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1. Ilean ocBoeHHSI AUCHHUILINHDBI

JuctumimHa oOecreuynBaeT MOATOTOBKY CTYISHTOB B O0JAacTH MPOTPAMMHUPOBAHUS U
KOMITBIOTEPHBIX HaYK.

K menmu ocBOGHHS ITUCHUIUIMHBI OTHOCHTCS IIOJYYCHHE OCHOBHBIX TEOPETHUECKUX U
NPAaKTUYECKUX 3HAHUH [0 TMPOTPAMMHUPOBAHHMIO. TI0 CEMAaHTHUKE M CHHTAKCUCY S3BIKOB
MPOrPaMMHUPOBAHUS, TIOCTPOCHUIO (YHKIIMOHATIBHBIX aOCTpakiuii © aOCTpakiui JaHHBIX.
CTyneHTbl HW3y4alOT OCHOBBI aHalM3a M CHHTE3a alTOPUTMOB, TPUHIIMIIEI  BBITOJHEHHUS
MIPOrPaMMHOTO KOJa KOMITbIOTEpOM. [Ipu n3ydeHun si3bIka IPOrpaMMHUPOBAHUST BRICOKOTO YPOBHS
C++ cTyneHTBl TOJYYalOT MPAKTUYECKHE HABBIKM IPOTPAaMMHPOBAHUS Ha TIpUMEpE pEIICHUS
MPOCTBIX 3a/1a4, OBJAJICBAIOT MPHUEMAMH PEATU3alMU aITOPUTMOB, M3y4alOT YacTO MPHUMEHSIEMBIE
CTPYKTYPHI JJaHHBIX, UX CIICHU(PHUKAIMNA U PEalIn3allii, aITOPUTMbI 00OpaOOTKU JaHHBIX U I10XOJIbI
K aHAJIM3Y ATUX AITOPUTMOB, B3aUMOCBSI3b AJITOPUTMOB U CTPYKTYp NaHHBIX. [Ipyu 03HAKOMJICHHUH C
MaKeTaMH MPHUKIATHBIX MPOTPaMM Ui KOMIBIOTEPHOTO MOICITHUPOBAHUS CTYICHTHI OBJIAICBAIOT
MpUeMaMH  pealu3alliil  AITOPUTMOB  CPEICTBAMHU  MMAKETOB  MPUKJIAJHBIX  MPOTPaMM
MaTEeMaTHYECKOTO MOJICIIMPOBAHMSI, Pa3BUBAIOT a0CTPAKTHOE MBIIUICHHE W PACIIUPSIIOT HAY4HO-
TEXHUYECKOTO Kpyro3op. Takke CTYACHTHI TOIy4arOT MPAKTHYECKHE HABBIKA co37aHusi web-
MPUIIOKCHUN, 03HAKAMIIMBASICh C COBPEMEHHBIMH WEb-TEXHOJIOTUSIMH.

3ajauaMu Kypca sIBIISIFOTCS:

e 0CBOcHHE 0a30BbIX DJIEMCHTOB CHHTAKCHCa s3bIka Python;

® TOCTPOCHHIO (PYHKIIMOHAIBHBIX a0CTPAKIUil U a0CTPaKIUi TaHHBIX;

® O0CBOEHHE 0a30BBIX DJIEMEHTOB CUHTaKcuca si3bika C++;

e (opmupoBaHUE Yy CTYISHTOB MPEACTABICHUS O YHCICHHBIX METOJaX MOJICITUPOBAHUS
(bU3NYECKUX SIBIICHUH U PUOIMKEHHOTO PEHIeHUsT PU3NIECKUX 3a]1a4 C 3aIaHHON TOYHOCTBIO;
® OBJIQJICHUE TEXHOJOTHEH pa3pa0OTKH MPOrpaMM C HCIIOJIb30BAHHEM COBPEMECHHOW Cpeibl
paspadotku Visual Studio;

® OBJIJICHUE COBPEMEHHBIMH METO/IaMU BU3YyaJIM3aI[iU PE3yIbTaTOB PACUETOB (B TOM YHCIIC, B
AHMMHUPOBAHHOM BUJIC);

® OBJIQJICHUE TEXHOJIOTHEH Pa3pabOTKH MPOrpaMM C UCIOJIL30BAaHUEM COBPEMEHHOTO IaKeTa
Mmaremarndeckoro moaeauposanus Wolfram Mathematica;

® OBJIQJICHUE COBPEMEHHBIMH METO/IaMU BU3YyaJIM3aI[iU PE3yIbTaTOB PACUETOB (B TOM YHCIIC, B
aHUMHPOBAHHOM BH/IE);

e TIOJIyYeHHE MPAKTUIECKUX HABBIKOB CO3MaHUs WeD-TTPHUI0KEHHH.

2. MecTO IUCUMIJIMHBI B CTPYKTYpe 00pa3oBaTe/IbHOM MPOrpaMMbl

JucuurninuHa OTHOCUTCS K o00s3arenbHbIM auciuiuimHam biioka 1w mpopomxaercss 5
CEMECTPOB.

Jlns ycnemHoro e€ u3y4eHus CTYACHTHI I0JKHBI YMETh JIOTHYECKH BEPHO, apTyMEHTHPOBAHO U
SCHO CTPOMTHb YCTHYIO M TIHCBMEHHYIO pe€db, O00JIaaTh CIIOCOOHOCTBIO CTPEMHUTBCS K
CaMOpa3BUTHIO, TOBBIIIEHUIO CBOEH KBaJU(pUKAUMU M MacTepcTBa, MMETb HAaBBIKM pabOThHl ¢
KOMIIBIOTEPOM KaK CPEICTBOM YIpaBiIeHHS M 00paOOTKH MH(OpPMAlUU, TOTOBHOCTBIO YUUTHIBAThH
COBpEMEHHBIE TEHACHIINN NHPOPMAIITMOHHBIX TEXHOIOTHA.

B mnpouecce u3yueHHs] AUCHUILIUHBI TakXe MOTpeOyeTcs YCHEIIHOE OBJaJeHHE CMEXHBIMHU
KypcaMmu: o01ieit Gu3NK1 UMaTeMaTHKU.

[Tonryuennsie B kypce «HGOpManHOHHbIE TEXHOJOTHH H NPOrPAMMHPOBAaHHe) 3HAHU,
YMEHHUS U HaBBIKM HEOOXOIWMBI Il M3YyYEHHUs TNOCIeAYIOMMNX NPpOQUIbHBIX TUCHUILUIAH, WU
npoayktuBHoro BeinonHeHuss HUPC, a taxxke 11 npoaonKeHust 00ydeHHs B MarucTpaType.



3. [lnanupyemsblie pe3yJbTaThl 00yYeHHs MO JUCHUIJIHHE, COOTHECEHHDbIE C MIAHNUPYEMBIMH
pe3yJbTaTaMM 0CBOEHMsI 00Pa30BaTeJIbHOM MPOrPpaMMBbI

[Tponecc n3yueHus QUCUUIUIMHBI HApaBiIeH Ha (GOpMUPOBAHKE CIEAYIOUIMX KOMIIETCHIIUN
B coorBercTBUM ¢ PT'OC BO, OOII BO 1 nmpuobpetenus cieayromux 3HaHuH, YMEHUH, HABBIKOB U
(w1K) ombITa MEATEILHOCTH:

Kon DopMyIHPOBKA IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB
KOMIIETCHIIHH KOMIIETCHLIH U o0yueHus1

OomenpodgeccuoHalbHble KOMIETEHIIUN

OIIK-4. HNa_OIIK-4.1. 3HaThb:
Cnocoben MOHUMATH | OGOCHOBAaHHO BHIOMpAET M| — OCHOBHBIE CBEICHUS O CECMAHTHUKE
TIPUHIATIBL paboThI | HCrONB3yeT COBPEMEHHbIE u CUHTAaKCHCE sI3bIKA
COBPCMCHHBIX nH(pOpMaLIMOHHBIE IpOorpaMMHUPOBAHMs, MPHUHIMIIEI
MH(pOPMALMOHHBIX TEXHOJIOTUH i1 PCLICHUS MOCTpOCHUST  (PYHKUIMOHATBHBIX
TEXHOJIOTUI 1 | 3ama4 1poheCcCUOHATBLHOM abcTpakuui;
HCIIONI30BaTh  MX I | NCATCIBHOCTH — 0a30BBIE CTPYKTYpbl HAaHHBIX W
peneHus 3a1a4 JITOPUTMBI 7151 paOOTHI C HUMH;
npodeccnoHanbHOM — COBpeMeHHbIe WeD-TeXHOJIOTHH.
JIEeATEIIbHOCTH
Ymers:
— AHAJIM3UPOBaTh YCIOBUA 3a1a4 H
COCTaBJIATh MaTeMaTU4YECKHE
MOJEIH, OIIMCBIBAIOIIINE
paccMaTpuBaeMbIe ¢busnueckue
SIBJICHUS,

— BEIOMpaTh CTPYKTYPHI NAHHBIX W/WIH
QJITOPUTMBI, HAUOOJIeE MOAXOIAIINE
JUTSL PEeNIeHUs] KOHKPETHOM 3a/1a4u,

— CO31aBaTh aJrOPUTMBl pELIEHUS
MaTeMaTUYEeCKUX 3a/1a4,

— BbIOMpaTh HamOoJliee TOAXOMASIINE
BBIYUCITUTEIIHHBIC cpeictBa W
METOJIbI, JUIS pEIICHUs 3a1a4 B

obnactu poheCCUOHANBHOM
JIeSITeTbHOCTH;

— OLEHHBAaTh TOYHOCTH ITOJNyYEHHBIX
pE3yJIbTaTOB;

—  IPeACTaBIATH pe3yIbTaThl

WCCIIEIOBAaHNN B TpaUIeCcKOM BHUJIE,
B TOM YHUCJIC C HUCIOJB30BAHUEM
JUHAMUYECKUX MOJYyJIE B MakKeTre
Wolfram Mathematica;

—  co3/1aBaTh u pa3BepThIBATh
CTaTUYECKHUE CANTHI;

—  co3/1aBaTh u pa3BepThIBATh
TIMHAMHYECKIE CalTHI (web-

MPUIOXKEHUS).




Kon
KOMIIeTeHIIHH

DopMyTHPOBKA
KOMIIeTEeHIIUH

[lepedenn NIaHUPyeMbIX pe3yJbTATOB

o0yueHust

OobmenpodgeccuoHaIbHbIE KOMIIETEHITHN

OIIK-5.

CrocobeHn paspabaTbIBaTh
AJITOPUTMBI u
KOMIIBOTCPHBIC
pOrpaMMbl,  TPUTOTHBIC
ISt PaKTUYECKOTO
PUMCHEHHSI.

N _OIIK-5.1.

3Haer THIIOBBIE
AJIITOPUTMBI u
peamzyromnme 150:4

CTaHJapTHBIC OMOIMOTEKH

YMeTn.

CHHTE3HpPOBAaTh W AHAIM3HUPOBATH
(yHKITMOHAIBHBIC a0CTPaKIUK IS
peLIeHNs TPaKTHYECKUX 3a1ay.
BBIOMpATh Hambojee IOIXOISAIINE
JJIEMEHTBI f35IKa BBICOKOIO YPOBHSA
C++ u MeTonpl, pealn30BaHHBIC B,
JUTSL  pemieHwst 3agad B 00JacTH
Mpo(eCCUOHATIBHON  JICATEIBHOCTH;
OLICHMBATh TOYHOCTH IIOJy4EHHBIX
pe3yJIbTaToB

MPEICTaBIATh pe3yJIbTaThl
WCCIIEIOBAaHUN B TPaUIECKOM BHUJC
C  HCIOJNB30BAaHUEM  JBYMEPHOM
rpaduku B cpene Visual Studio

3HATBD.

Wolfram
peannszanun

BO3MOXXKHOCTH  [aKeTa
Mathematica s
BbIYUCINUTCIIbHBIX AJIrOpUTMOB
perieHuss  (QU3MYECKUX 3amad  H
00paboTkn 9KCTIEPUMEHTAIBHBIX
JIAHHBIX.

nJ_OIIK-5.2.
PazpabarbsiBaer
KOMITBIOTEPHBIC
porpamMMsl Ha 6aze
THUTIOBBIX AJITOPUTMOB U
CTaHJIaPTHBIX OMOINOTEK,
peaim3yeT ux Ha
coBpeMeHHOM(bIX)
SI3bIKE(ax)
MPOrPaMMHUPOBAHUS

Baagetsn:

HaBbIKaMH HCIIOJIb30BaHUA CPCACTB
pa3paboTku, OTIA/IKH "
TECTHPOBAHUSI TPOTPAMMHOTO KOJIa;
HaBBIKAMM DPEAIM3alUU  CTPYKTYP
JAaHHBIX u AJITOPUTMOB Ha
Pa3IMYHBIX SI3BIKAX
NIPOrpaMMUPOBAHNU;

HaBbIKaMH IIPUMCHCHU A I1akeTa
Wolfram Mathematica npu
peanu3amnun OCHOBHBIX
MaTeMaTHYECKUX OTIepaInii:
ompezeneHne byHKIUA;
TudpepeHnInpoBaHre 17§
UHTETPUPOBAHUE byHKIHT;
CO31aHMEC pa3pbIBHBIX U JUCKPETHBIX
byHKIHHT; perieHue CHCTEM
JIMHEHHBIX, TPAHCLUEHACHTHBIX,
g dhepeHInanbHBIX YpaBHEHUMH;
pellieHre  CHUCTeM  HEPaBEHCTB;
rpaguueckoe n3o0paxxeHne
3aBUCUMOCTEM, IIPEACTABICHHBIX
pa3IUYHBIMA crocobamu;
odopmieHue rpaduKos;

Ymern:

€03/1aBaTh JMHAMUAYECKHE u
[IPOrpaMMHBIE MOZYJIU.




4. O0béMm, CTPYKTYpa M coiepKaHNe JUCIUIIIHHbI

O6mas Tpyno€MKOCTh TUCHUILUIHHBI cocTaBiseT 10 3auér. en., 360 akan.gac.

Buabl yueOHbIX 3aHATHI,
BKJIIOYAS CAMOCTOSITEIbHYIO PadoTy
CTY/1€HTOB,

U UX TPYAOEMKOCTH

(B aKaIecMHYIECKHX 1ACAX) ®OopMBbI TEKYIIEro

o KOHTPOJISI yCIIeBAEMOCTH
N Tembr1 (pa3zesibi) 5 KonrakrHas pagora
2 2]
MCUHILTHHBI y
n/n e ’ 3 ®opma POMeKyTOUHOI
o

HX coaepikaHue
aTTeCTalluu

(no cemecmpam)

JIEKIUU
NpPaKTHIECKHE
nabopaTopHEIE
KOHCYJIbTAI[MU

aTTeCTallMOHHbIC

HCTIBITAHUS
CaMOCTOSITEIbHAS
pabota

CTpyKTypa U HHTePHpeTas KOMIbIOTEPHBIX MPOrPaMM

. OTuéThl 110 1a6OPATOPHBIM
IToctpoenue abcTpakiuii ¢

1.1. . 1 9 18 2 8 pabotam. 3amaHus Jis
MIOMOLIBIO (DYHKIMH N
CaMOCTOATEIFHON pabOTHI
HocThoeHie a6eTpaKiuil ¢ OT4€THl O Ta0OPaTOPHBIM
1.2. P paKil 1 8 16 1 8 pabotam. 3amaHus I
MOMOILBIO TaHHBIX .
CaMOCTOSTENIFHON PaOOTHI
03| 1,7 3auér
Bcer 1 cemect
¢ero 3a 1 cemecrp 17 34| 3 03| 17,7
72 gaca
2. IIporpammupoBanne na C++
BBeneHue B mpeaMmer.
KpaTkas ucTopus pasBHTHs
BBIYKCJIUTEILHON TEXHUKN
2.1 2 1 2 1
" AJITOPUTMHUYCCKUX
SA3bIKOB
NIPOTPaMMHUPOBAHUS

OCHOBHBIE TIPHEMBI
CO3/IaHUSI TIPOTPaMM B
cpene paszpadorku Visual
2.2. | Studio. KomnunupoBanue 2 1 2 1
[pPOrpaMMBbl B Cpejie
pa3paboTKu U B KOMaHIHOM
CTpOKe

ba3oBrie 1eMeHThI
cuHTakcuca s3pika C++.
JupexTuBbl
npemnponeccopa. Tumsl
2.3. |HepeMeHHBIX U JaHHBIX. 2 1 2 1
Apudmernyeckne
OTepaTopkl. Y CIIOBHEIC
oneparopbl. OniepaTopbl
LKA,

BBoJ1 BEIBOJT B IOTOKE.
Maccussl. IIpocteie u
COCTaBHbIE ONepalK
MIPUCBaUBaHUS
YHapHble onepanuu
Jlornyeckue BrIpaKeHUS

24.




2.5.

Bugst oneparopoB mukia

CTpyKTypHI
MHOKECTBEHHOT'O BBIOOpa
SWITCH

2.6.

PaGota ¢ cuMBoIaMu U
CTpPOKaMH

YkazaTelu U CChLIKHU
[lepeuncnenus
CocTaBHBIE THIIBI JAHHBIX.

CTpyKTypHI

2.7.

OcoOeHHoCTH paboTHI C
yKa3aTensiMH
OcobeHHOCTH
UCTIONIb30BaHMS CCHUIOK
Paznuunble cocoObt
repeiauy JaHHBIX B
(GyHKIHIO

MaccuBsl ykazarenei
VYkazaTenu Ha QYHKIUH

2.8.

[eperpy3ka QpyHKIHIA
[abnous! ¢pyHKIMIA
Pexypcus

IIpumepsr 06paboTku
CHUMBOJIOB U CTPOK

2.9.

Iotoku

Knaccel u 00beKTHI
MIOTOKOB

BBox cHMBOIIOB 1 CTPOK €
MTOMOIIEI0 (DyHKIHH-
JJIEMEHTOB
MaHunyasaTopel IOTOKOB
Pabora ¢ ¢aitnamu
Daiinbl
IIOCTIEIOBATENHEHOTO
JoCTyma

®ailnipl IpsAMOro 10cTyna

2.10.

OyHKIUH WA 00HEKTHI.
CMeHa nmapagurmMsl

Tpu kura OOII
CTpyKTypHI
OOmBsABIIEHKE KIIacca.
OCHOBHBIE JIEMEHTEI
Kjacca.

KonctpykTop u
JECTPYKTOP

Co3maHue SK3eMIUIIPOB
Kjacca

CraTtnyeckoe u
JIMHAMUYECKOE BBIJICTICHHE
MMaMSATH

Hacnenosanue

2.11.

Bsenenue

2D u 3D rpaduka

Cpena CLR

Cospnanue npoexra CLR
BusyanbsHoe
MIPOEKTUPOBAHUE
[Ipussizka xona
Pucoanue rpaduueckux
MIPUMHUTHUBOB Ha 3KpaHe
AHumanus




3D rpaduka ¢
6ubimorexoit OpenGL

212

Bsenenue.
Heob6xoaumocTb paboTel ¢
MaTpHULaMy 1 MacCUBaMH
Anrebpa MaTpHII.
OcobeHHoCTH pa3MeleHHs
MacCHBOB B NTaMsTH
KOMITBIOTEpA
JlMHAMUYEeCKOe BBICICHHE
aMATH

OcobGennoct paboThI ¢
JBYMEPHBIMH MacCUBaMU
IIpumep 1. Beraucnenue
OTpeNeNuTeNs

IIpumep 2. Beraucnenue
00paTHOW MaTPHIIBI

0,3

1,7

3auéT

Bcero 3a 2 cemectp
72 gaca

17

34

17,7

6 mom uucne ¢ 30 u JIOT

AJTOpUTMBI U

CTPYKTYPBI

JAHHBIX

JIuneitHble CTPYKTYphI

KonTpons 1o pesynsratam

3.1 2 4 2 BBITTOJTHEHHS J1a00PATOPHBIX
JaHHBIX
pabot
PexypcuBHas 06paGoTka Kontpoms no pesyiasratam
3.2 2 4 2 BBINOJIHEHUA J1a00PaTOPHBIX
HepapxuvecKuX CIUCKOB
pabor
KoHTpoub 1o pesyibraTaMm
3.3. | HepeBbs u neca 2 4 2 BBINTOJTHEHHS JTa00PATOPHBIX
pabot
KoHTpouts 1o pesynbraTam
3.4. | UcuepnbIBaroniuii oucK 2 4 2 BBINOJIHEHHS J1a00PaTOPHBIX
pabor
KonTpons no pe3ynbpratam
3.5. | BeIcTpsIii mouck 2 4 2 BBIITOJTHEHHS J1a00PATOPHBIX
pabot
KoHTpouts 1o pesyibraTam
3.6. | CoptapoBka 2 4 2 BBIITOJTHEHHS J1a00PATOPHBIX
pabor
KonTpons no pe3ynbpratam
3.7. | Anroputmsl Ha rpadax 2 5 2 BBITIOJTHEHMSI TaOOPAaTOPHBIX
pabor
NP-OJHbLe 1 KoHTpouts 1o pesyibraTam
3.8. 3 5 2 BBITIOJTHEHHMS JIAOOPATOPHBIX
TpyZHOpENIaeMble 3a1a41
pabor
03| 1,7 3auér
Hroro 3a 3 cemectp 17 34| 3 |03 177

72 yaca

bl KOMIIBIOT

4.1,

OCHOBHBIE TIPUHIIUATIBI
paboThl B cpene
KOMIIBFOTEPHOTO
moaenuposanus Wolfram
Mathematica. TounocTs

epHOr

0 MOJCTMPOBAHUA

3amanne Ne 1




IPEACTABIICHUA YHUCIIOBBIX
JaHHBIX.

OnepaTopLI IMpyucCBanuBaHUA
" IMOoACTAaHOBKH, KOMaH/bI

4.2. 4 2 3 1 Samanusa Ne 2 u Ne 3
npeoOpa3oBaHus
CHUMBOJIBHBIX BBIPQ)KCHHN
Peanmuzamus onepamnuii
4.3. 1 pal 4 2 6 1 Sanamms Ne 4, Ne 5 1 Ne 6
MaTEMaTHYECKOr0 aHaJIn3a
Pabora co cnuckamu;
4.4. | BEKTOpHBIE U MaTPUYHBIC 4 1 2 3ananue Ne 7
ormepanuu
Cosnanne
4.5. | moIB30BaTENBCKUX 4 2 4 1 2 Bamauns Ne 8 u Ne 9
¢GyHKIH.
U3ydeHHE MaTepuaia
6 mom yucae ¢ 30 u JJOT 1 | mpencTaBiICHHBIX TEKCTOB
JICKITUH
I'paduueckoe
4.6. . 4 2 6 3 Bamannst Ne 10 u Ne 11
IpeacTaBiIcHAE PYHKINH.
M3ydeHUE MaTepraa
6 mom uucne ¢ 30 u JJOT 1 MIPEACTABICHHBIX TEKCTOB
JICKITUH
Pemenue nuHEeNHBIX U
4.7, | TPATICHCIVICHTHBIX 4 2 4 2 3anannue Ne 12
YpaBHCHHUI; pEIICHUEC
HEPaBCHCTB.
Pemenne
4.8. | muddepernmanbHBIX 4 3 4 1 2 3amanme Ne 13
YpaBHEHUH
U3ydeHHe MaTepuaia
6 mom yucae ¢ 30 u JJOT 0,5 1 |mpencTaBICHHBIX TEKCTOB
JIEKIIMH
Co3anne JTUHAMHYECKUX
4.9. A A 4 2 4 1 4 3amanne Ne 14
00BEKTOB
HM3yYeHUE MaTepralia
6 mom uucne ¢ 30 u JJOT 0,5 2 MIPEICTaBIICHHBIX TEKCTOB
JIEKIIMH
0,3 1,7 3auér
HToro 3a 4 cemectp 17 34 3 o3l 177
72 yaca ' '
6 mom uucne ¢ 30 u /[0OT 1 5

5. Web-Texnonorun

5.1. | ba3oBbic OHATHS 5 2 4 0,5 2
5.2. | Craruyeckue calThl 5 2 4 0,5 2
5.3. | Cuctembl KOHTPOJIS BEpCHA 5 2 4 105 2
5.4. | ba3bl JaHHBIX 5 2 4 0,5 2
5.5. | IluHamMu4ecKHue CalThl 5 2 4 0,5 2
5.6, | BHPTYAIH3ALIA H 5 2 4 |05 2
KOHTeHHepu3aIus
5.7. | Beb-nporpaMMupoBaHue 5 5 10 4




0,3 1,7 3ayér

Hroro 3a 5 cemectp 17 34 3 (03] 177
72 gaca
HUTOI'O 1,2345| 85 170| 15 | 1,5 | 88,5 [360 (103.E.)

