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0 HEKOTOPbIX HEOQHO3HAYHbIX ®PATMEHTAX COLAEPXAHUSA
O6YYEHWSI BEKTOPHOWN AJITEEPE, KOMIMNEKCHbLIM YUCNAM
W AHANUTUYECKOW FTEOMETPUI B BY3AX
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ABOUT SOME AMBIGUOUS FRAGMENTS
OF THE CONTENT OF TEACHING VECTOR
ALGEBRA, COMPLEX NUMBERS AND
ANALYTICAL GEOMETRY IN UNIVERSITIES

R. Fokin
Yu. Pavienko

Summary: The article examines fragments of the content of teaching
some sections of mathematics in universities with a view to their
subsequent modification to improve their understanding by students.
Ambiguous means fragments that can be improved in the above
sense. Firstly, the authors present a simple example (the definition of
a geometric vector taken from textbooks) of educational mathematical
material that cannot be understood by a student in a logical-conceptual
sense, but can only be understood in an associative-intuitive-visual
sense. The reasons for this typical phenomenon are discussed further.
Secondly, the article presents the ambiguous fragments of the vector
algebra teaching content identified by the authors and their proposed
changes. In addition to the above definition, these are also definitions
of the equality of geometric vectors and the angle between vectors.
Thirdly, a similar ambiguous fragment of complex numbers is presented.
This is an algorithm for converting a number from an algebraic form to a
trigonometric one. Fourth, a fragment from analytical geometry. This is
the recalculation of the coordinates of a point from one coordinate system
(Cartesian) to another (affine).
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complex number, geometry, students, reasons for misunderstanding.
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BeeaeHve B NnpobAeMaTUKy nccAeAoBaHNS

KTyaJlbHOCTb CTaTb/l OOBACHAETCA ManoyLoB/IETBO-

pUTenbHbIMI pe3ynbTaTamm (0COOEHHO B Moc/egHve

JecATuneTus) obyyeHnsa BY30BCKOW MaTeMaThKe BO-
o6LLe 1 B YaCTHOCTW — BEKTOPHOW anrebpe, KOMMIEKCHbIM
UnCsIaM 1 aHASTITUYECKOW FeOMETPUN.

Llenb unccneposaHus: BbisBUTb HeKOTOpble MPUYMHDI
ABNEHWA, YNOMAHYTOro B aKTyallbHOCTUM U NPefnoKuTb
HeKoTopble MyTU pelleHMA COOTBETCTBYHLWMX Mpobnem.
EcTecTBEHHO, NpeanonaraeTca YacTUYHOE, a He NOJIHOe 1X
peleHme.

CraBatca 3agauu: 1) npenactaBuTb NPOCTON MpUMep r
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Axromayus: CTaTbA pacCMaTPUBAET GParmMeHTbI COAEPXKaHNA 06yueHs HeKoTo-
PbIM pa3fieNnam MaTeMaTUKi B BY3aX C LiENIbI0 MX NOCNEAYIOLLEr0 U3MEHEHNS As
YNyuLeHNs X MOHUMaAHUS CTyAeHTamu. TTof HEOAHO3HAUHBIMK MOHUMAKTCA
(parMenTbl, KOTOpble MOTYT ObiTb YyuLLeHbl B yKa3aHHOM Bbille cMbicie. Bo-
nepBbiX, aBTOPaMK NpejCTaBieH NPoCToit Npumep (onpeaeneHue reoMmeTpuye-
CKOT0 BEKTOPA, B3ATOE U3 YYeOHIKOB) YUeOHOr0 MaTeMaTUYECKoro Matepuana,
KOTOPbIil He MOXET BbiTb MOHATHBIM CTYEHTY B NOTUKO-TIOHATUIHOM CMbICNe,
a MOXET ObiTb MOHATHLIM TONbKO B aCCOLMATUBHO-MHTYUTUBHO-3PUTENBHOM
evblcne. [lanee 06Cy»aaloTcs NPUUNHBI TOT0 TUNMYHOTO ABAEHNUS. Bo-BTOpbIX, B
(TaTbe Npe/CTaBNeHbl BbIABNEHHbIE aBTOPAMI HEOHO3HAUHBIE GPArMEHTbI CO-
JeprKaHuA 00yueHu BeKTOpHOI anrebpe n npeanaraemble x u3meHerus. Kpome
YKa3aHHOTO BbiLLie ONPe/eneHInA 3T0 TaKXKe ONpeeneHna PaBeHCTBa reoMeTpu-
YECKVX BEKTOPOB 11 yra Mex Ay BEKTOpaMIA. B-TpeTbux, NpecTaBneH aHanorny-
HbIil HROZHO3HAYHbIiA hPArMeHT U3 KOMMEKCHbIX Ycen. IT0 anropuTMm nepesopa
uncna u3 anrebpanyeckoil Gopmbl B TPUTOHOMETPUUECKYID. B-ueTBEpTbIX —
dparmeHT 13 aHaNUTUYECKOil reoMeTPIM. ITO NEPECYeT KOOPAMHAT TOUKIA U3 0f-
HOIi CMCTeMbl KOOpANHAT ([lekapToBoii) B apyrylo (addunHyto).

