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1. Ilean ocBOeHMST AUCHMIIJINHBI

JucnunimHa obecrnieyuBaeT MOATOTOBKY CTYJIEHTOB B 00JacTH MPOrpaMMHUPOBAHUS U
KOMITBIOTEPHBIX HAYK.

K menum ocBoeHus ITUCHUIUIMHBI OTHOCHUTCS IIOJIyYEHHE OCHOBHBIX TEOPETUYECKUX W
MPAKTUYECKUX 3HAHWA 1O MPOTrPAMMHUPOBAHHMIO: IO CEMAHTHKE U CHHTAKCUCY S3BIKOB
MPOrpaMMHUPOBAHUSI, TOCTPOEHUIO (YHKIMOHATBHBIX aOCTpakiuil u abcTpakuuil JaHHBIX.
CTyleHTBl H3y4alOT OCHOBBI AaHallM3a W CHHTE3a alTOPUTMOB, TPUHIUIBI BIMOTHCHUS
MPOrpaMMHOTO Koja KommbioTepoM. [lpu n3ydeHun si3pika mporpaMMHUPOBAHUSI BHICOKOTO YPOBHS
C++ CTyneHTBl MOJNYYalOT MPAKTUYECKHWE HABBIKM IPOTPAMMHUPOBAHHS HA TPUMEpE PpEIICHHS
MPOCTHIX 33/1a4, OBJA/IEBAlOT MPUEMaMU peaju3alliy aJrOpPUTMOB, M3Y4YalOT YacTO MpPUMEHSEMbIe
CTPYKTYpbI JaHHBIX, UX CICHMU(DHUKAIINN U peaU3aliH, AITOPUTMBI 00paOOTKH JAHHBIX U MOIXOIbI
K aHaJIM3y 3TUX AITOPUTMOB, B3aUMOCBSI3b AJITOPUTMOB U CTPYKTYp AaHHBIX. [Ipu 03HaKOMIIeHUH C
MakeTaMu TMPUKIAAHBIX TPOTpaMM JUIsi KOMIBIOTEPHOTO MOJECIUPOBAHMS CTYJIEHTHI OBIAJICBAIOT
nprUeMaMHl  pealu3aliyl  aJIrOpPUTMOB  CPEICTBAMU  MAKETOB  MPHUKJIAAHBIX  MPOTpamMm
MaTEMaTHYECKOr0 MOJCIIMPOBAHMS, PAa3BUBAIOT aOCTPAKTHOE MBIIIICHUE U PACIIUPSIOT HAYYHO-
TEXHUYECKOro Kpyrozop. Takxke CTyIAEHTHI NOJIy4yalOT MPAaKTUUYECKHE HAaBBIKM CO3JaHUs web-
MPUIOKEHUH, 03HAKAMIIMBASICh C COBPEMEHHBIMH Web-TeXHOIOTUSMHU.

3agayaMu Kypca sIBISIOTCA:

e OCBOeHHE 0a30BBIX JIEMEHTOB CHHTaKcHca s3b1ka Python;

® TOCTPOCHHIO (DYHKIIMOHAIBHBIX a0CTpaKIMiA U a0CTPaKIIUN JTaHHBIX;

e (0CBOcHHE 0a30BBIX JIEMEHTOB CUHTAaKcHca A3bIka CH++;

e (opmupoBaHUE Yy CTYIEHTOB MPEACTABICHUS O YHCIEHHBIX METOJaX MOJECTUPOBAHUS
(bu3NYeCKUX SIBICHUN U NPUOIMKEHHOTO pelieHns GU3NUecKuX 3a7au ¢ 3aJaHHON TOYHOCTHIO;
® OBJIAJICHUE TEXHOJOTHEH pPa3pabOTKU MPOrpaMM C HCIOIH30BAaHHUEM COBPEMEHHOW Cpeibl
paspabotku Visual Studio;

® OBJaJICHUE COBPEMEHHBIMH METO/IaMU BU3YyaJU3allii Pe3yJbTaTOB pacueToB (B TOM YHCIIE, B
AHUMHUPOBAHHOM BU/IE);

® OBJaJICHUE TEXHOJOTUEH pa3pabOTKU MPOrpaMM C MCMOJIb30BAaHHEM COBPEMEHHOTO MakKeTa
MareMatuueckoro moaenupoBanus Wolfram Mathematica;

® OBJaJICHUE COBPEMEHHBIMHM METO/IaMU BU3YyaJU3allii Pe3yJIbTaTOB pacueToB (B TOM YHCIIE, B
AHUMUPOBAHHOM BU/IE);

® T[OJIy4eHHE MTPAKTUUYECKUX HAaBBIKOB CO3JaHUSI Web-TIpuiokeHui.

2. Mecto nucuuimuinaibl B cTpykrype OIl 6akanaBpuara

JlucuurniuHa OTHOCUTCS K 00s3aTenbHBIM aucnuiuimHaM brioka 1 w mpopomxaeTrcss 5
CEMECTPOB.

Jns ycnemrHoro €€ n3ydeHus CTyAEHThI TOJKHBI YMETh JIOTUYECKH BEPHO, ApIYMEHTHPOBAHO U
SICHO CTPOUTHL YCTHYIO MW TIMCBMCHHYIO pPCUb, O6Hal[aTb CHOCO6HOCTBIO CTPCMUTLCA K
CaMOpa3BUTHIO, TOBBIIIEHUIO CBOEH KBanu(pUKAlMM W MacTepCTBa, UMETh HaBBIKM pPabOTHI C
KOMIIBIOTEPOM KaK CpPEICTBOM YIIpaBIeHHsS U 00paOOTKH MH(OpPMALUU, TOTOBHOCTBIO YYUTHIBAThH
COBpEMEHHBIE TEHACHIINY HH(OPMALIMOHHBIX TEXHOJIOT .

B mpouecce u3yueHHs] AUCHUILUIMHBI TaKXKe MOTPEeOYyeTCsl YCHEIIHOE OBJaJEHUE CMEKHBIMU
Kypcamu: o01mei Pu3nKu 1 MaTeMaTHKH.

[TonyuenHnsie B kypce «MH(pOpManOHHBIE TEXHOJIOTHM M NIPOrPaMMHPOBAHHE» 3HAHUS,
YMEHHUS U HaBBIKM HEOOXOIWMMBI IS M3YYEHHUS NOCIEAYIOUMX NPOGUIbHBIX JUCHUILIMH, WU
npoayktuBHoro BeinosHeHns HUPC, a takxke Ui npogonkeHus o0yueHHs B MarucTpaType.

3. Ilmanupyemblie pe3yJbTaTbl 00y4eHHs MO JUCIHHUILIMHE, COOTHECEHHbIE ¢ MJIAHUPYEMbIMH
pesyabTatamu ocBoennsi OIl 0akanaBpuara.



[Iponiecc u3yuyeHMsl NUCLUIUIMHBI HamnpaBieH Ha (OPMHUPOBAHME CIEAYIOIIUX 3JIEMEHTOB
komnereHIi B cooTBercTBUM ¢ ®I'OC BO, OIl BO u mnpuoOpereHus cleaylouux 3HAHUH,

YMEHUI, HABBIKOB U (WUJIM) OTBITA AEATEIHHOCTH:

Kon DopMyJTHPOBKA IlepeueHb MIaHMPYyeMbIX
KOMIIETEHIIN T KOMIIETEHIIN T pe3yJabTaToB
o0yueHust
O6menpodeccnoHaIbHbIE KOMIIETEHIHH
N _OIIK-3.1. 3naer | Baagers:
OIIK-3. Coocoben COBpPEMEHHBIC MPHUHIIAIGI | — HaBbIKAMU HUCIIOJIL30BaHUS
OPUMEHATH METOIBI MTOUCKA, | MOMCKA, XpaHeHus, CPEACTB pa3pabOTKM, OTIANKH H
XpaHEHHI, 00paboTKH, | 06pabOTKH, — aHamM3a M TECTUPOBaHHS  MPOrPAMMHOTO
aHaJIM3a U MPEACTABICHUS B | IpEACTABICHUS B Koza,
TpebyeMom (bopmare | tpeGyemom bopmare HaBBIKAMHU PEAIU3aluU CTPYKTYP
UH(POPMALUK U3 PA3IUYHBIX | HHPOPMALIUH. JGHHBIX M- dTOpHTMOB - Ha
HMCTOYHUKOB M 0a3 JaHHBIX, DasIHMAHBIX Asplicax
POrpaMMHPOBAHHSI.
cobmonas ~ mpu  otoM | UJI OIK-3.2.  CnocobGen
OCHOBHBIE TpeOOBaHuUA | pemiath 3a1aud  00pPabOTKH
MH(POPMAIIMOHHOM JAHHBIX C IIOMOUIBIO
0€30IaCHOCTH. COBPEMEHHBIX CpeacTB
aBTOMAaTHU3al1H.
N/ OIIK-3.3. Ob6manaer
HaBBIKAMH obecrnieueHus
nH(}pOpMaITMOHHOM
0e30MmacHOCTH
OIIK-4. NI _OIIK-4.1. 3Haer | 3HaTh:
Crniocoben IIOHUMATh | HPUHLIUIIBI HCHOJIB30BaHUSA | — OCHOBHBIC CBCICHUA 0
IIPUHIUIIBI paboThI nH(pOpMaIMOHHO- CEeMaHTUKEC U  CHUHTAKCHCE
COBPCMCHHBIX KOMMYHHKAITMOHHBIX A3bIKa IporpaMMHPOBaHUS,
MH(OPMAIMOHHBIX TEXHOJIOTMI TNpU  IOUCKE TIPUHITUITEI MOCTPOCHUS
TEXHOJIOT Ui 1 | HeoOXoguMO nH(popManuu. (GYHKIHOHATBHBIX
WCMOJIb30BaTh WX I abcTpakiuit;
peueHus 3amad | U1 OIIK-4.2. — 0a30BbIe CTPYKTYpHl JaHHBIX HU
npo¢eCcCuOHATBHON JleMoHCTpHpYET YMEHHUE QITOPUTMBI JUJIsI pa0OTHI C HUMH;
JIeSITEILHOCTH. MIPOEKTUPOBATH pelIeHHEe | — COBPEMEHHBIE web-
KOHKPETHBIX 3aga4 TEXHOJIOTHH.
npodecCuoHATBLHOM
JESATEIbHOCTH, BBIOMpast Ymerb:
ONTHMAJIbHBIE CHOCOOBI WX | — AHAJIM3MPOBATH YCJIOBUSA 3a1ad U
DELLIEHHS ¢ HCTIOIb30BAHHEM COCTaBJIATh MaTeMaTHYeCKHe
COBPEMEHHBIX MO/IEITH, OTTHCHIBAIOIINC
HEThOPMAITHOHHBIX paCCMaTPHBaeMbIe busnyeckue
TEXHOJIOT . ABTCHI,
— BBIOMpaTh CTPYKTYPbl JaHHBIX
W/WIM  aNTOPUTMBI, HaubOoiee
WJI OIIK-4.3. Hcmomas3yer Hoﬂxommnep HM’ petmeHs
COBPEMCHHBIC KOHKPETHOH 3a/1a4u;
HHTCPAKTUBHBIC —  c037aBaTh AITOPUTMEI
MPOTPAMMHBIE  KOMILIEKCHI peLenus MATEMATHYECKHX
TUISt BBITIOJTHEHU ST u 3a1ay;
PENaKTUPOBAHHUS  TEKCTOB, | _  pyiGunars, HanGomnee
M300paKEHUH U YEPTEKEN. MOOXOMAIINE BBIYUCIUTEILHBIE
CpencTBa M METOABI,  JUIs




pelieHuss 3amad B 00JjacTH
npodeccuoHaTbHON
JeSATeTbHOCTH;

OLICHUBATH TOYHOCTh
MOJTYYSHHBIX PE3yJIbTATOB,;
NPE/ICTABIIATh pe3yIbTaThl
HCCIIEIOBAHUN B TpadUIecKoM
BHAC, B TOM  4YHCIE C

HCIIONIB30BAHUEM JTHHAMHYECKHX
Monmyneid B makere Wolfram
Mathematica;

co3lmaBaTh W pa3BepTHIBATh
CTaTUYECKUE CAMThI;

— CO3aaBaThb n Pa3BCPThIBATH
TUHAMAYECKHe  CalTel  (Wweb-
TIPIJIOKEHUS ).
OIIK-5. N _OIIK-4.1. 3Haer | YMeTb:
Crniocoben  pa3pabatbIBaTh | OCHOBHBIC NPUEMBI | — CHHTE3UPOBATH W AHAIHW3MPOBATH
aIITOPUTMBI U | pa3pabOTKH aJITOPUTMOB H (yHKIMOHANbHBIE  a0CTpaKIKMK
KOMIIBIOTEPHEIC KOMIBIOTEPHBIX  [IPOrpaMM AULL - pCLICHAS  HPaKTHICCKUX
NporpaMMbl,  NPHUTOJHBIE | s penIeHus 3aﬂ6aq' .
TUTSt MPaKTUYECKOTO | TEOPETUUECKUX u| — Beloupare Hapoosee
IoaAXoadAImMure DJJICMCHTHI sA3dKa
MIPUMEHECHUS 9KCIIEPUMEHTANIbHBIX 3a71ay .
BBICOKOTO  ypoBHA C++ u

N _OIIK-4.2.  Cnocoben
peain3oBarth BBIOOp
HNPOTPAaMMHBIX TAKETOB IS
MOACIINPOBAHUA,
IPOEKTUPOBAHUS "
KOHCTPYHPOBAHHUS

pa3IUYHBIX TPHOOPOB, CXEM
U YCTPOMCTB.

MCTOJbI, pCaIM30BaHHBIC B, IAJIA

pelieHuss 3amad B 00JjacTH
npodeccuoHaTbHON
JeSATeTbHOCTH; OIICHUBATh
TOYHOCTb MOJTYYCHHBIX
pe3yJIbTaToB

MPECTABIIATh Pe3yabTaThI
HCCIIeIOBaHUA B Tpad)UIecKoM
BHUJIC c HCTIOIb30BaHUEM

IBYMEpHOU TpaduKu B cpene
Visual Studio

3HATD:

BO3MOXKHOCTH Iaketa Wolfram
Mathematica nmas1 peanuzanuu
BEIUHCIMTEIbHEIX  AJITOPHTMOB




NJ_OIIK-4.1. 3naer | Baaners:

OCHOBHEBIE IPUEMBI | — HAaBBIKAMH TIPMMEHEHHS TaKEeTa
pa3paboOTKM aNTrOPHTMOB | Wolfram  Mathematica  npu
KOMITBIOTEPHBIX  [POrpamMM peansannn OCHOBHBIX
i perenys MaTeMaTHYECKUX onepaumi:

omnpeecHHe (yHKIHI;
TEOPETUYECKUX u

nuddepeHunpoBanme u
3KCTIEPUMEHTAIIBHBIX 33/1a4 . .

WHTETPUPOBAHUE GbyHKIUi;

co3JlaHue PpasphIBHBIX u
WJ_OIIK-4.2. Criocobern JMCKPETHBIX (PYHKIUI; pelieHue
peann3oBaTh BEIOOD CHUCTEM JIMHCHHEBIX,
MPOrPAMMHBIX TTAKETOB IS TPaHCICHICHTHBIX,
MOJIEIUPOBAHUS, mudpepeHInanbHBIX YpaBHEHUH;
IIPOECKTUPOBAHUS U pemeHue CHUCTEM HCPABCHCTB,
KOHCTPYHPOBAHHSI rpagpuyeckoe n300pakeHue
Pa3TMYHBIX TPHGOPOB, CXeM 3aBUCHUMOCTEH, MpPECTaBICHHBIX

N pa3sTUIHBIMA crocobamu;

Y YCTPOMCTB.

oopmiienue rpaduKoB;

Ymers:

— CO3JaBaThb JUHaMHYCCKHC nu
MMporpaMMHbIC MOYJIN.

4. O0beM, CTPYKTYPA U CoJeprKaHUEe TUCHUIINHBI

OO6m1ast TpyA0€MKOCTh TUCIUIUIMHBI cocTaBisieT 10 3aueTHbIX equnuil, 360 akaa.dacos.

Buabl yueOHbIX 3aHATHIA, DopMbI TeKyl1Ero
Temsl (pa3aensl) £ | BKII0Yast CAMOCTOSITE/ILHY IO padoTy | KOHTPOJSA ycIeBaeMOCTH
No AUCHMIIUHBI, g CTYEHTOB,
n/n HX COJIepKaHne 3 U UX TPYAOEMKOCTH ®opmMa NpoMe:KyTOUHOI
o (B akaJeMHYeCKHX Yacax) aTTecTaluu

(no cemecmpam)

KonTakTHas pabora

JICKIHH
MPaKTUIECKHE
nabopaTopHbIe
KOHCYJIbTAIIMN

aTTeCTaI[MOHHBIC
HCIBITAHHS

CaMOCTOSITENTbHAS

pabota

CTpyKTypa U HHTepHpeTalus KOMIbIOTEPHBIX MPOrpamMM

OT4eThl 110 1ab0paTOPHBIM
1 9 18 2 8 pabotam. 3agaHus IS
CaMOCTOSATEIILHOW PabOTHI

[MocTpoenue abcTpakuii

1.1. N
TTOMOIILI0 QYHKITAH




1.2.

IMocTpoenue abcrpakuuii
HOMOILBIO JaHHBIX

16

OT4eTHI 10 JIA00PATOPHBIM
paboTam. 3agaHus is
CaMOCTOSTEIBHON pabOThI

0,3

1,7

3auér

N

2.1.

Hroro 3a 1 cemecTp
72 yaca

Bsenenue B npenmer. Kparkas
HCTOPHS Pa3BUTHUS
BBIYMCIIUTEILHON TEXHUKHU U
aJTOPUTMUYECKUX S3HIKOB
[IPOrpaMMHUPOBAHHUS

17

[porpammuposa

34

3103

Hue Ha C++

17,7

2.2.

OCHOBHBIC IPUEMEBI CO3/IAHUS
IPOrpamMm B Cpejie pa3padoTKu
Visual Studio.
KomnmnmpoBanne nporpaMmsl
B cpejie pa3pabOTKH U B
KOMaH/JIHOU CTPOKE

2.3.

bazoBric pi1eMEeHTBI
cuHTaKcuca si3eika C++.
JupexTuBsI mpenpoieccopa.
Tunbl nepeMeHHbIX U JAHHBIX.
Apudmerudeckue onepaTopel.
VYca0BHBIE ONIEPATOPEI.
Orneparopsl HUKJIA.

2.4.

BBoj BEIBOJ B TOTOKE.
Maccussl. [IpocTsie u
COCTaBHBIE OTIepaItuf
TIPUCBaUBAHUS
VYHapHsble onepauuu
Jlornueckue BoIpaskeHUs

2.5.

Bunpl onepaTopoB 1uKIia
CTpyKTypbl MHOKECTBEHHOTO
BeIOOpa SWITCH

2.6.

Pabota ¢ cuMBoamMu u
CTpOKaMu

Yka3aTenu u CChUIKU
[lepeuncnenus
CoCTaBHBIC THIIBI JAaHHBIX.

CtpyKTypHl

2.7.

OcobeHHocTr paboThI ¢
yKazaTeIsMu

OCo0OeHHOCTH UCTIONB30BAHUS
CCBIIOK

Pazmiranble cioco0s! epenavn
JIaHHBIX B (QYHKITUIO

MaccuBsl yka3aTenei
VYkazarenu Ha (GyHKIUU

2.8.

[Meperpy3ka yHkumii
[abnous! ¢pyHKIMIHA
Pexypcust

[Tpumepsr 06paboOTKH
CHMBOJIOB M CTPOK

2.9.

[ToToku

Kiaccel 1 00BEKTHI TOTOKOB
BBoJ cCUMBOJIOB U CTPOK €
MIOMOLIBIO (DYHKIHH-




9JIEMEHTOB
MaHunyasTopsl MOTOKOB
Pabora ¢ ¢atinamu

daiinel T0CIE10BATEILHOTO
JocTyTa

@Daiispl MPSMOTo OCTyTa

2.10.

Oyukiun win 00beKkThl. CMeHa
HapaurMbl

Tpu xuta OOIL

CtpyKTypHl

OOBsABIIEHHE KiIacca.
OCHOBHEBIE 3JICMEHTHI Kjlacca.
Koncrpykrop u nectpykrop
Co3znanue 3K3eMITISIPOB Kiacca
CTaTH4ecKoe U JMHAMHYECKOS
BBIJICIICHUE TIAMATH
HacnenoBanmne

2.11.

Beenenue

2D u 3D rpaduxa

Cpena CLR

Coznanue npoekra CLR
BusyansHoe npoekTrpoBaHue
IIpuBs3ka xoga

PucoBanue rpadguaeckux
MIPUMHUTHBOB Ha SKpaHe
AHumanus

3D rpaduka ¢ GUOINOTEKOH
OpenGL

2.12.

Beenenue. Heooxoaumocth
paboThI C MaTpULIAMU U
MaccuBaMu

Anrebpa MaTpHII.
Oco0eHHOCTH pa3MeIICHHS
MacCHBOB B TaMsTH
KOMITBIOTEPA
JlMHaMHU4ecKOe BBIACICHHE
aMsTH

OcobeHHocTH paboTHI €
JIBYMEPHBIMH MacCHBaMH
IIpumep 1. Beruucnenue
OTIpeeIUTEIs

IIpumep 2. Beruucnenue
00paTHOW MaTPHIIBI

0,3

1,7

3auér

Hroro 3a 2 cemecTp
72 yaca

17

34 3

0,3

17,7

6 mom uucie ¢ 30 u /10T

AJITOPUTMBI U

CTPYKTYPBI

JAHHBbIX

Kontpons no pesynpraTtam

3.1. | JluneitHble CTPYKTYpHI JaHHBIX | 3 2 4 2 BBITIOJTHEHWMSI TA0OPATOPHBIX
pador
Konrpons 1o pesynbratam
3.2. Pexypeusnas oGpaborka 3 2 4 2 BBITIOJTHEHHSI JTAOOPATOPHBIX
HepapxU4ecKUX CITUCKOB
pabor
Kontpons no pesynpraTtam
3.3. | depeBbs u aeca 3 2 4 2 BBITIOJTHEHMSI 1TA0OPATOPHBIX
pabor
3.4. |UcuepnbIBaroniyii HOUCK 3 2 4 2 Kontpons no pesynpratam




BBITIOJTHEHHS J1TA00PATOPHBIX
pador

Kontpons no pesynpraTtam
3.5. | BeicTpelii monck 3 2 4 2 BBITIOJTHEHWMSI TA0OPATOPHBIX
pabor

Kontpons 1o pesynbratam
3.6. | CoptupoBka 3 2 4 2 BBITIOJTHEHHSI JTAO0PATOPHBIX
pador

Kontpons no pesynpraTtam
3.7. | Anroputmbl Ha rpadax 3 2 5 2 BBITIOJTHEHMSI 1TA0OPATOPHBIX
pabor

Koutpouns 1o pesyiabratam
NP-noaHbIe U p pesy.

3.8. 3 3 5 2 BBITIOJTHEHHSI JTA00PATOPHBIX
TpyAHOpELIaeMble 3a1a4H pabor

0,3 1,7 3auér

Hroro 3a 3 cemectp

72 waca 17 34 3 103 17,7

IMakeTn1 KOMIIBIOTEPHOI'0 MOJACJTHPOBAHUSA

OCHOBHBIE TIPHHIUITBI PAOOTHI
B CpeJie KOMIIbIOTEPHOI'0
MojenupoBanus Wolfram

4.1. . 4 1 1 1 3ananue Ne 1
Mathematica. TogHOCTB A
MPEACTABICHUS YUCIOBBIX
JIAHHBIX.

Orneparopbl MPUCBAUBAHHS U
ITOJICTAHOBKH; KOMaH/IbI
42, |"A ’ A 4 | 2 3 1 3amanns Ne 2 u Ne 3
peoOpa3oBaHUs CHMBOJIbHBIX
BBIpaKEHUIl
Peanuzanus onepanuit
43. . part 4 | 2 6 1 ananns No 4, No 5 u No 6
MaTEeMaTHYECKOro aHaN3a
Pa6GoTa co crinckamu;
4.4. | BeKTOpHBIC U MATPUYHBIE 4 1 2 3apanue Ne 7
ornepanuu
Co3aHue MoJIb30BaTeILCKUX
45. |4 4 | 2 4 |1 2 3azanms Ne 8 u Ne 9
GyHKIH.
U3y4YeHUE MaTepuaa

6 mom uuciae ¢ 30 u JJOT 1 MPEICTaBICHHBIX TEKCTOB
JeKIUI

I'paduueckoe npeacraBicHue

46. P ¢ . peat 4 2 6 3 3amanus Ne 10 u Ne 11
byHKIMHA.

U3y4YeHUE MaTepuaa
6 mom uuciae ¢ 30 u JJOT 1 MPEICTaBICHHBIX TEKCTOB

JICKITUH

Pemenue nuHeRHBIX 1
4.7. | TpaHCUCHICHTHBIX YpaBHEHUH; | 4 2 4 2 3ananue Ne 12
pelIeHne HEPABEHCTB.