6 mom yuciae c 30 u
A0T

Couepmaﬂne pa3ae/;ioB ITMCHUIIJIMHBI:

Pazgen 1.1.
Ilocmpoenue abcmpaxkyuii ¢ ROMOUwbI0 QyHKYUil

[Ipocteie BbIpakeHUs. Bpi3piBaromue BblpakeHus. Mmmopt BHemHux (yHkui. JlepeBbs
BblpakeHuil. WHcTpykumu mnpucBoenus. Ywuctele u  HeuucThle (yHKiuu. OmnpeneneHue
M0JIb30BaTEIbCKUX (PyHKUUN. BpinmonHenue nonp3oBaTenbckuX (QyHKUIuNA. OKpyX eHHS U 00JacTH
BUIMUMOCTH. Apudmerndyeckue omnepatopsl. JlokaabHOE NPHCBOCHHE. YCIOBHBIE HHCTPYKIIHH.
ByneBbl koHTeKCTBI u omeparopbl. Llukn while. Tlepenaya ¢yHKIMI B KadyecTBE apryMEHTOB.
Brnoxennbsie Qynkiun. JismOna-peipaxenus. KappupoBanue. PexypcuBHble ¢yHkunu. B3aumnas
pekypcus. JpeBoBHIHASI pEKYpCUs.

Paznen 1.2.
Ilocmpoenue adbcmpakyuii ¢ nOMOWbI0 OAHHBIX
Berpoennble  tumel  gaHHbIX.  [lapel.  I'panuner  abcrpakmum. Crucku.  Mrepanus 1o
nociuenoBarenbHocTH. OOpaOoTka MociiegoBaTeNbHOCTEH. AOCTpakius I0CIeA0BaTEIbHOCTH.
Crpoxu. epeBps. Cesi3able cnucku. O0bexTHast Moaenb. OOBEKTH U KJIacChl. ATPUOYTHI KJIACCOB.
Hacnenosanue. CnoBapu. JlokanbsHoe cocrosiHue. HenokanbHoe npucBoeHue. Peanuzanus ciuckoB
u cnoBapeit. DpdexkruBHOCTH IPOrpamMmel. [lopsiaku pocta. MHOXecTBa.

Paznen 2.1.
Beeoenue ¢ npozpammuposanue
Kpartkas ucropust BBIMMCIUTENBHON TeXHUKH. PazButre Teopun BeanciaeHuil. Passutue
TEXHOJIOTUH. Y CTPOMCTBO KoMIIbIoTepa. VicTopus pa3BUTHS A3bIKOB NporpamMmmupoBanusi. Co3nanue
nporpaMMbl Ha C++. Komnuiisanusa B koManaHo# crpoke. Cpena nporpammupoBanus Visual Studio
2008. [Tpumep co3manus npocTeiieit NporpaMmBsl.

Paszgen 2.2.
ba3zoevie snemenmut azvika C++ 1
JupexTuBsl npenpoueccopa. @ynkuuu. ['naBHas @ynkius main. Ilepemennsie. KoncTaHThI.
Apudmernueckue onepatopsl. [Ipuoputersl. BBoa BbiBo B moToke. MaccuBbl.

Paznen 2.3.
basogvie snemenmut sazvika C++ 11
[IpocTsle 1 cocTaBHBIE ONEpalMy IPUCBANBAHUSA. Y HAPHBIE ONEPALMH. JIornuecKre BhIpaKEHUS.
Bunst oneparopos nukia. CTpykTypsl MHOkecTBeHHOTO BIOopa SWITCH. PabGota ¢ cumBonamu u
CTpOKaMH. YKa3aTesn U ccbulku. [lepeuncnenus. CocraBHbIe TUITBI JaHHBIX. CTPYKTYPBHI.

Paznen 2.4.
Ocobennocmu ucnonvb306anus yKazameJeil u cCoblloK
Ocobennoctu paboThI ¢ ykazaTensiMu. OCOOEHHOCTH UCTIOIB30BAHMSI CCHIJIOK. PasnmnyuHbie crmocoOb!
nepeaayy JaHHbIX B (yHKIMI0. MaccuBel ykazateneil. Ykazarenu Ha pynkiuu. [leperpyska
¢bynxuit. [labnousr pynkumii. Pekypcust. [Ipumepsl 060paboTKH CHMBOJIOB U CTPOK.

Pasgen 2.5.



Ocobennocmu nomoxo6ozo 6600a-evieoda. Daiinwi.
[Totoku. Knaccel u 00beKThI TOTOKOB. BBO CHMBOJIOB U CTPOK € IOMOIIbIO (PYHKIIMIT-37IEMEHTOB.
ManunynsatTopsl TOTokoB. Pabota ¢ daiinamu. ®aiissl mOCIE0BATENBHOTO OCTYIIA.
daisel TPsAMOro JI0CTyIa.

Pasznexn 2.6.
Beeoenue ¢ OOII. Knaccuwi.
Oynkuu niam o0bekThl. CMeHa nmapagurmsl. Tpu kuta OOIL. Ctpykrypsl. OOBsiBICHHE Kilacca.
OcHoBHbIE 351eMeHTHI Kiacca. Konctpykrop u gectpykrop. Co3gaHue 3K3eMILISIpOB Kilacca.
Cratuyeckoe U JMHAMUYECKOE BbleNeHue namsatu. HacnenoBanue.

Pasnen 2.7.
Ikpannasa cpaguka ¢ C++
Beenenue. 2D u 3D rpaduka. Cpena CLR. Co3ganue npoekta CLR. BusyanbHoe NpoeKTHpOBaHUE.
[Tpussska xona. PucoBanue rpadguueckinx NpuMUTHBOB Ha SKpane. AuuManus. 3D rpaduka c
o6ubmmorexoit OpenGL.

Pasznen 2.8.
Paboma c mampuyamu. Yxkazamenu u maccueni
Beenenne. HeobxoaumocTs paboThl ¢ MaTpUIlaMy U MaccuBaMu. AnreOpa MaTpull.
Oco0eHHOCTH pa3MEIIeHUsI MACCUBOB B MaMATH KOMITbIOTEpa. JJuHaMu4YecKoe BhIZICTICHHE TAMSITH.
OcobenHoctu paboThl C IByMEpHbIMU MaccuBaMu. Ilpumep 1. Beruncienue onpenenurens.
[Ipumep 2. Boruncnenue oOpaTHOM MaTpUILIbI

Paznen 3.1.
Jluneitnvie cmpykmypol 0anHHbIX
CtpykTypbl JaHHBIX © anroputmbl. CTek, odepeap M JEK Kak JIMHEHUHBIE CIUCKHU

(mocnenoBaTENbHOCTH) C OTpaHUYEHHBIMU HaOopamu onepauuit (nocrtymna). Crek, odepelnb M JeK
Kak a0CTpaKTHBIC TUIBI JaHHBIX: (YHKIHMOHAJbHBIC crienn(uKanuy U akcuombl. [IpencraBienue u
peanu3anys (HenmpepbIBHAsA, CCbUIOYHAs B CBA3aHHOM MaMATH U Ha 6a3e BEKTOpa).

[Ipumeps! anropuTMOB, UCTIONB3YIOIIUX CTEK, OYepeb, JCK.

Paznen 3.2.

Pexypcusnaa oopabomka uepapxuueckux CHucKos
PexypcuBHoe onpezenenne U QyHKIMOHAIbHAs crieU(UKAIMS JIMHEHHBIX CIHCKOB. PexypcuBHOE
orpeJiesieHue U (PyHKIIMOHAIbHAS clelU(UKalnnsi HepapXuueckux (HEITMHEHHBIX) CIIUCKOB M S-
BbIpakeHUIl. ba3oBble QyHKIMM (MHAMKATOPBI, CEIEKTOPbI, KOHCTPYKTOphl). ToueuHas ¢opma
3aIUCH S-BBIPAKECHUM.
3anucu ¢ BapHaHTaMU B S3bIKAaX BBICOKOro ypoBHs. llpencraBieHue S-BblpakeHUN M peanu3aus
0a30BbIX (PYHKLMI HA A3bIKaX BEICOKOTO YPOBHSL.
OneMeHThl (YHKIIMOHAIBHOIO MPOrpaMMHUpPOBaHUS M PEKypcHBHas 00pabOTKa S-BbIpaKEHUH Ha
A3bIKaxX BBICOKOI'O YPOBHSI.
[Ipumepsbl HCMONB30BAaHUS ~ HEJNMHEWHBIX  CIUCKOB:  Ju(ddepeHIMpoBaHUE CHUMBOJIUYECKUX
BBIPAKEHUH, ENCTBUSA C IOJIMHOMaMU MHOTMX NIEPEMEHHBIX.

Pasgen 3.3.

/lepeevs u neca
Omnpenenenue nepeBa, Jjeca, OuHapHOro jaepeBa. ['paduueckoe Hu TEKCTOBOE (CKOOOUHOE)
npeacraBienue jeca. Crnenudukanus aepeBa, jeca, OMHaApHOTO jaepeBa: 0a30Bbie QYHKIIUA U
akcHMoMbl. EcTecTBeHHOE COOTBETCTBHE OMHAPHOTO JiepeBa U Jieca.
O06x0/1b1 OMHAPHBIX JAEPEBbEB: PEKYPCHUBHbBIE U HE PEKYpPCUBHBIE alropuTMbl. OOX0/1bl JepeBa WiIn
neca.
[IpencraBnenus M peaau3alii OMHAPHBIX JIEPEBbEB: CCHUIOYHAS peau3alysl B CBSI3aHHOM MaMsTH,
CCBUJIOYHAs peain3alisi OrpaHHYeHHOr0 OMHAPHOTO JepeBa Ha 0a3e BEeKTopa.



[IpomnThie OUHAPHBIEC AEPEBBS: MPEACTaBICHUE, 00XO0]I, BKIIOYCHHUE.

[Ipumep ucnonb3oBaHusl OWHAPHBIX JEPEBHEB B 3a7au€ YIAKOBKH COOOIICHUI: TPePUKCHBIE KOJIbI
u OuHApHBIE JepeBbs, MeToa KomupoBaHus @ano-llleHHOHA, KpUTEpHil ONTHMAJIBHOCTH KOJA,
aNropuTM KoaupoBaHus (Cxatus) uHbopmaruu mo Xadhdmeny (mocrpoeHue aepeBa, KOIUpPOBaHUE
U JICKOJUPOBAHUE), JOKA3aTeIhCTBO ONTUMAaIbHOCTH Kojma Xaddmena, HepaBeHcTBO Kpadra,
TeopeMa KOJUPOBaHUS B OTCYTCTBHE IIyMa (SHTPOMUNHAS OIEHKA CpeJHEeH MJIMHBI KOJa).
JuHamuueckoe koaupoBanue mo Xahdmeny.

Paznen 3.4.

Hcuepnuwiearouuii nouck
IMouck ¢ Bo3BpamenueM (backtracking). OOmmuit amropurm. Ilpumep: 3amaga o depssx.
YcosepuiencTBoBanusa. OlLieHKa CIOKHOCTH BBINMONHEHUs: Metod Monte-Kapino. [Ipyrue crocoObt
MIPOrpPaMMHUPOBAHHUS TIOUCKA C BO3BPAILICHUEM: PEKYPCHS U UCIIOJIb30BAHUE MAKPOCPEICTB.
Meron BerBeil m rpanui. OOmas cxema. 3ajaya KOMMHMBOSDKEpA: PEIICHHE METOJAOM BETBEH W
TpaHull. DJBPUCTUYECKUE METOJBI: ONMXKaifimero cocema, Ommkaiimero roponaa. OIleHKH
MPUOTMIKECHUS.
Junamuueckoe nporpamMmmupoBanue. [lpumep (kpatuaiiiunii myTh B CIOMCTON CETH) U oOwIast uiesl.
3amava onpeeNieHus MOPsIKa YMHOKECHHSI LIETTIOYKU MAaTPUIL.

Pasznexn 3.5.

Bbvicmpuuii nouck
[Touck u apyrue omnepanuu Haja Tabnunamu. [locrnenoBarenbHBI U OMHApPHBIN MOUCK. buHapHbIE
nepeBbs noucka. CiydaitHeie OMHapHBIC epeBbs Mmoucka. [loacuer yucna CTpyKTypHO pa3audHbIX
OMHAPHBIX JEPEBbEB C 3aJIaHHBIM YUCIIOM Y3510B. CpeaHee BpeMs MOKMCKA B CIYYalHBIX JIEPEBbSIX.
PannomusupoBannbie OMHapHBIC AepeBbs oucka (Treaps).
OnTtumanbHble OMHApHBIE JIEPEBbS IMOUCKA. AJITOPUTM MOCTPOCHHUS ONTUMAIBHOTO JIE€peBa.
Xopomme OWHApHBIE JepeBbs moucka. CoamaHCHpOBaHHBIC 1O BhICOTe OMHapHEIC aepeBbs (ABJI-
nepeBbsi). Bximouenne B ABJI-nepeBo. Hckmrouenne n3 ABJI-nepeBa. OrnieHka CI0KHOCTH B
XyaumeM ciydae: aepeBbs @ubonauun. Peanuzanus ynopsio4eHHBIX JIMHEHMHBIX CIIMCKOB Ha 0a3e
ABJI-nepeBbeB WM  paHAOMH3UPOBAHHBIX JiepeBbeB. Onepalnuu MOWCKa, BCTABKU U yJaJCHUs
AJIEMEHTOB; OTIEPALUH CLETICHUS U PACIICTUICHUSI CTIHCKOB.
2-3-nepeBbs. b-nepeBns. MeToa Moucka ¢ UCToab30BaHUEM (PYHKIIMHU PACCTAHOBKH (XEIIMPOBAHNUE).
Pazpemienne kommm3uili: METOJ BHYTPEHHUX U BHEIIHUX IEMOYEK, METOJ OTKPBITOM aJapecaluu.
Koaddunment 3arpy3ku, OLEHKH CIOXHOCTH. BBIOOp (YHKIMHM paccTaHOBKH. 3ajada IMOHMCKa
nozactpoku. Anroput™m Kuyra-Mopuca-IIparra. Anroputm boyepa-Mypa.

Paznen 3.6.

Copmuposka
3asaya cOpTUPOBKY (BHEIIHEN U BHYTpeHHeW). CopTupoBKa BCTaBKamMH, 0OMEHaMHU, BEIOOPOM.
beictpas coptupoBka Xoapa. Ilpouenypa pasneneHus. PeKypCUBHBII U HE pPEKYPCUBHBIN
QJITOPUTMBI OBICTPON COPTUPOBKU. AHAIM3 CIOKHOCTH. ONTHUMH3aLUs NPOrpaMMbl (HEMOoJHas
coprupoBka). [lupamunansHast coptupoBka (HeapSorting): TypHHMpHas COpTHpPOBKa, MOCTPOEHHE
NUpaMHbl W TOJHOE YHOpsAoueHue. AHanmM3 CJIO0XKHOCTH anropuTma. Pacnpenenstomias
(mopaspsiaHasi) coptupoBka. CpaBHEHHE aNTOPUTMOB M MPOTpaMM BHYTPEHHEH COPTHPOBKH.
HwxHAs rpaHMma CIOXKHOCTH 3aJa4d  COpPTHPOBKM. OnTuManbpHas COPTUPOBKA. BHemHss
copruposka. IIpocroe cinusiHue. EcTecTBEHHOE ClMsiHUE.
3ajada MOMCKA MEINAHbIL: aAIrOPUTM X0apa, JJMHEUHBIA aaropuT™M. AHAJIN3 CIOXKHOCTH.

Paszgen 3.7.
Anzopummot na zpagax
I'padbr: ompenenenuss u npumepsl. YnopsaodeHHbl rpad. IlpeacraBnenus rpadoB: marpuna
MHIMJICHIIMHA, MaTpHIla CMEKHOCTH, CIIMCOK Hap, CTPYKTYpa CMEKHOCTH (CIIUCKU MHIIMICHTHOCTH).
[IpeoOpasoBanust mpencraBiaeHuid. OcToBHBIE AepeBbs rpada. MHUHHMMaIbHOE OCTOBHOE JEPEBO.
Teopema "o muHumansHOM pedpe". Kaaubiii anroput™m (Kpackan). Anroputm "Gmmkaiiniero



cocena" (Ilpum, Mleiikcrpa). Ilouck B rpade: anroputm mometok. Ilouck B mmpuny. Ilouck B
riyouHy. CBsi3HbIE KOMIOHEHTHI. ANTOPUTM cioXHOCTH O(m*log n) mocTpoeHuss MUHUMAJIbLHOTO
ocroBa. [TocTpoeHne u cBOICTBa OCTOBHBIX JIEPEBbEB MPH MOKMCKE B TIIyOHHY U B Iupuny. [lonck B
ryOMHY ¥ TONOJIOTMYEcKas COpPTHpPOBKa. HaxoxaeHue KOMIOHEHT JBYCBSI3BHOCTU: TOYKH
cowleHeHHus rpada W UX CBOMCTBa B TIIYOMHHOM OCTOBHOM JepeBe. AJITOPUTM  HaXOXKICHHS
KOMITOHEHT JBYCBs3HOCTU. CuiibHasg cBsi3HOCTh. llouck B riyOuHy B oprpade. ANTOpUTM
HAaXOXJICHUS CHUJIBHO CBSI3HBIX KOMIOHEHT. KimMku. AJTOpUTM TOpOXKIEHHS KIMK Tpada.
Kparuaiimme nyru B rpade. Kparuaiimume nyru oT ¢ukcupoBaHHOW BepmmHbL Cooydai
HEOTPULATENIbHBIX BeCOB: anroputm Jeiikcrpsl. Anroputm ®@opaa-bemnmana. Kparyaiimume nytu B
O6eckoHTypHOM rpade. KpaTuaiimme nmytu Mexay BCEeMH MapamMHu BepuIMH. MaTpuila CMEXHOCTH,
MaTpulla JOCTUXKUMOCTU U TPAaH3UTHBHOE 3aMBbIKaHUE OTHOILIEHUS, QJITOPUTM Yopluasia.
Anroputm  ®rnolina-Yopmamia BBIYUCIACHUS PACCTOSHUN MEXAY BCEMHM IapaMHu BEPIIHH,
OJIHOBPEMEHHOE ITOCTPOEHUE ITYTEM.

Paznen 3.8.
NP-nonansie u mpyonopewaemoie 3a0auu

MaccoBasi ¥ uHAMBUAYanbHas 3anadd. CIO0XHOCTh QJIrOpUTMa M KOJUPOBAHUE BXOIHBIX H
BBIXOJIHBIX JAaHHbIX. [lonMHOMMANIBHBIE anTOpUTMBI U Kilace P. HenerepMuHupOBaHHbIE aITOPUTMBbI
n ximacc NP. Pasnmuyaple QopMbl MOCTaHOBKM 33ady KOMOWHATOPHOW  ONTHMH3AINH:
ONTUMU3AIMOHHAS, BbIUMCIUTENbHAS, ¢GopMa pacrno3HaBanus. I[lpumepsl. IlonnmHOMuanbHAS
npeobpazyemocth 3amad. NP-tpymaeie u NP-monHble 3amgaun. 3agada O BBITOJIHUMOCTH OyseBa
BBIPQXKEHUS, TPEJCTABICHHOTO B KOHBIOHKTHBHOW HOpManbHOW Qopme. JlokazarenbctBo NP-
MIOJIHOTHI 3a/la4l O BBINOJIHUMOCTH. [IpeoOpazyemMocTs 3aiauv O BBINOJIHMMOCTH B 3ajady O 3-
BBINOTHUMOCTU. [lomMHOMUANBHOCTH 3aJaud O 2-BBIIOJHUMOCTU. 3ajJaya O KJMKe Tpada.
[IpeoOpasyeMocTs 3amaun O 3-BBIMOJHUMOCTH B 3a/a4y O KJIHMKE. 3ajada O MHOTOIPOIECCOPHOM
pacnucanuu (MIIP). [IpeoGpasyemocTs 3amaun o kiauke B 3agauy o MIIP. 3agaua o 0-1-prok3ake u
kpunrorpadus. [Ipaktuyeckoe pemenue NP-nonnbix 3amay.

Pasnen 4.1.
OcHoenble npunyunbl padomol é cpeoe KOMnoviomepHo2o modeaupoganus Wolfram Mathematica.
Tounocmv npedcmagieHusn YUCca06b1X OAHHBIX.

Beenenne. MonennpoBanue (U3MYECKUX MPOLECCOB M SIBJICHUM - LI€JM, METOJbl M MOJXObI.
CoBpemenHblii MatemaTndeckuii maker Wolfram Mathematica. Bo3mosxHocTi makera, OCHOBHbIE
KOMAaHJIbl TJIABHOI'O MEHIO. UHMCIIOBBIE THUIIBI JTAHHBIX: IEJIBIE, BEIIECTBEHHBIC, pPalMOHAIbHBIC,
KOMIUIEKCHBIE, apu(MeTH4ecKue JIeHCTBUS; BCTPOCHHbIE KOHCTAHTHI; A0OCOJIIOTHO TOYHBIE WU
NpUOMMKEHHbIE — BbIpaXEHMs;  (DYHKUMS  YUCIEHHOIO  TNPUOIMKEHMs;  AJIEMEHTapHbIe
MaTeMaTHuecKue pyHKIUH.

Paznen 4.2.
Onepamoput npuceausanusn u NOOCMAHOBKU; KOMAHObL NPEOOPA308AHUA CUMBOTILHBIX
GbIPAIICEHUN.

Oneparopbl NpUCBAaUBaHUS: HEMOCPEICTBEHHOTO U OTJIOXKEeHHOTO. [lofcTaHoBKH, co3/1anne TaOIuI
3HaYeHUH (YHKIHIA C TOMOIIBIO OMlepaTopa MoACTaHOBKY; OpopMIIeHHE TaOIHII.

[IpeoOpazoBaHusi CHUMBOJIBHBIX BBIPAKEHUH: alreOpandecKuX MHOTOWICHOB, pPalMOHAIBHBIX,
KOMIUIEKCHBIX, TPUTOHOMETPUYECKUX BBIPAKECHUMN; IOJCTAHOBKH; YIPOILIEHUE CUMBOJIBHBIX
BBIPA)KCHU.

Pasgen 4.3.
Peanuzayusa onepayuii mamemamuyecKoz0 aHaiu3a: 6bI4UC1eHUe CyMM, NPOU3Ee0eHUil,
npeoenos, paznoxcenuii ¢ pao Teiinopa, npou3eo00HbvIX U UHMEZPAI086.
Peanmzanus B cpene Wolfram Mathematica ocHOBHBIX omepanuii MaTeMaTHYeCKOTO aHaIH3a:
KOHEUHBIX M OECKOHEUHBIX CYMM, IPOHM3BEICHUN, OJHOCTOPOHHHMX U JIBYCTOPOHHUX TMPENEIIOB,
pasnoxxenue B psa Teinopa u psn Maknapena; nuddepenumpoBanre GyHKINN; aHATUTHYECKOE U
YUCJICHHOE BBIYMCIICHUE HHTETPAJIOB: ONPECIEHHBIX, HEOTIPEACIEHHBIX, KPATHBIX, IBOMHBIX.



Pasnen 4.4.
Paboma co cnuckamu; 6eKmopHbsle u MAMPUYHbIE ONEPaAUUL
Co3faHue U KOHCTPYHPOBAHHME CIIUCKOB; apu(METHYCCKHE OIEpaIii CO CIIMCKAMU, PUMEHEHUE
3J'I€MGHTapHBIX q)yHKLII/Iﬁ K CIIMCKaM, HpeI[CTaBJIeHI/IC BCKTOpOB nu ManI/II_I B BHAC OJHO- H
JIBYXYPOBHEBBIX CITUCKOB; BEKTOPHBIC U MATPUYHBIC OIEpaIUH.

