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BBEJIEHHUE

1. Heab 1 3a1a4n OCBOCHUS JUCHUILINHBI (MOXYJIs1)

Ilenpr0o OCBOEHMS AMCUMIUIMHBI «MoJenu W MEeTOAbl HCCIEIOBaHUS
UH(POPMAILIMOHHBIX MPOLIECCOB U CUCTEM» SIBJISICTCS OJIyUEHUE 3HAHUM, YMEHUI
Y HaBBIKOB II0 MKCIOJB30BAHMIO METOJOB HCCJIEAOBAHMS W MOJECIUPOBAHHUS
UHPOPMAIIMOHHBIX TPOIIECCOB M CUCTEM NpPH TPOBEACHUM HAYYHBIX
UCCIICTIOBAaHUIA M PEUICHUH MPAaKTHYECKUX 3a]a4, a TaKKe (POPMUPOBAHUE HA UX
OCHOBE KOMIETCHIMA OyayIIero MarucTpa IO HalpaBICHUIO TMOATOTOBKHU
09.04.02. — MudbopmauroHHbIE CUCTEMbl M TEXHOJOTUM W HAMpPaBICHHOCTU
(npodunio) «VCKyCCTBEHHBIN MHTEIJIEKT, MaTEMAaTUYECKOE MOJIEIUPOBAHUE U
CYNEepKOMIBIOTEPHBIE TEXHOJIOTMU B pa3pabOTKe MH(DOPMALMOHHBIX CHCTEMY.
OcBoeHue METONOJOTMU M TEXHOJIOTMH MOJEIMPOBAaHUS, B MEPBYID OYEpEb
KOMITBIOTEPHOT0, HWH(OPMAIMOHHBIX MPOIECCOB B PA3JIMYHBIX CHUCTEMaXx.
[IpuoOperenne HaBBIKOB MPOGECCHOHANIBHOTO HCIOJIb30BAHUS COBPEMEHHBIX
IAaKETOB MMHUTALIMOHHOTO MOJICJIMPOBAHUS MPHU pa3pabOTKe Mojened 3aaad u3
pa3anyuHbIX chep AesATEIbHOCTH.

3a1auu JUCUUIUIMHBL: HCIIOJIb30BAHUE METOOJIOTMH CUCTEMHOIO aHAIM3a
JUIA WCCIIEeIOBaHUS HMH(POPMALMOHHBIX IPOLECCOB, CUCTEM M TEXHOJOTHUH;
MOJICTUPOBaHNE HMH(DOPMAIMOHHBIX TPOIECCOB W  CHUCTEM; H3y4YCHHE
COBPEMEHHBIX TMOAXOAOB K (Qopmanu3anuu WHGOPMALMOHHBIX CHCTEM;
UCTIONb30BaHUE WH(GOPMALMOHHBIX TEXHOJIOTUHA TpPU aHANIM3€ U CHUHTE3e
UH(OPMAIMOHHBIX CHCTEM W HWHCTPYMEHTAJbHBIX CPEACTB MOJECIHPOBAHUS
UH(OPMAIMOHHBIX IPOLECCOB U CUCTEM

2. IlepeyeHp MIaHUPYEeMbIX Pe3yJbTATOB O00y4YeHHMS MO JAUCHUILIHHE
(Moay10), COOTHECEHHBIX C IUIAHUPYEMBbIMHM Ppe3yJbTaTaMH OCBOCHUS
o0pa3oBaTeJIbHOM NPOTrPaMMBbI

Kog, Kog, [Inanupyemsble pe3yibTaThl 00y4eHHUs 110
bopmyIupoBKa bopmyIupoBKa JUCLUIUTHHE (MOLYJIIO),
KOMIIETEHIIUU UHAMKaTOpa XapaKTepU3yIoIIKe Tanbl (POPMUPOBAHUS
KOMIETEHIIUN, HHAUKATOPOB
OIIK-7 Cnocob6en | MJI-1 OIIK-7 | IIpaBuiabHO UCIIONB3YET: METOJIBI aHATIU3A
pa3pabateiBath U | [Ipumensier U CHUHTE3a UH(POPMALIMOHHBIX CUCTEM;
NPUMEHATD METOJIbl HAayYHbIX | (HOpMaJIbHBIE MOJIETN CUCTEM; CPEJICTBA
MaTEeMaTHYeCKUE | UCCIENOBAaHUM | | CTPYKTYPHOTO aHAJIN3a; METOI0JIOTHIO
MOJIEIH MaTEMaTHYECKOTO | CTPYKTYPHOTO CHCTEMHOTO aHalnu3a U
MPOLIECCOB U | MOZCIIUPOBAHUSA | IPOCKTHUPOBAHUSI.
00BEKTOB npu | Ipu pemieHuy | ['paMOTHO MPUMEHSIET METO/Ibl HAYYHBIX
pellleHny  3ajad | 3a/1ad aHaIM3a U | UCCIEOBAaHUN M MaTEeMaTHYECKOTO
aHalM3a U CUHTE3a | CHHTE3a MOJICTTUPOBAHUS MPU PEIICHUH 33124
pacnpe/ieNIeHHbIX | paCIpEeleNICHHbIX | aHaJu3a U CUHTE3a paclpeeIeHHbIX
MH(POPMALIMOHHBIX | UHPOPMALIMOHHBIX | HH(QOPMALIMOHHBIX CUCTEM M CUCTEM
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CUCTEM U CHCTEM
NOAJIEPKKHU
MPUHATHS
pELICHUN;

CHCTCM H CUCTCM

MOJICPYKKU TIPUHSATHUS PEIICHUN

HNOAJIEPKKHU Bri6upaet ajekBaTHbIE METObI HAYYHOTO
MPUHATHS MOMCKa U MHTEJUIEKTYaJIbHOIO aHAJIN3a
pelLIeHni HAay4YHOU MHGOPMAIUH TIPU PEIICHUH
HOBBIX 3a]1a4, METO/Ibl aHAJIN3a U CUHTE3a
WH()OPMAITMOHHBIX CUCTEM,
pacmnpeneneHHbIX HH)OPMAITMOHHBIX
CUCTEM U CUCTEM MOJJICPKKU TPUHSATHUS
peLIeHU.
AJIEKBAaTHO UCTIONIB3YET MaTEMaTUUECKU
anmapar Jyisl peleHus 3a1a4d B 00JacTu
MH(OPMAIIMOHHBIX CUCTEM M TEXHOJIOTUI
NJ-2 OIIK-7 AHanu3upyeT AMHAMUYECKUE
Pa3pabateiBaer ONTUMU3ALUOHHBIE MOJIEIIH, MOJEIU
MaTeMaTU4YeCKue | MPeaMEeTHBIX obsacTell HHOOPMAITMOHHBIX
MOJENH CUCTEM, MATEMATUYECKUE MOAEIIH

HPOLIECCOB U
O00BEKTOB MPHU
peleHnH 3a1a4
aHaJIM3a U CHHTE3a

UH(OPMAITMOHHBIX TIPOIECCOB
Pa3pabatbiBaeT MOeNIM IPOIIECCOB U
00BEKTOB HH(POPMAITMOHHOM CPEIBI,
AHATUTHYECKHUE W UMHUTAIIMOHHBIE MOJICTTU

pacmpesieieHHbIX | MPEAMETHBIX 00JacTe.
nH()OpPMAITMOHHBIX | BeIOMpaeT agexkBaTHBIC MOJICTH U
CHUCTEM M CHUCTEM | CPEICTBA Pa3pabOTKH apXUTEKTYPbI
HOJIICPIKKHU UH(OPMAITMOHHBIX CUCTEM.
OPUHATHUS Hcnonb3yeT ajiekBaTHbIE OCHOBHBIE
pelIeHH MPUEMBI 110 UCCIIEIOBAHUIO
WH()OPMAITMOHHBIX CUCTEM M TEXHOJIOTHI
OIIK-8 Cmnocob6en | /-1 OIIK-8: AHaIM3UPYET: MOPUHIUIIBI  BBISBICHUS,
OCYIIECTBIISATh OcymectBisier pa3paboTKH, JIOKyMEHTUPOBAHHUS
s dexTuBHOE YIIPABJICHUE TpeboBanuii B T mpoekTax; MPUHIUIIBI
YIIPaBJICHHE paboTamMu 1o W3MCHECHUS U IJIAHUPOBAHUS TPEOOBAHUH K
pa3paboTKOM BBISIBJICHUIO U MIPOTPAMMHBIM CPEJICTBAM U MTPOCKTaM.
MIPOTrPaAaMMHBIX aHaIHU3y BeimonasieT: 0030p  MPUKIAIHBIX U
CPEACTB U | TpeOOBaHUH K MH()OPMAIIMOHHBIX  TPOLECCOB;  aHAJIU3
MIPOCKTOB MIPOTrPaMMHBIM TIPUKJIATHBIX U UH(OPMAITMOHHBIX
CpelCTBaM U MPOLIECCOB; PEMHKMHUPHUHT TPUKIAJIHBIX U
IpOeKTaM MH(OPMAIMOHHBIX TPOIECCOB.
JIeMOHCTpUpYET NPAKTUUYECKUE HABBIKU:
BBIOOpa HEOOXOAUMOTO  IMPOrPAMMHOTO
oOecrieueHus; TUTAHUPOBAHUS u
pa3pabOTKH MPOrPAMMHOI0 00ECIICUSHHUS
NJI-2 OIIK-8: ['paMOTHO HCTIONB3YyET: NOHATHUSA
[TpoBomut YKU3HEHHOTO IUKJIA MPOEKTa: NWHUIIHAIIHIO,

MOHHUTOPHHI' 1

IJIaHUPOBAHUEC, UCITIOJTHCHNEC, MOHHUTOPUHI




yIpPaBIISICT
paboTaMu MPOCKTa
B UT obGiactu

Y KOHTPOJIb, 3aKPBITUE; OCHOBHYIO
CTpaTEruio pa3padOTKU MPOrpPaMMHBIX
CPE/ICTB U NMPOEKTOB, 0COOEHHOCTH
IIPOLIECCHOIO MOAXO0AA K YIIPABIECHUIO
npukiagabiMu IC u coBpemennsie KT B
IIPOLIECCHOM YNPaBJIEHUU

OcymectiseT: 3G PeKTUBHOE yIPABICHHAE
npoektamu MC Ha Bcex cTaausx
YKU3HEHHOIO LIMKJIA, OLIEHUBAHUE

3 (HEKTUBHOCTH U Ka4eCTBa MPOEKTA;
MIPUMEHEHUE COBPEMEHHBIX METOI0B
yIpasiieHUs npoektamu u ceppucamu UC;
obecnieueHue 3hPEKTUBHOTO KOHTPOJIS U
peryiaupoBaHus padoT, a TAKKe
yIIpaBJICHUE U3MEHEHUSIMU
JleMoHCTpUpyeT NPaKTUYECKUE HABBIKU 110
aHANM3y CTeU(PUKAIINH, MOHUTOPUHTY,
YIPABJICHUIO U KOHTPOJIIO paboTaMu
npoekta B T obnactu




JIABOPATOPHASA PABOTA 1
MopaeanpoBaHue npoueccoB u cucreM B nakere Simulink cucremsl
MATLAB

Leab U coaep:kaHue: W3YyYUTh OCHOBHBIC MPHUEMBI PAOOTHI C CHCTEMOU
komnbioTepHoit marematuku MATLAB mnpuoOpect HaBBIKM TMOCTPOCHUS
Mojenel cucteM B makere Simulink

OpranuszannonHasi ¢popMa 3aHATHII: peElIeHHE NPOOJIEMHBIX 3ajad,
pazb0p KOHKPETHBIX CUTYaLUM

Bonpocs! ajs1 00cy:kIeHUus1 HA JIA0OPATOPHOM 3aHATHM: TIOCTPOEHUE
npocteimux moaenei B makere Simulink cuctemst MATLAB.

®opmupyembie komnerenuu: OITK-7, OIIK-8

Teopernueckoe 060CHOBaHUE

[Taker IIPUKJIAJHBIX IpOTrpamMm MATLAB OTHOCHUTCS K
MHCTPYMEHTAJIbHBIM CPEJICTBAM, KOTOPBIE MPEeIHA3HAYECHBI JJIsl pELICHUS 3a7a4 B
PA3UYHBIX 00JIACTSIX YETOBEYECKOM JNeATEIHbHOCTH (HAYUYHBIX, SKOHOMUYECKHUX,
WHXXCHEPHBIX, (QU3MYECKUX U T. [.), TO3BOJSAIONIMM  IPOU3BOJUTH
MOJICIMpPOBaHUE, pa3pabOTKy M OTIAJAKY Pa3iHYHBIX CUCTEM M YCTpoHcTB. Ero
UCTIOJIB3YIOT 0oJiee MWUIMOHA HWHXXEHEPHBIX W HAyYHBIX pPaOOTHHKOB, OH
paboTaeT Ha OOJIBIIMHCTBE COBPEMEHHBIX OINEPAIIMOHHBIX CUCTEM, BKJIHOYAs
Linux, macOS, u Windows.

MATLAB umeer Oosbllioe KOJUYECTBO (DYHKLMM JJig aHAIW3a JAaHHBIX,
NpakTHUYeCKU U3 Bcex oOmactedr wmarematuku. MATLAB kak  s3bIk
nporpaMMmupoBaHus 6611 pazpadoran Knusom Moynepom (Cleve Moler) B koHIie
1970-x rOJIOB. S3bIK MATLAB ABJISIETCSA BBICOKOYPOBHEBBIM
UHTEPIIPETUPYEMBIM S3BIKOM TPOrPaMMUPOBAHUS, BKIIFOYAIOIIUM OCHOBAHHBIC
HA  MaTpulax CTPYKTYypbl  JaHHBIX, [IUPOKUNA  CHEKTp  (DyHKIHA,

WHTETPUPOBAHHYIO cpeny pa3paboTKH, 00BEKTHO-OPUEHTUPOBAHHBIC
BO3MOXHOCTH M MHTep(]Eichl K mporpaMmam, HamMCaHHBIM Ha JAPYTHUX S3bIKAX
pOrpaMMHUPOBAHUSI.

[Tporpammel, Hanucanubie Ha MATLAB, ObIBatOT IBYX TUOB — (DYHKIIUH
U cKpunThbl. DYHKIMM UMEIOT BXOJHBIE M BBIXOJHBIE APIYMEHTHI, a TAKXKE
coOCTBEHHOE paboyee MPOCTPAHCTBO JUIsl XpPAHEHUS IPOMEKYTOUHBIX
pe3yiabTaTOB BBIYUCICHUM W TepeMeHHbIX. CKPUITHI k€ MCIOJIb3YIOT 00I1ee
pabouee mpocTtpaHcTBO. Kak CKpUIITBHI, TaK U (YHKIHUHU COXPAHSIOTCS B BUJE
TEKCTOBBIX (DaliJIOB M KOMIHWJIMPYIOTCS B MAIIMHHBIM KOJA JAMHAMHYECKHU.
CymiecTByeT Takke BO3MOXHOCTh COXpPaHATh TaK Ha3bIBaeMble pre-parsed
nporpaMmbl — (YHKIMH M CKPHUIITHI, 00paboTaHHbIE B BHJ, YJOOHBIN IS
MAIIMHHOTO HMCTOJHEHUs. B 001meM ciydae Takue mporpaMMbl BBITOTHSIOTCS
ObIcTpee OOBIYHBIX, OCOOCHHO eCiIM (YHKIUS COIASPKUT KOMAHIbI MIOCTPOCHUS
rpauKoB.



OcHoBHOM ocoOeHHOCThIO si3bika MATLAB sBISIOTCS €ro IMIHUpOKHE
BO3MOXHOCTH 110 paboTe C MaTpUllaMU
Nurepdeiic cucrembr MATLAB npencrasien 1.1.

) MATLAB R2017a
HOME i e [THL ey E @ Search Documentation ¥=l Login
i . - = @
g & ™ ,
-
Get More  Install Package Curve Fitting ‘Optimization PID Tuner System Signal Analyzer Image Instrument
Apps  App App Identification Acquisition Control
FILE | 4PPS r =
<P HEE rCcy - 2
Current Folder [(GM Command Window Gl Workspace @
»» % SamadM Esca HeHMpoHa Mame = Value
H w=[% -Z1: _H_:iacti\ration_potential -1
[=2] . t SanaéMm cHemeHMe H_:ib -3
2] SWindows.., b = -3; <[] func ‘tansig’
[ SWinREAQg... £ PyHRIMD, HOTOPYD XOTUM OOCTpOMTh, Tunepbom. ;Eneuron_output -0.7616
= 3P H p [23]
&3] AdwCleaner ‘tansig'; EE p 81x81 dou
® Boot % Sana&M EXOOHOM EERTOD IHP?— 81x87 doy
Bl E;)TH p=[2 31; HH w -]
% BrHuMCHIEEM BIBENEHHYD CYyMMY BXONa M BECOB [z 81x81 dou
E2] Image e AR
- inetb activation potentia phw h }
i i % BouMCIASM BHXON HEJNMHEWHOHW YacTM HeWpoHa
= Magkapli ¥
e neuron output = fewval (func, activation potential):
macrodrops_p.. ¥ ¥ Sanadm BXOMHOWM BERTOpD INA MMana3oHa or —10 mo +10 ¢ maroM
Model version: 1.112 .25
Saved in Simulink ve [pl, p2] = meshgrid(-10:.25:10};
Last modified by: Mar % BuuMMCHIASM BEKTOD BHXOHOa HEeWpOHa
z = feval (func, [pl{:) p2(:}]*w'+b):
(no descripticn availa % MepecdST BENECTECHHEX 9YWMCEN B BOKCeNM OnA 3D-rpaduea
z = reshape (z, length(pl), length(p2)}):
f{ % Crpom Trpadux
plot3(pl, p2, z):
2>
< > € >

Pucynok 1.1 —UuTepdeiic cucremer MATLAB

Simulink — »5T0 mnoacucTeMa WMHUTAIIMOHHOTO MaTEMaTHUYECKOTO
MOJICJIMPOBAHUSl JAMHAMUYECKUX mporeccoB. Simulink sBisieTcs cocTaBHOM
yacThio maketa Matlab u moaHOCTBIO MHTErpUpOBaH ¢ HUM. Mojenu B Simulink
cocToAT u3 Habopa Tpaduyueckux OJIOKOB, MPEACTABISIONINX KOMIIOHEHTHI
00beKTa WM Kakue-TO (YyHKIHUOHAIBHBIE SJIEMEHTHl (MCTOYHUKH CHUTHAJIOB
pa3sIUYHOTO BHUJA, BUPTYaJIbHBIE PETUCTPUPYIOMME MPUOOPHI, CPEACTBa
aHUMAaIlMW), ¥ HAMPABICHHBIX CBSI3ed MEXIy HUMH (JTMHUU PACTIPOCTPAHCHUS
curHasioB). Simulink mMO3BOSET OCYIMIECTBIATH UMUTAITMOHHOE MOICTUPOBAHUE
MOBECHUS PA3IMYHBIX TUHAMHYECKUX HEJTUHEHHBIX CHCTEM.

Jlst Hayasna paboThl HEOOXOAMMO co3AaTh HOBBIH (haitn Simulink model, B
KOTOpOM ¢ nomotbto 6ubnuotexk Simulink (pucynox 1.2, 1.3) u ocyiiecTBUTH
rpaduyeckyr0 COOpPKY CHCTeMbl U3 OTACIbHBIX OJIOKOB, XpaHAIIUXCS B
oubnuorekax Simulink.

PaccMmoTpum HekoTOpbIe OJI0KKM MaTeMaTUYECKUX ornepanuid (pucyHok 1.2):
— Abs npenHa3Ha4eH 711 BHIYUCIEHUS a0COIIOTHOTO 3HAYECHUSI BXOJHOTO
CUTHAJIA;



— Add npenHa3HaveH IS BBIYMCIICHUS alNreOpandeckoil CyMMBbI IBYX (KU
0oJiee) CUTHAJIOB;
Gain ymMHO)XaeT BXOJJHOW CHTHAJI Ha 3aIaHHBIN KO (PUITUEHT U T.1I.

Y e Simulink Library Browser

¢ b [omm A (B = @

Simulink/Math Operations

~  Simulink ~
Commeonly Used Blocks m D *[z] ﬂ?f:l\’fo a+ i :ﬂ Ay F * u+0.0 F
Continuous
Dashboard Abs Add Algebraic Constraint Assignment Bias
Discontinuities b h
Discrete .(:]rr [ N find P
Logic and Bit Operations w 2
Lookup Tables Complex to Complex to Divide Dot Product Find Nonzero
Math Operations Magnitude-Angle Real-Imag Elements

LYV
%
-

Model Verification I
Model-Wide Utilities )D} i b

Ports & Subsystems

Signal Attributes Gain Magnitude-Angle r-iatt_1 Matrix MinMax
Signal Routing to Complex Function Concatenate
Sinks u
Sources ;R minfu,y) ¥ P 2 E[%]j P crrI:’(Jui s f
User-Defined Functions
»  Additional Math & Discrete MinMax Permute Paolynomial Product Product of
Running Dimensions Elements
Aerospace Blockset Resettable
> Audio System Toolbox
Communications System Toolt i 1
» Communications System Toolt [:—)' P u:d ’
» Computer Vision System Toolc Real-Imag to Reciprocal Reshape Rounding Sign
Control System Tooclbox Complex sqrt Function
Data Acquisition Toolbox
DSP System Toolbox Tar b ,
DSP System Toolbox HDL Supy
» Embedded Coder Signed Sine Wave Slider Sart Squeeze
Fuzzy Logic Toolbox Sqrt Function Gain
» HDL Coder
e £}
Image Acquisition Toolbox
Instrument Contral Toolbox Subtract Sum Sum of Trigonometric Unary Minus
Model Predictive Control Toolb Elements Function
Neural Network Toolbox
OPC Toolbox 1}
Phased Array System Toolbox
Report Generator Vector Weighted
> RF Blockset v Concatenate Sample Time
- . Math
L4 >

Pucynok 1.2 — bu6nuorexku Simulink. biioku maremaTnyeckux onepanuit

Paccmotpum gacto Betpedaromuecs: 6;10ku (pucyHok 1.3):

— From File — G510k cuuThiBaHUs JaHHBIX U3 (ailna;

— Sine Wave popMupyeT ciHycOUIaIbHBI CUTHA C 3aJJaHHOM 4acTOTOM,
aMILTUTY0U, a3ol U CMEIICHUEM;

— Signal Generator ¢popMupyeT 0OAMH U3 YETHIPEX BUIOB MEPHUOTUIECCKIX
CUTHAJIOB (CHHYCOMJAJBHBINA, MPAMOYTOJIbHBIN, MUI000pa3HbIf, CIIy4daiHbIN
CUTHAJIBI);

— Ramp ¢popmupyeT JIMHEHHBINA CUTHAT;

— Step ¢popMupyeTt cTyneH4yaThlii CUTHAT;

— Random Number dopmupyer ciywaiiHplii cHUTHanM € HOpPMalbHBIM
paclpeneneHueM YpOBHs CUTHAJIA U T. 1.

Annaparypa u Martepuaibl. /[ BbimonHeHus 1a00paTOpHOl pabOTHI
HEOOXOIMMO  HCIONb30BaTh  CIEAyIOIlee:  ammapatHoe  oOecreyeHue:
NEPCOHANIbHBI KOMIBIOTEp U NPOrpaMMHOE OOECHeueHHE: OINEpPalMOHHYIO



cucremy Windows 10 wu Bbeime; Microsoft Officel3 u BbIme, cHUCTEMBI
koMmmnbioTepHoi MmatemaTuku Machcad u MATLAB R2017a u Beiie.

= & Simulink Library Browser

<A |Gaussian V|"%J\" T = @
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Pucynox 1.3 — bioku 6ubnuorexn Simulink/Sources

MeToauka U NOPsIAOK BHINMOJHEHUsI pa0oThI

BremmonHuTe mpemioKeHHbIE 3aJaHUs, NPEIBAPUTEIBHO PAcCCMOTPEB
IPUBEIACHHBIC B IPUMEPHI.

3aganme 1.1. IlocTpoenue npocTeimmx Moaenen

[TocTpouts Mozenb curHana Buaa x(¢) =Asin(wt+¢@)+¢" na unrepnaie [a; b],
U pe3ynbTaThl MOJEIMPOBAHMUS BBIBECTH HAa BHUPTYaldbHBIA ocuuuiorpad.
[Tapamerpsl curHanoB mnpuBeneHsl B Tabmuue 1.1. Homep BapuanTa
COOTBETCTBYET HOMEPY, O]l KOTOPBIM CTYJICHT 3alicaH B CIUCKE IPYIIIIHI.

Ha pucynke 1.4 mpuBeieH OauH M3 BapUaHTOB IOCTPOCHHUS CUTHAA:
x(9)=1,5sin(zt+n/3)+ ¢ TOMOWmBI0 (PYHKIMOHANLHBEIX OJI0KOB. CHrHan
1,5sin(zt+7/3) 3aman B OkHe Juanora napameTpoB Osoka Sine Wave — Source
Block Parameters: Sine Wave (pucynox 1.5).



Ta6mmma 1.1 — IlapameTrpsl curnana
Ne BapuanTa Ammuryna, A YacrtoTa, ® ®aza, ¢ | Crenenb, m | Wurtepsan,
[a; b]
1. 0,5 2 /3 2 [0; 3]
2. 2,5 3n/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 37/5 3 [0; 7]
6. 8,5 /8 3n/4 1,5 [0; 4]
7. 7,5 Sn/4 27/3 3,5 [0; 1,5]
8. 9,5 37/5 /4 2 [0; 2,5]
9. 0,9 /3 37/2 4 [0; 1,8]
10. 0,45 /6 /12 3 [0; 3,2]

" PNV1_* - Simulink

File Edit WView Display Diagram Simulation  Analysis Code
AL -k ICLACICI N )
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@ |[PalPnvi_ -
3 f\v. '.':@—I-D
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e | ted G‘
- /[ AR e |
Ramp Feni
=
Ready 100%: oded5

Pucynok 1.4 — CTpykTypHas cxema Mojenu curnana x(¢£)=1,5sin(zt+n/3)+1

Jlns curHana £* UCIoIb30BAIMCh JBa OJ0Ka — OJIOK JIMHEIHOTO CUTHAla U
0JIOK MaTeMaTUYECKON (PYyHKIIMH, JIJI1 KOTOPOTO B COOTBETCTBYIOIIEM OKHE ObLia

BBejicHa (DYHKIUS B cTeneHu 2 (pUCyHOK 1.6).

NutepBan MmoenupoBaHus 3a7aH B ripesenax ot 0 10 2 B AMaI0roBoM OKHE

Configuration Parameters mento Simulation (pucynox 1.7).

PCSYJIBT&TBI MOJCIUPOBAaHUA pa6OTBI BBIBCACHBI Ha 3KpaH BHPTYAJIbHOI'O

ocimsuiorpada (pucyHok 1.8).




Block Parameters: Sine Wave

Sine Wave

QOutput 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 period / (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 hd |
Amplitude:

[i5 B
Bias:

o [
Frequency (rad/sec):

[pi [
Phase (rad):

[pil3 [
Sample time:

lo H

Interpret vector parameters as 1-D

9 [ ok || cancel || hHeb || aApply |
Pucynoxk 1.5— OxkHo nuanora napameTpoB 6s0ka Sine Wave ¢ 3aJaHHBIMH [TapaMeTpaMu
CUTHaJIa

Block Parameters: Fcn

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

Qutput signal type: |au‘m A |

Collapse 2-D results to 1-D

Q [ o« ] cancel || hHep || apply |




Pucynok 1.6 — ITapameTpsl GYHKIHH 1>

PNV1_* - Simulink

File Edit WView Display Diagram | Simulation = Analysis Code »
- ¥ »| HE i & Update Diagram
iy mn @ <G ( :
& Model Configuration Paramets
PNV
Maode
PNV
= - Data Display
s Stateflow Animation
C -
B# Enable Fast Restart
— "‘j Step back (uninitialized)
Sine Wave @ Run
Il step Forward
Stop
| Interpreted
u _/ P MATLAB Fen [ L
L Rame Fen &P Stepping Options
LE Debug
Ready 100% Creresr—)
Pucynok 1.7 — Bei3oB okHa auanora Configuration Parameters mento Simulation
Scope
Eile Tools View Simulation Help k]
0 BOPE Q- L FA-

10

2

— /
0 \‘“‘*ﬂ.___,..r

0 0.5 1 1.5 2
Ready Sample based |Offset=0 T=2.000

Pucynok 1.8 —I'paduk 3ajaHHOTO CUTHAJA HA SKpaHe BUPTYAIBHOTO ocuuyuiorpada

3apanue 1.2. MoenupoBaHue cUTHaIa 3aJaHHON (DOPMBI:
x(f) =(Q+sin(2))%;  x() =(2+0,5sin(21))'?;  x(f) =te'cos(2mt+m/4);
x() =1.540.7t — 0.05 — (e +£)'?
Ha pucynke 1.9 npuBegeH oavH W3 BapuUaHTOB IOCTPOEHUS CUTHAJA!
x(f) =(2+sin(21))* ¢ nOMOIBIO HYHKIMOHATIBHBIX OJIOKOB U PE3YIbTATEL
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Ready
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Sample based |T=10.000

C
Pucynok 1.9 — CtpykrypHas cxemMa Mojenu curnana x(f) =(2+sin(2£))*— a u rpaduku
JIByX CHUTHAJIOB Ha 3KpaHe BUPTyaJIbHOTO ocruorpada: 2+sin(2¢) —6, u x(t) =2+sin(2¢) — ¢

3aganme 1.3. MoaenmpoBaHUe HHTETPUPOBAHHOI'O CUTHAJIA
B cuctemax cBsi3u NOMeXHU U 3aMUpaHUsl, BO3/IEUCTBYIOIINE HA CUTHAI MIPU
€ro MPOXO0KJICHUH 10 KaHATy CBA3U, UMEIOT CTATUCTUYECKUIN XapaKTep U MOTYT
OBITH OMKCAHBI IPH MMOMOIIH PA3TUYHBIX 3aKOHOB pacmpeseneHuil. B uactHocTw,

3aMHUpAaHUs B KaHAJE CBS3UM IPU OTCYTCTBUU IPSIMOM BUIUMOCTH MEXKIY
abOHEHTOM ¥ 0a30BOW CTaHIMEH MMEIOT PAJIEEBCKUN 3aKOH paclpeneieHus

9

aJIUTUBHbBIC MOMEXHU (LIyMbl) YaCTO OMUCHIBAIOTCS HOPMAJIbHBIM (IayCCOBCKHM)
3aKOHOM pacHpe/iesiCHUsl; BPEMEHHbIE MHTEPBAJbl MEXKJY BBI30BAMH B CETSIX
CBSI3U OOBIYHO UMEIOT SKCIIOHEHIIMANIbHBIN 3aKOH pacrpeeaeHus u.T. 1.

[TocTpouTh MOACIH IJI1 UMUTAIMA CMECU CUTHAJIOB:
— CHHYCOMJAJILHOTO CUTHana u 6enoro myma (pucyHok 1.10);

— CHUHYCOMJAILHOTO CHIHAla M TIayccoBa InymMa (C MaTeMaTHYECKUM
oxunanuem m=0,u qucnepcueii o> =0.01);

— CHHYCOMJAQJIBHOI'O CUTHAJIA U IIyMa C PABHOMEPHBIM PacIlpeeICHUEM.
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Pucynok 1.10 — biioku 6ubnuorexu Sources

[Ipumep mocTpoeHUsT MOAEHU ISl UMHUTALUM CMECH CUHYCOWJIAIIBHOTO
curHajga Oejoro myma u rpaduK TOJYYEHHOIO B pE3yJbTaTe HMUTALUU
pEe3yJbTUPYIOIIETO CUTHAIA IPEACTaBIEHbI HAa pucynkax 1.11, 1.12.

untitled * - Simulink

File Edit Wiew Display Diagram Simulation Analysis Code Tools »
- - ¥ » HE » - A |
i mn @ G @ P> » (9
unititled
® |[Pafuntitied -
C
E3
= ]nﬂn.r
Band-Limitad
White Moize + -..l:l
. ]
Add Scope
0 N,
1= Sine Wave
]
Ready 100% VariableStepAuto

Pucynok 1.11— Mojens IMHTANN CMECH CHTHAIOB CUHYCOUIAIILHOTO U OEJIOTO IIymMa



File Tools View Simulation Help
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Ready
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Pucynok 1.12 —Pe3ynpTaT IMUTAIIMU CMECH CUTHAJIOB CHHYCOUJAAIBHOTO U O€JI0T0 1mryma

Conep:xkaHue oT4eTa u ero popma

[ToaroroBbTe OTYET, B KOTOPOM IPUBEAUTE TEXHOJIOTHIO BBIMOJIHEHUS
3aJIaHUN.

OT4er 1o 1abopaTopHOM paboTe JOIKEH COIEPKATh:
1) nazBanue paboTHI;
2) mens 1abopaTopHOM padOTHI;

3) popMynUpPOBKY 3aJaHUS U TEXHOJIOTUIO €TI0 BBIMOJHEHHUS;
4) OTBETHI HAa KOHTPOJIBHBIC BOIIPOCHI;

5) npunoxeHue — ¢Ganibl BEIMOJIHEHHBIX 3aaHUH.

Bonpocsl AJ1s1 3alIUTHI pad0ThI
1. Jlnst uero ucnosb3yercs cuctema MATLAB?
2. Kak ocymectsisiercst mporpammupoBanue B cperie MATLAB?
3. st ero ucnomnb3yercs naketr Simulink?
4. Kak ¢ momomipto Simulink MOYKHO MOJIETUPOBATHh MOBEACHHUE CIOKHBIX
cucrem?

5. Ha xakoli TEXHOJOTMU OCHOBaHA pa3pabOTKa MOJCICH CpeCTBAMHU
SIMULINK (S-monenu)?



JIABOPATOPHAS PABOTA 2
MogaenupoBanue 00beKTOB, OIMCbIBAEMbIX CHCTEMAMM YPABHEHU M

Lenb u conepxanHme: UCIOIb30BAaHUE KIIACCHYECKUX METO/I0B aHAJIOTOBOM
BBIUMCIIUTEIbHON TEXHUKH JUIS MOJEIUPOBAHUS OOBEKTOB, OIMCHIBAEMBIX
CUCTEMaMM alreOpanvyeckux ypaBHEHUH, MPHUOOPETEHUE HABBIKOB MOCTPOCHUS
TaKMX MOJIeJIel B cucTeMe KoMIboTepHoi MareMatuku MATLAB.

OpranusannonHasi ¢gopMa 3aHATHII: pelIeHHE NPOOJIEMHBIX 3ajaad,
paz00p KOHKPETHBIX CUTyalIUM
Bonpocs! ajs1 00cy:kIeHUus1 HA JIA0OPATOPHOM 3aHATHM: TTOCTPOECHUE
Mojieniell 00bEKTOB, OTUCHIBAEMBIX CUCTEMAMU aJIreOpanvyecKux ypaBHEHUN.
®opmupyembie komnerennuun: OIIK-7, OIIK-8,

Teopernueckoe 060CHOBaHUE

[IpubnukeHHOE pElIeHHEe HIMPOKOrO0 Kpyra BBIYMCIUTENbHBIX 3a/1ad
OCYIIECTBIISIETCS C MIOMOILBIO METOJIOB PEIIEHUSI CUCTEM JINHENHBIX YPABHEHUM,
€CJIM yJIaeTCsl CBECTH 3a7auy K CUCTEME YpaBHEHHH. DTU METO/IbI OOBIYHO JEJIST
Ha JBe O6oJbiue rpymmnsl. K nepBoii rpyIine OTHOCATCS TOUHbIE METOIbI, KOTOPbIE
MO3BOJIAIOT AJIs JIFOOBIX CHCTEM HAWTH TOYHBIE 3HAYEHHS HEM3BECTHBIX IOCIE
KOHEYHOTO YHCJIa TOYHO BBIMOTHIEMBIX apU(METHUIECKUX OTIepaIlHii.

Ko BTOpo#l rpymnme OTHOCAT NpHUOIMKEHHBIE METONbI, KOTOPHIE SBISIOTCA
UTEPALIMOHHBIMU, TaK KaK pelIeHUs B HUX IOJIy4arOoT B pe3yJibTare Impolecca
npubnumxenud.  TouyHble MeETOJbl MNPUMEHSIIOTCA JUIsl 3aJad  HEeOOJbIIMX
pasmepHocteli (~10%), a mng 3amad  GONBIIOA PasMEPHOCTH HCIOJIL3YIOT
UTEPALMOHHBIE METOBI.

Ocoboe MecTo cpelyd HUX 3aHUMAIOT BEPOSTHOCTHBIE METOJbI, KOTOPHIC
MIOJIE3HBI JIUIIb B CIy4YasiX OY€Hb BBICOKOW PA3MEPHOCTH CUCTEM.

Jnst MonenupoBaHus OOBEKTOB WM MPOIECCOB, MPOTEKAHHE KOTOPBIX
MO>KHO OITMCATh C IOMOILBIO CUCTEMBI JIMHENHBIX YPABHEHUM, IPUMEHSIOT METO/
CYIIHOCTbh KOTOPOT'O 3aKJIFOYAETCS B 3aMEHE CUCTEMBbI JIMHEHHBIX ypaBHEHUM (2.1)
cucteMoil nuddepeHInanbHbBIX YpaBHeHNH (2.2) €il 95KBUBAJICHTHOM.

[TycTh cucTeMa IMHEMHBIX YpaBHEHUM, ONTMChIBAEMast UCCIIETyEMBbIil 0OBEKT
WIH MPOLIECC UMEET BU:

ay1X1 + ay2X5 + -+ ayp Xy, = by
Ap1X1 + AgpXy + o+ AypXy, = by @.1)
An1X1 + ApaXy + -+ ApnX, = by
WU B MaTpuyHOM Bujie: Ax=b, rne A—KBajpaTHas MaTpuila pa3mMepom n xn, b u
X — BEKTOPBI pa3MepOM # (n— pa3MEPHOCTb CUCTEMBI).

3aMEHUM JIaHHYIO CUCTEMY aireOpanvyeckux ypaBHEHUN SKBUBAJIECHTHOM

cucteMoil tudpepeHIalIbHbIX YPaBHEHUIA:
dx,

E + a11x1 + a12x2 + + alnxn - bl == 0 (22)



dx,
E + a21x1 + a22x2 + + aann - bz == 0

dxy,
ar + a1 X1 + QX + o+ appx, — by, =0

JlokazaTenbCTBOM SKBUBAJICHTHOCTH CHCTEM 2.1 m 2.2 SBISETCS HAIUYHC

3aTyXalolero pemeHus cucTeMbl nuddepeHInanbHbpIX YpaBHEHUN 2.2, T.€. KaKk

dx;
TOJIBKO BC€ IPOU3BOAHBLIC CTAaHYT pPaBHBI (d—t‘ = 0), pELICHUE CUCTEMBI

ypaBHeHui 2.1 OyieT HaifIeHO.

st oOecriedeHusi 3aTyXarolero peHIeHUs JOCTATOYHBIM YCJIOBHUEM
SIBIISIETCSI TIOJIOKUTEIIbHOE 3HAUCHHE ONPEICTICHHOCTH MaTPUIIbl KOA(PPUITUEHTOB
CUCTEMBbI YpaBHEHUU. DTO BO3MOKHO, B YACTHOCTH, IIPU YCIOBHUH, KOTJa

al-j 227}:1611-]-,1' i] (23)
PaccMoTpuMm mpuMep pelieHus CUCTEMbl JIMHEWHBIX —anreOpandecKux
YPaBHEHMM:
4x, + 2x, = 14
{le + 5x, = =5 (24)
C TIOMOIIBI0 HMHCTPYMEHTAIBHBIX CPEICTB TaOIM4HOrO mporeccopa Excel;
cucteM Mathcad u Matlab, makera Simulink.
PaccMoTpuT TEXHONOTHIO penieHus cUcTeMbl (2.4) ¢ MOMOUIBIO BBIIIE
YKa3aHHbBIX TPOTPAMMHBIX CPEACTB.

Pemmenne cuctembl TMHEHHBIX anreOpandyecKux ypaBHEHHH B TaOIUYHOM
nponeccope Excel MOXHO MOMy4YuTh, UCHONB3YS MATPUYHYIO (OpPMY 3alUCH
CUCTEMBbI JMHEHHBIX YpaBHEHUU B: AX = b, cieAoBaTelIbHO, BEKTOP PEILICHUS:
x =A'*b. Ha pucynke 2.1. npeJcTaBiIeHO PelICHHE CUCTEMbI ypaBHEHHH 2.4 ¢
nomotbio Excel. Anroputm peuienus npuBeieH padote Ned

Pemenne cucrem nuueliHpix ypaBHeHH B MathCAD MOXXHO MOJYy4YUTH C
MOMOIIIBIO BcTpoeHHOH PpyHKIMH Isolve (A4,b), KoTopas Bo3BpaIliaeT BEKTOP X JJIs
CUCTEMbl JIMHEWHBIX YpPAaBHEHUM TIpU YCIOBHUM, €CIM 3aJlaHa MarTpula
KO3((PUIIMEHTOB U BEKTOpP CBOOOAHBIX WICHOB. Takxe JUIisl PEelIeHUs] CUCTEMBI
JMHENHBIX ypaBHEHUH UCTIONB3YIOTCS hopmyibl Kpamepa u meton [Maycca.

Ha pucynke 2.2 npeactaBlieHO pelIeHUE CUCTEMbI JIMHEHHBIX YPaBHEHUIN
METO/IOM 00paTHOM MaTpHUIlbl U ¢ oMoIbio pyHkmu Isolve(A,b).
Jlnis penieHusi CUCTeMbI ypaBHEHHH 110 ¢popmynam Kpamepa neoOxoaumo:

I. [Tepemennoit ORIGIN npucBoUTh 3HaYEHUE PABHOE €IMHULIE.

2. BBectu Martpuily cuctembl W CTOJIOCIl MPaBBIX YAaCTEl CUCTEMBI
YPaBHEHUM.

3. BeluncnuTe onpenenuTens MaTpULbl CHCTEMBI, YUYHUTHIBAs, YTO
CHUCTEMA UMEET EAMHCTBEHHOE PEIICHUE, €CIIU ONPEAETUTEND OTIIMYEH OT HYJIS.

4. Bpruuciaute onpenenuTenr HOBBIX MATPHL, IIOJYYEHHBIX MYTEM

3aMCHBI COOTBCTCTBYIOIICTO CTOH6Ha CTOJI6IIOM CBO60,IIHI>IX YJICHOB.
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Pucynok 2.1 — PaGouwnii THCT ¢ perieHrneM CUCTEMBI JIMHEHHBIX anreOpandecKux
ypaBHeHUi (2.4)
4x14+2x=14
2x1 4+ 5x=-5 ORING =1
3armichk cIHCTEMBI MHHEITHBIX VPABHEHINT fq4 20 -
' A = 14 A=Al A=16
B MATPIFHOM BIHIe A b= | | = | =
N vy L —5
s=(y i) =0 e
w2 s -5 (14 2 _|'414'|
hS A hS A =
AL:=| | 2 =5
Pemerize cricTensl MIHEITHBIX VPaBHEHITT =5 5 h o
-1 -
x=A b X:‘ ‘ |Al| =80 |A2| = 48
-3
s | AL |A2]
Pemenrie cricTeMpl MHMHEITHBIX VPABHEHITT = — =
" A A
¢ momorpe pyerurm lsolve(Ab)
s < 3
%= lsolve(A,b) x= | ‘ 1= - 2T
-3

Pucynok 2.2 — Pemenue cuctemsl
JUHEMHBIX ypaBHEHUH 2.4 MeToaoM
oOpaTHOW MaTpulbl W C TOMOIIbIO

¢yskuuu Isolve (A,b)
5. Onpenenuts peuieHue
Ai
X, =—
A

Pucynok 2.3 — Pabounii muct Mathcad ¢ pemennem
cuctembl ypaBHeHu# 2.4 meronoM Kpamepa

cucteMbl ¢ momotnisio Gopmyn Kpamepa:

, TAC A — OIIPCACIINTCIIb MaTPHUIIbl CUCTCMEI, Ai — OIIPCACIINTCIIb MaTPHUIIbI



n-TO TIOPSAJKA, TOJYYEHHBI W3 MaTpULIbl CUCTEMbl 3aMEHOW I-ro CTOJOIa
CTOJIOIIOM MPAaBBIX YaCTEH CUCTEMbI YPABHEHHM.

Pemenue cucrembl JIMHEHHBIX ypaBHEHUN c momoinbio Gopmyn Kpamepa
MpEACTaBICHO HA PUCYHKE 2.3.

Jlist perieHust CUCTEMBI ypaBHEeHU MeTofioM ["aycca HE0OX0uMo:

1. ITepemennoit ORIGIN npucBouTh 3HaAYCHUE PABHOE €AMHUIIC.

2. BBectu maTpuily cCUCTEMBl M CTOJOEI] MPaBbIX YacTed CHUCTEMBI
YPaBHEHHM.

3. CdopmupoBaTh pacHIUPEHHYI0 MATPHUIIBI CHUCTEMBI C TIOMOIIBIO
¢bynkunu augment(A,b).

4. [IpuBecTH pacIMPEHHYIO MAaTPUILy CUCTEMBI K CTyIIEHYATOMY BUY
¢ noMouIpto GpyHkiuu rref(Ar).

5. BriBecTn pemieHue CHUCTEMBI, BBIJEIHMB TOCIEIHUN CTOJIOEI]

MOJIYYEHHOW MaTpHUIIbl JIJISl Yero cpopMUpPOBaATh CTOJOEI PELICHUs CUCTEMBI C
nomotipio ¢yHkuuu submatrix (A4g, ir, jr, ic ,jc) — 010Kk Marpulbl Ag,
COCTOSIIUHN U3 BCEX AIEMEHTOB, COJIEPKAIIMXCS B CTPOKAX OT i J10 j7 U CTOJI0IaX
OT ic 10 jC.

6. [IpoBepuTh NMPaBUIBHOCTH PEIICHUS BHIYUCIUB AX— b.

Beinonnure  pemeHwe  cucremMbl  ypaBHEHMM — merogoM  ['aycca
CaMOCTOSITEIIBHO.

Ha pucynke 2.4 npencraBiieH pe3yJbTaT PElIEHUs CHCTEMBI YPaBHEHUH
(2.4), s MATLAB.

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

X =

i >> |

Pucynok 2.4 — Pemenue cucremsl ypaBHenuii (2.4) B MATLAB
s perieHus naHHOM cucTeMBbI B makere Simulink HeoOxoaumMo nepeiTu K
SKBUBAJICHTHOW cucteMe auddepeHinanbHbIX YPaBHEHUH B COOTBETCTBUU C
cuctemoii (2.2):

4~ 14 — 4y, — 2x,

dt

& (2.5)
d—t2=—5—2x1—5x2

CrpykTypHas cxema MOJEIN TaHHOW CUCTEMBI IPUBEICHA HA PUCYHKE 2.5.
[lepexonHblii mpolecc YCTAaHOBJICHHS pEIIEHUS H300pakeH Ha dJKpaHe
BUPTYyaJIbHOTO ocuuiorpada (pucyHok 2.6).



HHTCIPpATOPOB  YCTAHABJIMBAIOTCA
CUCTEMBI JIMHEHHBIX aJIF€6paI/I‘{CCKI/IX ypaBHeHHﬁ:

2 Ha BbIXOaX BHPTYAJIbHBIX
COOTBCTCTBYHOINUC PCIHICHUIO

Ha pucynke 2.6 BUIHO, 4TO mocie ¢
CUTHAJIBI,

Ready

X1 = 5,
Xy, = —3.
e oo e
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@-1B0P@® | - QK- |FS-

I I I I I I I I I
0 1 2 5 4 5l 6 T 8 9 10

Sample based | T=10.000

Integrator

Constantl

Pucynoxk 2.6 ITepexogupiii  mporecc

100% v
YCTaHOBJICHHUA PCHICHUS CHUCTEMbI JIMHCHUHBIX

oded5

Pucynok 2.5 — CrpykTypHas cxemMa MOJEIH
CUCTEMBI mudhepeHIanTbHBIX
ypaBHEeHHUH 2. 6

anreOpanvecKux ypaBHEHH [2 ]

Annaparypa U marepuaibl. J[Ji1 BbIIOJHEHUS J1a0OPATOPHOU pabOTHI
HEOOXOJMMO  HCIIOJNB30BaTh  CIEAYIOIIee:  almapartHoe  OOCCIICUCHHE:
MIEPCOHAIILHBIN KOMIBIOTEp W TIPOrPAaMMHOE OOCCIICUCHHE: OIEPAIMOHHYIO
cucremy Windows 10 wu Bbeime; Microsoft Officel3 wu BbIme, cUCTEMBI
KoMmmnbloTepHoi MmatemaTuku Machcad u MATLAB R2017a u Beiie.

Yka3zanuss no TexHuke Oe3omacHOCTH. CTYJIEHTHI JOJKHBI CIIEOBATh
OOLIENPUHATON TEeXHUKE O0€30MacHOCTU IS IMOJIb30BATENIEH MMEepPCOHATBHBIX
KOMITbIOTEPOB. He ciemyeT camocToATensHO MPOU3BOIUTh PEMOHT TEXHUYECKUX
CPEICTB, YCTAaHOBKY W yJaalieHWe MporpamMmMHOro obecrneuenus. B ciydae
OOHapy>XeHHsI ~ HEUCHPABHOCTEW  HEoOXOoAMMO  coOOmUTH 00  ATOM
aIMUHUCTPATOPY KOMITBIOTEPHOTO Kjlacca.

MeToauka v MOPSIAOK BHINOJHEHUSI pa00ThI
Breinmonnute Bce NpuUMEphl, NPUBEICHHBIE B TEOPETUUYECKOW 4YacCTU H
NpEJIOKEHHbIC 3aJlaHus], MPEABAPUTEIIPHO O3HAKOMMBIIUCH C TEOPETUUYECKOM
YacCThIO.
3aganme 2.1. [Toctpouts Moaens pemieHus 3aaa4uu. OTpsii TypUCTOB BbILIEI
B I10XO0J1 HA HECKOJIbKUX Oaiinapkax L, 4acTh U3 KOTOPbIX A-MECTHBIE, a YacTh —



B-mectabie. CkoJIBKO A-MECTHBIX U CKOJIBKO B-MecTHbIX Oaijapok ObLIO B
MOXO/IE, ECIIU OTPSAJ COCTOUT U3 M uenoBek?

[lepexonHblii MPOLIECC YCTAHOBJIEHUS PEIICHUS BBIBEIUTE HA JKpPaH
BUPTyasibHOTO ocimutorpada. [TapameTpsl curHanoB npuBeieHbl B Tabmuie 2.1.
Homep BapuanTa COOTBETCTBYET HOMEpPY, IIOJ KOTOPBIM CTYJEHT 3alMCaH B
CIIMCKE TPYIIIIHL.

Tabsuua 2.1- ITapameTpsl 3a1aun

Ne Bap-Ta A B L M
l. 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

3aganme 2.2.ITocTpouTh MOAENb CHCTEMbl JMHEHHBIX alreOpandecKux
YPaBHEHUM BUJIA:
Ax; +Bx, +Cx3 =D
Lx; + Mxy, + Nx3 =0
Qx1 +Rxy; +Sx3=T
[lepexoaHblii MpPOLIECC YCTAHOBJIEHHUS PEIICHUS BBIBEAUTE HA JKpPaH
BUpTYyajabHOro ocuuiorpada. [lapameTpsl curHanoB npuBeAcHbI B Tabuie 2.2.
Homep BapuaHTa COOTBETCTBYET HOMEpPY, MOJ KOTOPBIM CTYJIEHT 3aIllMCaH B
CITUCKE TPYIIIIHI.
Ta6mmma 2.2 — [lapameTpsl curnana

Ne
Bap- | A | B | C D LI M| N O Q R S T
Ta
1. 5 2 1 2.5 3 712 -1.5 4 0.5 5 11.5
2. 2 | 1.5(35] -1625 | 2 3 4 -19.5 2 -0.5 5 -22.75
3. 1|05 -8]1-9] -305 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. 3 121 -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. 165 -5 -6 39 1 2 3 10.5 4 1 -5.5 7.25
8. 5 175195 2775 | 2 3 4 -4.5 1 -6.5 9 11.75
9. | 410 | -3 | -675 3 4 15 15.5 -7.5 8 1 -90.5
10. | 8 1 6 64.5 4 5 6 22.5 7 1 -8.5 70

Coaep:xanue oT4era u ero popma



IToaroroBbT€ OTYET, B KOTOPOM MPUBEAUTE TEXHOJOTHIO BBITIOJHECHUS
3aJITaHUMN.
OtuyeT 1o J1abopaTOpHO PabOTE NOHKEH COACPKATh:
1) wna3Banue paboOTHI;
2) uenb 1abopaToOpHOU PaboTHI;
3) dopMyIMpPOBKY 3aJaHUS U TEXHOJIOTHIO €0 BHITIOJTHCHUS;
4) OTBETHI HA KOHTPOJIbHBIE BOMPOCHI;
5) npunoxxeHue — (hanibl BHIMOTHECHHBIX 3aJaHUH.

BOIIpOCl)I AJIA 3N ThI paﬁoTLI

1. Kak c¢ mnomompro Simulink MOXHO MOIEIMpOBaTh OOBEKTHI,
OINHCHIBAEMbIE CUCTEMAMHU ANTeOpanyeCcKuX ypaBHEHHUMN?

2. Kakue OCHOBHBIE MaTeMaTHYECKHE OJIOKM HCHOJB3YIOTCA JUId
MOJICJIUPOBAHUSI OOBEKTOB, OINMCHIBAEMBIX CUCTEMaMM  alnreOpanyecKux

ypaBHEHU?
3. UYrto sBuseTcs  JOCTAaTOYHBIM  YCJIOBHEM,  OOECIEYUBAIOIIUM

3aryxaromiee pemeHrne cucteMbl 1uddepeHInanbHbIX YPaBHEHUA?



JIABOPATOPHAS PABOTA 3
MopaeanpoBaHue ¢ NOMOIIBIO HEPOHHBIX ceTeil. OCHOBBI 0alleCOBCKUX
METOA0B KJIACCH(PUKAUH

Leas u coaep:kaHue padOTbI: NO3HAKOMUTH CTYJIEHTAa C OCHOBAaMH
0aileCOBCKUX METOJI0B KJacCu(UKauu.

Opranusanuonnass ¢gopma 3aHATHII: pelleHHE NPOOJEMHBIX 3ajad,
paz00p KOHKPETHBIX CUTYyallUN

Bonpocsl nis o0cyxaeHusi Ha J1a00OPaAaTOPHOM 3aHATHH: OCHOBHBIE
MOJICJIM TEOPUH HEUPOHHBIX CETEHW, IOCTPOCHUE MPOCTEHIINX MOJEIEN
HelpoHHbix ceTeli B MATLAB.

®opmupyembie komnerenuuu: OITK-7, OIIK-8,
Teopernueckoe 000CHOBaHME

N3yunute Teopermyeckoe 0OOCHOBaHWE, UCIOJNB3Ys HWHGOPMAIIIIO
IIPE/ICTABIICHHYIO HUKE U COOTBETCTBYIOILYIO JIUTEPATYPY.

B HacTosi11ee BpeMsi HCKyCCTBEHHbIE HEHPOHHBIE CETU MPUMEHSIOTCS IS
pemeHuss MHOTUX He (DOpPMaTU3yeMbIX WM TPYAHO (hopMamu3yembIx 3aiad,
TaKUX KakK:

3anaya 00pabOTKHU CUTHAJIOB U M300paXKEeHUH.

[Ipu ob6paboTke n300pakeHusi (CUTHaja) 4acTO HEOOXOIUMO OTACIIUTH
noJie3Hyro (MHGOPMATHUBHYIO) KOMIIOHEHTY CHUTHaJa OT mryma. Takue 3amauu
NOJIYYMJIA Ha3BaHHWE 3a4ad (uibTpalMH. 3aayu MoJ00HOr0 poja BaXKHbI, B
YacTHOCTH, B mnojurpaguu. Hampumep, Hy»KXHO BBIIEIUTh Haubosee
CYILLECTBEHHYIO Ul MOJIb30BaTeNsl MH(OPMALIKIO U yOpaTh BCE OCTaJIbHOE. JTO
CJIOXKHAs 3a/1a4a TEOPUU UCKYCCTBEHHOI'O MHTEJUIEKTA.

3amaua pacrno3HaBaHMs 00pa3oB. Pacrio3HaBaHue peyn.

Ilycth, Hanpumep, Ha KOHBeilepe nBHkeTca npoaykuus. HeoOxomumo
co3JaTh CHUCTEMY TEXHMYECKOIO 3pEHUs, IO3BOJSIOUIYI0 aBTOMAaTHUYECKH
pa3nuuuTh OpaKOBaHHYIO U HOPMAJIBHYIO MPOAYKLHUIO. [[pyroil mpumep: Kypchl
BAJIIOT, aKIIM OOBIYHO CHIJIBHO KOJIEOTIOTCS. DTH KOJIeOaHus CBA3aHbI C TEM, UTO
Ha pbIHKE MMEEeTCS MHOI0 AareHToB, JEHCTBYIOLIMX, Kak IPaBUIIO,
HECOTJIAaCOBAaHHO. Tpenaep peuaer, B 4aCTHOCTH, TaKyl0 3aJadyy — BBIJICIUTh
cpeau 3TUX KoJieOaHUM Tak Ha3bIBAEMbIil OCHOBHOU TPEH/I, YTOOI MOHSThH, CTOUT
JM BKJIAQ/IbIBATh CBOM JIEHbIW B akiuu. OCHOBHOW TPEH]I MPENCTaBIsAeT co00M
HEKYI0 YCpPEIHEHHYIO0 KpPHUBYIO, TJie¢ MEJKHUe KoyieOaHus (LIyMm) JOJKHBI OBITH
yCTpaHeHbl B pe3ynbrare punbTpanuu. Eile oaHa nonynspHas HbIHE U KpailHe
BKHAs 3a7a4a O BBIJIEJIEHUM OCHOBHOIO TpeHJAAa — 3TO 3a/Jaya aHajau3a
KIIMMaTUYECKUX JIAaHHBIX C IIEJIbIO BBIICHEHHUSI, €CTh II100aJIbHOE MOTETUICHUE UITH
HET.

Emie HecKoJIbKO BaXKHBIX 3a/ay: — pacno3HaBaHue crnama B VHTepHere;
aBTOMAaTHYECKUI IIEPEBOJI, PACIIO3HABAHUE ITIOYEPKA U TAK JAJIEE.

HelipoHHble c€TH MOKHO MCIIOJIb30BATh IIPH CIEAYIOIINX YCIOBHIX:

1. Ecnu 3amady MOXET PEIIUTH YEJIOBEK.



2. Ecnu npu peuieHuu 3aJayd MO>KHO BBIJIEJIUTh MHOYKECTBO BXOJHBIX
(bakTopoB (CHUrHANOB, MPU3HAKOB, NAHHBIX W T.M.) U MHOXECTBO BBIXOJHBIX
(haxkTopoB.

3. Eciu wu3meHeHUs BXOAHBIX (DAKTOPOB NPHUBOJUT K HM3MEHEHHUIO
BBIXO/IHBIX.

B T0 ke BpeMs npuMeHEeHnEe HEMPOHHBIX CETEN MPU PELIEHUU HEKOTOPBIX
3a/1a4 MOXKET OKa3aThCsl d(PPEeKTUBHEE HWCTOIB30BAHUS pa3yMa YeIOBEKa. ITO
0O0BSICHSIETCSI TEM, YTO YEJIOBEUECKUIN pa3yM OPUEHTUPOBAH HA PEIICHUE 3a/1a4 B
TPEXMEPHOM MPOCTPAHCTBE. MHOTOMEPHBIE 3a/1a4h JJIs1 HETO XapaKTEePU3YIOTCS
3HAYUTENIHLHO OOJbIIEH TPYI0EMKOCTHIO.

HckyccTBEHHBIM HEMPOHHBIM CETSIM HE CBOMCTBEHHO TAKOE OTPaHUYCHUE.
WM Bce paBHO peniaTh TpeXMeEpHYIo win 10-MepHyto 3a1auy.

[Tono6Ho Omosiormyeckoir HeWponHoit cucreme HWHC  sBusgercs
BBIYMCIIUTEIBHON  CUCTEMOM C  OIPOMHBIM  YHUCJIOM  MAPAIJIEIBHO
(GYHKIHOHUPYIOIIMX MPOCTHIX MPOIIECCOPOB C MHOKECTBOM CBSI3EH.

Mogaenu MHC B HEKOTOPOH CTENEHU BOCIIPOU3BOIAT ""OpraHu3alliOHHbIC"
MPUHITUIIBI, CBOMCTBEHHBIE MO3TY 4elOoBeKa. MoJieIupoBaHre OMOJIOTHYECKOM
HEWPOHHOH cucTeMbl ¢ ucnoib3oBanueM MHC mMoxkeT Takke CrocoOCTBOBATH
JydiieMy TOHMMaHHWIO Owojormdeckux (GyHKmmii. Takue TEXHOJIOTHHU
pou3BOCTBa, Kak VLSI (CBEpXBBICOKMII YPOBEHb MHTErPALlUH) U ONTHYECKHUE
anmapaTtHbple CpPEACTBA, JCIAI0T BO3MOXHBIM TOJ00HOE MOJIECTUPOBAHHUE.
[boratukoB, B.H. IlocTtpoeHune cucteM yrnpaBieHUss Ha OCHOBE HEWPOHHBIX
cereii: YuebHo—Metoanueckoe nocoodue / B.H. boratukos, JI.B. JIpanuniaukos,
A.E. IIpopokos. - Anatutel: U3a-Bo KO Ilerpl'V, 2011. — 41 c]

OO01re NpuHUKUITB PYHKIMOHUPOBAHMS HEMPOHHBIX ceTel [BakyneHko

C.A., Kuxapepa A.A. Ilpaktrueckuii Kypc 1mo HepoHHbIM ceTsiMm — CII6:
Yuusepcuter U'TMO, 2018. — 71 c.]

B ocHOBe mNOCTpOEHUSI HEUPOHHBIX MOJENIEH JIEKUT HCIOJIb30BAHHE
aHAJOTUHU C MO3TOM U pealbHbIMU HeWpoHaMu. MO3r COCTOUT W3 HEHPOHOB,
HEHPOHBI CBS3aHBI JIPYr C APYroM U OOMEHMBAIOTCA cUTHaiamu. CUTHAIBI
UMEIOT OyJIEBCKYIO TMPUPOJY, a CHUCTEMa CBS3aHHBIX HEUPOHOB — 9TO
CTOXACTUYECKAs JUHAMUYECKas CUCTEMA.

Takum oOpa3om, HEHMPOH — ATO MOPOrOBasi CUCTEMA, KOTOpas IMOJy4daeT
BXO/IHBIE€ CUTHAJIBI OT APYTUX HEUPOHOB, CYMMUPYET UX U TEHEPUPYET BBIXOTHOMN
CUTHAJI, €CJIM 3Ta CyMMa NPEBBIIIAECT HEKUU MTOPOT.

Nneanu3upoBanHasi MojJielib TakOW TOPOTOBOM CHUCTEMbI MOXET OBITh

NOCTPOEHA MPU MOMOIIU CUTMOUAAIBHBIX PYHKIUH, HanpuMep, QyHKLIHHU:
1

o= —— (3.1)

1+e-ax°
TJ€ X — aMIUIMTY1a BXOAHOTO CUTHAJA, KOTOPBIX MOJYyYaeT HEMPOH OT APYTUX
HEWPOHOB; G — BBIXOJHOW CUTHAJI HEMPOHA, ITPEICTABJICHHON HA pUCYyHKE 3.1,
win QyHKIMKA XeBucania:
1,x>0
={- 3.2)

0,x<0 ’



NPEICTaBICHHON Ha PUCYHKE 3.2, WK KyCOYHO-TUHEHHON QYHKIUS G =
max(x,0).

n
05 o 0.5 -0.5 o 0.5

Pucynok 3.1 — I'padux Pucynoxk 3.2 — I'padux ¢pynkiuun Xepucaiiga
1

1+e~ax
J_—[HH peuicHug 3aJda4dud pacCliO3HaBaHUA 06pa30B MOXHO HCIIOJIb30BaTh

PEKYPPEHTHYIO HEHPOCETh — MHOI'OCIONHBIN nepcenTpoH. Cuily CBSA3UM MEXKIY
HEHpPOHAMM OIMCHIBAET MAaTpUlla CUHANTHYEeCKuX cBsizel (W), B KOTOpoii
XpaHUTCS BCS JOATOBpeMEHHasi (pyHaameHTanbHas mHpopmanusa. B mpouecce
o0y4yeHMsi MO3ra MaTpulla CHHANTHYECKUX CBS3€M MEUIEHHO MEHSIETCS CO
BpeMeHeM. TakuM 00pa3oM, MOKHO pa3AeliiTh JBa JUHAMUYECKUX IpOIECca,
IPOTEKAIOUIUX B MO3Te: ObICTPYIO TMHAMUKY HEMpPOHOB, KOTOpasi OMHUCHIBAETCS
JUHAMUYECKOM CUCTEMOM, U MEJUIEHHYIO0, CBSI3aHHYIO C U3MEHEHUEM CHUJIbI CBS3H
MEX1y HEMpoHamMu. MeyieHHas TMHAMUKA YIIPOIIEHHO ONKMCBIBAETCS MPABUIIOM
Xeb606a ([lonampnm Xe00 — KaHaACKUM (DHU3HOJIOT, DKCIEPUMEHTAILHO
MOKA3aBIINI, YTO €CJIM JBAa HEWPOHA OJHOBPEMEHHO AKTHUBHBI, TO CHJIA CBSI3U
MEXIY HUMHU PACTET).

PaccmoTpum o61ire npuHIUIBL YHKIIMOHUPOBAHUS HEHPOHHBIX CETEl Ha
npuMepe 3a1a4u KiaccupuKaimm.

IIpenmonoxum, Mbl XOTUM CO3/1aThb ABTOMAaTUYECKYH0 CUCTEMY, KOTOpPAas
paznuuaer aBa Tuna oObEeKTOB — A W B. CHCTeMbl TEXHHYECKOTO 3PEHHS
MO3BOJIAIOT 3aMKcaTh JAaHHbIE 00 00beKTax (MpU3HAKH 0O0BEKTa) B IU(PPOBOM
BHJIE.

[IpenmonoxuM, 9TO MBI XapaKTepu3yeM OOBEKT ¢ MOMOINbI0 Habopa
NpU3HAKOB (X1, X3, ..., Xy ) . [IpU3HAKH MOTYT OBITh BBIPaXEHBI C TTOMOIIBIO
HEJBIX YUCEN UK JlaXxke OyJIeBCKUX MEPEMEHHBIX, TO €CTh «€CTh MPU3HAK») — «HET
IPU3HAKAY.

COBOKYITHOCTh IPU3HAKOB MOXHO paccMaTpuBaThb KaK BEKTOp C n
KOMIIOHEHTaMHU, WJIHA TOYKY KA-MEpHOro OBKIWJOBAa MPOCTpaHCTBA X =
(x1,X3, ..., Xn) . Torma 3amaua KmaccuUKAIMK CBOAMTCA K CICIYIOIICH
MaTeMaTUYECKOW 3aJade: pa3fesiuTh JIBa MHOXKECTBA TOYEK A U B n-MEpHOro
IBKJIMJI0BA IPOCTPAHCTBA HEKOTOPOM THIIEPIIOBEPXHOCTHIO PA3MEPHOCTH 1-1.

CnemnaeM HEKOTOpbIE Ba)KHbIe KOMMEHTAapuu. BpiOOp NpU3HAKOB IS
KJIaCCU(PMKAIIUU SBIISETCS UCKIIOYUTEIBHO CII0KHOM 3a/1aueil, KOTOPYIO MbI IIOKa
He paccMarpuBaeM. PaHee 3Ta 3ajada pemanach Bpy4YHYIO, B ITOCIEAHEE BpEMS
NOSIBIUIINCH 3()(PEKTUBHBIE METOABI aBTOMATHYECKOTO HAXOXKJICHHUs HamOomee

CUTMOUIAJILHON QYHKIMH O =



adpexkTUBHBIX TNpU3HAKOB (Tak Ha3biBaeMmbli Deep Learning). Otmerum, 4To
BBIOOpD TMPAaBWIBHBIX MPU3HAKOB BaXKEH JUIsI YCHEHIHOCTU MOCIEIYyIOIei
00pabOTKH CHCTEMBbI MPU3HAKOB METOJIAMU, KOTOPHIE MBI OMUCHIBAEM HUXKE.
OOyueHre HEHPOHHOM CETH B 3a/layax KiiacCU(PUKAIUKA MTPOUCXOAUT HA Habope
obyuaromux mpumepoB X(1),X(2),...,X(P), mjasg KOTOPBIX NPUHAIJICKHOCTh
o0bekTa K Kiaccy A wiM kiaccy B wu3BectHa. UToObl MaTreMaTH4EeCKH

dbopmanu3oBath 3TOT (PaKT, ONPEACIUM UHIUKATOP:
)

[To HakomeHHOMY B pe3yJibTaTe 00y4YEHUS «OIbITY» CTPOUM HEHpOCEeTh
(cucremy UN), koTOopas npoBOAUT pa3aeisIONy0 TOBEPXHOCTb.

MareMaTu4ecKku ATOT MPOIIECC MOKET OBITh OMUCAH KaK MOMCK HEKOTOPOU
bynkuuu y = F(X,W), rne W — nabop napameTpoB HEUPOHHOU ceTu (WK Ipyroi
cucrembl MW). Jlns HelipoceTel 3TH mapaMeTpbl, B YaCTHOCTH, 3aJIal0T CUITY
CBSI3U MEXJy HEHpOHAMHU M MOJAOMPAIOTCS TaK, YTOOBI OIIMOKa oOy4eHus (error
training) ObuUla OBl MUHUMaJIBHOM (KaK MOXXHO Oyimke K Hynw0). B kauecTBe
OIUOKH 00yUYeHHs 0OBIYHO PACCMATPUBAIOT (PYHKITUIO

Etrain W) = 2IFX(G)W) = DX @) |, (3.4)
rae X(j), j =1, P 6epyTcs u3 00ydaronero MHOKeCTBa.
st mpoBepku 3(PPEeKTUBHOCTU O0y4YEHHsS HEUPOHHOU ceTh OepyT TEeCTOBOE
MHO>XECTBO OOBEKTOB U BBIUUCISIOT

Etese W) = 2IF(X(HW) — DX () |, 3.5)
riae X(j) B34Tbl U3 TECTOBOTO MHOKECTBA.
[locne Toro, kak cucrema oOydeHa (4YTO HHOrAa TpeOyeT OOJBIIOro
IPOLIECCOPHOTO BPEMEHM), OHA JUIsl JIIOOOro MOJAHHOIO HA BXOJ CHUCTEMBI
0o0bekTa X aBTOMAaTUYECKH PEIIaeT, K KAKOMY KJIACCy OH OTHOCHUTCS.

PaccMoTprM OCHOBHBIE MOJENM TEOPUM HEUPOHHBIX CETEH, BBIJCIIUB
OT/AEJIBHO JBa pa3HbIX Kiacca cereid: Cemu npamoz2o pacnpocmpaHeHus:
OJHOCJIOMHBIN IIEPCENTPOH; MHOTOCIOWHBIM NEPCENTPOH; CETH pPagUualbHBIX
0asucubix  pyskmuit  (RBF);mammabl  omopHBIX  BekTOpoB  (SVM).
Pexkyppenmmuste cemu: peKKypeHTHBIE CETH; aTTPAKTOPHbIC HEUPOHHBIE CETU U
T.J.

Onna u3 mepBbIX MojeNield HEeWpoOHHOU ceTu Obuia mnpenioxkeHa .
PozenbnarTom B 50-¢ roapl XX Beka U MOJydusia Ha3BaHHE OIHOCIONHOIrO
nepcentpoHa. B 3Toll Mozenu BXOAHOW CHUTHAJ MPOXOAMII BCETO OJHUH CIIOM
HEHPOHOB U TOCJE 3TOT0 (OPMHUPOBAJICS BBIXOJHON CHUTHAN TPU MOMOIIH
CUTMOMJIAJIbHOM (PYHKIIUU.

B nanpHeiilieM BBISICHUJIOCH, YTO BO3MOYKHOCTH TaKHX MPOCTEHUIINX
CUCTEM OrpaHuyeHbl. bbuTo MpeoxkeHo 06001IeHne — MOJ1eTThb MHOTOCIIOHOTO
NepCenTpoHa, OTJIMYHE KOTOPOro OT OJHOCIOMHOTO  3aKJIOYaeTcs B
MPOXOXKIAEHUU BXOJHOTO CUTHAJIA YEPE3 HECKOJIBKO CIIOEB.

MHorociolHble MEePCEeNTPOHbI MOTYT MOJEIUPOBATh JIOOYI0 CHUCTEMY
«BXOJI-BBIXO/I», TO €CTh 000N 4epHbId sUK. OJIHAKO OHU HUMEIOT Psij



HEJI0CTAaTKOB, B YACTHOCTH, BBIOOP YMCIIa CJIOEB, HEHPOHOB U CBSI3EH MEXK 1Y HUMU
HE TaK MPOCT.

Takue cucTembl, KaKk CETH paJMajbHBIX 0A3UCHBIX (QYHKUIHUNA U MAIIUHbI
OTIOPHBIX BEKTOPOB, MOKHO pPacCMaTpUBaTh KakK CIEIHAIbHbIE MOAU(PUKAINH
MHOTOCJIOWHBIX IIEPCENTPOHOB € LEBIO ITPEOIOJICHHS HETOCTATKOB MTOCIIEIHUX.

Bce nepednciieHHblE MOJEIN XapaKTEPU3YIOTCSl HAIMYUEM CIIOEB, YEPE3
KOTOpbIE MPOXOJUT CUTHAN. B peKyppeHTHBIX HEMPOHHBIX CETSIX HEBO3MOXKHO
BBIJICIIUTh OTAEIbHbIE c0u. CUTHANIBI MOTYT IUPKYJIUPOBATh MO CETH BO BCEX
HapaBIEHUSAX, 00pa3ys CIO0XHYIO MPOCTPAHCTBEHHO-BPEMEHHYIO CTPYKTYpPY
(pattern). Taxkue cetn 00JaTAIOT KOJIOCCAIBHBIMU BO3MOXKHOCTSIMU. Tak,
HanpuMep, U3BECTHO, YTO OHM MOTYT MOJAEIHUPOBAThH JIOOYI0 THHAMHYECKYIO
cUCTEMY WM MalluHy ThIOpHHTa, TO €CTh PEaIn30BaTh JHOOO0W aJrOpUTM.

PaccmoTprM OJTHOCTONHBIN TEPCENTPOH, KOTOPBIN MPEACTaBIsECT COOOM
MPOCTEUIITYIO MOAEIb HEUPOHHOU ceTh. OTHOCIONHBIN NEPCENTPOH MOTyYaeT Ha
BXOJ] CUTHAJI, 33JJaHHbIA BEKTOPOM X M Ha BBIXOJI€ BBIAAECT YHUCIO y =0(S), T1e
Sw= Y, Wi X —h=w; x;+w, x5+ ...w,, X,, —h. BxoaHoii BekTop X cOCTOHUT
U3 n KOMIOHEHT X = (Xq, X5, ..., Xy ), KQXAas U3 KOTOPBIX MPEACTABISIET COOOM
YUCJICHHYI0 XapaKTEPHUCTHKY aHAM3UPYEMOTO HEUPOHHOW CEThIO OOBEKTa.
Yepes w; , i =1,n 1 h 0003HaYEHBI TapaMETPhI NEPCENTPOHA — CHHANTHYECKUE
BECa U NOPOr (CABUT) COOTBETCTBEHHO.

CunanTuueckue Beca  YKa3blBAIOT CUJy  BJIMSIHUS ~ KOHKPETHOM
XapaKTEpPUCTUKU Ha BBIXOJHOE 3HAUYECHHME. 3HAYEHUs 3TUX MapaMeTpPOB MOTYT
ObITh KaK TMOJIOKUTEIBHBIMUA, TaK M OTpUIATEIbHbIMU. OTMETUM, YTO
nepeMeHHble X;,i=1,m ¥ MOTYT ObIThb OyJ€BCKMMH, TO €CTh IPHUHMMATh
3HaueHust 0 wiam 1. DTO 03HaYaeT, 4To OOBEKT O0JIa/laeT JNaHHBIM MPU3HAKOM,

ecnu x; = 1 , u He obOnanaer, B ciayyae, ecnu x; = 0 . B aTom ciywyae QyHKums

o(S) =H(S) = {é’g Zg — ¢yukuusa XeBucaiina win (QyHkius ckadyka. Ha

pucyHOK 3.3 mpuBeAeHa MOJENIb OJHOCJIOMHOrO mnepcentpoHa, nudpamu 1-4
noMeYeHa Mocjae0BaTeIbHOCTh JEUCTBUHN TPU paboTe aaropuTMa.

[Ipeumy1iecTBO nepcenTpoHa 3aKI0YAETCS B €r0 MNPOCTOTE. YKaXEM U €ro
HEJO0CTaTOK — MEPCENTPOH KIACCUPUIMPYET TOJIBKO JIMHEHHO pa3/ieuMble
O0O0BEKTHI (TO €CTh TOJIBKO TAKME MHOXECTBA BEKTOPOB X(f), MEXAY KOTOPBIMH
MO>KHO ITPOBECTH Pa3JIEISAIONLYIO 3TH MHOKECTBA TMIIEPIIOCKOCTb).

I'eomerpuueckas unHtepnperanuss OJHOCIONHBIN MEPCENTPOH padOTaeT
KaK KjaccuukaTop 00bEKTOB, KOTOPhIE MATEMAaTHUYECKH MOTYT OBITh 331aHbI KaK
3JIEMEHTHI IBYX Pa3HbIX MHOXKECTB B MHOI'OMEPHBIX JIMHEUHBIX MTPOCTPAHCTBAX.
UTtoObl MOHATH, KakK »3TO MPOUCXOAUT, PACCMOTPUM Cily4yad, Korja
CUIMOHUJIaJIbHas byHKUMS eCTh byHKLIMS CKayka
o = H(S). Tlpennmonoxum, Tpebyercsa KiaccuUIMpPOBATH OOBEKTHI B JBa
HeTepeceKaruxcs kinacca 00beKToB 4 U B.
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Pucynok 3.3 — Mogens onHocnoiiHoro PucyHok 3.4. I'eomeTrpuueckas
HepCcenTpoHa UHTEPIIpeTanns OJTHOCIIOHOTO

IepCenTpoHa
I[JIH 9TOIro0, OIPCACIINM BBIXOAHBLIC 3HAYCHUA: ITOJIOKUM D=1 , €CJIN

00BEKT MPUHAIEKUT K Kiaccy 4, D = 0, ecii 00BEKT MPUHAIJICKHUT K KIACCy
B:(X) = {3 ’))(( i‘é Torna, u3 onpenenenus Gpyaknun ckadka o= H(S) caenyer,
)

4YTO OOBEKT JISKUT B Kitacce A npu yciaoBuu S > 0 1 00BEKT JIEKUT B Kiacce B,
ecin S < 0 . CrenoBarenbHo, ypaBHeHUE S = 0 MOXKET OBITh PACCMOTPEHO Kak
HEKUH pa3/e’nTesb MHOXKECTB 00BEKTOB pa3HbIX KiaccoB. C Apyroil CcTOpoHSHI,
ypaBHeHHe S = (0 paBHOCHJIBLHO YPaBHEHHUIO W; X1+ Wy Xo+ ...Wp X, —h = 0,
KOTOPOE ONPEAEIIAET TUIEPIIIOCKOCTh B N-MEPHOM JIMHEMHOM MPOCTPAHCTBE,
cocrosieM u3 BeKTopoB (ctpok) () X = (xq, Xy, «v, Xp)

HamomMHuM, 4TO B JBYMEPHOM MPOCTPAHCTBE THUIEPIIOCKOCTh — 3TO
npsiMasi, a B TPEXMEPHOM — 0ObIYHAs MIIOCKOCTh. MimocTpanus Ha pucyHke 3.4
JEMOHCTPUPYET BBIIIECKa3aHHOE HA MPUMEPE UTPhI B KBAAPATUKH (Kjacc A) u
mapuku (kiacc B) B ciiydae n=2, TO €cTh Ha TIOoCKOCTH. [Ipsameie Li, Ly, L3 —
IpPUMEPBI  «pa3iesuTeNei» 3TUX KiaccoB. Takum o00pa3oMm, OJHOCIONHBIM
MIEPCEINTPOH €CTh JIMHEHUHBIN pa3/ICIUTEb.

MopenupoBaHue JOrHYeCKUX (PYHKIMUA OAHOCIOMHBIM NEPCENTPOHOM
OMHOCIIONHBINA MEPCENTPOH MO3BOJISET HECIOKHBIM 00pa3oM pean30oBaTh Psij
JOTUYECKUX (PYHKIMH, TaKMX KaK KOHBIOHKITUS, TU3BIOHKIHS, OTPHUIlAHUE,
JEMOKPaTUYECKOE r0JIOCOBAHUE.

Pesynprar Kaxk1od W3 3THX (PYHKUUH ONpENeseTcss 3HA4eHHEM JABYX
OyJIEeBCKHX MEPEMEHHBIX X1 U X2.