Pewenne muddepeHunansHpIx

4.8. o 4 3 4 1 2 3amanne Ne 13
ypaBHEHHIA
H3ydYCHHE MaTepraa
6 mom uucne ¢ 90 u JJOT 0,5 1 MPEICTaBICHHBIX TEKCTOB
JICKITUH
4.9, | CO3AAUHE MHAMMIECKUX 4 | 2 4 |1 4 Sananne Ne 14

00BEKTOB




U3ydYeHHE MaTepuaa
6 mom yucae ¢ 30 u JJOT 0,5 2 | mpeacTaBICHHBIX TEKCTOB
JeKuuit
0,3 1,7 3auér
I/IToro7323q4az§MeCTp 17 34 3 03 | 177
6 mom uucie ¢ 30 u /10T 1 5
5.1. | ba3oBble MOHATHUS 5 2 4 0,5 2
5.2. | Cratuueckue caiThbl 5 2 4 0,5 2
5.3. | Cucrembl KOHTpOJIA Bepcuit 5 2 4 10,5 2
5.4. | ba3bl Ja”HHBIX 5 2 4 0,5 2
5.5. | IluHAMUYECKHE CAMTHI 5 2 4 0,5 2
6. | cometmepmsaran 5 | 2 4]0 2
5.7. | Beb-nnporpaMMupoBaHue 5 5 10 4
0,3 1,7 3auér
%Tz;‘; ;a S cemectp 17 34 | 3 03| 17,7
Bcero 85 170 | 15 | 1,5 | 88,5
6 mom uuciae ¢ 30 u ;10T 2 10

Conep:xxanue pa3ieioB IUCHUIIIHHBI:

Pazgen 1.1.
Ilocmpoenue adcmpaxkyuii ¢ nomMouiblo PynKyuil

IIpoctbie BblpaxkeHus. Be3biBatomme BbelpakeHUs. VmMnopT BHemHux (yHkiuid. JlepeBbs
BeIpakeHH. MHcTpykiuu mipucBoeHus. UYwcrtele u  Heuuctble GyHknuu. OnpeneneHue
MOJIb30BATEIbCKUX (YHKUMH. BpINonHEeHne mosb30BaTeabCKuxX (yHKIud. OKpy>KeHHs U 00JIacTH
BuauMocTUd. Apudmerndeckue omneparopbl. JlokalbHOE NPUCBOCHUE. YCIOBHBIE HHCTPYKIUH.
ByneBbl koHTekcThl M omepatopbl. Llukim while. Ilepenaua ¢yHkuuii B kayecTBe apryMeHTOB.
Bnoxennsie ¢ynkumn. JIamOna-seipakenus. KappupoBanue. PexypcuBHbie dyHkmu. B3aumuas
pekypceus. JpeBoBuaAHAS pEKYpCUs.

Pazgen 1.2.
Ilocmpoenue abcmpakyuii ¢ ROMOULbI0 OAHHBIX
Bcrpoennbie  tumbl  gaHHbIX.  [lapel.  panuner  abctpakmuu. Croucku.  HWrepamus 1o
nocneaoBarenbHocTH. OOpaboTKa TOCIEeNOBATENBHOCTEH. AOCTpakIus MOCIeA0BaATEIHHOCTH.
Crpoxu. JlepeBbs. CBsazubie criucku. O0bekTHas Mojenb. OOBEKTHI M KIacChl. ATpUOYTHI KJIacCOB.
HacnepoBanue. CrnoBapu. JlokanbHoe cocrosinue. HenokanbHoe npucBoenue. Peanusanusi cniuckos
u cioBapeid. DphekTuBHOCTL Tporpammbl. [lopsiaku pocta. MHOXKeECTBa.

Paznen 2.1.
Beeoenue ¢ npozpammuposanue
Kpartkas ucrtopust BBIMUCIUTENbHOM TEXHUKU. Pa3BuTHe TeOpuun BhIUMCICHH. Pa3BuTre
TEXHOJIOTUH. Y CTPONUCTBO KOMITbIOTEpa. VicTopus pa3BUTHS S3BIKOB ITporpaMMupoBanus. Co3zanue
nporpammbl Ha C++. Komnusiius B komanaHou ctpoke. Cpena nporpammupoBanus Visual Studio
2008. ITpumep cozanust IpoCTEMIIEN TPOrPaMMBI.



Paznen 2.2.
ba3zoevie 3nemenmut azvika C++ 1
Jupextussl ipenporieccopa. Oynknun. ['maBHas ¢pyskuus main. [lepemennbie. KoHCTaHTHI.
Apudmerndeckue oneparopsl. [Ipuopurersl. BBox BbiBoA B moTOKe. MacCHBEI.

Pazgen 2.3.
bazoevie snemenmul azvika C++ 11
[IpocTtbie u cocTaBHBIE ONEpalMy IPUCBAUBaHUs. Y HapHbIE onepalnu. Jloruueckue BoIpaxeHusl.
Buasr oneparopos nukia. CTpykTypbl MHOKecTBeHHOTO BhIOOpa SWITCH. Pabora ¢ cumBonamu u
cTpokamu. Ykazatenu u ccbuiku. [lepeuncnenus. CocraBHbie TUIBI JaHHBIX. CTPYKTYPHI.

Pazpnen 2.4.
Ocobennocmu ucno1b308anus yKazameei U cColiioK
OcoGenHoctr paboThl ¢ ykazarensiMu. OCOOCHHOCTH UCTIOIB30BAaHUS CChUIOK. Pa3nuynabie criocoObt
nepeaadn JaHHbIX B PyHKIMI0. MaccuBhI ykazaTenei. Ykazarenu Ha ¢pyHkuud. [leperpyska
¢ynkuuit. [1la6nons! pynkuuit. Pekypeus. IIlpumepst 06pabOTKH CUMBOJIOB M CTPOK.

Pazpgen 2.5.
Ocoodennocmu nomokoeo2o 6600a-eévieooa. Daiinwvl.
[Totoku. Knaccel 1 00BEKThI TOTOKOB. BBOT CHMBOJIOB U CTPOK C TIOMOIIBIO (DYHKITHIA-27IEMEHTOB.
Manumnynstopbl moTokoB. PaboTa ¢ ¢aitmamu. daiinbl mocne0BaTeIBHOTO TOCTYTIA.
@aiibl IPSAMOro A0CTYIIA.

Pazgen 2.6.
Beeoenue ¢ OOIL. Knaccut.
Oynkuun uian 00bexThl. Cmena napaaurmsl. Tpu kuta OOIL. CtpykTypsl. OObsiBIEHHE Kilacca.
OcHoBHBbI€ 351eMeHTHI Ki1acca. Konctpykrop u gectpykrop. Co3naHue s3K3eMILIIpOB Kilacca.
Cratudeckoe U AMHAMHUYECKOE BblAeNeHue namsaTi. Hacnenosanue.

Pazgen 2.7.
Ikpannasn cpaguxa ¢ C++
Beenenue. 2D u 3D rpaduka. Cpena CLR. Co3nanue npoekra CLR. BusyanbHoe npoeKTHpOBaHHE.
[TpuBs3ka koma. PucoBanne rpadmyeckux mMpuMUTHBOB Ha dKkpaHe. AunManus. 3D rpaduka ¢
oubmmorexoit OpenGL.

Pazpgen 2.8.
Paooma c mampuyamu. Yxazamenu u maccugol
Beenenne. Heo6xoaumocTs paboThl ¢ MaTpUIlaMH U MaccuBaMH. AnreOpa MaTpul.
Oco0eHHOCTH pa3MeIlIeHNs MAaCCUBOB B MaMSITH KOMITbIOTepa. JluHaMudeckoe BblIeJICHIE TaMATH.
OcoGenHoctu paboTHI C IByMEpHBIMU MaccuBamu. [Ipumep 1. Beraucnenue onpeaenurens.
[Tpumep 2. Beraucnenne oOpaTHOM MaTPHUIIBI

Paznen 3.1.
Jluneitnvie cmpykmypol 0anHHbIX
CtpykTypsl JHaHHBIX # anroputmbl. CTek, ouepeap U JeK Kak JUHEHHbIE CHUCKU

(mocnenoBaTENbHOCTH) C OTPaHMYCHHBIMH Habopamu omepaimii (nocrtyma). Ctek, ouepenb U JIeK
KaK a0CTpaKTHbBIE TUIBI JaHHBIX: ()YHKIIMOHAJIbHBIE clielUpUKauu U akcuoMsl. [IpencraBinenue u
peanu3aiys (HempepbIBHASA, CCHUIOYHAS B CBA3aHHOM MaMATH U Ha 6a3e BEKTOPA).

[TpuMeps! anropuTMOB, UCIIONIB3YIOLIUX CTEK, OUepeb, AEK.

Paznen 3.2.
Pekypcuenan oopabomka uepapxudeckux CRUCKo8
PexypcuBHOe omnpenenenre u GyHKIIMOHATbHAS CHICHU(UKAIUS JTMHEHHBIX CITUCKOB. PeKypcruBHOE
omnpenencHue U (PyHKIIMOHAIbHAS CTeU(pUKAINSI HepapXUIeCKuX (HETMHEHHBIX) CIIUCKOB H  S-



BeIpakeHHI. ba3oBbie GyHKIMM (MHIUKATOPBI, CEICKTOPHI, KOHCTPYKTOPHI). ToueuHas dopma
3alUCH S-BBIPAXKEHU.

3anucHu ¢ BapuaHTaMU B SI3bIKaX BBICOKOTO ypoBHs. IIpencraBieHue S-BbIpaXXE€HUN U peanu3arus
0a30BbIX (PYHKIMHI HA A3bIKAX BEICOKOTO YPOBHSL.

DneMeHThl (YHKIIMOHAJIHLHOTO MPOrpaMMUPOBAaHUSA U PEKypCHBHas 00paboTKa S-BBIpaKEHUN Ha
A3BIKAaX BHICOKOTO YPOBHSI.

[Ipumepsbl HCMONB30BAaHUS ~ HEIMHEWHBIX  CIHUCKOB:  JAU(QepeHInpoBaHNE CUMBOJIMYECKUX
BBIPKEHUH, IEHCTBUS C IOTHHOMAMHU MHOTHX MTEPEMEHHBIX.

Pazpgen 3.3.

/epeeva u neca
Omnpenenenue nepeBa, Jjeca, OuWHapHOro jepeBa. [paduueckoe M TEKCTOBOE (CKOOOYHOE)
npeacraBinenue jeca. Crenudukanus aepesa, jeca, OMHaApHOTO AepeBa: 0a30Bbie (QYHKIHH U
aKCHMOMBI. EcTecTBeHHOE COOTBETCTBHE OMHAPHOTO JiepeBa U Jieca.
OO0x0/pI OMHAPHBIX JCPEBBEB: PEKYPCUBHBIC H HE PEKYPCHUBHBIC allrOpUTMBL. OOXO0MBI AepeBa WITH
neca.
[IpencraBnenus M peanu3alii OMHAPHBIX IEPEBbEB: CCHUIOYHAS pealTu3allusl B CBI3aHHOW TaMSTH,
CCBUIOYHAs peasin3alusi OrpaHMUYEeHHOr0 OMHAPHOTO JepeBa Ha 0a3ze BEKTOpa.
[TpommTeie OMHAPHBIC ACPEBBS: MPEACTaBICHUE, 00X0, BKIIOYCHHUE.
[Tpumep ucnonb30BaHUsT OMHAPHBIX JEPEBHEB B 337aue YMAaKOBKU COOOIICHUH: MPeQUKCHbBIE KOJIBI
u OWHApHBIE JepeBbsi, MeToa KomupoBaHus Dano-llleHHOHA, KpHUTEpHil ONTHMAIHLHOCTH KOJA,
aJITOPUTM KOoAMpoBaHUs (cxkatus) uHpopmanuu no Xaphmeny (IocTpoeHue aepeBa, KOIUPOBaHHE
U JEKOJUPOBAHME), J0KA3aTeIhCTBO ONTUMAILHOCTH koma Xaddmena, HepaBeHcTtBo Kpadra,
TeopeMa KOJMPOBAHUSA B OTCYTCTBHE IIyMmMa (SHTPONMKHAS OLEHKAa CpeAHed UIMHBI KOJa).
Jlunamuueckoe koaupoBanue no Xaddmeny.

Paznen 3.4.

Hcuepnwviearowuii nouck
ITouck ¢ BosBpamenuem (backtracking).  OOmmuii anropurm. [Ipumep: 3amaya o dep3ax.
YcoBepuencTBoBaHus. OIEHKA CIIOKHOCTH BBINOIHEHUs: MeTol MonTte-Kapio. Jlpyrue crocoOsl
MIPOrpaMMHUPOBAHHUS TIOMCKA C BO3BPALIEHUEM: PEKYPCHSI U UCIOJIb30BaHUE MaKPOCPEICTB.
Merton BetBeil u rpanun. OOmas cxema. 3agada KOMMHBOSDKEpA: pEIIEHHE METOJOM BETBEH M
TpaHMIl. ODBPHUCTHYECKHUE METOJbI: OJKaiimero cocema, Omkaiimero ropoaa. OILEHKH
PUOITHKECHHUS.
Junamuueckoe nporpammupoBanue. [Ipumep (kpaTdailinmii myTh B CJIOMCTON CETH) U OOIIas Uesl.
3azava onpeaeneHus opsIKa YMHOKEHUS LIENOYKN MaTPULL.

Pazgen 3.5.

Bbvicmpotii nouck
[Touck u apyrue omnepaiuu Haa Tabmunamu. [locnemoBarenbHBIA M OMHAPHBIN MOUCK. buHapHbIE
nepeBbs noucka. CiayyaiiHsle OuMHapHbIE AepeBbs moucka. [lofcueTr uncia CTpyKTYpHO Pa3IUyHBIX
OMHApHBIX JEPEBHEB C 3aJlaHHBIM YUCIOM y370B. CpeHee BpeMs MIOMCKA B CIIyYalHBIX JIEPEBbIX.
PannomusupoBanabie OMHApHBIC JepeBhs moucka (Treaps).
OnTtumanbHble OWHAPHBIC JIEPEBbS TMOUCKA. AJITOPUTM TMOCTPOCHUS ONTHMAIBHOTO JIEpPeBa.
Xopomne OuHapHbIC AepeBbs nmoucka. COamaHCUpPOBaHHBIC MO BhICOTE OWHapHBIE AepeBbs (ABJI-
nepeBbsi). Brmouenne B ABJI-gepeBo. Hckimouenne u3z ABJI-gepeBa. OreHka CI0KHOCTU B
XyauieM ciydae: aepeBbs @ubonauun. Peanuzanus ynopsiioueHHBIX JIMHEHHBIX CIIUCKOB Ha 0ase
ABJI-nepeBbeB UM paHAOMHU3HPOBAHHBIX JepeBbeB. Orepamuu MOUCKa, BCTABKU W YIAlICHUS
AJIEMEHTOB; OIEpaIlH CLEIJICHHS U PaCILeTJIeHHsI CIIHCKOB.
2-3-nepeBbsi. b-mepeBpsi. Merox moucka ¢ HCIOJNB30BaHMEM  (YHKLIHMM  PacCTaHOBKH
(xemmpoBanue). Pasperienue KOUIM3MM:  METOA BHYTPEHHMX M BHEIIHUX IETOYEK, METOA
OTKpBITON anpecaruu.  Koadduinment 3arpy3ku,  ONEHKH CIOXHOCTH. Bpioop QyHKIun
paccTaHOBKM. 3ajaya noucka noactpoku. Anroputm Knyra-Mopuca-Ilpatra. Anropurm boyepa-
Mypa.



Pazpgen 3.6.

Copmuposka
3amaua COPTUPOBKH (BHEIIHEH 1 BHYTpeHHel). CopTHpoBKa BCTaBKaMH, 0OMEHaMHU, BBIOOPOM.
brictpas coptupoBka Xoapa. IIpoueaypa pasnenenusi. PekypCHUBHBIH M HE PEKYpPCHUBHBIN
AJITOPUTMBI OBICTPOH COPTUPOBKU. AHAIN3 CIOXKHOCTH. ONTHUMHU3ALUS MPOrpamMMbl (HETOJHas
coptupoBka). [lupamunansHas coptupoBka (HeapSorting): TypHUpHasT COPTHPOBKA, MOCTPOCHUE
NUpaMHIbl W TOJHOE YIHOpsAJoueHHEe. AHanmM3 CIOKHOCTH anroputma. Pacnpenenstomast
(mopaspsinHas) coptupoBka. CpaBHEHHME alrOPUTMOB U MPOTPaMM BHYTPEHHEH COPTHUPOBKH.
HuxHsas rpaHuna ClIOXXHOCTM 3aJadyd  cOpTUpPoBKM. OmnTHManbHas COPTUpOBKAa. BHemHsAs
coptupoBka. [Ipocroe cnugaaue. EcTecTBeHHOE CIUSHUE.
3asaya MoMCKa MEAMAHBL: ANTOPUTM X0apa, JIMHEHHBIN aaropuT™M. AHaAJIN3 CI0KHOCTH.

Pazgen 3.7.
Anzopummot na cpagax

I'padsl: onpenenenus u npumepsl. YmnopsaodeHHblid rpad. IlpeacraBnenus rpadoB: maTtpuia
MHIUACHINN, MaTpulla CMEXHOCTH, CIUCOK Tap, CTPYKTypa CMEXKHOCTH (CHHCKHU
uHIMaeHTHOCTH). [IpeoOpasoBanust mpencraBieHuii. OcToBHBIE nepeBbs rpada. MwuHHManbHOE
OCTOBHOE JiepeBo. Teopema "o muHUMaIbHOM pedpe". XKanmupiii anroput™m (Kpackam). Anroputm
"ommxaiimero cocena” (Ilpum, Jletikerpa). I[Touck B rpade: anroputm nomerok. [louck B mupuny.
[Touck B rinybmnHy. CBsi3HBIE KOMMIOHEHTHL. AnroputMm cioxHocTH O(m*log n) moctpoeHus
MUHHMAaJIBLHOTO ocToBa. [locTpoeHne u CBOMCTBAa OCTOBHBIX JIEPEBBEB NPHU MOUCKE B INIyOWHY H B
mpuny. Ilouck B TIyOMHY W TOMOJOTMYecKas COpTHpoBKa. HaxokaeHue KOMIOHEHT
IBYCBS3HOCTH: TOYKM COWIEHEHHs Tpada M UX CBOHCTBA B TIIyOMHHOM OCTOBHOM JEpeEBe.
AJTOpUTM HAXOXKJEHUS KOMIIOHEHT JBYCBA3HOCTH. CuibHasi cBsI3HOCTh. [louck B riiyOuHY B
oprpade. ANTOpUTM HAXOXICHHUS CHIIBHO CBSI3HBIX KOMIOHEHT. KIuKu. ANTOpUTM MOPOXKICHHS
kK rpada. Kparuaitmme mytu B rpade. Kparwaitmme nmyTd OoT (DUKCUPOBAHHOW BEPIIHHBI.
Cnyuall HeoTpHLATElIbHBIX  BecoB:  anroputMm [eiikctpel.  Anroputm ®Poppaa-bennmana.
Kparuaiimue mytu B 6eckonTypHOM rpade. Kparuaiiimme myTd Mexay BCEMH IapaMd BEpIIWH.
Marpuia cMeXHOCTH, MaTPHIIA JOCTIHXKUMOCTH M TPAH3UTHBHOE 3aMbIKaHHE OTHOIICHUS, aJITOPUTM
Yopmamia. Anroputm  @noiiga-Yopiuaaia BBIYHMCICHUS PACCTOSHUM MEXKIYy BCEMH MapamMu
BEpILNH, OTHOBPEMEHHOE [TIOCTPOEHHE My TEH.

Pa3nen 3.8.
NP-nonnvie u mpyonopewiaemoie 3a0aqu

MaccoBass ¥ uHAMBUAYyanbHas 3aaaud. CIO0XHOCTh aJIrOpuTMa M KOJUPOBAHUE BXOIHBIX H
BBIXOJIHBIX JaHHBIX. [lonmMHOMMANIBHBIE anTrOpUTMBI U Ki1acc P. HenerepMuHupOBaHHBIE aJITOPUTMBI
u kiacc NP. Paznnunbie ¢(opMbl MOCTaHOBKM 337ad KOMOMHATOPHOW  ONTHUMH3AIMU:
ONTUMU3ALIMOHHAS, BbIUMCIHTENbHAS, (opma pacno3HaBaHus. I[Ipumepsl. [lonnHomMuanbHas
npeobOpasyemocts 3a1a4. NP-tpynabsie u NP-nonmHble 3amaun. 3ajgaya O BBIIOJIHUMOCTH OyJieBa
BBIPOKCHHS, TMPEACTABICHHOTO B KOHBIOHKTUBHOW HOpMaibHOW (opme. [lokazarenbctBo NP-
MOJTHOTHI 337]audl O BBIMOJHUMOCTH. IIpeoOpasyemMocTh 3aauu O BBIOJHUMOCTH B 3agady O 3-
BBINOTHUMOCTU. [lomMHOMUAIBHOCTD 3alauv O 2-BBINOJHUMOCTU. 3ajadya O  KJIHMKe Tpada.
ITpeoOpasyemocTh 3aau O 3-BBINOJHUMOCTH B 3ajady O KJIHMKe. 3a7ada O MHOTOIPOIECCOPHOM
pactiucanuu (MIIP). IlpeoGpasyemocts 3amaun o kiuke B 3aaady o MIIP. 3agaua o 0-1-prok3ake u
kpunrorpadus. [Ipakrndyeckoe pemenne NP-noiaHbIX 3a1ay.

Pa3znen 4.1.
Ocnosnble npuHyunsl padbomol ¢ cpede KoMnoviomepnozo mooeauposanus Wolfram Mathematica.
Tounocms npedcmasnenusn 4uci08vIX OAHHBIX.
BBenenne. MonenupoBanue (U3MUECKUX TPOIECCOB M SBICHHUMA - II€TH, METOJbI M TOIXOIBI.
CoBpeMeHHbIE MareMaTtnueckuii maker Wolfram Mathematica. Bo3moskHOCTH TakeTa, OCHOBHBIE
KOMaHpl TJIABHOTO MEHIO. UWCIOBBIE THIIBI JAHHBIX: II€NbI€, BEIICCTBEHHBIC, pallOHATbHbIE,



KOMIUIEKCHBIE; apu(MeTH4ecKue IeHCTBUSA; BCTPOCHHBIE KOHCTAHTBI; A0COJIIOTHO TOYHBIE MU
npuONMMKEHHBIE  BBIpAXEHHUS;  (QYHKIOMS ~ YUCIECHHOTO  NPUOJNMKEHHUS;  DIIEMEHTapHbIC
MaTeMaTH4ecKue (PyHKLUH.

Pa3znen 4.2.
Onepamopuvi npuceausanus u NOOCMAHOEKU; KOMAHObL NPEOOPA30BAHUA CUMEBOIbHBIX
ebIpariceHull.

Omneparopbl MPUCBAUBAHUS: HEMOCPEICTBEHHOTO U OTIOKEHHOTO. [locTaHOBKY, CO3/1aHue TaOIHII
3HAYCHHUH PYHKIIUN C TTOMOIIBIO OllepaTopa MOACTAaHOBKHY; 0(hOPMIICHHE TaOJIHII.

[IpeoOpa3oBaHusT CHUMBOJBHBIX BBIPAKEHUN: anreOpanyecKux MHOTOYICHOB, pallMOHAIBHBIX,
KOMIUIEKCHBIX, TPUTOHOMETPUYECKUX BBIPAKEHUHN; TOJCTAHOBKH; YMPOIIEHWE CHUMBOJIbHBIX
BBIPAKCHUM.

