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AHHOTALIUS

B kypce nekumii OyayT pacCMOTpEHBI OCHOBHBIE TEMbI Kypca «AHAJIMTHYECKas €OMETPHUSI»
TaKHue KaK: OCHOBHBIC 3aKOHbl KMHEMATUKH M KHHEMATUYECKOIO JBMXKCHMS TEl, OCHOBHBIE 3aKOHBI
CTaTUK{, OCHOBHBIE 3aKOHbl JUHAMHMKH, OCHOBHBIE 3aKOHBl [JBW)KEHMS M B3aUMOJECHCTBUS
3JIEMEHTAPHbIX YACTULI.

ANNOTATION

The course lectures will discuss the main themes of the course "Physics™ such as the basic laws
of kinematics and the kinematic motion of bodies, the basic laws of statics, the basic laws of dynamics,
the basic laws of motion and interaction of elementary particles.
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BBE/IEHHE

JlaHHBII KOHCHEKT JIEKIIMHA COCTABJIEH Ha OCHOBE JICKIIMOHHOTO Kypca, ynutaemoro B MI'TY um.
H.D. baymana Ha xadenpe my4 npenomaBatenem AradonoB B. b. Kypc nexumii pexomeHgoBaH K
BBITITIOJIHCHUIO TGKYH_II/IX aTTEeCTAlIMOHHBIX MepOHpI/IHTHﬁ U IIOoArOoTOBKU K BKSaMeHy 10 npez[MeTy

«AHaJIUTHYECKAsI TEOMETPUS».



bunersl o Kypchl aHaIUTUYECKAs TEOMETPUS

busner 1.

1.0mpenenenue TMHEHHON 3aBUCHMOCTH M TIMHEHHON HE3aBUCUMOCTH BEKTOPOB.
Jloka3aTenbCTBO KPUTEPHA THHEHHOM 3aBUCHMOCTH 2X U 3X BEKTOPOB.

2. Cucrema nuHeiHH X anredpangeckux ypapHeHuit. (CJIAY). Pasnuansie GpopMbl 3anncn
CIIAY. CosmectHOocTh CJIAY. Jloka3aTenscTBO KpuTepusa Kponekepa-Kanennu o
coBmectHOcTH CJIAY.

1.

[TycTh 3amana cucteMa BEKTOPOB a1, a2, a3,...,a; (1) OMHON pa3MepHOCTH.

Omnpenenenue: cuctema BEKTOpoB (1) Ha3bIBaeTCs IMHEHHO-HE3aBUCUMOM, €CJIN PABEHCTBO
S51a1+90a,+...+995 ;a,=0 (2) BBIMOIHSAETCS JHIIL B TOM CIydae, Koraa Bee uncia 991, 36,,..., 95,=0
u QR

Omnpenenenue: cucrema BEKTOPoB (1) Ha3bIBaeTCs TMHEHHO-3aBUCUMOM, €CITH PaBEHCTBO (2)
BBIMOJIHUMO XOTs1 ObI tipu ogHOM 2650 (i=1,...,K)

CaoiicTBa

1.Ecnu cucrema BEKTOPOB COAEPKUT HYJIEBOW BEKTOP, TO OHA JINHEHHO 3aBUCUMa

2.Ecnu cucrema BEKTOPOB COACPIKUT JIMHEHHO-3aBUCUMYIO MTOJICUCTEMY BEKTOPOB, TO OHa OyJeT
JIMHEWHO-3aBUCUMOI1.

3.Ecnu cuctema BEKTOPOB JIMHEHHO-HE3aBUCHMA, TO U JIF00As ee ToJIcucTeMa OyIeT JIMHEHHO
HE3aBUCHUMOM.

4.Ecnu cucremMa BEKTOPOB COAEPIKUT XOTSI Obl OJIMH BEKTOP, SIBIISIOLINICS TUHEHHON KOMOMHALIEeH
JIPYTUX BEKTOPOB, TO 3Ta CUCTEMA BEKTOPOB Oy/A€T JTMHEHHO 3aBUCHMOIA.

OmnpeneneHue: Ba BEKTOPa Ha3bIBAIOTCS KOJJIMHEAPHBIMU, €CJIM OHM JIEXKAT HA NapajlIeIbHbIX
MPSIMBIX.

OnpeneneHue: Tpu BEKTOpPa Ha3bIBAIOTCSI KOMIIJIAHAPHBIMU, €CJIM OHU JIEXKAT B NMApaJIJICIIbHBIX
IJIOCKOCTSIX.

Teopema: Ecnu 3ananbl 1Ba Bekropa a u b, npudem a®0 1 3TH BEKTOPbI KOJUTMHEAPHBI, TO HAWACTCSI
TaKoe JedcTBUTENbHOE YnciIo Yo, yto b=Yba.

Teopema: /It Toro 4to ObI 1Ba BEKTOpa ObUIN JIMHEHHO-3aBUCHMBI HEOOXOAMMO U JOCTATOYHO, YTO
OBl OHU OBLITM KOJUICHUAPHBI.

JloKa3aTenbCTBO: OCTATOYHOCTD. T.K. BEKTOPHI KOJUTHHEeapHbl, To b=Yoa. Bynem cuurats, uto a,b®0
(ecnm HET, TO CHCTEMA JIMHEHHO-3aBUCHMa 110 1 cBoMcTBY). 1b-Yoa=0. T.k. koadd. [Tpu bE0, To
cHcTeMa JIMHEWHO 3aBUCHMa 110 ornpeneneHnto. Heooxomumocts. [lycts a u b miuHeiHO-3aBHCUMBI.
S5a+8)b=0, <5®0. a= -b/I5*h. a u b KoMIMHEAPHBI 11O OIPEIENEHNIO YMHOKEHHUS BEKTOPA HA YUCIIO.
Teopema: 71t TOro, 4T0OBI TPH BEKTOPA OBLTH JIMHEKHO-3aBUCHUMBI HEOOXOMMO M JOCTATOYHO, YTOOBI
OHM OBUTH KOMIUTaHapHBI. Heo0X01MMOCTb.

Jlano: a, b, ¢ — nuHeliHo-3aBucuMbI. Jloka3ats: &, b, C — komruiaHapHbl. JI0Ka3aTEIBCTBO: T.K. BEKTOPHI
nuHeNHO0-3aBUCHMEL, TO I5a+d8)b+Yoc=0, Vo ®0. ¢= - /Y *a - §)/Yo*b. c-nuaronans
napaJuienorpaMma, o3Tomy a, b, C Jiexxat B OTHOM IJIOCKOCTH.

Ecnu oM KOMITIaHApHBI TO MOXHO MTOCTPOUTH MapaielorpaMM.

1. Pemmienuem CJIAY HazbIBalOT COBOKYMHOCTH N YUCEN KOTOpPbIE OYAY4H MOJICTaBICHHBIMH B Yp-s,
o0OparmiarT uX B TOKIECTBO.

2.CJIAY Haz-csi COBMECTHOM €clii OHa HMMeEeT XOTs Obl O/IHO pelieHune, B poTuBHOM cinydae CJIAY
HECOBMECTHA.

3.CoBMECTHYIO CHC-MY Ha3 OIPENEIEEHHOMN, €CJIM OHAa UMEETTOJIBKO OJHO pelieHue. B npotuBHOM
Clly4ae — HEONPEAEIECHHOM.



4. CucteMy Ha3-I0T OJHOPOJHOM €CJIM Bce CBOOOHBIE WiIeHBI paBHbI (), B IPOTUBHOM Clly4yae
HEOTHOPOTHOM.

CoctaBum M-Iy U3 amk ko3¢ npu Heus-bix. A = (all al2 ..alu)/(a21 a22 .. a2H)utn.

- Marpuna cuctemsl. B = (B1/B2/ .../BM) — MaTpuIiia cTonberr CB-bIX 4JICHOB.

X = --\-- M-11a cT-11 Heu3BecTHBIX. A*X = B — MaT-as ¢opma 3anucu CJIAY.

Ax = (alx/a2x/../amx), Alx1+A2x2+..+Aaxna = B BektopHas hopma 3anucu.

Jl1s TOro 4TOOBI ccTeMa ObLIa COBMECTHON HEOOX. U IOCT. UTOOBI paHT MATPUIIBI CUC - MBI PaBHSIICS
paHTy pacImp-oi MaT-1Ibl CUC — MBI.

1 Ecnu CymiecTByeT pelieHue, To BEeK-as 3aMCh03HAYAeT , YTO CTOJOEI] CBOOOTHBIX YJICHOB €CTh JIMH
KOMOWHAIHS CTOJIOIIOB MAaTPHUIIBI CUCTEMBI. 3HAYUT, TI00aBICHUE ITOTO CTOJIOIA HE YBETUINBACT
00IIero YncIia TMHEHHO HE3aBUCUMBIX CTOJIOIOB B CHITY OJTHOTO U3 CIEACTBHI TEOPEMbI O 0a3UCHOM
MUHOPE, U PAHT OCTACTChCS MPEKHUM.

