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1. OPTAHU3AIIUA CAMOCTOSATEJBbHOM PABOTBI

1.1.0Opranu3aimoHHO-METOAMYECKUE TaHHbIC JUCIUTUTUHBI

OO0yt 00beM 4acoB 10 BUAAM CaMOCTOSTENEHON paboTh

(u3 ma6a. 5.1 PIIJ])

NQ HaumenoBanue IIOATrOTOBKA
WHAWBUAYAJIbHBIC CaMOCTOSATCIIBHOC IoATr0OTOBKA
I1.11. TEMBbI KypCOBOT'O IIOATrOTOBKA
npoexTa peq)epaTa/acce JOMAalIHUC HU3y4YCHUC K 3aHSTUSAM
3amanug (M/13 Bompocos (CHB T1x3
(paGoTsi) nanus (M13) pocos (CMB) | (Ilk3)
1 2 3 4 5 6 7
1 Bsenenue 2
Ormeparuu Hax
MHO>KECTBaMH.
2 4 2
MouHocTb
MHOKECTBA
OTHoIIEHUS.
3 4 2
DyHKIUU
4 Anrebpandeckue 2
CTPYKTYPBI
Mertpuueckue u
5 TOIIOJIOTUYECKHUE 8 8
MIPOCTPAHCTBA
JInneHbIe
6 8 4
MPOCTPAHCTBA
7 OBKIIMIOBEI 4
MIPOCTPAHCTBA
Bcero B
24 24
ceMecTpe

ci1ydac, KaKk MBI 3HAa€M, MHOKCCTBA paBHOMOHIHBI.)

Teopema Kantopa-bepHiureiina.

2. METOAUMYECKHUE PEKOMEHJIAIINU 110

CAMOCTOATEJBHOMY U3YYEHUIO BOITPOCOB

2.1 Teopema KanTopa-bepuureiina

HpI/I HN3YUCHUH BOIIPOCA HeO6XOI[I/IMO O6paTI/ITI> BHUMAHHC HA CJICAYIOIIUC 0COOEHHOCTH.

PaccMmoTpuM Bonpoc 0 CpaBHEHUU MOIIHOCTEN JBYX MHOXECTB. JlJI1 TaHHBIX MHOKECTB
A u B TeopeTnuecky UMEIOTCS YEThIPe BO3MOKHOCTH
* A paBHOMOIIIHO HEKOTOpOH 4acTu B, a B paBHOMoOIIHO HEkoTOpOit yacTH A. (B aToM

* A paBHOMOIIIHO HEKOTOPOH YacTu B, HO B He paBHOMOIIIHO HUKaKo#l yacTh A. B aTom
cJIydae roBOpSAT, YTO A UMEET MEHBIIYIO MOIIIHOCTh, 4eM B.
* B paBHOMOIIIHO HEKOTOPOH YacTh A, HO A HE paBHOMOITHO HUKaKoi yacTu B. B aTtom

CITy4dae TOBOPST, 9TO A uMeeT OOJBITYI0 MOIIIHOCTh, 4eM B.

* Hu A He paBHOMOILIIHO HUKakoi yacTu B, Hu B He paBHOMOIITHO HUKaKOW YacTu A.

[Tycth A1 - mongMHOkecTBO A, a By - moamuOoXkecTBo B 1 mycTh A skBHuBasieHTHO B, a B

COJIEPXKUTCS SKBUBaJIEHTHO Aj, Toraa A skBuUBajieHTHO B.




