 115 + l\:ié =1+ 3=+d=2

Uneno W pacioiaraetest B NepBol YeTBEPTH. MTOITOMY !

l

@ = arctg— = arctgy.

™
(05

=,

Fie Gosiee jietannszupyem hopmyoy:

[ojicrasiss B popmyiy 3HadeHne k=0, nojayvaem nepsbid KOPEeHb!



= foe T THIT0 | =

Teo= N ) { PR | == Sl 0 | } = A j TN — - (NI —
4 f i - i
\ :
Hojcranisist B popmyny 3naueHue k=1, nosyuaem BTOpoi Kopehb:
A S R S ST St A O SR S N SRR A
= =X % SRR [I—*— ; TN ‘w !l } =y g f\u; 0§ — + sin—)
N = ...~ i Ty = § _._._ % _W‘*.

orser: 7- = L — =~ = = - : 4 fefg— |

HDH KCITaHuH HJIH 'l‘pc()ouarmn 3QJaHHus. TOJTYHYCHHBIC KOPHKW MOYKHO [TECPCBCCTH ()(F)])il'l'li() B

AITCOPAHICCKYIO (popmy.
CaeayeT OTMETUTb. YTO Ha HPAKTHKE apryMEHT HOJKOPEHHOIO YUCIIA MOKCT OKa3dTLed HE Tar

«XOpOH». KaK B pacCMOTPCHHOM TIpUMEpE. B arom caydac JUIs M3BJICHCHHS KBAIAPATHOTIO KOPH:

JYULLIE HCHOIB30BAThL YIIOMSHYTBIH BbILIE ajaredpanyeckKnii MeToL.

lpuaiep 4: naiiti Kopuu ypasHenns 2° + a,raea = — — — |

\ - n 3 .
CravaJjia IPCJICTABUM YPABHCHHUEC B BUJIC & = %y Wi 2" = —a

Eemag =———{torma-a=—|———i}]=——+—1

OGo3HauuM = 7 TPHESHHOIT QOPMUVTEHON OVREOII W = — = — — = —

B4 F 3.
Faknm oOpasom. TpebyeTes HAaUTH KOPHM ypaBHEHUSl £ = ' — — =+ — i
: LS 2

B aannom npumepe 1= 3. a 3HAUMT. YPABHCHUEC UMEET POBHO TPH KOPHSI: 2~ Z-, Z-
[IpcoOpazyem o0yt popmyty:
T T fwmelTRY R @elTEN Y, £
T = \ A7 l““g’il i i"".\m” "“—— (’, = 1{_);1"'7
Haii/iem MOJLYIIL M apryMeHT KOMILUICKCHOTO Yuea 1y = — — + — |
vi= i) Mo B =
\ : 4 3
Yucno w pacnosiaraerest BO BTOPOH YETBEPTH. MTOITOMY:
G=TF=aritg——==g+aqctgl-l)=r-mctgl=7--=—
L=ie pas npeoOpasyem Qpopmydy:
- ’ 5 | -~ )T*‘—f“i} -,H‘__“T_;_.\'\] I o ,ﬁ,gl\'s
o ﬂ‘jt (LTS — !*' {4 ‘ II} 1,"' R S A
v K } 4 /



Kopennb yno0ono cpasy e ynpocrurh:

I)HC}/I'IL)K |8 — FCOMETPHUCCKOC H'}()G[)Z]‘/I(eHHC KOMIIJICKCHbBIX YHCCJ]

Kax BLInojanuTh uepren’

U . )
JUis Hauaia. HaxoiuM uemy paseH Moayib kopued 1— = LU/ u ueprum nmprysiem

OKPY/KHOCTD JIaHHoro pajauyca. Bee kopuu OyayT pacrionarathes Ha Jannoii okpysnoctu. Tenepi.

e i =
- T v A C:
UCPCM Ll]‘)ryMCllT ﬂCpBOF() l\'()]‘)Hﬂ —H BBLISSCHHUM. llCMy leBHS{CTCﬂ _Vl‘()ﬂ B l‘p'd,"l_\/CLlXZ =t B = "l’_'l H
CTABHM HaA ‘ICD'I'C'/I\'C ']‘()lll\'y .:‘..7;_';.
i 338 idg  13C B —
bepem apryMeHT BTOporo KOPHsS —— W HEPEBOJAMM B Ipaiychl: ——— "~ = L1657 Ormepsien

1 & -
'I'D‘clllCll()[)Tl’lp()M J_ 357 U CTaBUM 'I‘O‘{Ky <+ Ha l[CpTC’/KG.