2 [lycts PrA = PrA*.B stom citydae 6a3uCHBI MUHOP MaTpUIlbl A sBIIsieTCsl 0a3U3HBIM U B MaTpHULIE
A*. 9T0 03HAYaeT, 4TO CTOIOEI] CBOOOIHEIX WICHOB €CTh JUHEHHAsA KOMOMHAIMS T€X CTOJIOLIOB
MaTpUIbl A B KOTOPBIX PacroioxeH 0a3ucHbIil MuHOD. [10 mpeaiokeHnto 94To eciii CToI0 Il a eCTh
JIUH KOMOWHanus ctoiomoB al a2 .. aH, TO OH TaKke OyAeT JIMH KoMOMHAIl cucTeMbl con al a2 aH,
€CJIM K OCTAJIbHBIM IMOCTaBUTh KOI(DHIICHT HOJIb.) B TOM CIIydae CTOJIOEI] CBOO WICHOB €CTh JIMH
KOMOWHAaIMs BceX cToa01moB Matpulibl A. KoadduieHTs! 3Toi TuH KOMOWHAIIN TTPEACTABIISIIOT COO0M
pelIeHre CUCTEMBI.

buner 2

1.0npenenenne 6a3zuca V1, V2, V3. Jloka3aTenbCTBO €AMHCTBEHHOCTH Pa3I0KEHUSI BEKTOPOB B
6asuce V2. JIuHeliHBI€ Onepauu HaJ BEKTOpaMH, 3aIaHHBIMHU B OTHOM U TOM Xe Oa3uce.
2.0ma0ponusie CJIAY. Jloka3aTensCTBO KPUTEPHSA CyIIECTBOBAHUS HEHYJIEBOI'O PEIICHU
omHopoxHoit kBagpaTHoit CJIAY.

1.

MHO0X€eCTBO KOJUIMHEAPHBIX BKT Ha3bIB MPOCTPAaHCTBO V1.

ba3zuc- HeHy1eBOil BKT.

MHOXecTBO KOMIUTaHAPHBIX BKT Ha3 MPB-oM V2.

ba3u3 HexommuHeapHbIe BKT.

MHoxecTBO 3 cBOOOAHBIX BKT V3.

ba3uc 3 HEeKOMIUTAaHPHBIX BKT.

A=L1i+L2j;

A=Bli+B2j;=>(L1-B1)i+(L2-B2)j=0, 1k i 1 j tuH He3aB, TO 11=b1,12=b2

[Tpy yMHOXEHHH BKT Ha YUCIIO KOOPAMHATA YMHOXKAETCS HAa 3TO YUCIIO.

[Ipu cnoxxeHuu 2 BKT CKJIAJbIBAIOTHCSI COOTBETCTYIOIINE KOOPINHATHIL.

2. Onnoponnoii CJIAY Ha3 Ta y KoTopoii Bce cBoOoAHbIE WieHb! paBHbI HYI10. DCP omnp CJIAY Ha3
YIOPSAA0YEEHYI0 COBOKYITHOCTH (N-I) IMHHEHHO-HE3aBUCUMBIX €€ pelieHui.J{Js cyecTBoBaHUs
HEHYJIEBOTO peIlIeHus Y OJHOpOoAHOH kBaapaTHoil CJIAY Heo0X0anMo 1 10CTaTOYHO YTOOBI ee
MaTpula Obla BeIpOXkAeHHA.. Eclii MaTpuiia 0IHOPOAHOM CUCTEMbI HEBBIPOXKACHA, TO , COTJIACHO
dbopMynaM Kpamepa oHa OyJIeT UMETh TOJIBKO HYJIEBOE PEIICHHE, ECIIMKE OHA OYJIET BRIPOKICHHA TO
€e OMpeIeIUTENb SBISIONINICS B KBaAPAaTHOM MaTpHIle €AUHCTBEHHBIM MUHOPOM MaKCHUMAaJIbHOTO
nopsiika paseH 0, 3HAYUT PaHT T' MATPULIBI CUCTEMBI MEHbIIIE €€ TIOPs/IKa U CIIEA0BATEIbHO MEHbIIIE
KOJIMYEeCTBA HEM3BECTHRIX, [ToaTromy K=n-r>0 u oguopoaras CJIAY umeer HopMalbHYIO
bynnameHTanpHyto cuctemy. M3 k>0 perrennii kaxxaoe u3 3THX PEIICHUH SBISCTHCS HE HYJICBBIM.

buner 3
1.0nmpenenenue ckanapHOTrO IPOU3BEICHNI BEKTOPOB, €r0 CBSA3b C OPTOrOHAIbHOM MpOeK ekt
BekTOopa. CBOMCTBA CKaNApHOTro Mpon3BeieHU. BeIBox GopMynbl BEHIUUCIEHUS CKAISIPHOTO



MIPOU3BEJICHNS B OpPTOHOPMHUPOBAHHOM Ga3uce.

2. CJIAY. Paznuuansie popmal 3anucu CIIAY. [lokasaTenscrBo TeopeMsl Kponekepa-Kanemnu.
1. CranspHOE MPOU3BE/ICHUE BEKTOPOB & U ° - 3TO YKCIIO, PABHOE MPOM3BEICHHIO IIMH 3THX BEKTOPOB
Ha KOCHHYC YIJ1a MEXITy HUMH @0)-alblcoso

CoiicTBa:

1) (a,b) = (b.3)

2) (@+b,c)=(a,c)+(b,c)

3) (e-a,b)=a-(a,b)

4) (3,820 (3,8)=0<a=0

5) (3b)=0calb

Jloka3arenbCTBo:
1) U3 onpeneneHus CKaasipHOTro NPOU3BEACHUS BEKTOPOB.
2) (@+5,6) =€ |npg (@-+b) ={E|-(nped + npeh) = €| -npgd+|E|mpeh = @)+ (D.E)

3) (avﬁ,l;):np';(ala‘)-|B\:a-np65~|6|:al(§,6).
4) (é,ﬁ):|é|v|é\.c050:\é|2-1:\5|220, pIyeM (5,5):095:6_

5) He0OX0IMMOCTE; @8I 1bles@)=0 "roryig «s@)=0=210 | JlocTATOUHOCTB: 4%, TO

N A
c0s(a,b) =0=5|a|-|b|-cos(d,b) =0= (d,b) =0

a={x1,y1,z1}b={x2,y2,z2}, a*b = xIx2+yly2+z1z2;
?0pToroHaNbHAS MMPOIKIUS CKATISIPHOE IPOU3BEICHUE TAHHOTO BEKTPOPA, U HAIPABIISIOIIETO BKT.
2.
1. Pemennem CJIAY Ha3bIBalOT COBOKYITHOCTB N YKCEN KOTOPBIE OyIy4r MOICTABICHHBIMU B yp-s,
oOpamiaroT uX B TOKIECTBO.
2.CJIAY Haz-csi COBMECTHOM €clii OHa HMMeEeT XOTs Obl OIHO pelieHune, B NpoTuBHOM cinydae CJIAY
HECOBMECTHA.
3.CoBMECTHYIO CHC-MY Ha3 OINpEIeJICeHHOMN, €CITi OHa UMEETTOIBKO OJJHO pelieHue. B nmpoTuBHOM
Clly4ae — HEONPEAEICHHOM.
4. Cuctemy Ha3-I0T OJHOPOJHOM €cJIM Bce CBOOOHBIE WiIeHBI paBHbI (), B IPOTUBHOM Clly4yae
HEOTHOPOTHOM.
CoctaBum M-Iy U3 ark ko3¢ npu Heus-bix. A = (all al2 ..alu)/(a21 a22 .. a2H)uth.
- Marpuna cuctemsl. B = (B1/B2/ .../BM) — MaTpuIiia cTonberr CB-bIX 4JICHOB.

= --\-- M-11a cT-11 Heu3BecTHBIX. A*X = B — mar-ast popma 3anucu CJIAY.
Ax = (alx/a2x/../amx), Alx1+A2x2+..+AaxH = B BektopHas hopma 3anucu.
J11s TOro 4TOOBI ccTeMa ObLIa COBMECTHON HEOOX. U IOCT. UTOOBI paHT MATPHUIIBI CUC - MBI PaBHSIICS
paHry pacimp-oil MaT-11bl CHC — MBbI.
1 Ecniu CymiecTByeT pelieHue, TO BeK-as 3alUCh O3HAYAET , YTO CTOJIO0EI] CBOOOIHBIX YICHOB €CTh JINH
KOMOWHAIHS CTOJIOIIOB MAaTPHUIIBI CUCTEMBI. 3HAYUT, T00aBICHUE 3TOTO CTOJIOIA HE YBETUINBACT
00IIIero YncIia TMHEWHO HE3aBUCUMBIX CTOJIOIOB B CHITY OJTHOTO U3 CIEACTBHI TEOPEMbI O 0a3MCHOM
MUHOpE, ¥ PAHT OCTAE€TChCS IPEIKHUM.
2 Ilyctb PrA = PrA*.B sToMm ciyuyae 6a3uCHBI MUHODP MAaTpPHUIIBI A SIBJsIETCS Oa3U3HBIM M B MaTPHIIC
A*. D10 03HaYaET, YTO CTOIOEI CBOOOAHBIX UIECHOB €CTh JIMHEHHAsS KOMOMHALINA TEX CTOIOIIOB
MaTpulbl A B KOTOPBIX pacnosioxeH 0a3ucHbiil MuHOD. [10 npeanokenuto 4To eciiu cToaoel a ecTh
JUH KOMOWHaIus cToaouoB al a2 .. aH, TO OH Takke OyJeT TMH KoMOUHAIl cucTeMbl cof al a2 aH,
€CJIM K OCTAJIbHBIM MTOCTaBUTh KOY(DHUIICHT HOJIb.) B 3TOM CITydae CTOJIOEI] CBOO YJICHOB €CTh JIMH
KOMOUMHAIMs BceX cToi01oB MaTpulibl A. Koa¢dureHTs! 3Toi JIMH KOMOMHALM MPEACTABIAIOT COOOH
pellIeHre CUCTEMBI.



buner 4

1.0nmpenenenne OpTOHOPMHAPOBAHHOTO 6a3uca. CBA3b KOOPAMHAT BEKTOPA B
OPTOHOPMHPOBAHHOM 0a3uce M ero OPTOrOHAJIbHBIX IPOEK M Ha BEKTOPHI ATOro 6asmca.
BriBox ¢opMyNIEl BEITUCICHUS NIHHE BEKTOPA, €r0 HAIPaBIAIOIINX KOCHHYCOB, YIIa MEXIY
IBYMS BEKTOPaMH B OpPTOHOPMHPOBaHHOM Oa3uce.