Pasnen 4.5.
Co3zoanue nonvzoeamenbcKux YyHKUul.
Co3naHue TONB30BATEIbCKUX (DYHKIUWI: TpocTeiiinee omucaHue (GYHKIUH; 0COOCHHOCTH
WCIIOJIb30BAaHUSI ONEPATOPOB HEMOCPEICTBEHHOTO M OTJIO)KCHHOTO MPHCBAWBAHMS, OIUCAHUEC
MHOKECTBEHHBIX (DYHKITUI; CO37]aHNE Pa3pPBhIBHBIX PYHKIUH U (YHKIIUN C YCIOBHSIMHU.

Pasznen 4.6.
I'paghuueckoe npeocmasnenue pynxkyuii.
JIBymepHble rpadudeckue (GyHKIHH: H300pakeHHe (DYHKIMH, 3aJaHHBIX SIBHO B JIEKApPTOBBIX U
MOJISIPHBIX KOOpJIMHATaX; CO3JaHWE TPapUKOB TOUYEYHBIX (YHKIUH; TOCTPOCHHE TpauKOB
(byHKIMIA, 3aJaHHBIX MTapaMEeTPUUYECK M 3aJaHHBIX HesBHO. Vcmonp3oBaHue onmui rpaguyeckux
byHkuui s opopmiteHus rpadukos.

Pazmen 4.7.
Pewenue cucmem TUHENHBIX U MPAHCYEHOCHMHBIX YPAGHEHUIL; PeUleHUe CUCIEeM HEPABEHCME.
AHEUII/ITPI‘ICCKO@ TOYHOC " HpI/I6JII/I)KéHHO€ pemeHI/Ie IIOJIMHOMHUAJIBHBIX H TpI/IFOHOMeTpI/I‘-IeCKI/IX
YpaBHEHUN; YHUCICHHOE peIIeHHE TPAHCICHICHTHBIX ypPaBHEHUH; pEIICHUE HEPaBEHCTB.
AHEUII/ITPI‘ICCKO@ TOYHOC 158 HpI/I6JII/I)KéHHO€ pemeHHe CUCTEM IIOJIMHOMHAJIBHBIX u
TPUTOHOMETPUYECKHX YPAaBHEHUM; YHCICHHOE pPEIIeHHWE CUCTEM TPAHCIECHICHTHBIX YypaBHEHUM;
pelieHue CUCTEM HEPABEHCTB.

Paznen 4.8.
Pewenue cucmem oughghepenyuanvHulx ypagHeHuil: aHAIUMUYECKOe, YUCIEHHOE; CHOCO0bL
npeocmasieHus pe3yibmamaos ebl4UCA1eHUII.
AHanuTHYECKOE U YUCIIEHHOE perieHne quddepeHInanbHbIX YpaBHEHUH: o0l1iee pelieHrne, 4acTHOe
pemeHI/Ie, HaYaJIbHBIC U FpaHI/I'-IHI)Ie YCJ'IOBI/ISI. AHaJ'II/ITI/I‘-ICCKOG U YUCICHHOC peHIeHI/IC CUCTEM
nuddepeHIMaTbHBIX YpaBHEHH; ClIOCOOBI MPeACTaBICHUS YUCICHHBIX PEIICHU.

Paznen 4.9.
Co3zoanue ounamuueckux 00beKmos.
[Toctpoenne rTpadukoB B AUHAMHUYECKOM PEXKHUME; CO3/aHHE JAUHAMUYECKH YIPABIISIEMBIX
37€MEHTOB i1 oopmiieHHs rpaduKoB; oPopMIICHUE TTAHEIH YITPABJISIONIUX JIEMEHTOB.

Pa3znen 5.1.
basoevie nonamus
I'uneprexct. HTML. Bpaysepst. URL, HTTP, DNS, web-cepsepsi.

Paszgen 5.2.
Cmamuueckue caiimol
CpenctBa otnnaaku. Pecypcst HTML-ctpanun. CtaTuyeckue caiTbl. XOCTHHT.

Paszmgen 5.3.
Cucmembl Konmpona eepcuii
Ucropust cuctem KOHTpOIIs Bepcuit. LleHTpanu3oBaHHbIe U JeIEeHTpAIM30BaHHbIE cucTeMbl. Git
GitHub.

Pasznen 5.4.
ba3zwl dannvix



[IpenmochUIKy AJist OSIBJICHUS 0a3 JaHHBIX. Pensimonnbie 06a3bl JaHHBIX. SI3BIK
CTpYKTYpupoBaHHBIX 3ampocoB. ORM. NoSQL 6a3b1 1aHHBIX.

Pasnen 5.5.
Hunamuueckue caiimol
Oco0EHHOCTH U BO3MOKHOCTH JUHaMU4ecKuX caiitoB. LAMP crek. [Ipumep pa3BépThiBaHus
TUHAMHUYECKOTO CanTa.

Paznen 5.6.
Bupmyanusayusa u konmeinepuzayus
Bupryanu3zanus u Buptyansasie Mamuabl. Konrelinepusanus, LXC, docker. O0naunble cucTemMbl
BUpTyanu3auuu. OpkecTpanus.

Pasnen 5.7.
Beo-npozpammuposanue
[Ta6nouel. Be6-opmel. baza nannbix. Ilonb3oBarensckue norunsl. CTpanuna npoduist 1 aBaTaphl.
Oo6paborka ommbok. Ilognucunku, KOHTaKThl U Jpy3bsi. Pa3OuBka Ha crpanunbl. Ilomnepixka
J1eKTpOHHOU mouThl. PekoHcTpykuus. [lara u Bpems. [18n u L10n. Ajax. YaydmeHue CTpyKTypbl
npwioxeHus. IlomHorekcTroBbiii mouck. PaseeprhiBanue B Linux. PassepreiBanme na Heroku.
Pa3BepteiBanne Ha Docker konteiinepax. Marust JavaScript. YBemomiieHus Moib30BaTeNei.
®onoBele 3a1aun. MHTEpdelics npukiaaHoro nporpammupoBanus (APT).

5. O0pa3oBare/jibHbIe TEXHOJIOTMH, B TOM YMCJI€ TEXHOJOTMH 3JIEKTPOHHOr0 O0y4YeHHS W
AUCTAHIMOHHBIC 00pa3oBaTeJbHbIC TEXHOJOIHH, HCIHOJb3yeMble INPH OCYLIECTBJCHHH
00pa30BaTeIbLHOIO MPoOLECcca 10 JUCHUILINHE

B npornecce 00yueHus: UCTIONB3YIOTCS clelyrolue 00pa3oBaTeIbHbIe TEXHOIOTUU:

BBoanas jexuus — 1a€T NepBOE LEIOCTHOE NMPEACTABICHUE O JUCLUILUIMHE U OPUEHTUPYET
CTYICHTa B CHUCTEME W3Y4YECHMs NAHHOM JUCUMIUIMHBL. CTyOEeHTBI 3HAKOMSTCS C Ha3HAYCHUEM U
3aJauaM# Kypca, ero poJibl0 1 MECTOM B CHCTEME YUEOHBIX TUCIHILIMH U B CUCTEME MOJTOTOBKH B
nesnoM. Jlaercst KpaTkuit 0030p Kypca, UCTOPHS Pa3BUTHUS HAYKH M MPAKTHKH, JOCTH)KEHUS B 3TOU
cdepe, MIMEHAa M3BECTHBIX YUYEHBIX, U3JIararoTcs NEepCleKTUBHbIE HallpaBlieHus ucciaeaoBanuid. Ha
9TOM JIEKIIUM BBICKAa3bIBAIOTCS METOJUYECKUE U OPTaHU3AIOHHBIE OCOOEHHOCTH PabOThl B paMKax
JTAaHHOW JMCLMITIMHBI, @ TAK)KE JaeTCs aHAIU3 PEKOMEHIyeMOl yueOHO-METOANYECKOH JINTEpaTyphl.

AKafeMH4ecKas JIEeKIHA C JJIeMEHTAMH JeKIHU-0ecebl — I10CIEI0BaTEIbHOE U3JI0KEHHE
MaTepuaga, OCYIIECTBISIEMOE NPEHMYILIECTBEHHO B BHUJE MOHOJIOra IpenojaBareis. DJIEMEHTHI
JeKIuHu-0ecebl 00eCeynBatOT KOHTAKT MPeroiaBaTelis ¢ ayIUTOpUeH, 4To MO3BOJISIET IPUBJIEKATh
BHHUMaHHUE CTYJIEHTOB K HanboJjiee BaXKHbIM TeMaM JUCIUILIMHBI, aKTUBHO BOBJIEKATh UX B YUe€OHBIN
porecc, KOHTPOJIUPOBATh TEMI H3JIOXKEHUs y4eOHOro MaTepuala B 3aBUCHUMOCTU OT YPOBHS €ro
BOCIIPUSTHS.

[Tpy yTeHHUn JEKIUHA MCIIONB3YETCs TEXHOJIOTUS MPOOJIEeMHOTr0 00yueHHs (Iocae10BaTeIbHOe U
LIEJICHAIIPABIICHHOE BBIJBIDKEHUE IIEPE] CTYIEHTOM IIO3HABATEIBbHBIX 3a/ay, paspelias KOTOpbIE
CTYJECHTbl aKTUBHO yCBaWBarOT 3HaHUsA). Kypc MOCTpOEH Ha MPHUHIMIIAX CHUCTEMHOIO MOJAX0Ja K
0oTOOpY MPOrpaMMHOIO MaTepHaga U ONPEICNICHHIO IOCIEN0BaTEIbHOCTH €ro H3Yy4eHHus
CTY/IGHTaMH, 4TO MpelyCMaTpUBaeT rIyO0KOe N3yuyeHHe MpeIMeTa.

JlaGopaTopHas padora — opranuzanus y4yeOHOH pabOThl C pealbHbBIMH MaTepUaIbHBIMH U
MH(OPMALIMOHHBIMU 00bEKTaMHU. 3afaueit 1a00paTOPHBIX 3aHATUHN, TPOBOAUMBIX B KOMIIBIOTEPHOM
KJlacce, ABISETCS HEMOCPeACTBEHHOE (OPMHUPOBAHME HEOOXOAMMBIX YMEHMH M HaBBIKOB IyTEM
paboThl CTYNEHTOB HaJ IOCTABICHHBIMH IIpernojaBaTesieM 3ajadyaMy. BreinonHeHne y4yeOHbIX
3aJJaHUI IPOBOJUTCS B MHTEPAKTUBHOM (popMe: perieHne TBOpUYECKUX 3aaHui, UHANBUyalbHBIN 1
IPYNIOBOM IMOMCK PEIIEHUH IOCTABIEHHBIX MPOOJIEM, COBMECTHBIH C IMpernojaBareieM aHalu3
IIOJIyYEHHBIX PE3YJILTATOB.

KoncynbTauum — BuJ Yy4eOHBIX 3aHSTUN, SBJSIOLIMICS OAHOM U3 (GOpM KOHTPOJIS
caMOCTOSITeNIbHOW  paboThl  cTyaeHToB. Ha  KkoHCynbTanusx 1o  Hpock0e  CTYJEHTOB
paccMmarpuBaroTcs HauOosiee CIIOKHbIE MOMEHTBHI IPH OCBOCHMM MaTepuana JAUCLUILIHHBI,



npenoaaBareyib OTBCYACT Ha BOIPOCHlI CTYACHTOB, KOTOPBIC BO3HHUKAIOT Yy HHUX B MPOLCCCC
CaMOCTOSITeNIbHOM pabOTHI.
KonTponb kadyecTBa YCBOEHHS HPOrpaMMHOTO MaTepuaia MPOBOJIUTCS C Y4E€TOM pabOThI
CTYACHTOB Ha JICKIUAX U na60paT0pHHx 3aHATUAX.
CamocTtosTenbHas paboTa CTYJACHTOB 3aKJII0UAETCsl B IPOPA0OTKE KOHCIIEKTA JIEKIIUMA, U3y4eHUU
peKOMeHHOBaHHOﬁ JIMTCPATYPhI, BBITOJIHCHUN JOMAIIHUX U WUHAWBHUAYAJIbHBIX SaI[aHI/Ifl.
B npouecce o0ydeHus UCMONB3YIOTCS CIAEAYIOUIME TEXHOJIOTUU 3JIEKTPOHHOTO O0YYeHUS U
JAUCTAHIITMOHHBIC O6pa30BaTCJIBHLIC TCXHOJIOI'UH:
JleKTPOHHAasE Bepcusi y4eOHoOro kypca «HWHpopManmuoOHHbIE TEXHOJOTUM WU
NPOrpaMMHUPOBAHUE» B KOTOPOM:
- TPEICTaBJICHBI 3aJaHUs ISl CAMOCTOATEIHLHOM PaboThI IO TeMaM JTUCIUTLINHBL
- TpEeICTaBJICHBI TEKCTHI JIEKIUI 110 TeMaM JUCIUILTUHBL,
- IPEICTaBJIEH CIIMCOK YYEOHOM JINTEPATYPbl, PEKOMEHLYEMOMN ISl OCBOCHUS JUCLIUILINHBI,

6. IlepeyeHb JIMIEH3MOHHOIO M (WJIH) CBOOOJHO PACHPOCTPAHIEMOr0 NPOrPAMMHOIO
o0ecrmeveHusi, WCHOJIb3yeMOro TPH OCYUIECTBJIEHHH O00pa30BaTeJLHOr0 TMpomecca Mo
AUCUHMITHHE

B nporiecce ocymiectBieHust 00pa30BaTeIbLHOTO MPoIiecca M0 AUCIUILTUHE UCTIOIb3YIOTCS:

JUTSL IPOBEICHUS TAOOPAaTOPHBIX 3aHSATHIMA:

— peaakTop nporpammHoro kozga Sublime Text 4;

— s13BIK IporpammupoBanus Python 3;

— maket Visual Studio 2009 Express Edition

— naket Wolfram Mathematica;

— OC Linux;

— BeO-cepBepsl Nginx, Apache;

— TeHepaTop craTuueckux caitoB Hugo.

i (OPMHUPOBAHUST MATEPUAIOB IS TEKYIIETO KOHTPOJISI yCHEBAEMOCTH U IPOBEICHHUS
IIPOMEXYTOUHOM aTTecTanuu, st POPpMUPOBAHUS METOANUECKUX MAaTEPUAJIOB IO TUCLUILINHE!

— mnporpammbl Microsoft Office;

— Adobe Acrobat Reader.

7. IlepeyeHb CcOBpeMEHHBIX TNPOQecCHOHANBHBIX 0a3 [JaHHBIX MW HHGOPMAIHOHHBIX
CIPABOYHBIX CHCTEM, MCIOJb3YeMbIX NPH OCYHIECTBJICHHMH 00pPa30BaTEJbHOr0 Ipoluecca mo
AUCHUILINHE (IPU HE00X0AUMOCTH)
B mporiecce ocymiecTBieHus 00pa30BaTeIbHOr0 MpoIecca Mo AUCHUTIIHHE UCIOIB3YIOTCS:
ABTOMaTu3upoBaHHas  OuOnnoreyHo-uHpopmannoHHas  cuctema  «bYKHU-NEXT»
http://www.lib.uniyar.ac.ru/opac/bk_cat_find.php

8. [lepeyeHb  OCHOBHOW W  [ONOJHHUTEJBLHOH  y4eOHOIl  JHMTepaTypbl, pecypcoB
HH(OPMALMOHHO-TEJIEKOMMYHMKAIIMOHHOI ceTtn «MHTepHer» (HpM HeoOXOAMMOCTH),
PEKOMEHAYEeMBbIX VISl 0CBOCHUSI AN CHHUIIIMHBI
a) OcHOBHas UTEpaTypa:
1.1. Ab6enncon X., Caccman [x. k. Ctpykrypa u UnTepnperanus Komneiorepusix [Iporpamm.
— JHo6pocser, KJIV, 2010. — 608 c. http://newstar.rinet.ru/~goga/sicp/sicp.pdf
(pactipocTpaHsieTcs CBOOOJTHO 1o JTULEH3UU CO).

2.1. X. leviten, I1. letiten Kak nmporpammuposats Ha C++, M: bunom 1998.

2.2. T.A. TTaBnosckas, FO.A. Hlynak C/C++ CTpyKTypHOE MpOrpaMMHUpPOBaHUE
2.3. b. Ctpaycrpyn fA3bik nporpammupoBanus C++. M: burowm 2005.

2.4. H. Kynbtun Visual C++ B 3agauax u npumepax, CI1b: BXB-IlerepOypr 2014.


http://www.lib.uniyar.ac.ru/opac/bk_cat_find.php
http://www.ozon.ru/person/4406454/
http://www.ozon.ru/brand/1283432/
http://www.ozon.ru/brand/1166566/
http://newstar.rinet.ru/~goga/sicp/sicp.pdf
http://newstar.rinet.ru/~goga/sicp/sicp.pdf

3.1. Anroputmsl: noctpoenue u ananus. / T. Kopmen, Y. Jleizepcon, P. Pusecr, K. IItaiin; nep.
c anri. U. B. Kpacukosa, H. A. OpexoBoii, B. H. Pomanoga - 2-e uzn. M.: Bunbesamc, 2012.
1290 c.

3.2. Axo Ansdpen B. CTpyKTyphl JTaHHBIX U QJITOPUTMBIL: Y4eb. mocodue st By30B. / A. B. Axo,
k. D. Xonkpodt, k. [I. Yoeman. Ilep. ¢ anri. - M.: Bunssmc, 2000. 382 c.

4.1. Bonspam CtuBen «DinemMeHTapHO€e BBeAcHHE B s3Ik Wolfram Language» / [pecypcsl ceTu
Wurepuer]. URL: https://itnan.ru/post.php?c=1&p=273601

4.2. MATHEMATICA TIOJJEPXKA / [pecypcst cetu Matepuer]. URL:
https://support.wolfram.com/ru/

4.3. StatProjectRu: Marepuains mo Wolfram Mathematica / [pecypcer cetu Unareprer]. URL:
http://www.statproject.ru/load/spetsialnaja_literatura/materialy po_wolfram_mathematica/3
;

5.1. I'punbepr Murens Pa3paborka BeO-npuioxeHuii ¢ ucnosip3oBanueM Flask Ha si3pike Python.
— JAMK Ilpecc, 2016 — 272 c.

0) JlonoJIHUTENbHAS TUTEpaTypa:

2.1. b. Crpayctpyn S3bik nporpammupoBanusi C++ crangapt 11 Kparkuit kype, M: bunom 2017.

2.2. A .H. Bacunbe Camoyuurtens C++ ¢ 3agauamu u npumepamu, CI1b: Hayka u Texanka 2017.

3.1. CemxBuk P. ®ynnamenTanbublie anroputMsl Ha C++: niep. ¢ anria. / P. CemkBuk - M.:
HuaCo¢tHOIT, 2002. 687 c.

3.2. Bupt H. Anroputmsl u cTpykTypsl gannbix: [lep.c anri. / H.Buprt - 2-e u3zg.,ucmp. - CII6.:
Hesckuii quanext, 2001. 352c.

4.1. WnarocTpupoBaHHbIA camoyunTens o Mathematica [pecypesl cetn Mutepuet] / Pexum
noctyna: http://samoychiteli.ru/documentcontents22198.html

4.2. DnemenrtapHoe BBeneHue B Wolfram Language Ha pycckom [pecypcewl cetu Muteprer] /
Pexum JOCTYTIA: http://www.itmathrepetitor.ru/yelementarnoe-vvedenie-v-wolfram-
language-na-russko/

9. MaTepuajibHO-TexHU4YecKasi 0a3a, HeoOX0AUMAs [Jisl OCylIIeCTBJIEHHS 00pPa30BaTeIbLHOIO
npouecca no JUCHUIIINHE

-y4eOHbIe ayIUTOPHH JUIs IPOBEICHUS 3aHATUIN JIEKLIMOHHOTO TUIIA;

- yueOHBbI€ ayIUTOPUH JJIs IPOBEAECHUS J1aDOPATOPHBIX padoT;

- yueOHbIe ayTUTOPHUHU ISl IPOBEJICHHsI TPYNIIOBBIX U MHANBUIYAIbHBIX KOHCYJIbTALIUH,

- yueOHbIE ayIUTOPUH JJIsi IPOBEACHUS TEKYLIEro KOHTPOJIS U IPOMEXKYTOUHOM aTTecTalluy;
-IOMEILEHMSI JUI CAaMOCTOSATEIbHOW paboThI;

-IIOMEIICHNsT JUIsI XPaHEHUs M MNpPOPUIAKTUYECKOro OOCITyKMBaHUS TEXHUYECKUX CpPEJICTB
o0OyueHusl.

[TomemnieHust Il CaMOCTOSITENIBHOM pabOThl OO0YyYarOUIUXCS OCHALIEHbI KOMITbIOTEPHOU
TEXHUKOH ¢ BO3MOXHOCTBbIO MOJAKIIOYEHHs K ceTu «MHTepHeT» M olecrneyeHueM JI0CTyna B
AJIEKTPOHHYIO0 MH(POPMAIIMOHHO-00pa3zoBarenbHyto cpeny Apl'Y.

Yucno mocasiouHbIX MECT B JIGKIMOHHOM ayIuTopuM OoJjblie JIMOO PaBHO CIHHUCOYHOMY
COCTaBY MOTOKA, a B ayIUTOPUH AJIs1 Ta0OPaTOPHBIX — CIIUCOYHOMY COCTaBY IPYIIIbI 00yYarOIIMXCS.

ABTOpBI:

JlonieHT Kadeaps
U(POBBIX TEXHOJIOTUH U
MalIMHHOTO 00yUYeHus, K.T.H. N.B.AnanbkoB

Jonien xadenps
HAHOTEXHOJIOTHH B JIEKTPOHUKE, K.(.-M.H. O.C. Tpyumun

[Tpodeccop kadenps
MHUKPODJIEKTPOHUKH U o01iei pusuku, A.¢.-M.H. C.O.lIupseBa


https://itnan.ru/post.php?c=1&p=273601
https://support.wolfram.com/ru/
http://www.statproject.ru/load/spetsialnaja_literatura/materialy_po_wolfram_mathematica/37
http://www.statproject.ru/load/spetsialnaja_literatura/materialy_po_wolfram_mathematica/37
http://samoychiteli.ru/documentcontents22198.html
http://www.itmathrepetitor.ru/yelementarnoe-vvedenie-v-wolfram-language-na-russko/
http://www.itmathrepetitor.ru/yelementarnoe-vvedenie-v-wolfram-language-na-russko/

IIpuioxenne Nel k paboueii nporpaMme AUCHHILINHBI
«AH(popManHOHHBIE TEXHOJOTMH U IPOrPAMMHUPOBAHHE)

DoH/I OLIEHOYHBIX CPEICTB
JJIS1 IPOBe/IeHNs] TEKYIIero KOHTPOJIsl YCIIeBAeMOCTH
U MPOMEKYTOYHOM aTTeCTAIMM CTY/IEeHTOB
o JUCIHILJINHE

1. TunoBbIe KOHTPOJILHBIE 3aJaHNUsI WJIH HHbIE MATEPHAJIbI, HCIIOJIb3yeMble B polecce
TEeKYIIero KOHTPOJIsI yCIeBaeMOCTH

Texkyumii KOHTPOJIb YCIIEBAEMOCTH OCHOBAH Ha aHAJIM3E BHIOIHEHNUS JIAOOPATOPHBIX 33aJaHUM.
3aoanusn no pazoeny 1
3aoanusn no pazoeny 1.1.
1. Bonpocwr Ne 1-5 https://u.1337.school/hw_01/.

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

3aoanus no pazoeny 1.2.
Bonpocer Ne 1-7 https://u.1337.school/hw_04/.
Bonpoce Ne 1-4 https://u.1337.school/hw_05a/.
Bonpoce Ne 1-5 https://u.1337.school/hw_05b/.
Bonpoce Ne 1-2 https://u.1337.school/hw_06/.

el A

3aoanus no pazoeny 2

1. Bamanel 2 BekTOopa co cienyrmuMu koopauHatamu: a = (1,1,0)u 62(0,0,1) .Breraucaute

KOMITOHEHTBI BEKTOPHOT'O NMPOU3BEAEHUS C = [é X b] . PesynbTat 3anucarte B ain.