[10 TaKOMY JI¢ QIFOPUTMY CTPOMTCs TOUKA £.



Jlerko  3aMeTHTh.  YTO KOPpHH  pACIOJIOIKCHBI  T€OMCTPHUCCKH  1TPpABHJILHO € WHTCPBAIION

— = 12U mexay pamuyc-ektopamu. Uepresx KpaiiHe skenatelbHO BBUITOMHATL € HOMOLLLIO

TpancnoprHpa.



0.2. [lpumepHbIe TEKRETbI KOHTPOJILHBIX padoT

Peiirunr kowrpodin Nel.
JLarh oTBETHI Ha BONPOCHI:
L. TlepeunciinTh Bee H3BECTHBIE YMCa U H300pa3UTh ¢ MOMOILLIO KPYroB Jidjiepa.

Zs ]lCCHTGpHHHaH. JIBOMYHAsA, BOCbMCpHUYHasd MW LHECTHaLATCpUyHas CHCTCMbL CHHUCIICHHS
CHOKCHHUC. BLIYMTAHUE, ACJICHUE M YMHOKCHHEC OJIHOI'O M TOro KC YUC/ld B PA3JIMYHBIX CHCTCMAN

CUMCIICHHS.
Hanpumep: Croxutb uncsia 15 1 0 B pa3iMuyHbIX CHCTEMaX CUHCIICHUS.
)TH UHCIA B JIBOMYHOR cucteme o0osnavaror 1111+ 110,.
B BOCLMEPHYHOI | 74+04.
B LIECTHAIATEPUUHOH 6016
3. llepesoaws 10 » 210 »8.10 »10.
[epesoans 16 » 10.8 > 10.2 » 10. CaMUM IPUBECTH IIPUMEDPDI.
4. Kak nepeBojuTh Lejble yueia’
Hanpumep: T41 B pa3iauuHbie CHCTCMbI CHHCIICHHE,
Kak nepesectu emelnanioe yueno
Harnpumep: 141.5 nim 59.75.

0. HPHBCCTH TadNUIBLI JUIS CITOKEHUS U YMHOMKCHHUS B BOCbMC[)MLlH()ﬁ CUCTCMC CHYHCIICHHS .

[IpHBCCTH TPUMED YMHOKEHHS.
7. llepeBojiuz 2 » 8 1 0OPATHO - TPHAIAMH.
8. llepesoausz 2 » 16 uo0OparHo — TeTpaaMHu.

9. Kowmunnekcnble  uncna. Mx  reomerpuueckoe  u3obpamenne.  Choxenue.  Borunrainme.
JICHCTBHS ¢ KOMIUICKCHBIMM  YMCIaMM. 3aJ@aHHLIMH B alreOpaHyeckol M TPHIOHOMCTPHUCCKOI

Qopmax. TpuBecTn npumepbl.

Peiitunr-kourpodin Ne2.

I Boipockl. Ha KOTOPbIC HALO JdTh KPATKHEH OTBCT.



L1 Kommiekerbie ynena. OcHoBHble (pOPMBI KOMIIJIEKCHBIX YHcel.
1.2, Komiuieketast 110ckoetb. JleHeTBUS ¢ KOMITICKCHBIMM HHCIIAMH B FCOMETPHYCCKOH (popme.
I.3. Tpuronomerpuyeckas (hopMa KOMILUIEKCHOTO 4HCIIa. Bossenenne B crenenn. dopmyi
Myaspa.