Pazgen 4.3.
Peanuzauusn onepayuii mamemamuuecKo2o aHaiu3a: ebI4UcieHuUe CymMm, NPOU36e0eHuil,
npeoenos, paznoyxcenuii 8 pao Teiinopa, npou3eo0HsvIX u UHMEZPAN08.
Peamuzamust B cpene Wolfram Mathematica OCHOBHBIX oOIepanuii MaTeMaTHYECKOTO aHaJIN3a:
KOHCYHBIX H 66CKOHC‘IHBIX CYMM, HpOI/I3BeI[eHI/II>'I, OI[HOCTOpOHHI/IX 148 I[ByCTOpOHHI/IX HpeI[eJIOB,
pasnokeHue B psan Teinopa u psan Makiapena; muddepennupoBanne QyHKIUN; aHATUTHIECKOE U
YUCJIICHHOC BBIYHUCIICHHUC I/IHTeraJ'IOBZ OHpGI[CJIéHHBIX, HCOHpe,Z[e.HéHHBIX, KpaTHBIX, I[BOP'IHBIX.

Paznen 4.4.
Paboma co cnuckamu; 6eKmopHsle u MampuyHsle Onepavuu
Coznmanue U KOHCTPYHPOBAHHE CIUCKOB; apu(PMETUYECKUE OMEPAlUU CO CIHCKAMH; MPUMEHEHHUE
AJIEMEHTapHBIX (DYHKIIUH K CIHCKaM; MPEACTAaBICHUE BEKTOPOB M MAaTPHI] B BHJIE OJHO- U
JBYXYPOBHEBBIX CIIUCKOB; BEKTOPHBIE U MATPUYHEIE OLIEPALUH.

Paznen 4.5.
Co3o0anue nonv3oeamenbcKux YyHKyuil.
Co3ngaHue MONB30BATEIbCKUX (QYHKIMI: TpocTeiiiiee onucaHue (YHKIHUA; O0COOECHHOCTH
UCIOJb30BAHUS OINEPATOPOB HEMOCPENCTBEHHONO U OTJIOXKEHHOTO IPHUCBAaUBAaHMS, OMNMCAaHUE
MHOKECTBEHHBIX (DYHKLUH; CO3/JaHNEe Pa3phIBHBIX QYHKUUH 1 QYHKIHIA C YCIOBUSIMH.

Paznen 4.6.
I'pagpuueckoe npeocmasnenue gpynkyuil.
JIByMepHbIe Tpaduueckue (QyHKIHH: HU300pakeHHe (QYHKUWH, 3aJaHHBIX SBHO B JEKAPTOBBIX H
MOJIAPHBIX KOOpAMHATAX; CO3/aHue TIpadUKOB TOYEYHBIX (YHKUUN; MOCTPOCHHE TIpa(UKOB
(GyHKUMH, 3aJaHHBIX MMapaMETPUYECKU M 33JaHHBIX HesiBHO. Vcmonb3oBaHue onuuii rpaduueckux
byskumii 1 oopmiteHus rpaduKoB.

Paznen 4.7.
Pewenue cucmem JTUHENHBIX U MPAHCYEHOCHMHBIX YPAGHEHUIL; PeUleHUe CUCeM HEPABeHCH.
AHaTUTHYECKOE TOYHOE WM TMPHUOIMKEHHOE PEHICHHE IMMOJMHOMHUAIBHBIX W TPUTOHOMETPHYCCKUX
ypaBHEHUI; YHUCJICHHOE pEHICHHE TPAHCIEHACHTHBIX YPaBHEHMI; pEIICHHEe HEPaBEHCTB.
AHaTUTHYECKOC TOYHOC H  NPHONMKEHHOE  PENICHHE CHCTEM  IMOJMHOMHAIBHBIX U
TPUTOHOMETPUYECKUX YpPAaBHEHUI; UYMCICHHOE PEIICHHWE CHUCTEM TPAHCICHICHTHBIX YpaBHEHUM;
pellIeHre CUCTEM HEPaBEHCTBR.

Pa3nen 4.8.
Pewenue cucmem ougpghepenyuanvruvlx ypaguenuii: GHAITUMUYECKOE, YUCTEHHOE; CROCOObL
npeocmagienusn pe3yibmamos ebl4ucieHuil.
AHaIUTHYECKOE U YHCIICHHOE pelieHne TuQdepeHIIaIbHbIX ypaBHEHHA: 00111ee pelleHne, YaCTHOe
pelIeHne, HadalbHBIC M TPAaHUYHBIC YCIOBHSA. AHAINTHYECKOE M YHCICHHOE DEIICHHE CHUCTEM
Qg QepeHIMaIbHbIX YPaBHEHU]; CIIOCOOBI IPEACTABICHUS YACICHHBIX PEIICHUH.



Pa3nen 4.9.
Co30anue ounamuyeckux 00veKmoe.
[TocTpoenne rpadmKoB B JAWHAMUYECKOM pEXKHME; CO3JaHUE IUHAMHUYECKH YIIPABISIEMBIX
3JIEMEHTOB /7151 oopMileHUs TpaduKoB; opopMIIeHHE TAHETH YIIPABISIONINX JIEMEHTOB.

Pazmen 5.1.
ba3zoevie nonamusn
I'uneprexkct. HTML. Bpaysepsl. URL, HTTP, DNS, web-cepBepsl.

Paznen 5.2.
Cmamuueckue caiimbol
CpenctBa otnagku. Pecypcet HTML-ctpanun. Cratnueckue caiTbl. XOCTHUHT.

Paznen 5.3.
Cucmemul KoHmponn eepcuil
Ucropus cuctem KoHTpoms Bepcuid. LleHTpann3oBaHHbIE U IEIIEHTPATU30BaHHBIE CUCTEMBI. Git 1
GitHub.

Pazgen 5.4.
bazvi oannvix
[Ipenmnocsuiky Asis nosiBIeHUs 0a3 JaHHBIX. PensiiionHbie 6a3bl JaHHBIX. S3bIK
CTpyKTypupoBaHHBIX 3anpocoB. ORM. NoSQL 6a3b1 JaHHBIX.

Paznen 5.5.
Aunamuueckue caiimoi
OcoOeHHOCTH ¥ BOBMOXKHOCTH AHaMHueckuXx caitoB. LAMP crek. [Ipumep pa3BépThiBaHUS
TUHAMUYECKOT'0O CauTa.

Pazgen 5.6.
Bupmyanusayus u konmeiinepuszayus
Bupryanuzanus u Bupryansabeie Mamunbl. Konteitnepuzanus, LXC, docker. O6maunbie CUCTEMBI
BUpTyanu3auuu. OpkecTpanus.

Paznen 5.7.
Beo-npocpammuposanue
[a6noubl. Be6-popmel. baza nannsix. [loas3oBarensekue gorunbl. CTpaHuna IpoQuis U aBaTapsl.
O6paboTtka ommbok. Ilommucumku, KOHTaKTHl W Apy3bsi. Pa3omBka Ha ctpanmibl. [lommepkka
35IeKTpOHHOU ToYTHl. PekoHcTpykuus. Jlata u Bpems. 118n u L10n. Ajax. YiydiieHue CTpyKTyphbI
npunoxkenus. I[lomHoTekcToBhIl mouck. PaspepreiBanue B Linux. Pa3BepreiBanne Ha Heroku.
PaszeprriBanne Ha Docker konteiiHepax. Marust JavaScript. YBenomieHHs TOJb30BaTeNei.
donoBbie 3a1aun. MaTEpdeiice npukimaanoro nporpammupoBanus (API).

5. O0pa3oBaTe/ibHbIe TEXHOJOIMH, B TOM YHCJI€ TEXHOJOTHH 3JIEKTPOHHOI0 OOy4YeHHS H
AUCTAHIIMOHHbIE 00pa3oBaTebHbIE TEXHOJOITHH, MCHOJb3yeMble TMPH OCYLIECTBJIEHUU
o0pa3oBaTeIbHOIO NMpolecca Mo JUCIUNIUHE

B npouiecce o0yuenust HCMOIB3YIOTCS Clieqylomre o0pa3oBaTebHbIe TEXHOJIOTHH:

BBoaHasi Jeknus — aeT MepBoe LEIO0CTHOE MPEACTaBICHUE O AUCIHUIUIMHE U OPUEHTUPYET
CTYJIEHTa B CHCTEME W3Yy4Y€HUs AaHHOW AUCUUIUIMHBL. CTyAEHTBHI 3HAKOMATCS C Ha3HAYECHUEM U
3a/ladyaMH Kypca, ero poJibl0 U MECTOM B CHCTEME YUEOHBIX TUCIUIUINH U B CHCTEME MOJATOTOBKH B
uenoM. Jlaercs kpaTkuil 0030p Kypca, HCTOPHsS pa3BUTHS HAYKU U MPAKTUKU, JOCTHKEHUS B 3TOM
cdepe, IMEHA M3BECTHBIX YUYCHBIX, U3TIAraloTcs MEPCIeKTUBHBIC HAMPaBICHUS UCCleoBaHuidi. Ha
STON JIEKIIMH BBICKA3bIBAIOTCS METOJIMYECKHE U OpraHU3aI[MIOHHBIE OCOOEHHOCTH paboThl B paMKax
JAHHOW JUCIMILINHBI, a TAK)KE JACTCS aHAIU3 PEKOMEHIYyeMOH y4eOHO-METOAMYECKOM TUTEPATYPHI.



AxkageMuyecKkas JeKIHs € JIeMEHTAMU JIeKIUH-0ecebl — IIOCIIEI0BATEIbHOE U3JI0KEHNE
MaTepuaia, OCYLIECTBISIEMOE NMPEMMYLIECTBEHHO B BMJIE€ MOHOJOra IPENOAaBaTENs. DJIEMEHTHI
JeKuuu-6ecepl 00ecTeynBal0T KOHTAKT MPENoiaBaTesl ¢ ay IMTOpUEH, YTO MO3BOJISIET IPUBJIEKATh
BHUMaHHE CTYJICHTOB K HanOoJsee BaKHBIM TeMaM JUCLHUIUIMHBI, aKTUBHO BOBJIEKATh UX B yUCOHBIH
MpoLEecC, KOHTPOJIUPOBATh TEMI M3JIOKEHUSI y4eOHOro MaTepuaia B 3aBUCUMOCTU OT YPOBHS €ro
BOCTIPUATHS.

[Ipu uTeHNM NEKIUI UCTIONB3YyETCS TEXHOIOTUS MPOOIEeMHOTr0 00ydeHus (mocieaoBaTeIbHOE U
LIEJICHAIIPaBJICHHOE BBIJBMKEHUE IEpPE] CTYACHTOM ITO3HABATENbHBIX 33Jad, paspelias KOTOpble
CTYJIEHTBl aKTHBHO yCBaWBalOT 3HaHUA). Kypc MoCTpoeH Ha MPHUHIMIAX CHUCTEMHOIO MOAXO0Ja K
oTOOpY MpOrpaMMHOIO MaTepuajga W ONPEICNICHUIO TIOCIEAOBATEIFHOCTH €ro  HM3y4YeHHS
CTYJIEHTaMH, YTO IIPEyCMaTPUBAET IIyOOKOe U3yUYeHHE IPeaMeTa.

JlaGopaTopHas padora — opranu3anus y4eOHON pabOThl C peaJbHBIMH MAaTepUATBLHBIMU U
MHGOPMALIMOHHBIMHE 00bEKTaMH. 3a7aueil 1abopaTOpHBIX 3aHATHI, MPOBOAUMBIX B KOMITBIOTEPHOM
KJIacce, SIBJISIETCS HEMOCPEACTBEHHOE (OPMUPOBAHHE HEOOXOJUMBIX YMEHUN M HABBIKOB IyTEM
paboThl CTYJEHTOB HaJ IOCTABJICHHBIMU TpernojaBareleM 3aJadyaMH. BelonHeHHe Y4eOHBIX
3aJIaHAI POBOAMUTCS B MHTEPAKTUBHOU (pOopMe: pelieHre TBOPUSCKUX 3aJaHui, HHIUBUTY ATHbHBIA 1
TPYNIIOBOM TMOMCK PpEIICHUI TOCTaBIEHHBIX MPOOJIEeM, COBMECTHBIM C TMpenojaBaTeieM aHalu3
MTOJIyYEHHBIX PE3YJIbTaTOB.

KoHncyabTanum — BuJ Yy4eOHBIX 3aHATHH, SBIAIOIIUICS OXHOW M3 (QOpPM KOHTPOISA
CaMOCTOSITENIbHOM ~ paboThl  cTyneHToB. Ha  KoHCynmpTamusix 1O  MpochOe  CTYJIEHTOB
paccMaTpuBalOTCs Hauboyiee CIIOKHBIE MOMEHTHI MpPU OCBOGHHUM MarepHaja JAUCHUILINHBL,
MIPENOIaBaTeNlb OTBEYAET HA BOMIPOCHI CTYJEHTOB, KOTOpPbIE BO3HUKAKOT Yy HHUX B IpoLecce
CaMOCTOSITENTbHON PaOOTHI.

KonTpons kadecTBa yCBOCHHMS MPOTPAaMMHOIO MarepHaja IMPOBOAMTCA C YYETOM pabOThI
CTYJEHTOB Ha JICKIUSIX U JJa0OPATOPHBIX 3aHATHUSX.

CamocrosTenbHas padoTa CTyIEHTOB 3aKIII0YAeTCs B MPOPa0OTKe KOHCIEKTA JIEKIUNA, H3yYeHUN
PEKOMEHI0BaHHOM JIUTEPATYPBI, BBIIOJHEHUH JOMAIIHUX U UHIMBUIYaIbHBIX 3a/IaHUMN.

B npouecce 00ydeHns UCMIONB3YIOTCS CAEAYIONIME TEXHOJIOTHH 3JIEKTPOHHOTO O0y4YeHUS U
JUCTAaHIIMOHHBIC O6p&30BaT€.HBHBIe TCXHOJIOI'UH:
JeKTPOHHAsE Bepcusi y4yeOHoro Kypca «HWHdopManuoOHHbIE TEXHOJOIUM U
NPOrpaMMHPOBAHHE» B KOTOPOM:
- TpeICTaBJICHbI 3aJaHUs ISl CAMOCTOATEIbLHONU paboThl O TeMaM JAUCLUIIIIMHBL
- TOPEACTaBJIEHbI TEKCTHI JICKIHUI MO0 TEMaM JUCLUIUINHBI;
- TPEICTaBJICH CIUCOK YYEOHOH JINTepaTyphl, PEKOMEHAYEMOMN ISl OCBOCHUS TUCIUIINHBI,
6. IlepedyeHb JMIEH3MOHHOr0O M (WJIH) CBOOOJHO PACHPOCTPAHSIEMOI0 NPOrpaMMHOIO
o0ecmeyeHusi, HCHOJb3YeMOI0 TMpPH OCylUIeCTBJIEHUH 00pa3oBaTeIbHOr0 Mmpouecca Mo
AUCHHUIINHE

B mporiecce ocymiecTBieHus: 00pa3zoBaTeIbHOTO MPOIEcca MO AUCHUIUINHE UCTIONB3YIOTCS:
JUIsI IPOBeIeHUs 1a00paTOPHBIX 3aHATUM:

— penakTop nporpamMmHoro koja Sublime Text 4;

— sI3BIK IporpammupoBanus Python 3;

— maket Visual Studio 2009 Express Edition

— makeT Wolfram Mathematica;

— OC Linux;

— BeO-cepBephl Nginx, Apache;

— reHepaTop cratudeckux cantos Hugo.

Uit (pOpMHUPOBAHUS MATEPUAIIOB JJISi TEKYIIErOo KOHTPOJIS yCIIEBAEMOCTH W IPOBEICHUS
MIPOMEXKYTOYHOH aTTecTaIuu, JIsl POPMUPOBAHUS METOUICCKIX MATEPUAJIOB 11O JTUCIUTIIHHE:

— mnporpammsl Microsoft Office;

— Adobe Acrobat Reader.



7. IlepeyeHb COBpeMEHHBIX TNPOPecCHOHAIBLHBIX 0a3 [JaHHBIX M HHGOPMAUMOHHBIX
CIPABOYHBIX CHCTEM, MCIOJIb3yeMbIX MPH OCYLIECTBJIEHHH 00pa30BaTeIbLHOr0 Mpouecca mo
AMCHUIJIMHE (MIPU He00XO0UMOCTH)
B nportiecce ocymiecTBieHUs: 00pa3oBaTeNLHOTO MPOIiecca MO JUCIHUILINHE UCTIONh3YOTCS:
ABTOMaTtm3upoBaHHass ~ Oubnuoreuno-uHpopmarmonHas  cuctema  «BYKU-NEXT»
http://www.lib.uniyar.ac.ru/opac/bk cat_find.php

8. IlepeyeHr  OCHOBHOW W  [ONOJHHUTEJbHOW  y4yeOHOWl  JHWTepaTypbl, PpecypcoB
UH(GOPMANMOHHO-TEJIEKOMMYHUKAIMOHHON ceTH «HMHTepHer» (IpH HEOOXOAMMOCTH),
PEKOMeHAYeMBbIX IS 0CBOCHHSI 1M CHMIIJIMHBI

a) OcHOBHas JIUTEpATYpA:
1.1. AGenncon X., Caccman Jx. [Ix. Ctpykrypa u Uatepnperarnus Komnsiorepubix [Iporpamm.
— JHobpocser, KAV, 2010. — 608 c. http://newstar.rinet.ru/~goga/sicp/sicp.pdf
(pactipocTpaHsieTcst CBOOOJTHO o JTUTICH3UHT CO).

2.1. X. Hdeiiren, I1. deiiren Kak nporpammuposars Ha C++, M: bunom 1998.

2.2. T.A. TlaBnosckas, F0.A. lllynak C/C++ CTtpyKTypHOE TpOrpaMMHUPOBaHUE

2.3. b. Ctpayctpyn A3bix nporpammupoBanus C++. M: bunom 2005.

2.4. H. Kynptun Visual C++ B 3amgauax u npumepax, CIIb: BXB-Iletepoypr 2014.

3.1. AnroputMmsl: noctpoenue u ananus. / T. Kopmen, Y. Jleiizepcon, P. Pusecr, K. Illtaiin; nep.
c auri. U. B. KpacukoBa, H. A. Opexosoii, B. H. Pomanosa - 2-e uzn. M.: Bunbsmc, 2012.
1290 c.

3.2. Axo Ansdpen B. CTpyKkTypbl JaHHBIX U aNTOpUTMBL: Y4eb. mocodue s By30B. / A. B. Axo,
k. 3. Xonkpodt, k. [. Yasman. Ilep. ¢ anrn. - M.: Bunesamc, 2000. 382 c.

4.1. Boaspam Ctusen «nemeHTapHOE BBeIeHHE B 361K Wolfram Language» / [pecypcsl cetn
Wntepner]. URL: https://itnan.ru/post.php?c=1&p=273601

4.2. MATHEMATICA TTIOJJEPXKA / [pecypcsl cetu Untepuer]. URL:
https://support.wolfram.com/ru/

4.3. StatProjectRu: Marepuansr mo Wolfram Mathematica / [pecypcsl cetn Uatepret]. URL:
http://www.statproject.ru/load/spetsialnaja_literatura/materialy_po_wolfram_mathematica/3
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5.1. I'punGepr Murens Pa3zpabotka BeO-nipriiokeHuii ¢ ucrnonb3oBanueM Flask Ha si3pike Python.
— JMK Ilpecc, 2016 — 272 c.

0) JlonoJIHUTENbHAS TUTEpATypa:

2.1. b. Crpayctpyn A3bik nporpammupoBanust C++ crangapt 11 Kpatkuit kypc, M: bunom 2017.

2.2. A.H. BacunseB Camoyuutens C++ ¢ 3anagamu u npumepamu, CIIb: Hayka u texnuka 2017.

3.1. CemxBuk P. ®ynnamentanbHbie anroput™bl Ha C++: mep. ¢ anri. / P. CemxBuk - M.
HuaCo¢tIOII, 2002. 687 c.

3.2. Bupt H. Anroputmsl u cTpykTypsl nansbeix: [lep.c anri. / H.Buprt - 2-e uzn.,ucmp. - CII6.:
Hesckuit {unanekt, 2001. 352c.

4.1. UnmoctpupoBaHHbId camoyuutenb 1Mo Mathematica [pecypebl cetu MuTtepner| / Pexxum
noctyna: http://samoychiteli.ru/documentcontents22 198.html

4.2. DnementapHoe BBenenne B Wolfram Language Ha pycckom [pecypchl cetn MuTepHeT] /
Pexum JOCTyTa: http://www.itmathrepetitor.ru/yelementarnoe-vvedenie-v-wolfram-
language-na-russko/

9. MaTepuajibHO-TeXHUYecKass 0a3a, HeoOXoauMasi JJIs OCYLIECTBJIEHUS 00pPa30BaATEIbLHOIO
npouecca no JTUCHUIINHE

-y4eOHbIe ayAUTOPUH ISl TPOBEICHUS 3aHATUHN JIEKIIMOHHOTO TUIIA;

- yueOHbIe ayTUTOPHUHU JIsl POBEICHHS Ja00paTOPHBIX paboT;



- y4eOHbIe ay TUTOPHUHM I IPOBEIEHUS IPYIIOBBIX U HHAUBUYaIbHBIX KOHCYJIbTAIUH,

- yueOHbIe ay TUTOPHUHU ISl TIPOBEJICHHS TEKYILEro KOHTPOJIS U IIPOMEXYTOYHON aTTeCTalluy;
-IOMELLEHMSI U1 CaMOCTOSATEIbHOU padoThI;

-IIOMEIICHUST Uil XpaHEHUs W TNPO(UIAKTUYECKOTO OOCTYKHBAaHHUS TEXHHUUECKUX CPEACTB
oOy4eHwus.

[lomemenuss U1t caMOCTOSITENbHOW paboThl O0YYaIOMIMXCSl OCHAIIEHBI KOMITBIOTEPHOM
TEXHUKOH ¢ BO3MOXHOCTBIO MOAKIIOYEHHs K ceTh «VHTepHeT» M oOecrieueHHEeM J0CTyna B
ANEKTPOHHYIO HH(OpPMAIIMOHHO-00pa3oBaTeNbHy0 cpexy SAplY.

Yucno mocasiouHbIX MECT B JIEKIIMOHHOM ayauTopuu Oojblle JHUOO PaBHO CIHCOYHOMY
COCTaBY MOTOKa, a B ayAUTOPUH [T Ta0OPATOPHBIX — CIIMCOYHOMY COCTaBY IPYIIIBI O0YYarOIUXCS.

ABTOpBI:

Jonent xkadhenper UKP, k.1.H. 1.B.AnannkoB

Honen kadenpsr

HaHoTexHosornu B 3JIEKTPOHUKE, K.(.-M.H. O.C. Tpymun
[Tpodeccop kadeaps
MHUKPOJIEKTPOHUKH M 0011el pu3uku, 1.¢.-M.H. C.O.Iupsesa

Q0NIAHCHOCTD, YUEeHAsl CINeNneHb noonuce U.0. Damunus



IMpuaoxenne Nel k padoyeit nporpamMMme JUCHUTIIAHbBI
«HdopMannoHHbIe TEXHOJOTHU H MPOrPAMMHMPOBaHME, YACTh 3»

DoH/I OLIECHOYHBIX CPEICTB
JJISl IPOBEACHUS TEKYIIEro KOHTPOJISA yCIeBaeMOCTH
U IIPOMEKYTOYHOM aTTeCTALUHU CTYAECHTOB
10 JMCUHHILIMHE

1. TunoBble KOHTPOJIbHBIC 3a/IJaHUA WJINX UHBIC MaTEPUAJIbI, HCITI0Jb3YEMbIC B IIPOILIECCE
TEKYIIEro KOHTPOJIAA YCIIEBaAaeMOCTH

Texymuii KOHTPOJIb yCIIEBAEMOCTH OCHOBAH HA aHAIHM3E BBIMOJHEHUS 1a00paTOPHBIX 3aJaHUM.
3aoanusn no pazoeny 1
3aoanusa no pazoeny 1.1.
1. Bonpocwvl Ne 1-5 hitps://u.1337.school/hw_01/.

2. Bonpocwr Ne 1-5 https://u.1337.school/hw_02/.
3. Bonpocwi Ne 1-6 https.//u.1337.school/hw_03/.

3aoanusn no pazoeny 1.2.
Bonpocwvt Ne -7 https://u.1337.school/hw_04/.
Bonpocwvr Ne 1-4 https://u.1337.school/hw_05a/.
Bonpocwvr Ne 1-5 https://u.1337.school/hw_05b/.
Bonpocwr Ne -2 https://u.1337.school/hw_06/.