Knioyesble crioga: copepxaHue obyueHus, By3bl, MaTemaTiika, BEKTOP, KOM-
MNEKCHOE YMCII0, TEOMETPHS, CTYEHTbI, IPUYMHbI HEMOHUMAHUA.

06CcyXaeHne HeKOTOPbIX WCTOYHMKOB HEMOHWMaHUA Mnpu
M3yYEHUN BY30BCKOW MaTeMaTVKK; 2) NpefCcTaBUTb BblsB-
NeHHble HEOAHO3HaYHble ¢parmMeHTbl cogepKaHua obyue-
HWA BEKTOPHO anrebpe 1 npeasiaraemMble NX n3meHeHus; 3)
NpencTaBuTb BbISBAEHHbI HEOAHO3HAYHbIN dparmeHT co-
JepKaHnA 00yYeHVA KOMMIEKCHbIM YiCiam 1 npepanarae-
Mbl€ ero usMeHeHus; 4) NpeACcTaBUTb BblsSIBEHHbI HEOAHO-
3HaYHbIN pparmMeHT cofepKaHnsa 0byUeHNs aHaNUTUYECKON
reomMeTpum 1 npegnaraeMble ero MU3MeHeHusl.

1. MpocTon npumep n obcy>kaeHne HeKOTOpPbIX
NCTOYHUNKOB HENOHMaHWS NpY N3y4eH BY30BCKOW
MaTeMaTuKN

B By3ax 06bl4HO Ha 1 Kypce ans pasnnuHbix npodeccu-
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OHasbHbIX HampaBfeHWn u3yyaetca: «BekTopHaa anrebpa»
(BA) - 310 M3pefKa OTAeNbHBbIN yYeBHbIN Kypc, HO Yalle — 3TO
O[lHA M3 HauasbHbIX TeM KypcoB «AHanUTUUeckas reome-
TpuaA» (Al) n «KAHanuTUYeCKana reoMeTpua 1 NMHeNHanA anre-
6pa» (AM1A). MouTn BO BCEX COOTBETCTBYIOLMX YUeOHMKaAX
[11[2][3], Hanpumep, MeeTCA Takoe MO CMbIC/y onpenene-
Hue: [eoMeTprnYeCKUn BEKTOP — 3TO HanpaBJieHHbIN OTPE30K
npAmMoi. A 4To Takoe NpAMas B CMblCiie reoMeTpun [lekapTa
(T — ciHoHWM AT) — 3TO BbIACHAETCA B 3TUX YYebHMKaX 3Ha-
ynTenbHO No3xe. MNpy TakoM U3NOXKEHMM NMOHATb 3TO Onpe-
[efleHne B CTPOroM NIOrMKO-NOHATUHOM (MaTemMaTMyeCcKoMm)
CMbIC/ie HEBO3MOXHO. TakMX NpMMepOoB B paccMaTpriBaeMblxX
yuyebHrKax MHOro. CNoXnnocb NoOHATHE: «yUUTb MaTemaTu-
Ky», HO MaTeMaTuka — 3TO He CTUxWU. MaTemaTuKky cnegyet
noHMmaTb! Ho ecnin NOHATL-TO HEBO3MOXKHO, TO MPUXOAUTCA
yuunTb. [laHHbI NpUMep OnrcbiBaeT TUMUUYHOE ABNeHune. [a-
nee mbl nonpobyem pa3obpaTbCa B €ro CyTU.

CTypeHT 1 Kypca 06blYHO MOMHMT, UTO B CPEeAIHEN LIKoNe
OH u3yyan reometpuio EBknupaa (I3). Tam 6binm «npaman»,
«TOYKa», «MepeceyeHne» 1 gpyrme oCHOBHble Heonpeaensa-
eMble NOHATMA. Takxke Tam bl akCMOMbI 1 NOCTYNaThl, CO-
BpPeMeHHbIe NCTOPUKIM MaTEMATUKK He JaloT OAHO3HAYHOro
OTBeTa — B YeM pasHuua mexay Humu. Mprmep akcmombi:
2 npAmble MOTYT nepeceKkaTbcA ToNbKo B 1 Touke. Al — 3710
COBCeM Apyras matematuyeckasa Teopusa. Al MOXeT yacTunu-
HO WINIIOCTPUPOBATLCA TEMU XKe KapTUHKamu, uto 1 3, Ho
nsomopodusma '3 n Al HeT. MI3omMopdU3M MaTeMaTUUECKIX
CTPYKTYp O3HayaeT, UTo 3TU MaTemMaTUyecKne CTPYKTypbl —
TO K€ CaMOe, MO CYTU, OHV OT/INYAIOTCA NNLIb 0603HAYEHN-
Amun. B AT, Hanpumep, ecTb NOHsTYE rnep6osbl, a B I3 ero
HeT. Takxe B 2 npAMas — 3TO He eCTb MHO>KeCTBO TOUeK, 3TO
OCHOBHOE HeonpeaensaeMoe NoHATME, Kak 1 ToyKa. «Haua-
na» EBknupa [4][5] B akcmomax 1 nocTynatax HArge He co-
nepxaTt nHdbopmaLlum, YTo NPAMas — 3STO MHOXKECTBO TOYeK.
Tak yTo B paccmaTpuBaemMom onpefeneHnn oTpPe3oK-To 13
yero coctont? He noHATHO! [la eLe 1 oTpe30K 3TOT Hanpas-
neHHbIn! A 4TO 3TO 3HAUUT?

