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BBEJEHUE

B pesynbraTe mM3ydeHMs NAHHOW IUCLMIUIMHBI CTYJEHTBI HA OCHOBE
NPUOOPETEHHBIX 3HAHUM, YMEHUNA M HABBIKOB JIOCTUTAIOT OCBOCHHS KOM-
NETEHUU Ha OMpPEACIICHHOM YPOBHE COIJIACHO YYEOHBIM IUJIaHaM U pado-

UM IIporpaMmMaM BbBIIICIICPCUYNCIICHHBIX HaHpaBHCHI/IﬁI

v’ crocoGHOCTH pa3pabarhiBaTh MPOrpaMMHOE 00ECIICUeHUE, BKITO-
4asi MPOEKTUPOBAHUE, OTIAJKY, MPOBEPKY pabOTOCIIOCOOHOCTH U

MOU(DUKAIINIO MPOrPAMMHOI0 00ECTICUCHUS;

v/ CIOCOOHOCTH IMOHMMATh TPHHIMUIBI PabOTEl COBPEMEHHBIX HH-
(GbOopMallMOHHBIX TEXHOJOTUM M HUCIOJIb30BaTh HUX JJISI PEHICHUS

3a/1a4 Mpo(ecCHOHAIBHON JIEATeIbHOCTH.

OcBoeHHE CTyJIEHTaMH 3THUX KOMIIETEHIIMM MPEAINOJAracT UCI0Ib30-
BaHME MPU UX 00YUEHUHU CTICIHATbHBIX MAKETOB MPUKIAAHBIX TPOrpaMM, B
KOTOPBIX UMEETCS IHUPOKUH CIEKTP METOJ0B MAaTEMAaTUYECKOr0 aHAJIN3a U
MozaenupoBanus. OJHUM U3 TAKUX MAKETOB SBISAETCS MaTEeMaTUYECKHd
naket Scilab ¢ OTKpbITOM JIMIIEH3UEN, B KOTOPOM /JI TPOTrpaMMHUPOBAHUS
UCITOJIB3YETCS CBOM SI3BIK BBICOKOTO YPOBHSI.

[Taket Scilab nmeer oOmMpHBI HAOOP MHCTPYMEHTAIbHBIX CPEACTB
KaK JUIsl BBIIOJIHEHHMS MaT€MAaTHYECKUX PACUETOB M aHAJIN3a, TaK U JJIA

MOJICITMPOBAHUS PA3IMYHBIX THIOB cucteM. B Scilab momenupyrorcs



IEKTPUUECKHE U MEXAHUYECKHUE CUCTEMBI, a TAK)KE€ CUCTEMBI YIIpaBICHUS
¥ MHOXECTBO Apyrux cucrem. Kpome Toro, B kauecTBe MOMOIIH TSI TIOJIb-
30BaTeNield, JAHHBI MakKeT COMPOBOXKIAETCA OOMIMPHONW HMHTEPAKTHBHOM
JOKyMEHTallMe!, copeprkaiiel moApoOHbIe CIIPABKU C TPUMEPaMU MO0 BCEM
MPUMEHSIEMBIM MOAYJISIM U (DYHKITHSIM.

CocraB nakera Scilab ¢ OTKpbITOM JHIIEH3WENH TPAKTUYECKHA aHATIOTH-
YeH COCTaBy KoMmMmepueckoro mnakera Matlab, Ho mis ocBoeHus maketa
Scilab u wcnonap30BaHUs MHTEPAaKTUBHON AOKyMeHTauuu 3Hanue Matlab
He 00s3aTenbHO0. CBOOOHO pacHpOCTPaHIEMYIO TTOCIICIHIOI BEPCHIO TMa-
KEeTa BMECTE C MOJHOUN JToKyMeHTanueil B popmare .pdf MOKHO MOTYyUUTH

no odurmansHoMy aapecy URL: http://www.scilab.org/

B 0a3oBoil komiuiekrauuu Scilab — 3To cuctema KOMIIBIOTEPHOU Ma-
TEMaTUKU, KOTOpas IMpeJAHAa3HAuYeHa ISl BBIMOJIHEHUS Pa3IMYHbIX WHXKE-

HEPHBIX U HAyYHBIX BBIYMCIICHUM, HATPUMEDP TAKUX KaK:

- pCELICHUE HEJIMHENHBIX YPAaBHEHUN U CUCTEM;
- pelieHue 3a/a4 JMHEHHOU anreOphl;

- pelieHue 3aj1a4y ONTUMU3ALNY;

- nuddepeHuupoBaHUE U UHTETPUPOBAHUE;

- 00paboTKa HIKCTIEPUMEHTAIBHBIX TaHHBIX;

- penieHue OOBIKHOBEHHBIX AU ()EepEeHIIMATBHBIX YPaBHEHUIA.

Kpome toro, Scilab mpemocTapiser mupokne BO3MOKHOCTH IO CO3-
JAHUIO M PEeIAaKTUPOBAHMIO PA3IUYHBIX BHIOB rpa)MKOB KaK IJIOCKUX, TaK
n 00beMHBIX. HecmoTpst Ha TO, uTo Scilab comepxuT AOCTaTOYHOE KOJIH-
YeCTBO BCTPOCHHBIX KOMAaHJI, OMepaTopoB M (DYHKIIMH, OTIUYUTEIIbHAS €
yepTa — 3T0 THOKOCTh. ITob30BaTeb MOXKET CO37aTh JI00YI0 HOBYIO KO-
MaHAy Wi (QYHKIIMIO, a 3aTeM HCII0JIb30BaTh €€ B CBOMX MporpamMmmax.

K ToMy ke MMeeTCs BO3MOXKHOCThH PACIIHPATH (PYHKIIMOHAN ITaKeTa
Scilab gepe3 3arpy3ky u yCTaHOBKY HOBBIX Mojyieh Atoms. [y BeImo-
HEHUS 1a00PaTOPHBIX padoT Mo AucHUIInHE «CUCTEMBI HCKYCCTBEHHOI'O

WHTEIJIEKTay TPeOyIoTCs CleAYIONMe JOTOJIHUTENbHBIE MOaYyIn AtOmS:


http://www.scilab.org/

o ANN Toolbox (uHCTpyMEHTHI /17151 PAOOTHI C UCKYCCTBEHHBIMU
HEUPOHHBIMH CETSIMM);

o Scilab Neural Network Module (Mmoxynb HeHpOHHBIX ceTei);

o Fuzzy Toolbox (uHCTpyMEHTBI HEUETKOM JIOTHKH).

[TakeT Scilab cB0OOHO pacnpoCTpaHIETCs BMECTE C MCXOJHBIMU KO-
JlaMH, TO €CTh €T0 MCI0JIb30BaHNe, KOMMMPOBAHUE, U3MEHEHNE U JaTbHEH-
iee pachpoCTpaHEHUE HE MPeTycMaTpPUBAET KaKHe-TMOO OrpaHUYCHUS.
OTOT MakeT 3alUIIeH CeHAIbHON JIUIICH3UEH, OCHOBHOE OTJIMYUE KOTO-
pout ot ctagaapTHor GNU nuiieH3un, 0 YTBEPKIACHUIO aBTOPOB, OIpeie-
JISIeTCS CTpEMIICHUEM U30€eKaTh MOSBICHUS KIOHOB.

CymectBytor Bepcun Scilab kak jqis mimardopm Linux, Tak u s
Windows. Bo muorue mnardopmer Linux nmaker Scilab BkitoueH B cras-
napTHy noctaBky, Hanpumep B Ubuntu, Red Hat u openSUSE. Ucxon-
HBbIE TEKCTHI, paboyas Bepcust 11t Windows U JOKyMEHTAIUsl TOCTYITHBI B
JIOKAJIbHOM CEeTH YHUBEPCHUTETA.

[Taket Scilab mpegycmarpuBaeT untepdeiic B3auMoeHCTBUSI C TIPH-
KJIQTHBIMU TIporpamMMamMu. Hampumep, uMeercss BO3MOKHOCTh HCIIOJIB30-
BaTh OTKOMIWJIMPOBaHHbIE ¢yHKIMH 361k0B C 1 Fortran.

B nannoe yyebHOe mocoOue, TOMUMO JOMOJHUTEILHON TEOPUH K OC-
HOBHBIM JICKIIMSIM, BXOAUT JIA0OPATOPHBIN IIUKII, COAepKamuii 8 mabopa-
TOPHBIX Pa0OT MO M3YYEHHUIO KaK OOIIUX METOJOB MPOTPAMMHUPOBAHUS B
Scilab, Tak U ¢yHKIMOHANA TOTOBBIX MOAYJEH, UCIOIB3YIOIIUX MaTeMa-
THUYECKUE METOJbl HEYETKOM JIOTUKHU, UCKYCCTBEHHBIX HEMPOHHBIX CETEU U
TCHETUYICCKHE aJITOPUTMBI.

OcHOBHOE Ha3HaueHUE Mocobusi — olecrneyeHrne HeoOXOAUMOU Teo-
pueli 1ab0paTOPHOTO MPAKTHKyMa JUCHUTLINHBI «CHCTEMBl MCKYCCTBEH-
HOTO WHTEJUICKTa» I CTYJCHTOB BBHIIICTICPCUNCICHHBIX HANPaBICHUH,
OJTHAKO OHO MOYET OBITh MOJIC3HBIM H JISl CAMOCTOATEIBHON TOATOTOBKHU
aCIIMPaHTOB M MAarvCTPaHTOB, NMPUMEHSIONINX MaTeMaTHYCCKUE METO/IbI

aHajM3a ¥ MOJICIIMPOBAHUS B CBOEH padoTe.



Tema. Moaesb npeacTaB/IeHUs 3HAHUM.
JlabopaTopHasi padora Ne 1

OCHOBBI MATEMATHYECKOI'O MTAKETA SCILAB
OcHoeHvle nonamus, npocmule GYHKYUU

B maremarnueckom nakete Scilab Bce 4yncCiOBBIC TaHHBIE paccMaTpu-
BAlOTCS B BHUJIE Marpull. BEeKTOp MpeacTaBisieTcsi KaK YaCTHBIM CIydai
MaTpuilbl (MaTpUla-CTpOKa WM MaTpulla-ctoyioeir). Tum pesynbTaTa Bbl-
YUCJIEHUS OTNPENENAECTCS AaBTOMATUYECKH O BUY BBIPAXKECHUS.

Nnentudukatopsl I0MKHBI 00ECIEUMBATH XOPOIIYIHO HMH(OpMaTHB-
HOCTh TIEPEMEHHBIX, TTO3TOMY BHICOTA UX OYKB MMEET CYIIECCTBEHHOE 3Ha-
yeHue. C 3TON 1EIbI0 PEKOMEHAYETCS IS UMEH MPOCTHIX MEPEMEHHBIX
BBIOMpPATh CTPOYHBbIC OYKBBI, a JJISI CTPYKTYPUPOBAHHBIX MEPEMEHHBIX
(BEKTOPBI U MACCHUBBI) — IPOMUCHBIC OYKBHI.

JIs1 3anucu BEKTOPOB MCIOJIB3YIOTCSI KBAJIpATHBIE CKOOKH, B KOTOPBIX
3aMKCBIBAIOTCSA JJIEMEHTHI BEKTOpA, pa3/ieJieHHbIE 3amsaThIMU (MM mpode-
n1amu). Hanmpumep, BekTop MoxHO 3anucarh Tak: V=[1,2,3].

MaTpuiipl Takke 3alUCHIBAIOTCS C MOMOINBIO KBAaJAPATHBIX CKOOOK,
IPU ATOM CUYUTAETCS, YTO MATPHUIIAa B KAYECTBE CTPOK COJCPKUT KOMIIO-
HEHTHI BEKTOpPOB. CTPOKH (BEKTOpA) pasfeisioTcs MEXIy cO00i 3HAKOM
Touka ¢ 3amsaroi (;). [Ipumep 3amucu matpunsl: V=[1,2,3; 4,5,6; 7,8,9].

Ecnu mannble, koTOphle TpeOyeTcs 3amucaTh B MaTpU4YHOU (dopme B
BHJIE HECKOJIBKMX CTPOK, HE YMEHIAIOTCS MOCTPOYHO, TO KAXKIYI0 CTPOKY
MOXHO OTOOpa3UTh HECKOJbKHMH CTPOKaMH, UCIIOIb3Ys Pa3e/IuTeNb B
BHJIE MHOTOTOYMS (HE MEHEE TPEX TOYEK).

3Ha4YeHUs U3BECTHBIX MAaTEMAaTUYECKUX KOHCTAHT 3aJal0TCs C IMOMO-
mplo 3Haka nporeHta (%). Hampumep, dncio m 3agaeTcss CUCTEMHOM
KOHCTaHTOU ¢ umMeHeM %opi.

{15 mpaBUIBHOTO BBI30BA M HMCHOJIb30BAHUSI BCTPOCHHBIX (YHKIUN
pekoMeHayeTcs vaiie oOpamarthes kK «CripaBoyHOM cucteme». B manenu

OTJIaBJICHUS ClieBa HY>KHO BBIIENUTh HYXKHBIN paznen (Ha puc. 1.1 Bbige-
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aeH pazgen «OcHOBHbE (DYHKIMU»), IIPU 3TOM B MPABOM MaHeNH Oyaer

OTOOPAXKATHCS CIIUCOK JOCTYIHBIX PYHKIIUN U UX Ha3HAYCHUE.

Puc. 1.1. [Ipumep BbIBOAA cofepxKaHUS pa3iena

JI71st mosTydeHusi CpaBKU B TIPABOM OKHE HYXXHO HAWTH U MICIKHYThH
no HyXHOW (yHKiuu. B mpaBoil maHenw OTOOPA3UTCA €€ OIMHUCAHHE C
dbopmaTom oOparieHuss U MpuUMepaMu UcToyib3oBanug. Ha puc. 1.2 moka-

3aHO OOpalleHre K CTpaBKe Mo (PYHKIUU CIy9alHbIX yrcen rand.

Puc. 1.2. [Ipumep BeIBOJA CIIPABKH 1O (PYHKIIMA
8



Pabora B mMaremaTudyeckoMm makere Scilab MOXXET OCYIIECTBIATHCS B

OJHOM U3 JIBYX BO3MOKHBIX PCKUMOB!

" B KOMaHJHOM OKHE, KaK C KaJIbKYJSITOPOM (B 3TOM ClIy4ae KaKJ0€
NEHUCTBHE Cpa3y ke UCIOJIHSIETCS);
" B peAakTope MmporpaMm (B 3TOM Cilydae MpOrpaMMa BBOJMTCS Kak

0OBIYHO, a UCTIOJIHSETCS 110 KOMaH € BCTPOSHHOTO OTJIaTIuKa).

Koraa BeiOpana paboTa B pexxuMe KalbKyJsATOPa, TO BCE BBHIPAKCHUS

MOI'YT BBOJAUTBLCA:

" B OpsMOil popmMe, TOrJa MocJie 3aBEPIICHHs] BBOJAA OTBET OY/IET BbI-
BEJICH 0]l BCTPOCHHBIM CHCTEMHBIM MMEHEM ans (IIEpEMEHHAas C
STUM UMEHEM BCETJIa XPAaHUT PE3YJIbTAT MOCIEIHETO BEIYUCIICHHS);

= B ¢opme ornepaTopa IPUCBOEHUS, KOT/1a IEPEMEHHON C BHIOpaHHBIM
VMEHEM IPHCBAaNBAETCS 3HAYCHUE BBIPAXKEHUA (OTBET B 3TOM CIIydae

BBIBOJIUTCS TI0J1 UMEHEM 3TOU NMEPEMEHHOMN ).

Ecnu BeiuncnsieTcs 3Ha4CHHE MEPEMEHHOW C BHIOPAHHBIM MUMEHEM I10
3aJITaHHOMY BBIPAXEHUIO, TO PE3yJIbTaT OyJeT BBIBOAUTHCS IMOJ MMEHEM
3TOM NMEPEMEHHOU B cleayromen cTpoke. UTo kacaeTcs BEKTOPOB, TO OHU
BBIBOJSITCS. B CTPOKE C MIpoOenamu, a MaTpulbl BBIBOJIATCS MOCTPOYHO,
IpUYEM Kaxaasi CTPOKa COJAEPKUT BEKTOP.

[Ipu pabote B mporpaMMHOM PEXHUME PE3yJIbTaThl YUCICHHBIX BbI-
YUCJICHUH BBIBOISITCS B KOMAaHIHOE OKHO CTPOKH, a MMOCTPOCHHbIE Tpadu-
KM BBIBOJSITCSI B OTAENIbHbIE OKHa. KOMaHIHOE OKHO BMECTE€ C OKHOM pe-
JIAKTOpa MporpaMM MoKa3aHsl Ha puc. 1.3.

BbiBoa pesynbpTaTa MOXKHO 3a0JIOKMPOBATh, €CJIM B KOHIE CTPOKHU
BBOJIa BBECTH 3HAK TOYKA C 3aIsiTON (;). 3HAUCHUE MEPEMEHHOM, KOTOPOU
pe3yibTaT NpUCBAaUBAETCS, XPAaHUTCS B paboyelt o0aacTu.

[Ipu pabote ¢ MaccuBaMu OINpPENENIEHBI ONEPATOPHI MOUYIECHHOTO BbI-
NOJTHEeHHs. B HUX mepe; CHMBOJIOM OTIepaiiy BBOAUTCS TOYKA (.).

CuMBOJI TIPUCBOCHUS — 3HAK paBeHCTBA (=). PaBeHCTBO, Kak oreparop

OTHOIIIEHUS B YCJIOBUAX, BBOJUTCS KaK JBOMHOE PABEHCTBO (==).



Ha puc. 1.3 npeacTaBieHbl COBMENIEHHBIE OKHA PEAAKTOPA MPOTPAMM

1 KOMaHAHOC OKHO.

Puc. 1.3. OkHO pegakTopa mporpaMmM ¥ KOMaHJIHOE OKHO

HasznadeHnue KHOMOK ITaHEIn HHCTPYMCHTOB B ITIOPAAKE CJIICBA HAIIPABO:

L _ OTKpBIBaeT penakrop SciNotes

B - OTKpBITHE UMEtoIIerocs Qaiia

g% — BbIpe3aTh (PparMeHT

=) — cxormposaTh hparmenT

U _ gcrasuts dbparment

¥ _ ouncTka KOMaHIHOTO OKHA

=/ —ne4JaTh JOKyYMEHTa

= _ yhpaBiieHHue MOAYIsiMU Atoms
— MoJenpoBanue B Xcos

& HacTporiku Scilab

% — JIeMOHCTpalMOHHBIE IPUMEPBI

— CIIpaBO4YHas CUCTEMaA
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HyHKI’I’lbl 2NA6HO20 MEHRIO

Puc. 1.4. ITynkt «®aidny»

B nynkTe «®aiin» (puc. 1.4) umeroTcs cpeacTsa padoThl ¢ (aiimamu

Puc. 1.5. [lynkt «MpaBkay

B nynkre «Mpaska» (puc. 1.5) onpeneneHsl cTaHgapTHBIE CPEACTBA

PCOAAKTUPOBAHUA IIPOTPAMMHOIO KOJA.
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Puc. 1.6. [TyHkT «YnpaBneHue»
B atoM nynkTe (puc. 1.6) npencraBieHbl OCHOBHBIC CPEICTBA yIIPaB-

JICHUS IPOTPaMMOHM.

Puc. 1.7. ITyHKT « MHCTPYMEHTbI»

OtoT nyHKT (puc. 1.7) onpeenseT HHCTPyMEHTAIbHBIC CPECTBA.

Puc. 1.8 Ilynkt «CnpaBKay
B stom mynkre (puc. 1.8) onpenenena cripaBouHast HHGpOpMaIys,

MIPUMEPHI U CBECHUS O MPOTPaMME.

12



Puc. 1.9. [Tynkt «Moaynny
Otot nyHKT (puc. 1.9) naet nHGOPMALIUIO O MOTYJISX.

YtoObl MOCMOTPETh JEMOHCTPALMOHHBIE MPUMEPHI THUIOBBIX MPO-
rpamM Scilab depe3 MeHIO, HY>)KHO HCIOJIb30BaTh KOMaHIy «CnpaBka =>
NMpumepbl», 1100 HAXKATL HA KHOIIKY * [aHeId MHCTPYMEHTOB.

B sTOM cnyuae OTKpOIOTCS HMEpapXUYeCKU CBSI3aHHbIE OKHa BbIOOpa
HaTJISTHBIX IPUMEPOB paboThI mporpammel Scilab.

Ha puc. 1.10 moka3zan mpumep, B KOTOPOM IOCJIEAOBATEIILHO BHIOU-

patotcs «Ipapuka» => «2D u 3D rpadpukn» => «hist3d».

Puc. 1.10. Bei6op nmpumepa nmoctpoenust rpapuka

13



B pe3ynprare 3TOro BBIBOAUTCS TPEXMEPHAsl THCTOIpaMMa pacupese-

JIeHUs, TTIoKa3aHHas Ha puc. 1.11.

Puc. 1.11. ITpumep BbIBO/Ia TPEXMEPHON TUCTOTPAMMBI pACTIPEICTIECHUS

[IporpammupoBanue ciieHapueB B Scilab MOXKHO OCYIIECTBIATH Kak
gepe3 KOMaHJHOE OKHO, TaK M C TMOMOIIbI0 peaaktopa Scipad. Bropoii Ba-
pUAHT MIPEANIOYTUTEIbHEE, TaK KaK B PEIAKTOPE COJICPIKUTCS BCTPOCHHBIN
OTJIATYHK, OOJIETYAOIINI OTIAAKY CIICHAPHECB.

B nepBoii mabopaTopHOi paboTe AAI0TCS HaBBIKKA MPOTrPAaMMHPOBAHUS
BBIYUCIICHUS TBYX (yHKIUN. Pe3ynbTaThl BHIBOJSTCS B BHUJIE JBYMEPHBIX

rpaduKOB C UCTIOJIb30BaHKE TPaPUIECKUX (QYHKIIHI BRICOKOTO YPOBHSI.

14



3aoanus k pabome

3aganue 1.

= B 3aromgoBke mporpaMmbl BBECTU TCKCT B BUAC KOMMCHTAapHA, B KOTO-

poM OTOOpa3uTh CBOIO (paMUJIMIO C MHULMAJIAMH, TPYIIY, a TaKKe

HOMED BapHaHTa, HA3HAYEHHBII MPENoJaBaTeIIEM.

= Bgectu NCXOJHBIC JaHHBIC CBOCTO BApHAHTA.

" 3anaTh U3MEHEHUE apryMeHTa (PyHKIUH.

* Bpryuciauth 3Ha4eHUs QyHKUUUA | ¥ 2 171 3HaYCHUM apryMEHTa B 3a-

JaHHOM HHTCPBAJIC.

* BriBectu rpaduku o6enx QyHKIMN Ha 0HOM rpaduKe B IEKaPTOBBIX

KOOpAUHATAX (A1 rpa)MKOB MCHOJb30BaTh Pa3HbI€ TUIIbI JIMHUH).

3amanue 2. [loBroputh 3amanue 1, HO rpaduku QyHKIUNA BHIBECTH B JIBYX

MOJOKHAX B CTOJOUKOBOM (hopMmare.

3amanue 3. [loBTopuTh 3aganue 1, HO rpaduKu BHIBECTH B 4-X MOJOKHAX

(Mo 2 MOJOKHA Ha KaXayr (PYHKIHMIO) C pa3HbIMU CTWISIMU JUHUHN (HC-
noJn30BaTh Gpynkuuu plot2d, plot2d2, plot2d3, plot2d4).

Bapuanmeur 3a0anuti

Ne Oynkius 1 Oynkuus 2 a b h

1 y = 2sin(x) z= exp(x+4)/100 - 10 -2pi 2pi pi/10
2 y = cos(X) z=0.1exp(5-x)-6 -2pi 2pi pi/20
3 y =lsin(x)| + 1 z = (1+x)"2 -2pi 2pi pi/10
4 y=(x"2-1)/10 z = 1+3sin(x) -2pi 2pi pi/20
5 y = (x*3 - 2)/100 Z = 5c0s(x) -2pi 2pi pi/10
6 y =x"2 - 100 z = 0.01exp(-1.5x) -5 5 0.2
7 y = 3sin(x) - 2 z=0.025x"3 -6 6 0.3
8 y =4cos(x) + 1 z = 0.05x"2 -4 +4 0.1
9 y =0.2exp(1 - x) z=2-sin(x) -2pi 2pi pi/10
10 y =cos(2x) - 1 z=(5+x)"2 - 20 -5 5 0.1
11| y=(3x"2 + 100)/10 z=cos(3x) + 2 -2pi 2pi pi/10
12 y = |cos(4x)| - 1 z = 0.5exp(-3.5x) -6 6 0.2

15



Memoouueckue ykazanus

Bce mosicHeHust B BUIE TEKCTa BBOSATCS B MPOTrpaMMy Kak KOMMEHTa-
puii. CHHTAaKCUYECKH KOMMEHTapUil HauMHAETCS C CUMBOJIOB //, KOTOpPbHIE
pacmojiaraeTcs B IEpBOM MO3HMIMK CTPOKU. Hy)XKHO MOMHUTB, 9TO KOMMEH-
Tapuii — 3TO MPOCTO TEKCT, M B HETO HE BKIIFOYAIOT CUMBOJIBI OTICPAITUH.

YtoObl chopMupoBaTh IBYMEPHBIM rpaduk B KoopAauHaTax XY, He-

00XOIMMO BBITIOJTHUTD CIIECTYIOIINE OTEePAIUU:
* 3ajaTh apryMeHT B (hopMaTe X=<Ha4yano>:<War>:<KOHeL>.
* Bpiuucauth QyHKIUIO, Hapumep, y=f(x).

Jlanee ocymiecTBISIIOT BBIBOJ T'paduka, HAIpUMEp, C TOMOIIbIO MPO-
ueaypsl plot(x,y,s). Ota nporeaypa pucyer rpaduk IpsIMBIMU OTPE3KaMHU
JUHAM MEXJY BBIYMCICHHBIMH TOYKaMU. APTYMEHT § — 3TO CTPOKOBas
KOHCTAHTa, 3a/aromias mapaMeTpsl JMHUH (IBET, TUI TOYKH, THI JTUHUH).
[Ipr ee OTCYTCTBMH TMapaMeTphbl JUHUH BBHIOUPAIOTCS 110 yMOJIYAHHIO.

OrnpeneneHsl caeAyIue 3HaYeHUs apryMeHTa S:

LlBeT nuHnm Tun Touku Tun nuanmn
Y | &KEeNnThIA . | Touka - | couiomHas
buoneToBbIN 0 | KPYXOK . | IBOWHOM ITYHKTHUP
C | romyboi X | kpect -. | IWITPUXITYHKTHUD
I | KpacHbI + | wIoc -- | wrpux
g | 3eJICHBIN * | 3Be3mouKa
b | cunuit S | kBagpar
W | OenbIii d | pom0
K | uepHbIii | TpeyroJIbHUK BBEpPX
V | TpeyroJIbHUK BHU3
< | TpE€YroJIbHUK BJICBO
> | TpE€YroJIbHUK BIIPaBO
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B ciyuae HeoOXxomuMocTH OTOOpakeHHWsT Ha OJHOM Trpaduke He-
CKOJIbKO (hyHKIMM, HarpuMep, y1=Ff(x) u y2=f(x), ux BHayane BHIYNCIIAIOT,
a 3aTeM BBIBOJAT mnpoueaypoit plot(x,yl,'sl',x,y2,'s2’...). B xauectBe ma-
paMeTpoB I KaXaod (DYHKIIMU CIEIYIOT CTPOKA CHMBOJIOB B IPOU3-
BOJILHOM TMOCJIEIOBATEILHOCTH, KOTOPBIE OMPEACNSIOT THUIl JIMHUM, THUI
TOYKH U I[BET JTUHUHU.

YrtoO6sl co3aaTh B OAHOM rpa)uuecKoM OKHE HECKOJBKO MOJJOKOH, JJIs
BbIBOJIa IpaUKOB HCMOJb3yeTcs mnpoueaypa subplot(m,n,p), roe mapa-
METPp M — YHUCJIO MOJOKOH B OKHE IO TOPU3OHTAIM (YUCIIO CTPOK), mapa-
METpP N — YKCJIO MOJOKOH MO BEPTUKAIU (YUCIO CTOJIOIOB), a P — HOMEpP
MO/I0KHA, UCTI0JIb3yeMOT0 /I lajdbHelIero Beioia rpaduka. Hymepanms
HAYMHACETCS C SAUHUIILI CIIeBa-HAPABO U CBEPXY-BHU3.

