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Meroauyeckue pekOMeHaauuu 1o usydyeHuro aucuuminael EH.04 Yucnennele MeToab!
npenHaszHadeHs! 15 ctyaeHTos u npenoaasareneiit AHO 1O «III'TK». Meroauueckue
YKa3aHUS OMPENEISIFOT OPUEHTHPBI U CLIOCOOCTBYIOT O0J1ee 0OCTOSITEIbHOMY YCBOCHUIO
POTPaAMMHOTO MaTepuaa, OpraHM3aluy CAMOCTOSITEIBHOTO MPOLIecca H3yU4eHUs! yaeOHOTro
npeaMera oOyqaroIUMHCS 10 CrielHaIbHOCTH IIporpaMMHupoBaHue B KOMIBIOTEPHBIX
CUCTEMaXx.

JlaHHbIE METOMYECKHE PEKOMEHAALIUY TOMOTYT OPraHU30BaTh CAMOCTOSITENbHYIO
IEATeIbHOCTh CTYACHTOB Ha OCHOBE JESITEIbHOTO M KOMIIETEHTHOTO TIOAXO00B K 0OYYEHHIO, UTO
cootBercTBYeT PI'OC CIIO no cnenuansHoctu 09.02.03 TIporpamMmmMupoBaHye B KOMIIBIOTEPHBIX
CHUCTEMAX.

ABTtop-coctaButenb: Jlonranosa S.A., cT. mpenonaBatenb

VYTBepKIEHO Ha 3acenaHuM Kadeapbl MAaTeMaTHYECKHMX M €CTeCTBEHHO-HAYyYHBIX
OUCLUIIINH, TPOTOKOI Ne 6 oT «21» sauBaps 2019 r.

PexomennoBansl k yrBep:kaeHuto negarorudeckuM cosetom AHO I1O «I1I'TK»
(mpotoxon ot «5» deBpainsa 2019 r. Ne 3).
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HOACHUTEJIBHASA 3AIIMCKA

JlaHHbIE METOJMYECKUE PEKOMEHJAIMK HAMpaBiCHbl HAa PEaIu3alMI0
caMmocToaTenbHor padoTel 1o yuebHoit mucumruimae EH.04 YucneHHble METOBI
s cryaeHTtoB  no  cnenumanbHoct  09.02.03  [IporpammupoBanue B
KOMIMbBIOTEPHBIX CUCTEMAX.

CamocTosiTenbHas padoTa CTyJCHTa ABJISETCSA OJHUM U3 OCHOBHBIX METOJIOB
MproOpEeTEeHNs U YTy OJeHN 3HaHUH, TTO3HAHKA OOIIECTBEHHON MPAKTHKH.

I'maBHO#M 3amauel caMOCTOATEIBLHON PaOOTHI SABAACTCS PAa3BUTHE OOMIMX H
nmpodeccCHOHaATFHBIX KOMTIETEHITHH, YMEHUH TIPUOOpeTaTh HaydHbIE 3HAHUS TTyTEM
JUYHBIX TIOWCKOB, (POPMHUPOBAHHWE AKTUBHOTO MHTEPECA W BKyca K TBOPUYECKOMY
CaMOCTOATENBbHOMY TIOJX01y B YUeOHOM U MPAKTUUECKON padoTe.

CamocrodarenbHas paboTa CKIAAbIBAETCA W3 M3yYeHUsA YyuyeOHOW U
CIEUUAJILHON JIMTEPATYPhl, KAK OCHOBHOM, TaK W JIOMOJIHUTEJIbHOW, BBIMOJIHECHUS
MPAKTUYECKUX 3aJaHUMN.

Mertoauueckue  pPEKOMEHAAIIMKM MO  BBIMOJHEHUIO  CaMOCTOSATEIbHOU
BHEAyUTOPHON paboThl pa3padoTaHbl B COOTBETCTBUM ¢ mporpammoir EH.04
Uucnennsie metoasl. EH.04 UncnenHubie METOIBI SBIISETCS YaCThIO
po¢eCCHOHAITEHOTO UK, 00menpodecCHOHANBHBIX TACITUTLINH.

B pesynbTate ocBoeHHS yueOHOM AUCIUATUIMHBI 00YYaIOMIUNACA TOKEH
YMETh:

* UCIOJIb30BATh OCHOBHBIC YMCJIEHHBIE METO/IbI PEIICHUS MATEMATHUECKUX
3a/1au;

* BBIOMPaTh ONTUMAJIbHBIA YACIICHHBIA METO /1 PEIICHUA TOCTABICHHON
3a/7auu;

* JaBaTh MAaTEMATHUCCKUE XaPaKTEPUCTHKH TOUHOCTH MCXOMHON MH(MOpMAITAN
Y OLIEHUBATh TOYHOCTh MOJIYYEHHOTO YHUCIIEHHOTO PEIICHUS;

* pa3pabaThiBaTh AITOPUTMbI U IPOTPAMMBI J1J1 PEIIEHUS BIYUCIUTENBHBIX
3a/1a4, YUATHIBAs HEOOXOAUMYIO TOUHOCTb MOJYyYaeMOro pe3yJibTara.

B pesyabTate ocBoeHUs yueOHOM AMCIUTIMHBI 00yYarOIMMIACs TOJHKEH 3HATh:
®  METOJbl XPAHEHUA YUCEN B IAMSTH 3JICKTPOHHO-BBIYMCIUTEIbHOW MAIlIMHBI
(manee —2BM) u melicTBHS HaJT HUMH, OIICHKY TOYHOCTH BBIUMCIICHUIA;
®  METOJbl PEUICHUS OCHOBHBIX MAaTEMATUUYECKUX 3a7a4 — MHTEIPUPOBAHMS,
muddepeHIMpoBaHms, PEIICHAS TMHEHHBIX U TPAHCIICHICHTHBIX YPaBHCHUN
U CUCTEM ypaBHEHH ¢ moMolsio OBM

Pe3ynpTaToM OCBOCHMS AUCITUIIIMHBI SBISCTCS OBJIAICHAE 00YUaIOIIUMUCS
O0IINX KOMIIETEHIINH:



OK 1. Tlonumath CyIIHOCTh U COIUAIBHYIO 3HAUMMOCTh CBOCH Oy ayIiiei
npodeccun, MPOSBIIATh K HEW YCTOWUMBBINA HHTEPEC

OK 2. OpranuzoBbiBaTb COOCTBEHHYIO ACATEIBHOCTh, BHIOMPATh TUMOBBIC
METOJBI M CHOCOOBI BBITIOJHEHUA MPOGECCHOHATBHBIX 33134, OICHHUBATh WX
3¢ PeKTHBHOCTH ¥ KAYECTBO

OK 3. [lpuHumaTh pemieHns B CTaHIAPTHBIX W HECTAHAAPTHBIX CUTYyaIUsaX U
HECTH 33 HUX OTBETCTBEHHOCTh

OK 4. OcymmecTBiaTh TOUCK W UCTIOIh30BaHUE MHGOPMANAX, HEOOX0IUMMOH
Jutst 3¢(PEKTUBHOTO BBHITIOJIHCHHS TPO(PECCHOHANBHBIX 3aAa4, MPO(ECCHOHATLHOTO
U JIMYHOCTHOTO PA3BUTHSA

OK 5. Ucnonp3oBats HHGOPMAITMOHHO - KOMMYHHUKAIIMOHHBIE TEXHOJIOTHH B
poeCCHOHATBLHOMR ACATEILHOCTH

OK 6. Pabotars B koiekTHBE U KOMaH e, 3(HEKTUBHO 0OIATHCSA C
KOJUTETaMH, PyKOBOACTBOM, TTOTPEOUTEISIMHU

OK 8. CamoctodrenpHO ONpeneaarh 3adaud  IPoPECCHOHATBHOTO |
JUYHOCTHOTO PA3BUTHA, 3aHUMATHCA CaMOOOpPa30BaHUEM, OCO3HAHHO TIIAHUPOBATH
MOBBIIIEHNE KBATM(PUKATTIH

OK 9. OpueHTHpOoBaThCs B YCJIOBUSIX YACTOM CMEHbI TEXHOJIOTHM B
poeCCHOHATBLHOR ACATEILHOCTH

[1IK 1.1. Bemoaasats pa3paboTky cnenudukauy oOTAeTbHBIX KOMITOHEHT.

[TIK 1.2. OcyiecTBasTh pa3padoTKy KOJa MPOrpaMMHOr0 NPOIyKTa Ha
OCHOBE TOTOBBIX CHETU(UKAINI HA YPOBHE MOJTYJISL.

I1K 2.4. Peann3oBBIBaTh METOABI TEXHOJIOTHUH 3aIUTHI HH(GOPMAIIUH B 0a3ax
JTAHHBIX.

[TK 3.4. OcyiecTBysATh pa3paboTKy TECTOBBIX HAOOPOB U TECTOBBIX
CLICHAPHEB.

CamocTosiTennbHas paboTa CTyIeHTa AOKHA HAUMHATHCS C U3YUCHUS, OCMBICICHUS
W3JI0’KEHHOM TEMBbI B YU€OHOM, CIIPaBOYHOM JIMTEpATYypE.

Meroanueckne PEKOMEHAANHA UMEIOT ONIPEACICHHYIO CTPYKTYPY.

B mepBom pazzerne npeacTaBiieHa TeMaTHKA CaMOCTOSTEILHBIX PabOT, MPOTTHUCAHBI
3a/IaHUA JUTSl CAMOCTOSITENTEHOHN padoThl ¥ (DOPMBI MIX TIPEACTABIICHHUSA, BPEMS,
OTBEICHHOE Ha WX BHITIOJTHEHHUE.

Bo BTOpOom pasnene coaeprxaTcs peKOMEHIAITUH 110 BHITIOJTHCHHIO 3aaHUH, B
YaCTHOCTH, JIaH aJITOPUTM BBITIOJTHEHUS 3afaHusi, CHOPMYTUPOBAHBI KPUTEPUN
CaMOOIIEHKH BBITIOJTHEHHOW pPAOOTHI, BUABI KOHTPOJISA KA4eCTBA BBITIOJIHCHHOMN
pabOThI, PEKOMEHYEMbIE HCTOUYHUKHA WHDOPMAITHH,

[Ipennaraembie  peKOMEHAAIMM  pa3pabOTaHbl B  MOMOIIb  CTYACHTY,
BBITIOJIHSIOIIEMY BHEAYJUTOPHYIO CAMOCTOSTENIbHYIO padoTy, KOTOPbIE MOMOTYT
OBITh YCIEUIHBIM B 3TOM NEATEIIBHOCTH.

TEMATHYECKOE IVTAHUPOBAHUE

No

n/n

dopma
3ananue NpeaAcTaBJeH
usl 3aJaHUS

Haumenosanue KoJs-Bo uacos

pasaena, TeMbl
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© (@ |= | N
Tema 2. IIpubmrkénnbie IIpnioxenne
METO/bI pemenns | IIpaktnveckoe 3axanne «HaxoxaeHune | peammzoBaHHOE
anredpaMvIecKux H | KOpHeil ypaBHeHHMII ¢ NOMOMIBIO | CPEICTBAMH 6 4 4 6
TPAHCHECHICHTHBIX PeATH30BAHHBIX AJITOPHTMOB) C++, VBA wm
ABHCHUIA Dephi
y P
IIpnioxkenne
Tema 3. PemeHnue cucrem P
" IIpakTveckoe 3a1aHHE «PCHICHHE | PEAJM3OBAHHOE
JINHCHHBIX . N
CHCTEMbI  JIHHEHHBLIX  YPABHEHMIl | CpeacTBaMH 8 6 6 8
anredpamvIecKnx
., meroaom Iaycca» C++, VBA wm
YPABHCHUIA .
Dephi
IIpnioxenne
IIpakTn4eckoe 3ananne «HaxoxaeHue
Tema 4. Mertoan: ., " peaIM30BAHHOE
KOpHeil  cumcreM  ypaBHeHmil ¢
peumeHus CHCTEM cpeacTsamMu 8 6 6 8
N N MOMONIIBI) peaTn30BAHHBLIX
HEJIMHEITHBIX YPABHEHHI C++, VBA wm
AJITOPHTMOB» .
Dephi
Pacuernasn
TADJINIIA,
Peammsanust AIropuT™Ma JISE
. . CO31aHHAS
Temas. YncneHHoe | HAXOXK/ACHHS  JICBOi, MpPaBoil W
., . | cpexcteamu MS | 6 4 4 4
anddepeHnuposanue HEHTPAJILHOM PA3HOCTHOH | b )
MPON3BOXHOI i
JOTIO/THCHHAS
rpagpukamu
punoxenne
Haxo:xneHne 3HAYMECHHA HWHTETPAJIOB | PEATHM3OBAHHOC
Tema 7. Yuciaennoe e P P
METOAAMU NPAMOYTOJILHUKA, | CPeACTBAMM 6 4 4 4
HHTETPHPOBAHAE
Tpamemun 1 CuMIcoHAa C++, VBA wm
Dephi
IIpnioxenne
Tema 8. Yucaennoe | Pemenne 3agaum  Komm  metogom P
o peamnm3oBaHHOE
pemenne OOLIKHOBEHHBIX | Jiinepa, MO (PUIHPOBAHHBIM
quddepeHIATLHBLIX MeToaoM Jiijiepa m MeroaoMm Pynre cPeHCT‘B,BaMH 4 4 4 4
paBHeHmit Kyrra ' CH, A mm
y y Dephi
HUTOIro 36 [ 36 | 36 | 36