2. 3anmanbl 3 BekTOpa CO cieaymmuMmu koopauHaramu: a = (1,1,0), b= (0,01) » ¢t=(@0,0).
Boruncnuth 00beM napasuienenunesia NocTpoeHHoro Ha 3tux BekTopax (V). Pesynprar 3anucarh B
Gbaiin.

3. 3amaHo uyMciao B JecsaTHuyHOM (opme. IlepeBecTu ero B JABOMYHYIO, BOCBMHUPUYHYIO U
HIecTHaUaTUpUYHyt0. Pe3ynbrar 3anucath B ¢aii.

4. 3anaHbl 2 MaTPUIIBL:

1 2 3 4 16 15 14 13
5 6 7 8 12 11 10 9
“l9 10 11 12" 7|8 7 6 5
13 14 15 16 4 3 2 1

BBectu 3Tu Matpuirsl U3 2-X ¢aiinos. Beraucaute ux npousseneHue C=a®b . Pesynbrar 3amucarh
B ¢aili.


https://u.1337.school/hw_01/
https://u.1337.school/hw_02/
https://u.1337.school/hw_03/
https://u.1337.school/hw_04/
https://u.1337.school/hw_05a/
https://u.1337.school/hw_05b/
https://u.1337.school/hw_06/

1 2 3 4

5 6 7 8
5. 3amana Marpuna: a= 9 10 11 12’ Beectn aTy Marpuiy w3 ¢aiina. Beraumciuth ee
13 14 15 16

omnpezaenurens. Pe3ynpTar 3anucars B Gaiii.

1 1 -1
6. 3amana matpuma: a=|1 -1 1 |. BBectu 31y marpumy w3 aitna. Beraucnute mis Hee
1 1 1

oOparHyto mMaTpuily. Pe3ynbTaT 3anucars B aii.

7. B cTpoke TekcTa MOJACYUTATh YUCIo cIoB U OykB. CTpoky BBecTH U3 (aitna. Pesynprar 3anucath
B (paiir.

8. B cTpoke TekcTa MoACYMTATh YUCIO BXOKACHHWH 3a1aHHOI OykBbl. CTPOKY BBECTH M3 (aiiia.
Pesynprar 3anucars B (aiin.

9. Pemmte cucremy 3-x JHHEHHBIX ypaBHeHHH MeTojqoM Kpamepa. [lannbplie cuutath u3 (aiina.
Pesynprar 3anucars B (aii.

10. 3agano HenmuHeiHOe ypaBHeHue SiN(X) = X/2 nHa umaTepBaie [0,10]. Pemmre ero meromom
JIeJICHUs OTpe3Ka mormosiaM. Pe3ynbraT 3amucath B (aiii.

100
11. 3agan omnpeneneHHbI HHTETpa: ‘[ e dX. Bemumcauts ero METOJIOM TIPSIMOYT'OJbHUKOB.
0
Pesynprat 3anucats B (aii.
12. 3agan maccuB u3 20 BemecTBeHHBIX yucen. OTCOPTUPOBATH ATOT MACCHB IO BO3PACTAHUIO.
MaccuB BBecTH U3 (paiina. PesynbTar 3anucarts B daii.

13. 3aman maccuB u3 20 menbix yucen. BeiOpate Bce 4yeTHble uncia. MaccuB BBecTH M3 (aiina.
Pesynbrar 3anucats B ¢aiin.

14. Co3natp mporpamMmy Jjisi IOTIOTHEHUS 0a3bl JaHHBIX JJIsl TPYMIBI CTYACHTOB U1l XpaHEHUS UX
nepcoHalbHbIX NaHHbIX: Damumime, Ums, OtuectBo, Bo3zpact, IlouToBsiil anpec. B mporpamme
UCI0JIb30BaTh KommoHeHT C++ sStruct. ba3sy nmaHHBIX COXpaHUTH B BHJIE TEKCTOBOTO (aiiia B
¢dopmare ASCII.

15. meetcss rOpU30HTAIBHBIN NPY)KUHHBIA MasgTHUK CO CIEAYIOUIMMH IapaMeTpaMM: >KeCTKOCTb
npyxxunbl K=2(1/m), Bec rpy3a m=0.01 (kr), HauaiapHoe cmenienue 0.01 (m). Cuctema nBmxetcs 6e3
TpeHusi. BBIYMCIUTD 3aBUCUMOCTh CMEIEHHUS] MAasTHUKA OT BPEMEHHU IYTEM UYUCIEHHOTO PELIeHUs
€ro ypaBHEHHS JBWKEHUs. Pe3ynbraT 3anucaTh B Qaii.

16. 3agano HaTypanbHOe uncio. [lepectaButh ero nudpsel Tak, 4T0OB 00pa30BaATOCh MAaKCUMAIbHOE
YHCII0, 3aIMCaHHOE TEMH K€ IU(ppaMu.

17. lana nenouncnenHas kBajaparHas Matpuua 10*10. Beectu sty marpuily u3 ¢aiina. Berancaurs
CYMMY 3JIEMEHTOB MaTPHIIbl, PACIIOJIOKEHHBIX HUKE IJIABHOM JMaroHasH.

18. Jlana nienouncienHas kBaapatHas marpuna 10*10. Beectu Ty maTpuily u3 gaitna.
Omnpenenuts ABISETCS JIM 9Ta MAaTPULa CHMMETPUYHON OTHOCUTENBHO IJIABHOM TMArOHaNH.



100
2
19. 3anan onpeaeneHHbI HHTETpa: _[e “dx . Beruucauts ero Merogom Monte-Kapio.
-100
Pesynbrar 3anucars B daii.

20. Nmeetcs nenoe yncno N. Beraucnauts ¢akropuan N!
Kpurtepuu onieHuBaHus 0TBETOB HA BONPOCHI NPH 3aIUTe J1a00paTOPHOIl padoThI

[Tokazarenun Ha «3auteno» Ha «He 3aureno»

®opmyIbl, KOMaHabl, BeluMciieHus: [IpuMeHsioTcss HeoOXOoAMMbIE B YCIOBUAX IOCTAaBICHHOM
3a/la4i KOMaH/bl 0€3 CHHTAKCHYECKHUX OIIMOOK; BBIYHMCIICHHUS BBITIOJHEHBI B IMOJIHOM O00BEME H
MIpe/ICTaBJICHbl B COOTBETCTBYIOIIEM 3aaHuto ¢popmate. lcnonb3yroTes HENPUMEHUMBbIE B
YCIIOBUSIX TOCTABJICHHON 3a7aud KOMaH[bl; B 0a30BBIX BBIPAKCHHUSX JOMYIICHBI OIIMOKH;
BBIYHCIICHHS OTCYTCTBYIOT HJIM BBIMOJIHEHBI HEKOPPEKTHO.

OObsicHenus (OTBETHI HA CMBICIIOBBIC BOIIPOCHl)  J[aHbI pa3BEPHYTHIE, KOPPEKTHHIE OTBETHI HA BCE
BOIIPOCHI; MPaBUIbHO UHTEPIPETUPYIOTCS PE3yJIbTaThl BEIUNCICHUN OObsicHEHHE OTCYTCTBYET.

[IIkana olleHUBaHUS:

0 6amIoB — «HE 3aYTCHO;

1 6amt — «3a4TeHOY;

CyMMUpYIOTCS OaJUTBI 33 KOKIYI0 J1a00paTopHyIo padoTy.

Jlomyck 3 3a4€Ty OCYIIECTBISETCS MO KOJIMYECTBY HAOpaHHBIX OAJLIOB:

MeHee 60% OT MakCHMaIbHO BO3MOXKHOI'O KOJIMYECTBA 0aJIOB — K 3a4€Ty HE JIOMYCKAEeTCs;

60-80% 0T MaKCUMaJIbHO BO3MOXHOT'O KOJIMYECTBA 0AJIJIOB — IOMUMO OCHOBHOTO 3a4ETHOTO
3aaHuA BBIIIOJTHAKOTCA JOIOJIHUTCIBHBIC 3aaHW 10 HPOINYIICHHBIM TEMaM;

80-99% 0T MakCUMaJIbHO BO3MOXHOTO KOJMYECTBA 0AJIIOB — OCHOBHOE 3a4ETHOE 3aJ[aHHC;

100% oT MakcHMMaTbHO BO3MOXKHOTO KOJIMYECTBA 0AJNIOB — IMMPOCTABIISAETCS 3a4ET aBTOMATOM.

3aoanus no pazoeny 3
3aganus Ajs 1a00paTOPHBIX padoT
3aganus no reme «JIMHelHbIE CTPYKTYPHI JaHHBIX»

PazpaboraTs Kiacc, peanu3yoommii CTex.
Pa3paborats kiacc, peanusyroniuii ouepes.
Pazpabotats kiacc, peaqu3yrommii 1ex.

3aganus no reme «PexypcuBHas 006paboTKa HepapXUUECKUX CITUCKOBY

PazpaboraTs kiacc, peanu3yomuil THHEHHBINA CITUCOK.

Pazpabotats Ki1acc, peanu3yomuil uepapXxudeckuii (HeTMHEWHBIH) CIIUCOK.
Peanu3oBate uteparop s TMHEHHOTO CIIUCKA.

PeanusoBars ureparop s HENMMHENHOIO CIIUCKA.

33}13]—[1/151 Imo TeMe «I[epCBB}I n jecarn

Pa3paborats knacc, peanu3yromui OnHapHOe 1epPeBo.

Pa3zpabotats kiacc, peaqu3yroninii Jiec.

Pazpabotats Ki1acc, peanu3yromuii 06xo1 OMHAPHBIX 1€peBbEB Ha 0a3e peKypCUBHBIX aJrOPUTMOB.
Pa3paborats kiacc, peanusyromniuii 06xoa OMHapHBIX AepeBbeB Ha 6a3e HEPEKYPCHUBHBIX
aJITOPUTMOB.



Pazpabotats Ki1acc, peaqu3yonui orpaHiueHHOe OMHApHOE JIepeBO Ha 6a3e BEKTopa.
3aganus no teme «lcuepnbIBaroUil IOUCK»

Pazpabotats Ki1acc, peaqu3yromuil anropuTM moucka ¢ Bo3spauienueM (backtracking).
Pazpabotats Ki1acc, peaqu3yromuil MOUCK ¢ BO3BPALIEHUEM IIPU MCII0JIb30BAaHUHU MaKPOCPEICTB.
Pa3paborats kacc, peaqu3yronyi MeTOI0M BETBEH M IPAHHIL.

Pazpabotats Ki1acc, peaqu3yromuil MOUCK KpaTyalllero NyTH B CJIOUCTOM CETH.

3ananus mo teMe «bbICTPBII TOUCK

Pazpabotats Kiacc, peanu3yromuii nociea0BaTeabHbIN MOUCK.

Pazpabotats Ki1acc, peanu3yromuii OnHApHBINA TOUCK.

Pazpabotats Ki1acc, peaqu3yromuil OMCK ¢ MOMOILBIO PAHIOMU3UPOBAHHBIX OMHAPHBIX AEPEBbEB
noucka (Treaps).

Pazpabotats Ki1acc, peaqu3yromuil ynopsioueHHble IMHeHble cucky Ha 6aze ABJI-nepeBbeB miu
PAaHIOMHU3UPOBAHHBIX JCPCBLCB.

PazpaGorare omepauuu IOMCKA, BCTAaBKM M YAAJCHHUS DJIEMEHTOB; OINEpalUM CLEMJICHUs Hu
pacCUICIUIEHUS CIIUCKOB.

Peanun3anus pemienus 3a1a4a noucka noactpoku (anroputM Knyra-Mopuca-IIparra wium anroputm
Boyepa-Mypa).

3aganus no reme « COpTUPOBKa»

Pazpaborats Ki1acc, peanu3yromuii COpTUPOBKY BCTaBKaMHU.

Pazpabotats Kki1acc, peanu3yronuil COpTUPOBKY 0OMEHaMHU.

Pa3paborats Kacc, peaqu3yronyi COPTUPOBKY BEIOOPOM.

Pazpabotats Ki1acc, peanu3yromuii ObICTPYO COPTUPOBKY Xoapa.

Peanun3oBaTh pekypCcHUBHBIN U HE PEKYPCUBHBIN arOpUTMbI OBICTPOI COPTUPOBKH.
PeanuzoBaTh nupamugansHyto coptupoBky (HeapSorting).

[IpoBecTu cpaBHEHHE AITOPUTMOB U IPOTrPaMM BHYTPEHHEN COPTHUPOBKH.

3agaHus o TeMe «AJITOPUTMBI Ha rpadax»

PazpaboraTs Kiacc, peanu3yomui ynopsi0ueHHbIN rpad.

Pazpabotats Ki1acc, peaqu3yromuil MOCTPOEHNE MUHUMAJIBHOTO OCTOBHOT'O JIEPEBa.

PazpabotaTs Kiacc, peanu3yomuii MOUCK B IIUPUHY.

Pazpabotats Ki1acc, peaqu3yromuil MOUCK B IIyOuHY.

Pa3paborats kacc, peaqu3yrouuil MoucK B IIyOUHY U TOMOJIOTHYECKYIO0 COPTUPOBKY.
Pazpabotats Ki1acc, peaqu3yromuil anropuTM HaX0KJICHUsS KOMIIOHEHT JBYCBSI3HOCTH.
Pa3paborath kacc, peaqu3yronuii ouck B riyOuHy B oprpade.

Pazpabotats Ki1acc, peaqu3yromuil HaxoX/AeH!e KpaTyaiiero myTi oT GUKCUPOBaHHON BEPIIMHbI
(amroput™m [eiikerpsl, anroputMm @opaa-bennmana).

3aganus no teme «NP-1oyIHbIE U TPYAHOPEIIAEMBbIE 3a/1aUK»

IToka3aTh CIIOKHOCTH aAJropuTMa 1 KOAUPOBaHWEC BXOAHBIX U BBIXOAHBIX TaHHBIX.

[Tokazate  paznuunHble  (OPMBI  TOCTAaHOBKMA  337ad  KOMOMHATOPHOW  ONTHMM3AIIH:
OIITUMH3AIIMOHHAs, BBIYUCIUTCIIbHAsA, q)opMa paciio3HaBaHUA.

Pa3paborats kiacc, peanu3yromuil moTHHOMHUATbHBIE TpeoOpa3yeMble 3a1auu.

PazpabGorate kilacc, peanu3ylOImHi pelieHrne 3aJadyd O BBITIOJHUMOCTH OylieBa BBIPAKEHUS,
MPEJICTABJICHHOTO B KOHBIOHKTUBHON HOPMAIIbHOM (opme.

BoinonauTh goka3arenbcTBO NP-TIOHOTHI 3a4a41 O BBIIOJHUMOCTH.

Pa3paborats kiacc, peanu3yrouuil penienre 3aaun o Kimuke rpada.



Pa3paborats Kacc, peanu3yromnii peneHne 3aa4d 0 MHOTOIIPOIIECCOPHOM PACITUCAHHH.
3aoanusa no pazoeny 4

3aganue Ne 1. «cApudmeTryeckue ornepamm.

3ananue 1.1.
Brpruncivre 3Ha4€HUS CAEAYIOIIMX BBIPAXKEHUI:

cymMma 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
ACICHUEC —— |, —_, ;

3513’ 13 ' 868.014

35 12.3
Bo3Benenue B crenenp 2177 ; 7.68
OGpaTuTe BHUMAaHHE ¥ OCMBICIIUTE HOIYYEHHEIE PE3YIIbTaThI!

3amanue 1.2.
Wcnonp3ys manmuTpy WIM KIaBHATypHBIA HA0Op, BBEOUTE CICAYIOUIME MHOTOSPYCHBIE

BBIpA)KEHUS,
BBIUUCIIUTE UX 3HAYCHHUS,
OCMBICIIUTE PE3YJIbTaT.

(1 ij3—5(2+4) ; 23.5+(2+4)

5 11 3
3amanue 1.3.
586
HaiinuTe 3HaUCHHS CIIEAYIONIMX YUCIOBBIX BHIPAXKCHUH : E 7

- TOYHBIE,

- MpUOIMKEHHBIE C TOYHOCTHIO /10 6-TH 3HAYaIUX MU,

- IPUOIMKEHHBIE C TOYHOCTHIO A0 25-TH 3HaYAIIUX IUGD.

(To ecTp Kax10€ BBIpAKEHUE JOJDKHO OBITH BHIYMCICHO TPH pasa.)

3aganue 1.4.
] 389.65
Haiinute 3HaUueHNE CIEAYIONMIETO BHIPAXKEHUS | 17

- IpUOINKEHHOE C TOYHOCTHIO A0 6-TH 3HaYamux uudp,
- NpUOIMKEHHOE ¢ TOYHOCTHIO 10 16-TH 3HaYamx Hudp.

3amanue 1.5.
BrruncnuTe 4ncioBbIe 3HAYEHUS CIEIYIOIIUX BBIpaKEHUH (CO CTaHAAPTHOW TOYHOCTHIO - 6-Tb

3HAYAIMX HUdp): s : 35! et : |n(68); Iog3(6561).

Brruucnure 4ynciaoBoe 3HAYCHHME CIEAYIONMIETO BBIpaXKEHHUs (C TOYHOCTHIO a0 30-TH 3HaYaImX

undps): IN (27[) :

3ananue 1.6.
Haiigure unciioBble 3HaU€HUS! TPUTOHOMETPUYECKUX (PYHKIUHN (TOUHBIE U TPUOJINKEHHBIE):

sin(%); sin(l%ﬁj; cos(30°); arccos(%); arcsin(0.4); tg (%j acrtg(\/§).



3ananue 1.7.
/ , 2
BbIuKcaKTe BBIPAKEHHs, IpOaHANU3KUpYiiTe pe3ynbrar: /16 | X2 ; |X| .

Cnpaska. Monynb BBIUUCISET a0COTIOTHOE 3HAYCHUE BBIPAKEHUS, TONMPOOYHTE HANTH
COOTBETCTBYIOIIYIO ()YHKITUIO Ha MATTUTPE.

3aganue Ne 2. «Oneparopsl npucBanBanud. [10ACTAHOBKU.»

3aganme 2.1.
s Toro, 4toObl TIOHATH PA3HUILy B JCWCTBUHM ONEPATOPOB IPUCBAMBAHUS, BBIOJTHHUTE

CIIeyIOIINe ACUCTBUS:

- C MOMOINIBIO OlepaTopa HEMOCPEACTBEHHOI0 MpHUCBauBaHus ( = ) MEPEMEHHOM X MPHUCBOUTE
3HaueHne GyHkiuu RandomReal[ ] (cM. cripaBky) , TeHepUpYOIICH TCEeBIOCTYYaliHbIC YHCIa U3
nuamaszona or 0 no 1 ;

- C TMOMOIIBIO OlepaTopa OTJIOKEHHOro NMpUcBauBaHus ( = ) MEPEeMEHHON y TOXXE€ IPHUCBOWTE
3HadyeHue ¢pynkuuu, RandomReal[ |, renepupyromieii ncepmocnyyaiiaple yncia u3 auamnasona ot 0
nol;

- BBIBEIUTE IIOCJIEIOBATEILHO B OJIHOM BXOJHON CTPOKE (MCIIOJIB3Ysl CIHMCOK) ISITh 3HAYEHUU
MEPEMEHHOM X ;

- BBIBEIUTE IIOCJIEIOBATEILHO B OJIHOM BXOJHOH CTPOKE (MCIIOJIB3Ysl CIHMCOK) ISITh 3HAYEHUU
MIEPEMEHHON Y ;

- CpPaBHUTE PE3YJIbTATHI, CACIANTE BHIBOIDL;

- OYUCTHUTE 3HAYCHUS MTEPEMEHHBIX X U Y .

3amanue 2.2.
Vcnonb3ys oneparop MOJACTaHOBKH, JUIS KaXI0TO U3 CIICAYIONINX JBYX BhIPaKCHUI:

xe*+In(x)-y; Xx*+y®+sin®x+cos®x+1.5
BBIITOJIHUTEC 110 ABC ITOJACTAHOBKHU:

- UMCJIOBYIO - BMECTO ICPEMCHHBIX X U Y IOACTABUTH YUCJIa 1u?2 5
- CUMBOJIBHYIO - BMECTO ICPEMCHHBIX X U Y TIOACTABUTH CUMBOJIBHBIC BBIPAXKCHUA 28. n b +C.

3aganue 2.3.
Hcnonb3ys onepaTop MoICTAHOBKH,

- CO3/1aliTe €IMHBIN CIIMCOK 3HAYCHUN CIICAYIOMMNX (PYHKIHUIL: xe ™ ; X2 ; sin(x) , >

X® -1
MIpH cheayronux 3HaueHusx nepemennon X :0.3,0.6,0.9,1.2,15,1.8.

- IpEeJCTaBbTE CIMCOK B BUJAE TaONMIbI, B 1-0if CTpOKe KOTOPOMl JOJKHBI OBITH MPEICTABICHbI

3HAYEHUS apryMEHTa X ;

- MOJIMUIIINTE CTPOKHU TAOJIHUIIBI, YKa3aB B KAUYECTBE 3ar0JIOBKOB COOTBETCTBYIOLINE (DYHKIIMH.

3amanue No 3. ((HDeO6D8.30BaHI/Ie CHMBOJIBHBIX BBIPAKECHUM. )

3amanue 3.1.

4
- B MHOTOUNIEHE (X + l) —x*—2x-1 PacKpbITh CKOOKH U MPUBECTU MOJOOHBIE ClIaraeMble;

- IOJIYYCHHOC BBIIIC BBIPAKCHUC PA3JIOKUTH HA MHOKHUTCIIN.

3ananue 3.2.
- B MHOTOUNICHE 12y2 +6xy—-6xz-12yz+30y—-30z

BBIHECTH 3a CKOOKH YHMCIIOBOM MHOKUTENb (koMaHa FactorTerms) ;

- B TOM )K€ MHOTOYJIEHE 12y2 +6xy—-6xz-12yz+30y—-30z

BBIHECTH 32 CKOOKM MHOXKUTEITh, HE 3aBUCSINNI OT mepeMeHHou X ( komanaa FactorTerms ) ;



3aganue 3.3.
- B tom xe MHorounene 12 y2 +6Xy—-6xz2—-12yz+30y —30Z crpynmuposars ciaraemsie

II0 CTEIECHSAM Y,

- B TOM e MHorounexe 12 y2 +6Xy—-6xz2—-12yz+30y —30Z crpynnuposats cnaraemeie

I10 CTCOCHAM Y U Z,

3amanue 3.4.
2x3 + x(5x—1) —l)

(83 _12x% ¢ 6x—1)

- B paunvoHalbHOM BBIpAXEHUU COKpaTUTh OOIIMEe MHOXXHUTEIH B

YUCINUTCIIC U 3HAMCHATCIIC,

(x+3) (x2—5) (2x3+x(5x—1)—1)

- B panroHanbsHOM BBIPAKEHUH — -

(2x-1) (4x®-4x+1) (8x°-12x® +6x-1)

MPUBECTH JAPOOM K OOLIEeMy 3HAMEHATEII0 M COKPATHTh OOIIME MHOXUTEIUW B YHCIHUTENC U
3HaAMEHAaTEE |
- Pa3JI0KUTh TO K€ PAl[HOHATBHOE BBIPAKCHHE

(x+3) (x2—5) (2x3+x(5x—1)—1)

— - ) HA CYMMY MPOCTEUIINX APOOEH.