Jns dopmupoBanus rpaduka B CTOIOMKOBOUM popme (KaxkaoMmy BbI-
YUCJICHHOMY OTCYETY COOTBETCTBYET JIOCTATOYHO IIMPOKas BEPTUKAIbHAS
M0JIOCKA) HY>KHO HCIOJIb30BaTh npolueaypy bar(x,y). [Ipu BeiBose Takoro
rpaguka B KOAE MPOTPaMMbl JOJDKHBI OBITH 3a/IeMCTBOBaHBI (DYHKITUH
subplot(m,n,p) u bar(x,y).

Ecnu HyxHO chopmupoBath rpaduku B popMe ¢ pa3HbIMU TUIAMHU
JUHUH (CIUTONIHAS, CTyNeHYaTas, BEpTUKAIbHBIC TTOJIOCKH, CO CTPEIIKaMH),

TO HY>KHO MCToJib30BaTh GyHkIuu plot2d, plot2d2, plot2d3, plot2d4.

[Ipumep 1

3aoanue
[  ®ynskmus 1 y = 2*sin(x)
[ ®ysknus 2 z =0.02*x"3
[ HayanpHOe 3HAYCHHE apTyMEHTa a=-8
[ Koneunoe 3Haue€HHE apTyMEHTA b=8
[ Illar u3meHeHus apryMeHTa h=0.5
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Jlucmune npoepammoi

s B e e

=L - e d e e o Lo
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// OnanasoH u war

8; h=0.5;
// 3apaHue aprymeHTa

X=a:h:b;

-8;b

a=

// PacyeT pyHKUMIA

2*sin(X); Z=0.02*X.A3;
// BbiBOA, C TMNAaMM MO YMONYAHUIO B OKHO 1

scf(1); plot(X,Y,X,2); xgrid()

Y=

xgrid()

X,Z,'"*r');

1
7

// BbiBoA, C BbIBMpPaeMbIMU TUMAMN B OKHO 2

scf(2); plot(X,Y,'-gx

[Tocne 3amycka mporpaMMbl BBIBOJSATCS rpadUKu B OTACIbHBIX OKHAX,

n [padmueckoe okHo 1
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Jlucmune npoepammol
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Puc. 1.13. BeiBoa rpadkoB ¢ pa3HbIM THUIIOM JIMHHUI U Pa3HOTO IBETA
2

2*sin(X);

0.02*X.73;
// BbiBoa, Y ctonbukamm B noaoKHo 1
subplot(2,1,1);

:O;
b=20;
h=1;

// NopokHa n dyHKuma bar

// 3apaHune aprymeHTa

X=a:h:b;
// Pacuet dpyHKumi

Ilpume

a
Y
z



Iﬂl

KaK MoKa3aHo Ha puc. 1.14.

7

2);

pymedTel [lpaeka Cnpaeka
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Puc. 1.14. BeiBoa rpaduKkoB B IByX IOJOKHAaX OJHOIO OKHA

150 4 - - - -
100 4 - - - -

// BKntoueHne KoopAMHATHOM CETKU

// BKnoyeHne KoopaMHaTHOM CETKU
//BbiBOA, Z cTONBMKaMM B MOA0KHO 2

bar(X,Y);
xgrid()
subplot(2,1,
bar(X,2);
xgrid()
OJIHOTO OKHa,




[Tpumep 3

// MopoKHa 1 GYHKLUMU CO CTUNAMU INHUIA
a=0;

b=20;

h=1;

// 3apaHune aprymeHTa

X=a:h:b;

// PacyeT pyHKUMIA

Y=2*sin(X);

// BbiBog, Y B nogokHo 1
subplot(2,2,1);

plot2d(X,Y);

// BKNOYUTL KOOPAUHATHYHO CETKY
xgrid()

// BbiBoa, Y cTyneHbKom B NOAOKHO 2
subplot(2,2,2);

plot2d2(X,Y);

//BKNOUYNTb KOOPANHATHYIO CETKY

xgrid()

// BbiBoA, Y BEpPTUKaNbHbIMU NONOCKaMM B MOAOKHO 3

subplot(2,2,3);

plot2d3(X,Y);

// BKNOYMUTb KOOPAMHATHYIO CETKY
xgrid()

// BbiBog, Y co cTpenkamum B Nog0KHO 4
subplot(2,2,4);

plot2d4(X,Y);

// BKNOUYMTb KOOPAMHATHYIO CETKY

xgrid()

Jlucmune npoepammoi

[Tocne 3amycka mporpaMMbl BBIBOJATCS TpaUKU B YETHIPEX MOHOK-

Hax OJIHOTO OKHA, KaK MmokaszaHo Ha puc. 1.15.
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Puc. 1.15. BeiBox rpadukoB B IBYX MOJOKHAX OJIHOTO OKHa

Konmponvnwvie sonpocul

1.

© O N gk w

Ctpykrypa okHa pegakropa Scilab.

[IpaBuna BBOJa KOMaH]I.

[IpaBuna BBOJa PYyHKUUIA U OTIEPAH]IOB.
[IpaBuiia BBOJA BBIPAKECHUMN.

Opranuzanus HUKJIOB.

[IpaBuiia BBOJa KOMMEHTApPUEB.

[IpaBuia mpocMoOTpa pe3yabTaTOB ONEPALIAM.
[IpaBuna co3ganust AByMEPHBIX TpadUKOB.

3arycK 1 OTJaJKa IPOTPaAMM.
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Tema. Mooenv npeocmasnenus 3HAHUIL.
JlaGopaTopnasi pabora Ne 2
Ilpocmpancmeennvie Kpugvle u nosepxHocmu

[Ipu mporpaMMupoBaHWHU CIIEHAPUEB B JJAHHOM J1ab0OpaTopHOl padoTe
UCIoab3yeTcst peaaktop Scipad, kak u B nepBoi padbore. C moMoIibio pe-
naktopa gopMmupyetcsi ¢aiia nmporpaMMbl, B 3aroJIOBKE€ KOTOPOTO B BHUJE
KOMMEHTapusi otoOpaxaercss ¢haMmins ¢ WHUIMAJIAMU, TPYyMIa, a TaKkKe
HOMED BapHaHTa, HA3HAYEHHBIN MPEToIaBaTeIIEM.

Ota nabopatopHasi paboTa COCTOUT U3 JBYX YacTeH, KaxxJaas U3 KoTo-
pPBIX UMEET CBOIO Tabmuily BapuaHTOB. COOTBETCTBEHHO, B MEPBOM 4YaCTU
paccMaTpUBAIOTCS JBa 3a/JaHUs, MOCBSIIEHHBIE MPOCTPAHCTBEHHBIM KpH-
BbIM, @ BO BTOPOM YacCTH pPacCMaTpPUBAIOTCS JBa 3aJaHUs, MOCBSIICHHbIE
IIOCTPOCHUIO OBEPXHOCTEM.

YacTte nepBad. Buauane paccmoTpum mpouecc nporpaMMHpPOBAHMS

BBIYUCIICHUN (DYHKIUNA, HEOOXOIUMBIX JIJII TOCTPOCHUSI MPOCTPAHCTBEH-
HbIX KpuBbIX. [Ipennonaraem, 4to pe3yJbTaThl BEIYUCICHUN JTOKHBI BbI-
BOJIUTHCS B BUJIE TPEXMEPHBIX I'PpaMKOB C UCIIOIB30BaHUEM I'padUUeCKUX
GbyHKUM BeICOKOTO ypoBHSL param3d u param3d1.
®opmupoBanue 3amanuil. [Io mepBoit yactu paboOTH MPETYCMOTPEHBI
JIBa 3aJIaHUsl, B KOKJIOM M3 KOTOPBIX BBIYMCISAETCS (YHKIIUHU, OMUCHIBAIO-
I[Ue MPOCTPAHCTBEHHBIE KPUBBIC, U CTPOSTCA OOBEMHbIE rpaduku C uC-
MOJIb30BAaHUEM pa3IUyHbIX rpaduueckux (GyHkiuid. B mepBom 3amanuu
pucCyeTcs OJlHa KpUBasi, a BO BTOPOM 3aJJaHUH JIBE KPUBBIE.
Jlnst popMupoBaHUs MPOCTPAHCTBEHHBIX KPUBBIX HEOOXOAUMO:
" 3aJ]]aTh YMCJIO TOYEK MO KoopauHaTtam X U Y
"  BBIYUCIUTH DJIEMEHTHI BEKTOPOB KoopAuHaT X, Y;

" co3aaTh rpaduueckoe OKHO U BBIBECTH TpadiKk BHIOPAHHOTO THIIA.

3aoanus k pabome
3amanue 1. DyHKIMH TPOCTPAHCTBEHHBIX KPUBBIX ((PyHKIMS param3d).
* BBecTu UCXOHBIC TAHHBIC BApPHAHTA.

" Bpruucauts KOOPAUHATHI IPOCTPAHCTBEHHOW KPUBOM.
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= BpIBECTH 3Ty KPUBYIO B BUJI€ TPEXMEPHOTO rpaduka.

3ananue 2. ®yHKIUU MPOCTPAHCTBEHHBIX KPUBHIX ((QyHKIMS param3dl).
* BBecTu UCXOJIHbIC JaHHBIC BApUAHTA.
* BpIUHUCIUTH KOOPAUHATHI IBYX TPOCTPAHCTBEHHBIX KPUBBIX.

* BeiBecTH 00€ KPUBBIE B BUAE TPEXMEPHOTro rpaduka.
B Tabnuue Huxe 3amaroTcst ABe (YHKIUMU JJisI pacuera MpOCTPaHCT-

BEHHBIX KoopauHaT X, Y. Jls BeImosHEHMS 3afaHusl | HYKHO HUCIOJIB30-

BaTh TOJIBKO OJIHY NEPBYIO (PYHKIHIO.

Bapuanmul 3a0anuti no nepsoti uacmu

No X Y t

1 | sin(t), sin(2t) cos(t), cos(2t) 0:0.1:5*%pi
2 | sin(1.5t), sin(2t) cos(1.5t), cos(2t) 0:0.1:4*%pi
3 | sin(2t), sin(3t) cos(2t), cos(3t) 0:0.1:3*%pi
4 |sin(2.5t), sin(4t) cos(2.5t), cos(4t) 0:0.1:2*%pi
5 | sin(t), sin(2t) cos(t), cos(2t) 0:0.1:5.5*%pi
6 |sin(1.5t), sin(2t) cos(1.5t), cos(2t) 0:0.1:4.5*%pi
7 | sin(2t), sin(3t) cos(2t), cos(3t) 0:0.1:3.5*%pi
8 | sin(2.5t), sin(4t) cos(2.5t), cos(4t) 0:0.1:2.5*%pi
9 | sin(t), sin(2t) cos(t), cos(2t) 0:0.1:6.5*%pi
10 | sin(1.5t), sin(2t) cos(1.5t), cos(2t) 0:0.1:5.5*%pi
11 | sin(2t), sin(3t) cos(2t), cos(3t) 0:0.1:4.5*%pi
12 | sin(2.5t), sin(4t) cos(2.5t), cos(4t) 0:0.1:3.5*%pi

[Tpumep 1

Kpugas 1: x=sin(t), y=cos(t),

Hcnons3yercs pyHkius param3d.
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Jlucmumne npocpammol
// ®yHKUMA param3d, NnpocTpaHCTBEHHas KPUBas
t=0:0.1:4*%pi;
param3d(sin(t),cos(t),t/10,35,45,"X@Y@2",[2,3])
e=gce() // 06paboTumk 3D noANANHUK
e.foreground=color('red');
a=gca(); // obpaboTumK ocem

a.rotation_angles=[35 90];

Onucanue apryMeHToB (QyHKuuH param3d nMeeTcss B CIPaBOYHOU
cucteMe. OHaKo yist Oosiee TIIyOOKOTO MOHUMAHUS UX Ha3HAYEHUS PEKO-

MCHAYCTCA C HUMHU ITOSKCIICPUMCHTHUPOBATD.

Puc. 1.16. BeiBox KpHBO# ¢ mapaMeTpaMu Mo yMoiadaHuio (06e3 mocieaHux 4-X CTpoK)

25



Puc. 1.17. BbeiBog NpOoCTpaHCTBEHHOW KPUBOI 1O MOTHOMY JIUCTHUHTY

Hanpumep, u3 ananuza mojaHoro auctuHra u puc. 1.17 moxHO cae-
JaTh HEKOTOpbIE MOJIE3HBIE BBIBOJBI O HA3HAYEHUM JBYX YIJIOBBIX Mapa-
MeTpoB theta u alpha.

N3menenne napamerpa alpha no 90 rpaaycoB nmpuBOJUT K OpHEHTA-
MU TJIOCKOCTH YZ MEPNEHIUKYISIPHO IJIIOCKOCTH 3KpaHa. 3HayuT alpha
OTBEYAET 3a MOBOPOT yria 0030pa B TOPU30HTAIBHON MIOCKOCTH OTHOCH-
TEJIbHO OCH Z. AHAJIOTUYHBIN 3KCIIEPUMEHT C YTJIOBBIM napamerpoM theta
IPUBOAUT K BBIBOAY, YTO 3TOT apaMeTp OTBEUYAET 3a MOBOPOT yIJyia 0030pa

B BEPTHUKAJbHOM MIOCKOCTH OTHOCUTENBHO IIIOCKOCTH XY.

26



[Tpumep 2
Kpusas 1: sin(t), cos(t). Kpusas 2: sin(2*t), cos(2*t).
Eciau ucnone3yercs ¢pyHkmus param3dl, TO 3TO MO3BOISET HAPHCO-

BATh CPAa3y HECKOJIBKO TPOCTPAHCTBEHHBIX KPUBBIX.

Jlucmune npoepammol
// ®yHKUMA param3d1l, npocTpaHCTBEHHbIE KPUBbIE
t=[0:0.1:5*%pi]";
param3d1([sin(t),sin(2*t)],[cos(t),cos(2*t)],..
list([t/10,sin(t)],[3,2]),35,45,"X@Y@Z2",[2,3])

Puc. 1.18. BeiBox1 IByX MPOCTPaHCTBEHHBIX KPUBBIX
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Yacte BTOpas. Bo BTOpoit yactu pabOTHI MPOrpaMMUPYIOTCS BBIUKC-

neHuss QYHKIMA U1l ToBepXHOocTer. [lpu 3ToM mpesamonaraeTcsi, 4To BCe
PE3YJIbTAThl BEIYMCICHUN JOJDKHBI BBIBOAUTHCS B BHJIE TPEXMEPHBIX I'pa-
(UKOB C HCIOJb30BaHUEM IpadUueCKUX (PYyHKIMH BBICOKOTO YPOBHSI, Ta-
kux kak plot3d, mesh, surf u contour.
®opmMupoBaHue 3agaHuil. Bo BTopoil yactu paboThl MPeyCMOTPEHbI
TaKKe JBa 3aJaHUA, B KAKIOM H3 KOTOPBIX BBIYMCIIETCS JABYMEpHAas
GbyHKIMA, OMUCHIBaKOIIas 00beMHYI0 (DUTYPY, U CTPOSTCS MOBEPXHOCTHBIC
U KOHTYpHbIE rpaMKU C UCIOJIb30BAHUEM NEPEUUCICHHBIX TpadUuyecKux
¢bynkumii. B nepBom 3amaHun Kaxablid rpauK BBIBOJUTCA B OTIEIBHOE
OKHO, @ BO BTOPOM 33JIaHUU B TIOJIOKHA OJTHOTO OOIIET0 OKHA.
[loBepXHOCTHBIA M KOHTYpHbIA rpaduku. g GopMupoBaHUs IO-
BEPXHOCTHOT'O WJIM KOHTYPHOTO rpaduka HEOOX0IUMO:
" 33/1aTh YUCJIO TOYEK MO0 KoopauHaTaM X U Y;
" CO3[aTh BJIOKEHHbIE IUKIBI MO0 X U Y C BBIUHUCICHUEM (DYHKIUU
Z=f(X,Y);
" BBECTHM HOMEp rpauyeckoro OKHa M BBIBECTU B HErO IpaduK BbI-

OpaHHOTO THIIA.

Crnenyer Ucnoiab30BaTh rpaduKu:
" TpeXMEpHbIN C akcoHOMeTpuel, pynkius plot3(X,Y,Z);
" TpexMepHbIN ¢ (YHKIIMOHATLHOU OKpackol, ¢hyHkius mesh(X,Y,Z);
" TpEeXMEpPHbIN C PYHKIIMOHATHLHON OKPACKOW U MPOCKIINEH, (DYHKITUS
surf(X,Y,2);

" KOHTYpHBIH, GyHKIHS contour(X,Y,Z).

3ananue 1. Tpexmepnas rpaduka (yukiuu plot3d, mesh, surf, contour).
* BeecTu uCXoIHbIE TaHHBIC.
* BraucauTs QyHKIHO.

* BriBecTu GyHKINIO B BUE TPEXMEPHBIX TpapKOB Pa3HOTO THUIIA.
3aganue 2. [loBToputh 3amanue 1 ¢ orobpakeHueM rpaduKoB B IMOIOKHAX.
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Bapuanmwi 3a0anuii no emopoti uacmu

[Ipenensl u3BMeHEHUs
Ne | @ynkums X y
1 | z=sin(x)cos(y) ot -6 110 6 ot -6 10 6
2 | z=sin(x/2)cos(y) ot -2pi 10 2pi  |oT -2pi 1o 2pi
3 | z=sin(2x)cos(y) ot -6 10 6 ot -6 10 6
4 |z =sin(x)cos(y/2) oT -2pi g0 2pi  |oT -2pi g0 2pi
5 |z =sin(x/2)cos(2y) ot -6 10 6 ot -6 10 6
6 |z =sin(2x)cos(2y) oT -2pi 10 2pi  |oT -2pi 10 2pi
7 | z=(1+sin(x)/x)(sin(y)/y) ot -6 110 6 ot -6 10 6
8 |z = (sin(x)/x)cos(y) oT -2pi 10 2pi  |oT -2pi 10 2pi
9 |z =sin(2x)cos(y/3) ot -6 10 6 ot -6 10 6
10 | z = sin(x/2)cos(4y) oT -2pi 10 2pi  |oT -2pi 10 2pi
11 | z = sin(3x)cos(2y) ot -6 110 6 ot -6 10 6
12 | z = (2+sin(x)/x)(sin(y)/y) oT -2pi 10 2pi  |oT -2pi 10 2pi

[Tpumep 1
OyHKIUA XX

x y

Jlnarma3oH apryMeHToB -2pi...2pi

// ®yHKumu plot3d, mesh, surf, contour
N=40;
h=%pi/20;
// Pacuet matpuubl
for n=1:2*N+1

if n==N+1

A(n)=1;
else A(n)=sin(h*(n-N-1))/(h*(n-N-1));

end;

29

Jlucmune npozpammol




end;
for n=1:2*N+1

form=1:2*N+1

Z(n,m)=A(n)*A(m);

end;
end;
// 3apgaHve naowagKku
X=-N*h:h:N*h;
Y=-N*h:h:N*h;
scf();
plot3d(X,Y,Z*100);// OkHo 1. 3d rpadmMK c MOHOTOHHOW OKPaCKOW
scf();
mesh(X,Y,Z);// OkHo 2. 3d rpadumk, Kapkac
scf();
surf(X,Y,Z);// OkHo 3. 3d rpaduK c GyHKLMOHANbHOW OKpPaCKOM
scf();
contour(X,Y,Z,3);// OkHo 4. 3d rpaduK, KOHTYpb!

[Tocne 3amycka mporpaMMsbl mosydaeM pesyistat (puc. 1.19) B Buae

rpaduKoOB, KOTOPbIE IPEACTABICHBI B OTACIbHBIX OKHAX.

a) 0)

Puc. 1.19. BeiBog 3D rpadukoB: a) c MOHOTOHHO#M OKpacKoi; 0) kapkac
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a) 0)

Puc. 1.20. BeiBox 3D rpadukos: a) ¢ GyHKIIMOHATBHON OKPACKOif; 0) KOHTYPBI

[Ipumep 2
Jlucmumne npocpammol

// ®yHKumm plot3d, mesh, surf, contour. Micnonb3yoTca noaoKHa.
N=40;
h=%pi/20;
// PacueT maTpuubl
for n=1:2*N+1

if n==N+1

A(n)=1;

else A(n)=sin(h*(n-N-1))/(h*(n-N-1));

end;
end;
for n=1:2*N+1

for m=1:2*N+1

Z(n,m)=A(n)*A(m);

end;
end;
// 3apaHue naowaakm
X=-N*h:h:N*h;
Y=-N*h:h:N*h;
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subplot(2,2,1); // NoaokHo 1. 3d rpadpmk C MOHOTOHHOM OKpPaCKoW
plot3d(X,Y,Z*100);

subplot(2,2,2); // NogokHo 2. 3d rpaduk, KapKac

mesh(X,Y,2);

subplot(2,2,3); // NogokHo 3. 3d rpaduK ¢ pyHKUNOHANLHOWN OKPaCKOM
surf(X,Y,2);

subplot(2,2,4); // NogokHo 4. 3d rpadmK, KOHTYpbI

contour(X,Y,Z,3);

[Tocne 3amycka mporpamMmsl mmojiydaeM pe3yisbtat (puc. 1.21), B KoTo-

pom rpaduku 0TOOpa’keHbI B OTAEIBHBIX MOJJOKHAX OJTHOTO OOIIEro OKHA.

Puc. 1.21. Beion 3D rpadukoB B mogokHax 00IIEro OKHA

Konmponvnwie sonpocul
1. Opranu3zanusi BIOKEHHBIX HUKIIOB.
2. TlpaBuna 3a1aHusi MHOTOMEPHBIX (DYHKIIHIA.
3. CBs3b AByMEpHOUN PYHKIIMK C MATPUIIEH AJis BbIBOJA IpadUKOB.

4. TpexmepHas rpadka B aKCOHOMETPHH.
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®dyukius param3d.
®Oynuknus param3dl.
[IpaBuia 3aaHUsI MHOTOMEPHBIX (DYHKITHH.

CBs13b IByMEpHOUM (PyHKIIMH C MaTpULIEH Il BBIBOJIAa IPpapUKOB.

© o N o o

Tpexmepnas rpaduika B aKCOHOMETPHH.
10. TpexmepHnas rpaduka ¢ PyHKIHMOHATHBHOW pacKPaCKOM.

11. KonrtypHas rpaduxa.
Tema. Mooenv npeocmaesnenus 3HAHUIL.

JlaGoparopHnasi pabora Ne 3
Pewenue ypasnenuii

Pemenue cuctembl u3 N IMHEWHBIX ypaBHEeHHM B Scilab npousBoaut-
Csl C UCIIOJIb30BAHUEM MAaTPUYHOIO JIeJIeHusl. Pe3ynbTar peneHus: CucTeMbl
JMHENHBIX YpPaBHEHUW BBIBOJIUTCA B KOMaHAHOE OKHO. Yucna mpeactas-

Jsit0TCs B hopMate ¢ IiaBaroiei 3amsTou.
3aganue 1. Penienve cucteMbl IMHENHBIX YPABHEHUM.

» Co3maTh IporpaMmy peuieHus: CUCTeMbl U3 N JIMHEHHBIX YpaBHEHUN
B penaktope Scipad.

* 3agaTh MaTpUIly A TOCTOSHHBIX KO3(PPHUIIMEHTOB CUCTEMBI JTUHEH-
HBIX YpaBHEHUHU. DJIEMEHTBI MAaTPULIbI A OMPEAEISAIOTCS YMHOXKEHU -
eM MaTpulbl A mpuMepa | Ha HOMep BapuaHTa, 3aJJaHHbIA IIpenoaa-
BarenieM. [locTossHHBIE KO3 MUIIMEHTHI Pa3MEIIAIOTCs 0 CTOIOIaM
MaTpulbl. Yucio ctpok B maTpuile pasHo N.

= 3ajath BEKTOp mpaBoi yactu B pazmepom N.

» Haiitu pesysbrar o popmysie X=B/A.

= [Ipoeputs otBeT Mo popmyne BI=X*A. B pesynbraTe mpoBepku

TOJDKHO nonyunthess B1=B.
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[Ipumep 1
Jlucmune npoepammol

// PeleHne cuctembl IMHENHBIX ypaBHEHWUIA
// MaTpuua KoapdumumeHTOoB

A=[1,4;2,3]

// BekTop npaBoi YacTtu

B=[10,20]

// PeweHue

X=B/A

// NpoBepKa

B1=X*A

—-—>// PemeHMe CHCTEeMH NMHEHHHN VpaBHeHHMNA
——>// Marpmua xosddMumeHTOE

——>B=[1,4:;2,3]
;L =

-—->// BerRToOp NpaEOM YacTH

—-->B=[10,20]

B =

10. 20.
-—>// PemeHuMe

—-—>¥=E/L
}[ =

%]
1

—-—-=// Mpoeepka

-->B1=X*A

81 =

10. 20.

Puc. 1.22. BeiBo1 pe3ybTaTOB PEIICHUS! CHCTEMBI JIMHEHHBIX YPaBHEHHUN

34



Pemenue nenuueninoro ypasHenus Buaa f(x)=0 B Scilab moxHo pea-

au30BaTh ¢ nomoibio GyHknuu fsolve. Meros perieHrss OCHOBaH Ha TO-

UCKE KOPHS B OKPECTHOCTH IPEAINOIAaraeMoro ero sHadeHus x0. s ero

OIIPCACIICHUS ITPOBOAUTCS JIOKAJIHU3aIUsA pemeHHﬁ 10 IPEABAPUTCIIBHO I10-

ctpoeHHoMYy Tpaduky f(x). PesyabTaThl perieHnus MOTyT BEIBOJUTHCS KakK B

KOMaHJIHO€ OKHO, TaK ¥ B CTPOKY 3arojioBka rpaduka.

3ayanue 2. Penienne HEMMHEMHOTO YpaBHEHUSI.

Co3znate mporpaMMy peLICHUs HEJIMHEWHOIO YPaBHEHUMN B pEaKTOpe
Scipad.

B mporpamme onpenenuts Gpynkimo f1(x).

Beisectu y1=f1(x) B Buge XY rpaduka u no Hemy ONnpeaeiauThb Npu-
ommxkeHHO kopHu ypaBHeHHs y1(x)=0. Ecnu xopHu Ha rpaduke He
IPOCMATPUBAIOTCA, TO HEOOXOAUMO MOAOOpaTh MPEAeiabl U3MEHEHUS
apryMeHTa U IOBTOPUTH OIEPaLUU.

JUia Ka)Xaoro KOpHs HaWTH TOYHOE 3HAUYEHHE, MUCTOJb3Ysl (QYHKIUIO
fsolve. Ilepen pacueramu 3a1aTh MPUOIMKEHHOE 3HaAUYCHHE KOPHS XO0.
CchopmupoBath CTpPOKY C pe3yjbTaTaMH U BBIBECTU €€ B 3arojOBOK

OKHa rpaduka.

3aganue 3. PenieHue cUCTEMBI U3 IBYX HEJIMHEHHBIX YPaBHEHUM.

Co3math mporpaMMmy pelnieHus HeJIMHEWHBIX YPAaBHEHUH B peaKToOpe
Scipad.

B nporpamme onpeaenuts hyakiuu f1(x), £2(x), f3(x)=f2(x)-f1(x).
BeiBectu y3=fl(x) B Buae XY rpacduka. [lo Hemy onpenenurs npu-
ompkeHHo kKopHu ypaBHeHust y3(x)=0. Ecnu xopHu Ha rpaduke He
POCMATPUBAIOTCS, TO M3MEHUTH MpEACbl U3MEHEHUS apryMeHTa U
MIOBTOPHTH OTEpaITUH.

