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BBEJIEHUE

1. Hesab 1 32124 OCBOCHUS TUCUMILIMHBI (MOTYJIA)

[lenpr0 OCBOEHHSI IUCHUIUIMHBL «MoOJEnM W METOAbl HCCIENOBAHUS
MH(GOPMAIIMOHHBIX TPOIECCOB U CUCTEM» SIBJISIETCS MOTYyUYEHUE 3HAHUM, YMEHUN
U HaBBIKOB II0 HCIIOJB30BAHHUIO METOJOB HCCIEIOBAHHUS M MOJICIMPOBAHUS
MHPOPMAILIMOHHBIX  MPOIECCOB M CUCTEM NpU TNPOBEACHUU HAYUYHBIX
UCCIIEIOBAaHUM M PEeUICHUH MPAaKTUYECKUX 3ajad, a Takke (popMUpOBaHUE HA UX
OCHOBE KOMIETEHIMH OyIyllero Marucrpa I0 HaIpaBICHUIO IOATOTOBKU
09.04.02. — MuadopManMOHHbIE CHUCTEMBl W TEXHOJOTHU WM HAIPABICHHOCTH
(npo¢pumio) «TexHomorun pabOTBl C JAHHBIMM W 3HAaHUAMH, aHAJIM3
uHpopmaruuy». OCBOEHHUE METOHOJOTMH M TEXHOJOTHH MOJEIUPOBAHMS, B
MEPBYIO OYEPEIb KOMIIBIOTEPHOTO, HH(OPMALIMOHHBIX MPOILIECCOB B PA3IMYHBIX
cuctemax. [IpuoOpereHne HABBIKOB MPOPECCHOHAIBHOIO HCIOJIb30BAHUSA
COBPEMEHHBIX MAKETOB HMMTAIIMOHHOTO MOJEIHUPOBAaHUSL TpU pa3paboTKe
MoJieNiel 3a/1a4 U3 Pa3IudHbIX cPep NeaTeTbHOCTH.

3agaun AUCUUILUIMHBL: UCIIOJIb30BaHUE METOIOJIOTUHA CUCTEMHOIO aHAIN3a
Ui UCCIIEOBaHUsT HMH(MOPMAIIMOHHBIX IPOLECCOB, CUCTEM M TEXHOJOIH;
MOJIEIMpPOBaHUE  HMH(MOPMAIIMOHHBIX IPOLECCOB U  CUCTEM; H3y4YCHHE
COBPEMEHHBIX TMOAXOA0B K QopManu3anuu UHPOPMALMOHHBIX CHCTEM;
UCIONIb30BaHUE WH(GOPMALMOHHBIX TEXHOJOTUH TMpH aHalu3e M CHHTE3e
UHPOPMAIIMOHHBIX CUCTEM W HMHCTPYMEHTAIbHBIX CPEICTB MOJCIUPOBAHUS
MH(OPMAMOHHBIX IPOLECCOB U CUCTEM

2. IlepevyeHpb IIAHUPYEMbIX Pe3yJbTATOB 00y4YeHHMs IO JMCUMILINHE
(MOAy/110), COOTHECEHHBIX C IUIAHUPYEMBbIMH PpPe3yJbTATAMH OCBOCHHS
00pa3oBaTeJIbHOM MPOTrPaMMbI

Kon, Kogn, [1nanupyemsble pe3ysbTaThl 00yueHus
dbopmynupoBka | (HOPMyIHPOBKA 0 TUCIUILINHE (MOIYJIIO),
KOMITIETEHIIUU WHIUKATOpa XapaKTepU3YIOIINE ITAIbI
dbopMupoOBaHUS KOMIIETESHIIHH,
UHIMKATOPOB
OIIK-7 OIIK-7.1 [IpaBuUIbHO UCIIOJIB3YET: METOIBI
Crniocoben [Ipumensier aHaM3a U CUHTE3a HHPOPMAIIMOHHBIX
pa3palaThIBaTh U | METObI cucteM; (popManbHbIe MOJIETU CHCTEM;
MPUMEHSTh HAyYHBIX CpeICTBa CTPYKTYPHOTO aHAIIN34,
MaTeMaTHYeCKue | UCCIEeNOBAaHUI U | METOJOJOTHIO CTPYKTYPHOTO
MOJIEIH MaTEeMaTHYECKOT | CHCTEMHOTO aHajH3a
IIPOIIECCOB u|o IPOEKTHPOBAHUSI.
00BEKTOB  MpH | MOJECTUPOBAHUS | ['paMOTHO MPUMEHSET METOIbI
pelieHnn 3aJad | Ipyd  PELISHUH | HAyYHBIX UCCIEAOBaHUMN U
aHaym3a W | 337]a4 aHAJIM3a M | MaTeMaTH4eCKOr0 MOJICITUPOBAHUS IPU
CHHTE3a CHUHTE3a pEILICHUH 3a]]a4 aHaJIM3a U CUHTE3a
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pacmpeneneHHbl | paclpelieleHHbl | paclpeaeIeHHbIX NHHOPMAIIMOHHBIX
X X CUCTEM U CHCTEM MOAJIECPKKHU
uH(hOpPMAITMOHH | THQOPMAIIMOHH | IPUHSATHS pEIICHUN
BIX CHCTEM U |BIX CcHUCTeM U | BeiOupaer agexBaTHbIE METOIbI
CUCTEM CUCTEM Hay4YHOTr'O TTOMCKA U
MOAJICPKKHI MOAICPKKHU MHTEJUJIEKTYaJIbHOIO aHAJIN3a HAyYHOU
TPUHATHS PUHATHS uHGOPMAITUHU TIPU PEIICHUN HOBBIX
pELICHU; peneHun 3a/71a4, METO/bl aHAJIN3a U CUHTE3a
MH()OPMAIIMOHHBIX CUCTEM,
pacrpeeaeHHbIX HTHHOPMaIIMOHHBIX
CUCTEM U CUCTEM TOJICPIKKHU
NPUHATHUS PEILICHUN.
AJIEeKBaTHO UCTIONB3YET
MaTeMaTUYECKUH armapar s
penieHus 3a1a4 B 00J1acTH
UH(OPMAITMOHHBIX CHUCTEM H
TEXHOJIOTUHI
OIIK-7.2 AHaIM3UpyeT TMHAMUAYECKUE
PazpabaTpiBaeT | ONTUMH3ALMOHHBIE MOJICTU, MOJICIIH
MaTeMaTUYECKHE | MPEeIMETHBIX 00JIacTeu
MOJEeNN MH(POPMAIIMOHHBIX CUCTEM,
MPOLIECCOB U MaTeMaTUYeCKrue MOJEIIN
00BEKTOB MPHU MH(OPMAIMOHHBIX MPOIECCOB
pemiennu 3a7a4 | Pa3pabaTeiBaeT Moienu IpoIIeccoB U
aHanuza u 00BEKTOB UH(POPMAITMOHHOM CpEIbl,
CUHTE3a aHATUTUYECKUE U UMHUTAIIIOHHbBIE
pacnpeneneHHbl | MOJIENN MPEAMETHBIX 00IacTe.
X Bri6upaer ajgekBaTHBIC MOJICIH U
WH()OPMAITMOHH | CPENICTBA Pa3pabOTKH apXUTEKTYPHI
BIX CUCTEM U MH()OPMALIMOHHBIX CUCTEM.
CUCTEM Hcnonws3yeT ajiekBaTHbIE OCHOBHbBIC
MO IICPIKKU IPUEMBI 110 UCCIIETOBAHUIO
TPUHATHS UH(OPMAITMOHHBIX CUCTEM H
peHICHUN TEXHOJIOTUH
OIIK-8 OIIK-8.1: AHaJIU3UPYET: MPUHLHUIBI BBISIBICHUSA,
Criocoben OcymiecTBisieT | pa3pabOTKH, JOKYMEHTHUPOBAHUS
OCYILLECTBIIATH yIIpaBJICHUE TpeOOBaHMI B UT [IPOEKTAX;
s dhexTuBHOE paboTamu 1o MPUHIUTIBI WU3MEHEHUS u
yIPaBJICHHUE BBISIBJICHUIO U TUTAHUPOBAHUS TpeOOBaHMIA K
pa3paboTKoi aHaIU3y MPOrPaMMHBIM CPEJICTBAM U MIPOCKTAM.
MPOrpaMMHBIX TpeOOBaHUM K Brimonuser: 0030p NOpUKIATHBIX U
CpEICTB U | IpOTpaMMHBIM | UHPOPMAIMOHHBIX MPOIECCOB; aHAJIU3
IIPOEKTOB CpeACTBaM U NPUKIAAHBIX W WHPOPMAIMOHHBIX
IPOEKTaM MIPOIIECCOB; PEUHKUHUPHUHT




IMPUKIaJIHbIX )41 I/IH(l)OpMaIlI/IOHHBIX

IPOLIECCOB.
JleMoHcTpUpyer NpaKTUYECKUE
HaBBIKM:  BbIOOpa  HEOOXOJUMOTO
IPOrpaMMHOTO obecreyeHus;
IUIAHUPOBAaHUS | pa3paboTKH

MIPOTPAMMHOTO 00ECIICUCHUS

OIIK-8.2:
[IpoBogut
MOHUTOPHUHT U
YIIPaBIISET
paboTtamu
npoekra B UT
o0nacTu

['paMOTHO HCTIONB3YET: TOHITHS
YKU3HEHHOTO LIUKJIA MPOEKTa:
WHUIHAILNIO, TJIAHUPOBAHUE,
UCIIOJIHEHUE, MOHUTOPUHT ¥ KOHTPOJIb,
3aKpBITHE; OCHOBHYIO CTPATETHIO
pa3pabOTKH MPOrPAMMHBIX CPEJICTB U
POEKTOB, 0COOEHHOCTH MPOLECCHOTO
MOJIX0/1a K YIIPABJICHUIO MPUKIIATHBIMH
NC u coBpemennnie UKT B
IPOLIECCHOM YINPaBJIEHUN
OcymiectBasieT: 3pheKTuBHOE
ynpasienune npoexkramu MC Ha Bcex
CTaJUsAX )KU3HEHHOTO ITUKIIA,
olieHMBaHuE 3P(HEKTUBHOCTH U
Ka4yecTBa MPOCKTa; MPUMEHEHHE
COBPEMEHHBIX METOJIOB YIPaBICHUS
npoekTamu u ceppucamu MC;
obecrieueHue 3PHEeKTUBHOTO KOHTPOJIS
U PETyJIUPOBaHUs PaboT, a TaKXKe
YIPABJICHUE U3MEHEHUSIMU
JIeMOHCTpUPYET MPAKTUYECKUE HABBIKU
MO aHAIU3y creuuQpuKaIuy,
MOHHUTOPUHTY, YIIPABICHHUIO U
KOHTpOJTt0 pabotamu nipoekrta B UT
o0acTu
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JABOPATOPHAS PABOTA 1
MopaeanpoBaHue mpoueccoB U cucteM B nmakere Simulink cucremsl
MATLAB

Leab U coaep:kaHue: W3YyYUTh OCHOBHBIC MPUEMBI PabOTHI C CHUCTEMOM
koMibioTepHOr MatemMatuku MATLAB mnpuoOpecTr HaBBIKM TMOCTPOCHHS
Mozene cucteM B makete Simulink

OpranusanuonHass ¢gopmMa 3aHSTHIl: pElICHHE NPOOJIEMHBIX 3aj]1ad,
pa300p KOHKPETHBIX CUTyalIUM

Bonpocs! 1is1 00cy:kaeHusi HA J1a00OPATOPHOM 3aHATHHU: MOCTPOCHUE
npocTeimux moaene B makere Simulink cuctemst MATLAB.

®opmupyembie komnerenuun: OIIK-7.1 OIIK-7.2 OIIK-8.1 OIIK-8.2

TeopeTuueckoe 000CHOBaHHUE

[Taker MIPUKIATHBIX IporpamMm MATLAB OTHOCHUTCS K
MHCTPYMEHTAJIbHBIM CPEJICTBaM, KOTOPbIE MPEIHA3HAYEHBI ISl PEIICHUS 3a/1a4
B Pa3IMYHBIX  O0JIACTAX  YENOBEYECKOM  JIEATENbHOCTH  (HAyYHBIX,
OKOHOMHUYECKUX, WHXCHEPHBIX, (U3UYECKUX H T. [.), IO3BOJISIOIIAM
MIPOU3BOANTH MOJEIHMPOBAHUE, Pa3pabOTKy M OTJIAAKY pPa3jIu4HbIX CHCTEM U
ycTpoiicTB. Ero wucnonb3yroT Oonee MIUIMOHA WHXEHEPHBIX M HAaYYHBIX
pabOTHUKOB, OH paboTaeT Ha OOJBIIMHCTBE COBPEMEHHBIX OINEPAIMOHHBIX
cucrteM, Bkrodasd Linux, macOS, n Windows.

MATLAB umeer Oosbiioe Koau4ecTBO GyHKUUNA 751 aHAW3a JaHHBIX,
MpakTUUYeCKH u3 Bcex obmacredt Marematuku. MATLAB kak  s3bIK
nporpaMmupoBanust Obul paspaboran KnuBom Moynepom (Cleve Moler) B
koHre 1970-x romoB. S3bik MATLAB sBisiercsi BBICOKOYPOBHEBBIM
MHTEPIPETUPYEMBIM SI3IKOM MPOrPaMMUPOBAHMS, BKIIOUAKOUIUM OCHOBAaHHbIC
HAa  MaTpulax CTPYKTYpbl  JAHHBIX, [IUPOKUH  CHEKTp  (YyHKIIHA,
WHTETPUPOBAHHYIO cpeny pa3paboTKH, 00BEKTHO-OPUECHTUPOBAHHBIC
BO3MOKHOCTH U MHTEP(]EICHl K MporpaMmaM, HAMUCAHHBIM HA JAPYTUX SI3bIKaX
MPOrpaMMHUPOBAHUS.

[Iporpammbl, HanucanHele Ha MATLAB, ObIBalOT JBYX THIOB —
byHKIMU ¥ CKpUINThl. DYHKIUM UMEIOT BXOJHBIE M BBIXOJHBIE apryMEHTHI, a
TaK)Ke COOCTBEHHOE paldouee MPOCTPAHCTBO ISl XPAHEHHUS MPOMEXYTOUHBIX
pEe3ybTaTOB BBIYMCICHUM W MepeMeHHbIX. CKPUNTHI K€ HCIOJIB3YIOT o0Iiee
pabouee mpocTpaHcTBO. Kak CKpUNTHI, TaKk U (PYHKIMH COXPAHSIIOTCS B BHJC
TEKCTOBBIX (DalJIOB M KOMIIMUJIUPYIOTCS B MAIIUHHBIA KOJ JUHAMUYECKH.
CymiecTByeT Takke BO3MOXHOCTh COXpaHATh TaK Has3bIBaeMble pre-parsed
nmporpaMMbl — (QYHKIIMM W CKPHUITHI, 0OpabOTaHHBIC B BHUI, YIAOOHBIA JIs
MAITMHHOTO HMCTOJHEHUsA. B 00meM ciydae Takue mporpaMMBbl BBITOJTHSIOTCS
ObIcTpee OOBIYHBIX, OCOOCHHO eCli (HYHKIIHS COJAEPIKUT KOMAH/bl MTOCTPOSHUS
rpauKoB.



OcHoBHOI ocoOeHHOCThIO s3bika MATLAB sBnsitorcst ero mmpokue
BO3MOHOCTH I10 pabOTe C MAaTpULIAMU
Hnarepdetic cuctemel MATLAB npencrasien 1.1.

) MATLAB R2017a

HOME E @ a i BEZLee @ Search Documentation Fel Login

o8 G M @8 | w 0
-
Get More Install Package Curve Fitting O ptimization PID Tuner System Signal Analyzer Image Inztrument
Apps App App ldentification Acqguisition Control
FILE APPS s
P HEE B -0
[N OM Command Window Of Workspace @
Name = »>» % SapmadM Beca HeHpoHa Mame = Value
SAVLASW - w o= [4 -2]: Eactivation_potential -1
SRecycle.Bin % SanaéM CMEmNEHWES Hab -3
SWindows... b= -3; E|E|func ‘tansig’
SWinREAg... % SapmacéM QVHELUMD, HKOTODVE XOTHMM NOCTPOMTH, DMnepBos. EEneuron_output -0.7616
P TEHD i [23]
AdwCleaner func ‘tansig': E pl 81x87 dou
BC‘Ct‘ % SanaéM BEXOOHOM BEKTOD EE‘P;— 81x87 dou
ESLI\:JTA p= (2 3]: w [4-2]
% BuHMCHAAeM ESBSNSHHYR CYyMMY EBEXOOa M EECOE EE‘Z 81x81 dou
Image civati tential = pru'+b
inetpub acqlva ion potentia p'w *b; i
2 Magkapli v % BHMMCHIASM BHXOMN HENMMHEeMHOM 4YacTH HeWpoHa
e neuron cutput = feval (func, activation potential):
macrodrops_p... % SanmaéM EXOOHOM ESKTOpD ONS IManasoHa or —10 mo +10 Cc maromM
Model version: 1.112 025
Saved in Simulink ve [pl, p2] = meshgrid(-10:.25:10);
Last modified by: Mar % BuuMCAASM ESKTOPD EHXOOa HEHMpOHa
z = feval (func, [pl(:) p2(:)]*w'+b);
(no description availa % MepecusT EEmMSCTESHHEX YMCEN B Boxcems ons 3D-rpaduxa
z = reshape(z, lengthipl), lengthipZ)):
f{ Crpoy rpadme
plot3(pl, p2, z):
e
£ > £ >

Pucynok 1.1 —-UuTepoeiic cuctemer MATLAB
Simulink — »3T0 mnoacHcTeMa UMHUTAIIMOHHOTO MaTEMaTUYECKOTO
MOJICTUPOBAHUS JTWHAMHYECKUX IporieccoB. Simulink sBisieTcs cocraBHOM
yacThlo nmaketa Matlab u monHocThIO HHTErpUpOBaH ¢ HUM. Mozenu B Simulink
COCTOSIT W3 Habopa rpadHuuecKux OJIOKOB, MPEACTABISIONIAX KOMIIOHCHTHI
00BeKTa WM Kakue-TO (PYHKIIMOHAIBHBIC D3JIEMEHTHI (MCTOYHHKH CUTHAJIOB
pa3sTUYHOTO BHUAQ, BUPTyaJIbHBIE PETUCTPUPYIONTHE TPHOOPHI, CpEacTBa
aHUMAIMW), ¥ HAMPaBIECHHBIX CBS3€H MEXAy HUMU (JIMHUHM PaCIpOCTpPaHEHUS
curHaioB). Simulink Mo3BoJIsIET OCYIIECTBIATh UMUTAITMOHHOE MOJICTUPOBAHUE
MOBEJICHUS PA3TMYHBIX TUHAMHYECKUX HEJTMHEHHBIX CHCTEM.
Jlns Hayana pa®oThl HEOOXOAMMO co3AaTh HOBBIN (aitn Simulink model,
B KOTOpOM ¢ nomolisto oudiamorek Simulink (pucynok 1.2, 1.3) u ocyuiecTBuTh
rpaduyeckyro cOOpPKY CHCTeMbl U3 OTACIBHBIX OJIOKOB, XpaHAIIUXCA B
oubmmorekax Simulink.
PaccMmoTpum HekoTOphIe OJI0KKM MaTeMaTUYECKUX ornepanuid (pucyHok 1.2):
- Abs npenHa3HaveH ISl BBIUMCICHUSI A0COTIOTHOTO 3HAYEHHUS BXOJIHOTO
CUTHAaJIA;



- Add npenHasHayeH ISl BBIYMCIICHHS alreOpandeckol CYMMBI JBYX
(wm Gosiee) CUTHAJIOB;
Gain yMHOXaeT BXOIHOM CUTrHaJI Ha 3aaHHbINA KOO HUIIMEHT U T. 1.

ma Simulink Library Browser

¢ % (o @O = @

Simulink/Math Operations

H

¥ Simulink -
Commeonly Used Blacks m D fiz) f{Sz‘J]Iu:ED z i:’ﬂ A Y} u+0.0
Continuous
Add
e
]

Model Verification
Model-Wide Utilities
Ports & Subsystems

Dashboard Abs Algebraic Constraint Assignment Bias
Discontinuities

Discrete {E : find
Logic and Bit Operations b

Lookup Tables Complex to Complex to Divide Dot Product Find Monzero
Math Operations Magnitude-Angle Real-Imag Elements

T
I

v
g
L]

Signal Attributes Gain Magnitude-Angle Math Matrix MinMax
Signal Routing to Complex Function Concatenate
Sinks o

. Piu)
Sources & min{u,y) ¥ P 2 @ 4 >
User-Defined Functions Fi[2,1]

Additional Math & Discrete MinMax Permute Polynomial Product Product of

Aerospace Blockset
Audio System Toolbox
Communications System Toolk R 1

By - Ui s p fl p
‘Communications System Toolt lr:). ' 1

Computer Vision System Toolk

Running Dimensions
Resettable

Real-Imag to Rediprocal Reshape Rounding
Control System Toolbox Complex sart Function
Data Acquisition Toolbox

Elements
]
Sign
DSP System Toolbox T /\/ i -
= Tul P b TR sSqueEzE
DSP System Toolbox HDL Sup) D vu
Embedded Coder Signed Sine Wave Slider Squeeze

a
Fuzzy Logic Toolbax Sqrt Function Gain
HOL Coder

Sart
SRS G )i
Image Acquisition Toolbox -

Instrument Control Toolbox Subtract
Model Predictive Control Toolb

Sum
Neural Network Toolbox
OPC Toolbox
Phased Amray System Toolbox

Report Generator Vector Weighted
RF Blockset v Concatenate Sample Time
e e e Math

L4 >

Sum of Trigonometric Unary Minus
Elements Function

Pucynok 1.2 — bubmmorexkn Simulink. Biioku Matemarndeckux ornepanuii

PaccmoTpum vacto BeTpeuaroruecs 010ku (pucyHok 1.3):

- From File — 6110k cunThIBaHUS JaHHBIX U3 (aiiia;

- Sine Wave ¢hopMupyeT CHHYCOUJaIbHbIN CUTHAJ ¢ 33JJaHHON YacTOTOMH,
aMILTUTYA0U, pa3oi U CMEIICHUEM;

- Signal Generator ¢popmMupyer oJluH U3 YEThIPEX BHUJIOB MEPUOIUIECCKUX
CUTHAJOB (CHHYCOHMJIAJIbHBINA, MPSAMOYTOJbHBIA, MHIOOOPa3HBIN, CIydalHBINA
CUTHAJIbI);

- Ramp popmupyet nuHelHbI cUrHa;

- Step ¢popMupyer cTyneH4aTblii CUTHAT;

- Random Number dopmupyer ciydailHblii CUTHaJI C HOPMaJIbHBIM
pacnpeseeHueM YpPOBHS CUTHANA U T.J.

Annaparypa u Martepuaiabl. /[ BbIMONHEHUS J1a0opaTOpHON pPabOTHI
HEOOXOJMMO  HCIOJNb30BaTh  CIEAYIOIIEe:  amnmaparHoe  oOecleyeHue:
MEPCOHANIbHBII KOMIBIOTEp M NPOrpaMMHOE OO€CleUeHUe: ONEPALMOHHYIO
cucremy Windows 10 wu Bbime; Microsoft Officel3 u Bbilie, cucTeMsl
koMIbtoTepHoi MateMatuk Machcad 1 MATLAB R2017a u Bbiie.



= s Simulink Library Browser

& |Gaussian "’|"%Ik' T~ w3

Simulink/Sources

»  Simulink ~
Commanly Used Blocks lﬂﬂ“l[} W) C'-) L b
Continuous
Dashboard Ban-_:I—Lirn'r_ted Chirp Signal Clock Constant
Discontinuities Vihite Noise
Discrete _HIIH'I Tim ]
Logic and Bit Operations p Jf'l_rﬂ'l P ’ SiDemoSign. Positive
Lookup Tabl

Ckup fabies Counter Counter Digital Clack Enumerated

Math Operations

. . Free-Running Limited Constant
Model Verification

Model-Wide Utilities untitied.xlsx P
b 8 St shectsnes P -
Signal Attributes From File From Spreadsheet From Ground
Signal Routing Workspace
Sinks
Sources s signalt @ > b _/ b
User-Defined Functions
Additional Math & Discrets In Bus Element Inl Pulse Ramp
Aerospace Blockset Generatar
Audio System Toolbox
Communications System Toolk -J.‘I'L b W’ Vk. > n[LL >
Communications System Toolk - - -
Computer Vision System Toolk Random Repeating Repeating Repeating
MNumber Sequence Sequence Sequence

Control System Toolbox

Interpolated Stai
Data Acquisition Toolbox 2 2

DSP System Toolbax feroup 1 mooo
DSP System Toolbox HDL Sup) o= i 90 P AU P b
Embedded Coder Signal Builder Signal Sine Wave Step
Fuzzy Legic Toolbox Generatar
HOL Coder
HDL Verifier w N )\d\,
Image Acquisition Toolbox
Instrument Control Toolbox Uniform Random Waveform
< B- ol Pl Sioil.o Seodood "--}"— MNumber Generator

Pucynok 1.3 — brnoku 6ubanorexu Simulink/Sources

MeToauka U NOPSAOK BbINOJHEHHSI padoThI

BeimiotHUTe  TIPENTIOKEHHBIE  3aJaHWS, MPEABAPUTEIHLHO PACCMOTPEB
MIPUBEJCHHBIC B IPUMEPHI.

3aganme 1.1. [Toctpoenue npocTeimmx Moaenen

[TocTtpouts Monenb curHana Buaa x(t) =Asin(wt+¢)+¢" Ha uHTEpBAIE [
b], m pe3ynabTaThl MOJEIMPOBAHUS BBIBECTH HAa BUPTYAIbHBIA OCIHILTOTpad.
[TapameTrpbl curHanoB nmnpuBeAeHbl B Tabmuie 1.1. Homep Bapuanta
COOTBETCTBYET HOMEPY, MOl KOTOPHIM CTYJICHT 3alKCaH B CUCKE IPYIIIIbI.

Ha pucynke 1.4 mpuBeieH OAMH W3 BApUAHTOB MOCTPOEHUS CHUTHAJA!
x(t)=1,5sin(nt+n/3)+F ¢ 1OMOIWBI (YHKUMOHAIBHBEIX O1n0KOB. CuUrHan
1,5sin(zt+7/3) 3aman B OkHe Auanora mapameTpoB Ojoka Sine Wave — Source
Block Parameters: Sine Wave (pucynok 1.5).

Ta6muma 1.1 — IlapameTpsl curaana
| Ne BapuanTa | Ammuurynaa, A | Yacrora, ® | Paza, ¢ | Crenens, m | Wurepsai, |
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[a; b]
1. 0,5 2n /3 2 [0; 3]
2. 2,5 37/4 /6 3 [0; 1]
3. 1,5 27/3 /8 2 [0; 5]
4. 4.5 /4 Sn/4 4 [0; 6]
5. 3,5 37/2 3x/5 3 [0; 7]
6. 8,5 /8 3n/4 1,5 [0; 4]
7. 7,5 S5n/4 27/3 3,5 [0; 1,5]
. 9,5 37/5 /4 2 [0; 2,5]
0. 0,9 /3 37/2 4 [0; 1,8]
10. 0,45 /6 /12 3 [0; 3,2]

PMNWV1_~™ - Simulink

File Edit W\iew Display Diagram Simulation  Analysis Code
(4 "k 7 (2%}
IEJ,» }}ig»l:@%wu[} }}@TT
PNVL_
@ |[PalPnvi_ -
o
£3 f’\v. b@—b [
= Sine Wave ] Scope
Interpretad
[ _/ ®| MATLAB Fen [
[F Ramp Fen
=
Ready 100% odeds

Pucynok 1.4 — CtpykrypHas cxema Mojienu curnana x(£)=1,5sin(zt+m/3)+¢

Jl1s curHana 1* MCIOJIL30BAINCH [Ba 0J10Ka — OJIOK JIMHEWHOIO CUrHajia u
0JIOK MaTeMaTHYECKON (PYHKIUHU, JUISI KOTOPOTO B COOTBETCTBYIOIIEM OKHE
ObL1a BBeZiIeHA (DYHKITUA B cTeneHu 2 (pUCYHOK 1.6).

HNHutepBan mMoaenupoBaHus 3agaH B mnpeaenax oT 0 1o 2 B AMAIOroBOM

okHe Configuration Parameters mento Simulation (pucyHok 1.7).

Pesynbrartel MoaenupoBaHus pabOTHl BBIBEIICHBI HA 3KpaH BUPTYAIbHOTO
ocmmniorpada (pucyHox 1.8).
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Block Parameters: Sine Wave

Sine Wave

Output a sine wave:
O(t) = Amp*Sin(Freq*t+Phase) + Bias

Sine type determines the computational technique used. The parameters in
the two types are related through:

Samples per period = 2*pi / (Frequency * Sample time)
Number of offset samples = Phase * Samples per peried / (2*pi)

Use the sample-based sine type if numerical problems due to running for
large times (e.g. overflow in absolute time) occur.

Parameters

Sine type: |T|me based - |
Time (t): |Use simulation time A |
Amplitude:

[15 [:
Bias:

lo [H
Frequency (rad/sec):

o [H
Phase (rad):

[oi/3 H
Sample time:

lo H

Interpret vector parameters as 1-D

Q [Cox ][ cancel || relp || apply |
Pucynok 1.5— OxnHo guanora mapamerpoB Oiioka Sine Wave ¢ 3alaHHBIMH [TapaMeTpamMu
CUTHasa

Block Parameters: Fen

Interpreted MATLAB Function

Pass the input values to a MATLAB function for evaluation.
The function must return a single value having the
dimensions specified by "Output dimensions’ and 'Collapse
2-D results to 1-D'.

Examples: sin, sin(u), foo(u(1), u(2))

Parameters

MATLAB function:
[ur2 |

Output dimensions:
1 B

Output signal type: |au‘b0 - |

Collapse 2-D results to 1-D

Q [ ox ] cancel || hHep || apply |
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Pucynok 1.6 — I[TapameTpsl pyHKIMA £

PMV1_* - Simulink

File Edit WView Display Diagram | Simulation | Analysis Code 3
- ¥ x| HE s 1 & Update Diagram
i} an @ 4 :
l l | & Model Configuration Paramets
PNV
Mode

=) PNV1

@ = Data Display

o Stateflow Animation

® i

BE@ Enable Fast Restart
"ﬁ Step back (uninitialized)

= Sine Wave @ Run

IP> step Forward

Stop

g| Interpreted

N _/ ¥ MATLAB Fen [ Output

L1 PiTH e & Stepping Options

= Debug
Ready 100% e

Pucynok 1.7 — Be13oB okHa auanora Configuration Parameters Mmenro Simulation

Scope

File Tools View Simulation Help o

@- 30 @ -

10

“ /

a- @ F4a-

2
— /
0 T
_—
0 0.5 1 1.5 2
Ready Sample based Offset=0 T=2.000

Pucynok 1.8 —I'paduk 3a7aHHOTO CUTHAJIA HA dKpaHe BUPTYAIBHOTO ocuuiuiorpada

3ananme 1.2. MogennpoBaHue curHaia 3a1aHHON (DOPMBI:
x() =Q+sin(20))%;  x(f) =(2+0,5sin(21))"%; x(f) =te'cos(2nt+n/4);
x(f) =1.5 +0.7t — 0.05¢ — (e”+£ )"
Ha pucynke 1.9 npuBeneH oIWH W3 BApPUAHTOB NOCTPOCHMS CUTHANA:
x(2) =(2+sin(2£))* ¢ moMompIo GyHKIHOHAILHBIX OJIOKOB U PE3YJIbLTATEHL.
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2 w1
Sine Wave Fcm Scope a
7. |
-
Scopel
Scope O x Scopel = O
File Tocls View Simulation Help " File Tools View Simulation Help
S-4OP=-aQ-C-F- ” @-6OP=-a-C-4-
A . A\
/ IIII X Ill {‘ II
!
& 7 y

A\
(1]

:]
Ready

10
Sample based |T=10.000

o

c
Pucynox 1.9 — CtpykrypHas cxema mojenu curaana x(1) =(2+sin(2t))*~ a u rpadpukn
JIBYX CHUTHAJIOB Ha DKpaHe BUPTyaabHOTro ocimuuiorpada: 2+sin(2t) —6, u x(t) =2+sin(2t) — ¢

T \ul fh‘l.
X / A

6 B
Ready

Sample based |T=10.000

X

|

»»

3ananue 1.3. MozaenupoBaHre HUHTErPUPOBAHHOTO CUTHAJA

ObITh ONUCAHBI

MEXKTY

pacnpenelieHus;  aJJIMTUBHBIC

pacrpeieieHus 1. T. 1.

IpU  TOMOIIM PA3JUYHBIX 3aKOHOB PaCHpEICIICHUM.
YaCTHOCTH, 3aMHpaHUs B KaHAJIe CBSA3U NMPU OTCYTCTBUH IMPSIMOU BUJIUMOCTH
a0OHEHTOM U 0a30BOM

CTaHLIMEd MMEIOT PAJIECEBCKUHI
IIOMEXH

3aKOH
(IyMbl)  4acrto
HOPMAaJIbHBIM (TayCCOBCKHUM) 3aKOHOM pacCHpeIeNICHUs; BPEMEHHbIE UHTEPBAJIbI

B cucremax cBsI3M moMexXH U 3aMHpaHu, BOB,Z[GI\/'ICTBYIOHII/IG Ha CUTHAJI IIpU
€TI0 MPOXOKACHHUH 110 KaHaJly CBA3U, UMCIOT CTaTUCTUYCCKUU XApaKTCp U MOTI'yT

B

OIMINCBIBAIOTCs

MCKAY BBIBOBAMH B CCTAX CBA3HU OOBIYHO HMEIOT 3KCHOHCHHH3HBHBII>'I 3aKOH

[TocTpouts MOAENH JJ11 UMUTALIMM CMECU CUTHAJIOB:

- CHHYCOMJIAJILHOT'O CUTHaJIa 1 Oesnoro myma (pucyHok 1.10);

- CHHYCOMJAJILHOIO CHMIHAaJa M rayccoBa IIymMa (C MaTeMaTHYeCKUM
oxunanueM m=0,u aucnepcueii o =0.01);

CUHYCOUJAIBHOIO CUTHAJA U IIyMa C pAaBHOMEPHBIM PACIIPEECICHUEM.
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W - .
- w simulink Library Browser

<@ 5> | scope v v rTr e @
Simulink/Sources
% Simulink ES
Commanly Use lnl.l“l[# /\M#
Continuous
Dashboard Band-Limited Chirp Signal
Discontinuities White Noise
Discrete
Logic and Bit € @ 1
Lookup Tables
Math Operatios Clock Constant
Model Verificat i
Mode-Wide Ut Ab A
P'_DrE & Su.t:rsys Counter Counter
Signal Attribut: Free-Running Limited
Signal Routing
Sinks 12:34 } SiDemoSign. Positive }
Sources
User-Defined F Digital Clock Enumerated
¥ Addrtional Matl Constant
Additional ¥ -
£ > untibled. mat L CEZME&EEE L

[Ipumep moOCTpOoCHUS MOACIM Il UMHUTAIMM CMECH CHUHYCOUIATHHOTO
curHajia Oeinoro myma M TpaduK TNOJYYEHHOTO B pe3yJibTaTe WMUTALUU
PE3YIBTUPYIOLIETO CUTHAIA MPEICTABICHBI HA

Pucynok 1.10 — bnoku 6ubnuorexu Sources

untitled * - Simulink

pucynkax 1.11, 1.12.

File Edit Miew Display Diagram Simulation Analysis Code Tools =
1] > v idd
P -3 - g @ GO P » @D 7 @
untitled
® |[%a]untitied -
&
3
= ik
Band-Limited
Whita Noise + . l:l
. !
Audd Scope
[ 0,
Sine Wave
»
Ready 100% VariableStepAuto

PI/ICYHOK 1.11- Mogens UMUTALUM CMECH CUTHAJIOB CUHYCOHUJAJIbHOI'O U Oenoro mrymMma
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Scope

Eile Tools VMiew Simulation Help

@-4OP® | H-|a-|Q-F&-
4
, ﬁi r.l
2 |I A ’|| 1 III’ Ill = |III|
1 ||| Ir'- /] ‘-..I’ Il. ||| |I | IP \ rl'u |r|'. |{ II".| ||I | I| ll
A L T T IR VAR T
oL [ il AT ey l'l NI l'l,ill RN
[ L.TT R | I ER o T |
1 \/ ".|| I'. /| / IJ.I', NI \J I|I 'J | I‘l ! ) ll/
II ‘\‘II' ,I /l‘f u." |I I| III T
3 ' : i
-3 ‘i|
.4
0 1 2 3 4 5 [ 7 8 9 10

Ready Sample based |T=10.000

Pucynox 1.12 —Pe3ynpTat UMHUTAIK CMECH CUTHAJIOB CHHYCOUIAJTFHOTO U O€JI0TO IITyMa

Conep:xanue oT4era H ero ¢popma

[TonroToBeTe OTYET, B KOTOPOM MPHUBEIUTE TEXHOJIOTHUIO BBIITOJIHECHUS
3aJIaHUN.

OtuyeT 1o J1abopaTOpHON PabOTE NOKEH COACPIKATh:

1) HazBaHue pabOTHI;

2) 1enb J1abopaTopHON paboOTHI;

3) popMynUpOBKY 3a/laHUs U TEXHOJOTUIO €T0 BHIMOJHEHUS;
4) OTBETHI HA KOHTPOJIBHBIE BOIPOCHI;

5) npunoxxeHue — ¢anibl BHIMOJIHCHHBIX 3aT1aHUH.

Bomnpocs! A5 321U THI padoThI
1. Jnst wero ucnomne3yercst cucrema MATLAB?

2. Kak ocymectBisieTcst mporpammupoBanue B cpene MATLAB?

3. Ans gero ucnonb3yercs naket Simulink?

4. Kak ¢ momompto Simulink MO>XHO MoOJenMpOBaTh MOBEJCHHUE CIOKHBIX
cucrem?

5. Ha kakoi TEXHOJOTMM OCHOBaHa pa3pabOoTKa MOJENEH CcpeacTBaMu
SIMULINK (S-moznenu)?
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JIABOPATOPHAS PABOTA 2
MopeaupoBanue 00beKTOB, ONMCbIBAEMbIX CHCTEMAMH YPABHEHUH

Henr # coxepkaHue: HCIOJB30BAHME  KIIACCUYECKUX  METOOB
aHaJIOTOBOM  BBIYMCIUTENBHON TEXHUKHA Ui MOJAETUPOBaHUS OOBEKTOB,
ONHKCHIBAEMBIX CHCTEMaMU alreOpanvyeckux ypaBHEHUH, MpUOOpETeHHE
HABBIKOB IIOCTPOEHUSI TAKUX MOJEJIE B CUCTEME KOMIBIOTEPHOW MaTEMaTUKH
MATLAB.

Opranusanuonnass ¢gopmMa 3aHSTHIl: pelICHHE NPOOJIEMHBIX 3ajad,
pa300p KOHKPETHBIX CUTYaILIUM
Bonpocs! 151 00cy:kaeHusi HA J1a00OPATOPHOM 3aHATHHU: OCTPOCHUE
Mojiesielt 00bEKTOB, ONTUCHIBAEMBIX CUCTEMAMHU alIreOpanvyecKux ypaBHEHUN.
®opmupyembie komnerennuu: OIIK-7.1 OIIK-7.2 OIIK-8.1 OIIK-8.2

TeopeTnueckoe 000CHOBaHHUE

[TpubnxkeHHOE pelIeHre MHUPOKOro Kpyra BBIYUCIUTENBHBIX 3aj7ad
OCYIIECTBIISIETCA C IMTIOMOIIBK) METOAOB PEIICHUSI CUCTEM JIMHEUHBIX YPaBHECHUM,
€CJIM YJAEeTCsl CBECTH 3a/1ayy K CUCTEME YpPABHEHUI. DTU METOAbI OOBIYHO JESAT
Ha 7ABe Oonpmme rpynnsl. K mepBodl rpynmne OTHOCATCS TOYHBIE METOJBI,
KOTOPbIE TO3BOJISIFOT ISl JIFOOBIX CUCTEM HAWTH TOYHBIE 3HAUEHHS] HEU3BECTHBIX
MOCJI€ KOHEYHOT'0 YHCJIa TOYHO BBIMOJHAEMBIX apU(PMETHUECKUX ONEpaLIHii.

Ko BTOpo#l rpyrmme OTHOCAT NpUONMKEHHBIE METOJIbI, KOTOPBIE SBIISIFOTCS
UTEPAllMOHHBIMHU, TaK KaK PEUIEHUS B HHUX IOJIY4YalOT B pe3yJibTaTe Mporecca
npubmkeHuil.  TouHble METOIbl MPUMEHSIOTCA A 3a4a4  HEOOJBIINX
pasmeprocTel (~10%), a g 3amau  GONBLIOW PAa3MEPHOCTH HCIIOIB3YIOT
UTEPALMOHHBIE METOBI.

Ocoboe MecTo cpeau HUX 3aHUMAlOT BEPOSITHOCTHBIE METO/bI, KOTOpHIE
IIOJIE3HBI JIMIIb B CIy4astX OYEHb BBICOKOW Pa3MEPHOCTH CUCTEM.

Jlis MonenupoBaHUSI OOBEKTOB WJIM IPOILIECCOB, MPOTEKAHHE KOTOPBIX
MOXHO OIIMCAaTh C MOMOIIBK) CHUCTEMBI JMHEHWHBIX YPAaBHEHUN, IPUMEHSIOT
METOJl CYIIHOCTh KOTOPOIO 3aKJIIOYAaeTC B 3aMEHE CHCTEMBI JIMHEHMHBIX
ypaBHeHud (2.1) cucremoil guddepeHuHanbHbIX ypaBHeHMH (2.2) e
DKBHUBAJICHTHOM.

Ilycte cucrema JMHEWHBIX YPaBHEHUM, OIKMCBHIBaeMasi HCCIIENYEMBbIN
00BEKT WJIM MPOLIECC UMEET BUI:

a, x,+a,x,+...+a,, x,=b,
a, X, +0ayXx,+...+a,, x,=b,

2.1)

Ay X+ A Xy *... 40, X, =b,
WM B MaTpUYHOM BHjIe: Ax=b, rie A—KBajapaTHas MaTpuiia pasmMepoMm n Xn, b
U X — BEKTOPBI pa3MepoM 7 (n— pa3MepPHOCTb CUCTEMBI).
3aMEeHUM JIJaHHYIO CHCTEMY alireOpanuecKuX YpaBHEHUW IKBUBaJICHTHOU

cuctemMoi nudpepeHIalIbHbIX YpaBHEHUM:
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dx
1 —
—+a,;, x,+a,,Xx,+...+a,,x,—b,=0
dt
dx
2
—+a x.,+d,,x,+...+a, x —b.,=0
dt . 1 222 2n“*n 2 (22)
dx

n

+a x,+a,x,+...+a,x,—b =0
nl

Jloka3aTeabCTBOM SKBUBAJICHTHOCTH cUCTEM 2.1 u 2.2 gBISIeTCS HaIU4ue

3aTyXalolero peuleHusi CUCTeMbl AUPPepeHnanbHbIX YpaBHEHUN 2.2, T.€. KaKk
dx;
TOJIKO BCE€ TPOU3BOJIHBIE CTaHYT pPaBHBI d—t’=0 , PpCILIEHHE CHCTEMBI
ypaBHeHu# 2.1 OyaeT HailieHo.
JUia  obecniedeHWsl 3aTyXarOUIero pEIIeHHs] JOCTAaTOYHBIM YCIOBHEM
ABJIAETCA MOJIOKUTEIBHOE 3HaYEHUe OIPEJEIEHHOCTH MaTpPHILIbI
KO3((PUIIMEHTOB CHUCTEMBl YPaBHEHHUWA. ITO BO3MOXKHO, B YaCTHOCTH, NpPH

YCJIOBHMH, KOT/a
n
a;2). a,i*j. (2.3)
j=1

PaccmoTpum mpumep pelieHHusi CUCTEMBl JIMHEHHBIX —alreOpandecKux
YPaBHEHHM:
4x,+2x,=14
2x11+5x22:—5 (2.4)
C TOMOIIBI0O HHCTPYMEHTAJIBHBIX CpPEACTB TabiauuHoro mpoueccopa Excel;
cucteM Mathcad n Matlab, makera Simulink.
PaccMoTpuT TEXHOJOTHIO pelieHuss CUCTeMbI (2.4) ¢ MOMONIBIO BBIIIIE
YKa3aHHBIX TPOTPAMMHBIX CPE/ICTB.

Pemienue cuctemMbl TUHEHHBIX anreOpandyeckux ypaBHEHUN B TaOJIMYHOM
npoueccope Excel MOXKHO TOSydHTh, UCHONB3YsSI MaTpUUHY0 (OpMY 3aIrucu
CUCTEMBI JIMHEWHBIX YPaBHEHHUU B: AX = b, clie10BaTeNbHO, BEKTOP PEILICHUS:
x =A"+b. Ha pucyHke 2.1. IpeICTaBIEHO PEIICHUE CUCTEMBI ypaBHEHMH 2.4 ¢
nomotnpio Excel. Anroputm penienus npuBesieH padore Nod

Pemenue cucrem nunelinbix ypaBHeHuii B MathCAD MOXHO TOTy4HTh C
ITOMOIIBI0 BCTpoeHHOU (pyHKIMK Isolve (A,b), koTopass Bo3BpaIaeT BEKTOp X
JUISL  CUCTEMBbI JIMHEWHBIX YpPAaBHEHUW MpHU YCIOBUM, €CIU 3aJaHa MaTpulia
K02 (PHUIIMEHTOB U BEKTOpP CBOOOMHBIX WICHOB. TarKe IS PEIIeHUs CHCTEMbI
JUHEWHBIX YpaBHEHUM ncob3ytoTes popmyibl Kpamepa u meton [Maycca.

Ha pucynke 2.2 npeAcTaBieHO pELUICHUE CUCTEMBI JUHEUHBIX YPABHEHUN
METOJIOM 00OpaTHOM MATpHUIIbl U € TTOMOIIbI0 pyHKIMK Isolve(A,b).
Jlnist perieHust cUCTEMbI ypaBHEHUM 1o popmynam Kpamepa HeoOxoaumo:

1. [Tepemennoit ORIGIN npucBouTh 3HaUEHUE PABHOE EUHULIE.

2. BBectu marpuily cucteMbl M CTONOEL MpaBbIX YacTed CHUCTEMBI
YPaBHCHUU.

3. BbluncauTh OnpenesnuTeNb MAaTpULbl CUCTEMBI, YUYUTBHIBAsI, YTO

CUCTEMA UMCCT CAMHCTBCHHOC PCUHICHUC, CCJIN OIIPCACIIUTCIIb OTIIMYCH OT HYJIA.
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4. Bbruncnuth onpenenuTeNd HOBBIX MaTpHll, MOJYYEHHBIX IMyTeM
3aMeHbI COOTBETCTBYIOIIETO CTOIOIA CTOJIOIIOM CBOOOIHBIX YJIEHOB.

O < Khural - Excel & = a x
ECTEEK| Pa3me1| Dopmy | JaHHB | PELI,EHE| Bug, | ‘:;:‘ MomowH Brog F_',_ OBLmi gocTyn
"D ﬁ = 3 EF:HDEHDE dropMaTUpoBaHne ¥ iil P
4 6 -
Eybep LWpwudTt BoipasHusanne Yucno * OPMATHPORITE KAKTADMLY ™ Aueiinm Penaktuposan *
obmeHa ~ - - - o CTunm Aveek - >
CTrnn .
E1s - I ~7
A | B | € | D E F | 6 | H | 1 [«
1 |MaTp1ua cucTembl ypaBHEHHIA WMcxogHana MaTpHrLa cMCTEMBb
2 4 2 14 dx; + 2x;, = 14
3 2 5 -5 2xy + 5x; = =5
4 B
] _UﬁpaTHaﬂ MaTpHLA PeweHKe
& | 031325 -0,125 5
T | -0,125 0,25 -3
8 -
Nuerl o) 1 3
FoToBO H H - i + 100%
Pucynok 2.1 — Pabouuii JIUCT ¢ pelIeHneM CUCTEMBbI JINHEHHBIX allre0pandeckux
ypaBHeHUH (2.4)
4x1+2x=14
2x1+ 5xp=-5 OFING =1
Jarmich cHCTeMBI MIHEHBIX VPaBHEHII 420 1A
' A=| T (14 A=Al A=16
B MATPITHOM BILIE L P _ | ‘ = | =
e L =5
SR e
SO N =y 14 20 _|'4 14 |
\ 4 TS Al = =
. .. T | ‘ V2 =5
Pemrerrte ¢ricTeMbl MIHETHBIX VPABHEHITT \—5 5 b 7
_1 I g ™
x=A b X=| : | |A1| =80 |A2| = -48
\ —3
s | Al | A2
Pemernie cricTeMsl MIIHEIHbIX VpaBHeHIni X1 = — — A=
’ A A
¢ monMorbe PpyHKIpDI lsolve(A.b)
g 5 3
x = Isolve(A,b) x= ‘ | 1= 2=
=3
Pucynox 2.2 — Pemenue Pucynox 2.3 — PaGoumii nucr Mathcad ¢

CUCTEMbl JIMHEWHBIX YypaBHEHMH 2.4 pelleHHMeM CHUCTEeMbl ypaBHEHHH 2.4 MeToI0M
MeToloM oOpaTHOM Matpunsl M ¢ Kpamepa
nomotsio ¢pyHkuuu Isolve (A,b)
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5. OnpenenuTh perieHre cuctembl ¢ nomolbio Gopmyn Kpamepa:
A,

1

X, =

A , e A — ONpCACINUTCIIb MaTPHUIlbl CHCTCMBI, A OIpCACIINTCIIb

MaTpUlbl #-TO TMOPSIKA, MOJYYEHHBIM W3 MaTPHUIbl CUCTEMbI 3aMEHOU I-TO
CTOJIOIA CTOJOIIOM MPABbIX YACTEH CUCTEMBI YPaBHEHUU.

Pemienne cuctembl TUHEHHBIX YpaBHeHUM ¢ momoinisio Gopmyn Kpamepa
MPEJCTABJIICHO HA PUCYHKE 2.3.

Jiis perieHust cCUCTEMBbI ypaBHEeHUN MeTo0oM ["aycca Heobxoanumo:

1. [Tepemennoit ORIGIN npucBouTh 3HaYEHNE PABHOE €IUHHUIIE.

2. BBectn Marpuily cuUCTeMbl U CTOJOEL MPaBBIX YacTEl CHCTEMBI
YpPaBHEHUM.

3. CdopmupoBaTh pacHIUPEHHYIO MaTPHUIBI CHCTEMBI C TIOMOIIBIO
bysakun augment(A,b).

4. [IpuBecT pacIIMPEHHYIO MATpPUIy CHUCTEMBI K CTYIIEHYAaTOMY
BUJly C NIOMOIIbIO (GyHKIMHU rref(Ar).

3. BbiBecTH pelieHre CHUCTEMBI, BBIJEIMB TOCIEIHUN CTOJI0el

MOJTYYEHHOU MaTpHIIbI JUIsl 4ero chopMUpPOBATh CTOJIOCI] PEIICHUSI CUCTEMBI C
nomouplo ¢yHkuuu submatrix (Ag, ir, jr, ic ,jc) — Omoxk Marpuusl Ag,
COCTOSIIIMA M3 BCEX JJIEMEHTOB, COACPKAIIMXCSI B CTPOKAX OT ir 10 jr W
CTOJIOLIAaX OT ic O jC.

6. ITIpoBepuTh NPABUIBHOCTH PEIICHUS BBIYUCIUB AX— b.

Beimonnure  pemeHune  cuctembl  ypaBHeHMM — MmerogoM  [aycca
CaMOCTOSITEIBHO.

Ha pucynke 2.4 npencrtaBiieH pe3yibTaT PEIICHUSI CUCTEMbl YpaBHEHUMN
(2.4), s MATLAB.

> B=[4 2:2 5];:
>> B=[14 -5]:
»»> X=B/L

X =

ﬁ5>>|

Pucynok 2.4 — Pemienue cucreMsl ypaBHenuii (2.4) B MATLAB
Jlst perieHust JTaHHOM cucTeMbl B TakeTe Simulink Heo0X0IMMO MmeperTH K
DKBUBAJICHTHOU cucTteMe IudPepeHINaTbHBIX YPaBHCHUNW B COOTBETCTBUU C
cucreMoi (2.2):

dx,

?:14—4X1 2X2

i, (2.5)
—=—-5—-2x,—5x,
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CtpykTypHas cxema MOJIENU JJaHHON CUCTEMBI TPUBEEHA HA pUCYHKE 2.5.
[lepexoaHplii MpoIlecC YCTAHOBJIEHHUS pEIICHUS H300paXeH Ha DSKpaHe

BUPTYaJIbHOTO octuiiorpada (pucyHok 2.6).

Ha pucynke 2.6 BHAHO, 4TO TOCie ¢ =
CUTHAJIbI,

MHTETPATOPOB  YCTAHABIIMBAKOTCS

2 Ha BBIXOJAX BHUPTYaIbHBIX
COOTBETCTBYIOILIME PELICHUIO

CUCTEMBI IMHEHHBIX anreOpandecKux YPaBHCHUA:

X,=5,
X,=—3,
¥ a2 =le ==
File Edit View Simulation Format Tools Help
Oz EdES iz} » 10.0 Normal
B Scope = O X
File Tools View Simulation Help k]

Display1

1

Integratort

h 4

Integrator Display

Constant1

Ready 100% oded5

O-0P®| - QA- |- |FA-

(] 1 2 3 4 5 6 T 8 2 10

Sample based | T=10.000

Pucynok 2.5 — CrpykTypHas cxema MOJEIN
CHCTEMBI g depeHInaIbHbIX
ypaBHEHHUH 2. 6

Pucynox 2.6 — [Ilepexomnblii mponecc
YCTAHOBJICHHSI PEIIEHUSI CHCTEMbI JHMHEHHBIX
anreOpanvyeckux ypaBHEeHUH [2]

Annaparypa U marepuaibl. J[Ji1 BBINONIHEHUsS J1a0OpaTOPHOU pabOThI
HEOOXOJIMMO  WCITOJIB30BaTh  CJACAYIOIIEE:  amnmapaTHoe  oOecleueHue:
NEPCOHALHBI KOMITBIOTEP M MPOrpaMMHOE OOECIeYeHHE: OIEePalMOHHYIO
cucremy Windows 10 wu Bbime; Microsoft Officel3 u Bbllie, CUCTEMBI
kommbloTepHoi Mmatematuku Machcad u MATLAB R2017a u Bbie.

Yka3anusi nmo texHuke 0e30macHOCTH. CTyACHTHI JIOJKHBI CJIeI0BaTh
OOIIETPUHATON TEXHUKE O€30MacHOCTH I TOJb30BaTeleld MepPCOHATbHBIX
KOMITBIOTEpOB. He  ciemyer  camMoCTOSATEIBHO  MPOU3BOAWTH  PEMOHT
TEXHUYECKUX CPEJICTB, YCTAHOBKY M YIAJICHHE MPOTPAMMHOTO obecrieueHus. B
ciydae OOHapy>XeHUsi HEHCIPaBHOCTEW HEOOXOAUMO COOOIUTh 00 3TOM
aIMIHUCTPATOPY KOMITBIOTEPHOTO KJIacca.

MeToauka U NOPSIAOK BBINOJIHEHUS! padoThI
BrinosiHuTe BCe NpuUMeEphl, INPUBEACHHBIE B TEOPETUYECKOW YacTU U
[IPEIJIOKEHHBIE 3aaHus, IIPEABAPUTEILHO O3HAKOMMBIIUCH C TEOPETUYECKOU
4acCThIO.
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3aganme 2.1. Iloctpouth Momenb pemeHus 3agadd. OTps TypUCTOB
BBIIIIEN B MTOXOJ] HA HECKOJIbKUX Oaiimapkax L, 4acTh U3 KOTOPHIX A-MECTHbIE, a
gacTh —B-MecTHble. CKOJIBKO A-MECTHBIX M CKOJIbKO B-MECTHBIX 0aifj1apok
OBLJIO B MOXO/IE, €CJIM OTPSIT COCTOUT U3 M denoBek?

[lepexoaHblii MOpPOLIECC YCTAHOBJICHUS PELICHUSI BBIBEIUTE Ha 3JKpaH
BUpTyallbHOTO ocimuiorpada. [lapamerpsl CUTHAIOB MPUBEIACHBI B TaOJHUIIC
2.1. Homep BapuaHTa COOTBETCTBYET HOMEPY, O] KOTOPHIM CTYJEHT 3aIllUCaH B
CITUCKE TPYIIIIHI.

Ta6numa 2.1- ITapamerpsl 3a1a4u

No Bap-Ta A B L M
1. 1 2 12 20
2 1 3 7 17
3 1 4 5 11
4 1 5 8 16
5 2 3 8 19
6 2 4 10 37
7 2 5 8 16
8 3 4 8 26
9. 3 5 6 24
10. 4 5 7 33

3ananme 2.2.IlocTpouTh MOJEIHh CHCTEMBI JUHEHHBIX anreOpanvdecKux
YPaBHEHUM BUJA:

Ax,+Bx,+Cx,=D

Lx,+Mx,+N x;=0

Qx,+Rx,+Sx,=T

[lepexonHblii MOpOLIECC YCTAHOBJIEHUS PEUICHUSI BBIBEIUTE HAa DJKpaH
BUpTyalibHOTO ociuiorpada. Ilapamerpsl cCUTHAIOB MPHUBEJACHBI B TaOIHUIIE
2.2. Homep BapuaHTa COOTBETCTBYET HOMEPY, O] KOTOPHIM CTYJEHT 3allMCaH B
CIIMCKE TPYIIIIHI.

Tabnuia 2.2 — [lapameTpsl curHana

Ne

Bap- | A | B | C D L|M|N O Q R S T
Ta
1. 5 2 1 2.5 3 71 2 -1.5 4 0.5 5 11.5
2. 2 [ 15]35] -1625 | 2 3 4 -19.5 2 -0.5 5 -22.75
3. 105 -8 -9 -30.5 4 |5 6 25.5 -1.5 2 3 8.5
4. | -1 25| 9 | -3525 | 5 6 | 7 -22 1 2 -2.5 10
5. 3 1 -2 -7 -8.5 6 7 8 38 1 -3.5 6 32
6. 45|55 4 -3.25 7 8 9 -12 -4.5 5 1 38
7. |65 -5] -6 39 1 2 3 10.5 4 1 -5.5 7.25
8. 5 |[75195] 2775 | 2 3 4 -4.5 1 -6.5 9 11.75
9. | 410 | -3 | -675 3 4 5 15.5 -7.5 8 1 -90.5
10. | 8 1 6 64.5 4 |5 6 22.5 7 1 -8.5 70

Conepxanue oT4yera u ero popma
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[loaroToBhTE OTYET, B KOTOPOM MPHUBEAUTE TEXHOJIOTHIO BBITTOJIHEHHUS
3aJlaHUN.
Otuer o 1abopaTopHOii padoTe JOIKEH COMEPIKATD:
1) wa3zBaHue pabOTHI;
2) uens 1abopaTopHOU PaboTHI;
3) dopMyTupPOBKY 3adaHUS M TEXHOJOTHIO €r0 BBITIOJIHCHHUS,
4) OTBeTHI HA KOHTPOJIBHBIC BOIIPOCHI;
5) npusnoxxkeHue — Qpaiibl BRINOJHEHHBIX 3aIaHUH.

Bomnpocs! Ass1 3a10MTHI padoTHI

1. Kak c¢ mnomompio Simulink MoXHO MOAETUPOBaTH OOBEKTHI,
OIKMCHIBAEMBIC CUCTEMaMH ajareOpandecKuX YpaBHCHHIA?

2. Kakwe oOCHOBHbIE MaTeMaTHYECKHE OJIOKM HCIOIB3YIOTCA IS
MOJICTUPOBaHUSI OOBEKTOB, OIHUCHIBAEMBIX CHCTEMaMH  alreOpandecKux

ypaBHEHUI?
3. Urto sBaseTcCs  JOCTATOYHBIM  YCJIOBHEM,  OOECIECYMBAIOIINM

3aTyxaromiee pernieHne CUCTeMbI T PpepeHIaTbHBIX YpaBHEHUN?
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JABOPATOPHASA PABOTA 3
MopaeanpoBaHue ¢ MOMOIIbLIO HEHPOHHBIX ceTell. OCHOBBI 0alieCOBCKUX
METOJ0B KJIacCuPuKaAUn

Heab u coaep:kaHue padoOThbI: MO3HAKOMUTH CTYJIEHTAa C OCHOBaMHU
0allecCOBCKUX METO/0B KaccupuKaiuu.

Opranmzanuonnas ¢opma 3aHATHI: pelieHHe NPOOJEMHBIX 3ajad,
pa300p KOHKPETHBIX CUTyallul

Bonpocsl 1y 00Cy:xIeHHs HAa JIa0OPATOPHOM 3aHATHHM: OCHOBHBIC
MOJENN TEOPUM HEUPOHHBIX CETEH, MOCTPOEHUE IPOCTECUIINX MOJEIIEH
HepoHHbIx ceTeld B MATLAB.

®opmupyembie komnerennun: OITK-7.1 OIIK-7.2 OIIK-8.1 OIIK-8.2

Teoperuueckoe 000CHOBaHME

N3yunute TeopeTnueckoe OOOCHOBaHUE, WUCMOJB3Ys HH(POpMAIUIO
MPEJICTABICHHYIO HUKE U COOTBETCTBYIONIYIO JIUTEPATYPY.

B Hacrosiiee BpeMs UCKYCCTBEHHbBIE HEHPOHHBIC CETH MPUMEHSIOTCS IS
pelieHruss MHOTHX He (opMalu3yeMbIX WM TPYJIHO (opManuzyembiX 3ajad,
TaKuX Kak:

3afada 0oOpabOTKH CUTHAJIOB U M300paKEHUM.

[Ipu oOpaboTke m300paxkeHus (CHUrHajga) 4acTo HEOOXOAUMO OTISIUTH
noJyie3Hyr0 (MHGOPMATUBHYIO) KOMIIOHEHTY CHTHaja OT Imyma. Takue 3amauu
MOJIYYWJIM Ha3BaHHWE 3a1ad (uiIbTpallUd. 3aJadd MOJ00HOTO poja BaKHBI, B
4acTHOCTH, B mnonurpaduu. Hampumep, HYKXHO BBIIEIUTh Hauboiee
CYIIIECTBEHHYIO JUTsI TTOJIh30BaTENsI HHPOPMAIUIO U yOpaTh BCE OCTaIbHOE. DTO
CJIOKHAsl 3aJlaya TEOPUU UCKYCCTBEHHOI'O MHTEIICKTA.

3amada pacrno3HaBaHusi 00pa3oB. Pacrno3HaBaHue peyu.

ITycth, Hanmpumep, Ha KOHBeWepe nBuxkeTcs mnpoaykuus. HeobGxomumo
CO3/1aTh CHUCTEMY TEXHHUYECKOTO 3PEHUs, TMO3BOJISIONIYI0 aBTOMATHYECKHU
pa3IUuUTh OPaKOBaHHYIO U HOPMaJIbHYIO MPOAYKIHIO. [[pyroit mpumep: KypcChl
BaJIIOT, aKIUM OOBIYHO CHUJIBHO KOJIEOMIOTCS. DTH KoJieOaHUs CBSI3aHBI C TEM,
YTO HA pPBIHKE HMEETCS MHOIO areHTOB, JCHUCTBYIOIIUX, KakK IIPaBUIIo,
HecorylacoBaHHO. Tpelaep pemaer, B YaCTHOCTH, TaKyk 3aJayy — BBIJICIUTH
cpeaM ATUX KoJieOaHWM TaK Ha3bIBAa€MbId OCHOBHOM TpEHJ, YTOOBI TOHSTH,
CTOMUT JIM BKJIAAbIBaTh CBOU JEHbIM B aKIuu. OCHOBHOW TPEHJ MpPEACTaBISET
co00l HEKYI0 YCPEIHCHHYIO KPHUBYIO, TJIe MeEJIKHue KojaeOaHus (IIyM) JOJIKHBI
ObITh yCTpaHEHBI B pe3ynbrare QrubTpanuu. Emie ojgHa momynspHas HbIHE U
KpaifHe Ba)kHasl 3a7la4ya O BBIJICJICHUM OCHOBHOTO TPEHJa — ATO 3a/laya aHaIu3a
KJIIMMaTUYECKUX JAHHBIX C LEJIbI0 BBISICHEHUS, €CTh TJI00AJIbHOE MOTEIJICHUE
WJTU HET.

Eme Heckonbko BakKHBIX 3a/lad: — pacro3HaBaHue criama B MHTepHerte;
aBTOMATHYECKUI MEePEeBO/I, paCliO3HaBaHUE MOYEPKa U TaK JaJiee.

HelipoHHbIe ceTH MOXHO UCIIOJIb30BaTh MPH CJICAYIOMIMX YCIOBHUSX:

1. Ecnu 3amady MOXET PEIINTh YEJIOBEK.
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2. Ecnu npu peuieHuH 3aJa4yd MOKHO BBIIEIUTh MHOMXECTBO BXOIHBIX
(GbakTopoB (CHUTHAJIOB, MPHU3HAKOB, JAHHBIX M T.I.) U MHOXECTBO BBIXOJIHBIX
(bakTopoB.

3. Ecaum wu3MeHeHHMs BXOAHBIX (PAKTOPOB MPUBOAUT K H3MEHEHUIO
BBIXOJIHBIX.

B 10 %€ BpeMs npruMEHEHUE HEMPOHHBIX CETEN MPU PEIIEHUH HEKOTOPBIX
3aa4 MOXKET OKa3aThCs 3(PPEeKTUBHEE MCIONB30BAHUS pazyma 4elloBeKa. JTO
OOBSCHAETCS TEM, YTO YEJIOBEYECKUI pa3yM OPUEHTUPOBAH Ha PEILICHUE 3a/1a4 B
TPEXMEPHOM NPOCTPaHCTBE. MHOTOMEPHBIE 3a/1a4U JUIsI HETO XapaKTEPU3YIOTCS
3HAYUTEIBHO OOJbILIENH TPYIOEMKOCTBIO.

M cKyCcCTBEHHBIM HEUPOHHBIM CETSIM HE CBOMCTBEHHO TAKOE OTPaHUYCHUE.
Nm Bce paBHO pemiath TpexmepHyto win 10-mepHyto 3a1a4y.

[TonoO6Ho Ouonoruveckod HedponHor cucreme WMHC  saBmsercs
BBIYMCIIUTENIBHOM  CHCTEMOM €  OTPOMHBIM  YHCIOM  HapajliesIbHO
(GYHKIMOHUPYIOMIMX MPOCTHIX MPOIIECCOPOB C MHOKECTBOM CBSI3EH.

Mogenu NHC B HEKOTOPOU CTENICHU BOCIIPOU3BOJAT
"opranu3annoHHbIe" MIPUHIIUIIEI, CBOMCTBEHHBIE MO3TY  4eJIOBEKa.
MonenupoBaHue OHOJOTUYECKOW HEUPOHHOW CHCTEMBI C HCIIOJIb30BAHUEM
NHC Mmoxer Takke CIOCOOCTBOBATH Jy4IIeMy MOHMMAHUIO OHMOJIOTHYECKUX
¢ynkuuid. Takme TexHoOIOrMM TpOU3BOACTBA, Kak VLSI (cBepXBbICOKUUI
YPOBEHb HMHTErpalMi) M ONTUYECKUE allapaTHbIE CPEACTBA, JENaloT
BO3MOKHBIM NT0100HO€ MojienupoBanue. [boratukos, B.H. [Toctpoenue cucrem
YIOpPaBJICHUs] HA OCHOBE HEMPOHHBIX ceTel: YueOHO—MeToaudyeckoe nocooue /
B.H. borarukos, JI.B. [Ipanumnukos, A.E. [Ipopokos. - Anatutel: U3n-8o KO
ITetpl'V, 2011. - 41 c]

OO61Me NpUHIKUITEI PYHKIIMOHUPOBAHMS HEMPOHHBIX ceTel [BakyneHko
C.A., Kuxapea A.A. [Ipaktuueckuii Kypc 1o HepoHHBIM ceTsim — CI16:
VYuusepcurer UTMO, 2018. — 71 c.]

B ocHOBEe TOCTpOCHUST HEHMPOHHBIX MOJIEIICH JICKUT HCIIOJIb30BAaHUE
AHAJIOTUM C MO3TOM M pE€aJbHBIMH HEMpPOHAMH. MO3r COCTOMT U3 HEMPOHOB,
HEHPOHBI CBSA3aHBI APYT C IPYroM U OOMEHHBAIOTCS curHanamu. CUTHaJbI
UMEIOT OyJIEBCKYI0 MPUPOJY, a CHUCTEMa CBS3aHHBIX HEWPOHOB — 3TO
CTOXACTUYECKAsA TUHAMUYECKAs] CUCTEMA.

Takum 00pa3oM, HEHPOH — 3TO MOPOTOBas CHUCTEMA, KOTOpas IMOIy4yaeT
BXOJHBIE CHUTHAJIBI OT JPYTUX HEWPOHOB, CYMMHUPYET HX U TE€HEPUPYET
BBIXOJIHOW CHUTHAJI, €CJIM 3Ta CyMMa IIPEBBIIAET HEKUI MTOPOT.

WneanusupoBaHHas MoJieJb TaKOW MOPOTrOBOM CHCTEMBbI MOXET OBITh

MOCTPOEHA MPHU MOMOIIY CUTMOUIATBHBIX (DYHKIIM, HanpuMep, QyHKIUU:
1

T2e™ (3.1)
I7Ie X — aMIUIUTYJ]a BXOAHOTO CUTHAIa, KOTOPBIN MOJIy4aeT HEUPOH OT APYTIHUX
HEWPOHOB; G — BBIXOJIHOW CUTHAJ HEWPOHA, IPEICTABIECHHON HA pUCyHKe 3.1,
nin GyHKIMKA XeBucaia:

I8



25

11,x>0
(} b
0.x<0 (3-2)
NPEJICTaBICHHON Ha pUCYHKE 3.2, WM KyCOYHO-TUHEHHON QYHKIUSA O =
max(x,0).
1 1
0. o5
05 0 0s 05 o 05 i
Pucynoxk 3.1 — I'padpux Pucynok 3.2 — I'padux ¢pynkuuu Xepucaiina

CUTMOUIANTLHON (PyHKIIUU 8 1+e®
+e

Jlns pemieHust 3aJadd paclio3HaBaHUS OOPa30B MOXKHO HCIOJIH30BaTh
PEKYPPEHTHYIO HEHMPOCETh — MHOTOCIIOWHBIN nepcenTtpoH. CHily CBSI3HM MEXIY
HEHpOHaMHM ONHUCHIBACT MaTpulla CHUHANTHYECKUX CBsized (W), B KOTOpOii
XpaHUTCA BCSl JOJTOBpEeMEHHasl (yHAaMeHTallbHas uHpopManus. B mpouecce
oOy4eHHs MO3ra MaTpHulla CHUHANTUYECKUX CBsSI3ed MENJIEHHO MEHSETCA CO
BpemeHeM. Takum o0Opa3oM, MOXKHO pa3/eiuTh JBa JUHAMHUYECKHX IpoIllecca,
IPOTEKAIOIIUX B MO3re: ObICTPYIO IMHAMUKY HEMpPOHOB, KOTOpasl OMUCHIBACTCA
JMHAMHMYECKON CHCTEMOM, M MEJUICHHYIO, CBSI3aHHYI0 C H3MEHEHHEM CHIIbI
CBSI3M MEXIy HeWpoHamu. MeaneHHas AMHAMHKA YTMPOIIEHHO OMHUCHIBAETCS
npaBuiioMm Xeb0a ([lonampa Xeb60 — kaHaACKH (U3HOIIOT, IKCIIEPUMEHTATHHO
MOKa3aBIIUil, YTO €CIU JBa HEMPOHA OJHOBPEMEHHO AaKTHUBHBI, TO CHJIa CBSI3U
MEXIY HUMH PaCTET).

PaccMoTpum oOmue npuHUuUIbl GyHKIHMOHUPOBAHUS HEHPOHHBIX CETE
Ha IpUMEPE 3a/1a4 KJlacCu(PUKaLUU.

[TpenmnonoxuM, Mbl XOTUM CO3/1aTh aBTOMAaTHYECKYIO CHUCTEMY, KOTOpas
paznuyaer JBa TuUna o0bEeKTOB — A W B. CucTeMbl TEXHMUYECKOrO 3pEHHS
MO3BOJIAIOT 3amucaTh JaHHbIE 00 00BekTax (NMpU3HAKK O0BEKTa) B IU(POBOM
BUJIE.

[Ipenmnonoxxum, 4To MBI XapakTepu3lyeM OOBEKT C IMOMOIIbI0 Habopa
TIPU3HAKOB (X1,X5,...,X,). [IpU3HAKH MOTYT ObITH BBIPAXKEHBI C MOMOIIBIO IIEITBIX
YHucen WM Jaxe OyJeBCKHX MEPEMEHHBIX, TO €CTh «ECTh MPU3HAK» — «HET
pU3HAKAY.

COBOKYNTHOCTh TPHU3HAKOB MOXKHO paccMaTpuBaTh KaK BEKTOp C N
KOMIIOHEHTaMH, WM  TOYKY  A-MEpHOro  DOBKIWAOBA  MPOCTPAHCTBA
X=(x,,X,,...,x,). Torma 3agaya KIacCU(QUKALMM CBOAMTCA K CIEyIOIIeH
MaTEeMaTHYECKO# 3a/aye: pas3[eNuTh JABa MHOXKECTBA TOUeK A W B n-MEpHOTO
HBKIIU0BA TPOCTPAHCTBA HEKOTOPOW TMIIEPIIOBEPXHOCTHIO Pa3MEPHOCTH #-1.

CnenaeM HEKOTOpbIE Ba)KHbIE KOMMEHTapuu. BbIOOp NpU3HAKOB Jid
KJIaCCU(UKAIIMU SIBISETCS HWCKIIOYUTENHFHO CIIOKHOM 3amadeil, KOTOPYIO MBI
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NoKa He paccMmarpuBaeM. PaHee sTa 3ajmava pelanach Bpy4YHYIO, B TOCJIETHEE
BpeMsi MOABWINCH 3(G(EKTUBHBIE METOAbl ABTOMATHUYECKOTO HAXOXKICHUS
HaubOonee H(PQexkTuBHBIX MpU3HAKOB (Tak HaszbpiBaeMmbli Deep Learning).
OTmeTuM, 4YTO BBIOOpP MNPABUIIBHBIX MPU3HAKOB Ba)XXEH [UIsI YCHEIIHOCTH
nocieayromeil o0pabOTKM CHCTEMbl MPU3HAKOB METOJAMH, KOTOPBIE MBI
onuckiBaeM Hike. OOydeHHe HEHPOHHOW CeTH B 3aJaudax Kiaccu(uKaluu
MPOUCXOAUT Ha Habope oOywaromux mnpumepoB X(1),.X(2),... . X(P), nmns
KOTOPBIX MPUHAJJIEXKHOCTh 00BEKTA K Kaccy A WM kiaccy B u3zBectHa. UToObI
MaTeMaTHuiecku (OpMaIn30BaTh 3TOT (PAKT, ONPEACITUM HHAUKATOP:
px=|1.XA
0,XB”
[To HakoIJIEHHOMY B pe3yjibTaTe 0Oy4YEeHHs «OMbITY» CTPOMM HEMpPOCETh
(cuctemy M), koTopasi IpoOBOAUT pA3ACISIONIYIO TOBEPXHOCTb.
MatemaTuyeckd STOT TMPOLECC MOXKET OBITh OMHCAaH KaK IOHUCK
HekoToport pyHkiuu y = F(X, W), tne W — Habop mapaMeTpoB HEHPOHHOU ceTh
(wnm npyroit cucrembl UN). Jlns HeilpoceTed 3T mapaMeTphl, B YaCTHOCTH,
3aIaI0T CWJIYy CBSI3U MEXJy HEHpoHaAaMU M TMOAOUPAIOTCS TakK, YTOOBI OIIMOKa
oOyuenus (error training) Obuta Obl MUHUMAJIBLHOM (KaK MOXHO OJIMIKE K HYJIIO).
B kauectBe omnOKku 00ydeHus: 0OBIYHO paccMaTPUBAIOT (PYHKIIMIO
E,u(W)=|FXjW-DX j|, (3.4)
rae X(j), j1,P6epyTcs U3 00y4aronero MHOXXeCTBa.
s npoBepku 3DPEKTUBHOCTH 00y4YEHUSI HEUPOHHOU ceTh OepyT TeCTOBOE
MHOKECTBO OOBEKTOB M BBIYUCIISIIOT
E.(W)=|FX jw-DXjl, (3.5)
rie X(j) B34Thl U3 TECTOBOTO MHOXECTBA.
[locne Toro, kak cucremMa oOydeHa (U4ro uUHOrma Tpedyer OOJIBIIOrOo
IPOLIECCOPHOTO BPEMEHH), OHa Ui JHOOOTr0 MOJAHHOTO Ha BXOJ CHCTEMBI
o0BbekTa X aBTOMAaTUYECKH PEIIaeT, K KAKOMY KJIacCy OH OTHOCHTCH.
PaccMoTpyM OCHOBHBIE MOJEIM TEOPUM HEUPOHHBIX CETEH, BBIJCIUB
OTIENBbHO JBa pa3HbIX Kjacca cerei: Cemu npamozo pacnpocmpaHeHus:
OJHOCJIOMHBIN MEPCENTPOH; MHOTI'OCIOWHBIM IEPCENTPOH; CETH PaAUAIbHBIX
O6azucHbix  (pysHkmuit  (RBF);mammuasl  onmopHbIXx  BekTOpoB  (SVM).
Pexyppenmmubie cemu: peKKypeHTHBIE CETH; aTTPaKTOPHbIE HEHPOHHBIE CETH U
T.J.

(3.3)

Opna W3 mnepBbIX Mojened HEUpOHHOW ceTu Obula mnpenoxeHa @.
Pozenbmarrom B 50-¢ roapl XX Beka M MOJy4dWwia Ha3BaHUE OJHOCIONHOIO
nepcenTtpoHa. B 3Tou mMoaenu BXOAHOM CHUTHANI MPOXOAWJI BCETO OJUH CIIOU
HEUPOHOB W TOCJE 3TOro (OPMHUPOBAJICSA BBIXOJAHOM CUTHAJI MPU TMOMOIIU
CUTMOUJATHHON (QyHKIIUH.

B nanbHeliiemM BBIACHUIOCH, YTO BO3MOXKHOCTHM TaKUX MPOCTEHIINX
CUCTEM  OrpaHu4eHbl. bbulo  mpemioxkeHo  00o00meHne —  MOJEIb
MHOTOCJIOMHOTO  NEPCENTPOHA, OTIUYME KOTOPOTrO OT  OJHOCJIOMHOIO
3aKJIIOYAETCS B MPOXO0XKAECHUHU BXOIHOTO CUTHAJIA YEPE3 HECKOJIBKO CIIOEB.
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MHorocoliHbple TIepCenTPpOHbl MOTYT MOJEIUPOBaTh JIIOOYI0 CHUCTEMY
«BXOJ-BBIXO/», TO €CTh JIO00M dYepHbIN smuK. OJHAKO OHU HMMEIOT Psij
HEJ0CTAaTKOB, B YaCTHOCTH, BHIOOpP UHMCIA CJIOEB, HEHPOHOB U CBSI3EH MEXKIY
HHUMU HE TaK MPOCT.

Takue CUCTEMBI, KaK CETH paJuaIbHBIX 0a3UCHBIX (PYHKIIUHA M MaITUHBI
OTIOPHBIX BEKTOPOB, MOKHO pacCMaTpUBaTh Kak CIeNHUabHbIE Moau(uKanuu
MHOT'OCJIOMHBIX MTEPCENTPOHOB C LEJIbIO MPEOIOJIECHHS HETOCTATKOB MOCIECAHUX.

Bce nmepeunciieHHbIE MOAEIN XapaKTEPU3YKOTCA HAJUYUEM CIIOEB, YEPE3
KOTOpBbIE MTPOXOJUT CUTHAI. B peKyppeHTHBIX HEHPOHHBIX CETAX HEBO3MOKHO
BBIJICJIUTh OTAEIbHBIE CI0U. CUTHAIBI MOTYT LHMPKYJIUPOBATH MO CETH BO BCEX
HaIpaBJICHUSAX, 00pa3ysl CIOXKHYIO MPOCTPAHCTBEHHO-BPEMEHHYIO CTPYKTYPY
(pattern). Taxkue cetn 00Ja7aI0T KOJIOCCAIBLHBIMM BO3MOXKHOCTAMH. Tak,
HanpuMep, U3BECTHO, YTO OHM MOTYT MOJEIUPOBATh JHOO0YI0 TUHAMUYECKYIO
CUCTEMY WM MalIuHy ThIOpPHUHTA, TO €CTh PEaIN30BaTh JIIOOON aITrOpPUTM.

PaccMoTpuM OJTHOCIIONHBIN MEpCenTPOH, KOTOPBIN Mpe/CcTaBiIsieT coOoi
MPOCTEHITYI0 MOJAEIb HEMPOHHOU ceTH. OIHOCIONHBIN NEPCENTPOH MOIydaeT
Ha BXOJ| CHTHAJI, 33JJaHHBIA BEeKTOPOM X W Ha BBIXOJIE BbIIaeT uncio y =o(S),

e Swzk: w, X, hw, x, w,x,.

X=(x,,X;,...,X,), Kaxkaas U3 KOTOPHIX INPEACTABIAET COOOH UMCIEHHYIO
XapaKTEPHUCTUKY aHAIU3MPYEMOIO HEMPOHHOM ceThio 00bekTa. Uepes Wi il,nu
0003Ha4YEeHBI TTapaMeTPhl MIEPCENITPOHA — CHHANTHYECKUE Beca U MOPOT (CIIBUT)
COOTBETCTBEHHO.

CuHanTU4eCcKME BeCa  YKa3blBAlOT CUJIy  BJIMSHUS ~ KOHKPETHOM
XapaKTEPUCTUKA HA BBIXOJHOE 3HAYCHHME. 3HAUCHHSI ITUX IMapaMETPOB MOTYT
OBITh KaK TMOJIOKUTEIBHBIMUA, TaK H OTpHUIATeIbHBIMH. OTMETHM, YTO
HIEpEMEHHBIE X1 1,1 MOryT OBITH OYJIEBCKUMH, TO €CTh MIPUHUMATH 3HaueHus 0
nau 1. 310 03HaYaeT, 4To 0OBEKT 00JIaTaeT JAHHBIM IIPU3HAKOM, eCli X; = 1 , |

=~ Wo Xy h BxonHoit BekTop X COCTOUT U3 N KOMIIOHEHT

1,5>0
He o0afaert, B ciydae, ecin x; = 0 . B aToM ciyuae dyskuus |S/=HS= 0.S<0—

bysakus XeBucaiina uinm GyHKIUS ckadka. Ha pucyHok 3.3 nmpuBeaeHa Mojelb
OJIHOCJIOWHOTO TepcenTpoHa, Iudpamu 1-4 momedeHa NOCIEIOBATEIBHOCTh
JEHCTBUHN TIpHU paboTe anropuTMma.

[Tpeumy1iecTBO mepcenTpoHa 3aKIIOYaeTCsl B €ro MPOCTOTE. YKaXeM U
€ro HeJI0CTaTOK — MEPCENTPOH KIaCCU(PHUIMPYET TOJIBKO JTUHEHHO pa3aenuMble
OOBEKTHI (TO €CTh TOJIBKO TaKHE MHOXKECTBA BEKTOPOB X(#), MeXIy KOTOPBIMU
MOYKHO MTPOBECTH PA3ACISAIONIYI0 3TH MHOKECTBA THIIEPILUIOCKOCTb ).