[IpeacraBuM 3HaUEHUS ATUX IEPEMEHHBIX KaK BEKTOP BXOAHBIX 3HAYEHUN
X = (x1,x2), a pe3ynbTaT Kak 3HaueHue QyHKINH CKadyka, To ecTh y= H(S) = H(w

xwx—-—h)y==11+ 22 — . IloicHum ckazaHHO€ Ha Tpumepe (yHKIHUU
KOHBIOHKIIMU — OYJIEBCKOM (PYHKIIMU, ONIPEACIICHHOMN ClleNyIolel TaOIuLIe:
Xi 0 1 0 1
Xo 0 0 1 1
XinXo) 0 0 0 1

Hama 3amaya — mnpencTaBuTh 3Ty JOTUYECKYHO (PYHKIMIO C MOMOIIBIO
OJIHOCJIOMHOT0 IIepcenTpoHa. PaccMoTpuM BEKTOP BXOHBIX 3HAaUEHUHN X = (X1,X2)
KaK TOYKY IJIOCKOCTH, a PE3yibTaT JJOTUYECKON orepanuu — Kak (OpMy TOUKH:



KBaJIpaT, B Cydae, KOTJa pe3yabTaT onepanuu uctuaeH ( y = 1), u Kkpyr, ecnu
pesynbTar onepanuu JoxeH (y = 0). Torga nHama 3amaya CTaHOBUTCS
HKBUBAJICHTHOW TaKOMW 3ajiaye KIacCU(PUKALMKU: HAUTH MPSAMYIO, Pa3AeIISIONIyI0
JIBa KJlacca 00bEKTOB — KBaJIpaThl U KPYTH.

[Ipsimoii, pa3aensonieil 3T MHOXECTBA OObEKTOB, SIBJISIETCS, HAIIPUMED,
npsamas x1 + x2— 1.5 =0. D710 o3Havaer, yTo cHHaNTU4YeCcKue Beca w1 = 1, wa =1
, anopor /1 = 1.5. nmoctpanus BblIIECKa3aHHOTO MPUBEICHA Ha pUCYHKE 3.5.

OpnHako OKa3bIBAaeTCs, YTO MHOTAA KBAApPAaThl U KPYTH HEpa3JIeivMBbl.
MapBuHn MuHCKUM MOKa3aa, 4TO BO3MOXHOCTH TMEpPCENTpPOHA OTrpaHUYEHBI,
MOTOMY YTO OH pa3/elisieT MHOXKECTBA C MOMOIIBI0 THIEPILIOCKOCTH (TIpUMEp
MapsuH). B camomMm ferne, ecTh Takue sIBHO Pa3IUIMMBIEC KJIACCHI OOBEKTOB, IS
KOTOPBIX TpsiMasi KaKk WX pa3AesiuTens He moaxoaut. Hampumep, paccMoTpum
jgoruueckyro  QyHkmuio «uckiarovaromee WMJIN»  (XOR), omnpenenseMmyto
bopmynont XOR(x, y) = x + y (mod 2). JIns nydiiero moHUMaHUs TPUBEIEM
Tabuuily 3HaueHud GyHkimu XOR 115 pa3nuyHbIX 3HAUSHUM TEePEMEHHBIX

Xi 0 1 0 1
X, 0 0 1 1
XOR (X1, Xo) 0 1 1 0

Ota QyHKUUS HE peanu3yeMa OJHOCIOMHBIM MEPCENTPOHOM, TO €CTh HE
CYILIECTBYET TaKOU MpsIMOii, KOTOpast Obl pa3/ieiuniia 3TH Ba Kiiacca o0bekToB. Ha
pUCyHKe 3.6 MpOMILTIOCTPUPOBAH PE3yJIbTAT 3TOM JOrMYECKOM onepalunu B BUIE
KBaJpaToB, B ClIy4yae, KOrja pe3yabTar onepanuu uctTuHeH (Y = 1), u kpyra, eciu
pesyabtar onepainuu joxkeH ( y = 0 ). O4eBUIHO, YTO ITH JIBa MHOXKECTBA
(KBaJpaThl U KPYyTH) HE pa3Ae UMbl HUKAKOUN MPSAMOM.
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Pucynok 3.5 — MoaenupoBaHue Pucynok 3.6 — IIpumep Munckoro
KOHBIOHKLIUU OJTHOCJIOMHBIM
MepcenTpOHOM

AJIropuT™M 00y4eHH s OTHOCJIOIHOTO MepPcenTpoHa

NMeroTcs uTepallnoHHbIE ITOPUTMbI, KOTOPbIE HAXOAAT MapaMeTphl, €Cliv
UCXOJIHbIE OOBEKTHI IMHEWHO pa3ae/IiMBbI.

OOyueHue HEHPOHHOM CETH B 3aJavyax Kiaccu(HUKaluu MPOUCXOIUT Ha
Habope oOyuaromux mnpumepoB X(1),X(2),..,X(P), , B KOTOpHIX OTBET —
MPUHAJJIEKHOCTh K Kiaccy 4 win B, — uzBecteH. Onpenenum uHAUKatop D



cnemyromuM obpazom: mojoxkum D(X ) = 1 , ecnu X u3 kiacca A, ¥ TOJOKAM

D(X) =0, ecnu X u3 kinacca B, T0 ecTh

1,X €A,
D (X) = {O,XeB (3.6)

re BCSIKHE BeKTOp X COCTOMT M3 n KOMIOHEHT:X = (X, X5, ..., X,). 3amaua
0o0yuyeHUsI TEepPCenTpOHAa COCTOUT B HAXOXKJICHUM TaKUX [apaMeTpoOB

Wy, Wy, ..., W, WA, 4TO Ha KaXJA0M 00yYaroleM IpruMepe nepcenTpoH BblAaBal
Obl IPaBUJIbHBIA OTBET, TO €CTh
y(X() =D(X(D)), i =1,P (2) (3.7)

WHTYUTUBHO Ka)eTCsl OYEBUJIHBIM, YTO €CIU MEPCENTPOH O0y4eH Ha OOJBIIOM
YHUCJIE KOPPEKTHO MOJ00PaHHBIX MPUMEPOB, U PaBEHCTBO (3.7) BBIMOIHEHO JIJIS
noutu Beex X(i),i =1,P , To B janpHelmeM mepcentTpoH OyaeT ¢ OIU3KOH K
CIMHUIIE BEPOATHOCTHIO MPOBOAUTH TMPABUIBHYIO KIACCH(PHUKAIUIO IS
OCTaJbHBIX NPHUMEPOB. ODTOT HMHTYHUTHBHO OYEBHAHBIN (hakT ObLT BIEpPBHIC
MaTeMaTUYeCcKl  JOKazaH  (OpU  HEKOTOPbIX  MNPEANOJOKEHHUAX) B
OCHOBOTIOJIarawIieil pabore HamMX cooTeuecTBeHHMKOB B. Bamnuka u A.
UYeponeHckuca eme B 1960-x ronax. Ha npakTuke, 0lHaKO, OLEHKH 10 TEOPUU
Bannuka—YepBoHeHCKHCAa MHOTJA HE OY€Hb YJOOHbBI, OCOOCHHO ISl CIOKHBIX
Mojenell HelpoHHbIX ceTed. [loaToMy mpakTU4YecKH, 4TOObl OLIEHUTh OUIMOKY
Kjaccu(ukanuu, YacTo MOCTYyHNalT CJEAYIOIKUM 00pa3oM: MHOXECTBO
oOyyaromx NOpUMEpoB pa3OMBAlOT Ha JBa CIy4yallHO  BBIOpaHHBIX
MOJIMHOXECTBA, MPU 3TOM 00y4YeHHE HAET Ha OJIHOM MHOXKECTBE, a IpOBEpKa
00y4eHHOr0 MepcenTpoHa — Ha JApyrom. PaccMoTpum moJpoOHee aliroputm
0o0y4eHHs TepcenTpoHa.

Mar 1. Mannmuanu3anmus CHUHAITUYECKHUX BECOB U CMEILEHUS.

3HauYEHHUS BCEX CHHANTHUYECKUX BECOB MOJIEH MOJIarat0T PaBHBIMU HYJIIO:
w; = 0,i =1,n ; cMellleHUe HeHWpoOHA /i YCTAHABIMBAIOT PaBHBLIM HEKOTOPOMY
MajoMy ciydaitHomy umcity. Huke, u3 cooOpakeHui yo0CcTBa HU3JI0KEHUS U
IPOBEICHUS oriepaluii Oy1eM MoJib30BaThCsl 0003HAUECHUEM Wo = —/.

O603HaunM uepe3 wi(f),i = 1,n Bec CBA3M OT i-TO SIEMEHTa BXOIHOTO
CUT'HAJIa K HEMpPOHY B MOMEHT BPEMEHH {.

[ar 2. IlpenwsiBIeHUWE CETH HOBOTO BXOJHOIO M JKEJIAEMOI'O BBIXOJHOIO
CUTHAJIOB.

Bxoguoii curnan X = (xq, X3, ..., Xy )UIPEABSBISETCS HEHPOHY BMECTE C
YKeJaeMbIM BBIXOJIHBIM CUTHaJIOM D.

[ar 3. AnanTanus (HacTpoiKka) 3HAaUEHU CUHANITUYECKUX BecoB. Brruncienue
BBIXOJIHOT'O CUTHAJIa HEMPOHA.

[lepenactpoiika (aganTaiusi) CHUHANTUYECKUX BECOB MPOBOAMUTCS IO
caenyronieit hopmyie: wi(t + 1) = wi(t) + r-(D(t) — y(t))- xi(t), i =0,n —1 rae nox
D(f) noapa3ymeBaeTcsi MHIUKATOP, OINpeNeNeHHbI paBeHCTBOM (3.6), a r —
napameTp 00y4YeHus, IPUHUMAIOIUI 3HaYeHUsI MEeHbIIHE 1.

OnucaHHbIi BbIIIE AJITOPUTM — 3TO AITOPUTM TPAAUEHTHOIO CIIyCKa,
KOTOPBI MILET MapaMeTpbl, 4YTOObl MHHHUMHU3HUPOBATh OLIMOKY. AJrOpUTM



uteparuBHbii. Dopmyia uTepanuii BEIBOAUTCA CienyiomuM obpa3zom. Beeaem
pHUCK

R() = Xe=1(D(t) — F(X (1), W(1)))?, (3.8)
r7ie CyMMUPOBAHUE UJIET MO YUCITY OIBITOB (f — HOMEP ONBITA), IPU ITOM 3a/1aHO
MakcuMaibHOe uuciio onbiToB — 7. ITlomctaBum BMecto F dopmyny s

HEPCENTPOHA, BEIYMCIIAM IPAJUENT 110 W. B pe3yapTare MbI OJYYHM YKa3aHHYIO
BBIIIE (POPMYIIy IIEPEHACTPONKHU BECOB.

NtocTpanus padéoThl aAropuT™Ma

B mporecce o00yuenuss Bouumcisercs ommubka O(t)=D(t)-y(t).
[TocTpoum rpaduk, MOKa3LIBAIOLIMIA, KAK MEHAETCS DTa OIIKOKa (pUCYHOK 3.7) B
X0Jie 00y4EHHs CETH U aJanTaiuy BecoB. Ha HeM XOpoIIo BHIHO, YTO, HAYMHAS
C HEKOTOPOTO 111ara, BEeJIMYMHA O (f) paBHA HYJII0. DTO 03HAYAET, YTO EPCENTPOH
00yueH.

The graph of emor delta
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Pucynok 3.7 — I'paduk u3aMeHeHUsI OITUOKY B MPOIECCe O0yICHHS

3agaya 0 MOJeJMPOBAHUYN YEPHOTO SINUKA B 001 el MOCTAHOBKE

IlycTh m3BecTEH peasibHbIN BBIXOJ ycTporcTBa D(f) npu Bxoae X(¢), rae
X(f) — BexkTOp C KOMIOHEHTaMH (Xq,X, ..., X,), ! — HOMEp MPOBOAUMOIO
onbiTa, t =1,T (MakCMMaJbHOE YHCIO OMNBITOB 1 3apaHee OIpPEENICHO).
Heobxoanmo HaliTi mapameTpsl Mogeaun W= (W , Wy, ..., Wy, ), TAKHE, 9TO BBIXO/I
mozenu F(X,w) u peanbHbIii BBIXOJ ycTpoiicTBa D(f) ObLIH ObI KaK MOXKHO OJIHKE
B CPEIHEKBAJIPATUYHOM CMBICIIE, TO €CTh

R(t) =YXT_, (D(t) —F(X(, W(t)))2 — min (3.8)

Oynkuuio R(t) Ha3bIBAIOT IMIIUPUUYECKUM PUCKOM.

Anmapatypa W maTtepuaibl. J[Ji1 BBIOJHEHHS JIa0OpAaTOPHOUW PadbOTHI
HEOOXOJMMO  HCIIOJh30BaTh  CIEAYIOIIEe:  almapaTHoe  OOCCIICUCHHE:
NIEPCOHAJILHBIN KOMIIBIOTEp W TIPOrPAaMMHOE OOCCIICUCHHE: OICPAIlMOHHYIO
cucremy Windows 10 wm Beime; Microsoft Officel3 wu BbIme, cHCTEMBI
koMmibroTepHor MateMatukn Machcad 1 MATLAB R2017a u Bbie.



Yka3zanus no texHuke OezomacHOcTH. CTyIEHTHI JOJIKHBI CIIEOBAThH
OOLIENPUHATON TEeXHUKE O0€30MacHOCTU IS IMOJIb30BATENIeH MEepPCOHATBHBIX
KOMIIbIOTEPOB. He crenyeT caMoCcTosATENbHO TPOU3BOAUTh PEMOHT TEXHUYECKUX
CpPEICTB, YCTAaHOBKY W yJaalieHWe mporpammHOro obecrneuenus. B ciydae
OOHapy>XeHHsI ~ HEUCIPABHOCTEW  HEoOXOoAMMO  cooOmuUTh 00  ATOM
aIMUHUCTPATOPY KOMIBIOTEPHOTO Kiacca (oOcmyKuBaromeMy TepCOHATy
1abopaTopun).

MeToauka v MOPSIAOK BHINOJHEHUSI pa0oThI

Brinonuute mnpenyoKeHHbIE 3a/laHus, MPEABAPUTEIBLHO PACcCMOTPEB H
BBITIOJTHUB MPUBEACHHBIE TTPUMEPHI.

Ilpumep 1. ITocTpoeHne HEUPOHHOW CETHU JJISI ONIEPALIMM KOHBIOHKIIUU B
nakere Matlab

[TocTporM HEHPOHHYIO CETh ISl JIOTUYECKOW ONEpaluy KOHBIOHKIIUU C
oMok rmaxera Matlab.

Tabnuma gaHHOW JOTWYECKOW omepaluu MpUBEICHa BhIE. B maHHOM
peanu3aluyu MaccuB BXO/0B P 3amaer 3HaueHuss Xi, X2 1 BceX 00ydaromux
MPUMEPOB U MIPEACTABISIET COOOM MEepBHIE ABE CTPOKH ITOM TaOIHUIIBI.

[eneBoit BekTop 1 CONEPKUT 3HAYEHUsT MHAUKATOPHOU (yHKumu D(X)
U1 Bcex mpumepoB X (B JaHHOM ciydae 4 mpumepa) U MpeJCTaBlseT co0oit
MOCJIETHIOIO CTPOKY 3TOM Tabnuibl. Ha pucynke 3.8 mpeacTaBiieH nporpaMMHbIi
KOJI ¥ pe3yJIbTaT €ro BINOJHEHUs B KOMaHaHOM okHe Matlab.



% annpoxcumayus KOHIOHKYUU 0OHOCOUHBIM
nepcenmponom

% nocmpoenue pynkyuuy = Hw_1*X 1+

w 2*X 2+w 0)

% (P,T) 3a0arom maoauyy ucmunnocmu

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

% 3a0a0um 6eKmop 6vixX0008

T=[0001];

% ecmpoennasn YyHKYUA ROCMPOEHUA cemu ¢
HOMOWibIO nepcenmpona,

% no ymMoauanuio ucnoab308ana mooens
'hardlim’

net = perceptron;

% onpedenum MaKcuManbHoe YUucio umepayui
0115 00y4eHusn cemu

net.trainParam.epochs = 20;

% o0Oyuenue cemu

% 6 npouecce obyuenua npoucxooum
KoppeKyus 6ecoe w

net = train(net,P,T);

% cumynayusn

% evluucieHue 3HaYeHUIl ANNPOKCUMUDPYIOULElL
¢yukyuu 6 mouxkax P

y = sim(net, P)

% cunanmuuecKkue éeca nocie 00y4eHus cemu
A = net.IW; celldisp(A)

% Ko3gpduyuenm coeuza b nocne odoyuenusn
cemu

w_0= net.b

Command Window

OOHOCTAOMHEN IO

b
[

ajamm ESETOD BHXOOOEB
[

oW w -

net = perceptron;
% onpens/mad MAKCHMMaNEHOS YKMCHO WMTepauMi nns ofyuceHEME CeTH

net,trainParam. epochs = 20;

!

]
I
k3
k]
]

T
1]
5]

net = train(net,P,T):
% CHMMyJIALMA
% EHUMCIASHME SHAYCHMM aNNpoRCHMMPYRNEH GyHERWMM B Todxax P

¥y = szim(netc, P)

¥ CMHANTUYESCKEME EBeca nocie ofydeHMa ceTu
L4 = net.IW; celldisp (&)
% wmosddmumenTt coeura b nocne ofydYeHMA CeTH

w 0= net.b

v =

Af{l} =

Pucynok 3.8 — IIporpammHbIif KO U pe3yibTaT ero paboTel B KOMaHIHOM okHe Matlab

B mpomecce pabothl

IIPOTPaAMMBI

Matlab oroOpaxkaeT TEKyIIyO

uHMOPMAIMIO O MOJICIHN U IMapaMeTpax oO0ydeHus B crenuaibHOM okHe Neural
Network Training (pucynok 3.10). B uacTtHOCTH, B 3TOM OKHE IIOKa3aHa
CTPYKTypa HEHPOHHOU CETH — YHUCIO BXOJHBIX HEUPOHOB (2), YUCIO YPOBHEM
nepcentpoHa (1), 4Mciio BBIXOJAHBIX HEWpoHOB (1), yuciao wurepauuii npu
o0y4eHuH ceTH (B HallleM ciayyae — 5), BpeMsi 00yUYeHUs CETH.

B To ke BpeMs cOrnacHO MHCTPYKUUSIM CKpPUIITAa B OKHE KOMaH[ Oyner
BbIBEJIeHA MH(OpMaLKA MO pe3yJibTaTaM CUMYJSALHUHU (BEKTOP y) M 3HAUYEHUSA
BeCOBBIX Kod(ppurmentoB ( wi = 1, wo = 2 ) u koadumuenta cupura ( wo = -3 ):



EA Neural Network Training Performance (plotperform), Epoch 5, Performa...
File Edit View Inset Tools Desktop Window Help ,.
' Meural Network Training (nntraintool) Best Training Performance is 0.75 at epoch 0
11¢
i
Neural Network 09}
T 04n
Hard Limit Eo;t—"
Input g osf
w
P
Sos
[}
2
a
E
c 04
g
o
=
0.3
. ] 05 1 15 2 25 3 35 4 45 5
Algorithms 5 Epachs
Data Division:  Training Only  (dividetrain)
Training: Cyclical Weight/Bias Rule (trainc)
Performance: Mean Absclute Error  (mae)
Calculstions:  MATLAB o
Progress
N A BB Meural Network Tr Confusion (plote
Epoch: 0 _ T terations | 20 ural Network Training Confusion (plotcos
| | Ele Edit Yiew Insert TIools Desktop Wi
Time: 2:00:00
Training Confusion Matrix Validation Confusion Matrix
Performance: 0.750 | 0.00 | o.00
Flots 2 2
5} 5]
3 =]
é <]
Training State (plottrainstate)
Target Class Target Class
' Test Confusion Matrix All Confusion Matrix
Plot Interval: 1 epochs
g 0
O Nang
] w
& 8
v Opening Confusion Ploi g g
3 i 3
£ 2
- 3 3
. Stop Training . Cancel
L] 1 0 1
Target Class Target Class
a C

Pucynoxk 3.10 — HeiipoHHas ceTb, peanu3syroniasi KOHbIOHKIIMIO — a; HACTPOIKa BECOB
00y4eHus — 6; pe3ynbTaT pabOThl CETH — C

Takum 06pa3zom, odydeHa MOJIEb TIEPCENTPOHA, pa3Iesionas KIacchl
0OBEKTOB M OmpeneisiemMas ypaBHEHHEM X1 + 2x2 — 3 = 0, UTO T€OMETPUIECKU
OyZneT o3HavaTh pa3OMeHNE IBYX MHOXKECTB 3aIaHHON TIpsiMoit (pucyHok 3.11).
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Pucynoxk 3.11— MoaenupoBaHrue KOHbIOHKIIUN OJAHOCIOMHBIM NepcenTpoHoM B Matlab

[TocTtpoenne HEWpPOHHOUW CEeTH i KIACCH(PUKAIMK MHOXKECTB TOYEK
IJIOCKOCTH B mmakete Matlab
Ilpumep 2. B xayecTBe Apyroro npumepa IPUMEHEHUS OJHOCIOMHOIO
MEepPCeNTPOHA TPUBEAEM MPUMEP KIACCH(PUKANNK TOYECK TUIOCKOCTH Ha JIBa
KJacca A u B — TOUKU, HAXOIAIIKUECS] BHYTPHU ILIUIICA, JIKAT B KJacce A U TOUKH,
HAXOJSLIMXCSl BHE 3JUIMIICA, JIEXKAT B Kiacce B. DIUIMIIC ompeneneH OO0IHuM
YPaBHEHUEM KPUBOU BTOPOTO MOPsIAKA BUAA:
ax*+b-xy+cy*+d-x+e-y=1 (3.9)
Hwuxe IMPUBCACH HpOFpaMMHbIP'I KOA i JJUIMIICa, 3adaBacMOI'O
YPaBHECHUEM:
1,5 x24+2x-y+11y2°+2-x+3-y=1 (3.10)
JIns  HarIsIAHOCTH NPUBEAECHBI COOTBETCTBYIOUIME TIIOCTPOECHHUS Ha
INDIOCKOCTH: MCXOJHAas KpuBasg, TOYKH JBYX MHOXECTB, OKpaIICHHEIE
COOTBCTCTBCHHO B PAa3HBbIC IBCTA.
3aMeuanue. ITOT MPUMEP IMOKA3bIBAET, UTO B HUCXOJHOM IPOCTPAHCTBE
JIByX IEPEMEHHBIX OJTHOCIONHBIN EPCENTPOH HE MOKET PA3AEIUTh BHELIHIOK U
BHYTPEHHIOO 4acTh odmumnca. OpHAako MOXHO CHIENaTh HEJIWHENMHOE
npeoOpa3zoBaHue JaHHBIX, 0OTOOPa3UB UX B MPOCTPAHCTBO BBHICIIEH pa3MEPHOCTH.
3,Z[€Cb IMPUMCHSACTCA TaK Ha3bIBaCMas TCOpPCMa KOBepa, KOTOpasd yIBCPKAACT, UTO
II0CJIE TAKOI'O OT06pa}KeHI/I5[ JaHHBIC MOT'YT CTaThb JIMHEWHO Pa3aCINMbIMHU.
HpI/IMCHI/IM B HAllICM CJIy4dac HEJIMHEHHOE 0T06pa}KeHI/I€ TOYKH ITJIOCKOCTHU
(X, V) B IPOCTPAHCTBO Pa3MEPHOCTH 5 cieayromum odpasom: (x,y) = (a-x? +
b-xy+cy:+dx+ey=1)
% nocmpoenue 00HOCNI0IIH020 nepcenmpona 013 Kiaccugpukayuu
% moueK nioCcKOCmuU 8 COOMEENCMEUN ¢ 3d0AHHbIM ITLTUNCOM
% (enympu u eéne rnnunca (ax*2 + bxy + cy”2 + dx + ey = 1))
% Pezynomam padomul HEUPOHHOU Cemu:
% eeKkmop 3Hauenuii t:
% 0 - mouka eéne rnnunca, 1 - mouxka éHympu naunca
N =300; % umc10 TOUEK 1Jis1 00yUeHHS
% KoI(ppuyuenmot 3a0ann020 311UNCA
a=15b=2;c=11;d=-2;e=-3;
% nocmpoum cpagpuk ucxo0nozo0 rnnunca



syms X Y;

f=a*X."2 +b*X.*Y + ¢*Y. A2 + d*X + e*Y-1;

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

% czenepupyem ucxoonvie 0anHvle 0131 00yUeHUuA:

% mouku niaockocmu (x,y), 4ot 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*¢);

% onpeodenum omoobpasrcenue

% (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];

% cpopmupyem eexmop 6vixo006 T, npunucwieas 3nauenusn 0 u 1
% O0na mouex, nexcauyux 6He U 6Hympu IIUNCA COOMEEMCMEEHHO
T = ones(1,N);

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

T(k) = 0;

% hynxkyua nocmpoenus cemu ¢ nOMOusbI0 nepcenmpona,

% no ymonuanuio ucnonv3oeana mooens 'hardlim’

net = newp(P,T);

% onpedenum MaKcuManbHoe YUCi0 umepayuil 011 00yuenus cemu
net.trainParam.epochs = 50;

% Qynxkyua odyuenua cemu; npu IMOM npoucxooum Koppexyus eecoe W
net = train(net,P,T);

% cumynayusn

% evluucieHue 3HaYeHUl annpokcumupyrouiell pynkyuu ¢ moukax P
t = sim(net, P)

% cunanmuuecKkue geca nocie 00y4eHus cemu

A = net.IW;

celldisp(A)

% Ko3gppuyuenm cosuza b nocne odoyuenusn cemu

b = net.b

% ceomempuyeckue nOCmMpoeHus

% pacnoznasanue movexk naOCKOCmu nocjie o00yuenus cemu

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

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

% nocmpoeHnue mouex ene Iunca

plot(x_out, y out, '*r');

clear k;

k = find( t ==1); % uHAEKCHI TOYEK BHYTPH LIUICA

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

% nocmpoenue mouexk eHympu 311unca

plot (x_out, y_out, '*g')

B mponecce pabotsl mporpamMmma oToOpa)kaeT TEKYIIyI0 HH(POpMAIUIO O
MOJICJIM K TapaMeTpax o0ydeHus B crienranbHoM okHe Neural Network Training
(pucynok 3.12). B yacTHOCTH, B ’TOM OKHE IMOKa3aHa CTPYKTypa HEHPOHHOM ceTH
— YHCII0 BXOAHBIX HEHPOHOB (5), uncio cioes nepcentpona (1) u ucnonab3yeMblie
MOJIEIIN CJIO0€B, YMCJIO BBIXOJIHBIX HEUPOHOB (1), uncio urepaiuii mpu o0y4eHUH
cetH (B Hamem cirydae — 50), Bpemst 00yueHus cetu (B HameM ciaydae — 4 ¢). B
OKHE KOMaHJ OyIyT BBIBEJICHBI 3HAYE€HHUS] BECOBBIX KOA(DPHUIIMEHTOB



(wi= —122.6519, wr= —132.2919, wi= —137.2794, ws= — 121.0269, ws= —
127.4035) u koaddunmenta casura (wo=151): A{l1} —122.6519 —132.2919 —
137.2794 -121.0269 —127.4035, b = [108], cM. pUCYyHOK:

R{l} =

-122.651%9 -132.2591% -137.2794 -121.026% -127.4035

B =
cell
[108]
) Meural Network Training (nntraintecl} _
Bile  Ed  Meew et Jooh  [Oeklep  Windew  Help “
Neural N k Ddde k(S5 09LL-G 0EH wg
ZRY-3Y-2X+(3X2+(11¥10-1
Layer
&
Input
4
b
: a
-
0
2
Algorithms
Training: Cyclical Weight/Bias Rule (trainc) By
Performance: Mean Absolute Error  (maeg) .
Calculations:  MATLAB 2 s 4 2 0 2 4 8 8 w0
Progress
Epoch: 0 50 iterations | 50 e DR Yew jost Jooks Dalkp MYekw Ly
Time: 0:00: 0 Best Training Performance is 0.79333 at epoch 0
0
. ——Train
petornance 0703 [ENNORIN ] 000
Plots g
E
&
Training State (plottrainstate) g 6
s
-
Plot Interval: ' 1 epochs g w?
3
=
v Maximum epoch reached.
102
@ stop Training @ cancel I R R
50 Epochs

Pucynox 3.13. Knaccudukanms
TOYEK OAHOCIONHBIM
nepcenTpoHoMm (a), rpaduk
HACTPONKHU BECOBBIX

k02 punmeHToB nepcentpoHa(o)

Pucynok 3.12. OgHOCIONHBIN IepcenTpoH

Takum oOpa3om, MOCTpPOEHHAsT MOJIeNIb UMEET CIEAYIOIM BUuJ (Y BCEX
BECOBBIX KOA(PPUIMEHTOB YKa3aHO TOJBKO J1Ba JECATUUHBIX 3HAKA):
y= H(S)=H Wy x;+wyx, + -+ ws x5 +wy) = H(—122.65x; —132.29 x, —
137.28x; — 121.03x, — 127.40x< + 108)

Pesynbrar KkmaccudukanMu < MHOXKECTBA TOYEK TIOCle  OOy4YeHUs
nepcenTpoHa MpecTaBieH rpaduuecku Ha pucyHke 3.13 0; TOUKU «BHYTpU» H
«BHE» JIIIUICA U300pa)KEHbI 3€JIEHBIM U KPACHBIM I[BETOM COOTBETCTBEHHO.



PaccmoTpum GaliecoBckue MeTo bl Kiaccudukaiuu. baliecoBckuii moaxos
SIBJISETCS] KJIACCUYECKUM B TEOPUM PACIIO3HABAHUS O0OpPa30B U JICKHUT B OCHOBE
MHOTUX MeTofoB. OH OmMpaeTcss Ha TEOPEMY O TOM, YTO €CJIH IUIOTHOCTH
pacrmpeneneHrs KIacCOB M3BECTHBI, TO QJITOPUTM KiIacCHU(PUKAINK, UMEIOITUN
MUHUMAJIbHYIO BEPOSATHOCTH OIIMOOK, MOXHO BBIMHCATh B SIBHOM Buie. Jliis
OIICHUBAHUS TUIOTHOCTEHW KJIACCOB IO BBIOOPKE MPUMEHSIOTCS pa3IMYHbIC
MOJXO/IBL.

PaccMmoTtpum nipumep nmapameTpuyeckoro noaxo1a, Ho CHa4aJIa OnpeaeaIuM
BEPOSITHOCTHYIO IMTOCTAHOBKY 3aJ1a4M KJIacCU(UKAIUH.

ITyctb X — MHOXECTBO OOBEKTOB, Y — KOHEYHOE MHOXECTBO HMEH
KJIACCOB, MHOXECTBE XXxY SBIAECTCA BEPOSITHOCTHBIM IPOCTPAHCTBOM C
IJIOTHOCTBIO pacnpenenenust p(x, y) = P(y)p(x]y). BepositHocTu mosiBiIeHUS
00BEKTOB Kaxaoro u3 kimaccoB Py = P(y) Ha3pBaloTCcs anpuoOpHbIMU
BEPOSTHOCTAMM KjaccoB. [TnoTHOCTH pacnipeneneHus py(X) = p(X|y) Ha3bpIBarOTCS
GyHKUMSIMHU TPaBAONOA0Ouss KiaccoB. BeposiTHOCTHAasi MoOcTaHOBKa 3ajauu
KJ1accudukanuuy pa3zensercs Ha JIB€ He3aBUCHUMBbIE T10/133/1a4H.

1. Nmeercsa npoctas BeiOOpKa X' =(x,,y,)., (I — pazmep BbIOOpKH) U3

HEU3BECTHOro pachpeneneHus p(x, y) = Pypy(x). Tpebyerca mnocTpouthb
OMIIUPHYECKHE OLEHKH AalpHOPHBIX  BEpOSTHOCTEH P, u  dyHKumit

NPaBIONOA00Hs p (x) AJI KaXKJOTO U3 KJIACCOB y e Y .

2. [To W3BECTHBIM IUIOTHOCTSAM pacIpeleieHus Py(X) U alpUOPHBIM
BEpOsITHOCTAM Py Bcex KJIaccoB yeY  MOCTPOUTH  alrOpuT™M  a(Xx),

MUHUMU3UPYIOIIUNA BEPOSTHOCTh OLITMOOYHOM KIacCU(PUKALIMH.

[lepBasgs 3agaya MMEET MHOXECTBO pPELICHUN, IIOCKOJIBKY MHOTHE
pacnpenenenus p(x, y) MO Obl HMOPOJUTH OAHY M Ty K€ BBIOOPKY X'.
[Ipuxonurcsi mpuUBIEKaTh Pa3IMYHbIE MPEAIOJIOKEHUSI O IUIOTHOCTAX, YTO H
IPUBOJUT K OOJIBIIIOMY Pa3HOOOpa3uio 0alleCOBCKUX METOJIOB.

B napamerpudeckoM IOAXOAE MPEAIIONAraercsi, 4Yro IUIOTHOCTh
pacnpeieseHus: BHIOOPKH U3BECTHA.

HopMmanpHblli THCKPUMUHAHTHBIM aHAIW3 — 3TO CHEUUAJIBHBIA Cly4au
OaifecoBCKOM Kiaccu(ukanuu, Korjga MpeArnojaraercs, 4ro IUIOTHOCTU BCEX
KJIACCOB p)(X), y € Y SIBIAIOTCS MHOTOMEPHBIMU HOPMaJIbHBIMHU.

[TpuBeném bopmyiy n-MepHOro (rayccoBa) pacripeeiaeHus:
1 1 _
p(x) :—mexpi——(x—m)TS l(x—m)j , (3.11)
Vs |S| 2
rie n — KOJMYECTBO YHMCIOBBIX NpPHU3HAKOB, m = E[x] — MmaremaTudeckoe
oxupanue (ueHtp), S — xoBapuanuonnas mMarpuua (S = E[(x-m)(x-m)']), |S] —

J€TEPMUHAHT S.
Ilpumep 3. Brprumcnum, wucnons3ys Matlab, 3Hauenue rayccoBa

pacnpenenenus s x1 = [0.2, 1.3 ux2=[2.2,-1.3], tne m = [0, 1]7, a2 5= Ll) ﬂ

OyHKIHIO HY>)KHO CO3/1aTh B 0TAeIbHOM ¢aiine Matlab (New — Function).



Takum oOpazom Oyner nBa ¢aiina Matlab, koTopeie MOTYT pacmoJiaratbCsi B
oaHoi mamke. YtoOsl Matlab monuman oTkyza emy 3arpyxaTh HEOOXOIUMYIO
dbyukmuio, HeooxoauMo B okHe Current Folder Haxkath npaBoil KHOIKOW MBIIIN
Ha HY>KHYIO TIANKy, YTOOBI BEI3BAaTh KOHTEKCTHOE MEHIO) 1 BeIOpaTh (Add to Path
— Selected Folders and Subfolders), pucynoxk 3.14.

% I'omoeum Matlab k pabome ) MATLAB R2017a
close('all"); : : DEE L &0 o
clear; ELF — E:'_J [QlFndFies <o nset 5] fx - |E| L

HOME PLO... APPS

m=[0 1]'; S=eye(2); New Open Save |'_J_$._|CDI'ITP&FE - EH]GDTD 7 | Comment 1_’2 & :é";l Breakpoints Rui

- - ~ (= Prnt = \{ Find = Indent L‘:J | [Fa - -
X1=[0.2 1.3]'; X2=[2.2 -1.3]'; FILE NAVIGATE EDIT BREAKFOINTS
pgl=comp_gauss dens_val(m,S,x1 | <5 E& > D> Newfolder3) »

" Current Folder @ M Editor - D:\New Folder (3)\New Folder\comp_gauss_dens_val.m

)

pg2=comp_gauss_dens_val(m,S,x2 'l ==
| *| comp_gauss
) Show in Explorer det (5)"*0.5) )*exp(-0.5

| comp_gauss_dens_val.m |+ |

= tuss_dens val(m,5,x)
Open Enter

Create Zip File

I'me comp gauss dens val Fehat i

elete elete
(+) onpenenum Kak New Folder

Mew File >
function )

Compare Against » 1.300;
[z]|=comp_gauss dens_val(m,S,x) i ... Emed
[L,c]=size(m); Copy crse ™52
z=(1/( 2*pi)*(1/2)*det(S)"0.5) - Ctrl+y
)*exp(-ﬂ.s*(x-m)'*inv(S)*(X-m)); Addto Path | seicZed Foider and Subfalds

Remove from Path o

~ Indicate Files Mot on Path

Refresh F5
0.0010

New Folder (Folder) ~ | fx »»

Pucynok 3.14 — YcranoBka nanku, otkyaa Matlab 6yaer 6pats HeoOxoanMble eMy (ailibl

OyHkuus eye() — Co30a€T €AMHUYHYK) MaTpUIly, 3amaras I[OocCle
KBaJpaTHBIX CKOOOK 03HauaeT TpaHcroHupoBanue Bexkropa ([]'). Jns nonyyenus
CIIPaBKH M0 HEU3BECTHOMY OOBEKTY si3bIKa matlab, 70cTaTOYHO yCTaHOBUTH HA
Hero Kypcop v Haxarb F1 wnu Hanucath koMaHny help ¢ umeHem o0bekTa,
nomnycrtum, help eye.

B pesynbrate BbIMONHEHUs Koxa moayuutcs, uro pgl = 0.1491, pg2 =
0.001.

Ha ocHoBanum »53TOro KkojJa MOXXHO Hamucath KoJl 0aileCOBCKOro
KJaccu(ukaTopa, KOTOPHIM ONMPENeTUT K KaKOMYy M3 JIBYX KJIaCCOB OTHOCHTCS
BXOJIHOM BEKTOD.

Hampumep, mycte ecThb Ba Kiacca wi M Wz, MMEKOLIUMX IayCCOBbI

pacupenenenus N(mi, Sh), N(mz, S2). mi = [1, 111, mo=[3, 3], Si =S = Ll) ﬂ

[Tpumem BO BHUMaHUE, YTO BEPOSATHOCTD MOSIBJICHUS IEPBOTO U BTOPOTO KJIACCOB
MOJICUMTAaHBI 3apaHee u paBHbl P(w1) = P(w2) = Y. Tpebyercs y3HaTh K KAaKOMY
KJaccy mpuHaIexut sxon x = [1.8, 1.8]%.

Ilpumep 4. Hanumem kopn OaliecoBCKOro KiaccupuxaTopa, KOTOPBIH



PELINT 3Ty 3a7a4uy:

=> close('all"):
clear;

close(’all'); P1=0.5;

clear; th a1t |

P1=0.5; m2=[3 3]':

P2=0.5; s e

ml=[1 1]’ Ry
m2=[3 3]'; oo
S=eye(2); =T

X=[1.8 1.8]'; 0.0420
pl1=P1*comp_gauss_dens_val(m1,S,x)

p2=P2*comp_gauss dens_val(m2,S,x) P2

0.01g%
Hoayuaercs, yro p1 = 0.042, p> = 0.0189, 1.e. p1 > p2, COOTBETCTBEHHO
JIBYMEPHBIN BEKTOP MPUHAJIEKUT IIEPBOMY KJIACCY.
[aee, npoBeiéM reoOMETpUYECKU AHAIU3 HOPMAaJIbHOM IUIOTHOCTH, €€
3aBUCHUMOCTb OT MaTPUI[bl KOBAPUALIUH.
Ilpumep 5. Paccmotpum ko1, KoTophlil renepupyet S00 1ByMEpHBIX TOUEK,

PacpCaACICHHBIX B COOTBCTCTBUC C IBYMCPHBIM HOPMAJIbHBIM PACIIPCACIICHUCM

2
O, Oy
2

¢ ueatpom m = [0, 0] u Matpuueil Kopapuauu S =[ }, I'AC CYLIECTBYCT

2 O
8 TUIIOB ATOM MaTPHIIBI:

l. o/=0;=1,0,=0; 0. =2,0,=02, 0,=0
2. 0/=0.=02,0,=0 ol=0.=1,0,=05;
0.=03,0.=2,0,=0.5

0. =03, 0;=2, 0,,=-0.5

3. 0/=0,=2,0,=0
4. o' =02, ;=2 5,=0

close('all");

clear;

% I'enepupyem mouku 01: nepeozo ciyvasn

randn('seed',0); % ucnonv3zyem cmaputii 6apuanm ewvizoea 2enepamopa

% cayuaitnvix uucen, cnoeo 'seed' 3amensem pad napamemposé 01a MAKO20
2eHepamopa

m=[0 0]'; % yenmp

S=[10;0 1]; % mampuuya xosapuayuu

N=500; % koauuecmeo mouex

X = mvnrnd(m,S,N)'; % cmanoapmnuas ghynkyus no cenepayuu MHO20MEPHO20

% HOpManbHO20 CYyuaiino2o pacnpeoenenus

% Pucyem mouku 011 nepeozo eapuanma

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

figure(1), axis equal % ycmanasnueaem mun cmuns o1 oceii

figure(1), axis([-7 7 -7 7])

% Pucyem mouku 011 émopo2o 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

X N w



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

% Pucyem mouku 013 mpemwezo éapuanma
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 0214 uemeepmozo 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 eapuanma
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(S), axis([-7 7 -7 7])

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

S=[1 0.5;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 ce0bM020 6apuanma
m=[0 0]';

S=[.3 0.5;0.5 2];

N=500;

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

figure(7), plot(X(1,:),X(2,:),".");

figure(7), axis equal

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

% Pucyem mouku 0na 60cbmozo eapuanma
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 pucynkax 3/15 — 3.22 noka3aHo CreHepupOBAHHOE MHOYKECTBO TOUEK
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N3 »Tux rpadukoB MOXXHO clieJaTh CIACAYIOIIUNA BBIBOJ, €CIU MPU3HAKU
HexoppenupoBanbl, S = diag(ci®, ..., 0x’), TO JUMHUM YPOBHS ILIOTHOCTH
pacmpenenieHdss HMEIT (QOopMy DIUTUICOMIOB C IEHTPOM M U OCSIMH,
napajuiesIbHbIMU JIMHUSIM KoopJauHAT (pucyHok 3.18 u 3.19). Eciau npusnaku
UMEIOT OJIMHAKOBBIE TUCIIEPCHH, TO IJUTUIICOUIBI ABISIOTCS chepamu (PUCYHOK
3.15 -3.17). Ecnu npu3Haku KOppeIupOBaHHbI, TO MaTpula S HE TUaroHajIbHas
U JIMHAW YPOBHS HMMEIOT (OPMY DIUTUIICOHUJIOB, OCH KOTOPBHIX TOBEPHYTHI
OTHOCHUTEIBHO UCXOJIHOM CUCTEMBbI KOOpauHAT (pucyHok 3.20 — 3.22).

Urak, B kome GaiiecoOBCKOro Kiaccu(puKaTopa MbI ONMPENCISIN KIAcC 0
dbopmylie U3 TEOpPUHN BEPOSATHOCTU: YMHOXKAIN BEPOATHOCTh COOTBETCTBYIOIIETO
KJIacca Ha IUIOTHOCTh paclpeesieHus], IpUuYeM MpeAnoarajiu, 4To IIOTHOCTh —
HOpMaJibHasl, & BEPOSATHOCTU U3BECTHBI.

Ho MoxHO pemats 3amady kiaacCUPUKALMK U IMYyTEM BBIYUCICHUS
pACCTOSIHUM.

JlonmycTuM, y Hac €CThb HEKas TOYKa B BUJAE 7-MEPHOI'O BEKTOpA, U €CTh
BBIOOPKA, KOTOPYIO TOXE MOXHO OTPa3uTh B BHJE HAOOpa TOYEK B n-MEPHOM
npocTpaHcTBe. Torma, e€clii Mbl CHadyala MOJYyYUM HEKUE XapaKTepPHUCTUKU
BBIOOPKH, JOIYCTUM, Y3HaeM €€ IEHTP-MacCC, TO MOKHO OIPECIUTh PACCTOSTHUE
OT TOYKH JI0 IIeHTpa Macc. Eciu BEIOOPOK MHOTO, TO KaKOE PACCTOSTHUE MEHBIIIE,
TOMY KJIACCY U MPUHAJIC)KUT TOUKA.

Ilpumep 6. Cuavana wucnonb3yeM (opMydy H3 MIKOJBHOTO Kypca:
€BKJINJIOBO PACCTOSIHUE.

d(p,q) =P -4V +(p—¢.)* +.+ (D, -4, =,/Zn:(pk -q,), (3.12)

II€ p U ¢, N-MEPHBIE BEKTOPA.




close('all");

clear;

% x — 6x00H0Il 6eKMOp

x=[0.1 0.5 0.1]";

% ml u m2 uzparom ponv ouenku 08yx
HEU36€CMHBIX MHOMNCECME: UX UEHMPbL
Mmacce

m1=[0 0 0]';

m2=[0.5 0.5 0.5]';

m=[ml m2];

»> close ("a2ll");
clear;

% X - BXOOHOH ESETOD
¥=[0.1 0.5 0.1]"';

T ml 1 m2 MIpapT PONkE COLEHKKM IEY:
MacCc

ml=[0 O 0]';

m2=[0.5 0.5 0.5]"';
m=[ml m2];
¥ nepemada MHGOpMAaUMM B OYyHRLMD

z=euclidean classifier (m,X)

z =

% nepeoaua ungpopmayuu ¢ pynkyuio
z=euclidean_classifier(m,X) .

% pynkusa 6 omoenvnom ghaiine
function [z]=euclidean_classifier(m,X)
% eepném unoekc knacca 1 unu 2 k komopomy npunaonexcum mouxa X
% X —3mo mampuuya 1x3
% m — amo mampuya 3x2
% size() — 6o3epauiaem KOOPOUHAMbL MAMPULb
[Le]=size(m); % (1, ¢) = (3, 2)
[LN]=size(X); % (I, N) = (3, 1)
for i=1:N % nuxu nmo crpokam X ot 1 10 3

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

% evicuumoieaem 06a e6KIAUO0GHIX PACCHIOAHUA
de(j)=sqrt((X(:,i)-m(:,j)) " *(X(:,)-m(:,))));

end

% de(1) = 0.5196

% de(2) = 0.5657

% 6 num dyoem cooepicamvbca MUHUMATbHOE 3HaveHue, m.e. de(l)

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

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

OpnHako MOXKHO KCIIOJIB30BaTh U 00Jiee CIOXKHYI0 (POPMYILy PacCTOSIHUS:
PaCCTOAHNC MaXaHaHO6I/IC3, KOTOPOC HCIIOJB3YCT HC TOJIBKO HCHTP MACC, HO U
MAaTPHUILy KOPPEISALINH.
Eciu mbI OLOCHUJIN MHOXCCTBA N HAILJIK €TI0 CPCAHCC 3HAYCHHUC m = [nﬂ,

ma, ..., mn]T, a TAaKXXC MaTpuny KoBapHualnunu S, TO PACCTOAHHUC OIIPCACIUTCA

CIIETYIONIMM 0OPa30M OT TOUYKH X = [X1, X2, ..., Xx]T 10 m.
D, (x)=/(x—=m)" S (x—m) . (3.13)
Torma Touka Oynmer mnpUHAIIEKATH TOMY KJacCy IS KOTOPOTO
BBITIOJIHACTCS YCHOBI/IC:

J&x-m)' $™ (x-m,) < \[(x—m )" S (x—m)), ¥} #i

(3.14)
T.€. ISl KOTOPOTo paccTossHue MaxananoOuca MUHUMAJIBHO.
Ilpumep 7. Hanuiiem Ko JiJIsi COOTBETCTBYIOIIEH KilacCH(UKAIUU.



close('all'); :>i cln?se ("all');
clear; i=Tzrl 0.5 0.11';
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]'; eolml w2l
m={mi m2; R T
% Ona 08yx muodcecme 00na u madice 0.01 0.2 0.01;
mampuuya Kosapuayuu S 0.01 0.01 0.21;
S=[0.8 0.01 0.01; z=mahalanckbis classifier(m,5,x)
0.01 0.2 0.01; z =
0.01 0.01 0.2];
z=mahalanobis_classifier(m,S,x) z
% ynkyusa ona paccmoanua Maxananoouca
function z=mahalanobis_classifier(m,S,X)
[Le]=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
Mpg1 BHUAUM, YTO B 9TOM CJIy4dac€ TOYKA ITPUHAIIICKHUT KIIACCY 2.
HonyqaeTc;I IMPOTUBOPCHUHUC! CBKIINIOBO PacCTOAHUC IIOKAa3bIBACT
MIPUHAJJICKHOCTH K Kiaccy 1, a paccrosaue Maxananoouca — Hao6opoT. B Takom
clly4ae HY)XHO TNPUHATH OTBET Kjaccudukatopa MaxamanoOuca, T.K. 3a CUET
MaTpHUIIbl KOBapHallMKM paccTossHue MaxanaHoOuca yduThiBaeT emié u Gopmy
pacrpesieseHrs TO9eK BOKpYT IieHTpa macc. [lo cytu paccrossane Maxananoouca
— 3TO IPOCTO PACCTOSHUE MEXKAY 3aJaHHOW TOYKOU M LEHTPOM MACC, AEIEHHOE
Ha [IAPHUHY 3JUTANCOUIA B HATPABIICHUU 3aJaHHOW TOUYKHU.
PaccmoTpum fganee mpuHUOMI MaKCUMyMa MPaBAONOJ00US, KOTOPBIA
COCTaBJIAACT OCHOBY MNMapaMCTPpHUUYCCKOro IOoJAXoJa. HYCTB 3a1aHO MHOXECTBO

00beKTOB X" ={x,,..,x,}, BBIOPAaHHBIX HE3aBHCHMO JApyr OT JApyra u3

BEPOSITHOCTHOTO  paclpefieieHds ¢ IJIOTHOCThIO — @(x;0).  DyHkuueit
PaBAONOA00MS HA3bIBAETCS COBMECTHAs IIJIOTHOCTh pAacHpeeleHusi BCeX
00BEKTOB BHIOOPKHU:
p(X":0) = p(x,,....x,;0) = [ [ 0(x.:0) . (3.15)
i=1

3HaueHue mnapameTpa €, TpPU KOTOPOM BBIOOpKA MAaKCHUMAJIbHO
paBI0No00Ha, TO ecTh GyHKIUA p(X™;0) npuHUMaeT MaKCUMAaJIbHOE 3HAUYCHHE,
Ha3bIBAETCS OLEHKOW MaKCUMyMa MpPaBI0noa00usl.

B cayuae rayccoBoil mioTtHocTH ¢ mapamerpamu 6 = (m, S) 3amada
MaKCHUMU3aIUH MIPABIOTIOI00MS UMEET AaHATUTUYECKOE PEIICHUE:



N

1
My, = Nzxi >

i=1

1 N
St :_NZ(xi—mML)(Xi—mML)T .
i=1

Ilpumep 8. PaccmoTrpum Ha ipuMepe Kak paboTaeT aJropuT™M MakCUMyMa
npasaonoaodus. Credepupyem 50 TOYEK, UMEIOIIUX IO JABE KOOPJAMHATHI

(3.16)

(3.17)

KaXXaast, HCIIOJIb3ysA TIayCCOBO pacCIpCACIICHUC C LOCHTPOM m = [2, _2]T’
09 0.2
= L) 2 0 3} . Ilotom OOCHHUM IIapaMCTPBI 9TOT0 paCpCACIICHUA 110 q)OpMy_]'[aM

(3.16) u (3.17), cpaBHUM pe3yJIbTATHI.

close('all');

clear;

% I'enepupyem 50 mouex c 3a0annvim
pacnpeodenienuem 2aycca
randn('seed',0);

m = [2-2]; S=[0.9 0.2; 0.2 .3];

X = mvnrnd(m,S,50)';

% Ouenusaem napamempul pacnpeoeneHus
no evibopke

[m_hat,

S _hat]=Gaussian_ML_estimate(X)

>> close('all'):;

1 50 TOYEK C IANAHHEM DaCOpE

[0.9 0.2; 0.2 .3]:

[m_hat, 5_hat]=Gaussian ML estimate (X)
m _hat =

2.0485

-1.9418
5 hat =

0.8082 0.0885

0.2288

0.0885

OyHKIHMIO MOXHO CO37aTh B OTAeIbHOM (paiine Matlab.
function [m_hat,S_hat]=Gaussian_ ML _estimate(X)

% Bxoomuoii napamemp:

% X: IxN mampuua, ubu KoJ10HKU eCMb HAWU OAHHBbLE.

% Buvixoonou apzymenm:

% m_hat: l-pasmepnan oyenka cpednezo éexmopa pacnpeoeenus.
% S _hat: Ixl oyenka Kosapuayuonnoii mampuysl pacnpeoeneHus.

[LN]=size(X); % =2, N=150

m_hat=(1/N)*sum(X")'; % nonyuaem cpeoneapugpmemuueckuit yenmp macc
% co30aém u unuyuanusupyem 0 keaopammuyio mampuyy 2x2

S hat=zeros(l);
for k=1:N

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

end
% Boicuumoieaem cpednee
S_hat=(1/N)*S_hat;

ITo pesynbratam monyuwscs Bekrop m hat = [2.0495, —1.9418]",

0.8082 0.0885
S hat= { } .

0.0885 0.2298

Kak BuHO, nodyuyuBIIMECS OUEHKU OJIM3KU K OPUTHHAITY, OHAKO, HYKHO
y4ecTh, UTO OHU MPOBOAMIIUCH Ha BBIOOpKE, cocTosiiei u3 50 3eMeHTOB, YTO
OYEHb MaJI0, TO3TOMY 3TH OLEHKH HE HaAEKHbI. [ yBeIMYEHHs HAJEKHOCTH
OLICHOK HYKHO YBEJINYUTH BBIOOPKY.

Ilpumep 9. Tenepb pacCMOTPUM HOCIEIHUI IPUMEDP, B KOTOPOM 00001ITMM
BeCh npeapinymmi marepuan. CreHepupyem JBa MHOXeCTBA X M X1 Kaxzaoe



coaepxkut 999 tpexmepHbIX Touek, X — o0ydaroriee MHOKECTBO, X1 — TECTOBOE.
Kaxxmoe MHOXKeCTBO BKJIIOUAET TPU PABHOBEPOSITHBIX KJIacca: Wi, w2, W3; KJIacChl
CO3al0TCA ¢ IIOMOILBIO pacnpeaenenus [aycca co cpenuumu my = [0, 0, 017, ma

= [1, 2, 2], ms = [3, 3, 4]' wm wMarpuumamum KOBapUaLUH
08 0 0

S,=8,=S=|0 08 0|=0%
0 0 0.8

Hcnonp3yss X ¢ MOMOIIBI0 TPUHITUIIA MAaKCUMAJIBHOTO TPaBAONOA00HS
OIICHUM TaKHe TapaMeTPhl Kak CpeaHee 7 U MaTPHUIlLl KoBapuamnuu Si, S2, S3, T.K.
y Hac 10° Touek, TO >TM OUEHKH OymyT HanéKHbIMH. Jlanee, UCHONL3ys STH
OIICHKH TPOBEIAEM KJacCU(PUKAIIMIO C MOMOIIBI0 paccTosiHus MaxanaHoOuca,
EBknmnpa, a taxxe OaifiecoBckuM kiaccupurkaropom. st kaxaoro crocoba
BBIUMCIIAM OIIMOKY BEPOSTHOCTH U CPABHUM PE3yJIbTATHI.

Cuauasia creHepupyeM o0ydaroiee MHOKECTBO X.
close('all");
clear;
% Mampuuya m 3x3
m=[000;122;334]';
% Co3zoaém mampuuy S1 3x3 (eOunuunyro mampuuyy ymuodcaem na 0.8)
S1=0.8*eye(3);
% Kax nepemennas m cooeprcum mpu 6eKmopa-yeHnmpa macc, max u mym
% mpexmepnutii maccug S cooeprcum mpu 0OUHAKOBHIX MAMPUUbL KOGAPUAUUU
S(:,:,1)=S1;S(:,:,2)=S1;S(:,:,3)=S1;
% eepoamnocms noAGNEHUA KAXHCO020 U3 MPEX KNACCO8
P=[1/3 1/3 1/3]";
% Kouuecmeo r1emenmos é 00yuauem MHoHcecmee
N=1000;
% ycmanaenueaem oamyuk cayuaiinvlx yucen ¢ napamempamu seed u 0.
randn('seed',0);
% I'enepupyem munoxcecmeo X[3;999] — camu mouxu, y[1, 999] — ux memku
% om 1 00 333 — memxa 1, om 334 00 666 — memxka 2, om 667 00 999 — memka 3.
[X,y]=generate gauss_classes(m,S,P,N);

% @ynKkuuro nuwiem ¢ omoenbHoMm aiine
function [X,y]=generate_gauss_classes(m,S,P,N)
[1,c]=size(m); % (1, ¢) = (3, 3)
X=|1; % Huuyuanuzayua mnoxrncecmes
y=II;
for j=1:¢ % muka or 1 1o 3
% I'enepupyem mpexmephvie mouku co cpeonum m(:, j), 20e “:” — ona ecex cmpox,
% mampuuyeii kosapuauuu S(:, :, j) u konuuecmeom 1/3*1000, ocpanuuennvim cHuzy
t=mvnrnd(m(:,j),S(:,:,j),fix(P(j)*N))';
% ceenepupoeannvle mouku npuceausaem eekmopy X npuuem max, 4umoovt
% onu 0obaenanuce 6 Koney yice cyujecmeyrouiezo éekmopa X. Czenepupoeanu
% mouku 0na j = 1, 0odasunu ux Kk nycmomy 6eKmopy, 3amem c2eHepuposaIu
% mouku 0na j = 2, 0odaeuiu ux ¢ KoHey 6eKmopa, KOMOPwlil yice CO0epHcUm
% mouku ona j=1u m.o.
X=[Xt]; % cenepupyem memxu



y=[y ones(L,fix(P(j)*N))*jl;
end

Jlaiee aHaAJOTMYHO CTr€HEPUPYEM MHOXKECTBO Xi, HO YK€ C JpyruMu
napameTpamu aJig randn().
% I'enepupyem mecmogyio 6v100pxy X1
randn('seed',100);
[X1,yl]=generate gauss classes(m,S,P,N);

Tenepb I10 IPpUHIMITY MaAKCUMYyMa HpaBILOHOI[O6I/I$I BBIYHMCJIMM OLCHKHU AJIA

pacrpeieneHus, KOTOPOe UCIO0JIb30BAJIOCH MTPU CO3/IaHUHU MHOXECTBa X.
% uzenexaem uz X moavKo me mouku, Komopuie umeom vemxy I
class1_data=X(:,find(y==1));

% eviuucnaem yenmp macc u KOBAPUAUUOHHYIO MAMPULY

% ynkyusa ona eéviuucnenun oOvina pazoopana panee

[m1_hat, S1_hat]=Gaussian_ML _estimate(classl_data);

% Ananocuuno

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);

% Ilonyuaem o6uy10 ouenKy eOuHoU KOAPUAUUOHHOI MAMPULbL,
% Kak cpedneapugmemuueckoe mpex yiice bl4UCIEHHBIX MAMPULY
S _hat=(1/3)*(S1_hat+S2_hat+S3 hat);

m_hat=[m1_hat m2_hat m3_hat];

5 _hat 5 _hat m_hat
[ 3x3 double ] 3x3 double
1 2 3 4 1 2 2
1 0.8602 0.0212 -0.0259 1 0.9468 3.0138
2 0.0212 0.8070 -0.0134 2 -0.0150 2.0470 3.0130
3 -0.0259 -0.0134 0.8031 3 -0.0698 1.9829 3.9398
! < > "¢
B urore nonyuaem:
0.8602  0.0212 -0.0259 0.0512 0.9468 3.0138
S hat=| 0.0212 0.8070 -0.0134| u m_hat=| -0.0150 2.0470 3.0130|.
—-0.0259 -0.0134 0.8031 —0.0698 1.9889 3.9398

BuaHo, 4To moiy4uBIIMECS OLEHKH OJIU3KU K T€M, KOTOPBIE MBI 3a/1aBalu
n3HavYaIbHO. B peanbHOCTU S U m U3 yCIIOBUS 3a/1aul HAM HYKHbBI ObUIH TOJIBKO
JUIsl TOTO, 4TOOBI co3aaTh BeIOOpKU. [Ipennonaraercs, 4To BHIOOPKU X U X1 MBI
MoJIy4aeM OTKYJa-TO CO CTOPOHBI M JieJlaéM NPENANoJO0KEeHHWEe, 4YTO OHH
chopMHpPOBaHbI  TMOCPEJICTBOM  HOPMaJIbHOrO  pachpezenenus.  Takoe
MPEANOJIOKEHUE MBI MOKEM CHENaTh, T.K. pUCYHKH 3.15 — 3.22 1eMOHCTPUPYIOT,
YTO rayCcCOBO paclpeAesieHue MOXKET MOJACIMPOBATH IIMPOKUH KI1aCC JaHHbIX.



Tenepb, 3HasdA XapaKTCPHUCTHUKHU BBI60pKI/I, TOYHECC TpéX KJIaCCOB, BXOAIINX

B Heé, MOJKHO IIPOBCCTH KJIaCCI/I(l)I/IKaHI/II-O TOYEK M3 TECTOBOI'O MHOKECTBA X].
% evicuumoleaem paccmoanue om mouku X1[if, i=1..999 0o mouxku-yenmpa

% coomeemcmeyrwuieco knacca, 7_euclidean oyoem cooepicamov 999 unoekcoe knaccoe
% ¢ camvlmM MUHUMATIbHBIM PACCMOAHUEM
z_euclidean=euclidean_classifier(m_hat,X1);

% Ananocuuno

z_mahalanobis=mahalanobis_classifier(m_hat,S_hat,X1);

% Hcnonwv3zyem oaiteco6cKuil Knaccugukamop, 00HAKO ¢ MamemamuiecKkoi

% mouku 3penus, Umoosvl OH padomal KOPPEeKMHO, Mbl 00JIHCHBL HOOABAMDb eMY

% He ebluUC/ICHHbIE OUEHKU MHOMcecmea X, a OaHHble 6 YC106UMU, Nl.e. MOYHble
z_bayesian=bayes_classifier(m,S,P,X1);

% Haxooum npouenm nHecoenadenuii no Kuaccam

err_euclidean = (1-length(find(yl==z_euclidean))/length(y1))

err_mahalanobis = (1-length(find(y1==z_mahalanobis))/length(y1))

err_bayesian = (1-length(find(yl==z_bayesian))/length(y1))

% @ynukyus ona knaccugpukamopa baiieca
function [z]=bayes _classifier(m,S,P,X)
[Le]=size(m);
[LN]=size(X);
for i=1:N % yuxn om 1 0o 999
for j=1:¢ % yuxn om 1 oo 3
t(j)=P(j)*comp_gauss_dens_val(m(:,j),S(:,:,j),X(:,i));
end
[num,z(i)|=max(t);
end
[Tomydaercsi, 9TO BO BCEX TpeX ciydasx OomuOKU moxoxu: 7.61%, 7.71%,

7.61%, pucyHok 3.23.
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Pucynok 3.23 — PaGouee okHo Matlab ¢ pe3ynpraramMu KiaccupUKaIiy ¢ TOMOLIBIO
paccrosiauss MaxamanoOuca, EBkina u 6aiieCOBCKUM KJIacCH(PUKATOPOM

DTO0 HE cnyqaﬁﬂo, €CJIM BBITIOJIHAIOTCA 4 CIICAYIOIIUX YCIIOBUA, TO BCC TPHU
MCTOJa KJIaCCI/I(bI/IKaHI/II/I OKBHUBAJICHTHBI:

1. Bce kiaccel paBHOBEPOSITHBL.

2. JlaHHBIE BO BCEX KJIacCax UMEIOT rayCCOBbI PaCIPEICIICHHUS.

3. Martpulibl KOBapHalluy OJHU U TE€ KeE.

4. KoBapuanuoHHbie MaTpUIlbl HE MIPOCTO PABHBI, HO U JUArOHAJIbHEIE,

IIPUYEM BCE 3JIEMEHTHI Ha I1aBHOM IHMAaroHaJId PaBHbI

3aganme 3.1. [IpoBepbTe pabOTy MPOrpaMMHOI0 KOZa U3 BTOPOTo MpuMepa
JUIsl KJlacCU(PUKaMK TOYEK TUIOCKOCTH Ha MHOXKECTBA TOUEK «BHE» U «BHYTPU»
AJUIMIICA, I YETO BHECUTE CIIEAYIOIIME U3MEHEHUS B KOJ U IMPOAHAIU3UPYITE
IIOJIyYEHHBIE PE3YJIbTATHI:

1) B KadecTBe TpeThEro napamerpa GyHKUHUHU NEWp YKaXKHUTE Ipyrue
MOJIEJIH MepCenTPOHa (CUrMOuIaabHbIe (YHKIMHN): 'tansig’ — runepOoInIeCcKuil
TaHTeHc; 'logsig' — nmoructuyeckuii curmous; 'purelin' — JTMHEHHBINA CUTMOW/T;

2)  WU3MEHUTE MAaKCUMaJbHOE YMCIO WTEpalMil i MPOBEIACHUS
00y4YeHHUsI CeTH;

3)  mpoBepbTe KOPPEKTHOCTh PabOThl MOCTPOSCHHOW HEUPOHHOU CETH,
JUIS 4ero MPOBEAUTE KIaCCU(PUKAIIMIO HECKOIBKUX TECTOBBIX TOUYEK IJIOCKOCTH;
JUISL HAIJISIAHOCTU BBINOJHUTE MOCTPOCHHUE AITHX TOUYEK Ha TOW K€ IJIOCKOCTH;
KOOPAMHATHI TECTOBBIX TOUYEK 3a4aNTE CAMOCTOSATEIBHO;

4)  W3MEeHHMTE TapaMeTpbl HMCXOAHOTO duHnca (KodPPUIMEHTHI
KpUBOH).

3aganme 3.2. PaccmotpuTe, kak B mpuMepe 3 napadoity, 3a1aHHYIO B BUJIE
oOlero ypaBHEHMsI KpuUBOW BToporo mnopsaka. CreHepupyiite ciaydyaiiHoe
MHOKecTBO Ha 1uiockoctu (100 Touek). Mcnonb3ys HeluHeHOe 0TOOpakeHHUe
w(x,y) B 5-MEpHOE MPOCTPAHCTBO U OJHOCIOWHBIN TEPCENTPOH B S-MEpHOM
IIPOCTPAHCTBE, pa3JeIuTe TOUKM MHOYKECTBA Ha JIBa KJIacca — TOYKH, JIEKAIIIHE
«BHE» U «BHYTpU» NapaOoIbl.

3apnanue 3.2. Bpruuciaute kak B npumepe 4 3HAYECHUS pi U p2, HO IS
cienyromux AByx ciydaeB: (P(w1)=1/6, P(w2)=5/6), (P(w1)=5/6, P(w2)=1/6).
JlaiiTe 0ObSCHEHUS 3aBUCUMOCTU PE3YJIbTaTOB KJIACCU(PHUKALUU OT alpUOPHBIX
BEPOSITHOCTEH.

3aganme 3.2. Ilosropute npumep 8, Ho 1t N = 500 u N = 5000 Touek.

IIpoKOMMEHTUPYWUTE pE3yJIbTAT.
B tabnuie 3.1 npuBeneHbl UHANBUIYAJIbHbBIE 3aJaHUS.
Tabnuua 3.1 — MinauBuayaabHble BApUAHTHI

1 0.8 02 0.1

Iosropute nmpumep 9, Ho rae S, =5,=5,=[02 0.8 0.2|#0c°/. Hanumure
0.1 02 038

BBIBO/I 110 MTOJIYYHUBILIEMYCSI OTBETY.
2 [ToBropute mpumep 9, Ho rae ans redepauuud X u X1 OyQyT HCHOJIb30BAHBI




CJIEIYIOIINE BEPOATHOCTH KiaccoB Pi1 = 1/2, P> = P3 = 1/4. lna atoro ciydvas
0aiieCOBCKMI KJIACCH(UKATOP JIOJDKEH MOKa3aTh Jy4luil pe3ynbrar. [louemy?

0.8 0.2 0.1
[ToropuTe mpumep 9, Ho rue P(wl) =Pw2)=Pw3)=1/3u §,=(02 0.8 0.2,
0.1 02 0.8
0.6 0.01 0.01 0.6 0.1 0.1
S,=[0.01 08 0.01{,S,={0.1 0.6 0.1|. O6bsicauTe pe3yIbTaT.
0.01 0.01 0.6 0.1 0.1 0.6

0.8 03 0.1
TosTopute mpumep 9, Ho re S,=5,=S5,=/0.3 0.8 0.3|#0c°/. Hammmure
0.1 03 0.8

BBIBOJ 1O ITOJTYYHUBIICMYCS OTBCTY.

[ToBropute mpumep 9, HO rae ans redepauuu X U X1 OyQyT HCHOJIb30BAHBI
ciemyomue BeposTHoctu kiaccoB P = 0.8, P> = 0.15, P3; = 0.05.
IIpoKOMMEHTHUPYHTE pe3yJIbTAT.

09 02 0.1
[ToBTopure npumep 9, Ho tae P(wl) = Pw2)=Pw3)=1/3u §,=[02 0.8 0.2
0.1 02 0.9
0.6 0.01 0.01 0.6 02 0.1
,5,=1001 0.8 001, S,={0.1 0.6 0.1|.O6bsicauTe pe3ybrar.
0.01 0.01 0.6 0.1 0.2 0.6

0.7 02 04
Iosropute nmpumep 9, Ho rae S, =5,=5,=[02 0.7 0.2 |#0°]. Hanumure
04 02 0.7

BBIBOJ 1O TOJTYYHUMBIICMYCA OTBCTY.

[ToBropuTe mpumep 9, HO Tae mns reHepamud X U X1 OyIOyT HCHOJIb30BAHBI
cieayomue BeposiTHocTu kiaccoB P1 = 0.6, P> = P3 = 0.2 [ns sToro cimydas
OaiiecoBCcKHH Kiaccu(UKATOP MODKEH MOKAa3aTh JIyUluid pe3ynbraT. [Touemy?

[TosTopute npumep 9, o rme P(wl) = P(w2) = 0.2, PWw3) = 0.6 u
0.8 0.2 0.1 0.6 0.01 0.01 0.6 0.1 0.1

$,=(02 08 02}, §,={001 08 0.0I, §;=|0.1 0.6 0.1|. O6bsicuuTe
0.1 02 0.8 0.01 0.01 0.6 0.1 0.1 0.6

pe3yJibTar.

10

[ToBropuTe mpumep 9, HO Tae mus reHepamud X U X1 OyIOyT HCHOJIB30BAHBI
CIIelyIOIIME BEPOSITHOCTU KiaccoB Pi1 = 0.4, P> = P3 = 0.3. lna storo ciydas
OaliecoBCcKHH KiaccU(UKATOP MODKEH MOKAa3aTh JIyUluid pe3ynbraT. [Touemy?

Conepxanne oT4yera u ero popma

HOI[FOTOBBTG OT4CT, B KOTOPOM IMPHUBCIUTC TCXHOJOTHWIO BBIITOJIHCHUA

3aJIaHUN.

OtyeT 1o J1abopaTOpHOU PabOTE NOKEH COACPIKATD:
1) Ha3BaHue paboOTHI;



2) ienb J1abopaTOpHON padboOTHI;

3) bopmynupoBKy 3a1aHUs U TEXHOJOTUIO €T0 BHIMOJIHEHUS;
4) 0TBETHI HA KOHTPOJIBHBIE BOIIPOCHI;

5) mpuioxeHue — (paisibl BHIMOTHEHHBIX 3a/IaHUA.

Bonpoce! A5t 3amuThl padoTh

1. Yo Takoe maTpua KoBapuauuu?

2. Yro Takoe Aucnepcrs U MaTeMaTHYECKOe 0XKHIaHne?

3. Yem otamyaerca KiaccupuKanusg Ha OCHOBE  PACCTOSHUS
Maxanano6uca ot kinaccudukainuu Ha ocHOBe paccTosinus Epkinga?

4. Urto Ttakoe OaitecoBckuil kiaccudpukaTop?

S. Yro Takoe NpUHIIMI MaKCUMyMa MPaBaono100us?



JIABOPATOPHAS PABOTA Ne 4
Kaaccudguxaropbl, 0CHOBAaHHbIC HA OLICHKH (PYHKIUH ONITUMM3ALUHU

LHenp wu coaep:kaHMe: U3YYUTh OCHOBHBIE MpUEMBI pabOTBl C
KJIacCU(PUKAaTOpaMH, OCHOBAaHHBIMU Ha OLEHKU (YHKIIUU ONTUMHU3ALUY.

Opranusannonnasi ¢gopma 3aHAATHII: pelIeHHE NPOOJIEMHBIX 3aad,
pa300p KOHKPETHBIX CUTYaIIUM.

Bonpocel pis1 00cy:kaeHusi Ha J1a00pPATOPHOM 3aHATHH: TPUHLUII
NEUCTBUA W QITOPUTM PAOOTBl MEPCENTPOHA, AJITOPUTM MUHUMU3ALUU
cpenHekBagparuueckoil ommoku (LMS). nmoctpoenue kinaccupukaTtopoB U UX
ucnoJib3oBanue B MATLAB.

®opmupyembie komnerennuun: OIIK-7, OIIK-8,
Teopernueckoe 000cCHOBaHUE

TexHuka TMOMy4YeHUsI ONTUMAJIBLHOTO OalecoBCKOro KiaccudukaTopa
OCHOBBIBAETCS Ha OIEHKE (YHKIMHU pacrpeaesieHus ['aycca st oOydaroniux
naHHbIX. OgHAKO, 3TO CIOXKHAS 33a/1adya 0COOCHHO I MHOTOMEPHBIX JaHHBIX.

AnpTEpHAaTUBHOE pELIEHUE 3aKJIIOYAETCSl B OTIEICHUM KJIAacCOB B
MHOTOMEPHOM IPOCTPAHCTBE C IIOMOILBIO PA3AEIIIONINX THIEPILNIOCKOCTEN.
Paznenstonias runepriockocTh MOKET ObITh 3alICaHa B BUJIE

wx+w,=0. 4.1)
Taxoke (4.1) MOXKHO TIepenucaTh B BUJIC
X
w’Tx'E[wT,WO]L}zo, 4.2)
7€ W — BEKTOp HACTPauBaEMbIX ITApaMETPOB, Wo — CBOOOIHBIHN YJIEH, X — BXOTHOM

BEKTOP.

C mnoMOIIbI0 TaKUX THUMEPIUIOCKOCTEH MOXKHO OTIEIUTh JIMHEWHO
OT/ICJIUMbIE KJIACCHI.

ANTOpPUTM afanTaliii BEKTOpa BECOBBIX KOAD(PHUITMEHTOB JIIEMEHTAPHOTO
nepCcenTpoHa MOKHO C(HOPMYTUPOBATH CIEIYIOIINM 00pa3oMm.

Ecmm  n-p1it  smemeHT x(n) o0Oydaromero MHOXECTBA KOPPEKTHO
KJIacCU(DUITMPOBAH C TMTOMOIIBIO BECOBBIX KOA(P(HUIIMEHTOB W(#), BEIYMCICHHBIX
Ha /1-OM IIIare ajJropuTMa, TO BEKTOpP BECOB HE KOPPEKTUPYETCH, T.€. JEUCTBYET
cienyrolee NpaBuio:

w(n+1) = w(n), ecrm w’ x(n) >0 u x(n) € C,

(4.3)

w(n+1)=w(n), eciu w’ x(n) <0 u x(n) e C,
B npotuBHOM cilydyae BEKTOp BECOB TNE€pPCENTPOHA TOJBEPraeTcs
KOPPEKIIMHU B COOTBETCTBUU CO CJICTYIOIIUM MPABUIIOM:
w(n+1) = w(n) —7(n)x(n), ecmu w' (n)x(n) >0 u x(n) € C, (4.4)
w(n+1) = w(n) +7(n) x(n), ecma w’ (n)x(n) <0 nx(n)eC, '
rae C1 u C; — NTUHEWHO pa3JeiauMble KIacchl, a 7(n) — MmapameTp CKOPOCTH
00yueHus.
Cozmaaum QyHKIHIO, KOTOpas OyaeT oOydaTh Hall JIMHEWHBIM HEHpOH

(HacTpanBaeMyr THMEPIUIOCKOCTh). CurHatypa ¢GyHKIHUHA OyAET CIeHyIOMIESH:



[w, iter, mis_clas] = perce(X, y, w_ini. rho), rae X — 310 MaTpuia pazmepom
(I+1)xN (I — pasmep BxoaHOro BekTOopa, N — KOJHMYECTBO MATTEPHOB JJIs
o0yueHust), y — BekTop MeTok s kiacca Ci (+1) u Cz (-1), w_ini — BEKTOp
HAYaJIbHBIX TTAPAMETPOB, KOTOPHIE HY)KHO HACTPOUTH B TIPOliecce 00yUeHHUs Tak,
yToOBbl TUnepiockocth oTAesia Ci; or Co, tho — m=const, T.e. CKOpPOCTh
00yueHUsI, W — BEKTOP, BRIUUCIICHHBIN aJITOPUTMOM, iter — KOJIMYECTBO UTEpaLluid
3a KOTOpble OBLT BBIUMCIEH W, mis clas — KOJIMYECTBO HENPaBUIIBLHO
KJ1acCU(DUIIMPOBAHHBIX BEKTOPOB.

PaccmoTpum npumepsl.

Ilpumep 1. HeoOxonuMo crenepupoBaTh 4 MHOXKECTBA Xj, KaXkI0€ — 3TO
HabOp TOuYEK B AByMEPHOM InpocTpanctse. Kaxmas Touka u3 X; uMeer MeTky -1,
TOYKHU CIyJaHO pazdpocaHnsl B kBaapare [3, 5]x[3, 5], [2, 4]x[2, 4], [0, 2]x[2, 4],
[1,3]x[1, 3]. Touku, pacmnoxxennsie B kBajapare [0, 2]x[0,2] uMeIOT METKY Kj1acca
+1. TpeOyercs BU3yanbHO 0TOOPa3UTh KIACChl, 00y4YUTh nepcentpoH s n=0.01
1 N=0.05, 1 HayanbHOM BeKTOpe mapamerpos [1, 1, -0.5]T.

JIuctuHr QyHKINHN, peanu3youui IEPCenTPOH, MPUBEIEH HUXKE.
function [w,iter,mis_clas]=perce(X,y,w_ini,rho)

[LN]=size(X);

max_iter=20000; % Makcumanbvhoe Konuuecmeo umepayuii,

% Komopwie 6yoem padbomambs nepcenmpon, nocie 3moz2o oyoem
% cuumamucsa, 4mo peuieHue He HaldeHo.

w=w_ini; % Hnuyuanuzupyem 6eKmop napamempos
iter=0; % Cuémuux umepavyuii

mis_clas=N; % Hnuyuanuszupyem xonuuecmeo HenpaguibHo
% Knaccuguyuposannvlx nammepHog

% uuka while mo 1Bym ycjioBusim
while(mis_clas>0)&&(iter<max_iter)
iter=iter+1;
mis_clas=0;

gradi=zeros(l,1); % Bwviuucnenue koppekmupyrwuie2o Komnonenma 0,11 6eKmopa
for i=1:N
if((XG,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

w=w-rho*gradi; % Oo6noenenue ¢exmopa napamempos
end



JIMCTUHT OCHOBHOT'O KOJa HpI/IBeI[éH HWXKE.

close('all");
clear

rand('seed',0);

% I'enepupyem knacc Xi
N=[100 100]; % 100 sexmopoe ona Kaxcoozo Kracca

1=2; % Pazmepnocms 6xo0a Karx#coo2o éekmopa

% ona zenepuposanus nammeprnos uz X2, X3, X4 nyscrno emecmo
% HudICHEIl CMPOYKU NOOCMAGUMb 0OHY U3 3AKOMMEHMUPOBAHHBIX CHPOK
x=[3 3]";

% x=[2 2]'; ona X2

% x=[0 2]'; ona X3

% x=[1 1]'; ona X4

% nonyuaem 200 mouek ona Xi u o1sa mouek xkeaopama [0, 2]x[0, 2]
X1=[2*rand(,N(1)) 2*rand(LLN(2))+x*ones(1,N(2))];

X1=[X1; ones(1,sum(N))];

yl=[-ones(1,N(1)) ones(1,N(2))]; % moxyyaem MeTKH

1. Bvi6ooum muoscecmeo Xi

figure(1), plot(X1(1,y1==1),X1(2,yl==1),'bo'....
X1(1,y1==-1),X1(2,y1==-1),'r.")

figure(1), axis equal

% 2. 3anyckaem anzopumm odyuenusa nepcenmpua 0iasa 3ma=0.01
rho=0.01; % Ckopocmpv 06yuenusn

w_ini=[11-0.5]"; % nauanvnwie seca
[w,iter,mis_clas]=perce(X1,yl,w_ini,rho)

Nmeem 4 Bapuanta X, 1 = 1..4, KOTOpbIE HY>KHO OTIECIHUTH C MOMOIIbIO

nepcentpoHa (pucyHok 4.1 — 4.4).

Buano u3 pucynka X4 (pucyHok 4.4) Kjiaccbl JUHEWHO HE Pa3/I€IUMBbI.

Pesynbratel oOydenus mpuBeneHsl B tadnuie 4.1, 4.2. B tabnune 4.1
MPEICTABICHO KOJUYECTBO WTEpalMid, 3a KOTOpPOE  IEpPCENTPOH HaXOIUT
pelieHre B 3aBHCHUMOCTH OT 1, a B Tabymie 4.2 KOJIMYECTBO HEMPABHIHHO

PaCliO3HAHHBIX ITATTCPHOB.



Figure 1

Figure 1
File Edit Yiew |nsert Tools Desktop Window Help

NEEL| B ARXUDE L£-

Eile Edit Yiew Insert JTools Desktop Window Help ~

AEE EIDIEEEEE

»

3.5

ar l 3

3 25

2

L g 1.5
& ol " 'r. ‘e

0y Tt E
.:- ';s \:-';

LN B N T 0.5
fave

.!In': L l'.." .