JIist KaXKa0ro KOpHS HAWTH TOYHOE 3HAYCHHE, WCTIONB3Ys (YHKIIHIO
fsolve. Ilepen pacueramu 3a1aTh NpUOIMKEHHOE 3HaUeHUE KOPHS XO.
CdopMupoBaTh CTPOKYy C pe3yJbTaTaMHd U BBIBECTH €€ B 3aroJIOBOK

OKHa rpaduka.
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Bapuanmot ons 3a0anuti 2 u 3

f1(x) - momuHOM 3-i1 cTeneHu ¢
No kod(pdunmenTamMu a f2(x)
a3 a2 al a0
110 -1 3 -2 0.1lexp(x) - 80
2 |0 4 -2 -5 20|cos(x)|
3 (0 2 4 -1 10In(x + 2.5)
4 10 9 -8 -70 40|sin(x)|
510 -4 4 50 30cos(x)
6 0.1 -5 3 40 2exp(]0.01*x]) - 50
7 10.2 -3 2 30 10sin(4x)
8 (0.3 -2 1 50 exp(|x|)sin(4x)
9104 6 -7 -70 90|sin(x)|
10|0.5 -2 4 50 50co0s(x)
1110.1 -7 8 40 10exp(]0.1*x]|) - 90
1210.2 -5 5 30 20sin(3x)

[Ipu pellieHNU HEIMHEHHOTO YpaBHEHUS 3aJlaHusl 2 OHO POpMUPYETCS
u3 Tabnuubl BapuaHToB Kak f1(x)=0. IIpu pemenun cucreMsl U3 IByX He-
JUHEWHBIX YpaBHEHUU 3aaHus 3 W3 TaOJUIIBI BapHaHTOB (hOPMHUPYETCS
ypaBuenue f3(x) = f1(x) - f2(x) = 0.

Jlokanuzanys KOpHEW. YpaBHEHUE WM CUCTEMA YPABHECHUM MOXKET
MMETh HECKOJIbKO KOPHEH, KXAbIM M3 KOTOPBIX HILETCA OTIesbHO. [Ipu
3TOM ISl K&KIOTO KOPHS HEOOXOAMMO 3a/laBaTh JUAINA30H apryMEHTa, B
KOTOPOM PACIIOJI0KEH UMEHHO 3TOT KOPEHb.

OTO OCYWIECTBISACTCA C MOMOIIBIK JOKaIW3auu KopHs. st atoro
HY>)XHO BBIYMCIIUTH 3HAaUYCHMsI (yHKIHWA B 3aJJaHHOM WHTEpBAJe, a 3aTeM
MOCTPOUTH UX Tpaduku. HauanbHOe 3HaAUCHUE IJI PEIICHUS OJTHOTO ypaB-

HEHHS — TouKa rnepecedueHus: rpagukom pynkuuu ocu X. ['paduk BbIBO-
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JIUATCS MPOLENYPOH, B KOTOPOM apryMEHThl — IEPEMEHHAs X U AHAIU3HU-

pyemas ¢pyHKus. PekoMeHyeTcsl BKIII0YaTh KOOPAUHATHYIO CETKY:
plot(x,f1(x)); xgrid();

HayanbHoe 3HaueHHe [Jisl PEIICHHs] CUCTEMBbl U3 JIBYX YPaBHEHHM —
3TO TOYKA B3aMMHOrO mnepecedeHus: rpa@ukoB 3tux (QpyHkuui. ['paduku
BBIBOJATCS MPOLIEAYPOM, B KOTOPOM Ui KaKA0ro rpaduka cieayer rpymn-

11a NapaMeTpoB:
plot(x,f(x),x,f2(x)); xgrid();

Oyukuus fsolve. Ota GyHKIMS UCTIOJIB3YETCS AJI1 HAXO0XKACHUS KOPHS
HEJIMHEMHOTO YpaBHEHMSI IO €ro NMPUOIMKEHHOMY 3HAUEHUIO, U OHA UMEET

cneayroommi popMar 3anmucu: <umsa pesynbrata>=fsolve(xO0, f1)

Hpuwmep 1
Jlucmune npocpammol
// PelneHne HenMHENHOro ypaBHeHUs
function y1=f1(x); // ®yHkyma f1
y1=x+3*(x-1)"2-2;

endfunction

x=0:0.1:2;

plot(x,f1(x)); xgrid; // Tpadukn
x0=0.2;

x1=fsolve(x0,f1) // KopeHb 1
x0=1.4;

x2=fsolve(x0,f1) // KopeHb 2
rezult="x1 = "+string(x1)+' x2 = "+string(x2);

title(rezult);

B 1ol mporpaMMe OCyIIECTBIIAECTCSA MTOMCK ABYX KOPHEW HEIMHEHNHO-
ro ypaBHenus. [Ipubnmxennsie 3HaueHus kopueit 0.2 u 1.4 onpenenensl
10 TIPEABAPUTEIHHO TTOCTPOEHHOMY TpaduKy HenmuHelHon QyHkuuu. Tou-

HbI€ 3HAYEHUSI KOPHEH BBIBOASTCS B OKHE Ipaduka PyHKIUH.
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Qaitn Mhctpymenter [paeka Cnpaska

BNEG(ITY @

Mpadudeckoe okHo O

x1=0.2324081 =2 = 14342585

Puc. 1.23. BeiBoJ pe3ynbTaToB pelieHus] HETMHEHHOTO YpaBHEHHUS

[Tpumep 2
Jlucmune npocpammoi
// PeweHune cuctembl HENIMHEMHbIX YPaBHEHUIA

function y1=f1(x); // ®yHKuma f1
y1l=x+3*(x-1)"2-2;

endfunction

function y2=f2(x); // ®yHkumsa 2
y2=x-1;

endfunction

function y3=f3(x); // ®yHKumA 3
y3=Ff1(x)-f2(x);

endfunction

x=0:0.1:2;

plot(x,f1(x),x,f2(x)); xgrid; // Fpadpukm
x0=0.4;

x1=fsolve(x0,f3) // KopeHb 1
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x0=1.5;
x2=fsolve(x0,f3) // KopeHb 2

rezult="x1 = "+string(x1)+' x2 = "+string(x2); title(rezult);

[IporpamMmma OCyIIECTBIISIET MOUCK JIByX KOPHEN CUCTEMBI U3 JBYX HE-
IuHEeNHbIX ypaBHeHul. [Ipubmamkennsie 3Hauenus kopuei 0.4 u 1.5 ompe-

nenenbl rpadudeckd. TOUHBIN pe3yiabTaT NPUBEJCH B IpaPUUecKOM OKHE.

Qaiin WuctpymenTer [lpaska Cnpaeka

BlEaG IV @

Mpadiageckoe okHO O

x®1=0.4228407 2 = 1.5773503

Puc. 1.24. BoiBo1 pe3y/bTaTOB PEIIEHUS IBYX HEIMHEHHBIX YpaBHEHUN

Konmponvnwvie sonpocut
1. MeTo/ibl pelieHusi CUCTEMBbI INHEIHBIX YPaBHEHUMH.
BBoa k03phulIMeHTOB 1 BBIBOJ MOJYUYEHHOTO PEIICHUS.
3ananue PyHKIUU MOJIb30BATES.
Jloxannsanus peleHni ypaBHEHUS.
Pemenvie HemHEHHOTO ypaBHEHUS ¢ ToMoIIsi0 PyHkiuu fsolve.

Jlokann3anus pemeHnii CUCTEMBI U3 IBYX YPaBHCHUM.

N o g koD

Pemenue cucremsl U3 1ByX ypaBHEHUM.
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Tema: Texnosoruu manunyauposanus 3Hanuamu CUN.

JlaGopaTopHas padora Ne 4
HEYETKHUE MHOKECTBA

Dyukyuu npuHadIeHcHOCmu u 6azosvle onepayuu

Jns paboTel ¢ HeueTkou sorukout (HJI) B MatremaTtnueckoM mMmakere
Scilab npennasnauen cnenuanbHbld MoAyJib Fuzzy Toolbox, B cocTaB Ko-
TOPOT0 BXOJIUT peaakTop SCIFLT.

JIaHHBII MOYJIb COJIEPAKUT B CBOEM COCTaBe OoJjiee IECITH BCTPOECH-
HBIX TUIOB (YyHKYull npunaonedxchocmu, GOpMUPYEMbIX HA OCHOBE KyCOY-
HO-JIMHEWHBIX (PYHKUUH, pacnpenenenus ['aycca, CUTMOMIHOW KPUBOH,
KBaIpaTUYECKUX U KyOMUECKUX MOJIMHOMHUAIBHBIX KPUBBIX.

JIunelinple (YHKIMU TPUHAJICKHOCTH SIBJIAIOTCS Haubosiee MpOCThI-
MU, YTO SABJISIETCS UX HECOMHEHHBIM JOCTOMHCTBOM. DTHX (DYHKIUH MpH-
HajsiexHocTu B Monyne Fuzzy Toolbox Bcero nuuib ABe: TpeyroyibHas U
TpaneuueBHIHas.

TpeyronbHas GyHKIUS NpUHALIEKHOCTH — trimf (0T aHrIMiickux
cioB triangle membership function) B mapamerpudeckom Buae mpeacTaB-
JsieT co0oi He YTO MHOE, KaK Habop TpexX TOYEK, COOTBETCTBYIOIIMX Bep-
mmHaM. C moMoIIbio 3TOro Habopa TpeX TOUYEK MOKHO 0OpPa30BBIBATH pa3-

JIMYHBIE BUIBI TPEYTOIHHUKOB.
Onucanue QyHKIUU:
y = trimf(x, [a b c]).

BekTop X B 1aHHOM BBIPa)KEHUM MPEJCTABIAECT 0a30BO€ MHOKECTBO,
Ha KOTOPOM oOmpeneiseTcss (yHKIUS NPUHAIIC)KHOCTH. APryMEHTHI B
KBaJpPATHBIX CKOOKAaxX a M C ONPENENSIOT MOJIOKEHUE OCHOBAHUS Tpe-
YTOJIbHUKA, a b — ero Bepiuny.

Ha pucynke 2.1 npeacraBiaeHbsl IPUMEPHI TPEX PA3TUUYHBIX TPEYTOJIb-

HBIX (PYHKIIUN TPUHAAJIEKHOCTH, TOCTPOEHHBIX Ha OCHOBE npumepa 1.
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Puc. 2.1. TpeyronbHbie QyHKIIMH IPUHAIIIECHKHOCTH

AHaNUTUYECKH TPEyroJibHash GyHKUUS MPUHAITIEAKHOCTH MOXKET ObITh

3a/1aHa CIEAYIOIUM 00pa3oM:

0, x<a
Ix—a
Ib , a<x<b
—a
f(x,a,b,c) = cC— X b
<x<
Ic—b’ =x=c¢
| 0, xX>c

PaccMoTpuM npuMepsl UCTOb30BAHMS PA3TMYHBIX (DYHKIIUNA TIPHU-
HAJIEAKHOCTH, BXOAAIINX B COCTAB MOJIYJISI HEUETKOM JIOTUKHU.
[Tpumep 1. IIporpamma ucnons3oBanus trimf (pesynprat Ha puc.2.1)
x=linspace(0,1,100)"; //3apaem MHOXeCTBO X
y1=trimf(x,[0 0.2 0.4]); [/ Tpn TpeyronbHbIX GYHKLUN Ha HEM
y2=trimf(x,[0.2 0.5 0.9]); y3=trimf(x,[0.5 0.6 0.9]);
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scf(); clf(); plot2d(x,[y1 y2 y3],leg="yl@y2@y3");
xtitle("Mpumepbl TpeyronbHbix GyHKUMIA NpuHaanexHoctn”,"x","mu(x)");
TpanenueBuanas QyHKIUS TpUHAIICKHOCTH — trapmf (oT aHrmii-
ckux cioB trapezoid membership function), oTiiMyaeTcst OT TPEyroJbHOM
(GYHKIIMY JTUITb TEM, YTO UMEET BEPXHEE OCHOBAHUE.
Onucanue pyukiuu: y = trapmf(x, [a b c d]),
r7ie apryMeHThl @ U d 3a/1al0T HM)KHEE OCHOBaHME, b 1 ¢ — BepxHee OCHO-

BaHue Tpareuuu (puc. 2.2).

Puc. 2.2. Tpanenenaanbable GYyHKINNA TPUHAICKHOCTH

AHaTMTAYECKH TPANCIUECBUAHYIO (YHKIIUIO 3aMTUCHIBAIOT TAK:

0, x<a
Yx—a
) a<x<b
Ib—a
f(X,a,b,C,d)= 1, b<x<c
(d —x
Id—C, C<de
|0, x>d
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[pumep 2. [Iporpamma ucronb3oBanus trapmf (pesynbrar Ha puc. 2.2)

x=linspace(0,1,100)';
yl=trapmf(x,[0 0.2 0.4 0.6]);
y2=trapmf(x,[0.2 0.5 0.6 0.9]);
y3=trapmf(x,[0.50.6 0.8 0.9 ]);

scf(); cIf(); plot2d(x,[y1 y2 y3] leg="yl@y2@y3");
xtitle("Mpumepsbl TpaneuenaanbHbix PyHKUMK NnpuHaanekHoctn","x"," mu(x)");

Ha ocnHoBe ¢ynkuuu I['aycca B Scilab M0oxHO mocTpouTh (PyHKIIUU
MPUHAJICKHOCTU JIBYX BHUJIOB: MpocTyro (pyHkuuio ['aycca gaussmf u
JIBYXCTOpOHHIO (pyHKIMIO ["aycca gauss2mf, koTopasi oOpa3oBaHa AByMs
dbynknusimu ["aycca ¢ pa3HBIMU ITapaMeTpaMHu.

Onucanue npoctoi ¢pyukuu ['aycca:
y = gaussmf(x, [o, c]).

[Ipocras pynkuus ['aycca 3aBUCHUT TOJBKO OT 2-X apaMETPOB G U C!
~(x—0)°
f(x,0,c) = e 202
JIBycTopoHHss PyHKIMS TpUHAAJIC)KHOCTH ["aycca:

y = gauss2mf(x,[o1, c1, 62, c2]).

DTO BBIpaXKEHHE sIBIsETCS KoMmOuHammen aByx (yskiuii ["aycca C
paznuuHbIMU mapamerpamu. [lepBast GyHKIUs onpenenseTrcs mapamerpa-
Mu 61 u ¢l u 3amaeT Gopmy JIEBON CTOPOHBI, a BTOpasi C MapaMeTpaMu G2
U €2 3a7aeT popMy mpaBoii CTOPOHBI PYHKIIUU TTPUHAJTICKHOCTH.

Ecmm c1 < ¢2, To pyaknus gauss2mf gocturaet MakCUMaIbHOTO 3HA-
YEHHUS, PABHOTO €MHHUIIE, B MPOTUBHOM CJIy4a€ MaKCUMAJIbHOE 3HAUYCHUE
(GbyHKIIMHA OyACT MEHBIIIEC ¢THHUIIBI.

Ha puc. 2.3 npeacrasiensl rpaguku KpuBbix gaussmf u gauss2mf,
KOTOpPBIC 33JJaI0TCS B pOrpaMme 13 nmpumepa 3.
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Puc. 2.3. T'ayccoBbl kpuBbIE
[Ipumep 3. [Iporpamma ucnons3oBanus GpyHKIUU gaussmf
x=linspace(0,1,100)';
yl=gaussmf(x,[0.1 0.3]);
y2=gauss2mf(x,[0.1 0.2 0.2 0.5]);

scf(); clf(); plot2d(x,[y1 y2],leg="y1@y2");
xtitle("Mpumepbl pyHKUMM NpuHaanexHoctu Maycca”,"x","mu(x)");
B nepBoii cTpoke onpeneneHrss 6a30BOro MHOXKECTBA X MCIOJIb3YETCS
CHMBOJI « ' », TOKa3bIBAIOIINUM, YTO 3TO MHOKECTBO TPAHCIIOHUPOBAHO.
Crnenyromiast GpyHKIMS Ha3bIBAETCA «OOOOIIECHHBIM KOJIOKOM» M OHA
MO3BOJISIET TIPEACTABIATh HEYETKHE CYOBEKTHUBHBIC MPEANOUYTCHHUS.
Ee ocobeHHOCTh — HalMM4ue TPEThEro mnapaMmeTpa, KOTOPBIM IO3BOJISIECT

caAciaaTrb MJIaBHBIN nepexoa OT HCYCTKOTO MHOKCECTBA K UCTKOMY.
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Onucanue QyHKIUK:
y = gbellmf(x, [a b c]).
AHaIUTHYECKOE BhIpaKeHHE JJIs1 DYHKIIUU «OOOOIIEHHBIN KOJIOKOID»:

f(x,a,b,c) =

X =c 2t

1+ | |
a

Ir7ie MapaMeTp C ONpenessieT paclooKEHNEe HEHTpa PYHKIUU TPUHAICK-

HOCTH, TapaMeTpsl & u b onpeaensor popmy kpuoii (puc. 2.4).

& Tpaguueckoe okHo O — O *

Daiin WHctpymenTel [Ipaeka Cnpaeka

T80 @

Mpameps dryHkunn nprHagnexiocT OGofweHHER Konokon

RIS

08—

0B+

05 4

muf)

0.4
0.3
0.2 1

0.1+

Puc. 2.4. ®ynkiuu npuHauie:;kHocTH « O000IIEHHBINA KOJTOKOI

[Ipumep 4. [Tporpamma ucnonb3zoBanus gbellmf
x=linspace(0,1,100)";
yl=gbellmf(x,[0.5 2 0.5]);
y2=gbellmf(x,[0.4 4 0.4]);
y3=gbellmf(x,[0.2 3 0.3]);
plot2d(x,[yly2 y3] leg="yl@y2@y3");

xtitle("Mpumepbl dyHKUMK npuHaanekHocTn O606weHHbIN Konokon","x","mu(x)");
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OyHKIMU TPUHAISKHOCTH ['aycca M «0OOOIEHHBIH KOJIOKOJD» OT-
JUYAOTCS TJIAIKOCTHIO U MPOCTOTOM 3aITHCH, a TaK)Ke SBIIIOTCS Hambosee

HCIIOJIb3YCMBIMH IIPpU OITMCAHHUHN HCUYCTKHUX MHOKCCTB.

OpnHako OHU HE MO3BOJISIIOT POPMUPOBATH ACUMMETPUYHbBIE (PYHKIIUU.
JUia 3TuX 1enel UCHoJib3yIOT CUTMOMJIHBIE (YHKIUHU, KOTOPbIE MOTYT

OBITH OTKPBITHI KaK CJ€Ba, TAK U CIIPaBa.

CUMMETpUYHBIE W 3aKPBIThIE (PYHKIHUU CHUHTE3UPYIOT C IMOMOIIBIO
JBYX JOTOJHUTEIbHBIX cUrMouj. OCHOBHas curmMoujHass (pyHKuus 000-

sHauvaetcs sigmf, a qomoaauTensabie — dsigmf u psigmf.

Onucanue OCHOBHOM CUTMOUIHON PYHKIUU:
y = sigmf(x, [a c]).

AHanmuTH4ecKas 3amuch CUrMOMaHON pyHKIMHU sigmf umeer BUI;

1
f(x,a,c) = .
1 + e—alx—0)

B 3aBucuMoct OT 3Haka mapameTpa a (QyHKIUA OyIeT OTKphITa
cCIpaBa Wi clieBa (CM. puc. 2.5), 4TO MO3BOJUT MPUMEHSTH €€ TPH OIHca-

HUU HEUETKUX MOHATUN «OUEHb OOJIBIIONY, «KpailHe MaJIbI» U T. 1.

OnucaHue JONOJHUTEIBbHON CUTMOUIHON PYHKIMU:
y = dsigmf(x, [a1 ¢1 a2 c3]).

@I dsigmf 3aBucuT OT YeTbIpex mapameTpoB ai, Ci, a2, C2 U OIpene-
JSICTCS PA3HOCTBIO ABYX CUIMOMIHBIX (yHKIwmiA: f1(X, a1, C1) — f2(X, az, C2).

Onrcanne JOMOJHUTEIBHON CUTMOUIHON (QyHKITUH:

y = psigmf(x,[a1 c1 a2 c2]).

@I psigmf Takxke, kak ¥ npeablayas PyHKINs, 3aBUCUT OT YEThIPEX
MapameTpoB ai, Ci1, 82, C2 U ONPEAEISIETCS KaK MPOU3BEACHHUE IBYX CUTMO-

unnaeix Gysxouit: fi(X, ai, 1) - f2(X, az, C2).
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Puc. 2.5. Curmounnbie GyHKITUU TPUHAIIICKHOCTH

[Tpumep 5. [Iporpamma UCnonb30BaHUA CUTMOUAHBIX (YHKIIHIA

x=linspace(0,1,100)';

sigl=sigmf(x,[12 0.3]);

sig2=sigmf(x,[ -12 0.7]);

psig=psigmf(x,[15 0.5 -15 0.7]);

dsig=dsigmf(x,[15 0.1 15 0.3]);

plot2d(x,[sigl sig2 psig dsig],leg="sigl @sig2 @ psig@dsig");

xtitle("Mpumepbl curmonanbix pyHKUMN npuHaanexkHoctn","x"," mu(x)");

Moxuo hopmupoBats OI1 Ha OCHOBE MOIMHOMUAIBHBIX KPUBBIX. ITO
Z-pyukiuu (zmf), Pl-dyakiun (pimf) u S-pyuaxuuu (smf). Oynakius zmf
— acCUMMETpUYHAsl KpUBas, OTKPBITas cjieBa, GyHKIus smf — ee 3epkaiib-
Hoe oTtoOpakeHnue. Oynkuus pimf paBHa HyIIO crpaBa W CleBa U paBHA

CIMHUIIE B CEPEIMHE HEKOTOPOTo OTpe3ka (cM. puc. 2.6).
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Onucanue QyHKIUK:

y =zmf(x, [a b]).

[Tapametpsl @ u b onpeaensroT 3KCTpeMaabHbIe 3HAUCHUS KPUBOK.

Onucanue QyHKIUU:

y = pimf(x, [a b c d]).

[Tapametpbr @ u d 3amaroT nepexos (GyHKIHMU B HyJIGBOE 3HAUCHUE,
napaMeTpsl D ¥ C — B eTUHIYHOE.

Onucanue QyHKIUU:

y = smf(x, [a b]).

[TapameTpbl @ 1 b onpeeNsaroT SIKCTpEeMaTbHBIC 3HAYCHUST KPHBOU.

lpapuueckoe okHo O - O *
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Puc. 2.6. [lonnHoOMuanbHble KpUBbIE

[Ipumep 6. [Iporpamma ucmosib30BaHUS TOJTMHOMUHAIBHBIX KPUBBIX
x=linspace(0,1,100)';

pi=pimf(x,[0.1 0.5 0.7 1.0]);

z=zmf(x,[0.2 0.4]);

s=smf(x,[0.6 0.8]);
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plot2d(x,[pi z s],leg="pi@z@s");

xtitle("Mpumepbl nonnHoMManbHbIX Kpuebix","x"," mu(x)");

Kpome paccMoTpeHHBIX BbIlE (DYHKIIHUHA, MO3BOJISIONIMX IIPEIACTAB-
JSTh HeueTKre MHOXecTBa, B SCIFLT MoxHO ¢hopMupoBaTh COOCTBEHHBIE
(GYHKIIMY NPUHAIICKHOCTH, a TaKkKE MOAUDUIIMPOBATH BCTPOCHHBIE.

Cpenu 6a3o0BbIX omnepanuii B MmoayJsie SCIFLT BwiiensroT Tpu Jioruye-
CKHE OIEpalMi: KOHBIOHKIIMIO, JU3BIOHKIUIO U JOTHYECKOE OTPULIAHUE.
[Ipy >TOM CyIIECTBYET BO3MOKHOCTH ONPENCIISITh KOHBIOHKTUBHBIE U
JTA3BIOHKTUBHBIE ONIEPATOPHI PA3IMYHBIMUA METOJAMMU.

Konswtonkuus, win T-HOpMa, IIpeAcTaBiIseT co00i HaXO0XKIACHUE JIOTH-

geckoro M. OHa mpencTaBieHa ClIeayONMMA OTIepaTOPaMH:

x1x2
max (x1,x2,w
I1 —min[1, ((1 — x1)¥ + (1 — x2)W)W] if class is yager

if class is dubois

[ x1lifx2=1
tnorm([x1,x2], class,w) = , x2ifx1=1 if class is dprod
0 otherwise
x1x2
%2 Ol + %2 — x1x2) if class is eprod
[x1x2 if class is aprod
| min(x1, x2) if class is min

Omnpenenennie PyHKIUU:
y = tnorm(x, class [,class_par]),

rIe X — MaTpMiia, pasMepHOCTBIO [M,N]; Y — Marpuia, pa3sMepHOCTHIO
[m,1]; class — crpoka, koTopas 3amaet Bua T-HOpMBI (IPUHUMAET 3HAYE-
Hus: «dubois» mus T-Hopm [roOya-Ilpanma, «yager» mus T-nopm Srepa,
«dprody» ays BeposiTHOocTHOTO U, «eprody ju1s mpor3BeAeHUs DUHINTEHHA,
«aprod» g anredpanvdeckoro MPOU3BEACHUS W «Miny IJIs ONepaIuyd MU-
HuMyma); class_par — ckamsgpHas BenuuuHa s |-HOpM «dubois» u

«yager».
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JIM3BIOHKIINS WM S-KOHOpMa IpeAcTaBisieT codoi Jjornueckoe MJIN

1 MOXET OBITh HaliJIeHa C MIOMOIIBIO CIEAYIONTUX OTIEPATOPOB:

x1+ x2 — x1x2 — min(x1,x2,1 — w)

] if cl is duboi
I max (1 —x1,1 —x2,w f class is duboi
| . w w1/ ; ;
yrgbneLll (1w + x2w)w] if class is
[ x1ifx2=0
snorm([x1, x2], class,w) = , {x2ifx1=0 if class is dsum
1 otherwise
Ix1 + x2
% 1m lf class is esum
[x1+ x2 —x1x2 if class is asum
| max(x1, x2) if class is max

Onpenenenue GyHKIMM:
y = snorm(x, class [,class_par]),

rJIe X — MaTpHIa, pa3MEepHOCTHLIO [M,N]; ¥ — MaTpuIla, pa3MepHOCTHIO

[m,1]; class — crpoka, 3amaer BuJ S-KOHOPMBI (IPUHUMACT 3HAYCHHMS:
«dubois» ns S-xoHopMmel [ro0ya-Ilpana, «yager» mans S-konopmsl Srepa,
«dsumy» ms BepostHoctHoro WMJIM, «esumy» misg cymMmbl DWHINTEHHA,
«asumy ISt aredpandeckor CyMMBI U «mMaxy I ONepaliuu HaXOXKIeHUs
MakcuMyMa; Class_par — ckajsipHas BEIWYMHA I S-KOHOpM «duboisy u

«yagen.

[Ipumep 7. [IporpaMmma KCIIONB30BaHMS ONepammii Min u max
x=[0:0.1:10]"

yl=gaussmf(x,[1.2 3]);

y2=gaussmf(x,[1 7]);

yyl=tnorm([y1 y2],'min");

yy2=snorm([y1 y2],'max');

yy3=tnorm([y1 y2],'dprod');

yy4=snorm([y1 y2],'dsum');

subplot(3,1,1);

plot2d(x,[y1 y2],leg="mfl@mf2',rect=[0 -0.1 10 1.1]);
xtitle('Member Function Evaluation','x','mu(x)"); subplot(3,1,2);

plot2d(x,[yyl yy3],leg="min@dprod',rect=[0-0.1 10 1.1]);
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xtitle('AND OPERATION','x','and(mf1,mf2)'); subplot(3,1,3);
plot2d(x,[yy2 yy4],leg="max@dsum’,rect=[0 -0.1 10 1.1]);
xtitle('OR OPERATION','x','or(mf1,mf2)");
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Puc. 2.7. Pe3ynbTaThl paboThl IpOrpaMmMbl ipumepa /
MuHrMaKkcHas HMHTEpIpeTanrs HauOoJee 4acTO HCMOJb3YeTCs MNpU
NOCTPOEHUH HeYeTKuX cucteM. OJIHaKO Ha MPaKTHKE TaKXe pacnpocTpa-
HEHA W AJIbTEPHATUBHAS BEPOSATHOCTHASI MHTEPIPETALNS KOHBIOHKTUBHBIX
Y IU3BIOHKTUBHBIX ONIEPATOPOB.
Onepanys «JIONOJHEHHUE» €CTh HE YTO MHOE, KaK MaTeMaTH4ECKOe
npejacraBieHue BepOanbHOTO BhIpaxkeHus “HE A”, rme A — HedeTkoe
MHOJKECTBO, OIMCHIBAIOIIEE HEKOTOPOE PA3MBITOE CYXKICHUE.