A B

Puc. 1. TeomeTpuueckmnii sektop AB

Bca Hapgexaa Ha KapTuHKY (puc. 1), uTo NpenogaBaTesb
06bIYHO NPU 3TOM PUCYET Ha Aocke. Ho KapTHKa He MOXeT
ObITb TOYHbIM MaTEMATMYECKMM ONpeaeneHeM HOBOrO MNo-
HATWA, BBOAVMbIM B XOAE M3yYeHNA HOBOW MaTeMaTUYeCKol
Teopun — Al 3pecb y cTyaeHTa MoXeT ObITb TONbKO accoum-
aTVBHO-UHTYUTUBHO-3PUTESIbHBIA YPOBEHb NMOHMMaHUA.

OnOuH 13 aBTOPOB HaCTOALLEN CTaTbW BbIABMAN HEKOTO-
pble 3aKOHOMEPHOCTM B OlWMbOKax CTyAeHToB [6] npu n3-
YUYEHUUN VMU MATEMATUKM U UHPOPMATVKM U NpULLEN K Te-
opuvK, KOTOPYIO OH Ha3Bas NCeBAO-NIOMMKON. ITa aBTOPCKas
TeopuA M3yyaeT peasibHble PacCyXAeHUsA, HAYYHO HUKAK He
060CHOBaHHbIE (MCEBAO-NIOMMYECKUNE), HO LUMPOKO pacnpo-
CTpaHeHHbIe B Cpefe CTYAEHTOB, a 3aTeM — U B cpefe npo-
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deccnoHanoB. Takxe M3yyaloTCA UCTOUHMKM TakoW MNceBs-
[lO-NOTVIKW. [NaBHbI €e NCTOYHMK COCTOMT B TOM, UTO Mpwu
peanbHOM MONOXeHUW fen CTYAeHTY 6e3 nceBao-norukun B
By3e He BblXWTb. [lceBo-nornyeckne paccyxgeHusa moryTt
NPUBOANTL KaK K UCTUHHBIM BbiBOAaM (4Yallie Bcero!), Tak 1 K
oWMn60oYHbIM. OHU NOXOXM Ha MPABAONOLOOHbIE paccyKae-
HuA [7] B cmbicne [. MNMowna.

Kak »e MHOroonbITHble aBTOPbI yYEOHNKOB 1 X peLeH-
3eHTbl JOMYyCKaloT paccmaTpuBaemMoe ceyac aeneHune? Bu-
VMO, MOTOMY UTO OHM CaMM-TO 3HAIOT, UTO Takoe NpsAmMas B
cmbicnie AT (ecnu roBoputb 06 onpeaeneHny reometTpude-
CKOro BeKTOpa), a rnasamu CTyfieHTa (BnepBble BCTpeyvatoLLe-
rocs C NMOHATIEM FEOMETPUYECKOTO BEKTOPA) HE CMOCOGHDI
NocMoTpeTb Ha laHHOe ABfieHne. HoBbIX MOHATWI AnA CTy-
JIeHTa Hal0 BBECTM OYEHb MHOIO U (K COXaneHuw!) oueHb
6bICTPO, BOT OHM peasibHO 1 He 3amMeyaloT, YTo AiA HeKOTo-
pPOro MOHATUS AenalT JOrMYeckn HefonyCTUMYI0 CCbUIKY
Brepen. Kpome TOro, MMeeT MECTO MAacCOBOE KOMMpPOBaHue
cofepKaHusa ofHMX y4eOHMKOB aBTOpaMu ApYrux y4yeOHu-
KoB. BO3MOXHO, 3TO Aake 1 He MOCMMBOJIbHOE KOMMPOBa-
HUME, @ UMEHHO KOMMpoBaHue coaepkaHms. [a n Kak nHave
chopmMynrpoBaTh, HaNpPYMepP, OCHOBHYIO TeopeMy anrebpbi?
M 3auem 310 fenaTb? Peub naet 06 06bEKTUBHbIX 0COHOEHHO-
CTAX Pa3paboTKM UMEHHO 06LLEeHay YHbIX y4eOHNKOB.