0 1 2 3 4 5
Pucynok 4.1 — JIBa knacca mis X

Figure 1
File Edit View Desktop Window Help File Edit Yiew Insert Tools Desktop Window Help

NEES bR DE - Y DERe b ARRTDE LD

Figure 1

Inzert Tools

' — B ' - .
00, B 8 3 o
35t & 1 ome o Q?
8@ o 25 F, &b
3t & ] a geP
o0 0 % 3 @G}
25t 89 . 2 RE R Ofé
o~ 8 . QL.
27 w9 ' 15r 7, @é? '
. e e = " . L 0 [
1567 L '-.“: - 1 1 ., ‘. *
o SRR | c
.® - K S, =, 0.5 & ;- . ot
05| AN L R
et —— -
0 1 2 3
-1 0 1 2 3

Pucynok 4.3 — JIBa knacca ans X3 Pucynok 4.4 — JIBa xnacca ansa X4

Tabmuua 4.1 — KonnyectBo urepanuii, 3a KOTOpbIe MEPCENTPOH HAXOAUT PELICHUE B
3aBUCHUMOCTH OT N

X1 X2 X3 X4
n=0.01 134 134 5441 OnTuManabHOTO
pelleHus He HalIeHO
n=0.05 5 5 252 OnTuManabHOTO
pellIeHus He HalIeHO

Tabnuua 4.2 — KonuyecTBo HENPaBUIbHO PACIO3HAHHBIX MATTEPHOB

X

X2

X3

X4

n = 0.01, n
0.05

0

0

0

25

[Ipu yBenuueHun 77 yBeMUYMBACTCA CKOPOCTh 00y4YeHHUs mepcentpoHa. B




MOCJIETHEM CJIy4ae ONTHUMAJIBLHOTO PELIECHUsI IEPCENTPOH HE HAXOJUT, TOITOMY
pOoBeNEHHAS IPsAMast OTIEISIET HE BCE MATTEPHBI Kiacca.

Oyukuus perce(X,y,w_ini,rho) 3anporpammupoBaHa [Jid MaKETHOTO
pexuMa, T.€. BEKTOP W KOPPEKTUPYETCS OJIMH Pa3 MOCJIE BHIYUCIEHUS MMOMPABOK
JUTSL KQXKJI0TO TIpUMeEpa.

Ilpumep 2. OGydeHue nepcenTpoHa B oHIalH-pexume. Hrke npuBenén
JTUCTUHT (QYHKIHUHA, TAE TMEPCEenTPOH oO0ydaeTcs B OHJIAMH-peXUME, Te
KOPPEKTUPOBKU BBIYUCIISIIOTCS 11 KaXKJIOro IpUMeEpa, HO Jlajee, OHM He

HaKaIlJIMBAlOTCs, a4 Cpa3y IMPUMCHAIOTCA K BEKTOPY BCCOB.
function [w,iter,mis_clas]=perce_online(X,y,w_ini,rho)

[LN]=size(X);
max_iter=10000000; % maxcumanvnoe Konruuecmeo umepayuil
% mpeodyemcsa, eciu Kniaccvl pacnonoHcenvl O1au3Ko opyz K opyzy

w=w_ini;
iter=0;

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

for i=1:N
if((X (D) "*w)*y(1)<0)
mis_clas=mis_clas+1;
w=w+rho*y(i)*X(:,i); % Oo6noeraem eekmop eecoe

end

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

mis_clas
end

end

Bb13Bath 3Ty (QYHKIMIO MOXHO C IOMOIIBIO CIEAYIOLIEH CUTHATYPBHI:
[w,iter,mis_clas]=perce_online(X1,yl,w_ini,rho).

Ecniu 1moBTOpUTH NpEeAbIAYIIMNA  3KCIEPUMEHT, HCIIOJIb3ys  BBILIE
yKa3aHHYI0 (YHKUIUIO, IPU NMPUMEHEHHH KOTOPOH MepcenTpoH oOyuyaeTrcss B

OHJIAWH-PEXXHUME, TO TIOIYYUM CIISIYIOIINE pe3yabTaThl, Tabnuia 4.3, 4.4.
Tabmuma 4.3 — KonudecTBo utepanuid, 3a KOTOPbIE MEPCENTPOH HAXOAUT pElIeHUE B
3aBHCHMOCTH OT N

X1 X2 X3 X4
n=0.01 600 600 6589400 OnTuMabHOTO pEeLICHMS HE HAalICHO
n=0.05 400 400 7729200 OnTuMalbHOTO peUIeHHs HE HallICHO
Tabnuua 2.4 — KonnyecTBo HEMPAaBUIBLHO PACIO3HAHHBIX MATTEPHOB
X1 X2 X3 X4
n=00L,mn=10 0 0 6

0.05




TpeOyeTcsi 3HAUMTENBHO OOJbIIE WTEpaluii, OHJIANH-O0yuYeHHE XyxkKe
CXOJUTCS, 3aTO B MPAKTHUYECKOM IUIaHe 0oJjiee SKOHOMHOE, T.K. HE TpeOyeT
CIIELIMAIIBHBIX CTPYKTYP IJI XpaHEHHUS U HAKOIUJICHHUS MOMPAaBOK.

Annmaparypa u wmarepuajabl. 64-pa3psansbiii  (x64) nepcoHaNbHBIN
KOMIIBIOTEp, MpOLECCOp ¢ TakToBOM uwactoTorl 1 I'T'm m BblmIe, onepaTuBHAS
namate 1 ['0 u BbIe, cBOOOMHOE MHUCKOBOE MPOCTpaHCTBO He meHee 1 [0,
rpadpuyeckoe  ycrporictBo  DirectX 9. Ilporpammuoe obecrneueHue:
oneparmonHas cucrema Windows 7 u Baiiie, Matlab (R2013) u Brie.

Ykazanume mnmo TexHuke Oe3omacHOCcTH. (CaMOCTOSTENbHO  HE
MPOU3BOJIUTh: YCTAHOBKY WM YyJaJICHHE MPOTrpaMMHOr0 OOECHEUYEHUs, PEMOHT
NEPCOHANLHOTO KoMITbioTepa. CoOI101aTh TpaBUila TEXHUYECKON IKCILTyaTalluu
U TEXHUKHU 0€30MacCHOCTHU MPHU padOTe C IIEKTPOOOOPYAOBAHUEM.

MeToauka v NOPSIAOK BHINOJHEHUsSI pa0oThI

BeinmonHnute mnpennokKeHHbIE 3aJaHusl, MPEIBAPUTEIIBHO pPacCMOTPEB
MIPUBE/ICHHBIE B TEOPETUUECKON YaCTH IPUMEPBHI.

3ananue 4.1 Co3aaTh ABa 4aCTUYHO Iepecekaromuxcs kinacca touex (100
TOYEK JIsl KXKJIOro Kjlacca) Kak mokKa3aHo B Tadnuie 4.5.

3aganue 4.2 Pa3nenuth WX HACKOJIBLKO ATO BO3MOXKHO C ITOMOIIBIO
nepcenTpoHa. Tum oOydeHHs] MepcenTpOHa OHJAWH WM MaKETHbIM yKa3aH B
TabuLe.

3ananme 4.3 HapucoBaTh HailZIECHHOE PEILICHUE.

Ta6nuna 4.5 — UnquBuayanbHble BAPUAHTHI

he 3aganue Ne 3amanue
Bapuanta A Bapuanta A
0 4 . A 0
1 Omnnaiin oOyueHue. | 6 [TakeTHOE O0OyUeHHE.
B 0 B 0
A 0
IakeTHOE 0 4 y
2 B 0 7 2 0 Omuuaiin 00y4eHue.
oOydJeHwue.
0 0
[TaketHoE 4 0 o
3 A B 8 3 0 Owuuaiin 00yueHue.
o0Oy4eHue.
0 4 . 0 4
4 Ownnaiin oOydyeHue. | 9 [TakeTHOE OOYyUEHUE.
B 0 B 0
0 0
[TaketHOE 0 0 .
5 A B 10 1 B Ownutaiin o0yueHue.
oOydJeHwue.

Conep:xanue oT4yera u ero gopma



IToaroroBbT€ OTYET, B KOTOPOM MPUBEAUTE TEXHOJOTHIO BBITIOJHECHUS
3aJITaHUMN.
OtuyeT 1o J1abopaTOpHO PabOTE NOHKEH COACPKATh:
1)  nHa3BaHue pabOTHI;
2)  uenb 1abopaTOpHOI pabOTHI;
3) (hOpMYJIMPOBKY 3aJIaHHS M TEXHOJIOTHIO €T0 BBITIOJIHCHUS;
4) OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;
5) MPWIOKEHUE — (DAMITBI BRIMTOJTHEHHBIX 33/TaHUN.

Bonpocs! 1151 321U ThI padoThl
Uro Takoe nepcentpoH?
Yem nepcenTpoH OTINYAETCS OT CETU MPSAMOTO PacHpOCTPAHCHUS?
3. Kakue 3a1aum MOKHO pelaTh ¢ TOMOIIBIO IepcenTpoHa’?

N —



JIABOPATOPHAS PABOTA 5
Pab6ora ¢ HeliponnbiMu ceTsamu B MatLab

Heap u comep:kaHue: co3garb U 00y4YUTh HECKOJIBKO HEHPOHHBIX CETEH,
pelaronmX 3a/1a41 JUHEHHOr0 U HETMHEHHOTO pa3AesIeHHsl KIaCCOB, UCIIONb3Ys
BCTPOCHHBIU S3bIK MporpaMMupoBanus Matlab

Opranusannonnasi ¢popma 3aHATHII: pelIeHHE NPOOJIEMHBIX 3ajad,
pa300p KOHKPETHBIX CUTYaLUN

Bonpocer anst o0cyxaeHuss Ha J1a0OPaTOPHOM 3aHATHHM: OCBOUTH
0a30BbICe KOMaHJbl JJIA CO3JIaHMs M OOyuYeHMsI MPOCThIX cereid B Matlab;
HAy4YUThCS CO3/laBaTh M 00y4yaTb CETU JJIs JIMHEHHOTO U HEJIMHEWHOTO
pa3esieHusl KJIacCoB; HAYUUTbCS CTPOUTH I'pauKH, OTPAXKAIOLIUE PE3yJIbTaThl
paboTHI CeTeil.

®opmupyembie komnerenuuun: OIIK-7, OIIK-8,

Teopernueckoe 000cHOBaHUE

Camprit rubkuii ciocod no padore ¢ MHC B Matlab — 310 ncnonb3oBath
BCTPOCHHBIN $3bIK MPOrpPaMMHMPOBaHUA ISl CO3JaHMS M OOydeHus cereid. B
JTaHHOU J1abopaTtopHOi paboTe Ha MpUMEpPE JIMHEMHOro pa3/iesieHus KJIacCoB U
3amaun XOR Oyner paccMoTpeHa TEeXHHMKAa CO3JaHUs W OOy4YeHHUsS Pa3HbIX
HEUPOHHBIX CETEH.

Konx Matlab Oyaem BbiensaTs xupHbIM mpudTom. KoMmMeHTapuii Kk Koy
3alMCBIBACTCS TOCIe CUMBOJA «%» U UAET 10 KOHLA cTpouku. llpu xenanuw,
MO’KHO IOJIy4UTh Oosiee MOApPOOHYIO CIpaBKy O JIt0OOH (PyHKLIMH, YCTAaHOBUB
KypCOp Ha HY’KHOW U Ha)kaB Ki1aBulry «F1».

[Ipexxne, 4eM NOpoOrpaMMHpPOBATH NEPCENTPOH, PACCMOTPUM IMPUMEP
IOCTPOEHHUSI MOBEPXHOCTU OTKJIMKA JUJIsi OOBIYHOTO HEJIMHEHHOro HeHpoHa C
(GyHKIMEH akTUBaMK — TUNIEPOOINYECKUI TAHTEHC.

Ilpumep 1. IlocTpoeHre NOBEPXHOCTH OTKIIMKA JJIsI HEJIMHEWHOTO HEMPOHA

¢ (byHKIMEN aKTUBAIIMU — TUIIEPOOIMYECKUN TAHT€HC
% I'omoeum Matlab k pabome
close all, clear all, clc, format compact;
% 3aoaém eeca neiipona

w=[4-2];
% 3aoaém cmewienue
b =-3;

% 3aoaém pynkyuro, KOmopyo xomum nocmpoums, 2UnepHo. maH2enc
func = "tansig';

% 3aoaém éxoonoit eekmop

p=1[23];

% Buvluucnaem 636euieHHYI0 CyMMY 6X00a U 6€CO8

activation_potential = p*w'+b;

% Boluucnaem 6b1x00 HeTUHEUHOU YACMU HellPOHA

neuron_output = feval(func, activation_potential);

% 3aoaém éxoonoii eekmop 01a ouanazona om -10 0o +10 ¢ wmazom 0.25
[p1, p2] = meshgrid(-10:.25:10);

% Buluucnaem eekmop 6vixo0a HelpoHa

z = feval(func, [p1(:) p2(:)]*w'+b);



% Ilepecuém eeuyecmeennvix uucen é goxcenu 0aa 3D-cpaghuka
z = reshape(z, length(p1), length(p2));

% Cmpoum zpaghuk

plot3(p1, p2, z);

% Bxawuaem cemky

grid on;

% Iloonucwvieaem ocu zpaguka

xlabel('Input 1');

ylabel('Input 2');

zlabel('"Neuron output');

Pa36epém kon. Komanpa close all 3akpeiBaeT Bce BcmoMorarteiibHbIe OKHa,
KOTOpbIE MOTJIM OBITh OTKPBITHI (OKHA Pa3IMYHBIX MacTepoB, Bpoje nntool, He
3akpsiBatotTcsi). Clear all ynanser Bce mepemennsie u3 ooactu workspace, clec —
ountaet obmacts okHa Command window, rae 6yaet Habupatbes koa. Format
compact ycraHaBiuBaeT (opMmar OTOOpaKEeHHs] IS YHCeN, TakK JJis
BEIIIECTBEHHBIX Uncye OyAeT 0ToOpaxaThecsi 4 TOYKU MOCIE 3ansTOM.

Beca 3agatorcs 0OBIYHBIM BEeKTOpOM W = [4 -2], KaK BHJIHO, 3HAYCHUS
OTACJISIIOTCA APYT OT Apyra NpoOeaom, yKa3bIBaTh TUI HE 00s13aTenbHOo. DyHKIus
aKTUBALMK 3a7a€Tcs CTpokoi 'tansig'. Jlasee MAET BhIUKCIECHUE B3BELIEHHOM
CyMMBI: CKaJsipHOE MPOU3BEJICHHE BXOJa Ha Beca M IpuOaBKa CMEILCHHUS.
Bektopa p u W HeJb3s MPOCTO TaK B3SITh U MEPEMHOXUTH, T.K. 1O MpaBUiiaM
JMHEWHOU anreOpbl OJUH U3 HUX JTOJDKEH OBITh TPAHCIIOHUPOBAH, YTO U JIEJIaeTCs
C BEKTOPOM W C ITOMOUIBI0 W'. MOKHO MOCMOTPETh 3HAUEHUE IEPEMEHHOM, OHO
JOJIKHO OBITH -1. Jlaniee BbruncisieM (GyHKIMIO AaKTUBALIMK ITPU BXOJE PaBHOM -1.
Henaem 310 yepe3 feval(). Kak moHsTHO W3 Ha3BaHUs, (YHKIUS BBIYHCISICT
3HAUYCHUE HEKOTOPOU (PyHKIMHU (TIEPBBIM MapaMeTp) OT BEKTOPA BXOJ0B (BTOPOI
napameTtp). [Ipuuém, kak u mHorue apyrue ¢pyuiuu Matlab, oHa neperpyxena,
T.e. €€ BBI30B MOXXET MPOUCXOJIUTH MPH Pa3HBIX CIMOCO0AX 3alKCHU BTOPOTO
napamerpa. B mepBom ciyuae BEKTOp peAyLHUpPYETCS K CKAISPHOW BEJIHYMHE,
BbIXOJ paBeH -0.7616.

Hanee npucsanBaeM rnepemeHHbM pl m p2 3nadyenus ot -10 mo +10 ¢
marom 0.25. [Tenaem 310 uepe3 meshgrid(), koTopas co31a€T NPAMOYTOJIBHYIO
CETKY B CIIeIMaIbHOM (popMaTe mpUroHOM Jjisi moctpoeHus rpadukos. Ho as
MOCTPOCHUS caMoro rpadrka HaM HY>KHO 3HATh 3HAYEHUS HE TOJIbKO Pl u p2, HO
U BbIXOJIa HEMpoHa. Terneppb BEIYUCIISIEM 3TH 3HAUEHUS IS BEKTOPA Z C TOMOIIBIO
feval(), BuHO, 4TO TEnepp BTOPOI mapamMeTp HAIPsIMYIO 3aIllMCHIBAECTCS B BHUJIE
CKJSIPHOTO TIPOM3BEIECHUS JBYX BEKTOPOB IUIKOC CcMelleHue. JlBoerouwne
O3HauvaeT nepeBoj 3HadeHus B gopmar double (Mcmosb3yeTcsl A HAyYHBIX W
WH)KCHEPHBIX BbhIUKMCICHUH. Hukorna He ucnonw3yiite float mis 3TuX 3amad B
TakuX si3pikax kak C/C++, aro0bl n30eKaTh MepernoJHCHHS TIEPEMEHHON ).

Oyukuusa reshape() nepecynThIBaET YKCIOBBIE 3HAYEHUSI B BOKCEIU IS
otobpaxenust Ha rpaduke. Plot3() ctpout TpéxmepHslii rpaduk, pucyHok S.1.
Grid on BkirO4aeT ceTky Ha 3TOM rpaduke, pucyHok 5.2, 5.3. Xlabel(), ylabel(),
zlabel() — noanuckIBaloT ocu y rpaduka.
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Pucynok 5.1 — [Monyuusmuiics 3D-rapduk 0e3 ceTku u noanuceit ocei
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Pucynok 5.2 — Jlo6aBunu cetky Ha ¢GoH
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MNeuron output

Pucynok 5.3 — JloGaBuiv moAmucCH Ijist OCeil X, y, z

Teneps coznaaum u 00y4rM JABYXCIOHHYIO CETh HA OJTHOM IPUMEDPE.
Ilpumep 2. Coznanue u oOydeHue JBYXCIOMHOM CeTH.
close all, clear all, clc, format compact

% Bx00HOolI mpancnoHupoeanHvlil 6eKmop

inputs = [1:6]'

% Boix00Hoil 6eKmMop, KOMopwlil 007IHCHA RPOMOOETUPOBAMD CEMb
outputs = [1 2]";

% 3aoaém obwyro cmpykmypy cemu

net = network (1, 2, [15 0], [1; 0], [0 0; 1 0], [0 1]);

% Iloka3zvieaem eé

view(net);

% 3a0aém Konuuecmeo NPOMeHCYmouUHvIX C/1066
net.layers{1}.size = 5;

% 3aoaém pynKkyuu akxmusayuu Ha HUX
net.layers{1}.transferFcn = 'logsig';

% Ewié paz omoopaicaem cemo

view(net);

% Ycmanaenueaem pazmepnocms 6xo0a u 6vixooa

net = configure(net, inputs, outputs);

% Cmompum 0KOHUAMEbHbLIL 6APUAHM CeMU

view(net);

% Ilonyuaem uznayanvhwlil 661x00 cemu 06e3 00yueHus
initial_output = net(inputs);

% Ycmanaenueaem memoo odyuenun



net.trainFcn = 'trainlm’;

% Ycmanaenueaem ghynkuyuto owiuobxku
net.performFcn = 'mse';

% O0y4yaeM ceTb Ha OJJHOM NIpUMepe

net = train(net, inputs, outputs);

% Onamb nooaém 6x00, HO yice HA 00YUEeHHYIO cemb,
% cemp 0ondicna npomodenuposams 6v1xo0 [1 2]
final_output = net(inputs);

BxonHoii BekTop OyA€T paBeH MacCUBY U3 IIECTH 3JIEMEHTOB OT 1 10 6, T.K.
nuara3oH 3anuckiBaercs uepe3 «:». Dynkuus network() 3amaér o0Oiiyro
CTpyKTypy cetu. Paccmorpum Oojee moapoOHO, UYTO O3HAYAET KaxIbIid
napamerp.

[lepBblii mapameTp O3HaYaeT KOJIMYECTBO BXOJOB (HE B CMBICIE
Pa3MEpPHOCTh BXOJHOTO BEKTOPA, @ B CMBICJIE, — CKOJIBKO BEKTOPOB OyA€T MOJIaHO
Ha BxoJ ceTu. J[omyCTUM, B CBEPTOUHBIX CETSIX OOBIYHOE JIE€J0, YTO Ha BXOJA
N0Aa€TCs HE OJIMH, A JBA WIM TPU MACCUBA, KAXAbI U3 KOTOPBIX KAK-TO CBS3aH
C JaJpHEHUIIUM cjoeMm). Y Hac 3TOT mapameTp paBeH 1. Bropoii mapametp
03HA4yaeT KOJIMYECTBO CIIOEB B CETH. B NaHHOM ciyyae MMeeM ABYXCIOWHYIO
ceth. Tperuii mapamerp — OyJieB BEKTOpP, KOTOPBIA O3HAYAET KaKHE€ HEHUPOHBI
OyIlyT ©UMEeTh CMEIIICHHE, a Kakue — HeT. T.k. BekTop [1; 0], To oueBUIHO, 4TO BCE
HEHPOHBI IEPBOTO €105 OYyT UMETh CMEIIEHHE, @ HEPOHBI BTOPOTO CJIOS — HET.
UYeTBEPTHII MapaMeTp — 3TO TAKKE OyJIEB BEKTOP, KOTOPBII 03HAYAET, — C KAKUMU
CJIOSIMU CBSI3aH BXOJ. B 1aHHOM ciydae MCIOJIB3yETCs KIIACCUYECKAs CXeMa, TIE
BXO/JI CBSI3HA TOJIBKO C MOCIEAYIOIINM CIIOEM, a, CIEA0BATENbHO, BeKTop [1; 0].
IIaTeIl MapameTp — 3TO MaTpula CBA3CH MEXIY CIIOSIMHU, KOTOpas O3HA4acr,
KAaKOM cJ10M ¢ KakuM cBsi3aH. OHa 3anuceiBaercs B Buae Bekropa. Mmeem [0 0; 1
0 0

O], CCJIM 3aIIMCaThb B BUAC MATpPHUILIbI, TO ITOJIYUUTCA {1 0} . Torzxa ITOHSATHO, 4YTO

NIEPBBIM CJI0H CBA3aH CO BTOPBIM CJIOEM, T.K. €UHULIA PACIIONIAraeTCsl B HO3ULIUH
(1, 2), roe 1 — aTo HOMED cTOJIOIIA, 2 — HOMep cTpoku. IllecToit mapamerp [0 1] —
OyJieB BEKTOp, KOTOPBIN MOKA3bIBAET, C KAKUMH CIIOSIMUA CBSi3aH BBIXOA. [lpu
TaKUX 3HAYEHHUSIX BBIXOJ] CBA3aH C MPEANOCIECIHUM CIOEM.

[Tpu Takoit KOHGUTYpaAIIUK TTOJIYIUM CTPYKTYPY CETH KaKk Ha pUCyHKe 5.4.
) Custom Meural Network (view) — =] X

Input

PucyHnok 5.4 — M3HauanbHas CTPyKTypa CeTH



N3menum tpetuit mapametp ¢ [1;0] va [1;1], moaydum cTpyKTypy Kak Ha
pHUCYHKE J.5.

b Custom MNeural Network (view)

PucyHok 5.5 — BuiHO, 4TO y BTOPOTO CJIOSl TOKE MOSBUJIOCH CMELICHUE

N3MenuM teneps U 4eTBEPTHIN mapamerp Ha [1; 1], moaydum cTpykTypy
CETH KaK Ha PUCYHKE 5.6.

b Custom MNeural Network (view)

Pucynok 5.6 — Jlo6aBuiIachk CBsI3b BX0JIa CO BTOPHIM CIIOEM

N3MeHnM ocTalibHbIE JBAa BEKTOpa HA €IMHUYHBIC, MOJIYUYUM CTPYKTYPY
KaK Ha pUCYHKe J.7.

! Customn Meural Network (view)




Pucynok 5.7 — [losBuiCs BTOPOM BBIXOJ, CBSA3aHHBIN C IIEPBBIM CJIIOEM, a TAKKE KA bl CIOU
CBSI3aH C CaMUM COOOM 1 BTOPOH CJIOM CBSI3aH C MEPBBHIM (TI0/1aéT CBOM CUTHAIIBI HA BXO/T
MIEPBOTO CJIOS)

Net.layers{l}.size = 5 — npucBauBaeM KOJMUYECTBO HEHUPOHOB NEPBOMY
CIOI0 ceTH (MHAEKC 3amuchiBaeTcsi B (UTYpHBIX CcKoOKkax). BumgHo, dro
oOparieHue K JaHHBIM MapaMeTpaM OCYIIECTBISIETCS KJIACCHYECKUM 00pazom
1151 0OBEKTOB: uepe3 Touky. T.e. ceTb B Matlab — 370 00beKT (110 TEpMHUHOJIOT U
00BEKTHO-OpUEHTUPOBAHHOTO NporpammupoBanus (OOIT)).

HeGonbmoe mnpumeuanue. Konnenuuss OOIl  wampammBaercs yist
onucanuss MHC, 1.k. BHoJiHe JTOTUYHO, YTO OOBEKT «CETh» BKIIIOYAET B ceOs
00BEKTBI — «CIION», a Te — «HeWpoH». OIHAKO, HY>KHO TOMHUTH, YTO MPU TaKOM
MOJIXO/I€ OTEepaTUBHAS MAMSTh BBLIEISETCS U TPYNIHUPYETCS MOJ KOHKPETHBIE
00BEKTHl W B cllyd4ae MONBITOK ObicTpoit peanmzanuu MHC, BO3MOXHO, C
UCIIOJIb30BaHUEM acceMmOiepa, HE TOJIY4YyuTCs OBICTpPO  pealiu30BbIBATh
MaTpuuHble onepanuu. Kopode, ecinu tpeOyercs ObicTpasi peain3anus CeTH, TO
oT OOII-onucanus npuaETcs 0TKa3aThCsl.

Net.layers{1}.transferFcn = 'logsig' — npucBauBaet ciosiM MEPBOro CIO0s
(GYHKIMIO aKTUBAIMU CUTMOii (6€3 OTpUllaTeIbHBIX 3HAUEHUH ), PUCYHOK 3.8.

} Custom Meural Network (view)

Input

5

Pucynok 5.8 — Mensiem QyHKUHIO aKTUBALIMKM Y HEHPOHOB MEPBOTO CIIOSA

JIJis yCTaHOBKHM BXOJHOTO M BBIXOJHOTO CJIOSI MOXHO CKOH(UTypHpOBaTh
CeTh MO OTHOIICHUIO K BEKTOPY BXOJia U Bbixoja: net = configure(net, inputs,
outputs), pucyHok 5.9.

l Customn Meural Network {view)

Input

5

Pucynox 5.9 — OxoHYaTENHHO MOTyYaeM OOIIYIO0 CTPYKTYPY CETH, TAC pa3Mep
BXoaa — 6, a BeIXoaa — 2

Bekrop initial output mnomyuwnr s3mauenus [0 0]', T.x. Beca He



WHUILMAIM3UPOBAHBI, T.€. CETh HUUETO JieJlaTh He ymeeT. JJis Hadana oOy4ueHus
HY)KHO Kak MHHUMYM 3aJlaThb METOJl oOy4deHUs U (PYHKIHUIO OIIHUOKH, YTO H
nenaercsi ¢ nmoMoipio net.trainFen = 'trainlm' u net.performFcn = 'mse’'.
Trainlm — 310 00yuenue no meroay JleBenGepra-Mapkpapara, a MSE (mean
square error) — 3TO CpeIHeKBajaparhueckas omumoOka. Train() — 3amyckaer

oOy4eHHre CeTH M BO3BpallaeT o0beKT — 00ydeHHyIo ceTh. [Ipornecc oOyueHus
nokaszaH Ha pucyHke 5.10.

) Meural Metwork Training (nntraintool)

Meural Network

Layer

Algorithms

Training: Levenberg-Marquardt (trainlm)
Performance: Mean Squared Error  (mse)
Calculations:  MEX

Progress
Epoch: 0 | 3 iterations | 1000
Time: | 0:00:00 |
Performance: 250 [ aea6 ] 0.00
Gradient: 250 | 1.02e-12 | 1.00e-07
Mu: 0.00100 | 1.00e-06 | 1.00e+10
Validation Checks: 0 | 0 | &
Plots

Plot Interval: ' 1 epochs

w Minimum gradient reached.

@ Stop Training @ cCancel

Pucynok 5.10 — OOyuenue cetu

[Tozxe popmupyem Bektop final output, KOTOpEI COTEPKUT OTBET CETU
Ha Bxo/, T.¢. 1.0000 u 2.0000 (momuum npo popmat compact).

Teneps pemmm 3agady 0 pa3faeNeHU KIACCOB C MOMOIIBIO TIEPCENTPOHA,
noA00HYI0 TOM, KOTOpas OblIa pelieHa B JlabopaTopHoi padoTe 3.

Ilpumep 3. Paznenenue KjIaccoB C MOMOIIBIO MTEPCENTPOHA.

close all, clear all, clc, format compact

% 3a0aém Konuuecmeo nammepHos Kaxcoo2o Kiacca
N =20;



% 3aoaém cmewienue

offset = 5;

% Co30aém 6x00HblE 3HAUEHUA KAXHCO020 KNacca

X = [randn(2, N) randn(2, N)+offset|;

% Co30aém 6bIx00HbBIE 3HAYUEHUA O IMUX K1ACCO8

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

% OmKpbvieaem OKHO 0151 pUCOBAHUA

figure(1);

% Hanocum mouku (nammepHut)

plotpv(x, y);

% Co30aém ob6vexm-cemv muna Ilepcenmpon

net = perceptron;

% Oobyuaem nepcenmpon

net = train(net, X, y);

% Pucyem odougyio cmpykmypy cemu

view(net);

% Bo3zepawaemca 6 OKHO 0114 puco8anus u pucyem npAamyIo JTuHuIo,

% Komopas pazdenum 0éa Knacca

figure(1);

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

rand(2, N) — co3gaér maccuB pazmepoM 2xN, ducia KOTOPOro SIBJISIFOTCS
cnyqaﬁHLIe BCJIIMYNHBI, pacnpez:enéHHHe 10 HOPMAJIBHOMY 3dKOHY C
MaTEMATUYECCKUM OXHNIaHUEM 0 m CPCOAHCKBAAPATUICCKUM OTKIIOHCHUCM 1.
Takum oOpa3zom, OyIyT co3gaHbl 1Be MaTpullbl 2XN, cojeprKaiiyie KOOpAMHATHI
TOUYEK-IIATTEPHOB B JBYMEPHOM IIPOCTPAHCTBE, MPUUYEM KOOPJAMHATHI BTOPOU
MaTpUIbl OyJyT CMEIICHBl Ha 5 TO3WIHMA, T.. 3apaHEe TapaHTHPYETCS, UYTO
KJIacChl Oy Iy T TUHEHWHO pa3aenumbie. OOpaTUM BHUMaHUE, YTO 3TH JABE MATPHIIGI
Ha caMOM JieJie 3alucaHbl B OJHy marpuny pasmepoM 2x2*N. Zeros(1, N) u
ones(1, N) co3maér maccuB Hyned M eIuHHUI pasMepoM N, 3TO METKH I
BXOJIHBIX IaTTEPHOB.

Figure(1) — BBI3BIBaET OKHO, COAEPIKALLIEE KAHBY JJIsI PUCOBAHMS, PUCYHOK
5.11.

Plotpv(X, y) — HAHOCUT TOYKHM HA KaHBY C KOOPJAMHATAMHU X U METKaMU Y,
pucyHok 5.12. [Ipuuém Hyu oTOOpax)aroTcsi KpyKKaMH, a €IMHUIIBI TUTFOCAMH.
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Pucynok 5.11 — OxHo nmst pucoBaHust Pucynok 5.12 — JIBa co3iaHHbIX HAMH
KJ1acca, BUJIHO, YTO OHH JIMHEIHO
pa3aesIuMbl

Net = perceptron — coznaém cetpb Tumna [lepcenTpon, eciim nocie 3anucu
KOMaH/Ipl HE CTaBUTh TOUKY C 3aIIATOM, TO CpeJla Pa3BEPHET BCE YCTAHOBJICHHBIE
110 YMOJIYAHHUIO TApaMETPhl, PUCYHOK 5.13.

Command Window

»>> net=perceptron ~
net =
Neural Network
name: 'Perceptron'
userdata: (your custom info)
dimensions:
numInputs:
numLayers:
numCutputs:
numInputDelays:
numLayerDelays:
numFeedbackDelays:
numWeightElements:

sampleTime:
connections:

H O O O O = e

biasConnect: true

inputConnect: true
laverConnect: false

DutEJtCDHHECt: true
subokijects:

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: {1lxl cell array of 1 output}

kiases: {1lxl cell array of 1 kiasl}
inputWeights: {1lxl cell array of 1
laverWeights: {1lxl cell array of 0

functions:

weight}
weightsl}

adaptFcn: 'adaptwk'

adaptParam: (none)
derivFcn: 'defaultderiv'

divideFcn: 'dividetrain'

divideParam: (none)
divideMode: 'sample'
initFcn: '"initlay' ]

Pucynok 5.13 — MeTo/iel 1 CBOMCTBA 00BEKTA perceptron

=

Janee npoucxoaut o0yuenue cetu. O01Ias CTpyKTypa ceTu
MpeJICTaBJICHA Ha pUCYHKe 5.14.

) Perceptron (view)

Hard Limit

Input

1

Pucynok 5.14 — O6mas cTpykTypa ceTu

Pe3ynbTaThl OOydeHUs HpeAcTaBlieHbl HAa pucyHke 5.15. Buano, uto
norpedoBanock 29 urepanuil.



) Neural Metwork Training (nntraintool}

Meural Network

Hard Limit

Input

Algorithms

Data Division: Training Only (dividetrain)
Training: Cyclical Weight/Bias Rule (trainc)
Performance: Mean Absolute Error  [maeg)
Calculations: MATLAB

Progress
Epoch: 0 E 29 iterations | 1000
Time: | 0:00:01 |
Performance: 0.500 | 0.00 | o.00
Plots

Training State (plottrainstate)

Confusion (plotconfusion)

Plot Interval: ' 1 epochs

v Performance goal met.
@ Stop Training @ cancel

Pucynok 5.15 — Pe3ynbTatsl 00y4ueHust mepcenTpoHa

Ha pucynke 5.16 npeacrasnen rpaduk HacTpoiiku nepcentpona. ['padux
HOCHUT XapakTepHyro 3youatyro ¢opmy. [locne kakaoi 310Xy BBICUYMTHIBACTCS
MSE Mmexnay npeanojaraéMbIMH OTBETaMU U peajbHbIMU. HanmoMHuM, 4TO ITpU
ajanTaly HE UCIOJIb3YeTCsl CIYCK MO MOBEPXHOCTH OLUIMOKHU, MO3TOMY XAATh
NOCTENEHHOTO CHUYKEHU OIUOKHU 00yueHus He cnenyer. O0yueHue uaér 10 Tex
1op, noka He OyneT HaijieHa mepBas IpsMas, OTIEISIONAs OJAMH KJacc OT

JPyToro.

r N
Z Neural Network Training Performance (plotperform), Epoch 29, Performance go... E‘E‘Q

File Edit View Insert Tools Desktop Window Help Ll

Best Training Performance is 0.5 at epoch 0
100

Train

..... Best

Mean Absolute Error (mae)




Pucynok 5.16 — I'pauk HacTpoiiku BeCOBBIX KOA(PPHUIIMEHTOB IEPCENTPOHA
Plotpc(net.IW{1}, net.b{l}) — crpour mnOpsIMyr0 JIHHHIO C
cooTBeTcTBYOIMMME Kodhpurmentamu. IW — o603nagaet cnoit koadpuimeHTon
MEXKy BXOJOM U TiepBbIM cioeM, b{l} — cmemenne neproro cnosi. Utorosas
npsiMasi mokasaHa Ha pucyHke S5.17.
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Pucynok 5.17 — IlomyueHHOe pelieHne o pa3aeseHuIo ABYX KIaccoB

Tenepp paccMOTpPUM pELLICHHE 33/1a4U pa3AesieHUs Ha 4 Kilacca C TOMOIIbIO
nepcenTpoHa MW OOBIYHOM MHOTOCIOWHON CETH MIPSIMOT0 PacHpOCTpPaHEHUS.
PacnonioxeHnue Ki1accoB OCTaBUM TakKUM ke, Kak U B 3agade XOR (mo yriam
«KBaJpaTa»), HO TENEPh y HAC HE JBa Kjacca, a 4, a Takke KaxIblil Kiacc
npeacTasiieH 30 naTTepHaMHu.

Ilpumep 4. Pemenue 3amaum pasneneHus Ha 4 Kiacca ¢ NOMOUIBEO
nepcenTpoHa U OOBIYHONW MHOTOCIIOMHON CETH MPSIMOTO PacCIpOCTPaHEHUSI.

close all, clear all, clc, format compact
% Kaocowvuii knacc umeem 30 nammepnoe
K=230;
% Cmewenue ons knaccos 0.6
q=.6;
% 3aoaém 4 knacca 6 éude eekmopos A, B, C, D (2 cmpoxu u 30 cmonoyoe)
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 nHa kangee mouku A onpeoenénnozo muna (mpemuii napamemp)
plot(A(1, :), A(2, :), 'bs");



% @uxcupyem Kangy

hold on;

grid on;

% Ha moii sice kanee pucyem ocmanbvHble K1accol
plot(B(1, :), B(2, 3), 'r+');

plot(C(, :), C(2, 3), 'go0");

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 KkooupoeKy Knaccoe (memku)

a=[01];

b=[11]"

c=[10]';

d=100]';

% Ilonyuaem oouwguil 6ekmop 6x00HbIX 3HAYEHUTL
P=[ABCD];

% Ilonyuaem odouuii 6eKmop memox

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

% Cempv muna «nepcenmpony,

net = perceptron;

% Ilycmpo cpeonexeadpamuueckasn ouiuoka ne pagna

E=1;

% Ycmanoeka napamempa o mom, umo 6yoem munuMym 00OUH NPO2OH

net.adaptParam.passes = 1;

% Ilocmpounu usnauanvno omeem nepcenmpona, 00 00y1ueHus

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

% Cuémuuk no yukiam

n=_0;

% Llukn 6yoem uomu noka cpednekeaopamuueckan OuwuodKa ne

% cmanem pagHoil HYJ110 UU NOKA He OocmuzHem 3Hauenus umepavyuii ¢ 1000

while (sse(E) & n<1000)

n=n-+1;
% O0y4nTh NepcenTpoH
[net, Y, E] = adapt(net, P, T);

% Hapucoeamo nunuu

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

drawnow;

end

view(net);

% IIpoeepka padbomul nepcenmpona Ha 6X0OHOM EKMOPeE

p=10.7; 1.2];

% Buvioacm knacc (1; 1)

y = net(p);

rand(1, K) — renepupyet uucia u3 paBHOMEPHOIO paCIPEACICHUS B BUJIE
BeKTOpa (nepBblil napametp) pazmepom K, B utore A = [rand(1, K)-q; rand(1,
K)+q] — renepupyerca matpuna 2xK, 4To COOTBETCTBYET KOOpAUHATAM TOYEK.

Plot(A(1, :), A(2, :), 'bs') — pucyer Ha KaHBE TOYKM M3 MATPHUIBI A,
nepeBoJisi UX B BemiecTBeHHBIM ¢dopmat. [lapamerp 'bs' — 3T0 1BeT u popma



TOYEK: b — CHHMI U S — KBaApar. 'r+' — KpacHslii (1) KpecT (+), 'g0' — 3enéHsiii (g)
KpykoK (0), 'm*' — myprypHas (m) 3Be3g0uka (*).

Text(.5-q, .5+2*q, 'Class A') — HAHOCHUT TEKCT Ha KaHBY C KOOpAUHATAMHU,
3aMrCaHHBIMU KaK J[Ba MEPBBIX MapameTpa.

OO6mumii Bua 0ToOpakeHMs KJIACCOB MPEJICTAaBIIEH Ha pUCYyHKe 5.18.
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Pucynok 5.18 — Kitaccbl, KOTOpbIE TPEACTOUT pa3AeIUTh

Hns  monmyudenus  Bektopa T HEOOXOOUMO  pacKONMHMPOBATH
TPaHCIIOHMPOBAHHBIE BeKTOpa a, b, ¢, d. [yt 3T0i 1enu ucnonbizyercs repmat():
repmat (4TO KONMHpPyeM, KONMHA MO CTPOKaM, KOmuii mo crojdmam). B

pesyabrare Bektop T npumeT BuUI Kak Ha pucyHke 3.19: Marpuiia U3 JByX CTPOK
u 30 * 4 = 120 KOJOHOK.



Command Window

Columns 7% through 91

Pucynok 5.19 — O0Omuii Bug BekTopa MeTok T

[ukn while() — 3To HMKI C OpeAyciOBUE, MOITOMY OH MOKET HE
BBITIOJTHUTHCS HU Pa3y, a CIeA0BaTEIbHO, Mepe]l HUM HEOOXOIUMO MOCTPOUTH
BO3MOJKHOE pelIeHue (T.K. IPH CO3/IaHUU CETH net = perceptron) Beca Moy4aroT
CIIy4YaiiHbIC 3HAYCHUS.

[net, Y, E] = adapt(net, P, T) — npouiecc agantamnuu BecoB. Net — mojryuut
00y4eHHYI0 ceTh, Y — BEKTOp OTBeTOB ceTH s Bxoaa P, E — ommOku cetn mis
meTok T u BxonoB P. Sse(E) — cymma kBagpaToB 3THX OMIHMOOK.

Ha pucynke 3.20 moka3aHa CTpyKTypa C€TH, BUIHO, YTO €IUHCTBEHHBIN
CJIOM CETH COAEPKUT JIBA HEUPOHA, YTO COOTBETCTBYET JBYM MPSIMBIM JTUHUSAM
IS pa3aeneHus 4-X Ki1accoB.

) Perceptron (view)

Hard Limit

Input

2

Pucynok 5.20 — O6mas cTpykTypa nepcentpoHa

Bo3MoxHBII OTBET ceTu MpUBEAEH HA pUCYHKE 5.21.
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Pucynok 5.21 — Pemenust 3aaun pa3ouTus Ha 4 Ki1acca

Paccmotpum pemenrne XOR-nipoOaeMbl ¢ TOMOIIBIO MHOTOCIIOHHON CeTH
IPSIMOTO PaclpOCTPAHEHHUsI, HO PACIIMPUM IPEICTABICHUE KAXKIOro Kjacca 10
100 maTTepHOB.

IlIpumep 5. Pemienue npumepa 4 ¢ HOMOIIHI0 MHOTOCIIOMHOM CETU TPSIMOTO

pacupoCTpaHEHHUSI.
close all, clear all, clc, format compact
K=100;
q=.6;
% /lannvle ona 00yuenus
%0opamume enumanue Ha mo, umo randn() omoenarwwmcsa ¢ NOMOWbLIO
%”;”. Ecnu onycmums 3mom cumeonr, 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 Kanegy
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 Kunaccoe



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');

% Onpedenaem memKu 014 K1accoe

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

% Dopmupyem 6x00HOI 6eKMOpP

P=[ABCDJ;

% Dopmupyem eekmop omeemos

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

% Onpeodenaem cemv nPAMO20 pACRPOCHMPAHEHUS

net = feedforwardnet([5 3]);

% Bcsa evibopka noo odyuarouiue npumepol

net.divideParam.trainRatio = 1;

% Hem sanuoayuonnoi es1oopku

net.divideParam.valRatio = 0;

% Hem mecmoeoii evi0opku

net.divideParam.testRatio = 0;

% Odyuaem cemp

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

view(net);

figure(2);

% I'pagpuk oxcuoaemvix omeemoe cemu

% epagpuk nonyuaemcesa 3youamoim, m.K. MEMKU 014 K1ACCO8

%onpeoenenvt kak -1 u +1

plot(T', 'linewidth’, 2);

hold on;

% I'pagpuk peanvnvix omeemoe cemu

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

grid on;

% Pucyem nezendy k zpaguxam

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

% Onpeodenaem 6uouMblil OUANA30H NO OCU Y

ylim([-1.25 1.25]);

% Cozo0aém naoop 601 uucna

span =-1:.005:2;

% P1 u P2 cmanym mampuyamu pazmepom 601x601

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

% Tpancnonupyem eexkmop pazmepom 601%601 = 361201

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

% Ilonyuaem év1xo0bt cemu

aa = net(pp);

% Bozeépawaemca Kk nepeoii kanee

figure(1);

% Pucyem mpéxmepuyio cemky

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

% Iloooupaem nyuwee couemanue y6emos

colormap cool;

Ha pucynke 5.22 noka3zaHbl NaTTEPHBI BXOIHBIX KJIACCOB.
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Pucynok 5.22 — BxoznHble 1aHHBIE Ul JBYX KJIACCOB, KOTOPBIE HY>KHO Pa3/I€IUTh

Net = feedforwardnet([S 3]) — co3gaém ceTh npsIMOro pacnpoCTpaHECHUS
C IIByMsl CIIOSIMH, B TIEPBOM OyJeT 5 HEHpPOHOB, BO BTOPOoM — 3. CTpyKTypa ceTu
MOKa3aHa Ha pUcyHke 3.23.

) Feed-Forward Neural Network {view)

Hidden 1 Hidden 2 Output

Pucynoxk 5.23 — O0miast CTpyKTypa ceTu

OOpaTtuM BHMMAaHHE, YTO BBIXOJHOW HEHPOH UMEET JIMHEWHYIO0 (QYHKIIMIO
aKTHUBAIUH.

Bce marrepHst BoiAyT B OOydYamwIIyl0  BBIOOPKY, IOITOMY
net.divideParam.trainRatio = 1, BaJMIanMoOHHYI0O U TECTOBYIO BBIOOPKY
yCcTaHOBUM B ().

OOyuenue cetu ocymiecTisieTcs uepes [net, tr, Y, E] = train(net, P, T) —
rjae tr — mepemMeHHasi, conepkaniasi nHpopmanuio 06 o0yuenuu (B cpeae Matlab
€€ MOXXHO OTKPBITh M MOCMOTPETh HAa BXOJAIIME B HEE MOJIA U UX 3HAUYCHUS).
[Ipouiecc oOyueHus nokazaH Ha pucyHke 5.24, kpuBas OOy4eHHUsS Ha PUCYHKE



5.25.

Pucynox 5.24 — IIponecc oOy4eHus ceTH, moTpedoBanock 26 nureparuit

Pucynok 5.25 — Kpupas o6yuenus (MSE), myummii mokasarens menbie 10710

Jlanee orToOpakaeM Ha HOBOW KaHBE OXWJAEMbId OTBET

PUCYHOK 5.26.

! Meural Netwerk Training (nntraintocl)

Meural Network

Progress
Epoch:

Validation Checks:

-

lots
Performance
Training State
Error Histagram

Regression

Plot Interval:

' 1 epochs

Data Division: Random (dividerand)

Levenberg-Marquardt (trainlm)
Performance: Mean Squared Errer  (mse)
Calculations:  MEX

0 |! 26 iterations | 1000
0:00:00
173 S| 0.0
229 7.61e-08 1.00e-07
0.00100 1.00e-16 1.00e+10
0 0 6

(plotperform)
(plottrainstate)
(ploterrhist)

(plotregression)

v Opening Performance Plot

. Cancel

@ Stop Training

Meural Network Training Perfoermance (plotperform), Epoch 26, Minimu...

File

Edit  View [nsert Tools

Desktop  Window  Help

Mean Squared Error (mse}

Best Training Performance is 5.7065e-14 at epoch 26

10°

1072

1071¢

Train

26 Epochs

CeTH,
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Pucynok 5.26 — OxxuaeMplii OTBET CETH (KJIacChl KOIUPOBAIHUCH t1)

Ha Toif >xe kaHBe OTOOpa)kaeM pealbHBIA OTBET CETH, PUCYHOK 5.27.
Bunno, uro rpaduku coBnamaroT.
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Pucynok 5.27 — PeanbHblil OTBET ceTH, TpaMKH COBIAIAIOT

Ylim([-1.25 1.25]) — orpanuuuBaet ocb OY JaHHBIMU 3HAYEHUSIMHU.

UtoObl 0TOOpa3uTh TMOJYYMBIIEECS PEIICHUE YK€ HENb3d MNPOCTO
MOCTPOUTH MPsIMbIE JIMHUU (KaK B clly4ae ¢ MEPCEnTPOHOM). sl 3TOro Hyx HO
MOBEPX MEPBOM KaHBBI OTOOPA3UTh 3HAUCHUS BBIXOJOB CETH HAa OYCHb MEJIKOU
ceTke (BXOAHBIC JaHHBIE) W 3aKPACUTh IMOJIYUYUBIIMECS OTBETHL. ['paHuiia
penieHus s pa3oueHus JByX KJIacCOB OKa)KETCs BUJIHA, PUCYHOK 5.28.



Figure'l
File Edit View |nsert Tools Desktop Window Help k]

NEES| b ARAOUDEL |2 0H| 8D

1.5

0.5

-1
-1 -0.5 0 05 1 I 2

Pucynoxk 5.28 — IlonyuuBmasicst rpanunia pemenus s 3aaadn XOR
[Ipumeuanue. CeThb cO CTPYKTYpoit 2-5-3-1 sBHO U30BITOUYHA JIJ1s1 pELICHUS
JTAHHOM 3aJ1a4H.
Ilpumep 6. llepeonpeneneHre CTPyKTYphI CETH.
MO>XHO TepeonpeeuTh CTPYKTYPY CETH, Kak ObLJIO MOKa3aHO B Havale

JAHHOM J1a00paTOpHOM PabOTHI:
net.layers{1}.size = 5;
% Ilonyuaem 08yxXcnounyro cemn, 20e CKpbImulil C110U UMeem 5 Helponos
net = configure(net, P, T);
% Menaem pynkyuro akmueayuo Ha 6bIX00HOM HelipOHe HA HETUHEIHYIO
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 Neural Network (view)

Hidden Output

Pucynoxk 5.29 — JlanHas cetb Toxe crpaBuTCcs ¢ 3agaueit XOR
Opnnako, kak BUAHO U3 pucyHka 5.30, ommbOka oOydeHUS OMyCTUTCS B
paiion 10, uto GoJIbIIE, YeM Yy NIEPBOM CETH, UTO B LIEIOM XyKE.



Meural Network Training Performance (plotperferm), Epoch 18, Minimu... = O
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Best Training Performance is 8.747e-10 at epoch 18
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18 Epochs
Pucynoxk 5.30 — Ommbka o0yuenus st cetu 2-5-1
['panuiia pemieHuii 1 3TOM CETH MOKa3aHa Ha pucyHke 5.31.
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Pucynok 5. 31 — I'pannua pemeHnii As CETH € MATHIO CKPBITHIMU HEUPOHAMHU

Cetb co cTpykTypoit 2-3-1 nact ommOKy, MOKa3aHHYIO Ha pUCYHKE 5.32.



Neural Network Training Performance (plotperform), Epoch 27, Minimu... — O
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Best Training Performance is 1.1438e-09 at epoch 27

Train| :

Mean Squared Error (mse)

27 Epochs
Pucynok 5.32 — Ommbka oOydenus st cetu 2-3-1

[TonyuuBIiasics TpaHWIAa pEMICHWA JUII CETH C TpPeMs CKPBITBIMHU
HEWpOHAMU MMOKa3aHa Ha pUCyHKe 5.33.

Figure 1
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Pucynok 5.33 — I'panuna pemeHui 115t CeTU U3 TPEX HEMPOHOB B CKPBITOM CJIOE

MoOXHO caenaTh BBIBOJ, YTO 4YE€M MEHBIIE KOJMYECTBO HEHWPOHOB B
CKPBITOM CJIO€, TeM Irpy0ee OynyT pa3/ieneHbl KIacchl U TPaHUIA PEIICHUN MOXKET
B HEKOTOPBIX MECTaX MPUHUMATh XaOTUYECKUM BU (PUCYHOK 5.33).

Koneuno, takoii pazdpoc B peIICHUSIX MOIY4YaeTCs BCIEICTBHE JIETKOU
Pa3aeIMMOCTH KJIACCOB.

Ilpumep 7. IlpuMeHEeHNE CETU NIPSMOTO PACIPOCTPAHECHUS K Pa3ACICHUI0
4-X KJ1accoB.

Tenepp NpUMEHUM CETh MPSIMOTO PACIPOCTPAHEHUS] K pa3ClICHUI0 4-X
KJIaCCOB (paHee pelaiy 3Ty 3a7ady ¢ MOMOIIBIO IEPCENTPOHA).



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

hold on;

grid on;

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

plot(C(l, :), 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 maxcumaibHble I1eMeHmMbl RO cmoadouam, a 6 “i”

% ux cmpoxoevie uHOeKcol

[m, i] = max(T);

% ITonyuaem 6 j unoexcol cCmpoK MAKCUMAIbHBIX ITEMEHM OB

[m, j] = max(Y);

N = length(Y);

k=0;

% Cpagnusaem 3mu UHOEKCbl, OHU 00JINHCHBL COBNACHLb, €C/IU OHU HE

% coenaodarom, mo yeeauuusaem k na 1, m.e. k 6yoem cooeprcams Konuuecmeo

% omeemoe HHC, komopule ne coenadarom c MemKamu

if find(i - j),

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

end

% Buvicuumoieaem 3mo Konuuecmeo 8 npoyenmax

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

figure;

% Cmpoum eepxHuii 2paguk Ha Kkanee

subplot(211);

plot(T");



title('"Targets');

ylim([-2 2]);

grid on;

% Cmpoum HudCHUIL 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(:)]';

aa = net(pp);

figure(1);

% Hanocum na cemky ece omeemal nep8ozo Helpona 0

% 6ceil 6b1OOPKU, OHU 00JIHCHBL 3AHAMD Y4 OM NAOWLAOU BCEX 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 0nsa Opyzux HelPpoHOs

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);

Cospnaém 4 knacca, kaxapii npeacrasiaeH 100 narrepuamu, pucyHok 5.34.
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Pucynoxk 5.34 — Yetslpe kiacca, KOTOpbIE HY>KHO pa3JIE€lIHUTh
Hanee co3maém ceTh co CTpyKTypoi 2-4-3-4 u oOyqaem e€, pucynku 3.35
—3.37.



Neural Network Training (nntraintool)

=
w
=

Algorithms
Data Division: Random (dividerand)
Training: Levenberg-Marquardt (trainlm)

Performance: Mean Squared Error  (mse)
Calculations:  MEX

Progress

Epoch: o[l 23 iterations | 1000
Time: 0:00:00

Performance: 119 [ gse ] 0.00
Gradient: 1.29 7.38e-08 1.00e-07
Mu: 0.00100 1.00e-16 1.00e+10
Validation Checks: 0 0 6

Plots

pm—

Training State (plottrainstate)
Error Histogram (ploterrhist)

Regression (plotregression)

Plot Interva 11 epochs

v Opening Performance Plot

@ Stop Training @ cancel

Pucynok 5.35 — O0yuenue cetu, moTpeOOBaIOCH 25 UTepanun

_ﬂ Neural Network Training Performance (plotperform), Epoch 25, Minimu...
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Best Training Performance is 1.7821e-14 at epoch 25
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PucyHok 5.36 — Ommub6ka 00ydeHus oueHb xopomas, craia Huxke 10710 na yetsipe nopsaxa

Hidden 1 Hidden 2 Output




Pucynok 5.37 — O0mmias cTpyKTypa CeTH, KOTOpasi UCIIOJIb30Balach

Paszymeercs, npeiokeHHast CTpyKTypa HE €JUHCTBEHHAs, HA CAMOM JIeJIe
XBaTWJIO OBl CETH C OJHHUM CKPBITBIM CJIO€M U YEThIPbMsI HEJIMHEHHBIMU
HEUPOHAMU HA BBIXOJHOM CJIOE€.

MeTku 1 OTBETHI CETH U300pakeHbI HA pUCYHKE 5.38, BUIIHO, 4TO TpaduKku
ITOJIHOCTBEO COBNAJAIOT, T.€. CETh TOUHO MOJEIIMPYET BCE PEAKLUHUHU HA BXOJHBIE

3HAUYCHMUA.
Figure 2 = [m] X
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Pucynok 5.38 — I'paduk oxxumaeMsix u peanbHbix orBeToB MHC

[Tocne mocTpoeHus rpaHul] PEUICHUsST MOKHO BHUJIETh, UTO KaKIbIM KJIACC
OTAENEH OT APYTroro, pucyHok 5.39.

Ecnu cpaBHUTH 3TO penieHue ¢ TeM, KOTOpoe ObUIO JIOCTUTHYTO C
IMOMOIIIBIO TICPCCITPOHA, TO CTAHCT OYCBHUIHBIM, 4YTO BO3MOXHOCTHU IIO
OTAEJEHUI0 OAHUX KiaccoB oT npyrux y MHC npsmoro pacnpoctpaHeHus
3HAYUTCIIbHO BBIIC, YCM Yy IICPCCIITPOHA, T.K. TAKHUC CCTU IMO3BOJIAIOT CTPOUTH
0oJiee CI0KHBIE I'paHUIBI.
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Pucynoxk 5.39 — I'panuis! pemeHus ais 3aad 10 pa3fesIeHUIO YETBIPEX KIacCOB C
MOMOIUIBIO CETH MPSIMOTO PaCHpPOCTPaHEHUS

Anmapatrypa W martepuaibl. J[Ji1 BBITOJHEHHS JIA0OpATOPHOW PabOTHI
HEOOXOJMMO  HCIIOJNB30BaTh  CIEAYIOIIEee:  ammapaTtHoe  OOCCIICUCHHE:
MePCOHAIBHBIA KOMIBIOTEp U MPOrpaMMHOE oOOecTedYeHue: OIepaluoOHHYIO
cucremy Windows 10 wu Bbeime; Microsoft Officel3 wu BbIme, cHUCTEMBI
KoMmmnbioTepHoi MmatemaTuku Machcad u MATLAB R2017a u Beie.

Yka3zanue mno TexHuke Oe3omacHocTH. (CaMOCTOSTEIBHO  HE
MIPOM3BOJIUTh: YCTAHOBKY M YyJaJICHHE IPOTrPaMMHOTO OOECTICUCHUS, PEMOHT
nepcoHaIbLHOTO KoMmbloTepa. CoOIroaaTh MpaBuiia TEXHUYECKOHN IKCILTyaTalluu
Y TEXHUKHU 0€30MacHOCTH MPHU pabOTe C IIEKTPOOOOPYAOBAHUEM.

MeToanka u NOPs/IOK BbINOJTHEHUS] PadOThI
BreimonHuTe mNpenno)KeHHbIE 3aJaHus, MNPEABAPUTEIBHO PACCMOTPEB U
BBITIOJIHUB BCE MPUBEICHHBIC TTPUMEDPHI.
3apanue 5.1. B wunauBuayanbHoM Bapuante (Tabmuma 5.1) gaHo
pacnoyioxkeHue AByX kinaccoB (A u B) mo «yrmam» kBazapara (1o TUIy Kak Ha
pucynke 5.39). Kaxapiii «yron» mnpencrtaBieH 200 Ttoukamu. Tpebyercs
oTnenuTh kimacc A oT B ¢ momomipio mepcenTtpoHa M TOJHOCBS3aHHOM

MHOTOCJIOMHOM CETH MPSIMOTO PaCIPOCTPaHEHUSI.
Tabmuna 5.1 — BapuaHTs! 3a1anuii

Howmep Howmep
VYcnoBue 3amaun
BapuaHTa BapUaHTa

! 2 2 8 5 4
: > 3 ’ 5 4

VYcnoBue 3amaun




B;?;:{I;a YcnoBue 3a1auun B;(I)/Il\;g; a YcnoBue 3a1aun
B B B 4
3 1 B 10 A B
B B A A
4 B 4 t B A
5 2 B 12 A 4
4 B A B
6 A B P 4 4
B B A A
7 44 14 A B

Conepxanne oT4yera u ero popma
[logroroBbTe OTYET, B KOTOPOM MPUBEAUTE TEXHOJOTHUIO BBINOTHEHUS
3a1aHUN.
OtuyeT 1o J1abopaTOpHO PabOTe NOKEH COACPIKATh:
1)  wHa3BaHme paboOTHI;
2) 1enb JabopaTOpHON PaboOTHI;
3) dopMyIUpPOBKY 3aJaHUsl U TEXHOJIOTHIO €r0 BBIITOJIHEHHUS;
4) OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;
5) npunoxxeHue — (hanbl BHIMOTHEHHBIX 3aJaHUH.

Bonpocsl 11s1 321U ThHI padoThl

1. Kak konupyrorcst Kiaacchl AJi MEPCENTPOHOB UM CETEU MPSMOro
pacrpocTpaHeHus?
2. OnuiuTte NocieI0BaTeIbHOCTh ACHCTBUM JJ1s1 HAHECEHUS] BXOHBIX

3HaYEHUN HAa KaHBY, YTOObl BU3yaJbHO OBLIO BUIHO PACIOJIOKEHHE KJIACCOB
OTHOCHTEJIBHO IPYT JIpyra.

3. OnummTe nocie0BaTeIbHOCTD IEUCTBUH ISl TOCTPOSHUS HAa KAaHBE
I'paHUIl PEIICHUS 3a7]a4M KIACCU(PUKALINH.
4. [IpuBenuTe TpUMEpP CETH NPSIMOTO PACIPOCTPAHEHUS] C OJHUM

CKPBITBIM CJIOEM, C TOMOILBIO KOTOPOH MOKHO PEUIUTh 33J1ady O pa3/ieiieHuu 4-
X KJIaCCOB B pacCMOTPEHHOM J1abopaTopHoit padore.

5. [louemy ceTp OpSAMOro pacupOCTPAHEHUS MOXKET  JIydlle
CIPABJIATHCS C 3aJja4aMH KilacCU(UKaIMHU, YEM [TEPCENTPOH?



JIABOPATOPHAS PABOTA 6
Onrumu3alMOHHBIE MO NPUHATHS pewneHuil. [loctaHoBKka U pelieHune
3aJa4 ONTHMHU3ALUHN

Heab u copepxanue: [loctpoeHne Moaeen 3a1ad U U3y4EHUE METOIOB
uX penieHus. Pemenne 3a1aum NpUHATUSA PELLIEHUI B yCIOBUAX ONPENAEIEHHOCTH.

Opranusannonnasi ¢popma 3aHATHII: pelIeHHE NpOOJIEeMHBIX 3ajad,
paz00p KOHKPETHBIX CUTYyallul

Bonpocsl a5t 00cyxaeHUs1 HA J1a00PaTOPHOM 3aHSTHHU: ITOCTPOCHUE
MOZEJNEN ONTUMHU3ALMOHHBIX 3aJad MPUHATUSA PEIIEHUH B  YCIOBHSX
OTIPEJICTICHHOCTH U UX PEIICHUE COBPEMEHHBIMU CPEACTBAMU MH(HOPMAITMOHHBIX
TEXHOJIOT U H.

®opmupyembie komnerenuuu: OITK-7, OIIK-8,

Teopernueckoe 000cHOBaHUE

N3yunrte TeopeTHUeCcKUii MaTEpHAII 110 JAHHOM TEME.

Paccmotpum nHQOpMAIIMOHHBIE MOJIETH MPUHSITHS PEIICHUN B YCIOBUAX
ONpeIeICHHOCTH Ha OCHOBE 33J1a4 JIMHEHHOTO ITPOrpaMMHUPOBAHUS

HecMoTpst Ha TpeOoBaHME JIMHEWHOCTH LIENEBbIX (DYHKIMI (KpUTEepHeB
ONTHUMAJIBHOCTU) U OTPAHUYEHUI B JMHEHHOM MPOTPaMMHUPOBAHUU PELIAIOTCA
MHOT'OYHCIICHHBIE 33Ja4u: PACIpPEIEIICHUsS PECYpPCOB; YIIPABICHUS 3allacaMu;
CETEBOr0 M KaJEHAApPHOrO IUIAHWPOBAHMS; TPAHCIOPTHBIE 3a/ayd, 3aJaqu
TEOPUU UTP U T.1.

PaccMmoTpum 3a1auy Ha onpeielIeHue ONTUMAJIBHOTO BBIITYCKa POy KLIHH.
HmeroTcst m BUIOB pecypcoB B KolmdecTBax bi, by, . , bi, bm ¥ n BUIOB U3IETUH.
3amana matpuna A=|a;l|, i = 1,...,m, j = 1,...,n, TIe a; XapakTepu3yeT HOPMBI
pacxoma i-ro pecypca Ha €IWHHUIYy j-T0 BHAa wuzaenuil. ¢PHeKTUBHOCTH
IpPOU3BOJACTBA j-TO BHJA U3AEIUN Xxapakrtepusyercss nokazareneM C,
YIAOBJICTBOPSIIOIIUM YCIIOBUIO JUHEMHOCTH. HyXHO omnpenenuTts TakoW IUIaH
BBIIyCKa H3/eIUi (ONTUMaJIbHBI aCCOPTUMEHT), IPU KOTOPOM CYMMAapHBIi
nokaszaresb 3QPEeKTUBHOCTH Oy1€T HAMOOJBIINA.

O0603HaYMM KOJIMYECTBO EAUHUL] j-TO0 BUJA M3JEIHM, BBIITYCKAEMbBIX
npeanpustueM, yepes3 x;. Torga maremaTudeckas MOJAENb dTOM 3agauu OyaeT
MMETh TAKOM BUI:

n

F(x)= chxj (max)
=1

IPY OTPAHUYCHUSX:

Yayx;2b,, j=1n (6.1)

J=1

PaccmoTpum pelienue 3aauu JIMHEHHOTO nporpammupoBanus B Excel.



Ilpumep 1. HaliTn MakcuMaJIbHOE 3HAUEHUE 11€JICBOU (PYHKIINH:
F(x)=50x, +40x,
MIpY OTPaAaHUYCHUSIX:
2x, +5x, <20

8x, +5x,<400
5x, +6x,<3

x; = 0,x, = 0.

Pemenue. [[ns pereHus 3amadyd HEOOXOIUMO BBITIOJHUTH CIIETYIONTUE
JICUCTBHUS:

1. 3anoaHuTh Pabovuil IMCT CIASAYIOMNUM 00pa3oM:

1.1. Beectu B siueliku (pucyHok. 6.1):

A2 — ¢opmyny uneneBoit ¢(ynkuuu, 3ameHuB x1 U x2 Ha C2 u C3:
=E1*C2+F1*C3 wumm (=50*C1+40*C2). B mnepBoMm caydae B ¢dopmyie
YKa3bIBAIOTCS CCBUIKM Ha SYCHKH, cojepikamme Kod(PQHUIIMEeHTH IeIeBOi
GyHKIIUH, BO BTOPOM CITydae MPOCTO BBOASTCS MX YUCIIOBBIC 3HAUCHUS,

A4 — dopmyny mepBoro orpanudeHus: =E3*$C$2+F3*$C$3 wnmm
(=2*C1+5*C2). Ecnu BBecTH popMyiy, CO CCHIIIKAMHU Ha STUEHKH, YKa3aB KaKue
U3 A4YeeK JIOJDKHBI MPU KOMUPOBAHUU HE MEHATHCA (IJI1 3TOTO HAJ0 Ha)XaTh Ha
KJ1aBuatype GyHKIMOHAIbHYIO KiaBuiry F4), To B ssueiiku AS u A6 MoxxHO OyaeT
MIPOCTO CKOMUPOBATH BBEJCHHYIO (hOPMYITY;

A5 — ¢opmyny Btoporo orpanuueHus: =E4*$C$2+F4*$C$3  wm
(=8*C1+5*C2);

A6 — ¢dopmyny Tperbero orpanmdenus: =E5*$C$2+F5*$C$3 wmm
(=5*C2+6*C2);

A8 — ccpuiky Ha sueiiky C2;

A9 — ccpuiKy Ha siueiiky C3.

1.2. 3anmonnuth sueiiku C2 um C3, MONOXKHUB HayallbHbIC 3HAYCHMS
MIEPEMEHHBIX PABHBIMH HYJIIO.
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Pucynok 6.1 — Pabounii TUCT C yCIOBHEM 3a/1a4u
2. Breiienuth sueliky, coaepikaiiyro IejieByr0 (yHKIMH, B HallleM
ciydae, 310 A2 u BeIOpaTh Ha BKIajke JlaHHbIe, B rpynme AHAJU3, HAACTPOUKY
IMouck pemenuii. IlosButcs okHo auasnora Ilouck pemenus (pucyHok 6.2), c
MTOMOIIIBI0 KOTOPOT'O HEOOXOIMMO 3aIIOJTHUTH COOTBETCTBYIOIIUE TIOJIS:

MapameTpel NoMCKa peLLeHna

|
i

ONTUMKHIVMPOEATE LENeBy GyHKLNID: SASP‘_I

=

Ao: @ Makcumym O MuHuMy O 3HAHEHWA:

M3meHna auerkn NEPEMEHHBIN:

i |
i

SC32:5C53

BEOOTBETCI'BMM C OrpaHUYEHNAMM:

SA54 <= 8G53

SAS5 <= §GS4 ST

SASE <= 5GS5

SASE5ASS >=0 WNzmeHuTE
Yaanute
CoBpoCUTE

3arpysuTe/COXpaHUTE
CAenaTe NepemMeHHEle 623 0rpaHUYeHHA HeoTPULATENEHEIMI
BuiGiepute MoKcK peWeHUA AKH, 33434 CUMMASKC-METOL0M ~ MapameTpe

METoA pelleHHA:

MeToa peweHus

[AR rnagknx HEAMHENHEIX 33434 WCNONESYIHTE NOWCK PEWEHMA HEAMHERHBIX 33434 METO40M
O, gna NMHERHERX 33434 - NOWCK PELEHMA AUHERHEX 33434 CUMMIEKC-METOA0M, 3 4nA
HErNagKW 33434 - 3E0ARLMOHHEIN NOWCK PEWEHKMA,

Cnpaeka HaiiTu peweHne ZaKpEITE

Pucynox 6.2 — Oxno auanora Ilouck pemeHnusi ¢ BBEACHHBIMH JTAHHBIMU
3. Ilocne okonuanus pacuera Excel oTkpoeT okHO nuanora Pe3yabTarhl
NnoucKa pelieHus (PUCYHOK 6.3).




PesynbTaTel NOMCKa PELLIEHNA X 3

PeWweHnE HaaeHo. BCe orpaHUYeHA U YCNOBKA

CNTHMaNbHOCTH BRINCAHEHEL. OTuetwl

Pe3yneTatel

(&) iCoxpanuts waiigenroe pewenne| YCToRYMBOCTE
Mpeaene

{0 BoccraHoeuTs HCHOAHBIE SHIHEHHA

O BEpHYTECA B AME/I0r0BOE OKHO NapamMeTpos
NOWCKE PELEHWA D OTYETEl LO CTRYHTYPEMM

OH OTmeHa CoXpaHUTE CUeHapKI

PelueHWe HaHAEHD. Boce OrpaHMYEHHA W YCI0BHA ONTHMANBHOCTH BRINOAHEHbI.

ECAM HCNQAB3YETCA MOgyAk O, TO HARAEHO NO KpaiHeR Mepe NOKaALHO ONTHMaNEHOE pewenne. Ecu
WCNOABSYETCA MOSYAE NOUCKE PELWEHHA AMHERHBIX 33434 CHMMAEKC-METOA0M, TO HAHAEHO raoBansHo
ONTHMEAEHOE PELIEHHE.

Pucynok 6.3 — OxHo quanora Pe3ynibTaThl MOMCKA pelIeHUs

Jlyia mpocMoTpa pe3ynnbTaToB peUIeHMs 3a/1adyl HeoO0XoauMo HaxaTh Enter
win OK. Tlomyynm MakcumanbHOe 3HaUueHue PpyHKIuu paBHo 265,2173913, npu
3HaYCHHAX nepeMeHHbIX X1 = 3,913043478, x,=1,739130435.

[IoHATHE NBOWCTBEHHOCTH IAET OLIYTHMBIE NPAKTUYECKHE PE3YJIbTATHI
IIPU NTOCTPOCHUM ANTOPUTMOB PELICHHUS 3a]1a4 JUHEWHOrO0 MPOrpaMMHUPOBAHMUS.
JIns kax 101 3a1a4d JIMHEWHOTO TPOTPaMMHPOBAHUS MOKHO IIOCTPOUTH IPYTYIO
3a71a4y, Ha3bIBAEMYIO JBOMCTBEHHOM.

3anuiem ooe 3a1auu:

IIpsamasn /(BoMcTBeHHAsA
F(x)=3e,x, (min) P(y) = 2b,y,(max)
npu OFpaHI/IlleHI/ISI;(_2 npu OFpaHI/IlleHI/ISI)li_i
gaijszb[,ieM\I,iz(l,_k) iaﬁyiScj,jeJ,j:(ﬂ)

Dagx,=b,ieM\I,i=(k+1,m) Yay,=c,, j=(+1n)
i=1

j=1
x, 20, j=(1,) y, 20, i=(i=Lk).

CuMMeTpUYHOCTh 00€HX 3a7a4 OYEBH/IHA.

HepaBeHcTBY miepBOM 3aayd  COOTBETCTBYET HE OTPUIIATEIBHOCTh
MepEMEHHON BO BTOPOM. PaBeHCTBY OJHOM 3ajayM COOTBETCTBYET CBOOOHAS
IEpEMEHHAasl JpPyroM, 3ajadya JABOWCTBEHHAass K JIBOMCTBEHHOW €CTh HMCXOJIHAs
(npsimas) 3agaya.

Takum obpazom:

Bo B3auMHO-IBOMCTBEHHBIX 3aJja4ax BCETAA:

1. Onna u3 3a1ay aBisieTcs 3a1auei (max), a qpyras — 3ajaden (min),
B CUCTEME OrpaHUYECHUN 3a7auu (max) HEPABEHCTB 3alKCAaHbl CO 3HAKOM <, a B
CHUCTEME OTpaHUYEHU 3a7auu (min) — CO 3HAKOM >,

2. KaxxnoMmy orpaHn4eHuro OJTHOM 3aJa4i COOTBETCTBYET MEPEMEHHAS



JpyroM 3ajiaun: HOMEpP NEPEMEHHON COBMAAET C HOMEPOM OTpaHUYEHUSI, IPU
3TOM OIrPAHUYEHUIO, 3aMMCAHHOMY B BHJE  HEPABEHCTBA, COOTBETCTBYET
NepeMEeHHasi, CBA3aHHAs YCIIOBUEM HEOTPULIATEIHHOCTH.

3. KoadhurmenTsr nieneBoit GyHKIMH OHON 3a7a9¥ COOTBETCTBEHHO
paBHBI CBOOOIHBIM HJIEHAM CHCTEMbI OTPaHUYCHUN APYToi 3a1auu.
4. Marpuna yciaoBui OAHOM 3aa4M MOJIy4aeTCs U3 MaTPULbI YCIIOBAM

JIPYroM 3aJlauu C IMIOMOIIBI0 TPAHCIIOHUPOBAHUS.
B3auMHO-BOMCTBEHHBIMH SIBJISIFOTCS CIEAYIOLINAE 3a1aUu:

Ipsimas J{BoMCcTBeHHAs
n m
F(x)=Y¢;x, (min) @(y) = D_b,y, (max)
i=1
j=1
MIpY OrPaHUYCHUSIX: MpYA OTPAaHUYCHUSX:

n m
Zal.ij.Zbi,jzl,n Zaﬁyiﬁcj,izl,
j=1 i=1

ijO, j=1n. y; 20, i=1,
Kanonnyeckuii Bujg

IIpsamasn /{BoiicTBeHHas

F(x) =D cx, (min) P(y) = D b,y, (max)
Jj=1 i=1
MIpY OrPaHUYCHUSIX: MIpY OrPaHUYCHUSIX:
— m —
i=1
x,.2>0, jzl,_n. v; 20, izl,_m.

Ilpumep 2. PaccMOTpUM Mapy ABOMCTBEHHBIX 3a1ad.

Ipsamas 3apgaya. Hautu: JlBoricTBeHHas 3agada. Havitu:
F =5x, — x, + 8x; — x,(max) P =2y, +3y, +5y;(min)
MIpY OrPaAaHUYCHUSIX: MIpY OrPaHUYCHUSX:

2y +y, +y3 25
Syi—y,—y;=-1
-y, +5y, +3y; 28
Ty =y, +7y;=-1

X, — Xy +5x; —x, <3

x 20, x;20 y,20
2 5 -1 7
3anumeM MaTpulbl COOTBETCTBYrOIMX 3amad: 4=1 -1 5 -1,

1 -1 3 7



2 1 1
5 2
. |5 -1 -1 .
A" = .C=|5 -1 8;C"=|-1; B=]3;B"=]2 3 5 3;
-1 5 3
8 5
7 -1 7
2 -1 1 2
A"™=12 1 1 1

-1 4 -2 -2

Hanbonee dacto BcTpewaroTcs CIEAYIOIMIME YaCcTHBIC CIIydyad B3aWMHO-
JIBOMCTBEHHBIX 3aJ1a4:
1) ecm [=0,aJ=N-= {1, 2 ..., n}, TO UMEEM CUMMETPHUYHYIO
1apy,
2) ecmn [ =M = {1, 2, ..., m}, aJ=N= {1, 2 ..., n}, TO UMEEM
HE CHMMETPUYHYIO Mapy.
PaccMOTprUM CUMMETPUYHYIO TIapy ABOMCTBEHHBIX 3a1ay.

IIpsamas 3agava. Haiitu: J/{BoiicTBeHHas 3aja4a. Haiitu:
F()=3e,x, (may) P(»)=3b,, (min)
IIPU OrPAHUYECHHUSX: IPU OIrPAHUYECHUAX:
éaijxjsbi, i=Lm iaﬁinCj,jzl,_n
x; 20, jzl,_n. v; 20, izl,_m.

PaccmoTprum HECUMMETpUYHBIE JBOWCTBEHHBIE 3a/1a4H.

B HecuMMeTpUYHBIX JBOMCTBEHHBIX 3ajJa4ax CHUCTEMAa OTPAHUYCHUU
WCXOJHOM 3aJayd 3aJaeTcsi B BHUJE HEPABEHCTB, MPUYEM B MOCJIECIHEN
MIEPEMEHHBIC MOTYT OBITh OTPHUIIATEIILHBIMH.

Ipsamas 3agaya. Haiitu: JIBoMicTBeHHas 3aaava. Haiitu:
F(x)= Zn;cjxj (max) Q) = ib[ y, (min)
o P
IIPY OrPAaHUYCHUSIX: [IPYA OrPAaHUYCHUSX:
gaﬁxj:bi,i:r iZ::ajiinCj,j:I,_n
x; 20, j:;. v; 20, i=1,_m.

IIpocrelimme cBOMCTBA B3aUMHO OJTHO3HAYHBIX JBOMCTBEHHBIX 3a/a4:
— €CIIH X JOIYCTUMOE PELICHUE MNPSIMOM 3aJadu, a y JIOMyCTUMOE
pelienre ABOMCTBEHHOM 3a1a4u, T0 F(x) < (P(y);

- €CII X ¥ ) NOMYCTUMBIC PEMICHUA NPSIMOU 3aJja4d U JBOMCTBEHHOM
3aga4u, U F(x) = (@(y), TO X U y — ONTUMAJIBHBIC PCIICHUS 3TUX 3a1a4.



CaoiicTBa ABOMCTBEHHBIX 32124 JJUHEHHOI0 POrPaAaMMHUPOBAHUA
JUiss  B3aMMHO-JBOMCTBEHHBIX  3aJad HMMEET MECTO OJIWH W3
B3aMMOMCKIIIOYAIOIMX CIIy4aeB, T.C. CIPABEIJIMBO OJAHO M TOJBKO OJHO W3
CIEAYIOIIUX YTBEPKIACHUM:
1. B npsamol 1 TBOMCTBEHHOM 3aJjlayaX UMEIOTCS ONTHUMAJIbHBIC
pelieHus, OpuyéM 3HAYeHMs LeJeBbIX (YHKUMH Ha ONTHMAaIbHBIX
pEIICHHSIX COBIAAANOT, T.¢. Min f(x) = maxo(y).

2. B mpsamon 3amade AONMYyCTMMO MHOXKECTBO HE IYCTOE, a
1eseBast QyHKIMS HAa 5TOM MHOXKECTBE HE OTpaHMuYeHa cBepxy. [Ipu sTom

y JBOMCTBEHHOM 3a71auu OyJIeT IyCTOe JOIMYCTUMOE MHOKECTBO.

3. B nBolicTBEHHOM 3ama4ye NOMYCTUMO MHOKECTBO HE ITyCTO, a

1ieseBast QyHKIMSA Ha ’TOM MHOKECTBE HE orpaHnyeHa cHu3y. [Ipu atom y

MPSIMOU 3aJ1a49M JOITyCTUMOE MHOKECTBO OKa3bIBACTCS MyCTHIM.

4. O06e 13 paccMaTpUBAaEMbIX 3a]1a4 UMEIOT ITYCThIE IOITYCTUMBIC

MHOECTBA.