METOINYECKUE PEKOMEHJIALIMY MO BBIMTOJIHEHUIO 3A TAHUI
B NPOLIECCE CAMOCTOSITEJIbLHOM PABOTBI

CamocrosiTeibHas padora Nel

Tema 2. [IpubnmkE€HHBIE METONIBI PELIEHHsI aNreOpanyecKiX 1 TPAHCLEHICHTHBIX YPaBHEHUN
Henab: ocBOEHNE OCHOBHBIX MPUOIMKEHHBIX METOJIOB HAXOXIEHUS KOPHEH anreOpanvdeckux u
TPAHCLEH/IEHTHBIX YPaBHEHHH (JIOKaIM3auus KOPHEH METOIOM CKaHMPOBAHUS, METOJ IEJICHHS
OTpe3Ka MOMoJaM, MeTo Xop, MeTol HproTOHa, METO MPOCTHIX UTEpaLuii).

3ananne:

CpeactBamu Delphi (C++, VBA, ...) co3maTh NOpoeKT NPHOIMIKEHHOTO PEIICHHUS HEIUHEHHOTO
ypaBHEHUs (B COOTBETCTBUHU ¢ BapuaHTOM (cM. Tabauily)) BCeMU PAaCCMOTPCHHBIMH METOIAMH. METOX
CKaHUPOBaHUA HCIIOJIB30BATH AJId HaXOXACHUA OTPC3KOB  JIOKAJIU3AIUH, OCTAJIbHBIC MCTOABL
HUCMOJIB30BATh I HUTCPALHUOHHOI'O YTOYHCHUA KOpHCI\/'I. Beinonaurs CpaBHI/ITe.]'IbeII\/'I AHAJINu3 110
TOYHOCTH BBIYUCICHHUHN (€CITH BO3MOXKHO) U TI0 KOMHYICCTBY UTCPALIUH.
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Homep VpaBHenue T panuubt Jonycrumas
BAPHAHTA KOpHeii norpemHocTh

x*cos2x+1=0, [O;g} 0.5-10°*

x4 x+1=0, [—2;211 0.5-10°*

x*-03(x-1)=0, o] 02-10°

2x—cosx =0, [o;ﬁ} 02-107

0.9x —sin v/x —0.1=0, [0;1.251 02-10*
-

zgx—szzo, [o;ﬂ 10

X +1=0 [-2,0] 107

X —6x+2=0 [23] 10°°

Xl x—1=0 [1.5:2] 10°

2x* —3x? +75x—-10000 = 0 [3.9] 02-107*

x> —x2—6x+6=0 [-3:3] 103

x*—2x* +5x2 —x—45=0 [-33] 10°

x> —x-5=0 [-3:3] 103

(r +5)r—D(x—3)=0 [0:4] 10

x> +4x=0 [-5:1] 10710

(xS —3)(x+4) =0 o] 10

(x —3)Sin(x)=0 [-6.4] 10°°

Sin(x—3) =0 |- 6:4] 107

5Sin(x)—Cos(x)=0 [-6:4] 10°°

x+58in(x)=0 [-6:1] 10°°

x+5Cos(x)=0 [-6:1] 10°°

5Cos(2x)=0 |- 41] 10°°




Homep VpaBHenue T panumeb! Jlonycrumas
BAPHAHTA KopHeii NOrpemHoCTh
5Cos(2x)=0 |4:8] 10°°
xCos(x)=0 [3:8] 107
xSin(x)=0 2:7] 10°°
x> —x=0 [-1,2] 10
Sin(x)+Cos(x)=0 |- 5:5] 10°°
Sin(x)+x* =0 [-2:] 107"
Sz‘n(x)+§ =0 [-23] 10~
Sin(x)—2x+10=0 [3:6] 10°°
Sin(x)Cos(x) =0 [3:6] 107"
Sin?(x)—Cos(x) =0 [-81] 107
Sin?(x)—Cos*(x)=0 [-6.-2] 107
10e*Sin(x) =0 [-5.0.2] 0.5-107"
e* +28in(x)=0 [-7:] 107
x> —03(x-1)=0 [-1.1] 1077

®opma npeacrasiaeHus 3aganus. [Ipunoxenne peanuzosanHoe cpencrsamu C++, VBA wnn
Dephi wu np.

KoHnTpoab kayecTBa BbINOJHEHHOH padoThl: NPOBEpKA NPAKTUYECKOTO 3a1aHuU.

Kputepuu OLeHKH BBINOJHEHHOW pPalOTHI: MPAaBHJIBHOCTh PEANTHU3ALNU ANTOPUTMOB; YMEHHUE
JenaTb TOSCHEHUS 10 TMOJIyYeHHBIM  pe3yjbTaTaM, IPaBWJIbHOCTb  UCIIOJIb30BAHMUS
TEPMUHOJIOTUH.