OmnurcaHue oTnieparyy JOTOJTHCHHS:
y=complement(x, class [,class_par]),

r7ie X, Yy — MaTpuIlbl, pa3MepHOCThIO [M,N];
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class — crpoka Buaa omepaTopa (3Ha4CHHUS: «ONe» A OOBIYHOIO JOIOJ-
HEHHUs, «sugenoy i gonojHeHus mo CyreHo u «yager» nis Arepa);
class_par — ckaisip, HCIOJIb3yEMBIi B S-KOHOPMaX «SUZENO» H «yagen.

AHaIMTHYECKHU (bYHKHHIO JOITIOJTHCHMA 3aIlMChIBAIOT TaK:

1—x if class is on
! 1—x
complement(x, class,w) = —— if class is sugeno if
1 +wx
[(1 — xw)lw classis yager

[Tpumep 8. IIporpamma KcHob30BaHUS ONEPALIMH JTIOTIOJIHEHHUS
x=[0:0.1:10]";

yl=gaussmf(x,[1.2 3]);

y2=complement(yl,”one”);

plot2d(x,[yl y2],leg="'mfl@Not_mf1',rect=[0-0.1 10 1.1]);

xtitle('Member Function and Inverse','x','mu(x)');
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Puc. 2.8. ®yHK1IMS TOTTOTHEHUS
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Konmponvnvie sonpocwi

1. HedyeTkoe MHOKECTBO U €0 OTJIIMYKE OT OOBIYHOI'O MHOKECTBA.
2. OyHKIUS TPUHAJJICKHOCTH U €€ CBOMCTBA.

3. KOHBIOHKTUBHBIE U JAU3BIOHKTUBHLBIC OIICPATOPHI.

Tema: Texnosioruu manunyauposanus sHanuamu CUN.
Jlabopamopuas paooma Ne 5
Mooenupoeanue Heuemkux cucmem

Llenv pabomul: U3yIUTHh METOJ IOCTPOSHUSI HEYETKOH CUCTEMBI B MO-
nyne SciFLT cpenst Scilab.

B SciFLT peanu3oBanbl Bce OCHOBHBIE (yHKIIMH, HEOOXOIUMBIE IS
CO3JIaHUsl ¥ MOAU(DUIIMPOBAHUS CUCTEM HEUYETKOTO BBIBOJIA.

[lepen mocTpoeHHMEM CHUCTEMBI HEYETKOTO BBIBOJA HEOOXOJWMO BHA-
yaje B KOMAHJHOW CTPOKe OCHOBHOro okHa ScCilab waOpats komanmy
editfls. C momoribio 3Toi KOMaH/IbI BbI3bIBACTCS rpaUUeCKUil peaakTop

CUCTEM HEYETKOIO BbIBOJIA, KaK MOKAa3aHO Ha pUCYHKe 2.9.

& sciFLT fls Editor — O >
File VWiew Help

fls Editor

=

| Welcome ‘

Puc. 2.9. I'paduueckuii pegakrop cucrem HeueTkoro BeiBoga (CHB)
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Peoaxmop CHB. I[locmpoenue neuemkux cucmem

B MeHro HyxHo BeiOpath File — New fls — Tunm cucremsr (Mamaanu
uin CyreHo). BeiObupaem cucteMy HEYETKOTO BbIBOJA 10 MamaaHu, rpu
ATOM B JIEBOU ITAHEIIN MOSBUTCS JEPEBO CO3/1aBAEMON HEYETKOW CUCTEMBI.

CHayvaya BeIOMpaeM B HeM IyHKT Description u 3amosHseM MOsBHB-
myrocs crnpara ¢opmy. B Hell He0OX0oaMMO yKa3aTh UMsI CHCTEMBI, KOM-
MEHTapuu (He 00s13aTeNIbHO), BUIbl T-HOPMBI U S-KOHOPMBI, TUIT ONEPATO-
POB JOTMOTHEHUS, UMIUTUKAIIMK, arperaliui 1 MeTo nedaz3udukaiuu.

Jlns cucteMsl Mo Mamaanu Beioepute omepaTtopsl (cM. puc. 2.10).

Puc. 2.10. Onucanue BBIOpaHHBIX OMEPaTOPOB
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3areM ompenessieM COCTaB BXOIHBIX M BBIXOJHBIX IMEpeMEHHBIX. JlJis
3TOr0 BBIOMpaem myHKTH INputs m Outputs coorBeTcTBeHHO. B OKHE
CTpaBa MOSIBUTCS YUCIIO TIEPEMEHHBIX, UX CIHCOK, a Takke kHomku Add,
Delete u Exit. Jlo6aBisiem HOBBIE TiepeMeHHbIe KHomKoi Add.

CoxpaHeHHe MPOEKTUPYEMOM CUCTEMBI B pabouee MpOCTPaHCTBO Cpe-
ael Scilab ocymectisror komangoii File — Export — to workspace.
[Ipu 3TOM naHHBIE COXpPAHSIOTCSA 10 OKOHYaHHUA ceaHca padotsl ¢ Scilab.
JIyis coxpaHEeHUs TaHHBIX Ha JIUCK IOCJIe OKOHYAHUsS ceaHca paboThl MpH-

MEHSETCS COOTBETCTBYIONIUI MyHKT TOro ke MeHto — to fls file. . ..

Peoaxmop nepemennwvix

JInst penakTHpoBaHUsl NEPEMEHHBIX (MEPEUMEHOBAHUS, 3aJaHus JIHa-
Na30Ha 3HAYEHM, CBSA3bIBAHMS (PYHKUHUAMHU MPUHAITICHKHOCTH) HEOOXOIU-

MO BI)I6paTI) B CIIMCKC BXO/JHbIX HWJIM BBIXOJAHBIX IICPCMCHHBIX HYKHYIO.

Torma B mpaBoM OKHE MOSBUTCS PEAAKTOP NMIEPEMEHHOM:

Puc. 2.11. PegakTop nepeMeHHBIX (BX0IHas nepeMeHHas discount)
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1) B penakTope Hy>KHO 3a]1aTh UMS;
2) AWara3oH JOMYCTUMBIX 3HAYCHMIA;
3) ¢ nomoripio kHonku Add BHM3Y OKHA 100aBUTH (DYHKIIUU TPHUHA-

JICKHOCTH (YAQISIOT UX HakatueM kHomku Delete).

PenakTop nmepeMeHHbIX — HHCTPYMEHT, MO3BOJISIONIUN 0TOOpaXkaTh U
penaktupoBaTh Jto0Obie DII, acconmupoBaHHbIE (CBA3aHHBIE) CO BCEMU
BXOJIHBIMH U BBIXOJIHBIMU TI€pEMEHHBIMU pa3padaTsiBacmoii CHB.

Penaktupyror @Il Texyiien nepeMeHHON U3MEHSA €€ XapaKTePUCTH-
KU (MMs1, TAI U 4YUCIIOBBIe mapameTphl). To ectb npu nocrpoenurn CHB
HY>XHO C moMoIsio peaakrtopa ®II onpeneanTs cOOTBETCTBYIONMME (DYyHK-

oy 1JId Ka)KI[Of/'I N3 BXOAHBIX U BBIXOJHbIX IICPCMCHHBIX.

Peoaxmop npasun evi600a

[Tocne ykazaHusi KOJWYECTBAa BXOJHBIX U BBIXOJIHBIX TMEPEMEHHBIX,
oInpeeeHusl UX HauMeHoBaHus U BbIOOpa cooTBercTByomMX OII, B CHB
BKJIIOUAIOT ITpaBuUIIa BEIBOA C IMTOMOIIIO ITyHKTa RUles.

OCHOBBIBasICh Ha OIHUCAHUSAX BXOJHBIX M BBIXOJHBIX MEPEMEHHBIX,
onpeneyieHHbIX B peaakrope PII, pemaktop mpaBuil BeiBojga GOPMUPYET
CTPYKTYpY mpaBujia aBTomMaThuecku. OT moyib30BaTeNsl TpeOyeTcs JIUIIb
CBSA3aTh 3HAYCHHS BXOJHBIX M BBIXOJHBIX MMEPEMEHHBIX, BEIOMpAst U3 CIH-
cKka 3a/laHHbIX panee DI, u onpenenuTh JOrHYECKUEe CBIA3ZKU MEXKITY HUMH.
Taxxe gomyckaercsi ucnojib3oBanue joruueckoro orputanus (HE) u u3-
MEHEHUE BECOB MpaBWiI B nuana3zone ot 0 go 1.

[IpaBuia BeIBOAA OTOOpakaroTCsl B OKHE B clienyroniei opme:
if (input_1is [not] mf 1j1) < and, or >... (input_i is [not] mf _ij;) ... <and, or >
(input_n is [notImf nj,) then (output 1 is [not]mf n+1j,.1) < and, or > ...
(output_k is [not]mf_k+njin) <and,or>...(output_m is [not]mf_m+njm.n)(W),

rjae i — HoOMep BXOJHOM MmepeMeHHOM; j; — HoMmep PII i-if mepeMeHHOM;
k — HOMEp BBIXOJHOW MEPEMEHHOMN; N — KOJUYECTBO BXOJHBIX MEPEMEH-
HBIX; M — KOJIMYECTBO BBIXOJHBIX MEPEMEHHBIX; W — Bec TpaBmia. Kpyr-
JIbIE CKOOKHU 3aKJII0YaIOT 00s3aTelIbHbIC TTapaMeTphl, KBaIpaTHbIe — HEOOsI-

3aTeNbHBIE, a YTJIOBbIE — AIbTEPHATUBHBIC (OJMH HA BHIOOD).
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[Ipumep 1. Cozoanue CHB

B kauecTBe mpumepa, WILTIOCTpUpYIOIIEro Meto nocrtpoenuss CHB,
paccMOTpUM clieayroIlyto curyanuto. HeooxoauMo OoleHUTh CTENeHb WH-
BECTUIIMOHHOW MPUBJIEKATEILHOCTH KOHKPETHOTO OM3HEC-MPOEKTa Ha OC-

HOBaHUHU JAHHBIX O CTABKC TUCKOHTUPOBAHUSA U IICPHOAC OKYIIACMOCTH.

Illae 1. BezsiBaeM peaaktop s co3aanus CHB, nabupas B komaH/1-
HoW cTpoke editfls. B mosBuBIIEMcs OKHE peakTopa co37aeM HOBYIO CHUC-
Temy 1o Mamaanu. 3arojiHsIeM ONMCaHue KakK moka3zaHo Ha puc. 2.10. Jlo-
OaBJsieM 2 BXOJHBIC IEPEMEHHbBIC U 1 BRIXOAHYIO TIEPEMEHHYIO.

B pesynbrare monyuaem cuenyromyr ctpykrypy CHB: nBa Bxona,
MEXaHU3M HEYETKOro BhIBOJA Mo Mampaanu, oauH Bbixoll. OObsABIsIEM
NEPBYIO MEPEMEHHYIO Kak discount, a BTOpyl0 — period, KOTOpbIE, COOT-
BETCTBEHHO, OYyAyT NPEACTaBISTh CTaBKY JIUCKOHTUPOBAHUS W TEPHUO]I
OKynaeMoCTH Ou3Hec-TipoekTa. HanMeHOBaHME BBIXOJHOW MEpPEMEHHOM,
Ha OCHOBAHUU KOTOPOM MPUHUMAETCS PEIICHUE O CTEIEHH WHBECTUIIUOH-
HOM MPUBIIEKATEIBLHOCTH OW3HEC-TIPOEKTa, 3adaeTcs Kak rate. CoxpaHuM
CO3/1aBaeMyr0 MOJIeIb IToJ uMeHeM Invest. Ha puc. 2.13 npencraBieHo co-
crosiHue okHa pegakropa CHB nocne coxpanenusi.

Ilae 2. Kaxnoil BXOAHON U BBIXOJHOW MEPEMEHHOM MOCTaBUM B CO-
orBeTcTBUEe Habop DII. Jlnsa discount onpenensiem nuana3oH 0a30BOM Ie-
peMeHHoi# oT 5 10 50 (eauHUIIA U3MEPEHUS — MPOIIEHTHI). Takoil ke aua-
Ma30H BeIOMpaeM jis ee oToopaxkenus. JJo6asum tpu @I, T KOTOPBIX —
trimf, U IpUCBOUM UM HauMeHoBaHusl — small, middle, big, COOTBETCTBEH-
HO, HEOOJIBIIION, CpeTHEeN 1 OOJIBIIION CTaBKE TUCKOHTUPOBaHUs (puc. 2.2).

Ilepemennoii period nuana3on 0a30BOM NMEPEMEHHOUN OMNpENENIeH paB-
HbIM [3, 36] (enrHUIIA U3MEPEHUS — MECSIIBI), TOCTABIICHBI B COOTBETCTBHE
Tpu ®@II THMa gaussmf ¢ HaumeHoBaHusIMU — short, normal, long. Takum
o0pa3oM, MepeMeHHas CpPOKa OKYIaeMOCTH OH3HEC-TIPOEKTa OyJIeT IpH-
HUMATh CJICAYIOIIUE 3HAYCHUS: KOPOTKUN, OOBIUHBIA U JIUTEIBHBIA CPOK

oKyrmaemocTH (puc. 2.12).

57



Puc. 2.12. Bxonnas nepemennas Period

Hakonen, nis nepeMeHHOHM rate ompezaensem: 0a3oBas MepeMeHHas
M3MEHseT 3HaueHue B auanaszone [0, 1], cemMaHTHKa ONMUCHIBAETCS TPEMs

®I1 tuna trimf ¢ HaumeHoBauusIMU: bad, normal, good (puc. 2.13).

Puc. 2.13. Beixonnas nepemenHas Rate
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Member functions for input number 1 named discount
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(menro View — Plot Current Var).
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Puc. 2.15. I'paduaeckoe mpencTaBieHne BBIXOTHO



Llae 3. 3aknmounTenbHbM 3TanoM nocrpoennss CHB saBnsiercst onpe-
neneHre Habopa mpaBuil, KOTOPBIC 3a7al0T CBS3b BXOJHBIX EPEMEHHBIX C
BBIXOJHBIMU. J[J1s 3TOTO B peIaKTOpE MpaBUJl BHIBOJIA OMIPEACTUM:

ECNU discount = small N period = short TO rate = good

ECNWU discount = HE small U period = long TO rate = bad

ECNWN discount = middle U period = normal TO rate = normal

ECNWU discount = big W period = short TO rate = normal

CocTosiHue OKHa peIaKkTopa MpaBUil BEIBOA MOKa3aHo Ha puc. 2.16.

Puc. 2.16. PegakTop npaBuil BbIBOIa

Cpedcmeo npocmompa nosepxXHoCcmu 6616004
s storo cymiectByer pynkmus plotsurf, koropast BeI3bIBacTCS M3

KOMaHJIHOM CTPOKH OKHa Scilab u umeer cieayroline napaMmeTpsl:
plotsurf (fls [, ivar, ovar, vivar [,npart [,mod]]]).

Onucanue napaMeTpoB PyHKIIHU:
fls — ums fls-ctpykrypsr;
ivar — BEKTOp BXOJIHBIX MEPEMEHHBIX (33/1al0TCsl MOPSAIKOBbIE HOMEPA
BXOJIHBIX IEPEMEHHBIX, KOTOPbIE HEOOXOIUMO MTOCTPOUTH);
ovar — CKaJisip, HOMEp BbIXOAHOW MEPEMEHHOM;

vivar — BCKTOP 3HAUYEHUM BXOJHBIX MNCPCMCHHBIX
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npart — BEKTOP, YUCIIO PA3JEJIOB JJIs KaKJI0M BXOIHOM NIEPEMEHHOM;

mod — ckansap, BUJ OTOOpakCHHsS IOBEpPXHOCTH Ha d3kpanHe (1 —
grayscale, 2 — jetcolormap, 3 — hotcolormap, 4 — internal color
map).

[Tpumep 2.
fls=loadfls("E:\Tmp\Invest.fls");

plotsurf(fls,[1 2],1,[0 0]);

HOBerHOCTL BbIBOJA, KOTOPasA COOTBCTCTBYCT IIpaBUJIaM BBIBO/Jda H3

npumepa 1, nokazana Ha pucyHnke 2.17.

Puc. 2.17. IloBepXHOCTb HEUETKOTO BHIBOJIA
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HOCI’I’lpO@HM@ HeYemKux cucmem muna Cyd.?fceHo

YroOsl moctpouth CHB Tuna Cymxeno, HyxkHo B MeHto File BriOpaTh
New fls — Takagi-Sugeno. Komu4yecTBO nepeMEHHBIX ONPEASISCTCS TaK
ke, Kak ¥ ripu noctpoennu CHB tuna Mamuaanu.

Jns CHB tunma CymakeHo U3MEHEHUS KacaroTCsl TOJBKO CXEMBI OIpe-
nenenust OII nns BeIxoaHBIX nepeMeHHbIX. B Scilab moxHO pazpabarsl-
BaTh JIBAa BUJA HEYETKUX Mozesen. [lepBas Moaenb — 3TO HEYeTKast MOJIEIb

CyI’Ke€HO HYJIEBOTO MOPS/IKA C HEYETKUM MTPABUIIOM BBIBOJA!
if xisAandyis Bthenz=k,

rae A u B — HedeTKkre MHOXKECTBA aHTEIIEICHTAa; K — 4eTKO 3ajjaHHast KOH-
CTaHTa KOHCEKBEeHTa. /[ mocTpoeHus Takod Monenu mpu J00aBICHUU
@I BpIOMpAIOT TUIl — KOHCTaHTa (constant) v 3aJal0T €€ YUCICHHOE 3Ha-
yeHue. Bropass monenp — Heuerkas Mojaenb CyJKEHO MEpPBOro MOPSKA.

J114 HEe HEUeTKOE MPaBUJIO BbIBOJA UMEET CIIEAYIOLIUN BU/I:
ifxisAandyisBthenz=p-x+q-y+r,

rjae P, ¥ I — KOHCTaHTHI.

B nannom ciyvae tun ®I1 — nuneiinas 3aBucumocts (linear). st on-
penenenus mapameTpo PII He0OX0MMO BBECTH BEKTOP, JIEMEHTHI KOTO-
pPOT0 COOTBETCTBYIOT YHCIICHHBIM 3HAYCHHSIM KOHCTAHT KOHCEKBEHTA.

PaboTa ¢ pemakTopom mpaBuJI BBEIBOJA, a TAKXKE CO CPEICTBAMHU IPO-
CMOTpa MPABWJI U TIOBEPXHOCTH BBIBOJIA BBITTOTHAETCS aHAJIOTUYHO CITy4aro
noctpoenusi CHB o Mamaanu.

OCHOBHOE OTJIMYKE HEYETKOTO BBIBOIA 0 CyIKEHO ¢ MCIOJIH30BAHH -
€M HEYeTKOM MOJENIH HYJEBOrO MOPSAKAa W IPaBHJI BBIBOJA, OMPEIACICH-
HBIX BBIIIE, 3aKJIFOYACTCS B TOM, YTO BBIXOJIHAS IEPEMEHHAs WMEET TPH
3HaveHus: bad, normal, good, KOTOphIe 3a1at0TCSI COOTBETCTBEHHO TPEMS

koHctautamu: 0, 0.5, 1.

KOHmPOJZ bHble 60NPOCHL

1. CTpykTypa TUIIOBOM CUCTEMbI HEUETKOTO BHIBOJIA.
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2. OTnuumre MeTo1a HeYeTKoro BeIBoAa 1Mo CymKEHO OT METOJ1a HEYETKO-
ro BBIBOJIa 0 MaMIaHuU.
3. dopmMupoBaHUE aHTEICACHTHI M KOHCEKBEHTHI Il HEUETKOTO TIpaBujia

BeIBO1A B Scilab.

Tema: Texnosioruu manunyauposanus sHanuamu CUN.
Jlabopamopuas paooma Ne 6
Anzopumm neuemkoii Kiacmepuzayuu

Llenb pabomwi: U3yduTh AITOPUTM HEUETKOW KJIacTepu3alluu, MOJy-

YUTb HABBIKKW PCIICHUA 3aaa4 MCTOJaMHU HCUYETKOU JIOTHKH.

FCM anecopumm knacmepuzayuu

ANTOPUTM HEYETKON KiacTepusanuu HaszpiBaoT FCM-anropurmom
(Fuzzy Classifier Means, Fuzzy C-Means). Ero nespio sBiseTcsi aBTOMa-
TUYECKasl KJIaCCU(PUKALMS MHOXECTBA OOBEKTOB, 33/]1aBAEMbIX BEKTOPaMHU
NPU3HAKOB B MPOCTPAHCTBE MpU3HaKoB. Llenb qocTuraercs tak: BHayaje
ATOT AJITOPUTM OTIPEEISIET KJIACTEPHhI, a 3aTeM KIacCUu(PHUIpyeT 0OBEKTHI.
Kinactepsl mpeACcTaBiIsiOTCSI HEUETKUMHU MHOXKECTBAMHM, MIPUYEM TPAHUIIBI
MEXK]ly KJIaCTepaMU TAKXKE SIBIIIIOTCS HEUETKUMU.

FCM-anroput™ KiacTepu3alMy MPEAIoJaraeT, 4YTo OOBEKTHI MpU-
HaJJIexaT BceM kiactepaM c onpeneneHnon @II. Crenenb nmpuHaaIeKHO-
CTH OMPENENSAETCS PACCTOSHUEM OT OOBEKTa JI0 COOTBETCTBYIOLIMX KJla-
CTEpHBIX IEHTPOB. J[aHHBIN AJTOPUTM C MOMOIILIO UTEPALMI BBIUUCIISICT
IIEHTPHI KJIACTEPOB ¥ HOBBIE CTETICHH MPUHAJICKHOCTH OOHEKTOB.

Jlnst muoxkectBa K BXOAHBIX BEKTOPOB Xk M N BBIJEISIEMBIX KIaCTEPOB
Cj IPEAIOoIaraeTcs, 4YTo 000 Xk MPUHAIJICKUT JF000MY Cj C IPUHAIIICK-
HOCTBIO ujk €[0,1], Tme ] — HOMep kiactepa, a K — BxogHoro Bexkropa. [1pu-

HHUMAKOTCA BO BHUMAHHUEC CJIICAYIOINHNE YCIOBHUA HOPMHUPOBAHUSA IJIA Ujk.
N

Yur=1, *k=1,..,K,
=1

K
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0<Yur <K, *j=1,..,N.
k=1
[lens anropuTMa 3aKJIFOYAETCS B MUHUMH3AIMN CYMMBI BCEX B3BE-
HIEHHBIX paccTosHui llxx — ¢ll:
N K
q .
Y i ) 1x . — ¢l > min,
j=1k=1
rjae ( — GukcupoBaHHBIN TTapaMeTp, 3a1aBAEMbIH MepeT UTCPALTUSIMH.
UT0OBI TOCTUTHYTH YKAa3aHHOU 11€JIM pad0Thl, HEOOXOUMO PEIIUTh

CJIEIYIOILYIO CUCTEMY YPaBHEHUM:

N K

0/omy (B ) Ix e —gl) =0
j=1k=1
N K

/0T M ) lIx . —gl) =0.
j=1k=1

CoOBMECTHO C yCIIOBUSIMH HOPMUPOBAHUS jk TaHHAsi cucteMa nudde-

pEHIMATBHBIX YPAaBHEHUN UMEET CIIEYIOLIEE PEIICHHE:

XK (u ) x
k=1 jk g k
b= SK_)

jk
(B3BEIICHHBIN LIEHTP TPABUTALINH) U

1/(g—1
1/l — 1Y

N1/l

Mk =

AJITOPUTM HEYETKOU KJIACTEPU3AIIMHU BBITIOIHSIETCS MO II1araMm.
Llae 1: Unuyuanuzayus

BriOupatorcs cieayromnme mapaMeTph:

" HeoOXxommmoe konmdecTBO KimacTepoB N, 2 < N < K;
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" MeEpa pacCTOAHUM, Kak EBKIMIOBO pacCTOSTHUE;
*  (puxcupoBanHbIi mapametp  (00braHO ~ 1.5);
= payanpHas Matpuna npusHagieskaoctd UO = (uj)@ o6bexToB Xk ¢ yue-

TOM 3aJIaHHBIX HAYAJIbHBIX LICHTPOB KJIACTEPOB C;.

lllae 2: Peeynuposarnue nozuyuil c](t) YEeHmpOoE6 K1acmepos

Ha t-M mare urepanuu npu U3BeCTHOM MaTpulie U® Beraucisercs c¢®
jk j

B COOTBETCTBUU C peIICHUEM cuCTeMbl AU epeHIInaTIbHbIX YPAaBHCHHM,

KOTOPO€E MPUBEICHO BBILIE.

Lllaz 3: Koppexmupoexka 3nauenuil npuHaoieHCHOCmu Ui

YuutbeiBasi U3BECTHBIE (D), BBIUUCIAOTCA YD), ecnu Xk # Cj, B TPOTHUB-
J jk

HOM CJIy4ac 3HAYCHUC IIPUHAMIICIKHOCTH OIIPCACIIACTCA TaK:

e+ _ L1=]
l’lk - {O,

lllae 4: Ocmanoska aneopumma
AJITOPUTM HEYETKOM KIIACTEPU3ALHUN OCTAHABJIMBACTCA IPHU BBIIOJI-

HCHHUM CJICAYIOICTO YCIIOBUA:

Iy — yO| < s,

rae © — MarpuyHas HopMma (Hanpumep, EBkinioBa Hopma), a € — 3apaHee

3a7JaBa€Mblii YPOBEHb TOUYHOCTH.

Pewenue 3a0au knacmepuzayuu ¢ Scilab

B Scilab orcyTcTBYIOT roTOBBIE CpeACTBa IS PEIICHUS 3ajad Kia-
cTepusanuu. [lodToMy I JaHHOM J1abopaTOpHON padOThl HEOOXOIUMO
pa3paboTaTh NMPHIOKEHUE, PCANM3YIONIee aJrOPUTM KIIacTepH3alluu, KO-
TOPBIA ObLT ONMKCAH BhIIIE. JJaHHBIN aJrOPUTM JOJIKEH 00CCIIeUnBaTh BhI-

YUCJICHUC (bYHKHI/II/I HaXOXACHU HCHTPOB KIIACTCPOB.
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Onwucanue ¢pyukiuu: [center, U, obj_fcn] = fcem(data, cluster_n).

AprymeHTamMu JaHHOU (PYHKIIUU SBIISIOTCS:

data — MHOXECTBO JaHHBIX, MOJUICKAIIUX KIACTCPH3AIUH, KaXKIas
CTPOKa OMUCHIBAET TOUYKY B MHOTOMEPHOM MPOCTPAHCTBE XapaAKTEPUCTUK;

cluster_n — koaudecTBO KaacTepoB (0oJiee 0JHOTO).

JleBas yacTh QyHKIMHU (B KBaJPATHBIX CKOOKAX) COACPKUT MapaMer-

PBI BBIBOJIA, KOTOPBIE 3Ta PYHKIIHUS BO3BPAIIACT:

center — Marpuiia IEHTPOB KIIACTEPOB, KaXJasg CTPOKA KOTOPOM CO-

JEPKUT KOOPIUHATHI LIEHTPA OTACIBHOTO KJIaCcTEPa;
U — pesynbTupytomas matpuna OII;
obj_fcn — 3HauyeHue neneBol GYHKIMH Ha KaXKI0W UTSPaAIUH.

Jlns paGoThl AaHHOM (PYHKIMH HEOOXOJAMMO OOECIEUYUTh 3arpy3Ky
JaHHBIX, KOTOPBIE MOJUICKAT KIACTePU3alUU. DTy ONEePaIldi0O MOXKHO OCY-
IIECTBUTH JUOO W3 3apaHee IMOATOTOBICHHOTO (aitna, mubo obecreynTh
PYYHOM BBOJI JAHHBIX C MTOMOIIBIO KIIABHATYPHI.

Taxxe HE0OXOIUMO TPEITYCMOTPETh BO3MOXKHOCTh BbI30Ba (DYHKIIUH
KJIACTEPHU3AIMH TTPU 00CCTICUCHUH €0 JOMOIHUTEIFHOTO Habopa mapameT-
pos: fcm(data, cluster_n, options):

= options(1) — mokasarens crenenu Marpuibl U (o ymomuanwuio 2.0);
= options(2) — makcuMabHOE YKCiIo uTepalui (mo ymoadanuio 100);
= options(3) — mar u3mMeHeHus 11es1eBol QyHKIMU (110 yMoIdaHuio 1e-5);

= options(4) — oroOpakeHHe Ha KaXkI0M Iare (1o yMOJI4aHHio 1).