4. M3piedenne kopus n-oil crenenn w3 eaumnuusl. YacTHble ciaydad npud n= 1.2.3.4.5.0.
VsoOpaskenue kopreil B 9Tux cayyasx.

1.5, M3eneyenne KopHs n-0if cTENCHU W3 KOMIIEKCHOTO YHCIIA.

1.0 JICHCTBS ¢ KOMIICKCHBIMM YHCIIAMU B T1apax.

2. lpakruueckue sananus.

~ . o 20
I, Jlano komnuaekcHoe yueno z=3+\3i. naiitu z-.

33,21

= <] 0. s 5
Bo3BECTH B CTENEHL KOMITJIEKCHBIE Yhcaa i A=)

()

3. M3eaeun kopenb z=v—4,

.
4. Pemnmrb kBagparHoe ypasHenue z-—6z+34=0
o > P a -
5. Haiitu kopuu ypasuennst z7=1+\3i
0. M300pa3uTh KOMIUIEKCHBIC YHCIIA HA NIOCKOCTH: 7. = | + 21 2. — 1. .= 3
2, =8, =1=2]

Peiirunr-konrpoan Ned.

I, Boupocbl. Ha KOTOpbIE HA/IO JaTh KPaTKMH OTBET.

[ 1. CranjapTHoe 1pe/ICTaBIeHHE KBATCPHHOHOB.
1.2
I

- ()I'IPGMGJICIH/IC KBAaTCpHHUOHA KAK BCKTOP U CKaJIsAP.

!

|8}

- OnpezerneHne KBaTepHHOHa Yepe3 KOMIIEKCHbBIC YHcTIa.

I 4. Onpeaenenne KBaTepHUHOHA YEPEe3 MATPUUHOE MPECTABICHHE.
I.5. 1 comerpuyeckast MHTEpIpeTalns KBATEPHHOHOB.

1.0, ConpsiFKeHHbIH KBATEPHHOH.

I.7. MoayJib KBaTepHUOHA.

2. IlpakTrnucckue 3anaHus.
2.1. Boraucsure no onpejieneHuio
(2=3i+)=4k)+ (1 =3i—)+2Kk)u (2 = 3i +j—4k)(1 = 3i —j + 2k).

Penrenme:



(2=3i+j—4k)+(1 -3i-j +2K) =3 = 06i — 2k, (2 = 3i +j — 4k)(I = 3i —]+2k)==2+9j

I~
|

J2=8R 2 H (23 (=3) - T+ 12 = (=) (=1 )i+ +(2 - (=D + T T+ (=d)(=3) = (=3) - 2)j+ +(2 - 2
(=hH - T+ =1 (=3)Dk==2-11i + 17} + ok.

Hosbsyemes rabimieil yMHOMKEHMs 5a3HCHBIX KBATEPHUOHOB.

1 | ' ; /
1 I i ;
] i | i
k ! [

220 BLIMHCIHTE € IIOMOIIBIO MATPHUHON MHTEPIPETALMK KBATCPHHOHA

(2=31+)—4k)+ (1 =3i =1+ 2K)n (2 =31 +j—4k)(1 - 3i =]+ 2Kk).

KB&TCDHHOHH MOJKHO OIPEACTIUTL KaK KOMITJIEKCHbIE MaTpHILLbl CJICAYIOLIETIO BH/1A C OOBIYHBIM

MATPHYHBIMH TTPOHU3BEJICHHEM U CYMMOH.

{ “ } [ 4 +bt ¢+ f'r':"’)

—if% o \—c+dil oa—bi
, a
u H- - KOMllﬂCKCHO-COﬂpﬂ‘/KeHHble K ut.

DTOT pe3ylbTaT COBNANACT ¢ PAHEE NOJTYUCHHBIM Pe3ybTaTom 2. |
2.3, BLIMHCANTD € TOMOIIBIO MATPHUHOM MHTEPIPETALHHU KBATEPHHOHA.

(2=314]=4k) (1 =3i=j+2k) n (2 =31 +j—4k)(1 = 3i —j + 2Kk).

