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MeToaunyeckme ocCo6eHHOCTU opraHusauum paboTbl CTYAEHTOB Mo TeMe
«UccnepoBaHme YMCNOBLIX PAAOB HA CXOAUMOCTbL»

AHHOmMauyus. C uyenbro rnosbIleHUs ypoB8HS Mamemamu4yecKkol nod2omosKku cmydeHmos
mexHU4YecKux crieyuasibHocmel Heobxo0uMo ocoboe 8HUMaHUe yoersnsimb meM 80rpocam
MamemMamuku, 6e3 MpoYHO20 3HaHUsT KOMOPbIX HEBO3MOXHO ycrewHoe oby4yeHue 8 8bic-
wem yyebHom 3agedeHuu. B 0aHHOU cmambe Ha rpumepe op2aHusayuu pabomsl cmyOeH-
moe o peweHuto 3aday no meme «¥ccnedosaHue 4ucrosbix pssi0o8 Ha CX0OUMOCMby» Oe-
MOHCMpuUpyromcs ocobeHHocmu ayoOumopHO20 UfiU caMOCMOsIMesIbHO20 U3yYeHUs1 0aH-
Hoeo eoripoca. CodepxxaHue cmambu npedcmasrisem uHmepec 0 npenodasamenel u
cmydeHmos crieyuanbHocmel MexHU4YeCcKo20 Ulu MamemMamu4eCcKo20 HarnpaessieHus.
Knroyeenble crnosa: ebicluas Mamemamuka, 4yucsiogol psid, aydumopHasi paboma cmyoOeH-
mos, geHeayoumopHasi paboma cmyO0eHmos.

Pa3den: (01) omoderbHble 80rpockl cghepbl 0bpazosaHusl.

OAHMM 13 BaXKHbIX HABbIKOB ANl CTYAEHTa TEXHUYECKOro npoduns, npuobpeTaembix
B MpoLecce U3y4yeHns BbICLLEN MaTeMaTUKK, SABMASETCS HaBblK peLleHnsa 3agadnm nccneno-
BaHWS YMCMNOBbIX N OYHKLMOHAMNbHbIX PALOB Ha CXOAMMOCTb. M3ydeHne gaHHOro Bonpoca
oTpaxaeT ngen CUCTEMHO-AeATENTbHOCTHOrO NoAXo4a B OCBOEHUM Kypca BbICLUEN MaTeMa-
TVKW. [aHHbIn pasgen npefocTaBfisieT XOpowwunh maTtepuan Afs COBEepLUEeHCTBOBaHMUSA
HaBblka paboTbl ¢ TeopeTndecknm matepuanom. OTaenbHble BonNpockl TeMbl «/ccnegoBa-
HWe YMCNOBbIX PSAOB HA CXOANUMOCTb» MOrYT OblTb NPEeAnoXeHbl CTyaeHTaM ANng BHeayau-
TOPHOro n3dy4eHus. Takas camocToATenbHaa paboTta CTyAeHTOB 0b6A3aTeNbHO COMPOBOX-
AaeTcsa KOHTPONeM kayecTBa NpuoBpeTeHHbIX 3HAHUIN, YMEHWIA U HaBbIKOB.