ANwh~

3aoanusn no pazoeny 2

1. 3amaner 2 BekTOopa co cienyronmMu koopauHatamu: a = (1,1,0)u b = (0,0,1) .Beruucnutp

KOMITOHEHTBI BEKTOPHOTO IMPOM3BEICHUS ¢ = [d xb ] . Pesynprar 3anucate B daii.

2. 3amanpl 3 BekTOpa co cieayrmmmu koopauHatamu: a = (1,1,0), b = (0,0,) u ¢ =(1,0,0).
Boraucnute 00beM nmapasuienenumnesia mocTpoOeHHOro Ha 3TuxX Bekropax (V). Pesynbrar 3anucath B
(aii.

3. 3amaHo uyuciao B necaruuHod ¢opme. IlepeBecT ero B JBOWYHYIO, BOCBMUPHYHYIO U
HIeCTHAIATUPUUHYI0. Pe3ynpraT 3anucars B (haii.

4. 3anaHbl 2 MaTPUILIBL:

1 2 3 4 16 15 14 13
|5 6 7 8 |12 11 10 9
o 1011 12]"778 7 6 5

13 14 15 16 4 3 2 1

Brectu atu maTpuie u3 2-x ¢ainoB. Beraucnute ux npoussenenue ¢ = a ® b . Pesynprar 3anucath
B (paiir.



1 2 3 4

5 6 7 8
5. 3amana Marpuna: a = 9 10 11 1ol Beectu sty marpumy u3 daiina. Beramcnuth ee
13 14 15 16

onpenenuTenb. Pe3ynbrar 3anucaTh B (aii.

1 1 -1
6. 3amana marpuma: a=|1 -1 1 |. BBectu 3ty marpumy u3 Qaitna. Berauciuts s Hee
1 1 1

oOpaTtHyto MaTpully. Pe3ynbTar 3anucars B Qaii.

7. B cTpoke TekcTa moJacuuTaTh Yyucio cioB 1 OykB. CTpoKy BBecTH U3 (aiina. Pesynprar 3amucarb
B (paii.

8. B cTpoke TekcTa MoACYMTATh YUCIIO BXOXKIEHUM 3a7aHHOU OykBbl. CTpPOKY BBECTH M3 (haiina.
Pesynbrat 3anucats B (aiin.

9. Pemmth cucremy 3-X JHMHEHHBIX ypaBHeHHH MeronoMm Kpamepa. JlaHHble cumTaTth u3 (Qaiina.
Pesynbrar 3anucats B (aii.

10. 3agano HenuHelHOe ypaBHeHWe sin(x)=x/2 Ha unTepBaie [0,10]. Pemuts ero meromom
JeNIeHHust OTpe3Ka nomosam. PesynbraT 3anucaTs B (haii.

100
2
11. 3amaH ompeneseHHbI HHTErpai: J-e * dx. BBYHCINTH €ro METOAOM HPSIMOYTOJBHUKOB.
0

Pesynbrat 3anucats B (aiin.
12. 3aman MaccuB u3 20 BeniecTBEHHbIX 4uced. OTCOPTUPOBATH ATOT MACCHB MO BO3PACTAHUIO.
MaccuB BBecTH U3 (paiina. Pesynprar 3amucarts B daiii.

13. 3aman maccuB u3 20 mensix yucen. BeiOpath Bce yeTHble uncia. MaccuB BBeCTH U3 (aiina.
Pesynbrar 3anucats B (aii.

14. Cozpath nporpamMmy JUis HOMOJHEHUs 0a3bl JaHHBIX Ui TPYIIBI CTYAEHTOB AJISl XPAHEHUS UX
nepcoHanbHbIX JaHHbIX: Pamumnue, Mmsa, OtuectBo, Bospact, IloutoBelii aapec. B mporpamme
UCMOJb30BaTh KOMIOHEHT C++ struct. basy naHHBIX COXpaHMTb B BHJE TEKCTOBOro (ailia B
dopmate ASCII.

15. Imeercss TOPU3OHTAIbHBIA NPY>KMHHBII MasATHUK CO CIEIYIOIIMMM IIapaMeTpaMH: KECTKOCTb
npyxxunbl k=2(#/m), Bec rpy3a m=0.01 (xr), HauansHoe cmenieHue 0.01 (m). Cucrema aBuxeTCs 06€3
TpeHUs. BRIUMCINTD 3aBUCMMOCTh CMEUIEHMSI MasiTHUKA OT BPEMEHHU IIyTEM UUCIIEHHOI'O PELIEHUs
€ro ypaBHeHUs JBUKeHUs. Pe3ynbrar 3anucats B (aii.

16. 3amano HatypasnbHOE yucio. [lepecTaBuTh ero Mudpsl TaK, 9TOOBI 00Pa30BATOCH MAKCUMATIBLHOE
YHCII0, 3aIMCAaHHOE TEMH K€ U paMu.

17. lana nenouncnenHas kBaapataas marpuua 10*10. Beectu sty Matpuity u3 ¢aiina. Beraucnutsb
CYMMY 3JIEMEHTOB MaTPHIIbI, PACIIOJIOKEHHBIX HUXKE TJIaBHOM JMaroHalu.

18. lana nenounciennas kBajapatHas matpuia 10*10. Beectu oty maTpuity u3 daiina.
OHpC,Z[GJII/ITB SABJIICTCA JIM 9Ta MaTpula CHMMGTpH‘-IHOfI OTHOCHTEJIBHO I'JIaBHOU JruaroHalin.



100
2
19. 3agan onpeaeneHHbI HHTETpal: I e " dx . Beraucnuts ero merogoM Monre-Kapio. Pe3ynbrar
-100
3amucaTh B (hai.

20. Nmeetcs nenoe uncio N. Beraucnuts pakropuan N!
Kpurepun ouneHuBaHMsI 0TBETOB HA BONPOCHI MPH 3a1UTE JJA00PATOPHOH PadoThI

Iloxazatenu Ha «3aureno» Ha «He 3auTeHo»

(I)OpMyJIBI, KOMaH/bI, BBIYUCICHUA HpI/IMCHHIOTC}I HGO6XOI[I/IMBIC B yC.IIOBI/IHX HOCTaBHCHHOﬁ
3aJa4d KOMaHAbl 0e3 CHHTAKCHYECKHX OIIMOOK; BBIUKMCIIEHHS BBINIOJHEHBI B ITOJHOM O0BEME U
HpC,Z[CTaBJICHBI B COOTBGTCTBYIOIJ_IGM 3aJaHUKO (bopMaTe. I/ICHOHBByIOTC}I HCHpI/IMCHI/IMBIC B
YCIOBHSIX TIOCTABJICHHOW 3a7a4d KOMAaHIbI, B 0a30BbIX BBIPAKEHUSAX JOMYLIEHBI OIINOKH;
BBIUHUCJIICHUA OTCYTCTByIOT HMJIN BBITIOJITHCHBI HGKOppGKTHO.

OObsicHeHus (OTBETHI HA CMBICIIOBBIC BOIIPOChl)  J[aHBI pa3BEPHYTHIE, KOPPEKTHBIE OTBETHI HA BCE
BOIIPOCHI; IIPaBUJIbHO UHTEPIPETUPYIOTCS PE3YJILTATHI BBIYUCICHUN OOBsicCHEHHE OTCYTCTBYET.

IIxama oreHUBaHUS:

0 0amI0B — «HE 3aYTEHOY;

1 6ay1 — «3auTeHoy;

CymmupyroTcst 6aisl 3a KaxIyro 1ab0paTOpHYIO padoTy.

Jlommyck 3 3a4éTy OCYIIECTBIISETCS IO KOJIMYECTBY HAOpaHHBIX OAJIJIOB:

meHee 60% OT MakCUMaJIbHO BO3MOXKHOTO KOJIMUECTBA OAJIOB — K 3a4€Ty HE JI0IYCKaeTC s,

60-80% oT MaKCHMaJIbHO BO3MOYKHOT'O KOJINYECTBA 0aJIJIOB — IOMHUMO OCHOBHOT'O 3a4€THOTO
3a/1aHMs] BBITIOJHSIOTCS JIOMOJHUTENIbHBIE 33JIaHUS 110 TPOITYIEHHBIM TEMaM;

80-99% OoT MaKCUMAaJIbHO BO3MOKHOI'0 KOJIMYECTBA 0aJIJI0B — OCHOBHOE 3a4€THOE 3a/IaHHCE;

100% ot MakcUManbHO BO3MOYKHOT'O KOJIMYECTBA OAJJIOB — MIPOCTABIISAETCS 3a4ET aBTOMATOM.

3aoanus no pazoeny 3
3aganus A5 1a00paTOPHBIX padoT
3aganus no teme «JIuHelHbIE CTPYKTYpBI JAHHBIX»

Pa3paborats kacc, peanu3yonmii CTek.
Pa3zpaborats kiacc, peanus3yromnyii ouepepb.
Pa3paborats kacc, peanu3yonmii 1eK.

3ananus no reme «PexypcuBHas 00pabOTKa HEPAPXUUECKUX CITUCKOBY

Pazpabotats Ki1acc, peanu3yromuil JHHEHHbIH CIIHCOK.

PazpaboTtaTs kiacc, peanu3yronpi nepapXxudeckuil (HeIIMHEHHBIN) CITUCOK.
PeanusoBats uteparop s IMHEHHOTO CIIUCKA.

PeanuzoBath utepaTop 1 HEJIMHEHHOTO CIIUCKA.

3ananus mo teme «JlepeBbs u ecay

Pa3zpaborats kiacc, peanusyroniuii OMHapHOE AepPeBO.

Pazpabotats Ki1acc, peanu3yonui Jiec.

Pa3zpaborats kiacc, peanusyroniui 00Xo1 OMHAPHBIX IePEBbEB Ha 0a3¢ pEeKYPCHUBHBIX AJITOPUTMOB.
Pazpabotats Ki1acc, peanu3yromuii 00Xo1 OMHAPHBIX 1epPEeBbEB Ha 0a3e HEPEKYPCHUBHBIX
AJITOPUTMOB.



Pa3zpaboraTs kiacc, peaqu3yronpi orpaHiYeHHOe OMHAPHOE JEpeBO Ha 0a3e BEKTOpA.
3aganus mo teme «lcuepnbIBarOIIMA MTOUCK»

Pa3zpaborats kiacc, peanu3yroniyil aIropuT™ rmoucka ¢ Bo3spaimenuem (backtracking).
Pazpabotats Ki1acc, peaqu3yomuii MOMCK C BO3BPAIIEHHEM IIPU UCTIOIb30BAaHUH MaKPOCPEICTB.
Pa3zpaboraTs kiacc, peaqu3yroni METOIOM BETBEH U IPaHMII.

Pazpabotats Ki1acc, peaqu3yromuil MOUCK KPaTYalIIero MyTy B CIIOUCTON CETH.

3aganus nmo teme «bbICTPBII TOUCK»

Pazpabotats Ki1acc, peaqu3yromuil mocie0BaTeIbHbIN TTOUCK.

Pa3zpaborats kiacc, peanusyronyii OMHApHBIN TTOUCK.

Pazpabotats Ki1acc, peaqu3yomuii MOUCK C MOMOIIBIO PAHIOMU3UPOBAHHBIX OMHAPHBIX JE€PEBHEB
noucka (Treaps).

Pazpaborats Ki1acc, peanu3yomuil ynopsaoueHHbIe JIMHEHbIe criucku Ha 6a3e ABJI-nepeBbeB min
PaHIOMU3HPOBAHHBIX JE€PEBLEB.

PazpabGorare omepanuu IOWCKAa, BCTaBKH M YJAJCHHs DJIEMEHTOB; OINEpAlUU CHEIUICHHUS H
pacILEIICHNs CIIUCKOB.

Peanuszanus pemenus 3aaaya noucka noactpoku (anroputm Knyra-Mopuca-IIparra unum anroputm
boyepa-Mypa).

3ananus mo treme «CopTUpOBKay

Pa3paborats kiacc, peaqusyonuil COpPTUPOBKY BCTaBKaMHU.

Pazpabotats Ki1acc, peanu3yromuii COpTUPOBKY OOMEHAMH.

Pa3paborats Kiacc, peanu3yroumii COpPTUPOBKY BHIOOPOM.

Pa3paborats kacc, peanusyrommii ObICTPYI0 COPTHPOBKY Xoapa.

PeanuzoBaTh peKypCHUBHBIN U HE PEKYPCUBHBIN aJITOPUTMBI OBICTPON COPTHPOBKH.
PeannzoBaTh nupamMugansayto coptupoBky (HeapSorting).

[IpoBecTu cpaBHEHUE ANTOPUTMOB U IPOIPAMM BHYTPEHHEU COPTHUPOBKHU.

3ananus Mo TeMe «AJITOPUTMBI Ha rpadax»

Pa3zpaborats kiacc, peaqu3yronyil ynopsaoueHHbIi rpad.

Pazpabotats Ki1acc, peanu3yomuii MOCTPOCHNE MUHUMAIBHOTO OCTOBHOTO JIEPEBA.

Pa3zpaborats ki1acc, peaqu3yroniuil MOUCK B ITUPUHY.

Pazpabotats Ki1acc, peanu3yomuii TOUCK B TIIyOHHY.

Pa3paborats kiacc, peaqu3youuil MOUCK B IIyOHHY M TONOJOTHYECKYIO COPTUPOBKY.
Pazpabotats Ki1acc, peaqu3yomuil alrOPUTM HAXO0XKJIEHUSI KOMIIOHEHT JIBYCBS3HOCTH.
Pa3zpaboraTh kiacc, peanu3yronyil MoucK B IIyOnHY B oprpade.

Pazpabotats Ki1acc, peanu3yromuii HaX0XK/AeHUEe KpaTJaiIero myT: oT (UKCUPOBaHHOW BEPLIMHBI
(anroput™m [letikctpsl, anroputm Dopaa-bennmana).

3ananus mo treMe «NP-mosiHble U TpyAHOPEILIAEMbBIE 3a]]aUN»

[TokazaTh CI0KHOCTh AITOPUTMA U KOAUPOBAHME BXOIHBIX M BBIXOJIHBIX JaHHBIX.

[Tokazare  paznuuHble  (OPMBI  TIOCTAHOBKM  33/7a4  KOMOMHATOPHOH  ONTHMH3AIINH:
ONTUMU3AIMOHHAs, BEIYUCIUTENbHAS, opMa pacrio3HaBaHMUS.

Pa3paborats kacc, peanu3yonmil MoTHHOMUATBHBIE peoOpa3yeMble 3a1a4u.

PazpabGorate kitacc, pealM3yronIuil peIIeHHe 3aJadyd O BBINOJHUMOCTH OylieBa BBIPAXKEHUS,
MPEACTABICHHOTO B KOHBIOHKTUBHON HOPMaJIbHOHM (hopMme.

BremonauTe qoka3arenbcTBO NP-ITOJTHOTHI 337ja4 O BEIIIOJTHUMOCTH.

Pa3zpabotats Kiacc, peaqu3yromnyil pemneHre 3a1a4u o Kirke rpada.



Pa3paborats kiacc, peaqu3yomuil peteHue 3a1a4i 0 MHOTOIIPOLIECCOPHOM PaCIIUCaHHH.
3aoanusn no pazoeny 4

3aganue Ne 1. «ApudMeTHYECKHE OIIEPALIAN).

3amanue 1.1.
Brruucnure 3HaueHUs CISAYIOMNUX BHIPAKCHUM:

cymma 123+987; 12.682+873.119;
pasHocTh 548-294; 446.7321-29.013;
ymHOkeHue 35%721; 35.0%721; 57.29*%48.117;

21 46 46.0 257.34
JIeleHue —— ; —; ;

357137 13 ' 868.014

35 12.3
BO3BeneHMe B crenieHb 2177 ; 7.68
OO6paruTe BHUMAHUE U OCMBICIHTE MTOJIYYCHHBIC PE3yIIbTATHI!

3amanue 1.2.
Hcrnonb3yss mMamuTpy WKW KJIAaBHATYpHBIA HAOOp, BBEIUTE CIEAYIONIUE MHOTOSPYCHBIC

BBIPAKCHMUA,
BBIYMCIIUTE UX 3HAYEHHUS,
OCMBICJIUTE PE3yJIbTaT.

3 2+4
£l+%j -5(2+4); 25'5+( +4)

5 4 33
3amanme 1.3.
5 _ 586 25
HaI/I,Z[I/ITe 3HA4YCHUA CJIGILYIOH_II/IX YUCJIIOBBIX BBIpa)KeHI/II/I . 4_6 ) 7

- TOYHEIE,
- NpUOIIKEHHBIE C TOYHOCTBIO 10 6-TH 3HAYAIIUX U,

- IPUOIMKEHHBIE C TOYHOCTHIO A0 25-TH 3HaYANIMX UQDP.

(To ecTp Kax10€ BBIpAKEHUE JTOJDKHO OBITH BRIYMCIICHO TPH pasa.)

3amanue 1.4.
] 389.65
Haiinure 3HaUYeHHE CIEAYIOMIETO BIPAKEHNUS : T

- IpUOIIKEHHOE ¢ TOYHOCTBIO 10 6-TH 3HAYAIIUX UG,
- IPUOIMKEHHOE C TOYHOCTHIO A0 16-TH 3HaYammX udp.

3amanme 1.5.
BriuucnauTe 4uciioBble 3HAUYEHHS CIEAYIOIIUX BBIPAXKEHUH (CO CTaHAAPTHOW TOYHOCTBIO - 6-Tb

3Hagamux mudp): ° ; 35!; et ; ln(eg); 10g3(6561).

Brruucnaure uyncioBoe 3HAYECHHE CIAEAYIOIIETO BBIpaXEHHUs (C TOYHOCTHIO J0 30-TH 3HaYaIIMX

mdpsl): 1n(27z) .

3amanme 1.6.
HaiinuTe yncnoBble 3HAUECHHUSI TPUTOHOMETPHUYECKUX (DYHKIMHN (TOUYHBIE U IPUOIMIKEHHBIE):

sin(%); sin(BTﬂj; cos(30°); arccos(%); arcsin(0.4) ; tg(%); acrtg(x/g )



3amanme 1.7.
2
Brruucnure BeipakeHus, IPOAHATU3UPYUTE PE3YIIbTAT: V16 ; \/x2 ; \Mx‘ .

Cnpaska. Moniynb BBIUUCTSET a0COTIOTHOE 3HAUCHUE BBIPAKEHUS, TONMPOOYHTE HAUTH
COOTBETCTBYIOLIYIO (DYHKIMIO HA TTAJTUTPE.

3amanne Ne 2. «Oneparopsl nprucBanBanus. [10ACTAHOBKH.»

3amanme 2.1.
Jlnst Toro, 4TOoOBI TOHSATH pAa3HUIy B JICHCTBUU ONEPATOPOB IPUCBAMBAHUS, BBITIOJHHUTE

CHEAYIOLIUE NECUCTBUA:

- C TIOMOUIbIO ONEpaTopa HEMOCPEIACTBEHHOIO0 MPUCBaWBaHUA ( = ) MEPEMEHHON X IPHUCBOWTE
3HadeHue ¢ynkunu RandomReal[ | (cm. cnpaBky) , reHepupyromLIeil IceBAOCIydaiiHbIe YUCiIa U3
nuara3zona ot 0 no 1 ;

- C MOMOIIBIO ONEpaTopa OTJIOKEHHOT'O MPUCBauUBaHUS ( = ) NMEPEMEHHOH Yy TOXKE NPUCBOWTE
3HaueHune GpyHkuuu, RandomReal[ ], renepupyromeii ceBnociyyaitnpie uncia u3 nuara3ona ot ()
nol;

- BBIBEJMTE MOCIEAOBATEIHLHO B OJIHOM BXOJHOH CTpOKe (MCHOJB3yS CIIHMCOK) MSATh 3HAUYEHUM
MIEPEMEHHOM X ;

- BBIBEJMTE MOCIEAOBATEIbLHO B OJIHOM BXOJHOH CTpOKe (MCHOJB3yS CIHMCOK) MSATh 3HAUYEHUM
IIEPEMEHHON Y ;

- CpPaBHUTE PE3YJIbTATHI, CACIANTE BHIBOIbL;

- OUMCTHUTE 3HAUYECHUS MIEPEMEHHBIX X H Y .

3amanue 2.2.
Hcnonw3ys onepatop MoJICTaHOBKH, JIJISl K&KIOTO U3 CIASAYIOIINX JBYX BBIPAKCHUI:

xe' +In(x)-y; x* + 3y +sin?x+cos’ x+1.5

BBITTOJIHUTEC 110 ABC ITOJACTaAHOBKH:
- HUCJIOBYIO - BMECTO IEPEMCHHBIX X U Y ITIOJACTAaBUTh YHUCJIa lu?2 )
- CUMBOJIbHYIO - BMECTO ICPEMCHHBIX X U Y TIOJACTABUTH CUMBOJIbHBIC BBIPAKCHUS 2a u b +cC.

3amanme 2.3.
Ucnonw3ys oneparop moJICTaHOBKH,

o . o o -X .
- CO3/1aliTe eMHBIN CIIMCOK 3HAYCHUH clieAylomux pyHkuuii: xe = ; X~ sm(x ) ;

MIpU CJIEIYIOLIMX 3HaueHusx nepemenHout x : 0.3,0.6,0.9, 1.2, 1.5, 1.8.
- NPEJICTaBbTE CIMCOK B BHJE TAONHMIBI, B 1-0H CTPOKE KOTOPOHM JIOJDKHBI OBITH IPECTaBICHBI
3HAYEHUS ApTYMEHTA X ;
- MOAIMIIUTE CTPOKHU TAOJIHMIIBI, YKa3aB B KAYECTBE 3ar0JIOBKOB COOTBETCTBYIOIIHE (DYHKIIHH.

3aganue Ne 3. «[IpeoOpa3soBaHye CHMBOIbHBIX BBIPAYKEHUN.»

3aganue 3.1.
4
- B MHorounene (x + 1) —x*-2x -1 PACKpBITH CKOOKH U MPUBECTH MOAO0OHBIE CllaraeMbie;

- IMOJIYUYCHHOC BBIIIC BBIPAKCHUC PA3JIOKUTH HA MHOKHUTCIIN.

3ananue 3.2.

- B mHOrO4IEHE 12y2 +6xy—6xz—-12yz+30y-30z
BBIHECTH 32 CKOOKHU YHCIIOBOM MHOXKHUTENH (koMaHaa FactorTerms) ;
B oM e mrorounene 12y +6xy—6xz—12yz+30y —30z

BBIHECTH 32 CKOOKM MHOXKHTEIIb, HE 3aBUCSIINI OT nepeMeHHol X ( komanaa FactorTerms ) ;



3aganue 3.3.
- B tom e muorounene 12 y2 +6xy—6xz—12yz+4+30y —30z crpynnuposars cnaraembie

I10 CTCIICHAM Y,

- B TOM Xe€ MHOTrowIeHe 12 y2 +6xy—6xz—12yz+30y—30z crpynnuposars cnaraeMblie

IO CTCHICHAM Y U Z;

3amanue 3.4.
(2X3 + x(5x - 1) -1

- B paunvoHanbHOM BBIpaXXCHUU COKpaTHThb OOILIME MHOXXUTEIU B

(83 1232 4 6x— 1)
YqUCIIUTEIIC U 3HaMeHaTeHe;

(x+3) (x2—5) _(2x3+x(5x—1)—1)

- B panmonansHOM BbIpaskeHUU —

(2x-1) (4x2 —4x+1) (8x3 1257 + 6x—1)

NPUBECTH APOOM K OOLIeMy 3HAMEHATEII0 M COKPAaTHTh OOIIMEe MHOXXHUTEIM B YUCIUTENIE U
3HaAMeHaTee ;
- Pa3JIOKUTH TO K€ PAIMOHAIBHOE BBIPAXKEHUE

(x+3) (x2—5) (2x3+x(5x—1)—1)

— — ) Ha CyMMY NPOCTEHIINX ApoOeii.