OpHako, 3TV yYeOHUKUN AecATUNETUSMU YATAIOT He TOMb-
KO MUJITMOHbBI CTYAEHTOB, HO 1 ThiCAYN NpenogasaTtenei. He-
YXKEeNn HUKTO HU4Yero He 3amevaet? Bo-mepBblx, BUHOBATHI
CNOXMBLUMECA coUMalbHble ycTaHOBKM. CTyAeHT yalle Bcero
«yBEpPEH», YTO 3TO OH Yero-To He MOHMMAET, a He B yYebHU-
Ke owwmnobKa. MNpenogaBaTenb Yalle BCEro «yBEPEH» B HU3KOM
WHTENNeKTyalbHOM YPOBHe CTyfeHTa, YToObl «BHMKaTb» B
CMbIC/1 TOTO, YTO CTYAEHT roBopuT. 3a AeCATKN NeT npeno-
JaBaHWA OOQHOMY 13 aBTOPOB CTaTbu Bcero 1 pa3 nonanca
CTYAEHT, KOTOPbIV MOUTY Ha Kaxkaon nekumm no AIT1A BbicKa-
3blBaN CBOW HeTpuBManbHble (M peanbHble!) Kputnyeckne
3ameyvaHusA. Takue CTygeHTbl NpeBpaLlaoT NeKkumto B NHTe-
pPeCcHy0 HayuHyl AWCKYCCUIO M NMOAHMMAIOT HayuHbIA ypo-
BEHb CaMOro nekTopa. Ho uniTaTth Takyto NekLmio CnocobHbI
He Bce. B nocnepgHue gecatnnetnsa NpocnexmnsatoTca yCTon-
UMBble TeHOEHUMW K YBEeNMYEHWIO YAEeNbHOro KonmyecTBa
CTyneHTOB Ha 1 npenofaBaTens, K yBeIMUYEHUNIO YAE/IbHOrO
KonunuecTsa yuyebHbIx YacoB Ha 1 cTaBKy npenogasatend. A
OnbITHbIE MpenoaaBaTeNnn Yacto paboTatoT Ha 1,5 cTaBKM 1
6onee. B pe3ynbraTte cpefHecTaTUCTYECKOMY Mpernoaasa-
TEN0 HEeKoraa «BHMKATb» BO UTO-IMOO HETPMBUANIBHOE, OH
BeleT 3aHATUA «MO HakaTaHHOW Aopore». YUeOHUKKN nep-
MaHEHTHO nepeunsgaTca. MHOro MOXHO YKa3aTb Hay4HbIX
ctateli [6][81[9], rae BCKPbITbl JIOFMKO-MOHATUIAHBIE OLINOKN
B yuebHMKax. Ho 371 owmnbKy B yuebHMKax 06bIYHO He rC-

npaBnAnTCA. BO-BTOQbIXl 34eCb UrparoT PoJib NHANBUAYab-
Hble NCcnxonornyeckme @QakTopbl, MHOrne 13 KOTOPbIX A0

KOHLIAa HAYYHO He NCCNefoBaHbl. YKaXKeM HIXe TPU N3 HUX:
A) MHoronetHee TeCTMpPOBaHWE COTEH CTYAEHTOB MO-
Ka3ano [10], uto B nocnegHue 3-4 pecaTuneTus ecnm

Cepus: lymaHumapHeie Hayku N°2 ¢hespane 2026 2.



MNMEJATOMNKA

6paTb 3HaUEHMA NO rofam, To CPeau CTYAEHTOB CUMb-
HO BO3pacTaeT AOMs MNPaBOMOMYyLWAPHbIX, Clabee
BO3pacTaeT [0NA TFapMOHUYHbIX, CHVXXaeTca AonsA
neBomnosyllapHbIX. B HacTosAee Bpems faxe cpegu
CTyAeHTOB U3MKO-MaTeEMATUYECKMX, €CTECTBEHHO-
HayUHbIX, TEXHUYECKUX NPOPeCcCMOoHaNbHbIX HanpaB-
NIeHUN [JONA MPaBOMOMYLWAPHbIX NPEeBOCXOAUT 2/3,
a B 1960 ropbl 3Ta gonAa 6bina meHee 1/3. MNpu 3TOM
afieKBaTHbIX U3MEHEHUI B METOAMKE NpenoaaBaHuA
MaTemaTtumkm (yBbil!) He npon3oLuno.

B) MpenopaBatenn npoucxopAT M3 BYepalHUX CTy-
peHToB. lNceBpo-nornka, obblYHO NprobpeTaeTca B
CTyQeHUYEeCKMe oAbl U nepefaetca ganee B npodec-
CUOHanNbHy0 [eATenbHOCTb, 0bpasya «npodeccro-
HanbHble MUdbI». Hanpumep, Mndbl 0 TOM, UTO KOM-
nunsTopbl C++ 6onee 3GpPEKTUBHBI MO CPABHEHUIO
c KomnunaTopamm Basic. Ecnn nocmoTpeTb cooTBeT-
CTBYIOLLME TECTbI, TO BbIACHUTCA, UTO Yalle BCEero — Ha-
060poT. A npodeccroHanbHble MaTeMaTUyecKue CTa-
TUCTMKM YaCTO HE MOHMMAIOT B3aUMOOTHOLLEHUA TPEX
MOHATUI — yPOBEHb 3HAUMMOCTK, OWKNOKK 1 1 2 popa.
OHM «yMeloT» MPaKTUYeCKM MPUMEHATb PasfinyHble
KpUTEpPUU NPOBEPKM FMMNOTE3, @ N3 KaKNX TeopemM 3Tn
KpUTEPUUN NPOKCTEKAIOT — VM 3TO HE MHTEPECHO.