IlepBas (TeopeMa IBOMCTBEHHOCTH):

Ecnmm w3 mapel ABOWCTBEHHBIX 3a7a4 OJHA OOJAgacT ONTUMAaJIbHBIM
IJIAHOM, TO W JApYyTas UMEET PEUICHHE, MPUYEM I SKCTPEMAIBHBIX PEIICHUI
JIMHEHUHBIX qayHKuHﬁ BBITIOJTHACTCS COOTHOHMIEHUE min F(x) =max@(y), €CIH
JuHelHas (QYHKIMS OJHOW M3 3ajay HE OrpaHUYEHa, TO W JApyras HE HUMEeT
pELIEHUI.

Bropasi Teopema 1BONCTBEHHOCTH

Ilycts X=(x1, X2, ...,X), ...,Xn) — JOIYCTUMOE PEIICHHUE MPSIMOMN 3ajauu, a
Y={y1, v2 ..., ¥i...,ym} — NOIYCTUMOE pelICHUE TBOUCTBEHHOM 3a1aun. [[1s1 ToroO,
yTOOBI JomycTuMble pemeHuss X u Y npsMod JIBOWCTBEHHOW 3aJaud ObLIU
ONTHUMAJIBHBIMA HEOOXOUMO ¥ JTIOCTATOYHO, YTOOBI BBITTOHSUIUCH CIICTYIOITIE
COOTHOIIICHHS:

a) Y(4-X-b)=0 wunaue yi(Zaij-xj—bl.):O
=1
0) (C-Y'A)X=0 xj(—Zaﬁ-yy+cj)=O
i=1
Ycnosus:

a) paBHOCWJIBHO CIIEAYIOIIEMY:

ecmyi >0,10 Y a,-x,=b,i=1..m;
=

n

ecmn y; =0, 70 Y a; -x; >b;
j=1

0) PaBHOCHWJIBHO CIEIYIOUIEMY:

m
ecnx; >0, T0 ¢, =) a,-y,j=l..,n;
i=1

ecin x; =0, TO c.>>a,-y,.



MosKeT CITydunTECs, 4TO OAHOBpeMeHHO y; =0 u ) a, -x, =b, . Ho Bcerna
j1

CYLLECTBYET II0 KpaMHEN MEPE OJHA Mapa.
3anuiieM JBOMCTBEHHBIE 33/1a4l B BEKTOPHOM BHJIE.
HecumMeTpryHbIe IBOMICTBEHHbIE 3a1a41
Ipamas. Haiitu w™arpuny cronben X = ‘xl X, . X, .. X

1 n

b

KOTOpasi yJOBIETBOpsieT orpanudyeHusiM A-X = B, x > 0 U MUHUMU3UPYET
¢bynkuuto F=C-X.
JABoiictBenHas. Haiitu marpuny ctpoky Y =‘y1 2 A

5

KOTOpast yAOBJIETBOPSET OorpaHudeHusM VA < C 1 MaKCUMHU3UPYET JIMHENHYIO
bynkuuo @ =Y-B.

B o0mmx 3amayax: C:‘c1 C, o C o cn‘ — MaTpuIla CTpOKa,

IpeICTaBIAIONIast cCO00M K03 PUITMEHTHI TPH HEU3BECTHBIX B IEJI€BOM (QYyHKIINH;
B :‘bl b, .. b .. b |- Marpuna cron0ern cBOOOJHBIX YJIECHOB B CUCTEME

1 m

orpaHuyeHui; 4= ‘ag‘ — Marpuia K03 GHUIUCHTOB IPH HEU3BECTHBIX B CUCTEME
OrpaHUYCHHUI.
Ipumep 3. Haittu F' = x, — x, —3x,(min)
IPH OTPAHUYICHHSIX
x +2x,—x,+x, =1
—4x, +x,+2x, —x, =2

3x, +x,+x,=5

x, >0, (j=L6).
Marpuna crpoka C=[0 1 0 -1 -3 0 — xod(pduuuents: npu
1
HEU3BECTHBIX B IeeBOM (yHKIMU. Matpuna cronberr B =|2| — cBOOOIHBIC
5
1 2 0 -1 1 O
4yjeHbl B cucreme orpanmuenui, 4 = [0 -4 1 2 -1 0] — marpuna

0 3 0 0 1 1

K02(pPUIIMEHTOB IIPH HEU3BECTHHIX B CHCTEME OrPaHUUICHUH.

I[Mycts X =|x, x, .. X, .. X,| — JOOIMYCTUMOE pECIICHUE IPIMOU

3agaud. Bekrtop X sBisieTcss ONTUMAalbHBIM PELICHUEM 3TOM 3aJayd TOrJa U

m
TOJIBKO TOT /14, KOTJIa CPEIU PELICHUN CUCTEMBI YPABHEHHU I Zaﬁ -y, —¢; =0, mpu

i=1

n
xj#0,yi=0,1pu Y a, -x, <b, CONEPKHUTCS XOTs OBI OJHO IOIYCTHMOE PEIICHHE
=R



JIBOMCTBEHHOM 3aJ1a4H.
Ilpumep 4. Bextop X = (3; 0,1; —3) — momycTuMoe pelIeHHE 3ajadu
F=-2x, —x, +x, +x,(max)

IIPU OTPAHUYECHHUSIX:

X, —Xx,+2x,=2
3x,—Tx,+3x, =2
x, +2x, =2

n
B JaHHOM CITy4ae COOTHOIIECHUM Z a, X, < b,
j=1

CuMMeTpHUYHBbIE IBOICTBEHHbIE 3a/1a4H
IIpsamas (ucxoanas):
Haiitu  marpumy-ctomberr X :‘xl X, .. X, .. X|, Koropas

1 n

YIOBIETBOpSIET cuctemMe orpanuuenuii: A-X > B; X > 0 U MUHUMHUZUPYET
byukmuio F = C-X.
JIBoiicTBeHHasi 3a/1a4a:

Haiitu  matpumy-cTpoky Y=y, v, .. y. .. y. |, KoTOpas
YAOBJIETBOPSIET cucTemMe orpanudeHuid: Y'A < C; ¥ > 0 u MakcUMH3UpYyET
JAUHEHHYI0 GyHKIu0 @ = VB .

Ilpumep 5. Havitu:

F=x11t2x2+t3x3 (min)
IIPU OTPAHUYCHHUSIX:
2%, +2x, —x322
X —Xx, —4x;<-3

2x, +x, —2x3 23
x>0 (G =1,2,3).
Y1oObI MPUBECTH CUCTEMY OIPaHUUYCHUI K He0OXoauMomy Buny (4-X = B),

HEOOXOMMO BTOPOE HEPABEHCTBO YMHOXWTH Ha (—1), mocie dero 3amuiiem
COOTBETCTBYIOIIUE MATPHIIBIL:

2 2 2 -1 |
3 -1 1 4

C=[l 2 3,B=|; 4= ; C'=12;B™=]2 3 5 3;
6 11 =2 ;
3 2 1 -2




2 -1 1 2
AT=12 1 | 1

-1 4 -2 -2
B pesyinbTare 1BOWCTBEHHAA 3a/1a4a UMEECT BUI:
Haiitu:

@ =2y1+3y>+6y3+3y4 (max)
IIPU OTPAHUYECHUAX

2 =Yyt +2y, <1

2y1+y,+y3+y, <2

— Vi +4y, =2y; -2y, <3
20, (=1, 2,3, 4).

Annaparypa U marepuaibl. (7 BBIIOJHEHHS J1a0OPATOPHOUM pPabOTHI
HEOOXOJMMO  HWCIOJNB30BaTh  CIEAyIOIIee:  ammapartHoe  OOecTeueHHE:
MEPCOHANIBHBIN KOMIBIOTEp U TIPOTPAMMHOE OOECTICUeHHE: OIEpaIMOHHYIO
cucremy Windows 10 wm Beime; Microsoft Officel3 wu BbImEe, cHCTEMBI
komnbioTepHoi Mmatematukn Machcad u MATLAB R2017a u Boite.

Yka3zaHusi 1o TexXHHMKe 0€30IaCHOCTH. CamocTosSITENBbHO HE
MPOU3BOJIUTh: YCTAHOBKY M YyJaJICHHE MPOTPaMMHOT0 OOECHEUYEHUs, PEMOHT
nepcoHaIbHOTO KoMmbloTepa. CoOroAaTh MpaBUiia TEXHUYECKOM IKCILTyaTalluu
Y TEXHUKHU 0€30MaCHOCTH MPHU paboTe ¢ IIEKTPOOOOPYIOBAHUEM.

MeToauka v NOPSIAOK BHINOJHEHUsSI pa0oThI

Breinmonnute mnpeayoKeHHbIE 3allaHus, MPEIABApPUTEIBHO PEIIUB BCE
pUBEIACHHBIEC B JAaHHON pabOTe MPUMEPHI.

3aganme 6.1. [TocTtanoBKa 3aauu JTUHEHHOTO IPOTPAMMHUPOBAHUS.

[TocTpouTh MaTeMaTUYECKYIO MOJIEh INIAHUPOBAHUS MPOU3BOJICTBRA. Jliis
W3TOTOBJIEHUS TpEX BUAOB npoAykuuu P, P2, P3 ucnonb3yrot Tpu Buaa ceipbs Si,
Sz, S3. 3amacel ChIpbs, YUCIO €AUHULL ChIPbS, 3aTPAYMBAEMBIX HA U3TOTOBJICHUE
SIMHUIIBI IPOAYKIINH, PUOBLIB, TTOJIydaeMasi OT €IMHUIIBI TTpoaykiuu Py, P2, P3
— COOTBETCTBEHHO MpHUBEIEHBI B TabnuIe 6.1 (uudpsl ycIoBHBIE).

Tabmuma 6.1 — 3amacel ceipbs Si, S, S3, YHCIO EIUHUIL CHIPHS,
3aTpayrMBaE€MbIX Ha U3TOTOBIICHUE €IUHUIIBI MPOAYKIINH, TIPUOBLTH, TTOTydaeMast
OT eIMHUILIBI Tpoaykuuu Py, P2, Ps.

Yucno euHUIL ChIPBS, 3aTPaYMBAEMBIX Ha U3TOTOBJICHHE
Bun cbipbsi | €AMHUIBI TPOTYKITHH 3amnacel CHIPbHS
P P> P3
Si 4 2 1 150 000
S2 6 0 2 170 000
S3 0 2 4 100 000
[TpuObutp OT 100 150 200
eJl. MPOI.

Heobxoammo cocTaBUTh Tako# IIaH IPOU3BOICTBA MPOAYKIIHH, TP KOTOPOM
npUOBUTH OT €€ peanu3aluu OyJaeT MaKCUMalbHOM.



— 3anucaTh 3a7a4y B KaHOHMYECKOM BHje W pemmuth ¢€ B Excel,
UCTI0JIb3Ysl UHCTpYMEHT Ilonck pereHus.

3apanme 6.2. HMuauBuayanbHoe. [[ns ucxogHOW 3agadd 3amucarh
JTBOMCTBEHHYIO 3a/a4y, PEIINTh 00€ 3a/laud ¢ MOMOIIbI0 WHCTPYMEHTAJIBHOTO
cpeactBa Ilowck pemieHUss U TPOAHANM3UPOBATH HAWJICHHBIE PE3YIbTaThI,
UCIIOIb3Ys TEOPEMBI JBONCTBEHHOCTH.

1. f=4x, +5x, + 6x, (min) 2. f =2x, —2x, +3x, + 4x, (max)

IIPU OTPaHUYECHUSAX:
X, +x,+x, 25
X, —x,+2x, 21

X, —x,—4x, <-3

X, —x,+8x;, 24
x,20,(j=13).

3. f=5x, —x, —4x,(max)
IpU OIPaHUYEHUSX:
(—x, +2x,>9
—-x, +x,21

X, +x,—-3x, 28

x, —x, <4
x,20,(j=13).
5. f =4x, + 6x, +3x, (min)
IIPU OTPaHUYECHUSX:
3x, +x, +2x, 29
X, +2x,+3x, 28
x, +6x, =212
x,20,j=(13).
7. f =6x, +8x, + x,(max)
IIPU OTPaHUYECHUSAX:
X, +x,+x,<3
{xl +2x,<4

xj 2 09.] = (13_3)’

9. f =3x, +2x, —6x,(max)
IIPY OTPaHUYECHUSX:

IIpHU OTPAHUYICHUAX!

X, +2x,+x,+x, <2

2x,—x, +2x,-3x, 23

3x, +4x, =5x, +2x, <4
x, 20,7 =14).

4. f =2x, +3x, +§X3 (min)
P OTPaHUYCHUSAX

2x,+x,+3x, 26

2x, +4x, +3x, 216

3x, +4x, +2x, 212
x, 20,j=13).

6. f=2x, +3x, + 7x, (max)
IIPU OTPAHUYECHUSX:
2x,+3x,+x, <9
-x,—2x,-3x, 28
5x,+6x, <12
x,20,j=(13).
8.
f =27x, +10x, +15x, + 28x, (max)
[IPA OTPaHUUYEHUSX:
3x, +2x, +x,+2x, <2
{3)61 +x, +3x, +4x, <5
x,20,j=(L4).
10. f =3x, —7x, —4x,(max)
IIPU OTPaHUUYEHUSX:



2x, —3x, +x, <18
—3x, +2x, -2x, <24
x, +3x, —4x, <36
x,20,j=(13).
11. f =x, +3x, —5x,(max)
IIPYU OTPaHUYECHUSAX:
2x, +4x, +x, +2x, =28
—3x, +5x, =3x, <30
4x, —2x,+78x, <32
x, 20,/ =(L4).

13. f =x, +x, —3x,(max)
IIpU OTPaHUYEHUSX:
-Xx,—2x,<-7
-x, +3x, 210

X, +x,—2x, 24

X, +x,—x,<4

15. f=4x, —5x, + 2x, (min)

IIPU OTPaHUYECHUSX:
5x, —3x,+4x,29
x, —4x, +3x, 28
x, +x,210
x, 20,/ =(L3).
17. f =3x, —7x, + 4x,(min)
IIPU OTPaHUYCHUSAX:
x, —8x, +3x, =5
3x, +4x, —7x, 218
x, +7x,212
x,20,j=(13).
19. f=—-4x, +x, —3x

(max)
MIPU OTPAHUYCHHUSIX:

3

—2x, —3x,—2x, <12
—4x, —4x, -3x, <24
5x, +5x, +3x, <15
x,20,j=(13).
12 f =3x, +2x, —5x,(max)
[IPU OTPaHUUYEHUSX:
2x, +x, —3x, +5x, =30
4x, +x, +2x, —4x, =28
—3x, +x, —3x, +6x, =24
x, 20,/ =(L6).

14. f =2x, —3x, +4x,(min)
IIPU OTPaHUYEHUSX:
X, +2x,+3x, 25

2x, +3x, —4x, 210
3x,+x, +-Tx, 213

16. f =x, +4x, — 7x, (min)
IIPY OTPaHUYEHUSX:
4x, —5x,+x, <3
-x, —2x,-3x,2-7
5x,—x,<10

x,20,j=(13).

18. f=—6x, +2x, —9x, (max)

IIPY OTPaHUYCHUSX:
Tx, —5x, +3x, <13
-9x, +3x, —5x, 28
x, —4x, <13

x,20,j=(13).
20. f =11x, + 4x, — 7x, (min)

IIPU OTPaHUYEHUSX:
2x, —3x, +9x, <3
—4x, —9x, —6x, 27
5x, —8x,<1



6x, +3x, —4x, 215 szo,j:(l,_?,).
2x, +4x, -3x, 218
x, +7x, 21

x,20,j=(13),

3ananme 4. s ABOWCTBEHHON CUMMETPUYHOM 3a/1a4 3alUCaTh UCXOJIHYIO U
HaWTH €e pelICHUE:
¢=2y +4x, +12y,(min)
MIpY OTPAaHUYCHUSIX:
Y, +2y,+y,+4y, 210

2y, +y, =2y, +3y, 24

y,20,j=14).
Conepixkanue oTyera u ero popma

[ToaroToBRTE OTYET, B KOTOPOM OMHIIHUTE TEXHOJIOTHIO PEIICHUS 3a1ad
JUHEHHOTO MporpaMMupoBaHus cpeactBamu Excel, ncnonbs3ys 3agaHusi CBoero
BapuaHnTta. OT4eT mo Ja00paTopHO paboTe MOKEH COJIePKATD:

1)  nHa3BaHue pabOTHI;

2)  uenb 1a00paTopHOM PabOTHI;

3)  yciOBHS BBINOJHEHHBIX 33/IaHUN U UX PEUICHUE;

4)  TEXHOJOTHIO peHIeHus 3aJad C TOMOIIbI0  MPHUKIATHOTO
IPOrpaMMHOTr0 00ecrieYeHus!, BEIBOIBI;

5)  OTBeThl HA KOHTPOJIbHBIEC BOMIPOCHI.

Bonpocs! A5 3alIUTHI padoThI

1. JlaliTe onpeneneHne MaTeMaTUH4eCKOro MpOrpaMMUPOBAHUS.

2. YUTo Ha3BIBAETCS MATEMATUYECKOW MOJIETBIO ONITUMHU3ALIMOHHOMN
3amadun’?

3. Kak cTpoutcst maremaTuueckas MOJIEJb?

4. Kak nepeiiTu OT HEPABEHCTB K YPABHEHUSAM?

5. Kakue  mepeMeHHbIE  HA3bIBAIOTCA  JIOMOJHUTEIbLHBIMHU
(cnabeimu)?

6. Pacckaxxute wu3BECTHBIE BaM METOAbl HEMOCPEACTBEHHOIO
pELIEHUS MPOCTEUIITNX ONITUMU3AIIMOHHBIX 3a]1a4.

7. B uyem 3akmrouaercs CyIIHOCTh JBOMCTBEHHOCTH B JIMHEWHOM
porpaMMHpPOBAHUU?

8. Chopmynupyiite 1-10 1 2-10 TEOpeMyY JIBOWCTBEHHOCTH.

9. Kakue 3amaum JMHEWHOr0 NPOTPAMMHUPOBAHUS OTHOCATCA K

CUMMETPUYHBIM U HECUMMETPUYHBIM? B uem ux otnuuue?
10.  Kak mo pemeHuro MCXOIHOM 3a1a4 HAUTH PEIIEHUE JBONCTBEHHON
1 Ha000poT?



JIABOPATOPHAS PABOTA 7
ITocTpoenne n anau3 MoJe/Iel 32124 TPAHCIIOPTHOIO THIIA, pPelIeHUe
3a/1a4 MeTO/I0M IOTEeHHAJIOB

Heab u comepxanue: HayuuTbCs CTPOUTH U aHAJIM3UPOBATH MOJIEIIH
TPAHCIIOPTHOM 3a/1a4H.

OpranusannonHasi ¢popMa 3aHATHII: peElIeHHE NPOOJIEMHBIX 3ajad,
pa300p KOHKPETHBIX CUTYalIUH

Bomnpocel 11 00cykaeHus: Ha JJa0OPaTOPHOM 3aHATHH: IIOCTPOCHHE,
pelIeHre 1 aHaJIu3 MOJIENIH TPAHCIIOPTHOM 3a/1auu.

®opmupyembie komnerennuun: OIIK-7, OIIK-8,
Teopernueckoe 000cHOBaHUE

N3yunrte TeOpETUUECKHI MaTEpHAII TIO TAaHHOW TEME, UCTIONb3Ys MaTepHall
W3JI0KEHHBI HUXKE.

Krnaccuueckne TpaHCHOPTHBIE 3a7ja4l OTHOCSTCS K 00JIaCTH JMHEIHOTO
IPOrpaMMHUPOBAaHUs, 1 MAaTEMaTUUECKHI alapar peleHus 3TUX 3aJa4 XOPOLIO
oTpabotaH u uzBecteH. Cdepa npuMeHeHus: Mojieiel 3a/1a4 TPaHCIIOPTHOTO TUIIa
obmupHa. CroJja MOXXHO OTHECTH TIPOOJIEMBI, HAlPUMEpP, CBSI3aHHBIE C
IUTAHUPOBAHUEM IIPOU3BOJCTBA U NEPEBO30K, C CO3/JAHUEM BBIUYMCIUTEIIBHBIX H
UH(POPMAIIMOHHBIX CUCTEM, C pacIpeieJICHUSIMI PECYPCOB, 3aM1acOB U TaK JaJiee,
TO €CTh B ()OpPMaJIbHBIX TEPMHUHAX TPAHCIIOPTHOM 3a7a4u POpMHUPYETCs OOIBIIOE
YHUCIIO 33]1a4, OTHIO/Ib HE CBSI3aHHBIX C MIEPEBO3KaMHU IPOTYKTOB.

Cdopmynupyem MaTeMaTHUYECKYIO MOJIENb TPAHCIIOPTHOM 3a4a4H.

Hexoropsiit 0fHOPOAHBIN NPOAYKT, COCPENOTOYEHHBIN Y 771 IOCTABLIUKOB
A B xommuectBe ai (i = 1, 2, ..., m) €OIUHUI] COOTBETCTBEHHO, HEOOXOIMMO
JIOCTaBUTH 1 TIOTpeOuTeNsIM B B konuuectse bj (j = 1, 2, ..., n) enunuil. M3BecTHa
crouMmocTh Cjj MEPEBO3KM €IMHHIBI I'py3a OT i-TOTO IIOCTABIIMKA K j-TOMY
norpebutento. HeobXxoammo cocTaBUTh IJIaH MEPEBO30K, TMO3BOJISIOIMIA
BBIBE3TH BCE TPY3bl, MOJTHOCTHIO YAOBIETBOPUTH MOTPEOHOCTH W HMEIOIIHIA
MUHHMJIBHYIO CTOMMOCTb.

O603HauuM uepe3 X;; KOJIMYECTBO €IUHUI] I'py3a, 3alUIAaHUPOBAHHBIX K
IEPEBO3KE OT i-TOTO MOCTABIIMKA K j-TOMY NOTPEOUTENIO; TOI/IA YCIOBUE 3a/1a4U
MOXXHO 3amucarb B BHJEe TaOiuubl 4.1, KOTOpYX B JajJbHEWIIEM Ha3bIBAIOT
mampuyeu nIaHupo8aHus.

Tabsuna 7.1 — Marpuia niiaHupOBaHUs

IlocTaBimku [Totpebutenu, B; 3amackel
Ai Bi B> ... Bn ai
Ay cll c12 Cln ai
X11 X12 ... X1n
Az c21 c22 C2n a:
X21 X22 ... X2n
Am Cml cm2 ... Cmn am
Xml Xm2 Xmn
[TorpeOHOCTH, b; b1 b2 ... bn 2ai=Xb;




CocraBuM MaTreMaTUYECKYI0 MOJENb 3a0a4u. Tak KakK OT I-ro NoCTaBUIMKa
K j-TOMY TOTpEOUTENI0 3alJIJaHUPOBAHO K TEPEBO3KE X; CAMHUI] I'py3a, TO
CTOMMOCTh MEPEBO3KU COCTAaBUT C;X;. CTOMMOCTh BCEro IJIaHA BBIPAZUTCA
JIBOMHOW CYMMOM:
Z ;;cy_xy.
Cucremy orpaHMYEHUN MOTYYUM U3 CIEIYIOIIUX YCIOBUH 3a/1auu:
a) BCE TPY3bl TOJKHBI OBITh BEIBE3EHBI, TO €CTh,

n
dx,=a,,(i=1,2,..,m),
=

3TH YPaBHEHHUS MOTYYAIOTCS U3 CTPOK TaOIuIbI 7.1;
0) Bce MOTPEOHOCTH JTOKHBI OBITH YA0BJIETBOPEHBI, TO €CTh,

Sx,=b (=12, ..n),
i=1

ypaBHEHUS MOJy4arOTCs U3 CTOJIOLOB Tabuiibl 4. 1.
Takum oOpa3zoM, MaremMaTrueckasi MOJIEIb TPAHCIIOPTHOM 3a/ladyu UMEeT
cienyromuii Busl. Halitu HaumenbIiee 3HaueHue QyHKIIUN:

Z=3 % (7.1)

i=1 j=I
IIPY OrPaHUYCHUSX:

>x,=b,,j=ln
i=1

il (7.2)

—_

=
x, 20, i=lm, j=1n.

B paCCMOTpeHHOﬁ MOICIIN IIPCAIIOIaracrCsa, 4TO CyYMMApPHBIC 3adlldCbhbl PAaBHBLI
CYMMApPHbIM HOTpC6HOCT$IM, TO CCTb

leal. = Z;bj :
i= j=

Takast MOENIb HA3BIBAECTCS 3AKPLIMOL.

PaccmoTpym  mpumep  IOCTPOEHMST ~ MAaTeMaTUYECKOW  MOJENH
TPaHCIOPTHOM 3aJ]a4M, METO/IbI IOCTPOEHUS ONIOPHOTO IUIAHA U METOJI PELICHUS
3a/1a4u.

HMpumep. Yerblpe npeanpuaTUss MOTYT IPOU3BOAUTH HEKOTOPYIO
OJHOPOJHYIO MPOAYKLHUIO B KojnuyecTBe coorBeTcTBeHHO 100, 250, 200 u 300.
Ha »Ty npoaykuuro ecTh 3aka3 OT IATH NOTPEOUTENE COOTBETCTBEHHO B



kosmuectBe 200, 200, 100, 100 u 250. 3atparsl ¢ TPOU3BOJACTBOM M JIOCTABKOM
10 7 4 1 4

o 7 10 6 11
€IUHUIIBI TPOAYKIIUH 331at0TCS MaTpulei: C = —
11 8 12 16 13
Heobxoaumo:  moCcTpoUTh  MaTeMaTHYECKyl0  MOJENb  3aJlaHHOMN

TPAHCIIOPTHOM 3aJauM; HAWTH OMOPHBIA IUIAH METOJaMHU: CEBEpPO-3aMaJHOrO
yrila; MUHAMaJIbHON CTOMMOCTH; JBOMHOT'O IIPEATIOUTCHHS; IIOCTPOUTh CUCTEMY
MOTEHIIMAJIOB M IPOBEPUTHh HAWJICHHBIC IUIAHBI HAa ONTHUMAJIbLHOCTH, HAWTH
ONTUMAJILHBIN TIJIaH METOIOM ITOTEHIIMAJIOB, B3SB 3a IIEPBOHAYAIBHBIN JTI000MH 13
OTIOPHBIX TUTAHOB, HE SBIISFOIIHICS ONITUMATLHBIM.

Pemienne. [locmpoenue  mamemamuueckot — Mmooeiu  3A0AHHOLU
skoHomuueckou cucmemvl. ChopmynmupyeM MaTeMaTHUeCKyl0 3anady: MyCTh
HEKOTOPBIH OTHOPOJHBINA MPOAYKT, COCPEIOTOUYECH y m = 4 TMOCTaBIIUKOB A; B
KonuuecTBe a; (i = 1, 2, ..., m) €IUHUI] COOTBETCTBEHHO, HEOOXOIUMO JIOCTaBUTH
3TOT MPOAYKT n moTpedurensMm B; B konmvectBe b; (j = 1, 2, ..., n) equHUL.
M3BecTHA CTOMMOCTH Cjj IEPEBO3KU €IUHUIIBI MPOYKTA OT i-I'0 TOCTaBIIUKA K j-
TOMY TOTPEOUTENIO 3aJaHHasi MaTpulle ctoumocTed. HeoO0xoaumMo coCTaBUTH
TaKOW MJIaH MEPEBO3KHU MPOAYKTa, KOTOPHIH HMEET MUHUMAJIBHYIO CTOMMOCT.

[Ipexxne yeM cocTaBiIsATh MAaTEMAaTHUYECKYIO MOJICNb 3aJaHHOW CHCTEMBbI
HEOOXOJIMMO TMPOBEPUTH YCIIOBHE 3aKPBITOCTH 3aJauyd: a HWMEHHO, 4YTO
CyMMapHBbI€ 3a11achl paBHBI CYMMapHBIM ITOTPEOHOCTSM, T. €. BCE 3aI1achl JIOJHKHBI
OBITHh BBIBE3CHBI, & TIOTPECOHOCTH YIOBJICTBOPEHBI:

~

J

m=4 n=>5
2.a=2b,
i=1 j=1

m=4

a, =100+ 250 + 200 + 300 =850
i=1
n=>
b. =200+ 200+100+100+ 250 =850

1

Tak xkak cyMMapHble MOTPEOHOCTH PaBHBI CYMMAapHBIM 3amacaM, UMeeM
3aKpBITYI0 TPAHCIOPTHYIO 3a1ady. OO03HaUUM 4Yepe3 X;; KOJIUYECTBO EIMHUIL

Ipy3a, 3aIlUIAaHUPOBAHHBIX K IIEPEBO3KE OT [-IO TOCTaBIIUMKA K j-TOMY
NOTpeOUTENI0, U 3allUIleM YCJIOBUE 33/Jaud B BHUJAEC MATPHUIBI TUTAHUPOBAHUS
(Tabmuma 7.2).
Tabnuna 7.2 — Marpuna 1iaHUpPOBaHUS JJIA 3a7a4d, MPEJCTaBICHHON B
IIPUMEPE
IlocraBmiuku, A; [ToTpeburenu, B, 3anacel
B1 B2 B3 B4 Bs ai
Ai 10 7 4 1 41100
X11 X12 X13 X14 X15
Az 2 27 10 6 111250
X21 X22 X23 X24 X25




As 8 3 2 21200
X31 X32 X33 X34 X35
Ag 11 12 16 13 | 300
X41 X42 X43 X44 X45
[TotpebHOCTH b/ 200 200 100 100 250 z a, :i b,

CocTaBUM MaTeMaTHYECKYIO MOJIENb 3aauM. Tak KaK OT i-I0 NOCTABIIHMKA
K j-TOMY HOTPEOUTENI0 3alIaHUPOBAHO K NEPEBO3KE X; €AMHMI] I'py3a, TO
CTOMMOCTb TEPEBO3KH COCTaBUT C;iXj. CTOMMOCTb BCEro IUIaHA BBIPA3UTCS

JIBOMHOU CYMMOM:

CucreMy OrpaHMYECHUN MMOJYYUM U3 CICIYIOUIUX YCIOBUM 3a1a4u:

a) BCC IIPOAYKTHI JOJIKHBI OBITH BBIBC3CHBI, TO €CTh,

n=5
Dox;=a;,(i=1,2,3,4),
Jj=1

ATU ypaBHEHMS TOJYYaIOTCs U3 CTPOK TaOIuIbI 4.2;

0) Bce MOTPeOHOCTH AOJKHBI OBITh YIOBJIETBOPEHBI, TO €CTh,

m=4
Dox;=b,,(=12,..5),
i=1

ypaBHEHHUS TOJIy4arOTCs U3 CTOJIOIOB TaOIUIbI 7.2.

Takum o00pa3om, MareMaTH4ecKas MOJeNib JaHHOW 3aJauyd  HMEeT

CIICIYIOLINMN BUL:

F

IIPU OTPAHUYECHHUSX:

IMII

m=4n=5 )
Z cl.jxij (mln)
i=1 j=1

(7.3)

(7.4)




107 4 1 4 100
2 7 10 6 11 250
e ¢, = ,a, = , b, =(200, 200, 100, 100, 250)
718 5 3 2 2 200 7
11 8 12 16 13 300

Huaue MAaTCMAaTUICCKYIO MOACIIb MOJKHO 3aIIMCaTh B CJICAYIOIICM BHUAC!

F=10x11+7x12+4x 13+ 1 x14+4x15t2x21+7x20+1 0x23+6x24+1 1x25+8x31+5x32+3x3
3+2x34+2x35+ 1 1x41+8x42+12x43+16x44+13x45— min

IpY OrPAHUYEHUSIX:

Xpp Xy + X5 Xy + x5 =100
Xy + Xy + X3 + Xy +X,5 =250
X3p + X3 + X33 + X34 + X35 =200
Xgp +Xgp + Xg3 + Xygy +Xy5 =300
Xy Xy + Xy + X, =200

Xjp + Xy + X35 + x4 =200

Xi3 + X3 + X33 + X5 =100

Xig + Xpq + X34 + x4y =100
XysHXys + X35 + X5 =250

x; 200 =14 j=1..5).

Takum oOpazoM, MaTemMaTHYECKasi TOCTAHOBKA JTAHHOM 3a7a4d COCTOUT B
HAaXO0XJICHUM TaKOro HE OTPULATEIbHOTO PEIICHUS CUCTEMbI JIMHEHHBIX
ypaBHEHHM, NpU KOTOpPOM ILiefieBasi (YHKIUS MPUHUMAET MUHHUMAIbHOE
3Ha4YCHUE.

Onpedenenue ONOpHO2O0 NIAHA MeMOOAMU: Ce8epPo-3anadHo20 Yaid,
MUHUMATLHOU CIOUMOCMU, 080UH020 npeonoumernus. HalieM omopHbIN I1aH
METOJIOM CEBEpO-3alaJHoro yria. /(s aToro 3amuiiieM yclioBU€ 3aJla4d B BUJIE
Tabmuibl 7.3. He yunuThiBas CTOMMOCTH MEPEBO3KHU €AUHUIIBI IPy3a, HAUMHAEM
yIOBIETBOPEHHE TMOTpeOHOCTEN mepBoro morpedbutenss Bi 3a cuer 3amaca
MOCTaBIIKKA Aj.

Jlns atoro cpapauBaem a1=100 ¢ 51=200, a1<b1, MeHbIINI U3 0OBEMOB, T.
e. =100ex. 3anuchiBacM B JIEBBIN HIDKHHUEN yron kieTku A1Bi. 3amacel mepBoro
MOCTABIIMKA MOJTHOCTBIO U3PACXO0I0BaHbI, IO3TOMY OCTaJbHBIE KIIETKU MEPBOM
cTpoku BeruepkuBaeM. [lorpedHoctu B1 octanuck HeynoBieTBopeHHbIMU Ha 200
—100 = 100 ex. CpaBHHUBaeM 3TOT OCTAaTOK C 3amacamu MocTaBlIMKa Az: T. K.
100 < 250, To 100 en. 3amuceiBaeM B KJIETKy AsBj, 4eM MNOJHOCTHIO
YAOBJIETBOpPsieM MOTpeOHOCTU ToTpedutenst Bi, octaBiimecs KJIETKH B MEPBOM
CT0JI011€ BHIYEPKUBACM.



VY nocraBuika Az octanock 150 en. rpy3a. Y aoBieTBopsieM noTpeOHOCTH
notpebutens By 3a cuer ocraBmiMxcs y mocTtaBuimka Ao 3amacoB. [is aToro
CpaBHMBaeM JTOT OCTaTOK C TMOTpeOHOCTAMU moTpedutens Bo: 150<200,
3anucbiBaeM 150 en. B kietky AxB> u, T. K. 3amacel A2 TOJHOCTBIO
U3PACXOJOBAHbI, MPOYEPKUBAEM  OCTAJIbHBIE KIETKM BTOPOW  CTPOKH.
[TorpednocTu B> ocranucek HeynoBieTBopeHHbIMU Ha S0en. Y 1oBieTBOpsieM UX
3a CUeT MOCTaBIIMKa A3 M MEPEXOJIUM K YIOBJIETBOpEHHUIO B3 3a cuer ocratka,
uMerolerocs y nocraBmuka As, u T. 4. [Ipouecc nmpogomkaeM 10 TeX MOp, Moka
HE YJOBJIETBOPUM BCEX MOTpeOUTENEH 3a cUeT 3amacoB NoCcTaBImMKOB. Ha aTom
NOCTPOEHUE NIEPBOHAYATILHOTO OMOPHOTO MJIaH 3aKaHYMBAETCA.

Takum 00pa3zoM, B Tabiuie 7.3 B MpaBbIX BEPXHUX YIVIAX KJIETOK CTOSIT
YHUCJa, OMPENENSIONIMe CTOMMOCTh TEPEBO3KU EIUHMIBI TPY30B, B JIEBBIX
HIDKHUX YyIJ1ax — Yucia, ONpeAesIolIne IIaH nepeBo3ok. [Iposepum, sBusercs
JIM TIJ1aH, TOCTPOEHHBIN B TabnuIle onopHbIM. Buanm, 4To, HaunHas ABUKEHUE OT
3aHsATOM KiIeTKM A1Bi, BepHYThCS HE TOJBKO B HEE, HO U B JIOOYIO JIPYTyrO
3aHATYI0 KIJETKY, ABUTAACh TOJBKO 10 3aHATBIM KIIETKaM, HEBO3MOXHO.
CrnenoBarenbHO, MUIAH SIBJISIETCS OMOPHBIM. B TO ke BpeMs IUIaH SIBISIETCA
HEBBIPOXKICHHBIM, T. K. OH COAEPKUT TOUHO m + n — 1=4 + 5 — 1 = 8 3aHATHIX
KJIETOK.

Tabmuma 7.3 — [locTpoeHne mepBOHAYATIBLHOTO OMOPHOTO TUIAHA METOJIOM
CEBEpO-3alaqHOrO yIJia

ITocTaBmuku, A; [Torpeburenu, B, 3amacsel
B B2 B3 B4 Bs ai

Al 10 7 4 1 41100
100 — — — —

Ao 2 7 10 6 11 | 250
100 150 — —

A3 8 5 3 2 21200
— 50 100 50

As 11 8 12 16 13 | 300
— — — 50 250

[MoTpebHOCTH b) 200 200 100 100 250

F =

Ecnu ke 3aHATHIX KJI€TOK OyA€T MeHblIIe, YeM m + n — 1, TO ciaenyeT BBeCTu
B JIFOOYIO HE3aHATYIO KJIETKYy 00BEM Tpy3a paBHBIM HYIIO U, TAKUM 00pa3oM,
BBIPO’K/ICHHBIN TUTAH MIPUBECTH K HEBBIPOKICHHOMY.

Haiizem 0O0myt0o CTOMMOCTb COCTaBJICHHOTO IUIaHA KaK CyMMY
POU3BEJIEHUN 00BEMOB MIEPEBO30K, CTOSIILIKX B JIEBOM YIJIy 3aHATHIX KJIETOK, Ha
COOTBETCTBYIOIIIME CTOUMOCTH B 3TUX XK€ KJIETKaX:
100-10+100-2+150-7+50-5+100-3+50-2+50-16+250-13=6950(ex.
CTOMMOCTH).

[Ipu cocraBieHUN NEPBOHAYAILHOTO OMOPHOIO IJIaHA METOJIOM CEBEPO-
3aMmagHoOro0 yrila CTOMMOCTh IEPEBO3KM EAWHMIIBI Tpy3a HE YYUTHIBAJIACH,
M03TOMY MOCTPOEHHBIN TUIaH Jaliek OT ONTHUMalbHOro. llocTpoeHue omopHOro
iaHa yAoOHO BBITIOJNIHATH B TabmuuHoMm tmporeccope Excel.  lns storo
HEOOXO0MMO BBECTH JaHHBIC TaOmuIBl 7.3 Ha paboumii muct Excel, 3aTtem: 3Ty
TaOIUIly CKOMTMPOBATh M YAAJIUTh BCE YMCIIA, OCTABUB HAa3BaHHE IMOJICH; BBECTH




dbopMyIBI I TMOJCYETa CyMM IEPEBO30K IO CTpPOKaM W CTojOmaMm 3atem B
COOTBETCTBYIOIIME sUeHKu 10 cTpoke «lloTpedHocTu» U crondiy «3amachiy;
3aMOJTHUTH TYCHKN TaOJIUIIB 3HAYSHUSMH TTIEPEBO30K.

Ha pucynke 7.4 mpencrtaBineH paboumii mmct Excel ¢ BBeneHHBIMH B
nepBoil TabyMIle MCXOJHBIMH JAaHHBIMHM 3a/ladyd: CTOMMOCTSIMHU, 3amacaMu H
NoTpeOHOCTSIMU, & BO BTOpOM Tabnuie — dopMmynamMu A MOJCYETAa CYyMM
nepeBo3ok 1o crpokamM:=CYMM(K3:03) u cronbmam: =CYMM(K3:K6) u
HAWJICHHBIM OTTOPHBIM TIJIAHOM.

B sueiike A10 BBemena (opmyina, ¢ MOMOIIBIO KOTOPOW OMpenemnsieTcs
nenesas ¢yukiusa: =CYMMIIPOU3B(B3:F6;K3:06). Ecnu npu coctaBieHUn
OTIOPHOTO TUTAaHA YYUTHIBATH CTOMMOCTh TIEPEBO3KH €IWHHUIIBI TPy3a, TO IUIAH
OyIeT 3HaYUTENHHO OJIFKE K ONTUMATILHOMY.



] T raral — Microsort Excal T —

m [naeHad BcTaska PazmeTka cTpaHMubl Dopmynkl daHHuie PeueHzvposaHwne Eng
F'.Tai-.r'.u e K & U H - A = = = | B osbeaus IECTHTE B LIEHTDE B8 - eop o | 20 200 N
4 = - : i 0 | Lo b2 : 2
Bygep oBmeHa T WpudT EbipagHWEBaHINE Yucno Crmam Avenkn
CYMMNPOKM3E (" KV .fr| =CYMM(K3:03)
| A B & D E E G I ] K L M N 0 P {
1 Motpeburenw, B; NoTpebureny, B
2 | Mocraswmum, A; B, B, Bs B, B: 3anacel, &; MocTaslwmkm, A; By B, Bs By Be 3anmacel, a;
3 A; 10 7 4 1 4 100 Ay 100 =CYMM(K
4 A, 7 10 6 11 250 A, 100 150 250
5 A 8 5 3 2 2 200 A 50 100 50 200
6 Ay 11 8 12 16 13 300 Ay 50 250 300
7 Notpe6Hocty b, 200 200 100 100 250 MotpebHocrub, QYMMIK3:KE) 200 100 100 250
3 1
Bydep o6MEHa T WpwudT BhipaBHUEBAHWE Yncno CTinm Auelikn
| cyMMNPOMIB v (" X « f | =CYMMMNPOW3B{B3:F6;K3:06)
A B 5 (] E E G | J K L M N (8] P
1 Motpeburteny, B Notpeburenu, B;
2 | NMocraBwmem, A; B, B, B B, Be 3anachl, a; MNMocraswmnkm, A; B, B, Bs B, Bs 3anmachbl, aj|
3 Ay 10 7 4 1 4 100 Ay 100 100
4 A, 2 7 10 ] 11 250 Ay 100 150 250
5 As 8 5 3 2 2 200 As 50 100 50 200
6 Ay 11 8 12 16 13 300 By 50 250 300
7 NotpebHocTw by 200 200 100 100 250 NotpebiHocty by 200 200 100 100 250
8
5|

10 | =CYMMNPOM3B]
1

PI’IC}’HOK 7.4 — HOCTpOCHI/Ie IICPBOHAYAJIBHOI'O OIIOPHOI'O INIaHa MCTOOOM CCBCPO-3aIlaIHOIO yIJjiad
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Haiinem omopHblii TIaH METOJOM MHUHUMAIbHON cTOMMOCTHU. CyIIHOCTh
METOJa 3aKJII0YaeTcsi B TOM, YTO M3 BCEH TaOMUIBI CTOMMOCTEH BHIOMPAIOT
HAaUMEHBIIYI0 U B KJIETKY, KOTOpasi € COOTBETCTBYET, MOMENIAIOT MEHbIIEE U3
yucen «; wid b;. 3aTteM U3 PACCMOTPEHUS HUCKIIOYAIOT JIMOO CTPOKY,
COOTBETCTBYIOIIYI0 MOCTaBIIMKY, 3alaChl KOTOPOrO MOJHOCTHIO M3PACXO0/I0BaHbI,
anb0 cTojbel, COOTBETCTBYIOIIMA MOTPEOUTENI0, MOTPEOHOCTH KOTOPOIo
MOJIHOCTBIO YJIOBJIETBOPEHBI, JTUOO M CTPOKY, M CTOJIOEN, €Clu HU3PACXOJO0BAHbI
3amnachl MOCTaBIIKKA U YAOBIETBOPEHBI NOTpeOHOCTH oTpedbuTens. M3 octaBieiics
4acTH TabJIMIIBI CTOMMOCTEN CHOBA BHIOMPAIOT HAUMEHBIIIYIO0 CTOUMOCTD, U IIPOIECC
pacrmpeeneHus 3amnacoB NpoAoKaroT, TOKa BCe 3amackl He OyAyT pacrpeieieHbl,
NOTPEOHOCTH yIOBIETBOPEHBI. COCTABHM C ITOMOIIIBIO ’TOTO METO/1a OTIOPHBIN MJIaH
y>K€ PacCCMOTPEHHOM 3aJlayl U 3alullIeM ee ycloBHue B Tabnwuily 7.5. Beibupaem B
Ta0JIMIIE HAUMEHBIITYI0 CTOMMOCTD (3TO CTOMMOCTbD, TIOMEIIeHHas B KiIeTke A1Ba),
Tak Kak a1=bs, 100 en. rpy3a momMemniaeM B 3TOH KJIETKE M HCKIIOYAaeM U3
pacCMOTpPEHHUs TIEPBYIO CTPOKY M HYETBEpPTHIN cronbern. B ocraBmielics Tabnuie
CTOMMOCTEN HAUMEHBILIEH SBIISIETCA CTOUMOCTD, PACIIOJI0KEHHAs B KJIeTKe A2B1 1 B
kieTke AzBs. 3anonHseM m00yo U3 HUX, Hanpumep, A2Bi.

Hmeem 200<250, cinenoBaTenbHO, 3anuchiBacM B Hee 200 ¥ HCKIOYaeM M3
paccmotpenus cronoer Bi. B knetky AsBs 3anuceiBaem 200 en. u vckiaouaeM U3
paccMOTPEHHUSI CTPOKY As.

Tabmumna 7.5 — IloctpoeHue mepBOHAYAIBHOTO OMOPHOTO IJIaHA METOJIOM
MHHUMAJIBHOM CTOUMOCTH

[ToctaBuuku, A; | [Totpedurtenu, B; 3anacel
B B> B3 B4 B:s ai

Al 10 7 4 1 41100
— — — 100 —

Az 2 7 10 6 11250
200 50 — —

As 8 5 3 2 21200
— — — — 200

Ay 11 8 12 16 13300
— 150 100— — 50

[Totpebnoctu b; | 200 200 100 100 250

B ocraBmeiica Tabnuile CTOMMOCTEH CHOBa BBIOMpaeM HAWMEHBIIIYIO
CTOMMOCTh W TIPOJOJKAEM IMPOIecC J0 TeX TOop, MOKa BCE 3amachl HE OyayT
pacmpeneneHbl, MOTPEOHOCTH YAOBIECTBOPEHBI. B pe3ynbTate MOMydYeH IUIaH
X=(x14=100; x21=200; x20=50; x35=200; x4=150; x43=100; x45=50), ocranbHBIC
3HAYEHUSI IEPEMEHHBIX PABHBI HYJIIO. [1JTaH HE COIEPKUT IUKIIOB U COCTOUT U3 CEMHU
MOJIOKUTEIIBHBIX TEPEBO30K, CIEIOBATEIBHO, SBJISETCS OMOPHBIM ILIAHOM.
Onpenennm ero CTOMMOCTb:

F=100-1+200 -2+50 -7+200 -2+ 150 -8+ 100 -12++50 -13=4300 (ex.).

CTouMOCTh TJIaHA TEPEBO30K 3HAYUTEIIBHO MEHBIIE, CII€I0BAaTEIbHO, OH
OJIIKE K ONITUMAIbHOMY .

OnpenenuM OMNOPHBIM IJIaH METOJOM JIBOMHOIO mpenanoureHus. Eciau
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Ta6J'II/IHa CTOUMOCTEH BCJINKA, TO H€p€60p BCCX JJICMCHTOB 3aTPYAHUTCIICH. B sTtom
ClIydac UCIIOJIB3YIOT MCTOJQ HBOﬁHOFO MMPpCAIIOYTCHUA, CYTh KOTOPOI'O 3aKJIH0YACTCA

B CJICTYIOIIEM:

B kaxmom cronbie oTmedaroT 3HAKOM «V» KIETKy C HauMEHbIIen
CTOMMOCTBIO. 3aTe€M TO K€ MPOAENbIBAIOT B KaxJI0H cTpoke. B pesynbrare
HEKOTOPbIE KJIETKA UMEIOT OTMETKY «V V» (pucyHok 7.6).

B Hux HaxomuTcs MUHUMAaIbHAs CTOMMOCTH, KaK IO CTOJIOIly, TaK W TIO
cTpoke. B 9Th kieTku momMeniaroT MakKCUMaJIbHO BO3MOXKHBIE 00bEMBI TIEPEBO30K,
KKIIBIA pa3 NCKITI0YAst U3 PACCMOTPEHHS COOTBETCTBYIONINE CTOJIOIBI MU CTPOKH.
3aTeM pacHpelesstoT NEPEeBO3KU IO KIETKaM, OTMEUYEHHBIM 3HakoM «V». B

OCTaBIIEHCI YacTH TaOJIUIIBI

CTOUMOCTH.

MEPEBO3KM  PACHPENCTAIOT MO HAWUMEHbIIEH

Taomuna 7.6 — BeigeneHaple KIIETKA ¢ MUHUMAJIbHOM CTOMMOCTBIO

[TocTaBuukwy, ITorpeburenu, B ; 3anacel
Ai B B> B3 B4 Bs ai
Ay 10 7 4 VV i 4 100
Az VvV 2 7 10 6 11 250
As 8 V5 V3 V2 VV?2 200
Ay 11 V38 12 16 13 300

[ToTpebHOCTH 200 200 100 100 250
bi

3aTem cHauaja 3anoiHsem kietku A1B4, A2B1, A3Bs, moToMm kietky AzBs. B

OCTaBIIIEHCS

qaCTu

TaOJIUIIBI

IIOCJICA0BATCIIBHO

3aIl0JIHACM

MHUHHMaIbHOHN cTouMOocTH A3B2, A3B3, A3Bs, A4Bo, (Tabmmma?7.7).

KIICTKH IIO

Tabmuma 7.7 — OnopHblid 1J1aH, HaWJIEHHBIA METOJOM JIBOMHOTO
IPEANOYTEHUS
ITocraBmuyky, ITotpeburenu, B, 3anacel
A; B, B> B; B4 Bs a;
10 7 4 \A'A! 41100
Ay — - — 100 —
Vv 2 7 10 6 111250
Az 200 — — — 50
8 V5 V3 V2 VV 21200
As — — - — 200
11 V38 12 16 13300
Ay — 200 100 — —
[ToTpebHOCTH 200 200 100 100 250
bj

Haiinem cToMMOCTB MOJIy4€HHOTO OIIOPHOIO IUIaHA.
F=100 -1+200 -2 +50 -10+200 -2+200 -8+50 -12+50 ‘13 = 4250 (ex.).

HAaNMEHBIIYKD CTOMMOCTh HMEET OMNOPHBIM IUIAH,
MOJIYYCHHBIA METOJOM JBOWHOTO TMPEATOYTEHUS, CIICOBATEIHHO, OH Hambolee

Takum

o0Opazom,




OJMM30K K onTUMaibHOMY IulaHy. OJIHaKO OTCIOAa HE CIIEAyeT BBIBOJ, YTO C
MOMOIIBIO METOJa JBOMHOIO TMPEANOYTEHUS BCErAa IMOJIY4YarOT JIyYlIUd
NEPBOHAYAJIbHBIM IIJIaH M0 CPABHEHHIO C METOJOM MUHUMAIbHON CTOUMOCTH.

MoHO noKa3aThk, YTO 3aJa4a JIMHEWHOT O IPOrPaMMUPOBAHUS ABOMCTBEHHAS
KJIACCUYECKOM TpaHcTopTHOM 3anaye (7.1, 7.2) cOCTOUT B MAaKCUMH3AILIUU 11€JIEBOM
byHKINN:

m=4 n=>5
Py sees @y Proes B) = D a0, + D b, B, (7.5)
i1 =l

P OTPAHUIECHUSIX
a,+p.<c

i=lmj=1n, (7.6)

jja

rae umcina  «;,i=lm wu ﬂi, j=1,n Ha3pIBalOTCS COOTBETCTBEHHO

NOTEHIMAJaMH TIOCTABIIMKOB W MoTpeOuTeneid. [l TOro dYToObl pelicHHe
KJaCCHYECKOH TPAHCIOPTHOM 3aJadd  OBUIO  ONTHMAIBHBIM  HEOOXOAUMO
BBITIOJIHEHUE CIICTYIOIIEN TEOPEMBI:

Teopema. Ecnm mnan X =(x;) TPAaHCIOPTHOH 3ajaudM  SBIACTCS

ONTUMAIILHBIM, TO €My COOTBETCTBYET cHCTeMa W3 m+n uucen «,,i=1,m u
B;>J =1,n, yIOBICTBOPSIOMINX YCIOBHAM:
*
o+ pf; =c; ,mmsx >0, (7.8)

a;+p; <c;, ns x";=0. (7.9)

W3 Teopemsl criefyeT: A1 TOro, 4TOObI MepBOHAYATBHBIN OTIOPHBIN TJIaH ObLT
ONTHUMAaJIbHBIM, HEOOXOIMMO BBITIOJIHEHHUE CIEAYIOIINX yCIOBUMA:
- JUTSL KQXKI0M 3aHATON KJIETKU CyMMa MOTEHIMAIOB J10KHA ObITh paBHA

CTOMMOCTH €IMHMIIbI IEPEBO3KH, CTOALIEH B 3TOH KileTke «; + S =Cys

- JUTST KQXKIO0W HE3aHATOH KIIETKHM CyMMa IMOTCHIIMAIOB JIOJDKHA OBITh
MEHBIIIE WJIM paBHA CTOMMOCTH €IWHHUIIBI TIEPEBO3KH, CTOSIIEH B JTOH KIIETKE
a, +p I < C-

Ecnu xoT1st 661 0/1HA HE3aHTAs KJIETKA HE yAOBIETBOPSIET STOMY YCIOBHIO, TO
OTIOPHBIN TUTAH HE SIBJISETCS ONTUMAIBHBIM M €70 MOXKHO YJIyUITUTh, IEpeMeIIas B
ATy KJIETKY HEKOTOPOE KOJUIECTBO TPy3a.

Hcnonb3ys nepBoe yciaoBrue TEOPEMBI 7.6, TOCTPOUM CUCTEMY MOTEHIUAJIOB
(Tabnuma 7.6), ucnosb3ys TabmMily 7.7, NMpeIBapUTENIbHO IMPOBEPUB, CKOJIBKO
3aHATBIX KJIETOK uMeeT Tabnuma. Eciam 3aHATHIX KJIETOK MEHbIIe, yeM m+n-1
3aIlOJTHSIEM HEJIOCTAIONINE KIETKH HYJIEBBIMU TIEPEBO3KAMH.

CucreMy TOTEHIIMATIOB MOYXHO TIOCTPOUTH TOJNBKO JII HEBBIPOKICHHOTO
IIaHa, KOTOPBIM, KaK U3BECTHO, COJAEPKUT m+n-1 3aHITHIX KIETOK, TIOITOMY IS
HEr0 MOYKHO COCTaBMT CHCTEMY M3 /m+71-1 HE3aBUCHMBIX YPaBHEHUM o, +B, =¢; C

m+n HEU3BECTHBIMU.



VYpaBHeHUl HAa OHO MEHBIIE, YEM HEU3BECTHBIX, TO3TOMY CUCTEMA SIBIISIETCS
HEOIIPEEICHHON M OJHOMY HEU3BECTHOMY (OOBIYHO 0L, ) MPUCBAMBAIOT HYJIEBOE

3HAYE€HUE, TI0CJI€ ATOr0 OCTaJIbHbIEC TOTEHIIUAIIBI ONPEIEISIOTCS OAHO3HAYHO.
IIycte wW3BecTeH mOTEHUMAI O,, TOrAa Bj =c, —0,, €CIU W3BCCTCH

MMOTEHIINAII B]., TO O, =C; — B]..

Takum 06p2130M, I OIIPCACIICHUA HCU3BCCTHOI'O IIOTCHIMAIA OT BCIIMYHNHLBI
Cl.j Haado0 BbIYCCTD U3BECTHBIN INOTCHIHMAJ.

Tak kak B Hamiem npumepe m = 4, n = 5, TO JjIsl TOro, YTOObI HANJICHHBIN B
tabauie 7.7 miaH ObUT HEBBIPOXKJICHHBIM, OH JIOJDKEH cojepxkath 4 + 5 — 1 = 8
3aHSATBIX KJIETOK.

B Tabmune 7.7 BCero MIECTh 3aHATHIX KIETOK, CJIEIOBATEILHO, B JIBE HE
3aHATHIE KJIETKH HEOOXO0IMMO ITIOMECTUTH HYJIEBBIC IIEPEBO3KH.

3anoJHUM HYJIEBBIMH IEpEeBO3KaMU KIIETKH A2B2 1 AxBa4, Tak kak BO BTOpoi
CTPOKE CPEIA HE3AHATBIX KJIETOK OHA UMEKOT MUHUMAIIBHY) CTOUMOCTB ITEPEBO30K,
a UMEHHO: 6 u 7. 3amuiieM 1eeBy0 GyHKIMIO ABOMCTBEHHOM 3a7a4u, KOTOPYIO
HEO00X0IMMO MaKCUMU3UPOBATh.

4 5
(050, BB = Do, + > b B, =100- 0, +250- 0, +200-a, +300- o, +
i=1 j=1

+200-B, +200-B, +100-B, +100-B, + 250 B, (max)
IIPU OTPAHUYEHUSX:

(o, +B, <1

o, +p,=<2

o, +p,<7

o, +B,<6

o, +B5 <11
o;+Bs<2

o, +B,<8

oy, +P;<12.

[Tomxy4nnu cucteMy U3 BOCbMH HEPABEHCTB U JEBATH HEU3BECTHBIX. BpiOepem
B KauyecTBe CBOOOIHOM mepeMeHHOW o, =0, Torma moreHumanst B,,B,,B,,B;

ONPEACIATCS OJHO3HAYHO. 3alMIleM HaHJICHHbIC 3HAYCHUS TOTECHIIHAIOB B
Tabmy 7.8.
Tabmuma 7.8 — [locTpoeHne cuCTeMbl TOTEHITHAIOB

[TocraBmuku, Ai | [lorpeburenu, B; 3amackel
Bi,1=2 B2,B2=7 Bs,Bs=11 B4,4=6 Bs,fs=11 | ai
Ar,a1=-5 10 7 4 1 41100
100
A2,00=0 2 7 10 6 11 {250
200 0 0 50
Asz,a3=-9 8 5 3 2 21200




200

As,0u=1

11

200

100

12

16

13

300

[TorpeGHOCTH bi

200

200

100

100

250

IIpoBepuM BBINOIIHEHHE YCTIOBUA o, + B, <¢; (4.7) TEOPEMBI AJIs HE3AHATHIX

KJIETOK, €CIIM YCIIOBHE HE BBINOJIHSETCS, HaijeM pasHocth (o, +B,)—c, u

3aIuIIeM B COOTBETCTBYIOIIYIO KJIETKY (Tabnuia7.9).
Ta6muma 7.9 — IlpoBepka sBIsIETCS JTU HAWICHHBIN IJIaH ONTHMAJIbHBIM

[ToctaButuku, Ai | Ilorpedburenu, B; 3anacel
Bi,pi1=2 B2,B2=7 Bs,B3=11 B4,B4=6 Bs,Bs=11 | ai

Arou=-5 10 7 4 1 41100

2 100 2

A2,00=0 2 7 10 6 11 {250
200 0 1 0 50

Asz,03=-9 8 5 3 2 21200

200
Ag,0u=1 11 8 12 16 13 | 300
200 100
[TorpebHOCTH bi 200 200 100 100 250

VYciaoBue onTUMaIBHOCTH HE BBIMIOMHSETCS JUIsl Tpex KieTok A1B3, AiBs u
A:B3. PazHoCTH 17151 3THX KIIETOK COOTBETCTBEHHO paBHHI 2, 2, 1. BriOepem KIieTKy,
B KOTOPYIO HEOOXOJIMMO MepepachpenenuTh nepeBo3Ky. s aToro ompenenum
max[(a, +B,) — ¢, ]=max[2,2,1] = 2, 3Haunt 1100y10 U3 KIEeTOK A1B3, A1Bs MOKHO

caenath 3aHsATOM. Bo3bMem kiieTky A1Bs, Tak Kak B 3TOM ciiydae Jierde moCTpOUTh
LIUKJI, OTMETUM €€ 3HaKOM «+». Kierka A1Bs mprcoequnseTcs K 3aHAThIM KIIETKaM,
KOTOPBIX CTAHOBUTHCA m+n. Takum 00pa3oM, TOSIBISETCS MK, BCE BEPIIHHBI
KOTOPOTo0, 3a UCKIIOUYEHHEM OJHOM, KOTOpas HaXOJUTCS Ha KIETKE, OTMEUEHHOU
3HAKOM «1», JIe)KaT Ha 3aHSTHIX KJIETKAX, IPUYEM 3TOT LIUKJ €IMHCTBEHHBIM.
HaxoauMm nuki u, ABUTasch OT KJIETKH OTMEUEHHOU 3HAKOM «1, TO0OYEPETHO
MPOCTABJISIEM 3HAKU «—», «1+» B KJIETKax ¢ BeplimHamH ukia (tadmuna 7.10).
Haxomum minx; =min[100,50] =50 — mMuHHMalIbHOE 3HAYEHHE CPEIH TIEPEBO3OK,

CTOSIIIIUX B BEPIIMHAX IUKJIA, OTMEYCHHBIX 3HAKOM «—.
Ta6nuna 7.10 — IloctpoeHue nukia

[TocraBmuku, Ai | [lorpeburenu, B; 3amackel
Bi,i=2 Ba,B2=7 Bs,B3=11 Ba4,4=6 Bs,fs=11 | ai

Ar,a1=-5 10 7 4 1- 4+ 100

100

A2,00=0 2 7 10 6+ 11-1250
200 0 0 50

Asz,03=-9 8 5 3 2 21200

200
As,04=1 11 8 12 16 13 | 300
200 100
[TorpeGHocT bi | 200 200 100 100 250




K nmnepeBo3kaMm, cTosiUM B 3aHATHIX KieTkax, mnpubasisem 50, a u3
NEPEBO30K, CTOSIIUX B HE3AHATHIX KJIETKax, BbrunuTaem 50, mojgyyaeM HOBBIU MIIaH
(tabmuma 7.11).

Tabnuna 7.11 — HoBblil onopHbIi 1U1aH

[ToctaButukm, Ai | [lorpeburenn, B; 3amachel
Bi,pi1=2 B2,B2=7 Bs,B3=11 B4,B4=6 Bs,s=9 ai

Ana1=-5 10 7 4 1 41100

2 50 50

A2,02=0 2 7 10 6 11 {250
200 0 1 50

As,o3=-7 8 5 3 2 21200

200
A4,04=1 11 8 12 16 13 | 300
200 100
[TorpeGHocTH bi | 200 200 100 100 250

[lepecunThiBaeM MoTeHUMANBL, TaK KieTka AxBs cTana He 3aHATOM, a KiIeTKa
A1Bs npubaBunace K 3aHATHIM KJeTKaM. [IpoBepsieM siBIsi€TCS U HalIEHHBIN TUIaH
ONTUMAJIbHBIM. Y CJIOBHE ONTHUMAJIBHOCTH HE BBITIOJIHAETCS IS IBYX KIETOK A1B3
n  A2Bs.  PazHocTH gy 9THX  KJIETOK ~ COOTBETCTBEHHO  PAaBHBI
2, 1. BeiGepeM KJIEeTKy, B KOTOPYHO HEOOX0AUMO TiepepacipeaesiuTh epeBo3ky. Jis
sroro onpexenum max[(a, +B,) — ¢, ]=max[2,1]=2, sHauut xietky A1B3 Hamo

caenarth 3aHATOM. OTMmeTuM ee 3HakoM «+». Kierka A1B; mpucoemunsiercs x
3aHSTBHIM KJIETKaM, KOTOPBIX CTAHOBUTHCS m+n. Takum o0pa3zoM, MOSIBISIETCS LUK
BCE BEPIIMHBI KOTOPOTO, 33 UCKIIOYEHUEM OJHOM, KOTOpask HAXOJIUTCSA Ha KIETKE,
OTMEUEHHOW 3HAKOM «1», JIeKaT Ha 3aHATHIX KJIETKaX, MPUYEM OHTOT LHKII
€IMHCTBEHHBIN (Tabnuua 7.12). Haxoaum LUK U, IBUrasich OT KJIETKA OTMEYEHHON
3HAKOM «», MOOYEPETHO MPOCTABISEM 3HAKU «—», «1+» B KIETKaX C BEpIIMHAMU

LIMKIIA.

Tabnuna 7.12— IlocTpoenne nukia

[ToctaButukm, Ai | [lorpeburenn, B; 3amachel
Bi,1=2 B2,B2=7 Bs,Bs=11 B4,B4=6 Bs,B5=9 ai

Aa1=-5 10 7 4 1- 41100

+ 50 50

A2,02=0 2 7- 10 6+ 11 {250
200 0 1|50

As,o3=-7 8 5 3 2 2 (200

200
A4,04=1 11 8+ 12— 16 13 | 300
200 100
[TorpebHOCTH bi 200 200 100 100 250

Onpenensem minx, =min[0,100,50]=0 — MuHMMaIbHOE 3HAYEHUE CPENU

IICPCBO30K,

CTOAIIINX

B

BEPIIMHAX

LIUKJIA,

OTMCYCHHBIX

3HaKOM




«—». 3HAYUT, HYJEBYIO TEPEBO3KY HEOOXOJMMO NEpPEeMECTUTh B KIETKy AiBs,
C/iesiaB ee 3aHSATOM, U OMATh MepecunTaTh MoTeHIManb! (Tadaumna 7.11).
[IpoBepsieM HaWIECHHBIA IUIAH HA ONTHUMAJIBHOCTh. [[JIsI BCEX HE3aHATHIX
KJIETOK YCJIOBHE ONTUMAJIbHOCTH BBIMOJIHAETCS. 3HAYWT, HAWHICHHBIH TIJIaH SIBJISIETCS
ONTUMAJIBLHBIM.
HaxomauMm 3HavueHue 1ieneBor PyHKIIUM.
Tabnuma 7.13 — [TocTpoeHrne HOBOM CUCTEMBI MOTEHITHATIOB

[ToctaButukm, Ai | [lorpeburenn, B; 3amachl
Bi,pi1=2 B2,B2=5 B3,B3=9 B4,B4=6 Bs,Bs=9 ai

Ara1=-5 10 7 4 1 41100

0 50 50

A2,02=0 2 7 10 6 11 {250
200 50

As,oi3=-7 8 5 3 2 21200

200
Ad4,04=3 11 8 12 16 13 | 300
200 100
[TorpeGHOCTH bi | 200 200 100 100 250

Finin=1-50+4-50+6-50+2-200+2-200+8-200+12-100=4150.
Pmax=-5-100+0-250-7-200+3-300+2-200+5-200+9-100+6-100+9-250

=4150.

Tak kak Fuin=%max = 4150, T.e. neneBas QyHKIUS U MPSIMOM, U TBOMCTBEHHOMU
3a/1a4i UMEET OJTHO U TOKE 3HAYEHUE Y BBITIOTHAETCS YCIOBUE ONTUMATIBLHOCTH JIJIS
HE3aHATHIX KJIeTOK Tabmunel 4.13, 3HAuUMT, HaAWACHHBIM IJIaH SBJISIETCS
OINTHUMAaJIbHBIM.

OtBeT: Fmin= 4150 IIpu: x4 = 50, X15 250, X12 2200, X14 250, X35 =200,
x42=200, x43=100.

[IpoBepum MOJIYYEeHHBIH pe3yJIbTaT, PEIIMB 3a7a4y C ITOMOIIbIO
uHcTpyMmenTa «llouck pemenus» Tabmmanoro nporeccopa Excel.
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PaGouunii nucT C pemieHWeM 3ajaud, TPEJCTABICHHOW MaTpuileit
rIaHupoBaHusl (Tabnuia 7.2), B cucTeMe KoMITbloTepHOoM MmaTematuku Mathcad

IIPE/ICTaBIICH HA PUCYHKE 7.6.

"7 Mathcad - [1]

m File Edit Yew Insert Format Tools  Symbalics  Window  Help

h-=zEd &YV

B iy &7 =

O

fp—

|Nu:urma| vlﬁ.rial vlllil v| B I U | |
n:=35 m:=4
& "
F 2000
(100 710 7 4 1 4
200
250 2 710 6 11
a:= b:=| 100 c =
200 o 8 5 3 21 2
100 »
L300 L1108 12 16 13 ) (] =, s Il
\ 250 fii M M7 men
m-1 n-1 Fe¥ Fui Bu
Xp1,0-1 = 0 E=0 N (=l
f(x):= | for 1e0..m-1 i=[]j=[]-
. g(x):= |for jeO..n-1
—
fie S x ] o
| ! i £— T‘ D d an
- ] > oA & A oo
J= U | % dxh
i= [ >R i
| t . PR
Grven = m T, Tm
f(x)=a gx)=0 xz0 ;% .
v := Mininuze (F ,x)
(0 0 0 50 50)
200 0 0 50 0 Al Lz <
Y= 0 0 0 0 200 if othenwise
far wehile
0 200 100 0O 0 break continue
Fi(v) =415 x 1ﬂ3 return  an error
7100 7200
250 200
f(y) -
200 o(y) =| 100
L 300 100
\ 250

Pucynok 7.6 — Anroputwm pemieHus 3agauu B Mathcad
Annapatrypa U martepuajbl. JlJis BINOIHEHUST Ja00paTOpHON PabOTHI

HGO6XOIII/IMO HCIIOJIB30BaTh

ciaeayronmee: arrmapaTtHoe

obecrieyeHue:

MEPCOHANBHBIN KOMMBIOTEP M TMPOTPAMMHOE OOECICYEHHUE: OIMEePAUOHHYIO
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cucremy Windows 10 wu Beime; Microsoft Officel3 u Bbime, cucreMsl
koMmmnbroTepHoi MmatemaTuku Machcad u MATLAB R2017a u Beiie.

YKkazaHusi 1o TexHMKe 0€30IaCHOCTH. CamoCTOSTENBHO HE
MPOU3BOJNTh YCTAHOBKY M YAAJICHUE MPOTrPAMMHOTO OOECIEUYECHHS; PEMOHT
nepcoHanpHOro  Kommbtorepa.  CoOmromath — mpaBuila  TEXHUYECKOM

HKCIUTyaTallM1 U TEXHUKH 0€3011aCHOCTHU MpH paboTe C AIEKTPOOOOpY10BaHUEM.
MeToauka U NOPSAAOK BBINOJHEHHSI padoThI

BrinonHute npeaioKeHHbIe 3aJaHus.

3aganue 7.1. VndopmanuoHHblE MOAENU TMPHUHATHS pEIICHUH B
YCIIOBUSIX ONPEIETEHHOCTH.

HaliTn nepBoHauanbHbI OMOPHBIN TUIaH (METOJAMM: CEBEPO-3aIaIHOTO
yrjla, MUHUMaJIbHON CTOMMOCTH;, JBOWHOIO MPEANOUTEHHUS) CIeAyroen
3agaun: [lycTh uMeeTcs Tpu MyHKTa oTHpaBieHus (mocrabmuka) Al, A2, A3 u
4yeThlpe IyHKTa Ha3zHaueHus (motpebutens) Bl, B2, B3, B4. M3BecTHbl
paccTostHUSL (B KM) OT KaXKJIOrO MOCTaBIIMKA 10 KaXIOro MoTpedouTens. ITu
pacCTOSsIHUS MPUBEICHBI HIDKE B Tabnuie 7.14 B JIEeBOM BEpXHEM YIIIy KJIETOK.
TpeOyeTcsi cocTaBuUTh TakoOW IJIaH TMEPEBO30K Tpy3a, MPH KOTOPOM OOIIUi
rpy30000pOT (B T.KM) ObLJ1 ObI MUHUMAJILHBIM.

Tabnuna 7.14 — Matpuiia crouMocTei

ITocTaBuinkn [ToTpebutenu 3amacel
B B2 B3 B4 ai
Ai 6 12 20 22 1500
A2 10 18 18 17 2800
As 1 4 6 11 1700
[TotpeOHOCTH bj 1830 1160 1610 1400
1. [TocTporiTe MaTeEMaTUYECKYIO MOJEIb TPAHCIIOPTHOM 3a1a4H.
2. Havimure oOmopHBIM IUIAaH METOJAMHU: CEBEPO-3alaHOrO yIJia;
MHUHHUMAJIbHOM CTOUMOCTH; IBOMHOTO MPEATIOUYTEHUS.
3. [TocTporite cucTemy NOTEHIIMAIIOB U IPOBEPHTE HANICHHBIE TIJIAHbI
Ha ONTUMAJIbHOCTb.
4. Haiignte omrTuManbHBIN IJ1AH:

— ¢ nomolibio uHCTpyMeHTa «llouck pernieHus» TaOJIMYHOTO
nporieccopa Excel;
- C MOMOIIIBIO CHUCTEMbI KOMITbIOTEpHOM MaTeMaTuku Mathcad;
— METOJIOM TTOTEHIIMAJIOB, B35IB 3a IIEPBOHAYAIBLHBIN JTI000H 13
OMOPHBIX JIAHOB, HE SIBIISIOIIUXCS ONTUMAJIbHBIM.
3. Crnenaiite BBIBOA.
3aganue 7.2. UnauBuayanabHoe 3aaanue: Vcmonp3ys TabmuIly w3 CBOETO
BapuaHta (Ttabnmuua 7.15), mocTpoilTe MaTEeMaTHYECKYI0 MOJIENb 3aJaHHOM
DKOHOMUYECKOM cHuCcTeMBI. [locTpolTe OMOpHBIM IUIAH METOJIAMU: CEBEPO-
3amaIHOrO yrjia; MUHUMAJIbHOM CTOMMOCTH; IBOMHOIO MPEANOYTCHUS, HAMAUTE
ONTHUMAaJbHBIN IUIaH C TOMOIIBI0 MHCTpYMEHTA «[lonck nHCTpyMEHTa.
Tabnuua 7.15 — BapuanTtsl nepBoro 3ajaHus
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Bapuan

Vcnosue 3agaun

T No
1. [TocTaBmmku [TorpebuTenu 3amacel
B B> B3 B4 ai
Al 5 2 8 3 120
A 7 3 9 4 180
A3 3 2 1 2 160
[TotpebHOCTH b) 40 160 140 120
2. ITocTaBuinku [Totpeburenu 3amnacsl
B1 B> B3 B4 ai
Al 3 2 1 3 210
Az 8 7 9 10 190
A3 4 2 10 12 100
[TotpebHoCTH b) 130 100 150 120
3. ITocTaBuinkn [ToTpeburenu 3armacel
B B> B3 B4 ai
Al 5 2 8 3 120
A 7 3 9 4 180
A3 3 2 1 2 150
[TotpebHocTH b; 130 100 170 50
4. [TocraBumku [ToTpeburenu 3anacsl
B B> B3 B4 dai
Al 2 1 4 3 120
Az 6 4 3 7 170
A3 4 2 5 9 110
[TotpebHocTH b, 50 00 150 110
5. [TocTaBmukm [ToTpeburenu 3amacel
B B B3 B4 ai
Al 5 2 8 3 110
A 7 3 9 4 180
A3 3 2 1 2 210
[TotpebHOCTH b) 140 100 140 120
6. IlocraBuinku [Totpeburenu 3amnacel
B B2 B3 B4 ai
Al 5 2 8 3 100
Az 7 3 9 4 160
A3 3 2 1 2 140
[TorpeOHOCTH b; 100 200 50 50
7. ITocTaBumukn [ToTpeburenu 3armacel
B B> B3 Ba ai
Al 3 2 1 4 110
Ao 9 6 4 5 150
A3 6 2 2 7 140
[TotpebHocTH bj 20 140 130 110
8. [TocTaBmukm [ToTpeburenu 3amacel
B B2 B3 B4 ai
Al 4 2 4 3 130
A 7 4 9 4 170
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A3 11 12 3 10 120
[TotpebHocTH b, 70 140 110 100
0. [TocTaBmukm [ToTpeburenu 3amacel
Bi B2 B3 B4 ai
Al 1 5 6 3 150
A 7 4 3 8 100
Aj 8 2 3 1 150
[TorpeGHOCTH b) 180 60 40 120
10. TTocrtaBumku [ToTpeburenu 3amacel
B B2 B3 B4 ai
Al 1 5 6 3 120
Ao 5 9 3 4 180
A3 3 2 7 2 100
[TorpeOHocTH b; 80 60 140 120
11. ITocraBunkn [Totpeburenu 3amacsl
B B> B3 B4 ai
Al 2 3 2 7 100
Az 1 3 9 4 250
A3 2 6 3 1 100
[TotpebHoCTH D) 80 160 140 120
12. [TocTaBmmku [TorpeOutenu 3amachl
B B2 B3 B4 di
Al 2 7 5 1 100
Az 4 2 3 190
A3 9 6 2 8 150
[ToTpebHOCTH b) 80 120 100 140
13. TTocraBumku [Totpeburenu 3amnacsl
Bi B> B3 B4 ai
Al 1 4 8 6 140
Ao 8 2 4 5 150
A3 5 1 3 7 150
[TotpebHOCTH b) 80 120 140 100
14. ITocraBunkn [ToTpeburenu 3amnacel
Bi B> B3 Ba ai
Al 2 7 7 140
Az 7 1 8 3 170
A3 5 2 5 1 150
[TotpebHoCTH D) 80 100 140 140
15. ITocraBmuku [TorpeOuTenu 3amacel
Bi B> B3 B4 ai
Al 3 8 2 7 140
Az 7 2 7 1 190
A3 4 3 5 4 110
[TotpeOHocTH b; 40 120 40 140
16. TToctaBumku [ToTpeburenu 3amnacsl
Bi B> B3 Ba ai
Al 3 7 2 7 140
Ao 7 3 1 3 190
A3 5 2 5 4 150
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HotpeGroctu b, | 80 | 120 | 140 | 140
17. INocTaBumnkn [ToTpeburenu 3amnacel
B B2 B3 B4 ai
Al 3 7 2 7 140
A2 1 8 3 9 150
As 5 1 2 1 150
[TorpebHOCTH b) 80 100 120 140
18. [TocTaBmumku [ToTpeburenu 3amacel
Bi B2 B3 B4 ai
Al 1 6 3 3 140
A2 5 2 4 1 240
As 4 8 6 5 150
[TorpeOHOCTH b) 130 120 140 140
19. ITocraBmuku [TorpeOuTenu 3amacel
Bi B2 B3 B4 ai
Al 2 1 3 5 100
Az 7 3 1 3 190
Az 5 7 6 4 190
[Totpebnoctu b; | 100 120 120 140
20. IMocTaBmnkn [Torpeburenu 3amacel
B1 B2 B3 B4 ai
Al 3 8 2 7 100
A2 1 10 3 9 170
A3 5 11 2 1 170
[TorpeGHOCTH b) 120 100 120 100

COJIepPXKATh:

1)
2)
3)
4)
S)

1.
2.

Conep:xanue oTyera u ero popma
[ToaroToBHTE OTYET, B KOTOPOM OMUIIMTE TEXHOJOTHUIO PEUICHUs 3ajad,
WCIIOJIB3YSI 3aJaHKs CBOETO BapuaHTa. OTyeT mo 1abopatopHOi paboTe JOIKEH

Ha3BaHUE padoTHI;
1eb 1a00paTopHOl paboTHI;
YCIIOBUS BHIMIOJTHEHHBIX 33JIaHUH U UX PEIICHHE;
BBIBO/IBI;
OTBETHI HA KOHTPOJIbHBIE BOIPOCHI.
Bonipochl 1151 321U THI PadoTHI:
CdopmynnpoBaTh TpaHCIOPTHYIO 3aJa4y B 00ILIEM BUIE.
CdopmynupoBaTh alIrOPUTM HAXOXKACHHS TMEPBOHAYAIBHOTO

OIIOPHOI'O ITJIaHa TpaHCHOpTHOﬁ 3aJa49 MCTOAOM CCBCPO-3allaIHOIO yIJIa.

3.

ChopmynupoBaTh aJIrOPUTM  HAXOXKJACHHUS IEPBOHAYAIBHOTO

OINIOPHOTO IUIaHA TPAHCIIOPTHOM 3a/1a4l METOAOM MUHUMAJIBHOM CTOUMOCTH.

4.

ChopmynupoBaTh aITOPUTM HAXOXKIACHHS TEPBOHAYAIBHOTO

ONOPHOTO IUIAHA TPAHCTIOPTHOM 3a/1a4l METOJOM JBOMHOTO MPEANOYTEHUS.

5.

Kak npoBeprTh HaliICHHBIN IJIaH HA ONTHMAJIBHOCTh?
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JIABOPATOPHAS PABOTA 8
JJIeMEeHTbI TEOPUHU UI'P B 321a4aX MOAEJTUPOBAHUSA, MOUCK ONTUMAJIbHOM
CMECIIAHHOU CTPaTeruu

Heab u comepkanue: HayunTbcs CTpOMTH M aHAIUM3UPOBATH MOJIEIIH
3a/1a4y MPUHATHS PEIICHUS B YCIOBUAX HEOMPEAEICHHOCTH.

Opranuszannonnass ¢gopma 3aHSITHIl: pelieHUE MNPOOJEMHBIX 3ajad,
pa300p KOHKPETHBIX CUTYaIluN

Bomnpocsl 11 00Cy:KIeHus1 HA JJA0OPATOPHOM 3aHATHHU: TTOCTPOECHHUE,
peleHne U aHaJIn3 MOJIENIEH 3a/1au TEOPUH UTP.

®opmupyembie komnerennuun: OIIK-7, OIIK-8,
Teopernueckoe 000cHOBaHUE

N3yunte TeopeTMyeckuil marepuan IO JaHHOM TeME, HCHOJIb3ys
MaTtepurall, U3JI0KEHHbBI HUKE.

Teopust Urp MOKET IPUMEHSTHCS B Pa3IMUHbIX c(hepax UCKYCCTBEHHOTO
MHTEJUJIEKTA:

- MynbTHAr€HTHBIE CUCTEMbBI HCKYCCTBEHHOTO MHTEJUIEKTA.