2.0maoponusie CJIAY. Teopema o cTpykType pemenus ogaoponnoi CIIAY.

1.

ba3zuc Ha3bIBal0 OPTOHOPMHUPOBAHHBIM €CITH BKT-pbIOa3uca MONapHo MepreHINKY/ISIPHBI M JJTHHBI UX
paBHsI 1. mipi(a) = X, utx.

[a|] = sqrt(x2+y2+z2);(a™) = L; cos(L) = a*i/|al/|i| = x/ sqrt(x2+y2+z2)

Cos2(L) + cos2(B)+ cos2(G) = 1; cos(l) = (x1x2+yly2+z1z2)/ sqrt(x12+y12+212) sqrt(x22+y22+222)
2.

buner 5

1.IIpaBrie, 1eBEI € TPOHKH BEeKTOPOB. OnpeneneHne BEeKTOPHOI'O IPOU3BEICHUS BEKTOPOB.
CBoiicTBa BEKTOpPHOTO MpOU3BeAeHH . BEIBOI POpMYITB BEIYUCICHUS BEKTOPHOTO
IPOHU3BEICHNA B OPTOHOPMHPOBAHHOM Oasuce.

2.®OyagamenTanbsHasa cucreMa pemenuit (OCP) omHOpogHOIM cUCTEMBI THHEHHBIX
anrebpandeckux ypaBHeHui. JlokasarenscrBo cymecrBoBanus ®CP. Hopmansnas @CP.

1.

YHopsA104eHHYI0 TPOMKY BKT Ha3bIBAIOT MPABOM €CJIM MOBOPOT OT 1TO BKT KO 2 HA HAMMEHBIIINH YOI
IIPOUCXOJUT NMPOTHUB YACOBOM CTPEJIKHU €CIIM CMOTPETH C KOHLA 3T0 BKT.BEKTOpHBIM Npou3BEACHUEM
BKT a Ha BKT B Ha3bIBaIOT BKT C KOTOPBIN 1. MepneHaeKyIspeH a U B. 2. 00pa3yeT ¢ HUMH [IPaByIO
TPOMKY BKT. 3. JUIMHA KOTOPOTO PaBHA ILJIOIIAAN ITapajeiuiorpaMmma 00pa3oBaHHOIO a U B. |C| =
lallblsin(l);

1.bxa = -axb 2. (a+b)xc = axc+bxc 3. I(axb) = (la)xb; 4. a L b, axb =0.

Axb =i(ylz2-y2z1) — j(x1z2 — x2z1) +k(x1y2-x2y1), MOXHO Yepe3 MaTpHILy.

2. dynnamentanbHoi cuctemoii pemenuit (OCP) JIOC ~-° Ha3piBaeTcss HAOOP PELICHUI “ , TaKue

-k _
= = o - y = Xt
yro 1. @ - muHeitHo He3aBucuMbl; 2. (7 - pemrenue JIOC)(Jcy,...cxeR): A

Teopema o cymectBoBanuu OCP JIOC:
ITycts A€Pmxn — matpuma JIOC #-° u rang(A)=k (k<n). Torma cymectsyer ®CP u3 (n-Kk)

aq1X] + ...+ 1k Xk = —81k+1Xk+1 — - — 8InXn

Jlok-Bo: ITycTh aaoa] 7 - 0a3UCHBIN MUHOP. o K= it~ , Tme X1,...,Xk — 0a3ucHBIE
IIEPEMEHHBIE, A Xk+1,...,Xn — CBOOOHBIE mapaMeTpEL.

ITonoxuM Xy+1=1, a oOCTANBHBIE Xk+2=...=Xpn=0 = X1=C11...Xk=C1k, 3aTEM

Xk+2=1, Xks1= Xk+3=...=Xn=0 = X1=C21... Xk=Cok

Xn=1, Xk+1= Xk+2=...=Xn-1=0=> X1=Cnok1 ... Xk=Cn-kk

a1 Cn-k1

[IpoBepka:
€11--Cn—k1

€Ik Cn—kk
1.0

B=

1. Vo) M0 = rang(B)=n-k = %+« - quHelHO He3aBUCHMA



2. lycth 7 - pemenne JIOC; @ vk - pemmenne JIOC

yi-dh

_ Yk —dk
y-d=| 0

* ) - pemrenne JIOC

aa(yr—dy)+ .+ ak vk - dk )= 0

.f.ik.l(Y1-dl)+---+akk(yk-dk)=0’ T.K. Mkio = yi'di = O’ =1k = -0 = YO+t Yk

. - Foo = Sai -
Crnencrue: MHOXeCTBO pemeHnit JIOC ~-° Ha3piBaeTCs 0OMMM pemenruemM =, rae o eR, &9 -
DOCPJIOC
Hopmansnas ®CP

buner 6

1.0npenenenne cMemaHHOro IpOoU3BeNeHU BeKTOpoB. O0beM mapamienenunena u o0sem
MUPaMHUJBl, TOCTPOSHHBI X HA HEKOMIIJIAaHAPHBIX BeKTOpax. CBOICTBAa CMEMAaHHOTO
npousBeneHus BeiBox GOpMyIIEl CMEIaHHOrO MPOU3BEAECHUA B OPTOHOPMHUPOBaHHOM Oasuce.
2. ITonsaTue panra Matpunsl. JlokasarenscrBo kpurepus Kponekepa-Kanennu CoBMecTuMocTH
CJIAY.

1.

CMernraHHbBIM TIPOM3BEICHUEM BEKTOPOB Ha3bIBacTCs YKo paBHoe (axb)c = |axb||c|cos((axb)™c),
CMmemianHOe IPOU3BEICHUE 3 HEKOMIUTAHAPHBIX BEKTOPOB PABHO 00bEMY MapalrIenuIaa
00pa30BaHOIro ATUMH BeKTOpaMu. B34Toro ¢ mitocom eciau 3To mnpasasi TpoiKa U ¢ MUHYCOM €CJIH
neBast.V nupamubl papaa 1/6 V napanenununuza. 1.(bxa)c=-(axb)c,(bxc)a=(axb)c=a(bxc);2.cmemn
pou3B paBHO O TUTTK BEKTOPbI KOMILJIAHAPHBI.3. MPU EPECTaHOBKU MECTaMU JIIOOBIX 2 BEKTOPOB B
TpO¥iKe, MPOU3BEICHHE MCHSIET OpHEHTAIMI0. BeiBOI B OpTOHOpMEpOBaHHOM Oasuce a(bXc);3To
3onpenenurenb maTpuia. CTpOKH KOOPIUHATHI.

2.

Panorom matpuisl A Ha3bIBalOT YKUCIIO PaBHOE MOPSAAKY 0a3MCHOTO MUHOpPa.OM-MUHOP
MakcuMaabHOTro nopsiika != 0.1. PaHr MaTpuilbl He U3MEHSETCS IPU TAHCTIOHUPOBAHHUH U DJI-X
npeoOpa3oBaHUIX

Jl1s TOro 4yTOOBI cCcTeMa ObLIa COBMECTHON HEOOX. U IOCT. UTOOBI paHT MATPUIIBI CUC - MBI PaBHSIICS
paHry pacIimp-oi MaT-11bl CHC — MBbI.

1 Ecniu CymiecTByeT pelieHue, TO BEeK-as 3aMCh03HAYAET , YTO CTOJOEI] CBOOOTHBIX YJICHOB €CTh JIMH
KOMOWHAIHS CTOJIOIIOB MAaTPHUIIBI CUCTEMBI. 3HAYUT, I00aBICHUE 3TOTO CTOJIOIA HE YBETUINBACT
00IIero Ynca TMHEWHO HE3aBUCUMBIX CTOJIOIIOB B CHITY OJTHOTO U3 CIEACTBHI TEOPEMbI O 6a3UCHOM
MUHOpE, ¥ PAHT OCTAE€TCHCS IPEKHUM.

2. [Tycts PrA = PrA*.B sToMm ciyuae 6a3ucHBIE MUHOP MaTpHIIbl A BJsieTCs 6a3U3HBIM U B MaTpUIIE
A*. 9T0 03HAYaeT, 4TO CTOIOEI] CBOOOIHEIX WICHOB €CTh JUHEHHAsA KOMOMHAIMS T€X CTOJIOLIOB
MaTpUIbl A B KOTOPBIX PacroioxeH 0a3ucHbIil MuHOD. [10 MpeaiokeHn o 94To eclii CTON0 Il a CTh
JIUH KOMOWHanus ctoomoB al a2 .. aH, TO OH TaKke OyAeT JIMH KoMOUHAIl cucTeMbl con al a2 aH,
€CIIM K OCTAJIbHBIM IMOCTaBUTh KOI(PHUIICHT HOJIb.) B TOM CIIydae CTOJIOEI] CBOO WICHOB €CTh JIMH
KOMOWHAIHMs BceX cToa010B MaTpulibl A. KoadduieHTs! 3Toi TH KOMOWHAIIM TTPEACTABIISIIOT COO0M
pelIeHre CUCTEMBI.

buner 7

1.0mpenenenue nekapToBOi IPAMOYTOIbHOM CUCTEMEl KOOPAUHAT. 3aJady O HAXOXKICHUHU
JUIMHEI OTpe3Ka U JIEICHNH OTpe3ka B 3a]aHHOM OTHONIEHHH.