lNepen n3yyeHnem gaHHOro Bonpoca npenogasaTterib OpraHu3yeT NoaroTOBUTENbHYIO
paboTy ayaAUTOPHOro Uy BHEAyAUTOPHOIO XapakTepa no akTMBu3aunm 3HaHU paHee n3y-
YEHHbIX BOMNPOCOB, HEOOXOANMbBIX AS1S1 YCNEeLWHOro 0CBOEHNS AaHHON TeMbl. Heobxoammo
NMOBTOPUTb OCHOBHbIE METOAbI BbIYMCIIEHNS NPEAENioB, YeTKO pa3nuyaTtb Heobxoammble U
AoCTaTouYHble NpU3Haku. B pesynbTaTe NOAroTOBUTENBLHON paboThl CTYAEHT AOSMKEH 3HATL
cnegyowune onpegeneHns n Teopembl: YUCNOBOW psd, cyMma psaa, opmyrna n-ro YneHa
psga, Heobxo4MMbIN NPU3HAK CXOAMMOCTWN YMCIOBOMo psiga, 4OCTaTOYHbIE MPU3HAKK CXO-
ANMOCTU psdoB. TeopeTnyecknin matepmarn, npuMmepsbl peleHns 3agad, 3agadv onsg camo-
CTOATENbHOrO peLleHns npenogasaTternb MOXeET pa3mMecTUTb Ha CBOeM caunTe, NepcoHarb-
HOW CTpaHuue odmumanbHOro camTta By3a UnNn BOCNONb30BaTbCA cpeacTtBamm nobon co-
BpeMeHHOW BUpTyanbHon oby4vatowen cpegbl (Hanpumep, Moodle).
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Hay4HO-METOANHECKIIA
SAEKTPOHHbBIA XXYPH3A
B kauecTBe nogrotoBuTENbHON PaboThl MOXHO pEKOMeHA0BaTbL paboTy ¢ Bonpocamu
no TeopeTnyeckoMy matepuany (3agada 1).
3apava 1
[aH pag > an. YKaxunTte, Kakme U3 crieayrowmx yTBepXX4eHUN BEPHbI:
1) Ecnu lim a, = 0, TO 0 cXoOUMOCTM psiia HUYEro onpeaeneHHoro cka3aTb Herb3s.
n—->0oo
2) Ecnu lim a, =0, T0 pan cxoautcs.
n—->0oo
3) Ecnu pag cxogutes, To lim a, = 0.
n—>oo
4) Ecnwu psag pacxogutces, To lim a, # 0.
n—->oo
5) Ecnn lim a, # 0, TO psig pacxoguTca.
n—->0oo

3aTtem HeobxoamMmo obcyanTb CO CTyAeHTaMm anropuTtm (Cxemy) nccnenoBaHust Ync-
FI0BOr0 3HAKOMOSOXUTENBHOIO psiia Ha CXOANMMOCTb. Takylo CXeMy B Ka4eCTBe HarnsgHoro
nocobmna MOXHO MCNonb3oBaTb B BUAE cnanga wnu pasgatoyHoro matepuana (puc. 1).

[laHHbIN 3HAKOMONOXNTENBHbLIN pPAL

MpumeHsiem

nmMbo 1-1n NpM3HaK cCpaBHEHWS,
nmMbo 2-n NpU3HaK CpaBHEHWS,
nnéo npusHak Janambepa,
nmbo npmsHak Kowwuw,

nMBO nHTerpanbHbIN NPU3HaK

MpusHak Mpu3Hak [MpoBepsem
BbINONHEH He BbIMOJTHEH HeobXxooMMbIV
npu3HaKk
[MpusHak MpusHak
He BbINOMHEH BbINOJSIHEH
Pag cxogutes Pag pacxoautcs
Mpu3Hak oTBeTa He AaeT, crnegyeTt NPUMEHUTL APYron NpusHak

Puc. 1. Obwas cxemMa 4uCi08020 3HaKOMNOI0XUmesibHo20 psida Ha cxodumocms [1]

HaumMHaTb nccnegoBaHue psga Ha cxoauMocTb yaobHo ¢ Heobxoammoro npusHaka (B
Tex crny4asix, rae 3To caenatb HeTpyaHo). B aTom cniyyae xon paccykaeHun BuirnsaguT cne-
aylowmm obpasom.

Cxema uccriedoeaHus.

lim a,, #0 — psg pacxoguTcs.

n—->oo

lim a, =0 — Henb3sa caenaTtb BbIBOA O CXOAMMOCTU psiga. Hy>XXHO NpogomknTb nccne-

n—-oo

AOBaHWe C NMOMOLLbI0 JOCTAaTOYHbIX NPU3HAKOB CXOANUMOCTH.
Mpumep 1
1 2 3 4 5
BbIACHUTbL, cXxoguTCa uUnu pacxoauTcs psa Sttt tgt+t % +
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. n+1 . 1
[MpoBepuM BbINOMHEHME HeobxoaMmoro npusHaka: lim — = lim — = 1 # 0. 3Ha-

n—oo n+3 n—oo 1+E
w N+l
ynT, pag anlm pacxoguTcs.
Omeem: psg pacxoanTcs.
3apava 2
[okasaTb pacxoguMOCTb CreayLWmnx psaoB, NCNonb3yst He0b6XoanMOoe yCcnoBmue Cxo-

AMMOCTU. [1Ns BbINONHEHUS 4AHHOTO 3a4aHns He06XoANMO NOBTOPUTL HEKOTOPLIE NPUEMbI
BblUMCIIEHNS Npeaena yHKLMN.