- Nmuranus u Y cuiieaue oOydeHus.

- OOyuenue nmpotuBHuKa B ['eHeparuBHBIX CocTszaTenbHbIXx CeTsax
(GAN).

Teopusi Urp MOXKET TaKKe MCIOJb30BATHCS MJII OMUCAHUS MHOTHUX
CUTyalllii B HaIlIEH TOBCETHEBHOM KM3HU M MOJIEIIIX MAIIMHHOTO O0yYeHUS

Urpel 3aHMMaOT KJIIOYEBOE MECTO B JBOJIOIUU HMCKYCCTBEHHOTO
unremiekra (M), Tak kak B HAcTOAIIEE BPEMSI UTPOBBIE CPEJIbI CTAHOBATCS
NOMYJISIPHBIM TPEHUPOBOYHBIM MEXaHU3MOM B TAKUX 00JIACTAX, KaK O0y4eHHE C
noakperienueM (reinforcement learning) u uMuTarmoHHOE 00yueHue (imitation
learning). B KOHTEKCTE€ HMCKYCCTBEHHOTO MHTEIJIEKTa M CUCTEM TITyOOKOTO
o0y4eHus: Teopus WUrp OOECIEeYMBAET HEKOTOPHIE KIIIOUEBBIE BO3MOKHOCTH,
HEO0OXOMMbIE B MHOTOAreHTHBIX CPElax, B KOTOPBIX Pa3IUYHbIC MPOTPAMMBbI
N noikHBI B3aMMOJEHWCTBOBATH WIIM COPEBHOBATHCS JIPYr C JIPYroM Jyis
JIOCTHIKEHUS KaKOW-I1100 LIETH.

B Teopun, mobas mHoroareHTHass cucrema MU moxer pabortats c
reiMuUIMpPOBaHHBIMHU B3aMMOICHCTBHUSIMU YYaCTHUKOB. Pa3en maTemaTuku,
KOTOPBI (OPMYIHPYET WIPOBBIC MPHUHITUIBI, HA3BIBACTCS TEOPUEH UTP.
[https://medium.datadriveninvestor.com/game-theory-for-data-scientists-
€44048a7e935 |

Teopueit uzp Ha3bpIBAIOT MATEMATUYECKYIO TUCHUILUIMHY, 3aHUMAIOIIYIOCS
000CHOBaHMEM ONTUMAJBHBIX pEHICHUH, NPUHUMAEMBIX B TEX WM HHBIX
KOH(MIUKTHBIX cuTyausax. [lon konghaukmnoii cumyayueii nonumaeTcs Takas
CUTyaIlMsi, B KOTOPOM HEOOXOAUMO NMPUHUMATH PEHICHUS B YCIOBHUSX, KOTJa
HEeJIsIM  OAHOM CTOPOHBI MPOTHUBOCTOAT MPOTUBOIOJIOKHBIE ULEIU APYroi
ctopoHsl. [To00HbBIE CUTYalMK XapaKTEPHBI 711 BOGHHBIX JIEWCTBUMA, UTPOBBIX
BUJIOB CIIOPTA, MPAKTHUYECKOW AesTeNbHOCTH. Bo Bcex MOMOOHBIX Ciydasx
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MPOUCXOJUT CTOJKHOBEHHWE MPOTHUBOMOJIOKHBIX HWHTEPECOB, MPUHATHE
pelIeHus KaXa0M U3 CTOPOH CBA3aHO C mpeoaojeHueM koHdukra. [Ipunsrue
penieHus: B KOHMIUKTHONW CUTYyallMu 3aTPYJHSAETCA U3-3a2 HEONpeeIeHHOCTH
MOBEJICHUS] NMIPOTUBHUKA. Teopus UTp MO3BOJISIET TOYHBIM MaTeMaTUYECKUM
SI3BIKOM OIMCATh MIPaBUiIa UTPHL, AaTh (OPMYIIbI, OIICHUBAIOIIUE €€ CUTYallUU U
yKa3bIBaIOIIUE TMPaBWIbHBIA IMyTh K Tmo0eme. DTa TeOpUsi TMO3BOJIIET C
HEKOTOPOH J0Jie TOYHOCTH y4eCTh MHOTHE OOCTOSITENHCTBA, BIHSIONIUE Ha
00pBrOY M TIpeIcKa3aTh €€ UCXOT C OMPEIETICHHON CTEMEHBIO TOCTOBEPHOCTH.

OcHoBHbIe OHATHA Teopuu urp. Knaccupuxkanusa u onucanue urp

B ocHOBe Teopuu Urp JICKUT KOHGIUKM, KOTOPHINA BHICTYIAET KaK HEUYTO
dbopmanuzyemoe, OOBEKTUBHO aHAIM3UPYEMOE W MPOCUUTHIBAEMOE TIPHU
HEO0OXOIMMOCTH TOCTHKEHUS 11eNd. J[J11 MaTeMaTu4ecKoro aHaian3a KoH(IuKTa
CTPOUTCS YIPOIIEHHAs MOJEIb KOH(MIUKTHON CUTYyallud, KOTOPYIO Ha3bIBAIOT
uzpon. Ee y4acTHUKOB O TPaJAWIMU Ha3bIBAIOT uzpoxamu. Wrpy BeayT mno
ONPENCIICHHBIM MpaBuiaM. Pe3ynbTaT WUIpbl HA3bIBAIOT GbIUZPbIUIEM VIV
naamesxcom. OHYy peanu3aluio Urpbl — napmueii. Be1OOp UTPOKOM TOTO HIIU
MHOTO JICUCTBUS — X000M. Pa3nuyaroT 1Ba BUJIa XOJ0B — JIMYHbBIC U CIydailHbIC.
JIuunwtii x00 nipenrnonaraeT Co3HaTENbHBIA BHIOOP UTPOKOM TOT'O WJIM WHOTO
JNEUCTBUS, Pa3pelIEeHHOTO NpaBujaMu Urpbl. Cayyaiinslii X00 HE 3aBUCUT OT
BOJIM UTPOKA U SIBISIETCA PE3YJbTaTOM TOT'O WM MHOTO CIy4ailHOTO Ipoliiecca
(mampumep, caada kapt). Wrpel, cocTosiue TOJbKO M3 CIy4allHbIX XOJOB,
Ha3bIBAIOTCS a3zapmuovimu. Wrpbl, B KOTOPBIX HMEIOTCA JIMYHBIE XOJbI,
Ha3bIBAIOTCS cmpamecuueckumu. CyleCTBYIOT TAKKE CTPATETHYECKUE UTPHI,
COCTOSIIIME, KaK U3 JUYHBIX, TAK U CIIy4alHBbIX XOJI0B. Teopusi Urp 3aHUMAETCS
CTpaTeruyecKkuMu urpamMu. KaxkIpli HUTpOK pacroyiaraeT KOHEUHBIM WU
OECKOHEUYHbIM HAOOPOM JIOMYCTUMBIX PEIICHUM, HAa3bIBAEMBIX CHIPAMEZUAMU.
BbIUrphIll - KaXI0ro Urpoka OMNpeNesseTcsl ero IUIaTeXKHON (QyHKIueH,
3HA4YEHUSI KOTOPOM 3aBUCAT OT CTPATETHIl BCEX YUACTHUKOB UTPHI.

@dakTUYEeCKU Urpa TMPEACTABISIET CO0OM COBOKYIMHOCTh IpaBHI,
M3BECTHBIX BCEM HMIPOKaM. OTH MPaBWIA, C OJHON CTOPOHBI, OMPEIEISIOT
MHOXECTBAa CTPATETHil UTPOKOB, a C JIPYrOM — MOCJEACTBUS U BBIUTPHIIIN B
pe3yibTaTe BbIOOpa KaXKI0M M3 cTpaTerwil. 3agaya TEOPUU WUTP OMNPEICIHUThH
TaKyl0 CTPATETHIO UTPOKA, TIPU KOTOPOH €ro MIAHCHI Ha BRIUTPHITI OKA3AJIUCH OBl
HaHOOJIBIITUMU.

B Teopum urp paccMatpuBarOTCsl UTPHI IBYX U UTPbl MHOTHUX JIWLI, UTPHI,
B KOTOPBIX KaXJbld WIPOK MOXET JeNlaTh JUIIb OJUH XOA, U HUIPhl C
MHOXECTBOM X0A0B. CTpaTerud UIrPOKOB MOTYT HCIOJIb30BaTh WM HE
UCIIOJIb30BaTh CIy4allHbI MeXaHu3M. B KOH(IUKTHBIX CUTYyaIUsiX, B KOTOPBIX
JOMYCTUMO TNPHUMEHEHHUE CIy4YallHOTO MEXaHW3Ma, TMOCIEICTBUS UIPbI
ONPEAEIIAITCA CPEAHUM BBIMTPHILIEM IPU MHOTOKPAaTHOM ITOBTOPEHUH UTPHI. B
TaKMX WUIpax BBIOOp CTpAaTEerMu MpPEeIyCMaTPUBAET TaKXe BbIOOp (GYHKUIUHU
pacrpeeneHus HCIO0JIb3yEMOT0 CIIy4ailHOTO MEXaHU3Ma.

Krnaccuduxkaiuio urp npoBoAsT MO pa3IudHbIM MIPU3HAKAM:

— 10 YKCIIy UTPOKOB;
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- 10 YUCITy CTPaTEruil;

- M0 CBOMCTBAM IUIaTEXKHOU (QYyHKIIUY;

- [0 XapakTepy MPEeABAPUTEIBHOW JIOTOBOPEHHOCTH  MEKIY
UTPOKaMHU.

HUrpy, B KOTOpPOW YyYacTBYE€T 7 WIPOKOB, HAa3bIBAIOT UZPOll C N
yuacmuuxkamu. B urpe MoryT BO3HHKATh Kak KOH(MDJIUKTHBIE CUTYallUU, TaK U
HEO0OXOMMOCTh B KOOPAMHUPOBAHHBIX IEUCTBUSX (Koonepayus). Eciu B urpe
Y4acCTBYET HE MEHEE TPEX HIPOKOB, TO MOTYT CO3/1aBaTbCAd KOAIUUUU, T.C.
rpynmnel W3 JBYX WIM 0Oojiee WIrPOKOB, HMEIOMUX OOIIyl0 1elb |
KOOPAVHUPYIOLIUX CBOU CTPATErUH.

[To xoIMUYeCcTBY CTpATEruii pa3auvaroT uepbl KOHEUHble U DeCKOHeuHble.
Ecnun xoTs Obl OIMH M3 UIPOKOB pacrojiaraeT OECKOHEUHbIM MHOXECTBOM
CTpaTeruii, TO UTPY HA3BIBAIOT OCCKOHEUHOW. Ecim e KaxIplii U3 HTPOKOB
pacronaraeT KOHEUHbIM MHOKECTBOM CTPATErUH, TO UTPY HA3bIBAIOT KOHEYHOMU.

Eme omun cmoco6 kimaccupukanuu Urp — MO CBOMCTBAM IUIATEXKHOMN
bynkuuu. B uepe ¢ nyneeoii cymmoit o61iasi cyMMa BbIMTPBILIE BCEX UTPOKOB
paBHa Hym0. B urpe ¢ HyJIeBOM CyMMOW M ABYMS YYAaCTHHUKAMH BBIATPBILI
OJIHOTO U3 HUX paBeH MpoUrpsiy Apyroro. Takum oOpa3om, B UTpax ¢ HyJEBOI
CyMMOM CYIIECTBYET KOH(MIUKT MEX]y UI'POKaMH M MOSTOMY HMX Ha3bIBAIOT
TaK)K€ aHmazonucmuyeckumu uzpamu. B oOuiem cinydae B Urpe ¢ HyJeBOH
CYMMOW, KaK MPaBUIIO, UMEIOT MECTO U KOH(IUKTHI, U COTJIAaCOBAaHHBIE IEUCTBUS
UTPOKOB. [IpsAMOM TPOTUBONONIOKHOCTHIO UTPAM C HYJIEBOW CYMMOM SIBJISIFOTCS
uepbl JIByX UTPOKOB € MOCHMOAHHOU PA3HOCMbIO, B KOTOPBIX 00a HUrpoka
BBIUTPBIBAIOT WX IPOUTPHIBAIOT OAHOBPEMEHHO. I1109TOMY UIpOKam BBITOJIHO
JEMCTBOBATh COIIACOBAHHO.

B 3aBucumocTH 0T Xapakrepa npeaBapuTEIbHON JOTOBOPEHHOCTH MEXKITY
UIPOKaMHU pPA3IuYaloT KoonepamueHvle W HeKoonepamueHnwvle uzpwvl. Urpa
KOOTIepaTHBHAs, €CJIH JI0 €€ Hauajaa UTPOKU 00pa3yroT KOATUIMN U TPUHUMAIOT
B3aMMOOOS3bIBAIOIINE COMIAIIEHUS O KOOPAMHALIMM CBOMX cTpaTteruii. B
IIPOTUBHOM CJy4yae urpa 0y/1eT HeKOONepaTUBHOM.

CyliecTByIOT JBa OCHOBHBIX CIOCO0a OMUCAaHMS W aHaliu3a J0ou
KOHKPETHOM UTPHI.

[lepBblii cr1OCOO Mpeanoaraer:

- [IEPEYUCIIEHNE XO10B, KOTOPBIE MOTYT J€JIaTh UTPOKU;

- omnpeaeneHue HMHQPOpPMAIMK, KOTOPOM pacmojaraioT UIPOKU B
IIPOLIECCE UTPBHIL;

- ONpeeSICHNE BO3MOKHBIX BAPUAHTOB JIEUCTBUI UTPOKOB;

- YKa3aHHE MPEIEIbHBIX PA3MEPOB IUIATEKEW B KOHIIE UIPHI.

Urpy, onucanHyro mogo0HbIM 00pa3oM, Ha3bIBAIOT U2ZPOIl 8 PA3GEPHYM Ol
WIN IKCHMEHCUBHOU hopMme, A CaMO OTIMCAHUE, KaK IPABUIIO, COCTABJISIOT B BUJIE
oepesa uzpul. Urpbl B pa3BepHyTOil (pOpMe HA3BIBAIOT TaKKE HOZUUUOHHBIMU
uzpamu.

Urpy B pa3BepHyTOl (hopMe HA3BIBAIOT UZPOUL ¢ HOSIHOU UHpOpMmayueil,

€CJI B HEU HeJlb3s ACJIaTb OAHOBPEMCHHO HECKOJIBKO XO0A0B U €CJINM YHaCTHUKaM
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U3BECTHBI BBIOOPHI, CHAENAHHBIC MPU MPEAIIECTBYIOIMIMX XOJaX, BKJIOYas M
ciaydaiiHele Xoibl. [IpumepoMm wurpsl ¢ MojgHONW HHQpOpMAaIUEH SBISIOTCS
maxmatel. [lokep mpeacTaBiser co0oit uzpy ¢ Henonnou unghopmauueit, Tax
KaK UTPOKaM HEU3BECTHO, KAKME KapThl HAXOAATCS HA PYKaX y NPOTHUBHUKA.

Btopoit cnoco6 ommcanus UTphl MPEIoNaraeT pPacCMOTPEHHE BCEX
BO3MOXHBIX CTpaTeTMMl KaXJOTO0 WIpoKa U OIPEIEIICHUE IUIATEXKEM,
COOTBETCTBYIOIIMX JIFOOBIM BO3MOXKHBIM KOMOWHAITUSIM CTPAaTEeTUH BCEX
urpokoB. Urpy, onmmcaHHyr0 BTOPHIM CITIOCOOOM, OOBIYHO HA3BIBAIOT UTPOUA B
HOpMmanvHou ¢hopme. EcTecTBEHHO, 3Hasl pa3BEepHYTYIO (pOopMy HUTrpbl, BCEraa
MO>KHO MPEACTABUTH €€ B HOPMaJIbHOM (popMe.

Hopmanbhas dopma Urpsl ABYX YYACTHUKOB COCTOUT M3 JIBYX MATpHII,
COAEPKAIIUX CYMMBbI BBIUTPBIINIEH U MPOUTPHIIIEH Ka)KJIOTO M3 UTPOKOB IS
a000M W3 BO3MOXKHBIX map crpareruii. OOBIYHO OTH JIBE€ MAaTpPHIIbI
00BEUHSIOTCS B OJTHY, HA3BIBAEMYIO HIIAMENCHOU MAMPUUeil uzpbol.

Ilinare:xxnass maTpuna urpbl. HUsKHSASA U BepXHSS eHA UTPbL.
IpuHuun MUHMMAaKCa (MAKCUMUHA)

PaccMmoTtpym mnaTexxHyro MaTpuily UTPhl HA IPUMEPE TPOCTEUILIEN UTPBI.
[Ipocrenmme urpsl — 3T0 UTPHI ABYX JIULL C HYJIEBOM CYMMOMU, T.€. HAPHbLE UPbL,
B KOTOPBIX BBIMTPHILI OJHOI'O UTPOKA COBHAAAET C MPOUTPHILIEM IPYIOro.

Pe3ynprarel KOHEYHON WIpbl (IIApHOW) C HYJIEBOW CYMMOW MOKHO
3a/1aBaTh MaTpPHUIIEH, CTPOKU U CTOJOIBI KOTOPOM COOTBETCTBYIOT PAa3IUYHBIM
OTPaXEHHUSIM, & €€ JJIEMEHTBI — COOTBETCTBYIOIIUE BBIMTPBIIIN OJHON CTOPOHBI
(paBHBIE IPOUTPHIIIIAM APYTON CTOPOHBI). DTa MaTpHUIla HA3BIBAETCS TIATEHKHOMN
MaTpULeil uiu MaTpuiiei urpsl. [Ipu 3ToM y100HO IPOUTPHII TEPBOI CTOPOHBI
paccMaTpUBaTh KaK €€ OTPUIATEIIbHBIN BBIMTPHIIL, a BRIMTPBIII BTOPOU — KaK €€
OTpULIATENBHBIN TpoUrpbill. Eciv mepBas CTOpOHA MMEET m CTpaTerui, a
BTOpas N, TO TOBOPAT, YTO Mbl UMEEM JEJI0 ¢ UTPOM m X n. VTak, mycTh NEPBBII
UTPOK UMEET m cTparerui i=1,2,..., m, BTopoil umeer n crpareruit j=1,2,...,
n. Kaxnoit mape crpareruit (i,j) TMOCTaBJIEHO B COOTBETCTBHE YHUCIO dj,
BBIPAXKAIOILIEE BBIMIPBILI IEPBOIO UIPOKA 3a CYET BTOPOrO0 UIPOKA, €CIU
IIEPBBINM UTPOK MPUMET CBOKO i-F0 CTPATETUIO, 4 BTOPOU — CBOIO j-F0 CTPATETHUIO.
B cnydae BbIMrpsiiiia nepBOro urpoka — a;> 0, a B ciiyyae ero npourpbiia — a;<

0.

Kaxmas cTpaTerns UTpoKa i=1,m; j = l,n 4acTO Ha3bIBAETCSA UHMCTOM

CTpaTEerueu.
Ecin paccmoTpers Matpuily:
a, 4da, a, - q,
A = ail a12 ay ain 5
a, a, a. - a
m m mj mn

TO MPOBEACHUE KaXKI0M MNapTUX MAaTPUYHOM UTPBI C MaTpuled 4 CBOIUTCA K
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BbIOOPY MEPBBIM UIPOKOM I- CTPOKH, @ BTOPBIM HI'POKOM j-TO cTOJIOLA U
IIOJTyYEHUS TIEPBBIM UTPOKOM (3@ CUET BTOPOrO UIPOKA) BBIMIPHILIA ajj.
['TaBHBIM B WCCIIEIOBAHUU WIP SIBISETCS IOHATUE ONTUMAJIbHBIX
CTpaTeruii UrpOKOB. B 3TO MOHITHE UHTYUTUBHO BKJIAJbIBAETCA TAKOU CMBICI:
CTpaTerust UrpokKa sBJIseTCs ONTUMAIBHOW, €CIIM IPUMEHEHHUE DTOU CTPATEruu
o0ecrieunBaeT €My HauWOOJBIIMM  TapaHTUPOBAHHBIM  BBIUTPHIIL  MpU
BCEBO3MOYKHBIX CTPATEruAX APyroro urpoka. Mlcxoas us 3THX NO3ULIAN, IEPBBIN
UTPOK HCCIIEYET MaTPHUILy BBIMTPHILIEH A CIIETyIONMM 00pa3oM: AJI KaxK10r0
sHaveHus i (i =1,m) ompejenseTcs MHHUMAILHOE 3HAYEHHE BBLIUTPHINIA B

3aBUCUMOCTH OT MIPUMEHSEMBIX CTPATETHl BTOPOTO MTpOKa minay, (i = 1,m),
J

T.€. ONPEAENAETCA MUHUMAJIbHBIN BBIUTPBILI 1JIs1 IEPBOTO UTPOKA TIPHU YCIOBUH,
YTO OH MPUMET CBOKO i-F0 YUCTYIO CTPATETHIO, 3aTEM U3 ATUX MHUHUMAJIbHBIX
BBIUTPBILIEH OTBICKUBAETCS TAKasi CTPATErusl, IPU KOTOPOU 3TOT MUHUMAJIbHBIN

BBIUT PBIII 6YI[€T MAaKCHUMAaJIBHBIM, T.€. HAXOOUTCA MAaKCUMHUH: Max min a;= o
i J -

— HMIJKH:A OCHA UI'PHIL.
Yucio O, HaA3bIBACTCA HUJICHell uenoﬁ uzpsl 1 I10KAa3bIBACT, Kakoi

MUHUMAJIBHBIN  BBIUTPBIII  MOXET TapaHTUpPOBaTh ce0e TEPBBIM HTPOK,
MIPUMEHSISI CBOM YUCTBIE CTPATErMM MPU BCEBO3MOXKHBIX JEUCTBUSAX BTOPOTO
UTPOKa.

BTopoii urpok npu onTuManibHOM CBOEM MOBEACHUU TOKEH CTPEMUTHCS
110 BO3MO>KHOCTH 32 CUET CBOMX CTPATErUii MAaKCUMaJIbHO YMEHBIIUTD BHIUTPHILI
nepBoro urpoka. Ilo3atomy st BTOporo Urpoka OTBICKMBAeTCsl mMmaxaj, T.€.

ONPENEIIETCS MaxX BBIUTPHII [IEPBOTO UTPOKA MIPU YCIIOBUH, YTO BTOPOU UTPOK
MPUMEHHUT CBOIO j-I0 YHUCTYHO CTPATETHIO, 3aTEM BTOPOM HIPOK OTBICKUBAET
TaKyl0 CBOIO CTPATETHIO0, TPU KOTOPOU MEPBHIA UTPOK MOJIYYUT Min BHIUTPHIIIL,

T.€. HAXOJUT MHHUMAKC: Min maxa; = o.
J i

Uuciio o Ha3bIBACTCA 6€pXHell WeHOU uzpbl W TIOKa3bIBACT, KaKOU
MaKCHMaJIbHbIN BBIMTPHIL 3a CUET CBOUX CTPATETUH MOXKET ce0e rapaHTHPOBATh
MIEPBBIN UTPOK.

Jlpyrumu cioBaMu, MPUMEHSS CBOM YUCTBIE CTPAaTErHMH, NEPBBIM UIPOK
MOJKET 00ecreynTh ceOe BBIUTPHIII HE MEHBIIE O, @ BTOPOM UTPOK 3a CUET
IIPUMEHEHUS CBOUX YUCTBIX CTPATErMil MOKET HE AOIYCTUTD BBIUTPBILL IIEPBOTO
UTrpoKa OOJIbLIE, UEM O .

Crparerusi, COOTBETCTBYIOIIas MUHUMAKCY, Ha3bIBa€TCd MUHHUMAaKCHOMN
CTpaTeruei.

[TpyHIMN, OUKTYIOIIMA WIpOKaM BBIOOp Hauboiee «OCTOPOKHBIX»
MUHHUMAaKCHOM M MAaKCUMUHHOM CTpaTerui, Ha3bIBAC€TCi IMPUHLUIIOM
MHUHHMAaKca.

Ecnmu B urpe ¢ mMarpuueit A o=, TO TOBOPST, YTO 3Ta UTrpa UMEET

CEUIOBYIO TOUYKY, T.€. PELICHUE B YHUCTBIX CTPATETUAX U LIEHY UTPBI L = OL=0L.

Ceonosass mouka — 3TO mapa 4YHUCTbIX CTpaTGFI/Iﬁ COOTBCTCTBCHHO
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TIEPBOTO ¥ BTOPOT'O MTPOKOB, MPH KOTOPBIX TOCTHIAETCS PAaBEHCTBO o = a. B

TO TOHSTUE BIIOKEH CIEAYIOIIUA CMBICI: €CIIM OJWH W3 HUIPOKOB
NPUAEPKUBACTCS CTPATETUH, COOTBETCTBYIOIIEH CEJIOBOM TOYKE, TO APYroi
UIPOK HE CMOXKET MOCTYNUTh JIydllle, 4YeM NPHUIACPKUBATHCS CTPATEruH,
COOTBETCTBYIOLIEN CEIJIOBOM TOUKE.

Takum oOpa3om, CEUIOBOM BJIEMEHT  SIBISETCS MUHUMAIBHBIM B i-i
CTPOKE M MAaKCHUMAaJIbHBIM B j-M cToJIOnE B MaTpuie A. OTbICKaHUE CEAJIOBOI
TOYKA MAaTPUIbl A TMPOUCXOAUT CICAYIOIIMM o0pa3oM: B Matpuie A
MOCJIEOBATENBHO B KAXIOW CTPOKE HAXOAAT MHUHUMAJbHBIM DJIEMEHT U
MIPOBEPSIOT, SBJISIETCS JIM ATOT DJIEMEHT MaKCUMaIbHBIM B CBOEM cToJiOne. Eciu
J1a, TO OH U €CTh CEJIJIOBOM DJIEMEHT, a Iapa CTPATETHil, EMy COOTBETCTBYIOIIAS,
oOpasyeT cemioByto Touky. [lapa 4uCTBIX cTpaTeruil MepBOrO U BTOPOTO
MIPOKOB, 0Opasyolas CeIOBYI0 TOUKY ¥ CEIJIOBOU JIEMEHT @, , HA3bIBACTCSI

peuiernuem uzpbul.

Ilpumep 1
min a,
J ij
I
5 1 2 1
A=14 9 8 4: maxmina, =6
6 9 6 6 |
maxa,= 6 9 8
1 | S

minmaxa, =6.
] i

CennoBoilt Toukol siBisiercst mapa (i = 3;j = 1), npu KoTopoir L = =0
= 6.
3aMeTHM, 4TO, XOTsI BBIMTPHIII B cuTyaruu (3;3) Takke paBeH 6, 0JJHAKO
OHa HE SBJISETCA CEIJIOBOM TOYKOW, T.K. 3TOT BBIUTPHIII HE SBISAETCS
MaKCHUMAJIbHBIM CPEJIA BBIUTPHIIICH TPETHETO CTONOIIA.
Ilpumep 2
min a,
j y
1 3) - 1 ,
H = maxmin a, =2
4 2) - 2]
max a,.ji s
1
4 3
—

minmax a,=3.
J i

N3 aHamm3a MaTpulbl BBIMTPHINIEH BHUJIHO, YTO O < O, T.€. JaHHAs
MaTpHLa HE UMEET CEJIOBOU TOUKHU.

Wrak, uccinenoBanue B MaTPUYHBIX UTPAX HAYMHAECTCSA C HAXOXKJICHUS €€
CEJIJIOBOM TOYKM B UHCTBIX CTpATErUAX. ECIIM MaTpruyHas Urpa UMeET CEIIOBYIO
TOYKY B UHCTBIX CTPAaTErusxX, TO HAXO0XICHHEM OTOM CEIJIOBOW TOYKHU
3aKAaHYMBACTCS UCCIIENOBAaHUE WUrpbl. ECiM e B Urpe HET CEAJIOBOM TOYKHU B
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YUCTBIX CTPATETHSIX, TO MOKHO HAUTH HWKHIOK M BEPXHIOKO YHCTHIE LIEHBI 3TON
UI'PBI, KOTOPBIE YKA3bIBAIOT, YTO IIEPBBI UIPOK HE JOJDKEH HAAEIThCS Ha
BBIMIPBILI OOJIBIIMM, YeM BEpXHSA LI€Ha UIPbl, U MOXKET ObITh YBEpPEH B
IIOJIyYEHHUH BBIMTPBHIIIA HE MEHBIIE HUKHEN LIEHBI UIPBI. Y IIy4llIEHUE PEIICHUN
MAaTpPUYHBIX UIP CIEAYET UCKATh B UCIIOJIb30BAHUU CEKPETHOCTU IPUMEHEHMS
YUCTBIX CTPATETMHd M BO3MOKHOCTH MHOTOKPATHOI'O IIOBTOPEHHUsI UIP B BUIE
HapTHUU. DTOT Pe3yibTaT JOCTUTAETCS MYTEM MPUMEHEHMS] YHCTBIX CTPaTEruil
CIIy4alHO, C OIPEACIEHHON BEPOSITHOCTBIO.

B nrpe nByx nun ¢ HyJI€eBOM CyMMOM M KOHEYHBIM YMCJIOM CTPAaTE€TUN y
KQKJIOTO WIpOKa IOJ ONTUMAJIbHBIMU CTPATETHMsIMU E€CTECTBEHHO ITOHHMAaTh
CTpaTeruv, IMpU  KOTOPBIX  JOCTUTAETCAd  MAKCUMaJIbHO  BO3MOXHBIN
rapaHTHUPOBAHHBIN BBIUTPHIII B HAMMEHEE OJArONPUATHBIX YCIOBHUSAX. OTOT
IIPUHIUI HA3bIBACTCS NMPUHLMAIIOM MakCHMMHMHA. B urpe AByX jmi ¢ HyJEBOH
CYMMOH CYIIECTBOBAHHE ONTUMAIbHON (MAKCUMAaJIbHOM) CTPAaTEeruu B KaXKIOU
OTJIENbHOM MMAPTUH FApaHTUPYIOTCS TOJIBKO B UTPax ¢ MOIHON MHpopMmalueil. B
Urpe ¢ HENoJHOM MH(poOpManMeld MakCUMallbHas CTpaTerus obecredyuBacTcs
JUILIb TPU IPUMEHEHUH CIy4YailHOro MexaHu3Ma Jj1sl BbI0Opa ouepeiHOro X042
Y MHOTOKPAaTHOM IIOBTOPEHHUH UTPbl. B 3TOM citydae roBopsT 00 HCIIOJIb30BAHUN
CMEIIaHHBIX CTPATETHUM.

B 0onee cloXHBIX Hrpax MOWCK ONTHUMAJIBHBIX CTPATETUH IMOBEICHUS
CBA3aH C MOHATHEM palMOHAIBHOIO, CIPABEIIMBOIO PEIIEHUs HUIPbl (TaK
Ha3bIBAEMbII MPHUHILIMI B ONTUMAIIBHON UI'PE), ONPEAEIIEMOrO B 3aBUCUMOCTH
OT KOHKPETHBIX COJIEPKATEIbHBIX OCOOCHHOCTEN KOH(IIUKTA.

[IpyHOMNBI ONTHUMANBHOCTH B TEOPUU WIP BBOAATCA KaK HEKOTOPBIE
IpaBAONOAOOHBIE ONUCAHUS MPEACTABICHUS O (PAKTUYECKOM MOBEACHUU
UTPOKOB, NPHUHHUMAIOLIMX PELIEHUS B  YCIOBUSAX KOHQUIMKTa  WIH
HEONpEIEICHHOCTH. Bce mpemiokKeHHble [0 CUX IOp  IPUHLHAIBI
ONTHUMAJIBHOCTA MPSAMO WIA KOCBEHHO OTPaXarT HJICH YCTOWYMBOCTH
CUTyalluM, YyAOBIETBOPSIOWEH 3TUM HpuHuunaM. OJHAKO B Pa3Iu4HbIX
NPUHIMIAX ONTUMAJIbHOCTH WHTYWUTUBHO OIIPaBIaHHAas WIS YCTOWYMBOCTH
peanusyercs o-pasHoMy.

MHorue IPUHLIUIIBI ONTUMAJILHOIO IIOBEJICHUS UT'POKOB,
NPEACTABIIONIMXCS  HAa  NEpPBBIM  B3MVIAA  BIOJHE  pPasyMHBIMH, B
JNEUCTBUTEIBHOCTH  MOTYT  OKa3aTbCsd  HEpPEaNM3yeMbIMH U I[OITOMY
HEIIPUMEHUMBIMU. B CBS3M € 3TUM H3y4E€HHUE YCIOBHUU, NPU KOTOPBIX TE€ WU
WHBIE WHTYWUTHBHO OIPAaBJAaHHbIC NPHUHIUIIBI ONTUMAJIBHOCTH OKa3bIBAIOTCS
peanu3yeMbIMH, U TOKA3aTEIbCTBA COOTBETCTBYIOIIUX TEOPEM CYLIECTBOBAHUS
pEelIeHUs] WIPbl SBIAIOTCS LEHTPAIbHOW MPOOJIEMON TEOpUH WIrp, TECHO
CBSI3aHHOM C MpoOJeMoil BbIOOpA M3 MHOKECTBA JONMYCTHUMBIX AJIbTEPHATUB U
po0JIeMOii IpyNIOBOTO BHIOODA.

IHouck onTuMaIbLHOM cMeIaHHOM cTpaTeru. CBs3b TEOPUH €
JIMHEHBIM NPOrPaMMHPOBAHHEM

Tak Kak KaXIplil pa3 NPUMEHEHUE UTPOKOM OJHOW YUCTOW CTPATErHU

UCKIIIOYAeT IPUMEHEHUE [JPYyrod, TO YUCTBIE CTPATETMU  SBIAIOTCS
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HECOBMECTHBIMU COOBITHSIMU. Kpome TOro, oHM SIBJISIFOTCS €JUHCTBEHHBIMU
BO3MOXHBIMH COOBITUSIMH.

Cmewiannon cmpamecueil uzpoka Ha3bIBAaCTCS TOJHBIA  HaAOOP
BEPOATHOCTEU PUMEHEHUS €T0 YUCTBIX CTPATETHUM.

PaccMoTpyM mOMCK ONTMMaNIbHOM CMEIIAHHOW CTPATETMU HA MpUMEpE
MAaTpUILbl, NMPUBEIACHHON BblIE. IIyCTh NEpBBIN UTPOK HMEET m YUCTBIX
ctpareruii. J{ns nmomxyyeHus: HanbompIiiero 3¢dexra oH JOMKEH HUCIOIb30BaTh
BCE WM HEKOTOpbIE W3 3TUX CTPAaTEruil Ciy4ailHbIM 00pa3oM, HO HE C
OJIMHAKOBBIMM, & C PA3HbIMHU (CIELHAIBHO BBIYMCIECHHBIMHU) BEPOSATHOCTSIMU.
[Iycte mepBast cTparerus HCIOJB3YETCS C BEPOSATHOCTBIO Pi1, BTOpas C
BEPOSATHOCTBIO P2  H T.A. ['OBOpAT, YTO NEPBBIA WIPOK IPUMEHHI CBOIO
CMEILIAaHHYI0 CTpaTeruto Si(pi,p2,...,Pm). AHAIOTMYHO, CMEIIaHHAS CTpaTeTHs
BTOPOI'0 UTPOKA, KOTOPBIA UMEET 1 YHUCTBIX CTpaTterut — S2(q1,q2,...,gn)-

JIns onpeneneHrst ONTUMAIBHON CMEIIAHHOM CTPATETHH IIEPBOT0 UTPOKA
HEOOXOMMO HaWTU BEPOSITHOCTH: P1,p2,...,Pm PUMEHEHHSI COOTBETCTBYIOIINUX
YHUCTBIX CTPATETUH U LIEHYy UTPBl V, KOTOpas OOJbIe HUKHEHN IIEHBI UTPBI, HO

m
MeHbIIe BepXHeil 1eHbl urpsl. [lpu stom Y p, = 1.

i—l

Yucrasg crTparerus €CTh YACTHBIM CJly4Yald CMEUIAHHOW CTPAaTETHM.
JleficTBUTEIBPHO, €CIIM B CMENIAaHHOW CTpaTeru Kakas-Iubo i-s  qucTas
CTpaTerusi MPUMEHSETCS C BEPOSITHOCTHIO 1, TO BCE OCTaJbHBIE YHMCTHIC
CTparteruu He npuMeHstoTca. M ata i-s1 4ucTas cTpaTerus SBISETCS YaCTHBIM
CJIydaeM CMEIIaHHOU cTpaTeruu. J1Jisi OO0 HUS CEKPETHOCTH KaXK bl UTPOK
MPUMEHSIET CBOM CTPATEruu HE3aBUCUMO OT BBIOOpA IPYTrOro UrpokKa.

JlommycTrM, BTOPOI UTPOK BBIOMPAET CBOIO MEPBYIO YUCTYIO CTPATETHIO,
TOr1a CpeaHuUii BBIMTPBILI IIEPBOTO UTPOKa Oyner paBeH:
a,-p, +a, -p,+..+a,-p,+..+a,-p, =V, UCIIOIb3YEM IEPBbIH CTOJIOEL

IIaTeKHOM MaTpullbl. Eciu BTOpol HMrpok BbIOMpAeT BTOPYIO YHUCTYIO
CTpaTeruto, TO CPEAHUN  BBIMIPBHIII  NEPBOIO  UIPOKA  COCTABUT:
a,-p,+a, -p,+..+a,-p.+..+a,-p, =V, ACHOIb3yEeM BTOPOW CTOJOEL

TUIATCKHOM MaTpugbl W T.A., BCCro IOJIYYUTCA CHUCTCMA, COCTOAIIAA M3 1N

m
HEPaBeHCTB. Pa3ienM Kax/0e HepaBeHCTBO CHCTEMBI M ypaBHeHHe Y p, = |

i=l1

Ha V. BBegem o0o3HaueHus: ), = &, y, = &,..., y, = &, B pe3yibTaTe
A% A%
MOJIYYHM:
a,-y t+ta, -y, +..ta, -y, > 1

....................................................

mn
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U y+y+.+y, = st Toro, 4roOBl IIEHAa UIPbl V ObUIA KaK MOKHO

0oJIBbIIIe HEOOXOAMMO, YTOOKI 1/v OBLJIa KaK MOKHO MEHBIIIE.

[IocKkONBbKY MEpPBBIM WIPOK CTPEMUTCS HAWTWU TAaKUE 3HAYEHHS )i W,
CJIeIOBaTENbHO, p; , YTOOBI 1I€HAa UTPbl U OblJIa MaKCUMAaJbHOM, TO pelieHue
NIEpBOM 3a/1a4M CBOAUTCS K HAXOKICHUIO TAKUX HEOTPULIATEIbHBIX 3HAUCHUH ;i

_ m m
(i =1,m), npu KOTOpBIX )y, > min, > a,y, >1.
i=1 =1

[TockonbKy BTOPOM HIPOK CTPEMHUTCA HAWTH TaKWUE 3HAYCHUS X; W,
CJIeI0BATEIbHO, ¢j, YTOOBI IIEHA UTPHI L OblJIa HAMMEHBIIEH, TO PEIIeHHE BTOPO
3a1a4d CBOAMTCS K HAXOXKJICHHUIO TAaKMX HEOTPULIATENIBHBIX 3HAUEHUM X ,

(j :L_n),npn KOTOPBIX ij — max, Z%Xj <1l.

= =

Takum 00pazoM, MOUCK ONTUMAJIBLHOM CMEIIAHHOM CTpaTeruu MepBOTO
UICPOKA  CBEJICA K  PEHICHUI0  CIEeAYIUEd  3aa4d  JIMHEWHOrO
IIPOTPAMMHUPOBAHUSL:

¢=2.y,(min)
i=1
MIpY OTPAaHUYCHUSX:
da,-y, 21 (j=1n)

i=1

y, 20 (i=1,m).
AHAJOTHYHO JIJISl BTOPOTO UTPOKA:
F= Zn:xi (max)

=l

IIPY OrPaHUYCHUSX:

iay -x; <1 (izl,_m)
j=1

x,20 (j=1n)

Haiins pemieHns 1moaydeHHBIX 3a7ad JIMHEWHOTO MPOrpaMMHUPOBAHUS,
BBIYHCIISIOT IIEHY UTPhl U COOTBETCTBYIOIINE BEPOSITHOCTH 1O (hOopMyJiaM:

| V; . T X; . T
V=——uWmMmVv=——; —=p  (i=lm), —=q, (j=Ln).
Z v ij L L
=1 J=i

[Ipu pemeHMM NOPOU3BOJIBHOM KOHEYHOM WIPBI pa3Mepa m X 7
PEKOMEHIYETCS TPUJICPKUBATHCS CICTYIOIIENH CXEMBI:

1. HckmounTe u3 IUIATEKHOM MaTpPULBl 3aBEJOMO HEBBITOJHBIE
CTpaTeruu 1no CPaBHEHUIO C IPYTHUMU CTPATETUAMHU. TaKuMU CTpaTErusiIMU ISt
MEePBOrO0 UTpoKa (BTOPOTO UTPOKA) SIBJSIOTCA T€, KOTOPHIM COOTBETCTBYIOT
CTPOKH (CTONOIBI) C 2JIEMEHTAMM, 3aBEAOMO MEHBIIUMH (OOJBIIUMH) TIO
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CPaBHEHHUIO C AJIEMEHTaMU JIPYTUX CTPOK (CTOJIOIOB).

2. OnpenennuTs BEPXHIO U HUKHIOK LIEHBI UTPBI U IPOBEPUTH, UMEET JIH
urpa ceuioByro Touky. Ecim cenoBasi Touka €cTb, TO COOTBETCTBYIOIINE €1
CTpaTeruu WUIPOKOB OyIyT ONTHMajbHBIMU, a II€HAa COBHAJAET C BEpXHEU
(HM>KHEN) TIEHOM.

3. Ecnu cennoBasi TO4Ka OTCYTCTBYET, TO PEILEHUE CIENYyET UCKATHh B
CMEUIaHHBIX CTPATETUSX.

Ilpumep3. Halitn pemieHne Urpsl, 3aJaHHOM MaTpULIEH

I 5 4
A=3 2 6
8 3 4
Pewenue. HccnenoBanne B MaTpUyHbIX HIpax HAYMHACTCA C

HaXO0XJICHUSl CEJJIOBOM TOUKM B UUCTBIX CTpaTerusix. Ecim matpuyHas urpa
MMEET CEUIOBYIO0 TOYKY B UUCTBIX CTPATErusiX, TO HAXOXXJICHUEM 3TOW TOUKHU
3aKaHYMBAECTCSl PEIICHHE UrPhl M 3alUChIBA€TCS OTBET: I1I€HA UIPHI,
COOTBETCTBYIOIIAasl HAMACHHOM CEIJTIOBOM TOUKE U CTPATETUH IIEPBOTO U BTOPOTO
UTPOKOB COOTBETCTBYIONIME 3TOMU IIeHe UTPhl. Eciu jxe urpa He UMeeT ceIJIOBOM
TOYKU B YUCTBIX CTPATErUsiX, TO HAWJACHHBIC HIDKHSS U BEPXHSS YUCTHIC LIEHBI
ATOM UIPHI YKA3bIBAIOT, YTO MEPBBIA UTPOK HE JIOJKEH HAJAEATHCA HA BHIMTPHIIII
OOJNBIINIM, YeM BEpXHss II€Ha UIPhl, U MOXET OBbITh YBEPEH B IOJTYYCHHH
BBIUTPHIIIA HE MEHBIIIE HUKHEHN IIEHBI UTPHI.

Pemienrie HauMHAaeM C HCCIENOBAHUSL IUIATEKHONW MaTPULbl WIPHI.
[Ipexne Bcero, mpoBEpUM HaJIMUUE CEIOBOM TOUKM B JaHHOM Matpulie A. s
ATOTO HAWJIEM MHHUMAJbHbIE AJEMEHThl B Kaxaouh u3 cTpok (1, 2 u 3) u
MaKCHUMAaJIbHBIC DJIEMEHTHI B KaXKJIOM U3 CTOJIOIOB (8, 5 u 6).

min a;
15 4)
A =132 6| 5 2 ml_axmjinaij:3
8§ 3 4) — 3
maxa, v (8.1)
8 5 6
%,_/

min max aij =5

3areM OnpeaenuM HIKHIOI LCHY HIPbl @ = maxmin g, =3 1 BEPXHIO LCHY
i J

Urpsl f = minmax a; (pucyHok 8.1).
Jj i
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" Mathcad - [Mrpa]

m File Edit Wiew Insert Format Tools Symbolics Window Help

h-=Ed &LV e = 20O 0% v
Marmal w | arial w10 » B I U |%|§ = =iz
s 4 EEE—

A=[326 @ bhyse
o mog oL Kk ko
8 3 4 E ow o o
Tou P XK oW ow
n:=cols(A) m:=rows(A) A BT AME Z _
EERT
a3 me 3 He I KaM||Leg
N EOQIlF Z -
ji==0..n-1 1:=0.m-1 T Y & %V o UNRZI
Tim - Tim, _'|)II;1_
. . s
N .T|<1> b: = | .TI{J}
= j =
ami; ;= mn| 3/ bmax;j := max|bj|
./1\.
. bmax’ = (5 6 8)
amun = | 2 - -
L3/
O == max (anin) (3 := min(bmax)
a =3 F=5

Pucynok 8.1 — AnropuT™m norcka HUKHEH M BepXHel 1eHbl urpel B Mathcad

Tak xak HHXKHSIS [ICHA UTPBI @ =3, @ BEpXHsis IieHa urpel =15, T.e. urpa
HE MMEET CEJIOBOM TOYKHM, & 3HAYUT, HET PEIICHUS B YHMCTBIX CTPATETHsIX.
PemenneM urpsl sIBISIOTCS CMEIIAHHBIE ONTUMAJIbHBIE CTPATETHH, A LIEHA UTPBI
v3akioueHa B npegenax 3< v< 5.IIpeanonokum, nepBolii UTPOK A MPUMEHSET
cBOM 4HCThle crTparerun Aj, Az m A3 C BEPOATHOCTSIMU p1, p2 U D3
cOOTBETCTBEHHO. CyMMa BEpOSITHOCTEN paBHA eauHUIEe. Torma, ecim BTOpOU
UTPOK MPUMEHUT CBOM 4UCThlEe crparerud By wim B> wnm Bs, To urpox A
MOJIYYUT CPEAHUI BBIMTPHIL, OOJbILIE UM PABHBIN IIEHE UTPBI, T. €. MOIYIUM
CIEAYIOUIYI0 CUCTEMY HEPABEHCTB:

p, +3p, +8p; = v(uipu cTpareruu B,)

5p, +2p, +3p; = v(upu crpareruu B, ) . (8.2)
4p, +6p, +4p; = v(ipu crpareruu B;)

Tak kak cymMa BEpOSITHOCTEW paBHA €IUHHUIIEC, MOJYYHUM CIIEIyIOLIee
YpPaBHEHHUE:

Pyt py+ps=1 (8.3)
Paznenum Bce wieHbl HepaBeHCTB cuctemsl (1.9) u ypaBuenue (1.10) Ha
vV HW 3aMEHHM  TIOJIyYCHHBIC BBIPDAKECHHUSI  COOTBETCTBEHHO  Ha:
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Y :&, Vs =&, V3 = P3 Cpcrema (4.9) wu ypaHenue (4.10) npumer
1% 1% 1%

CIICIYIOINM BUJL:

v, +3y, +8y; 21
5y, +2y, +3y; 21
4y, +6y, +4y; =21

1
NtV ty;=—.
14

Tak Kak nepBbIi UTPOK CTPEMUTHCS CAEIATh CBOM BBIMTPHIII KAaK MOMXKHO
OoJbIIe, T. €. CAENaTh 3HAYEHUE LIEHBl UTPbl MAKCHUMAJIbHBIM, CII€0BATENbHO,
CyMMa y, + y, + y; > min. TakuMm 00pa3oM, HOIy4YUM CIEAYIOLIYIO 3a1ady
JMHEWHOr0 NPOrpaMMHUPOBAHHS:

Haiitu 3Hauenws y,, y,, y, IpU KOTOPHIX 1ieneBast PyHKusi WV = y, + y, + y,
IPUMET MUHUMAJIbHOE 3HAYEHUE:!

Y=y +y,+y; > min
MIPU YCIIOBUMU:
v, +3y, +8y; 21
S5y, +2y, +3y; 21 (8.4)
4y, +6y, +4y; > 1. '
»,20,y,20,y; 20
Haiing pemeHnss NOJy4EHHOM 3aJadd JIMHEWMHOTO IPOTrpaMMHUPOBAaHUSA,
BBIYKCIIMM LIEHY UTPbl U COOTBETCTBYIOLME BEPOSITHOCTH 1O (hopMyIam:

v m » Pi :
min
2V
i=1
ITpoBenst aHamOrM4HBIE PACCYKIEHUS NIl BTOPOIO HIPOKA, MOIYYUM
3aJ1a4y JUHEHHOT 0 IPOrpaMMHUPOBAHUS IBOMCTBEHHYO K 3aj1aue (4.11):
Haiitn  3HaueHwsd x,,x,,x; HOpPU KOTOPbIX LeleBas  (QyHKUUS

VvV =

F =Xx, + x, + x; IpUMET MaKCUMaJIbHOE 3HAYECHHE:
F=x +x, +x; = max
IIPU YCIOBUHU:
X, +5x, +4x; <1
3x, +2x, +6x; <1

(8.5)
8x; +3x, +4x; <1.

x,20,x, 20,x; 20
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1

ij
]:l

[Ipumep pemenusi 3amaun B Excel mns BTOporo urpoka mpuBeieH Ha

pUCYHKE 8.2 (AJITOPUTM PELICHMS IPUBEIECH HUXKE).

AW
Lann

Mony4eHne BHEWHNK SAHHEIX

A2

[nasHaa

-

Bcraska

PasmeTka cTpaHuusl

£

Sopmynsl

MNogkno4eHna

Kuural - Microsoft Ex

JaHHbie PeugeHsMpoBaHMe Ewg

COpTHPOEKS M BUALTP

A

........

B

3 OrpaduyeHna

1

1

1

0,028169

| 0,098592

4
&
6
7

E

BI 0,119718

& D E F
Liena Hrpsi
0,028169 4,1
0,098592

0,119718

(€} H 1 1
BepoATHOCTH
0,1
0,4
0,5

-

MapameTpsl NOWCKE pelWweHnA

ONTMMMSMPOBAT LIENEBYHO YHKLUIO:

Aot @ MakomyM () MiaHumym

WMEHAR AqEK NEPEMEHHBIXN:

SC52:5C%4

B COOTBETCTEWH C OrPaHHYEHHAMK

3HEYEHMA!

|s854 <=1
§ASS <=1
§ASE <=1
SASTISASE =10

- OobasuTte |

| WameHuTe |

Pucynok 8.2 — Pabounii mucT ¢ pe3ynbTaTaMu pEIIeHUs 3aa91 MOMCKA CMEIIIaHHBIX
CTpaTerui Jyisi BTOPOro UIpOKa U 3al0JIHEHHBIMU MOJISIMU OKHA Auanora «[lapamerpsl
MOKCKA PELICHUS

AHaNOruYyHO HAXOJAUTHCS PelIEHUE AJI IEPBOTro UTPOKa (PUCYHOK §.3).

OtBet: OnTUManbHas CTPATETUS KaXI0I0 UTPOKA COCTOUT B TOM, YTOOBI
YepeoBaTh CBOM YHUCTBIE CTPATETUU CIy4allHbIM 00Opa3oM, T. €. NEPBOMY
UTPOKY, YTOOBI BHIUTPATh HE MEHEe 4, HAJ0 YepeI0BaTh IPUMEHEHUE MTEPBO U
TPEThEl CTpaTeTuH, BBHIOMpPAs KaXIyr0 ¢ BeposiTHOCThiO 0,5, a BTOpyIO
CTPATETUIO HE MPUMEHATh. BTOpOMy UTpOKY, 4TOOBI HE 1aTh BEIUTPATH IIEPBOMY
UTpOKy Oosbiie, ueM 4, He0OX0IMMO B 4 pa3a peke MPUMEHSITh CBOIO TIEPBYIO
YUCTYIO CTPATETHIO TI0 CPABHEHUIO CO BTOPOM U B 5 pa3 pexe MO CPAaBHEHUIO C
TPETHEN.

[Ipu pemieHun 3amadyd TEOPUM WIP PEKOMEHIYETCS HCMOJIb30BaTh
CJIIEIYIOIINI aJTOPUTM:

1. N cknounThb U3 TIaTEKHOM MAaTPUIIBI UTPHI 3aBEI0OMO HEBBITOTHBIE
cTparerud. TakUMH CTpaTerusiMU JUJIsi MEPBOTO HUIPOKa (BTOPOTO UIPOKA)
SBIIAIOTCSL T€, KOTOPHIM COOTBETCTBYIOT CTPOKH (CTOJOIBI) C 3JIEMEHTaMU,
MEHbIIUMHU (OOJIBIIMMHU) 1O CPAaBHEHHIO C DBJEMEHTaMU JPYTHX CTPOK
(cTONOI1OB).
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A G - O e — Kera2 - Microsort Excel

| Barn | [nagHan Bcraeka PaszmeTra crpaHmvubl Popmynsl JaHHble PeleH3IWpoBaHWE Bug
MoAYYEHNE BHEWHNK J3HHEX MogKAKYEHHA CopTMROBEKE W G UNETR
A2 ¥ F | =C2+c3+Ca

[T c D E F G H I J K
1 Llenesan dyHKUMA TepemeHHble LLeHa urpel BepoOATHOCTH
i 0,25 0,125 4 0,5

T lmmmambhag
3 OrpaHuyeHHuA 0 1]
4 | 1,125 0,125 0,5
5 1 ' N
- 1 T MapameTpel NoWCKE pEWEHUA L&J
7| 0,125
g | o ONTHMUSMPOBATE LIENEBYIO DYHKLIMIO: SAS2 3
9 | 0,125
10| Aot (71 Makaamym @ Mursimym () 3HaveHus: 0
11
| M3SMEHAR AYEMKI NEPEMEHHEIX:
12 —

1 e
12| SCE2:5C54 S
14

| B COOTBETCTBHM C OrPaHHMYEHMAMAL
15

SAS4 »=1 - [ |
16| $AS5 >= 1 Aebar
17 SASE »=1

+ SASTISASS »=10 ‘ M3MeHHTE ‘
18 |
15 | [ ¥nanute ]
20 |
21 | ChpooTe J
22
23 | - [ 3ErpysHTL /COXPEHITE l
24 [¥] Caenats nepemenHsie BEs orpaHMYEHNIl HEOTDHLATENEHEIMA
25 } BribepuTe E s onr EI
T SR OMCK PELUEHA HENMHERHEIX 33034 METOAOM
Yeawute | ﬂ METOA pEWEHIa

Pucynok 8.3 — PaGouuii nmuct ¢ pe3yibpTaTaMu pelieHus 3aauu AJis EPBOro UTpoKa 1
3ar0JIHEHHBIMU MOJISIMH OKHa auaiora «llapameTpbl moucka pereHus»

2. OmpenenuTh UMEET JIU Urpa CEJJIOBYIO TOUKY. /{7151 3TOro He06X0IMMO HANTH
BEPXHIOIO U HWKHIOIO 1IEHY UTPHI:

2.1. Ecnu oHu paBHBI, TO UTPa UMEET CEIJIOBYIO TOUKY, & 3HAUUT
pelIeHre B YHUCTBIX CTpaTerusX U cpa3y MOXKHO 3alucaTh OTBET, TaK Kak
COOTBETCTBYIOIIME €1 CTpaTeru UrPOKOB OYAYT ONTHUMAIbHBIMHU.

2.2. Ecnum BepxHsii WM HWXKHSA UEHBl WIPbl HE paBHBI, TO
HEO0OXOIMMO MCKATh PEIIEHUE UTPHI B CMEIIIAHHBIX CTPATETUSAX ITyTEM CBEICHUS
ee K 3a71a4e JJMHEHOro MpOorpaMMHUPOBAHUSI.

3. [Iponecc Hax0XKAEHUS PEIICHUS UTPHI C UCITOJIL30BAHUEM METOI0B
JUHEWHOT0 MPOrpaMMUPOBAHUS BKIIFOYAET CIEAYIONIUE TAIbI:

3.1. CocraBisitoT mapy JBOWCTBEHHBIX 3a7a4 JIMHEWHOTO
MpOrpaMMUPOBAaHUs, SKBUBAIEHTHBIX JJAHHOW MaTPUYHOM UTpE.

3.2. OnpenensitoT ONTUMaJbHBIE IUIAHBI TApPbl JBOWCTBEHHBIX
3azay.
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3.3. Hcnonp3yss  COOTHOWIEHHWE  MEXAY  IUIAHAMU  TaphI
JBOWMCTBEHHBIX 3a7a4, ONTUMAJbHBIMUA CTPATErUsIMU U LIEHOM WIPbI, HAXOAAT
pELIEHUE UTPHI.

Ilpumep 3. HaliTu penieHue urpbl, ONpeaesieMOl MaTpULICH:

0 1 -1
A=0 -1 O
1 0 -1

Pemenue. [Ipu pemeHnn 3Toil UTphl K KaXKJAOMY 3JIEMEHTY MaTpHIlbl A
npubaBuM 1 U MOJIYYUM CIIETYIOUIYI0O MaTPHUILY:

1 20
A=[1 01
2 1 0

Tak kak Wrpa He HMMEET CEIJOBOM TOYKH, COCTABUM TEMEph Mapy
B3aWMHO-/IBOVMCTBEHHBIX 3a/1a4:

y,+y,+y, = min X,+X,+x, = max
Y, +y,+2y 21, X, +2x, <1,
2y, + v, 21, X, +x, <1,
v, 21, 2x, +x, <],
y19y29y320- \XI,X2,X3ZO.

PaccMoTpum mpumep pelieHus 3aJa4u ¢ UCIOJIb30BAHUEM UHCTPYMEHTA
«ITouck pemenus» 3neKTpoHHOM Tabauiel Excel.

Jlist onipeiesieHrst ONTUMAJIBLHOTO TIaHa BTOPOM 3a1a4ur HEOOXOAUMO:

1. 3anucaThb 11e51eBY10 (PYHKIIMIO B CIICTYIOIIEM BUJIE:

fleey,03)=¢ +c, +c,
a OrpaHUYCHUS — HEPABEHCTBA, CIEAYIOIIUM 00pa3oM:
¢ +2*c, <1
¢ +cy <1
2*%c +c¢, <1
¢ 20,c,20,c, 20.

2. BpINOJIHUTB CIIERYIOIIUE NEUCTBHUS:

a) BBECTH B STUCHKY A BBIpaKEHUE IS IETEBON QYHKIUU: = ¢, + ¢, + 5 ;

0) BBECTH OrpaHMUYECHUS B AUCHKU A3 : A9 U HyJIEBbIC 3HAUEHUS B TYCHKU
Ci:Cs;

B) BbINIOJHUTH KoMmaHoy CepBuc/Ilouck pemeHusi U 3amoJHUTH
napaMmeTpsl B OkHe auanora Iloumck pemeHuil. Y CTaHOBUTH LICJIEBYIO STUYCHUKY
Al, paBHOIl MakcHMMalbHOMY 3HAUEHHUIO, B Moje BBojga M3MeHsAs sAUeilkm:
BBecTu: cl:c3. Ilepelitn B mosie BBoJga OrpaHM4YeHMsi: U BBIITOJIHUTH KOMaHy
J{00aBUTh. 3aM0JHUTH MOSBUBILIEECS OKHO JUAJora, MociaeJ0BaTeIbHO BBOIS
SYEUKH, B KOTOPBIX HAXOATCA HEPABEHCTBA CUCTEMbI OTPaHUYECHUI;

I') peLIUTh 3aJa4y, BbIOpaB KoMaHaAy BbINOJIHUTE, B MOSBUBIIEMCS] OKHE
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Pe3yabTaThl NOMCKA pelieHUus BLIOpaTh TUM oTueTa Pe3yabTarhl;

1) BBIUMCJIMTH 3HAUYCHUE ILIEHbI Urpbl. [ 3TOro B sSUEHKy €2 BBECTHU
dbopmyny: =1/A1. llena urpsl paBua 0,67,

€) paccyuTaTh 3HAYEHHUSI BEPOSTHOCTEH HMCIOJIb30BAHUSI UTPOKOM CBOMX
crpareruil. [{s aToro BBecTH B siueiiku E4:E6 cootBeTcTBeHHO: =C1-€2; =c2-e2;
=c3-e2. BeposITHOCTb HCIOJIb30BaHUS WIPOKOM IE€pBOM cTparteruu paBHa 0,
BTOpou crpareruu — 0,33, Tperbeit — 0,67.

AHQJIOTUYHO pelas 3ajlady, HaxXOJUM BEpPOSTHOCTb HCIOJIb30BaHUS
CBOUX CTpaTervii BTOPHIM UTPOKOM. BeposITHOCTh UCIONIB30BaHUS UTPOKOM
nepBou crpareruu pasHa 0,33, Bropoit ctpareruu — 0,67, Tpetbeid — 0.

Ilpumep 4. llocTpoeHre MATPUYHON UTPHI HA OCHOBE CUMMETPUYHOMN
naphsl JIBOMCTBEHHBIX 33/1a4

JInst BCAKOM MaTPpUYHOU UTPhI MOKHO 3alicaTh CAMMETPUYHYIO TIapy
NBOMCTBEHHBIX 3amad. ChpaBemiuBo W oOpaTHOE: JJi  BCAKOM
CHUMMETPUYHOM Tapbl JBOMCTBEHHBIX 3a/lad MOKHO 3alucaTh MaTPUUYHYIO
urpy.

[lycth 3aaHa CUMMETpUYHAs Tapa JBOMCTBEHHBIX 3ajad: MpsMas
3ajaJa:

F=CX,AX< B, X>0, npoiictBeHHas 3agada: ¥= BY, YA>C,Y>0. Torna
3TOM CHUMMETPUYHOM IIape€ JABOWCTBEHHBIX 3aJa4 MOYKHO IIOCTaBUTh B
COOTBETCTBUE UTPY, ONPEICISIEMYIO MAaTpUIIEH

0 A -B
D=|-4" 0 C'"|, (8.6)
B" -C 0

7€ MHJeKC T 03HAYaEeT ONEPAIUIO TPAHCIIOHMPOBAHUSI.

Cnegyer OTMETHUTh, 4YTO €CJIM KaKJas MaTpU4yHas MUIpa HMEET
ONTUMAJIBHBIE  CTpaTerud, TO HE BCAKasg  3ajadya  JIMHEWHOrO
IIPOrPaMMUPOBAHUS UMEET PEILICHHUE.

[TocTtpouts urpy, onpenensieMyro CIeayromen naporu JBOMCTBEHHBIX
3a1ay:

npsiMast 3ajayva:

F =2x +3x,(max)

npu  02PAHU4eHUsxX (8.7)
2x, +x, <10
—x, +3x, <12
x,,%, 20;

JIBOMCTBEHHA 3ajaya:;
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F =10y, +12y,(min))

nPU 02PAHUYEHUSIX (8.8)
2y, =y, 22
v +3y,23

Yi)2 20.

Pemenne. 3anumeM MaTpuLbl, 3JIEMEHTAMH KOTOPBIX SIBIISFOTCS:
KOO(pGUIIUEHTH TPU HEU3BECTHBIX JIEBOW YAaCTH CHUCTEMBI OTPAHUYCHHI
npsAMON M JBOMCTBEHHOM 3amad cooTBeTcTBeHHO (Marpuusl A u AY);
Ko (PHUIMEHTH TPW HEU3BECTHBIX B IIEJCBOM (QYHKIIMA TPSIMOA U
JBOMCTBEHHOU 3a1a4y cooTBeTcTBeHHO (Marpuipl C u B'); mpaBbie yacTu
CHUCTEMBbl OIPAaHUYEHUMN MPSIMOU U JBOMCTBEHHOM 3aJad4 COOTBETCTBEHHO

(matpuisl B u CT):
PRI 10
-1 37 ol RN e BV

2
B' =(10,12); C=(223); c' = M

CrenoBaTenbHO, ICXOAHON CUMMETPUYHOM MMape JBOMCTBEHHBIX 3a/1a4
MO>XHO TIOCTaBUTh B COOTBETCTBHE MATPUUYHYIO HUIPYy, OIPEICIIEMYIO
MaTpULIEH:

0 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 |

Annaparypa U martepuajbl. JlJig BBINOIHEHUST JabopaTOpHO pabOThI
HEOOXOJMMO  HCIOJIb30BaTh  CIEAyIollee:  anmapatHoe  oOecreyeHue:
NEPCOHANBHBIN KOMIBIOTEP M TMPOTPAaMMHOE OOECIeYEHHUE: OIMEePaALUOHHYIO
cucremy Windows 10 wu Beime; Microsoft Officel3 u BbIme, cucTeMbl
koMmIiibroTepHoi MateMatukn Machcad 1 MATLAB R2017a u Bbie.
Yka3anus nmo texHmke 0Oe3omacHocTH. CaMOCTOSTEILHO HE MPOU3BOJAUTH
YCTAaHOBKY M YJAJICHHE MPOTPAMMHOTO OOECTICUCHHUSI; PEMOHT TIEPCOHATHLHOTO
koMmbroTepa. CoOmrofaTh MpaBWiia TEXHUYECKOW SKCIUTyaTalldd M TEXHUKHU
0e30macHOCTH MPHU padOTE C IIEKTPOOOOPYIOBAHUEM.

MeToanka u NOPsA/I0K BHINOJTHEHUST PAa0OTHI
BreimonanTe  TIpeasTOKCHHBIC  3alaHUsA, TPEIBApUTEIBLHO pa3o0paB
IPUMEPHI, IPUBEICHHBIC BHIIIIC.
3apanue 8.1. [IpunsaTre pemieHnid B yCIOBUSIX HEONIPEAEIEHHOCTH
1. UccnenyiiTe miaTexHyo MaTpHIly Urpsl (Tadmuma 8.1):
— OTIPEJICITNTE HIKHIOK U BEPXHIOIO 1IEHBI UTPHI;
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2.

CBEJICHUS €€ K 3a/1aue JMHEHHOro NporpaMMHUPOBAHHUS:

3.

OIIPCACIINTC MUHNMAKCHBIC 1 MAKCHUMHWHHBIC CTPATCTHH,
OIpCACINTC ONITUMAJIbHBIC PCHICHUA HUI'PbI B YUCTBIX CTPATCTUAX,

€CJIA CYyLIECTBYET CEIJI0BAst TOUKA.
Haiinure pemienus urpsl, He UMEIOLIEH CEUIOBYIO TOYKY, IIyTEM

3aIMUIIUTE MOJECIINA PSMOM U IBOMCTBEHHOW 3a/1a4H;
HalJIUTE penieHne o0enx 3a1ady;

IIPOaHAIU3ZUPYITE
IIOMOIIIBIO IBYX TEOPEM JIBOMCTBEHHOCTH.

Crenaiite BBIBOI.

IMPpaBUJIbHOCTDb

Tabnuna 8.1— BapuanTsl BTOporo 3agaHust

HaWJICHHOTO pELIEHUs C

No IInarexxnas No [LmaTexxnas matpuna
BapHUaHTa MaTpHUIIA UTPBI BapHaHTa UTPBI
1. 2 5 8 1. 4 5 3
7 2 8 6 8 4
3 71 4 2 4
2 5 8 4 5 8
7 2 8 6 9 5
9 7 7 5 2 1
2. 3 56 2. 2 5 8
5 3 8 7 39
3 7 1 3 51
3 3 8 3 4 9
7 1 8 3 2 8
3 3 2 1 7 1
3. 2 59 3. 6 5 8
7 2 7 7 1 8
3 3 1 3 4 1
3 5 4 4 1 7
7 2 3 7 2 8
5 7 5 3 6 2
4. 2 5 8 4. 6 5 3
7 3 5 2 3 7
3 7 7 3 7 1
2 5 8 5 3 8
4 3 5 6 2 7
5 7 7 3 3 1
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5. 55 5. 2 49
6 2 4 35
3 4 5 8 7
58 3 2 5 8
327 4 35
37 1 9 7 3
6. 9 2 8 6. 2 5 8
32 4 735
37 1 5 6 4
6 5 8 2 6 9
7 28 735
35 1 6 6 9
7. 3509 7. 2 3 8
7 4 6 4 4 5
37 2 57 7
2 5 8 2 5 8
7 28 4 35
37 1 56 9
8. 15 8 8. 3 58
7 4 3 2 25
37 1 17 1
4 5 4 75 8
7 4 3 4 35
37 1 5 7 7

3aganme 8.2. IloctpoiiTe aii CUMMETPUYHBIX Map JBOWCTBEHHBIX
3a/1a4 onpeaensieMble UMHU MaTPUYHbBIEC UTPBI:

F =3x, +4x, + x;(max);

[2x, +3x, —4x; <12
— X, +x, +x; <14
3x, +4x, —x; <16

X5 X5,X3 20

F" =12y, +14y, +16y,(max);

2y =y, +3y; 23

3y, +y, +4y; 24
<

—4y +ty,—y; 21
VisV2s V3 >0
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F =5x +7x, +8x;(max); F =18y, +16y, + 24y, (mim);

(X, +x, +x; <18 v, +3y, +4y; 25
3x, +2x, +x3 <16 Vi +2y,+3y; 27
<4x1+3x2+x3£24 Sy, +y, +y; 28
X1, X9, %3 20 V152, ¥3 20

JInst MCXOAHOM 3aadd COCTABBTE JBOWCTBEHHYIO M IOCTPOMTE IS
IIOJIyYEHHOW Mapbl JBOWCTBEHHBIX 3a/ad OINpPENEIsieMble UMU MaTPUYHBIE
UTPBL:

F =2x, + x, + 5x;(max); F =x, +2x, + 3x;(max);
Xy,X5,X3 20 Xi5Xy,X3 2 0.

Conepxxanue oT4yera u ero popma

[ToaroToBsTE OTUET, B KOTOPOM OIUILIUTE TEXHOJOTHUIO PEIICHUs 3a7au
JMHENHOT0 MporpaMMHUpOBaHus cpeacTBamMu Excel, ucnonb3ys 3aaHusi CBOero
BapuanTa. OT4uer 1o J1abopaTopHOi paboTe JOHKEH COAEPKATh:

1)  HazBaHue pabOTHI;

2)  uenb 1abopaTopHOIl pabOTHI;

3)  ycIIOBHS BBINOJHEHHBIX 3aJaHUIN U UX PEIICHUE;

4) BBIBOJIBI,

5)  OTBeThI HA KOHTPOJHHBIC BOMIPOCHI.

Bonpoce! 151 3a1iuThl padoThI:

I. Yro Takoe Teopus urp?

2. YTo noHUMAIOT MO KOHPIMKTHON cUTyauuen?

3. UYTo JIE)KUT B OCHOBE TEOPUHU UTP?

4. IlepeuncnuTe OCHOBHBIE TIOHSATHUS TEOPUU HUIP U JAUTE UM
OTIpEICIICHHUE.

5. [To xakuM mpU3HAKaM MPOBOJAST KJIACCU(PUKALINIO UTP?

6. HazoBute u3Bectubie Bawm knaccuduxanuu.

7. Kakne ocHOBHBIE cITOCOOBI ONMKMCAHUs U aHalIu3a Urpbl Bel 3HaeTe?

8. UTto Takoe riaTexxHasi MaTpuLa UTPhI?

9. Kak onpenenutps 1o IiaTe:xkHOM MaTpUIE HUKHIOK U BEPXHIOKO

LEHY UTPbI?
10.  C 4ero HaYMHAIOT pELICHUE UTPHI?
11. B kxakom ciydae urpa UMeeT pelIeHUE B YUCTBIX CTPATErusIX?
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12.  Yto Takoe cMelIaHHas CTpaTerus?
13. B dem 3akitouaercs MOUCK ONTUMATBHOM CMEIIaHHOW CTpaTerun?
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JIABOPATOPHAS PABOTA 9
Ciy4aifHble IPOLECCHI ¢ JUCKPETHBIM COCTOSIHHMEM. Y PaBHEHUSA
Koamoroposa 1711 CTAIMOHAPHOTO PeKUMA

Heas u cogep:xanmne: Hayunrtbcest coctaBiaTts ypaBHeHHs: Konmoroposa
Y BBINOJHATH aHAJIU3 Pad0Thl MOJEIUPYEMOI CUCTEMBI.

Opranuzanuonnas ¢gopma 3aHATHIH: pelieHue NpoOJEeMHBIX 3ajad,
pa300p KOHKPETHBIX CUTYaLUN

Bonpoce! 15 00cykaeHust Ha JIa0OPAaTOPHOM 3aHATHH: IIOCTPOCHHUE,
pelleHHe U  aHalu3 MOJEIEH CHUCTEM, OIUCHIBAEMBIX YPaBHEHUSIMU
Konmoroposga.

®opmupyembie komnerenuuu: OITK-7, OIIK-8,

Teopernueckoe 000cHOBaHUE
N3yunrte TeOpeTHUECKUI MAaTEPHAII 110 JAHHOM TEME.
IHonsiTHE Cy4yailHOrO IpoLecca
Crtporo roBopsi, ciydailHble BO3MYIIEHUS MPUCYILIU JTIOOOMY MPOIIECCY.
[Ipoie mpuBECTH NpPUMEPHI CIY4YAHOr0, YEM «HECIy4aillHOro» mpolecca.
Jlaxxe, Harpumep, Mpolecc XoAa 4acoB (BpoJe Obl 3TO cTporasi BbIBEpEHHas
paboTa — «paboTaeT Kak yackl») MOJABEPKEH CIydyalHbIM M3MEHEHUAM (yXOA
BIIEpEl, OTCTaBaHWE, OCTaHOBKa). Ho 1o Tex mop, moka 3T BO3MYLICHUS
HECYIIECTBEHHBI, MAJIO BIUAIOT HA HHTEPECYIOIIME HAC TapaMeTPbI, Mbl MOXKEM
UMH TpeHeOpedb M paccMaTpuBaTh NPOLECC KaK JETEPMUHUPOBAHHBIM,

HECIIyYalHbIN.
[Tycth nmeeTcst HeKoTopas cuctema S (TEXHUYECKOE yCTPOMCTBO, rpynna
TaKUX YCTPOWCTB, TEXHOJIOTUYECKAsi CHUCTEMAa — CTaHOK, Yy4YacTOK, LEX,

NpeanpusaTAe, OTPacib MPOMBIILIEHHOCTH M T.A.). B cucreme S npotekaer
cay4daiiHblii mpouece, €ClIy OHa C TEYEHUEM BPEMEHH MEHSET CBOE COCTOSIHUE
(mepexoIuT U3 OJHOTO COCTOSIHUSL B JIPYroe), MpUYEM, 3apaHee HEU3BECTHBIM
CIIy4aiHBIM 00Pa30M.

Ipumepsni: 1. Cucrema S — TexHOJOrHYeckass cucTteMa (y4acTOK
ctaHkoB). CTaHKH BpeMs OT BPEMEHHU BBIXOISAT M3 CTPOSI U PEMOHTHUPYIOTCA.
IIpouiecc, mpoOTEKAIOIINMI B 9TOU CUCTEME, CIIyYacH.

2. Cucrema S — camoJieT, COBEpIIAOLINI PEIC Ha 3aJaHHOW BBICOTE II0
OlpeieIeHHOMY MapuipyTy. Bo3mymaroniye ¢akTtopsl — METE0yCIOBHUS,
OLIMOKM JKUMaxa U T.JI., HOCIEACTBUS — «OOJTaHKa», HapylleHUe rpaduka
II0JIETOB U T.JI.

MapkoBCKHHM CJIy4YaMHBIH MPOLECC

CiyuaifHplil  TIpollecC, MPOTEKAIOIIMKM B  CUCTEME, Ha3bIBACTCs
MapkoBcKHM, €ciM Uil JitoOOTO MOMEHTa BPEMEHH f) BEpPOSITHOCTHBIE
XapaKTEPUCTHKU TpolLecca B OyaylieM 3aBHUCIT TOJBKO OT €ro COCTOSIHUS B
JAHHBI MOMEHT fop M HE 3aBHUCST OT TOTO, KOTJa M KaK CHUCTeMa IMpHUIIa B 3TO
COCTOSIHHE.
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[Tycte B HaAcTOSIIMNA MOMEHT tp CUCTEMa HAaXOIUTCS B OIpPEICICHHOM
COCTOSIHUM So. MBI 3HaeM XapaKTEpPUCTUKH COCTOSHUSL CUCTEMBI B HACTOSIILIEM
& —>8 1 Bce, 4TO OBUTO TIpH ¢ < £y (MIPEABICTOPHUIO TIpoliecca). MoXKeM JIn MBI
npenyraaath (mpeackasarh) Oyayiiee, T.e. 4To OyJIeT npu ¢ > fo? B TouHocTu —
HET, HO KaKHe-TO BEPOATHOCTHBIE XapaKTEPUCTHKH Mpoliecca B Oy TIyIieM HaluTh
MOXxHO. Hanmpumep, BeposSITHOCTB TOTO, 4TO Y€pe3 HEKOTOPOE BpeMsl T cucTemMa
S OKa)keTcsl B COCTOSIHUM S| WIIM OCTAHETCS B COCTOSTHUU So U T.JI.

Ipumep. Cucrema S — rpyIrma camoJIeTOB, Y4aCTBYIOIIMX B BO3YIITHOM
60t0. IIycTh X — KOJIMUECTBO «KPACHBIX)» CAMOJIETOB, } — KOJIHMYECTBO «CHUHUX)
camosietoB. K MOMEHTY BpeMeHU #p KOTUYECTBO COXpPAaHUBIIUXCS ( HE COUTHIX)
CaMOJIETOB COOTBETCTBEHHO — Xo, }o. Hac mHTEpECcyeT BEpOSTHOCTH TOrO, YTO B
MOMEHT BpeMcHH (fg+T) YHCICHHBIN TIepeBeC OyJET Ha CTOPOHE «KPACHBIX).
DTa BEpPOSITHOCTh 3aBUCHUT OT TOTO, B KAKOM COCTOSIHUM HaXOJUJIach CUCTEMA B
MOMEHT BPEMEHU fp, @ HE OT TOr0, KOrJa U B KAaKOW II0CJIEIOBATEIbHOCTH
norubanu cOUTHIE 10 MOMEHTA fy CAMOJIETHI.

Ha mnpaktuke MapkoBckue MpoIrecchl B YHCTOM BHUJIE OOBIYHO HE
BCcTpeuarorcs. Ho nMeroTcst mponeccesl, 111 KOTOPBIX BIMSTHUEM «IIPEIUCTOPUN»
MOXHO TpeHeOpeub. M mpu M3ydeHUH TakuX MPOIECCOB MOXKHO MPUMEHSTh
MapxkoBckue Mojienu (B TEOPHH MacCOBOTO OOCITYKMBaHUSI PacCMATPUBAIOTCS
u He MapKOBCKHE CHUCTEMbI MAacCOBOTO OOCIYKMBaHUS, HO MaTeMaTUYECKUI
anmnapar, UX ONUCHIBAIOIINMA, TOPA3/I0 CIOMKHEE).

B uccnenoBanun omeparuii 0osibIlIoe 3HAUYCHHE WUMEIOT MapKoBCKHUE
CIy4YailHbI€ TMPOLECCHl C JHCKPETHBIMU COCTOSSHUAMH M HENPEPBIBHBIM
BPEMEHEM.

IIponecc Ha3BIBACTCA MPOLECCOM C TUCKPETHBIM COCTOSIHMEM, €CIIU €70
BO3MOXKHbBIE COCTOSIHUS Si, S2, ... MOXKHO 3apaHee OINpEAEeIUTh, U MEPEXOL
CHACTEMBI U3 COCTOSIHHUSI B COCTOSIHUE MPOUCXOIUT «CKAYKOM», IMPAKTUYECKHU
MTHOBEHHO.

IIpouecc Ha3bIBA€TCA MPOLECCOM € HENMPEPbIBHBIM BpPeMEHEM, C€CIIU
MOMEHTBI BO3MOKHBIX MTEPEX0/I0B U3 COCTOSIHHSI B COCTOSTHUE HE (PUKCHPOBAHBI
3apaHee, a HEOIPEIeTCHHbI, CTy4YailHbl U MOTYT MPOU30UTH B 1000 MOMEHT.

Jlanee paccMaTpUBArOTCS TOJIBKO MPOLIECCHI ¢ JUCKPETHBIM COCTOSSHUEM
Y HENPEPHIBHBIM BPEMEHEM.

Ilpumepl. Texuonormyeckass cucrema (y4acTok) S COCTOUT U3 JABYX
CTAaHKOB, KaX/bI{ U3 KOTOPBIX B CIIy4YalHbI MOMEHT BPEMEHH MOYKET BBIMTH U3
CTposi (OTKa3arh), MOCJE€ YEro MTHOBEHHO HAYMHAETCS PEMOHT y3ja, TOXKE
MPOJOJKAIOIINICS 3apaHee HEU3BECTHOE, cliydyalHoe BpeMsa. Bo03MOXHBI
CJHEAYIOLIUE COCTOSIHUS CUCTEMBI:

So - 00a cTaHKa UCTIPABHBI;

S| - IepBbIl CTAHOK PEMOHTUPYETCSI, BTOPOU UCTIPABEH;

S> - BTOpO#l CTAHOK PEMOHTUPYETCS, IEPBBIN UCIIPABEH;

S3 - 00a cTaHKa PeMOHTHPYIOTCSI.
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[lepexoasl cucrembl S W3 COCTOSHUSL B COCTOSIHHE MPOUCXOAAT
NPAaKTUYECKW MTHOBEHHO, B CIIy4YallHbIE MOMEHTBI BBIXOJA U3 CTPOSI TOTO WU
WHOI'O CTAHKA WJIM OKOHYAHUS PEMOHTA.