2.CJIAY. Pasnnunsie popmer 3anucu CJIAY. Ilonatue coBmectHOCTH CJIAY. Jloka3aTenbCTBO
TEOPEMBI O CTPYKTYype o0mero pemenus HeogHopoaHoit CJIAY.

1.



JlexapToBa cucTeMa KOOpJAMHAT HA IJI-TH 3aj[aHa €Clid 3a/1aHa TOYKa U Mapa HEKOMITJIaHAPHBIX
BekTOopoB. JI.C.K. Ha3bIBalOT NpeMOYyTroibHON €CIM BKT MOMAPHO MEPIECHIUKYIISIPHBI.

2.

1. Pemennem CJIAY Ha3bIBalOT COBOKYITHOCTB N YHCEN KOTOPHIE OYIyur MOJCTaBICHHBIMH B yp-,
o0paIaT uX B TOXKIECTBO.

2.CJIAY Ha3-cs COBMECTHOU €CJIM OHa WMMEET XOTs ObI OJTHO pelieHre, B mpoTuBHOM citydae CJIAY
HECOBMECTHA.

3.COBMECTHYIO CHC-MY Ha3 ONpPEIETCCHHOM, €CJIM OHAa UMEETTOIBKO OJTHO pellleHue. B mpoTuBHOM
CJIy4ae — HEOIIPEIEICHHOM.

4. CucreMy Ha3-10T OJHOPOJAHOM €CITU BCE CBOOOIHBIE WICHBI paBHBI (), B IPOTHBHOM CITydae
HEOIHOPOIHOM.

CocraBum M-Iy U3 amk ko3¢ npu Hens-bix.A = (all al2 ..aln)/(a21 a22 .. a2H)ut.

- MaTpuna cuctemsl. B = (B1/B2/ .../BM) — MaTpu1ia cTONOEI] CB-bIX YJICHOB.

X = --\-- M-n1a c1-11 Hem3BecTHBIX. A*X = B — mar-as ¢opma 3amucu CJIAY.

Ax = (alx/a2x/../amx), Alx1+A2x2+..+Auxa = B BekTopHas ¢popma 3anucu.

JIHC. -t - JIHC, A€P m«n (M — gmciio ypaBHEHHH, N — YUCIO HEM3BECTHBIX); ~-° - MPUBEAEHHAS
onHopoHas cucrema (I1OC)

CaoiictBa pemennii JIHC:

4 - perrerne JIHC, * - perrenne [TOC = %% - pemenne JIHC

%2 - pemenne JIHC "~ - pemenne ITOC

[Tyctp * - pemenue JIHC, Toraa ans mrodoro perenust JIHC -1 % - pemenne [IOC 7% +%
Jloka3arenbCTBoO:

AR, + %)= A%, + 4%, =B +0 =D

A(;,q—;~2):A(;H1)—A(;H2):b_—5:6

[Myctp 7 - pemenune JIHC = %% - pemenune [1OC = ¥-%+%

MmuoxectBo Beex pemeHunit JIHC Ha3piBaeTcs o0mIMM pelieHneM

Xon = Xun + Xoo

buier 8.

1.JIoxa3aTs, 9To 11060€ ypaBHEHHE 10# CTETIEHN OTHOCUTENBHO JEKaPTOBHI X IPAMOYTOJIbHBI X
BEKTOpax OIpeNeNseT Ha IIIIOCKOCTH NpAMYI0. [IoHATHEe HOpMaIbHOTO BEKTOpa IPAMOH.
YpaBHEHHUE IpsAMO#, MpOXOAAmIei depe3 2 3afaHHbI€ TOUKH. YPaBHEHHUE IPSIMOl «B OTpE3Kaxy.
2.ITonsTue coBMecrHocTH CJIAY. JlokazaTenbcTBo coBMecTHOCTH CIJIAY.

1.

JIro0as npsiMast Ha TTOCKOCTH MPEICTABIISIET COO0M anreOpandecKyro KpUBYIO TIEPBOTO MOPSIKA U
mobas anreOpanyeckast KpuBasi IEPBOro MOPSAKA HA TNIOCKOCTH €CTh MPsiMas.

1.Paccmorpum mpssm JI MO(x0,y0) nesxut Ha JI a BKT H = {a,b} nmepnenaukynspen npsmoii. M(X,y)
npuHaIexuT JI Tosbko ecin BKT MOM nepnieH BKT H.3allUILIEM YCIOBHE OPTOTOHAIBHOCTH. a(X-
x0)+B(y-y0) = 0 wm Ax+By +C = 0.

2.Jloka3bIBaeTCst HA0OOPOT.

Ax + By+C =0 A u B xoopauHaTsl HOPMaJIbHOTO BKT.

(x-x1)/(x2-x1) = (y-y1)/(y2-yl) — yp-e mip npoxo yepe3 2 TUK

x/at+y/B = 1 B oTpe3kax. Touku mep ¢ ocsIMU KOOp/IMHAT.

2.

ComectHoii CJIAY Ha3bIBaIOT €ClIM OHA UMEET Kakue MO0 perieHus. FiHaue oHa Ha3bIBaeThCS
HECOBMECTHOM.

Jly1st Toro yToOBI cCUCTEMA OblJIa COBMECTHOM HEOO0X. U TOCT. UTOOBI paHT MaTPHUIIBI CUC - MBI PaBHSIJICS
paHTy pacImp-oi MaT-1Ibl CHC — MBI.



1 Ecniu CymiecTByeT pelieHue, TO BeK-asi 3aMCh03HAYAET , YTO CTOJOEI] CBOOOTHBIX YJICHOB €CTh JIMH
KOMOWHAIHS CTOJIOIIOB MAaTPHUIIBI CUCTEMBI. 3HAYUT, T00aBICHUE ITOTO CTOJIOIA HE YBETUINBACT
00IIIero Yncia TMHEWHO HE3aBUCUMBIX CTOJIOIOB B CHITY OJTHOTO U3 CIEACTBHI TEOPEMbI O 0a3UCHOM
MUHOPE, U PAHT OCTACTChCS MPEKHUM.

2 [lycts PrA = PrA*.B sTtom citydae 6a3uCHBI MUHOP MaTpUIlbl A sBIIsieTCsl 0a3U3HBIM U B MaTpHULIE
A*. 9T0 03HAYaeT, YTO CTOIOEI] CBOOOIHEIX WIECHOB €CTh JUHEHHAsA KOMOMHAIMS T€X CTOJIOLIOB
MaTpuIbl A B KOTOPBIX PacroioxeH 0a3ucHbIii MuHOD. [10 mpeaokeHnto 94To eciii CToN0 Il a eCTh
JIUH KOMOWHanus ctoomoB al a2 .. aH, TO OH TaKke OyAeT JIMH KoMOMHAIl cucTeMbl con al a2 aH,
€CJIM K OCTAJIbHBIM IMOCTaBUTH KOI(DHUIICHT HOJIb.) B TOM CIIydae CTOJIOEI] CBOO WICHOB €CTh JIMH
KOMOUHAaIMs BceX cToa01moB Matpuiibl A. KoadduieHTs! 3Toi TuH KOMOWHAITN TTPEACTABIISIIOT COO0M
pelIeHre CUCTEMBI.

burner 9

1.BriBOx napaMeTpHU9ECKUX YPABHEHUH ¥ KaHOHUYIECKOI'0 ypaBHEHHU IIPAMON Ha IIOCKOCTH.
ITonsiTHE HanpaBIAIOMET0 BEKTOpA NPAMOil. BEIBOA ypaBHEHHS NPSIMOH C yTIIOBBIM

K03} puueHToM.

2.Ilonsatue maTpunsl. Buael Mmatpun. PaBeacTBo maTpuil. JInHeiiHbBI€ Oniepanuu Hax
MaTpHIaMH, Ollepanus TPAHCIOHUPOBAaHU MAaTpHUL. J[oka3aTeIxbCTBO HX CBOHCTB.

1.

Bkt MOM={x-x0;y-y0}, s = {I;m} x-x0=It;y-y0=mt; x = x0+It; y = yO+mt; -mapamerpueckoe. (X-X0)/I
= (y-y0)/m- xanoHmnueckoe yp-e. HenyseBoii BKT mapasiesbHblil JaHHOW MPSIMOI HAa3bIBAIOT
nanpasstromum. (Y-y0)/(X-x0) = tgL

Y =kx+b;

2. Marpuiieii Ha3bIBaIOT MPSMOYTOJIBHYIO TaOIUITy Yrcel. Eciii 9uciio CTpoK paBHO YHCITY CTOJIOIOB
TO MaTpUIIA HAa3-TCS KBAIPATHOM., MaTpHIla CTPOKa, CTo0el], HyneBas. PaBeHCTBO MaTpuil.
Bepusis/HuxkHSSA TpeyrojibHas MaTpHLla, JUaroHajabHas,eAMHUYHAs.eIMHUYHAast 0003HAYaeThCs
E,l.luar *, x TMHEWHBIM OnEpaLysIM OTHOCAT ONE€paLMM CIOKEHUS U YMHOKEHUS Ha YUCII0, CYMMOM
JIBY MaTpHI] OJHOTO pa3Mepa Ha3bIBAIOT MaTPUILy TOrOXke pa3zMepa 3J-Thl KOTOPOU paBHbI CyMMaM
COOTBETCTBYIOIIUX 37eMETOB. [Ipon3BeieHneM MaTpulbl Ha YUCIIO HAa3bIBAETCSl MAaTPULA TOIOXKE
pa3Mepa 3JeMEHTHI KOTOPOH PaBHBI JIEMEHTaM JIaHHOM YMHOKEHHBIM Ha AaHHOE uncio. CB-Ba JIMH
ompeanuii 1 A+B =B+A, (A+B)+c = A+(B+C), JI(A+B)=JIA+ JIB, (JI+B)A=JIA+ JIB,

1A=A, 0A=A,A+0=A , A+(-A)=0, Marpunia AT Ha3bIBaIOT TPAHCTIOHUPOBAHOMN MaTpPHIIA ITO
OTHOINICHHUIO K A eciu atnxk=ax#, | cronder cranoBuia 1 CTpoKoi.