3ajanue. B Tabnuie BapuaHTOB, KOTOpas MpUBEACHA Ha ClIEIyIOLIEH
CTpaHulIe, JIJIs KaXXJIO0TO U3 BapUAHTOB IMPEJICTABICHBI CBEPXY BHHU3 KOOP-
nuHathl 20-TU TOYeK (mepBas KOOpAWHATA MO OCU X, BTOpas Mo OcH Y).
Heo0xonumo BBIMOJHUTE MX KiacTepu3amuioo. YHCIO KIacTepOB HYXKHO
nogo0path Tak, 4YTOObI ObUIA SIBHO BUJHBI pa3jesieMble 001acTu (peKo-
MEHJIOBaHHOE Yucio KiactepoB 3...5). Kaxaas Touka OTAENbHOrO KiacTe-

pa u €1ro OCHTP AOJDKHBI OBITH npcACTaBJICHBI CBOMM IIBCTOM.
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Tabnuia BapuaHTOB

1 2 3 4 5 6 7 8

0.1964506 62.25464 2.3218025 18.993749 59.145087 89.41365 5.1847671 TT.075T44
50.752213 98.225833 T2.654473 25.839815 68.067T427 34.903639 41.452418 24.352242
40.76043 T5.425988 15.340586 9.8787374 T.3929611 11.053652 T2.212356 21.261149
84.080461 54.547881 23.552638 6.1590272 94.336947 20.233778 T.T462539 10.5992342
50.172657 TZ2.86016 8.7973828 4.0349683 12.863307 13.04691 S5B.558784 69.814808
91.287808 2.52596595 T1.053537 74.001472 20.150808 25.73953 37.079446 41.509065
44.357295 40.251685 68.887276 6l.626601 19.693034 63.720164 21.16l11e7 S0.298188
59.83784 9.8313159 65.953195 65.835834 89.286902 40.711227 195.032685 T75.116068
TT.418428 26.088253 18.151161 25.145971 46.17919 66.919379 5&6.079538 99.401472
T9.220083 36.363423 39.04966 38.433501 62.512917 20.4268016 94.24791& 18.287624
55.046049 17.466173 15.869047 43.964602 TO.597066 83.104313 68.177248 30.219174
40.850437 92.341385 62.40715 65.4073693 TO.181696 1.221633 27.34241 37.854864
T2.174381 T&.051409 63.T603546 58.781064 40.879987 48.844617 20.717754 T1.531986
47.685359 56.402041 42.704886 60.2083139 6.3622138 95.498771 15.379388 895.241537
63.930579 37.970652 10.716815 4.5350203 6.5739339 5.8743121 67.978376 47.03%186
99.638653 &7.762262 23.822%66 20.254443 53.310041 82.5584649 58.836574 18.709417
15.74788 82.174258 94.6259474 T8.4427T38 3.3158187 25.807416 93.317538 25.571879
53.506937 67.8T0581 45.766853 26.375362 31.578356 T.7575968 55.081229 44.3506861
21.290646 8.2200981 89.644787 43.832T64 37.858232 58.460923 80.40547 T2.340782
55.914506 25.527314 44,384705 86.64859 46.195234 T5.287136 10.744837 87.619101
43.049%66 T4.444567 80.88950682 37.921421 62.8736598 5.172288 74.039251 3.733208¢6
2.2805485 22.695036 68.317385 TEe.68716l1 28.785153 559.586251 56.103317 42.934064
57.614598 68.3639308 3.4019315 60.066213 32.920487 38.337053 Te.61155 31.572331
T71.4591304 93.650726 23.805456 TB.567356 47.19233 49.002203 T78.306589 36.824773
93.21636 50.530174 94.92011& T3.871156 33.537896 52.727951 14.388315 14.587743
12.326993 25.248146 21.827888 55.442&03 55.530897 6.88094547 16.471925 67.883793
28.655522 68.188398 61.546878 99.2914%96 11.960808 88.430778 31.774142 52.619794
1.2479857 28.363682 83.135434 97.574285 Ta.1399587 T1.912338 50.265956 40.036257
57.694048 14.094857 T77.340126 37.086223 47.909885 6.94253538 69.204%961 0.2910803
39.386961 67.5910%6 42.44151 30.322382 28.1696593 11.5220%96 TO.065794 30.681815
&.885837 45.126776 T2.62126 895.155201 23.800978 48.626807 88.70612 T9.026939
97.023218 T5.430292 T0.989773 T1.278581 32.942055 Te.T715824a 69.797685 95.775504
85.157643 13.702143 47.457446 11.523701 23.08728 8.8052981 67.8985912 66.8927T12
33.933045 66.082405 94.386921 50.091632 21.362966 T0.085613 36.1593%8 29.29616
87.725318 8.900542 14.596486 32.900535 40.54958 18.791388 26.733977 82.238994
11.314025 T0.018205 T.1410105 48.089%9468 30.953712 20.178856 T.T368T06 1.798455
52.641283 91.680057 87.337386 33.03696 67.8239716 40.628213 14.941003 87.107014
52.973941 21.223 65.369247 63.044754 97.062163 40.96657 32.018351 31.810243
92.917561 26.978331 19.968961 21.171908 54.417966 17.695645 20.260546 57.244733
97.654303 31.998894 60.141252 44.860231 2.0474797 33.12931z2 44 .988587 57.3868581

KOHmPOJZbele 60Nnpocol

. I[onsarus xknactepa u ero 0COOCHHOCTH.

. Ha3naueHue anroputMa HEUETKOU KIIaCTEPU3ALUH.

. YCJIOBUSI HOpMUPOBAHUS PYHKIIMH TPUHAIC)KHOCTH.
. IloHATHE CyMMBI B3BEILICHHBIX PACCTOSHUM.

. ComeprkaHue maroB alirOPUTMa HEYETKOM KIIACTEPU3ALINH.

o O & WO N B

. qDYHI(I_II/ISI HaXOXACHUA HCHTPOB KJIIACTCPOB U €€ IIapaMETPBhI.
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Tema: Texnosoruu manunyauposanus 3Hanuamu CUN.
JlabopaTopHnasi paGora Ne 7
HEWUPOHHBIE CETH

Ooyuenue Knaccugpukayuu HelupoHHOU cemu

Llenv pabomul: M3yunTh TIpUMEp KiacCUPUKAIIUK OOBEKTOB C ITOMO-

IO HEMPOHHOHN CETH, a TaK)Ke TOJYyYWTh HABBIKM PEIICHUS MpPaKTHYe-
CKHX 3aJ1a4 KJIacCU(UKAIIUH.
Ha caitte moayneii ATOMS makera Scilab umeeTcss pykoBOJCTBO €

onucaHueM IpumMmepa ucrosib3oBanus moxyis Neural Network Module.

OTOT MOAYJb pa3padboran kuTaickuii mporpammuct Tan Yun Jlyx Ha oc-
HOBE aQHIJIOSI3IYHON KHUTM M3BECTHOIO AMEPUKAHCKOTO CIEIUAIACTA IO

HeipoHHBIM ceTssM Maptuna T. Xarana Neural Network Design [9].

B nannoii pabote as kinaccuuKaluyd UCIONIb3YETCsl TOTOBBIM HAOOp

JAHHBIX, KOTOPBIA TPeOyeTCs 3arpy3UTh 1O MIPUBOIUMOM CCBITIKE: CSV.

Hmnopm oanmbvix

OtoT Habop maHHBIX TpeactaBisieT coboit 100 oOpasmoB, KOTOpbIE
NOApa3IeSIOTCS Ha JiBa BUja, kak O win 1 (XpaHUTCs B TPEThel KOJIOHKE),
Mo JBYM TapameTpaMm (XpaHsTcsi B MEPBOM W BTOPOM CToJOIax (aitna
data_classification.csv). HemocpeacTBeHHO IaHHBIE UMIOPTHPYIOTCS B

Scilab ¢ momomkro caeayromei KOMaHIbL:

t=csvRead("data_classification.csv");

IIpeocmasnenue oanHbix

OyHKIMS peann30BaHa B MOAYJIb HEUPOHHOM CETH ISl YIPOILICHUS
MOCTPOCHUSI 2-X TPYIIN TOUYEK JAHHBIX, KOTOphIE MOKa3aHbl Ha puc. 3.1.
Ncrounuk nannwix (P) u nens (T) pa3znenensl, a faHHbIE TPAHCHOHUPYIOT-

csi B TpeOyeMbli (hopmaT MOayJIsl.
P=t(:1:2)}
T=t(:3)
plot_2group(P,T);
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Puc. 3.1. cxomubie naHHbIC TS KiTaccupuKauu

Aneopumm 06pamuo2o pacnpocmpaHeHus

C epadueHmuotl QynKyueu ooy4eHus

JTUEHTHON (QyHKIIMEH TaKoi:

W =ann_FFBP_gd(P,T,N,af,Ir,itermax,mse_min,gd_min),

HUMaJIbHBIN IrpaAucHT AJIA OCTAHOBKHU 06yLICHI/I$I.

C neBoi CTOPOHBI W NpeaACTaBJICT BEC BbIXOJAd U CMCIICHHUC.

IMOJIB30BAJIUCH 3HAYCHUA 110 YMOJIYAHHUIO. Kon IIpOrpaMMmabI:
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[TonHBIN CHHTAKCUC alrOpuTMa OOpPaTHOI'O PACIPOCTPAHEHHUsS C Tpa-

rae P — UCTOYHUK BXOAHBIX JAHHBIX JJIsi OOy4YeHus; T — MOJArOoTOBJICHHAs
uenb; N — YuCI0 HEMPOHOB B CJOSX, BKJIIOYAsl BXOJHON U BBIXOJIHOM CJIOU;
af — QyHKIMS aKTUBAIIMK OT CKPBITOTO CIIOS K BBIXOJHOMY CJIOIO; Ir — CKO-
pOCTh OOydYeHMS; itermax — MakCHMajdbHOE BpeMs [ OOyUYCHUS,

mse_min — MUHUMAaJIbHasl omrOKa (qocturaeMas 1eib) u gd_min — mu-

I[J'I}I IIPOCTOThI HJUINOCTPALINH 6y/:[eM HCIIOJIb30BAaTh TOJIbKO IICPBLIC

TpU 00s3aTENBHBIX MOJISI, a JAPYrUe€ MOJs OCTaBUM IYCTBIMH, YTOOBI HUC-



clear W; tic();

W =ann_FFBP_gd(P,T,[2 3 1]);
toc(); y = ann_FFBP_run(P,W);
sum(T == round(y))

KonconbHbIl BeiBOA Scilab:
-->clear W;
-->tic();
-->W =ann_FFBP_gd(P,T,[2 3 1]);
-->toc();
ans =
31.655
-->y =ann_FFBP_run(P,W);
-->sum(T == round(y))
ans =

74

Pesynbrar paboThl NporpaMmsl MpeacTaBieH Ha puc. 3.2 u puc. 3.3.

Puc. 3.2. [lapameTpsl 3anmycka rpaAMeHTHON QYHKIIUU 00yUeHUs
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Puc. 3.3. lannble kiaccupuKanuy ¢ TpaAueHTHON QyHKIHEeH 00ydeHus

Aneopumm 0bpamno2o pacnpocmpaneHus

¢ epadueHmHol yHKyuel CKopocmu u MoOMeHma 00)4enus.

JIist TOro 4TOOBI YIYUYIIUTh CXOAMMOCTh TPAIUEHTHOTO OOy4YeHHUs, B

kaure «Neural Network Design» [9] npensiaraercsi HECKOJIBKO METOOB.

JIisi maHHOTO TpUMEpa HCIONB3YeTCA COoYeTaHwe (PYHKIUN amanTaruu

CKOPOCTH 0OOYUYCHHS 1 MOMEHTa O0y4CHHUS.

Ko mporpaMmbl BRITJISIIUT CIIETYIOMIMM 00pa3oM:

clear W; tic();

W =ann_FFBP_gdx(P,T,[2 3 1]); toc()
y =ann_FFBP_run(P,W); sum(T == round(y))

D10 00yueHHe CXOAUTCS OBICTpEe, €CIM CPABHUBATH C MPEABITYIIIAM

IPUMEPOM OOYyUCHHS.
Kouconbnblii BEIBOI Scilab:
-->clear W;
-->tic();
-->W =ann_FFBP_gdx(P,T,[2 3 1]);

-->toc()
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ans

38.829
ann_FFBP_run(P,W);

-->sum(T == round(y))

__>y =

ans

89.
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Puc. 3.4. [TapameTpsl 3amycka rpaiu€HTHON QYHKIIMN CKOPOCTH U MOMEHTa OOy4EHHUS

10+

12

11

10

Puc. 3.5. BoixoaHbie JaHHBIE TpaJueHTHON (DYHKIIMEH CKOPOCTH U MOMEHTA O0y4EeHHUS
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Aneopumm obpammno2o pacnpocmpaneHus
¢ pynkyueu obyuenus Jlesenbepea-Mapkyapoa
Eme Oosiee OBICTPBIM aIrOPUTMOM CXOAUMOCTH SIBJISIETCS alrOPUTM
JleBenOepra-Mapkyapaa, KOTOPbIN CXOJUTCS MOCIE HECKOJIBKUX JECATKOB
utepauuil. Ero Ko BRITJISIAUT CHAEAYIONIUM 00pa3oM:
clear W; tic();
W =ann_FFBP_Im(P,T,[2 3 1]); toc()
y =ann_FFBP_run(P,W); sum(T == round(y))
KoncounpHbli BeIBOA Scilab:
-->clear W;
-->tic();
-->W =ann_FFBP_Im(P,T,[2 3 1]);
-->toc()
ans =
4.565
-->y =ann_FFBP_run(P,W);
-->sum(T == round(y))
ans =
90

Neural Network Training

MSE:
1.231 1.0D-05
0.05833
Epoch:
] 450
70
Gradient:
4,522 1.0D-05
9.10-06

Puc. 3.6. ITapameTpsl 3anmycka it pyHKIMKA 00ydeHus JleseHO6epra-Mapkyapaa
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Puc. 3.7. Berxogusie nanasie pyaknun ooydenus JleBenoepra-Mapkyapaa

Buszyanuzayus pesyromamosg

['panuily HEHPOHHOM CETH CJIOKHO ONMUCATh MAaTEMAaTUYECKH, OCOOCH-
HO TpHU OOJIBIIOM YHCIIE HEHPOHOB CKPBHITOTO CJIOS WJIM NIPU YBEIMUYCHUU
YHUCJIA CJIIOEB, TOATOMY BU3YAJIM3ALUs STOW TPAHULbI 3aTPY/IHEHA.

Hcnonp3yeM it BU3yanu3aui Ha0op JaHHBIX, KOTOPBIA OXBATHIBAET

HEKOTOPBIN Juara3oH, UMEIOMIUI 00J1aCTH WIM TPAHUIIBI CETH.

clf(0); scf(0);

// NoctpoeHne Habopa AaHHbIX

plot_2group(P,T);

// Co3aaHue ceTKn BXOA4HOro AMana3oHa

nx = 20; ny = 20;

xx = linspace(0,10,nx); yy = linspace(0,10,ny);

[X,Y] = ndgrid(xx,yy);

// icnonb3osaHnne NN ana Knaccudukaumm AaHHbIX CETKU
P2 = [X(:)5Y(:)'];

y2 =ann_FFBP_run(P2,W);
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// 3BneyeHune faHHbIX B COOTBETCTBMMU C KaTeropmuamm
GO = P2(:,find(round(y2)==0))
G1=P2(:,find(round(y2)==1))

// MocTtpoeHue rpaHuL, obnactelt gna rpynn
plot(GO(1,:),G0(2,:),'g0");

plot(G1(1,:),G1(2,:),'bo");

Puc. 3.8. I'padpuueckoe okHO ¢ TOCTPOCHHOM I'paHulel o0iacTel rpymi

OyHKIUU MOJYJsl HEUPOHHBIX CETEW IMOCTABJISAIOTCS C KPATKAM OITU-
CaHHEeM, K KOTOPOMY MOXKHO MOJIYYMTh JIOCTYIl 4epe3 momolls Scilab.
[TomcraHoBKa pa3HbIX MapaMeTPOB HACT pasHble pe3ysbTraTbl. CIIOXKHBIC

HA0OpBI TaHHBIX TPEOYIOT YBETUYEHUS YUCIIa HEUPOHOB UJIH CIIOEB.

KonmponvHwvie sonpocul
1. TloHATHS UCTOYHHMKA JAHHBIX U IEIIH.

2. TlapameTpbl GyHKUINUU aarOpUTMa 0OPATHOTO PACTIPOCTPAHEHUSI.

3. YcioBus BU3yanu3aliy pe3yabTaToB KiIacCUpUKAIUH.
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Tema: Texnosoruu manunyauposanus 3Hanuamu CUN.
JlabopaTopnasi paGora Ne 8
IT'EHETUYECKHUE AJII'OPUTMbI

Ilccnedoeanue;%nunnuuecxaaoaﬂquununa

Llenv pabomsi: M3y4UTh NApaMETpPbl U OCOOEHHOCTH T'€HETHYECKOTrO

JITOPUTMA U MOITYUYUTh HABBIKK €0 UCIIOIb30BaHUS.
B Scilab umeercs roroBas ¢pyHKUMs Uil pelIeHUs 3aAad ONTHMHU3A-

MU C MCTOJIb30BaHUEM I'€HETUYECKOro airopurma. B nannoit maboparop-

HOM paboTe Ha OCHOBE IpPHUMEpPA MCCIEAYETCsS BIUSHUE MCXOAHBIX Iapa-

METPOB ATOW (PYHKIIMU HA (POPMUPOBAHUE ONTUMAIBHON MOMYJISIIIUHU.
Ilocneoosamenvrocmsb 6vi306a GyHKyUU

[pop opt, fobj pop opt,pop init,fobj pop init] =

optim moga(ga f,pop size,nb generation,p mut,p cross,Log,param)
Apaymenmui
ga_f — ONTUMU3UpPYyeMas PYHKIUS, KOTOpasi UMEET CIAEAYOUINI TUIL:
y = £(x)
501041

y = list(f,pl,p2,...).
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// BcTaBka B HauaJio cmomcka 1(0) - mo-mpexHeMy He CylecTBYeT

1(0) = "foo"

1(1) // paBHO "foo"

1($+1) = "hello" // BCTaBka B KOHEll CIMCKa

1(2) = "toto" // mepesanuch 3HaueHusa Turna double

1(3) = rand(1,2) // Tepesanmch BEKTOpa CTPOKOBHIX 3HAUEHUM
1(3) = null() // ymajieHue TpPeTbero SJIeMeHTa

// OBBABJIEHME HOBOTO CIMCKA
lbis = list("gewurtz", "caipirina" ,"debug")
lter = lstcat(l,lbis) // camMdaHME OBYX CIMUCKOB

size(lter) - size(lbis) - size(l) // mosymxeH OBITH HOJb

pop size pa3mep nonyJssinuu (3HaueHue 1o ymomdanuto: 100).

nb generation YHCJIO MMOKOJICHUH WK UTepanuii (mo ymomuanuto: 10).

p_mut BEPOSATHOCTH MyTaluu (1o ymomadanuio: 0,1).
p_Cross BEPOSATHOCTH KpoccoBepa (o ymoauanuto: 0,7).
Log eciu %T, To GyHKIMS BbIBOAA OYET BHI3bIBATHCS B

KOHIIE Ka)KI0U UTepaluu, CMOTpUTE «output funcy
IO/l IEPEMEHHOM param HUXKE.
param CIIMCOK IapaMCTpPOB:

" «codage funcwy: (byHKuHsI KOAUPOBAHUSA U ACKOAUPOBAHUSI HH-
AUBHIYYMOB (TI0 YMOTYaHHIO: coding ga identity);

" «init func»: QyHKUMS MHULUAIA3ALKAM MOMYJSLUH (110 yMOJI-
YaHWIO: init ga default);

" «dimension», «minbounds» H «maxbounds». MapaMETPHI
(GYHKIUU MHUIUAIW3AIUHA, UCIOJIb3yeMbIe ISl OINpeAesieHusl Ha-
YaJIbHOW COBOKYITHOCTH,;

" «crossover func»: (QyHKUUS CKpELIUBaHUS MEXKIY IABYMs HH-
AUBUAAMH (II0 YMOJTYaHUIO: crossover ga default);

" «mutation func»: QyHKOUS MyTauud OJHOIO MHAMBHIA (11O
YMOYaHMIO: mutation ga default);

" «selection func»: QpyHKIUSA BbIOOpPAa MHAMBHIOB B KOHIIE IO-

KOJIeHUS (TI0 YMOJTYaHUIO: selection ga elitist);
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" «nb couples»: KOJIUYECTBO Map, KOTOpblE OyayT BBIOpaHbI UL
BBITNIOJHCHHUS KpoccoBepa 1 MyTaru (1o ymordanuio: 100);
" «pressurey: 3HaUCHUE (H(PEKTUBHOCTH HAUXYJIIETO WHIUBU-
nayyma (3Hadenue o ymomdanuto: 0,05);
" «output func»: (QyHKUIHS BbIBOJA, BbI3bIBAEMas IOCIIE I'eHepa-
iH, eci Log $T (110 yMOTYaHUIO output moga default),
pop_opt TOTYJIAIHS ONITUMATBLHBIX WHIUBUIYYMOB.
fobj pop opt  HAOOp 3HAYCHHW MHOTOIIEICBON (DYHKIIMH, CBSI3aHHBIX C
pop_opt (HEOOS3aTENBHO).
pop_init HavabHas TOMYJIAINS HHINBHIYYMOB (HE005S3aTEIIBHO).
fobj pop init MHOXKECTBO MYJbTU3HAUYCHHH IEICBON (DYHKIIUHU, CBS-
3aHHBIEC C pop 1init (110 KeJIaHUIO).

[Ipumep

function f=deb 1(x) // onTmmMmsmpyemas QyHKUMA
f1 x1 = x(1);
g X2 = 1+9*sum ((x(2:$)-x (1)) ."2)/ (length(x)-1);
h = 1l-sqgrt(fl x1/g x2);

£(1,1) = f1 x1; // 1-11 3JIeMeHT MHIOMBUIYyMa

£(1,2) = g x2*h; // 2-¥ 3JeMeHT MHIMBUIOYYMa
endfunction
PopSize = 100; // pasMmep MNOnyJIaLunun
Proba cross = 0.5; // BeposATHOCTb KpOCCOBEpa
Proba mut = 0.3; // BEpPOSTHOCTb MyTaluu
NbGen = 4; // umcio muTrepauuin (MIOKOJIEHMUI)
NbCouples = 110; // 4YucJo map IOJg KpOCCOBepa M MyTaluu
Log = %T; // BHIBOI BHAYeHMUM [OCJe KaxXIoM MUTepalun
nb disp = 10; // umcnio oToOpaxeHMil M3 OINTUMAJBLHON COBOKYIHOCTM
pressure = 0.1; // 2b00EeKTUBHOCTL HAUXYIANETO MHIMBUIYYMAa

ga_params init param(); // mHMUManM3auMsa HadaJlbHOM MOMYJIALMMU

ga_params add param(ga_params, 'dimension',2);
ga params = add param(ga_params, 'minbound', zeros(2,1));
ga params = add param(ga_ params, 'maxbound',ones(2,1));

[pop opt, fobj pop opt, pop init, fobj pop init] =..
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optim moga(deb 1, PopSize, NbGen, Proba mut, Proba cross,
ga_params)
'1 ki
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Puc. 4.2. I'padmaeckoe nzoOpaskeHue MOMYJIISINH ONTUMAJIbHBIX WHAHBHIYYMOB
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Puc. 4.3. [lomymnsiiyst onTHMAaIbHBIX HHANBUIYYMOB Ha (hOHE HAYaTbHOU TOITYJISIIAN

3ajganue

Jlns BapuaHTa, 3aJlaHHOTO IIPENoJAaBaTeseM, MCIIOJb3Yysl MPUBEICH-
HBIN TIpUMEp B KauecTBe o0pasiia, UCCIEA0BATh BIUSHUE UCXOIHBIX Mapa-
METPOB Ha 3HAYCHUS ONTUMAJIbHOMN MOIMYJISALIUY.

BapuanTsl 3a1aHuii

Nepap

1

2

3

9

10

11

12

P_cros

0.7

0.6

0.5

0.7

0.6

0.5

0.7

0.6

0.5

0.7

0.6

0.5

P_mut

0.05

0.15

0.25

0.35

0.05

0.15

0.25

0.35

0.05

0.15

0.25

0.35

N_gen

4

5

6

6

5

4

9

press

0.1

0.05

0.1

0.05

0.1

0.05

0.1

0.05

0.1

0.05

0.1

0.05

Cooeporcanue omuema

1. Bapuanr 3aganus.
2. JIUCTUHT MPOrpamMMBI.

3. I'padmk HavaIBLHOM MOMYJISIINN.
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4. I'paduk NOMyJsAUU ONTUMATBHBIX UHIUBUIYYMOB.
5. CoBMecTHbIN Tpad UK HAYATHHOW U ONTUMATBHOM MOIMYJISIUH.

6. BwiBomb! o padore.

Koumponvuvie sonpocoi
1. TloHATHS MHAWBHUAYYMA U MOy JISIITUH.
2. XapaKTepHuCTHKa olepaiu oToopa.
3. CkpemuBaHUe U MyTallds U UX TTapaMeTPHI.

4, HOHYJISIHI/UI OIITUMAJIbHBIX HHINBUAYYMOB.
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3AKJIIOYEHHUE

YyebHoe mocobue BKIOYAET B ceOsl IOMOJIHUTENbHYIO TEOPHUIO K OC-
HOBHBIM JICKLIMSIM, a TAaKXKe 3aJaHus J1Ja0OpaTOpPHOTO MPaKTUKyMa, COJep-
KaIIero BOCEMb J1Ja00OPaTOPHBIX PaboT.

TemaTuka nabopaTopHbIX paOOT BKIKOYAET Kak OOLIME METOIbI IPO-
rpammupoBanus B Scilab, Tak u GyHKIIMOHA TOTOBBIX MOJYJIEH, UCIIONb-
3YIOIMHAX MAaTeMaTHYeCKUE METOJbl HEUETKOW JIOTHKH, HCKYCCTBEHHBIX
HEUPOHHBIX CETEW U TEHETUYECKUE aJITOPUTMBL.

JlaGopaTopHbIl MPAKTUKYM IMPOBOJUTCS Ha MEpCOHAIbHBIX DBM ¢
npuMeHeHneM 0a30BOro Marematudeckoro maketa Scilab Bepcum 5.5.2, a

TAaKXKE JOIIOJIHUTEIIbHBIX MOI[YJIGP'I:

= ANN Toolbox (uHCTpyMEHTBI 1151 paOOThI C UCKYCCTBEHHBIMH
HEUPOHHBIMU CETSIMU);
= Scilab Neural Network Module (Momyb HEHPOHHBIX CeTEH);

» Fuzzy Toolbox (MHCTpYMEHTBI HEUYETKO JIOTHKH).
[Tocobue maeT BO3MOXKHOCTH CTYACHTAM Ha MPAKTHYECKUX MPUMEpPax

YCBOUTD IIOJIOKCHHA U IMIPUHIOUIIBI CUCTCM HCKYCCTBCHHOI'O MHTCILUICKTA, a

TaK>Xe CIIOCOOBI aHaJIM3a 3aa4y B 3TOU 00JIaCTH.
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BBenenue

Breayautoprast camocTosTenbHas padoTa — IuIaHupyeMast yaeOHasi, ydeOHO-HCcCIe10BaTeNbCcKas
paboTa CTyIeHTOB, BBIMOJIHSIEMAas BHE 3aHATUN MO 3a/IaHUI0 U IIPU YIIPABJICHUHU MpenoaBaTesieM, Ho 6e3
€ro HEeMmoCPeICTBEHHOTO Y4aCTHsl.