CMBICJI 3TOM 3aMe4aTesIbHOM TEOPEMBI COCTOMT BOT B YEM: MHOIJA HE TaK-TO IPOCTO
OblBaeT HAWUTHM TOYHOE B3aUMHO-OJHO3HAYHOE COOTBETCTBHE MEXAY MHOXKECTBaMH,
nonpoOyiite, HapUMep, YCTAHOBUTH B3aMMHO-0/IHO3HAYHOE COOTBETCTBHE MEXKAY OTPE3KOM

[0, 1] u uaTepBasoM (0, 1) - Touku 0 u 1 Bce BpeMs OKa3bIBAIOTCS “JTUITHUMHU

3Ta TeopeMa MO3BOJISIET OIPAHUYUTHCS YCTAHOBICHUEM DKBUBAJICHTHOCTH OTpe3ka [0, 1]
u otpeska [1/3, 2,3], nexamero Bayrpu (0, 1), T.x. (0, 1), B cBOtO ouepenp, jexur B [0, 1], TO
coriacHo TeopeMe Kanropa-bepHiireiiHa oTpe30ok U MHTEpBaJl SKBUBAJICHTHBI. 3]1€Ch, Kak U B
IpYrux Ciydasx, 3Ta Teopema “Oeper Ha ceOs’ OCHOBHbIE TPYAHOCTH, CBSI3aHHBIE C
YCTaHOBJICHHEM B3aUMHO-0IHO3HaYHOT'O COOTBETCTBUS.

2.2 bopeseBckue ajaredopsl.

[Ipu n3yuenuu Bonpoca HEOOX0AUMO OOPATUTh BHUMAHHUE Ha CIEAYIOIUE 0COOEHHOCTH.

bopenesckas curma-anreOpa — 3TO MUHMMajlbHas CUTrMa-aiaredpa, cojepikaiias Bce
OTKPBITHIE TIOJJMHOKECTBA TOTOJOTMYECKOTO TPOCTPAHCTBA (BIIPOYEM, OHA COJCPKUT U BCE
SaMKHYTI)Ie) . OOBIYHO B KayecTBE TOIIOJIOTHYECKOrO IMPOCTPAHCTBA BBICTYIIAET MHOXECTBO
BellecTBeHHbIX uucesn. C OopeneBCKOW cHurma-aareOpoil CBsi3aHO NOHATHE OOperIeBCKON
byHKLINN.
. BopesieBa (OopesieBckasi) (yHKnMs — oToOpakeHHE OJTHOTO TOMOJIOTUYECKOTO
IPOCTpPaHCTBAa B Apyroe (0ObIYHO 00a CyTh NPOCTPAHCTBA BEUIECTBEHHBIX YHCEIN), IS
KOTOPOT0 MPpoodpa3 Modoro 6OPEIeBCKOro MHOXKECTBA €CTh OOPENEBCKOE MHOMKECTBO.

NmenHo OopeneBckas curma-anredpa OOBIYHO BBICTYNAaeT B POJM CHUIMa-aireopsbl
CIIy4aifHBIX COOBITUH BEPOATHOCTHOIO MpocTpaHcTBa. B OopeneBckoit curma-anredpe Ha
OpsSIMOM WM HAa OTPE3KE COJEpXKATCsi MHOTHE «IPOCTHIE» MHOXECTBA: BCE HWHTEPBAIIBL,
MOJIYMHTEPBAJIbI, OTPE3KH U UX CUETHbIE 0O0beAMHEHUs. Bceskoe GopeneBCKOe MHOKECTBO Ha
OTpe3Ke SBISIETCS HM3MEPUMBIM OTHOCUTENbHO Mepbl Jlebera, HO oOpaTHOe HE BEpHO.
JIro00e moAMHOKeCTBO MHOKECTBA HYJIE€BOl Mepbl aBTOMaTH4YeCKH u3Mepumo mno Jleoery,
HO TaKOe MOKeT He ObITh O0pPeIeBCKUM.

PaccMoTpuM QyHKIMIO HA OTpE3Ke KaHTOPOBOM JIECTHUIIBL. JTa (YHKLUS MOHOTOHHA U
HEMpepbIBHA, Kak CIeACTBHE — u3MepuMa. Mepa oOpa3a KaHTOpOBa MHOXKECTBA PaBHA, a
3HAYUT, Mepa oOpas3a ero JONOJHEHUs Takke paBHa. [lockonbky Mepa o0pa3a KaHTOpOBa