(A+B)1=AT+BT, ATT=A.A-cuMeTpu4Has maTtpuia AT=A.

burner 10

1.PaznnyHBI€ BUABI ypaBHEHUS MPAMON Ha MIOCKOCTH: 00mee ypaBHEHHE, KAHOHHUECK 0
ypaBHEHHE, ypaBHEHHE C YIVIOBHIM K03 QHUIIHEeHTOM, ypaBHEHHE IPSIMOH «B OTPE3Kax».
I'eomerpuueckoe TONKOBaHNE BXOAANINX B CHCTEMY TapaMeTPOB. Y CIOBHA MapajelbHOCTH U
HIepHEHIUK yIIPHOCTH JBYX IPAMEIX, 3aJAHHBIX CBONMH OOIHMH HIIM KaHOHUIECK UMHU
ypaBHEHHSAMHU. BeiBOA GOpMYNHl Ui BEIYUCIEHUS YTiia MEXIy ABYMS MPSIMBIMH.
2.YMHOXeHHE MaTpuILl. J0ka3aTensCTBO CBONHCTB YMHOXXEHHS MaTPHII.

1.

Ax + By+C = 0-o61ee, (X-x0)/I = (y-y0)/m- kanonudeckoe yp-e.,y=Kx+b-c yrioBbiM KO3(pHIIEHTOM.
x/aty/B =1 B orpeskax.Bkr MOM={x-x0;y-y0}, s = {I;m} x-x0=It;y-y0O=mt; x = x0+It; y = yO+mt; -
napametrpueckoe. Ax + By+C =0 A u B koopauHaTel HOpManbHOTO BKT. (X-x1)/(x2-x1) = (y-y1)/(y2-
yl) — yp-e np npoxon uepe3 2 Tuk. Touku nep ¢ ocsiMU KOOPAUHAT.NApaIeNbHOCTh O0I1ee-
al/a2=B1/B2. kanoumueckoe M1/m2=I1/12. nenenaukynsapaocts ala2+b1b2=0, yroa uepes ckansproe
npomsBenaenu CoS(fi)=|n1n2|/|nl|in2|=|ala2+blb2|/sqr(al”2+b172)/sqr(a2”2+b2"2); Tr = (k1-



k2)/(1+k1k2); 370 HAaUMEHBIITHUIT YTOJI.

2.

Paccmotpum A = (auk)mxin u B = (Bkxk)nxH IIponssenenuem marpuisl A Ha Matpuily B Ha3biBaroT
matpuiy C = (CHX)MXH pa3Mepa MXH 3J1-Tbl KOTpOH coOT paBHbI. CTpOKa yMHO>XKa€ThCs Ha CTONIOEL].
AB!=BA,(A+B)C=AC+BC,ABC=A(BC),
(LA)B=L(AB),Amxn0nxk=0mxk,AIn=ImA=A,det(AB)=det(A)det(B);

buner 11.

1.HopManbsHOe yp-e mpsAMO#i Ha IJIOCK OCTH,ETO MOIyIeHHe u3 o0mero

ypaBHeHH:.I 'eomeTrpHuieckoe TOIKOBaHKUE BXOAAMUX B HETO napamMerpoB OTKIOHCHHE TOYKH OT
IpSMOM, BEIBEeZICHNE POPMYIHI A BEIYMCISHUS PacCTOSHUAOT TOYKH A0 MPSAMOiA.

2 ITonsaTue obparHOi MaTpuuk.Jloka3arenscTBo eauHCTBeHHOCTH OM.?7?00paTHO-MaTpHIHOE
IIPOU3BEACHUE 2X HEBBIPOXKIACHHBIX MATPHLI.

1.

N={cos(fi),sin(fi)}, N per L, M(x,y), OM*N=P(patosiaus ot O no L),xcos(fi)+ysin(fi)-p=0 — mHopm yp-
¢. Urob u3 ob1mero ax+by+c=0 moay4uTs HOpM HaIO0 PA3ACIUTh HA HOPMHUPYIOIIHH MHOKHTEITb
B3SITHII CO 3HAKOM MPOTUBOMOJIOKHBIM ¢. SAr(a*2+b”"2), 3x-4y+10=0, -3/5x+4/5y-2=0 fi — yrox ot
OCH X TIPOTHB 4acoBOM, p — pacctosaue ot O 1o L. M(X,y),b=xcos(fi) +ysin(fi)-p

Hano Gparts 1o Moystro.uist ooiero yp-s, |Ax+By+Cl/sqr(a®2+b”2) M(x,y)

2.

Ilycts A xBazpaTHast MaTpula nopsiaka H . KBajgparnyro matpuny B Toroxe nopsiaka Ha3plBaroT
obpatHoii k A ecmu AB=BA=E rae E ennanunas marpuna nopsiaka H. Teop. Ecnu kBaapatHas matp A
umeer o0p MaTp , To 0Op MaTp enuHCTBeHHas. [Ipenmnonokum uyto mMatp A umeer ase oop matp B u B’
torza corn ornp BeimodHeHb! AB’=E u BA=E /cnonb3ys accoumMaTtMBHOCTb YMHOXEHUSA UMEEM
B=BE=B(AB’)=(BA)B’ =E B’ =B’. T.e onu paBusl. ???

buner 12.

Jlok-atp 9TO JI1060€ yp-€ 10if CTETIEHN OTHOCUTENHHO AEKaPTOBHIX MPAMOYTOJIbHBIX KOOpAMHAT
B IIPOCTPAHCTBE ONpeACNieT MIOCKOCThIOIIOHATHE HOPMaNbHOTO BEKTOpPA IIIIOCKOCTH. BEIBOX
yp-A IJIOCKOCTH MPOXOAAIIei depe3 3 TOUKH U yp-€ B OTpE3Kax.

2 IToHsATHE IPUCOSANHEHHON MaTPHUIBI . KPUTEPHUH CyIEeCTBOBAHNA 0OPAaTHOW MATPULE H €€
CBA3b C MPUCOCAUHEHHON MaTpHUIIEHt.

1.

MO(x0;y0;z0), M(x,y,z),n{A,B,C};A(x-x0)+B(y-y0)+C(z-z0)=0, n- HOpMaJIbHBI BEKTOP TIOCKOCTH.
Yepes 3 Toukn M1IM ={x-x1;y-y1;z-z1} M1M2={x2-x1;y2-y1;z2-z21} M1M3 ={x3-x1;y3-y1;z3-z1},
C€CJIN OIPCACIIUTCIIb PABCH 0 To oHH KOMIUJTAaHAPHBI U 3a1at0T MJIOCKOCTD. Pemraem oTHOCUTENBEHO X,y,Z.
B otpeskax Toke camoe Toiabko BKT M1M2 = {-a;b;0} M1M3{-a;0;c} M1M={x-a;y;z), x/a+y/b+z/c=1/
2.

Martpuity A* TpaHCIOHMPOBAHHYIO K MaTPHIIE AJIreOpandecKuX JOTOJTHEHUH Ha3bIBAIOT
npucoenuHeHHor. A-1 = A*/detA, A =(1,2/3,4) A*t(4,-3/-2,1), A* (4,-2/-3,1) A-1 =-1/2(4,-2/-3,1) =
(-2,1/1.5,-0.5)

buner 13

1.06mee yp-e m10CKOCTH.Y CIOBHS MapaniaenbHOCTH M NEPNEHAUKYIIPHOCTH ABYX

IJI0CK OCTei. BeIBOI pOpMyIIBI I BEITHCICHHUSA yrila MEXIY IUIOCKOCTAMHU. BEIBOI yp-o
IIJIOCKOCTH Impoxonsmieit gepe3 3 Touku. 2.Pemenue maTpud yp-it Buaa AX=B c HEeBEHIpOXKICHHON
A.

BriBox ¢hopMynEl KpaMepa A PEmICHHS CHCTEMbl THHEHHBIX yp-# ¢ HEBHI P OXKICHHOH
KBaJpaTHON MaTpHIIEH.



1.Ax+9By+Cz+D=0, A,B,C — koopAuHATHI HOPMAJIHLHOTO BKT.

[TepnenaukynsprHoCcTh — HOpM BKT niepriera, A1A2+B1B2+C1C2 =0, napaneabHOCTh
A1/A2=B1/B2=C1/C2;

VYron mexxay mrockoctsamu CoS(fi) = (ALA2 + B1B2+C1C2)/sqr(A1"2+B172+C172)/
sqr(A272+B2"2+C2"2);

Yepes 3 Toukn M1IM ={x-x1;y-y1;z-z1} M1M2={x2-x1;y2-y1;z2-z21} M1M3 ={x3-x1;y3-y1;z3-z1},
€CITU onpeIeuTeNb paBeH () TO OHU KOMIUTAHAPHBI U 33/1al0T IIOCKOCTh. PeltaeM 0OTHOCUTEINBHO X,Y,Z.
2.