(2x-1) (4x2 —4x+1) (8x3 1233+ 6x-1

3ananue 3.5.
- TlpuMeHHTE K TPUTOHOMETPUYECKOMY BBIPAKECHUIO CIgX —I1g X —21g (2x ) CIIELYIOIIHE

komanel: TrigExpand , TrigFactor , TrigReduce u Simplify, cpaBHUTE pe3ynbTaThI;
- IpejicTaBbTE BeIpaxkeHue SA X + ch X B skcnonenuuansHoM Buje (komanga TrigToExp);

- NpeJICTaBbTE BHIpAXEHUE CIgX —I1g X —21g (2x) B DKCIIOHEHIMAJIbBHOM BHJIE€ M IIPHUBEIUTE
MOJTyYeHHOE BhIpaXeHUe K Haubosee npoctomy Buy (komanasl TrigToExp u Simplify);

- HPEACTaBbTE BHIPAXKCHHE € & B TPHIOHOMETpHueckoM Buue (komanma ExpToTrig) - dopmyia
Ditnepa;

—4ix 1 2ix
- TIPEICTaBbTE BBIPAXKEHHUE Ee +e B TPUTOHOMETPUYECKOM BHUJIE U MPUBEIUTE

MOJTyYeHHOE BhIpaXKeHUE K Hanbomee mpocromy Buay (komannasl ExpToTrig u Simplify);

3amanmue 3.6.
[IpeoOpasyiiTe cremyromue  BBIPAKEHUS, HCHONB3Yys JIOObie  (YHKIUM  CHMBOJIBHBIX

npeoOpa3oBaHMi U CTPEMSCH IMOJTYUNUTh IPUBEIEHHBINA OTBET:
xt—6x° —4x* —18x-21
x> —7x? +3x-21

é(cos(4x) +4cos(2x)+ 3) — cos*x.

I+x ;

3amanue 3.7.
- Bximrounte nmanuTpy KOMaH | CHMBOJIBHBIX IPeoOpa3oBaHMi:

meHto Palettes — Other — AlgebraicManipulation ;
- CKOTIUPYHTE BO BXOJHYIO CTPOKY PAllMOHAJILHOE BBIPAKEHNE U3 MTPEIBIIYIIETO



4 2
xt—6x> —4x* —18x-21
3a7aHus 3 3 U mpuMeHnTe KoManay Factor nByms cnocobamu:

—7x“+3x-21
1) siBHO yKa3aB €€ BO BXOJIHOM CTPOKE;
2) UCTOJB3Ysl KOMaH/IY C IMaJUTPhI;
CPAaBHUTE PE3YJIbTATHI, CIEIANTE BEIBOBI.

4 3 2
x —6x  —4x" —18x-21

- B ToM ke panroHaIbHOM BBIPAKCHHUU Pas3IoKUTE HA MHOXKHTEIIH

3 _7x% +3x-21

TOJIBKO YHUCJIUNTECIIb.

3aganue Ne 4. «Onepauu MaTeMaTH4ecKoro agaiansa (4actel).»

3amanue 4.1.
BrrauciauTe 3HaUEHUS CIAEAYIOMHUX CyMM:

-C HOMOH_IBIO KOMaHI[LI Sum ,

1 21
Skt Yagts Yt S
k=l k=0 o(ek-1)t T S2%%
- C IOMOILBIO 3HAYKA X .
Ho(rk) Skl & ©
Z‘lsm(7j’ Z (k+2)! N Eya 2k+1 g 2k+1

k:1

3amanne 4.2.
. . x3 x4 x5 x6
BpruncinTe 3HaueHUE CAEAYOLIEH 0OeCKOHEUHOI CYMMBI: T +—+—+—+

21 31 41

3amanue 4.3.
BBIYrcIuTh 3HaYCHHS CIICTYIONIMX TPOU3BEICHU:

C DOMOILLBI KoMaHabl Product

0 (_1)k+1 oo 1
T -— |
g 2k -1 g (2k-1)°

¢ IIOMOIIIBIO 3HauKa I1

xH 1+ ;xH 1-

7 2
-1\ kT

! Vnpocmume omeem, nonyuennwviti 6 nocieowem npouszgeoenuu. Illoskcnepumenmupyime u
Odobetimecw pesyromamal

3amanue 4.4.
BrrauciauTs 3HaueHUE ClIeyI0mero 0eCKOHEUYHOTO TPOU3BEICHUS

(1+x)(1+x2)(1+x4)(1+x )(1+x16)

3amanue 4.5.



[TonyuuTs cnucku 3HaYeHUW (T.e. MPOTAOYIMPOBATH) CIEAYIOMUX (DYHKIUN MpPU H3MEHEHHH

(x2 +1) (x2 +y2)
apryMeHra X B npejenax X 6(1;5): -_— xe' s —T————

X 2x
3ananue 4.6.
. o2
Co3narp TabNMUIy 3HAYEHUU Cleqyromux (QyHKIui: X~ | e’ ; Inx na HHTCPBAJIC U3MCHCHUSA
aprymenra X € (1;10) .

! Tabauya dondicna cocmosams u3 4-x cmonoyos: 8 1-om cmoabye - 3HaveHUuss apeymeHma x ; 60 2-
om, 3-em u 4-om - 3Hauenuss mabyupyemuvlx Qyuxyuil. !

3aganue 4.7.

. o 2.
Co3aaTh Tabnuily 3HaueHuil cieayromux Gyskiumit: X~ ; /X ¥ aprymenTta X B Iuana3oHe €ro
3HaYeHHil X € (5;9) c marom, pasubiM 0,5

Pe3ynbTar npenctaBuTh B BUJE TaOIHIIbI, COCTOALIEH U3 TPEX CTPOK.

3ananue 4.8.
Cosnarb Tabauiy 3HaueHuii Gynkuun 71!m! nis snauennii aprymentos: | <n<5, 1<m<7.

! Obpamume sHuUMaHue, 4mo 3mo 00HA QYHKYUS OM 08YX apeyMeHmos !
PesynpTar npencraBuTh B BUIE TAOJIHIIBI, TOAMUCATH CTPOKU U CTOJIOIIBI.

3amanne Ne 5. «Onepanmu MaTeMaTHYECKOT0 aHaan3a (4acTe2).»

3aganue 5.1.
1= . 1-a" . 1-¢*
Bbluncnuth npesensl caeayomux pyukmuit: lim———— — 5 lim ; lim ——
t—0 1n(1—3t) n—0]1—e"  x50]—¢ "
. . x—a . nt-n"
lim (1-x)t—x ; lim ———; lim——.
X—>00 x—>aln(x—a+1) x—>2 x—2
3aganue 5.2.
BBIUMCIIUTE OJHOCTOPOHHHE MPE/ENbl CIETYIOMUX (OyHKIIMIA:
1 sin x
arctg— npu x >0 ; mpu X >4 ; —— npu x >0
X x—4 ‘x‘

1) npu mpuOIMIKEHUH K TIPEEITy CIICBa;
2) npu NPUOJIMKEHUH K TIPEJIeTy CIIpaBa;
Pe3ynbraT npomiuItocTpupoBaTh rpauuecKy.

3aganue 5.3.
BrrauciauTs npenenst cueayrommux GyHKIui:

l—e_ax) =

24 OPU x — o0 JUISI NOJIOKUTEILHBIX U OTPULIATENILHBIX 3HAUEHUN ITapaMeT ;

1 ( e 0 aTe 3Ha4ye apaMeTrpa d ;
(2-7)

X

2) —, TIpu x —> oo 3HAQUYEHMUI MapamMerpa d , NPEBBIIANOIINX E€IUHUIYY U 1 3HAYCHUU
X

mapamMerpa d , JCXKalux B Ipeaciiax OT HyJIA 40 CAMHUIIBL.

3amanue 5.4.



Ucnons3ys pynkiuio Series, MoayduTh 00mue GopMyIibl 11 pa3ioKeHHs
yukuun f (x) 110 TPEThEH CTETICHN apryMeHTa

1) B psan Maxnapena, T.e. okpectHocTd Hyist X = 0;
2) B psax Teinopa B OKPECTHOCTH HE HYJIEBOW TOUKU X = d .

3amanme 5.5.

1) [MonyynTh NOAMHOMBI 7-TO MOPSAKA, PA3JI0KHUB B PsIl ciaeayromue GyHKIMNA ¢ COXpaHEHUeM 7-
sinx

Oif CTENIEHN apryMEHTa: u sh (x)ch (x) B OKPECTHOCTH X = 0;
COSX

2) Pa3J10KuTh B P2 ¢ COXPAaHEHUEM 5-0M cTeneHH apryMenTa QyHKIuo In x

B okpectHocTH X = () - 00BsACHUTE pe3ynbTaT
¥ B OKPECTHOCTM X =l- B NOJNyYeHHOM pe3ylbTaTe CrpyNIMpYiiTe claraeMble MO CTEHEHAMH
aprymeHra X .

3ajanue 5.6.

1)Paznoxuth B psa GyHKIHIO e’sinx B okpectroctu Toukn X =0, y =0 ¢ Tounoctsio 10 5-
Ol cTeneHu X M 3-eil creneHu ) ;

2) obopBaTh psijl, HOJTYUUB IOJUHOM 5-T0 MOPAIKA 10 X U 3-ro 1o ) ;

3) crpynmnupoBaTh ciaaraeMble Mo CTEIEeHIM X ;
4) crpynnupoBaTh CJIaraéMble 110 CTENEHAM ) .

3amanme 5.7.
BBI‘II/ICJII/ITB YaCTHLBIC HpOI/I3BOI[HBIG 1o X ,Z[ByMSI CHOCO6aMI/I:

a
1) ¢ nomoupio Gyrknun quddepenuuposanus D mis Gpyskumit: In| — | ; Sh(ax) ; x!;
X

2) ¢ momoIsio onepatopa auddepenuupopanus O s QyHKIHIA:
(x-1)
(x + 1)

. 2
ax’ +bx—c ; ; (sinx +cosx)

3ajanue 5.8.
Beraucnuts 2-Ms ciocodbamu (D u 0 ) yacTHBIE KpaTHBIC TPOU3BOIHBIC
1) 7-ro mopsaka o X ot (QyHKIMH: ax’ +bx’ - cx3;
yi-1
2) 5-ro nopsaka o y OT (pyHKLUU: =
yo+1

3) cMelIaHHY0 NPOU3BOAHYIO 3-T0 MOPAIKA 0 X M 5-ro nopsiaka 1no ) ot GyHKUHUU: Sh(x y).

3amanme 5.9.

-3 2 . o o
Bbrancnute uncnoBsle 3HaueHUs PyHKIUU SIN~ X + COSX ™, e€ mepBoil 1 BTOPOi MPOM3BOIHBIX B

T
TOYKE X = —.

3aganue Ne 6. «Onepauu MaTeMaTHYeCKOro agaiansa (4acrs3).»

3amanue 6.1.
BeryuciuTh HeonpeieJIeHHbIE HHTETPAJIBI 10 MIEPEMEHHON X OT CIIEAYIONIUX



byHKIMIA:
3a/laHus MyHKTa 1) caenarh ¢ moMoIlbio KoMaH bl Integrate ,

3a/IaHMsl TyHKTA 2) CAENaTh ¢ MIOMOIIbIO 3HaUKa J

arctg\/; . SInx +cosx (x) 1 (1+x)

1) f(x):\/;(1+x) ; f(x):m S 1— x> (l—x);

2) f(x)=sinxIn(tgx); f(x)= e*sin’x ; f(x)=e""cos(bx).
Ykazanus:

1. Bo BTOpOoM 3ananuu myHKkTa 1) moiayuute obiee pemeHue (T.€. ¢ KOHCTAaHTOW WHTETPUPOBAHMS)
2. B TpeTpem 3aanuu myHKTa 1) monpoOyiiTe ynpocTUTh MOJYyYeHHOE 3HAUCHHE.

3aznanue 6.2.
BrruucianTs HeonpeeneHHbIM HHTETPaT 10 IEPEMEHHOM X OT HE aHAJTMTUYECKON (YyHKIIHH

f(x) = x‘x‘ Pa3HBIMU CIIOCOOAMHU:
1) 6e3 kakux MO0 MPEAMOTIOKESHUM O IEPEMEHHOM X ;
2) npeanonaras, uto X > 0, ucrnonesys komanny Integrate ;

3) npeanonaras, uro X < 0, ucnons3ys 31240k I

3amanue 6.3.
BBIYHCIUTE ClieyIoIue OnpeIeeHHbIC HHTETPAIIBI :

. X
1) c momormpro kKoMaH Ikl Integrate oT GyHKIIMN f (x ) = arcsin 1— B rIpejeax ot 0 03 ,
+X

T0JIy4UTh TOYHOE M NPUOIMKEHHOE 3HAUYCHHUS;
1
2) ¢ noMomibro KoMaHasl Integrate ot pynkuun f (x) =— B npenenax or 0 1o
SIn X+ COS X

27T , BBIYMCIIEHUS BBINONHUTD JIBAYKIbI:
- 0e3 yKa3aHus KaKuX-T100 yCIOBHIA,
- C YKa3aHHMEM YCIIOBHS, YTO MEPEMEHHAs X MPHHAIEKHUT MHOKECTBY BEIIECTBEHHBIX ynceln Reals

b

MOJIYyUYHUTh TOYHOC U HpI/I6J'II/I)KéHHOC 3HAa4YCHU A,

3) ¢ momomipio 3Hauka | oT GyHKmuu f (x) = ‘1 — x‘ B npegenax or 0 no 2 ;

N 2
4) ¢ MOMOIIIBIO 3HAYKA oT QpyHKIHUU f (x) = (xln x) B mpejenax ot 1 1o e, moay4uTh

TOYHOE W MPUOINKEHHOE 3HAUCHHUS,

- shx+chx
5) ¢ MOMOIIIBIO 3HaYKa oT pyHkuun f (x) =

B npezenax ot 0 1o o0 ; nomyunts

2
X
e
TOYHOE U MPUOIMKEHHOE 3HAUCHUS.
3amanne 6.4.
BBI‘II/ICJII/ITB CJIGI[yIOH_[I/IC OHpC,Z[GJIeHHBIC I/IHTeraJIBI C JOITOJIHUTCIBbHBIMHU yCJ'IOBI/IHMI/II
1
1) ¢ momoIbI 3HaYKa J oT QyHKIIUU f (x) = B npenenax or —1 go 1 mpu

x“ —2xcosa +1
YCI0BHUH, YTO O<a<rx ;



X
e

2) ¢ nomolIkko Koman sl Integrate ot Gpynkuun (x) = B IIpeienax oT —o0 10 00;

(a+ex)2

BBIUUCIICHUS BBITIOJHUTD JBAYKIbI:

- 0e3 yKa3aHusI KaKuX-JI11M00 yCIIOBUM (ITPOAHAIU3UPOBATH PE3yJIbTar),

- C YKa3aHHUEM YCJIOBUS, YTO TIapaMeTp d - MOJOXKHUTEIICH;

3) mo6BIM crIoco60M OT QyHKIMH | (x) =e 4 Cos(bx) B npenenax or 0 go 0;

BBIYHCIICHUS BBIITOJIHUTD JBAYKIBI:

- 0e3 yKa3aHMsI KaKHX-JTH00 yCIIOBHH,

- C YKa3aHHEM YCJIOBHS, UTO MapaMeTp d - TOJIOKHUTENEH, a TapaMeTp b IpHHAMIEKUT MHOKECTBY
BelleCTBeHHBIX uncen Reals.

3ajmanue 6.5.
[Toripo0OoOBaTh BBIYMCIIMTH AHATUTHYECKHU CIICTYIOIINE ONpeeICHHbIC HHTETPAJIbI:
1

oT QpyHKIHUU f(x) =x* ex B IIpeaiciiax oT 1 mo 5;

oT pynkiuu [ (x) = Sin(sin x) B nipezienax ot 1 1o 2 ;

Haiitu unciennbpie npuOImkEHHbBIE 3HAYEHUS 3TUX UHTETPATIOB ABYMS CIIOCOOAMHU:
1) c ucnoab30BaHUEM 3HAUKA ,
2) ¢ UCNOJIb30BAHUEM KOMAH]Ibl UHTEIPUPOBAHMUSL.

3amanue 6.6.
BrerarcnuTh HeompeieIEHHbIE KpaTHbIE HHTETPaJIbl (KpaTHbBIE IEpBOOOpa3HbIC) :

2
1) ucmonb3yst 3HAYOK MHTErPUPOBAHUS OT PyHKIMH [ (x) = (xln x) IEPBOOOPA3HYIO 3-€ro
TOpAIKA ;
2) UCTIONB3Ys KOMaH Ly HHTErPUPOBaHUs OT GyHKIUH | (x) =sinx sin2x sin3x

MEPBOOOPA3HYIO 5-TO MOPSAIKA .

3amanue 6.7.
BBIYHCITUTE KpaTHBIE HHTETPAJIBI:

x=1 N
1) ucnonb3yst 3HaYOK HHTETPUPOBAHUSI OT (PYHKIIHH f (x) = —— [BOIHOI omnpeenEHHBIHI

unterpai B npegenax or 0 1o 2, moxy4uts NpubIMKEHHYIO OLEHKY Pe3yJbTaTa ¢ TOUHOCTBIO JI0
4-x 3Havamux mudp;

x—1
2) HCOMB3ys KOMAH/y MHTETPHPOBAHHUSA OT GyHKIHH | (x ) = ———— TPOWHOU ONIpeaeIEHHBII
X

MHTErpa B mpejenax ot In2 mo ez, HOJYYHUTh TPUOJIMKEHHYIO OLICHKY Pe3yJIbTaTa ¢ TOYHOCTHIO
10 10-tu 3HA9amux udp;
x—-1 —_
3) mo6bIM cr1oco6oM oT hyHKIUH | (x ) = —1 NBOMHOMN ONpeAenEéHHbIA HHTETpall B IIpeseiax oT
X+

a no b B npexnonoxenun, uto a >0, b>a.

3amanue 6.8.



Boruncnuth AByMs crioco6aMu, MCIOJb3Ys 3HAYOK U KOMaHy MHTETPUPOBAHUS, IBOMHON HHTErpal

”(x + y2 ) dxdy no obnactu G, orpaHMUEHHOM TUHUAMU Y =X U Y = x? .

G
YkazaHwue: cBeCTU ABOWHON MHTETPAJl K TOBTOPHOMY MHTErpaiy mo gopmyre:

b yz(x)
“f(x,y)dxdyzjdx J f(x,y)dy
G a

»(x)

3amanne Ne 7. «Cricku, BEKTOPA, MATPULIEL.)

3aganue 7.1.
1) onpenenuTh MHOTOYPOBHEBBIN CIIMCOK: V = {{a,b} ,{{82 ,sin x} , y}} ;

2) oOpamasch K 3JIeMEHTaM CIHCKa (T.€. UCIOIb3ysl MMEHA ITUX 3JIEMEHTOB), COCTABUTh

. sinx
BBIPAXKCHUE, KOTOPOEC B BBIXOJJHOU CTPOKE IMPUMET BHU: A —e y,

3) OUHCTHUTH UMS V.

3aznanue 7.2.

1) onpenenutk nBa BekTopa vl u v2 ¢ komnonentamu (a, b, ¢, d, e, f)u (3,7, 11, 15, 19, 23)
COOTBETCTBEHHO;

! Ons coz0anusi sekmopa v2 ¢ 4ucio8vimMu KOMNOHEHMAamMu 80Cnob3ytimecs hynkyueti Range !
2) onpenenuTs ABe MaTpulpl ml u m2 ¢ anemMeHTamMu

a b c 1 4 7
d e f|lu|l2 5 8| coorsercrenHo;
g h j 3 6 9

3) BBINOJHUTD ceayoue apudMeTHyeckre qeiCTBUS Hall BEKTOPAMHU U
MaTpULAMU:

- CJIOKUTH BEKTOp V1 ¢ unciom 3 u matpuity ml ¢ yuciaom 7;

- BbIYECTb U3 BekTopa v1 uucno 5, u3 marpuusl ml uucio 6;

- YMHOXHTb BeKTOp V1 1 Matpuiy m1 Ha yucno 4;

- paznenuThb BeKTop v1 u maTpuny ml Ha umucio 2;

- CJIOKUTH JiBa BekTopa vl u v2 u ABe Marpuilbl ml u m2 ;

- BbIYECTb U3 BekTOpa v1 BekTop v2 1 U3 Marpuisl ml matpuny m2 ;
- pa3nenuTh BeKTOp V1 Ha BekTOp v2 ¥ MaTpully ml Ha maTpuiy m2 ;
- YMHOUTb BEeKTOp v1 Ha BekTop V2 ¥ Marpuiyy ml Ha maTpuny m2 ;
- clIeN1aTh BBIBOI;

- OUMCTHTL UMeHa V1 , v2 , ml um2 .

3amanue 7.3.

1) onpenenutk nBa BekTopa vl u v2 ¢ komrnonentamu (1, 3,5,2,6,4)u (2,7,5,8, 1, 3)
COOTBETCTBEHHO;

2) onpenenuTh 1Be MaTpuilbl m1 U m2 ¢ aneMeHTaMu

1 2 3 3 2 1
6 5 4|u|4 5 6| coorBercTBeHHO;

1 35 5 3 1

3) BBIOJIHUTD CIEAYIOLINE TEHCTBUS:
- BO3BECTHU B KBAJIpaT BEKTOp V2 U MaTpuUlly m2;
- U3BJIEYb KBAJIpaTHBIN KOPEHb U3 BeKTopa vl u mMaTpuibl ml;



- BO3BECTHU IKCIIOHEHTY B CTEINEHb BEeKTOpa V1;

- BBIYUCJIUTH CUHYC BEKTOpa V2;

- BBIYMCJIUTH HATypaJIbHBIN JIorapudm maTpuisl ml;

- BBIYHCIUTH TUIIEPOOTMYECKUN KOCUHYC MaTPUIIBI m2.
- CJIeNIaTh BBIBOJI;

- OUMCTHTh UMeHa V1 , v2 , ml um2 .

3aganue 7.4.
1) onpenenuTh nBa BekTopa vl 1 v2 ¢ KOMIIOHEeHTamu (a, b, ¢) u (X, Y, z)

COOTBETCTBEHHO;
2) BBITIOJTHUTE:

- OIEpaLIMIO IOWIEHHOTO0 YMHOXEHUS BeKTopa vl u v2 ;

- OIEepalLMIO CKATSIPHOTO YMHOXKEHUS BeKTopa v1 u v2
(mBymst cnoco0aMu: HCIIONB3Ys KoMaHay Dot 1 3Ha4OK . );

- OIMEepAIMI0 BEKTOPHOTO YMHOXKEHUS BEKTOpa V1 1 v2
(mBymst ciocobamu: ucrob3yst KoMmanay Cross v 3Ha40K X )
- clenaTh BBIBOJ;

- OYUCTUTH UMEHa V1 u v2 .

3aganue 7.5.
1) onpenenuthb 1B MaTpuilbl A u B ¢ aneMenTamu

aip dip 413 by by by
ay) Gyy Gy |m| by by Dby

d3; dyp  dsz by by bs;
2) BBINIOJIHUTE!
- OIEpaLMIO OWIEHHOT0 YMHOXKEHUS MaTpullbl A Ha MaTpuly B ;
- OIEPALMI0 MATPUYHOTO YMHOXKEHHUS MaTpHIlbl A Ha MaTpuiry B
(mByMmsi criocobamu: UCIoNb3ysl KoMaHy Dot 1 3Ha4oK . );
'Mcnonb3ynTe komaHay MatrixForm ansa npaBuabHoro nsobpaxeHus pesyabtaTos!

3amanue 7.6.
1) ucnone3ys ¢pyHkiuo Range, co3marte BEKTOp X , 3JIEMEHTaAMH KOTOPOTO SIBJISIFOTCS

TOCIIeI0BATENbHBIE BEIECTBEHHbBIE YNCIA, 3HAYeHUs KOTophIX m3MeHstorcs oT 0 1o 277 ¢ marom
72'/ 4.
2) onpeseuTh BEKTOP ), SIEMEHTaMK KOTOPOT'O SBIISIOTCS 3HaUeHUs (PyHKIUH CHHYCA OT

AJIEMEHTOB BEKTOpa X ;
3) 00beMHUTH B €IMHBIN IBYXypOBHEBBIH criucok L1 Bektopa X u ),

MIPEJICTaBUTh PE3YyJIbTaT AByMs crioco0aMu: B BUJE CIIMCKA U B BUJIE TaOIUIIbI

(B TabnHIIEe TOAMKUCATH CTPOKH);

4) coznmatb 1ByXypoBHEBbIN criucok L2 , mpeoOpa3oBas ciricok L1 Tak, 4ToOBI 2JIeMeHTaMH
KaXX/I0TO U3 BHYTPEHHHUX CITMCKOB OBLIM KOOPJMHATHI TEKYLIEH TOUYKU X U ), IPEICTaBUTh

pe3yabTaT ABYMS CIIOCOOaMHU: B BUE CIHMCKA U B BU/IE TaOIHIIbI

(B TabnuIe MOAMUCATh CTOJIOIBI);

5) BbLIEAUTH U3 ciMcka L2 koopanHAThI 6-01 TOUKH;

6) ucrionb3ys rpadguueckyro pyuknuio ListPlot, n300pa3uTh B A€KapTOBBIX KOOPJIMHATAX TOUKH, C
KOOpJauHaTaMu u3 crucka L2 .