CamocTosTenbHas paboTa IPOBOAUTCS C LIEIBIO:

—  CHCTEMAaTHU3allMU U 3aKPEIUICHUS MOJYYCHHBIX TEOPETUUECKUX 3HAHUM M MPAKTUYECKUX YMEHHM
00yyJaromuxcs;

—  yrinyOlieHusl U pacUIMpPeHusl TCOPETUUECKUX 3HAHUI;

—  ¢dopMUPOBaHUS YMEHUI UCIOIB30BaTh HOPMAaTUBHYIO, IPABOBYIO, CIIPABOYHYIO JOKYMEHTAIIUIO U

CIIELUATILHYIO JTUTEPATYPY;

— Ppa3BUTHS I[IO3HABATEIBHBIX CIOCOOHOCTEH W AaKTUBHOCTH OOYYaIOIIUXCS: TBOPYECKOM

WHULIUATUBBI, CAMOCTOSTEIbHOCTH, OTBETCTBEHHOCTH, OPraHU30BaHHOCTH;

— (¢GopMUpOBaHHE  CAMOCTOATEIHHOCTH  MBIIIICHHUS,  CIOCOOHOCTEW K  CaMOpPa3BUTHIO,

COBEPIICHCTBOBAHUIO I CAaMOOPTaHU3AIIHH;

—  (opmupoBanust 00mKX U MPOdHeCcCUOHATHLHBIX KOMITETCHITHI
—  Pa3BUTHIO UCCIIEOBATEIbCKUX YMEHUH.



1 IMosscHuTEeAbLHAA 3aMUCKA

CamocrosiTenbHass paboTa CTyJIEeHTa — BHJA YYeOHOH JESITEIBHOCTH CTYIEHTa, TpeOyromui
OOJIBIIION TOATOTOBUTENBHON JAEATENbHOCTH mpenojaBarens. CamocTosTenbHas paboTa IO3BOJISET
ONTUMAIILHO COYETaTh TEOPETHUYECKYI0 M NPAaKTUYECKYI cocTaBisiiomue oOydeHws. [lmanomepHas
OopraHuzamnus 3Toi paboOTHl MO3BOJSET ONEPAaTUBHO OOHOBIATH CoJepX)aHHWE OOpa3oBaHUs, CO3/aBast
MPENOChUIKN JUIsi (hOpMUpOBaHHS OOIIMX KOMIIETCHIMH M oOecredrBas, TaKMM 00pa3oM, KauecTBO
MOJITOTOBKH CIIEIIUAIIMCTOB HA KOHKYPEHTOCIIOCOOHOM ypOBHE.

Mertoandyeckne pPEKOMEHAAIMM PACKPHIBAIOT y CTYJICHTOB (OPMHPOBAHUE CHCTEMbBI 3HAHHIA,
IIPAKTUYECKUX YMEHUH M OOBSCHEHUS YpPOBHS OOpa30BAHHOCTH WU YPOBHS IOATOTOBKH CTYAEHTOB.
W3ydenue mporpaMMHOTO MaTepualia JIOJDKHO CIIOCOOCTBOBaTh (OPMHUPOBAHHIO Y CTYIECHTOB
HEOOXOTUMBIX ISl TPO(ECCHOHATFHON S TEIILHOCTH 3HAHUI U HABBIKOB.

2 Kputepuu ouleHKH pe3yJibTATOB CAMOCTOSITE/IbHOI PadoThI

KputepussMu OLIEHKH pe3yJbTaTOB BHEAYJAUTOPHON CaMOCTOSATEIBHONW pabOThl OOYYAIOIIUXCS
SIBIISIFOTCSL:

—  YpOBEHb OCBOCHHs Y4eOHOT0 MaTepuaa;

—  YpOBEHb YMEHUS UCIOJIb30BaTh TEOPETUUYECKUE 3HAHUS TPU BHITIOJTHEHUH MTPAKTUYECKHUX 33/1a4;

—  YpOBEeHb CPOPMHUPOBAHHOCTH OOIICYUCOHBIX YMCHHIA,

— YpOBEHb YMEHHS aKTHBHO HCIIOJIb30BaTh AJIEKTPOHHBIE OOpa30BaTENbHBIE PECYpChl, HAXOIUTh
TpeOyromryrocs UHPOpMaIHIO, U3y4yaTh €€ U IPUMEHSThH Ha MPAKTUKE;

—  00OCHOBAaHHOCTb U YETKOCTb M3II0KEHHUSI MaTepuaa,

— odopmileHHe MaTepuaa B COOTBETCTBUU C TPEOOBAHUSIMHU CTaHAApPTA MPEANPUATHUS;

—  YpOBEHb YMEHUSI OPUEHTHPOBATHCS B MOTOKE MHPOPMAIINH, BBIACIATH TJIABHOE,

— YpOBEHb YMEHHUS YETKO c(hopMyIaupoBaTh MpodIeMy, MNPEUIOKHB €€ pelIeHHe, KPUTHYECKH
OLICHUTH PEIIECHUE U €T0 MOCIEACTBHS;

— YpOBEHb YMEHHS ONPEICNIUTh, MPOAHATU3UPOBATH AIbTEPHATHBHBIE BO3MOXKHOCTH, BapUaHTHI
e CTBHIA;

—  yYpOBEHb YMEHHS CHOPMYTUPOBATH COOCTBEHHYIO MO3UITUIO, OIICHKY U apTyMEHTHPOBATH €€.

3 PexoMeHganuu mo BHINOJIHEHUIO PA3JIMYHBIX BUIOB CAMOCTOATECIbHBIX paﬁoT

B mpormecce camocTosiTenbHOM pabOTHl CTYIEHT NPUOOPETaeT HAaBBIKM CaMOOpPTaHU3aIlUH,
CaMOKOHTpOJIS, CaMOyIpaBlieHUs, caMOpe(IeKCMd ¢ CTAaHOBUTCS AaKTHUBHBIM CaMOCTOSTEIbHBIM
CyOBEeKTOM y4eOHOM JeSTETHHOCTH.

BrInonHsis caMoCTOSATENbHYIO PaboTy MO KOHTPOJIEM MperoaaBaTess
CHYOeHm 00NHCeH:

— OCBOWTh MHHHMYM COJICP’KaHHUsI, BBIHOCUMBIM Ha CaMOCTOSITCIIbHYIO pPabOTy CTYJIEHTOB H
npenoXKeHHblid npenoaaBarenaeM B cooTBeTcTBUU ¢ ®I'OC CIIO mo nanHOMy mpodecCHOHATHLHOMY
MOJ1YJIIO;

— IUTAHUPOBaTh CAMOCTOSITETIbHYIO pabOTy B COOTBETCTBHHM C TPAaQUKOM CaMOCTOSTEIBHOM
paboThI, IPEIOKEHHBIM IIPETIOAaBATEIIEM;

— CaMOCTOSITEIbHYI0 pPa0OTy CTYIEHT JOJDKEH OCYIIECTBISITH B OpraHU3allMOHHBIX (opMax,
MIPEeyCMOTPEHHBIX YUeOHBIM IIJIAHOM U paboueli mporpaMMoi MpenojaBaTes;

— BBITIOJTHATH CAaMOCTOSITEIIEHYIO PabOTy W OTUUTHIBATHCS IO €€ Pe3ybTaTaM B COOTBETCTBHH C
rpadKOM TIPEJCTABICHUS PE3yJbTaTOB, BUAAMH W CPOKAaMH OTYETHOCTH IO CaMOCTOSITEIIEHON paboTe
CTYJCHTOB;

CIyOeHm modxcem:

CBEPX MPEIOKEHHOTO MpernoaBaTeneM (pyu 000CHOBAHUU U COTJIACOBAHUU C HIM) U MUHUMYMa
o0s3aTenpHOTO conepxkanus, onpenensiemoro ®I'OC CITIO mo mpeamery:

— CaMOCTOSITEIILHO OTPEEISITh YPOBEHD (TIIyOHHY) TPOPAOOTKHU COEpKAHUS MaTepHaa;

— MpeyIaraTh JOIOJHUTEIbHBIC TEMBI U BOIIPOCHI JIJISI CAMOCTOSITEIILHOM MPOPaOOTKH;



— B paMKax o0I1ero rpaduka BBIMOTHEHUS CAMOCTOSITEIIBHOW pabOTHI peiaraTh 000CHOBAaHHBII
WH/IMBUYaTBbHBIA IpaUK BHITOJHEHHS U OTYCTHOCTH 110 Pe3yJIbTaTaM CaMOCTOSTEIIEHOW paboThI,

— TpeJuIaraTth CBOM BapUaHTHl OPraHU3AIMOHHBIX (HOPM CAMOCTOSTETLHON paObOTHI;

— ACIIOJIb30BaTh Il CAMOCTOSITEIbHOW pPa0OThl METOAMYECKHE MOcoOus, ydeOHbIE TOcCoOus,
pa3paboTKU CBEPX MPEIOKEHHOTO MPETo1aBaTeNIeM MepeyHs;

— ACIIOJIb30BAaTh HE TOJBKO KOHTPOJIb, HO M CAMOKOHTPOJIb PE3yJIbTATOB CaMOCTOSTEIbHOM
paboTBl B COOTBETCTBHM C METOJAMH CAMOKOHTPOJISA, TPEIJIOKCHHBIMH MPENoaBaTesieM HIIH
BBIOPAHHBIMU CAMOCTOSITEIIBHO.

CamocrosTenbHas paboTa CTYJISHTOB JOJDKHA OKa3bIBaTh BAXKHOE BIMSHHUE Ha (HOPMHUPOBAHHE
JUYHOCTH OYIYIIEro CIEIHaiCTa, OHA IJIAHUPYETCS CTYACHTOM CaMOCTOSTENbHO. KaXKIplid CTyaeHT
CaMOCTOSITEIILHO OTpECIsIeT PEKUM CBOCH pabdOThI M MeEpy Tpyla, 3aTpaunBacMOro Ha OBJIAJICHUE
Y4eOHBIM COJEp)KaHHEeM IO Kaxaoi nucuuruinHe. OH BBINOJHSAET BHEAYIUTOPHYIO pabOTy MO JIMYHOMY
WH/IMBUYyaTbHOMY ITUIaHY, B 3aBUCHMOCTH OT €T'0 IMOATOTOBKH, BPEMEHHU M JJPYTUX YCIOBHIA.

3.1 PexoMeH1alIMU 110 MOATOTOBKE COOOIIEHHSI 10 M3Yy4YaeMoii TeMe

[ToaroroBka cooOlIieHNUs — 3TO BHJ BHEAYyIUTOPHOM CaMOCTOSITEIbHON pabOTHI 1O MOATOTOBKE
HEOOJIBIIOro 10 00BEMY YCTHOTO COOOILIEHNUS JUIA O3BYYMBAaHMS Ha ayJUTOPHOM 3aHATHH. Coolmaemas
uHpopMalKs HOCUT XapakTep YTOYHEHHs MM OOOOIIEHUS, HECET HOBHM3HY, OTPa)kaeT COBPEMEHHBIN
B3IUISAA IO OTIPEJEIICHHBIM IIPOOIeMam.

Coo01enne omIM4yaercss oT JOKJIaJ0B U pedepaTtoB HE TOIBKO 00beMOM MHGpOpMaLKHU, HO U ee
XapakTepoOM — COOOIICHHs OTOJHSIOT HW3y4YaeMbIil BOMPOC (PAKTHUECKUMH WM CTaTUCTUYECKUMU
matepuanamu. Ocdopmiisiercss 3aJjaHue MUCbMEHHO, OHO MOJKET BKJIIOYaTh 3JEMEHThl HarjsHOCTU
(MuTrOCTpaLuy, JEMOHCTPALMIO, IPE3EHTALIMIO).

PernameHT BpeMeHM Ha 03ByYHBAaHUE COOOILEHUS — 10 O MUH.

JUJ1s1 BBIITOJTHEHUSI CAMOCTOATENBHOM paboThl HEOOXOAUMO:

— co0paTh U U3y4UTh UCTOYHUKH UH(OPMALIMU IO TEME;

—  COCTaBMTb IUIaH COOOLICHHUS;

—  BBLACIUTH OCHOBHBIE MTOHSTHS;

—  BBECTHU B TEKCT JOIOJIHUTENIbHbBIE JaHHbIEC, XapaKTePU3YIOLIEe 00bEKT U3YUCHHUS;

—  0(pOpMUTH TEKCT MMCbMEHHO;

—  cJaTh Ha KOHTPOJIb MPENOJIaBaTeN0 U 03BYUYUTh B YCTAHOBJIEHHBIN CPOK.

KpuTtepun oneHKH coo01eHust 0 H3y4aeMoi Teme:

1. AKTyalabHOCTb TEMBI.

2. CooTBeTcTBHE COJIepKAHUS TeMe; IITyOruHa MPOpadOTKU MaTepHaa.

3. T'pamMOTHOCTB ¥ MTOJTHOTA MCITOJIE30BAHHS HCTOYHUKOB; HATMYHE DJIEMEHTOB HATJISTHOCTH.

Onenka «OTJIMYHO» craButrcs, ecium coOOOILIEHHME COOTBETCTBYET 3aJaHHI0; TeMa TITyOOKO
npopaboTaHa C HCIIOJIB30BAHUEM JOCTATOYHOTO KOJIWYECTBA HCTOYHHKOB HH(OpMAIUK; COOOIIEHUE
COJICPKUT JIOTIOTHUTENIbHYI0 HH(POPMAIINIO, HE OCBEIICHHYIO B YU€OHUKE; COOOIICHHE COMPOBOXKIACTCSA
AJIIEMEHTAaMU HarJIsAHOCTH; BBIJIEPKaH PETJIAMEHT BPEMEHH Ha 03BYYHBAHHUE COOOIICHUS.

Onenka «XOPOIIO» craBuTCs, eciau cooOIIEHHE COOTBETCTBYET 3aJaHUI0; TeMa TIyOOKO
mpopaboTaHa C HCIOJIB30BAHUEM JOCTATOYHOTO KOJIWYECTBA UCTOYHHKOB HH(OPMAIUU; COOOIIEHUE
COJICPKUT  JOTIOJHUTENbHYI0 HWH(OpMaIlMI0, HE OCBEIICHHYI0O B ydeOHWKE, COOOIIeHHE He
COTMPOBOXAETCS DJIEMEHTAMHU HArJSIIHOCTH; pErjaMeHT BpPEMEHH Ha O03BYYHBAHHE COOOIICHUS
TIPEBBIIICH.

Onenka «YJOBJIETBOPUTEJIBHO» craBuTcs, ecnu coOOIIeHHE HE BIOJIHE COOTBETCTBYET
33JIaHUI0; TeMa NpOopabOTaHa HErNyOOKO; WCIOJIh30BAaH OJUH HCTOYHHK HWH(POPMAIUH; COOOIIECHUE
COJIEP’KUT Majo JOTOJHUTENbHOW WH(POpPMAIIMU, HE OCBEIIEHO B Yy4eOHUKE; COOOIIeHHe He
COIPOBOXIAETCSA DJICMEHTAMH HATJBITHOCTH, pErJIAMEHT BPEMCHHM Ha O3BYYHMBaHWE COOOIICHHS HE
BBIJIEpPIKAH.



3.2 PexoMeHaaLMH1 1O MOATOTOBKE JOKJIAAA

Joxman, Kak BHJ CaMOCTOSTEIBLHOM paboThl B ydyeOHOM Tpolecce, CIocoOCTByeT
(hOpMUPOBAHHUIO HABBIKOB HCCIIENIOBATENILCKONW pabOThI, pacHIMpseT MO3HABATEIbHBIC MHTEPECHI, YUUT
KPUTHYECKH MBICITUTD.

[Tpn HammcaHuW OKIANa MO 3aJaHHOW TeME CTYJIEHT COCTaBIsieT IUIaH, MOJAOUPAET OCHOBHBIC
WCTOYHUKH.

B mporecce paboThl ¢ HCTOYHUKAMH CUCTEMATH3UPYET MOJYICHHBIC CBEICHHUS, JIEIAeT BBIBOIBI
1 00001IeHN.

K noxmany mo KpymHOH TemMe MOTYT IMPHUBJIEKATh HECKOJIBKO CTYJCHTOB, MEXIY KOTOPBHIMHU
pacIpeneNstoTCs: BOIPOCHI BRICTYTICHHUS.

Bo16op Tembl J0KIa0a

Temaruka mOKIaaa OOBIYHO OMPEACNSETCS TNperojaBaTeieM, HO B ONPEACICHUU TEMbl
WHUIIMATHBY MOXKET MPOSBUTH U CTYJICHT.

[Tpexxae yeM BBIOpATh TEMY JOKIAAa, aBTOPY HEOOXOIUMO BBISIBUTH CBOW MHTEPEC, ONPEICIIHUT,
HaJ[ KaKo# Mmpo0JieMoii OH XOTeN Obl mopadboTaTh, OoJIee TIIYOOKO €€ U3yUUTh.

JTanbl padoThl HAJ JOKJIAI0M

1) ®dopmynupoBaHHE TEMbI, IPUYEM OHA JOJDKHA OBITh HE TOJBKO AKTYaJIbHOH IO CBOEMY
3HAYEHUIO, HO U OPUTHUHAIBHOU, MHTEPECHOM! MO COAECPIKAHUIO.

2) Tlombop ¥ M3ydeHHE OCHOBHBIX MCTOYHHMKOB IO TeMe (KaK MpaBHIbHO, NMPH pa3padoTKe
JIOKJIaJia UCTIONb3yeTcs He MeHee 8-10 pa3mu4HbIX HCTOUYHUKOB).

3) CocraBiieHHE CIIUCKA UCTIOIB30BAaHHBIX HCTOYHUKOB.

4) OO6paboTKa ¥ CUCTEMATH3AIHS HH()OPMALIHH.

5) Pa3pabotka ruiaHa g0Ki1aja.

6) Hamucanue gokmnaja.

7) TlyOnuyHOE BBICTYIUICHHUE C pe3yJIbTaTaMHU MCCIICIOBAHUSI.

CTpykTypa Aokjaana:

—  TUTYJbHBINA JUCT

— ornaBieHue (B HEM IIOCJIENOBATENbHO M3JaraloTcs Ha3BaHUS IyHKTOB JOKJaja,
YKa3bIBAIOTCSl CTPAHMIIBI, C KOTOPBIX HAYMHAETCS KaXK/bli MMyHKT);

— BBeneHHe ((GopMynupyeT CyThb HccienryeMoil mpobiembl, 000CHOBBIBAETCS BBIOOpP TEMBI,
ONPEACIAIOTCA €€ 3HAaYMMOCTh M aKTyallbHOCTb, YKAa3bIBAIOTCS ILI€JIb M 3aJauyd JOKJIaAa, JIAeTcs
XapaKTEepUCTHKA UCIOIb3yEMOM JIUTEPATYpPhl);

— OCHOBHAas 4acTh (KaXblil pazzien ee, 10Ka3aTeIbHO pacKpbiBas OTIENbHYIO MPOOIeMy WU
OJTHY U3 €€ CTOPOH, JIOTHYECKHU SBJISIETCS MPOIOJKEHUEM MPEIbITYIEro; B OCHOBHOM 4acTH MOTYT OBITh
Ipe/iCTaBIeHbl TaOIUIIbI, TPAaQUKH, CXEMBI);

— 3aKitoueHue (MOABOJATCS MTOTM MM JaeTcss oOOOLIEHHBIH BBIBOJ IO TEME JOKJIana,
IIpeyIaratoTcs peKOMEH1alun);

—  CIIMCOK HCIIOJIb30BaHHBIX HCTOUYHUKOB.

BBenenune — 3TO BCTymuUTENbHAs 4acTh HAYYHO-HCCIIENOBATENbLCKONM pabOThl. ABTOp MOJIKEH
MPUIIOKHUTH BCE YCHIINS, YTOOBI B 3TOM HEOOJBIIOM 10 00BbEMY pa3jiene MOKa3aTh aKTyalbHOCTh TEMBI,
PacKpbITh TPAKTUYECKYI0 3HAYMMOCTh €€, ONPEeAETUTh LEeNd M 3aJaud HKCIEPUMEHTa WIH €ro
bparmenra.

OcHOBHas 4acTh. B Hell packpbIBaeTcs CoJIepKaHue JOKIaaa.

Kak npaBuio, 0CHOBHas 4aCcTb COCTOUT U3 TEOPETUYECKOTO U MTPAKTUUECKOIO Pa3eIIoB.

B teopernueckoM paszzenie pacKpbIBAIOTCS UCTOPUS U TEOPHs MCCIEAyEeMOU MPOOIeMBbl, 1aeTcs
KPUTHUYECKHUM aHaJIU3 JIUTEPaTypbl U MOKA3BIBAIOTCS TO3ULIUU aBTOPA.

B nmpaktuueckoM paszzjene M3JaraloTcs METOJNbl, XOJ, M PE3yJIbTaThl CaMOCTOSITEIbHO
MIPOBEIEHHOTO HKCIIEPUMEHTA WK (pparMeHTa.

B ocHOBHOIf yacTu MOTYT OBITh TaK)K€ MPECTABICHBI CXEMBI, IMAarpaMMBbI, TAOJIUIIbI, PUCYHKH U
T.J.



B 3akmioueHwm copiepxKarcsi HWTOTH padOThl, BBIBOABI, K KOTOPHIM TIPHUINEN aBTOp, U
peKOMEHaluu. 3akIoYeHHe JODKHO ObITh KpaTKUM, O00s3aTeIbHbIM M COOTBETCTBOBATh
MOCTABIICHHBIM 33/1a4aM.

Cnucok HCIOJIb30BaHHBIX MCTOYHUKOB MPEJCTABIAECT COOOM MepeueHb MCIOJIb30BAHHBIX KHUT,
crareil, paMHINHN aBTOPOB MPHUBOIATCA B aJI()aBUTHOM IMOPSIIKE, IPU STOM BCE UCTOYHHUKH JAIOTCS MOJ
oOmieil HyMmepauueil IuTepaTypbl. B HCXOJHBIX JAaHHBIX MCTOYHMKA YKa3bIBatOTCS GaMuwius u
WHUIIMAJIBI aBTOPA, Ha3BaHUE PabOThI, MECTO U TOJ U3JaHHUS.

[Tpunoxxkenue K 10KiIany oGoOpMIISIOTCS Ha OTAEIBHBIX JUCTAaX, MPUUYEM KaxJ0€ IOJKHO UMETh
CBOM TEMAaTUYECKUH 3arojJOBOK M HOMEp, KOTOPBIM IHUILETCS B IPABOM BEPXHEM YTy, HaAIlpUMeEp:
«ITpunoxenue 1».

TpeGoBanust kK 0(pOPMIICHHIO 10KJIA/IA

Jlokiax BBIOJHACTCS Ha JincTax mucdeir Oymaru opmara A4 B Microsoft Word, o6semom 5-10
crpanun Tekcra. Pasmep mpudra — 14; unrepBan — 1,5; ¢ Hymepamueil crpaHuil CBEpXy CTpaHHIIBI
nocepeAnHe, ad3alHbIl OTCTYN Ha PAcCTOSHUU 3 CM OT JIeBOM rpaHulbl moiisd. B Tekcre o6s3aTenbHbI
CCBUIKM Ha TMEPBOMCTOYHHUKH. KOIMYeCTBO MCTOUYHMKOB: HE MeHee 5-8 pasnmuuHbIX MCTOYHUKOB. Ilpm
oopMIIeHUH PabOTHI COOTIOAIOTCS TTOJIS:

—  1eBoe — 30 MMm;

— mpaBoe — 10 mm;

— uamwxHee — 20 mm;

— BepxHuee — 20 Mmm.

Jokiian nomkeH ObITh BBIIIOJIHEH TPAMOTHO, C COOIOICHUEM KYJIbTYPhI U3TI0KEHUS.

Kpurtepun ouenku qoxkiaaga

—  aKTyaJIbHOCTb TEMbI UCCIIEI0BAHUS;

—  COOTBETCTBHE COJCPKAHUS TEME;

— riayOuHa npopaOOTKU MaTepuaa; MpaBUIbHOCTh U ITOJIHOTA UCII0JIb30BaHUSI HCTOUHUKOB;

—  COOTBETCTBHE O(OPMIICHUS JOKIaJa CTaHAApTaM.

[To ycmoTpeHuto mpernojaBarens 10KIaabl MOTYT ObITh IPEICTaBICHbl HA CEMUHApPAX, HAYYHO-
MPAKTUYECKUX KOH(PEPEHIINAX, a TAK)KE UCTIOIb30BaThCs KaK 3aueTHbIC Pa0OTHI IO MPOUICHHBIM TEMaM.

3.3 PexoMeHaanuu no HanucaHuio pedepara

Pedepar — »oTO0 HayuHO-HMcclenoBaTenbckas paboTa, B KOTOpOW HAa OCHOBE W3Y4EHUS
MEPBOMCTOYHUKOB (CTaTel, KHUT, APYTUX MaTepHaIOB) aBTOP PacKpbIBAET CYTh UCCIEAYyeMOI MpoOIeMBl,
MPUBOAMT Pa3IMYHBIE TOYKU 3PEHHS Ha U3ydaeMyIo MpoosieMy (MIeH, pelieHus], IPeaIOKEHHS U T.1I.), a
TakXe cOOCTBEHHbIE B3IJIs1/1bl, 000CHOBBIBASI CBOE€ MHEHUE

Pedepar, kak mpaBuIio, JOIDKEH COACPKATh CICIYIOIINE CTPYKTYPHBIC DJIEMEHTHI:

TUTYJILHBIH JIHCT;

CoziepKaHue;

BBEJICHUE;

OCHOBHAsI 4aCTh;

3aKIIIOYCHHUE;

CITHCOK MCIIOJIb30BaHHBIX HCTOYHHUKOB;
npUIoXkeHus (pxu HeOOXOAUMOCTH).

O06mwem pedepara — He MeHee S U He Oonee 15 crpanuu. B pedepare cienyer crienath cChUIKA Ha
WCTIOJIb30BaHHBIE MCTOYHUKU. OHHU JOJDKHBI OBITH O(QOPMIICHBI B COOTBETCTBHH C YCTaHOBJICHHBIM
CTaHJJApTOM.

loToBBII pedepar mpencTaBiseTcss MperoaaBaTeNto Uit mpoBepku. [lpm omenke pedepara
YUUTBIBAETCS YMEHHME OO0ydaromerocs paboTaTh C Hay4HOH JHUTEpaTypoi, aHATU3UPOBATh Pa3IHUYHBIC
TOYKH 3PEHUS MO CIIOPHBIM BOMPOCAM, apTyMEHTHPOBATh CBOE€ MHEHHE, HaBBIKM O(QOPMIICHHS CCBHUIOK,
CIMCKA UCTIOJIB30BAHHON JIUTEPATYPHI.

B conepxaHuy mpUBOAATCS HAMMEHOBAaHUS CTPYKTYPHBIX YacTeil pedepara, riiaB u maparpadoB ero
OCHOBHOHM YacTH C yKa3aHHEM HOMEpa CTpPAHHIIbI, C KOTOPOW HAuWHAETCs COOTBETCTBYIOLIAs YacTh,
rJ1aBa, maparpad.

Bo BBenenum paercs oOmias XapakTepucTuka pedepara: 0OOCHOBBIBAETCS —AKTYaJbHOCTb
BBIOPAHHOM TEMBI; ONpeAenseTcs Lelb PaboThl U 3aJauH, MMOUIeKAIINEe PEIICHHIO Ui €€ JOCTHKCHUS;

NoabkowhE

8



OIMCBIBAIOTCS. OOBEKT M MPEAMET UCCel0BaHus, HH(POpMAIIMOHHAs 0a3a UCCIEIOBaHMs, a TAaKXKe KPaTKO
XapaKTepU3yeTCs CTPYKTypa pedepara 1o riiaBam.

OcHOBHas 4acTh JOJDKHA COJEpkKaTh MaTepuall, HEOOXOAUMBIA JUISl TOCTUXKEHUS IOCTABICHHOM
ey W 3a/1a4, pelIacMbIX B Ipolecce BhIodHEeHUs pedepara. OHa BKiIrouyaeT 2-3 TIaBbl, Kaxaas U3
KOTOPBIX, B CBOIO ouepenb, Aenurcs Ha 2-3 maparpada. CoaepikaHue OCHOBHOM 4YacTH JIOJKHO TOYHO
COOTBETCTBOBATh TEME NPOEKTa M IMOJHOCTHIO €€ pacKpbiBaTh. [71aBbl M maparpadsl pedepara JOIKHBI
pacKpbIBaTh ONKCAHHE PELICHHS ITOCTABICHHBIX BO BBEJACHHMM 3a7ad. [lo3TOMY 3arojioBKM TJaB H
naparpa¢oB, KaK MMPaBUIIO, JOJDKHBI COOTBETCTBOBATH 110 CBOCH CyTH (OPMYIHPOBKaM 3a/1ad pedepara.
3aronoBka "OCHOBHAS YACTbB" B conep:kanuu pedepara ObITh HE JOIKHO.