2 MeToJia, CTaHAapTHBIN KaJla HaX0AuM o0paTHyro MaTpully u kaaa u3 (A|B) monyuaem (E|B1) rae B1
peleHue.

Ax=b,x=A-1b,A-1= (aij), (aij) = Aji/detA,rne Aji anredpanueckoe nonoiaHenue. X1 =(Allbl+A21b2
+...+Anlbn)/detA rae uncauTens mpeacTaBasSeT cCOOOM Pa3IOKEHHUE IO IEPBOMY CTOJIOIY MAaTpHUIly A
y KOTOPOH BMECTO MEPBOI0O CTOJIOIA CTOUT MaTpHIIa CTONIOEI] CBOOOHBIX wieHOB. X] = /j/detA, | =
1n.

buner 14

1. Hox-atp d9TO I10060€ yp-€ 10if CTENEHN OTHOCUTENBHO JIEKaPTOBHI X IPAMOYTOJIbHBI X
KOOpPIMHAT B MPOCTPAHCTBE OIMPEACNAET INIOCKOCTHIOIIOHATHE HOPMATIBLHOT'O BEKTOpa
IJIOCKOCTH. BEIBOJ GOpMynbI AJIsi BEIYUCIEHUA PACT OT TOYKH A0 MIOCKOCTH.

2. JInHe#Has 3aBUCHAMOCTDH U JIHHEHHas HE3aBUCUMOCTH BEKTOPOB, CTPOK M CTONOIIOB MaTPHIIHL.
Jloxa3aTenbCTBO KPUTEPHUS TNHEHHON 3aBUCHMOCTH.

1.

MO(x0;y0;z0), M(x,y,z),n{A,B,C};A(x-x0)+B(y-y0)+C(z-z0)=0, n- HOpMaJbHBI BEKTOP TIOCKOCTH.
Pacrosiaue ot Tuk g0 1. P=|Ax0+By0+Cz0+D|/sqr(A"2+B"2+C"2);

2.CTonOupl MAaTPUIBl A HA3BIBAIOT JIMHEWHO 3aBUCUMBIMHU, €CJIU CYIIECTBYIOT YHCIIA TAKHE YTO XOTAOBI
OJIMH HE paBeH HYJIIO, ¥ NPU 3TOM JIMH KOMOUHAIUs CTOJOLI0B PaBHIETHCS HYJIEBON MaTpuLIe
CTOJIOIIOB.

Cton01bl MaTpUIhl A Ha3bIBAIOT JIMH HE3aB €CIIM WX JIMHCWHAs KOMOWHAIUS PaBHSACTHCS HYJIECBOM
MaTpHIle CTOJOIY TOJBKO MPH BCeX KO (UIIEHTaX paBHBIX HYIIO./[1s TOro 94T06 cTONAOLBI MAaTPHUIIBI
A OBUIHM JIMH 3aBHCHUMBIMH HEOOX U JOCT YTOOBI OJIMH U3 CTOJIOLOB SBJI JIMH KOMOMHAIIMENH OCTAIbHBIX.

buner 15

1.006mue yp-s1 nmpaMoif B mpocTpaHCTBE. BEIBOJX BKT , KAHOHHIECKOT'0 U MapaMeTPUIECKOTo
YPaBHEHHH IPsAMOH B IPOCTPAHCTBE.

2. ITorsTHE MUHOpa MaTpUIBl, ba3ncHbI it MUHOp. JlOKa3aTelnbCTBO TEOPEMEI O 6a3HCHOM
MHHODE.

1.

Ob6miee — 3aaeTcs Kak mepecedeHue AByx miockocrei. R=r0+ts r,rO0-paanyc BekTop — BEKTOpHOE.(X-
X0)/l = (y-y0)/1=(z-z0)/n — kanonnueckoe.X=x0+lt;

2.

MuHopoMm MaTpulibl A THIa MXN MOPsJKA K HA3bIBAIOT OMPEACIUTENb COCTABICHHBIN U3 3JIEMEHTOB
3TOW MaTpPHUILIbI, COCTOSALINX Ha MEPECEUCHNUN MTPOU3BOIBHO BHIOPAHHBIX K CTPOK U K CTOJIOLIOB C
COXpaHEHHEM TOPSIIKA ITUX CTPOK U CTOJIOIIOB.

MuHnop matpuiibl A oTIU4HBIH OT () Ha3bIBaeTCSl OA3MCHBIM €CJIH BCE MUHOPHI 00J1ee BBICOKOTO
nopsiaka paBHbl 0. CTPOKHU U CTOJIOIBI HA KOTOPBIX HAXOMUTHCS 023 MHHOP TOKE HA3 0a3MCHBIMH.
Teop. bazucusie cTonOuUBI(CTPOKH) BII. JINHEHHO HE3aBUCUMBIMH, BCE OCTAIBHBIC SIBJ MX JTUHEHHBIMHU
KOMOWHAIIMSIMHU.

Jlok-Bo, Onupasich Ha CB-Ba OIp, HE HapyIllas OOLIHOCTH JOKa3aTeIbCTBA OYJeM CUUTATh UTO MUHOP
M=lall...alr/..../arl...arr| sBuseTbcs 6a3ucHBIM JloKakeM HE3aBUCUMOCTh Oa3UCHBIX CTOJIOIOB OT



MPOTUBHOTO, MMYCTh 0a3 CTOJIOIBI JIMH 3aBUCHUMBI TOT/Ia MOYKHO YTBEPIKIATh YTO OJUH U3 OA3MCHBIX
CTOJIOIIOB €CTh JIMH KOMOWHAIIHSI OCTABIIMXCS, CJIEIOBATEIHHO 3TOT MUHOP PABEH HYJIIO YTO
MPOTUBOPEUYUT ompes 6a3 MuHOpPa.JokakeM 4TO ocTaabHBIE CTOMOIBI €CTh TUH KOMOWHAIUS
0a3ucHbIX. [[00aBUM elie 0JHy CTPOKY M CTOJIOEII, CTOI0eI] He 0a3MCHBIN a CTPOKY JI00YIO0, 3TOT
MUHOpP OYAeT paBeH HYIIO, Pa3JIOKUM €ro O MOCIEAHEH CTPOKE U MOTYYUM JIMHEHHYIO 3aBUCUMOCTh
aroK 3J1-Ta OT OCTAIBHBIX U CIIEAOBATEIBFHO CTOJIOIBI OYAYT TOKE JIMH 3aBUCHMBIMH

buner 16

1. YcnoBus napanenbHOCTH U MEPHEHAUKYISPHOCTH JABYX IPAMBIX B IPOCTpaHCTBE. BriBOg
GbopMyNnBI 071 BEIYHCICHUS yIiIa MEXIY NPOCTPAHCTBEHHBI MU IPSAMEIMH. Y CIIOBUE
MPUHAIIEKHOCTH JBYX IPAMBIX IIOCKOCTH. CKPKIIMNBAIOMHECS MPSIMBIE.

2.Jloka3aTenbCTBO TEOPEMBI 0 6a3uCHOM MHHOpE. Meron Ok aiMIAIOIMKUX MUHOPOB HAaXO0XICHUS
paHra MaTpuusl 1 ero 6a3ucHOro MHHOpA.

1.

[Mapanensrocts 11/12=m1/m2=n1/n2, nepnenaukynspuocts 1112+m1im2+nln2 = 0, ghzvsvb cos(fi) =
(1212 + mim2+n1n2)/sqr(117°2+m172+n172)/ sqr(12"2+m2/2+n2"2);

OHHM TOTKHBI IEpeceKaThes TM00 OBIThH MapanebHbIMUA. HeOmKHBI OBITh CKPEIIMBAIOLITIMHUCS, TE
cMeraHHoe npousBeaeHue Bekropa M1M2 (Touku Ha MPSAMBIX) U HAMPABIISIOMKUX BKT paBHO 0.

2.

Teop. bazucusie cTonOUBI(CTPOKH) BII. JINHEHHO HE3aBUCUMBIMH, BCE OCTAIBHBIC SIBJT MX JTUHEHHBIMHU
KOMOWHAIIMSIMHU.

Jlok-Bo, Onupasick Ha CB-Ba OIp, HE HapyIllas OOLIHOCTH JOKa3aTeNIbCTBA OYJeM CUUTATh UTO MUHOP
M=lall...alr/..../arl...arr| sBuseTbcs 6a3ucHBIM JloKakeM HE3aBUCUMOCTh Oa3UCHBIX CTOJIOIOB OT
MPOTUBHOTO, MMYCTh 0a3 CTOJIOIBI JIMH 3aBUCUMBI TOT/Ia MOXKHO YTBEP)KIaTh UTO OJUH U3 0a3HCHBIX
CTOJI6].IOB C€CThb JIUH KOM6I/IHaI_[I/I$I OCTaBHIUXCH, CIICAOBATCIIBHO 3TOT MUHOP PaBCH HYJIIO YTO
MIPOTUBOPEUUT ompes 6a3 MuHOpa./JokaxkeM 4TO ocTajabHbIE CTOIOLBI €CTh JTUH KOMOWHAIUS
6a3ucHbIX. /lo6aBuM erie oIHy CTPOKY U cToJIOel, cTon0el He 6a3UCHBIN a CTPOKY JH00YIO0, 3TOT
MUHOp OYyZAeT paBeH HYIIO, Pa3I0KUM €ro Mo MOCIeAHEH CTPOKE U MOJTyYUM JIMHEHHYIO 3aBUCUMOCTD
alX 3JI-Ta OT OCTaJIbHBIX M CICAO0BATCIIBHO CTO.H6I_H>I 6yI[yT TOXC JIMH 3aBUCUMbIMU.