['eomerpudeckass mHTEepnperanus OIHOCIOWHBIA MEepCenTpoH paboTaert
KaK KiaccU(pUKATOp OOBEKTOB, KOTOPhIE MATEMAaTHUYECKH MOTYT OBITh 3ajaHbl
KaK »dJEMEHThl JBYX Ppa3HbIX MHOXXECTB B MHOTOMEPHBIX JIMHEHWHBIX
mpocTpaHcTBax. UYToObl MOHATH, KaK 3TO MPOUCXOJHUT, PACCMOTPUM CITydaid,
Korjaa CUIMOUIaIbHAs byHKIMSA €CTh byHKIISA CKayKa
o = H(S). IlpenmonoxumM, TpeOyercs KIaCCHPHUIIUPOBATH OOBEKTHI B JBa
HETepeceKaroImnXcs Kiacca 00beKToB 4 U B.
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Pucynok 3.3 — Mogens oaHocioiHoro PucyHok 3.4. ['eomeTpuyeckas
nepcenTpoHa WHTEpIpeTaIus OJIHOCJIOMHOTO
repcenTpoHa

Jnst 3TOrO, Onpenenrm BBIXOJIHBIE 3HAYEHUS: MOJOXUM D = 1 , ecin
00BEKT NPUHAIIEKHUT K Kitaccy 4, D = 0, eciu 00beKT IPUHAMIEKUT K KIaccy

1, XA

B: X= 0. XB" Torma, u3 onpenenenus Gynkuun ckauka o = H(S) cienyer, 4ro

O00BEKT JICXKUT B Kitacce A mpu yciaoBuu S > 0 1 00bEKT JISKUT B Kiacce B, eciu
S < 0. CnenoBatenbHo, ypaBHeHHE S = 0 MOXKET OBbITh pACCMOTPEHO KaK HEKHiA
paszenuTellb MHOXKECTB OOBEKTOB pa3HbIX KkiaccoB. C JApyrod CTOPOHBI,
ypaBHenue S = ( PaBHOCHJIBHO YPaBHEHHIO W X;W,X,...w,x,h = (, kotopoe
ONpENEIAET TUIIEPINIOCKOCTh B N-MEPHOM JIMHEMHOM ITPOCTPAHCTBE, COCTOSLIEM
13 BEKTOPOB (cTpoK) () X =[x}, X,,..., X, |

HamoMHuM, 4TO B ABYMEPHOM NPOCTPAHCTBE THIIEPIIOCKOCTH — 3TO
npsiMasi, a B TPEXMEPHOM — OObIYHAs TUIOCKOCTh. MimocTpanus Ha pucyHKe
3.4 1eMOHCTPUPYET BBIIIECKAa3aHHOE HA MPUMEPE UTPHI B KBAAPATUKU (KIacc A)
U mapuku (kiacc B) B ciiydae n=2, To ecTb Ha TiockocTH. [Ipsmbie Ly, Lo, Ls —
OpUMEpBbl  «pa3lenuTeNei» 3TuX KiaccoB. TakuM 00pa3oM, OAHOCIOMHBIN
NEPCENTPOH €CTh JMHENUHBIN Pa3/IEIUTENb.

MoneanpoBanue JIOTHYECKHX GyHkuumi OJHOCJIOMHBIM
nepcenTpoHoM OJHOCIONHBIM NEPCENTPOH MO3BOJSET HECIOKHBIM 00pa3zom
peain30oBaTh P JIOTHYECKUX (QYHKIMHI, TAKMX KaK KOHBIOHKINS, TU3bIOHKIIHS,
OTPHLIAHUE, JEMOKPATUYECKOE I'OJIOCOBAHUE.

PesynpTar kaxmoil w3 3THX (YHKIUN ONpeAenseTcss 3HAaYeHHEM JIBYX
OyJI€BCKUX MEPEMEHHBIX X U X).

[IpencraBum 3HaAYEHUS ITUX NIEPEMEHHBIX KaK BEKTOP BXOAHBIX 3HAUEHUU

X = (x1,x2), a pe3yJbTaT Kak 3HA4eHHE (QYHKIMH CKadka, TO ecTb y= H(S) =

Hwxwx—h = =11+ 22 -. [losicHuM Cka3aHHOE Ha TIpUMepe QyHKITUH
KOHBIOHKITUY — OYJIEBCKOM (DYHKITHH, ONIPEACIICHHON CIIeTyIONIeH TabIuIei:
Xi 0 1 0 1
X, 0 0 1 1
X'Xo) 0 0 0 1

Hamra 3amaya — mpeacTaBUTh 3Ty JIOTUYECKYIO (YHKIMIO C TOMOIIBIO
OJIHOCIIOMHOTO mepcenTpoHa. PaccMOTpuM BEKTOp BXOAHBIX 3HadyeHHU X =
(1,x2) KaK TOYKY IJIOCKOCTH, a PE3YyJIbTaT JIOTUYECKON OIepanuu — Kak Gopmy
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TOYKHU: KBaJipaT, B cliydyae, KOrJa pe3yJibTaT omnepainud UCTuHeH ( y = 1 ), u
Kpyr, €ciiu pe3yibTaT omnepanuu JjoxkeH (y = 0). Torma Hama 3agada
CTAHOBUTCSI AKBUBAJICHTHOM TakoW 3ajade KiacCU(UKAUUU: HAUTU MPIMYIO,
pa3zeNsIoNIyo ABa Kjacca 00bEeKTOB — KBaJpaThl U KPYTH.

[Ipsimoii, paznensronieil 3T MHOXKECTBa 0OBEKTOB, SBJISIETCS, HAIPUMED,
npsamas x; + x2- 1.5 = 0. OTo o3Ha4aeT, YTO CUHANITUYECKHUE Beca w; = 1, w, =
1 , a mopor 4 = 1.5. MmmocTpaiys BhIIIECKA3aHHOTO NPUBEACHA HA PUCYHKE
3.5.

OpHako OKa3bpIBa€TCS, YTO WHOTJAA KBaJIpaTbl U KPYrH HEpa3JEIUMBI.
MapeuH MUHCKMI NOKa3aJl, 4TO BO3MOXHOCTH IIEPCENTPOHA OrPAHUYEHBI,
MIOTOMY YTO OH pa3JeisieT MHOKECTBA C MOMOUIbIO THIEPITIOCKOCTH (IIpUMEp
MapsuH). B camoM zene, ecTb Takue SIBHO pa3IMYKUMBbIE KJIacchl OOBEKTOB, AJIS
KOTOPBIX IpsiMasi Kak UX pa3fenuTens He noaxoaut. Hampumep, paccMoTpum
gormyeckyto ¢yHkuuio «uckmouaromee HWIIM»  (XOR), onpenensemyto
dopmynoit XOR(, y) = x + y (mod 2). JIns nydiero MOHUMaHHUS MPUBEIEM
Tabnuiry 3HaueHud GyHkuuu XOR 115 pa3nuyHbIX 3HAYSHUN ePEMEHHBIX:

X 0 1 0 1
X 0 0 1 1
XOR (X, Xo) 0 1 1 0

Ota QyHKUUS HE peaquzyeMa OJHOCIONHBIM MEPCENTPOHOM, TO €CTh HE
CYILIECTBYET TaKOW MpPsAMOM, KOTopasi Obl pa3zienuia 3TH JiBa Kiacca 0OOBEKTOB.
Ha pucynke 3.6 nponsumioCTpUpoBaH pe3yibTaT 3TOW JIOTUYECKOW orepaiyuu B
BUJIE KBaJpaToB, B Clly4yae, KOT/la pe3yJsibTaT onepauuud UcCTUHeH (y = 1 ), u
Kpyra, eciu pe3yiabTaT omneparuu jgoxed ( y = 0 ). OueBuaHO, UTO ATU JBa
MHOECTBa (KBaJIpaThl U KPYyTH) HE pa3AeIMMbl HUKAKOM MPsIMOA.

1 [ o
05
n] O L D -
oG ' = . 0 05 1
o o5 1 1.5
Pucynox 3.5 — MoaenupoBanue Pucynok 3.6 — [Ipumep MuHCKOTO
KOHBIOHKIIUU OJIHOCJIOMHBIM
EePCENTPOHOM

AJropuT™m 00y4eHHs OTHOCJIOMHOIO NMePcenTpPoHa

HIMeroTcsi uTeparioHHbIE aJTOPUTMBI, KOTOPBIC HAXOASIT MapameTphl,
€CJIM UCXOAHBIE OOBEKTHI TMHEWHO Pa3ICINMBbI.

OOyueHue HEHPOHHON CEeTH B 3ajJauyax KiacCU(pUKAIMU MPOUCXOIUT Ha
Habope oOyuaromux npumepoB X(1),X(2),...,X[P|, , B KOTOpbIX OTBET —

MPUHAJIEKHOCTh K Kiaccy A unu B, — u3BecteH. Onpenenum uUHAUKATop D
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creayronmM oopazom: mosoxkum DX ) = 1, ecnu X u3 kiacca A, U MOJIOKUAM
D) = 0, ecau X u3 xitacca B, TO €CTh

D(x)[LXA, (3.6)

0,XB

€ BCAKUKA BEKTOp X COCTOUT M3 h KOMIIOHEHT: X :(Xl’XZ""!Xn). 3amaua
OoOy4eHHsI TTePCENTPOHA COCTOUT B HAXOXKJECHUU TAKUX MAPAMETPOB Wi, Wo,..., W,
U h , 4TO Ha KaxJOM OOydaromeM MpuMepe IEepPCEenTPOH BbIIABal Obl
MIPaBUIbHBINA OTBET, TO €CTh

yXiDXi,iT,P (2) (3.7)
NHTYUTUBHO KaXXETCSI OYEBUJIHBIM, YTO €CJIM MEPCENTPOH 00YUEH Ha OOJIBIIIOM
YHClie KOPPEKTHO MOAOOPAHHBIX NPUMEPOB, U PABEHCTBO (3.7) BBINOJIHEHO IS
noytd Bcex Xi,il,P |, TO B AalibHEHIIEM MEPCENTPOH OyaeT ¢ ONM3KOM K
€UHUIIC BEPOSTHOCTHIO MPOBOJUTH TMPABUIBbHYIO KJIacCU(DUKALIUIO IS
OCTAJIbHBIX TNPUMEPOB. DTOT MHTYUTUBHO OYEBUIHBIN (akT ObUT BIEPBBIC
MaTeMaTU4eCKh  J0Ka3aH  (OpU  HEKOTOPBIX  NPEANOJIOKEHUSX) B
OCHOBOTIOJIararoIie padbore HamMx COOTEeYeCTBEHHHMKOB B. Bamuuka u A.
UepBoneHckuca eme B 1960-x rogax. Ha nmpaktuke, 0JHaKO, OLIEHKU MO TEOPUH
Bamauka—YepBoHeHCKHCAa MHOTAA HE OYEHBb YAOOHBI, OCOOEHHO IS CIOMKHBIX
Mojene HelpoHHbIX cereil. [loaTomy mpakTHuecku, 4ToObl OIEHUTH OLIUOKY
KJIaccu(UKanyM, dYacTo TMOCTYyHaloT CIEAYIONUM 00pa3oM: MHOXKECTBO
oOyyarolmmx NOpPUMEPOB  pa30MBAIOT HAa JBa CIy4YailHO  BBIOpAHHBIX
MOJMHOECTBA, MPU ITOM OOyYEeHHE HACT Ha OJJHOM MHOXECTBE, a MPOBEpKa
0o0y4eHHOro TepcenTpoHa — Ha JApyroMm. Paccmorpum moapoOHee aaroputm
o0y4eHus MmepcenTpoHa.
[Iar 1. Uanuuanu3anus CHHAITHYECKUX BECOB U CMEIIICHUS.

3Ha4YeHUsI BCEX CUHANITUYECKUX BECOB MOJIEIIN MOJIArat0T paBHBIMU HYJIIO:
w; = 0,il,n ; cMmeleHue HEHpoOHAa /i YCTaHABIMBAIOT PABHBIM HEKOTOPOMY
MaJioMy ciiydaitHoMy uuciy. Huxe, n3 cooOpakeHHil ya00CTBa U3NIOXKEHUS U
MIPOBEJICHUS OTIepalrii OyIeM MOJIb30BaThCs 0003HAUYCHUEM Wy = -/,

O0o3Haunm uvepe3 wi(#),i=1,nBec CBSI3U OT [-r0 3JIEMEHTa BXOIHOTO
CUTHAJIa K HEUPOHY B MOMEHT BPEMEHU 1.

[Ilar 2. IlpenbsABi€HUE CETH HOBOIO BXOJHOTO M KEJIAEMOTO BBIXOIHOTO
CUTHAJIOB.

BxogHou curHain X:(prz:u-,X,,)HpC,Z[’bHBJIHeTC}I HEMPOHY BMECTE C
KEJIAEMbIM BBIXOJHBIM CUTHaAJIOM D.

[Iar 3. AganTanus (HacTpoika) 3Ha4Y€HU CUHANITUYECKUX BECOB. Briuncienue
BBIXOJIHOTO CUTHAJIA HEUPOHA.

[lepenactpoiika (ajmanTtamusi) CHHANTUYECKUX BECOB IIPOBOJUTCS IO
creayromieir popmyie: wilt + 1) = wi(t) + r- (D@ - y(1)) - xi(1), i0,n1 rae mox
D(®) mnoppa3zymeBaeTcsi MHIMKATOpP, ONpPEICIeHHBbIH paBeHCTBOM (3.6), a r —
napaMeTp o0y4YeHuUsl, MPUHUMAIOIINI 3HaUYeHUs] MeHbIuE 1.

OnucaHHBIA BBIIIE AITOPUTM — 3TO AJTOPUTM TPAJAUEHTHOTO CITyCKa,
KOTOPBIM HINET mnapamMeTpbl, YTOObl MHHUMHU3UPOBATH OIIMOKY. AJTOPUTM
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utepatuBHbidi. Dopmyna urepanuil BHIBOJUTCS cleayromuM odpazoM. Brenem

PUCK
T

Rt|=D[D(t)=F(xe|,w (1)), (3.8)

e=1
r7ie CYMMUPOBaHHE HJIET IO YHCIYy OMBITOB (f — HOMEp OIBITA), MPH ITOM
3aJlaH0 MakcuMalbHOe yucio onbiToB — 7. [logcTtaBum BMecto F hopmyny s
NEepCenTPOHa, BBIYUCIUM TPATUEHT TO Ww. B pe3ynbraTe MbI MOXYYHM
YKa3aHHYIO BbIIIE (GOPMYITy MEpEHACTPOUKHU BECOB.
NamocTpanus paéoTsl aaropurma
B mnpouecce oOyueHus Bbluucisercs ommobka [t/Dlt]y(t]. TToctpoum
rpaduk, TOKa3bIBAIOIINMA, KaK MeEHseTcs dTa omudka (pucyHok 3.7) B xojne
oOyueHusl CeTu W ajantauuud BecoB. Ha HEeM XoOpomio BHJHO, YTO, HAYMHAS C
HEKOTOpOro Imara, BenuunHa O (1) paBHa Hy/r0. DTO 03HAYAET, YTO MEPCENTPOH
oOy4eH.

The graph of emor delta

0BF 1

06~ b

T

0.4+ | 4

Values of dalta

06

0.6 4

"o 10 20 30 40 50 -] 70 BO 80 100
values of time

Pucynok 3.7 — I'paduk u3smMeHeHHs OIIMOKH B MPOLIecce O0yUeHUs

3aava 0 MOJeJTHPOBAHUU YEPHOIO SIHIUKA B 001€eii MOCTAHOBKE

[TycTh M3BeCTEeH peanbHbIi BbIX0 ycTporicTBa D(1) mpu Bxoae X(1), rae
X() — BEKTOp C KOMIIOHEHTAMH |X;,X5,---,X,|, { — HOMep IPOBOAMMOIO OIBITA
,t1,T (MakcuMaibHOE 4YHCIIO ONbITOB 7' 3apaHee ompenerneHo). HeoOxomumo
HAMTH TIapaMeTphl MOJIENH W Wy, Wy,..., W, |, Takue, 4To BIXoA Mojenn FCX ,w) u
peasbHBIM  BBIXOJM ycTpoiictBa D(f) Obutm OB Kak MOXHO OJke B

CPCAHCKBAAPATUIHOM CMBICIIC, TO CCTh
T

R(t|=Y.(Dlt|-F(X[t],Wlt)|] - min (3.8)

e=1

®dynkimio R(t) Ha3bIBAIOT SMIUPUIESCKUM PUCKOM.

Anmaparypa m Marepuaiabl. /711 BBIOJHECHUS J1A0OpAaTOPHOH pPabOTHI
HEOOXOJIMMO  HCIIOJIB30BaTh  CJCAYIOIIEE:  amnmapatHoe  oOecleueHue:
MIEPCOHAJILHBI KOMIIBIOTEp W IPOrpaMMHOE OOECIIeUCHHE: OICPAIMOHHYIO
cucremy Windows 10 wu Bpime; Microsoft Officel3 u BbIme, CUCTEMBI
koMmibroTepHOr MateMatukn Machcad 1 MATLAB R2017a u Beire.
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Ykazanus no rtexHumke Oe3omacHOCTH. CTyIEHTHI JOJDKHBI CIIEIOBATH
OOLIETPUHATON TEXHUKE O€30MacHOCTH I TOJIb30BaTelield MEepCOHATbHBIX
KOMIbIOTEpOB. He  cregyer  camMoCTOATENbHO  MPOU3BOJWTH  PEMOHT
TEXHUYECKUX CPEJICTB, YCTAHOBKY M yAAJICHHE MPOrpaMMHOTO obecrieueHus. B
cilydae OOHapy»KEHHUs HEHCIpPaBHOCTEH HEOOXOIUMO COOOIIUTh 00 3TOM
aAMUHUCTPATOPY KOMIBIOTEPHOro Kjacca (0OCIyKHBAIOIIEMY [EPCOHAILY
naboparopun).

MeToauka U NOPSIAOK BBINOJIHEHHSI pad0ThI

BreinmonnuTte mnpenyiokeHHbIE 3allaHus, TPEABAPUTEIBHO PACCMOTPEB U
BBITIOJTHUB MPUBEACHHBIE TPUMEPHI.

Ilpumep 1. IlocTpoeHne HEHPOHHOW CETHU MIJI ONEPAllUM KOHBIOHKIINU B
naketre Matlab

[TocTpouM HEHPOHHYIO CETh ISl IOTHUYECKON ONEpAMi KOHBIOHKIIMU C
nomoleko makera Matlab.

Tabnuma gaHHON JOTMYECKOW oIepali IpUBEJICHA BhINIe. B maHHOU
peanu3aly MacCUB BXOJIOB P 3amaet 3HaueHus X, X> U1 BceX oOydaroux
MIPUMEPOB U MIPEACTABISIET COOOM MEepPBHIE ABE CTPOKH ITOM TaOIHUIIBI.

[leneBoit BekTop 1 COMEPKUT 3HAUCHUS] HHIUKATOPHOH QyHKImu D(X)
Uisl Bcex npumepoB X (B JaHHOM ciyuyae 4 mpuMepa) U OpelCcTaBisieT coOoi
MOCJIETHIOI ~ CTPOKY 3ToM Tabmuupl. Ha pucynke 3.8 mpexacraBiieH
MPOTPaMMHBIN KOJ U pe3yJIbTaT €ro BHIIIOJIHEHUS B KOMaHIHOM OkHe Matlab.
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% annpoKcumMayus KOHbIOHKUYUU 00HOCONHbBIM

nepcenmponom
% nocmpoenue ynkyuuy = Hw_1*X 1+
w 2*X 2+w 0)

% (P,T) 3a0arom maodauyy ucmunnocmu

% 3a0a0um eexmop 6x0008
P=[0101;0011];

% 3a0a0um 6eKmop 6vixX00086

g g0 oo g de o

VHOJTS
net = perceptron;

T=[0001]; act.ceammPazem cpochs = 207
% 6CMPOCHHAA YYHKUUA NOCMPOCHUS CemU C e "“_ﬁ e o s
HOMOWbIO NEPCenmpoHna, net = train(net,B,T):
% no ymMOI4aHUuI0 UCNONTb308AHA MOOETb Boommmams
% EMYMCISHMES IHAYSHMN ANOpPOECHMMUDYENSH 4VHEUMKM B ToOURax P
’hardlim' v = sim(net, P)
net = perceptron;
% onpeOeJluM MAKCUMAJIbHOE YUCIO ”mepauuﬁ % moshdmumenT coura b nocne ofyueHME CeTH
07151 00yueHusn cemu w_0% net.b
net.trainParam.epochs = 20; v =
% obOyuenue cemu . .
% 6 npouecce odyuenua npoucxooum
KOppeKuyus 6ecoe w a1} =

net = train(net,P,T);

% cumynayusn L

% ebluucIeHUe 3HAUEHUTI ANNPOKCUMUDYIOWell

¢dyukyuu 6 mouxkax P

y = sim(net, P)

% cunanmuuecKue éeca nocie oﬁyuemm cemu cell

A = net.IW; celldisp(A) 3

% KoIppuyuenm cosuza b nocne odyuenus

cemu

w_0=net.b

Pucynox 3.8 — I[IporpaMMHBIN KOJT ¥ pe3yJIbTaT €ro padoThl B KOMaHIHOM okHe Matlab
B mpomecce paboter mporpammel  Matlab otoOpakaer TeKymryro
MH(}OpPMAIMIO 0 MOJIEIH U MapaMeTpax 00y4yeHus B crenuaibHoM okHe Neural
Network Training (pucynok 3.10). B uactHOCTH, B 3TOM OKHE IIOKa3aHa
CTPYKTypa HEHPOHHOM CETH — YHUCJIO BXOJHBIX HEHPOHOB (2), YUCIO ypOBHEH
nepcentpoHa (1), 4MClIO BBIXOJIHBIX HEHpoHOB (1), yuciao wuTepanuii npu
oOy4eHHH ceTH (B HalIeM cirydyae — 5), BpemMsi 00yUeHHs CETH.
B To e BpeMs coriacHO MHCTPYKIMSM CKpHUIITa B OKHE KOMaH] OyjaeT

BbIBe/IcHa MH(OpMaIus Mo pe3yjbTaTaM CUMYJISIUU (BEKTOp Y) U 3HAYCHUS
BecOBbIX Kod(PuimentoB ( wi = 1, w, = 2 ) u koaddunmenta cupura ( wo =
-3):

(3]




34

D Neural Network Training Performance (plotperform), Epoch 5, Performa

File Edit View lnset Tools Desktop Window Help =

Meural Metwork Training (nntraintool) Best Training Performance is 0.75 at epoch 0

Train

Neural Network ook et

Hard Limit

Input

Mean Absolute Error (mae)

031

- 0 05 1 15 2 25 3 35 4 45 5
Algorithms 5 Epochs

Data Division: Training Only (dividetrain)

Training: Cyclical Weight/Bias Rule (trainc)
Performance: Mean Absclute Error  (mae)
Calculations:  MATLAB o
Progress
. T f EX Neural Network Training Confusion (plotco
Epoch: o B S ierations | @ e e
Time: | 0:00:00 |
Performance: 0.750 | 0.00 || 0.00 Training Confusion Matrix Validation Confusion Matrix
0
Plots

(plottrainstate)
(plotconfusion) 0 1

Output Class
Output Class

Target Class Target Class
' Test Confusion Matrix All Confusion Matrix
Plaot Interval: 1 epochs
H 0 0
NaN%,
w »
w .}
& =
v Opening Confusion Plod =h 2
3 3
a o
g g
. Stop Training . Cancel
Target Class Target Class
a C

Pucynok 3.10 — HeilpoHHast ceTh, peainun3yrolas KOHbIOHKIINIO — a; HACTPOHKa BECOB
o0yueHus1 — 6; pe3yabTaT paboThl CETH — C

Takum 006pazom, moJy4eHa MOJIETb EPCENTPOHA, Pa3AeIsitonas KiiacChl
00BEKTOB U ompejensieMas ypaBHEHUEM X; + 2x, - 3 = ( , UTO T€OMETPUYECKU
OyneT o3Ha4aTh pa3OUeHNE TBYX MHOXKECTB 3aIaHHOM TIpsiMoit (pucyHok 3.11).
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15 :) * . . -

1 as 1 15 2 25 3

Pucynoxk 3.11— MozaenupoBaHue KOHBIOHKLIUHU OJHOCIOMHBIM IepcenTpoHoM B Matlab

HOCTpO@HI/Ie HGﬁpOHHOﬁ CECTU JIA KJ'IaCCI/I(bI/IKaHI/II/I MHOXKECTB TOYECK
IJIOCKOCTH B MakeTe Matlab
Ilpumep 2. B xauecTBe Ipyroro npuMepa MPUMEHEHUS! OJIHOCIONHOTO
IICPCCIITPOHA IIPUBCACM IIPUMCP K.]'IaCCI/I(bHKaI_II/II/I TOUCK IINIOCKOCTH Ha [IBa
Kinacca 4 U B — TOYKHM, HaxOJAIIUECs BHYTPH AJUIMIICA, JIe)KAT B Kiacce A4 U
TOYKHM, HaXOJSAIIUXCS BHE JJUIMIICA, JIEKAT B Kjacce B. Durc omnpeaeicH
o0IMM ypaBHEHHEM KPUBOM BTOPOTO TOPSIKA BUA:
a-x’+b-x-y+c-y*+d-x+e-y=1 (3.9)
Hwxe mnpuBeneH mnporpaMMHbBIN KOX JUIS  JJUIMICA, 331aBaE€MOIO
YpaBHECHHUEM:
1,5-x°42-x- y+1,1-y°+2-x+3-y=1 (3.10)
Jns  HaArIsgHOCTH NPUBEAECHBI COOTBETCTBYIOIIME TMOCTPOCHUS Ha
IUDIOCKOCTH: MCXOJHas KpuBasg, TOYKH JBYX MHOXECTB, OKpAIICHHLIE
COOTBCTCTBCHHO B PAa3HbIC IIBCTA.
3aMeuanue. ITOT MPUMEP IOKA3bIBAET, YTO B MCXOJHOM IPOCTPAHCTBE
JIBYX MIEPEMEHHBIX OJHOCIOWHBIN MEPCENTPOH HE MOXKET PA3JICIUTh BHEIIHIOKO
N BHYTPCHHIOKO 4YaCTH OSJIJIMIICA. OIIHaKO MOXHO CACJIaTh HEJIMHEWHOE
npeoOpa3oBaHre JAHHBIX, OTOOpa3MB WX B  MPOCTPAHCTBO  BBICIIEH
pa3MepHOCTH. 3/1eCh NMPUMEHSETCA TaK Has3biBaeMasl Teopema KoBepa, koTopas
YTBEPKIAET, YTO IOCJE TAaKOro OTOOpa)KeHHs ITaHHBIE MOTYT CTaTh JIMHEHHO
pa3aciIMMBIMU.
[TpumeHuM B HaleM ciiy4dae HETMHEHHOE 0TOOpaKeHUE TOYKU IIIOCKOCTH
X,y B NOPOCTPAHCTBO  Pa3MEPHOCTHU 5 CJHEAYIOLINM oOpazom
:x,y=(ax’+b-x-y+c-y’+d-x+e-y=1)
% nocmpoenue 00HOCN0UIH020 REPCEenMPOHA 0113 Kaaccugpukayuu
% mouex ni10CKOCmU 8 COOMEEMCMEUU C 3A0AHHBIM ITITUNCOM
% (enympu u eéne snnunca (ax*2 + bxy + cy”*2 + dx + ey = 1))
% Pezynomam padomul HEUPOHHOU Cemu:
% eeKkmop 3Hauenuii t:
% 0 - mouka eéne rnnunca, 1 - mouxka eHympu naiunca
N =300; % umnca0 ToUek 15 00yUeHHsI

% KoI(ppuyuenmovl 3a0anno20 3nnunca
a=15;b=2;c=11;d=-2;e=-3;



36

% nocmpoum zpagpux ucxoonozo rnnunca

syms X Y;

f=a*X."2 +b*X.*Y + c*Y. 2 + d*X + e*Y-1;

ellips = ezplot(f); set (ellips,'Color','b"); hold on

% czenepupyem ucxoonvie OanHvle 07131 00yueHus:

% mouku naockocmu (X,y), 4bi KOOPOUHAMBL UMEIOM

% HopmanvHoe pacnpedenenue Ha unmepeanax [-2a;2al u [-2¢;2¢]
x = randn(1,N)*(2*a) - d/(2*a); y = randn(1,N)*(2*c) - e/(2*c);

% onpeodenum omoobparxcenue

% (x1,x2)->(a*x1"2,b*x2"2,c*x1*x2,d*x1,e*x2)

% mampuya 6x0006

P = [a*x."2; b*X.*y; ¢*y.*2; d¥X; e*y];

% chopmupyem eexmop 6vixo006 T, npunucwieas 3navenusn 0 u 1
% 0na mouex, nexcauyux 6He U GHympu INIAUNCA COOMEEMCHEEHHO
T = ones(1,N);

k = find( sum(P) >=1);

T(k) = 0;

% hynxyua nocmpoenus cemu ¢ nOMOWw b0 nepcenmpona,

% no ymonuanuro ucnonvzosana mooens 'hardlim’

net = newp(P,T);

% onpedenum makcumanvHoe Yuci0 umepayuil 014 00yueHus cemu
net.trainParam.epochs = 50;

% ynkyua obyuenus cemu; npu 3mom npoucxooum Koppexuyus eecoe W
net = train(net,P,T);

% cumynayun

% evluucnenue 3HaueHull annpokcumupylouwieil ynkyuu ¢ mouxkax P
t = sim(net, P)

% cunanmuuecKkue eca nocie 00yueHus cemu

A =net.JW;

celldisp(A)

% KoIppuuyuenm cosuza b nocne odyuenun cemu

b = net.b

% ceomempuyeckue nocmpoenus

% pacno3nasanue mouek naOCKOCmuU nocjie 00yuenus cemu

k = find( t == 0); % uHAEKCHI TOYEK BHE JJLIHIICA

x_out = x(k); y_out = y(k);

% nocmpoenue mouex ene raunca

plot(x_out, y_out, '*r');

clear k;

k = find( t == 1); % uHAEKCcHI TOUYEK BHYTPH JLIMIICA

x_out =x(k); y_out = y(Kk);

% nocmpoenue mouex eHympu 3n1unca

plot (x_out, y out, '*g')

B nponecce paboThl mporpamma oToOpaxaeT TeKyI[yro MH(OpPMALUIO O
MOJIeNIM U TapameTpax oOyuyeHuss B crneunaibHoM oOkHe Neural Network
Training (pucynok 3.12). B dacTHOCTH, B ATOM OKHE IOKa3aHa CTPYKTypa
HEUPOHHON CETH — YMCJIO BXOAHBIX HEUPOHOB (5), YHUCIO CIIOEB MEpPCENTPOHA
(1) 1 ucnonbzyeMble MOJENU CIOEB, YHCIO BBIXOJHBIX HeWpoHOB (1), yucio
uTepanui npu oOydeHuu cetu (B HamieM ciaydae — 50), Bpems: oOydeHus cetu
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(B HameM ciydae — 4 c¢). B okHe koMaHa OyAyT BBIBEJCHBI 3HAUCHUSI BECOBBIX
ko3 dunreHToB

(wi= —122.6519, w,= —132.2919, ws= —137.2794, ws= — 121.0269, ws= —
127.4035) u xkosdpdummenta casura (wo=151): A{1} —122.6519 —-132.2919 —
137.2794 —121.0269 —127.4035, b = [108], cM. pUCyHOK:

R{l} =

-122.6519 -132.2%91% -137.2794 -121.026% -127.4035

b=
cell
[108]
) Meural Network Training (nntraintool}
File Edit View Insert Tools Desktop Window Help a
Meural N k ODEde | k| RAN9EL- 208 | n1
2XY-3Y-2X+(3XY2+(11YY)10-1
Layer
6
Input
4
|
2 a
>
0
2
Algorithms
Training: Cyclical Weight/Bias Rule (trainc) -
Pedformance: Mean Absolute Error  (mae) .
Calculations:  MATLAB 4 © 4 2 0 2 4 o & 1
Progress
Epoch: 0 50 s 1 so Fle Edit Yiew |nset Jools Desktop Window Help
Time: 0000 Best Training Performance is 0.79333 at epoch 0
———— 10, . . - . - -
Performance: 0.793 [0 00167 | 0.00 t
Plots
Training State (plottrainstate) 6

Plot Interval: ' 1 epochs

Mean Absolute Error (mae)

v Maximum epoch reached.

@StopTraining GCanceI 0 5 10 15 20 25 30 35 40 45 50
50 Epochs

Pucynok 3.12. Onnocnoitnbiit nepcentpon  Pucynok 3.13. Knaccudukarus
TOYEK OJHOCIIONHEBIM
nepcenTpoHoMm (a), rpadux
HaCTPOMKHU BECOBBIX
KOd((UIMEHTOB MepcenTpoHa(o)

Takum 00pa3oM, MOCTpOEHHAsE MOJENb UMEET cienyrouuil Buj (y Bcex

BC€COBBIX KOB(I)(I)I/II_IHGHTOB YKa3aHO TOJIBKO JIBa NCCATHUYHBIX 3Ha1<a):
y=H|[S|=H|w, X, +W,X,+...+w X +w |=H —122.65x,—132.29 x,—137.28 x, —121.03 x, — 127.40 x,+1(
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Pesynbrar KkiaccuukanuMM MHOXKECTBA TOYEK Tocie O0OydeHHs
nepcenTpoHa npeacTapieH rpaduyeckd Ha pucyHke 3.13 0; TOUKU «BHYTPU» U
«BHE AJUIHATICA U300PaKEHBI 3€JIEHBIM M KPACHBIM IIBETOM COOTBETCTBEHHO.

Paccmorpum  OaliecoBckue MeToabl  kiaccubukanuu. baiiecoBckuit
MOJIXO/T SIBJISIETCS] KJITACCUYECKMM B TEOPUH PACTIO3HABAHUS OOpPa30B M JIGKUT B
OCHOBE MHOTMX MeToA0B. OH omupaeTcs Ha TEOpeMy O TOM, 4YTO €Clu
IJIOTHOCTH pacTpeieNIeHUs] KJIaCCOB U3BECTHBI, TO aJrOPUTM KiacCU(DUKALINH,
MMEIOIMNA MUHHUMAJIbHYIO BEPOSITHOCTH OIIMOOK, MOKHO BBINIKMCATh B SIBHOM
Bujae. /g olleHUWBaHUS TIUJIOTHOCTEH KJIAacCOB IO BBIOOPKE MPUMEHSIIOTCS
pa3IUYHbIE TTOAXO/IBI.

Paccmotpum  mpumep mapaMeTpU4ecKoro mojxoja, HO CcHaudala
OTPEIEINM BEPOATHOCTHYIO TOCTAHOBKY 3a7a4i KJIaCCU(PUKALIUH.

[Tycts X — MHOXECTBO OOBEKTOB, Y — KOHEUYHOE MHOXKECTBO HUMEH
KJTaCCOB, MHOKECTBE X *Y SBISCTCA BEPOSTHOCTHBIM IPOCTPAHCTBOM C
IJIOTHOCTRIO pactipeaenenus p(x, y) = P(y)p(x]y). BepostHocTu mosBiieHus
00BEKTOB Kaxzaoro wu3 kimaccoB Py, = P(y) Ha3pBaloTcs anpuOpHBIMH
BEPOSTHOCTSAMH  KiaccoB. [InotHocTtu pacmpeneneHus py(x) = px|y)
Ha3bIBAIOTCS (YHKIUSIMH MPABIONOI00MS KIACCOB. BeposITHOCTHAS TOCTaHOBKA
3a/1auy KjJaccu(UKaluu pa3aesaeTcsa Ha IB€ He3aBUCUMBIE M0J13a/1a4U.

1. Nmeetcs pocTast BEIOOpKa A=Y ) (1 — pasmep BbIOOpKH) U3

HCM3BECTHOrO pacnpepeneHus p(x, y) = Pypy(x). TpeOyercs mocTpouts

AMIIUPUYECKUE  OIICHKU AalpUOPHBIX  BEPOSITHOCTEU I byHKUIMN
IPaBAOIIOA00MS p.(x) JUISL KaXKI0ro M3 KiaccoB - =1 .

2. [To M3BECTHBIM MJIOTHOCTSAM pPACHPEICICHUS Py(X) U anpUOPHBIM
BepoATHOCTAM P, Bcex kmaccoB 'S'  moctpours amropur™  a(x),
MUHUMU3UPYIOIIUN BEPOSITHOCTh OIIMOOYHON KiIacCU(PUKAIIUU.

IlepBasg 3amaya MMEET MHOXKECTBO pELICHUM, IIOCKOJIBKY MHOIHUE
pacnpeneneHuss p(X, y) MOriau Obl TOPOAWTH OJHY WU Ty € BBIOOPKY -V
[IpuxoauTcsi mpUBIEKaTh Pa3IUYHbIC MPEANOJIOKEHUS O IUIOTHOCTSIX, YTO U
MPUBOJUT K OOJBIIIOMY pa3HOOOpa3nio 6alieCOBCKUX METOJIOB.

B mapamerpuueckoM TMOAXOA€ MPEANOJaraercs, 4YTo IUIOTHOCTh
pacnpeneneHuss BRIOOPKH U3BECTHA.

HopmanpHbI OTUCKPUMWHAHTHBIA aHAIU3 — JTO CIIELUAIbHBIM CIydau
OaifecoBCKOM Kiaccu(HKaIMy, KOTjJAa MPEANoiaraeTcs, 4To IUIOTHOCTH BCEX
KI1accoB py(x), 'S ABIAIOTCS MHOrOMEPHBIMH HOPMAJIBHBIMH.

[IpuBeném dhopmyity n-MepHOTro (TrayccoBa) pacrpeeeHus:

plx) :ﬁuﬂ - %r_.\'— my S§'(x- :n]‘
B , (3.11)
re 7 — KOJWYECTBO YHUCIOBBIX NpPH3HAKOB, m = E[x] — maTeMaTH4ecKoe
oxuganue (UeHTp), S — KoBapuanuoHHas matpuua (S = E[(x-m)(x-m)']), |S| —
JNETEPMUHAHT S.
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Hpumep 3. BelumciauMm, wucnomsdys Matlab, 3HadeHme rayccosa
pacnpenenenns mis xi = [0.2, 1.3]" m x, = [2.2, -1.3]", rne m = [0, 1]', a
1o
0 1

OyHKIMI0O HYXHO co34aTb B OTAedbHOM (paiime Matlab (New —
Function). Takum o6pazom Oyner naBa aiina Matlab, kotopeie MoOryr
pacnoJyiaraTbcsi B 0iHOM namnke. Ytoosl Matlab monuman otkyza emy 3arpyskatb
HeoOXxouMyo (QyHKIHI0, HeoOxoauMo B okHe Current Folder HaxaTe mpaBoii
KHOIKOW MBI Ha HYKHYIO MAalKy, 4TOObl BbI3BaTh KOHTEKCTHOE MEHIO) U
BbIOpaTh (Add to Path — Selected Folders and Subfolders), pucynoxk 3.14.

% I'omoeum Matlab k pabome ) MATLAB R2017a
close('all'");

OFE L& L =2

HOME PLO... APPS

clear; | ED:' ™~ % L5 Find Files & o msert [Z1 fic - |g_|:?:_ L
m=[0 1]'; S=eye(2); New Open Save ii:hntmme T EH:D - Cnmﬁn: % 4 Breakpoints. Rui
- - - = - H - N ﬁ;:l E - -
X1=[0.2 1.3]'; X2=[2.2 -1-3]'; FILE NAVIGATE EDIT BREAKPOINTS
pgl=comp gauss dens val(m,S,x1 |5 & & D NewFolder ) »

Current Folder ® ﬁ Editor - D:\New Folder (3)\New Folder\comp_gauss_dens_val.m
i

)

pg2=comp_gauss_dens_val(m,S,x2 .=. New Folder

*| comp_gauss
) Show in Explorer det (5)"0.5) ) *exp(-0.5

| comp_gauss_dens_val.m | + |

- wss_dens_val (m, 5,X)
Open Enter

Create Zip File

I'ne comp gauss dens val e N
() onpenenuM Kak New Folder
Mew File >
function

i ¥
Compare Against 1,510

[z]|=comp_gauss dens_val(m,S,x) i, - e
[Le]=size(m); o L sy

z=(1/( ey
(2*pi)A(]/2)*det(S)A0,5) )*exp(- Addto Path [ Sciccicd Folders and Sublold:
0.5*(X_m)'*inv(s)*(x_m)); » Remove from Path b

Indicate Files Mot on Path

Refresh F5
0.0010

New Folder (Folder) A | fr -

Pucynok 3.14 — YcranoBka marnku, oTKy1a Matlab Oyner Opate HeoOXouMBbIe eMy (aiiiibl

Oynkiua eye() — CO3HaET EIMHUYHYIO MAaTpully, 3arsTas I0cCle
KBaJpaTHBIX CKOOOK O3HauaeT TpaHcrnoHupoBanue Bektopa ([]'). s
MOJIyYeHHUsI CIPAaBKU 1O HEU3BECTHOMY OOBEKTY s3bika matlab, moctaTodHo
yCTAaHOBUTh Ha HEro Kypcop u Haxkath F1 wnm Hammcath komanay help c
nMeHeM o0beKTa, gomyctum, help eye.

B pesynbrarte BhIMoOMHEHUsA Koja moiyuutcsa, uyto pgl = 0.1491, pg2 =

0.001.
Ha ocHoBaHuM »3TOro Kojga MOXHO Hamucarb Koj OallecOBCKOro

Kiaccu(ukaTopa, KOTOPHIA OMPENETUT K KaKOMy U3 JIBYX KJIACCOB OTHOCHUTCS

BXOJIHOM BEKTOP.
Hanpumep, myctep ectb ABa Kjacca w; U W,, UMEIOIIUX TayCCOBBI
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10

pacnipenenenust N(mi, Si), N(ma, S2). mi = [1, 11", my=[3,3], Si= S = [V
[IpumeM BO BHHMAaHWE, YTO BEPOSTHOCTH TOSBIICHHUS TEPBOTO U BTOPOTO
KJIACCOB MOJACUYMTaHBI 3apaHee u paBHbl P(wi) = P(w,) = 2. Tpebyercs y3HaTh K
KaKoMy KJIaccy IMpuHamIexuT Bxoq x = [1.8, 1.8]".

Ilpumep 4. Hanumem xoxa 0aileCOBCKOro KilacCHU(pUKATOpa, KOTOPBIU
PEINUT 3Ty 3a7a4y:

>> close('all");
clear;

close('all"); P1=0.5;
cll)elar(; . O

=055 m2=(3 31';
P2=0.5; it Ll
m1=[11]'; S
m2=[3 3]'; T
S=eye(2); S
x=[1.8 1.8]'"; 0.0420
pl1=P1*comp_gauss dens val(ml,S,x)
p2=P2*comp_gauss_dens_val(m2,S,x) B2 -

0.0188

IHoayuaercs, yro p; = 0.042, p, = 0.0189, T.e. p1 > p>, COOTBETCTBEHHO
JIBYMEPHBII BEKTOP IPUHAJIEKUT EPBOMY KIIACCY.

[anee, npoBeéM reOMETPUUYECKUAN aHAIN3 HOPMAJIBHOM IUIOTHOCTH, €€
3aBUCUMOCTb OT MAaTPHUIIbl KOBapUAIUU.

Ilpumep 5. PaccmorpuMm kon, xoropsld reHepupyer 500 nByMepHBIX
TOYEK, pAacHpelelIeHHbIX B COOTBETCTBHE C JBYMEPHbIM HOPMAaJbHBIM
(r T
s= " 1

o T. T
pacnpenenenueM ¢ nearpom m = [0, 0]" u MaTpuueil koBapuauu “ ]

rae CYyLIECTBYET
8 TUMOB ATOM MATPULIBIL:

1. o = =1, o, =0, 5 o =2 0 =02, o, =0
9

2 yr = =02, 7. =0 6 o = =l . =05,
3. {]'.'\ :{]'.': =2 i, =] 7 {]'.'\ =03, ¢r- =2, 1. =05
4. o =02, 0. =2, o, =0 8 {r_" =03 ¢ =2, 7, =-0.3

close('all");

clear;

% I'enepupyem mouxu 011 nepeozo ciyvasn

randn('seed',0); % ucnonv3zyem cmapwiii 6apuanm evi306a zenepamopa

% cayuannvix uucen, cnoeo 'seed' 3amensem pad napamempos O01A MAKO20
2eHepamopa

m=[0 0]';s % uenmp

S=[1 0;0 1]; % mampuua koseapuayuu

N=500; % xonuuecmeo mouex
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X = mvnrnd(m,S,N)';s % cmanoapmnasa pynkuyus no zenepayuu MHO20MEPHO20
% HOpManvHO20 cyuaitnozo pacnpeoenenus
% Pucyem mouku 014 nepeozo eapuanma
figure(1), plot(X(1,:),X(2,:),".");

figure(1), axis equal % ycmanagnueaem mun cmunsa 01 ocei
figure(1), axis([-7 7 -7 7))

% Pucyem mouku 014 6mopozo eapuanma
m=[0 0]';

S=[0.2 0;0 0.2];

N=500;

X = mvnrnd(m,S,N)';

figure(2), plot(X(1,:),X(2,:),".");

figure(2), axis equal

figure(2), axis([-7 7 -7 7))

% Pucyem mouku 014 mpemuvez2o 6apuanma
m=[0 0]';

S=[2 0;0 2];

N=500;

X = mvnrnd(m,S,N)';

figure(3), plot(X(1,:),X(2,:),".");

figure(3), axis equal

figure(3), axis([-7 7 -7 7])

% Pucyem mouku 014 4uemeepmozo eapuanma
m=[0 0]';

S=[0.2 0;0 2];

N=500;

X = mvnrnd(m,S,N)';

figure(4), plot(X(1,:),X(2,:),".");

figure(4), axis equal

figure(4), axis([-7 7 -7 7))

% Pucyem mouku 014 namozo éapuanma
m=[0 0]';

S=[2 0;0 0.2];

N=500;

X = mvnrnd(m,S,N)';

figure(5), plot(X(1,:),X(2,:),".");

figure(5), axis equal

figure(5), axis([-7 7 -7 7))

% Pucyem mouku 014 wiecmozo eapuanma
m=[0 0]';

S=[10.5;0.5 1];

N=500;

X = mvnrnd(m,S,N)';

figure(6), plot(X(1,:),X(2,:),".");

figure(6), axis equal

figure(6), axis([-7 7 -7 7])

% Pucyem mouku 014 ce0bmo020 apuanma
m=[0 0]';

S=[.3 0.5;0.5 2];

N=500;

X = mvnrnd(m,S,N)';
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figure(7), plot(X(1,:),X(2,:),".");
figure(7), axis equal

figure(7), axis([-7 7 -7 7])

% Pucyem mouxu 011 60CbM020 6apuanma
m=[0 0]';

S=[.3 -0.5;-0.5 2];

N=500;

X = mvnrnd(m,S,N)';
figure(8), plot(X(1,:),X(2,:),".");
figure(8), axis equal

figure(8), axis([-7 7 -7 7])

Ha pucynakax 3/15 — 3.22 nmoka3aHoO CT€HEPUPOBAHHOE MHOYKECTBO TOUYE

Figure 1 Figure 2
File Edit View Insert Tools Desktop Window Help » File Edit VYiew Inset Tools Desktop Window Help ¥
DEEdS | ARODEL-|E| 08| nD NEEAS | RO RL- S| 0E | D

5 6

o 4

e
o . ;@
7 2 v
= -4
6
6
-6 -4 -2 0 2 4 6
6 -4 2 0 2 4 6
Pucynok 3.15 — CrenepupoBanHOE Pucynok 3.16 — CrenepupoBaHHOE
MHO>KECTBO TOYEK JJIsS CIydast MHO>KECTBO TOYEK JJIsS CIydast
o) = =1, o, =0 o) = =02, o, =0
Figure 3 X Figure 4 - m}
File Edit View Insert Tools Desktop Window Help k] File Edit View |[nsert Tools Desktop Window Help Ll
AL IR EY PA R EI =) EEFEIDN AR EL Y]
6 6
4 4

-4 -4
% -6
B3 -4 -2 0 2 4 6 6 = 2 0 2 4 6
Pucynok 3.17 — CrenepupoBanHoe Pucynok 3.18 — CrenepupoBanHoe
MHO>KECTBO TOYEK JJIS CIIydast MHO’KECTBO TOYEK JIJISl Cllydas

fJ—|: =0, =2, 0, =0 fJ-|: =0.2, fJ-:: =< Uy =0



Figure 5 - ] 74 Figure & — m} X
File Edit View Insert Tools Desktop Window Help El Eile Edit View Inset Tools Desktop Window Help kl

Ogdse kRARAODEL- |2 0EH | aO Ddde M| ARNPEL- 2 0H =D

-6 -4 -2 0 2 4 ]

Pucynok 3.19 — CrenepupoBanHoe Pucynok 3.20— CrenepupoBaHHoe
MHO’KECTBO TOYEK JJIsl Cllydas MHO’KECTBO TOYEK JIJISl Cllydas
o =2, 0. =02, ¢, =0 o =, =1, o, =05
Figure 7 — ] X Figure 8 — m} X
File Edit View Inset Tools Desktop Window Help ¥ File Edit View Inset Tools Desktop Window Help kY
DEES kR OBEL- (B 0B =D DEEe [k AR0BPEL-a0E ag

Pucynok 3.21- CrenepupoBanHoe Pucynok 3.22— CrenepupoBaHHoe
MHO>KECTBO TOYEK JJIS CIIydast MHO>KECTBO TOYEK JJIS CIIyydast
{II: =03, {I:: =2, 7, =05 {II: =il.3, {I:: =2 ¢, =-035

W3 51ux rpadukoB MOXKHO CIENaTh CIEAYIOUIUI BBIBOJI, €CIIM MPU3HAKH
HekoppenupoBansl, S = diag(c\’, ..., 0y°), TO JHHMU YPOBHS IUIOTHOCTH
pacnpeneneHuss UMET (GopMy SJUIMICOUJIOB C ILEHTPOM /M U OCSIMH,
napajyiebHbIMU JIMHUAM KoopAuHaT (pucyHok 3.18 u 3.19). Ecnu npusnaku
UMEIOT OJIMHAKOBBIE JTUCIEPCUH, TO IJUIUNCOUIBI ABISAIOTCS cepamu (PUCYHOK
3.15 -3.17). Ecnu npu3Haku KOppeaupoBaHHbI, TO MaTpuiia S HE JUaroHajabHas
U JIMHUMA YPOBHS HMMEIOT (OpMY BJUIMIICOMJOB, OCH KOTOPBIX IOBEPHYTHI
OTHOCHUTEJIFHO UCXOJIHOM CUCTeMbl KoopAuHaT (pucyHok 3.20 — 3.22).

Urak, B xone OaliecoBcKOro kiaccupukaTopa Mbl ONpENesuld KJIacc Mo
bopMyIie U3 TEOPUH BEPOATHOCTH: YMHOXKAJIU BEPOSITHOCTh COOTBETCTBYIOIIETO
KJIacca Ha IJIOTHOCTh paclpeesieHusl, MpUYeM Ipeanoaaraim, 4YTO MIOTHOCTh —
HOpPMaJIbHAsA, & BEPOSITHOCTH U3BECTHBI.

Ho wmoxHO pemaTth 3amady KiacCUUKALIUA U TMYTEM BBIYUCICHHUS
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PACCTOSHUU.

JlonmycTuM, y Hac €cTb HEKas TOYKa B BHJIE 7-MEPHOI'O BEKTOpa, U €CTh
BBIOOPKA, KOTOPYIO TOXKE MOXHO OTPa3WTh B BHUJIE HAOOpa TOYEK B /7-MEPHOM
npocTtpancTBe. Torma, ecnu Mbl CHayaja IOJYYUM HEKUE XapaKTEPUCTUKU
BBIOOPKH, JOMYCTUM, Y3HaeM €€ IIEeHTP-MacC, TO MOXKHO OIPEAeInTh
paccTosiHME OT TOYKM IO IIeHTpa macc. Ecim BBIOOPOK MHOTO, TO KaKoe
PAacCTOSIHUE MEHBIIIE, TOMY KJIACCY U MPUHAJJIEKNT TOUYKA.

Ilpumep 6. CHauyana wucnosbdyem (HOpMydy U3 IIKOJBHOIO Kypca:
€BKJINJI0BO PACCTOSHUE.

dlp.g) :J[jl. - 1, |+ (p.- g, P4+ p-g ) =

(3.12)
IZI€ p U ¢, N-MEPHBIE BEKTOPA.

close('all'); > close('all');

clear; siears )

o o % X - BXOOHOM BEKTOP

% X — 6X00HOII 6eKMOp X=[0.1 0.5 0.1]';

X=[0.1 0.5 0.1]'; ¥ ml ¥ mZ MPpawT pOJb OLEHKM OBYVX E

% ml u m2 uzparom ponsv oyenku 06yx “=°°

ml=[0 O O]"';
HeU36eCMHBIX MHONCECINE: UX UEHMPbL o o o 5 .50,

macc m=[ml m2];

m1=[0 0 0]'; T nepepada MHIOPMALMKM B OYVHRIMD
m2=[0.5 0.5 0.5]'; z=eguclidean classifier (m,X)
m=[ml m2]; z =

% nepeoaua ungopmayuu ¢ Yynkyuro
z=euclidean_classifier(m,X)

% ¢pynkua 6 omoenvnom gaiine
function [z]=euclidean_classifier(m,X)
% eepném unoekc knacca 1 unu 2 Kk komopomy npunaonedcum mouxka X
% X —amo mampuuya 1x3
% m — 3mo mampuya 3x2
% size() — 6036paujaem KOOpOUHAMBL MAMPULbL
[Le]=size(m); % (1, ¢) = (3, 2)
[LN]=size(X); % (I, N) = (3, 1)
for i=1:N % nuxua nmo crpokam X ot 1 10 3

for j=1:c % umka no croaduam m ot 1 g0 2

% evicuumoleaem 06a e6KIUO0BHIX PACCMOAHUA
de(j)=sqret((X(:,D)-m(:,j))"*(X(:,i)-m(:,))));

end

% de(1) =0.5196

% de(2) = 0.5657

% 6 num dydem codeprcampca MUHUMANbHOE 3HaAYeHue, m.e. de(1)

% z(i) — 6yoem codepicamsb e2o unoekc, m.e. 1

[num,z(i)]=min(de);
end

OaHako MOKHO HCIIOJIB30BaTh U 00Jiee CIOXKHYI0 (POpMYIy pacCTOSHUSA:

paccTostHre MaxanaHoOuca, KOTOpOE MCIOIb3YyeT HE TOJIBKO IIEHTP Macc, HO U

MaTpUIly KOPPEISALUU.
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Ecau MBI O1leHWSIM MHOYKECTBA M HAIIJIA €r0 CpeHee 3HAYCHUe m = [m;,
m, ..., m,]', a TaKKe MATPUIly KOBApHAIMU S, TO PACCTOSHHE OINPENETUTCS
CIIEIYIOIIUM 00Pa30M OT TOYKH X = [X1, X2, ..., X,]' JO m.

£, (X} :\l([ X- ]" - m) (3 13)

Torga Touka Oyner mNOpUHAIEXKATh TOMY KilacCy sl KOTOPOro

BBITTIOJIHACTCA YCHOBI/IC:
J[x— m) 5 'x-m)< \,’r_x— m ¥ S '(x-m )7 =i

: (3.14)

T.€. JUIsl KOTOPOTo paccTossHrue MaxanaHoOuca MUHUMAJIBHO.
Ilpumep 7. Hanuiem Ko JIJIsi COOTBETCTBYIOIIECH KilacCU(pUKAIUU.

close('all'); >» gclose('all'):

l . clear;
clear; x=[0.1 0.5 0.1]"';
x=[0.1 0.5 0.1]"; mi=[0 0 0]';
m1=[0 0 0]'; m2=[0.5 0.5 0.5]';
m2=[0.5 0.5 0.5]"; m=lml m2]

_ . * OJIA OEVX MHOXCCTE OO0Ha M TaxXec |

m=[m1 m2[; S=[0.8 0.01 0.01;

% ona 08yx mHodCECME 00HA U madice 0.01 0.2 0.01;
mampuya Kosapuayuu S 0.01 0.01 0.2];
S=[0.8 0'01 0'01; z=mahalanckis classifier(m,5,x)

0.01 0.2 0.01; z =
0.01 0.01 0.2];
z=mahalanobis_classifier(m,S,x) -

% ynkyusa ona paccmoanua Maxananoouca
function z=mahalanobis_classifier(m,S,X)
[Lc]=size(m);
[LN]=size(X);
for i=1:N
for j=1:c
dm(j)=sqrt((X(:,i)-m(:,j)) *inv(S)*(X(:,i)-m(:,))));
end
% dm(1) = 1.1334
% dm(2) =0.9918
[num,z(i)|=min(dm);
end
%z=2
MBI BUUM, YTO B 3TOM CJIydae TOUKa MPUHAJICKHUT KiIaccy 2.
HOJ’Iy‘-IaeTCH IIPOTUBOPCHUHC! CBKJINA0BO PaCCTOAHUC IIOKa3bIBACT
MPUHAIIICKHOCTh K Kjaccy 1, a paccrosame MaxamanoOuca — HaoOopot. B
TaKOM CIly4ae HY>KHO MPHUHATH OTBET Kiaccudukaropa MaxamanooOwuca, T.K. 3a
CY€T MaTpHUIbl KOBapualuu paccTosiHue MaxanaHoOuca y4UTBHIBAaeT €l u
dbopmy pacmpeneneHuss TOYEK BOKpYr LieHTpa macc. [lo cytu paccrosiHue
Maxaniano6uca — 3TO IPOCTO PACCTOSTHUE MEXIY 33JaHHOW TOYKOM M LEHTPOM
Mmacc, I[GJ'IéHHOC Ha IIMPHUHY 3JUIMIICOM/1a B HAIIPABJICHUHU SaI[aHHOfI TOYKMH.
PaccmoTpum nanee mpUHLIMII MakKCUMyMa IPaBAONOI00US, KOTOPBIM



46

COCTAaBJIICT OCHOBY IIApaMCTPHUYCCKOI'O ITOAXOIa. HYCTL 3aJaHO MHOXCCTBO

00BEKTOB A Ster | BHIOpPAHHBIX  HE3aBUCHMO JpYyr  OT  JIpyra U3
BEPOSATHOCTHOTO  PACIpEAENeHUs] C  IUIOTHOCTBIO  @(X;0).  DyHKIuen
NpaBIONOJO0Usl HAa3bIBAETCS COBMECTHAsl IUIOTHOCTh pACHpENENICHUs BCeX
00BEKTOB BHIOOPKH:

PN =p(x a0 =] el o)
= : (3.15)
3HayeHue mapameTpa 6, TpU KOTOPOM BBIOOpKA MAaKCHMAJIBHO
npaBAonogo0Ha, TO ecTb (yHKIUS p(X™;0) npUHUMAET MAaKCUMAaJIbHOE
3HAuU€HHUeE, HA3bIBAETCA OLEHKOW MaKCUMyMa MpaB/i0no100usl.
B cayuae rayccoBoil mioTtHocTu ¢ mapamerpamu 6 = (m, S) 3agada
MaKCHUMM3aIlMU MIPaBIONO00MI UMEET aHATMTUIECKOE PeIlIeHHUE:

i, :LZ.
N'a (3.16)

] A
S o =—Vix-m, )Nx-m,)
'} 1"' | i) ol
N . (3.17)
IHpumep 8. PaccMoTpyM Ha NpUMepe Kak paboTaeT alrOpUTM MaKCUMyMa
npasponono6us. CreHepupyeM 50 TOueK, MMEIOIIMX IO JBE KOOPIMHATHI

KaKIas, MCIONb3ys TIayCCOBO paclpeleleHue ¢ ImeHrpoMm m = [2, -2],
0.9 0.2
102 03

| Tlotom oleHuM napaMeTpsl TOTO pacipeeeHus mo GopMynaMm
(3.16) u (3.17), cpaBHUM pe3yJIbTATHI.

>»> close('all'"):

CIOse('all'); c:lii]—:;_ TOUEK SanaHHEM pacnpe
clear; randn (

’ m= [2 -2]; 5 = [0.9 0.2; 0.2 .3];
% I'enepupyem 50 mouex c 3a0annvim X = mvnrnd(m, §,50) ';

% CusHMEacM NapaMETpH pacOpefsleHMA [0

pacnpedeﬂeﬂuem z‘l-})cc‘l -[rr. .hat, 5 hat]=Gaussian ML estimate (X)
randn('seed',0);

m=[2-2]; S=1[0.9 0.2; 0.2 .3];
X = mvnrnd(m,S,50)'; I
% Ouenueaem napamempul pacnpeoesieHus

no evibopke S hat =
[m_hat,

S _hat]=Gaussian_ML_estimate(X)

m_hat =

0.0885

0.2298

OYHKIHMIO MOXKHO cO3/aTh B OTACIbHOM (aiiie Matlab.
function [m_hat,S_hat]=Gaussian_ML _estimate(X)
% Bxoomuoii napamemp:
% X: IxN mampuuya, yubu K0J10HKU ecinb HAWLU OAHHbLE.
% Buvixoonoii apzymenm:
% m_hat: l-pazmepnasn oyenka cpednezo 6eKmopa pacnpeoeienus.
% S _hat: Ixl oyenka KoeapuayuoOHHOU MAMPUUbL pacnpeoeieHus.
[LN]=size(X); % =2, N=150
m_hat=(1/N)*sum(X')'; % noayuaem cpeoneapugpmemuueckuit yenmp macc
% co30aém u unuyuanusupyem 0 keaopamuyrw mampuyy 2x2
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S _hat=zeros(l);

for k=1:N
S hat=S_hat+(X(:,k)-m_hat)*(X(:,k)-m_hat)';
end

% Bvicuumoieaem cpeonee
S_hat=(1/N)*S_hat;
[To pesympbrataM monydmics Bekrop m hat = [2.0495, —1.9418],
08082 0.0885
5 hat = R
- 00885 02205

Kax BuaHO, moay4YnBIIMECS OLEHKU OJM3KU K OPUTHHAIY, OJTHAKO, HY>KHO
Y4€CTb, YTO OHU MPOBOJMUIIUCH HA BBIOOpKE, cocTosiield u3 50 3JIeMEeHTOB, YTO
OYEHb MAJIO, MO3TOMY ITH OLIEHKM HE HAIEXKHBI. [ yBenuueHus HaJAEKHOCTH
OIICHOK HYKHO YBEJIMUYUTH BHIOOPKY.

Ilpumep 9. Tenepb paccMOTPUM TMOCIEAHUN TPUMEP, B KOTOPOM
00001MM Bech npeapayuii matepuan. Crenepupyem J1Ba MHOKeCTBa X U X
KaXJI0€ COAepXuT 999 TpexMepHbIX Touek, X — oOydJaroiiee MHOXKECTBO, X; —
TecToBOE. Kax/10€ MHOXKECTBO BKIIFOUAET TPU PABHOBEPOATHBIX KJIACCa: Wi, W,
Wwi3; KIJIACChI CO3JAKOTCS ¢ MOMOIIBIO pactpeneneHus ['aycca co cpenHumu m; =
[0, 0, O], my = [1, 2, 2]", ms = [3, 3, 4]" u marpuuamMu KoBapUaLUH

08 0 0]
5, =5.=5.=|0 08 0| =71
0 0 0.8

Hcrnonb3yss X ¢ MOMOIIBIO TPHHIMIIA MAaKCUMaJIbHOTO IPaBIOTIOI00MS
OLICHUM TakKHWe MapaMeTpbl Kak CpPEJIHEE m W MaTpUllbl KoBapuamuu Si, Ss, 53,
T.K. y Hac 10° Touek, To 9TH OLEHKU OyayT HaAEKHBIMU. [lajee, HCIOIb3Ys ITH
OLICHKU MpOBeAEM Kilaccu(UKaAIMI0O C TOMOIIBI0 paccTosiHug Maxananobuca,
EBknmpa, a takxke OaliecOBCKUM KiaccudukaTopoM. Jlims kaxmoro crocoOa
BBIYHCIIUM OIIMOKY BEPOSTHOCTH M CPABHUM PE3YJIbTaThI.

CHauana creHepupyeM o0ydaroiee MHOXKECTBO X.
close('all'");
clear;
% Mampuuya m 3x3
m=[000;122;334]';
% Co3zoaém mampuuy S1 3x3 (eOunuunyro mampuuy ymuodxcaem na 0.8)
S1=0.8*eye(3);
% Kak nepemennasn m cooepicum mpu 6eKmopa-yeHmpa macc, maxK u mym
% mpexmepnulii maccug S cooepicum mpu 0OUHAKOBHIX MAMPUUbL KOSAPUAYUU
S(:,:,1)=S1;S(:,:,2)=S1;S(:,:,3)=S1;
% eepoamHnocms noAGNEHUA KAXHCO020 U3 MPeX K1AcCCO8
P=[1/3 1/3 1/3]';
% Kouuecmeo 11eMeHmos 8 00yuaruem MHoicecnee
N=1000;
% ycmanaenueaem oamuuk cayuaiinulx yucen ¢ napamempamu seed u 0.
randn('seed',0);
% I'enepupyem mnoscecmeo X[3;999] — camu mouku, y[1, 999] — ux memxu
% om 1 00 333 — memka 1, om 334 00 666 — memka 2, om 667 00 999 — memka 3.
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[X,y]=generate gauss_classes(m,S,P,N);

% @yukyuro nuwiem 6 omoeapbHom ghaiine
function [X,y]=generate_ gauss_classes(m,S,P,N)
[Le]=size(m); % (1, ¢) = (3, 3)
X=[]; % Hnuyuanuzayus muoxcecme
y=II5
for j=1:c % wuxu or 1 10 3
% I'enepupyem mpexmepHvie mouKku co cpeoHum m(:, j), 20e “:” — ona ecex cmpox,
% mampuyei kosapuayuu S(:, :, j) u konruuecmeom 1/3*1000, ocpanuuennvim cnuzy
t=mvnrnd(m(:,j),S(:,:,j),fix(P(j)*N))';
% ccenepuposannvie mouxku npuceaugaem éekmopy X npuuem makx, 4umoovl
% onu 0obdasnanuce é Koney yyce cyujecmeyrouieco eekmopa X. Ceenepuposanu
% mouku 0na j = 1, 0ob6agunu ux K nycmomy 6eKmopy, 3amem c2eHepuposaiu
% mouku 0na j = 2, 0obasunu ux 6 Koney 6eKmopa, KOMopbulil yiice co0eprHcum
% mouku onsn j =1 u m.o.
X=[Xt]; % cenepupyem memxu
y=ly ones(Lfix(PG)*N))*jl;
end

Jlanee aHaAJOTMYHO CrEHEPUPYEM MHOXKECTBO Xi, HO YK€ C JpyruMH
napaMmerpamu 1 randn().
% I'enepupyem mecmogyto év1060pky X1
randn('seed',100);
[X1,yl]=generate gauss classes(m,S,P,N);

Tenepb IO IMPHUHOUITY MAaKCHMYyMa HpaBIIOHOI[O6I/I5{ BBIYHMCIIMM OLICHKH

JUISL pacIIpeieNIeHusl, KOTOPOE UCITOIb30BaJIOCh IPU CO31aHUU MHOKECTBA X.
% uzenexaem u3z X moivko me mouku, Komopwvie umerom wemxy 1
classl_data=X(:,find(y==1));

% evluucnsem yenmp macc u KOBAPUAUUOHHYIO MAMPUUY

% pynkyua ona evivucnenus ovina pazodpana panee

[m1_hat, S1_hat|=Gaussian_ML_estimate(class1_data);

% Ananozuuno

class2_data=X(:,find(y==2));

[m2_hat, S2_hat]=Gaussian_ ML _estimate(class2_data);

% Ananozuuno

class3_data=X(:,find(y==3));

[m3_hat, S3_hat|=Gaussian_ML _estimate(class3_data);

% IMonyuaem oougyto oyeHKy eOunoil KOBapUAUUOHHOU MAMPULbI,
% Kak cpeoneapugmemuueckoe mpex yice bl4UCTIEHHBIX MAMPUY,
S_hat=(1/3)*(S1_hat+S2_hat+S3_hat);

m_hat=[m1_hat m2_hat m3_hat];
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5 hat S _hat m_hat
0 3x3 double 1] 3x3 double
1 2 3 4 1 2 3
1 0.8602 00212 -0.0259 1 0.051 0.9468 3.0138
2 0.0212 0.3070 -0.0134 2 -0.0150 2.0470 3.0130
3 -0.0259 -0.0134 0.8031 3 -0.0698 1.9889 3.9398
A A
< 3 <
B urore nonyuaewm:
0.8002 00212 -0.0259] 00512 09408 30135
S har=| 00212 08070 -00134)  m har =[-00150 20470 3.0130]

-0.0250 0 -0.0]134 [],h‘[]?.]ll/I -0.0095 L9559 30305

BunHo, 4TO MOTyYMBIIMECS OLIEHKU OJIM3KH K TEM, KOTOPBIE MBI 331aBaJIH
M3HavyallbHO. B peanbHOCTH S ¥ m U3 yCIIOBUS 33/]a4d HAM HYKHBI OBLITH TOJIBKO
IUISL TOTO, 4TOOBI co3aaTh BeIOOpKH. [Ipennosnaraercs, yTo BIOOPKH X U X| MBI
IIOJIy4aeM OTKYJa-TO CO CTOPOHBI M JEJIaéM IPEANOJOKEHUE, YTO OHHU
chopMUpOBaHbl  TMOCPEJACTBOM  HOPMAJIBHOTO  pacnpeneneHus.  Takoe
MPEANOJIOKEHHE MBI MOXKEM cHAenarb, T.K. pUCyHKH 3.15 — 3.22
JEMOHCTPUPYIOT, YTO TayCCOBO PACHOPEACIICHUE MOXKET MOJEIUPOBATH
MIMPOKUN KJIaCC TAaHHBIX.

Tenepp, 3Has XapakTEpUCTUKH BBIOOPKH, TOYHEE TPEX KIIACCOB,
BXOJSIIUX B HEE, MOXKHO MPOBECTH KIACCU(UKALMIO TOYEK U3 TECTOBOTO

MHOX€ECTBA X.

% evicuumuieaem paccmoanue om mouku X1[if, i=1..999 0o mouxku-yenmpa

% coomeemcmeyrwuieco Knacca, 7_euclidean oyoem cooepicamov 999 unoexcoe knaccoe
% ¢ camblm MUHUMATbHBIM PACCIMOAHUEM
z_euclidean=euclidean_classifier(m_hat,X1);

% Ananozuuno

z_mahalanobis=mahalanobis_classifier(m_hat,S_hat,X1);

% Hcnonwv3zyem odaiiecoéckuil Knaccugukamop, 00HAKO ¢ MamemMamuieckou

% mouku 3penus, umoovl OH padoman KOPPEeKmMHo, Mol 00JIHCHLL HOOABAMY eMY
% He evluuciennble OYeHKU MHOMcecmea X, a OaHHble 8 YC106ul, m.e. mo4YHble
z_bayesian=bayes_classifier(m,S,P,X1);

% Haxooum npouenm necoenadenuii no Kuaccam

err_euclidean = (1-length(find(y1==z_euclidean))/length(y1))
err_mahalanobis = (1-length(find(y1==z_mahalanobis))/length(y1))
err_bayesian = (1-length(find(yl==z_bayesian))/length(y1))

% @ynkyus ona Kraccugpukamopa daiieca

function [z]=bayes_classifier(m,S,P,X)

[Lc]=size(m);

[LN]=size(X);

for i=1:N % uuxn om 1 0o 999
for j=1:¢ % yuxn om 1 0o 3

t(j)=P(j)*comp_gauss_dens_val(m(:,j),S(:,:,j),X(:,i));

end
[num,z(i)|=max(t);
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end
[Tomydaercsi, YTO BO BCEX TpeX ciayyasx ommoOku moxoxu: 7.61%, 7.71%,

7.61%, pucynoxk 3.23.

HOME PLOTS APPS PUBLISH ﬁ]@, L L e Search Documentation

'{v':' | Q [ rnaries = et B B - D % [2] Run Section (LD>

=l Compare GoTo » Comment % &
New Open Save s Comp: 2 % g i Breakpoints Run  Runand |-l Advance Run and
- - ~ Pt - | Find = indent [5] g2 |7 - ~  Advancs Time
FILE NAVIGATE EDIT BREAKFCINTS: RUN
s EmE P D: b New Folder (3) » New Folder -

Current Folder ® [ Editor - D:AMew Folder (3)\New Folder\bayes_classifier.m @ x | Workspace

0.0761
0.0761

o [1], 1=1..999 1m0 alan 00771
) bayes_clas. H [013023024]
dean Byzer e 999 [0.0512;-0.0150;-0.069...
0.9468;2.0470;1.9889]
[3.0138;3.0130:3.9398]
[0.0512 0.9468 3.0138;..
1000
[03333,0.3333,0.3333]

333 double
[0.8000 0 0:0 0.8000 0;...
[0.8361 01102 0.0144;...
[0.8248 00348 0.0291;...
[0.9197 -0.0815 -0.121...

[0.8602 0.0212 -0.025...

B (find (y1-
err_manalanchbis =

(1-length (find (y1==z_mahalanobis))/length(yl))
err_bayesian = (l-length(find(yl==z bayesian))/length(yl))

1lidean))/length(yl))

Pucynox 3.23 — Pabouee okHo Matlab ¢ pe3ynbpraramu kinaccudpukaimy ¢ ITOMOIIBIO
paccrosinust Maxanano6uca, EBkina u 6aiiecoBckuM KiaccuukaTtopom

DTO0 HE ClIy4ailHO, €CJIH BBINOIHSIOTCA 4 CIIeyIOUUX YCIOBHS, TO BCE TPU
METO0/1a KJIacCCU(PUKALIUU SKBUBAJICHTHBI:

1. Bce kmaccbl paBHOBEPOSTHBL.

2. JlaHHBIE BO BCEX KJIacCaX UMEIOT rayCCOBbI PACIIPEICIICHHUS.

3. Marpuipl KOBapualuu OJHU U T€ ¥KeE.

4. KoBapuammonnsle  Matpuipl HE OPOCTO  pPaBHbBL, HO U

JaroHajIbHbIE, IPUYEM BCE 3JIEMEHTHI Ha IJ1aBHOM JIHMAaroHaJId PaBHbI

3ananme 3.1. IlpoBeppTe paboOTy MPOTpaMMHOTO KOJa U3 BTOPOTO
npuMepa A KiacCUu(PHUKAIMM TOUYEK IIOCKOCTH HAa MHOXECTBA TOUYEK «BHE» M
«BHYTPW» DJUIMIICA, JUISI YE€Tr0 BHECUTE CIEAYIOIIME W3MEHEHHS B KOI W
MIPOAHATU3UPYHUTE MTOITYUYECHHBIEC PE3YJIbTATHI:

1) B KadecTBe TPEThEro mapamerpa (PyHKIUU NEWp YKaKHUTE APyrue
MOJENH nepcentpoHa  (CUrMouJanbHbIE GbyHKUIHN): 'tansig’ @ —
runepOonnyeckuii Tanrec; 'logsig'’ — norucruueckuit curmons; "purelin' —
JIMHEMHBIN CUTMOM/I;

2)  W3MEHUTE MAaKCUMaJIbHOE YHCIO WTEepaluid Il TPOBEICHUS
00yYeHUs CEeTH;

3) POBEPHTE KOPPEKTHOCTHh PabOTHI MOCTPOCHHONW HEHUPOHHOU CeTH,
JUIS Y4ero MpOBEANUTE KJIacCU(UKALIMIO HECKOJIBKUX TECTOBBIX TOUEK IIOCKOCTH;
JUISL HaIJITHOCTH BBIIIOJHUTE MOCTPOEHUE 3THX TOYEK HA TOM K€ IUIOCKOCTH;
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KOOPAMHATHI TECTOBBIX TOUEK 3a4aNTE CAMOCTOSATEIBHO;

4)  W3MEHHMTE TMapaMeTpbl HCXOMHOTO HAumnca (Ko3(pGUIIUEHTHI
KpPHUBO).

3aganme 3.2. PaccmoTtpute, kak B npumepe 3 mapaboiy, 3alaHHYIO B
BUJIe OOIIEro ypaBHEHHUs KPHUBOM BTOPOTO Topsaka. CreHepupyuTe ciiydaitHoe
MHOkecTBO Ha TuiockocTu (100 Touek). Mcmonb3ys HemuHEHHOE OTOOpaKeHHE
w(x,y) B 5-MepHOE MPOCTPAHCTBO W OJHOCIOHHBIA MEPCENTPOH B S-MEPHOM
IIPOCTPAHCTBE, PA3ACIUTE TOUKM MHOYKECTBA Ha JBa Kjacca — TOYKH, JexKallue
«BHE» U «BHYTPU» MapaloIbl.

3aganue 3.2. Bpluucioure kak B npuMmepe 4 3Ha4YCHUS pi U P2, HO JUIS
ciaeayrmux AByX ciydaeB: (P(w))=1/6, P(w,)=5/6), (P(w:1)=5/6, P(w,)=1/6).
JlaliTe 0OBSICHEHUSI 3aBUCUMOCTH PE3YJbTaTOB KJIACCU(PUKAIIUU OT alpUOPHBIX
BEPOSITHOCTEU.

3apanue 3.2. IloBropurte npumep 8, HO mas1 N = 500 u N = 5000 Touek.

[IpokoMMeHTHPYHTE PE3YIIbTAT.
B taGnuie 3.1 npuBeneHb HHANBUAYATbHBIC 3aaHUS.
Ta6muna 3.1 — UnquBuayaabHbIe BADUAHTHI

1 0.8 0.2 0.1
S, =S5,=5 =02 08 02 £/
o 02 05|
IToBTOpHUTE MpuMep 9, HO Txe . Hanmmwre
BBIBOJI 110 MTOJYYUBIIEMYCSI OTBETY.
2 [ToBropute mpumep 9, HO rae ansd reHepaund X u X, OyAyT HCHOJIb30BaHBI

CIIeyIONIe BEPOSTHOCTH KiaccoB Py = 1/2, P, = P; = 1/4. [lns 3Toro ciyvas
0aiicCOBCKMM KJIACCH(UKATOP JIOJDKEH IMOKa3aTh JY4IIHi pe3yabtar. [Touemy?

3 0.8 02 0.1
S5 =|02 0.8 0.2]
0.1 02 0.8

[ToBTopuTte npumep 9, o rae P(wl) =P(w2)=Pw3)=1/3u ,
0.6 001 0.01] 0.6 0.1 0.1]

S.o=|001 08 001 5 =01 06 0.1
0.01 000 0.0 | 0.1 0.1 0.0f
', ' . OOBsicCHUTE pe3yJIbTar.
4 0.5 03 0.1]
5, =5, =5.=|03 08 03 =0/
0.1 03 08
[ToBTOpUTE mMpumep 9, HO rAe - . Hanmmmwre
BBIBOJI 10 NTOJIYYMBILEMYCS OTBETY.

5 [ToBTOopuTte mpumep 9, HO rzae ans reHepauuud X U X; OyQyT HCIONb30BaHbI
cienyrolue BeposTHocTH kinaccoB P, = 08, P, = 0.15, P; = 0.05.
[IpOKOMMEHTUPYWUTE pe3ysbTarT.

6 09 02 0.1]

S5 =|02 08 02

0.1 02 09|

IToBTOpHTe Mpumep 9, Ho rae P(wl) = Pw2)=P(w3)=1/3un
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0.0 0.01 0.01] 0.0 0.2 0.1]

S, =[001 08 001 5 =01 06 0.1
0.0 0.01 06| 0.1 0.2 0.0]
, , ' . OOBSICHUTE PE3yJIbTAT.
7 0.7 02 04
S =8, =5.=/02 07 02 207/
04 02 0.7
IToBTOpHUTE MpuMep 9, HO Txe . Hanummwre
BBIBO/JI 10 MOJIYYHMBIIEMYCS OTBETY.
8 [ToBropute mpumep 9, HO rae ansd reHepaund X u X, OyAyT HCHOJIb30BaHBI

cieayroumuye BeposATHOCTH KiaccoB Py = 0.6, P, = P = 0.2 [lna 3Toro ciyyas
0alieCOBCKMM KJIACCH(PUKATOP JIOJDKEH IMOKa3aTh JY4IIHi pe3yabTar. [Touemy?

9 [ToBroputre mpumep 9, Ho tme P(wl) = PWw2) = 0.2, PWw3) = 0.6 u
0.8 02 0.1] 0.6 001 0.01] 0.6 0.1 0.1]
S = 0.2 05 0.2 S, = oop oS ool s =00 06 01
002 0. ool o [ L. o1 o
! | , ! ] 0] , ! : of . O0bscuute
pe3ysbTar.
10 [ToBropute mpumep 9, HO rae ansd reHepaund X u X, OyAyT HCHOJIb30BaHBI

cieAyroume BeposiTHOCTU kiaccoB Py = 0.4, P, = P; = 0.3. Jlng sToro ciyyas
0aiieCOBCKHM KJIACCH(PUKATOP JIOJDKEH IMOKa3aTh JY4IIHi pe3ynabtar. [Touemy?

Coaep:xanue oT4era u ero popma

IloaroToBpTE OTYET, B KOTOPOM HPHUBEAUTE TEXHOJIOTHIO BBIITIOJIHEHHUS
3aJlaHUil.

Otuer o 1abopaTopHOii paboTe JOIKEH COMEPIKATH:

1) HazBanue padOTHI;

2) menb 1a60paTOpHOM padbOTHI;

3) popMynUpPOBKY 3aaHUsl U TEXHOJIOTHIO €T0 BBITIOJIHEHNUS,

4) OTBETHI HA KOHTPOJIbHBIE BOIPOCHI;

5) npunoxeHue — (pailyibl BEIMOJTHEHHBIX 3a/IaHUM.

Bomnpocs! st 3a1MThI padoThl

1. Uto Takoe MaTpulila KOBapUaluu?

2. Urto Takoe aucnepcus 1 MaTeMaTUIECKOe OXKuaanme?

3. Uem oramyaercs KiaccuuUKamuss Ha OCHOBE  PacCTOSHUS
Maxanano6uca ot kiaccuukanuy Ha OCHOBE paccTosiHusl EBkinia?

4. Urto Ttakoe OaiiecoBckuii kiaccudpukaTop?

5. Urto Takoe mpUHITMI MaKCUMyMa MTpaBaomnoao0us?



53

JIABOPATOPHAS PABOTA Ne 4
Kaaccupukaropbl, 0CHOBAHHbIE HA OLeHKH (P)YHKIMH ONTHUMH3ALMHU

Heap u coaep:kaHMe: H3YyYUTh OCHOBHBIE TpUEMBbl pabOTBl €
KJIaCCU(UKATOpaMHU, OCHOBAaHHBIMHU Ha OLEHKU (YHKIIUH ONTUMHU3AIUH.

OpranuzanuonHasi ¢opma 3aHSITHIi: pelIeHHEe NPOOJEMHBIX 3ajad,
pa300p KOHKPETHBIX CUTYaIUH.

Bonpocsl ajsi 00Cy:KaeHusi Ha JIaDOPATOPHOM 3aHATHM: MPUHIUI
JNCUCTBUS MW aNrOpUTM pabOThl MEPCENTPOHA, aAITOPUTM MHHHUMHU3ALUU
cpenHekBagpatuyeckor omubku (LMS). mocTtpoeHue kinaccupuKaTopoB M HX
ucnosib3oBanue B MATLAB.

®opmupyembie komnerenuun: OIIK-7.1 OIIK-7.2 OIIK-8.1 OIIK-8.2

TeopeTrnueckoe 060cHOBaHUE
TexHuka TONMyYEeHHUs] ONTHUMAJIBHOTO OalecoBCKOTO Kiaccudukaropa
OCHOBBIBACTCS Ha OLICHKE (YHKIMM pacrpezencHus ['aycca mis oOydaromux
naHHbIX. OJIHAKO, 9TO CIIOXkKHAs 3a/1aya 0COOCHHO JJIs MHOTOMEPHBIX JJAHHBIX.
AIIbTEpHATUBHOE PEIICHUE 3aKII0YaeTCsd B OTJCJICHUH KJIacCoB B
MHOTOMEPHOM MPOCTPAHCTBE C TOMOIIBIO PA3ICIAIONIUX TUIEPILIOCKOCTEH.
Pa3zpenstoiiiasi runepruiocKOCTh MOKET ObITh 3allMCaHa B BUJIE

'Il:_'l_'+'I|| :[]. (4‘1)
Taxxe (4.1) MOXKHO Tiepenucarh B BUIE

whet=[ww ] '] | =0
; (4.2)
IIc W — BEKTOpP HACTpamBaeMbIX MapaMETPOB, Wy — CBOOOIHBIA UJIEH, X —
BXOJIHOM BEKTOD.