1
1) Xn=icos—;
5n+2

2) Zn 1(_ )nm
3) Zn 1 ( ) )

4) Zn 1ln(n+1)

1

5) X .(n+ Darctg—;

6) Y1 \/3n +1;

7) Zn 1n31

-1

8) Yo, (-1 [2-4].

Hanee Heob6xo4MMO NokasaTb CTy4EeHTaM Ha NpMMepax peLlueHns 3afad Xog4 paccyx-
AEHUN Npu UccnefoBaHMM YMCIOBLIX PSAOB HAa CXOOMMOCTb M PEKOMEHOOBATb peLunTb
npeanoXeHHble 3agavyM CaMOCTOATENbHO C Lenbio dOPMUPOBAHUSA U Pa3BUTUS HaBblka
NPUMEHEHNSA NPU3HAKOB cXOoANMMOCTU. OBbLIYHO HauMHAKOT Takyk paboTy C NPUMEHEHUs
NPU3HaKOB CPaBHEHUS.

Mpumep 2

o 1

PaccmMoTpum 3HAKOMONMOXUTENbHbIN PAa Yoo —

B kayecTBe 4OCTAaTOYHOrO Npr3Haka NpUMeEHUM NepBbiii MPU3HaK CpaBHEHWS.
Mpun =2 Inn <n. Torga cnpaBeafiMBO HEPaABEHCTBO ANsl 06paTHbIX NOMOXUTENb-

1 1
HbIX BE€JTUYUH — > —.
Inn n

3n3+4

o 1 o o
Bo3bMeM 3a 3TanoHHbIN psg Yoo 27 (rapMOqueCKmm psif), KOTOPLIA pacxoauTcs.

Ecnuv aTanoHHbIv psg Y- 27 pacxo,u,mcg TO W pAg Yo 27 pacxo;:u/ch;l

Omeem: psan paCXO)J,VITCFI.
[ns camocToaTenbHOro nccneaoBaHnst CTyaeHTaM peKoMeHayeTcst pelwmnTb 3agady 3.
3apava 3

MCCﬂeﬂ,OBaTb pano Ha CXoauMMOCTb, NPUMEHUB NMPU3HAKN CpaBHEHUA:
1
oo .
1) Zn—l ln(n+1) !

241
3) Zf=15n+1[ —7].
PaccMoTpuM npumMepsl 1 3a4ayuv Ha NpuMeHeHune npuaHakos [anambepa n Koww.
Mpumep 3
Wccnemyem Ha cxoammocTb paa Y&, 2327-Cn-D 1 Mpuvenum npusHak [a-
Ay A PAR Ln=1""7 765 2n wanris P P
nambepa.
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MeeM . = 1357.(2n-1) 1 a _ 1357.2n-1)(2n+1) 1 BLIYMCIM NDe
nT 2.4.68.2n n-3nt? TNFL T 5 6.8..2n(2n+2) (n+1)-3n+2° P
en lim &t = Jjm GO 3™ 11 g aUuT, JaHHBIN PS CXOAUTCS
A noo An  nod (2n+2)(n+1)-3"+2 373 ’ » A piA A ’
Omeem: psag, cxoguTcs.
Mpumep 4
n .
Nccnegyem Ha cxogumoctb psag Yog-(——)". Mo npusHaky Kowwn lim %/a, =
3n+1 n—-oo
. n n n— i n — l
Tlll_r& /(3n+1) Al_r& rvrialis < 1. Taknm obpasom, psia cxoauTcs.

Omeem: pan cXoauTcA.
[1ns camocToaTenNnbHOro pewenunda CtygeHtaMm pekoMmeHayeTCcA BbINOJTHUTL 3aayn 4nb5.

3apava 4
MCCﬂe,D,OBaTb paa Ha CXoAMMOCTb, NPUMEHUB MNMPU3HaK ,El,anaM6epa:
1) ¥ 1357.2n-1) 1
n=1 5.46-.2n n-3n+1’
o 10
2) Zn=17;
[ee] Zn
3) T, [8-10].
3apaya 5

WcecnepoBaTb paa Ha CXoOUMMOCTb, NPUMEHUB MNMPU3HaK Kowwwm:

1) IeaGh

2nn+1
(o] n.
2 Tl )"
2

3) Yiign(1+2)™ [11-13].