UTO COBMNAJACT ¢ paHee MOJYYEHHBIM pe3ybTaTom 2.2.
2.4 BLIMHCIUTE ¢ TTOMOIIBIO FEOMETPHUYECKON HHTEPIPETALMH KBATEPHHOHA

(2=3i+)=4Kk) + (1 =3i—=j+2k)u (2 =3i +j—4k)(1 = 3i =+ 2k).



ps

= (3 — 61 —_»‘k) =3 — 6 — 2%,
HTO coBIltajlacT ¢ ])a”ce HOJ_I)/LICHHI)IMH pC3yﬂU[ﬂTuM”.

25.(2=3i+j—dk)(1 =3i—j+2k) =

Mcenodib3yeM. 4To JUls KBaTepHUOHA
q=a+bi+ci+dy.
A - CKAWIpHAs 4acTh KBATEPHHUOHA (.

u = byteitdy — BekTOpHas yacTh

| o= =9 — 11§ + 175 + Gk

Yr1o cosnajaet ¢ paHee MoJy4eHHbIMH OTBETAMH.
Konrpoasuas padora.
[Tpumepnoii sapuanm.

. Bpludcnure no onpejieneHuo:

(Q=3i+j—4k)+ (1 =3i=j+2k) u (2= 3i+]j—4k)(1 = 3i =] + 2K).

Petnenue:

(2=31+ ] =4+ (1 =31=7+2k)=3-061 =2k, (2 =31+ —4k)(1 =31 — )+ 2K)

SK2H(2(=3)+(=3) 1+ 1 2=+ +H2 - (=) + 11+ (=4)=3) - (=3)"

Sl 3 = (3)k==2 =111+ 17 + ok.

Honbszyemces Tabnuuel YMHOKEHUST 0a3MCHBIX KBATEPHHOHOB.

I E { ,’ .,l\‘

1 I & )

J / I8 | ¢

k 4 I

2, Boiunciaure ¢ noMolibio Manl/ILll-lOffi HUHTCPIPETALIMHU KBATCPHHOHA



Q=31+ =4k + (1 =3i—)+2Kk)m (2 =31+ —4k)(l = 3i — )+ 2k).

Kliil'l’CpllH()Hbl MOJKHO OMNPEACTUTL KAaK KOMIIJICKCHBIC MaTpHLbI CJICAYIOWECTO BUIA C O0BLIYHDBIMI

MATPHYHBIMH TTPOU3BCJICHHEM H CyMMOl7l.

;o /5 L Jyy s 475
( N i } B ( I (. + i J
=B F \—¢c+di a-—Dbi/
- o] s 3
o H ¢ = KOMIIJICKCHO-COIIPSKEHIIBLIC K & H H .
|
, \ =1

’ J—w 1=k (l—}/ — 1 -2

—1 = 2+ LA 21 R

S P\ _ ]
1 — 5y

DTOT pe3ynLTaT COBINAAAET ¢ PaHee MOJYUCHHbBIM pe3yabTaTtoM .

3. BBIUHCIHTD ¢ [TOMOIBIO MaT[’)lIlIHOﬁ HHTEPHPETAIUH KBATCPHHUOHA.

(2=3i+]=4k)+ (1 =3i—j+2K) n (2= 3i+j—4k)(] = 3i—j+2Kk)

2 =30 =7 =il =31 — ) =2k =

2—% 1 -4 1 —=3i —=14+2i Y\~
—-1l—% 243 1421 143 )

a=l

A

O — 11 17+ Gi & 137 5 1% & 1
_ =211+ 17] + Oh.
LT G 24100 f

“

YTO COBHALAET € PAHEE MOJIYYEHHBIM PE3yJibTaToM 2.

4. Bbruuciure ¢ [NOMOULILIO I‘COMCT[)HLICCKOH HUHTCPIIPCTAlUH KBATCPHHOHA

(2=3i+j=4k)+ (1 =3i-j+2k) u (2 = 3i +j—4k)(1 — 3i —j +2K).

:(:’)f@’si —‘;’k) = 3 = 0i = 2%k,

HTO COBHAAACT € paHee HOJIYUYCHHBLIMH PE3VIILTATAMH.