C mnoOMOIIBI0 TaKUX THIEPIUIOCKOCTEH MOXKHO OTICIHTHh JUHEHHO
OTJICJTUMBIC KJIACCHI.

AJNTOpUTM aganTauy BEKTOPa BECOBBIX KOA(D(HHUIIMEHTOB 3JIEMEHTAPHOTO
nepcenTpoHa MOXHO C(hOPMYITHPOBATH CIEAYIONIIM 00pa3oM.

Ecimu n-piit  smemMeHT x(n) oOydyaromero MHOXECTBA KOPPEKTHO
KJIaCCU(DUIIMPOBAH C MOMOIIBIO BECOBBIX KOI(PGUIIMEHTOB W(#), BHIYUCICHHBIX
Ha 71-OM IIare ajropuTMa, TO BEKTOpP BECOB HE KOPPEKTUPYETCS, T.€. JCUCTBYET
ClIeyIoIIee MPaBUIIO:

win+ 1) =w(n), com w’ wn)=0nxnjeC,

win+ 1) =w(n), ccm w'xn) =0 nx(n)eC, (4.3)

B 1npotuBHOM ciydyae BEKTOpP BECOB IIEPCENTPOHA IOABEPraercs
KOPPEKIMH B COOTBETCTBUHU CO CICAYIOLIUM IIPABUIIOM:
win+ 1) =win)- p(n)xin), ecm w’ (n)x(n)> 0n x(njeC.

win+ ) =win)+ pinpxing, ccian w' (n)xfn) =0 nxinie C, (4 4)

>

rne C; u C, — JIUHEHHO pa3jiejMMbIe KJIacChl, a 1(n) — mapameTrp CKOpPOCTH
oOy4eHHS.
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Cozmagum QyHKIMIO, KoTOpass Oyner oOydyaTh Hall JIMHEWHBIA HEWpOH
(HacTpaMBaeMyl THNEPIUIOCKOCTh). CurHatypa ¢yHKUUUA OyAeT CiemyIoeH:
[w, iter, mis_clas] = perce(X, y, w_ini. rho), rne X — 3T0 Marpuua pazmepom
(I+1)xN (I — pa3mep BxomaHOro BekTOpa, N — KOJMYECTBO MATTEPHOB IS
oOydenwusi), y — BekTop MeTok miusa kiacca C, (+1) u C, (-1), w_ini — BeKTOp
HaYaJIBHBIX TTAPAMETPOB, KOTOPHIE HY’)KHO HACTPOUTH B TIPOIIECCEe 00yUEHUS TaK,
4yTo0Bl runepriockocts otaemsia C; ot C,, rtho — m=const, T.e. CKOpOCTbH
oOy4eHMsl, W — BEKTOp, BBIYHMCICHHBIA aITOPUTMOM, Iter — KOJIHMYECTBO
UTEepaluil 3a KOTOpble ObUI BBIYMCIEH W, Mis_clas — KOJIMYeCTBO HENPaBUIbHO
KJIACCU(PUIIMPOBAHHBIX BEKTOPOB.

PaccMoTpum npuMepsl.

Ilpumep 1. HeoOxouMo creHepupoBaTh 4 MHOXKECTBA Xj, KaXkJ10€ — 3TO
HaOOp TOUYEK B AByMEpHOM MpocTpaHcTBe. Kaxknas Touka u3z X; uMeer MeTky -1,
TOYKU clydaitHo pa3zOpocansl B kBaapare [3, 5]x[3, 5], [2, 4]x[2, 4], [0, 2]x[2,
4], [1, 3]x[1, 3]. Touku, pacrnoxeHnnsie B kBajpare [0, 2]x[0,2] umeroT MEeTKy
kimacca +1. TpeOyeTcss BU3yanbHO OTOOpPa3UTh KJIACCHI, OOYUYUTH MEPCENTPOH
11t 1=0.01 1 =0.05, u HauyanLHOM BeKTOpE HapameTpos [1, 1, -0.5]".

JIucTuHr PyHKIMH, peaau3youuil NepCenTPOH, MPUBEIEH HUXKE.
function [w,iter,mis_clas]=perce(X,y,w_ini,rho)

[LN]=size(X);

max_iter=20000; % Makcumanwvnoe Konuuecmeo umepayuii,

% Komopule Oyoem padomams nepcenmpon, nocje 3mozo oyoem
% cuumamoca, Ymo peuwienue He HAOCHO.

w=w_ini; % Hnuyuanuzupyem 6eKmop napamempos
iter=0; % Cuémuuk umepayui

mis_clas=N; % Hunuyuanuzupyem Koauuecmeo HenpasuibHo
% Knaccuguuyupoeanuvlx nammepHos

% uuxa while mo ABym ycaoBusim
while(mis_clas>0)&&(iter<max _iter)
iter=iter+1;
mis_clas=0;

gradi=zeros(l,1); % Boviuucnenue xoppekmupyruieco KOMnoHenma 0,11 6eKmopa
for i=1:N
(X (1) *w)*y(i)<0)
mis_clas=mis_clas+1;
gradi=gradi+rho*(-y(i)*X(:,i));
end
end

if(iter==1)
fprintf("\n First Iteration: # Misclassified points = %g \n',mis_clas);
end
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w=w-rho*gradi; % Ooénoenenue eexmopa napamempos
end
JIMCTUHT OCHOBHOTI'O KOoJa HpI/IBGILéH HWXKE.
close('all');
clear
rand('seed',0);
% I'enepupyem knacc Xi
N=[100 100]; % 100 eexmopoe ona Kasrcoozo Kracca
1=2; % Pazmepnocmes 6xo0a Karxcoozo éekmopa
% ona zenepupoeanus nammepnog u3 X2, X3, X4 nysncno emecmo
% HUdICHEIl CMPOYKU NOOCMAGUMb 0OHY U3 3AKOMMEHMUPOBAHHBIX CPOK
x=[3 3]";
% x=[2 2]'; ona X2
% x=[0 2]'; ona X3
% x=[11]'; ona X4
% nonyuaem 200 mouek ona Xi u on1sa mouex keaopama [0, 2]x[0, 2]
X1=[2*rand(I,N(1)) 2*rand(LN(2))+x*ones(1,N(2))];
X1=[X1; ones(1,sum(N))];
yl=[-ones(1,N(1)) ones(1,N(2))]; % mouryuaem MeTKH
1. Bvi6ooum mnosrcecmeo Xi
figure(1), plot(X1(1,y1==1),X1(2,y1==1),'bo',...
X1(1,y1==-1),X1(2,y1==-1),'r.")
figure(1), axis equal
% 2. 3anyckaem anzopumm odyuenusn nepcenmpua 0asa 3ma=0.01
rho=0.01; % Ckopocmo o0yuenusn
w_ini=[11-0.5]"'; % nauanovnvie seca
[w,iter,mis_clas]=perce(X1,yl,w_ini,rho)

Nmeem 4 Bapuanta Xi, i = 1..4, KOTOpbIE HY>KHO OTAEIUTH C MOMOIIBIO

nepcentpoHa (pucyHok 4.1 —4.4).

Bunano u3 pucynka X4 (puCyHOK 4.4) KJIacchl IMHEHHO HE Pa3eIuMBbl.

PesynbraTel oOydenusi mpuBeneHsl B Tabnwuie 4.1, 4.2. B Tabmuue 4.1
MPEICTABIICHO KOJWUYECTBO WTEpalldid, 3a KOTOPOE  MEPCENnTPOH HAXOIUT
pelieHre B 3aBHCHMOCTH OT 1, a B Tabmuie 4.2 KOJWYECTBO HEMPaBUILHO

pacCIIO3HaHHBIX MMATTCPHOB.
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Pucynok 4.4 — JIBa knacca ansa Xy

Tabmuua 4.1 — KonuyectBo urepanuii, 3a KOTopble MEPCENTPOH HAXOAUT pEIICHUE B

3aBUCUMOCTH OT M
Xy Xs X3 X4
n=0.01 134 134 5441 OnTuMaabLHOTO
pELIEHHs HE HAWJIEHO
n=0.05 5 5 252 OnTumManbHOTO

pELIEHHs] HE HAWJIEHO

Tabmuna 4.2 — KonnyecTBo HENMPaBUIILHO PAaCIO3HAHHBIX MATTEPHOB

Xy

X5

X3

X4

n=001,n=10
0.05

0

0

25

[Ipu yBenuueHuun 7 yBeJIMYUBAETCA CKOPOCTh 00yuYeHus nepcentpoHa. B
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MOCJIETHEM Cllydae ONTUMAJIBHOTO PElICHUs! EPCENTPOH HE HAXOUT, MOITOMY
npoBeIEHHA MpsiMast OTAEIAET He BCE MaTTepHBI Kilacca.

Oynkuus perce(X,y,w_ini,rho) 3anporpaMmupoBaHa i MaKETHOIO
peXuMa, T.€. BEKTOP W KOPPEKTUPYETCS OJUH Pa3 MOCIIE€ BBIYMCICHHSI OIIPABOK
IUISL KQXKJI0TO ITpUMeEDA.

Ilpumep 2. OGyuenue nepcenTpoHa B OHIaH-pexume. Huxe npuBencu
JUCTUHT (YHKIUHU, TJA€ TMEpPCenTpOoH oOydaercs B OHJIAWH-peXHUME, TIe
KOPPEKTUPOBKM BBIYUCISIOTCA I KAKIOTO IpUMEpa, HO Jajnee, OHU He

HaKaIUIUBAIOTCH, a cpa3y MPUMEHSIOTCS K BEKTOPY BECOB.
function [w,iter,mis_clas]=perce_online(X,y,w_ini,rho)

[LN]=size(X);
max_iter=10000000; % makcumanvnoe konuuecmeo umepayuii
% mpebdyemcsa, eciu Kaaccvl pACnON0HCEHbl OIAUIKO Opye K Opy2zy

w=w_ini;
iter=0;

mis_clas=N;
while(mis_clas>0)& & (iter<max_iter)
mis_clas=0;

for i=1:N
if((X(,0) " w)*y(i)<0)
mis_clas=mis_clas+1;
w=w+rho*y(i)*X(:,i); % Oo6nosenaem eéexmop eecoe

end
iter=iter+1;
end
if(iter==1)
mis_clas
end
end

Bo3BaTh 9Ty (YHKIHMIO MOXHO C TOMOIIBIO CJEAYIONMIEH CHUTHATYPBHI:
[w,iter,mis_clas]=perce_online(X1,yl,w_ini,rho).

Ecaiu mnoBTopuTh MpENbIAYIIMA  SKCOEPUMEHT, UCIOIb3ysS  BBIIIE
yKa3aHHYI0 (YHKIHMIO, TIPW MPUMEHEHHH KOTOPOM MEpPCEeNnTpOH o0ydaeTcs B

OHJIAMH-PEKUME, TO MOJTYUYUM CIIEAYIOIINE pe3ysibTaThl, Ta0nuua 4.3, 4.4.
Tabmuna 4.3 — KonndectBo urepaiuii, 3a KOTOpbIe MEPCENTPOH HAXOAUT PEIICHUE B
3aBUCUMOCTH OT 1)

X4 X, X3 X4
n=0.01 600 600 6589400 OnTUManIbHOTO PellIeHUs HE HAJIEHO
n=0.05 400 400 7729200 OnTrMaabHOTO PEICHUs] HE HAWIEHO
Ta6ymna 2.4 — KonndecTBO HENMPaBUILHO PACIIO3HAHHBIX MATTEPHOB
X Xs X3 X4
n=2001,n=|0 0 0 6

0.05
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TpeOyeTrcsi 3HAUMTENBHO OOJBINE WTEpalUii, OHIANH-O0yuYeHHE XYyXkKe
CXOJUTCS, 3aTO B MPAKTUYECKOM IUIaHE OoJjieeé SKOHOMHOE, T.K. HE Tpedyer
CHEUUAIIBHBIX CTPYKTYP JIJIsl XPAaHEHUS U HAKOIUJIEHUS MOIMPABOK.

Anmapatypa uW MmarepuaJjabl. 64-pa3psadeii  (x64) nepcoHaNbHBII
KOMIIBIOTEp, MPOLECCOp C TakToBOoM 4dactoror 1 I'Tm m Bble, onepaThBHaA
namsiTh 1 I'0 u Bbilie, CBOOOJHOE AMCKOBOE MPOCTPAHCTBO HEe MeHee 1 [0,
rpaduueckoe  ycrpoiictBo  DirectX 9. IlporpammHoe  oOecneueHue:
oneparmonHas cucrema Windows 7 u Boiie, Matlab (R2013) u Brime.

Yka3anne mno TexHuke Oe3omacHocTH. (CaMOCTOSTENBHO  HE
MPOU3BOJINTh: YCTAHOBKY M YJAJ€HHWE MPOTPAMMHOIO OOECIECUEHUs; PEMOHT
NEPCOHATBLHOTO KoMIbloTepa. CoOmoaaTh MpaBuiia TEXHUYECKOM dKCIUTyaTaluu
U TEXHUKHU O0€30MaCHOCTHU NP paboTe C IIEKTPOOOOPYTOBAHUEM.

MeToanka U NOPSAI0OK BHINOJHEHUS] PadOThI

BrinmonHute mnpennoXeHHbIE 3alaHus, MPEABAPUTEIBLHO PACcCMOTPEB
MIPUBE/ICHHBIE B TEOPETUUECKON YaCTH IPUMEPHI.

3ananue 4.1 Co3aaTh JBa 4aCTUYHO Tepecekaromumxcs kiaacca Touek (100
TOYEK JIs KaKJI0ro Kilacca) Kak mokKa3aHo B Tabmwuie 4.5.

3ananme 4.2 Pazgenuth HMX HACKOJBKO 3TO BO3MOXHO C IOMOIIBIO
nepcentpoHa. Tunm oOydeHHs MepcenTpoHa OHJIAMH WM MaKeTHBIM yKa3aH B
TabuIe.

3ananme 4.3 HapucoBaTh HaliJIECHHOE PEILICHUE.

Tabnuna 4.5 — UnauBuayaabHble BAPUAHTHI

Ne 3 Ne 3

Bapuanra aarme Bapuanra aarme
0 A A4 0

! g 0 6 g 0

Omnuaiin oOyueHue. [TakeTHOE 0OyUeHHE.

A1

2 5U [TaketHoe 7 g 0 .
Omnunaiin oOydeHue.
oOydJeHwue.
no
4 0
A
3 4B Makernoe 8 B 0 .
Omnnaitn oOy4eHue.
oOyJeHHE.
0 A 0 A
4 9

g 1

Omnuaiin oOy4eHwue. [TakeTHOE OOYUCHHE.

IlakeTHOE 10 A

oOydJeHwue.

Omnnaitn oOy4deHue.
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Conep:xanue oTyera u ero gopma

HOIIFOTOBLTG OT4YCT, B KOTOPOM IIPUBCIAUTC TCXHOJIOTHIO BbIIIOJTHCHUA

3aJlaHUM.

Otuer o 1abopaTopHOii padoTe JOIKEH COMEPIKATD:

1)
2)
3)
4)
S)

[S—

W

Ha3BaHWE pabOTHI;

1eJTh JTA0OPaTOPHOU PabOTHI;

(GopMyITHUPOBKY 3aJJaHUS M TEXHOJIOTHUIO €r0 BBIMOJTHEHNUS;
OTBETHI HA KOHTPOJIbHBIE BOPOCHI;

IpUIOKEeHUE — (DailJibl BHIMOJTHEHHBIX 3aJaHUH.

Bomnpocs! asst 321U THI padoThI
Uto Takoe nepcentpoH?
Yem nepcenTpoH OTIIMYAETCA OT CETH MPSAMOI0 pacIpoOCTpaHEHUs?
Kaxkue 3a1a4yu MOKHO pelaTh ¢ IOMOIIBIO EpCeNnTpoHa?
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JIABOPATOPHAA PABOTA 5
Pabora ¢ HeiiponnbiMu ceTsimu B MatLab

Heab u comepxxanme: co3gaTh U 00YUUTh HECKOJIBKO HEUPOHHBIX CETEH,
pellaoIUX 3a4a4d  JIMHEWHOIO W HEJIMHEMHOI0 pas3feieHUs KIacCoB,
UCIIOJIb3Ys BCTPOEHHBIH SA3bIK TporpammupoBanus Matlab

Opranmzanuonnas ¢opma 3aHATHI: pelieHHe NPOOJEMHBIX 3ajad,
pa300p KOHKPETHBIX CUTyallul

Bonpocsl a1 o0cy:kIeHUs1 Ha JA0OpPaTOPHOM 3aHATHU: OCBOUTH
0a30BbIC KOMaHJZIbl JJI CO3JaHusd W OOydeHHs TPOCTBIX ceTeil B Matlab;
HAy4YUTHCS CO3/1aBaTh M O0ydaTh CETH Ui JMHEHHOTO W HEJIMHEWHOTO
paszieleHus] KJIaCCOB; HAYYUTHCSI CTPOUTH TpadUKHU, OTPAKAIOIINE PE3yIbTAThI
paboTHI CeTEeH.

®opmupyembie komnerenuun: OIIK-7.1 OIIK-7.2 OIIK-8.1 OIIK-8.2

Teopernueckoe 000cHOBaHUE

Cawmpbrif rubkuit cnocod no padore ¢ MHC B Matlab — 310 ucnoias3oBaTh
BCTPOEHHBIN S3BIK MPOTPAMMUPOBAHUS IJIs CO3MaHUs W 0OyueHus: ceteid. B
JaHHOM J1abopaTopHON paboTe Ha MpUMEpe JTUHEHHOTO pa3/eleHus KJIAcCOB U
3amaun XOR Oyner paccMoTpeHa TeXHHMKA CO3JaHUs U OOy4YeHHsS pPa3HBIX
HEUPOHHBIX CETEU.

Kox Matlab 6ynem Boifensts skupHbiM mpudToM. KommeHTapuii k Koy
3amuchIBaeTCs mocie cuMBoiia «%» U UAET A0 KoHUA crpouku. [lpu xenanuw,
MOXXHO TIOJIYYHTh 0oJiee MOAPOOHYIO0 CIIPaBKYy O 000 (PYHKIMU, YCTAaHOBUB
KypCOp Ha HY’)KHOU M Ha)kaB KitaBuily «F1».

[Ipexne, 4yeM nOporpaMMHUpPOBATH MEPCENTPOH, PACCMOTPUM MPUMEP
MIOCTPOEHUSI MOBEPXHOCTU OTKJIMKA JUIsi OOBIYHOIO HEIMHEHHOTro HEHpOHa ¢
(GyHKUMEW aKTUBALUU — TMIIEPOOINYECKUI TaHT€HC.

Ilpumep 1. llocTpoeHHE TOBEPXHOCTU OTKJIMKA [JI1 HEJIUHEHHOIO

HelpoHa ¢ QPyHKIMEN aKTUBaLUK — TUIIEPOOTNYECKUNA TAHT€HC
% I'omoeum Matlab k pabome
close all, clear all, clc, format compact;
% 3aoaém eeca neiipona

w = [4-2];
% 3a0aém cmeuwienue
b =-3;

% 3aoaém gpynkuyuro, Komopyrw xomum nocmpoums, 2UnepooJi. MAH2eHc
func = "tansig';

% 3aoaém éxoonoii eekmop

p=1[23];

% Botuucnaem 636euieHHYI0 CYMMY 6X004 U 6eC08

activation_potential = p*w'+b;

% Botuucnaem b1x00 HeIUHEUHOI YaCmU HellPOHA

neuron_output = feval(func, activation_potential);

% 3aoaém éxoonoii eekmop ona ouanazona om -10 0o +10 ¢ wmazom 0.25
[p1, p2] = meshgrid(-10:.25:10);

% Botuucnaem 6ekmop 6vix00a HelpoHa
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z = feval(func, [p1(:) p2(:)]*w'+b);

% Ilepecuém eewyecmeennvlx uucen 6 eokcenu 011 3D-cpaghuka
z = reshape(z, length(p1), length(p2));
% Cmpoum zpaghux

plot3(p1, p2, z);

% Bknrouaem cemky

grid on;

% Iloonucwvieaem ocu cpaguka
xlabel('Input 1');

ylabel('Input 2');

zlabel('Neuron output');

Pa3b6epém kon. Komanna close all 3akpbiBaeT Bce BCnOMOTraTeNbHbIE OKHA,
KOTOpbIE MOTJIM OBITh OTKPBITHI (OKHA pa3IMYHBIX MAacTEpOB, Bpoje nntool, He
3akpeiBatoTcs). Clear all yaanser Bce nepemeHHble U3 oonactu workspace, cle —
ouniaet obiacte okHa Command window, rie 6ynet Habupartbest ko1, Format
compact ycraHaBiauBaeT (QopMar oToOpakeHus ISl 4YuCced, Tak IS
BEILIECTBEHHBIX yucie OyaeT oToOpaxaThcs 4 TOUKHU MOCIIE 3aMsITOM.

Beca 3agatorcs 0oObIYHBIM BEKTOpOM W = [4 -2], KaK BHUJIHO, 3HAYCHUS
OTIENSIOTCA JIpYyr OT Jpyra mpoOenoM, yKa3plBaTh THUI HE 00s3aTENbHO.
QOyHKIMS aKTHBAUUM 3a0a€Tcsa cTpokou 'tamsig'. [lanee ua€r BbIUUCIEHUE
B3BEILICHHOW CYMMBI: CKaJsIpHOE MNPOU3BEJICHHE BXOJa Ha Beca W MpubaBKa
cMeleHus. Bektopa p © W Hemb3sl IPOCTO TakK B3SITh U MEPEMHOXKHUTH, T.K. MO
MpaBUjIaM JIMTHEWHOW anreOphl OJMH W3 HUX JIOJDKEH OBITh TPAHCIIOHUPOBAH, YTO
U JIEJIAETCSI C BEKTOPOM W C MOMOLIBI0 W'. MOXHO IOCMOTPETh 3HAYEHHE
MEPEMEHHOM, OHO JNOJKHO ObITh -1. Jlanmee BbluMcisieM (QPYHKIUIO aKTUBALUU
mpu Bxoze paBHOM -1. Jlemaem ato uepe3 feval(). Kak nmoHaTHo u3 Ha3BaHus,
(GyHKUMS BBIYHMCISAET 3HAUYEHHE HEKOTOPOM (YyHKUMHU (MEepBbIA MapaMmerp) OT
BEKTOpa BXOAOB (BTOpoi mapametp). [Ipuuém, kak u MHOTHE Apyrue QpyHIUU
Matlab, ona mneperpyxena, T.e. €€ BBI30B MOXXET MPOUCXOAUTHh NMPU PA3HBIX
croco0ax 3amucu BTOPOro mapameTpa. B mepBoM citydae BEKTOp pelylupyeTcs
K CKaJISIpHOU BEIWYMHE, BbIX01 paBeH -0.7616.

Hanee npucBanBaeM nepeMmeHHbIM pl u p2 3HaueHus ot -10 go +10 ¢
marom 0.25. [lenaem 310 uepe3 meshgrid(), koTopast co3aa€T NpsSIMOYTOIbHYIO
CETKY B CIIEIMAILHOM (hopmaTe MpUTrOAHOM JJisi TocTpoeHus rpadukoB. Ho mis
MOCTPOCHHUS CaMOro rpaduka HaM HYXXHO 3HAThb 3Hau€HUs He Toibko pl u p2,
HO U BbIXOJa HelpoHa. Tenepb BBIYUCISIEM 3THU 3HAYEHUsS JJI1 BEKTOpa Z C
nomomipto feval(), BuAHO, UYTO TEmepb BTOPOM MapaMeTp HAMPIMYIO
3aMMCHIBAETCS B BUJE CKAISIPHOTO NPOU3BEACHHUS JBYX BEKTOPOB ILIIOC
cMelenue. JlBoeroume o3Havaer mnepeBoa 3HaueHus B ¢opmar double
(ucnosib3yeTcss Il HAyYHBIX M WH)XEHEPHBIX BblUMCIeHUN. Hukorma He
ucnoinb3yire float Ay 3Tux 3a7a4 B Takux si3bikax kak C/C++, yToObl n30exaTh
NEPETOTHEHUS IEPEMEHHOM ).

Oynkuus reshape() nepecynThIBAE€T YMCIOBBIE 3HAYEHUSI B BOKCENIU IS
oroOpakenus Ha rpaduke. Plot3() ctpout TpéxmepHsiii rpaduk, pucyHok S.1.
Grid on Bxirouaer cetky Ha 3ToM Tpaduke, pucyHok 5.2, 5.3. Xlabel(),
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ylabel(), zlabel() — noanuceIBatoT ocu y rpaduka.
Figure 1

File Edit View Insert Tools Desktop Window Help N

A DY A EILE

-10 10

Pucynok 5.1 — [Monyuusmuiicst 3D-rapduk 6e3 ceTku u noJmuceit oceit

Figure 1

Eile Edit View Inset Tools Desktop Window Help L]

NEEe | b RXODEL- 2|08 aD

Pucynox 5.2 — Jlo6aBuiu cetky Ha HhoH
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Figure 1
File Edit View |Insert Tools Desktop Window Help N
NEEAL RN UDEL- 2| 08| aD

MNeuron output

Input 2 -0 -10 Input 1

Pucynok 5.3 — JlobaBunu moamnucu Juist ocei x, y, z

Tenepb co3naguM U 00yYUM JIBYXCIOWHYIO CETh Ha OJTHOM IIPUMEDE.

Ilpumep 2. Coznanue u oOydeHre JBYXCIOMHOM CeTH.
close all, clear all, clc, format compact

% Bx00HOlI mpancnoHupoeanHslil eKmop

inputs = [1:6]'

% Buoix00H0il 6eKmMop, KOMOopPbLil 00NHCHA RPOMOOETUPOBAMD CENb
outputs = [1 2]';

% 3aoaém oowyro cmpykmypy cemu

net = network (1, 2, [1; 0], [1; 0], [0 0; 1 0], [0 1]);

% Iloka3zvieaem eé

view(net);

% 3aoaém Konuuecmeo NPOMeHCYmoUHbIX C/1066
net.layers{l}.size = 5;

% 3aoaém ¢pynkyuu akmueayuu Ha HUX
net.layers{l1}.transferFcn = 'logsig';

% Ewié paz omoopaixcaem cemo

view(net);

% Ycmanasnueaem pazmepnocms 6x00a u 6vixooa

net = configure(net, inputs, outputs);

% Cmompum oKoOHUAMENbHDLIL 6APUAHI CEMU
view(net);

% Ilonyuaem uznauanvHulil 661X00 cemu 06e3 00yuenus
initial_output = net(inputs);

% Ycmanasenueaem memoo odyuenusn
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net.trainFcn = 'trainlm’;

% Ycmanaenueaem pynkuyuto ouwiuobxku
net.performFcn = 'mse’;

% O0y4aeM ceTh Ha 0OJJHOM NpUMepe

net = train(net, inputs, outputs);

% Onamb nooaém 6xo00, HO yice HA 00YYEHHYIO Cemb,
% cemv 0ondxcna npomodenuposams 6v1xo0 [1 2]
final_output = net(inputs);

BxonHoil BekTOp OyIeT paBeH MacCUBY M3 IIECTH 3JIeMEHTOB OT 1 10 6,
T.K. JMaNa3oH 3amuchiBaeTcsa depe3 «:». OyHkuus network() 3ama€rt oOIryro
CTPYKTYypy cetu. Paccmorpum Oojiee moApoOHO, UYTO O3HAYaeT KaKIbld

rapamerp.
[lepBbiii mapaMeTp oO3HA4YaeT KOJMYECTBO BXOJOB (HE B CMBICIE
pa3MEpHOCTh BXOJHOI'O BEKTOpPA, @ B CMBICNIE, — CKOJBKO BEKTOpPOB OyJleT

MOJaHO Ha BXOJ CeTH. J[omyCTHUM, B CBEPTOUHBIX CETSAX OOBIYHOE JIeJI0, YTO Ha
BXOJI MOJAETCSI HE OJIMH, a JIBa WM TPU MACCHUBA, KaXJbI U3 KOTOPBIX KaK-TO
CBSI3aH C JAJbHEHIIUM cJIoeM). Y Hac 3TOT mapameTp paBeH 1. Bropoi
MapaMeTp O3Ha4yaeT KOJWYECTBO CJIOEB B CETU. B JaHHOM ciydyae HMeeM
JIBYXCIIONMHYIO ceTh. Tperuii mapamerp — OyJeB BEKTOp, KOTOPBIM O3HA4aeT
Kakue HEHpOHBI OyayT UMETh CMEIICHHE, a Kakue — HeT. T.k. Bektop [1; 0], To
OYEBHJIHO, YTO BCE HEUPOHBI MIEPBOTO CIIOST OYIyT UMETh CMEIIEHUE, a HEHPOHBI
BTOPOIO cJI0s1 — HET. UeTBEPTHIN MapaMeTp — 3TO Takke OyJIeB BEKTOpP, KOTOPBIN
O3Ha4yaeT, — C KaKUMHU CJIOSIMU CBSI3aH BXOJ. B JTaHHOM ciydae HCMOJb3yeTcs
KJIaCCUYECKasi CXeMa, TJie¢ BXOJl CBSI3HA TOJBKO C TOCIEIYIOIMIUM CIIOEM, a,
cienoBaTenbHo, BEKTOp [1; 0]. IIaThIii mapaMeTp — 3TO MaTpuLa CBA3EU MEXIY
CJIOSIMHM, KOTOpasi 03HA4YaeT, Kakoil CJIoi ¢ KakuM cBsizaH. OHa 3alMCHIBACTCS B
Buje Bekrtopa. Mmeem [0 0; 1 0], ecniu 3anucars B BUJ€ MaTPULIbI, TO MOTYYUTCA
oo

I

. Torma TOHSATHO, YTO TEPBBIA CJIOW CBSI3aH CO BTOPBIM CJIOEM, T.K.
enuHUIA pacrionaraercs B mo3uruu (1, 2), rtme 1 — aT0 HOMEp cronbia, 2 —
Homep ctpoku. [llectoii mapamerp [0 1] — OysieB BEKTOp, KOTOPHIM MOKA3bIBAET,
C KakuMHU CJIOSIMU CBs3aH BbIXOJ. [Ipu Takux 3HAYEHUSIX BBIXOJ CBSI3aH C
MPEANOCICTHUM CIIOEM.

| Custom Meural Metwork (view)

Input Layer Output

0

PucyHnok 5.4 — M3HauanbpHas CTPYKTypa CeTH
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N3mennm tpetnii mapametp ¢ [1;0] Ha [1;1], momyunm cTpyKTypy Kak Ha
pHUCYHKE 3.5.

Custom Meural Network (view)

o o

PucyHoKk 5.5 — BUJIHO, 4TO Y BTOPOTO CJIOSl TOKE MOSIBUIIOCH CMEILICHHE

N3Mennm Teneps u 4eTBEPTHIM napamerp Ha [1; 1], momyuum cTpykrypy
CETH KaK Ha puUCyHKe 5.6.

Custom Meural Network (view)

Pucynok 5.6 — JlobaBunach cBsi3b BX0JIa CO BTOPHIM CIIOEM

N3MeHnM ocTalibHbIE Ba BEKTOpAa HA €IMHHUYHBIC, MOIYYUM CTPYKTYpPY
KakK Ha pUCYHKe 5.7.
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) Custemn Meural Metwork (view)

F|
/
1) \'h_-

Pucynok 5.7 — IlosiBuicst BTOpo# BbIXOJ, CBSI3aHHBIN C IIEPBBIM CJIIOEM, a TAKKE KaXKJbIi CIION
CBSI3aH C caMHM cO0O# U BTOPOI1 CJI0H CBsI3aH ¢ epBbIM (TIOAAET CBOM CHTHAJIBI HA BXOJT
MIEPBOTO CJI0S)

Net.layers{l}.size = 5 — npucBauBaeM KOJUYECTBO HEMPOHOB MEPBOMY
ClIOI0 ceTh (MHIEKC 3amuchiBaeTcs B (QUTYpPHBIX CKOOKax). Buano, uto
oOpaieHue K JaHHBIM IMapamMeTpaM OCYIIECTBIISETCS KIACCHYECKHM 00pa3oM
Uit 00BEKTOB: yepe3 Touky. T.e. cerb B Matlab — 310 00BEKT (1O
TEPMUHOJIOTUH O0BEKTHO-OPUEHTUPOBAHHOTO TIporpammupoBanus (OOIT)).

HeGonbmoe mnpumeuanue. Konnenuus OOIl nHanpammBaercss ajis
omucanuss MHC, T.K. BHOJIHE JIOTUYHO, YTO OOBEKT «CETh)» BKIIOYAET B ceOs
O0BEKTBI — «CII0I», a Te — «HeHpoH». OIHAKO, HY’KHO IIOMHUTh, YTO IIPU TAKOM
MOJIXOJI€ ONEpaTUBHAS NaMATh BBLACIACTCS U IPYNIHUPYETCS MOJ KOHKPETHBIE
O0BEKTHl U B Ciy4yae MONBITOK ObicTpod peanuzanuu HMHC, Bo3MoOxHO, ¢
UCIIONIb30BaHUEM acceMOiepa, HE TOJIY4YUTCs OBICTPO  PEau30BbIBAThH
MaTpuuHble onepanuu. Kopoue, ecnu tpeGyercs ObIcTpas peanu3alus CETH, TO
ot OOII-onucanus npuaETcs OTKa3aThCA.

Net.layers{1}.transferFcn = 'logsig' — npucBanBaeT c10sM MEPBOTO CIOS
GYHKIMIO aKTUBAIMU CUTMOi (6€3 OTpHUlIaTeIbHBIX 3HAUCHU ), PUCYHOK 3.8.

L

| Custom Meural Network (view)

Layer Output

Input

Pucynok 5.8 — MensieM pyHKIIMIO aKTUBAIIMHM Y HEHPOHOB IEPBOTO CJIOS

JIJi1 yCTaHOBKHM BXOJHOTO U BBIXOJIHOTO CJI0Sl MOYKHO CKOH(UT'YpPUPOBATh
CETh MO OTHOLIEHHWIO K BEKTOPY BXOJa M BbrIXxojaa: net = configure(net, inputs,
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outputs), pucyHoK 5.9.

! Custom Meural Network (view)

5

Pucynox 5.9 — OxoHYaTenHHO MOTyYaeM OOIIYIO CTPYKTYPY CETH, TJI€ pa3Mep
BXoJa — 6, a BBIX0oa — 2

Bekrop initial output monyuur 3Hauenus [0 0]', T.x. Beca He
WHUIMAIM3UPOBAHbI, T.€. CETh HUUETo JejaTh He ymeeT. [lyig Havana oOydeHus
HY’)KHO KaK MUHMMYM 33JaTh MeTOJl OOy4eHHs U (YHKIHIO OUIMOKH, YTO WU
nenaercs ¢ nomoupio net.trainFen = 'trainlm' u net.performFcn = 'mse’.
Trainlm — 310 o0yuenue o merony JleBenOepra-MapxkBapara, a MSE (mean
square error) — 3TO cpeaHekBagpaTudeckas ommoOka. Train() — 3amyckaer
o0OyueHue ceTH U BO3BpalllaeT 00beKT — 00yueHHylo ceThb. [Ipouecc oOyueHus
MoKa3aH Ha pucyHke 5.10.
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) Meural Metwork Training (nntraintool)

Meural Network

Layer
Input Layer Output
6 2 2
5
Algorithms
Training: Levenberg-Marquardt (trainlm)

Performance: Mean Squared Error  (mise)
Calculations:  MEX

Progress
Epoch: 0 | 3 iterations | 1000
Time: | 0:00:00 |
Performance: 250 [ aess T ] 000
Gradient: 250 | 1.02e-12 | 1.00e-07
Mu: 0.00100 | 1.00e-06 | 1.00e+10
Validation Checks: 0| 0 | 6
Plots

Plot Interval: ' 1 epochs

v Minimum gradient reached.

@ Stop Training @ Cancel

Pucynok 5.10 — OOyuenue cetu

[To3xe hopmupyem Bektop final output, KOTOPHIM COACPKUT OTBET CETH
Ha Bxof, T.¢. 1.0000 u 2.0000 (momuum npo popmat compact).

Teneps pemum 3aady o pa3eieHUN KJIACCOB C MOMOIIBIO MEPCENTPOHA,
mo00HYI0 TOM, KoTOpas ObLIa pelieHa B labopaTopHoi padoTe 3.

Ilpumep 3. PazneneHne KIaccoB € MTOMOINIBIO MEPCENTPOHA.

close all, clear all, clc, format compact

% 3aoaém Konuuecmeo nammepHos Kaxcoozo Kiacca

N =20;

% 3aoaém cmeuienue

offset = 5;

% Co030aém 6x00HbBlE 3HAYEHUA KAXHCO020 KNaAcca

x = [randn(2, N) randn(2, N)+offset];

% Co30aém 6bIXx00HbBIE 3HAYUEHUA 01 IMUX KIIACCO8

y = [zeros(1, N) ones(1, N)|;

% OmKpbleaem OKHO 07151 pUCOBAHUSA

figure(1);
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% Hanocum mouku (nammepnut)

plotpv(x, y);

% Co30aém oovexm-cemv muna Ilepcenmpon

net = perceptron;

% Oodyuaem nepcenmpon

net = train(net, X, y);

% Pucyem odougyro cmpykmypy cemu

view(net);

% Bo3spawjaemcsa 6 OKHO 01 pUCOBAHUA U PUCYEM NPAMYIO TUHUIO,

% Komopasn pazdeaum 0ea Kiacca

figure(1);

plotpc(net.IW{1}, net.b{1});

rand(2, N) — co3gaér maccuB pazmepoM 2xXN, 4Kclia KOTOPOTO SIBISFOTCS
CIy4yalHbIE BEJIIMYMHBI, PACIPEACIEHHBIE TI0 HOPMAIBHOMY 3aKOHY C
MaTeMaTH4YeCKUM OujaHueM (0 U CpeIHEKBAJIPaTUUYECKUM OTKJIOHECHHEM 1.
Taxkum o6pa3oM, OyayT co3maHbl ABE MAaTpHUIlbl 2XN, cofepKaliue KOOpIUuHATHI
TOYCK-MIATTEPHOB B JBYMEPHOM IIPOCTPAHCTBE, MPUUYEM KOOPJIMHATHI BTOPOU
MaTpuIlel OyIyT CMEIICHBl Ha 5 TO3WIMHU, T.€. 3apaHee TapaHTUPYETCs, UYTO
KJIacchl OyAyT JHUHENHO pazaenumble. OOpaTUM BHUMAHHUE, YTO HTU JBE
MaTpullbl Ha camMOM JieJie 3alucaHbl B OJHY MaTpulily pasmepoMm 2x2*N.
Zeros(1, N) u ones(1, N) co3maér maccuB HyJied U eAUHUI] pazmepoM N, 3TO
METKH JJI1 BXOAHBIX IMATTEPHOB.

Figure(l) — BBI3BIBAET OKHO, COJAEp)Kallle€ KaHBY [UIsl pPHCOBAHUA,
pucyHok 5.11.

Plotpv(X, y) — HAHOCUT TOYKH Ha KaHBY C KOOpJMHATAMU X U METKaMH Y,
pucyHok 5.12. I[Ipruém Hyu oToOpaxaroTcs Kpy>KKaMH, a € IMHUIIbI TUTFOCAMH.

Figure 1 - O X Figure 1 = O x
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Pucynok 5.11 — OkHo a1 pucoBaHus Pucynok 5.12 — JIBa co3naHHBIX HAMU
KJlacca, BUJHO, UYTO OHHU JIMHEHHO
pasaenuMel

Net = perceptron — co3naém cets Tuna IlepcenTpon, ecim nocie 3anucu
KOMaH/Ibl HE CTaBUTh TOUKY C 3aIIITOM, TO CpeJja Pa3BEPHET BCE YCTAaHOBJICHHbBIE
10 YMOJIYAHUIO TapaMeTphl, pUCYHOK 5.13.



Command Window

>»> net=perceptron
net =
Neural Network

name:

userdata:

dimensions:

numInputs:
numLayers:
numCutputs:
numInputDelays:
numLayerDelays:
numFeedbackDelays:
numWeightElements:
sampleTime:

connections:

biasConnect:
inputConnect:
layerConnect:
outputConnect:
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'Perceptron'
[{your custom info)

=T =T = I = T e

true
true
false
true

subobjects:
input: Eguivalent to inputs{l}
cutput: Egquiwvalent to outputs{l}
inputs: {1xl cell array of 1 input}
layers: {1lxl cell array of 1 layer}
outputs: {lxl cell array of 1 output}
biases: {1xl cell array of 1 kias}
inputWeights: {1lxl cell array of 1 weight}
layerWeights: {1xl cell array of 0 weights}
functions:
adaptFcon: 'adaptwk'
adaptParam: (none)
derivFcn: 'defaultderiv'
divideFcn: 'diwidetrain'
divideParam: (none)
divideMode: 'sample'
fx initFcn: 'initlay!'

Pucynok 5.13 — MeTozsl u cBOiicTBa 00BEKTa perceptron

Hanee npoucxoaut odyuenue cetu. O01Ias CTpyKTypa ceTu
IIpeJacTaBJI€Ha Ha pPUCYHKE 5.14.

PesynbTaThl OoOydeHUs NpeacTaBlieHbl Ha pucyHke 5.15. Buano,

| Perceptron (view)

Hard Limit

noTpedoBaioch 29 urepaiui.

Pucynok 5.14 — O0mias cTpykTypa ceTu

qTo
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) Meural Metwork Training (nntraintool)

Meural Network

Hard Limit

Input

Algorithms
Data Division:  Training Only  (dividetrain)
Training: Cyclical Weight/Bias Rule (trainc)

Peformance: Mean Absolute Errar  [mag)
Calculations:  MATLAB

Progress

Epoch: o[l 29 iterations 1000
Tirme: 0:00:01
Performance: 0.300 0.00 | 0.00

Plots

Training State (plottrainstate)

Confusion (plotconfusion)

Plot Interval: ' 1 epochs

v Performance goal met.

@ Stop Training @ cancel

Pucynok 5.15 — Pe3ynbrarel 00y4eHus mepcenTpoHa

Ha pucynke 5.16 npencraBnen rpaduk HacTpoiku nepcentpoHa. [ paduk
HOCHUT XapakTepHy 3yOuatryio ¢opmy. [locne kaxmol 3MOXy BBICUMTHIBAETCS
MSE mexay npenanonaraeMbIMA OTBETaMHU M peaibHbIMU. HarmoMHuM, 4To mipu
aJlanTallid HE UCIOJIb3YETCS CIYCK IO MOBEPXHOCTH ONIMOKU, MOATOMY KIATh
MIOCTENIEHHOTO CHUXEHUSI OIMOKU oOydyeHus He cienyer. OO0ydeHue uaET 10
TeX MOop, MoKa He OyneT HaljieHa nepBas npsmasi, OTAENSonas OJIMH KJIacc OT

JIPyroro.

— ‘
2] Neurs! Network Training Performance (plotperform), Epoch 20, Performance go.. (S =) I
file Edit View Inset Tools Desktop Window Help ¥
Best Training Performance is 0.5 at epoch 0
10°
Train
..... Best
o
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E
=
o
g
£
In]
@
8
=
2
f
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c
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-
=
0 5 10 15 20 25
29 Epochs
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PucyHnok 5.16 — I'paduk HacTpoiiku BECOBBIX KOA(D(OUIIMEHTOB MEpCENTPOHA
Plotpc(net.IW{1}, net.b{l}) — crpour nOpsMyr0 JIMHHUIO C
COOTBETCTBYIOIMMHU  Kodpdurnmentamu. IW  —  oOo3Hauaer  cioit
K03(PUIIMEHTOB MEXIy BXOJAOM M MepBbIM ciioeM, b{l} — cmemienue nepBoro
cios. Mrorosas npsimMasi mokasaHa Ha pucyHke 5.17.

Figure'l
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Pucynok 5.17 — Ilony4deHHOE pellieHre 1o pa3AesiCHUIO IBYX KJI1acCOB

Tenepp paccMOTpuM pelieHHe 3ajayd  pasfeleHuss Ha 4 Kkiacca C
MOMOIIBIO  TEepPCenTpOoHAa U  OOBIYHOM  MHOTOCIIOWHOM CeTH  MPSMOTo
pacrpocTpaHeHus. PacnoioxkeHre KJIacCOB OCTAaBUM TaKUM K€, Kak U B 3a7aye
XOR (mo yrimam «kBajaparta»), HO TENeph y HAC HE JIBa Kiacca, a 4, a Takxke
KaXKIpIi Ki1acc mpeacTabieH 30 naTTepHamu.

Ilpumep 4. Pemienue 3amaunm pasnaeneHuss Ha 4 Kiacca € IMOMOIIBIO
NepcenTpoHa U OOBIYHON MHOTOCIIOWHOM CETH MPSIMOTO PaCIpOCTPAHEHUS.

close all, clear all, clc, format compact
% Kascowuii knacc umeem 30 nammepHos

K=30;
% Cmewenue ons knaccos 0.6
q=.6;

% 3aoaém 4 knacca 6 euoe eekmopoe A, B, C, D (2 cmpoxu u 30 cmonoyos)
A = [rand(1, K)-q; rand(1, K)+q];

B = [rand(1, K)+q; rand(1, K)+q];

C = [rand(1, K)+q; rand(1, K)-q];

D = [rand(1, K)-q; rand(1, K)-q|;

% Pucyem na kanee mouku A onpedenénnozo muna (mpemuii napamemp)
plot(A(, :), A(2, 2), 'bs');
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% @uxcupyem Kangy

hold on;

grid on;

% Ha moit sice kanee pucyem ocmanvHule K1accol
plot(B(1, :), B(2, :), 'rt");

plot(C(, :), C(2, 3), 'g0");

plot(D(1, :), D(2, :), 'm*");

text(.5-q, .5+2*q, 'Class A');

text(.5+q, .5+2*q, 'Class B');
text(.5+q, .5-2*%q, 'Class C');

text(.5-q, .5-2*q, 'Class D');

% 3aoaém kooupoeKy Knaccoe (memku)

a=[01];

b=[11]";

c=[10]';

d=1[00]";

% Ilonyuaem oOuyuii 6eKmMop 6xXx00HbIX 3HAYUEHUTL
P=[ABCDj;

% Ilonyuaem odouuii 6eKmop mMemox

T = [repmat(a, 1, length(A)) repmat(b, 1, length(B)) repmat(c, 1, length(B))
repmat(d, 1, length(D))];

% Cemb muna «nepcenmpony

net = perceptron;

% Ilycmo cpeonexeaopamuueckas ouwiuoka He pasna 0

E=1;

% Ycmanoeka napamempa o mom, umo 6yoem MuHUMym 0OUH RPO2OH

net.adaptParam.passes = 1;

% Ilocmpounu usnauanvbHo omeem nepcenmpond, 00 00yUeHus

linehandle = plotpc(net.IW{1}, net.b{1});

% Cuémuyuk no uyuxkiam

n=0;

% L{ukn 6yoem uomu noka cpeonekeaopamuueckas ouuodKa He

% cmanem pagnoil Y110 UIU NOKA He 0ocmuzHem 3Havenus umepavuii ¢ 1000

while (sse(E) & n<1000)

n=n-+1;
% OO0y4nTH NEepcenTpoH
[net, Y, E] = adapt(net, P, T);

% Hapucoseams nunuu

linehandle = plotpc(net.IW{1}, net.b{1}, linehandle);

drawnow;

end

view(net);

% Ilpoeepka padomul nepcenmpona Ha 6X00HOM 8eKmope

p=1[0.7; 1.2];

% Bwvioacm knacc (1; 1)

y = net(p);

rand(1, K) — renepupyer uncia u3 paBHOMEPHOTO paclpeieiCHUs B BUAE
BekTopa (mepBbIii mapameTp) pazmepoM K, B urore A = [rand(1, K)-q; rand(1,
K)+q] — renepupyercs matpuiia 2xK, 4To COOTBETCTBYET KOOpJAMHATAM TOYEK.

Plot(A(1, :), A(2, :), 'bs') — pucyer Ha KaHBE€ TOYKH W3 MATPHUIIBI A,
nepeBo/si ux B BemecTBeHHbIM (opmat. [lapamerp 'bs' — 310 11BeT U dopma
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TOYEK: b — CHHMI U S — KBaApar. 'r+' — kpacHsIi (r) KpecT (+), 'go' — 3enéubIit
(g) xkpyxok (0), 'm*' — myprypHas (m) 3Be31049ka (*).

Text(.5-q, .5+2*q, 'Class A') — HaHOCUT TEKCT Ha KaHBY C
KOOpJIMHATAMU, 3alIMCAHHBIMU KaK JBa TIEPBBIX MTapaMeTpa.

OO6mmit Bua oToOpakeHus KJIACCOB MPEJICTaBIIeH Ha pucyHKe 5.18.

EA Figure 1 = O X
File Edit View Insert Tools Desktop Window Help k]
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Pucynok 5.18 — Knaccsl, KOTOpbl€ IPEACTOUT Pa3ieanTh

Jns  monmyuenus  Bektopa T HeEoOXOAMMO  pacKONUPOBATh
TPaHCIIOHUPOBAaHHbIE BekTOopa a, b, ¢, d. lng 3TOM Lenu uCIoab3yercs
repmat(): repmat (4T0 KONMpyeM, KONHIl MO CTPOKaM, KONHUIl IO
cros0uam). B pezynbrate BexkTtop T npumeT Buj Kak Ha pucyHke 3.19: marpuna
u3 1ByX cTpok U 30 * 4 = 120 KOJOHOK.
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Command Window

Columns 75 through 91

Pucynoxk 5.19 — O6muii Bux BekTopa MeToK T

Huxn while() — 310 mMKI ¢ mpeAyciioBHE, MO3TOMY OH MOXKET HE
BBITIOJIHUTBCS HU pasy, a CJIEeJI0BATEIbHO, Mepea] HUM HEOOXOJIMMO MOCTPOUTH
BO3MOXXHO€ pelleHue (T.K. MpHU CO3JaHUU CeTU net = perceptron) Beca
MOJTY4aloT CIy4yalHbIE 3HAUCHMUSI.

[net, Y, E] = adapt(net, P, T) — npouecc aganraiuu BecoB. Net —
MOJIYYUT O0y4YEeHHYIO CeTh, Y — BEKTOP OTBETOB ceTH s Bxoaa P, E — ommbku
cetu juist MeToK T u Bxo0B P. Sse(E) — cymMa kBaipaToB 3TUX OIIUOOK.

Ha pucynke 3.20 nmokazaHa CTpyKTypa CE€TH, BUAHO, YTO €IMHCTBEHHBIN
CJIOM CETH COJAEPKUT JIBa HEMPOHA, YTO COOTBETCTBYET ABYM MPSAMBIM JIMHUSAM
IUTS pa3aeneHus 4-X KiIaccoB.

) Perceptron [view)

Hard Limit

Input

2

Pucynok 5.20 — O61mas cTpykTypa nepcenTpoHa

Bo3MOXHBIN OTBET CETH NMPUBEIEH HA pUCYHKE 5.21.
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Figure 1 = O x

File Edit View Insert Tools Desktop  Window  Help k]
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Pucynox 5.21 — Pemenus 3agaun pa3outus Ha 4 xjiacca

Pacemotpum pemenre XOR-mpo6iieMbl ¢ TOMOIBIO MHOTOCIIOWHOM CETH
IIPAMOTO PacHpOCTPAHEHHUs, HO PaCLUMPUM IIPEACTABICHUE KAXI0ro Kijacca 10
100 marTepHOB.

Ilpumep 5. Pemienue mnpumepa 4 ¢ TOMOLIBIO MHOTOCIOMHOM CETH
MIPSIMOTO PacTPOCTPAHEHHUSL.

close all, clear all, clc, format compact

K =100;

q=.6;

% /lannvle ona 00yuenusn

%0o0pamume enumanue Ha mo, Ymo randn() omoenaomcsa c LOMoOWbIO

%”;”. Ecnu onycmums 3mom cumeon, mo A oyoem ne 2x100, a 1x200.

A = [rand(1, K)-q; rand(1, K)+q];

B = [rand(1, K)+q; rand(1, K)+q];

C = [rand(1, K)+q; rand(1, K)-q];

D = [rand(1, K)-q; rand(1, K)-q|;

figure(1);

% Hanocum mouku Ha Kangy

plot(A(, :), A(2, :), 'k+');

hold on;

grid on;

plot(B(1, :), B(2, :), 'bd");

plot(C(1, :), C(2, :), 'k+');

plot(D(1, :), D(2, :), 'bd");

% Hanocum nazeanus Kuiaccoe
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text(.5-q, .5+2*q, 'Class A"');

text(.5+q, .5+2*q, 'Class B');

text(.5+q, .5-2*%q, 'Class A");

text(.5-q, .5-2%q, 'Class B');

% Onpeoenaem memku 013 K1accoe

a=-l,c=-1,b=1,d=1;

% @opmupyem 6x00HOIl 6eKmMOp

P=[ABCD];

% Dopmupyem eekmop omeemos

T = [repmat(a, 1, length(A)) repmat(b, 1, length(B)) repmat(c, 1, length(C))
repmat(d, 1, length(D))];

% Onpeodensaem cemp nPAMO20 PACHPOCMPAHEHUSA

net = feedforwardnet([5 3]);

% Bcsa evibopka noo odyuarouiue npumepol

net.divideParam.trainRatio = 1;

% Hem eanuoayuonnoit eplo0pKu

net.divideParam.valRatio = 0;

% Hem mecmoeoii eb100pKu

net.divideParam.testRatio = 0;

% Oobyuaem cembv

[net, tr, Y, E] = train(net, P, T);

view(net);

figure(2);

% I'pagpuk orrcudaemvlx omeemos cemu

% epagpux nonyuaemcsa 3youamoim, m.K. MemKu 013 Kiaccoe

%onpeodenenvt kax -1 u +1

plot(T', 'linewidth’, 2);

hold on;

% I'pagpuk peanvrvix omeemos cemu

plot(Y', 'r--');

grid on;

% Pucyem necendy K cpagpuxam

legend('Targets', 'Network response’', 'location’, 'best');

% Onpeodenaem 6uouMblil OUANA30H NO OCU Y

ylim([-1.25 1.25]);

% Co30aém naoop 601 uucna

span = -1:.005:2;

% P1 u P2 cmanym mampuyamu pazmepom 601x601

[P1, P2] = meshgrid(span, span);

% Tpancnonupyem eekmop pazmepom 601*601 =361201

pp = [P1(:) P2()]";

% Ilonyuaem 6vix00bl cemu

aa = net(pp);

% Bo3zspawaemca K nepeoii kanee

figure(1);

% Pucyem mpéxmepHyio cemky

mesh(P1, P2, reshape(aa, length(span), length(span))-5);

% Iloobupaem nyuuiee couemanue yeemoe

colormap cool;

Ha pucynke 5.22 noka3aHbl naTTEPHBI BXOIHBIX KJIACCOB.
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Pucynok 5.22 — BxoaHble JaHHBIE IS ABYX KJIACCOB, KOTOPBIE HY>KHO Pa3AeINTh

Net = feedforwardnet(|5 3]) — co3naém ceTh MpSIMOro pacnpocTpaHEHUs
C ABYMS CIIOSIMH, B IEPBOM OyA€T 5 HEMPOHOB, BO BTOpoM — 3. CTpyKTypa ceTu
MOKa3aHa Ha pUcyHke 3.23.

) Feed-Forward MNeural Network (view)

Hidden 1 Hidden 2 Output

5 3 1

Pucynok 5.23 — O6mias cTpyKTypa cetu

OO6paTuM BHUMaHHUE, YTO BBIXOJIHOM HEHPOH UMEET JIMHEUHYIO (yHKIIHIO
aKTHUBAIIUH.

Bce marrepHst  BoiiAyT B oOydwaromyr0o  BBIOOPKY,  IO3TOMY
net.divideParam.trainRatio = 1, BaiuganMoHHYI0 W TECTOBYIO BBIOOPKY
ycTtaHoBHuM B 0.

OOyueHnue ceTu ocymiecTBisieTcs yepes [net, tr, Y, E] = train(net, P, T)
— rae tr — mepeMeHHas, conaepkamias uHdopmaiuo 00 o0yueHuu (B cpeie
Matlab e€ MOXXHO OTKpPBHITh W TOCMOTPETh Ha BXONAIIME B HEE MO M HX
3HauyenHwust). [Iporecc oOyuenus mokasan Ha pucyHke 5.24, kpuBas 0Oy4eHHs Ha
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pucyske 5.25.

' Meural Metwork Training (nntraintool)

Neural Network

[iata Division: Random (dividerand)
Training: Levenberg-Marquardt (trainlm)
Performance: Mean Squared Errer  (mse)

Calculations:  MEX

Progress

Epoch: 0 |! 26 iterations 1000
Time: Q:00:00

Performance: 1.73 l:l 0.00
Gradient: 229 7.61e-08 | 1.00e-07
Mu: 0.00100 1.00e-16 1.00e+10
Validation Checks: 0 | 0 | &

Performance (plotperform)

Training State (plottrainstate)

JR—

Regression (plotregression)

2
IIII |

' 1 epochs

Plot Interval:

v Opening Performance Plot

. Step Training . Cancel

Pucynok 5.24 — Ilpouecc 00y4eHus cetu, moTpedoBaIoch 26 uTepanui

_ﬂ Meural Network Training Performance (plotperform), Epoch 26, Minimu...

Eile Edit View Inset Tools Desktep Window Help ]

Best Training Performance is 5.7065e-14 at epoch 26

10° Train

1073

10710

Mean Squared Error (mse}

26 Epochs
Pucynok 5.25 — Kpusas o6yuenust (MSE), nyummii moxasaresns menpiue 107

Hanee otoOpakxaeM Ha HOBOM KaHBE OXHUIAEMbIi OTBET CETH,
pUCYHOK 5.26.
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Figure 2
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Pucynok 5.26 — OxunaeMslil oTBET ceTu (Ki1acchl KOAUPOBAIUCH *+1)

Ha Toi1 >xe kaHBe oTOOpakaeM peallbHbId OTBET CETH, PUCYHOK 5.27.

Bunno, 4to rpaduku coBIaaaroT.
Figure 2

Eile Edit View |Insert Tools Desktop  Window  Help k]
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Pucynox 5.27 — PeasibHbIi OTBET CeTH, Tpad)UKH COBITAIAl0T

Ylim([-1.25 1.25]) — orpannuuBaet och OY JaHHBIMU 3HAYEHUSIMHU.

YroOsl 0TOOpa3uTh TMOMYYUBIIEECS PEIICHHE YXKE HENb3s MPOCTO
MIOCTPOUTH MPsIMbIE JIMHUU (KaK B Clydae ¢ mepcenTpoHoM). Jljist 3Toro Hy>KHO
MOBEPX MEPBOM KaHBBI OTOOPA3UTh 3HAUCHMS BBHIXOJIOB CETH HA OUYEHb MEJIKOU
ceTke (BXOAHBIE [AHHbIE) M 3aKpacUTh MOJydYuBIIHECS OTBEThl. ['panHuia
pelieHus s pa3oueHus AByX KJIacCOB OKa)XXETCsl BUJIHA, PUCYHOK 5.28.
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Figure'l
File Edit View |nsert Tools Desktop Window Help k]
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Pucynoxk 5.28 — IlonyunBiiasics rpanuna pemenus uis 3agadn XOR
[Ipumeuanne. Cetb co CTpyKTypou 2-5-3-1 sBHO u3OBITOUHA MJIS
pellIeHUsT JTaHHOM 3a/1auH.
Ilpumep 6. llepeonipenieieHUE CTPYKTYPBI CETH.
MOo>XHO TIepeonpeeuTh CTPYKTYPY CETH, Kak ObUIO MOKa3aHO B Haydaje

JaHHOM TabopaTOPHOM pabOTHI:
net.layers{l1}.size = §;
% Ilonyuaem 0gyxcnoiinyio cems, 20e CKpblmulil C10ii umeem 5 HelpoHos
net = configure(net, P, T);
% Mensaem (hynKyuio akmueayuio Ha 6bIX00HOM HelPOHe HA HEeTUHEHHYI0
net.layers{2}.transferFcn = 'tansig';
net.divideParam.trainRatio = 1;
net.divideParam.valRatio = 0;
net.divideParam.testRatio = 0;
[net, tr, Y, E] = train(net, P, T);
CrpyKTypa Takoil CETH OKa3aHa Ha pucyHke 5.29.

! Feed-Forward Meural Metwork (view)

Hidden Output

5 1

Pucynok 5.29 — JlanHas cetb Toke crnpaBuTcs ¢ 3agaueit XOR
Onnako, Kak BUAHO U3 pucyHka 5.30, ommOka oOy4eHUs OMyCTUTCS B
paiion 107, uTo Goblle, YeM Yy IIEPBOM CETH, YTO B LEIOM XYyKE.
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Meural Metwork Training Performance (plotperform), Epoch 18, Minimu... = O

File Edit View |nsert Tools Desktop Window Help k]

Best Training Performance is 8.747e-10 at epoch 18

Train

10°

102

1078

Mean Squared Error (mse)

1078

10.11] i I I i i i I
0 2 4 6 8 10 12 14 16 18

18 Epochs
Pucynok 5.30 — Omubka oOyuenus s cetu 2-5-1
['panmnna pemenuit 1uis 3TOM CETH MOKa3aHa Ha pucyHke 5.31.

E]Figurrﬂ
Eile Edit View |Inset Tools Desktep Window Help u
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Pucynok 5. 31 — I'panuiia pemieHuit As CETH ¢ NAThIO CKPBITBIMU HEHPOHAMU

Certb co cTpykTypoit 2-3-1 nact ommbKy, moKa3aHHYIO Ha pUCYHKE 5.32.
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Neural Network Training Performance (plotperform), Epoch 27, Minimu... — O

File Edit View [Insert Tools Desktop Window Help k]

Best Training Performance is 1.1438e-09 at epoch 27

Train| :

Mean Squared Error (mse}

27 Epochs
Pucynok 5.32 — Ommbka oOyuenus mis cetu 2-3-1

[TonyuuBmmasics rpaHUIAa PEMICHUN IS CETH C TPEMS CKPBITHIMU
HeWpoHaMH MOKa3aHa Ha pUCYHKe 5.33.

Figure 1

File Edit View Inset Tools Desktop Window Help N

NEWdS| L |RAUDEL- 2|08 a0
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t et
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Pucynok 5.33 — I'panuna pemeHnil a1 CeTH U3 TPEX HEHPOHOB B CKPBITOM CJI0€

MoxHO caenaTh BBIBOJ, YTO YEM MEHBIIE KOJMYECTBO HEWPOHOB B
CKpPBITOM CJIO€, TeM Trpybdee OyIyT pasleieHbl KJIacChl W TpaHUIA pEHICHUM
MOXET B HEKOTOPBIX MECTax MPUHUMATh XaO0TUYECKUH BUJT (PUCYHOK 5.33).

KoneuHo, Takoil pa3Opoc B pEIICHUSX IMOJIydaeTcsl BCIEICTBUE JETKOU
Pa3aEIMMOCTH KJIaCCOB.

Ilpumep 7. llpuMeHEHNUE CETHU MPSIMOTO PACIIPOCTPAHEHUS K PA3ACIICHUIO
4-X KJ1accos.

Tenepp NpUMEHUM CETh NPSIMOTO PACIPOCTPAHEHUS K pa3lielieHHur0 4-X
KJIACCOB (paHee pelraiy 3Ty 3a/1auy C MOMOIIbIO IEPCENTPOHA).
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close all, clear all, clc, format compact

K=100;

q=.6;

A = [rand(1, K)-q; rand(1, K)+q];

B = [rand(1, K)+q; rand(1, K)+q];

C =[rand(1, K)+q; rand(1, K)-q];

D = [rand(1, K)-q; rand(1, K)-q];

figure(1);

plot(A(1, :), A(2, :), 'k+');

hold on;

grid on;

plot(B(1, :), B(2, :), 'b*");

plot(C(1, :), C(2, :), 'kx');

plot(D(1, :), D(2, ), 'bd");

text(.5-q, .5+2*q, 'Class A");

text(.5+q, .5+2*q, 'Class B');

text(.5+q, .5-2*q, 'Class C");

text(.5-q, .5-2*q, 'Class D");

% Kooupyem knaccot

a=|[-1-1-1+1]";

b=[-1-1+1-1]"

c=[-1+1-1-1]"

d=[+1-1-1-1]'

P=[ABCD];

T = [repmat(a, 1, length(A)) repmat(b, 1, length(B)) repmat(c, 1, length(C))
repmat(d, 1, length(D))];

net =feedforwardnet([4 3]);

net.divideParam.trainRatio = 1;

net.divideParam.valRatio = 0;

net.divideParam.testRatio = 0;

[net, tr, Y, E] = train(net, P, T);

view(net);

% Ilonyuaem 6 “m” éce maxcumanvHvle I1eMeHmbl RO cmoadyam, a ¢ “i”

% ux cmpoxoevie UHOEKCbl

[m, i] = max(T);

% Ilonyuaem 6 j unoexcovl CmpoK MakCUMAiabHbIX I71EMEHN08

[m, j] = max(Y);

N =length(Y);

k=0;

% Cpaenusaem 3mu uHOEKcbl, OHU 00JIHCHBL COBRACHIb, €C/IU OHU HE

% coenadarom, mo yeenuuusaem k na 1, m.e. k 6yoem cooeprcams Konuuecmeo

% omeemoe HHC, komopuie ne coenadarom ¢ memKkamu

if find(i - j),

k = length(find(i-j));

end

% Boicuumoieaem 3mo Koauuecmeo 6 npoyeHmax

fprintf('Correct classified samples: %.if% % samples\n', 100*(N-k)/N);

figure;

% Cmpoum eepxHuii cpagpuk Ha Kanee

subplot(211);

plot(T");
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title('Targets');

ylim(]-2 2]);

grid on;

% Cmpoum HuxCcHUIL 2pajuk Ha Kanee

subplot(212);

plot(Y");

title("Network response');

xlabel('# sample');

ylim([-2 2]);

grid on;

span = -1:.01:2;

[P1, P2] = meshgrid(span, span);

pp = [P1(:) P2(5)]";

aa = net(pp);

figure(1);

% Hanocum na cemky eéce omeemul nepeozo HelpoHa 01

% eceit 6b100PKU, OHU 00JIHCHBL 3AHAMb Y4 OM NAOWAOU 6CeX K1ACCO8
m = mesh(P1, P2, reshape(aa(l, :), length(span), length(span))-5);
set(m, 'facecolor’, [1 0.2 .7], 'linestyle', 'none');

hold on;

% Toorce camoe denaem 0na Opyzux HelPoOHOE

m = mesh(P1, P2, reshape(aa(2, :), length(span), length(span))-5);
set(m, 'facecolor’, [1 1.0 0.5], 'linestyle', 'none');

m = mesh(P1, P2, reshape(aa(3, :), length(span), length(span))-5);
set(m, 'facecolor’, [.4 1.0 0.9], 'linestyle', 'none');

m = mesh(P1, P2, reshape(aa(4, :), length(span), length(span))-5);
set(m, 'facecolor’, [.3 .4 0.5], 'linestyle', 'none');

view(2);

Cozmaém 4 xkmacca, kaxnapld mpencrasieH 100 marrepHamu,

B3 Figure1 = O X
File Edit View Inset Tools Desktop Window Help N
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Pucynok 5.34 — Yetsipe ki1acca, KOTOpbIE HY>KHO pa3JIeIUTh

PUCYHOK

Janee co3gaém ceTh co CTpyKTypoi 2-4-3-4 u oOyqaem e€, pucynku 3.35
—3.37.
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Neural Network Training (nntraintool)

=
w
=

Algorithms

Data Division: Random (dividerand)
Training: Levenberg-Marquardt (trainlm)
Performance:  Mean Squared Error  (mse)
Calculations:  MEX

Progress

Epoch: 0 || 25 iterations | 1000
Time: 0:00:00

Performance 110 [ e ] 000
Gradient: 1.29 7.30e-08 1.00e-07
Mu: 0.00100 1.00e-16 1.00e+10
Validation Checks: 0 0 6

Plots

Performance (plotperform)
Training State (plottrainstate)
Error Histogram (ploterrhist)

Regression (plotregression)

Plot Interval: | 11 epochs

v Opening Performance Plot

. Stop Training . Cancel

Pucynok 5.35 — O6yuenue cetu, moTpedoBaIOCh 25 UTeparuu

EX Neural Network Training Performance (plotperform), Epoch 25, Minimu...

File Edit View |Insert Tools Desktep Window Help L]

Best Training Performance is 1.7821e-14 at epoch 25

10°

107

10-10

Mean Squared Error (mse}

0 5 10 15 20 25
25 Epochs

Pucynok 5.36 — OmuOka o0yueHus oueHb xopoiuas, crana Huke 107" Ha yeTspe nopsiaka

Forward Neural Network

Hidden 1 Hidden 2 Output
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Pucynok 5.37 — O6mas cTpyKTypa ceTH, KOTOopas UCII0Ih30Bajlach

Pazymeercs, npemyioxkeHHas CTPYKTypa HE €IMHCTBEHHAsA, HA CAMOM JIEJie
XBaTWJIO OBl CETH C OJHHUM CKPBITBIM CJIOEM M YeTbhIpbMs HEIMHEHUHBIMU
HEWPOHAMU HA BBIXOJHOM CJIOE.

MeTkr ¥ OTBETHl CETH H300pakeHbl HAa pPHUCYHKEe 5.38, BUIHO, 4YTO
rpauKy TOJTHOCTBHIO COBMAIAIOT, T.€. CETh TOYHO MOJIEIHUPYET BCE PEAKINH Ha

BXOJIHBIC 3HAUYCHUA.
Figure 2 = O X
File Edit View Insert Tools Desktop Window Help k]

H_bljlﬂéﬁ k+\7\€??@ql_“_tff"§)[||£| m O

Targets

0 50 100 150 200 250 300 350 400

Network response

2 L L | L L L L
0 50 100 150 200 250 300 350 400

# sample

Pucynok 5.38 — I'paduk oxxunaeMsix u peanbubix orBeToB MHC

[Tocne moCTpOeHUS TPaHUlLl PEUICHUS MOKHO BUJIETh, UTO KaXJbIH KJIACC
OTAENEH OT APYroro, pucyHok 5.39.

Ecmu CpaBHUTL OTO PCHICHHC C TCEM, KOTOPOC OBLI0 AJOCTUTHYTO C
IMOMOIIBIO TICPCCUTPOHA, TO CTAHCT OUYCBUIAHBIM, YTO BO3MOXHOCTH IIO
OTHEJICHHI0 OJHMX KiaccoB oT npyrux y MHC mpsiMmoro pacmpocTtpaHeHus
3HA4YUTEJIbHO BBINIE, YEM Yy IEPCENTPOHA, T.K. TAKUE CETH MO3BOJISIIOT CTPOUTH
0oJiee CII0KHBIE TPAHUIIBI.
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Pucynox 5.39 — I'panuiisl pemieHus Juis 3a/1a4d 10 Pa3AaesICHUIO YEThIPEX KIACCOB C
MIOMOIIIBIO CETH MPSIMOTO PACTIPOCTPAHEHUS

Anmapatrypa u Martepuaibl. [[1s BBIOTHEHUS JTa0OpaTOPHOUM pPabOTHI
HEOOXOJMMO  HCIONB30BaTh  CIEAYIONIee:  amnmaparHoe  obOecreueHue:
MEPCOHANIBHBIN KOMIBIOTEp W TNPOrpaMMHOE OOECIeueHue: ONEPAIOHHYIO
cucremy Windows 10 wu Bpime; Microsoft Officel3 u BbIme, cUCTEMBI
koMmmbroTepHor MateMatuk Machcad m MATLAB R2017a u Bortre.

Ykazanue 10 TexHuke Oe3zomacHocTH. CaMOCTOSTEBHO  HE
MIPOU3BOJINTH: YCTAHOBKY WM YIAJICHHE MPOTPAMMHOIO OOCCIICUYCHHS; PEMOHT
MIEPCOHATLHOTO KOMITbIOTepa. CoOMI0aTh MpaBMIa TEXHUIECKOM dKCIUTyaTallun
Y TEXHUKHU 0€30MaCHOCTHU MPU PadOTEe C JIEKTPOOOOPYI0OBAHUEM.

MeToauka U NOpPsiIOK BHINOJHEHNsI padoThI
BreinmonuuTe mnpenyiokeHHbIE 3aJlaHusl, TPEABAPUTEIBLHO PACCMOTPEB U
BBITIOJTHUB BCE MIPUBE/ICHHBIC TPUMEPHI.
3apanue 5.1. B wunguBuayanpHOM BapuaHTe (Tabmuma 5.1) maHo
pacrioioxkeHue aByX kiaccoB (A u B) mo «yrmam» kBajapara (1o THIYy Kak Ha
pucynke 5.39). Kaxnpiii «yrom» mnpencraBieH 200 Ttoukamu. Tpebyercs
OTACHUTh Kiacc A oT B ¢ moMolpi0 mepcentpoHa W IOJTHOCBSI3aHHOMN

MHOT'OCJIOMHOM CETH NPAMOTr0 paCIpOCTPAHECHHUS.
Ta6ymma 3.1 — BapuaHThl 3a1anuii

Howmep Howmep
YcnoBue 3agaun VYcnoBue 3agaun
BapuaHTa BapUaHTa
B A4 B A4
| s 5 ; s
E B E A
I A B
2 s ; s 4l
HE B B A
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Howmep Howmep
YcnoBue 3agaun VYcnoBue 3agaun
BapuaHTa BapuaHTa
; i B 0 A A
1
A B A B
i B A A
4 11
B A B A
A A 5 A
5 12
i B A A
; A B 1 B
13
A B 4 A
i B 4 A
7 14
A A 4 B

Coaep:xanue oT4era u ero popma
[ToaroToBhTE OTYET, B KOTOPOM MPHUBEAUTE TEXHOJIOTHIO BBITTOJIHEHHUS
3aJlaHUil.
OTuer o 1abopaTopHOii paboTe JOIKEH COJEPIKATH:
1)  nHa3BaHme pabOTHI;
2) uens 1abopaTopHON paboTHI;
3) (opMyaupOBKY 3a1laHUSI U TEXHOJIOTHIO €T0 BHITIOJIHEHUS;
4) OTBeThI HA KOHTPOJIBHBIC BOIIPOCHI;
5) npunoxxeHue — Gpaisbl BRIMOJIHEHHBIX 3aIaHUH.

Bonpocs! a5 3a10MTHI padoThI

1. Kak xoaupyroTcs Kiacchl ajisi IEPCENTPOHOB WM CETEH MPSAMOIo
pacrpocTpaHeHus?
2. Onuiurre Nocie10BaTeIbHOCTh ACHCTBUM AJIsI HAHECEHHS] BXOAHBIX

3HAUEHUN HAa KaHBY, YTOOBI BU3yaJIbHO OBUIO BHJIHO PACIIOJIOKEHHUE KIIACCOB
OTHOCHUTEJIBHO JAPYT APYra.

3. OnummTe NOoCAeqoBaTeIbHOCT JEHCTBUA 11 MOCTPOEHUS Ha
KaHBE T'PaHULl PEIICHUS 3a1a41 KJIaCCU(PUKALIUU.
4. [IpuBenuTe mpuMep ceTHM NPSAMOIO PACHPOCTPAHEHUS C OJHUM

CKPBITBIM CJIOEM, C TIOMOIIBI0 KOTOPOM MOYKHO PEIIUTH 3a/1a9y O pa3AesieHun 4-
X KJIACCOB B paCCMOTPEHHOM J1a00paTopHO# pabdoTe.

5. [Touemy ceTh TPSIMOrOo pacHpOCTPAaHCHUS MOXKET  JIydIle
CHPAaBIIATHLCS C 3a/1a4aMU Ki1accu(pHUKaIK, YeM IepCenTpOH?
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JIABOPATOPHAS PABOTA 6
OnTuMu3anuOHHbIEe MOAe U NPUHATHS pemennii. [loctanoBKka U pemenne
3a/1a4 ONTUMM3ANNH

Heas u conep:xanue: [ToctpoeHne Mojenen 3a1a4 U U3y4EHUE METOIOB
UX peuieHud. Pemenue 3agauuM  OpPUHATHS — PEHIEHUM B YCIOBHSX
ONPEIECICHHOCTH.

Opranuzanuonnas ¢opma 3aHATHI: pelnieHHe NTPOOJEeMHBIX 3ajaad,
pa300p KOHKPETHBIX CUTYaIIUH

Bonpoch! 51 o0cy:kaeHusi Ha Ja0OPATOPHOM 3aHSTHHU: TOCTPOCHUE
MOJICJIEM  ONTUMM3AIMOHHBIX 3a7ay MPUHATUA PEIICHHUH B  YCJIOBHUIX
OIPEICIIEHHOCTH u 1704 pelieHue COBPEMEHHBIMU CpelICTBaMHU

MH(GOPMALIMOHHBIX TEXHOJIOTHI.
®opmupyembie komnerenuun: OIIK-7.1 OIIK-7.2 OIIK-8.1 OIIK-8.2

Teopernueckoe 000CHOBaHUeE

N3yuure TeOpeTUUECKU MaTepua 110 JaHHOU TEMeE.

PaccmoTpum mHbOpMaMOHHBIE MOJIEHN MPUHSTHUS PEIICHUN B YCIOBUSIX
OTPEJICTICHHOCTH Ha OCHOBE 33/1a4 JMHEHHOT0 MpOrpaMMHUPOBAHUS

HecMoTpst Ha TpeOoBaHWE JIMHEWHOCTH 1ENEBbIX (QYHKIMM (KpuTEpHeB
ONTUMAJBbHOCTH) U OIrPAHUYEHUN B JIMHEMHOM MNPOrPpaMMHUPOBAHUM PEIIAIOTCS
MHOTOYHCIICHHBIE 33J]a4: PaCIpPENEICHUsI PECYpCOB; YIIPABICHHS 3amacaMu;
CETEBOr0 M KAJICHJAPHOrO IUIAHUPOBAHUA, TPAHCIOPTHBIC 3aJadyM, 3aJlauu
TEOPUU UTP U T.1.

PaccmoTpum  3amauyy Ha  ompeleNieHHE  ONTHUMAalbHOTO  BBIITyCKa
npoaykiuu. MimerTcss m BUAOB pecypcoB B KojuuectBax bi, by, . , bi, bm U n
BUJIOB wm3jenuil. 3amana marpuna A=|a, i = 1,....m, j = 1,...,n, TH€ a;
XapaKTepHu3yeT HOPMbI pacxojia i-ro pecypca Ha €IMHULY j-TO BHJA W3JEIHIA.
O¢ddexTuBHOCTH MPOU3BOACTBA j-TO BHUAA HU3JIEIUH  XapaKTepusyercs
nokazarenieM C;,  YJIOBJIECTBOPSIONIMM  YCJIOBUIO JIMHEHHOCTH. HykHO
ONPEJEIUTh TAKOM TUIaH BBIMYCKA M3JENHUA (ONTUMATIBHBIM aCCOPTUMEHT), MpPHU
KOTOPOM CYMMapHBIM Mokasatesb 3QpHEKTUBHOCTH Oy1eT HauOOIBIITHHA.

O0603HaUMM KOJIMYECTBO €JMHHMI] j-TO BHUAA H3JCIHUMA, BBITYCKAEMbIX
npeanpuaTueM, yepe3 x;. Torma maremarudeckass MOJAENb dTOM 3agauu Oyaer
UMETh TaKOU BUJ:

n
F(x)= Z C.X;
j=1 (max)
IIPU OrPAHUYEHHUSX:

Zaijszbi - (6.1)
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PaccmoTpum pernrenue 3a1aun JTuHeHHOTo mporpammupoBanus B Excel.
Ilpumep 1. HaliTn MakcUMaJIbHOE 3HAYEHHUE 1IEJICBON (yHKIIUH:
F(x)=50x,+40x,
IIPA OTPAHUYCHUSX:

x,20,x,>0.

Pemenne. /[ns1 peuienus 3agaun HEOOXOJIMMO BBIMOJHUTH CIEAYIOLINE
NEUCTBUS:

1. 3anoJIHUTh paboYuil JTUCT CIEAYIOIIMM 00pa3oMm:

1.1. BBecTu B siueliku (pucyHok. 6.1):

A2 — dopmyny ueneBoi ¢yHKIMH, 3aMeHMB X; U X, Ha C2 u C3:
=E1*C2+F1*C3 wmu (=50*C1+40*C2). B mnepBom ciydae B Qopmyie
YKa3bIBAIOTCS CCBUIKM Ha SUCUKH, cojaepKaniue Kod(DPUIMEHTH IeIeBO
(GyHKIIUH, BO BTOPOM CITy4yae POCTO BBOISTCS UX YUCIIOBBIC 3HAUCHUS,

A4 — ¢opmyny mnepBoro orpanuueHus: =E3*$C$2+F3*$C$3 wm
(=2*C1+5*C2). Ecnu BBecTH opMmyily, CO CCbUIKAMH Ha SYEHKH, yKa3aB Kakue
U3 SIYEEK JOJKHBI MTPU KOMUPOBAHUM HE MEHSTHCS ([J11 ATOTO HAJ0 HaXaTh Ha
KJ1aBuatype (yHKIMOHaNbHYIO KiaBuily F4), To B sueiiku AS u A6 MOXHO
OyJleT MPOCTO CKOMUPOBATH BBEJCHHYIO (POPMYITY;

A5 — dopmyny Broporo orpanuueHus: =E4*$C$2+F4*$CS$3 wmnm
(=8*C1+5*C2);

A6 — dopmyny Ttperbero orpanuueHus: =ES5*$C$2+F5*$CS$3  wmm
(=5*C2+6*C2);

A8 — ccpuiky Ha sueiiky C2;

A9 — ccpuiKy Ha sueiiky C3.

1.2. 3anomuuth sueriku C2 wm C3, MONOXKUB HayaJbHBIC 3HAYCHHS
[IEPEMEHHBIX PABHBIMH HYJIIO.
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H Krwral - Excel

Paiin FnasHan [EAFIUEM Pasmerka cpaniuel ®opmynel  faddele  Peuenswposanwe  Eug
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Awarpammet O630p0l
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2 0 0 F(x)=50x, + 40x,
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Pucynok 6.1 — PaGoumii tucT ¢ ycrnoBueM 3agauu
2. Boinenuts sueliky, coiepiKallyro IeneByro (yHKIHHU, B HallleM
ciydae, 3To A2 u BbIOparh Ha BKiIangke JlanHble, B Tpymmne AHaAu3,
HajacTporiky Ilouck pewmenuii. IlosBurcs okHo auanora Ilouck pemeHus
(pucynoxk  6.2), Cc TOMONIBIO  KOTOPOTO  HEOOXOAWMO  3aIOJIHUTH
COOTBETCTBYIOIIHUE TOJISA:

MapameTpel NoMCKa pelLeHns

i |
i

ONTHMHIMPOEATE LIENEEYID BYHKLMIO: 5852

fo: ® Makenmym () Munumy () 3HaueHmua: 0

M3MeHAR AUk NepeMEHHBI

i |
i

SC32:5C53

BEOOTBETCI'BMM C OrpaHUHYEHNAMKM:

SASS <= 5G53

SASS <= 5G54 AoBasnts

SASE <= 5G5S

SASB5AS9 =0 WsmeHunIe
¥aanuTe
CoBpoCUTE

3arpysuTe/COXPaHNTE
CAEnaTe NepeMeHHEIe 623 OrpaHMYeHMiA HEOTPHLATENEHEIMK
BuiGepute MOKCK PEWEHUA AKMH, 33434 CUMMNEKC-METOLOM w MapameTpel

METO pelWeHnA:

MeTog peweHma

[AR rNagknx HEAMHENHEIX 33434 WCNONESYHTE NOWCK PEWEHMA HEAMHERHBIX 33534 METOZ0M
O, gna NMHERHERX 33434 - NOWCK PELEHMA AMHERHEX 33434 CUMIEKC-METOA0M, 3 4nA
HErNagKWx 33434 - 3E0ARLMOHHEIN NOWCK PEWEHKMA,

HaiiTu peweHne

Pucynok 6.2 — OxHo nuanora [louck pemeHusi ¢ BBEI€HHbBIMU JaHHBIMU
3. Ilocne okonuanus pacuera Excel oTkpoer okHo nuasnora Pe3yiabrathl
noucka pemieHust (pucyHok 6.3).