3aganue 7.7.
1) Pemuth, ncnonn3ys komanay LinearSolve , cuctremy JTUHEHHBIX YpaBHEHUN



123 +7.18x, — 323, =4.2
O.le —1.5X2 +7.1X3 =-1.2

2) onpeseNuTh BEKTOP PEIICHUH X |
3) ucnoib3ysi MaTPUYHOE YMHOKEHHE, C/IeNaTh IIPOBEPKY: YMHOXKHUTh MaTpUIly KO3(pPHULIHEHTOB Ha
BEKTOP PEILECHUM U ITOJIYyYUTh BEKTOP MIPABbIX YAaCTEH CUCTEMBI YPAaBHEHUN;

4) BBIYUCIMTH CyMMY PEHIEHHI CHCTEMBI yPaBHEHHH, T.€. X| + Xy + X3.

3ananue Ne 8. «[Ipocreiiiiee onucanue QyHKIUN.)

3azmanue 8.1.
1) onmpenenuts Gpynkuuu ¢ umenamu F1 u F2 | Berancnsionme TpeTbio CTeeHb CBOEro apryMeHTa:

- ipu onipeneneHnu Gpynkuuu F1 vcnonb3oBaTh 3HaK HEMOCPEICTBEHHOTO MpUCBauBaHus (=),
- IIpH ompeneneHny GyHKIuU F2 ucmnonb30BaTh 3HaK OTJIOKEHHOTO pUCBauBaHus (=) ;
2) npumennTth QyHKIMU F2 u F2 ny1s Bo3BeneHus B KyO ClIEIyONTUX apTyMEHTOB:

2, y,3b, sin(x);

3) BBIYHMCIHUTD 2-yI0 MPOU3BOAHOIO OT pyHKIMU F1 1 Tpersio nepBoodpasznyto as pynkuuu F2.
4) ounctuth uMeHa F1 u F2.

3amanme 8.2.
1) ompenenuth n1Be pyHkuuu ¢ umeHamu fl u {2 , BeIYMCIsIOMNE IIMHY CBOETO apryMeHTa

(Bocmonb3yiitech BCTpoeHHOH dyHKuuen Length):
- ipu onpeneneHnn GpyHkuuu fl UCMoIB30BaTh 3HAK HEMTOCPEACTBEHHOT'O TPUCBANBAHUS ( = ),
- mpu onpenenieHny GyHKIUHU {2 UCIoIb30BaTh 3HAK OTJIOKEHHOTO MPUCBanBaHus ( =) ;
2) npumennTth GyHkimu fl u f2 ns Beraurcienus nuHe cnucka {8, 7, 6, 5, 4, 3} ;
OOBSICHUTB PE3yJbTaT.
3) ounctuth umeHa fl u 2.

3aganue 8.3.
1) ucnonb3ys 3HaK HEMOCPEICTBEHHOTO MpucBanuBanus (=),

ONpeNeuTh PYHKIHUIO ABYX EPEMEHHBIX Gl(x, y) =¥ COS( y2 ) ;

2) UCTIONB3YS 3HAK HEITOCPEICTBEHHOTO MPUCBAauBaHUs ( = ) ONpeaeauTh QyHKIIUIO G2(x, y),

SIBJISIFOLITYFOCSI CMEIIAaHHOM TIPOU3BOIHON OT (PYHKITUU Gl(x, y) : 3-X KpaTHOM 10 MEPEMEHHON X U

5-TH KpaTHOM IO IEPEMEHHOU ) ;
3) ucnosb3ys 3HaK HEMOCPEICTBEHHOTO MPUCBaBaHUA ( = )ONpenenTh (GYHKLIUIO G3(x, y) ,

ABJISAIONIYIOCS CMEMIAHHON NMePBOOOpa3sHol 1 GyHKIMK Gl(x, y) :

OJIHOKPATHOM 110 IEPEMEHHOM X M IBYKPaTHOM IO IEPEMEHHOHN ) ;

4) ns Kaxnaoi QyHKIUN Gl(x, y) , GZ(X, y) , G3(x, y) CO31IaTh U CHAOIUTh 3arOJIOBKAMHU
TabNuIly €€ 3HAYeHHl IIpY M3MEHEHUH NIePeMEHHBIX ¢ equHuyHbM marom: X ot O mo 3; yor 0

0 5.
5) 3aHOBO MEPEOIPEIENUTh (YHKIIHIO G3(x, y), HCIIOJIb3YS 3HAK OTJI0KEHHOTO IIpUCBauBaHus ( :=

)u eé pa3 MonbITaThCsA CO3/AaTh TAOIUIy €€ 3HaUCHHUIA.

6) ouncruts umena G1, G2, G3.

3aganue Ne 9. «Onucanue cloKHbIX QyHKIMI.»
3aganue 9.1. @yHkuuu ¢ ycaoBueM Ha apryMeHT: GpyHkuus Condition - onieparop /;




2
1) coznats pyHKIHIO Gl(x) = X", KOTOpasi BBIYUCISIIACH ObI, TOJIBKO €CJIM KOCUHYC €€ apryMeHTa

HMeeT 3HaueHue, 0oJblliee 1 2 CJIOBHEC yKas3aTh IIPpH OIIMCAaHUU apIr'yYMEHTA ),
5

2
2) co3aath (PyHKIHIO G2(x) = X", KOTOpas BBIYUCJIAIACH Obl, TOJIBKO €CIM KOCUHYC €€ apryMeHTa

MMeeT 3HaueHue, Oosblee 1/ 2 (ycnoBue ykas3aTh IIpU OIUCAHUM “Tesia” QYHKIHUH);

11

3) nmpoTecTUpoBaTh (PYHKIMH, BEIYUCIUB UX 3HAYCHHUS JIJIS CIIEAYIOIIUX apTyMEHTOB: E, 0 5;

4) BBIYUCIIMTH KOCHHYC 3THX K€ APIyMEHTOB, OCO3HATH PE3YyJIbTaT, CPABHUB (BU3yaIbHO)
MOy deHHbIEe 3HaueHns Kocuuyca ¢ 1/2;

5) ounctuts umena G1, G2.

3azanue 9.2. @yHKIUY C yKa3aHUEM TUIIA apIyMEHTA.
3
1) co3nats pyHKIMIO & (x) =3x" —tg (x) , KOTOpast BBIYUCIISIACh ObI, TOJIBKO €CIIH €€ apTyMEHT

ABIISIETCS EIIBIM YHCIIOM;
2) mpoTecTUpoBaTh (DYHKIIHIO, BEIYKMCIIUB €€ 3HAUCHHE [UIS CIICAYIONIMX 3HAUYCHUH apryMeHTa!
2, 0.5, cosx, "mexcm", 15, ocoznars pesynprar! ;

3) ounctuth UMA g .

3amanue 9.3. DyHKIMK ¢ KOMOMHUPOBAHHBIM YCIIOBHEM Ha apTyMEHT.
2
1) coznars Qpyukuuro U l(x ) = ln(x —X ) , KOTOpast BEIYUCIISIACh Obl, TOJIBKO €CIIH €€ apryMEHT

sBisieTcs cnuckoM (List) , cocrosium He 6oee, ueM u3 4 371eMeHTOB (YCIOBHE YKa3aTh MpU
OIMCAaHUU apryMEHTA );

2
2) coznars Qpyukuuo U 2()6 ) = 1n(x - x) , KOTOpast BEIYUCIISIACh Obl, TOJILKO €CIIH €€ apTyMEHT

sBisieTcst cnuckoM (List) , cocrosium He Oosee, ueM U3 4 3J1eMEHTOB
(ycroBue yka3aTh IPH OMHCAHUH Tela (PYyHKIHHN);
3) nmpoTecTHUpOBaTh (PYHKIIHMIO, BBIYUCIUB €€ 3HaUeHHE IS CIeAYIOUINX apryMEHTOB:

2, {2}, {1,2,61,4}, {1,2,a,4,t} 2, {2}, {1,2,a,4}, {1,2, a, 4, t}, 0oco3HaTh pe3ynbrar!

4) ouncruts umena U1, U2 .

3amanue 9.4. MHOXECTBEHHOE 3a/1aHue (DYHKITHH.
1) ucnonp3ys yka3zaHue THIIa apryMeHTa, Co34aTh (PYHKIINIO W(x), KOTOpasi paboTaeT mo-pasHOMY
JJI apryMEHTOB Pa3HBIX THUIIOB:

€CIIM apTyMEHT - crucoK (Tum List) , pyHKIus W(x ) JOJIKHA BBIYMCIIATH CIIMCOK 3HAYEHUU

- 2
KBaJIpaTOB CHHYCa SIN~ X OT COOTBETCTBYIOIIUX apTYMEHTOB;
€CJIM apTyMEHT - 1ies1oe uucio (tun Integer) , hdyHKIus W(x) JIOJDKHA BO3BOJIUTH ATO YHCIIO B KyO
U Ipu0aBIATH K Hemy 10;

€CIIM apTyMEHT - JieicTBUTeNnbHOE uncio (tun Real) , pyHkms W(x) JIOJI>KHA BBIYUCIISATD

L arctg x
APKTAHI'CHC OTOr0 4ucia, ACJICHHbIM HA CaMO YUCIO —
X

€CJIM apTyMEHT - KoMIuiekcHoe uucio (tun Complex) , pyHKIus W(x) JIOJKHA BBIYHCIIATH

cpenHee 3HaueHue /s ero peanbHoit (Re) u muumoii (Im) wactu;
2) mpoTecTUpoBaTh GYHKIINIO, BBIYUCINUB €€ 3HaYCHHE [Tl CIEAYIOLINX



apryMeHTOB: {1,2,3,4,5,6}; {a,b,c,d}; 3:4.7;1+2i;

3) ounctuts umsa W .

3aganue 9.5. MHOXecTBEHHOE 33/1aHue (PYHKIIUH.

1) ucnonb3ys yka3aHue TUIIA apryMEHTa, co3aath GyHkuuo [ (x), KOTOpasi paboTaeT Mo-pasHoMy
JUIsL QpTYMEHTOB Pa3HbIX THITOB:

€CJIM apryMeHT - nenoe uucio (tun Integer) , pynkums A (x) paBHa CBOEMY apryMEHTy X ;

€CJIM apTyMEHT - AeiicTBuTenbHOE yncio (Tun Real) , pynxuus H (x) OKPYTJISIET apTyMEHT 0

IIEJIOTO YHCIIa 10 TpaBUiIaM OKpYTJIeHUs (Bocnosb3yiTech (hyHkmuen Round) ;
2) npoTecTUpOBaTh (PYHKIIMIO, BEIUMCIIUB €€ 3HAUYCHHUE AJIS CIEAYIOIINX
aprymenros: 2, —5,3.4,—1.7;

3) ucnone3ys BCTpoeHHyo GyHKuio Plot, moctpouts rpaduk pynxuuu H (x) Ha UHTEpBaje
Xe [—3, 3] ;

3) ounctuth ums H .

3amanue 9.6. Kycounsie pynkuuu: Gynkius Condition - omeparop /;
1) ucrionb3ys BcTpoeHnyo ¢ynkiuio Condition B Buzae oneparopa ( /; ), co31aTh KyCOUHYIO

byHKIHIO w(x ) , IMCIOLIYIO 3HAYCHUE x? npu 0 < x <5,
2
3HAYEHUE (x — 5) npu S<x <10,

3HAYEHHE (x — 10)2 mpu 10<x <15

snayenne 0 O mpu x >15;

2) ucnoaw3ys BcTpoeHHyto ¢pyHkmuio Plot, moctpouts rpaduk GyHkImm w(x) Ha UHTEpBaje
xe[0,20];

3) OYUCTUTH UMS W .

3amanue 9.7. Kycounsie pynkuuu: Gynknus Piecewise

1) ucnone3ys Gpynkumio Piecewise, co3nars Kycounyro GpyHkuo Y (x) ,
umeronyto snadenue 0 npu x < -2,

snauenne X +2 npu —2<x <0,

3Hauenne —X + 2 npu 0<x <2,

snauenne 0 mpu x> 2;

2) MCroNb3ysl BCTPOeHHYI0 QyHKIuI0 Plot, moctpouts rpaduk pyukimu Y (x ) Ha UHTEpBaje
X€e [—4, 4] ;

3) ouncTuTh UMs Y .

3amanue 9.8. Kycounsie pynkuuu: Gynknus Piecewise - oneparop {
Cpasuenue neiicreus ¢pynknuii Condition u Piecewise.
1) ucionb3ys GpyHkuuio Piecewise B onepaTopHOM MPEICTABICHUH { , CO3J1aTh KYCOYHYIO

¢ynxuuo y1 (x) , umerontyio 3Hadenue 1 npu 4 <x <=2,

3Hauenne 2 npu —2<x<0,
3gauenne | npu 0 < x <2
3Hauenue 2 npu 2<x<4;



2) ucnionb3ys ¢pynkuuto Plot, moctpouts rpaduk GyHKIMN yl(x) Ha UHTEpPBAJIE X € [—4. L 4. 1] ;
3) ncnons3ys dyskumo Condition B onepaTopHoM npeactaBnennu ( /3 ), co31aTh KyCOUHYIO
GyHKIHIO y2(x) , umerontyto 3Hauenue 1 mpu -4 <x <2,

3Hauenne 2 npu —2<x<0,
sgauenne | npu 0 < x <2
3Hauenne 2 npu 2<x<4;

4) ucnionb3ys ¢pynkuuto Plot, moctpouts rpaduk GyHKIMN y2(x) Ha UHTEPBAJIE X € [—4 L 4. 1] ,

4yTOOBI rpaduK NPaBUIHLHO OTOOpaxkaics, it GyHKuK Plot ykaxkute MOMOTHUTEIBHYIO OIIIHIO
PlotRange — {0, 2}
5) cpaBHHUTB PE3yJIbTATHI.

3aganue Ne 10. «'paduueckas dyaxumsg Plot u e€ ommu.
HOCTDOGHI/IG FDad)I/IKOB d)VHKHI/If/'I, 3aJIaHHBIX SIBHO B ,Z[eKaDTOBOf/'I CUCTCMC KOOPAMHAT.»

3aganue 10.1. [Tocrpoenue rpaduka oHON HYHKIUH.
[TocTpoenue rpadrka HECKOIBKUX (GYHKIUHA B OJJHUX KOOPIMHATHBIX OCSX.

1) mpeacTaBuTh B BUE rpaduka QyHKIHIO y(x) =xe " B anamasone 3Hayernii X or 0 1o 5;
2) IOCTPOUTH B OJHUX KOOPAUHATHBIX OCsX B Auanasone 3HaueHuit X or 0 go 10 rpapuxu
CIIEAYIOIMX TPEX (PYHKIUMI:

- KyCOYHOH (QyHKIHM yl(x ) , IMEFOIIEN

3gauenne 2 npu 0<x <2,

3Hauenne —X +4 npu 2<x <4,

3Hauenne 2X —8 npu 4<x <6,

snauenne —X + 10 mpu 6 <x <8,

snauenue 2 npu < x <10,
30

10+ x*

X

- pyHKIMH y3(x) =10xe °;

- yHKIMM y2(x) =

3anpanue 10.2. 3aganue obnactu nzodpakenus Ha rpaduxe. HazBanue rpaduka u o603HaueHne
OCEH.

1) IMoctpouTs Tpadguk GpyHKIMN y(x) =In (4 - 2x) +x2-2.

2) yCTaHOBHUTH JIMANa30H U300paxkaeMbix 3Ha4enuii 1o ocu y ot —0.7 mo 0.5

(ormms PlotRange);

3) ycranoBuTh HazBanue rpaduka : “I'paduk GyHKIMHT y(x) =In (4 - 2x) +x2 =2«

(ommust PlotLabel);
4) yctaHOBUTbH 0003HA4YEHHUE 110 OCSIM X M ) COOTBETCTBEHHO (omuus AxesLabel).

3ananue 10.3. Ctuib u300pakeHus OCeu.

—X
e

1+e™)(2-x)

2) yCTaHOBUTD HYKHBINA JUAIa30H U300pakaeMbIX 3HAUCHUM 110 00enM ocsiM (T1o100paTh
CaMOCTOATEIBHO);

1) ITocTpouts rpadux GyHKIUU y(x) = (



—X
e

e )(2-x)

.,
9

3) ycTaHOBUTH Ha3BaHue rpaduka : “OyHKIUSA C pa3pbIBOM y(x ) = (

4) ycTaHOBUTH 0003HAYEHUE 110 OCSIM X U ) COOTBETCTBEHHO;

5) yCTaHOBUTH pa3zmep MpUQTa MO OCSIM, paBHBIM 16-Tn
(ormmmst AxesStyle, nupextuBa FontSize).

3amanue 10.4. 300paxkeHue oceid U paMKH.

sinx
1) Ioctpouts rpaduk QyHKIHH y(x) = B JMana3oHe 3HaueHui X ot —37 10 37 .
2) y6patb
-0Cb X, -0Chb )Y, -o00eocu; (onuus Axes)COXpaHUTb BCE TPU KApTUHKM ;

2) yCTaHOBUTH

- paMKy BOKpyT rpaduka 6e3 oceii;

- TOJIBKO JIEBYIO Ml HWXKHIOIO CTOPOHBI PAMKH M BEPTUKAIBHYIO OCh

(ormmu Frame n Axes) coxpaHuTh 00€ KapTHHKHU.

[Tpumeuanue: moaymaiite, Kak MOXKHO BCe TpadUKH U3 ITOTO IMMyHKTa U300pa3uTh B BUJE
TaOJINYKH.

3amanue 10.5. 3aganne T HaaNuce Ha rpaduke. PacctaHoBKa METOK-ICIICHUI HA OCSX.
3amanne CTUIb JUHUH.

sin x

1) [TocTpouTh B OJHUX KOOPAUHATHBIX OCSX rpaduKu GyHKIIUN yl(x ) = u y2(x) =COSX
B JIMAIIa30HE 3HAYCHUH X OT —377 10 37T .

2) ycraHoBuTH THI 6a30Boro mpudTa Arial, pasmep, paBHbIM 16-TH

(ormms BaseStyle, nupexktuBsr FontFamily u FontSize) ;

3) ycTaHOBUTH Pa3METKY IO OCSIM: TI0 TOPU30HTAIBLHOM OCH C L1arom 77 ;

o BepTukanbHoii ocu ¢ marom 0.5 (omuus Ticks) ;

4) yBenuuuTh yBenuauth Tommuny oceif 1o 0.005 nonu ropusonranshoro pasmepa rpaduxa
(onmmst AxesStyle, mupexruBa Thickness) ;

5) n306pa3ute MMHKIO 1-T0 rpaduka KPaCHBIM ITyHKTUPOM, 2-TO - CHHUM IITPUXITYHKTHPOM
(onmust PlotStyle, nupextuBsl RGBColor u Dashing).

3aganue 10.6. (mpomomkenue 3aganus 10.5) Odopmienue pamku. Hanecenue TuHMIA CETKH.

1) ns rpaduka U3 peAbIayIIel 3aaa9n yopaTtb OCU U1 O)OPMHUTH €r0 B MPSIMOYTOJILHON paMKe
(onuus Frame);

2) IBHO yKa3aTh IMAIa30H 00JaCTH M300PaKEHHUS: 110 TOPU3OHTAIM OT —377 10 37T , O BEPTHKAJIH
or —1 mo 1 (omms PlotRange) ;

3) ycTaHOBUTH pa3METKY:

110 HU)KHEH CTOPOHE PAMKH C IIAaroM 77 (BMECTO caMOil MPaBOil METKU MOCTaBUTh 0003HAUEHHE X ),
10 neBoii cropone pamku ¢ marom 0.5 (BMecTo camoii BepxHeil METKH IOCTaBUThL 0003HAYECHUE

y) (onuus FrameTicks) ;

4) oToOpa3uTh KOOPAUHATHYIO CETKY, IMHUU CETKH JOJDKHBI TPOXOAUTH Yepe3 METKH Ha 0CAX
(ormms GridLines);
5) ycTaHoBUTH cepblii 1BeT ¢ona (onuus Background, nupextusa GrayLevel).

3anadue Ne 11. «CoenuanbHble BUABL IBYMEPHBIX IPaQUKOB.)»

3apanue 11.1. [Toctpoenue rpadukoB TOUEUHBIX (TAOIUYHBIX) (PYHKLINH.
1) mpencTaBUTh B OJJHUX KOOPIMHATHBIX OCSX TpaduKu Cleryronmx



TOYCYHBIX (bYHKI_[I/II/I, 3aJIaHHBIX CIIMCKAMU CBOMX 3HAYCHUM :

x[12345678
V12345678

x[2345 6 7 89
y|4 6810121416 18

x 10.05 1. 1.5 2. 25 3. 35
y=e" 1.1.652.724.487.3912.1820.0933.12°

2) ucnionw3ys oniuto PlotRange, noOuthcst n1300paxkeHust Bcex ToUeK Ha rpaduke ;

3) ucnone3ys onuuro PlotStyle n nupextuBy PointSize, ycTaHOBUTH ClieayIoIe OTHOCUTENBHBIE
pasmepsl nzoopakaembix Touek 0.015, 0.02 , 0.025 nna 1-ro, 2-ro, 3-ero rpadukoB
COOTBETCTBEHHO ;

4) U3y4uB MO CIipaBKe omnuro Joined, COETMHUTH TOYKU TOJIBKO MEPBOro rpaduka CIUIONTHOM
JIMHHUEH;

5) u3yuuB no crpaske omniuto Filling, moskcrnepuMeHTHpOBATh, yCTaHABIHMBAS 1)1 HEE pa3InUHbIC
3HA4YeHUs1, BBIOpaTh Hanboee yaauyHblii BApUaHT ;

6) ucnionw3ys oniuio PlotMarkers, cMeHUTh MapKepsl 1151 0003HaUeHUsI TOUYEK (0OpaTuTe
BHHUMaHUE, 4TO TUpeKkTuBa PointSize mpu 3ToM nepectaér nelicTBOBATh, 3aTO MapKEPhl BUIHBI HA
JIUHUHU, UX COCIUHSIONICH). YBETUYUTh pa3Mep MapKepoB 110 15.

3amanue 11.2. [Toctpoenue rpadgukoB GyHKINH, 3aJaHHBIX B MOJSIPHON CHCTEME KOOPIUHAT.
1) - mocTpouTsk rpaguk GpyHKIMM, 3a1aHHOI B TIOJNSAPHBIX KOOPAUHATAX 7 = SINQ;

- HCTIOJIB3Ys TpadUKu cuHyca (SN @) u kocunyca (COS () B MONSIPHON CHCTEME KOOP/MHAT,
CO3/1aTh U3 MATU OKPYKHOCTEHN KapTUHKY, OX0XKYI0 Ha “Pomaiiky”, ¢ ueTelppMs “nenectkamu’
(cHM3Y, CBEpXY, CleBa, ClIpaBa) U HEHTPAJIbHBIM KPY>KKOM;

- OTMEHUTH U300paKEHUE OCEH;

2) mpencTaBUTh OTJENBHO B MOJSPHBIX KOOpAMHATAX TpaduKH CclaeayoumX GyHKINI:

- ¥ =1—S8INn @ xpacHbIM 1BETOM;

s5(29—7

- r=e"%% - 2COS(4(0) + sin ypIIyPHBIM LBETOM;

- 7151 00€MX KapTUHOK OTMEHUTh U300pakeHUE OCEi;
3) - HOCTPOUTH B OTHUX KOOPAWHATHBIX OCSAX B MOJSIPHBIX KOOPAUHATAX IPaUKU CIETYIOLINX

(bYHKHHﬁ r=-3 ’;+3, ryr=3 ’;C+3, I/':e_zx, rZSSin(SX‘i‘l)BHpeHeHaX
—X —X

xe[—;r; 7r];

- YCTQHOBUTH CIEAYIOIIME LIBETA JIMHUW: KPACHBIM, CUHUN, 3€JIEHBIN,0pPAaHKEBBIH;
- OTMEHUTb U300pakeHUe OCeH;

- YCTaHOBHTD U300paKEHHE PAMKH;

- yOpatb pa3MeTKy 1o €€ CTOpOHaM.