TpeGoBaHHsl K BbINOJHEHHUIO:

Hcnonb3yst TEKIMOHHBIM MaTepuasl U AOMOJHHUTENbHbIE UCTOYHUKH HH()OPMAINH PEan30BaTh
aJTOPUTMBI.

CamocrosiTeibHas padoTa Ne2

Tema 3. Pemenne cucreM JTMHEHHBIX anreOpandecKux ypaBHEHUH
Heasn: ocBonts MeTox ["aycca pernenns cucreM anreOpandeckux ypaBHEHUH .
3ananne:



Cpeacteamu Delphi (C++, VBA, ...) co3aaTh NpOEKT PELICHUS CUCTEMBI THHCHHBIX aIrcOpamIecKux
ypasaeHuid. [IpeaycMOTpeTp BO3MOMKHOCTh HM3MCHCHHUSI PA3MEPHOCTH CHCTEMBI H BO3MOMKHOCTH €6
3QI0JHCHHUS HCTIOCPEACTBCHHO MEPEA HadaIoM BblurcaeHUH. Onpeaenuts 00yCIOBICHHOCTh CHCTEMBI.

Homep Cucrema ypaBHeHHid Homep Cucrema ypaBHeHui
BapHaHTAa BapHaHTAa
1 2%, +x,—x;, =5 6 321x+0,71y +0,34z = 6,12
X, —2x, +3x, =3 0,43x +4,11y+0,22z =571
Tx, +x, —x, =10 0,17x+0,16y+4,73z =7,06
2 3x, — X, +x, +2x, =18 7 2x, —3x, +4x, =20
2x, = 5%, +x, +x;, =7 3x, +4x, —2x, =—11
X —Xx, +2x, =8 4x, +2x, +3x, =9

2x, +x, +x, —x;, =10

X +x, =3x;+x, =1

3 0,04x —0,08y + 4z =20 8 7,6x, +0,5x, +2,4x, =19
4x+0,24y—-0,08z =8 2,2x, +9,1x, +4,4x, =9,7
0,09x+3y-0,15z=9 —13x, +02x, +58x, =-14

4 Xt X, —x,+x, =4 9 x+2y+3z+4k=-10
2x, —x, +3x, —2x, =1 2x+3y+4z -5k =-8
X, —X;+2x, =6 3x+4y—-5z—-6k=4
3x, —x, +x;—x, =0 4x-5y—-6z—-Tk =24

5 4x+2y+3z=-2 10 4.5x, —1,8x, +3,6x, =17
2x+8y—2z=8 3,1x, +23x, —1,2x, =3,6
Ox+y+8z=0 L8x, +2,5x, +4,6x, =22

®opma npeacrasiaeHus 3aganus. [Ipunoxenne peanuzosanHoe cpencrsamu C++, VBA wnn
Dephi wu np.

CamocrosiTeibHaga padora Ne3

Tema 4. MeToab! pelIeHNs] CUCTEM HETHMHENHBIX YPABHEHU.

Iean: 0cBOGHHE METONOB MPOCTBIX UTepauuil 1 HplOTOHA AN peleHus CUCTEM HEIMHEHHBIX
YPaBHEHHUH.

3ananne:

CpencrBamu MS Excel, Delphi (C++, VBA, ...) co3marb NpOEKT peIeHHs CHCTEMbI
HEJIMHEHHBIX YpaBHEHUH (BapHaHT 3a/1aHus yKa3aH B Tabmuie) MeToIOM MPOCTHIX UTEPALUil U
meTo10M HproToHa.

Homep Cucrema ypaBpHeHui HauanbHoe Tpebyemas
BapHuaHTAa npnﬁ.lmme}me TOYHOCTDb
1 x, +Cos(x,)=0 X°=(3.82) e=10"

x, — Sin(x,)=0




Homep Cucrema ypaBHeHuH HauanbHoe Tpebyemas

BAPHAHTA npubiniKeHHe | TOYHOCTH

2 xI+x2-6=0 X°=(25-05f |e=107"
X +x,—2= O}

3 Sin(x,)+ Cos(x,)=0 X°=(405) e=10"
Zg(xl): 0 }

4 —-Xx + eszos(xz) =0 X°=(0.505) e=10"
X/ —x,=0 }

5 x2—x +x,=0 X°=(0505 |e=10"
1 x, =0
xl

6 4x? +x2 =2 X°=(12145 |e=10"°
X, —x; 1= O}

7 4x? +x2 =2 X =(-L-1.5) e=10"
X, —x; =0 }

8 4x? +x2 =2 X°=(-1165) |e=107"°
X, X +2= O}

9 XX, — X2 —1:0} X°=(23) £=10"

2 _
X, x, +x,-5=0

10 — Sin(x, )Cos(x,)-0.1+0.15x, =0 X =(0,0) e=10"
—Cos(x,)Sin(x,)-02+0.15x, =0

®opma npeacrasiaeHus 3aganus. [Ipunoxenne peanuzosanHoe cpencrsamu C++, VBA wnn
Dephi wu np.

CamocrosiTeibHas padora Ned

Tema5. Hucnennoe nuddepeHIrpoBaHue

Heab: M3y4uTh YUCICHHBIE METOABI OTBICKAHUS NMEPBOM M BTOPOH Pa3HOCTHOW NMPOU3BOJHOMN
¢byHkunyM, 3amaHHONH TaOMMUHO (JieBast pPAa3HOCTHAs, MpaBas pPa3HOCTHAs W LEHTpaJbHAas
Pa3HOCTHAs IPOU3BOIHAS).

3ananne:

BeruucanTh mepByr0 W BTOPYHO NMPOM3BOAHYIO (PYHKLUH, 3aJaHHOH TaONMYHO, B YKa3aHHOH
TOYKE B COOTBETCTBHM C BapuaHTOM. HWHTepnommposanue nposectd CpencrBamu Microsoft
Excel. ITocTpouts rpaduku

Bapuanr 1..

x 0 1 2 3 4 5 6

y 1 2,718282 | 7,389056 | 20,08554 | 54,59815 | 148,4132 | 403,4288
Bapuanr 2..
Lx [0 1 2 3 [ 4 |5 6 |
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|y | 0,5 1,359141 | 3,694528 | 10,04277 | 27,29908 | 74,20658 | 201,7144
Bapwuanr 3..

x 0 1 2 3 4 5 6

y 0 4,207355 | 4,546487 | 0,7056 -3,78401 | -4,79462 | -1,39708
Bapuanr 4..

x 3 4 5 6 7 8 9

J -14,8499 | -9,80465 | 4,254933 | 14,40255 | 11,30853 | -2,1825 -13,667
Bapwuanr 5.