Cnpaeka ZaKpEITE
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PesyneTaTel NoWcka peLLEHnA > 3

PeWEHWE HaiaeHo. Boe OrpaHUYEHHA W YENOBHA
CNTHMENEHOCTH BRINCAHEHEL. OT4eThl
PesyneTaTel
(8)iCoxpanuts waiigenroe pewenne YCToRYMBOCTE
MNpeagnel

{0} BOCCTaHOEMTE MCXOAHBIE THIHEHIA

O BepHYTLLA B AMEN0rDBOE OKHO NapameTpoB
NOoMCHE PELLEHWA

OK OTmeHa CoxpaHuTe CueHapuit

Pewenne HaHgeHo. Bee OrpadnyeHna U yOI0EHA ONTHMANEHOCTH BEINOAHEHEI.

[ OtueTel co cTpyrTypamu

Ecnu ucnonssyeTca mogyas O, To HaR4eHo No KpaiHel Mepe NOKaNLHO ONTHMaNsHoE pewenwe. Ecm
HCNOAB3YETCA MOAYAL NOWCKE PELEHHA NMHEAHBIX 33434 CHMNNEKC-METOA0M, TO HalAeHo roGansHo
ONTHMEAEHOE PELIEHHE.

PucyHnok 6.3 — OxHo auanora Pe3yabTaThl NOMCKA pellIeHUs!

Jlyist mpocMoTpa pe3yiabTaTOB PEIIeHUs 33a/1a4i Heo0X0uMo HakaTh Enter

wm OK. Ilomyunm MakcumanbHOE 3HaueHHe (PyHKuMU paBHO 265,2173913,
MPY 3HAYCHUAX NTepeMeHHbIX X1 = 3,913043478, x,=1,739130435.

[ToHsiTHE MBOMCTBEHHOCTH JAET OLIYTUMBIE MPAKTUYECKUE PE3YJIbTATHI
MIPY MOCTPOCHUHU AJITOPUTMOB PEIIEHUS 3a/1a4 JIMHEHHOTO MPOTPAMMHUPOBAHUS.
JIn Kakaou 3a1a4u JIMHEMHOTO TPOrPaMMHUPOBAHUS MOKHO TTIOCTPOUTH IPYTYIO
3a71a4y, HaA3bIBAEMYIO JBOWCTBEHHOM.

3anuiieM oOe 3a7a4n:

IMpsimas JIBoMCTBEeHHAsI
F(x):chxj(min) ¢(y)22biyi(max)
j=1 i=1
IIPY OrPAaHUYCHUSAX: IIPY OIPAHUYECHHUSIX:
ngaijszbi,ieMZ, i:(l,—k) i;ajiy,-SCJ.,jEJ , ]:(1—,1)
n m
. X.=D. Za'iyi:C' .
2ot Bo=e =il
i=(k+1,m)
x20 j=(1,1,) y=0 i=(i=1k).

b

CuMMeTpUYHOCTh 00€HX 3a7a4 OYEBH/IHA.

HepaBeHcTBy mniepBOM 3aauMl  COOTBETCTBYET HE OTPULATEIBHOCTH
MepeMEeHHON BO BTOpOM. PaBeHCTBY OJHOMN 3ajjadyM COOTBETCTBYET CBOOOIHAS
MEpEMEHHAs JIPYyroM, 3ajada JABOWCTBEHHAs K JIBOMCTBEHHOMW €CTh HMCXOJHAs
(npsimast) 3a1aya.

Taxum obpazom:

Bo B3anMHO-BOMCTBEHHBIX 3ajlayax BCErja:

1. Onna u3 3a71a4 sABISICTCS 3anadeit (max), a apyras — 3agadeit (min),
B CHUCTEME OrpaHUYCHHUH 3ajJa4M (max) HEPaABEHCTB 3alMCaHbl CO 3HAKOM <, a B
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CUCTEME OTpaHUYCHUM 3a7auu (min) — CO 3HAKOM >.
2. Kaxnomy orpaHuueHuIo 0JIHOM 3a/ladyu COOTBETCTBYET IEPEMEHHAs

JPYToi 3a/1aun: HOMEp MePEMEHHON COBIIAaeT C HOMEPOM OTpaHUYEHHUS], PU
TOM OTpPaHUYEHMIO, 3aMMCAaHHOMY B BHJIE  HEPAaBEHCTBA, COOTBETCTBYET
NEpEMEHHas, CBA3aHHAs YCIOBUEM HEOTPULIATEIIBHOCTH.

3. KoadbdumuenTs mneneBoii GpyHKIIUMU OHOM 3aa4ld COOTBETCTBEHHO
paBHBI CBOOOAHBIM YJIEHAM CHCTEMbI OTPaHUYECHUN APYTOH 3a1a4u.
4. Marpuna ycnoBuiM OJHOM 3aJadd  IOIMY4YaeTcss M3 MATPHIbI

YCIIOBHM APYTOM 3a7a4M € MOMOILBI TPAHCIIOHUPOBAHUA.
B3anMHO-IBOMICTBEHHBIMH SIBIIAKOTCS CIAEAYIOIINE 3a1a4HU:

Ipsimas /{BOMCTBEHHAA

n
F(x):Zc.x. Gl =£w11

e~ j7 . ! (max)

j=1 (min)

IIPY OTPAHUYCHHUSIX: IIPU OTPAHUYECHHUSX:
n m

Zainiji T zajiyl_cj 1
j=1 j=Ln i=1 , ¢ =l

b

x.20, j=1,n. y20,i=1,m.

Kanonnyeckuu BUjg

Ipsimas JBoMicTBeHHas
Fix) :Ec'_.'-.'_ L:;f_'[_l':l :ZEIJ__P_
: (min) - (max)
IIPU OTPAHUYECHHUSX: IIPU OTPAHUYCHHUSX:
m
a.x.—b.,i=1,m Za..y.:c. .
z joj i’ ’ i=1 Jrot J , }—].,n
ijO,j:I,n. y.20,1=1,m.
Ilpumep 2. PaccMoTpyM napy ABOMCTBEHHBIX 3a1ad.
IIpsamas 3agava. Haiitu: J/{BoiicTBeHHas 3aga4ya. Haitu:
F=5x,—x,+8 x,—x,(max) (P=2y,+3y,+5y,(min)

IIpHU OrpaHUYCHUAX IIpHU OIrpaHUYCHUAX

Bl flt-y\w

x,20,x,20 y,=0

M
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2 5 -1 7
A=[1 -1 5 -1
3amnuileM MaTpUIbl COOTBETCTBYIOIIMX 33/1a4: 1 -1 3 7 ,
2 1 1
r_ 5 -1 -1 5 )
A s gl C'=-1]  B=f
7 -1 7 ¢ -b-18. 8 . 5. pro
235 3],
2 -1 1 2
2 1 1 1]

RS NI R

Hanbomnee dacto BcTpewaroTcs CIEIYIONMIME YaCTHBIE CIIydyad B3aUMHO-
JIBOMCTBEHHBIX 33144

—N = |
1) em [ =0, a J=N=[1,2,...,n , TO HUMEeM
CUMMETPHUYHYIO Mapy;
— A= | —N = |
2) eCIIn I—M—Ll,Z,...,mJ . a J—N—[1,2,...,nJ . TO
MMEEM HE CUMMETPHUYHYIO Mapy.
PaccmoTpuM cuMMETpHYHYIO apy ABOMCTBEHHBIX 3a7a4.
Ipsimas 3agava. Haiitu: J{BoiicTBeHHasn 3axa4a. Hauu:
Flx)=Y ¢ x Oly)=Yby
j=1 (max) i=1 (min)
IIPU OTPAHUYECHHUSAX: IIPY OTPAHUYCHHUSX:
n m
a.x.<b. N a.y.=c. T
JZ:1 jri=vi i=1,m 1; jiYi=Cj ’ ]_l,n

x20, j=Tn y20,i=Lm.

PaccmoTpum HECMMMETPUYHBIE IBOWCTBEHHBIE 3/1a4H.

B HecuMMETpHUUYHBIX JBOMCTBEHHBIX 3a7a4aX CHUCTEMa OrPAaHUYEHUMN
WCXOJHOM 3aJayd 3aJaeTcsi B BHUJEC HEPABEHCTB, NPUYEM B TOCJIECIHEN
NEPEMEHHBIC MOTYT OBITh OTPHUIIATEILHBIMU.

[psamas 3agaya. Havitu: JIBoricTBeHHas 3axava. Haiitu:
n
= Gy =Y hy
F(x) chxj Py = by
j=1 (max) ' (min)
IIPY OTPAaHUYCHUSX: IIPY OTPAaHUYCHUSX:

.X.=D. N LY. =>C. T

9 5
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x.20,j=1,n. y20,i=1,m.

[IpocTelimme cBOMCTBA B3aUMHO OJTHO3HAYHBIX JBOMCTBEHHBIX 3a/1a4:
- €CIM X JOIyCTUMOE PENICHHE NPSMOW 3aJadd, a ) AOMYCTUMOE

pelIeHNE TBOMCTBEHHOM 3a/1auu, TO F (=P (y)

- €CJIM X U y IOIYCTUMBIE PELICHUs IIPSAMOU 3aa4d U JIBOMCTBEHHOMU
3a/1a4uu, U Flx) =gy) , TO X U y — ONITUMAaJIbHBIE PELICHHS 3TUX 3a7a4.
CBoiicTBa IBOHCTBEHHBIX 32124 JJUHEHHOI0 MPOrPAMMHPOBAHUS

JInd  B3aMMHO-IBOMCTBEHHBIX  33/Ja4 HMEET MECTO OAWH U3
B3aMMOMCKIIIOYAKOIINUX CJIy4aeB, T.€. COPABEIJIMBO OJHO M TOJBKO OJHO U3
CHENYIOUINX YTBEPKIACHUM:

1. B npsMoli w ABOMCTBEHHOM 3aJadyax HMMEIOTCS ONTUMAJIbHBIC
pelieHns, NpuuéM 3HAYCHUS LEJIEBhIX (PYHKIMM HAa ONTUMAIbHBIX PEIICHUSIX

COBIIAJIAIOT, T.€. minf(x):max¢(y) .

2. B npsimoit 3amade IOMyCTHMO MHOXKECTBO HE IIYCTOE, a LieJieBast
GyHKIMST Ha STOM MHOXXECTBE HE OrpaHudyeHa cBepxy. Ilpm stomM y
JIBOMCTBEHHOM 3a71aun OyAET IMyCTOE IOMyCTUMOE MHOKECTBO.

3. B nBolicTBEeHHOM 3amade AOMYCTMMO MHOXKECTBO HE IIyCTO, a
neneBass (pyHKUIMS Ha 3TOM MHOXXECTBE HE OrpaHuueHa cHuzy. [lpm stom y
MIPSMOU 3aa4M JIOITyCTUMOE MHOYKECTBO OKa3bIBAETCS ITyCThIM.

4. O06e u3 paccMaTpuBaeMbIX 3aJlad HMMEIOT IYCThblE€ JOMYCTUMBbIE
MHOYECTBA.

IlepBasi (TeopemMa 1BOICTBEHHOCTH):

Ecnu w3 mapbl ABOMCTBEHHBIX 3a7ady oOJHA OO0JaJaeT ONTUMAaIbHBIM

IUIAHOM, TO U JIpyras UMEET PELICHHE, MPUYEM Ul DKCTPEMAJIbHBIX PEUICHUN

NMHEHHBIX (QYHKIMI BBINONHSETCA COOTHomeHme MinF (x)=max¢(y) , €CII1
TuHelHas (QyHKIUS OAHOW M3 3a/lad HE OrpaHHWyeHa, TO M JApyras He HUMeeT
pELICHUM.
Bropas Teopema 1BOMCTBEHHOCTH

ITycts X=(x;, x2, ...,X), ...,X») — JOIMYCTUMOE pEIICHUE NPSMOU 3a7ayu, a
Y=4{y1, v2 ..., Vi...,. ¥y} — JOIIYCTHMOE PEIIICHUE BONCTBEHHOM 3anaun. Jjisg Toro,
9TOOBI AomycTUMbIe pemenuss X u Y mpsMod TBOWCTBEHHOW 3adadd ObLIH
ONITHUMAJIbHBIMUA HEOOXOAMMO M JIOCTATOYHO, YTOOBI BHITIOJHSIIUCH CIACAYIOIINE
COOTHOUIEHUS:

203 aij'xj_bi):o
a) Y(4-X-b)=0 wunaue j=1

XJ(_Z a;y,+c;)=0
0) (C-YA)X=0 i=1
Ycnosus:
a) paBHOCWJIBHO CJIEYIONIEMY:
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n
Y ayx,=bysi=1,...,m
eciu y; >0, 1O j=1 ;

n
Z al.j-xj>bl. ;
eciu y; =0, T0 J=1
0) PaBHOCHWJIBHO CIIEIYIOUIEMY:
m
cj:Z ajl.-yl.,j=1,...,n
ecnu x; >0, TO i=1 ;
m
c j>z a;y;
eciau x; =0, TO i=1
n
Z a; x;=b,
MoxkeT CiyduTbcsi, 4TO OJHOBpeMeHHO y; =0 um  j=1 . Ho
BCEr/la CYIIECTBYET I10 KpaHEW Mepe OJHa mapa.
3anuiieM JBONCTBEHHBIE 33]]Ja4l B BEKTOPHOM BUJIE.
HecumMeTpHr4YHbIe 1BOMICTBEHHbIE 321241

. X=x, x, ... X .. X
Ipsimasa. Haiitu Matpuny cronber | L "2 i n‘ ,

KOTOpasi YJIOBJIETBOpsE€T OrpaHnueHusM A-X = B, x = 0 U MHUHUMU3UPYET
¢ynkuuto F=C-X.

JBoiicTBeHHas. Halitu MaTpuily CTpoKy Y_|y 1 Yoo iy m‘
KOTOpasi yAOBJIETBOPSIET orpaHnueHusIM V-4 < C 1 MaKCUMU3HUPYET JIUHEHHYIO
¢bynkuuo @=Y-B.

C=c, ¢ . € o C
B o0mmx 3amavax: | [ J n‘ — MaTpHIa CTpPOKa,
npejacTaBisomas coboi Ko3(p(PUUUEHTbl NpH HEU3BECTHBIX B IIEJIEBOU

B=b, b, .. b .. b|

byHKIMY; MaTpuiia CToj0er, CBOOOJHBIX

YJICHOB B CHCTEME OTpPaHUYCHMIA; | i]| — MaTtpuna Ko3(pQGUIHUEHTOB MPU
HEU3BECTHBIX B CUCTEME OTPAaHUYCHHIA.

Ilpumep 3. Halitu F:X2_X4—3X5(mln)

IIPY OTPAHUYCHHUSIX:

Martpuma crpoka C:|0 1o -1-3 0‘ — KOO UITHEHTHI TIPH
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1
B=[2|

HEW3BECTHBIX B IefeBor (QyHkimu. Marpuna cronoery o CBOOO/IHBIC

1 2 0-110
0 -4 1 2 -1 0
1 1

YJICHBI B CHUCTEMC OrpaHquHHﬁ, A= O 3 O 0 — MaTpuna
KOB(b(I)I/IHI/IeHTOB IMPpY HCU3BCCTHLIX B CUCTCMC OrpaHquHl/Iﬁ.
X=x, x, .. x ... x|

[lycTs i — JIOMYCTUMOE pEelIeHUE MPsMOi

3aJa4H. BGKTOp X SBISETCS ONTUMAaJbHBIM PCHICHUCM ATOM 3aJa4unu Toraga "

m
. . Zaﬁ-yi—cjzo
TOJIBKO TOTJa, KOTJa CPear PELICHUM CUCTEMBbl YPABHEHUM i=1 ,

n
Z a;x;<b,
npu x; # 0, y; =0, npu  j=1 COJICPKUTCS XOTSI OBl OJTHO JIOMYCTUMOE
pellIeHue ABOMCTBEHHOM 3aauH.
Ilpumep 4. Bextop X = (3; 0,1; —3) — nmomyctumoe pelieHue 3ajayu
F=-2x,—X,+X;+x,( max)

IIPU OTPAHUYECHHUSIX:

Z a,-j'Xj<b,~
B nanHom citydae cootHomeHut Jj=1 .
CuMMeTpHUYHBbIE IBOIICTBEHHbIE 3a1a4 U
Ipsamas (ucxognas):

. X=x, x, ... X, ... X
Haiitu  martpuiry-cronben ‘1 2 i n| , Kortopas

YAOBJIETBOPSIET CUCTEME orpaHudeHuii: A-X = B; X > 0 U MUHUMU3HPYET
¢ynkuuro F = C-X.
J/IBoiicTBeHHAasI 3a/1a4a:

Halitu  maTpuiry-cTpoKy Y=|y 1 Yoo Y ) m| ,  KoTopas
yIOBIETBOpsieT cucteMe orpanuueHuii: YA < C; Y > 0 U MakCUMU3UPYET
TuHelHyo GyHKIuoo @ = VB .

Ilpumep 5. Haiitu:

F=x1+2x+3x; (min)
MIPU OTPAHUYCHHUSIX:



x>0(G=1,2,3).
YroObl IpHUBECTH CUCTEMY OTPaHUMUYEHUMN K HeoOxonumomy Buny (4-X =
B), He00X0aMMO BTOPOE HEPABEHCTBO YMHOXKUTH Ha (—1), mocie 4ero 3amuiiemM
COOTBETCTBYIOILIME MAaTPHULIBIL:

) 2 2 -1
‘3‘ ‘—114‘ 1
b 1 1 -2 il
c- 123 3. 4o 21-2, c— 3. B
235 3],
2 -1 1 2
2 1 1 1|

Lo 14 -2
B pe3ynbprare aABOMCTBEHHAs 3aa4a UMEET BU:
Havitu:

@ =2y11t3y,+6y5+3y4 (Max)

IIPY OTPAaHUYCHUSX:

vi=z0,(G=1,2,3,4).

Annaparypa u marepuaibl. J[Ji1 BBINONIHEHUS J1a0OpaTOPHOUM pabOThI
HEOOXOJIMMO  WCIIOJIb30BaTh  CJACAYIOIIEE:  amnmapaTHoe  oOecreueHue:
NIEPCOHATBHBIN KOMIIBIOTEp M TMPOrpaMMHOE OOecIeueHHe: OICPAIMOHHYIO
cucremy Windows 10 wu Bbime; Microsoft Officel3 u Bble, CUCTEMBI
kommbloTepHoi Mmatematuku Machcad u MATLAB R2017a u Bbie.

Yka3zaHusi 10 TexHHKe 0e30IMacHOCTH. CaMOCTOATENBHO  HE
MIPOU3BOJINTh: YCTAaHOBKY M yJaJICHHE IPOrpaMMHOr0 OOECIICUCHHS; PEMOHT
MEPCOHATLHOTO KOMITbIOTepa. CoOMI0aTh MpaBMiIa TEXHUIECKOM IKCIUTyaTalluu
Y TEXHUKHU 0€30TaCHOCTH MPHU PabOTE C IEKTPOOOOPYAOBAHUEM.

MeToanka U NOPSAIOK BHINOJTHEHUSI PAadOThI

BeimotauTe  TIpeJIOKEHHBIC 3a/aHWs], TPEABAPUTEIIBHO PEIIUB  BCE
MIPUBEJCHHBIC B TAHHON pabOTe MPUMEPHI.

3apanue 6.1. IlocranoBka 3a7a4u IMHENHOTO IPOTPAMMHUPOBAHUS.

[TocTpouTh MaTeMaTHYECKYIO MO/JIETb INIAHUPOBAHUS MPOU3BOACTBA. J{7s
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W3TOTOBJICHUS TpeX BUAOB mpoaykiuu Py, P,, P; ucnonp3yior Tpu Buga Chipbs
Si, S;, S;. 3amacel ChIpbS, YWCIO E€IWHMIL CBIPbS, 3aTpayMBACMBbIX Ha
U3TOTOBJICHUE CAWHUIIBI TMPOAYKIIUHM, TPUOBLIb, TojlydaeMmas OT eIWHHUIIBI
nponykuuu Py, P,, P3 — cooTBercTBeHHO mpuBeneHbI B Tadsumie 6.1 (1udpsi
YCJIOBHBIE).

Tabmuma 6.1 — 3amacel ceipbs Si, S, Ss;, YHCIO EIUHUII CBIPHS,
3aTpavyrBaEMbIX Ha MU3TOTOBJICHUE €UHUIIBI MPOTYKINH, TPUObLIb, MOTydaeMas
OT eauHuIlbl npoaykuuu Py, Py, Ps.

Yucno eMHUI] CHIPbsI, 3aTPauuBACMbIX Ha U3TOTOBIICHHUE
Bup ceipbs | €IMHUIBI TPOIYKIUH 3amnachl ChIPbsI
P, P, P;
Sy 4 2 1 150 000
S 6 0 2 170 000
Ss 0 2 4 100 000
[Ipubbus  OT 100 150 200
eJl. IPOS.

HeoOxoaumo cocTaBUTh TakoM IUTAaH MPOM3BOJCTBA MPOAYKIUH, MpPH

KOTOPOM TIPUOBLTH OT €€ pean3anuu OyAeT MaKCUMaIbHOM.

- 3anucaTh 3a7ayy B KaHOHMYECKOM BHAe W pemnTh e€ B Excel,
UCIoIb3ysl THCTpyMEHT Ilonck pemrenus.

3aganme 6.2. UMuauBupyanbHoe. [[nsd MCXOAHOM 3a1ayd 3amucath
JBOMCTBEHHYIO 3aJady, pelUTh 00€ 3aJa4l C MOMOIIBIO UHCTPYMEHTAIBHOIO
cpeactea Ilomck pemeHusi ¥ MPOAHAIM3UPOBATH HAJICHHBIE PE3YJIbTaThI,
UCIIOJIb3Ys TEOPEMBI IBOMCTBEHHOCTH.

=4Xx,+5x,+6Xx,” =2x.—2Xx,+3x,+4Xx
1. 17X 70X 2. 1 293 4
(min) (max)
IPH OTPAHUYCHHSIX IPH OTPAaHUYCHHSIX
XFXp* Xy 25 X[ +2X,+ X3+ X, <2
SEEAEIEES 2x,—X,+2x,—3x,>3
X, —X,—4x,<-3 b2 ’ -
12 37 3x,+4x,—5x,+2x,<4
X, —X,+8x,>4 ( _)
T x:20,7 j=1,4).
XjZO,/(]—1,3). J
3. [=5x—x,~4x;” (max) . f:2x1+3x3+§x3/(min)
P OrPaHUYCHHSX: P OrPaHUYCHHSX:
— >
_X;++2XX3>_19 2X,+X,+3x,=6
s ! 32_>8 2x,+4x,+3x,>16
T 3X,+4x,+2 X, 12
X, —X,<4 T
o) x20,7(j=13).
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5 [=4x+6x,+3X, 6. [=2x,+3x,+7x,

(min) (max)
U OrPAHUYEHUSIX: IpU OrPAHUYEHUSX:
3x,;+x,+2x,=9 2x,+3x,+x3<9
X, +2x,+3x,>8 —Xx,—2x,—3x,>2—8
X;+6x,>12 5x,+6x,<12
x20,7j=(13). x20,7j=(13).
7 [=6x,+8x,+x;7(max) 8.
1IpH OrpaHHICHHAX: f=27x,+10 x,+15x,+28 x, 7 (max )
X +X,+ X, <3 Y OTPAaHUYEHUSIX:
3x,+2x,+x,+2x,<2
Xirex=d 3x1+x 53x3+4x4<5
x20,7j=(13). e
x;20, j=(14).
9. 10. f=3x,—7x,—4x,”(max)
— _ /
f=3x,+2x,—6x,7 (max) P OTPaHHYCHUSX
IIPpHU OIrpaHNYCHUAX -2 X, — 3 X,— 2X3S 12
2x, 73X +x,<18 —4x,—4x,~3x,<24
T3XF2X,2X, <24 5%, +5%,+3x,<15
X;+3x,—4x;<36 . (Th
g x20,7j=(13).
x;20, j=(13).
11. 12 f=3x,+2x;—5x,”( max)

—_ _ /
f=x+3x,-5x,”(max) IIPH OTPAHUYEHHSIX

2x,+Xx,—3Xx;+5x;=30
Ax +Xx,+2x.—4x,=28
—3Xx;+Xx,—3x;+6x,=24

IIPY OrPAHUYECHUAX:
2x,+4Xx,+Xx3+2x,=28
—3x,+5x,—3x,<30
4x,—2x,+?8x,<32

_ x20,7j=(16).
. J ) b
x,20,7j=(14).
13. f=x,+x,—3x,”(max) 14. f=2x,—3x;+4x,7( min)
IpU OrpaHUYEHUSX: IpU OrpaHUYEHUSX:
—X,—2X;<—7 X{+2Xx,+3X3=5
—x,+3x,>10 2x,+3x,—4x,>10
X +Xx,—2x,>4 3Xx;+X,+—7x3=13
X, +x,—x,<4 XjZO,/(j:L_?)).
x20,7(j=13).
15. f:4X1_5X2+2X3/ 16. f:X1+4 X2_7X3 (mln)

(min) IIPU OTPAHUYECHHUSIX:
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IIpU OIrPaHUYEHUSX: 4x,—5x,+x,<3
5x;—3x,+4x,=9 —X;—2X,—3X,=—7
X;—4x,+3x328 5x,—x,<10

sl 120, j=(13)
X;20, j=(13)
17. - 18, f=—6x+2x,—9x,7 (max)
f=3x,—7x,+4x,7(min) IpY OTpaHUYEHUSIX:

IpU OrpaHUYEHUSX: 7X,~5X,4+3x,<13
X;=8Xx,+3X325 —9x,+3x,—5x,>—8
3x,+4x,—7x,=18 1x —42x <133

X+ 7%, 12 L
o x,>0,7j=(13]
ijO,’]:(l,S) . ]
19. f=—4x+x,-3x,7 20. f=11x +4x,—7x,7 (min)

(max) IIPY OIPAHUYECHHUSIX:

Py OrpaHUYCHUSX: 2x,—3x,+9x;<3
6x,+3x,—4 x;=15 —4x,—-9x,—6x,>7
2x,+4x,—3x,>18 5x,—8x,<1

ez x0,j=(13)
x;%0,j=(13) '

3ananue 4. 1y 1BOMCTBEHHOW CUMMETPUYHOM 3a/1auy 3alUCaTh UCXOAHYIO U
HAWTH €€ PEIICHUE:
j=2y,+4x,+12y,(min)
MIpYA OrPaAaHUYCHUSIX:
yt2y,ty,+dy,= 10

2y, +y,—2y,+3y,=4
y;20,(j=14).
Conep:xanue oT4eTa u ero popma

[ToaroToBbTE OTUET, B KOTOPOM OIMIIWTE TEXHOJOTHIO PELICHUS 3aaad
JUHENHOT0 MporpaMMUpOBaHus cpeacTBamu Excel, ucnonb3ys 3aganusi CBOETo
BapuanTta. OTueT no 1adopaTopHOM paboTe T0JIKEH COAEPKATh:

1)  nHazBaHue pabOTHI;

2)  menb 1abOpaTOPHOM padOTHI;

3)  ycIIOBHS BBINOJIHEHHBIX 3aJJaHUM U UX PEIICHUE;

4)  TEXHOJNOrMIO pemieHus 3aJad C [OMOILIBI  MPUKIATHOTO
MIPOrpaMMHOr0 00ecIeYeHus!, BEIBOIBI;

5)  OTBEThbl HA KOHTPOJIbHBIE BOITPOCHI.

Bonpocs! ajst 3a1MTHI padoThI
1. Jlalite onpeaeneHre MaTeMaTU4eCKOro porpaMMUpPOBaHUS.
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2. Yro Ha3bIBACTCA MaTEMaTUYECKON MOJEIIBIO
ONTUMHU3AIIMOHHOHN 3aJ1a4u’?

3. Kak cTtpoutcsa maremaTrueckast MOJENb?

4. Kak nepeiTv OT HEpaBEHCTB K ypaBHEHUSIM?

5. Kakue  mepeMeHHbIE  HA3bIBAIOTCS  JIOMOJHUTEIBLHBIMU
(cmabwimu)?

6. Pacckaxxute W3BECTHBIE BaM METOJBI HEMOCPEICTBEHHOTO
pELIEHUS TPOCTENUIINX ONITUMU3AIMOHHBIX 3aa4.

7. B ueM 3akitoyaercsi CyIIHOCTh JBOMCTBEHHOCTH B JIMHEHHOM
IpPOrpaMMHUPOBAHUN?

8. Chopmynupyiite 1-10 u 2-10 TeOpemMy TBONCTBEHHOCTH.

9. Kakue 3amaum JHMHEWHOrO NPOrPaMMHUPOBAHUSA OTHOCIATCA K

CUMMETPHUYHBIM U HECUMMETPUUYHBIM? B uem ux otinuumne?
10.  Kak 1o pemeHnto HCXOIHOM 3a/1aud HAUTH PELICHUE TBOMCTBEHHOM
1 Hao00poT?
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JIABOPATOPHAS PABOTA 7
IMocTpoenne u aHAJIM3 MojeJieli 3a]a4 TPAHCTIOPTHOTO THIIA, pPelleHue
3a/1a4 MeTOI0M MOTEHINAJIOB

Heabs u coaep:xxkanme: HayuyuTbCs CTPOUTH M AHAIM3UPOBATH MOJEIHU
TPAHCIIOPTHOM 3a/1a4H.
Opranu3zauuonHass ¢opMa 3aHATHI: pelIeHUE NPOOJEMHBIX 3ajad,
pa300p KOHKPETHBIX CUTYalIUM
Bonpocsl 11 00Cy:KIeHHs HA JIa0OPATOPHOM 3aHATHM: IIOCTPOCHHE,
pElIEHNE U aHAJIA3 MOJEIIM TPAHCIIOPTHOM 3a/1a4H.
®opmupyembie komnerenuuun: OIIK-7.1 OIIK-7.2 OIIK-8.1 OIIK-8.2

Teoperuueckoe 000CHOBaHME

N3yuute TEOpeTHUECKUM MaTepuall 10 JaHHOM TEMeE, HCIOJIb3Ys
Marepuai U3JI0)KEHHBIN HUXKE.

Kiaccuueckue TpaHCHOpPTHBIE 3a/1adud OTHOCATCS K 00JIACTH JIMHEHHOTO
MPOrpaMMMPOBAHUS, U MAaTEMAaTUUYECKUM anmapaT pelieHus dTUX 3a7ad XOPOIIIo
orpaboran u m3BecteH. Cdepa mpuMeHEHUs Mojeleld 3aaad TPaHCIIOPTHOIO
tuna obmupHa. CioJja MOKHO OTHECTH TPOOJIEMBI, HANIPUMED, CBS3aHHBIC C
IJIAHUPOBAHUEM ITPOU3BOJCTBA U MEPEBO30K, C CO3/IAHUEM BBIYUCIUTEIBHBIX U
MH(QOPMAIIMOHHBIX CHUCTEM, C pPaCHpEACICHUSIMU PECYpCOB, 3alacoB U Tak
najnee, To €CTh B (JOpMaIbHBIX TEPMHUHAX TPAHCIOPTHOU 3a7a4uu (popMUpyeTCs
00JIbIIIOE YKUCIIO 3a/1a4, OTHIO/Ib HE CBA3AHHBIX C MEPEBO3KAMU MPOIYKTOB.

Chopmynupyem MaTeMaTHIECKYIO MOJI€NIb TPAHCIIOPTHOM 3aJ1auHu.

HekoTopsiil 0JHOPOAHBIN MPOIYKT, COCPEIOTOYEHHBIN Y 7 MOCTABIIUKOB
A B xommdectBe a; (i = 1, 2, ..., m) €IUHUI] COOTBETCTBEHHO, HEOOXOJIUMO
JOCTaBUTh 1 TOTpeOutenssM B B konuuectBe by (j = 1, 2, ..., n) eAuHMUII.
N3BectHa croumocTh Cjj MEPEBO3KU €IMHUIIBI TPYy3a OT i-TOr0 MOCTAaBIIMKA K j-
ToMy Torpeburento. HeoOXxoaumMo cOCTaBUTH IIaH IEPEBO30K, MO3BOJISIOIIHIMA
BBIBE3TH BCE TPY3bl, MOJTHOCTHIO YAOBIECTBOPHUTH MOTPEOHOCTH M WMEIOIINN
MUHHUMAJIbHYIO CTOUMOCTb.

O06o03HauMM uepe3 X; KOJWYECTBO EIUHMI] Ipy3a, 3alUIaHUPOBAHHBIX K
MEepPeBO3KE OT I-TOr0 TMOCTaBIIMKA K j-TOMY MOTpEOUTEII0; TOr/Aa YCIJIOBHE
3alaud MOXKHO 3amucarh B BuJe TaOmuipl 4.1, KOTOpywo B JaibHeEHIeM
HA3bIBAIOT Mampuyeu niaHupo8aHusl.

Tabauma 7.1 — Matpuna njaaHupoBaHUS

[TocTaBmmku [ToTpeburenu, B; 3amacsl
Ai B1 B2 . Bn a;
Al Cli Ci2 Cin aj
X11 X12 e Xin
A, €21 2 Con a
X21 X22 e X2n
An Cmi Cm2 s Crn Am
Xml Xm2 Xmn
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| IToTpedHOCTH, b; | b | b, | | by | 2a=2b; |

CocTtaBUM MaTeMaTHYECKYIO MOJIEIb 3aauu. Tak Kak OT I-r0 MOCTaBIIMKA
K j-TOMy TOTpeOUTENI0 3alJTAaHUPOBAHO K MEPEBO3KE X; €IUHMI] Tpy3a, TO
CTOMMOCTh TMEPEBO3KH COCTABUT C;X;. CTOMMOCTh BCErO IUIaHA BBIPA3ZUTCA
JIBOMHOW CyMMOWM:
m n
Z :Z z CiiX;i-
i=1j=1
CucreMy orpaHUYE€HUHN MOJYYUM U3 CIACAYIOIIMX YCIOBUHM 3aa4u:

a) BCE IPY3bI JIOJKHBI OBITh BBIBE3EHBI, TO €CTh,
n

Z X;=4q;

j=1 ,(=1,2,..,m),
3TH YPaBHEHHS MOTYIAIOTCS U3 CTPOK Ta0muibl 7.1;
0) Bce MOTPeOHOCTH JAOKHBI OBITH YAOBIETBOPEHBI, TO €CTh,

2. xy=b;
i=1 ,(G=12,..,n),
ypaBHEHUsI MTOTYYAIOTCS U3 CTOIOIOB TaOuUIbI 4.1.

Takum oOpa3zom, MaremMaTuueckas MOJIEJIb TPAHCIIOPTHOM 3a/layll UMEET

cienyromuii Bua. Haiitn HanmenbIee 3HaueHne QyHKIUU:
m

n
Z:Z . Cyi X;j
i=1j=1 (71)
TP OI'paHUYCHUAX:

=1
{ (7.2)

B paCCMOTpeHHOﬁ MOACIN MPCAIIoIaracrCs, 4To CyMMApPHBIC 3alldCbl PAaBHBLI
CYMMAapHbBIM HOTpG6HOCT5[M, TO €CThH

m n
Z ai:Z bj
i=1 i=1

Takast Mo/ieNIb HA3bIBACTCS 3AKPLIMOLL.

PaccMorpuMm  mpumep  MOCTPOCHMS ~ MaTEMaTU4YEeCKOM  MOJEIH
TPAHCIIOPTHOM 3a/1auu, METOJIbI TIOCTPOCHUSI OMTOPHOTO TIJIaHA U METO/T PeIIeHUS
3aJ1a4H.

Ilpumep. YeTbipe npeanpusiTUss MOTYT HPOUZBOAUTH HEKOTOPYIO
OJIHOPOJIHYIO MPOAYKIIMIO B KoJinduecTBe cooTBeTcTBeHHO 100, 250, 200 u 300.
Ha a1y npoayknuio ecTh 3aKa3 OT ISATH IMOTPEOUTENEH COOTBETCTBEHHO B
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konuuectBe 200, 200, 100, 100 u 250. 3aTpaThl ¢ NPOU3BOACTBOM U JOCTABKOM
10 7 4 1 4

2 7 10 6 11
C =
8 5 3 2 2
CAWMHUIBI TPOAYKIIUHU 3aJar0TCs ManHHeﬁ: 118 12 16 13 .
HeO6XOI[I/IMO: IIOCTPOUTH MaT€MaTUYCCKYIO MOJICIb 3al[aHH0171

TPAHCIIOPTHOM 3aJa4M; HAWTH ONOPHBIM IUIAH METOJAMHU: CEBEPO-3aIaJHOTO
yIJia; MUHUMaJIbHON CTOMMOCTH; ABOMHOTO MPEANOYTEHUS;, TOCTPOUTH CUCTEMY
MOTEHIIUAJIOB W TPOBEPUTHh HAWJICHHBbIC IUIAHBI HA ONTHUMAJIbHOCThH;, HAWTHU
ONTUMAJIBLHBIN TUIAH METOJIOM TMOTEHIIMAJIOB, B3SB 3a MEPBOHAYAIBHBIN JTI000M
U3 OMOPHBIX IJIAHOB, HE ABJISIOIAICS ONTUMAJIbHBIM.

Pemenue. [locmpoenue  mamemamuueckou — Mooenu  3a0AHHOU
akoHomudeckol cucmemuvl. CHopMynupyeM MaTeMaTHUYECKylO0 3ajlady: MYyCTh
HEKOTOPBII OJHOPOJHBIN MPOIAYKT, COCPENOTOUEH y m = 4 MOCTaBIIMKOB A; B
kojmuectBe a; (i =1, 2, ..., m) €IMHUI] COOTBETCTBEHHO, HEOOXOAMMO JOCTABUTH
ATOT MPOAYKT n moTpebutensm B; B xomuyectBe b; (j = 1, 2, ..., n) equHUI.
N3BecTHA CTOMMOCTB C; IEPEBO3KH €AMHUIIBI TPOAYKTa OT i-r0 MOCTaBIIUKA K j-
TOMY MOTPEOUTENIO 3aJaHHasi MaTpuiie croumoctei. HeoOXoaumMo coCTaBUTH
TaKOU TIaH NePEeBO3KHU MPOIYKTA, KOTOPHIA UMEET MUHUMAJIbHYIO CTOUMOCT.

[Ipexxie yeM COCTaBIsATh MATEMATHYECKYIO MOJEb 3aJlaHHOM CHUCTEMBI
HEOOXOJMMO TMPOBEPUTHh YCIOBHUE 3aKPBHITOCTH 3a7adyd: a HMEHHO, 4YTO
CyMMapHbIe 3amachbl paBHbI CyMMapHBIM MOTPEOHOCTAM, T. €. BCE 3aIachl
JOJIKHBI OBITh BBIBE3€HBI, a MOTPEOHOCTH YIOBIETBOPEHBI:

m=4 n=>5
Z al:Z b;
i=1 j=1
m=4
> a,=100+250+200+300 =850
i=1
n=>5
2 b, =200+200+100+100+250 =850
=1

Tak xak cymMMapHble MOTPEOHOCTH PaBHBI CyMMAapHBIM 3amacaM, UMeeM
3aKpBITYI0 TPAHCIOPTHYIO 3agady. OO03HAUYMM 4epe3 X; KOJIMYECTBO €IMHHIL

rpy3a, 3alUlaHUPOBAHHBIX K MEPEBO3KE OT [-I'0 IMOCTaBUIUKA K J-TOMY
MOTPEOUTENIO, U 3alUIIeM YCIOBHE 3aJaud B BHUJIE MAaTpUIIbl TUIAHUPOBAHUS
(Tabmuua 7.2).

Tabnuna 7.2 — Matpuiia niiaHUpOBaHUS JJIs 3a]la4u, MIPEJCTABICHHONW B
npuMepe
[TocraBumku, 4; [Torpeburenu, B, 3anacsl

B B, B3 B4 Bs ai
A, 10 7 4 1 41100
X11 X12 X13 X14 X15
A 2 27 10 6 11 | 250
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X21 X22 X23 X24 X25
As 8 3 2 21200
X31 X32 X33 X34 X35
Ay 11 12 16 13 | 300
X41 X42 X43 X44 X45
[TorpebnocTH b; 200 200 100 100 250 i o= Z b

CocraBuM MaTeMaTHYECKYIO MOJIEIb 3a7a4u. Tak Kak OT i-I'o MOCTaBIINKa
K j-TOMY TOTPEOMTENI0 3alUIaHUPOBAHO K TIEPEBO3KE X; €IMHHUIl Tpy3a, TO

CTOUMOCTB IICPCBO3KH COCTABUT CjiXj.

JBOWHON CYyMMOW:

CrouMOCTh BCEro IIaHa BBIPA3UTCA

m=4 n=5
=Y Y eox
i=1 j=1

CucreMy OrpaHUYECHUH MOJTYYUM U3 CIACAYIONIMX YCIOBUHN 3aa4u:

a) BCC MMPOAYKTHI JOJIKHBI OBITH BBIBC3CHEBI, TO CCTh,

gz

b (i: ]‘927 33 4)9

ATU ypaBHEHUSI MOJYyYarOTCS U3 CTPOK TaOIUIbI 4.2;

0) Bce MOTPEOHOCTH JTOKHBI OBITH yI0BIETBOPEHBI, TO €CTh,

m=4
Zi XU:b
i=

,G=12,..95),

YpaBHEHHUS TIOJTYUYalOTCS U3 CTOJIOIOB TaOIUIbI 7.2.

Takum o00Opa3om, MaTeMaruueckas MoJielib JaHHOW 3aJa4ydl HMeeT
CJICIYFOLIUN BU:

:rjg g rmn

(7.3)

(7.4)
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107 4 1 4 100
:‘2 7 10 6 11| 0= 250
8 5 3 2 2 * 1200

11 8 12 16 13 300

rane ) >

b,=(200, 200, 100, 100, 250
HNuaue MATEMATUYCCKYIO MOJACIIb MOKHO 3aIIMCAaTh B CICAYIOICM BU/JIC!:

F: 1 OX1 1+7X12+4X13+ 1X14+4X15+2X21+7)€22+ 1 OX23+6X24+1 1X25+8X31+5X32+3X33+
2X34+2X35+ 1 1X41+8X42+ 1 2)C43+ 1 6)644"‘ 1 3X45—> min

IIPU OTPAHUYECHUSX:

| w\\

.}

\HH

Takum 0OpazoM, MaTeMaTHYECKasi TIOCTAHOBKA JIAHHOM 3a/1aui COCTOUT B
HaXOXXJICHUU TaKOro HE OTPHUIATENBHOrO0 PEIICHUS] CHUCTEMBI JIMHEHHBIX
ypaBHEHUH, NOpU KOTOpPOM IieneBass (QYHKIUS MPUHUMAET MUHUMAIbHOE
3HA4YCHHUE.

Onpeodenenue 0onopHo2co NIAHA MeMOoOAMU: Ce8epo-3anadH020 Yaid,
MUHUMATIBHOU CMOUMOCHU, 080UH020 npeonoymenus. Haliiem omopHbIN 1u1aH
METOJIOM CE€BEpO-3alafHoro yria. Jljist 3Toro 3amuiieM yCJIOBHUE 3aJla4yu B BUJIC
tabnuipbl 7.3. He yuyuThiBasi CTOMMOCTH MEPEBO3KU €IMHUILIBI TPy3a, HAYMHAEM
yIOBIETBOPEHHE MOTpeOHOCTEN mepBoro mnorpedutenss B, 3a cuer 3amaca
MOCTaBIIKKA A ;.

Jlns aroro cpaBauBaeM a;=100 ¢ 51=200, a,<b;, MeHBIITNI U3 00BEMOB, T.
e. =100en. 3anuceiBaeM B JIEBbIA HM>KHUHM yroi kietku A;B;. 3anacel nepBoro
MOCTABIIHUKA MMOJHOCTHIO U3PACXOJ0BaHbI, TO3TOMY OCTaJbHBIE KIETKU MEPBOM
CTpOKH BbluepkuBaeM. [lorpeOHocTH B, ocTanuch HEyAOBIETBOPEHHBIMU Ha
200 —100 = 100 en. CpaBHHBaeM 3TOT OCTATOK C 3armacaMy NOCTaBIIMKA Ax: T. K.

100 < 250, to 100 en. 3ammceiBaeM B KIE€TKy A,B;, 4eM MNOJHOCTHIO
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yIOBIETBOPsieM MOTpeOHOCTH moTpedbutens B, ocraBimecs: KJIETKH B NEPBOM
CTOJIOIE BHIUEPKHUBAEM.

VY nocraBimka A, octaniock 150 en. rpy3a. Y aoBieTBopsieM nMoTpeOHOCTH
noTpedutens B, 3a cuer octaBmmxcs y mocTaBIIMKa A, 3amacoB. s sToro
CpaBHMBa€M »J3TOT OCTaTOK ¢ moTpedHocTamu moTpedutens B,: 150<200,
3anuceiBaeM 150 en. B kietky A:;B> u, T. k. 3amacel A; MOJHOCTBIO
M3pacXO0JIOBaHbl, NPOYEPKUBAEM  OCTaJbHbIE KJIETKH BTOPOM  CTPOKH.
[TotpebHOCTH B> ocTanuce HeyaoBiIeTBOpeHHBIMHU Ha S0ez. Y 1oBieTBOpsSeM UX
3a CYET NOCTaBIIMKA Az M NEPEXOJUM K YIOBJIETBOPEHHIO B3 3a cuer ocratka,
MMeEroIIerocs y nocraBumka As, u T. 1. [Iponecc nponoimkaem 10 TeX mop, noka
HE YJIOBJIETBOPUM BCEX MOTpeOUTeNeH 3a cueT 3amnacoB noctaBmukoB. Ha stom
NOCTPOCHHE NEPBOHAYAIIBHOTO OTIOPHOTO IJIAH 3aKaHYMBAETCS.

Takum oOpa3om, B Tabiuie 7.3 B IMpaBbIX BEPXHUX YIIaX KJIETOK CTOSAT
yucia, OINPEESIOINEe CTOMMOCTh NEPEBO3KM E€OUHHUIIBI TPY30B, B JIEBBIX
HUKHUX yIJIaX — YUCIa, ONpeaeliaionue miad nepeBo3ok. [Iposepum, siBisieTcs
JIM TUTIaH, TIOCTPOEHHBIM B TaOJIUIE OMOPHBIM. Buaum, 4To, HauMHAas JABM>KCHHE
OT 3aHATOU KJIETKH A;B;, BEpHYTbCS HE TOJBKO B HEE, HO M B JIOOYIO JIPYTYIO
3aHATYI0 KIJETKY, JBUTasiChb TOJBKO [0 3aHSATHIM KJIE€TKaM, HEBO3MOXHO.
CrnenoBartenibHO, IUIAH SBJIAETCS OMNOPHBIM. B TO e BpeMs IUIaH SBISETCA
HEBBIPOKJICHHBIM, T. K. OH COJEPXKHUT TOYHO m + n — 1=4 + 5 — 1 = 8 3aHATHIX
KJIETOK.

Ta6nuna 7.3 — [locTpoeHre nepBOHAYATIBLHOTO OIMIOPHOTO TIaHA METOJIOM
CEBEPO-3aIaTHOrO yIia

[TocraBuiuku, A; ITotpebuTenu, B; 3amnacel
B: B, B; B4 Bs ai

A 10 7 4 1 41100
100 — — — —

A, 2 7 10 6 111|250
100 150 — —

A; 8 5 3 2 21200
— 50 100 50

A4 11 8 12 16 13 ]300
— — — 50 250

[TorpeGHoOCTH D) 200 200 100 100 250

Ecam ke 3aHATBIX KJIETOK OyaeT MEHbIe, ueM m + n — 1, To ciemyer
BBECTH B JIIOOYIO HE3aHATYIO KJICTKY OOBEM Tpy3a PaBHBIM HYJIIO W, TaKUM
o0pa3oM, BEIPOXKICHHBIN TIJIaH MPUBECTH K HEBBIPOKICHHOMY .

Haiimem 0OIIy:0 CTOMMOCTh COCTABJICHHOI'O IIaHA KaK CyMMY
MPOU3BECHUN 00BEMOB TIEPEBO30K, CTOSIIIIUX B JICBOM YIUIy 3aHSATHIX KJICTOK, Ha
COOTBETCTBYIOIINE CTOMMOCTH B 3THX K€ KJIeTKaX:

F = 100-10+100-2+150°7+50-5+100-3+50-2+50°16+250-13=6950(e .
CTOMMOCTH).

[Tpu cocTaBieHNM MEPBOHAYAIHLHOTO OIOPHOTO TUTAHA METOJIOM CEBEPO-
3amajHOrO yTIjla CTOMMOCTh IIEPEBO3KHM CIWHMIBI TpPy3a HE YYHUTHIBAIACH,
II03TOMY ITOCTPOCHHBIN TUIaH JaJIeK OT ONTHMaJIbHOTO. [locTpoeHHne OmopHOTO
maHa yaoOHO BBITIOJNHATH B TabmuuHoMm mpomeccope Excel.  Jlns storo
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HE0OXO0MMO BBECTH JaHHbIE Tabnuibl 7.3 Ha padouwmii nmuct Excel, 3ateM: sty
Ta0JMIy CKOMUPOBATh U YAAIUTh BCE YMCIIA, OCTABUB Ha3BaHUE MOJIEH; BBECTU
dbopMyIBl I MOJCYETa CyMM IEPEBO30K IO CTPOKaM U cTosdliaMm 3aTteM B
COOTBETCTBYIOIIUE siueikH 10 cTpoke «IloTpeOHocTh» 1 cTondIy «3amach»;
3aMOJTHUTH STYCHKN TAOJIUIIB 3HAYCHUSIMH TTEPEBO30K.

Ha pucynke 7.4 mpencraBieH pabounit suct Excel ¢ BBeneHHBIMH B
MEepBOM TaOJMIIE MCXOMHBIMH JaHHBIMHM 33Jla4d: CTOMMOCTSIMHU, 3amacaMu H
MOTPEOHOCTSIMU, & BO BTOpPOM Tabmuie — GopMynamMu ISl TMOJCYETa CYMM
nepeBo3ok 1o crpokamM:=CYMM(K3:03) u cronbmam: =CYMM(K3:K6) u
HaWJICHHBIM OIIOPHBIM TIJIAHOM.

B sueiike A10 BBeneHa ¢opmysia, ¢ IOMOIIBIO KOTOPOM OINpeeseTcs
nenesas pyukmus: =CYMMITIPOU3B(B3:F6;K3:06). Eciu nipu cocraBiennn
OTOPHOTO IUTAHA YYUTHIBATh CTOMMOCTH MEPEBO3KM EAMHMIIBI TPy3a, TO IUIaH
OyIeT 3HaYUTEINHHO OJIFKE K ONTUMAIIEHOMY.
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vl - Microsoft Excel N — e —

Beraska PazMeTka cTpaHWLbl Dopmyne AaHHBIE PelLleHIMpOBaHKE
* T x| e - :

" = 4

Berseute K £ 4 m B A | =E==|E&EsE uertpe - | EH - % noo .: o)
Bydep obMeHa = LWpudT BripaEHUEaHWE Yucno CTHAR

CYMMMPOM3B  ~ (© X & f| =CYMM(K3:03)
A B c D E F G ] K L W\l N D P (

1 Motpeburenn, B, Notpebuteny, B;

2 | MocTaBlWMKK, A; By B, B By B 3anachbl, a MocTaslMem, A; B, B, By By B: 3anachl, a

3 A, 10 7 4 1 4 100 Ay 100 =CYMM(K

4 A, 2 7 10 6 11 250 A, 100 150 250

5 Al 8 5 3 2 2 200 As 50 100 50 200

6 Ay 11 8 12 16 13 300 Ay 50 250 300

7 NoTpebHocTy b, 200 200 100 100 250 Motperoctub, QYMMIK3:KE] 500 100 100 250

z 1

Bydep obmeHa L pwdT EblpaBHWEaHWE Yucno CTram Aveikn
| cymmnpomzB v (5 X ¥ f-l =CYMMIPOU3B(B3:F6;K3:06)
I A B C D E F G ] K L M N o P

1 Motpefurenw, B; Notpeburenw, B;

2 | MocTaBwmem, A; B, B. B B, B: 3anacel, a; MocTaBlMKmM, A; B, B. B, B, B: 3anacel, a;

3 Ay 10 7 4 1 4 100 Ay 100 100

4 A, o4 10 i} 11 250 A 100 130 250

gl Ay 8 5 3 2 2 200 A 50 100 50 200

6 Ay b | 8 12 16 13 300 Ay 50 250 300

7 |NotpebHocTy by 200 200 100 100 250 MotpefHocTy by 200 200 100 100 250

8

9

10 |=cymMmMnpPom3s|
1

Pucynok 7.4 — IlocTpoeHue nepBOHAYAILHOTO OMIOPHOTO IJIaHA METOJIOM CEBEPO-3aMaJHOrO yria
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HaiineM omopHBIM IJIaH METOJOM MHHHMMAJIbHOM CTOMMOCTH. CyIIHOCTH
METO/Ja 3aKJI0YaeTcs B TOM, YTO W3 BCEW TaOMUIBI CTOMMOCTEH BBIOMPAIOT
HAaUMEHBIIYI0 U B KIETKY, KOTOpas €l COOTBETCTBYET, MOMEIIAIOT MEHBIIEE U3
yucenl «@; wuinum b, 3areM M3 PpacCMOTPEHMsS MCKIOYAKOT JHOO CTpOKY,
COOTBETCTBYIOILYIO MOCTABIIMKY, 3alachl KOTOPOIrO MOJHOCTBIO M3PaCX0JI0BAHBI,
aub0  CTONOEel, COOTBETCTBYIOIIMKA MOTPEOUTEN0, MNOTPEOHOCTH KOTOPOTO
MOJIHOCTBIO YJIOBJIETBOPEHBI, JTUOO U CTPOKY, M CTOJOEI], €CIH U3PACXO0JI0OBAHBI
3amachl MOCTAaBIIMKAa W YAOBIETBOPEHBbI MOTpeOHOCTH mnotpedutens. U3
OCTaBILICHMCS YacTW TaOJUIBI CTOMMOCTEH CHOBAa BBIOMPAIOT HAMMEHBIIYIO
CTOMMOCTb, U MPOLECC paclpeeICHUs 3al1acOB IPOIOJKAIOT, IOKAa BCE 3aI1achl HE
OynyT pacmpeneneHsl, MoTpeOHOCTH yaoBieTBOpPeHbl. (COCTaBUM C MOMOIIBIO
ATOTO METO/Ia OTIOPHBIN IJIaH YK€ paCCMOTPEHHOU 3a/1auv U 3alUIIEM €€ YCIOBUE
B Tabnuiyy 7.5. BeiOupaem B Ta0nuile HAUMEHBITYI0 CTOUMOCTH (3TO CTOMMOCT®,
nomenieHHass B kietke A;Bs), Tak kak a;=bs, 100 en. rpy3a momemiaem B 3TOH
KJIETKE M MCKJII0YaeM M3 PaCCMOTPEHUS NEPBYIO CTPOKY U UETBEPTHINA cToinoer. B
OCTaBIICHCA TaOIHMIE CTOMMOCTEH  HAWMCHBIICH  SBISCTCI  CTOMMOCTD,
pacnojio)keHHasi B KieTke A,B; u B kierke A;Bs. 3amonnsem mo0yio U3 HHX,
HarpuMmep, A,B;.

Nmeem 200<250, ciegoBaTenbHO, 3anucbiBaeM B Hee 200 U MCKIOYaeM U3
paccMmotpeHnus croioer] Bi. B kinetky A;Bs 3anuceiBaem 200 en. u uCKIto4aeM U3
pPacCMOTPEHHUSI CTPOKY As.

Tabmuma 7.5 — IlocTpoeHre mepBOHAYAIBHOTO OMOPHOIrO IUIaHA METOJ0M
MUHHUMaJIbHON CTOMMOCTH

[ToctaBmuku, A; | I[lorpeburenu, B; 3anacsl
B B, B; B, Bs ai

A, 10 7 4 | 41100
— — — 100 —

A, 2 7 10 6 11250
200 50 — —

A; 8 5 3 2 21200
— — — — 200

Ay 11 8 12 16 13300
— 150 100— — 50

[Torpednoctu b; | 200 200 100 100 250

B ocraBmeiics Ta0iMile CTOMMOCTEM CHOBAa BBIOMpPaeM HaMMEHBUIYIO
CTOMMOCTh M MPOAODKAEM IMpoLecC 10 TeX MOp, MOKa BCE 3amachl HE OyayT
pacnpeneneHbl, NOTPEOHOCTH YAOBIETBOPEHBl. B pe3ynbTare NOSydYeH IUIaH
X=(X14=100; XZ1=200; X22=50; X35=200; X42=150; X43=100; )C45=50), OCTaJIbHBIC
3HAUEHHUS MEPEMEHHBIX paBHBI HymO. [IaH HE COAEPKUT LUKIOB M COCTOUT W3
CEMU IIOJIOXKUTEIIBHBIX IEPEBO30K, CIIEIOBATENBHO, SABIISETCS OINOPHBIM ILIAHOM.
OnpenenuM ero CTOMMOCTb:

F=100-1+200 -2+50 -7+200 -2+ 150 -8+ 100 -12++50 -13=4300 (ex.).

CrouMOCTh IUTaHA MEPEBO30K 3HAYMTENBHO MEHBILE, CIEAOBATENIBHO, OH
OJIIKe K ONTUMAJIbLHOMY.
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OnpenenuM OMNOPHBIM IUIAaH METOJAOM JIBOMHOrO Tmpeanourenus. Ecnu
Ta0JauIla CTOMMOCTEH BeIMKa, TO IMepedop BCeX AJIEMEHTOB 3aTPYyJIHHUTENICH. B
3TOM CJIy4a€ HCHOJIB3YIOT METOJI JBOMHOIO IPEANOYTEHHS, CYTh KOTOPOIrO
3aKJIFOYAETCS B CIECAYIOIIEM:

B kaxgom cronbiie OTMeYaroT 3HAaKOM «V» KIETKYy C HauMEHBIICH
CTOMMOCTBIO. 3aTeM TO JK€ MPOJACNBIBAIOT B KaxJoul cTpoke. B pe3ynbraTte
HEKOTOPbIE KJIETKH UMEIOT OTMETKY «V V» (pucyHok 7.6).

B HuX HaxomuTcsi MHUHUMAalbHas CTOMMOCTb, KaK MO CTOJOIy, Tak U MO
CTpoke. B 3TH KJIeTKH MOMENIaloT MaKCUMaJIbHO BO3MOXHBIE OOBEMBI TIEPEBO30OK,
KOXIbIA pa3 HCKIOYas M3 PACCMOTPEHHUS COOTBETCTBYIOIIHME CTOJIOIBI WU
CTPOKH. 3aT€M PACHPEAEISAIOT NEPEBO3KHU MO KIETKaM, OTMEUEHHBIM 3HAKOM « V).
B ocraBmieiicss yactu TaOMMIBI TIEPEBO3KM PACHPEACISIOT MO HaWMEHbIIEH

CTOMMOCTH.

Tadmuna 7.6 — BeigeneHuple KIIETKA ¢ MUHUMAIBHOM CTOMMOCTBIO

[TocraBmukwy, [TotpebuTenu, B ; 3anacel
Ai B 1 B 2 B 3 B 4 B 5 a;i
A 10 7 4 VVi 4 100
A, VV?2 7 10 6 11 250
As 8 V5 V3 V2 VvV 2 200
Ay 11 V38 12 16 13 300

[TorpebHOCTH 200 200 100 100 250
b

3aTeM cHauana 3anosHseM kieTku A;Bs, A-Bi, A3;Bs, motoMm kietky AsBs. B

OCTaBIICMCS dYacTH TaOJIWIbI TOCICAOBATSIBHO 3alOJHSAEM KICTKH IO
MHHUMAJIBHON CTOUMOCTH AsBs, AsBs, AsBs, AuB,, (Tabmuma7.7).
Tabmuma 7.7 — OnopHblid TUTaH, HAWIEHHBIA METOJOM JIBOMHOTO
MpeANOYTECHUS
[TocTaBuukwu, [ToTrpebutenu, B; 3amnacsl
A, B, B> Bs B4 Bs a;
10 7 4 VV 1 41100
A, — — — 100 =
VV 2 7 10 6 11250
A, 200 — — — 50
8 V5 V3 V2 VvV 21200
As - — — — 200
11 V8 12 16 131|300
Ay — 200 100 — —
[TorpebHOCTH 200 200 100 100 250
b;

HaitneM cToMMOCTB MOJIy4YEHHOTO OMOPHOTO ILJIAHA.
F=100 -1+200 -2 +50 -10+200 -2+200 -8+50 12+50 -13 = 4250 (ex.).
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TakuMm 00pa3oM, HAMMEHBIIYI0 CTOMMOCTh HKMEET OMNOpPHBIM IUIaH,
MOJIYYEHHBIH METOJIOM JIBOMHOIO MPEIINOYTEeHUs], CIEJA0BATENbHO, OH Hauboee
OMM30K K onTUMaibHOMY TuiaHy. OJIHAaKO OTCIO/Ia HE CIEAYeT BBIBOJ, 4YTO C
MOMOIIBIO METOJIa JBOWHOIO TMPEANOYTEHUS BCErJa IMOJYyYarT JIY4YlIul
MepBOHAYAJIbHBIN IIJIaH M0 CPABHEHHIO C METOJJOM MUHUMAJIbHON CTOMMOCTH.

MoxHO mokazarb, YTO  3aJada JIMHEWHOrO  IMPOrpaMMUPOBAHUS
JBOMCTBEHHAsl KJIACCUYECKOW TpaHcmopTHOM 3amaue (7.1, 7.2) coctouT B
MaKCUMM3AIIUH 11eJIEBON (PyHKIINU:

m=4 n=>5
Olay, @y, By B)= D @t D b,
i=1 j=1 (75)

IIPU OTPAHUYECHHUSIX

ai+/3’j <c

jol =Lm;j =l,n
2

(7.6)

L] = T :ﬁ
rae 4ucia ;i =l,m u p i) = Ha3bIBAIOTCSI COOTBETCTBEHHO
MMOTEHIIMAJIAMHM TIOCTABIIUKOB M MoTpeduTeneii. s Toro dYrToOBI pericHue
KJIACCUYECKOM  TPAHCIOPTHOM 3ajauyd  ObUIO ONTUMAIBHBIM  HEOOXOJUMO

BBITOJIHEHUE CIICIYIOIIENH TEOPEMBI:

X =(x;) .

Teopema. Ecim 1nan 7/ TpaHCHOPTHOM  3aJa4yul  SIBJISAETCA
ONTHMANIGHBIM, TO €My COOTBETCTBYET CHcTeMa M3 m+n umcen it =Lm
Bj,j=ln :

, YAOBIIETBOPSIIOIINX YCIOBUSIM:
a.+0hH. =c..
By =¢ , i x >0, (7.8)
ao.+ph. Zc. *
i+ B, 7, mas x ;=0. (7.9)

W3 teopembl cremyer: NI TOTO, YTOOBI MEpPBOHAYAIBHBIN OMOPHBINA IJIaH
OBLJT ONITUMANIEHBIM, HEOOXO0IUMO BBIMIOJTHEHUE CIETYIONTUX YCIOBHIA:
- JUTST KaKIOW 3aHATOM KJIETKM CyMMa TOTEHIMAJIOB JOJDKHA OBIThH

o o a.+p. =c..
paBHA CTOMMOCTH €JWHUIILI NEPEBO3KH, CTOAIIEH B OTOH KJIIETKE ' p J v,

- JUIS KaKJI0W HE3aHSATOM KIETKH CyMMa IOTEHIMAJIOB JOJKHA OBITh
MEHBIIIE WM pPAaBHA CTOUMOCTH E€IWHULIBI NEPEBO3KH, CTOAIIECH B DTOU KIIETKE
a +f ; SC,.j

Ecnu xoTs1 Obl 01HAa He3aHsATask KJIETKa HE YJOBJIETBOPSET 3TOMY YCJIOBHIO,
TO OINOPHBIA IUIAH HE SBISETCA ONTHUMAIbHBIM W €ro MOXKHO YJyYIIUTh,
nepeMenas B 3Ty KIIETKY HEKOTOPOE KOJIMYECTBO Ipy3a.

Hcnonb3ys nepBoe yciaoBUE TEOPEMBI 7.6, MOCTPOUM CUCTEMY MOTEHIIUAJIOB
(tTabmumna 7.6), ucnonb3ys Tabnuiyy 7.7, TMpenaBapUTEIbHO MPOBEPHUB, CKOJIBKO
3aHATHIX KIETOK MMeeT Talnuia. Eciu 3aHSATRIX KJIETOK MEHbINe, yeM m+n-1
3aroJIHSIEM HEJOCTAIONINE KIETKHU HYJEBBIMU MEPEBO3KAMU.

CuctemMy MOTEHIIMAJIOB MOKHO MOCTPOUTH TOJIBKO MJII HEBBIPOXKIACHHOTO
IJIaHA, KOTOPBIM, KaK U3BECTHO, COACPKUT m+n-1 3aHATHIX KJIETOK, TOATOMY JIJIst
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. O +[3A =c.
HETO MOXHO COCTAaBUT CUCTEMY U3 m+n-1 HE3aBUCUMBIX YPaBHEHHH ' J i
m+n HEU3BECTHBIMU.
YpaBHEHHII Ha OJHO MEHBIIE, YE€M HEU3BECTHBIX, MOITOMY CHCTEMA

C

SABIISIETCS HEOIIPEIeIeHHON W OJHOMY Hem3BecTHOMY (06braHo 1) mprcBamBaroT
HYJIEBOE€ 3HAUEHHWE, II0CJIIE€ 3TOr0 OCTAJbHBIE MOTEHLMAIbl ONPEACISAIOTCS
OJTHO3HAYHO.

oL, B —=C.. - O,
HyCTb H3BECTEH IIOTECHIIHAJ i, TOTrOa / Y ', €CIIM HU3BECTECH

B o =€ - |3, 

MOTECHIUAI © /, TO
Takum oOpaszom, [Jis onpeeeHus HEM3BECTHOTO MOTEHIIMANIA OT BEJIMUUHBI

€y HaJl0 BBIYECTh U3BECTHBIN MOTECHIINAI.

Tak kak B Haimiem npumepe m = 4, n = 5, TO JJisl TOTO, UYTOOBI HalJICHHBIN B
Tabauie 7.7 miaH ObUT HEBBIPOXKIECHHBIM, OH JOJDKEH cojaepxkath 4 + 5 — 1 = 8
3aHATHIX KJIETOK.

B Tabnune 7.7 Bcero mecTh 3aHATHIX KIETOK, CJIEIOBATEJILHO, B JBE HE
3aHATHIC KJIETKH HEOOXOIUMO TOMECTUTh HYJIEBBIC MTEPEBO3KH.

3anoTHUM HYJIEBBIMM TTepeBO3KaMM KJIETKH A>B> 1 A,B4, Tak Kak BO BTOpoi
CTPOKE CpEOY HE3aHAThIX KJIETOK OHM HMEIT MHUHUMAJIbHYK) CTOMMOCTH
MepPeBO30K, & UMEHHO: 6 1 7. 3anuiieM 1eiaeByo (QyHKIMIO TBONCTBEHHOH 3a/1a4H,
KOTOPYIO HEOOXOIMMO MaKCHUMH3UPOBATH.

4 5
PO ees 0, By seBs) =X a0, + 30 B, =100 -a, +250 -ar, +200 -a, +300 -a, +
i= j=l

+200 -3, +200 -3, +100 B, +100 -B, + 250 -B, (max)
IIPU OTPAHUYEHUSAX:

o, +f, <1

o, +p, =<2

o, +pB, <7

o, +p, <6

a, +B5 <11

o, +Bs5 <
o, +p3, <
oy + Py <12.

[Tomyunnu cucTeEMy U3 BOCBMHM HEPABEHCTB U JIEBATH HEU3BECTHBIX.

BribepeM B KkadecTBe CBOOOIHOM IEepeMEHHOMN o, _0, TOrZla NOTEHIINAIbI

A
o N

B1sB2sB.sBs ONpPEAEHATCS OJHO3HAYHO. 3aluIIEM HAWJACHHBIC 3HAYEHUA
MOTEHIIUAJIOB B Tabmuiy 7.8.
Tabauma 7.8 — [locTpoeHne cucTeMbl TOTEHITHATIOB

[ToctaBmuku, A; | [lorpeburennu, B; 3amnacsl
B.p=2 |Bup:=7 |Bups=11 |Bups=6 |Bsps=11 |a
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Aj,04=-5 10 7 4 1 41100
100

A,,0,=0 2 7 10 6 11 | 250
200 0 0 50

As,05=-9 8 5 3 2 21200

200
As,0=1 11 8 12 16 13 | 300
200 100
[MoTpebHOCTH b;i 200 200 100 100 250
[IpoBepuM BBITIOJTHEHUE YCIIOBUS a +B; =c; (4.7) TeopeMbl 7151 HE3AHSITHIX
KJIETOK, €CJM YCIIOBHE HE BBINOJHAECTCS, HAWJIEM pPa3HOCTb (@ +B,)- ¢ 51
3aMuIIeM B COOTBETCTBYIONIYIO KJIETKY (Tabnuia7.9).
Tabauma 7.9 — IIpoBepka sBIsSeTCS JIM HAWJACHHBIN IIJIaH ONTUMAJIbHBIM

[ToctaBmuku, A; | [lorpebutenu, B; 3amnacsl
B1,|31=2 Bz,BzZ7 B3,63:1 l B4,64:6 Bs,Bszl 1 a;

Aj,04=-5 10 7 4 1 41100

2 100 2

A,,0,=0 2 7 10 6 11 | 250
200 0 1 0 50

As,05=-9 8 5 3 2 2 1200

200
As,0=1 11 8 12 16 13 | 300
200 100
[MoTpebHOCTH b;i 200 200 100 100 250

VYciioBue ONTUMAIBHOCTH HE BBIMOJIHSAETCS 11 Tpex KieTok A B;, AiBs u
A;B;. PazHocT a1 9THX KJIETOK COOTBETCTBEHHO paBHBI 2, 2, 1. BriOepem
KIIETKYy, B KOTOPYK HEOOXOJIHMMO IepepacipeqeinTs IepeBo3Ky. s sToro

OIpEAECTIUM max[(c, + Bf) - ¢yl =max(2,2.]1] :2, 3HAYMT JIFOOYIO U3 KJIETOK A;Bs,

ABs MoxHO crenath 3aHsATOM. Bo3bMem kieTky A;Bs, Tak kak B 3TOM cCiydae
Jlerde MOCTPOUTH ITUKJI, OTMETUM €€ 3HakoM «+». KieTtka A ;Bs npucoenusercs K
3aHITHIM KJIETKaM, KOTOPBIX CTaHOBHUThCS m+n. Takum 00pa3oM, MOSBISETCS
IUKJI, BCE BEPIIUHBI KOTOPOTrO, 3a UCKIIOUYEHUEM OJHOM, KOTOpas HaXxOAUTCS Ha
KJIETKE, OTMEUEHHOU 3HAKOM «+», JIe)KAT Ha 3aHSITHIX KJIETKaX, TPUYEM ATOT LUK
€ INHCTBEHHEBIN.

HaxompuM 1MKI MW, JOBUTasiCh OT KISCTKHM OTMEUEHHOH 3HAKOM «1»,
MOOYEPETHO MPOCTABIISIEM 3HAKH «—», «+» B KJIETKaX C BEpIIMHAMHU IIMKJa

(tTabmuma 7.10). Haxoaum minx, =min{100,50] =50 _ MUHHMMAaJIbHOE 3HAYCHHUE

Cpeau MEPEeBO30K, CTOAIIUX B BEPIIMHAX ITMKJIA, OTMEYCHHBIX 3HAKOM «—.
Ta6muna 7.10 — Iloctpoenue nukia

[MoctraBmukwu, A; | [lorpeburenu, B; 3anacel
B1,|31:2 Bz,B2:7 B3,|33:1 1 B4,|34:6 Bs,f)szl 1 a;
Apau=-5 10 7 4 1- 4+ (100
100
Az,0,=0 2 7 10 6+ 11—250
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200 0 0 50
Asz,05=-9 8 5 3 2 2 (200
200
A4,0(,4:1 11 8 12 16 13 | 300
200 100
[TorpebHoCTH b;i 200 200 100 100 250

K mnepeBo3kaM, CTOSIIMM B 3aHATHIX KIE€TKaxX, mnpudaBissem 50, a wus
MEPEBO30K, CTOAIIMX B HE3AHATHIX KIIETKAaX, BbruuTaeM S50, MmojaydyaeM HOBBIU MUIaH

(Tabnuma 7.11).

Ta6nuna 7.11 — HoBblil OnOpHBIN mi1aH

[ToctaBmuku, A; | [lorpebutennu, B; 3amnacel
B1,|31=2 Bz,ﬁ2=7 B3,63=1 1 B4,64=6 B5,|35=9 ai

A,ou=-5 10 7 4 1 41100

2 50 50

Az,0=0 2 7 10 6 11250
200 0 1 50

As,05=-7 8 5 3 2 2 (200

200
A 0u4=1 11 8 12 16 13 300
200 100
[MorpebHoct b; | 200 200 100 100 250

HepeC‘{HTBIBaCM IIOTCHIMAJIbI, TaK

KiIeTka A,Bs crama He 3aHATOM, a

kierka A;Bs mpubaBmmach K 3aHATBIM KieTkaMm. IlpoBepsem sBiseTcs In
HaMJIEHHBIN IUIaH ONTHMAJIbHBIM. Y CJIOBHE ONTHUMAIBHOCTH HE BBIIOJHICTCS IS
IByX KIETOK AiBs m A,Bs;. PasHOCTH 171 3THX KJIETOK COOTBETCTBEHHO PAaBHBI
2, 1. BoiOepeM KJE€TKy, B KOTOPYIO HEOOXOJMMO IMepepacrnpe/euTh MepeBO3KY.
max[(a, +f,) - ¢,] =max[2,1] =2

Jlnst 3TOrO Ompenenum
HAJO cenath 3aHiIToi. OTMeTHM ee 3HakoM «+». Kietka A B; mpucoeaunsercs x
3aHATHIM KJIETKaM, KOTOPBIX CTAHOBUTHCS m+n. Takum 00pa3oM, MOSIBISIETCS UK
BCE BEPIIMHBI KOTOPOTO, 32 UCKIIOYCHUEM OJIHOM, KOTOpask HAXOJIUTCS Ha KJIETKE,
OTMEUYCHHOW 3HAKOM «+», JIeKaT Ha 3aHATHIX KIETKaX, MPUYEM OTOT UK
eIMHCTBEHHBIM (Tabmuma 7.12). Haxomum [HMKI W, JBUTAsICh OT KIETKH
OTMEUYEHHON 3HAKOM «1», IOOYEPETHO MPOCTABISIEM 3HAKU «—», «1+» B KIETKaX C
BEpILMHAMU IUKIIA.

Tabnuna 7.12— IlocTpoenne nmukia

, 3HAUUT KIETKy A ;B3

[ToctaButukm, A; | Ilorpedourenu, B; 3amacel
B1,61=2 Bz,[32:7 B3,B3:1 1 B4,B4:6 B5,B5:9 a;
Aj,04=-5 10 7 4 1- 41100
+ 50 50
As,0,=0 2 7— 10 6+ 111|250
200 0 11|50
A3,0L3:-7 8 5 2 21200
200
Ay04=1 11 8+ 12— 16 13 | 300
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200 100
[ToTpebHOCTH b;i 200 200 100 100 250
minx, =min[0,100,50] =0
OnpenensieMm i — MHUHUMAaJIbHOE 3HA4Y€HUE CPEIH
MEPEBO30K,  CTOSIIIHNX BEepIIMHAX  IIMKJIAa, OTMEUYEHHBIX  3HAKOM

«—». 3HAUUT, HYJEBYIO MEPEBO3KYy HEOOXOIMMO MEPEMECTUTh B KIETKY A;Bs,

CZEJIaB €€ 3aHATOM, U OISTh EPEeCUYNTATh MOTeHIHAbI (Tadnuma 7.11).

[IpoBepsieM HaWAECHHBIA IJIAH HAa ONTUMAIBHOCTB. JIJIsi BCEX HE3aHATHIX
HaWJICHHBIN IUIaH

KJICTOK YCJIOBHUC OITHUMAJBbHOCTH BBIIIOJHACTCA.

ABJIACTCA OIITUMAJIbHBIM.

Haxoauwm 3HaueHue 1neneBoi GyHKIUN.

3HaAYUT,

Tabauma 7.13 — ITocTpoeHne HOBOM CHCTEMBI IOTCHITNAIOB

[ToctaBmuku, A; | [lorpeburennu, B; 3amnacsl
Bi,Bi=2 B.,,=5 B;,B:=9 B4,$4=6 Bs,B5=9 ai

Aj,ou=-5 10 7 4 1 4 1100

0 50 50

Az,0,=0 2 7 10 6 111250
200 50

As,05=-7 8 5 3 2 2 1200

200
A4,04=3 11 8 12 16 13 | 300
200 100
[MoTpebHOCTH b;i 200 200 100 100 250

Foin = 1-50+4-50+6-50+2-200+2-200+8-:200+12-100=4150.
Y nax—-5-100+0-250-7-200+3-300+2-:200+5-200+9-100+6-100+9-:250 =4150.
Tak kaKk Fuin=%max = 4150, T.e. 1eneBass QyHKIUA U NPSIMON, U JBOMCTBEHHOM

3a7]a4M UMEET OJIHO U TOXK€ 3HAYEHHME W BBIMIOJHSAETCS YCIOBUE
IUIS HE3aHATHIX KICTOK TaOmuipel 4.13, 3HAUMT, HaWJCHHBIN

OIITUMAaJIbHBIM.
OtBet: Fmin= 4150 mpu: x4 = 50, xi5 =50, x12 =200, x4

X42 :200, X43 :100

[IpoBepum

IOJyYEHHBI pPE3yJbTar,

peuuB

uHctpymenta «llouck pemenus» Tabimuunoro nporeccopa Excel.

OIITUMAJIBHOCTHU
IIJTIaH ABJISICTCA

:50, X35 :200,

3aJa4y C IIOMOIObIO
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PaGouunii nuct c pemeHWeM 3ajaudd, TMPEJCTABICHHOW MaTpuIleit
B CHCTEME KOMIIBIOTEPHOW MaTEeMaTUKHU

maHdpoBanusi (tabnuna  7.2),

Mathcad npencrasiien Ha pucyake 7.6.

mﬁile Edit “iew Insert Format Tools  Symbolics  indow  Help

-2 d SRY 2 5 B 2 O
|Nurmal vl.ﬁ.rial V|1IZI V| B 7 U |%|§ = = i=
n:=>=: m:= 4
& "
F 200
(100 710 7 4 1 4
200
250 2 710 6 11
a= b:=| 100 c =
200 o 8 5 3 2 12
100
\ 300 250 11 8 12 16 13 )
m—1 n-1
1 pn1:=0 F =N N7 xoe
Xm ]:ln 1 M‘(X) /hn‘ /hl‘ XIJ_] Cl:l_]'
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—
fie N x ]
— ’ o, £— \T‘ X g "
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]
i= [ >R i
| f . ;T T
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HEO0XO0IUMO

Pucynok 7.6 — Anroputwm pemieHus 3agaun B Mathcad
Annaparypa u marepuaibl. JlJis BINOIHEHUST Jab0paTOpHON padOTHI

HUCIIOJIB30BaTh

CleyIonIee:

anmapaTtHoe

oOecrieyeHue:

MIEPCOHANIBHBIN KOMIBIOTEP M IMPOTpaMMHOE OOECIEUYCHHE: OIEpaIMOHHYIO
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cucremy Windows 10 wu Beime; Microsoft Officel3 wu Bble, cucTemsl
KoMIibloTepHoi MatremaTuk Machcad 1 MATLAB R2017a u Baire.

Yka3zanuss 1m0 TeXHHKe 0e30IMacHOCTH. CaMoCTOSTENbHO HE
MIPOU3BOJIUTh YCTAHOBKY M YJaJCHHE IPOrPaMMHOTO OOECIICUCHHS; PEMOHT
MePCOHAIBLHOTO KOMIIBIOTEpA. Co0mronath npaBujia  TEXHUYECKOU
AKCIUTyaTaluu n TEXHUKHA 0€e30I1aCHOCTH npu pabote c

AIEKTPOOOOPYIOBAHUEM.
MeToauka U MOPSIAOK BHINOJIHEHHsI padoThl

Brinonuute npennoxkeHHbIE 3a1aHuUs.

3apanme 7.1. HHdopmanmoHHbIE MOAENM NPHUHATHS pEUICHUN B
YCJIOBUSX OMPEICICHHOCTH.

Haiitn nepBoHavabHBIA OMOPHBINA IJIaH (METOJAAMU: CEBEPO-3aMaHOTO
yria; MHUHUMQJIbHOM CTOMMOCTH; JBOMHOIO MPEANOYTECHUS) CIEAYyIOMIeH
3amaun: [lycTh uMeeTcs Tpu MyHKTa oTnpasiaeHus (mocraBmuka) Al, A2, A3 u
4yeThlpe IMyHKTa HasHaueHus (morpebutens) Bl, B2, B3, B4. U3BecTHb
paccTostHUS (B KM) OT KaXKJOTO IMOCTaBIUKA JO0 KaKIOTO MOTpedurens. ITu
pacCTOsIHUS MPUBEICHBI HIDKE B Tabiuie 7.14 B J€BOM BEpXHEM YIUIy KIIETOK.
TpeOyeTcsi cocTaBUTh Tako#W IUTAaH MEPEBO30K TPy3a, MPH KOTOPOM OOIIHIA
rpy30000pOT (B T.KM) OBLJT ObI MUHUMAJTBHBIM.