C) 3Haummo npy 06yYeHNN BIVSIHNE BHYTPEHHErO MUpa
oflHoro yenoBeka (06blYHO NpenofaBaTens B JaHHOM
C/lyyae) NpAMO UnM onocpenoBaHo (uepes ugew, no-
3YHIU, peKnamy, KHUT1, CTUXU, My3blKY, ...) Ha BHYTPeH-
HVUI MUpP ApYroro yenoBeka (OObIYHO Ha CTyfeHTa B
AaHHOM cnyyae). OTclofa Kak YacTHble Ciyyan MoryT
npoucTekaTb ABeHNUA HENPO-IMHIBUCTUYECKOTO NPO-
rpammupoBanua (HJ1MM), nepegaun mbicnein n smounii
U UX BOCTMPUATIA COOTBETCTBEHHO, FMMHO3a 1 Apyrue.

Xopowwuii (pe3ynbTaTuMBHbIN) nepgaror — 06s3aTeNlbHO
NpPaKTUYeCKUn rMnHOTU3ep, XoTA Obl YyTb-uyTb. I OH Npak-
Tyeckn npumensiet HIM, 06bIYHO He 3Has, YTO 3TO TaKoe.
Bonee yBepeHHbI cnocobeH ybeanTb MeHee yBepeHHOro
[aXe B TOM, UTO 0OBEKTMBHO JIOXKHO. TO »Ke caMmoe MOXHO
cKasaTb U 06 npaenAx, No3yHrax, pekname, KHurax, ctmxax,
My3bike. ECim noxHas matemaTtyeckan naes fecatunetus-
MW NpefAcTaBieHa B fecATKax Y4eOHNKOB, paccKasbiBaeTcA
TbiCAYaMV NpenogaBaTeneil MUAIMOHaM CTYAEHTOB, TO BO3-
HUKHOBEHME NHANBMAYAIbHON MbIC/IN O ee JIOXHOCTYW NoY-
T HEBO3MOXHO — 1aXKe B TallHe OT BCEX.

YT10 Takoe BHYTpeHHUI MUp? ITO YHUBEPCANbHOe none
OnA MOAENMPOBAHNA B CAaMOM LUMPOKOM CMbICJe, XpaHe-
HWA, nepefauun, BoCcNpuATUA MHGOPMaUUN: BepbOanbHOMN
(BblpaXkeHHOW 3apaHee onpenesieHHbIMU sl HaC CUMBO-
flaMun), HO B OCHOBHOM - HeBepbanbHo. YTo Tam owlyulaet
yenoBek? Mbicnu, 06pasbl (3puUTeNbHbIe, 3BYKOBbIE, OOOHS-
TeslbHble, ...), SMoLMM (MOTUBALMM) — TaKue NpubnnsnTesnb-
HO 3T CYLIHOCTWN. BOT nx npumepsbl: 2x2=4; 3TO TpamBali; A
X04y NMOCMOTPETb 3TOT GpUbM — 3TO BepbasibHble Nnn nNpo-
ABJIEHHbIe CYLHOCTN BHYTpeHHero mrpa. Ho 605bWnHCTBO

Cepus: lymaHumapHeie Hayku N°2 ghespasne 2026 2.

ero CYLU,HOCTEIZ - HEBep6aJ'IbeIe NN CMyTHble (oHmn nponABs-
JIEHbI NNLWb YaCTUYHO 1N BOBCE He I'IpOFIBJ'IEHbI).

Mpo KOHKPETHYI NMofobHy CywHOCTb Bam He u3BecT-
HO Bawa oHa nnn HeT. A 4yTO 3TO 03HayYaeT, YTO OHa MMEHHO
Bawa? Ecnn Bbl moxeTe npocneamtb ee BO3HWKHOBEHME
OT paHee 3aMeyeHHbIX Bamu Bpoge 6bl Bawunx cyiHocTel,
TO MOXHO U ee cumTaTb Baluei, xoTa 3TO TOXe BeCcbMa OT-
HocuTenbHO. Ecnu cywHocTb BpAa v Bawwa, To MOXHO npo-
aHanM3mpoBaTb, OTKyAa OHa y Bac nosBunacb — 310 1 ectb
NnouTn co3HaTeslbHoe BocnpusaTne Bamun Bpope 6bl He Ba-
Lwmx cywHocten. Ecnm Bbl cuntaete mbicsib Baluei, To Bbl oT-
HeceTecb K Hell MeHee KpUTUYHO. BO3MOXKHO, MOTOMY OHa U
Oblla HE3aMEeTHO «MofcaXeHa» K Bam n3BHe.