MHO’KECTBa HEHYJeBas, B HEM MOXHO HAlTH HeM3MepuMoe MHOXKecTBO. Toraa ero mpooOpa3
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http://enterdigi.ru/pistfoeb26/%D0%9E%D1%82%D0%BE%D0%B1%D1%80%D0%B0%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
http://enterdigi.ru/pistfoeb26/%D0%A2%D0%BE%D0%BF%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE
http://enterdigi.ru/pistfoeb26/%D0%A2%D0%BE%D0%BF%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE
http://enterdigi.ru/pistfoeb26/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%BE%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%BE
http://enterdigi.ru/pistfoeb26/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D1%8F_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
http://enterdigi.ru/pistfoeb26/%D0%9A%D0%B0%D0%BD%D1%82%D0%BE%D1%80%D0%BE%D0%B2%D0%B0_%D0%BB%D0%B5%D1%81%D1%82%D0%BD%D0%B8%D1%86%D0%B0
http://enterdigi.ru/pistfoeb26/%D0%9A%D0%B0%D0%BD%D1%82%D0%BE%D1%80%D0%BE%D0%B2%D0%BE_%D0%BC%D0%BD%D0%BE%D0%B6%D0%B5%D1%81%D1%82%D0%B2%D0%BE
http://enterdigi.ru/pistfoeb26/%D0%9A%D0%B0%D0%BD%D1%82%D0%BE%D1%80%D0%BE%D0%B2%D0%BE_%D0%BC%D0%BD%D0%BE%D0%B6%D0%B5%D1%81%D1%82%D0%B2%D0%BE
http://enterdigi.ru/pistfoeb26/%D0%9A%D0%B0%D0%BD%D1%82%D0%BE%D1%80%D0%BE%D0%B2%D0%BE_%D0%BC%D0%BD%D0%BE%D0%B6%D0%B5%D1%81%D1%82%D0%B2%D0%BE

OyZeT u3MepUMbIM (TaK KaK OH JISKUT B KAHTOPOBOM MHOKECTBE, Me€pa KOTOPOro HyJeBasi), HO
He Oymer OopeneBCKMM (TMOCKONBKY WHade ObLIO OBl M3MEpPHMO Kak o0Opa3 OOpeneBCKOTo
MHOY€ECTBa IPU U3MEPUMOM OTOOPAKEHHN).

2.3 HenpepbiBHbIe KpHBble B METPHUYECKHUX NMPOCTPAHCTBAX

[Iyctb M — MeTpuueckoe MPOCTPAaHCTBO € METpUKOM p. KpuBoil B MeTpUUYECKOM
npocTpancTBe M Ha3oBeM HempepbiBHOE oTtoOpaxenuwe o: I — M, rme I — wunTepBan B R.
3ameuanue 1. B HekoTopoW mmTepaType MO METPHUYECKOW TE€OMETPUHM JaHHBI OOBEKT
Ha3bIBaeTCsl MyTEM JMOO mapaMmeTpu3aluell KpuBOil, a MOHATHE KPUBOM HCHOIB3yeTcs IS
0003Ha4YeHHsI Ki1acca MyTel, KOTOpbIe CBSI3aHbl 3aMEHOM MapamMeTpa.

ITycte a: [a, b] — M — kpuBas. Paccmorpum pa3zdouenune T = {ti} n i=0 oTpe3ska [a, b],
npudToM a =10 <tl <...<tn=b.

Huamerpom pazouenus HazoBem BenwmumHy d(T) = max i€l,.,n (ti — ti—1). [Jlanee
pacemotpum cymmy L(a, T) = X n i=1 p(a(ti), a(ti—1)). JauHOl KpuBOil oo OyaeM Has3bIBaTh
cnenyromyto BenuuuHy L(a)) b a = sup T L(a, T). KpuByto a: I — M Oynem Ha3bIBaTh
copsiMiisieMoil, ecnu 1 groboro ortpe3ka [a, b] € I Bemmumna L(a)) b a koneuHa.
Chopmynupyem psi WM3BECTHBIX W3 METPHUECKOW TE€OMETPUM CBOMCTB JIMHBI KPUBOHW B
METPUYECKOM IPOCTPAHCTBE