Munop M* Matpuiisl A Ha3bIBAIOT OKAUMIISIFOIITUM JIJIT MUHOPa M €Clii OH TIOJIY4€H U3 TTOCIICTHETO
nyTeM 100aBJIeHUsT OJHONH HOBOM CTPOKHM M OHOTO CTOJ0LA MaTpuibl, ECiiu 17151 HEKOTOPOro MUHOpA
BCE OKaliMIIfIoIIe MUHOPHI paBHBI 0 TO OH sBIsIETCS 0a3UCHBIM.
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1. YcnoBus mapanensHOCTH U HEPIEHANK YIIPHOCTH NPAMOH B INIOCKOCTH. BEIBOX GopMynEI
JUIS BBIYMCICHHUS yTiia MEXAy IPOCTPAHCTBEHON MPAMOM M MIOCKOCThIO. Y CITOBHUE
IPUHAICKHOCTH JAHHON IPsIMOH IIOCKOCTH.

2.PanT u 6a3ucHBI it MUHOpP MaTpHUIbl.J[0Ka3aTeNnbCTBO TEOPEMBI 0 6a3UCHOM MHUHOpE

1.

[MapanensHocTh Al+Bm+Cn=0, M0 He npunamnexwur 1. [lepnenaukynspuocts A/l = B/m=C/n,
sin(fi)= |cos(te)| = (Al + Bm+Cn)/sqr(172+m”"2+n"2)/ sqr(A"2+B"2+C"2); npuHAUICKHUT SCITU BKT
MEPIEHIUKYIAPEH U TOYKA IIPUHAIIEKUT IIIOCKOCTH.

2.

Panorom matpuiisl A Ha3bIBalOT YHCIIO PaBHOE MOPSAAKY 0a3MCHOTO MUHOpA.OM-MUHOP
MakcuMabHOTO nopsaka != 0.1. Panr maTpuubl He U3MEHSETCS IPYU TAHCLIOHUPOBAHUU U DJI-X
npeoOpa3oBaHusax. MHHOpPOM MaTpuIlbl A THIIa MXN MOPsIIKa K HAa3bIBAIOT OINPEIEIIUTENb
COCTaBJICHHBIN U3 AJIEMEHTOB 3TOI MAaTPUIIbl, COCTOSIIIUX HA MEPECeUECHUH MPOU3BOJILHO BRIOPAHHBIX K
CTPOK U K CTOJIOIIOB ¢ COXpPAaHEHHUEM MOPSIKA ATUX CTPOK U CTOJIOIIOB.

Munop matpuiibl A oTIU4HBIHA OT () Ha3bIBaeTCSl OA3UCHBIM €CJIM BCE MUHOPHI 00J1e€ BBICOKOTO
nopsiika paBHbl 0. CTpOKH U CTOIOIBI HA KOTOPBIX HAXOAUTHCS 0a3 MUHOP TOXKE Ha3 Oa3UCHBIMH.



Teop. bazucHsbie cTonOuBI(cTpOKN) BII. JINHEHHO HE3aBUCHMBIMHU, BCE OCTAIILHBIE SIBJI UX JIMHEHHBIMU
KOMOHWHAIIUSIMU.

Jlok-Bo, Onmpasick Ha CB-Ba OMp, HE HapyIas OOIHOCTH JOKA3aTEIbCTBA OYJEeM CUUTATh YTO MUHOP
M=[all...alr/..../arl...arr| sBasieTbcs 6a3uCHBIM JIOKa)KeM HE3aBUCUMOCTH 0A3UCHBIX CTOJOIIOB OT
MPOTUBHOTO, MMYCTh 0a3 CTOJIOIBI JIMH 3aBUCHUMBI TOT/Ia MOYKHO YTBEPIKIATh YTO OJUH U3 OA3MCHBIX
CTOJIOLIOB €CTh JIMH KOMOWHAIMS OCTABIIUXCSI, CI€I0BATENIbHO 3TOT MUHOP PaBEH HYIIO UTO
MPOTUBOPEUUT ompes 6a3 MuHOpPa.JokaxkeM 4TO OcTaabHBIE CTOMIOIBI €CTh TUH KOMOWHAITUS
0a3ucHbIX. [[00aBUM el1e 0JHy CTPOKY M CTOJIOCII, CTOI0eI] He 0a3MCHBIN a CTPOKY JI00YIO0, 3TOT
MUHOpP OYZIeT paBeH HYIIO, Pa3JIOKUM €ro O MOCIEAHEH CTPOKE U MOTYYUM JIMHEWHYIO 3aBUCUMOCTh
albK 2J1-Ta OT OCTAJIbHBIX U CJEIOBATENIbHO CTONOLBI OyIyT TOXKE JIUH 3aBUCUMBIMHU.
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1.BeiBox opMyInBl U1l BEIYHUCIEHHUA PACCTOAHHUA MEXAY CKPEIMUBAIOIIMMHUCA IIPSIMBIMH.
2.0gaoponusie CJIAY. JIoka3aTensCTBO TEOPEMEI O CTPYKTYpe 00IIero pemesus OJHOP OXHOH
CJIAY.

1.p=[s1s2M1M2|(cMmerrantoe mpou3sBeaeHue)/|S1Xs2|

2.

D10 Koraa cBoboaubie wieHbl paBHbl 0. Teop. Eciu X1,...,XK — mpousBoibHas GyHIaMeHTaIbHAS
cucrema pemeHuit onnoponHoi CJIIAY AX=0 to moboe ee perieHre MOXHO IPeACTaBUTh B BUJE X =
c1x1+..+ckxk rae cl..ck HEKOTOpBIE TOCTOSIHHBIE.
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1.0Onpenenenue anunca Kak reOMETPUIECKOr0 MEeCTa TOYEK, BEIBOJ KAHOHUYECKOI0 yp-A
3IHIICA.

2. TTonsiTue 0OpaTHOM MaTPHIIHI, JOKA3aTEIhCTBO €€ €AMHCTBEHHOCTH, CyIECTBOBAHUS U
paBerncrBa (A”-1)r=(At)"-1

1.

MHO0’K€ecTBO BCEX TOUYEK Ha MIIOCKOCTH JUIsl KOTOPBIX CyMMa PacTOSTHUM /10 IBYX JaHHBIX To4ek F1 u
F2 Ha3piBaeMbIX (POKycaMu €CTh 3aJjaHHas MOCTOsIHHAs BenmuunHa 2a.|[F1IM[+|F2M| = 2a, (x-
C)N2+y"2=4a"2-4asqr((X+C)"2+y"2)+(X+c)N2+y"2, at2-c"2=b"2, x"2/a+y"2/b =1,

2.

[Tycte A xBaapaTHas maTpuna nopsaka H . KBaaparnyro matpuny B Toroxe nopsigka Ha3blBarOT
obpatHoit k A ectu AB=BA=E rne E enunnunas marpuna nopsiaka H. Teop. Eciu kBagpaTHas Matp A
nMeeT o0p Matp , To oOp MaTp eauHcTBeHHas. [Ipennonoxum uto Matp A umeeT nBe oop matp B u B’
toraa cory onp BbinonHeHsl AB’=E u BA=E B=BE=B(AB’)=(BA)B’ = E B’ = B’. T.e oHu paBHbI.
At(A-1)t=E (A-1)t At=E, At(A-1)t=(A-1A)t=Et=E.
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1.0Onpenenenu runepOOJIEI Kak T€OMETPUIECKOTO MECTa TOUEK.BHIBOX KaHOHUIECKOT0 yp-
runepOoIs.

2.I1onsatue coBmectHOCTH CJIAY.Jloka3aTenscTrBo kpuTepusa coBMecTHOCTH CJIAY.
1.I'eonerpuueckoe MECTO TOYEK TIOCKOCTH ISl KOTOPBIX a0COIIOTHAS BEJIMYMHA PA3HOCTH
paccTosiHui 10 ABYX (PMKCHPOBAHHBIX TOUEK((DOKYCOB) €CTh BEIMYMHA MIOCTOSTHHASI HA3BIBAIOT
runiepoosnoit. F1F2=2¢c,FIM-F2M=2a, x"2/a"2-y"2/b"2=1

2.

ComectHoi CJIAY Ha3bIBAIOT €CIIM OHA UMEET Kakue MO0 perieHus. FlHaue oHa Ha3bIBaeThCS
HECOBMECTHOM.

Jlyst Toro yToOBI cCUCTEMA OblJIa COBMECTHOM HEOO0X. U TOCT. UTOOBI paHT MaTPHIIBI CUC - MBI PaBHSIJICS
paHry pacmmp-oi MaT-1bl CUC — MBI.



1 Ecniu CymiecTByeT pelieHue, TO BeK-asi 3aMCh03HAYAET , YTO CTOJOEI] CBOOOTHBIX YJICHOB €CTh JIMH
KOMOWHAIHS CTOJIOIIOB MAaTPHUIIBI CUCTEMBI. 3HAYUT, T00aBICHUE ITOTO CTOJIOIA HE YBETUINBACT
00IIIero Yncia TMHEWHO HE3aBUCUMBIX CTOJIOIOB B CHITY OJTHOTO U3 CIEACTBHI TEOPEMbI O 0a3UCHOM
MUHOPE, U PAHT OCTACTChCS MPEKHUM.