Tabnuna 7.14 — MaTpuiia CTOMMOCTeH

[TocTaBuuku [ToTpeOuTenn 3anacel
B 1 B 2 B 3 B 4 ai
A 6 12 20 22 1500
A 10 18 18 17 2800
A; 1 4 6 11 1700
[TotpebHoCTH b 1830 1160 1610 1400
1. [TocTporiTe MaTeMaTUYECKYIO0 MOJEIb TPAHCIIOPTHOM 3a]1a4H.
2. Havinure OmoOpHBIM IUIAaH METOJAMHU: CEBEPO-3aIlaJHOTO YIJIa;
MHWHUMAaJIbHOM CTOMMOCTH; JIBOMHOTO MPEANIOYTCHU.
3. [loctpoiite cucTEMYy MNOTEHUHAIOB W MPOBEPHTE HAWJICHHBIE
IUIaHbI HA ONTUMAJILHOCTb.
4. Hatinnte omrTuManbHBIN IJ1aH:

-C noMoupl HHCTpyMeHTa «llouck pemeHus» TaOIMYHOTO
nporieccopa Excel;
- C IOMOIIIbIO CUCTEMBI KOMIIBIOTEpHOUM MaTemaTrku Mathcad;
- METOJIOM TIOTEHIMAJIOB, B35B 3a MEpPBOHAYANBHBIN JIO00N U3
OMOPHBIX IUIAHOB, HE SABJIAIOIIMXCA ONTUMATbHBIM.
3. Crnemnaiite BBIBOA.
3apanme 6. 2. UnauBuayanabHoe 3aganme: lcnonb3ys TabiMily U3 CBOETO
BapuaHTa (Tabmuma 7.15), MOCTpoMTE MaTeMaTHYECKYyI0 MOJENb 3aJaHHOMN
DKOHOMMYECKON CHUCTEMBI. llocTpoiiTe OMOpHBIM IUIAaH METOJAMH: CEBEPO-
3amagHOro yria; MHHUMAJbHOW CTOMMOCTH; JIBOMHOTO TMIPEANOYTEHHS,
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HaﬁHHTC OINITUMAIBLHBIN IIJIaH C IIOMOIIIBIO HHCTPYMCHTA «Ilouck
HHCTPYMCHTA».
Tabnuua 7.15 — BapuanTtsl nepBoro 3agaHus
Bapuan Ycnosue 3anaun
T No
1. ITocTaBmuku [ToTpeOuTenn 3armacel
B 1 B 2 B 3 B 4 ai
A 5 2 8 3 120
A, 7 3 9 4 180
A; 3 2 1 2 160
[TotpebHOCTH b; 40 160 140 120
2. ITocraBuinku [ToTpeburenn 3anacel
B 1 B 2 B 3 B 4 ai
A 3 2 1 3 210
A, 8 7 9 10 190
As 4 2 10 12 100
[TorpebHOCTH b; 130 100 150 120
3. ITocraBuinku [Torpeburenu 3anacel
B, B, B; B4 a;
A 5 2 8 3 120
A 7 3 9 4 180
As 3 2 1 2 150
[TotpeGHOCTH b; 130 100 170 50
4. TTocTaBmiuku IToTpeOurenu 3amacel
B, B, B3 B4 a;
A 2 1 4 3 120
A, 6 4 3 7 170
A; 4 2 5 9 110
[MoTpebHOCTH b;
50 00 150 110
5. TTocraBuinku [ToTpebuTenn 3amacel
B 1 B B 3 B 4 ai
2
A 5 2 8 3 110
A, 7 3 9 4 180
A; 3 2 1 2 210
[TotpeGHOCTH b; 140 100 140 120
6. TTocTaBuiukn [ToTpebuTenn 3amacsl
B, B, B; B, a;
A 5 2 8 3 100
A, 7 3 9 4 160
A, 3 2 1 2 140
[TotpebHOCTH b 100 200 50 50
7. ITocTaBimku [Torpeburenu 3anacel
B, B, B; B, a;
A 3 2 1 4 110
A, 9 6 4 5 150
As 6 2 2 7 140
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HotpeGuoctu b, |20 | 140 | 130 | 110
8. ITocTaBmuku [Torpeburenu 3amacel
B, B, B3 B. a;
A 4 2 4 3 130
A, 7 4 9 4 170
A; 11 12 3 10 120
[TotpebHOCTH b; 70 140 110 100
0. ITocraBuiuku [ToTpeOuTenn 3anacel
B, B, B3 B. a;
Ay 1 5 6 3 150
A, 7 4 3 8 100
A; 8 2 3 1 150
[TorpebHocTH b; 180 60 40 120
10. [TocraBmuku IToTpeOuTenn 3anacel
B B 2 B 3 B 4 a;
A 1 5 6 3 120
A 5 9 3 4 180
As 3 2 7 2 100
[TorpeGHOCTH b; 80 60 140 120
11. ITocTaBmuku [ToTpeOuTenn 3amacel
B, B, B; B4 a;
A 2 3 2 7 100
A 1 3 9 4 250
As 2 6 3 1 100
[TotpebHOCTH b; 80 160 140 120
12. ITocTaBmuku [Torpeburenu 3amnacel
B, B, B; By a;
A 2 7 5 1 100
A, 4 2 3 190
A; 9 6 2 8 150
[ToTrpeOHOCTH b; 80 120 100 140
13. ITocTaBmukn [ToTpeburenn 3amacel
B, B, B; B, a;i
A 1 4 8 6 140
A, 8 2 4 5 150
A; 5 1 3 7 150
[ToTrpeOHOCTH b; 80 120 140 100
14. [TocTaBmuku IToTpeOutenu 3amacsl
B 1 B 2 B 3 B 4 ai
A 2 7 7 140
A 7 1 8 3 170
As 5 2 5 1 150
[TorpeGHOCTH b; 80 100 140 140
15. ITocraBmmku [ToTpeOutenu 3anacel
B 1 B 2 B 3 B 4 ai
A 3 8 2 7 140
A 7 2 7 1 190
As 4 3 5 4 110
ITorpeOHOCTH b; 40 120 140

109



110

| | 40
16. [TocraBmuku [Torpeburenn 3anacel
B 1 B 2 B 3 B 4 ai
Ay 3 7 2 7 140
A, 7 3 1 3 190
As 5 2 5 4 150
[TotpebHocTH b; 80 120 140 140
17. ITocTaBmukn [ToTpeburtenu 3amnacel
B, B, B3 B. a;
Ay 3 7 2 7 140
A, 1 8 3 9 150
As 5 1 2 1 150
[ToTpeOHOCTH b, 80 100 120 140
18. ITocTaBmukn [Torpedutenu 3amacsl
B, B, B; B4 a;
A 1 6 3 3 140
A 5 2 4 1 240
As 4 8 6 5 150
[TorpeGHOCTH b; 130 120 140 140
19. ITocTaBImuku [Torpedutenu 3amacsl
B, B, B; B4 a;
A 2 1 3 5 100
A 7 3 1 3 190
As 5 7 6 4 190
IToTpeOHOCTH b, 100 120 120 140
20. ITocTaBImuku [ToTpebOurenn 3armacel
B B, B; B, a;
A 3 8 2 7 100
A, 1 10 3 9 170
A; 5 11 2 1 170
[TorpebHOCTH b; 120 100 120 100

1)
2)
3)
4)
S)

1.
2.

Conep:kanue oT4yera u ero popma
[ToaroroBpTe OTUET, B KOTOPOM OIMIIUTE TEXHOJIOTHUIO PEIICHMS 3ajad,
WCIIONB3YS 3aJlaHus cBoero BapuaHta. OTder 1o JabopaTopHOM paboTe
JIOJI’KEH COJIEPIKATh:

Ha3BaHUE pabOTHI;
1eJTh JTA0OPaTOPHOU PabOTHI;
YCIIOBUSI BBIITOJTHCHHBIX 33JJaHUI M UX PEIICHHC;
BBIBO/IBI;
OTBETHI HA KOHTPOJIbHBIE BOIPOCHI.
Bonipochl 17151 3aIUTHI PadOTHI:
CdhopMynupoBaTh TPaHCIOPTHYIO 3a/1a4y B 0OIEM BHUJIC.
ChopmysaupoBaTh alrOPUTM HAXOXJICHHS IEPBOHAYAIBLHOTO

OIIOPHOTO IlJIaHa TpaHCHOpTHOﬁ 3aJa4 MCTOAOM CCBCPO-3aIllaIHOIO yIJIa.

3.

CdopmynupoBaTh aIrOpUTM HAXOXKJICHUS IEPBOHAYAIBHOIO

ONIOPHOTO IIJIaHA TPAHCIIOPTHOW 3aJ1a41 METOAOM MUHUMAJIBHON CTOMMOCTH.
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4. CdopmynupoBaTh aIrOpUTM HAXOXKJECHUS TEPBOHAYAIBHOIO
OMOPHOTO IJIaHA TPAHCIIOPTHOM 33/1a4l METOJIOM JBOMHOIO MPEANOYTEHUS.
3. Kak npoBepuTh HailIEeHHBIN TU1aH HA ONTUMAJIbHOCTh?
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JIABOPATOPHAS PABOTA 8
JJIeMeHThI TEOPUM UT'P B 3a4a4aX MOACJIMPOBAHUS, IOUCK ONTUMAJIBLHOM
CMELIAHHOM CTPAaTeruu

Heabs u comepxanue: Hayuntbcsa CTpouTh M aHAIM3UPOBATH MOJECIU
3aJ1a4y NPUHSTHS PEIIEHUS B YCIOBHUIX HEONPEIEIEHHOCTH.
OpranusanuonHas ¢opma 3aHATHH: pelmieHue NpoOJEMHBIX 3ajad,
pa300p KOHKPETHBIX CUTyalIUM
Bomnpocsl 11 00cy:kIeHus1 HA JJa0OPAaTOPHOM 3aHATUM: TTIOCTPOCHHUE,
pEelIEHNE U aHAJIA3 MOJEIIEN 3a1a4 TEOPUH HTP.
®opmupyembie komnerenuun: OIIK-7.1 OIIK-7.2 OIIK-8.1 OIIK-8.2

Teopernueckoe 000cCHOBaHUE

N3yunure TEOpETUUECKUM MaTepUall 10 JAHHOW TeMe, HCIOJIb3Ys
MaTepual, U3JI0)KEHHbIN HAXKE.

Teopus urp MOXET IPUMEHSTHCS B PA3IMYHBIX chepax UCKYCCTBEHHOTO
WHTEJUICKTA:

- MynbTHAreHTHBIE CHCTEMBI NCKYCCTBEHHOTO MHTEIUICKTA.

- Nmuranus u Y cuiienre oOydeHusl.

- OG6yuenue npotuBHuKa B ['enepatuBHbix CoctszarenbHbix CeTsix
(GAN).

Teopuss Wrp MOXKET TaK)Ke HCIIOIb30BATHCS IS OINHUCAHUS MHOTHX
CUTYAIlMH B HAIIICH MMOBCEIHEBHOM KU3HU U MOJICIIAX MAIIMHHOTO O0yUYeHUs

WUrpbl 3aHUMAlOT KJIIOYEBOE MECTO B 3BOJIOLMHU HCKYCCTBEHHOTO
untesiekra (MN), Tak kak B HacTofllee BPeMs UTPOBBIE CPEIbl CTAHOBATCS
HOMYJISIPHBIM TPEHUPOBOYHBIM MEXAaHU3MOM B TaKUX 00JIACTAX, KaK OOy4YEeHHE
¢ mnoakpervieHueMm (reinforcement learning) u wuMmHUTaIMOHHOE OOyYEHHE
(imitation learning). B KOHTEKCT€ HMCKYCCTBEHHOTO HWHTEIUIEKTa U CHUCTEM
rIIyOOKOT0 OOydYeHHS TEOpHUsi HUIrp OOecreunBacT HEKOTOPHIE KIFOYEBBIC
BO3MOXKHOCTH, HEOOXOJWMBIE B MHOTOAreHTHBIX CcpefaXx, B KOTOPBIX
pasnuuHble nporpammbl U momKHBI B3aUMOICICTBOBATh MM COPEBHOBATHCS
JPYT C IPYTOM JIJIst JOCTHIKEHUS KaKOH-JIMOO0 TEIH.

B Tteopun, mobas MHoroareHTHas cuctema MW moxer paborath ¢
reiMUUIIMPOBAaHHBIMHU B3aHMMO/ICHCTBUSIMH YUYaCTHUKOB. Pa3en MaremMaTukw,
KOTOPBIH (OpMYyJIMPYET HWIpOBBIC TPHUHIIMIIBI, HA3bIBAETCS TCOpPUEH WTIP.
[https://medium.datadriveninvestor.com/game-theory-for-data-scientists-
e44048a7¢935 ]

Teopuern uzp HA3bIBAIOT MaTEeMaTUYECKYIO JUCIUTUTHHY,
3aHUMAIOIIYIOCS 000CHOBAHUEM ONTUMAJIBHBIX PEIICHHUM, MPUHUMAEMbIX B TEX
WIN WHBIX KOH(IHMKTHBIX cutTyanusx. llon kxongnuxkmmuoin cumyayueii
MMOHMUMAETCS TaKas CUTyaIusi, B KOTOPO HEOOXOAMMO MPUHUMATH PEIICHHUS B
YCIIOBHSIX, KOT/Ia IEJISM OJHOM CTOPOHBI MPOTHUBOCTOSIT MPOTHBOIIOJIOKHBIE
eI JIpyro cTopoHbl. [lomoOHBIE CUTyalnmu XapaKTepHBI 1T BOCHHBIX
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NEUCTBUI, UTPOBBIX BHUJOB CIOPTA, MPAKTUYECKOW AESATENbHOCTH. BOo Bcex
NOJOOHBIX  CIydasiX  IPOUCXOJUT  CTOJKHOBEHHE  MPOTHBOIOJIOKHBIX
UHTEPECOB, MPUHITHE PEMICHUS KaXIOW U3 CTOPOH CBSI3aHO C IPEOJIOJIEHUEM
koH(pukTa. [Ipunstue pemenus B KOHOIUKTHONW CUTYallUH 3aTPyAHICTCS H3-
3a HEOMNPEJICICHHOCTH IOBEJCHUS MPOTHUBHUKA. Teopus Wrp MO3BOJSAET
TOYHBIM MAaTEMAaTHYECKUM SI3BIKOM OIKMCATh MPAaBWJIA UTPHI, 1aTh (POPMYIIHI,
OIICHUBAIOIIUE €€ CUTYalluH U YKa3bIBAIOLIME MPABWIbHBIA MyTh K T0Oeae. ITa
TEOpUsl TMO3BOJISIET C HEKOTOPOW JIOJNEW TOYHOCTH YYECTh MHOTHE
00CTOATENbCTBA, BIMSIONIME Ha OOpbOy M TpeAcKa3aTb €€ HCXOJ C
OTPE/ICJICHHON CTETIEHBIO T0CTOBEPHOCTH.

OcHoBHbIe IOHATHUS Teopuu urp. Knaccupukanusa u onucanue urp

B ocHoBe Teopuum UTp JICKUT KOHEIUKM, KOTOPHIA BBICTYMAECT Kak
HeuTo (opMaiuzyemoe, OObEKTUBHO aHATM3UPYEMOE U MPOCUUTHIBAEMOE MPH
HEOOXOMMOCTH  JOCTIKEHUA 1end. Jlig MareMaruyeckoro aHaiusa
KOH(IUKTA CTPOUTCS YIPOIIEHHAs MOJIENIb KOH(MIUKTHON CUTYaIluu, KOTOPYIO
Ha3bIBAIOT uZpoil. Ee y4acTHUKOB MO TpaJWIIMU HA3bIBAIOT uzpokamu. Wrpy
BEIYT IO ONpPEJEICHHBIM IIpaBuiiaM. Pe3ynbTaT Urpbl HA3bIBAIOT GbIUZPbIULEM
ui naamedxcom. OqHy pean3aiyio Urpsl — napmueil. BeIOOp UTPOKOM TOTO
WA WHOTO JACUCTBUSA — X000M. Pa3nuyaroT 1Ba BHIA XONOB — JIMYHBIE U
ciyvaitHble. JIuunwlil X00 NPEoNaraeT CO3HATENbHBIA BEIOOP UTPOKOM TOIO
WA WHOTO JEUCTBUS, PAa3pEUICHHOrO IpaBuiaMu Urpel. Cayuaiinwlii X00 He
3aBUCUT OT BOJIM UTPOKA U SBJISIETCS] PE3YJTATOM TOT'O WJIM UHOTO CIIy4alHOTO
npoiiecca (Hampumep, caada kapt). Urpel, cocTosimme TOJIbKO U3 CIydaHBIX
X0JI0B, Ha3bIBAIOTCS azapmubimu. VIrpel, B KOTOPBIX UMEIOTCS JIMYHBIE XOJIBI,
Ha3bIBAlOTCS cmpamezuueckumu. CyleCTBYIOT TaKXKE CTPATETMUYECKUE HUIPBI,
COCTOSIIIIME, KAK W3 JIMYHBIX, TAK U CIy4allHbIX X0A0B. Teopus Urp 3aHUMAETCs
CTpaTerMuecKuMu urpaMu. KakIplii HMIrpoK pacrojiaraeT KOHEYHBIM WM
OECKOHEYHBIM HA0OPOM JIOMYCTUMBIX PEIICHU, Ha3bIBAEMBIX CHIPAMESUAMU.
Beurphimn  KakJI0ro Urpoka OmpefersieTcss ero IUIaTeXHOW (yHKIue,
3HA4YE€HUSI KOTOPOU 3aBUCAT OT CTPATETHM BCEX YUAaCTHUKOB UIPHI.

DakTUYEeCKU Wrpa MPEeACTaBIsieT COO0OM COBOKYMHOCTh MpPaBHIIL,
M3BECTHBIX BCEM HIPOKaM. OTH MpaBWia, C OAHOM CTOPOHBI, ONPEAECISIOT
MHOECTBa CTPATETUil UTPOKOB, a C JPYrod — MOCIEJICTBUS U BBIUIPHIIIN B
pe3yibTate BbIOOpa KakJAOW M3 CTpaTeruil. 3ajada TEOPUU WUTP OMPEACIIUTH
TaKyl CTPaTETHI0 UTPOKa, IMIPU KOTOPOM €ro IMIaHChl Ha BBIUTPHIII OKA3aJIUCh
OBl HAMOOJIBIITUMU.

B Teopun urp paccmMaTpuBarOTCA UTPHI IBYX U UTPbl MHOTHUX JIMI], UTPHI,
B KOTOPBIX KaXKIbIi MIPOK MOXET JAENaTh JIMIIb OJAWH XOA, U HUIPbl C
MHOXECTBOM X0/0B. (CTpaTermM HUIrpOKOB MOTYT HCIOJIb30BaThb WIIM HE
MCIIOJIb30BaTh CIy4alHbIN MeXaHU3M. B KOH(PIUKTHBIX CUTYyaIUsIX, B KOTOPHIX
JOMYCTUMO TPUMEHEHUE CIYy4YalHOr0 MEXaHW3Ma, IMOCIEACTBUSI UIPBI
ONPENEAIOTCA CPEIHUM BBIUTPHIIIEM MPU MHOTOKPATHOM MOBTOPEHUU WUIPHI.
B Takux urpax BeIOOp CTpaTerwu MpeayCcMaTPUBAET TaK)Ke BBHIOOp (DYHKIHH
pacrpeieieHusl UCTIOb3yeMOT0 CIy4YailHOTO MEXaHU3Ma.
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Knaccuduxkanuio urp npoBoAsT MO pa3iIndyHbIM ITPU3HAKAM:

- 10 YHCITy UTPOKOB;

- 10 YUCJy CTpaTEruu;

- 10 CBOMCTBAM IUIATEKHON PYyHKIMU;

- 0 XapakTepy NpPEABAPUTEIBbHONM JIOTOBOPEHHOCTH  MEXKIY
UTPOKaMHU.

Urpy, B KOTOpPON ydaCTBYE€T # WIPOKOB, HA3bIBAOT UZPOU C N
yuacmuuxkamu. B urpe MOryT BO3HMKaTh KaK KOH(QJIMKTHbIE CUTyalluH, TaK U
HEO0OXOMMOCTh B KOOPJAMHUPOBAHHBIX ICUCTBUSIX (Koonepauus). Ecnu B urpe
y4acCTBYET HE MEHEE TPEX WIPOKOB, TO MOTYT CO3[aBATbCS KOAIUUUU, T.C.
rpynnel M3 JIBYX WM O0Jee UIrpoKOB, HMMEIOUMX OOLIyl0 ULelb MU
KOOPAVMHUPYIOLIMX CBOU CTPATETUH.

ITo KoMMYeCTBY CTpaTEruii pa3InyaroT UZpbl KOHEeUHble U OeCKOHeUHble.
Ecnu xoTs Obl OIMH M3 UTPOKOB pacnojiaraeT OECKOHEUYHBIM MHO>XECTBOM
CTpaTerui, TO Urpy Ha3bIBalOT OecKOHEeuHOH. Ecnu ke KaxAbli U3 UTPOKOB
pacrionaraeT KOHEYHbIM MHOXECTBOM CTPAaTE€TUid, TO UIPY HA3BIBAIOT
KOHEYHOM.

Eme oauna crmoco0 kiaccuduKaiuyu Urp — MO CBOMCTBAM IUIATEKHOU
bynkuuu. B uepe ¢ nyneeoii cymmoit o611asi cyMMa BBIUTPBITIEH BCEX UTPOKOB
paBHa Hym0. B urpe ¢ HyneBOW CyMMOHM M JBYMS YYaCTHHKAaMH BBIMIPBILI
OTHOTO M3 HHUX pPABEH MPOUTPHINLy JIpyroro. Takum o0pa3oMm, B HUIpax ¢
HYJIEBOM CYMMOH CYIIECTBYET KOH(MDIMKT MEXKIy HIPOKaMU U IMOATOMY HX
Ha3bIBAIOT TAKXKE AHmMazoHucmuueckumu uzpamu. B oOuem ciyyae B urpe ¢
HyJIEBOM CyMMOH, Kak MpaBUJO, HMEIOT MECTO U KOH(MIUKTBI, H
COIVIACOBAHHBIE NEUCTBUSA UIPOKOB. [IpsIMON IIPOTHMBOMOJIOKHOCTBIO UTPaM C
HYJIEBOM CyMMOM SIBJISIFOTCSL #2Pbl IBYX UTPOKOB € HOCHOAHHOU PA3ZHOCHbIO,
B KOTOPBIX 00a WIpoKa BBIMTPHIBAIOT WJIM MPOUTPHIBAIOT OJIHOBPEMEHHO.
[TosTOMYy UTPOKaM BBITOJHO ACHCTBOBATH COTJIACOBAHHO.

B 3aBucuMocTH OT Xapakrepa NIpEeABApUTEIBLHON JOTOBOPEHHOCTH
MEXKy UIPOKaMU pa3jIMuyalOT KoonepamueéHvlie U HeKOONepamueHvle Upbl.
Urpa xoomnepaTuBHAas, €CIIM 10 €€ Hayaja WUIPOKH O0pa3yloT KOAIWLIHUHA U
NPUHUMAIOT B3aUMOOOS3BIBAIONIME COTJIAIICHUS O KOOPAMHALMU CBOMX
cTpareruii. B mpoTuBHOM ciiydae urpa OyneT HEKOONEpaTUBHOM.

CylecTBYIOT JBa OCHOBHBIX CIOCO0A OMUCAaHMS W aHalu3a Jr00H
KOHKPETHOM UTI'PHI.

[lepBbIil ciocod npeanosaraet:

- NEPEYUCIIEHUE XOJI0B, KOTOPBIE MOTYT JENaTh UTPOKHU;

- onpeneneHrue HHPOpMaluU, KOTOPOM pacrlojaratoT HUIpoOKd B
IIPOLIECCE UTPBI;

- OIPENEIICHNE BO3MOKHBIX BAPUAHTOB JICHCTBUI UTPOKOB;

- yYKa3aHHE MPEIETbHBIX Pa3MEpPOB IJIATEXKEN B KOHIE UTPBI.

Urpy, onucanHyro 10m00HBIM 00pa3oM, Ha3bIBAIOT UZPOU 8
PAa36epHymoil VI IKCHMEHCUGHOI popme, a camMO OIMCAHHE, KaK IPaBUIIO,
COCTaBIISIIOT B BHUJE depesa uzpwvl. Urpsl B pa3BepHyTOM ¢GopMe Ha3bIBAIOT
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TaKXKE NO3ZUUUOHHBIMU UZPDAMU.

Urpy B pa3zBepHyTOI (popMe HA3BIBAIOT UZPOIl C NOTHOU UHpopmayueil,
€CIIM B HEW HEeNIb3sd JeJaTbh OJHOBPEMEHHO HECKOJIBKO XOJOB H €CIIU
y4aCTHUKaM HU3BECTHBI BBIOODPBI, CHENAaHHbIE MPH MPEALIECTBYIOIUX XOJaX,
BKJIIOYAsl W CiydaiiHble Xoiabl. [IpumepoM wurpel ¢ momHOW uHGbOpMaImei
SABJIAIOTCS mIaxMmaThl. [lokep mpeAcTaBisieTr CcOOOW uepy ¢ HenoaHou
uHgopmayueii, TaK KaK WIrPOKaM HEU3BECTHO, KAKHE KapThl HAXOAATCS Ha
pyKax y NIpOTHBHHKA.

Bropoii crnoco® omnucaHus HMrpbl MPEANoJiaraeT pPacCMOTPEHHE BCEX
BO3MOXHBIX CTpPaTEruil KaXKJIOr0 HWIPOKAa W ONPEACIICHHE IUIATEXKEM,
COOTBETCTBYIOIIUX JIIOOBIM BO3MOXHBIM KOMOMHALIMSIM CTpaTeruil BceX
UTrpoKoB. Mrpy, onrcaHHyt0 BTOPBIM CIIOCOOOM, OOBIYHO HA3bIBAIOT UIPOM B
Hopmanbvhou hopme. EcTecTBEHHO, 3HAsI pa3BepHYTYIO (popMy UTphI, Bceraa
MO>KHO TIPEICTaBUTh €€ B HOpMaJIbHOU Gopme.

Hopmanbhast ¢opMa Urpsl IByX y4aCTHHKOB COCTOUT W3 JIBYX MaTpHuIl,
COZIEPIKAIUX CYMMBI BBIMIPHILIEH W IPOUTPHILIEH KaXKIOI'O0 U3 UIPOKOB IS
a000i M3 BO3MOXKHBIX map cTpareruil. OOBIYHO 3TH JIBE€ MAaTPUIBI
00BEIUHAIOTCS B OJIHY, HA3bIBAEMYIO HIAMENHCHOU MAMPUYEll UDbI.

Ilinare:xxnas maTrpuua urpbl. HUsKHsAA U BepXHss LeHA UTPbL.
HpuHuun MuUHMMaKca (MAaKCUMHUHA)

PaccmoTpuM IUTaTeXHYIHO MAaTpUIly WIPbl Ha NPUMEPE MPOCTEUIIEH
urpel. lIpocrenmme uUrpel — 3TO UIPHl ABYX JIMI| C HYJIEBOM CyMMOM, T.€.
napHvle uzpvl, B KOTOPBIX BBIUIPHIII OJAHOTO WIPOKA COBIIAJAET C
IPOUTPBIIIEM APYIrOTO.

Pe3ynbpTaThl KOHEUHOW WUTIpHI (MAPHOW) C HYJIEBOM CYMMON MOKHO
3a/laBaTh MaTPUIIEH, CTPOKU U CTOJIOIBI KOTOPO COOTBETCTBYIOT Pa3IMYHBIM
OTPAXKEHMSM, A €€ JIEMEHTHI — COOTBETCTBYIOIIME BBIUIPBIIIN OJHON CTOPOHBI
(paBHBIE TMpOUTpBIIAM APYrol CTOPOHBI). OJTa MaTpulla Ha3bIBAETCS
TJIATEXKHOW MaTpuiled win marpuiied urpel. [Ipu 3TOoM ym00HO TPOUTPHIII
IIEPBOM CTOPOHBI pacCMaTPUBAaTh KaK €€ OTPULATEIbHBIA BBIMIPBIIL, a
BBIMTPBIII BTOPOU — KaK €€ OTPULIATENIbHBIM IpourpseIil. Eciu repsast cropoHa
MMEET M CTPATErui, a BTOpas n, TO TOBOPST, YTO Mbl UMEEM JIEJIO C UTPOM m X
n. Urak, nmycTe nepBbI UTPOK UMeEeT m crparerud [ = 1,2,..., m, BTOpoun
uMmeetr n crpareruit j = 1,2,..., n. Kaxmaoi mape crparerui (i,j) mocTaBJI€HO B
COOTBETCTBHE YHUCIO @, BBIPAKAIOUIEE BBIMIPHIII IIEPBOIO UIPOKA 3a CUET
BTOPOTr'0 UT'POKA, €CJIM MEPBBIM UTPOK MPUMET CBOXO i-10 CTPATErUI0, a BTOPOH —
CBOIO j-I0 cTpareruto. B ciiyyae BeMIphIma nepBoro urpoka — a;> 0, a B
ciydae ero npourpsima — a;< 0.

Kaxnas crparerms urpoka i=1": j = I gacto naseiBaercs umcroii
CTpaTeruei.
Ecmu paccmoTpers Matpuiy:
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all a12 alj aln
a4, a, aQ; - 4y
_ ml m2 mj mn
A - s

TO MPOBEICHUE KAXKIOW MAPTUH MATPUYHOM UTPHI C MAaTpUlleil 4 CBOJUTCS K
BBIOOPY TEPBBIM HUTPOKOM I- CTPOKH, & BTOPHIM HMIPOKOM j-TO CTOJIOLA U
MOJIyYEHHS TIEPBBIM UTPOKOM (32 CYET BTOPOTO UT'POKA) BBIMIPHIIIA ;.
['1aBHBIM B MCCIENOBaHWUM WIP SABISIETCA IOHATHE ONTUMAJIBHBIX
CTpPATErui UTPOKOB. B 3TO NOHATHE UHTYUTUBHO BKJIAIBIBACTCS TAKOM CMBICII:
CTpaTErysl UTPOKA ABJISIETCS ONTUMAIIBHOM, €CIU MPUMEHEHNE dTOM CTPATETUN
o0OecrieynBaeT €My HaumOOJbIIMH  TapaHTUPOBAHHBIM  BBIMIPBII  IPU
BCEBO3MOJKHBIX CTPATETHUSX JPyroro Hrpoka. Mcxoas u3 3THUX NO3WULMM,
MEPBBIM UTPOK HCCIIEYEeT MAaTPUILY BHIMIPHIIIEH A CreayromuM o0pa3om: I

KaXKI0ro 3HadeHms i (i ='") ompemensercs MUHHMAILHOE 3HAYCHUE

BbIMI'pbIIIIA B 3aBHCHMOCTH OT IIPHUMCHACMBIX CTpaTeFI/Iﬁ BTOPOro HIpokxa

min —
i ag (i= 1) T.e. onpenensercs MUHMMAILHBIA BHIMTPBI IS IEPBOTO

HUI'pOKa IIpH YCJIIOBHH, YTO OH IIPUMCT CBOIO I-10 YUCTYIO CTPATCTHUIO, 3dTCM U3
OTHX MHUHHUMAJIBbHBIX BBIHFpBIIHGﬁ OTBICKUBACTCA TaKasd CTpaTCrusia, IIpu

KOTOPOM 3TOT MUHMMAaJIbHBIN BBIUTPHIIT OYJI€T MAKCUMAIBHBIM, T.€. HAXOIUTCS
max min

MaKCUMHH: | i a;= % — HWKHAS LEHA UTPBL.

Uucno & |, HasbiBaeTcs HuoicHell yeHoll uzpbl W TIOKA3bIBAET, KAKOM
MUHUMAJIBHBIN  BBIUTPBINI  MOXET TapaHTUPOBaTh ce0e TEepBBIM HTPOK,
IIPUMEHSISI CBOM YUCTBIE CTPATETHM IIPH BCEBO3MOXKHBIX JEUCTBHUSIX BTOPOIO
WTPOKA.

BTtopoii wuWrpok Impu ONTUMAIBHOM CBOEM IIOBEICHHMM JOJDKEH
CTPEMUTHCSI IO BO3MOYKHOCTH 3a CYET CBOMX CTpPaTEruii MAaKCHMAJIBHO

YMEHBIINUTh BBIMTPBINI  NEPBOro urpoka. [loatomy nmsa BTOpOro urpoka
max
OTBICKHUBAECTCA i a;, T.€. ONPEHEIACTCA Mmax BBIMIPHIII IIEPBOTO UIPOKA
MPU YCJIOBHH, YTO BTOPOM HUIPOK MPUMEHHUT CBOK) j-I0 YUCTYKO CTPATETHIO,
3aTEM BTOPOM HIPOK OTBICKMBAET TAKyI0 CBOK CTPATETHIO, IPU KOTOPOU
min
MEPBbIA UTPOK IOJYYUT MIN BBIATPHILI, T.€. HAXOAUT MHHHUMAKC: j

max —_

Yucmo ¥  wHaseBaercs 6epXHell YeHOU uZpbl W TIOKA3bIBACT, KAKOU
MaKCUMaJIbHBIA  BBIUTPBIIT 3a CYET CBOMX CTpaTeruii MoOXeT cebe
rapaHTUPOBaTh TEPBBIN UTPOK.

Jpyrumu cioBamu, IPUMEHSISI CBOM YHUCTBIE CTPATETHH, NIEPBBIM UTPOK

MOYKET 00€eCIIeunTh ceOe BBHIUIphIl He MeHbme | a BTopoii urpok 3a cuér
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IMPUMCHCHHUA CBOHUX YHCTBIX CTpaTel“I/II‘/’I MOXCT HC HOOIIYCTUTb BbIMI'PBIIIT

TIepBOro Urpoka Goublue, yem |

Crparerus, COOTBETCTBYIOIIAss MHUHUMAKCY, HAa3bIBA€TCSI MUHUMAKCHOMU
CTpaTeruei.

[lpuHUMO, JIUKTYIOIMA UIpoKamM BBIOOp HaAMO00JIEe «OCTOPOKHBIX)
MUHUMAKCHOM M MAaKCHUMUHHOM CTpPaTeruid, Ha3bIBACTCS MPUHIUMIIOM
MHUHMMAaKca.

Ecnu B urpe ¢ matpunieii A & = @ 70 ropopar, uro 5Ta urpa umeer

CEIUIOBYIO TOUKY, T.€. PEIICHHE B YHCTBIX CTPATErUAX M IleHy urppi v = 4 =
a

Ceonosan mouka — HSTO mapa YUCTBIX CTPATETMH COOTBETCTBEHHO

TIEPBOTO ¥ BTOPOTO HIPOKOB, TIPU KOTOPBIX JOCTHTAETCS PABEHCTBO = = . B

ATO TIOHSTUE BIJOXKEH CIEIYIONIMA CMBICH: €CJIM OJWH W3 HWIPOKOB
MPUJCPKUBACTCS CTPATETMU, COOTBETCTBYIOIIEH CEIIOBOM TOYKE, TO JIPYroiu
UTPOK HE CMOXET MOCTYNHTh Jy4ylle, YEM MPUIICPKUBATHCA CTPATETUU,
COOTBETCTBYIOILIEH CEAIOBOM TOUKE.

Takum 00pa3om, CEIIOBOM AJEMEHT  SBISETCS MUHUMAIBHBIM B 1-U
CTpPOKE U MAaKCUMAJbHBIM B j-M cToJIOIEe B MaTpuile A. OTbICKaHUE CEITIOBOM
TOYKM MATPHUIBl A TMPOUCXOAUT CIEIyIONUM oOpa3oM: B wmarpuie A
MOCJEAOBATEIbHO B KaXJOW CTPOKE HAXOJAT MHUHUMAIBHBIA S3JEMEHT H
MIPOBEPSIOT, SIBJSIETCA JIM 3TOT JIEMEHT MAaKCUMallbHbIM B CBOEM CTOJIOIIE.
Ecmm ma, To OH M ecTh CeIIOBOM DJIEMEHT, a Ilapa CTPAaTeTHi, €My
COOTBETCTBYIOIIAs, oOpazyeTr cemioByl0 Touky. llapa 4uCTBIX cTpareruid
MEPBOI0 M BTOPOTO HUIPOKOB, 0Opasyrolias CEIJOBYI0 TOUKY M CEHJIOBOU

a.
JJIEMCHT U, Ha3bIBACTCA peuteHuem uzpbol.

Ilpumep 1
IIlelGij
|
5 1 2 1
A=14 9 8 4maxminal.j:6
6 9 6/ 6] ' !

maxa,.=6 9 8
T R n—
1 minmaxa,,=6.
jil
CennoBoii Toukoii aenserca napa (i = 3;j = 1), npu xotopoit v= 4 =

* =,
3aMeTuM, 4TO, XOTs BBIUTPHILI B cuTyaruu (3;3) Takke paBeH 6, 0qHaKO
OHa HE SBISIETCS CEIJIOBOM TOYKOM, T.K. 3TOT BBIMIPHIII HE SBISETCA
MaKCHUMAaJIbHBIM CPEH BBIUTPHIIIEH TPETHErO CTOJIOLA.
Ilpumep 2
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minal_,
j )

(1 3] - 1maxminaij=2

H=
4 2> 277

rni'n mgx al..:3.
] 1
N3 ananmu3a Martpuipl BBIMIPBILIEN BUJIHO, YTO a<a
MaTpuLa HE UMEET CEJIOBOU TOYKH.

Wrak, nccinenoBanre B MaTPUYHBIX UTPAaX HAYMHACTCS C HAXOXKICHHUS €€
CEUIOBOM TOYKM B UHCTBIX CTparerusx. Ecim MarpudHas wurpa uMeer
CEUIOBYIO TOYKY B YHCTBIX CTPATETMsX, TO HAXOXKICHUEM OTOM CEINJIOBOU
TOYKHA 3aKaHYMBAECTCSA HMCCIEAOBAaHUE UIPHl. EciM K€ B WIpe HET CEII0BOM
TOYKH B YHUCTBIX CTPATETUSAX, TO MOKHO HAWTH HWKHIOKO M BEPXHIOIO YHCTHIC
LIEHBl ATOM WIPBI, KOTOPBIE YKAa3bIBAIOT, YTO IEPBBIM UIPOK HE JOJDKEH
HAJESAThCSA HA BBIUTPHILI OOJIBIINNA, YEM BEpPXHSS I[€HA UTPbl, © MOXKET OBIThH
YBEPEH B ITOJYYECHHUH BBIMTPHINIA HE MEHBIIE HUKHEN LIEHBI UTPBL. YIIy4IICHUE
pElIEHNA MaTPUYHBIX WIP CIEAYET UCKaTh B MCIIOJIb30BAHUU CEKPETHOCTH
[IPUMEHEHHUS] YUCTBIX CTPATEruid U BO3MOKHOCTU MHOT'OKPATHOI'O IIOBTOPEHUS
UTp B BUJIE TAPTUU. DTOT PE3YJbTAT JOCTUTAETCS IMYTEM MPUMEHEHUS YUCTHIX
CTpaTEru CIIy4anHo, C ONPEACIEHHON BEPOSTHOCTBIO.

B urpe nByx Jmi ¢ HyJIeBOM CYMMOM M KOHEUHBIM YHCIIOM CTPATETUH Y
KQ)XJIOr0 WIPOKa II0J ONTUMAJIbHBIMU CTPATETMsIMU €CTECTBEHHO IIOHUMATh
CTpaTeruv, IpU  KOTOPBIX  JOCTUIAeTCsl  MAaKCHUMAJIbHO  BO3MOKHBIN
rapaHTHUPOBAHHBIA BBIUTPHIII B HAMMEHEE OJIArONPHUSTHBIX YCIOBUAX. DTOT
IIPUHLAI HA3bIBAETCsA NMPUHLMIIOM MAKCHMHMHA. B urpe AByX JuIl C HyJIEBOU
CyMMOU CYIIIECTBOBAaHHE ONTUMAIBHON (MaKCUMaJIbHOM) CTpATETUU B KaXIOU
OTJIEJIbHOM MApTUU TapaHTUPYIOTCS TOJBKO B Urpax ¢ MOJHON MH(pOpMAaIUEi.
B urpe ¢ HenonHoil nHopmalmeil MakcuMalibHas CTpaTerus 00ecrneunBaeTcs
JUIIb MPU IPUMEHEHUH CIIy4allHOrO MEXaHu3Ma Uil BBIOOpa 04epeTHOro Xoja
M MHOTOKpPAaTHOM TOBTOPEHUU Wrpsl. B 3ToM cimydae TOBOpST 00
UCIIOJIb30BAHUY CMEIIAHHBIX CTPATETHUM.

B Oonee ClOXKHBIX WUIpax MOUCK ONTUMAJBHBIX CTPATETWil MOBEICHMUS
CBSA3aH C IIOHATHEM pPalMOHAIBHOIO, CHPABEMJIMBOIO PEIICHUS WIPhl (Tak
Ha3bIBAEMbII MPHUHILINI B ONITUMAJIBHON UIPE), ONPENEISIEMOTO B 3aBUCUMOCTH
OT KOHKPETHBIX COJIEPIKATEITHLHBIX 0COOCHHOCTEN KOH(DIUKTA.

IIpyHIMIBI ONTHUMANBHOCTH B TEOPUU WIP BBOIITCSA KaK HEKOTOPBIE
MpaBAONOAOOHBIE ONUCAHUS MPEJCTaBICHUS O (PAKTUYECKOM TOBEACHHUU
UIPOKOB, TNPUHUMAIOUIMX PEIICHHs B  YCIOBUAX KOH(MJIUKTA  WIH
HEOIIPEAENEHHOCTH. Bce mpemnokeHHple 10 CHX IOpP  [PUHIMIIBI
ONTUMAJBHOCTA TPSMO WM KOCBEHHO OTPa)XarT HICK YCTOMYMBOCTH
CUTyaluH, YJIOBIETBOpAOUIEH 3TUM npuHUuNaMm. OIHAKO B pPa3IUYHBIX

, T.C. JaHHasi1
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OPUHUUIIAX ONTUMAIILHOCTH HWHTYWTHBHO OIIpaBJaHHasl WJEd YCTOMYMBOCTHU
peanuzyercs mo-pa3HoMYy.

MHorue IPUHLIMIIBI ONTHUMAJIBHOTO IIOBEJICHHUS UT'POKOB,
NPEACTABIIONIMXCSA  HA  NEpPBBIA  B3IJIS[ ~ BIOJIHE  pa3syMHBIMH, B
JNEHUCTBUTENIBHOCTH  MOTYT  OKa3aTbCsi  HEpPEaIu3yeMbIMM W IIOITOMY
HEIIPUMEHUMBIMU. B CBS3M € 3TUM H3y4E€HHUE YCJIOBUH, IPU KOTOPBIX T€ WIH
VHBIC WHTYWUTHBHO ONPAaBIAaHHBIC NPHUHIMIBI ONTUMAJIBbHOCTU OKa3bIBAKOTCS
peanu3yeMbIMM, U JOKA3aTEIbCTBA COOTBETCTBYIOIIMX TEOPEM CYIIECTBOBAHHMS
pELICHUs] UIPbl SBISAIOTCS UEHTPAJIbHOM MpOOJIEMONl TEOpUU HUrp, TECHO
CBSA3aHHOM C MpoOJIeMON BBIOOpA U3 MHOXKECTBA JOMYCTUMbIX aJIbTEPHATUB U
po0IeMOii rPyIIOBOT0 BEIOOPA.

IHonck onTuMaIbHON cMemIaHHOM cTpaTeru. CBs3b TEOPUH €
JIMHEHHBIM NPOrPAMMHPOBAHNEM

Tak Kak KaXAbld pa3 NPUMEHEHUE UTPOKOM OJIHOM YUCTOW CTpPATETHH
UCKIIIOYAeT IPUMEHEHUE JPYrodM, TO YUCTBIE CTPATEIMU  SBJISIOTCA
HECOBMECTHBIMHU COOBITHSMHU. Kpome TOro, oHU SIBISIOTCS €IUHCTBEHHBIMU
BO3MO>KHBIMH COOBITUSIMHU.

Cumewmannoii cmpamezueil uzpoka Ha3bIBACTCSd TIOJHBIA  HaOOP
BEPOSTHOCTEH NPUMEHEHUS €TI0 YUCTBIX CTPATErUH.

PaccMoTprM MOMCK ONTUMAIBHOM CMELIAHHOM CTPATETHH HA IPUMEPE
MaTpulbl, NPUBEACHHON BhIlIE. [IyCTh MEPBBIM UTPOK HKMEET M  YHCTBIX
ctpareruil. Jlns nomydenust HauOosbiero 3¢h@exra oH JOKEH UCIOIb30BATh
BCE WM HEKOTOpblE U3 3THX CTpaTeruil ciaydyallHbIM 00pa3oM, HO HE C
OJIMHAKOBBIMH, & C Pa3HbIMU (CHEUUATBHO BBIYMCICHHBIMU) BEPOSTHOCTSIMHU.
Ilycte mepBast cTparerus HCHOJB3YETCS C BEPOSITHOCTBIO pi, BTOpas C
BEPOSTHOCTBIO P> U T.A. ['OBOpAT, YTO MNEPBBIM UIPOK MPUMEHUI CBOIO
CMEIIaHHYI0 CTpaTteruto Si(pi,pa,...,Pm). AHAJIOTMYHO, CMEIIaHHAs CTpaTerus
BTOPOT'O UTPOKA, KOTOPBIA UMEET 7 YHUCTBIX CTpATeTuil — Sx(q1,9>2,...,Gn).

Jlns  ompeneneHuss ONTUMAIbHOW CMEMIAHHOM CTpPaTEerud IMEPBOrO
UIpOKa HEOOXOAMMO HAMTHU  BEPOATHOCTH:  Pi,pa,...,Pm  IPUMEHEHUS

COOTBETCTBYIOIIUX UHWCTBIX CTpaTerWii W LIEHy HIpbl VvV, KOTOpas OoJblie

6
m

HIDKHEH TIEHBI UTPBI, HO MEHBIIIE BEpXHEH 1eHbl urpbl. [Ipu atom =% =1,
Uucras crparerust €CTb YaCTHBIM CiIydyall CMEIIAHHOW CTPaTEruu.
JlelCTBUTENBHO, €CIIM B CMEIIAHHOM CTpaTerud Kakas-nu0o i-s  4ucTas
CTpaTerusi NPUMEHSETCS C BEPOATHOCTBIO 1, TO BCE OCTaJIbHBIE YHUCTHIC
CTpaTeruu He NpUMEHAIOTCS. M 3ta i-1 4ncTas cTparerus siBISE€TCS 4YaCTHBIM
CllydaeM CMeIIaHHOW cTpareruu. s COOMIOACHUS CEKPETHOCTH KasKIIbIi
UTPOK NMPUMEHSET CBOU CTPATErMy HE3aBUCUMO OT BBIOOpA APYIrOro UrpoKa.
JlormycTuM, BTOpOIl UTPOK BBIOMPAET CBOIO MEPBYIO YUCTYIO CTPATETHIO,
Toraa CpeaHuUii BBIUTPBIIIT IIEPBOTO WUTPOKa Oyner  paBeH:

-p,+a,, p,+...+a. . -p.+...+a_.-p = .
11" P17y Py 91" P; D1 Pm=V , HCII0JIb3yEM MepBbIM
CTOJNOEI] TUIATeKHOM MaTpHIlbl. ECiii BTOpOil HTpOK BBIOMPAET BTOPYIO YUCTYIO
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CTpaTeTHi0, TO  CPEOHHWHA  BBIMIPHINI  [EPBOTO  UIPOKA  COCTABHT:
‘p.+d,, p.*...+a,-p.t..+a_p > .

d12" P17y P iz P; 9n2'Pm=V  ycrombsyem Bropoii cronber

TUTATe)KHOW MATPHUIBI M T.J., BCETO IOJYYHTCS CHCTEMA, COCTOSAIIAs U3 N

Y
HepaBeHCTB. PaszmennM kakoe HEpaBEHCTBO CHCTEMBI M YpaBHEHHE '~ i =
y=t =yt
1__, 2__)000’ m__
1 Ha v. Benem o0Oo3HaueHUS: v v V., B pe3yibTare

ITOJTYYUM:

H W ‘\m”
10
1
Yy, bty ==
u V. Jlns Toro, 4roObl IIeHa MIPhl V ObLIA KaK MOKHO
OobIe HEOOXOAUMO, YTOORI 1/v OBIIa KaK MOYKHO MEHBIIIE.
[TockonbKy MEpBBIH MI'POK CTPEMHTCS HAWTH TaKWe 3HAYCHUS ); W,
CJIeI0BATENbHO, p; , YTOOBI 1IEHA UTPhl U OblJIa MaKCUMAJIbHOW, TO PEIICHUE
MepBOM 3a7a4l CBOJUTCS K HAXOXKIECHUIO TaKUX HEOTPHIATEIBHBIX 3HAYCHUMA

i

\
\
.‘HHIHH1IHIHH1NIHI)\IHIHIHNlIHHH\IHI\\ i }IH |

!
Jl' l"‘. wm

HHHHHHIHIIH)IIIHIIHHH

I
|

m m
(_1—) Zyl.—)min Zaijyl.zl
=1,m , TP KOTOPBIX =1 i=1

HOCKOJ’IBKY BTOpOﬁ HUI'POK CTPEMHUTCA HaWTH TaKWe 3HAUYCHMS X; H,
CJICOAOBATCIIbHO, (), YTOOKI HeHa HUIrpel v ObL1a HaI/IMeHBHIeI\/JI, TO PCHICHUC
BTOpOﬁ 3ala4 CBOAUTCA K HAXOXKIACHHUIO TAKHX HCOTPHULATCIbHBIX 3HAYCHUH

2 2

n n

Vi

={(1x . max j=—¢la, . x <1
g1

X, (]zl)n) , IPA KOTOPbIX ’ i ,

Takum oOpa3oM, MOMCK ONTUMAIBHOW CMEIIAHHOW CTPATETMU MEPBOIO
WTpOKa  CBEJICI K  PEUIEHUI0  CIEAYIOIEd  3aJaud  JIMHEHMHOIO
MIPOrPaMMHUPOBAHUSL:

o= 2. &
i:mgl yi(min)

P OT'PAHUYICHUAX

; aij'inI(j:m)

y,=0(i=1,m).
AHanoruyHo JJIs1 BTOPOT'O UI'pOKa:
F= > &

n

j = lx’_(max)
ITPpHU OI'PAHUYICHUAX !
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n
Zaij~xjsl(i:1,—m)
j=1

x].ZO(]:Ln).
Haiing pemreHnss moJIydeHHBIX 3a7a4 JIMHEMHOTO IMPOTPaMMHUPOBAHUSA,
BBIYHCIIAIOT LIEHY UTPbl U COOTBETCTBYIOIINE BEPOSITHOCTH 1O (hOpMyJIam:

__1 p=—1

U= - n X
Zy X, ﬁzp T —]:q
i1 WU j=1 ! ; U ! (l:].,m) ) ]

[j=Ln)

IIpu pemeHMn nDPOU3BOJILHOM KOHEYHOM WIPBI pasMepa m X 7
PEKOMEHAYETCS IPUACPKUBATHCA CIECIYIONIEH CXEMBI:

l. HckimounTh W3 IUIATEKHOM MATpPHULBI 3aBEIOMO HEBBITOJHBIC
CTpaTErvy MO CPABHEHUIO C APYTUMH CTpaTErusiMU. TakUMU CTpATETUsIMU s
MIEPBOrO0 UTrpoKa (BTOPOTO UIPOKA) SIBISIOTCSA T€, KOTOPBIM COOTBETCTBYIOT
CTPOKH (CTONOMBI) C DJIEMEHTAMH, 3aBEJIOMO MEHBITUMH (OOJIBITUMHU) IO
CPaBHEHUIO C AJIIEMEHTaMH JIPYTUX CTPOK (CTOJIOIOB).

2. OnpenenuTh BEPXHIOI0 U HUKHIOK IIEHBI UTPHI U MPOBEPUTH, UMEET
JY Wrpa CEeIJIOBYIO TOUKY. Ecnm cemnoBas TOYKa €CTh, TO COOTBETCTBYIOIINE
el cTpaTeruy UrpokoB OyAyT ONTUMAJIbHBIMH, & I[€HA COBIIAJIAa€T C BEpXHEU
(HMOKHEHN) TIeHOM.

3. Ecnu cennoBas TOYKAa OTCYTCTBYET, TO PELICHUE CIEAYET UCKATh B
CMEIIIaHHBIX CTPATETHUsIX.

Ilpumep3. HaiitTu penieHre Urpbl, 3a1aHHON MaTpULIeH

15 4
A=3 2 ¢
8 3 4

Pemenue. HccnenoBaHne B MaTpPUYHBIX UIPax HAYMHAETCS C
HaxXO0XJIEHUSl CEJJIOBOMl TOYKM B UYUCTBIX CTpaTerusx. Eciu maTpuuHas urpa
MMEET CEJUIOBYIO0 TOYKY B UMCTBIX CTPATETUSIX, TO HAXOXKJIECHHUEM ATOU TOUKHU
3aKaHYMBAECTCSl PEIICHHE UIrPbl M 3alUCHIBAETCS OTBET: II€HA WIPHI,
COOTBETCTBYIOIIAS] HAWJICHHOW CEJIOBOM TOYKE M CTPATETMM NEPBOTO H
BTOPOT'0 UTPOKOB COOTBETCTBYIOIIHUE 3TOU LIEHE UTPbl. EcCu e urpa He UMeeT
CE/UIOBOM TOYKM B YHCTBIX CTpaTErusix, TO HAWJCHHBIC HIDKHSS U BEPXHSIsA
YUCThIE II€HBI ITOM WIrPhl YKa3bIBAIOT, YTO TNEPBBIH HIPOK HE JIOJDKEH
HAJICATHCS] Ha BBIMTPHIII OOJIBIIHM, YeM BEpPXHSS 1I€HAa UTPhI, U MOXKET OBITh
YBEPEH B MOJYYEHUH BBIMTPHIIIA HE MEHBIIIE HUKHEN LIEHBI UTPBHI.

Pemienne HauMHAeM C HCCIEIOBAHUS IUIATEKHOM MATpPHIBI HWIPBHIL.
IIpexne Bcero, mpoBEpUM HAJIMUUE CEJIOBOM TOUKU B JaHHOU matpulie 4. s
ATOTO HAWJEM MHHUMAJbHBIE AJIEMEHTHl B KaxI0M u3 cTpok (1, 2 u 3) u
MaKCHMaJIbHbIE 2JIEMEHTHI B Ka)KJIOM U3 CTOJIOLOB (8, 5 1 6).
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mina..
. lJ

max min a;= 3
i J

>

[
© w —
w oo
5o
NN
w N~

maxag¥y v ¥

1

8 5 6

[ —

minmax a;= 5

(8.1)
0 =max min a; =3
3aTeM OIpeAeUM HIDKHIOI IIEHY HTPBI i U BEPXHIOIO
f=minmaxa,
LEHY UTPbI jooi _ (pucyHok 8.1).

" Mathcad - [Mrpa]

m File Edit Wiew Insert Format Tools Svmbolics Window Help

D-=2Ed &&¥ e ey =
|Norrna| vlnrial vllD v| B r o |%
(15 4)
A=13206 @ § v & s
e £/ B R
\8 3 4 ¥ £ oo®p
Tou XKW
n:=cols(A) m:=rows(A) A BT A E
n=73 m=3 He Il Ka
_ _ NZOIP
]=0.n-1 1:=0.m-1 T Y & X ¥
a T b _ (AT
1 - - J D &
aminy ;= mun| a;|  bmax; := max|b;|
{ 1 A
. bmaxT =(5 6 8)
amm = | 2 :
\3)
Q= max(amin) B := mimn(bmax)
a=3 B=5

Pucynok 8.1 — Anroputm nmoucka HI>KHEH U BepxHel 11eHbl urpsl B Mathcad

Tak Kak HIDKHSA 1leHa urpsl  ¥=3 | a BepXHsA [ICHA UIPHI B=5 , T.€.
Urpa He MMEET CEIJI0BOM TOYKHM, 4 3HAUMT, HET PEIICHUS B YUCTBIX CTPATETHSX.
PelieHueM WIPHI SBISIOTCS CMELIAHHBIE ONTHMANbHBIE CTPATETMH, a LIEHA
Urpsl v 3akiarodeda B npenenax 3¥k vl 5 IIpeanonoxum, nepBblii UTPOK A
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IPUMEHSET CBOM YHCThIE cTpaTteruu A, A> U Az ¢ BEpOSATHOCTSAMHU pi, P2 U p3
cooTBeTCTBEHHO. CyMMa BEpOSATHOCTEW paBHa eauHule. Toraa, eciu BTOpOU
UTPOK MPUMEHUT CBOM 4HUCThIE cTpareruv B, wiam B, mmu B;, To urpok A
MOJIYYUT CPEAHUI BBIUTPHILI, OOJbIIE WM PABHBIN IIEHE UTPBI, T. €. TOJyIUM
CIIEAYIOLIYI0 CUCTEMY HEPABEHCTB:

| | | | P

e

Tak kak cymMMma BEpOATHOCTEH paBHA €IUHMIE, MOIYYHM CIEHYIOIIEe
yYpaBHEHUE:

p1+p2+p3:1 (83)
Paznenum Bce uneHbl HepaBeHCTB cuctemsl (1.9) u ypaBuenue (1.10) nHa
V. U 3aMEHUM  TOJIyYEHHbIE BBIPDAKEHUS ~ COOTBETCTBEHHO  Ha:

P. Py _DPs

y :_,y __:y -
v v T v Cucrema (49) wu ypaBHenue (4.10) mpumer

(1 (1401115178170 §

Tak kak HCpBLIﬁ HUI'POK CTPEMUTHCA CACIIATD CBOM BBIMI'PBIII KaK MOKHO
6OJII>HIC, T. €. CACJIATb 3HAUYCHHC IICHBI UT'PbI MAKCHMAJIbHBIM, CJICAOBATCIIBHO,

+y. + y.~>min
cyMMa YitYa* Vs . Takum 00pa3om, MOJYyYHM CIEAYIOUIYIO 3a/1auy
JIMHEMHOI'0 IPOTrPaMMUPOBAHUS:
Haittn  3mauenns J1Y2)3 OpyU  KOTOpBIX  ILeneBas  (yHKUIUA
=y +y +
F=y1+y,ty, NpUMET MUHUMAJILHOE 3HAUYCHUE:
Y=y +y,+y,;>min
IIpU YCIIOBUU:

SR
AR A
(’ (8.4)
Having peumrenus nonyd4eHHOM 3aJlayd JIMHEMHOTO IMPOTrPaMMHUPOBAHUS,
BBIYHMCIIMM II€HY UTPhl U COOTBETCTBYIOIINE BEPOSTHOCTH 110 (hOpMYJIaMm:
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1 1
v:lp :m
min yi_
i:zlyf; VP =i,

[IpoBens aHaIOTMYHBIE PACCYXKIAEHUS JJII BTOPOTO WIPOKA, MOJIYYUM
3a/layy JTMHEHHOTO MPOrpaMMHUPOBAHMS IBOMCTBEHHYIO K 3aj1aye (4.11):

Haittu  3Havenus ~1°%22%3

F=x1+x2+x3

Opyd  KOTOpBIX  LieneBas  (QyHKUUA

MIPUMET MAKCUMAJIbHOE 3HAYCHUE:
F:x1 +x2+x3->max

A

| (8.5)

P YCJIOBUHU:

Mg

it

M

1
v= .
X Sy
_qj' i =1.n 4 J
Vv (f - 9”)- WIH j=1

[Ipumep pemenust 3agaun B Excel nisi BToporo urpoka mnpuBeleH Ha

pucyHke 8.2 (aIrOpUTM pelleHus IPUBEIEH HIKE).
X = |= Knural - Microsoft Ex

dann [nagHad EcTaska FazmeTka cTpaHuLusl Dopmynsl AaHHele PeLEHIMpOBEaHKE Bug
= l
! 'y
MonyyeHne BHEWHKMY JaHHEX MogenoyeHua CopTMpoBKa W UALTP
A2 v 5
A B = D E F G H 1 1 K
1 LUenesan dyHruMA MepemeHHble LieHa nrpb BepoAaTHOCTH
2 LQ,_2_4_6-§I_F§: 0,028169 4,1 0,1
3 |OrpaHuyeHna 0,098592 0,4
4 1 0,119713 0,5
5 1 # 4
5 1 MapameTpel Nowcka pewenna &J
7  0,028169
8  0,098532 ONTHMAZMPOBETE LIENEEYID dhyHKLAKD: 52|
9 | 0,119718
10 fo: @ Makoamyr () Murmeyn () SHaueHuA: 0
11
12 M3MEHAA AYEfKK NepemMeHHbIX:
13 §C82:4C84
14
0= B COOTBETCTEMA C OTPaHMHEHMANK:
sAs4 <=1 -
16 TAd oo 1 NobasuTe
17 SASE <=1

Pucynoxk 8.2 — Pabouuii 1UCT ¢ pe3ybTaTaMu PEIICHUS 3aa91 MOMCKa CMEIIaHHBIX
CTpaTerui Jyisi BTOpOro UIpOKa U 3all0JIHEHHBIMU MOJISIMU OKHa auanora «I[lapamerpsl
MTOMCKA PEIICHHUSI
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AHaNOrMYHO HAXOAMUTHCS pellIeHUE I IEPBOTr0 UTPOKa (PUCYHOK &.3).

OtBet: OnTUMalibHAas CTPATErUsl KAKIOTO UTPOKA COCTOUT B TOM, YTOOBI
4yepeoBaTh CBOM YHCTBIE CTPATErHMU CIydalHbIM 00pa3oMm, T. €. MEePBOMY
UTPOKY, YTOOBI BHIUTPATh HE MEHEE 4, HAI0 YepeIoBaTh IPUMEHEHNE TIEPBOM U
TPEThEN CTpaTeruu, BHIOMpAs Kaxayr ¢ BeposTHocThio 0,5, a BTOpYyIO
CTpaTeTUI0 HE NPHUMEHSITh. BTOpomMy HWrpoky, d9TroOBl HE JaTh BBIUTPATH
MEPBOMY UTPOKY OoJibIie, yeM 4, HeoOXOANMO B 4 pasa pexe MPUMEHSITH CBOIO
IIEPBYIO YUCTYIO0 CTPATETHIO IO CPABHEHHIO CO BTOPOM M B 5 pa3 pexe Mo
CPaBHEHMIO C TPETHEU.

[Ipn pemeHun 3agadyd TEOPUU UIP PEKOMEHAYETCS MCIOJb30BaTh
CJIECIYIOLIHAMN aIrOPUTM:

1. Hckimounth W3 TMJIaTEOKHOW MATPUIBl  UTPHl  3aBEIOMO
HEBBITOJIHbIE CTpATErvu. TaKUMU CTPATETUSIMU JUIsl IEPBOIO UTPOKa (BTOPOTO
UTPOKA) SBISIOTCS T€, KOTOPBIM COOTBETCTBYIOT CTPOKH (CTOJOIBI) C
AJIEeMEHTaMH, MEHbIIUMHU (OOJBIIMMH) MO CPABHEHHIO C AJIEMEHTaMU JIPYTUX
CTPOK (CTOJIOIIOB).

T 9 - T ——— Kera2 < Mreemmmm—
g | [nagHas BEcTaeka PazmeTka cTpaHuLbl DopmMynsl JaHHuie PeugHsMpoBaHKe Bug
Mony4eHye BHEWHWY A3HHBIX MNogknioyeHus CopTMPOEKa W GUNETP
A2 - F | =C24C3+C4
T
| A | B g D E F G H I J K
1 LUeneead ¢pyHHUMA [epemeHHble LieHa Mrpel BepoATHOCTH
2 0,25 0,125 4 0,5
3 OrpaHHMyeHMA 0 0
4 1,125 0,125 0,5
5 1 ' -
5 1 MNapameTpel NoWCcKa pelleHnA [ihj
7 0,125
8 0 ONTUMUEMPOBATE LENEBYHD YHKLYHD: gAS2
9 0,125
10 Ao () Makaamym @ Musumym () 3HaueHus: 0
11
12 W3MEHAR AYEAKK NEPEMEHHEIX:
==
13 SCE2EC84 55
14
B COOTEETCTEMM C OMPaHMHEHNAMM:
15
SAS4 »=1 ™
16 SAS5 5= 1 [ febma ]
17 SASH »=1
SAST:SASS =0 [ WzmeHuTE ]
18
19 [ ¥aanuTe ]
20
21 [ CBpociTh ]
22
23 - [ 3arpysMTh/COXPEHUTE ]
24 CaenaTk NepemMeHHEle BE3 OrpaHUYEHUI HEOTPHMUETENEHEIMK
25
BribepuTe s
i — e i METOQ pelleHs: MOWCK PeLLIEHWA HEMMHERHLIX 33084 MeTogoM ONT EI
Yeamure | ‘] MeTon peleHns
= = it . |
B owx]
il ||
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Pucynox 8.3 — PabGounii TUCT ¢ pe3ypTaTaMu PEIICHUs 3aa4H JIJIsl IEPBOTO UTPOKA U
3aMoJHEHHBIMU MOJISIMUA OKHA Juasora «llapameTpsl moucka pemeHusd

2. OmpenenuTb MMEET JM WUIpa CEUIOBYK0 TOUKy. Jlis 3Toro Heobxoaumo
HAlTH BEPXHIOK U HUKHIOIO LIEHY UTPBIL:

2.1. Ecnu oHM paBHBI, TO UTPa UMEET CEMJIOBYIO TOUKY, 4 3HAUUT
pElIeHNE B YHUCTBIX CTPATETHsAX M Cpa3y MOXKHO 3amucaTb OTBET, TAK KAk
COOTBETCTBYIOIIME €i1 CTpaTeruu UTPOKOB OyIyT ONTUMAIbHBIMHU.

2.2. Ecnm BepxHss W HWXKHSAA LEHBI MIPHl HE paBHBI, TO
HEOOXOJMMO HCKaThb pEIIEHUWE UIPbl B CMEUIAHHBIX CTPATErUsAX IyTEM
CBEJICHHMS €€ K 3a7a4€ JIMTHEMHOTO ITPOrPaMMUPOBAHUSI.

3. [Iporiecc HaXOXIAEHUS PEIICHUS WrPhl C HUCIOJIb30BaHUEM
METOJIOB JIMHEHHOTO MPOrPAMMHUPOBAHUSI BKIIIOYAET CJICAYIOIINE ITATIbI:
3.1. CocTaBndioT Tmapy JBOWCTBEHHBIX 3aJay JIMHEWHOrO
IPOrpaMMHUPOBAHMUS, SKBUBAJICHTHBIX JaHHOW MAaTPUYHOM HUTpeE.
3.2. OnpenensitoT ONTUMAJbHBIE IJIAHBI Mapbl JIBOWCTBEHHBIX
3a/ay.
3.3. Hcnonb3yss  COOTHOLIEHHE  MEXAY IUIAHAMU  Maphbl

JBOMCTBEHHBIX 3aJa4, ONTHMAJIbHBIMUA CTPAaTErHMsIMU M LIEHON WIPbI, HAXOMIAT
pELIEHUE UIPBI.
Ilpumep 3. Haiitn pemieHue Urpsl, ONPEAEISIEMON MaTPULIEH:

0 1 -1
A=|l0 -1 0
1 0 -1

Pemenne. [Ipu pemeHun 3Toil UTPHl K KaXIOMY 3JIEMEHTY MaTpUllbl 4
npubaBuM | ¥ OJIYYHM CIIETYIONIYI0 MaTPHUILY:

1 20
A=l1 0 1].
2 10

Tak Kak urpa He HUMEET CEIJIOBOM TOYKH, COCTABUM TEHEPh Iapy
B3aMMHO-/IBOMCTBEHHBIX 33]1a4:

Yy, ty,?min X+ X, X g Fmax
Yity,t2ys=1, x+2x, <1,
2y.+ y,=1, X, +x,<1,
Y521, 2x+x, <1,
Y1:Y2,¥3=0. Xy, X5,X320.

PaccMmoTpum npumep peleHus 3aa4u ¢ UCIOJIb30BaHUEM HUHCTPYMEHTA
«ITouck pemenus» snexkTpoHHon Tabmuisl Excel.
JUis onpenenenus ONTUMaIbHOTO IJIaHa BTOPOM 3a/1a4u HE0OXOIUMO:
1. 3anucats 11e1eBYI0 PYHKIHIO B CIEAYIONIEM BUE:
f(c,7 cy0e5)=crtcrtey
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a OTpaHUYEHUs — HEPABEHCTBA, CIAEAYIONIUM 00pa3oM:
¢, +2%c,<1
c,tc,<1
2% ¢t <1
¢,20,7¢,>20,c,20.
2. BBINOJHUTG CIAEAYIONINE JECUCTBUS:

v . =c,+c,+
a) BBECTU B SIYEHKY A| BBIPAKEHHE JUJIS UENEBON (PyHKIMU: C1TETEs

0) BBECTU OTPAHUYCHUS B SIUEUKU Az : Ao U HyJIEBbIC 3HAUCHUS B SUCUKHU
C] . C3,

B) BbIMOJHUTH KomaHay CepBuc/Ilouck pemenusi u 3amoIHUTH
nmapamMeTpsl B OkHe auaniora IIouck pemeHu. Y CTaHOBUTH LIEJIEBYIO STYEUKY
Al, paBHO MakCHUMaJIbHOMY 3HA4Y€HHUIO, B Toyie BBoAa M3MeHsAs sAUYelKM:
BBecTu: cl:c3. IlepeiiTu B mone BBoga OrpaHM4YeHHsi: U BBIIIOJIHUTh KOMaHy
Jlo6aBuTh. 3aM0JHUTH MOSIBUBIIEECS OKHO JUAJIOTa, MOCIEI0BATEIbHO BBOMS
SYEUKHU, B KOTOPBIX HAXOJSATCS HEPABEHCTBA CUCTEMBI OTPaHUYCHHUIA;

T') PEIINTH 33729y, BEIOpaB KOMaH1y BbINOJIHUTH, B MOSBUBIIEMCS] OKHE
Pe3yabTaThl noucka pemieHust BbIOpath TUN otyeta Pe3yabrarhl;

1) BBIYMCJIUTH 3HAY€HUE ILIEHbI Urphl. J[Jis 3TOro B siUeiKy €2 BBECTH
dbopmyiny: =1/A1. llena urpst paBna 0,67,

€) paccuuTaTh 3HAUYCHUS BEPOSTHOCTEH HCIOJIL30BaHUS UTPOKOM CBOUX
crpareruii. st storo BBectu B siueiiku E4:E6 coorBercTBeHHO: =cCl-€2;
=c2-e2; =c3-e2. BeposATHOCTh HCIOJIb30BaHUS WIPOKOM IIEPBOM CTPATETUH
paBHa 0, Bropoi crpareruu — 0,33, Tpetbeil — 0,67.

AHaJIOTMYHO pemasi 3ajJady, HaXOAUM BEpPOSITHOCTb HCIIOJIb30BaHUs
CBOUX CTpPAaTETUil BTOPBIM UI'POKOM. BEpOSITHOCTH MCIOJIB30BAHHUS UIPOKOM
nepBoii crpareruu pasHa 0,33, Bropoii ctpateruu — 0,67, Tperbeit — 0.

Ilpumep 4. llocTpoeHre MaTpUYHON UTPHl HA OCHOBE CUMMETPUYHOM
napbl IBOMCTBEHHBIX 3a/1a4

JInst BCAKOM MaTPUYHOM MIPBI MOKHO 3aMCaTh CHMMETPUYHYIO Mapy
NBOMCTBEHHBIX 3amad. CropaBeniMBo M 00paTHOE: JyIsi  BCSIKOM
CUMMETPUYHOU Mapbl JBOMCTBEHHBIX 3aJla4 MOXHO 3alucaTh MATPUUYHYIO
urpy.

[Iycts 3agaHa cuMMeTpUYHasg Napa JIBOMCTBEHHBIX 3ajad: Npsmas
3ajaya:

F=CX, AX < B, X > 0, nBoiictBeHHas 3amaua: ¥= BY, YA>C,Y>0.
Torga 310l CHMMETPUYHO Mape IBOMCTBEHHBIX 33/1a4 MOKHO MOCTABUTH B
COOTBETCTBUE UTPY, ONPEIECIAEMYIO MaTpULIEH

0 A -B
D=|-AT 0o ('],
BT —-C 0

(8.6)
7€ UHIEKC = 03HAYaeT ONEPALMIO TPAHCIIOHUPOBAHUSL.
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Crnenyer OTMETUTb, UYTO €CIM Kaxias MaTpudyHas Wrpa HMEET
ONTUMaJIbHBIE  CTpaTerud, TO HE BCsAKas  3ajada  JIMHEWHOTO
IPOrpaMMHUPOBAHUS UMEET PELICHUE.

[TocTpouts Urpy, onpeaensieMyro CICAyIoIeH mapor JTBOMCTBEHHBIX
3aJa4:

npsiMasi 3a7ava;

F=0t, 13y mat

U OQDHLHEHUAY <’,
<l - <y

0 (8.7)
JIBOMICTBEHHAY 3aj/1aya:

F=10y,+12y,(min),

MU 02PQHLMeHUAX {

’ ' [ !

“2 J 3220 y3y,23 000

b (8.8)

Pemenne. 3amumieM MaTpulbl, 3JIEMEHTAaMH KOTOPBIX SBISIOTCA:
KO3 GUIIUEHTHl NPU HEU3BECTHBIX JIEBOM YAaCTH CUCTEMBbl OrpaHUYECHUN
npsAMOK M JBOMCTBEHHOM 3a1ad COOTBETCTBEHHO (MaTpuiusl 4 u A');
KO3 (PUIIMEHTH TpPH HEW3BECTHBIX B 1EJE€BOM (YHKUHMH MPAMOH H
JIBOMCTBEHHON 3a1au cooTBeTCTBEHHO (Marpuubl C M B'); mpasble yacTu
CHUCTEMBI OTPAHWYEHHI TPAMON W JIBOMCTBEHHOW 3aJlad COOTBETCTBEHHO
(marpuunt B u Ch):
2 1
-1 3

2 -1
1 3

10
12

b

]

CnenoBarenbHO, HMCXOJHOM CHUMMETPUYHON TMape JABONCTBEHHBIX
3a7a4 MOYKHO ITOCTaBUTh B COOTBETCTBUE MATPUUHYIO UTPY, ONPEAECIAEMYIO
MaTpULIEH:

.AT:

.

B"=(10,12); C=(2,3); C'=

0o 0 2 1 -10

0 0 -1 3 -12
D=|-2 1 0 0 2
-1 -3 0 0 3

.10 12 -2 -3 0 .
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Annaparypa u marepuaibl. J[Ji1 BBINONHEHUs J1a0OPATOPHOU pPabOTHI
HEOoOXOMMO  MCIOJIb30BaTh  CIEAYIOIIEe:  ammapaTHOe  OOecredeHue:
NEPCOHATBHBIN KOMIBIOTEP M MPOTrpaMMHOE OOECIEUYECHHE: OIEPAIMOHHYIO
cucremy Windows 10 wu Beime; Microsoft Officel3 wu Bblme, cucTeMsl
koMmibroTepHOoi MateMatukn Machcad m MATLAB R2017a u Bbire.
Yka3zanusi nmo TexHuke 0e3omacHocTH. (CaMOCTOATENIBHO HE MPOU3BOJIUTH
YCTAHOBKY W yJIaJIeHUE MPOrPAMMHOI0 OOECIEUEHHUS; PEMOHT MEPCOHAIBHOTO
koMmmnbioTepa. CoOnmoaTh MpaBujia TEXHUYECKOW SKCIUTyaTallud M TEXHUKH
0€30MacCHOCTU MPU PadOTE C IEKTPOOOOPYIOBAHUEM.

MeToauka U MOPSIA0OK BHINOJIHEHHsI padoThI

BrinonHuTe TpeUIOKEHHBIC 3aJaHusl, IpeABapUTEILHO pa300paB
IPUMEPHI, IPUBEICHHBIC BBIIIIC.

3ananmue 8.1. [IpunHsiTHE penIeHUI B YCIOBUAX HEONIPEAEIEHHOCTH

1. HccnenyiiTe muaTexHyo MaTpuIly Urpsl (Tadmauma 8.1):

- ONPEIEIIUTE HIKHIOKO U BEPXHIOKO LIEHBI UTPHI;

- ONpEeeINTE MUHUMAKCHBIE U MAKCUMUHHbBIE CTPATETUH;

- OMPEICNIUTE ONTUMAJIHHBIC PEIICHUS] UTPHI B YUCTBIX CTPATETUSIX,
€CJIM CYLIECTBYET CEJIOBAs TOUKA.

2. Hainpgure pemienust urpbl, HE UMEIOLIEH CEJIOBYIO TOYKY, IIyTEM
CBEJICHHUS €€ K 3aJa4€ JINHEMHOrO MPOrpaMMHPOBAHUS:

- 3aMUIIUTE MOJECIIH MPSMOM U IBOMCTBEHHOU 3a]1a4H;

- HalIMTe penieHrne 0oenx 3aj1ady;

- NPOAHANIM3UPYUTE MPABWIBHOCTh HAWJIECHHOTO PEIIEHUS C
MOMOIIBIO IBYX TEOPEM JIBOMCTBEHHOCTH.

3. CremaliTe BBIBOJI.

Tabnuua 8.1— BapuanTsl BTOporo 3agaHus

No IImatexxHas Ne [Lnarexxnas matpuna
BapHaHTa MaTpula UI'Pbl BapHaHTa HUI'PbI
1. 2 5 8 1. 453
7 2 ¢ 6 8 4|
37 1 424
258 458
7 2§ 6 9 5
977 52 1
2 35 6 2. 2 5 8
5 3 g 73 ¢
37 1 351
33 8 3 49
71 8 32 ¢
332 171
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3ananue 8.2. IlocTpoiiTe mJIsi CUMMETPUUYHBIX Tap JBONMCTBEHHBIX
3a/1a4 OnpeesieMble UMU MAaTPUYHBIC UTPHI:

A F“:12y1+14y2+16y3(max);

JIns ucxomHOM 3aayM COCTaBbTE JBOWCTBEHHYIO M MOCTPOWTE IS
MOJYYEHHOW Mapbl ABOMCTBECHHBIX 3aJ]1ad ONpPEACIsiIEMble UMH MaTPUYHbBIC

WTPBI:

Conep:xxanue oT4yeTa u ero popma

[ToaroToBHTE OTUYET, B KOTOPOM OIMUIIUTE TEXHOJOTHIO PEIICHUS 3a/1a4
JUHEHHOTO MpOoTpaMMHUpOBaHUs cpenctBamu Excel, wucmonw3ys 3amaHus
cBoero BapuaHTa. OT4eT 1o 1abopaTopHOi paboTe JOHKEH CONePIKATh:

1)  Ha3BaHue pabOTHI;

2)  uenb 1ab0paToOpHOU pabOTHI;

3)  yciOBHS BBINOJHEHHBIX 33JIaHUN U UX pELICHUE;

4) BBIBO/JIBI;

5)  OTBeThl HA KOHTPOJIbHBIE BOMTPOCHI.

Bonpocs! A5 3alIUTHI padoThI:

1. Uto Takoe Teopus urp?
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2. UTo0 moHUMAIOT 1MOJT KOH(PJIMKTHON CUTYaIIUEH?

3. UTo JIE)KUT B OCHOBE TEOPUU UTP?

4. IlepeuncnuTe OCHOBHBIE TMOHATHUS TEOPUU WUIP U JAUTE UM
OIpEJEIICHUE.

3. [To xakuM mpU3HAKAM MPOBOMAT KJIACCU(PUKAIIUIO UTP?

6. HazoBute n3BectHrle Bam kimaccudukaimm.

7. Kakue ocHOBHBIE CHOCOOBI ONMMCAHUS W aHaW3a UIpbl Bbl
3Haere?

8. Yo Takoe ruiare:xHas MaTpyLa UTPhI?

9. Kak omnpenenmnts 10 IUIATEKHOW MATpULE HWKHIOK U
BEPXHIOIO LIEHY UT'PBI?

10. C yero HaUMHAIOT PELIEHUE UTPHI?

11. B xakoMm ciyyae urpa UMeeT pelieHue B YUCThIX CTPATETUSIX?

12. Uto Takoe cMelllaHHas cTpaTerus?

13. B uem 3akimrouaercs NOMCK ONTUMAJIBHOM CMELIAHHOU
CTpaTeruu?
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JIABOPATOPHAS PABOTA 9
CayuaiiHble MPOLECCHI ¢ IUCKPETHBIM COCTOSIHMEM. Y paBHEHUS
KoamMoroposa 11 CTAIMOHAPHOTO PeKUMA

Heab u cogep:xanme: Hayuntbcs coctaBiaTs ypaBHeHHs: Kosimoroposa
Y BBINOJIHATH aHAJIU3 Pab0Thl MOJIETUPYEMOI CUCTEMBI.

Opranuzanuonnas ¢opma 3aHATHI: pelieHue MpoOJEMHBIX 3ajad,
pa300p KOHKPETHBIX CUTyallui

Bonpocs! s 00CyKaeHHs HA JJAa00PaATOPHOM 3aHATHM: IOCTPOCHHUE,
pelIeHMe W aHaJIW3 MOJEJEW CHUCTEM, OIMCHIBAEMBIX YpPaBHEHUSIMU
Komnmoropoga.

®opmupyembie komnerennun: OITK-7.1 OIIK-7.2 OIIK-8.1 OIIK-8.2

Teopernueckoe 000cHOBaHUE

N3yunTte TeOpETUYECKUI MaTeprall 10 JaHHOU TEME.

IHousiTHe ciyyaiHOro mpouecca

Crtporo roBops, cily4ailHble BO3MYLIEHUSI MPUCYILU JTOO0OMY IMpoIecCy.
[Ipome npuBECTM MPUMEPHI CIIyYaHHOI'O, YEM «HECIYyYalHOro» MpoLecca.
Jaxxe, Hampumep, Mpolecc xo/a 4acoB (Bpojae Obl 3TO CTpOrasi BhIBEpEHHas
pabota — «paboTaeT Kak 4achl») MOABEPKEH CIy4YailHbIM M3MEHEHHUSIM (yXOJ
BIIEpEl, OTCTaBaHUE, OCTaHOBKa). Ho 1o Tex mop, moka 3TH BO3MYUIEHUS
HECYILIECTBEHHBI, MaJIO0 BIMUSAIOT HAa HWHTEPECYIOIIHME HAC NapameTpbl, Mbl
MO’KEM UMU IIPEHEOpeyb U paccMaTpUBaTh MPOLIECC KaK AETEPMUHUPOBAHHBIH,
HECITyYalHbIN.

[Iycte uMeeTcss HekoTopass cucrema S (TEXHUYECKOE YCTPOMCTBO,
IPyIIA TaKUX YCTPOMCTB, TEXHOJIOTUYECKAS CUCTEMA — CTAHOK, Y4aCTOK, LIEX,
NpeANnpuUsATHe, OTPacib MPOMBIILIEHHOCTH U T.A.). B cucreme S mpotekaer
CJIYYalHBIN MPOLECC, ECIIM OHA C TEUEHUEM BPEMEHU MEHSET CBOE COCTOSTHUE
(mepexoauT U3 OJHOTO COCTOSIHUS B JIPYro€), MPUYEM, 3apaHee HEU3BECTHBIM
CIly4ailHbIM 00pa3oM.

Ipumepsni: 1. Cucrema S — TexHojoruyeckas cuctema (ydacTok
ctaHkoB). CTaHKUA BpeMsi OT BPEMEHU BBIXOJST U3 CTPOS U PEMOHTHUPYIOTCS.
[Ipouece, mpoTeKarOIU B 3TOM CUCTEME, CITyYaCH.

2. Cucrema S — caMoOJIET, COBEPIIAOIINNA pElC HA 3aJaHHON BBICOTE IO
onpejeseHHOMY MapupyTy. Bo3mymiatomme @akTopel — MeETeoycloBuS,
OMIMOKKA JKUTaXa W T.J., MOCIEACTBUS — «OONTaHKa», HapylleHue rpaduka
IIOJIETOB U T.J.

MapkoBcKu# CJIy4ailHbIN IpoLecc

CiyyaldHBIMI  TIpOLECC, MPOTEKAKOIIUA B  CUCTEME, Ha3bIBACTCS
MapkoBckuM, eciud Uil J000r0 MOMEHTa BPEMEHU f) BEpPOSTHOCTHbHIE
XapaKTEepPUCTUKHU Tpolecca B OyIyIIeM 3aBUCAT TOJBKO OT €ro COCTOSHHUS B
JaHHBIA MOMEHT #, U HE 3aBUCAT OT TOr0, KOI/Ia U KaK CUCTEMa MpHUIIIa B 3TO
COCTOSIHUE.
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ITycte B HacTOSIMI MOMEHT ty CUCTEMa HaXOAWUTCS B OIPEIEICHHOM
COCTOSIHMM Sp. MBI 3HaeM XapaKTEPUCTUKU COCTOSHUSI CUCTEMBbI B HACTOSILIEM
ty =S u Bce, uTO OBLIO MPHU ¢ < #o (IPEABICTOPUIO Tpoliecca). MOKEM JIH MBI
npeayraaarh (mpeackasars) Oyayuiee, T.e. 4To Oyner npu t > t? B TouHoctu —
HET, HO KaKWe-TO BEPOSTHOCTHBIE XapaKTEPUCTHKH Tpolecca B Oymayiiem
HalTU MOXXHO. Harmpumep, BEpOATHOCTH TOr0, 4YTO 4YE€PE3 HEKOTOPOE Bpems ©
cucreMa S OKaKETCsl B COCTOSIHUU S| UM OCTAHETCA B COCTOSIHUU So U T. 1.

IIpumep. Cucrema S — rpynma camoJIeTOB, Y4aCTBYIOIIUX B BO3TyIIIHOM
6010. ITycTh X — KOJIMYECTBO «KPACHBIX)» CAMOJIETOB, ) — KOJIMYECTBO «CHUHUX)
camoiieToB. K MOMEHTY BpeMeHU #) KOJTMYECTBO COXPAHHUBIIHNXCS ( HE COUTHIX)
CaMOJIETOB COOTBETCTBEHHO — Xo, Vo. Hac MHTEpECYeT BEpPOATHOCTh TOTO, YTO B

MOMEHT BpeMeHH o +T)uicieHHbIi TepeBec OyleT Ha CTOPOHE «KPACHBIX.