Jlemma 1. [lycts a: [a, b] — M — cropsimiisiemast KpuBasi, TOT1a:

1. JliinHa KpUBOM HE MEHBIIIE PACCTOSTHUSA MEX]y €€ KOHIIAMHU.
2. lnuna agmutuBHa: L(o)| ¢ a + L(a)| b c=L(a)| b a ama ¢ € [a, b].
3. ®ynxnus 1(t) = L(a)| t a HenpepbIBHA.
4. L(a)| ba=1imd(T)—0 L(a, T)

Crpsmisemyto kpuByio o: | — M Oyzem Ha3pIBaTh HaTypajbHO MapaMeTpU30BaHHOM,
eciu st mo0kIx a, b € I, roe a < b, cipaBenyuBo L(a)|ba=b—a

Jlemma 2. [Ina moGoii crpsimisieModt kpuBoil a: I — M cymecTByeT HaTypalbHO
napameTrpu3oBaHHas KpuBas f : ] — M (J — HekoTopblit uHTEpBai B R).

Paccmotpum ase kpuseie ol : [1 — M u a2 :12 — M, npoxonsuiye uepe3 TOUKy p € M B
MoMmeHTHI t1 € 11 u t2 € *I2 cooTBeTCTBEHHO. byieM roBOpUTh, YTO ITH JIBE KPUBbIE KacaroTCs B
Touke p, eciau lim At—0 p(al(tl + At), a2(t2 + At)) |At| = 0. 3ameTnm, 4TO TpPU 3aJaAHHOIN TOUYKE
P € M u KpuBOii @, MPOXOJAIIEH Uepe3 ATy TOUKY, 03 OrpaHH4eHUs] OOLTHOCTH BCEra MOKHO
cuutath, 4ro o0) = p. Kpome Toro, u3 ompeaeneHus KacaHus BHJIHO, YTO 3TO CBOWMCTBO
ABIIIETCS. JIOKAJIbHBIM CBOWMCTBOM KpHUBBIX, T. €. 3aBUCUT TOJIbKO OT IOBEJCHMSI KpPUBOIl B

HEKOTOPOU OTKPBITOM OKPECTHOCTHU TOYKH P.



2.4 JluHeiinble pyHKIUOHAJBI. ['eoMeTpruecKuii cMbICI

[Tpu n3yueHnn Bompoca HeOOX0IMMO OOPATUTh BHUMAHUE Ha CIIEAYIOIINE 0COOCHHOCTH.
JIuHelinbIi (PyHKIMOHAT — QYHKIMOHAN, O0Jagaromnii CBOMCTBOM JIMHEHHOCTH IO CBOEMY
apryMeHry:

Off + g) = 0[] + Olg]  D[c £] = ¢ D[f]

rae P — smneitnbiii gynxuponan, fug (GyHKIMU U3 ero o0JIacTH OmNpeAeieHus, € —

quciIo (KOHCTaHTA).

WHbIMU c10BaMU, 3TO JIMHEHHOE 0TOOpa)keHHe U3 (HEKOTOPOIo) MPpOCTpaHCTBAa (PYHKLUI BO
MHOJKECTBO YMCEJI — 4Yallle BCEro IO0Jpa3yMEBAEMbIX BELIECTBEHHbIMH, WIH, €IlE
vHa4e, TMHEHHEI omepatop, AeHcTByrommii u3 (HEKOTOporo) mpoctpancTBa ¢yHkimii B R
(unorna B ).

JluHeliHble GYHKIMOHAIBI UTPAIOT 0COOYIO POJIb B (PYHKIIMOHAIBHOM aHAIIU3E.

Kak u BooOme TepMuH 'QpyHKUMOHAN', TEPMUH 'MMHEWHBIH (yHKUMOHAN' yNoTpeOisieTcss u
BOOOIIIE /111 apryMEHTOB U3 BEKTOPHBIX IPOCTPAHCTB — B CMBICIIE JINHEHHOTO OTOOpaKEHUSI U3
KaKoOro-T0 BEKTOPHOI'O IPOCTPAHCTBA B €ro MPOCTPAHCTBO CKAISPOB, TO €CTb — B 3TOM
ynoTpeOIeHUH — ero apryMEHTOM MOXET ObITh He 0053aTeNbHO (PYHKIIMSL.