2. BbisiBAeHHble HeOAHO3Ha4YHble (hparMeHThblI
coaep>kaHns oby4eHns BeKTopHoOW anrebpe
" NpeAnaraemble X U3meHeHus1

Ewe oaHo onpegeneHmne 13 yuebHnkos BA, AT, ATTIA, ko-
TOpOe He MOXeT ObITb MOHATHLIM CTyAeHTY 1 Kypca Ha noru-
KO-MOHATUNHOM YpOBHe: [eoMeTpuryecKme BEKTOPbI PaBHb,
€C/IY OHW fieXKaT Ha OAHOWN NPAMOW WAV Ha napanaenbHbiX
NpAMbIX, B 3TOM C/lyYae UX HanpaBJieHUs AOJIXKHbI ObITb 0AU-
HaKOBbI, @ ANNHbI - PaBHbl. YTO Takoe napannenbHblie nNpsa-
Mble (B cmbicrie AlN) — BbIACHAETCA 3HaUUTENbHO no3Xe. Mx
HarnpasieHnA OANHAKOBbI — YTO 3TO TaKoe B CMbIC/ie MaTe-
MaTuKI? 370 yxke dur3mKka BoobLe-To.

Bca Hapgexpa (puc. 2) onATb Ha KapTUHKY. B pe3synbraTte
OnATb Y CTYleHTa TONbKO TaKoW 1N MOXKeT ObITb YpOBeEHb Mo-
HYMaHMWA 3TOro OnpefeneHns — acCoLNaTUBHO-VHTYUTUB-
HO-3pUTENbHbIN. /13-3a yKa3aHHbIX Bbille 2 HEOAHO3HAUYHbIX
onpefeneHnin B CTaTbe Npeasiaraetca copgepkaHue BA He-
CKOJIbKO M3MEHUTb:

B ctaTbe [11] BBOAUTCA MNOHATME N-MepPHOro apudmeTu-
yeckoro BekTopa a: a< R", rge R - MHOXeCTBO felicTBUTENb-
HbIX Yyncen. Ero MoXXHO MpOoCTO Ha3biBaTb N-MEPHbLIM BEKTO-
pom. Ocob60o BaxHbl ciyyar n=2 (R? — aHanor nNaockocTn) u
n=3 (R®*- aHanor 3-MepHOro NPoOCTPAHCTBA).

A BC D
B F

Puc. 2. PaBHble reomeTpuyeckume sektopbl: AB = CD = EF

Mo»kHO BBeCTU MoHATUA: 0-BeKTopa O (BCe ero Koop-
OWHATbl HyneBble); CNOXeHNsA BeKTOpoB a+b, ymHoXeHMA
yncna A Ha BeKTop a (\a) Kak MoKoopAMHaTHble onepauny;
ANVHbI BeKTopa |a| = (a,” + ... + a %)% [lanee MOXHO BBECTM
MOHATME Pa3HOCTU BeKTopoB a-b = a+(-1)b; noHsTMe opTa
BekTopa a° = (1/|al)a. MOXHO Takxe BBECTU MOHATUA: KO-
NHeapHbIX BeKTOPOB a || b: IX=0: a=\b; ogHoHanpaBneH-
Hbix BekTOpoB a 11 b: IX>0: a=\b; pa3sHOHanpaBneHHbIX
BekTOpoB a T b: Ax<0: a=\b.
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B ctaTbe [11] TakKe BBOAUTCA NOHATE FEOMETPUYECKOTO
BekTOpa AB (rge Toukm A, B€ R") Kak ynopagoyeHHOM napbl
Touek (A; B). BBoantcA noHATUe KoopauHat ABk = bk -a,
npu k=1, .., n.3aTeM — KoopAnHaTHOro BekTopa ans AB, 3To
apumeTnyecknin BeKtop AB_ C KOOpAMHATamMm1 reomeTpu-
yeckoro Bektopa AB.

B nTore BBOAMTCA NOHATME PAaBEHCTBA FEOMETPUYECKMX
BekTopoB AB = CD - 3T0O 03HayaeT PaBEHCTBO UX KOOPAU-
HaTHbIX BeKTopoB AB_ = CD_. Taknm 06pa3om, KOHKpeTHoe
nonoxeHvie Touek A, B, C, D ctaHoBUTCA He BaXKHbIM. [eo-
MeTpUYecKme BeKTopa paBHbl TOrAa 1 TONIbKO TOrAa, Korga
paBHbl COOTBETCTBYIOLLME UM KOOPAMHaTHble BeKTopa. Ho
KoOopZMHaTHble BeKTopa — apudmeTnyeckme. lNotomy, Hauu-
Has OTClofia NPO reomeTpuyeckre BEKTOpPa MOXHO 3abbITb,
onepupys nuUlb COOTBETCTBYOWMMM apudMeTUYECKMN
BEKTOpamu BC/leACTBME NX n3oMopdrma.