DTa BEpOSITHOCTh 3aBUCHUT OT TOr0, B KAKOM COCTOSIHMM HaXOJWJIaCh CUCTEMA B
MOMEHT BpPEMEHHU f), & HE OT TOro, KOrJa M B KAKOW IOCIEIOBATEIBLHOCTH
norudanu cOUTHIC O MOMEHTA #) CAMOJIETHI.

Ha mnpaktuke MapkoBckHe MOpolecChl B YUCTOM BHUJE OOBIYHO HE
BcTpeuatorcsi. Ho  umerorcss  mpouecchl, s KOTOPBIX — BIWSIHUEM
«IPEIUCTOPUN» MOXKHO TMpeHeOpedb. M mpu M3ydeHUWH TakuX MPOIECCOB
MOHO TTPUMEHSITh MapKOBCKHE MOJIENH (B TEOPUU MAacCCOBOTO OOCTYKMBaHUS
paccMaTpuBaroTCs U He MapKOBCKHE CHCTEMbl MAaCCOBOTO OOCITY>KHWBaHUS, HO
MaTEeMaTUYECKUH ammapar, UX OMHCHIBAIOIINM, rOpa3io CIOKHEE).

B wuccnenoBanuu omepanuii 0oJblioe 3HaYeHUE HUMEOT MapKoBCKue
CIIy4yalHble IIPOLECChl C JUCKPETHBIMU COCTOSIHUSAMU W HENPEPBIBHBIM
BPEMEHEM.

[Ipouecc Ha3pIBaeTCs MPOUECCOM € AMCKPETHBIM COCTOSTHHEM, €CIIU
€ro BO3MOXKHBIE COCTOSIHUA Si, S2, ... MOXKHO 3apaHee ONPEAENINTh, U MEePEX0]]
CHUCTEMBI U3 COCTOSIHUA B COCTOSIHHE MPOUCXOJUT «CKAYKOM», MPAKTHUYECKH
MTHOBEHHO.

[Ipouiecc Ha3bIBaeTCA MPOLECCOM C HeNpepbIBHBIM BpeMeHeM, €CIIH
MOMEHTBI BO3MOXHBIX TI€PEXOJOB M3 COCTOSIHHSI B COCTOSIHUE HE
(UKCHUpOBaHbI 3apaHee, a HEOMPEACIICHHBI, CIyYailHbl U MOTYT MPOU30HTH B
0001 MOMEHT.

Janee paccMaTpUBarOTCS TOJBKO MPOLIECCHI ¢ AUCKPETHBIM COCTOSTHUEM
U HEMIPEPHIBHBIM BPEMEHEM.

Ilpumepl. TexHonmoruyeckas cuctema (y4aCTOK) S COCTOMT U3 JIBYX
CTAHKOB, KaXJIbId U3 KOTOPBIX B CIIyYalHbII MOMEHT BPEMEHHU MOXKET BBIUTHU
u3 cTpost (0TKa3aTh), MOCJIE€ Yero MTHOBEHHO HAYMHAETCA PEMOHT y3Ja, TOXKE
MPOJOJDKAIOIIMICSA 3apaHee HEU3BECTHOE, CIydyanHOoe Bpems. Bo3MOxHBI
CIEAYIOLIUE COCTOSIHUS CUCTEMBI:

So - 00a cTaHKa UCIIPaBHBI;

S| - IEPBBII CTAHOK PEMOHTHUPYETCS, BTOPOM HUCIIPABEH;

S> - BTOPOM CTAaHOK PEMOHTUPYETCS, IEPBBIN UCIIPABEH;
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S5 - 00a cTaHKa PEeMOHTUPYIOTCH.

[lepexonbl cuctemMbl S U3 COCTOSAHHS B COCTOSIHUE TPOUCXOMST
[IPAKTUYECKU MTHOBEHHO, B CIIyYaliHbIE MOMEHTHI BbIXOJIA U3 CTPOs TOIO WJIU
MHOT'O CTaHKAa WJIM OKOHYAHUS PEMOHTA.

[Ipn ananu3e ciay4alHBIX MPOLECCOB C JIUCKPETHBIMU COCTOSIHUSIMU
yAOOHO TIONBK30BATHCA TEOMETPUYECKON cxeMod — rpadoM COCTOSHMIA.
Bepmmnsl rpada — cocrosinus cuctemsl. [{yru rpada — BO3MOXKHBIE TEPEX0bI
U3 COCTOSIHMS B cOcTOsiHUE. {51 Hamiero npumepa rpad COCTOSHUN MPUBEAEH
Ha pucyHke 9.1.

Pucynok 9.1 — I'pad cocrosinuii cucteMbl

[Tpumeuanwne. [lepexon u3 cocrosiHust So B S3 Ha pUCyHKE HE 0003HAUEH,
T.K. MPEIINOJaraeTcsi, YTO CTAaHKH BBIXOJAT W3 CTPOS HE3aBUCUMO JPYr OT
npyra. BeposiTHOCTbIO OJTHOBPEMEHHOTO BBIXOJIa U3 CTPOS 0OOMX CTAaHKOB MBI
npeHeoperaem.

IToToku codObITHI

IloTok coOBITHII — TMOCIEIOBATEILHOCTh OJIHOPOJHBIX COOBITHIA,
CJICAYIOIINX OJTHO 32 IPYTUM B KaKue-TO CIydyalHble MOMEHTHI BpEMEHH.

B npeapimymem mpumMepe — 3TO IMOTOK OTKa30B M TOTOK
BOCCTaHOBJICHUH. [[pyrue npumepsl: MOTOK BHI30BOB Ha TeIe(hOHHOU CTAHIINH,
MOTOK MOKYyIaTesaei B Mara3uHe u T.1I.

[ToTOoK COOBITHII MOXKHO HATJISIHO H300pa3UTh PSJIOM TOUEK Ha OCHU
BpemeHu O ¢ — pUCYHOK 9.2.

T iy

F3
h J

0 t

Pucynok 9.2. — M300paxeHue noToka COOBITHI Ha OCH BPEMEHU
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[TonoxeHnue KakaoW TOYKM CIy4allHO, W 3]1eCh M300pa)keHa JIMIIb
KaKas-TO OJIHA peain3auus MOTOKA.

HHTEHCHBHOCTH MOTOKA COOBLITHIL (4) — 3TO cpeaHee YUCI0 COOBITHUA,
MPUXOJISIIEECs HA EUHUILY BPEMEHHU.

PaccmoTpuM HEKOTOpPBIE CBOMCTBA (BHUIbl) TOTOKOB COOBITHIA.

[ToTok coOBITHII HA3BPIBACTCS CTALMOHAPHBIM, €CJTH €TI0 BEPOSITHOCTHBIC
XapPaKTEPUCTUKH HE 3aBUCIT OT BPEMEHMU.

B uacTHOCTH, MHTEHCHBHOCTH - CTAI[MOHAPHOIO IOTOKAa MOCTOSIHHA.
[ToTok coObITUIl HEM30EKHO MMEET CTYIICHHUS WU Pa3peKEeHUs, HO OHU HE
HOCSIT 3aKOHOMEPHOTO XapakTepa, U CpeAaHee YUCIIO COOBITHM, MpUxoasIieecs
Ha €IMHUIlY BPEMEHH, IOCTOSIHHO U OT BPEMEHU HE 3aBHUCHT.

IToTok cOOBITHII Ha3bIBACTCS NMOTOKOM 0€3 MOCJEACTBHH, €CIIM IS

JOOBIX IBYX HEMEPECEKaIOUMXCsl y4aCTKOB BpeMeH! “11 f2(CcM. pUCYHOK 9.2.)

YKUCJIO COOBITHI, MONAJAOIINX HA OJUH U3 HUX, HE 3aBUCHUT OT TOTO, CKOJIKO
COOBITHI TOMNano Ha JApyrou. Jpyrumu cioBaMu, 3TO O3HAYAET, UTO COOBITHUS,
oOpa3ylolue TNOTOK, TMOSBISAIOTCS B TE€ WIM HHBIE MOMEHTBHl BpPEMEHHU
HEe3aBMCHMO APYr OT JAPYra U BbI3BaHbl KaXX/J10€ CBOMMH COOCTBEHHBIMH
OPUYMHAMH.

[ToTok cOOBITUI HaA3bIBACTCS OPAUHAPHBLIM, €CIU COOBITUS B HEM
NOSIBIISIFOTCS MOOANMHOYKE, a HE TPYIIIaMH 110 HECKOJIBKY Cpa3y.

[ToTok coOBITUII Ha3bIBACTCS MNPOCTEHIIMM (WM CTANMOHAPHBIM
MyacCOHOBCKHM), €CJIM OH 00JIaJJaeT cpa3y TpeMsl CBOMCTBAMMU:

1) crauroHnapes,

2) opauHapeH,

3) HE UMEEeT MOCJIEACTBUH.

[Ipocrelimmii MOTOK UMEET Haubojiee MPOCTOE MaTeMaTUYeCKoe
onucanve. OH UrpaeT cpear MOTOKOB TaKyl ke 0COOYI0 pojb, KaK M 3aKOH
HOPMaJIbHOTO PaCIpeAcCHUsI CpPEAu JAPYIMX 3aKOHOB paclpeleneHus. A
MMEHHO, TpPU HAJIOKEHUU JIOCTATOYHO OOJBLIOr0 YHCIa HE3aBHUCHUMBIX,
CTal[MOHAPHBIX U OPJAMHAPHBIX TOTOKOB (CPaBHUMBIX MEXAYy CO0O0M 1O
MHTEHCUBHOCTH) MOJIY4YaeTCsl MOTOK, OJU3KUI K TPOCTEUIIEMY.

JIIss TIPOCTEMIIIEr0 MOTOKA C WHTEHCHBHOCTHIO A mHTEpBan T MEKIY
COCEJHUMH  COOBITUSIMM  MMEET TaK  Ha3blBaAEMOE  MOKAa3aTeJIbHOe
(IKCIIOHEHUMAJIbHOE) pacipeae/ieHue C INIOTHOCTHIO

Fi)y= 7",
rae A - mapamerp mokasaTeIbHOTrO 3aKOHa.
Jna  cimy4alHOM — BEJMYMHBI 1,  HMMEIOMIEW  ITOKa3aTeIbHOE

pacinpcaciiCcHuc, MaTCMaTHYCCKOC OXHUIAAHUC #reCTh BEJIIUYHHA, 06paTHa$1

rapameTpy, a CpeHee KBaApaTUYHOE OTKJIIOHEHHE “r paBHO MaTEMaTUYECKOMY
0KUJAHUIO
mp =y =114
YpaBuenuss KoumoropoBa [isi BepOSTHOCTEHd  COCTOSIHMI.
DuHAJbHBbIE BEPOATHOCTH COCTOSTHU I
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PaccmarpuBas MapkoBckre mpouecchl ¢ JUCKPETHBIMU COCTOSIHUSIMH U
HEIPEPBIBHBIM BPEMEHEM, MMOPA3yMEBAETCS, UTO BCE MEPEXOIbl CUCTEMBI S U3
COCTOSIHUSI B COCTOSIHME IMPOUCXOIAT MOJ ACHCTBUEM MPOCTEHIINX IMOTOKOB
COOBITHI (TIOTOKOB BBI30BOB, IMOTOKOB OTKA30B, MOTOKOB BOCCTAaHOBJIICHUM H
T.4.). Ecniu Bce mOTOKM COOBITUH, MEPEBOAIINE CUCTEMY S U3 COCTOSIHUS B
COCTOSIHUE TPOCTEHIHNE, TO TIPOIECC, MPOTEKAIOMUNA B CcHUCTeMe, Oyaer
MapKOoBCKHM.

UTak, Ha CHCTeMy, HAXOJAIIYIOCS B COCTOSIHMH i, JeHCTByeT

HpOCTGﬁHIHﬁ MOTOK cOoOBITHH. Kak TOIBKO MOSBUTCS IICPBOC COOBITHE 3TOTO

IIOTOKA, IPOHUCXOIUT «IICPCCKOK» CHUCTCMbI U3 COCTOSHHA Sz‘B COCTOAHUC S.i"

(Ha rpade COCTOSIHMIA IO CTpeKe ~i 7 7).

Jlist HarmsiAHOCTHM Ha rpade COCTOSHUM CHCTEMBbl y KakIOM Iyru
IPOCTABIISIIOT MHTEHCUBHOCTU TOTO IMOTOKAa COOBITHM, KOTOPBIM MEpPEeBOAUT

CHCTEMY IO JIaHHOH 1yre (CTpeike). % - MHTEHCHBHOCTb IIOTOKA COOBITHIA,

NepeBOIANMII CHCTEMY M3 cocTostHMA B %;. Takoil rpad Ha3bIBaeTcs

pa3MeudeHHbIM. Jlyig Hamiero mnpumepa pasMedeHHbld rpad) NpuBEIEH Ha
pUCYHOK 9.3.

oy

52

HHzg

Pucynok 9.3. — Pa3meueHHslii rpad) cOCTOSHUIN CUCTEMBI
Ha »Tom PUCYHKC A{r - HHTCHCHBHOCTH IIOTOKa OTKAa30B, Hy -

MHTEHCUBHOCTHU IIOTOKA BOCCTAHOBJICHUH.
[Ipennosiaraem, 4to cpeaHee BpeMs PEMOHTAa CTaHKA HE 3aBUCHUT OT
TOT0, PEMOHTUPYETCS JI OJUH CTAaHOK MM 00a cpa3y. T.e. peMOHTOM Ka)0ro
CTaHKAa 3aHAT OTIEJILHBIN CIEIUAIIUCT.
[Iycth cucTeMa HaxoauTcsi B cocTossHUUM Sp. B cocrosinne S; ee
MEePEeBOAUT MOTOK OTKA30B MEPBOTO cTaHKa. Ero MHTEHCUBHOCTH paBHA
A, =UT

-1
o pas 1> COEPOMEHI
rac Tﬂ?-rﬂﬁ-l— CPCOHCC BpEM:A 0e30TKa3HOMI pa6OTI>I IICPBOI'0 CTAHKA.

N3 cocrosHua S1 B Sp CHUCTEMY MEPEBOAUT IOTOK «OKOHYAHUI
PEMOHTOB» IEPBOIO CTaHKA. Er0 HHTEHCMBHOCTH paBHA
Hg = VT, 1,80 sPEMEHY -,
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r7ie apeni- CpeIHEE BPeMs PEMOHTA IIEPBOIO CTAHKA.

AHAJOTUYHO  BBIYUCJISIOTCS HMHTEHCHBHOCTH IIOTOKOB  COOBITHH,
NEePEBOSIIUX CUCTEMY IO BceM ayram rpada. iMes B cBoeM pacropsiKeHUU
pa3MedeHHBIN Tpad COCTOSTHUN CUCTEMBI, CTPOUTCS MaTeMaTHyecKasi Mo/iejlb
JAHHOTO TIpoliecca.

Ilycth paccMarpuBaemasi cucteMa S UMEET - BO3MOXKHBIX COCTOSIHUMN

S g iy BeposATHOCTB i- TO COCTOSIHUSA »i(8) - 310 BEPOSITHOCTh TOTO, YTO B

MOMCHT BPEMCHH ICHCTEMA 6yz[eT HaxXoaAUTbCA B COCTOSHHH Sz . OLIGBI/II[HO,

4YTO AJi1 JO0Or0 MOMEHTa BPEMEHHM CyMMa BCEX BEPOSITHOCTEW COCTOSHMIA
paBHA €IMHULIE:
R
2pin=1
i1
JIns HaxoXIeHHs BceX BeposTHOcTel cocrosmuit 2:%)kak (yHkuwuit
BPEMEHU COCTAaBIIIIOTCA U pelaroTcs ypaBHeHusa Kosmoroposa — ocoboro
BUJAa YPaBHEHUS, B KOTOPbIX HEU3BECTHbIMH (PYHKUUSMU SBISIOTCS
BEPOSITHOCTU COCTOSIHUM. [IpaBuino cocTaBiieHUs 3THUX ypaBHEHUU MNPUBEIEM
3nech 0e3 mokazarenbcTB. Ho mpekae, yeM ero NpUBOAHUTH, OOBSICHUM
MOHATHE (PMHAJIBHOU BEPOSATHOCTH COCTOSHHS.
Yro OymerT MPOUCXOAUTH C BEPOSITHOCTSIMHU COCTOSIHMMA mpu & —*%?

Byayr mu 210,220 crpeMurbes kK KakuM-nubo mpenenam? Eciu ata

npcaciibl CYmMECTBYIOT U HC 3aBHCAT OT HAYAJIBHOI'O COCTOAHHUA CHUCTCMBI, TO
OHH Ha3bIBAIOTCs q)I/IHa.]'IbHLIMI/I BCPOATHOCTHAMMU COCTOSIHUM.

lim 2:(8) = 5.1 = La,

=
rjae # - KOHEYHOE YUCIIO COCTOSSHUA CHCTEMBI.
@uHaJbHbIE BEPOSATHOCTH COCTOSIHMHM — 3TO y)XE€ HE IEPEMEHHBIE
BEJMYUHBI ((PYyHKIIMU BPEMEHH ), @ IOCTOSIHHBIE yncaa. O4eBUAHO, YTO

Zp-_i = 1‘

i=1

®duHaJIbHAA BEPOSATHOCTH COCTOSTHUSA 55— 9TO IO — CYHICCTBY CPCIHCC

OTHOCUTEIBHOE BpeMsl MPeObIBAaHUSI CUCTEMBI B 3TOM COCTOSIHUU.

Hamnpumep, cuctema S umeet tpu coctosiHug S, S> u Ss. UX duHanbHbIe
BEPOATHOCTHU paBHbI cooTBETCTBEHHO 0,2; 0,3 1 0,5. DTO 3HAYUT, YTO CHUCTEMA
B TIPE/ICILHOM CTAI[MOHAPHOM COCTOSTHUU B cpenHeM 2/10 BpemeHu MpOBOIUT
B coctosgHuH S, 3/10 — B coctosaun S; 1 5/10 — B cocTosgHuM S;.

IIpaBuio cocraBiaeHuss cucreMbl ypaBHeHuili Kouamoroposa: B
KOKJIOM ypaBHCHUH CHUCTEMBI B JIeBOH €ro 4YacTH CTOWT (UHAIHHAS

BCPOATHOCTL  OAHHOTO  COCTOSAHHUA P; ,  YMHOXCHHAsA Ha CYMMApPHYIO

WHTEHCUBHOCTh BCEX MOTOKOB, BEAYIIUX M3 JAHHOI'0 COCTOSIHUS, A B MIPABOM
ero 4Yactu — CyMMa IPOU3BEICHUNM WHTEHCUBHOCTEW BCEX IIOTOKOB,
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BXOAIIUX B P € COCTOAAHHE, HAa BCPOATHOCTHU TCX COCTOHHHﬁ, N3 KOTOPHBIX
9THU ITIOTOKHU UCXOOAT.
[Tob3ysiCh STHM TPABHUIIOM, HAIIKIIEM CHCTEMY YPaBHEHHUH AJIs1 HAIIET 0
npumepa:
Ay + Agg )Py = LpPy + Ly Py
Lty + ) oy = Appg + 25124
(g + Ay )Py = gy + by 2
(£ + s )Pz = Appr + Ay
3Ty CI/ICTeMy quBIpeX ypaBHeHPII?'I C quLIpBMSI HEHU3BCCTHBIMHU

Fo.P1:#1.P3, Ka3ajgoch Obl, MOXXHO BIIOJHE pemuTh. Ho 3T ypaBHeHUS
OMHOPOAHBI (HE UMEIOT CBOOOJHOTO 4IE€HA), W, 3HAYUT, OMNPEACISIOT
HEU3BECTHBIE TOJBKO C TOYHOCTBIO JIO0 MPOU3BOJBLHOIO MHOXHUTENS. OaHAKO
MOHO BOCIIOJIb30BAThCS HOPMUPOBOUHBIM YCIOBHUEM
Potptr+ps =1

U C €ro IMoMoubio pemuth cuctemy. [Ipu 3tom oano (Jroboe) u3
YpaBHEHHI MOKHO OTOPOCHTH (OHO BBITEKAET KaK CJICACTBUE U3 OCTAIBHBIX).

Ilpooonscenue npumepa 1. Ilycts 3HaU€HUS UHTEHCUBHOCTEN MOTOKOB
PaBHBI:

A=A =k =y =2y = py =2 fyy = 5, =3

UerBepTroe ypaBHEHHE OTOpachiBacM, J00aBisii BMECTO  HETo

HOPMHUPOBOYHOE YCJIOBHE:

3p, = 2p+ 31,

dp, =p, +325

dp, =2py +2p;

potptpy+ps =1
pp=0i10=04p =3/15=02p, =4715=2027,p; =271 013

T.e. B mpeaenbHOM, CTalIMOHAPHOM pexume cuctema S B cpeanem 40 %
BpeMeHHU OyJieT MPOBOJUTH B COCTOSIHUU Sy (00a cTtaHka ucnpaBHbl), 20 % - B
coctosiHud 1 (NEepBBIA CTAaHOK PEMOHTHPYETCS, BTOpoil padoTaet), 27 % - B
COCTOSIHUU S, (BTOpON CTaHOK PEMOHTHUpYETCs, MepBbiil padotaer), 13% - B
cocrossHud S; (00a cTaHKa PEMOHTHPYIOTCSA). 3HAHUE OTUX (DUHAIBHBIX
BEPOSITHOCTEH MOMKET TOMOYb OLEHUTh CPENHIO 3(PGEKTUBHOCTh PabOTHI
CUCTEMBI U 3arpy3Ky PEMOHTHBIX OPTaHOB.

[TycTh cucrtema S B cocTosiHUM Sy (IIOJIHOCThIO MCIPaBHA) MIPUHOCUT B
€AMHUILy BPEMEHHM JO0XOJ &8 YCIOBHBIX €JUHUL, B COCTOSHUU S| — 10X0X 3
YCIIOBHBIC CIWHHWIIBI, B COCTOSIHUM S, — JOXOA 5 YCIOBHBIX CIWHUII, B
COCTOSIHUU S3 — HE MPUHOCUT J10Xo4a. Torna B mpeneabHOM, CTallMOHAPHOM
peXUME  CpeAHMl  J0X0A4 B €AMHMIYy BpeMeHM OyAeT  paBeH
W =0,4%8+0,2%340,27%5 = 5,15y 10BHbIX €IMHHLL
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Cranok 1 PEMOHTHpPYETCS JTOJI1O BpEMCHH, paBHYIO
prtp; =02+013=0.33  Cranok 2 PEMOHTHPYETCs HOJK BPEMEHH, PABHYIO

pytp;=027+013=04 Bosgukaer 3amaua ontumusanuu. [TycTh MbI MOXEM

YMEHBUIUTh CpEIHEE BpeMs PEMOHTa MEPBOrO WM BTOPOrO CTaHKa (WU
o0oux), HO 3TO Ham OOOHIETCsS B OmpeAelieHHylo cymmy. CrpamumBaercs,
OKYNHUT JIM YBEJIWYEHUE JOXOJa, CBS3aHHOE C YCKOPEHUEM pPEMOHTA,
MOBBIILICHHBIE pacXoAbl Ha peMOHT? HyXHO OyJeT peluTh CUCTEMY YEThIpeX
YpaBHEHUH C YEThIPbMSI HEU3BECTHBIMHU.

CucreMbl MaccoBOro OOCITY>KMBaHMs ObIBAIOT JIBYX BHUJOB: CHCTEMBI C
oTKazaMH (MOTEPSIMH) U CHUCTEMbl C ouepenbto. CyIlIeCTBYIOT CHUCTEMBI C
OTPaHUYECHHON OYepe/Ibl0 U HEOTPAaHUYCHHOU ouepebto. OTpaHuYeHUs] MOTYT
OBITH 10 YMCIYy 3asBOK, MO BPEMEHU OOCITY>KHMBAaHHS, MO BPEMEHU pPabOTHI
cucreMbl. Kpome TOro, yuuThIBaeTCsi NHUCUUIUIMHA OOCIYXMBaHHs. 3asBKU
MOTYT OOCIYKHUBAaTbCA B MOPSAJKE IOCTYIUICHHS WX B CHCTEMY, a MOTYT
paccMaTpuBaThCs B CHUCTeME OOCIYXXHBAaHUS C MpPUOpPUTETOM. Pazmmuaior
NPUOPUTET aOCONIOTHBIN, OTHOCUTEIBHBIN 1 CMEIIaHHBIN.

PaccmoTpum n- kKaHaIBHYIO CUCTEMY € OTKa3zaMHu. I'pad cocTostHuit 3TOM
CUCTEMBbI UMEET BUJ (PUCYHOK 9.1).

ojolel

Pucynok 9.4 — I'pad cocTosiHMIA N- KaHAIBHOM CUCTEMBI C OTKa3aMH1

Cuctema MOXET HaXOAUTHCS B CIETYIOIINX COCTOSTHUAX:

Sy— Bce KaHaJbl CBOOOJIHBI;

S;— 3ansT 1 KaHai, ocTambHbIE CBOOOIHBL;

S, —3aHATHI 2 KaHaja, OCTaIbHBIE CBOOOIHEI;

S, — 3aHATHI BCE 71 KQHAJIOB;

A — YHTEHCHBHOCTb MOTOKA 3aBOK;

Y — MHTEHCHBHOCTH TIOTOKA OOCITYKHBAHMS.

IIycTte cucremMa HaxoguTCs B CTAlMOHAPHOM pexume. [lonb3ysch
rpad)oM COCTOSTHUM, COCTaBUM CUCTeMY ypaBHeHUU Konmoropoga.

0=—AP,+puP,

0=—(A+ku) P, + AP, ,+(k+1)*pu*P,, ,k=1,2,...,n—1.

O0=—npP,+AP +AP,_,.

9.1)
VY ci10BUS HOPMHUPOBKH BEPOSTHOCTEN UMEET BU:

Y. P=1.
k=0
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Pemast mosry4eHHy10 CCTEMY YpaBHEHUH, HAXOAUM:

n -1 k
Z )\//'l 7.1]u Pk:()\ki,)'Po,
k=1 ) (9.2)
rne k=0,1,...,n
3asiBKa TIOJy4YaeT OTKa3, €CJId CHUCTeMa HaxOJAUTCI B COCTOSHHUH S,

CJICA0BaTCIbHO, BEPOATHOCTD TOI'O, YTO 3asBKa 6yneT O6CJ'Iy>KI/IBaTI)CH paBHaA:

Q: 1 _Pn . (9.3)
MHTEHCUBHOCTH MOTOKA O6CJ'IY)K€HHBIX 3aJ4BOK paBHaA:
j=aA, (9.4)
a CPCAHCC YMCIIO 3aHATBIX KaHAJIOB!:
I
N=-.
p (9.5)

IIpumep peleHnst CHCTeMbI JIMHeHHbIX ypaBHeHuill B Excel
i

(AN

it

|

| (9.6)
3 2 -5 6
A=|]1 0 6] B=|1
1 -4 7 . X=]x;, x, x| . 5

M M M

T. €. B MaTpUYHOM BHJE CHCTEMa ypaBHeHHil mMeer Bmm: A X=B | pemras

kotopyto momysaem: X=A B rpe  A'— o6parmas marpuma. UrtoGsl
oOpatuth MaTpuily B Excel, He0OX0AMMO BBITIOJIHUTE CIEAYIOIIUE ACHCTBUS:

1. BBecTu UCXOJIHYIO MAaTpUIy B SUEHKH pabOyero JucTa.

2. Ykazarb Ha paboyeM JIMCTe MECTO, rie OyAeT HaXOAUThCs oOpaTHas
MaTpHIa, BBIIEIHUB OJIOK SYEEK TAaKOro K€ pa3Mepa, Kak MCXO/HAsl MaTpHUlIa.

3. Br13BaTh Mactep PyHKIIHA.

4. B mnosBuBIIeMcS OKHe nauanora BbiOparh QynHkiuio MOBP wu3
kaTteropun MarteMaTuyeckue HaxxaTb KHONKY Jlasee wiu kiasuiny Enter.

5. B mosBUBHIEMCS OKHE NHAJIOra yKa3aTh JAWAIA30H SYEEK MCXOTHOU
Martpunbl 1 Haxath kKHONKy OK wnin knasumy Enter.

6. IlepeMecTuTh yka3aTeiab MBIIH B CTPOKY (OPMYJT U HaXKaTh JIEBYIO
KHOMKY  MBIIIKA.  3aTeéM  HaxaTh  OJIHOBPEMEHHO TpPU  KJIABHIIH
Ctrl+Shift+Enter.

7. IlpoBepuTh NPaBWIBHOCTH IIOJIYYEHHOI'O pe3yJbrara, Uil DJTOro
YMHOXHUTb UCXOJHYIO MaTPUILy Ha OOpaTHYIO MATPUILy C IMOMOIIbI0 PYHKIIUH
MYMHOXK. Eciu Bce clelaHo BEpHO, AOJDKHA MOJYYUTHCS €IUHUYHAS
MaTpHIla, 3TO 3HAYUT, 4TO ¢ nomoinpio ¢pynkuun MOBP o6patHas maTtpuia
HalJIeHa MPaBUIbHO.

8. YMHOXXEHHE MaTpuIl TPOU3BOAUTCS CIIECTYIONTUM 00pa3oM:
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= BBIACIEICTCA MCECTO, I'IC AOJIDKHA HAXOAUTHCA PC3YIbTHUPYIOIIasd

MaTpHuILa;
- BBI3bIBACTCSA MacTep (PyHKLNH;
- BbIOMpaeTcs byHKUIMS MYMHOXK u3 KaTeropuu
MarteMaTH4YeCKHE;

- B MOSIBUBIIIEMCS OKHE Juaiora B noje: MaccuB 1 BBOIUTCS azpec
OJI0Ka sYeeK, CoJeprKallero UCXOAHYI0 MaTpuiIly, a B nojie: MaccuB 2 — aapec
0J10Ka siYeeK, COIepPIKalero 00paTHy0 MaTpuILy;

- 3aTeM BBITMOJIHIIOTCS ICUCTBUS, ONIMCAHHBIE B MTyHKTE 0.

Annaparypa u matepuaJbl. 71 BeITOTHEHUS 1a00paTOPHOM pabOThI
HEOOXOJMMO  HCIOJIb30BaTh  CIIEAYyIOUIEE:  amnmapatHoe  oOecreyeHue:
MEPCOHANIbHBII KOMIBIOTEP M MPOrpaMMHOE OOECIEYEeHHE: OINEPAUOHHYIO
cucremy Windows 10 u Bbeime; Microsoft Officel3 u Bbie, cucremy
koMIbroTepHor MaremaTuku MATLAB R2017a u Beiie.

Ykazanuss 1o TeXHHKe 0€e30MaCHOCTH. CamocTosiTeNnbHO — HE
POU3BOJIUTh YCTAHOBKY M yJAaJieHWE MPOrpPaMMHOr0 OOECIeUeHHUs; PEMOHT
nepcoHaibHOro  Kommbtorepa.  CoOmogaTh — mpaBWila  TEXHUYECKOH
AKCIUTyaTallH U TE€XHUKH Oe3omacHoCTU pu pabote C
AIEKTPOOOOPYIOBAHUEM.

MeTtoauka U MOPsiA0K BHINOJHEHHUA PadoThI

BrimonHuTe npeanokeHHbIe 3a1aHusl.

3apanme 9.1. I'pad cocTOsHUI CUCTEMBI.

1. N3o0pazute rpad COCTOSHHMII CHUCTEMBI, COCTOSIIIEH M3 JBYX
YCTPOMCTB, YUYHUTHIBAsI, YTO YCTPOMCTBA MOTYT BBIXOJUTH U3 CTPOS, MPUYEM
OTKa3aBlliee YCTPONUCTBO Cpa3y HAUMHAIOT PEMOHTUPOBATD.

2. CocraBbTe ypaBHeHus KoimoropoBa sl KaKJIOTO COCTOSHMS
CUCTEMBI, YUYUTHIBas, YTO PEXKUM CTAllMOHAPHBIA, MHTEHCUBHOCTH TOTOKOB
OTKa30B YCTPONCTB U MHTEHCUBHOCTU NTOTOKOB OKOHYaHUN PEMOHTA U3BECTHBHI.

3. 3aMEHUTE TIOCJIEJAHEE YpPAaBHEHUE  IOJYYEHHOM  CHCTEMBI
YpPaBHEHHI yCIOBUEM HOPMHPOBKHU.
4. Onpenenure BEPOSITHOCTH MJI KaXIOrO COCTOSIHUSI CHCTEMBI,

n300pakeHHONW Ha rpade, pemuB cuctemMy ypaBHeHud KomimoropoBa c
nomonibio Excel. Jlannblie nis pacyera npeactapieHs! B Tadnuue 9.1. Bapuant
3a/laHus OIPEJENSIETCS] HOMEPOM NEPCOHAIBHOIO KOMIIBIOTEPA, 32 KOTOPBIM
paboTaeT CTyAEHT B KOMIBIOTEPHOM Kiacce. POpMynHpOBKa 3aJaHus IS
Ka)XJIOr0 BapuaHTa MpuBeieHa B Tabumie 9.1.

Tabmuua 9.1 — VIHTEHCMBHOCTH NOTOKOB OTKa30B YCTPOWCTB M MOTOKOB
OKOHYAHUW PEMOHTA

Homep | UnTencuBHOC | MHTEHCMBHOC Homep | UnTencuBHOC | MHTEHCHBHOC
BApHaHT | TH  IOTOKOB | T  MOTOKOB BApDUAH | TM  TOTOKOB | TH  MOTOKOB
a OTKa3a OKOHYaHUs Ta OTKa3a OKOHYaHHUs

YCTPOMCTB pEMOHTA YCTPOMCTB pEeMOHTa
1 7\.1 :1 U :2 21 }\.1 :0,5 Wi :2
: )\.2 :2 Mgzl : )\.2 :2 Mzzl
7\.1:2 M1:2 7\.1:2 M1:2
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3. h=2 w2 =3 23. M=1,5 w2 =1
7\.1 :2 Wi :1 25 7\.1 :2 U :0,5
)\.2 =4 |55 :3 : 7\.2:1,5 U2 :2,5
7. M= W = 27. M=L5 =2
7\2 :3 MQZI 7\2 :3 Mzzl
}\.1:0,5 M1:1,5 }\.1:0,5 M1=l,5
9. 7\.2 :2 Mzzl 29 7\.2:1 U2 :0,5
7\.1:1 M1:0,5 7\.1:1 M1:0,5
1 1 : }\.2 :O,S Mzzl 3 1 : }\.2 :O,S W2 :2
A=2,5 w =0,5 A=2,5 w; =0,5
13 }\.2=1,5 M2=2 33 >\.2=2 M2=1,5
15. 7\'1:155 M1:255 35. 7\'1:1’5 Wi :2’5
)\.2 :3 |55 :1 )\.2 :3 W2 :0,5
17. M=2 w =2 37. M=1 w =1
7\.2 :2,5 u2=1,5 7\.2 :2,5 uz=l,5
19. =3 w =0,5 39. =3 w=15
)\.2:1,5 M2:3 )\.2:1,5 U2 :2
3. JUis  pemwenus cucrembl  ucnoibdydte  GyHkuun  MOBP

(Bo3Bpaiaer oopatnyto matpuily) ¥ MYMHIXK (Bo3Bpaiiaer npousBeieHHE
MaTpHull) U3 Kareropur MaTteMaTudyeckue.

6. Jlns  BBIBOJIA BCEX 3HAYCHUH B BBIUMCICHHBIX MaTpHUIAX
oHOBpeMeHHO HaxkmuTe kinaBuiiu Ctrl+Shift+Enter.

3ananue 9.2. MonenupoBanue pabOThl CUCTEMBI

1. Paccuuraiite mpuOBUIH, KOTOPYIO TPUHOCUT CHUCTEMA, €CIIU
M3BECTHO, YTO MEPBOE YCTPOIMCTBO MpuHOCUT goxox 10 y.e., a BTopoe 15 y.e.
2. YcTaHoBUTE, K KAKOMY U3 YCTPOMCTB BBITOJHEE BCEIO MPUMEHUTD

palroHaIU3aIHIo, TO3BOJISIONIYI0 CHU3UThH B JIBa pa3a BPEMsi pEMOHTA JII000Tr0
U3 YCTPOMCTB.

3. [ToncumTaiite 10X0A B KaXJA0M U3 BAPUAHTOB.
4. Crenante BBIBOL.
5. OdopmuTe pe3yapTaThl pacyeTOB.

3ananue 9.3. Pemuts 3amauy.

Ha Tenedonnyro craHiuio NocTynarT B CpeHeM 1,5 3asBKH B MUHYTY,
cpenHee BpeMsi 00CTyKMBaHUSI OJTHOM 3asBKU 2 MUHYThL. CTaHLIUS UMEET TPH
KaHana oOciykuBaHus. HailTu BepoOsSTHOCTH OOCITYXUBaHUS TOCTYIHBIICH
3asBKM, CpPEIHEE YHCIIO 3aHAThIX KaHAJIOB, CPEIHHUM TMPOLEHT 3asiBOK,
MOJIYYMBIIMX  OTKa3. YBEJIMYUTH YUCIO KAHAJIOB OOCIY)XKHMBaHUS W
paccMoOTpeTh ciiyyau, koraa n =4, 5, 6. Cnenatb BbIBOJ.

1. Hapucyiite rpad cocTossHWI i OSTOM 3amadm, COCTaBHTE
ypaBHeHue KommoropoBa, momnbs3ysachk rpadom coctosHui. Pemmre 3amagy
aQHAJIUTUYECKHU.

2. Ucnonszys popmynst (9.1), (9.2), (9.3), (9.4), (9.5), nanumure
nporpamMmmy i perieHus 3agadyu. [IpeaqycMoTpuTe BO3MOKHOCTh U3MEHEHUI
gyucia KaHaJIoOB OOCITY>KUBaHUs, MHTEHCUBHOCTH TMMOTOKA MOCTYIUICHHS 3asSBOK
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H IIOTOKa O6CJ'Iy}KI/IBaHI/I}I.

3. [TpoBepbTe MPABMIIBHOCTH Pa0OTHI Balllel MPOTPaMMBbI, UCIIOJIB3Y I
JaHHbIe 1. 1).
4. VYBeNMMUUTh YHUCIO KaHAJIOB OOCITY)XKMBAaHHS U PACCMOTPETh

ciay4dau, korna n =4, 5, 6. Cnenatb BbIBOJI.

Conep:xxanue oT4era u ero popma
[ToAroToBbTE OTYET, B KOTOPOM OMUIIMTE TEXHOJIOTHIO PEIICHHS CUCTEM
JTUHENHBIX ypaBHeHul B Excel, ucnonb3ys 3aganusi cBoero Bapuanrta. Otyer
10 J1abopaTOpHOU paboTe AOKEH COACPIKATh:

1) Ha3BaHUE padOThI;

2) 1eJIb J1abopaTOpHOM paboTHI;

3) yCIJIOBUS BBITIOJIHEHHBIX 33J]aHUI U X PEIICHHUE;
4) BBIBO/IBI;

5) OTBETHI HA KOHTPOJIBHBIE BOIPOCHI.

Bonpocs! ajst 321U THI padoThI:
Uro Takoe rpad cocTrossHUA?
Kaxkoii pexxuM sIBJISIETCSI CTAllMOHAPHBIM?
Kak nmoctpouTts rpad cocTossHUN CUCTEMBI?

4. Kak cocraBisitorcsi ypaBHeHuss KoimoropoBa i COCTOSIHHM
AHAJIU3UPYEMOU CUCTEMBI?

5. Kak pemuTs cucTeMy YpaBHEHUN C MTOMOILBIO HHCTPYMEHTAILHOTO
cpenctpa Ilouck pemenns?

6. MW300paszute rpad  COCTOSSHUN  OJIHOKAHAJIBHOM  CHUCTEMBI
00CITy>KUBaHUS C OTKa3aMHU.

7. 3anumwure ypaBHenuss KomamoropoBa st onucaHusi pabOThI
OJIHOKAHAJILHOW CUCTEMBI OOCITYKUBAHUS C OTKa3aMHu.

8. Ilom nmeiicTBMEM Yero MPOMCXOJUT YMEHBIIECHHE YUCa 3asIBOK B
cucreme?

9. Uem onpenensieTcss UHTEHCUBHOCTD MTOTOKA OOCITYKUBAHMS?

10. MN3oOpasute Tpad COCTOSHMIA  MHOTOKAHAIILHOH  CHCTEMBI
00CITyKUBAHUS C OTKA3aMHU.

11. 3anummre ypaBHenuss KoamoropoBa st onucaHusi padOThI
MHOTOKAHAJIbHOM CUCTEMBI OOCITYKUBAHMS C OTKAa3aMHU.

12. Eciu omHa DOBM oOecrieunBaeT HWHTEHCHUBHOCTH ITOTOKA
0OCITy’>KUBaHUS U, TO KaKyl0 MHTEHCHUBHOCTh OOCIyXKMBaHUs oOecreyar Tpu
OBM, paborarorue 0 JHOBPEMEHHO?

13. KakumMu  MaremMaTHYECKMMHU  OTHOLICHUSIMH  OIHUCHIBAKOTCS
(¢uHaTbHBIE BEPOSTHOCTH COCTOSIHUM CHCTEMBbl B PE3yJIbTaTe€ pPEIICHHUS
cucteMbl ypaBHeHHil Konmoroposa?

14. Tlepeuncnure OCHOBHBIE MOKa3aTeau 3¢ (HEKTUBHOCTH
MHOT'OKaHaJIbHOW CHUCTEMbI OOCTY>KMBaHUSI C OTKa3aMHu.

15. Yro TpebyeTcs mpu 3aaHHOW WHTECHCUBHOCTH TIOTOKa 3asBOK
YBEJIMYMBATh JJI1 YMEHBILICHUS BPEMEHU MPEObIBAaHUS 3aJaHUs B CUCTEME, a
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3HAYMT, U B ouepeau’?

16. UYto TpebOyercs mpu 3aJaHHOM MHTEHCUBHOCTH IOTOKa 3asgBOK
YMEHBIIATh Il YMEHBIIEHUS BPEMEHU MpeObIBaHUS 3aJaHUs B CHUCTEME, a
3HAYUT, U B ouepen?

17. B kakux choydasx MOJIEIUPOBaHHE pPaOOThl BBIYUCIUTEIHLHOMN
CHUCTEMBI TPOBOAUTCS C MOMOMIBIO METOJA CTATUCTUYECKUX HWCHBITAHUN
(metona Monte-Kapio)?

145



146

JIABOPATOPHAS PABOTA 10
MoaennpoBanue padoTbl CHCTEMbI MACCOBOI0 00CIY;KUBAHMS

Heab u coxep:xxkanue: Hayuntbcst MoienupoBarh pabOTy peajbHON CUCTEMBI
MacCcoBOTO 00CTyKMUBaHUS.
®opmupyembie komnerenuuun: OIIK-7.1 OIIK-7.2 OIIK-8.1 OIIK-8.2

Teopernueckoe 000CHOBaHME

N3yunte TeopeTHUECKHI MaTepHall IO JaHHOW TeMe, HCIONIb3Yys
nutepatypy [1,2] u Matepuan, npuBEICHHbIA HUXKE.

Ilycts 4ynciio mect B ouepeau paBHo ™ . Ecim Bce mecra B ouepenu
3aHSTHI, 3a8BKa Moy4aeT oTka3. CucrtemMa uMeeT OJIMH KaHall 00CTyKUBaHUSI.
I'pad cocTostHUit 3TOM ccTeMBbl MMeeT BU (pucyHOK 10.1):

A A .
SEoRoe
M poop

Pucynok 10.1 — I'pad cocTosiHuii MHOTOKaHAJIBHOW CUCTEMBI
00CITy>KUBaHUS C OTPAHUYEHHON OYepeibio

So — KaHaJI CBOOOEH;
Si— KaHal 3aHsT;
S> — kaHau 3aHAT, (k-1) 3aBOK B OUepeu;
S»— KaHall 3aHST, m 3asBOK B OUEPE/IH;
A — MHTEHCHBHOCTB ITOTOKA 3a5IBOK;
H  — MHTEHCHUBHOCTH NTOTOKA OOCITYKUBaHUSI.
Ypasuenus Konmmoroposa umeror Bua:

0=—A-Py+u-P,
0=—(A+p)-P,+A-Py+u-P,

0=—(A+p)-P,+A-P,_+p-P., . ,k=12,...,m+1l

0=—(A+p)-P,_, +A-P_.

(10.1)
m+1
. Z p,=1
YcnoBrs HOpPMUPOBKHU BEPOSTHOCTEN UMEET BUJ: k=0
Pemrast momy4eHHy10 cucTeMy ypaBHEHUM, HAXOIUM:
-1
m+l1 i
)\ 1
Py=| 2 .
(=0 (10.2)
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H , (10.3)
e k=01,...,n.

BepOHTHOCTB OTKas3a Prs1 CPCAHCC YUCJIO 3as4BOK B OUCPCAHU PABHO!

m
N:Z k-Pryy
k=1

(10.4)
Cpenunee Bpemsi 0KUAaAHUS:
N
A (10.5)

Anmaparypa u mMatepuaabl. J[Ji1 BBITOJHEHHS J1A0OPATOPHOU padOTHI
HEOOXOJIMMO  MCIOJIb30BaTh  CICAYIOIIEE:  allapaTHOe  OOCCIICUCHHE:
MIEPCOHAJILHBIN KOMIIBIOTEP M IPOTrPpaMMHOC OOCCIICUCHME: OICPaIMOHHYIO
cucremy Windows 10 wm Beime; Microsoft Officel3 u BbIme, cuUCTEMBI
koMmibroTepHOr MateMatukn Machcad 1 MATLAB R2017a u Beire.

Yka3aHusi 1O TexXHHKe 0e30MacHOCTH. CaMoCTOSATEIbHO HE
MPOU3BOJANTHh YCTAHOBKY W yAAJICHHE MPOTPAMMHOTO OOECTICUCHUS, PEMOHT
NepCOHANBHOTO  KoMmmbiorepa.  CoOmiomaTh — MpaBWiIa  TEXHUYECKOH
JKCIUTyaTaluu u TEXHUKHU 0€301macHOCTH npu pabote c
AIEKTPOOOOPYTOBAHUEM.

MeToauka U MOPSIAOK BBINTOJHEHHsI padoThI

BrinonHuTe npeaioKeHHbIe 3aJaHNs.

3aganme 1. Pemure 3amauy. IlycTh B cuctemy nmpuObIBa€T B MUHYTY B
CpeIlHEeM OJIHA 3asBKa, JJIUTEIHHOCTb OOCTYKMBAHUS 3aSBKU COCTABIISIET JIBE
MHHYTBI. YUUCIO MECT B ouepeau paBHO Tpem. HalTtu BEpOSTHOCTH OTKa3za,
cpenHee BpeMs OXKUIAHUs.

1. Hapucyiite rpad cocTossHWI I OSTOM 3amadyd, COCTaBHTE
ypaBHenue KonmMoropoBa, monip3ysch rpadgom cocrossHuil. Permmre 3amauy
AHAJIMTUYECKHU.

2. Hanumure nporpammy, wucnoas3ys ¢opmynsr (10.1), (10.2),
(10.3), (10.4) u (10.5) u Bappupys YUCIIO MECT B OUEPEIH.

3. IIpoBepbTe MpaBUIBLHOCTH PaOOTHI BalIel MPOTPAMMBI, UCTIONB3YsI
naHHbIe 1. 1).
4.  VYBeNUYUTH YHUCIO MECT B OUepead. YBenuyuBas ™M , yOeIuThCs,

YTO Mpu OOJIBIIUX ™M BEPOSITHOCTh OTKa3a CTaOWIM3UPYETCs, CTaHOBSCh
paBHOU

A

H H
Cnenatb BBIBOJ O TOM, KaKUM O0Opa3oM MOYKHO CYIIECTBEHHO CHU3HTh
BEPOSITHOCTb OTKA3a.
3apanme 2. Pemute 3amauy. bpuraga u3 r oneparopoB oOCIyKMBaeT N
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OJTHOTUIIHBIX DBM (r 5”)~ Kaxnas n3 atux 9BM B ciyyaliHble MOMEHTBI
BPEMEHH MOXET MOTpeboBaTh K cede BHUMaHUs omneparopa. DBM BeIxomsT u3
paboyero COCTOSHMSI HE3aBUCHUMO ApPYr OT JAPYra; BEPOSATHOCTh BbIXOAA W3
pabouero cocrosHus paBHa A . BeposATHOCTH BOCCTAaHOBJIEHHS pPabOUEro
COCTOSIHHS ~ paBHa # . Kaxnaeli omnepatop MOXET OJHOBPEMEHHO
BOCCTaHABIMBaTh TOJbKO oaHY OBM, kaxnas OBM BoccraHaBimBaeTcs

A
1<k<r(p==)
TOJIBKO OJHUM ONEPATOPOM. YUHUTBIBAsA, YTO NPHU H

__n .p,-P P, = n! pk-p
K kl(n=k)r TR0 , npu r<ksn ‘ "l (n—k)! ° u
-1

b

n

C n! n!
P = —Fp, + ; :
0 kg:)k!-(n—k)! P k;ﬂ rlr . (n—k)! P

Haiitu BeposSTHOCTH TOro, 4YTO B YCTAHOBUBIIEMCS MpOIECCE
oOCIy’>KUBaHUS B JaHHBIA MOMEHT OYJET MPOCTaWBaTh TO WJIU HWHOE YHUCIIO
OBM.

1. [Tyctb oOcnyxuBanue 8 IBM mnopyueno nBym omeparopaMm. Kak
panuoHallbHEE OpraHu30BaTh paboOTy: mnopyuuTh Ju Bce OBM  oboum
ormeparopaM, 4TOObl MO Mepe HamoOHocTH K OBM moaxomun oauH U3
CBOOOJIHBIX OMEPATOPOB, WM K€ KaXJOMY OIEepaTopy MOPYUUTh MO YETHIPE

OIIPCACICHHBIX OBM. Brruucnenus IMPOU3BCCTU B IMPCAIIOJIOKCHNHN p= 0.2

2. PesynbTaTel pacueroB npusecty B Tabaumnax 10.1 u 10.2.
TaGnuua 10.1 — N=8,r=2
Yucio Yucio OBM, | Yucno  cBoOoxHbIx | P,
Hepa60Ta10m1/Ix [(02;19501£:010)010%0.€ OrepaTopoB
O9BM 00CTyKUBaHUS
0 0 2
1 0 1
2 0 0
3 1 0
4 2 0
5 3 0
6 4 0
7 5 0
8 6 0
Ta6muma 102 — N=4,r=1
Yucio Yucio OBM, | Uncno cBOOOIHBIX Pk
HepaboTaroIuX OKUTAFOTITHX OTepaTopoB
OBM 00CITy )KMBaHUS
0 0 1
1 0 0
2 1 0
3 2 0
4 3 0
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Cpennee umncio OBM, mpocTtauBaromux B JaHHBIA MOMEHT IO TOU
n

> (k=2)-P
k
INPUYMHE, YTO OINEpaTopbl 3aHATHI ApyrumMu OBM, paBHO k=2 )
O6mee Bpems mnpoctos IBM (BoccTaHOBIIEHHE W OXKMJIAHWE) PABHO:

Zk'Pk
k=2

3. CnenaThs BBIBO/I.

Conep:kanue oTyera u ero popma
[ToaroroBpTe OTYET, B KOTOPOM MPHUBEIUTE TEXHOJIOTHUIO BBHITTOJTHEHUS
3aJIaHUM.
Otuer o adopaTopHOii paboTe JOJIKEH COEPHKATD:
1) wna3zBaHue pabOTHI;
2) uenb 1abopaTopHOU paboTHI;
3) GbopMyTupOBKY 3aJaHUS M TEXHOJOTHIO €r0 BBITIOJIHCHHUS,
4) OTBETHI HA KOHTPOJIbHBIE BOMPOCHI;
5) npunoxeHue — (Haiibl BHIMOTHECHHBIX 3aJaHUH.

Bomnpocs! 1151 321U THI padOThI:

1. N3o0pasute rpad  COCTOSHUM  CHUCTEMBI  OOCITY>KMBaHUS
BBIYHCIIUTEIBHBIX 33/1a4 C OYEPEbIO.

2. Kaxkoro tuna O0bIBatOT OrpaHUYEHHUs, HAJIOKEHHbIE HA OKUJaHuE?

3 UTo Takoe «IUCHUIUIMHA ouepean»?

4. Yro moHUMAIOT MO/ MPUOPUTETHBIM OOCTY>KUBAHUEM?

5 Kaxkue Buapl npuopurera Bam nsBectHbl?

6 Oxapaktepu3yiiTe KaxIbldi BHJ NPUOPUTETA U MPUBEIUTE
IIpUMED.

7.  3anumure ypaBHeHus KosmoropoBa uisi onMcaHus paOOTHhI
CHUCTEMBI OOCITY)KMBaHHsI BBIYHCIUTENbHBIX 3a/1a4 C 04ePEIbIO.

8. 3anumure ypaBHeHus KoimMoropoBa uisi omMcaHus paOOTHhI
CUCTEMBI 00CITYKUBaHUS BBIYMCIUTEIbHBIX 33/1a4 C OYEPEIbIO.

9. KakumMu  maTeMaTMYECKUMU  OTHOIICHUSIMH  OIKCBHIBAIOTCS

(UHAIbHBIE BEPOATHOCTH COCTOSIHUM CHUCTEMBI B pe3yjbTaTe pelieHus
cucreMbl ypaBHeHHi Konmoroposa?

10. Ilepeuncnure OCHOBHBIE MOKa3zareaud 3(PQPEKTUBHOCTH CUCTEMBI
00CITY>KUBAHUS C OYEPEIIBIO.

11. 3anummuTe ycioBHe KOHEYHOCTH JJIMHBI OUEPE/IN.

12.  Tlpu xakoM yCJIOBHH OYepe/b PacTeT 10 OECKOHEUYHOCTH?
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JABOPATOPHAS PABOTA 11
MopenupoBaHue NMOBeACHUS ITMHAMHUYECKOU CUCTEMbI

Henp u coaepkaHMe: U3Y4YUTh METOJIMKY HCCIEHOBAHUS IOBEACHUS
JMHAMMYECKUX CHCTEM, NMPUOOPECTH HABBIKM pealin3allud TaKUX MOjeJeil B
cucreMme kommbroTepHoil Mmatematuku MATLAB.

Opranusanuonnas ¢opma 3aHATHH: pelmieHue MpoOJEMHBIX 3ajaad,
pa300p KOHKPETHBIX CUTYalIUM
Bonpocsl  aist o0cy:xaeHMst Ha  JIa0OpATOPHOM  3aHATHM:

UCCJIeI0BAHNE MTOBE/ICHUS TUHAMUYECKON CUCTEMBI.
®opmupyembie komnerenuuun: OIIK-7.1 OIIK-7.2 OIIK-8.1 OIIK-8.2

TeopeTuueckoe 060cCHOBaHUE

PacnipocTpaneHHBIM CHIOCOOOM OMHMCAHUS TOBEACHUS JIUHAMHYECKOU
CUCTEMBI  sBisieTcss  cucteMa  auddepeHIuanbHbIX  WIM  UHTETpo-
muddepeHImaIbHbIX YPaBHEHHM.

Peanuzanmrio Takux maremarnyeckux mojeneit B Simulink paccmorpum
Ha PsIJIe PUMEPOB.

Ilpumep 1. Mopenb GU3UYECKOTO MAasSTHUKA, HAXOJSIIETOCSd MO

BO31E€HCTBUEM AOKCIIOHCHIIMAJIbHO-3aTyXarolIero KOCHHYCOMJAJIbHOI'O
BO3MYILICHUS.
YpaBHEHNE NBUKECHUSA TAKOTO MAaATHUKA UMEET BU/L:
dzy(t) dy(t) —a,t
+a +a, ylt|=a;e * -cosast,
e R 2y ( ) 3 5
Y(t)|c:o:)’0’
dy(¢)] _ y
dt |-, 7%
Bbl6paB YU CJIIOBBIE 3HAUYCHUSA napaMeTpoB, Hanpumep:

a,=a,=0,1,a,=-5,a,=1,a,=0,1  jomyunm cnenayoliee ypaBHEHHE:
y +0,1y+0,1 y=—5e"-cos(0,1t),
ylol=-15,
y'l0]=2.
CTpyKTypHas cxema Mojeau OyJeT UMETh BH/I, IOKa3aHHBIA Ha PUCYHKE
11.1.

PesynpTarel paboOTHl MoOIENHM TIOKa3aH HA JSKpaHe BUPTYaIbHOTO
ocumiorpada (pucyHok 11.2), a mapameTpuueckuii rpapuk 3aBUCUMOCTH
MIPOM3BOJHON CHUTHaNIa OT curHana ((pa3oBbIi MOPTPET MAsSTHHUKA) HU300paKeH
Ha pucyHke 11.3.
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& - = § = = _—— =
B untitled * - P
f — ¢ N
File Edit View Simulation Format Tools Help
D EdE +28|(ES 4[] » = [1000 [Noma
o 1
Gain2 Math
_/ Function =
Farsp Product .
b Gaind i
cos
|
" Gain3 Trigonometric
Functiocn
Gain1 i
}< |
0.1 |
1 1
= ; .. ; —
+ Integrator Integrator -
Add Soope
Gain
e @
——
X Graph
Ready 100% | | loded5 y

Pucynok 11.1 — Monens (pu3ndeckoro MasTHUKa

Eile  Toels View Simulation Help N

G- | dOP® - a-|C-|FA-
&=

A

NN~

N

A

§ \UJ

-8

a 20 40 60 80 100

Ready Sample based T=100.000

Pucynok 11.2 — JIBmxeHnne Gpu3nuecKoro MasiTHAKA

151



152

XY Graph = O X
XY Plot

-15 -10 -5 1] 5 10
X Axis
Pucynoxk 11.3 — ®a3oBsrii mopTpeT GU3NIECKOTO MasSTHUKA

Ilpumep 2. Mojgenb JUHAMUYECKOHW  CHUCTEMBI,  OIHMCBHIBAEMOM

g epeHnraIbHbIM ypaBHEHHEM 3-TO TIOPSIKA.
3anano auddepeHnmaibHOe YypaBHEHUE:
Iy(t) , dylt)  dy(t) 4

+2,5 +6 +2,5y(t|=e
de’ d’ dt vl
ylo]=1;y(0j]==1;y [0]=2.
CTpykTypHas cxema MOJIeJIH JTUHAMHYECKOW CHUCTEMBI, MMOCTPOSHHAs 10
OOBIYHBIM TIPAaBHJIAM AHAJIOTOBOUM BBIUYMCIIMTEIHHONW TEXHWKH, NPHUBEICHA Ha

’ (11.3)

pucyske 11.4.

Constant

Math

Fumction Pm'j”qu -
I NI * Ramp ]

¥

' [&]
|+ i
X Graph
> -
o 1 o 1 e 1
- ] ] ]
Integrator Integratori Integrator2
5 el Gainl
{E ‘ Gain2
@7
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Pucynok 11.4. CtpykTypHas cxeMa MOAEIIA JUHAMUYECKON CUCTEMBI 3 MOpsIIKa

Koadhdurmentsr ypaBHEHHsSI yCTaHABIMBAIOTCS B OKHAaX TMapaMeTpOB
MacmTabHbIx O0n0koB Gain — Gain2. HauanbHble yciaoBus mayig QyHKIUN U
IIPOM3BOJIHBIX — B OKHAaX MapaMmeTpOB MHTErpaTopoB Integrator — Integrator2.
Ha pucynke 11.5 mnpencraBieHO OKHO MapamMeTpoB JJIsi HMHTErpaTopa
Integrator,  cooTBeTcTByIOmIEro y (0/=2, HayalbHBlE  yCIOBUS  JUIS
unterparopos Integrator] — Integrator2, coorsercTByrommue y(0/=—1 u y(0/=1
COOTBETCTBEHHO 3aJaroTcsi aHanmoruyHo. [IpaBas yacth auddepeHmaibHOro
ypaBHeHUs1 chopMupoBaHa ¢ moMoIibio 010koB Ramp (reneparop aprymenra
— t) um Onoka Math Function, HacTpoeHHOrO Ha peaTu3aIHI0
AKCIIOHEHIIMAIbHOW  (yHKIMH. Busyanuzamuss MepexogHOro  Impoiiecca
MOoKa3aHa Ha 9KpaHe BUPTyaIbHOTOo ocimiuiorpada (pucynok 11.6).

Block Parameters: Integrator

Integrator "

Continuous-time integration of the input signal.

Parameters
External reset:  none -
Initial condition source: |internal -

Initial condition:

2

[ Limit output

(] Wrap state
W
2 Concel || Help || Apply
Pucynok 11.5 — OknHo napameTpoB (GhyHKIIMOHaIbHOTO Osioka Integrator

Scope
Eile  Tools VYiew Simulation Help o
- BOP® T Q- @ |F@-
__|
i\
15 \
1 %
—
05 E“‘x
e I — i R
i \/ d ]
-0.5
-1
aQ 1 2 3 4 & G 7 8 9 10
Ready Sample based |Offzet=0 T=10.000

153



154

Pucynok 11.6 — ITepexoanblii mporecc CUCTEMbI
@a30BbId  NOPTPET CUCTEMBI HAa JKpPaHE BHPTYAIbHOIO  JIBYX
KoopauHatHoro peructpartopa (XY Graph) npusenen Ha pucysok 11.7.

XY Graph = O X
XY Plot

0.2r

Y Axis
=
=

i . . . . . ;
0.2 0 02 04 0.6 0.8 1 12

X Axis
Pucynok 11.7. ®a30Bblil NOPTPET CUCTEMBI

Ilpumep 3. Mojenb TpaeKTOPHUH MOJIeTa Teaa, OPOIICHHOTO ¢ HadYallbHOU
CKOPOCTBIO TOJ] YIJIOM K TOpHu30HTY. lIpenmomoxum, 4to HaOIIOIATEND,
HaXOJIICh HAJl YPOBHEM 3€MJIM HA BhICOTE 1M, Opocuin kameHb mon yriiom 30
IpagycoB K TOPU30HTY C HayalubHOW ckopocThio 20 Mm/cek. Heobxomumo
peanu3oBaTh MOJICTIh TPACKTOPUH TMOJeTa KaMHS TIOJ JCHCTBHEM CHIIBI
TSOKECTH W OMPEIEIUTh PACCTOSHUE OT HaOmromarenas A0 TOYKH TaJACHUS
KaMmHS. BiusHueM arMmocdepsl Ha TOJET KaMHsS TpeHeOpedb. Y paBHCHHS

JABMOKCHUA KaMHA UMCHKOT BU:
2

. t
Y=YtV 'SID((XJ ‘t—g'E,

x=v-cos|al-t,
rae: Yo=1m,v=20m/cex,a=30°,9=9,81 m/cex.

CrpykTypHas cxema MOJEIU TPACKTOPUM KaMHs MPUBEICHA Ha PUCYHKE
4.7.
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1| o 1
1 <= = —Il-+
Constant | Integrato Integrator G'2|_"+ *
onstan ntegratar niegrator i, < STOF
I +
‘ Add Relational Stop Simulation
Operator
o 10> ' » ]
.-"'/ i J
Gain1 Scopa
Constantl
rr.l:l..-ﬁ.__.-" v @
Gaind (cos(30))
Xy Graph

Pucynok 11.7. CTpykTypHas cxema MOJIeJId TPAaeKTOPUU KaMHS

BepTtukanpHasi cocTaBisomias HadalbHOW CKOPOCTH KaMHS 3aJaeTcCs
o6mokom Gainl, ropu3oHTanbHas cocTaBistomas — 6i1okoMm Gain3, yckopeHue
3eMHOTO TATOTeHHs — OnokoM (Gain2. 3HaueHWe TEKyIeH BBICOTHI IOJIeTa
KaMHsI KaKk (DyHKIIMM BpeMeHUu (QopMuUpyeTcsl Ha BbIxojie cymMmaropa. Curnan
OKOHYaHUS MojenupoBaHusi gopmupyercs Omokamu Relational Operator u
Stop Simulation B MOMEHT BpPEMEHH, KOTJla BBICOTa CPABHSETCS C HYJIEM.
[Tokazanusi mUGPOBOro perucrpaTopa COOTBETCTBYET JUIMHE TYyTH TIO
TOPU30HTAIIHM, NPOUJICHHON KaAMHEM 10 MOMEHTA COIPUKOCHOBEHUS C 3E€MIIEH.
Ha pucynkax 4.8 u 4.9noka3zaHbl COOTBETCTBEHHO TpPACKTOpPUS KaMHS Ha
DKpaHe BUPTYaJbHOIO JABYX KOOPAWHATHOTO PETUCTpaTopa U Trpadux
W3MEHEHHS BO BPEMEHH BBICOTHI MOJIETa KAMHSI.

XY Plod

¥ oAxiE

|: L i i i i i i i h
1) ] 10 15 20 25 i 35 40
X Bons

Pucynoxk 11.8. Tpaektopus noneta kamHsi, OporeHHOro noj yriom 30 rpaaycoB K
TOPHU30HTY C HaYaJIbHOM BBICOTHI 1M, ¢ HAYaIbHOU CKOPOCTHIO 20 M/cek
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a a5 1 15 2 25

Pucynox 11.9. I'paduk u3MeHEeHHsI BO BPEMEHH BBICOTHI MOJIETa KAMHS

Annaparypa u martepuaibl. JlJis BRIMOTHEHUST 1a00paTOpHON pabOTHI
HEOOXOJMMO  WCIIOJIB30BaTh  CIIEAYyIOIIEE:  ammapaTHoe  oOecredeHHe:
MIEPCOHANILHBIN KOMITBIOTEP W TMPOTPAMMHOE OOECIeUYCHHE: OIepariioHHAs
cuctemMa Windows 10 u Beime; Microsoft Officel3 u BeIlIe, CHCTEMBI
koMmIibtoTepHoi MateMatuk Machcad u MATLAB R2017a u Bbiie.

Yka3zanue mnmo TexHuKe Oe3omacHocTH. (CaMOCTOSTENBHO  HE
POU3BOJINTh: YCTAHOBKY M YyJaJICHHWE MPOTPaMMHOT0 00ECTICYCHUS; PEMOHT
nepcoHabHOTO  KoMmmbloTepa.  CoOmtogarh  OpaBuja  TEXHUYECKOU
AKCILTyaTaluu u TEXHUKU 0e30macHOCTH npu pabote c
AIEKTPOOOOPYIOBAHUEM.

MeToanka u NOPSAIOK BHINOJTHEHUS PadoThI
BelnosiHUTE TIpEAIOKEHHBIE 3aJJaHusA, NPEIBAPUTEILHO O3HAKOMHUBUINCH
C TEOPETUYECKON YaCThIO.
3aganue 11.1. CunHre3upoBaTh CTPYKTYPHYIO CXEMY  MOJECIH
g depeHInaIbHOr0 ypaBHEHH 3 opsiiKa:

2
C(117}2)+A%+By:0
C navaneHbIME ycaoBusmu: y (0, 0],y (0]. Tloctpouts (a3zoBslii mopTpeT
cuctemsl. [Tapamerpsl curHanoB npuBeneHsl B Tadbnuie 4.1. Homep Bapuanta
COOTBETCTBYET HOMEPY, MOJI KOTOPHIM CTYJICHT 3alKCaH B CIIUCKE IPYIIIIbI.
3aganue 11.2. CunHTe3upoBaTh CTPYKTYPHYIO CXEMY  MOJEIHU
I pepeHnaIbHOro ypaBHEHN 3 MOpsIIKa:

dy ~d’y ~dy
——+C +D—=+Ey=0
de’ dx*  dx 4

156
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C HavanbHBIMU ycioBuaMu: y [0/, y(0], y (0]. TloctpouTs (a3oBslii mopTpeT
cuctemsl. [Tapamerpsl curHanoB npuBeneHsl B Tabnuie 4.1. Homep Bapuanta
COOTBETCTBYET HOMEPY, O] KOTOPBIM CTYAEHT 3alMCaH B CIIMCKE IPYIIIIHI.

3amanue 11.3. [locTtpouTs MOJIENb TPAEKTOPUHU TMOJIETA MYIIEYHOTO SApa
IIOJI ICICTBUEM CUJIbI TSXKECTU U ONPENIEIIUTh PACCTOSHUE OT MYILIKU 0 TOUYKH
MaJeHusl SApa, BBIIYIIEHHOTO C HA4YaJbHOW CKOpPOCThIOV), mon yrioma K
rOpU30HTY. BbICOTa OT ypOBHS 3€MJIM 10 JyJIBHOTO YTOJIIEHUS paBHa A.
Brnustnuem atmocdepsl Ha MOJET sapa IpeHeOpeyb.

[Tapametpbl 3amaum npuBefeHbl B Tabnuue 11.2. Homep Bapuanrta
COOTBETCTBYET HOMEPY, MO/ KOTOPBHIM CTYAECHT 3alKMCaH B CIUCKE TPYTIIHI.

Ta6muma 11.2 — IlapameTpsl 3aaa4u 1 u 2

N‘f:‘p A B C D E ylol | ylol | y'lol
1. 0.2 0.4 0.5 2 0.3 1 2 0
2. 1 0.8 3.2 1.4 0.6 -1 1 2
3. 4 4.2 1 0.4 0 2 1
4. 4.2 3 1 2 0.5 1 -1 -1
S. 4.2 1 0.4 4 4.2 2 1 0
6. 1 2 0.5 3 1 -1 0 1
7. 4 4.2 1 0.8 3.2 1 2 0
8. 3 1 2 4 4.2 -1 1 2
9. 1 0.4 4 3 1 -2 2 1
10. 2 0.5 3 1 0.4 1 0 1

Ta6muma 11.2. ITapamerpsl 3agauu 3
Ne Bap-Ta Vi, m/c a, 2paoycoe h, mempos
1. 32 30 1
2. 38 35 1,2
3. 34 32 2,2
4. 42 36 1,4
5. 37 34 0,4
6. 29 33 0,5
7. 52 30 2,8
8. 44 36 2
0. 47 33 4
10. 49 31 3

Conep:kanue oryera u ero popma
[ToaroToBbTE OTYET, B KOTOPOM MPHUBEIUTE TEXHOJIOTHIO BBINOTHEHUS
3aJIaHU.
Otuer 1o 1a00paTOpHOIl paboTe NOKEH COAEPIKATh:

1) Ha3BaHHUE pabOTHI;

2) 11eJb 1a00paTOpHOM paboTHI;

3) GbOpMYITUPOBKY 3aIaHHS M TEXHOJIOTHIO €r0 BHITIOJIHEHHUS,
4) OTBETHI HA KOHTPOJIbHBIE BOTIPOCHI;

5) MPUIIOKEHUE — (paiiIbl BRIMOJTHEHHBIX 3a/TaHHUM.
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Bomnpocs! 17151 3alIATHI pad0THI
1. [IpuBenuTe KaK MUHUMYM 3 MpUMEpa THHAMHYCCKUX CHCTEM?
2. Kakue OCHOBHBIE MaTeMaTHYECKHE OJIOKM HCIOIB3YIOTCS IS
MOJICITUPOBAHUS TUHAMHUYECKUX CUCTEM?
3. luddepeHunanbHOE ypaBHEHHE KaKOro IOpSAKa MOTpeOyeTcs s
omucaHus Mojaenu (Gu3ndeckoro MastHuka? IlpuBeauTe OOImMI BHJ TaKOIo
ypaBHEHUSI.
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JIABOPATOPHASI PABOTA 12
Pa3padoTka cucTeM KOMNBIOTEPHOT0 MOIEIMPOBAHUS THHAMHYECKHUX
MPOLECCOB B KUIAKUX THCHEPCHBIX MATHUTHBIX HAHOCHCTEMAX

Leab u coaep:kaHue: M3YYUTh OCHOBHBIE MPUEMBI Pa3pabOTKU CHUCTEM
KOMIIBIOTEPHOTO MOJCJIMPOBAHUS JIMHAMUYECKHX TIPOLIECCOB B TMAKETE
Simulink.

OpranusanuonHas ¢opma 3aHATHH: pelmieHue NpoOJEMHBIX 3ajad,
pa300p KOHKPETHBIX CUTyalIUM

Bomnpocsl 1151 00cy:KaeHns1 HA J1a0OPATOPHOM 3aHATHH: TTOCTPOEHUE
X MOJICJIM CUCTEM KOMITBIOTEPHOTO MOJIEIUPOBAHUS TUHAMUYECKUX MPOIECCOB
B OKUJKUX JHUCHEPCHBIX MAarHUTHBIX HaHOCHCTeMax B makere Simulink
cucremsl MATLAB.

®opmupyembie komnerennun: OITK-7.1 OIIK-7.2 OIIK-8.1 OIIK-8.2

Teoperndeckoe 0600cHOBaHUE
Jis  pa3pabOTKU ~ CHCTEMBI  KOMIIBIOTEPHOTO  MOJEIMPOBAHMUS
JUHAMHWYECKUX IPOLIECCOB B KUIAKHUX JUCIIEPCHBIX MAarHUTHBIX HAHOCHCTEMAX
UCIIONb30BaHa  cucTeMa Au(depeHlIranbHbIX YpPaBHEHHH ,OMHCHIBAOIIAS
MIPOLIECC BOCCTAHOBJIEHUSI PAaBHOBECHOW (POPMBI KAILIM MATHUTHOM KUAKOCTH
ITOCJIE BBIKIJIFOYEHUS BHEIIHETO MarHUTHOTO MOJIS.

\’_w‘

O

T L 'V}(t)J" T

—{l|—
nl

| P

I ' p+§_1 AUl

CocrosiHME NTUHAMMYECKOM CHCTEMBI XapaKTEpU3YeTCs MapOd BEIWYMH:

KOOpPJIMHATON At) u CKOPOCTBIO Me)=v,(t) , ABJIAIOIIMXCA KOMIIOHEHTaMU
BEKTOpA COCTOSIHUM CHCTEMBI, MPUHAIJIECKALIETO HPOCTPAHCTBY COCTOSTHUI
(uHaue, pa30BOMY MPOCTPAHCTRY).

st pemienus cucteMbl (12.1) HE0OXOAMMO COCTaBUTH OJIOK CXEMY,
MO3BOJISIOLIYI0 MCCIIEOBATh MOBEJIEHNE M3y4aeMOW JUHAMHYECKOU CHUCTEMBI
B makete pacmmpenus Simulink cucremsr Matlab. B ocHoBe noctpoenust 6510k
CXEMBbl JICKUT TMOCJEI0BATEIbHBI HWTEPAIIMOHHBIA Mpolecc. AJTOpPUTM
UTEPALMOHHOTO MPOLIecca 3aKII0YAETCS B CIEIYIOMEM:

1. ®opmupyeTcsi mpaBas 4acTb MEPBOTO ypaBHEHUs cucTembl (12.1),

KOTOpasd 3aBUCUT OT OTHOCHUTCIIbHOI'O YJIMHCHHA KallJIk )‘(t)

vyt

H CKOpPOCTH

HU3MCHCHUA YAJIMHCHUA . C‘II/ITaCTCH, qTo )‘<t> N CKOPOCTb U3MCHCHUA
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M) - Vilt)=Alt) U3BECTHBI, CIIEJOBATEIbHO, HM3BECTHO M YCKOpPEHUE
a;(t)=A(t)
2. Ompenenserca  CKOPOCTH Vilt)=Alt) MyTEM  WHTETPUPOBAHUSA
YCKOpPEHHUS aﬂ(t)
3. Omnpenensercs OTHOCUTEIBHOE yI[JI(I/I)HeHI/Ie karm Alt) nyTeM
Vit

MMOCICAYIOIICTO HHTCIPUPOBAHUA CKOPOCTH

4. Bpmosnsercs mn.1 — DONy4YEeHHbIE 3HAYECHUS M) u vilt)
UCIIONIB3YIOTCA i1 (OPMHPOBAaHUS TMPaBOl YacTH MEpPBOrO ypaBHEHUS
cuctemsl (12.1)

brnok cxema (pucyHok 21.1) comepXuT JBa TOCJIEIOBATEIIHHO
COEIMHEHHBIX MHTErpaTopa C BHEUIHE 3aJaBa€MbIMU BEIUYMHAMU O, P1, O, 1),

R B cooTBeTcTBUU C cucteMon (21.1) U HaYaJIbHBIMU YCTIOBUSIMU M0)=2y 151
V,(0)=4,
Ha BXxox mepBoro MHTErparopa nojJaercs yCKOpeHue viltl , B Ka4ecTBe

HaAYaJIBbHOI'O YCJIOBI/UI I/ICHOHLSyeTCSI HAYaAJIBHOC 3HAYCHUC CKOpOCTI/I
V,(0)=4,

Ha BbIxonme aToro unHterparopa OyAeT TEKyIlas CKOPOCTb W3MEHEHUS

OTHOCHUTCJIBHOI'O Y/UIMHCHUA KaIlJIh Vﬂ(t) . DTa BeIMYHnHAa mogacTCsa Ha BXO[
BTOPOI'O MHTETrpaTropa ¢ Ha4aJIbHBIM YCJIOBUCM B BUJIC HAYAJIbHOI'O Y JIMHCHUA

A0)=12,

BoixosioM co BToporo uHterparopa OyJaeT 3aBUCUMOCTh OTHOCHTEILHOTO
VJIMHEHUSI KaTUTH OT BPEMEHHU.

OTtaenbHBIM OJIOKOM B CXeMe MpUBEEHA MoACHcTeMa — cyOMoaenb (010K
Sybsystem), mnpencraBustomas co0oi (QYHKIHIO TpaBOM YacTH TEPBOTO
ypaBHeHus1 cucteMbl (12.1) — pucynok 12.2. [Ipu moctpoeHNN OJIIOK CXEMBI
MOJICUCTEMBI €€ CBSI3b C OCHOBHOW CHCTEMOW OCYIIECTBISICTCS MyTEM BBOJA B
nojcucteMy cranaapTHbeix 010koB In (Bxoa) u Out (Brixoxa). Bece BenuuuHsl,
KOTOpbIe (OPMHUPYIOTCSI B OCHOBHOM MOJIENIM CHUCTEMBI, a MCIOJB3YIOTCS B
nojacucreMme (CyoMoJIen) MOCTynaroT B MojicucTeMy 4yepes 0soku In.

Benmnuunel, copmupoBaHHBIE B IOJCHUCTEME, a WCIOJIb3YEMbBIE B
OCHOBHOM CHCTEME, MOCTYMAalT B OCHOBHYIO MOJENb W3 MOJCUCTEMBI Yepes
ook Out. ITpu sToM Ha M300pakeHuu OJI0Ka MmojicucTeMbl (010K Sybsystem)
B OJIOK-CXeM€ OCHOBHOM MOJENIU TMOSBISETCS KOJIMYECTBO BXOJOB, PAaBHOE
YHCIIy BBEJIEHHBIX B MOJIcUcTeEMY 0J10Kk0B In (pucynok12.1).

Alt)

BxomubiMu mapameTrpaMu TOJCUCTEMBI  SIBIISIOTCS Mt) w , a
BXOJHBIMH BEJIMYMHAMHU 0, 01, O, 1], R.

Jlnst  oToOpakeHUsT pe3yJIbTaTOB MOJICIMPOBAHMUS HCTIOJIB30BaH OJIOK
Scope, MOAKIIOUEHHBIM K cPopMUpOBaHHOMY cuTHaily. [ns oToOpaxeHus
(dazoBoro moprpera ucnoib3oBaH 010k XY Graph.
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Pucynok 12.1 — binok-cxema 0OCHOBHOW MOJI€TH IMHAMUYECKON CUCTEMBI, ONHMChIBAEMOMN
cucteMoit ypaBaenwuit (12.1)
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Pucynok 12.2 — bnok-cxema cyomoenu nuHaMuueckoi cuctemsl (12.1)

Annaparypa u marepuaibl. JlJig BBINOIHEHUS J1ab0paTOpHON pabOTHI
ammapatHoe — oOecriedyeHue:

HEOOXOAMMO  HCHOJIL30BaTh

clemyroniee:
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NIEPCOHAJIBLHBIN KOMITBIOTEP M IMPOTrPaMMHOE OOCCIICUCHHE: OICPAIMOHHYIO
cucremy Windows 10 wu Beime; Microsoft Officel3 wu Bblme, cucTemsl
kommbloTepHoi matematuku Machcad u MATLAB R2017a u Bbie.
Vka3zanue mno TexHuke Oe3omacHocTH. (CaMOCTOSTEIIBHO  HE
MIPOU3BOJIUTh: YCTAaHOBKY M yJAJICHHE IPOrPaMMHOr0 O0ECIICUCHUS, PEMOHT

MepCOHANbHOTO  KommbioTepa.  CoOmromath  mpaBuiIa  TEXHUYECKOM
IKCIUTyaTaIiH u TEXHUKU 0e30macHoCTH npu pabote C
ANEKTPOOOOPYTOBAHUEM.

MeToauka U MOPSIAOK BHINOJIHEHNsI padoThI
Breimonnute  mpemsioKeHHbIE — 3allaHus, [PEJBAPUTENIHO  M3Y4YUB
Marepual, IpeJACTaBICHHbIN B TECOPETUUECKUX YKa3aHUSIX.
3apanue 12.1. PazpabGoraiiTe CTPYKTypHYHO CXeMy  MOJIENH,
OIMKCHIBAIOIIECH TMHAMUYECKHE MPOIECCHl — pUCYHOK 12.1
3aganme 12.2. Paspaboraiite CTpPYKTYpHYIO cXeMmy cyOMmozenu,
OMUCHIBAIONICH TMHAMUYECKHUE MTPOLIECCHI — PUCYHOK 12.2
3ananme.12.3. BrinonHuTe MOJEIUPOBAHUE, HCHOJIB3YS CIEIYIOIIUE
napamerpel:R = 3 MM, p = 1060 xr/M’, p; = 1000 xr/m’,0 = 2:10° H/m,

n=0,0043 Ila-c.
Pe3ynpTathl MOACIMPOBAHUS NIPECTABIEHBI HA pucyHke 12.3, 12.4.
r'u Scope l =& i:?-1
IEI@ "‘Q" ; E‘%E lEl ] -ET k] -} XY Graph Q@E]
0 XY Plot
2
18k .................. .................. 4 5 i

1L .................. ................. ] / P \

Tab b .................. ................. 4

¥ Axis
o
—
S
Q )
s

11 T RN A W .................. P i 5 \\ &
: : \ A
1 T PO SO T e N T o S i ¥
: e -
(TR T TR S B R RRRLREE 4 —
i ; 3
5 1 15 2
0 05 1 15 TR
Time offset. 0
Pucynok 12.3 — Pe3ynbrar penieHus Pucynoxk 12.4 — ®a3oBslii mopTpeT,
cuctembl ypaBHeHuil (12.1) B makere pacimmpeHus MIOJIYYEHHBIH B pE3yJIbTAaTEe PELICHUS CUCTEMBI
Simulink cuctemsr Matlab ypaBHenuii (12.1) B makere pacmmpenus Simulink

cucteMmbl Matlab

®da30BbIil OPTpPET, MOTyYeHHBbIH ¢ momomplo O01oka XYGraph makera
Simulink, mpexncrasien Ha pucyHke 12.4. Touka ¢ koopaunaramu (1,0) Ha
PUCYHKE SBIISIETCS aCUMITOTHYECKU YCTOHYMBBIM (pokycoM. Takum oOpazom,
9Ta TOYKA SBIACTCA aTTPAKTOPOM HYJIEBOW pasMepHocTH. Hamwume Ha
¢dazoBoil TpaekTopuu (hokyca CBUAECTEIHCTBYET O TOM, YTO paccMaTpuBacMasi
TMHAMUYECKAsl CHCTEMa SIBIISIETCS TUCCUTTATUBHOM.
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3ananue 12.4. UnauBunyansHoe 3a1anne (tabmauna 12.1)

Bapuanr R, MM 0 Kr/Mm° O1,Kr/M* o103, H/m nJa-c
1 3 1060 1000 2 0,0033
2 5 1100 1160 3 0,0043
3 4 1020 1160 5 0,0053
4 7 1080 1030 1 0,0023
5 8 1040 1005 8 0,093
6 2 1050 1040 10 0,0073
7 10 1090 1060 4 0,0013
8 6 1010 1000 2 0,0063
9 9 1070 1020 6 0,0083
10 15 1030 1000 7 0,0039

Conep:xanue oruera u ero ¢popma

[ToaroroBbTe OTUET, B KOTOPOM NPHUBEIUTE TEXHOJIOTUIO BBITIOTHEHUS
3aJIaHU.