I'maBpl OcHOBHOW wuacTu pedepara MOTYT HOCHUTH TEOPETHYECKUH, METOJOJIOTHYECKUI U
AHAJIMTUYECKUM XapaKTep.

OOs3aTenbHBIM 11 pedepaTa SBISETCS JIOTHUECKas CBSA3b MEXKIY TJIaBaMH U IOCJIE0BaTEIbHOE
pa3BUTHE OCHOBHOW TEMbl Ha MPOTSHKEHUM BCEH PabOTHI, CAaMOCTOSTENIHOE H3JIOKEHHE MaTepHana,
apryMEHTHPOBAaHHOCTb BBIBOJIOB. Tarke 00s3aTeNbHBIM SBISCTCS HAJIM4YHE B OCHOBHOW yacTu pedepara
CCBUIOK Ha UCIOJIb30BAHHBIE UCTOYHUKH.

W3noxxeHne HEOOXOJMMO BECTH OT TPEThEro Juma («ABTOpP IOJAraer...») JHOO HCIIOJIB30BATh
0e3MYHbIe KOHCTPYKIIMA W HEONpEeACICHHO-TUYHbIe TpeuiokeHus («Ha BTopoM stame ucciemayroTcs
CIIeTyIOIIe TOAXOBI. .. », «I[IpoBeieHHOE nCcCeI0BaHuE MO3BOIMIIO I0KA3aTh...» U T.IL.).

B 3akitoueHnn JIOTHYECKH MOCIIeIOBATEIBHO H3JIaraloTCsl BBIBOIBI, K KOTOPBIM IPHUIIENT CTYICHT B
pe3ynbTaTte BBINOJHEHHS pedepara. 3aKiOYeHHe JODKHO KpPaTKO XapaKTepU30BaTh PEIICHUE BCEX
MOCTABJIICHHBIX BO BBEICHUU 33/1a4 U JOCTIKEHHE 1IeNu pedepara.

CHmCcoK UCTIOb30BaHHBIX NCTOYHUKOB SBIISIETCS] COCTAaBHON YacThIO paOOTHI M OTPaKaeT CTETICHb
M3YYEHHOCTH paccMaTpuBaeMol Tmpobiembl. KomnyecTBO HMCTOYHMKOB B CIHCKE ONpEAEIseTcs
CTYJIEHTOM CaMOCTOSITEIbHO, Ui pedepara ux pexomenmyemoe konmuectBo ot 10 mo 20. [Ipu sTom B
CIHCKE 00s3aTE€IBHO JOJDKHBI MPHCYTCTBOBATh MCTOYHHUKH, M3/JaHHBIC B IOCIEAHUE 3 T0Ja, a TaKKe
HBIHE JICHCTBYIOIIME HOPMATHBHO-TIPABOBBIE aKThl, PETYJIHPYIOIINE OTHOIICHHS, paccMaTpHBacMble B
pedepare.

B mpunoxenus ciemyer OTHOCHUTH BCIIOMOTATEIbHBIM MaTepHaj, KOTOPBIH NPH BKIIOYCHUH B
OCHOBHYIO 4acTb pPabOTBl 3arpOMOXIAeT TEKCT (TaOJMWIBI BCIIOMOTATENbHBIX JTAHHBIX, WHCTPYKIIHH,
METOAMKH, (POPMBI JOKYMEHTOB U T.II.).

Odopmiienue pedepara

[Ipy BBIMONHEHUM BHEAYIUTOPHOM CAMOCTOSTENbHOW paboThl B BHJE pedepaTa HEOOXOIUMO
co0II0AaTh cienytome TpeOoBaHus:

— Ha OJITHOM CTOpoHe JucTa Oenon Oymaru gopmara A4,

— pasmep wpudTta — 12; Times New Roman, user — yepHsIi;

— MEXIyCTPOYHBIA HHTEPBAIl — OJIMHAPHBIH;

— TIOJISl Ha CTPAHMUIIE — pa3Mep JIEBOTO OIS — 2 CM, TIPaBOro — 1 cM, BEpXHETO — 2CM, HIKHETO —

2cM;

— 0T(OpMaTUPOBAHO MO MIUPHUHE JIUCTA;

— Ha MepBOM CTpaHMIle HEOOXOIMMO U3JI0KUTH IUIaH (CoJepxkaHue) paboThl,

— B KOHIIE pabOThl HEOOXOIMMO yKa3aTh UCTOYHUKH UCIIOIb30BAHHON JIUTEPATYPHI,

— HyMepauus CTpaHHIl TEKCTa — CKBO3HAsI.

CIMcoK WCTONB30BaHHBIX HMCTOYHUKOB JOJDKEH (HOpPMHUPOBAThCS B aN(PaBUTHOM TOPSIKE TI0
¢damunun aBTopoB. JIuTeparypa 0ObIYHO MPYNIUPYETCS B CHUCKE B TAKOM MMOCIE10BaTEIbHOCTH

1. 3akoHOJaTeNbHBIC U HOPMATUBHO-METOAMYECKHIE JOKYMEHTHI H MaTepPHAIIbL;

2. crenuajbHas HaydHas OTCYECTBEHHas W 3apyOexHasi nuteparypa (MoHOrpapuH, y4eOHHKH,
HayYHBIE CTAThH U T.I1.);

3. CTaTHCTUYECKHE, MHCTPYKTUBHBIE W OTUYETHBIC MAaTepUalbl MPEINPUSATHH, OpraHU3aluil u
YUPEKICHUN.

BxitoueHHas B CHMCOK JIUTepaTypa HyMeEpyeTcs CIUIOIIHBIM MOPSAKOM OT TEepBOro 10
MOCTIETHETO HAa3BAHUS.

[To xaxxaoMy JMTEpaTypHOMY HCTOUHHUKY YKa3bIBaeTCs: aBTOp (WIM IpyIMIa aBTOPOB), MOJHOE
Ha3BaHUE KHUTH WM CTaThU, MECTO M HAMMEHOBAHHUE M3/1aTENIbCTBA (IS KHAT M OPOIIIOp), TOJT U3IaHNUS;
ISl )KYpPHAJIBHBIX CTaTell yKa3bIBacTCs HaMMEHOBaHHE JKypHalia, ToJ Bblycka u Homep. [1o cOopHuKam



TpyHoB (cTaTeil) yka3bIBaeTCsl aBTOp CTAaThbU, €€ HAa3BaHUE M Jajiee Ha3BaHWE KHUTU (COOpHHKA) U ee
BBIXOJHBIC TAHHBIC.

[Tpunoxenus ciexyer opopMIATh Kak IPOJ0JDKeHHE pedepara Ha ero MocIeAyIONNX CTPaHUIaX.

Kaxxnoe mnpuwiokeHue IOOJDKHO HAa4yMHATBCA C HOBOM CTpaHuUlbl. BBepxXy CTpaHMIBI CIpaBa
ykazbpiBaeTcsi ciioBo "llpunoxenue" u ero Homep. I[lpuinoxeHue NOMKHO MMETh 3arojoBOK, KOTOPBIN
pacrioyiaraercs 1o LEeHTPY JIUCTa OTJECIIbHONW CTPOKOW U Me4YaTaeTcs MPOIUCHBIMU OyKBaMHU.

[Tpunoxenus cieayeT HyMepOBaTh MOPSIKOBOM HyMepanueil apabckumu nudpamu.

Ha Bce npuiioxxeHust B TeKCTe pabOThl JOJKHBI OBITh CChUIKH. PacnonaraTb NpuiIoKeHUs CleayeT
B IIOPSAJIKE MOSIBJIEHUS CCBUJIOK Ha HUX B TEKCTE.

Kpurepun ouenku pedepara

Cpok cnaun roToBOTO pedepara onpeaessieTcs yTBEpKACHHBIM TpaduKoM.

B ciyuae oTpunarenbHOro 3aKkiIOUEHHs MpernojaBareliss CTYIEHT o00s3aH aopadoTarh WM
nepepaborath pedepar. Cpok mopaboTku pedepara yCTaHABIMBACTCS PYKOBOJUTEIEM C yYE€TOM
CYIIIHOCTH 3aME€YaHUi U 00beMa HEOOXOIMMOM JOPaOOTKH.

Pedepar onennBaercs no cucreme:

Onenka "OTJIMYHO" BoicTaBnsieTcs 3a pedepar, KOTOPbI HOCUT UCCIIeI0BATENIbCKHII XapakTep,
COJIEPKUT TPAMOTHO M3JI0KEHHBIN MaTepHall, C COOTBETCTBYIOIIMMHU 00OCHOBAHHBIMU BBIBOJAMH.

Onenka "XOPOIIO" BpicTaBisieTcst 32 TPaMOTHO BBHIMIOJHEHHBI BO BCEX OTHOIIEHHUSIX pedepar
P HAJTMYUH HEOOJBIINX HEIOYETOB B €0 COACPKAHUH WM 0(POPMIICHUH.

Onenka "YJIOBJIETBOPUTEJIBHO" BricTaBnsieTcs 3a pedepar, KOTOPBIA yIOBIETBOPSIET BCEM
NpEeAbSIBISIEMbIM  TpeOOBaHMSIM, HO  OTJIMYACTCS TOBEPXHOCTHIO, B HEM  IPOCMATPUBACTCS
HEMOoCIEe0BaTEIbHOCTh U3JI0KEHUS MaTepuaa, IpeCTaBIeHbl HEOOOCHOBAaHHBIE BBIBOIBI.

Onenka "HEYJOBJIETBOPUTEJIBHO" BricTaBnsiercst 3a pedepar, KOTOPHIH HE HOCHT
HCCIIEIOBATENILCKOTO XapaKkTepa, He COAEPKUT aHallM3a MCTOYHHKOB U IMOJAXOJ0OB MO BHIOpaHHOW TeMe,
BBIBOJIbI HOCSIT JICKJIAPATUBHBIN XapakTep.

3.4 PexoMeHIAIMH 10 MOATOTOBKE 3JIEKTPOHHOI NMpe3eHTAlNU

Coznianue MaTepuanoB-IPEe3eHTAlMA — 3TO BHJI CaMOCTOSITENIBHOM PAabOTHl OOydaroluxcs 10
CO3JIaHUIO HArJsIIHBIX MH(GOPMALMOHHBIX IOCOOMH, BBIMOJIHEHHBIX C IOMOIIBIO MYJIBTUMEIUIHON
KOMITBIOTEpHO# mporpamMmsl PowerPoint.

[TpezeHTanus Kak JOKYMEHT HpEICTaBiseT COOO0M MOCIea0BaTeIbHOCTh CMEHSIOUIMX JIpYT Apyra
CIIAliIoB — TO €CTh JNEKTPOHHBIX CTPAHHWYEK, 3aHMMAIOIIMX BECh dKpaH MOHHTOpa (0e3 MpHUCYTCTBUS
na”enei mporpamwmsl). Yamne Bcero AeMOHCTpamMs MPE3eHTAIH MPOCHUpPYyeTcss Ha OOJBIIOM JKpaHe,
pexxe — pasgaercs coOpaBIIMMCS Kak medaTHbIM MaTtepuas. KosauuecTBo ciaiijoB aJeKBaTHO
COZCPKAHUIO ¥ TPOJOIDKUTEIBHOCTH BBICTYIUICHUS (HAampuMep, UIsi S-MHUHYTHOTO BBICTYIUICHUS
pPEKOMEHIyeTC s UCTIoNb30BaTh He Oonee 10 craiinos).

DTanbl CO3/JaHus MIPE3CHTAIINH:

—  IUTAaHWPOBAHUE MPE3eHTAH (BEIOOp TEMBI; ONpeIeTICHHE ayUTOPUH; ONIpEeTICHIE eI );

— TIOATOTOBKA COJNIEPXKAHHUS TIPe3eHTAlUU (CTPYKTYPHO-CEMAHTHUYECKHH aHalN3  TEMBI
MPE3EeHTAIMH; IOMCK M aHATUTUKO-CUHTETHYECKas nepepaboTka HCTOYHUKOB MH(OPMAIIMH; COCTABICHHUE
IUTaHA TIPE3CHTAIllMM Ha OCHOBE WMEIOIIUXCS WCTOYHHWKOB, HAIMCAHWE WCXOJHOTO TEKCTa JUIs
MPE3EeHTAIMK; pa3/ieJIeHne UCXOJHOIO TeKCTa Ha TOPLIMHU — IO KaJapaM (3KpaHaM, cliaiiiaM), onpeeseHue
WX TIOCJIEJOBATEIIFHOCTH; ONpEACTeHHe COCTaBa KaXIOro Kazapa (9KpaHa, craima), BKIFOYas
n300pakeHUs: PUCYHOK, (oTO, Tabiuia, JUarpaMMa, cXeMma; TeKCThI: 3aroJIOBOK Cllaiiia, NepedyeHb
BOIIPOCOB, JN€PUHUIIMSA, TE3UC, JO3YHT (CIOTaH) W T. II.;. ONpPEIENIEHHWE COJEPKAHHS YCTHOTO
KOMMEHTapHUs K KaXJI0My Cllaiiiy;

— TEXHUYECKas peayn3alus Mpe3eHTaluu (MCIoIb30BaHUE BO3MOXKHOCTEH Iporpammbsl Power
Point (uam wHOM mnporpaMMbl) A TMOATOTOBKH MYJIbTHMEIUIHOW NpPE3EHTAIlMH; WCIIOIb30BaHHE
MYJIbTUMEINIHBIX 3 PEKTOB;

— BBIOOp AM3aiiHa Mpe3eHTaIIH;

— pemeTHIysi Npe3eHTanuy (MPOBepKa CHHXPOHHOCTH YCTHOTO TEKCTa W JEeMOHCTPHPYEMBIX
claiiioB; obecredeHrne COOTBETCTBH 0ObeMa INMpe3eHTAlud OTBEJIEHHOMY Ha Hee BPEMEHH, MPOBEpKa
COOTBETCTBUS MPE3CHTALUU TPEOOBAHUIM YCTHOTO IMTyOJIUYHOTO BBICTYIUICHHUS).
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B xoze co3manus mpe3eHTanun He0OX0IMMO PYKOBOJICTBOBATHCS CIEAYIONUMH TPeOOBAHUSAMHU.

[TpaBuna mpudroBoro ohopmieHus:

1. [pudtel ¢ 3aceukaMu YUTAIOTCS JeT4e, YeM rpoTeckH (IpUPTH Oe3 3aceueK);

2. Jlyi1 OCHOBHOTI'O TEKCTa HE PEKOMEH/IyeTCsl MCII0JIb30BaTh MPOIUCHBIE OYKBBI.

3. IlIpudToBoil KOHTPACT MOXKHO CO3/1aTh MOCPEACTBOM: pa3Mmepa IpHu(Ta, TOIMUHBI WPUPTa,
HauepTaHus, GOpMbl, HapaBJIEHUS U LIBETA.

[IpaBuna BeIOOpa LIBETOBOI raMMBI.

1. lIBeroBas ramMmma JOJDKHA COCTOSITH HE OOJiee 4eM U3 IByX-TpeX LIBETOB.

2. CymecTByIOT HE cOueTaeMble KOMOWHAINH [{BETOB.

3. UepHbIil IBET UMEET HETaTUBHBIN (MpAaYHBIH ) TOATEKCT.

4. bBenblii TEKCT Ha YepHOM (DOHE YUTACTCS III0XO (MHBEPCHUS TIOXO YUTACTCS).

[TpaBumna oO1Ieit KOMITO3UIIUH.

1. Ha momoce He DO/DKHO OBITH OOJIBIIE CEMH 3HAYHMMBIX OOBEKTOB, TaK KaK 4YEJIOBEK HE B
COCTOSIHUU 3aIlIOMHHTH 33 OJJUH pa3 OoJiee CEMU IyHKTOB Yero-auoo.

2. JloroTHi Ha IoJIoCce JOJDKEH pacloyiaratbes CipaBa BHU3Y (CleBa HaBEpXy U T. 11.).

3. Jlorotun momkeH ObITh IPOCTOM M JIAKOHUYHOH (hOPMBI.

4. Jlu3aiiH OJKEH OBITh MPOCTHIM, & TEKCT — KOPOTKUM.

5. MH3ob6paxeHus NOMAIIHUX >KUBOTHBIX, JETEH, XKEHIIMH U T.J. SBISIOTCS IOJIOKUTEIbHBIMU
obpazamu.

6. KpymnHbele 00BbeKTHl B cocTaBe JIF0OOH KOMIO3ULMHU HOPTAT oluiee BrevarieHue. OrpoMHble
OyKBBI B 3aroJIOBKax, KHOIIKM HaBHTalMu BeICOTON B 40 mukcesnel, BepcTKa B OHY KOJIOHKY IIMPUHOW B
600 Touek, pa3menHTENs OJHOTO IIBETA, PACTSIHYTHIH Ha BECh DKpPaH — BCE 3TO NPUAACT TU3ANHY
HenpoQeccuoHaNbHbIN BU.

KpuTtepuu onieHKH 3J1eKTPOHHOM NMpe3eHTaluu

1. CootBercTBUE COIEPIKAHUS TEME.

2. IlpaBuibHasi CTPYKTYPHUPOBAHHOCTH HH(OPMAITUH.

3. Hanuuue orndeckoit CBsI3u U3J105KEHHON MH(DOpMAIUH.

4. DcTeTHYHOCTh O(GOPMIICHHS H COOTBETCTBHE €ro TEeMe, COOTBETCTBHE TPEeOOBaHUSM
oopmieHHs pe3eHTaIH.

5. PabGora mpencraBiieHa B CpOK.

Onenka «OTJIMYHO» craBUTCs, €ClM NpPE3EeHTAlMsl COOTBETCTBYET 3aJaHHI0; TeMa TIIyOOKO
npopaboTaHa C UCIONB30BaHUEM JOCTATOYHOTO KOJMYECTBA MCTOYHHUKOB WH(OpPMAIMK; TPE3ECHTALUS
COJZIEP’KUT JIOTOJIHUTEIbHYI0 HMH(OpPMAIMIO, HE OCBELICHHYIO B yueOHHKe; o(hOpMIIEHHE NpE3eHTALUU
ACTETUYHO U COOTBETCTBYET TEME, COOTBETCTBUE TpeOoBaHUSAM OdopMIIeHUS MNpe3eHTaluil; 3¢deKTs
aHMMAaIlUH B [TPE3EHTAIIMH UCIIOIb30BAHbI JO3UPOBAHHO, HE OTBJIEKAsl M HE pazapaxasl CIyIIaTesel.

Onenka «XOPOIIO» cTaBuTcs, eciy BblAEpKaHbl IEPEUUCICHHBIE BBILLE KPUTEPUH, JOMYIIEHbI
HEe3HAYUTENIbHbIE HAPYIICHHUS B CTHJIUCTUKE OPOPMIICHHS, HEIOUETHI B CTPYKTYpeE.

Onenka «YJAOBJIETBOPUTEJIBHO» craButcsa, ecau TeMa Mpe3eHTallMu MpopadoTaHa
HErJIyO0OKO C MCIOJIb30BaHMEM OJHOTO MCTOYHMKA MH(pOpPMAalWU; HapylleHbl TpeOoBaHUS Oo(opMIIeHHUs,
CTPYKTypa mpopaboTana cnado.

3.5 MeToanka cocTaB/ieHUsI OOPHOT0 KOHCIIEKTA

OnopHBINA KOHCIIEKT — 3TO Pa3BEPHYTHIN IUIaH Bamiero nmpeacTosmero oTBera Ha TEOPETHUYECKHI
Boripoc. OH mpu3BaH nmomMoub BaMm mocnenoBaTelnbHO HU3IOXKHUTH TEMY, a MPENoJaBaTelllo — JIydlle
nmoHuMarb Bac u ciequts 3a norukoi Bamiero orsera.

[IpaBUIBHO COCTaBJICHHBIM OMOPHBIM KOHCHEKT JIOJDKEH COJEp)KaTh BCE TO, YTO B Mpolecce
oTtBeTa Brl HamepeBaeTech paccka3aTh. ITO MOTYT OBITh YepTeXH, rpaduku, GopMyJsl (eciu Tpedyercs,
C BBIBOZIOM), OPMYITHUPOBKH OCHOBHBIX 3aKOHOB, OTIPEICIICHUSI.

OcHoBHbIe TpeOoBaHus K (popMe 3aNIHCH ONIOPHOT0 KOHCIIEKTA:

1. JlakornmaHOCTh. ONIOPHBIN KOHCHEKT JOHKEH ObITh MHHUMAIBHBIM, YTOOBI €r0 MOKHO OBLIO
BocTpou3sBecTy 3a 6 — 8 MunyT. [1o 00beMy OH JOTKEH COCTaBIATh MPUMEPHO OJUH MOJIHBIHN JTUCT.
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2. CTpykTypHOCTh. Bech Marepuan JOKEH pacroyiaratbCsi MajabIMHU JOTMYECKUMH OJIOKaMH, T.e€.
JOJKEH COJEp/KaTb HECKOJIBKO OTAEIbHBIX ITYHKTOB, OOO3HAQUYE€HHBIX HOMEpPAaMH WM CTPOYHBIMHU
npobenaamu.

3. AxueHtupoBaHue. [[ns mydiiero 3allOMHHaHMS OCHOBHOIO cMbIcia OIOPHOrO KOHCIEKTA,
rIaBHy0 uaeo OmopHOro KOHCIEKTA BBIIEIAIOT paMKaMH PAa3JIMYHbBIX LBETOB, PA3IHMYHBIM MIPU(TOM,
Pa3IMYHBIM PACIIOI0KEHUEM CJIOB (110 BEPTUKAIH, 10 AUArOHAJIN).

4. Vuudukauumsa. Ilpum cocraBiennn ONOPHBIM KOHCIEKT HCHONB3YIOTCS OINpeaenEHHbIE
ab0peBUaTypbI M YCIOBHbIE 3HAKH, YaCTO NOBTOPSIOLIMECS B Kypce JaHHOT'O MpeaMeTa

5. AptroHomus. Kaxnapiii manbiii Oiiok (a03al), Hapsay C JIOTMUECKOH CBA3BIO C OCTaJbHBIMU,
JIOJKEH BbIpa)kaTh 3aKOHUCHHYIO MBICIb, JOJDKEH ObITh aKKypaTHO OQOpMIIEH (MMETh NPUBIIEKATEIIbHBINA
BU]T).

6. OpuruHaiabHOCTb. ONOPHBIA KOHCIEKT JOJDKEH ObITh OpUTHMHAJICH 1o (hopMe, CTPYKType,
rpaduuecKoMy HCIIONIHEHUIO, Ojaronmaps 4demy, OH Jydiie coxpansercs B mamatu. OK momxen ObITh
HarJsIHBIM U IIOHSATHBIM He TOJIbKO BaMm, HO U mpernoaBaTesto.

7. B3zaumocss3b. Teker OnopHOro KOHCIEKTa JTOJKEH ObITh B3aMMOCBSA3aH C TEKCTOM Y4eOHHKA,
YTO TaK e BIUSIET HAa YCBOCHUE MaTepuaia.

IIpuMepHbIi NOPSAI0K COCTABJIEHHUS ONIOPHOI0 KOHCIIEKTA:

1. IlepBuuHOE O3HAKOMIIEHHE C MAaTEpHAJIOM HM3y4aeMOHl TEMBI MO TEKCTy y4eOHHKa, KapTam,
JIONIOJTHUTEIBHON TUTEeparype.

2. Beigenenue riiaBHOro B M3y4aeMOM MaTepHaie, COCTaBICHUE OOBIYHBIX KPATKUX 3aIUCEH.

3. Ilogbop K NaHHOMY TEKCTY ONOPHBIX CHUTHAJIOB B BHUJE OTIEIBHBIX CIIOB, ONpEAEIEHHBIX
3HAKOB, IPa(pUKOB, PUCYHKOB.

4. IlponymbIBaHHE CXEMATHUECKOro croco0a KOJUPOBaHUS 3HAHUM, UCIOIb30BaHUE PA3IUYHOIO
mpudTa u T.1.

5. CocraBieHue OIOPHOI0 KOHCIIEKTA.

Kpurepun onieHKH OIIOPHOI0 KOHCIIEKTA:

1. CooTBercTBHE KOHCIIEKTAa COACPHKAHUIO TEMBI;

2. IlpaBuiibHas CTPYKTYpHUPOBAHHOCTH MH(OPMAIIIH;

3. Hammmume J51OTMYECKON CBSI3M  M3IIOKEHHOH WH(OpMAaIu; COOTBETCTBHE O(GOPMIICHUS
TpeOOBaHUAM; aKKypaTHOCTh U TPAMOTHOCTb U3JI0KEHMUS;

4. Pabora caHa B CpOK.

Onenka «OTJIMUYHO» craBUTCS, €CiIM COAEPKAHUE ONOPHOIO KOHCIEKTA COOTBETCTBYET TEME,
nH(popMalKs MPaBWIbHO CTPYKTYPUPOBaHA, MU3JI0XKEHA TPAMOTHO, JJAKOHUYHO U JIOTMYECKH CBSI3aHHO, C
HCIOJIb30BAHUEM CXEM U COKpaIlleHHI; paboTa cllaHa B yCTaHOBJIEHHBIN CPOK

Onenka «XOPOILIO» craBUTCS, €cau CoAep>KaHUE OMOPHOIO KOHCIEKTa COOTBETCTBYET TEME,
uHboOpMalMs MpPaBUIBHO CTPYKTYpPHUPOBaHAa, M3JIO)KEHA JIAKOHWYHO U JIOTUYECKH CBS3aHHO, C
HCIIOJIb30BAHUEM CXEM U COKpallleHHH; paboTa claHa B YCTaHOBJEHHBIH CPOK; HE HCIIOJIb30BAHbI
OIOpPHBIE CUTHAJIBI, JONYIIEHbI 1-2 HE3HAYNTEIbHbBIE OINOKY 1 HapyIIEHUs B 0(OPMIICHUH

Onenka «YJIOBJIETBOPUTEJIbHO» craBuTCs, €ciu COAEpKAHHE OIOPHOTO KOHCIEKTa
COOTBETCTBYET Teme, WH(pOpMalMs CTPYKTypUpOBaHA HEPAlMOHAJIBHO, U3JI0XKEHa HEIaKOHUYHO, 0e3
UCIIOJIb30BAaHUSI CXEM M COKpallleHuH; padoTa cjaHa HE B YCTaHOBJEHHBIH CPOK; HE HCIIOJIb30BAHBI
OIIOpPHBIE CUTHAJIBI, JOMYIIEHbI HAPYIIEHUS B 0()OPMIICHUH.

3.6 Meroauka cocTaBjieHUs 00001AK0IIEeH TA0JMIbI

CocraBnenue CBOAHON (000OMmIaroIIeii) TaOIUIBI IO TEME — 3TO BHJ CaMOCTOATEIHLHON paboThI
o0yyaroIerocst Mo cucreMaTu3anuu 00beMHON HH(pOpMaIMU, KOTopasi CBOIUTCA (000011aeTcsi) B paMKu
tabnuupl.  DopMUpPOBaHME  CTPYKTYpbl TaOJMIBI  OTpakaeT CKJIOHHOCTh oOOydwaromierocs K
cHcTeMaTHU3allui MaTepHajga U pa3BUBAET €ro yMEHHs MO CTPYKTYpHpoBaHUIO MHpopmanuu. KpaTtkocts
U3JI0’KEHUs MH(OPMALIUY XapaKTepU3yeT CIOCOOHOCTD K €€ CBEpThIBaHMIO. B paMkax TaOiuibl HArIsAHO
oToOpaXkaroTcsl Kak pa3zesibl OJHON TeMbl, TaK M pa3/ieibl pa3HbIX TeM. Takue TaOJHUIbl CO3/1al0TCs KaK
MOMOIIb B M3y4YE€HUHU OONBIIOr0o o0bemMa MHGpOpMAIUH, Kejas MPUAATh eMy ONTHUMAalbHYI (GopMy Ui
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3allOMHUHAHUS. 3aJaHhe 4Yalle BCEro HOCHT O0s3aTeNbHBIM XapakTep, a €ro KauecTBO OLEHUBAETCS IO
Ka4yecTBY 3HAHUI B MPOLIECCE KOHTPOJIS.

3arpaThl BpEMEHHM Ha COCTaBJICHHME CBOJHOW TaOJMIBI 3aBUCAT OT oObeMa HHGOpPMAIHH,
CJIO’)KHOCTH €€ CTPYKTYPUPOBAHUS U ONPEAEIAeTCS IPENo1aBaTeIeM.