X 0,5 0,6 0,7 0,8 0,9 1 1,1

y 13,64316 | 12,94468 | 12,11685 | 11,16796 | 10,10748 | 8,94601 | 7,69515
Bapwuanr 6..

x 1 1,5 2 2,5 3 3,5 4

y -0,30117 | -0,92676 |-1,32544 |-1,39962 | -1,13111 | -0,58567 | 0,10316
Bapwuanr 7..

x 1 1,1 1,2 1,3 1,4 1,5 1,6

y 0,64209 | 0,50897 |0,38878 |0,27762 | 0,17248 | 0,07091 | -0,02921
Bapuanr 8..

X 2 2,1 2,2 2,3 2.4 2,5 2,6

J -0,45766 | -0,58485 | -0,72790 | -0,89348 | -1,09169 | -1,33865 | -1,66224
Bapwuanr 9..

x 2 2,1 2,2 2,3 2,4 2,5 2,6

y 6,97291 | 7,66132 | 8,43651 | 9,30791 10,28578 | 11,38135 | 12,60685
Bapwuanr 10..

X 5 5,2 5,4 5,6 5,8 6 6,2

y 148,70 181,74 222,04 271,20 331,19 404,39 493,75

dopma npeacraBiaenus 3aaanus: Pacuernas Tadnuia, peagusosanHas cpeacrsamu MS Excel,
rpadpuKy, MOJTyYeHHBIX 3aBUCHMOCTEH.

CamocrosiTeibHas padora Ne§
Tema 7. UncneHHOE HHTErpUPOBaHUE

Hennb: ocBouth MeTOBI ((hopMyJia MPSIMOYTOJIbHUKA, (hopMyna Tparneuuu, Meroa CHMIICOHA) U
CBOWCTBA YNCIIEHHOTO HHTETPUPOBAHMSL.

3apanme. Cpencramu Delphi (C++, VBA, ...) co3mark mMpoeKT NPUOIHNKEHHOTO BBIYUCICHHUS
uHTerpasa (B COOTBETCTBUM ¢ BapuantoM (cM. Tabmumy 7.1)), wucnome3ys ¢opmyny
NPSMOYTOJIBHUKOB, (Gopmyny Tpaneuuid u Meron CumncoHa. BBIMOMHUTE CpaBHUTEIBHBIN
aHaJIN3 BBIYUCIIEHUH MO TOYHOCTH U KOJMYECTBY UTEPALHA.

Tabnuma 7.1
Homep BrruucasieMblil HHTErpaJj Homep BeruucasieMmblii HHTErpaJja
BAPHAHTA BAPHAHTA
1 3 14 T .,

Ix3\/x2 —ldx J‘Sln X I

1 5 COSX
2 j« xdx 15 M dx

4 x
5 1+ X 2 et -1

11




Homep BrruucasieMblil HHTErpaja Homep BeruucasieMmblii HHTErpaja
BAPHAHTA BAPHAHTA
3 3 ¥ 16 24
J' e—zdx Icos 5x cos xdx
1 X 0
4 L 17 A
Ie dx Icos3xsm 2xdx
0
0
. % 18 %x +sin x
cosln xdx T
-! -! 1+ cosx
6 ¢ — 19 z
X 2
'1[ Ixcos xdx
0
7 L 20 2
Ixze’xdx I(3x2 - l)ix
-1 0
8 z 21 2
Z Iexdx
Iex cos xdx 1
0
9 “Inx 22 1
I 3 dx I (‘/; o x)ix
2 X 0
10 3 , 23 z
IxSex dx j« dx
0 - sin” x
6
11 z 24 2
2 [In xdy
Icos Sxdx 1
0
12 1 24 5 ¥
2x €
! e dx ! —
13 1 26 Loyt
e “dx dx
-! ! X’ +1

®opma npeacrasiaeHus 3aganus. [Ipunoxenne peanuzosanHoe cpencrsamu C++, VBA wnn

Dephi umu np.

CamocrosiTeibHas padora Ne6
Tema 7. Uncnennoe pemeHne 0ObIKHOBEHHBIX MU(QepeHInaIbHbIX YPaBHEHUH

Hean: ocBonth MeToabl (MeTon Jinepa, MOIUGUIMPOBAHHBIH MeTon Jinepa, merox PyHre-

Kytra) u cBoiictBa pemenus auddepeHunaIbHOro ypaBHEHHs IEPBOrO MOPSIAKA.

3apanue:

CpencrBamu  Delphi (C++, VBA,

co31aThb

12

NPOEKT MPHONMKEHHOTO  PELICHHS
middeperunanbHOro ypaBHeHUs, 3amaHHOro B tabmune. Pemwmtes 3amady Komw pasmuuHbIMU




METOIaMH: METOOM Diiniepa, MOAN(HUIIMPOBAHHBIM MeTOAOM Ditnepa u meronoMm Pynre-Kyrra
4-ro nopsinka. Hlar uHTErpUpOBaHUs BHIOPATH CAMOCTOSATEIBHO.