JIuHeiHbIi (hyHKITHOHAT SIBIIAETCS aHAJIOTOM OIlepaTropa MPOEUPOBAHUS IJISI
OECKOHEYHOMEPHBIX MPOCTPAHCTB (B YAaCTHOCTH, MJS MPOCTPAHCTB (PYHKIMI), a TaKxke
OpUMeEHseTCs Kak O0OOIIAOIMKA TEPMHH, MOKPHIBAIOIIMKA PAaBHO CIIydad KOHEYHOMEPHBIX U
0ECKOHEUHOMEPHBIX IPOCTPAHCTB.

OgHuM W3 BaXHEWIIMX  NPUMEPOB  JIMHEHHOro  (yHKIMOHANAa  CIYKUT CKaJsipHOE

IIpOU3BEIeHNE C PUKCUPOBAHHOMN QyHKIIMEN (31IEMEHTOM ITPOCTPAHCTBA):
O[f] = / flz)o(x)d
3)

Takue nuHeWHble (YHKIIMOHAIBI, MPEICTABISIIOIINE CKAIIPHOE MPOU3BEIECHUE f ¢ xamnoit us

0a3ucHBIX (YHKIMI MOJIHOTO Ha0Oopa, 1at0T mpsiMoe rpeodpa3oBanue Pypre.

o[f] = L Lf(x)dQ

. Ipumep. , rne L. — nummeiinbli omeparop, aeicTBYrOmMil Ha

GyHKIHIO f (I), £} — o6nacTs MHTErpUpPOBAHNS,

B YaCTHOCTH:

2 2 af?f df . 2 4
. flf(x)dx' fl(ﬁﬁ | BE | -jf)d.’ll’ ﬁﬂf(:t:,y)d;td—y’

./1_ k@)1 (m)dm, rne KK — nexoropas ¢puxcuposanuas gpymxumus,
off] = f(11) @] = f(1) - f(0)
3 20
D[f] = ghzo f_; flx,3)dx

° T
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https://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB
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https://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D0%BA%D1%82%D0%BE%D1%80%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%B0%D0%BB%D1%8F%D1%80
https://ru.wikipedia.org/w/index.php?title=%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80_%D0%BF%D1%80%D0%BE%D0%B5%D1%86%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%B0%D0%BB%D1%8F%D1%80%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%B5%D0%B4%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%B0%D0%BB%D1%8F%D1%80%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%B5%D0%B4%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%A4%D1%83%D1%80%D1%8C%D0%B5
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B0

3. METOAUYECKHUE PEKOMEHJIALIMNN
IO NIOAT'OTOBKE K 3AHATUAM

3.1 JIP-1 «OcHOBHBbIE IPHHIMIIBI M 3TANBI OCTPOEHUSI MATEMATHYECKOH MO/1e/TH»

IIpy DOArOTOBKM K 3aHATHIO HEOOXOAMMO OOpaTUTh BHHMMAaHHE Ha CIEAYyHOIUe
MOMEHTBI: OTJIMYUE MATEMAaTUYECKOH MOJEIU OT UHBIX MOJENeH; BO3MOXKHOCTh BepUpUKALIH,
T.€. IPOBEPKU MMOCTPOSHHON MOJIEH HA aJIeKBaTHOCTh PEAJIbHOMY MPOLIECCY MaTeMAaTHYECKUMU
METO/IaMHU.

3.2 JIP-2 «Ammpoxcumanus pyukuuii B cpene MathCAD»

ITpu nOArOTOBKM K 3aHATHIO HEOOXOAMMO 0OpaTUTh BHUMAHUE HA CIEAYIOLINE MOMEHTHI.

Annpokcumanus (0T jat. proxima — Omkaiiias) 17001 NpUOIMKEHHE —
HAYYHBII METOJl, COCTOSIIIMKA B 3aMEHE OJHHUX OOBEKTOB IPYTUMH, B KAKOM-TO CMBICIIE
OJIU3KUMU K MUCXOJHBIM, HO 00JI€€ IPOCTHIMH.