>, Pewuth ypaBHEHHE:

(2-i-142K)x+3+51-8j-5k=2j-2-2k+] 1 y(2-i-j+2k )+3+5i-8}-5k=2j-2-2k+i

Boiurem u3 obenx wuacrted paBeHcTBa KBatepHHOH 3+35i-8)-5k. nonayuum (2-1-j+2K) x=-5-

. . -
[eniepb 0Oe yacTH ypaBHEeHHs YMHOKUM ciieBa Ha (2-1-)+2K) .

N=(2-i-j+2k) ! (-3-4i+10j+3k)

N ——— (2+i4j-2K)(-3-4i+10j+3k)

- RO - e i
S S R T AT

— 10+ 1M+ 20 +30k —_—
. = -1+1+2)+3k

X= —

Il

JLisi BTOPOro ypaBHeHusi

\_( 10-36i+10j+2K)

6. HenoTesva a1redpy KBATSPHHOHOB B MATPHYHOH HHTEPNPETALIIH, BEMIICTHTE [2{ —ki+

2]+ A’]c MNOMOLWIBK COOTBESTCTBYIOIWEH GOPAVIBL T14 BEMHCICHUA CKATAPHOIO 1 BERTOPHOIO
NpouspeIeHUA HpoBeppTe pesviIbTat M0 ONPE IS TIEHIIC BERTOPHOTO IPOM3BEICHHA 1 C
MTOMOIIBR KOOPIHHATHON GoparviIst,

[To .rbop.\r_\,z‘[e ATA BBIMHCICHHA CRATAPHOTO H BERTOPHOTO MMPOHIBE ICHHA HMCEM

0 —1

Y L P
(0+1 2#‘{‘){0‘3‘;” 0—1) _1 (('—l+21 —3+4z‘)_
A4t 0=8A%-0-~{ 0-2i/7 J e{\v34+4 ~—1-32i
N VT /72 ISR
(T b 2T ):3 ( T ) ):— 40— 6] + +8k)¥=21 - 3] +
=3 -4 -1+ 21) PR (b + 81 —4 ) /2 VA ST J
4k

0.3. [Ipumepublii nepeuenn BOIPOCOB K 3a4eTy

I Harypanbuble uncna. Mctopust BOBHHKHOBEHHS YKCell.
2. Cuceremarnyeckue ynca. JIedcerBus B OCHOBHBIX CHCTEMAX CUMCIICHHS .
5. llepexojl 0T 0JIHOH CHCTEMBI CUHCIICHUS K JIPYTOH.

4. BOCI)MMPHHH&S W HICCTHAAATUPHUYHAA CUCTCMbl CHUCIICHUS.



‘I

0.

[lesibie unesia u JIeNCTBUS € HEIILIMHA YUCITAMHA.

PanoHalibHble YHCIa v JICHCTBUSE ¢ HUMM B 1apax.
JleiicTBUTEIbHBIC Yhcia. M300pakeHue.

Komriekenble uncia. OcHOBHBIC (DOPMbI KOMIIIEKCHBIX YHCEIT.

KomnmexkcHas nmiockoCTh. ﬂef/‘iCTBHH C KOMIIJICKCHBIMH YHUCJIaMH B FCOMG'I‘DHHCCK()I\/‘I (l)()pMC.

. Tpuronomerpuueckass (Gopma KoMmruiekcHoro uucna. Bozsenenue B crencub. Dopmyia
Myagpa.
.M3pneuenne KopHs N-0 creneHd W3 eauHuibl. YacTHple caydan npu o no 1.2.5.4.5.0.

M3o0pakerne KopHeHl B 9THX cllyyasXx.

. U3Bneyenue KOpHA N-0M CTENCHU U3 KOMITJIEKCHOIO YHUCJIa.

.jLCﬁCTBHH C KOMIUICKCHLIMH HHCJIAMH B I1apax.

CranjapTHoe olpe/lejieHue KBaTepHHOHA.