Homep 3apaua Kommn
BAPHAHTA
1 x’dx+ ydy =0, 1(0)=1
2 (l+x2)%:2x(y+3), 10)=-
3 %x—erx:O, y(l):O
4 xy2%2x3+y3, wW1)=3
. %x+y:3, y(l):O
6
%sin x—ycosx =1, y[%}zo
7 dy _
dxcosx—lny, y(O)—l

(l+x2)a’y+ydx:0, y(1)=1

9 pa dy y
e’ =0, W1)=0
10 CZ = —0,0693(' - 20), 7(0)=100
1 & 0,0004401x, x(0)=
d
12 dy _y pd _T
oS , ()= 2
13 3e’“zgy0lx+(lJrex)sec2 ydy =0, y(O)Zg
14 m%:mg—vaz, m=120, g =981, =83, f =081, & = 0,56, W(0)=0
15

%:238 +2y, ¥(0)=1

16 d.
T g IS cos (i -6), S(12)=2500
dt 2400 12
1 @, Hy , W0)=1
dx  1+x
18
ﬂzcosx—O.Zsinx,y Tloo
dx 2
19
Q:1+)‘/cosx,y£ ~0
dx sin x 2
20 Q arctgx y (O) 0
dx
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21 d
L g—av’, a=0,005, g =981, W0)=0

dt
22 x%+y:3, y(l):O
23 (l+x2)ﬂ—xy:2x, y(0)=0
dx
24 x%—3y:x4e’“, Wi)=e
25 dy

s
—sin x—ycosx=1, y|—[=0
D nx—y A3

dopma npeacrasiaeHus 3aganus. [Ipunoxenne peanuzosanHoe cpencrsamu C++, VBA wnn
Dephi umu np.

JJIs1 MOATOTOBKH K MTOr0BOMY TECTHPOBAHMIO CJIEAyeT OPHEHTHPOBATHCS HA BOIPOCHI,
NpeaJIosKeHHbIe HUIKe:

Tema 2. IlpubauskeHHBbIE MeTOABbI pelIeHUs] ajdredpaMyecKMX H TPAHCLHEHJIEHTHBIX
ypaBHeHuUil

Uro gaér otnesnenue (JIOKaau3amus) KOpHei?

KakoB anroputm MeTona CKaHUPOBAHHS, MPUMEHSEMBIN ISl JIOKAJIU3aNHA KOPHEH (PyHKIUU Ha
3a/laHHOM MHTepBaJje UCCIel0BaHus?

B uém 3axmmrouaeTcsi reoMeTpUYeCKUil CMbICI METO/Ia TIOJIOBUHHOTO AeNieHus?

Bcerna nu no3BosisieT MeTO/1 MOJIOBUHHOTO J€NIEHHs] BBIUUCIUTD OTAEIEHHBIN KOPEHb YpaBHEHUS
C 3aJJaHHOM MOTPEITHOCTHIO?

Kak BriOupaercss HauanbHOE MPUOIIKEHUE B METO/IE TIOJIOBUHHOTO JIEJICHUS?

B uém 3axurouaeTcsi reoMeTpUYeCKUil CMbICI MeToAa Xopa?

Kak BriOnpaercss HauanbHOE NPUOIIDKEHNE B METOIE XOpA?

Kaknumu cBoiictBamu noswkHa oOnanath GyHKuus f (x), 9TOOBI METOJIOM XOPI MOXHO OBLIO
pelINuTh ypaBHeHue f (x) =07?

Kaxoii xkoHel xopabl HEMOABIXKEH MPU peanu3aluu Merona’?

B uém 3axmouaercst reomeTpudeckuii cmbici Merona HetoTona?

Kak BriOupaercst HauanbHOE npudIIwKeHne B Meroae HeroroHa?

KaxoB kputepuii OkOHUaHHUS UTEpPaALIMOHHOTO Npolecca B MeToae HeroTona?

Kakoii ¢pyHKIIMEH 3aMeHsIeTCs ieBast YacTb YPaBHEHUS [ (x) =0 B MeTOAE UTEpaLIUii?

Kak BriOnpaercss HauanbHOE NMPUOIIDKEHNE B METOJIE POCTHIX UTEPALIUTi?

CdopmynrpoBaTh yCIOBHE CXOAUMOCTH METO/IA TIPOCTHIX UTEPALIUH.

KaxoB kputepuii OKOHYaHHUS UTEPALIMOHHOTO MPOLIECCa B METO/I€ IIPOCTBIX UTEPAaLUii?

Tema 3. Pemenne cucreM JHHeHHbIX ajlredpanyecKux ypaBHeHUH

UTo MOHUMAIOT 1O OOYCIIOBICHHOCTHIO BBIUUCTUTEILHOM 3a1a4u?

B gewm 3akmouaercs npsmoii xon B meroae ['aycca?

B dewm 3akmouaercst oOparHslil xon metona ['aycca?

Kax B anroputme metona ['aycca BeluuCIsIeTCs ONpPeEIUTEND?

Tema 4. MeToabI pemieHHs1 CHCTEM HeJTHHEHHBIX YPABHEHHH

KaxoB anroputm mMetoaa NpoCThIX UTEpPALUil pPELIeHHs] CUCTEM HEMHENHBIX YpaBHEHUN?
CdopmynnpoBarh KpUTEpUIl CXOAMMOCTH METOJA TPOCTBIX WTEPALUi PELICHUs CUCTEM
HEeJIMHENWHBIX YpaBHEHUIT?

14




CoopmynnpoBarh KpUTEpHHl OKOHYAHHMS HTEPALMOHHOTO TIPOLECcCa B METOAE NPOCTHIX
UTepaLui PeleHNs] CUCTEM HEJIMHEHHBIX YPaBHEHHU.

Kaxos anroputm merona HbroTOHa perieHus cUCTeM HETMHENHHbIX YpaBHEHU?
CdhopmynupoBaTh KpuTepUii OKOHYAHHSI UTEPALIIOHHOTO Mpoiecca B MeTone HbroToHa.

Tema S. Uncaennoe nud¢epeHuupoBanue

DopMyIbl MPaBOM U JIEBOU PA3HOCTHBIX MPOU3BOAHBIX |-ro mopsaka.

KakoB mopsiiok TOYHOCTH UMEIOT (POPMYJIBI IIPABOH M JIEBOM PAa3HOCTHBIX MPOU3BOAHBIX 1-TO
MopsifKa.

dopmyna LEeHTPaIbHON PA3HOCTHOM NMPOU3BOAHOM 1-ro nopsaxka.

KakoB mopsimox TOYHOCTH uMeeT (opMyia LEHTPAIbHOH Pa3sHOCTHOH MNpPOM3BOMHONW 1-ro
MopsifKa.

®dopmyna BTOPOH Pa3HOCTHOU MPOU3BOIHOM.

BeiBoa dpopmyn uncnerHoro nudepeHInpoBaHus MOCPEICTBOM HHTEPIIOISLIUM.