ITopsinok padoThI:

— M3Y4MUTh UH(POPMALUIO TI0 TEME;

— BBIOpaTh ONTUMANIBHYIO (POPMY TaOIHUIIBL;

— HH(OPMAIHIO PEICTABUTh B CKATOM BUJE U 3aII0JHUTh €10 OCHOBHBIE I'padbl TaOIUILIbI;

— TIOJIB3YSCh TOTOBOM TabmuieH, 3 (EeKTUBHO MOATOTOBUTHCS K KOHTPOJTIO IO 33JJaHHOM TEME;

Kpurepum oueHkmu:

— COOTBETCTBHE COJIEPIKAHUSI TEME;

— JIOTHYHOCTb CTPYKTYPbI TaOJIUIIbI;

— TpaBWIBHBIA 0TOOP HH(pOPMALINH;

— Hajnuuue 0000marmmero (CUCTEMaTH3UPYIOIIEro, CTPYKTYpUPYIOLIETO, CPaBHUTEIBHOIO)
XapakTepa M3JI0KeHUs HH(opMaIumy;

— COOTBeTCTBHE O(hopMIIeHHS TpeOOBaHUAM; paboTa CAaHA B CPOK.

Onenka «OTJIMYHO» craBuTcs, eciiu coepkaHue TaOIHIIbl COOTBETCTBYET TEME; TeMa ITyO0Ko
npopaboTaHa C MCIOJb30BaHUEM JIOCTaTOYHOI'O KOJMYECTBA MCTOYHMKOB HH(POpMaLuy; Tabauma
IIPaBWJIbHO CTPYKTYpPUPOBaHa; TabauIa akKypaTHo oopmiieHa; padoTa ciaHa B CPOK.

Onenka «XOPOILLO» craBuTcs, €ciy BbIASPKAHbI IEPEUUCICHHbIE BbIILIE KPUTEPUH, JOMYIICHbI
HE3HAYUTENIbHbIE HEJJOUEThl; padoTa c/jaHa B CPOK.

Onenka «YIOBJIETBOPUTEJIBHO» craButcs, ecinu Tema npopaboTaHa HErmyOoKo, CTPYyKTypa
Tabymubel popaboTana cia0o; TabnWIa COASPKUT MHOTO JHINHEH HH(OpMAamMM WIM HA000pPOT HE
COZIepKUT Bcell HeoOxoauMoil mHGopmauuu; Tabiauma odopmieHa HeaKKypaTHO; paboTa cllaHa He B
CPOK.

3.7 IlpaBuJia caMOCTOSITeILHON PadoThI ¢ JTUTEPATYPOI

CamocTosTenpHas paboTa ¢ ydeOHUKaMH M KHUTAMU — 3TO BaKHEHIIee ycioBue GOpMUPOBAHUS
y ce0st HayyHOro croco6a mo3Hanus. OCHOBHBIE COBETHI 37I6Ch MOKHO CBECTH K CICTYIOIINM:

1. CocraBuTh IepeueHb KHUT, C KOTOPBIMUA BaMm ciiemyeT mo3HaKOMHUThCSI.

2. CaM Takoi TmepeueHb JOJKEH OBbITh CHCTEeMAaTU3HPOBAHHBIM (YTO HEOOXOIWMO st
CEMHHAPOB, YTO JIJIS SK3aMEHOB, YTO MPHUTOJUTCS JIJIsl HAMMCAHUS KYPCOBBIX U JIUTIOMHBIX padoT, a 9To
Bac unrtepecyer 3a pamkamu opuIMaTbHON y4eOHOM NEATEIbHOCTH, TO €CTh YTO MOXKET PaCIIMPUTh
Bamry o0mryto kyasTypy...).

3. O0s13aTeNbHO BBIMHUCHIBATH BCE BBIXOAHBIC JAaHHBIE MO KaXJ0H KHUTe (MpU HaMMCAaHUU
KYPCOBBIX U JWIUIOMHBIX paOOT 3TO TIO3BOJUT OYCHb COKOHOMHTH BpEMs).

4. Tlpu cocTaBieHUH TIEpPEYHEN JIUTEPATypPhI CIEeyeT TOCOBETOBATHCA C MperoaaBaTesiMu (WIn
naxke ¢ 0ojiee TIOJTOTOBJICHHBIMH U 3PYIUPOBAHHBIMH COKYPCHUKaMH), KOTOpPBIC MOMOTYT Bam Irydie
COPUEHTHPOBATHCS, Ha YTO CTOMT OOpaTUTh OOIbIllee BHHMaHHE, a HA YTO BOOOIIE HE CTOUT TPATHTh
BpeMSL...

5. EcrecTBeHHO, BCE MPOYUTAHHBIE KHUTH, YYEOHUKH U CTaThHU CJIEIyeT KOHCIEKTHPOBATh, HO
3TO HE O3HAYaeT, YTO HAJ0 KOHCIIEKTHPOBATh «BCE IMOJPSI». MOXHO BBIITUCHIBATH KPATKO OCHOBHBIC
UJIeW aBTOpa U WHOT/A MPUBOIUTE HanboJIee IpKre U MoKa3aTeNbHbIe IUTATH (C YKa3aHHEeM CTPAHHMII).

6. Ecnu kaura — Barra coOcTBeHHasI, TO TOMYCKAETCs JeNIaTh Ha MOJITX KHUTH KPATKHE ITOMETKU
WIHM K€ B KOHIIE KHUTH, Ha MYCTBIX CTPaHHIAX MPOCTO CAENaTh CBOM «IpEIMETHBIA yKa3zaTenby, TIe
OTMEYAIOTCS HanOoJiee WHTEPECHBIC I Bac MbBICI M 00sA3aTeIbHO YKa3bIBAIOTCS CTPAHUIIBI B TEKCTE
aBTOpa (3TO OYEHb XOPOIIUN COBET, MO3BOJIAIOIMINN SKOHOMHUTH BPEMS M OBICTPO HAXOAHUTh «U30paHHBIE
MeCTa B CaMbIX Pa3HbIX KHUTAX).

7. Ecnu Bbl pasbliie Mano padoTanu ¢ Hay4yHOW JTUTEpaTypou, TO ClieyeT BhIpadoTaTh B cede
CIIOCOOHOCTh «BOCIIPHHHMATE)» CJIOKHBIE TEKCTBI; JUISI 3TOTO JIYYIIUHA TPHEM — HAYYUTHhCS «YUTATh
MEJIEHHO», KOTJa Bam MOHSATHO KaXK[0e MPOYMTAHHOE CJIOBO (@ €ClIM CIOBO HE3HAaKOMOE, TO JIMOO C
MTOMOIIIBIO CITOBAPS, JIMOO C TIOMOIIBIO MPETIOAaBaTelNlsl 00s13aTEIFHO €T0 Y3HATH); OIBIT MIOKA3bIBAET, YTO
MOCIIE TOTO CTYJEHT OBICTPO U KAYECTBEHHO MPOpadaThIBaeT KHUTH.
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8. Ectb emte oauH 3 PeKTHBHBIN cITOCOO ONTUMHU3UPOBATh 3HAKOMCTBO C HAyYHOU JIUTEPATypOn
— CJIEIyEeT YBJIEUbCS KAKOW-TO UIEEH M BCE KHUTM MPOCMATPUBATH C TOYKU 3PEHUS JaHHOW uaeu. B satom
cllyyae CTyJAEHT (WIM MOJOIOW yueHbIH) Oyner Kak Obl MCKAaTh apryMEHTBI «3a» WU «IPOTHUB»
MHTEPECYIONIe ero uiew, U OJHOBPEMEHHO OH OyaeT Kak Obl OOIIATbCA C aBTOpPaMH ATHX KHHT IO
IIOBOAY CBOUX UJAEH U Pa3MBILUICHUL. ..

UreHne HAYy4yHOIrO TEKCTa SBJIIETCS YacThO IIO3HABATEIBHOM JesTenbHOCTH. Ee nenp —
U3BJICUEHHE M3 TEeKCTa HeoOxoaumoi wuHpopmammu. OT TOro Ha CKOJBKO OCO3HAHHA YHTAIOIIUM
COOCTBEHHAs] BHYTPEHHsIsI YCTaHOBKA MPH OOpaIIeHUH K MEYaTHOMY CJIOBY (HATH HYy>KHbIE CBEICHUS,
YCBOUTH MH(OPMAIIHIO MOJHOCTHIO WM YaCTUYHO, KPUTHYECKU MPOAHAIM3UPOBATH MAaTEpUal U T.II.) BO
MHOTOM 3aBUCUT 3PPEKTUBHOCTH OCYIIECTBISIEMOTO JCHCTBUSI.

Jlisi CTy/IEeHTOB OCHOBHBIM BHJIOM YTEHHUSI YUEOHOW JUTEpaTyphl SIBISETCS M3ydarollee YTEHUE,
KOTOPOE MPEAIOJIAraeT JOCKOHAIbHOE OCBOCHHE MaTEpHUalIa; B X0JI€ TAKOrO YTEHUSI TOTOBHOCTh IPUHSTh
U3JI0KEHHYI0 MH(OpMAIMIO, PEeaJn3yeTcsl YCTaHOBKAa HAa MPEIETbHO IOJHOE NMOHMMAaHUE MaTepuaa;
MMEHHO OHO I03BOJISIET B paboTe ¢ yueOHON TUTepaTypoil HaKaIlJIMBaTh 3HAHUS B Pa3IMYHBIX 00JIaCTAX.
BoT nouemMy MMEHHO 3TOT BUJ] UTEHHSI B paMKax Y4eOHOH AEATeIbHOCTU JOJKEH OBITh OCBOCH B MEPBYIO
ouepens. Kpome TOro, mpu oOBIaJeHUM JAaHHBIM BUIOM YTEHUS (POPMHUPYIOTCS OCHOBHBIE HPUEMBI,
MOBBIIAIONIAE YPPEKTUBHOCTH pabOTHI C HAYYHBIM TEKCTOM.

OcHoeHble 6u0bl cucmemamu3upo6anHoll 3anucu nPOYUMAaAHHO020:

1. AHHOTHpOBaHUE — IPEEIBHO KPATKOE CBSI3HOE OMHMCAHHE IPOCMOTPEHHON WM MPOYUTAHHOU
KHHTH (CTaThH), €€ COJepKaHusl, ICTOYHUKOB, XapaKTepa U Ha3HAUCHUS;

2. IlnanupoBaHue — KpaTKas JIOTUYECKash OpraHU3allusl TEKCTa, PACKPHIBAIONIAS COJEpKAHHUE U
CTPYKTYpY M3y4aeMOro MaTrepuaia;

3. TesupoBaHnne — JAKOHWYHOE BOCIPOM3BEJCHUE OCHOBHBIX YTBEPXKICHUN aBTOpa 0Oe3
npuBJIeYeHUS (AaKTUIECKOT0 MaTepHana;

4. llutupoBaHue — JIOCJIOBHOE BBHIIMCBHIBAHWE M3 TEKCTa BBIIEP)KEK, W3BJIECUCHHI, Haunboiee
CYILIECTBEHHO OTPAKAIOIINX Ty WJIH UHYIO MBICIb aBTOPA;

5. KoHcnektupoBaHue — KpaTKOE U M10CJIEI0BATEIbHOE U3JI0KEHNUE COJIEPKaHUs TPOUUTAHHOTO.

KoHcnekt — CloXHBIA Ccrnoco0 H3JI0XKEHHUS COJACp)KAaHUS KHUTM WM CTaTbU B JIOTUYECKOM
nocyeaoBareabHOCTH. KOHCHEKT akkyMynupyeT B ce0e NpeIplaylide BUAbl 3alUCH, IO3BOJSET
BCECTOPOHHE OXBAaTUTh COAEP>KAHUE KHUTH, CTaTbU. [[09TOMy yMEHHE COCTABIATH IJIaH, TE3UCHI, 1€1aTh
BBIIUCKY U JIPYTHE 3aIIUCH ONPENENSIET U TEXHOIOTHIO COCTaBICHUS KOHCIIEKTA.

Kpurepun oieHKH yCTHOTO OTBETA CTYICHTA:

[Tpu o1ieHKEe YCTHBIX OTBETOB CTYJEHTOB YUUTHIBAIOTCS CIEAYIOIINE KPUTEPUU:

1. 3HaHMe OCHOBHBIX TIPOILIECCOB H3ydyaeMOM MpeaAMeTHOM o06iacT, IIIyOMHa M MOJHOTa
pacKpbITUS BOMpoca.

2. BrnaneHue TepMUHOJIOIMYECKUM alapaToM M UCIOJIb30BaHUE €ro MPH OTBETE.

3. YMenue oObSICHUTH CYIIHOCTH SIBJICHUM, COOBITHI, TIPOIIECCOB, JIeJaTh BEIBOJBI U O0OOIICHHUS,
JlaBaTh ApIyMEHTUPOBAHHBIE OTBETHI.

4. YMeHue enaTh aHaJIu3 PEKIIaMHOTO MTPOIYKTa MO MPEIJI0KEHHON CXEME.

5. Bnanenne MOHOIOrMYEeCKOM peyblo, JIOTMYHOCTh M IOCIIEAO0BAaTENLHOCTh OTBETAa, YMEHUE
OTBEYaTh Ha IMOCTABJIEHHBIE BOIIPOCHI, BEIPAYKaTh CBOE MHEHHUE 10 00Cyk1aeMoii ITpodiiemMe.

Onenkoit "OTJIIMYHO" oneHnBaeTcss OTBET, KOTOPBIM MOKA3bIBAET MPOYHBIC 3HAHHUSI OCHOBHBIX
MPOIIECCOB M3Y4YaeMOM MpeIMETHON 00JacTH, OTJIMYAaeTcss TIyOMHON M TOJHOTOW pPACKPBITHUS TEMBI;
BJIQ/ICHHE TEPMUHOJIOTMYECKUM ammnapaToM; YMEHHE OOBSCHITH CYIIHOCTbh SIBJICHUH, IPOIIECCOB,
COOBITHH, JienaTh BBIBOJBI U O0OOIIEHHS, JaBaTh apryMEHTHPOBAHHBIE OTBETHI, NMPUBOIUTH MPUMEPHI;
cBO0OO/IHOE BJIaJIEHUE MOHOJIOTMYECKOI pedblo, JIOTHYHOCTh U MOCJIe10BaTeIbHOCTh OTBETA.

Onenkoit "XOPOIIO" oueHuBaercss OTBET, OOHAPY)KUBAIOLIMM IMPOYHbIE 3HAHUS OCHOBHBIX
MIPOLIECCOB M3y4yaeMOW MpeAMETHON 001acTh, OTIMYaeTcsl TIyOMHOM M TMOJHOTOM PACKPBITHS TEMBI;
BJIaJICHNE TEPMHUHOJIOIMYECKHM amlaparoM; YMEHHE OOBACHATh CYIIHOCTh SIBICHHH, MpPOIIECCOB,
COOBITUH, JeNnaTh BBIBOJBI U 000OIIEHUS, 1aBaTh apryMEHTHUPOBAHHbIE OTBETHI, MPUBOAUTH MPHUMEPHI;
CBOOOJHOE BIJIAJICHHE MOHOJIOTHYECKOM peublo, JIOTMYHOCTh M IOCIEA0BAaTeNbHOCTh OTBeTa. OaHaKo
JIOTTYCKaeTCsl OJ{HA - JIB€ HETOYHOCTH B OTBETE.

Ouenkoit "YIOBJIETBOPUTEJIBHO" onieHnBaeTcst OTBET, CBUAECTENbCTBYIOUIUN B OCHOBHOM O
3HAHUHU TPOIECCOB HM3y4aeMOW MPEAMETHOW 00JIaCTH, OTIMYAIOIMIUNUCS HEIOCTATOYHOW TIyOMHOW M
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MOJTHOTOW PAcCKpBITHS TEMbl; 3HAHMEM OCHOBHBIX BOIPOCOB TEOpUH; c€1ab0 CcHOPMHPOBAHHBIMU
HaBbIKAMU aHAJIN3a SIBJICHUH, IPOLIECCOB, HEJOCTATOYHBIM YMEHHUEM J1aBaTh apIyMEHTHUPOBAHHBIE OTBETHI
Y TIPUBOJIUTH MPUMEPHI; HEIOCTATOYHO CBOOOTHBIM BIIaJJICHUEM MOHOJIOTHYECKOH peubio, JIOTUYHOCTHIO U
II0CJIEI0BATENbHOCTBIO OTBETA. J{omycKaeTcss HECKOIBKO OIIMOOK B COJEPKAHUU OTBETA.

Onenkort "HEYJIOBJIETBOPUTEJIBHO" onenuBaercsi oTBEeT, OOHApY>KUBAIOIIMK HE3HAHUE
IIPOLIECCOB HM3y4aeMOM MpeIMEeTHONH 007acTH, OTIMYAIOIIMNCS HEraIyOOKMM pacKpbITUEM TEMBbI;
HE3HAHMEM OCHOBHBIX BOIIPOCOB TEOPUH, HEC(HOPMHPOBAHHBIMUA HABBIKAMHM aHAIW3a  SBIICHHM,
IIPOLIECCOB; HEYMEHHMEM [aBaTh ApryMEHTHUPOBAHHbIE OTBETHI, CJIA0bIM BJIAJCHHMEM MOHOJIOIMYECKON
peublo, OTCYTCTBHEM JIOTUMHOCTH M TIOCJIENOBaTENbHOCTU. JlomyckaroTcs cephe3Hble OMIMOKU B
COJIepKAHUU OTBETA.

3.8 PexoMeHganuy M0 HAMMMCAHUIO OTYETA 10 l'[paKTI/I‘leCKOﬁ paﬁoTe

OTtuer mnoO npakTU4ecKoil paboTe O0QOpMIAIOT C HCIOJIB30BAaHUEM CPEICTB, KOTOpbIE
NPEIOCTABISIIOTCS TEKCTOBBIM TponieccopoMm MS Word u pacriedarsiBaloT Ha HPUHTEPE C XOPOLIMM
Ka4yecTBOM I1€4aTH.

OdopMmiieHue TeKCTa 0TYETA IO NPAKTHYECKOH padoTe

TekcT no/mKeH pacriojiaraThCsi Ha OAHOM cTopoHe jucta Oymaru ¢opmata A4, UMETh KHUKHYIO
OPHEHTAINIO JUII OCHOBHOTO TEKCTa, U aJbOOMHYIO, €CJIM 3TO HEOOXOIUMO, — Uil pa3MEIIeHHs CXEM,
PUCYHKOB, TaOJIUIL U T.II.

s cTpaHull ¢ KHM)KHOW OpPUEHTAllMEW PEKOMEHAYETCs yCTaHAaBJIMBATh CIIEAYIOLIUE pa3Mepbl
MOJIEH:

—  BepxHee — 2 cM,

—  HIKHee — 2 CM,

—  JeBoe — 3 ¢cM,

— mpaBoe — 1 cm.

s crpanul ¢ anb00MHOM OpueHTalMed peKOMEHAYEeTCsl yCTaHaBIMBATh CIEAYIOLIUE pa3Mepbl
MOJIEH:

— BepxHee — 3 cM,

— HmwxkHee — 1 cMm,

—  JIEBOE — 2 CM,

— TpaBoe — 2 CM.

Jnis BBOsA (M hopMaTHPOBAHUS ) TEKCTa PEKOMEHAYeTCs UCTIOIb30BAaTh!

— mmpudrt — Times New Roman,

—  pasmep — 14 (12) ur,

—  MEXCTPOYHBII MHTEpBaJ — OJMHAPHBIH,

— crnoco® BBIpAaBHUBAHMS — IO LIMPUHE JUII OCHOBHOTO TEKCTa (Ul 3aroJIOBKOB, CIIUCKOB U
APYTUX 3JEMEHTOB TEKCTa MOXHO BBIOMpATh APYTHE CIIOCOObI BBIPAaBHMBAHMUS, HAlpUMEp, 3aroJIOBKU
MOXHO pa3MeIarh 1o HeHTPY),

— HadepTaHHe — OOBIYHOE,

—  OTCTyH mepBo# cTpoku (ab3amubiid otcTym) — 1,25 cm.

Jn1s BbIZIeNIeHus 3aroJ0BKOB, KIIFOUEBbIX MOHATUH J0MYCKAeTCs UCIIOJIb30BaHUE IPYTHUX CIIOCOOOB
HayepTaHus (KypCHUB, MOTYKHUPHOE).

B tekcre cnenyer ncnosib30BaTh aBTOMaTHUECKYIO PACCTAHOBKY IEPEHOCOB.

KaBpruku B TekcTe 0OpMIIIIOTCS €AMHOO0pa3Ho (JIU00 « », Trubo “ 7).

Cnucku

HywmepoBaHHbIe CIUCKH OQOPMIISIOTCS CIEAYIOLUIUM 00pa3oM:

1.

2.

3.

MapkupoBaHHBIE CIUCKH OQOPMIISIFOTCS CIIEAYIOLIUM 00pa3oM:
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Ta6auubl 1 MITHCTPALUA

B oTuere mo mnpakTHueckoil paboTe MOXKHO HCIIONB30BaTh TaONMUIbI, KOTOpPHIE IMOMOTAIOT
CUCTEMAaTU3UPOBATh, CTPYKTYPHPOBATh M HATJISATHO MPEACTABISATH MAaTEPUAIIEIL.

Ccbuika Ha Tabnuiy B TeKcTe oOs3aTenbHa. Tabnuily cienyeT pacmoliaraTb B TEKCTE JIMIIb OCIe
€€ yIOMUHAHUS.

Wnmoctpanuu (deptexu, rpapuky, CXEMbl, PUCYHKH) TaKXkKe CIeAyeT pacroyiaraTb B TEKCTE
1ocJje UX MepPBOro YOMUHAHMS, M Ha HUX 0053aTeNbHO JODKHBI OBITh CCHUIKH.

Hywmeparnust pucyHKoB (TaOJIMII) MOXKET OBITh CKBO3HOM 1O BCeH paboTe MM OCYIIECTBIATHCS B
npezenax paszena, Hanpumep, Pucynok 1 ninm Pucynok 1.1.

Ccbulky Ha TaOJIUIBI, PUCYHKH, TPUIIOKEHHUS 3aKIII0YAIOTCS B KPYTJIble CKOOKH.

Hymepanusi crpanunn

B oryere mo mpakTuueckoid paboTe OCYLIECTBIISETCS CKBO3HAs HyMmepalusi CTpaHMIl, HAYUHas C
MIEPBOTO JIUCTA.

[TopsinkoBbIi HOMEp CTpaHHIIBl CIEAYeT CTAaBUTh B MPABOM HUXKHEM YTy MOJS CTPaHUIIBL.
Crpanuis! paboThI ClieyeT HyMepoBaTh apaOCKUMHU U paMu.

Otuer mo mpakTU4eckoi paboTe MOJKEH coAepaTh: Ha3BaHUE pabOThI, LeIH, 000pydOBaHUE,
BpeMs BHITIOJIHEHUS paOOTHI, MOPSIOK BHITOIHEHUS paboThI, BEIBOJ 11O paboTe.

[Topsimox BbIOMHEHUST pabOThI TOJDKEH BKIIIOYATh KPATKOE OMKCAHUE MPOU3BEACHHBIX JCUCTBUM,
C UCTOJIb30BaHUEM (TIpH HEOOXOIMMOCTH ) MILTIOCTPATUBHBIX MaTEPHUAJIOB.

4 YyeOHO-MeTOAMYECKOE U HH(OPMALIMOHHOE oDecrieueHne

OcHOBHBIC MCTOYHHUKH:

1. Kazanckuii, A. A. IlpukmagHoe mporpammupoBanue Ha Excel 2019 : yueOnoe mocoOue s
cpennero npodeccruoHaabHOro oopazopanus / A. A. Kazanckuii. — 2-e u3j., nepepad. u qon. — MockBa
: U3matensctBo HOpaiit, 2022. — 171 c¢. — (Ilpodeccuonanbroe odbpazoBanue). — ISBN 978-5-534-

12461-3. — Teker : oanektponHbii // OOpa3oBatenbHas minatdopma HOpaiit [caiit]. — URL:
https://urait.ru/bcode/490886

2. Kazanckuii, A. A. IlporpammupoBanue Ha Visual C# : yueOGHOe mocobue Al CpeaHEero
npodeccuonanbHoro odpaszoBanus / A. A. Kazanckuit. — 2-e uzn., mepepab. u morn. — Mocksa :
WznarensctBo FOpaiit, 2022. — 192 c. — (IIpodeccronansnoe obpazosanue). — ISBN 978-5-534-
14130-6. — Tekcr : oamekrponsbii // OOpa3oBatenbHas rmiatgopma IOpaiit [caiit]. — URL:
https://urait.ru/bcode/491341

3. [TonbGensckuii, B. B. IlporpammupoBanue. ba3oBbiii kypc C# : y4eOHUK i CpEIHETO

npodeccuonansHoro oopazosanus / B. B. [lon6ensckuii. — MockBa : U3natensctBo FOpaiit, 2022. —
369 c. — (IlpodeccuonansHoe odpazosanne). — ISBN 978-5-534-11467-6. — TekcT : JIEKTPOHHBIH //
O6pazoBarenbHas miatdopma FOpaiir [caiit]. — URL: https://urait.ru/bcode/475775

IIOHOJIHI/ITGJ'ILHBIQ HCTOYHUKMH:

1. Meroanueckue pEKOMEHJAIMM 110 BBINOJHEHUIO CaMOCTOSITENBHOM paboThl IO JUCHUIUIMHE
«CucteMHOE ITporpaMMUpOBaHuE» A cTyAeHToB crnenuansHocTH 09.02.03 IlporpammupoBaHue B
KOMITBIOTEPHBIX cucTeMax, 2022r.

2. Meronuueckoe yueOHOe mocodbue no aucuuminHe «CucTeMHOe MPOorpaMMUpPOBaHUE» Ul CTYACHTOB
cnenuansHocTH 09.02.03 [IporpammupoBaHue B KOMITBIOTEPHBIX cUCTEMAX, 2022r.

3. Meronuueckoe yue6Hoe ocobue no aucuumuHe «lIpukiaanoe mporpaMMUpOBaHUE» ISl CTYJICHTOB
crienpanbHOCcTH 09.02.03 [IporpammupoBanre B KOMIBIOTEPHBIX cucTeMax, 2022r.

4. Meronn4yeckue pPEKOMEHJAIMM IO BBIIOJHEHUIO CaMOCTOSITENbHOW paboThl MO  JUCLUUIUIMHE
«ITpukiianHoe mporpaMMupoBaHue» Mg cTyAeHTOB cnenuaibHocTH 09.02.03 I[IporpammupoBaHue B
KOMIIBIOTEPHBIX cucTteMax, 2022r.

5. Haraesa, U. A. IlporpammupoBanue: Delphi : yue6Hoe nmocobue ans By3oB / U. A. Haraesa, U. A.
Ky3neuos ; nox penakuueit M. A. Haraesoii. — Mocksa : M3garensctBo Opaiit, 2022. — 302 ¢. —
(Beicmree o6pazoBanne). — ISBN 978-5-534-07098-9. — Texct : anextponHsbIi // OOpa3oBarenpHas
wiatdopma Opaiir [caiit]. — URL: https://urait.ru/bcode/493669
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6. Jlauyra, }O. ®@. IlpuknanHas MaTemMaTuka : yueOHUK U IPAKTUKYM JUISI CPETHETO MPOo(ecCHOHAIBHOTO
obpazoBanus / 10. @. Jlauyra, B. A. CamconoB. — 2-¢ u31., non. — Mocksa : M3narensctBo FOpaiir,
2022. — 304 c. — (Ilpodeccuonansuoe obpazoBanue). — ISBN 978-5-534-13214-4. — Tekcr :
anekTpoHHbIi // O6pazoBatenbHast miardopma FOpaiit [caiir]. — URL.: https://urait.ru/bcode/494915

7. Kazanckuii, A. A. OOBEKTHO-OpPUEHTUPOBAHHBIN aHATN3 U MporpammupoBanue Ha Visual Basic 2013
. y4eOHUK nJis1 cpenHero mnpodeccuoHanpbHOoro ooOpasoBanus / A. A. Kazanckuii. — Mocksa :
WznarensctBo FOpaiit, 2022. — 290 c. — (IIpodeccuonansuoe odbpazoBanue). — ISBN 978-5-534-
03833-0. — Tekct : anextponHsii // OOpazoBarensHas miatdopma HOpaiit [caiit]. — URL:
https://urait.ru/bcode/491340
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