Ona reometpunuecknx Bektopos AB n CD MOXHO AaTb
onpeneneHuss Toro, yto Takoe AB+CD (310 nob6oin reo-
meTpuyeckuin Bektop EF: EF_=AB_+CD_), u Toro, 4to Ta-
koe X\AB npu A€ R (310 nto6oii reoMeTpuUecKnii BEKTOP
EF:EF_=)\AB_).

Mpw NpeanaraemMom BblllEe U3NIOKEHUN YUeOHOIO MaTe-
prana no BA Knaccmueckre npaBusia TPeyrofibHWKa 1 na-
pannenorpamMma (puc. 3) CTaHOBATCA HECIOXKHbIMY Teope-
MaMmWu, KOTopble Jlyylle faTb CTyAeHTaM 6e3 AoKa3aTenbCTBa.

a-b=(a, b)=|a||b| cos O, ®=arb-yronmexgyaub (1)

Puc. 3. Npasuna TpeyronbHuka (AB+BC=AC) 1 napanneno-
rpamma (DE+DG=DF)

N3 cpegHeit wkonbl (M) cTyAeHTbl AOMKHbI 3HaTb onpefe-
neHwve yrna: yron — 31o ourypa, obpasoBaHHasa 2 nyyamu, nc-
XOOAWMMM 13 OAHOW TOYKU. Y HAaC OCTaNNCb B PaCCMOTPEHUN
bakTnyeckn nuwb apudMeTMYecKne BeKTopa WM MPOCTO
BEKTOpaA. Y TaKOro BeKTopa HeT KOHKPETHbIX HW HayasibHOM,
HW KOHEYHOW TOYKN. A B HEKOTOpPbIX yuebHuKax BA, AT, ATTIA
YroNl MeXXay BeKTopamMu onpeaenaeTca Kak YacTb NNOCKOCTH,
3aKJoYeHHasa MeXay 3TUMK BeKTopamMu. Tam xe obbluHo (1)
onpepensaeT cKanApHoe MpousBefeHre BEKTOPOB. Tak 4yTo
nocnefHee TOXe 3aBNCUT OT NOHATYA Yriia Mexy BEKTopamu.
3pecb ToXe nonyvyaeTca HeOAHO3HaYHbIN GparmMeHT cofep-
»aHuA BA. B cTaTbe ero npegnaraetcs HECKOJIbKO U3MEHUTD:

a-b=(a, b)=a1b1 +...+anbn (2)
® =arccos (a-b/ (|a||b])), rae a, b= ©,arb =0 (3)
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Myctb ansa BekTopoB a, b€ R" dopmyna (2) onpegenser
cKansapHoe npovssefeHue, a (3) - yron mexay Humu. [Mony-
YyaeTcs, YTo 3TOT Yron — 3To HekoTopoe yncno O, a BoBce He
durypa.

/3 HepaBeHcTBa Kowwu-byHsakosckoro (a-b)? < |al?|b|?
= |a-b|/(|a||b]) < 1, oTciopa cywwecTBOBaHMe cMbicha (3). U3
cBonctB arccos = 0 <O < .

b

Puc. 4. Yrnol ®1 n ®2 mex gy Bektopamm an b
® =min (01, ©2), D1+D2 =27 (4)

Mo nosoay (3) gonycTMbl HedopMasibHble KOMMEHTa-
puvK Mo purc. 4: Ha camoMm fiefie Mexay BekTopamu a 1 b mox-
HO BUAETb 2 yrna — <])1 7 (Dz, npuyem BepHo (4). Tenepsb (1)
MIMeeT MeCTO KaK MpocTelluas Teopema.

3. BbIsiIBAEHHbI HEOAHO3Ha4HbIN (hparMeHT
coaep)kaHns 06yHeHs1 KOMNAEKCHbIM HACASM
" NpeAnaraemMble ero M3meHeHus1

KomnnekcHble uncna (K4) nsyyatTtcs B By3ax 06bIYHO Ha
1 Kypce ana pasnnyHbIx NPOPpeccMoHanbHbIX HanpPaBNeHUN
KaK ofjHa 13 HayanbHbIX Tem Kypca AlTIA. Xota dopmanbHO
KY He oTHOCATCA HY K NHelnHom anrebpe (JTA), HU K AT B cTa-
Tbe [12] 6onee NogpPO6HO pPaccMaTPUBAOTCA BOMNPOCHI U3-
yueHua KY. laHHbIA pa3gen ee HEMHOro JOMOMHAeT. 34echb
peyub nget o 6onee ynobHOM AnA NOHNUMAHMWA U NPUMEHEHWA
anroputme nepesoga KY n3 anrebpanueckoin ¢opmbl (z = x
+ i y) B TpUroHomeTpurueckyio (z = |z| (cos ¢ + i sin ¢), npea-
CTaBJ/IEHHOM Ha HEKOTOPOM aJIFOPUTMUYECKOM A3bIKE:
Bblumcimm Mmogynb KOMMIEKCHOTO uncna |z| = r = (x? +y?)'2

Ecnu r =0, Toraa ¢ - noboe yncno us [0; 27)

NHaue {

Bbluncnum 1 = arccos (x/r)

Ecnny > 0, Torga Boluncamm ¢ = b

NHaue Bbluncamm ¢ =2m -1}

3ameyvaHun

1. W3 rpaduka arccos npu Ve [0; wt] cneayeT, uto ecnm
V=0=Xx=r=y=0= p=1=0.0T1c08a < [0;
27) Bcerga, 3HauuT p=Arg z — 3TO rnaBHOE 3HayeHune
aprymeHTa.