Annpokcumanus Mo3BOJII€T UCCIE0BAaTh YUCIIOBbIE XapaKTEPUCTUKU M KayeCTBEHHBIE
CBOICTBa 00BEKTA, CBOJS 3a7ady K M3y4EHHUIO 0oJiee MPOCTHIX WU 0oJjiee yIOOHBIX OOBEKTOB
(HampuMep, TaKUX, XapaKTEPUCTUKNA KOTOPBIX JIETKO BBIYHCIISIOTCS MIIM CBOMCTBA KOTOPBIX YiKe
u3BecTHbl). HekoTopble pa3gensl MaTeMaTUKW, B CYIIHOCTH, LEJIMKOM  IOCBSIIEHBI
annpokcuManuu. Hanpumep, reopust npubakeHuss GyHKIUH, YMCICHHbIE METObl aHAIN3A.

OnauM u3 Hanbosiee YacTo ymoTpeOIsieMbIX METOJIOB aIlllIPOKCUMAIIAN SIBISIETCS METOJ
HaMMEHBIIINX KBA/IPaTOB

Crnenyer oOpaTuThb 0co00O€ BHMMaHHE Ha BBIOOp AaHAIMTUYECKOHM (QYHKIUH JUIS
anmnpoKCUMaIUH B X0Jie 00pabOTKH pe3yIbTaTOB OMBITOB.

3.3 JIP-3 «Craa:xxuBanue U puIbTpanusi ONBbITHBIX JaHHBIX B cpene MathCAD»

[Ipy TOATOTOBKM K 3aHATHIO HEOOXOAMMO OOpaTUTh BHHMAaHHE Ha CIEIYIOIIUE
MOMEHTBI: HEOOXOAMMOCTb IpeBApUTENbHON O0OpaOOTKU OMBITHBIX JTAHHBIX (BbIpAaBHUBAHHE,
CriaXkuBaHue, (GUIbTpaLus); BUIbl (QUIBTPALUU (CKOJB3SIIEEe yCpelHEeHHe, MO0JI0coBas U JIp.)
JUTSL yIaIeHUsI COOTBETCTBYIOIIECH «IITyMOBO#» KOMIOHEHTHI; BCTpoeHHbIe GyHKImu MathCAD

3.4 JIP-4 «HcciienoBanue cBOCTB OMHAPHBIX OTHOIIEHMII»

IIpy MOArOTOBKM K 3aHATUAM HEOOXOAMMO OOpaTHUTh BHHMAaHUE Ha CIEAYIOIINe
MOMEHTBI: OMHapHOE OTHOIIEHHE KaK MOJAMHOMKECTBO NMPSMOIo (JeKapTOBOr0) MPOU3BEIACHUS
MHO’KECTB; BUJIbI U CBOMCTBA OMHAPHBIX OTHOLICHUH.

3.5 JIP-5 «HMcciienoBanue CBOMCTB ajiredpandecKux CTPyKTyp»

3.6 JIP-6 «MccienoBanue cBOMCTB a/iredpanyecKux CTpyKTyp (IpoaoJzKeHHe)»

3.7 JIP-7 «HcciienoBanue cBOMCTB ajiredpanyecKux CTpyKTyp (IpoaoJzKeHHe)»


https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%83%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%BF%D1%80%D0%B8%D0%B1%D0%BB%D0%B8%D0%B6%D0%B5%D0%BD%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D1%8F_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7

IIpy NOArOoTOBKM K 3aHATUAM HEOOXOAMMO OOpaTUTh BHMMAaHUE Ha CIEAYHOIUE
MOMEHTBI: TIOCTPOCHHUE aNredpbl CTPYKTYP; aKCHOMATHYECKOE OMpEIeNICHHE alre0pandecKux
CTPYKTYD, IPUMEPHI.