IIpn ananmu3e ciy4alHBIX NPOLIECCOB C AUCKPETHBIMH COCTOSHUSIMU
yA00HO TOJIb30BAaThCA T'€OMETPUYECKON cXeMod — rpadoM COCTOSTHMIA.
Bepmunst rpada — cocrosinus cuctemsl. Jlyru rpada — BO3MOKHBIE IEPEXObI
U3 COCTOSIHUS B cocTosiHue. /[t Hamero npumepa rpad COCTOSIHHM MPHUBEACH
Ha pucyHke 9.1.

Pucynox 9.1 — I'pad cocrosiHmii cucTembl

[Tpumeuanue. [lepexon u3 cocrosinus So B 3 Ha pUCYHKE HE 0003HAYEH,
T.K. IPEANOJIaraeTcs, YTO CTAHKHU BBIXOAST U3 CTPOSI HE3ABUCUMO JIPYT OT JApyra.
BeposTHOCTBIO OJHOBPEMEHHOTO BBIXOJIa M3 CTPOST OOOMX CTAaHKOB MBI
npeHeOperaem.

IToToku coObITHIT

IloTok coOBITHII — TIOCIEIOBATENIBHOCTh OJIHOPOJHBIX COOBITHIA,
CJIEAYIOUIUX OJIHO 3a IPYTHM B KaKHUE-TO CIy4ailHble MOMEHThI BPEMEHHU.

B npeapiayiieM npuMepe — 3T0 NOTOK OTKa30B U IOTOK BOCCTAHOBJICHHM.
Jpyrue mnpuMepbl: TOTOK BBI30BOB Ha TeJIePOHHOM CTaHIMU, MOTOK
[IOKyIaTeJed B MarasuHe U T.J.

[ToTok COOBITHMII MOKHO HArJIIIHO M300pa3uTh PSJIOM TOYEK HA OCH
BpeMeHH O f — pUCYHOK 9.2.

3 Ty

F 3
¥

L]
Ld]

—o— 5=

0 t

Pucynok 9.2. — M300paxeHne MoToka COOBITHI Ha OCH BpeMEHU
[Tonoxenune KakK0¥ TOYKM CIIy4aitHO, U 3/1eCh M300pakeHa JIUIIh KaKasi-
TO OJIHA peanu3anus IMOTOoKA.
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NHTEHCHBHOCTh MOTOKA cOOBITHI (A) — 3TO cpesHee YuCiIOo COOBITUH,
MPUXOIAIIEECS HA EAUHUILY BPEMEHHU.

PaccMmoTpum HEeKOTOpBIE CBOMCTBA (BUABI) TOTOKOB COOBITU.

[ToTok coOBITHI HA3bIBAECTCS CTANIMOHAPHBIM, €CITU €r0 BEPOSATHOCTHBIE
XapaKTEPUCTUKU HE 3aBUCST OT BPEMEHHU.

B yacTHOCTH, MHTEHCHMBHOCTbH . CTAllMOHAPHOIO IIOTOKA IIOCTOSHHA.
[ToTok coObITHIT HEM30EKHO UMEET CTYIICHUS WA Pa3peKEHUs, HO OHU HE
HOCSIT 3aKOHOMEPHOI'O XapakTepa, U CPeHEE YUCIIO COOBITUM, MPUXOIAIIEeCs
Ha €IMHULY BPEMEHH, IOCTOSTHHO U OT BPEMEHU HE 3aBHUCHT.

IToTox coOBITMI Ha3BIBA€TCS NMOTOKOM 0€3 MOCJeACTBHIi, €CIIM I
JTOOBIX IBYX HEMEPECEKAIOIIUXCSl yUaCTKOB BpEMEHU 1| iy (CM. pUCYHOK 9.2.)
YHCIIO COOBITHM, MOMAAA0NINX HA OJIMH U3 HUX, HE 3aBUCUT OT TOr0, CKOJIbKO
COOBITHH TTOTIAJI0 Ha APYrou. J[pyrumu ciioBamu, 3TO 03HA4YaeT, YTO COOBITHS,
oOpasyromie TMOTOK, TMOSABJISIOTCS B T€ WJIM HWHBIE MOMEHTHI BPEMEHHU
HE3aBHCHMO JIPYI OT JApyra U BbI3BaHBl KaXJ0€ CBOMMHU COOCTBEHHBIMHU
IIPUYMHAMU.

[ToTok coObITHII Ha3bIBaeTCS OPAMHAPHBIM, €CIIM COOBITUS B HEM
MOSIBJISIFOTCS IOOJIMHOYKE, & HE TPYIIIAMU 10 HECKOJIBKY Cpa3y.

[Totok coObITHII Ha3bIBaeTCS mMpoCTeHmMM (WM CTANMOHAPHBIM
MyacCOHOBCKHM), €CJIH OH 00J1a/1aeT cpa3zy TPEeMs CBOMCTBaAMHU:

1) crarimonapes,

2) opaMHAapeH,

3) HE UMeeT MOCIECTBUM.

[Ipocreiimnii MOTOK WMeeT HauOoyiee MPOCTOE MaTeMaTHYECKOe
onucanue. OH UrpaeT cpeau MOTOKOB TAKYIO K€ 0COOYIO pOJib, KaKk U 3aKOH
HOPMAaJIbHOTO pacHpeiesieHus Cpeau JAPYruX 3aKOHOB pachpenesieHus. A
UMEHHO, TpPH HAJIOKEHUU JIOCTATOYHO OOJBIIOTO YHCIA HE3aBUCUMBIX,
CTAIlMOHAPHBIX W OPAMHAPHBIX IMOTOKOB (CpPaBHUMBIX MEXAy COOOH 10
MHTEHCUBHOCTH ) MOJIy4aeTCs MOTOK, OJU3KUN K IPOCTEHIIIEMY.

Jns mpocTedIero moTtoka C WHTEHCHUBHOCTBIO A MHTEpBan 1 MEXIYy
COCEIHUMH  COOBITHSIMM  HMEET TaK  Ha3blBaéMO€  IOKa3aTeJbHOe
(3KCNOHEeHUMAJIbHOE) pacipeiesieHHe C INIOTHOCTBIO

f@)=4",

rae A - mapaMeTp MOKa3aTelIbHOTO 3aKOHA.

Jns cmyyaliHOM BEWYMHBI 1, MMEIOIIEN MMOKa3aTEIbHOE PACTIPENACIICHHUE,
MaTeMaTUYECKOE OXKU/IAHNEC My €CTh BEJIMUMHA, O0OpaTHas apameTpy, a CpeaHee
KBaJIpPATUYHOE OTKJIOHEHUE Ty PABHO MATEMATUYECKOMY OKHIAHUIO

=0, =11

YpaBHenuss KoumoropoBa [jisi BepOSTHOCTEHd  COCTOSIHMIA.
DuHaJbHbIE BEPOATHOCTH COCTOSITHU A

PaccmarpuBass MapkoBckre MpoOILECCHl ¢ TUCKPETHBIMU COCTOSIHUSAMU U
HETIPEPHIBHBIM BPEMEHEM, MOJAPA3YMEBAETCS, UTO BCE MEPEXOAbI CUCTEMBI S U3
COCTOSIHMSI B COCTOSIHME MPOUCXOJAT MOJ NEHUCTBUEM MPOCTEUIINX MOTOKOB
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coObITUH (TIOTOKOB BBI30BOB, MOTOKOB OTKa30B, MOTOKOB BOCCTAHOBJICHUU W
T.4.). Ecniu Bce moToku coObITUH, MEepeBOJsALIUE CUCTEMY S U3 COCTOSIHUS B
COCTOSIHME TPOCTEHIINEe, TO TMpolecc, MPOTEKAIIMA B cHCTeMe, OyJleT
MapxkoBckum.

Nrak, Ha cucteMy, HaxXOASUIyIOCd B COCTOSHHM &, JIEUCTBYET
IpocTeUIui MOTOK cOObITUH. Kak TOJNBKO MOSBUTCS MEPBOE COOBITHE ITOTO
MIOTOKA, TPOUCXOJIUT KIIEPECKOK» CUCTEMbI U3 COCTOSIHHS ;B COCTOSIHUE S (Ha
rpade COCTOSTHUMN TIO CTpeiKe & —»8y).

Jlnst HarmsimHOCTH Ha rpade COCTOSHUW CHUCTEMBI Yy KaXIOW IyTH
MPOCTABJSIOT UHTEHCUBHOCTH TOTO IOTOKA COOBITUN, KOTOPBIA MEPEBOIUT
CUCTEMY II0 JaHHOW Jyre (CTpenke). A - WHTCHCHBHOCTH ITOTOKA COOBITHIA,
NEPEeBOMASAIIMNA CUCTEMY M3 COCTOSIHUA ~;B ;. Takol Trpad Ha3bpIBaeTCs
pa3MedeHHBbIM. J[7s Hamero mpuMepa pa3MEUeHHBbIM Tpad MpHUBEACH Ha
pUCYHOK 9.3.

Pucynok 9.3. — Pa3meueHHsli rpad) cocTostHUI CHCTEMBI

Ha »TomM pucynke A- MHTEHCUBHOCTHM TIOTOKA OTKa30B; -
WHTEHCUBHOCTH MTOTOKA BOCCTAHOBJICHUH.

[Ipenmnonaraem, 4To cpeaHee BpeMs PEMOHTA CTAHKA HE 3aBUCUT OT TOTO,
PEMOHTHPYETCS JTU OJIMH CTAaHOK MK 00a cpasy. T.e. peMOHTOM Ka)X7I0TO CTaHKa
3aHSAT OT/EJIbHBINA CTICI[UATHUCT.

[Tycth cucTema HaXOIUTCSl B COCTOSTHUM So. B cocTtostnue S ee nepeBoaut
MOTOK OTKa30B MEPBOro cTaHka. Ero HHTEHCUBHOCTh paBHA

Ag = UT, g1 90.cpesmercu™,

T71C T 21— CpelIHEE BpeMs 0€30TKAa3HOW PabOTHI MIEPBOTO CTAHKA.

N3 cocrosnus Si B Sp cuctemMy nepeBOIUT NOTOK «OKOHYAHUN PEMOHTOBY»
nepBoro cranka. Ero HHTEHCHBHOCTH paBHA

o = VT sy 00 sparaesns™ |

T71C T pam1 - CPCJIHEE BPEMSI PEMOHTA TIEPBOTO CTaHKA.

AHanOruyHO  BBIYMCISIIOTCS ~ MHTEHCUBHOCTH  IMOTOKOB  COOBITHIA,
NEePEeBOMSAIIMX CUCTEMY IO BCeM AyraM rpada. Mmes B cBoeMm pacnopsikeHUU
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pa3MedeHHbIN rpad) COCTOSHUM CUCTEMBI, CTPOUTCS MaTeMaTHYeckKasi MoaeJIb
JTAaHHOT O TIpoliecca.

ITycts paccMarpuBaemas cucteMa S UMEET #- BO3MOYKHBIX COCTOSTHUM
8.2 -.8, . BEpOATHOCTD i- TO COCTOSIHHS Ps@)- 5TO BEPOSITHOCTH TOTO, YTO B
MOMEHT BPEMEHHU £cucTemMa OyJIeT HaXOAUThCA B COCTOSIHUM ;. OUEBUIHO, UTO

Ui 1I000T0 MOMEHTa BPEMEHH CyMMa BCEX BEPOSTHOCTEH COCTOSIHHM paBHA
CAUHULIE:

S ad=L
=l

Jlis HaXOKICHHUS BCEX BEPOSTHOCTEH cocrosuuii Pydkak (yHkumii
BPEMEHHU COCTaBJISIIOTCA M penatoTcs ypaBHeHusi KosmoropoBa — oco0oro
BHUJIa YpaBHEHHUS, B KOTOPHIX HEWU3BECTHHIMU (PYHKIHMSAMU  SIBISIOTCS
BEPOSITHOCTUA COCTOSIHUM. [IpaBuio cocTaBiieHUs 3THUX ypaBHEHUU MpPUBEAEM
31ech 06e3 qokazaTenbeTB. Ho mpex e, yem ero mpuBOanUTh, 0OBSICHUM MOHITHE
(puHANTLHON BEPOSAITHOCTH COCTOSTHUA.

Yto OymeT MpOUCXOIUTh C BEPOSATHOCTSIMHU COCTOSIHUM Mpu £ —@ ? by nyT
m 20,3 @)--cTpEMUTECS K KakuM-Tu00 npepenam? Eciu 5TH mpenens
CYHIECTBYIOT M HE€ 3aBUCIT OT HAYaJIbHOTO COCTOSIHUSI CUCTEMBI, TO OHH
Ha3bIBAIOTCS (PUHATIBHBIMH BEPOSITHOCTSIMM COCTOSIHUIA.

hmaAa®=p.i=1lx
He
Trac #- KOHCYHOC YHUCI0 COCTO?IHI/Iﬁ CUCTCMBI.

PDuHaJIbHbIe BEPOSITHOCTH COCTOSIHMII — 3TO YXXE€ HE IIEPEMCHHBIC
BEeTUYHHBI ((PYHKIIMH BPEMEHH ), @ TOCTOSIHHBIE ynciia. O4eBUIHO, YTO

L
rm=1
Rl

duHATbHAS BEPOSATHOCTH COCTOSIHHS ~;— JTO IO — CYIIECTBY CpeHEe
OTHOCUTEJIbHOE BpeMsl MPEObIBAHUS CUCTEMBI B 3TOM COCTOSIHHH.

Hampumep, cucrema S umeer tpu cocrosinust Si, S» u S3. X dhuHanpHbIe
BEPOSITHOCTH paBHBI cOOTBETCTBEHHO 0,2; 0,3 1 0,5. DTO 3HAYMUT, 4TO CUCTEMA B
peebHOM CTAI[MOHAPHOM COCTOSTHUU B cpenHeM 2/10 BpeMeHu POBOJIUT B
coctosHud Si, 3/10 — B cocrosgunu S 1 5/10 — B cocrostHuu Ss.

IIpaBuio cocraBjienusst cucrembl ypaBHeHud Koimoroposa: B
KaXXJOM ypaBHEHHU CHUCTEMbl B JIEBOH €ro 4YacTH CTOUT (UHaJbHas
BEPOSITHOCTh JAHHOTO COCTOSIHUSL 25, YMHOXKEHHasi Ha CyMMapHYIO
MHTEHCUBHOCTbH BCEX MTOTOKOB, BEYIIUX M3 JTAHHOTO COCTOSIHMS, 3 B MPaBoii
€ro 4acTv — CyMMa IPOU3BEICHUI THTEHCUBHOCTEN BCEX MTOTOKOB, BXOAAIIMX
B i- € COCTOSIHME, Ha BEPOSTHOCTU T€X COCTOSIHUM, U3 KOTOPBIX ATU MOTOKH
UCXOJISIT.

[Tonp3ysich TUM MPABUIIOM, HAIMIIIEM CUCTEMY YPAaBHEHHUI 1Jisl HAIIEr 0
npumepa:
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(A + A0 )Pa = HuPr + HaPa
(th+ 20)py = APy + HiyPs
(i + Ap)p, = Agpy + i Py
(4 + 2:2)P5 = Appy + 2aPy
DTy CHCTEMY 4YEeThIpEX YPAaBHEHUH C YEThIPbMSI HEU3BECTHBIMHU
Pe.P.P2. P2, Kazanoch Obl, MOXHO BIIOJIHE pemuTh. HO 3TH ypaBHEHUS
OJIHOPOJIHBI (HE MMEIOT CBOOOJHOTO 4JIeHA), M, 3HAYUT, OIPEACIIIIOT
HEU3BECTHBIE TOJBKO C TOUYHOCTHIO JI0 MPOMU3BOJIBHOTO MHOXUTENA. OmHAKO
MOHO BOCIOJIb30BAThCSI HOPMUPOBOYHBIM YCIOBUEM
Putpytp,tp =1
U C €ro MnoMomiblo pemutb cucremy. [lpu stom omHo (ro6oe) u3
ypaBHEHUN MOKHO OTOPOCHUTH (OHO BBITEKAET KaK CIEACTBUE U3 OCTAIbHBIX).
IIpooonscenue npumepa 1. 1lycte 3HaUECHNSI UHTEHCUBHOCTEN IOTOKOB
PaBHBI:
A=Ay =LAy =Ry =2, [y = sy = 2 oy = fiyy =3.
YerBeproe ypaBHeHUE oTOpachiBaeMm, J00aBisii BMECTO  HETO
HOPMHUPOBOYHOE YCIIOBUE:

Zp=2p,43p,
P, =Pot3ps
dp, - 2p,+2ps

Potp+p,+p, =1
Pe=6/15=04p, =3/'5=02p, =4/15=0,27. p, = 2/15=0,13.

T.e. B IpeaebHOM, CTallMOHAPHOM pexuMe cuctema S B cpennem 40 %
BpeMeHH OyJeT MPOBOJUTH B cOCTOSIHUU So (00a cTtanka ucrnpasusl), 20 % - B
cOoCTOAHUH S| (IIEPBBI CTAHOK PEMOHTUPYETCS, BTOpOM padoraer), 27 % - B
COCTOSIHMH S> (BTOpPOM CTaHOK PEMOHTHpYETCsS, NEepBhId padoraer), 13% - B
cocTtosHUH S3 (00a CTaHKa PEMOHTUPYIOTCS). 3HAHHE H3THX (PUHAIBHBIX
BEPOSITHOCTE MOKET MOMOYb OLEHHUTHh CPENHIO 3(P(EKTUBHOCTH PaOOTHI
CUCTEMBI U 3aTPy3Ky PEMOHTHBIX OPTaHOB.

ITycth cucrtema S B coctosiHuM Sy (MMOJTHOCTHIO UCIPaBHA) MPUHOCUT B
€IMHUIy BPEMEHU JI0XOJ & YCIOBHBIX €IUHMI], B COCTOSIHMM S| — 10X0oA 3
YCIJIOBHBIE €IUHUIIBI, B COCTOSTHUU 52 — T0XO/1 5 YCIOBHBIX €IMHUL, B COCTOSIHUU
S3 — He mpuHOCHUT Joxoja. Torma B NpeAenbHOM, CTAllMOHAPHOM pEXHUME

cpeaHui JIOXO]T B eAUHULLY BPEMEHHU Oynet paBeH
W —04%8+0,2%3+0,27%5 - 35,5 yCITOBHBIX SUHUII.
Cranok | PEMOHTHUPYETCA JIOJTIO BPEMEHH, PaBHYIO

PP =02+C13=0.23. CraHok 2 peMOHTHPYETCS IOJI0 BPEMEHH, PaBHYIO
P2 Py =02711+013=04 Bosnukaer 3amaua onTumMu3auu. [IycTb MBI MOXeM
YMEHBIIIUTH CPEHEE BPEMSI PEMOHTA MIEPBOTO WJIK BTOPOT'O CTaHKA (MU 000UX),
HO 3TO HaMm 00oWJeTcs B onpeneseHHyo cymmy. CopamivBaercsi, OKyInuT Ju
YBEJIMYECHHE JI0XO0Ja, CBS3aHHOE C YCKOPEHHMEM pPEMOHTA, MOBBIIICHHbIE
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pacxonsl Ha peMoHT? HyXHO OyJeT pemuTh CUCTEMY YEThIpEeX YpaBHEHUU C
YETBIPbMSI HEU3BECTHBIMH.

Cucrembl MaccoBOTO OOCTY>KMBaHHUSI OBIBAIOT JIBYX BUJOB: CHUCTEMBI C
OTKa3aMu (IOTEpPSIMH) M CUCTEMBbl C odepenbto. CylecTBYIOT CHUCTEMBI C
OrpaHUYECHHOW OYEPEAbI0 U HEOIPAHUYEHHOMN odepenpro. OrpaHuYeHuss MOTyT
OBITh TIO YMCIY 3asBOK, MO BPEMEHU OOCTY>KMBaHHS, MO BPEMEHU pPaOOTHI
cucteMbl. Kpome TOro, y4yuThIBaeTCsl NHUCLMUIUIMHA OOCITY>KHMBAHMS. 3asiBKU
MOTYT OOCHY>KMBAaTbCsl B MOPSAJIKE MOCTYIUICHUS HMX B CHUCTEMY, a MOTYT
paccMaTpuBaThCS B CHUCTeME OOCTYXXHBaHUS C NpUOpUTETOM. Pazmmuaror
MPUOPUTET AOCOIOTHBIN, OTHOCUTEIBHBINA U CMEIIIAHHBIMN.

PaccMoTpuM n- KaHaIbHYIO cUCcTeMY ¢ oTKa3amu. ['pad cocrosiHuii 3Toit
CUCTEeMbI UMeeT BUJ (pucyHoK 9.1).

SRogol

Pucynok 9.4 — I'pad) cocTosiHui n- KaHATBLHOW CUCTEMBI C OTKa3aMH

Cucrema MOXKET HAXOJIUTHCS B CIEAYIOIIUX COCTOSTHUSX:

So— Bce KaHAIIBI CBOOOIHEI,

S7—3anar 1 kaHaj, ocTalbHBIC CBOOOIHBI;

S> —3aHATH 2 KaHaja, OCTaIbHBIC CBOOOTHE;

Sy — 3aHATHI BCE 1 KaHAJIOB;

A — UHTEHCHBHOCTb ITOTOKA 3a5IBOK;

# — MHTEHCUBHOCTH [TOTOKA OOCITYKUBAHMS.

[TycTh cucrema HaxoAUTCs B cTallMOHapHOM pexkume. [lonb3ysicek rpadom
COCTOSIHUM, COCTaBUM cUCTeMy ypaBHeHHI Koamoroposa.

0=-AP, +uP,

0=—(A+kp)P, +AP_ +(k+D)*u*P_k=12..,n-1.  (9.1)

0=-npP, +AP +AP .

VY ci10BUsL HOPMUPOBKH BEPOATHOCTENU UMEET BULL:

> P =L
k=0
Pemas nmosrydeHHyr0 cucTeMy ypaBHEHUH, HAXOJHM:
" k! k
Py = ZM (7.10) u P :M'Pm 9.2)
o k! k!

rne k=0,1,..., n.
3asBKa TmMOJydYaeT OTKa3, €CIIH CHCTeMa HAaXOAUTCI B COCTOSIHUH Sy,
CJIeIOBaTEILHO, BEPOSTHOCTH TOTO, YTO 3asiBKa OyAEeT 0OCITyKUBATHCS paBHA:
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0=1-P, (9.3)
HHTGHCI/IBHOCTB IIOTOKA O6CJIY)K€HHBIX 3asBOK paBHa:

Jj=q, (9.4)
a CPCOHCC YNCJIO 3aHATBIX KaHAJIOB!

v=1 (9.5)

9)
IIpumep peureHus cucTeMbl JJUHEHHBIX YpaBHeHuil B Excel

3x,+2x,-5x,=6

X, +6x, =1 (9.6)
x, —4x, +7x, =35.
3 2 =5 6
A=l 0 6[;X=|x x, x;B=[l],
I -4 7 5

T. €. B MaTpUYHOM BHUJE CUCTEMA YpaBHEHHI HMeeT BUA: A-x =B, pemas

KOTOpYIo mosydaeM: x = A" - B tne 4~ — obparHas marpuiia. YTo6s1 06paTUTh
MmaTpuly B Excel, He00X0/1MMO BBINOJIHUTH CIEIYIOIINE JEHCTBUS:

1. BBecTu ucXoHyI0 MaTpUIly B SUEHKH paboyero JUCTa.

2. Yka3zaTpb Ha paboudeM JIHMCTe MECTO, rae OyAeT HaXOAUThCS OOpaTHas
MaTpuLa, BBIJEIUB OJIOK SUEeK TaKOTO )K€ pa3Mepa, Kak UCXOIHasl MaTpuUla.

3. Br3Batb MacTep QyHKUIHUHA.

4. B mosBuBIIeMCs OKHe amanora BeIOpaTh GyHKmHio MOBP wu3
kareropuu Maremaruyeckue HaxxaTb KHOIIKY Jlasnee nmiu kinasuiy Enter.

5. B nosBuBHIEMCS OKHE AMaiora ykas3aTb JHUANa30H sYEEK UCXOMHOMN
Matpuubl 1 Haxath KHONKy OK nnu knasumy Enter.

6. IlepeMecTuTh ykazaTeiab MBIIIM B CTPOKY (HOPMYJ U HAXKATh JIEBYIO
KHOIIKY MBIIIHW. 3aT€M HaXKaTh OJHOBpeMeHHO TpH knaBuiuu Ctrl+Shift+Enter.

7. IlpoBepuTh MNPaBWIBHOCTh IOJYYEHHOTO pe3yJibTaTta, sl 3TOrO
YMHOXHUTh UCXOJHYIO MaTpUIly Ha OOpaTHYIO MaTPUIly C MOMOILBIO (PYHKIIMH
MYMHOXK. Eciu Bce caemaHo BEpPHO, AOJKHA MOJNYYUTHCA €OUHUYHAS
MaTpuIla, 3TO 3HA4YUT, 4To ¢ nomombio Qynkiuu MOBP o6parnas marpura
HaliJIcHa MPaBUJIBHO.

8. YMHOXEHHE MaTpHUll TPOU3BOAUTCS CIEIYIOIUM 00pa3oM:

— BBIICJISIETCSI MECTO, TJ€ JOJKHA HAXOJIUThCS Pe3yJbTUPYIOIIas
MaTpHIa;

- BbI3bIBA€TCS MacTep (PyHKLIUIA;

- BBIOMpAETCS GyHKIHS MYMHOX u3 KaTeropuu
MaremaTH4yeCcKHeE;

— B MMOSBUBLIEMCSl OKHE uajora B nojie: Maccus 1 BBoauTcs aapec
0JI0Ka siYeeK, CoIepKallero UCXOIHYI0 MaTpully, a B noje: MaccuB 2 — azpec
0JI0Ka siueeK, CoiepKalliero oOpaTHyI0 MaTpHUILy;

- 3aT€M BBIIIOJIHSIOTCS JEHCTBHS, ONUCAHHBIE B ITYHKTE O.
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Annaparypa u MaTepuaJbl. /[ BBIIOJHEHHS Ja00paTOpHO pabOThI
HEOOXOJIMMO  HCIIOJB30BaTh  CJEAyIOlee:  amnmapaTHoe  OOecleueHHE:
NEePCOHAIBHBIA KOMITBIOTEp W MPOTPpaMMHOE OOECIICUCHHE: OIEePALMOHHYIO
cucremy Windows 10 u Beime; Microsoft Officel3 u Bbwime, cucremy
kommnbroTepHoi MmatemaTuku MATLAB R2017a u Bbiie.

Yka3zanusg mnmo TexXHHKe 0e30MacHOCTH. CaMoCTOSITEIbHO HE
MPOU3BOJIUTh YCTAHOBKY WM YJaJ€HUE MPOTPAMMHOTO OOECIICUCHUS; PEMOHT
IIEPCOHAIIBHOIO  KOMIBIOTEpPA. CobntoaTh  mpaBwiia  TEXHUYECKOU

OKCILTyaTally ¥ TEXHUKHA 0€30MMaCHOCTH MPHU padOoTe C AIEKTPOOOOPYTOBAHUEM.
MeToanka U NOPSIOK BHINOJTHEHUSI PAa0OThI

BrITioTHUTE TIPEAJIOKCHHBIC 3/ TaHMSI.

3apanue 9.1. I'pad cocTosiHMI CUCTEMBI.

1.  HzobOpasure rpad COCTOSHUN CHUCTEMBI, COCTOSINEH U3 JBYX
YCTPOMCTB, YYHUTHIBAsI, YTO YCTPOMCTBA MOTYT BBIXOJIUTH W3 CTPOSI, MPUUIEM
OTKa3aBlllee YCTPONCTBO Cpa3y HAUMHAIOT PEMOHTHUPOBATb.

2. CoctaBpTe ypaBHeHHs KoiMoropoBa isi KaXkKIOTO COCTOSHUS
CHUCTEMBI, YUYUTBHIBAs, YTO PEKUM CTAIlMOHAPHBIN, WHTEHCUBHOCTU IOTOKOB
OTKAa30B YCTPOWUCTB U MHTEHCUBHOCTU MMOTOKOB OKOHYAHUI PEMOHTA U3BECTHBI.

3. 3aMeHUTE TIOCJIENAHEE YpPaBHEHUE  MOJYYEHHON  CHCTEMBI
YpaBHEHHI yCIOBUEM HOPMHUPOBKHU.
4. Onpenenute BEPOSTHOCTU MJIA KaXKJOrO COCTOSIHUSI CHCTEMBI,

n300pakeHHOM Ha Tpade, pemmB cuctemy ypaBHeHuidt KommoropoBa c
nomoiibio Excel. Jlanasie niis pacuera npeacrasieHsl B Tadnuile 9.1. Bapuant
3aJlaHus OINpPEENSieTCs] HOMEPOM NEPCOHAJIBLHOTO KOMIBIOTEPA, 32 KOTOPBIM
paboTaer CTyJEHT B KOMIBIOTEpHOM Kiacce. DopMyaupoBKa 3aJaHus IS
Ka)KJI0T0 BapuaHTa npuBeeHa B Tadnuie 9.1.

Tabmuua 9.1 — VIHTEHCMBHOCTHM MOTOKOB OTKAa30B YCTPOMCTB M IOTOKOB
OKOHYaHUW PEMOHTA
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Homep | MutencusHoc | IHTEHCHBHOC Homep | MutencusHoc | IHTEeHCUBHOC
BapuaH | TU  IIOTOKOB | TH  IIOTOKOB BapuaH | TU  IIOTOKOB | TH  IIOTOKOB
Ta OTKa3a OKOHYaHUs Ta OTKa3a OKOHYaHUS
YCTPOKWCTB pEMOHTA YCTPOKMCTB pEMOHTA
1 A=l pi =2 1 A1=0,5 pi =2
] A2=2 p2 =1 ) A2=2 p2=1
5 A1=2 pi =2 12, A1=2 pi =2
h2=2 p2 =3 A2=1,5 p2=1
3 A1=2 pi =1 13 A1=2 u =0,5
' A2=4 w2 =3 ’ A2=1,5 w=2,5
4. A=l wi =4 14. A1=L.5 p =2
A2=3 u2 =1 A2=3 p2 =1
5 A1=0,5 pni=1,5 15, A1=0,5 ui =15
A2=2 p2 =1 A2=1 u2=0,5
6 Ar=1 pi =0,5 16 Ar=1 ui =0,5
' A2=0,5 w2 =1 ’ A2=0,5 p2=2
7 AM=2.5 pi =0,5 17 A =25 w1 =0,5
] A2=1,5 p2 =2 ) A2=2 w=1,5
8. A1=1,5 pi=2,5 18. A=1,5 m=2,5
A2=3 p2 =1 A2=3 u2=0,5
9. A1=2 pi =2 19. A=l pi=1
=25 w2 =1,5 A2=2.5 w=1,5
10. A1=3 pi =0,5 20. A =3 ui=1,5
r=1,5 y2 =3 r=1,5 n2=2
3. Jns  pemieHuss cuctembl  ucnonbdyite  Gynkiuun  MOBP

(Bo3Bpamaer oopatnyro matpuity) 1 MYMHXK (Bo3BpalaeT nmpou3sBeacHue
MaTpHII) U3 KaTeropuu MaTtemaTuueckue.

6. Jlis  BbIBOJAa BCEX 3HAUYCHMM B BBIYMCICHHBIX MaTpHUIIAX
onHoBpemeHHO HaxMmute knaBuiuu Ctrl+Shift+Enter.

3aganme 9.2. MonenrpoBanue paboThl CUCTEMBI

I. Paccuuraiite npuOBUIH, KOTOPYIO TPUHOCHT CHCTEMa, €CIU
M3BECTHO, UTO MEPBOE yCTPOUCTBO mpuHOCcUT noxox 10 y.e., a BTopoe 15 y.e.
2. VYcraHoBuTe, K KAKOMY U3 YCTPOMCTB BBITOJIHEE BCETO MPUMEHUTH

palMOHAIN3a1UI0, IO3BOJIIONLYI0 CHU3UTH B [1BA Pa3a BPEMsI pEMOHTA JII00O0ro
U3 YCTPOUCTB.

3. [ToxpcuuTaitTe 1O0XO0I B KAXKIOM U3 BAPUAHTOB.
4. Cnenaiite BEIBOI.
5. Odopmure pe3yabTaThl pacyeTOB.

3apanme 9.3. Pemuts 3a1auy.

Ha tenedonnyto cTtaniuio nocrymnarwTt B cpenHeM 1,5 3asiBKU B MUHYTY,
cpenHee BpeMs 00CITyKMBaHUSI OJHOM 3asBKU 2 MUHYTHI. CTaHIUS UMEET TPU
KaHana oOcmyxuBaHusi. HallTh BEpOSTHOCTH OOCITY)KHMBAaHMS TOCTYHHUBIIECH
3a8BKHM, CpEOHEE UYHCIIO 3aHATBIX KAaHAJIOB, CPEOHUM MPOLIEHT 3asBOK,
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MOJIYYMBIINX OTKA3. Y BEIUYUTH YHUCIO KaHAIOB 00CITYKMBAaHUS U PACCMOTPETh
ciay4dau, korga n =4, 5, 6. Cnenatb BBIBOJI.

1. Hapucyiite rpad cocTossHui naisg 53TOM 3aJayd, COCTaBbTE
ypaBHeHue Komnmoroposa, moinb3ysich rpadom coctosiHuid. Pemurte 3amady
AHAJTUTUYECKH.

2. Ucnonb3yst popmyner (9.1), (9.2), (9.3), (9.4), (9.5), HanumuTe
MporpamMMy Uil pelmeHus 3anadd. [IpemycMoTpuTe BO3MOKHOCTh U3MEHECHUHN
YyyUCJa KaHAJIOB 00CTYKMBAHUS, MHTEHCUBHOCTH MOTOKA MOCTYIUICHUS 3aIBOK U
NOTOKA OOCITYKUBAHHSI.

3.  IIpomepnTe mpaBUIBLHOCTH PAOOTHI BAIICH TPOTPAMMBI, HCTIOIB3YS
JaHHbIe 0. 1).
4.  VYBeIWYHTH YHCIIO KaHAIOB 00CITY)KHBAHUS M PACCMOTPETh CITydaH,

korma n =4, 5, 6. Cnenats BBIBOJI,.

Conepxanue or4yera v ero popma

[ToaroroBbTE OTUET, B KOTOPOM OMUIINTE TEXHOJOTHIO PEIICHUSI CUCTEM
JUHENHBIX ypaBHeHuit B Excel, ncnonp3ys 3aganust cBoero BapuanTa. OT4eT mno
1abopaTopHOIl paboTe TOJKEH COACPKATh:

1)  wa3BaHue pabOTHI;

2)  1enb JIabopaTOpHOU pabOTHI;

3)  ycJOBUSA BBIITIOJIHEHHBIX 33JJaHUN U UX PEIICHHUE;

4) BBIBOJIBI,

5)  OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHI.

Bonpocsl 1151 32U THI padoThI:

Yro Takoe rpad cocTossHUI?
Kakoli pexuM sIBJISIETCS CTallMOHAPHBIM?
Kaxk noctpouTts rpad cocTostHuil cucTeMbI?

4. Kak cocraBmsaoTca ypaBHeHHs KoaMoropoBa uisi COCTOSIHHM
aHAJIU3UPYEMOU CUCTEMBI?

5. Kak pemnrts cucreMy ypaBHEHUN ¢ IOMOUIBI0 HHCTPYMEHTAIBHOIO
cpeactBa Ilouck pemeHus?

hadi s Al e

6. N3obpa3ute r1pad CcoCTOSHMIT  OJHOKAHAJIBLHONW  CHCTEMBI
00CITyKUBaHUS C OTKa3aMH.

7. 3anumure ypaBHeHuss KommoropoBa niss omnucaHus pabOThI
OJTHOKAHAJILHOW CUCTEMBI OOCITYKUBAHUS C OTKAa3aMHU.

8. ITon nmeiicTBHEM 4ero MPOUCXOAUT YMEHBIICHUE YHCIa 3asBOK B
cucreme?

9. Yewm ornpesensaeTcs MHTEHCUBHOCTb MOTOKA 00CTy>KMUBaHUs?

10. WM3o0pasute rpad COCTOSHHM  MHOTOKAaHaJbHON  CHCTEMBI
00CTyKMBaHUS C OTKa3aMHU.

11. 3anumure ypaBHeHuss KommoropoBa s omnucaHus pabOThI
MHOTOKAHAJIbHON CUCTEMBI OOCITYKUBAaHUSI C OTKa3aMHu.

12. Ecnu omna OBM  ofecneynBaeT WHTEHCHUBHOCTh TOTOKA
oOcnmy’KMBaHUS U, TO KaKyl0 WHTEHCHBHOCTb OOCITYy>KMBaHHs oOecrieuaT TpU
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OBM, paboraroniyue oJHOBPEMEHHO?

13. Kakumu  mMaTeMaTMYECKMMH  OTHOUIEHUSMH  OIKCBIBAIOTCS
(buHaIbHBIE BEPOSITHOCTH COCTOSIHUM CUCTEMBI B PE3YJITATE PEIICHUS CUCTEMBI
ypaBHenuii Konmoroposa?

14. Ilepeuucnute OCHOBHBIE MoKa3aTenu s heKTUBHOCTH
MHOTOKaHAJIbHOM CHCTEMBI 00CITy>)KUBaHUSI C OTKa3aMHu.

15. Yto TpebOyercs mpH 3aJaHHOW HMHTEHCHUBHOCTH IOTOKA 3asiBOK
YBEJIMYMBATh NI YMEHBIICHHUS] BPEMEHH NMpeObIBaHUS 3aJaHUsl B CUCTEME, a
3HAYUT, U B ouepeau’?

16. Uro Tpebyercs mpH 3aJaHHON WHTEHCUBHOCTH IOTOKA 3asBOK
yMEHbIIATh Il YMEHbBIIEHUS BpPEMEHU NpeObIBaHUA 3aJlaHusd B CUCTEME, a
3HAYWT, U B ouepeaun’?

17. B kakux ciyyasx MOJEIUPOBAHUE pabOThl BBIYUCIUTEILHON
CHUCTEMBI IPOBOAMUTCS C TMOMOIIBKD METOAA CTAaTUCTUYECKUX HCHBITAHUI
(meToma Monte-Kapio)?
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JIABOPATOPHASA PABOTA 10
MopaennpoBanue padoThl CHCTEMbI MACCOBOI0 00C/IY:KUBAHMS

Heab u coxep:xxkanue: Hayuntbcs MonenupoBaTh paboOTy pealbHOM CHCTEMBI
MaccOBOT0O OOCTYKUBaHUS.

®opmupyembie komnerennun: OIIK-7, OIIK-8,

Teopernueckoe 000CHOBaHHE
N3yunte TEOpETUYECKHM MaTepuall IO JaHHOW TeEME,
nuteparypy [1,2] u maTepua, npuBEACHHBIN HUXKE.

[lycts ymciio mect B ouepenu paBHO m. Eciaum Bce Mecra B odyepenu
3aHATHI, 3asgBKa Moyy4aeT oTka3. CucreMa nMeeT OJMH KaHal 00CITyKHUBaHUS.
I'pad cocrostHUt ATOM cucTeMbl uMeeT BUA (pucyHok 10.1):

SEo8ole

u

HCIIOJIB3YA

Pucynok 10.1 — I'pad cocTosiHMiT MHOTOKaHAIBHOM CUCTEMBI
00cyKMBaHUS C OTPAHUYECHHON 0YEPE/IbI0

So — KaHaJI CBOOOJICH;

S1— KaHaJj 3aHAiT;

S> — KaHan 3aHAT, (k-1) 3ad4BOK B ouepeny;

S»— KaHall 3aHST, M 3a5BOK B OUEPEIIN;

A — MHTEHCUBHOCTH IIOTOKA 3a5BOK,

4 — MTHTEHCUBHOCTH ITOTOKA 00CITYKHBaHUSI.
VYpaBuenust KonmMmoroposa umerot BU:
0=-A-P+u-P

0=—-(L+p)-R+% P +u-P

(10.1)
O=—(A+w)-P+A-P_ +n-P k=12,...m+1
O=—(A+p)-P +1-P,.
m+l1
YcnoBUs HOPMUPOBKU BEPOATHOCTEH MMeeT BUA: Y p, =1.
k=0
Perras moay4eHHy0 CUCTEMY YPABHEHUM, HAXOUM:
m+1 7\., ! B
P=>|= . (10.2)
i=0 \ W
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k

P=|2| B, (10.3)
u
roe k=0.1,...,n.
BeposTHOCTh OTKa3a p,,,,; CpeIHEe YHCIO 3aIBOK B OUEPEAH PaBHO:
N=)k-PB, . (10.4)
k=1
Cpenunee BpeMsi 0KHIaHUS:
N
—. 10.5
Y (10.5)

Annaparypa u marepuajbl. JlJig BBINOIHEHUST Ja0OpPATOPHON PabOTHI
HEOOXOJMMO  MCIOJIb30BaTh  CIEAyIollee:  amnmaparHoe  oOecrneyeHue:
MEPCOHANBHBIN KOMITBPIOTEp M MPOrpaMMHOE OOecreyeHue: OMNepalioOHHYIO
cucremy Windows 10 wu Beime; Microsoft Officel3 u Bbime, cucteMbl
KoMmmbloTepHoi MmatemaTuku Machcad u MATLAB R2017a u Beie.

Ykazanuss mo TeXHHKe 0€30NMaACHOCTH. CaMOCTOSITENIbHO — HE
POU3BOJUTh YCTAHOBKY M YAQJICHHE MPOrPaMMHOTO OOECHEUECHHS; PEMOHT
nepcoHanpHOTO  Kommbtorepa.  CoOmromath — mpaBuia  TEXHUYECKOM

HKCIUTyaTal[M1 U TEXHUKH 0€30M1aCHOCTHU MPHU paboTe C AIEKTPOOOOPYI0BaHUEM.
MeToauka U NOPSAAOK BBINOJHEHHSI padoThI

BrinonauTe npeioxkeHHble 3a1aHusl.

3aganme 1. Pemute 3agady. IlycTe B cucteMy npuObIBa€T B MUHYTY B
CpPEIHEM OJIHA 3asBKa, JJIUTEIBHOCTb OOCIY)KUBaHUS 3aABKHA COCTABIIAET JBE
MHUHYTBI. YUUCI0 MECT B ouepeau paBHO TpeM. HalTu BEpoOsATHOCTH OTKa3a,
cpeaHee BpeMsl OKUIAHHUS.

1. Hapucyiite rpad cocTossHuii nis 53TOM 3aJayd, COCTaBbTE
ypaBHeHue Konmoroposa, moisb3ysich rpadom coctosHuid. Pemure 3amauy
AHAJUTUYECKH.

2. Hamummre nporpammy, ucnons3ys dopmyisl (10.1), (10.2), (10.3),
(10.4) u (10.5) 1 BapbHUpys YKUCIIO MECT B OUEPE/IH.

3. [IpoBepbTe NpaBUIBHOCTH PabOTHI Balllei MPOrpamMMbl, UCHOJb3YS
JaHHbIe 0. 1).

4. VYBeIUUUTH YUCIO MECT B Ouepeau. YBenuuuBass m, yOeauTbcs,
YTO MpHU OONBIINX 7 BEPOSATHOCTh OTKa3a CTAOMIM3UPYETCsI, CTAHOBSICh PAaBHOM

Ao

[ [
Cnenath BBIBOJ O TOM, KaKUM O0Opa3oM MOKHO CYIIECTBEHHO CHU3HTH
BEPOSATHOCTH OTKAa3a.
3ananue 2. Pemmmre 3amauy. bpuraga u3 romnepatopoB OOCHTYKHBAeT n
omHoturmHbIX DBM (7 <n). Kaxnas u3 stux OBM B ciydaiiHbIe MOMEHTBI

BPEMEHU MOXKET MOoTpeboBaTh k cebe BHUMaHUs oneparopa. IBM Beixonsar u3
paboyero COCTOSIHMSI HE3aBHCHUMO JPYr OT Jpyra; BEpOSTHOCTb BBIXOJA U3
pabouero coctosiHus paBHa A. BeposTHOCTH BOCCTaHOBJIEHHUS paboyero
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COCTOSAHUA

paBHa

. Kaxngeriit

oreparop

MOXET

OJTHOBPEMEHHO

BOCCTaHABJIMBATh TOJIBKO 0HY DBM, kaxxias 9BM BoccTaHaBIMBAETCS TOJIBKO

OJTHUM OTIEPaTOPOM. VuuteiBas, YTO
n!
P Zm-pk ‘P, mpu r<k<n,
’ n! 4 n!
o= {Z ken—ty P 2 (n—k)!
Hantu BeposSTHOCTH TOro, 4YTO B

pu

I<k<r (p=2).
1)

n!

k

: p*-P,
CT e =g P

-1
]

YCTAaHOBHUBIICMCA

Imponecce

O6CJIy}KI/IBaHI/I51 B I[aHHLIP'I MOMCHT 6y,IICT MMpoCTanBaTb TO HJIM HHOC YUCIIO

OBM.

l. [Tycts obcnmyxuBanue 8§ OBM mopydeHo nBym omepatopam. Kax
nopyuuth U Bce OBM o6oum
omeparopaM, 4YToObl MO Mepe HagoOHocth K OBM momxoawsn OauH W3
CBOOOJIHBIX OMEPATOPOB, WM K€ KAKIOMY ONEPATOPy MOPYUYUTH MO YETHIPE
onpexaeneHHbIXx DBM. Breraucienus npousBecT B npeanoioxennn p =0.2.

2. Pe3ynbTaThl pacueroB npusecty B Tabiaunax 10.1 u 10.2.
Tabmuma 10.1 — n=8,r =2

palMoHaJIbHEE OpPraHu30BaTh padoTy:

Yucio Yucio OBM, | Yucno  cBOOOAHBIX | P,

HEepabOTarOIINX OXKHJTAIOIIUX OTIepaTopoOB

5BM 00CITy)KUBaHUS
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

Tabmuma 10.2 - n=4,r=1

Yucio Yucio OBM, | Yucno  cBOOOAHBIX | P,

HEepabOTarOIINX OXKHJTAIOIITIX OTIepaTopoB

5BM 00CITy)KUBaHUS

0 0 1
1 0 0
2 1 0
3 2 0
4 3 0

Cpennee yucno OBM, mnpocranBarOmUX B JaHHBII MOMEHT MO TOWU

IIPUYMHE, YTO ONEePATOPHI 3aHATHI IpyrumMu DBM, paBHO Z(k —2)- P, . O0uee
k=2
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n
BpeMst ipoctoss 9BM (BoccTaHOBJIEHUE U 0KUAAHUE) PABHO: Zk - P,
k=2
3. Cnenatb BBIBO/I.

Conep:xanue oT4yeTa u ero popma
[ToaroToBhTE OTYET, B KOTOPOM MPUBEIUTE TEXHOJOTHUIO BBIMOTHEHUS
3aJlaHUM.
Otuer o 1abopaTopHOM paboTe JOJIKEH COJIEPKATh:
1) Ha3BaHue palboOTHI;
2) uens 1abOpaTOpHON PabOTHI;
3) dopMyIuUpPOBKY 3aaHUS M TEXHOJIOTHIO €T0 BBHITTOJTHCHHS;
4) OTBEeTHI HA KOHTPOJIBHBIC BOIIPOCHI;
5) mnpunoxxkeHue — Qaisbl BHINMOJIHEHHBIX 3a1aHUH.

Bonpocsl 1151 32U THI padoThI:

I. N3obpasute r1pad  CcOCTOAHMIT  CHUCTEMBI  OOCITYKMBaHHS
BBIYHCIIUTEIBHBIX 33/1a4 C OUEPEIbIO.
Kakoro tuna OpIBatoT OrpaHMYCHUS, HAJTOKCHHBIC HA OXKUIaHKE?
Uto Takoe «IUCIUILIUHA OUEePEaN»?
UYTO MOHUMAIOT IO IPUOPUTETHBIM OOCTYKUBaHHEM ?
Kaxkune Buasl npuoputera Bam n3BecTHbI?
Oxapaktepu3yiiTe KaxKJblil BUJ TPUOPUTETA U IIPUBEIUTE TPUMED.
3anumure ypaBHeHuss KommoropoBa s omnucaHus pabOThI
CHUCTEMBI 00CITYKUBAHHUS BBIUUCIUTEIBHBIX 33/1a4 C OUEePE/IbIO.

NownkwDd

8. 3anumure ypaBHeHHs KomnmoropoBa il omucaHusi padOThI
CUCTEMBbI O0OCITYKUBAHHSI BBIYMCIUTENBHBIX 33]1a4 C OUEPEIbIO.
9. Kakumu  maTeMaTMuyecKMMHM ~ OTHOLIEHUSMH  OINKCBIBAIOTCS

(bUHAIbHBIE BEPOSATHOCTU COCTOSTHUN CUCTEMBI B PE3YJIbTATE PEIICHUS CUCTEMBI
ypaBHeHuii Koiamoropona?

10. IlepeuncinuTe OCHOBHBIE MOKa3zaTeau 3(PPEKTUBHOCTU CHUCTEMBI
00CITy)KMBaHUS C OYEPEIbIO.

11. 3anumure ycioBHe KOHEUHOCTH IJIMHBI OUEPEIH.

12.  Ilpu kakoM yCJIIOBUM OYepe/b PACTET 0 OECKOHEUYHOCTH?
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JJABOPATOPHAS PABOTA 11
MopaennpoBaHue MoBeAeHUSA TUHAMUYECKOH CUCTEMBI

Henp u coaep:kaHMe: U3YYUThb METOJMKY HCCIEIOBAHUS ITOBEICHUS
JUHAMHYECKUX CHUCTEM, NMPUOOPECTH HABBIKM pealu3allii TaKUX MOJelied B
cucreMme KoMiboTepHoi Matrematuku MATLAB.

OpranusanuonHas ¢gopMma 3aHATHH: pelieHue NpoOJEeMHBIX 3ajad,
pa300p KOHKPETHBIX CUTyalIUM
Bonpocbl  asi o0cy:xkaeHHMsi Ha  J1a00OpaTOPHOM  3aHSTHM:
UCCJIEIOBAHNE MTOBEICHUS TUHAMUYECKON CUCTEMBI.
®opmupyembie komnerennuun: OIIK-7, OIIK-8,

Teopernyeckoe 060CHOBaHHE

PacnipocTpaHeHHBIM CIIOCOOOM OMMCAHMS TOBEACHUS JTUHAMHYECKOU
CUCTEMBbI  sIBIsieTCs  cucreMa  Iud@epeHIHalbHBIX WM~ MHTETPO-
muddepeHnnanbHbIX ypaBHEHUH.

Peanuzanmrio Takux Maremaruueckux mojeneit B Simulink paccmoTpum
Ha psiJie TPUMEPOB.

Ilpumep 1. Mopenb (U3NYECKOTO MAasSTHUKA, HAXOMSIIETOCSd MO
BO3JICHCTBUEM HKCIIOHEHIINATIBbHO-3aTyXal0IIEr0 KOCHUHYCOUJALHOTO
BO3MYIIIEHUS.

YpaBHeHUE ABUKEHUS TAKOTO MasSTHHKA UMEET BU/I:

d?y(t) y dy(t)
dt? Lodt

+ a,y(t) = aze*t - cosast,

Y(Ole=0 = Yo,

ay®| _
dt =0 yO’

BreiOpaB 4ucioBbIe 3HAaYCHWS TApaMETPOB, HANPUMEP:A; = A, =
0,1,a;3 =—=5,a, =1,a; = 0,1, mony4nm cienyromniee ypaBHCHHE:
y' +0,1y’ + 0,1y = —=5e~¢ - cos(0,1t),

y(O) = _115 ’

y'(0) = 2.

CrpykrypHas cxema Mojaenu OyAeT UMEeTh BHUJ, IOKa3aHHBIA Ha PUCYHKE
11.1.

PesynapTarel paboThl MoOIENM TMOKa3aH Ha 3KpaHe BUPTYaJIbHOTO
ocumuiorpada (pucynok 11.2), a mapameTpuyeckuil rpa@uk 3aBUCUMOCTHU
IPOM3BOJHON CUTHANIA OT curHasa ((ha30BbIil MOPTPET MAsITHUKA) H300pakeH Ha
pucyHke 11.3.
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B untitled * » C=NRC
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Eile Edit View Simulation Format JTools Help
DEFEHE| 28| 4 ll'lDﬂ.ﬂ | Normal
) i
Zain2 Math
_/ Functiocn s
0
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Pucynok 11.1 — Mogenb pu3ndeckoro MasTHUKA

Scope
Eile  Tools VYiew Sirmulation Help N
G- BOP® - a-C-|F&H-
=
TN
2
0 { HI' \vh“‘-..-"
(WA,
Ay
-6
Vv
-8
0 20 40 60 80 100
Ready Sample based T=100.000

Pucynok 11.2 — JIprmxenne GpuU3N4ecKoro MasTHUKA
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XY Graph
XY Plot
4r
2 -
.
20
>
=2 r
4 . . . .
-15 -10 -5 0 5 10
X Axis
Pucynox 11.3 — ®a30Bblii nopTpeT Pru3nyeckoro MasiTHUKa
Ilpumep 2. Mojgenb JIUHAMUYECKOW  CHUCTEMBI,  OINMCHIBAEMOM
nuddepeHIanbHpIM YpaBHEHUEM 3-T0 TIOPSIIKA.
3anano auddepeHuaIbHOE ypaBHEHHUE:
d>y(t) d’y(t) | dy(t)
+6 +2,5y(t) = et
T (11.3)

+ 2,5
dt3 T dt?
— 1. A _ Y _
CtpykTypHasd cxema MOJIeNId JTUHAMHYECKOW CUCTEMBbI, MOCTPOCHHAS IO
OOBIYHBIM TpPaBUJIaM AHAJIOTOBON BBIUMCIWUTENILHOW TEXHUKH, MPUBEICHA Ha

pucyske 11.4.
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Constant

Math

Function Praduct A

I P * Ramp |:|

Y

Y
T

¥

B .
L L

.
-

1 1 1
5 5 5

¥

Intagrator Integratori Integrator2

Gain

Gain1
& Gain2
d <
Pucynok 11.4. CtpykTypHasi cxema MOJIEIA THHAMUYECKOM CUCTEMBI 3 MOpsaKa
Koadduimentsl ypaBHEHHsI yCTaHABIMBAIOTCS B OKHAaX IapamMeTpoB
MaciTaOHbIX OJokoB Gain — Gain2. HavanpHbie ycinoBus st (YHKIUHA U
IIPOU3BOIHBIX — B OKHAX MTapaMeTpOB MHTErpaTopoB Integrator — Integrator2. Ha
pucynke 11.5 mpeacraBieHO OKHO MapaMeTpoB s uHTerparopa Integrator,
cootBeTcTBytomero y''(0) = 2, HavajbHbIC YCIOBUS IS HHTETPATOPOB
Integrator] — Integrator2, coorBerctBytomme y'(0) =—-1 u y(0) =
1 cooTBeTCTBEHHO 3a1at0Tcs aHanoruyHo. [IpaBas yacTs AuddepeHnnaILHOro
ypaBHEeHUS CHOpPMHUPOBAaHA ¢ TTIOMOIIBIO 06J10Kk0B Ramp (renepaTtop aprymeHTa —
t) m 61oka Math Function, HacTpoe€HHOTO Ha peaTu3anuio SKCIOHCHITNATBHON

¢ynkium. Busyanuzamms mepexomHOro Ipolecca IOKa3aHa Ha OJKpaHe

BUPTYyaJibHOTO ociyuiorpada (pucyHok 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

\} Cancel Help Apply

Pucynok 11.5 — OxHo mapameTpoB (GyHKIIMOHATBEHOTO OJIoKa Integrator
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Scope

File Tools View Simulation Help N
G- BOP® - a-|EH-FA-
__
2
1.5 \
1
—
0.5 R“--..__
) _\_,/f/ B
-0.5
-1
0 1 2 3 4 &) & 7 a 9 10
Ready Sample based Offset=0 T=10.000

Pucynok 11.6 — IlepexonHblii mpoLiecc CUCTEMBI
da3oBbIi IIOPTPET CHUCTEMBI Ha 9KpaHC BHUPTYAJIBbHOI'O ABYX
KoopauHatHoro peructpatopa (XY Graph) npusenen Ha pucysok 11.7.

XY Graph

XY Plot
02r

i . . . . . ;
0.2 0 02 04 06 0.8 1 12

X Axis
Pucynoxk 11.7. ®a30Bblil HOPTPET CUCTEMBI

Ilpumep 3. Mopenb TpaeKTOpUU MOJIETa Teja, OPOIIEHHOIO C Ha4aJlbHOU
CKOpPOCTBIO TOJ YIJIOM K Tropu3oHTy. Ilpenmonoxum, uto HaOmromaTelns,
HaXOJsICh HaJ YPOBHEM 3eMJIM Ha BbicoTe 1M, Opocus kameHnb moj yriaoMm 30
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rpagycoB K TOPU3OHTY C HayalbHOW ckopocThio 20 M/cek. HeobOxommmo
peanu3oBaTh MOAENb TPACKTOPHUH MOJIETa KaMHS MO IECTBUEM CHIIBI TSKECTH
U OINpENEIUTh PACCTOSHUE OT HAOMIoJaTeNsl [0 TOYKH MaJCHUS KaMHS.
Bnusauem atmocdepsl Ha MoieT KamHsI MpeHeOpeyb. YpaBHEHHS JBMKCHUS

KaMHs UMCIOT BU:
2

y=yo+v-sin(a)-t—g-7,

x =v-cos(a)-t,
rae: yo = Im, v = 20M/cek,a = 30°, g = 9,81 m/cek.
CTpyKTypHas cxema MOJEIIU TPAEKTOPUU KaMHs IPHUBEIEHA Ha PUCYHKE

1 - 1
1 ey 1 » 1 —u-
. + »
Constant | Integrator Integrator Gain2 » = STOP

Relational . .
Stop Simulat
‘ Add Operator op Simulation
L~ o I
Gain1 Scopa
Constant1
Hoe <[
Gaind {cos(30))

XY Graph
PI/ICYHOK 11.7. CprKTypHaH CXEMa MOACIIU TPACKTOPHUU KaMHA

BeprukanbHas COCTaBIAOIIAS HAYaJIbHOM CKOPOCTHM KaMHS 3a1aeTcs
omoxom Gainl, ropuzoHTanbHas cocTapistonas — 0jJokoM Gain3, yckopeHue
3eMHOTr0 TAroTeHus — 010koMm Gain2. 3HayeHue TeKyIEel BbICOThI I0JIeTa KaMHS
KaKk (QyHKUMM BpeMeHH ¢GOpMHpYyeTcs Ha BbIxoJe cymmartopa. Curhan
OKOHYaHMs MojienupoBanus popmupyercs 6sokamu Relational Operator u Stop
Simulation B MOMEHT BpeMeHH, KOT/ia BbICOTA CpaBHsETCS ¢ HyJieM. [lokazanus
U(pPOBOro perucrpaTopa COOTBETCTBYET JUIMHE IIyTH [0 TOPU3OHTAIH,
IIPOMIEHHON KaMHEM JI0 MOMEHTa CONPUKOCHOBEHHUs ¢ 3emiiei. Ha pucynkax
4.8 u 4.9mno0kazaHbl COOTBETCTBEHHO TPACKTOPHsS KaMHS Ha 3KpaHe
BUPTYaJIbHOI'O JBYX KOOPJAMHATHOI'O PETUCTpaTopa U rpaduK U3MEHEHHs BO
BPEMEHU BBICOTHI I10JIETA KAMHS.
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Pucynok 11.8. TpaexkTopus monera kaMHs, OporeHHOTo 1o 1 yriioMm 30 rpaaycoB K
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Pucynok 11.9. I'paduix n3meHeHNsI BO BpEMEHU BBICOTHI TIOJIETa KaMHS

Annapatypa U martepuajbl. JlJis BBIMOTHEHUST Ja00OpaTOPHON PabOTHI
HEOOXOJMMO  WCIOJIb30BaTh  CIEAYIOIIee:  ammapatHoe  oOecredYeHUe:
MIEPCOHANLHBIN KOMITBIOTEP W TPOrPaMMHOE OOECIIEUEHHUE: OleparmoHHas
cuctrema Windows 10 wm Beime; Microsoft Officel3 wu BeIme, cHCTEMEBI
koMmIibtoTepHoi MaTeMaTtuk Machcad u MATLAB R2017a u Bblie.

Ykazanume 1o TexHuMKe Oe3omacHocTH. (CamMOCTOSITEIBHO  HE
MPOU3BOJIUTh: YCTAHOBKY M yAQJICHHUE MPOTPAMMHOTO OOECIECUEHUS; PEMOHT
nepcoHanpHoro  kommelorepa.  CoOmronath  mpaBuja  TEXHUYECKOH
IKCILTyaTallM ¥ TEXHUKU 0€301MaCHOCTH MPHU paboTe C JIEKTPOOOOPYI0BAHUEM.
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MeToauka U NOPAAOK BBINOJHEHHS PpadoThI
BrinonHuTe npeuioxKeHHble 3a4aHus, IPEABAPUTEIbHO O3HAKOMUBILHNCH C
TEOPETUYECKON YaCThIO.

3amanue 11.1. CuHTe3upoBaTh CTPYKTYPHYIO CXEMy  MOJEIHU
muddepeHnnansHOTO ypaBHEHHS 3 TTOpsIIKa:
d’y = dy
—+A—+By =0
dx? dx Y

C wmavaneaeivMu  ycrmosusmu: y(0),y'(0),y"'(0). Iocrpouts (a3oBbIlii
HOPTPET CUCTEMBL. Ilapamerpsl cHrHAIOB IpuBeAeHbl B Tabmuie 4.1. Homep
BapUaHTa COOTBETCTBYET HOMEPY, IOJ KOTOPHIM CTYJICHT 3allMCaH B CIIHCKE

IPYIIIBI.
3aganue 11.2. CunHre3upoBaTh CTPYKTYPHYIO  CXEMy  MOJEIHU
g depeHInanbHOTO ypaBHEHHS 3 MOpsIIKa:
d’y d’y _dy
—+C=—=+D—+Ey=0
acd " dxz T Uk Y

C wmavaneabivMu  ycrmousmu: y(0),y'(0),y"'(0). Iocrpouts (a3oBbIii
noptpeT cuctembl. [lapaMeTpsl curHanoB npuBeneHsl B Tadnuie 4.1. Homep
BapuaHTa COOTBETCTBYET HOMEPY, MOJ KOTOPBIM CTYACHT 3allMCaH B CIIMCKE
TPYIIIIBI.

3apanue 11.3. IlocTpouTs MOJETL TPAEKTOPUHU MOJIETA MYIIEYHOTO SApa
MOJT ICUCTBUEM CHUJIBI TSIKECTH U OIPEACIUTh PACCTOSHUE OT MYIIKU 10 TOYKH
NaJieHus siApa, BBIMYIIEHHOTO C HayajlbHOM CKOpPOCThIOV) mon yrioma K
ropu3oHTy. BbIcOTa OT ypOBHS 3eMJIM A0 AYJBHOTO YTOJIIEHUS paBHA A.
Brnusarem armocdeps Ha moseT siapa npeHeOpedn.

[Tapametpsl 3amaun npuBeneHbl B Tabnuue 11.2. Homep BapuanTa
COOTBETCTBYET HOMEPY, MOJI KOTOPHIM CTYACHT 3alKCaH B CIIUCKE IPYIIIHI.
Tabauua 11.2 — [Napamerpsl 3a1ay 1 u 2

Bwela | B | c | D | E |0 | YO |yO
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
5. 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
0. 1 0.4 4 3 1 -2 2 1
10. 2 0.5 3 1 0.4 1 0 1

Ta6numa 11.2. Ilapamerpsl 3a1auu 3
Ne Bap-Ta Vo, m/c a, 2paodycoe h, mempos
1. 32 30 1
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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
9. 47 33 4
10. 49 31 3

Conep:xanue oT4eTa u ero popma

HOI[FOTOBI)TG OTYCT, B KOTOPOM IIPUBCAUTEC TCXHOJIOTUIO BBLIITOJIHCHUSA

3aJIaHUN.

Otuet 1o 1abopaTopHO pabOTe AOMKEH COACPIKATH!

1)
2)
3)
4)
S)

Ha3zBaHUE padOThI;
e 1a00paTopHOi paboTHI;
(bopMyIMPOBKY 3a/laHUsI U TEXHOJIOTHIO €T0 BHITIOJTHEHHS;

OTBCTBI Ha KOHTPOJIbHBIC BOITPOCHI;
MMPUITOKCHUC — (I)aﬁHBI BBIITOJIHCHHBIX SaﬂaHHﬁ.

Bomnpocs! Ajis1 321U THI padoTHI

1. TlpuBeauTe Kak MUHUMYM 3 mpuUMeEpa IMHAMUYECKUX CUCTEM?
MaTeMaTU4Yeckue OJOKHM HCIONB3YIOTCA s
MOJICTTUPOBAHUS TUHAMUYECKUX CHCTEM?

3. IudbdepennmansHoe ypaBHEHHE KaKOTO TIOpSAKAa TMOTpeOyeTcs s
omucaHuss Mojenu ¢uzndeckoro mastHuka? [lpuBeauTe oOmuUi BUA TaKOTO

2. Kakne

YpaBHEHHUS.

OCHOBHBIC
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JIABOPATOPHAS PABOTA 12
Pa3padorka cucTeM KOMINBIOTEPHOr0 MOIEJIUPOBAHUA THHAMUYECKHX
NMPOIECCOB B KUAKUX AUCHEPCHBIX MATHUTHBIX HAHOCHCTEMAX

Leab u coaep:kaHue: U3YYUTh OCHOBHBIE MPUEMBbI pa3pabOTKU CHUCTEM
KOMIIBIOTEPHOTO MOJEJIUPOBAHUS JIMHAMUYECKUX TIPOLIECCOB B IAKETE
Simulink.

Opranusannonnass ¢gopma 3aHSITHIl: pelieHUE NpPOOJEMHBIX 3ajad,
pa300p KOHKPETHBIX CUTYalIUM
Bomnpocs! 1u1s1 00Cy:K1eHUsI HA J1a00PATOPHOM 3aHATHH: IOCTPOCHUE X
MOJIEJIM CUCTEM KOMITbIOTEPHOI'0 MOJICIUPOBAHUS JTUHAMHYECKUX MPOIECCOB B
KUJKUX TUCTIEPCHBIX MarHUTHBIX HaHOCHCTeMax B makeTe Simulink cuctembl
MATLAB.
®opmupyembie komnerenuuu: OITK-7, OIIK-8,

Teoperuueckoe 000CHOBaHME

s pa3paboTKH CHUCTCMBI KOMIIBIOTEPHOI'O MOJICIIMPOBAHUSA

AUHAMHUYCCKUX IMPOLCCCOB B JKUIAKHX JHUCIICPCHBIX MAIHUTHBIX HAHOCHUCTCMAX

UCIOJIb30BaHa cucteMa auddepeHnnanbHbIX ypaBHEHUN, OMKCHIBAIOIIAS

IPOIECC BOCCTAHOBJICHHUS PAaBHOBECHOW (POPMBI KAIld MarHUTHOW KUAKOCTU

IIOCJIC BBIKJIFOUCHHS BHCIITHCTO MAarHUTHOI'O IT1OJIA.
av,(ty 2 At) +2 2 60 - 77 A@)*"
== (V) - T
) ( pj.Rz (22(0)* +1

_Z. TV, (t
di 3 A@)-(24(0) +1 b P ) O+

2

450 A0’ MO* 4 o O L) 2 o
4Rs(p+/;j 240> +1)- A0 ~D| 1) -1 0| e :
dA(t)

Jdt =V, ().

CocrosiHMEe JUHAMHYECKOM CHCTEMBI XapaKTepHU3yeTCs Mapoil BEJIWYUH:
KOOPJAMHATOH A(f) M CKOPOCTBIO A(t)=V,(f), SBISIONUXCA KOMIIOHCHTaMHU

BEKTOpa COCTOSHUW CHUCTEMBI, MPUHAIICKAIIETO MPOCTPAHCTBY COCTOSIHUI
(uHaye, (pa30BOMY MPOCTPAHCTRY).

Hns pemenus cuctembl (12.1) HEOOXOAMMO COCTaBUTH OJIOK CXEMY,
MO3BOJISIONIYIO UCCIIEI0BAThH MTOBEICHNE N3YYaeMOU IMHAMUYECKOW CUCTEMBI B
nakete pacmupenust Simulink cucremsr Matlab. B ocHoBe moctpoenust 6510k
CXEMbl JIKUT TMOCJIEJOBATENbHBI HWTEPAMOHHBIA Mpolecc. AJITOPUTM
UTEPALMOHHOIO MPOLECCA 3aKIIIOUAETCS B CIETYIOLIEM:

1. ®opmupyercss mpaBas 4acThb NHEPBOTO ypaBHeHUs cuctemsbl (12.1),
KOTOpasi 3aBUCUT OT OTHOCHUTEIIBHOTO YJUTMHEHUs KaIlld A(f) U CKOPOCTH

W3MEHEHUS YJIMHEeHUs V), (t). CunuTaeTcs, 4To A(t) U CKOPOCTh UBMEHEHUS A(f)—
V,(t) = A(t) U3BECTHBI, CJICOBATEIBHO, U3BECTHO U YCKOPEHHUE a, () = A(f) .
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2. Ompepnensercss  CKOPOCTH V,(t)= A(f)IyTeM  HHTETPUPOBAHUS]
YCKOpEHUS a, ().

3. Omnpenpensercd OTHOCUTENIBHOE  YUIMHEHHE KalUIMA(f)  IyTEM
NOCJIETYIOUIEr0 UHTEIPUPOBAHUS CKOPOCTH V(7).

4. BslnonsseTcs 1.1 — noJy4eHHbIE 3HAYEHUS A(¢) U V, (f) UCIIOJIB3YIOTCS

1 (OpMHUpPOBAHUS MPABOI YACTH NEPBOTO ypaBHEHUS cucTeMbl (12.1)

biok cxema (pucyHok 21.1) comepXuT [ABa TOCJIEAOBATEIBHO
COEIMHEHHBIX MHTErpaTopa C BHEIIHE 33aBa€MbIMU BEJIMUUHAMH P, O1, O, 7], R
B COOTBETCTBUM € cucteMoil (21.1) m HavyanbHbIMH ycioBUAMH A(0) =4, U

V. (0)=4,.
Ha BXoj mepBOro MHTErpatropa MoJIacTcs YCKOpeHHe V,(f), B KayecTBe
HAYaJIbHOTO YCIIOBHS UCIIOJIB3YETCS HaYaIbHOE 3HAYEHUE CKOPOCTH ¥, (0) = A, .

Ha BwIxome 3Toro mHTErpaTropa OyAeT TEKyIas CKOPOCTh HW3MEHEHUS
OTHOCUTENBHOTO YJJIMHEHUs Karmm V,(t). OTa BeIUYMHA MOJACTCA Ha BXOJ

BTOPOI'0 MHTETpaTOpa C HAYAJIbHBIM YCIOBUEM B BHJI€ HAYAJLHOTO YUTHHEHUS
A(0)=4,.

Brrxomom co BToporo uHTErpaTopa OyJeT 3aBUCUMOCTh OTHOCHUTEIHLHOTO
YUTMHEHUS KaIUTh OT BPEMEHHU.

OTnenpHbIM 0JIOKOM B CXeMe MpUBEJEHA MOJICUCTEMa — CyOMOAeNb (0JI0K
Sybsystem), mnpexactaBistomas coboi (QYHKIHUIO TpaBOW YacTH NEPBOTO
ypaBHeHus cuctembl (12.1) — pucynok 12.2. Ilpu mocTtpoeHuu OJOK CXEMBbI
MOJICUCTEMBI €€ CBSI3b C OCHOBHOM CHCTEMOI OCYIIECTBIISIETCS IMyTEM BBOJA B
nojcucTeMy ctaHaapTHbeiXx 0j0koB In (Bxomx) u Out (Beixox). Bece BenmnuunHsl,
KOTOpble (OPMHUPYIOTCS B OCHOBHOM MOJIEIM CHCTEMBI, a HCIOJB3YIOTCS B
nojcucTeMe (CyOMO/ICIH) IMMOCTYIAIOT B MTOACUCTEMY Yepe3 010ku In.

Benuuunel, copmupoBaHHBIE B TMOACUCTEME, a WCIOJIb3yEeMbIE B
OCHOBHOW CHCTEME, MOCTYMAalOT B OCHOBHYIO MOJIENIb M3 IMOJCHCTEMBI Yepe3
omoxu Out. IIpu 3ToM Ha H3006pakeHun 6110Kka moacucTeMsl (610K Sybsystem)
B OJIOK-CXeME€ OCHOBHOW MOJIEIH TOSIBIISICTCS KOJWYECTBO BXOJIOB, PaBHOE
YHUCIly BBEICHHBIX B nojcucteMy 0710k0B In (pucynok12.1).

BXOJHBIMU HapaMeTPaMHt MOACUCTEMBI SBISIOTCA A(f) U A(f), a BXOTHBIMH
BEJIMYMHAMU P, O1, O, 1], R.

Jns oroOpakeHHs pe3yibTaTOB MOJAEITUPOBAHUS HCIIONB30BaH OJOK
Scope, moakitoueHHbI K chOpMHpOBaHHOMY curHaiy. s otoOpakeHus
¢dazoBoro nmoprpera ucnosibzoBan 010k XY Graph.
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Pucynoxk 12.1 — biok-cxeMa 0CHOBHOM MOJIE€IN TMHAMUYECKON CUCTEMbI, OITUChIBAEMOM

cuctemMol ypaBHeHuit (12.1)
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Pucynok 12.2 — bnok-cxema cyomoienu fuHamMuaeckoi cuctemsl (12.1)

Annaparypa U martepuajbl. JlJig BBINOIHEHUST JabopaTopHOl pabOThI
HEOOXOJMMO  HCIOJIb30BaTh  CIEAyIollee:  amnmapatHoe  oOecreyeHue:
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NePCOHAIBHBIA KOMITBIOTEP W IPOTrpaMMHOE OOECIICUCHHE: OIEePAIMOHHYO
cucremy Windows 10 wu Beime; Microsoft Officel3 u BbIme, cucreMbl
KoMmmnbroTepHoi MmatemaTuku Machcad u MATLAB R2017a u Beie.
Yka3zanue mno TexHuke Oe3omacHocTH. (CaMOCTOSTEIBHO HE
IIPOM3BOJIUTh: YCTAaHOBKY M yJQJICHHE MPOTPAMMHOTO OOCCIICUEHHUS; PEMOHT
MIEPCOHAIBLHOTO  KOMIIBIOTEpA. CoOmoaTh  MpaBWwiIa  TEXHHYECKOMN
IKCILTyaTally ¥ TEXHUKHA 0€30IMaCHOCTH MPHU padOTe C AIIEKTPOOOOPYI0BAHUEM.

MeToauka U NOPSAAOK BbINOJHEHHSI padoThI
BrinonnuTe npeyioxkeHHbIe 3aaHus, IPeBAPUTEIILHO U3YUUB MaTepual,
MpEACTaBICHHBIA B TEOPETUUECKUX YKA3AHUSX.

3aganme 12.1. PazpaboraiiTe CTpPYKTYpHYIO CXE€MYy  MOJEIH,
OMKCHIBAIONICH TMHAMHYECKUE MPOLECCHl — PUCYHOK 12.1
3apanue 12.2. PazpabortaiiTe CTPYKTypHYHO CXeMy CyOMojenu,

OTMCHIBAIONICH JMHAMUYECKHE TTPOIIECChI — PUCYHOK 12.2
3amanme.12.3. BrpinonHuTe MOJIEIUPOBAHUE, HCHOJIB3YS CICIYIOIIUE
mapaMeTpel:R = 3 MM, p = 1060 xr/™M°, o1 = 1000 kr/M’,c = 2107 H/wm,

n=10,0043 ITa-c.
Pe3ynpTarsl MOCIMPOBAHUS TPEJACTABIIEHBI HAa pUucyHke 12.3, 12.4.
B scope (== |
= @ "‘{“ & lE‘ % FE L.ﬁn-l ] -% = -} XY Graph Q@@
XY Plot
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cuctemsl ypaBHeHul (12.1) B makere pacmmpeHus

Pucynok 12.4 — ®a30BbIil HOPTpPET,
MOJTyYEHHBIN B PE3yJIbTATE PEIICHUS CUCTEMBI
ypaBHenuii (12.1) B makere pacmmpenus Simulink
cuctembl Matlab

Pucynok 12.3 — Pe3ynbTat pemieHus

Simulink cucremsr Matlab

®a3o0BbIii MOPTpET, MOMydeHHBIH ¢ momomnsio 6moka XYGraph makera

Simulink, npeacraBnen na pucynke 12.4. Touka ¢ xoopaunatamu (1,0) Ha
PUCYHKE SIBJISIETCS aCUMITOTHYECKH YCTOWYMBBIM (hoKycoM. Takum oOpazom,
3Ta TOYKA ABJISIETCS ATTPAKTOPOM HYJIeBOM pazmepHocTu. Hannuue Ha dazoBoit
TpaekTopuu (OKyca CBHACTEIBCTBYET O TOM, UTO paccMaTpuBaeMas
JTMHAMHYECKAast CUCTEMA SIBISIETCS TUCCUTTATUBHOM.
3ananue 12.4. UnauBuayansHoe 3a1anne (tadnuna 12.1)
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Bapuant R, Mmm p KT/M> p1Kr/M o103, H/m n Ila-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

3aJIaHAN.

Coneprxanue oT4eTa u ero popma
[TonroroBbTE OTYET, B KOTOPOM TIPUBEIUTE TEXHOJOTHIO BBITIOJHEHUS

OtueT 1o J1abopaToOpHON pabOTe NOKEH COACPIKATD:
1) Ha3zBaHue pabOTHI;

2) 1enb 1a00paTOpHON PabOTHI;
3) dopMyaupOBKY 3aaHUSI U TEXHOJIOTHIO €TI0 BBITIOTHEHNUS,

4) OTBETHI Ha KOHTPOJBHBIE BOIIPOCHI;
5) mnpunoxenue — Qaiiiabl BRIMOJHEHHBIX 3aIaHUMH.

cucrem?

Bomnpocs! Ajis1 321U THI padoTHI
1. Kak ocymectisiercs pa3paboTka CTpyKTYPHBIX cXeM?
2. Kak ¢ nmomomrsto Simulink MOXXHO MOJETHPOBATH MOBEICHUECTOKHBIX

3. Ha xakoii TeXHOJOTMM OCHOBaHa pa3pabOTKa MOJENe cpeacTBaMu
SIMULINK (S-monenu)?
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JIABOPATOPHAS PABOTA 13
MopneanpoBanue HH(POPMALMOHHBIX MpoueccoB B cpexe ARENA

Ieab U coaep:xkaHMe: W3YyYUTh OCHOBHBIC NMPUEMBI PabOTHI CO Cpeoit
uMuTanmoHHoro moaenupoBanuss ARENA u nproOpecTr HaBbIKU TOCTPOCHUS
JUCKPETHO-COOBITUHHBIX MOJICIICH.

Opranuszannonnass ¢gopma 3aHSITHIl: pelieHUEe MNpPOOJEMHBIX 3ajad,
pa300p KOHKPETHBIX CUTyalIUM
Bonpocs! 151 00cyKaeHUus1 HA J1Aa0OPATOPHOM 3aHATHH: TEXHOJIOTHS
IOCTPOCHUSI MoJenu «Marucrtpanp nepenadynd JaHHBIX» CPEICTBAMHU CPEJIbI
MMHUTALMOHHOTO MoenupoBanuss ARENA.
®opmupyembie komnerennuun: OIIK-7, OIIK-8,

Teopernyeckoe 060CHOBaHUE

OcoObIM BUIOM MaTE€MaTUYECKUX MOJIETECH SBISIIOTCS MMUTAIMOHHBIC
Mozenu. MmMutanmoHHass MOJENb — 3TO KOMIBIOTEpHAS IPOTrpamMma, KOTopas
ONMCBIBAET CTPYKTYPY M BOCIPOU3BOAUT IOBEICHUE PEATBHOU CHCTEMBI BO
BpeMeHUu. MOKHO CKa3aTh, YTO UMHUTAIIMOHHAS MOJIETh — 3TO HA0Op MpaBMi,
COTJIACHO KOTOPBIM CUCTEMA IEPEXOAUT U3 OJHOTO COCTOSHUS B APYTOE€.

[IpaBuna MOTYT 3amaBaThCsi CaMBIMU  PAa3IUYHBIMA  CIIOCOOAMH,
Hanpumep, auddepeHIMaTbHIMA YPAaBHCHUSMH, JHarpaMMaMi COCTOSTHUH,
JIMarpaMMaMHy MPOLECCOB, paCIUCaHUIMU. BBIXOJHBIE TaHHBIE MOJEIN BCErIa
MOYKHO MPOAHAIU3UPOBATH MPSIMO IO X0y MOJICIUPOBAHHUS.

MmurtanmoHHbIe MOACIN pa3pa6aTBIBaIOTC$I C IIOMOIIIBIO
CIICINAJIN3UPOBAHHOT'O IMporpaMMHOTO 06CCHC‘IGHI/IH, B KOTOpOM
HCIIOJIB3YHOTCA pas3JINIHbIC SA3BIKH MOACIUPOBAHUA. I/IMI/ITaHI/IOHHOC
MOACIIMPOBAHUC — pa3pa60TKa KOMITBIOTCPHBIX MOI[CJ'IGfI N ITIOCTAaHOBKa

DKCIEPUMEHTOB Ha HUX. MOXHO BBIACIUTh OCHOBHBIE IPEUMYILECTBA
MMUTALMOHHOTO MOJEIIMPOBAHUSA 110 CPABHEHUIO C AaHAIIUTUYECKUM.