Tema 6. ITpudankenue pyHxkumi

CdopmynrpoBaTh OCHOBHYIO 3a71a4y HHTEPIIOJISLIMN U 33/1a4y SKCTPAIOJISLIAH.
CoopmynnpoBaTh KPUTEPHH AaNNPOKCUMALIMM METOJOM HAMMEHBIIMX KBAagpaTOB IS
crenyromed QyHKIHH: y(x) =ax ¥ BbIBeCTH (OPMYJy AN OINpPENeNeHUs] HEM3BECTHOTO

Ko3(puIueHTa o .
CdhopmynupoBaTh KpUTEpUH  ammpOKCHMAIMM METOJOM HAaWMEHBIIUX KBaapaToB IS

crenyromend (yHKUNU: y(x):ct0 +a,X 1 BbIBECTU (POPMYyINBI Il OMPEAENIEeHUs] HEM3BECTHBIX

ko3 durenTos a, u a .
CdhopmynupoBaTh KpUTEpUH ammpPOKCHMALMM METOJOM HAWMEHBIINX KBaJpaTOB st
crenyromed  QyHKLUU: y(x):aoExp(alx) U BbBIBECTH (HOPMYNBI Ul  AHATUTUYECKOTO

OTIpefieNIeHNs] HEN3BECTHBIX KO3()(PULIEHTOB ¢, U a, .

Tema 7. UncjieHHOe HHTETrPUPOBAHUE

KakoB reomerpudeckuii CMBICT TPUONMKEHHOTO  BBIYUCICHUS HMHTErpaja METOJIOM
MPSIMOYTOJIbHUKOB?

KaxoB reomeTpudeckuii CMbICT MPUOTMKEHHOTO BRIYUCIICHUS UHTETPajia METOIOM TPar eLuii?
KakoB kpuTepuii NpakTUYECKON OLEHKU MOTPEIIHOCTH BBIYMCIEHUsI HWHTErpaja METOIOM
Tpanenuii?

KaxoB reomeTpudeckuii CMbICT MPUOIIIKEHHOTO BRIYUCICHUS MHTEerpaia MeToqoM Cumricona?
KakoB kpuTepuii NpakTUYECKON OLEHKU MOTPEIIHOCTH BBIYMCIEHUs HWHTErpaja METOIOM
Cumncona?

KoHTposib camocToATeIbHOM paboTbl

BrimonHeHHE  CAMOCTOSTEIBHOH Pa0OTHI  SIBISACTCS — OOSI3aTCIBHBIM — YCIOBHEM Uil JOMYCKA K
MPOMEKYTOYHON aTTECTALUH O0YUIAIOLICTOCS.

Hna nposepku 3¢GPEKTUBHOCTH CaMOCTOSTENBHONW paboThl CTYACHTA HEOOXOOUM e¢ KOHTponb. K Brmam
KOHTPOJISL OTHOCHTCSL

® YCTHBII OIpoC;

® BBIMOIHCHHUE MPAKTUICCKUX 33 JaHHH .

Y CTHBIH OMPOC MO3BOSIET OLICHUTh 3HAHMSI U KPYTO30pP CTYACHTA, YMCHHC JIOTHYCCKU MTOCTPOUTH OTBET,
MPOSIBJICHUC KOMMYHHKATHBHBIX HABBIKOB. Y CTHBIH ONMPOC OPUCHTHPOBAH HA OLICHKY 3HAHMH. Y CTHBIH
OMpo¢ MPOBOAUTCS B (hopME COOSCETOBAHMSL.

[Mpakriueckas padora mpeaHA3HAYCHA A MPOBCPKH BBHIIIOIHCHUS 3aaHUH CAMOCTOSTCIBHON paboTHl,
MPOBOJHUTCS HA MPAKTHUCCKUX 3aHITHAX HANPABJICHA HA OLICHKY CHOPMHUPOBAHHBIX YMCHHUH.

[To utoram yCTHBIX OMPOCOB M MPOBEPKH MPAKTHYCCKUX PabOT BBICTABISICTCS OLICHKA MO CIICAYIOLICH
mkane (tad.)

Tabu.
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[llkana oueHuBaHUS 3HAHUH W YMECHHUH, C()OPMHPOBAHHBIX IO MTOraM BBIIOJHCHHS CAMOCTOATCIBHOU

paboThI

Ounenka Kputepun onennBanmst

«5» (OTJIHIHO) H3IIOKCHAC MATCPHATIA JIOTHIHO, TPAMOTHO, 0¢3 OImHO0K;
CBOOOIHOC BIAACHHE MPO(CCCHOHATEHOH TCPMUHOIOTHCIH,
VMCHHUE BBICKA3bIBATH M ODOCHOBATh CBOM CY>KICHHS,
TPAMOTHO NPUMCHSICT ANTOPUTMBI IS PEINCHHS TPAKTHYCCKUX 337a4, TI'PAMOTHO
HCIIONB3YET KOHCTPYKIMH SI3bIKA IMPOTPAMMHPOBAHUS I PEIICHUS IPAKTHYCCKHUX
38744

4» (xopo1o) CTYACHT TPAMOTHO W3JIAracT MATEPHAN, OPHECHTHPYETCA B MATEPHANIES, BIAACET
npoecCHOHATBHONH TEPMHUHOIOTHEH, OCO3HAHHO NMPUMCEHSICT TCOPETUUCCKHIE 3HAHMA, HO
coaepskaHue u (hopMa OTBETA HMEOT OT/CJIbHBIC HETOUHOCTH,
OTBET INPABUJIbHBIN, MONHBIH, C HE3HAYMUTCIHHBIMH HETOYHOCTSIMH WJIH HEIOCTATOYHO
TIOJIHBIHI
MPUMCHACT ANTOPUTMBI UIT PEIICHHA INPAKTHICCKUX 33Ja4 C  HEOONBIIMMH
HETOYHOCTSIMH, HCIONb3YET KOHCTPYKIMH SI3bIKa IPOTPAMMHPOBAHUS IS PEIICHUS
MPAKTHYECKUX 33724 C HEOOIBIIUMH HETOYHOCTSIMIL