OtueT 1o J1abopaTOpHON PabOTE NOKEH CONCPIKATh:

1) HazBaHuMe pabOTHI;

2) 1enb 1adopaTOpHON pabOTHI;

3) dopmynupOBKY 3aJaHUSI U TEXHOJIOTHIO €T0 BBHIOJTHEHHUS;

4) OTBETHI HA KOHTPOJBHBIE BOIPOCHI;

5) mnpunoxxeHue — ¢Gaiiabl BRIIOJIHCHHBIX 3aIaHUM.

Bonpocs! st 3amuThl padoThl
1. Kak ocymiectisiercss pa3padoTKa CTPYKTYPHBIX CXEM?
2. Kak ¢ nomoupto Simulink MOXHO MOAEIMPOBATH MOBEAECHUECIOXKHBIX
cucrem?
3. Ha kakoii TEXHOJIOTMM OCHOBaHa pa3paboTKa MOJElel cpelcTBaMu
SIMULINK (S-monenu)?
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JIABOPATOPHASA PABOTA 13
MoneanpoBanue nH(pOPMANMOHHBIX MpoueccoB B cpene ARENA

Leab u coaep:kaHue: U3yYUTh OCHOBHBIE NPHEMBI PAOOTHI CO Cpenoi
uMuTanmoHHoro mozaenupoBanuss ARENA u nproOpect HaBbIKK MTOCTPOCHHUS
JTUCKPETHO-COOBITHIHBIX MOJICIICH.

Opranusanuonnas ¢opma 3aHATHH: pelmieHue MpoOJEMHBIX 3ajaad,
pa300p KOHKPETHBIX CUTYalIUM
Bonpocs! Aj1s1 00cykAeHUS HA JTA00PATOPHOM 3aHATHH: TEXHOJIOTHS
IIOCTPOEHUS MoJenu «Maructpanap INepeladyd NaHHBIX» CPEACTBAMHU CPEIbI
MMUTAIMOHHOTO MoaenupoBanust ARENA.
®opmupyembie komnerenuun: OIIK-7.1 OIIK-7.2 OIIK-8.1 OIIK-8.2

Teopernyeckoe 060cCHOBaHHE

OcoObIM BUJOM MaTEMaTHYECKUX MOJIEICH SBISIOTCS HMHUTAIIMOHHbBIC
Mojzenu. MimMutanmoHHass MOAENb — 3TO KOMIBIOTEPHAs MpOorpaMma, KOoTopas
ONMCBHIBAET CTPYKTYPY M BOCHPOMU3BOJUT MOBEJICHUE PEAIBHOM CUCTEMBI BO
BpeMeHU. MOXHO CKa3aTh, YTO UMUTAIIMOHHAS MOJIENIb — 3TO HAOOp MpaBul,
COTJIACHO KOTOPBIM CUCTEMA MEPEXOAUT U3 OJHOTO COCTOSIHUSA B IPYTOE€.

[IpaBusia MOTYT 3aJaBaThCsi CaMbIMU  Pa3JIMYHBIMU  CIOCOOAMH,
Hanpumep, auddepeHInaTIbHBIMU YPaBHEHUSIMU, JUarpaMMaMu COCTOSIHHM,
qyarpaMMaMHM MPOLECCOB, PACTIMCAHUSAMU. BBIXOIHBIE TaHHBIE MOJICJIM BCETAA
MOYHO MPOAHAIM3UPOBATH MPAMO 1O X0y MOJICITUPOBAHUS.

NmMutarmoHHbie MOJICIIH pa3pabaTbIBalOTCS c TTOMOIIIBIO
CIEIUAIU3UPOBAHHOTO  TMPOTPAaMMHOTO  oOecredeHwus, B KOTOPOM
UCIIOJIB3YIOTCS  pa3IMYHbIe  S3BIKM  MOJICIUpOBaHUsA.  MuTammoHHOE
MOJICTUPOBaHUE — pa3paboTKa KOMIIBIOTEPHBIX MOJIEICH M TIOCTaHOBKA

DKCIIEPUMEHTOB Ha HHUX. MOXHO BBIJICTUTh OCHOBHBIC MPEUMYIIECTBA
UMUTAIMOHHOTO MOJICTTUPOBAHMSI TIO CPABHEHUIO C aHATTUTUICCKUM.

1. UMuTanmoHHbIE MOJETW TO3BOJISIIOT AHAIM3UPOBATH CHUCTEMBI U
HaXOJIUTh PEIICHHS B T€X CIIy4asX, KOT/a TaKHEe METOJbI, KaK aHATHUTHYCCKHUE
BBIYHCIICHUS HE CIIPABIISIOTCS C 3a1a4UeH.

2. PaspabaTeiBaTh HMMHTAIIMOHHYIO MOJEIb TOpa3ao IMpoIe, YeM
aHAIMTUYECKYI0,  TMOCKOJBKY  MpOIecC  CO3JAaHMA  MOJAeNH  Oyner
WHKPEMCHTAJIbHBIM  (TIOIIATOBBIM,  YCJIOKHSIOIIMKICS  IMOCTCIICHHO) |
MOy JTbHBIM.

3. CrpykTypa UMUTAIMOHHOW MOJEIM €CTECTBEHHBIM 00pa3om
O0TOOpaXKaeT CTPYKTYPY MOJEITUPYEMOI CUCTEMBI.

4. VImuTanMoHHasT MOJIeJh TIO3BOJISIET OTCIEKHBATH BCE OOBEKTHI
CUCTEMBI, YYTEHHBIC B BHIOPAHHOM YPOBHE aOCTpaKIHMH, 100aBISTh METPUKH U
MIPOBOJIUTH CTATUCTUYECCKUHN aHAIIH3.

5. UMutanmoHnHas MOAEIb JAaeT BO3MOKHOCTh MPOUTPHIBATH MOJIETH BO
BPEMEHU U aHUMHUPOBATh €€ MOBEICHHUE.
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AHumanus OyZeT HEOCHOPUMBIM MPEUMYIIECTBOM MPU JEMOHCTpPALUU
MOJIETTH M MOYET OKa3aTbCs IMOJIE3HOM Il BepUdUKalUKU (TECTUPOBAHHE HA
OpeAMET COOTBETCTBUSI MPOEKTAa TEXHUYECKOMY 33JaHUI0  —3aMBICITY
MIPOEKTUPOBIIUKA).

B uMuTanIMOHHOM MOJAEIUPOBAHMM TOJ METOJOM MOHHMAETCA HEKas
OCHOBA, KOTOPYIO MBI HCIIOJIb3yEM, YTOOBI «IIEPEBECTH» CUCTEMY U3 PEATbHOTO
MHpA B MUP MoJeliel. MeTo1 mpeAanonaraeT OnpeIesICHHbIN A3bIK, TOJI0KEHUS
U yCIOBHS AJiA pa3paboTku mojenu. Ha naHHBIE MOMEHT, CYLIECTBYET TpH
MeToJ1a (KOHLETIINN) MOISIUPOBAHMUS:

- CUCTeMHas IMHAMUKA U JUHAMUYECKUE CUCTEMBI;

- IUCKPETHO-COOBITUITHOE MOJIETMPOBAHUE;

- Ar€HTHOE MOJIEJIMPOBAHMUE.

Kaxnapii MeTro NpUMEHSETCS B HEKOTOPOM JWaNa3OHE YpPOBHEU
abctpakuuu. CucTeMHas JUHAMUKa MPEANOJIaraeT O4YeHb BBICOKHUN YPOBEHb
aOCTpaklMM ¥, KaK [paBWO, HCHOJB3YeTCAd Il  CTPATErHyecKoro
MOJIeIMpOBaHus. [IMCKPETHO-COOBITUIIHOE MOJIEIUPOBAHUE TOJAJEPKUBAECT
CpeIHUN M HU3KHUU YPOBHU aOCTpakuuu. MexXay HUMHU HaXOJATCS areHTHbIC
MOJIeNIA, KOTOPBIE MOTYT OBITh KaK OY€Hb JETAIM3UPOBAHHBIMU, KOTJIA Ar€HTHI
NPEICTaBISAIOT (pu3nyeckue OOBEKTHI, TaK U MPEJIEIbHO a0CTPAKTHBIMU, KOT'/1a
C TMOMOIIBIK AareHTOB MOJEIUPYIOTCS KOHKYPUPYIOIIME KOMIIAHWHM WIIA
PaBUTEIBCTBA TOCYJAPCTB.

Ilpumep 1. IloctanoBka 3a1auu «Maructpajib Iepeaadn TaHHbIX»

Marwuctpans nepegadyu JaHHBIX COCTOUT U3 JIBYX KaHAJIOB (OCHOBHOTO U
pe3epBHOro) u obmiero Hakomutens. [lpu HopmanbHOU paboTe COOOIICHUS
MEpPENAOTCS 0 OCHOBHOMY KaHalmy 3a 7 £ 3 Mkc. B ocHOBHOM KkaHaie
npoucxoaiar cobou uvepe3 uHTepBanbl BpemeHu 200 + 35 mkc. Eciam cOoit
IIPOMCXOJIUT BO BPEMS MEPENAYN, TO 3a 2 MKC 3aIyCKaeTCs 3allaCHOM KaHal,
KOTOPBIH MepeaaeT MpepBaHHOE COOOIIEHUE ¢ CAaMOro Hayajla B TeyeHue 8 + 3
MKC. BoccranoBneHue OCHOBHOro kaHayna 3aHumaer 23 + 7 wmkc. Ilocne
BOCCTAHOBJICHUSI PE3EPBHBIM KaHaJl BBIKJIOYAETCS W OCHOBHOW KaHaj
IpoJoJIKaeT paboTy ¢ ouepeaHoro coodmenus. CooOIeHus MOCTYNA0T Yepes3
9 £ 4 MKC. U OCTalOTCA B HAKONUTENE IO OKOHYaHUs nepeaaun. Eciu B
HaKoOMuUTENe B ouepeau okasbiBaeTcsi Oosee 10 cooOuieHuit, To odepeaHoe
COOOIIIEHUE OKa3blBaeTCs MNOTEpsSHHBIM. B ciywae cOost mnepenaBaemoe
COOOIIeHNE TepesacTcsl MOBTOPHO IO 3amacHoMy KaHaimy. CMonenupoBaTh
paboTy MarucTpanu TMepefadd JaHHbIX B TedueHwe 1 wMx4. Onpenenuth
3arpy3Ky OCHOBHOI'O M 3allaCHOIO KaHaJjOB, YaCTOTY OTKAa30B KaHaja U YHCIIO
MOTEPSTHHBIX COOOIIICHHUIA.

Pazpabotka Monenu maructpain B cpene ARENA Jlns BblnoigHEHUs
IIPAKTUYECKUX 3aJaHuil 1mo MoaenupoBaHuto B cucteme ARENA HyxHO
cKkayaTh CBOOOJHO pacmpoctpansiemyto Free Trial Bepcuto (Bpems ee
UCIIOJIb30BAaHUSI HE OrPaHUYEHO) C O(UIMAIBHOIO caiTa pa3paboTurKa
http://www.arenasimulation.com ¥ yCTaHOBUTbH €€ KOMITbIOTEPE.
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HNurepdeiic cpeapl umutanmonHoro wmozenupoanuss ARENA Ha

pucynke 13.1 mokazaH uHTepdeic cpeabl UMHUTAIMOHHOTO MOJEIUPOBAHUS
ARENA.
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Pucynok 13.1 — UnTepdeiic cpenst umutarmonnoro moaenupoanusi ARENA

CBepxy pacmosaraercs naHelb WHCTPYMEHTOB, MO LIEHTPY — padouas
obnacth (06sacTh qUarpamMMel, rpadudeckas 00J1acTh), BHU3Y — OKHO CBOMCTB
MoOayJel, cimeBa — OkHO Tmpoekta. B OkHe pabouero mosisi MOJEIH
OTMKCHIBACTCS JIOTMKA MOJIEIHM C HUCIOJIb30BAaHUEM CXEMHBIX (rpaduyecKux)
Moayieil. OkHO pabouero mojsi MPeACTaBiIsieT TpaduKy MOJETH, BKIIOYAs
OJOK-cXeMy Tpolecca, aHUMalMIO W Jpyrue sjaeMeHThl. OKHO CBOWCTB
MOIyJIel 0TOOpa)kaeT CBOMCTBA BCEX MOJYJICH (Kak MOIYJIEH MaHHBIX, TaK H
CXEMHBIX), UMEIOIIUXCSL U UCIOJIb3yeMbIX B Mojenu. OKHO MpoekTa (clieBa) —
3TO HABUTaTOpP CUCTEMBI, B KOTOPOM OTOOpaXkaeTcsi paboyasi maHeslb CO BCEMU
MOAYJISIMA ¥ JIpyrue JOCTYMHBIE W OTKpBIThIe TaHenw. OKHO TpoeKTa
BKJIIOYAET B c€0s1 HECKOJIBKO MaHesei:

1. Basic Process Panel (maHeinb OCHOBHBIX MPOLECCOB) — COJIEPKHUT
MOJYJU CXeMHbIe (rpaduyecKkrue) U HEeBU3yalbHbIE, KOTOPbIE HCHOIB3YIOTCS
JUISE MOJEIMPOBAHUS OCHOBHOM JIOTUKM CHCTEMBbI, B HHUX OTOOpa)karoTcs
CBOMCTBA pa3NUYHBIX 0OBEKTOB (TPaH3aKTOB, PECYpPCOB, ouepeieil, aTpudyToB,
MEePEMEHHBIX, PACTIMCAHUM U T.1.).

2. Advanced Process Panel (rmanens yCcoBepIIeHCTBOBAaHHBIX IPOIIECCOB)
— COJICP)KUT JOIOJIHUTEIbHBIE MOJYJIEC JUISl CO3JIaHUS MOJEJEH CO CIOXKHOU
JIOTUKOW Mmpoliecca.

3. Advanced Transfer Panel (manenp mnepemMelieHus) — COIEPKUT
CHenuanbHO  pa3paboTaHHble OJOKM Il  MOJEIMPOBAHMS  Ipoliecca
nepeMeInieHus: 00beKTOB € TTIOMOIIBIO TPAHCTIOPTEPa UIIU KOHBEMepa.

4. Reports (maHenb OTYETOB) — TIAHENIb COOOIICHUN: COIACPKUT
COOOIICHMS,  KOTOpPhIE  OTOOpaXKAarOT  pPE3yJbTaThl  WMHUTAIMOHHOTO
MOJICTTUPOBAHUSI.
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5. Navigate (nmaHenb HaBUTAaIlMM) — MaHENb YIPaBICHUS MO3BOJISET
0TOOpa)kaTh BCE BUJIBI MOJIENH, BKJIIOYAs YNpaBIECHUE Yepe3 HepapXUUyECKUe
noamojienu. KpoMe 3TuX OCHOBHBIX TMaHesei, MOTYT OBITh U JIpyTHE.

Cxema mognenu. Ha pucynke 13.2 m3oOpaxkeHa yxke TroToBas cxema
paccmarpuBaemoit Moxenu. [lng ymobctBa B pabodee OKHO IOMeEIEHa
MOCTAaHOBKA 3aJaud B BHUJE TEKCTOBOM obOmactu. Bce cxemuble Momynu
BBOATCS B palouee IMoJie MEepeTacKUBaHHEM M3 OKHa mpoekTa. Momaynu
COCUHSIOTCS AaBTOMATHYECKM WM C TIOMOINBIO KOHHEKTOpa Ha TMaHeIu
MHCTPYMEHTOB. CBOMCTBA CXEMHBIX MOJYJIEN 3aJal0TCS B OKHAaX IAapaMeTpOB,
KOTOpBIC TIOABISAIOTCS TIPHU JABOWHOM MIENYKE MO H300PaKEHUI0 MOJIYJIS.
HeBuzyanbHbIe MOTYTH BBI3BIBAIOTCS IETYKOM MBIIIH.

[Ipu  pa3paboTke TPOCTHIX  MOJENeH  HEBU3YAIbHBIE  MOJIYJHU
3aMoJIHSAI0TCS aBTOMATUYECKH, KOTa CO3J]aeTCsl CXeMa, U B OKHAX MapaMeTpoB
BBOJISITCSL CBOMCTBa 00BEKTOB. Pa3pabaTbiBaeMblii TPOEKT COXpaHSETCS B
BbIOpaHHOM Katasiore kKak ¢aiin ¢ pacmmpennem Arena Model Document
(.doe). 3amerum, YTO WHCTPYMEHTHl pealu3allid MOJEIN MOTYT OBITh
pasTUYHBIMUA. 3/I€Ch TpeIaraeTcs OAWH W3 BapUAHTOB, MOXET ObITh, HE
camblil panoHanbHBIN. B rpade Moaenu, npeacTaBieHHOW Ha pucyHke 13.2,
UCIIOJNIB3YIOTCS IBE HECBs3aHHbIE Tpaduieckul BeTBU (ABa noarpada), KoTopbie
(YHKUMOHUPYIOT MapajuIiesIbHO.

Marn CTpanb NepemadH NaHEBIX

MargeTpans DepeladH OAHHHX COCTONT H3 OBYX KaNANOE (OCHOBHOTO H pelepBHOTG) H o0mero HakommTend. [lpw
HD;.'I!‘.-!ZJIB!{Dﬂ pacoTe COOMIEHAE NepelaloTCcd N0 OCHOBROMY KAHATY 34 7 + 3 MEc. B OCHOBHOM KaHane NPOHCKOOAT CDOE Wep el
HHTepBATE Bpesens 200 = 35 Mrc. Ecm cbofl nponcxo Mt Bo BpeMa epeaayl, To 3a 2 MEC JANYVCKASTCS JanacHofl Kanan, Kotop kil
nepenaeT NpepEaHHOe COODMISHNE C CAMOTD HaYana B Teqende 8+ 3 Mic, BoccTaHoRNeHHe OCHOBHOMO KaHAna JMuMMasT 23+ 7 MKC
TNocne BOCCTAHOBNEHHSA pﬂepm-rbrﬁ KiHAN BHMETHOMASTCH H OCHOBHOH EKaHan MP OO aeT paﬁn'n' C OMEPEIROTO CODDINERA.
CooDweHNs NOCTYIAKT wepes 9 = 4 MEC. H OCTANOTCH B HAKOMKTENE 00 OKOHYEHHA mepemiyvi, Ecan B HAKOONHTENS B OHSpemi
OkasmEBaeTcH ODonmee 10 cooOmesHil, TO OdYepemHOe COODIISHNE OEAIMIBASTCH NOTEpAHEEIM. B orvaae cDoN mepemEasmoe
CoDDImerRne nepefacTCd DOBTOPHO OO 3aNaCHOMY EaHaTy.

'C'L[D.El.ﬁﬂklpﬂﬂ-&'.[b paboTy MATHCTPANH #Depedadd NAHHBIX B TededHe 1 e OI!I].'IEIIE'I]I!'IB JAIpYIKY OCHOBHOTO H 3ANACHOTO
EAHANDE, YacTOTY OTRA3DE KaHaNa H "HOI0 DOTepIHEBX cooDmesHii.

TNOW otrouble . strouble

I (o0 | e B0 ]

Lt :
—maycwana] | [} = (-
= O s
B .4 [.f' ‘. ,
[—+t— B h.';l

Pucynok 13.2 — Cxema Moe1 UMUTAIIMIOHHOTO MOJICIMPOBAHUS PabOThI
MarucTpaiy rnepeaadyu JTaHHbIX

B coznaBaemoii Mojzienu BBEACHBI JBa TPAH3AKTa: MEPBBIM TPAH3AKTOM
(cyurHocThIO) sIBISIETCS MOTOK JaHHBIX EntityMessage (cooOienuii), BTOpoit
Tpan3akT ((uxtuBHbl) Trouble — cOGoit B paboTe OCHOBHOTO KaHaja.
Tpan3akTbl MOCTYNalOT B CUCTEMY Yepe3 MOIYJHU CO3/aHus TpaH3akToB. OHU
ob6o3nauensl B Monienu CreateMessage, CreateTrouble.

Onummem  Kaxayro HU3  BeTBell  MmoxaenupoBaHus.  OnucaHue
MOJIeIMpOBaHusl cOOA B KaHaine cBsi3u B BepxHell BeTBH (pucyHOK 13.3)
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mozaenu (pucyHok 13.2) dbukTuBHBIE TpaH3akThl Trouble BBOISATCS MOayeM
CreateTrouble. Moaynbs momeniaercss B pabodyee OKHO IMEpETaCKUBAHUEM U3

— ‘
RepairCanal

\ = ‘WailTrouble } —= | AssinYes Trouble

CreateTrouble FF = | AssigniloToblke

Pucynok 13.3 — Cxema MO)IeJH/Ii)OBaHI/IsI c00s B KaHaJe CBSI3U

B oxne mnapamerpoB (pucyHok 13.4) storo wmojmynst (BbI3bIBaeTCS
JNBOMHBIM IIETYKOM [0 MOJYJI0) 3aJaeM HOBbIE HMSI MOJIYJS W THII
(TpaH3akTa) cymiHoCcTH. B mpuWHNHIE, MOXHO OBIJIO OCTaBUTh CTAHIIAPTHBIC
MMEHA W TUIIbl, HO JUIsl TIOHUMAHHS JIOTUKKM PabOThl MOJIETM UX Jydllle
noMeHsITh. Co31aIuM TaKyl pealn3alnio, KOrja TpaH3aKT-cOoil OyIeT TOIbKO
OJINH, HO OH OYJIET C OMNpeJEICHHON B 3aJja4e MEPUOIUYHOCTBIO MOSBIISTHCS B
cucreme. Mcxonss W3 3TOro, 3amoiHUAM IO CBOMCTB, Kak IIOKa3aHO Ha
pucyske 13.4.

Create 2/

Marme: Entity Type:
|Cre ateTrouble ﬂ |Tn:|uble L]
Tirme Betesan Arals
Type: alua: Units:
|I:|:m stant ﬂ ||J |Se condds ﬂ
Enthes per Armsal; e Arrivals: First Creation:
I I 00
oK J Cancel ‘ Help J

Pucynox 13.4 — OxHo mapameTrpoB moayins CreateTrouble

MopensHOe BpeMsi OyJeM YCIOBHO H3MEPSITh B CEKyHAAaX, BpeMs
nepBoro c0osi HE M3BECTHO, B ITOM cCiy4yae MO ymonmdanuio B mosie First
Creation 3anuceiBaercs 0.

B okne mapamerpoB monyinsa AssignNoTroble Tuna Assign Ha maHenu
Basic Process (pucynok 13.5) cranmapTHOe UMsI MOJyJs 3aMEHUM Ha UMS
AssignNoTroble. KpoMe Toro, mpucBouM 3Ha4eHUE JIOTHYECKON MTEPEMEHHOM,
KoTopas OyAeT (PUKCUPOBATh HAJTUYUE-OTCYTCTBUE cOOsS B OCHOBHOM KaHale,
strouble=0, 4T0 03Ha4aeT, YTO U3HAYAILHO COOS B KaHAJIE HET.

B cnenyromem 6noke (pucynok 13.6) WaitTrouble tTuna Process (ero
UMl U3MEHEHO M0 JIOTHKE 3aJ]ayH) Pean30BaHO OXKUJaHUE cOOs OCHOBHOTO
KaHaJla, KOTOPBIH CIIy4aeTcsl C OMpeIesIeHHOM B 3a/1a4e MePUOJUIHOCTHIO.
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pssign 2|
MName:
|4z5igniaTrable |
Assignmants
<End of fist> LI

Edi..

Delets I

ok | camem | Habp

Pucynok 13.5 — Oxno nmapamerpoB moayist AssignNoTroble
Tak Kak B TepuoA OXHUAAHUSA HE 3aJCHUCTBOBAaHBI  PECYPCHI,
UCIIOJb3yeMbI€ B 3a7adye (0 pecypcax pedb MOMAET HHXKE), TO HCIOJIb3YEeTCs
nevcteue Delay, uyto o3HauaeT 3aiepkky. BbIOpaH TpeyroyibHbIM 3aKOH
pacnpeneneHus BpEeMEHU 3a1epKKU. JlaHHbBIE B MOJISI BHECEHBI B COOTBETCTBUU
C YCIJIOBHEM 33/Ia4U.

Process 21|
Hama Tywpa
[arTroubia =] |smndsm Ea
Logic
Actgm
|L;E = LI
Daleny Ty Liniks: Aloccation:
[Trianguiar =] [Seconds =] [valee Added =1
B Walue: Most Likehd b Ecirr
[165 f200 [238
[~ Rapor Staliskcs
Ok ] Cancal | Halp I

Pucynok 13.6 — OxHo nuanora Process

B momyne AssignYesTroble Tuna Assign (pucynok 13.7) mpucBanBaercs
3HaYeHHE JIOTHYECKON MepeMEHHOU, KoTopas (UKCUpYeT Haludyue cOos B
OCHOBHOM KaHaiie, strouble=1, yto o3HauaeT, uro cooii HacTynui. Kpome Toro,
npeaplIyliee 3HaueHUEe NEepeMeHHOW ntrouble yBenmuuMBaeTCs Ha EIUHUILY.
Ota mepeMeHHas CIYXHT AJisl MmojcueTa 4yucia cOoeB B kaHane. CpeacTBaMu
BU3yaJIM3allMiM €€ 3HaueHus OTOoOpakaroTcs B paboueit obnactu. Kak 370
aenaeTcs, OyIeT ONMUCaHO HIKE B pa3Jieie aHuMaIlusl.
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2x|
Mams:
Fssm‘r’es_'\:\u ble EI
Assignmants:
Add .
‘Yanable, sirouble, 1
<End of listz Edit
Delate
O | Cancel I Help |

Pucynok 13.7 — OkHo auanora Assign

3aBepiiaromuM OJOKOM BETBH SBJISIETCS MOAYJb Process (pucyHOK
13.8), koropomy nano ums RepairCanal. DToT Moayip peanu3yeT Mpolecc
pemoHTta ocHoBHoro 11 kanama. Tak kak mpu 3ToM pecypc CanalMain,
COOTBETCTBYIOIIUI OCHOBHOMY KaHally, OyJeT 3aJeMCTBOBAaH M HE MOXKET
MCITIOJIB30BAThCS IS TIEpPeiadyu COOOIIEHH, TO B OKHE CBOIMCTB 3TOT0 MOIYJIS
HY)KHO  BbIOMparh  neiictBue  SeizeDelayRelease — (3axBar-3amepikka-
O0CBOOOXIEHHE pecypca). BriOumpaem TpeyroibHBIM 3aKOH paclpeeaeHUs
BpEMEHU 3aJIepKKu. J[aHHBIC BBOJIMM, KaK OIMPEICIICHO B YCIOBUU 3a/1a4H.

Process 2| x]
Fame: Type:
|Fl9|:ei|CcmaJ :I |F€|nndnrd L]
- Logic
Action: Friority:
Ibin-.'l.u-.- Deley Belease ll IMEI'T‘ umiZ) ﬂ
Resourcas:
Add.,
<Endl of list>
Edit..
Delate
Dalay Typa Linits: Allocation
|Tnnngulnl j |Sac:nds ll |'v'ulua Added j
kirvirmunn: “Walwe: (Most Likekd bl ecirrumn:
G [23 [20
|+ FRepon Stabstics
CIE. ] Cancel I Help I

Pucynox 13.8 — OxHo nuanora moaysst Process myist BeiOOpa mapaMeTpoB

Bes cxema gomkHa 3aKkaHYMBATHCS JTUOO MOJYJIEM BBIXOJA TPAH3aKTOB
tuna Dispose, mub0 ObITh MUKIWYECKOW. B Hamem ciydae s peanu3amuu
OMUCAaHHOM JIOTWKH, COIJIaCHO KOTOPOM OJMH TpPaH3aKT-COOM NIUKIMYECKU
(YHKIIMOHUPYET B CHCTEME, HYXXHO J00aBUTh KOHHEKTOP, COCIUHSIONINMA
BbIX0J O110ka RepairCanal ¢ Bxonom 01oka AssignNoTroble, kak mokazaHo Ha
pucynke 13.3.

Ilpumep 2 MonenupoBaHue npoliecca nepeaadur COOOIICHUH.

Ha pucynke 13.9 uzobpaxkena BTopasi (HWXKHSs1) BEeTBb Mojenu. B
KaueCTBE PECYpPCOB MCIOJIb3YIOTCS JBa KaHAJIA NEpedadyd JaHHBIX, KOTOPBIE
3aJICCTBOBaHBI B MOAYJIAX THUMa Process, 0603HaueHHBIX Kak ProssCanalMain,
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ProssCanalBack. BBom cooOmieHuii B CHUCTEMYy HUMUTHPYETCS MOJYJIEM
«CreateMessage».

, — AR =
Em‘.\t‘.'nugI\-———; ': : .:.,:'-Dﬂl> --:----:; [ = =1 :f;l‘:mh — E'__;“I:E-ﬂh :m:hlll-‘

RIS,

/
ol DispErmEmTDr
% _

13.9 — Cxema MoaenupoBaHus MpoIecca neperadu cCooOIeHu
B okne mnapamerpoB (pucyHok 13.10) srtoro mopayinst (BbI3bIBa€TCA
JBOMHBIM IIETYKOM IO MOJYJIIO) 3a/1a€M HOBBIE UMS MOJIYJISl M THUII CYIIIHOCTH.

2]

MName: Entity Type:
i |Cleatel'-1555nge ;I |En1ltyr-.ﬁlessnge ;J
. Time Batwaan Arfivals
Type: Expressian: LInits:
|Expressian ﬂ |TF¥IA(5.9_13_‘J ll ISecnnds L]
Entities per Arrival: hdax Arrivals: First Creation:
[ |Infinite jo.0
ok |  cencel | Help |

13.10 — Okno aunanora Create ¢ napameTpaMu 3akoHa pacnpenenenuss TRIA

3amaguM TpeyronbHbId 3akoH pacnpenenenuss TRIA (5, 9 , 13 )
BPEMEHH MEXIy MPUOBITHEM COCEAHHUX CooO0IIeHnii. MoenpHoe Bpems Oyaem
YCJIOBHO U3MEPSATH B CEKYHJax, cooOIIeHus mpuobiBatoT o oguoMy (Entities
per Arrival), kommuectBo cooOmennii HeorpanudeHHo (Infinite), mepBoe
coo01IeHre MPUOBIBAET C Hauajga OTCYeTa MOAEIbHOro BpeMeHu «0». Moynb
DecideQueue Tuma Decide opraHu3yeT pa3BETBIICHHE ITOTOKA COOOIICHHI.
Ecnmu nnuna ovepenu B Hakomutene MeHbIine 10, To coOOIeHUs MONaaaroT B
cUCTeMy M O0CIyXUBalOTCsA. B mpoTUBHOM cilydae cOOOIIEHUs TePSIOTCs, T.€.
BBIXOJAT U3 cucteMbl (0mok DispEntityError). Ha pucynke 13.11 moka3zano
OKHO TapaMeTpoOB 3TOrO MOJYJsi: BBIOpaH THUN (IBa Mepexoaa MO yCIOBHSIM,
3a/IaHHBIM BbIpaxkeHueM) 2-way by Condition. IIpu BBoJie ycioBuii nepexoaa
UCIIOJIb3YETCsl MOCTpOMUTENb BbipakeHuil Expression Builder, xoTopsrit
BBI3BIBACTCS M3 KOHTEKCTHOTO MEHIO ITyTeM HaBeJeHHs Kypcopa Ha moje Value
Y HaXKaTHs TIPABOM KHOIIKU MBIIIIH.
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| 21x]
Mame: Typa:
||:|El:id eliuausg ﬂ IZ-’#&}K bry Condition :I
It:
| Exprassion ;l
Walue:

[NO(HaldHoarder Queue) <= 10

ok | cencel | Help

Pucynok 13.11 — Okno Decide moayns DecideQueue

[Ipu nabGope Bbipakenus (pucyHok 13.12) cremyeT HCHIONB30BAThH
KHOIIKM OKHa IOCTPOUTENS JUIsl BBOJA JIOTMYECKUX omnepanuii. Kpome Toro,
UCIIONIB3YIOTCSL BeTpoeHHass mepemeHHasi Current Number in Queue — 4mcio
TpaH3aKTOB B OYepead B JIaHHBIH MOMEHT wu3 MeHio Basic Process
Variable/Queue.

[TocTtymiieHne CcoOOIIEHMT B HAKONUTEAb M UX 3aJepXkKKa 10
ocBOOOXKIeHHsT KaHaioB Mozenupyercss moxyieM HoldHoarder tuma Hold
(uwtar6aym), B KOTOPOM CO3JIa€TCS OYepeab. IDTOT MOJYJIb HYXXKHO B3SThb C
naHenn Advanced Process okHa mnpoekToB. B okHe mapameTpoB (pHUCYHOK
13.13) 5T0r0 MOIYJIs OIMILIEM YCIIOBUS POXOJa COOOMIEHH Yepes uuiardaym

x|

Expression Type:

- Basic Procass Yariables -
=1 Enfitys
# Process
= ClusEue
Current Blumber In QDusue
Avgrage Mumber In Queus
Average Wait Time
Aosarane Wall Cost
wWalue of Queued Entity AHribute
Sum of Quauved Entity Attributes
Entity Murmbier Of Quswed Entity
= Resource ll

+I-I—|‘-'I u-I{:l{]:]th] u:u.r.dl DI’I (}I CI
Currant Expr@&ssion:
FCHoldFHosrder. Clusue)<=10 :I

ok | Concal | Help |

Pucynok 13.12 — OkHo noctpoutens BelpakeHnid Expression Builder
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Hold 21|
Mame: Type:
[HoldHoarder =] |Scanfor Condiion =]
Condition:
Cusue Type:
|Clueue ;I
Queue Mame:
|HoldHosrder Quaue -]
(0].4 | Cancsal | Help |

Pucynok 13.12 — Oxno Hold monyns HoldHoarder

[Ipu BBOZIE YyCIOBHM TEPEXOAA UCTIOIB3YETCS MMOCTPOUTEIIb BBIPAKEHUN
Expression Builder, KOTOpbIli BBI3BIBACTCS W3 KOHTEKCTHOTO MEHIO ITyTEM
HaBeJleHUs Kypcopa Ha nosie Condition U Ha)XaTHs IPABOM KHOTIKU MBIIIIH.

B mone Current Expression okHa MOCTPOUTENS] COCTABUM BBIpa)KEHUE
(pucynok 13.14), o3nauvaer, 4yTOo COOOIIEHHUsS] OOpPaOATHIBAIOTCS OCHOBHBIM
KaHaJIOM, €CJIM B HeM HeT c0o0s, W pe3epBHBIM KaHAJIOM, €CIHd €CTh COOH B
OCHOBHOM KaHane. [Ipu Habope BhIpaKEHUS CIIEIyEeT HCIOJIb30BaTh KHOIKH
OKHA TIOCTPOMTENSI JUIsi BBOJA JIOTHYECKHUX omnepauuid. Kpome Toro,
HCIIONB3YIOTCSL BcTpoeHHas nepeMmenHast Current State u xoncranta Idle State
Constant coctrosiHus pecypca u3 MeHro Basic Process Variable/Resource/State.

Expression Builder il
Expression Type:
® Process ﬂ
Clueus
Fesource
- Costs
= State
Current State
Idie State Constant
Busy State Constant
Failed Stale Constant
Inactve Slate Constant
- Usage
& Variahle ll

S I Y Y Y Y I B

(strouble == 0 84 STATE(Resource 1) == IDLE_RES) Z|
| (strouble == 1 &5 STATE(Resource &) == IDLE_RES)

[

0Ok Cancel | Help I
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Pucynox 13.14 — OkHo nocTpouTens Beipakenuit Expression Builder ¢
3amoHeHHBIM ojieMm Current Expression

Monayne DecideTrouble Tuna Decide opranusyer pa3BeTBIICHHE MOTOKA
coobmenuit. Ecimm Her cb6os B ocHOBHOM KaHaie (strouble == 0), 1o
COOOIIeHHST O0CIY)KMBAIOTCSI MM, B MPOTUBHOM clilydae — pe3epBHbIM. Ha
pucyHke 13.15 nmoka3zaHo OKHO MapaMeTPOB 3TOTO MOJIYJIS.

Monaymu mporeccoB ProssCanalMain u ProssCanalBack BbeImoaHSIOT
nepeaady COOOIIEHWH MO OCHOBHOMY KaHaJy WM PE3epBHOMY, KOT/Ia
OCHOBHOM B HepabodeM COCTOSHUHU, MPU 3TOM 3aJCHCTBYIOTCS PECYpPChI
CanalMain u CanalBack, cooTBercTByIOImME 3TUM KaHallaM B KoJM4ecTBe |
kaHain. Monaymto ProssCanalBack mpeamiectByeT mpoiiecc  3aepiKKU
COOOIIeHHS HA 2 MKC. IO YcloBuIO 3a1aun (Moaynb ProssDelay). Ha pucynke
13.16 nokazaHo OKHO ITapaMeTPOB FTOTO MOTYJIS.

T 2]
I Mame: Type:

|I'.I-=:n deTrouble LI I:_'*wny kg Conddion :J

K

|Expression -]

Walug:

|5-1‘I'DI.Ib|E ==

ok | cemcel | Help

Pucynok 13.15 — Oxno muanora Decide moayns DecideTrouble ¢ 3anmomaeHHBIMU

II0JIsIMHA
process 20
Hama: Type
[ProssDietay x| [smandard =l
Logic
Acion:
[Dialen |
Dealay Type: Ueuts: Allacaban:
Constant lJ [Ec:n'.:l-: ﬂ |'v':|un--"-.ddnd ﬂ
Wilua
|2
[+ Fiapom Stefighcs
ok | camca | ber |

Pucynok 13.16 — Oxno moayns ProssDelay

Ha pucynke 13.17 mnpeacraBieHO OKHO MapaMeTpOB — MOJYJIS

ProssCanalBack. Jlns 3amanust KojaudecTBa pecypcoB (OHA €IUHUIIA)
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ucnonb3yetcst kHonka Add. 16 Ilpoiias depe3 pe3epBHBIA KaHA, COOOIIECHUS
BBIXOJIAT U3 cucteMbl (Moayib DispEntityCanalBack).

process 2|
Marme: Type:
|F‘rU'j::EJurlulf:|aL:l-c :l |E1|:|nd|:m:| LI
Logic
Action: Friority:
Seize Delay Releass | [Mediumiz) |
Fesources:
i Add. |
<End of list
Edit.. |
Dialate |
Dielay Type: Units: Allocation
|Tr|nngu|m ﬂ |SE|:-:undf ll |"-r'nlue Added ﬂ
Minirriem: ‘Walue: (Most Likehy): aairmum:

Is [a K
[+ Fepor Stabstics

ok, | Cancel | Help |

Pucynok 13.17 — Oxno monyns ProssCanalMain
Ha pucynke 18 mpeacTaBieHO OKHO  MapamMeTpoB  MOJIYJis
ProssCanalMain. Bpemsi mpoX0oxACHUS OJHOTO COOOIICHUS PaCHpeiesieHO 10
TPEYTrOJIbHOMY 3aKOHY C 3aJaHHBIMHU 10 YCIOBHUIO mapamerpamu. [Ipoiias
yepe3 OCHOBHOW KaHajl, COOOINECHHUS BBIXOAAT U3 CHCTEMBI (MOIYIb
DispEntityCanalMain).

process dES
LT Type:
[l:'ru =amnalbdmin 3 IEr-:mc mrcd 3
| Logic
Action: Prrigaibys
[Saize Dalay Rolosse || M) -]
Fasnuncas:
Add...
<Enci o lisks
Edit..
Dabena
Dalay Typa: Wbz Allocation:
|Tr|r||':_:|||n| ll IFh-l-' LT ll I'v'.".lm-l Added ll
Bimirmarm: Se'mlue: (homt Likeby bl marmarm
[ |7 [1o
[+ Fimpom SeEstics
(=] J Cancal | Help I

Pucynox 13.17 — OkHo 114 BBos1a mapameTpoB MoyJisi ProssCanalMain

Ilpumep 3. Anumanusi B MOJICJIH.
Ha pabouee none psimom co cxemoit (pucynku 13.2, 13.19) BriHeceHbI
DJIEMEHTHI aHUMaIlUH:
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- Cloke | — , 311€Ch B X0JI€ IPOUTPHIBAHUS MOETH OTPAXKAETCS TEKYIIee
BpeMs MoaenupoBanus (Current Simulation Time — TNOW);
- TeKyIllM€ 3Ha4Y€HHUs MepeMeHHbIX (ntrouble, strouble);

- ceerodop =, KkpacHbI LBET CBETO(GOpPA CUTHAIMZHUPYET O HAJIUYUH
coos;

- rpaduKd 3aBUCHUMOCTM 4HCJIa COOOUIEHUH, MPOXOIAUIUX IO
OCHOBHOMY KaHaiy (KpacHbIi, OoJjiee KpyTOi) U pe3epBHOMY (3€JIeHbIH, OoJiee
TIOJIOTHUH), B 3aBUCUMOCTH OT BPEMEHHU;

- KapTuHKu, COOTBETCTBYIOIINE TPAaH3aKTaM U PECypcaM.

TNOW ntrouble strouble
s o0] @ 1 oo
ff
o ,.-'rlr {— EntityCanalMain
/ — EntityCanalBack
f
/
J /{J
/)
-I,I'.r
: E T

Pucynoxk 13.19 — Pe3ynbrarsl aHumManuu

Bce snemeHThl aHUManMU B3STHl C TMAHEIM HMHCTPYMEHTOB. YTOOBI
BCTAaBUTh 3JIEMEHT aHUMAIIMH, HY>)KHO Ha)XKaTh HA HETO JIEBOM KHOMKON MBILIH.
B nosiBuBIIEMCSI OKHE TTapaMEeTPOB HACTPOUTH CBOMCTBA, 3aTeM Haxkath Ok. B
pe3yjibTare JJEMEHT TMOSBUTCS B paboued 00JacTh, C TOMOIIBIO MBIIIH
HACTPOUTH €ro MoJIoXKeHue B paboueit obnactu. Jlanee, 3aaB JEBYIO0 KHOIKY
MBIIIIM, HACTPOUTH €T0 pa3Mep, 3aTe€M IIETYKOM JIEBOM KHOMKHU 3aUKCUPOBATH
AJIEMEHT B paboueit o0acTy.

B oxHe mnapamMeTpoB »3JE€MEHTa aHUMAIMM MOXHO HW3MEPUTH €ro
CBOWCcTBa, Hampumep, @opma cBerodopa HU3MEHEHAa CO CTaHIAapTHOM-
MPSIMOYTOJIbHOW HA KPYTIYIO.

Jlnis BbI30Ba OKHA CBOMCTB rpaduka Plot Hy»HO JBaXabl MEIKHYTH 110
obnactu rpaduka. Ha Bkimanke Data Series juisi kaxxaoro rpaduka B 1oJie
Name BBectH 18 ero ums (EntityCanalMain, EntityCanalMain), kotopoe Oyaer
oToOpaxkatbcs Ha dKpaHe. B mone Expression BeIOpaTh U3 pacKpbIBAIOLIETOCS
CIIUCKA BCTPOCHHYIO ePEMEHHYIO (ProssCanalMain.NumberOut,
ProssCanalBack.NumberOut), koTopasi onpenenser KOJIM4eCTBO COOOIICHHI,
OPOLIEANINX Yepe3 OCHOBHOM WM pPE3epBHBIM KaHal B 3aBHUCHUMOCTH OT
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BpeMEHU. 3aBUCUMOCTH ATUX MEPEMEHHBIX OT BPEMEHH OYyIyT OTOOpa)KaTbCs
Ha rpaduKax.

Hnst yno6Horo otoOpaxeHusi rpadUKOB MOXKHO CKOPPEKTHPOBATH
MaKCUMaJIbHbIe W MHUHUMAJbHBIC 3HAYCHHS OTOOpaKaeMbIX TEPEMEHHBIX,
maru mo ocaM Ox u Oy: Bkiaaka Axes, ajeMeHT scale, CBOMCTBO

MajorinCrem.. . B okme mapamerpos Plot BO3MOXHa HacTpoiika M Apyrux
571eMEHTOB Ipauka. MOKHO TakKe HACTPOUThH JOMNOJHUTEIbHbIE KAPTUHKH

AJIS1 TPAH3AKTOB M PECYpPCOB, HAXKMMAA Ha MAHCIIN MHCTPYMCHTOB KHOIIKH

b
I/Il'..

3ameTM,  YTO  CTaHJApPTHBIE  KapTUHKA  BBIOMparoTCS U3
PaCKPBIBAIOIIETOCS CITMCKA B HEBU3YaJIbHOM MOJIyJIe CBOMCTB Entity Ha manenn
Basic Process (pucynok 13.20). OkHO HEBH3yaJbHOI'O MOJYJISI BBI3bIBACTCS
JIBOMHBIM ILETYKOM.

Frogect Bar 1 -
ey — THNOW ntrouble . strouble

e W DY e 0

Assgn ul ‘i”ﬁ

FEumyCamanian
|- EunycsmamBack

Pucynok 13.20 — Hactpoiika cBOHCTB aHUMAIIMH C TTIOMOIIbIO MOTYJIsICBOMCTB Entity

= r‘

[Ipyu HaxkaTuM Ha KHONKY MOSIBJISIETCS. OKHO  HACTPONKHU
JIOTIOJTHUTENBHBIX KapTHUHOK aJisi Entity, mpeacraBienHoe Ha pucynke 13.21.
CrnpaBa 0TOOpakarOTCsl KAPTUHKUA U3 OTKPHITONH OMOIHOTeKH. UTOOBI OTKPHITH
Apyryro Oubnmoteky, Hyx)HO Haxkarb Open u BbIOpaTh OUONMHOTEKY W3
PACKPBIBAIOIIETOCS CIUCKa OMOIMOTEK. EC CIMCOK MyCT, TO HY»XHO yKa3aTh
nyTh k Oubmmorexkam. Ilpu yctanoBke Arena mo yMoOd4aHHIO OWUOIHOTEKH
OOBIYHO Pa3MENIAIOTCS B MMAIMKE 0 CIASAYIOIIEMY Ty TH:

¥ bubnuotekn ¥ [JokymeHTol ¥ Rockwel Software ¥ Arena ¥ PictureLibraries
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Current L ibrery: |chantifies [Connltarn = Current Librany:
Vake Pucturn. Papar Aed - et Stela [Busy =] basicprocass gl
Fickaa ID e Paper Fled Ficture 1D |EqJ pment Compuiar
Add . Piturn Pager Alnd =] Add m | i Jm = T _il
Eoni] _Comv | E Cepy |——_ Copy L
|- oo
i L ' Dielate Deiets
<2l g IR =
= (2 A | EL
= | g . ||
Cper ﬁ — '
i 0 of e | IR
= Siza Facar, r' =]
E Efiects
. J ‘When multiple piciuras are dafinad forthe sama resourca state, usa this
=l P wrwkaiian §ming o onimets @ saries of pickres:
Sire Fachor |1 [ sduria Scals r =] [l faurs ﬂ per pichre
[7 Piale By Expressian: | _-J
[T Saite Amea
[ ok ] cece | e |
[ ok ]|  comem | Help |
Pucynok 13.21 — BeiGop kapTHUHKH Pucynok 13.22 — OxHO HacTpoek KapTHHOK

JUist BCTaBKM HOBOM KapTUHKHM W3 PACKPBIBAIOIIETOCS CIHCKAa HYKHO

BBIOpATh €€ B CIIUCKE CIpPaBa, 3aTeM HaXaTh KHOMKY < <

Kaptunka nosiBUTCS B LIEHTpaibHOM oOnactu okHa (pucyHok 13.21),
OHA JIOJDKHA OBbITh B AKTHMBHOM (BBIJIEJIEHHOM COCTOSIHMH), B IMPOTHUBHOM
cily4ae ee Hy>KHO BbLienuTh. Pictore ID yxe Oyner y BbleIEeHHON KapTUHKH, a
BOT Value HyXHO MpUAyMaTh U BBECTH, CIeAys MpaBuiaM. B mpennokeHHOM
Bapuante 310 uMa — Picture.Paper.Red. [anee cnemyer naxats Ok. Bai
BepHeTech B oOjacTb Juarpammbl. Tam  cienyer BbIOpaTh  MECTO
(mpou3BOJIbLHO), TA€ B O00JACTH JUarpaMMmbl pa3MECTUTCS Balla HOBas
KapTUHKa (Kypcop HMMeEeT BUJl +), U BCTaBUTb €€, HAXaB MPaBYI0 KHOIIKY
MBbIIIHA. MOXKHO TakKe U3BMEHUTH €€ pa3Mep.

Ha pucynke 13.20 BcTaBieHa KapTUHKA (KpAacHBIA JUCT) MOJ OJIOKOM
CreateMessage. AHaJOrMYHO BCTaBjieHa KapTuHKa (00JThl) Haj O6sokoM Create
Trouble. Ho »3T0 eme He Bce. s nmpucBoeHus kaxaomy Tumy Entity HOBOA
KAPTUHKH CIeAyeT 3alTH B OKHO HEBU3YaJbHOTO MOIyJs cBoicTB Entity Ha
nanenu Basic Process (pucyHnok 13.20).

B cBoiictBe Initial Picture BbIOpaTh M3 pacKphIBAIOLIECTOCS CITUCKA UM,
KOTOpOE BbI paHee Jayu KapTuHke. Eciii uMeHu He OyJIeT B CIIUCKE, €r0 HY>KHO
BBECTH BPYYHYIO, YAAIUB UMS IO YMOJIYAHUIO.

[Tpy HakaTUW Ha KHOIIKY " osBIIseTCS OKHO HACTPOWKH KapTHHOK
JUISL COCTOSTHUM pecypcoB, MPeACTaBIeHHOE Ha pucyHke 13.22. B neHTpasbHOi
4acTH MOTYT OTOOpa)xaThCsi pa3lIUyHble KAPTUHKH, OCTaBIIMECS OT
npenpaynei padboTel, UX MOXHO Tpocto ynanuTh Delete. Kaxnomy pecypcy
MO>XHO TMPUCBOUTH pa3iuvHble KapTUHKHU i coctosinui Idle (cBoGoaeH) u
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Busy (3amstr). B atom ciydae ciemyer A00aBUTh 3TH KapTUHKH C MOMOIIBIO
KHOIIKH << B IIeHTpajbHOEe ToJie (pucyHok 13.22).

[Ipu BbIIETIEHHON KapTUHKE B IIEHTPAJIHLHOM TOJIE 3allOJIHUTh 3HAYCHUS
napametpoB Identifier, State, Pictory Id u3 packpbiBaromuxcsi CIiMCKOB WM
BBECTH MX BPYYHYIO. JTO HYKHO MPU HEOOXOAMMOCTHU CIIeiaTh JJIA KaXJI0ro
pecypca. [Ipu 3TuX AeCTBUSX KQPTUHKU aBTOMATHYECKH TMOSBATCS B 00J1aCTH
JarpaMMBbl, UX MOKHO TIepeMeniaTh Mo Moo, Kyaa kenaTenbHo. Ha pucynke
13.22 coctostnusa pecypca CanalMain oToOpaxarTcsi B BHUJAE pPa3IUYHBIX
PacMoIOKEHUH MOHUTOPA. 3aMETUM, YTO JIBOMHBIM IIETYKOM IO KAPTUHKE Ha
obnactu nuarpaMmbl (paboueM MoJjie) BhI3BIBACTCS KMEHHO T€ OKHA (PUCYHKHU
13.21, 13.22), xoTOpBhIE HACTPOEHBI HA 3TU KapTUHKHU. [Ipn HaKaTHUK KHOMOK U
OyyT oTOOpaxaThCs 3TH K€ OKHA, HO B HEHACTPOCHHOM BUJIC.

Ilpumep 4. 3anyck MOJeH HA BBITIOJIHEHHE.

[TapameTpsl MO/IENIM B 1IEJIOM 33JIal0TCS B IMyHKTE IJIABHOTO MEeHIO Run-
Setup (pucynok 13.23), Bkiragka Replication Parameters. 31ech, kak MUHUMYM,
HY)KHO 3amaTh mapamerpbl Replication Length u Base Time Unit B
COOTBETCTBHH C YCJIIOBHEM 3aJa4H.

%]

FunSpeed |  Run Caontral | Repars |  Project Paramatars i
Raplication Parameders ] Array Sizes | Arena Visual Designer |
Nis r o Replicatins: Iniiakee Betaween Replicaions
|- [+ Stabiasies v System
Saaet Date and Time:
I =l
Warnmrup Perod Time Uinits:
|3 o |H-m.'= ﬂ
Raplicagon Length Time Linits:
[ [Howrs =]
Houwrs Par Day:,
j24
Basze Time Linis:
[secands |
Tedminating Caonddan

oK | TTMena | EHE | Cnpaska |

Pucynox 13.23 — Ok"o Run- Setup 1151 ycTaHOBKM TapaMeTpoB MOJACIH
3amyckaercsi MOJIE/b C OMOIIBIO CHIEIUATIBHON MaHEeIM UHCTPYMEHTOB,
M300pakeHHON Ha pucyHKe 13.24.

M Il .
Pucynok 13.24 — Ilanenu HHCTPYMEHTOB JJIsl 3aIyCKa MOJIEIN
OTta maHeab MO3BOJSIET 3aIlyCKaTb, IPHUOCTAHABIIMBATHL MOJICIIb,
MPOKpy4YMBaTh €€ 0e3 aHMMallMH, PEryJIupoBaTh CKOPOCTh MPOUTPHIBAHUS,
BBIIIOJIHATD IIPOUTPBIBAHUC I10 IIaram.
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B pesynbraTre mporoHa cCo3IaHHOW MOJEITH TOMYYHIIHCHh PE3yJIbTaThI,
MpeJCTaBlieHHbIe B pabodeit obmactu jguarpamMmbl  (pucyHok 13.25):
KOJIMYECTBO COOOIIEHUH, MepeAaHHbIX IO OCHOBHOMY KaHaiy, paBHO 359, mo
pe3epBHOMY — 37, MOTEPSHHBIX COOOIICHHUI HET, KOJMYECTBO COOEB paBHO 16.

W3MeHuB WCXOAHBIC JaHHBIC, MOXXHO CHOBA 3alMyCTHTh MOJENIb Ha
BBINOJIHEHUE U TIOCMOTPETh, KaK 3TO OTPA3UTCS HA pe3yibTarax.

ntrouble _— girouble
()
: 7

e  EntityCanalMain

N / EntiryCanalBack :h.....,.} ;m}_ — |__ ':]_—L"'J

) / ' -~ /,._ —

5. [

i——— == Biphg
e I

[ MWOTE B W im0 3 300 GO e e

Pucynok 13.25 — Cxema mozenu u pe3yiabTaTbl MOJAESIUPOBAHUS

Ipumep 5. OTyeTsl

Ha manenu Reports okHa HpOEKTOB MPEACTaBICHBI PA3IUYHBIC BUJIbI
OTYETOB, KOTOPHIE ABTOMATUYECKH (POPMUPYIOTCS MO 3aBEPILICHUU MPOTOHA
MOJICIIH.
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Category Overview
|Unnamod Project |
Regplications 1 Time Units: Seconds
[Entity |
Time
Minimum Maxrmu
Average Value Value
TEGG 0 1507 T2 E053
Minirmum AxrTum
Average Valse elue
X OO0 LAY
Minirmum Marmum
Averaga Half Widih Value Value
(= R bt R L T TATAT
Minirmim Maxirrum
Average Half Width Wl Value
TR O Ry Lo wo
Other Time Minimum Maxirmum
Averags Half Width Walse ValLe
Temsngn T 0 T 0
Tatal Teme Minimim Maxirmuam
Average Half Width Valuss Value
TS 0IT16AT R 753552
Resource
Usage
Instantaneous Utilization . Mirsrmum Maximum
Average Half Width WValkue Value
Canalback ToEzreedd  (Ineoficient) LX) i)
CanalMain 07938 0022703804 000 1.0000
Mumber Busy Mirsrmum Maximu m
Average Half Width Value Ve
Tanalback TOEZTEE4d  (Irsufficient) oo0 o000
Canalbdain 07938  0.022703804 0.00 10000
Mumber Scheduled Minimum Maximum
Aerage 1 Ve ‘ale
CanalBack 70000 T.0000 10000
Canalhain 1.0000 1.0000 10000
Scheduled Utilization
Value
CanalBack T 08278644
Canallain 07938

0.800
0.700
0.600
0,500
0,400
0,300
0.200
0,100
0,000

Pucynox 13.26 — OkHo oTuera

CopepxaHusl pa3IMYHBIX OTYETOB BO MHOI'OM IEPECEKAIOTCS, MOITOMY
MO>XHO OrpaHUYMUThCS 0030pHBIM oTueToM Category Overview, KOTOpBII
OOBIYHO COCTOMT M3 HECKOJbKUX cTpaHul. @OparMeHThl 3TOro OT4yeTa
MpeAcTaBleHbl Ha pucyHke 13.26. 3mech mpuBOAATCS 3HayYeHUs (CpeaHue,
MUHUMAJIbHbIE, MaKCUMaJbHbI€) CHUCTEMHBIX TMEPEMEHHbIX, KaKOBBIMHU
ABJISIIOTCSL Bpemsi npeObiBaHusi Entity B cucteme, BpeMsi 0KUIaHKS B OYEepe/H,
KOO PUIIMEHThI  MCHOJB30BaHUS  PECYpCOB,  KOJUYECTBO  CYIIHOCTEH,
YYaCTBYIOIIMX B Pa3JIMYHbBIX IIPoOLECcax U JIp.

Annaparypa u marepuaiabl. J[Ji BBINOJHEHHS J1a00OpATOPHOU PabOTHI
HEOOXOJUMO  HCHOJNb30BaTh  CIEAyIOIIee:  amnmapaTHoe  oOecreueHue:
NEPCOHAIBHBIN KOMIIBIOTEp U IpOrpaMMHOE OOecledyeHHe: OINEepalMOHHYIO
cuctremy Windows 10 u Bbeime; Microsoft Officel3 wu Bbime, cpena
UMUTAITMOHHOTO MozenupoBaHusi ARENA.

Yka3zanus no texnuke 0e3onacHoctu. CTyAEHTHI TOJKHBI CIEN0BATh
OOLIENPUHATON TEXHHKE O€30MaCHOCTH ISl IOJIb30BaTENEe MEePCOHATBHBIX
KOMIIbIOTEpOB. He crnemyeT caMOCTOSITENIBHO  MPOU3BOJUTH  PEMOHT
TEXHUYECKUX CPEJICTB, YCTAHOBKY U yAaJIEHUE IPOrpaMMHOT0 obecrieueHus. B
ciydae oOOHapyXeHHUsT HEHCIpaBHOCTEH HEOOXOAMMO COOOIUTH 00 HSTOM
aIMUHUCTPATOPY KOMIIBIOTEPHOTO Kjlacca (0OCIyXUBaKOIIEMy IEpCOHATY
nabopatopun).
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MeToanka H NOPSAAOK BBINOJTHEHUS PadoThl

BhIIIOJIHUTE NPE/UIOKEHHBIE 3aJaHus, IPEIBAPUTEIBLHO PacCMOTPEB
[IPUBEACHHBIC B IPUMEPBI.

3apanue 13.1. IToctpouts Monens «Maructpaib nepeaadyn TaHHBIXY.

3amanue 13.2. Hactpouts napameTpsl MOJIEIH.

3aganme 13.3. HactpouTh aHUMAIIMIO MOJISTIH.

3apanme 13.4. [IpoBecTy BEIUUCIUTENBHBIA SKCIEPUMEHT C MOJEIIBIO.

3ananue 13.5. BriBecT OT4YETBI pe3yJbTaTOB MOACIHMPOBAHUA H
BBINIOJIHUTH aHAJIU3, IOJIyYEHHBIX PE3YyJIbTaTOB.

Conep:kanue oTyera u ero popma
[ToaroroBpTe OTUET, B KOTOPOM MPHUBEIUTE TEXHOJIOTHUIO BBHITTOJTHEHUS
3aJIaHU.
Otuer no abopaTopHOii paboTe JOJIKEH COJEPHKATD:
1) nHa3BaHue pabOTHI;
2) uenb 1abopaTopHON PabOTHI;
3) dbopMyIMpPOBKY 3a1aHMs M TEXHOJIOTHIO €r0 BHITIOJIHCHHUS,
4)  OTBETHl HA KOHTPOJBHBIE BOIIPOCHI;
5) mnpunoxxeHue — ¢anapl BEITTOJHEHHBIX 3aIaHHH.

Bonpocs! st 321U ThI padoThI

1. lns dero wucnosb3yeTcs cpeAaa HMMHUTAIMOHHOTO MOJICIUPOBAHUS
ARENA?

2. Kak ocymectBisiercss MojenupoBanue B ARENA?

3. Ha MozienupoBaHue Kakux cCUCTeM opueHThpoBaHa cpena ARENA?

4. Kakoe ocHoBHOe mpeumyiiectBo cpenbl ARENA mo cpaBHEHHIO C
aHAJIOTUYHBIMUA CHCTEMAaMH UMUTALMOHHOI'O MOJIETTUPOBAHUS?

5.C mnoMouipl0 cpeasbl ARENA MOXHO MOAENUPOBATh CHCTEM
MacCOBOTO OOCTY>KUBaHUS?
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JIABOPATOPHAS PABOTA 14
MoneanpoBanue MH(POPMALMOHHBIX MpPoLecCOB B cpeae AnyLogic

Leab u coaep:kaHue: U3yYUTh OCHOBHBIE NPHEMBI PAOOTHI CO Cpenoi
UMUTAIMOHHOTO  MojenupoBaHusi AnylLogic u  npuoOpecTH  HaBbIKU
MMOCTPOCHUS MOJIENIEH B ITOM Cpeie.

Opranusanuonnas ¢opma 3aHATHH: pelmieHue MpoOJEMHBIX 3ajaad,
pa300p KOHKPETHBIX CUTYalIUM
Bonpocs! st 00cyxaeHHs HA JJa00OPATOPHOM 3aHATHM: ITOCTPOCHUE
MOJIeNIel B cpejie UMUTAIIMOHHOTO MoieiupoBanus AnylLogic.
®opmupyembie komnerenuuun: OIIK-7.1 OIIK-7.2 OIIK-8.1 OIIK-8.2

Teopernueckoe 000cHOBaHUE

Cpena umuTanoHHoro moxaenuponanusi AnyLogic ocHoBaHa Ha Java u
6asupyerca Ha 1uiargopme Eclipse — coBpeMeHHOM craHjgapTe ajisi Ou3Hec-
npwioxkenuii.  bmaromaps  Eclipse  AnyLogic  paboraer Ha  Bcex
pacnpocTpaHEHHBIX onepannoHHbIX cuctemax (Windows, Mac, Linux u T.1.).

PaccmoTpum pemienne pa3zoOpanHOil B y1abopaTtopHOil paboTe 3amaydu
«Marwuctpans nepenaym 1aHHbIX» cpeacTBamMu AnyLogic.

Jloruky pelieHus 3ajadyd  CcoOXpaHuUM, OyAeM HCHOJb30BAaTh  TeE
MHCTPYMEHTBl pa3paboTku Anylogic, KOTOpble NOJOOHBI PACCMOTPEHHBIM
paHee.

[Ipu co3nanuu Gonee CIOXKHBIX MOJIENIEH MOTYT BOZHUKHYTh CII0)KHOCTH C
OMKMCAHHUEM JIOTHKHU 33/1a4H, MOCKOJIbKY HYKHO HCIIOJIb30BaTh KOHCTPYKIIMU Ha
s3pike Java. TeM, KTO BIlaJieeT 3TUM S3BIKOM, O€3yCIIOBHO, OyJeT Mpole.
OpnnHako, MpeAoCTaBisieMble CIPABOYHBIE MaTE€pPHANbl MO3BOJISIOT MPEOJI0JIETh
3TU TPYOHOCTH U TEM, KTO HMeeT O Java BechbMa IOBEPXHOCTHOE
IIPE/ICTABIICHHUE.

JIsi BBITIOJTHEHWS 3aJlaHMK 110 MOJISIMPOBaHHIO B cucreMe AnylLogic
HY’KHO CKayaThb U YCTaHOBHUTb Ha KOMIIBIOTEPE CBOOOJIHO PACHpPOCTPaHIEMYIO
Bepcuio AnylLogic PLE (Bpemsi ee wucnonp30BaHUSI HE OTPaHHUYEHO) C
opunuanbHOro caiita paspaboruuka https:// www.anylogic.ru/downloads/ nmmn
1o cchuike https://www.anylogic.com/files/anylogic-ple-8.2.3.x86_64.exe.

[Ipn nepBoHauanbHOM 3amycke mporpammbl Anylogic oToOpaxaercs
HavanbHas cTpaHuiia, Ha KOTOPOH MOJIb30BaTENIO MPEIaraeTcss 03HaKOMHUTHCS
C MHOTOYHCIICHHBIMU TpUMEpaMU MOJeJIel, pa3pad0TaHHbIX B 3TOM CUCTEME.
[TonacTe Ha 3Ty CTpaHMIly B XOJA€ HajbHEWIIed paboThl MOXHO M3 MEHIO
CnpaBka. HyxHO cka3zarh, 4uto naxe B OecruiatHoM Bepcun AnylLogic
pa3pabOTYUKKU TMPEJOCTABISIIOT OTPOMHOE KOJIMYECTBO MATEPHAIOB IS
o0y4eHusI.

Ha pucynke 14.1 mokasan wuHTepdeic cpeapl HWMHUTAIMOHHOTO
moxenupoBanusi AnylLogic. Cepxy pacmomaratorcs MeHI0, TaHEH
MHCTPYMEHTOB, MO IIEHTPY — pabouas o6macTh (rpaduyeckuil peaakTop WiIu
00J1acTh CTPYKTYPHOM JuarpamMmel), CipaBa — OKHO CBOMCTB OOBEKTOB, CJIEBA —
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Oxkno mnanenei [Ipoektsl u [lanuTpa, 3T MaHENW MEPEKIIOYAIOTCS IIETYKOM
Mo 3arojioBKy. B HIDKHEW dacTu pa3MemarTcss OKHO OIMOOK H  JIp.
OtoOpakeHHEe TEX WJIM HHBIX OKOH MOXXHO HACTPOUTH C MOMOIIBIO KHOIKH
Bun B rmaBHom meHro AnyLogic. Oxno manenu [IpoekTsl (cieBa), HABUTATOP
CUCTEMBI, 0TOOpakaeT MMEHA MPOEKTOB, OTKPHIBAEMBIX B MOCIEIHEE BpEMs.
[Ipn HEHaMOOHOCTH WX MOMKHO 3aKpPBITh M OKHO CTaHET MyCThIM. Kakbrii
MPOEKT OPTaHU30BaH HMEPApXHUUECKU B BHUJEC JEpeBa: caM IPOEKT 00pazyeT
BEPXHUU YPOBEHb, SKCIIEPUMEHTHI, KJIACChl aKTUBHBIX OOBEKTOB U Java Kacchl
00pa3yloT CIeayoUUid YPOBEHb. JJIEMEHTHI, BXOJSIIUME B COCTaB aKTHUBHBIX
00BEKTOB, BIIOKEHBI B COOTBETCTBYIOIIYIO TTOJIBETBb JEPEBa Kiiacca aKTUBHOTO
00BbEKTa U T. 1.

Gadn Mpssss  Duid Peccdsrss Mogsss  Wecrppeisens  Crgsss
- 3 -1 S R

% Mponma || Mangres. | ) binir

e | @ Madn - Ten aresTa

Maudenu Mpoexkme U NMaaumpa.
AR nepexaAyeHUR WEeAKHLIME no
FA20NDGKY MaHeAU,

.'.-. L -~ ;,[”(JHE"-‘JI} Ceolicmea ]
i | rpapuyeckuil pedakmop I oot e
- T b Mlpmes tpore sae wosre

* lOwE BAR MECTHETGE

Pucynok 14.1 — UuTepdelic cpeasl UMUTAIIMOHHOTO MojenupoBanust AnyLogic

Oxno manenu [lammtpa (cneBa) BKIIIOYaeT dieMEHTHI (Trpaduueckue
OOBEKTHI), KOTOPhIE MOTYT OBITH TOOABIEHBI HA CTPYKTYPHYIO AMATrPAMMY
AKTUBHOTO OOBEKTAa. DJEMEHTHl Pa30UTBHl MO Tpynmnam, OTOOpakaeMbIM Ha
pa3ubix Bkiajgkax llamutpel. KonuuectBo 0TOOpa)kaeMbIX BKIIAJOK MOYKHO
YBEIUYHUTHh (YMEHBIIUTh), HMCHONB3YSd «1» B HIKHEM JIEBOM YTy OKHa
[Mamutpa. Bxnaakum mnepekmoyarorcs 1o mendky. OOBEKThl HaJIUTPHI
N00aBISAIOTCS HA JAMarpaMMmy MOJIEIM MYTEeM IEepeTacKUBaHUSI UX B OKHO
rpaduueckoro pegakropa.

Ilpumep 1. Hauano paGoThl B cpelie MMUTALIMOHHOTO MOJEIUPOBAHUS
AnyLogic.

Jlnst co3panus Mojenu BeiOepuTe B riiaBHOM MeHI0 AnyLogic: daiin >
Cozpars > Mogaenb. OTkpoercs auanoroBoe okHo HoBasi monens (pucyHOK
14.1), B KOTOpOM HYXXHO 3aJaThb HMMs MOJEJIH, B HAIEM Cclly4ae 3TO
Maructpanp, yka3aTb IIyTh COXpPAHEHUS MOJENIHW WM HPHHATH TOT IyTh,
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KOTOpBIﬁ CO30acCTCA 110 YMOJYAaHHIO. B mnamem cilydac IIYyTb H3MCHCH.
CO?)I[&HHLIfI IMIPOCKT HC 3a0bIBaliTE MNEPUOAUYCCKHU COXpaHATh II0 XOIAY

HAITOJIHCHUS JaHHBbIMU.
TP

HoBan Mogent
ACOBAAHAE HOBCEH MO0ET

Wrm cgeme; | Marscrpan.

ECT M R | O e Ma R, LA T A M Buﬂpu'rb...l

Java nakeT: | warkcTpann
Ens-su b MOIHEN RO BEERAEHNG | CUE - vl
EVINET COOMIAHS CNesTy AR MOSEb;

O P Gt L TS|\ T o 'y Ly By i AT b T i
WA HE T Rl

rovoso | omeera |

Pucynok 14.2— Okno nuanora Hosas mozaens

B pesynprare co3maHus MOENM MO CYTH NEPBOHAYAIBHO CO31AETCS
CTPYKTypa MNpOEKTa B BHAE HEPAPXUUECKOTO [JEpEBA, KOTOPYIO MOKHO
YBHUJIETh, OTKPBIB OKHO NaHenu 1 IpoexTsl.

B okne IIpoexTbl MOXeT ObITh HECKOJBKO OTKPBITBIX MOJENIeH, Ha
pucynke 14.3 ux nBe: Maructpans3 m Maructpans. Moaens Marucrtpanb
TOJIBKO YTO CO3/1aHa, TIOKAa HE 3alOJHSJIach JaHHBIMU, HAa HEH MOXKHO
MPOWJUTIOCTPUPOBATh  CTPYKTYpPY BHOBb  co3aaBaeMoro npoekra. Ilo
YMOJITYaHUIO B KaXJIOHW MOJIETM CO3/aeTcs OJUH THUM areHTa — Main u oJuH
npoctoi skcnepuMeHT Simulation: Main, coaepskamuii HaCTpOWKH 3aImmycka
3TOM MOJIENIA, BCTpOeHHYIO ba3y nannbsix u [Ipezenranuro.

Jlisg co3maHusi B MOJEIM HOBBIX THIA areHTra, SKCIEepUMEHTa, 0a3bl
JNAHHBIX, Java-knacca W JIp. HY’)KHO B OKHE [IpOEKTBl IIENKHYTh IO MMEHU
MOJEIM TpaBoW KHOMKOW, naigee B MeHio Co3maTe BbIOpaTh U3

PACKPBIBAIOIICTOCS CITMCKA COSI[aBaeMHﬁ KJIacCcC.
A, AnyLogic Personal Learning Edition [WCNONG30BATE TONLKO B OEPA3OB
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Pucynok 14.3— Oxkno IIpoekTsl ¢ 1ByMs OTKpPBITBIMU MOZAeIIMUA Maructpans3 u
Marwucrtpanp

Eciu mBampl MEnKHyTh 1o ukonke @ MM g oxpe TIpoekTsl, To 1m0
LHEHTPY OTKpBIBAETCS rpauyecKuid pelakTop AvarpaMMbl areéHTa BEPXHEro
ypoBHs Main (pucyHok 14.3). 910 riiaBHOe rpapuiyeckoe OKHO MPOEKTa, B HEM
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CO3JaeTcad CTPYKTypHasi CXEMa, pa3MEllaeTcsl AaHUMAlMOHHAs KapTUHKA,
KOTOpasi 0TOOpa)kaeTcsi MpU MPOUTPbIBaHUM Mojenu. B mpuniune, ums Main
MOXHO 3aMEHUTH Ha APYroe, HO TOrJa TAaK K€ HYKHO U3MEHUTh UMS MPOCTOIO
AKCIEPUMEHTA.

Crnenyer 3aMeTuTh, UTO TepMUH «ATeHT» B AnylLogic ucnons3yercs B
IIMPOKOM CMBICJIE U MPUMEHSIETCS K Pa3IMYHBIM MO0 CMBICITY W JEHCTBUSIM
O00BEKTaM.

3/1ech B KAUECTBE ar€HTOB MOTYT OBITh TPAH3aKThI U PECYPCHI, HO, KPOME
ATOr0, y3jJbl  HMEPAPXUYECKOTO  JIepeBa, NPOEKTbl, HJIEeU U  T.1.
Ilpumep 2. IlnarpamMmma npoueccoB MOJIEIN.

Uto06sl ynpocTuTh cede 3amauy ocBoeHusi AnylLogic, He OyJeM MEHSTh
JIOTUKY MOJIENH, ONMMCAHHOW MpHU pa3paboTke Mozenu Maructpaiu B cpeie
Arena. 27 IlycTp nuarpaMma IpoOLIECCOB, KaK M paHbLIE, UMEET JBE BETBH,
COOTBETCTBYIOIKE CymHOCTIM Message u Trouble. O6e 3T BETBU HYKHO
pa3MecTuTh B OKHE Tpaduueckoro pemakropa areHta Main. Kpome Ttoro, B
Anylogic cymuoctu Message u Trouble, kak u Main, JOMKHBI SBIATHCS
areHTaMU BEPXHETO YPOBHSI.

Ha pucynke 14.4 mokaszaHna yxe co3IaHHas aAuarpamma areHta Main ams
monenu Maructpans4 B okHe Trpaduyeckoro penaktopa (BBI3BIBAETCS OKHO
JTBOMHBIM IIETYKOM MO UKOHKE B OKHE [IpoeKThI).
| Teeeery x| ik Mamipa = 0 || & Main 2

E 4 Marwcrpany® e @
. Maractpaniw®
¥ Main

sourceTroubie detryTrouble  service

¥4 CanaBack
¥ CanaMain 0 stroune
&) debay

(%) delayTrouble
p—

3 ProssCanalflack
13 ProssCanaMain sourceMessage QUEUE  poy  SelCConal  ProssCanaMain o racaan CanaMan

queue -~ o
£ selectCanal e --Q-——-?-—————@-—__.@ .
-. — sslectljueue I
B gervice | e
¥) snkCanaliack |1m ProssCaraBack  SkCanaBack Canalflack

<) smkCanalMan E- 'ﬁ o
%) snkEmor @
¥ sourceMessage ankErer U2 0%
+ sourceTrouble
=B MpeseHTaLMA @
= 'y Nepever-ne
= 3® CRAE3H AreHTa
= 2, COEAMHNTEMM
o i ] Messas
- Troube
=@ Smubton: Main
s KosHGunypaums 3amyoa: Hain

O ga

Oq

Pucynok 14.4— I'paduueckuii penakTop AuarpamMMbl areHTa BEpXHEro ypoBHs Main,
C CO37JaHHOM quarpammoii arenTa Main A Moaenu Maructpanb4

Mopnynu, wucnonb3dyemble B juarpamme Anilogic, mnogoOHbI TeM,
KoTopble ObutM B Arena. OnHaKo, 3/1eCh OTCYTCTBYIOT MOAYJM THHa Assign,
KOTOpBIE MPEIHA3HAYEHbl JUIsI NPHCBAWBaHUS 3HAYEHUN I[EPEMEHHBIM U
napamerpaMm. B AnilLogic 3T0 nenaeTcs B OKHE CBOMCTB B TOJisiX [lelicTBusl.
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OnumieM »Tambl  co3maHuss auarpaMMbl. OTKpOMTE IycTO€ OKHO
rpauueckoro peAakropa areHra Main B cO374aBaeMOil MOJENH, JBaXbl

menkHyB 1o ukonke © MM oxpe Tpoektsl. IlepekmodnTtech Ha MaHETb
[TamuTpsel, oTKpoiiTe B HEW buOanoTeky MoaenupoBaHus MPOLIECCOB, €CIM OHA

D
Cpa3y HE OTKpbUIaCh, IIEIYKOM II0 HKOHKE (pucynok 14.5). ns

nobaBieHus OOBEKTAa Ha JuMarpaMMy HaJO0 MIENKHYTh €ro MbIIbI0 U
neperauiuTh B rpaduueckuit pemaktop. Ilpu mneperackuBaHuum O0OBEKTOB
ABTOMATHUYECKH MOSIBIISIFOTCS COEIMHUTENbHBIE JTUHUUA MEXKIY O0ObEKTaMH. JTH
JIMHUW JOJDKHBI COEMHATH TOJIBKO NOPTHI, HAXOIAIIUECS C IPABOM WIIN JIEBOU
CTOPOHBI MKOHOK. EClIM HE NOJIy4UTCS aBTOMAaTUYECKOE COCIMHEHUE HYKHBIX
OOBEKTOB, JBAXIbl IMIEIKHUTE HayalubHbIA mOpT. OH CTaHET 3€JIEHBIM.
[Iporammure Kypcop kK KoHedyHOMY mnopTy. OH Takxke craHeT 3en€HbIM. [l
3aBEPLICHUS MPOLECCa COCTUHEHUS IETKHUTE KOHEYHBINA MOPT.

L e v | T g L
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BT KA MOLENAP-OEaHME NROWSC.., § ;
= € Twun areqHTa -

£ Twn pecypca

= PazmeTEa NpoCTOANCTED

b

=, MyTe

= = TosEHBA W 3En
L] T MpAMOYIonEHBIA yaen "
et 3, Mooy ToneHBIR y3en =
-H- ATTpAKTOD

o 3el CTennax

- = EOed
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e & sink

I. () Deelay
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N s Select CuULpUL

L, B Select OULpUtS

In = Hold

=t Match
1 Spit
L " Combine
BFE Assembiler
P Move To
A Conveywor
F# Resource PoDl
ta Soire
 Release
=3 Servioe

Pucynok 14.5— bubnnorexa MoaeTupoBaHus MPOIECCOB

Ilpumep 3. Onvcanrie MOJIECIUPOBAHKS COOSI B KaHAJIE CBSI3H.

Ha pucynke 14.6 mnokazaHa BeTBb JMarpaMMbl MPOLIECCOB,
COOTBETCTBYIOIIAs areHTy Trouble, co3maromemy cOoii B cucTeMe, KOTOPYIO
HY)KHO CO3/1aTh. 37eCh HCIONBb30BaHbl 00BeKTHl Source (Bxom), Delay
(3amepkka), Service (3axBaT-3aJepKKa-0CBOOOXKIeHUE pecypca). CBoiicTBa
o0bekTa (Kak u J00oro apyroro snemeHTa AnylLogic) MOXHO HM3MEHUTH B
nanenu CBOMCTBA, pacnoyioKEHHOM criipaBa. {11 u3MeHeHusi CBOMCTB 00bEKTa
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HYXXHO 6y,[[€T MNpCABAPUTCIIBHO MICTYKOM MBIIIH BBIACIUTL €TO B Fpa(l)I/I‘IGCKOM
PCAAKTOPC UK B IIAHCIIN HpOCKTI)I.

] O e S TS N NS S A i w -
sourceTrouble delayTrouble service
ntrouble yn
? o

) strouble

Pucynox 14.6 — BeTBb 1uarpaMMsl poIeccoB, COOTBETCTBYIOMIAs areHTy Trouble,
co3naronieMy cOoii B cucteme

Cozpaitite nuarpamMmmy TmporieccoB (cuHuE OJIoKM) ©0€3 HacTpoku
CBOICTB, KaK MIOKa3aHO Ha pUCyHKe 14.6.

Ha pucynke 14.7 nokazaHo yXe HacTpOEHHOE OKHO CBOMCTB OOBEKTa
sourceTrouble B COOTBETCTBUM C MPUHATOM JIOTUKOM 3a4a4u.
[ caviicrsa 11 | e

+ sourceTrouble - Source
WIHg; sourceTroubie [¥] omotpasare uma
O Hexmmoumnte

MpuGLIBAFT COFNACHD = | Biperers nesgy npubeTinm |

BpemMA MEROY NpUGLTHAMKZ il e CERYHOE %

CUMTaTh NADAMET bl AFEHTOR W3 B

O
3 1 pas COXIASTOR HECKONLKD AreHToR:! O
O P HUEHHOE KOA-B0 NP

MERCH MATTEHOE KON-B0 NPHRITHR: = [§4

Houli arewT: . | Trouble -

MECTONMONKEHME MPHDbLIT A o | He 3anamo i

Cneindiuecens
MeRcTama
Cneljdiieckne

Tin areHTa . |E) Trouble -

(B OgeHOYHER arenT (O NOMyNEUMs areHTos

-

MoEN b BUbNROTEC: BHBMHOTEKE MOSNMPOBAHUA NDOUSCC0R [MakeriTe. )
BHOAMOCT B: @ pa
OTOGPANEETOR KA BEPXHEM YPOBHE

Pucynox 14.7 — OxHo cBoiicTB 00BbekTa sourceTrouble

UToOBl BBI3BATH 3TO OKHO, IIEIKHHUTE MO OOBEKTY B TIpaduueckom
penakTope. 3amoJiHUTe OKHO 1o oOpasiy. [lepBonavanbno B mone HoBbrit

Arent (pucyHnok 14.8) orobpaxaeTcsi cTaHAapTHOE UM ATEHT. 3/1eCh HYKHO
CO30aTh APYTOW THN
BBIGpaTs S2343TE ADVIOH TUN

4OBbIit AreHT: A [ﬂ AreHT -

CO30aThb APYroW TN

Pucynok 14.8 — ITone HoBblil ATE€HT CO cTaHIapTHBIM UMEHEM ATEHT
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[TosiBuTCS OKHO Mactepa (puUcyHOK 35) co3JaHUsi areHTOB, B KOTOPOM
CJIeIyeT 3a7aTh UMl HOBOTO areHrta Trouble u nanee ciie1oBaTh yKa3aHUIM.

A Cospanne arenton

War 1. CosgaMve HOBOIMD THNA aredTa

WHm HOBOMD THNE! 1 Trouble

% CoogaTh HOBLA TN AreHTa "C HynAR"

" Henone3osaTe Tabnuuy Gask JaHme
A xorfy OO303TE THN areHTa Ha Gase gakHe 13 Tabnuuw B

Pucynok 14.9 — OxHO MacTepa co31aHUs areHTOB

Jlns BHOBBR coO3maHHOTO areHta Trouble co3maeTcss HOBOE OKHO
rpaduueckoro pepaktopa. Eciv B Xoje co3qaHusi areHTa 3aJaBajach €ro
aHUMAaIlMOHHAs KapTUHKa, TO OHa OyaeT oToOpaxkaThcsi B 3TOM OKHe. [Ipu
CO37aH1M 0oJiee CIOKHBIX MOJIETIEH B 3TOM OKHE PacrojaraioTcs epeMeHHbIe
Y MIapaMeTphl areHTa u T.J.

OkHO MacTepa CO3/1aHUSI ar€HTOB MOKHO BbI3BaTh W3 OKHA [IpOEKThl,
MIPaBOM KHOIKOM MBIIIN HIEJKHYB MO UMEHU IPOEKTa, B KOTOPOM CO3/1a€TCs
HOBBIN areHt, u BeIOpaTh Co3marh Tun arenta. s mpomormkeHus paboOThI
HY)KHO CHOBa IMEPEKIIOUNTHCA Ha OKHO Main B ['padmueckom pemakrope. He
3a0bIBa€M MEPUOANYECKU COXPAHITH MOJIEb.