3amanue 11.3. [Toctpoenue rpadukoB GyHKINH, 3aJaHHBIX TAPAMETPUUECKH.
1) - moctpouTts rpaduk GyHKIHH y(x) , 34JJaHHOM CIIEAYIOIIMMU TTapaMeTPUISCKUMHU

_2 (=23
YpaBHEHHSIMHU: x(t ) =1"; y(t ) = Et — 1" | npu u3MeHEeHNH TapaMeTpa B mpeaeIax

te[—2; 2];

- IOAIINCAaTh OCH,



- YCTaHOBUTD pazMep mpudTa i HaImucen 1Mo ocsaM, paBHbIM 14;
2) - MOCTPOUTH B OJHUX KOOPJUHATHBIX OCSIX Ipaduku 1ByX (pyHKUINN yl(x) U y2(x) 3aJJaHHBIX
napamMeTpUYecKH :
_ 3. cindt.
1-ast ynkums X; =3c0s”¢; Yy =3sin"t;

(2+cost)

2-ast GyHKuMA X, =3s8Int; y, = 3cos’ t ( 5\ 1IPM M3MCHEHUH NIApamMeTpa B pejienax
3+sin t)

te [O; 27[] ;
- ©300pa3uTh 1-y10 JMHUIO 3€JIEHBIM JJIMHHBIM ITyHKTUPOM, 2-YIO - PO30BOH TOJICTOM JIMHUEH;
- yOparp ocu.

3anpanue 11.4. [Toctpoenne KOHTYpHBIX IpauKOB U TpaduKOB (PYHKIUI, 3aJaHHBIX HESIBHO .
1) - mocTpOUTH KOHTYPHBIN rpaduk QyHKIUN f (x, y) =COS X+ COS y B mpeleiiax U3MEHEHUS

apryMeHToB X € [0; 27[] , VE [O; 27[];
- ucrionb3ys onmuio ContourLabels, ycTanoBUTh noanucy 3HaueHuii pyHaxun | (x, y) Ha

KOHTYPHBIX JINHUSIX;
- ucnouib3ys onnuto Contours, yBEIMYUTh YMCIIO KOHTYPHBIX JIUHUH 10 15 - TH
2) - IOCTPOUTH OJJHY KOHTYPHYIO JIMHUIO JUIs (PYHKLIMU U3 MPEIbIIYIIero 3aJaHusi, Ha KOTOPOil aTa

1
(yHKIMS TPUHUMAET 3HAUEHUE, paBHOE | (x, y) =——;

2

- HAlITH TaKyo e JUHHIO Ha rpaduKe U3 mpeablAyIIero 3a1aHus;
- ucnonb3ys oniuto FramelLabel, ycraHoBUTh 0003HaYEHUE CTOPOH PAMKH;

- ucnons3ys onuuto PlotLabel, mognucats rpaduk « COSX + COS Y = —5 »;

- ucodb3ys onmuio FrameStyle, yctanoBuTh pazMep mpudTa 1j1s Haanucei mo ocsiM, paBHbIM 14;
3) - HOCTPOUTH B OTHUX KOOPIAMHATHBIX OCSAX I'paduKu ABYX (DYHKIIMA, 33/1aHHBIX HESBHO, T.C.
YpaBHEHUSIMHU:

1-as pyHKIMA ‘Sinx sin y‘ =1/2;

2-as1 QyHKIUS ‘COSX cos y‘ =1/2

B IIpejieNiaX U3MEHEHHUs apryMEHTOB X € [0; 272'] , VE [0; 272'];

- MO’KCIIEPUMEHTUPYUTE, MEHSISI 3HAU€HNE KOHCTAHTHI U MTPeIeIbl U3BMEHEHUSI apTyMEHTOB,

4) - mocTpouth TpaduKk GyHKIUN y(x) =x>—4x+7%8 mpeenax U3MEeHEHUs apryMeHTa

X€e [O; 4],

- Ucodb3ys onirio AxesOrigin, yCTAaHOBUTH IIEPECEUCHUE OCEH B TOUKE C KOOPIUHATAMU (0,0) ;

- COXPaHUTh MIOCTPOEHHBIH rpaduK B IEPEMEHHON ¢ UMeHeM g7 ;
111 TOTO, YTOOBI 0003HAYUTH TOYKY MUHUMYMa rpaduKa, BBIOJHUTD CIEAYIONINE NeHCTBUS:
- IOCTPOUTH TPaQUKH NPAMBIX JIUHKH Y =3 n X =2,

- 1300pa3uTh 00€ JIMHUM KPACHBIM IYHKTHPOM,
- mo100paTh AJIs KaXI0ro rpaduka npeieinbl U3MEHEHUs IEPEMEHHBIX X U ),

- COXPaHHUTh MIOCTPOCHHBIE TPAQUKH B IIEPEMEHHBIX C UMeHaMU g7'2 U ZF3 COOTBETCTBEHHO;

- ucodb3ys GyHKIuoo Show, n300pa3uTh Bee rpaduku BMeCTe,

- YCTaHOBHTH AMAIa30HbI n300paxenus ot 0 10 4 mo ropuzoHTany u ot 0 10 8 MO BEpTUKAIH;
- IOJIUCATh OCH;

- YCTaHOBHTD BPYUHYIO pa3MeTKy Ha ocsiX 14-bIM mpudrom.



3aganue Ne 12. «Pemenue anrebpanyeckux ¥ TPAaHCUECHIEHTHBIX YPABHEHUN Y HEPABEHCTB.)

3aznanue 12.1. Penienue ypaBHeHU B aHAJIUTUYECKOM BUJIE.

. 2
1) HaiiTH aHANMTHYECKOE pellleHHe KBAIPaTHOro ypaBHeHUs obuiero Buaa: ax~ +bx+c=0;

- ompeneauTh BekTop perrenuit XX ;
- clleJaTh IPOBEPKY, NTOACTABUB HAWICHHBIE PELICHUS B UCXOHOE YPAaBHEHHUE;

- BBIYMCIIUTH U IPeoOpa3oBath ClEAyIOLIee BRIpakeHue: d (x — X )(x — Xy ) ,TIE X| U Xy -

HallJICHHbIE KOPHU;
CpaBHI/ITB pCSyHBTaT C HGBOﬁ YaCTbKO UCXOIHOI'O ypaBHeHI/ISI;
2) HAUTH TOYHBIC PEIICHUS CJICIYIOMUX TOJUMHOMHUATBHBIX YPaBHEHUMN:

3 2
4x" +6x" +3x—4=0;

20 12
2x+x°=0;

5 4 3 2

X +x +2x —x"+4x+3=0;
- IOJTYYUTh MPHUOIMKEHHbIE 3HAYCHUS ITUX KOPHEH C 0OBIYHOM TOUHOCTHIO
- MIOJTYYUTh MPUOMIKEHHBIEC 3HAUCHUS TUX KOPHEH ¢ TOYHOCTHIO 20-Th 3HAYAITUX HD.
3) HallTH TOYHbIE 3HAUEHUS KOPHEN TPUTOHOMETPUUECKOIO YPAaBHEHUS:
sin3x+cos3x=0

3apanue 12.2. [TpubmmkéHHOE pelieHue ypaBHEHHH.
Ucnons3ys pyukmuio NSolve HaliTH prOIMKEHHBIE PEIICHUS TOJIMHOMUAILHOTO YPaBHEHUS C

TOYHOCTBIO 110 10-TH 3HAYamUX HUP: C+xt 2t -2 +4x+3=0

3aganue 12.3. UucneHHoe perieHrue ypaBHEHUH.
Hcnons3ys ¢pyakmmo FindRoot HaiiTu Tpu KOpHS TPaHCLEHAESHTHOTO YPaBHEHUS:

COS(ln x) — sin(x/ 2) = 0, HayanbHbIE TPUOIMKEHHIS ONPENCIIUTh rPaPUUECKH.

3amanue 12.4. PemieHue HepaBEeHCTB.

1) ucnonb3ys komanay Reduce, pemmuTh 4MCI0BOE HEPABEHCTBO: x?—6x+5< 0;

2) HallTH pelieHue HEPABEHCTBA, COIEPIKAIIETO TTapaMeTp x2 —-bx+5<0;

- OCO3HATh U OOBSICHUTH PE3yJIbTAT;

- B IJIOCKOCTHU (x,b) MOCTPOUTH TpaduK PYHKIMHU, 3aJaHHOW PaBEHCTBOM x> —bx+5= 0,

- IMATIa30H [JIs MepeMeHHol X u mapameTpa b moao6parth caMoCTOSATENBHO, TAK YTOOBI ObLITH
BUJIHBI 00JIACTH PELICHUs] HEPAaBEHCTBA;
- ucrions3yst onuio FrameLabel, moanucaTs ropu30HTAIBHYIO M BEPTUKAIBHYIO CTOPOHBI PAMKH.

3aganue 12.5. Penienue cucteM ypaBHEHUH B aHATMTUYECKOM BUJIE.
1) HaliTH aHATUTHYECKOE PEIICHHE CISAYIONIeH CHCTEMBI alre0OpanyecKux ypaBHEHH:

xX+ay=>b;
x+by2=a+b;

CZeJIaTh POBEPKY;
2) HAUTH TOYHOE PELICHUE CIIEYIOLIEH CUCTEMbI TPAHCLICHIEHTHBIX YPaBHEHUI:

bg2(4x—2y):—1;
10 ;
In(x+2y)=2;



- UCIIOJIB3YyA OE€paTOp NOACTAHOBKH, OIPECIACIIUTD IICPEMECHHBIC XX W )Y, IPUCBOUB UM B KQUCCTBEC

3H3.‘ICHI/H\/Jl, MOJIYYCHHBIC PCIICHUA CUCTCMBbI IJI1 HCPEMCHHBIX X H y COOTBECTCTBCHHO,

.. 2 .
- BBIYMCIUTH NPUOIMKEHHOE 3HAUEHUE CIEAYIOLIEro BhIpakeHus:: XX~ + Sin (2 yy) .

3amanue 12.6. [IpubmmkéHHOE pelieHne CUCTeM YpaBHEHUH.
- HaliTH PUOIMKEHHOE PELICHHUE CIIEAYIONIeH CHCTEMBI allreOpanyecKuX ypaBHEHUH:

2y + 3xr=5 ;
x+7y2=175;
- onpeienTh Bektopa pemennit XX u YY

X v o
- BBIYMCIINTDH BBIPAXKCHUC € 2 cos V4,T0€ X9 V4 - BTOPOU KOPEHB MU X W YETBEPTHIU - AN Y
COOTBETCTBCHHO.

3aganue 12.7. UucneHHoe penieHrne CUCTEM ypaBHEHUH.
- HAUTH YMCIICHHOE PELICHUE CUCTEMbI YPAaBHEHU:
X
e +2ylnx-3=0;
2 .
x“y-3x+54=0;
- Ha4YaJIbHOE MPHUOIMKEHHE ONPEACTUTh I'padUuecKy;

3aganue 12.8. Pemenue cucteM HEpaBEHCTB.
1) HaliTH pernieHue CIeyIoNneld CUCTEMbI HEPaBEHCTB:

S5x+12<3x+20
x<2x+3
2x+720

2) HalTH pelIeHHE CIENYIOUIEN CUCTEMBl HEPABEHCTB!
y > X2 +1
y+x>1

X2+ y2 <9

- IOCTPOUTH B OJJTHUX KOOPANHATHLIX OCAX Fpaq)I/IKI/I J'II/IHI/If/'I, 3alaHHbIX PAaBCHCTBAMMU:
y:x2 +1; y+x=1; x? +y2 =9;;

- BKITIOUNTDH N300pakKeHUE OCei;

- 00BSICHUTD Ha rpaduKe NOTYYSHHOE PELICHHE JJIsi CHCTEMBI HEPaBEHCTB.

3anadue Ne 13. «Pemenue nuddepeHnanbHbIX YPABHEHUN.»

3anpanue 13.1. OGmee perieHne 0OBIKHOBEHHBIX AU (hepeHIHATBHBIX YPABHEHUH.
1) HaiiTu o01Iee pereHre YpaBHEHUsI IIEPBOTO MOPSIKA:

V'(x)=2Inx+x-2
2) HaiiTH O0IIKeE pelIeHus] YpaBHEHUH BBICOKOTO TOPSIKA:

»"(x) =3x? —2x+1; y"(x) =y'(x)—5y(x)+x2 -1.

3apanue 13.2. YactHoe penieHne 0ObIKHOBEHHBIX AU epeHnranbHbIX ypaBHeHui. 3anauya Kommn.

1) - HaiiTu yactHoe perieHne U HepeHInaIbHOTO ypaBHEHUS: y”(x ) =xe "



TIPHU CIEMYIONINX HAYATbHBIX YCIOBHSX: y(O) =1; y'(O) =0;

- onpeeuTh GpyHKIU0 Y (x) , ABIISIONLYIOCS PEIIEHUEM IaHHOM 3a1auH;

- IOCTPOUTH TpaQuK (yHKIMM Ha HHTEpBae X € [—2, 2] , IOJIIUCATh OCH; HAHECTH PA3METKY 10
OCAM: 10 X OT -2 10 2 c marom 1; mo ) ot -1 no 1.5 ¢ marom 0.5;

2) HaliTu peuienue cieayouei 3axadn Komm: y"(x) — 27y'(x) + a)zy(x) =0; y(O) =A;
y'(()) =0, npuBecTH MONyYEHHOE PENIEHHE K HAMOOJIEE MPOCTOMY BHLY;

- onpeieuTh GpyHKIMIO Y (x) , SBIISIOLIYIOCS PEIIEHNEM yPABHEHUS,

- IOCTPOUTH rpa@uK GyHKIUU Ha UHTEpBalle X € [0, 5] , IOJICTaBUB C MTOMOLIBIO OrepaTopa

TO/ICTAHOBKH /. BMECTO CUMBOJIbHBIX TIapamMeTpoB A, ¥, @ uuciossle 3uadenus 1, 0.5, 5;

- IOJITUCATh OCH;
- HAaHECTH pa3MeTKy 1o ocsiM: 1o X oT 0 1o 5 ¢ marom 1; mo ¥ ot -10 no 10 ¢ marom 5;

- YCTAaHOBUTb pa3Mep HAJIKUCEN MO OCsM, paBHbIN 14.

3amanue 13.3. YnucneHnHoe penieHrne 00bIKHOBEHHBIX AU (hepeHIInaTbHBIX YPaBHEHUH.

- HAlTH YUCIIeHHOE pelenue NU(PEPEHINaNTbHOTO YPABHEHHUS: y”(x) y'(x) —X y(x) =1
TIPY HAYAJIBHBIX YCIIOBUSX y(O) =1, y'(O) =1;

- onpenenuTh GyHKIHo Y (x) , ABJISFOILYIOCS PEIICHUEM JTaHHOM 3a/1a4u;

- cO3/1aTh TabJIMIly 3HAYEHUI] TTOTyueHHON QYHKIMHU B JUaNa3oHe X € (0,5) c marom 0.5,
IMOJIIIKACATh CTOJIOLBL,

- IOCTPOUTH rpadUK MOTYYEHHOTO PElleHUs Ha HHTepBale X € (0,5), MOJNKCATh OCH, HAHECTH

pa3MeTKy 10 OCSIM:
mo X or 0 no 5 cmarom 1 ;o y or 0 no 40 ¢ marom 10;

3amanue 13.4. O6miee penieHne cucteM 0OBIKHOBEHHBIX AU (epeHIINaTbHBIX YPAaBHEHUH.
- HaliTH oO1iee pelieHne cneayromei cucreMsl AuddepeHnnanbHbIX YpaBHEHUH IEPBOT0 MOPsiIKA:

X'(t)=y(y)+z(1)
y'(t)=x(1)+3z(t)
2'(t)=x(¢)+»(t)

3aganue 13.5. YacTHoe pelieHne cucTeM 0OBIKHOBEHHBIX MU (hepeHInabHBIX YPaBHEHHH.
- HAliTH YaCTHOE PEIICHNE CUCTEMBI TP PEepeHINAIBHBIX YPAaBHEHUH IEPBOTO
nopsiKa:

X (t)=—ax(t)+my(t)
Y(t)=ax(t)=my(1)
CO CJIEAYIOIMMH HAYaIbHBIMH YCIOBUSIMH: x(O) =1, y(O) =0;

- onpeenuTh GyHKIIH X (t ) uY (l‘ ) , SBIISIONINECS PEIICHUSIMU CHCTEMBI, HCTIOb3Ys ONEPaTop
TI0JICTAHOBKH, TIOJICTABHTH BMECTO CHMBOJIBHBIX TTAPAMETPOB (b d M /71 UMCIIOBBIE 3HAUEHUS 2 |
1/ 4:

- TOCTPOUTH TPadUK MOTYUSHHBIX PEIICHNH Ha HHTepBaie | € (0; 1), HOJIUCATh OCH; HAHECTH

pa3MeTky 1o ocsiM: 1o X oT 0 1o 1 c marom 0.2 ;mo ¥ or 0 no 1 ¢ marom 0.2;



1300pa3uTh 00€ IMHUK YEPHBIM LBETOM, TpaduK uist pyHKIun X (t ) - TOHKOM JIMHUEH, 115l

Gynxuun Y (t ) - TOJICTOM JIMHUEN;

ucnonib3ys onuuto PlotLegends, moanucars TMHUK; yCTAHOBUTh pa3Mep HaAMMUCEH 110 OCsM,
paBHbIi 14.

3aganue 13.6. UncneHHOe peneHre CUCTeM OOBIKHOBEHHBIX AU ((epeHInanbHbIX YPaBHEHUH.
- HATH YUCIICHHOE PeIIeHHEe CUCTEMBI U (hepeHIIHaNbHBIX YPaBHEHUH EPBOTO MOPSIKA:

X' (t)=y(t)z(r)+1

(1) =x(1)z(1)-1

Z'(1)=x(t) y(r)+1
CO CJIeIYIOIMMH HAaYaIbHBIMH YCIOBUSIMM: x(O) =1, y(()) =0, Z(O) =( B guamazone
t€(0;10);
- onpenenuTs pyHKuu X (l‘ ), Y (l‘ ), Z (l‘ ) , IBJISIFOIIUECS PEIICHUSAMH CHCTEMB,

- CO3/1aTh TAOIUIy 3HAYCHUH ITHX (PYHKIUI B Auana3zone [ € (0;10) ¢ marom 1, moamucarhb
CTOJIOLIBL,
- IOCTPOUTH rpaduK MOTYyUYESHHBIX PEIICHUI HAa UHTepBaje [ € (0;4), MOAINCATh OCH;, HAHECTHU

pa3MeTKy 1o ocsimM: 1o X oT 0 1o 4 c marom 1 ; mo y ot 0 5o 4 ¢ marom 1;
ucnons3ys qupexktuBy Dashing, n306pasuts rpaduk s Gynakuuu Y (t ) - MYHKTUPHOU JIMHUEH,
g pyHkuuu Z (t ) - IITPUX-ITYHKTUPHOM JIMHUEH;

ucnonb3ys onmuio PlotLegends, moanucars nuawm,
YCTaHOBUTH pa3Mep HAAIUCEH Mo 0caM, paBHbIN 14.

3aganue Ne 14. «Co3tanne [uHaMUYeCKHUX OOBEKTOB.»
JIBr>keHue Tena, OpOIIeHHOTo MO/ YIJIOM K TOPU30HTY B TOJIE€ CHIIBI TSKECTH C yUETOM CHIIBI
COTIPOTHUBIICHUSI.

DopMyIMpoOBKa 32J1a4UH.

Teo Maccoit 711 GPOCHIIH ¢ HaYaIbHON CKOPOCTBIO V() MOJ yIiioM (X K FOPHU30HTY B OXHOPOIHOM
T0JIe TAKECTH C HANPSKEHHOCTBIO & . KoadduimenT conpotusnenus posmyxa [ .

1. Ilosny4nTh 3aBUCUMOCTh KOOPAMHAT T€JIa X U ) OT BPEMEHH [ .

2. ITocTpOUTh TPACKTOPHUIO ABUKEHUS TETA.

3. I'papuuecku nccnenoBaTh BIUSHIE HAYaIbHONH CKOPOCTH VO U yrja ¢/ Ha TPACKTOPHIO MOJIETA.

Teopusi.
3anuiiem BTOpoi 3akoH HbroTOHA A1 IBUXKYIIETOCs Tejia B BUE: ma (t ) =m g — ﬂ V(t ) .

YuTéM, 4TO CKOPOCTH V(l‘ ) 1 yCKOpeHue d (t ) SIBJISIFOTCS IEPBOM ¥ BTOPOM MPOU3BOHBIMU T10

BpeMeHHU ! OT pajiyCc-BEKTOPa 17(1‘): V(t) = 7’(t) , c_i(l‘) = F"(t) ¥ TIEPETHILIEM 3aKOH
JIBHIKEHUSI TEJIA: m?"(l‘) =mg —ﬁ?'(t) = m?"(t) + ﬁ?'(t) -mg =0;

[ony4ennoe BekTopHOe ypaHerue npoektupyem Ha ocu OX u OY | yuutsisas, uto npoekiusmu
paanyc -BEKTOpa Ha 3TH OCH SIBJISIIOTCS KOOPJAMHATBL X M ) JBHKYLIErOCS TENa.

B pe3ysibTate nosyuuMm jsa 1updepeHuaibHbIX ypaBHEHH s 11 TOPU30OHTATIBHON X U
BEPTHKAIBHON ) KOOPIMHAT Tea: mx”(t) + ﬂx'(t) =0; my"(t) + ﬂy'(t) +mg=0.

IHopsanok NeWCTBUN.
1. Pemuts ypaBHEHMs UIsl KOOPIAUHAT X U ),




3a/1aB JUI KQX/J0T0 YPAaBHEHMS 110 1Ba HAYAIBHBIX YCIIOBHS:
- KOOPIMHATBI TOUKH BBLIETA TeJa (0,0) , T.C. x(O) =0u y(O) =0;

- ¥ poeKLuK HavanbHoi ckopoctn Vy Ha ocu OX u OY | ree. x'(O) =Vycosa u

V' (0)=V,sina;

YkasaHue !

Bocnonb3yiTtech ana pelenns gnddepeHunansHbix ypasHeHnin dyrkumern DSolveValue | kotopas otanuaetcs

orDSolve Tewm, uto oTBET BbIAAETCA He B BUAE NPaBWUI NOACTAHOBKM, a Cpasy B BUAe GyHKLMUK.
MosTomy, 4Tobbl ONpeAenTb GYHKLMIO-peLleHne, A0CTAaTOYHO AaTb M UMS.

Mpumep. X[t_] = DSolveValue[ {x"[t] + w? x[t] == 0,x[0] ==3,x[0] == 6},x[t],t]

2. Onpenenute X u Y kak GyHKIHMH apryMeHTa [ SBIISIOIIAECS PEIICHUSIMH COOTBETCTBYIOIINX
YpPaBHEHU.

3. 3agartb, OnpeAesiuB COOTBETCTBYIOIINE [TIEPEMEHHBIE!

- ycKopeHue cBo00aHOTrO najenus g =9.8;

- maccy tena m=0.1;
- koo urment conporusnenus sosayxa [ =0.1;

- HavanbHyo ckopocts Vg =10;

- YTOJ1 BbUIETA K TOPU30HTY O = 7Z/ 4.

4. HOCTpOI/ITB TpaeKTOpHIO ABUXKXCHUA TCJIA B KOOpI[I/IHaTaX X U y HpI/I N3MCHCHHUU BpeMeHH
nonéra ! B npenenax t € (0, 2.5).

- YCTaHOBUTB 00/1aCTh H300paKEHHs (0,5) - 110 TOPU3OHTAIN U (0, 2) - 110 BEpPTHKAIIH ;

- IOAIINCAaTh OCH ,

- YCTaHOBUTD Pa3MeTKy (JeJIeHns) Ha ocsixX yepe3 1 - mo ropuzonTanu u yepes 0.5 - mo BepTuKany ;
- 1300pa3uTh JMHUIO TPAEKTOPUH YEPHBIM I[BETOM ;

- YBEIIMYUTH pazMep mpudra mo ocsim a0 16 .

5. 3HaKOMHMCSI C TAHEJIBIO JJI1 PUCOBAHUS.

Co3naHHbIi TpapuK MOXKHO TOPUCOBBIBATb, UCIIOJIB3YS MAaHEIb HHCTPYMEHTOB ISl PUCOBAHUS.