2. B pamkax Al Ha nnockoctn R? usyyatotca cornaco-
BaHHble [lekapToBa cnctema koopamHart (x, y) — ACK
1 nonApHaa cuctema koopauHar (r, ¢) — MNCK. Bbiwe-
OMMWCAHHbIA aNropUTM MOXKHO aHaNIOMMYyHO MpUMme-
HATb ANA NepecyeTa KOOPAMHAT (X, Y) B KOOpAMHATLI
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(r, ). Mpu 3TOM YE [0; 27) BCerna, 3HAYNT - 3TO rMas-
HOe 3HayeHue NONAPHOro yrna.

3. B 6onblumHcTBe yuyebHUKOB AlTIA Kak ana nepecue-
Ta K4, Tak 1 gna nepecueta koopguHat JCK B koop-
AvHatbl MCK BblumcnaT ¢ = arctg (x/y) npu y=0. B
3TOM Crlyyae BbIYUCAAT @ = 1 TONbKO npu x>0 1
y>0. Pa3nunyuHbIx cilyyaeB BbIYUCIEHUA @ MPY 3TOM
3HaunTenbHoO 6onblue, anropuT™ Nosyyaetca bonee
TPYAHbIM A4/19 NPYMEHEHUA Y MOHUMAHUA.

4. BbIsiBAEHHbI HEOAHO3Ha4HbIN (hparMeHT
coAep>KaHus1 0By4eHns1 aHaANTUNHECKOW reomMeTpumn
" NpeanaraemMble ero nsmeHeHus

Moutn BO BCex yuebHukax Al, AMJIA paccmaTpurBaetca
nepecueTt KoopamHaT Toukn n3 ogHom ACK B gpyryto OCK
ans nnockoctr R?, npryem paccmaTpurBaloTCs TONbKO Chy-
yan, korga opgHa [ACK nonyuyaetca n3 gpyrou: napannienb-
HbIM NEePEHOCOM OCell KOOPAMHAT; MOBOPOTOM OCel KOOp-
OVHAT Ha Yron ¢; CUMMETPUYHBIM OTPaXkeHnemM OAHON U3
ocel KoopAMHAT OTHOCUTENBHO APYrOW.

Mpepnaraetcs 4o6aBUTb PAacCMOTPEHME o6Lero noa-
XOAa, U3 KOTOPOro yKasaHHble Bbile Tpu ciydyaa OyayT
cnepoBaTb Kak yvacTHble. OTo dopmynbl AnAa nepecyeTa
KoopAuHaT TOUKK, 3afaHHbIX B [ICK B apyryto adpPpuHHyo
cuctemy koopgmHat (ACK). OCK - 370 yacTHbIn cnyyan
ACK, ot 6a3uca ACK He TpebyeTcsi HU OPTOrOHaNbHOCTY,
HU HOPMMPOBAHHOCTM.

Uy U n q

- u s u

=2 Liw=| " |-6asuc HCK, Q= | | - Hawano HCK  (6)
Unt Un.n an

Nmeem npoctpaHcTBo R™. B Hem (5) 3apaeT ctapyto cu-
ctemy koopauHart (CCK). OHa, oueBngHo, ectb ACK. Dopmy-
nbl (6) 3apatoT HOBYtO cuctemMy KoopauHat (HCK), Bce 3Tu Ko-
opavHaTel ykasaHbl B CCK. HCK moxeT He 6b1Tb 1CK, a 6bITb
nnwb ACK.

my m'y
m=| " | a1 CCK:m'= ana HCK 7
mn m n
_u1,1 — Un
U=|_. . . ®)
Un1 - Unn
m=Um'+Q ©)
m'=U'(m-Q) (10)

Myctb (7) 3apaeT KOOpAWHaTbl MPOW3BOJIBHOW TOYKW
MeR". MycTb (8) onpenenaet nepexofHyto matpuuy U. Jler-
Ko fokasatb dopmynbl (9), (10). Ecnn HCK Toxe sBnsaetcs
OCK, To U — opToroHanbHasa maTtpuua n U'=UT,

3aknoHeHe
1 0 0
iy = 0 s in=|"| - Gasmc CCK, @ = | | - mawamo CCK ) Pasgenol 1 - 4 cTaTby ycnewHo pewwnnu 3agaun 1 - 4 co-
0 OTBETCTBEHHO, C/lefjoBaTeNbHO, Lefb UccnegoBaHna Obina
0 0 JOCTUrHyTa.
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