3.8 JIP-8 «MHcciaenoBaHue MeTPUKH padodero NPOCTPAHCTBA HEKOTOPBIX
YHCJIEHHBIX METOA0B)»

3.9 JIP-9 «MHccnenoBaHue MeTPHUKH padoyero MNPOCTPAHCTBA HEKOTOPBIX
YHCJIEHHBIX METO0B»

IIpy NOArOoTOBKM K 3aHATUAM HEOOXOAMMO OOpaTHTh BHMMAaHUE Ha CIEAYyHOIue
MOMEHTBI. Pa3JIMUYHbIE YHCIEHHBIE METOJbl PELICHHUs anreOpanyecKux YpaBHEHUH M CHCTEM
anreOpanyecknX  ypaBHEHHH; HEOOXOAMMOE U JOCTaTOYHOE  YCIOBHUA  CXOJUMOCTH
UTEPAIMOHHBIX IPOIIECCOB.

3.10 JIP-10 «Pemenune 00bIKHOBEHHBbIX AU PepeHINANBHBIX YPABHEHHII MEPBOro
nopsiaka. 3agada Komm»

[Ipy TOATOTOBKM K 3aHATHIO HEOOXOAMMO OOpaTUTh BHHMAaHHE Ha CIEIyIOIIUe
MOMEHTHI: BUBI [V miepBoro mopsinka ¥ METOJbl UX pemeHus; (opmyiarpoBka 3agaun Komm
JUis OOBIKHOBEHHBIX JIY mepBoro nopsjaka.

3.11 JIP-11 «YuciaeHHble MeTOAbI pellieHusi 00bIKHOBEHHBIX AnQdepeHInaabHbIX
YPaBHEHM MEePBOro MOPSAKa»

[Ipy TOATOTOBKM K 3aHATHIO HEOOXOAMMO OOpaTUTh BHHMAaHHE Ha CIEIyIOIIUe
MOMEHTBI: Pa3JIMYHbIe METOABI YMCIEHHOTO MOJIENMpOBaHUs pemieHus Y mepBoro mopsjaka;
0COOEHHOCTH KaX/I0T0 METOJa; CpaBHUTENbHAas XapaKTEepUCTHKa U OLEHKH IOrPEIIHOCTH
METO/IOB.

3.12 JIP-12 «McciienoBaHue CBOMCTB JMHEHHBIX MPOCTPAHCTBY

IIpy NOATrOTOBKM K 3aHATHIO HEOOXOAMMO OOpaTUTh BHHUMAHHE Ha CleIyolue
MOMEHTBI: aKCHOMAaTHYECKO€e OIpe/IesIeHUe JIMHEHHOro MpOCTPaHCTBa, CBOWCTBA U OCOOEHHOCTH
3aJ]aHAsI METPUKH; BOITPOCHI CXOJIMMOCTH B IMHEWHOM TIPOCTPAHCTBE.

3.13 JIP-13 «HMcciienoBaHue cBOHCTB HOPMHPOBAHHBIX MPOCTPAHCTBY

[Ipy TOATOTOBKM K 3aHATHIO HEOOXOAMMO OOpaTUTh BHHMAaHHE Ha CIEIYIOIUe
MOMEHTBI: OIIpeieIeHre JIMHEHHOTO HOPMHPOBAHHOTO NMPOCTPAHCTBA, CBOMCTBA U OCOOEHHOCTH
3aJJaHHsI HOPMBI; BOIIPOCHI CXOIMMOCTH B HOPMHUPOBAHHOM TPOCTPAHCTBE.

3.14 JIP-14 «McciienoBaHue CBOWCTB €BKJIMI0BBIX MPOCTPAHCTBY»

IIpy TDOATOTOBKM K 3aHATHIO HEOOXOAMMO OOpaTUTh BHHUMAHHE Ha CJeIyolue
MOMEHTBI: aKCHOMAaTHYECKOE OIpe/ieieHne JIMHEHHOTo €BKJIM0BAa MPOCTPAHCTBA, CBOICTBA U

0COOEHHOCTH 3agaHus METPUKH; BOITPOCHI CXOJUMOCTH B €BKJIMJ0BOM ITPOCTPAHCTBC.