(2x-1) (4x*-4x+1) (8x°-12x"+6x-1

3aganue 3.5.
- IlpumenuTe X TpHTOHOMeTpUdeckomy Bhipaxkenuio CtQgX—tg X —2tg (ZX) CIIELYIOIIHE

koManbl: TrigExpand , TrigFactor , TrigReduce u Simplify, cpaBHuTE pe3ynbTarsl;
- npezicraBbTe BhIpaskenne SH X + Ch X B sxkcionennmansHoMm Bujie (komanaa TrigTOEXp);

- npencrasbre Bhipakenue ClgX—1g x—2tg(2x) B OKCIOHEHIIMAILHOM BHJIC W TIPUBEIUTE
MOJY4YEeHHOE BhIpaKeHHE K Hauboiee mpocromy Buay (komaunael TrigToExp u Simplify);

- NpeACTaBbTE BHIpAKEHHE € B TpUroHOMeTpHueckoM Buae (komamma ExpToTrig) - dopmyna
Olinepa;

1 —4ix 1 2ix 4
- MPEACTAaBLTE BBIPAXKECHUE Ee +€ B TPUIOHOMETPUYECKOM BHIE U IPHUBEIUTE

MOJYYEeHHOE BhIpaKeHHE K Hauboiee mpocromy Buay (komauael ExpToTrig u Simplify);

3asanue 3.6.
[IpeoOpa3yiiTe ciemyrolmue  BBIpaXEHHUS, UCHONB3YyS  JIOOble  (QYHKIMH  CHMBOJIBHBIX
npeoOpa3oBaHMI U CTPEMSCH MOTYYUTh IPUBEIEHHBIN OTBET:

x* —6x3—4x% —18x—21
X2 —7x% +3x-21

1+x;
%(cos(4x)+4cos(2x)+3) —> cos*x.

3ajganue 3.7.
- Brirounte nanutpy KOMaH7 CUMBOJIBHBIX MpeoOpa3oBaHMil:

MmeHto Palettes — Other — AlgebraicManipulation ;
- CKOTIMPYHTE BO BXOAHYIO CTPOKY PAIllHOHAIEHOE BBIPAKEHUE U3 MPEIBIIYIIETO



x* —6x3 —4x? —18x-21
3aJaHHs > u npuMenuTe komanay Factor aByms cmocobamu:
—7x°+3x-21
1) siBHO yKa3aB €€ BO BXOJHOW CTPOKE;
2) ucnoJib3ysl KOMaHAy C MaUTPBbI;

CpaBHI/ITe pe3ynLTaTH, C,Z[CJ'I&fITC BbBIBOJbI.
x* —6x3 —4x% —18x —21
X2 —7x% +3x—21

- B Tom ke PpaluOHaJIbHOM BbIPAKCHUU PA3JI0KUTEC HA MHOXKHUTCIIN
TOJIBKO YHUCJIIUTECIIb.

3aganue Ne 4. «Onepanuu MareMaTHuecKoro agaiansa (4acrsl).»

3amanue 4.1.
BBIYHCITUTD 3HAYCHHS CIICTYIOIIMX CYMM:

-C HOMOHIBIO KOMaHI[bI Sum ,

1 S o 1 .
Zlk Zq Zl(Zkl ka

- C HOMOIILIO 3HAUKa X .

o (rk) &kP+k-1 & 1 & 2%
kzj'”(ﬂ' kZ::l (k+2)! Z(2k+1)!’ Z(2k+1)!

k=1 k=1
3amanue 4.2.
. . X3 X4 X5 X6
BoruncnuTh 3HaUeHHE Clenyromel 0ECKOHEYHOU CyMMbl: — + — + — + — +
2t 31 4l
3amanue 4.3.

BbrurcnTs 3HaYCHUS CIACAYIONINX TPOU3BEICHHUI:
C TIOMOIIBIO KomaH sl Product

0 (_1)k+1 0 1
1+~~~ |: 1-——
g 2k -1 g (2k-1)°
¢ moMOIlBIo 3Hauka I1
o XZ o X2
X l+——|; X 1-——
g k? z° g k? 7?

! Ynpocmume omeem, nonyuennwviti 8 nocieonem npouszeedenuu. Illosxcnepumenmupyime u
Odobetimecy pe3yrbmamal

3ananne 4.4.
BrruncnuTh 3HaY€HHE CIIEIYIOIIEro OECKOHEUHOTO MMPOU3BECHHUS:

(14—x)(l+—x2)(l+-x4)(l+-x )(14_X16)

3amanue 4.5.



[Momyunts cnucku 3Ha4eHUU (T.e. MPOTAOyIMPOBATH) CIEAYIOMIMX (YHKIUNA MpPU U3MEHEHUU

(#4107
aprymeHTa X B Ipejenax X€(1;5): T CoXe" T

3aganue 4.6.

o o y2 . X
Co3nare Tabnuiy 3HadeHud cienyrommx Qynkoumit: X~ | €

; InX ma HHTEPBAJIE U3MEHEHUS
aprymenTa X € (1;10) .

I Tabauya oondicna cocmosimo u3 4-x cmonoyos: 6 1-om cmoabye - sHaueHus apeymeHma x ; 6o 2-
om, 3-em u 4-om - 3Hauenus madoyrupyemuix Qyuxyuii. !

3amanue 4.7.
. . U2 . \/_
CosznaTh TabnuIy 3Ha4YeHUU cienyomux Gyaknuii: X~ ; /X u aprymeHta X B Juamna3oHE ero

3HaueHnH X € (5; 9) C [IaroM, paBHBIM 0,5.

Pe3ynbrar nmpenctaBuTh B BUE TaOJIUIIBI, COCTOSAMICH U3 TPEX CTPOK.

3amanue 4.8.
Cosnarh Tabnuny 3Hadenuii Gyaxauun NIM! nug smavenmit aprymentos: 1<N<5, 1<m<7.

I Obpamume enumarnue, umo 3mo o0Ha GyHKYUs Om 08yXx apeymerHmos !
Pe3ynbrar mpencTaBuTh B BUIC TAOJUIIBI, TOAIMUCATH CTPOKU M CTOJIOIBI.

3amanne No 5. «Onepanmy MaTeMaTHYECKOro aHaan3a (4acte2).»

3amanne 5.1.
. 1-e& o 1-a" . 1-¢*
Brruucnuts npeaens cnepyomux Gyaknouit: [Im———— ; lim ;o lim———;
t-0In(1-3t)  n>01-e" = x->01-g7*
1 2 X
. _— . X—a . n-—n
lim (1-x)1x ; lim—————; lim——
X—>00 x—>a|n(X—a+1) Xx—>2 X—2
3amanue 5.2.
BBIUMCINMTE OHOCTOPOHHHE MPEENBI CIEAYFOIIUX ()yHKIIHIA:
1 sin X
arctg— npu x —0 ; npu X >4 ; mpu X —>0
X X—4 x|

1) npu npuOIMKEHUH K IIPEJeNy CIeBa;
2) npu NpuUOINKEHUHU K IIpesiey CIpaBa;
Pe3ynpTaT npoMIIIOCTpUpPOBaTh IpaUueCcKH.

3azmanue 5.3.
Breraucnuts npenenst cneayrommx GyHKITui:

1-e X ) .
1) 73 ( IPUA X —> 00 IS TIOJIOKHUTEIBHBIX M OTPUIATEIbHBIX 3HAUEHUH MmapaMeTpa a ;

o)

X

2) — TIpu X —>oos 3HAYEHUM Mapamerpa a , MPEBBIIAIOIUX E€IWHUIYY W I 3HAYCHHUU
X

nmapaMmeTpa a , JekKalux B Mpeaenaax oT HyJs 10 €AUHHUIIbI.

3amanue 5.4.



Hcnonb3ys ¢pyHkuuio Series, MOMyduTh 001He (OpMYIbI s pa3iokKeHUs
dynxupn f (X) JI0 TPEThEH CTeTeHN apryMeHTa

1) B psin Maxnapena, T.e. okpectHocTd Hyns X =0;
2) B psia Teiiopa B OKpECTHOCTH HE HYJIEBOM TOUKU X = A.

3aznanue 3.5.

1) ITony4uTh DOJUHOMBI 7-TO MOPSAKA, PA3JIOKUB B P CIEAYIOMINE PYHKIIMH C COXpAaHEHHEM 7-
sin x

Ol CTENeHN apryMeHTa: u Sh(X)Ch ( X) B okpectHocTn X =0;
COS X

2) Pa3no:uTh B psiji ¢ COXpaHEHHEM 5-0if cTenenu aprymenta Gpynxuuo 1N X

B okpectHocTH X =0 - 00BACHUTE pe3ynbTaT
U B OKPECTHOCTH X =1- B NOJIy4E€HHOM pE3ylbTaTe CTPYIIIMPYHTE CIaraeMble IO CTENEHAMH
aprymeHnra X.

3amanue 5.6.

1)Paznoxute B psg QyHKIUIO ey SinX B OKPECTHOCTH TOUKH X = 0, y= O ¢ TouHOCTBIO 110 5-
ol crenenu X u 3-eii crenenu Y

2) obopBaTh psj, NOITY4YUB MOJUHOM 5-T0 nopsaakano X u3-romno Y ;

3) crpynmnupoBath cjaraeMble Mo cTeneHsm X ;
4) crpynnupoBaTh CJaraeMble 1o CTENEHAM Y .

3amanue 5.7.
BoruncnuTh 4acTHBIE TPOU3BOIHBIE IO X JIBYMS CLIOCOOAMU:

a

1) c momompro pyakmm quddepernunpoBanus D st GyHKIHA: In (—J , sh(a X) ; x!
X

2) ¢ noMomIkio oneparopa uddepeHupoBanus O st (yHKIHA:

ax+bx—c: @; (sinx+cosx)2.

(x+1)
3asanue 5.8.
Boeruncnuts 2-ms ciocobamu (D u 0 ) 4acTHBIE KpaTHBIE IPOU3BOIHBIE
1) 7-ro nopsiaka o X OT QyHKIUH: ax’ +bx°—c X3;
y? -1
2) 5-ro nopsiaka o Y ot QyHKIMU: 3 ;
y +1

3) cMenIaHHyo POU3BOAHYIO 3-T0 nmopsaka no X u 5-ro nopsiika no Y or GyHKIuu: sh ( X y) :

3aganue 5.9.

BoruncnuTh unciaoBbie 3HaUeHUS (PyHKINN sin3 X+ COS X2 , €€ IepBOM ¥ BTOPOM IIPOU3BOJIHBIX B
T

Touke X =—.

3

3amanne No 6. «Onepanmyu MaTeMaTHYECKOTr0 aHaan3a (9acThb3).»

3aganue 6.1.
BerauciuTh HeolpeIeJICHHbIE HHTETPAJIBI TT0 IIEPEMEHHON X OT CIISTYIONINX



GbyHKIHA:
3a7laHus IyHKTa 1) cienaTh ¢ MOMOILBIO KoMaH bl Integrate ,

3aJIaHus ITYHKTa 2) caciaTth C IOMOIIBIO 3HAYKa J.

b 1 ()= g screonk g L (),

= ; ; In
\/§(1+ X) 3fsinx —cosx

T1-x% (1-x)

2) f(x)=sinxIn(tgx) ; f(x)=e**sin®x; f(x)=e**cos(bx).
YKa3zaHus:

1. Bo BTOpOM 3aanuu nyHKTa 1) nosyuure oOliee pemeHne (T.e. ¢ KOHCTAaHTOW HHTErpUPOBaHUs)
2. B Tpetbem 3amanuu myHKTa 1) MonpoOyiTe ypoCTHTh MOJyYeHHOE 3HAUCHHUE.

3aganue 6.2.
Brruuciuts HeonpeaeneHHbI HHTETPaT 10 IEPEMEHHOM X OT HE aHATUTUYECKON (YHKIIUH

f (X) = X|X| Pa3HBIMH CTIOCOGAMHU:
1) 6e3 kakux JIMOO MPEATONIOKEHUN O IIepeMeHHON X |
2) npeamnonaras, uto X >0, HCIOJIb3Ys KoMaHAay Integrate ;

3) npeanonaras, uto X < 0, ucrnons3ys 3Ha40K

3amanue 6.3.
BbIuuciuTh crienyroue onpeaesieHHble HHTETPaIbI

] f X
1) c momomkto koMan sl Integrate ot pyHkMM f (X) =arcsin 1— B Ipejeax oT 0 mo3,
+ X

MOJIYYHUTb TOYHOC U HpI/I6JH/DKéHHO€ 3HA4YCHMUAA,

1

2) ¢ moMoIIbio KOMaH bl Integrate oT pyHKITMN f (X) =—7 7 BIIpesienax ot 0 no
SIN" X+ CO0S " X

27T , BBIYMCIICHHS BBIOIHUTH JABAXKIbI:
- 0e3 yKa3aHus KaKux-I1u00 yCIOBHH,
- C YKa3aHUEM YCIJIOBUS, YTO MepeMeHHass X NMPUHAUIeKHUT MHOXKECTBY BEILIECTBEHHBIX unceln Reals

IMOJIYYHUTh TOYHOC U HpI/I6J'II/DKéHHO€ 3HAYCHUA,

3) ¢ moMOIIIbIO 3HaYKa ot ¢pyukunn | (X) = |1— X| B npenenax or 0 mo 2;

2
4) c MOMOIIBIO 3HAYKA oT QyHKIHU f (X) = (X In X) B pezenax ot 1 no €, nomy4uth

TOYHOE U MPUOIMKEHHOE 3HAYCHNS,

- shx +chx
5) ¢ moMoIIkEI0 3HAYKA oT QyHKIUHU f (X) = ————— BIpEenax oT 0 g0 0 ; nonyunts
o eX
TOYHOE U MPUOIMKEHHOE 3HAUCHUS.
3aganne 6.4.
BreruncnuTh crnegyroiue onpeaeaeHHbIe MHTETPallbl ¢ JOTOTHUTEILHBIMU YCIOBUSIMU:
1

1) ¢ moMOIIBIO 3HAYKA I ot ¢pynkiun f (X) = B mpenenax or —1 go 1 mpu

x> —2XCosar +1
yenosun, uto 0 < o < 77 ;



eX

2) ¢ moMoIIb0 KoMaH bl Integrate ot GyHKIIMK f (X) = B IIpeJiesiax oT —00 JIo o0

(adre)‘)2

BBIYHCIICHUS BBIITOJIHUTD JIBAK/IBI:
- 0e3 yKa3aHus KaKux-J1100 ycIoBUH (ITPOAHATIM3UPOBATh PE3yiIbTaT),
- C YKa3aHHEM YCIJIOBUS, YTO IMapameTp a - MOJI0KHUTEIICH;
—-ax
3) 066 criocobom ot dyrkiuu | (X) =€ COS(b X) B npezenax or O go o0;

BBIYMCIICHUS BBITOJIHUTD JBAXKIbIL:
- 0e3 yKa3aHus KaKux-T1u00 yCIOBHIA,

- C YKa3aHUEM YCJIOBHUSI, UTO MapaMeTp a - MOJIOKUTENICH, a TapaMeTp b MPUHAIICKUT MHOXKECTBY
BEILIECTBEHHBIX uncel Reals.

3aganmue 6.5.
[Torpo6oBaTh BEIYMCIIATH AHATUTUYECKHU CIICTYIONINE ONPEACIICHHBIC HHTETPAIIB:

1
ot pyuxuun | (X) =xXe*p npeznenax ot 1 10 5;
ot pyrkuun | (X) =sin (sin X) B npenenax ot 1 o 2;

Haiitu yncnennbie npuOImKEHHBIC 3HAYEHUS 3TUX HHTETPAJIOB ABYMS CIIOCOOAMHU:
1) ¢ ucronb3oBaHUEM 3HAYKA ,
2) ¢ UCHOJIb30BAaHUEM KOMAH/ bl UHTEIPUPOBAHUS.

3amanue 6.6.
BerurcinuTh HeompeaeaEHHbIC KPaTHbIC HHTErPajibl (KpaTHBIC IIEPBOOOPA3HbBIE) :

1) ucronb3ys 3Ha90K MHTErpUpOBanus oT Gpynxiuu | (X) = ( xIn X)2 1IEpBO0OPa3HYIO 3-€ro
MOPS KA ;

2) Ucronb3ysl KOMaHIy MHTETPUPOBAHUS OT (PyHKIMH f (X) =sin x sin2x sin3x
NepBOOOPA3HYIO 5-T0 MOpsIKa .

3aganue 6.7.
BBIYHCITUTE KpaTHBIE HHTETPAJIBI:
x-1 N
1) ucnonp3ys 3Ha4YOK MHTETPUPOBAHUS OT (PYHKIIMH f (X) = —1 JIBOMHOM OMpeIeIEHHBIH
X+

unterpai B pegenax or 0 10 2, moay4uts NpubIMKEHHYIO OLEHKY PE3yIbTaTa ¢ TOYHOCTBIO 10
4-x 3Havamux nudp;

x-1
2) MCTIONB3ys KOMAHLY HHTErPHPOBAHHS OT ByHKIHH | (X) = ———— TPONHOW ONpeaeNEHHBIN
X

uHTerpan B npeaenax or IN2 o ez, MOJTYYUTh MPUOJIMKEHHYIO OIICHKY pe3yJibTaTa ¢ TOYHOCTHIO
1o 10-tu 3Havanmx uudp;

x-1
3) mO6EIM croco6oM oT GyHKIHH | (X) = —1 IBOMHOM onpeAenEHHbII HHTErpal B Ipejienax oT
X+

a mo b B npexmonoxennn, uto a >0, b>a.

3amanue 6.8.



Bbruuciuth 1ByMs criocob6amMu, UCIOb3Ys 3HAYOK U KOMaHy HHTETPUPOBAaHUS, IBOWHOM HHTETpaj

”(X + yz)dx dy o o6nactu G, orpanmuenHoi THHUAME y=Xuny= X2.

YkazaHue: CBeCTH JBOMWHON MHTErPal K HOBTOPHOMY MHTErpaiy o gopmyse:
b y2(x)

Hf(x,y)dxdy:jdx j f(x,y)dy
G a  y(x)

3aganue Ne 7. «Cricku, BEKTOpa, MAaTPUIIBL. )

3amanue 7.1.
1) onpenenuTh MHOTOYPOBHEBBIN CIIHCOK: V = {{a, b} , {{ez,sin X}, y}} ;

2) obparmasch K 3JI€MEHTaM CIUCKA (T.€. UCTIOIb3YysI IMEHA YTHX AJIEMEHTOB), COCTABHUTH

sin X 2
BBIP@JKEHNE, KOTOPOE B BBIXO/HOMH CTpOke npumet Bua: —p— — €7 Y]
a

3) ouucTuTh UMs V.

3amanue 7.2.

1) onpenenuTs aBa BekTopa vl u v2 ¢ kommonentamu (a, b, ¢, d, e, f) u (3, 7, 11, 15, 19, 23)
COOTBETCTBEHHO;

! Ons coz0anus 6ekmopa v2 ¢ Yuci08bIMu KOMNOHEHMAaMU 80CnOab3ytimecy gyukyuetl Range !
2) omnpeAenuTh 1B€ MaTpuilbl m1 U m2 ¢ aneMeHTaMu

a b c 1 4 7
d e flul2 5 8 COOTBETCTBCHHO;
g h j) (369

3) BBINOJHUTH CIEAYIOUINE apudMeTHUeCKue IeiCTBUS Ha/l BEKTOPaMH U
MaTpULIAMH:

- CJIOKUTB BeKTOp V1 ¢ unciaom 3 u Matpuny ml ¢ uuciom 7;

- BBIUECTH U3 BeKTOpa v1 uncio 5 , u3 MaTpuisl ml uncio 6;

- YMHOXUTB BeKTOp V1 u marpuiyy ml Ha uuncino 4;

- paznenuthb BekTop v1 u matpuiny ml Ha yucio 2;

- CJIOKUTH JiBa BeKTopa vl u v2 u 1Be matpuibl ml um?2 ;

- BBIYECTb U3 BekTopa v1 BekTop v2 u U3 Matpuisl ml maTpuiy m2 ;
- pa3faenuTh BeKTOp v1 Ha BekTop v2 u Matpunly ml Ha maTpuny m2 ;
- YMHOKUTb BeKTOp V1 Ha BekTop V2 1 MaTpuily ml Ha matpuiy m2 ;
- CIIeJIaTh BBIBOJ;

- OYUCTHTL UMeHa V1 , v2 , ml um2 .

3amanme 7.3.

1) onmpenenuth 1Ba BekTopa vl u v2 ¢ komnonenramu (1, 3,5,2,6,4)u (2,7,5,8,1, 3)
COOTBETCTBEHHO;

2) ompenenuTs ABe MaTpUIbl m1 U m2 ¢ sJeMeHTaMu

1 2 3 3 21
6 5 4|u|d4 5 6| coorBercreenno;

1 3 5 5 31

3) BBITIOJIHUTH CJICIYIOIIUE JICHCTBUS:
- BO3BECTH B KBa/IpaT BEKTOP V2 U MAaTpHUILly m2;
- U3BJIEYb KBA/IPATHBIN KOPEHb U3 BeKTOpa V1 u MaTpuisl ml;



- BO3BECTHU IKCIIOHEHTY B CTENEHb BeKTOpa V1;

- BBIYMCJIUTH CHHYC BEKTOpA V2;

- BBIYHMCIIUTH HATYPAIbHBINA Jorapudm MaTpuibl ml;

- BBIYMCJIUTH THIEPOOTMISCKUI KOCUHYC MAaTPUIIB M2.
- CIeJIaTh BBIBOJI;

- OyHUCTUTH UMeHa vl , v2 , ml um2 .

3ananue 7.4.
1) ompenenuth 1Ba BekTopa v1 U v2 ¢ KOMIIOHEHTaMH (a, b, ¢) U (X, Y, Z)

COOTBETCTBEHHO;

2) BBIIIOJIHUTB:

- OIEpPaLMIO IOWIEHHOTO0 YMHOXEHHS BeKTopa v1 u v2 ;

- OIEPALIMIO CKAJIIPHOTO YMHOXEHUS BEKTOpa V1 1 v2
(mByMst ciocobamu: UCTIoNb3ys KomaHay Dot 1 3Ha4OK . );

- OIEpPALIMI0 BEKTOPHOTO YMHOXEHUS BeKTOopa v1 u v2
(mByMs criocobamu: UCTONBb3yst KoMaH 1y Cross U 3Ha40K X )
- CIIeTaTh BBIBO/I;

- OYUCTUTH UMeHa vl u v2 .

3ananue 7.5.
1) onpenenuthb nBe MaTpuilbl A u B ¢ anementamu
%1 G 93 by B byg

Ay Ay Ay |m|by by by

d3p dzp dgz by; by, b

2) BBITIOJTHUTE:

- OIlEpalMIO IOWICHHOTO0 YMHOKEHUS MaTpUIbl A Ha MaTtpuny B ;

- OIepalri0 MAaTPUYHOTO YMHOKEHHUSI MaTpullbl A Ha maTpuny B

(mBy™Mst ciocobamu: UCToNb3ys KomaHay Dot 1 3Ha4OoK . );

'Mcnonb3yinTe komaHay MatrixForm ana npaBuabHOro nsobpaxeHus pesyabTaTos!

3aganue 7.6.
1) ucnone3ys ¢pynkuio Range, co3nate BeKTop X, 3J€eMEHTaMU KOTOPOTO SIBIISIFOTCS

IIOCJICA0OBATCIIbHBIC BEIICCTBCHHBIC YN CJId, 3HAYCHUA KOTOpBIX N3MCHSAKOTCA OT 0 0 27[ C m1arom
72'/ 4:
2) onpenenuTh BEKTOp Y , 3IEMEHTaMU KOTOPOTO SBIISIOTCS 3HAUCHHS (QYHKIIMH CHHYCA OT

2JIEMEHTOB BEKTOpa X ;
3) 0ObeIMHUTH B €IMHBIN IBYXYypOBHEBBIH criucok L1 Bektopa X u Y,

MPEACTaBUTh PE3YNIBTAT JIBYMs CIIOCOOAMHU: B BUJIE CITUCKA U B BUJIE TaOIHUIIBI

(B TabnwHIIe MOAMHUCATH CTPOKK);

4) co3natb IByXypoBHEBBIN criucok L2 , mpeoOpa3oBas criricok L1 Tak, 4T0OBI 2ieMeHTaMu
Ka)XJIOTO M3 BHYTPEHHHX CIIMCKOB OBIIM KOOPIMHATHI TEKyIIed ToOuku X U Y, MIpeICcCTaBUTh

pe3yabTaT ABYMS CIIOCOOAMHU: B BUIE CIIMICKA U B BUJIC TAOJIHIIBI

(B TabnHIIe TOAMUCATEH CTOIOIIBI);

5) BbACNUTD U3 cnicka L2 koopauHAThI 6-0i TOYKY;

6) ucnone3ys rpadpudeckyto pynkuuto ListPlot, n3006pa3uTh B JeKapTOBBIX KOOPAUHATAX TOUKH, C
KOOpJMHATaMU U3 cnucka L2 .