2 [lycts PrA = PrA*.B stom citydae 6a3uCHBI MUHOP MaTpUIlbl A sBIIsieTCsl 0a3U3HBIM U B MaTpHULIE
A¥*. 9T0 03HAYaeT, 4TO CTOIOEI] CBOOOIHEIX WICHOB €CTh JUHEHHAsA KOMOMHAIMS T€X CTOJIOLIOB
MaTpUIbl A B KOTOPBIX pacroioxeH 0a3ucHbIil MuHOD. [10 mpeanokeHn o 94To eciid CToN0 Il a eCTh
JIUH KOMOWHanus ctoomoB al a2 .. aH, TO OH TaKke OyAeT JIMH KoMOMHAIl cucTeMbl con al a2 aH,
€CJIM K OCTAJIbHBIM IMOCTaBUTH KOI(DHUIICHT HOJIb.) B TOM CIIydae CTOJIOEI] CBOO WICHOB €CTh JIMH
KOMOWHaIMs BceX cToa010B Matpulibl A. KoadduieHTs! 3Toi TuH KOMOWHAIIN TTPEACTABIISIIOT COO0M
pelIeHre CUCTEMBI.
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1.0Ompenenenne napabonbsl kKak T€OMETPHIECKOr0 MeCTa TOUYEK . BEBIBOX KaHOHMIECKOTO
oInpenenceHus mapabos.

2.0gnoponnsie CJIAY u ux ®CP, Jloka3aTensCTBO KPUTEPHUS CYyIIECTBOBAHUS HEHYIEBBIX
pemeHui onaoponHoi kBaapatHou CJIAY.

1.

['eomeTprueckoe MeCcTo TOUEK paBHOYIAJICHHBIX OT JaHHOW TOUKU((OKyca) U TaHHOU
npsimoii(mupextpucchl),d=FM paccTosiHEE OT TOYKHU JI0 JUP PABHO PACTOSIHUIO OT TOYKH JI0 (oKyca.
D=|x+p/2| FM= sqr((x-p/2)"2+y”"2), p — pacrostaue oT GoKyca 10 AUPEKTPUCCHL. Y 2=2pX/

2. Onnoponnoii CJIAY Ha3 Ta y KoTopoii Bce cBoOoAHbIE WieHb! paBHbI HYI10. DCP omup CJIAY Ha3
YIOPSIOUEEHYIO0 COBOKYITHOCTD (N-I) INHHEHHO-HE3aBUCUMBIX €€ pelieHuil./[ins cymecTBoBaHys
HEHYJIEBOTO peIlIeHus Y OJHOpOoAHOH kBaapaTtHoil CJIAY Heo0X0anMO U 10CTaTOYHO YTOOKI e
MaTpula Obljia BEIpOKACHHA.. Eciiu MaTpuiia oiHOPOIHON CHCTEMBI HEBBIPOXK/IEHA, TO , COTIACHO
dbopMynaMm Kpamepa oHa OyJIeT UMETh TOJIBKO HYJIEBOE PEIICHHE, ECIIMKE OHA OYIET BRIPOKICHHA TO
€€ ONpeeIUTENb ABISIOIIMNACSA B KBaAPATHON MaTpULE €IMHCTBEHHBIM MUHOPOM MaKCHMaJIbHOTO
nopsiika paseH 0, 3HAYUT PaHT T MATPULIBI CUCTEMBI MEHBIIIE €€ TIOPs/IKa U CIIE0BATEIbHO MEHbIIIE
KOJIMYEeCTBA HEM3BECTHRIX, [ToaTromy K=n-r>0 u oguopoaras CJIAY umeer HopMabHYIO
bynnameHTanpHyto cuctemy. M3 k>0 perrenuii kaxxaoe U3 3THX PEIICHUH SBISCTHCS HE HYJICBBIM.
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1.IlonsaTHE HUIMHAPUIECKUX IOBEPXHOCTEH U BEIBOA ee ypaBHEHHNA. KanHOHMYeckoe yp-e
UIWHAPAY MOBEPXHOCTH 2I0 MOPA KA.

| .nunMHApUYecKas MOBEPXHOCTh MOIYYA€ThCs IPH IBH)KEHUU NPAMOM B IPOCTPAHCTBE, KOTOPast
OCTAETHCS MapAIICIIBHOW CBOEMY UCXOIHOMY IIOJI0KEHHIO. ECiii Ha NBIKYyILEUCS NPAMOU
(GuKCcUpOBaTh TOUKY TO OHA ONMMILIET KPUBYIO KOTOPAsl HAa3bIBAETHCS HANIPABIAIOMEH I IOB.
ITun BTOpOro mopsaAKa 3TO HMWIMHIPUUYECKAs TOBEPXHOCTD, HAIIPABIIAIONIAsl KOTOPOH B IIJIOCKOCTH
MePIEHIUKYISIPHON 00pa3yIOIIUM MPECTABIsAET COO0H KPUBYIO BTOPOTO Topsiika. Takoexe Kak u
IIPOCTO KPUBBIE 2-TO NOPSAAKA.
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IToBepxHOCTH BpameHHs, H BEIBOX €€ yp-51,KaHOHHIECK 0€ yp-€ IIOBEPXHOCTEH, 00pa30BaHHBIX
BpalIeHHUeM dTuIca runepO0oasl mapabos.

[ToBepXHOCTH Ha3bIBAETHCS TOBEPXHOCTHIO BPAIICHHS €CITH OHA 00pa30BaHa OKPY>KHOCTSIMU C
[IEHTPaMH Ha HEKOTOPOU MPSMOi(0CH BpaIlleHHsT) KOTOPBIE PACIIONIOKEHBI B INIOCKOCTSX
NEePIEeHUKYISPHBIX OCH.

[Mpeamnonoxum 4To MHOKECTBO S B Tiockoctu OXZ omuckiBaeThest yp-M fi(X,z2)=0 PaccmoTpum



npou3BoibHY0 Touky M(X,Y,z) OHna ynanena ot ocu Oz Ha pact d=sqr(x"2+y”2) ecinu Touka M JeKUT
Ha MOBepXHOCTH BpameHus, To Touuku M1(x1;0;2), M2(x2;0;z) ¢ Toiise opauHaToi Z uro u M u
abuuccamu X1=d,x2=-d npunaanexat maoxxkectBy S mostomy 0=fi(x1,z)=Ffi(d,z)=fi(sqr(x"2+y”"2),z)
0=fi(x2,z)=fi(-d,z)=fi(-sqr(x"2+y"2),2), fi (+-sqr(x"2+y”"2),2)=0;yp-e 3aurca,Haua0 IPIMOYT CHCTEMBI
KOOPJMHAT B [IEHTPE OCh 0Z C OCHIO BPAIIIEHHUS a KOOPAMHATHYIO IIOCKOCTh OXZ ¢ MJIOCKOCTBIO
anunca. X"2/a"2+z72/b"2 = 1- ype snurica, ecii 3aMEeHUTh X Ha (+-Sqr (X2+Yy2) TO MOIydUuThCS
X"2[ar2+y"2[ar2+2"°2/b"2 = 1 — snuncoun BpameHus, X 2/a"2+y"2/a"2-z"2/b"2 = -1 —
JBYIIOJIOCTHOM BpaleHHs rurepoanona Bpamieaus. X \2/a2+y"2/a"2-z2"2/b"2 = 1 — oqHOMOJIOCTHOM
rUnepOaion1 BpameHus. 2pzZ=x"2+y"2.
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1.KanoHmueckoe yp-e anuncousa. Mccnegqopanue popMbl MOBEPXHOCTH METOIOM CEIEHHUS.
XN2[an2+y"2[b"2+z272/c"2 = 1, JIns BbIsICHEHUST (POPMBI IIOBEPXHOCTH B IMIPOCTPAHCTBE UCIIONB3YIOT
METO/l CEYCHUI, OH COCTOUT B aHATN3€ TEPECCUCHUN MOBEPXHOCTH C MIIOCKOCTAMHU MapaeTbHBIMH
KOOPIMHATHBIM TIOCKOCTSIM.
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1.Kanonnueckoe yp-e koHyca. UccnenoBanue ) OpMBI MOBEPXHOCTH METOJOM CEUSHUSA
XN2[ar2+y"2[b"2=2"2/c"2
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1.Kanonmnueckoe yp-e runep6onouna. UccienoBanme OpMBI TOBEPXHOCTH METOIOM CEIECHUS .
XN2[an2+y"2[b"2-2"\2/c"2 = 1-01HOIIOIOCTHOM

XN2[an2+y"2[b"2-2"2[c"2 = -1 — aBynoaoCTHOU

bumer 30.

1.Kanonmaeckoe yp-e napabononna. McciexoBanue GopMBI IOBEPXHOCTH METOAOM CEUCHUS
XN2[an2+y"2[b"2=2z



BbIBO/IbI

B kypce nekumii OyayT pacCMOTpPEHBI OCHOBHBIE TEMbI Kypca «AHAJIMTHYECKas €OMETPHUSI»

TakMe KaK: OCHOBHBIE 3aKOHbl KMHEMAaTHKU M KHHEMAaTHYECKOI'O JBMKEHHS TEJl, OCHOBHBIE 3aKOHBI

CTaTUKHM, OCHOBHBIE 3aKOHbl JUHAMUKH, OCHOBHBIE 3aKOHBl JBWKEHUS W B3aUMOJICHCTBUSA
3JIEMEHTAPHBIX YACTHII.

JlaHHBI KOHCHEKT JIEKIMK COCTAaBJIEH HAa OCHOBE JIEKIMOHHOTO Kypca, yntaemoro B MI'TY wum.

H.D. baymana na xadenpe uy4 npenopasarenem AradonoB B. b. Kypc nekumii pexkomeHI0BaH K

BBIITOJIHEHUIO TEKYIIUX AaTTECTAllMOHHBIX MEPONPHUATHM W TMOATOTOBKM K JK3aMEHy IO NpEeAMETY

«AHanuTUYECKas T€OMETPUSI».
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