Ans paboTbl ¢ MHTErpanbHbIM MPU3HAKOM CTYAEHTbI AOMMKHbI CAMOCTOSITENIBHO MOBTO-
puTb Tabnuuy paHee N3y4YeHHbIX UHTerpanoB 1 OCHOBHbIE METOAb! BbIYUCIIEHNS] MHTErPanoB.

Mpumep 5

1
Wcecnenyem Ha cxoauMocTb psig Z;‘fzzm C NMOMOLLIbIO MHTErparnbHoOro npusHaka. He-

006X04MMbI NPU3HAK BbINONHEH: lim a, = lim
n—-oo nooconinn
1

= 0. YneHbl psga MOHOTOHHO YObIBalOT

> 2: : / :
npu N > 2: — DD MpYMEeHNM MHTEerpanbHbIil MPU3HaK, pacCMOTPUM UHTerpan
[F° 2 x| | T2 = +oo. Wnterpan [7°-2 pacxoputcs, cneaoBaTenbHo, ps
2 xinx 2 ’ P 2 xlnxp A ’ A » PAA
1
[ee]
Yoy —— pacxoauTcs.
Omeem: psg pacxoanTcs.
3apaya 6

WcecnepoBaTb paao Ha CXoguMMoOCTb, NPUMEHUB VIHTeraJ'IbeIIZ NPU3HaK:
1) anl nio’
o 1 .
2) Ynmig fRe0<p<1;
o 1 14—
3) Y1 sgaor [14-16]

[ns vccnegoBaHUs Ha CXOAMMOCTb 3HaKOYepeaylLMXCa PSA0B X0 PacCyXXaeHUN
MOXHO MPOAEMOHCTPUPOBATL CTYAEHTaM Ha NpUMepe CXeMbl, N300paXKeHHON Ha puc. 2.


http://e-koncept.ru/2018/

Bepaasosa O. b., XacaHos H. A. Memoduy4eckue ocobeHHocmu op2aHu3ayuu pa-

60mobl cmydeHmMo8 o meme «Mccnedo8aHue YUC108biX PA008 HA CXOOUMOCMb»
// HayuHo-memoouyeckuli an1ekmpoHHbIl #ypHasn «KoHyernmy». —2019. — Ne V6, —
0,4 n. n. — URL: http://e-koncept.ru/2019/196051.htm.

HaY4YHO-METOANHEeCKIA
SAEKTPOHHBIA >KyPH3A

NcxogHbin pag Y-, a,

BbINOMHeH N Heobxoau- HeT Pan Y., a, pacxoanTcs
MbI Npu3Hak: lim a,, = 07
n—-oo
aa
HeT
ABnseTca nu psag Y- an
3Hakoyepeaywmnmca?
aa HeT
MpwusHak JlenbHunua npm-
BbinonHsaeTcs nu ycnosue MEHSITb HEeNb3s, MOXHO
MOHOTOHHOCTH nccnepoBatb  OaHHbIN
la,| = |ay| = |as| =2 psa  Ha  abCconioTHyo
CXOOUMOCTb
4a

Pag Y.-, a, cxogutcs (BoobLue ro-
BOpsi, He abBCOMNTHO)

WccnepgoBatb, cxoauTcss NN psia Y-, a, abCOMTHO uNn
YCMOBHO

Puc. 2. Cxema uccriedoeaHus 3Hako4depedyouje2ocs psida Ha cxoOUMOCMb
¢ noMouwibto ripudHaka JletibHuya [17]
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[nsa nccneqoBaHUs 3HaKoYepeayLwerocs psaga Ha CXoAMMOCTb MOXHO NPeanoXuTb
crnegyrowme npuMmepbl Ans 4EMOHCTpaUUn Xoda pacCyXaeHun n 3agadn ansg caMmocTos-
TEeNbHOro peLLeHus.