3ajganue 7.7.
1) Pemuts, nucnons3ys komanay LinearSolve , cuctemy TMHEHHBIX ypaBHEHUIH



1.5% —0.8X, +4.25%3 =5.1
0.5% —1.5X, +7.1% =—1.2

2) omnpesenuTh BEKTOp PEIICHU X ;
3) ucnob3yst MAaTpPUYHOE YMHOXKEHHE, CLIeJIaTh IIPOBEPKY: YMHOXKHUTH MaTpUIly KO3 pULreHToB Ha
BEKTOP PEILIECHUI U ITOJYyYUTh BEKTOP IIPABbIX YAaCTEH CUCTEMBI YPaBHECHUN;

4) BBIYUCIIUTH CyMMY PELICHUH CHCTEMBI yPaBHEHHUH, T.€. X1 + Xy + X3.

3amanue Ne 8. «[Ipocreiiniee onrcanue QYHKIHILD)

3aznanue 8.1.
1) onpenenuth GyHkiuu ¢ umeHamu F1 u F2 | Beraucisroniye TpeTbio CTENeHb CBOET0 apryMeHTa:

- ipu onpeneneHnu GyHkuuu F1 ucrnonb30BaTh 3HaK HEMOCPEICTBEHHOTO MTPUCBanBaHus (=),
- IIpY omnpeneneHny GyHKuuu F2 ncrnonb30BaTh 3HaK OTJI0KEHHOI'O IPUCBAUBaHUs (=) ;
2) npumenutsb ¢pyakuuu F2 u F2 s Bo3BeneHust B KyO CIIeIyIONINX apryMEHTOB:

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

3) BBIYHCIHUTD 2-yIO POU3BOAHOIO OT pyHKIMHU F1 1 TpeTpto nepBoodpasnyro aist pynkiuu F2.
4) ounctuth uMeHa F1 u F2.

3ananue 8.2.
1) onpenenuts n8e GyHkiuu ¢ umeHamu fl u f2 , BeraucsAonye IIuHy CBOETO apryMeHTa

(Bocmonb3yiTecs BcTpoeHHoM pynkuueit Length):
- ipu onpenencHnn Gpyaknun f1 ucroap30BaTh 3HAK HEMOCPEACTBEHHOTO TIPUCBanBaHus ( =),
- ipu onipeneneHnu GpyHkuuu f2 uCnoab30BaTh 3HAK OTI0KEHHOTO MPUCBAaUBaHUs ( :=) ;
2) npumenuth GyHkiun f1 u {2 s Beraucinenus uHbI ciucka {8, 7, 6, 5, 4, 3} ;
OOBSCHUTH PE3yNbTaT.
3) ounctuth umena fl u 2.

3amanue 8.3.
1) ucnone3ys 3HaK HEMIOCPEJCTBEHHOTO MPUCBaNBaHUs (= ),

OTIpeNIeNIUTh (PYHKIUIO IBYX IIEpEMEHHBIX Gl( X, y) = e‘3x COS( y2) ;

2) Ucnonb3ys 3HaK HETOCPEACTBEHHOIO IPUCBAaUBaHUs ( = ) ONPEAeTUTh PYHKIUIO GZ( X, y) ,

SIBJISIOILYIOCS] CMEILIAHHOM NMPOU3BOIHOM OT PYHKIIMH Gl(X, y) : 3-X KpaTHOH 110 IepeMeHHOl X U

5-TH KpaTHOM 110 epeMeHHOoN Y ;
3) ucnomnb3ys 3HaK HEMOCPEACTBEHHOTO IPUCBAUBAaHUS ( = )ONPENEIUTh (DYHKIINIO G3(X, y) ,

SIBJIIOILYIOCS] CMEILIaHHOM 1epBO00Opa3HOM At QYyHKIIUI Gl( X, y) :

OJHOKPATHOM 110 NIEPEMEHHON X M JBYKPATHOM 110 IEPEMEHHON Y ;

4) nust KaKa0u GyHKITUN Gl( X, y) , GZ( X, y) , G3(X, y) cO3/1aTh U CHAOIUTH 3aroJIOBKAMU
TaONMIly €€ 3HAYEHUI IPU M3MEHEHNH NIepeMERHBIX ¢ equandnbM maroM: X ot 0 1o 3; Yor 0
10 5.

5) 3aHOBO MepeonpeeauTh PYHKINIO G3( X, y) , UCTIONIBb3YS 3HAK OTJIOKEHHOTO MPUCBaUBaHUS (

:= )| emé pa3 MOMBITATHCS CO3/1aTh TAOIUITYy €€ 3HAUCHHIA.

6) ounctuts umena G1, G2, G3.

3aganue Ne 9. «Onmcanue CI0KHBIX (YHKITHA.»
3aganue 9.1. @yHKIUU ¢ yciaoBUeM Ha apryMeHT: pyHkius Condition - onepatop /;




2
1) coznatp pyHKIMIO Gl(X) = X", KOTOpasi BBIYUCIISIIACH OBI, TOJIBKO €CIIM KOCUHYC €€ apryMeHTa

UMeeT 3HaYeHue, Oobiee 1/ 2 (ycloBHe yKa3aTh IIPH ONTMCAHWH apIyMEHTa );

G2 2
2) co3aath PYHKIIHIO X )= X", KkoTopasi BEIYHCIIIIACH ObI, TOJILKO €CJIM KOCUHYC €€ apryMeHTa

uUMeeT 3HaueHue, OoJblee 1/ 2 (ycrnoBHe yKa3aTh IIPH OIHCAHME “Tena” GyHKIHH);

1
P
10

3) npoTecTUpoBaTh PYHKIIMH, BEIUUCIUB UX 3HAYCHUS JUIS CIEAYIOUINX apTyMEHTOB: —, ;

N |-
N | W

4) BBIYMCIUTH KOCUHYC 3TUX K€ apI'yMEHTOB, OCO3HATh PE3YJIbTaT, CPABHUB (BU3YaJIbHO)
II0JIyYE€HHBbIE 3HAUE€HUSI KOCUHYCA C 1/ 2;

5) ounctuts umena G1, G2.

3azanue 9.2. yHKIUY C YKa3aHUEM THIIA ApIyMEHTA.

1) coznars pynkumo g (X) =3x°— tg (X) , KOTOpast BEIUUCIISATIACh Obl, TOJIBKO €CIIH €€ apI'yMEHT

SIBJISICTCS LICJIBIM YHCIIOM;
2) IPOTECTUPOBATH (DYHKIIHIO, BBIYMCIIUB €€ 3HAYEHHE JUIS CIIEAYIOMIX 3HAYEHH apryMeHTa:
2, 0.5, cosx, "mexcm", 15, oco3nats pe3ynbTar! ;

3) ounctuth UMa J .

3asanue 9.3. @yHKIIMU ¢ KOMOMHUPOBAHHBIM YCIOBUEM HA apTyMEHT.
1) coznars Qpynkuuro U l(X) =In (X2 — X) , KOTOpast BEIYUCIISIIACH OB, TOJIBKO €CITH €€ apTyMEHT

spisieTcs cnuckoM (List) , cocrosimum He Goitee, yeM u3 4 31eMeHTOB (YCIIOBHE YKa3aTh MPU
OIMCAaHUH apTyMEHTa );

2) coznars Qpynkuuo U 2( X) =In (X2 — X) , KOTOpasi BEIUUCISUIACh Obl, TOJBKO €CITU €€ apryMEHT

spigercs cnuckoM (List) , cocTosmum He Oosiee, ueM U3 4 3J1eMEHTOB
(ycioBHe yka3arh MpH ONHCAHUH Tela HYHKINH);
3) nmporecTupoBaTh (PYHKITUIO, BHIYUCIHUB €€ 3HAYCHHUE /IS CISAYIOMUX apTyMEHTOB:

2, {2}, {1, 2,8, 4}, {1,2, a, 4,'[} 2,{2},{1,2,a,4} {1, 2, a, 4, t}, oco3nars pesyiuprar!

4) ounctuts umena UL, U 2.

3aganue 9.4. MHOXecTBEHHOE 33/1aHue (PYHKIUH.
1) ucrionb3ys ykasaHue THIA apryMeHTa, co3aath Gpynkumo W (X) , KOTOpas paboTaeT no-pasHoOMY
JUIsL apTYMEHTOB Pa3HbIX THUIIOB:

eciu apryMeHT - ciiucok (tun List) , dpynkuus W (X) JIOJI’KHA BBIYMCIISATH CIUCOK 3HAUEHUH

KBaJpaToOB CHHYCa sin®x or COOTBETCTBYIOIIUX APIYMEHTOB;
ecIIM apryMeHT - 1iestoe umcio (tur Integer) , pyaxmms W (X) JOJDKHA BO3BOJIUTH ATO YHCIIO B KyO
U pubaBIATH K Hemy 10;

eciu apryMeHT - JieiicTuTensHoe uncno (turn Real) , pynxmus W (X) JOJKHA BBIYHUCTISITh

L arctg x
APKTAHI'CHC 2TOI'0 YMUCJid, ACJICHHBIM HAa CaMO YUCJIO — ;
X

eciu apryMeHT - KoMmIuiekcHoe yucio (tun Complex) , pynxmus W (X) JOJKHA BBIYHUCTISTH

cpenHee 3HaUeHHeE JIs ero peaibHoii (Re) u ManMoii (Im) gacrty;
2) mpOTECTUPOBATH (PYHKIIHIO, BBIYHCIIUB €€ 3HAUCHHE JUTS CIICTYFOIIIX



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

3) ouncruts umsa W .

3amanue 9.5. MHOXECTBEHHOE 3a/1laHne (DYHKITUH.
1) ucronb3ys yKazaHue THIIA apTyMEHTa, CO3/1aTh (PYHKITHIO H (X) , KOTOpasi paboTaeT Mmo-pazHomMy
JUTSI apTyMEHTOB Pa3HBIX THIIOB:

eciu apryMeHT - 1ejoe uucio (tun Integer) , pynxius H (X) paBHa CBOEMY apryMeHTy X ;

ecilu apryMeHT - JeficTBuTensHoe uncio (tun Real) , pynkmus H (X) OKpYIJISIET apTyMEHT 10

1IEJIOTO0 YKCIIa [0 NpaBUiIaM OKpyriieHus (Bocmomb3yiitecs Gynkiueii Round) ;
2) npoTecTUpoBaTh QYHKIMIO, BLIYUCIMB €€ 3HAUEHHE JUIS CIEAyIOIMX
aprymenros: 2, —5, 3.4, —-1.7;

3) ucnonb3ys BCTpoeHHYIo GyHknuio Plot, moctpouts rpaduk dyakuuu H (X) Ha UHTEpBaje
Xe [—3, 3] :

3) ounctuth umsa H .

3ananue 9.6. Kycounsie pynkuuu: pynknus Condition - onepatop /;
1) ucionb3ys Bcrpoennyro ¢ynkmuro Condition B Buzae oneparopa ( /; ), co31aTh KyCOYHYIO

GyHKIHMIO W(X), VMEIOIIYIO 3HAUEHHE X2 mpu 0< X <5,
2
3HAYEHUE (X — 5) mpu 5<x<10,

3HAYCHHE (X —10)2 npu 10<x <15

smauenne 0 0 mpu X >15;

2) ucnionb3ys BCTpoeHHY0 pyHKIuio Plot, moctpouts rpaduk GyHKINN W( X) Ha MHTEpBaje
x [0, 20];

3) ouuctuth umst W.

3apanue 9.7. Kycounsle pynkiun: Gynkus Piecewise

1) ucnonb3ys Gynkmuio Piecewise, cozmath Kycounyro ¢pynkiumoo Y (X) :
umerontyo 3Hadenne 0 mpu X < —2,

smauenne X+ 2 npu —2< X <0,

snauenne —X + 2 mpu 0< X< 2,
snauenne O npu X > 2;

2) ucronb3ys BCTpOoeHHyIo Gynkimio Plot, moctpouts rpaduk ¢pyskuun Y (X) Ha MHTEpBaje
X e [—4, 4];

3) ounctuth UM Y .

3ananue 9.8. Kycounsle pynkuuu: Gpynkuus Piecewise - onepatop {
Cpasuenue neiicrBus ¢pynkimii Condition u Piecewise.

1) ucnionb3ys GpyHkuuio Piecewise B orepaTopHOM MPeCTaBICHUN { , CO3/1aTh KYCOUHYIO

GyHKIHIO yl( X) , uMerontyro 3Hadenue 1 npu —4 < X< -2,

sauenne 2 mpu —2 < X <0,
snauenne 1 mpu 0 < X <2
snauenne 2 npu 2<X<4;



2) ucnonb3ys GpyHKuo Plot, mocTpouTs rpapuk GyHKIUH yl( X) Ha MHTEpBaJIC X € [—4.1, 4.1] ;
3) ucnons3yst Gyuxumio Condition B oneparoprom npexncrasiennn ( /] ), co3naTh KyCOUHyIO
GyHKIHIO y2(x) , uMerontyro 3Hadenue 1 npu —4 < X< -2,

3Hauenne 2 npu —2< X <0,
snauenne 1 mpu 0 < X <2
sHauenue 2 mpu 2< X< 4;

4) ucnonp3ys GpyHKuo Plot, mocTpouTs rpaduk GyHKIMH y2( X) Ha UHTEpBaJIe X € [—4.1, 4.1] :

yTOOBI TpaduK NPABUIBHO OTOOpakascs, st pyHKuK Plot ykakute qOmOJTHUTEIBHYIO OIIIHIO
PlotRange — {0, 2}
5) cpaBHHUTB PE3yJIbTaTHI.

3aganue Ne 10. «['paduueckas ¢dyaxumsa Plot u e€ ommu.
IMoctpoenue rpadukoB GYHKIKI, 3aJaHHBIX SBHO B JIEKAPTOBOU CUCTEME KOODAUHAT.»

3ananue 10.1. [Toctpoenue rpaduka oAHON (YHKIIHIA.
[TocTpoenue rpadrka HECKOIBKUX (QYHKIMHA B OAHUX KOOPIMHATHBIX OCSX.

—-X .
1) npeacraBuTh B BUjE rpaduka GyHKINIO y(x) = X€ " B auanaszone 3nadenuii X or 0 mo 5;

2) IOCTPOUTH B OJHUX KOOPAMHATHBIX ocsX B Auanaszone 3HadeHuit X ot O no 10 rpaduxu
CIICTYIOINX TPEX PYHKIIHIA:

- KYCOYHOH (YHKIIUH yl(x) , IMEIOIIEN

3Hauenne 2 npu 0<X <2,

3Hauenne —X +4 npu 2< X <4,

snauenne 2X —8 mpu 4 <X <6,

3Hauenne —X +10 mpu 6 < X <8,

3Hauenne 2 npu 8< X <10,

30
by Y2(X) 10+ x*
- pyskuMH y3(X)=1OXG_X;

3amanue 10.2. 3amanne obnactu n3odpaxenus Ha rpaduke. HazBanue rpaduka u o603HaueHue
OCEH.

1) [loctpouts rpadpux GyHKIMH y(x) =1In (4 — 2X) + X2 -2.

2) yCTaHOBMTH JUAINa30H U300pakaemMbix 3Hadenuii mo ocu Y or —0.7 no 0.5

(onmus PlotRange);

3) ycranoBuTh HasBanue rpaduka : “I'papuk GyHKIMH y(x) =1In (4 — 2X) + X% =2

(ommus PlotLabel);
4) ycraHoBUTH 0003HaUeHue 1o ocsiM X U Y coorBercTBeHHO (omuust AxesLabel).

3aganue 10.3. Ctuib u300pakeHus oceu.

e—X

1+e2)(2-x)

2) yCTaHOBUTH HYXXHBIW JHAMa30H U300pakaeMbIX 3HAUeHUH TI0 006enM ocsiM (1oI00paTh
CaMOCTOATEIHEHO);

1) [loctpouts rpadpux GyHKIHH y(x) = (



3) ycraHOBHTbH Ha3BaHue rpaduka : “OyHKIHS ¢ pa3pbIBOM y(x) = ;

4) ycraHOBUTBH 0003HAYEHUE 110 OCAIM X U Y COOTBETCTBEHHO;

5) yCTaHOBUTH pa3mep MpHUQTa MO 0CIM, paBHBIM 16-Tn
(ormmms AxesStyle, nupektuBa FontSize).

3amanue 10.4. M300pakeHue ocel U paMKH.

sinx
1) [Moctpouts rpaduk GyHKIHH y(x) = B JWanasoHe 3HaueHuii X or —37 1o 37 .
2) yopath
-ocb X, -ocb Y, -o00eocu; (onuus Axes)COXpaHUTh BCE TPU KAPTHHKH ;

2) yCTaHOBUTH

- pamMKy BOKpyT rpaduka 0e3 oceii;

- TOJIBKO JICBYIO U HUKHIOIO CTOPOHBI PAMKH U BEPTHKAIBHYIO OCh

(ormmmm Frame n Axes) coxpaHuTh 00€ KapTHHKHU.

[Ipumeuanue: mogymManTe, Kak MOXKHO BCE TpaKH U3 ATOTO ITyHKTa H300pa3uTh B BUJIC
TaOJINYKH.

3amanwme 10.5. 3amanue ctuis Haanuced Ha rpaduke. PaccraHoBKa METOK-/ICIICHUI HA OCSX.
3amanne CTUIb JIUHUH.

sin X

1) ITocTpouTh B OTHUX KOOPAUHATHBIX OCSAX rpauKu PyHKIIHIMA yl( X) = u y2(x) =COS X
B JWanasoHe 3HaueHuit X or —37 1o 37 .

2) ycraHOBUTH THI 0azoBoro mpudTta Arial, pasmep, paBHbIM 16-TH

(ommust BaseStyle, nupextusr FontFamily u FontSize) ;

3) ycTaHOBUTH Pa3METKY IO OCSIM: IO TOPU30HTAJILHOM OCH C 1Iarom 77 ;

no BepTukanbHoii ocu ¢ marom 0.5 (omums Ticks) ;

4) ypenmuuts ysenuuuTh Tonmuny oceit 10 0.005 nonu ropusonTanshoro pasmepa rpaduxa
(ommust AxesStyle, nupextuBa Thickness) ;

5) n300pa3uth IMHUIO 1-T0 rpaduka KpaCHBIM MTyHKTHPOM, 2-TO - CHHUM IITPUXITYHKTHPOM
(onmus PlotStyle, nupexktusl RGBColor u Dashing).

3aganue 10.6. (mpopomwkenue 3aganus 10.5) Odopmnenue pamku. Hanecenue TuHMIA CETKH.

1) nnia rpaduka U3 npeablAyIel 3a1aun yopaTh ocH 1 OpOPMUTH €T0 B MPSMOYTOJILHON pamKe
(ommust Frame);

2) SIBHO yKa3aTh JWaNa3oH 00JacTH N300paKEeHHs: MO FOPU30HTAIN OT —377 10 37T , IO BEPTUKAIIM
ot —1 10 1 (ommuus PlotRange) ;

3) yCTaHOBUTH pPa3METKY:

10 HWYKHEH CTOPOHE PaMKH C Imarom 77 (BMECTO caMOM IPaBOi METKH IMOCTaBUTh 0003HaueHHe X ),
1o neBoii cropore pamku ¢ marom 0.5 (BMecTo camoit BepxHeil METKH MOCTaBUTH 0603HAUEHUE

Y ) (omuus FrameTicks) ;

4) oToOpa3uTh KOOPAUHATHYIO CETKY, TMHUU CETKH JIOJKHBI IPOXOAUTH Yepe3 METKU Ha OCSIX
(omuus GridLines);
5) ycraHoBuTH cepsiii BeT Gona (ommms Background, nupextusa GrayLevel).

3amanue No 11. «CrenpaabHbIe BUJBI IBYMECPHBIX I‘Da(bI/IKOB.»

3aganue 11.1. [Toctpoenue rpadukoB TOUEUHBIX (TAOINYHBIX) QYHKIUI.
1) mpencTaBUTh B OMHUX KOOPAUHATHBIX OCSX IPaUKH CIEAYIOLUIUX



TOYCYHBIX (1)yHKI_[I/II/I, 3aJaHHbIX CIITMCKaMHU CBOUX 3HAUCHUM :

X12345678
y12345678
X2345 6 7 89
y|4 6 810 12 14 16 18

X 1005 1. 15 2. 25 3. 35
y=e" 1.1.652.724.487.3912.1820.0933.12°

2) ucnionw3ys oniuto PlotRange, noOuThcs n3o0paxkeHust Bcex TOUEK Ha rpaduke ;

3) ucnonw3ys omnmuto PlotStyle u mupekTuBy PointSize, ycTaHOBHUTH CleIyIOIIHE OTHOCUTEIBHBIE
pasmepsbl uzoopakaeMbix Touek 0.015, 0.02 , 0.025 ans 1-ro, 2-ro, 3-ero rpaduxoB
COOTBETCTBEHHO ;

4) n3y4uB 1o crpaBke onuuio Joined, COEAMHUTH TOYKH TOJIBKO MEPBOrO rpaduka CIIonHOMN
JIMHHUCH;

5) u3yuus 1o cnpaske oniuro Filling, moskcepuMeHTHpPOBaTh, YCTAaHABINUBAS sl HEE Pa3IUYHbIC
3HAUYEHUS, BBIOpATh HAanboJIee yIauyHblli BAPHAHT ;

6) ucnonb3ys onmuio PlotMarkers, cMeHHTB Mapkepsl 17151 0003HAYEHUS TOUeK (0OpaTHTe
BHHMaHUE, 4TO TUpekTHBa PointSize mpu 3ToM niepecTaéT AelicTBOBATh, 3aTO MapKEPhl BUIHBI HA
JUHUH, UX COSAUHSIIONICH). YBEIUYUTh pa3Mep MapKepoB 110 15.

3ananue 11.2. [Toctpoenue rpagukoB GyHKIIHI, 3aJaHHBIX B OJISPHON CUCTEME KOOPIUHAT.
1) - mocTpouts rpaduk GYHKIUH, 331aHHOM B OJSAPHBIX KoopauHaTax I =SINg@;

- ucronb3ys rpaduku cunyca (SN @) u kocunyca (COS () B HOJAPHON CUCTEME KOOP/UHAT,

CO3/1aTh U3 MATU OKPYKHOCTEHN KapTUHKY, TOX0XYI0 Ha “Pomaliiky”, ¢ yeTelppMs “lenectkamu’”
(cHU3y, CBEpXY, ClIeBa, CIIPaBa) U LIEHTPAIbHBIM KPYKKOM;

- OTMEHUTH U300paXKEHUE OCEi;

2) npeACcTaBUTh OT/AEIBHO B MOJIIPHBIX KOOPAWHATAX IpadUKU CIeAyoMMX (yHKIMMI:
-r=1-sin (0 XpacCHBIM LIBETOM,;

- r=ge%% _ 2008(4(0) + sin5 (2(02—;7[} IIYPIyPHBIM LIBETOM;

- Ui 00enX KapTUHOK OTMEHUTh U300pakeHue oceii;
3) - MOCTPOUTD B OJJHUX KOOPJMHATHBIX OCSX B MOJSIPHBIX KOOPIMHATAX TPA(UKHU CICTYIOIINX

bynxmmit: I =-3, ,;(—4_3 , =3, /;—+3 , = e‘zx, r :53in(5x +1) B IIpeJieNax
— X —X

xe[-; ],
- YCTAHOBUTH CIEAYIOIINE LIBETA JIMHUW: KPACHBIM, CUHUMN, 3€JIEHBIN,0pPaHKEBBIH;
- OTMEHUTH U300paKEHUE OCEi;

- YCTaHOBHTbH U300PAKCHHUE PAMKH;
- yOpaTh pa3MeTKy 10 €€ CTOpPOHAM.