1. MmuTanuoHHBIE MOJENHM MO3BOJISIIOT AHAIM3UPOBATH CHCTEMBI H
HaxOJWTh PELICHUS B TEX CIIy4asx, KOrJa TaKMe METOJbI, KAK aHAJIUTUYECKUE
BBIYMCJICHUS HE CIPABIISIIOTCS C 3a1a4eH.

2. Pa3pabarpiBaTh HMMHUTALMOHHYIO MOJENb TIOpa3lo IMpoIle, YeM
AHAIMTHYECKYI0,  TOCKOJBKY  TMpOIEecC  CO3AaHug  MOJAETH  Oyner
UHKPEMEHTAJIbHbIM  (IOIIAroBBIM,  YCIOXHSIOUIMICS  IMOCTENEHHO) |
MOZYJIBHBIM.

3. CrpykTypa HUMHTAIMOHHON MOJIEIM €CTECTBEHHBIM 00pa3oM
O0TOOpaXKaET CTPYKTYPY MOJIETUPYEMON CUCTEMBI.

4. VImuTanmoHHass MOJIeTb TO3BOJSIET OTCIEKHBATH BCE OOBEKTHI
CUCTEMBI, YYTECHHBIE B BHIOPAHHOM YPOBHE aOCTpaKIUH, J00ABISATH METPUKHU U
IIPOBOAUTH CTATUCTUYECKUN aHAIINS.

5. UmuTanmoHHass MOZENIb 1aeT BO3MOXHOCTb IIPOUIPHIBATH MOJEIb BO
BPEMEHU U aHUMUPOBATH €€ MOBEICHUE.
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AHumanus OyJeT HEOCOPUMBIM MPEUMYIIECTBOM MPHU JIEMOHCTPAIIH
MOJIENTM M MOKET OKa3aThbCsl MOJE3HOM Mg BepuduKanuu (TeCTUpOBaHUE Ha
IpeAMET COOTBETCTBUSA NPOEKTAa TEXHUYECKOMY 3aJaHUI0  —3aMbICITy
MPOEKTUPOBLIUKA).

B uMuTalIMOHHOM MOJAEIMPOBAHUMU MO METOAOM MOHUMAETCS HEKas
OCHOBA, KOTOPYIO MBI UCTIOJIb3YEM, YTOOBI «IIEPEBECTH» CUCTEMY U3 PEaTbHOTO
MHpA B MUP MoJzesell. MeToa mpearonaracT OnpeaeeHHbIN S3bIK, MOJIOKECHUS
U yclnoBus A pa3paboTku mozenu. Ha MaHHBIE MOMEHT, CYIIECTBYET TPHU
MeTo/a (KOHIEMIINN) MOISTIUPOBAHMUS:

— CUCTEMHAasl TUHAMHUKA U TUHAMUYECKUE CUCTEMBI;

— JIUCKPETHO-COOBITUHOE MOJIETUPOBAHUE;

— areHTHOE MOJICJIMPOBAHUE.

Kaxnplii MeTon mnDpuUMEHsAEeTCs B HEKOTOPOM JHana3oHE ypOBHEH
abctpakuuu. CucTeMHas JUHAMUKa MPEANojaraetT ouyeHb BBICOKHI YPOBEHb
abcTpakuyi W, KaKk [PaBUJIO, HCIOIB3YeTCAd JJs  CTPATErHYeCKOro
MojenupoBaHus. JIUCKpETHO-COOBITMITHOE MOJICTUPOBAHUE TOJCPKUBACT
CpPeIHMI W HU3KHK ypOBHHM aOCTpakiuu. MexXay HUMU HaXOJSATCS areHTHbHIC
MOJIENTH, KOTOPBIE MOTYT OBITh KaK OYCHb JETATM3UPOBAHHBIMU, KOT/Ia areHTHI
MPEACTaBIAIOT pu3nyeckne 0OBEKTHI, TAK U MPEACIbHO a0CTPAaKTHBIMU, KOTa
C TOMOIIbI) AareHTOB MOJCIUPYIOTCS KOHKYPUPYIOIIME KOMIAHUU WU
MPaBUTEIBCTBA TOCYAAPCTB.

Ilpumep 1. 11loctanoBka 3amaun «Maructpans nepegauu JaHHBIX)

Maructpans nepeadd JaHHBIX COCTOUT U3 ABYX KaHAJIOB (OCHOBHOTO U
pe3epBHOTO) W obmiero Hakomnutens. [lpu HOpMmanbHON paboTe CcOoOOIICHUs
nepesaroTcsl M0 OCHOBHOMY KaHainy 3a 7 = 3 Mkc. B OcHOBHOM KaHaje
NPOUCXOIAT cOou uepe3 uHTepBasibl Bpemenu 200 £ 35 mke. Ecimu cOoit
MPOUCXOJUT BO BpEMS MEpEAadu, TO 3a 2 MKC 3aIyCKaeTCs 3allacHOM KaHall,
KOTOPBIN MepeaeT MpepBaHHOE COOOIICHUE ¢ caMOoro HaJayia B TeueHue 8 + 3
MKC. BoccranoBneHue ocHOBHOro kaHama 3anumaer 23 + 7 wMkc. Ilocne
BOCCTAHOBJICHUSI PE3EpPBHBIM KaHal BBIKIIIOYAETCS W OCHOBHOW KaHaj
npoAoKaeT paboTy ¢ ouepeaHoro coodmenus. CooOeHus moCcTynarT Yepes
9 £ 4 MKC. M OCTAalOTCA B HAKONMTENE N0 OKOHYaHMs Iepenayu. Eciou B
HAKOMHTENE B ouyepenu okazpiBaeTcs Oonee 10 cooOmieHuii, To odepeaHoe
cooOlIeHNe OKa3bIBaeTcad IMOTepsiHHBIM. B ciywyae cOos mnepegaBaeMoe
cooO01IeHne mnepeaaeTcss MOBTOPHO MO 3amacHoMmy KaHainy. CMoaenupoBaTh
paboTy MarucTpaiau nepefaadu JaHHbIX B TedeHue 1 Mxy. OnpeaenuTs 3arpy3Ky
OCHOBHOT'O UM 3alacHOTO KAaHaJOB, 4YacTOTy OTKa30B KaHaja M YHCIIO
MOTEPSHHBIX COOOILICHUIA.

Pazpaborka mozenu maructpasim B cpene ARENA Jlns BwimosHeHHS
NPaKTUYECKUX 3aJaHuil mo MojenupoBaHuto B cucteMe ARENA HyxkHO
ckauaTh CBOOONMHO pacnpoctpansemyto Free Trial Bepcuto (Bpems ee
UCIIOJIb30BAaHUSI HE OrPaHUYEHO) C OQUIMaNIbHOrO caiiTa pa3padoTdmKa
http://www.arenasimulation.com u yCTaHOBHUTH €€ KOMIIBIOTEPE.
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WNurepdeiic cpeapl umutanmonnoro wMojaenupopanus ARENA Ha

pucynke 13.1 moka3zan uHTepdeic cpenbl UMUTAIMOHHOTO MOJICIHPOBAHUS
ARENA.
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Pucynok 13.1 — UaTepdeiic cpenst umutarmonHoro MmoaenupoBanust ARENA

CBepxy pacmojiaraeTcsi MaHelb MHCTPYMEHTOB, MO IEHTPY — pabouas
obnacTh (00sacTh AuarpaMmel, rpadudeckas o0JacTh), BHU3Yy — OKHO CBOMCTB
MOJIyJIeH, ciieBa — OKHO mpoekTa. B OkHe paboyero mosis MOAEId OMUCHIBACTCS
JIOTUKA MOJIETH C MCIIOJIb30BaHUEM CXEMHBIX (rpaduyeckux) moayieil. OkHO
pabodero moins TpeACTaBisAeT TpaduKy MOJAENTH, BKIIOYas OJIOK-CXeMy
nporecca, aHMMaIUIo U ApyTre 3neMeHTbl. OKHO CBOWCTB MOy el oToOpaxkaeT
CBOMCTBA BceX MOAYJeH (Kak MOAYJIe JaHHBIX, TAK U CXEMHBIX ), UMEIOIINXCS
¥ UCTIONB3YeMBIX B Moziend. OKHO MpoeKTa (CieBa) — 3TO HABUTAaTOpP CUCTEMBI,
B KOTOpPOM OTOOpakaercsa paboyasi maHedb CO BCEMH MOJYJSMH U Jpyrue
JOCTYMHBIE ¥ OTKPBIThIE MaHear. OKHO MpOeKTa BKIIIOYAeT B ce0si HECKOIBKO
IaHEeJIen:

1. Basic Process Panel (maHemb OCHOBHBIX IPOILIECCOB) — COIEPIKHUT
MOJIYJIM CXeMHbI€ (IrpauuecKre) U HEBU3yalIbHbIE, KOTOPHIE UCIIOIb3YOTCS JIJIs
MOJICTUPOBAHUSI OCHOBHOM JIOTMKH CHCTEMBI, B HUX OTOOpa)karoTcs CBOMCTBA
pasNUYHBIX OOBEKTOB (TPaH3aKTOB, pECypcoB, ouepenei, aTpudyToB,
MEPEMEHHBIX, PACTIMCAHUM U T.1.).

2. Advanced Process Panel (manens ycoBepIieHCTBOBaHHBIX MPOIIECCOB)
— COJICP)KUT JOTOJHUTEIbHBIE MOJYJE ISl CO3/IaHUs MOJENEH CO CIOKHOM
JIOTUKOW Mpoliecca.

3. Advanced Transfer Panel (manmenr mnepemerieHus) — COIEPKHUT
CHelranbHO  pa3paboTaHHBIE OJOKM s MOJEIMPOBAHHUS  MpoIlecca
nepeMenieHnsl 00bEKTOB C IOMOIIBIO TPAHCIIOPTEPA WIIM KOHBEHepa.

4. Reports (maHenb OTYETOB) — TAHENIb COOOIICHUN: COJEPKUT
COOOIICHUS,  KOTOPBIE  OTOOpPaXarOT  Pe3yJbTaThl  WMHTAIIMOHHOTO
MOJICJTUPOBAHUS.
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5. Navigate (maHenb HaBUTAIMK) — TaHENb YINPABICHUS IO3BOJISET
0TOOpa)kaTh BCE BHJBI MOJIETHU, BKJIIOYAsl yNpaBlIEHUE Yepe3 HepapXhuecKue
noamojenu. KpoMe 3Tux 0CHOBHBIX MaHesel, MOTYT ObITh U JIpyTHE.

Cxema monenu. Ha pucynke 13.2 um3oOpakeHa y»ke roToBasi cxema
paccmatpuBaeMoit moxenu. Jlns ymoOcTtBa B pabouee OKHO TIOMEIICHA
MOCTAHOBKA 33/1a4 B BUJI€ TEKCTOBOM 001acTH. Bece cxemHble MOy BBOASTCS
B pabouee 1moje MepeTacKUBaHHEM W3 OKHA MpoeKkTa. MOoaynu COeIUHSIOTCS
aBTOMAaTUYECKM WM C TOMOIINbI0 KOHHEKTOpa Ha TaHEIW HHCTPYMEHTOB.
CBolicTBa CXEMHBIX MOJAYJEH 3aJal0TCsi B OKHAaxX I[apaMeTpoB, KOTOpHIE
HOSIBJSIOTCS IIPU JBOMHOM LIETUKE MO M300pakeHuto Moayis. HeBusyanbHbie
MOJIYJIA BBI3BIBAIOTCS IICITYKOM MBIIIIH.

[Ipu pa3zpaboTKe MPOCThIX MOIEIEN HEBU3YaIbHbIE MOIYJIH 3AMOIHSIIOTCS
aBTOMAaTHUYECKHU, KOTJIa CO3JAaeTCsl CXeMa, U B OKHAX IapaMeTpOB BBOMSTCS
cBoiicTBa 00bekTOB. Pa3pabarbiBaeMblii IPOEKT COXpaHsSETCsl B BhIOpAaHHOM
Katayiore kak (aitn ¢ pacmmpenueM Arena Model Document (.doe). 3ametum,
YTO HMHCTPYMEHTHI pealu3aldd MOJEIH MOTYT ObITh Pa3IUYHBIMHU. 3JECh
npeajaraeTcsl OJUH U3 BapHUAHTOB, MOXKET OBITh, HE CaMbIil paIllMOHAIbHBIN. B
rpade Mmojmenu, NpeACTaBICHHOW Ha pHUCYHKE 13.2, HUCMONB3YIOTCSA JBE
HECBs3aHHBbIE Tpaduuecku BeTBU (1Ba moarpada), KoTopeie GYHKIIMOHUPYIOT
napajieiabHO.

:'-'Iﬂl'.ﬁl:'.[pﬂ.l'[b nepeladH NaHHBIX

MarmeTpans NepeladH JAHHRX COCTONT H3 OBYX KaNaNoE (OCHOBHOTO H PelSpBHOTG) H o0mero HakommTend. [lpm
HD].'IHZJIBI{DH paooTe COOMIEHRHA DepelakoTCcd N0 OCHOBHOMY KAHANY 34 7 £ 3 mEc. B oCHOBHOM KaHane NPORNCKOOAT CODOH 4Wepes
HETepBATE Bpesens 200 £ 35 mre. Ecmn cbofl npoRcxoMT Bo BpeMs Depeaayl, To 3a 2 MEC SANVCKASTCS 3anacHofl Kanan, KoTophil
nepefaeT npepeaHHoe coODIISHNE ¢ CAMOID Ha4ana & Tedende 8+ 3 mic, BocCTaHORNEH e OCHOBHOMD KAHANA 3aMMMasT 23 £ 7 MEC
INocne BOCCTAHOBNEHHSA paepm-rbrﬁ KiHAN BHKTOHASTCH H OCHOBHOH EaHan MPOONTEaeT paﬁn'n' C OMEpEdROTO CODDIIEHHA.
CooDmeHns NOCTYIAT Yepes 9 = 4 MKC, § OCTANOTCH B HAKOMHTENS 00 OKOHYSHHA mepenisi, ECan B HAKOOHTENS B OHMSpemi
okasmEBasTcs Domee 10 cooOmwesmii, TO odepemHOe COODIISHNE ORAIMIBASTCH MOTEPAHHEEIM. B orvuae cDON mepemaBasmMoe
CcooDmenne nePpefacTC NOBTOPHO OO 3aNaCHOMY KaHaTy.

'C}.[D.EI.EHHPOB-EI.IB paboTy MATHCTPANH Depe0addl JAHHBIX B TeusHHe 1 mE OH].'IEIIE'I]I!I]: JAIpYIKY OCHOBHOTO H 3aNAaCHOIO
EAHAMDE, YaCTOTY OTRA3DE KaHANA H IO DOTepIHHBX coODmeHni.

THOW nrouble . strouble

R (060 | e 00|

Pucynok 13.2 — Cxema MOieT UMUTAIIMOHHOTO MOJICTTMPOBAHUS PaOOTHI
MarucTpaiy nepeaay JaHHbIX

B co3nmaBaemoli Mozienu BBEJEHBI J1Ba TpaH3aKTa: MEPBBIM TPAaH3aKTOM
(cylIHOCTBIO) sBJIsIETCSl MOTOK JaHHBIX EntityMessage (cooOrieHuii), BTopoit
TpaH3akT (pukTuBHBIN) Trouble — cOoii B paboTe OCHOBHOTO KaHala. TpaH3aKThI
MOCTYNAlOT B CUCTEMY Yepe3 MOJyJIM CO3JaHus TpaH3akToB. OHU 0003HAYEHBI
B Mojienu CreateMessage, CreateTrouble.

OnumemM  Kaxayro M3 BeTBel  MoaenupoBaHus.  Onucanue
MoieIMpoBaHus cO0s B KaHase cBsi3u B BepxHeil BeTBU (pucyHok 13.3) monenu
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(pucynok 13.2) ¢ukTuBHBIE TpaH3akThl Trouble BBOASATCS MOIyJIEM
CreateTrouble. Moayns momeniaercss B pabodee OKHO TMEPETaCKHUBAHHEM W3

nanenu Basic Process B okHe IIPOCKTOB.
\ ——=  RapairCanal }

CreateTrouble r = | AssigniloTroble = WailTroublke } —= | AssinYesTroubls

Pucynok 13.3 — Cxema MO,Z[CJII/I}-T)OBaHI/IH c0o0s1 B KaHaje CBA3U

B okne mnapamerpoB (pucyHok 13.4) storo monyns (BbI3bIBaeTCs
JBOMHBIM HIETYKOM IO MOJYJIIO) 33/1a€M HOBBIE UMSI MOAYJIA U THUII (TPaH3aKTa)
CymHOCTH. B mpuHIMIEe, MOXHO OBLJIO OCTaBUThH CTaHJAPTHBIC UMEHA W THIIHI,
HO JIUT TIOHUMAaHWSI JIOTUKHA paOOThl MOJENH MX JIydine moMeHsTh. Co3maaum
TaKyl0 peajiu3alluio, KOorjla TpaH3aKkT-cOoil OyAeT TOIbKO OJIMH, HO OH OYyJET C
ONpE/ICICHHON B 3aJja4e MEPUOJIMUYHOCTBIO MOSBIATHCS B cucteme. Mcxonsa uz
3TOTO, 3aII0JIHAM IOJI CBOMCTB, KaK ITOKA3aHO HA pUCyHKe 13.4.

21x
Mama: Entity Tvpe
1Cre ate Trouble LJ |Tn:|u'ﬂle LJ
Time Bateaan Amvals
Type: “Walua: Ulnits:
il:cm stant ﬂ |EI |3-:~ conds li
Entities per Arrmval; bt Arrivals; First Creation!
fi i 00
oK ‘ Cancel ‘ Help ‘

Pucynok 13.4 — OxHo napamerpo Monyiisi CreateTrouble

MoaenbHoe BpeMsi OyieM yCIIOBHO U3MEPSTH B CEKYH/IaX, BpEMs IIEPBOTO
c00s HE W3BECTHO, B ATOM cliydae 1o ymomndanuio B moje First Creation
3anuceiBaercs 0.

B oxne mapametrpoB monyns AssignNoTroble tuma Assign Ha maHenu
Basic Process (pucynok 13.5) cranpapTHOoe uMsi MOAYJS 3aMEHUM Ha UMs
AssignNoTroble. Kpome Toro, npucBonM 3Ha4€HHE JTOTUYECKON TIEPEMEHHOM,
KoTopas OyJeT (UKCUpOBAaTh HAIMYMUE-OTCYTCTBHE COOS B OCHOBHOM KaHAJe,
strouble=0, uTo 03HaYaeT, YTO U3HAYAILHO COOS B KaHAJIC HET.

B cnenyromem 6soke (pucynok 13.6) WaitTrouble tumna Process (ero ums
M3MEHEHO 10 JIOTUKE 33J]a4M) Peain30BaHO 0KHMIaHKie cO0sl OCHOBHOI'O KaHaa,
KOTOPBIH CIIy4aeTcsi C ONPEACIICHHOMN B 3a/1a4e NePUOIUIHOCTHIO.
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psign 2|

Hame:

lh: signia Troble ﬂ
Assignmants
Add.. I
<Emnd of ligts
Ecn
Dielede I
ok | comcst | Haip

Pucynok 13.5 — OxHo napametpoB Moyiist AssignNoTroble
Tak Kak B IeproJI OKUAAHUS HE 3a/IEICTBOBAHBI PECYPCHI, UCIIOJIb3yEMbIE
B 3a7aue (0 pecypcax peub MOWIET HUXKE), TO UCIoNb3yeTcs aelictBue Delay,
YTO O3HAYACT 33JICPKKY. BRIOpaH TPeyroibHbIN 3aKOH paclpee/iCHUsI BpEMEH!
3aJIepKKU. JlaHHBIE B MOJISI BHECEHBI B COOTBETCTBUM C YCIIOBUEM 3aJaUH.

2|
Hama Typa:
|emnTroubia =] |sendad =
Logic
Action
IL oy ﬂ
Dialeny Typs Linits: Afccaiion:
| Trismrgular =] [Seconds | [vales Added |
BATTium: “Waiuo: (Most Lilkehyd el Escacirmai
T3 o [
= Fapon Saistcs
ik |  caneel | Hetm |

Pucynok 13.6 — Oxno nuanora Process

B monyne AssignYesTroble tuma Assign (pucynok 13.7) mpucBanBaercs
3HA4YCHHE JIOTHYECKOW MepeMEHHOW, KOoTopas (UKCHpyeT Hamudue cOosl B
OCHOBHOM KaHaie, strouble=1, yto o3Hauaer, uro c6oii Hactynui. Kpome Toro,
npeabIIyInee 3HaueHe epeMeHHO! ntrouble yBennunBaeTcs Ha €IUHUILY. JTa
HNepeMeHHass CIyXHUT JUis ToJicuera 4yucia cboeB B kanaie. CpencrBamu
BU3yalIM3allil €€ 3HadeHus oroOpaxkaroTcsi B pabodyeid obmactu. Kak 310
nenaercs, OyeT ONMCcCaHo HUXKE B pa3zesie aHuMaIus.
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2|x]
Mams:

Eissum'es_-nu'::ule - E

Assignmeants:

E

WYanable strouble 1
<End of list»

Edit..

Dalate

d

O | Cancal | Halp ]

Pucynox 13.7 — OkHo nuanora Assign

3aBepiiarmuM 0JIOKOM BETBH ABJISIETCSI MOYJb Process (pucynok 13.8),
KoTopoMy aaHo ums RepairCanal. 3ToT Moaynb peanusyeT IpoLecc peMOHTa
ocHoBHoro 11 xkanmama. Tak kak mnpu dtom pecypc CanalMain,
COOTBETCTBYIOIIMI OCHOBHOMY KaHally, OyJeT 3aJeiiCTBOBAaH M HE MOXET
UCTIOJIB30BAThCS IS Tepeiayll COOOIICHMIA, TO B OKHE CBOMCTB ATOT'O MOJYJIS
HY>)KHO  BblOMparb  neiictBue  SeizeDelayRelease — (3axBar-3amepika-
OCBOOOXJIEHHE pecypca). BreiOupaeM TpeyroibHbI 3aKOH paclpenesiCHHs
BpPEMEHH 3a/IepKKH. [[aHHBIe BBOANM, KaK ONPEAETICHO B yCIOBUH 3ada4u.

2| x|

Fame T
IFler.cul:onal ;I |F:1nr|dnr-| :_J
Logic
Action: Pricrity:
I::ir:u._- Deley Belease ll IME diumi2} "_]
Rasourcas

Add
<Encl of list

Edi.

Dielete
Cialay Type Linits: Allocation
ITnongulol j |Sec,:mds LI I'\z":'lue.d.v:l:ieo ﬂ
Minirmunn: “alue: (Most Likehd: b eirrium:
s [z3 [30
¥ FRepon Stalistics

(] 4 J Cance| 1 Help I

Pucynoxk 13.8 — Oxno nuanmora Mmoxysis Process miist BeIOopa mapameTpoB

Bes cxema gomikHa 3aKkaHYMBATHCA JIMOO MOJYJIEM BBIXOJa TPaH3aKTOB
tuna Dispose, 1u60 ObITh HUKIMYECKOW. B Hamem ciydae ans peanuzanuu
OTMHMCAHHOW JIOTMKH, COTJIACHO KOTOPON OJMH TPaH3aKT-COOW IHMKINYECKU
GYyHKIUOHUPYET B CHUCTEME, HYXXHO J00aBUTh KOHHEKTOP, COEIUHSIIOIINI
BbIX0J] O110ka RepairCanal ¢ Bxogom 61oka AssignNoTroble, kak nmokazano Ha
pucynke 13.3.

IlIpumep 2 MopenupoBaHue mpoiiecca nepeayu cCooOIEeHUM.

Ha pucynke 13.9 uzoOpakena BTopas (HIKHSAS) BETBb Mozenu. B
KaueCcTBE PECypCOB MCIOJIB3YIOTCS JBa KaHajla Tepeayd JaHHBIX, KOTOPHIE
3a/IeCTBOBaHbBI B MOAYJIAX TUMa Process, 0003HaueHHbIX kKak ProssCanalMain,

169



ProssCanalBack. BBoa cooOmieHuii B cHUCTEeMY HWMHTHPYETCS MOIyJIEM
«CreateMessage».

—

g i ‘ _
—\ r ' L : —
Credeliseage Ne——=g-  Ceckelaem PR | Y & DecioaTrouie — . |PresCaanar .—-#IL:E-EE Caraihaln

- |
i, 4

2 |

|
osslanaife b DicofmmCanaban
!

A
I-u'

—
{

off DispErSmErr
._| i

13.9 — Cxema MoieTMpoOBaHUs TpoIlecca rmepeaadu cooOIeHHIA
B okne mnapamerpoB (pucyHok 13.10) storo monyns (BbI3bIBaeTCS
JBOMHBIM ILETYKOM 10 MOAYJIIO) 33/1a€M HOBBIE UMl MOJTYJISL U TUI CYIIIHOCTH.

Create 21x]

Mame: E ntity Twpe:
i |CreatE!MessugE! li IEnttyMessnge ﬁ
¢ Iime Betweaan Armvals
Type Expression: Linits:
|Expressir_m lF ]THM{E. 2.13) LI |Se~c—ur|d-_-: ﬂ
Entitias per Arival M ax Arrnvals: First Creation
[1 {infinite joo
ok | cancel | Help |

13.10 — Okno auanora Create ¢ mapamerpamu 3akoHa pacrpeneieaust TRIA

3agaaum TpeyrodibHbIN 3aKoH pacnpenenenus TRIA (5,9, 13 ) Bpemenu
MEXly TpUOBITHEM COCEOHMX cooOuIeHni. MoaenbsHoe BpeMst OyJieM yCIOBHO
U3MEpATh B CEKyHAax, cooOmeHus npubbsiBaroT mo oxnomy (Entities per
Arrival), xommdectBo cooOmenuit HeorpanwdeHHo (Infinite), mepBoe
cool1ieHre nNpuoObIBaeT ¢ Havaja OTcueTa MOAENbHOro BpeMeHu «0». Momynb
DecideQueue Tuna Decide opranusyeT pa3BeTBiIeHUE MOTOKa cooOienuil. Eciu
JUTMHA ouepeid B HakonuTese MeHbie 10, To cooOIIeHus MonajaT B CUCTEMY
U 00CIy’KMBalOTCS. B MpoTHBHOM cilydae cOOOIIECHUS TEPSIFOTCS, T.€. BBIXOMAST
u3 cuctembl (6nox DispEntityError). Ha pucynke 13.11 moka3zaHo OKHO
napamMeTpoB 3TOTO MOAYJs: BbIOpaH THN (ABa mepexoAa MO YCJIOBHSM,
3aJlaHHBIM BhIpakeHueM) 2-way by Condition. [Ipu BBojae ycnoBuii nepexoja
UCIIOJB3YeTCsl TOCTpouTeNb BhIpakeHuil Expression Builder, xkotopsrit
BBI3BIBACTCS U3 KOHTEKCTHOTO MEHIO IIyTeM HaBEACHHS Kypcopa Ha nosie Value
¥ HaO)KaTHs TPaBOM KHOTIKU MBIIIIH.
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pedde 2ix]

Mame: Typa:

[DEH:N:I ellusus ll IE-’#EL'_-,-'b}-' Candition ll
it

| Exprassion ;j

Value:

[NOHoldHoarder Dueus) <= 10

ok | cencel | Help

Pucynok 13.11 — Oxno Decide moayns DecideQueue

[Tpu HaGope BeIpakeHus (pucyHok 13.12) cneayeT ucmoab30BaTh KHOIIKU
OKHa TIOCTpOMTENsS JJisi BBojAa Joruyeckux omnepamuii. Kpome Toro,
UCIIOJIb3YIOTCSl BcTpoeHHasi nmepemeHHasi Current Number in Queue — 4ucio
TpaH3aKTOB B OYepeaM B JIaHHBIK MOMEHT Hu3 MeHIo Basic Process
Variable/Queue.

[TocTtymenne cooOOIMIEHW B HAKOMHATENIh ¥ WX 3a7epKKa [0
ocBoOOXKIeHHsT KaHanoB Mozenupyetrcss momynem HoldHoarder tuma Hold
(umar6aym), B KOTOPOM CO3/Iae€TCsl O4Yepeib. DTOT MOAYJb HYXKHO B3STh C
nanenu Advanced Process okHa npoekToB. B okHe napameTpoB (pucyHok 13.13)
3TOr0 MOAYJIs ONMLIEM YCJIOBHUS IIPOX0/1a COOOLIEHHUS Yepe3 mIaroaym

[Expression pusder x|

Expression Type:

= Besic Procass Yariahles -
= Enfity
= Process
=1 Ciumus
Currerd Blumber In Dusue
Avarage Mumber In Queus
Avarage Wait Time
Aoserage Yall Cost
Waluae of Queued Entrty Alribute
Surm of Queued Entity Attributes
Entity Mumber Cf Quaued Entity
+ Resource >

A f ol o] =] el>] || o] of cf

Current Exprassion:
MC{HoldHosrder Cusus)<=10 - I

4 ™

ok | Cancel | Help |

Pucynok 13.12 — Okno moctpouTens BeipakeHnit Expression Builder
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hold 21|

MName: Type:
|H|:-I{:|Hu:|arder :I iEcan tor Condition :I
Caondition:

Clugue Type:
|ﬂuaua :I
Queue Mame:
|HDIdHDarder.Dueua j

ok | cancel | Help |

Pucynok 13.12 — Oxno Hold monyns HoldHoarder

[Ipu BBOJE yCcnOBHI mepexoaa UCIOJIb3YETCsl TOCTPOUTENh BhIPAXKEHUN
Expression Builder, koTopblil BbI3bIBa€TCS U3 KOHTEKCTHOTO MEHIO IyTEM
HaBeJcHHS Kypcopa Ha mmosie Condition 1 Ha)KaTHs TPaBOW KHOITKY MBIIIIH.

B mone Current Expression okHa HMOCTpPOUTENSI COCTaBUM BBIPAXKECHUE
(pucynox 13.14), o3nadaer, 4TOo COOOMICHHS 00pPaOATHIBAIOTCS OCHOBHBIM
KaHAJIOM, €CJIM B HEM HET c00s, W PE3epPBHBIM KaHAJIOM, €CIH €CTh COOil B
ocHOBHOM KaHane. [Ipu Habope BBIpakeHHUs CIEAyeT UCIOIb30BaTh KHOIKU
OKHa TIOCTPOUTENs JJid BBOJA JIOTUYECKUX OIEpalnid.
UCIIOJIb3YIOTCSl BcTpoeHHas nepemenHast Current State u koHctanTa Idle State
Constant coctosinust pecypca u3 MmeHto Basic Process Variable/Resource/State.

x|

Expression Type;

i Frocess |
Queus
= Resource
M- Costs
= Siake
Current State
Idie Siate Constant
Busy State Canstant
Failed State Constant
Inacta Siate Constant
# Uszage
=- Vanable :I

T ) B

(strouble == 0 88 STATE(Resource 1) == IDLE_RES) E|
|l {stroubla == 1 A& STATE(Resource &) == |DLE_RE 5)

¥

oK ] Carical | Help ]

Kpome Toro,




Pucynok 13.14 — Okno noctpouTens BelpaskeHuil Expression Builder ¢
3anojiHeHHbIM TIosieM Current Expression

Monynb DecideTrouble Tuna Decide opranusyer pa3BeTBICHHE MOTOKA
cooOmennii. Ecnu et c60s1 B o0cHOBHOM KaHauie (strouble == 0), To cooOimeHus
00CITy»XUBAIOTCS MM, B TIPOTHBHOM cClly4ae — pe3epBHbIM. Ha pucynke 13.15
MOKa3aHO OKHO MTapaMeTPOB ATOTO MOJTYJIS.

Mopaymu mnporeccoB ProssCanalMain u ProssCanalBack BwimosnHsroT
nepenayy cooOIIeHUI M0 OCHOBHOMY KaHAITy UM PE3€PBHOMY, KOT/1a OCHOBHOM
B HepabodyeM COCTOSHWH, MPHU 3TOM 3aJehCTBYIOTCS pecypchl CanalMain u
CanalBack, cooTBeTcTBYIOIIME STUM KaHaidaM B KoindecTBe 1 kanan. Momysto
ProssCanalBack mpeamectByer mporiecc 3aepKKu cooOImeHus Ha 2 MKC. 10
ycioButo 3anaun (Moaynb ProssDelay). Ha pucynke 13.16 mokazaHo OKHO
apamMeTPOB ATOTO MOJTYJISI.

boecse 21|
I Mame: Type:

|rJemrj eTrouble L' I:*wm,,-' by Condsion l]
i:

| Expression _ﬂ

Walua:

|51J'c1ubIE ==

oK Cancal | Help

Pucynoxk 13.15 — Okno nuanora Decide momymns DecideTrouble ¢ 3anomneHHbIMU

IoJIsIMH
e — 2]

Hama Type:
|F*::::Eu:-l:l-.-' ﬂ |:-'.-_hrn:.:'|||'| ﬂ
Leqgic
Aton
||.l=-|n;.- ﬂ
Delay Type: LUirils Allacatan
Constanl L:I |Ee|:l:r.d: :J |'v':|u|:~-"-.d|:|r:d ﬂ

elum

2
[+ Fapoit Stetgtc:

ok | Cancet | Hep |

Pucynok 13.16 — Oxno moxyns ProssDelay
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Ha pucynke 13.17 mpeacraBieHO OKHO TIapaMETPOB  MOJIYJIS
ProssCanalBack. J[lns 3amaHust KoJgudecTBa pecypcoB (OJHA €AMHUIIA)
ucnonb3yercst kHonka Add. 16 Ilpoiins yepe3 pe3epBHBINA KaHaN, COOOIICHUS
BBIXOJAT U3 cucteMbl (Moaysib DispEntityCanalBack).

21x|
Marma; Tupe:
||'-‘rl:|=r~".'.l:1rm|f:|adn j IE*.nr.er--:l ﬂ
Logic
Action: Frorty
Seize Delay Releass | IMediumiZ) -
Fesources

<End of lists
Edit. |
Delate |

Dielay Type: Units: Allocabon
|Tr|nngu|m :l |Se:nndi LI I"-"nlue-AJ:I-:IEt: ll
Minirmem: “alue: (Most Likely): Meamum:

5 [8 n
[+ Bapor Slabstics

ok | concel | Hep |

Pucynok 13.17 — Oxno monyins ProssCanalMain
Ha pucynke 18 1mpencraBieHO OKHO — mapaMeTpoB  MOJIYJIS
ProssCanalMain. BpeMs MpoOX0KIEHHUS OJHOTO COOOIIEHUS paclpeiesieHo IO
TPEyroJIbHOMY 3aKOHY C 3aJJaHHBIMU 110 YCJIOBUIO nnapaMmeTpaMu. [Ipoiins yepes
OCHOBHOW  KaHall,  COOOUIEHUS  BBIXOJAT U3  CHCTeMbl  (MOAYJb

DispEntityCanalMain).
process Ti=|
Flamae Typa:
[ProssCanaian | B =]
Logic
Action; Prnoribys
|:.-:a|:c Dalsy Riolosse :! iM-—-:s::m::ﬂ ﬂ
{5 1= F-T=101] -5
A
EE el &l links
Eit
Diwbeta
Dalay Typa Units Allocation
| Trimngubar =] |secands =\ [valus Added e |
BAmirnarm: Sl (ot Likombyd bl rmarmn:
[4 |7 [1o
[+ Fiepon Smesbcs
QK | Cancal | Halp |

Pucynok 13.17 — OkHo 1u1g BBoj1a mapameTpoB MoxyJisi ProssCanalMain

Ilpumep 3. AHManus B MOJIEIIN.
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Ha pabouee nose psgom co cxemoit (pucyHku 13.2, 13.19) BeiHeceHbI
AJIIEMEHTBl aHUMAIIUHU:

— Cloke | & , 31€Ch B XOJI€ IPOUTPHIBAHUS MOJICIH OTPaXKACTCs TEKyIIee
BpeMst moaenupoBanus (Current Simulation Time — TNOW);
— TeKyIllKMe 3Ha4eHUsI IepeMeHHbIX (ntrouble, strouble);

— ceeroop ® | KpacCHBIN LIBET CBETO(POpPA CHUTHAIM3UPYET O HAIMYUM
cOos;

— rpa)¥K¥u 3aBUCUMOCTH YHUCJIa COOOIICHUH, TPOXO/ISIINX IT0 OCHOBHOMY
KaHaty (KpacHbIH, 0oJjiee KpyToil) U pe3epBHOMY (3€JIeHbIN, OoJiee MOJoTHil), B
3aBHCHMOCTH OT BPEMECHHU;

— KapTHHKH, COOTBETCTBYIOIIME TPAH3aKTaM H PECYPCaM.
TNOW ntrouble strouble

8. 00 . 1.00

150 /' — EntityCanalMain
v, — EntityCanalBack

Pucynok 13.19 — Pe3ynbrarsl aHuMaImu

Bce snemeHTHl aHMMalnMM B3ATHl C IAaHEIM HHCTPYMEHTOB. YUTOOBI
BCTaBUTh 2JIEMEHT aHUMAIMH, HY’)KHO Ha)XXKaTh Ha HETO JIEBOM KHOIKOW MBIIIH.
B nosiBuBIIEMCSI OKHE ITapaMETPOB HACTPOUTH CBOMCTBA, 3aTeM HaxaTh Ok. B
pe3ysbTaTte 3JeMEHT NOABUTCS B padoyeil 00JacTH, C IMOMOLIbIO MBILIH
HACTPOUTH €ro IMOJIOKEHHE B paboueil obmactu. [anee, 3akaB J1€BYIO KHOIKY
MBIIIY, HACTPOUTDH €TO pa3Mep, 3aTeM IIETYKOM JIEBOM KHOIKU 3a(UKCHPOBATH
3JIEMEHT B paboueit obOnactu.

B okne mapaMeTpoB 37eMeHTa aHUMAIIMA MOYXXHO H3MEPUTH €TO CBOMCTBA,
HanpuMmep, ¢popma cBetodopa U3MEHEHA CO CTaHAAPTHOU-NPSMOYTOJIBHON Ha
KPYTIYIO.

Jliist BbI30Ba OKHa CBOWCTB rpaduka Plot Hy>)KHO JBaXKIbl IIEIKHYTH IO
obOnactu rpaduka. Ha Bknaake Data Series juist kaxaoro rpaduka B nosie Name
Beectu 18 ero umsa (EntityCanalMain, EntityCanalMain), xotopoe Oyaer
oToOpaxarbcsl Ha sKkpaHe. B mosne Expression BeIOpaTh U3 pacKpbIBAIOIIErOCA
CIIHCKa BCTPOEHHYIO MIEPEMEHHYIO (ProssCanalMain.NumberOut,
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ProssCanalBack.NumberOut), koTtopasi onpeaensieT KOJU4eCTBO COOOIICHUH,
NPOMICIINX Yepe3 OCHOBHOM WM pPE3CPBHBIA KaHAal B 3aBHCUMOCTH OT
BpPEMEHH. 3aBUCHMOCTH ITHX IIEPEMEHHBIX OT BPEMEHH OYAyT OTOOpaKaThCs Ha
rpadukax.

Jnst yno6Horo oToOpaxeHusi rpadUKOB MOXKHO CKOPPEKTHPOBATH
MaKCHUMaJIbHbIE 1 MUHUMAJIbHBIC 3HAUCHUSI 0TOOpaKaeMbIX IEPEMEHHBIX, IIard

1o ocsm Ox 1 Oy: BKJajka Axes, onement scale, ceoiicrso Malorincrem.. g
OKHE mapameTpoB Plot BO3MOXHa HACTpOiiKa M APYTHX SIEMEHTOB rpaduka.
MOXHO TaKXe HACTPOUTH JOMOIHHTENbHbIE KAPTHHKU IS TPAH3aKTOB H

o LY
PECYpPCOB, HAXKUMAA HA ITaHCIIN HHCTPYMCHTOB KHOIIKH - nu - .

3amMeT¥M,  4YTO  CTaHJApTHbIE  KapTUHKU  BBIOMpAIOTCA U3
PaCKpBIBAIOIIETOCs CMHUCKA B HEBU3yalbHOM MOJyJie cBoMcTB Entity Ha maHenu
Basic Process (pucyHok 13.20). OkHO HEBU3YaJIbHOTO MOJYJSl BBI3BIBACTCS
JABOMHBIM ILETIYKOM.

ot
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Pucynok 13.20 — Hactpoiika CBOWCTB aHMMAITUH C TIOMOIIBIO0 MOAYJIsIcBOMCTB Entity

g
HpH Ha)XaTHH Ha KHOIIKY = MOABJACTCA OKHO HACTPOHUKH

JIOTIOJIHUTENBHBIX KapTUHOK a7s Entity, mpeacraBnenHoe Ha pucyHke 13.21.
CrpaBa 0TOOpaKarOTCS KAPTUHKUA U3 OTKPHITONH OMOIMoTeKru. YTOOBI OTKPHITH
Ipyryro OumbmmoTeky, Hy»XHO Haxkatb Open W BbIOpaTh OHOIMOTEKY W3
packphbIBarolerocs crnucka oubnuorek. Ecnu crnucok mycrt, To Hy>)KHO yKa3aTb
nyTb K Oumbnuorekam. Ilpu ycraHoBke Arena mo ymoyidaHUIO OUOIMOTEKH
00BIYHO pa3MEIAOTCs B MAMKE MO CICAYIOMEMY Ty TH:

¥ BubnuoTexn ¥ [lokymeHnTsl ¥ Rockwel Software * Arena ¥ PictureLibraries
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Cumrent L ibrary: Idantifise [Connlbar = Current Librsn:
‘Wiakps Fucturn. Pepar Aed - - Shaa |E|l.|*s-.r ﬂ baslcprocaes plb
pole R Fictuna D ||:-E|J pmen Campuiar
| . bt ) “ | mn B w_ | [ Je =] Add <
Copy Copy o
E ﬂ Hﬂuw i ﬂ =
.= Deiese | ' Detale Detata :
M # E
= fm =’ = Sl
7 — =
m Size Facar, |1 r
E Effects
|. J ‘When muliple picuras ere dafinad forthe samsa resaurca siale, use this
- J = ginulahan Aming o animste 8 2Enes af pickres:
Sie Factor |1 [ Aulo Scale | = |Haurs x| per pictere
I Fotale By Exprassian: | _l
[T Saire dea
ITI Cancel | Help |
ok, | Concel | Help |
Pucynok 13.21 — BeiOop kapTuHKH Pucynok 13.22 — OxHO HacTpoek KapTHHOK

JIisi BCTaBKM HOBOM KApTUHKH M3 PACKPBIBAIOIIETOCS CIMCKA HYXKHO
BBIOpATH €€ B CIIMCKE CIpaBa, 3aTeM HaXKaTh KHOMKY < <

Kaptunka mosiBUTCS B 1IeHTpaabHOM obOjacTu okHa (pucyHok 13.21), ona
JIOJKHA OBITh B aKTUBHOM (BBIJIEJIEHHOM COCTOSIHHH), B IPOTHUBHOM CIIydae ee
HYKHO BbIienuTh. Pictore ID yxe Oyner y BblieIeHHON KapTUHKH, a BOT Value
HY’)KHO NPpUAYyMaTh U BBECTH, CIeAys MpaBuiaM. B npemyiokeHHOM BapuaHTE
3To uMa — Picture.Paper.Red. [lanee cnexgyer naxarr Ok. Bwl BepHerech B
oOnacte auarpammbl. Tam crnenyeT BbIOparh MecTO (IIPOM3BOJIBHO), TZE€ B
00J1aCTH JUarpaMMbl pa3MECTUTCS Ballla HOBasi KapTHHKA (Kypcop UMEET BU 1),
U BCTAaBUTh €€, Ha)KaB MPaBYI0 KHOMKY MbIIK. MOXHO Takke M3MEHUTh €€
pasmep.

Ha pucynke 13.20 BcTaBieHa KapTUHKa (KpacHbIA JIUCT) MOJ OJIOKOM
CreateMessage. AHaIOTMYHO BCTaBjeHa KapTUHKA (001ThI) Haj O1okoMm Create
Trouble. Ho aTo eme He Bce. /s mpucBoeHus kaxaomy tumny Entity HOBO#
KapTUHKH CIEAYyeT 3alTH B OKHO HEBU3YaJIbHOTO MOAYJs CBOMCTB Entity Ha
nanenu Basic Process (pucynoxk 13.20).

B cBoiictBe Initial Picture BrIOpaTh U3 pacKpbIBAIOIIETOCS CIUCKA UM,
KOTOpOE BbI paHee Jainu KapTuHke. Ecinu nuMenu He OyeT B CIIUCKE, €r0 HYKHO
BBECTH BPYUHYIO, YAQJIUB UMS IO YMOJIYAHUIO.

[Ipu Ha>kaTUM HA KHONIKY " HosBIAETCS OKHO HACTPOWKH KapTUHOK IS
COCTOSIHUM pecypcoB, IpeJCTaBiICHHOE Ha pucyHke 13.22. B ueHtpanbHOI
YacCTM MOTYT OTOOpaXaThbCAd PpA3IMYHbIE KApPTUHKH, OCTaBIIMECS OT
npenpiayeld paboThl, IX MOXHO MpocTo yaanmuth Delete. Kaxxmomy pecypey
MOYXHO TPUCBOUTH pa3IudHbIe KapTHHKU sl coctosiHuid Idle (cBoGomeH) u
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Busy (3ansar). B aToMm ciywae cnegayetr A00aBUTh 3TH KapTHUHKU C MOMOIIbIO
KHOIKY << B IIEHTpaJIbHOE T0JIe (pUcyHoK 13.22).

[Ipu BbIIEIEHHON KapTUHKE B IIEHTPAJIBLHOM I0JI€ 3alOJHUTH 3HAYCHHUS
napameTpoB Identifier, State, Pictory Id u3 packpbiBaromuxcsi CIUCKOB WU
BBECTU UX BPYYHYIO. DTO HYKHO IIPU HEOOXOAUMOCTH CHEJaTh JJs KaXKIOTro
pecypca. Ilpu 3Tux nefdCcTBUSAX KApTUHKU aBTOMATHYECKH MOSIBATCS B 00JacTH
JrarpamMMbl, UX MOXKHO TepeMeIIaTh 1o Moo, Ky/a xenarenbHo. Ha pucynke
13.22 cocrosaus pecypca CanalMain oToOpakaroTCs B BHIIE Pa3IAYHBIX
pacToNIOKEHU MOHUTOPA. 3aMETUM, YTO JABOWHBIM HICTYKOM MO KApTHUHKE HA
oOnacTu auarpamMmel (paboyeM IoJie) BbI3bIBAETCS UMEHHO T€ OKHA (PUCYHKH
13.21, 13.22), xoTOpblEe HACTPOEHBI HAa 3TU KapTUHKU. [Ipu Ha)KaTUM KHOIOK U
OyayT oTOOpaXaThbCsl 3TH K€ OKHA, HO B HEHACTPOEHHOM BHJIE.

Ilpumep 4. 3anyck MOJeIH Ha BBITIOJIHEHHE.

[TapameTpsl MO/IENM B 1IEJIOM 3a/1al0TCSl B MYHKTE IJIaBHOTO MeHI0 Run-
Setup (pucynok 13.23), Bknaaka Replication Parameters. 3nech, Kak MUHUMYM,
HY>KHO 3a51aTh napameTpsl Replication Length u Base Time Unit B cooTBeTCTBUHM
C YCJIOBHEM 3aJlauH.

x|
RunSpeed | FRunComol | Repors |  ProjectParameters |
Raplication Parameters j AmaySizes | ArenaVisual Designer |
iniiakrs Betawen Raplicab
Mumibes of Replicatons AN e et
I [+ Statiafes [+ System
Saad Date and Time
L =
‘Warmeup Penod Time Linits:
|:J o |H\'.|I_-'= ﬂ
Raplicason Lanrgih Time Linits
I [Hoes =l
Hawrs ParDay.
s
Basze Time Lnis
[::‘-r.-ccm:ls :]
Tesminaing Condéan
0K | OrMpHE | | | Cripames |

Pucynoxk 13.23 — Oxno Run- Setup nst ycTaHOBKH mTapaMeTpOB MOJIETH
3amycKkaeTcsi MOAEb C TOMOUIBIO CIIEIIMAIbHON MMaHEIU UHCTPYMEHTOB,
n300paxeHHOU Ha pucyHke 13.24.

M » Il U =
Pucynoxk 13.24 — I[Tanenu MHCTPYMEHTOB /IS 3aITyCKa MOJIENH
OTa maHedb IO3BOJISICT 3a11yCKaTb, HPHUOCTAHABIMBATL MOJCIb,
IPOKPY4YMBaTh €€ 0e3 aHMMallud, PEeryjIHpoBaTh CKOPOCTh MHPOUTPHIBAHMS,
BBIITOJIHATD ITPOUTPBIBAHUC 110 IIaraM.
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B pesynbraTte mporoHa CO3IaHHOW MOJETH TOJYYHIHCHh PE3YJIbTATHI,
NpeICTaBICHHBIE B paboyeii o0macTu nuarpaMMsl (pucyHok 13.25): Konu4yecTBo
COOOIIeHNH, MIepEaHHBIX 110 OCHOBHOMY KaHaly, paBHO 359, o pe3epBHOMY —
37, NOTEepSIHHBIX COOOIIEHUI HET, KOJIMYECTBO cOOEB paBHO 16.

HN3meHuB HCXOAHBIC OAaHHBIC,

MOJXHO CHOBa 3aIllyCTHTb MOJCJIb Ha

BBIITIOJIHCHUC U ITOCMOTPETDH, KaK 3TO OTPA3HUTCA Ha PE3yIbTaTax.
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Pucynok 13.25 — Cxema Mozenu u pe3yabTaTbl MOJAECIUPOBAHUS

Ilpumep 5. OTueTsl

Ha manenmu Reports okHa HpOEKTOB IIPEACTABICHBI Pa3jIMYHBIC BUJbI
OTYETOB, KOTOPBIE ABTOMATUYECKU (POPMHUPYIOTCA MO 3aBEPLICHUH IMPOTOHA

MOICIN.
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Category Overview
|Unnamod Project |
Reglications 1 Time Units ~ Seconds
|Entity |
Time
WA, Tirm Minirmum Maormum
Average Half Widih Value Value
EniityMessags TEEG 0126100 ERE TIB0E3
WA Tirm Minimum Maxrrum
Average Half Wadth iy - Ve
000 0000000000 0.00 [y
Wait Time Minirmu m Maxrmum
Average Half Width Walue Value
G TH0E 0126683107 T T aTaT
Transtaer Tme Minirmim Maxirrwinm
Average Half Width Valuss WValue
TR O T T
Other Time Minimum Maxarmn m
Averags Half Width Value Ve
Ty s sage TN (0 OO T T
Tatal Teme Minimim Maxirminm
Average Half Width Valuse Value
Eniiyessage TG U 2T16A7253 TIES 59552
Resource
Usage
Instantaneous Utilizaton N Mirsrmum Maximum
Average Half Width Valkue Value
CanalBack 06278644 (Insufficient] 000 o000
CanalMain 07938  0.022703804 000 1.0000
Mumbar Busy Mirirmum Maximu m
Average Half Width Ve Value
CanalBack Ooaz o044 (Insufcient] oo T o000
CanalMain 0.7938  0.022703804 0.00 1.0000
Mumber Scheduled . MiniFnum Maximum
Average Half Width Value Walue
CanalBack TO000  (Insuificient) T 0000 T 0000
CanalMain 1.0000 {Insufficient) 1.0000 10000
Scheduled Ulilization
Value
CanalBack T 0B278644
CanalMain 0.7938

0.800
0.700
0.600
0,500

0,300
0.200
0,100
0,000

Pucynok 13.26 — OxHo oTueta

CopnepxaHus pa3au4HbIX OTYETOB BO MHOTOM IEPECEKAIOTCS, MOITOMY
MO>XXHO OrpaHU4MThCS 0030pHBIM oTueToM Category Overview, KOTOpBIN
OOBIYHO COCTOUT U3 HECKOJbKHX CTpaHull. @DparMeHThl 3TOro oOTyeTa
npejacTaBieHbl Ha pucyHke 13.26. 3mech NpUBOAATCS 3Ha4YeHUs (CpeaHHe,
MUHUMAJIbHbIE, MaKCUMaJbHbI€) CHUCTEMHBIX IEPEMEHHbIX, KaKOBBIMHU
SBIIAIOTCS. Bpems npeObiBaHusi Entity B cucteme, Bpemsi OXUIaHUSI B OYEPEIH,
KOA((QUIIMEHTHl  MCHOJB30BAHMUS  PECYpPCOB,  KOJWUYECTBO  CYIIHOCTEH,
YYaCTBYIOIIMX B PA3IUYHBIX MPOIECCaX U JIp.

Annapatypa U martepuajbl. JlJis BBIMOTHEHUS Ja0OpaTOPHON PabOTHI
HEOOXOJUMO  HCIONb30BaTh  CIENYyIOIIee:  ammaparHoe  oOecredyeHue:
NEPCOHAIBHBIN KOMITBPIOTEp M MPOrpaMMHOE OOecleyeHHe: ONepaluOHHYIO
cuctremy Windows 10 wu Beime; Microsoft Officel3 u Boime, cpena
UMUTAUMOHHOr0 MojienupoBannst ARENA.

Yka3anusi mo Texnuke 0e30macHOCTU. CTyAEHTHI JOJKHBI CIEA0BAThH
oOLIENPUHATON TEXHUKE O€30MACHOCTU IJisl MOJb30BaTENEd MEepCOHATbHBIX
KoMIlbloTepoB. He criemyeT caMOCTOSTENbHO  MNPOU3BOJIUTH  PEMOHT
TEXHUYECKUX CPEJICTB, YCTAHOBKY U yAaJIEHUE MPOTpaMMHOro obecnieuenus. B
ciaydae OOHapyKeHUsS HEUCIPABHOCTEM HEOOXOIUMO COOOIHUTh 00 3ITOM
aJIMUHUCTPATOPY KOMIIBIOTEPHOTO Kilacca (OOCIYy>KMBAIOIIEMY MEPCOHAIY
JabopaTtopun).
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MeTtoanka U NOPSAIOK BHINOJTHEHUSI padoThI

BeIlToJIHUTE NIpEUIOKEHHBIE 3aJaHus, IPEIBAPUTEIBLHO PacCMOTPEB
IIPUBEICHHBIC B IPUMEPBI.

3aganme 13.1. [Toctpouts Mozenb «Maructpaib nepeaayu JaHHBIX).

3apanue 13.2. Hactpouts napameTpsl MOJIEIH.

3apanme 13.3. HactpouTh aHUMAIMIO MOJIETIH.

3ananue 13.4. [IpoBecTH BEIYMCIUTENBHBIN SKCIIEPUMEHT C MOJIEIIBIO.

3ananue 13.5. BriBecTm oOT4YeTBl pe3yJbTATOB MOJEIUPOBAHUA U
BBINIOJIHUTD aHAJIU3, TOJIYYEHHBIX PE3YJIbTATOB.

Conepxxanue oTyera u ero popma
[ToaroroBbTe OTUET, B KOTOPOM MPHUBEIUTE TEXHOJOTHIO BBIMOJHECHUS
3aJITaHUN.
Otuer o abopaTopHOM paboTe JOJIKEH COJIEPKATh:
1) Ha3BaHue pabOTHI;
2) uenb Ja00paToOpHOI pabOTHI;
3) (GopMyIHpPOBKY 3aJaHHs M TEXHOJIOTHIO €r0 BHITIOJIHCHHUS,
4)  OTBETHI HA KOHTPOJBHBIE BOIIPOCHI;
5) npunoxxenue — Ganibl BHITOJIHEHHBIX 3aJaHUH.

Bomnpocs! Ajis1 310U THI padoThI

1. lnss d4ero wucnosib3dyercsa cpeJa HMUTAIUOHHOTO MOJIETUPOBAHUS
ARENA?

2. Kak ocymectBisiercst Mogenupoanue B ARENA?

3. Ha moznenupoBaHue Kakux cUucTeM opueHTHpoBaHa cpena ARENA?

4. Kakoe ocHoBHOe mpeumyiiectBo cpenbl ARENA 1o cpaBHeHHIO ¢
aHAJOTUYHBIMUA CUCTEMAaMU UMUTALMOHHOT'O MOJIEIUPOBAHUS?

5. C nomompto cpenbl ARENA MOXXHO MOJIeTMpOBaTh CUCTEM MacCOBOTO
00CITyKuBaHUs?
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JIABOPATOPHAS PABOTA 14
MonennpoBanue HH(POPMALMOHHBIX MpPoLeccoB B cpeae AnyLogic

Ieab U coaep:xkaHMe: W3yYUTh OCHOBHBIC NMPUEMBI PabOTHI CO Cpeoi
UMUTALIMOHHOTO MoJenupoBanus AnyLogic 1 mpuoOpecTH HaBbIKU IOCTPOEHUS
MO/ICJIEN B 3TOM CpeJiE.

Opranuszannonnass ¢gopma 3aHSITHIl: pelieHUEe MNpPOOJEMHBIX 3ajad,
pa300p KOHKPETHBIX CUTyalIUM
Bonpoce! pis1 00cykaeHust Ha JJa0OPaTOPHOM 3aHATHM: MIOCTPOCHHE
MoJeNiell B cpejie MMUTAIIMOHHOTO MojenrpoBanust AnylLogic.
®opmupyembie komnerennuun: OIIK-7, OIIK-8,

TeopeTuyeckoe 060cHOBaHUE

Cpena umurtanrionnoro mozaenupoanusi AnyLogic ocHoBana Ha Java u
6asupyetrcsa Ha 1atdopme Eclipse — coBpemMeHHOM cTaHaapTe sl Ou3HecC-
npuioxkenuii.  bmaromapst  Eclipse  AnylLogic  pabGotaeT Ha  Bcex
pacmpocTpaHeHHBIX onepanoHHbIX cuctemax (Windows, Mac, Linux u T.1.).

PaccmoTpum pemenue pa3zoOpanHoi B s1abopaTopHO¥l paboTe 3amauu
«Maructpainb nepegaun JaHHbIX» cpenctBamu AnyLogic.

Jloruky pemieHusi 3aJaud  COXpaHWUM, OyJeM HCHOJb30BaTh TE
MHCTPYMEHTHI pa3paboTku Anylogic, KOTOpsle MOJOOHBI PACCMOTPEHHBIM
paHee.

[Tpu cozmanmnu Ooiee CIOKHBIX MOJIENIEH MOTYT BOSHUKHYTh CIIOKHOCTH C
OMMCaHNEM JIOTHKH 3aJIa4H, TOCKOJIbKY HYKHO HCIIOJIb30BaTh KOHCTPYKIIMH Ha
s3pike Java. Tem, KTO BiajgeeT 3TUM S3BIKOM, O€3yCIIOBHO, OynIeT Mporie.
OpnHako, MpeaoCTaBIsieMble CIPABOYHBIE MaTEpPHANIbl MO3BOJIAIOT MPEOI0IETh
3T TPYJHOCTH U TEM, KTO UMEET 0 Java BecbMa MOBEPXHOCTHOE MPEJICTABIICHHUE.

Jlnst BbINOJIHEHUS 3aJaHui MO0 MojenupoBaHuio B cucreme AnyLogic
HY’KHO CKauaTh U YCTAHOBUTH Ha KOMIIbIOTEPE CBOOOJHO PACHPOCTPAHIEMYIO
Bepcuto AnylLogic PLE (Bpemss ee wucCmonb30BaHUS HE OTPAHUYEHO) C
oduimanpHOro caiita pazpaborunka https://www.anylogic.ru/downloads/ nnmu
1o cchuIKe https://www.anylogic.com/files/anylogic-ple-8.2.3.x86_64.exe.

[Ipu mnepBoHauanbHOM 3amycke mporpammel Anylogic oToGpaxkaercs
HavanpHas cTpanuiia, Ha KOTOPOIl MOIB30BATEIIO MPEIaraeTcsi O3HAKOMHUTHCS
C MHOTOUYHMCJICHHBIMU TIPUMEpaMH MOJIeNe, pa3paboTaHHBIX B ATON CHUCTEME.
[TonacTe Ha 3Ty cTpaHULy B XOJ€ AaJibHEWIIeld padOThl MOKHO U3 MEHIO
CopaBka. HyxHo cka3zarb, uto naxe B OecruiatHodM Bepcun AnyLogic
pa3paboTUMKH TMPEAOCTABISIIOT OrPOMHOE KOJMYECTBO MAaTEpUANOB IS
00yueHus.

Ha pucynke 14.1 mnokasan wuHTepdeic cpeabl HMHUTAIMOHHOTO
moxaenupoBanusi AnyLogic. Cepxy pacnonaraiorcss MeHio, maHenu
WHCTPYMEHTOB, IO LIEHTPY — pabouas obnacth (rpaduyueckuii pegakTop Wiu
00J1aCTh CTPYKTYPHOM IMarpaMmbl), ClipaBa — OKHO CBOMCTB OOBEKTOB, CJIeBa —
Oxkno naneneit [Ipoektsl u [Tanutpa, 3T NaHEIN NEPEKITIOYAIOTCS MIETYKOM 110
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3aroyioBky. B HIKHEN yacTu pa3MelaroTcsi OKHO OomuOoK u ap. OTtobpaxeHue
T€X WJIM UHBIX OKOH MOKHO HAaCTPOUTH C MOMOIIbIO KHOMKK Buj B rmaBHOM
meHto AnyLogic. Okno mnanenu IIpoekTsl (cieBa), HaBUTraTop CHCTEMBI,
oTOOpakaeT HWMEHa IMPOEKTOB, OTKPBHIBAEMBIX B TocienHee Bpems. [lpu
HEHAJIO0HOCTH WX MOXHO 3aKPbITh M OKHO CTaHET IMyCThIM. KakIblil poeKT
OpraHU30BaH MEPAPXMUECKH B BHJIC JIEpeBa: caM IMPOEKT 00pa3yeT BEpXHUM
YPOBEHb, YKCIIEPUMEHTHI, KJIACChI aKTUBHBIX 00BEKTOB U Java KJIacChl 00pa3yroT
CIEAYIOIUN yPOBEHb. DJIEMEHTHI, BXOJSIINE B COCTaB aKTHUBHBIX OOBEKTOB,
BJIO’KEHBI B COOTBETCTBYIOIIYIO MMOJIBETBb JIepeBa Kjlacca akTUBHOTO O0OBEKTA U
T. [I.

Dads MNpssss  Doid Pecosssss  Mogess  Pecppessts  Crgsses

O - . - W44 Criipemamacy m nesinusen | o

Hair. TATEL "

i
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Pucynok 14.1 — UaTepdeiic cpeapl IMUTAIIMOHHOTO MozenupoBanus AnyLogic

Oxkno manenu [lamuTpa (cnmeBa) BKIIOYAET 3JIEMEHTHI (Tpaduyeckue
OOBEKTHI), KOTOpbIE MOTYT OBITh J00aBJIEHBI Ha CTPYKTYpHYIO IUarpammy
aKTUBHOTO OOBEKTAa. DJIEMEHTHI PAa30UTHI MO TPyMIaMm, OTOOpakaeMbIM Ha
pa3Hbix Briajgkax llamutpel. KonaumdecTBo 0TOOpakaeMbIX BKJIAIOK MOKHO
YBEIUYUTH (YMEHBILIUTD), UCTIONB3YS «1+» B HUKHEM JIEBOM yri1y okHa [Tanutpa.
Bxnanku nepexitoyarorcs no mendky. OObeKThl HNaluTphbl A00ABISAIOTCS Ha
quarpaMMy MOJENM IyTeM TNEpPEeTACKMBAHMS HMX B OKHO TpaduyecKoro
penakropa.

Ilpumep 1. Hauano paboTel B cpelie UMUTAMOHHOTO MOJETUPOBAHUS
AnyLogic.

Jlns cozmanust Mojienu BeIOepuTe B TJiaBHOM MeHi0 AnyLogic: ®aiin >
Cozpmars > Mogenb. OTkpoerca auanoroBoe okHo HoBasi monenb (pUCyHOK
14.1), B KOTOPOM HY>KHO 33/1aTh UMs MOJIEJIU, B HAIlIEM CJIy4dae 3To Marucrpaisb,
yKa3aTh MyTh COXPAHEHUSI MOJIETN WM HNPUHSATH TOT IyTh, KOTOPBIA CO3AAETCs
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M0 YMOJJIYaHHUIO. B mamem ClIydac IIYTb HU3MCHCH. COSHaHHBIﬁ IMPOCKT HC
336BIBaﬁT€ NMCPHUOANYICCKU COXPAHATH IO XOAY HAITOJIHCHUA JaHHBIMH.
1=TE

HoBan Mogent
COANAHAE HOBDH FROATH

Wem pogeme; | Maracrpane.
T omomomesiae: | DD Maka, LA 1w adn]) e Bbeﬂpu'rb...l
Java nakeT: | ManeCT pann
ELIMLIE MOSENBHOID BIEREH; | CHRye
EyOET CUAOAHD CRedy A MOgenb;

Oy it 10T Ao M T et 'Ly L iy i T T e
AT W T P e agr

rotoso | Oteesa |

Pucynok 14.2— Okno auanora Hosast moneinb

B pesynbrare co3zmaHus MoJead MO CYTH MEPBOHAYalIbHO CO3/AETCA
CTPYKTypa MNPOEKTa B BUJIE UEPAPXUUYECKOTO AEPEBA, KOTOPYIO MOXKHO YBUJIETD,
OTKpBIB OKHO Tanenu [IpoekTshi.

B okne IIpoekTbl MOXET OBITh HECKOJIBKO OTKPBITBIX MoOjENeH, Ha
pucynke 14.3 ux nBe: Maructpans3 u Maructpais. Moaens Maructpaiib
TOJIBKO 4YTO CO3/1aHa, TOKa HE 3aloJIHAJIaCh JaHHbIMU, HAa HEH MOYKHO
MPOWJLTIOCTPUPOBATH CTPYKTYPY BHOBB CO3/1aBaeMoro npoekra. [1o ymonuanuto
B KaXJOH MOJIETH CO3JaeTCsAd OJIMH THUIl areHta — Main M OJWH IPOCTOM
sKcriepuMeHT Simulation: Main, coxepkammii HACTPOWKH 3amycka dSTOM
MOJENH, BCTpOeHHYI0 ba3y nanubix u [Ipesenranuro.

s co3maHusi B MOJETM HOBBIX THIA areHTa, SKCIEpUMEHTa, 0a3bl
JAHHBIX, Java-kinacca U Ap. HY’)KHO B OKHE I[IpOeKThl IIEIKHYTh MO UMEHU
MOJENM TpaBoW KHOMKOM, naisee B MeHio Co3gare BeIOpaTh U3
PaCKpBIBAIOILErOCs CIHCKA CO3AaBaeMblil Kiacc.

A AnyLogic Personal Learning Edition [RCTIONLIOBATE TOMbI ®]
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m' ﬁi & Maitps| = 0 || g Main 2 |

+-4 MaracTpans3®

=B MarncTpane®

- &3 Main
= B MpEIEHTALMA
s graks

#-a* CHRIW AreHTa
=1 i Smubsbon:; Man
- e MpE3eHTALME
Aa text: MarwcTpane
|e=] bstton
€y Kondarypawums 3anycka: Main
[§ Baca fasiHb

Pucynok 14.3— Ok#no IIpoekTsl ¢ 1ByMs OTKPBITBIMU MOAeNIMU Maructpains3 u
Maructpaib

Ecny mBakasl melKHYTh o nxonke @ Ma g oxpe TIpoextsr, To MO
IIEHTPY OTKpBIBaeTCsA TpadUUeCKUil peAaKTOp IUarpaMMbl areHTa BEPXHETrO
ypoBHsi Main (pucyHok 14.3). 310 ri1aBHOe Tpadudeckoe OKHO IIPOCKTa, B HEM
CO3/IaeTCs CTPYKTYpHas CXeMa, pa3MellacTcsli aHUMAIlMOHHAs KapTHUHKA,
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KOTOpasi 0ToOpa)xaeTcsi MpU MPOUTPbIBAHUM MoJienu. B mpuniune, ums Main
MO>KHO 3aMEHUTh Ha JIPYroe, HO TOT/Ia TaK ke HY>KHO U3MEHUTh UMsI TIPOCTOTO
IKCIIEPUMEHTA.

Crnenyer 3aMeTuTh, 4TO TepMUH «AreHT» B AnylLogic ucnonb3yercs B
HIMPOKOM CMBICJIE U MPUMEHSIETCS K PA3JIMYHBIM 10 CMBICIY U JEUCTBUSIM
oOBbeKTaM.

3/1ech B KAYECTBE areHTOB MOTYT OBITh TPAH3AKTHI U PECYPCHI, HO, KPOME
3TOT0, Y3JIbl HEPAPXUUYECKOTO JE€PEBA, IPOEKTHI, UJIEH U T. 1.

Ilpumep 2. Ilnarpamma npoueccoB MOJIEIN.

Uro06sl yrpocTuth cede 3amauy ocBoeHusi AnylLogic, He OyJieM MEHSTh
JIOTUKY MOJENH, ONMHMCAHHOW MpU pa3paboTke Mojenu Maructpaiu B cpefe
Arena. 27 IlycTp auarpaMma IpoLIECCOB, KaK U paHbllle, UMEET JIBE BETBH,
COOTBETCTBYIOIIME cylHOCTIM Message u Trouble. O6e 3T BeTBU HYKHO
pa3MecTUTh B OKHE Ipaduueckoro pemakropa arenra Main. Kpome Toro, B
Anylogic cymuHoctd Message u Trouble, xkak u Main, JOJDKHBI SBIATHCS
areHTaMH BEpXHEro YPOBHS.

Ha pucynke 14.4 nmokaszaHna yxe co3iaHHas Auarpamma areHta Main s
Mozaenu Maructpanb4 B OkHE rpadUyecKoro penakTopa (BBI3BIBACTCS OKHO
JBOWHBIM IIETYKOM I10 UKOHKE B OKHE [IpOeKThI).

" JE3| s Nanipa =0 |l &) Main 52

B ManacTpany® L ] L
L E’”H:;M'F' sourceTrouble detmyTrouble  service
i Areiu 0 riroutie @. @ .]3‘(9
1% CanaBack
¥* CanalMain i stroube
1) delay
() delay Trouble
@ had

3 ProssCanalack
‘ ProssCanaMan SpUFCEMpsSage QUEVE  peyd  SERCACANG ProssCanaliain gnkCaraMan CaralMan

) :;::_arai @ - _ H:—T—@—@ L

» selectijueue e = gaq
5 seryice

; g kCaraBack  CanalBack
¥) smkCaraBack |1eazn ProssCanaBack  ¥HCa 04

«} snkCanaMan
{3 skEmor E——-@-—-—‘:} »
+| sourceMessage snkEnor
+ sourceTrouble
= & MpesexTaips 3
= Ty Nepeverene
=5 CBA ATEHTA
= 2. COEmHHTEMA
7 0 Message
£ Troubk
= 0 Smubtion: Man
£ Komgunypalle 3amyoa: Hain

VERVD

Pucynok 14.4— I'paduueckuii penakTop AuarpaMmbl areHTa BEpxXHero ypoBHs Main,
C CO3JIaHHOM nuarpammoii arenta Main st Mmoaenu Maructpans4

Monynu, ucnonb3yeMble B tuarpamme Anilogic, mo100HbBI TeM, KOTOpBIE
obutn B Arena. OnHAaKo, 3/1€Ch OTCYTCTBYIOT MOAYJIH TUHa Assign, KOTOpHIE
npeaHa3HaYeHbl 171 MPUCBAWBaHUs 3HAYCHUI NMEPEMEHHBIM U MapameTpaM. B
AniLogic 310 enaeTcsi B OKHE CBOMCTB B nosisix JleicTBus.
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OnuiieM »Tambl  co3laHus auarpaMMmbl. OTKpONTE IyCcTO€ OKHO
rpaduyeckoro penakropa areHta Main B €O31aBacMOil MOJENH, JIBaXKIbl

menkHyB 1o ukonke © Maing oxpe TIpoekth. IlepexmounTtech Ha NaHeNb
[TanuTpel, oTKpoiiTe B Hel brubnuorexky MoaenupoBaHusl MPOLECCOB, €CIU OHA

D
cpa3dy HE OTKpbLIACh, ILIEIYKOM II0 HKOHKE I (pucynok 14.5). dns

no0aBiieHHs OOBEKTA HA AMArpaMMy HaJI0 MIETKHYTh €r0 MBIIIbIO U IEPETALUTh
B rpaduyeckuii penakrop. Ilpu meperackuBaHHM OOBEKTOB aBTOMATHUYECKU
HOSIBJIAIOTCS. COSTUHUTENbHBIC JINHUU MEXAY 00beKTaMU. DTH JIMHUU TOJIKHBI
COEIMHATH TOJIBKO IIOPThI, HAXOAALIHUECS C IIPABOM WM JIEBOM CTOPOHBI HKOHOK.
Ecnu He nosmyuyuTcs aBTOMaTHUYECKOE COEIMHEHUE HYKHBIX 0ObEKTOB, IBAXK]IbI
HIENKHATE HadaJlbHbIM mopT. OH craHer 3enéHbM. [IpoTtammre Kypcop K
KOHeyHOMY nopTy. OH Takxke craHeT 3esl€HbIM. /[ 3aBeplueHus mpouecca

COEIMHEHUS ETKHUTE KOHEUHBIN MOPT.

LS Wt o | T i 3 -
%z MNpoasme h'h : ii-li i = =
B0 TR MOOENHPOBIHKR NPOUSC...
= & Twn aredra -
+* £ TN pacypca
o - PazmeTEd NDOCToAsCTED
. MTh =
= = TosEsHBIA I
- T4 MNpasoyronbHbIA Y3En
- s Mooy ToONBHBIR Y3en
o & ATTpaKkTOpR
I Crennan =
- - BRoEu

7
Ll
=

o SplE T CMaDput

1, £ Sedect Outputs
Haoild
Match

7 Spit

[ Combing

B2 Ass=mbiler

«® Move To

= Conveyor

¥ ResouinDe Posol
La SeZE

- Release

=D Service

Pucynoxk 14.5— bubnmroreka MoieTupoBaHus MPOIECCOB

Ilpumep 3. Onvcanue MOACIUPOBAHUS COOS B KaHAJIE CBSI3H.

Ha pucynke 14.6 mnokazaHa Be€TBb JHArpaMMbl  IPOIECCOB,
cooTBeTCTBYMOIIasi areHTy Trouble, co3maromemMy cOoil B cucteme, KOTOPYHO
HY’)KHO C€O3/1aTh. 3/I€Ch HCIOJb30BaHbl 00BEKTHI Source (Bxoma), Delay
(3amepkka), Service (3axBaT-3aJiepkKKa-ocBoOOXKACHUE pecypca). CpoiicTBa
o0bekTa (Kak W JIFoOoro npyroro snemeHta AnylLogic) MOXHO M3MEHUTH B
nanenu CBOMCTBa, pacnoyioKeHHOM cripaBa. sl u3MeHeHus: CBOMCTB 00beKTa
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HY>KHO OyJIeT IpeABApUTEIHHO MIETYKOM MBIIIN BBIJIETUTH €r0 B rpauuecKoM
penakrope uiau B naHenu [IpoekTol.

.......................................................... w L
sourceTrouble delayTrouble service
ntrouble yr
V) =0y
) strouble

Pucynok 14.6 — BeTBb quarpaMMsl poLeccoB, COOTBETCTBYIOIIAs areHTy Trouble,
co3maronieMy cOoit B cucTeMe

Cozpnaiite nuarpaMmmy nporeccoB (cuHue 0J10KK) 0e3 HACTPOUKHU CBOMCTB,
Kak IMOKa3aHo Ha pucyHke 14.6.

Ha pucynke 14.7 nmokazaHo ye HacTpPOEHHOE OKHO CBOMCTB 0OBEKTa
sourceTrouble B cOOTBETCTBUU C IPUHATOM JOTUKOM 3a/1a4H.
| caoicres (1] .=

# sourceTrouble - Source

Fkig: sourceTroubie [¥] orobpasare mma
I:l HMEENRILNA TS
NpubisiBa 0T COrMacHo: 3 |B|_,,t_‘.,.,,, WERTY (BT RN :J
Bll!ll!l eSOy I'IFHMPL'HMI: - a iceprlHnu _v_:
CunTaTh NApaMET bl 3FeHTOR W3 GBI , D
13 | PA3 CORISETON HECKOMDKD ATEHT 08! . O
OFPAHAUEHHOE ROM-B0 N plnaTii: ,
MARCHMATTHRHOE HON-Bo NERGEITHE: = 1
HoBLiH arewr: = |D Trouble -
MECTOMCWICHEHWE MGG T iR : . [He 3anamo -
b CnEgMipiiEcrine
» fleRcTana
- CneyguruecKne
THn aresTa: . | Trouble -
(B Ops04HLERA 3reHT O MOMyNSuss areHT o8
Mo BubineoTexa: BrBnwOTERE MOASIMPOBIHWE Mpouscool [MaksmiTe. )
BugmHocTe: & na

CTOpasasTon 13 BEpNHEM YPOEHE

Pucynok 14.7 — OxHo cBoiicTB 00bekTa sourceTrouble

UtoObl BBI3BATH JTO OKHO, IIEIKHUTE MO OOBEKTY B TI'padUUeCcKOM
penakrope. 3anoHuTe OKHO 110 oOpasity. [lepBonavansHo B osie HoBblit AreHT

(pucynok 14.8) orobpaxkaercs cTaHAapTHOE UM ATEHT. 3/1eCh HY>KHO BBIOpaTh
C030aThb APYTON THN

408kt arenT: A [ﬂ AreHT -

CO30aTh ADYTOH THMN

Pucynoxk 14.8 — ITone HoBplit ATeHT CO CTaHIapTHBIM UMEHEM ATEHT
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[TosiBUTCS OKHO Mactepa (puUcCyHOK 35) co3gaHHUsi areHTOB, B KOTOPOM
clenyeT 3aJaTh UMsI HOBOTO areHta Trouble u ganee cie1oBaTh yKazaHUSM.

A Cospanne arenton

War 1. CosgaMHe HOBOMD THNA AFEHTA

WK HOBOND THNE: | Trouble

* Coonath HOBRNA THN areHTa "C HynA"

" Mononeaoears TAGMHUY Ga qaHmx
A ¥0My CO3AETE THN ANeHTa Ha Gase fanHbl 18 Tabnuys B[

Pucynok 14.9 — OxHO MacTepa co31aHNs areHTOB

Jlns BHOBBR co3gaHHOro areHra Trouble co3maeTcss HOBOE OKHO
rpadguueckoro penakropa. Eciu B XoAe cO3[JaHUsl areHra 3aJaBajlach €ro
aHUMAaIlMOHHAs KapTUHKa, TO OHa OyaeT oToOpaxaThcs B 3ToM OkHe. [Ipu
co37aHuu 0oJiee CI0XKHBIX MOJIeNIeH B 3TOM OKHE PaclojiaratoTcsi epeMeHHbIe
U TIapaMeTphl areHra u T.J.

OkHO MacTepa CO3/1aHUsl ar€HTOB MO>XHO BbI3BaTh U3 OKHa [IpoeKThl,
MpaBOM KHOIKOM MBIIIK HIEJKHYB MO0 UMEHU IPOEKTa, B KOTOPOM CO3/1a€TCs
HOBBIM areHt, u BeiOpaTh Co3gaTth Tun arenta. Jyis mpomoiikeHUs: pabOThI
HY’)KHO CHOBa TMEPEKIIOYNThCS Ha okHO Main B ['padudeckom pemaktope. He
3a0bIBa€M MEPUOANYECKU COXPAHATH MOJIENb.

Ha pucynke 14.10 nmoka3aHo y»Xe HaCTPOEHHOE OKHO CBOMCTB OOBEKTa
delayTrouble B cOOTBETCTBHM C YCIOBHEM 3a/ayd. 3armOJHUTE ATO OKHO IO
obOpasiy.

| CacdcTaa & | -
[*) delayTrouble - Delay
HHe: detay Trouble OTohpawaTe WHa ] WoKmcnTE

Team: . @ OnpegeneyHoe BpeMs
I:) Mosa ne pposan BeTog stopDelny()

Bt e i | triangular(165, 208, 235) [cemyrim [+
B CT O T e L l
MAKCHMMANGHAR BPBCT WMDCT b ; D
MecTo aresnon; ) i'_ pOintz LJ " o
v CneysisuecHie
= [efRcTamn
Mpes Bx0 me: stroubles=B

Mpid NOAXOHE § BROIOHY:
s Bnaxoiie: 1 strouble=1; ntrouble=ntroublesl|
Mpw MommeqEHnn:

b Cnegachausoamae
b Onmcanme
Pucynok 14.10 — OxHo macTepa co3/1aHusl arT€HTOB

Jlns BpeMeHH 3alep’KKH BBIOpaH TpeyronbHbii 3akoH. B AnyLogic
BO3MOJKHO 33J1aTh U IpyTHE CTaHAAapTHBIE 3aKOHBI pacnpesenenus. PaccMotpum
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KaK 3anoJHuTh noje Bpems 3anepxku. UToObl He HAOKMpaTh BpYUHYIO (QYHKIIHIO
triangular(165, 200, 235), a BbIOpaTh €€ W3 PACKPHIBAIOIIETOCSA CIIHCKA,
MOJIBEIUTE KypCOp B Hayajo MOJs BBOJA (PYHKIIMU U HAKMUTE KOMOMHAILIMIO
Ctrl+mpoGen (Bbimajaroluil CHMCOK MOXET MOSIBUTHCS CIIYCTS HEKOTOPOE
Bpemsi). BoiOepute u3 cnricka Hy ) KHYIO (DYHKITUIO U U3MEHHUTE €€ apTyMEHTHI B
COOTBETCTBUHM ¢ yciaoBueM. OOpaTute BHUMaHKe, 4To B AnyLogic apryMeHT A
MOKAa3aTeNIbHOTO pactpezenenus exponential (A) — ’T0O HHTEHCUBHOCTh MOTOKA
TpPaH3aKTOB, T.€. BEIMYNHA, OOpaTHasl CPETHEMY BPEMEHHU MEXTy TPUOBITUIMU
TpaH3aKToB. Tak, eciii TpaH3aKThl MPUOBIBAIOT B cpenHeM pa3 B 10 MUHYT, TO
Ha/I0 yKa3bIBaTh pacnpenenenue exponential (0.1) . 3ameTum, uto B ApeHe Hajo
ob110 TIMcaTh exponential (10).