3» CTYZICHT W3JaraeT MAaTEPHal HEIOJHO, HEIOCICI0BATEIbHO, AOIMYCKACT HETOYHOCTH B

(YAOBICTBOPHUTEIBHO) OIIPECTICHUN NOHITHH, B NMPUMCHCHHM 3HAHMH, HC MOXCET JOKA3aTeIbHO ODOCHOBATH
CBOH CY>KICHHS,
00HAPYKHBACTCS HETOCTATOYHO TITyOOKOE MOHMMAHKE H3YHIECHHOTO MAaTEpPHaa.
MPHUMCHACT AJITOPUTMBI ULl PEHICHHUS IPAKTHYCCKHX 3a74a4 C OIMMOKAMH, HETOYHO
HCIIONB3YCT KOHCTPYKIMH SI3bIKA IPOTPAMMHPOBAHWS I PEIICHUS IPAKTHUCCKHUX
34744

2» OTCYTCTBYIOT HEOOXOJMMBIC TCOPECTHYCCKHE 3HAHHUSI, JONMYINCHBI ONMOKH B

(HCY TOBICTBOPUTEABHO) | ONMPEACICHUU MOHATHH, HCKAYKEH HX CMBICI,
B OTBETC CTYJCHTA IMPOSBILICTCS HE3HAHNE OCHOBHOTO MaTepHaja yuecOHOH MpOrpaMMBbl,
JIONYCKAFOTCSI TPYOblc OIMMOKH B H3JIOKCHUM, HE MOKET IPHMCHATH 3HAHHA I
pemeHus 33124
MPAKTHYECKOC 33JAHHC HE BHITOJIHCHO

HNcTounuku Jimrepatypbl

1. ITumenos, B. I'. Hucnennsie metoasl. B 2 4. Y. 1 ; yuebHoe nocobue ams CI10 / B. I'. Ilumenos ; mox
peaaxmeii 0. A. Menenuosoii. — 2-¢ uzg. — Caparos, ExkatepunOypr : [IpodoGpasosanue,
Vpansckuii peaepanpabiii yausepeuret, 2019. — 111 ¢. — ISBN 978-5-4488-0398-7,
978-5-7996-2919-9. — Tekcr : aneKkTpoHHbIH // dnekTpoHHO-OnGmnoTeunas cuctema IPR BOOKS :
[caiit]. — URL: http://www .iprbookshop.ru/87906 html. — Pexxum goctyna: ams aBTopuzup.
ITonb3oBarteneit

2. IMumenos, B. I'. Yucnennsie meroasr. B 2 1. Y. 2 : yueGHoe mocodue ans CI1O / B. I'. ITumenos, A. b.
Jloxuukos ; mox penakuueti ). A. Menenuosoit. — 2-¢ uza. — Caparos, ExkarepunOypr :
[Ipodobpazosanue, Ypaneckuii peaeparpnbiii yausepeureT, 2019. — 105 ¢. — [SBN
978-5-4488-0399-4, 978-5-7996-2894-9. — Tekcr : 37eKTPOHHBIH // INEKTPOHHO-OHOMHOTCHHAS
cuctema IPR BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/87905 html. — Pexxum moctyma: asms
ABTOPU3UP. HOIb30BATEICH

3.Barep, b. I'. Hucnennsie meToast ; yueOnoe nocodue / b. I'. Barep. — Cankr-IletepOypr : Cankt-
[eTepOyprekuiil rocyJapcTBEHHBIN apXUTEKTYPHO-CTPOUTEIbHEIH YHUBEpeuTeT, IbC ACB, 2017. —
152 ¢. — ISBN 978-5-9227-0786-2. — TekcT : 371CKTPOHHBIH // DICKTPOHHO-ONOIHOTEUHAS CUCTEMA
IPR BOOKS : [caiir]. — URL: http://www.iprbookshop.ru/78584 html. — Pexxum moctyma: ams
asropuznp. [Tonp3oBareneit
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4. barumues, P. B. Hucnenusie MeTos! ;| yuebHoe nocodue / P. B. baruues. — Jluneuxk ; Jlunenkuit
TOCYIApCTBCHHBIN TexHu4Yeckui yHuBepeuret, IbC ACB, 2018. — 73 ¢. — ISBN 978-5-88247-900-7.
— Tekcer : anexrpoHHbIH // JnekTporHo-Oubmnoreunas cuctema IPR BOOKS : [caiir]. — URL: http://
www.iprbookshop.ru/88750 html. — Pexum nocryna: miast asropusup. [loas3osarencit
5. Tapacos, B. H. Hucnenusie metoasl. Teopus, arroputmsl, mporpaMmel | yaeOHoe ocodue / B. H.
Tapacos, H. @. baxapesa. — Camapa : [ToBomkcKkuii rocy 1apCTBCHHBIA YHUBCPCUTET
TeAeKOMMYHHKaMK 1 nHpopmatuky, 2017. — 266 c. — ISBN 5-7410-0451-2. — Texker :
3ACKTPOHHBIH // Dnekrporno-oubmmoreunas cucrema IPR BOOKS : [caiit]. — URL: http://
www.iprbookshop.ru/71903 html. — Pexum nocryna: niast apropusup. [loas3osarencit
6.3cHKO0B, A. B. Uncnennsie Metoap! | yaebnoe nmocodue / A. B. 3enkos. —ExarepuntOypr : Y panbckuii
dbeaepanpnsiii yausepcutet, IbC ACB, 2016. — 124 ¢. — ISBN 978-5-7996-1781-3. — Tekcr :
3ACKTPOHHBIH // Dnekrporno-oudmmoreunas cucrema IPR BOOKS : [caiit]. — URL: http://
www.iprbookshop.ru/68315 html. — Pexxum moctyna: 115 aBTOpU3NP. HOIB30BATEICH

HaTtepHET-pecypcH:
1 Ilopran Math.ru: Gubmuoteka, MEAMATEKA, OJUMITHA/IBI, 334K, HAYIHBIC IIKOJIbI, YIUTCIBCKAS,
HCTOPHS MaTeMaTHKH http://www .math.ru

2. Marepuasel o matemarvke B Exunoii koanekiun nudposeix 00pa3oBaTeabHBIX pecypcos http://
school-collection.edu.ru/collection/matematika
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