3ananue 11.3. IToctpoenue rpadukoB HyHKIUH, 3aJaHHBIX TAPAMETPUUECKH.
1) - mocTpouts rpaduK GYHKIIUH y(x) , 3aJTAaHHOM CJIETYIOIINMU MMapaMeTPHUIECKUMU

2
YPaBHEHUSMH: X(t) =12 ; y(t) = Et (3 — t2) IpY U3MEHEHUH TTApaMeTPa B TPEIENax

te[—2; 2];

- IIOAIINCAaTh OCH,



- YCTAaHOBUTH pazMep mpudTa st HAAMUCEH 1Mo 0CsM, paBHBIM 14;
2) - IOCTPOUTD B OJHUX KOOPJMHATHBIX OCSIX rpadMKH ABYX (QyHKIUIT yl( X) U y2( X) 3aJJaHHBIX

HapaMETPHYECKH :
1-ast ynkuus X = 3C033t , Y= 35in3t :

(2+cost)

2-as pynxima X, =3sint; y, = 3cos’t ( 5\ TPH M3MCHCHHH 1APaMETPa B MPe/Ieax
3+sin t)

te[O; 272];

- 1300pa3uTh 1-y10 JIMHUIO 3€JIEHBIM JAJTMHHBIM ITYHKTUPOM, 2-YIO - PO30BOH TOJICTOM JIMHHUEH;
- yOpath ocu.

3amanue 11.4. [ToctpoeHne KOHTYPHBIX TpaduKoB U TpaduKoB HYHKIIHMA, 3aJaHHBIX HESBHO .
1) - mOCTPOUTH KOHTYPHBIN TPaduK HYHKIHH f (X, y) =COSX+COSY B npeaenax U3MEHEHUs

aprymeHToB X € [0; 27[] , YE [0; 272'];
- ucnionb3ys onmuio ContourLabels, yctanoBUTh oanucu 3Ha4eHUN QyHKIIUN f (X, y) Ha

KOHTYPHBIX JINHUSIX;
- ucnonb3ys onuuto Contours, yBEeJIMYUTh YUCIO KOHTYPHBIX JTUHUN 10 15 - TH ;
2) - IOCTPOUTDH OJIHY KOHTYPHYIO JIMHHIO [Tl (DYHKIIMH U3 PEIBIAYILIETO 33aJaHusl, HA KOTOPOi 3Ta

__1
5

- HallTU TaKkyo e JUHUIO Ha rpaduke U3 NpeablayIIero 3a1aHus;
- ucnonp3ys onuuto FramelLabel, ycraHOBUTE 0003HaYeHNE CTOPOH PAMKH;

(YHKIMS NPUHAMAET 3HAaYeHKE, paBHOE | (X, y)

- ucnionb3ys onmuio PlotLabel, moanucarte rpaduk « COSX+ COSY = _E »;

- ucnonb3ys onuuto FrameStyle, yctanoBuTh pasmep mpudra aas Haanuce o ocsaM, paBHbIM 14,
3) - MOCTPOUTD B OJJHUX KOOPJMHATHBIX OCSIX TpaduKu 1BYX DYHKIHUH, 38 JaHHBIX HESIBHO, T.C.
YPaBHEHUSIMU:

1-as pyHKIIMSA |sin X sin y| =]/2;
2-as pyHKIUSA |COS X COS y| = ]/2

B IIpEJIeNIaX N3MEHECHUS APTYMEHTOB X € [0; 27 ] , YE [0; 27[];

- IO9KCIEPUMEHTUPYITE, MEHSS 3HAYEHUE KOHCTAHTHI U MPEJIEIbl N3MEHEHHSI ApIYMEHTOB,
=Xx* —4x+7
4) - noctpouTth rpaduk pyukiuu Y( X )= X" —4X+ / B npeaenax u3MeHEHUS apryMeHTa
xe[0; 4],
- UCTIONB3Yys onirio AxesOrigin, yCTAaHOBHUTH MEPECEUECHUE OCEH B TOUKE C KOOPAUHATAMU (0, 0) ;

- COXPaHHTh MOCTPOEHHBIN rpauK B epeMeHHoM ¢ umeneM Qrl;

VIS TOTO, YTOOBI 0003HAYUTH TOUKY MUHUMYMa IpaduKa, BHITOJHUTE CIIEIyIOIINE JeHCTBUS:
- IOCTPOUTH IPahUKH NPAMBIX JIMHUHN Y = 3uXx=2,

- 1300pa3uTh 00€ TUHUH KPACHBIM MYHKTHUPOM,

- Mo100paTh AJI KaXK0T0 Tpaduka Mpeiesbl U3MEHEHHs TepeMeHHbIX X u Y,

- COXPaHUTh MOCTPOCHHBIC TPAPUKH B IEPEMEHHBIX C HMEHAMU ng u gr3 COOTBETCTBEHHO,

- ucnoiab3ysa GyHKIHuo Show, H300pa3uTh Bce rpaMKu BMECTE;

- YCTaHOBUTH Juana3oHbl u3o0paxkenus ot 0 10 4 o ropuzoHTanu u ot 0 10 8 1Mo BepTUKaIu;
- IOANNCATh OCH;

- YCTaHOBUTb BPYUYHYIO pa3MeTKy Ha ocsiX 14-bM mipudToMm.



3amanne Neo 12. «Pemmenue aJ'Il"€6DaI/I‘leCKI/IX 1 TPAHCICHACHTHBIX YPAaBHCHUN M HEPABECHCTB.»

3ananue 12.1. Penienue ypaBHEeHU B aHAJIMTUHYECKOM BUJIE.

1) HaiiTh aHATUTUYECKOE pelIeHNe KBaIpaTHOTO ypaBHEHHs 001Iero Buaa: a X2 +bx+c=0;

- ONIPENCITUTh BeKTOp pernenuit XX ;
- CJIeNaTh MPOBEPKY, TOJACTABUB HAMICHHBIE PEIICHHS B HCXOIHOE YPaBHCHHE,

- BBIYMCIIUTH M TPe0Opa3oBaTh CIEAYIOIIEe BRIPAaXKEHHUE: a(x - Xl)(X — X2) ,rae Xp u Xy -

HAlJICHHbIE KOPHU;
CpaBHI/ITB pCSyJ'II)TaT C HeBOﬁ YaCTbhO UCXOAHOI'O ypaBHeHI/IH;
2) HaliTU TOYHbIE PELICHMSI CIEAYIOUIUX TOJIMHOMUAIIBHBIX YPaBHEHUI:

3 2 )
4x° +6X°+3x—4=0;

20 . 12 )
2X +x°=0;

5. 4 3 2 )

X7+ X" +2X" —X“+4x+3=0;
- l'IOJ'Iy‘lI/ITB HpI/I6J'II/I>KeHHBIe 3HAUYCHUA 5THUX KOpHCﬁ C 06BI‘IHOI71 TOYHOCTBHO
- IOJTYYUTh MPHUOJMKEHHBIE 3HAYCHUS 3TUX KOPHEH ¢ TOUHOCTHIO 20-Th 3Havammx mudp.
3) HaliTH TOYHbIE 3HAUYEHUS KOPHEH TPUTOHOMETPUUYECKOTO YPaBHEHHUS:
SIN3x+c0s3x=0

3ananue 12.2. [TpubnuxéHHoe pelieHue ypaBHEeHHI.
Hcnonb3ys ¢pynkuuo NSolve HalTH npUOIMKEHHbIE PeIIeHUs TOJIMHOMUAIBHOTO YPaBHEHUS €

TOYHOCTBIO 10 10-TH 3HaUammx mudp: X°+xt+2x3 = x%2 +4x+3=0

3aganue 12.3. YucneHHOE penieHue ypaBHEHU.
Wcnons3ys ¢pyakuuto FindRoot HaiiTu Tpy KOpHS TPaHCLEHASHTHOTO YPaBHEHUS:

COS( In X) —sin (X/ 2) =0, nauanbHEIe TPUOTIKEHNS ONPEAETUTH rpadUecKH.

3aganue 12.4. PemieHue HepaBEeHCTB.
1) ucrone3ys komanay Reduce, pemmrs 4ucI0BOE HEPABEHCTBO: x? —6x+5<0;

. 2
2) HaliTH pelleHIe HepaBeHCTBa, coepikamero mapamerp X~ —0DX+5<0;
- OCO3HATh U OOBSICHUTH PE3yJIbTaT;

- B IJIOCKOCTHU (X, b) MOCTPOUTH I'paduK GYHKINH, 3alaHHON PaBEHCTBOM X2 —bx+5=0 ,

- INATIa30H JJI MepeMeHHoi X u mapameTpa D momo6pars caMocToATeNbHO, TaK YTOOBI OBLTH
BUJIHBI 00JIACTH pEIICHUs HEPABEHCTBA,
- ¥cnosp3ys omuio Framelabel, moamucats ropu30HTaTBHYIO ¥ BEPTHKATBHYIO CTOPOHBI PAMKH.

3azmanue 12.5. Penenne cucTeM ypaBHEHUH B aHAJIUTUYECKOM BHJIE.
1) HaliTH aHATTUTHYECKOE PElIeHHE CIeNYIOIIe CUCTEMBI alredpanyecKux ypaBHEHH:

X+ay=>0b;

2 .
X+by =a+b;
CZEJIaTh IIPOBEPKY;
2) HaliTH TOYHOE pelIeHHEe CIAeAYIOUIe CUCTEMbl TPAHCIIEHIEHTHBIX YPAaBHEHUI:

log , (4x—2y)=-1;
10 ;
In(x+2y)=2;



- HCIOJIb3Ys ONEepaTop NOJCTAHOBKH, ONPEAEIUTh epeMeHHble XX 1YY, IpUCBOMB UM B KaueCTBE

3HA4YEHMI, ITOJyYEHHBIC PELICHUS CUCTEMBI JJIs IEPEMEHHBIX X U Y COOTBETCTBEHHO;

- BBIYMCIUTH NPUOIKEHHOE 3HAYCHHE CIIEAYIONIETO BhIPAKEHUS: XX2 + sin (2yy) .

3ananue 12.6. [TpubnmxénHoe pelieHne CUCTEM YpaBHEHUH.
- HAWTU IPUOJIMIKEHHOE PElIeHUE CIICAYIONICH CHCTEMBI anreOpandecKuX ypaBHEHHMI:

2y +3x* =5;
X+7y?=75;
- onpenenuth BekTopa pemeruii XX u YY ;

X . .
- BBIYMCJIUTh BhIpaxkenue € 2 COS Ya,r0€ X9 Y, - BTOpOM KOPEHD A1t X M YETBEPTHIN - A1 Y
COOTBETCTBEHHO.

3aganue 12.7. YuciieHHOE pelIeHne CUCTEM YPaBHEHHH.
- HAUTH YMCIIEHHOE PEUICHUE CUCTEMbI YPABHECHUI:
e*+2yInx-3=0;
x2y—3x+54:0;

- HayaJIbHOE NMPUOJIMKEHUE ONPEENIUTDh rpaduuecku;

3azanue 12.8. PerieHue cCUCTEM HEPaBEHCTB.
1) HaliTn pemieHue crenyrouel CHCTEMbl HEPaBeHCTB!

5x+12<3x+20
X<2X+3
2X+7>0

2) HalTH pelIeHne CIeyIoIe cuCTeMbl HEPaBEHCTB:
y>x2+1
y+x>1

2 2
X“+y <9

v

- IOCTPOUTH B OJTHUX KOOPAUHATHBIX OCAX Fpa(l)I/IKI/I J'II/IHI/If/i, 3aIaHHBIX PABCHCTBAMMU:

2 4. w2 .2 _9o-

y=Xx"+1, y+x=1;, xX“+y~-=9;;

- BKJIFOYHMTDH U300pa’keHNe ocel;

- 00BACHUTH Ha rpauKe MOTyYEHHOE PELIEHUE JIJIsl CHCTEMbI HEPaBEHCTB.

3ananue Ne 13. «Pemenue muddepeHManbHbIX YPABHEHUN. )

3ananue 13.1. Obuiee penieHre 0ObIKHOBEHHBIX AU PepeHInanbHbIX YPaBHEHUH.
1) HaiiTu of1iee pelieHre ypaBHEHHs IEPBOT0 MOPSIKa:

y'(x)=2Inx+x-2
2) HaiiTu o0IKe peleHusl ypaBHEHU I BBICOKOTO MOPSIKa:

y”(x):3x2—2x+1; y”(x)=y(x)—5y(x)+x2—1.

3ananue 13.2. YacTHoe penieHue 0OObIKHOBEHHBIX Au(depeHrnaIbHbIX ypaBHeHu. 3agaua Kommn.

1) - HaiiTn yacTHOE pemieHne AU PepeHINATEHOTO YPaBHEHUS: y"( X) =xe %



TIPH CITEYIOMIX HAYaIbHbIX YCIOBHAX: y(O) =1; y'(O) =0:

- onpeienuTh GyHKIHI0 Y (X) , SIBJISIFOLIIYIOCS] PEIICHUEM JIaHHOMW 3a/1auu;

- MOCTPOUTH Tpaduk GyHKIIUU HA UHTEpBaje X € [—2, 2] , TIOATMUCATh OCH; HAHECTH Pa3METKY 10
ocaM: 1o X or -2 10 2 cmarom 1; mo Y ot -1 o 1.5 ¢ marom 0.5;

2) HalTH penieHue cienyromniei 3anaun Komu: y”(x) -2y y’(x) + a)zy(x) =0, y(O) =A;
y'(O) =0, npuBecTH MoNydeHHOE pelIeHNe K HanboJiee IIPOCTOMY BHILY;

- onpeienuTh GyHKIHI0 Y (X) , SBIISIOIILYFOCS] PEIIICHHEM YPaBHECHUS,

- IOCTPOUTH rpaduk GyHKIMHU HAa HHTepBaje X € [0, 5] , TOJICTaBUB C TIOMOIIIBIO OIlepaTopa

10/ICTaHOBKHU /. BMECTO CUMBOJNIbHBIX apameTpoB A, ¥, @ uuciossie 3nauenns 1, 0.5, 5;

- IIOJIKMCATb OCH;
- HaHEeCTHu pa3MeTKy 1o ocsiM: o X ot 0 1o 5 ¢ marom 1; mo Y ot -10 go 10 ¢ marom 5;

- YCTaHOBUTH pa3Mep HaJIucel 1o ocsM, paBHbIi 14.

3ananue 13.3. UucnenHoe pemieHnue 0ObIKHOBEHHBIX UG depeHIInaTbHbIX YPaBHEHUI.

- HaliTW YKCcIeHHOe peteHue nuddepeHuanibHoro ypaBHEeHHS: y"(x) y’(x) —X y(x) =1
IIpY HAYAJILHBIX YCIIOBHUAX y(O) =1, y’(O) =1;

- onpeienuTh GyHKIuIo Y (X) , SIBJISIFOLYROCSL PEILIEHUEM JIaHHOM 3a/1auu;

- c03/1aTh TaOIUIly 3HAYeHUH MOTy4eHHON (PYHKIMHU B JHana3zoHe X € (0, 5) c marom 0.5,
MIOJITMCATh CTOJIOLBI;

- HOCTPOUTD Fpa(bI/IK MOJIy4YCHHOI'O PCIICHHU Ha UHTCPBAJIC Xe (O, 5) , HOAIINCAaTh OCH, HAHCCTHU

pa3MeTKy MO OCSIM:
o X or 0 go 5 cmarom 1 ;mo Y or 0 o 40 ¢ marom 10;

3ananue 13.4. OOuiee penieHre cucTeM 0ObIKHOBEHHBIX AU epeHInaTbHbIX YPaBHEHHH.
- HaliTu oO11ee pelleHne ciaeayroei cucteMsl TupdepeHInalbHbIX YpaBHEHUH epBOro MOpsiIKa:

X(t)=y(y)+z(t)
y'(t)=x(t)+3z(t)

Z'(t)=x(t)+ y(t)

3apanue 13.5. YacTHoe pelieHne cucTeM 0ObIKHOBEHHBIX U (epeHInaTbHBIX YPaBHEHHH.
- HaliTW 4aCTHOE pellleHne CUCTeMbI TudpepeHInanbHbIX YpaBHEHUN IEPBOTO
MOpsAJIKA:

X'(t)=—ax(t)+my(t)
y'(t)=ax(t)-my(t)
CO CIIEAYIONIMMHU HayaJIbHBIMU YCIOBUSMHU: X(O) =1, y(O) =0;

- onpenenuts GyEKIun X (t) uY (t) , SIBJIIOIINECS PEIIEHUSIMU CUCTEMBI, UCIIOJIb3YS OIepaTop
MO/ICTAHOBKH, MIO/ICTABUTH BMECTO CHMBOJIBHBIX TMapaMeTpoB ¢ @ u M YHCIOBbIEC 3HAYCHUS 2 U
- MOCTPOMTH TpadMK MONYYEHHBIX PELICHUH Ha uHTepBase L € (0;1) , IOJIIUCAaTh OCH; HAHECTU

pazmerky no ocsim: o X ot 0 7o 1 c marom 0.2 ;mo Y or 0 1o 1 ¢ marom 0.2;



1300pa3uTh 00€ TMHUH YEPHBIM IIBETOM, rpaduk a1 Gyrkuun X (t) - TOHKOW JTMHUECH, TSI

ynkmun Y (t) - TOJICTOM JINHUECH;

ucnonb3ys onuuio PlotLegends, moanucaTs TUHUK; YCTAHOBUTH pa3Mep HAAMMCEH 110 OCsM,
paBHbIil 14.

3amanue 13.6. YncneHHOE pelneHrne CucTeM 0OOBIKHOBEHHBIX AU ()epeHIINaTbHBIX YpaBHCHUM.
- HaliTH YHCIICHHOE PelIeHNe CUCTEMBI TU((hepeHIINATFHBIX YPaBHEHHH IEPBOTO MOPSIIKA!

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

y'(t)=x(t)z(t)-1

Z'(t)=x(t)y(t)+1
CO CIIEAYIOLMMH HAYIIBHBIMUA YCIOBUSAMU: X(O) =1, y(O) =0, z (0) =0 B nuanasone
te (0;10) :
- onpesienuTh GyHKImE X ('[), Y (t), Z (t), ABIAIONINECS PEIIEHUAMH CUCTEMBI,

- co31aTh TabIKIy 3Ha4eHuit >TuX QyHKUMi B nuanazone { € (0;10) C 1rarom 1, moamnucarh
CTOJIOLIBL,
- IOCTPOUTH rpadyK MONTyYEHHBIX PEIeHHI Ha uHTepBane [ € (0; 4) , HOAIIHUCATh OCU; HAHECTHU

pazMeTky o ocsim: o X ot 0 1o 4 c marom 1 ; mo Y or 0 no 4 ¢ marom 1;
HCronb3ys nupekTuBy Dashing, n3o6pasuts rpaduk s Gpyakuun Y (t) - IYHKTUPHOM JINHUEH,
nnst Gyskiuu Z (t) - IITPUX-TIYHKTUPHOU JIMHHEHH;

ucnoib3ys onnuto PlotLegends, moanucars nuanm;
YCTaHOBUTh pa3Mep HAAMKCEH MO OCsM, paBHbIN 14.

3aganue Ne 14. «Co3ntanne fuHaMUYeCcKUX 00OBEKTOB.)
JIBWm>KeHHE Tea, OPOIIIEHHOTO O] YIJIOM K TOPU30HTY B ITOJIC CHITBI TSDKECTH C YIETOM CHUITBI
COTIPOTUBIICHUSI.

DopMyIHMPOBKA 3aJ1a49H.

Teno maccoit M OGpocuiy ¢ HaYaJIbHOM CKOPOCTBIO VO IIOJ YIJIOM (X K FOPU30HTY B OJTHOPOJHOM
TI0JTe TSUKECTH ¢ HAMPSKEHHOCTRIO § . KoodduuuenT conporupienus Bosayxa [3.

1. Toy4uTh 3aBUCUMOCTH KOOPAUHAT Tenia X u Y OoT Bpemenu 1.

2. [locTpouTh TPaeKTOPHUIO ABMKEHUS Tea.

3. 'padmyecku vccnenoBaTh BIMSHIE HaYalIbHOM CKOPOCTH VO U yIrila ¢ Ha TPAeKTOPUIO MOJIETA.

Teopus.
3anuieM BTopoi 3akoH HbroTOHa A1 ABMKyIerocs tena B suze: M ﬁ(t) =mg-pVv (t) .

YuTéM, uto ckopocth V (t) ¥ ycKopeHne a (t) ABJISIFOTCSI IEPBOM M BTOPOM IPOU3BOJAHBIMH I10

Bpemenn [ or pamuyc-BekTopa f(t): V (t) = F’(t) , é(t) = F"(t) U [IEpETUILIEM 3aKOH
nBrKeHus Tea: M F"(t) =mg— ﬂf"'(t) = m I_:"(t) + ﬁl_"'(t) -mg =0;

[Monydennoe BektopHOoe ypasHenue npoektupyem Ha oci OX u QY | yuursisas, uro npoexuusamu
pajiiyc -BEKTOPA Ha OTU OCH SIBJISIOTCS KOOPAUHATEL X M Y JBUKYIIErOCs Tea.

B pesynbrare nony4nm asa qudepeHnnanbHbIX ypaBHEH s I TOPU30HTAIBHON X M
BEPTHKAIBHON Y KoopauHar Tema: M X"(t) + ﬂX'(t) =0; m y"(t) + y’(t) +mg=0.
Ilopsagok nencTBUil.

1. Pemnth ypaBHEHUs Ui KoopauHaT X U Y,




3alaB I KaXKXJI0Tr0 YPaBHCHUS IO ABA HAYAJIbHBIX YCJIOBHS:

- KOOpAWHATBI TOYKHU BBUIETA TEJa (0, 0) , T.C. X(O) =0wu y(O) =0 ;

- ¥ IpoeKLyMy HadanbHoii ckopoctn Vy Ha ocu OX n OY | Te. X'(O) =V CoSx u
y'(0)=Vgsina;

Yka3zaHue !

Bocnonb3ymnTtech Ans pelwenuns anddepeHymanbHbix ypasHennit dyHkumenn DSolveValue | kotopas otamuaercs

orDSolve Tewm, uto oTBET BbIAAETCA He B BUAE NPaBW/ NOACTAHOBKM, a CPasy B BuAe GyHKLMM.
Mo3atomy, 4Tobbl onpeAennTb GyHKLMIO-peLleHr e, OCTaTOUYHO AaTb e UMS.

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

2. Onpenemuts X u Y kak GyHkiuu aprymenta { sBisromuecs peeHussMu COOTBETCTBYHOIIMX
YpaBHEHU.

3. 3agartb, ONpeaAesiuB COOTBETCTBYIOIIUE IEPEMEHHBIE:

- yckopenue cBobouoro nagenus ¢ =9.8;

- maccy rena M=0.1;
- ko3 dumment conporupnenus Bosayxa [ =0.1;

- HA9aJIbHYIO CKOPOCTH VO = 10 ;

- YIroJI BbUICTA K TOPU3OHTY o= 72'/4 .