- BKJIIFOUUTD MaHeNb 1l pucoBanus: MeHio Graphics — myHkT Drawing Tools ;

- BOITH B PeXHUM pPEeaKTUPOBaHMS IpaduKa, IBAXK/bI MIEIKHYThH 0 HEMY, IIPH TOM OKpY>KaroIas
€ro paMKa CTaHET CepoH ;

- OT TOYKHM MaKCHMyMa TPAC€KTOPUU IIPOBECTHU KPACHBIE ITYHKTHUPHBIE JINHUMN:

BeprukanbHyio BHu3 kK ocu OX u ropusonransuyio Bieso k ocu OY ;

- IOCTABUTh CUMBOJI /1 (BBICOTA) PANOM C BEPTHKAJIBHOM IMHUEH,

YCTaHOBHUTH pa3Mep CUMBOJIa PaBHBIM 18;
YkasaHue !

1. BepTuKa/ibHble U FOPU3OHTA/IbHbIE NMHUK YA0BHO pUCcoBaTh, yaepxumeas knasuwy Shift
2. YCTaHOBUTb CTU/Ib IMHKUM MOXHO B pa3gene Stroke nasutps Drawing Tools
3. YCTaHOBWTb CTW/b TEKCTa MOXHO B pasgene Text naautpeiDrawing Tools
6. Ucnonb3ys ¢pynkuuto Manipulate co3aate AHHAMHUYECKH U3MEHIEMYIO KApTHHKY.
- TMHAMHUYECKHM [TapaMeTPOM CJIeIaTh MAaKCUMAJIbHOE 3HAUYCHUE TIPEMEHHOM [ - BPEMEHH IMOJIETA,

T.€. Lpax s

- IpeieIbl U3MEHEHMS TapameTpa [, yCTaHOBUTH B auanasone ot 0.01 10 2.5 ;

- YCTaHOBUThH Ha4aJlbHOE 3HAUYeHuE napamerpa £, paBHbM 0.01 u nath emy Ha3zBaHueE "BpeMs

noiéra" ;
7. I3y4nTh BIMSIHUE HAYAJIbHON CKOPOCTH.

- cOpOCHTB 3HAYCHUE IIEPeMeHHOI V[,

mu6o komanaoi Clear , 6o oneparopom copoca (=. ) ;



- onpezenuts Gyskuun X1 u Y1 kak ¢yHkuun IByx nepemeHHeIx: [ u V{y, mpucBouB um

3Hadenus Gynkiui X (t ) ut (t ) COOTBETCTBEHHO;

- CKOMMPOBAaTh BCIO pyHKIMIO Manipulate U3 mpeapiayIiero 3ajanus,

3aMeHUB (QYHKIUH X(l‘) I/I Y(t) Ha Xl(l‘,VO) u Yl(t,VO);

- 106aBUTB eIE OMH JUHAMIYCCKHIT TapaMeTp - Ha9albHYyI0 CKOPOCTh [y, yCTAHOBHB MPEeIIbI

U3MeHeHud oT 1 10 15 ¢ HayanbHbIM 3HaY€HUEM, PaBHBIM 5 U Ha3BaHUEM "HadallbHasi CKOPOCTh" ;
8. U3yuunTh BIIMSIHUE yIJIa BBUIETA.

- cOpocUTh 3HAUEHHUE NTEPEMEHHON  ,

60 komanaou Clear , nu60 oneparopom copoca (=. ) ;

- ompenenuts Gyskuun X 2 u Y2 kak yHKuun Tpéx nepemeHHsIx, V) u ¢ , npucBous um

3HaueHust pyHkuui X (l‘ ) ut (l‘ ) COOTBETCTBEHHO ;

- CKOMMPOBaTh BCIO (pyHKIMI0 Manipulate u3 mpeapiayIero 3aaanus,

3aMeHUB (yHKIUH Xl(t,VO) u Yl(t,VO) Ha XQ(Z‘,VO,O() u Yz(t,VO,Ot);

- 106aBUTH €IE OUH AUHAMMYECKHI HapaMeTp - YToll BbUIeTa (! , yCTAHOBHB TPH BO3MOKHBIX
3HAuEeHUs 7T / 6, 7 / 4. / 3 ¢ HauaNbHBIM 3HAYEHUEM, PABHBIM /T / 4 v nazpanueM "yron BbuIeTa";

- ucnionb3ys oo ControlType , ycTaHOBUTH 117151 TPEX AIIEMEHTOB YIIpaBIEHUS: [,

max ° VO na

crnexyromue Tumbl : Manipulator, Manipulator u RadioButton .
3ameuaHue.
Tun YIPAaBJIAOMICTO 3JIEMCHTA Manipulator YCTaHaBJIUBACTCA 1O YMOIYAHUIO AJId JTMHAMHUYCCKOI'O ImapaMeTpa €

HETIPEPBIBHBIM U3MCHCHHUEM B 3aJIaHHOM JHAIIa30HE. HOBTOMY JJIA YIIPABJIAIOMIUX 3JICMCHTOB tmax n VO

HHYCTO HC UBMCHUTCS, a OJId 3JICMCHTA O/ mnaHenb YHpaBJICHUA 6y;[eT BBITJTIAACTD MHAYC.

Kpurtepun oneHuBaHus 0TBETOB HA BONPOCHI IIPH 3aluTe JJA00PATOPHO padoThI

Iloka3zaTenun Ha «3auteno» Ha «He 3auTeno»

DopmylJibl, [TpumeHsroTCs HEOOXOAUMEIE B Hcnonb3yroTcss HeNpUMEHUMBIE B

KOMAH/Ibl, YCJIOBHSX IOCTABJIEHHOM 33/1a4u YCJIOBHSIX IIOCTABJICHHOM 3a/1a41

BBIYHCIICHHS | KOMaH[IbI 0€3 CHHTaKCUYECKHIX KOMaH/Ibl; B 0a30BBIX BBIPAKEHUSIX
OLIMOOK; BHIYMCIICHUS BBIMIOJTHEHBI B JIOTIYIIEHBI OLTNOKH; BEIYUCIICHUS
MIOJTHOM 00BEME U MPEICTaBICHBI B OTCYTCTBYIOT WJIH BBIIIOJIHEHBI
COOTBETCTBYIOILIEM 33JJaHUI0 (hopMaTe. | HEKOPPEKTHO.

I'paduxu ITocTpoeHHas 3aBUCUMOCTb UMEET Bup 3aBucuMOCTEN HEBEPHBIH,
BEPHBII BUJ, 10 OCSIM YKa3aHbI COOTBETCTBYIOIIEE 3aJaHUIO

apryMeHT u uMst QyHKIIUH cO CBOMMHU | oopMiieHHE rPpa)uKOB OTCYTCTBYET.
eIMHHULIAMH, €CTh IIIKAJIbI HAa OCSIX,
HaHECEHbl KOHTPOJIbHBIE METKH,
COOTBETCTBYIOLINE 33/IaHHIO.

OOmbsicHenus | Jlansl pa3BEPHYTHIE, KOPPEKTHbIE OOBsicHEHHE OTCYTCTBYET.
(oTBETHI Ha | OTBETHI HA BCE BONPOCHI; IMPAaBUIBHO
CMBICJIOBBIE | UHTEPIIPETUPYIOTCS PE3YJILTATHI
BOIIPOCHI) BBIYHCIICHUM

Illkana oneHUBaHUS:
0 0aI0B — «HE 3aYTEHOY;
1 6ay1 — «3auTeHOY;
CymmupyroTcst 6ajuibl 32 Kaxayto 1abopaTopHyIo padoTy.
Jlomyck 3 3a4€Ty OCYIIECTBIISETCS M0 KOJIMYECTBY HAOpaHHBIX OAJIIOB:
menee 60% OT MakKCUMaIbHO BO3MOXKHOTO KOJMUECTBA OAJIOB — K 3a4€Ty HE JI0IYCKaeTCs;
60-80% oT MaKCHMaJIbHO BO3MOYKHOT'O KOJINYECTBA 0AJIJIOB — IOMHUMO OCHOBHOT'O 3a4€THOTO
3a/1aHMs] BBITIOJHSIOTCS JIOMIOHUTENIbHBIE 33JIaHUS 110 TPOITYIEHHBIM TEMaM;



80-99% oT MaKCUMAaJIbHO BO3MOKHOT'0 KOJIMYECTBA 0aJIJI0OB — OCHOBHOE 3a4€THOE 3aJIaHHC;
100% oT MakcUMaIbHO BO3MOXKHOT'O KOJIMYECTBA OAJIJIOB — MIPOCTABIISAETCS 3aUET aBTOMATOM.



2. Cniucok BONPOCOB M (WJIH) 3aJaHUi J1JI IPOBeleHUs IPOMEKYTOYHOM aTTeCTAIMU
Cnucok 3agaHuii k 3auety B 1 cemecTpe
3aueT BBICTABISETCS 110 UTOTaM TEKYIIEH aTTecTaluu.
Cnucok 3aaHuil K 3a4eTy B 2 cemecTpe
Bapuanr 1

1. YT0o0bI NOAKIIYUTH 3ar0J10BOYHBIN (paiiy B nporpammy Ha C++, Hanpumep iostream
He00X0IUMO HANTUCATh:
#include <iostream.h>
include #iostream,h;

include (iostreamh)
#include <iostream>

L=

2. KakoB pe3yabTaTt padoTsl ciaenywomero ¢ppanmenta koga?
2

int x =0;
switch(x)
{

case 1: cout <<"Omun";
case 0: cout << "Hynp";

case 2: cout << "[Ipuet mup";

b

1. Ilpuser mup

2. Opun

3. HynslIpusetr mup
4. Hynb

3. Kakoii u3 cJjie1yonux onepaTopos - ONepaTop CPaBHEHUS ABYX NepeMeHHbIX?

AW N —
c
)
—

4. Ilporpamma, nepeBoasimasi BXOJAHYI0 IPOrpaMMy Ha HCXOJHOM sI3bIKe B
IKBHBAJEHTHYIO €il BBIXOJHYIO POrPaMMy Ha pe3yJIbTHPYIOILeM MAIIMHHOM SI3bIKe,
Ha3bIBaeTCsH:



1. TpancnsTop

2. KOMIUJISTOP
3. UHTEpHpeTaTop
4. ckaHep

5. Kakue ciy:ke0HbIe CHMBOJIBI MCTIOJIB3YIOTCS ISl 0003HAYEHNSI HAYaJIa U KOHIIA 0JI0Ka
xoxa?

- 0

1

2. <>

3. {}

4. begin end

6. Kakumu 3HaKaMu 3aKaHYNBAaeTCH 00JbIINHCTBO CTPOK KoAa B Cu++?

1. : (aBoeToume)

2. , (zamsTas)

3. . (touka)

4. ; (TOYKa C 3aIsITOMN)

7. Kakasi u3 cjielyI0IMX 3anuceil - NpaBUJIbHbIA KOMMeHTapuii B C++?

{koMMeHTapwii }

*/ KommenTapuu */
** KommeHTapuit **
/* xoMMeHTapuit */

L=

8. Oneparop if else mo3BoJisieT onpeaeJauTh JeHCTBHE ...
1. TONBKO AJIS JIOKHOTO yCIOBHS
2. Ul HCTUHHOTO U JIOXKHOI'O YCIIOBUI
3. TOJBKO AJIi HCTUHHOTO YCIIOBHS
9. Ecaiu ycjioBHE onepaTopa BbIOOPA JI0KHOE, TO:
1. BBIMOJHSETCS TEJIO omepaTopa BeIOopa

2. BBINOJHSAETCA CIEAYIOUINHA Oomeparop, cpa3y mnocie oneparopa if
3. mporpamma 3aBepuraer paboty

10. YkaxuTe onepamnuio, NpUOPHUTET BLINOJHEHUSI KOTOPOii 00/1bI1Ie 0CTAJIbHBIX

1. +
2./
3. ++
4, *
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5.0

11. Kakas u3 caexyromux ¢pynkumnii cauutbiBaeTr 100 cuMB0JIOB U3 BXOJHOI0 TOTOKA B
CTPOKY X?

1 cin.getline(x, 100, 'n');

2 readline(x, 100, 'n');

3 read(x);

4cin.getline(100, x, 'n'");

12. lonycTum, y Hac ecTh KO/

char arr[8];

cin >> arr;

N B MaccuB arr Mbl NONBITAJIMCH 3alIUCATH ciaeayouuii Habop cumboJioB Hello World.
YTo B 1eiiCTBUTEILHOCTH Oy/IeT COAepPKaTh MACCUB arr?

1. Jpyroii otBeT
2. Hello World
3. Hello

4. Hello W

5. Hello Wo

13. CaoBocoueranue ""Hello world!" mozxer ObITh cCOXpaHEHO B CHMBOJILHOM MacCHBe
pa3MepoM N 3JIEMEHTOB. YKaKUTe 4YeMy PaBHO n?

1. 12
2. 11
3. 13
4. 10

14. Kakas u3 cjieayomux 3anuceil BO3BpamiaeT 3HaUeHue NepeMeHHOol a, XpaHsiieecs B
NMaMSTH [0 aJipecy Ha KOTOPbIil yKa3bIBaeT yKa3aTe/b?

1 val(a);
2 &a;
3a;

4 *a;

15. KoppekTHoe Bbljie/ieHHe aMATH

1 int a = new int(20);

2 int *a = new 20,

3 int *a = new sizeof(int * 20);
4 int *a = new int[20];

5 int a = new int[20];
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16. Kakoii u3 cjiexyonux KJiaccoB oopadarsiBaeT npouecc 3anucu B gaiin?

1. npyroe

2. input file
3. ofstream
4. ifstream

17. YxasuTe npaBUJIbHBIN J0CTYI K IIePEMEHHOI, KOMIIOHEHTY CTPYKTYpbI!

1. b.var;
2. b>var;
3. b->var;
4. b-var;

18. YkaxuTe THII BO3BPAILAEMOI0 3HAYCHUS CJeAYyIOLIel (PyHKIUN
int func(char x, float v, double t);

1. int

2. float

3. double
4. char

19. UTo u3 HMAKeNepeYrcJICHHOI0 He SABJIsIeTCS NPOTOTUIIOM (pyHKIUKM?

1 void funct();

2 char x();

3 double funct(char x)

4 int funct(char x, char y);

20. Kakoe neiicTBHe BbI3bIBAET ONIEPATOP CJEAYIOLIEro BUAA:
# define A 0.1

1. 3amensier OykBy A B TekcTe mporpammbl Ha uncio 0.1
2. 0oOBSABIAET MEPEMEHHYIO U IPUCBAUBACT €l 3HAUCHUE
3. ompexaensetr 0ObEeKT TUNa A

Cnncok 3aganuii K 3a4eTy B 3 cemecTpe
3aueT BBICTABISETCS [0 pe3yJIbTaTaM BHIIOJHEHUS J1aOOPaTOPHBIX padoT.
Cnucok 3agaHuil K 3a4eTy B 4 cemecTpe

3a4eT BBICTABIISIETCS 110 PE3YJIbTaTaM BBITIOJIHEHHUS 33JlaHU B MpoLecce TeKyuei
aTTecTalMu, 2 TAK)KE BHINOJHEHNUS 32a4¢THOT0 3a1aHHA.

3auerHoe 3axanue. MccaenoBanue QyHKIIUU.

1. 3amath Gpynximo | (x) JUISl CBOETO BapUAHTA.
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2. Pems ypasuenue [ (x ) = (), BBIYMCIUTHL KOOPMHATHI TOUEK MepecedeHus rpaduka

dbyHKIMH ¢ Ochlo abcuuce. Vcrmonb3ys onepaTrop moICTaHOBKH, IPUCBOUTD ITEPEMEHHBIM
X|, Xy, ... HAWJCHHBIC 3HAYCHUS KOOPAMHAT 1-0i, 2-0i U T.J. TOUEK IIEPECEUECHHUS.

3. BbluncnuBs npousBoaHyro f '(x) ¥ IPUPABHSB €€ HYJII0, PEIUUTh ypaBHeHUE | '(x) =0,

OIpe€aACIMB TEM CaAMBIM IT0JIOKCHHE 0COOBIX TOYEK (bYHKHI/II/I f(X) . TOYCK OKCTPEMYMOB 1

TOYEK Ieperuda.
CrpaBka: B 0co0bIx Toukax 1-ast mpon3BoHas 0OpaniaeTcst B HOJb.
Hcnonb3ys onepatop moJICTaHOBKH, CO3/1aTh CIIUCOK XEXIV - CIUCOK KOOPAUHAT HAMIEHHBIX

0co0bIX Touek GpyHKIUU | (x) .
4. Vcnionb3yst orepaTop MOJACTAHOBKH, BEIYMCIIUTh 3HAYEHHE 2-01 MPOU3BOIHOMN OT (DyHKITUI
f (x) B 0CO0BIX Toukax. OnpenenuTb BUJI 0COOBIX TOUEK - TOUKa MUHUMYMa, TOYKa MAaKCHUMYyM

WIN TOYKA reperuoa.
CH[!aBKa: Eciu 2-as Mpou3BOAHAs B 0c000i TOUKe OTpHULATCJIbHA - 39TO MAKCUMYM, €CJIN MOJIOKUTCJIbHA -
MUHUMYM, €CJIM paBHa HOJIIO - 9TO TOYKa Ieperunoa.

Hcronb3yst oneparop MoCTaHOBKH, HAWTH 3HaueHus GyHKIUK | (x) B 0COOBIX TOYKAX.

5. IlocTpouts rpaduk GyHKIUU:

- mMo100paTh ONTUMAILHYIO 00J1aCTh N300pakeHHsI rpaduKa;

- MOAMKCATH OCH KOOPINHAT;

- HAHECTH Pa3METKY I10 OCSM;

- YCTAaHOBHUTH TOJIIINHY OCEH, paBHYIO IBYM MUKCEISM;

- YCTaHOBUTH pazmep mpudTa - 16, HazBanue mpudta - Courier, HaUepTaHue - TOJCTHIN - Bold;
- 1300pa3uTh rpauK YEPHOU TOJICTON TUHUEH, OTHOCUTEIBHYIO TOJIIMHY JIMHUU YCTAaHOBUTH
pasnoit 0.009;

- HAHECTHU CETKY CHHUMU JIMHUSIMHU.

6. O003HAYUTh TOYKHU IKCTPEMYMOB KPACHBIM ITYHKTHPOM.

Ykaszanus:
- IUTA IOCTPOCHHUS MYHKTUPHBIX JINHUH, TapaJUIeTbHBIX 0CIM KOOPIMHAT, BOCHOIB30BaThCs GyHKIuei ContourPlot;
- st o0beIMHEHUS TPadUKOB BOCTIONB30BaThCS QyHKITHEH Show.

7. C HOMOILBIO MHTErpaa OT MOYJIA 3a1aHHOH pyHKIMK | (x) BBIYKCIIUTH ILIOIIAIb 00JIaCTH
noJ (WM Ha/T) KPUBOH, PACIIONOKEHHON MEX/1y IByMsI TOUKaMU IepecedeHns rpaduka ¢ 0Cbio
abcuucc, T.€. TOYKaMK X| B X, .

8. Co3nath Tabmuily 3HaueHuil GpyHkuun f (x) Ha UHTEPBaJIE U3MEHEHUS IEPEMEHHON X ,

PAacIoIOKEHHOM MEXTy JABYyMs TOUKaMH IepecedeHus rpaduka ¢ ocero abcuuce X U X, .

Odopmuts TabHILy.

9. ChopmynupoBaTh OTBET B TEKCTOBOW CTPOKE HUXKE rpaduka, B KOTOPOM yKa3aTh 0COObIe
TOYKH, UX THII, 3HAUYeHHE (PYHKIMU B 3TUX TOUKAX U BBIUYMCIEHHYIO IUIOIAAb 001acTH oA (Win
HaJ[) KPUBOIl.

BapuanTs! 3a1aHuii

Bapuanr 1. f(x):x4+2x3—1;

4 _4x—10x% +3x-4;
n(4-2x)+x —1;
2( —9x+1)—4x-3x+36x2—4x+10;

Bapuanr 2. f(x

Bapuant 4. f(x

Bapuant 5. f(x

(x)=x
Bapuanr 3. f(x)
(%)
(x)=e"(x=3)-6x> +10x+7;
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Bapuant 6. f (X (x4+2x3—1)(x—1n(7—4x)—2);

Bapuanr 7. f

Bapuant 8. f(x

Bapuanr 9. f(x

(
(x
(
(

1 1 2 1
SH—FX+—+ X" +—+X

)=
)=
)= X HxTY =2,
)= x x x

Bapuant 10. f(x)=2x" —20x-5;
Bapwuant 11. f(x) = xzx(lnx—l) +2;

6

Bapuanr 12. f(x) =e_2x(x+2)+——x;

X

3.

Kpurepun oneHMBaHUsI 0TBETOB HA BONPOCHI NPH 3a1UTE 3a4€THOM PadoThI

IToxka3arenn Ha «3aureno» Ha «He 3auteno»

DopmyJbl, [TpumeHsroTCs HEOOXOAUMEIE B Hcnonb3yroTcss HENPUMEHUMBIE B

KOMaHJIbl, YCIJIOBUSIX ITIOCTaBJICHHOH 3a1a4u YCIJIOBUSIX ITIOCTaBJICHHOH 3a1a4u

BBIYUCIICHHUS | KOMaH[bl 0€3 CHHTaKCHYECKHX KOMaH/Ibl; B 0a30BbIX BBIPAKEHHIX
OLIMOOK; BBIYMCIIEHUS BbIIIOJIHEHBI B JOMYIIEHbI OIIMOKU; BEIYMCICHUS
MIOJTHOM 00BEME U MPEICTaBICHBI B OTCYTCTBYIOT UJIM BBIIIOJIHEHBI
COOTBETCTBYIOLIEM 33JJaHHI0 opMaTe. | HEKOPPEKTHO.

I'padpuxu ITocTpoeHHas 3aBUCUMOCTb UMEET Bupn 3aBucuMocCTEl HEBEPHBIN,
BEPHBIN BUJ, 110 OCSAM yKa3aHBbI COOTBETCTBYIOLLEE 3aJaHUI0
apryMeHT u uMst QyHKIIUH cO CBOMMHU | odopmileHHE Ipa)uKOB OTCYTCTBYET.
€IMHULIAMU, €CTh IIKaJIbl HA OCSX,

HAHECEHbl KOHTPOJIbHBIE METKH,
COOTBETCTBYIOIIUE 33JaHUIO.

OO0mbsacHenus | Jlansl pa3BEPHYTHIE, KOPPEKTHbIE OOBsicCHEHHE OTCYTCTBYET.

(oTBETHI HA | OTBETHI HA BCE BONPOCHI; IPABUIBHO

CMBICJIOBBIE | MHTEPIIPETUPYIOTCS PE3YJILTATHI

BOIIPOCHI) BBIUYHCIICHUM

Cnucok 3agaHuil K 3a4eTy B 5 cemecTpe

3aueT BBICTABISETCS 10 pe3yJIbTaTaM BHIIIOJHEHUS J1aOOPaTOPHBIX padoT.
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IMpuioxenne Ne2 k padoveil mporpaMme I CHUIIIAHbI
«HHpopMannoHHbIe TEXHOJIOTHH H
NPOrpaMMHUPOBaHUE »

MeTonnquKne YKazaHud IJIl CTYACHTOB 110 OCBOCHHIO JUCITUIIJIUHBI

OcHoBHOlt  (dopmoil  ycBOoeHHMs ~ yd4eOHOTO  Marepuajga 10  JAUCIUIUIMHE
«MH(popManIMOHHBIE TEXHOJIOTMH M MPOrPAMMHPOBAaHHME » SBISETCS CaMOCTOSITENbHas
paboTa cTyjaeHTa, MpUYeM B JOCTATOYHO OonbiioM obobeMe. [lo BceM TeMaMm mpeayCcMOTpPEHBI
3aJaHUsl CaMOCTOSITENIbHOW paboThl, HAa KOTOPBIX IPOMCXOIHUT 3aKPEIJICHHE H3YYEHHOTO
MaTepuaia U OTpabOTKa HaBBIKOB PabOThI ¢ KOMIIBIOTEPOM U ONEPAIIIOHHOM CHCTEMO.

OcBoutb BOIIPOCHI JUCLIUIIINHBI «MH(popManHOHHBIE TEXHOJIOTHH H
NPOrpaMMHUPOBAHUE» CaMOCTOATENIBHO CTYAEHTY JOCTaTO4HO cioxkHO. Ilocemenue Bcex
IPEIYCMOTPEHHBIX 3aHATHI ABISETCS COBEPIIEHHO HEOOXOAMMbIM. be3 ymopHBIX U peryspHbIX
CaMOCTOSITENIbHBIX 3aHATHI B TEUEHUH 5 CEMECTPOB CIaTh 3a4€TOB MPAKTHUYECKH HEBO3MOXKHO.
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