MecTo arenToB point2 ocTaBbTe HE3aNMOTHEHHBIM. JTO MOJIE MOXKET OBITH
3aIlOJIHEHO TOJIBKO TMOCIe T00aBJICHUS AJIEMEHTOB Pa3METKH MPOCTPAHCTBA HA
IarpaMmy Ui HACTPOMKM aHUMaluu. B 1aHHOM MoOJenu aHUMALMIO [10Ka He
OyJileM CO3/1aBaTh.

B cBotictBe JleticTBus (31€Ch 3aTMCHIBAIOTCS ONIepaToOphl Ha Java) 3agaiiTe
3Ha4YCHUsS MepeMeHHBIM cOosi B kaHaie CanalMain u umcia cboeB (strouble,
ntrouble), kak nmoka3zano Ha pucynke 14.10. Ho atoro st nanpHeiei paboTsl
HeZ0cTaToyHO. [lepemeHHble OJKHBI ObITH NpPEIBAPUTENBLHO CO3/1aHa. DTO
JienaeTcs cieayonmM oopasomM: Ha manenu [lanutpa BeIOpaTh BKIAAKy ATEHT,

L]
HIEJIKHYB 10 UKOHKE . Cpenu KoMITOHEHT areHTta (pucyHok 14.11) cnenyet

BBEIOpaTh KoMnoHenTy “ IlepeMeHHas, IEPETANIUTE €€ B 00JaCTh AUarPaMMbI
arenta Main U pacrojoKuTh B KAaKOM-IH00 MecTe (pucyHok 14.4).

1 Cooiicrea 2 |
Ll =R | O > 0 variable - NepeMenHasn

|| arent 5 MM variable

oTobpaxate vMA [] Mckniounte

KOMNOHEHTE aresTa

— # Napametp T - ® e
# CobwiTne 10C .

- | & JuHarmvHeckoe cobbiTHe Tun: promr T ﬂ
& | O NepemerHan
= : < HauansHoe 3HaJveHwe: —.
) i@ DYHELWMA

1 G TabnuuHan dryHKLWA
b | @ IMnupuNecKoe pacnpegensHne 1] C"ELIHCI)H“EG(HE
< | B Pacnncanmne S

| n o o
P Pucynok 14.12— OKHO CBOMCTB NEPEMEHHOM
| "2, CoepmuuTens

w* CHAJL C AreHTaMM
|| = [Deearparima coCToRHeR
| “& Ha4ano AMArparMbl COCTOAHWR
| @ Cocrosnme

Jlanee HyHO IIEIKHYTh MO OOBEKTY B

" ; Hnegintl s 06HaCTI/II auarpaMMbl  areHta  Main
@ Beswioe cocunsine () variable
%y YHAIATENb HAYANBHOMD COCTORHUA T
el B mnosBuBmieMcs crpaBa OKHE CBOMCTB
(pucyHOK 14.12) IIPUCBOUTH
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PucyHok 14.11- BbIOOp cpean KOMIIOHEHT piepeMeHHOM uMs  strouble, Tum
arcHra HCO6XOI[I/IMYIO KOMITIOHCHTY HavyaJIbHOE 3HAUCHUE O
AHanornyHo co3naiWte nepemeHHyro ntrouble. He 3a0biBaiiTe
IIEPUOANYECKU COXPAHATH MOJEIb
Ha pucynke 39 moka3aHo yke HacTpOEHHOE€ OKHO CBOWCTB OOBEKTa
service B COOTBETCTBUU C YCIOBHEM 3ajaud. YToObl BBI3BaTh 3TO OKHO,
HIeTKHUTE 10 00BeKTy. UTOOBI BRIOpaTh Tum pecypcoB (M3 pacKpbIBaIOIIETOCs
CIIMCKA), HY>)KHO IIPEABAPUTEIBLHO 3TH pecypchl co3aaTh. B ctpoke Konmuecto
pPECYpCOB HY)KHO yKa3aTb, CKOJBKO PECypCOB 3aJEHCTBOBAaHBI B IIPOLIECCE
service 17151 00CTyKUBaHUS TPAH3AKTA.
OnumeM, Kak CO3Jal0Tcs pecypcbl. B Haiiem ciaydae 3TO pecypchl
CanalMain u CanalBack. B 6ubnnoTexe MoienupoBaHus MPOIECCOB BbIOMpaemM
00BbeKT ¥ Resource Pool prepeTacKMBaeM €ro B rpaduueckyro 00J1acTh JuarpaMMbl

e ]

arenta Main. B rpaduueckoil o0gacTu MosIBUTCS OOBEKT — , pa3MeliaemM
€Ir'oB IIPOU3BOJIbHOM MECTCE.
G =
= service - Service
WMs; SETVICE ] orobpasaTs wma ] WowmsouuTs
JaxBaTHTR: . O (aneTepHaTHEHEIR) Habop pecypcoe

@ pecypohl GAMOND Tiia

VR pecypous - | ¥ CanaMain Fl®w o

KonW4ecTED pPecypona: ! W1

BHECTHMOCT b C4BDETN: ! 188

MIKCHMAILHAR BMECTHMOCTE: . O

Bpera sanepmicn: i | triangular( 16, 23, 38) CeRyHiE (=
MEPerbinaTh 3AXEAYEHHEE PECyPCH = 0O

MecTo arenTos (queue): » "% point1 = R~

MecTo arestos (dekay): . "= point1 w| ™

lNMpuopeTeTEl [ BRTECHEHHE
CnelnihHuseckne
NedcTRA
CeLnfRuecKHe
Onucanme
Pucynok 14.13 — HactpoeHHOe OKHO CBOHCTB 00BEKTA service

v w w v =

[Iem4uxom 1o 3ToMy 0OBEKTY BbI3bIBAEM OKHO CBOMCTB pecypca (pUCYHOK
14.14), B xoTropom BBoAMM nMst CanalMain u koau4decTBO pecypcoB — 1 ( B 3ToM
CJly4ae 3TO €ro MOILIHOCTh). Eciau nMeercss HECKOJIBKO PecypcoB JaHHOTO THIIA,
HalpuMep, HECKOJbKO KOMIIBIOTEPOB WJIM HECKOJbKO pabouux i
napajuleIbHOro OOCITYKUBaHUS TPAH3aKTa, TO HYXHO YKa3bIBaTh 3TO 4MuCio. B
OKHE pecypca MOXHO J00aBUTh HOBBII pecypc-areHT, HO Mbl 3TOro He OyneM
Jienarth, B noje HoBeli pecypc oCTaBiIsIEM CTaHAAPTHOE UMSI ATEHT.
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Amnanornvno co3gaeM BTopoi pecypc CanalBack, on moHamoOuTcs BO
BTOPOU JHarpamme.

[Tonss MecTo areHTOB, KOTOPBIC HYXXHBI Ui aHUMAallMH, IOKa HE
3aITOJTHSICM.

[Tockonmbky  paccMaTpuBacMasi  BETBb  JIHarpaMMbl  IIPOIICCCOB
IIUKJIMYeCKast, HY)KHO COCTUHUTH BBIXOAHOW MOPT 0OBEKTA SErvice ¢ BXOIHBIM
noptoM o0bekTa delayTrouble. 9To MOXHO cmenaTh ¢ TOMOIIBIO CO3TAHUS
JIOTIOJTHATEIIBHBIX Y3JI0B (IT0 MIETYKY MBIIIN) Ha KOHHEKTOPE.

¥ CanalMain - ResourcePool

Vi CanaiMain [l crofpmsate pur [ Hoenorers Ll
Tz . [Cranwiecow =]

BT B Saienn: . | Hanparyss -]

T B ey ERO  JE1

FipH (Pa=HsLLEH WO -8 s [ Peoypo covparmoTor (Ko cuene) =

Mot pecype: -

Ao MeTT O [ |

OTOUpMATE AFAMILFID N0 YHOTSEHI . =

¢ CMEHE, mep ol
Ol LT E T ]

b [leicrmam

b P s e

o AR A

Pucynoxk 14.14 —
Ilpumep 4. Oncanve MOACITUPOBAHUS TIEPETAUN COOOIICHUH.

Ha pucynke 14.15 mokazana BeTBp JaMarpaMMbl IIPOLIECCOB,
COOTBETCTBYIOLIAs areHTy Message, KOTOpyro Hy>KHO co3faTbk. Co3naire ee, KaKk
MOKa3aHO HA PUCYHKE, HO TTOKa 0€3 HACTPOMKU CBOMCTB.

sourceMessage queue g SelectCanal  ProssCanaMain gnecanaMain CanaMain

S—a— T2 m- X e £11

selectCjueus Os1 o

sinkCanaBack Canalfack

dely ProssCanalBack Oa
'.F-_f"ll.l
" saguem, SHEIEED. b s

0s2 Qg

sinkError

X

Pucynok 14.15 — BeTBb auarpaMMsbl Ipo1ieccoB, COOTBETCTBYIOLAs areHTy Message

Ha pucynke 14.16 npencraBieHO YK€ 3alOJHEHHOE OKHO CBOWMCTB
oObekTa sourceMessage.

191



B AnyLogic, B ornuune ot Arena, 610k Hold nme mmeer HacTpoek
ouepean, X0Tsl OH CIOCOOeH ee co3aaBaTh. JJist onpeneneHus IJIUHbBI O4epen
Hy>HO niepen 6;10koM Hold pazmectuts 00bekT Queue.

Ha pucynke 14.17 npeacraBieHo OKHO CBOMCTB 00bekTa queue. OcTaBbTe
JOITyCTUMYIO0 BMECTUMOCTh ouepeau paBHoi 100.

"Chmireg | ~% o
+ spurceMessage - Source
Hran SoUrCEMESEaE [ orofpaxare wmn [ Moxmodnme
NprbiBaHT COFNAcHO A | Bpesesy MEKTy Npdis T RHN ll
BpeMa MEsy npuiLTRms: 1 | triangular(s, 9, 11} W
CMWTATE NApaMETRE areHTo8 W3 B2 - 0O
33 1 pas CO303ETCR HECHOVIEHID SresTo8: = O
CIrpasueHiane KON-00 NPeGETIA: |
Homwi arenm: . [@ Message -
MECTONONONKEHAE NPWSEITHAZ = m
¢+ Crncuwdwecoe
b [lefcTang
b Cheynifisecene
b GRS

Pucynok 14.16 — OxHO CBOKCTB pecypca, 3anojiHeHHOe i1 00bekTa sourceMessage

1 queue - Queue

Wma: fquewe Crrofpamate v ] Caofictea I [
[ Mexneeirs V] q- “EPE'HEHHEH
ERatCTMMOCTh: !
109 Hn: q
MasCUMaNEEIR BHECTHMOCTE: = D D |-1'-TK-'1K:"'||-1Tb
MecTo arenToR: - | An BumocTs: » 2
Thn: int E|
' Cpeyndwuecine
* [eCTEin HauaneHoe 3Hawesme; = | @
Npw Bxoqe: g=queuve.size(); b Creungmecne
TIpw NOJIXONE K BKOTY: b OnucaHne
TMpw Bwn0e:
Pucynoxk 14.17 — OxkHO CBOMCTB Pucynok 14.18 — OkHO CBONCTB
00BeKTa queue HepeMeHHOﬁ q

B cexuuu [lelicTBus cietyeT nepeMeHHOM g — NIMHA O4epeI, IPUCBOUTh
3HaYEHWE TEKYIICH IITUHBI 0Yepein ¢ moMoIIbpio Gyukun size(). Ucmons3yiite
Ctrl+npoben s BbI30Ba MOACKAa3KKW WIM HaOepuTe B Mojie UMs (PYHKIUU.
Ceenenus o pyHkumsx AnyLogic MOKHO HaliTH B CIPABOYHBIX MaTepuaiax.

Ilepemennas g noikHa OBbITh NpPEABApUTENLHO CO3[aHa: Ha 00JaCTb
auarpaMMbl areHTa Main u3 Bkiaaku AreHt [lanutpel meperamuTe MKOHKY

variablé y y
@J B oOkHEe CBOWCTB TMOMEHSWTE WMs, THUI, Ha4YadbHOE 3HAYCHHUE
nepeMeHHou (pucyHok 14.18).
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B oxne cBoiictB o0bekTa Hold (pucynok 14.19) B cekuum JleiicTBus
caenyer 3anath onepatop hold.setBlocked(true) 6moxkupoBku mmar6ayma Hold
IpU 3aHATOCTU PECYPCOB M PEKUM INPOIyCKa COOOIICHHM 1Mo oaHomy. B
YCJIOBUSIX HCIIOJB3YIOTCA MepeMeHHble S1,s2 (co3mailTe 3TU MEepEeMEHHBIE C

variablé
ITOMOILBIO J), KOTOPBIE OTBEYAIOT 3a COCTOSIHUSI PECYpPCOB. 3JHAUEHUE

sl=1 oznagaer, yto pecypc CanalMain 3ansar, sl=0 o3HauaeT uyTO pecypc
CanalMain cBoOogeH W T.I. DTU MEpPEMEHHbIE OyAyT OIpPECIICHBI Najee B
onokax ProssCanalMain, ProssCanalBack.

[lepemennas stroule oTBeuaeT 3a HaJIMYKUE-OTCYTCTBHE COOSl B OCHOBHOM

KaHaJic.
™ Ceoficrsa 1 v =
2 hold - Hold
EEH hiid [#] Ovobpasars wms [] Wokmosmms
Peninmi . | BNCRMPOBaTE NOCNE 130AKHOND KON-Ba ArEATOE =

Kon-Bo aresiToB 1A ARHHOTD BN0KE: A
MaHaHaneH N0 pogat: . O
= [leficTERR
Npw exoye: if ((s1 == 1 B& s2 1) (s1 1 Bk strouble == @) || (52 == 1 && strouble == 1}} hold.setBlocked(true)

» CneLnderHne

* Onacarine

Pucynox 14.19 — OxHo cBoticTB o0bekTa Hold

Ha pucynke 14.18 mnokazaHo OkHO cBOHCTB oObekTa selectQueue,
KOTOpBIN 00OecrneunBaeT pPa3BETBIICHUE: COOOIICHUS TEPSIOTCA, €ClId JJMHA
ouepenu 6osbie 10.

Ha pucynke 14.19 nokazano okHo cBoicTB 00bekTa selectCanal, koTopsrit
oOecrieunBaeT pas3BETBICHUE: COOOIIECHUS 00pabaThIBAIOTCA OCHOBHBIM
KaHaJIOM, €CJIM cOOs HET.

W Chsiicrmn o | 7] ceoiicrea £ | i |
. selectQueue - SelectOutput < selectCanal - SelectOutput
Wiz, SElRCIUELE | Wmn: selectCanal £
orobpaars e [ noooumTs Otobpaxats wmA [ MckniounTs
Beoeop true BuiGupaeTcn: =, ) JapaH0d BRpORTHICTEI Buaxopn true BoibupaeTch: =, ) 33namH0il BEPOATHOCT IO
® Npy BENOMHEHN YCNDBE ® Mpw BLNONHEHKA YCNOBIA
Ycnosne: il g <= 18 Ycnosne: + | strouble == @
b [leRcTErA b [ledCTBHA
b Creymsihaueckne b CneyuipHuecKne
b OmMcanne ¢ OnucaHwe

Pucynok 14.20 — OkHO cBOicTB 00BEKTa
selectQueue

Pucynok 14.21—- OkHo cBoiicTB 00bekTa selectCanal
Ha pucynke 14.22 moka3zaHo okHO CBOHCTB 00bekTa ProssCanalMain.

[Tpu 3axBaTe pecypca npucBamBaetrcsi sl=1, npu ocBoboxaeHun — s1=0 u

3anuchiBaeTcs onepartop pasomokupoBku Hold: hold.setBlocked(false). 3necn
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TaK)Ke OIpeaesssercs TmepeMeHHas (l — JUIMHBI odYepeau Ui Ipolecca
ProssCanalMain.

OxkHo cBoiicTB 00bekTa ProssCanalBack 3anonnsercst ananoruuno. OkHO
cBoiicTB oOwekta delay mpeacrameno Ha pucynke 14.23. B okHax CBOMCTB
MOJyJIel 3aBepIeHUs TMPOIECCOB WM3MEHEHO CTaHJApTHOE WMS HAa HMEHa
sinkCanalMain, sinkCanalBack, sinkError (pucyHok 14.24).

‘;ﬁ- i1 o = -

13 ProssCanalMain - Service

Hma: ProssCanaMain [¥] Orofpasars uma [ Wckneuduts
JANBATHTE: =, (O (AantTEpHATHEHWIA) Habop pecypoos
(® pecypcw OAHOMD TN
Tun pecypcos: = |# CanaMan R
KONW4ECTBO pecypoos: ~» N
BMECTUMOCT b OHEDEIH: = V108
MaKcMansHan BMECTUMOCTh! = O
BpemMA 3anepmnn; =1 | triangular{d4, 7, 18) CEKYHOB | ¥
MEPECHINATE JAXBAYEHHBIE PECYPCh: = 0O
Mecto arexTos (gueue): =, [ point3 ;] R O
Mecto arentos (delay): =, |, pont3 -
¢ MpHOPHTETH | BhITECHEHHE
b CneynuecKne
= [efcTBARA
Npw Bxone: ql=ProssCanalMain.size();
MNpw 3axeare pecypca: c1=1
MpH H3“ane 3a0epmKm:
Mp# NOAXOOE K BROGOTY:
MNpy Baixoqe: s1-8; hold.setBlocked(false)

Pucynok 14.22— OxHo cBoiicTB 00bekTa ProssCanalMain

T Candcrea 15

| (@ delay - Delay |} Cooficrea 52 |
Hran: dela CTobpasaT: |
" J o ' | 2 sinkCanalMain - Sink
T =, @ ONpeneneHHOE BPenA
) Nowsa He ex3sas HeTog stopDelay Hma: sinkCanalMain
BpeMA 3a0epHom: < W3 v leACTBNS
MAKCHMANEHAR BMECTHMOCTR. =, [F] | b Cneywndhrueckmne
b Onucanne
MecTo arenTos: =, | ﬂ |
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Pucynok 14.23 — OkHO cBOICTB 00BEKTa Pucynok 14.24 — OkHO cBOICTB 00BEKTa
Delay sinkCanalMain

Ilpumep 5. Anrumanusi B MOJICIIH.

B AniLogic npenoctaBisitorcst 00bIIME BOZMOXHOCTH AJ1 co3aanus 2D,
3D anumarmonHsix Moaenei. [Ipu co3gannu anumanuu B okHe I'padudeckoro
penakropa areHTa Main g00aBISIOTCS KOMIIOHEHTBI Pa3METKU MPOCTPAHCTBA
(pucyHok 14.25). DneMeHTBl pa3METKd B TPOEKTE OTOOPaKAIOTCS B OKHE
[IpoekTsl B K1acce — npe3eHTaluu areura. J[jis MaTepuaibHbIX areHTOB MOYKHO
3a/1aTh aHUMAIMOHHBIE KAPTUHKH, KOTOPBIE pPa3MENIAt0TCs Ha AMarpaMmax 3TUX
areHToB. BcTpoeHnHast 6ubnrMoTeka KapTUHOK JocTynHa B [laHenu Ha BKIajke
3D 00bekThl. J{J1s1 co3/1aHus] aHMMAIlUK UCTIONIB3YIOTCS TAaK)Ke 00bEKThI BKJIAIKU
[Ipesentanusa [lanmutper (pucyHok 14.26). 3nmech XK€ MOXKHO HACTPOUTh
COOCTBEHHbIE KAPTUHKH.

s - o = T
3 Npoetsl Bt = L "3 Npoawmel | 4 Mammpa (] | =
BUGAMOTEKE MOAETMPOB3HWA NPOLECCoS 26 & : | NpeseHT s
| i
D @ Tunarenta -l Ao
= I— -i 1 Mioeanan ¥
+ € Twn pecypca = | ¢ Hpeman #
#i || T PaMeTEE NPOCTPAHCTSES — [ Mpsmoyranmskg
1 = i G
| e MYTE & T CpryT I HHRIA NEEMOYTONEHME
B i $ | o omn
5, ToueYHBIW Y3en
& - . b -1 Oyra
1 NpaMoyronsHeR y3en & o | A Tencr
= ™ MHOrOYMONBHBIA Y380 "4 B vobpamee
; L] o
| -& ATTpakTOp 7 ¥ soncT
o o : ) Mpynna
{ &= CTennax @ 5
i . W ObLhacTe NpoCHOTRE
- Bnowm ~=
L |
(3} Source — W 300w
| &) sink [ 30 ofwerr
i = e
e o Harsspa
1 L} I
(L) Delay | % | O Coer
0 Queue - Prafs
» Select Output B Sepres CANP

Pucynok 14.25 — Oxno I'paduueckoro
penakTopa areHta Main ¢ KOMIIOHEHTaMHU
pa3METKH MPOCTPAHCTBA

Pucynok 14.26 — 00bexThI
IIpe3eHTalny BKIaaAKy [lamuTpsl

B paccmaTtpuBaemoit Mojienu niepeaun COOOIIEHH HET 0cO00T0 CMBICTa
co37aBaTh JOIMOJHUTENIbHYI0 aHHMALMIO. Y’K€ MO CO3/IaHHOM Auarpamme
NEPEMEHHBIM, PA3MEIICHHBIM B 00JIACTH JUArpaMMbl, TIPU MPOTOHE MOJEIU
JUHAMUKa TMpolecca scHa. MOXXHO CaMOCTOSITEIbHO O3HAaKOMUThCA C
COOTBETCTBYIOIIMMH HMHCTPYMEHTAMU U MOpUMEpaM, MPEIOCTaABISIEMbIM
pa3zpabotunkamu AnyLogic BMecTe ¢ MpOrpaMMHBIM MPOTYKTOM.

Ilpumep 6. 3aryck Mo/ieNid HA BBIMIOJIHEHHE.
[Ipexxme dem 3amyckaTh MOJETb, HYXXHO HACTPOWTh OKHO CBOWCTB
[Ipoctoro OkcmeprMeHTa, KOTOPOE TOSBISAETCS IO IIETYKYy IO HWKOHKE
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9 Smulstion: Main 5 oxpe TlpoexTsl (pucyHOK 14.27). OGSA3aTENBHO HYXKHO

BbIOpaTh ATEHT BepXHEro ypoBHA Main, Tak Kak auarpamma mpoiiecca
co3JaBajach B OKHE TIpauueckoro pegakropa MMEHHO 3TOro areHra. B
HACTPOMKe, MOKa3aHHOW Ha pucyHke 14.27, npennosiaraercs, 4T0 SKCIEPUMEHT
nnutes B Teuenne 3600 cek. MoaenbHOro BpeMenu. Eciii He ykaszaTh 3TOro, To
10 YMOJTYAHHUIO BPEMsI POroHa OyIeT HE OTPaHUYEHO.

Ecnu eauHUIBI MOJIETEHOTO BPEMEHHU JOKHBI ObITh JPYTUMU: MUHYTHI,

4ackl, TO HyXXHO B OKHe cBoiict & Smultion: Main penexmounthcs Ha BKIAAKY

YCTaHOBKH MOJIEJIBHOT'O BpEMEHH (BHU3Y OKHA CBOMCTB) U YCTAHOBUTDH HY>KHbBIE
€IMHUIIBI MOJEIIBHOIO BpEMEHH (PUCYHOK 14.28).

[ Cooficres & a

@ Simulation - MNpocTol 3KCNEPHMENT

e Simulation O woxnioammn
ArEHT BEPNHETD YPOmA; Mz _-_]
Makcmsaniesi pazen nasATia; | 512 | ME

= MoOenhHoe BpEMA

Fresid BRmanHeEmE: & BapTyansios speus (MaKCHMAND HES COOPOCT ]

10 PeaneHDe BOEMA 00 CKOPOCT B0 it

OCTaOmATE, B 3agemhoe Bpevin x|
iR BT a HoHesinte BDesin: 3600
Ha4amHan gaTa; []'.!_.-J;l_].“g- 118 -
[ 0:00:00=] (o=
b CmyuaiinocTe
b OwHo
b [fedcTnnn Java
¢ Java nnA Imcoegron
b Cnemdmnrsreee
P CPmscaHme
‘| | :
BpesE; CeyHdL X=147, ¥=79%

Pucynoxk 14.27 — Oxkno cBoiictB [IpocToro JxcnepumenTa

m - - M ==0

[ Marucrpans3 - Mogeni

M MarucT pans3 ;I

EQMHKLL MOOENLHOMD BpEMEHN: | CEKYHOLI |

b 3aBRCHMOCTH

b UnCneHHbie MeTofbl
b Cneuwdrueckne

¢ Onncanmne

Pucynok 14.28 — OxkHoO ¢ nojieM BbIOOpa eTMHHIIBI MOJIETIBHOTO BPEMEHH

I[J'IH 3adllyCKa MOICIN HYXHO BBI6paTB UM 3KCIICPUMCHTA B CIIMCKC,

w
OTOOpakaeMOM IIpU IIETYKE II0 YEpHOM CTpelKke -——— Ha [aHeIu
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UHCTpYMEHTOB. [lo yMmon4aHuio 1O 3€JeHOM CTpeliKe 3amycKaeTcs
AKCIIEPUMEHT, KOTOPBIN 3aIryckaincs npeasiaymmm. [locne menyka nmo crpesike
MOSIBJISICTCSL OKHO MIPE3CHTAIIMHU dKCTIepuMeHTa (pucyHok 14.29).

UtoOsl perynupoBaTh CKOPOCTh IKCIIEPUMEHTA, HY)KHO Ha)KaTh KHOIKY

]
e
MNCPCKIIIOYCHUA - C pCAJIbHOI'O Ha BUPTYAJIbHOC BPCM: U 3aIlYCTUTh MOACIIb,

Janyctute
Ha)XxaB KHOIIKY L. 3KCHepI/IMeHT MOJXHO BBIIIOJIHATE B Pa3HBIX

pexKUMaXx, PEryJIupyeMbIX C MOMOIIBIO CTPENOK HA TTAHEIH.

EX Marmctpankd 1 Simulation - AnyLogic PLE [WCNONBIOBATH TONBKO B OBPAJOBATENBHLIX WENNX]

P > B ) *I %1 ’!:I a ¢ hiu:neaumnr:ﬂaru...:!‘ | L

Maructpaned

JanycTiTh |

Pucynok 14.29 — OxHo npe3eHTanuy 3KCIepuMeHTa

Ha pucynke 14.30 npencraBieHbl pe3yJbTaThl OJHOTO IPOrOHA C
napaMeTpaMmH, ONpENeICHHBIMU B IIOCTAHOBKE 3a/layM. 3/1€Ch MCIOIb30BAINACH
aHUMALMOHHbIE KAPTHUHKHU, CO3aHUE KOTOPBIX MOAPOOHO HE OMKUCHIBAIIOCH.

DY bt o § | Samsakatin - Aueyd eghc IUE | HETROM ICHIATL TR0 B (15 Tkt 4405 £ IR —|of=
el B | O8] 2 @[5 | € 8 Lifweoan =% | B seviop
oo Tr ool ey Tres. e -—ew
1 3
V] rirzuble
a-_" T T T (5
0 Ao
Bz gaFiarrage s haddl alaciCansl Press sl T Craliairs
i o 1
e
= a o
s i B 'I' @ ".‘t
wink CaralRack CanadBae
Oa
LLY o
= o
a
arkE ror ﬂ i ﬂ b
o
Aporun: 80 Svsse | Spmma: 30000 | Aporos: SN | e tTame MO00 10008 | Naseare: Bl 6w o

Pucynok 14.30 — Pe3ynbTarsl 04HOrO IPOrOHA C MApAMETPAMH, ONIPEACICHHBIMU B
MIOCTaHOBKE 3aJa4u
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CpaBHeHHE pe3ynbTaToB IporoHoB B Arena u Anylogic mokasasno, 4To
IPU 33JaHHBIX B YCJIOBUM IapaMeTpax MOJEIN Pe3yJIbTaThl IOUYTH COBIAAAIOT.
OnHako, M3MEHEHHE BXOJHBIX MapaMeTpPOB TakKUM OOpa3oM, 4TOOBI YaCTh
COOOILIEHUI OKa3bIBAIMCH MOTEPSIHHBIMH, MPUBEJIO K TOMY, YTO PE3YJbTaThl
CTaJIM CYIIECTBEHHO Pa3HUTHCA. DTO MOXKET OOBSICHATHCA Pa3HON HACTPOMKOMN
monynsa Hold B 3Tux cuctemax, moTOMy 4TO JIOTUYECKUE YCIOBUS BHIOMPANINCH
onuHakoBo. B AnyLogic Tpan3akTtsl BeityckatoTcst u3 010ka Hold mo omnomy
IpU OCBOOOXKAECHUH PECYPCOB, ITO NPOIMCHIBAETCS B CBOWMCTBAX MOIYJIA, B
Arena He ICHO Kak.

B Arena npeaycMOTpeHBl BCTPOEHHBIE IIEPEMEHHBIE COCTOSHUI
pecypcoB, a B AnylLogic nepeMeHHbIE COCTOSIHUI pPecypcoB OMNPEeeisOTCs
noJjip3oBatesneM. Bece 3T (akTopbl, BO3MOXHO, TaKXKE BIMSIOT HA pa3iudue
pE3yJIbTAaTOB.

Anmapatypa U Matepuajbl. J{Js BBINOIHEHUs J1aOOpaTOpPHON pabOTHI
HEOOXOUMO  MCHOJNb30BaTh  CIEAYyIOIIEe:  anmapatHoe  oOecredeHHue:
NEPCOHAIBHBIN KOMIIBIOTEp M MPOrpaMMHOE OOecleyeHHe: ONepallOHHYIO
cucremy Windows 10 wm Beime; Microsoft Officel3 u Beime, cpena
UMUTAILIMOHHOTO MojenupoBanus AnyLogic.

Yka3aHus no TexHuke OezomacHocTH. CTyIEHTHI JOJDKHBI CIIEIOBATh
OOIIENPUHATON TeXHUKE O€30MacHOCTU HJIs MOJIb30BaTENel MEePCOHAIbHBIX
KOMIIbIOTEpOB. He criemyeT caMOCTOSTENBHO  MPOU3BOJIUTH  PEMOHT
TEXHUYECKUX CPEJICTB, YCTAHOBKY U yAaJIEHHE MPOrpaMMHOI0 obecnieuenus. B
ciaydae OOHapyKeHUsS HEUCIPABHOCTEM HEOOXOIUMO COOOIUTH 00 3ITOM
aJIMUHUCTPATOPY KOMIIBIOTEPHOIO Kilacca (0OCIYyKMBAIOIIEMY MEPCOHAITY
JabopaTopun).

Mertoanka U NOPAIOK BBINOJTHEHUsI padoThl

BelltosiHUTE  NIpEUIOKEHHBIE 3aJaHus, NPEIBAPUTEIBHO PAacCMOTPEB
IPUBEJICHHBIE B TEOPETUYECKOM 00OCHOBAHUU IPUMEPBHI.

3ananue 14.1. Iloctponts mMonmens «Maructpane nepenadu JaHHBIX» B
cpelie MMHUTAalMOHHOTO MojaenupoBaHus AnyLogic.

3aganme 14.2. Hactpouts napaMmeTpbl MOJEIH.

3aganme 14.3. Hactpouth aHUMaMiO MOJENH.

3ananue 14.4. [IpoBecTH BEIYMCIUTENBHBIN SKCIIEPUMEHT C MOJIEIIBIO.

3aganmue 14.5. CpaBHUTH pe3yJIbTaThl MOACIUPOBAHUS, MOITYUYCHHBIE B
cpene Arena u AnyLogic BEIIOJHUTb aHAJIN3, OJIYUYEHHBIX PE3yIbTaTOB.

Conep:xanue oTyeTa u ero popma
[ToaroToBhTE OTYET, B KOTOPOM MPHUBEIUTE TEXHOJOTHUIO BBIMOTHEHUS
3aJaHUM.
OTuer o 1abopaTopHOM paboTe JOJIKEH COJIEPKATh:
1)  nHa3BaHue pabOTHI;
2) uens 1abopaTopHOU pabOTHI;
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3) dopMyIUpPOBKY 3aJaHUsI U TEXHOJIOTHIO €r0 BBITOJIHEHHUS;
4) OTBEeThl HA KOHTPOJIbHBIE BOIIPOCHI;
5) mnpunoxxkeHue — Gpaiibl BHIMOJIHCHHBIX 3a1aHUH.

Bonpoce! A5 3amUThl padoThI

1. Inss 4dero ucnonp3yercss cpeja HWMHUTAMOHHOTO MOJEIUPOBAHMS
AnyLogic?

2. Kak ocyiectBisieTcss MoaienupoBanue B cpenie AnyLogic?

3. Ha moznenupoBaHue Kakux CUCTEM OpUEHTHUpOoBaHa cpena AnylLogic?

4. Kakoe 0CHOBHOE MIPEUMYIIECTBO cpelibl AnylLogic o cpaBHEHUIO C
aHAJOTUYHBIMU CUCTEMaMU UMHUTAIMOHHOT'O MOJIETUPOBAHMUS?

5. C nomompto cpeasl  AnylLogic MOXHO MOJEIHUPOBATH CHUCTEM
MacCOBOT0O OOCTY>KUBAHUS?
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YuebH0-MeToanmueckoe nmocodue / B.H. boratukos, JI.B. JIpanumuukos, A.E. [Ipopokos. -
Amnartutsl: U3n-Bo KO Ilerpl'y, 2011. —41 c.

10. Bakynenko C.A., XKuxapeBa A.A. IlpakTudeckuii Kypc Mo HEUPOHHBIM CETIM —
CII6: Yuausepcurer UTMO, 2018. — 71 c.

8.2. IlepeueHp y4eOHO-METOIUYECKOTO OOECIEUEHHUS CaMOCTOSITEIIbHOW pPaOOTHI
00y4JaromuXCsl MO AUCHUTUTHHE (MOJIYIIIO)

1. Ecumnos, b. A. Metoap!l ucciemnoBanus onepaiuii: yaed. mocodue st By30B / b. A.
Ecumnos. - 2-e u3z., ucnp. u goi. - Cankr-IlerepOypr; Mocksa ; Kpacnonap : Jlans, 2013. -
299 c. : mi., Tabm. ; 21 cm. - (YueOHuku 115 By30B. CrienuanbHas urepatypa). - ['pud: dor.
YMO. - bubawuorp.: c. 294-296.

8.3. IlepeueHr pecypcoB  HH(POPMAIMOHHO-TEIEKOMMYHUKAIIMOHHOM  CETH
«MHTEpHET», HEOOXOMMBIX JJI1 OCBOCHHUS JUCITUTUTNHBI (MO/TYJIS)

l. http://biblioclub.ru  — 3BC «YHuBepcurerckas Oubnuoreka on-liney,
http://old.exponenta.ru/ — OOpa3oBaTeNbHBI MaTEMaTUYCCKHH CAWT MO MaTeMaTHKE U
POTPAaMMUPOBAHUIO
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2. http://MATLAB.exponenta.ru/Simulink/default.php — caiiT, mOCBsIICHHBIHA
WHTEPAKTUBHOMY MHCTPYMEHTY sl MojieupoBadus Simulink,

3. https://www.intuit.ru/ — HanmonanbHbiii OTKpBITHI Y HUBEPCUTET
«AHTYUT»

4. http://window.edu.ru/ — Madopmanmonnas cucrema "EnuHoe OKHO TOCTYyTIa K
oOpasoBartenbHBIM pecypcam”

5. http://artspb.com/ — O6pazoBaTenbHbII MOPTAIL: MaTeMaTUKa, KHOEPHETHKA U
POTrPaMMHPOBAHHE IOTIOTHUTEIEHOTO 00pa30BaHUS

6. http://www.arenasimulation.com — OduruansHblii caiT pa3paboTunka
cpeapl UMUTAIMOHHOTO MoaenupoBanus ARENA

7. https://www.anylogic.ru — OdunuanbHelii caiit pazpadotunka AnyLogic
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denepalibHOE TOCYJAPCTBEHHOE aBTOHOMHOE 00Pa30BaTEeIbHOE YUPEKICHUE
BBICIIIETO 00pa30BaHUS
«CEBEPO-KABKA3CKHWI ®EJIEPAJIbHBI YHUBEPCUTET»
HNuctutyT nHOOPMAITMOHHBIX TEXHOJIOTUN 1 TEIEKOMMYHUKAITHI

METOAUYECKHUE PEKOMEHJALIMA

K CAMOCTOSATEJIbHOM PABOTE CTYJIEHTOB
10 TUCLUIUIMHE
«Mopeu 1 MeTOAbI MCCIeA0BAHUS HH(POPMAILMOHHBIX IIPOLIECCOB M CHCTEM))
Hanpagnenue noarorosku 09.04.02
«MH(popMaIMOHHBIE CUCTEMBI U TEXHOJIOTHID)
Hanpasnennocts (npoduib) «MCKyCCTBEHHBIN MHTEIUIEKT, MATEMATUIECKOE

MOJCIMPOBAHUC U CYTICPKOMIIBIOTCPHBIC TCXHOJIOTUU B pa3pa60TI<e I/IHq)OpMaI_[I/IOHHBIX

CUCTEM»

Crasponons, 2022 r.
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BBenenue

CamocTtosaTenpHas paboTa — IulaHupyeMas ydeOHas, y4eOHO-HcCleIoBaTeNbCcKas,
Hay4YHO-HCCJIeIOBaTeNIbcKasi padoTa  CTYAEHTOB  MarucTpaTypbl, BBINIOJIHAEMas BO
BHEAyJIUTOPHOE (ayJUTOPHOE) BpeMs MO 3aJaHUI0 M TPU METOJUYECKOM PYKOBOJCTBE
npenoaaBaTesis, Ho 6e3 ero HermocpPeACTBEHHOTO y4aCTusl.

CamocTtosTenpHass paboTa CTYIEHTOB MAaruCTPaTyphl SIBISETCS BaXKHBIM BUIOM
y4ueOHOM M Hay4yHOU nesTenbHOCTH. DenepanbHbIM TOCYJIapCTBEHHBIM 00pa30BaTEeNIbHBIM
CTaHJapTOM MPEyCMATPUBAETCS 3HAUUTEIbHBIN 00BEM BPEMEHU U3 OOIIEH TPYHOEMKOCTH
JUCIUIUIMHBL HA CAMOCTOSITENIbHYI0 padoTy. B cBsi3u ¢ 3THM, 00yueHue BKIIo4aeT B ceosl 1Be,
MPAKTUYECKH OJMHAKOBBIC MO 00bEMYy M B3aUMOBJIMSHHIO YACTH — Ipoliecca O0ydeHus u
nporiecca camoodydenust. [loaromy camocTositenpbHas paboTa JoKHA CTaTh YOPEKTUBHON 1
I[eJICHAIIPaBICHHON pabOTOM CTYy/IEHTOB MarucTpaTyphl.

Konnenmueit mMoaepHU3aIMu POCCHIMCKOTO 00pa30OBaHUS OMPEIEICHb OCHOBHBIE
3a1aum npodeccruoHaIbHOT0 00pa30BaHusl — MOJArOTOBKA KBATH(PHUIIMPOBAHHOTO pabOTHUKA
COOTBETCTBYIOIIETO YPOBHSA H TPOGWIs,, KOHKYPEHTOCIIOCOOHOTO HA pBIHKE Tpyaa,
KOMIIETEHTHOTO, OTBETCTBEHHOTO, CBOOOJHO BIajewIIero cBoed mnpodeccuelr u
OPUEHTUPOBAHHOTO B CMEXHBIX 00JACTAX IESITEIBHOCTH, CIIOCOOHOTO K A(PPEKTHBHON
paboTe Mo CHenuatbHOCTH Ha YPOBHE MHUPOBBIX CTaHAApPTOB, TOTOBOTO K MOCTOSHHOMY
po(heCcCHOHATTLHOMY POCTY, COLMATBHOW M MPOQEeCcCHOHATBHON MOOMIBHOCTH. PemieHue
9TUX 3a/lad HEBO3MOXHO 0€3 TOBBIIICHHS] POJIM CaMOCTOSTENbHON paboThl CTYAEHTOB
MarucTpaTypsl HaJl y9eOHBIM MaTEPUAIOM, YCHIICHUSI OTBETCTBCHHOCTH IperogaBaTelieii 3a
pa3BUTHE HABBIKOB CaMOCTOSITENIbHON paboThl, 32 CTUMYJIHpPOBaHHE MPO(hecCHOHATBHOTO
pocCTa CTYICHTOB MaruCTpaTypbl, BOCIUTAHUE TBOPUYECKON aKTHBHOCTH ¥ HHUIIUATUBEI.

CamocTtosaTenbHas paboTa CTyAEHTOB MarucTpaTyphl MperosaraeT, Ipexiae BCero,
€r0 Hay4YHO-HCCIIEAOBATEIBCKYIO U MPAKTUYCCKYIO JEATSIBHOCTh, TOCKOJIBKY MUMEHHO ITH
BUJbI Y4eOHON paboOThl B MEPBYIO OYEpeAb TOTOBIT K CAMOCTOSITEILHOMY BBIIIOJIHEHHUIO
npodeccroHaIbHBIX 3ajau.

Koneunoit  menpto  camMoCTOSITENBbHOM ~ pabOThl  SABISAETCS  OpraHHU3aAIUsSd
CaMOCTOSITEIILHOM IMO3HABATEIBHOMN ICATEIFHOCTH, (POPMUPOBAHUE YMEHUS CAMOCTOSTEIHHO
aHAIM3UPOBATh MH(OPMAILIMIO, CTPYKTYpUPOBATh, BBIIEIATH TNIABHOE U BTOPOCTENEHHOE,
JenaTh 0OOCHOBAaHHBIE BBIBOJIBI.

1. Ieab ¥ 321241 OCBOCHMS AU CHUIIUHBI

Ilenpto  ocBOeHMsI ~ OUCHMIUIMHBI  «Mopenu UM METOAbl  MCCIENOBAaHUSA
MH(POPMALIMOHHBIX MPOIECCOB U CHCTEMY SIBIISICTCS TOy4YeHUE 3HAHHI, YMEHUH U HABBIKOB
[0 HCIHOJb30BAHHUIO METOJOB MCCJIENOBAHHUA U MOJEIMPOBAHUS HMH(POPMALMOHHBIX
IIPOLIECCOB U CUCTEM INPU MPOBEACHUM HAYUHBIX MUCCIEJOBAHUM U PEIIEHUN MPAKTUYECKUX
3a1a4, a Takke (OpPMHUpPOBAHHME HA UX OCHOBE KOMIIETEHIMH Oyaylliero Marucrpa Io
Hanpasienuto noarotroBku 09.04.02. — WudbopmanMoHHBIE CHCTEMBI M TEXHOJOTUH U
HanpaBieHHocTH  (mpodmiito)  «MCKyCCTBEHHBIM ~ HMHTEIUIEKT,  MaTeMaTU4ecKoe
MOJICIIMPOBAHNE W CYNEPKOMIIBIOTEPHBIE TEXHOJIOTUU B pa3padoTKe HH(POPMALMOHHBIX
cuctem». OCBOEHHME METONOJIOTMM M TEXHOJOTMM MOJEIUPOBAaHUSA, B IEPBYIO OUYEpEnb
KOMITBIOTEPHOTO0, WH(POPMAIIMOHHBIX IMPOLECCOB B Pa3IWYHBIX cucreMax. [Iprobperenue
HaBBIKOB MPO(GECCHOHATBHOIO HCIOJIb30BAHUS COBPEMEHHBIX MAKETOB HMMUTALIMOHHOTO
MOJIETTMPOBAHMS NP pa3paboTKe Mojesel 3a1a4 U3 pa3IuIHbIX chep AeITeTbHOCTH.

3ajayd JUCUUIUIMHBL MCIOJIb30BAaHUE METOMOJIOTMM CHCTEMHOIO aHajuu3a A
UCCIieIOBaHU MH()OPMAITMOHHBIX TPOIECCOB, CHUCTEM M TEXHOJOTWH; MOJEIMPOBAHUE
UH(QOPMALIMOHHBIX TPOLECCOB M CHUCTEM; M3YYCHHME COBPEMEHHBIX MOJIXOAOB K
dopmanuzanuu HHOOPMAIIMOHHBIX CUCTEM; HCIIOJIb30BaHHE NH(OPMAIIMOHHBIX TEXHOJIOTUI
OpU aHalM3€e M CHUHTE3e HMH()OPMAIMOHHBIX CHCTEM M MHCTPYMEHTAIbHBIX CPEJICTB
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MOACIINPOBAHUA I/IH(I)OpMaLII/IOHHLIX IponecCoB U CUCTEM

2. Mecro nucuumuiibl B cTpykrype OII BO marucrparypsl
Huctunnuna «Mojenu U MeTolibl UcciaeoBaHusl MH(POPMAIMOHHBIX MPOLIECCOB U
cuctem» oTHocutTcs K broky 1. ducuummuasl (Momynu). O6s3aTenbHas dacts, b1.0.04,
M3y4daeTcsi BO 2 CEMECTpE.

3. O0masi XapaKTepUCTHKA CAMOCTOSITEIbHON Pad0Thl MATHCTPAHTOB NP U3YYCHUHU
AUCHHUILTUHBI «Moae/ M M MeToAbI HCC/Ie0BAHNSA HHPOPMALIMOHHBIX IIPOLIECCOB H
cucTeM»

CamocrostenbHas paboTa IPOBOJUTCSA B BUJE KOHCIEKTHPOBAHUS, coOecea0BaHMs,
BBINOJIHEHNSI MHAMBUAYAJIBHBIX MPOEKTOB, paboTa HajJ WHIUBUAYAJIbHBIMU 3aJ@aHUSIMH B
paMKax BBITOJIHEHHsI KYPCOBBIX paboT, 1abopaTopHBIX paboT U T.1I.

OCHOBHOW IIE€NIBI0 3TUX BHUJIOB CaMOCTOSATENBbHON pPAabOTHI SABJISIETCSA YIIydlEHHE

npodeccuoHaNbHOMI

HOATOTOBKH

Oymyuux

UT-cnenuanucroB, HalpaBIIEHHOE HaA

(dopmupoBaHUE AEUCTBEHHON cHCTEMBI (DyHIAMEHTAIBHBIX U MPOPECCUOHATBHBIX 3HAHUH,
YMEHHI M HABBIKOB, KOTOPBIC OHU CMOT'YT CBOOO/IHO ¥ CAMOCTOSITEIIBHO MPUMEHSITh B CBOCH
npoeCCUOHATBLHOMN IeATENbHOCTH.

B pesynbraTe BBIIONHEHUS CaMOCTOSTEIBHOW PabOTBHI y CTYAEHTAa MAarucCTPaTyphl

(bOpMHPYIOTCS CIEAYIONTNE KOMIIETESHITHH:

Kon,
dhopmymupoBKa
KOMIICTEHITUHN

Kon, dpopmynupoBka
HHIUKATOpa

IInanupyemMblie pe3yabTaThl 00YUIEHUS IO JUCITUTUIHHE
(MoTyITI0), XapaKTepU3YIOIIHe dTanbl (QOPMHUPOBAHUS
KOMITETCHIIU I, UHIUKATOPOB

OIIK-7 Cnocoben
paspabaTeiBaTh U
IIPUMEHATh
MaTeMaTHYEeCKHe
MOJENHN
MPOLIECCOB u
00BEKTOB npu
pemieHny  3az1a4
aHaJM3a U CUHTE3a
pacrpeneneHHbIX
MH(pOPMAITMOHHBIX
CHCTEM U CHCTEM
NOJACPKKU
MPUHATHS
peLieHui;

OIIK-7.1
METOIBI

UJI-1
[Tpumensier
Hay4HbIX
HCCIIETOBaHUI u
MaTeMaTU4eCKOro
MOJCIINPOBAHUS
peleHun 3ama4
aHanu3a M CHHTE3a
pacnpeneneHHbIX
WHPOPMAaITHOHHBIX
CUCTEM U  CHCTEM
MOAJICPKKU TPUHATUA
peleHnin

npu

[TpaBUIBHO HCIIONB3YET: METO/BI aHAJIM3A U
CHHTE3a HH(POPMALMOHHBIX CUCTEM; (pOpMasIbHbIE
MOJIETIH CHCTEM; CPEACTBA CTPYKTYPHOTO aHANIN3A,;
METOJIOJIOTHIO CTPYKTYPHOTO CUCTEMHOTO aHan3a
U IPOEKTUPOBAHMUSL.

['paMOTHO IPUMEHSET METO/IBI HAYIHBIX
UCCIIEIOBaHUI 1 MAaTEMaTHIECKOTO
MOJICIIMPOBAHUS IIPH PEILICHUM 33]a4 aHaJIu3a 1
CHHTE3a pacipeaeIeHHbIX HH(POPMAIMOHHBIX
CHCTEM U CHCTEM TOAJICP)KKH IPUHSATHUS PEIICHUI
BriOupaer ajiekBaTHbIE METO/IbI HAYYHOT'O TIOUCKA
¥ MHTEJUICKTYAIHOTO aHAJIN3a HAyJIHOMH
uH(pOpMaIMKU P PEUICHUH HOBBIX 3a/1a4, METOIbI
aHaJM3a ¥ CUHTE3a HH(POPMALIMOHHBIX CHCTEM,
pacnpeaciICHHbIX PIH(l)OpMaIII/IOHHI)IX CHUCTEM U
CHCTEM TOJ/ICPIKKH MPUHATHS PEIICHHH.
AJIeKBaTHO HMCIIOJIb3YEeT MaTeMaTUUECKUH anmapar
JUTSA pelIeHus 3a71a4d B 00J1acTH WH(POPMAIIMOHHBIX
CHCTEM U TEXHOJIOTHIA

NJI-2 O11K-7.2
PaspabarkiBaet
MaTeMaTUYCCKUE
MO/IEITU MPOLECCOB U
00BEKTOB TIPH
peIICHUH 3a/1a4
aHaJlM3a U CHHTE3a
pacripeeieHHbIX

AHanu3upyeT TMHAMUYECKUE ONTUMU3AIIMOHHBIC
MOJICITH, MOJICITH TIPEMETHBIX 00J1acTei
WH(POPMAIIMOHHBIX CHCTEM, MATEMAaTUICCKHE
MoIeTT HH(POPMAIIMOHHBIX TPOIECCOB
Pa3pabatpiBaeT MOAEIIH TPOIIECCOB B OOHEKTOB
WH(POPMAIIMOHHOM CPEe/Ibl, aHATUTUICCKHUE U
UMUTAIIMOHHBIE MOJICIN TIPEMETHBIX 00JIaCTei.
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WHPOPMAaITHOHHBIX
CHCTEM H CHCTEM
HOAJICPIKKU MTPUHSATUS
peleHnin

Bri6upaeT aiekBaTHbIE MOJIEIIH U CPECTBA
pa3paboTKH apXUTEKTYPhI HHHOPMAITMOHHBIX
CHCTEM.

Hcnonb3yeT aieKBaTHbIE OCHOBHbBIE ITPUEMBI 110
HCCJICIOBAaHUIO MHPOPMAITMOHHBIX CUCTEM H
TEXHOJIOTHI

OIIK-8 Criocoben NJI-1 OIIK-8.1: AHanu3upyer: MIPUHLIUIIBI BBISIBJICHUS,
OCYIIECTBIIATH Ocy1ecTBIseT pa3paboTKH, JOKyMeHTUpoBaHus TpeboBanmii B UT
3?’:;(;:;;06 yIIpaBIIeHNHe MPOEKTAaX; MPUHITUIIBI N3MEHEHUS U TUTAHUPOBAHUS
gafpa6omoﬁ paboTamu 110 TpeOOBaHUN K MPOrPaMMHBIM CpEACTBAM H
IIPOTPAMMHEIX BBISIBIICHUIO U IIPOCKTaM.
cpencTs 4 | aHam3sy TpeGoBanuii Brimomnuser: 0030p MIPUKIIaTHBIX u
pOSKTOB K TIPOrPaMMHbIM MH(GOPMaIIMOHHBIX MPOIIECCOB; aHaIN3
CPE/ICTBAM 1 MPHUKITATHBIX W HHPOPMAITMOHHBIX TPOIECCOB;
TIPOEKTaM PEUMHKUHUPHUHT MPUKIAJAHBIX 1 HHOPMAIIMOHHBIX
MIPOLIECCOB.
JleMOHCTpHpYeT MPaKTUYSCKUE HABBIKH: BHIOOpA
HEOOXOAMMOTO  MPOTPAMMHOTO  OOECIICUCHNS,
IUTAHUPOBAHUSI U Ppa3pabOTKH TMPOTrPaMMHOIO
obecrieueHUs
I/II[_z OIIK-8.2: ['paMOTHO MCTIONB3YET: MOHATUSA )KU3HEHHOTO
I[IpoBOIHT [UKJIA TIPOEKTa: MHUIMALINIO, TUTAHUPOBAaHHE,
MOHHTOPHHT U UCTIOJTHEHUE, MOHUTOPHHT ¥ KOHTPOJIb, 3aKPBITHE;
yrpagsier paGoTamy | OCHOBHYIO CTPAaTerHIO pa3paboTKH MPOrPaMMHBIX
npoexta B UT CPEJICTB U MPOEKTOB, 0COOEHHOCTH MPOILECCHOTO
0b1acTi MOJIX0/1a K yrpasieHuro npukiaaaeivu MUC u
coBpemenHbie KT B mponieccHOM yrnpaBiieHUU
Ocymectsisier: 3ppekTUBHOE ypaBIcHHE
npoektamu MC Ha Bcex cTausx KU3HEHHOTO
IIMKJIa, OTlleHuBaHue d()PEKTUBHOCTH 1 KauecTBa
MPOEKTa; MPUMEHEHHE COBPEMEHHBIX METOJIOB
yIpaBiIeHus MpoekTaMu u cepsucamu 1C;
obecnieuenne YPPEKTUBHOTO KOHTPOJIST U
perynupoBaHus paboT, a TaK)Ke yIpaBiIeHHE
W3MCHEHUSIMU
JleMOHCTpHpYEeT MpaKTUYECKHE HaBBIKU O
aHanuzy crienuuKalnud, MOHUTOPUHTY,
YVOPaBIECHUIO U KOHTPOIIO paboTamMu MPOEKTa B
UT obnactu
Bribupaer | .1. Bribupaet | BeiOnpaet 1 000CHOBBIBAET METOHOJIOTHIO U
METOJOJIOTHIO U | METOJOJIOTHIO Y | TeXHOJIOTHIO IPOSKTUPOBAHUS WH()OPMAITMOHHBIX
TCXHOJIOTHIO TEXHOJIOTHIO CHUCTEM, apXUTEKTYPy HH(POPMAITMOHHBIX CHCTEM
TPOCKTMPOBAHUA | MPOCKTUPOBAHUA ¥ CHCTEM HCKYCCTBEHHOI'O MHTEILIEKTA, BBIOUPAET
MHQOPMAIMOHHEIX | HHQOPMAIHOHHEIX KpuTepur 3P(HEKTUBHOCTH APXUTECKTYPBI
CHCTEM; cructeM; 000CHOBBIBAET
06 OCHOBLIBACT ApXHTEKTYDY MH(GOPMALIMOHHBIX CUCTEM U CUCTEM
B — HEOpMAIHOHHEIX MCKYCCTBEHHOT'O MHTEIIJIEKTa
WH(OPMAIMOHHKIX | CHCTEM  H  CHCTEM ['paMOTHO TIPUMEHSET COBPEMEHHBIC METOIBI U
CHCTEM M CHCTEM | HCKYCCTBEHHOTO TEXHOJIOTHH MPOESKTUPOBAHUS HHPOPMAIIMOHHBIX
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HUCKYCCTBCHHOTI'O
HUHTCIIJICKTa

HUHTCIIJICKTa

CUCTEM
JleMOHCTpUpYyET NPaKTUUECKUE HABBIKU:
NPUMEHEHUsI COBPEMEHHBIX METOJIOB U
TEXHOJIOTUH MPOEKTUPOBaHHS WH(POPMALIMOHHBIX
CHCTEM, BBIOOPA U 0OOCHOBAHUS ApXUTEKTYPHI
MH(POPMALIMOHHBIX CUCTEM U CUCTEM
HCKYCCTBEHHOI'O MHTEIJIEKTA

2. VYmpasuser
MIPOEKTaMu o
CO3JIaHHIO
(MonmduKanmmn)
IPOrpaMMHOI0

O6GCHG'I€HI/I$I, Ha BCCX
CTagusax IKHU3HCHHOT'O

UK, OLICHUBAET
3 PEeKTUBHOCTH u
Ka4ecTBO MPOEKTAa;
pUMEHSET
COBpPEMEHHBIE METOJIBI
YIpaBJICHUS
IPOEKTaMU o
pa3paboTke u
BHEJIPEHUIO cucTeM
HCKYCCTBEHHOTO
WUHTEJUIEKT

Hcnoms3yeT 0COOCHHOCTH YITPABIICHUS TTPOSKTAMU
Mo co3laHuio (MoaudUKaIMK) MPOrPAMMHOIO
o0eCIIeueHHS Ha BCEX CTaIUSIX KU3HCHHOTO LIMKJIA,
OuennBaeT 3QHEeKTUBHOCTH M KAYECTBO MPOEKTA;
['paMOTHO TIPUMEHSIET COBPEMEHHBIE METObBI
VOpaBlIeHUS MPOEKTaMH MO  pa3paboTke W
BHEJPCHUIO MH(POPMAIIMOHHBIX CUCTEM M CHCTEM
UCKYCCTBEHHOTO MHTEJUICKTA

['paMOTHO TIPUMEHSIET COBPEMEHHBIE METObI
YIpaBIICHUS CepBUCAMU HH(POPMAITMOHHBIX CUCTEM
U CHCTEM HCKYCCTBEHHOTO WHTEJUICKTA

4. TexHos0oru4ecKasi KapTa cCaMOCTOSTEIbHOM Pad0ThHI 00y4aroIIerocs

TexHoaorudyeckas KapTa CaMOCTOSTEILHOM pa6011>1 06yqa10merocsi

Komawr OO0BEM YyacoB, B TOM YHUCIIE
peann3yeMuIx Bun gesrensHOCTH CpenctBa u KonTakTHas
KOMIIETEHIIHH, CTYJCHTOB TEXHOJIOTHU OUEHKH |CPC pabora ¢ Bcero

HMHAUKATOpa(oB) Iperno/aBaTesieM
2 cemecTp
OIIK-7.1 OIIK-7.2 |IloaroroBka K JIP, KOoHTpONbHBIE 24 4 28
OIIK-8.1 OIIK-8.2 .[mabopaTopHOii pabOTeBONPOCHI K 3aIUTE
oTyYeTa,
co0ecenoBaHme
OIIK-7.1 OIIK-7.2 |CamocrosTenbHOEe  [BOIpOCHI 10 12 2 14
OIIK-8.1 OIIK-8.2 |u3yudeHue TEOPETUYECKOMY
JTUTEPaTyPbI Kypcy,
co0eceoBaHMe
OIIK-7.1 OIIK-7.2 |[logroroBka kK DK3aMeH, BOIPOCH K | 48 6 54
OIIK-8.1 OIIK-8.2 .jpk3ameHy sKk3ameny, (poH[
TECTOBBIX 3aJaHU
TectupoBanue,
Hroro 3a 2 cemecTp| 84 12 96
Hroro| 84 12 96
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5. OpraHmaunonno-MeTouw{ecxne PE€KOMEHIANMHA 110 OCBOCHUIO TUCHUIIJIHHBI

[Tpuctynas x paboTe, KaKAbIi CTYJEHT JOJKEH MPUHUMATh BO BHUMaHHUE CICTYOIINE
MOJIO’KEHUSI.

Juctumnnuaa (MOIyNib) MOCTPOCHA MO TEMAaTHYECKOMY MPHHIIMITY, Kaxaas Tema
MIPEACTABISIET COOOM JIOTMUECKH 3aBEPIICHHBIN pa3iel.

JlekIIMOHHBIN MaTepHall MOCBAIIEH PACCMOTPEHHUIO KIIHOUEBBIX, Oa30BBIX IMOJIOKEHHIM
KypCOB M Da3bsICHEHHIO y4eOHBIX 3a/laHul, BBIHOCHMBIX Ha CaMOCTOSITENIbHYIO paboTy
CTYJIEHTOB.

JlabopaTopHbie pabOThl HANPABJICHBI HA TPUOOPETEHNE OIBITA MPAKTHIECKON PabOThI
B COOTBETCTBYIOIIEH MpeIMETHOIN 00acTH.

CamocTtosTenbHass paboTa CTYJEHTOB HamlpaBlieHa Ha CAMOCTOSITEIbHOE H3yYeHHE
JOTIOTHUTEIFHOTO ~MaTepuana, TOATOTOBKY K J1a0OpaTOPHBIM 3aHATHUSAM, a TaKkKe
BBITIOJTHEHUSI BCEX BUIOB CAMOCTOSITEIbHON paOOTHI.

JUis  ycremHoro OCBOGHMS JUCLUIUIMHBL, HEOO0XOAMMO BBIMOJHUTH BCE BHJIBI
CaMOCTOSITENIbHOW PabOTHI, UCTIONIB3YSl PEKOMEHTyEeMbI€ HCTOYHUKHA UHPOPMALINH.

CamocTtosTenbHas  paboTa  CTYIACHTOB  SIBISIETCS ~ BaXKHEWIIUM  yCIOBHUEM
dopmupoBaHus HaydHOro crocob6a mno3HaHus. OHa TPOBOIUTCS HAKaHyHE KaxKIOTO
7ab0paTOpPHOTO 3aHATHS M BKIIOYAET H3Y4YEHHE HEOOXOAMMOIO [UIsl BBIMOJHEHUS
7a0opaTOpHOl PabOTBI TEOPETHYECKOTO MaTepHuala, a TakkKe IOATOTOBKY OTYeTa II0
BBITIOJTHEHHBIM Ha TAOOPaTOPHOM 3aHSATUHU 33JaHUSM.

[ToxroroBneHHbI MaTepuan opopMisieTcs: B BUIE OTUETA.

CamocrosiTenbHbIE 3aHATHUS SIBIIIOTCS OJJHOM M3 aKTUBHBIX ()OPM 0O0yUEHHUSI.

CaMocTosTeNbHBIE 3aHATUSA IO JUCUUIUIMHE «MoJenu W MEeTOJbl HCCIEI0BaHUs
MH(GOPMAILIMOHHBIX MPOILIECCOB M CUCTEM» UMEIOT LIEJIbIO:

- 3aKpeNUTh U YIIyOUTh 3HAHUS, MOJTYYCHHbIE CTYJEHTAMH Ha JEKUUAX U B
npolecce J1abopaTOpHbBIX 3aHSITHIA;

- NPUBUTh TMPAKTHUECKUE HABBIKM MNpU pa3paboTKe, OKCIUTyaTallud U
UCCIIeIOBAaHUM MH(POPMALIMOHHBIX MPOLIECCOB, CUCTEM M TEOXHOJIOTHH.

CaMocTosTenbHBIE 3aHATHS MPOBOASTCS B CHELMATU3UPOBAHHBIX ayJIUTOPUSX,
o0opynoBanHbIX CBT 1 BO3MOXHOCTBIO MOJIb30BaHMsI IHTepeHT-pecypcamu, B Oubimoreke,
a TaKke IoMa.

[IpemyaraemMble  METOAMYECKHE PEKOMEHAALMHU COAEp)KaT HHGOpMAIMIO  JUIS
CTYJIEHTOB, HEOOXOAMMYIO IpPHU MOJArOTOBKE M MPOBEACHUH J1a0OpaTOPHBIX 3aHATHH IO
nucuuruiiae « MoJienu 1 MeTo/Ibl McciieIoBaHus MH(POPMALIMOHHBIX MPOLIECCOB U CHCTEM.

6. MeTtonuyeckue yKa3aHusl M0 BHIINIOJHEHUIO CAMOCTOSATEILHOMH padoThI CTYACHTOB

[Tpu BBITIONTHEHUY 3aJaHU CAMOCTOSITENIHHON pabOThl HEOOXOAUMO OTPEACTUTh:

- 11e1b paboTHI;

- 3aJlaHue, KOTOpOe JOJDKHO OBITh BBHIMIOJHEHO B pE3yJbTaTe MPOBEICHUS
CaMOCTOSITEIIBHON PabOTHI;

- BapHaHT MHVBHY aJIbHBIX 3aJaHH;

- OCHOBHBIC TEOPETHUCCKUE TIOJOXKCHHUS, HEOOXOTUMBIC ISl BBIMOJHCHHUS
3aJIaHusl, KOTOPBIE TOJDKHBI OBITH KPATKHUMHE U COJIEPIKATh CCHUIKH Ha JINTEPATYPY, B KOTOPOI
9TH TIOJIOKEHUSI U3JI0KEHBI B 00BbEME, JOCTATOYHOM JUIsS BBITIOJTHEHUS CAMOCTOSTEILHOU
paboThr;

- ATarnbl BRIOJIHCHUS 3aJJaHusI ¢ YKa3aHUEM KOHKPETHBIX CPOKOB BBITIOJTHEHUS
Ka)XJIOTO M3 ATAIOB M BCETO 33aHUS B IIETIOM;

- TpeOoBaHuss K odopmieHHI0O rpaduYecKOd M TEKCTOBOH  YacTu
CaMOCTOSITEIIBHON PabOTHI;
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- METOJI BBITIOJTHEHUS 3a/IaHUi CBOETO BapHaHTa W 0POPMIICHHS OTUETA;
— oubmorpaduuecKuii CIUCOK MUCIOJIb30BAHHBIX HCTOYHHKOB.

7. Opranu3anysi KOHTPOJIsi 3HAHUI CTYICHTOB
7.1 ®opMbI KOHTPOJISI 3HAHU CTYJ1€HTOB

KonTposib ¥ olleHKa 3HaHWN, YMEHHII U HABBIKOB CTYJICHTOB OCYIIECTBISAETCS HA
7a00paTOPHBIX 3aHATHUAX, KOHCYJIbTALUAX, IPU clladye SK3aMeHa. B xoze KOHTposs 3HaHUN
IIPENoAaBaTelb OLCHUBACT IOHUMAHNE CTyACHTOM COJEP)KaHMsA IUCHUIUIMHBL «Monenn u
METOABl HUCCIICAOBAaHUS HWH(POPMALMOHHBIX MPOILECCOB U CUCTEM», €ro CHOCOOHOCTh
aHAJIM3UPOBATh Pa3BUTHE HHPOPMALIMOHHBIX CUCTEM M TEXHOJIOTHIA.

KoHTposb 3HaHUH CTYAEHTOB MOKET OCYLIECTBIIATHCA B CIECAYIOUINX (OopMax:

- TEKYILUNA KOHTPOJIb 3HAHUM;

- UTOTOBBIN KOHTPOJIb 3HAHUM.

Texyuuii KOHTPOJIb 3HAHUN CTYACHTOB UMEET LIEJbI0: 1aTh OLIEHKY Pa0OThl KaXK10T0
CTYJICHTa IO YCBOCHHUIO UM y4eOHOTO MaTepuania, BEISIBUTh HEJOCTATKH B €0 TIOATOTOBKE U
OKa3aTh NIPAKTHUYECKYIO IOMOILIb B UX YCTPAHCHUH;

OcHOBHBIMHU (pOPMaMHU TEKYIIETO KOHTPOJISl 3HAHHUIA CTYJCHTOB SBIISIOTCS:

- YCTHBIN KOHTPOJIBHBIA OIIPOC;

- 3amuTa JJabopaTopHON PabOTHI.

VY CTHBINA KOHTPOJIBHBIN OMPOC CTYJCHTOB MPOBOJUTCS Ha JEKIUAX (M J1a00paTOpHBIX
3aHATHAX). [lo ero pe3ynpTaram npenojgaBaTelb OLEHUBAET KA4eCTBO MOATOTOBKU CTYACHTA
K 3aHATHIO.

Ha naGopaTopHbIX 3aHATUSAX 3HAHUS W TPAKTUYECKHE HABBIKM CTYJCHTOB
OLIEHUBAIOTCS 0 S-0aJIIIbHOM cHUcTeMe.

7.2. PexoMeHaMH 110 MOATOTOBKE K IK3aMeHY

Heobxomumo wu3y4aTh MarepHai, MpeACTABICHHBIH B JICKIHUSIX W METOIMYECKHUX
yKa3aHUAX K Ja00OpaTOPHBIM 3aHATUSM, U, BBITOJIHSAS 3aaHUS ISl CAMOCTOSATEIbHOM paboThI,
OTBETUTH HAa BOINPOCHI TECTA, MOCIE M3YUYEHHUs] TEOPETMUYECKOIO MaTepuana U KOHTPOJIbHbIE
BOIIPOCHI, KOTOPBIE MPEACTABIIEHBI N0CIIE KaX 101 1a00paTOpHOM paboThI.

DK3aMeH, KaK UTOTOBBIA KOHTPOJIb 3HAHUI CTYJEHTOB UMEET LENbIO MIPOBEPUTH U
OLIEHUTHh Y4eOHYI0 pPabOTy CTYAEHTOB, YPOBEHb HOJIYYEHHBIX 3HAHUH M MPAKTUYECKHX
HaBBIKOB M OIICHUTH YPOBEHb C(HOPMUPOBAHHBIX KOMIIETEHIIHI MO pe3yJIbTaTaM 0O0y4eHusI.

DK3aMeH NMPOBOAUTCS BO 2 CEMECTpPE IOCIIEe 3aLIUThI BCeX JIAOOPaTOPHBIX padoT B
o0BbeMe yueOHOM mporpamMmel.

8 IlepedyeHb pekoMeHAyeMOM JINTEPaTYpPbl
8.1 OcHoBHas uTEpaTypa

1. Topnau, B.A., lllaxoB, B.I'. Maremarnueckoe moaenupoBanue. [loctpoeHue
mojenel u yrcnenHas peanuszanus Cankr-IlerepOypr: Jlans, 2021 3bC

2. TyGaps, FO.B. BBenenue B MaTeMaTn4eckoe MOJIeIMpoBaHue: yueOHoe mocodue
Mocksa: Untepuet- YHusepcutetr Unpopmarmonsusix Texnonoruit (MHTYUT), Ait ITu Ap
Menua, 2021 O5bC

3. HOnoswuu, B.1. Matematuueckue Mozienu ectecTBeHHbIX Hayk CaHkT-IleTepOypr:
Jlans, 2021 OBC

4. llarposa, I'.B. Meroapl uccienoBaHus U MOJAETUPOBAHUS HWH(DOPMAILIMOHHBIX
MPOIECCOB W TexHoJorui : yueOHOoe mocobue / [.B. Ilarposa, W.H. Tomuues ;
MunuctepctBo  oOpa3zoBanusi u Hayku Poccuiickoit ®enepanuu, DenepanbHoe
roCyAapCTBEHHOE ABTOHOMHOE o0pa3oBaTesbHOE yUpexaeHnue BBICILIETO
npodeccuoHanbHoro obpaszoBanust «CeBepo-KaBkaszckuil ¢enepanbHblii YHUBEPCUTET». -
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CraBpomnons : CKOVY, 2016. - 180 c. : mi. - bubmumorp.: c. 178 ; To xxe [ DneKTpoHHBIH pecypc].
- URL: http://biblioclub.ru/index.php?page=book&id=458289.

5. Wkynaun, C.3. Teopuss mHPOPMALMOHHBIX IPOLECCOB U CUCTEM : yueOHOe
nocobue / C.3. kynaun, B.111. bepukamBmmm. - M. : T'opnast kaura, 2012. - 475 c. - ISBN
978-5-98672-285-6 [D5eKTpOHHBIN
pecypc].URL: http://biblioclub.ru/index.php?page=book&id=229031

8.2 JlomostHuTEIBHAS IUTEPATYPA

1. bespykoB Anekceit Hocudosuu, AnekcenneBa Onbra HukomnaeBHa
Marematnueckoe W UMHUTAIMOHHOE MojenupoBaHue: YuyeOHoe mocodome MockBa: OO0
"Hayuno- n3narensckuii nenrp MHO®PA-M", 2019 5bC

2. TlaBnora, A.W. MickyccTBeHHBIC HEUPOHHBIE CETH: yueOHOe Tocoone MockBa: A
IIn Ap Menua, 2021 9bC

3 boes, B.Jl. Konnentyansaoe npoektupoBanue cucteM B AnyLogic u GPSS World:
yuebHoe mnocobue MockBa: HurepHer- VYuuBepcurer Mupopmarmonnsix TexHomorui
(MHTYUT), Aii [Tu Ap Meaua, 2021 O5bC

4. A¢onun, B.B. MonenupoBanue cucreM DIIeKTPOHHBIHN pecypc : yueOHoe nocobue
/ C.A. ®enocun / B.B. Adonun. - MogemupoBanue cucrem,2019-12-01. - Mocksa :
Wntepner-YHusepcurer Unpopmannonnsix Texnonoruit (MHTYUNT), 2016. - 269 c. - Knura
Haxonutcs B 6azoBoit Bepcun DBC IPRbooks. - ISBN 978-5-9963-0352-6

5. bykanoBa, T. C. MoaenupoBaHue cucteM yipasieHus: yuebHoe nocooue / T.C.
bykanoBa, M.T. Anues ; [loBomkckuii rocyjapCTBEHHBIM TEXHOIOTUYECKUI YHUBEPCUTET. -
Homkap-Ona : IITTY, 2017. - 144 c. : un., rpa. - http://biblioclub.ru/. - Bubauorp. B XH. -
ISBN  978-5-8158-1899-6,  »Kk3eMIUIIpOB ~ HEOrpaHMYEHHO.  Pexum  jgocrtymna:
https://biblioclub.ru/index.php?page=book red&id=483694&razdel=259

6. MeToapl WCCIIEOBaHUS ¥ MOJCIMPOBAHHUS HH(POPMAIMOHHBIX MPOIECCOB U
TEXHOJIOTHH : mabopaTtopHblil mpakTukyM / aBT.-cocT. [.B. [llarposa, M.I'. Pomanenxko, .H.
TormuueB ; MuHHcTEepcTBO OoOpa3oBaHusl W Hayku Poccuiickoii @enmepanwu U Ap. -
Crasponons : CKOV, 2016. - 241 c. : un. - bubnuorp. B kH. ; To xe [DnekTpoHHbIN pecypc].
- URL: http://biblioclub.ru/index.php?page=book&id=458081

8.3. Meroanueckas jureparypa

1. Ecunos, b. A. MeTozp! ucciieioBaHusl Oneparuii : yaeo. mocodue ajis By30B /
b. A. Ecunos. - 2-e u3a., ucnp. u gon. - Cankr-IlerepOypr ; Mocksa ; KpacHonap : Jlans,
2013. - 299 c. : wir., 1a0m. ; 21 cm. - (YueOHuKHM ais By30B. CrienuanbpHas JINTEPATypa). -
I'pud: Jon. YMO. - bubauorp.: c. 294-296. - ISBN 978-5-8114-0917-4

2. YMKJl no agucummuimHe  «Mojend M METOAbI  HCCICHO0BaHUS
MH(POPMALIMOHHBIX MPOLIECCOB U CUCTEM» (3JIEKTPOHHBIX BapUAHT).

8.4. UnTepHeT-pecypcebl

l. http://biblioclub.ru  — 3BC «YHuBepcurerckas Oubnuoreka on-liney,
http://old.exponenta.ru/ — OOpa3oBaTenbHBI MaTEMaTHYCCKHH CAWT MO MaTeMaTHKE U
pOTrPaMMHPOBAHHIO

2. http://MATLAB.exponenta.ru/Simulink/default.php — caiit, mocBsimeHHbII
UHTEPAKTUBHOMY MHCTPYMEHTY JJ1sl MozearpoBanus Simulink,

3. https://www.intuit.ru/ —  HammonansHblii  OTKpBITBIA ~ YHHBEPCHTET
«AHTYHUT»

4. http://window.edu.ru/ — Madopmanmonnas cucrema "EnuHoe OKHO TOCTYyTIA K
o0Opa3oBaTeNbHbIM pecypcam”

5. http://artspb.com/ — OGpa3oBaTenbHBI TOPTA: MaTeMaTHKa, KUOEPHETUKA U
POrpaMMHPOBAHHE JIOTIOTHUTEIEHOTO 00pa30BaHUs

6. http://www.arenasimulation.com — O¢unmanbHbIi caliT pa3padoTInKa Cpeabl

MMUTAUOHHOTO MozaenupoBanusi ARENA
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7. https://www.anylogic.ru — OduuuanbHelii caiit paspadorunka AnyLogic
9. MaTepuajibHO-TEXHUYECKO€E o0ecnevyeHne JUCHMIITHHbI

- MHAUBUAYATbHOE B3aUMOJICHCTBHE CO CTYIEHTAMU 10 3JIEKTPOHHOM MOYTE JIJ1s
IpEeBapUTEIFHOIO O3HAKOMIJIGHUS ¢ UX pa3paboTKaMHM NpU MOATOTOBKE K ayJAUTOPHBIM
3aHATUSAM;

- UCIIOJIb30BaHNE Ha JIEKLIUAX M JAOOPATOPHBIX 3aHSATUAX MYJIbTUMEIUWHOTO
00OpyIOBaHUS NS JIEMOHCTPAllMM JIMCTUHTOB IPOTPaMMHOIO KOJA, CKpPUHIIOTOB
BBITNIOJIHEHHBIX 3alPOCOB, PA0OTHI POTpaMM H TIp.;

- BKJIIOUEHHE B  J1abopaTopHble pabOThl MHAMBUAYAIbHOTO  IOMCKA,
CHCTEMaTH3alluy M aHanu3a nHpopmanuu uepe3 MHTepHer;

— aBTOPCKHE MPE3CHTAIMH K JICKIIHSIM;

- JeKIMOHHAsT ~ayJuToOpus JOJDKHAa OBITh 00OpyIOBaHAa MyJbTUMENNA
MIPOEKTOPOM;

- Jlaboparopnbie paboThI pacCUUTaHbl HA KOMIIBIOTEPHI, UMEIOIIINE JOCTYTI K
Internet.

9.1. [IporpammHoe o0ecnevyeHue:

1. Microsoft 0365ProPlus OpenStudents ShrdSvr ALNG SubsVL OLV NL
1Mth Acdmc Stdnt w/Faculty

2. Microsoft SQLSvrEntCore ALNG LicSAPk OLV 2Lic E 1Y Acdmc AP

3. Matlab, Simulink,

4. Microsoft Office

9.2. MaTepuaIbHO-TEXHUYECKOE ofecrieyeHne JUCHUIIHHBI (MOIYJIsl)
MynbpTMeana ayauTOpHUs: TPOEKTOp, aKyCTUYecKas CHUCTEMa, ayJHu0-yCUIIHTEINb,
HOYTOYK, Internet.
KomnbrorepHsii KJ1acc. Bricokomnpou3BoauTenbHas OBM, JIOKaJIbHAs
BBIUHCIIUTENbHAS CETh.

Y4eOHbIe ay JTUTOPUH IJIs TPOBEACHNUS yUeOHBIX 3aHATHI, OCHAIIEHBI 000y I0BaHUEM
U TEXHUYECKHMMH cpelacTBaMu oOyuyeHus. [lomerieHust s caMOCTOSTENbHON pabOTHI
00yYaromuxcsi, OCHAIIEHHbIE KOMITBIOTEPHON TEXHUKON C BO3MOKHOCTBHIO TOJKITIOUEHUS K
cetu "HutepHer" u oOecriedeHHEM JOCTyna K JJIEKTPOHHON HHQOPMAIIMOHHO-
oOpa3oBaTenbHO cpese. Crieruanu3upoBaHHas MeOeTh U TEXHUYECKUE CPEICTBA OOYICHHSI,
CIIyXalllyie JJis IpecTaBiIeHus yueOHoi nHpopMaInu.

MarepuanpHO-TeXHUYECKass 0a3a oOecmedyMBaeT TMPOBEICHUE BCEX  BHJOB
TUCIHUIUIMHAPHON W MEXAMCUUIUIMHAPHOM  MOJATOTOBKH, J1a0OpaTOPHOM, Hay4HO-
HCCJICIOBATEIILCKON paObO0Thl 00yJarommxcs (MMepeHOCHOW HOYTOYK, MMEPESHOCHOU MPOSKTOP,
KOMIIBIOTEPHI C HEOOXOAUMBIM MPOTPaMMHBIM 00€CTIEYeHHEM U BBIXOIOM B HHTEPHET).

[lomemenuss A caMOCTOSITENbHON  pabOThl  OOydYalOUIMXCS  OCHAIIECHBI
KOMIBIOTEPHOH TEXHUKOW C BO3MOXHOCTBIO TMOAKIIOUEHUA K cetn «MHTepHeT» W
o0ecrieyeHHEeM JIOCTyNa B AJIEKTPOHHYI0 HH()OPMAIMOHHO-00pa30BaTEeNbHYI0 Cpeay
00pa30BaTeNbHOI OpraHu3alny.
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