OnpejienieHe KBaTepHUoHa KaK BEKTOP U CKaJIsp.

Oripejie/ieHue KBaTepHUOHA YepPe3 KOMINICKCHbIE YUCIIa.

OnpeaeneHne KBATEPHUOHA Yepe3 MATPUUHOE TIPEACTABICHHUE (C MOMOLILLIO BCHIECTBEHITLIN
MATPHIL € TOMOLILIO KOMIIEKCHBIX MATPHIL).

ConpsiKeHHbIH KBATEPHHUOH.

MoJ1yJib KBaTEPHHOHA.

OOpalleHHe YMHOKEHUs KBATEPHUOHA.

- AnrebpanyecKue CBOMCTBA KBATEPHUOHOB.

. KBarepHHOHBI W TOBOPOTHI NPOCTPAHCTRA.

. Hesnbie KBaTepHruoHbI.

EBKIMI0BO YMHOKEHHE KBATEPHHOHOB. CKAISIPHOE YMHOKEHHE KBATCPHHOHOR.
Breuinee yMHOKEHHE KBATEPHHOHOB. BEKTOPHOE YMHOKEHHUE KBATCPHHOHOR.
McTopust BOSHMKHOBEHHST KBATEpPHUOHOB. (Pedepart. npesenraiims).

Cospementoe npuMeHeHue kpatepuuonoB (Pedepat. npesenraiius).



7. VYEBHO-METOAUYECKOE U HHOOPMALUUMOHHOE OBECHEYEHWE

JANCHUTIIIMHDbI
Ne I HasBanue 1 BLIXOAHBIE JlaHHbIE ['on Konuuectso Hanuuue B Konuuectso | Obecrieucti-
nn (aBTOp. BMA M3JIAHKA, H31aHKA IK3EMIIA- WIEKTPOH-HOH CTYIEHTOB. HOCTb
W3AATCNbCTBO. H3IAHUS, poB B oubnoTeke MCMOJb3YHO- CTyAeHToB
KOJIMYECTBO CTPAHHIL) OudsmoTeke Baly L1 JATepals
yHHBEPCHTE- YKA3dHHYIO poit. Yo
T auTepaTYpy A
S 2 3 4 5 6 ) 7
N OcHoBHasi iMTEpaTypa -
| JI.B. Becenosa. O.E. Tuxonos 2bC
Anrebpa u TeopHs uucen «KoHcynbTaHTt
| DaekTpoHHbIi pecype] @ yyedHoe CTYJAEHTAY
nocobue / J1.B. Becenosa. O.E. 2014 http://www.stud 20 100%
Tuxonon. - Kazanb : entlibraryv.ru/bo
- Msnarenvcreo KHUTY. 2014, - ok/ISBNO78578
| 8216362.himl )
: HMibun B.AL Kuwm 11 ILC
Jlineiinas anredpa u «loneynbran
| ananrrHaeckas reoMmeTphs CTYAEHTa»
[DaekTpoHHbIf pecype] : 2015 hitp://www.stud 20 100%
yuchuuk / B.A. Mabun, I 1 Knm. entlibrary.ru/bo
- M.t Tpocnekr. 2015 —225¢ ok/ISBN978539
2163397.huml B
R B.1. Autonos. M.B. Jlarynosa,
- H.H. Jlobkosa. 10.J1. Makcumos,
B.M. Ceménon. 1O.A. XpaTtos SEC
Jhnneitnas anredpa u L
anaIHTHYECKast reOMEeTPHsl. «KoHcymuTanT
- Onopublii KoHCHekT ElRiEn
. N . ) 2015 hitp://www stud 20 100
[ DsiekTpontbiit pecype]| : yueb. Lo
nocooue / B.M. Antonos. M.B. cnl||‘b|anl).|u/_b~u
ok/ISBN978539
Jlarynosa. H.M. Jlo6kona. 10.]1. 5168934 himl
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VuyeOiinie AYIAUTOPHH JUTSA ITPOBCJICHU S JIEKIIMOHHbIX H CCMHUHAPCKHUX 3AHSITHH .
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