Ha pucynke 14.10 nokazaHo y»ke€ HACTPOEHHOE OKHO CBOMCTB OOBEKTa
delayTrouble B cOOTBETCTBHMU C YCIIOBHEM 3aJaud. 3alOJHUTE 3TO OKHO MO
oOpasiry.

| Capdcraa [l R ——
(2 delayTrouble - Delay

Hem: detay Trouble OTobpakaTe MHA [ MCKmouHTE
Tan: . & OnpegeneHHoe BpEMA
O Noxa He Beasan MeTon stopekny()
Bpe=rn Safpepmin: 3 triangular(165, 208, Z35) | CERyHOB [ *
BT 0T b . 1
MAKCHMANBHAR BAMCCTHMOCT s, L D
MecTo areHTon: ] '_. point2 ﬂ w5
b Cneystiuecme
=~ MeRcTEHR
NMps BxoOe: strouble-a

MNpit NOOXONE K BabOOY:

My Bnao e 1 strouble=1; ntrouble=ntrouble+1|

TP MABEY AN

b Creacheeoome
b Dmmcanme

Pucynok 14.10 — OxHO MacTepa co31aHUs ar€HTOB
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Jlns BpeMeHM 3aJepKKU BBIOpaH TpeyrojibHbIM 3akoH. B AnyLogic
BO3MOXHO 3aJaTh M Jpyrue CTaHJapTHbIE 3aKOHBI paclpeleicHus.
Paccmorpum kak 3anmonHuth mnoie Bpewms 3anmepxkku. UtoObl He HaOuparth
BpyuHylo (QyHkiuio triangular(165, 200, 235), a BwiOpaTh ee u3
PACKPBIBAIOIIETOCS CIHCKA, TOBEIUTE KypCOp B HA4YAJIO TOJI BBOAA (PYHKITUU
u Haxmutre KomOumnHammio Ctrl+mpoOen (BhIMamarOmIMii CHOUCOK MOXKET
MOSIBUTBCSA CIYCTSL HEKOTOpoe Bpemsi). BriOepuTe U3 cHucka HYKHYIO
(YHKIIUIO U U3MEHUTE €€ apryMEHThl B COOTBETCTBUU € yciaoBueM. OOpaTute
BHMMaHue, 4yTo B AnyLogic aprymMeHT A MOKa3aTeIbHOTO pacHpeeICHUs
exponential (A) — 3TO HMHTEHCMBHOCTb NOTOKa TPAH3aKTOB, T.€. BEJIMYMHA,
oOpaTHasi CpeHEMY BpPEMEHH MEXIy NPHUOBITUSIMU TpaH3akToB. Tak, eciu
TpaH3aKThl TPHOBIBAIOT B cpenHeM pa3 B 10 MHHYT, TO HaIO YyKa3bIBaTh
pactpenencaue exponential (0.1) . 3ameTum, 9To B ApeHe Hajo0 ObUIO IHCAThH
exponential (10).

Mecto areHToB point2 OCTaBbTE HE3AMOJHEHHBIM. JTO MOJIE MOXET
OBbITh  3aMOJIHEHO TOJBKO TIOCJIE€ J0OaBJICHUS DJIEMEHTOB  Pa3METKU
MIPOCTPAHCTBA HA JUarpaMMy JUIsl HACTpOMku aHuManuu. B ganHON Mopenu
aHUMAIIUIO MTOKa He OyJIeM CO3/1aBaTh.

B cBoiictBe [lelicTBusi (3/1eCh 3amUCHIBAIOTCS ONEpaTopbl Ha Java)
3a/1aiiTe 3HauYeHUs TMepeMeHHBIM cOos B kaHaie CanalMain u umcia cOoeB
(strouble, ntrouble), kaxk mnokazano Ha pucynke 14.10. Ho »srtoro mis
nanpHenmer  paboTel  HemocTtaroyHo.  [lepeMeHHBIE  JTOJDKHBI — OBITH
MpeBApUTEILHO CO3/1aHa. JTO JIeJaeTcsl CISAYIONIMM 00pa3oM: Ha TMaHeIu

[lanuTpa BbBIOpaTh BKIAAKY ATEHT, WICJIKHYB [0 HMKOHKE e Cpenn

KOMIIOHEHT areHta (pucyHok 14.11) cumemyer BbuIOparh KoMIOHeHTy
[lepemenHas, mneperamuTh €€ B o00JacTh JAuMarpaMMbl areHra Main u
PAcCIIOJIOKUTh B KAaKOM-JTHO0 MecTe (pucyHOK 14.4).

_| Ceokcrea &2

) variable - NepeMenHasn

Hms: variable
oTobpamate mma  [] NoknioumTs
BWOMMOCT b: @ pa

Twn: double -

HavyansHoe 3HadveHue: —.

+ Cneyndmueckne
+ OnucaHwe
Pucynok 14.12— OKHO CBONCTB IIEpEMEHHOU

Janee HY>XHO MICTKHYTh MO OOBEKTY B
objactTh jaWarpaMmbl  areHta Main

() variable .

B nosBuBmemcs CIipaBa OKHC CBOMCTB
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A~ AnyLogic Personal Learning Edition [MCHOSIb3) (pUCyHOK 14.12) IPHCBOHTH
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Pucynok 14.11- BwiGop cpeawt KOMIIOHEHT
areHTa HeoOXOAUMYI0 KOMIIOHEHTY

AHanornyHo coznaite nepemeHHytro ntrouble. He  3a0biBaiite
MEPUOANYECKU COXPAHSITH MOJIEITh

Ha pucynke 39 mokazaHo y)ke HAaCTPOCHHOE OKHO CBOWCTB OOBEKTa
service B COOTBETCTBUU C YCJIOBHEM 3ajaud. UTOOBI BBI3BATH 3TO OKHO,
IIEIKHATE 110 00beKTy. UTOOBI BEIOpaTh THI pecypcoB (M3 pacKphIBAIOIIETOCS
CIIUCKA), HY’)KHO TIPEIBApUTEIHLHO 3TU PECypchl co3aath. B cTtpoke KomnyecTBo
PECYpPCOB HY)KHO YyKa3aTh, CKOJBKO PECypCOB 3a/JeWCTBOBAaHbI B TMpOIlecCe
service AJsi 00CITyKUBaHUS TPAH3aKTa.

OnumieM, Kak CO3Aal0TCS pecypchl. B Hamem ciaywyae 3TO pecypcehbl
CanalMain u CanalBack. B 0Oubnuoreke MoAeIMpOBaHUSI MPOIECCOB
BBIOMpaeM oObekT *F Resource ool ' repeTacknBaeM ero B rpaduyecKyro o0JacTh

e e ]

auarpaMMbl areita Main. B rpagudeckoil o06mactu mosiBUTCI OOBEKT
pa3MelaeM eroB Npou3BOJbLHOM MECTE.

]
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BMECTHMOCTh CHEDEm: « | l18@

MaKCMANEHAR BMECTHMOCTE: . O

BpzMa IaCpHKA: = | triangular( 16, 23, 38) W

MEPECHINATE 3ZXEAHEHHEIE PECYPCh: = O

MECTO areHTon (queus): . [~ point1 R

Mecto arenron [delay): ! | «, pointl :I "

¢ MPHOPHTETE [ BRITECHEHRE
v CnelutuuecKne

b [leRCTERA

b CReymirueckne

b DnMCaHme

Pucynox 14.13 — HacTpoeHHOE OKHO CBOMCTB 00BEKTa Service

[IlenrukoM 1O H3TOMY OOBEKTY BBI3BIBAEM OKHO CBOWCTB pecypca
(pucynok 14.14), B kotopoM BBoiuM umsi CanalMain 1 KOJUYECTBO pECYpPCOB
— 1 ( B 3TOM ciyyae 3TO €ro MOIIHOCTb). Eciin nMeeTcs HECKOJIbKO PECYpPCOB
JTAHHOTO TUIIA, HAIIPUMEP, HECKOJIBLKO KOMIBIOTEPOB WJIM HECKOJIBKO paboumXx
JUISL TIapaJuiesIbHOrOo OOCHY)KMBaHHS TpaH3aKTa, TO HYKHO YKa3bIBaTh 3TO
gyucio. B okHe pecypca MOXHO J00aBUTh HOBBI PECypc-areHT, HO Mbl 3TOTO
He OyJneM jaenath, B nosie HoBblit pecypc ocTaBiisieM CTaHIapTHOE UMsI ATEHT.

AHanoruyHo cosnaeM Btopoil pecypc CanalBack, on monamoburcs Bo
BTOPOM JMarpaMmme.

[Tonss MecTto areHTOB, KOTOpBIE HYXHBI JJIs aHUMAllMM, IIOKa HE
3aroJIHSIEM.

[lockonbky  paccMarpuBaemMas  BE€TBb  JIMarpaMMbl  IPOLIECCOB
IIUKIIAYECKast, Hy’)KHO COCIUHUTH BBIXOJAHOU MOPT OOBEKTA SErvice ¢ BXOIHBIM
noptom o0bekTa delayTrouble. D10 MOXHO caenaTh ¢ MOMOIIBIO CO3JAHUS
JIOTIOJIHUTEJIBHBIX y3J10B (TI0 IIETYKY MBIIIN) HA KOHHEKTOPE.
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Pucynok 14.14 —
Ilpumep 4. Onncanre MOJICIUPOBAHMS TIEPEAAYH COOOIICHU.

Ha pucynke 14.15 mnokazana BeTBb JauMarpaMMbl IIPOLIECCOB,
COOTBETCTBYIOIIAs areHTy Message, KOTOpyr HykHO co3aaTtk. Co3naiite ee,
KaK [10Ka3aHO Ha PUCYHKE, HO MOKa 0€3 HaCTPOMKHU CBOMCTB.

sourceMessage queue pog SelectCanal  ProssCamaMaln gnwcanaMain CanaMain
o—oEFo—¢ 1 ) o £}
selectCjueus Os1 g
B . &
T,
SinkError 0=-0P

9

Pucynok 14.15 — BeTBp auarpaMMsbl Ipo1ieccoB, COOTBETCTBYIOIAs areHTy Message

Ha pucynke 14.16 npencraBineHO yKe 3allOJHEHHOE OKHO CBOKCTB
oOBekTa sourceMessage.

B AnyLogic, B otinuuue ot Arena, 6iok Hold He mmeer HacTpoek
ouepe/i, XO0Td OH CIIOCOOEH ee co3AaBaTh. [l onpeneneHus JiIMHbI ouepeau
Hy>xHO niepen 610kom Hold pazmectuts 00bekT Queue.

Ha pucynke 14.17 mnpencraBieHO OKHO CBOMCTB OOBEKTa queue.
OcTtaBbTe AOMYCTUMYIO BMECTUMOCTE odepeau paBHoit 100.
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"_h i ﬁ [ ]
* sourceMessage - Source
HrA: SOURCEMESSa0E ] orotipakate wea [ MokmicHnTe
MprlbBART COFMACHD: . [Bpewenn mewgy npuBuTiam =]
Bpema MEMTY NPWOLITHAMA: + | triangular(s, 9, 11) IW
CUWTATh NAPAMETPHE ArEHToR M3 B2 |
33 1 pas COXNAETICR HECHVIEHD AresTon: - O
CIrpasvueHnoe Kon-oo NpedieTAR; . O
Honuii arewT: . [ Message X
MECTONONOMEHWE NpRSETHA: £ lm
b Creymdeucckre
b [lescrona
b CnelHifueckne
b OMMCEHKE

Pucynoxk 14.16 — OkHO CBOWCTB pecypca, 3anojHEeHHOe i1 00beKkTa sourceMessage

U queue - Queus

Hha: quede OTohpaeaTs e L] Cooficrea I |
[ vexnumms 0 q - Nepemennan
B THMOCT b W 188 - 1
MaBCHMANEHEA BASCTHMOCTE: = D D HCKNKMHMTE
Mecra aresTos: | okt BugmocTe: o .
Tian: it E|
b Ceymdiuecime
v [leHCTEiEn Haqanbhoe HaYeHMe: = | @
Tpw BxopE: g=queus.size(); b CrieupdwuECne
TP MOXOE K B0y ¢ DnncaHne
Mpst Brax0fe:
Pucynok 14.17 — OxHO cBOMCTB Pucynok 14.18 — OxHO cBOIiCcTB
o0BeKTa queue MIEPEMEHHOM ¢
B cexkuuu J[lencTtBus crenyer IEPEMEHHOM ¢ — JUIMHA O4Yepelu,

MIPUCBOUTH 3HAYECHHUE TEKYIIEH JUIMHBI ouepean ¢ MOMOIIbI0 GyHKIUU size().
Ucnons3yitte Ctrl+npoben aJis BbI30Ba MOJCKA3KU UM HAOEpUTE B IOJIE UM
¢bynkuuu. Cepenus o Qynkiusx Anylogic MOXKHO HAaWTH B CHPaBOYHBIX
Marepuanax.

[lepemennass ¢ nomKHA OBITH TMPENBAPUTEIHHO CO3JaHA: HA 00JACTh
auarpaMMbl areHta Main u3 BkiIagku AreHT [lamuTpsl mepeTamure UKOHKY

@m. B oOkHE CBOWCTB MOMEHSNTE HMS, THII, HayallbHOE 3HAYCHUE
nepemMeHHou (pucyHok 14.18).

B oxne cBoiictB o0bekta Hold (pucynok 14.19) B cekuum JleiictBus
cienyet 3anath oneparop hold.setBlocked(true) 6i1okupoBku nutaréayma Hold
MpU 3aHSATOCTU PECYPCOB U PEXKUM IMPOIyCKa COOOIIeHH 1o oaHoMy. B
YCIOBHSIX HCIONB3YIOTCA MepeMeHHble s1,s2 (co3maiiTe 3TU MepeMeHHbIE C
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HOMOH_IBIO@m), KOTOpBIE OTBEYAIOT 32 COCTOSIHUS PECYPCOB. 3HAUEHHUE
sI=1 o3nauaer, yto pecypc CanalMain 3andar, s1=0 o3HavaeT 4yTO pecypc
CanalMain cBoOojeH u T.1. DTU NEpEMEHHbIE OyIyT OINpeNeTeHbI Jaliee B
61okax ProssCanalMain, ProssCanalBack.

[lepemennas stroule oTBe4aeT 3a HAIMYUE-OTCYTCTBUE COOSI B OCHOBHOM
KaHale.

T Coniicrsa 7 e ——
2 hold - Hold

MmA; hokd [¥] Orofpasate ws [ Wekmomus

Peaim: . | BNOENPOBATE NOCNE 33NAHHOND KON-B3 ArEHTOE =
KION-BO 3reHToB BNA ARHHOM BA0KE: Nl
MaHaHaneHa saGnowiposan: . O
= [leficTERA
Mpw Exope: 4F ((s1 == 1 88 52 == 1) || (51 == 1 88 strouble == @) || (52 == 1 B8 strouble == 1)} hold.setBlocked(trua)

b CneLmdarecime

b Onmcasne

Pucynok 14.19 — OkHo cBoiictB 06bekTa Hold

Ha pucynke 14.18 mnoka3ano okHO cBoiicTB oObekTa selectQueue,
KOTOpBI 0OECTIeYMBAET Pa3BETBJICHHUE: COOOIIECHUS TEPAIOTCS, €CIU JIMHA
ouepeau Oounbie 10.

Ha pucynke 14.19 nokazaHo oxHO cBOHCTB oObekTa selectCanal,
KOTOpbI  oOecreuynBaeT pa3BETBIEHHE: COOOIIEHHs 00pabaThIBalOTCs
OCHOBHBIM KaHaJIOM, €CJIA COOs HET.

W Catiicrsa = L] [ Ceviicrsa & | M w1
O selectQueue - SelectOutput <> selectCanal - SelectOutput
Hmz: EeCtueye | WMA: selectCanal 2
[F] omobpasars mua [ Hommits Orobpasate A [] MoknioumnTs
Boooop troe sebnpaercs: =, ) Jagarvoi sepoaTHOCTER Bumxopn true BolOupaerch: =, ) 33ganHON BEPOATHOCTEID
() Ipwe BEINOMHEH N YC0EHS ® Mpu BBINONHEHIMH YCNOBKS
Yonosme: « | g<=10 Yonosue: +« | strouble == @
+ [lefcTENA b [leRCTBHA
¥ Cneumhaecime b CneundHuecKHe
¥ OnKCAHRe ¥ OnucaHue

Pucynok 14.20 — OxHO CBOICTB 00BEKTa
selectQueue

Pucynox 14.21— OkHo cBoiicTB 00bekTa selectCanal

Ha pucynke 14.22 nmoka3zaHo OKHO cBOMCTB oO0bekTa ProssCanalMain.
[Ipu 3axBare pecypca mpucBauBaercsa sl=1, mpu ocBoboxnenuun — sl=0 u
3anucbiBaeTca oneparop pazoiokupoBku Hold: hold.setBlocked(false). 3necn
TaKk)Ke OMpeAenseTcs mnepeMeHHas (l — AmuHBl odepeau [UIsl Tpoliecca
ProssCanalMain.

OxkHo cBoiicTB oObekTa ProssCanalBack 3amonnsieTcss aHajgoruyHo.
OxHo cBoicTB 00bekTa delay mpexacraneno Ha pucyHke 14.23. B okxnHax
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CBOMCTB MOAYJICH 3aBepIIeHUs IMPOIECCOB M3MEHEHO CTaHIApTHOE WMs Ha
nMeHa sinkCanalMain, sinkCanalBack, sinkError (pucynok 14.24).

W Ceoiicrea X | wid

1% ProssCanalMain - Service

Hwm: ProssCanalMain OrofSpasate uma [ WoknoumTe
3ANBATHTH: =, ) (ankTepHaTHBHRIA) Habop pecypons
(&) pecypcw OgHOM THNa

Tun pecypcos: = |%% CanalMain Li R O

KonUYecT B0 pecypoos: = 1

BMECTHUMOCT b OHEPeM: = | 100

MaKCHMansHAA BMECTMMOCT b = O

Bpems 3anepxn: < [ triangular(4, 7, 10) [cexyrns =
| MepeceINaTk 3aXEa4EHHBIE Pecypchl: = 0O -

MecTo areHTos (queue): = [, point3 ;! B B

Mecto arentos (delay): = |™ point3 R S

b NpHopUTETE [ BEITECHEHWE
¢ Cneundmueckne

= [leHCTBHA
Npn Bxone: . ql=ProssCanalMain.size();
Mpx 3axBaTe pecypca: £1=1

MpH HA4ANE 3A0EDHKN:

Mp# NOOXOOE K BXOOy:

Npw Baxone: 51-8; hold.setBlocked(false)

Pucynok 14.22— OxHo cBoticTB 00bekTa ProssCanalMain

T caodcrea i3
(L) delay - Delay | caoicrea 32 |
i by [orspaar: | ) sinkCanalMain - Sink
Tean: =, @ OnpenenesHoe Bpema |
) Mowa He Bu3Bak MeTon stopDelay KA sinkCanalMain
BpeMnA Janepsin: - Wz | v [leRcrBnA
MaKCHMANBHAA BMECTHMOCTR: =, [7] | b Cneundpiueckne
: ¢ OnNKUCcaHne
MECTD arewToR: = | :I B |
Pucynoxk 14.23 — OkHO CBOWCTB 00BEKTA Pucynoxk 14.24 — OxHO CBOWCTB 00BEKTA

Delay sinkCanalMain

Ilpumep 5. Anumanusi B MOJICIIH.
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B AnilLogic npenoctaBistoTcss OOJbIIME BO3MOXHOCTH JUISl CO3IaHUS
2D, 3D anumauMoHHBIX Mojaene. Ilpum co3maHuMum aHUMaUM B OKHE
I'padpuueckoro penakropa areHra Main 100aBISIOTCS KOMIOHEHTBI Pa3METKHU
npoctpancTBa  (pucyHok  14.25). DnemMeHThl pa3METKH B IPOEKTE
otoOpaxkaroTcsi B okHe [IpoekThl B Kiacce — Mpe3eHTanuu aredra. Jlis
MaTepUAJIbHBIX areHTOB MOKHO 33JlaTh AHUMAIIMOHHBIE KapTUHKH, KOTOpPBIE
pa3MmenialoTcsl Ha JAuarpaMmax JTUX areHToB. BcrpoeHHas Oubimnoreka
KapTUHOK JocTynHa B llanenu Ha Bkiagke 3D o00bexThl. st co3nmaHus
aHUMAIMU HUCIOJIB3YIOTCS Takke oObekThl BKJIanku I[Ipesenrtanus Ilanutpsl
(pucyHok 14.26). 3nech %e MOKHO HACTPOUTh COOCTBEHHBIE KAPTUHKHU.

L 3 d =
.;‘HPWHHM g i Nposkre | Gy Nanps £ A
BMGNHMOTERS MOOENTHPOBAHUA NPOUSCCOS R Npe3enT s 3]
e 7
D @ Tunarena o= = =
" I— | % | NoMaHan ¥
# | & Twnpecypca - . _f
e = PazMeTsa npOCTpaHLTEa o L] MpssaoyrOmsHRE
- -
1 "__c n':."Tb " O CpyTReHnkild NpAMoYTONBHWUE -
E = & ) Opan
| "8, TouedHwii ysen i : £
=" J Oura
- » " - F
] 1 MpAMOYToNBHEA y3en # o | A Tecr
&F | [ MHOMOYronbHLIA y3en "4 [ voobpaverme
@ giree
n | & ATTpaKkTop & R XoncT
© ooe " o & Mpwning
{ &= Crennax & = [ A
™ & @ OGnacTe npocHoTpE
* Bnoxu -
i | I
K +% Source | [ 300w
1 [ 3D O6wekT
£ () Sink [
e | |"_:."' Sa Hamepa
a| & Delay p | @ Coer
[ Queue = Prafessons
e Al#
<» Select Output B Hepren C

Pucynoxk 14.25 — Okno ['paduueckoro
penakropa areHra Main ¢ KOMIIOHEHTaMHU
pa3MeTKH MPOCTPAHCTBA

Pucynok 14.26 — 00BEKTHI
npe3eHTanuu BKIaaku [lamutpsl

B paccmarpuBaemoit Mojaenu mnepenayd COOOIICHHM HET 0co00ro
CMBICJIa CO3/1aBaTh JIOTIOJHUTEIBHYIO aHUMAIMIO. YJKe€ 10 CO3JaHHOH
aarpaMMe W IEepEeMEHHBIM, pa3MENICHHBIM B OOJACTH JUarpamMMbl, IPU
NPOrOHE MOJICIM JWHAMUKa Ipolecca scHAa. MOXHO CaMOCTOSTEIBHO
O3HAKOMHTBCS C COOTBETCTBYIOIIUMH HMHCTPYMEHTAaMH M  IPUMEpaM,
MPEIOCTaBIIEMbIM pa3paboTurikamMu  AnyLogic BMecTe ¢ MporpaMMHBIM
MPOJAYKTOM.

Ilpumep 6. 3amyck MoJieNIi Ha BBIMIOJHEHUE.
[Ipexne uyem 3amyckarhb MOJI€Nb, HYKHO HACTPOUTh OKHO CBOICTB
[IpocToro 3kcnepuMeHTa, KOTOPOE TOSBIAETCS MO IWIEIYKY [0 HMKOHKE

@ Simultion: Main g oxpe TTpoexts! (pucyHOK 14.27). OGS3aTENBHO HYXKHO
BBIOpAaTh ATEHT BEpXHEro ypoBHsS Main, Tak Kak jaudarpaMma Iporecca

co3aaBajlaCb B OKHC rpa@mquKoro p€aaKTOpa HMMCHHO 3TOI'0 arcHra. B
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HACTPOIiKe, TIOKA3aHHON Ha pUCYHKE 14.27, mpeanonaraercs, 9o S5KCIepUMEHT
matcs B Tedenne 3600 cek. MOJEIbHOTO BpeMeHH. Eciu He yka3aTh 3TOro, To
110 yMOJIYAHUIO BPEMS IIPOrOHA OyIeT HE OrPaHMYEHO.

Eciy eIMHULBI MOJEIBHOTO BPEMEHHU JOJDKHBI OBITH APYTHMH: MUHYTHIL,
9ackl, TO HY’KHO B OKHe cBoiicte & Simultion: Main pepexmounThest Ha BKIAJKY

YCTaHOBKH MOJCIBHOTO BPEMEHHM (BHHU3Y OKHAa CBOWCTB) M YCTaHOBHUTH
HYKHbIE €IMHULIBI MOJIEIbBHOTO BpeMeHH (pUCYHOK 14.28).

O CooRcTes I ]

@ Simulation - NpocTol 3KCNepMENT

e Simulation O veniouss
AMEHT BEQNHETT YDOBHA; Main __:]
Makcisnbiei pamep navar; | 512 [5] 6

= MOOenbLHOE BEMA

FEadH BhNONHEHMR] @ m;:r}'d-‘kﬂl# spess I:HdHI FIMAN B HEE CREHCH Ib]

0 Peane-0e BIEHA 00 CROpOCTBE

CCTaHOmATE: B 3a05-H08 Bpati :_|
HadaneHoe spedn: 0 HoHESHoe BpeMR;  SE00
HaqansHan gama; m l—;|
Mmool e
b Ty
» O

¥ [eAcTong Java
b Java NS HECHETon
b CneL e

E Chmacasne

; ]

Bpeus; cemyHp X=147, ¥=7%2

Pucynox 14.27 — Oxkno cBotictB [IpocToro DxcnepumenTa

2 X e s

o Cacicrs iﬁ" 4 T =0

Al MarucTpans3 - Mogens

Hma: MarucTpans3 -LI

EAvHALL MOOSNEHOMD BDEMEHK. | CEKYHObI |

b 3ABMCMMOCTH

b UNCNEHHBIE METOOLI
b Cneundpmueckmne

b Onncanme

Pucynok 14.28 — OxHO ¢ mosieM BbIOOpa €MHHIIBI MOJIETBHOTO BPEMEHH

I[J'ISI 3allyCKa MOJICIIM HYXKHO BBI6paTI> UM 3KCIICPUMCHTA B CIIUCKC,

-
OTOOpa)kaeMOM TMpH IIETYKE [0 YEpHOM CTpeiake - Ha [aHeIu

MHCTpYMEHTOB. [lo yMoOn4aHMi0O 1O 3€J€HOW CTpENKe 3aIyCKaeTcs
AKCIIEPUMEHT, KOTOPBIN 3amyckaics npeasiaymum. [locne menyuka no crpenke
MOSIBJISIETCSL OKHO MIPE3CHTAIMU SKcTiepuMenTa (pucyHok 14.29).
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UToOBl peryiupoBaTh CKOPOCTh IKCIIEPUMEHTA, HY>)KHO Ha)KaThb KHOIKY

Cly

NEPEKIIIOUEHUS C pPEaJbHOIO0 Ha BHUPTYaJIbHOE BpEMs M 3allyCTUTh

Janyctute
MOZCJIb, Ha)XaB KHOIIKY v l.. 3KC1‘IepI/IMeHT MO>XXHO BBIIIOJIHATL B

PAa3HBIX PCIKNMAX, PCTYJIUPYCMBIX C IIOMOIIBIO CTPCJIOK HA ITaHCIIN.

MarncTpaned : Simulation - AnyLogic PLE [MCNONBI0BATE TONBKO B OBPASOBATENBHBIX LIENSX]

o | i ) ..I % "I:l e e -jsx:nﬂuhmr: Marr..._"_!‘ | [

Maructpans3

JanycTeTe |

Pucynox 14.29 — OxHO nmpe3eHTanuu SKCIepuMeHTa

Ha pucynke 14.30 npencraBieHbl pe3yiabTaThl OJHOTO IPOrOHA C
napaMeTrpamu, ONpeAEICHHbIMU B IIOCTAHOBKE 3a1a4M. 3[€Ch MCIIOJIb30BAIUCH
aHUMALMOHHBIE KAPTUHKH, CO3/IaHHE KOTOPBIX MOJIPOOHO HE OMHUCHIBAJIOCH.

B M wrpaned | SEmsmikition - Ayl ogh PUE [RCTIOR E30RATE TR RED anmm?mmmm} | = |:||x;|
e -nl B | 5, B[ 2 @[5 | € & (foewn = w ¥ arioge

Ty gl

] rirzuble

O ok

Aporow: &0 S | Bpeme: 360000 | Aporos: TN | fbave: 17 uon 30080, 1:00:08

nasare: Bl mvmum [

Pucynok 14.30 — Pe3ynbTaThl OTHOTO NPOrOHA C TapaMeTPaMH, ONPEICTICHHBIMU B
IIOCTAaHOBKE 3a/1a4M

CpaBHeHue pe3ybTaToB NMporoHoB B Arena u AnyLogic nmokasano, 4ro
IIpY 3aJJaHHBIX B YCJIOBUU MapaMeTpax MOJAEIH Pe3yIbTaThl IOUYTH COBIIAIAOT.
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Opnnako, M3MEHEHHE BXOJIHBIX MapaMEeTpPOB TaKUM 00pa3oM, 4YTOOBI 4YacThb
COOOIIEHUI OKa3bIBAJTUCH MOTEPSHHBIMH, MPUBEIO K TOMY, YTO PE3YyJbTaThI
CTaJIM CYIIECTBEHHO PA3HUTHCA. ITO MOXKET OOBSICHATHCS PA3HON HACTPOUKOM
moayist Hold B aTux cuctemax, moTomMy 4TO JIOTHUYECKHE YCIOBUS BHIOUPATHCH
onnHakoBo. B AnyLogic Tpan3akTsl BeimyckatoTcs u3 6oka Hold mo ognomy
IpU OCBOOOXKICHUU PECYpPCOB, 3TO MPOIUCHIBACTCA B CBOMCTBaX MOAYJS, B
Arena He CHO Kak.

B Arena npeaycMOTpeHBI BCTPOEHHBIE TNEPEMEHHBIE COCTOSHUMI
pecypcoB, a B AnylLogic mepemMeHHbIE COCTOSIHUM PECYpCOB OIPEACISIOTCS
noJsib3oBaTesneM. Bce 3TH (akTopbl, BOBMOXKHO, TAKXKE BIMSIOT Ha pa3iuyue
pE3yIbTaTOB.

Annaparypa u marepuanbl. J[Ji1 BBINOJHEHUS J1a0OPATOPHOU pPabOThI
HEoOXOMMO  MCIOJIb30BaTh  CIEAYIOIIee:  ammapaTHoe  OOecredeHue:
NEPCOHATBHBIN KOMIBIOTEP M MPOTpaMMHOE OOECIEUYECHHE: OIEPaIMOHHYIO
cuctemy Windows 10 u Bwime; Microsoft Officel3 u Bbime, cpena
MMUTAIMOHHOTO MoienupoBanus AnyLogic.

Ykazanusi no texHuke 0e3omacHOCTH. CTyIEHTHI JOKHBI ClIeI0BaTh
OOHICTIPUHATON TEXHUKE O0€30MacHOCTH JUIsl TOJb30BaTENIel MEPCOHATbHBIX
KOMIIbIOTEpOB. He crnemyer  caMOCTOSITENIBHO  MPOU3BOAUTH  PEMOHT
TEXHUYECKUX CPEJICTB, YCTAHOBKY U yAAJIEHUE IPOrpaMMHOTo obecrneueHus. B
ciydae OOHapy>XKeHUsi HEHCIpPaBHOCTEW HEOOXOAUMO COOOIUTH 00 H5TOM
aAMUHUCTPATOPY KOMIIBIOTEPHOTO Kjacca (0OCIyXUBaKOIIEMY MEpCOHATY
nabopatopun).

MeToanka H NOPSAAOK BBINOJTHEHUS PadoThI

BelllosIHUTE  MpEUIOKEHHBIE 3aJaHus, IPEIBAPUTEIBHO PacCMOTPEB
MPUBE/ICHHBIE B TEOPETUYECKOM 00OCHOBAHUU MPUMEPBHI.

3amanue 14.1. Iloctpouts mMonens «Maructpaib nepegayu JaHHBIX» B
cpele IMUTAaLMOHHOTO MojenrupoBanust AnyLogic.

3apganme 14.2. Hactpouts napaMmeTpbl MOACIH.

3aganme 14.3. Hactpouth aHUManyiO MOJETH.

3ananue 14.4. [IpoBecTH BEIYMCIUTENBHBIN YKCIIEPUMEHT C MOJAEIIBIO.

3ananme 14.5. CpaBHUTH pe3yJIbTaThl MOACIUPOBAHUS, MOJTYUYECHHBIE B
cpene Arena u AnylLogic BBITIOJHUT aHAIU3, IOJYYEHHBIX PE3YyJIbTaTOB.

Conep:xanue oT4yeTa u ero popma
[ToaroToBhTE OTYET, B KOTOPOM MPHUBEIUTE TEXHOJOTHIO BBIMOIHEHUS
3aJlaHUM.

OTuer o 1abopaTopHOii paboTe JOIKEH COJEPIKATH:

1)  Ha3zBaHue pabOTHI;

2) uens 1abopaTopHON paboTHI;

3) (opMyaupOBKY 3a1aHUSI U TEXHOJIOTHIO €TO BHITIOJIHEHUS;

4) OTBETHI HA KOHTPOJIbHBIE BOMPOCHI;

5) npunoxkeHue — (Gpaisbl BHINMOJIHEHHBIX 3aIaHUH.
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Bonpoce! 1151 3aiUTHI padoThI

1. lnmg 4dero wucmonwp3yercs cpela UMHUTALUMOHHOIO MOJEIUPOBAHMS
AnyLogic?

2. Kak ocymecTBisieTcss MoJieaupoBanue B cpene AnyLogic?

3. Ha MogenupoBanue Kakux CUCTeM OpHEHTHpoBaHa cpena AnylLogic?

4. Kakoe 0CHOBHOE MpeuMyIIecTBO cpenbl AnylLogic o CpaBHEHHIO C
aHAJIOTUYHBIMU CUCTEMAMU UMUTAIMOHHOT'O MOJIETUPOBAHUS?

5. C nomombio cpeabl  AnylLogic MOXHO MOAENIUPOBATH CHUCTEM
MaccoBOT0 0OCTYKUBaHUS?
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1. IIEJb U 3AJIAYM OCBOEHMS TUCHUTIIMHBI

Ilenpro  ocBOoeHMs  aucnuIIMHBL  «Momenmn W METOABI  MCCIIEIOBAaHHUSA
MHPOPMALIMOHHBIX  MPOLECCOB W CUCTeM»  siBisgercs  (opMupoBaHue  Habopa
OOIEKYJIBTYPHBIX KOMIIETEHIMH OyAylero Maructpa IO HamnpaBiIeHUIO TOJArOTOBKU
09.04.02 «MHpopMaIMOHHBIE CUCTEMBI U TEXHOJIOTHI», JJIS1 PELICHUS IPUKIIAJIHBIX 3aja4 B
pamMKax Maructepckoil nmporpamMmsl « TexHonoruu padoThl ¢ JAaHHBIMU M 3HAHUSIMU, aHATU3
UHPOPMALIUNY.

Hucuunnuaa «MeTonpl HCCIEAOBaHUS U MOJAETUPOBAaHUS HHGOPMAIMOHHBIX
NPOIIECCOB M TEXHOJNOTHH» JO/bKHAa oOecneuuBaTh (GopMmHupoBaHue (yHIaMEHTa
MOJATOTOBKUA OYyIyIIMX MAarucTpoB B OOJACTH TEIEKOMMYHHMKAIMI M HMHTEJJIEKTyallbHBIX
cHUCTEeM, a TakXe, CO3/aBaTh HEOOXOoAMMYyI0 0a3y s YCIEUIHOTO OBJaJCHHA
MOCHAEAYIOIUMH  CHEIUATbHBIMM  JUCUMIUIMHAMU  y4yeOHoro IutaHa. OHa J0OJDKHA
CIOCOOCTBOBaTh  Pa3BUTHUIO  TBOPUECKUX  CIIOCOOHOCTEH  CTYAEHTOB,  YMEHHIO
dbopMynupoBaTh W peliath 3a7aud HM3yyaeMoW CHEeIUalbHOCTH, YMEHHIO TBOPYECKHU
IIPUMEHATH U CAMOCTOSITEIILHO MOBBIILIATH CBOU 3HAHHU.

OTU 1enu JOCTUraloTCs Na OCHOBE (yHAaMEHTalIM3alli, WHTEeHCHU(DHUKAUU HU
WHIMBUAyaNIu3alluyd  mporecca oOydeHHs MyTéM  BHeApeHUs U 3(PPEeKTUBHOrO
HCIIOJIb30BAaHUSI COBPEMEHHBIX KOMIIBIOTEPHBIX TexXHoJorui. B pesynbTare wusyueHus
JTUCUUIUIMHBL Yy CTYJICHTOB JOJDKHBI C(OPMHPOBATHCS 3HAHMSA, YMEHUS M HAaBbIKH,
MO3BOJIAIOIINE TPOBOJUTH CAMOCTOSTENbHBI aHadu3 HH(OTEIEKOMMYHHUKAIIMOHHBIX
CHCTEM.

JucuunnuHa sBIsAEeTCA IMEpBOM JUCHUIUIMHOW, B KOTOPOM CTYIEHTHI HM3y4arOT
OCHOBHBIE METOJIbl HCCIICZIOBAaHUSI M MOJETHPOBaHHE WH(POPMALMOHHBIX MPOIECCOB H
TexHojoruil. OHa HaxoOUTCS Ha CTHIKE JAWCHUUIUIMH, OOEcCHeurBalomuX 0a30Byl0 U
CHELMAIBHYI0 TMOATOTOBKY CTyJIeHTOB. M3ydass 3Ty IUCHMIUIMHY, CTYJIEHTBI BIIEPBBIE
3HaKOMATCS C  COBPEMEHHBIMM  METOJIaMU  HUCCIIEJJIOBaHMS WM MOJEIMPOBAHUS
MH(POPMALIMOHHBIX MPOLIECCOB U TEXHOJIOTHUH.

3aaui OCBOCHMS TUCIUIUIMHBL: U3yYEHHE OCHOBHBIX METOJ/I0B UCCIIEIOBAHMUS.

B pesynbpTaTe 0CBOCHHS TUCIMIUIMHBI O0YYArOITHICS JOJIKEH:
3HaTh:

- OCHOBHBIE  JIOTUYECKHE  METOAbl M  MPHEMbl  HAy4YHOTO  HCCJIEIOBaHUA,
METOJI0JIOTUYECKUE TEOPUU U NIPUHLIMIIBI COBPEMEHHOW HAYKU;

- MarTeMaTWYeCKHWi armapaT, OINUCHIBAIOIMINNA B3aMMOJICUCTBHE HWH(POPMAITMOHHBIX
MPOIIECCOB M TEXHOJOTUH Ha HWHQPOPMAIMOHHOM, MPOTPAMMHOM U TEXHUYECKOM
YPOBHSX, TEOPHUIO HEUPOHHBIX CET€M W TMPUHIMOBI WX HWCIOJIb30BAaHUS MPHU
MPOEKTUPOBAHUN WH(OPMAIIMOHHBIX CUCTEM;

-  HCTOPUIO Pa3BUTHSA W COBPEMEHHBIC MPOOJIEMbl MHPOPMATUKH M BBIYHUCIUTEIBHON
TEXHHUKH, B3aUMOCBSI3b U MPEEMCTBEHHOCTh WH(OPMAIIMOHHBIX TEXHOIOTHIA;

- OCHOBHBIE CTaHAAPTHI HWHGOPMAITMOHHBIX TEXHOJOTMA U  WHOOPMAIMOHHOU
0C30I1aCHOCTH;

- MeToabl pa3pabOTKH KOMIOHEHTOB MPOTPAMMHBIX KOMIUIEKCOB C HCIOJb30BaHUEM
COBPEMEHHBIX TPOTPAMMHBIX CPEJICTB W TEXHOJIOTHH pa3paboTKH alropuTMOB U
MPOTrpaMM, METObI OTIAKH;

- OCHOBHBIE  JIOTUYECKHME  METOAbl W  MPHEMBl  HAyYHOTO  HCCIIEIOBAHUSA,
METOJIOJIOTUYECKUE TEOPUU Y MIPUHIIMIIBI COBPEMEHHOW HAYKHU;

- OCHOBHBIC CTpPATeTUH MPOCKTHPOBAHUS COBPEMEHHBIX HWH(POPMAIMOHHBIX CHCTEM H
MyTH UX TPUMEHEHUS,
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Kkputeprn 3GpPEKTHBHOCTH MPOESKTUPOBAHMS HH(POPMAIMOHHBIX CUCTEM B Pa3IHUHBIX
00J1aCTSIX IESITEIbHOCTH;

OCHOBHBIC CTpPATE€rHH IPOEKTHPOBAHUS COBPEMEHHBIX HH(MOPMAIIMOHHBIX CHCTEM H
OyTH UuXx HpI/IMeHeHI/ISI;

Kkputeprn 3GPEKTHBHOCTH MPOESKTUPOBAHMS HH(POPMAIIMOHHBIX CUCTEM B Pa3IHUHBIX
00J1aCTSIX IEeSITEIbHOCTH;

00J1aCTh MPUMEHEHHS COBPEMEHHBIX HH(POPMAIIMOHHBIX CHCTEM;

METO/bl PCIICHHUS TMPAKTHUYCCKUX 3a7ad B OO0JIACTH METOJOB HCCIICAOBAHHUS U
MOJICIIMPOBAHUS HH()OPMAIIMOHHBIX IIPOIECCOB M TEXHOJIOTHIA;

METOABl ~ MOJICJIMPOBAHHUS  TPOIECCOB, Ha  0a3e  CTAHIAPTHBIX  ITAKETOB
aBTOMATH3MPOBAHHOTO MTPOCKTUPOBAHUS U MCCIIEIOBAHUIA;

cpezicTBa MOJICIMPOBaHUsI  OOBEKTOB, Ha 0a3e CTaHAAPTHBIX  IAKCTOB
aBTOMATH3MPOBAHHOTO MTPOCKTUPOBAHUS U MCCIIEIOBAHUIA;

YMmerh:

OCYILECTBIISATh METOJI0JIOTHUECKOE 000CHOBAaHUE HAYYHOI'O MCCIIEJOBAHNUS;
NPUMEHITh COBPEMEHHBIE METO/bl HAy4YHBIX HCCIEAOBAaHMNA s (POpPMHUPOBAHUS
CYXJI€HUH U BBIBOAOB IO IpoOieMaM HH()OPMAIIMOHHBIX TEXHOJIOTUI U CHCTEM;
OCYLIECTBJIATh MAaTEMaTUYECKyI0 IIOCTAaHOBKY HCCIEAYEMBIX 3aJad, IPUMEHITh
annapar HeMpOHHBIX ceTell B 00JacT MHPOPMALIMOHHBIX TEXHOJIOTUH;
pa3pabaTeIBaTh IPOrpaMMHbBIE CUCTEMBI C YCTOWYMBOW apXUTEKTYPOIi;

3GGEKTUBHO HCMOIb30BaTh Ha MPAKTHKE TEOPETUUYECKUE KOMIIOHEHThl HAyKH:
MOHATUSA, CYKJICHUS, YMO3AKIIIOUCHHUs], 3aKOHBI;

OCYILECTBIISATh METOJI0JIOTHUECKOE 000CHOBAaHUE HAYYHOI'O MCCIIEJOBAHUS;
NPUMEHITh COBPEMEHHBIE METO/bl HAy4YHBIX HCCIEAOBAaHMNA s (OpPMUPOBAHUS
CYXJI€HUH U BBIBOAOB IO IpoOieMaM HH()OPMAIIMOHHBIX TEXHOJIOTUI U CUCTEM;
pa3pabareiBaTh HMH(OPMAIIMOHHBIE CHCTEMBl C MNPUMEHEHHEM  KIACCHUYECKHX
TEXHOJIOTMH POEKTUPOBAHMSI;

KOPPEKTHPOBATh CTPYKTYPY COBPEMEHHBIX HH(OPMALMOHHBIX CHCTEM B MpoIecce
IIPOEKTUPOBAHUS IIPY U3MEHEHHUH LIEJICH U 3a]1a4 IIPOEKTa;

BOCIIPOM3BOJUTH 3HAHUS NI IPAKTUYECKON pealln3aliiy HOBLIECTB.

IPOBOJUTH Pa3pabOTKy U NPOTHO3MPOBAHUE KAaueCTBa MPOLECCOB (YHKIIMOHUPOBAHUS
MH(POPMALMOHHBIX CUCTEM U TEXHOJIOTHIA;

IIPOBOAMTH HCCIICJOBAHME METOINUK AaHAIW3a, CHHTE3a, ONTUMHU3alUU IPOLECCOB
(GYyHKIMOHUPOBAaHUS HH()OPMAITMOHHBIX CUCTEM U TEXHOJIOTUH;

OCYLIECTBIISATh MOJEIMPOBAHHME IPOLIECCOB Ha 0a3e CTaHIApTHBIX I1aKETOB
aBTOMAaTU3UPOBAHHOI'O ITPOCKTUPOBAHMS U UCCIIEIOBAHUN;

OCYLIECTBIATh MOJAEIMPOBAHHWE OOBEKTOB Ha 0a3e CTaHIApTHBIX I1aKETOB
aBTOMAaTU3UPOBAHHOI'O ITPOCKTUPOBAHMS U UCCIIEIOBAHUN;

Baanern:

HaBBIKAMH JIOTMKO-METOJOJIOTMYECKOT0 aHaIM3a HAay4YHOrO MCCIENOBaHUS U €ro
pe3yJIbTaTOB; METOAAMH HAy4YHOIO MOMCKA M MHTEIICKTYaJbHOIO aHalIW3a HAy4YHOH
MH(OPMALIUHU TIPU PEIICHUHN HOBBIX 3a]1a4;

HaBBIKAMU PabOThl C KOMIIBIOTEPOM, KaK CPEJICTBOM MPOEKTUpoBaHUs U oTiaaaku [10
U yIpaBieHus HHpopManueii;

HaBbIKAMU pa0OThl C OCHOBHBIMU THIIAMHU COBPEMEHHBIX HH(OPMALIMOHHBIX CHCTEM;
HaBBIKAMU KJIacCU(PUKAIMKA HHPOPMALIUU TI0 PA3TUYHBIM IIPU3HAKAM;

HaBBIKAMU CaMOCTOSITEIbHOM Hay4YHO-MCCIEI0BATENbCKOM paboThl B YacCTHOCTH:
METOJIaMU IIOCTPOEHMSI COBPEMEHHBIX IMPOOJIEMHO-OPUEHTUPOBAHHBIX ITPUKIIAIHBIX
IIPOrPaMMHBIX CPEJICTB;

HaBBIKAMH JIOTMKO-METOJOJIOTMYECKOT0 aHaIM3a HAay4YHOrO MCCIENOBaHUS U €ro
pe3yJIbTaTOB;
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- METOJaMH Hay4HOTO MOMCKa M HWHTEIUICKTYallbHOTO aHajiu3a Hay4HOH HH(OpMaIuu
IIPU PELICHNUHU HOBBIX 3a/1a4;

- HaBBIKaMH OMpeJeeHus Kpurepues 3G PpekTUBHOCTH HHPOPMAITMOHHBIX CUCTEM;

- HaBblKaMH (OPMYJHMPOBKM LEJNEed M 3a7ad MPOEKTUPOBAHHUSA HHPOPMALMOHHOM
CUCTEMBI Ha paHHUX CTaIUAX €€ pa3paboTKU.

= HaBbIKaMH

MIPOBEICHUS

pa3zpaboTku

u

HUCCICIOBAaHUA

TEOPETUYECKUX

u

SKCIICPUMCHTAJIbHBIX MO,HCHCﬁ 00BEKTOB HpO(l)eCCHOHaHBHOﬁ JCATCIIBHOCTH B

00acTax.
- HaBBIKAMU

pa3paboTKu

u

IMPOTrHO3UPOBAHUA

KadecTBa

(GYHKIMOHUPOBAaHUS HH()OPMAITMOHHBIX CUCTEM U TEXHOJIOTUH;
- HaBBIKAMM MCCIICIOBAaHHUA METOAUK aHalIM3a, CUHTE3a, ONTUMU3ALMHU IIPOLECCOB
(GYHKIMOHUPOBAaHUS HH()OPMAITMOHHBIX CUCTEM U TEXHOJIOTUH;

- HaBBIKaMH

MOACIINPOBAHUC

IIponeCcCcoOB

Ha

Oaze

ABTOMATU3HUPOBAHHOI'O IPOCKTUPOBAHUA U HCCHGHOBaHHﬁ;

- HaBBIKaMH

MOACINPOBAHUEC

00BEKTOB

Ha

Oaze

ABTOMATU3HUPOBAHHOI'O MIPOCKTUPOBAHUA U HCCHGHOBaHHﬁ;

CTaHAAPTHBIX

CTaHAAPTHBIX

IIponIeccCCcoB

IIaKCTOB

ITaKE€TOB

2. TEXHOJIOIT'MYECKAS KAPTA CAMOCTOSATEJBHOI
PABOTBI CTYJAEHTA

Jlist cTy1eHTOB 0UHOU (hOpMBI O0YUEHHSI:

Kot O6bEM yacoB, B TOM 4HCIIe
CpenctBa u
peaiisyeMbIx Bun nestenpHoCTH TeXHONOMII KonTakTHas
KOMIIETCHIINH, CTYJAECHTOB OLIEHKH CPC pa60Ta C Bcero
WHAUKATOPa(OB) MpernojiaBarenemM
2 cemecTp
OIIK-7.1 OIIK- |I[ToaroToBka K Konnoksuym
7.2 OIIK-8.1 JIEKIUAM 1,62 0,18 1,8
OIIK-8.2
OIIK-7.1 OIIK- |[ToaroToBka K Ortuer
7.2 OIIK-8.1 nabopaTtopHoit MMMCHEMEHHBIN 4,86 0,54 5,4
OIIK-8.2 pabote
OIIK-7.1 OIIK- |CamocTtositensHoe (KoiokBUyM 74,52 8,28 82,8
7.2 OIIK-8.1 W3y4YeHHE
OIIK-8.2 JIUTEPaTyphl
Hroro 3a 2 cemecTp| 81 9 90
Hroro| 81 9 90
JIs CTYJICHTOB 3209HOM (hOpMBI O0YUCHUSI:
Kosl OO0BéM 9acoB, B TOM 4HCIIe
CpenctBa u
peaJIPIBYGMI)I\)J( BI/II[ JCATCIIBHOCTH TeXHOIOTHH KonTakTtHas
KOMIIETEHITUH, CTYIEHTOB OLICHKH CPC pabora ¢ Bcero
WHIUKaTOpa(oB) Mperno/iaBaresieM
1 cemectp
OIIK-7.1 OIIK- ([loaroroBka K KomnokBuym 0,36 0,04 04
7.2 OIIK-8.1 JICKITUSM
OIIK-8.2
OIIK-7.1 OIIK- |I[loaroroBka K Ortuer 140,58 15,62 156,2
7.2 OIIK-8.1 nabopaTopHOI MUCbMEHHBIN
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OIIK-8.2 pabote
OIIK-7.1 OIIK- |CamocTtositensHoe (KoIokBUyM 2,16 0,24 2,4
7.2 OIIK-8.1 M3y4YeHUe
OIIK-8.2 JIUTEPaTyphl
Hroro 3a 1 cemectp(143,1 15,9 159
Hroro(143,1 15,9 159

3. OpFaHl/I3aHl/IOHHO-METOIII/I‘IeCKl/Ie PEKOMEHIAUA 11O OCBOCHUTIO

JUCIHHUIIIIMHBI

4.

CamocrosiTenbHass ~ paboTa  CTYAGHTOB  SIBJSIETCSl  BaKHEHIIMM  YCJIOBHEM
¢dbopmupoBaHus HAY4YHOTO croco0a MIO3HAHUS. Ona MIPOBOJIUTCS
HaKaHyHe

KaXJI0r0 J1a0OpaTOpHOro 3aHATHA M BKIIOYAET M3Y4YEHHE HEOOXOAMMOro s
BBITIOJTHEHHS 71abopaTopHOM paboThI TEOPETHYECKOTO marepuana, a

TakXKe MOJArOTOBKY OTYETa 110 BBIMOJIHEHHBIM Ha J1a00paTOPHOM 3aHATUH 3aJaHHSM.

[ToaroroBneHHsIit MaTepuas opopMiIsieTcs B BUJIE OTUYETA.

CamocrosrenbHble 3auaTHs (C3) SABISIOTCS OJHOM U3 aKTUBHBIX (hOopM 00ydeHus.

CaMocTosiTeNNbHBIE ~ 3aHATUS [0  JUCHUIUIMHE «MeToabl  UCCleNoBaHUs U
MOJICIMPOBAHUS HH(OPMAIIMOHHBIX MPOIIECCOB U TEXHOJOTHI» UMEIOT IIEIIbIO:

- 3aKpenuTh U yriyOWuTh 3HAHUS, MOJYYECHHbIE CTyJIEHTAaMHU Ha JIGKIHUSIX U B
npoiiecce JIabopaTOpHBIX 3aHATHI;

- TpPUBUTH TPAKTUYECKHUE HABBIKM TMpH pa3paboTKe, »OKCIUIyaTalluhd H
UCCIIeI0BaHUM WH(POPMALIMOHHBIX MPOLIECCOB, CUCTEM M TEOXHOIOTUH.

CaMocTosiTenbHbIE 3aHATUA MIPOBOASTCS B CHEIHMAIU3UPOBAHHBIX
ayauropusix, obopyaoBaHHbiIx CBT #  BO3MOXHOCTBIO TOJB30BaHUs VIHTEpHET-
pecypcamu, B OUOIHOTEKE, a TAKXKE T0Ma.

[IpeuiaraemMple  METOJUYECKHE PEKOMEHJALUMM  cojepkaT HH(OpMAIHMIo s
CTYJCHTOB, HEOOXOUMYIO npu MOJITOTOBKE U TpOBEIECHUU
71a00paTOPHBIX 3aHATUH [0 JUCLUIUIMHE «Metonbt HCCIIEJOBaHMS "
MOJIETTUPOBAaHUS MH(YOPMAILIMOHHBIX MPOIIECCOB U TEXHOJIOTUI.

5. MeToanyecKkue YKa3aHHMSI IO BBINOJHEHUI) CAMOCTOSITEJIbHOM

padoTbI CTYJACHTOB
MeTOI[I/ILIeCKI/Ie YKa3aHus OOJIKHBI BKIIFOYATh CICAYIOIIWE pa3aciibl:
- 1enb paboThl;
- 3aJIaHHUEC, KOTOPOC JOJI’KHO OBITH BEIITOJIHEHO CTYACHTOM B pE€3yJIbTaTe
- TMIPOBEJCHHUS CAMOCTOSTEIILHON PabOTHI;
- BapUaHTbl MHAWBUAYAJIbHBIX SaﬂaHHﬁ;

- OCHOBHBIE TEOPETUYECKUE MOJIOKEHUS, HEOOXOIMMbIC
Ui

- BBIMIOJIHCHUS 3a/IaHUs, OHHM JIOJDKHBI OBITh KPAaTKUMH U COJEPKaTh
CCBUIKA Ha

- JIATEpaTypy, B KOTOPOH ATH IMOJIOKCHUS U3IIOKEHBI B 00BEME, JOCTATOYHOM
Ui

- BBINIOJHEHUS CAMOCTOSITEILHON pabOThI;
- JTambl BBINOJHEHHS 3aJaHHs C YKa3aHHEM KOHKPETHBIX CpPOKOB

209



210

- BBIIIOJJHCHUS KaXXJ0I'0 U3 3TAIIOB M BCCI'O 3aJaHHUA B LICJIOM;

- TpeboBaHUS
- CaMOCTOSATEJILHON paboThI;

K odopmieHuio

rpaduuecKon

U TEKCTOBOU

qacTHu

= MNpUMCP BBIIOJHCHUA OJHOI'O0 M3 BAPUAHTOB 3addaHUA U O(bOpMHeHI/ISI

- OTYeTa;

- OubnmorpaduyecKuii CIUCOK NCIIOJIL30BAHHBIX UCTOYHUKOB.

6. COJEP)KAHUE CAMOCTOSTEJbHON PABOTHI

HaumeHoBaHue pa3fenoB W TeM AUCHUIUIMHBI, UX KPaTKOE COACpIKAHHE; BUJ
CaMOCTOSATEILHOM PabOThI MPEACTaBICHO B TaOIUIIE 2.

Ta6m/1ua 2 — HaumenoBanue pasacsioB U TCM  OUCHUIIINHBI,

COJIEpKaHUE; BUJl CAMOCTOSITENIbHON pabOThI

HUX KpaTKoC

No

HaumeHoBaHnue pa3aenoB ¥ TeM AUCHUILIMHBI, UX KpPAaTKOe
COJIepKaHue; BUJ CAMOCTOATEIbHOU paboThI

dopma KOHTPOJISt

1 cemectp

1 IIOJITOTOBKA K J1a0OpaTOPHBIM 3aHITHUIM

3aliuTa

CaMoCTOATENBHOE U3YUYEHUE TEM:

- XapakTepUCTUKa U MOJENN 0a30BBIX
UH(QOPMALMOHHBIX MPOLIECCOB.

- 33J1a4 aHAJIM3a U CUHTE3a CHCTEM.

- MOJEJIMPOBAHUE U NPOEKTUPOBAHUE CIIOXKHBIX CUCTEM.

- MOJEJIMPOBAHHUE TUHAMHUYECKHUX CHCTEM.

cobecenoBanue

BBITIOJTHCHHC KOHTpOJ]LHOﬁ pa6OTLI

3ammra

2 ceMecTp

MOJITOTOBKA K JIA00PATOPHBIM 3aHITHUSIM

3aliuTa

CamocTosATENbHOE U3YUEHHUE TEM:

- XapaKTepUCTHKA U MOJENd 0a30BBIX
- UH(QOPMAIMOHHBIX POIECCOB.

- 33Jl1aYy aHAJIN3a U CUHTE3a CUCTEM.

- MOJEJIMPOBAHUE U NPOECKTUPOBAHUE CIIOKHBIX CUCTEM.
- MOJICJIMPOBAHUE JUHAMHUYECKUX CHUCTEM.

cobeceoBanue

BBITNIOJTHEHHE KYPCOBOM pabOThI

3ammura

HaunmenoBanue

Tadimue3.

TeM JIMCHHIUIHHBI,
TpeOoBaHUS K OQOPMIICHHIO , MEPEYeHb JIMTEPATYPHBIX HCTOYHHUKOB

Lellb,

dbopma

KOHTPOJIS,  3aJaHus,
Npe/CTaBiIeH B

Tabmuma 3 — HawmMeHoBaHWE TeM IUCIUIUIMHBI, IEIb, (GopMa KOHTPOJI,

3ajaHusl U TpeOoBaHMsl K OGOPMIICHHIO CaMOCTOSITEIbHON pabOThI

Hasanue tembr | Llens dopma 3amanus i | TpeboBanus
KOHTPOJIA CPC
[TogroroBka K | U3y4UTh uapuBuayanbH | ChopmynupoBa | YCTHO
JEKIUAM U | IPOLIECCHI u | oe Tb OTBETHl Ha | OTBETUTh Ha
1a00paTOPHBIM MTOKOJICHUS co0eceloBaHUE | KOHTPOJIbHBIE KOHTPOJIbHbBIE
3aHATUAM yIpaBIEHUS BOIIPOCHI K | BOIIPOCBI K
JTAaHHBIMU, a 71a00paTOpHBIM | J1aOOpaTOPHBI
TaKke pabotam M paboTam
TEHACHLIUU  HX
pa3BUTHUSA
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XapaKTepUCTUKU | U3YUHUTh
U MOJIETH | MOJENIN
0a30BBIX 0a30BbIX
UH(POPMALMOHHBI | HH)OPMAITMOHH
X MPOLIECCOB. BIX
IIPOLIECCOB.
3amaun a”anuza | M3yuurts
U CUHTE3a | 3a7auu
CHCTEM. aHanmu3a u
CUHTE3a
CHCTEM.
MoaenupoBaHue | U3Y4YUTh
U METO/I0JIOTUIO
IPOEKTUPOBAHUS | MOJIETUPOBAHUS
CJIOXKHBIX u
CHUCTEM. IIPOEKTHPOBAHUS
CJIOXKHBIX
CUCTEM.
. U3YYHUTh
Mopdoonoruyeck | Mopdonoruyeck
ue METO/Ibl; | U€ METO/IbI
TUIIOBbBIE
MareMatuuyeckue | U3y4uThb
CXEMBI MaTeMaTHYeCKue
AJIEMEHTOB CXEMBI
CJIOKHOU JJIEMEHTOB
CUCTEMBI CJI0KHOH
CHUCTEMBI

WHIMBU Ty aJIbH
oe
cobeceoBanue

chopmynupoBaT
b U
HCbMEHHO
OTBETUTH Ha
BOIIPOCHI ISt
KOHTPOJISI
BJIAJICHUS
KOMITCTSHITHS
MU TaHHOTO
paszzuena
POTPaMMBI

MUCbMEHHO
OTBETUTH Ha
BOIIPOCHI JUIs
KOHTPOJIS
BJIQ/ICHUS
KOMIIETEHIIMS
MU BOIPOCHI
JAHHOT'O
pasznena
IIPOrpaMMbI

7. IlpumepHasi TeMaTHKA 3aIaHUI VISl CAMOCTOSITE/IbHOM PadoThI
CTYJI€HTOB

Y4eOHbIM TUIAHOM TPETYyCMOTPEHO

BBITIOJIHEHUS 2-1 ceMecTp, popMa KOHTPOJIS — 3aIIUTa)
[IpumepHBIe TeMBI KYpCOBBIX paboT MO AUCHHUTUIHHE:

1.
IIPOLIECCOB.

Komneroreproe

MO/JIETMPOBaHKE

BBIINIOJTHCHHUC

KypcoBoil  paboThl

(cpoku

MH(POPMALIMOHHBIX

CpaBHEHHE pa3IMYHBIX AITOPUTMOB TEHEPALIUU CITyYaliHOTO IMpoIiecca .

2.

HOCTpOGHI/IC AJIropuTMOB, OCHOBAHHBIX Ha KIACCHYCCKHUX MCETOOAaxX

MOZACIIMPOBAHUA CﬂyqaﬁHBIX mpouccCCoB, ¢ y4€ToOM COBPCMCHHBIX BO3MOXKHOCTEH CpCabl

Matlab.
3.

MMPOCTPAHCTBCHHO PACIIPCACIICHHBIX U JIOKAJIN30BAHHBIX 00BEKTOB.

4,

00paboTKH N300paKEHUH.

5.

HUccnenosanue

n300pakeHnit cpeacTBamu Matlab.
6. MonenupoBaHue KaHAIOB Mepeaadn nHpopmaiuu B Matlab.

7.

Pa3zpaboTka

u MOJIETUPOBAaHUE

KOMIIBIOTCPHBIX

CHCTEM MAacCOBOTO OOCTyXHBaHHUs cpercTBaMu Matlab.

HUMHNTAIIMOHHBIX

HeilipoceTeBble alrOpuTMbl MOJEIMPOBAHUS I[BETHBIX H300paxKeHUM

KoMmnbrorepHoe MoOAENIMpOBaHHME IIOMEX B 3a4a4ax KOMIIBIOTEPHOMN

JIATCHTHBIX

MoJeen

211




212

8. MonenupoBanue cucTeM MacCcoBOI'O 00CITy>)KNBaHUS
C HMCHOJIb30BaHUEM TMOPHIHBIX aBTOMATOB cpencTBamu Matlab.
9. Pa3zpaboTka cHCTEMbl KOMIIBIOTEPHOTO MOJAEIUPOBAHUSA JUHAMUKU

HAMarHWYMBAIONINXCS Karemb B cpeae Matlab.
10. MopenupoBaHuEe CUCTEM C aJAlITUBHON CTPYKTYpPOM.
11 ABTOMaTH3MpOBAaHHBIE TEXHOJIOTUU CO3aHHUs MoJienel B cpese Matlab .

KypcoBas pabora odopmisiercs B coorBeTcTBUU ¢ TpeboBanusmu ['OCTor (I'OCT
2.105-95 ECK/I. O6muue TpeboBanus k TeKCToBbIM gokymeHTam 1 TOCT 2.105-96 ECK/I.
TekcToBbIC JTOKYMEHTBI) H CIAeTCsl MPEMoiaBaTellto B neyatHoM Buzae  (popmar A4) u
AJIEKTPOHHOM BHJE: (ailfibl ¢ TEKCTOM KypCOBOH pPabOTHI, MPOrpaMMHON peann3anuei.
KypcoBast pabota cmaercsi Ha NPOBEPKY B CPOK HE MEHEE YeM 3a HEJICNIO JIO 3allUThI.
[Tocne mpoBepkH CTYACHT MO0 JIOMyCKaeTcss K 3amre,  JUOO  JopadarbIBaeTr u
BHOCHUT  HCIIPABIICHHUSI B COOTBETCTBHH C 3aMeuaHWsIMH Ipenojasareis. Bo
BpeMs 3alIUThl pabOThI CTYIEHT JeNaeT M0KIaa (OKOJIO 5 MHUHYT), B KOTOPOM KpaTKO
u3jaraeT pe3yJbTaThl €€ BBIIIOJHCHUSI.

Jloknan 1oyKeH OBITh MpeNCTaBlIeH B BUE Mpe3eHTalH. [I[puMepHble TeMbl  JUIs
CaMOCTOSITETILHOTO ~ W3yUYCHHS no gucnuruinHe «MeToApl  UCCICNOBaHUA U
MOJICIIMPOBAHMST MH(POPMAIIMOHHBIX MPOIECCOB M TEXHOJIOTHI»:

1. Metozp!l aHaHM3a KauecTBa HHPOPMAIIMOHHBIX TPOIIECCOB U CHCTEM.
2. CoBpeMeHHBIE CpE/ICTBA BBIYMCIUTEILHOW TEXHHKH, KOMMYHHKAIUN H CBS3H.

3. Ilpumenenue METOI0JIOTUU CHUCTEMHOTO aHaJIM3a u
UH(POPMAITMOHHBIX TEXHOJIOTUI npu MIPOCKTUPOBAHUHI u
UCCJIEIOBAaHUHM WH(OPMALMOHHBIX CUCTEM.

4. IlepcnekTuBsbl u TEHJCHIIUU pa3BUTH MH(OPMAIIMOHHBIX
TEXHOJIOTHII;

5. Tlopsnok, METO/IbI U CPEACTBA  3AIIUTBI  MHTEJUIEKTYyaJbHOU

6. COOCTBEHHOCTH.

7. OcHoBHbBIE TpeOOBaHMSA K OpraHM3aLUU TpyJa IPU HUCCIEIOBAaHMM M pa3paboTKe
MH(POPMALMOHHBIX IPOLIECCOB U CHCTEM.

8.
8. Inan-rpagux BoimosiHenuss CPC
Ne | Ha3Banue pazaena Cpok cnaun
pe3yJIbTaTOB

1 | Metononorus aHaiau3a U MOJACIUPOBAHUS 5
HH()OPMAIIMOHHBIX ITPOIIECCOB M CHCTEM

2 | IlpumeHeHre METO0B CUCTEMHOTO aHaJIn3a U 10

MH(OPMAITMOHHO-aHATUTHYECKIX TEXHOJOTUI

MIPU TPOSKTUPOBAHUH HH(POPMAIIMOHHBIX CHCTEM

3 | KommbroTepHoe MoaenupoBaHue HHPOPMAITHOHHBIX 15
MPOLECCOB U TEXHOJOTUI

9. Opranu3anusi KOHTPOJIS 3HAHUI CTY/ICHTOB

8.1. ®opMBbI KOHTPOJISA 3HAHUI CTY/1€HTOB

Kontpous U OLEHKa  3HAaHUH, yMEHUI U HaBBIKOB CTYJCHTOB

OCYLIECTBIIETCS Ha  J1abOpaTOPHBIX 3aHATUSAX, KOHCYJIbTaLUsIX,
Ipu  crade
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9K3aMeHa. B Xoae KOHTpOis 3HAaHUMK IIPENoJaBaTeslb OICHUBAET IOHMMaHUE
CTYJICHTOM COJEp)KaHUsSI JTUCHUIUIMHBI «METOapl UCCIIEeNOBaHUS W  MOJEIUPOBAHMS
MH(GOPMALIMOHHBIX MPOIECCOB M TEXHOJOTHi», €ro CIoCOOHOCTh aHAM3UPOBAThH
pa3BuTHE NHPOPMAITMOHHBIX CUCTEM M TEXHOIOTHA.

KoHntposb 3HaHUHI CTYJICHTOB MOXET OCYLLIECTBIATHCSA B
CJIEIYIOLIUX

dbopmax:

- TEKyLIUH KOHTPOJb 3HAHUM;
- UTOrOBBII KOHTPOJb 3HAHUM.

Texymuii KOHTPOJb 3HAHUN CTYJECHTOB HMEET IEJbI0: JaTh OIICHKY pabOThI
Ka)KJOr0 CTyJEHTa MO YCBOCHHMIO MM Y4eOHOTO MaTepuania, BBISIBUTH HEIOCTAaTKU B €ro
MOATOTOBKE U 0Ka3aTh MPAKTUYECKYIO MTOMOIIb B UX YCTPAHEHUH;

OcHoBHBIMU (hOpMaMU TEKYIETO KOHTPOJIS 3HAHUN CTYJICHTOB SBIISIOTCS:
- YCTHBIHA KOHTPOJIBHBIN OIPOC;
- 3ammuTa JabopaTopHOI pabOTHI;
- TpoBepKa KOHCIEKTOB JICKIUH.

YCTHBI ~ KOHTPOJBHBIA  OMPOC  CTYIACHTOB MPOBOAUTCS HA JIEKIUSIX (4
nabopaTOpHBIX 3aHATHUSAX ). Ilo €ro  pesyibTaram IIPENoaBaTelb
OLICHMBAET KayeCTBO MOJATOTOBKH CTYJIEHTA K 3aHATHUIO.

Ha naGopaTopHbIX 3aHATHSX 3HAHUS W TMPAKTUYECKHUE HABBIKA CTYACHTOB
olleHHMBaOTCa 10 4-0amnpHoi  cucteme. IlomyueHHbIE OIEHKM BBICTAaBISETCS B
KypHare.

[Ipy mnpoBepke KOHCIEKTOB JIEKIIMM [JAeTcs aHalu3 KayecTBa HUX BEJICHHUS.
OtmedaroTcss  JOMYIICHHBIE OMMUOKW, B PELEH3UHM MPErojaBaTelii  OICHUBACTCS
KayecTBO KOHCIEKTUPOBAaHHUA ydeOHOro Marepuana, JaloTCsi PEKOMEHJAIMH 110
YIYUYIICHUIO KaueCTBA KOHCIIEKTUPOBAHUS JIEKIIMOHHOTO MaTepHalia.

8.2. PexoMeHgaMH MO MOATOTOBKE K IK3aAMEHY

[ToxroroBka K 3a4eTy HAYMHAETCS C HA4ala NU3y4YEHUS TUCIUILIHHEI.

Heobxoaumo moceniate Bce JISKIMM M J1a0OpAaTOpHBIC 3aHATHS.  OJK3aMeH, Kak
UTOTOBBIM  KOHTPOJIb  3HAaHMHA  CTYJCGHTOB HMMEET LEJNbI0 IPOBEPUTH M OLCHUTH
yueOHyI0 pabOTy CTYAEHTOB, YPOBEHb MOJYYEHHBIX 3HAHWH U NPAKTUYECKUX HABBIKOB.
DOK3aMeH MpoBOAMTCS B 1 cemecTpe IMOCie 3allUThl BceX JabOpaTOpHBIX paboT B
o0beMe y4eOHOM TTPOrpaMMBblI.

10. PexomMenganum no padore ¢ JJUTePaTypoOil U HCTOYHUKAMH

W3ydenue nuTepaTypbl M HMCTOYHMKOB HEOOXOJUMO HAUMHATH C MPOYTEHUS
COOTBETCTBYIOIIMX TJIaB y4yeOHBIX M3AaHUN, Y4eOHBIX MOCOOMI WM JIUTEpaTyphl,
PEKOMEHI0BAaHHON B Kaue€CTBE OCHOBHOW WJIM JOMOJIHUTEIBHON IO AUCHUIUIMHE «MeToasl
UCCIJIEIOBaHMS U MOJICTMPOBaHUS HH()OPMALIMOHHBIX MPOLIECCOB U TEXHOJIOTHIN», KOTOpbIE
IIPSIMO MJIM KOCBEHHO OTHOCATCS K U3y4aeMOM TEME.

[Ipn wm3ydeHum nuTepaTypbl UM HCTOYHUKOB CTYJIEHTY PEKOMEHIYETCS BECTU
KpaTKui KOHCIIEKT. Opnako HE CleIyeT NIEPENNUCHIBATh BCE
coJiep’)KaHUE M3y4yaeMOM TeMbl, HY’KHO BBIITUCHIBATH JIUIIb OCHOBHBIC WJEU U TJIaBHBIC Ha
Balll B3IVIAJ MBICIM. B OTAENBHBIX Cilydasx, KOTAa BCTPEYAIOTCS BA)KHBIE ONPEIEIICHUS,
MOHATHUSA, HEOOXONUMBIM  (aKkTUUYeCKHil MaTepuan M TpPUMEpbl, CTaTHCTUYECKas
uHpOpMalus, UMEIOIMEe OTHOLICHHE K U3yyaeMoil Teme, CTYICHTY CledyeT
BBIIICATh UX B BHJE LHATAaT C IOJHBIM  YKa3aHUEM 6ubmmorpaduyuecknx
HCTOYHHKOB.
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KoncnektupoBanue pEKOMEeH1yeMOn JUTEPaTyphl u
MCTOYHUKOB HEOOXOJMMO BECTH C pacCIpelesieHHeM COOpaHHBIX MAaTepHalioB IO
OTHENbHBIM TJIaBaM M maparpadaM  coOrlacHO  y4eOHO-TEeMaTHMYeCKOMY  IUIaHy.

Heo6xonuMo BBITUCHIBATH BCE  BBIXOJIHBIE JTaHHbIE [0  HCHOJBb3yeMOU
JUTEpAaType U HUCTOYHHUKAM.

OcHoBoit TEXHOJIOTUH UHTEHCU(PHUKAIINN o0y4deHus Ha
maTdopme

U(PPOBBIX 00pPa30BATENBHBIX TEXHOJOTHH SBISIOTCS Yy4e€OHO-MIUTIOCTPALMOHHBIC
MaTepuanbl  (OMOPHBIM  KOHCHEKT) M0 JAUCHUIUIMHE «Meronbl HccieloBaHUs U
MOJICIIUPOBAHUS HH(OPMAIIMOHHBIX MTPOIIECCOB M TEXHOJIOTHIT».

PaboTa ¢ yueOHO-WUIIOCTPALMOHHBIMU MaTepUalaMu HMMEET CIIEAYIOLIHE ATallbl.

1. W3ydeHume TEOpPETHUYECKUX OCHOB Yy4yeOHOro Mmarepuaisa B ayJIUTOPHU:
U3J0KEHHUEe INpenojaBaTeleM M3y4aeMoro Marepuana CTyJeHTaM C OOBSICHEHHEM 110
OIIOPHOMY KOHCIIEKTY;

2. CamocrosTenbHas paboTa:  WHIMBUAYyaJbHAs paboTa  CTyICHTOB
10 OIMOPHOMY KOHCIICKTY; ¢dpoHTaTHHOE 3aKperieHue no  Onokam
OIOPHOTO KOHCIICKTA.

3. IlepBoe TOBTOpEHHE - BOCIIPOM3BEACHHE COJACP)KAHMS 3aJaHHOH TEMBI
OIOPHOTO KOHCIIEKTA IO TTaMSITH.

4. YcrtHoe  mporoBapHBaHHE MarepHana OIIOPHOTO KOHCIICKTa—

HEOOXOJMMBIN JTal BHEIIHEPEYEBOM MAEATEIBHOCTH MHPU YCBOCHHH  y4eOHOrO
MarepHania.

5. Brtopoe mOBTOpEeHHE — B3aUMOOIPOC W B3aUMOIIOMOLIb CTYJCHTOB YT
JpyTY.

[TpumMeneHne y4eOHO-MILTIOCTPALOHHBIX MaTepHaioB
HO3BOJISIET

0000IIUTD CIOXHBII MO COACPIKAHUIO MaTepHal, aKTHBU3UPOBATh MBICIUTEIBHYIO
ACATCIIBHOCTb CTYACHTOB.

Heo0XoquMO MOMHHUTH, YTO TJIABHOE JUIS CTYJCHTa B CaMOCTOSATENILHOW paboTe
C PEKOMCHAYeMOH JHMTepaTypol ¥ HWCTOYHMKaMU - 3TO0 (OPMHPOBAHHE CBOETO
UHIMBUIYalbHOTO  CTHJIS,  KOTOPBIH ~ MOXET  CTaTb  OCHOBOW B Oyaymiel
poeCCUOHATILHOMN 1S TETbHOCTH.

11. KPUTEPUU OLIEHUBAHUSI KOMIIETEHIIUNA

OneHka «OTJIMYHO» BBICTABISIETCS CTYAEHTY, €CIU TIIyOOKHE, HCUYEPIBIBAIOIINE
3HAHUS U TBOPYECKHE CIOCOOHOCTH B MOHHMMAaHUU, M3JI0KEHUHM U HCIIOJIb30BAHUU y4eOHO-
IIPOrPaMMHOI0 MaTepuaia; JOTHYECKH IIOCIEN0BaTENbHbBIE, COIEPIKATENIbHbBIE, IOJHBIE,
MpaBWJIbHbIE M KOHKPETHBIE OTBETHl HAa BCE MOCTABJIECHHBIE BONPOCHI U JOMOJHUTEIbHbBIC
BONPOCHl  MpernojaBarTeNs; CBOOOAHOE BIAJCHHE OCHOBHOM W  JOMOJHHUTEIbHOM
JUTEPaTypOil, pEKOMEHIOBaHHON yueOHON POrpaMMOii.

OrneHka «XOpOLIO» BBICTABIISIETCSA CTYACHTY, €CJIM TBEPIBbIE M JOCTATOYHO IOJHBIE
3HaHHS BCEro MPOTPAaMMHOIO MaTepHuaja, NpPaBWJIbHOE T[OHUMAHUE CYIIHOCTH U
B3alMOCBSA3M PAcCCMaTPUBAEMBbIX IPOLECCOB M SBJIEHMI; MOCIEN0BATENIbHbIE, TIPABUIIBHBIE,
KOHKPETHbIE OTBETHl Ha MOCTaBJICHHbIE BOIPOCHI MPU CBOOOJHOM YCTpPaHEHHUU 3aMEYaHUi
[0 OTAEJIBHBIM BOINPOCAM; JIOCTATOYHOE BIAJCHUE JUTEPATYypOH, PEKOMEHIOBAaHHOU
y4eOHOM MporpaMMoii.

OneHka «yJOBJIETBOPUTEIBHO» BBICTABIIAETCS CTYNEHTY, €CIM TBEPHAbIE 3HAHUA U
MMOHMMAaHHE OCHOBHOTO MPOTPaMMHOI0 MaTepuaia; MpaBUiIbHbIE, 0e3 TIpyObIX OIMIMOOK
OTBETHl HA IOCTABJIEHHBIE BOIPOCHI MPH YCTPAaHEHUU HETOYHOCTEN M HECYIECTBEHHBIX
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OIIMOOK B OCBEIICHUU OTIEIbHBIX MOJIOKEHUH MPU HABOJSAIIMX BOMPOCAX MPEIoaaBaTels;
HEJO0CTAaTOYHOE BJIAJICHUE JINTEPATYPOi, pEKOMEHI0BAHHOW y4eOHOM MporpaMMoi.

OueHka «HeyAO0BIETBOPUTEIBHO» BBICTABJISETCS CTYIEHTY, €CJIM HENPABUIIbHBIE OTBETHI Ha
OCHOBHBIC BOIIPOCHI, JOITYIICHLL rpy61;1e OH_II/I6KI/I B OTBCTAaxX, HCIIOHMMAHUC CYIIHOCTU
M3JIaraéMbIX BOIIPOCOB; HEYBEPEHHBIE U HETOUHBIE OTBETHI Ha JOMOJIHUTENIbHBIE BOIIPOCHI.

12. YHEBHO-METOANYECKOE U UTH®OPMAIINOHHOE
OBECIIEYEHUE JUCIUIIJINHBI

11.1. Pexomenayemas Jiureparypa

11.1.1. OcHoBHas JuUTepaTypa:

1. CoseroB, bopuc fkoBineBuu MopaenupoBaHue CHUCTEM: JI CTYACHTOB BBICIIUX
y4eOHBIX 3aBelleHHH, oOydJarommxcs 1o HampasileHusMm "HMHpopmatnka u
BerunciuTenbHas Texauka" u "MHpopmanmronnsie cuctemsl”" / b.S1. Coseros, C.A.
SxoBneB; Cankr-IleTepOyprckuii roc. 3JIEKTPOTEXHMUYECKMH YH-T. — MockBa
Opaiit, 2012. — 342 c.

2. YyeOHOoe mocoOMEe TO AUCHUIUIUHE «ABTOMAaTH3HMPOBAHHOE IPOSKTUPOBAHHE
cpenctB u cuctem ympasiaeHus» [Isruropck 2012. Tlox penakumeit nmpod. [leprmmna
N.M.

11.1.2. lonotHUTEILHAS JIUTEPATypa:

1. Bpnosun B.M., Cypkosa JL.LE, Banentunos B.A. Teopusi cuctem u CUCTEMHBIN
anamm3 — M.: UTK «/lamkoB u K°», 2010. — 320 ¢ ITpoxopos H.JI. (1 ap.)
VYnpapisiomuye BHIYUCIUTENbHbIE KOMIUIEKCHL: yueb. mocodue / pex. H.JL.

IIpoxopos, 2010 r. — 352 c.

2. AmnpapeitunnkoB A.B. MHTennexryaibHble WHGOPMAIMOHHBIE CUCTEMbI: Y4EOHUK /
A.B. Annpeitunnkos, O.H. AnpeiunkoBa, 2010 r. — 424 ¢

3. bnaromarckux B.A. Cranpaptuzamusi pa3paOOTKH NPOTPaMMHBIX CpEACTB: yueO.
nocobue / B.A. bnarogarckux, B.A. Bomuun, K.®. [Tockakanos; mox pen. IIpod.
0O.C. Pazymosa, 2010 . - 288 c.

11.1.3. MeToanueckasi Juareparypa:

1. Meroanueckue yKazaHUs IO BBIMOJTHEHUIO JTAOOPATOPHBIX PadOT MO MUCIUILUIMHE
«MeToasl WCCIEIOBAaHUS €W MOJCITUPOBAHUS WH()OPMAIMOHHBIX MPOIECCOB U
TEXHOJIOTHI.

2. Meroanyueckre peKOMEHJAUNUM I CTYJECHTOB MO OPraHU3allMU CaMOCTOATEIbHOMN
pabotel 1o aucuuIiUiMHE ~«METOABl  HMCCIENOBaHUS W MOJCITUPOBAHUS
MH(GOPMALIMOHHBIX MTPOLIECCOB M TEXHOJIOTHII.

3. Meroauyeckue yKa3aHHUsS TIO BBIIOJHEHUIO KYpCOBOW pabOThI MO IUCIUIUIMHE
«MeToasl WCCIEIOBAaHUS €W MOJCITUPOBAHUS WH()OPMAIMOHHBIX MPOIECCOB U
TEXHOJIOTHI.

11.1.4. UuTepHeT-pecypcehi:

1. http://www.biblioclub.ru - anexTpoHHas OuOIMOTEUHas! cucTeMa «YHUBEPCUTETCKAs
6ubnnoreka — onliney: crnenuanu3upyercs Ha yuyeOHbIX MaTepuanax aiasi BY3oB no
HAYYHO-TYMaHUTApHOW TEMAaTHUKE, a TaK XK€ COICPKUT MaTepUallbl M0 TOYHBIM M
€CTECTBEHHBIM HAyKaM.
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2. http://www.iprbookshop.ru— asekTponHo-6ubaunoreunas cucrema [IPRbooks.
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