Mpumep 6

Wccnenyem Ha CXO,EI,VIMOCTb 3HakoyepenyLwmmncs pag Yo—o(— 1)” . CoctaBum psg

13 abCOMOTHBIX BEMUYMH: Yo z_n' Mony4ynMm reomMeTpuy4eckyto NPorpeccuto co 3HaMmeHare-

1 1 o
nem q = -~. Pan Z;’{;OZ—n CXOAMNTCS. 3HAYUT, UCXOAHbIN PAO CXOAUTCS aGCOMOTHO.

Omeem: psag, cxoamnTcs abCosoTHO.
Mpumep 7

Wccnegyem Ha cxoguMoCTb 3HaKoHepeayoLMNCs pag Yo o(— 1)“ i I‘IposepMM HeoO-
n(1 g)

XOOUMbIA MPU3HaK: 11m = 0. HeobxogmMmbln Npu3HaK BbINOMHEH. Bbisic-

2+3 T oo n2(1+n—12)
HWUM, BbINOJIHEHO J'II/I ana OaHHOro 3Hako4depenywuleroca pdna ycrnosnme MOHOTOHHOCTW.
(n+1)+1 n+1 (n+1)+1 _ n?+3n-2

> = > -
| n | - |a"+1 | n2+3 — (n+1)2+43’ nz+3 (n+1)2+3 (n2+3)((n+1)2+3) >0npun > 1. Takum 06

pa3oM, yCrioBue MOHOTOHHOCTM BbINOMHEHO. Pag Yo (— 1)”

OHuua. [lanee HeobxoOMMO BbLIACHUTL, abCOMOTHO UMK ycnosHo cxogutcsa psag. HetpygHo
n+1

yCTaHOBUTb, Hanpumep, No UHTerpanbHOMY NPU3HaKY, YTO PAA Yoo pacxoamTcs.

n2+3
Omeem: psag, cxoguTcs YCNOBHO.
3apava 7
WcecnepoBaTb CXOAMMOCTL 3HAKOYepeayLWmUXcs pSgoB U YCTaHOBUTL XapakTep CXo-
ANMOCTH (a6con+0THa;| yCnoBHas):

1) X (CD"—

2) T (DS

3) Ty (-1 [18-20].

B paboTte c Takoro poga cxemamu-anropyutMamu crieqyet npugepxmsaTtbes audde-
PEHUMPOBAHHOIO NoAXo4a: B 3aBUCMMOCTU OT YPOBHSA YCNEBAEMOCTU CTYAEHTOB (HU3KUNA,
CcpenHUn, BbICOKUIN) MOXHO OpraHu3oBbiBaTb paboTy MO roToBbIM CXEMaMm No BCEM BOMPO-
caM TeMbl (HU3KWNn ypOBEHb) NN NO OTAENbHLIM BONPOCaM B KadecTBe npumepa (cpegHun
1 BbICOKUI YpoBHM). Kpome Toro, npu NoaroToBKe CTYAEHTOB K 3k3ameHy paboTta ¢ JaHHbIMU
cXemamu 1 npumMepamMu peLleHns 3agay no3BonnT 6bICTPO BOCCTAHOBUTbL HYXXHbIE HaBbIKW.

Takum obpasom, npu udydeHun Tembl «MccnegoBaHne YUCIOBLIX PSAOB Ha CXOAuU-
MOCTb» ayAUTOpPHasi U BHeayaUTOpHas OeATerNbHOCTb CTYAEHTOB MOXeT ObiTb OpraHun3o-
BaHa C y4eToM 0cobeHHOCTen AaHHOro yyebHoro Bonpoca. ANrOpUTMUYHOCTb, HarnsagHble
CXeMbI-anropuUTMbl 4115 pacCyXOEeHUI, yKasaHUs No peLleHnto 3agad, cuctemMa ynpaxHeHum
ANs camocToATeNbHOM paboThbl NO3BONAIOT CTYAEHTaM B CXXaTble CPOKM YCMNELLHO YCBOUTb
AaHHbIN y4ebHbIn maTepuan [21-23].

n2+1
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Methods of students’ work organization to learn the topic “Research of numerical series for conver-

gence”

Abstract. In order to improve the level of mathematical training of engineering majors, it is necessary to pay

special attention to those mathematical issues, without solid knowledge of which successful learning in a uni-

versity is impossible. This article demonstrates methods of organizing classroom or independent students’

work by the example of solving tasks on the topic “Research of numerical series for convergence”. The article

may be interesting to teachers as well as Mathematics and Engineering majors.
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