4. TIoCTPOUTH TPAEKTOPHUIO IBUKEHHUS TENIA B KOOpAMHATaX X M Y NpU U3MEHEHHH BPEMEHH
nonéra t B mpenenax t e (0, 2.5).

- YCTAHOBHUTH 0011aCcThb I/I306pa)KCHI/I${ (O, 5) - 110 TOPU30OHTAJIN U (O, 2) - 110 BEPTHUKAJIH ,

- IOJIIUCATh OCH ;
- YCTaHOBUTD Pa3METKYy (IeJeHus1) Ha ocsax yepe3 1 - mo ropuzonTanu u yepes 0.5 - mo BepTUKay ;
- U300pa3UTh JIMHUIO TPAEKTOPUH YEPHBIM IIBETOM ;
- YBEJIMYUTH pazMep mpudTa mo ocsim 10 16 .
5. 3HaKOMUMCH C MTAHEJbIO 1711 PUCOBAHUSL.
Coznansbiii TpaduK MOKHO TOPUCOBBIBATH, UCTIONB3YS MTAHEh HHCTPYMEHTOB ISl PUCOBAHUS.
- BKJIFOUMTD NaHeNb Il pucoBanus: MeHo Graphics — nyHkT Drawing Tools ;
- BOWTH B PEXKUM peJaKTUPOBaHUA Ipaduka, IBAXK/bI ENKHYTH IO HEMY, TIPU 3TOM OKpPY>KaroIas
€ro paMKa CTaHET CepoH ;
- OT TOYKH MaKCUMyMa TPAaeKTOPUH MPOBECTU KPACHBIE TYHKTUPHBIE JINHUU:
BepTuKaIbHYI0 BHU3 K ock OX u ropusonTansuyro sieso k ocu OY ;
- MOCTaBUTHL CUMBOJT N (BBICOTA) PAIOM C BEPTUKANBHON JTHHHEH,
YCTaHOBUTH pa3Mep CUMBOJIA paBHBIM 18;
YkazaHue !
1. BepTMKa!’Ibele N TOPU3OHTA/IbHbIE TIMHUU yAO6HO prncoBaThb, yAepXnBaa KnaBuly Shl'Ft
2. YCTaHOBWTb CTW/Ib IMHUM MOXHO B pasgene Stroke namutpe Drawing Tools
3. YCTaHOBWTb CTUAL TEKCTa MOXHO B pasgene Text naawtpeiDrawing Tools
6. Ucnone3ys ¢ynkuio Manipulate coznaTh ITMHaAMUYECKH H3MEHSAEMYIO KapTUHKY.
- IMHAMUYECKUM [TapaMeTPOM CJIeNIaTh MaKCHMAIIbHOE 3HaUeHUe repeMeHHoi - BpemMenu nosnéra,

T.e. Lmax;
- Ipejessl H3MeHeHus mapamerpa Ly, ycraHoBuTH B uanasone ot 0.01 10 2.5 ;

- YCTAHOBHTH Ha4aJIbHOE 3HaUeHHE napamerpa U, paBabiM 0.01 u 1ath emy HasBaHHe "Bpems

moiéra" ;
7. I3y4nTh BIVSIHUE HAYAIBHON CKOPOCTH.

- cOpOCHTE 3HaYeHHEe nepeMeHHON V),
6o komanao# Clear , n1u6o oneparopom copoca ( =. ) ;



- onpezenuts Gynkuun X1 n Y1 kak ¢pynkumn asyx nepemennsix: t n V), npucsons um

3HaueHns GyHKIHA X (t) uY (t) COOTBETCTBEHHO,

- CKOMMPOBATh BCIO (hyHKIMIO Manipulate 13 mpeabIIyIIero 3a1aHus,
3aMeHnB GyHKIHH X (t) uY (t) Ha Xl(t,VO) u Yl(t,VO);

- 100aBUTH 1€ OIMH JTUHAMHYECKUN [TapaMeTp - Ha4aJbHYI0 CKOPOCTb VO , YCTAHOBUB IIPEECIIbI

U3MeHeHus oT 1 10 15 ¢ HayaJIbHBIM 3HAYEHUEM, PABHBIM 5 U Ha3BaHWEM "HadalibHasi CKOPOCTh" ;
8. 3yunTh BIMSHUE yIiia BbLIETA.

- cOpOCUTH 3HAYCHHE TIEPEMEHHON o ,

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

- onpestenuth GyHKIuH X 2 u Y 2 kak GyHKIuU TpéX nmepeMeHHbix { VO U O , IPUCBOUB UM

3HaueHns GyHKIHA X (t) uY (t) COOTBETCTBEHHO ;

- CKOIUPOBaTh BCio QyHKIMIO Manipulate U3 npeaplayIIero 3a1anus,

3aMeHUB (QYHKLIUH Xl(t,VO) u Yl(t,VO) Ha X 2('[,V0,0£) u Y2(t,VO,0£);

- 100aBUTH €IE OJUH JUHAMMYECKUI TapaMeTp - yroj BeUIETa (f , yCTAHOBMB TPU BO3MOKHBIX
suauenns 77/6, 77/4, /3 ¢ navansHbiM 3HAUCHEeM, paBEBIM 77/4 1 HasBanmeMm "yron BhuTeTa";

- ucnonb3ys onuuio ControlType , ycTaHOBATH u1st TPEX dmeMenToB ynpasnenns: L, , Vo n o

cienyomue Tunbl : Manipulator, Manipulator u RadioButton .
3amMeuanue.
TI/IH praBHSHOH.[eFO 3JICMCHTA Manipulator ycTaHaBJ’II/IBaeTCH 10 yMOJ'ILIaHI/IIO I TMHAMHUYECKOT' O HapaMeTpa C

HCOPCPBIBHBIM U3MCHCHUCM B 3aIdHHOM JUAIIa30HEC. HOBTOMY AT YIIPABJIAKOMIUX 9JIEMCHTOB tmaX u VO

HHUYCro HC U3MCHUTCA, a IJIs1 3JICMCHTA (O maHenb yrpaBJ€HUA 6y;[eT BBITJIAJACTh HHAYC.

Kpurepun oneHuBaHNs 0TBETOB HA BONPOCHI NPHU 3aIMTe JIA0OPATOPHOI padoThI

IlokazaTenu Ha «3auteno» Ha «He 3aureno»

Dopmyibl, [TpumensroTcss HEOOXOAUMEBIE B Hcnonp3yroTcs: HEMpUMEHUMBIE B

KOMaH/Ibl, YCJIOBUSIX OCTaBJIECHHOMW 3aa4u YCIOBUSIX MOCTABJICHHOMN 3aa4K

BBIUHCIICHHS | KOMaH[bl 0€3 CHHTaKCUYECKHUX KOMaH/Ibl; B 0a30BBIX BBIPAKEHUSIX
OIUOO0K; BRIYUCIICHUS BHITIOJIHEHBI B JIOTYIIEHbI OITUOKH; BBIYMCIICHUS
MOJIHOM 00BbEME U TIPEICTABICHBI B OTCYTCTBYIOT WJIM BBIIIOJIHEHBI
COOTBETCTBYIOIIEM 3aJJaHUIO0 JopMare. | HEKOPPEKTHO.

I'pacduxu [TocTpoeHHas 3aBUCUMOCTh UMEET Buz 3aBucumMocTeil HEBEpHBIN,
BEPHBII BUJI, TIO OCSIM yKa3aHbI COOTBETCTBYIOIIEE 3aJaHUIO

apryMeHT U UMsl QyHKIIMM CO CBOMMHU | oopMileHUE TPpah)uKOB OTCYTCTBYET.
€IMHUIIAMH, €CTh LIKaJIbl HA OCSX,
HaHeCeHbl KOHTPOJIbHBIE METKH,
COOTBETCTBYIOLINE 3aJaHHIO.

OOmbsicHenus | Jlanbl pa3BEPHYTHIE, KOPPEKTHBIE OObsiCHEHHE OTCYTCTBYET.
(oTBETHI HA | OTBETHI HA BCE BOIIPOCHI; MPABUIBHO
CMBICJIOBBIE | HHTEPIPETUPYIOTCS PE3YIbTATHI
BOIPOCHI) BBIYMCIICHUI

IIIxana oreHNBaHU:
0 0aJIIIOB — «HE 3aYTEHOY,;
1 6ann — «3a4TeHOY,
CymMMupYIOTCS OaJlTBI 33 KXy JJAOOPaTOPHYIO padoTYy.
Jlomyck 3 3a4€Ty OCYIIECTBIACTCS MO KOJIMYECTBY HAOpaHHBIX OalIOB:
MeHee 60% OT MaKCHMMaIbHO BO3MOYKHOTO KOJIMUYECTBA OAJUIOB — K 3a4€Ty HE JIOMYCKAETCS;
60-80% oT MakCHMaJIbHO BO3MOKHOTO KOJINYECTBA 0aJlJIOB — TIOMUMO OCHOBHOI'O 3a4EéTHOIO



3aJlaHus BHIMOTHSIIOTCS JOMOJHUTEIBHBIE 33JaHUS 110 TIPOMYIICHHBIM TEMaM;
80-99% oT MakCHMaJIbHO BO3MOKHOI'0 KOJIMYECTBA 0aJIOB — OCHOBHOE 3a4ETHOE 3aJaHUE;
100% oT MakcUMaTbHO BO3MOXHOT'O KOJIMYECTBA OAJIJIOB — MIPOCTABIISACTCS 3aU€T aBTOMATOM.



2. Ciucok BONPOCOB M (MJIM) 3aaHMii ISl POBeeHUs MPOMEKYTOYHOI aTTecTalluu
Cnucok 3aganmii Kk 3a4éty B 1 cemectpe
3aueT BBICTABISAETCS 10 UTOTaM TEKYIIEH aTTecTaluu.
Cnucok 3a1aHuii K 3a4éTy B 2 cemecTpe
Bapuanr 1

1. UTo0bI MOAKIIOYHTH 3ar0JI0BOYHBII ¢aiii B mporpammy Ha C++, Hanpumep iostream
He00X0MMO HANUCATh:
#include <iostream.h>
include #iostream,h;

include (iostreamh)
#include <iostream>

NS

2. KakoB pe3yabTar padoThl ciaeaywiero ppanmenra koga?

?
intx =0;
switch(x)
{
case 1: cout << "Omun";
case 0: cout << "Hymnp";
case 2: cout << "TIpuBer mup";
¥
1. TIpuser mup
2. Onun
3. Hynsllpuser mup
4. Hynb

3. Kakoii U3 ciea1ylonux onepaTopoB - OepaTop cpaBHeHHs ABYX NepeMeHHbIX?

bR
@
!
=
=

4. Ilporpamma, nepeBoasimiasi BXOJAHYI0 IPOrpaMMy Ha HCXOJHOM SI3bIKE B
IKBHBAJICHTHYIO €il BBIXOHYI0 IPOrPAMMY Ha pe3y/JbTHPYIOLIEM MAallIUHHOM fI3bIKeE,
Ha3bIBaeTCH:


http://cppstudio.com/praktikum/testy-po-programmirovaniyu-na-yazyke-s/test-po-osnovam-programmirovaniya-s/

TPaHCIATOP
KOMITUJISITOP
HMHTEPIPETaToOp
CKaHep

NS

5. Kakmue ciry:ke0HbIe CHMBOJIbI MCIIOJIb3YIOTCS /111 0003HAYEHHS HA4YaJ1a U KOHIA 0JI0Ka
Koaa?

1. ()
2. <>
3. {}
4. begin end

6. Kaknmu 3HaKaMu 3aKaHYMBAaeTCs 00JIbIIMHCTBO CTPOK Koaa B Cu++?

.. (nBOETOUME)

., (3anras)

.. (Touka)

. ; (Touka c 3ansTon)

A~ WDN B

7. Kakasi u3 cJIelyIOIIUX 3aluceil - NpaBU/IbHbIA KOMMeHTapuii B C++?

{KOMMeHTapwii }

*/ KommenTapuu */
** KommeHTapuii **
/* KOMMeHTapui */

NS

8. Oneparop if else mo3BosisieT onpeaeuTh AelCTBHE ...

1. TONBKO JJIs1 TOKHOTO yCIOBHUSA
2. I UCTUHHOTO U JIOYKHOTO YCJIOBHIA
3. TOJBKO JJII UCTHHHOTO yCIIOBHSI

9. Eciin yciioBHe onepaTopa BbIGOpa JIOKHOE, TO:

1. BBITIOJIHSIETCS TEJIO OTepaTopa BeIOOpa
2. BBINIOJHSETCS CIEAYIOIINUN Oreparop, cpa3y nocie omneparopa if
3. mporpaMma 3aBepiraer paboTy

10. YkaxuTe onepamnuio, IpUOPUTET BHINOJHEHUSI KOTOPOii 00J1bIIIe 0CTAJbHBIX

+

/
++

NS

46



5 0

11. Kakas u3 caenyrommx pyHkunii cuntbiBaeT 100 cuMB0JIOB M3 BXOJHOI0 IOTOKA B
CTPOKY X?

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

2 readline(x, 100, 'n’);

3 read(x);

4cin.getling(100, x, 'n’);

12. JomycTuM, y HacC ecTh KO/

char arr[8];

cin >>arr;

N B MmaccuB arr Mpl HONBITAJIMCH 3aNMCATH cieayoumii Hadop cumposio Hello World.
Yro B AeiicTBUTEILHOCTH Oy1eT coiep:KaTh MaccuB arr?

pyrou oTser
Hello World

Hello
Hello W
Hello Wo

agrwpdE

13. CroBocoueranme "Hello world!" Mo:keT ObITH COXpaHEHO B CHMBOJIbHOM MacCCUBe
pa3MepoM N 3JIeMEHTOB. YKaKUTe 4eMy PaBHO n?

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

14. Kakas u3 cieayommx 3anuceii BO3BpaiiaeT 3HaueHue nepeMeHHoi a, Xxpansieecsi B
NMaMSATH N0 aJipecy Ha KOTOPBIi YKa3bIBAeT YKa3aTe/b?

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

4 *3;

15. KoppekTHoe Bbljie/ieHHe TaMATH

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];

47
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16. Kakoii u3 cienyromux KJjiaccoB o0padaTsiBaeT nmpouece 3anucu B ¢aiia?

Apyroe
input_file
ofstream
ifstream

PN E

17. YkaxuTe NpaBUJIbHbINA J0CTYI K MIePeMEHHO, KOMIIOHEHTY CTPYKTYpPbI!

b.var;
b>var;
b->var;
b-var;

PO E

18. YkaxkuTe TMII BO3BPaIllaeMOro 3Ha4eHus cjaeayromeid GyHkuuu
int func(char x, float v, double t);

int
float
double
char

NS

19. Yro U3 HHKeNePeYHCIEHHOT0 He SIBJISIeTCS MPOTOTHIIOM PyHKIUU?

1 void funct();

2 char x();

3 double funct(char x)

4 int funct(char x, char y);

20. Kakoe neiicTBHe BbI3BIBAET ONIEPATOP CJCIYIOLIECI0 BHAA:
#define A 0.1

1. 3amenser OykBY A B TekcTe mporpaMmbl Ha ymciio 0.1
2. O0OBABISAET MEPEMEHHYIO U MPUCBAUBAET €l 3HAaUEHUE
3. ompenenser o0BEKT THMA A

Cnucok 3a1aHuii K 3a4éTy B 3 cemecTpe
3adeT BBICTABISIETCSA MO PE3YJIbTATaM BBIOIHEHUS 1a00paTOPHBIX PadoT.
Cnucok 3a1anmii K 3a4€éty B 4 cemecTpe

3a4éT BBICTABJISETCS TO PE3yJbTaTaM BBITIOJIHCHHUS 3aJaHUl B TIPOIECCE TEKYIIEH
aTTeCTallud, a TAK)KE BBITIOJTHEHMS 3aUETHOTO 3aJJaHUs.

3auérHoe 3aganue. McciegoBanue d)VHKUI/II/I.

1. 3amath GyHKIHIO f (X) JUISl CBOETO BapUAHTA.

48



2. Pemms ypaBuenue f (X) =0, BBIUHCINTB KOOPMHATHI TOUEK MEPECCUCHNS TpaduKa
byHKIMH ¢ ochbio abcuuce. Mcmonp3ys oneparop moAcTaHOBKH, TPUCBOUTH TIEPEMEHHBIM
X1y X9, ... HalICHHBIE 3HAYEHUS KOOPAUHAT 1-01, 2-01 U T.JI. TOYEK IIEPECEUECHUS.

3. BEIUnCIIMB POU3BOAHYIO T '(X) ¥l IPUPABHSB € HYIII0, PEIIUTh ypaBHeHHe | '(X) =0,

OmpeaAcIMB TEM CaMBbIM I10JIOKCHHE 0COOBIX TOYEK (bYHKHI/II/I f (X) . TOYCK SKCTPEMYMOB U

TOYEK meperuoa.
CrpaBka: B 0co0pIx Toukax 1-ast mpon3BogHast oOpamaeTcs B HOJb.

Hcrnonb3ys onepatop MoJACTaHOBKH, CO3aTh CIIMCOK XEXII - CIMCOK KOOpIMHAT HalICHHBIX
0CO6BIX Touek GyHKIHH | (X) .
4. cnonb3ys onepaTop MOJACTAHOBKH, BEIYUCIUTL 3HAUCHUE 2-0M MPOU3BOTHOMN OT YHKIIHI

f (X) B 0COOBIX TOuKax. OnpenenuTb BUJI 0COObIX TOUEK - TOUKa MUHUMYMa, TOUYKa MAaKCUMYM

HWJIN TOYKa nepem6a.
Cnpaska: Ecnu 2-ast mpon3BoaHast B 0c000# TOUKE OTPHIATENbHA - 3TO MAKCUMYM, €CIIH MOIO0KUTEIbHA -
MHHHMYM, €CIIH PaBHa HOJIO - 3TO TOUYKA Iepernoa.

I/ICHOHBBYSI oreparop 1nmoJACTaHOBKH, HaWTU 3HAYCHUS (bYHKI_II/II/I f (X) B OCOOBIX TOUKAaX.

5. Moctpouts rpaduk QPyHKIUU:

- TO100paTh ONTUMATBHYIO 00J1aCTh H300pakeHus TpaduKa;

- IOANKCATH OCH KOOPIUHAT;

- HAHECTHU Pa3METKY IO OCSIM;

- YCTAaHOBUTH TOJIIMHY OCEH, PaBHYIO IBYM MUKCEIISIM;

- YyCTaHOBHTH pa3mep mpudTa - 16, HazBanue wpudta - Courier, HauepraHue - TOJICThIN - Bold;
- 1300pa3uTh rpaduK 4epHOU TOJICTON JIUHHUEH, OTHOCUTENbHYIO TONIIUHY JTUHUN YCTAHOBUTH
passoii 0.009;

- HAHECTH CETKY CUHUMH JINHUSMHU.

6. O003HAYUTH TOYKU IKCTPEMYMOB KPACHBIM ITYHKTUPOM.

Ykaszanus:
- JUTsl TOCTPOCHUSL ITyHKTUPHBIX JINHHUH, ITapauIebHBIX 0CSIM KOOPIHHAT, BOCHOIb30BaThes GpyHkuuen ContourPlot;
- u1sl 00beIMHEHHS TPa(MKOB BOCHONB30BaThesl GyHKIMend Show.

7. C MOMONIBIO MHTErPaIa OT MOAYJs 3a1aHHOM pyrkiun (X) BBIUHCIIUTD IJIOLIAAb 00J1aCTH
noJ (WK Haj) KPUBOM, pacronokKeHHONH MEXly IByMsl TOUKaMu IiepecedeHus rpaduka ¢ 0Chio
abcuuce, T.e. Toukamu X; u Xo .

8. Cosnars Tabmuity 3Hauenuii Gpynxrun (X) Ha UHTEpBaJIe U3MEHEHNUS IEPEMEHHON X ,

PAacIOIOKEHHOM MEXYy AByMs TOUKaMH Iepecedenus rpaduka ¢ ocero abcuuce X| u Xo .

Odopmuts Tabmuiy.

9. ChopmynmpoBaTh OTBET B TEKCTOBOM CTPOKE HIDKE Tpaduka, B KOTOPOM yKa3aTh 0COObIE
TOYKH, X THUII, 3HAYCHHE (PYHKIMU B 3TUX TOUKAX U BBIYMCICHHYIO IUIOLIa/lb 001aCTH oA (MK
HaJ) KpUBOM.

BapuaHTsbl 3a1aHUi

Bapuanr 1. f (X)z x*+2x3 -1

Bapuanr 2. f(x)=x4—4x3—10x2+3x—4;

Bapuanrt 3. f(x):ln(4—2x)+x3—1;

Bapuanr 4. f () =2* (3" ~9x+1) - 4x-3" +36x” ~4x+10;
Bapuanr 5. 1‘(x):ex(x—3)—6x2 +10X+7;
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Bapuant 6. f (X :(x4+2x3—1)(x—ln(7—4x)—2);

(x)

Bapuanr 7. f(X)=x-Inx-e” _%;
(x)
)

Bapuant 8. f (X =XX+X_5X—2,
1 1 1
Bapuant 9. f (X S5 T X+ =+ X+ X
X x? X

Bapuant 10. f (X) =2x° — 20X —5:
Bapuant 11. f (X) = x%X (In X —1) +2;

Bapuant 12. f (X)ZG_ZX(X+2)+2—X;

Kpurepun onieHuBaHNs 0TBETOB Ha BONPOCHI NPH 3aIIHUTE 3a4€THON padoThl

IToxka3zaTenn Ha «3aureno» Ha «He 3auTeno»

DopmyIsl, [TpumMeHnsroTCs HEOOXOAMMBIC B Hcnonb3yrorcs HENpUMEHUMEBIE B

KOMaH/BbI, yCJIOBI/IﬂX HOCTaBHeHHOfI 3aa4uu yCJIOBI/ISIX HOCTaBHeHHOfI 3a1a4u

BBIUMCIIEHHS | KOMaHIbI 0€3 CHHTaKCHYECKUX KOMaH/Ibl; B 0a30BbIX BBIPAKCHHUIX
OHII/I6OK; BBIYHCJIICHHUA BBIIIOJTHCHBI B I[OHYHICHI)I OHII/I6KI/I, BBIUHUCJIICHUA
MTOJTHOM 00BEME M MPE/ICTABIICHBI B OTCYTCTBYIOT WJIM BBITIOJIHEHBI
COOTBETCTBYIOIIEM 3aJaHUI0 popMaTe. | HEKOPPEKTHO.

I'padpuxnu ITocTpoeHHas 3aBUCUMOCTb UMEET Bun 3aBucuMocTell HeBEpHBIH,
BEPHBII BUJI, IO OCSIM YKa3aHbI COOTBETCTBYIOIIIECE 3aJ]aHUIO

apryMeHT U UMs (GYHKIIMH CO CBOUMU | opopmiieHHe TpaduKOB OTCYTCTBYET.
€AMHUIIAMU, €CTh IIKAJIbI HA OCSIX,
HaHECEHBl KOHTPOJIbHBIE METKH,
COOTBETCTBYIOIIME 3aJaHMHIO.

OOvbsicuenus | [lansl pa3BEpHYThIE, KOPPEKTHBIE OObsicHEHNE OTCYTCTBYET.
(oTBEThI HA | OTBETHI HAa BCE BOIIPOCHI; MPABUIILHO
CMBICJIOBBIE | HHTEPIPETUPYIOTCS PE3yIbTaThl
BOIIPOCHI) BBIYHCIICHU

Cnucok 3a1aHmii K 3a4€Ty B 5 cemecTpe

3a4éT BBICTABIISIETCSA 110 PE3YJIbTaTaM BBIITOTHEHUS 1a00paTOPHBIX PadoT.
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IIpunoxenne Ne2 k paGoueil nporpamMme AUCHHUIIIMHBI
«MHdopManoHHbIe TEXHOJIOTHH H IIPOrPAMMHMPOBAHUE»

MeToauuecKkue YKazaHus 1Jisl CTYACHTOB I10 OCBOCHUIO JUCHHUIIJIMHBI

OcHoBHOW  ¢opMOil  yCcBOeHHMsT ~ y4eOHOro  Marepwajia 1O  JUCIHILIAHE
«AHpopMaMOHHBbIE TEXHOJOTHMHM ¥ NPOrpaMMHPOBAHHUE)» SBISIETCA CaMOCTOSTENbHas
paboTta cryneHTa, MpU4E€M B JOCTATOYHO OoibmioM 00bEMe. [1o BceM TemMaMm HpeayCMOTPEHBI
3aJJaHUsl CaMOCTOSATENbHOW paboThl, HAa KOTOPHIX MPOUCXOAMUT 3aKpPEIUICHHE H3Y4YEHHOTO
MaTepuaia U OTpadOTKa HaBBIKOB Pa0OThI ¢ KOMIIBIOTEPOM U OTIEPAITIOHHON CHCTEMO.

OcBoutb BOIPOCHl  JTUCIMILIMHBI «AndopmanuoHHbIe  TeXHOJIOTHH U
NMPOrpaMMHUPOBAHUE)» CAMOCTOSTEIIBHO CTYACHTY J0CTaTo4HO cliokHO. Ilocemenune Bcex
MPElyCMOTPEHHBIX 3aHATHI SIBJISIETCS COBEPIIEHHO HEOOXOAUMBIM. be3 yrmopHBIX U perysspHbIX
CaMOCTOSITCIBHBIX 3aHATHH B TCUCHUH 5 CCMCECTPOB CAATh 3a4ETOB MMPAKTUYICCKHU HECBO3MOIKHO.
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